H3BECTHU
TOMCKOI'O OPAEHA TPYAOBOTIO KPACHOTO 3HAMEHH TTOJMUTEXHHUYECKOT O
HHCTUTYTA unmenn C. M. KHIPOBA

Tom 124 ‘ 1964

YCTAHOBJIEHUE BECOB U OLIUBOK U3MEPEHMUSI
FT'OPU3OHTAJIbBHbBIX ¥IJOB, IPEAPACYETA OLIUBKH
OPHEHTHUPOBKH YEPE3 NIBA BEPTHKAJIbHbIX IHAXTHbIX
CTBOJIA U OIUBKH CMbIKAHHWA 3ABOEB FOPHOM
BbLIPABOTKHU (B NMJIAHE) TPA®UYECKHUM CNOCOBOM

B. U. AKYJOB

(Ipexctapneno HayvyHLIM ceMuHapoM kKadenp MapxiiefifepcKoro jena ¥ I'e0le3HH)

dopma M AJHHA CTOPOH TOA3EMHHEIX TEONOJUTHHIX XOJMOB NPH OpPHEH-
THPOBAHHH 1uepe3 JiBA BePTHKAJbHBIX IIAXTHBIX CTBOJA H INPOBEAEHHH
rOpPHBIX BHIPa0OTOX BCTPEUYHLIMH 3a00fMH ONpEAEJAETCS PacnoJOXKeHHEeM
ropHHX BHPaboTOK. [lO3TOMY J/MUHE CTOPOH IOJA3€MHBIX TEOAOJHTHHIX
XOAOB HM3MEHAIOTCS B OUYEHb WWHPOKUX npejenaax (or & no 100 u Boiwe
MeTpOR).

Heonunakopass IiuHa CTOPOH OOYCJAQBAMBAET HEPABHOTOUHOE H3Mepe-
HI€ TOPH3OHTA/NBHBLIX VYIJOB B NOA3€MHHIX TEONOJAUTHHX X04aX. B cBsizu
C 3THM HODH OpeApacuyere OXUAAeMHX OUHOOK B KANHTAALHHX MapkKinefi-
nepckuX pafoTax, HalpuMep, OPHEHTHPOBKH uepe3 J1Ba BePTHKAJbHBIX
WAaXTHRIX CTBOJIA M COOHKH TODHOH BHIPaGOTKH, TOPU3OHTAJIBHBHIE VI
He0O0XO0JHMO CUHTATh HEPABHOTOUHO H3MEPEHHBIMH.

Omnbka') Kax10ro rOPH3OHTAJABHOIO YIVA NOA3EMHOTO TEOAOJMUTHOIO
X0/1a JIOJKHA ONpele]siTbCsd 0 H3BeCTHOH dopmyse
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r;ie #i,— OWHOKA OTCUUTHIBAHUA,

My -~ OmHOKA BH3MPOBAHUA;

A -~ UUCJAO TIOBTOPEHH{, WUJAH NPHEMOB.

[To dopmy.ae (2) onpeneasercs OmuOKd yIya, H3IMEPEHHOrO COOCOOOM
NOBTOpEHUll, U no Gopmyae (2a) - - cnocoOOM TPUEMOB.

Boyucaenne omHOKM H3MEPEHHst Yrja aHaauTHueckd 1o dopmyJe (1)
JOBOJABHO CJ0KHO. [lo3roMy Ha mpakTHKe, a Takxke B TexXHMUYECKOH
HHCTPYKIHH MO TPOH3BOACTBY Mapkuiefigepckux pabor, usaanua 1959 r,,
NpH lipeapacyeTax OXKHAAEMBIX OWHO0K B KANUTAJbHBLIX MapKHIeiJepCKuX
paGoTax TOPH3OHTAALHBLIE VYIJIb NPHHHEMAIOTCS PABHOTOUYHO H3MEPEHHBIMH.
B ¢BAa3H ¢ 3THM HEZOCTATOUHO TOYHO YCTAHABAHBAIOTCA OXXHA€MLIE OMHOKH.

ABajuTHUECKHH cnocoG npejgpacyera OXHAAeMbIX OIHOOK B KANUTaAb-
HBIX MapKIeHaepckux paborax HApPAAy CO CAOXKHOCTHK BHUHC/IEHWH He
rapaHTHpPyeT OT BO3MOXKHHEIX TPYyOLIX NPOCYETOB,

B aureparype mne pa3paloraHbl KOHTPOJbHBIE CHOCOOBI Ipeapacuyera
OXHUJAEMEIX OMIMOGOK B KalHTaJAbHBIX MapKIICHIepCKHX paborax, KOTOpLiE
obecreunad Obl HaJ€XHbLI KOHTPOJb AHAaJAHTHYECKOIO Crocoba.

B pa6ore mupeanaraercss TpaduyeckHil ClOCOG npeapacyeTa Oxujaae-
MbIX OmHOOK B KaNUTaJbLHBIX Mapklueligepckux pabortax, KOTOPbId Ha-
JI€KHO KOHTPOJHPYeT aHaJMUTHYeCKHH W TNPOCTO M JIErKO BHHIOJHAETCSH
C TIOMOLUBLIO JIMHEHKH H HHPKYJIA.

1. MpeoGpasoBanue oGweir GopmMyabl OWHOKM H3MEpPEHHUSH
TOpPU30HTANBHOFO yraa

dopmyay (1) sannmem Tax:
My =2V mi + mi; (1a)

fj o 9 3 x
ity = = 21/ ei(a® -+ b°) 1 et (a® + b*-  2ab cosB), (3)
V 2ab
rae iy -- OlUOKA H3MEepPeHHs yria, 3aBuCsmasg OT omHOOK HEHTpUpOBa-
HUA TEOAO0/AHUTA W CHIHAJAOB.

