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SI'YIEHUWE TEOOE3UWYECKOM CETH B 3ACTPOEHHbBIX
WJM JIECUCTBIX OMOJI3BHEBBIX PAMOHAX NJiAl
HABJHJIEHUU 3A OUHAMHUKOH CKJIOHOB

Mpodeccop, poktop Texn. nayk I'. H. TEP-CTENAHAH*

P e e par. Beaeiersye nA0X0f BHANMOCTIL B 34CTPOEHHBIX HAH JECHCTHIX OMOJIHEDLIN
wafionax saTpyAusercs pasbupKka penepos A HAGAIOACHHA 33 JHHAMUKON CKIOHOB. Ha
JRAONAX VAACTCS PACHOJOMHTL WL HEGOALUIOE KOJHYECTBO 3JACCUHBIX PENepon, KOTopuie
S Gul BHUIMGL € JIOCTATOUHOTO KOJHYECTBAa HENOJBHAHLIX ONOPHLIX TOYEK. B cratee
gnncunaeres KomGuuuposannuli Meton HabmiojenHs, npi KOTOPOM Ha CKaoHe pastHBanTes
SICKOALKO PENEepoB, HAMepsesMbX oGLIMHLIME METOJIGMI 3aceqeK; Me/KAy HUMI NpoKJaiuBa-
wrest nomronosMerpiieckre xoau, [Mokasan rpadHueckiil MeToq onpejieacHis abeoaoTINY
SMeIelHlT  NOANTOHOMETPHUECKHX  X0JI0B  penepon.

B 34CTPOCHHBIX H/IH JIECHCTLIX ONOJ3HEBBIX pafoHax BO3HHKAKOT GOJbIIHE
"CHOKHOCTH € Pa3OHBKOMH HaOJI01aTEIBHON CeTH JIJIfl H3yYeHHs JIHHAMHKH
‘ckJoHOB. B Jyuuniem cayyae Ha ONoJ3HEBOM CKJIOHE YA4eTCsl pacnofozKuTh
i HeGoABIIOE KOJHYECTBO MOJIBH/KHBIX penepos, 00Jaiaioninx  BHJH-
MOCTBIO € 35 HenoABHKHLIX nyHkToB. MHoraa yjlaercs Haxo/MTh Ha CKAOHE
croukH, 06JajaloluiHe BHAHNMOCTBIO € JIBYX HENOJIBHAHBLIX NYHKTOB; OJHaKL
CTABHTH B TAKHX MECTAX TOJIBHXHBIE penepbl HexXeJaaTe/bHO, TaK Kak
onpefeeHne NoJoKeHHs! TOYKH 10 JIBYM H3MEPEHHSM HE MOXET CUHTAThCH
pocratouno TounbiM, ClleflyeT TakiKe yYyecrb, 4TO, NOAYHHSA BbIGOp MECTO-
 10JI0JKEHHS! OTOJA3HEBLIX PENepoB yC/JAOBHIO XOpouIeil BH/HMOCTH C ONOPHBIX
T04€K, MOKHO YIIYCTHTb BajKHbie /U1l MOHHMAHHSA HHAMHKH CKJIOHA NMyHKTbI
M TEM CYULECTBCHHO CHH3WTh 3HAYEHHE MOJYYEHHBIX JIAHHBIX JUISl aHaau3a
CIOJN3AHHS.

B 9THX cayuasix odeHb BHIFOJAHLIM MOJKET OKa3aTbCs NPHMEHEHHE TOJH-
FOHOMETPHYECKOTO METOJla /sl CrylleHusi HaGJio/aTeJbHOH CeTH. Taxoi
KOMGHHHPOBAHHLIN METO/ 3aKiioyaercs B caeiyiomem. Bravaie Ha ckaIoHe
PACnoJaraioTesi ONOJN3HEBLE Penepel, onpejenseMbie MeTOJOM NpPAMBIX R
00paTHLIX 3aCeyeK; KaXK/blii TaKoil penep JOJIKEH OnpeAeasiTbcd ¢ NOMO-
o 4—6 namepennit. EcTeCcTReHHO, 4TO 3TH penepbl HE MOTYT OXBATHTh
BCEX HHTEPEeCyIOllHX Hac TOYEK CKJOHA.

* 3ap, oreaonm reomexamikin Mucrnryra reonornveckns nayk AH ApmCCP,
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Mesay STHMH 3aCEYHBIMH penepasi NPOKAAALIBAIOTCH 3AMKHYThig 1‘ -
PasOMKHYThble [OANrOHOMEeTpHHECKHEe X0, K HuM MOryT ObiTh noaxtoveny |
aicsuHe XOAb. Bce 3TH XOAbl Ha3HAYAIOTCA TAKHM oGpasom, uToOW pag |
CTOSHHE MEX1y TOJHFOHOMETPHUECKHMH penepamu Obi10  MmeHee Aaumg
craabHOM pYJeTKH, T. €. MeHee S50 ar. )

