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NMPEAHCJIIOBHE

Texi#ka H TeXHOJOTHA HanpabjeHHoro OypeHHd, orpaGoTaHHas
METOLHKA HPOSKTHPOBAHHA K KOPPEKTHDOBAHHA TPAaeKTODHH reofo-
ropa3BeloYHbIX CKBaXHH ABJAAIOTCH OJHHM H3 CPeACTB COBEPIHEHCTBO-
BaHHS NPOLECCa reN0ropa3BeAoyHbX paboT, 06ecneyHBalOIIHM COK-
pauiense o6beMa GypeHHA NPH OJHOBPEMEHNOM NOBHUIEHHH HHOP-
M@THBHOCTH CKBaXHH.

Kypc «HanpapaenHoe GypedHe reo/ioropassefOqHBIX CKBaMHH»
BbiAEJNHACA M3 obliero xypca «DypeHHe CKBaXKHH» B CaMOCTOATEJb-
HEA, 4TO OLIJIO CBA3AHO C yBeAHYeHHeM HHPOPMalHH O €CTeCTBEHHOM
HCKPHBACHKH CKBAMHH, C PA3BHTHEM TEXHHKH M TEXHONOTHH Hanpas-
JIeHHOTO GyperHst, 0COGEHHO B TOCAEAHION YeTBePTH BeKa. B To e spe-
MA B MPOHIBOACTBEHHHX r€0JOropa3BefROoYHHX OPraHH3alHAX AJS
oGo6HUIeHHA ONKTa HalpasieHROro GypeHHs, pa3pabGoTKH COBepLIeH-
HOHA TEXHOJIOTHH H BHEJIDEHHA HOBBIX TEXHUYECKHX CPeACTB HanpaBieH-
Horo GypeHHs CO3AaBaJjJHCh M YCNEWHO GYHKUKOHHPOBAAK ClelHalH-
3HpOBaHHHE NoApa3feseHdsi TeXHHYecKOH ciiyxOul Gyperun. Cobep-
WEHCTBOBAHKE TEXHHYECKHX CPeJCTB HanpapiekHoro GypeHus, nime-
PHTEABHEOH H KOHTPOJbHOH annaparypbl ¥ pPasBHTHe TeOPETHUECKHX
NOJOXKeHHH, BHNOJHEHRHX B HayuHo-HccaedoBaTenbekHX {(Bcecolos-
HOM HHCTHTYTE METOAHKH H TeXHHKH pa3peikH, Ka3aXxcKoM HHCTHTYTe
MHEHEPAAbLHOTO CHIpbA, 3206afKANLCKOM KOMIWVIEKCHOM HHCTHTYTE)
H yueSHHX HHCTHTYTaX (TOMCKOM ROJHTEXHHYecKOM, CBepIJIOBCKOM
rOPHOM H Jp.) MO3BOJIHJAH HOBHICHTh HAAEKHOCTH BHINTOJHEHHS CKBA-
KHKHAMH TEONMOrHYECKOTo 3ajaHMA, 8 TaKKe OYypHTb CKBAXKHHH N0
CHOXHBIM, HO TEXHHYECKH H 3KOHOMHUYECKH OGOCHOBAHHHIM TPAEKTO-
puam. Bonbmofi HHPpOPMANHOHHBIA NPOH3BOACTHEHHBIA MaTepHat
¢ JaEHEMHA 00 onute GypeHHA H MOKA3ATENAX NpoLecca KCKPHBACHHA
CKBa¥HH, 06061eHHe 3TOrG MaTepuana, NpeACcTas/eHHoe B H3JaHHBIX
B 3TOT Nepuoj] KHHIraX 1o TeXHHKe H TEXHOJOrHH HanpasaeHHoro Gy-
peHHS] CKBAXKKH MaJIOro AHaMerpa, cayxuiau 6a3ofi aas nochefoBa-
TeAbHOro (POpPMHPOBAHHA YyyeGHOTO Kypca No HanpabjeHHoMYy Gype-
Huo [6, 8].

3anaua ‘naHHOro y4yeGHHKA — AaJbHeAlUas CHCTEMATH3alHR H
B3aHMOCBA3bL HMEIIIHXCA CBeIeHHHA O NOBeJIeHHH CKBaKHH B MaCCHBAX
FOPHRIX NOPOI, CpeAcTBax H cnocolax KOPpPeKTHPOBAHMS TpaeKTopHil
GypAILHXCA CKBAXKHH, METOAHKAX PAcyeTa ONTHMAJbHbIX TPaeKTOPHH.

PaccmoTpenEHe 3a5aud HAJIOCTPHPYIOT lpHBEAeHHblE TeopeTHie-
CKHE MOJIOKEHHUSI M CHYKAT NPHMEPAMH HPaKTHYECKOro NpHMeHeHHd
OTAENbLHBIX OOIKHX pelleHHH.



Fnasa 1. OBLIKHE CBEAEHHA O NOJOXEHHH CKBAXHH
B NPOCTPAHCTBE

§ 1. ONPEAENEHHUA H XAPAKTEPHCTHKH
NPOCTPAHCTBEHHOTO MONOXEHHS CKBAXHH

B pa3ssenouHoM GypeHHH B COOTBETCTBHH C TeONOMHYECKHMH YCAOBHA-
MH, penbedOM MecTHOCTH M MeCTONoJoMeHHeM 6ypoBofl yCcTaHOBKH
(Ha 3emMHON NMOBEPXHOCTH HAH B rOpHOA BhpaGoTKe) CKBAXKHHH 3a-
AAIOTCA MO MOGHM Yr/IOM HAKIOHA K FOPH3OHTY. Yrod MeXAy ropH-
30HTAABID H OCLID CKBAXXHMHE B TOUKe €€ 3aJ0XeHHH Ha3nlBaeTcs
YIJIOM HAKIOHA CKBAXKHHBl. B 3aBHCHMOCTH OT BeJHYHHBI YI/1a HaKAO-
HA CKBa)XHHH OBLIBAIOT BepTHKAJAbHEMH (f = 90°), HakKJIOHHBLIMH
(0 << B << 90°), ropr3oHTtaabHuMH (B = 0°) H BoccTaloWHMH (0 <
< {—B) << 90°). B nmpouecce GypeHus CKBa>KHHB OTKJIOHSIOTCA OT
CBOEr0 MepBOHAYAJBHOTO IPAMOJHHEAHOrO HANPAaBACHHUS — HCKPHB-
asoresa. OTKIOHeHHe CKBAXKKHBE OT CBOEro NepBOHaYalbHOrO NpsiMo-
JIHHEHHOTO HAaNpaBJieHHA Ha3biBAETCA UCKPHBJACHHEM CKBaXKHHbI.
~ ] Co6CTBEHHO CKBaMHHA NMPeACTaBAfeT co60K0 3apUKCHPOBAHHYIO
TPAeKTOPHIO LeHTpPa NOPOACPA3PYLIAIOUIEre HHCTPYMEHTA B MACCHBE
TOPHBIX MOPOA.

ofLieM C¢yyae TP3eKTOPHA CKBRXKHHbI — NPOCTPAHCTBEHHAR
KpuBasi. B xaxaofi touke M npoctpancTeeHHol KpHBOIl ONpexeasioT-
CSl TPH DPAMBIE H TPH NJIOCKOCTH, B3aHMHO NepeceKaloliHecss B ITOH
TOYKe nojJ NPAMBIMH yraamsu (puc. ).

I. Kacateiasnana — npegencHoe NoaoxeHHe cexyuled P N, Koraa
TOYKH P 0 N cTpeMAaTcs K Touke M.

2. HopManbHafl NJIOCKOCTL MEPINEHAHKYAAPHA K KacaTelbHOH.
Bce npambie, npoxoasinte yepes Touxky M H Jexalime 8 3ToR miaoc-
KOCTH, HasbiBAlOTCH HOPDMAJNAMH K KDHBOH B TOuke M.

3. Conprracanowasaci NAOCKOCTE — lpelenbHoe  MOJOKEeHHe
NIOCKOCTH, TpoXoAAuiell yepe3 TpH GjH3KHE TOUKH KpuBoA M, N u P,
xoraa touka N crpemurcAa K Touke M H Touka P crpemutrchs K M.
Conprxkacapiuasncs NJ0CKOCTh BKAOYaeT B ceff KacaTelbHYIO.

4. 'naBHas HOpMaJb — HepeceyeHHe HOPMANLHOA M COMpHKAca-
oeRcH MIOCKOCTeH.

5. BuHopManp — npAMan, MNepOoeHAHKYASIPHAA K CconpHKaca-
IOLIeACH MJOCKOCTH.

6. CnpAMJisioulan IJIOCCKOCTh BKAKUAET KACATENLHYW H GHHOpP-
MaJb.

Bynem cuutatb AAA HeBOMBLUIOTO OTPE3KA ocH KPHBOAWHEHHOR
CKBAXMMHB NOHATHE CONPHKacaWeEACR IMIOCKOCTH TOXAECTBEeHHbIM
NOHATHIO MJIOCKOCTH HCKpHBJAeHHs. Torma, Hanpumep B Touke M
KPHBOIHHEHHOR OCH CKBAXKHHH, MVIOCKOCThL 3a60§1 NPH AOCKOM TOD-
ne NopoAOpa3pylIdlouwlero MHCTpyMenTa GyJeT HOPMaabHOH mJOC-
KOCTBK.



Puc. 1. TPpH NAOCKOCTH H TPH
npsamoie, olpeacaaeMbie b Kax-
ROR vouke xpwsoh

{, 3, 7— MOPMERDHAR, CONPHKACA-
OWEACH # CNPAMAAULAR TJIOCKOCTH
cooTEeTCTEEHHD, 2 — rAABHAA HOp
Mans, 4 — OCb CKBAMHHH, 5 — xa
carensyan, 6 — BEPTHKANBHAA [NOC
XOCTh HCKPHBAEHHA, 8 — OuuopMans

Puc. 2. Cxema onpeacaeHun
KOOPAWHAT TPACKTOPHR CNBE-
WKHs, ofiero yraa HCXpHs-
ACHUR # YLAA BOCTPEYN CKBA-
muHoR naacta ropuoft nopoan

[TpAMEHHTENBHO K HCKPHBJAEHHIO CKBAXHH M TIDHHATOA CHCTEMe
KOODAMHAT BBEJEM AONOJHHTENLHOE NOHATHE <«BepTHKalbHad [JAOC-
KOCTb  HCKPHBJAEHHA» — NNOCKOCTb, OOpelensieMas KacarenbHohn
B faHHON Touke M OCH CKBaXHHH H BEPTHKaJbio, Npoxoisauiefl ye-
pe3s Touky M. STa AAOCKOCTL TaKXKe HAIWBACTCH afnCHAAABLHON-

[Monokenne TPaeKTOPHH CKBaXHHH B NPOCTPAHCTBE ONpefeisier-
ca B chepHueckHX (NMOAAPHBIX) KOOPAHHATAX XYz, B KOTOpHX OCh
Oz wanpasnena no BepTHKANH. ECJH OCh CKBAXHHB Ha HEKOTOPOM
oTpe3ke NyTH, HANPHMEP OT YCTeR 10 Toukd M (puc. 2), 6yner nps-
MOJHHERAHON HAH TNpPHHATA ¢ HEKOTOPOH CTENeHbI0 NPHOJHMEHUs
NPAMOAHHERHOH, TO AaHHHA OTPE30K OCH CKBAaXKHHH MOXeT ObiTh
NpeacTaB/leH HEKOTOPHIM PaXHYCOM-BEKTOPOM 7, BeJHYHHA KOTODAro
(Monyab) onpegedserca AJMKHHOA CTBOJA, @& NOJOMKEHHE B MPOCT-
paHcTBe (QHKCHPYETCA ABYMA YriiaMH: MeXAY ocblo 02 H BekTOpOM-
yriaom 1 = 180° — 0, mexny ocwio Oy ¥ npoexuuedi BeKTopa Ha ro-
PH3OHTAJLHYIG MAOCKOCTH Oy — YTJIOM .

Tpoexuun peKTOpa r Ha KOQpPAHHATHHE OCH

r: = — rcosB,
ry = rsinfcose,
r. = rsinfising, (1)



a4 HanpapiAiliHe KOCHHYCH BEKTOpPa F COOTBETCTBEHHO

n = cosn = r;/r = — cosi,
m = cosf = r,/r = sinfcosa,
[ = cosy == r,/r = sinBsina. (2)

OfHAKO NpH KPHBOJAHHENHOH TPAGKTOPHH CKBAMKHHL MOIYJbL BEK-

TOPA HEH3BeCTeH, a MOXeT GHTL Oflpefe/eHa JHIb AJAHHA TIYTH MEX-
ay MoGeiMH TOYKaMK ckBamHHl. [103TOMy mnoJoxeHne OCH CKBAKH-
Hbl B NPOCTPAHCTHE, WIH KOOPAHKATH TPAEKTOPHH, ONMPEAEAAAIOT CJie-
Ayl HM o6pa3om. B nexoropois Touke M, (cm. puc. 2) xpuBoarHe-
HOfl TPaeKTODHH NMPOBOAAT KACATEAbHYIO, KOTOPYI0 OPHEHTHPYIOT B
NpOCTPaHCTBE C MOMOULLIO YIJIOB 0 H o, Ha3HBaeMBIX COOTBETCTBEHHO
3€HHTHHBIM H a3HMYTaJbHWM YIVIOM JaRHOH TOUKH CKBAXXHHEL.
#1 Tlog 3eHHTHHEM YIJIOM B HEKOTOPONA TOYKH TPAEKTOPHH MOHHMAET-
CAl Yroa MeXAy BEepPTHKaNbi0 H KacaTeqbHOR K TPAEKTOPHH B A4H-
HOM TOYKe (3EHHTHHIE Yroa JNeXHT B BEPTHKAJABHON NJIOCKOCTH HC-
xpuaneﬂua);’v Noj a3HMYTAJbBHM ¢ — YroJ, JeXallhi# B ropy3oH-
TaJbHOH nAOCKOCTH xOy Mmexny ocbio Oy, OpHeHTaUHsi KOTOpOH
B MPOCTPAHCTBE H3BECTHA, H NPOEKUHEeH KacaTelbHOH B JAHHOH TOUKe
Ha naockoeTH xOyyOck y MOXKeT COBNaaaTth ¢ reorpadHYecKuM HJH
MATHRTHBIM MEPHAHAHOM HAM JIOGHM H3BECTHbIM HafNpaBJeHHEM.,
CoOTBeTCTBEHHO ONpefefsieMbii a3HMyTanbHBI yrod Oyfer Hase:-
BAThCA MCTHHHBIM, MarHHTHBIM HJIH OTHOCHTEALHBIM y3eHHTHHE #.~
A3UMYTANbHHE YIIH  HAXOAAT HHCTPYMEHTAJIbHHM 7 Cnocobom —-
npHGopaMH HHKIMHOMETPAMH, KOTOpHIE JOCTaBAAIOTCA B JAAHHYIO
TOYKY TPAeKTOpHH. PacCTosiHHA MeXKLy TouKaMH Tpaektopuu AL
3aBHCAT OT AJMHHB GYPHJIBHOH KOJOMHL B NaHHBIX Toukax L; B L.y,
npruyeM AL = L,y — L, nIn oT ANHHW Ka6esis, TPoCca, HA KOTOPBIX
CIYCKAT HHKIHHOMETPHl. CrefoBaTe/NbHO, KaXKIa® TeKylad TOYKA
TPAEKTOPHH XaPaKTepH3YyeTcs PACCTOSIHHEM OF Hpeabidymiefl TOUKH
M 3EHMTHHM M 23HMYTAJbHLIM YIJaMH}

Tenepb pomycTHM, 4TO NOAOKEHHE HeKoTopoH Touku M, (cm.
PHC. 2) B TPOCTPAHCTBE H3BECTHO, ONPENENeHE €€ KOOPIAHHATH X,
Y1 H 2y, 3eHHTHHE 0,, O: H a3uMmyranbHHe o, ¢z YrJIB TPAEKTOPHH
B Toukax M; W M. Toraa, NpHOMMKEHHO NMPHHHMAA, YTO TPAEKTO-
PES CKBAKHMHBL Ha HHTepBane MM, npeAcTaBieHa oTpe3koM NpaMont
AL = MM,, nonoxenne KOToporo B MPOCTPAHCTBE ONPEAENAETCH
3HZYCHHAMH 3€HHTHOTO B, H a3HMYTalbLHOI'D G YIJOB IpAMON
M M,, HaxonuM B coOTBeTCTBHH ¢ dopmynaocit (1), cunras r = AL,
npHpalleHe KOOPAHHAT TpaeKTopHu Ha nytH M M.

AL, = — ALCOSBQP,
AL, = ALsinBcosa,
AL, = ALsinO.sina.,

rae B = (61 + 02)/2 H ay = (a1 + @2)/2. (3)
Koopasnarn toukn M, onpepenarcs Kax

zz ==z + AL,

Yz = Y + ALy,

X2



CooTBeTCTBEHHO KOOPAHHATH JIO60M TekyweH ToukH M, Haxo-
AATCA Kak CyMMa KOOPAMHATH Npeabayllell H NpHpauleHHs KoOop-
OHHATL HA TMYTH MEXAY npeiplylied TOYKOH TPAeKTOPHH H JaHHOM:

Zm = Zm—1 ;+ ALz,
Ym = Ym—1 + AL,
Xm = xm_[ + ALx- (4)

fpumep |. OnpeneuTh XOOPAHHATH Y4aCTKa CTBOIA CKBAMHHH, eC]NH PaccTOS-
HHE MeXIy TOYUKAMH H3IMEDeHHA 3eHHTHHX H a3WMyTaibHHX YIJoB coctasaser 20 m
H NOJAYYEHN CleAYIOLHe 3Ha4YeRHA AAHHHX YIICB
Tay6una, M. . . . . o 0 20 40 60 80 100
¥rau, rpanyc:
6 . ... .. 3,0 45 556 75 90 100
-1 e .97 100 110 115 125 140

CuHTaem, 4TO CKBAXHHA C HauaasHWM asHmyTom 97° 3ajlaHa ne HanpaBAeHHIC
pa3spesowHofi NHHHH. B Tom cnywae, ecnH Heo6xoAHMO MNOMYYHT OPORKUHIO OCH
CKBaXKHHbl Ha BePTHK&NbHYI0 NAOCKOCTb, MPOXOAAULYIO N0 Pa3BelOYHOH JHHHH, Ha-
npaBaeHne oci Oy CHCTEMH KOOPAHHAT XyZ NPHHHMAETCA NG a3HMYTy pa3BelodHOM
auenH Torga oTHGCHTeNbHG HPHHATOrO MoOXeH#A ocH Oy MoXeM XapakTepH3oBathb
NONGKEHHE TOUEK TPAEKTOPHH CKBZA(HHM C NOMOMILIO OTHOCHTEILHHX 33#MYyTA/NbHEX
YIA0B, 3HAYEHHS KOTOPHIX MPHBENEHH HHIKE

Tay6uua, m . . e - 0 20 40 60 80 100
OtHocHTENLYLIH a3HMYT, Cpagye . . . . 0 3 13 18 28 43

B cooTBeTCTBHH C ypaBHEHHAMH (3) HAXOAHM NPHPAUIEHHA KOOp-
JIHHAT TOYeK TPAEKTOPHH CKBaXKHHH, CUMTAHA, YTO HA KAXKAOM HHTEp-
Bate O, = {6, + 0.)/2 0 ap = (o + o) /2, Tae Oy, Oy, ay H o, —
HayajbHble U KOHeYHLie 3HaueHHR COOTBETCTBEHHO 3€HHTHOrO H A3H-
MYTaJbHOro yrioB Ha HATepsade. Tak, nas uutepBaia 0—20 ™
nosyyaem

= (3 4+ 4,5)/2=3,75° W a;p =0 + 3/2 = 1,5°.
Torna npupalleHHAs KOOPIHHAT TOYKH TPAEKTOPHH Ha rayGHHe
20 M

AL, = —- 20¢083,75° = — 19,957 m,
AL, = 20sin3,75°%co0s1,5° = 1,307 m,
AL, = 20sin3,75°sin1,5° = 0,034 M.

AHaNOrHYHO BHLIUHCJIHM MpHPALIEHHA KOOPAHHAT AJA BCeX NocJe-
AYOIHX TOUEK TPACKTOPDHH H 3aMHIIEM HX.

Fny6uua, M . . . ... 20 40 60 80 100

[pupawennn xoopan-

HAT, M:
AL, ... ... ... —19,957 —19,923 —19,871 —19,793 —19,725
AL, .. ..., 1,307 1,726 2,182 2,642 2,687
AL, . .. . 0,034 0,242 0,605 1,121 1,916

Koopauwate kamaoit nociaeayouleil TOuKM paBHH no dopmyae
(4) xoopaHHaTe npelnAyllef IIOC NpHpalleHHe KOOPJIMHAT HA MH-
TepBaje. Ilaa ToukH Ha ray6une 40 M HmeeM
240 = 220 + AL, = 0 + {—19,957) 4 (—19,923) = — 39,88 m,
Y40 = a0 + AL, = 0 + 1,307 4 1,726 = 3,033 u,
Xao = x20 + AL, == 0 + 0,034 4 0,242 = 0,276 m.



JInsi Bcex BLINEIEHHHX PﬂyﬁHH pacyeTHOro HHTEPRAa/a CKBaXHHbLL MOVIYYHM Che-
AyotlHe FHENEHHA KOOPIKHAT.

Taybuna, M . .. . .. 20 40 60 80 100
Koopauxara, Mm:
Z o —19,957 —-39,880 59,751 —79,544 99,269
7 A 1,307 3,023 5215 7.857 10544
X ooie i 0,034 0,276 0,881 2,002 3,918

Taxofi MeTol BHYHC/ICHHA KOOPAHHAT TPAEKTOPHH MPOCT, HO Jaer
OTHOCHTE/ILEYIO TOYHOCTh ONPENeeHHs OJOXKERHS CKBAXHHBL B TPO-
crpaHcrBe. Ecad npuusth, yro wHTepBan TpaekTopsH MM, = AL
npeAcTaBjaeH Oyrofl oKpYXHOCTH, Jexawell B OfHOH MJIOCKOCTH, KO-
TOpas XapaKTepH3ayeTcsi HEKOTOPHWM UEHTPAJbHBIM YyIioM 6 =
= AL/R (cMm. pHc. 2}, T0 mjHHa NMPAMOJHHERHOrO oTpeska

M\M; = 2Rsin(8/2) = 2ALsin (8/2)/8.

Tax kak MiM;= AL = R§, 10 RaiileM MNOrpewIHOCTL B3ATOH
BHILE NpeanochakH: AL == MM,
[Tpu 3Ttom norpemHocTs

MoM) = AL — MiM; = AL(] _ 25in'(56/2) )
Hanpumep, nps AL = 20 M 1 8 = 3° umeem

MM} = 20(132;5‘-% =8,12-10~* m.

IIpu coxpaHeHHH NPHHATHX Boile ycAOBHHE 06iasi NOrpeUIHOCTD
npH AAMHe ckBaXHub 1000 m coctasut Becero 0,04 m.

Taxum 06pa3oM, ¢ y4eTOM MaJOCTH BEJHYHHBI NOrPeIiHOCTH BO3-
MOXHAA KPHBOJHHeHHAsl TPAEKTODHA CKBAXKHHL 3aMEHSIETCA PSIOM
NPAMONHHEAHHX YYaCTKOB, KOJHYECTBO KOTOPHX COOTBETCTBYET YHC-
JY TOUEK OnpeleseHHA 3eHHTHHX H A3HMYTAJALHHX YIJIOB TPAEKTOPHH
CKBa)KHHB. TOYHOCTH OflpeNe/IEHH! KOODAHHAT CTBOJIA MOXeT OHTh
noBHlleHa COKpallleHHEM pAacCTOSHMA MeXly TOYKaMH 3aMepoBs 3e-
HHTHBIX H a3MMYTAAbHHIX YIJ0B H NIPHHATHEM PacCTOSHHS MEXAY
TOUKAMM:

_ag Zsin(6/2)
MM = AL-—-B—-—.

CyulecTBYIOT M JpyrHe CIOCOGH YTOYHEHHS PacueTHHX KOOPIH-
HAT CKBAXHH.

Yrobu oOueHHTh BEJHUHHY YIJIOBOrG OTKJIOHEHHA CKBAMHHB HA
HEKOTOPOM YYacTKe TPAEKTOPHR — HHTEHCHBHOCTH HCKPMBJEHHA | —
IPHMEHACTCH NOHATHE KPHBH3HHW. KpHBH3HA XpHBOA B Touke M —
3TO YHCAO, XapaKTepuaylollee OTKJIOHeHHe KPHBOA OT NpAMOSl JHHUH.
KpuBH3na onpetenserca kak {cM. puc. 2)

K= tim || = |2 ®)

M M; -0 1/v1g



PaliHyc KPHBH3HHI
p=1/K (6)

Ha yuacTke MeXJy ABYMA TOUKAMH H3IMEPEHHS 3€HHTHHIX M a3H-
MYTa/bHBIX YIJOB TPACKTOPHA CKBAXHHMW B OGIEM CaAyuae MOXKET
ApeACTABAATL HE TJIOCKYI0, 3 NPOCTPAHCTBEHHYIO KPHBYW. Tipn onpe-
lefieHHH KPUBH3HH YCJIOBHO NPHHHMAEM, YTO JAHHBLIA OTPE30K Tpaek-
TOPHH TIpeACTaBJAeH MNAOCKOH KPHBOH NOCTOAHHOR KPHBH3HbI, Jexa-
well B conmpHKacaiiueAicA MIOCKOCTH H XapaKTeprayloiledca B tou-
kax My ¥ Mz yCT2HOBJEHHLIMH 3HAUEHHAMH 3€HHTHHIX H A3HMYyTallb-
HEX yraoB. Takum o6pa3oM, NpHHHMAEM, YTO KacaTeAbHHE B TOUKAX
M, u M. nepecekaiotcn B Hekotopo#t Touke O, (cM. puc. 2). Ilono-
JMEeHHEe KACAaTeNbHHX KAK BEKTOPDOB B NPAMOYroJBHOH CHCTEME KOOP-
OuHaT MoxeT GuTh 3aPUKCHPOBAHO YIJlaMH 1), B u ¥, HanpasJadouHe
KOCHHYCH KOTODHX ONpedefsiioT B COOTBETCTBHH ¢ ¢opmyiaMu (2).
¥Yron 4 Mexay ApyMS 3aAaHHLIMK HANPABJACHUAMH € HANPABAAIOIIY-
MH KOcHHYcaM¥ [y, m, ny K 2, my, ne HAXQAAT H3 CNeAYIOUIEr0 YpaB-
HeHHS:

cosd = fllQ 4+ mymy 4 nna. (7)
[ToacraBuB B ypaBHeHHEe (7) COOTBETCTBYKOUIHE 3HAJYEHHS Ha-

nNpapACWHX KOCRHYCcoB H3 dopmya (2), noayunm

cosd = sin®,sine;sinbssinc: +

I sinB,cosasinBzcosap + cosHycoshs. (8)

[TpecGpasoBanne ypaBueHAs (8) Aaer cAeywlLyio pacyeTHyK
dopmyay:
cosd = cosB,c0s8; + sinf;sinBzcosAc. (9)

B GypenHH CKBaHH A1 OLUEHKH €e TPaeKTOPHH yroa & Obij Ha-
apad . Byacom H A. JIly6HHCKHM OfimiuM yrioM WCKPHBJAEHHS H
NpeasioXer ANA ONpeleleHHs CpPeiHere 3HaueHHs! KPHBhsubl Ha nA-
TepBajie MeXAy ABYMS COCEAHHMH TOUKaMH HIMEPEHMS 3eHWTHbIX
M a3dMyTaabHBIX yrios. UMu ke 3asucuMmocts (9) ans Goabed
TOUHOCTH PACYETOB NPH MaJhiX 3HAYEHHAX YII0B O H @ naHa B BHJE

233—;—6‘— + sinﬁ;sinﬂgsin“’%. (10)
Tpu aroM cpeaunee 3Havyenne KpusH3Ho K., (paa/M) Ha Hekoro-
pom oTpeske ckBaxumn M M., = Al onpejensercs Kaxk

TakuM o6pazoM, Ha HHTEpBaje H3MEPEHHH 3eHHTHHIX H a3HMY-
TaJbHEX YIA0B MOXeET ObiTh ONpefesieHO cpeaHee 3HAYEHHE KPHBH3-
HEl BAHHOTO OTpe3Ka TPAEKTOPHH K.p, KOTOPOE COOTBETCTBYET INOHSA-
THIO HHTEHCHBHOCTH HCKpuplenusi | (rpaayc/m), Haouwemy mpea-
CTaBJEHHE Of YIJIOBOM CMELIEeHHH TPAeKTOPHH, KOraa BeJIHYHHA yrjia
H3MepAeTCA B rpajycHod Mepe:

I =573Ke (12)

sin2—g-== sin



Aot 2padyc Puc. 3. JanncHmocTs npupame-
HMA A3nmyTansHore yraa Aac

OT 3eHMTHOTO yraa © npu § =
28 - = const  Af == const
Puc. 4. Cxema onpeaencrus
201 KpyueHua Kpupoi
74 \-
lf -
L L I N b,
a 4 /4 20 28 Jé
8, zpadye

IMpH Manpx 3HAYEHHSX NPHPALIEHHS A3HMYTAJBHOIO yraa MOXHO
CYQUTb O KDUBH3IHE TPACKTOPHH JHIUL NO MPHPALLCHHIO 3CHHTHBIX
YFJIOB:

Kep & AB/AL. (13)

Ecau npd MainX 3HaueHHAX YTJIOB MPHHATL Sinx = x, TO ¢oOp-
Myaa (9) npeobpasyercs B NPpHOAH3KTENbHOE COOTHOIUEHHE

8?7 = 0] + 03 — 20,05co5Aq, (14)

KoTopoe (opManbHO COOTBETCTBYET TeOpeMe KOCHHYCOB H MOXKeT
OHTH peuieHo FpadHYecKHM CrocoGoM, ecaH MPeacTaBHTh YIVIOBbie
peJiHuHEH 6, 0;  § B paBHOM MacmTale JAHHERHDIMH BeJHUHHAMM
KaK CTOPOHR HEKOTOPOTD TPEYroJBHHKA ¢ YIVIOM IIPH BEpIKHHE, Mpo-
THBOMNEXKAIHM YCIOBHON CTOpOHe § H paBHHIM Aa.

Petirenuie ypaBsaenud (9), (11) u (14) oTHocHTeABHO € HIH Aa
NO3BOJIAET ONpefeSHTh BO3MOMHBIE 3HAYEHHS TMPHPALLEHHH 3EHHT-
Horo yraa A8 = 6y — 0, npu 3anaHrbX Ac, 0; H § HAH NpHpaLLlEHHs
asyMyTa Ao Npu 3aAaHEHX 0, AO u 8. 3TH petueHHs HaxoamT
NpHMEHEHHEe B PACYeTax, CBA3AHHLIX C OpPHeHTanHeR OTKAOHHTe el
NPH HCKYCCTBEHHOM HCKDHBJIGHHH CKBAXHH, NMPH KOPPEeKTHPOBAHHK
e¢ TPAGKTODHH. 3aBHcHMOCTb 8§ = (8, 8;, Aa) Takxke nokasbBaer
BO3MOMHOCTH KaK €CTeCTBEHHOTO, TaK H HCKYCCTBEHHOTO HCKpHBJIE-
HUA CKBAXKHH.

Tak, ecaH NPHHATb, 4TO HA HEKOTOPOM HHTEPBANE CKBamHHA
HCKPHBJIAETCA ¢ NOCTOAHHOH HHTEHCHBHOCTBIO, TO MOMKHO NPOCIeIHTh
BePOATHYI0 3ABHCHMOCTh H3MEHEHHS TMpHPALLEHHS a3HMYTalkbHOro
yraia TPaeKTOPHH OT TEeKYLLero seHHTHoro yraa (puc. 8). [lpuBefes-
Hasg 3aBUCHMOCTb MOKAa3LIBAET, YTO B CAY4ae MPOCTPAHCTBEHHOro
HCKDHBJIEHHS CKBAX<HHBI ¢ BO3MOXHOH NOCTOSHHOR KPHBH3HOR 6O/Ib-
[IHe a3uMyTalbHble OTKJIOHEHHWA MOryT HabmoLaThbcdl NPE MaJblx
HAaYaAhHbX 3EHHTHHX yriax, a BeJHYHHA YIJa 3a/0XKeHHA CKBAXH-
Hbl (HauadbHBHI 3eHMTHBIA YroJ) omnpene’seT BO3MOMHOCTH a3HMY-
TAABHOTO OTKAOHEHHA CKBAXKHHB. [lfisi yMEHLINEHHUA BePOATHOCTH
6ONbIIHX A3UMYTAMLHBIX HAYaNbHHIX OTKJIOHEHHH HavyalbHbIH 3€HMT-



Prc. 5. Cxema z
ONIPEREALHHS KDY~
MEHMA  CKBAKH-
HH:

1 — CONPHKACA AR
¢A nnockoers, I1 -
OCh CKBANHHE

HHA yroJ pgoaxeH OHTb YBeJHYEH B Cllydyae BO3ZMOQKHOIO 3aJ0Me-
HHSl HAKJNOHHBIX CKBaMHH.

5\J TpaeKkTopHA CKBaXKHHBI, He Ji€Kallasd B OZHOH IUIOCKOCTH, KpoMe
KDHBH3HBI, XapaKTepH3YeTCA KpydeHHeM uucaoM — T, noka3bipa-
IOIHHM OTKJIOHEHHE KPKBOH (B MAaJOH €e YacTH) OT MAOCKOH KPHBO#M
(puc. 4):

T=lim |22} = | 2] (15)

MN o MN

HUsen B Tpex Todkax TpaekTOpHH [, 2 H 3 3HAYEHHA 3EHHTHBIX
0y, 95, 03 H A3UMYTANBLHBX &, G2, 3 YIJIOB, MOXKHO ONpPeIe/]HTb HAJH-
4He KpyyeHusa TpaekTopHH. [Iposenem (puc. 5) uepe3 Touky P nepe-
CEUeHHAl KacaTeJbHBIX K JABYM JIO6GLIM TOukKam (HampuHMep, K TOY-
KaM [/ ¥ 2) TpaeKTOpHH KOOpPAHHATHYIO och 02, (ecsH 3TOT OTpe3oK
TPACKTOPHH JIEXKHT B OAHOH DJIOCKOCTH) NPAMOYIOJbHOH CHCTEMB
KOOPAHHAT X, i1, 21 H HanpaBHM ock Ox; Tak, 4To6bl OHa Oblia
NeprneHAHKYAAPHA K CAely conpHkacaoomefca ANOCKOCTH Ha MJoC-
koct xQOy. Tlpoexkunn KacatenbHuX PK u PL Ha nrockocTh x,04

O[K = ctgﬁ., O]L = Ctgeg,
rie ¢ = O P.

Toraa B ofieM cnyyae oTpe30K a, OTCeKaeMuH COMpHKacalolled-
CH NMOCKOCTRIO Ha OCH KOOpDAHHAT lel, COCTaBJHAET

a = ctgl, = ctgbicosp, = ctgbocos(g + Aay), (16)

rae 0, — 3eHuTHH# yron auuud PN; @, — OTHOCHTeNBHHE (OTHOCH-
Te/bHO HampaejeHH ocH Oix;) A3HMYTaJbHBIA YroJ TpPaeKTOPHH
B touke [; Aoy = oz — ay.



B coorBetcTBHH ¢ ypaBHeHHeM (16) ana touek 7 M 2 TpaeKTOpHH
MOXKHO 3afiHCaTh c/efyiiliee COOTHOLICHHE:

tgh, = tgh cosq = tghscos(q: -+ Aay). {17)
B pesyabrarte nosydaem
1 tg®
tg(p; = ‘-;mA—m( COSAal - —tg-e—z—) . (18)

Avanorsusasle 3asucumocti (17) w (18) zanuwmem gas Todex
I # 3 TpaekTOpHH, Kacare/bHBe K KOTOPHIM fepecekalTcs B TOY-

ke R:
tg0.s = tgBicosgs = tgBicos{g: + Aaz),

_ 1 __ tegb
tgq}g = m( cosA tg—aa) »

rae Aoe = o3 — ou. (19)

Ilaa Tpex TOUEK TPAEKTOPHH, JeXKallHX B OAHOA IUIOCKOCTH, Ykl
Q1 = @2 H Oy = B2, TloaTOMY AAA yHACTKA TPAEKTOPHH, JIeXKALIEro
B OAHOM MJIOCKOCTH, HMEeM CJeNYIOIeé PaBeHCTBO:

_ tge.) o ( _ tgh
(COSA“‘ W58, — sinae \ C0S8% — 15n).

sinAa,

IIps KpyueHHM TDAEKTOPHH @i F ¢, Oy 5= 0,2, NO3TOMY naH-
HOE PaBeHCTBO He cofaiofaerca. TakuMm ofpasom, HaJIHUHe KPYueHHS
ycTaHaBJAHBaeTCA [OATBepKIAeHHEM HEPaBeHCTBA

| _ tg8, i g0,
m( cosAa tgﬁg) ¥ ke \ C0sAa, tgﬂz)' (20)

CpefiHee 3Ha4YeHHe KPYMEHHS TDaeKTOPHH MeX[IY mnepBod H
TpeTbefl ToukaMd Ha aaube AL coctaBaser

T | 2] S, @)

rie 0y ¥ O,z — yranl, XapaKTepH3ylOlIHe TNOJOXeHHe GHHODMAJIH
B Toukax / H 3 B cHcTeMe KOOPAMHAT xyz H onpejensieMbie no gap-
myiam (17} — (19).

B coorserctBuH ¢ dopmyaamr {17) — (19) 3anuinem

tgh,1 = tgbicosq,
tgd = tgbicoses,

_ 1 _ tgd
lge = W(COSA“' —tgﬁz)'

_ 1 g8
tge = g { cosan — 531).



[Tpumep 2. OnpepenHM KPEBHIKY H HAJHYHE KPYUYeHHS Ha y4acTKe CTBOJIA CKBa-
MHHH IO AARHLIM HHENTHHOMETPHYECKHX HIMEpeHHH, BLHINOAHEHHLIX Yepe3 HHTepBaJh
20 wm B Tpex Toukax: 6, = 8°, a; = 160°% 8y = 10°, qa = 140°; 6; = 13°, @y = 130°.
CooTBeTcTReHHO Ay == o) — ay = 20°, Aap = a; — ag = 30°.

O6wni yron HCKPHBAEHHA MEXAY Mepsodi M BTOpoit TouxamH no ¢opmyae (9)

c0s8d; 2 = cosB°cos10® 4+ sinB8°sini0°cos20° = 00,9979,
).z = 3,68°;

MeXIY BTOPOA W TpeTbedt

0588y 3= ¢0s10° cos13° -+ sinlD° sinl3° cosi0® = 0,99804,
63.3 == 3,59“.

KpHBH3HA Ha NepBOM yyacTke

K= 8;2/AL, K, »= 3,68/57,3-20=34-107% m!,

Ha BTOPOM
359 -
Kz 3= 823/AL, Kz,a=m—3.l34-10 ol

3anuitem YCJIOBHE KPYY€HHA!

g ) 1 ( tgf, )
(COSA&} —_ E £ ma_g. COSAE/) —_ lgOa
H AOACTABHM 3HAYEHHA YTAOB:

i o g8 ) 1 o tg8®
sin20° (COS?D tgl0® i sin30° (cos3{) - lgla")'

Pewenne HepasencTBa aaeT 0417068 - 0514552, 4To xapakTepH3yeT HalHuHe
KpyueHHs.

Tax Kak noayueHdsie Buine 3ravenns (0,417068 w 0,514552) ecau raureHcol yr-
A0B ¢y H 2 [cM. dopmyam (18), (19)], 10 cooTBeTcTBEHHO HMeeM ¢ = 22,46° W @y =
= 27,23°,

BeaHunHy KpyueHMR HAXOAKM 10 YDPABHEHHIO

Oy —0,2 ‘

T - ,T .

o ycaoerw AL = 40 m. 3uauenun yraos 0 H 0, onpenensem H3 pelieHHA ypan-
renud (17), (19):

1gd, = 1gh, cosq = 1g8"° cos22,46° = 0,12971,
tgB.p == tgh, cosp, = tg8° c0527,23° = 0,12496
# cooTBeTCTBeHHO O, == 7,391° ¥ O,; = 7,123°.

sinAa;

Torga cpeaHee 3HAUEHHEe KPYYEHHS TPAEKTOPHH MeX1y Toukamd [ u 3

| 73917123 _ -
T = Im—‘ = 1.167-10 M .

IIpy ouneHKe nNOJIOXKEeHHA CKBAaXXHHH OTHOCHTEJLHO 3/J€MEHTOB
38AErAaHHS TOPHWX NOPOJ NPHMEHAETCH NOHATHE — YTOX BCTpeun P,
KOTOpB# npeacTasaner coboft yrod Mexay KacaTelbHOR K OCH CKBa-
KHHH B TOYKE BCTPeUH M. H CAeHOM CONPHKacCaloWeACH MJOCKOCTH
HA TIOCKOCTH KOHTAKTA (IJOCKOCTH CRONCTOCTH, TPEUMHOBATOCTH
H 7.1.) ropHHx nopod {cM. puc. 2). EciH NMAOCKOCTh HCKPHBJIEHHSA



CKBaXKHHW HOPMaJbHAa K MOPOCTHPAHHID TOPHHEIX MOPOJ, HMEIOLLHX
Yyroa NageHHs y, TO CNPaBe[JHBC CleAyKIlee COOTHOUWeHHe:

o= 90° 4+ &, — Y (22)
rIe Yo — Yro NaieHHs TOPHbIX MOPOL.

§ 2. TPHHUHNbLL K3MEPEHHA 3EHHTHDIX
H ABHUMYTAJRBHBIX YIJIOB

3eHHTHLI YTOd (YyToJd Mt Ky BePTHKAMbI) H KacaTejMbHOH K OCH
CKBAXKHMHB B JAHHOH TOUYKe 1PAEKTOPHH) HIMEPHIOT C MOMOLLBLIO TIPH-
60poB — HHKJIHHOMETPOB, Y KOTOPhIX OCb NMPHOOpa NPHHRMAKNT COB-
najawiieil ¢ KacaTeNbhOf, a BEPTHKANL OTMEYAIOT OTBECOM HJK YC-
TAHABJAMBAKOT IO YPOBHIO, T.€. HCMOAB3YeTcA MAeHCTBHE rpaBuTa-
uUHOHHOTO Toad. Kpome Toro, monoxesHe BepTHKanM MoxeT GbiTh
3ahHKCHPOBAHO C NOMOLILIO THPOCKOMHYECKHX NPHOOPOB.

Paccmorpam cxeMun NpHGOpOB, Y KOTOPHX BEPTHKabL yCTaHaBAH-
BAIOT ¢ NOMOWLID oTBecd. UTBeC MMeeT [BE CTEmeHH CBOGOJBI, 4TO
06YC/IOBIHBAET ero KOHCTPpYKTHBHOe pewenue. Ha puc. 6 npencras-
JeHa cXxeMa ofpefe/eHus 3eHHTHOTO yria MIpH MOMOIIH OTReca ¢ uWa-
poroii onopoii. I'py3 oTBeca [ xecTKO CoeflHHEH cTepkHem 2 ¢ wapo-
BOH oftopoft 3, yCcTaHom/ieHHOH nO OCH npHGOpPa, a NOKA3LIBAOHIAHA
#raa npubopa 4, ABAAIIAACH IPOLOJIKEHHEM CTEPHA 2, OTMeuaeT
Ha CEepHUYSCKOH NOBEPXHOCTH § AUHeHHYID BeJHYHHY CMELleHHs OCH
npubopa or Beprukann h. Bennunua senurdoro yrsia 0 (paa) ycra-
HaBJHBAETCH OTHOUIEHHEM

8= h/R,

rae R — JJHHA NOKa3nBamwuel Kraol.

Toyka KOHTEKTa HIVIH €O cdlepHiecKoill MOBEPXHOCTBI0 MOMKET
(PHKCHPOBATLCA OCEBHIM CMEIIEHHEM Cepbl, KAK 3T0 NOKa3aHo Ha
puc. 6 cTpeakamu.

Hau6onee yacto B npu6opax MPHEMEHAIOT KOHCTPYKTHBHYIO CXeEMY,
NpeACTaBIeHHYI0 ABYMSA MaATHHKOBHMH OTBECAMH €O B3aHMHO nep-
IeBAMKYAADHBIME OcAMH (pHc. 7). OpHeHTHPYOLLHI OTBec — paM-
Ka 5, cBODOAHO BpauiaeTcsl Ha OCH, COBNajaiopielt ¢ ocklo npubopa
(ckBaXXHHB), W YCTAaHABAHBAeT NOKa3blBalOUWA orBec 4 Bceria
B BEDPTHKaJbHOH NJOCKOCTH MCKPDHBJIEHHS, KOTODYIO QUpelensaeT Bep-
THKaAs ¥ ock NpHGOPA, TAaK KaK OCb MOKA3LIBAIOUIETO OTBECA MO KOH-
CTPYKUHH BCETAa MNepreHAHKYJIsApHa K yCTaHaBIHBaouUleHcsl BepTH-
KaJbHOH MIOCKOCTH MCKPHBJIEHHA., 3eHHTHHH Yro OTCYMTHIBAIOT 10
wkase 6.

Takoea, Hanpumep, CXeMa H3AMepEHHA 3IEHWTHOrO Yyrja, NnpHMe-
HeHHasd B pacnpocTpasenHoM npuGope OK-40¥ (puc. 8). Beprukans-
Had MIOCKOCTE NCKPHBJAEHHS, IPOXOAsiLAs Yepes och npubopa, ycTa-
HaBJHBACTCA IKCUECHTPHKOM 2, cBOGOAHO BPAILAIOLIEMCH HA OCH TIPH-
Gopa /. Ocb § mokaswBapllero oreeca §, BHAOJHEHHOTO B BHAe
noayceepw, 3aKpenyeHa B paMke 3, KOTOpas MecTKO CBA3aHa ¢ 3KC-



Prc. 6. Cxema onpeapene-
HHE 3CHHTHOrO YrXa C no-
MOIbLIO OTBECA

Puc. 7. Knnemartueckas cxema WHKAHHomerpa YMH-25

! — BONOANHTeABHWA DEOXOPA BHiHpa, 2 — TOKOCHEMHAN MHIeTKA, J, 4 — JATYHKH COOTRETCTBEHHO asH
MYTZ M 3CHHTHOTG YAM4, § — paMKa, 6 — IIKAAa ICHHTHOTO YIIa

HEHTPHKOM 2 Tak, 9To OCh OTBeca MepHeHAHKyAspHa K MJIOCKOCTH,
npoxoasulel 4epe3 ocb APHOOpA H HEHTP THMXECTH 3KCUEHTPHKA,
T. €, TIepNeHAHKYAAPHA K YCTaHaB/NHBAEMOR BePTHKaJIbHOH MJOCKOC-
TH HCKDHBJIEHHS CKBaxuHB. [IpH 3TOM rutockas NoOBepXHOCTb MOJY-
cephl ycTaHABJIHBaETCH FOPHIOHTAJBHO.

Ilikana senutHoro yraa /1 HaHeceHa Ha noaycdepe B BepTHKaJb-
Ho#l IMIOCKOCTH HCKPHBJEHHA, 8 MMOKa3biBalolllaf ¢Tpejka 4 coeiuHe-
Hd C ODHEHTHPYICIUHM OTBECOM H TAKMKE pacnofiaraercs B BepTH-
KaJlbHOR MNMIOCKOCTH HCkp#aBaenua. [Tokaswipaiomuil orBec B JaHHOM
TOYKE CKBAMHHbBI, QHKCHPYETCH MEXaHHUYECKHM MyTeM, KaK 3TO NOKa-
33aHO CTPe/KaMH HA PHC. 8, ¢ NOMOLIBIO 3JEKTPOMAarHHTHOR KATYLIKH,
nepeMelamei B 0ceBOM HallpaB/ieHHH WIToK PUKCaTOopa NpH nona-
e NTHTAaHHA.

F'opH30HTaNTBLROCTL NOBEPXHOCTH KHAKOCTH HCROJIBL3YIOT B M-
KOCTHHIX NIpHOpax AAf OTMETKH 3eHHTHOTC YIAa, €C/IH YPOBEHEL JKHA-
KOCTH (PHKCHpYETC® B JaHHOR TouKe CKBaXKHHH B BHIE OTNME4aTKa.
HnokocTHee MpHGOPLH KOHCTDYKTHBHO HaHGojee NPOCTH H NOITOMY
40 HACTORILLEro BPEMEHH NMPHMEHAIOTCA AN OnpeAesieHUA 3¢HHTHHX



—— e —— . —

Puc. 8. Haxaunomerp OK-40¥:

a — cxena npubopa, § — gatysk npubopa, ! -— ocn npabopa, 2 — sKCueHThuK, 3 — PpaMka, 4 — NOKA3W
BEIOMIAA CTpeAKa, § — och orseca noaycdepH, 6 — noxasupaowkd oTeec, 7, /] — WKADA A2HMYTAABHLY
H 1EHNTHHY YFEGB COOTBETCTEEHHO, 8 — mronbuatad orepa, $ — Gnox marnwres, [0 — HZYaabHAA OTMETHA



130

5 Fd . |
PHc. 9. Cxema oBpeACACHRS 3CHHTHOTO YTAA NO YPOBHIO JKHAKOCTH

Puc. 10. CxeMa PHKCRUNH NOXa3ainl AATUHXOB POTOHHKANHOMETPA:

! — KapTywka GA0KS MATHHTOR CO WKAROA A3HMYTAABHMX YrA0B, 2 — BHIMDHER AHHAWA, § — yKalaTeds 3e
HHTHOTG YIA8, 4 — UIK8A2 3CHHTHMX YLAOB

yraoB ckpaXMH. OcHOBOA MHJIKOCTHOro HpHGOpa, HanpHMep, MoXeT
6uTh cTeknsiHHast npo6Gupka ¢ [5—20 9 -HRM pacTBOPOM MJIABHKO-
BOH KHCAOTH, KOTOpaa $HOPMUPYET OTNEYATOK YCNOKOMBIIETOCH YPOB-
HSl KHKAKOCTH Ha KOHTAKTe € MOBEePXHOCThIO HPOOHPKH, pacTBOpAf
ctekno. Ock NpoOKHPKHH, PACNOJOXEHHOH B LHJIMHADHYECKOM Kophyce
npu6opa, COBNAAAeT C OCbI0 CKB&XXHHHL, a MJIOCKOCTh OTIEYaTKa C
YUETOM JEHCTBHA CHJI NOBEDXHOCTHOTO HATSKEHH HAa KOHTaKTe
(puc. 9) pmaer mpeacraBleHne O FOPH3OHTAJNBHOH IOBEPXHOCTH,
a C1eJOBATENbHO, H O BeAHYHHE 3eHHWTHOTO yriaa:

9 = 9“3+ AB,

rie O, — HaMepeHHOE 3Ha4YeHHe 3€HHTHOIO YrJla Mo OTNe4aTKy,
Bus = (Amax — Amn)/d; AB -— NonpaBKa Ha KanWIASPHOCTh; Amaex W
Amin — COOTBETCTBEHHO MAKCHMaJ/IbHASE H MHHHMa/ibHAs BHICOTH OT-
neyaTka OT TOpLa NpOGHPKH, d — BHYTPEHHHA mmametp npobHPKH.

[Tonpaska AO onpexeasieTrcA AJs AARHOFOl NHAMEeTpa <CoOCylda
H KOHMKPeTHOH HAKOCTH OMBITHBIM [1YTeM.

Jlpyraa pasHOBHJHOCTE XHIKOGCTHOTO NpHGOpPA — coCyl ¢ pacT-
BODOM MeJHOTr0 KyNOpoca, B KOTOPHH KOHLEHTPHUHO NOMEeuieH Me-
TANAHYECKUA LHAHHAD, HMEOMHA AT NOJYUYEHHA YeTROrO OTNedaTka
BHICOKOC KayeCTBO MOBEPXHOCTH. OTneyaTok KOHTAaKTa XHIAKOCTH



C NOBEPXHOCTHOTC LUMJKHAPA LONYHAETCH 32 CUET OCAMIAEHUS HOHOB
melH. MaTencHBHOE oca)aenHe HOHOB MelH H ¢opMHpoBaHHE OTIe-
YaTKa NMPOHCXOAHT MpPK NPONYCKAHHH YEpes JeKTPOJHT NMOCTOAHHOFO
ToKa. asn padHoit cxemsl (HAKOCTb (ODMHDYeT OTIEYaTOK Ha
HapyXHOH NOBEPXHOCTH H3MEPHTEJNbHOTO LMJAHHIpa) noipaBKa Ha
KanuaisipHocTh Gepercs co 3HAKOM «MHHyc»: 0 = 8,, — A0,

Psia HHKAHHOMETPOB, B KOTOPHX AJA (HKCHDOBAaHHA MOKa3aHmH
AATYHKOB ApuMeHeHo oTorpaHpOBanne, OCRAMAITCR KHAKOCTHH-
MH NpHOOPAMH — YPOBHSIMH, KOPIYC KOTOPHX BBIIOJHEH H3 NPO3pa4-
Horo matepuata. Ha kKopnyce HaHeceHa Ka/ja 3eHMHTHBX yraoB 4
H yKasaresb 3€HHTHoro yrja 4, YTO BHAHO HAa Kaape GoOTONJEHKH
(puc. 10). Bennunra senuTHOro yria onpeae/siercs no kagpy ¢oro-
MJIEHKH, HAa KOTOPOM 3a)HKCHPOBRHO NOJIOXKEHHE YKalaTeas yrjaa
B onpeneneHHoft Touke rpalyCHOH LKAk

Bee onucaHHHE Bbllle AaTYHKH 3EHHTHOrO YIJia, OCHOBaHHHie Ha
JAefCTBHH FPaBHTALHOHHOrO NOJAA 3eMJH, TOMHMO CBOEro OCHOBHOIO
Ha3HaYeHHA — NOKA3aHHA 3€HHTHOTO Yraa, AaioT BO3MOXHOCTb OT-
METHTb APOEKUHIO OCH (KacaTeJbHOW K OCH) CKBa>KMHE Ha IrOpH30H-
TaJbHYIO NAOCKOCTb HJAH B HEKOTODHIX CAYYAaAX Ha HOPMAaJbHYIO
MJIOCKOCTh. [IPOEKUHMA OCH CKBAXKHHB HAa YKasaHhHHE [JOCKOCTH
npeicTasaser coGofi cjled BEePTHKaJbHOA NJIOCKOCTH HCKPHBJEHHA,
HMeeT HanpasJieHHe M ABJAAETCA OCHOBOH RJAA ONpelesieHUs a3zuMmy-
TANBHOTO Yria, TaK Kak Noc/AeIHHR (10 OnPeAeNeHHIO) ecTh yrod,
JeKAHR B rOPHAOHTAAbHOH NNOCKOCTH MeXAY KAKHM-JHGO H3BecT-
HLIM HanpaBieHHeM H NPOeKLHeHd KacaTeJNbHOH K OCH CKBAMKHHBI
B JIAHHOH TOYKe.

Tak, aunua AB (cMm. pHc. 7, 8) ecTh NpPoeKUHS OCH CKBa>KHHbI
Ha TOPHIOHTANLHYIO TIQCKOCTb, & nuHuA A’B’ (cM. puc. 6, 10} ects
cJel BepTHKAJbHOH MAOCKOCTH HCKPHBJAEHHSA (NIPOEKUHA OCH CKBAaXH-
Hbl) Ha HOpPMaJbHYIO TJAOCKOCTb.

Takum o6pa3om, ecin 3adHKCHpPOBATL APOEKLHIO KacaTedbHOH
K OCH CKBa)XHHbl Ha IODH30HTAJAbHYIO NJIOCKOCTb, TO Teleph AocTa-
TOUYHO YCTAaHOBHTb B 3TOR NJOCKOCTH KaKoe-1H0O H3BeCTHOe Hanpap-
JeHHe, HanpuMep, Ha CeBepHBIA MATHHTHHIA NOMIOC, YTOOH NOJYUYHTD
3HAYeHHEe AIUMYTAALHOFO YIN1a B A3HNOH TOYKE CKBAMKHHBI.

PaccMoTpuM cxeMy H3MepeHHA a3HMYTaJAbHOTO YIJa Ha NpHMepe
npubopa OK-40¥ (cm. puc. 8). Ha naockoil moBepxHoctu noaycde-
pbul 6, ycTaHaBJIHBAIOILEHCHA BCErja TOPH3OHTAJNBHO MOA AeHCTBHEM
CHJIBl TAMECTH, HMeeTcsi HayaJbHas oTMmeTKa [0, pacnojoxeHnnas
B BEPTHXAJBHOH IMIOCKOCTH HCKPHBJIEHHS H GHECHPYIOLAR NPOSKLHIO
OCH CKBAXHHB B JAHHOH TOUYKE H3 FOPH3OHTAMLHOH ILAOCKOCTH (3a
HCKIOUeHHEM CJy4as, Korza npubGop HAXOHHTCA B BEPTHKAJLHOM
MOJOKEHHH) .

B uenrpe noaycgepn Ha HroJbuatolt onope 8 BpaulaercA 6JoK
Mar{itToB 9, npoAoJbHaA OCb KOTOPHIX noja AefACTBHEM Mar{HTHOTO
nons 3eMAH COBMECTHTCH ¢ HANpPaBJEHHEM MAlHHTHOrO MepHIHaHa.
MarHuTel no KOHCTPYKUMH PACIHOJIOXKEHB B FOPH3OHTAJbHOH [J0C-
KOCTH, MO3TOMY YroJl MeXJy CEBePHBIM KOHLOM MOABHXHOIC MArHH-
Ta C H HEeNOABHXHOMA HavaJbHOH OTMETKOH WKansl KoMnaca Gyzaer



Puc. 11. Cxema ycrpodictea rmpocko-
NNYECKOre HHKEHHOMETPA

MATHUTHHIM A3HMYTOM CKBa-
MHHB B RaHHOHA TOUKE H OTCYH-
THBAeTCA 110 AHMGY Ha GJoke
MACHHTOB, HY/eBas OTMeTKa
UIKAJIN KOTOPOFQ COBIIAAAET C
HanpapJeHneM Ha ceBep. Me-
XaHH4yeckas GHKcauus yeraHo-
BHBLUErOCH HOJOXKEHHA UYBCT-
BHTEJIbHBIX 3IEMEHTOB npHOO-
pa — oTBecoB H 6JI0Ka MarHu-
TOB MO3BOAAET NOCJe H3BJeYe-
HHA OpHOODPA H3 CKBAXKHHE BH-
3yaJbHO MO 1KANaM OTcYera
ONpeNeNiTh 3HAYEHHS A3HMY-
TaAbHOTO B 3€HHTHOTO YIJIOB.

CHsITHe OTCUETOB ¢ HATUH-
KOB 43HMYTaJ/IbHOrO W 3eHHTHO-
ro YijiGB B MHOTOTOYEYHHX
HHKIHHOMETpax OCYIUEeCTBJs-
€TCA GECKOHTAKTHBIM HAH KOH-
TaKTHHM MeToaoM. IIpu peru-
CTpaluuH mnoKazaHuih 6ecKod-
TAKTHHM MeToJoM Ha ¢oTo-
rpadguieckoil naeHKe ¢ nOMo-
HIbI0 MHHHATIOPHOR ¢oToanna-
parypnl (cMm. puc. 10} dukcu-
PYIOTCH MOKa3aHHA KAPTYIUKH
(wixann 6aoka Marguror) [/
OTHOCHTENLHO K BH3HPHOM JIp-
Huw 2 (cnepa BepTHKaAbHOH
MAOCKOCTH HCKPHBJAEHHA), HB-
JADIEACH HEeNOABHXKHOH OT-
METKOH OTCUEeTa a3MMYTaAbHOTO YIJIa, W yKa3aTelb 3eHHTHOrO yriia 3
CO IKAJAOH 3E€HHTHHIX YIVIOB 4.

TIpH KOHTAKTHOM METOAE YYBCTBHTEJIbHBIE BJEMeHTHl (MArHHTHAs
CTPESKa, OTBEC) 3aMLIKAIOT H3IMEPHTENbHYIO Uenb, B KOTOPYI) BKJIO-
YEHbl 3JIEKTPHYECKHE CONPOTHBAEHHA. BelHunHa conpoTuBaeHUs npo-
VOPLHOHAIbHA H3MEPSIEMOMY YTy M DErHCTDHDYETCA YCTAHOBJAEHHOH
Ha TMOBEPXHOCTH aMNapaTypoil, COEAMHEHHOH ¢ KHKIHHOMETPOM Ka-
GesieM, Ha XKOTODOM OH M CRycKaeTcsl B CkBaXHHY. Kpome Toro, uto
Kopnyca NpHGOPOB C MAarHHTHOH CTPENKOfi, BKAIOMAEMBIX B COCTAB
GypOBOTO CHapsIAA, H3TOTOBJEHH Y3 HEMATHUTHOIO MaTepHa1a, TAKHE
MPHGOPHL AOKHBEl PACTIONATATHCH B CHELHANBHBIX HEMATHHTHBIX TPY-
Gax, HCKOYANWHX GOAbIIYIO BETHYNHY BOMEX NPH HIMEPEHHSIX a3H-
MYTaspHOrO yraa. B maruutHo# cpene, HanpuMep B CKBaXKMHax npu
PasBeAKe Ke/Ne30PYNHBX MECTOPOKIEHHH, XapaKTepH3YIOLIUXCSH Ha-




JIHYHEM MATHHTHOA AHOMAJIHH, KHKJAHHOMETPH C MAarHHTHON CTPesKOH
HE NPHMEHAIOT. B 3THX cayuadax ANs ONpeseseHHA a3HMYTaJbHOroO
HanpaB/leHHA CKBAaXKHH HCNONB3YIOT MPHOOPH C [HPOCKOMHYECKHM
KOMMAacoM HWJH KOCBeHHble MEeTONb H3MEepeHHRA.

PaccMOTpHM NpHHUMEL PaGoOThl FHPOCKOMHYECKOro HHKIHHOMETPa
(puc. 11). HamepurenbHoe ycTpOACTBO COCTOMT H3 THPOCKOna Ha-
npaBieHus 7 M THPOCKONHYECKOTO YpoBHA 9. (OTMETHM OCHOBHOE
CBOHCTBO FHPOCKONA: JABHAA OCb THPOCKOMOB NPM OTCYTCTBHH MO-
MEHTA BHEIHUX CHJ M, coxpaHfieT CBOe NePBOHAUANLHOE NOJOKEe-
HHE HeH3MeHHWM B npoctpancrse. O6a rupockona HMelOT TpH cTe-
neHr cpBoGoAb. OCH HapyXHbX NMOABECOB PAacNONOXKeHHH TQ OCH
HHKJTHHOMeTpa.

Ha napyxHoM Koable 2 rHpPOCKOMHYECKOr0 YPOBHA YCTaHOBJAEH
PTYTRHH MasATHHKOBLI# nepekmoqarese 6. Jlo Tex nop, noka Koasno
2 He 3afiMeT NePNEHAHKYNSPHOTO MOJOXKEHHA OTHOCHTENbHO BepTH-
KaJbHOH MJIOCKOCTH HCKPHBJEHHR CKBAXKHHBE, DTYThb B NEpeKaOHa-
Teae 6 6yner 3aMHKaTh OAHH M3 €ro KOHTakToB. K 3jexTpoasura-
Tea 4 nopaercs TOK, 4TO H 06yCNOBAHBaeT BO3AEACTBHE Ha THPO-
cKon 2 momeHTa M, 3/1eKTpoABHraTeNA 4 OTHOCHTeNbHO ocH BB,

B pesyanpTaTe npeteccHm riaBHas ock rapockona AA, cosmec-
THTCA C BEPTHKANBLHOH RJOCKOCTbIC HCKPHBJEHHSA CKBa)KuHh., OfHO-
BPEMEHHO C NpHBEACHHHEM B BepPTHKAILHYIO IJIOCKOCTb HCKDHBJIEHHA
ock AA, cosMellaeTcsi TAKXKe H C IMJOCKOCTbI0 TOpH3oHTa. [las
3TOrC HA BHYTPRHHEM KOJAbLUE 5 CMOHTHpOBAH nepewawuateas J,
PTYTe B KOTOPOM NMpPH HakjaoHe ocH AA| OTHOCHTEAbHO TOPH3OHTAMH
JaMbiKaeT oAHH H3 ABYX KOHTAKTOB, N0AaBaf TOK COOTBETCTBYIOILEro
HanpasJjenust Ha sNextpoaedratens /. [locaeauunit cospaer mMomeHT
OTHOCHTE/IbHO OCH SS BC/IeACTBHE YEro THPOCKON YCTAHOBHTCH B IIO-
JOXEeHHe, NpH KotopoM ock AA; PacnoNoXKHTCA B FOPH3OHTaJbHOH
MVIOCKOCTH.

Tak xak ochb MofBeca HApyXKHOro KOJbLA COBNAfaeT ¢ OCLIO
CKB@XXHHbBI, a rMaBHas oCb THpPOCKONa 9 ycTaHABAHBAeTCAA FOPH3OH-
TaikHO B BEPTHKAJhHOR MJIGCKOCTH HCKPHBJEHHH, TO NO YI1y Mexay
MJIOCKOCTAAIMH HAPDYXKHOPO M BHYTPEHHEr0 KOJbLla THPOCKONA MOMKHO
CYIHTb O BeJHYHHE 3eHHTHOTo yria. BenHuWHa 3eHHTHOro yria
cHHMaeTcs ¢ peoxopia /0 moTeHUHOMeTpa, Pa3MellleHHOro Ha BHeLl-
Hell paMke; MO CONPOTHBJACHHIO NepeMeliaeTcs MOABHKHHH KOHTAKT,
CBA3AHHHN ¢ ocblo BB, BHyrpeHHero noaseca.

[epea nMKNOM H3MEPEHHH rYPOCKON HANPABACHHUA 7 YCTAHABNH-
BaeTcs cBoefl ochio A’A] Haa ycTheM CKBaXXHHH B NJOCKOCTH MepH-
AHaHa H IpH crycKe mpuGopa B CKBAXHHY COXPaHAET CBOE MepBO-
HayallbHOe NoJoXKeHHe HeHsMeHHHM. [TosToMy yroa Mexay niockoc-
THAMH, B KOTODHX JeXaT rilaBHhE€ OCH ODOHX THPOCKONOB, H OyndeT
npegcraBasaTh coboi asumyrtaitbHbit yroa. [IpH sToM Hanpsixkeuue
/EKTPHYECKOTC TOKa, CHHMaeMoe C NOTeHUHoMeTpa & wWeTKo#, cBs-
3aHHOH ¢ OCbI0 HapYXKHOrC KoJbtla 2, KOTOpOe YCTAHOBJEGHO Ha Ha-
PYKHOM KOAble THpocKona 7, GyAeT NpONOPLHOHAJBHO BEJAHUHHE
43UMYTaARBLHOTO YrJa.

B naHHOH cxeMe HHK/IHHOMETPA MArHHTHas CTpeka H OTBEC 3a-



MEHEeHBl THPOCKOMAMH, [IO3TOMY HHKJIHHOMETP He NOABepXeH BO3Aeh-
CTBHIO MAFHHTHHX NOJedl H He TpefyeT NOMONHHTEJNLHOrO BPEMEHH
DJiSi YCTIOKOEHHS HAMEPHTe/NbHHX YCTPOHRCTB.

Metee cnokHOA sABARETCH KOMOHHHDOBAHHAA H3MepHTeALHas
CXeMa, B KOTOpPOfi BMECTO I'HPOCKOMHYECKOTO YPOBHA MNPHMeHeHa
PaMKa ¢ OTBECAMR, C MOMOILLI0 KOTOPHX (JUKCHPYETCA BePTHKAaJbHARA
MIOCKOCTh MCKPHBJIEHHA H 3€HHTHHH YroJ, a AAT4YHK HEH3MEHHOTO
Hampap/AeHHA M0 MEpHAHAHY NpelcTasBasier coGo#l FHPOCKON Hanmpas-
JeHus. Takoe coueTaHHe AATUUKOB TPeOYET OCTAHOBKH ABHMKEHHA
B TOHKaX onpeleieHHa 3eHUTHWX H a3HMYTAJbHHX YI/10B H ACTNOJNHH-
TeNbHHIX 3aTpaT BPeMeHH AJs YCNOKOEHHA OTBECOB.

CoBeplIeHCTBOBAHHE TeXHOJOTHH NPHOOPOCTPOSHHA, CO3AaAHHe
MHHHATIODHBIX [OAaTYHKOB H PETHCTpUpY!OWed annapaTypal pacilH-
PAET BO3MOMKHOCTH ONPERE/ICHHS MONOXKEHHA OCH CKBAXHHHW B TpO-
CTpaHCTBE KOCBeHHBIMH cnocofamu. K TakuM cnoco6am onpeaefieHHs
KOODAHHAT TPAEKTOPHH CTBOJA OTHOCHTCA METOJ -NociefoBaTe/bHBIX
XOI0B, KOTOPHH NPHMEHAETCA B OTeyecTBEHHOA H MHDOBOR NpaKTHKe
6ypeHHs NpH Pa3JHYHOM HCIONHeHHH nprGopoB. CylIHOCTh MeToAa
3aKHOYAETCA B TOM, YTO NpPAMOJTHHEHHHA IHIHHAPHYECKHH H3MEPH-
Te/bHLIA CHapAj AAHHOG oT 3 no 12 M, obaanaoiiuli nocTaTOUHOH
rHGKOCTBIO, YTOOH ObiTh AedOopMUPOBAHHEIM B KPHBONHHEAHOM CTBO-
Jle, CycKaeTcsl B CKBaXM{HHY NPOH3BOJILHO Ha Tpoce, kabene niu 6y-
PHEJABHOH KOJIOHHe.

KoopaunaThl TpaeKTOPHH CKBaX(HHH OMNPEAENsIOT OTHOCHTENbHO
TOYKH CTBOJIA, NOJIOKEHHE KOTOPOH B NPOCTPAHCTBE H3BECTHO. TaKkoH
TOYKOH B Haualle H3MepDeHHH ABJAETCH YCThe CKBaMHHW C YCTAHOB-
JeHHbBIMH 3HAYeHHAMH 3€HHTHOro Op H A3HMYTAJbLHOTO wp YIJOB.
Ecan cKBaXHHA MCKpHBAEHa, TO HAMEPHTeNbHHA cHapal AedopMH-
pyeTcs, 4YTO JAaeT BO3MOMHOCTb 3a(HKCHPOBATb BEJHYHHY OTHOCH-
TeJIbHOr0 CMelleHHs OCH Ha Y4YacTKe CTBOJA, COOTBETCTBYICLLETO
AJIHHE CHapAAA.

Harnpamep, nycrs o ofpasyoulefi MepBOHAYaNGHG MPAMOHHEH-
HOTO H3MEPHTEJBHOrQ UMJHMHOpPA HaHEeCEeHa PHCKa, a B ero BHYTpPeH-
Helt MOJOCTH B BepXxHedl H HHXKHell TOYKAX pasMellieHB OBa XHA-
KOCTHHIX npHGOpa, nojoXeHHe KOTOPHIX HDHBA3AHO K OPHEHTHPY-
OwWed pHcKe Ha uMAnHApe. Bepx#auii npu6op NMOMeIaloT B TOUKE C
H3BeCTHHIMH napamerpaMu Oy H oo, IPH 3TOM REMHHA (B nocheny-
IOled ToYyKe) JaeT NO OTMNEUATKY YPOBHA MHUAKOCTH 3HAUEHHA 3e-
HHTHOTO yIJla H OTHOCHTEJNBHOTO (OTHOCHTEJNbHO HAlpaBIeHHA Ha
PHCKY) asHMyTa do.