[Tosaras .
Py MG = pp g = py g = e,
NOJTYUYHM .
1
Ay = 4+ m — (16}
p3
. 1
m; =+ m — (26)
Pi
h
My = i m D) (33)
Pu

rge 7t - CpeAHss KpaaparHueckas OIMMOKAa H3MEpeHHd YrIad, BeC KOTO-
pOro paeeH €JIUHULE,;
P3 — BEC U3MEPEHHOTO YIJa;
p; — BeC COOCTBEHHO OUIMOKH U3SMEDEHHHA YIJid;
Py -—Bec owWUOKH YyIJaa, 3aBucsiled Oor OmUOOK LUEHTPHPOBAHHA Te-
O/IOJHTA H CHTHAJOB.
M3 (la, 16, 26 u 3a), NOJyudM )

VEVWIT WA




[IpeoGpasyem (popMy.1y (3) IpUMEHHTENBHO K rpaUuecKoMy Crnocoby.
Taxk kak :
= a?-4 b* — 2ab cos B,
TO

iy, = - —{_'—l/ e: {a*+ b%) + efc?, (36)
a

rae ¢ pacCTosHue Mexny KpaﬁHI/IMI/I BepIIMHAMH H3IMEPAEMOro yrJa

(puc. ).
TTonaras
) = Ee (npn e. < er) (3)
er
H o
d=1Va*-+ b, (6)
01y 9YHM 7
uet .
M, = = —— A g? et
YTV 2ab l/
O603HayuM 3
D=V 2aq?+ ¢, (7)
TOTAA
ny = - f‘ieT_D (3r)
V 2ab
Beenem 0603Hauenne
ab
X = — « 8
5 (8)

dopmyaa (3r), yuutsiBas (8), npuMer BUA

M3 (3a u 3x) noayuum

V 5 ©
P, VZ2mx .

O6o3Haunm
Le
B = 175;7—2 , (10)
TOrAd o
;Dlu — % ) , (3e)
2, Onpene.nenhe g__ rpaduueckKdmM cnocobom

l
I'lpu rpaduueckom crnocobe onpeaeaeHus 2

3

COCTanJageTCd Ccxe-

Ma& TeOoMOJUTHOrO Xoja B Macmitabe, Hampumep, 1:500, 1:1000 nau
1:2000 (puc. 1).

YcTanaBaAuBaloTCA, HCXOAS H3 MPHUHATON METOJMKH H3MEPEHHS [OpH-
30HTAJBLHBLIX YIA0B X044, OWHOKA COOCTBEHHO H3MepeHHs yraa (#;) u Ju-
HeliHble OMHOKH IeHTPUPOBAHUA TEOAOJUTA (€1) M CUTHAAOB (&),
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llpu touke O (puc. 2) CTPOMM HPAMOYTOJLHYIO CHCTEMY KOODJMHAT
(XOY). W3 wnauana KOOPAHHAT nposomuM Inpamyw OU nmox yraom ¢
K OCH X, ONpejiensieMbM H3 yPaBHEHHMS

cosg = A (h<1).

0 i 2 3 4 5 0

Puc. 1. CxeMa TeofoJuTHOIO XOJa NpPH OPUEHTHPOBKE UepE3 NBa BEp-
TUKAALHBIX CTBOMA.

Hanpumep, npu er=} 2¢é., nmeem

i ,

Onpegenenie l/—— nanpuMep aas yraa 3; T€OJOAHTHOrO Xoja
5}

(puc. 1), rpaduyeckn MPOU3BOAHTCI B caeAyome Moc/ae0BaTeabHOCTH.

# ‘ u

2 7 56

Puc. 2. OnpepeneHHe ENd yraa 3HaueHHs X
rpadQHIECKUM NYTEM.

OTKN4/bIBA€M N0 KOOPAMHATHBIM OCAM (piC. 2) CTOPOHH yraa {;, CHATHE
uaMepuTeJeM CO CXeMbl xojaa (puc. 1), a UMEHHO: CTOPOHY &; (OTpe3oK
4--5, puc. 1) oTKJanmBaeM OT HAauajza KOODAMHAT IO OCH X, CTOPOHY by
(orpesox 5 -0, puc. 1)—no ocu Y, noayuum Touku 1 u 2 (puc. 2). Orpe-
30K 1-—2 uaMepuTeseM OTKAaALBAeM OT Hauala KoOpAHHAT mo auHun OU,
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noayuuMm Touky 3. Touky 3 npoektupyem Ha ocb abCUUCC, MNOJIYUHM
Touxy 4. CtopoHy ¢; (orpe3ok 4 — O,, puc. 1), cHATYIO H3MepUTeNeM CO
CXEMBl XO0Ja, OTKJaAblBa€M OT Haua/Ja KOOPAMHAT NO OCH OpAHHAT, HOJY-
yuM TOYKy 5. OTpe3ok 4 —5 OTKJIaAbLIBAEM N[O OCH OPJHHAT OT TOukH O,
noay4uM Touky 6. Coeaunsem npsimoit Toukd 1 u 6. OT Touku 6 OTKJa-
JIIBA€M [0 OCH OPJAHHAT CTOPOHY 0, (oTpe3ok 5—O0,, puc. | uan orpesox
0—2, puc. 2), noayuuM Ttouky 7. W3 Touku 7 mpoBoiuM npsimyio 7—8
napajaaeqbHO oOCH abcuHec A0 nepecedenuss ¢ JHHueln 1 — 6, noayuum
TOUKY 8.

M3 moctpoenuit caenyer, uToO OTPe30k 7—8 paBeH X;, BHUHCASTEMOMY
no dopmyJre (8).
T

Jna onpenenenins l/ % nposd;nm& uepes touky O (puc. 3) ABe
19

B3aHMHO nepneHauKyasipHbIe 02
npsmple OO0, u OA. Ha iau-
uun  OA  oTkaagbiBaem  oTpe-
3ok OA, paBHBIi JenuMerpy,
noayuum touky A. Yepes Tou-
ky A npoBoauMm npamyio AC,
nepneHaukyasapayio OA.

Tlo dopmyae (10) onpene-
JsieM BeJUYHHY B M OTKJaJbl-
BaeM ee OT rtoukn O 10 Ju-
nuu OO, (puc. 3) B MmacmTabe,
B K4AKOM COCTaBJ/ICHA CxeMa Teo-
JOJUTHOT'O XOJ4a, MOJAYYHM TOU-
ky O,. Hanpuwmep, npu m=--20"
n er= 0,001 » Beauuuna B, uc-
xoas u3 dopmyan (10), Gymer

206265- 0,001 .
— Y = ,3 M
1V 2-20

Ecaum cxemMa TeOmOMUTHOrO
X0AAa COCTaBJEHA B MaciiTade
1:500, To orpesox OO, (puc. 3)
paBen 14,6 mxu, a eciu B Mac-
mitabe 1:1000, to orpesok OO0,
paBeH 7,3 MM.