Ha puc. 1* nokasaHa npHMepHas cxema Ha01101aTeAbHON COTH; OHg
[103B0S€T NPOCAEINTh 32 OpraHH3alHedl CeTH i XO10M H3MepeHuil 1 BhyHcas
unii. CeTb COCTONT M3 YeThIpEX HENOABMXHbLIX ONOPHBIX penepos (Ne I_-t];
yCTAHABAHBAEMBIX BHE ONOJ3HA M NPHBASHIBAEMBIX K I"Ot.\.'ldpLTBt."llHuﬁ
rCOE3HYECKOIl CeTH; HeThipex NMOABHMKHBLIX 3aceuHbIx penepos (Ne ll——].t)i"
VCTAHABJAHBAEMBIX HA ONOJ3HE M ONPEeALISEMbIN HIMEPEHHAMN 1O omoum
HHIO K HenoABmXKHbIM penepam Ne 1—4 n 29  noaBHXHBIX nomlrouo._z
METPHHYECKHX penepos (Ne 21—49), yctaHaBAMBAEMBIX HA ONOJ3HE W Onpes
AeasieMbIX H3MEPeHHSAMH 10 OTHOWIEHHIO K MOABHXXHBIM 3aCeUHbIM penepay
Ne 11-—14. Takas cxema NO3BOJSeT NMPOH3BOJBHO CryulaTh HalII0AaTe ks
Hyl0 CeTb, HECMOTpSI Ha.yCJOBHS TVIOXOf BHAHMOCTH Ha CKJAOHE.

Ha6.a10/1eH1s ONOJ3HEBbIX 34CEYHLIX PENnepoB NPOH3BOAATCS mo'ro:mu
NpAMBIX H OOpaTHLIX 3aceyex. YPABHHBAHHE 3THX H3IMEPEHHil NpoH3BOANTY
rpaduueckn Ha JaucTax aasboma HaOmoAenwil. Ha stux ancrax noxawauu
reofieauyeckne KoopanHaThbie ocH X M Y nawano koopannar cno*rnercrsy‘t

}
'
i

eT HCXOHOMY MOJI0XEHHIO ONOJI3HEeBOTr0 penepa B NepBOM IHKe Hab oAl
Ha aucte anbGoma nytem I'pa@HUECcKHX NMOCTPOCHMIT 451 KaXKA0T0 nocae/lys
JOLLero LHKJIAa HaGJaI0/eHHST ONpeieasieTcsi CMELIEHHOe TNOJ0MKeHHe OnoJais
HeBO#l TOuYKH, 00bLIYHO B HaTypaJbHOM macuurale.

3aTeM npokaaABIBAIOTCA 3aAMKHYTHIE H PA3OMKHYTHIC MOJHTOHOMETPHYE
CKHE XO/bl MeXJy 3aCeUHbIMH penepamu; Ha pHC. | nNoKasan Xoj MEXAy pes
nepamp Ne 11 y 12. YcranoBKa TeOJ0IMTA NPOH3BOMAMTCS HAa BCEX TOABHIK:
HBIX penepax (3aceyHbiX H noJHroHomerpuueckux). Jas Kaxioro ua saceus
HBIX PEenepoB NMyTeM NMPOCTOro NOACYETa ONpeaeasieTcs AHPeKUHOHHbIT yrod
OJIHOH M3 NPAMBIX, COEAHHAIOULHX ee ¢ HeNOABHXKHOI OnopHoil Toukoil. Jlag
3TOr0 HCNOJb3YIOTCS npsiMbie HaGMo enus. Taxk, ecan ¢ penepa Ne | HaGa10-
jancs penep Ne 11 w aupexunonswiii yroan Judun 111 cocrasaserz, 4, 1m.
HCKOMBIfl JIHPEKUHOHHBIH Yyroa 0o06paTHOro HanpaBaeHHsl COCTABUT &y -y ==
=0,y =% OTH yribl NPEACTaBASIOT COGOI NMPHMBIYHLIC YIVIb NOJHFOHOMEe:
TPHUECKHX XO/0B. '