PasHuia onpeseneHHBX OTHOCHTENbHHX A3HMYTAJbLHHX YIJIOB B
BepXHeH H HHMHHX TOUKAX NpelcTasisaer cOGOH NMpHpallleHHe a3uMy-
TaJbHOTO YIJa Ha HHTepBade Aa = ay — . A3HMYTaAbHEH yroa
B nepBoil (mocsie H3BeCTHOH) TOYKE CTBOJMA ¢ HAXORHTCA KaK o =
= ag + Aa.

[Tocne cHATHA NepBOH CepHH OTCUETOB H3MEPHTeJNbHHA CHapsA
CNYCKAIOT B CKBAMHHY TakK, YTOOb BepXHHA NpHOOD PACMOIOMKHICA
B TOYKE, KOODAMHATH KOTOPO# ObWIH TOJABKO YTO YCTAHOBJIEHHL,
a HHXHHI — B mochenyiomedl TOuKe onpefeneHdd KOOPAHHAT CTBOJA.



Puc. 12. Cxema pukcanun HIMeneNBs
HANPABACHKA CKBAMKHMM:

I — nyswpek ypomun @ sepxned Touxe npubopa,
2 — OTRENATKN  CBETCOTPANKAOUIHA  KOAeL, § —
! npoeruHA ocx ekBamAuw
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Takaa nocsefoBaTeLHOCTL CIIYCKaHHA NPHOOPA B CKBaXKHMHY C IpH-
BH3KOH K H3BECTHOH M0 TNIOJIOMKEHHI0 B IIPOCTPAHCTBE TOUYKE CTBOJA
COXPAHAETCA HA BCEM HHTEpBaJe WAIMEPEHHS CKBAXKHHDI

B uacTHocTH, B nprGopax dupmbl «Atnac Konko» wawen npume-
HeHHe cmocof QHKCcALHH KPHBOMHHEHHOH OCH CKBAaXXHHW Ha (oOTO-
naeHKe, Kajp Koropodl npHeeaeH Ha puc. 12. B BamepHTenbHOM HH-
auuape nprGopa uepe3 paBHEe HHTEPBAJH Pa3MelleHH Kojbna 2,
OTpa:KalolllHe JYyY CBETd, MCTOYHHK KOTOporo H ¢oTocKamepa Haxo-
AATCA B BepxHeH 4acTH npubopa. CMenleHHe HHXKHel wacTH aedop-
MHpPYIOLLETOCH H3MepHTENbHOrO UHAHHIpDA (QHKCKEpyercss Ha (oTo-
NJAeHKe OTNEYATKOM KoJel 2 NpH CTyNeHyaToM, Yepes onpejeneHHEe
HHTEepBAJH, CIIyCKe CHapsAaa.

BoaMoxHOCTE (PHKCAUWA OTHOCHTENLHOTD CMELIEHHS OCH CKBAaXKH-
HH 32 OAMH COYCK CHAPAAA BO MHOTHX NOCJAEJOBATENbHLIX TOUKaX
¢ ayGMHpOBAHHEM OTNEUATKOB NEPBOTO CBETGOTPAKAIWETO KOAbLA
B KaXJoH npeaplAyliell Touke, T. €. ¢ NPHUBA3KOHA nosyuyaemo#t OTHO-
CHTeNbHOH HH(OPMALHH K H3BeCTHOH, a TaKXe aBTOMATH3HPOBaHHAA
CHCTEMa pacueTa KOODAHHAT, TOUHOCTb H3MeDEeHHH AeaaioT MeToi
Hoc/eaoBaTeNbHBX XOJOB NPAKTHUECKH NPHEMJEMBIM MPH H3Mepe-
HHAX HCKPHBJEHHA CKBAMHH Ha YyYacTKax MarHHTHBHIX aHOMAJHH.

Konrpoasnsie aonpocet & za. 1

I. ChopmynupyiiTe NOHATHA «UCKPHBJIEHHE CKBAXKHHE», <«TPAeKTOPHA CKBa-
HHHH>,

2 Kakue TpH npsiMHE H TpPH TJOCKOCTH ONPeACAROTCA B KaXIOH TOUKE Mpo-
CTPAHCTBEHHOW KPHBOMR?

3. Kaxum oOpa3oM ONpeAenneTcs NOJOMEHHE TEKYUEeH TOUKH TPAEKTOPHH CKBa-
MHHH B MPOCTPAHCTBE?

4 QnpeaeneHne 3eHHTHOLO H A3HMYTaALHOTO YIJIOB,

5. Kax#e nonyufeHusi NPHHHMAIOTCA NPH ONPERENEHHH NPAPalieHHA KOODAHRAT
H3 MHTEpBaje MeXJy JBYMA TOYKAMH CKBaXKHHH? [lafTe pacueTHyio CXeMy Onpenefe-
HHS KOOPIHHAT TPAEKTOPHH CKBAXKHHBL.

6. Onpepenenne 06ulero yraa HCKpuBJeHHA. Ham uero BpeseHo 3T0 NOHATHE?

7. AHANHTHUECKHE METOA OfipesesicHHS OGLIEre yrAa HCKPHBJACHHA

8. I'paduueckni MeTON onpelefedusi OGWEro Yrla HCKPHBAEHHA

9. Uto Takoe KPHBH3HE H HHTEHCHBHOCTbH MCKDMBJIEHHA CKBAXKHHEI?



10. ToueMy NMPK XapaKTEPHCTHKE TPAEKTOPHH CKBAMHMHEB NPUMEHHETCA [IOHATHE
«CPEIHAA KPUBH3HA»?

11. ChopMmyaupyATe onpenefeHHE NOHATHA «KpyueHue KPHBOM»

12. Kak ycTaHaBIKBaeTCs HANHUME KPYYEHHA TPACKTOPHH CKBAXHHE HA HEKOTO-
pOM HHTEepBaJe?

13. [lafite onpeseneHHe yraa BCTpedH CKBaXKHHON nJjacta ropHok mnopoau.
TIponanecTpupyfite onpeaenense cxemol

14. Cxema onpenefneHus 3eHUTHOrO yria ¢ nomMoulble oTBeca [TokaXkute Ha cxe-
Me ofipefleneHHs 3eHHTHOTC YTJa BEPTHKA/AbHYI® H FOPH3IOHTAALHYIO ILIOCKOCTH HC-
KPHBJCHHA.

15. KakoBa KOHCTPYKTHBH&R CXEMa yaja AAaT4HKa 3eHHTHOTO yrnia?

16. Cxema onpefeneHHs 3CHHTHOIO yraa B JKHIKOCTHMX HHKAHHOMeTpax. Yem
ofycnosneda HeoGXOAHMOCTb BHECEHHS NONPaBKKH B DAcYeTHO? 3HAYEHHEe 3IEHHTHOrO
Yria, OnpefensieMoro B XKHAKOCTHHX MpuGopax?

17. TlokaxuTe Ha cXeMe ONpeJeNeHHN 3CHHTHOTG yIJ1a NPOEKUHIO OCH CKBAKHHL
Ha TOPH3OHTAJBHYIC OA0CKOCTb. Kak B HHXIHHOMeTpaXx (BHKCHpYeTCA MpOeKUHS OCH
CKBAXHHB?

18. IpusurnuanbHan cXemMa ONPEAeNeHHN 23MMYTAABHOrO yria.

19. Korna npHMensaoT HHKAMHOMETDPH ¢ THPOCKOMAME HAnpaBAeHHA?

20. KocpeHHHE METOAR ONpefeNeHHs a3HMYTAAbHOrO Yra TeKyuled TOUKH Tpaek-
TOPHH. MeToa NOCNefoBATEAbBREX XOA08,

lnasa II. YCTOAYHBOCTDb, BHHCBIBAEMOCTDL H
KHHEMATHKA BYPOBbIX CHAPALOB.
AONYCTHMAA KPHBH3HA CKBA)XHHbI.
OTKJIOHAIOULEE YCHJIHE

OTKjIOHEeHHe CKBaX{HHbW OT 33JaHHOTO HWJH YCTAaHOBHBIUErocs Ha
HEKOTOPOM HHTEPBAJI€ HANPABJAEHHS BO MHOTOM 3aBHCHT OT NapaMer-
poB GYpHJABLHOFO BaJia, KOJIOHKOBOTO CHapfAna, XapaxTepa ABHKEHHA
HHXKHell yacTH OYPHJBHOrO Basla H COGCTBEHHO NOPOAOpaspyuiawniie-
ro HHCTPYMEHTA, a TaKkKe OT CHA B3aHMOAEHCTBHA MNOPOAOPA3pY-
LIAIOILErc HHCTpYMeHTa ¢ 3afoeM H NMpH3aGORHONR 30HOH CKBAMHHH.
HexoTopete mapameTpnl GYPHJIBHOrO BaJjla, KOJOHKOBHIX CHapsilOB
H crlelHalbHHX 3a60HHHIX KOMMNOHOBOK OHpEeNsiOT 3HAYEHHA MakK-
CHMaJbHO BO3MOXHOH KDHBH3HLE Ha MHTepBaJie HCKPHBIEHHA H rpa-
HRIB JONYCTHMON KPHBH3HBL CKBAXKHH, FapaHTHPYIOWEH YCTORMHBYIO
H OesaBapHiiHyld pabory GypHJALHOrC Baja. 3TH OGiIRe BONPOCH
H pacCMOTPHM B [AHHOH TIJaBe.

§ 1. YCTORYHBOCTb KOJIOHKOBHMX CHAPANOB

B KONMOHKOBOM pa3BejodHoM OGypeHHH, OCOOeHHO CKBaXKHH Ma-
JIOro EHaMeTpa, KoJIOHHa GYPHJILHHX TPY6 H KOJIOHKOBas TpyGa HMe-
10T GJIM3KHE, OJHOTO NOPAAKA, 3HAYEHHS KECTKOCTH npH Harube Ef,
{E — mopyap ynpyrocTe Mmarepuana; [, — OCeBOH MOMEHT HHEDILHH
mIoilaad [ONepeyHOrc CceueHHsa), Kortopaw olpefenseT YCJOBHSA
yCTOMUMBOCTH NpH3a6ofHONA 4acTH GypHALHOrO Baja, BKJIOYAIOLIEH



coGCTBEHHO KOJMIOHKOBYIKO TpyOy. IIpH 3TOM cHCTeMH CKBaMHHA —
GYPHALHBIH BaJl H CKBa)KHHA — KOJMOHKOBAA TPpy6a XxapakTepH3ylTea
6AH3KHM N0 BeJHuHHe DaiHalibHuM 3asopoM. Tak, aAns 3abofiHofi
KOMIIOHOBKH NpH OYpPeHHH CKBaXHH NMOPOAOPa3pYyLIAIOIHM HHCTPY-
MEHTCM AHaMmeTpoM 59 MM NPHMEHAKT, Hanpumep, GypuiasHue TpyGH
CBT-50 u JIBTH-54 u cTaibHHE KOJOHKOBHE TPYOW AHAMETPOM
57 mMm; GypHJbHBEIE H KOJOHKOBEE TPYGbl HMEIOT 3HaUeHHS XKEeCTKOCTH
El, coorercrpento 39,4-10% 25,6-10° u 52,8.-10° H-m? u paguann-
Huifi 3a30p 4,5; 2,0 u 1,0 mm.

BypuabHunA Bal, BKIOUas NpH3aGofHYI0 KOMMNOHOBKY € KOJOH-
KOBOH TpyGofi, fBJAETCH HEYCTOHYHBOH cHCTeMO#H. JTa CHCTeMa fe-
(dopMHpYyeTcH yike NpH MNPHAOKEHHH TOJNBKO 0CeBOA CKHMalwed
HArpys3KH, TepseT NPAMOJIHHEAHYIO HAYalbHYI0 QOPMY H, JIHLL NpH
JONOJHHTENBHHX TOYKZX KOHTAaKTa (OmopH), NPHHHMAeT HOBOE
ycTouHBOe, HO YK€ AeGopMHPOBaHHOE cocTofiHHe. Takum o6pasoM,
NIpH Mepejaye HATPY3KH Ha 3a60f NpH3aGoAHAaA KOMIOHOBKA GYDHIb-
HOro BaJja JgedOpMHpPYeTCs H 3aHHMAET B CTBOJIe CKBAaXHHH HECOOC-
HOE, OTKJIOHEHHOE OT OCH CKBa)KHHBI, MOJOMKEHHE.

ITpr Manbix XECTKOCTH H BéCe €HHHUb AJHHH GYDHJIBHOTO Baja
napaMerpol K30rHYTOH OCH paccMaTpHBaeMoro npu3aGofHOro yuact-
Ka GypHJbHOro BaJja, BKAOUAs H KOJAOHKOBYKW TpyGy, onpeaensercd
B OCHOBHOM COCPEIOTOYEHHOM BEJHUHHON CHJB TAMXECTH pPacnono-
MEHHHX Bbille Y4aCTKOB OYPHABLHOTO BaJia MJH YCHJIHEM mNoJayd.
PacueTHOe 3HaueHHE CHJL TAPKECTH, BOCIPHHAMAEMOA KOMIOHOBKOR,
CYHTaeM paBHuIM 3afaHHofi oceBoil Harpy3ke Ha 3aGoil. [Ipunamaem,
4TO rpadHK H3OrHYTOH OCH KONOHKOBOTO CHApAAa MpeACTaBAAET co-
Gofi KocHhycouny (puc. 13) H 3amHueM ee ypaBHeHHe:

y = Acos(nz/2), (23)

rae A — paauaabHbii 3a3op, A = (D — d)/2; { — paccrosiuue or 3a-
Gos A0 nepeo#t TOUKH KOHTaKTa, cocTasasiouee 1/4 uacts nepuosa
HJIK BOJHH; D H d — COOTBETCTBEHHO AHAMETP CTBOJMA H KOJOHKOBO#
Tpy6nl.

3Hauenne nepoA NPoM3BOAHOMA oT dyHkuuM {23)

o B T2
Y = — —psinor, HaH
¥y = An/2! npu z =L (24)

YpasHende (24) xapaxkTepH3yeT yroJ OTKJIOHEHHA OCH CHapsija
OT OCH CKBAa)XXMHH B Touke 3a6of: y' = tgd; tgd = §; ¥ =~ 6.

IOnuny KososkOBON TPYOH [/, y KOTOpPOA NepBaf TOYKA KOHTAKTa
€O cTeHKOR CKBAXXHHB HaXOAMTCA B 30He MEePeXOAHHKA, MOXKHO
YCTAHOBHTb H3 YpPaBHeHHA KDHTHUECKOro cocrodHus 3aGolHoNl Kom-
NCHOBKH, CuHTas (Mo JDfiaepy), uTC KPHTHUECKAA OceBasd Harpyska

Py, = n’El./4L% (25)

ITpuHABR B faHHOM chyvae, u4TO oceBas Harpy3ka Po = Py, Ha-
XOJLHM



Puc. 13. K onpeaenentio ROAOKEHNA HIOrHYyTOR OCH
KOAOHKOROTO CHapaaa

Yy
= 14/2 = (n/2HEl /Py, (26)

rae l.p, — KpHTHuYeCKas IAKHA MOJAYBOJHH.

Tlpu Bcex BO3MOXKHBIX (OpMax RBHXKEHHA cHapAla BejauuyHHa [,
cnpejeneiHas no Qopmyae {26), Syser AMWIL YMEHbLIATbCA NOJ
feficTBHEM BO3MOMHBIX LEeHTPOGeXXHbiX CHJ, BHIAWBAEMBIX Bpalie-
HHEM CHap#sia OTHOCHTEJILHO OCH CKBAaXKHHH. I1pH yBeJaH4YeHHH oce-
BOf HAarpy3Ku B 4eThipe HJH Ja)ke B ReBATb PA3 MOXHO OXHIATh
nosipfieHne chledyollei QOPMH YCTOHUHBOrC DABHOBECHH, KaK 3TO
NyHKTHPOM N0Xa3aHo Ha pHc. 13.

ITpusep 1. Onpenenum paccrosnue ! Mexnxy 3a60eM H MepBofi TOYKOR KOHTAKTa

KOJNOHKOBOR TPYSH CO CTEHKOR CKBAMHHH LA YCTOBHA: KOJIOHKOBaA Tpy6a nHamer-

pom 57 MM HMmeeT ocenofl MoMeHT HHepuun [, = 26,4.107* m*, nepenaBaemas ocesas

Harpyska P, = 10000 H. B cooreercTBuH ¢ dopmyaoh (26)
I =3,14/2/2. 167, 26,4- 105710 000 = 3,62 »

Takum ofpasom, npa ocerofl Harpyske 10000 H konoukoswm@t cHapan Syner ae-
(OPMHPOBAH M TOUKA KOHTAKTa NPH AJHHe cHapana Gonee 362 cm npHaeTcs Ha Teno
KkonoHKoBofl TpyOu. [lpn annne Menee 362 cm KOMOHKOBHIA cHapRn OyAeT OTKAOHEH
OF OCH CKBRIKHMHM, a8 TOUKE KOHTAKTA NpKIeTcH Ha SypuTeabny Tpyly, PacnonoKesx-
HYIO BHILE KOJAOKoBOH. B nepeom cAiyude yron OTKIOHEHHA OcH cHapAlla OT OCH CKBa-
XKEHH y 3afoR

8y = An/2l = 1,5.-3,14/2-3620 & 6,5-10~* pan, wan 0,087°,

uto 8 1,6 pasa Goabule, 4eM B CAYYEE, €L CHATATH, YTO OTKAOHEHHHN KOJOHKOBRIK
CHEPAA COXPAHHT NPAMONHHEAHOCTD.

CoxpaHeHune npaMoiHHeAHOR OCH Bpallaiollerocs CHapsifa AJH-
HO#H [ BO3MOXHO AHWb NPH OTCYTCTBHH PaJHaJbLHOrc 3a30pa B KOH-
UEeBBX TOYKaX {Npd UEHTPUPOBAHMM CHaApsxa), €CAH NPH 3ToM cob-
JIOAAETCH YCAOBHE



[ <l = ‘fﬂ/ —05%= 4 [(0522)7+ ﬂ;:i’_] e (27)

rae I — KPHTHYeCKafd AJIHHA HONYBOJHbL H3OCHYTOR OCH CHApsAAA;
® — YTJ0Basi CKOPOCTh BpalleHHWs CcHAPALA;, m — Macca elRHHUN
JJIKHH CHapAja.

Ilpuxep 2. OueHATH YCTOWUHBOCTH KOMIOHOEKH KOJIOHKOBOIO CHapAAa, BKAO4A-
0lLed KOJOHKOBYID TpyGy HapyMHLM guametpom d,=T73 MM u aaukoft 4,5 m npn
co3naHun ocesod Harpyaku 15000 H w npu uwacrore spamenns n = 700 of/muu.

TMapameTpu koN0HKOBOH TpYOGH puametpoM 73 MM® macca 1| M TPy m =
= 8,38 kr/mM; 0CeBOM MOMEHT MHEPUHH NAOWLAAH NOMEPEUHOro ceuetns fo == 0.05(d.‘. —
— d}) = 0,05(0,073* - 0,063") = 63,2-107% m*, rae d, — BHyTpeHHURt AHameTp TPYOHL.
¥YraoBas CKOPOCTh BpalMeHHsl cHapafla w = nn/30 = 3,14.700/30 = 73,2 ¢~', mo-
KyAb YOPYTOCTH Martepuajia TpyGu E = 2.10' Tla.

OnpenenuM 1o dopMyae (27) KpHTHuECKY©O AMHHY NOAYBOJIHW H3OTHYTOR OCH
cHApALa:

_3,:4\[_ 15000 [( 500
bo =733 05335 T\ %533 ) +

2.10".63,2-107%.73,2°
8,38

Ycnosre ycTORMHBOCTH (COXPAHEHHe NPAMONAHENHOCTH) KOJIOHKOBOIC CHapaja
zAMHORA [ <Z I, mo dopmyne (27) ne cobawnaercr, Tak Kak 4.5 > 3,87,

C.aenoBaTeAbHD, KOMINOHOBKA KONOHKOBOFC CHAPSA2 ROTepReT NpaMOMBHelHYw
¢opMy, H3OTHETCH ¢ AAHHOH NOJYBCJAHW OCH nprMepHo 3,8 M. TIp 3ToM nNosBHTCH
HOBaA TOYKA KOHTAKTA KONMOHKOBOH TPYGW €O CTEHKOR CKBaXKMHE Ha PACCTOAHHE
OPHOAHIHTENLHO PABHOM NONOBHHE [JAHHE MOJYBOAHM, T.e. Ha PAcCTOAMHM [ =
= 1,9 M or 3a005. ¥ron HAKJIOHA KacaTeNsHOH K KIOCHYTOH OCH XOJIOHKOBOTO CHapfi-
Aa B TouKe 3abon

] Y 387 M.

§ =y’ = An/l,,.
Hafaem palnanbubii 3a3op

A={D —d)/2=(0,016—0,073)/2 = 0,0015 m.
Terpa

8 22 0,0015.3,14/3,87 = 1,22-10"° pag.

Takum ofipasoMm, NpH peaJLHbIX OCEBHX Harpyskax W uyacTrorax
BpalleHHA NoA AefACTBHEM OCEBLIX H NOMNEpeyHbX CHA OChb HELEHTPH-
POBAHHOTO KOJOHKOBOTQ cHapaaa (uiad 3a60HHOR KOMIOHOBKH 6y-
DHJABHOFO Bajda) 33HHMAET OTKJAOHEHHOE MOJOKEHHE OTHOCHTEALHO
OCH CKBaMHHH. ¥rod OTKJIOHEHHS OCH CHapfAja OTHOCHTEJIbRO OCH
CKBAJKHHBI TIPH NOTepe YCTOHUHBOCTH 332BHCHT OT JKECTKOCTH KOJIOH-
KOBOrO CHAPAJA M pajHaNbHOro 3asopa [cM. ypasuennsn (24), (26),
(27)], HO Op¥ NOCTOAHHBIX KECTKOCTH K PAZHA/JNBHOM 3a30p€ YIio-
BOE OTKJAOHEHHE OCH CHapsla onpeleisiercd B OCHOBHOM BEMHYHHOH
OceBOfl HArpy3kH Ha 3a6of npu AaHHOil uacToTe BpalleHHsa. B coor-
BeTCTBHM ¢ hopMyacH (24) H, yunruBas TOJNLKC BhipaXienue (26),
HMEEM YIroJ OTKJIOHEHHs OCH CHapfa OT OCH CKBaKMHH Yy 3abos
(WJIH yroi OTKJCHEHHA OCH MOPCAOPa3pyulaloiliero HHCTPYMEHTa oT
OCH CKBaXKHHbl)

6 = A\fpoc/Elo_



Hrak, uem Gonblile oceBan HATPY3Ka, TeM GoJblLe YIIOBOE OTKJO-
HeHHe OCH NOPOAOPA3PYIIAIONIETO HHCTPYMEHTA OT OCH CKBaMKHHM.

Heo6xoauMo o6paTHTL BHHMaHHe HA TO, YTO KPHTHYECKan AJH-
Ha AOJYBOJIHH, onpelenseMan no cgopmynam {26) u (27) B aaeucu-
MOCTH OT YCJIOBHH HarpyeHus, GyAeT Bcerja MHHHMAJIbHO BO3MOX-
HOH A AaHHLIX YCJIOBHH; C YYETOM CHJ1 COTIPOTHRJEHHA OCEBOMY
nepeMellieHHI0 NPH AedOpMallHi, a TakXKe NpPH HIMEHEHHH YCJAOBHH
3aKpenJieHHsl KOHUEBHX 4YacTell yBeJHUHBAETCH pAacueTHas [JAHHa
nonysoJHH. Il0o3TOMY @HpH TNpOBeJeHHH PacyeToB C MPHMEHEHHEM
KPHTHYECKOH [JHHB NOJNYBOJHH [y, ClIeAyeT cYHTaTh YCJAOBHA pacue-
TA TPAHHUYELEIMH, T. €. MAKCHMAJAbHO WIH MHHHMAJbHO BO3AMOMKHBIMH.
Hanpumep, 3HadeHHe YRjia OTKJIOHEHHA NOPOAOPAa3pyWAOLIEro HH-
CTPYMEHTA OT OCH CKBaXHMHbl, onpeaensemoe no gopmyne (28), 6y-
AeT MAKCHMAJbHO BO3SMOXHHM /Il YCIOBHH HArpYXKEHHA, OTpaMeH-
HBX B 3aBHCHMOCTH (26).?

§ 2. BODHCHBIBAEMOCTb BYPOBbBIX CHAPAL0B
i

KonoukoBrii HAH NMo60f ApPYrol npAMoAHHeRHHH GypoBof CHa-
PAL ¢ reoMeTpHYECKHMH NMapaMeTpaMH JAAHHOH [ H HApYXHbIM JHA-
MerpoM d MOXKET INepeMellaTbCcd B Npoliecce CMYCKO-NOABbEeMHbIX
onepauxit 6e3 gedopMaudH no yxe cHOPMHPOBAHHOMY KPHBOJHHEH-
HOMY CTBOJIy CKBA)XXHHH, HMeiolleMy KpHBH3HY K M nnametp D, 1. e.
NPH HAJHYHH paaHadbHOro 3a30pa A = (D — d)/2, snu dopmupoBath
CTBOJI CKBAXHHBE HEKTOpPOR KpHBH3HH. JIBHeHHMe KOJOHKOBOrO CHa-
pAAa MOXHO paccMaTpHBAThL KakK OB COCTOAILHM H3 PAfla 3JIEMEH-
TapHLX NepeMeLleHHH, B CYMMe JaloillHX CJAOXHYK KPHBOJHHEAHYO
TpaekTopeo. [log BRHCHIBAEMOCTLIO KOJOHKOBOTO CHap#ia MOHH-
MaeTcA BO3MOMKHOCTL €ro nepemetenus He3 gedopManHH 10 CTBOAY
CKBAaMHHB, HMEOUleMY MpejelbHYI0 LA RAHHHX NapaMeTpoB cHa-
paaa KpHBH3HY (pHc. 14).

IlpenenbHad KpHBH3HA, OTBEYAKAA YCJIOBHIO BNHCHBAEMOCTH,
onpejensieTcsi TeOMETPHYECKHMHM NapaMeTpaMH cHapsiia H CTBOJA
CKBaXHHb. B cooTBeTcTBHH C pHC. 14 HMeeM
5 . 2
s "R

rie 8§ — o6wWHii yroa HCKPHBJEHHA Ha HHTEpBaJe CTBOJA, PaBHOM
AAWEe cHapaxa [
Orciona

8 ~ 16A/1.

HameHenHe TpaeKTOpPHH Ha yroa & NpPOHCXOAHT Ha AJHHe [, 1MO3-
TOMY MpeflejbHas KPHBH3HA

K=256/L
HOJ.ICTaBHB 3HadeHHe yrJa !5, AOJYYHM
K= 16A/0. (29)



‘y Puc. 14, CxeMa BAHCHBAEMOC-

™ Gyposoro cHapsaa
A
%
Puc. 15. Cxema mnuceizae-
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ITpusep 1 OnpenenuTs npeaetbHYI0 KPHBHIHY CTBOA, B KOTOPOM MpPH CNYCKe
KOACHKOBOrG cHapAaa AAHHOR [ = 6 M NpH panHa’ibLHOM 3a30pe 3 MM 3TOT cHapsi
6yner ceoSoano (Ges nedopMalHH} TNepeMeliaTbeH

B cooTsercTBiHH ¢ BeipaxenneM (29)

K = 16A/1' = 16-3.107%/6 = 1,3-107% m~!,
4TO COOTBETCTBYET HHTEHCHBHOCTH HCKPHBJEHHA

f=1,3.107%.573 = 0,0764 rpaayc/m

JBHKeHHe cHapAAa N0 KPHBOJHHERHONA TPaeKTOPHH MPH YCIOBHK
BIHCHIBAEMOCTH MOXHO NPEACTABHTb COCTORIUHM H3 MNPOCTEHLIHX
nepeMeleH#i: BHaYaNe NOBOPOT CHAPALA OTHOCHTEJNLHO UEHTPA CHM-
MeTpHH To4ykH () Ha Hekoropui yroa &, (rme 8, -— Tekyulee cpes-
Hee 3HAYEHHE yTJia MeXAY KacaTelbHOH K TPAeKTOPHH H OChI0 Z Ha
yuacTke dl), a 3aTeM MOCTynaTeNbHOe NPAMOJHHedHOE NBHKEHHE NO
HanpaBJEeHHIO OCH cHapala Ha BeawuwHy di (otpesok OO, Ha
pHC. 14). Ecan yros nosopoTta MPH BceX 3JeMEHTAPHHIX NepeMelle-
HHAX GyAeT NOCTORHHBIM Ha HeKOoTopo# AquHe [, TO Ha 3TOM OTpe3ke



BCé TOYKH CHapAAa ONHIUYT TPAaeKTOPHI0 NOCTOAHHOA KPHBH3HL: .
Hns cucrems koopsuHat yOz (cm. pHe. 14) npHpaluerHe KOOPIH-
HAT TPAaeKTOPHH TOUKH O; 3anHuleM Kak

dz = dicosd, dy = dilsind. (30)

{yron 8. Ha HexoTopOM KOHeuHOM HHTEpBaae 2z u3Measercs ot 0 o
HeKoToporo 3HaueHHd §,). [IpH nocrosHHo# KpusH3He K, NpHHHMan
K = dé&./dl u 3amenss dl otwomenuem d6./K, cnpaseanuso

8

z= —11(—50 cosb. -db,,
&,

y = | sinb.-dé., (31)
4]

HITH

=1
2= sind;,
y = {1 — coss). (32)

3ameuasn, uto y &= 2A npH z = [/2, a yrioBoe OTKJAOHEHHe COC-
tasasier §,/2, rae KOHeuHO€ YrAOBOE OTKJAOHeHHe 8, = 6, .pelenne
ypaphneHHit (32) npaer
[ ¥ I PR A\
5 = gsin4 20 = K(l cos2).

Tak kax sin*(8,/2) + co0s*(8,/2) = 1, To pewas NoCHEAHICIO CHC-
TeMy ypaBHEHHA OTHOCHTeabHO K, Moay4yum

K = 16A/(1* + 16A%). (33)

Beaunuuna {2 5 dopmysne (33) Ha HecKOALKO MOPsAAKOB Gouplile
16A2%, nosromy aas pacueros npunrmaem K = 16A/f, yro coorser-
CTBYET INpHBEJEHHOMY BHille YNPOILEHHOMY peLIeHHI0 YpaBHe-
Hug {29).

Ecan yyecTb, uto AHAMETP NOpOJOPAa3pyLUAIOLIEro HHCTPYMEHTa
Goablile ZHaMETpa Kopnyca OYpOBOTO CcHapsaa Ha BesJHYHHY 2A,
TO yCJOBHE pelleHHs ypasHeHHRt (31) uamenurca (puc. 15).

Hafoem peaHuuHy 2,, COOTBETCTBYIOULY!C y: = A NpH KPHBH3HE,
KOTOpad ONpenensieTci YCAOBHAMH BIHCHBAEMOCTH LUMAHKADA HEKO-
Topoit AtuHu [; no dopmyne (29), 1. e. npu K = 16A/1Z, ncnonbays
3aBHCHMOCTb (32):
2y == —}(-sinéz, A= -IF(I — cosd.). {34)

Tak Kak sin?8, 4- cos?8, = |, npeacraBHM CHCTeMY YypaBHEHHH
{34) ¢ yueroM NpHHATOrC 3Ha4deHHA K B C/ieAylOUIeM BHAE:

: lﬁA) +(1 IGA) =1,

oTKyda 2| ¢ {;/~/8 = 0,354/,.



Takas ke kpuBusHa K Oyner nojyueHa [pH OJaHHe GypoBOro
cHapala meHswel I

Iy = (0,5 + 0,354)l, = 0,854L.. (35)
CJIE,!{OB&T&JI!:HO, cnpasezmﬂﬂu COOTHOMWIEHHA
16A _ xA _ xA (36)
# i (0,8541.)

Pewsende ypasuenua (36) naer chrefywoollee ycjOBHe BilUCHIBaEe-
MOCTH AN GypoBOro cHapaja:

Ks= 11,7A/8. (37)

Buisoa ¢opmyan (33) nosBosser NpPeicTABHTL, YTO MAKCHMAJb-
HOe 3HaueHHe KPHBH3HH (OPMHPYEMOro CTBOMA AOCTHXKHUMO [IpH
HOCTOAHHOM P2JHAJbLHOM CMELLEHHH NOPOACPapyUIaKLLEre HHCTPY-
MeHTa {T.e. NpH pa3paboTKe CTEHKH CKBAXKHHLL Ha Belu4HHY y) MpH
HEKOTODOM OCEeBOM CMELIEHHH 2 NO HaNpPaBAeHHI0 TepPBOHAUYaJILHOTO
NOJOXKEHHA OCH CHapala. B cooTBeTcTBHH ¢ ypaBHeHHsMH (32)
HMeeM
y= T!K—( I — cos—z-A[Tl?—S?’,S).

Tak, npn xpupHaHe K = 0,0174 (HMHTEHCHBHOCTb HCKDHBJAEHHHA

= | rpaayc/M) H YCJAOBHOM OCEBOM NEpeMelleHHH z = | M, | =
= 3 M, A =3 MM pajradhioe CMelieHHe

| 1-3.107.16 . ot
Y= 5173 (l - COS——EQ——W,S) = 8,18-107* m.

Haxe npH cTo/b He3HAYHTENLHOM PafHATLHOM CMEIUEHHH Tpe-
6yeTcd CcO3jaHHE [IOCTOAHHOA DaJHaJbLHOA OTKJAOHAIOUWIER CHJBL,
KOTOpasA TrapaHTHPOBaHAa Y HEKOTOPHIX THIMOB, TaK HA3HBAEMHX,
NOCTOAHHO-ACHCTBYIOIMX OTKAOHHTE/éH HA HEKOTOPOM HavaJbHOM
HHTepBaJje OTKJICHeHHSA.

Boaslwyio poJb B pagHaibHOM CMEILEHHH JAaHHBIX OTKJIOHHTeNed
H, c/eloBaT&bHO, B CO34aHHH OOJbIIOH KPHBM3HB HAa HHTepBaje
OTKJIOHEHHA HrPaerT He TObKO BEAHYMHA PaJMAAbHOID YCHJKS, HO H
KayecTBO HAPYKHLX MOAPE3HBIX Pe3L0B II0POJOPA3PYlIaIOIIEro HH-
CIpyMeHTa.

TlpuMénum npuBeneHHKWE METOI onpeleneHHs YCJIOBHSA BIIHCHIBae-
MOCTH 1/ ONpeleNeHHst TPaeKTOPHH KONOHKOBOTO CHAPAAA ¢ APYFH-
MH, YEM pACCMOIPEHHHE Bhillie, HauaJdbHbIMH YCJOBHAMH TNepeMenie-
Hua (puc. 16)C Ilyern BepxHsst Touka A YyCA0BHO H30GpaXKEHHOTO
B BUAe oTpe3ka fpAaMo# AQ, cHapsaa Moxer GHThL OTKJIOHEHA OT OCH
CKBAXHHBI Ha BeAMUHHY DajHalbHOro 3a3opa A. Ilpu cmelenuu
CHapsiia Mo HANPaBJEHHIO OCH Ha OTPe3oK di NMPOHUCXOIHT flocJe-
AYIOUIHA NOBOPOT OCH CHAPALa OTHOCHTEAbHO TOUKH onopbl () 3a6os
CKBaXuHB Takoe IBHXKeHHe CHapAna XapakTepHO MPH OGHYHOM
npouecce Oyperud. [lpuuumas rpanuuHbe ycJaoBHsS 2 == 1pu



Puc. 16, Cxema pacyera BNHCHBAEMOCTH XedopMHpye- poc
MOro cHapsja

= A u 6, = B« W noACTaBAAR UX B MOJNYHEHHYIO CHCTeMY ypaBHe-
:‘31 (32), umeem:

0 L
i—TgsmGn, A__E(l cosdy), {38)

rie K; — BO3MOXHAas HpefedbHasl KPHBH3HA CKBaXKHHB MPH O6LIY-
HOM ftpoiiecce GYpeHHS.
Peurenne ypasHenudt (38) oTHocurenbHo Kp paer

Ko = 2A/(12 + AY). (39)

Cuurasi, Kak u panee, uro A’ & %, umeem
Kow = 2AP. JE . (40)

Cootuouienue (40) xapaktepuayeT npeie/ibHOE 3HAUCHKE KPUBH3-
Hel (opMHpYIOIIelCcs CKBAMKHHL NMPH OYPeHHH HELUEeHTDHPOBAHHLIM
NpAMONHHEAHHM KOJOHKOBHM CHAPAACGM MPH rapaHTHPOBAHHOM pa-
AHAJBHOM CMEHieHnH A # AJsHHe cHapsga { < [ € YUETOM, YTO KO-
JIOHKOBHIA CHapsAl 3aHHMaerT YCTOHUHBOE NOJOMEHHE TOAbKO HApPH
KoHTaKre BepxHell Touxu A (cM. prc. 16) cHapsaza co creHkol ckBa-
*uHE. Takoe yc/JoBHE chnpasefjHBO, HanpHmep, AJIA IUAPHHPHEIX
OTKJOHHTeJeH ¢ ONOPOH HA KOPOHKY.

B Tex cayuasix, Koraa He rapaHTHDYeTCHA MNMPSAMOJIHHEHHOCTh KO-
JMOHKOBHX CHARpRAOB {(fnochelHHe TepalOT YCTOHUHMBQOCTH H H3ruba-
0TCA}, MOXKHO O0XKHAaTh POPMHPOBAHHA YYACTKOB CTBOJAA CKBAaXKHHBI
Goantuel NpefefnHOR KpuBHaunl Ky, HeXeAM onpepenseMoil 0o
ypasHenno (40). IlycTte Konoukosniff cHnapan edopMHpyeTca 104



neficTBHEM 0CeBOH Harpyske. YPaBHEHHE erc H3orHYTOH OCH B COOT-
sercTBHH ¢ dopmynof (23) npumem

y = Acos(nz/20),

rae [ = [y,/2 no popmyae (26).

CuuTtaeMm, 4TC ABHIKEHHe KPHBOJWHENHOTO cHapana AJAHHOM [
MOXeT GHTh aHANCTHYHO ABHXKEHHIO NpAMONMHENHOro cHapafa MJIH-
HOfl l;, KOTOpAs paBHA AJHHe KACATEJbHOH K KPHBOAMHeHRHOA OCH
B TouKe 3360, OrpaHHYEHHOH B PAAHANLHOM HANPaBJEHHH JIHHERA-
Hoh BeanunnoR A (cm. puc. 16}. B coorsercreuu ¢ dopmynodt {24)
YyroJ HaKJGH3 KaCATeNbHOH ¢ YYETOM €70 MAJIOCTH

y = An/2l = §. .
Tipu atom umeem (cm. pHc. 16)
AJly = An/2f wunm ) = 2l/n. {41)

lMpuaumMas 3a ucxXomHoe ypaBHenHe (40), 3anucwBas ero AJs
JaHHOTQ ciyuyas B BHIe

Ko = 26/.[%l
H 3aMeHAA Jafee 3HaueHHe {, nojaydaem
Ky = 2AR%/4° nan  Kow = An®/282 {42)

C yuerom tdopmyan (26) Mmeem

Ko = 2AP/Elp.

Benuuuna K« xapaxkTepH3yer BO3MOXHOE MAKCUMANLHOE 3Haye-
HHE KPHBH3HB QODPMHPYEMOTO CTBONA NPH paboTe NeOpMUPYIOLLIHM-
CHl KPHBOAHMHEAHHIM GYPOBHIM cHapsaoM npH [ = [,/2.

Takum ofpascm, ecsit nips GopPMHUPOBAHKH CTBOAA CKBAXHMHH OCh
KOJICHKOBOTO CHAapAa B KaXAhii MOMEHT BPeMEHH MOXKeT NpoBopa-
UHBATLCA HA NOCTOAHHHA yrosi A8, zajlaBaeMblii YCJIOBHAMH ABHXME-
HHS, TO CTBOJ CKBa)XXHHH Ha 3TOM ydacTke GyAeT HMeTb B CpelHeM
NOCTOAHHYIO KPHBH3HY, KOTopasa B ofilleM BHAe yCTaHABJIHBAETCH H3
CNeAYUIErD FeaMETPHYECKOTO COOTHOMERHS!

K= AA/P, (43)

rae A — KoaPHUHEHT, ONpeAeTAeMblll YCAGBHAMH PaboTh OypoBoro
cHapsana.

CAOBHA BOHCBIBAEMOCTH MOMHO {IPUMEHHTH {IPH pelleHHH paja
NPAKTHYECKHX 3814Y.

PaccMOTpHM YCIOBUA BIHCHIBAGMOCTH KOJOHKOBOrO CHAapsiia fpH
€ro fepeMelleHHH B 30He YCTAHOBKH KJHHOBOTO OTKJOHHMTENAR C YT-
JOM cKoca JoxKa Kiauda & (puc. 17). [To nocrpoenne £ OAB =
= §/2
Torna
8/2 == 2A2/1 = 44/,

yTo paer [ == BA/S. (44)



Puc. 17. K pacuery snuCHB2EMOCTH CHAPAAA NPH NPO-
XOMACHNN KARHA

¥parnerdne (44) noMoraer yCTaHOBHTb reOMeTpHYeCKHe napamer-
pbl GYPOBHIX CHApSiAOB, KOTOPLie MOTYT OLITh NPHMEHEHH MpPH OTKJIO-
HEHHH OT KJNHHA H IIPH NOCJAefYICLIHX ONepPalHAX ¢ yueToM pa3pabot-
KH CTBOJIA CKBAXKHHMW Ha BejHuHHy A’. Hanpuamep, aaf nocienHero
cayuan { = 4(2A + A’} /6.

BnucnisaemocTs OypoBHX CHapAlOB, onpene.naeuéﬁ reoMeTpHue-
CKHMH COOTHOWIEHHAAMH CHAPHJAOB H CTBOJIA CKBa)KMHBI, [aeT Mpek-
CT4BJEHHE O NpeeNbHOH AAA HaHHOH cucTeMbl KpHBHaHe. loctHrae-
Mast B ftpouecce GypeHHA KPDHBH3HE, o6yclOBAEHHAA He NPelebHEMH
nepeMelieHHAMH CHAPALOB, A pPEanbHBIMH, MOXKET OhTb H MeHble,
TaKk KaK 3aBHCHT OT KOHKPETHHIX reofiorHueckux yciaosui. Opnako
NpH 3TOM COXPAHAETCHA BJIHSAHHE TEOMEeTPHYEeCKHX [apaMeTpoB, 4TO
103BOJIAET PETYJHPOBATh KPHBU3HY, H3MEHAS reoMeTpHYECKHe pas-
MepH CHapHALOB.

IMpennonokum, uyto npH GYPEHHH ILIAPDHUPHBIM OTKJOHHTENEM
JIHHOA {| MpH pafHalbHOM 3a30pe A, B KOHKPETHOR reosOrHYecKaei
ob6cTaHoaKe Ghila AOCTHIHYTa KpHBH3HA Ky, CuuTas cnpaBelHBbiM
OoTHoIleHHe (43), 3anHulem

Ko = AM /1L



CreneHb BJHSHHA reo/IOTHYECKHX YCJIOBHH, Kak BHAHM, OTpask-
Jach Ha 3RaueHKH KosddpuuHenta A. Jaa nanHoro cayuas

A= Koli/Ar. (45)

UTo6Li ACCTHTHYTh PAcYeTHOH KPHBH3HW K, B 3THX KE TeOJOrH-
YECKHX YC/JAOBHAX, PElldeM INpH palMalbHOM 3a30pe Ap H3MEHHTBb
BAuHy OTKAoHHTENs fy. [IpMHMMas To e HCXOOHOE COOTHOLIEHHE
(43), waxonum /3 = AAx/K, 3arem noacrapisia paHee HafleHHOE
3HayeHHE A, HMeeM

2 — K ﬁAz
i3 —L_All(,, {46)

HIH 1pH Ay == Ay nodyyaem

b= L Ke/Kp .

flpusep 2. Halnem npefeibHoe 3Ha4YeHHE KDHBH3HL (GOPMHPYeMOro CTBOAA
CKBaXKHHB A7 CNeAYIOILHX YCAOBRH: AJHHA KONOHKOBOIO CHapAAa AUameTpoMm 57 MM
cocrapaser 3,6 m; paauaneHHi 3asop — 1,5 mm.

B repmroM cayuae CuHTaem, 4YTO KOAOHKOBHA CHADAA HMEET ROCTATOYHYIO KecT-
KOCTH W HPSAMOJHHEEH, HO OTHACHEH oT ock cTBoqa, [Mo dopmyae (40) maxopum Kpu-
BH3NY

2A 2-1,5.107? _
K—Tﬂ—-——:i:g:‘—u—'—: 0,23']0 8 paﬂ./M.

[Ipu 3TOM HHTEHCHBHOCTH HCKPHBAEHHA
{= K-57,3=0,23.107%.57,3 = 0,0132 rpaayc/m.

Bo BTOpOM C/lydae B COOTBETCTBHE C NPHMEPOM 1 {cM. § 1 ra. 1I) cunraem, yro
KOJOHKOBHWH CHapsx neqmgmngye"rt:ﬂ (lp/2 =136 m). [las storo ciyyad BO3IMOXK-
HOE MaKCHMaJbHOE 3HA4YEHHEe KPHBH3HB ONpefeNHM 1o ypasHeHHK (42):

K = An?ro1

fak kak [ = lp/2, T0
K= 15-107%3,142/(2-3,6% = 0,67-107° paa/m,
= 0,57-107%.57,3 = 0,032 rpaayc/m.

Jeopmalna GYpOBOro cHApPRAa IPHBOAHT K YBEJHYEHHIO BOSMOXKHOTC IHAYEHHA
Kpusuansl 8 2,5 paza, 4t0 ¥ caeayer us dopuya (40) u (42).

B Tom cayuae, Kpraa GypoBOf cHapsi uPeRCTaBAAET cofof OTKAOHHTENb, CO3-
Na0WHA [NOCTOAHHOE PajHanbHOE YCHAHE Ha NOPOAGPA3pYlIAOUIHA HHCTPYMEHT, TO,

ecad OH HMeeT JOCTATOUHYIO IKECTROCTh H He AeOPMHPYeTCs, MaKCWMaJbHOe 3Haue-
HHE KPHBH3HL paccuHTuBzeM 1o (popmyae {37}, cuurar, uto { = ly:

- . _3
Ko 178 _ 17 1,52 107 ) 454010~ w-'.
I} 3,6

= 1,354.102.57,3 = 0,0775 rpanyc/m.

Htak, noHAtTHe O BNHCHIBAEMOCTH KOJOHKOBHLIX CHapAloB JZaeT
NpeAcTapAeHHE O MAKCHMAaJbLHO BO3MOXHOH KpPHBH3HEe CKBAaAXHHM,
¢opMypyeMOfl NpH Tex HAH HMHHX YCROBHAX paloOThl KOJAOHKOBBIX
CHapAAOB B HEKOTOPOH YCJOBHO OfHOPOAMOR reosOrHyeckol cpefe.

YenoBus BIHCHIBAEMOCTH, OnpeaefseMble ¢ yueroM nedopMalHu
6ypoBBEIX CHAPsiA0B, NO3BOJAT OLEHHTh BJAHAHME HAa MAKCHMAJLHO
BO3MOXHYIO KPHBH3HY CKBaXXHH He TOJLKO reQoMeTpHYeCKHX Mapa-




MeTpOB CHAPAAOB, HO H NOKa3aTesed pexHMa GypeHHR — oceBOH Ha-
TPY3IKH H 4acTOTHl BPALLEHHA.

§ 3. KHHEMATHKA KOJIOHKOBOIo CHAPALA

OzHa H3 COCTABAAKUIHX KOHUeBOR uyacTH OGypHabHOro Bana —
KOJIOHKOBas TpyGa, ABJASAChH MO KOHCTPYKLHH CBA3IYIOUIHM 3BEHOM
MeXIy OypuabHHMH TPyGamMH H AOPOAQPA3PYWIAIOULHM HHCTDY-
MEHTOM, HMeeT KHHEeMAaTHKy, onpefenseMyld chopMHPOBABLIHMCS
ABHXKeHHeM OYPHABHHX TPYG H CHJIaMH CONPOTHBJCHHA MeXAy No-
POAOPA3PYIIAIOLLHM HHCTPYMEHTOM H 3aboeM.

Tlpu OTCYTCTBHH CHEUHANLHLIX HEHTPHPYOWHX 3JEMEHTOB OCh
KOJICHKOBOT'O CHapfia OTKJDHeHa OT OCH CKBaXHHbl. Bennusna o7-
KAOHEHHA ONpeaeAeTcd KOHCTPYyKUHeH W JKECTKOCTbIO KOJOHKOBOro
CHapAna ¥ napameTpaMH pexuma Oypedusa. Ha puc. 18 cxemartHuHo
H306paKeHo NPOH3BOJbHOE, OTKJIOHEHHOE OT OCH CKB&MHHH M0J0-
JKeHHe KOJOHKOBOTO cHapsifa. [lo araiorHH ¢ JMoSHM ydacTkoM Gy-
PHJBHOrO Bajla ApPHMEM, UTO KONOHKOBasg Tpyba MoXeT HMeTb cJie-
LYIOULHe YCNOBHBHE NpocTedliHe GOpMH IBHXeHH: (P):

Pue. 18. ¥cnoekuie GopMbl (D) ABMKEHHS DPOR3IBOALHOIC CEYEHHS CHAPANA



¢ — KoJoHKoBaA TpyGa BpallaeTcst BOKPYr cOOGCTBEHHOR KpH-
BOJHEeRHCR ocY © 3alaHHOA YTAOBOR CKOPOCTHIO ;

@, — KoJIOHKOBas Tpy6a, ee OTKAOHEHHAA OT OCH CKBa)XKHHLL KPH-
BOJIHHeAHAA OCh BpalllaeTcsl BOKPYr OCH CKBAXKHHH B HANpaB/eH#H,
COOTBETCTBYIOINEM 33AaHHOMY, H C 33aHHOH YIIOBOH CKODOCTRIO .
®; — konoHKoBas TPyGa, BpauLafCh BOKPYr cOGCTBEHHOH KPHBOJIH-
HeldHOH OCH C HeKOTOpOR TeKylled YrJOBOH CKOPOCTBK), OHOBPEMEH-
HO KATHTCS N0 JIOBEPXHOCTH CTBOJIA € OTHOCHTENLHON (OTHOCHTENb-
HO OCH CKBa)XXHHBI) YIJ0BON CKOPOCTBIO §2, MpHUYeM MAKCHMAJLHOE
3HayeHHe yraosofl ckopocTd obpauierus

r
Q= —o = (47)
T. & BPaAIlAKWMACS BOKPYT cOGCTBeHHOH OCH KOJOHKOBWH CHapan
o6pailuaercA H OTHOCHTEJIbHO OCH CKBAXHHBI B HalpaBAeHHH, TIPOTH-
BOMOJOMKHOM 3aJaHHOR YrN0BOA CKOPOCTH BPpalieHHA OYPHABHOHA
KOJIOHHbBL.

B o6uyHoM npouecce HypeHHf 3TH HAeaNH3HpOBaHHHE (GOPMEI
OBHKEHHS TPAKTHYECKH He BCTPEYAOTCHA, eCliH He YYHTHBATL paboTy
CReUHAAbHBIX TEeXHHYECKHX CpeACTB Hanpasiennoro OypeHHs, 3a
HCK/I0YeHHeM TpeThell GOPMHB, KOTOpas B peldKHX CJAyuasx MOXeT
CYILEeCTBOBATb MPH COOTBETCTBYIOULEM COYETAHHH PHAA BEJHHHH!
3afaBaeMofi YacTOTH BpaleHHA, 0CeBON HArpY3kd, XKeCTKOCTH Bafa,
CHJ TPEHHS H COMPOTHBJILHHA ABHMEHHIO GyDHJALHOIMO Baaa.

[pe naeahu3npoBanHbIX (POPMAX ABHKEHHA KOMIOHOBKH HHKHell
YacTd OypHabHoro Baaa dopme | coorseTcTByeT GOpPMHPOBAHHE
KPHBOJNHHEHHOro CTBONa B OAHOH (PHKCHPOBAHHOH MAOCKOCTH C KPH-
BU3HOM, onpefedfieMoit YCJAOBHRMH BIHCHIBAEMOCTH, a ¢dopMmam &P,
H @3 — (OPMHPOBaHHE B OLHOPOLHON Cpeje NMPHAMONHHERHOIO CTBO-
na.

B neoauoponho#t cpese ¢popMul P2 B D3 MOTYT NPHBECTH K HCK-
PHBJEHHIO CKBaMHH B pasjHYHBX Aa3HMYTaJbHHLX HAaNpaBJeHHAX.

B npakTtHKe OGypeRHA OTME4AIOTCA KOMGUHHPOBaHHLIE, CMeLlaH-
Hble (POPMEI RBHKEHHH,

1. @, == ¢¥; — KoNoHKOBas TpyGa, BpalLasfich BOKPYr COGCTBEH-
HOH KpHBONHHEHHOA OCH, KATHTCHA 1O HEKOTOPOMY YYAaCTKy CTBOJA,
lalee KadeHde npepuiBaetcs, HabaoAaercd CKONLXEHHe W CHapsan
BO3BPAlLAETCH B HCXOAHOE nofoXeHHe. Takasd TPAEKTOPHA NBHXKeE-
HHA HEKOTOpo# Nnpou3BonbHoH TOUKH O OCHM cHapsAfa MoKasaHa Ha
puc. 18. .

2. f u DY — gedopMHpoBaHHAA KOJOHKosas Tpyba Bpa-
IIAeTCA COOTBETCTBEHHO BOKPYr COGCTBEHHOR OCH HAM OCH CKBAXH-
Hul, HO ¢ NepeMeHHOR YrJioBO# CKOPOCTHIO, [PHYEM OTMEYalTCH
yrioskie KoJeGaHHS TeJa TpyGbl OTHOCHTENbHO COGCTBEHHOH oOcH
(mron 9f u DF nonpasyMeBalOTCA He RAEANHIHUPOBAHHBIE (OPMb
LBHXKeHHS, a pealbHuE).

[lpu paccmoTpedHH MolleNlefl MeXaHH3IMa HCKPHBJEHHR CKBAJKHH
NPHMEHAIOT HA€ANH3IHPOBAHHLIE, NMpocTedinne (opMbl NBHXEHHA, HO
NpH 3TOM ClelyeT YYHTHBATE, YT0 B Pea/bHbIX YCAOBHAX MPOHCXOAAT



Gojiee cDXKHBE NPOUECCH, XKOTOPbie # 00yC/IOBAHBAIOT AEHCTBHTENb-
HYIO TPAeKTOPHIO CKBAMHHLI, ee KPHBH3HY. Tak, YCTAHOBJEHO, 4TO
pH BHICOKHX 4YacTOTax BpailleHHA GoJiee BepPOATHA $OPMa ABHXKEHHA
&t = P; ¢ Goabwolt aMnAHTYA0R KoAeGaHHA YIJIOBOH CKOPOCTH,
4 NpH HH3KEX 3afaBaeMplX YacToTax BpalwieHHs ¢opMa ABHMKEHHS
crpemMutca K ®F unn PF. [TosToMy 3anapaeMass 4acToTa BpalleHHA
GypH/JbHOrO BaAa, onpeaenss (GopMy JBHKEHRS KOJOHKOBOID CHa-
pfAaa, OKasbBaeT BAHAHHE HAa KPHBH3HY JAHHOTO yYacTKa CTBOJA.

§ 4. JONYCTHMAA KPHBH3HA CKBAXXHHBI

Ecan He cofawpaloTcd YCJIOBHS BOHCHBAEMOCTH, TO MPAMOJAHHER-
Haf GYPHALHAA KOAOHHa TPY6 HaH GypoBo#i cHapad AedOpPMHPYIOTCS,
CTaHOBATCH KPHBOJIHHEAHMMH ¢ KPHBH3IHOH, 3aBHCALUEH OT KPHBH3HLI
creona. Ilpu 5ToM B Tele CHApPAAA BO3HHKAIOT HAMPAKEHHS OT H3-
ru6a:

On = ELK/W,, (48)

rae EI, — ¥ecTKocTh npH u3ruGe; W, — oceBofl MOMEHT CONPOTHB-
JIeHHA MJCIHAJH MONePEYHOro CedeHHs.

Bpauienne cHapsia B HAaHHBIX CTECHEHHBLIX YC/IOBHSIX BO3MOXMHO
B topMe @, == @3, KOTOPAs XapaKTepH3YyeTCH MepeMeHHBIMH Hamnps-
KEHHSIMH B CeuyeHHAX CHapana. Ecau zaHHBIM ceueHuem He nepena-
€TCA CXKHMAIOULAaA HJIH PAcTATHBAIOUIAA OCeBas Harpy3Ka, TO Halps-
KEHHSI OT H3rH6a XAPAKTEPHIYIOTCH CHMMeTPHuHLM uukaoMm. Tlpu
CHMMETDHYHOM LHKJEe H3MEHEHHA HanpsikeHH# c yueToM KauecTBa
H3rOTOBNCHUA GYPOBOro CHapsaaa, HaJHUHA peablul, YCAOBHA paboThl
B arpecCHBHOM cpelle 6YPOBOTO pacTBOPa Pe3KO CHHXKAETCR BEAHYH-
Ha JONYCTHMOrO HamnpsiKeHHa [oZ;],, KoTOpas AJSA CTaAbHBIX TPYG
pa3BeloNHOro COpPTaMeHTa AN MPHOJHMEHHHX OUEHOUHBX PacueToB
MOM¥erT OubTh OUeHeHa BelHUHHON npubaunsutenpno 50 MIla. Torma
¢ yuetoM KosdHUHEHTA 3anaca IPOUYHOCTH NpHMEM chaefyioluee
YCJIOBHE MDOUHOCTH:

Ef K

[U’E[]t
W, ’

L3

<

Ty =

Orcioaa ponyctTuMasi KPHBH3HA

Kaon = [ 0™, W,/ 1,3EL,. (49)

B ToMm ciyuae, Koraa ceqenHe OYpoBOro cHapaiaa nepenaer oce-
BYH) CHHMAIOILYIO HAH PACTATHBAIOUIYIO CHIY, ONPEACAHIOLLYIO BEJIH-
UMHY HANPAXEHHA CHXHATHS HJAH PACTAXKEHHA O, = P./F (rpe F —
IJiomaak onacHoro CEHEHHH), ycJoBHe MPOYHOCTH AfMA aCHMMETDHY-
HOTO UKKJIA HanpsKeHHH 3anicLIBaeTCH B BiAe

n=__lodlo®l: g g (50)

[ OEl ! TGm+[ orl Cug



[Ipueumas n = 1,3 H noacTaBiAs 3HAaueHHe O, H3 (GOPMYJH
(48), naxonuM M3 BuipaxceHHN (50) HONYCTHMYIO KPHBHAHY:

Kaas = 0,772t ord =1.300) (51)
{‘TT]"“-V':_

Takum 06paszoM, CHUHTAeM, YTO AONYCTHMAA KPHBH3HA CKBAXKHHLI
JOJKHA ONpelensiTbCA W3 YCJOBHA MPOYHOCTH GypOBOTO CHAPSAA.
PacyerHbie 3Ha4eHHA KPHBH3HBI CKBAXXHHBI JIOJKHB rapaHTHPOBaTh
Gesapapufinyio paboty GypHNbHOTO BaJa.

Hz dopMyau (51) odeBHAHA HeJOMYCTHMOCTH 3HAUHTENLHOH
KPHBH3HK [JNYGOKHX CKBaXXHH Ha BEepXHHX HHTepBalax, TaK Kak
¢ pocToM TAyGHHH CKBAaXXHMHW BO3HHKAKOT O6OJblUIHEe HANPAXEHHA
PacTHXCHHA HMEHHO B BepXHe#d pacTAHYTOH 30He.

Mpuxep. ONpepeanTs RONYCTHMYIO KPHBH3HY CKBAXKHHM H3 YC/OBUA RPOHHOCTH
HOJOHHK SypsabHux TpyG JIBTH-54 B 3oHe Hynesoro ceyenrs, y 3a60a npH OCEBOA
Harpyske 15000 H u na paccronuuu ot 3abos L = 700 m.

TMapamerpu Tpy6 JIBTH-54: macca 1 M Tpy6ul — 4,4 k'/M, OceBOR MOMEHT HHep-
UMH TJIOMLAAH NONEPEUHOrO CEYEHHA, 0 UEAOMY Teay

To = 0,05(d% — 8 = 0,05(0,054° — 0,036%) == 34,12%10~° w*

oceBO MOMEHT CONPOTHB/AEHRA MO pe3bbe

di—d! 0,054°—0,042¢ .
Wo = 0,10 = 01— = 1025 10°° w';
Naoiane CeHEHHR MO peabbe
T 42 2_ 2
Fo Bdimd) _ 3140054 —00418% oo 0

4 4

XapaxrepucTHka wmaTepnana tpy6 (crmae JII6T): moaynp ynpyrocth E =
== 8-10'"" I'a; npegen Texysectu o, — 330-10° [a; npesen BLHOCAHBOCTH NPH CHM-
METPHYHOM wukAe 6™ ], = 31.10° 1la.

OnpenenHM NOAOKEHHE HYJIEBOrO CEYEHUS KQJAOHHH GYpPMAbLHHX Tpy6:
S - S

gol 1I—(¥u/va) |

TAe o — BeC | M TpYOH © yueTOM COPAMHHTEILHHX AEMEHTOB; Yw, Yu — YACALHHIA

BEC COOTBETCTBEHHO NPOMBBOYHONH XKHIKOCTK W MaTepuana TPy6
Mogcrapue YHCAOBHIE 3HAYEHHA, HMeeM

15 00D
Zy_p = m = 520,3 M.
Honyctamas KpHBHIHA CKBaXHHL B 30HE HA PACCTOAKHH NPUOAH3HTENBHO 520 M
ot 3abos 51 hopmyae {49)

6 —6
SO0 00107
[Mpu 3toM AONYCTHMAA WHTEHCHRHOCTb WCKPHBJAEHHS

Imax = 573K ax = 57,3-0,896.107% = 0,51 rpanyc/m.
HopmanbHhe nanpsmeHus oT ReficTBHA OCEBOH Harpy3kH
0o = Poo/F = 15000/9,37-107* = 16. 10° Tla.

Zp—0

Kmu = 0;77




HonycTHMYI0 KPHBH3HY CKBaXKHHH y 3aloA onpeaenum no dopmyne {51},
0,77-31-10%330-10°—1,3. 16- 10%)
330.10%8-10'°-34,12.10*/10,25-10%)

JlonycTHMan WHTEHCHBHOCTb HCKDHBJIEHHS B NPH3a0OHHOH YACTH CTBOAA
frmex = 57,3:0,84. 1072 = 0,48 rpaayc/m
HonycTHMYI0 KPHEH3HY CTBOJIA CKBAXKHHE HA paccToAHHH 70 M oT 3a6ios onpene-

AHM AN YCAOBHS XON0CTOTC BPaLleHH: GypHabHEX TPY6 Takke no dopmyae {51}, cun-
Taf, YTO B AAHHOM Cayvae

g L=(ya/pu)]L  44[1-(1/2,9)]700 .
= = == 21,55-10° Ma.
F 9,87.10~" ' #

Kmax = = 0,84- 10~2 paﬂ/n.

Toc

Torna

31-10%.(330-10%—1,3.21,55- 10%)
330-10%8. 10'°.34,12.1072/10,25. 10 %
fnax = 57,3-0,82. 107 = 0,47 rpanyc/m.

C ypenuuesneM rAyGHHB CKBAXKMHBL 1AA JLARHOH TOYKH CTBO/MA 3HAUEHHE AOMYC-
THMOH KPHBH3HE GyleT yMeHbillaThCA -

Kmax = 0,77

= 0,82.10°* paa/m,
1]

§ 5. OTKJIOHAILEE YCHJAHE, NEACTBYIOUWEE
HA NOPONOPA3PYWAOUHA HHCTPYMEHT

Tlp# HecoocHoM noJoeHKH OYPOBOro CHapsija B CKBaXKHHe MOPOAO-
paspywaowiii HHCTPYMEHT He TOJbKO BOCNPHHHMAET H Iepefaer
OCEBYI0 HATPY3KY Ha 3a60#, HO H CO3JA€T PAAHANLHO HaNpaBieHHOe
YCH/IHE, KOTOPOe AeRCTBYET Ha CTEeHKH CKBAXXHHBEI H KepH B NpH3a-
GoiiHol 30He. Bea yuera coMHBIX BAPHAHTOB ABHMEHHS TOPOAOpPAas-
PYLUAIOLero HHCTPYMEHTA Ha 3a60H H BJAHAHHS KPYTALLErOo MOMEHTa
HA Pa3BHTHE H BeJHYHHY PajHajbHOrO YCHJHSA, KOTOPOE HECOMHEHHO
BO3HHKAeT H onpefenRrercs AeACTBHEM KPYTALLErc MOMEHTAa, HeoOXo-
AHMOTO /1% APEONOJNEHHA CHJI CONPOTHBJAEHHA NPH CHOPMHPOBAB-
mieMcsi BAPHAHTE ABHMKEHHAl, PACCMOTPEHHE YNPOIUeHHOH CXeMul fe-
pelayH TOMBKO OCeBOA HArpysku Ha 3aboit (cM. puc. 16) naer Bos-
MOJHOCTh OLEHHTH BJHSHHE OTKJOHEHHSl OCKH CHapsana A Ha Beiu-
YHHY PAAHAJbHOTO YCHJHA:

R = Pt (52)

Tax, npH AJIHHE KOJOHKOBOrQ CHapsia 3 M H padHajJbHOM 3a-
3ope 2-107° m B cooTBeTCTBHH ¢ opMyaoi (52) HmeeM paasanbHoe
ycuane R = 0,66-107°P,.. Kak BHAHM, pacCMOTpeHHasi cXxeMma Aaer
KpaliHe MaJoe paJHajJbHOe YCHIHE [0 CPaBHEHHIO C OCEBOH Ha-
TPY3KO#.

B to xe BpeMA npH GypeHUH HanpaBJeHHBIX CKBAXHH HHOrLA
NPHMEHAIOT TaKHe KOMIIOHOBKH HH3a OYypPH/IBLHOFO BaJja, KoTopule 06-
Jlaaas yrioBOoH HECOOCHOCTBIO COedHHeHHH, He BNHCHBAKIOTCA B CTBOJ
CKBaXKHHH 6e3 aedopmansd. [lpn 3TOM 3a cueT YNPYrHX CHJ c03-
AAeTcd yCH/AHe NPUIKATHA TIOPOLOPa3pyILAIOLIere HHCTPYMEHTA, Ha-
NpaBJieHHOe [0 HOPMAAH K OCH CKBAMHHB, T. €. OTKJOHAILee YCH-



Puc. 19. Jeibopmauns KOMROHOBKHN
€ yraosoft HeCOOCHOCTMIO

qaue, BeqnuyMHa OTKAOHAIONIErO YCHJHA 3aBHCHT OT YIVIOBOH Hecooc-
HOCTH COeJMHEHHs, T[eOMETPHUECKHX [lapaMeTpos KOMNOHOBKH
H CBOHCTB marepHana, I{As cXeMbl BIHCHIBAEMOCTH KOMIIOHOBKH C
yrAOBOH HecoOCHOCThi) (puc. 19) oTkaoHAOIIEE YCH/AHE HAXOAAT H3
CJAeRYIOLIEro CCOTHOINEHHA:

R = 3EL(h, — A)/L npu ke << 34, (53)

rage hy, — JHHEHHOE CMelleHHe OCH KOMNOROBKH, [ — JJIHHA KOMIIO-
HOBKH OT 3a00f 10 TO4KH YIJIOBOH HECOOCHOCTH.

¥rioBas HECOOCHOCTh B COOTBETCTBHH C NpPHBEAeHHOH CXeMoi
OlLIeHHBAETCHA BEJAHUHHOH o

tg(a/2) = a/2 = A/,
oTkyaa h. = (a/2)!.

Tpusep [. Onpeledurs ycuAde NPHKATHA ROPOAOPA3PYIHAIGILEr0 HHCTPYMeHTa
K CTEHKE CKBAMMHHB THAMeTpOM 76 MM, ecsM yr/IOBAA HECOOCHOCTb CHapAaa JAHaMeT-
poM 73 MM coctasarer 3°, wnn 0,05235 pan. Idausa cvapaga [ = 2 M.

Hafaem nnnefiHoe cMelleHHe OCH KOMIOHOBKH:
h, = (&/2)l = (0,05235/2)2 = 0,05235 m.

Paguanbuuii 3a30p A = (0 — d)/2 = (T6 — 73);2 = 1,5 mm;

TpennMaen £ = 2.10" [la ¥ HaxoguM OCEBOR MOMEHT HEEPLHH NAOLLAAM NO-
epeyHoOro CeueHHna:
I, = 0,05(d} — d¥) = 0,05(0,073* — 0,063" = 6,32-107" m*.

Onpegenniem oTKAOHAKILEE yCusiHe no dopmyde (53):
R = 3.2.10'.6,32-1077(0,05235 — 0,0015)/2° = 0,241-10* H.

Kak BHAuM, YrN0BafA HECOOCHOCTb ONpeneHAE YC/NOBUA HEBMACHIBAEMOCTH 6yp0-
BOTQ CHAapAAa H BO3HHKHOBEHHE GoabuIoro P3AHANBHOIQ YCHJHA.

PaccMOTpHM BOIHHKHOBEHHE paZHAaJbHOrO YCHJAHA, HO TeNepb
NpH HEBNHCHIBAEMOCTH APAMOJHHERHOR KOMNOHOBKH B KPHBOJHHEfH-
Hulii cTBOA cKBa#HW. [Ipn Aedopmauuu Gyposoro cuapaga BO3IHH-
Kal0T paAuanbHO HaNpaBJEHHBE YCHJIHMA NPHXKATHA, OnpelensieMbie
BeJIHUHHON nporu6a B cpeiHeil wactH cHapsapa A’ (puc. 20). Ity
BEIHYHHY HaXoOuM Kak A’ = d — d,, riae d, — yCJIOBHBIH AHaMeTp
cHapfna, ONpejesieMblit YCAOBHSIMH BhHcbiBaemoctH (29): K =
= 16A/{* u, cneposarensho, (D — d,)/2=K{*/16, wam dy=D —
— (K#/8), Torna

AN =d— D+ (KF/B) = (KI*/8) — 2A,
win A’ = (KI* — 16A)/8. (54)



Puc. 20. [ledopmiuns crapsaa P '
NPH TG HEPHINCHBACMOCTH B CTAOA 4
CKBANHHB & e — — o+ — L e
o ey
A s,

Tak kak MaxcHMmajbHas BeJHYHHA ApOruGa OajNKH NMpPH NPHAOKE-
HHH COCPEAOTOYEHHON CHJIH MOcepelrHHe npoJera

= PI3/48E[,,
TO AJS HAaiero ¢iydas fpu A’ = y umeeM
P = 48EI/P, (55)

a palHanbHOE YCHJHE NPHXATHA B KOHUEBWX YacTAX CHapsaia no
CHMMETPHH

R.= P/2. (56)

INoacrasnsa B ypaBueHue (56) 3HaueHHe P k A U3 BolpaKeHuH
(64} u (B5), mosyunm

R, = 3EL (K — 16A)/P. (57)
punep 2. Onpepennth paguafbHOe YCHAHe TNPHKATHA NOPOAOPa3PYyLIAOLIErs
HHCTPYMEHTA, EC/IH AMHHA KOJOHKOBOTO CHapAla AHaMeTpoM 73 MM { = 2 m, paanans-
HHf 3a30p A = 0,002 M, a HRTEHCHBHOCTb HCKPHBJIEHHSA cocTasuAa 1 rpanyc/m.
Tak Kak 117 KOAOHOBLX TPYO AHamMeTpom T3 Mu [, = 6,32-10~7 m*, To, noncrabne
3KaueHna B gopmyay (57), HMeem
1
BT

[puBeNeHHBE NpUMEPH TOKA3LIBAIOT, YTO (PH HEBIHCHBAEMOCTH
6YPOBHX CHapSAOB B KPHBOJHHEHHBI CTBOJ CKBAXHHH 33 CHET CHJ
YAPYrocTy BO3HHKAIOT 3HAUHTE/bHBE PAAHAJbHbIE YCHJIHA NIPHXKATHA.
31H pajMaibHbie YCHIMA NPHBOAAT NPH NpopaGoTKe CTBOJIOB CKBa-
KHH CHeuHaJbHbIMH KOMIOHOBKAMH B 30HAX NOBHLEHHOX KPHBH3HHI
K YBENHUEHHIO CEUeHHSl CKBaXKMHMI, UTO CMOCOBCTBYET JYUIUeMy Npo-
XOMACHKIO GYPOBBIX CHAPAAOB HA ITHX ydacTKax.

