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JlabopaTtopHnasi padora Nel. Padora ¢ kapToi

Heab u 3axaun padoThI

- U3YYUTh YCJIOBHBIE 3HAKH, O3HAKOMHUTHLCSA C 0hopMIICHUEM Tororpaduye-
CKMX MaTepHaJIOB, HAYYUTHCS YMUTATh KapTy U IUIaH;

- U3YYHUTh OCHOBHBIE XapaKTEPUCTHUKHU TOTIOTpaUUIECKUX KapT;

- U3Y4YUTh MaciITad u GOpMBI €ro BEIPAKCHUS, HAYUUTHCS U3MEPSTh JITTHHBI
OTPE3KOB Ha KapTax W IUIaHax;

- TIOJIYYHTh MPAKTHUECKUE HABBIKM B PEIICHHUH 33/1a4 TI0 TOTIOTPapUICCKUM
KapTam,

- U3y4YCHUE YCTPOWCTBA IUIAHUMETpPA U ONPEACIICHUE IUIOMIAAeH y4acTKOB
MECTHOCTH MEXaHUYECKUM CIIOCOOOM.

O0beKTBI HccIeI0BaAHUS, 000PYI0BAHNE, MATEPHAJIbI M HATJISIAHbIE TOCOOHS:
ONlaHK-3a7]aHUe, KapaHjaail, yuyeOHas KapTa, JMHEeHKa ¢ MUJUIMMETPOBBIMU Jelie-
HUSMH, TUPKYIb-U3MEPUTENb, MacIITaOHas JMHEWKa, TPAHCIOPTUP, TIIIAaHUMETD,
VYcnoBHbIe 3HAKW I Tomorpaduyeckux ImiaHoB wmacmrtabos 1:5000, 1:2000,
1:1000, 1:500.

OO0wmue mMoJI0KEeHUs

Tonorpadguueckue marepuanbl — KapTbl M IJIAHBI MPEACTABISIOT COOOM
YMEHBIIEHHOE M300pakKeHUE CUTyalluu U penbeda MECTHOCTH, TPOPHIIb - YMEHb-
HIEHHOE M300pakeHHE BEPTUKAIBHOIO pa3pe3a MeCTHOCTH. CTpouTenbHasi TEXHU-
YyecKkas IOKyMEHTalus, HallpuMep CTPOUTENbHBIE MJIAHbl U Pa3pe3bl, TAKKe SBIIS-
I0TCSI YMEHBIIEHHBIMH HW300PAKEHUSIMU TTPOCKTUPYEMBIX 3/IaHUW, COOPYNKEHUU
WM UX KOHCTPYKTHUBHBIX 3JIEMEHTOB. Tomorpaduyeckue Marepuanbl U CTPOH-
TeJIbHAsl JOKYMEHTALMS SBIISIIOTCS PA3HOBUIHOCTSIMH TEXHUYECKOTO PHCYHKAa —
yepTexa.

ConepxaHue KapT U IUIAHOB MpeACTaBisieT coOoi rpaduyeckue CUMBOIBI —
YCJIOBHBIE 3HAKH, BHEIIHE HATOMUHAIOIIKE (JOPMY COOTBETCTBYIOILIETO 3JIEMEHTA CH-
Tyauuu. HarisiTHOCTh yCIIOBHBIX 3HAKOB PAacCKPBIBAET XapakTep, CMBICIOBOE COAEP-
KaHUWEe M300pakaeMbIX MPEAMETOB, JAeT BO3MOXKHOCTh UYUTATh TOMNOrpauuecKkue
MaTepualibl. UuTaTh KapTy, IU1aH — 3HAYUT YMETh OIUCATh €r0 CBOMMHU CIIOBAMHU.