Jlasi NOBBILIEHHS TOYHOCTH YIVIOBBIX H JIHHEIHLIX H3MEpeHuil Bee 3acey-
Hble ¥ NOJHTOHOMETPHYECKHe penepbl CHabGKaloTes CheMHLIMH mnunecmmw!.
HaKOHEYHHKAMH, KOTOpPhie HABHHYHBAIOTCS Ha rOJOBKH penepos. Mamepenne:
VIJIOB NPOM3BOAHTCH ONTHYECKHMH TEOJOMHTAMH, 4 H3MEpPEeHHe CTOPOH —
CTaJNbHOA PYJETKOH € HaTAMKEHHEeM JHHAMOMETPOM; CTOPOHLI H3MEPHIOTCS
JIBAXK/bI, B NPAMOM H o6paTHOM HanpasieHusx. Bpoauress nonpaeka na
HAKJOH JIHHHH; TAK KaK 3TOT HAKJOH JVs KaX/10if CTOPOHLI NOJHTOHOMETPH- -
UECKOro X0/la fABJSETCSl MaJOH3IMEHSIOUEHCs BeJHYHHOM, NonpaBka Ha HaK- -
JiOH BBIYHCJAAETCS BCEro OJMH pa3, NPH OPraHH3allHK CETH, H B TAKOM BIH/E!
BBOJIHTCSl B PACUETHI BO BCEX NOCJEAYIOUHN UHKAAX HAGJIOACHHS,
" % Pucynku oM, na crp. 61—62,
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4 ° YpasHHBaHHE NOJHTOHOMETPHUECKHX XO10B NPOH3BOAMTCS Pa3lelbHLIM
9uopoco6oM. TIpy 3TOM NpUHHMAETCs BO BHHMAHHME Ta TOYHOCTb, C KOTOPOH
HOROHABOAATCA COOTBETCTBYIOLIHE HM3MEPEHHA. JIupeKkuHOHHbIE Yrabl JdH-
) MgH ¢ 34CEYHBIX pPeNepoB Ha HEMOJABHJKHBIE M3MepsloTCH  C GoabLIOil
JHEQUHOCTBIO ; NMOY1OMY YpaBHHBaHWe Mo YCIOBHIO YIVIOB NPOH3BOIHTCH
I £faseqBHO IS KAXKJIOTO OTPe3Ka MOJMIOHOMETPHYECKOro Xoia, 3aKJI0YeH-
I60r0 MeHAY COCE/HHMH 34CeYHbIMH penepamH. Tak, aas OTpe3ka Xo4a,
Laakaouenoro mexay penepamu Ne 11 u 12, yras 5TOro XoAa AO/KHBI OBITh
AnepaBHeHBl MEZKy HAaYaJbHbLIM 733 H KOHEUHHIM 45— AHPEKIIHOHHBIMH yT/1a-
. M. Yriosas HaBA3Ka W, KakK/IOTO OTPE3Ka X01a paBHOMEPHO pacnpejes-
Rajics MeKay €ero yriaMH.

[Tepexoas K ypaBHHBAaHHIO NPHPALUIEHHA KOOpAHHAT, HeoO6X0AHMO YYECThb
‘91geaylolHe 06CTOSATENBCTBA, BAHSIOULHE Ha OpraHU3auuio HabaloAaTe bHOH
IT9ETH:

|. Uamepenue AJuHbI CTOPOH TIPOM3BOJMTCS MeHee TOYHO, ueM H3Me-
HgyeHue yraos; BBHAY OOJBLWOCH TPYA0EMKOCTH 3TOH paGoThl, [MOBLILIEHHE
IPO'OYHOCTH NYTEM YBCJIHYEHHS TNPHEMOB HeleaecoobpasHo.

9. ToyHOCTh BLIMHC/AEHHSI KOOP/IMHAT 3aCEYHBIX DPEnepoB Npex/e BCero
(uonpeleasieTcss TOYHOCTbIO KOOPJAHHAT HENOJABHAKHLIX PEnepos. Bo MHOrHX
YIayuanx KOOP/AMHATHI HENOABHIKHLIX M 3aCEYHBIX penepos onpeaessioTCH
(qrpybo; 9TO AONYCTHMO NPH MPHMEHEHHH JupepeHuHalbHOro0 MeToaa, TaK
16KaK a6coMIOTHBIC 3HaYeHHs KOOP/IKHAT B ITOM METO/le He HMEIOT 3HAUCHHA
A (Keaas u Beaoaukos, 1954*). Oanako AJsi NOJTHTOHOMETPHUECKOrO METOAa
OTTO NPE/ICTABIAET BAaKHOCTb, TAK KakK ypaBHHBaHHE NpHPAaLIeHHA KOOPAHHAT
LOJROAKHO TIPOM3BOMMTECA 110 OTHOUICHHIO K PA3HOCTH KOOPAHHAT KOHIEBBIX
) TOYEK NOJMrOHOMETpHueckux xonos. [Tostomy AJs Jyuuwero ypasHHBaHHA
L7 CJIelyeT BCEr/la CTPEMHTHCS HMETh 3aMKHYTbIE, T. €. KOJIb11e0Gpa3Hbie NOJKIo-
OHHOMETPHUCCKHE XO/Ibl; LISl HHX PAa3HOCTh KOOPAMHAT KOHIEBLIX TOYEK paBHA
vinyaio. Takoi xo/t nokazan Ha puc. | Mexy 3aCeuHLIMH penepamu Ne |1—
6113 14—11. Koopaunatsi 3aceunbix penepos Ne 13 u 14 B 3TOM X04e MOry?
40 GpiTh OnpeAcaeHbl ¢ GOJBWOH NorpemwHocTbio. ECn KOOPAHHATH 3aCeqHbIX
5(| penepos ONpeeaeHbl JIOCTATOYHO TOYHO, TO MKy HHMH MOTyT 6BITH TPO-
30, JIOAKCHB PA3OMKHYTbIC XOAbl (puc. 1, X0 Mexay penepamu Ne 11 u 12).
Il Hakonell, noc/aeAHIO TPYNNy COCTABJAAIOT OTKPLIThbie HJAH BHCSYHE XOJbI
[} (puc. |, xoaAn MeXy penepamu Ne 12—29 u 13—30).