R,=3-2.10'".6,32.10~7 22— 16- 0002) J2 = 1792 H.

Konrpoaonste gonpoce & aa. 11

KakoBa ycrofiunBan dopma papHoBecks NpH3aBofiHOA “aCTH HArpYKeHHOro

Gypuubuoro Basra?

2. Kakum ypaBHEHHEM MOMXHO ONHCATbL H3OrHYTYIC ock GypoBOro cHapsaar?

3. Kax onpelejHTe Yroa OTKAOHEHHA OCH NOPOAOPA3PYLIAIOILEro HHCTPYMeHTa
OT OCH CKBaXKHHLLP?

4. Kax BAMRMET OCeBaA HATPY3KA H WMECTKOCTh KOADHKOBOrD CHapAja ha yrod
OTKAOHEHHA OCH NOPOLOPA3PYILRIOLEre HHCTPYMEHTA OT OCH CKBaKMHH.

5. Kak npuMeHAeTcR BEIHYHHA KPHTHYECKOA ANHHW NOJYBOJIHLE TPH ONHCAHHH
HIOrHYTOR OCH KOMOHKOBOrO CHapspar

6. CihopmysnnpyiiTe NOHATHE «BNHCHBAEMOCTL OYPOBOrO CHapazas.

7. TMouyeMy BRHCHIBAGMOCTL TO3BOJAET ONPEAENATE MaKCHMaAbHY) KPHBH3HY Ha
HEeKQTOPOM KHTepsane pafioThl AaHkOro GypoBOre cHapana?



8. OO KA MeToo ONpefeaeHHs BOIMOMHOA KPHBH3IHE CKBANKHRHH MPH PasTH{HLIX
mojensnx paborTn GypoBLX CHapAAOB.

9. Bancuisaemocts aedropmupoBadnbX GypaBbix cnapagos Makchmansuo Bo3-
MOKHAA KPMBH3HA CKBAXHHW NpW pabote GyPOBOTO CHApfRka, NOTepRBero Nepso-
HAYANBLHYIO NPAMOIHHEARYIO GOPMY YCTORUHBOrO PaBHOBECHS.

10. MaKCHManLHO BO3MOXKHAA KPHBH3HA K4K QYHKIHSA OCeBOH HArPY3KH H JKeCT-
KocTy GYpOBOro CHapsfia.

11. Onpenefelde ¥ NPHMEPH [PHMEHEHHS OMWTHON BeAHYMHL KoddduuuenTa
nponopunosantHocTe A B dopmyae K = AA/E.

{2. Tpu ycaoBHsie GopMbl BpalleHHA Gyposoro cHapsaja.

13. Kakosa yraoBas cKOpOCTh OGpalleHHR NpH TpeThell ycaoBHOH dopMe aBH-
KeHna?

14. Kak saufeT 3ajapaeMasn 4acToTa BPALIEHAR HA GOpMY ABHXKEHHA OYpPOBOro
cHapapa?

15. Bawsier au dopma aBHXeHHA GypPOBOFQ cHapsifa HA KPHBHIHY CKBaXKWHH B
H30TpOmHON cpene?

16. Kakas ycnobHam QopMa ABAKEHHWA 3apaeTcd B CMEUHANBHBIX OypOBLIX CHA-
pRLax, NpefHasHAUCHRLIX [JH HCKPHBJACHHA CKBAMKHY

17. Houemy dopMa ABHKEHWS CHapsAla MOMXET BAHATE HAa HANDABJeHHE HCKPHB-
JEHHA CKBAMNHH?

18. Kak onpefefHTb AOMYCTHMY! KPHBH3HY CKBAMHHAE?

19. Tlouemy ZOMYCTHMAA KPHBH3HA AAHHOIMO Y4acTKd CKBANHHB 34BHCHT OT €ro
MECTORONOMEHHA N0 OTHOIIEHHIO K KOHEYHOR rayGuue 3alon?

20. Yro Takoe OTRJAGHAICIIEE YCHAHE, aghcTRywllee 1a Bypopolt chapra? Kakumu
COOTHOUIEHHAMH OHO ONpeagnseTca?

2). Panyanpnoe (HOpMANLHOS K OCH CKBAMHHN) yCHaue, aeficTsyipwee ua Gypo-
BOH CHApAA NpH HecOOMIONCHHK YeNOBHH BNHCLIBAEMOCTH.

I'nasa 111. MEXAHH3M ECTECTBEHHOTO
HCKPHBJEHHA CKBAXMH.
JIOKAJILHOE HCKPHBJIEHHE

§ 1. fIPHUYHHD H MEXAHHU3M
ECTECTBEHHOTO UCKPHBNEHHA CKBAXXHH

B npouecce GypeHHs CKBaXXMHB YYaCTBYIOT MQPOLOPAa3PyLIAlOLIHH
HHCTPYMEHT, cBA3aHHWA ¢ OGypHIbHLIM BalOM, H ropHas nopoja.
BoamoxHOCTH mepeMeillednss G6YPOBGro cHapsja, Xapaktep B3aHMO-
AeACTBAA NOPOAOPA3PYIIALLIEI0 HHCTPYMEHTA C TMOPOAOH H CBOi-
cTBAa caMei HOPOAH ONpElesANT HANPABAEHHE JABHXEHHA LEHTpa
IOPOACPA3PYUIAKLIEr0 HHCTPYMEHTA — TPASKTOPHIO CKRAMKHHEL,
OTKNIOHeHHe OCH CKBaj)KHHE OT NEPBOHAYAABHOrO NPAMOJHHEH-
HOTC HanpapJeHHs, T. €. HCKPHBJEHHEe CKBaXKHUHE, IIDOHCXOAHT B pe-
3yJbTaTe HepaBHOMEDHOTo pa3pyileHus 3a060s B ero Pa3HYHbIX TOY-
wax. [Ipeacraeum, uto B Touke 3abom & (puc. 21) cxopocre paspy-
WeHHA TIOPOLH Uy HECKOJbKO Goablle, Yem CKOPOCTh U; B TOUKe 4,
TpHYEM TeKyUIee MON0MKEHHe CHapAla B NPOCTPAHCTBE ONpepeisercd
nonoxenheM 3aboa. Torna no HcreyeHhH HeKOTOPOTO OTpE3Ka Bpe-
MeHH { 3260l H3 NojoXeHHMs ab NepeMecTHTCA B TNOAOXKEHHe a’b’.



Puc. 21. Cxema WepaskomepHoro paspyme-
Hin 3a6on npu dopme amxenna Py

I W il — zpaMeTpansio NPOTHBONOKOKHLIE NOACKENHS
cHApRAA

AL

8!

¥riosoe OTK/IOHEHHE CKBaXKHHB Ha MHTepBaje L cocTasur
8= AL/D,

rie AL — cymMMapHas HepaBHOMEPHOCTb pa3pyilleHHs 3a6on B OHa-
MeTpaJIbHO NPOTHBONOJOMKHBIX HANpaBJeH#saX Ha HHTepBane L; D —
DHAMET) CKBANKHHBL

Tak kKak AL = vpf — v,f, TO MO¥KEM 3aNMCATb, UTO
§= (v, — wa)i/D
MJH, NPHHHMAA H3MECHEHHE YUAYOGKH OOPOA0PA3PYILAIOUIETO HHCTPY-

MEHTa 3a 060p0T B TOMKAX a H b, NTOJAYYHM YIJIOBOE CMCIUEHHE 2a-
6o0s 3a oGopor

8os = (hs — ha)/ D, (58)

rae Ay U h, — yriayOGKa nopojiopa3pyllialoulero HHCTPyMeHTa B Teye-
rHe ogHoro oGopoTa B Toukax 3a6od b u a.

Breppenne nmopolopaspyliaiomgX 3JeMeHTOB OGypOBOro HHCTpY-
MEHTA MPH OTK/MOHEHHH OCH CHAPANA OT OCH CKBAMXHHHM B [HAMET-
panbHo NPOTHBONOJOXKHHX TOYKax 3a60f NpPH cyulecTBYOWHX ¢op-
Max ABHXeHHMA nepaBHomepwo. Tak, npu dopme npuxenHs P npu
nojoxednk [ cuapaaga (cM. pHc. 21} HMeeM OTHOCHTENbHYIO BeJHUH-

HY MOTPYKEHHS PEYIHX 3/EMEHTOB B TOMKE b
h

h
Ay = 1 —_— —gm
1) 7 Qmax qm r



K B TOUKE 4 NPH nojoxeHuH /I cHapapa —

ha” = %qmu - “““ql,_IQmin;
rae h; v h; — BHeAPEHHe MOPOAOPA3PYUIAIOLIETO HHCTPYMEHTa MO
OCH CHAPAAA COOTBETCTBEHHO MPH NoackKeduaAx [ u /1, g — ycuanue,
NpHXOAALleecH Ha TOPOLOPA3pyWIalCUIHe 3JIeMEHTH.

CunTaeM, YTO ¢ NPONOPLHOHANALHO MOTPYNKEHHIO 3THX 3NEMEH-
TOB B NOPOALY 3a60A NPH Gmax ¢ §min = §. OGO3HAUMB -

Faas—Fmin  ___ Ag —_
—_—— == —— == {aru,
q q

3anuieM ypasHende (58) ana ¢opMu AbuxeHus Pp B BHAE
Bos = GomtiL (59)

Hepasunomephoctb paspyiuenusi 3a6of AL — oyeHnb Majas BeaH-
ygHa. Tak, NpH cpenHeli HHTEHCHBHOCTH HCKpHBJeHMA [ =
= 0,03 rpaayc/m H ycaoBHom auamerpe D = 100 Mm HepaBHoMep-
HOCTh pazpyiieHHs 3a6osi Ha | M npoxoiaxkH cocraBut 0,05 MM.

HepasHoMepHOCTb pa3pyUleHHS MNOPOAH B pAa3JMYHBIX TOYKaX
320051 fMPpH OOLYHHX KOMIOOHOBKAX HHCTPYMEHTa oOnpeleasiercs
B NEePBYIO Ouepelb aHH3OTPONHeA CBOACTB rOPHHX MOPOA.

“AHH30TPOMHA CBOHCTB TOPHHX NMOPOJ BH3BARA KaK yNOpPSAQUEH-
HHM KX 3ajJeraHHeM, MaKPOCJOHCTOCTHLIO M MAKPOTPELUHHOBATOCTHIO,
TaK H YNOPAJOYEHHBLIM PACTONOMKEHHEM 3€peH MHHepalNoB HJAH MHK-
poGJIOKOB NOPOAL, PACUJIEHEHHBIX MHKpOTpeulHHaMH. BeposTHo, npu
anMa3zHoM GypeHRH MOXKeT HPOABAATHLCA H AHH3OTPONHH CBOHCTB
FOPHEIX MOPOA, KOTOpaa onpeaeisieTcA aHH3OTPONHeH KPHCTAlJOB,
06ycnoBleHHOR YNOPAZOUEHHHM CTPOEHHEM KDHCTAAJHUECKOR pe-
WETKE. ¥NopAAOUeHHOE PACAO/0MeHHe 3ePeH MHHEePaJoBR HJIH MHKPO-
6JI0KOB, TaK HaibBaemas neTporpadHueckas aHH3OTPONHI, MOXKET
XapaKTepPH30BATHCH ORHOH OCbIO CHMMETDHH (TPAHCBEPCANbHAA AHH-
30TPONHSA) H B HEKOTOPHIX CJY4AAX TPeMsl MJIOCKOCTAMH CHMMETDHH
{opToroHanbras aunao'rponua)

AHH30TpONHA CBOACTB TFOPHHX MOPOA OKAa3LBAeT BJIHAHHE HAE
MEXaHHYECKYI0 CKOPOCTH GYPEHHS B 3aBHCHMOCTH OT IOJIOXKEHHSI OCH
CKBAHHB NO OTHOWERHIO K OCH Y1 MJIK IVIOCKOCTH CHMMETPHH aHH-
30TPONHH CBOHCTA TOPHHX Mopoj -(pHe. 22),

Crenedp pa3/M4YMA BO3IMOXHHX CKOpocTefi GypeHHA TNPH H3Me-
HAIOMIEMCA NOJIOXKEHHH CKBAaXKHHHE B MPOCTPAHCTBE BO BpeMs Gype-
HEA AHN3OTPOTHHX MopoJ H onpenedser avHaoTponuw OypoBhix
CBOACTB, KOTOpas XapaKTepH3yeTcH NoKasarteseM GypoBol aHM3oTpo-
IHH.

a= Umm/Umam (60)

FA€ Umn, Umax — COOTBETCTBEHHO MHHHMA/JIbHAS H MaKCHMalbHas
MeXaHHYECKHe CKOPOCTH OYPEHH#, AOCTHIaeMbie NpH TPOXOAKE aHH-
30TPONHOH FOPHO# NOPOABE BO B3aHMHO MEePNEHAHKYJIAPHEIX Hampas-
JIEHHAX.



Puc. 22. Bexrop-
HAS  AMATPAMMa
anssoTponsn Gy-
possx  cpoficTB
rOpHBX  TOPOA

[lepexonn oT MexaHH4ecKoH ckopocTH 6GypeHusi K yray6ke a
060pOT, BHIpPAa3HM NIOKAa3aTedb GypoBOH aHH30TPONHH Kak

a = hmm/hmaxy (ﬁ”

rie Amin, Amax — COOTBETCTBEHHO MHHHMAJBHAAl H MaKCHMaJbHs
yray6ka 3a oGopor.

[lokasatenr GypoBO#i aHH3OTPONHH B 3aBHCHMOCTH OT CBOHB
FOpPHHX MOPOZR H3MEHAETCH B NOBOJBLHO GONBIIOM AnanazoHe: of (4
Ao 1. Tlpu 3TOM nokazaTenb @ 3aBHCHT OT XapaKTepa pa3pylleHif
ropHo#t mopoAunl. Hanpumep, anmsorponusi cBofiCTB ropHOfi ROpPOIRE
HauboJ/iee NOJAHO NPOSIBAACTCS NPH 4AMa3HOM GypeHHH. YMmeHblllerze
CTENeHH NMPOABACHHA AHH3OTPONHH CBOHCTB MOXHO OXHAATH B Takoh
MOCJIeA0BaTeIbLHOCTH B 3aBHCHMOCTH OT BHAA NI0POAOPA3pyLIAIOLIE0
HHCTPYMEHTA: afAMa3Had KODOHKa, TBEPACCHAABHAH, lapowieyroe
AOOTO, ApOOb.

CKODPOCTH Umin H Umax — BeKTOpPHHE Benuuuuul. [110CKoCTE, B ko-
TOPOHA JIeKHT BEKTOP Umin, HA3hIBAETCA MJIOCKOCTHIO CHMMETPHH ahi-
30TPONUH, B AaJbHeHureM AAA KpAaTKOCTH HMeHYyeMas [LIOCKCCTHO
AHH3OTPONHHE.

[Ipn HanpaBner#u OCH CKBAXHHH HOPM@/NbHO K MAOCKOCTH aMH-
30TPONHH AOCTHraeTca HanGoawwas cKkopocTk Gypenus. Ilpr niobom
NIPOMEXYTOUHOM TIOJICHEHHH OCH CKBAMKHHBI MO OTHOILEHHIO K IIIOC-
KOCTH aHH30TPONHH CKOPOCTh GYpeHHA 10 1aHHOH nmopone ofpeje-
JSETCA B 3aBHCHMOCTH OT BEJHUHHH YIila Mex1Y OChI0 CKBaXKHibl
H BCKTOPOM Umn.

Anusorponus GypoBhiX CBOHCTB TOPHOH NOPOAMW MOXET Obrb
rpejgcrasaeHa BeKTopHof AHarpammol. Takasa aHarpammsa aas rop-
Roll nopoawl, ofjanawiueli OQHOH OCbI0 CHMMETpPHH, NpHBeLeHa Ha®
pHc. 22,

Hoaaras, 4to raySHHa NOrpyXKeHHA MOPOAOPA3PYLIAIOUIHX 3Jg-
MEHTOR B aHH3OTPOMHOH cpefe 3aBHCHT OT HX MPOCTPAHCTBEHHOO
NOJ0KEHHA OTHOCHTENLHO TJIOCKOCTH AHH3OTPONHH, NPHMEHHM BeK-



TOPHYW AMarpaMmy AJA PacCMOTPEHHA Mpolecca HCKPHBJAEHRA CKBa-
KHH.

TlokazaTeau MexaHHUECKHX CBOACTB AHM3OTPOMHBIX TOPHBIX MO-
POL H pe3yabLTaThi 6ypeHHsi Pa3sBelOYHbIX CKBAXHH MPH PasiH4YHBIX
YI1aX BCTPEYM ¢ DJOCKOCTLIO AHM3OTPONHH NO3BOJNIOT ANNPOKCHMH-
POBaTbh BEKTOPHYIO LHArpaMMy AHH3OTPONKH CBOHCTB FOPHLIX Mopon
ATHNCOM, BMEIOUIHM GOMBIIYIO OCb, PABHYI0O MaKCHMaJbHOH yrayGke
32 06G0OPOT fmax, H MATYKD — MHHHMANBHOHA yray6xe fins. Yroa serpe-
4} ) MEKAY OCbI0 CKBAMKHHEI H MUIOCKOCTEI0 aHH3OTPONHH ONpefeNHT
TeKyuiee 3HaueHHe yrayOGkn 3a o6opoT h..v/

3anuiueM ypasHeH#e 3JUIKMACA

y2 + x? _ l

hﬁmx h?l‘l"l

u, MoAcTaBAAA X = A.cosy, ¥ = h.sin, rAe x M y — KOOPILHHATH
Tekyule# TOYKM 3aaunca (cM. pHc. 22), HalaeM BEJHYHHY #A. H3
ypaBHeHHA

20t 2 2 2
hisin‘yg + hicos™y =1,
h?nnx h?run

OTKY/la

k
h, = ma . 62
1 =sin®p+ta’sin?y (62)

OGo3uauup Beanuuny l—a’ = b, sanuwem Buipaxenue (62) B
OKOHUATEILHOM BHE:

[
UL 6
h 1 —bsin’g (63)

3aBucumoctb (63) ¢ yuetom Buipamenus {58) noasonrner cocra-
BHThH MOAYJAL [IPOLECCA HCKPHBJAEHHS.

PaccMOTpHM NPOLECC HCKPHBJAEHHA CKBAXHHBEI Ha MPOCTOM TpH-
Mepe, KOrja OCb CKBAXKHHBE JIEXKHT B IIJAOCKOCTH, NEPNEeHAMKYAAPHOH
K IIMOCKOCTH aHH30TPONIMH H JHHHH TPDOCTHDAHMA MACCHBA TOPHOH
noponpl, a AHA3OTPONKA CBOACTB rOPHOH ROPOABI MPeACTaBieHa BeK-
TOPHOR anarpaMmoil 8 BuAe saauncouna spauteHusn. Ilpu srom npH-
MEM CJAeAYIONIHE JAONYLIEHHA.

1. I'ny6uua BHeapeHHA OPOIOPA3PYWIAIOLIHX 3/1eMeHToB (aama-
308, TBEPLOCMVIABHBIX PE3LOB) B AAHHOHA TOuke 3a60s onpeaenseTcs
No BeKTOPHONA AuarpamMme aHW3OTPONHH CBOHCTB BeKTOPOM, Hampae-
JleHHe KOTOPOro COBNAJAET C HOPMAJbLIO K NOBepXHOCTH 3a60s.

2. Ocb KOJNOHKOBOTO CHApfi/la OTK/AOHEHA OT OCH CKBaXXHHH Ha
yros & ¥ Bpaniaercs OTHOCHTENbHO OCH CKBaXXHHLI N0 HATPaBJIEHHIO
3a1aHHOrO BpalleHHA CHapana, T. e. NpUHATA dopMma ABHKEHHA P,

3. Hopmaib K niockocTd Topua paGouyero HakoHeuHHKa (8 06-
ILleM caydae TOpel, He NROCKMi, pre. 23) cmelueHa OTHOCHTENLHO OCH
cHapana Ka yroa 1. CheloBaTesbHO, B IJIOCKOCTH KCKPHBJIEHHS



Puc. 23. O6uan cxema nBonoMe-

HopMansniR nrgcnocms
HHA CHAPARA K BEXTOPOB /i, M fiya.

§
4

HOPMaJb K NOBEPXHOCTH TOpUA MOPOIOPa3pyLialoUIEro HHCTPYMEHTA
GyLeT HAXOAUTHCS MOJ HEKOTOPHIM YIJIOM G K OCH CKBaMHHBL

g=6&4+n.

4. B npouecce 6ypeHHA NOPOLOPA3PYILIAWIUHA 3EMEHT Nepeme-
ILaeTCst N0 BHHTOBOH TPAEKTOPHH € YIVIOM HAKJIOHA BHHTOBOH JH-
HHH E.

Takum o6pa3oM, NOJOXKeHHe BEKTOpa, HOPMAJbHOTO K IOBEPX-
HOCTH 3a60f, N0 OTHOIIEHHIO K OCH CKBAXKHHBLI H BEKTOPY fimax ONpe-
AeJqsieTCA 3HAUEeHHAMH YINIOB ¢ H § MNpPH TeKyillem yrje MoBOpoOTa
NOPOAOPA3PYLIAIILET0 MIEMEHTA @y OTHOCHTEABHO [IOCKOCTH, Tpo-
XonfAIlleH yepe3 OChb CKBaXKHHBL H BEKTOP /Mmay. 38 HAUaJAbHYIO, HYJIE-
BYIO, OChb OTCUETA Yria w, npuasra auuua 00, (cM. puc. 23).

Ilpu 3apaHHOM MOJOMKEHHH OCH CKBAXHHB OTHOCHTEABHO MNJIOC-
KOCTH aHH3OTPOMHH (yroJ ), H3BeCTHOM 3HAYEHHH Ko3¢pdHUHeHTa
GYpOBOH aHU3OTPOMUM @, MOXKHO OLEHHTb BO3MOXKHYIO HEpaBHOMEp-
HOCTh paspylleHHs 3a00f, ONPEAEJSHB BEJHYHHY BeKTOpa TeKyliel
yrayOkyu 3a obopor h,. Hanpapaenune Bektopa A, (cM. pHc. 23) npu
BCeX MPOYHX MOCTOAHHBIX ONpefefsieTCA YIJIOM ¥, KOTOPBIA JOCTH-
raetT MUHUMAALHONO 3IHAYEHHA Hmn = 90° — P — T B TOT MOMEHT,
KOTJa BeJIHUHHA BeKTOpa A, ¢TaHeT MAKCHMaJbHOH, a TeKylas Tou-
Ka B cosnagaer ¢ anHued 00,. ¥roa 1, (cMm. puc. 23) npeacrasiaser
co00H yroa Me)Ay BEKTOPOM h, H OCbI) CKBAaXKHHbI. ¥Yros T onpeje-
JAETCH H3 COOTHOIIEHHS costT = <0s¢cosE. Il1a 3Toro ciydan 3naue-
HHE yriad o, OyAeT NpHOIH3UTENbHO PDABHBIM

o & E/c.

Yrosl w. JIEAKHT B TUIOCKOCTH, NEPNeHAHKYIAPHOH K OCH CKBaXH-
HBl,” ¥ XapaKTepH3yeT BOIMOMHOE a3HMYTalbhOoe HanpasieHHe
HCKPHBJIEHHA.



Tlpupamensne ofuiero yrja HCKpPHBAEHHA Ha HHTepBaje h. AAA
paccMaTpHBAEMOro CAy4as B COOTBeTcTBHH ¢ dopmydci {59)

A8 = bug = o Rrm=hmn (64)

rae A:max ¥ Ao — COOTBETCTBEHHO MAKCHManbHAA H MHHRMAaJAbHas
yraybxa 3a o6oport.

CyHTaeM, 9T0 Armex = A1, @ Hrmn = An (oM. pHc. 21).

3HaueHnR Armax H Armie HaliaeM u3 ypaBuenusa (63), cuuras, u€To
BEKTOP HA;max COOTBETCTBYET Yy % -+ T, @ BEKTOP Armn— YAy
Yy — T
hl’ max =— _"""_hﬂ‘lf_‘_“"""v

V1—bsin¥{pF1)

hmin

h'r mip — e,
+1—=bsin¥(p—r)

IMoacTaBHB 3HAYEHHN Mrmax M Armn B Bhparcende (64), nonyuum
hmm hl’ﬂil‘l

[

AS = qm“'vll—bSlnT(lp-}-‘t) D_wfl-—bsmz(tp—t) ' (65)

Pa3jilelHB M yMHOXHB TpPaBYyio uacTb ypaBHeHHna (65) Ha cpen-
HIOD BEJHYMHY BHeJPeHHsl N[OPOAOPaspYLMAIILHX VIEMEHTOB 3a
o6opor

h-r cp = (hr max + h‘r mm) /2|

packpbiBasi 3HAYEHHA A: max M Hr ma M TIPOBEIS MPOCTHiE Npeobpa3o-
BaHHS, MOJAYYHM B OKOHUATeJbHOM BHIE

hionbsin2ypsin2e (66)

AG = Yormw -
q 2Dh, {1 —bsin®y)?

Tenepr HaHleM KPHBH3HY CKBaXKHHH H3 3JeMEHTAPHOM YyYacTke
AnnHOH AL, paBnoft hq op:

K = Aa/hr op. (67)

[Moacrapass B Bupaxienhe (67) 3nauense A H3 ypaBHeHHs
(66), noayuum

2
hE.bsin2ysin2y (68)
2DA? f1—bsin®y)?

K= Gorn

Tak kak cpejitee iHAYeHHE NPOXOAKH 3a 06GOPOT A .p NPH 33[02H-
HOM yrJie BCTDEuH Y PaBHO TeKyuleH BeJHUHHE MPOXOAKH-3a 06opoT
h. (npu nuHeHHOH 3aBHCHMOCTH yrjyOKH OT HATPY3KH), T, 3aMeHAA
B Bulpamenud (68) A, ;, Ha h, ¥ HConb3ya GopMyay {63), noayunm

bsin2¢sindt ( 59)

= {Jory——r—————o,
K=q 20(t — bsin®p)



Jlna Manux aHauyeHHH t cuHTaeM, yTto sin2t = 2t, toraa

brsin2y (70)

K'= gon D(1—bsmy)

®Popmyaa (70) paer npeacTaBieHHe O BEPORATHOA KPHBH3HE CKBa-
KHHH JHaMeTpoM D NpH KOHKDETHOM yrie BCTpeuH v ¢ ropHodl nopo-
nOH, XxapakTepu3yioweficA noKasatenemM AHH3OTPONHHX GYpPOBHIX
CBONCTB, H MPH H3BECTHOM yrJ/e T. 3alaBasicb MAKCHMAJIbHO BO3MOX-
HOR KPHBH3HOM, Onpeae/seMOf YCJANBHSIMH BHHChHBaeMocTH (29),
H CYHTasi NpH mnpocTeHlled KOHGHrypauHH NOPOACPA3PYLIAOLLErO
HHCTpyMeHTa, 4T0 T = 8 = An/2] [cMm. BuipaxeHnHe (24}], moxem
¢ nomowbio popmyant (70) oueHHTh npefeabHoe 3HadyenHe xos3ddu-
uuenta GypoBofi aHH3OTPOITHH, ofecneunBalcllee JOCTHKEHHE MaKCH-
MaAbHOH KpHBH3HBl B JAaHHWIX YcAoBHAX. Tak, H3 dopmyaun (70)
NpH PACKPHTHE 3HadeHHR K H T caeayer, urto

b = 1/(sin*p + Gorw—isSin29). (71)

Tak Kak b= 1 — a’

GypoBo#i aHH3OTPONHH

, TO NpellelbHOe 3HaueHHe KO3(pHUHeHTa

a=\1- L . (72)
sm’ﬂ:+q.m.ﬁsm2¢

IMon a, mouuMaeM Takoe 3HaueHne xospdHuuHenTa GypoBof aHH-
30TPONHH 4, MPH KOTOPOM BCerga HOCTHraercd MakCHMAJbBHO BO3-
MOXKHAA KPHBH3HA CKBAXKHHH, ONpefeNsieMas H3 YCJAOBHA BIHCHBae-
MOCTH §ypoBoro cuapsjga. AHaau3z ¢opmyan (72) nokaswiBaeTr, 4TO
AHW30TPONHHE TOpHble NOPOAH € TOKA3aTeNeM AHH3OTPONHH a =
> 0,8 = 0,9 npu yriax BcTpedH GOablIHX 15° He TOABKO onpene-
JAOT NPOHECC HCKPHBJCHHA, HO H MO3BOJIRIOT AOCTHIHYTH TAKHX 3HA-
yeHuuil KPHBM3HL, KOTOpPHie OrpAHMYHBAIOTCA YCROBHAMHU BIIHCHBae-
MOCTH RedOPMHPOBAHHBIX KOAOHKOBHIX CHapANOB.

[Tpr yraax Berpeun MedbliHX 15° 3aKOHOMEPHOCTH mpouecca
WCKDHBJIEHHS] MOTYT MPOCAEXHBATLCA JHIIL B CHJABHO aHH3OTPON-
HuXx nopojax (a << 0,6). BepoAaTHO, mOSTOMY MOBEAEHHE CKBAXHH
B cAaf0aHH30TPONHBIX MOpPOAax MPH yrjaax BCTpedH MeHbliHx 15°
(rpansua ycJOBHa)} TPYLHONpPeNCKa3yeM0: HCKPHBJIEHHE MOXET Hpo-
H30MTH H MO NAJEHHIO Nopoj (MO MAACTY), YTC ABHJIOCH OCHOBAHHEM
ANS HA3BAHMA YIJAa BCTPeYH MeHbllero !5° KpHTHUECKHM.

CaenosatenbHo, NpH GypeHHH AHH3OTPONHBIX NOPOA, €CIH 4 <
<2 0,8 + 0,9, KpHBH3HA CKBAXHHH MOXeT OOYCJIOBAHBATLCH TOJBKO
BIHCHBZEMOCTbI0 GYPOBHX CHaPSJ0B NPH HAaNpaBJAEHHH TPAEKTODHH,
OfnpefeNsieMOM TEKYLIHM MONOXKEeHHEM OCH CKBAMHHB OTHOCHTENbHO
ILTOCKOCTH aHU3OTPONHH.

Tak Kak KpHBH3HA CKBa)XKHHH ABJAsieTcsd t(yHKUeHA yria Berpeud,
BEJHYHHA KOTOPOro B Hpoliecce OypeHHs NEPeMEHHA N0 Mepe HCKPHB-
JIEHHA CKBAXKHHH la)ke B OZHOM §Ji0Ke NOPOAn, HafjeM oBUIHA yroa



HCKPHBJICHHAl HAa Y4acTKe CKBa)KWHH ANHHOH L, cyHTadA, uTo 3Ta
3ajaua HMeeT MpPakTHYecKoe 3HaueHHe NpH GypeHHH B cnaboaHH30-
TPONMHBIX Nopojax.

IMycte HauaauHbiii yron Berpeud npH L = (0 GyaeT paseH o,
TOr[a TeKylllee 3HAYEHHe yria BCTpeud

¥r = o + 8¢ (73)

Tekyulee 3HaueHHe KPHBH3HH CKBaXXHHH B COOTBETCTBHH ¢ ¢op-
myqaol (70) sansmercsa kak

brsiniy,
= foru=mrrrrrrrror— 74
K=q D(1—bsin®y;) (74)

Ilpunumas, uto ¢, == Yo + 6, = z u dz = d6, nepenHwem Bbl-
paxenue (74) B BHIE

ad dz bysin2z
=—_———= = o 75
K q D(1—bsin’2) ( )

Pasnensn NepemMeHHRHE, HMEEeM
.
dlL — D(1—bsin®z) {2 (76)

QormbTsin2z :

{Tpumenem Buipaxenuwe (76) kK Gosee YAOOHOMY [/% HHTETPHPO-
BAHHSA BHAY:

D | b
dL = 2 (i — —thz) dz. (77)

Hurerpupyn (77), noayuum
L =2 (—;—In tgz + —g—ln cosz) + C, (78)

QonrbT

rze C — noCTonHHAA WHTETPHPOBAHKUA.
Hailnem C, packpbiBasi 3HAYeHHEe 2 H CUHTaA, 4TO &, = 0 u Y, =
=P npu L = 0:

C= — 2qa_"i“bt(ln tgpe + bln cospg).

Ilps noacranoske C B (opMmyay (78) nocrefHss npuMer BHA:
L= gorAllg tg (%o + 82) + bln cos(o + 8] —

.= [Intgpe + bln cospo)) (79)
HIIH Lﬁ‘—: Intg(yo + 8.} + bin cos(ype + 6.) —
.o In tggo — bin cospo. (80)

ITpH noreHusporanuun Buipaxkenus (80) umeem
2qprubil

e D tg\poCOSb‘l]Ju = tg(‘l])a —+ GL)COSb(Ipo -+ 6;_) . {8])



Puc. 24. 3asucHmocTs o6wero yraa uek- & apadye
PHBAEHHE OT NuTepsaxa Gypeuns npw 74
B = 20° 50
S0k
L7
ol A
20F

i
1 1 L 1 1 b 1

G 100 200 300 400 500 668 00 Lm

Popmyna (81) nospoaser onpeienHTb BOIMOIKHOE 3HaueHHe 06-
Wero yrJa HCKPHBJAEHHS Ha HHTepBale L aHH3oTponao# ropHoi
NOpoAH € MOCTOAHHBIMH cBOACTBaMH. [Ipw Manwx 3HaueHHsax b ¢op-
mysna (81) ynpomaercs #H MOXeT OHITH 3anHcaHa B CleLylOLIeM
BHAE:

tg(tpo + 8.) = e/ P igap,. (82)

YacTHeii BHM 3aBHCHMOCTH (82) npHBepeH Ha pHc. 24, npH
TOM MAKCUMANBHOE 3HAUEHHe KPHBH3HW (Touka A) cooTBETCTBYET
yray BCTpeud npaMepHo 45°.

PaccmoTpeHHas Moaedb NpoUecca HCKPHBJIEHHMS CKBAXKHH B aHH-
30TponHON cpefie NO3BOJSIET CALNATh CleAYioliHe 0GOGIIECHHA.

!. TlpHuxHa eCcTeCTBEHHOrO HCKPHBJEHHA CKBa)XKHH NPH HAJHYHH
TEXHOJIOTHUECKOTO PajAMalbHOTO 3a30pa, OTKAOHEHHR OCH OypoBOro
CHApAla OT OCH CKBaXHHH H /0G0l Qopmel ABHXeHus GypoBoro
CHapAla — HEPaBHOMEpHGE paspyilenHe 3a60A MO MEPHMETPY, BhI3-
BAHHOE AHM3OTPONHEH MEXAHHYECKHX CBOHCTE FOPHHX NOPOL.

2. HHTeHCHBHOCTL HCKPHBJEHHS CKBa)XXHH B AHaNa3oHe, onpeje-
JAAEMOM YCJAOBHAMH BIHCHBAEMOCTH GYpOBLIX CHAapANOB, 3aBHCHT OT
AHH3QTPONHH CBOACTB TOPHBLIX MNOpPOA JAa)e NPH HX MaJOM HPOHB-
JIeHHH, OT YIja BCTPEYH € IVIOCKOCThIO aHH30TPONHH, GopMal Toplua
NOPOAOPA3PYIIAIOLIEr0 MHCTPYMEHTA, YIia OTKJIOHeHHS ocH OYypoBo-
ro CHapsAla OT OCH CKBAXKHHBH H KHAMETPAa CKBAMHHHI.

3. Ilpn yraax scrpeus Goabliunx 15° TpaeKTOpHS CKBa@XHHBL CTpe-
MHUTCH MPUOAHIUTLCA K HOPMAJH K MJIOCKOCTH @HH3OTPOMHH H Ofpe-
peaserca (hopMoit IBHIKEHHA TIOPOAOPA3pPYHIAIONIErO HHCTPYMEHTA.
Hamenenne 3agapaeMoro HanpaBieHWA BpatieHus npH P, H bopmu
ABHXKeHHA (Hampumep, P win ;) OTpaKaeTc Ha a3HMyTalb-
HOM HANpaBJeHHH TPAEKTOPHH CcKBaXHHBH. TeopeTHueckH dopma
TOpLa MOpPOAOPAa3pPyLIAIOLIETO HHCTPYMeHTa JIOJIKHA OKasHnBaTb
BJAHAAHHE Ha HANpaBJeHHEe TPIACKTOPHH CKBAXHHBI.

4. Ilapamerpnl pexnma OypeHus OKa3bBalOT BJHSIHHE Ha MNpoO-
IeCC HCKPHBJIEHHS, ONpeNe/sss Yroj OTKJIOHEHHS OCH CHaps/a OT OCH
ckBaXKHHH [cM. dopmyay (28)] u dopmy ABHKeHHS nopogopaspy-
UIAOILEr0 WHCTPYMEHTAa.

[lokazaHHas Bhille MOJenb MpoHecca HCKPHBJAEHHS CKBAaXKHH,
OCHOBaHHAaf Ha& PACCMOTPEHHH paapylueHUA 32608 B aHH3OTPONHOR
cpele, He BCKpBIBAET BCeH CJOKHOCTH GOPMHPOBAHHA CTBOJA CKBa-



*HER. TakK, yyer cua, ReficTBYOLIRX B NJAOCKOCTH 3afod, AaeT ocHo-
BaHHe MOJNAraThb, YTO BO3MOXHAA HeOJHHAKOBAaf rayOuHa BHeADPEHHSA
PEXKYILUHX 3/€MEHTOB (fiy max B M+ min} BH3BIBAET PAINHYHBIC CHAbI
CONIPOTHBJAEHHA Ha TIePeHHX TPaHAX NCPOACPA3PYLIAKHIHX 3JeMeH-
ToB. Taxoe nepeMeHHOe CONpPOTHUBJEHHe 3260 JABHXEHHW MOPOAO-
paspyijaoillero HHCPYMEHTa ¢ Y4E€TOM rHGKocTH OYPHJIBHOro Basa
NPHBOAHT K CMELIeHHIO MOPOAOPAa3PYHIAIOIETO HHCTPYMEHTA OTHO-
CHTEIbHO OCH CKBAaXKHHHI (ILleHTpa 3a50f1), GOPMHPOBAHHIO CJAOMKHOM
(opME ABHXEHHA K, KK CleicTBHE, HEPZBHOMEPHOMY pa3pylleHHIO
CTEHOK CKBaXXHHH H KepHa. [IpH 3TOM KOHTAaKkTHHeE palHajbHbE
YCHJKS OnpeaeadoTcs TpeSyeMuM AJA Mpouecca ABHXKEHHA KpyTa-
HIHM MOMEHTOM, BeJIHYHHZ KOTOPOTrC 3aBHCHT OT MOI{HOCTH JABHra-
TesqR GypoBoHi yCTAHOBKH, H MOTYT AOCTHTATh G0JbIIHX 3HAYeHHE.

[Tpounecc HepaBHOMEpHOR OGPaGOTKH CTEHOK CKBaXKHHH H KepHa
M0 NepHMETpy ¢ OJHOBPEMEHHLIM YTJOBhHIM cMellleHueM 3alos npen-
CTaBJAKT co60f OJHOBpeMeHHble, HEpa3phiBHble NMPOUECCH, OT KOTG-
PHX 3aBHCHT KaK HanpapAeHue, TAK H HHTEHCHBHOCTb HCKPHBJEHHA
CKBaXHH.

DTO B 3HAUHTEILHOH CTeneHH [MpOSIBJAETCA B cayuyasX BCTPeuH
AOPOAOPa3pPYUIAIIHM HHCTPYMEHTOM NPOCJ0EB NOPOJ, C APKO BHpa-
KEHHOH HeDaBHONPOYHOCTHIO, NPH KOTOPHX HPOHCXOJHT TaK HA3H-
BaeMoe JIOKAJLHOE HCKPUBJEHHE CKBaXKHH.

§ 2. NOKAJNBHOE HCKPHBJEHHE

Ilpu peTpeue CKBaXXHHOA KOHTAKTa MOPOJ € PA3JHYHHIMH MeXaHHue-
CKHMH cBOACTBAMH (HANPHMEpP, OTHOCHTENBHO MArKHX 0CaA0YHEX No-
POL — KBapLEBOTO MPOXHIKA) CKBAXHHA HA HeSOJILIIOM HHTEpBaJe
MOXeT Pe3KO HCKDHB/JATHLCHA, UTO XapaKTePH3YeTCA KPHBH3HOA Ha
HEeCKOJbKO ROPAAKOB Oosbliefi, yeM CpeaHssi HA 3TOM YYACTKe.
Taxana mecTHan, HIH J0KafbHad, 60JbIIAA KPHBH3HA CKBayKHEBL OT-
MeyaeTcA Hae NO KepHY BCJAENCTBHE TOrO, YTO B 3TOM CJAy4ae KpH-
BOJHHEHHOCTb KEPHA YeTKO MpOCAeXKHBAETCH B3TAAAOM.
[loBHlueHHasn KPHBH3HA CTBOJIA NMPH JAOKAaJbLHOM HCKPHBJICHHH HE
MOXeT OHTL O6BACHEHA NPHBEACHHHMH BHIUE HPCCTEAILAMH BAPHaH-
TaMH JABHXKeHHA cHapapga. Jlaa caydaa §opMupoBanusi AOKANbHGH
KPHBH3HB PacCMOTPHM caeayioilyilo cxemy. [Ipu Berpeve nopoaopas-
PYlLaoHM HHCTPYMEHTOM NEPEMEHHOro CONPOTHBJIEHHA B OTHAeNb-
HHX TOYKaX 3a6G0fl KQHUEHTPHUECKOe ABH)XXEHHE 3aMEHAETCA Bpalle-
HHEM KOPOHKH C OAHOBDEMEHHHIM €€ CMelleHHeM B palHanbHOM Ha-
npabJjeHHH (Nepexon Ha (opMy ABHXKeHHSR, GJIH3KYIO K OKATHBAHHIO).
Takoe ABHMEHHe KOPOHKH XapaKTepHayercsi pa3paboTKoH CTBOJAA
CKBAaXHHH B OTHOCHTENLHO MOCTOAHHOM PAaJHAJLHOM HanpabBJeHHH,
NpH 3TOM pa3sBHBAEMOe PajHaNbHOE YCH/He NMPHIKATHA KOPOHKH 3a-
BHCHT OT BeJIHYHHK KPYTALLEro MOMEHTA, Heo6XOAHMOr0 AAdA noanep-
daHKA [IPHHATOTO BAPHAHTa ABHIKEeHKA. TakHM O6pPasoM, NMPOHCXO-
JHT OOHOBPEMEHHOE NOCTynaTesbHOE NiepeMelleHHe B OceBoM dz
H pajHalbROM dy HalpaBJeHHs X NIPH NEPEeMEHHOM TEKylleM 3Haue-



Puc. 25. Cxema JOKAABHOTO HCKPHRACL- D
HHA NPH BCTPEuE TEEDAOIO NPONAACTKA
MOMNOCTLIO M A

HHH oTHOWweNus dy/dz, kKak 3To npeacTaBAeHO HAa pHc. 25. Makch-
MaJdbHOE CMELIeHHE B pam&a.nbnom HanpasJeHHH HE MOXer 6RIThH
Go/biue, ueM Haua/JbHHH palHaibHBIA 3830p MEXIY KOJOHKOBOH
TpyGoil H CTEHKaMH CKBaXHHbl, T.€. Ymax = A, W oNpefensercs
pasnHuHeM CBOACTB NOpOJ HA KOHTakre. OmnHlleM OAHOBpeMeHHOe
OCeBOE H pallHajibHOEe CMeIleHHe OCH CKBAa)KHHH OCpeJHeHHOH KpH-
BOH, 3aJaBIUKCh YpaBHeHHeM BHAA
Y= —g—(l — cos%‘—zn . (83)
roe A — papMadbHHH 3a30p; { — AJIHHA HWHTepBaja HCKPHBIEHHS,
{ =2l (cMm. pue. 23).

KpHBH3HA CKBaXHHBI, H, CJEJOBATENbHO, KepHAa ONpPeleNHTCH Kak

2
K=y =28 cos 22, (84)
4 MakCHMaJbHad KPHBH3HA GYJIET COCTaBAATDL
Krax = 2An°/P. (85)

O6u1yio JJARHY 30HBl JIOKAJIBHOTO HCKPHBJEHHA [3 H [VIHHY HHTep-
Bala HCKPHBJAEHHA [ orpefejHM H3 TEOMETPHUECKHX COOTHOIIEHHH

{cm, pHe. 25):

Iy =1, + I3, L = m/fsiny, == Dctgy;

l3 = (m/siny) + Dctgy; (86)

[ = 2Dctgy. (87)
[MpaMoanHeAHHH y4acTOK 30HBI JOKaJBLHOTO  HCKDPHBJIEHHSA

(K=0)

o= — I3 HIH

lp = (m/sinp) — Dcigy. (88)



YUHTHBAA TOAYYEHHHIE TreoMeTpHUYecKHe CcoOTHoierHa (87),
ypaBheHnue (83) sannuem B BHAe

nz
= (1 — cos 52 (89)

YpaBHenHe (89) naerT BO3MOXKHOCTb OUEHHTH BEJHYHHY COOTHO-
IUEHHA OCEBOr0 M pajHaJbROro cMelllenns sabon dy/dz. Tak, ameem

dy Az nz
dz 2Dclg¢ Dctg\p (90)

ClleA0BATE/bHO, MAaKCHMajbHas BeJHYHHA OTHOweHHs dy/dz Gyner
npr z = [/4 uan z = (3/DHi:

_ Aan
dy/dz = An/l = 0o (91)
fTpusep. Tlpn nuameTpe ckBaXuHel D = 60 MM, paguanbHoM 3a3ope A = 1,5 MM
H yrae BCTpeud ¢ = 45° BeNHUYHHA PajMaALHOTO CMelEeHHA
1,6-3,14
dy = o 0o ——dz = 0,04d2z.

n])i‘[ 3TGM JOCTHCAETCA CPpeAHAR KPHBH3HA
Ax?  15.3,142.1077 _
Kep = 08K = = = gy iy = 104

HAH HHTEHCHBHOCTb McKpHBaenus | = 60 rpaayc/m.

Peutenue panHoro npuMepa ofpaluaer BHHMaHHe Ha TO, 4TO
CTOJb MaJioe pajiHajbHoe CMELUEHHe KOPDOHKH 10 CPABHEHHIO C Oce-
BhIM TIPHBOAHT K 3HaYHTeNbHOH JOKaJbHOH KPHBH3He.

PaccmoTpennnlit npouecc QOPMHPOBAHMA yHacTKa CTBOJA CKBa-
XHHB ¢ Go/blIeH JoKansHOR KPHBH3HOA XapaKrepeH AAs HEKOTOPHIX
THNOB OTK/AOHHTeJedH, npH paboTe KOTOPHX CO3AaeTcH paaHabHoe
YCHJIHE Ha NOPOJACPa3’pyWAIOIHA HHCTPYMeHT, AelicTByOilee B of-
HOM 3afaHHOM [IOCTOAHHOM HanpaBieHHH, [locTofiEHOE OTKAOHS-
0lllee YCHJHE COo3/laeT pe3Koe HauajbHoe HafpaBJ/ieHHOe GTKIOHEHHE
¢ nmocledywouum (nps  y = A) ¢opmHpoBaHHeM KPHBOJHHeHRHOTO
CTBOJIA, HO ¢ KpPUBM3HOH 3HAUHTENbHO MeHblueH, onpenenseMon
YCJIOBHAMH BIHCHIBAEMOCTH B 3a1aHHOM, C()OPMHPOBAHHOM HaNpas-
JIEHHH.

Kontrpoasnoie gonpoces x z2a. 111

1. MNouemy KPHBH3IHA TPaeKTOPHH CKBAJKHHB OMNPElEAAeTCA Pa3HON BelHUMKOR
CKOPOCTH Pa3pyilleHHst 32008 B JHAMETPaNbHO MNPOTHBCNOAOXKHBIX HANPABICHHAX
B TJOCKOCTH MCKPHBJEHHS CKBAXKHHBI?

2. TIpHuHHL, BH3HBalOU{Ne PA3THYHYIO [AYGHHY TNOTPYIKEHHA TNOPOAOpaspyLia-
I0IeF0 HHCTPYMEATa B LHAMETPANbHO MPOTHBOROMOMHLIX HAMPABACHHAX.

3. AHH3OTpONHA MexaHWdecksX cBoficTs ropuwx nopod. [okazaTenb aHHaoTpo-
NHH FOPHHYX MOPOJ, NPHUMEHHTEMLHC K GYPEHHIO.

4. Bexropran nwarpaMma aHH3OTPONHH GYPOBHX CBOHCTE TODHBIX NOPOA.

5. Kak no eextopHofi [HarpaMMme aHH3OTPONHH# GypOBHX CBOHCTB FOPHHX ROpOJ
OMpeaeasieTCH RPO3MOMKHAA MEXaHHYECKan CKOPOCTL GYpeHHA B JaHHOH TOMKe Tpaek-



TOPHH B 38aRHCHMOCTH OT TOJOXKEHHA OCH NOPOAOPA3PYUIAIOLEr0 HACTPYMEHTA K OCH

CKBaMHHW W K NUIOCKOCTH aHH3OTPONHH?
6. Hcexoanpe nonomelnss W 06mas CXeMa MOJENRH €CTECTBEHHOrQ HCKPHBJEHHA

CKBa)KHH B aHH3OTDOIHOH cpese.

7. Ho4emy dopma TOpua TOPOSOPAIPYWAICILEre HHCTPYMERTA H YOI OTKACHEHHS
€ro OCH OT OCH CKBAXKHHH ONpPefeNisieT HanpabpieHHe H HHTEHCHBHOCTh HCKPHBJAEHHA?

8. Kakopo BAMAHHE Yria BCTPedH HA KPHBHM3HY TPAGKTOPHH CKBAMNHALI?

9. Kakopa crenenb BAHSHHA noxasatensi GYPOBOH BHH3OTPONHH HAa BOAMOXHYIO
KPHBH3HY TpaexKTOpHM?

10. Tlokaxunte Ha MaremaTHYecKOR MOASIH TPOUECCA €CTECTBEHHOTD HCKpHBJAe-
HHR BAHMRAHIE NapaMeTpoB pemuma Oypenus (OceBOfi HAMPY3KM H uacTOTH Bpauie-
HHUA)] HA BO3MOMKHYIO KPHBH3HY, CKBAMKHHEL,

11, UTo Takoe kpHTHHEeCKHA YroJ BCTpeuyH H KakKoe BepONTHOCTHOE HampaBAeHHe
TPAEKTOPHH CBA3AHO C 3THM MOHATHEM?

12. Hapucyfite 3aBHCHMOCTL OGLIEre yria HCKPHBACHHR OT rAyGHHLL CKBaXKHHH
nps GypeHHH B aHH3OTPONHOH ropHOf nopogne.

13 Tlpu xakux 3HaueHHAX NOKazarend GypoBOfl AHHAOTPONHH BO3IMOMKHO LOCTH-
KEHHE MBKCHMaNbHOH KPHBH3HB CKBAXKHHLI?

14. YTo BL3WB2ET ACKANbHOE HCKPHBJIEHHE CKBAMHHE?

15. InuHa HHTEPBaa JIOKAJALHOIO HCKDHBIACHHA, MAKCHMANLHAA KPHEH3HA,

Fnasa 1V. OBUHE 3ABHCHUHMOCTH,
XAPAKTEPH3YIOWLHE BEPOATHOCTHOE
NONOXEHHE CKBA)XHH.

PACYET H OUEHKA NMPOEKTHOR
TPAEKTOPHH CKBA)XHHDI

MO BAHHLIM ECTECTBEHHOTO
HCKPHBJEHHSA

§ . YCTAHOBJIEHHE OBUIHX 3ABHCHMOCTER
ECTECTBEHHOIO HCKPHBJEHHA CKBAXHH

3aBUCHMOCTb BO3MOMHOTO 3HAYCHHA 3EHHTHHIX H A3HMYTAJbHHEX
YI10B Ha KaKOM-JHOG0 HHTEpBAJIE OT BeJHYHHH 06IMEro yria HCKpHB-
JAEHHA, ONpeaeasieMoro YCJIOBHAMH BOHCHBaeMOCTH, 3aBHCHMOCTL
HHTEHCHBHOCTH HCKDHBJAEHHMS OT MOJIOKEHHA CKBAXHHH OTHOCHTE/b-
HO JIIOCKOCTeH aHW3OTPONHM B MacCHBe TOPHLIX TOPOA, reo/jorMue-
CKOe CTDOeHHe yyacTtka GypoBbiX paboT, KOMMOGHOBKA GypPHALHOIG
Bafia, O0COGEHHOCTH TOrO0 WJH MHOTO crnocoGa GypeHHs — BCE 3TO
AaeT JHIb o6iilee MPEACTABACHHE 0 BOZMOMKHOM MOJAOMKEHHH CKBAMKH-
HbH B MpOCTpPaHCcTBe.

To4yHO OLEHHTb OCOGEHHOCTH TeGJOrHYEeCKOro CFTpOEHHA Y4acTKa
paboT, yCTAHOBHTh aHM30TPONHEE CBOACTBA FOPHHIX MOpPOA AC Haya-
1a BeleHHA OypoBHX paloT noka Heab3s. Hekoropoie ceefeHus
0 BOAMOXKHBIX q)nauxo-uexanuqecxux CBOHCTBAX TFOPHHX NMOPOL MOTYT
OHTD NnoaydyeHbl N0 DaHHBIM {‘EOCDHISH‘IQCKKX HCCJIEJIOBaHHﬁ, B HacCT-
HOcTH, cedcMopa3spenkd. BepoaTHo, 4TO BeKTOp MaKcuMmalpHOH



‘B PAaCNpPOCTPaHeHHs B3PHBHOA BOAHH GyleT COOTBETCTBOBATH

JeHHI0 BeKkTopa ahM3oTponHk. OnHako Haubosee OGBLEKTHB-

aHHble MOTyT OHTh HOJdyuYeHbl TOJbKO B npouecce GypeHHA
CKBAXHH.

Ilo pany npoGypeHHHX B OJAHHAKCBHIX MeoJIOro-TEXHHYECKHX yC-
JOBHSIX CKBAXXHH MOXHO TMOJYYHTb ONpEefeNeHHOe INpelcTaBjeHHe
O BEPOATHOCTHOM NOJIOXKEHKH NPOEKTHPYEMbIX CKBAMHH © YUETOM HX
€CTECTBEHHOrO {IJA OXKHIaeMbix TeONOrHYeCKHX YCAOBHA) HCKpHBJIE-
HuA. B cBs3H ¢ Tem, 4TO npA OGypeHH# GOJbUIYIO poJib B Nponecce
HCKDHBJIEHHS HTpaloT cayuaiHole aKkropsl, MOXKHO BHABHTH ONpese-
JIeHHHeE TeHAEHIHH B NMOBEAE€HHH CKBAXHKH, HCMIONB3YA CTATHCTHYCCKHE
JaHHble, a NPH HX 06paboTKe — METOAb TEOPHH BEPOATHOCTEH.

[Ipn npoekTHPOBAHHH TPAEKTOPHH CKBa)XKHH Haubojee Bax-
Hbi CACAYIOUIHE 3aBHCHMOCTH FMpoliecca eCTeCTBeHHOTO HCKpHBJe-
HHA.

1. 3aBHCHMOCTb H3MEHEHHA 3€HHTHOTO YIja OT rAyGHHH O =
= ¢(L).

2. TIpH 3HAUHTENbHHIX A3HMYTAJbHBIX HCKPHBJACHHAX — 3aBHCH-
MOCTb H3MEHEHHS a3HMYTAJbHOTO yria oT raybuun o = ¢{L).

3. 3aBHCHMOCTb KPHBH3HbB CKBAXHHH OT YIa BCTPedH HAH [AY-
GHHbl; B YacCTHOM CJyqae, 3aBHCHMOCTh HMHTEHCHBHOCTH H3MeHeHMA
3eHATHOrO yrfia OT MIyOHHB CKBaKHHH d0/dL = qi(L).

s oueHKH ofmero BHL2 yKa3aHHHX Bhille 3aBHCHMOCTeR H on-
peleNieHHA YHCAOBHWX 3HAyeHHA Kos(pHUMEHTOB AaHHLE 3aMepoB
3eHHATHLIX M Aa34MYTaAbHBEIX YIVIOB O PALY (n) CKBaMHH, npoSypeH-
HHX B OAHH3KOBHIX TEOJIOTO-TEXHHYECKHX YCJIOBHAX, 0DOpPMAAIOTCH
B BHOe TaGa. 1l u 2.

OueHkH A/l MAaTeMaTHYECKHX OXHIAZHHH HaXOAATCH KaK CpefHHe
apuMeTHYCCKHE:

n
2 K
- i=1
Myp = P 3
rae k=1, 2, ..., m; X — 3HAUEHHA 3€HHTHHIX Oy HAH AIHMYTANL-
HBIX o YIA0B NpH LaHHON rAy6GlHe AAA BCEX 7 CKBaMKHH.
Tabanunna 1
3HaueHHN IERHTHONO YrAA
Houep TayGuHa cxBaMHhW L, W
CKBAXKHHN
L L Ls L
1 B8y 0, Gy Bm1
2 0,2 (1173 ;19 Oz
i 8, 0 By, L -
n Bin Bin Blen W7 B




TaG6auwua 2
JnaueHHS AZHMYTANRHOTO Yraa

Hosep TaAySHHa cKBaMH#ib L, M
CHBRMHH
L Le I8 Ls L
i o o Clat [,
G o2 Gz Otm2
i oy oy, T O
n [ 131 in .- Qan - #

HlanHue Ta6n. 1 H 2 — oCHOBA AJA OLEHKH YHCAOBOR XxapakrepHc-
THKH CHCTEMH /7t CIy4afHEIX BEIHUYHH, HaJl KOTOPO#i BPOBeeHo 7 He3a-
BHCHMBIX Hab/ofeHH.

HecMenieHHule OUeHKH IJA AMCHEpCHA ONpelensicTcA no ¢op-
myJe

.i (xi:—f;lxt)z

npu 3TOM CPEAHCKBAAPDATHUYECKOE OTKJAOHEHHE

Oete = '\/Bk

B npannoM ciayuae LA YCTAHOBJEHHA JIHHEHHOH GYHKUHOHAJb-
HOA CBfiI3H MeXIY NepeMeHHbIMH BeJIHYHHAMH: cpeaHeapudpmernue-
CKHMH 3HAYCHHAMH 3€HHTHBIX (HAH a3UMYyTaJbHLIX) YI108 W riy6u-
HOM CKBaXKHHH, €CJH 3Ta 3aBHCHMOCTb He OYeBHAHA, NPHMEHAIOT
Ko3pdHULUHEHT KOPPeAALHH

§ (xe—ma){xs—my)
iz

e =
K (m—1)6a0:

rjle m -— YHCAO HHTepBanoB TrayGMH; m; — CpeliHee apHpMerTHue-
CKoe cpefHeapH(PMeTHYECKHX 3HAUYEHHA 3€HHTHHIX HJIH A3HMYTalb-
HHX YIMIoB KaXjaorc psja; my — cpefHeapH(pMeTHYeCKoe TIayGHH
CKBAaXHH; 0 — CPeJHEKBAJPATHYECKOS OTKAOHEHHE pPALA cpelHe-
apHpMeTHuecKHX 3HA4YeHHN 3eHHTHHX HAH A3HMYTAlBHHX YIAOB;
O; — ¢PeRHEeKBAJAPATHUECKOE OTKJAOHEHHe 3HAUeHUA TrAyOHHB CKBa-
HKHH.

[Mprn 3naveHd#Ax KoapPHUHEHTOR KoppeasauHH, GAHIKHX K =1,
yGexaaeMcsi B HaJAHUHH TecHo# YHKNHOHANLHOH 3aBHCHMOCTH HC-
CAeLyeMbIX BEAHUYHH.

Jlna anasusa ycTaHaBJAHBAEMBbIX SMIHPHUECKHX 3aBHCHMOCTEH
0= qi(L), o = p2(L) onpenensior rpaHHIL NOBEPHTEIBHOTO HHTEp-
BaJa QYHKIUHH /I KaX[Oro 3HaueHHsl aprymeHra.

I'paHHub AOBEPHTENLHOrO HHTEPBAJA NPH HOPMAJALHOM 3aKOHe



acrnpeneneHuf cay4afiHbiX BeJHYHH YCTAHABAHBAT ¢ MNOMOMULLIO
cAenRyolie 3aBHCHMOCTH!

S = r;lxn:l:tp—;/q;—,

rae fp — Kpurepuii CrbiofeHTa — Ta6/iHuUHas BeJaHuHHa [1], onpe-
JejasieMass NPHHATOH BEPOATHOCTBI) M HMHCJAOM cTenexred csofonnl
{(n — 1), T. e. YHCAOM ONBITHHX LAHHHX 6e3 eAMHHIH.

[0 naHHBIM cpelHUX apHOMeTHUECKHX 3HAYEHHH 3EHHTHBIX M a3u-
MYTaJAbLHHX YIJICB HAa PA3JAHYHEX (m) TJIyBHHAX CKBAXKHH CTPOAT
rpagukn 0 = @(L) u &= (L) 1 pelaoT 3a5a4uy ¢ «CrAaKHBAHHH»
MOJAYYEHHHX 3KCNEepHMEHTAJbHHX OaHHHX, HAXOXKAECHHH 4YHCJIOBHIX
KO3 HIHEHTOB 3MOHPHUYECKHX 3aBHcHHMOcTed. [insa storo Heo6xo-
AHMO TIPHHATL BHA 3aBHCHMOCTH. BHI 3aBHCHMOCTH npHHHMaeTcA
H3 HMeLIHXCH TeopeTHuecKHX coobpaKenHil [cM., Hanpumep, dop-
Myay (82)] uaH mpH GOALIIOM KOJHUYECTBE OJHOBPEMEHHO AEHCTBY-
©OWHX ¢akTopoB (uyacrad CMeHa MOPOMAbI, H3IMEHEHHE MNapaMeTpoB
pexxuMa GypeHHA H T.N.) IO BHEWIHeMy BHAY, NPHUEM CPABHHBAIOT
SKCHePHMEHTAbHBIH TrpadHK ¢ ApocTeRUHMH  (QYHKIHOHAAbHBIMA
3aBHCHMOCTSIMH.

Tak, B cooTBeTcTBHH ¢ ¢QopMynoll (82) npHM OTHOCHTEALHO
BHAEpXKAHHOM MNajeHHH NOpPOoA H BO3pacTalollHX YrJiax BCTpeuH
{cM. prc. 24) MoxeM OnMHCAThL H3MEHEHHe 3€HMTHOIC yriaa Ha HEeKo-
TOPHIX HHTEepBAJNaX CKBAaXXHHW PAAOM 3aBHCHMOCTeH BHAA

6= 0o + kL, (92)

rae Qo — HawadbHBlA 3EHHTHLIH Yroa CKBAMHHM; & H x — xoad-
(DHIHEHTH, OJYYEHHBIE ONBITHLIM MyTeM.

B dopmyse (92) npunnmaeM x >> | npH yraax BcTpeud ¢ << 45°.
Ecau B nauaabkofd craaun GypeHHs oxHiaercs yrod ¢ > 45°, To
BeposTHO, uTo dopMmyaa (92) Oyder cnpareAsdHBa HpH x < 1. 3HaK
«IJIIOC» COOTBETCTBYET YCJOBHIO, KOrla YroJd NafeHRs MNOpoA ¥
H HayadbHHIH Yronl HaKJd0Ha CKBaXXHHH ﬁ HMEIOT pPAa3HHE 3HAKH,
a TaKXe KOr[la CKBa>KMHB 3aJI0KEHbl BEPTHKAJAbHHIMH, H MHHYyC —
KOrla yriei y H § MMelOT ONHHAKOBBIR 3HaK (puc. 26). MoxmHo
OTHCATH HCKOMHEE 3aBHCHMOCTH H YPABHEHHsIMHE BHAA

x == xo + kL + kol® & ... & kaL".
Iocne puGopa BHAa (POPMYJIH HAXOAAT 3HAUCHUA KOIPPHUHEH-

¥ ¥
BNE S B Nta

I_r Puc. 26, Cxema BO3MOXHOTO HOAOKE-
* HUA CKBHMKHH OTHOCHTCALHO Hanpas-
-z -z ACHHE RAjCHMa NOpoA npM $ > 15°




TOB, 0OPH KOTOPHX MNPUGMHMEHHE K IKCHEPHMEHTAAbHHM RaHHLIM
6YAYT HanaydlrHM. JlAs petueHHs sTofl 3a/a4H HCIOABL3YOT OGIUHe
pacyeTHuEe METOIH, HAIIpHMEP, METOA HEHMEHLIIHX KBaApPaTOB.

B Tex cayyadax Korja B nposecce HCKPHBJEHHS Ha OTAEILHHX
EHTEpBaNaX CKBaXHHb OefiCTBOBAJH pasjduyHLie nepeMensnie dax-
TOpPHl, He CJefyeT CTPeMHTbCH noaoGpaTh OAHY 3aBHCHMOCTb, OTpa-
KAy MOoBEACHHE CKBAXKHHH NO BceR ee l‘leﬁl»lHe.

[TpakTaueckoe NpHMEHEHHe CJAOXKHHX (QYHKIHOHAJABHHIX 33BHCH-
MocTel 3aTPYRHHTENLHO TPH pacueTe BEPOATHOCTHOA TPAEKTOPHH
CKBa3XHH W aHa/iH3e NPpHYHH HCKPHBJIEHHA. l’Ioa-romy. coxpaHsas A0C-
TaTOYHYI) TOYHOCTb PACYETOB, MOXKHO Pa3GHTh CKBAXKHUHY NO riyGHHe
HAa MHTEPBAa/bl, B KOTOPHX HCKOMbIE 3aBHCHMOCTH MOTYT GHITh annpo-
KCHMHPOBaHH JHReAHHMH PyHKUHAMH. Tak,

Go_oo0 == 00 + kL, 000400 = 05+ koL,

€CJIH CUHTATh, YTO Ha HATepBaje 0--200 M w 200—400 M xpHBH3HA
CKBa)XXHHH MOCTOAHHA H PAaBHA COOTBETCTBEHHO R; H Rg.

ITpumep. YCTAHOBHTL 33BHCHMOCTb H3MEHEHHR 3EHHTHOrO Yraa ¢ TAYGHHOR mno
CeMH panee NpoGYPEHHEIM CKBaXKHAM. [lannte 3aMePOB 3CHHTHUX YIJIOB {rpaayc) NpH-
pefeHd B tafa. 3.

Mo dopuynam

n
X Xu
- =1

Mep = 'l y Oxt =

2 (xu—'ﬂ:!n)i

n—l1

onpeAedM COOTBETCTBEHHO CPelHEApHdMETHUECKHe 3HAUEHHH M CPelHEKBALpaTHue-
CKHE OTKJOHERHA MO KaXKAOMY CTOAGLY CHCTEMbl /M BENHYHE ¥ BHYHCAEHHA MOMECTHM

B Taln. 3.
Hanpusep, npH ray6uHe ckBamuy 50 M HMeeM

b=(5+55+6+7+6+75+65)/7=8§2i°,

(5—6,21)? + (55—6,21)* + (6—6,21) + (7—6.21)% +
Tho = V T3 '

TaGbasuwa 3

Homep CayGuue cxeammu L, M
CKBa
i ¢ 50 100 150 200 250 300 350 100
1 4 5 7 9,5 13,56 16,5 20 23 25
2 6 5,5 8 10 12 16,5 19 22 25
3 6 6 9 12 15 17 18 22 26
4 5 7 10 11,8 13 15 19 23 27
5 5 6 8,5 11 14 18 22 26 29
6 4 7,5 9 12 14 17 20 24 26
7 7 6,5 10 10 13 16 19 24 27
meu | 5,28 6,21 8,78 |10,86 13,56 16,57 |{19,57 2343 | 2492
Ok 1,112 10,859 1,074 1,02 0,957 0,932 1,272 1,397 { 2,055
S 4 47— {558— | 7,.94—110,11—| 12,8— |15,89--118,64—1 22,4— | 23,41 -
6,1 6,84 957 |16 14,2 17,25 |20,50 24,45 26,43



_ 2 . 2 _ 1
.\/ + (6—6,21) +(7,5T _6{,*21) +(65-6.20") _ (oo
AHBAOrHUHSIE BHYHCACHHA NPOHABEAEM N0 Kamnlomy H3 m =9 panos.
”CHOJII)SYH AHAMEHHA i H O, onpeaenHm AN Kaxaora pHJ.la rpaHlll.l.H noBe-
pH'I‘eJ!buoro HH‘repBaJ'la

S=fﬁ,gj:tp U_._ B
.‘/

n

3navenun KpuTepHs fy ycTanoBHX no (1], npuHAs gan Aannore caydas 90 94 -uni

ypoBeHL BepoATHocTH. [lpw uncae crenemedr cnoboam A — [ = T—{ = 6 Haxouum,
uyro {5 = 1,94.

Toraa, nanpumep, Ans nepsoro paaa npi L = O onpeienum
S) == 528 4 1,94-1,112/7 = 4,47 + 6,10

AHanOTHYHO OnpefesineM TPaHMUB AOBEPHTENBHOIO WHTEPBAAA BCex fOCHeny-
OULHX PAAOB H HX 3HAYEHHA TaKXKe noMecTam B Taba. 3.

Teneps B koopaunaTax 9 n L (puc. 27) xHaneceM cpeaHeapadMeTHUECKHE 3Have-
HUR 3CHHTHOrO Yr/2 K OTMETHM A KAXAOIO 3HA4EHHA rPAHHUH AUBEPHTEBHOIO
HHTEDBAAA.

OueBHaKA 4eTKad NPAMO TIPONOPUHOHZNLHAR 3ABHCHMOCTb H3MEHEHHS 3€HHT-
HOFO yrata OT rayOHHW. OZHako B BHAE NPUMEPa OLLEHHM HANAYHE KOPPeNAUHOHHOR
CBAIH MEKLY CPEAHHMH 3HAYEHHAMHM 3CHHTHRIX YLNOB XaXIOro pRia H rAySudof
CKBAMHHL ¢ [IOMOWBIO KO3QPHLHEHTA KOPPeNALHH:

m
Y (a—ma)(o—m)
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(m—-l)omr
Onpenennem:
UMCNO PRAOB HIMEPEHHA m = G,
cpeAHeapHMeTHUECKOe 3HAYEHHE 3EHHTHOTC YrAa NHO CpelHeapHMeTHYeCKHM
KaXaoro pama
ms = (528 4 6,21 4 8,78 4 10,86 + 13,5 + 16,57 + 19,57 + 28,43 +

+ 24,92)/9 = 14,35°%;
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Puc. 27. 3aBHCHMOCTE H3IMEHCHHMS  3EHKT-
L .
2 Iuﬁmmidﬂt T uwmepben HOrO YraAa o7 rayGHHe CKBAMNMLL -
T Voot iy A POV S WA F— = 1754 006L; 2—0==5-T7.1077L""; A
AOBEPHTENbHBI MHTEpBAN; TOUKOR OOQ3HA4YEHO cpeanee

50 100 150 200 250 306 350 ﬂmL,H atadenne PYHKUHH




cpenyeapHpMETHIECKOe 3HAYEHHe rayGHHu
= (0 + 50 4 100 4 150+200+250+300+350+400)/9—200 M;
CPeAHEKBANPATHYECKOE OTKJIOHEHHE DANA 3EKHTHLIX YraoB
o m.\/ (5,28—14,35)% 4 (6,21 — 14,35)? + ... + (24,92—14,35)?
9—1
CPEeAHEKBAAPATHYECKOE OTKNOHEHHE pAda 3MAYEHHA rAYGHH

o __\/ (0—200) + (50— 200) + ... + (400—200)

= 7,24;

— = 136,93;
KOPpeAsiuHOHNBIE MOMENT

m - -

¥ (a—ma)x—m)

i=1 _ (5.28—14,85)(0—200) + ...

m—1 - 91
... (6,21--14,35) (50—200) + ... (24,92—14,35)(400—200)  7879,72
9—1 S

Toraa ru = 7879,72/[(9—1)7,24.136,93] = 0,9935.