BuyTtpennee odopmiieHue aucTa Tonorpaguyeckoil KapThl U MiiaHa JIIo0o0ro
MacmTaba 3aBepIIAeTCsl BHEIIHUM, 3dpaMOYHbIM. DJIEMEHTaMH 3apaMOYHOIO
oopMIIEHUS SABISIOTCS MOSICHUTEIbHBIE HAANUCH, IUPPOBON U rpaduuecKuil Ma-
TepHuaJl, YKa3bIBaIOIUH, B YACTHOCTH, KAKOMY YYacCTKy 3€MHOW MOBEPXHOCTH CO-
OTBETCTBYET JJAHHBII JIUCT.

Obwue xapakmepucmuKky Kapmul

[Ipu pabote ¢ TomorpaduyuecKkuMHu KapTaMu BHa4dajie HEOOXOIUMO TO3Ha-
KOMUTBCS C €€ TEXHUYECKUMU XapaKTEPUCTUKAMU, K KOTOPBIM OTHOCATCS:

- HOMEHKJIaTypa KapThl;

- MaciuTad (YUCICHHBIM U MMEHOBAHHBIH, JIMHEHHBIN),

- TOYHOCTH MacITada;

- reorpauueckre rpaHullbl TUCTa KapThl;



- HOMEp KOOPAMHATHOM 30HBI;

- UHTEPBAJl CETKU MPSIMOYTOJIbHBIX KOOPAUHAT;

- BBICOTA CEUCHUS penbeda;

- CpeHUE 3HAYEHUSI MArHUTHOTO CKJIOHEHUS U COMM>KEHHS] MEPUJIMAaHOB.

Homenxnamypa xapmor  0OBIYHO TOJIUCHIBACTCS HAJ CEBEPHOM paMKOU
KapThl C yKa3aHUEM HamOoJiee KpyIHOTO HaceJIeHHOro myHkra. Homenkiarypa co-
CEJIHUX JIMCTOB MOJAMMCHIBAECTCS TIOCEpEHE BHEITHEN pamku kapTol. Hampuwmep,
HOMEHKJIaTypa KapTel — Y-34-37-B-B (CHOB), 17151 3TOM yueOHOU kapThl CHOB 5B-
JSIETCS KPYIMTHEHTIIM HACEJICHHBIM ITyHKTOM.

Homenknatypy KapThl MOYKHO OMPEACIHUTh MO reorpaduuecKuM KOOpAHHA-
TaM OJTHOTO U3 YTJIOB KapThl.

["opuzoHTaIBHBIC MPOEKIIMA KOHTYPOB MECTHOCTH HE MOT'YT OBITh IIPEICTAB-
JeHBl Ha TUTAHE B HATYpaJbHYIO BeIWuuHy. [[03TOMY IUTaH JaeT yMEHBIICHHOE
U300pKEHNE TOPU3OHTAIBHBIX NPOEKIMH KOHTYpPOB MeCTHOCTH. OTHOIIECHUE
JUTMHBI OTpE3Ka Ha IUTaHE K TOPU30HTAIBHOW MPOEKIIMU COOTBETCTBYIOIIETO OT-
pe3Ka Ha MECTHOCTH Ha3bIBACTCS Macuimabom TIIaHa.

Ecmu S, — qnuna nuHuum Ha Kapte (IU1aHe), S, — JJIMHA TOPU30HTAIBHOTO
MIPOJIOKEHUSI TOM )K€ TMHUU HA MECTHOCTH, TO MacITal rsiaHa OyJeT paBeH
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rae N — 3HameHaTenb Maciiraa.