YpasHusanue NpHPALICHHH KOOPAMHAT NSl 3aMKHYTLIX IO/JHTOHOMET-
(] PHYECKHX XO/JOB NPOH3BOAHTCH 10 (opmy/aaMm

Efx*i-iﬂ'x:(]l (l)
E‘Ey + 'wy=01‘

VT TAC fa " i!,—l'I[JOEKIJ.HIl CTOpPOH 1IOJAHrOHOMETPHYECKOr0 X0Aa Ha KOOpIH-
il HATHBIE OCH, BRIMHCJASICMbIE [0 YPaBHEHHAM

[(=lcosx u [,=lsing,

— -

* Jlureparypy cm. ma erp, G0
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rae [-—-aansa CTOPOHBI X014, g :."
2 —HCTPAaBACHHRI AMPEKWIOHHRI yroa, a 1

w, W Wy—JnHefiHbe HABS3KN B NPHPAMENNAX 10 ocam X y y,

COOTBETCTBEHHO.
YpaBHilBaHie Pa3OMKHYTLIX X010B MEHUILY 3aCCHHLIMH pencpami B neps

5OM LHKJe NPOH3BOANTCH 10 (opMyTam

=
'gl= 'y""l_'- i Tt

A.—-..’-—_-.- -

rae X, ¥, M Xy, My ~KOOPAMHATH HAYMAJILHOTO It KOHEUHOTO 3ACEHHBIN Pe

POB PAccMaTPHBAEMOrO OTPE3RA NMOJAHTOHOMETPHYECKONO NOAQ COOTBETCTRON:

no: seanunnsl Ly # Ly nokasauw Ha puc. | aas xona 11—12, ) 4
B caeayloumnx unkaax HadmoAeHnst gopmy.dast (2) samenniores cag

B

AYIOULHMHE: j |
:Is\ Wy = (Xp - Dxy) — (¥, ‘\'\'u) =L+ ('}'\.b - Ax,) 1 (3)‘, 'r'
My + Wy = (Yo + Ay) — (¥a +Ay,) = Ly (Ayy—dy,) [’ |

rae Ax,, Ay, n Ax,, Ay, —KOMIOHEHTH CMEILCHHSI HAMAJABHOTO I K.
HEYHOTO 3aCeUHBIX PENepoB PACCMATPHBAEMOrO OTPE3ka NOJAHTOHOMETPHYe: |
CKOro X01a COOTBETCTBEHHO, KOTOPOE MPOH30LLIO 38 BPEMsi MEHLY NePBLIM i
JaHHBIM LUHKJIOM HA0MOACHUH. DTH KOMNOHEHTH NOJAYHAIOTCS rpadHuecKy ¢
JHCTOB aab0oMa HabGJAAeHHsI NPOCKTHPOBAHHEM YPABHCHHOTO HOJOMKEHIY
34CEYHLIX TOYEK HA KOOPAHHATHBIE OCH.

JIuHefiHble HaBA3KH W, M W, PACHPELCNAIOTCH MEKAY HPOCKIUISAMI
[, n Iy nponopuHOHaJAbHO AMMHE CTOPOH XOAA.

B OTKPHITLIX (BHCAYMX) NMOJAMFOHOMETPHUECKIN NOAAX YPABHUBAHNUC HE
POU3BOUTCS H BCS NMOTPEUIHOCTh BXOAUT NCAHOCTLIO B pesyabrar, [Tosromy
TOYHOCTb HX Onpeje/eHnsi HeBbicoKa. JIIsi KOHTPOASt M yMEHbIICHNS OMINGOK .
PEKOMEHYETCSl BHCAYHE MOJHTOHOMETPHUECKHE XOALI NPOKAAALIBATE ABAN-
Akl