3uavenne ry = 0,9935, kak H cl1erosano 0MHAATL, CBUACTENLCTBYET O HAJAHUHH
TECHOA KOPPeNsiuHONHOA CBA3H MEXIY CPeJHHMH 3HAUCHHAMH 3EHHTHHLIX YIJOB H PAY-
GHHOA CKBAMHH.

YCTaHOBHM SMIHDPHYECKYIO 3@8BHCHMOCTD § == @{L), npuurs ee obuinfk eHa (92):

6=0g+ AL* npu x > |, 1 HMeRA pan uxcen,

Homep HHTEpBana . . I 11

TaySuna, m . .. . .. 0 50 100 150 200 250 300 350 400
CpenHeapugpMeTHYE-

CKOe 3HaueHwe 0, rpa-

AYC . . 528 621 B78 1086 135 16,17 19,57 23,43 2492

Haxoaum 3nauedus KosGHiKERTaZ 2 H NOKAa3aTeNA CYENEHH X, cuMtad, 4To
3HAUYEHHe HAUALHOTO 3eHHTHOro yraa fy 3ajaHo u onpesesero B = 5°. Hanee
NpOBOJAHM CTaHAAPTHbIE BHIMHCJICHHS.

3aucHmMocTe (92) 3anucwpaem B Buie 8" = (0 — Bo) = AL" u, norapudmupyn
ee, noayuum igh’ = Igk — xlgL.

[lo meTony WaWMeHBIIRX KBALPATOR HAXOAWM

3 1got—x X gL,
=1 iom ]
Igh = . .

n n n
3 gl gL, — 3 lgh! T lgL

f=1 = | i=1

w3 (gLy’— ( E lgL)

fm |

X =

B 3tom npamepe n == 8, TaK Kak npHusTo, 4t0 B = 5° mpr L = 0.
TNoacTapaseM 3HA4YEHHS M QUpeleNsieM x k k:

x==(8-17,138 — 7,149-18,197)/(8-42,046 — 331,14) = 1,34,
Igk = (7,149 — 1,34-18,197)/8 = — 2,1548,
k=17001-10"2

Torna HCKOMAS 3aBHCHMOCTh O = §° 4 7.1073L1,



Ha rpagux (cw. puc. 27) HaHeceMm pacyeTwnie faHHHe MO YCTAHOBAEHHOA BHLIE
SMNUpHUECKOR 3aBHCHMOCTH. Kax BHIMM, pacueThHue AauHbe GAH3KH K OMWTHHM
cpeasn™. OfHako, CAENyeT OTMETHTb, MTC NpPH GYpeHHH WOCAEAYIOUIHX CKBAMHH
MOXKHO JHWE OXHAaTL ¢ 90 % -HOA BEPOATHOCTLIO fONajaHMe 3HAYECHHA 3EHHTHBIX
YrJ108 HE Ha PACyeTHYIO HAH OMH3KYIO K Hell 3aBHCMMOCTb, @ AHIIb B YCTaHOBAEHHHE
TPAaHHUE A0BepHTeARHHX HHTepBanod. Hanpikmep, MoxeMm cuMTath, 4HTO B WHTepBane
ckBaxkuH §—350 m peponrtHO

=54 7-1073L0% 4 0,7,

371y OoNuTHYIO 3a3BHCHMOCTh O = @{L) npegctasum B Buge ABYX JHHeAHWX, He
BHIXOAALHX M3 FPAHHL NOBEPHTENbHHX HKTEPBANOB H CIPABEANHBHX AAA COOTHET-
CTBYIOWIHX MHTEpBaROB rAyGHH: 0—150 0 150—400 m.

O6utufi BuA NnHeAHOR 3aBHCHMOCTH 0 == O + kL.

Hafitem 3Wauenwe KoSGQpKUMEHTa K H YCNOBHYIO BEAHUHHY Oy AN BTOPOrQ
HHTEPBaAda, HCNOAb3YA RAHHHE NO HATepsaay [l W NPUMEHAH, Kax H paHee, METON
HBHMEHbIIHX KBAAPATOR.

Hmeewm
n H
Te—k3 L
eaz i=| i=| ,
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B nannoM cayyae n — 5. [loacraBre aHavueHns, NOAYYRM
k = (5-30878,5 — 1500-97,99)/(5-475000 — 2250000) = 0,06926 = 0,06,
B, = (97,99 — 0,0692- 1500)/5 = 1,75.
Hrak, ana uurepsana 150400 M uMeeM Q50400 = 1,75 + 0,06L. B stom cay-

yae, KaK 4 OWAOC NPHHATO, HMEeM MOCTORHHYIO HHTEHCHBHOCTh M3IMEHEHHA 3IEHHTHOTO
yraa d9/dL = [ = 0,06 rpaayc/m.

§ 2. PACYET TPAEXTOPHH NPOEKTHPYEMOH CKBAXHHBI

H3yueHne BepPOATHOCTHOTO MONOKEHHA CKBAXHHH B MpPOCTpPaH-
CTBE Ha [AHHOM YUYacTKe MeCTODOMNKIEHHA TOMOraer pacCyHTaTh
H COCTABHThL NMPOEKTHYIO TPAEKTOPHIO cKsaxHHH. IIpy npoekTaposa-
HHH CKBaXHHH C YUeTOM €€ eCTeCTBEHHOrD HCKPHB/AEHHS BO3MOXHO
MHHHMaJbHOe OTKNOHeHHe (PAKTHYECKOH OCH CKB@aXHHH OT MNpOEeKT-
toH. leficTBHTENbHO, €CJIH H3YUEHH H YCTAHOBJEHH 3aKOHOMEDHOCTH
€CTeCTBeHHOrO HCKDHBJICHHS, TO, 3a/JOXKHB NpH pacyeTe NPOCKTHOH
TPAEKTODHH BO3MOXKHbLIE H3IMEHEHHS$ 3€HHWTHOTO H a3WMYTaJbLHOrD
YEJIOB HO TyGHHE, MOXKHO OXHAATb ¢ ONpeleeHHOH BEPORTHOCThHIO
OTKJOHEeHHEe CKBaXXHHbI OT NMPOEKTHOH TPAEKTOPHH Ha 3apaHee onpe-
HeIEHHYI0 BeJHYHHY, OOCYCNOBJEHHYIO WHPHHOR JOBEPHTENBHOIO
HHTepBakia.

Hcnonsaosarie BOIMOMNKHOrO €CTECTBEHHOTO HCKPHBAEHHA CKBa-
MHH [IPH pacyere NPOEKTHOH TPAEGKTOPHH CAeAyeT NPOH3BOAHTH JHIIb
NPH YETKOH KOPPEAALUHOHHOH CBA3H H3MEHEHHA 3E€HHTHHIX H a3uMY-



TalbHHEX YrA0B o rayGune ctBoja. Ecau rtakofi yeTkolt B3anMocCes-
3H HeT, TO PAcueT MPOEKTHOW TPaeKTOPHH JOJKeH Ga3HPOBATLCA Ha
COMETAHHH NPSAMOJHHERHNX H TPOCTERLIHX KPHEBONHHEHHWX (K =
== const) HWHTEPBAJOB HCKYCCTBEHHOTO HCKPHBJEHHS TNPH YCTAHOB-
JICHHOM, NMPHHATOM HAYaJbHOM 3€HHTHOM yryie. PacuerHasa KpHBH3HA
MpH 3TOM ONpPee/ifieTCA BO3MOMHOCTSMH TEXHHYECKHX CPeICTB Ha-
npasaerHoro GypeHHs H HaaeXHoCTb paGoTul 6YPHILHOTO BaAa.

PaccmoTpuM ABa BapHaHTa pacyeTa [POEKTHOH TPaeKTOpHH ¢
yYeTOM YCTZHOBJIEHHBIX 3aBHCHMOCTEH E€CTECTBEHHOTO HCKPHBJIGHHS.
O6LYHO PACCUHTHBAIOT TPAEKTOPHIO CKBAXXHHRI B OJHOW onpejedeH-
HOH BEPTHKAJIBHOH HJOCKOCTH, NperHebperas BO3IMOMHBIM a3HMYTANb-
HHIM OTKJOHEHHEM H Ha3hBasi TAKYIO INIOCKOCTHYIO TPAeKTOPHIO Npo-
duaeM. B stom ciyuae HavaAbHHA A3HMYT CKBaXKHHBl 3a/aeTcCs
B COOTBETCTBHH C HANpaBJieHHEM pa3BeflOYHOH JIHHHH H C YYETOM
HMEIOIIHXCA AAaHHWX O BO3MOXHOM OOILeM a3HMyTaJlbHOM HAanpas-
JIEHHH OTKJOHEHHS CKBAXHH.

[lpu pacuere npoeKTHOHl TpaeKTOPHH YCTaHABJIHBAiOT KOOPAHHA-
Thl YCTBf CKBa)KHHBI, HauafbHHH 3eHHTHHHA yroa, MJIUHY CTBONa H
Yrol BCTPEuR ¢ MJAAcTOM TMOJE3HOTO HCKOHAeMOTO.

B Hauane c6OCHOBHBAKT H 3alal0T HAYaJbHBIE 3eHHTHRIA yroJ
0,. Ilpu BuGope yriia HAaKJOHAa CKBAXHHB YYHTHBAKOT TeoJOTHYe-
CKHE YCJOBHA H TpoeKTHyWw rayOuHy Gypenus. Ecau yroa napgenus
pyaoHocHoro teaa Sodee 30°, TO CKBaXHHH € MOBEPXHOCTH 3€MJIH
3a/1210T HAKJOHHBIMH, Yrolt HAK/IOHA CKBAaXHH rayGHHoR Gosee 800 m
onpejeffeTc, B OCHOBHOM, TEXHHUECKHMH Coo6GpaKeHHAMH — ya06-
CTROM BHIMOJHEHHA CIYCKO-NOAbEMHHX ONepauHil, NPOCTOTOR KOH-
CTPYKIHH BHIUKH HJH MauThi H NPHCMOCOOJEHHA 1A MeXaHH3aUHH
CIyCKa H MOAbeMa KOJOHHH OypHabhbx Tpy6. [loatoMmy Takue ckBa-
JHHH 3a0ypHBAIOT ¢ MadbM HAYAJAbHBIM 3eHUTHEHM yriom (0, <
< 3°).

B CNOXHHX reolOrHYecKHX YCROBHAX AJA (DHKCHPOBAHHS CKBa-
KHHN B 33aJdHHOM IJIOCKOCTH YCT2HABJHBAIOT MAKCHMAaJbHO BO3-
MOXHBIH HayanbHWA 3€HHTHbIA yroa, npH KOTopoM' He TpeGyercs
nepeofopynopanne Gyposoro kxonpa. B cayuae Henoab3obaHuna
CTAHJAPTHHIX KONPOB HAYalbHHA 3€HHTHHE Yros MoxeT GHtb OT 3
Ao 5° 4TO 3aBHCHT OT BhHICOTH H raGapHTOB OCHOBAHHA KOMpa.
BO3MOMKHOCTH €CTECTBEHHOTO HCKPHBJASHHA NpPH COIJIACHOM 3aJera-
HHH NJjacta f0Je3HOro HCKONaeMoro ¢ BMeilalowme# ronued #Ha HH-
Teppane 6onee 800 M HeCOMHEHHC NPHBEAYT K BCTPeue niacra noses-
HOrO HCKomaeMoro noj yriaom GoJaee 30°, gamxe OpPH ero KpyToMm
nafeHHd. ¥ron Berpeud Oodee 30° rapaHTHpyeT nepeceyeHHe TOJIIH
I0JIE3HOTO HCKONTAEMOTO.

[Tpu GypennH ckBaxKHH cpeaHell rAyGHHH TeXHHYECKH BO3MOMHO
3a/l0)KE€HHe CKBAXXHH C HAYAJbHHIMH 3€HHTHHIMH yraamH 5—20°,
obecneydBaOLIHMH KeJaeMblA yroa BCTpeuYH ¢ TOJULEd nmoaesHoro
HCKoNaeMoro. YBeJHYeHHe HadaAkHOrO 3EHHTHOrO YIVIa [eaecool-
pPa3HO JHIlb € LEeAbl0 MOBHIIEHHS BEPOATHOCTH COXPaHEHHR 3allaH-
HOTO a3HMYTAJLHOrO HANPABJEHHA CKBAXKHH HA BePXHHX HHTEpBaaax
Gypenus. 'IipH nmpoeKTHPOBAHHH HErAyGOKHX CKBAXKHH H KPYTOM Ha-



AEHHH PYAHHX TeJ Haua/bHhifl 3eKHTHBIA YToa MOXKeT SHTL yBeauyeH
no 30°.

Taxum o6pa3zoM, Havalbuufl 3€HHTHHH Yroi onpegenserca yr-
JIOM FajeHHA PYAHHX Tes, TAYOHHOR CKBaXHHH, CTPEMIEHHEM K
COXPAHEHHI0 3AAAHHOTO d3HMYT&AbHOrO HANPABJEHHA H JOJMXKeH
COOTBETCTBOBATL BO3MMKHOCTAM GypoBoro o60pYIAOBaHHSA.

Tlocne ycTAHOBJNEHHS Ha4aJbHOTO 3€HHTHOrO yriaa cXxeMmy pac-
yeta npoduaA AAs npocTefiero cayyas, KOrAa BO3MOXKHAaA KPHBH3-
Ha CHBAXHHB Ha HHTEpPBAJAaX eCTeCTBEHHOrO HCKPHBASHHS NPHHATA
NOCTOSHHOR, pacCMOTPHM Ha NpHMepe, YCROBHR KOTOPOTrC NpejcTas-
JeHn Ha pHc. 28.

Ias npsmonnHefinorc yvactka ckBaxuhb (K; = 0) Haxoaum
FOPHAONTANLHOE CMEIeHHe TOUKH 3a60s Ha riybuue 2y = H,;

y1 == H, tgb, (93)
H JUIHHY CTBOJIA
Ly = H\/cosH,.

Ha nocseaywouieM HHTepBaJe, XapaKTEPHIYOUleMCA NOCTOSHHOA
KpuBK3HOH K3, AR HEKOTOPOro ydacTKa ¢TBofa AauHol dL npHpa-
eHHA KoopAnHAT {cM. dopmyay (30)]

dy = sin®dL, dz = cosBdL.

Tak KaKk Ha H2HHOM YUYacTKe KPHBH3HAa NPHHATA HOCTOAHHOH H
cocrapnsier K = d0/dL, To, samenssn B ¢opmyae (30) dL na dO/K,
HMEeM B oblleM caydae
dy = 4 sinfd8, dz = —Il(-cosﬁdﬁ. (94)

Ipoekuns KpHBORHHEAHOR OCH CKBaXKHHBI HA BTOPOM HHTEpBase

npd K = const Ha ropy3OHTANBHYIO OCb Y2 # BEPTHKAJILHYIO OChb Z2
ONpeIeNHTCA HHTErpHpPOBaHHEM BHpaeHuR (94):

Puc. 28. Tpoextuwi npoduas Cxpamuus



B¢
Yy = K%g sinBde, (95)

By
I
23 = 7(2—§" cos0do. (96)
Pewass ypaBHenus (95) u (96), noayuaem
Y2 = —Rl;(cosﬂ,{ — cos.}, {97)
2y = K—l{sinBK — sind,). (98)
2

Tak kak B ypaBrenun (98) BenuusHa 2; — H, 3apaua, a 0,
YCT2HOB/IEHA DaHee, TO ONpERe/HM

6, = arcsin{ H2K»2 + sin6.), (99)

4TO NO3BOJAET, NMOACTABHB B BLIpaxeHne (97) 3Hauense €, HalTH
HCKOMYIO BEJHUHHY gz JJAHHY CKBa)KHHB Ha BTOPOM MHHTepBaje
HaWllem Kak

Ly = (8, — 0,) /57,3K. (100)

Takum ofpasom, npu pacyere TPOCKTHOTO MPOPHAA YCTAHOBJARHO
creaywouiee:

yCThe CKBaXKHHBI NPH HauajbHOM 3€HHTHOM yriae 6, pacnojo-
HMEHO Ha pAacCCTOAHHH Yy OT MpPOCKUHMH TOYKH IMOACEYEHHA IJacTa
NOJE€3ROr0 HCKONaeMoro Ha JAHEBHYI) NOBEPXHOCTH,

y=th + ys = Hitgb, 4+ 1/K2(cos8, — cosd,);
KOHeUYHbIH 3€HHTHHIA yroa

By = arcsin(HK> + sinf.);
AJHHE CTBORA

L=1L+ Ly= H./cos8, + (0, — 8,) /B7,3K>;

YFOJ BCTpeYH MJacTa 0Ae3HOT0C HCKONMAaeMOoro

lp:goo""ek‘“?

Jo/KeH O6HTL Goabile 30°.

Tak Kak KoHeuHHH 3eHHTHHIH YIroJ 3aBHCHT OT BEJIMUHHBI MpH-
HATOTO HAYAJIBHOT(C 3EHHTHOTO YIJA, TO NPH HecoOJIOLEHHH YKasaH-
HOro BRILIE YCJOBHA (Anaa cayuas ¢ << 30°) caenyeT 2agatbcs 60/b-
MM 3HAYEHHEM Ha4a/IbHOTO 3eHHTHOrC yTJ1a, ueM NPHHATOE.

Ecnau paszpes npeacTas/ieH HECKOJBKHMH HMHTEPBa/jaMH, Xapak-
TEPHIYIOIIHMHUCA PAINHUHONA, HO NPHHATONH MOCTOAHHOA NO Be)HyHHe
HHTEHCHBHOCTLIO HCKDHBAEHHsE, pacueT npodHaa NpoekTHOH CKBaXH-
Hbl BefeTCA aHAJAOTHYHO MPHBEACHHOMY Bhillle, MOCAeAOBATEbHO



CBEPXY BHH3, CYHTaf, YTO KOHEUHbIH 3€RMTHHIA yroa Lis m HHTep-
BaNa eCTh HAYANLHLIA 3€HHTHHIA yroa pjaa m - | HHTepBaJja.

B toM cayyae, KOraa Ha BCeM MPOTAMKEHHH CKBAXHHb HJH Ha
€& OTJEJbHHX YYACTKAX NMPOEKTHaR KPHBH3HA He MOXeT GhTh MpH-
HATA MOCTOAHHOM, a aNmPOKCHMHPYIOLIAs 3aBHCHMOCTE O = (L)
CUHTAETCA HEAMHEeHHOH, TO KOOPAHWHATH KPHBOJHHEMHBLIX Y4YacTKOB
IPOEKTHPYEMOTO CTBOJIAa HAXOAATCA pelnenueM ypasuennit (30),
NpHYeM YYHTHBAIOT, YTO 3€HHTHBIH Yro/i €CTh HEKOTopasa (yHKUHA OT
rayGuun ckBaxXHHH. [Ipumep pewenud nofoGHOA 3ajauH cOBMECTHM
C pacCMOTpPeHHEeM BepOSTHOH NJICILAAH PAcCeHBAHHN 326051 CKBaXH-
Hbl, YTO BAXXHO AJ8 ONEeHKH 3P (eKTHBHOCTH YYeTa ecTEeCTBEHHOIo
HCKPHBJIEHHSI NIPH pacyeTax TPAeKTOPHH NPOEKTHPYEMBIX CKBaXKHH
H [/t YCTAHOBJIGHHSI HeOGXONHMOCTH IVIAHHPOBAHHA [IPHMEHEHHS
TEeXHHUYECKMX CPEICTB HanpaBieHHOro OYPeHHS C UeNbi0 KOPPeKTH-
poBaHHA (akTHYecKofA TpaeKTOpHH OYpAIIEACH CKBaXKHHH.

§ 3. OKEHKA BEPOATHOR 30HbDI
PACCEHBAHHS 3AB0A CKBA)XHHBI,
TPAEKTOPHA KOTOPOR NPOEKTHPYETCA

C ¥YUYETOM ECTECTBEHHOIO HCKPHBJEHHSA

[nd nonyueHHs npelCTaBACHAR O BO3MOXKHOH TOUHOCTH BHINOJHE-
HHA Te0JOrHYEeCKOro 3aAaHHA CKBAXKHHAMH, MPOEKTHPYEMEIME C yue-
TOM €CTECTBEHHOTO HCKPHBJeHHA 6e3 NnpHMeHeHHA Kakux-aubo cre-
HAAJAbHLIX TEXHHUECKHX MepOnpEATHHA, HeoGXOAHMO MPOBECTH YHCIO-
BYIO OUEHKY HMEIIIHXCH AAHHBIX O eCTeCTBEHHOM HCKDHBJEHHH Da-
#ee NpobypeHHuX cksaxHH. OcHOBOR oilleHKH, KaK OO NOKa3aHo
paHee, ABJAIOTCA 3MOHPHUECKHE 3ABHCHMOCTH H3MEHEHHA 3€HHTHHIX
H a3UMYTalibHBIX YTJIOB OT FJYGHHB CKBAaXHHH: O = q(Ll) 0 a=
= @o(L). ITH 3ABHCHMOCTH ECTECTBEHHOTO HCKPHBJIEHHA CKBaXKHH
HOCAIT BePOATHOCTHHH XapaKTep H HMEIOT AHaNa30H BapHAlHi, ompe-
BEJAEMEIH NPHHHMAEMOH BeJIHURHOH BEpPOATHOCTH f}, KOJIHYeCTBOM n,
a TaKke pa3bpOCOM HCXOJHBIX ONBITHHIX JAHHHIX O BEJNHYHHAX 3€HHT-
HbIX 6, H A3HMYTANLHLIX 04 YIJIOB, T. €. OGHOMY 3HAUEHHIO apryMeHTa
L, coorBercTBYeT pAf 3HauYeHHH DYHKDHHA, JeXallHX B YCTAHABJH-
BaEMOM MOBEDHTRJNBHOM HHTepBanie (Hanpumep, LA dyrkuuu 0 Ha
puc. 27).

Tlpun HOpMaiLHOM 3aKOHe pacnpefefeHHA 3Ha4YeHHH 3eHHTHHIX
HJH a3HMYTajbHbIX YIJIOB Ha NaHHOA rAy6HHE CKBAXKHHB FPaHHUK
BO3MOXHAEX OXHAAeMBIX 3HA4YEHHH 3THX YrJOB PacNoNaraiOTcs CHM-
METPHYHO BHIIE H HHXe MNPHHATOH aNNpPOKCHMHPYIOIleH 3aBHCH-
MOCTH, YCTaHOBJIEHHOR 10 cpelHHM BeJIHUHHAM 3€HHTHBIX HJIH a3H-
MYTaJAbHHX YrAoB 0= qi{L) uam o= (L), u xapakrepusywoT
BEeDOATHHE MZKCHMAaAbHbié H MHHHMAajbHbHE 3HAYEHHS] 3eHHTHHIX H
A3HMYTaJMbHBIX YIJIOB Ha JI0GOK TeKylneH riayGHHe.

Taxum of6pa3zoM, BEpPOATHOCTHOE MOBEAEHHE CKBAXKHH B MNpOCT-
paHCTBe XapaKTepu3yeTcd CJAeLYIOIIHMH LHECThIO 34BHCHMOCTAMH:



N[O 3eHHTHOMY yray

é = CPI(L)’ Omax = (Pl2(L), Omin = ths(L), (101)
Mo a3sHMyTaNbHOMY yray
o == @afL}, Cmax == ¢22(L)' Gmn = @aa(L). {102)

3TH ISMNHPHYECKHE 3aBHCHMOCTH € YCTAHOBJACHHHIMH Ko3ddu-
HHEHTAMH HABAAITCA OCHOBAHHEM JJ1 OnpenesyieHdA C I'IpHHﬂTOﬁ
BEPOATHOCTLI0 f§ TPAHHL BO3MOXHOIO OTKJOHEHHA 3a60A CKBaXKHHH
Ha KOHEYHOH MM JioGOH pacyeTHOH IySHHe OT ee CpeldHero noJjo-
HEHHA, COOTBETCTBYIOILEIC 3aJaHHON (NpH AaHHOA IMyOHHE CKBAXKH-
HH) ﬂpOEKTHOﬁ TOUKe NnoAcedeHHA NJacTa MoJe3HOro HCKOoMaeMoro.

PaccmoTpuM o6miufA cayuyal pacyera BO3MOMKHOIO OTKJIOHEHHA
33608 CKBAXHHH OT 3a/laHHOH TOUYKH MOACEYEHHT NpH 33AaHHOH
KOHEYHOH JJHHE CTBOJA.

Tlpunuman paA maamx yuactkos crsoja (AL — 0) cnpaseann-
BbiMH BbipaxeHusimu (3), HMeeM MPH YCTaHOBJeHHWX 6 = q(L) n
ot = @o{L) npHpauleHe KOOPIHHAT CTBOJIA Ha AJaHHe dL:

dz = cosO-dL,
dx = sin® sina-dL,
dy = sin8 cosa-dL.

CooTBeTcTBeHHO AAR JI0G0# Tekyuied raAyOHHB CKBAXKHHB KOOP-
JAHHATHl TOUKH 32008 OYAYT CJeAyIOLIHMH:

Ly
Z; = S cosf-dl,
4
Ly
Xy = S sine-dL, {103)
0
Lr
Yr= S sinf cosa-dL.
1]

TMoacrapans u3 uipaxkewud (101), (102) B ypaBdenus (103)
KOMOHHALHH 3HAYeHHH O H o, MoxkHO pemuth (103) uncAOBLIMH
METOAAMH HHTETPHPOBAHHA H NOJAYYHTb NpeACcTaBleHHe O BEPOATHOH
30He noackKeHas 3aGofA. ITH, XOTA M NPOCTHe, HO TPyAOEMKHe pac-
yeTh WKenaTeNbHee BuHNOAHATL Ha 3BM. Ilpu pyusHom metone we-
DOSITHBIE 3HAYEHHF [IPOEKTHHX KOODAKHAT 3a00fi CKBAaXHHB PACCHH-
THBAIOT AHAJOTHYHO TpPHEMY, PACCMOTDEHHOMY NPH NOCTPOEHHH
TpaeKTOPHH [POCYPEHHOR CKBaXKHHBI (cM. T 1).

CKBaXXuHY HO Bcefl [JiHHe CTBOJMA Pa3GHBAIOT HA paBHEE HHTEP-
BaJabl, HanpuMep aauHod 20—50 M. [Ias kaxknoro usnrtepsana fio
¢popmyaam (101), (102) onpepennloT 3HAaYeHHA HauyaJbHHX 0,
H KOHeYHHX O, 3eHHTHHX H COOTBETCTBEHHO o, H Ox a3HMYTaJbHHX
yraoe. [Ipeactapasia npHHATHE HHTEPBANH OTPE3KOM NMPAMOH, ANHHA
KOTOpOH paBHa AJHHe HHTepBana AL, xapaxktepuiyeM MNOJNOXKeHHE



moBoro MHtepBasa B NPOCTPAHCTBE CPEAHHMH 3havcnnfMH 3EHHT-
' HOTO ¥ A3HMYTAJALHOPO YIJIOB:

O = (8. + 61) /2,
aop = (@ + ax) /2. (104)
Torna npupallleHHe KOOPAMHAT Ha HHTepsane AL Gyger

Az = AL cosB,
Ax = AL sin8,, sina.,, (105)
Ay = AL sinB; cosa,.
KoopiHHATH CTBOAA CKBAXKHHL B KOHLE HHTEpBania
X1 = X0 + Ax,

U= Yo+ Ayv
Zr =z + Az, (106}

TAe Xg, Yo H Zp — M3BECTHHE KOODAMHATH TOUKH CTBOJIA B Hayajge
HHTepBaJa.

CyMMHpy$t TPHPAIIEHHA KOOPAHHAT HA BCEX NOCJHEAYIOIUMX HH-
TepBaJax, HONYYHM KOOPAHHATH 3a60A CKBaXKHHH HA KOHeyHOR ray-
GHHe Xi, Ix R 2.

Ecin npH pacuere KOOPAKHAT CKBaXXHHH 3afaHHOA riyGMHH
NPHHATHL, YTO H3MEHEHHS 3€HHTHOTQ Yrja COOTBETCTBYIOT €rc Cpen-
HUM 3HAUEHHAM, a4 H3MEHCHHA ASHMYTAALHOTO YIri& MPOHCXOAAT
B YCTAKOBJIEHHHIX TPAHHUAX KOBEPHTENbHBHIX WHTEPBAJOB H Qnpese-
JASIOTCH 3HAYCHHIMH Camex B Oain [CM. Popmyan (102)], 1o moxHO
HafiTH BepOATHHE 3HAUEHHH KOOPAMHAT Xixmex, Yixmax ¥ Xix min
Yinmin NPHE Zixe H NOJAYUHTL NPEACTABJCHHE O 30HE BO3MOMNKHOrO
noJoxeHHs 3a008 CKBAXKHHBL B TOPH3OHTAABHOR NJOCKOCTH (1O
HPOCTHPAHAID nNOpoa). 3afapasrch CPeJHHMH SHAYCHHAMH A3UMY-
TaALHOTO Yria, 8 H3MEHEHHS 3CHHTHOrO YrAa Qupene]fis no 3aBH-
CHMOCTAM Ouax = 1 {L) H Omu= @13 L}, HMeEM cleRylOmIHA paA
KOOPAHHAT. X2x max, H2x maxs 22 mex H X2x mns &2« miny £2x miny Kompblﬁ

,IaeT npeicTaBJCHHE O BEPOATHOH 30He cMelleHHA 3a6osf B BEpTH-
KanpHOH IIOCKOCTH (N0 NajewHo mopon).

MHpumep. Oupenenum BeposiTHHE 3HAYCHUE KOOPARHAT 32008 HPOEKTHOA CKBAKH-
Wit rayGunod 250 M, echH eCTecTBeHHOE HCKPHEJEHHE CKBAMHH ONKCHLIBAETCH CAeny-
IOUHMH SMITHPHYECKHMH 33BHCHMOCTAMA:

A == 345 — 0,17BL% 4 0,021,
o == 65,7 4 0,166L + 0,04L, (167}

rae penaaues - 0,021 w -+ 0,041 xapakrepuaywT c sepoarsocTeir 0,95 po3mMomuoe
OTKAOHEHHE COOTBETCTBEHHO 3EHHTROTO H ASHMYTANBHOFO YrA0B HA TeKyueW raybuue
OT BX CPDEARMX 3HadeHni

PasofpeM cxBa’kKHRY H8 HHTepbaJw AAHHOA 50 M (uem MeHbINe OAWHa HHTepBa-
Aa, Tem GoNble TOUNOCTL BHYHCJIEHHA) H ONPENe]HM WepOATHHE 3HAYEHHNA 3eHHTHOrO
# a3UMYTAJILHOTO YIJIOB Ha HHTepBasax no dopmynam (107)r 3andes BuYHCACHHBIE
BEAWYHHN YFO0B,



Taybuna cxpaxuun L, u 0 50 100 150 200 250
3ennTnne yr.nu 9, rpaayc
0 . Mus 297 260 225 19,3 16,1
max + -+« o+ . . . . 345 307 280 255 233 21,1
O0pin - . M5 287 240 19,5 15,3 1,1
Asuuyra.nbﬂue yr.nu a.. rpanyc
Gep 657 739 823 905 989 1072
Gmax + - « + . - . . . 687 759 863 965 1069 1172
Cmin - - - . . . .. . 67 TI9 783 845 909 972

¥

Hdas Kaxkaoro HHTepBAJNa NO CPEAHHM, MAKCHMaNbHHIM H MHHM-
MaJbHBM 3HaYEHHAM onpelesHM Ro ¢opMyaam (104) cpeanue no
HHTEPBAJY BeNHYHARL 3eHHTHHX H A3HMYTAJbHBIX YIJIOB,

Wureppan, » . . .+« . . D—50 50—100 100—150 150—200 200-—250
Cpeause 3HaueHHs 3EHHTHOTO yraa 'y
Ha RHTEpRAJse, rpanyc

ep 32,1 276 243 2090 177
max - 316 264 216 174 132
min - 326 293 263 244 222
CPQAHHE 3Ha‘IEHHﬂ aanuy'ranbﬂoro
yraa o Ha nn'repaa.ue. rpanyc
G . . - 698 78,1 864 94,7 1030
tmar - 702 811  9L,4 10,7 112,02
- 688 751 81,4 877 940

Hanee no gpuyaau (105) u (106) wafizeM 3HaueHEsA KOODAMEAT 3alos npH
NJIHAE cTBOAR 2 :

Zinep = 226,9 M, Zix max = 226,9, Ziy min = 226,9,;
Xz p =401 M, Xix max = 100,56, Xiy min = 106,96.
Ux cp = = 10,5 M, Yix mux = 2,94, Yix min == = 18,5;
Zog max = 2221 M, Zgy mn = 230,4;

Xouw max = 110,7 M, Xgu qun = 89.5;

Yremax= 98 M, gy nmn = 11

ITH apaueHHA KOODAHHAT ARIOT BOSMOXHOCTh OpeleNHTh C NPHHATOR BeAHYHHOR
BEPORTHOCTH JHRHERHYK BENHUHHY OTKAOHeHHR 38G0F OTROCHTENbRO cpexnerc (3a-
J3AHHOTO) HOJOMEHHS, CYHTaf, 4T0 CMelieHHe

AS = '\/Axi max gmin) 3 Aﬂ maximiny “+ AZE max{min) «
Tak, OTHOCHTE/BHO CpeiHErc OTKIOHEHHA 3alofi MO NPOCTHPaHHIO BaeBo Syaer
AS; = /(101 — 100,98)* 4 (10,5 — 18,5)" = 8 m,
Brpaso
AS: = /(101 — 100,5)* + (10,56 — 2,94) == 7,6 m,
No BOCCTAHHW
AS; = J{226,9 — 222,1)T + (101 — 110,7)° + (10,5 — 9.8)" = 10,8 ,
o nageHun
= ~f(226,9 — 230,4)7 + (101 — 89,3)7 + (10,5 — 11,0)° = 12 m.

3nauenna AS XxapakTepH3ylT IJOmafb pacceMBaHHsA 3alos,
NpeAcTABAAEMYI0 KaK OH HecKOALKO AeQOPMHPOBAHHHEM SJITHIICOM.
Ecax n1aHHas TOYHOCTb MONOMKEHHA CKBAXKHHH, rapaHTHpyeMasi ¢ Be-
poatHocThio (.85, He COOTBETCTBYET TIeOIOTHYECKOMY 3aNaHHIO



(HanpuMep, MaKCHManbHoe CMelleHHe 32605 Ha AaHHOR TyGHHe He
JAO/KHO NpeBH1IaTh 5 M), TO B NpoexTe GypeHHA CKBAXKHHLE HeoGXo-
LHMO TNPEAYCMOTPETL CHeUHaJdbHHe MEpPONPHATHA H TeXHHYECKHE
CPEJCTBA, 8 CAEJOBATENLHO, H AONOJHHTENbHHE ACCHTHOBAHHS A4A
NOAAEPIKAHHA H KOPPeKUHH TPAeKTOPHH CKBAXKHHH.

Takum o06pazom, y4eT €CTECTBEHHOTO HCKPHBAEHHN CKBAMHH
NO3BOJAAET BHMNOJHHTh TECJQTHUECKOe 33]aHAE ¢ MHHHMYMOM TEXHH-
YecKHX cpeicTB HApaBAeHHOro OypeHHs, a rJaBHoe, ABIACTCA Oc-
HOBAHHEM AJA OLEHKH HEoOXONMMOCTH NDHMEHEHHS STHX TeXHHue-
ckHx cpencts. ChnefyeT OTMeTHTb, YTC TOBbIIMEHHuE TpeGOBAHHA
K GYpPeHHI0 CKBAXXHH C MMHHMAaJ/bHO BO3MOMHBIM OTKJOHEHHEM OT
NPOSKTHON TPAEKTOPHH HE ROMXHBLI ObiTh caMouesblo. [lpHHHMas
pemledie 0 KOPPEKTHPORAHHH TPACKTOPHH, HEOGXOIHMO OCHOBHBATH-
CH HA cJeAYIOUIHX NOJOXKEHHAX.

1. Peakoe HcKpHBaAeHHe CKB&XHH, 60billasi KPHBH3HA CTBOJA —-
NpHuYHHA YXYAIUEHHA YycioBHHA pafornl GypH/AbHOTO Bajda 3a CHer
YBEJHYEeHHS CHJ COTNPOTHBJEHHHA €ro ABHXEHHIO, OCOGEHHO NPH OT-
KJIOHEHHH CKB4MKHH B HAa4yaJbHOA cTaguu (ypeHHs, HA BeDXHHX HH-
repBaax, 4T0 OPHBOIHT K CHHXKEHHIO BO3MOMHBIX 4aCTOT BpaUleHHA
(H COOTBETCTBEHHO K YMeHLUIEHHIO MeXaHHYeCKOH cKopocTH OypeHns)
H Pa3BHTHIO OCAQXKHEHHH — oOphiBaM GYpPHALHHX TPYG, Xesioboo6-
pasoBaHHio H np. [1pu 3ToM AcnycTHMAaA KPUBH3HA 3ABHCHT OT THIO-
pasMepa GYPHJBLHOH KOJIOHHBH, XapPaKTEPHCTHKH CHCTEMbl CKBaXH-
Ha — 6ypu/ipHAA KOJIOHHA H cliocob4 GypeHus.

2. JlonycTHMas BeNHUHHA OTKJCHEHMS OT NPOEKTHOH TPaeKTODHH
BJISL Pa3sBeJOYHBIX CKBAMKHKH 3aBHCHT OT CTaAHH pa3BeiouHulx paGor,
NPCEKTHPYEMOHA KaTerOpHH 3aNacoB H NPHHATHIX NapaMeTpoB pas-:
pegouHofi cetH. Tak, NONyCTHMOE OTKJIOHEHHe 3a60f CKBaXKHHBI OT
TOUKH NOACEYEHHA TpH pa3sBefke Ha kateropuww O, C) H By moxer
ObiTh B cpenHeM nPHHATO coorsercTsenno 40, 30 # 20 % or napa-
METPOB pasBeRGuHOfl ceTH. KOHKpeTHOe 3HAueHHe [AONYCTHMOrO
OTKJIOHEHHA YCTAaHABJAHBAET B KaXJ/IOM cJydae reoJOorHuecKas
cayx6a.

Kourpoasnoie sonpocst K ea. IV

1. Tpu HcxonHHX napaMeTpa, HEOSXONMMBX I8 PAcueTa KOOPAMHAT TPAEKTOPHH
CKBAMHEH,

2. KakHe 33BHCHMOCTH MEMK/Y HCXOAHBIMH NapPAMETPAMH TPACKTOPHM HeOOGXOUM-
MB H KOCTATOYHE [NA OfPefefieHHs KOODAWHAT NPOCKTHPYEMOH CKBAMKHHKI?

3. KaxoBa meToaHKa o0paGOTKH CTATHCTHYECKAX AAHHHX AJAA YCTAHOBAEHHA
sapacEMocTelf 8 = ¢ (L) 0 o= qL)?

4. OSWHA BHL 3aBHCHMOCTEH, NPHMEHAEMHX [/ OMHCAHMA NONGKEHHA TPaeK-
TGPHH CKBAMHHH B DPOCTPAHCTBE.

5. Kakusn ncxoaune napaMeTpel, HeoOXORHMbe AAA pACyeTa TPACKTOPHH CKBa-
AHHBL B IWIOCKOCTH HCKPHBAEHMS HA YUACTKAX € NOCTONHHON KPHBH3HON?

6. Yro onpegeasier 3anaBaeMyi0 BEJHUHHY KOHEYRBIX WAH HAYAJTbHHX 3EHUTHLIX
YII08 CKBaMKHHB NPH PacueTe ee TPacKTOpHH?

7. MertonuKa pacyera npoeKTHOR NPOCTPAHCTBEHHOR TPAGKTODUH CKBAMKHHLI.

8. OcHosHBle 33JayH, pellaeMble CTATHCTHYECKHMH METONaMH  HCCAGNOBAHMA
TPACKTOPHKE CKBaXKHHHE HKa NAHHOM MEeCTOPDOXKIEHHH.

9. Metoguka onpeaefleHHs NAOWAAH PACCCHBAHNA 3a60R NPOEKTHOH CKBAXHHH.



Inasa V. TEXHHYECKHE CPEJICTBA
HAMPABJIEHHOIO BYPEHHY

B npounecce GypeHns B pesy/bTaTe AedcTEHA 5OJbIIOrO KOJMHYECTBA
clyuyaHHHX HEYNpapAsieMblX (AKTODOB BO3MOXHO OTKJOHEHHE
CKBaXXHH OT IPOCKTHQH TPAEKTOPHH 34 MPele/H rParuL AONYCTHMOTO
OTKJIOHEeHHHA. D10 TpeGyeT KODDEKTHPOBAHHA KPHBH3HL H HampasJje-
HHA TPaeKTOpHH, onpefennaeMoli MpouUeccaMu eCTeCTBEHHOID HCKPHB-
JEeH#, ¢ NOMOIULIO TEXHHUECKHX cpeAcTB. Jlasee, B CJAOXKHHBX reoso-
FO-TEXHHYECKHUX YCJAOBHAX NPH HEOGXOAWMOCTH AOCTHXKEHWA COALIIMX
YrJ10B BCTPEYH, 4 CJIEAOBATENbHO, H 3HAYHTE/bHBX KOHEYHBIX 3€HHT-
HHX YIVIOB TPaeKTOPHA CKBaxXHHH (opMHpYeTCa TeXHHUYECKKMH
CpeacTBaAMH HCKYCCTBEHHOIO HCKDHBJEHHA, KOTOPHE JeHCTBYKT B 3a-
BEIOMO ONpeleNieHHOM HarpaBJieHHH. TeXHHUecKHe cpefcTBa Hanpas-
JIEHHOTO GypeHHsA BKAUAT B cefd CPEACTBA YNpaB/eHHA KpPHBH3-
HO# TpaeKkTopH#, YCTPOACTBA KCKYCCTBEHHOIO HCKPHBJEHHA, 4 Takke
cnocolbl H CPeaCTBa HX OPHEHTAHHH B NPOCTPaHCTBE, YTO B COBOKYII-
HOCTH MO3BOAAET GYPHTL CKBAMHHBI IO NPOCKTHOH TpPaeKTOPHH.
Taxum o6pasoM, TexHHUSCKHE CPEACTBA HalPABAEHHOTO GypeHus
Aeadarca Ha ase Ooabuwive rpynnel. K nmepBod rpynme OTHOCATCH
TEeXHHYECKHe CpefcTBa Ajf PeryjHpOBaHH HHTEHCHBHOCTH HCKDHB-
JeHHs (ecJH HMMEOTCA TeHIEHIHH HCKPHBAEGHHS CKBAaXKHH B )Kejlae-
MOM HANpaBJ/ieHHH) H, B YACTHOCTH, CHAPAAH A5 GypeHHs OTHOCH-
TeJISHO NPAMOJIHHEAHBIX HHTEPBAJIOB CKBAaXKHH. Ko BTOpoH — TexHn-
HYeCKHe CPeACTBA HCKYCCTBEHHOTO HCKPHRJCHHA: OTKJIOHHTEH,
paGoTaiollHe B HW3OTPONHOH H aHH3OTPONHOH cpeaax W ONpesens-
OlIHe KPHBH3HY CKBaXKHHB Ha HHTepBaJe ycTaHoBKH. OHH MoryT
ObiTh ODHEHTHPOBAHH B 3A4AHHOM HANpaBACHAH H, CAEAOBATENAbHO,
YCT2aHaBJHBAIOT HANpPAaBJeHHE HCKPHBJISHHA CKBaMHMHH. Kpome 3THX
LBYX TDYNN TeXHHYECKHX CPEACTB HaIPaBJeHHOTO GypeHHA, 0coby
rpynny cocTaBasiioT npHOOpPH (H MeTORb) COPHEHTAUHH OTKJAOHHTE-
Jell, KoTophle ofecneyHBaloT HANpaB/JeHHOE OTKJIOHEHHe TPAEKTOPHH
CKBAMHHM, T. €. OTKJAOHEHHe B 3apaHee ONpeJeleHHOM HalPABIEHHH.

§ 1. TEXHHYECKHE CPEACTBA HANPABJIEHHOTO BYPEHHSA
BNA PEFYAHPOBAHHA HHTEHCHBHOCTH HCKPHBJEHHA
B YCTAHOBHBIHEMCH HANPABJEHHH

Jlns perysEpoBaHHS HHTEHCHBHOCTH HCKPHBJEHHA NPHUMEHSIOT Crie-
gHalbiue GypoBble CHADAAN WK TAK Ha3hBaeMbie KOMNOHOBKY HK33
6YpHJIBHOrO BaJA, KOHCTPYKLHA ¥ NPHBLURN NeHCTBHA KOTOPLIX BhITE-
KaloT H3 YCJIOBHA BhHchBaemocTH (43).

Bo Bcex peanbHHX cAyyasX yBeJHUeHHe KPHBH3HBHI TPaeKTOpHH
CBH3BIBAETCHA C YBEJIHUEHHEM DAAHAJNLHOIO 3230pa HJH C YMEHbLIe-
HHEM JLJIHHB CHAPAA4, KOMNOHOBKH, KAK 3TC H ONpejesieTcs 3aBHCH-
mocThic (43). TlpH 3ToM YYHTHBAIOT H BOAMOKHOCTE HOTEPH YCTOR-



YHBOCTH MPAMONHHEAHON GOpMbl KOMIOHOBKH, YTC BJIHMCT, KaK GBLIO
nokazaHo panee [cM. gopmyay (42)], wa ypenndeHHe 3HAYeHHA
koaduurerra A B popmyne (43).

4. |Cneukanbhble GYpOBHE CHApsABI, NPAMEHSAEMbIE NS YBENHUYEHKS
KPMBH3HB CKBa)KHHB, NMOJYUMIAH HA3BAHHE IUAPHHPHBIX OTKJIOHHTE-
aedi O, Tak Kak Aa8 rapaHTUPOBAHHOIO MAKCHMAJNLHO BO3AMOXKHOTO
panMalbHOIO CMEUleHHs OcH OYPOBOrO CHapsaa OT OCH CKBAMKHHHI
6ypoBofl cHapHA COefHHAWT ¢ GYPRABHON KOJOHHOH NOCPEACTBOM
YHHBEPCANBHOTO WapHUpHOTO yerpoHcrsa Y1 Ilpu stom anxua Gy-
posoro cHapsna / (xecTkana 6asa) onpefeisdercs 3alaBaeMOH pac-
YeTHO# KDHBH3HOH IIPH YCTAHOBJAEHHOM (HOCTOAHHOM) DanMajbHOM
3aszope A. Ucnonp3yemule IpH HCKYCCTBEHHOM HCKPMBJIEHHH CKBa>KMH
UIAPHHDHBIE OTHJOHHTEAH HMElOT yBeJHYeHHLY pajHaJbHbi 3a30P,
4TO0 NOCTHrEETCA 33 CHeT YMEeHbIHEeHHA gHaMerpa Koplyca ¢ cpas-
HeHHIO CO CTAHAAPTHHEIM AHAMETPOM MOPOJOPA3PYIIAIOLUIETO HHCTPY-
MEHTa; 3T0 mpH GypeHHs ¢ oT6OpoM KepHa TpebyeT CheUHAbHAIX
KopoHOK. Tak, npH HOMHHAJbHOM AMaMeTpe CKBAMKHHBEI 76 MM aua-
METP KOpOyca OTKJIOHHTENS COCTABJIACT 57 MM, 8 HAPYXHBIA H BHYT-
peHHHH DMAMETPH TNOPOAOPA3PYIIAIOUErs HHCTPYMEHTA — COOTRET-
CTBeHHO 76 W 42 MM,

HinTeppa/ili HCKYCCTBEHROTO HCKDHBJEHHA 4YacTo MPOSKTHPYIOT
GypuTh Ge3 or6opa KepHa. IIpk 3TOM KOMNOHOBKY IAPHHPHOMO OT-
KJOHHTENS] OCHALIAIOT CePMAHRIM MiapOILEUHBIM A0JOTOM.

, CXeMbl APHAPHOTD OTKJOHMTEAR TpHBeAcHH Ha puc. 294B we-
KOTOPBIX CAy4yafiX fpH OTCYTCTBHH HANCKHHX LIADHHPHLIX YCT-
poAicTe 6ypoOBOA CHapsiK, NpUMeHsieMHf B 30HaX GOPMHPOBAHHSA CKBa-
JKHHB! AOBBILIEHHON KPHBH3HbI, COENHHAIOT ¢ GYpHALHOH KOJNOHHOH
GypHabHo# TpY6O#H, AMEIOILEH 32BEIOMO MAAYI0 KeCTKOCTb IPH H3rH-
Ge, GOIHAKO NIPH 3TOM TapaHTHPYETCH nepejada HeoOXOAHMOTO Kpy-
TALlero MoMeHTa H TpeGyeMoi oceBoil Harpyskd. Hanpumep, 6ypuin-
HYIO KOJAOHHY AHamerpoM 50 HaM 54 MM COEJHHAIT CO CHAPAHOM
G6ypuibuoR Tpy6o#t muamerpom 33,5 mm. [lpy 3HAUHTENBHOM YyMEHBb-
[IeHHH XKEeCcTKOCTH B 30HE COeJMHeHHA CHAapAja ¢ GYPHJBHOH KOAGH-
HOH ofecneudralTcs HIrHG H MaKCHMAaJbHOE OTKIOHEHHE OCH KOM-
HOHOBKH OT OCH CKBa)KMHW NMPH BEPOATHOCTHOM BADHAHTE JBHXKE-
HHA, GAM3KOM K BPauledHI0 KOMIOHOBKH OTHOCHTENLHO COGCTBEHHOH
OCH,

4 !B mnpouecce paboThl COGCTBEHHO IAPHHPHbLIE OTKAOHHTEH, HE
“CBA3AHKBE C KAKHMH-NIMG0 NPYTUMH OTK/OHAIIHMME YCTPOHCTBAMH,
noj AefCTBHEM CHJ TPeHHA He MPHHHMAIOT YCTOHYHBOrO, 3a(HMKCH-
POBAHHOTO B OJHON NJOCKOCTH NOJOMEHHS B CTBOJE CKBaMKHHH M N0-
ITOMY CAYXAT TOJAbKO MJIST YBeNMUYEeHHA KPHBU3HBI, eClH CKBAXKHHA
NPOSIRASAET YeTKYI0 TeHAEHLHIO K HCKPHURIEHHIO B JKeJAeMOM HANPaB-
JIeHNN.

XapakrepuCTHKA TPAEKTOPHH CKBAXXHHLEI B 30He DabOTH IapHED-
HOrO OTKJIOCHHTENA OHEHHBAJACh PRHEE KaK TPAEeKTOPHH € OTHOCH-
TENALRO MOCTORHHOH KPHBH3HOH, BEAHUHHA KOTOPOH C YHETOM BAHSA-
HHA KOHKPETHBIX TMeOJIOTHYECKHX YCIOBHE MoXeT GpiThb OnpejefieHa
no gopMyne {46:
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Puc. 29. Cxemtl WADHHPHOTO OTKICHHTEAN:
a - ¢ onopoit wa 3abei, § — ¢ NPOMEXYTOUHOHE onopol
Puc. 30. TpaexkTOpHA WAPHHPHOTO OTKAOHHTEAR }Z
Ko = KoliAg/A 13 (108)
WM 6e3 OleHKH BJAHSHHA Te0JIOTHYECKHX YCaoBHH no dopmyne (40) :
K= 2A:/8, (109)

roe [y — OfHHA KeCcTKOH 6a3bl OTKAOHHTENS; A; — pafHAIbHEI
3a30p npH paboTe OTKAOHHTEA.\

Teneps xapakrTepHCTHKY TPaeKTOPHH YCTAHABAHBAEM C YUYETOM
TOrO, YTO AJHHA OTKJOHHTENA OT MOPOAOPAa3PYILAOUIEr0 HHCTPYMeH -
T4 10 YHHBepcaJbHOTO LIapHHpa (KecTKasa $a3a) MeHblIe KPHTHYE-
ckoit [cMm. Bupamenue (27)], npH 3TOM BCerga rapaHTHPyeTcs oT-
KJOHEHHOE OT OCH CKBAXKHHH MOJIOXKEHHE OTKJIOHHTENS] H KOHTAKT
¢ NOBEPXHOCTHIO CTBO/IA CKBAXKHHH B Touke A (cM. puc. 29). B coor-
BETCTBHH ¢ pHc. 30 HaxOoAHM HavajbHOe OTKJIOHEHHe OCH CHapfla oT
OCH CKBAMHHBI — yroa &, = A/l

JBH:KeHHe cHapaza B mpouecce GypeHHA NPEACTABJAAEM KaK 110G-
TynaTeJbHOE NepeMellleHHe CHApAAa [0 HANPABJIEHHIO €r0 OCH Ha
BeM4HHY Al H, TaK KaK OPH 3TOM BepXHAA YacTb CHapAja — Toy-
kKa A noTepAeT KOHTAaKT €O CTEHKOH CKBaM{HHbl, MOCIENOBATENbHOE
yri0BO€ CMeileHHe Ha HEKOTOPYIO BelHYHHy §,. YTi0Boe cMellleHMe
Ha NepBOH M MOCJAeAYIIUHX CTAAMAX JBHMKEHHS YCTAHABJHBaem
u3 oTHoweHuA 8§, = A/l Tak Kak h; = Al §,, TO

.Y,
61—6;,!.

(110)



Auwanordudo Oy = hy/l, hs= Al(d,+ &) u, caenosBaTennHO,
s =08.(1+ 2. (1i1)
8= hsfl, hs=AlBu + b1 + &), 8= 8, 5(1+ 5% (112

Taxum 06pa3oM, AAS n-H CTAJMH NEPEMELIEHHS BMEeM
Al Al p—
8= 8,5 (1 + 2. (113)

Myctsh oruowenne (/Al=rn # apu Al O n Gyner cTpeMHTBCR
K Geckodeuyuoctd, Toraa sanduieM Buipaxende (113} kax

br = bu{ 1 + )",

4 cyMMY 3JEMEHTAPHBIX YrAOBBIX CMelileHHit §; HA HJauHe [ KaK
i=n

So=81+(1+H +

=1
+(1+—i—)2+...+ (;+-3“-’]. (114)
BripakenHe B KBaapaTHHIX CKOGKAX B ypasuenuy (114) npea-

crapaner co60fl reOMeTPHYECKYIO TPOrpeccHi0 €O 3HAMEHAaTeneMm

(l—{——r';) H paBHO
[r4+ D+ (+ D+ +(1+ D] =
“[( 4] / (440,

3anumewm ypaBHenne (114) B cneayoulem Bupe:

- LAY
Ela,.z a%__(lil_';_z____l_=

ﬁa..[(l-{-—i—)"-l].

Tak kaxk panee OnIC NPUNATO, YTO A —~ o0, TO
1 n f==n
(1+D)=272n T&=172.
=1
O6o3naunm cymmy 3 8; = 8: # Haitaem ofulee yraosoe cmente-
= |

HHE Ha HHTEpBafie OTKJIOHEHHA JAHHON !/ ¢ yueTOM Ha4albHOTO YIJao0-



Boro cmewenus: § = 8, + 8z = 8, + 1,728.. Han, packpuiBasi 3Ha-
yeHHe O, HMeeM:

8 =2727= e-?-— (115)
TIpn ManocTH yria oTKJIOHeHHA O = —Z—Z—, NO3TOMY 3anMiieM OT-
dy A 2

HoutenHe (115) B ofiieM BHje: = ¢, u4To oTBedaer cieny-
OIMM  TPAHHYHEM  YChoBHAM: dy/dz = 8,= A/l npu 2z=0,
dy/dz = IAe npu z = [, Toraa dy = !Ae”/’dz.

[Tpu MHTErpHPOBAHHHM NOCAENHEr0 YPaBHEHHS ¢ YYETOM IpaHHu-
Horo yciaosusi z = 0 npu y = 0 nonyuaem

g = Ale*” — 1). (116)

3T0 M ectb YpaBHEHHE TPAEKTOPHH LIADHHPHOrO OTKJIOHHTENA
c-onopofi Ha 3a60of Ha MHTepBade 2 < [

[pu anuune peiica /), Goaburefi ANWHB OTKJAOHHTENS, NOCAEAHHH
IOCTEREHHO nepefaeT K (POPMHPOBAHHID CKBAKHUHH NOCTOAKHON
KpHBH3Hub [cM. popmyay (40)].

ITosToMy XapaKTepHCTHKOE PacCMOTPEHHLIX OTKJIOHHMTENeH, KOTo-
pHe MOJYYHJAH HA3BaHME OTKAOHHTeNed ¢ onopofl Ha 3abofi, ABas-
€TCA 3aBHCHMOCTb BHAa O = ¢({p), npeacraBneHHas Ha pHc. 31.

OueBHHO, UTO TEKYUIAA KPHBH3HA CTBOJA HA HHTepBaie paGoOTH
OTK/JOHMTEAR ¢ OTOPOH Ha 3al0H nNepeMeHHa Ha AJHHE He MeHee
2l W crpemHTCA K NOCTOAHHOH BeJAHYHHE TOAbLKC npH Goabmo#
AAuHe pefica, 4TO BO MHOIOM ONpeeasieT TeXHOJOTHIO NPOXOAKH
CKBAXHH B 30He PAGOTH WAPHHDPHHX OTKIOHHTENIEH H, B YACTHOCTH,
TpeGyer npopalGOTKH CTBOMA C UEABI0 JOCTHXKEHUA MPHOAHIHTEINBHO
HOCTOAHHON KPHBH3HH.

lapanTHpOBaHHOE OTK/AOHEHHOE [TOJNOXKEHHEe NONOGHHX CHAPALOB
BBI3LIBAET NOCTORHHOE DalHANLHOe YCHJAHE [0PCAOPa3pPYIAIOILErD
HHCTPYMEHTa Ha CTEHKY CKBa)XHHH B npH3alofiHoH sone. Paanans-
Hoe ycHAHe R B cooTBeTcTBHH ¢ (opmyno (52) mpomopumonaabno
BOCTIPHHHMAaeMO# CHaPSAOM 0ceBOH HATPYy3Ke H YIJIY MEXIY OChiO
CHAPAJA H OCBK CKBa)KHHDI.

Ecau nojoxeHHe OCH OTKJIOHHTENAl 3aPUKCHPOBAHO B HEKOTOpOH

Pac. 31. XapaxTCpHCTHKA OTKIOHM-

~
~
o
~

3t
Tenn ¢ onopol Aa saGol I



WIOCKOCTH, TO Ha/HYHe Nae Ma/joro, HO NOCTORHHOrO PafHaJBHOTO
YCHIAHA ¢noco6eTByeT HOPMHPOBAHHIO KpHBOJHHeRAHOro cteona. Tor-
LA NepeHeceHHMe TOUKH KOHTAKTa LIAPHHPHONO OTKAOHHTENS CO CTEH-
KOH CKBa)KHHB GlHMMKe K 3a6010 ¢ NOMOILLIO BBeACHHA CMELHaJbHON
ONOPBl NO3BOJIAET YBENHYHTb PajHaibHOE YCHJIHE Ha NOpojopaspy-
HIAKILEM HHCTpyMeHTe (cm. pHc. 29, 6)

Ry = kPoc 311 (117)
2

rae & — Kod¢dGHiHERT MPONOPUHOHAILHOCTH, ONMpeleasieMbil yC/io-

, BUIMH CO3JAHKHA H MEpPEfAUH OCeBOH HArpy3kH Ha 3aGoA.

S ' /KoHeTpyKuMs WAPHAPHBEIX OTKJIOHHTENed, B KOTOPYIO BKIIOUEH
MoJOGHHA OMOPHHA 3JIEMEHT, NOAYYWJIA HAa3BaHHE LIADHHPHOTO OT-
KJOHHTEIA ¢ MPOMEKYTOUHOH ONMOPOH M CUHTAETCH MEepCneKTHBHOR
B C/Ayuae HeoOXOAHMOCTH ROCTHXEHHA 6GOsblueli HHTEHCHBHOCTH HCK-
PHBICHHSA.

Hajexnocth paboTh WapHHPHHX OTKAOHHTeJeli 3aBHCHT oT Ka-
YeCTA2 YHHBEPCAALHWX MapHApeB. B oreuecTseHHOA npakTuke
HANPaBACHHOTrO GYpPeHHs CKBAXKHH Majoro JIHameTpa MPHMEHAAH
yHuBepcansube wapuupel Thna UIY & HIC, umeonine gge creneHu
cBoGoapl. Yuueepcanpumid wapHup 1Y korcrpyxunn BHTPa
{puc. 32) coctouT M3 Kopnyca [/, nepexoaHHka {0, ocu 6, BTyJAXM §,
OTIOPHOrG KOAblLa & ¢ PE3UHOBHIM CAJLHHKOM 7, npYXHH 2 1 9, nox-
nATHHKA 3 ¥ wapukos 4. Kpytsimmui MoMeHT OT GYPHILHOH KOJNOHHb
yepe3 MepexOJHHK IIAPHHPA H €ro och flepefaeTcsl KOPNyCy depes
wapuki 4, BXOAAWKE B BHIEMKH WApoBOH OCH 6 H NPOACJbHbE
npopesy xopuyca /. O npono/ipHHX nepeMelieHdi 1Wwaposas onopa
(HKCcHpYeTCA BTYAKOR 5, nMewmed aesyio pe3nby. ¥roa KoHycHOCTH
BTYARH onpejessieT yroa H3jloma ocH, gocruralomuii 6°. Mlapunpel
tuna LY BolityckaloT ¢ xopnycaMu JHamerpamu 44, 57 # 73 Mmm.
Iv0 mo3poaner BecTH GypeHre npH ocepoll Harpyske 12, 20 u 25 kH
COOTBETCTBEHHO ¢ uacToTol Bpawenusa a0 400 o6/MHH.

Yuusepcaibhuli mapaup tuna IC koHcrpykunuk CKITY no
CBOEMY YCTPONCTBY GJM30K K TPALHLHOHHOMY KapAaHHOMY MeXaHn3-
MY, KOTOPHHN NPHMEHHUTENBHO K YCJOBHAM OYpeHHs AOMOJHHUTENBHO
OCHALlEH repMeTHYHBIM THOKHM TpPYGONPOBOAOM ANAl NPOXOKALHHA
TIPOMLIBOYHOH HUAKOCTH MEXIYy LABYMA HeCOOCHHIMH Ba/amH.

JS YMEHLIICHHS WHTEHCHBHOCTH WCKPHBAEHHA 3afolinbie KOMNo-
HOBKH BBIUIOHSAIOT TaK, YTOOL JNHHA KOMAOHOBKH GbiIa MaXCHMAaJb-

2 3 % ¥ & 7 & 3 q

Puc. 32. ¥Ynueepcaaotisidl wrapusip Tuna, LY

P



HO BO3MOHOH OPH YCJOBHH COXpPaHEHHHA ee NepBOHAYA/LHOH APAMO-
JHHEAHOCTH, a pajHanbHLii 3a30p OPH 3TOM Obll 6H MHHHMAJbBHBIM
H YAOBAETBOPsN TpeGOBAHHAM TeXHOAOTHYECKOro rnpouecca GYypeHHA.
Tak Kak cOXpaHeHHe NPAMOJHHEHHOCTH KOMIQHOBKH (YCTOHUHWBOCTD)
34BHCHUT OT XECTKOCTH COCTABJAIOIIHX €e 3/IeMeHTOB, TO COXpaHeHHe
NPAMONHHEAHOCTH CKBAXKHHBI B NEPBYIO QUepeb CBA3LIBASTCH C yBe-
JIHYEHHeM H3THOGHOH JKECTKOCTH OYpPOBHX CHapSAAOB, KOTOpPAs JIOCTH-
raeTcsl BBEJEHHEM B KOMMNOHOBKHM TOJCTOCTEHHBIX TPY6.

Has goabuesoro ceuenust [, = 0,05(ds — d?¥), rue d, n d.—
CODTBETCTEEHHO HAPYXHHA M BHYTPeHHHH nuameTps TpyOm. Maxk-
CHMaJbHLIH HapyXHHH AnaMeTp TPYGH H MHHHManbHBLIE BHYTpeH-
HHH HMeeTcsl ¥y yTaxkeNeHHHX GypuibHbix Tpy6 (YBT), KoTophle no
HAYaNbHOMY 3aMbICJY AOJKHBI OLIH CO3/laBaTb HEOGXONHMYIO oce-
BYIO Harpy3ky Ha 3afoM, ¢opMHpOBABINYIOCH HA HeOOMbiioH AJHHE
6yposoro HHCTpyMenTa. ¥DBT HMeaM NOBHIIEHHYIO, 1O CPaBHEHHIO
¢ OOHYHHMH GYPHJILHBIMH TpyGaMH, NPOYHOCTE H obecnedyHBanH
paboTy ocTaJbHOH uacTH GypHALHOIO Bana B Gosee GJaronpHATHBIX
YCJIOBHAX — [0, AEHCTBHEM TOJBKO pPACTACHBAIOWHX OCEBBIX CHJ.

¥BenunuenHe napyxHoro nramerpa ¥BT npHBeio K ymMeHbLICHHIO
BO3MOJKHOTO PaJRa/bHOTO 3a30pa H YJYULIHIO UEHTPHPOBaZHHE KOM-
NOHOBKK 3alofiuod gacTv GypunbHoro sana. [losatomy BBepeHue
¥YBT B 3a6ofiHble KOMNOHOBKH GYPHJBHOrO Bafna MNO3BOJAHAO YMEHb-
HIHTh OTK/IOHEHHe ocH 6YPOBOro CHApAAa OT GCH CKBAXKHHBL H TEM
CAMBIM CHH3HTH HMHTEHCHBHOCTb MHCKDHBJAeHHA. B  oTeuecTBeHHOR
npaKkTHKe KOJOHKOBOro Oyperus npumensiorcn YBT amamerpamu 73
H 89 MM Jna GypeHHS HHTEDBAJIOB CKBAXKHH [OPONOPa3pYiliaAOLLHM
HHCTPYMEHTOM AHameTpaMk 76, 112 MM K GoJjee.

3HauHTeLHBIA Bec €AMHHUB AJHHBL Tpy6 YBT, KouueHTpauus
CHABl THAMECTH Ha HebGoabioH AJMHHe Tpefyer APYroro mnomxona
kK pacuery ¥YBT Ha ycroHuHBOoCTb, 4eM OGBIUHBX GYPHJBHEIX TDYO,
KOT[a BecOM paccMaTPHBAEMOro y4acTKa KOJMOHHB npeHeGperanor
H CHHTAIOT, YTO AaHHbLI# Y4acTOK BOCMPHHHMAaeT H Nepesaer OCeBYIO
Harpy3Ky — B€C pAacnoJOXeHHOH Bhille OYPUABHOH KOJOHHBI HJIH
ycuane noxaun. [lpn onpegenedHu kpHTHueckoft aamuel ¥BT I yer,
npH npesbllledud koTopoll ¥BT Tepser neppouauanbHyi NpAMOJH-
HellHYO ¢GOpMY OON JAeHCTBHeM TONBKO coOCTBEHHOrO Beca HA pac-
CMaTPHBAEMOM YyuacTke, AeQOPMHDPYIOTCA H TIPHHHMAIOT H3OrHYTYIO
$GopMy DaBHOBECHOTO COCTOSIHKA, PacueT BEAyT 0O caeaywoued $op-
MyiJie:

lup YBT — 1,94 i/ Elo/(,’ym' v (118)

rae gyst — BeC eAHHHUB AAHHH YBT.

Pacderdas dopMmyaa KpHTHYecKOH AMHHK YTAMKENEHHBIX GYPHJIb-
Hbix Tpy6 (118) nonyuena w3 ycmoeua, yto yacrora Bpauenus ¥YBT
HeBe/HKA, H OHH BPAILAIOTCH OTHOCHTEJIBHO COGCTBEHHOH KpPHBOJH-
HeHHOH ocH.

B ToM cayuae, ecqH AIHHA YTAXKENEHHBIX OYPHIbLHbIX TPYO
Lypr = Poc/gys1, CO3MAIIKHX OCeBY'D HArpysky Ha 3aGo#i, Gyier
6osiblie, yeM Iy, ysr, TO CekuHa YBT repser npaMonunefinyio dopmy



YCTOHYHBOr0 PaBHOBECHA, AedOpMHpYeTcst Noj AcHCTBHEM COGCTBEH-
HOTrO BECA H NPHMET HIOTHYTYIO (pOpMy, OTKJOHEHHYK) OT OCH CKBA-
HHUHLL.

Tpusep. Oupenenum xpuThdeckywo Aawny YBT nuamerpom 73 mm — YBTP-73,
HMEIOIHX BHYTpeHHHR RHameTp o, =35 MM n Bec | M gypr= 249 H/m, obwyw
axuny Tpys YBT ¥ aanny cxartoft dacTH, coszpaiomel Harpyaxy wa saton 20 000 H.

Haxoaum oceBoM MOMEHT HHEPUHH MJOILEAH TONEPEYHOTD CevueHHA TPYyG: [, ==
= 0,05(d} — d}} = 0,05(0,073* — 0,035%) = 134,5-10™® wm'. [Odaa craawesix Tpys
E = 210" H/w? TNogcrasnns sHasennd KarnGHof MECTKOCTH i 8eca €AHRHEN RAKHL
B popmyay (118}, nosvuaem

3 /'2.10".134,5-10"
Lo vBT = 1.94—J 345 = 199 m.

OGuwas pawHa YBT c yueroM Toro, uro sec ¥BT mosiKen npeebinaTh 3afafnyio
HATPy3Ky Ha 3adolt wa 25 %

Lygr = 1,25P o/ qysr = 1,25.20 0007249 = 100,4 m.
Oaurna cxaTofl 30HH
Lyst = Poc/qupr = 20 000/249 = 80,3 m.

Kax suanm, Lygr > {y, nostomy ¥BT woa mefctanem coberBennoro seca nedop-
MHPYIOTCR H na QopMyae (26) Touka xoHTaxTa OyXer HAXCAMTLCA OT 3abos Ha pac-
CTORHHHM Menbwe, qeM 199 m:

=57mM

s 8/ El, 3,14\/ 210"+ 134,5-10°*

2 Poc 2 20 000

B npusesesHoM Bhillle MPHMEpe HeOGXOAHMAR AJTHHEA KOMIIOHOBOK
YBT raxoma, 4Tc He rapaHTHpYyeT UpAMOJHReHHYIO GOopMY OCH; TPY-
6n YBT tepsior npamoannelinyio fopMy ycToHYHBOrG paBHOBECHH,
H3aruGaloTea H OTKAOHSIOT OCh NOPOANPA3PYIIAIIEr0 HWHCTPYMEHTA
OT OCH CKBaXKHHH.

Tlosromy npocto BBeAeHHe B 3abofHble KOMTOHOBKH GypPHJABHOTO
BAJA TOJCTOCTEHHHX TPYD, HMEWIIHX MOBLINIEHHYIO XKECTKOCTL, MO-
KeT NPHBECTH K HEKOTOPOMY YMEHBIIEHHIO Yr/ia OTKJIOHEHHH OCH
CHapAfa OT OCH CKB&MHHH, CHH3HTD BOSMOKHYK HHTEHCHBHOCTH
HekpuBaenus. Mabexars norepio yeToAyHBOCTH 3ab0iinoR KOMIIOHOB-
KH OYDHJLHOTC BaJjJa Ha HeoOXOZMMON IJHHE MOKHO ¢ NOMOLIBIO
fIPOMEXYTOUHBIX ONOp — UEHTPATOPoB GYPHJABHOrO BaJja.