Hepes Ttouky O, NPOBOAHM
npamyo OB napaaneasio OA.

Orpesok 7 —8 (puc. 2),
T. €. X;, OTKJaJbIBAe€M H3MepH-
TeqeM oOT Toukd /A Ha Tps-
mofi AC, NOJAYYHM TOYKY &;
(puc. 3). Coepunsem  npsMoi

~toukd O u a.. YcraHaBaupaem

B =

TOUKY b; —TOUKY TepeceyeHus Puc. 3. Onpereaenie s
npameix Oa; u OB, P3
Otpesok O,b;, BolpaXkeHHBIH rpaduyecKkuM myTem.

B AELHMeTpax, Kak 3TO Cleayer

. 1
u3 noctpoenuil - QopMyau (3e), ecTh BeJHUHHA l/]—;mm JAHHOrO yraa.
i
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Owubka yraa, 3aBHCAmAs OT OWMOKM LEHTPUPOBAHHA TEOLOJIUTA
H CHIHAJMOB, onejeasercs 1o dopmyae (3a). ‘

T ,
Jlns  onpegenenus -~ OTKJIageiBaeM oT Touxku O; (puc. 3) no

a2
3

. 1
npsmofi 0,0, —— B JOJAX AeuuMerpa, noayuuM touky O..
P f y y
i
1

3Hauenue I/IT’ Hexoas u3 (20), onpeneasiercs no dopmyae

i
I/L:’_”L (i)
P; m

Tax nanpumep, npu m; = 413" n m = -- 20",
1T 13 _
;D—[_ §6 = 0,60.

[Tosromy orpesox 0,0, (puc. 3) Gyner pasen 0,65 du uin 65 s,
Otpesok O, b; (puc. 3) orkaaawBaem oT Touku O na anpuu OA,
NOJyunm TOUKy 5. M3 moctpoednit n gopmy.an (4) caeayer, uTo OTpe3ok

0 -5 (puc. 3), BEpakKeHHLIl B AeUHMETPAX, H eCTh I/ZDL AJAs  AAHHOTO

yIJaa.
Ob6miast omwuOka uaMepeHus yraa Buuucasercs no gopmyae (16).

3. Ipeapacuer owMOKM OPHEHTHPOBKH uyepe3 JBAa BePTHKAJNbHLIX
WAXTHHIX CTBOJA rpadiHyecKuM crnoco6om

[Tox owwuOKoil OPHEHTHPOBKH Yepe3 JBA BEPTHKAJbHBIX [LAXTHAIX
CTBOJIA, KaK H3BEeCTHO, NMOHUMAETCS OMHOKA AHPEKHHUOHHOrO Yrja HCXOI-
HOH CTOPOHBI NMOA3EMHOA CbEMKH.

3a UCXOAHYIO CTODOHY MOZ3EMHOH CLeMKH IpPHHMMAETCS CTOpeHa
TOA3€MHOI0 COCIHHUTEJIBHOIO IIOJANIOHa, OT KOTOPOH pPa3BUBACTCH TEOJI0-
JHTHAsA CbeMKa TOPH30HTA,

OwubKka AHPEKIIHOHHOTO YIVIa HCXOAHOH CTOPOHB IOA3EMHOTO COEMl-
HHTEJNBLHOTO noJuroHa (6e3 ydera omIMGOK NPHMBIKAHMS HA HOBEPXHOCTH
Il TPOEKTUPOBAHHUS) onmpejeasdeTcs no Gopmy.aam:

‘Mq::{ilf/wgg ‘%§ (12)

1 - o a o o I's
Mqﬁ = EV ZS;IH,; -+ ER;m; ; (13)
My, == é ‘/2 mf sin® o, (14)

rie M, u Mql — OWHOKM AMPEKIHOHHOTO YIVIa MCXOJHOH CTOPOHBI B 3a-

BHCHMOCTH OT OWIHOOK H3MEPEHHUS YIJOB H NJHH CTO-
pOH COOTBETCTBEHHO;

Mg — omwnbKa M3MEPEeHUS] FOPH3OHTAJIBHOTLO YIJA;

M, — omMOKa H3MEPEHHs JJIHHBLI CTOPOHHI B 34BHCHMOCTH OT
CAYHARHBIX OuruboK;

8 4



R, — npoeKuuss paccTOSIHUSI OT BEPIUHHB MOJ3EMHOTO COELH-
HUTECJBHOIO TIOJAMIOHAa J0 oTBeca (), Ha HanpapJeHHe
auuuu ctBopa otBecoB U,0;;

Sy — Nnpoexnua PacCTOSHUS OT BEPIIHUHBI MOA3EMHOrO COCAU-
HUTEJbHOrO IIOAUTOHA 10 oTBeca (), HA HampaBJeHHE
JAuHMH cTBOpa orBecoB O ,0,;

C — pacCTosiHHE MeXjy OTBeCcaMu;

¢ — NOPSAKOBLIA HOMEP HCXOJHOH CTOPOHH,

7 - KOJMYECTBO CTOPOH B MOJ3€MHOM COEJAMHHUTENLHOM I10-
JIUTOHE,

v = 206265".

Jas npeppacuera omwHOKH JUPEKLHOHHOTO YIJA MCXOHOR CTOPOHDI
NOA3EMHOM CHLeMKH COCTaBASEM CXEMY OPHEHNTHPOBKH 4Yepe3 JBa BEPTH-
KaJbHHIX INAXTHBIX CiBOJA B Macwrade, Hamnpamep, 1:500, 1:1000 uau
1:2000 u ycranaBauBaeM, HCXOJ U3 DPACIHOJIOMNKEHHsS BCKPLIBAIOIMX TOpP-
HbIX BBIPa0OTOK, HCXOAHYIO CTOPOHY MNOA3e€MHOI cbemku. Hanpumep, nas
CXeMbl (pHC. 1) 32 MCXOAHYIO CTOPOHY NpHHATA CTOPOHA 3—4 (g=4).