{
i
[Tepeiiem x onpeaenennio cmeuenns Touex. OAUH 3 3aCEUHBIX Pere- ]
pos (manp., Ne 11, puc. 1) npusumaercs 3a Hauan0 KOOPAMHAT, 1t ONpeACas-
IOTCS YCJAOBHBIE KOOPAHHATBI BCEX OCTAJALHLIX TOUEK NOJHPOHOMETPHUYCCKIX f
XOJI0B; NP 3TOM HCNOAB3YETCsl H3BECTHBIT cnocod pacuera. OGO3HAUNM 9TH
YCAOBHBIE KOOPAHHATH VISl IEPBOrO WHKAA HaGaloenns uepes X, u ;. Takue
Ke onpeie/eHHs NPOH3BOAATCA H A5 KaXK/10T0 NOCAEAYIOIEro LHKkAa Hab.1io-
Aennil. Pacemorpiym 06paGoTKy 3THX AaHHBIX A8 BTOPOTO WHKJAA HaOJM0/Le-
. O603HauNM YCAOBHBIC KOOPAHHATH TOUEK NOJHTOHOMETPHYECKHX XOAOB
uepea Xy i Y, Teneps MONKHO BBIMHCANTD BEAHUMHDLI PHPALEHHIT KOOPANHAT X
Ax=x{--x] # Ay;j==y" y{; NPHPAIIEHHT ITH OTHECEHH K CMEUlaloNeMy-
€A Hayaly KOODAMHAT, B JAaHHOM cayuae Kk Touke No 11. 1
Jasi Aaabueiimeii 06paGOTKH COCTABIAIOTCS ABA UEPTOHKA, N3 HHX O
Ha KaJbKe, BTOPOIl-—Ha BaTMaHe,
Ha awmer kaabkn sanocstes  Koopamnatusie ocu X n ¥V (puc. 2,a).
Kaabka nocaefoBate/bHo HAKAAABIBACTCS Ha JHCTBI aldb0oMa HaGJI0LCHHl,
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I KOOPJIMHAT COBMELLZIOTCH, B HA KaJbKy fepeHocATes ypaBHEHHbIE MNO-
KoeHnsl 34CeUHLIX penepos B J1aHHOM uuKde HabaiofeHuii; 3TH TOUKH
(IO PACCMATPHBATL KaK 1I0JOKEHHS KOHIOB BekTopoB cmemenusi. Ha-
410 BCEX ITHX BEKTOPOB COBIN@jaeT ¢ TOUKOH mnepeceueHus KOOpPAMHATHBIX
gueii, TToaHbIe BEXTOPE! CMELIEHHA N0Ka3aHbl HA PHC. 2,2 NYHKTHPOM; B AeCT-
MTEABHOCTH, 9TH NYHKTHPHLIE JWHHH He NPOBOAATCH. Bokpyr Kaxaofi n3
Mpyexk Ha PUC. 2,8 BLIYEPUHBAETCH 3JTHNC NOrpemHoCTH.

Ecay BCe TOYKM Ha CKJOHE CMelaloTes C OJIMHAKOBOH CKOPOCTBIO H B
JULHOM M TOM K€ HanpaB.IeHHH, TO BCe TOUKH Ha KabKe (pHc. 2,a) A0MKHEI
IMTLCH B O/iHY. PaccesiHHe TOYeK Ha ITOM YepTexe OTpaxKaer HepaBHOMEp-
GOCTL CMELICHHH PenepoB.

Ha aMcT BaTMaHa HAHOCATCH KOOPAMHATHLIE OCH Ax n Ay, u Ha HeM
0 BHHCACHHBIM NPUPALICHHAM YCJIOBHBIX KOOPAMHAT TOHYEK MOIHIOHO-
JHETPHUCCKOM CeTH NOKa3LiBAOTCs CMELIEHHEIe TOJ0KEHH penepoB (pHC.
1,b.) Bo uabexanne 3arpoMOK/eHus uepTexka, Ha PHC. 2, b nokasaHsl
)rOJLKO TOYKH, COOTBETCTBYIOLLHE 3aCeyHbIM perepaM (Ne 11—14) u noau-
/POHOMETPHUECKHM pernepaM Ha NepBOM OTpe3Ke (Ne 21—26).

Hauanpnas Touka (Ne 11) okaspiBaercs B Hayaje KOODAMHAT, TaK Kak
Juist Hee npHpauleHHsl PARHLI HYJIO. Kak # Ha puc. 2,a, B cayyae ecau Obl
mce penepsl CMEHANHCh C OAMHAKOBOH CKOPOCTBIO H B OJHOM H TOM 2Ke
|ianpaBJeHiy, BCe TOYKH Ha PHC. 2,b cauaucs Gbl B OAHY, a HMEHHO B TOY-
/Ky, OTBEYAIOLLYIO nayaabHoi Touke (Ne 11), nockoJbKy pasHOCTH NpHpaLile-
il Beex KoopiuHaT Obiiu Gbl oAMHAKOBbie. PaccesiHHe TOYeK Ha PHC. 2,b
|TAK/KE OTPAKACT HEPABHOMEPHYIO CKOPOCTb CMELUEHHS Penepos.

Kakum Gbl cnocoGoM HH ONPeAeasaoCh B3aHMHOe CMEIIEHHEe 34CeUHBIX
royex (Ne 11-—14), oHo Bcerjia OCTaeTcsi O/ITHUM H TEM 2Ke. Ha puc. 2,a 3to
| B3aHMHOE CMELIEHHE ONPE/IeJICHO METO/IOM MPSIMBIX H o6paTHLIX 3aceyex 1o
| OTHOWICHHIO K HENOJABHAKHbLIM ONOPHBIM penepaM, a Ha puc. 2,b—noJuro-
| HOMETPHYECKMM METOJIOM 110 OTHOUICHHIO K IOJBHIKHOMY OINOJ3HEBOMY pe-

nepy Ne 11. HecmoTpsi Ha 570, B npeJiesax norpeHoCcT4 H3MepeHH# B3aHM-
HOe PACHONOKEHHE ITHX TOUEK AOJIKHO ObITh COBEPUICHHO OAHHAKOBLIM.

HaaoxKum KadbKy Ha BaTMaH H J00beMCsi COBNA/IeHHS! HJIH BO3MOXKHO
Jyyiwero npHOAHAKEHHs OGEHX CHCTEM TOYeK, COOTBETCTBYIOUIHX —3aced-
upM penepam (Ne 11—14). OHo J0/MKHO HMETh MECTO B Ipeaesax TOu-
nocth namepennsi. KoopaunaTnbie ocH Ha 060HMX YepTexkax /AOJKHBI OLITh

| napajsefibHbl YT JpyTy.