Maciurabbl, BbIpaXX€HHbIE B BHJI€ IPOCTHIX APOOEH U (C YMCIUTENEM, PaB-
HBIM €UHUIIEH) HA3BIBAIOTCA YUCAEHHbIMU Macuimabamu. 3HaMEHaTeI MacliTa-
OOB SIBIISIFOTCS MTOUTH BCETA, KPYIJIBIMHU YUCIIaMU, T.€. TAKUMU, HAIPUMEP, KaK
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Taxk, uncnennpiii mactad 1:10 000 o3HavaeT, 4YTO OTPE3Ky HA KapTe JJIMH-
HOl 1 cM Ha MECTHOCTM COOTBETCTBYET JJIMHA FOPU3OHTAJIBHOTO MPOJIOKEHUS B
JecsATh ThICSY pa3 Oonpuias, T.e. 100 M. OTpe3ky anuHHOM B 1 ¢M Ha muiaHe Mac-
mTaba 1:500 B HaType COOTBETCTBYET FOPU30OHTANIbHAS JIUHUS JIJIUHHOU 5 M. Uem
OoJbIIIe 3HAMEHATENb YUCIEHHOrO0 MaciTada, TeM OoJIbllle CTENEHb YMEHbILIEHUS,
T.€. TeM MeHblIe MaciiTad. M3 1ByX YMCIEHHBIX MACIITa0OB OoJjiee KPYNMHBIN TOT,
y KOTOPOT'O 3HaMEHATEIb MEHBIIIE.

3Hasa 3HaMmeHarenb N unciaeHHOro macmraba ¥ JUIMHY S, TOPHU30HTaJIbHOTO

MIPOJIOKEHHUSI IMHUU HA MECTHOCTH, MOXHO 10 (hopmyJie (2) onpenenuTh BETHIUHY
OTpe3Ka Ha MIaHe (KapTe):

S
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N
Hamnpumep, ecnu ayvaa nuaun Ha MectHOCTH S,=54,0 M, TO Ha IJIaHEe Mac-
mta6a 1:500 ayiMHa COOTBETCTBYIOIIETO OTpe3Ka OyaeT

> = >400 =0,108x =10,80cm .
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3Has IMHY S, 0Tpe3ka Ha KapTe (IJIaHe), MOKHO 1o (popmysie (3) BEIYUCIUTD
JUIMHY JIMHUU Ha MECTHOCTH:



S,=S.N. 3)
Hanpumep, ecnu Ha miane macmrada 1:2000 qouHa otpeska S, = 152 mm, TO
Ha MECTHOCTH €My COOTBETCTBYET JIMHUS JUTMHOM

S =S N =152m- 2000 = 304000 a1 = 3041

[IpenenbHast TOUHOCTh U3MEPEHUS M TIOCTPOEHUSI OTPE3KOB Ha KapTax U IuUia-
Hax orpaHuueHa BeaumdyuHOM 0,1 MM; OHa Ha3BIBACTCS epaguueckol Mmo4HOCMbIO.
JlnvHa TOPU30HTAILHOTO MPOJIOKEHUS JIMHUU HAa MECTHOCTH, COOTBETCTBYIOIIAS
rpaduuecKkoil TOUHOCTH, HA3bIBACTCS MOYHOCMbIO Macuimabda TulaHa, KapTel. Tak,
s MacmTada 1:25000 Tounocts Macmitaba 2,5 M, 1 miaHa MacmTadoa 1:500 —
0,05 M m T.10.

bonee mpocthiM, HE TpeOYIONUM BBIUYMCICHUH, SBISICTCS ONpPENCICHUE I10
KapTaM ¥ IUIaHaM JJIMH JIMHAA Tpa@UYecKuM TyTeM MpH MOMOIIHM JUHEHHOTO
Maciiraoa.

Jlunetinwiii macuma6b, TPEeACTABISIET COOON IIKaTy B BUJE OTpE3Ka MPSMOMH,
Pa3/IeICHHOTO0 Ha paBHbIE YaCTH — OCHOBaHMS MaciiTadba. KoHIel ocHOBaHUiA MOJI-
MUCHIBAIOT YKMCJIAMHU, COOTBETCTBYIOIIMMH PACCTOSIHUSIM Ha MECTHOCTH. OTMETUM,
YTO OH IMO3BOJISIET OLEHUTHh PACCTOSIHUS HAa KapT€ C TOYHOCTHIO O OAHOM JecATOn
OCHOBAHHUSI.