'A. Onpepenenne rpaduyeckum cnocoGoM OWHOKH AMPEKLUUOHHOTO
yria MCXOJHOH CTOPOHBI B 3aBMCHMOCTH OT OWMOKH H3MepPEHHH YriaoB

©®opmyay (13), yuuteBag (16), sanumem Tax:

Sog—1 — ., 92 n—t —— 9
/AN | 1\
Mql,_' = iz _C_ l/" }.‘ (Sy ]/Z)_) -+ 2 (R\rl/pj) . (138)

U

Tak xax
Sy =5, N;
Ry:r_\}‘N; ) (]5}
C=c-N,

TO

M, ="t s s 1/i ' El(r ]/' 2 136)
95 c l/ 1 k.\' P : ¢ ’ P ) (130

rAe r — BeAUUMHA Tpoeknuu K HA cxeMe:
' S BeJUYHHA MPOEKUHH S HA CXeMe;
C — paccTosiHHE MEXKAY OTBECAMH Hd CXeMe;
N — 3naMeHarteap Mmacwraba CXeMbl OPHEHTHDOBKH,

O603HayuM
s =35 1 ;
Y P
o (16)
v o=r /-7—1—
y Py

B npunarex o6o3Hauenusx dopMyaa (136) 6yger uMeTh BUL

M, =+ N RS 13
CeETY ST e (139)
q



Jas ypobersa onpeneneust ownbxu My rpaduuecknM OyTeM Io-
r
CI0WKHUM

’ ",

s’ = ks”;
(17)

r’=«xr’,

rie K--IOCTOSUHBIA KO3PPUIUeHT.
M3 (138 n 17) 6yneM uUMeThb
M, =4-"E R (13r)
v c .
R —I /rq~1( ”)‘) nA-l( ”)0 (18)
3:7:/ S‘*%jl‘ =,
V2 :

Omubxa JUPEeKHHOHHOTO YIJa HCXOJHOH CTOPOHHI, nanpumep 3 —4
(puc. 1), B 3aBHCUMOCTH OT OIUMOKYM U3MEPEHHA YIJOB Ipadhuuecky omnpe-
neAseTcs CJACAVIOUIUM 00pasoM.

JIas Ka)KJIOTO yrsia IOA3eMHOI0 COeJUHHTE/NBHOIO HOJHMIOHa rpagdHu-

4EeCKHM CIIOCOOOM, pacCMOTpeHHBIM B § 2, onpeneasiem }l— H OTKJAa-
! 3

AbIBAEM HX B A0J4X jgeuumerpa na Jgunun OA (puc. 3), 10JAYUEM TOUKH

1, 2,3, 4mnd. '

Mo aunuur 0,0 (puc. 3) orkaaasisaem orpe3ok 00,, paBuHil & AelH-
MmeTpaM, nanpumep, i, 2, 3. [lpoexrupyeM BeplUHHBI I0A3€MHOrO COEJH-
HHUTEJNLHOTO IOJMIOHA Ha JWHHIO cTBOpa otBecoB 0,0, (puc. 1), noayunm
Toukn 17, 2/, 3/, 4" u 5.

3a HCXOMHYIO CTOPOHY TNOA3EMHOH CBEMKH HAMH OPHHATA CTOPOHA
3--4, nmo3TOMy NPOEKNHI Ha JUHUIO CTBOPA OTBECOB Heo0X0AMMO OpaThb
k orsecy O, aasi sepunn 1, 2 u 3 u x orsecy 0y —aada Bepmud 4 H 5,
a umeHHo: 8, =01, s, =0,2", $=0,3, r;, = 0,4 n r, = 0,5,

[Tpoekunu sy, Ss, Sy, 7y U F; CHATHIE H3MEPUTE/JEM CO CXEMB OPHEH-
THpoBKH (puc. 1), orkaaamsaeM ot touku Oy na jauanun O;0 (puc. 3),
noayuum toukn 17, 27, 3, 4 u &', Coenunsiem npameimu Touky O; ¢ TOU-
kamu 1, 2, 3, 4 u 5. M3 rtowex 1, 2/, 3", 4 w-5 mnpopoauM IepreHAH-
kyaspuo aunun O30 npsmeie 11, 2°2,, 3’3, 44, u 5’5, no nepeceuenus
cooTpeTcTBeHnno ¢ Jauuuavu O,1, 0.2,
0,3, 04 u 0,5, noayuum Touku 1,, 2,
3., 4, 1 b,

W3 orpeskos 1’1, 272, 33, 44,
H 5’5, CTpOHM NpPAMOYTOJADLHBI [OJH-
rou (puc. 4) ITpsiMOYrOJAbHBI TIOJHIOH
CTPOHM CJ€LYIOIMHM 00pa3oM.

I Uepes Touxy O (puc. 4) npoBoaum

o npamy Ol, Ha KOTOpPOA OTKJAANHIBAEM
\ﬁ \;\ gg°11 uaMepureaeMm otpezok 1’1, (puc. 3),

A noayduum TOuky 1. lIpoBoauM nepneH-
0 qukyasapio  auHnd Ol npamyno 1---2
13 4
Puc. 4. TlpsiMoyrodabiibtil NOJKTOI Il OTKARALIBEEM Ha Hell OTpesok 2'2,

nas ompenenchus R (puc. 3), moayyuM TOYKY 2, KOTOPYIO

coeavnseM ¢ toukofi O. IlpoBoaum nep-

newaukyaspuo JjuHnn 02 npaMmyio 2---3, Ha KOTODPO{l OTKJIaibiBaeM OTpe-

3ok 33, (puc. 3), moayuum TOuky 3. Touky 3 coeanHseMm npsaMoi ¢

toukoil O. [laapHefiliee nOCTPOEHHE NOPAMOYTOJLHOTO IOJUTOHA BHIOJ-
HSIeTCsl aHaJOCHYHO, KaK JUId TOUKH 3.
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B npamoyroasHom noaurone (puc. 4) cropoun O-—1, 1—2, 2—3,
3—4 u 4—5 cooTBeTCTBEHHO paBHbLI oTpe3kam 1'1,, 22, 3'3,, 4'4,, 5’5,
(puc. 3), a yrasl O—1—2, 0—2—-3, 0—3—4 u O—4—5—nupamuie. U3
noctpoenui u Gopmyan (18) cieayer, UTO 3aMBIKAINAS OPAMOYTOJALHOIO
noaurona O—>5 (puc. 4) pasua Rs (popmyaa 18).