Ha ueprexke Ha KajibKe H3BECTHO MOJIOXKEHHE Hayalja BEKTOPOB CMelle-
nus (Hayaso KOOPAMHAT) M HANpaBieHHe KOOPAMHATHBIX OCeH. ITepenecs
ero Ha BaTMan (XOTst Gbl MPOCTHLIM NPOKaJbiBAHHEM HIJIOH), BblYepuHBaEM
ya sarmane KoopAnHaTHbie ocu X M Y u HaxoAum 1aya/o KOOpAMHAT.
Torja TOUKH, OTBEYAlOUIHE BCEM OMNOJ3HEBHIM perepaM INOJHIOHOMETpHUe-
CKOTO Xoja Ha puc. 2,b, GyayT npeacraBastbh co6Oi KOHIbI BEKTOPOB
CMeULenHsl, a Hayana uxX OYAyT HaXO[AWThCs B Hayaje KOOPJMHAT (Cp. pHC.
2,a). :

PeayaibTaThl 3TOT0 HANOXKEHHsI KaJbKH Ha BaTMaH MOKa3aHbl HA PHC. 2,b
NYHKTHPOM; TaM JKe IOKa3aH NOJHOCTbIO BEKTOP cMelleHus penepa Ne 25.
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THE THICKENING OF GEODETIC NETWORK IN
BUILT-UP OR WOODED LANDSLIDE AREAS FOR
OBSERVATION OF SLOPE DYNAMICS

Professor, Dr. Techn. Sc. GEORGE TER-STEPANIAN®

Abstract. The layout of benchmarks for the observation of slope dvnamics n
built-up or wooded landslide areas Is hindered because of bad visibility. On the slopes
only a few intersectional benchmarks may be placed which are observable from
sufficient number of unmovable reference points. A combined method of observationy
is described by which several benchmarks are installed on the slope; their measure.
ment Is made by conventional Inlersections: polygonometric traverses are plotted be.
tween these benchmarks. Graphical method of determination of the absolute displace.
ments of benchmarks of the polygonometric traverses is shown.

Many difficulties arise in the built-up or wooded landslide areas by
the layout of observation network for the study of slope dynamics. At
best on the landslide slope only a small number of movable benchmarkg

may be located which have visibility from 3 to 5 unmovable reference .

points. It is possible sometimes to find places on the slope which are
visible from only two unmovable points; but it is undesirable to put

movable benchmaiks in such places since the determination of the po~

sition of landslide points based on two measurements cannot be consi-

dered as sufficiently exact. One must take also into account, that having

subordinated the choice of location of the landslide benchmarks to the

condition of fair visibility we may pass over places which are important
for the understanding of slope dynamics, and thereby we can lower es-
sentially the significance of data obtained for the analysis of sliding.
The use of the polygonometric method for the thickening of obser-
vation network may be advantageous in such cases. Such a combined
method consists in the following. At first, landslide benchmarks, defer-
mined by the method of intersections or resections (Inverse intersections),
are placed on the slope; each of such benchmarks must be determined

by means of 4 to 6 measurements. Naturally these benchmarks cannot

spread all over the points of the slope which are of interest.

Closed and unclosed polygonometric traverses are plotted between
these Intersectional benchmarks; open traverses may be Joined to them.
All these traverses are plotled in such a way that the distances between
polygonometric benchmarks should be less than the length of the steel
tape measures, 1. e, less than 50 metres,

An exemplary scheme of the observation network shown on g 1%
will make possible to trace ifs organization and the course of mea-
surements and calculations. The network consists of four unmovable re-
ference points Nos. 1 fo 4, installed outside of the landslide and connec-
ted with the state geodetic network; four movable Intersectional beneh-

# Head, Dept. of Geomechanics, Geological Institute, Armenian Academy ol Scien-
ces.

** Figures seé pp. G1-—062.
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Jiumarks Nos. 11 to 14, installed on the landslide and determined by means
I 1 measurements in respect to the unmovable reference points Nos. 1 to
L :}; and 29 movable polygonometric benchmarks Nos. 21 to 49, installed
! non the landslide and determined by means of measurements in respect
| 4o the movable intersectional benchmarks Nos. 11 to 14. Such a scheme
Tiapermits to thicken the observation network at one’s own choosing des-
9lipite the condition of bad visibility on the slope.

Observation of the landslide intersectional benchmarks is carried out
tlzusing Intersections and resections. Equalization of these measurements
" zs made graphically on sheets of the observation album. Geodetic coor-
‘nillinate axes X and Y are shown on these sheets;the origin of coordinat-
) z@s corresponds to the starting position of the landslide benchmark in the
‘21lifrst cycle of observation. The displaced position of the landslide bench-
smmark is determined for each subsequent cycle of observations on these
arlsheets of the album by means of graphical calculations, usually in full
nascale.