Tounocmyvio macwimaba KapThl HA3BIBAIOT HAUMEHBIIIUA OTPE30K Ha MECT-
HOCTH, KOTOPBIA MOXXHO HM300pa3uTh W PA3TUYUTh Ha KapT€ COOTBETCTBYIOIIETO
Macitaba. [TockonbKy HAaWMMEHBIIUNA OTPE30K, PA3TUUYUMBIA MPOCTHIM  TJIa30M,
paBen 0,01 cm=0,1 MM, TO cormmacHo ¢opmyre (1), cooTBETCTBYIOIIEE €My pac-
cTostHMe Ha MecTHOCTH paBHO S=0,01cM-M — 3T0 U OyJeT TOUHOCTHIO MaciiTada
kapTel. Hampumep, mpu macmrade 1:5000 Tounocts macmrtada S; = 0,01cm-5000
=50cM.

Ecnu sxe moctaBuTh OOpaTHYIO 3a7a4y U 3aKa3aTh TaKylO KapTy, Ha KOTOpOi
OBl YETKO pa3IMUaIuCh HAUMEHBIIINE JETAIH, PABHBIE S;, TO MacITad TaKoW KapThl
JIOJKEH OBITh

1 0,0lcm 2)
M S,

Hampumep, ecnu 3amath Si=1M, To KapTa A0HKHA OBITH COCTaBJICHA B Mac-
1 001 1

mrabe —=-—""=——,
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T'eocpagpuueckumu epanuyamu ITUCTa KapThl 3amajia ¥ BOCTOKA CIIyXKat JIH-
HUHW MEpPUINAHOB, a C CEBEpa U 10ra — JTMHHUH Mapaijiesiei.

OTH MUHUKM 00pa3yOT BHYTPEHHIOK paMKy, KOTOpas OTpaHMYMBACT H30-
OpakeHre MeCcTHOCTH Ha kapTe (puc.l). 'eorpadmueckue rpaHullbl JUCTa ONpee-
JSIOTCS MIUPOTAMH U JIOJTOTaMU 3THUX MEPUANAHOB M TapajuiescH, MoAmuCaHHbIX
B yrjax paMku Kaptbl. [lapamienbHO BHYTpEHHEW pamMKe NpOBEACHA MHHYTHAs
pamKa, pa3eieHHas: Ha MUHYTBI YT YePHBIMH (YETHBIMU) U O€IbIMH (HEYCTHBI-
MH) WHTEpBajaMu. B cBOIO ouepenb, MUHYTHI pa3/ieJIeHbl TOUKAMH Ha JECATHCE-
KYHJHbIC MHTEpBaJIbl. MUHYTHAsI paMKa WCIIONB3YEeTCS JJIsS ONPEACIICHUs Teorpa-
(buyecKUX KOOpAUHAT TOUEK, HAHECCHHBIX Ha KapTy.



Puc. 1. Onpeoenenue no kxapme xoopounam, OUpeKyUOHHbIX Y208 U A3UMYMO8

Homep xoopounammuoti 30Hb1, B KOTOPOW HAXOAUTCS JaHHAsl KapTa, MOXKHO
ONPENENNTh MO JOJrOTE 3alaJHOro MepuauaHa. Eciu 3Ty nonroTy pa3aeinuTh Ha
6°, TO 1IeJI0€e YHMCIIO ITOM JPOOHM yKa3bIBAET HA YMCIIO MPOIIEIINX 30H, a KapTa Oy-
JeT OTHOCUTBCS K craeayromed 3oHe. Hampumep, ecim Az=64° 307, TO

64°30'+6°=10+ 4730

, 1 9TO 3HAYMUT, YTO JO JAHHOM KapTel mpouuio 10 30H, a Hamma

KapTa pacnojioxkeHa B 11-it 30He. Kpome T0oro, Homep 30HbI paBEH YMEHBILIEHHOMY
Ha 30 HOMeEpy MEpUIMAHAIIBHOM KOJOHHBI M3 HOMEHKJATypbl. Tak, eciau kapra
umeeT HoMeHKIaTypy R-38-56, To Homep 30HBI paBeH 38-30=8. Hakonemn, Homep
30HBI MOJIHKCBIBAETCS NEPE] 3HAUEHUEM OpPJAMHAT BEPTUKAIBHBIX JIMHUH, MMOIIH-
CaHHBIX HA IPSIMOYIOJIbHOM KOOPJAWHATHOMN CETKE KapTHI.