Jag onpenenenua omubku Mgz uepesd Touky O (puc. 5) nposogum
npamyio OB. Ha OB ortkaainbiBaeM pacCTOSHHE MEMXIY OTBECAMHM, CHATOE
U3MEPHTENEeM CO CXeMbl OPHEeHTHPOBKH (puc. l), moayuum Touky A (orpe-
30k OA paeed ortpesky O,0,, puc. 1) ¥ 3aMBIKAIOUYIO HPAMOYTOALHOTO
moqurona Ks (Ry paBua ortpesxy O--5, puc. 4), noayuuM touky B. Uepes
trouky A mnpooaum Jaunuio AD nep- .
nenaukyasapuo OB. Ha aunun AD or- 13
KJAanblBaeM B MmacmTabe, Hanpumep,

1 cex—1 mmBeIMUUHY KM, TIe K- -IJU- D
na orpeska OOy (puc. 3)B mewumerpax,,

m—omubKka u3MepeHns yrja, BeC KOTo- MQ
poro pased eHHHLE, MOJYyIUM TOUKY D, f
Has ynobersa rpanueckux mocTpoeHui '
OIHOKY 7, YUYHTHIBASA, YTO OHA BXOJUT 0 .
B hopmyay (10), Heob6X0auMO NpHHI- A B
marb pasHo#t 20”.

Yepes Ttouxky B (puc. 5) nposoaum
napaanenbuo AD npamyio BE o0 nepe-
ceueHust ¢ npsamoit OD, noayuum rouxy E. Y3 nocTpoentii u dopmy.an (13r)
caeiayer, UTO OTpe3ok BE coorsercTByer owubke My B Maciitabe, B
KOTOPOM MNOCTPOEH 0Tpe30oKk AD, T. e Beanuunna k.

[lpy npenpacuere ownOKH ANPEKIHOHHOTO Yyrva nepBoH CTOPOHBI
NOI3EMHOTO COEAMHUTENBHOIO MOJIHIOHA rpapHIecKue MOCTPOCHHS BBINOJ-
HAIOTCST AHAJOIMYNO, KAK U NPH ONpPEAeJEHHH OMWHOKH AMPEKIUOHHOTO
yraa HUCXOJHOH CTOPOHHl C HOMEPOM ¢, TOILKO A BCEX BEPHINH MOJH-
roma npoekuuu Ry mpuuuMaiorca 10 oreeca Os.

Puc. 5. Omnpenenenue omubxu Mg
rpaguueckuM crocofom,

B. Onpenenenre rpadguueckuM cnocoGom OWMHOKH AHPEKLHOHHOrO yraa
HCXOJHOIt CTOPOHBI B 3aBHCHMOCTH OT OWKGKM H3MEPEHHS IJHH CTOPOH

Omubxa AHPEKUHOHHOTO VIJA CTOPOH IIOJA3EMHOTO COEAHHHTEIAbLHONO
TIOJIHUIOHA B 3dBHCHMOCTH OT OWHOOK H3MEPeHIHs JJIHH €r0 CTOPOH Of¥HA-
KOBA 1/ BCEX CTOPOH HOJIHFOHA W BhIUMCAAeTC N0 dopmyae (14).

Owubka W3MepeHns JJUH CTOPOH Onpeesercd no (Gopmyiae

ny; =-4a)/ L, (19)

rae L-— 1aHHA CTOPOHH B METpax,

1
. 3
@ — KOo3(phUUKMEAT CAYUAHHOTO BAUAHUS (u)
Hnst rpaguueckoro onpejgeaesuss owubku 1, dopmyay (19) samu-
HeM TaK:

ny =+ aV 10°NI (su), (19a)

rae [ — pauna CTOPOHBI, CHATAs CO CXEMBI OPUEHTHPOBKH B MM
N -- Hamenaresb MacmrTaba CXeMbl OpPHEHTHPOBKH.

Ouwubra n1; (popmyna 19a) onpeneasiercs rpaduuecku CAeAYIOLUM
obpasoM. M3 toukm O (puc. 6) mpoBOIUM IBE B3aWMHO NEPHeHUKYIIP-
Hee npamsie OA n OF. Ha npamoit OF orkaanmeaem ot Touku O 10, 20,
30, 40, 50 M T. 4. MHATHMETPOB, MOAYYHM TOUKH @, b, ¢, d, ¢ u T. 1.

It



Uepes ykasaHHmble TOUKM HPOBOAHM NpsiMble aa,, bb, cc,, dd,, ee; u T. A.
nepnenaukyaspuo aunun OF. Ha npsaMEX OTKJAaiblBaeM OTPe3KH aa,, bb,
T AN 1/ 1 )

ce,, dd,, ee, w T. K., COOTBETCTBeHHO pasHble V10, 1720, 1730, V40,
V50 u T. 1. MUAIHMETPOB, MOAYYHM TOUKH a,, by, ¢, d,, € u T. A.
Coeaunsas NAABHON KDHBOR YKAa3aHHLIE TOUKH H TOuKy O, noayuum Kpu-
syo OF. o

Ha npamoit OA orxnaasBaem otpesox OA, papubiii @} 10° N penu-
metpos. Hanpumep, npu a = 0,0005 u N = 2000 orpesox OA 6yner

OA = 0,0005 V' 10° 2000 = 0,70 ou.

B cBa3n ¢ magaoli BeaHUHHOH OWMOKH /17, B AadabnefimeM as ya00-
cTBa rpaduueckHx HOCTPOeHHil Oyaem OmperesTh OMHOKY JIHHB CTO-
pouul, ypequueHnvio B @ pas (Q —=1, 2, 3, 4, 5).