Then closed and unclosed polygonometric traverses are plotted be-
ywiween Lhe intersectional benchmarks; the traverse between benchmarks
o/Nos. 11 and 12 is shown on Fig. 1. The theodolite is installed on all
ommovable benchmarks (both intersectional and polygonometric).

For each intersectional benchmark bearing angle of one of the lines
1:connecting this benchmark with one of the reference points is determined
vdby means of simple computations using direct sighting. Thus if the
Alzstraight 1 -11 was observed from the reference point No. 1 and its bear-
yuiing angle is 211, the sought bearing angle of inverse direction will be
iz =2 -1+ = These angles are the angles of connection of the poly-
oggonomefric traverses.

In order to increase the exactness of the angular and linear measu-
iirements all the intersectional and polygonometric benchmarks are sup-
ilgplied by removable conical tips which are screwed on the heads of bench-
smmarks. The angles are measured by optical theodolites while the distan-
gaces by steel tape measures, stretched by means of a dynamometer;
il the distances are measured twice, In direct and Inverse directions. The
g correction on the inclination of the line is introduced; since this inclina-
)If tion for each side of a polygonometric traverse Is a pooily changeable
Ip quantity, this correction is determined only once at the organization of
it the network and introduced in this form in computations in all subse-
ip quent cycles of observations.

The equalization of polygonometric traverses Is made by a separate
m method. The exactness with which the corresponding measurements
w were carrfed oul is taken into account. The bearing angle of lines
1l from the intersectional benchmarks to the unmovable reference points are
m measured with great exactness; therefore the equalization by angle con-
b dition Is carried out separately for each section of polygonometric tra-
w verse enclosed belween the neighbouring intersectional benchmarks. Thus,
)1 for the section enclosed between the benchmarks Nos. 11 and 12, the angles



58 G. TER-STEPANIAN }fj

of this traverse must be equalized between the initial 211 and the fing)

2121 bearing angles. The unt;szular lersror w. of the section of the traverse is
among its angies.

dis“!?:ele;jo;:\?i‘r:g circurﬁstunees should be taken into account wheg *

equalizing the increments of coordinates: {

1. The measurement of lengths of sides is performed less exactly thag
that of angles; the rise of the exactness by increase of sets is inexpe- ;
dient since this work is very labour-consuming.

9. The exactness of computation of coordinates of the intersectional
benchmarks is determined first of all by exactness of coordinates of un. =
movable reference points. In many cases the coordinates of unmovable
reference points and intersectional benchmarks are determined roughly;
this is permitted by the application of the differential method, since the
absoluté values of coordinates in this method have no meaning (Keaay
u Beaoankos, 1954). But it is important for the polygonometric method
since the equalization by the condition of sides must be carried out re-
lated to the difference of coordinates of the end points of the polygons-
metric traverses. Therefore, for the best equalization it is always prefer-
able to have the closed, i.e. ring-shaped polygonometric traverses;the dif-
ference of coordinates for them is equal to zero. Such a traverse is shown
on Fig. 1 between the intersectional benchmarks Nos. 11— 13—14—11. The *
coordinates of the intersectional benchmarks Nos. 13 and 14 in this {raverse
may be determined with a great error. If the coordinates of the Intersec-
tional benchmarks are determined with sufficient exactness one may plot
between them unclosed traverses (Fig. 1. traverse between benchmarks Nos,
11 and 12). Finally, the last group compose the open fraverses (Fig. 1,
traverses between benchmarks Nos. 12—29 and 13—30). ;

The equalization for the closed polygonomelric traverses Is carried

{

out by the formulas :
El +'R's=l]
T | (1
_I,V |' EL}-—-O 1

where /; and /, are projections of sides of the polygonometric fraverse
on the coordinate axes, computed by equations

[y=Ilcosz and /y=1 sina,

where [/ is the length of the side of traverse,
z — the corrected bearing angle, and t
@, and @, —the linear discrepancies in the increments along
axes X and Y correspondingly.

The equalization of unclosed traverses between the Intersectional
benchmarks in the first cycle of observations is carried out by formulas
M+, = —X. =L, } ©) :
E!y T Wy =Yy _yn"__"""y s
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silihere x,, ¥, and x,, y, are coordinates of the initial and the final in-
z19lersectional benchmarks of the section under consideration of the poly-
mogonometric traverse, correspondingly; values of L, and L, for the traver-
1 53¢ between benchmarks Nos. 11—12 is shown on Fig. 1.

In the sequent cycles of observation the formulas (2) must be repla-
bored by the following ones

)..‘.!\ i w, =(xl.| Axh) = (xa axa) =Lx -+ (A":b '_axa)

Nl + wy = (yy -+ Ays) — (Ya+ Bya) =Ly (By, —8y,))’
sluwhere dx,, Ay, and Ax,, Ay, are components of the displacement of the
Huinitial and final intersectional benchmarks of the section under consider-
Uit@tion of the polygonometric traverse, correspondingly, which took place

ilin the time interval between the first and the given cycle of observation.
i'I'These components may be obtained graphically from the sheets of the
dlgalbum of observations, projecting the equalized position of the intersec-
‘Oiitional points on the axes of coordinates.
Linear discrepancies w, and w, are distributed among projections
AL and [, proportionally with the length of sides of the traverse.