Hasnauenne omnop -— ofecneudTb MUHHMAMNLHOE PAaAHANbHOE OT-
KNOHeHHe GYPHABHOrO BaJsia, KOTOpOe OnpelelneTcs KoHbHrypauHei
CTBOJA H ONMOPH H JOJNMKHO CO3JABAThb HE3HAUHTE/IbHbIE CONPOTHERJIE-
HKSL H4 (YTH MOTOKA [POMBIBOYHOH KHUAKOCTH, oGorawsenHodl wna-
MoM. 3aboitibie KoMITOHOBKH ¥BT ¢ UeHTpaTopaMH HAULIA UIKPOKOe
NPHUMEREHHE NPH DOTOPHOM H TYpOMHHOM GypeHHH CKBa)KuH 60Jb-
woro auamerpa Ges orfopa KepHa.

ITpu ycTaHOBKe ueHTpHPYIOUIKX 3/eMeHToR Ha YBT manoro ama-
MeTpa, HCNOJAbayeMhiXx B PasnefiouHOM GYPEHHH, PACCTOSIHHE MEXIY
l(I.gg')rpl{pyIOI.U.HMH 3jieMeHTaMH, [, MOXHO ONpenensiTh M3 YCAOBRA

1< 0,81,5/2 = 0,4n\/ET o/ Po.



[1ps BuicokooGoporHoM OypeHuyu HeponycrTHMo npeseCperats
HHEPUHOHHBIMH CHJIAMH, APHBOAAILHMH 3360AHHE YacTH GYPHABHOIO
Bana K CAOKHHM ¢opmam asHXeHusi. [lostomy npeanoutHTenbiee
onpelenATh paccTosHUe [, » MeXOYy TOYKAMH ontopH (HEHTPHPYIOLLH-
MH 3/eMeHTaMH) H3 yciaoBdfa (27), npuHumasi, uto /.. < 0,8/,,/2.
PackpmwBas 3nauenHe I, HMeeMm

o< 042 057 4 [ (058e) 24 f_fmﬁ] 12 (120)

Tak, rapaHTHPOBATH OTHOCHTEALHYIO NMPAMOJUHERHOCTH KONOHKO-
BO#t TpyGH aHamerpoM 57 MM mpH nepegave P, = 15000 H 1 npu
uyacrore BpauleHust 700 oG/MHH MOJKHO, YCTAHOBHB LEHTPHPYIOUIHE
3/IEMEHTbl HA PACCTOSHHH

lis= 0,4%{;}‘\/ —0,5___‘55?;’0 + [(0,5 t55?;10)2+

1 4 4 291/2
+ 2-10 005(0(;;5; 0048)733] =131 m

Ilo pacuery UeHTPHpYIOIUHe 3A€MEHTH AOJXHH pacnosararbcs
Ha paccTofHuM He Gosee 131 cm Apyr or apyra. UrolH yMEHbIIMTH
BJHSIHHE HA JaHHYI0 KOMIQHOBKY DACNONOXEHHLIX Buille yactel Hy-
PHJLHOrO Baja, CEAYeT OCYLIECTBHTh HEHTPHPOBAHHE NO BeeH AJMHHE
Kosmoukopoil TpyGul. Hanpumep, npu pnHHe koaouKoBo# TpyGH 4,5 M
HeoGXOOHMO YCTAHOBHTE TPH NMPOMEKYTOUHLIX ueHTpatopa. [Ipn Ko-
JOHKOBOM aliMazHoM GYpeHHH B KayecTBe UEHTPATOPOB MOTYT OHTh
HCNOJb30BAHB aJMa3Hue Kaaubparcpbi-paciuspHrenn. IlpH stom
H3HOLIEHHbI¢ pAaCIIUPHTEAH NPOAGJIKAKT HCNOAB30BaTh KaK LUEHT-
paropu.

ChenyeT 3aMeTHTH, YTO pajHafibHHH 3230p onpefedfieTcA B CH-
CTeMe CTBOJ CKBAa’XKMHE — KOMHOHOBKA, a pa3paboTka cTBONAa B
CBOIO QuepeAsb 3aBHCHT OT YeaoBHA paboTH Komnonosok. [lostomy
BCe MEPONPHATHA, rapaHTHPYIOUIHE MHHHMAJIbHO BO3MOXKHYIO paspa-
GOTKY CTBONA, KOTODAs TNaBHEM O6GpaloM ONpelenserch GUEHHEm
NOPOJIOPA3PYIAIOILEro HHCTPYMEHTa (Hec6anaHCHPOBAHHOCTb KOM-
NIOHOBKH, OOJbIIHE CHJAW CONPOTHBRCHHA NBUXKEHHMIO H Np.), ABJA-
I0TCR H MepPONPHATHAMH, 06ecneyHBaloIHMH MHEHMaIBHYI0 KPHBHS-
HY CKBaMHHH,

CaepnosaTtensto, B YCIOBHAX SYPEHHS CKBAXHH MaJloro agamerpa
OCHOBHOE HAIPABJEHHE TEeXHHUECKHX MEePOHDHATHH, NPH KOTOPHIX
HOCTHraeTcAl Majlad KPHBH3HA WHTEPBAJIOB CKBAMHH — ITO UEHTPH-
poBaH#e 3a60fAHOR KOMNOHOBKH OYPHMJBHOrG Basa C . pacCTORHHAMH
MeXJy TOUKAMH CIOp, ONpPeReNAeMBIMH YCJAORHEM YCTOHUHBOCTH AaH-
HOro ydyactka GypHJLHOIO BaJja.

B npaktake HanpasiesHoro OYpeHHsI HAPARY C YBeJHUEHHEM
KECTKOCTH 32aCONHEIX KOMNOHOBOK nyteM pBefenusi B uux ¥YBT uay-
qajlack 3¢p¢eKTHBHOCTE NpUMeHeHHA Tpy6 dHrypHOTro (Tpex-, 4ers-
pex-, UIeCTHTPaHHOTO) CeueHHs, KOTOpHE HMENH Pa3HYHbie 3Haue-



Puc. 33. Cxema pehcTBRA HOPMANLHGR COCTRERAOUWER BeCR
YBT (ycnosue crabuamaaumu: N, = N»)

HHA OCEBOM0 MOMEHTAa HMHEePLHH NJIOMIAJH TIONepPeyHoro ceyeHus
OTHOCHTEbHO pasHbX Ocefl H NOSTOMY AOJHHB ObLUIH TIPH H3ruGe
BpalLaTbcA OTHOCHTE/NBHO OCH CKBAXKHHBI Kax H3OTHYTO® TBEpAOE Te-
jgo. Takod xapakTep BpauleHHA B YC/AOBHAX OYPeHdA H3OTPONHBIX
fopoi aoumxed Opldl Gol CNOCOOCTBOBATE COXPAHEHHIS MPAMOJHHed-
HOCTH CTBOJIA.

Boabmi#ncTBe GYPHMBIX FOPHEIX nopod 063alal0T aHH3OTPOIMB-
MH CBOHCTRAMH, NOITOMY NMPH BPAUICHHH GYPHABHOTO Bafla OTHOCHK-
TEJBHO OCH CKBAXHHBI NMPOHCXOAMT MCKPHBJEHWE CTBONA. Bpenenne
B COCT2B KOMHAOHOBOK 3JEMEHTOB HrypHOTro ceueHHs uenecoobpas-
HO JHIIb ¢ LeAbl0 AYYINETO LeHTPHPOBAHHA KOMIQHOBOK, MpHYeM
TaKoe CeyeHHe BaNOB OGECTEeYHBAET MaJible IMAPaBAHYECKHE CONpO-
THRJICHHS.

Bo3MOXHOCTL COCPEIOTOUHTE CHAY TAXKECTH B NpH3aboitHo# 30He
npH BeejeHHd YDBT B cocrap 3a60HHbBIX KOMIIOHOBOK MCHOJb3YETCH
IJ5 PeryJHpPOBAHHS HANPaBJEHHA HCKPHBJECHHA OTHOCHTENbLHO Bep-
THKAAM: Ha BEIKDPYUHBAHHE W BLITONAXKHBAHHE — COOTBETCTBEHHO
NPH YMEHbIUEHHH H YBE/MHUYCHHH 3eHHTHHIX yraoB. B cayuae Gypenus
HAKJIOHHBIX M, B YaCTHOCTH, TOPH30HTANBHHX CKBAXXHH PajHanbHas
COCTABAANLLAA CHAB THXKeCTH R = Gsind MoxkeT GhLITh 3HAUHTENbHE
K ONpefe/fieT PaAHAJbLHYIO MOCTOSAHHYIO N0 HANPaBJIEHHIO cHAY Ny,
IeHCTBYIOULYIO HA MOPCAODA3PYIUAIOMHA HHCTPYMeHT (pHe. 33).

JelicTBue B NOCTOAHHOM HanpaBJSHHH PAZHANLHOTO YCHJAHA Ha
noponopazpymalomnit HHCTPYMeHT onpejeseT YCI0BHs ero paGoThl
H HanpapJIeHHe TPAEKTOPHH CKBAMKHHHL

Tak, npu Gypennr BAKAOHHHIX CKBAaXXHH B OTHOCHTEABHO MATKHX
H30TPOMHHX MOpoAax HaOGMONAeTCH udeTKas TeHAGHUKR CKBAXHH



K BHIKpYUHBAHHIO. B 3THX ciydasx 3¢dexTuBHoe cpeacteo 6opubn
¢ HCKPHBJIEHHEM — YMeHblIeHHe Beca Npu3aboiHof YacTH GypUAbLHO-
ro Baja NpH ero OAHOBPEMEHHOM LEHTPHPOBAHHH.

B HekoTOpHIX TEOpETHUYECKHX pa3paGoTkax no ynpasJeHHIO Tpa-
eKTOpHEH CKBaXHH NPHMEHSeTCH THNOTe3a O HAJNHYKH PABHOBECHOTO
COCTOSHHA CHCTeMH OYPUJbHBIH BaJ —— CKBRAMHMHA H CYIIECTBOBAHHH
yria crabRiIu3aliufi, Np¥ KOTOPOM B fipolecce GypexHsa obpa3syeTcs
OPAMOJHHeRHBH Y4aCTOK CKBaAXKHHLI. PasHOBECHOE COCTOSHHE MPH-
HHMAJIOCE DU paBeHCTRE PafMaNbHEIX, HO [IPOTHBONO/CKHO RANpas-
JIEHHBIX COCTaBASIIINY CHA, AeHCTBYIOLHX Ha HOPOAOPa3PyLIaLIH
HHCTPYMEHT: CHJIbI TAXecTH 3a60HHOH KOMMOHOBKH Y OTKJIOHRAWOLIEH
CHJbl, BHi3BA4HHOH OPMEHTHPOBAHHBIM B BEDPTHKAJLHOM IJIOCKOCTH
H3ru6oM sabofinoli yacTu GypHiIbLHOTO Bana. PasHoBecHOE COCTOsIHHE
MOXKeT GHhThb CBS3aHO C npoieccoM GypeHHs B aHH3OTPONHOH cpefle
Ha BunosiaxusaHue (cm. puc. 33).

HefcTBue paauadbHOR COCTABAAIOILEH CPeLOTOUEHHOH CHAH TSH-
JKECTH Ha I[OpOAOPA3PYINAOMIHE HHCTPYMEHT YCHeUIHO NPHMEHSIOT ¢
LENbi0 HCKPHBJEHHMSt CKBAXKHUH Ha BBIKPYUHBAHHE, 3 TIPH TYPOHHHOM
6ypedd — Ha BHIMOAAKHBAHHE U HA CTAGHIH3ANMIO CKBAKHHE C N0-
MOIILIO YCTAHOBKH ¢BOe0OPasHOH ONnopbl KoJblleBOro ctaGHaH3aTopa
mexay aoaotrom v YBT, ure coormercTByer cxeme paloTwl iHApRHP-
HOr0 OTKJOHHTENSl ¢ NPOMEXYTOUHOH onmopoil (cM. pHc. 29).

Takum 06paszom, Ha8 YBEJHUEHHA HHTEHCHBHOCTH HCKDHBJIEHHS
B GNAronpHATHBIX TeOAOTHYecKHX YCJOBHSX HCMOJbL3YIOT 3aboiHhe
KOMIIOHOBKH OYPOBBIX CHAapsiioB, OGeCNneqyuBaIOUIHe BO3ZMOXHOCTD
YBeJIHUEHHA Yria OTKJAOHEHHS OCH NOPOROPA3PYIUAIoLIero HHCTPY-
MEHTa OT OCH CKBAXKHHB, d JAJ5 yMeHbIIeHHA HHTEHCHBHOCTH — KOM-
NOHOBKH, MPH KOTOPHIX AOCTHTAETCA COOCHOCTh CHAPHLA H CKBAXMH-
HH. [Ipu OypeHHH HAKJNOHHHX CKBAXXHH BO3MOMXHOCTH DeryJHpoBa-
HHA HHTEHCHBHOCTH K HAMPABJCHHS TPAeKTOPHH CKBaXKHHBI CBA3BIBA-
IOTCA C MCHOJb3OBAHHEM JEHCTBHS H HANPABJEHHSA CHJAB TAMECTH —
C BECOM THKeJBX yacredl 3a60itHbiXx KOoMitoHOBOK. Ecai pacmiHpeHte
MK CYXeHMe JAHANA30HA eCTEeCTBEHHOrD HMCKPHBJAEHHS CKBAXKHHBI
€ NpHMEHEHHeM HeyNpaBJIsieMLIX CHapsJAOB HE MOMeT N0AAepXaTh
NPOEKTHOE [OJOXKEHHe CKBAaXHHH B TIPOCTPAHCTBE, TO NPHMEHHIOT
OTKJAOHHTENK, YCTAHABJAUBAEMDbIE B CKBAXKHHE H AeHCTBYIOLIHE B 3a-
NAHHOM HANPARJEHHH — OPHEHTHPOBAHHO,

§ 2. OTKJIOHUTENH, YCTAHABJIHBAEMBIE B 3AJAHHOM
HAMIPABJIEHHH HCKPHBJIEHHA

OTrioHATEeNH 00eCneyHBaOT NPHHYAUTENbHOE (HOPMHPOBAHHE CTBO-
JMla CKRAaXWHb B 3a0aHHOM HANpaBJieHHH C OnpelelleHHOA XKpHBH3-
HOH — HCKYCCTBEHHOE HCKDHBJEHHE, KOTOpDOe HPHMMEHSIOT LA KOp-
PEKTHPOBAHUA TPAEKTOPHH CKBaXKHH M OYpeHHs MO 3a0aHHOH Tpaek-
TOPHH, T. €. AJA HanpaBJeHHOTO §ypeHHA. B uacTHOCTH, OTKIOHATENH
HCMOJIL3YIOT AJIS1 3aPE3KH ACTOJHHTENIbHHX CTBOJOB, of6Xona aoH
aBapHi, NOBTOPHOro nepelypHBaHMA PYAHBIX Tes H T. I,



Kaunosbie orxaonuresu

-‘OCHOBHHM 3JeMeHTYM TaKHX OTKJIOHHTeNel ABAAeTCH COBCTBEHHO
KJIMH — 3/€MENT OTKNCHHTENd, OGYCAOBAHBAOLLHN Hanpab/ieHHoe
ABHXeHHe GYpOBOro CHapsaia Hoj onpeiejeHHBIM YRIOM K OCH CKBa-
JH{HHH.

CeueHHe KAMHA [IOCKOCTHI) CHMMETPHH MPEICTABAAET COGOH
NPAMOYTOJbHBIA TPEYTOABLHHK ¢ OYeHb HeGOJBIUHM YIJOM, NPOTHBO-
JeXKallHM OCHOBAHHIO, KOTOPHA HA3WBaerTcs YHIOM CKOCa KAHHA
5. (pHc. 34). ¥roa ckoca xiHHA (HAH Yroji HAKJAOHA OTKJAOHSAIOLIErO
Kejo6a) oGLYHO HAXOOHTCA B NIpeienax |—3° H ABANETCH OCHOBHOH
XapaKTePHCTHKON OTKJICHHTEJA:

6, = arctg(d/L) =~ d/l, (121)

rae d — qMaMeTp KAKHA; [, — NAHHA paboyell 4acTH KJIHHA.
Cevenns, HopMaJbHHE K OCH KJAHHA — CEpNOBHAHbLIE, HADYKHHH
PaAHYC r KOTOPRIX COOTBETCTBYET PaJHYCy CTBOJIA B TOUKE YCTAHOBKH
OTKJAOHHTENIA, a BHYTPCHHHHA paaMyc Xejob6a KJIHHA — pPajHycy OT-
KJIOHEHHOTO cTBOA. KAHHBA 33a8OACKOr0 H3rOTOBJIEHHS BHHIGJIHSIOT
H3 CIVIOUIHOH CTaAbHOH 3arOTOBKH, YTO O0eCneYHBAET ACCTATOUHYIO
CTOAKOCTE H JOJATrOBEYHOCTh OTKJMOHHTeNs1. B ycaosBuAx reosoro-
pa3BellOYHHX TIAPpTHA TIPH MNpPOBefEeHHH HEOTBETCTBEHHHX palor,
KJIHHbS MOTYT OblTh BHINOJIHEHH H3 TpyGHOH aarorosku. Tpy6y pas-
pesal T No CceKyluefl NOA YIrJOM CKOCA K OCH KJHHA IJIOCKOCTH.
OTpesaHnye yacTh MOBOPAYKBAIOT OTHOCHTEABHO OCH TpyOH Ha 180°
H TIPHBAPHBAIOT K BBIpE3y Ha TpyGe.
Kauu, nomeuleHHHA B CTBOIE CKBAMCHHEL, OTKJIOHAET B 3a(PHKCH-
DPOBAHHOM HanpaBieHHH QTGYpoy-
Hb# CHApAl, KOTOPHA MOCTeneH-
HO B {IpOHEecce 3ape3KH CTEHKH
CKBAXKHHH pacnojaraercH Ina-
paniesbHO JOXKKY KAHHA W OCy-
ILECTBANAET OTKJIOHEHHE CKBaXH-
HH Ha Yroj cKoca KJIHHA B He-
60abLI0H 30He, IPAKTHYECKH B O1-
#oil Touke. KAHHBA KOHCTPYKTHB-
HO GHIBAIOT OTKPHTHIMH HJH 3aK-
PHTHMH, HOMHOCTHEY HJH 4ac-
THYHO MepeKpHBaWHMKE 32601,
KauHbA OTKpHITOTO THMA coepH-
HAKOT C KOJOHHOH OYPHJBHLIX
! TpY6G BepxHefl YacTbIO JOXKKa ¢
NoMOILIO 3aKIEeNoK.
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Puc. 34. Cxema xANHOBOro OTKAOHHTEAR



[focne cnycka, yCTAHOBKH OTKJIOHHTENS H €rQ pPackpenjeHHus 3a-
KJENKH CPe3zIOTCA NpPH CO3JAHHH COOTBETCTBYIOLLEH cpeauBaloliled
oceBOR Harpysku:

nd?
P> nZi[q], (122)
riae n — UKCJIO 3aKnenox, d, — AMaMeTp 3akJenck, [t] — momyckae-
MOe. HalpAXKeHHe Ha cpe3 AJS MeTajla 3akJ/ernoK.

OceBan Harpyska, npH KOTOpOH cpe3aloTcs 3aKhenku, Gojblie
YCHJIHA, HEOGXOQHMOro IAA pacKpendeHHs OTKJoHWTeNd. [locae ua-
BJEUEHHS OTCOSIHHEHHOH KOJOHHM GYPHJABHHX TPYG H3 CKBAKHHLI
KJHH CTAHOBHTCH OTKPHITHM, YTO MO3BOJAET NPHMERHTH IIpH omepa-
HHH OTRJOHEHHA MOPOAOPA3pyILAaOUWHRA HHCTPYMEHT TOrO e AHaMeT-
P2, YTO H AHAMETp CTBO/A B MECTE YCTAHOBKH OTKJAOHHTENA.

3aKpHITHH KIHH B BepXHeH HacTH CHAGXKEH NEePEXOAHBIM KOJBLOM,
€ MOMOULbIG KOTOPOr0 OH COCAHHAETCH C KOJOHHOH GYPHIBHHX WIH
o6cainblXx Tpy6 LA cnycka B ckBakuHY. HcnosbsoBaHRe coegmHH-
TEAbHOMO KOMbLA YMEHBLIAET BO3IMOKHBIA THAMETP CKBAXHHB HOBOFO
HamnpagJeHus.

OcHoBaHHe KJAMHE, MNOJHOCTBIO MEPEKPLIBAOLIETO 3a6G0#, COOTBET-
CTBYeT JHAMETPY CTBOJIA H ofecnedHBaeT PH OTXOAe OT Kenoba KiH-
HA 3ape3Ky OTKIOHEHHOTs CTBOAA HOMHHAAbHOrC AHamerpa. Haununas
C OCHOBAHHA K/HHZ K HHXe MeX]Y OTKMQHEeHHBIMH CTBOJIAMH DopMH-
DPYETCHA TOHKAfA KAMHOBHAHAA NEpEeMHIuKa.

OcHoBaHHe KIHHBER C HEMOJHLIM NEPEKPHITHEM 3205 MeHbHIE AHA-
METpa CTBOJIA, YTO NO3BOJIET 6YPOBOMY CHAPAAY 3ape3aTh HE TOJBKO
CTeHKy, HO H HacTb 32604 OTKIOHAEMOH CKBAXKHHH. \/

CraunonapHple KAMHOBBIE OTKAORKTEAM. KinHbSA ¢ moauHM nmepe-
KpLiTHEM 32607 BXOJAT B COCTAB CTALlHOHAPHBIX KIHHOBHX OTKJIOHHUTE-
Jefi (cTau#OHApPHLIX KJHHLEB), KOTOPBIE OCTAIOTCH B CTBOJIE CKBAMXH-
Hbl 10 ee OKOHUaHHA, ROCTOANHO HanpasaAa GypoBHe CRapAAR B OT-
KAOHeHHH® ¢TROJ. COGCTBEHHO KAHH JNA YAEPKAHHA B 341aHHOM TIO-
JNOXKEHHH COeAHMHSIT ¢ QHKCHPYIIIKEM ycTpolicTBoM. KoHCTpykuua
DHKCHPYIOWIEro YCTpOHCTBA ONpeleNsieTcH IeooTo-TeXHHUECKKMH
YUIOBHAMA GYPeHHA HA HHTEPBAJe YCTAHOBKH OTKNOHMTEN®: paspa-
GOTKOH CTBOJA, TBEPAOCTBHIO H YCTOHAUHBOCTBIO HOPOA.

ITpu 6ypenun B TBepanx nopoaax VII—XII xareropuit no 6yps-
MOCTH B KadecTBe PHKCHPYOUIRX YCTPOACTB HCIOAB3YIOT paclnopHhe
MEXAHH3MH, PACKPeIViIOLlHe HHXKHIOW, OTIOPHYIO, YaCTh KOPIyCa KJIH-
Ha B CTBOJIE CKBAXHHLL. B OCHOBHOM ADHMEHAIOT PACNOPHBIE MEXAHH3-
Mbl KJIHHOBOro THna. [lepemMenienue 8 pajHasibHOM HAPAB/EHHH TJA-
HIEK, KOTOPBIE PACHIONOKEHH B LHAHHAPHUSCKOM ONOPHOM KOPITYCe HIH
COENHHEHN C HHAHHADHYECKHMM JedOPMHPYEMbIM OMOPHBIM KOPNYCOM,
OCYILECTBJAAETCH 38 CHET OCERON HArpy3KH H MOCTYNATEJNBHOTO B OCe-
BOM HamnpapJIeHKH NepeMellleHlsE BCEro CHapaLa OTHOCHTEbLHO HEeNnol-
BHIKHOH OINOPHOR YACTH, YCTAHOBJNERHOH Ha 3a60f, M B pedyabrare
spailieHHs BHHTA, COERHHeHHOro ¢ SYPHABHOA KOJOHHOR H onupaloiie-
rocsi Ha DaCNOPHHMA KOHYC, KAK 3TO NoOKasaHo Ha pHc. 35.

ITpy ycTanoBKe OTKJIORHTeNed B MAKHX NIOpO4axX HANDABASIOLLYIO
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Puc. 35. CxeMnl pacnopHblX MeXaHH3MOB,
paGoTaIHX NOA, AEHCTBHEM OCEBOR Harpys-
kn (a) ¥ kpyTawero momenra (6)

Purc. 36. Kannosoh orkaonutenn tvna KOC

(HACTHYI0 YACTb KJHHA DACKPeNJafidT B MPeiSdPHTENbHO YCTAHOB-
NeHHOH fepeRsiHHOH TTpolGKe HH 3aTHpaloT 0e3 NPOMHEBKH. B ocoben-
HO OTBeTCTBEHHbIX CAYYaAX KIAHH UeMeHTHpyloT. [Ipu oTxome oT KNHHa
H COOTBETCTBYIOIIEH NpopafoTKe CTBOMA KJAHH MOMXET ObITh NepeKphiT
AecopMHpyOLLEica 06calHoH KOJAGHHOH, YTO BJAEUET 38 cOB0M yMeHb-
HieHHe NHamerpa CKBAXKHUHBIL.

Tonmuna nmepeMblMKH B 30He YCTAHOBKH OMOPHO# 9acTH KJIHHa
MeX Y OTKJOHEHHBIMH CTBOJAMH CKBAXKuUHB Mana. [lostomy npH uc-
T0Jb30BdHHH KJIHHOBBIX DACTIOPHBIX yCTPOHCTB Anst H3GexaHHuA paspy-
LIEHHSA MepeMBYKH DACKPelJIEHHe AOJKHO NPOH3BOAMTBCE Ha pac-
CTOAIHHH O0KOJAO 3 M OT TOYKHM 3ape3KH OTKJIOHEHHOTO CTBOJA.

CrauHoHapHble KJHHBA YCTAHABAHBAKT KAaK HA eCTeCTBeHHMIH,
TaK U Ha HCKYCCTBEHHbIA 3a60#.

KOHCTPYKLHIO CTAUHOHAPHOrO KJAHHOBOTO OTKJIOHHTEIR paccMoT-
DHM Ha OpuMepe HWHPOKO NPUMEHAIOLIErocs KAHHOBOrO OTKAOHHTENS



tuna KOC, paspaGorannoro BUTPoM 1as cKBaXXHH AHaAMETPOM 46—
76 MM.

CrandoHapHbl KJAHHOBOH OTKJOHMTENL (puc. 36) cOCTOMT H3
KJHHA @ H PACKPENARIOIEre ycTpofcTaa 6, coeHHEHHBIX YAAHHHTENb-
Ho#t TpyGoR /. K Kopnycy 6 pacKpenJfolero ycTPoACTBa ¢ NOMOUILBIO
pe3bObl NprcoeHHens BepXHH# 3 M HHXKHuH 7 naTpy6ku. CKBO3HHe
NPOAOABbHBIE MPOPe3H HAa naTpybKkax o6pasyioT NpyXHHALIHe THOKHE
NOJIOCH, K KOTOPHIM BHYTPHM MPHBAapHBAIOT KIHHOBHAHLE [JALIKH.
B natpy6kax pacnoJioxetbl BepXHHi 2 H HHXKHHH 8 pacIOpHEIe KOHY-
chl, COeJHHEHHBIEe MEXAY cOGOM INTOKOM 5, a ¢ KOPNycOM LIMHJIBKOG 4.

KaHHOBOK OTKNOHHTENb CNYCKAIOT B CKBAXXHHY Ha KOJIOHHe Oy-
PHABbHBIX TPY6, COEIHHAEMBEIX ¢ KJIHHOM 4e€pe3 YCTAHOBOUHBIH narpy-
6ok 9, npukpenseHHbd 3aKnenkamMy [0 K aoxkKy kadHa. [1pu nocra-
HOBKE OTKJOHHTeAs] Ha 3aGoffi moj jJeHcTsHeM OceBOH Harpyaxu
CPE3aeTCA LIMHJAbKA 4 H KOPAYC pacKpeJsionlerc ycrpofictea cme-
UIA€TCA BHH3 OTHOCHTEJbHO HENOIBHMKHLIX PAacMOpHHIX KOHYCOB, HTO
OPHBOAHT K hedopMauHdH DATPYOKOB 3 H 7 H IPHIKATHIO HX K CTEHKEM
CKBAXKHHbL -~ PACKpPeNJNeHHIo OTKICHHTeNs. [Tocae pdckpennenusa cpe-
3a10TCH 3aKAenkH [0 M OTCOGNMHEHHYIO KOJOHHY GYPHILHHX TPys
NOAHUMAIOT HA TOBEPXHOCTh,

K/HHOBble OTKIIOHHTENH JAI0T PE3KOe YIJOBOe CMelleHHe CTBoja,
4yTo TpefyeT NpoBeReHHA AONOMHHTEJNLHOR OnepaluH — ipopaboTKH
CTBOJIA CKBA)XHHbBI Ha HHTEPBAJe OTKAOHeHHs. HasHauenHe npopaort-
KH CTBOJIA CJACLYOILEE: 33 CYET paspylieHHs NOBEPXHOCTH CTBOJA
C03/aTh TAKYI0 KOHQHIYpPALHIO CKBAXKHHBEL, NMPH KOTOpOH GypuiabHaf
KOJIOHHA Ha YYACTKe OTKJIOHeHHKH 11PHOGPeTaeT OTHOCHTENBHO MOCTOH-
HYI0 KpHBH3HY, HO MEHbIUYIO, YeM JOMYCTHMAs H3 YCJAOBHH MPOYHOCTH
6ypHAbHBIX TpyG OpH OypeHHH CKBaXHHBI [0 KOHeuHON rAyGHHbI
¢ YUSTOM H3MEHAIOUIEHCA OCEBON HArpy3KH M NEPeiaBaeMoro KpyTH-
uero Momenrta. Tlpu 3tom chopmHpoBaHHad cpeiHAR KPHBH3HA
CTBOJIA JOJKHa O6ecneuuTh SPOXOMJAEHHe KOMIOHOBOK OYpOBLIX
CHAPAA0B ¢ MHHHMAJBHO Bo3MOXHOR nedopmauueil.

Mox-Ho cunrarh, yTo nocsae npopabOTKH CTBOAZ KPHBH3HA CKBA-
AHHHB HAa YYacTKe YCTAHOBKH KJHHA ONPeAe/iuTCH Kak

K = 8/2l. (123)

CocraB GypoBoro cHapsiga, MOCJAENOBATENbHOCTE ONEpallil H na-
PAMETPH TEXHOJOIHYECKORO pesKHMa GYpPEHHA B Ipouecce oTOYPHBA-
HHA H MpopaboTKH CTBOMA OTPAaXalOTCA B TEXHOJNOTHYECKOH KapTe
YCTAHOBKH OTHKJAOHUTesed. TexHoloruyeckas kapra no yCTaHOBKe OT-
kaouutenss KOC-57 npuBenena B taba. 4,

Hapiexaempie (chbeMHbie) KJIHHOBLIE OTKJIOHHTERH, HJH CbeMHBIE
KAHAbA. OTKNOHKTENH, H3BNeKaeMble MOCAe H3MeHeHHs HanpaBjeHHA
CKBaKHHbl H 6a3HUPYyIOLIHECS HA HCNOJAb30OBAHHH KJIHHBEB 3aKpBITOro
THIA ¢ HenoJjubiM NepeKpblTHeM 3a605, ABARIOTCK NPOCTHBIMH B H3ro-
TOBJACHUH H paboTe H OTHOCKTENLHO HaAEXKHBIMH TeXHUYECKHMH Ccpel-
CTBAMH HanpagjeHAoro 6ypeuns. Ouu no3BOJAAIOT 38 OHKE LUK padoT,
BKJAKOYAIOUIRA YCTAHOBKY OTKJOHHTENs, OTOYPHBaHHe, paclIHpPeHHe



Ta6anuua 4
Homep Onepauna TexHuuecKMe CPEACTEA, KOMNO Tpoxoaxa QOcesan ua Yacrora
pefica koBKa GYpoBOTo cHAapAna 3a pefic rpyaka naH | mpawesns
» ob/Max
1 Ycranoska — — 5000—6000 —
kinga KOC-57
2 | bypesue wun- | Hoaoro JJAA-59, apmu- | 0,7—1,i | 200—800 =100
Téppana Jo#- | pOBaHHBA  MePexoiHHK
K& KAHHA Annaof  100—150 wmm,
42-mm OypunbHan Tpyba
3 | HNpopaGorka Hoaoro AJIA-59, apmn | 1,2—1,5| 800— 1500 |100—300
CKBAXKHHH H PORAKHBLIA  MepexoAHHK
6ypeHue nakHoRt  250—300 MM,
42-um Gypuabhan Tpyla
4 | IpopaGorka Honoro IH-59K pan an- ) 1,2—1,5 ] 1200—2000 | 300—400
CKBaXHHH H Ma3Had KOPOHKa JHKa
Gypenne MeTpoM 59 MM, mepexon
HHK, KOJOHKOBas TpyGa,
nepexofuuk OGuian aau-
H3 KOMMOHOBKH 650—
700 MM
5—7 | Bypenne Tpems { AaMa3HaA KOpOHKa AHa- | 5-#, 6-4, [ [000— 800 Makch-
NoC/eA0Ba- meTpoM 59 MM, KoJOHKO- | 7-H pefi- MajibHad
TelbHbMH peft- | Baa TpyGa anHHO# 1,3, | CH coorT-
CaMu 3.0m4b M BeT-
CTBEH-
HO 1,5
3,45 m

Mipumedanne Pacxon NPOMHBOYHOR MUAKOSTH Npu GypeHHM WADOWEHYHEHNMM JONOTAMA H AXMAZHLIMU
KopoHKaMH 100—120 u 40—50 n/Mun COOTBETCTBEHHO

H TpopaboTKY OTKJIOHEHHOTO CTBOJA, H3IMEHHTh HANpasjeHHe CKBA-
*KHHBt Ha 0,5—1,0° # MOTYT NPHMeHATLCA HEQLHOKPATHO

KOHCTpYKIHA CheMHBIX KAHHOBHX OTKJIOHHTEJReH COCTOHT H3
CAEAYIOIHX OCHOBHRIX Y3/10B: KOPHYCa OTKICHHTENH, BKIAKYAMLLETO
cOGCTBEHHO KJHH; Packpenasiouero ycrpo#ictBa, oTéypouHoro cHa-
pAna.

Kopnyc OTKIOHHTeNA COENHHEH ¢ PACKDPENSIOIHM yCTPOHCTBOM
H OT6ypouHnM cHapagoMm. Jaf OpHeHTHPOBAHHOrO PAaCcOONOKeHHN
KJHHA B CKBaXKHHE GYDHJIbHYIO KOJIOHHY, OKAHUHBAOILYIOCHA OTOYpOY-
HEIM CH&PAA0M, J0 YCTAHOBKH OTKJIOHHTEAsR HA 3a00e XKeCTKO COeiH-
HFIIOT C KOPNMYCOM OTKJIOHHTEJS.

[Tocne npoumecca opHeHTHPOBAHHA H pacKpeljieHHss Kopmnyca oT-
OypouHBA cHApAA NOJYY2eT BOSMOXKHOCTh BPALLEHHS OTHOCHTENLHO
HENOABHIKHOIO KOPNyca M CMELCHHR B OCEBOM HalpPaBJIEHHH — BHH3,
X 3a6010. OAHAKO €ro oceBoe NnepeMellleHHe BBepX BO3MOXHO TOJIEKO
BMECTE € KODIYCOM, 4TO TO3BOJIAET H3BJ€Yb OTKIOHHTENb HA [O-
BePXHOCTL BMECTE C KONOHHOR GYpHABLHHX TPYG.

Tak Kak B CheMHBIX KJIHHOBHIX OTK/IOHHTENAX NPHMEHeH KAHH
32KPHTOro THNA, TO NOPOAOPA3PYIIAICUIHA HHCTPYMEHT OTGYPOYHOTO
CHApPAAA HMMeEeT KAaK MaKCHMYM AHMaMeTp Ha paiaMmep MeHbIle, YeM
JHAMETpP CTBOJIA B 30HE YCTAHOBKH OTKAOHHTenn. [loatomy orGypou-
HHA CHapsAj No3poJAeT GOPMHPOBATH OTKAOHEHHHH HHTEpBaA CKBa-



Puc. 37. Cremnufi xaAnn THRE CO

JKHHE MEHbLIEro AHaMeTpa, OH
oTOypHBaeT JHIb HaNpaBAfA-
YK, HJH TaK Ha3lhBaeMyw
MHJMOT-CKBAKHHY Hefonbuio
JAJHHEL, 4TO TpebyeT nocje nofbe-
Ma OTIJIOHHTeNSl MOCJeNyIOLLHX
onepanqi N0 pacUIHPEHHIO CTBO-
Ja Mo HOMHHAJBHOrG JHAMeETpa
¥ NpopadiorkHd CTBOAA ¢ UEeAbKo
BOCTHXEHHA GoJiee paBHOMED-
HOHl KPHBH3HH B 30He HCKPHB-
AeHHA.

Taxum oGpasom, nmpouecc H3-
MEHEHHS HANPARJEHHS CKBAKHHK
{HCKpHBIEHHA CKBaXXHHKW) C I10-
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MOIUBIO H3BJAKACMbLIX KJIHHOBLIX \ 5
OTKJIOHHTE/Jed BRJIIOYaeT CJleIly!()-
HiHe nocJefoBaTeabHble Onepa-
UMH, COCTaBAAOLIHEe  OAHBIN 6

A

UMKA HCKPHBAEHHR:

YCTAHOBKA OTKJOHHTEAS H OT-
fypHBaHHe HaNpaBJAwIUend, MH-
JADT-CKBaXXMHB MEHLWEro AMa- 7
MeTpa, H3BAe4YeHHE OTKJAOHHTENS;

paciIMpeHHe TNHJIOT-CKBAXH-
HH 10 Pa3MepoB OCHOBHOTO CTBO-
Ja; -

npopaloTKa CTBOJA CKBAXMH-
HH AJAA JOCTHXEHHA OTHOCHTENb-

"HO paBHOMEpPHOH KpHBH3HB Ha
y4acTKe OTKJIOHEHHA.

Pacunpenne ® npopaboTka
CTBOJIA CKBaXXHHbi TPEOYWT CNEUHANbHHX KOMIOHOBOK GYPOBHIX
CHApAAOB, BKAIOYAEMBIX B KOMIUIEKT OTKJICHHTENEH,

PaccMoTpHM yCTPOACTBO HEKOTOPHX NPUMEHSTIOIHXCH CHEMHBIX
KJAMHOBHX OTKJOHHTeNEH.

BHUTPom paspafortann orvkaousiomue cxapsags tana CO —
CO-57/36 u CO-73/46, umeouiHe AHameTp kopnyca 57 u 73 MM K
MO3BOJAIONIHE OTGYPHBATL MNHJIOT-CKBAXKHHY [HAMETPOM COOTBET-
cTBedHO 36 H 46 MM, T. €. Ha IBa pa3Mepa MeHbille OCHOBHOTO CTBOJA.
Koucrpykuus cuapsga CO npuseleHa Ha puc. 37.

OTknoHHTe b mpeAcTaBasier co60fi UeALHOMETAAJHYECKHA KIIRH
12, coeprHeHHHA ¢ KopnycoM cHapafa 8. 3aknenka /! obecneusaer
HEMOABHKHOE COGAHHEHHE K/JIHHA C KOpImycoM cHapsiaa, a T-o6pas-
HaA WNOHKA /0 — ero GPONOJBHOE NepeMelleHHe Ha RJIHHY IITNOHOY-
HOTO ma3za. B Bepxuedl uacTH Kopnyca pasMenleHo pe3bBoBoe KoJb-
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uo 5 ¢ KOHycHoH pacroukofi. HuxuAA yacrb KoOpfyca BbINOJHEHa
OTKPHTOR H HMEET CKBO3HOR LIMOHOYHHE na3.

OT6ypouHBifi CHAPAA COCTOHMT H3 aJMa3HOH KOPOHKH H KOJIOHKO-
Boil Tpy6ul 9, coenmHenHoH co BTYNko# 4. [lochelHAA B HHAKHER
YACTH HMEET KOJbUEBOH 3alNeuHK AHAMETPOM, PaBHLIM BHyTPEHHEMY
ZHaMeTpy KOpnyca KJHHa, a B BepXHeid — npasylo pesn6y. Ha srya-
Ky 4 HABHHYEHO KOJLLO 5 ¢ HAPYKHOH HOBEPXHOCTbID KOHHUECKOH
dopmpt. BTyJka ¢ nomolubio IBYX CPesHBHIX BHHTOB 7 HENOABHIKHO
coeflHHeHa ¢ KopnycoM cHapsaa. Brysnka 4 casana ¢ GypuabHO#A Ko-
JIOHHO# uepe3 THOKYI0 GypuALHYIO Tpy6y 3, nepexoaHHk 2 H 3aMOK /.

ITpu cnycke cuapaaa thna CO B CKBa)KHMHY H MOCTAHOBKE €ro Ha
3a6ofi moa fgelicTBHeM OceBof Harpyaku 3000---4000 maH cpeaaercs
3akgenka /{. BcaeacTBue 3TOoro Kopnyc &, MOJYUMBIUHH BO3MOM-
HOCTh OCEBOr0 NepeMeILeHHs, ONMYyCKaeTcss H 3aKpenasier KauH [2
B CKBa)XHHE, PACKJHHHUBAAIChH MEXAY ero KeJlo60M H CTEHKOH CKBa-
wunel. [IpH yBenHueHHH OCeBOH HarpyskH cpe3aloTci pe3nboBhLie
ILTTMALKH 7, BCAEOCTEHE 4ero BTYJKA 4, a BMecTe ¢ HeHl H Bech OTOy-
POUHBIH CHapsij NepeMeialoTcsl OTHOCHTEJIBHO KOpMyca CHap#ajaa jo
TeX HOp, [I0KA KOJbI0 § He BOHAET B KOHYCHYIO PACTOYKY. ITO 1103B0-
JISET 4epe3 KOMbLHO & M BTYAKY 6 nepefaTb KOJOHHOH OypHJIbHBEIX
Tpy6 [NOMOJHHTE/NbHOE YCHJIHE Ha KOPIYC, 4TO AOJXKHO O6EeCreqHTb
HAZEXKHOCTb €ro pacKperJeHns B ckpa)iuHe. [ladee spaiueHHeM Ko-
JOHHE GYPHIBHLIX TPYS BNpaBo BTYAKA 4 BWBHHYHBAETCA H3 KOJb-
ua 5 B OoT6YpoyHHfi CHapsj TOJYyYdeT BO3MOXKHOCTL OCEBOTO nepe-
MeIeHHA LA GYPEeHHs TMHNOT-CKBAXKHHB AJHHOH 10 1,4 M,

[1ps nogbeme GYpHJIbHOH KOJOHHW BTYJ/Ka 4 MOAXOAHT NOJ, HHXK-
H#A TOopeu BTYJKH 6 M Kophoyc cHapsfa noaHuMaercd. TIpH 3sToM
KOpRyc 8, mogHHMasach, 3aXBaTHBAET HHXKHHM TODLOM LNOHOYHOro
nasa T-o6pa3nyl0 WNOHKY KJAHHA [2 1 H3BJEXAaeTCHA BMECTE ¢ HHM Ha
IHeBHYIO MoBepxHOCTh. [locsie M3BAEUEHHS! CHAPALA H3 CKBAXKHHL
NpH cJAeayolem pefice MHAOT-CKBAXHHA pacllHpAeTCA 10 AHAMETpa
OCHOBHOFO CTBOJA paciiupHrenem Tuna PC.

PacumupaTteas (pHe. 38) cocTOHT M3 Kopnyca J, HaNpaBJAHIOLIErO
cTepHA | ¥ ABYX cepHHHbIX ajJma3HuX KopoHok 2. lHTox phicrynaer
HHIKE TOpLA anma3HoH kopoHKH Ha 300 mm.

Mpopa6oTKy OTK/AOHEHHOrO H PACLIHPEHHOrO Yy4acTka CTBOJa
OCYLIECTBJAAIT He MEeHee uYeM TpeMms MOCJAeNOBATE/bHDIMH pedcaMmu
¢ OYpoBBIMH CHapsAfaMH LJHHOH coorBercrBeHHo 1,5; 2 H 3 m.

Puc. 38. Crynenvarwfi pacwupuress tana PC



Ta6awna 5

Howmep Onepauna TexuHueckue cpeacrpa. koMno- | Tlpoxoaka Ocepan YacToTa
pefica HoBKa GypoBOro CHapAda 1a peiic, Harpyaka, Bpallenna,
[ naH 06/MHH
| Ounctka 3a6os | Byposo@ cHapan ¢ wapo- 0.1 400—1800 [ <100
OT uwiama H | WeyHnWM J040T0M AHAa-
KepHa MeTpoM 76 MM
2 | OpnentupoBa- | Chapaa CO-73/46-3° 1.3 150—200 8 | =100
HHe, YCTAHOBKA Hauane pef-
OTKJOHHTENA. ca, 300
Bypenre nu- 400 no xe-
NOT-CKBAXKHHB acGy, 800
nagnee
3 | Pacmupenue Pacuupurens PC-59/76, 1,0 1000—1200 | [1py Ha-
1IHAOT-CKBaXKH- | coefHHerHe ¢ BypuabHoR npagae-
HHl KOMOHHO#N 42-MM TpyGamH HHH
<100,
npH pas-
GypHpa-
HHH
200300
4—6 | MIpopaGorka Anwmasznaf Kopowka awa- | 4-é, 5-ii, | 300—800 | 2006—300
cTBoAa, Oype- | MmeTpom 76 MM, kKoaokxo- | 6-ft peit- | npn nocre-
HHE CKB2XHHH | Bad Tpy6a Aaduof |; 1,5 | cH cooT- [ neHHOM yBe-
B HOBOM Ha-[H 2M BETCT- JHUEHHH
npaBAeHHH BEHHO 1;
1,5u2m

TexHosMorHueckast KapTa HCKPHBJACHHS CKBaXKMH CHapsiioM
CO-73/46-3° npuBesena B Ta6a. 5,

[1pn naHHO® TEXHOJAOTHUYECKOH CXeMe OTKJOHeHHS JOCTHraercs
H3MeHEHHe HamnpasjeHus 10 1° Ha uHTepBasde Jo 6 M, T.e. npu
cpenHell HHTEHCHBHOCTH HCKpHUBJeHuda 0,166 rpamyc/wm.

C uenbio yBeNHUEHH OTKJOHEHHSI CTBOJa B 30HE YCTAHOBKH
OTKAOHHTEJS1 BOSMOXKHO NPUMEHEHHE LIADHHPHELIX KOMIIOHOBOK nocie
pa3bypHBaHHA TNHJOT-CKBaXKHHB. i 3toro 4-ii, 5-4 u 6-if peucu
CCYLECTBASAIOTCA ¢ HCNOJb30BaHHEM IUADHHPHBIX OTKJAOHHTEAeH
JJMHOH COOTBETCTBEHHO 1, 2 H 3 M ¢ nocaeaywouieli npopaGoTkoh
cTBOJIa GYypOBbIMH cHApALaMH. [IpHMeHeHHe WIAPHUPHBIX OTKJIOHHTe-
Jed J|1s pa3BHTHS HCKPHBJCHHS BO3MOXXHO TOJIbKO IPH GJIaronpHAT-
HBIX TEOJIOTMYECKHX YCAOBHAX W yalle BCEro NPH BHINOJaXHBAHKH
CKBAXXHH. B NMPOTHBHOM cJlydae npHMEHEeHHE UIAPHUPHBLIX OTKJICHH-
TEJEH MOXET NPHBECTH K HCKDHBJEHHIO CTBOJIA B HEXENAEMOM Ha-
NpaBJeHHH.

PaspaGoTauubie KOHCprK!J.HH C'bEMHbIX KJIHHOBHBX OTKJIOHHTeNel
PasAHYaIeTCH B OCHOBHOM Y3JIaMH PAacKpemJeHUA KOpPIyca OTKJIOHH-
Tesisi. Ha pue. 39 npHpefeHbl pasJMuHLIE CXEMBI Y3/10B PACKPENIeHHsA
KOpllyca OTKJOHHTE/IS H [OKAa3aHQ, KaK Mojd NeHCTBHEM OCEBOH Ha-
TPY3KH Pgo:, HeoOGXoAHMOH I pacKPeIJieHHS OTKJIOHHTENfl, BO3-
HHKAal0T paAHa/bibie PACNOPRBEIE YCHIHA R MEXAY KOPMYCOM H CTeH-
KaMH CKBAXXHKHbI, KOTODBIE OMNPEIENAIOT BEAHUHHY CHJI CONPOTHBJC-
HH3, TNpenAaTCTBYIOUIMX NPOBOPAYHBAHHIO KOPIyca B mpouecce oT6y-



-

Pue. 39. Cxemnl pACKPEDAeHHS KOPNYCA CHEMHDIX OTKAOHHTEAER

PHBAHUA NHJIOT-CKBAXKHHEL. [10 cxeMeé @ KOpHyc OTRJICHHTENR pac-
KPENJISIIOT B €ro HHXKHeR 4acTH, KOTOpas rpeacrasiser cob6ol OTKIO-
HSHOINHE KAHH [, HAXOAALWHACH B 3alenJeHHH O BCAOMOraTe/bHBIM
PACHOPHHM KJHHOM 2, ONHPAWHMCA HenocpeacTBeHHO Ha 3abod.
PacriopHeie yCHIMA BO3HHKAIOT IIPH CMELLEeHHH BHH3 KOPAYCA OTKJO-
HHTEJIl OTHOCHTENBHO HENOABH)XHOMO PacnopHOro KJHHA.

Hns packpenjeHHA Kopliyca OTKJIOHHTENH Mo cxeMme 6 npeaBapH-
TeJIbHO OYPAT KOHUEHTPHYECKYHD BCIIOMOTaTeAbHYI0 CKBAXKHHY He-
6oabiiol AAHHH (10 400 MM} MeHbLIIEro Ha paisMep JHaMeTpa HJH
KOHHYECKYI) CKBAXKHHY CINEHHAJbHHIM KOHHUECKHM HHCTPYMEHTOM,
KOTOpasf C/AYAKHT OAA pacKpemJeHHd JOXKKA KAHHa, BHIOAHEHHOrO
¢ KOHycooGpa3HnM oKoHuaHHeM. [locne npouecca OpHEHTHPOBAHHS
KOHHYECKHH KOpNYC OTKJOHHTENA 3aBOAAT B ONEpexaiollyl0 CKBa-
HKHHY ¥ NOJ OeHCTBHEM OCEBOH HaTpPy3KH PacKpenasior.

Ilo cxeme @ Ha BHYTpeHHEH HOBEpPXHOCTH BepxHel uacTH oc-
J1a6/jileHHOTC ApOJAOJABHHMHE MPOPE3AIMH KOpnyca, ONHPAIOILErocs Ha
3a60f, HMEIOTCH pacnopHbie KOHYca [, KOTOPHE NPH OCEBOM nepeme-
uteHHH OTGYPOYROro CHapsAA& BMECTe ¢ pacnopHOH KOHHYeCKOH BTya-
Kofi 2 ne¢opMHpPYIOT KOpNyc B paiHalbHOM HAaNpaBJeHHH 10 ero
KOHTAXTa CO CTEHKAMH CKBAaJKHHH, YTO H BH3bIBAE€T NOABJEHHE pac-
MOPHLIX PajHANbHHX YCHJHH.

Cxema ¢ -— KomGuHHMpoBanHas. PackpenjieHHe Kopmyca B e1d
BepXHel 4acTH NPOHCXOAHT KAK NC CXeMe 8, HO IIPH 3TOM HHKHAA
YacTh KOPNyca OPH MOCTAaHOBKe Ha 3a00f BJABIHBAETCR MeXAy
CTEHKAMH CKBAXHHH H AEHbKOM KEpHA, UTO BhI3bIBAET AGMOJAHHTENb-
HO® yCHJHe packpenyenns R.

[lpuMenerse pasJHYHBIX CX€M pacKpPelJIEeHHS OrpaHHUHBaeTcs
BO3MOXHOH pa3paGoOTKOA CTBOJA CKBAaXKHHH B 30HE YCTAHOBKH OT-
knonuteneli. Otknonktens CHB-KO konerpykune KazHMCa, B ko-
TOPOM MCMOJbL30BaHA cXema 6, He HMeeT LAHHOTO OrPaHHYEHHA, UYTO
06ECNEYNO 1HPOKOE HCNONb30OBAKHE TAKHX OTRAOHHTeaek. Boaee
epcleKTHBHA CX€Ma PACKpelvIeHHSI 2, MPHMEHEHHaR B OTKACHHTe]e
CHB-AC.



CrauHoHapHHE H CheMHBE OTKJOHHTE/H KJIHHOBOTO THN@ Xapak-
TePH3YIOTCA OOJILUIMMH 3aTPAaTaMH BPEMEHH Ha CIYCKO-NOLbEMHbe
onepauHH, OGYCJOBJEHHBIMH BLIIOJHEHHEM pSALA TEXHOJOTHUECKHX
ofepauHi 10 OPHEHTHPOBAHHUIO, MPOPAGOTKE HAH PACIIHpPEHHIO OTKIO-
HEHHOIO CTBOJIA, YTO HArAALHO OTPAXKEHO B TEXHOJOIHYECKHX Kap-
rax (cM. taba. 4, 5). [Tosromy cymMMapHue 3aTpaThl BpeMeHH Ha
€EMHHLY OTKAOHeHHA — |° BedAHKH, ABJAAIOTCHA (PYHKUHEH TVIyBGHHH H
H3MepsIoTeH BeauunHoHd 5—10 u/rpalyc B 3aBHCHMOCTH OT NJYGHHBI
TOUKH OTKJOHeHHA. Mana H BeNHYHHA YIJIOBOTO OTKJAQHEHHA 323
OJHH UHMKA onmepauMfi, 4To B yCJI0BHAX OypeHHS HanpaBJeHHHX H
MHOTOCTBOJbHEIX CKBAXHH TpefyeT GOJbIIOTO KOJAHYECTBA MOCTaHO-
BOK — LHMKJOB OTKJCHEHHSs H OOJBIIHX 3aTPaT BpemeHH, omnpele-
JAA0IIHX IKOHOMHYECKYIO uesiecooBpa3HocTh onepalHi.

Pazpa6oTka # coBeplIeHCTBOBAHHE GECKJIHHOBHIX YNpapBJjseMbiX
OTKJOHHTEeH IO3BOJIHJIO YBEJHYHThL AHANA30H YIJIOBOIO CMELIEHHA
3a OAMH LHKJ OTK/IOHEHHA, COKPATHTb 3aTpaThl BpeMeHH Ha cryc-
KO-IOABEMHBIE ONEPALHH H, CJEN0BATENbHO, HA |1° OTK/IOHEHHH, B pe-
3YJAbTATE HEr0 TAKHE OTKJIOHHTEIH CTaJH OCHOBHBIM TEXHHUECKHM
CPEedCTBOM YNPABACHHA TpAaeKTOPHeH CKBaXKHH,

BeCcKIHHOBLIE OTKACHHTEAH

Illupokoe npHMeHeHHe B KOAOHKOBOM pa3BeloyHOM GypeHHH noay-
uidH GEeCKAHHOBHE OTKAOHHTENH HENpPEpPHBHOFO JAeHCTBHS, CKOAb3A-
mero THina. CxemMa ycTPOHCTBA M TANBI BEOAA OTKIOHHTENs B pabo-
TY noKa3aunl Ha puc. 40. Bpamawowancs 6ypuabHas KOMOHHA |, KakK
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Puc. 40. Cxemu paGoThl GecKAHHOBOTO CHOAL3AUIEr0 OTKAOHHTEAR THRa T3:
G — OPMEUTUPORANKE § — PACKPENARHWE a — OTKAGHEMUE



MPaBHJIO, COEIHHAECTCA C BAJOM OTKJIOHHTeNAd J ¢ NOMOLUILIO YHHBep-
CaJbHOro [HAPHHpA, BCJAEACTBHE YEro Baj OTKJIOHHTEAA B mpouecce
6ypeHHA 3aHUMAET OTHOCHTEJIBHO CKBAXXMHH HECOOCHOE MOJIOXEHHE.
Ha Bany OTKJIOHHTEJS TaKXe PaclofoKeHO BCIOMOraTeNbHOe TeJec-
KOMHYECKoe MAHLEBOE COeJuHeHHe 4 W MOPOAOpPAa3PYIUAIOLIHA HH-
CTPYMeHT 5 (O6bHYHO WIApOoIIeYHOe WK AJAMA3HOe [0J0TO),

[lepen nocraHoBkofi OTK/IOHHTeNA Ha 3a60# AJAA TPOBEeJEHHA
npolecca OPHEHTHPOBAHHUA BaJ OTKJIOHHTENA MKECTKO KPenfT K Kop-
OyCy C MOMOIUBIO 3aMKa 2 (LINOHOYHOE COeJHHEHHE), B pe3yabraTe
Yero Ban MOXKeT NMOBOPAYHBATHCH NPH BPalleHHH GYPHJILHOR KOJOH-
Hbl TOJIBKO BMecTe ¢ KopnycoM. [IpH ycTaHOBKe KOpnyca OTKJIOHHTE-
Jifi B CTBOJIE CKBaXHHHEI BpalleHHeM GYDHJILHOH KOJIOHHH B OHpefe-
JEHHOE DACYETHOE IMOJIOKEHHEe MPOLECC OPHEHTHPOBAHHMA 3aKAHUH-
Baercs,

Iocse atoro OTKJIOHHTeAbL 6e3 BpalieHHsl CTAaBHUTCA Ha 3aloi,
npH oceBoil Harpysxke P, KOpNnyc OTKJIOHHTeNS CMelaeTcAd OTHOCH-
TEABHO OCH CKBAaXXHHbl H PACKPEIUIAETCA B CTBOJE CKBAXKHHBL. 3ITO
ofecneynBaeT GHKCALHID HECOOCHOI0 OTHOCHTENbHO OCH CKBAMXHHBI
NOJIOKEHHA Baja B YCTAHOBJEHHOH paHee MAOCKOCTH HCKPHB/EHHSA.
Kopnyc oTKNOHHTENA pacKpenasercA NpH OCEBOM CMElleHHH BepXHeR
YAaCTH KOpryca § OTHOCHTEeNbHO HeNOABHMKHOWM HHMKHe#l yacTH Kopmy-
ca 8§ 3a cuer BLIABH)XEHHA B PAJHANBHOM HANPABAEHHH KOHHUYECKOro
noJ3yHa 7 H BO3HHKHOBEHHA PafHalbHBIX PACMOPHBIX YCHIHH R,
Rs, Rc (puc. 41) coorBercTBenno B Touxkax A (nmoaayu), B (mpuaa-
Golinas yacte aojora) H C (BepxHss uwacTb kKopuyca). Ilpu stom
Ra= 2P, tg(B — ), rae P — yroa rtpeHus,, Rp= Ral/(\ + I2).

JlanbHeRiee yBeH4YeHHe OCEBOR HArpy3KH NPHBOAHT NPH HEMoOA-
BHKHOM PACKPENJIEHHOM MNOJOMEHHH KOPAYCa OTK/JOHHTENS K AaJb-
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Puc. 41. PacueTHan cxema onpeaene-
HHH pacnopHore R, H paaHalLHOrO
Rg ycuauh




yefined nedopmauuu paGodelt NPYXKHHR 9 B OCEBOMY CMEeillieHHIO
{OTHOCHTEJIbHO KOpUycd 6) B TeJNECKOMHYECKOM LUIMUEBOM cOelkHe-
HHH BEPXHEI':I 4acTH Bajia OTKJAOHHTENR. ITO MO3BOJASET ¢ MOMOLIbIO
3aMKa 2 paccoeiHHHTL BaJ H KOPNyC H NpH BpamleHHH GypAAbHOroO
paJla nepenarb KPYTALIHA MOMEHT Ha JOJIOTO NPH HENnoABHMHOM
KOPIyCe, T. €. OCylLleCTBHTb paspyuienne sabos. [lo mepe paspyue-
HHSl 34609 OTKJIOHHTE]b, CKOAL3%, NepemeriiaeTcsd N0 copMHpoBaH-
HOMY CTBOJY cCKBaXXHHBL. Kopnyc OTKJAOHHTeN# HPH OOCTATOYHBIX
CHJ/1AX TPeHHA H COIIPOTHBJICHHA MEXIY KODNYCOM H CTCHKAaMH CKBAa-
JKHHH He BpautaeTcd H ABH)KeTcA No 0o6pasylwHmM crBoaa, obecre-
upBas cTabRAH3IAUHIO SB.U,HHHOI':I NAOCKOCTH HCKDHBJIEHHA, YeMy CNO-
cOGCTBYIOT OCTPBIE TBEPAOCNAABHEE POJHKH [, KOTOPBIMH OCHAULEHA
NOBEPXHOCTh MOJA3YHA.

Takum o6pa3oM, 4TOGH KOPIYC OTKJIOHWTENA HE MPOBOPAUHBAJICH
OTHOCHTEJNLHO CBOEH OCH, COXpaHAA 3ajaHHOe HANPABJEHHE HCKPHB-
JAeHHHA, NOJMKHO cobI01aTheca clelyiolliee YCAOBHE: MOMEHT TPeHHA B
Onopax BaJja OTKJOHHTeJA LOJXKeH ObITb MeHbl€ MOMEHTOB TPEHK
H CONPDOTHBJEHHA MEXAY KOpPNycOM H CTEHKAMH CKBaXHHBI.

OnbTHBIMH paboTaMH yYCTAHOBJAEHO, HTO KOPIYC OTKJIOHHTEA
[oBOpauNBaeTcs 10 MEPe ero OCeBOro MepeMeltleHHs Mo CTBONY CKBa-
HMHHB, HecMOTps Ha O6o0/bLIHe MOMEHTH conpoTHBIeHHA. [Ipuuem
yrodl OpoBOpaUMBAHHA TEM GOJIE:U.IB, HeM 3HaudTeaAbHee MOMEHT CHI
TpeHHA B Onopax, KOTOpbll“l 3a3BHCHT OT KaueCTBa H3TOTOBJEHHA
H COOpPKH OMOPHHX Y3J0B.

TpaektopHua A0J10Ta OTKIOHHTENS B 30HE OTKJIOHEHHH, a cJeno-
BATCJIbHO, H XapaKTepPHCTHKA OTKJOHHTEH ONpeARTHIOTCH CcXeMaMH
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Puc. 42, Cxema OTKAOUMTEALH CRONBIAMErD THRA



paboTl OTKAGHHTEAA %Enc. 42}. lNpamensior ase cxemu. Ilpn pabo-
Te no nepsofl cxeme (pHc. 42, a), KOTOpaA COOTBETCTBYET YCTPOH-
ctBy T3-3, OTKIOHHTeNb HMeeT BEPXHWH WIAPDHHPHBIA HAH THOKHR
y3eJ H OTJAHuaeTcs HaJaxuueM Goabuiodl, MOCTOAHHOH pajaHaAbHOR CH-
Asl HA JFoAoTe, AeACTBYOIIER B NOCTOSHHOM 3adHKCHPOBaHHOM
Hanpasjenns. Takas cxemMa paGoTH XaDAKTEPH3YETCA HayaJbHAIM
YrAOBLIM cmeluerHeM 8, = A/ls H COOTBeTCTBYeT YCJAOBHSIM BIHCH-
BaemoctH (29), (33), (37), uTo MO3BOJAET NPH OUCHKE XapaKTepHc-
THKH OTKJOHHMTEJS MPHMEHHTb cooTHoulenHe (37), onpegensiollee
BO3MOMXKHOE MAKCHMAabHOE 3HAYEHHE KPHBH3HH Ha HEXOTOPUM y4acT-
Ke paboThl OTKICHHTENR!

Ke= 11,7471

rie A — pajHanbHoe CMellieHHe OCH OTKJOHHTeAA B TOYKe LIap-
HHpa; fg~- JUIHHA XecTKOA 6a3bl OTKJIORHTENs OT OCH IIApHHpA [0
AOJIOTA.

OTMeTHM, 4YTO NepBafl CXeMa XapaKTepH3YeTcsl 3HAYHTeNbHoH
LAHHOA JKecTKOH 6a3m H OONBIIMMH PAAHAAbHLIMH YCHAHAMM Ha
gosoTe. IIpHHEMAs 3HAYEHHS COCTaBARAIGLIAX MeXaHHYeCcKOH cKopoc-
TH GypeHHs B PajHajJbHOM U, H OCEBOM U, HAMPaBJEHHAX NPOHOP-
UHOHAJNBHO pajHanbHOA cHe Ry H OCeBOH Harpyske P, COOTBer-
cTBeHHO (U, = R(Rp W U, == RyP,, e k), Ry — KO3QADHUHEHT NPO-
MOPLHOHAJBHOCTH), MOJyYyaeM ypaBHEHHe TPAeKTOPHH CKBAHHHW Ha
HavyajbHOR cTafuH paGoTH OTKJIOHHTENA

__{ RRp
y= S 5P dz.

XapakTepHCTHKa OTKJIQHHTeJNeli TAKOrQ THNA, T.€. 3aBHCHMOCTh
yrJia OTKJAOHEHHA OT AJHHbLI pefica OTKAOHHTENS, NO JaHHHIM MPOH3-
BOIOCTReHHHX HalloneHHA MOXKeT OHTh NpencraBieHa KpuBoH & =
= @(l;) (pnc. 43). Kak BHAuM, Takasd XapaKTepHCTHKa paboTh
OTKJIOHHTEASl OTJAHYAETCH JHAOBOJBHO 3HAUMTEJNLHOR KPHBH3HOH Ha
HAYAJALHOH CTaZAMH OTKJIOHEHHS npH aauue pefica ac 0,5/ u nostomy
TpeGyeT JONONHHTeNbHOH NpopaGoTKH CTROJA CHelHaNbHbIMK CHADA-
NamMy 118 JocTheHns G0Jee [JJaBHOTO OTKAOHEHHH OCK CKBAXKHHBI
{Ks — const), obecneuHBawillero HOPMaJbHOE TPOXOXKAEHHE KOJOH-
KOBBIX CHapsiicB M YAOBJETBODHTEJNbHYK paGory OypH/bHOre Baja
Ha HHTepBaJlax HCKYCCTBEHHOrO HCKPHBJEHHS.

TIpu pafoTe OTKAOHHTENs MO BTOpod cxeme (puc. 42, 6) npHme-
HAIOT HHXKHHE LIApHHDHHA y3es, KOTOpHE XapaKTeph3iyeTc Madof
LaHHOM #ecTKOA Gasbl H BO3MOMKHOCTBIO PEryJHpOBAHHA BEIHUHHBI
HA4YaJdbHOTO YIJ0BOTO CMEINEeHHA, a CJAejoBaTeNbHO, H KPHBH3HK
CTBOJIA HA Y4acTKe OTK/MOHeHHsi. C y4eTOM TOro, 4TO NpH TaKOH CXe-
M€ pajHajibHO® YCHAHE Ha Jojore He3HAYHTEJNbHO H pacnpeleieHHe
OCeBOH H pajHaJbHOR CHJAB Ha J0JOTE NPONOPUHOHAJNBHO Ha4yaJbHO-
MY YTy OTKAOHEHHA Bala, OTKJAOHHTENH GODMHPYIOT CTBOM CKBAKH-
HbI OTHOCKTEJNbHO NOCTOAHHOH KPHBHU3HBI 110 KPHBOH B COOTBETCTBHE
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¢ ypaBHeHHeM TpaekTopdd (116) ¥ ApH BHIAOAHEHHH YCIOBHA BIH-
colsaemoct® (40} w1 (29}:

2A/ 1 < 16A/F,

rie { — JAMHA KOPIyca OTKJAOHHTEJH.

XapakrepHbie npeicTaBHTeNH OECKJIHHOBHX CHAPAROB Hellpepbis-
HOro XeACTBHA CKoAb3Auiero tena — T3-3 u CBC ¢ Henoap3oBarHeM
nmepEodt M BTOPOH CXeM COOTBETCTBEHHO.

Orkaosntens T3-3 guaMerpom 73 4 57 MM OTIHYHO 3aperoMed-
goean ceba (pH MPOBEREHAH IMiyOOKHX HANPABACHHBIX CKBAXKKH
B YCTOHUHBBIX Mopodax cpenHed 4 BHICOKOR KATErOpHH MG OYPHUMOCTH
H XapaKTepHayercs cpelHed HHTEHCHBHOCTBIO HCKDHBJIGHMA, Jexa-
weit 8 Auanasone 0,5—2 rpapyc/m. PexkuM GypeHHS IPH HCHOJb-
30BAHMK OTKJAOHHTeN eH THna T3 oTHpefensieTcd peMHMOM padoTh
COOTBETCTBYIOIIIEro H0JI0Ta, 4 Pecypc [PH BHICOKOA HAILEHHOCTH AOC-
THraet 200 4. PopmupoBaHHe yUACTKOB CKBAMWHH D&3JIHYHOR KpH-
BHU3HLI CBAI3aHO B [JAHHOM OTK/AOHHTENE ¢ H3MEHeHHeM ATHHBI JKeCT-
KoH 6asnbl.

[TepCneKTHBHEIM OTK/JIOHHTENEM HeCOMHEHHO ABASAETCA GeCcKAHHO-
Bo# cKONBIAWMA cHapas THna CBC, B KOHCTPYKLUHH KOTOPOTO ftpeay-
CMOTPEHA BQ3MOXHOCTb PEeryJHPOBaHKA [OCTHXKEHHS KeJaeMor
cpenHed HHTEHCHBHOCTH HCKPHBJCHHA Ha WHTEPRAJE OTKJIOHEHHH
B auanasone 0,5—1,5 rpagyc/M ¥ NOBBILIEHA HANEKHOCTL PaCKper-
nAerun kopnyca. Chapsn tina CBC (puc. 44) Bx/iouaeT cocTaBHOR
kopuyc I/, B BepxHeil yacTH KOTOPOrc pasMElleHa MAalKa-Kaper-
Ka 9 ¢ ponukamu §. [Inawka conpHKacaeTcd ¢ KJIHHOM 7 pacKpen/s-
WOILErO Y313, KOTOPBIH COCTOHT H3 My®hTh 2 H Kopuyca-Tpy6hi, yKpen-
JEeHHbIX C IIOMOIBI0 NOAMKNHHKOB § Ha paGoyem Bany 4.

Ocesas Harpy3ka oT GypuibHOTC Bajla [ Ha KOpHyc nepenaercs
yepes TapeJbuaThie NPYXHHB 5 H ynopHbti nogmunHuk 6. B muxued
YacTH KOpNyca pasMelleH OTKAOHMTeNL [§ wapHupnoro tuna. Or-
KJIOHHTENIb CONpUKAcaeTcs ¢ KoHycoMm f9, pacrmosaraiilleMcd Ha
BenoMoM Bajy. Konyc koHTakKTHpyeT ¢ 3alUMTHHIM Kopnycom 20
YIOPHOTO TOALUIHNIEHKA, KOTOPLIA OMHpAaeTcA Ha nepexoiHux 2/, ciy-
KAWMA I8 CoelHHeHMA c© acjoToM. Bpaulawulancs yacTe cHapapa
npejctapaAet cofok cocrasHol pabouni Bal, COCTOAIMLKME M3 Beay-
mkero /, paGouux BanoB 4 W /3, IIAHIEBOrO TENECKONHYECKOTO Coe-
auHeHus [, WAMUEBOTO WapHUpa [6 ¥ Befgomoro Bana [7.