E F
e e,

. N
1 fo

) e

(%S
<o
(w4

8 0

Puc. 6. Onpeneaenne omubkn m; rpaduuec-
KHM Ccrocofou,

) NN

.
Ha qurun OA (puc. 6) orxaansiBaeM otpesok OB, papHuii ) LEUSIE

MeTpoB. Hanpumep, npu Q == 5, OB = 1—:0,2 ds. Yepes rtouxn A u B
v
nposoauM npsimeie AD u BC napaaneasno OF,

Jast onpenenenns OwiMOKH AARHBL CTOPOHBI, HAnpuMep 4— 5, CHUMAEM
H3MEPHTEJNEM CO CXEeMbl OPHCHTHPOBKH (pHC. 1) AAMHY cTOpOHE 4—5
M OTKaaneiBaem ee Ha Jauknkn OF ot rtouku O (puc. 6), noayuum Touky 1.
Hepes rtouky 1 nposogum napantenvto OA npsamyio 1—1, 10 nepecevye-
Hus ¢ kpuBod OF, moayuum Ttouky l, Otpesox 1—1, uamepurtenem or-
kaanviBaeM Ha aunun BC ot Toukn B, noayuynm Touky 2. [lpoBoaum
npsaMyw O—2 no nepeceuenns ¢ auuneft AD, noayuum Touky 3.

Otpesox A3, kak 3To caeiyer W3 mocTpoenmit u popmyar (19a),
pasen Qm,, xoropwii obosnaunm uepes M, T. e.

Mp==Qm,. (20)
Orcoaa
M
my = —Ql . (21)



M3 (14 u 21) noayunm

—p M7 sin o ~ (14a)
Mfl’l — i CQ ]/-LMZ sSin- ¢, (
HJAH
M, =4 LR, (146)
NG
R, = VEIM,sin® s, (22)

rae ¢ — PACCTOSIHHE MEXAY OTBECAMHM CO CXeMbl OPHEHTHDOBKH B MM;
N — 3uamenaresb MacumTada CXeMbl OPHEHTHPOBKH.
Omubka Mql rpapuueckuM crocoOom onpefesercd CaAeAYIOMUM

oGpazom. Yepes Touky O (puc. 7) npopoaum npamsie O1, 02, 03, 04,
05 u 06 cOOTBeTCTBEHHO Napanenbho croponam O,—1, 1—2, 2-—3,
3—4, 4—5 1 5—0, TO0JI3eMHOr0 COEJUHHTENLHOTO TOJHTOHA (pHC. 1).
Ha yxasauHpX ODPAMBIX OTKJajbiBaeM OmMOKH H3MEDEHUs AJHH CTOPOH,

6
5
Puc. 7. OnpeaeJende NPOEKIHH Puc. 8. Ilpamo-
omuGOK U3MepeHns IJIHH CTOPOH _ YIONbHBIY IOJHTOH
HA HaNparJcHHE, NepHeHNRKY- JJ onpepeae-
JSIpHOE JIMHHUM CTBOPa OTBECOB. uus Ry

CHsiTbIE u3MepuTeaeMm ¢ puc. 6, Hampumep, orpesok O35 (puc. 7) pase
orpesky A3 (puc. 6), noayuum orpesku Ol, 02, 03, 04, O5 u 06. Yepes
rouky O npoBoauM npsmyww AB mnapaanenbHo JMHHM CTBOPa OTBECOB
0,0,. Tlpoextupyem Toukd 1, 2, 3, 4, 5 u 6 (puc. 7) Ha Jaunuio AB,
noiyuuM touxu 17, 2, 3, 4', 5" u 6.

s orpesxos 117, 227, 33, 44', 55" u 66" (puc. 7), 7. e. NPoeKUHH
OWwHOOK u3MepeHus JJIHH CTOPOH HA HaupaBicHHe, NEpPHEHJUKYIIPHOE
JUHHH CTBOpPa OTBECOB, CTPOHUM NPAMOYTOJBHEIH IOJAMrOH (pHC. 8), B KOTO-
pom Oa = 11", ab=22", bc =33, cd =44", de =55 u ef = 66",

3ambikaiomas npsaMoyroJasHoro moaurouna Of (puc. 8), Kax 3to cae-
ayeTr H3 noctpoeHuil u dopmyanl (22), ecrs R; (popmyaa 22).

"Ha npsamoit OB ot touxku O (puc. 9) oTk/aajgbiBaeM pacCTOSHHE Mex-
Iy OTBECAMH, CHATble H3MepHUTe/]eM CO CXeMbl OpHeHTHpoBku (puc. 1),
nmoayunm Touky A n sampikawomyio (R; = Of) npsiMoyroJbHOro HoJnroHa
(puc. 8), nmoayuum touxky B. Uepes touku A u B nposoaum npsmbie AC
u BD nepnengukyJsspio OB, Ha npamoit AC otwaaawiBaem B Macmrale,

1

Hanpumep, 1 cex—1 MM, BeAHUHHY }\}Q’ nonayuuM touky C. Hamnpuwmep, .

npn N =2000 u Q = 5, umeem
o 206265

= = 20,6 cer.
NQ  2000-5




B macwrabe 1 cexk—1 wunm orpesox AC (puc. 9) pasen 20,6 mMm. On-
peneasem Touky D (puc, 9)—TOouky nepeceuenusi npamnlx OC u BD,

Orpesok BD, kak 310 cJaejiyer H3 nOCTpoeHuH H (opmyan (146),
COOTBETCTBYET 0H1H6Ke Mq B Macurate, B KOTODOM IIOCTPOEH OTPE3OK AC.

CTPOHM [PAMOYTO/bHBIA TPEYTOABHIK C Ka-
L reramn My, u M, . Tunorenysa Tpeyrosn-

D) HHKA COOTBETCTBYET omubre M,, BbYHC-
asiemoit no gopmyae (12).

M B coorserctBun ¢ § 269 Texnuueckoil

by HHCTPYKIHH MO NPOU3BOJACTBY MapKiiehjep-

’ CKHX pador, u3x. 1959 r., ommubka pupek-

B /4  LHMOHHOIO VyIJda HCXOJAHOH CTOPOHH (0e3

ydyera OWIHOOK IPOEKTHPOBAHHA H TNPUMBI-

Puc. 9. Onpenerenne omu6- KAHHS HA TNOBEPXHOCTH) He JOJKHA TPEBH-
K Mg; rpaguueckuM cmocobom. I1aTh —+ 607,

D

4. Ilpenpacuyer owWHOKH CMbIKaHHA 3a60€B FOPHOH BbLIPaGOTKH
B NJjaHe rpacguyeckuM cnocoGom

OmubKka cMbiKanHs 3a60eB TOPHOI BLIPAGOTKM 10 OTBETCTBEHHOMY Ha-
NpaBleHuI0 B ILIAHE BHIUHCAALTCS NO Qopmy.Je:

M, = :':T V TWX, - f‘[; (23)

rge My, My, — omuGKkH cMblKaHusl 3a00€B [0 OTBETCTBEHHOMY HANpaB-

JE€HHIO B IlJaHe OT OCIHOOK H3MELECHHUA VIVIOB H JJHH
CTOPOH COOTBETCTBEHHO.