No equaiizdtlon is done for the open polygonometric traverses, and
sldthe error is included in the result completely. Therefore, their exactness
#1 is low. For control and reduction of errors it is advisable to lay the
qo open polygonomefric traverses twice.

et us consider the determination of the displacement of points.
10 One of the intersectional benchmarks (e.g. No. 11, Fig. 1) Is con-
sizisidered as the origin of coordinates; the conditional coordinates of all
o other points of the polygonometric traverses are determined using the
1l known way of computation. Let these conditional coordinates for the
i1l first cycle of observations be x; and y;. The same determinations are
m made for each subsequent cycle of observations too. Let us examine the
15 analysis of these data for the second cycle of observations. Let the con-
Il ditional coordinates of polnts of the polygonometric traverses be x;" and
‘L yj. One may compute now the increments of coordinates Ax;=x{"— x|
5 and Ay;=y; — y;; these increments are related to the displacing origin of
)9 coordinates, in this case to the point No. 11.

Two drawings are prepared for the following ana[ysis, one of them
0 on tracing-paper, and the other on Whatman paper.

Coordinate axes X and Y are plotted on a sheet of tracing-paper
) (Fig. 2,a). The tracing-paper is subsequently put on sheets of the
i album of observations, the axes of coordinates are matched and the
9 equilized positions of the intersectional benchmarks in the given cycle
o ol observation are plotted on the tracing-paper; these points may be
9 considered as positions of the ends of displacement vectors. The origins
o of all these vectors coincide with the point of Intersection of coordinate
i axes. The full vectors of displacements are shown on Fig. 2.a by dash
| lines; these dash lines actually are not plotted. Ellipces of errors are
) drawn around each of the points on Fig. 2,a.

(3
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Ii all the points on the slope are displaced with the same velocity
and in the same direction, all the points on the tracing-paper (Fig. 2,a)
must become one. The scattering of points on this drawing reflects
the unevenness of displacement of benchmarks.

Coordinate axes Ax and Ay are plotted on a sheet of Whatman pa-
per; displaced position of benchmarks are shown according to the com.
puted increments of conditional coordinates of points of the polygono-
metric network (Fig. 2. b). In order to avoid the overloading of the
drawing, only the points corresponding to the intersectional benchmarks
(Nos. 11 to 14) and to the polygonometric benchmarks in the first secs
tion (Nos. 21 to 26) are shown on the Fig. 2,b.

The initial point (No. 11) is in the origin of coordinates since all in-
crements for it are equal to zero. As in the case of Fig. 2,a, all points
in Fig. 2,b will become one, corresponding to the initial point (No. 11)

if all the benchmarks would displace with the same velocity and the same

direction, since all the differences of increments of coordinates would
be equal. The scattering of points on Fig. 2,b reflect the unevenness
of the displacement of benchmarks.

Whatever way is used for the determination of the reciprocal dis-
placement of the intersectional points (Nos. 11 to 14), it must be always
the same. In Fig. 2,a this reciprocal displacement was determined by
the method of intersections and resections related to the unmovable
reference points while in Fig. 2,b it is done by the polygonometric
method related to the movable landslide benchmark No. 11. Notwithstand-
ing the method used the reciprocal disposition of these points must be
quite the same in the limits of errors of measurements.

Let us superpose the tracing-paper on the Whatman paper and suc-
ceed in getting the coincidence or the best approach of both systems of
points corresponding to the intersectional points (Nos. 11 to 14). This
must take place in limits of exactness of the measurement. The coor-
dinate axes on both drawings must be parallel to each other.

The positlon of origins of vectors of displacement (origin of coordi-
nales) and the direction of coordinate axes Is known for the drawing on
the tracing-paper. Copying this point onto the Whatman paper (e. g. by
simply piercing with a needle), we draw on the Whatman paper the
coordinate axes X and Y and find the origin of coordinates. Then all the
points corresponding to the landslide benchmark of the polygonometric
traverses on Fig. 2,b will be the ends of displacement vectors; their
origins are in the origin of coordinates (cf. Fig. 2,a).

The result of this superposition is shown on Fig. 2,b by dash-lines;
the vector of displacement of the benchmark No. 25 is shown fully on
this drawing too.

TPRULENREBNR, —JIHTEPATYPA—REFERENCE

Keaas H. I'. u Beaoankos A, H, 1954, Onpeescnne cyemennit tamn na onoasusx and-
(epennnaapnuy  Metogos,  Nraerexusaar, M.
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Fig. 1. Plan of polygomomelric traverses for the thickening of the observation

network. 1—immovable benchmarks; 2—movable benchmarks determined by the

intersectional method; 3—movable benchmarks determined by the polygono-
metric method.
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Fig. 2. Graphic calculation of displacement of points by the
thickening of the observation network.
a) scheme of the tracing paper, showing the absolute displace-
ment of (he intersectional benchmarks; b) scheme of (he
Whatman paper showing (he relative displacement of the
polygonomelric benchmarks and the determination of veclors
of displacement.