Bepxusa uacTh BeLyUIETO BaNa ONKPAGTCH Ha TIPYXKUHM &, a pa-
Gouni Baa 4 —— Ha My(Ty nojmunHuKa (0. Mydra B cBOWO ouepedn
onupaeTcs Ha npyxuHy [2. Ban [, cuaGxeHHbIA GJIOKKPOBOYHBIM
3yGoM, TOAADYKMHEH BO3BPATHOH NpymxuHod /4, KoTopas yaepKn-
BaeT WLHUeBYD MydTy f5 B pasoMkHyTOM nojioMeHHH. Llinuuenodn
WapHHp /6 mnosBodsier Bany [7 ycTAHABIHBATBCA HECOOCHO OTHO-
CHTENLHO OCH CHApPSIa NPH COBMEILEHHH KoHyca [9 ¢ 3KCUeHTpPHuY-
HbIM OTBEpPCTYEM OTRJIOHUTENA 8.

[MTpuuuun padotul cHapasa runa CBC caepyiowni. [Tocne cnycka
K ODHEHTHPOBAHHA cHapsal Ge3 BpallleHHs YCTaHARJIKBAeTCA Ha 3a-
Gol W HA Hero nepenaeTcs oceBan Harpyska. OceBan HaTpy3Ka yepes



NPYXHHY § H TOAIHIHHK 6 BOCTIPHHHMAETCA KIHHOM 7, KOTOpHI,
ONYCKaACh, BLIABHraeT MJAIIKy 9 B pafHaibHOM HAMDABJEHHH M3
Kopnyca 0 KOHTaKTa POJHKOB § €O CTeHKOH CKBajKHHH, 4TO obecre-
yHBaeT HelpoBopauHBaHHe Kopnyca oTkJAoHuTens. Iloawmnuux [0,
nepemeilasch BHH3, CHHMaeT NPyXHHY /2 H ynupaetcs B GJ0KHpO-
BouHyo mydrty /! xopmyca. Ilpu atom B umiHueroli mydre /5 npo-
HCXOJHT OTHOCHT&JILHOE MepeMellenne Bana 3, npHBOAsAllee K OTAe-
JIEHHI0 €ro B GJIOKHPOBOMHOM yaje oT kopnyca. OceBas Harpyska
mepellaeTcd Yepe3 KOpPNyc CHapsiia Ha OTKJAOHHTe b I8,

OTK/IOHHTENL, YNHPasiCh B KOHyc /9, cMeliaeT ero oT OCH CHa-
pAia Ha BeJHUHHY, ONPEAENAEMYIO IKCUEHTPHCHTETOM KOHycoo6pas-
HOTO OTBePCTHS OTKIOHHTEAR. [IpOHCXOAAT YrJIOBOe CMellleHHe OCH
BeJoMOro BaJjia f7 B mapHupe [6 OTHOCHTENBLHO OCH CHapaja B 3a-
JAKHOM HaNpaBJEHHH, 4TC H onpejeaseT (pOPMHpPOBaHHe KDPHBOJIH-
HeHHOro y4acTKa CKBaXKHMHH Ha HHTepBaJe paGoOTh OTKJAOHHTEJS.
Ocesas Harpyska Ha Nopojopa3pyliarouiHfi HHCTPYMEHT nepenaetcs
OT OTKJIOHHTeS /8 uepe3 KOHyc /9, NoAiMNHUKOBHE y3en 20 u nepe-
XOOHMK 21.

Takum of6pa3oM, BepXHAS M HHXKHAA 4YacTH KOPNyca cCHapala
HMEIOT CaMOCTOATeNLHYIO CHCTEMY PACKDEIVIeHHA, UTO MOBHINAET Ha-
JeXHOCTh COXPaHeHHS MPOeKTHOro HAaNpaBieHHA Ha HHTepBaje oT-
KJAOHeHHA. 3aMeHa CHEMHBIX OrpPaHHJYHTEJEH OTKJIOHHTeNd [8 noseo-
JfIeT H3IMEHATDb YroJ OTKJAOHeHHA ocH pabouero Baja OT OCH CHapsiia
Ha pacyeTHYI0 BeJHUHHY H TeM CaMBIM DeryJauposarbh BO3MOKHYIO
HHTEHCHBHOCTb HCKDHBAeHHs. [locnenHee paciiupsier AHanmasoH 3¢-
tekTHBHOTO mpHMeHeHHA oTkioHHTenAel THna CBC npu nposejeHHH
HalpaB/ieHHBIX CKBAXKHH, KOrga OypH/bHHHA Baa MOKeT OuTh Mpef-
CTaBfeH JerkocnJaBHbIMH H CTaJbHLIMH GYDPHJAbHBIMH TpyGamH,
a Takxe TpyGamMH Kommjektos cHapamos CCK.

Texunseckan xapaxtepucTuna chapspos mna CBC

Tunopasmep cHapsima . . . . . . . . CBC-46 CBC-59 CBC-76
Huamerp ckBaXKuHH, MM . . R 50—55 65—70 85—9%0
HMHTEHCHBHOCTD ncxpnuennn rpa,myc/m . 05—15 05—1,5 05—-15
Pacnophoe ycHaue, .o 4 5 6
Ocesas Harpyaka, kH. . . . . . . . 13—15 15—20 20—25
HAuamerp kopuyca, MM . . . . . . . . - 44 57 73
Oapua, 'mm . . . . . . . . . L. 1660 1830 1895
Macca, wr . . . . . . . . . .. 20 30 45

B npakTHke pazeenoyHoro GypeHHA pa3palaTHBANHCh KOHCTPYK-
HHH GecKIHHOBHIX CHApAJOB MHOToKpaTHoro neficteusi. CHapsan
MHOTOKPATHOro AefACTBHS 33 OJHH UHKJ OTKAOHEHHA MNO3BOASIOT
npoiiTH y4actok crsosa AaaHHoli 0,607 M npH TOCTOAHHOM MNoJIO-
HKEHHH Kopnyca OTK/JAOHHTeas. [locsie 3TOro BO3MOXKHO NOBTOpEHHE
OHepaluy OTKJAOHeHHA, YTO TpelyeT NepeKpensieHHA Kopmyca, rpyn-
NHPOBKH CHapfAla H ero NociAeiyrinero nepeMeuleHHs Ha BeJIHUHHY
npeauayiiel yrayOxy, packpennesus, SypeHrs W T. 0. Takum oGpa-
30M, MPOXOJAKA OTKJIOHEHHOR CKBaXKHMHH 33 OJHH pefic MOXeT GbThb
OCYIECTB/I€HA HEeCKOJbKHMH LHKJAAMH YCTAHOBKH OTKAOHHTENS, 4TO



a g Pnc. 45. OTKACHATENL NEPHOAK-
veckoro pehcrenn THna AH:
a — owHA exa, § — B paapede

Puc. 46. XapaxkTepHCTHHA OT-
xaouutens tuna AH

YBEJIHYHBAET MPOU3BOANTENLHOCTE PaboT O CpaBHEHHIO CO CHapAla-
MH OZHOKPATHOTO AeHCTBHS.

PaccMoTpum paboTy cHapsloB MHOTOXPATHOTO AeHCTBHS Ha MPH-
mepe oTkaoHuTeael Tuna AH (puc. 45). OTknoHsoulkil y3ea cHaps-
Ja COCTOMT H3 gonota [5, oTKIOHAWOUIETO KoHyca [3, mapuupa 12,
pe3aMHOBOro HeHTpatopa /! H OTKJIOHRWOUIeH HakjAalkH [4, cBsA3aH-
HOH C KOpmycoM OTKIoHHTeNA 4. Jaxkpemnsiomuil y3en BKJIOYaeT
Pe3nHOBYIO KaMepy 8, CMOHTHPOBAHHYIO B TPyGe 3 ¢ IBYMA NMPOIAOb-
HeIMK npope3aMH 2. Buyrpu ysaa npoxoant Tpy6a 9 ¢ oTBepcTHAMH,
KOTOpas COeJHHEHA C LEHTPATOPOM I W PETYNHDOBOYHBLIM KJAANAHOM
6. TpyGa yaepXKHBaeTcs OT BpallleHHA H NPOAOJBHOrO MepeMeLleHus
LINMOHKOW 5, BBeJeHHOH B npope3b 3aMka [0,

CanbHUKOBOE YIJIOTHeHHe 7 BBHIMOJMHAET POJb NOLIHKNHHKA H Npe-
MATCTBYET HCTEUEHHIO XKHIKOCTH H3 Pe3HHOBO#H KaMepH. Jlas fnuwxe-
HHA XKHAKOCTH B 3aTpyGHOM MpoOCTpaHcTBe B TpyGe 3 BHMOJHEHH



WecTs MPOAOJLHHX KaHAaBOK 1. Tlocne COyCcKa H ODHEHTHPOBAaHHA
NPH NPOK3aYWBAHHH MPOMBIBOYHOH MKHIAKOCTH KaMepH pacilidpaeTcs
NpH onpeaejeHHOM COMNPOTHBJACHHH peryjHpoBOYHOIc KJjalaiHa H
npHKHMaeT Tpy6y 3 K CTEHKAM CKBAXKHHHIL.

[Tocne packpennenun KOPNyca OTKJIOHAIILMA CHAPAL BHBOAAT H3
JaKpeiNeHHOro MOJOXEeHHs, TOBOpayHBaA KOJOHHY BJEBO Ha Hexo-
TOPHE YroJ K ONycKas ee, 4YTO NPHBOAMT K BHIXOAY IUMOHKH 5 H3
aanenaenus. B npouecce OypeHus oceBoe MNepeMelleHHEe OTKAOHA-
IOLIEr0 KOHYCa OTHOCHTEIBHO HeNOABHXKHOW HakJaAkH [4 NpHBOAHT
K (OpMMPOBAaHHIO KpHBOAHHeAHoro creonia. JIMHHa LHKZa onpeje-
JAeTCH ILJIHHOﬁ OTKJNOHSIIOILEroc KOHyCa. 3aTtem ILHMIOHKY BBOJAAT B 3a-
MOK, NPeKpallaioT Nofady NPOMBIBOYHOH MKHIKOCTH H, €cJH JOJ0T0
coxpaHuio paGoTocnocoGHOCTh, BHIIOJAHAKNT CASAYOUWHHA LHKA OT-
KJOHEHHS, ONYCTHE H NEpeKPelHB Kopmyc.

PaccMOTPHM XapaKTEPHCTHKY UHKAA OTKAOHEHHS AAHHHWIX CHapA-
ZoB (puc. 46). TlpuHuMan, 4TO NPH NepeMellleHHH OTKJCOHAIOMULErO
KOHYCA [0 OCH Z HA HEKOTOPYIC BelHYHHY 2, HMEeM ero nepemeile-
HHe B HayaJje KOOPJAHHAT MO OCH ¥ HA BEJHYHHY Yo, NTPHONHAHTENbHOE
3HauCHHE KOTOPOH caciayiouliee:

Yo =z lga = 2. (124}

Toraa yrioBoe oTK/JICHeHHe KOHyca ApH 2., 6yaer &.= yo/({fo —
— 2,), HJH c yueToM dopmyan (124)

8. = z.a/(ly — 2), (125}

rie /o — AMHHA OTKAOHAOLIEIO KOHYyCa A0 [IapHHpA.
3naueHHe TeKylleR KOOpAHHATH Y, HalileM H3 BUIHMOro OTHO-
uieHusi Y,/ lo =~ 8., oTkyna

Y = Loz f(lg — 2.). (126)

QOuesuHO, 4TO TPAeKTOPHSI CKBa)XXKHHB Ha HHTEpBaje paboTHh
OTKJIOHHTE/I HMeeT HeMOCTORHHYI0 H BCe YBENHUYHBAWIUYKCH K KOH-
Iy peiica KpHBH3HY

K = d¥./dzt = 2ba/(le — 2)°.

[losToMy H B AaHHOM THNE OTKAOHHTENR AJA NPOBEAEHHA MNOCJe-
AYIOLIHX UHK/JIOB TOXKeE HOJKHO COBJI0NAThCs cooTHOWeHHe 16A /1 >
= 28a/(ly — 2.)°%, rHe 2z -— KOHeuHOe HOMYCTHMOE CMEIEHHE NO
OCH Z.

[1pr opHOM HMKJE HCKPHBJEHHA NpelycMaTpHBaeTcA npopaloTKa
CTBOJA, KOTOpad HAodMHA OOGeCleunTb CPEelHI0 KPHBH3AHY OTKJO-
HeHHOH OCH CKBAXXHHH, JONYCKalOWIylw CBOGOLHOE TMpPOXOKALHHE
KOJIOHKOBRIX CHAapAJOB HOPMaJbHOH AAHHE. Q6mas cxeMa TeXHOJO-
THYECKOrO LHKJAA HCKPHBJEHMA cHapslamu Tthna AHc npueenena
B Ta6a. 6.

OTK/IOHHTENH GECKJIHHOBOTO THNA, OCOGEHHO MOCTOAHHOAEHCTBY-
OllHe — JYYILHE COBPEMEHHHBE TEXHHYECKHE CPeJCTHa HAalpaBAeHHOro
GypeHns. HapaexhocTb onepaudi Ha yyacTKax OTK/JIoHeHHA ofyc-
JIOBJIEHA HafeXHOCTbIO OTK/JIOHHTeNed H NOpoAOpa3pyuwlanilero



Tatauusa 6

Onepaunn Texnuueckne Mpoxoaxa Ocesan Yacrora mpa-
cpeacTea 38 UHKA, M narpﬁxa. WeHws,
K of /uny
Tipupaborka poacta, 6y- | Cnapan AHc 0,06—0,1 15 60—120

petHeé HAYAJLHOTO WHTEP-
BANa OTKAOHEHHSA

Bypenune oTRACHEHHOrD To ke 0,6—0,7 5—8 120—150
crBoaa
TipopaGoTka cTBosia Ppeaep, aoA0OTO 0,5—0,6 58 120250

Bypeune ¢ npopaSorkodl | Jlonoro, anmas-] 05—3,5 5—8 120—250
CTBOJIA MOCAENOBATeNbHH- | HAR KODOHKA, KO-
MH peficamn paadok 0.5; | aonxosar Tpyba
1,0; 1,5 m i Gonee JLTHHOA  COOTBET-
creenne 0,5, 1,0
1,5—3,5 ™, pac-
WHPHUTEND

HHCTPYMEHTa MPH BO3MOMHOCTH ONEPATHRHOTO KOHTPOJA 3@ H3MeHe-
HHEM TpaexkTopuH ckpaxuHbt. [Tocnennee HeoGxoauMo A5 HOBLIIIEHHA
KauecTBa padoT, TaK KaK pacyeTHass HHTEHCHBHOCTb WCKPHBJIEHHSH,
onpeienAaeMan XapaKTePHCTHKOH OTKJIOHHTENNH, MOKET OTJIHYATH-
C% OT [OefCTBUTE/bHOH B pelyabTare BJHAHHA Ha MpPoUecc HCKyc-
CTBEHHOTO HCKPHBJECHHA H3MEHUHBOCTH FeQJIOTHYeCKHX YCJAOBHH, aHA-
30TPOAHY CBOHCTB FOPHHX HOPOA, HMEICLIHX YETKOe NPOCTPAHCTBEH-
Hoe HafipaBJjieHHe, KOTOPOe MOMNET He COBNajath C RaipasjeHHeM
HCKYCCTBEHHOTC HCKPHBJICHHS H He YUMTBIBAThCA NPH pacyeTe napa-
METPOB OTKJOHEHHS, BHINOJHAEMOro TeM HJAH HHBIM TeXHHYECKHM
CPeACTBOM.

Ipy paGoTte Haj TeXHHYECKHMH cpeACTBaAMH HalpaBaeHHoro Gy-
peHH’ Teo/OTOpPa3BelCoYHBIX CKBAXHH, YUYHTHIBAA ONWT GypeHHA
CKBaXHH 6OJbLIOTC AHAMeTpa Ha HedTb W ras, 6oJbilloe BHHMaHHe
YAeAAI0T 3a00AHKIM JABHraTe/sIM, KOTOpbie HCKIOYAIT HeobXoaH-
MOCTL BpallleHHA GYPHJALHOH KOJJOHHBI H, CAeI0BaTelbHO, ofecreyn-
BAIOT BHICOKYIO CTAGHJALHOCTh HaNPaBJeHHA HCKYCCTBEHHOrO HCKPHB-
JIEHHA, MO3BOJAAIOT YBEJHUHATH HAACKHOCTE pafoThl OYpHALHHEX TpyO
Ha YydyacTKax ¢ GOJbLIOH HHTEHCHBHOCTLIO HCKPHBJAeHHA (10
2 rpanyc/M) H OPraHH30BaTb KOHTPOJb 33 NPOCTPAHCTBEHHKIM 110J10-
JKeHHEM CTBOJA CKBAXHHLL B Npoliecce GypPeHHs ¢ MOMOLIBIO (IPOCTHX
TeXHHUECKHX CPelcTB.

Hdnst ocyumecTpNeHHs HOpMaJbHOro npoiiecca GYPeHHS CKBaXHH
nHamerpoM 46—93 MM, T.e. CKBaXXHH KOJOHKOBOrO pa3BefO4HOTO
GypenHs, KeJ4TeJbHO HMEThb TH/paBiaHuecKMe 3aGolinnie JABHraTeny,
CcrnocoGHbple pa3BHBaTh KPyTAIWHA MomenT 150—300 Hom npu HeBH-
coxnx (mo 300 o6/muH) yacroTax BpalleHHs, QUeBHTb NepCHeKTUB-
HOCTb TdKHX JABHTaTeJed B yCJIOBHAX HANPABJEHHOTO Pa3BefOovMHOTO
KOJIOHKOROTO GypeHHsi I103BOJHAO co3jaHHe Bcecok3HbiM Hayuko-
HCCAeI0BATENBCKHM HHCTUTYTOM 6ypoBof Texnukn (BHHUHDBT) pana
majsorabapHTHhIX BHHTOBBHIX 3a60#HHX ABHTarvesedl Ans OypeHHA H
peMokTa He(pTAHLX H FA30BBIX CKBaKHH.



B sToM psaoy HauMmeHblMfAi no pasmepaM — JBHratenb J11-54,
npeAcTaBaAOIHA cOGOA MHIPABANYECKYI0 MAUIHHY O0BEMHOFQ NPHH-
nuna fefcTBHA. PaGouHMH OpPraHaMH ABHraTeas CJyMaT MHOTo3a-
XOIHLIH BHHTOBOH POTOP H CTATOp, OpeACTapaALLIHe cOGOH B nape
naaHeTapHblt MexaHu3M. YHCNO 3aX040B BHHTA CTATOPA HA eJHHHLY
GoJibiie 4yHCAa 3axpJoB poropa. TexHHuecKas XapaKTePHCTHKA JBH-
ratens [1-54 npusenena uuxe.

Pacxop xuakocta, afc . . S . o . . . . . . 225
Yacrora spautenus sana, 06/Mnﬁ e Coe . 150—600
Mepenaa fapseHns Ha upuratene, MIla . . . . . . ., ., . . . . 4-—5
Bpamawwuh Moment, H-w . . . . . . . . . . . . . T0—120
T'abapurine paamepu MM:

LAHWA . . e £ ¢ 4

HapyXHHR nname'rp e e e e e 54
Macca, k0 . . . . . . . . . . .. e e e 25

KoMnonoBka oTkAoHHTesasi (caMHit npocToil BapHaHT) MOXeT
COCTOSTh H3  [0J0Ta, "[JBHraTeJss H KDHBOIO [epexofHHKA
(puc. 47, a), coeAHHEHHOrD C KOJIOHHOH GYpHIBHBHX TPYO.

B apyroM BapHaHTe KOMNOHOBOK NPHMEHAETCA THAPABIHYeCKui
JBHraTe/b ¢ YIJIOBBIM CMELIeHHeM BRIXOAHOTO Baaa (pHc. 47, 6}.

KpHBHM NepexoJHHKOM Ha3nBaeTcsl pe3bfOBOH COENRHHTENbLHBI
FAEMEHT — NepeXoaHHK, kMelluid HecoocHne pesnln (1—3°). Coe-
JAHHEeHHe GYPHJbHOH KOJOHHH ¢ OYPOBBIM CHapslOM TaKHM llepexod-
HMKOM ofecneuuBaeT 3aBeJOMO HeCOOCHOe NOJACKEHHe CHapanra
B CKB2XHHE H, CJeI0BaTeJbHO, OTKJIQHEHHE OCH IOJ0TAa OT OCH CKBa-
AMHHBI, 4TO BJMAET K4K Ha TPOUECT OTKJIOHEHHH, TaK ¥ HA HHTEHCHB-
HOCTb HCKPHBJIEHHS, T. €. ONpeAesieT XapaKTePHCTHKY OTKAOHHTEJs.
YunrTHBaEM, YTO B NAHHOM cJIyuae SYPHJALHKE BaJl H KOpHyC ABHra-
TeJf-CHApsila He BpauUlaloTesl MW YAEPKHBAIOTCS B OAHOH yCTaHOB-
JeHHOH NJOCKOCTH.

CxeMa paloTH TaKOr0 OTKICHHTEAA ¢ 3a6GofHHM ABHraTereMm
COOTBETCTBYET cXeéMe PaGoThl IUAPHHPHOIO OTKJIOHHTENSl ¢ ONOpoi
Ha 3a6ofl, ur0o H Oflpee/ifAeT BEPOATHYIO CPEIHION BEIHYHHY KPHBH3-
ol K = 2A/I§ # ypaBHeHHe TDPAEKTOPKH Ha YYacTke OTKJIOHEHHH
y == A(e”’" — 1} B cootserctBuu ¢ dopmysamu (40) u (116}, rae
ly — nIMHA KOMIIOHOBKK OTK/JCHHTENRs (CM. pHC. 47).

BosMoxHoe yBenHuyeude KPHBHIHH [[PH NOCTOSHHOH [AJHHE KOM-
MOHOBKH CBfi3BIBAETCH ¢ YBEeJHYeHHEM DAaJHaJbHOTO 3a30pa HIH
¢ coszanueM OonblioH NOCTOAHHON pAafHANLHOM CHAN HA OONOTE, YTO
MOXeT O06ecneyHTh yBeJHYeHHe KPHBH3HEI B COOTBETCTBHH C dop-
myaod (37) no senmuwnst K= 11,7A/4.

I1pr HeBpawaowefics KojJoHHe GYPHIBHEX TPYS H YIJIOBOH He-
COOCHOCTH BCJENCTBHE KPABOID NEpexolHHKa NOCTOAHHOE 110 HANpaB-
JEHHIO pajHaJbHOE YCHJIHE Ha [O0JOTE MOMeT OHTL CO31daHC 33 CYeT
ynpyroll RepopmaudH KOMOOHOBKH, KOTOpas uMeeT GOJBIIYIO KPH-
BH3HY, Y€M CTBOJ CKBAXKHHBI, WJIH COeUHAABHEMH OTKJIOHAIKIIHMH
pacropHbLIMH MeXaHH3MaMH, aHaJOTHYHHMH PACIODHOMY YCTPOHCTBY
orkronutesa T3-3.

Pa6GoTta saGoiinoro apurartens B npomnecce GypeHHa ofipeaensieT



n Puc. 47. KoMnoHoskH oTkacHuTesed ¢ rua-
) PARASUECKHMK ABATATENSMH

BEJHYHHY KpPYTALLErc MOMEHTa, BocC-

NPHHEMaeMOro OGYPHJILHOA KOJOHHOH

(Tak Ha3nBAEMOr0 PpeaxTHBHOIO MO-

menta apuratensn). [lop peficTBHem
& PEaKkTHBHOrO MOMEHTAa ABHrarens Gy-
"47 DHJIbHLI BaJ 3aKPYUMBaeTC HA HEKO-
TOpbI yroJ

¥ = &G (127)

1“ | rae k, — s3MuiprHyeckdil kosddHLHeHT;
M — peakTUBHHE KPYyTSIHH MOMeHT
Ha Kopnyce paBurarensa; L — AnnHA
6ypuabnoro Bana; GJ, — MecTKocThb
I pu Kpy4eHHH 6YPHABHOIO Basa.
Hauna GypHAbHOR KOMOHHB, BOC-
NPHHHMAONLAA pPEeAKTHBHHH MOMEHT,
NpaKTHYeCKH HEH3BECTHA, TAK KaK OHA
3aBHCUT OT MOMEHTA CHJI TpEeHHR W
COMPOTHBJEHNA MeXJY HeNOABHKHOM
6ypHALHON XONOHHOR H  CTEHKaMH
cKkBaxKHHuH. B cBolo ouepelb MOMeHT
CH TpeHHA onpereasieTcA GOJdbIIHM
KOJHYECTEOM (PaKTOPOB: HOPMAaJbHOH
cocTapasUied Beca GYPHIBHOro sana
B HAKJOHHOH CKBaXKHHE, KPHBH3IHOH
| KOJOHHB K CTBOAA, KO3QPHUMEHTOM
Tpeuss H np. Kpome Toro, caepyer
YUHTHIBATHL, YTC NIPH CJOXHOM IpOCT-
PAHCTBEHHOM IIOJOXEeHHH GYDHJILHOIO
* BaJa Noc/eIHHA oA AeACTBHEM KPyTS-
rero MOMEHTa MOKeT He TOAbKO Je-
dbopMHpPOBATBCA OT KPYUEHHHA, HO H OT
H3THG3, 4TO MOBJAHAET HA YroJ 3aKpy-
ynBauun. [Mostomy kosdduUHeHT &, B
dopmyae (127) yuuTHBAeT BEPOATHYIO [UTHHY KQJOHHB, BOCHPHHHMA-
IOUYI0 PeAaKTHBHBIA MOMEHT, UTO YTOUHAETCH ONMTHHM IIYTEM.

Yron 3akpyuHBaHWsA, ONpelensieMbli pPac4eTHHM MeTOAOM, YUH-
THIBAETCA NPH OPHEHTaUHH OTKJOHHTeNA, B JaHHOM CJydYyae FMApH
YCTAHOBAEHHH TIOCKOCTH KPHBOrO MNepexXofHHKa B CTBOJIE CKBa-
HCHHBL,

OnniTHee paboTH ¢ OTKJAOHHTENAMM Ha Oasze npuravens [11-54
H J1-70 nokasaax npeHMyulectBa MeTOAOB HAMpaBJeHHOro GypeHHA
¢ #eBpallaiIiHMCc GYPHJAbHBIM BaJoM, B 4aCTHOCTH, JOCTATOUHYIO
MJIaBHOCTE HcKpHBJIeHHA. OAHAKO NIPOMHILAEHHOMY BHeApeHHIO OT-
KAOHHTeJIel ¢ aBHrartenem [k1-5b4 B ckBa)KHHax ZuameTpomM 59 Mm
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NpensTcTBYeT G0JblIoe AJNA KOJOHKOBOro GypeHHs RaBJeHHE HPOMbl-
BOYHOH XHAKOCTH H3 Hacoce, o6YCJIOBAHBAEMOE BLICOKHM Mepenaaom
JAABJeHHA Ha JIBHTaTeJe H 3HAYHTENLHEIMH ROTePAMH CONPOTHBJIEHHA
0 CKBaX{HHe, TaK KaK NpH paboTe jBHraTeas TpefyeTcd Nojada [o
1580 A/MuH, uyTO 3aTpPyAHHTENBLHO NPH MANLIX NJOIIAJAAX CeyeHHS
3aTpy6HOTO NMpocTpaHCTBa H GYDHJABHOH KOJIoOHHB. JIyuwine naHHbte
MOJyueHbl NPH OTKAQHEHHH CHBAMKUH AMaMeTpoM 76 MM.

Bo3amoKHOCTE 10CTaTOUHO 3PPEKTHBHORO NPOLECCA HCKPHBJIEHHS
CKBa)XHH gHameTpoM 93—112 MM B KpenkHx nopofax 6uia nokasa-
Ha NPH HCMOJB30BAHHH MIAPOCTPYHHOrO GYpeHHs, IPH KoTopoM 6y-
DPHALHLIA BaJ TakkKe He Bpamaercs, [Ipouecc paspymnleHHA TFOPHBIX
NOpPOA TpH WAPOCTPYRAHOM OYpPeHHH OCylEeCTBAAETCA ylOapaMH
CTaMbHLIX LIapoB o 3a6oit. CTajbHue Wapbl o6welt Maccod 1o 14 Kr
AOCTABAAKT Ha 3a6ofl B kouTeitepe. Ha kouue 6ypuibHOA KONOHHBL
NoMelllaloT WapoCTpYHHLIH annapar, npeicTapasiouidi cofoli norpy-
HKHOH 3MeKTOPHHH HAcoC.

[pu nonaue Ha 3aGoit MpumMepHo 250 7/MHH MPOMHBIBOUHOH KHA-
KOCTH CTalJbHble IHaphl BOBJEKAIOTCA B 3aMKHYTYI0 LHPKYIALHIO,
MPOXOLs Yepes KAMepyY pa3psKeHHs U Pa3roHAsCh B KaMepe CMelleHHs
W Aupdysopa A0 cKopocTeil MOPsAKA JecATKOB MeTPOB B CEKyHAy,
oflecrieuuBad TeM CaMbiM AOCTaTOUHYK 3Heprus yaapa aas addex-
THBHOrC pa3pyllleHHs nMopoAn. B Takom wapocTtpyiHOM annapare
THApAaBJHYECKHE [TOTEPH CONpOTHBAcHHA aocturaioT 3 Mlla, a wme-
XaHHUECKHE CKOPOCTH NpH 3ToM cocraeasior 0,3—0,5 m/u. Co6-
CTBEHHO OTKJOHHTe/Nb NOpelcTapJifAer coO60H KOMIOHOBKY H3 IUAapo-
CTpyfHOro anmapara H KPHBOTO nepexoiHHKa, KOTOPHH HeCoOCHO
COeIHHAT ¢ OYPHILHOA KOJIOHHOH, 4TO obecneuHBaeT OTKIOHEHHe
OCH afinapata OT OCH CKBAXKHMHH.

[IpakTH4YecKH BCe THIL NMPpHMEHAEMBIX OTKAOHHTENeH (110 xapak-
TepHCTHKe) He obecrneyHBaloT QOPMHPOBaHMHE CTBOJa CKBaXHHM Ha
y4acTKe OTKJAOHEHHsA C TMOCTOAHHOH KPHMBH3HOM, jJomyckaouied Gec-
NpenATCTEeHHO: NPOXOXKAeHHe KOJOHKOBHX CHapAjoB H Ge3aBapHil-
Hyio paboTy GypH/bHOA KoJOHHHL. [locie GopMHpPOBaHHA OTKIOHEH-
HOTO yJacTKa CTBOJAa TpefyeTcA AOMOJHHTENbHAA ONEPaluf NC ero
npopaloTke, T. €. N0 YMEHLIUCHUIO KPHBUAHLL Kak 6B 3a cuUeT pacapo-
CTPaHEHHA COQOPMHPOBAHHOIO YIVIOBONO OTKJIOHEHHS Ha GoJbUIHEA
HHTepBaJ CKBaMHHHI.

Takum 06pa3zoM, B TEXHONOTHUECKYIO cxeMy OYPeHHA HHTEpBAJIOB
HCKYCCTBEHHOTO HCKPHBJEHHS BKJIIOYAOT ONepalHid npopaboTKH
CTBOJIA, 2 B KOMIIEKT TeXHHUYECKHX CPeACTB HanpapieHnHoro Gype-
HUSI — COOTBETCTBYIOUIHe HHCTpyMenThl. BHTPom paspaGoranu
H cepifiHo BHIYCKAWTCA KaauGpylouide KOMICHORKH AR npopaborT-
kH uHTepBasos uckpusienus (KITHMH), ocHoBHo#l 4acThio KOTOpBHIX
SIBISIOTCA a/iMa3Hbie KANHGpPATOpLl HanpasaeHHoro Gypenust (KAHB).
Komnosoekn KITHH nospoasioT coBMecTHTh mpopaGoTKy HHTEpPBANa
OTKJIOHEHHA ¢ OAHOBpPeMeHHOH yrayOGKoH CKBaXKHHH OPH OJHOM
pefice.

Komnonoeka KITHMH (prc. 48) cocToHT H3 nopojopaspyluaioilie-
ro WHCTpyMeutra [ — Jonora uau anmazxod kopoukH (12A3 wan
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Pxc. 48. Noxnonosxa KNMMHH

1313}, koaoHKOBOR TpYOH 2, r46KOro COSmHHH-
TEJALHOro 3peHa 3 — OypHAbHOA TPyOH ANHAOA He
MeHnee 1,5 M, ABYX HJIH Tpex ajMa3HHX KaauGpa-
topos KAHB 4 4 coeaunnTeabHoro xectkoro nat-
pybka § paudodt 0,7—1 M, ycraHaBiHBaemMoHA
ONHITHWM Ryrem. JIMHHA KOA0HKOBOA TpYOH 3a-
BHCHT OT HHTEHCHRHOCTH MCKPHBIEHHA. |ax, npH
HHTEHCHBHOCTH HcKpuBJeHus [—2 rpaayc/m
IJIHAE KOJIOHKOBO#R TpyOu coctasader 1—0,7 M, a
B 30HE YCTAHOBKH KJHHOBBIX OTKJOHHTEEd RAWHA
KOJIOHKOBOTO HAG0pa HOMKHa OuiTh He Goaee 0,3—
0,7 M.

Koumnonosku KITHH paspaboranst ana cksa-
*HH guamerpoM 46—76 mm. [lpu cocrasieHHH
xomnonoekd KITHH neoGxopnMo npepycMoTperb
TaKHe KOHCTPYKTHBHule pa3Mepbl, uToOH npH
HOCTRHOBKE Ha 3260# KaaHGPYIOWHR y3ed Haxo-
AHACA B Havale HHTepBada OTK/AOHEHHA. JlJauna
pefica npH ucnoab3osaHud KommoHosku KITHH
JOAXKHA o6ecNeyHTh BHIXOA KaaHGparopa HHKe
yuacTka oTkinoneHus. Ilpn stoM pexum GypeHus
noAGHPAIOT H3 YCNOBHS JOCTHXKEHHS NMOCTOSHHOH
MexaKlHdeckod ckopocTh npemepno 1—1,5 m/d.

Kontpoasnee sonpocst x aa. V

1 OcneBHas KORCTPYKTRBHAR 3afava npH paapaboTke
TeXHHYECKMX CPefCTB HanpasieHHoro Oypendst — 3ab0HHBIX
HOMMOHOBOK IS NPOBEACHHA NPAMONKHEHHHX y4aCTKOB CTBO-
na

2 HasHauense H pacuer napamerpos YBT

3 ¥Yuer cocTaBafOIHX Beca 3300MHNX KOMPOHOBOH IIpH
GypeHUH HAKJOHHBIX NPSMOMHHEAHBIX YYACTKOR CKBAKHHM
¥roa craGuAHzadKK

4 Kax paccydTWsalT DACCTORHHE MEXAY LUEHTPHPYK-
LIHME 3JeMeHTaMHd 3a60AHLIX KOMMOHOBOK?

5 ¥papHenHe TPAEKTOPHH CHBAJKHHH Ha ydacTKe paGoTe
IMAPHHPHOrO OTKJOHEHHA C onopofl Ha 3a6odl

6 Hasnauende H KOHCTPYKUHA YHHBEPCARLHHIX WAPHEH
pos

7 KoHCTPYKUHA CTAUMOHAPROTO KIAHHOBOTO OTKAOHHTENS
CxeMul pacKpenNsiouiHX yajos

8 TexHonorHuyeckas Kapra GypeHHa CKBaXKHHK PH OTXO
A& OT CTRUHONEDHOTY KJAHHOBOTG OTHACHUTENR

9 KOHCTPYKTHBHBIE CXéMB ChEMHHX KJIHHOBBX OTKIOHH
TeNed H MX Yy310B pAcKPeieHHA

10 TexBoJOrHYECKAR KAPTA YCTAHOBKH H HCKDHBASHRR CKBRXKHHH CHEMHLIMH
KJIHHOBLIMH OTKAOHAUTEAAMH

11 KuHemaTyyeckue cxeMb GecKAMHOBHX OTKIOHBTeNed CKOAb3IALLEro THNa

12 XapaxTepucTHKH OTKJAOHHTeNeR CKOAB3ALLErO THNA



13 Texuogoruueckan Kapra OyPeHHA KPHBOIHHERHOTO HHTEPBAAA CKBaXKHHH
OTHIOHHTENAMH CKOJB3AULETO THNA

14 Cxema ycTpoAcTBa OGecKNHHOBHIX OTKJAOHHTENed MHOrOKPaTHore AefCTBHA
XapakTepHCTHKA TAKHX OTKIOHHTesel

15 Texymas KPHBH3HA HHTEPBAJIOB HCKYCCTBEHHOTO HCKPHBAEHHSA, olipefennemas
XAPAKTEPHCTHKON OTKNOHHTeNeR, H YCJIOBHA BIHCHIBAEMOCTH OTKAOHHTENA

16 Cxema KOMAOHOBXH OTKIOKATENA c 3ab0iHBM ABHTaTeNeM

17 ¥uer yrAa 3akpyudBAHHA KOMOHHW GypH/pHHX Tpy6 npH pabore 3aGofinoro
BBUTaTend

18 Onucawne nponecca mapocTpyhroro GypeHHA 1 3aGofiHOrO OTWIOHMTENR
¢ WApoCTPYRHLM annapaToM

19 B uyem a3awnouaercs ONepauMA NPopaGoTKR CTBOMA NOCAE LHKAE OTKAOHE
HAR?

20 KoHcTpYKRHA KalMHGPYKIWAX KOMINOHOBOK A8 npopaGOoTKA HHTEPBAJOE HC
KYCCTBEHHOTO HCKPHBIEHHS

nasa VI. OPHEHTHPOBAHRE OTKJIOHHTEJER

§ 1. OBIUHE MOJIOXXEHHA OPHREHTHPOBAHHS

OTKICHHTEAH, YCTAHOBJEHHHE B ONpejeleHHOM NONOXKEHHH B CKBa-
H¥He, o6ecTieuHBalOT BHIBOJ CKBAajKKHL N0 3aJ3HHOMY HaNpabJeHHIO
B 3aJaHHYI0O TOUKY npocTpaHcTBa [IpH pacuere Heo6XO0AHMOro
NOJIOXKEeHHA OTKJIOHHTENS B CTBOJIE CKBAXKHHBI JOJXHA OHTL H3BECT-
HA ero XapakTepHcTHra. KOHCTPYKUMA OTKAOHHTEAR orpeiesnsieT
BO3MOKHOE TIOJIOKeHHe ILIGCKOCTH HaMeyaeMorc OTKJOHeHHSI CKBa-
MHHH H YTJIOBOE CMelLieHHe B OJHCH TOuKe TPaeKTOPHH WJH Ha HeKo-
TOPOM YYacTKe TPaeKTOPHK, HO B 3TOH OJHOH IJIOCKOCTH HCKpHBJe-
HHA, 328aBaeMOA OTKJAOHHTE/EM.

IlnrockocTh HaMeuaeMOro OTKJIOHEHHA CKBaMHHB OGLIMHO COBMN&-
AdeT ¢ IVIOCKOCTHIO CHMMETDHH OTKJIOHHTENS H [03TOMY IOJOHEHHe
NoCHejHero 5 CTBOJE CKBaKHHbL ONPEJesiHT NAOCKOCTh HCKPHBJCHHS
Hanpumep, ¢TaudOHapHHA KJIHH MOXEM NPEeACTaBHTb KaK MJIOCKYIO
¢urypy — rpeyroapvrk ABC (puc 49, a) c o61uHM yrJIOM HCKpHBJIe-
HHA § Ha yyacTKe yCTAHOBKH K/JHHA NPH Bepuinne A U HalpaBieHHeMm
HCKDHBJIEHHSI B HOPMaALHOH NJOCKOCTH, KOTOPOE ompejensercs Mo-
JNOXeHHeM 5Tofl GUTYDH B CKBAXHWHE, XapAKTEPHIYIOUINMCH HANpPaB-
JeHHeM AHHHH BC (nokasamwo cTpenkoii).

TpaexTopHio CKBaXKHHB Ha yuacTKe paboThl NMOCTOSAHHOAeHRCTBY-
IOHIEro OTKJOHHTENA NpeAcTaBHM HekoTopo# kpusod AC (puc. 49, 6},
Jexautel B NIOCKOCTH AeRCTBHA oTKAoHHTe s ABC W xapaxrepH3ay-
pueficd HauaabimM 8, (AonycTaM, uro &, = 0) ¥ xoHeunmim 8,
yraamu {8, = &), npuuem

8 =11,
rae / — pacueTHasi CpeAHAsT HHTEHCHBHOCTb HCKPHBJeHHS, [, — pac-

yeTHA# BO3IMONHAR AJIHHA Delca.
YcnoBHO TaKylo XapaKTepHCTHKY OTKJOHHTEAS MOXHO TaKXkKe



a 7 Y g Puc. 49. Cxema opHEHTEUNN OTKAO-
HHTCAN:

! — pananLnaA  BepTHNSALNAA DAOCKOCTH
A HCKDHBACHHA CKBAXHNM, 2 — NAOCKOCTh WCK
PHBAEHHA, 3 — cJel BePTMKAABHOA TAOCKOCTH
nckpunnerns (BNM), £ — wanpasnenne o1
KAQHEHHN, 5 — Hop‘lﬂhﬁlﬂ NAOCKOCTD

7
Lz

H306pasuTh B BHAE TpeyronbhHka A’BC ¢ yrioMm npu BepillkHe pas-
BaM & (cm. pHe. 49, 6).

TakuM 06pa3oM, BO3IMOKHOE YIJIOBOE OTKJIOHEHHE Onpenesercs
pesHunHof yraa §, a HanpasfieHHe HCKDHBAEHHS — GAOKEHHEM
nnockoctk ABC B npocTpaHcTBe, 3adHKCHPOBAHHBIM OTHOCHTEILHO
HEKOTOPOro M3BeCTHOTC HAIPAaBJEHHHA, B 4acCTHOCTH, OTHOCHTENBHO
HayaJbHOY BEPTHKa/JbHOR IJIOCKOCTH HCKDHBJEHHA B JAaHHOA TOUKe.

HauanbHoit, HAH HexoAHOH NJIOCKOCTHIC HCKPUBJEHHSA 6yneM CUH-
Ta8Th BEPTHKAJbHYIO NJIOCKOCTh HCKPHBJEHHA B JAHHOHK TOYKe OTKJIO-
HeuHA. EcCiH B TOYKe OTKJIOHEHHA OCb CKBAXHHB BEPTHKAJNbLHA, TO
338 HCXOAHYI0O MJIOCKOCTb NPHHHUMAaeTCA BepTHKANbHAR IMIOCKOCTb
C H3BECTHHM NPOCTPAHCTBEHHHM HanpapJeHHEM, HanOpHMep Ha ce-
BePHBIi MArHHTHEA MOJ0C.

TlpuHUMas, YTO NMPH NOCTAHOBKE OTK/JOHHTENS B CTBOJE CKBAXKH-
HB OCb OTK/JOHHMTEJIl — cTopoHa AB coBMajaer RIAH mapalJelbHa
OCH CKBaXKHMHH, BHAAM, UTO TNOJOKEHHE IAOCKOCTH HCKPHBACHHA
ABC B npocTpaHCTBe MOXKHO H3IMEHHTE BpallleHHEM e€ OTHOCHTILHO
ock ckBaXKHHH. Ilpu sTOM yroa nosopoTa  Bceraa Hamepsercs B
MJOCKOCTH, NEPNeHAHKY/IAPHON K OCH CKBAXKHHBI, H OTCUMTHIBALTCA
MpOTHE HANPAaBJAEHHA [ABHMKEHHS 4YacCOBOR CTPeJKH OT IJIOCKOCTH
JeHCTBHA OTKACHWTeNa — JAuuu BC J0 WcXoAHOro HanpaBieHlHs
BITH.

Jdns BeprhkaAbHHX CKBaXXHH TJOCKOCTh, MepNeHIHKYJIApHasA K
OCH CKBaXXHHH, 6YaeT rOpH3OHTANbHOHA MIOCKOCTLIO, & YroJ NoBopo-
Ta OTK/JIOHHTENA B 3TOM CJy4ae PAaBEH a3HMYTafibHOMY HalpaBaeHHID
6ynyuiero OTKAOHEHHS o, T.€. ® = o [laA HAKAOHHHX YU&ECTKOB
CKBAXKHH, T. €, IJsi Hanbosee YacTHX clyyaeB o 7= 4.

Taxkum o6pa3om, OPHEHTHPOBAHHE OTKJIOHHTEJS B NPOCTPAHCTBE
OCYIECTBAAIOT BpPaWeHHEM ero BOKPYT cBoefl OCH, YCJIOBHO cOBnaja-



WILeR ¢ 0CbI0 CKBaXKHHH, MIPH (GHKCALHH yIjla noBopoTa , KOWICHH-
BHYHCJSIOT 0 ONepally opHeHTHpoBakusA. [TosToMy nox opuem‘l”‘a
BAHMEM OTKJOHMTEAH NOHMMAETCH TaKas onepauusa, B pesyawtaid
KOTOpO# BpameHHeM OYPHIBHOH KOJOHHH, CBA3aHHOH C OTKJIOHH-
TeAeM, MOCAeAHHH YCTAHaBJIHBZeTCs B MOJOXKeHHe, OTpeleaseMoe
YIIOM ©.

2. ONPEAEJEHHE ¥INA YCTAHOBKH OTKJIOHHTEJA

IMonoxeHHe TOYKH TPAGKTOPHH CKBaXKHHLI B IPOCTPAHCTBE QTMEYaeT-
CA B NpPSAMOYrofibHOH CHCTEMEe KOOPAHHAT C MOMOLUBI0 3eHHTHHIX
H azuMyTaanHux yraos (cM. ra. 1). [MosroMmy sanauneMm Ha OTKAO-
HEHHE CKBaXKHHB AQJXHbH OHTb NpelyCMOTpeHH HauajbHHe 3Haue-
HHA 3eHHTHOro Oy # a3HMYyTAABHOTO G, YIVIOB B IPOSKTHPYEMOA TOUKe
OTKJOHEHHA H JKeJaeMbie 3HAUEHHA 3eHHTHOTC 0, H a3sHMYTaJbHOTO
& YTVIOB B KOHLE MHTEPBAJa@ HCKPHBJIEHHS, T.e€. AOIKHH GHTb H3-
BECTHH JKeJaeMble W3MEHEHHS 3eHWTHOro A8 M asuMyTanbHoro Aa
yrioB. [lpH 3ToM, TakK KakK onpejenefHo TeXHHUeCKOe CPeACTBO HC-
KPHBJIEHHS, M3BECTEH W BO3MOXHHA OOWHA yros HckpubieHus 6.
B sanauy pacueTa yrfia ycTaHGBKH OTKJIOHHTENN BXOLHT onpejene-
HHe TaKoro 3HauyeHHs Yrjia «, NPH KOTOpPOM 3ajaHHe GyjeT BHINOJ-
Hero. Caepomarennto, Ans ofumero cayuag Tpefyercs onpejenuTh
YroJa @ Kak HeKOTopylo (GYHKHHIO BejHuHH 0., as 0, o« H §, T. €.
o = ¢(0, 8, AO, Aa).

[Tpu paccMOTpPeHHHIX METORaX H3MeHeHHsl HampaBJeHHA TpaeKTo-
PHH CKBaXKMHB C MOMOILULIO OTKJOHHTeNeH, yCTaHABJIHBAEMHX B Of-
PeOCNEHHOM HOJAOKEHHW B TOUKE OTKACHEHHR CTBOAA, BO3MOXKHO
NoGHTHCA BBIMIOJHEHHA 3alayl 10 BeJH4YHHe Ac NIpH HEKOTOPOM MNpo-
H3BOAHOM 3HaueHHH A0, TaK KaKk 0ZHOMY 3Ha4YEHHIO ® COOTBETCTBYeT
ONHO COOTHOWmIEHHE BeAHUHRH Ag u AO. PaccMOTpHM BO3MOXHOE
H3MEHEeHHEe 3€HHTHOTO H a3sHMYTalbHOIO YIJIOB NPH HEKOTOPOM MpO-
H3BOALHOM TIOJNOMKEHHHM OTKAOHHTENS, NPEACTABAAEMOM YCJIOBHO
B BHJe TpeyroJbHHKa ABC, KOTOpHA NOBEPHYT OTHOCHTENbLHO Ha-
4aJbHOH BEePTHKAABHOH IVIOCKOCTH HCKPHBJEHHA Ha HeKOTOpLIA
yroa ® (puc. 50). 3anuiieM HeKOTOpHIE TPOCTHE TeOMETPHHUECKHE
COOTHOUIEHHSA:

KOOPARHATH Toukd C B CHCTEME X\fhiZy:

1 == rcosw, X = rsine;

KOOpJAHHATH NpoeKUHH ToukH C — ToukH £’ B cucreme xOy:

Y = y; 080, = r cosw cos0,,
X = X = rsino.

[Ipoekuus yria @ Ha FOPH3OHTAJbHYIO MJIOCKOCTb (Yroa @) Mo-
*eT OhTh Ha#leHa H3 COOTHOLIEHHSA

tgp = x/y = tgw cosb,, {128)
7



Pre. 50. K pacuety yraa ycranoBkn
OTKACHMTEARA

Tpupaluesne a3MMyTaAbHOTO yria Aa onpeflenfieTc H3 cleny-
IOWero OTHOMWEHHS:

sinAa = x/ffC’ = x/Isin0, = rsinw/Isin0,. (129)
YuuTthBan, 410 r/l == sind, aanumem dopmyny (129) B Bupe
sinAa = sind sinw/sinb,. {130)

Pewan ypasHenune (130) oTHOCMTEaAbHO Sinw, Moaydyaem
sinw = sinAa sinf,/sind. (131)

B Bupaxennu (131) 3xauedue sinf, neuwssecrno. [as ero ompe-
JeNeHHsl BOCTIONb3yeMcA NofiydyeHHBIM paHee ypaBHeHHeM (9):

cosd = cosf, cosB + sind, sinby cosAa.

3amensia cosl, = /(1 — sin’0,) H pemwas ypaBHeHHE OTHOCHTENBHO
sinB,, noayuum

cosb sinf, cosAa-sind, cosd,/(sin’6/sin’0,)—sin’Aa (132)

sinf,, , =
e cos'0,4-sin’, cos’Aa

Onpenenus uHCA0BOE 3HAuYeHHe SinO« M noAcTaBHB ero B Gopmy-
Ay (131), Hafizem HcKOMOe 3HaueHHe yrJa @, 3amucaB ero B ofuleM
BHAE C yueToM, 4To sinw = sin{180° — w) Kax

o = o = arc sin(sinAe sin /sind) (133)

H 0003HauuM @ = 180° — w, ecau B, << O,, 4TO COOTBETCTEYET OT-
KJOHEHHIO CKBAMXHHL HA BHIKPYYHBAaHHE.

Tlpn onpeneneHuy 3HaueHvsn sin®, mo ¢opmyne (132) cunenyer
CUHTATH, YTO €CJH NOAKOPEHHOe BHpa){eHHe OyjaeT OTPHLATENbHLIM,
TO NPH 32REHHHX YCJHOBHAX TpeGyemMOoro mMpHpaLIeHHS a3KMYTaJb-



HOTO Yriia HeMb3si NOCTHTHYTh 38 OAHH LMKA MOCTAHOBKH OTKAOHH-
Tenl. MaKCHMAJbHO BO3MOXKHOE MpHpalleHHe a3pMyTadbHOTQ yrjia
NPH JAHHBIX KOHKPETHHIX YCJAOBHAX MOMeT ObiTb ONpeneseHo, eciad
NPHPABHATH NOJKOPEHHOE BRIPAXEHHe HYJI0, MaKCHMAJILHO BO3MOX-
HOe MPHpaleHHE A3HMYTAJbLHOrO Yrja AnA NAaHHHX YCAOBHA HAa3h-
BaeTCA pa3pelaouledl CHOCOOHOCTLIO OTKJOHHTENA MO A3HMYTY.
Haiigem Aoge,, 3anucar

sin?8/sin’6, — sin®Adtmax = 0. (134)
Peman ypasuenue (134} QTHOCHTENBHO Almg,, MOJNYYAEM
Admax == arc sin(sind/sin6,}. (135)

OuerHgHO, 4TO MaKCHMANLHOE NPHPAUEHHE 2EHHTHOrO yraa Oy-
Bet AOqq = 4.

3HaueHHe Oy COOTBETCTBYET ODHEHTAlHH OTKJOHHTeNA Ha BHNO-
AaXUBAHWE CKBABXKHHB, T.€. B 33aAayy OTKJIOHEHUS NOCTABACHO
yciosue 8, > 6, 3HaueHHe B¢ HCNONB3YIOT NPH PacHeTe OTK/IOHE-
HHA CKBaXKHHbH HR BHIKpYUHBaHHe, T.e. NpH O << O,

Gopmyay (132) MOXHO YUPOCTHTD NPH AOCTATOUHON TOUHOCTH
BhIYHCJAEHHH, ec/IH NPHMEHHTE BhipaxeHnHe (14), npHemaeMoe B pac-
YeTax APH MajbX 3HAYEHHAX 3€HHTHHX YIJ10B H ofllero yrjia HCK-
PHBJEHHA:

8% & 0} + 0% — 20,6, cosAc.

Ha dopmyan (14) onpesendM 3HAaYeHHH KOHEYHOro 3€HHTHOTO
yraa 0.

8112 & B, cosAa + & — O1sin"Aa. {136)

Jdaa gopmyan (136) cnpaseinusn npuMeyaHHA, NpHBeACHHHE
Bollwe K dopmyne (132). Tak, npupaBHHBas MOAKOPEHHOE BHIpaXKe-
HHe B dopmyie (136) k Hyaio, NnoaydHM

SiflAamnx == 6/3;; (137)

Kak BuauMm, ANs OpHONM3MTEIBHHX pacyeroB Gojee npHeMJEMH
npoctee ¢opMmyan (136), (137), mospoasiolike JerkQ BHUHCAHTH
HCKOMOE 3HAUEHHE YIJIa YCTAHOBKM ¥ BO3MOMHOCTH OTKJIOHHTEAR.

s garasguocTd npuMenuMoctH Gopmya (136), (137) paccun-
TaeM YroJ yCTaHOBKH OTKJIOHHTENS H ONpejelHM ero paspeliaoilyio
CNoCcOGHOCTD.

[Tpusep {. OTRIOHHTENL — KAHK ¢ yrjom & = 2,5°, B HaMeuaeMof TOHKe OTKAO-
HeHHA CKBaXHHW HmeeM 0, = 8°, 3ajaHo OTKIOHMEHHE MO A3HMYTY NPH BHIMONAMNKH-
BAaHHH CKBaXHHB + Ao = 10°. OnpenedHTk yrosi NOBOPOTA OTKIOHHTENA.

HaxoauM MaKCHMANBHO BO3MOXHOE OTKJIOHEHHE MO a3uMyTy no dopmynam (135)
u (137):

Ay, = arc sin(sin2,5° /sinB®) = 18,26°,
Ayl = arc sin(2,5°/8°) = 18,21°.

Tak Kaxk Attya: > A, TO, CAEAOBATEALHO, 33343 MOKeET GHTH BHINOAHEHA OAHOR
nocTAaNNRkNil ArranuaTeng



HaxoanM yro ycTaHOBKH OTKNOHHTENR, ONpele]HB 3Ha4eHHe sinf, no ¢opmyne

(132)

s,y =

052,5° sin8° cos10°4-sin8° cos8°+/sin?2,5°/sin*8°)—sin? (0°
cos*8°4sin’8° cos®10°

= (J,17298

6. = 9,962°,
H By no dopuyne (136):
B, = 8° cos10° + +/2,5* — 8% sinl0° = 9,957°.
Kak BHANM, NPHONKKEHHOE Pelle€HHe OYeHb GJH3KO K TOUHOMY.

OnpeneauM yroJ YCTAHOBKH OTKAORHTENA no ¢opMyae (133), noacrasns vafien-
HHE 3HAYEHHA KOHEYHOTO 3eHHTHOro yria:

o, = arc sin(sin10° sin9,962°/sin2,5°) = 43,53".

Mpumep 2. Umeerc NOCcTOARHOAEHCTBYOILHA OTIIOHHTENb €O CPefReli HHTEHCHR-
HOCTbIO HckpuBaeHus (.5 rpaayc/m, pacuetHas AnnHa pedca 7 M, 3eHHTHHH yrou
B TOUKe oTkaoHeHusn 30°. Tpebyercd NOJAYYHTb OTKJAOHEHHE NO a3HMYTY Ac = - 5°.
Onpenejgnth yrod YCTAHOBKH OTKAGHHTENA.

Haxonum BoamomkHuft oSmnfl yron uexkpusaenns: 8 = [, = 0,5.7 = 3,5° [anee
pacuersl aHANOTHYHH pacdeTaM NpeinAyIIero MpHMepa:

Attmay = arc sin(sin3,5°/sin30°) = 7,013°,
Altane, == arcsin (3,5°/30°) = 6,699°.
TaK KaK Adma = Ad, TO KOCTATOUHO OAHOA NOCTAHOBKH OTKAOHHTEAS!

¢053,5° 8in30° cos5° +5in30° cos30°+/(sin’3,5° /sin*30%) —sin’5®
sinfy = — 0,53521,
c0s230° +3in?30° cos’5°
8, = 32,358°,

0. = 30° cos5® + /3,57 — 307 sin’5° = 32,21°.

TIpH HCHOMIB30BAHHA TOMHOIO DEIUEHHSA YION YCTAKOBKH OTKAOHHTENA
w; = arc sin(sin5° sin32,358°/sin3,5°) = 49,866°.

TpaGaumenHoe pellenre AaeT
w == arc sin (sin5° sin32,21°/5in3,5°) = 49,54°.

W3 paccMOTpeHHMX Bblll€ MPHMEPOB BHAHO, YTO NMPHGIH3HTEND-
HHE pelleHHs OUeHb GJH3KH K TOUHBIM, YTO MO3BOJIAIET PEKOMEHAO-
BaTbh npHMeHeHue dopmya (136) u (137).

B mpakTHKE pacyeToB yrJla YCTAHOBKH OTKJIOHHTeJeR 4acro fpH-
MEeHSAIOT NPHONHAHTENbHKHA, HO NpOCTOH rpaduueckHi MeToA peilie-
HHA, 6asupyloludiics Ha CAeLYIOIUHX NMPEACTABIEHHAX H JONYIIEHHAX.
BuipazuM cTopoHH TpeyronbHHka A'BC’ (cm. pHc. 50), gexauero
B TOPH3OHTANBHOR NJIOCKOCTH, Yepe3 JHHeHHbie napaMerpH OTKJOHH-
TeAR H COOTBETCTBYIOLIHE YIN0Bble BEJHYHHBI:

A’B = Isinf, cosb, A'C’ = IsinB,.

Touka C’ npH BpaUleHUH OTKJIOHHTE/A ONHIIET 3JJAHMNC ¢ GoAbLIoH
noayocblo @ = [sind # Manoit nosayocelo b = [sind cosB. Takum
ofpa3oM, TeKyuiee 3HaueHHe cTOpoHW BC’ Oyaer 3aknpdedHo B cie-
AYIOLHX Mpelenax:

Isind == BC'>= Isind cosH,.



IpH madwx 3HaueHusix yrjioB 0., 8. ¥ 8 MOXHO NPUOAHNKEHHO
PHHATD

A'B = {8, A'C" = 16, I8 = BC’ == I6cosh,.
Ecnu ucnoabaceaTh npuGAH3HTENBHOE COOTHOWEHKe (14)
8% =~ 0} + 68 — 20,8, cosAa

H ero rpaduuecKyio HHTEPIPETALHIO, TG CTOPOHBI PACCMATPHBAEMOr0
TPeyroJbHHKa MOKeM NPHHATL B POH3BOJBHOM JIHHEHHOM MaclTate
PABHBLIMH COOTBETCTBYIOILHM YIJIaM:

A'B = k8, A'C' = kb, kb= BC = kb cosb,

{kw -— KO3 PHUHEHT NPONOPLHOHAJNBHOCTH, CM/TPaayc) u NPHCTY-
NHTh K rpadHuecKHM MOCTpoeHHsM (puc. 51).

OT1 HexoTopofi yc/OBHO# TOYKM B OTKAajLIBaEéM BJEBO OTPE30K
A’B, paBHbi#i yray 0, B npHHsiToM MmacwitaGe k.. Hanpumep, npu
k.= 1 cm/rpanyc/A’B = 8,, (cM). Cuutas Touky B LeHTPOM 3J-
Jaunca ¢ noayocsiMH a= k.0 H b = k.0 cos@, cTpoHm 3JJIHIC.
Ot Touku A’ npoBoAMM JAY4 NOL yraoM Aa K AxHH A'B u oTMeuaem
TOYKH NepeceyeHHs Jyda ¢ aaHncoM — ToukH C’ u D. CoegHnsem
HEHTp 3JJIMNCca — TOuKy B ¢ noayuedHoiMu ToukaMH C* v D u ompe-
IeNsieM YIabl @ H @z, HAPHMep, ¢ MOMOLLBI TpaHcnopTHpa. Otpes-
ki A’D u A’C’ xapakrepusyioT BeAHUHHB KOHEYHOIO 3€HHTHOIO
yria Ha y4YacTKe YCT2@HOBKH OTKJIOHHTEJS:

8= A'C'/ky B Qo= A'D/k,

Tax kak ua popmyan (128) u3pecTHO COOTHOLIGHHe MeXAY yTJia-
MH ¢ H @, TO HAXOAHM HCKOMBIA YFOJ YCTAHOBKH OTK/IOHHTEJIfA:

tgw 2 = t@ei 2/ cosl,, {138)

rie w; H @z — COOTBETCTBEHHO YIJW YCTAHOBKH OTKJOHHTENRA HAa
BHIOJAAXKHBAHHE H BHIKPYYHBAHHKE CKBAXKHHBI.

[TpH MaibX HayaldbHHIX 3€HHTHHX yraax cos®, &~ |, nostomy
MOXEM YCJIOBHO MPHHATb, YTO TeKyllee 3Ha4eHHe CTOpoHb BC’
6yneT NOCTOAHHLIM ¥ cocraBaser BC’ &= [ sind, a npu rpaguyeckom
pelleHHH cyMTaeMm, uro BC = k6. [lna storo ciyyas nocTpoeHHn
YIpOILAIOTCA M BMECTO 3IJMIHICA CTPOHTCA OKDYAKHOCTD € LEHTPOM
B Touke B. YuuTnBas 310 ke ycjoBHe: cosBy= 1, npuuamaem
¢ = o. Ha nociegHHx JonyleHHAX W OCHOBAaH npocreditil rpagu-

Puc. 51. Fpaguueckuli merop onpeneaenus
Yriaa YCTAHNOBKH OTKACHHTEAS
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Puc. 52. ¥Ycrpoitcrso «Jinpextop»:

a — fAafeTKd HAYAALHEX 3IEHHTHWX YTAO0B, yrna YCTAHOBKH OTHAOHHTENR H ofuero Yrna HCKPHBACHHA,
6 — NaAeTKa KOHeUWHIX IEHNTHRIX YIA0B K NPHPAIENHA 83MMYTRNBHEIX YrA0B, 8 — patouas NOIHUMY yoTpof-
erea

YeCcKHH MeToA OonpelejeHHA Yrja YCTAHOBKH OTK/JAOHHTead, Haluei-
IIHA [pHMeHeHHe B peinawouleM rpagduyeckom ycrpofictee «Iupex-
TOP».

Ha nepsoii nanetke (puc. 52, a) ot Touku B BJIeBo pacnonoxke-
Ha JAHHeHHAsl WKaJa BO3MOMHBLIX 3Ha4YeHHA HAYAJBHBIX 3€HHTHRIX
yrios. M3 nentpa B Touke B npoBeieHO HECKOJbKO KOHLEHTpHYE-
CKHX MOJYOKPYHKHOCTe, Ha nocjaelHedl H3 KOTOpLIX Hanecesa rpaayc-
Han wkada or 0 o 180°. PamHych 3THX NOJYOKPYXKHOCTEH COOT-
BETCTBYIOT 3afaHHOH BeJHuYHHe YTJioBoro oTKaoHeHns &. Ha Bropo#
npo3pauHoil najetke (puc. 52, 6) or Touk# O HaHeceHa B TOM XKe
NPUHATOM Maciwtafe UIKala 3HAYEHHH KOHEYHOrQ 3eHHTHOTO yria.
C nentpoM B TOf e Touke O NOCTPOEH CEKTOp € rpajycHOf MKasioh
AJA OTCUeTa 3aNaHHOrQ yria Aa.

PaccmoTpuM nocsefoBaTenbHoCTh onepaunufi npw pabore ¢ yer-
poiicTBoM «[lupexkTop». 3anaHu 3HaueHus O, § U Aa. Cineayer Hal-
T™H oy, w2 H 8 H B0 Ha mepeyr manerky HaxkAaALIBAIOT BTOPYIO
{prc. 52, 8) TaK, UTO JHHHM INKaJ 3€HHTHBIX YIJIOB COBMELIAIOTCH



H Touka O noxaxeT 3ajaHHoe axaueHHe O, [lanaee, nopopayupBaior
BOKpYr ToukH O BTOPYIO NaJeTKy NpH HENOABHXXHOH NepBOMH, C mo-
MOIIBIO TPAHCNOPTHPA YCTAHABJAMBAIOT LUKany 3E€HHTHHX yrios 6,
nop 3azaHHeM yraoM Aa. Haxoasat Touks nepecevennss M v N wmka-
Jbi O ¢ OKPY:XKHOCTBIO, HMeiouieft panuyc, pabHbifl 3afaHHOMY 3HaYe-
HHIO 8, H MBICJEHHO COEAHHAS TOUKY B ¢ NOJAYYeHHBIMH TOUYKAMH
nepecedeHusi, NPOAOJIKAIOT STH JAHHHH 1O IepeceyeHHs €O LIKaJod
3HaueHtfi yria o, 10 KOTOPOH # ONpeACATIOT WCKOMLIE 3HAYCHHSR
YII0B @ H w2 Orpeskw ON H OM cooTReTCTBEHHO NoKaXKyr 3nave-
HHA yraos O H Oy

Ecnn wxana 8, He nepecexkaeT OXpPyXHOCTb 3afaHHOT0 Pajuy-
ca §, TO 3TO CBHJETEJIbCTBYET, YTO 34 OJHY MOCTAHOBKY TAKOTO
OTKJIOHHTENN 3alaHHe N0 H3IMEHEHHIO HaApaBjeHHA Ha BeNHYHRY Aa
BHIMONMHETE Hesab3dA. Ha 3ToM npHMepe MOMHO NMOKA3dTh, YTO MaK-
CHMaJibHOe H3MEHeHHe a3HMYTaJbHOI'O Yria — paspeliaioyio cno-
COGHOCTL OTKAOHHTENA M0 a3HMYTY — ONpPeAedAT NpH NOJOXKEHHK
IWKaAe 8, KaK KacaTelhHOR K OKPYHOCTH c paauycoMm 6. Torna,
KaKk H OblI0 nokazaHo paHee B ¢opmyse (137), sinAcmax = 6/0,.

Takoe pacyeTHoe ycTpofCTBO MOXeT ObiTb NPHMEHEHO HJIA Ofipe-
AeAeHHA OOULero yrsia MCKPHBJAEHHS H DPelleHHA mofoOHBX 3anau,
KOTAa HCHOAbL3YIOT NpHGAu3HTEAbHOE paseHcTBo (14).

Ha puc. 52, e npuBeneHo rpaduueckoe pelueHHe TPHMepoB | H
2 naHHOM IaBH, KOTOpHE paHee GLUIH pelleHH aHasuTHYecKH. Cpas-
HHBas OTBeTH (mpuMep |, aHAJHTHYecKoe pelleHHe o = 43,53°,
rpadguyeckoe pelieHHe o = 43°; mpumep 2, anajuTHYeCKoe pelle-
HHe w; = 49,86°, rpaduueckoe peienue w, = 50°), BHAAM, 4TO rpa-
tduueckuii MeTOA pellleHHsi JaeT yAOBJAETBOPHTENbHYIO TOUHOCTb LipPH
MaJHX 3HAaueHHRX HA4a/JbHOro 3eHHTHOrO H OGIUEro yIJCB HCKPHB-
JIEHHS], OfIHAKO C YBeJHUYEHHEM 3THX YIJ0B rpadHueckHil MeToj Aaer
GOJbIIYI0 MOIPEIIHOCTE H HE MOMET CYHTAThCA IPHEMJEMBIM IJA
BLUHCJECHHH.

§ 3. METOAbl H CPEJACTBA OPHEHTHPOBAHHA OTKJOHHUTEJEA

JIna opHEHTHPOBAHHA OTKJAOHHTEJNEHd HCMOJIb3YIOT NPAMOR M. KOCBEH-
anfi Meroan. [pu mpaAMom Merone opueHTAllHH OTKIOHHTENb yCta-
HaBJHBAKDT B TPe0yeMOM HAMpPaBJEHHH, KOTOPOE ONpejeNsioT OTHO-
CHTeJLHO CTpPAH cBeTa. [axkof MeTON OPHEHTHPOBAHHA HAXOIHT IIPH-
MEHEHHe B OCHOBHOM IIPH YCTZHOBKE OTKJIOHHTeNeH B BepTHKAIbHLIX
i GIH3KHX K BepTHKaJAM cKBaxuHax. IlpH KocsenHoM wMeToze,
NPHMEHAIoNEeMCS B HAKJIOHHBIX CKBAXKHHAX, OTKIOHHTENH OPHeHTHPY-
K0T OTHOCHTE/IbHO HAYaJbHOH BepTHKANbHOH MJIOCKOCTH HCKPHBJEHRSA
CKBaXKHHH, IOJOXEHHE KOTOPOH OTHOCHTEIBHO CTPAH CBETa onpele-
JeHo paHee ¢ MOMOINBI0 HHKJIHHOMETPOB.

TIpamoli MeTo0 OpUEHTUPOBAHUSA

IAns opueHTAUMR OTKIAOHWTENEHd B BEePTHKAALHHIX CKBEMKHHAX HC-
NOJAb3YIOT HHKJIHHOMETPhI, NMapaMeTphl KOTOPHIX COOTBeTCTBYIOT Xa-
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Puc. 53. Cxema UpRAMOro METOAd OPHEHTAUMH OTKAG-
HHTEAR:

I — WHKAHHOMeTD; 2 — memarnnTHan OGypuabHas Tpyfa;, § — pamks
HHKAHHOMETPA ¢ JAATYHKOM A3WMYTAAbHOrO yraa;, 4 — dHKcaTop-
ADBHTENL, J — opHeHTHpYlWMA nepexsAnnK; & — npHamaTRuecKan
WIMOMKA; 7 — coeAHHRTEeNL; § -— OTKAOHHTEAL

PaKTepHCTHKE CKBAMHHM H TPYG, Ha KOTOpPBIX
OTK/OHHTENbL CHYCKAlOT B CKBaXuHy. B
KOHCTPYKUMH HEKOTOPHX HHKJIHHOMETDOB
NpeJycMOTpeHa BO3MOXKHOCTE HX Hemocpes-
CTBEHHOrO HCIIOJb30BAHNSA B KAUECTBE OPHEH-
TaTOPOB OTK/AOHUTeNel. B NpOoTHBHOM caydae
B HHK/JIHHOMETDH, KOTOPHIE 6YAYT NPHMEHEHE!
ANl OPHEHTHPOBAHHA, BHOCAT He(oJbilKe
KOHCTPYKTHBHBE H3MeHeHHd.

PaccMoTpuM  cxeMy npamoro Meroaa
OpHeHTAaUHH oTkaoHHTenn (puc. 53). [lycts
B KaKoM-1HOO HHKJIHHOMeTpe [, HMeiollleM
MarsMTHHIH KOMNAac, 3aKkpemHM paMky & ¢
SKCUEHTPHUHKIM TPY30M H JATYHKOM a3HMY-
TalLHOTO YIJla HENOABHKHO OTHOCHTENBHO
Kopnyca npubopa. HyjeBylo oTmeTKy IKa-
JBl OTCUETa A3HMYTAJNBHOTO YIJa BHBEAEM C
NOMOUIbIC BH3UPHOTO YCTPORCTBA HA HAPYXK-
HYK0 MOBEPXHOCTE Kopmyca npuGopa, oTMe-
THB NJOCKOCTb, NPOXOARULYIO uepes och NMpH-
6opa H 3Ty OTMeTKY, PHCKOH no oGpasyoouiel
Kopnyca. [lajiee, Ha HWKHEM KOHIlE 3aLIHT-
HOH THJAL3B HHKIHHOMETPA MOHTHDYIOT
AEPBYIO YaCTh CTHIKOBOWHOIO MEXAHHYECKO-
TO OpPHEHTHPYIOLIEro ycTpolicTBa, KOTOpoe
npejcrasiasier co0ofl QHKCATOP-NOBHTE b 4.