> Y

6' 8
Puc. 10. Cxema teopoaurucro xoja npH  cOoiike ropHoif BLipaGoTH.

B cayuae comMkHytore reopoautHoro xona (puc. 10) ommbku M. 1
- M ¢ BHIMHCASIOTCA 1O (POPMYJIaM:

My, = ]/}: "R (24)

My, = --1"Smi cos? s, (25)



rae Ry—npoeknusi paccTOsiHuA OT BEPIIHHL TEOJOJIHTHOTO XO4d A0
npeanosaraeMoii TOUKH BCTPeud 3a00€B Ha Hampap/eHHe, Tep-
NEHIHKYJ/ISPHOE OTBETCTBEHHOMY;
¢ — AHDEKUHOHHBH YIroJ CTOPOHBl OTHOCHTE/NBHO OCH a6CiHCC, COB-
najamnmefl ¢ OTBETCTBEHHLIM HAlpaBJAeHUEM,
Hast rpaduucckoro ompenejenus OUIHOKH Mx:j npeobpasyvem ¢op-
Myay (24).
®opmy.ay (24), yuurhiBag (1 6), sankweM Tak:

M= 2y 3 (e LY (240)
N ‘ =z
=" Y ) (246)

FAe ry — BesqMuMHA TNpoekiud R, na cxeme COGOHKH TOPHOM BLIPAOOTKMU:
N — 3uaMmenarenb macirraba cxembl COORKH,

Ho

NO3TOMY

0O603Ha9uM B
. 1
r’\, == l’_\y l/”}‘):j . (26)
Torpa
mN
My, = ===V L] (248)

Has ynrob6erBa rpaduueCkix MOCTPOEHHUH 1M0J0KHM
B ]’:r = K r},’ (27)
rjie k¥ — NOCTOSIHHbIA KO3QubuIMENT, pazHblfi AauHe orpe3ska OO, (puc. 3)

B JelHUMeTpax.
U3 (246 u 27) nmoayuum
KmN

M{(?) == ‘;‘ RB; . (24‘[‘)

- .
Re=V'X(r, > (28)

Beauuuna R; oupegeasercst rpaduueckuM nyTeM B TOH Ke [OCAENO-
BATEJbBHOCTH, UTO.H BeJHYMHA Rs, Bxojdmas B dopMyay (13r), a uMeHHO:
JJg KaxuJaoro yrJa TeoLOJUTHOTO X0Ja ONpeieasieTCsl BeJAduYHHa X aHajo-
TMYHO, KaKk Jjas yraa By (puc. 2), crpourca rpaduk (puc. 3), onpeje-
JASIeTCs /51 KaXJOTO yrJja TeoJ0AUTHOrO X014, KaK u s yraa 3; (puc. 3),

1 1 1
3HA4YeHHe - H - » BEJHYHHBLI —— OTKJ4aAbIBAITCHA JJ4 BCEX
: Pu Pﬁ Pf‘»

yraos xon1a Ha npamoil OA (puc. 3), moayuum Touxd 1, 2, 3 u T. 1.
COOTBETCTBYIOIIHE HOMEpAM YIJAOB TEOAOJMTHOTO Xxona (puc. 10), kotopuie
COeIMHARM NPAMBIMH C TOU4KOH Oy (puc. 3).

Yepes rtouky x (puc. 10), Touky BcTpeun 3a00€B, NPOBOZMM YCJAOB-
Hple ocn koopauHar X u Y rtakuMm o6pa3oM, 4TOGB yCJAOBHASI OCb afc-
IUCC. COBMA/a C OTBETCTBEHHBIM HAlpaBleHHEM B IJaHe, T. €. C HANpaB-
JeHHEM, MNepHeniuKyAsApHBIM ocH cOubaemoit BuipaGorku 1—8 (puc. 10).

Bce BepuiMHB NIPOEKTHOTO TEOAOJHMTHOrO Xxoaa K—1—2—3—4—5-—
—6—7—8 -x (puc. 10) npoekTHPyeM HA YCJAOBHYIO OCh OPAMHAT, HOJY-
UMM TOYKH K, 1, 2, 3, 4', 5,6, 7 u 8.

,_.
I



[Ipoexunn ry BepmuH Xxoaa (puc. 10) BbpaxaioTcs OTpPe3KaMu S
s K=y =k—2ry =k—38r; =r—4" r; =Kk—b r,=r—6, r7,=Kk—T1
Moy, =K—5.

CHMMAEM H3MEPHTENEeM CO CXeMbl COORKH UPOEKLHH 7y AJS KaX A0l
BePIIHHLL XOJa M OTKJAALBACM HX OT TOYkH Oy mo auuHun OO0 (puc. 3),
noayuuM Touku 1°, 2°, 3, m T. 1., U3 KOTOPHX MPOBOAUM mpsimble 1" —1,,
2'—2,, 3'—3, U T. 4. KO uepeceyeHuss COOTBETCTBEHHO C JHHHAMH O,l,
0.2, 0,3 u t. 1., MOJYYHM TOUKH oy 265 3y ¥ T. N (puc. 3).

M3 orpeskor 1'1,, 2°2), 3’3, u T. A. CTPOUM NPAMOYTOIBLHBI I1OJHIOH,
aHAJOTHYHO, KAK I IPU OPHEHTHPOBKE uepe3 JBA BEPTHKAJALHLIX IIAXTHBIX
cTBOJIa (pHC. 4). 3ambIkalomas MPIMOYTOJLHOIO IOJHIOHA H €CTh BesH-
uyuHa Rj.