Humepesan cemxu npsamoyeonvHulx koopouram Ha Kaptax Macirada 1:10000
— 1:100000 Gb1Baet paBHbiM 1 kM wiu 2 kM. Llenoe yncio KujaoMeTpoB abcuuce u
OpJAMHAT MOJAIKCHIBACTCS 32 BHYTPEHHEW PAMKOW KapThl Y TOPU30HTAJIBHBIX U BEP-
THUKAJIbHBIX JINHUU 3TOU CETKHU.

Bvicoma ceuenus penvegha moanuceiBaeTCs MO/ I0KHOW PaMKOM KapThl, TaM
K€ MOKET OBbITh MOKa3aH rpaduK 3a710KEHUHN I ONPEEIeHUs] KPYTU3HbI CKaTOB
10 PACCTOSIHUSIM MEXKIY TOPU30HTAIISIMU.

Benuuunvl MacHumHo20 CKIOHeHUsl U CONUNCEHUS MepUOUAHO8 YKA3aHbl y
I0KHOM paMKH KapTbhl. TaM e JaeTcss CXeMaTU4HBbIM 4epTeX B3aUMHOIO pacIo-
JIO’KEHHSI OCHOBHBIX OPUEHTUPHBIX JIMHUM — UCTUHHOTO M MarHUTHOIO MepHUaHa-



HOB U ocH abcce (cM. puc.2).
['ayccoBo COMMKCHUE MEPUIMAHOB — YTOJ Y, HA KOTOPBIA OTKIIOHSACTCS B J1aH-
HOUM TOYKE JIMHWUS, MapajiejbHas OCH aOCIUCC, OT HANPABJICHUS UCTUHHOTO MEPH-

nuana. Hammpumep, rayccoBo cOmmkenue MepuauatoB Yy =—0°37' (cM. puc. 2).
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Puc. 2. Conusicenue mepuouanos u cKioneHue MacHUmHoU Cmpeiku

CxJioHEeHHEe 0 MarHUTHOW CTPEJIKU — OTKJIOHEHHE CEBEPHOTO KOHIIA MAarHUT-
HOM CTpENKU OT HampaBJeHUs HCTUHHOIO MepujuaHa. Hampumep, CKiIoHEHUE
MarHuTHOU ctpenku O = 8°23' (cMm. puc. 2).

YCI0BHO TPHUHATO CYUTATh BOCTOYHOE COJIMIKEHHWE M CKJIOHEHHE TOJIOXKU-
TEJIbHBIMHU, a 3al1aJJHOE€ — OTPULATEIbHBIMHU.

Kpome 3Toro Ha Tonorpaduyeckoi kapTe MOKET ObITh 0003HAYEHO:

Cucmema xoopounam 1942r MokeT ObITh HallMCaHa B BEPXHEM JIEBOM YTITy
KapThl.

Cucmema 6vicom. JIiia onpeneneHrst BBICOT TOYEK 3€MIIM OTHOCUTEIBHO HE-
KOTOPOM OTCUYETHOM YPOBEHHOM ITOBEPXHOCTH HCIHOJIB3YETCS HECKOJIBKO CUCTEM
BBICOT.

B Poccun 3a Hauano orcyera BBICOT NPUHAT CPEAHUN YPOBEHb banTuiickoro
Mopsi B paitoHe KpoHiraackoro (pyTiiToka, U Haila CUCTEMa BBICOT HA3bIBACTCS
bantuiickoii (HopMaIbHOM).