IlpencrapuyM, 4To B KAHHOM clydae OChb
LINOHOYWHOrC masa (PHKcaTopa coBnajaer C
PHCKON, HAHECEHHOA Ha KOPHyce HHKIHHO-
Merpa W cofepxaineli TOUKYy «O» orcuera
HEKOTOPOro asumyrtasnbhoro yraa. Qtxno-
HHTE/b § CORNHHAIOT ¢ 6YPHABLHOR KOAOHHOH,
BKJIIOUHB B MeCTe COBAHMHEHHSA CNelHAIbHBM
OPHMEHTHPYIOILMA TEPeXOuHUK 5 ¥ Tpy6y M3
HEMArHHTHOro MartepHasa 2, B KOTOpO#H
pacnoloxNTCH HHKIAHHOMETP, 4TO MCKIIO-
4HT KEBHAIHIO MATHHTHOH CTPENKH.

BuyTpr opueHTHpYIOLIErO flepeXOAHHKA
BMOHTHPOBAaHA NpPH3MaTHYeckad LINMOHKa 6,
noN0XKeHHe KOTOPO# oTMeuyeHo pHCKOA Ha
BHewHed nopepxHocTH nepexoanuxa. [Tycrth
AOPH COGAHHEHHH OpHEHTHpYIOLlerc nepe-
XO/HUKA C OTKAORMTENEM MeXIY HampasJe-



HHEM HA PHCKY M IJIOCKOCTBIO CHMMETPHH OTKJOHHTENA B IUIOCKOCTH,
NeprneHsHKYAAPHON K OCH fNepexcAHHKa, o6pa3yeTcd yroa y, KOTOpPHH
MOXKHO H3MEHHTh YIJIOMePHHIM BH3HPHBIM YCTpOHCTBOM. MHKIHHOMeTD
CIYCKAIOT BHYTPH KOJIOHHH TpY0, MOMEelleHHHX BMECTE ¢ OTHJIOHHTe-
JIeM B CKBaX(HHY.

TlpH ROCTHKEHHH HMHK/IHHOMETPOM OPHEHTHPYIOLUEro NepexOmLHH-
Ka BHHTOBHIE MOBEPXHOCTH (PHKCATOPE, CONPHKACAACh C NMPH3IMAaTH-
YeCKOH LMNOHKOMH, OBOPAYMBAIOT PHKCATOP H HHKJIHHOMETP TaK, 4YTO
NpH3MaTHYecKad IUNOHKA o6A3aTeibHO BXOAHT B LIIOHOYUHHA nas
¢HKcaTOpa, coeqHHAA TeM caMbiM «0» OTCcHeTa asMMyTa ¢ MPOLOAL-
HOH PHCKOH OpPHEHTHPYIOULEro NepexoiHHKa.

¥TOA YyCTaHOBKHM OTKJAQOHHTENA ONpeAelslOT TPH 3TOM, HanpHMep,
no cxeMe, npupelen#od Ha puc. 53. Kak BHAHO H3 cXeMbl, A Bep-
THKaJbHOH MJH OJH3KOH K BEPTHKAJIH CKBa>KHHEl B JAHHHH MOMEHT
43HMYTAJbHOE HANMpaBJEHHE OTKJOHHTENsA, CAyHaHHO YCTAHOBJIEHHOE
NpH ero cnycke, ompepeasieTcd YrioM o, = ag — ¥. Conocrasass
YCTAHOBJIEHHOE 3HAYEHHE o, C 3aJaHHBEIM @, HAXOJHM YIoa NOBOpoTa
KOJIOHHH A, NPH KOTOPOM NJOCKOCTL AeficTRUA OTKJACHHTENA AOJIK-
Ha COBNAJaThb ¢ 3ajJaHHEM a3MMYTaJbHEIM HanpabBjieHHeM HCKPHBJIe-
HHA:

Ao = a, — a,.

JIAA paccMaTpHBaeMoOR cxeMH NMpHpalleHHe Ad — OJOMHTERb-
HOe, NMO3TOMY C/AERyeT NOBEPHYTb OTKJIOHHTENb IO YacCOBOH CTpEJNKe
Ha' yron Aa. KOHTpo/eM YCTaHOBAEHHOH BeJHUHHH O, — MOBTOP-
HblM B3ATHEM OTCYETa MpPH O, = G, — OMepPalHs OpPHEeHTHPOBAHHUSA
3aKaHYHBAETCA.

flpH 3enuTHHX yraax Gonee 3—5°, T. e. B ABHO HAKJIOHHBIX CKBA-
KHHAX, ¥ IPAMOM METOJle OPHEHTHPOBAHHA NPHMEHAIOT HHKJIHHOMET-
PHl, HMEIOLIKEe AOMOJHHTE/AbHNE CNenHANbHbIEe YCTPOHCTBA A1 OpHEH-
TAalHH OTKJOHHTesed.

PaccMoTpam Takoe AONOJAHHTENbHOE YCTPOHKCTBO Ha TIpHMepe
HHKAHHOMeTpa YMM-25, kunemaTHUecKada cxeMa KOTOPOro NpHBEae-
Ha Ha pHc. 7. KpoMe NMaTunKa azWmyTa J H 3eHHTHOro yraa 4 HHKJ/H-
HOMETD HMeeT JOMOJIHHTeNbHHH peoxopl 5, YCTaHOBNEHHHH B Bepx-
Helt HaCTH paMKH MepneHIMKYJApPHO K OCH npuGopa H cjaenoBaTeNb-
HO, K CKBaXXHHEe, R TOKOCHEMHYIO WeTKy. Hoab oTcuera gononnu-
TeJLHOTO PEeOXOpla YCTAHOBJEH B IVIOCKOCTH H3MEDPEHHS 3eHHTHOrQ
yria (BepTHKalbLHOH TJMOCKOCTH HCKPHBJEHHA) H COBHajaer Imo
HanpaB/eHHIo ¢ «0» OTCUeTa a3HMYTA.

[IleTka 3akpen/ieHa HeMOABHXHO OTHOCHTEJNBHO THJAL3H MpHbOpa,
a ee NMONOMKEeHHe OTMedeHO MPOAOJbHOH PHCKOH Ha HAapy:KHOR mNo-
BEePXHOCTH I'HJb3H HHKJIHHOMETpa. JTa e PHCKa ¢ TuAb3nl npubopa
MepeHeceHa Ha HHXKHIOK 4YacTh YTSKEMHTeNA HHKJAHHOMeTpa. PHK-
CALHA HHKJIMHOMETDPA, CNyCKaeMoro B GYDHJLHYIO KOJOHHY, B HHX-
Hell YacTH KOTOpPOR pacnoyioXeHbl OTKJIOHHTEb H CNELHANbLHAA He-
MarHuTHaA Tpy6a LIHHON A0 6 M ¢ OPHEHTHPYIOUIHM NEPEXOIHHUKOM,
MOKeT OCYLIECTBAATLCA OTHOCHTEABHO MJIOCKOCTH CHMMETPHH OTKJO-



HUTEJS ¢ MOMOLILIO CTHIKOBOYHOIO MEXAHHYECKOro OPHEHTHPYIOLLEero
ycrpoficTBa  (HKCcaTopa-MIOBHTENA W TNPH3MATHYeCKOR ILMOHKH
B OPHEHTHDPYIOILIEM [€pPeXo/lHHKe) TaK, KaK 3T0 OHJIO PAcCMOTPEHO
BHILLE. .

Cayuafinoe noJOXKeHHe HHKIHHOMETpA, KOTOPOE OH MPHHAA nNpH
COYCKe OTHOCHTENBHO NJOCKOCTH JREACTBHA OTKACHHTENH, MOKHO
OnpejeJATh ¢ MOMOIULLIO CBHHUOBOA NeYaTH Ha HHXKHeN YacTH yTsiKe-
JAHTens HHKAHHOMeTpa. CBHHUOBAA NedaTb OCTAHABJHBAGTCH Ha ne-
pPeMbIuKe, pacHOJACKEHHOH B OpHeHTHPYloLeM mepexoaHuke. Otneva-
TOK HepeMbLIUKH, HMEIOIIHA XapaKkTepHHEe OTMeTKH, HA CBHHLUOCBCH
neyaTH OJAHO3HAYHO NMOKA3WBaeT HanpapBJjeHHe KeHCTBUA OTKJAOHHTE-
Ja. Ha neuaTh NEepPeHOCHTCA PHCKA C YTAKeEJHTeNS HHKIHHOMET-
pa, KoTopas OTMETHT HEKOTOPHHA yroa y MexXAy HalpaBjeHHeM Ha
PHCKY H HanpaBJeHHeM ACHCTBHA OTKJNOHHTENR (OTHEYaTKOM mnepe-
MHIUKH) .

B 10 xe BpeMs AaTUHK asHMyTa HHKJAHHOMETPa BHILaJ] CHrHal,
COOTBETCTBYIOIIHH A3HMYTY CKBaXKHHH B TOYke YCTAHOBKH OTKJIOHH-
TeNs, H TEM CaMbM 3a(PHKCHPOBAJ OTHOCHTEJBHO CTpaH CBeTa Ha-
ApapJeHHe Ha «(» OTcHeTa JONOJHHTEJLHOrO PeoXopia, a IlerKa
JONO/JHHTENBHOTC PeoXopAa HO3BOJAHAA OTCHHTATR HEKOTOPHH
Yroj 7jo, HOKA3LBAKNIEr0 B TMJAOCKOCTH MNEPHEHARKYAAPHOH K OCH
CKBAXKHHH NOJIOXKEeHHe PHCKH Ha MOBEPXHOCTH HHKJAHHOMETDA H ne-
YATH.

Takum ofpasoM, anA caydas c OPHEHTHPYIOLLEA MEeYaTbio NoJay-
uaeM, HANPHMED, BAPHAKT BHIUHCAHTENbHOH cxemHn (puc. 54), ¢ no-
MOUIBI0 KOTOPOH HaXOIHM, UTO B LAHHBIA MOMEHT YroJl YCTAHOBKH
OTKJIOHHTENS

my:?"’"\’o,

4 CKB2)XHHA B TOYKE YCTAHOBKH OTKJOHHTENS HMEET a3HMYTaJlbHLIH
yroa a,. Jdatd4Hk 3eHHTHOrO yrja HHKJIMHOMErpa AacT 3HadeHue 3e-
HHTHOro yraa 8, Tak Kak a3WMyTajbHOe HaNpaBJeHHMEe CKBAXHKHLI
Ha y4acTKe OTKJOHEHHA 3aJaHO, TO PACCYHTAB YIOJl YCTAHOBKH OT-
KNMOHHTE/S ®, MOXKEM ONMpPEAENHTb YIOJ MOBOPOTA KOJOHHH H OTKJAO-
HHTeJs,, PH KOTOPOM OH 3afiMeT HyXHoe nosoxeuHe. Hanpuwmep,
ANS paccMaTpPHBAeMOR pacueTHOH CXeMu, €C/H 3a8RaHO HIMEHeHHe

Puc. 54. PacueTHan cxema ODHCHTAUNM OTKAO~
HETEAR:

! — nopmassnas naockocte, 2 — BIH



a3HMYTaNbHOrO yria — Ao H NPH 3TOM ®© >> w,, TO OTKJIOHHTENH
ClIEAYET MOBEPHYTb H& YroJ

360° — Aw = 360° — (0 — @y).

Ilps CTHIKOBOM OPHEHTHPYLIEM YCTPOHCTBE COCTABARAIOT NOACG-
HYIO pacueTHYW CXeMy, OJHAKO NPOLECC OPHeHTALHH YHAPOUaeTcs,
TaK KaK npH 3TOM He TpelyeTcd NOAbeMa HHKAHHOMETpAa AJIA pac-
WHPPOBKH NOKA3aHHH HA MedaTH H MOXKHGC NPOKCHTPONHPOBATDL C €ro
NOMOLIBLI0 APABHJALHOCTL OpPHEHTAUHH OTKJIOHUTENS NPH NOBOpPOTe
KOJIOCHHB HAa HEKOTOPhIR pacuyeTHhE yroa Aw, T. €. MPOKOHTPOJHPO-
BaTh NOJIOXeHHe OTKJIOHHTeNsl B Npoiecce ero paGoTHl.

CymecTByer elle OAHA CXeMa (PHKCALMH TEKYILEro MOJOXKEHHS
OTK/IOHHTENA ¢ NOMOLILI0 HHKJAHHOMETPA, B KOHCTPYKUHIO KOTOPOTO
BKNIOUEH BTOPOH MArHMTHHA KOMIAc, PACNOJOXEHHHH B HHKHeR
yacTH HHKAuHOMerpa. [lo 3sToft cxeme oTkAOHHTEN: OGOpYAYIOT
NOCTOSIHHHIM MArHHTOM, HailpaBJ/ieHHe KOTOPOTO COOTBETCTBYET Ha-
APABJCHHIO AeACTBHA OTKJIOHHTENA.

[Ipa cmycke HHKAHHOMETPAa HHXMKHHA MarHMUTHHA KOMnac nona-
XaeT B nojie HOCTOAHHOTO MATHHTA H CTPeJIKA 3TOrO KoMilaca NoKa-
3niBaeT HampaBieHue NEHACTBUA OTKNOHHTENRA, Y4TO PHKCUPYETCH HEKO-
TOPHIM 3Ha4YeHHeM Yria oy BepxHuili Kommac MoKasHBaeT a3HMyT
CKBaXKHHH Oy B TOYKE YCTAHOBKH OTKJOHHTEJNA. 3HAUEHHS YyrJOB
@y H Oy IOSBOJISIIOT PACCYHTATh YroJ NOBOPOTA OTKJACHHTENH AR €ro
OPHEHTHPOBAHHS, a CXema (HKCALHH — [IPOKOHTPOJHPOBATL NOAO-
¥KeHHe OTKAQHHTEAS NOoC/e NMPOBEAECHHS ONEpalHH OPHEHTHPOBAHHA.

KocBennnii MeTOl OpPHEHTHPOBAHHA

(')plrlel-rrﬂpyiomaﬁ annapatypa NpH KOCBEHHOM METOAE€ ODHEHTalHM
HAEJHTCA H4 H3MEpHTeJbHbLle MpHOOPW H HHAHKATOpH. HaMmepurensb-
HElEe NPHGOPH MO3BOJAIOT HAMEPATL TEKYIUHE YI/Ihl YCTAHOBKH GTKAO-
HHUTeaed OTHOCHTE/NbLHO ONpENe/NeHHOre pasee ¢ MOMOULLI0 HHKAHHO-
MeTPOB HampaBJeHHsl CTBOJA CKBaXKHHBI B TOuKe OTKJIOHeHHs. [lpH
CpaBHEHHH TEKYIII.EI'O 3HAYECHHA yrija YCTaHOBKH OTKJIOHHTENA C pac-
YeTHHIM I10JIYYAlOT NPEeACTARACHHE O IOA0KEHHH OTKJOHHTeNA. UHAH-
KaToOpbl OTMeyaloT JHUIL ORHY MO3HUMIO, HPH KOTOPOH NJOCKOCTh
HAefICTBHA OTKJIORUTEAHA OKAXeTcH B 3aAaHHOM HanpasJeHHH, ONIPeRe-
JAAEMOM PaCUeTHHM 3HAYEHHEM YIJIa YCTAaHOBKHM OTKJIOHHTeAs. OHH
AeACTBYIOT NO NPHRUHNY «fas — «HeT». TIpH noMmoruH 6ypuabHOH
KOMQHHH BPAmaoT OTKAOHATENL H CBA3AHHLIA C HHM HHAUKATOPHBIR
OpHEHTATOD A0 TeX IOpP, NOKA He NMOJYUYAIOT CHIHAJ «Aa», [IPH KOTO-
POM TIJIOCKOCTE A€ACTBHA OTKNOHHTeIA GYNET HAXOHLHTBCA B MOJIOKE-
HEH, OHPEJIEJIﬂBMOM pacyYeTHhIM 3HAYCHHEM yr.na w. B OCHOBHOM
BC¢ OPHEHTATOpPH HMMEIOT TY MAH HHYIO AHCTAHLUHOHHYIO MNepeaavy
CHIr'HaJla Ha nOBerHOCTb: SJIEKTpH‘IECKyIO, MEXaHHYEeCKYIO, 3BYKOBYIO,
THAPAaBJIHYECKYIO,

Tak Kax opnema"repu NPUMEHANT B HAKJAOHHBHX CKBAXMHHaAX, TO
ock NpHGOpa (CKBAXKHHH) 3aBefOMO OTK/JIOHEHA OT BEPTHKaJH. 3a-



Puc. 55. HHUWNHAALHAS (a) W pac-
sernan {0)' cxeMbl KOCBeHHOTO MeETORA
ODHEHTAUNM OTINOHMTEACR:

f - HawaALHAA PBePTHKAALHAA NACCKOCTL HCKPHB
nerun, {1 — BIK, { — orxaonurenn, 2 — opwenTa-
‘I‘Dp

(GHKCHPOBABE ¢ AOMOILBIO UYBCT-
BHTENLHOIO 3JIeMEHTa JaT4yHKa
OpHEHTaTOpa BePTHKA/Ib, MOMHO
MOJYYHTE NPEACTAB/NECHHE O Bep-
THKAJIbHOH MJACCKOCTH HCKPHBJIe-
HHA, B KOTOPON JEXHT OTpesokK
OCH CKBAaXHHH B TOYKE OPHEHTH-
pOBaHMsd, H, KaK CJeICTEHE, O
HanpaBAeHHH TPOCKLHH OCH CKBa-
MHUHE HA TJIOCKOCThL, NMEpHeHAH-
KyJAsipHYI0 K OocH npuGopa. Ilpn
3TOM 83HMYTAJLHOE HANpaBACHHE
CKBAXHHH B TOYKE HOMEILEeHHA
OpHEHTATOpa H3BECTHO 3apaHee.

Caeg0BaTENbHO, B QPHEHTATO-
pe TeM MJIH HHBIM crnocofoM
OOoMxkHA OuTh 3adHKCHpOBaHa
BePTHKaAbHas5 IOCKOCTb HCKPHB-
JIEHH#I, MPOXOHAsAILAA uepe3d ochb
npubopa. YyBCTBHTeNABHHH 3Je-
MeHT nprOopa (oTBec, MamrRTHHK
HJIH CHCTEMa MAaATHHKOE, LIApHK
Ha HAKJIOHHOH HJOCKOCTH, YpoO-
BeHb # T.0.) OTMeuaer BepTH-
kaab. Ha noeepxHocTH Kopnyca
OpHEHTaTOpa HAHECeHAa OTMETKa,
yalle BCero PHCKa, NapaJJesapHas
ocH npufopa, COOTBETCTBYIOIIAR
KaKoMYy-IH60 GUKCHpyeMOMY no-
NOXKEHHIO YYBCTBHTEJIBHOFQ 3Jie-
MEHTa H MO3BOJAKIAA OTMETHTD
3TO NOJOXKEHHE, HAAPHMED, YIIOM
Yo, KaK 3TO MNOKa3aHC Ha pHuc. 55.

B 3aBHCHMOCTH OT KOHCTPYK-
INHH JaTYHKa H BHAA CBA3H
OpPHEHTATOP Kax ABTOHOMHEEH
npHUGOP, MOKET CIYCKATHCA K OTKJIOHHTENIO BHYTPH KOJAOHHH GYpHJb-
HHX TpPY6, Y€ [OCTABHBLICH OTKJOHHTEJL B HAMEYEHHYI0 TOUKY
CTBOJIA, HJIH OPHEHTATOpP MOXeT OhTh BKJIOYEH B cOCTAR GYPHIABHOIO
Baja H OOGLIYHO pACNONaraeTca Haj OTKJIOHHUTENEM.

Ecnu OpHeHTaTOp CNYCKAKT C OTKJIOHHTENIEM KaK EIHHYID CHCTe-
My, TO npH c6opke 3TO#l CHCTEMBl KOpIyca OPHEHTATOPA H OTKJOHH-
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TeNA (PHKCHPYIOTCA B IJIOCKOCTH, NEePIeHAHKYIAPHOR K OCH KOJOHHH,
YIJIOM ¥ MEXAY XapaKTepDHOM OTMeTKOH Ha Kophuyce OpHeHTaTopa
H [JIOCKOCTBIO HAaNpaBJeHHs AeHCTBHA OTKJIOHHTENs (puc. 55, a).
Ecan opHenTaTop NOCTABAAIOT K OTKJICHHTEJIC MO KOJOHHEe Tpy6,
TO NOJIOXKEHHE KOPNYCa OpPHEHTATOpPa MO OTHOIUEHHIO K ILIOCKOCTH
IeHCTBHA OTKJOHHTeNAl (HKCHPYIOT ONHCAHHHM BHILE METONOM —
C MNOMOLLBI0 (HKCATOPA-JiOBHTENS H MNpH3MATHYEeCKOH LINOHKH B
ODHEHTHPYIOIIEM NepexoaHsKke (cM. pHC. 53).

Takum o6pa3zoM, 1aTYHK opHeHTaTOpa AaeT HHPOPMAUHIO O HOJIO-
JKEHHH HA4aJILHOM BepPTUKANLHOH MJIOCKOCTH HCKPHBJIEHHA OTHOCH-
TeJbHO XapaKTepHOA OTMETKH HA4 KOPNyce — O BEJHYHHE YIraa ¥,
YTO M03BOJAET COCTABHTL PACYETHYIO CXeMY OPHEHTHPOBAHHSA
(puc. 55, 6). Ha cxeme oTMETHM KpOMe yria Yo Yroa y, nOKasnBa-
Ui CMeIeHHe TIAOCKOCTH CHMMETPHM OTKAOHHTENR OTHOCHTENLHO
PHCKH Ha KOpnyce OpHEHTATOpa, H HaHAeM, YTO B JAaHHbBIA MOMEHT
IJIOCKOCTb CHMMETDHH OTKJIOHHTE/ISl PACHOJNATAETCA MOl HEKOTOPBIM
3HAaUYeHHEM TEKYILEro yrja w, K Ha4aJbHOH BepTHKAJbHOH MAOCKOCTH

 MCKPHBJIEHHSA:

o: =7 + Yo.

CpaBHHBaA 3Ha4YeHHE YrJa o, C PAcCYETHHIM @, HAXOAHM FpadH-
yecku {cM. pHc. 55, 6), yron Aw = 360° — (@ + w.), Ha KOTOpHIH
cJefiyeT NOBePHYTh OTKJIOHHTeNb, YTOOL OH 3aHAJ pacuyeTHOE MoJo-
KeHHe.

Tenmepb npefcTaBHM, uTQ elle NMPH cOOpKe KOpmyca OpHeHTaTopa
HAK OpPHEHTHPYIOILEr0 MePeXOAHHKA € OTKJAOHHTENEM IJIOCKOCTh
HNeACTBHA OTKJAOHHTENS YCTAHORJEHA NO OTHOLIEHHIO K OTMeTKe Ha
KOpNyce OPHEeHTATOpa 3aBelOMO TAK, YTO YrOJ ¥ PaBeH pacyeTHOMY
3HaYeHHX yrJa . Korka npH BpallleHHH CHCTEMH KOJOHHA —
OPHEHTATOP — OTKJOHHTENh — OTMETKA HAa KOpIyce OpHeHTaTopa
COBMECTHTCHl C Ha%aJbHOH BEPTHKAJLHOH IJIOCKOCTHIO HCKPHBJEHHS
CKBa)XHHH (T. €. Yroa yo B BAHHOM CJydae paBeH HYJK), TO 4yBCT-
BHTEJIBHHH 3IEMEeHT AaTudKa OpHEHTATOpa-HHAHKATOpPa JAACT CHIHAJ
«Ja», KOTOPHIH 03HAY&ET, UTQ B 3TOT MOMEHT OTKJOHHTEJb YCTAHOB-
JIEH B PACYETHOM MOJOXKEHHH, H NPOLECC OPHEHTHPOBAHHS 3aBepIleH.

Jas HarAAsfHOCTH [peACTaBJEHHE O Iporecce OpPHEHTALMH B
cAayyae NPHMEHEHHA ODHEHTAaTOPA-HHIHKATOpa PpAacCMOTPHM CXeMy
paGoTH HHAHKATOpA ¢ THApaBJAHYeCKOH cHCTeMOH cBA3H. B kopmyce
opueHTaTopa {pHc. 56, @) BHIMOJHeHH ABa KaHaha 2 u 4 nas npo-
XOXAEHHSI NOTOKa XKHAKOocTH. lleHTpadbublii kaHan 2 nepeKpHT
AHadparmol I, pacCYHTAHHOH ¢ Y4YETOM MaKCHMAaJbHOTO [LaBJIEHHS
Ha Hacoce (Hanpumep, 2 MIla), a 6okoBo# o6BofHOR KaHan 4 npo-
XOAHT 4Yepe3 KOJbIEeBOH xenol 5, B KOTOPOM MOMEKIAETCS MYBCTBH
TeJbHBIA 3JEMEHT — LIAPHK 3.

B oTkioHeHHOH OT BepTHKANM CKBa*KHHE LIADHK, HAXOAACh HA
HaKJIOHHOH NOBepXHOCTH, NOf AefiCTBHEM CHABL TAXECTH BCerha cTpe-
MHTCA 3aHATh HHXKHee NOJOMKeHHe, OTMeualollee RepPTHKAJIBRYIO
NACCKOCTL MCKpHBAeHHA. TIpu c6opre Kopnyca HHAMKATOpa, Ha NO-
BEPXHOCTH KOTOPOrO OTMEUEHO PHCKOH HanpaBieHHe Ha UEHTP GOKO-



Puc. 56. Tuapasawueckmii wHaNKaTop (a) M
PacHeTHAR CXeMa opHenTanHu (§)
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BOTO KaHaAa, ¢ OTKACHWTENEM JOGHBAITCH TAKOID OTHOCHTEABHOIO
MOJIOKEHHS PHCKH H TJIOCKOCTH CHMMETPHH OTK/AOHHTENHA, NPH KOTO-
poM HampaBJieHHe JAEHCTBHS MOC/IeAHEro H HanpaBAeHWe Ha PHCKY
GyAyT COOTBETCTBOBATh PACYETHOMY YNy . JTa CHCTEMa HOCTAB-
JAAETCA B CKBAXWHY M BO-BCeX TPOU3BOJNbHHIX MOJOXeHHdAx (kpome
QJHOrO, KOrja LiapiK nonajaer Ha §OKOBOA KaHatl) MOTOK NMPOMHI-
BOMHOH XHAKOCTH CBOGOAHO NPOXOIHT 4eped KOPNyc OpHeHTaTopa
no 60KOBOMY KaHaay.

[lpw spauiendu GypuiAbHOH# KOAOHHOM CHCTEMH OTKACHMTENL —
OpHEHTATOp MHOCTHTAI0T TAKOTO MOJOMKEHHA, MPH KOTOPOM IHApHK
nepeKpHBaeT GOKOBOH KaHaj, YTO OTMEYaeTcs POCTOM NaBJCHHA HA
HAcoce ¢ NocIenylolllnM paspylienneM AHadparmul, [loBuiense u
cnaj AaBjieHHT HA Hacoce GyAET CHIHANOM «Aa», KOTOpHA ONoBenia-
€T, YTO OTK/JOQHHTEJb PacloJOXeH 8 CKBAXKHHe MOJA PacyeTHHM yr-
JIOM © K HAUYaJbHO{l BEPTHKANBHOA IJIOCKGCTH HCKPHBJIEHHS.

PaccMOTpHM yeTpOHCTBO ABYX COBPEMEHHBIX ODHEHTaTOpOB, CHyC-
K3eMpiX B KOJOHHY OYyDHALHEX TPyG Ha 3JEKTPHUECKOM NPOBOAE H
HMEIOUIHX 3JeKTPHUEeCKHR KaHaja cBaAsH. Jaruuk npubopa «Kypes
(pHc. 57) uMeeT HapyxXHulii guamerp |8 MM, yTO MO3BOJSET MpHME-
HATL €ro ¢ KOJOHHOH SYpPHABLHHX Tpy® MYy(TORO-3aMKOBOTC COEJH-
Henus guamerpom 42 MM ¥ HHANEABHOH KONOHHOH AvameTpoM 50—
54 MM. B xosnonHe npH cGopke Ha[ OTKAOHHTEJEM YCTAHABJHBAIOT
opHeHTHpywiuu# nmepexoanuk. C Kopnycom [ npuGopa coeiuHeH H



Puc. 57. Jlamaux npuGopa <Kypc»

3a(PHKCHPOBAH BHHTOM (PHKCATOP-JOBHTEAL [4.
Harunk npuGopa cHaGxkeH Hecywel ocwvio /2, Ha
KOTOPOH XecTKO 3akpenieHn 60AbiuoH rpy3 I3 H Ha
IIMOHKe KOpnyc peoctaTta 9 ¢ maaum rpysom 8. Kop-
nyc¢ peocrata noapgepxkusaercA npyxuHoA. lHerka
peocrara /0 ycraHoBleHa B uieTkogepxkartene 11,
3aKpenyeHHOM Ha THJb3e NpHGopa (cxeMa CRA3H Mo-
*KeT GHThL H o6paTHOM: LleTKa cBA3aHa C BpalllalouiH-
‘MHCSE Fpy3aMH, a peoctaT 3aKpelmeH B TH/b3e).

Ha BepxHeM KOHIe OCH YCTAaHOBJEH OTPaHHUYHTE/bL
7 Xola Kopmyca peocTtata. ApDpPeTHPOM SBJAAETCH
3JIEeKTPOMATHHT 2, ceplieUHHK J KOTOPOTO ¢ NOMOLULIO
BO3BPATHOH NPYXXHHB 4 H IUTOKOB 6, 3aKpeNJeHHbX
Ha daanne 5, GuKcHpyeT MOAOXKEHHE peocTara, fpH-
HUMan conpoTHBAeHHE K 1ueTke. [loaoxkenne LWETKH
Ha THAb3e NpHGopa (BaH <03 o6MOTKE peocTaTa)
CTMEUEHO PHCKOH Ha Kopnyce. B HakMOHHOA cKBaXu-
He KOpNyC AATYHKa CTHIKyeTcA (GHKCATOPOM-JICBHTE-
JeM € OTKAOHHTeNeM, a NoJ, JeACTBHEM 3KCIEHTPHKOB-
IpY30B peocTar RATYHKE YCTAHABJIHBAeTCA BCerpa
TaK, 4TO Hauaho er¢ o6MoTkH («0» orcyera) Gyler
HaXOJHTLCH B BEPTHKAJBLHOH TNMAOCKOCTH HCKpHBhe-
HHSA.

Peocrart BXOAHT B 3I€KTpHYECKYIO cXeMy npubopa,
KOTOpas OTMeuaeT BEJHUHHY CONpPOTHBJEHHS, mpo-
HOPUHOHANBHYIO YIJIY Yo MEXKAY HalpabBjieHHeM Ha
IIeTKY (PHCKY) H HanpasJeHHeM IIOCKOCTH HCKDHSE-
aenHss (cM. pHe. 55). [lanbHefiluHe AeHCTBHA no
OPHEHTHPOBAHHIO H COOTBETCTBYIOLIHE PACUESTH BEAYT
B COOTBETCTBHH co cxeMolt pe. 55. latyuk npubopa
«Kypc» umeeT AHana3oH HaMepAeMblX YI10B YCTAHOB-
KH OTKAOHHTeNs (—340° u morpeiuiHoOCTL HaMepeHHd,
YMEHbIIAIOULYIOCH C YBEJHYeHHEM 3€HHTHOrO yIJa, oT
410 no 4-5°.

Ilputop «Jlyds OTHGCHTCA K GPDHEHTATOPAM HH-
JAHKATOPHOrC THNA, HMeET HAPYXHHHA AHAMETp KOp-
nyca ZaTduka 10 MM, KOTOPHH MOKET CIYCKATbhCR Ha
3JEKTPHYECKOM TIPOBOJE B 42-MM GypHIbHYIO KOMOH-
HY HMOneAbHOro coeiuueHdd. BypHabHas kojoHHa
GCHAIleHA OPHeHTHPYIONIHM MEPeXOJHHKOM, YCTaHaB-
JHBEEMHIM HAal OTK/JIOHHTEJNEM, a CKBAXKHHHBIA AaT-
YUK CHabxeH (GHKCATOPOM-NROBHTEJIEM.

[Npasuun neficTBHA opHenTaTopa «JIyu» ocHOBaH
HAa KDYTOBOM MNOHCKe YIJia YCTAHOBKH OTKJIOHHTENA
IIPH BpAalLIeHHH KOJOHHH GypHJbHBHIX TPYO. Tekyluee
NOAOKEHHE OTKJIOHHTEJS PECHCTPHPYIOT O CHIHAJaM
«na» — «heT». IlpH CHrHane «HeTs BpauleHHe Npo-
6 - Iunenxo B, M.
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Puc. 58. farmx npwuGopa

«Jlyu>

AOJKACTCH, CHCHAM «1a» COOTBETCTBY-
eT TpeGyeMOMY NOJOKEHHIO OTKACHATE-
Sl B CKBaXXKHHe, OnpenesfdeMoMy pac-
yeTHbIM yryioM o. CKBaXHHHBIR aat-
yuk (puc. H8) cocTOMT H2 3aWMTHOR
THABL3W 4, B BepxHelt yacTH KOTOpoOii
HMeeTcA SJeKTpuyeckHfi BuBon 2 w3
npubopa, u NEKTPHYECKOH LLenH ¢ RHO-
AamH 5. JaTyuK 3aKpHT OXpPAHHBIM
KOMMaKoM [, HMeeT repMeTH3HPYIOLIHE
pPE3HHOBLIe CAJbHHKH J, & BHH3Y Coe-
AHHEH € TrpY3oM-yaauHuTedem 12 u
purcaropoM-noBuTeaem /3.
UyBcTBHTENBHBIH 3JeMEHT JAaTuHKa
npejcTaBaser cobOA ropH3OHTANbHBIA
MafATHHK 7, yCTaHOBJeHHHHA Ha oOcsix
6 u 8. ¥Yroa nosopoTa ropH3oHTaJbHOTO
MasATHHKA OrPaHHYEH HENOJBHKHBIMH
KoHutaktamH /4 u 15. [l HCKAOUEHKHA
JNBY3HAYHOCTH TNOKA3AHHA «Jlas npHOO-
Pa, BO3MOXKHBIX IPH NOBOPOTE NpHGopa
Ha 180°, npeaycMoTpeH BeépTHKAJLHLIA
MaATHHK [0, noasellerHbii #Ha ocH 9
H oOnHpawiuHica Ha KoHTakr [l
3TOT KOHTAKT BK/OYEH B 3AEKTpHYeC-
KYIO Hellb rOPH30HTANBHOI0 MaATHHKA.
CHrHany «IOa» — MOMEHTY OpHeH-
TalHH OTKJIOHHTENA, T. €. YCTAHOB-
JICHHIO €ro 0] pacyeTHbIM YIJIOM @ K
BEPTHKANbHOH HAOCKOCTH HCKPHBJAEHHSA
CTBOJIA CKBA)XKHHH, COOTBETCTBYET Ta-
KOe M0JI0KeHHe POPH3OHTAJbLHOTO Ma-
ATHHKA [aTuMKa, NpH KOTODOM TODH-
30HTANBHBIH MAATHHK HaXOAHTCA MeX-
Ay HemnoJBHAXHBIMH KOHTAaKTaMH H He
33MLIK3ETCH C HAMH, @ BEPTHKAJBHHIH
3aMkHyT. [Ip# noBopoTe AaTuYHKA OT
sroro mosoxKenust Ha 180° BepTHRab-
HEifi MAATHHK PA30OMKHETCH W CUTHAM Ha
NYJLT YIpaBJEHHA TAKXKe He TIOCTYMHT.
CHrHany «Ja» [JgaTuMKa [AOJIKEH
COOTHETCTBOBAThE  YCTAHABIMBAEMBI
3apaHee Ha [IOBEPXHOCTH pacyeTHLIH
YroJl & MeXAy MI0CKOCThI0) CHMMETPHH
OTKJOHHTENS H OTMETKOH Had OpPUEeHTH-
pywoueM nepexosnuxe. s storo wa
INHEeBHOHA NOBEPXHOCTH TPOBOAAT Cledy-
IGILLHE NOATOTORHTENBHEE paboThl. CobH-
PaloT KOMIOHOBKY, COCTOAULYIO H3 OTKIO-



HUTEA H INPHCOEOMHEHHHX K HEMY RNOCAed0BaTeILHO OOPATHOTO
KNanaHa H OPDHEHTHPYIOINEro NepexoiHHKa. KOMIOHOBKY yK.aalbiBa-
IOT H3 DOBHBIA [epeBAHHBIA OPYycok Tak, uTobbl ee OCh COCTARAANA
yron He Medee 20° ¢ ropu3OHTAaJLIO.

OTKIOHAOIWNA eMeHT OTKNOHHTeAs N0XeH OHTb HanpasJjeH
BBEPX MO BepTHKaAKH MPH BHINO/JAMHBAHHH CKBa)XKHHB W BHHM3 NPH
BEIKPYYHBAHHH, & B CJAy9ae HM3IMCHeHHs a3HMyTa T0J DacyeTHbHIM
YIVIOM @ K BEPTHKAMbHOH TMAOCKOCTH. PHECATOP-AOBHTEAb OPHEHTA-
Topa OCBOGOXKAAIOT OT 3aKPENIERHA HA KOPAYCe npHBOpa HacTUIbKO,
yrofbt  KOpnyc Mor G6bITh MNOBEPHYT OTHOCHTeNbHO (PHKCATOpa
HeGoabwHM ycuaneM. [locne 3roro npu6op BCTABASIOT B OPHEHTHPY-
IOIHH MepexofHHK H AOOHBAIOTCA COBHANCHHS IUNOHKH NEPeXOIHHKA
€O LINOHOYHHIM fa30M (PHKcaTOpa. IDNeKTpHUYecKHH NPHBOA COeOH-
HAIOT ¢ NYABTOM YNpaBAeHHA H NOAKIOYAIOT MHTaHHe.

J[lanee, nosopauusas Kopnye npH6opa OTHOCHTENbHO HEMOIBH-
HOro (PHKCATOPA-JOBHTENA, YCTAHABJAMBAIOT OTCUETHYIO LIKany Ha
«0» uJH CTpeJKy HHIMKATOPHOro npubopa B HYJeBOE NOJOMKEHHE,
TeM caMbIM JOGHBAACH, UTOGH NAOCKOCTh ACHCTBHS OTKMAOHHTENA Obl-
Jla 6bl pasBepHYTa OTHOCHTEJNbHO MAOCKOCTH HCKPHBJEHHA B MOMEHT
NoJyveHHsl CHFHANa <HYAb» HAH «1a» Ha pacyerHulift yroa yCTAHOBKH
OTKAOHHTENA w. B peayabTate cyMMa YyrJOB [0 paccMOTpeHHOH
cxeme OPHEHTHPOBAHHA cocTaBaseT ¥y + Yo — 180° = w. OcTopoxHO
H3BJEKAT NpHGOp H3 OPHEHTHPYIOLLErO NMEepPexofHHKA H HEMOABHMK-
HO CKPeNJIAlT GHKCATOP-JIOBHTENb C THAL3OH.

TlpH ODHEHTALUH OTKJIOHKTENR B CKBAXHHE BLIMOJHRIOT chelny-
ouwHe cnepalud, [Ipufop Ha nposoje depes HanpaBAAKILHA POJIHK,
YCTAHOBJAEHHBIH HAa BepXHEM KOHHIE BLIXOOALIECH H3 CKBaKHHLI Oy-
pHabHOH TpyGHl, criyckawT B GypuabHyio KoJdodHy. [loche Toro kak
npu6op NOHAET M YCTAHOBHTCH B OpHEHTHPYIOILEM MepexolHUKe,
BKJIIOYAINOT MYJbLT YNPAB/JAeHHS H OIEHHBAIOT MOAOMKEHHE OTKJIOHHTE-
ns. [MoBopaukpasi ¢ pacxasKHBaHHeM OYPHNBHYIO KOJIOHHY Ha BeJlk-
YHHY TEKYLIero yria ., HAH MNOCJEA0BATENbHHMH NOBOPOTAMH A0
NOJNYYEHHS CHTHANa «1a», JOOHWBAIOTCH YCTAHOBKH OTKJOHHTENS MOJ
pacueTHHIM YFRJIOM .

Tlocie IPHBEIEHHA OTKJIOHHTEAR B [ONOMKEHHE OPHCHTRIHH, KO-
JMOHHY MOBOPAUHBAIOT ellle Ha OJMH NOAHBIH 060pOT K BTOPHUHO Npo-
BepAIOT YroJ yCTAaHOBKH opHeHTaTopa. Ecnu yron ycTaHOBKH noi-
TBEpIHKJCA, TO OTKJIOHHTEIb CHYCKAalOT Ha 3aloil H 3aKpenJsIoT.
Ecsis mocsie noBopoTa yrod ycTaHOBKH H3MEHHJICHA, MOJYYHB HEKOTO-
poe mpHpalleHHe, TO IPOLECC OPHEHTALHH NOBTOPSAIOT, CBOAS [IPH-
pailedne K HKyaw. [Nocae npouecca cpreHTalHd NpHOOD H3BAEKAWOT
H3 KOJIOHHBI GYPUJABLHMX TPYOG.

Kontpoaensie sonpocet Kk ea. VI

1. 3apaua u ofulaf cxemMa OPHEHTALHH OTKJIOHHTeqeH.

2. ¥Yroa yCcTaHOBKH OTKIOHHTEASI KaK napaMeTp OpPHEHTAaLHH.

3. AyaAWHTHYECKHA MeTOA PAcueTa yr/a YCTAHOBKH OTKNOHHTENS.

4, I'pauueckuii MerTon pacyeta yriaa YCTAHOBKH OTK/JIOHHTENS. YCTpoficTBoO
«JIupekToD».



5. Yrto rakoe paspewawwan cnocoGHOCTh OTKNOHHTEAR?

6. Kak onpelenHt: MaKCHMANbHO BO3MOXHOE 3HA4YEHHE HIMEHEHMST 3EHHTHOro
¥ 23HMYTAJLHOrO YT/IOB Ha HHTEDBaJe MCKYCCTBEHHOTO HCKPHBJIEHRA? AHANHTHUECKRi
H rpadHUeCKRA METOAb PelieHHs.

7. Korza npumenart npamoft meroa opwentaunu otxaouwrenefi? [Mpufopu ans
NPAMOTO MeToAa OpHeHTauuH. PacueTHas cxeMa OpHEHTAIHH.

8. CTHKOBOYHKE Y3Jbl CheMHbLX NPHGOPOB AA% OPHEHTAUHH OTKAQHHTENEH,

9. Korga npHMeHAWT KOCBeHHHH METON OpHEHTALHH OTHNOHHTeaeRA? CyLlHOCTE
MeToAa. PacyerHad cxema OpPHEHTALHA.

10. Cxema ycTpoiictsa npuopos k HHARKATOPOB, HCMOJLIYEMHIX MPH KOCBEHHOM
MEeTOIE OPHEHTALHH,

Il. MeToaWka NOATOTOBKH K ONEPALIHH OPHEHTHPOBAHKS H3IMEPHTENbHLIX NpH-
60p0B H OTKJOHHTE/ER HAa OBEPXHOCTH.

12. KunemaTHueckHe cxeMinl AaT4YHKOB npHGopos «Kype» u «Jlyu».

13. Cxemu 3a00fiBBIX OPHEHTATOPOS-HHINKATOPOB C MEXAHHYECKRM, FHApaBJHYe-
CKHM H 3JEKTPHYECKHM KAHA/JaMH CBA3H ¢ NOBEPXHOCTHIO.

Faasa VII. PACYETHI NAPAMETPOB TPAEKTOPHH
HATIPABJIEHHORA CKBA)XHHDbL NPHHATHE
PEIMEHHA O HEOBXOJAHMOCTH
KOPPEKTHPOBAHWA TPAEKTOPHH

§ 1. BbiBOP MECTONOJIOJKEHHA HHTEPBAJIA
HCKYCCTBEHHOTO HCKPUBJIEHUA

Pa3BHTHe M COBEPIUEHCTBOBAHHE TEXHHUECKHX CDelCTB HanpasJeH-
HOro OypeHHs NO3BOJRAC [0 Mepe HeoGXxoaumocTH OypHTb pasbe-
LOYHBE CKBaKHHB NG CIOXKHHM HENDAMOJHHEHHHIM TPAGKTODHAM H
10 TPAEKTOPHSAM eCTEeCTBeHHOr0 HCKPHB/IEHHSA.

B nenoM TpaekTopHsi HanpaBJeHHOH CKBaXXHHH COCTOHT H3 KOM-
GHHALMA OTHOCHTEALHO NPAMOJHHEHHBIX YUacTKOB (YYACTKOB €CTEeCT-
BEHHOTO HCKPHBJIEHHS) H KDHBOJHHEHHBLIX C NOBbLILUEHHOA KPHBH3-
HOW, KoTopue (OPMHEPYIOT ¢ NPHMEHEHHEM OTKJIOHHTEJeH. [lnuHa
TAKHX KPHBOJHHEeHRHHX Yy4yacTKOB L, onpefeisieTcsi H3 YCJIQBHSA
HaMeYaeMoro YIJIOBOrO OTK/JIOHEHHA HA HEKOTOPYIO BeJHYHHY Oo:

Lu = GO/KCIM

rpe K. — cpefHfis KpHMBH3HA, AOCTHraeMas MPH NPHMEHEHHH JaH-
HOTO THNA OTKJIOHHTENA.

[1pH npoexTHpOBAHHH CJIOKHOH TPAeKTOPHH HAMpaBJeHHON CKBa-
HHHBL, KpoMme TeXHHYeCKHX BO3MOMXHOcTeR GYPOROrO HHCTPYMEHTA
H 000pPYNOBaHUA, BOIMOKHONG MECTOPACIONOKEHHNA YCThA CKBAXKH-
Hbl, HAYaJbHOTO 3€HHTHOTO YIVia, Yria H TOYKH BCTPEYHH C TeJOM HO-
JIe3HOrO HCKOMaeMoro, YYHTHBAOT PalHOHANbHOE MECTOMNOJONKEeHHe
yUYaCTKOB NMOBHILICHHOH KPHBH3HHE. MecTononoxkeHHe MPOSKTHPYEMBIX
Y4aCTKOB CKBaXXHHM MoBLLreHKo#H KPHBH3HKN onpeaeyser He TONAbLKO
ropHO-recory4eckue yCJoBHA paboThl OTKACGHHTeNeH, HaleKHOCTh
HX OPDHEHTAaUHH, HO TaKX¥e H YC/JOBHA pa60’ru KOJIOHHH 6ypHJ‘IbHHX



TpYO, ee HaZeXHOCTb M, KAaK CJAENCTBHE, AONYCTHMbIE NAapaMeTpbt
pe)XHMoB GypeHHA BCEro pacnosOXKeHHOrD HHXEe YYacTKa CTBOAA.

BreiGop AOMyCTHMOH KPHBH3HW H MECTONOOMKEHHA YUacTKOB HC-
KYCCTBEHHOTO HCKPHBJAEHHA CKBaXXHH MoXeT Ga3HpOBATbCcA Ha che-
AYIOIIHX HCXOAHMX MpeAnochIKax.

1. HanpskeHusa B KONOHHE GYPUIBbHLIX TPYG, HaXOASAUIHXCH B 30-
He HCKDHBJIEHHS, HE JOJKHH NpeBHWaTh A0NycTHMbX. Pabora Gy-
PHJABHOR KOJIOHHB Ha HHTEPBaJaX ¢ IOBHIIEHHOH KPHBH3HOH CBA3a-
Ha ¢ yCTaNOCTHOH NPOYHOCTHLIO BPH HECHMMETPHYHOM LHKIE H3MeHe-
HHA HOpPMAaJIbHBIX HAaNpAMeHHH: OCeBEIX OT ACHCTBHS NEpPeMeHHHX 10
Mepe yAaJeHHs OT 30Hbl HCKDHBJEHHs PACTACHBAIOLIHX HJIH CXKHMa-
IOIUHX HArpyaoK H MOCTOAHHHIX MO ry0HHe, HO HNEPEMEeHHHX BO
BpeMeHH HanpsXKeHHA NMpH u3rule, onpenenseMHX KPHBH3HOH CTBO-
aa. [losromy paccmarpuBasi ycioBue npousoctH (51), smaum, uro
ACNYCTHMas KPHBH3HA CTBOJIA YMEHBUIAETCA C POCTOM HaNpsXKeHHH
OT AefiCTBHA OCEBHX CHJ.

Tak, npu pacnofioxKeHHH yuacTKa NOBHIUIEHHOA KPHBH3HEL B BEPX-
Hell yacTH rAyOOKOH CKBaXKHHH Ha PacTAHYTOH 30He KOJOHHB 6y-
PHJBHBIX TPYO HOMYyCTHMAs KPHBH3HA CKBAXHHH GyIeT MeHBIle, 4em
B CJlyuae PacroJoKeHHsl yYacTKa MOBLILIEHHON KPHBH3HBL Ha rayGH-
He GoJee BJAH3KOH K KOHEUHOH raylHHe.

2. ¥YuacToK NOBBHIWEHHOA KPHBH3HM L, He JOMMEH HAXOAUTHLCA B
30He GYPHABHOH KOJOHHH, rie feficTBYIOT GOJbiIHe PACTATHBAKILIHE
oceBhle CHAB. PalTArnBaiHe oceBHe cHAbl () Ha ydyacTke ¢ 60ab-
woit KpuBH3HOR K., onpeiessioT pajnasibHble CHIB NpHxaTHA Oy-
PHABHOH KOJOHHHW K CTEHKAM CKBAMXHHH:

R~ Qb= gzl Ky,

rie § — BeC eRMHHIH AJAHHE GYPHJIBHHX TPYO; Z — paccTOAHHe OT
HYJI€BOTO CeyeHHHd RO 30HH HCKPHBJIEHHS.

PaguanpHble YCHAHA NPUKATHA ONPEAENAIOT CHJIB TPEHHHA -—
CONMPOTHBJIEHHA JBUNKEHHIO OYPHALHOR KOJOHHH H NPHBOLAT K HEXe-
JaTeJbHOMY BHOPaLHOHHOMY. peXHMY pafoTh GYpHJILHOrO Bala, OT-
MeqaeMOMy GOJLUIHM DACcXOAOM MOILHOCTH Ha BpailleHHe KOJOHHH
H NPHBOAALIEMY K HeOOGXOAHMOCTH CHHMKEHHA 4acToTh BpalleHHS,
a CAeAGBATENLHO, K CHHXEHHI0 NPOH3BOAHTENLHOCTH OYPeHHA.

3. Mecrononoxkenne, riyGHHA Yy4acTKa MNOBLILIEHHOA KDPHBH3HH
olpejeifeT reo/IoTHYECKHe H TeXHHYEeCKHe YCJIOBHSA COGCTBEHHO MApO-
uecca HCKpHBJeHHA. Tak, Heo6XoAduMo, 4yTOGH Ha HaMeuaeMoOM HH-
TepBaJjie OTKJIOHeHHA TopoiW obJjapatd TpeGyemoli TBEpAOCTHIO
H OHJH YCTOHUMBH [PH MHUHHMAJLHOH pa3paloTKe CTBOAA CKBAXH-
#bl. Ot rayGHHB Y4acTKa OTKJCHEHHA 3aBHCAT 3aTPaThl BPEMEHH Ha
TIpOLECC HCKPHBJIEHHA H B HEKOTOPOH Mepe HAAEXHOCTh YNpaBJeHHA
paboTOH OTKJIOHHTENA W CHCTEMOH OPHEHTAIHH.

JiBe MepBHIX pacCMOTPeHHHX MpeANOCHJKH TOBOPAT O Lelecons-
PA3HOCTH MECTONONOKEHHS YYaCTKOB NOBHILIEHHOA KPHBH3HW Ha 6o-
Jee TAyBOKHX TOPH3OHTAaX, TPETbAl — O HEOGXOAHMOCTH KOMILAEKCHO-
ro MoAXoja K YCTAHOBJIEHHIO 30HbI HCKPHMBJEHHS, KOTODHH JOJIHEH
623HDOBATHCA HA HMEIOIIHXCA reooro-TeXHHYECKHX YCAOBHAX OTKAO-



HEHHSl H 3KOHOMHUYECKOH OlieHKe HaMevaeMOH TPAEKTOPHH ¢ YHETOM
3aTpat BpeMeHH H cpeacte. KpoMe Toro, clieAyer y4HTHBATh BJIHSA-
HHe NapaMeTpOB TPAeKTOPHH HAa BO3MOJKHBIE NapaMeTpPhi Pe:KHMOB
OypeHHs H NMPOH3BOJAHTENLHOCTE paboT.

§ 2. TEOMETPHYECKAS XAPAKTEPHCTHKA TPAEKTOPHH
HA YYACTKE HCKYCCTBEHHOIO HCKPHBINEHHA

Meo6xonuMoe yraopoe OoTKJIAOHeHHe Ha ydacTKe HCKYCCTBEHHOrO
HCKPMBJEHHAl DPACCYHTHIEAKOT B [PEeNNOJOXEHHH, UYTO OTKIOHEHHE
6yaerT oCyUIecTBAATBCA B OAHOH 1iockoctd. IlpumeM, urto 3aGoil
CHKBAXHHB HaxoauTca B Touke O, ¢ KOTOpoil COBMELIEHO Havajao
cucTeMbl Koopaudar yQOz (puc. 59). B touke O cKBa)KMHA HMeeT
onpesie/eHHbe 3HAYCHHA 3eHHTHOro 8; W a3UMYTAALHOrO O YTJAOB.
B naHHom npuMepe naockocTk y0z coBnajaer ¢ BePTHKAJBHOH
MJIOCKOCTBIO HCKPHBJEHHs CKBa)XHH B Touke O. [IpoekTHpyercs,
UTO CKBAaX{HHA JOJKHA Monactb B Touky C, HMEOLLYI0 H3BECTHbIE
KOOPAHHATH Z¢ U Yo IIpUHAB HeoOXogMMbIe TeXHHUECKHE CpPeAcTBa
HCKPHBJIEHHSI, HMeeM 3HaueHHe CpeaHel BeJHUHHBl KPHBH3HH K., Ha
npelinosaraeMoM HHTEpPBaJi€ HCKPHBJEHHS,

I1peo6pasyem cucremy KOOPAMHAT, A/l YEro MOBEPHEM OCH KOOP-
OHHAT Ha yroa 4+ 8. B Hoso#H cHcTeMe KOOleMHaT 4’02’ xoopaHHaTH
Toukd C ciaegpyioliye:

= zccosby + yesinby, Yo = — 2csinfp + yocosds.

[MpeactaBHM TpPaeKTOPHIO CKBaXWHbl MeXAy ToukaMR O u C
B BHAE KOMGHHAUHK KPHBOJHHEHHOTrO C MOCTOAHHOH KpHBH3HOH K.p
yyactka OB u npamosudeidiHoro yuactka BC. TlpeaesnbHas wmuuu-
MajibHas KPHBH3HA, IIPH KOTOPOH Beck yuacTok OC GyaeT KPHBOAH-
HellHBIM, MOXeT ObiThb OHeHeHa H3 NPHOAHIHTENBHOTO COOTHOIUEHHS

Kmn =2 2yc/20(20)° + (yo)° . (139)

[Ipn ycnoBum, uto K. > Kmn, Hafiiem yros oTK/aOHeHHsT &g
H napamerpu Tpaekropuu. Menonbaya zaBucuMocts (32), zanuiuem

’ b ’
25 = K_:psmﬁo, Yo = KLCD(] — ¢0s0g). {140)

Ilpupauenue koopauHaT Mexay Toukamd B u C Gyner

Yhe= Yo — yb= yto — "!"(L'(l — cosdo),
cp

Zpe= 2t — 2= 2 —

1.

o sinfy, (141)
Tak kak

Ysc/2bc = tgdo,

TO, paCKpblBaa 3HaueHHe Yhc # Zpc N0 dopmyaam (141), zanuwem

) " 1 . ‘¢
(y (zc ~ X smao) = sindg/cosdy. {142)




Puc. 59. K pacuery xoopan- Puc. 60. Cxema pacwera npoctpan-
HAT TPAEKTOPHH CKBAXKHHEL CTBEHHOA TPACKTOPHH CKBAMMHHbLI

Pewenne ypaBneHus (142} orHocuTenbHo cosby paer

_ ] ’__ 1 f{l 2 212 l
K( 4t —ch) +2ze \f (2 +(yz) —ZU'C—K'C':
l .
(2 + (y’c— ch) i

3HafA yroa OTHKMOHeHHs &8p, HAXOAHM I[JIMHY KPHBOJHHEHHOIO
yuacTka L, no d¢opmyaam (140) — koopamHatel ToOukH B W no
(141) — npupalueHne KOOPAHHAT MexXAy ToukaMH B u C.

Tak KaKk AAMHA NPAMONMHERHOrO yuyacTKa

Lo = Vg + (@
TO HaXoAMM ofLEYI0 AJAHHY CKBaXKHHH L Ha uHtepsBane OC:

L= 2=+ VWhd T (@) (144)

O)KHRaEMaH BE&JHYHAHRa 3€HHTHOTO yrjia B TOUKE C
B¢ = 8o + bo. (145)

PaccMorpum ciayuall, Koraa Touka C (puc. 60) He AeXHT B BEp-
THKAJBHOR INIOCKOCTH HMCKPHUBAEHHA CKBaXKHHH, lpoxoasiued yepes
Touky O, H HMeeT KOODAHHATH X, Yc H Z¢c B CHCTEME KOOpIHMHAT
xyz ¢ ueHTpoM B Touke 0. MapecTHbl 3eHHTHHI Oy H a3UMyTaNbHBI
oo YIVIR CKBaXKMHB B Touke O. Tak Kak koopinHatTel Toukd C HaHH,
TO, COCJHHHB NpAMOR JHHHeH Touky O ¢ Toukoil C, onpefesvM BCOO-

(143)

cosby =




MOTATENIbHbHE 3HAUEHHA 3EHHTHOPO H a3HMYTaJbHOTO YIVIOB JH-
Bud OC:

Boc = arctg(+/x%: + yi/20),
ooc = arctgl{xc/yc)

H ee AJHHY
OC = x% + y% + 25. (146)

Takde mocTpOEHHA MO3BOJAIOT paccuHTath 1o $opmyte (9) ye-
NOBHBIA OGLIMA Yol MCKPHBJEHUA CKBaXHHb! 8, Ha yuactke OC:

cosdy = 0508 cosOoc -+ sinfp sinBoc cosAay,
rie Aoy = as — Qoc.

[MapameTpH TPaeKTOPHM CKBaXKHHB Ha yuacTke OC onpeaensiem
M3 [pelNOCHJIKH, YTO TPAeKTOPHS JeXHT B ofnoi niockocts OCE,
rae Touka E OTHOCHTCH K BEPTHKaJbHOH NJOCKOCTH HCKPHBJAEHHS,
npoxoasiuied yepe3 Touky O, H XapaKTePH3YeTCH 3HAUEHHSAMH 3E€HMT-
HOrO H A3HMYTAJbHOTQ YIJIoB (COOTBETCTBEHHO Op H o).

B naockocts OCE B npuHATofi cucTeMe KoopauHat y' 0z’ Ha-
XOAHM KQOPAHHATH TOuKH (-

2t = OCcosby, yt= OCsind,. (147)

Ilo ¢popmyne (143) Haxonum HeoO6XoAHMOe NpHpalleHHe obulero
yriia HMCKpHBJAeHHR 8o npr GypeHHH KPHBOJIHHeRHOro ¢ NpPHHATOMH
KkpHBH3HOA K., ydyacTKa Tpaekropun OB, noacrapaas 8 (143) 3Haue-
HHAl Z¢ H y¢ H3 ypaBHeHmil (147).

Hnst ¢opmupoBaHHA CTROJA B IUIOCKOCTH Yy 02 NpoeKTHpyeM
YCTAHOBKY OTKJAOHHTENS B TouKe O noj yrioM @, PAacCYHTHBAeMbIM
no ¢opmyae (133):

o = arcsin{sinAcay sinBoc/sindy).

YrioBHe nmapaMeTpn HpAMOJHHeHHOro yuactka BC Tpaektopuu
B HCXOZHOA CHCTEME KOOpPAHHAT XY 2 ONpelejHM, CUUTas H3BECt-
HBIMH KOOpIHHATH TOuKH B B cucTeme y'O2":

1 | B
= —— (1 - c0s8y), 2= -—sinby,
yB ch ( 0) 8 K'iP 0

YTO AaeT xoop,unﬂa:ru TOYKH E:

3r = yHcosBe/sinby), yr = yusinBy coso/sinds).
Torna

Coseac == (Zc — ZE)/EC H COSQgr = (yc —_ yg)/E|C.

Tak xak EC == y%/sind, = OC sind,/sind,,
E[C = ECsinBgc = oc sinéy Sil‘legc/Siﬂﬁo,



TO
i

2 sinbp— K {l—cosbg) cosy
cosfge = T . 148
&c OC sind, (148)
ycsinde ié (1 —cosdy)sinfocosayg
costLgc = = (149)

OCsind, sinBzc

B 1o e Bpema ¢opmyaa (9) nossoaser onpeAeSHTL MPHpalle-
HHE a3uMyTajJbROCQ Yrjad Ha YHacTKe HCKPHBJIEHHA Ag = oy — g,
HJIH
cosdy—cosBcostac ) “50)

Aa = arccos - 2
sinfo sinBye

O6iuasi ATHHA CKBaXKHHHM Ha uHTepsate OC caeptyomas: L, ==
= OB + BC. Tak kak OB = 8o/K., a BC = (yc — y5)/sindo, 10
L 8o OCsinb,—1/K (1 —cosds) ) (151)

O=—-—-.—

Kep sinby

Hpumep. OnpenennTs NapaMeTps TPACKTOPHH CKBAMHHE HA HHTEPBAJE HCKPHB-
JEHHA, YTOObl CKBAMHHA H3 HavaJbHOH ToukH O (npu 8y = 12° ay = 45°) Buiia
B TOUKY { C KOOpRMHATAMH 2c= 100 M, xc =5 M, yo = 30 M.

OTraoHeHHe CKBaXXKHHbE GYAeT NPOH3BOLHTRCA C NOCTOSHAOA CpefaHedl HHTEHCHB-
HOCTBIO WCKpHBAeHHs [y = 0,5 rpanyc/m (K, = 2,73-107% u™'; 1/K, = 1146 m).

[To popmynam (143}, (146) — (15]1) B oGozHaueHHAX, COOTBETCTBYIOUHX pHC. 60,
HaxoAHM TApaMeTPH TPAeKTOPHH:

VXetye YO0 690
Zr '

Boe = arcig = arcig

100
age = arctg(xc/ye) = arctg(5/30) = 9,46°,
Aty = @y — moc = 45 — 9,46° = 35,54°,
OC =T+ ¢ + 22 =5 + 30°  100° = 104,52 m,
cosd, = costh cosbye + sindp sinbByc cosAa, =
= cos12° c0s16,92° 4 sinl2° sinl6,92° c0s35,54° = 0,985039, &, = 9,92°,
2zt = OC cosby, = 104,52-¢c059,92° = 102,96 M,
ye = OC sind, = 104,52 sin9,92° = 18,01 wm.
ITo dopmyne (143) HaxoaumM
~114,6(18,01—114,6)4102,96+/102,96+18,01°—2.T14,6- 18,01
102,96° (18,01 —114,6)*

cosfy =

0,9813,

bo = 11,1°.
Torpa cootsercteenHe No dopmytam (133), (148) u (149)

sing — SINA% sinboc _ 5ind5 54°sinl6,92

= 0,9819935, o = 79,11°,

sindy - 5in9,92°

08B0 = 100sin11,1 —li4ifé(:)-l-cosll,l ycos12 — 09523, Qpc = 17.77°
H a_ - Ay i o c

cosage = 30sin! 1,1°—114,6(1—cos!1,1°)sinl2°cos45 — 0,9932,

18,01-5inl7,77
Gpp = 6,7l°, An = g — Oge = 45° — 6,7"’ = 38,29°.



O6uiaf a1HHA HHTEpBAAA
1

L 8 N OCsindy o (1—cosdy) B
e ch , Sil'lﬁu -
1,1-10° | 18,01 —114,6(1—eos11,1%)
= 573873 TN = 104,63 w

Pacueribie BemdudHn B HpHseleHHoM npumepe {L.= 104,63,
OC = 104,52; Bpc= 17,77° u Bpc=16,92° a=671° 0 aec=
= 9,46°) NO3BOJAIOT CYHTATh, YTO NPH MaAHX NMPOEKTHHX YIJIOBHIX
OTKJIOHEHUAX TPAEKTOPHH, YUHTLIBAA CYIIECTBYIOLLYIO TOYHOCTh H3Me-
peHMsl YIJIOBHX BeJIMUHH B CKBa)XHHAX, B ODHEHTHPOBOUHKWX pacue-
TAX MOXHO ONepHPOBAThb NPHO/IH3UTENBHEIMH PACUETHHMH NapaMeT-
pPaMH TPAeKTOpHH, NPeACTaBAAEMON OTpPe3KoM npsamol Juuun OC
(cM. puc. 60).

§ 3. KPUTEPHH NPHHATHA PEMIEHHA O TEKYIUIER
KOPPEKTHPOBKE TPAEKTOPHH BYPAIMEACH CKBAXHHDI

Ilpusenedttle B § 2 HacTosuieH raBW pacuyeTHRle CXeMbl Olpe-
AeSieHHA KOOPAHHAT M TEOMETPHUECKHX NapaMeTpOB CKBAXHHH Ha
y4acTKe KOPPEKTHPOBKH TPAEKTOPHH TeXHHYECKHMHM CDeAcTBaMy
HANpaBJeHHOro OYPeHHS MO3BOJAIOT AR TNOJOXKeHHs CKBaX<HHH B
Jio6o# Texyiteit Touke O (cMm. puc. 59, 60}, HmeoUe#l ycTaHOBACH-
Hbl€ KOOPJHHATH, pPacCYHTATE BO3MOXKHOE OTK/AOHEHHEe yr 3ab0s Ha
KOHeuHO# ray6HHe OT 3aAaHHON NPOeKTHOH TOuKH C ¥ HEeOoOGXOLHMBIH
Ipk 3TOM OGILHA YroJ HCKpHBJeHHA 8, no ¢opmyne (143).

Pacyernasd AuMHelHAA BeJHYHHA yr H yraoBaa §p MOryt GHIThb
KPHTEPHSIMU AJf NPHHATHA pPelleHHsl O HeOGXOAHMOCTH TeKyiueH
KOPpPEKTHPOBKH TPAeKTOPHH OYPALIEACH CKBAXKHHH ¢ MPHMeHEHHEM
TEXHHYECKHX CpeACTB HanpaBieHHOro Gypennsi. PeineHHe o HeoG-
XOAHMOCTH KODPeKTHPOBKH mnpuHHmaetcsi [6] npn ycraHoBieHuu
HEepPABEHCTB

ye=>r, 6>, (152)

FAg 7 -—— NpeAe/bHOe JHHEHHOE OTK/JCHEHHE 3aD0R CKBAaXKHHLL OT TOY-
KH NOLCeYeHHR PYAHOro Tena, §, — npepenbHoe YIOBOE OTKIOHEHHE
HA y4aCTKe HCKYCCTBEHHOr0 HCKPHBJAEHHA.

[Mpenenbioe nuHefiHOe OTKNOHEHHe 3260 CKBAXKHHBI OT TOYKH
nojceyeHHss PYZHOTO Te€Jla YCTAHABIUBACTCHA reOJIOTHYECKON cayx6oi
(cM. § 3 . IV) — cKBaXKHHA A0MKHA MONACTH B RONYCTHMYK ILIO-
Wagb pacceMBaHHsi 3a60f. 3a npepenbHOE YIJI0BOE OTKJIOHEHHE Ha
YYacCTKe HCKYCCTBEHHOIO HCKpPHBJEHHMS NpHHHMaeTcds OGwHAl yroa
HCKPHBJIEHHA Ha HHTepBajne pabGOTH OTKAOHHTEAS B OJHOM UHKJIE
HCKPHBJIEHHA, AJA NOCTOAHHOAEeHCTBYIOUIHX OTKJAOHHTENEH — B OJ-
HOM pefice [6].

OGo6IeHHRIM  IOKAa3aTeNeM, KOTOPHH MO3BOJHT » PACCUHTATh
KOHKpeTHHE 3HAYEHHA UAPAMETDPOB KODDEKTHDYEMOH TpAEKTODHH,



OPH YCTAHOBJCHHOM TEKYILEM 3HAYEHHH i MOMeT ObiTh HEKOTOpHIf,
Ha30BeM ero uetecoObpasHbiM, O6WHH yroa HcexpubieHHA. Llene-
coofpasHpii OOWHA YrOA HCKPHUBAEHHA YCTaHABAHBAKT DPELIEHHEM
ONTHMH3AUHOHHON 33]34YH NpH NPHHATOM KOHKDETHOM KDPHTEpHH.
Hanpumep, KpHTepHeM ONTHMH3AallHH MOXeT GHTb MHHHMYM 3aTpaT
Ha GypeHHE KOPPeKTHPYEMOro yuacTKa ckpaXuuol OC {cm. puc. 99) .,

BoamosHoe npegenbHoe JHHeAHOE OTKJIOHEHHE — rAaBHOE YC/O-
BHe IJIA MPHHATHA PelIEHHS NPH MaJbiX PACCTOARHAX TeKyulero 3a-
60A OT NPOEKTHOA KOHEYHOH TOMKH CTBOJa. BepHeMcAl K pellleHHIO
3ajau npeawiaymero naparpada. Honycrum, uto B nipouecce Gype-
HHA YCTAHOBJIEHAa HHTEHCHBHOCTb ECTECTBEHHOTO HCHKPHBJEHHA /[.
(cooTBeTcTBeHHO — KpHBH3HA K. = [./57,3), 3HaunTeNbHO OTAHYA-
OLAACH 0T OXHJAABUIEACA BEPOATHOCTHOH BEMHYHHbLL, YTO H BLI3Ba-
JIO OTKJIOHEHHE CKBaXHHB OT TPOeKTHOH Tpaekropud. Ilpeanoaa-
rasi, 4to 3aHKCHPOBAHHAHA BeJIHYHHA HHTEHCHBHOCTH €CTECTBEHHOIO
HCKPHBJIEHHA COXDAHHTCS IIPH YCJIOBHH OYpeHHsI CKBAaXKHHH 0e3 Kop-
PEKUHH TPAGKTOPHH 10 KOHeuHOH ry0HHBI, HMEEM CJIEAYIOLlHe Be-
POAITHOCTHBE 3HAYEHHS [EOMETPHUSCKHX NAPAMETPOB TPAEKTOPUH
CKBaXHHBL,

[Tonoxkenne 3aGoa — rtouka ) B KoopAHHatax Yy 02" (HKCH-

pyerca BeJHM4YHHOH y7 (cM. puc. 59): y’m:K'—(l — cosb.), rae

NOKa HEW3BecTHO 3Hauenue yraa 8. Ho npn 3anannoMm 3Hauenuy
KOOPAHHATH TOYKH C HMeeM zr: — 2¢, YTO (03BOJAET ONpPeAenHTh
yroa 8. kak d. = arcsinKe2t,

[lpHBeseHHble BHIIE COOTHOIIEHHS MAIOT BO3MOMHOCTh YCTaHO-
BHTb YTOUHEHHYI0 OMHAAEMYI0 BEIHUHHY JHHEHHOTO OTK/AOHEHHA
3abosi ot pacuerHo® ToukM € — aauHy yuactka CCp:

CC = gt — yor = g — 4 (1 — cosd). (153)
IMonpaska 'KL' (1 —cosd,) B 3aBHCHMOCTH OT HanpapJeHHA

HCKPHBJIEHHSI CKBaXXHHbl MOXer OLITh BHeCeHa H C TIOJMOXKHTENbHBIM
3HAKOM. YCTAHOBJICHHAS] BEJHYHHA BO3MOXXHOIO JIHHEHHOrO OTKJO-
HeHus 3a6osR (ydactok CC)) H ABAAETCA OCHOBAHHEM AJA IPHHATHA
pellleHUA 0 HeOGXOLUMOCTH KOPPEeKTHPOBAHHA TPAeKTOPHH NIPH YCI0-
BHH, utO0 CCi >r. :

IIpn GoabllOM TeKyllleM paccTOSHHH 3afiof OT 3aJaHHOH KOHeu-
HOH TOYKH MNPOEKTHOA TPAeKTOPHH HNPeNJaraercd CUHTATb OCHOBA-
HHeM JJf NPHHATHHA pelleHHs O NMPHMEHEeHHH TeXHHYECKHX CpelCTB
Hanpas/aesHoro OypeHHsl MOATBepAJAeHHe HepaBeHcTBa Oy > §, —
pacueTHsl#t O6IIMA Yo/ HCKYCCTBEHHOTO HCKPHBJEHHA GOJbllUe yCTa-
HOBJEHHOTO INA AAHHKX TFeosIoro-TeXHHYECKHX YCJIOBHI NpenebHO-
TO yraa oTkaoHeHus [6].