HOas onpepeaenus owndxu M, uepes Ttouky O (puc. 11), upo-
BoauM npaMyio OA, Ha KOTOPO# OTKaajbiBaeM oTpe3ok OA=1 dx u

ﬂy

KxmN
C OB = dm. Hanpumep, npu
4
#—=2 (orpe3ok 0O0,, puc. 3,
paBen 2 Om, m =1 20" u N =
D R =1000, orpezox OB 6yner
b 9.20-1000 ,
M 0B = ———- = (0,2 du.
p 206265
0
8 A Ha npamoii AC, npoBegeH-
HOH mepnenaukyJasipio OA, or-
Puc. 11. Onpegeaense omHbGKH KJajabiBaeM OT TOukH A H3Me-
gMblKaHl’lﬂ 3a60eB FOpHOﬁ Bblpg- pldTe.iIEM R'ﬁ SaMbIKa}OIU,y}O npﬂ_
OTKH B 3daBUCHMOCTH OT OLHHO- l
KM H3MEpelNsi yraoB rpaguuec- MOYTOJABHOIO NOAHroHa (puc. 4),
KHM OyTeM. ‘ noayuuM touky C. M3 toukn B

1pOBOAMM mNpsiMyio BD napaa-
aeabno AC po nepeceuenust ¢ npamoii OC, noayunm touky D. Orpesok
BD, xak 310 cileiyer H3 NOCTPOeHHH n dopmyan (24r), cooTBeTCTBYET
ouwinbre My, BHpaxenHoil B MHITHMETPAX.

OWwHOKH AMHH CTOPOH, BRoZsllue B ¢Gopmyay (25), BHULCASIOTCH [0
dopmyae (19).
Gopuyay (25), yuutoiBas (21), 3anumem Tak:

R,
M_yl:_-;i—zzi " (25a)

R,= V'Y Mj cos? a. (29)

Ownbra M, r. e. omnbka m,;, ysejiudendsas B Q pa3, jid KawIok
CTOPOHBE X014 OnpejeasieTcd rpa@uueckd aHaJOCHulO, KaK W JJs CTODOH
OA3€MHOTO COEJMHHTEJNLHOIO NOJHMIOHA TPH OPHEHTHPOBKE uepe3 jBa
BEPTHKAJIBHBIX I[IAXTHHIX €TBOJA, § 2.

Il onpenenenns M;cosa, T. e. npoekiyn omuOku M, Ha OTBETCT-
BeHHOE€ HallpaB/jenne COORKH, mOCTynaeMm CJjelyomuM o6pazoM. M3 Touku
O (puc. 12) nposojgum auuuio Ol, 02, O3 u T. A. napaajaeJbHO CTOPOHAM
TeOA0AHTHOrO xoja (puc. 10). Ownbkn M, cusreie uamepuresem ¢ puc. 6
AJdA KaxIOH CTOPOHBl X0Ja, oTKJaajsiBaeM oT touku O (puc. 12) no co-
OTBETCTBYIOIUUM HAMNPABJACHHAM, NOAYUHM TOoukd 1, 2, 3 u T. A. [1poekTH-
pyem Touku 1, 2, 3 m T. 4. HA OTBETCTBEHHOE Hamnpap/JeHHe cGolixu (),
noayuuM touxu g, 2, 3, u 1. 1. M3 orpeskos O1,, 02, O3, u 1. 1., T. €.

16
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IpOeKIUK OwnOOoK M, Ha OTBCTCTBCHHO® HampasieHHe COOMKH, CTPOUM Nps-
MOYTOJIbHBIH IIOJHMIOH, aHAJOTHYHO MPIMOYTOJbHOMY TOJHIOHY (pHC. 8).
3aMplkalomasn NpAMOYTOJBHOTO MOJAUroHa cootseTcTByer R, (hopmy.na 25 a).
Paspenus R, Ha Q, noayuum omubky M., B MHIUIHMETDAX.

Omubxa CMLIKAHHS BCTPEUHHIX 3a00€B TOPHON BHIPAOOTKH (B ITaHe)
O OTBETCTBEHHOMY Hampam/ienuo (omubka M,) COOTBETCTBYeT THIOTE-
Hy3e NPAMOYTIOJBLHOTO TpeyroJbpHuka ¢ KateTaMu M, u M.

[Mpennaraemblit rpaguueckuil cnocob nupejpacyera OWHNOKH THPEKIH-
OHHOTO yIJa CTODOHB COEIMHHTEJAbHOIO MOJHIOHA TPH OPHEHTHPOBKE

X

.

)

Puc. 12. Onpenenenne npoexkiuu

OIWHKOO0K H3MEPEHHA JUIMH CTOPOH

Ha OTBETCTBEHHOE HampaBJeHHe
COOUKH.

uyepe3 JABa BePTHKAJbHHIX IAXTHBIX CTBOJA H OMHOKH CMBIKAHUS 3a60€B
ropHO#l BHPAGOTKHM B NJIdHE HCIOJAb3YETCH CTYJEHTaMH MapKuelaepckoi
creuranbHOCTH TOMCKOIrO MNOJAHTEXHMYECKOTO HHCTHTYTa ¢ 1955 r. npu
BLINIOJIHEHHH J1a60paTOPHBEIX PaboT, KYyPCOBBIX H JUIVIOMHBHIX TIIPOEKTOB.
Bo Bcex cayuasx ero NpHMEHEHHA pPe3yJbTaThl IpeApacuera COOTBETCT-
BOBAJM aHAJUTHYECKOMY Cnocoly.

[Mpu rpaduueckom cmocobe mpejppacyera, Kak NpaBuao, rpyoe
OWHOKH He HMEJH MeCTa, NIPM aHAaJHTHYECKOM Ke Crocobe yKa3aHHbe
OmKGKK BCTPEYATHCD,

Metoauky rpaduueckoro cmnocof6a IpeipacyeTa CTYAEHTH JErKo
¥ GLICTPO yCBauBa/H H YCNEIIHO MCHOJb30Bajd B CBOMX paboTax.

I'paduuecknit cnocob npejpacyera OWHOKH OPUEHTHPOBKH Uepe3 NBa
BCPTHKAJbHBIX IIAXTHBHIX CTBOJIA H COOfiKM TODHOH BHPAGOTKH, MPOHAS
CEMHJETHIOK TIPOBEPKY B CTeHAX HHCTUTYTA, 3aCJAYXKHBAET ILHPOKOro
BHEJAPEHHA B MPAKTUKY MapKMEHIePCKHX OpraHu3anui.

2. 3ak. 3863