PaccmoTpennas o6i1ad nocTaHOBKA 3ajauH MO PAac4eTy TPaeKTo-
PHH HANpPaBJACHHON CKBAaXXHHLI, IPHHATHE pEieHHA 0 HEOGXOAHMOCTH
KOPPEKTHPOBAHUA TPACKTOPUE OYpAWIEHCA CKBAMHNL H BHHYUCAEHHS
napaMeTpoB TPAeKTOPHH CKBaXKHHM HAa yYyacTKe NPHMeHEHHS TeXHH-
YeCKHX CpeJcTB HANPABAEHHOro GYPEHHS NO KAKOMY-IHG0 KPHTEPHIO



ONTHMH3AaUHH JOJKHH TOMOYb COCTaBHTb aJATQPHTM pacuera AadA
KOHKDETHHIX Te0JIOTC-TeXHHYECKHX ycnoeHiA. OGHIHe H TPYAOEMKOCTD
onpenejeHua UHQPOBHX BeJHYHH, BHPaGOTKa ONEpaTHBHOrO pellie-
HHA TPeGYIOT HCMOJb30BAHHA BLIYHCAHTENBHON TEXHHKH, YTO MO3BO-
AsfeT (HOPMANH30BATL NPHHATHE pELIEHHR M BHINOJHHUTH MALIHHHLIA
pacyeT ONTHMaJbHBX NapaMeTpoB KOPPEKTHPYeMOR TPaeKTOPHH:
KOODAHHAT TOYXKH M YIJIa YCTAHOBKH OTKJOHHTENA, AJHHY HHTEDBaja
OTKJIOHEHHA H Mp.

Kourpoasusie gonpocot Kk 2a. VI

1. Pacuer fonmycTHMo#f KPHBH3IHH TDAEKTOPHH K BHOOp MECTORONOKEHHA 30H
HCKYCCTBEHHOTO HCKPHBJIEHMS TIPH COCTABJEHHH MPOEKTHOR TPAaeKTOPHK CKBAMNKHHEL

2. Onpepesnente HEOGXOAHMOrO OGWIErG Yria HCKYCCTBEHHOTO HCKPHBACHHA NpPH
pacyeTe TPACKTOPHH MPUEKTHOR CKBAXKHHHL

3. Metonnra pacuera fpOEKTHOR TPAEKTOPHH CKBAXHHW B OQNOR ILNOCKOCTH.

4. MeronHka pacuera NPOEKTHON TPAEKTOPHH C YYETOM 3aJaHHOTC H3MEHEHHS
43HMYTaNLHOrO Yraa.

5. KpHTepHH RPHHATHA pelleHHS © HeoOXOAHMOCTH TeKyllefi KODPeKTHPOBKH
TpaexTophH Oypslneficd CKBAMHHHE,

6. YcAoBHR yuera NpeBadHpPYIOLLEro BJAHAHHA OTAGNbHWX KPHTEPHEB KOPPEKTH-
POBXH TPACKTOPHH.

7. Pacuer BO3MOMHOrO OTKAOHERHA 3af0sl HA KOHeYHOR r/iyGHHe OT 3alanHch
TOUKH ROJOXEHHA 3a00f.

8. Pacyer Heo6xopnMoro oflIero yrfia HCKDPHBAEHWS 0pH KOPPEKTHPOBAHHH
TPAGKTOPHH CKBAMHHH,

Tnasa VIII. BYPEHHE MHOIMOCTBOJIBHBIX CKBA)XHH

§ 1. CXEMbl MHOFOCTBOJNIbHBIX CKBAXHH

'MHOTOCTBOJIbHASL CKBAXHKHA — 3TO CKBAXMHA C OTBETBJIEHHSMM,
HanpasJleHHO OTGYPeHHLIMH OT OCHOBHOTO CTBOJIA H MOJYYHBIUHMH
Ha3BaHHe JONMOJHHTENBLHBIX CTBOJOB. B MHOrOCTBOJILHOH CKBAXXKHHE
OCHOBHBIM CTBOJIOM YCJOBHO MOXKHO CYHTATh CTBOJ MAKCHMAaJbHOH
(IPOTAKEHHGCTH, BHXOAAWHA HA [HEBHYI0O NOBePXHOCTh. MHoro-
CTBOJNIbHBIE CKBAMHHH B 3KCIJAYATAUHOHHOM OypeHdH ObIH NpHMe-
HeHH [OJAfA HHTeHCH(HKAUHH AOGHYH; B pasBeiouyHOM OGypeHHH Ha
TBEpAble [IQJe3Hbe HCKOMaeMple ¢ MOMOWIBIY MHOPOCTBOJBHBIX
CKBa)KHH PellaloT pasjiHuHBE 3a/lauH.\/

Bo3MoXHOCTE MHOTOKPATHOIO NepecedyeHds PyaHoOro Tesa Jonoj-
HHTEJIBHHMHE CTBOJIAMH, OTOYDEHHBIMH OT OCHOBHOTQ B HENOCPej-
CTBEHHOH OJH30CTH OT PYAHOrQ Tena, NOBHIUAET JOCTOBEPHOCTbL H
KauecTBO BHIOJHEHHS recsiorHueckoi sagaud. [Ipu 3ToM naHHHe mo
KepHOBOMY MarepHany GyAyT CONOCTaBHMBI ¢ JAHHHMH onpofoBa-
HHA, IOJYUEHHHIMH N0 TOpPHOH BHpaGOTKe; 3KOHOMHUECKas Lenecoos-
PA3HOCTb TAKOFO BApHAHTa HCNOJAB30BAHHA MHOTOCTBONBHOHA CKBa-
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Puc. 61. Msuorocrposbtne CKBAMHHML:

@ — MHOTOKpPATHO® TIepécedetne NONOrOAANErA0NWETD PYLHOrc TEAZ C HEPABHOMEPHHM COACPHMAHHEM MONE3-
HOro Hckonaemoro; 6 — GoAbWOt OTKACOHEHHWE OT OCHOBHOTO CTBOXA NMPH pa3sBefodYHHX pafoTax © ogHof
TOUKH 38J0KEHHA CKBAMHHW, 8 — MEPHAHTH MHOTOCTBORLHOA CKPAMMHNW DPH PAIBERKE KPYTONALANOWErD
PYNHOrO Tena; f—5 — AONOMHHTENLHHE CTBOJW, § — OCHOBHOR CTBOJ

XKHHHE Jaxe NMpPH HEPABHOMEPHOM pacnpefefcHHH NMOJAE3HONO KOMOO-
HEHTA HeCOMHeHHa.

MHOrocTBOABHNE CKBaXXHHH OCO0EHHO LIMPOKO MPHMEHSIIOT NpH
pasBe/lke KpyTonagalouHX 3ajnexeld nprn HeboJbIIOM pPACCTOAHHH
MeXAY TOUKAMH MOLCEUEHHS 3aleXH Mo pa3pejlOYHON JIHHHH, 4 B He-
KOTOpHIX CJAY4asiXx AOMOJHHTEJNbHHWE CTBOJH MHOTOCTBOJBHHX CKBAa-
JHH BHIXOAAT H HAa COCeAHHE AHHHH. Tak, npH paseelKe TAYGOKHX
F'OPH3OHTOB GYPHAT AONOJMHHTEAbLHLIE CTBOJL! ¢ GOJBLIHMH CMELLEHHS -
MH [O a3HMYTY OT OCHOBHOTQ, ¢ BHIXOJAOM AOMOJHHTENbHbIX CTBOJIOB
Ha coceflHHe NPOQUIH.

BenepcTeHe pa3Hoofpa3us reoJOTHYECKHX H TOpPHO-TEXHRYECKHX
yCcaoBUH, penbeda MECTHOCTH, METOAHK M CTajHA BEAEHHA TreoJio-
ropa3peno4yHblx paboT HeoOX0AHMO POEKTHPOBAHKE B KaXKAOM KOHK-
PeTHOM cJyyuyae pasjHYHBIX BADHAHTOB TPAEKTOPDHH OCHOBHOTO H 70-
NOJIHHTEJNBbHHX CTBOJOB MHOTOCTBOJIBHOH CKBAXKHHBI C YUETOM BO3-
MOJKHOCTEH TEXHHKHM HanpaBaeHHoro OypeHusi. [IpHHumaeMult Ba-
PHAHT KOHCTPYKLUHH MHOIOCTBOJILHON CKBAaXKHHB AOJdXeH GasHpo-
BaTkCA Ha TpeGOBAHHH HEYKOCHHTENLHOTO TNOBHIIEHHA KayecTBa
reoJOTHYeCKRX paboT, IKOHOMHUECKOH Leqeco0bpasHOCTH H MHHHMY-
M€ 3aTpaT BpeMEHHM I/NA BLINOJHEHHMA N4HHBIX Pa3BelOYHHX paboT.
Ha puc. 61 npreegeHH NpHMephl cXeM MHOPQCTEOJbHBIX CKBAaMKHH.

Ilpu 6ypeHHH MHOTOCTBOJILHBLIX CKBAXKHH BO3ZHHKAET HOBAA TEXHO-
JOTHYECKaA ONepalHd — OTK/IOHEHHE, HIH 3ape3Ka NONOJHHTENLHOrO
CTBOJIA OT OCHOBHOrO. 33pe3Ka NOMOJHHTENbHHX CTBOJOB OT OCHOB-
HOTO OCYIECTBJAAETCA ¢ €CTECTBEHHOro 3abos, KOrZa OCHOBHOH
cTBOJ Npofiiek A0 pacueTHOR TOUKH OTKAQHEHHA OOMOAHHTENbHOTO
H NEepPBOHAYAMbHO Gy[eT NpoijieH 3TOT JONOJHHTEIBHEH CTBOA C NO-
clAeAyiolUleH NpPOXOAKOR OCHOBHOTO, HJIH C MCKYCCTBeHHOro 3afos -
MOCT4, NEepeKphBaIIIEr0 OCHOBHOH yKe npo6ypeHHbI CTBOJ B HaMme-
YeHHOA TOUYKe OTKAOHEHHH.
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Puc. 62. [po6ka-3abofi (/) c ruaponpuscnom (I[):

{ — nepexofHux; 2 — noputenb; J — wApoBOA  Knanam,
4 — kopnyc, § — wWTOK, 6 — neBwid NepexomgNMK; 7 — cpe-
3aeMuil wrHpT; & — kopnyc npobku; ¥, /I — xonbuesne
npy®une; /@ — nanpasaswmana Tpylka; 2 — naawkw,
I3 — woHyc

?\/Buno.nuenne TOR MJAH HHOH TeXHOJIOTH-
YeCKOH OTEPaUHH 3aDe3KH JONONHHTENbHOrO
CTBOJIa CBfi3aHO ¢ MeToiHKOfi Oypexus
MHOTOCTBOJILHLIX cKBaxKHH. [IpH MeTonuke
0ypeHHsi CHM3Y BBEpX MEPBOHAYANBHO MpO-
XOASIT OCHOBHOW CTBOJ 6 1O KOHeUHOH ray6u-
HEI, BHIOJHAIOT BCE HaMeUueHHbIe HCCIen0Ba-
HUA W JIMKBHIZUHOHHOE T@MTIIOHHPOBaHHE 10
HepRoil pacueTHOH TOUKH OTKJOHEHHS, a B
nocjaenopatenkiocTt 2, 3 (puc. 61, 6) oTkiI0-
HAKOTCH OT HCKycCTBeHHoro 3abos u GypAT
DONOJIHHTE/NbHEE CTBOAM (BTOpOR, TpeTHH
HT. 1),

Takyio METOLHKY HCHOJL3YIOT Npu Gype-
HH{ B YCTOHYHBHX HOPOax, He TPeGyIoLIHX
KperleHHsl CTEHOK CKBaKHHBI, H B YC/OBHAX
JOCTaTOUHOH H3YUEHHOCTH pa3pesa, uTc nos-
BOJIAET [ePBOHAYAJbHO MNPOHTH OCHOBHOH
CTBOJ Ha 6oJiee IAYGOKHH FOPH3OHT.

Metoasnxka OGypeHHsi MHOTOCTBOJILHOMH
CKBaXHHBl CBEPXY BHH3 TpeGYET NPOXORKH
AOMOJHHTENbHBX CTBOJMOB, KOTOPHE OTKJO-
HAIOTCS OT OCHOBHOT'O C €CTECTBEHHOTO 32604,
B mocnepoBatedsHocTH 3, 2, I, # npuMeHseT-
cd B CJHOKHBIX TeoJOrHYecKHX YCJIOBHAX.
[1pn 3TOH MeTOAHKE BCe CTBOJBI CKBAXKHHBI
MOryT GHITb OJHOBPEMEHHO OTKPHITH AJ1
HCCNeAOBAHHHA A0 Hayalja JHKBHIAIMOHHBIX

paGot.y

§ 2. CO3JAHHE HCKYCCTBEHHOTIO 3ABOA

BuiGop cnocofa nepekpoiTHA CTBOJA CKBa-
HHHB M CO3JJaHHE HCKYCCTBEHHOTO 3aof
3aBMCHT OT FOPHO-TeoJIOFHYecKOH xapaxre-
PHCTHKH HaMe4eHHOH 30HB OTKJIOHEHHHA:
TBEpIOCTH BMELIAEMHX TOPHHX TOpPOX, Yc-
TORUKBOCTH H Pa3paGoTaHHOCTH CTBOJIA
CKBaXKHHBI H XapaKTePHCTHKH NPHHATHIX
TE€XHHYECKHX CPeACTB oTkioHenus. Ilpu ma-
JIo#l pazpaboTke CTBOJIA B NOPOAAX CpeaHei
TBEPJOCTH H TBEPALX CTBOJ MEPEKPLIBAIOT C



NOMOWBLK MEXaHHYeCKHX npolox. 3ITH npobkd paspaboTaHhl
BHTPom ans ckaaxud auamerpom 46 = 76 mm (I13-44; T13-57,
[3-73).

Tlpo6xa-3aboit THna [13 (puc. 62) cocToT H3 cOBCTBEHHO mMpPOB-
kH [1 u ruppasnuueckoro npueoaa [ [locne cnycka [13 B 30my co3-
JAHUA HCKYCCTBEHHOTO 3a60si mopmeHh 2 M CBH3aHHLIR ¢ HAM KOH-
TAKTHO WITOKOM KOHYC 9 faBjieHHeM MpOMBIBOYHOH XKHAKOCTH ycTa-
HaB/AHBAIOTCA B HHKHee noaoxedue, [IpH 3TOM Haxoasmuecs
B COMPHKOCHOBEHHH C KOHYCOM Natawixu [{, nepeMeiiasico B paguanb-
HOM HanpaBJEHHH, CO3JAIOT paclopHoe YCHAHE, DACKAHHHBAKHLEe
npo6ky B ckBaxkuHe. J[lononHurennnoe YCHAME paCKAHHURAHMA
npobru-3aboa tHna I13, 3akpennenHoll B CKBAa)XKHHE, CO3AAeTCH OCE-
Boli narpyskofl 10 50 kH (BecoM kosoHH GypH/IBHHIX TPy, WIKH Me-
XaHH3MOM [M0JAa4YH CTAaHKa), KOTOpPOe BOCIPHHHMAeTCs KOHYCOM H
nepepaeTcA pacnopHbiM naaimkam. [locne packpenyeHHss npoGKu
BpalilleHHeM GYPHJbHOH KOJOHHB Brpase (yaed NPOGKH ¢ rHIAPAaBJIH-
4YeCKOM 4YaCThK COellHHEH JeBOH pe3kG0OH) TrHApaBJIHYecKYl0 Yacrh
OTCOEAHMHAIOT H H3BJCKAKT BMECTE C KOJIOHHOHR Tpy6 HA NMOBEpXHOCTH.

B Gosee MArkHx mopopax WA npH GoJblueit pa3paGoTAHHOCTH
CTBOJIA CKBAXHHBl HCKYCCTBEHHBIH 3a00H CO34al0T ¢ MOMOIULIO
MOCTa, APEeACTARJANIero cofofl BpeMeHHOE NepeKpHTHe — NpPobKY
H HEKOTOPOE KOJIMYECTBO BFKYLIEro MATEPHAA, AOCTABJISEMOIO B
IpOCTPAHCTBO Haj NpoOKoR. Bsxkymuét mMarepuan, yaepKHBaeMbiik
nepBoHA4YaJbHO MPOGKOH, EpexXoAuT B KAMHEBHAHOS COCTORHHE ¢ 3a-
JaHHBIMH MEXAHHYECKHMH CBOACTBAaMH M CHJIAMH CHEINEHHS CO CTeH-
KAMH CKBaXXHHB H ABJAACTCHA COOCTBEHHO HCKYCCTBEHHBIM 3a60€M.
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Puc. 63. Jeperannan npobxa-epm ¢ {
manxerolh (2) W ABYXKOHWycHAR npoG-
ka (6) L _+-J4 L




an CO3A3HHH TAKHX HCKYCCTBCHHHX 3a6oep MOTYT NMPHUMEHATLCA
flpocTele KOHCTPYKUHH npobox (puc. 63},

Hepepannan npobka-epw (puc. 63, a) AocTaBaAeTcA B KOJCHKO-
Boii TpyGe H BHAABJIHBAETCA B CTBOJ BMECTE C BFKYIHIHM MaTepHa-
JIOM [aBJIEHHEM NpPOMKBOUHOHN xuAkocTH. CoGeTBeHHO Npo6GKa mpen-
cTaBaseT co0oH NepeBAHHBIH LHUJIHHIP C YKPENNEHHHMH B HEM CTaJlk-
HbIMH YHODYTHMH NPOBGJIOYMKAMH, KOTOpblE H C034ai0T INO0CTaTOqHOE
pacnopHoe yCHJAHE, HEOGXOOHMOE AJH BOCIIPHATHA Beca BAXYLUEro
maTtepuasa. Ha puc. 63, 6 npuBefeHa cxema ABYXKOHYCHOH mpoGKM
C KaHaJaMH AJA NMOJa4YH 3aKJHHOYHOTO MATepHa a, ¢ MOMOILBI0 KO-
TOPOro OCYIIeCTBJIAETCH pacKpemJeHHe — 3akIHHHBaHHe OpOGKU
B cTBosie ckBaxHHM. [locae packpenjenHsl MpoOKH OT Hee OTCOENH-
HAIOT GypuabHble TPYOH U AocTaBAAIOT MarepHan Mmocta. Ilepen aoc-
TaBKOH BAXKYIIeH Macchl JKeJareJbHO HA NpoOKY HacWnarth CAOR
we6HA HAH rpaBHA BecoTOR 0.5—1 M.

B KauecTBe MaTepHa/ja MOCTa NPHMEHAIOT LEMEHTHBE CMECH HJIH
SMOKCHAHBE CMOJB. KONHUecTBO BAKYLIEr0 MaTepHana ONpeAe/neT-
Csi JRAMETPOM CKBaXKHHBI [} B 30HE€ YCTAHOBKH MOCTa M BHICOTOR
mocra H. Bunicora MoOCra 3aBHCHT OT BOCIPHHHMaeMoifl OCeBOH Ha-
TpY3KH H CHJ CUENAeHHs JOCTaBJEHHOA CMecH ¢ NOpojoH, chara-
Iouiel cTeHKY cKBaXMHL., Ecas H3pecTHa yleJabHas cHJIA cllenje-
HHA W, TO HaxoAHM H u3 paBeHcTBa

Poc + Pr= np.nDH, (154)

rae P, — MaKCHMaNkHas OceBas Harpyska, pa3BHBaeMas npH ycra-
HoBKe H paboTe OTKIOHUTEAs; P, — Bec cToN6a HHAKOCTH Haj MOC-
TOM; 7 — Ko3¢ddHUHeHT 3anaca, n = 0,7.

Jnsi ppHONH3HTENbHBIX pacyeToB NPH MaJo# TOJALIHHe [VIHHHCTOH
KOPKH MOXHO NpHHKMaTh p = 6 = 10 kIIA.

HKenarenpuo, urobH MexaHHYeCKHE CBOACTBA MaTepHada MOCTa
ObiM GMH3KH K CBOACTBAM MOPOJ, OKPYKAIGUIHX MOCT. ITO BaMXKHO
npu pafoTe OTKIOHHTENeH, HMEKNIHX HeNnoJHoe HepeKpuiTHe 3afos,
#JIH, 0COGEHHO, MPH HCHOJL30BAaHHH MOCTOAHHONEHCTBYIOILHX OTKJIO-
Hutesed. TpeGoBaHMA K IPOUHOCTH MaTepiana MOCTa MOryt GHTh
onpeflefleHl H3 CAEAYIOUIET0 IMIHPHYECKOrC COCTHOLIECHHS:

Ocw = 6F, (155)

FIe Ocx — AONYCTHMOE HanpsiKeHHe Ha CXaTHe LeMEeHTHOro KaM-
Ha mocta, MIla; f — uucio, paBHoe kKaTeropuu nopon no GYPHMOC-
T (Hanpumep, s noposg IX kateropuu no GypuMocth f = 9).

[locneanee TpefosauHe elle pas HoJuepKHBaeT HeoGXOAHMOCTH
TIaTesIbHOrO BHOOpA MecTa 3ape3KH JONOJHHTEJIbHONG CTBOJA.

TakuM o6pa3oM, XapakTepHcTHKa 3a60f (HCKyccTBeHHMH, ecTe-
CTBEHHLIA)} H COCTOSHHE CTBOJA CKBAXKHHH onpelendior Bubop pa-
LHOHAJNLHOrO THIA OTKAOHHTeAsl. [IpHMEHHMEI BCe THNH OTKAOHHTE-
Jgefi, ogHako GoJsiee HalexHOE CPEICTBO OTKJIOHEHHA H COXPaHEeHHH
YCThSl JOMOAHHTENLHOrO CTBOJAA — CTALHOHADHBIA KJHH C TIONHHM
nepeKpeitHeM 3a60s.

IlpH meTomuke GypeHHA MHOro3ab0HHBIX CKBaXHH CBepXy BHH3



pPa3BeTBleHHe CKBAXKHHH MOMET OCYLIeCTBAAThCA 6e3 chneuxannyofi
NOCTAHOBKH OTKMOHMTEeNA. [IpH 3TOM HMCMOAB3YIOT Y4acToK cTBona ¢
Goapliol KPHBH3HOH, NOAYHYEHHOH, HallpHMEp, B 30HE OTKAOHeHHs
AONOJHHTENbHOrO cTBONA. (JCHOBHOH CTBOJ NMPOXOAHTCA OO0 pacuer-
HOAl TOUKH 3a/i0)KeHHSI NONOJHHTENLHOIO CTBOJIA H Jajee OTKJIGHHTe-
JAAMH HCKPHBJAETCH N0 HAMEYeHHOH TPAEKTOPHH JCMOJIHHTEABHOTO
creosa. [locsie OKOHYaHHA OypeHHs AONMOJHHTENbHOrO CTBOJA B OC-
HOBHOH CTBOJ CNYCKAIOT KAK MOXHO Goflee MeCTKYW, CUEHTPHPOBAH-
HYI0D KOMIIOHOBKY, C NMOMOILBIC KOTOPO# B 30HE Pe3KOro HCKPHBJEHHA
(30He OTKJIOHEHHA RONOJHHTENLHOTO CTBGJA) OYPAT CKBAXHHH 10
OpAMONHHEAHOH TPAeKTODHH OCHOBHOTC CTBOJA, 4TO H NMPHBOAHT K
3ape3Ke MPOAOJIKEHHA OCHOBHOrO cTBoJa. Takasd onepaudHf GhiBaeT
ycneiwiHod npu GypeHHH B NOpOAax cpeiHel TBeploCTH.

TlpH 30He OTKJIQHeHMS, HaxoAfuledics B TBePAHX MOpoAAX, yc-
HellHOe MPOLOAKEHHe CKBaXMHLI N0 TPAeKTOPHH OCHOBHOTO CTBOJia
6e3 nMpHMeHeHHs OTKJIOHHTeneil MOxeT OHTb ofGecnedyeHo caeayloiled
TexHoNOrHeH. B TOuKe OTKJIOCHEHHA ZONQARHTEALHOTO CTBOJIA YMEHbL-
AT AHAMETP NOPOACPA3PYILAIOILEr0 HHCTPYMEHTa. 3aTeM H3 Nu-
JIOT-CKBaXHHB MEHbLIETO JHAMETPa ¢ MOMOULLI0 OTKJIOHMTENEH COooT-
BETCTBYIOILLETO paisMepa CKBaXXKHY OTKJAQHSIOT 10 TPAEKTOPHH AO-
NOMHETEABHOTO CTROJA.

Takum 06pa3om, AaHHKWA JONMOMSHHTENLHBIA H BCe OCTaJbHHeE 3a-
NPOEKTHPOBAHHBIE AONONHATENbHBIE CTBOAW NPOXOAAT NOPOJAOpa3py-
RIAIWHM HHCTPYMEHTOM MEHBIIECTO AHAMETPA, YEM GCHOBHOR cTaON.
3ape3ka NMpoJOJIKEHHA OCHOBHOTO CTBOJA OCYLIECTBASETCH XKECTKHM
CHapfAJAOM, HMEIOIIHM Pa3MepH, COOTBETCTBYIOILHE AHAMETPY OCHOB-
HOro cTBoJa H ofecreynBapliHe ero UeHTpHpoBauHe. [lpH Heyaau-
HOM BHMOJHEHHH TaKOH ONEpalHu CTBOJ CKBaXHHbl MOXeT ObiThb
nepexphiT B pacyeTHOR TOUKE H OTKJIOHEH ¢ MOMOLIBIC OTKJIOHHTENS.

§ 3. PACYET TPAEKTOPHH JAONMOJIHHTEJIBHOIO CTBOJIA

O6biyHO NpOEeKTHPYETCA BECTH AONMOCJHHTENbHHIE CTBOM B OHOWM
njaockocTH. IIpH 3TOM TpaeKkTOpHIO AONOJHHTENLHOTO CTBOMA Tpen-
CTAaBAAKT B BHAE COYETAHHA NPAMOJMHEHHBIX M KPHBOJHHEHHLIX
orpeakos. [lpoctefiias TpaekTOpHA LOMOJHHTENLHOrO CTBOJA COC-
TOHT H3 JBYX yYacTKOB — KDHBOJHHEAHOro M OTHOCHTEJBHO RPAMO-
auuefitoro. [lepBufi yuacToKk (30HAa OTKJAOHEHHS OT OCHOBHOrO
CTBOJIA) B pacuerax TPACKTOPHH MOXKeT ObTh NPHHAT HMEIOLLHM
MOCTOSAHHYIK) KPHBH3HY, BTOPO# — NPSMOJHHEAHHM HAH KPRBOJAHHEH-
HHM ¢ KDHBH3HOH, onpejensieMoll €CTECTBEHHBIM HCKPUBJIEHHEM CKBA-
WKHHHL.

BapuaHTOBR Takofl TpaeKTOpPHH AJA OJHOH 3ajaHHOR TOUKH BCTpe-
YH C NONE3HBLIM HCKONaeMHM MoXeT OuhTe MHOXecTBo. OTaazum
npeAnouTeHHe TOH TPAEKTOPHH, NpH GypeHHH KOTODOH KPHTEPHEM
ﬂpHEMJIEMOCTH A&HHOro BapHaHTa GyReT MHHHMAJbHaAA CTOHMOCTDH
paboT ¢ y4eTOM CYILECTBYIOUEHX TeXHHYeCKHX BO3MOMHOCTeR.

Onpenenum, noka B OLHOH NJOCKOCTH, TaKoe MpHpalleHHe 06-



Puc. 64. PacueTvHan cxema TPAEKTOPHM
RONOJHHTEALHOTQ CTBOAA

Iero yraa HCKpuBaeHHA §, KoTopoe ofecnieuHBaeT AJAA 3afaHHHX
ycA0BHH MHHHMYM 3aTpaT Ha GypeHHe AaHHOTO AOMNOJAHHTEJNBHOTO
CTBOJMA., 3aTpaTH HA MNpPOXOAKY [OMOJHHTENBHOrO CTBO/JA HaHAem
KaK CYMMY:

S = &,p1 4 Laps, (156)

rae p; — 3aTpaTh Ha [° HCKyCCTBeHHOro HWCKPHBJEHHA Ha npea-
nosaraemofi TAyOHHE OTKJAOHCHHS1 6€3 yuera 3aTtpaT COGCTBEHHO
Ha npouecc Oypenud, py6./rpamyc; ps — CpeLHAA CTOMMOCTB | M
GypeHHsl CKBaXXHHBI Ha COOTBeTCTBYIOILeA rayGune, pyG./m; L;—
AJTHHA JONOJHHTEABHOIO CTBOJA, M.

IMpu pewreHnH 3anaul CuMTaeM, YTO YYACTOK OCHOBHOIO CTBOJIA
B 30HE 3ai0XKeHHH NONOAHHTENLHOrO NPeACTaBAAeT NPAMYIO JAMHHIO,
JEXAULYID B BEPTHKAJbHOH NJOCKOCTH HCKPHBJEHHA HOJ HEKOTOPLIM
CpeHUM 3eHHTHHIM YrioM 8¢ H XapaKrepH3YIOLULYioCS CpelHHM
3HAYEHHEM Aa3HMYTaJbHOTO HANpaBJeHHA <. Kparuaifimee pac-
croAHHe H OT (HKCHPOBAHHOHW TOYKH [OMOJHHTEJABHOrO CTBOJA A0
OCHOBHOTO — BeJIHUHHA 3ajaHHas. PHKCHPOBaHHOH TOYKOH, T.e.
4eTKO OfpeeNsieMOH [eOJOTHYECKHM 3ajJaHHeM, MOXer OLITh TOuKa
BCTPEUH ACOMOJHHTENBHOTO CTBOJA C MIACTOM [0Je3HOO0 HCKOMaeMo-
r0o W/I{, HAaNpHMeD, TOUKa KOHEYHOro movyioKeHus 3abos. g nocnen-
Hero clydast 0603HauHM B COOTBETCTBHH C pHc. 64.

Ly=L, 4 L. (157)
Onpegensiem L, u Lo kak
Ly=0,/K, La2= y2/5inb,,

rae K, — cpefiHAf KPHBH3IHA JOTONHUTENBHOrQ CTBOAX Ha yuacTKe
paboThl OTKAOHHTEJA.



PackpuiBast 3naueHne

Y2 = H——Kl——(l ——cosén),

Hadaem
1
H— — (1—co0s8,)
82 L
L= s T (158)

[Toactasnnas 3Hauvende L, w3 ypasreHusi (158) B dopmyay (156)
M, YUHTBIBafA, 4TO yroJi O, BHpaykeH B PadHaHHOH Mepe, noJydaeMm

s H—?l-—(l-ﬁcosén)]
S = 6,57.3p) + | =+ L] P (159)

Tak kak B ZaHHOM cAy4aé CTOMMOCTb ACMOJHHTEILHOrC CTBOJA
ectb (PYHKUMSt OAHOro NepeMeHHoro 8, npH BCex MNPOYHX MOCTOSH-
HEIX, HaliJleM TaKoe 3HadeHue OOIEro yrjia HCKPHBJICHHS HA ydacTKe
ROTIONHUTENBHOTO CTBOJA 8, MNPH KOTOPOM 06ilias CTOHMOCTb
JOTIOJIHHTEJNLHOrO CTBOAE GyAeT MHUHHMaabHo#. [as storo mpupas-
HAIEM TEPBYIO NPPH3BOAHYIO OT dS mno d, k Hyao:

|
H— cosd
s 1 ( Kn) * 1 . 2 _
=573 m A+ [ g T 6. p=0.
(160)

Ilposenss npeo6pasoBanus ypasHerus (160), umeem
(57,3—%&—}- 1)1 — cos?8,.) — (HK, ~ 1)cosd,, — 1 = 0. (161)

OGo3HauumM 57,3%](,1-{— 1 =4, HK,—1=B8B

L
H nepenHiuieM BnipakeHHe (161) B BHae

Acos?8,, + Beosd,, + 1 — A= 0. (162)
Peuwende ypasHenusa (162) oTHocHTenwHO 8, ., Raer
8., = arccos —BEVBE —4A(1—4) (163)

24 )

Onpenenvp BefHunHy §,., MOKeM Tenepb HafiTH TOUKY 3aloxe-
HHSA HONOAHMTENbHOTO CTBoJsa — TO4KY € (cm. puc. 64), Tak kax
NoJioXKeHHe TouYKH B 3apaHo paHee:

1 .
BC = g-sinb,, + [H — (1 — cosd, )] ctgs, . (164)

lpu onpefeneHHH TOUKH 3a70XKeHHS ROMONHHTENBLHOrO CTBOJA
C Y4YeTOM BO3MOAKHOTO €CTeCTBEHHOrO HCKPHBJIGHHS, HanpHMep, oLe-
HUBAEMOTO CpefiHeH BeAHUuHOW K, NpH TEHIEHUHH CKBaKHHBI K BbI-
NoJa)XXHBAHHIO, CUKTAEM KOHEUHbIM NMpHpalleHHeM O6Ilero yrja Hck-



PHBJEHHA Ha BCeM MNPOTAXKEHHH ACMOJAHHTEJNBHOTO CTBOJA HafjeH-
HYI0 BeJHUHHY 8., Toraa npoekuHsa AOMOJNHHTENBLHOrO CTBOJA HA
ocb 4 (cM. puc. 64) — sapnavnas BeaHuuHa H moxer GHTH npea-
¢Tap/jeHa Kak cymMa:

H= lé (1 — cosbdys) + T‘-(cosﬁnl — ¢088,,) . (165)

Peweune ypaBHenus (165) orwocutenwno 8, mozmonser wafiTu
OGIIHA YyroJ KCKPHBAEHHS HA y4acTKe MCKYCCTBEHHOTO HCKPHBJIEHHA:

K Koo — K g+ K cos8,,
KoK . (166)

8, = arccos

B 3ToM cayuae Touka 3a0ypHBaHHMs NOIOJHHTEALHOrO CTBOJA
nepeMecTHTCA H3 TOukH € B Touky C), moJoMKeHHe KOTOPOH OTHOCH-
TeJIkHO TOUKH B onpefenfercs pelleHHeM paBeHCTBa

BCy = ——sinda + 5 (sindy, — sinda). (167)
Aa <p

EclH H3BECTHO 1OJIOXKEHHE TOYKH 3ape3KH JONOJHHTEIbHOrO
CTBOJIA, TO MOXHO HaWTH 3aTpaTH Ha ero GypeHde mo opmyte
(156) u gaAuHYy yuacTKa 3TOrO LONOJHHTENBHOrC CTBOAA, GYypHMOro
¢ NpHMeHeHHeM TeXHHYeCKHX CPeiCTB HanpaBdeHHoro GypeHHs, H3
BHpaxeHns (158).

Jas saganioli PHKCHPOBAHHOA TOYKH (TOYKHM BCTPeuH C NAACTOM
N0Je3HOTC HCKOHAeMorc) J/JIHHZ AONOJAHUTENLHOro cTBOIA OyAeT
Ha HeKOTOpY®Ww BelHuuHy Lj Oonbuwe, uem pacuerHan no dopmyae
(157), uto TpeGyeT BHeCeHHS COOTBETCTBYIOLUHX YTOUHEHHH INpH
onpejenedud oKX 3atpat no ¢opmyse (156) na Gypenne aonoa-
HHUTEJBHOTO CTBOJA, T. €.

S =80 + (L. + Li)pe.

[Tpy npoekTHpoBaHHM AOTNOAHHTENBHOTO CTBOJA € OTKJIOHEHHEM
OT BePTHKaJ/JbHOH MJIOCKOCTH HCKPHBJEHHA OCHOBHOrO, 3aflaHHHIM Be-
JHUHHOH Op, [AOJKHO ObITh ONpeleJeHO MNPOEKTHOE OTKJICHeHHe
AONMOJHHTENILHOTO CTBOJIa MO a3sHMYTY =+Acq, Pacuer Tpaekrtopuu
LOMOJIHKTENBHOTO CTBOJAZ H B 3TOM CJyuae BejeTcs B ONHOR Mjioc-
KOCTH — IIJIOCKOCTH HCKDUBJIEHHS NONO/IHHTEJBHOIO CTBOAA, UTO MO3-
BOJIfET [PHMEHHTh NMPHBEICHHYIO Bhilie METOJHKY pacdeTa TpPaeKTo-
PHH AONO/HHTEALHOrO CTBONA. 32jaHHOE A3KMYTAAbHOE OTKAOHEHue
Aa, yYHTHBAIOT NIDH pacyeTe yrjla YCTAHQBKH OTKJAQHHTENA B TOYKe
3ape3kH AONOJHHTEJNBHOrO CTBOMAA @, (cM. § 2 ra. VII).

Tax, cuuras, UYTO yCTAHOBJEHHOE NPH pacuyeTe TPAEKTOPHH H0-
NOJHHTENBHOrO CTBOJIA 3HAUeHHe §., €cTh OOLIHA yros HCKpHBJE-
HHA, NPHMEHHM ANA OUpeeseHHA yrja @, cooTHowenue (131):

sinw, == sinAa,; sinf./sind, -

3/ech HeH3BeCTHAA OKAa BeaHuuHa O, A0aKHA GLITh ONpeae/ieHa
no popmyae (136).



B GonbwnHcTBe CayyaeB yron §; , HMeeT OTHOCHTENbHO GoabilyIo
BEJHUYHHY, MO3TOMY OMNpEAESAE€MOe 3HaYeHHe YIJIa ®, MOXeT 6HITD
MafiniM H HeoGXoauMu Gojsee wecrkue TPeGOBAHHA K TOYHOCTH
OPHEHTHPOBAHHA OTKJIOHHTeNER.

fTpumep. TpeGyercs paccHHTATE TPAEKTOPHIO AGMGAHHTEAbNOro crhana. Hmeewm
CIeAYIOUHE HCXOAKKE LAWHEIE:
pPacCTOAHHE OT KOHEYHON TOUYKH IOMOJAHHTEJNBLHOrO CTBOJAA A0 OCHOBHOTO CTBOJIA
H = 60 W; oTknoHeHMe MO 23BMYTY OT OCHOBHOTO CTaona Az = 20°; cpeanas Huren-
CHBHOCTb HCKYCCTRBEHHOTO HCKPHBJEHHA [, oNpelenseMas HaJeXHOCTLIO paboTH Gy-
pHAbHOA KoaowHsl, coctapaser 0,2 rpagyc/m (K = 0,2/57,3 = 3,49-107 wm~!);
AONOAHKTESLERIE 3aTPATH HA OOHE TPazyCc HCKPHBJEHHA JONONHHTEABHOrD CTBOIZ
/1= 26 pyG./rpanyc; OpHEHTHPOBOUHAR CTOMMOCTB | M GypeHHs pp = 11 py6./m.

TtepBoHayanpHo pacuer NapaMeTPOB TPAEKTOPHH JONMVIHHTEALHOIO CTBOAA BeleM
B OHOA IIOCKOCTH — IJIOCKOCTH HCKPHBAEHHS OCHOBHOTO CTBOJS. &

1. Haxonum no ¢opmyne (163) ontumanwHoe 3kadeHue ofllero yria HCKpHBie-
HKA HA WHTepBaNe OTKJAOHEHHA NONONHHTENbHOTO CTBORA:

—B4ABT=2A[I=A)

8, ,= arccos

24 .
A=573 k 1=y 1=3 00 1= a2
P2 P2 11
B=HK —1==60.3,49.10~% — | = — (,7906,
0,7906+4+/0,7906° —4 - 1 4727(1 — 1,4727)

b, , = arccos = 26,45°.

3-14727

2. Onpeaennem no dopmyne (164) KoopiuHATY TOUKM 3a/10KEHHA JONOJAHHTENh-
HOTQ cTsoda (oM. pre. 64):
10°
3,49
3. IInuna GONOJHHTENBHOTO CTBOAA

L= B +']_(1 —--COSﬁﬂ_,)——l-—=

10°

BC = sin26,45° + [ 60 — ﬂi(l — c0526.45°)] ctg26,45° = 187.9 M.

T K 5ind, ,
26,45 , 10° o1
= —0‘5— + —S—’EU - C0826,45 jm == 199,6 M,

a ANHHA HHTEPBAJA OTKIOHEHHA
Li= 8.,/ =2645/0,2 = 132,25 m.

4. Kohk4ecTBo LHKNOB OTHAOHEHHs ONpPeAe/ffeM, HCXOAS H3 CPeAHed CTOMKOCTH
AonoTa s, NPpHHHMaeMOH paBHOM 7 M:

n=L/s=132,25/7 =~ 19 uuknos

[TonyyeHHble pacueTHHE NapameTphl JAONONHHTENbHOTO crBoda (L) = 132,25 M
H 1= 19) c y4eTom TpeGOBaHHA O KEpHOBOM MaTEpHa/Je C HHTepBaja OTKAOKEHHS
ABJIAIOTCA OCHOBAHHEM LA OUEHKH Lenecoo6pa3HOCTH OGYpeHHH JaHHOTC IONOAHH-
TEALHOrO CTBOJAA ¢ 3aJaHHOR BENHYHHOA OrpaHidYerHd no KpasuiHe (K = 349X
X107 M™') n Ans MPHHATHA peIUSHHMA, HALPHMEpP, O MCIOML3OBAHHK APYroR Gy-
PHALHON KOAOHHB, NO3BOJAAIOUIEH YBEJAHYHTh HOMYCTHMYI KpuBH3HY. Tax, ecld npH-
#ATe K = 0,5/57,3 = 8,73-107° m™', To ofm# yroJ HCKpPHBNEHHA NpH BCEX MPOYHX
NOCTOAHHWX napaMerpax GyleT cocTamanTh 31,4°, ANHHA WHTEPBANA HCKPHBACHHS
63 M H YHCAO UMKNOB HCKPHBJEHHA 9, 4TO MOMeET CTarh O0Mge GAArcnpHATHHIM
CYMMapHBNM MOKa3aTeAeM HCKPHBACHHA MPH TPHHATOM HOBOM 3HAYeHHH KPHBH3HBL

3ananHoe OTKIOHEHHE [ONONHHTENLHOTO CTHOAA 110 a3AMYTY Ag = - 20°
TpeGyeT pacueTa yraa YCTAHOBKH OTKIOHHTENA MPH OTGYPHBAHHH OT OCHOBHOTO
CTROAA.



5. Tlo XcopAHHATaM TOYKH 3aJ0MKeEHWsl JZONOJNHHTENBLHOIO CTBOJIZ YCTaHABJH-
BaeM 3HaueHWe 3eHHTHOre yrJiia B Hauajie WHTepBana OTKAoheHHA B,. [lyers 0,=
= |5° Toraa onpejeffeM KOHEYHBH 3eHHTHHA yroa no gopmyae (136)

B, = 15c0520° 4 /26,457 — 15%sin"20° = 40°,
& YroA YCTaHOBKH CTHKAOHWTend no ¢opmyae (133)
w == arcsin(sin20° sin40°/sin26,45°) = 29,6°,

B cBAan ¢ TeM, YTO AJIHHA OAHOrO PEeACA HCKPHMBJEHWH OTPaHHYEHA CTORKOCTHIO
NopoAOPa3pylIalOWEre HHCTPYMEHTA, NDHHATOR papHOR 7 M, TO B Hauajde KaMAoro
nocneayloulero pefica notpeSyeTcA onepauHs OpHeHTHPOBAHKA, KOTOPAA NPH KocBeH-
HOM METOJe ODPHEHTHPORAHHA OCYILECTBJAAETCS OTHOCHTENLHO HadaslbHOR BeprHKanb-
HOH nuiockocTH uckpHBaenus. [osTomy nepen HauadaoM Kawzaoro nocaexywoulero ped-
ca cefyeT YCTaHOBHTL YIJIOBbIE MAPAMETPH JOMOJIHHTEILHOIO CTBOJA, COOTBETCTBY-
OlHE OKOHUAHHIO Npeamnyuero pefica. Hanpumep, mycTh K ZecAToMy peilcy oTkaoHe-
HHA NOJYYeHH 3HAYEHHH: CKBAMXKHHA OTKNOHEHa HAa a3WMyTy Ha 9° T.e. As= 20 —
— 9= 1[1°; ofuiee yrioBoe OTKACHEHHe cocTasHao 15°, T, €. HaMeuaercs elie OTKJAO-
Henne Ha 11,5°; aHaueHHe 3eHHTHore yraa 8, = 28°, Ttoraa no (133), npuukmas
0, = 40°, nmMeem

wig = arcsin sinli® sin40°/sin11,5° == 38°.

§ 4. OBOCHOBAHHE CXEMbI MHOFOCTBOJILHOH CKBAXHHbDI

[IpausiTHe pelieHHs 0 6YPEHHH MHOFOCTBOJIBHOH CKBaXKHHBI, YTBEPIK-
IeHHe ee KOHCTPYKUHH H TPAaeKTOpPHH JOJXKHO 6a3MpoBaThCA Ha CO-
NOCTaBJACHHH BO3MOXHHX BaDHAHTOB Pa3BellKH CKBAXKHHAMH JaHHMO-
ro yyacTKa mecTopoxkiaeHHA. Tax, no paccMOTpeHHORA BHILE METOAH-
Ke pacueTa TPaeKTOPHH ACTNOJHHTEJBHOTO CTBOAA MOXKHO ONpeNeTHTh
reoMeTpHYECKHE HapaMeTphl BCEX HAMEYEHHBIX JONOJHHTENbHBIX
CTBOJIOB, UTO [103BOJIHT COCTABHTb KOHCTPYKLHIO H TPaeKTODHIO KOH-
KPeTHOA MHOTOCTBONILHOH CKBAMHHH C (DMKCHDPOBAHHHM RO KAaKHM-
JHGO KPHTEPHAM NOJOMKEHHEM QCHOBHOrO CTBOJA.

[lpu peanbHBIX TEOJOTHUECKHX H TEXHHYECKHX BO3MOMKHOCTHAX
BapbHPOBAHHA MECTONOJOMEHHA OCHOBHOTO CTBOJA CIEAYET C LENbIo
ONpefeNeHHsl palLHOHAJAbHRX TEeOMETPHUECKHX MapaMeTpPoB MHOro-
CTBOJIbHOR CKBAXHHB pewiaTb Gojee CAOXKHYI0 ONTHMH3ALHOHHYIO
3alavyy MO YCTAHOBJEHHIO MECTONOJOMXEHHS H ONTHMAJIbHHX TPaekK-
TOpPH# OCHOBHOrC H LONCJHHTEJILHOTO CTBOMOB. B aToM cayuae B Ka-
YeCTBe KPHTepHs ONTHMH3aLHH MOXeT ObLIThb NPHHAT HE MHHHMYM
3aTpar Ha GypeHHE KaXKACrO AOMOJHHTEALHOTO CTBOJA, 4 MHHHMaJb-
Hafd CTOHMOCTh OypeHHA BCeH MHOTOCTBOJLHOR CKBAaMKHHLI C MHOTO-
BApHAHTHHIM pAacHOJIOXKEeHHeM CTBOJOB HJH BapHaHTa pa3BelkH
C NaHHOH MHOTOCTBOJbHON CKBa*KHHOMH.

[Tocsie onpejiesieHHsl ONTHMAJbHEX TeOMeTPHYECKHX MapaMeTpoB
MHOTOCTBOJIBHOH CKBAaXHHB {[OJIOXKEHHE OCHOBHOMO CTBOJIA, TOUKH
3ape3KH JOMOJHHMTEJALHHX CTBOJOB H HX TPAEKTOPHA) H 3aTpaT Ha
Gypedne Bceli CKBaXXHHH C/eAyeT CONCCTABHTHL BAPHAHTH pasBejKH
IAHHOTO ydacTxa MecTOPOXJeHHs. BO3MOXHN cienyoiine KPHTepHR
OLEHKM BapHAHTOB:

a) cHHeHHe o0UIHX 3aTpaT Ha BLIMOJHEHHE AAHHOrO reoJiorHue-
CKOTO 3afaHHSl C YYETOM BCeX CONYTCTBYWOIUHX 6ypenHio paboT: MOH-



T@XHO-HEMOHTAXKHEIX, 3EMASIHLIX, JOPOMHHX, RO 3HEProcHaAbKEHHIO
H Ip.;

6) cokpallleHHe CPOKOB BRINOJHEHHS TeoJOrHYECKOro 3agaHHsd;

B) nojyuyeHHe MaKCHMA/bHOH 3KOHOMHH B €JHHHIY BPEeMeHH.

HauGonee paspaGoraHa oleHKA BAPHAHTOB BHIMOJHEHHA KOHK-
PETHOTO TreoJIOrHYeCKoro 3aJaHHs N0 NOKa3aTello 3KOHOMHYECKOTO
3¢exra, xapakrepH3yIOIEro 3KOHOMHIO NO CeSECTOHMOCTH H KamH-
TaJbHBIM BJIOKEHHAM IDH COMNOCTABJIEHHH ABYX BADHAKTOB. JKOHO-
MHYeckHit sddexrT ABYX conocTapndeMbniX BapHAHTOB BBITCAHEHHS
reo/lorH4ecKOoro 3ajauua Jra (py6.), Hanpumep, pa3Be]KH y4acTKa
MECTOpOKIEHHA 7 ORHOCTBOJLHHMH CKBa)XHHaMM (0a3oBnii Ba-
pHAHT) K pasBeakHd 3TOrO e YYacTKa MHOTOCTBQJIbHON CKBajKMHOH
¢ n— 1 AononHHTeNbHBIMM CTBOJaMH (HOBHI BapuaHT), onpeje-
JAETCA CAeAYIOLHM Bhpa’keHHeM:

Ira=(Cs+ EKs) — (Cu + EK,),

rae Cs, C, — CMETHAa® CTOHMOCTb NJIaHHpyeMoro o6beMa paboT cooT-
BETCTBEHHO N0 6a30BOoMY H HOBOMY BapunauTam, py6.; E — Hopma-
THBHBIH Ko3p(uuueHT 3G(DEeKTUBHOCTH KaOHTANABHHX BJOKEHHI;
Ks K.— naanupyemniii 06b€M KanHTafbHBIX BJIOXKEHHH COOTBeT-
CTBenHO 6a30BOr0 M HOBOTO BADMAHTA,

CTPYKTYypHBIE CXeMB 3KOHOMHYECKHX PpacuyeToB CpPaBHHBAeMBbIX
BAPUAHTOB PA3BelKH OJHOCTBOABHLIMH H MHOTOCTBOJBHRIMH CKBAXH-
HaMH ¢ y4eTOM BHINOJHEHHA pacdyeToB Ha IBM aeranwko paspabo-
Tanu [6, 8], uyro nosBoaserT 3PPeKTHBHO aHAJNH3HPOBATH MHOTO-
BapHaHTHHIE CXeMbl HanpabaeHHoro Oypernus Ha JaHHOW CTajiun pas-
BEJKH MecTOpOmAeHHA. TO/ILKO BapHaHTHOe COMOCTABJIEHHE MOXeET
GLITb OCHOBAHHEM [JISl NPHHATHA TOH WIH HHOH CXeMBl MHOTOCTBOJb-
HOA CKBAXXHWHH, TOTO WJIH HHOTO BapHaHTa GypoBeIX pabor.

CepHitHafl, TEeXHOAQTHUECKK OTpaGoTaHHAS H HalEeXKHAA B 3KC-
AJayaTalHH TEXHHK2 HanpabBJeHHOFro GypenHs nospoaser sddexkTueHo
MPHEMEeHATh MHOCOCTBOMbHOe OYpPeHHE KaK PeaslbHOE CPeACTBO MOBLI-
WEeHHH AOCTOBEPHOCTH EO/OTHYECKHX JaMHbtX GypoBnix paboT H,
rl1apHOe, CHHMEHHe MX CTOMMOCTH NMPH COKpalleHHH CPOKOB BBINOJ-
HeHHsl TeoJIOTHYECKON 3aJlauH.

Kourporsuste sonpocet & eaase VI

1. 3agmayn, pewlaeMbie GYpPeHHEM MHOTOCTBOBHBIX CKBaXHH. Cxemh MHOMO-
CTBOABHBNX CKBaMHH.

2. Metonuka GypeHHs MHOTOCTBONLHHX CKBaXHH CBEPXY BHH3 H CHH3Y BBepx.

3. TexuHueckHe cpefcTBA HANPABJICHHOrO GYpeHHA, MCTIONL3YEMHIE OPH pasfHy-
HHX MeTOAMXax OYpeHHS NONOJHHTENLHHX CTSOM0B.

4. TexHHueckHe CPeACTBa H TEXHOJOrHS CO3ZAWHS HCKYCCTBEHHHIX 3aboes.

5. Pacuer TpaexTopHW [JOMOJHHTENLHOIO CTBOAA. 'TeOMeTpPHUYECKHe NapaMerpul
Tpaekropud, ONTHMH3ALHOHHAS 337343 pACYETA NAPaMeTPOB TPAEKTODHH JONOJHH-
TeBHOI'O CTBOJA.

6. Kak segercAa pacueT napaMeTpos JHOTOJIHHTENLHOrG CTBGAA ¢ YY4ETOM 3AL&H-
HOTO A3HMYTAJBHOrO OTKAOHEHHHA?

7. O6umue NPHHUMNB 0GOCHOBAHMA cXeMbl MHOFGCTBOJBHON CKBAMHHB.



Fnasa IX. OTBOP OPHEHTHPOBAHHOIO KEPHA

KepHoBui#t MaTepHan no oaHOR HJIH NO HECKONIbKHM GypOBHM CKBa-
KHHAM BO MHOTHX CJYUasfiX He MOMeT JaTh OJAHO3HAYHHH OTBET O
MOPPONIOTHH MECTOPOXJEHHA, 4YTO BJHAeT Ha 3 eKTHBHOCTL Beje-
HHA pasBefouHux paGor. IlosToMy, KpoMe 3HAHHA TOMHOrO HpO-
CTPaHCTBEHHOTO MOJOXKEHHS Pa3BeJOYHHX CKBAXHH, HHOrAa Heo6Xo-
AHMO NOMyueHHe KepHOBOI'0 MarepHada c HHPOpMalUHeH O ero HCXOo[ -
HOM [POCTPAHCTBEHHOM NGIQMEHHH B ropuoM MaccuBe. [laa storo,
HANpHMEDP, MOXHQO Ha DPa3/HYHHX cTagHAX (GOPMHpPOBaHHA KepHa
HAHECTH Ha Hero CHElNHajbHHe OTMETKH, KOTODHE MOC/e MOXHATHA
KepHa Ha MNOBEPXHOCTb MO3IBOJHAIOT YCTAHOBHTE €ro B TaKOM INpo-
CTPAaHCTBEHHOM NOJOXEHHH, KaKoe OH 3aHHMaJ A0 OTHEJEeHHS OT
MaccHBa ropHoH nopoibl. Tako# kepH HasHBAeTCH OPHEHTHPOBAH-
HHM. YcTpoficTBa, NPHMENAeMble AAS OPHEHTAUHH HJAH (POPMHpPOBa-
HHA OpHEHTHPOBAHHOIQ KepHAa, MOJYUYH/NH Ha3BaHHe KEPHOCKOMOB.

PaccmoTpenHe TeXHHKH NOJYYeHHs OPHEHTHDPOBAHHOTO KepHa B
paaaene Kypca «HanpasneHroe GypeHHe CKBaXKHH» CBA3aHO C TeM,
YTO MeTOARl OpHEHTalHH KepHOBOIQ MaTepHafa, Onpeje/ieHHE ero
NPOCTPAHCTBEHHOTO NOJOMeHHA GAH3KH K Y€ pPacCMOTPeHHBIM BHI-
e MeTOAaM HHKJIHHOMETDHH H ODHEHTAUMH OTKJIOHHTeNEH, MeTo-
JHKe ONpefefeHHsi MPOCTPAHCTBEHHOTO NOJIOMEHHS CKBAXHH.

PaaiuualoT MexaHH4YeckHe H TreodH3HuecKHe CNOCOOn OpHEHTa-
UHH KepHa. MexaHHuyerKkHe CrmocoSH CBf3aHBl C HAHECEHHEM CIe-
UHANbLHBIX METOK Ha KepHe, elle He OTJAGJeHHOM OT MOPOAH 3aGos.
DTi MEeTKH K KepHOBHE Matepual & NOCACAYICUIEM HA NOBEPXHOCTH
MOryr GHTb ODHEHTHPOBAHM OTHOCHTEILHO CTPAaH CBETA.

leodusuueckHe crnoco6H He CBA3aHbL ¢ MeXaHHYecKHM BoO3dedl-
CTBHEM Ha KepH, a FIaBHHIM 06pa3oM OCHOBAHH Ha BBLISIBJEHHBIX
reoH3IHYECKHX XapaKTEPHCTHKAX AAHHOTC FOPHOIO MaccHBA, HalpH-
Mep, Ha MACHATHOHR MOJAPHOCTH KOHKpeTHOR roprod nmopopan. B Ha-
CcTosllee BPeMsl NPAKTHYECKOE MPHMEHEHHE HAINIH JIHIUL MeXaHH4Ye-
CKHe CMoCOGH OPHEHTALUHH KepHa.

Bo Beex cayvasix NMPpH HONMyYeHHH OPHEHTHPOBAHHOTO KepHa Heob-
XOZHMO 3HaHHE NMPOCTPAHCTBEHHOTO NOJOMKEHHS CKBAXKHHB B 1aHHOH
ToYyKe. B HAKAOHHHX CKBaXKMMaX, €CJIH H3BECTHO IOJOMKEHHe BepTH-
KaJbHOH NMAOCKOCTH HCKPHBJICHHA B TOUKe AQJYYEHHS OPHeHTHPOBAH-
HOTO KepHa, NPOoUecCc OPHEHTAUHH KEePHa YNpPOLLaeTCH.

PaccMOTpHM  cXeMY noayuyeHHs OpHeHTHPOBAHHONO KepHa
{puc. 65), xoraa HaHeceHHe Ha KePH XapakTepHHX OTMercK J mpo-
HCX0AHT L0 Hauasna ¢opMHpoBaHHA kepHa. Ha 3zaunmennwii 3abofi
CKBAaXXHHH CNYCKAaIOT CHapsj - KEPHOCKON, B KOTOpPOM C¢BOGOAHO
NOAREHICHA HA ONOpAX pPaMKa [, UMEIlad HKCUEHTPUCUTET OTHOCH-
TeJIbHO OCH BpalleHHA. B HAKNOHHOA CKBaXHHE UEHTP TAXKeCTH paM-
KH H OCh BpalleHHA, YCJ/OBHO COBMAjalOllaf C OCbi0 CKBaMMHH,
pa3MecTATCA B BeDPTHKAJAbHOH NJOCKOCTH HCKPHBAEGHHS, TOAOMKEHHE
KOTOpO#H B MPOCTPAaHCTBE ONPeleNieHO paHee.
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Puc. 65. Cxema opuentHpoBa-

HHA KEpHA
Puc. 66. Keprocwon tuna KO



[TonoMxeHHe BePTHKANbLHOR MIAOCKOCTR MCKPHBJIEHHA HeobXolkmo
3a)HKCHPOBATH Ha NOBEPXHOCTH 3200, T. e. Ha HOPMAJBHOM MJoc-
KOCTH OTHOCHTENbHO OCH CKBaXHHH. PHkcauus Moxer GuTb ocCy-
HIeCTBJeHa HaHeceHHeM Ha 3a60H OLHOR HJIH ABYX XapaKTepHbIX
MeToK. [lJisi 3TOro NpH YCTAHOBHBILEMCH MOMAOXEHHH DaMKH, METKH
Ha 3a60e B BePTHKAJbHOH MAGCKOCTH KCKPHBJEHHA HAHOCAT cCBepJe-
HHEM JYHOK WM HeCMBLIBaeMOH KpackoH. MexaHHuecKue CBepJa HJH
KpacCKa NMOMeuleHnl B KOHTefHepe 2.

flocne Ttako#i opHeHTaUWH Kak Obl NpeAKepHOBOro MaTepHala
nocJjelyioluM peiicoM ocyulecTsiAercss CoGcTBeHHO OypeHHe K Noj-
HATHE e OPHeHTHDOBAHHOTO KepHa Ha NOBepXHOCTh.

AnajoruyHue offepaluH, HO ¢ ¢HKcaudeil cpepeHHs], BHOOAHAE-
MOro Ha 3afoe B MPOH3BOALHOM MecTe nocpencTsoM Goslee CAOXKHOH
CBA3H C TOH e BEPTHKAJbLHOH NJOCKOCTBIO HCKPHBJIEHHS, Xapakrep-
HBl Aa51 oTGypouHoro KepHockona tuna KO (pu¢. 66).

BypunbHaa kojdoHHa ] cBasaHa ¢ oTOGypHBAOLIMM CHapAIOM 7.
CHAGXKeHHBIM KOpPOHKo# 9 | wapHHpoM 6. Kpome Toro, AMA 3a4HCTKH
3a6osa GypHAbHAS KOJIORHA coelldHeHa WTHGTOM J ¢ nepexoiHHKoM 2
Kopnyca cHapana 5. [locneaHui ocHallleH clelHaJbHEM NOPOAOpa3-
PYIIAIOWUM HHCTPYMEHTOM /{}, HMEIOLIHM H3MepHTeJNbHHHA KHIKOCT-
HBIH MaTpoH & W IKCUSHTPHUHO pacnofioXeHH0e OTBEPCTHE, B KOTapoe
BXOAHT OTGYpouHbI chapas. KpyTAawui MOMeHT oT 6YDHJABHOH Tpy-
6b NepefaeTcA Ha KOpAyc cHapsja KyJaukoBod Mydroi 4.

B nocaennmx Moaudukauuax cuapana tuna KO cessn 6ypunsHoR
KOJIOHHBI € KOPNycoM OCYUIECTBAAIeTCA He Cpe3aeMHM WTHHTOM
K KyJauykoBo#H My(dTofl, a Jerko pasBHHYHBRaeMHM COefHHEHHEM, Ko-
TOpOe pasbelHHACTCA JIEBHM TMOBOPOTOM KOJOHHH. KepHockon cmyc-
KaioT Ha 3260 # NpH MaJoH oceBoil Harpyske (a0 6 kH) 3aunmaior
3a60H OT OcTaTKOB KepHua. [lanee, moBbllueHHeM OCeBOH HATPY3KH
cpeaaloT WTHGT ¥ OTOYPHBAIOT MeTKH Tay6uuoil 50 u 150 MM npu
AHaMeTpe cHapAna b7 u 73 MM cooTBercrBenHo. TIpH 3ToM ocepas
narpyska coctaBaser | # 4 kH nps uvactore Bpawenua 120—
150 06/mMuH cooTBetcTBeHHO AnA cHapsiace KO-57 u KO-73.

Ilocne orbypHBaHHs MeTKH CHApAL OCTABJASIOT B NMoKoe Ha 20—
30 MHH 0Jf BONYYEHHS OTHEYAaTKAa Ha MEJHOM CTEPXKHE H3IMEPHTENb-
HOTO HATPOHA, KOTOpHH norpyxen B 6 9 -Hpifl pacTBOp MeNHOrO Ky-
nopoca. Ha MeaHOM cTepxHe HMeeTCA OTMeTKa, KOTOpas JekKHT
B HOPMAaNbHOH OTHOCHTENBHO OCH CKBaXKHHHI IJIOCKOCTH Ha OJHOH
JIHHHH C HEHTPOM OTGYPOUHOrO OTBEPCTHA. BepThKaabHasA MIOCKOCTD
HMCKDHB/IEHKS B AAHHOM CAydyae TPOXOAHT yepe3 MHHHMANBHYIO H
MAKCHMAJbHYIO BHCOTH QTHEYAaTKa MEHHCKA, MOJyYaeMOro Ha CTep-
He, H duxcupyercda. Ilpn nocieaywoumeM (3a noIbeMOM KepHOCKONa)
peiice GypAT KepH, HeCYLHH OTMeTKY, ¢ IOMOUIBIO KOTOPOH MOMHO
Ha TOBEPXHOCTH YCTAHOBHTL KepH B MepROHavalbHOE NOJOXKeHHe,
3aHHMaBIIeeCs HM B MaCCHBE rOpPHOHR MOPOALL

Cxema cBA3eH NpH OPHEHTHPOBAHHH KepHa TNpHBejeHa Ha pHc. 67,
H3BecTHHA a3MMYT CKBaXKHHH Gicxs, & TAKXKE H3BECTHHIH H OMNpefe-
JAeMHH MO OTNEeYaTKy YPOBHA MKHAKOCTH Ha npHOope 3eHHTHLIH
yroa 0 no3soasi0T ycTaHOBHTL H H3MEDHTL Yrodl OPHEeHTalHH Kep-



Puc. 67. Cxema ceA3M H3Me-
puTeashore natpona (/)
MeTKH Ha xepue (2) 8 Kepuo-
ckone THna KO aas opmenta-
UHH KepHa

HA ®, — Yroa MeXy HOPMAaJbl0 K OCH CKBaJKHHHL, Jexalied B pep-
THKAJBHOH ILTOCKOCTH HCKPHBJIEHHS, H HanmpapBJjeHHeM OT OCH CKBa-
HHHB Ha OTMETKY Ha KepHe, NMPOXOAALLSM yepe3d LEeHTP OTBEPCTHS
ana oTbypuBaloulero cHapsaa. TakuM ©oGpa3oM, yrol OpPHEHTALHH
KEPHA JIEKHT B HOPMajibHOH OTHOCHTENILHO OCH CKBAaXKHHBI MJOC-
KOCTH.

[Ipn OpueHTaUMH KepHA ero YCTAHABJIHBAKT B MNPOCTPAHCTBE MO[
yriaoM 0 K BepTHKaAM (K OCH Z NPAMOYTOAbHOM CHCTEMB KOODAHHAT)
H BPailal0T OTHOCHTEJNLHO OCH S [0 COBMelleHHS OTMEYEHHOI'D Ha-
npaBJeHHA HA Touky (), ONPENENIAEMOr0 YriaoM , ¢ BePTHKAJbHOH
AAOCKOCTLI) MCKPHBJIEHHS, MOJOKeHHe KOTOpPOH H3BECTHO H 3aJaHo
YIVIAMH Oy M 0.

OpHeRTHPYIOLLYI0 METKY HAHOCAT HAa KepH HeMoCPeACTBEHHO IPH
6ypeHHH B mpoilecce (opMHpOBaHHA KepHa, Tak, B MHpOBOH npak-
THKe GYypeHHSI KOMILIEKT CHAPALOB CO CheMHLIMH KepHONPHEMHHKAMH
COZIEPKHT CllellHa/bHEH KePHONPHEMHHK, OCHAIEHHbIH KEPHOCKOMOM.
Kepraockon cuapapa CCK BkmiouaeT KouTeliHep ¢ H3Mepsioweld
OHKCHpYIOUIER a3uMyTaldbHLIE H 3€HHTHHE YIAW B TOYKe oT6opa
OpHEHTHPOBAHHOIO KepHa anmapaTypoli (KoMnac, ypoBeHb, oToan-
napat, npeactaBisiolive coboH (OTOMHKIMHOMETD), NOMEeaeMbli
B HEMarHHTHO# TpyGe Haj KepHONpHeMHoH TpyGo#, H OTMETYHK —
anMasHuifl pesel, 3aKpenieHHuH B HeBPaLIAIOIIEMCH KOPHYCe KepPHO-
npueMHOR TpyGel Haj KepHopBaTesdeM. [lonoikeHue oTMeTYHKa (OT-
meTrka (J) BHHECEHO HA YPOBeHb (POTOMHKJIHHOMETpA.

B npouecce 6ypeHHA NMpH NMOCTYN/IEHHH KepHA B KEPHOIPHEMHYIO
TpyGy OTMETYHK HAHOCHT Ha HeM pPHcKY. JlaHHHe perucrpalidn pHC-
KH OTHOCHTEAbHCG BEePTHKANLHOH NJAOCKOCTH HCKDHBJAEHHA, a3HMY-
TAJbHOMO W 3@HHTHOTO YIJIOB [IOCTaTOMHW AJf OPHEHTALHH KepHa
Ha MOBEPXHOCTH.

OpHeHTauKMA KepHA OCYLIECTBJASTCH Ha YrJOMepHHIX NpHGopax—
KePHOMETpaX, KOTOpHie MNO3BOJIAKT OJHOBPEMEHHO CHATb 3aMephl



YIACB, ONpelesAOLHX MOJOXKEHHe CTPYKTYDHBIX H TEKCTYPHHX 3/e-
MEHTOB.

B npaxruke 6ypeHHA NpuMeHsoT H 6ecnipubopHiue cnocobu noay-
YeHHS1 OPHeHTHPOBAHHOIO KepHA, HMelollHe ONpeje/eHHYI0 CTeNneHkh
AocToBepHocTH. HanpuMep, B HaKJICHHHIX CKBAXKHHAX TPH YBepeH-
HOCTH, 4TO CTONOHK KepHA cBs3ad ¢ 3aboeM, GypoBoH cHapsAnx npH-
NOAHHMAIOT ¢ 326051 H OCYLIECTBJSIOT XOJOCTOe BpallleHHe KOJOHHH
GypHABHHX TpyG Ha caMbiX HH3KHX yacTorax. Ilpeamonaraercs, 4Tc
non AelicTBHEM CHAH THAMXKECTH NOPOAOPa3pyIAOWHA HHCTPYMEHT
HaHeceT PHCKH Ha KepHe, NeKalllHe B BEPTHKaNbHON NMAOCKOCTH HCK-
PHBJIEHHA. DTH PHCKH ABJAIOTCH OCHOBAHHEM JJISl ODHEHTAUMH KEPHa
OTHOCHTE/IbHO H3BECTHOTO NOJIOJKEHHA BePTHKAJbHOH MJIOCKOCTH HCK-
PHBJICHHSA.

Has G6oaee 1erafibHOTO O3HAKOMJEHHA C TEXHUKOHW H TEXHOJOIH-
eil or6opa OpPHEHTHPOBAHHOro KepHa (KepHOMeTpHeH) cieayeT o6pa-
THTBCA K CMEeLHaJbHOA AHTepatype [7].

Konrpoasuoie sonpocer x 2aase IX

. CopMyHpyATE TIOHATHE «OPHEHTHPOBAHHBIA KepH»

. 3anaud, pemiaemMbie oOTGOPOM OPHEHTHPOBAHHOTO KepHa.

. MeToHKa OPHEHTHPOBAHUA KEPHOBOLO MaTepuasa.

. Texunueckué cpefAcTBa OT60pE OPHEHTHPOBAHHOrO KepHa.
. Pacuerian cxeMa OPHEHTalKH KepHa.

[Sa N
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