OTHU naHHBIE MPUBEICHBI B 0(OPMIICHUN KapThl 32 TPAHUIIAMH €€ JIUCTA U TIPH
BBITIOJIHEHUH JTA0OPATOPHOTO 3aJIaHUS MOTYT OBITh BBIMHMCAHBI B CIEIHUATEHOM
OyraHKe TU00 B IPOM3BOJILHON (popMe.

Uszmepenue paccmosanuii npu nomowu MacuimabHou TUHeuKy

['opu3oHTaNBHBIE PACCTOSAHUS MEXAY TOYKAMHU Ha KapTe U3MEPSIIOTCS C I0-
MOIIBI0 JIMHEWHOTO WM MorepeyHoro Macirada. C moMouiplo JUHEHHOTO Mac-
mTabda MOKHO OILIEHUTh OTPE3KH C TOYHOCTBIO JO JIECATBIX J0JIEM OCHOBaHUS a
Maciiraoa.

Jlns 6onee TouHoro uzMmepeHus: paccrossHuit (0 0,01a) monb3yroTcs HOP-
MaJIbHBIM TIONEPEYHbIM MacIITaboM, KOTOPBIM TpeacTaBiieH Ha puc.3. 3nech 11
TOPU3OHTAIBHBIX MapalUIebHBIX JIMHUM pa3/iesieHbl Ha PaBHbIC OTPE3KH, PaBHBIC
OCHOBAHHUIO & MacIiTaba.

[Ipn u3MepeHnn OTpe3Ka UCHOIB3YIOT HOMOTPaAMMY HONepeuH020 MAacuima-
Oa, HAaHECEHHYI0 Ha MeTaummueckyto miactuny (puc. 3). Ho sty HOMOrpammy
MO>KHO TTIOCTPOUTH U Ha Oymare.

JIyst 5TOTO HA TIPSIMOM JIMHUM, KaK ¥ TP MMOCTPOSHUH JIMHEMHOTO MaciiTaba,



OTKJIQJIbIBAETCS HECKOJIBKO pa3 OCHOBAHME MaciliTada, U MePBbIA OTPE30K ACTUTCS
Ha 10 yactei. KoHIIbl OCHOBaHUM MOJNMCHIBAIOTCA TAK K€, KAK U IPU ITOCTPOCHUHU
JuHelHoro Macmraba. M3 KOHIIOB OCHOBaHHMI BOCCTaHABIMBAIOT MEPIICHIUKYJIS-
pBI, KpailHuE U3 KOTOPBIX aensaT Ha 10 paBHBIX yacTel (4acTb — 3 MM), yepes3 Mo-
Jy4EHHBIE TOUYKM Ha MEPHEHAUKYJISIPAX MNPOBOIAT MPSMbIE JIMHUM MapajuielIbHbIC
OCHOBaHHIO. BepxHee jieBoe OcHOBaHME enAT Takxke He 10 paBHbIX yacted. Tou-
KM BEPXHETO U HWXKHETO JIEBBIX OCHOBAHUW COCIMHSIOT HAKIOHHBIMH TaK, KaK I10-
Ka3aHo Ha puc. 1. Ha aTomM pucyHKe nornepeyHblii MacmTad ¢ OCHOBaHUEM 2 CM
MMEET MOJIUCH, COOTBETCTBYIOIIME YKcIeHHOMY MaciTtady 1:500; niaumHa ocHo-
BaHMs paBHa 10 M, a JuIMHAa HauMEHbLIEro oTpe3ka, coctapistomero 0,01 gacTb
ocHoBaHus, — 0,1 m.

1,0

10 5 0 10 20 30 50
Puc. 3 — Ilonepeunwiii macuma6b

Jlnst onpeneneHus JUIMHBI OTpE3Ka Ha IUJIaHe WK KapTe OepyT 3TOT OTPE30K B
pacTBOp LMPKYJIs-u3Mepurens. 3mepurenbHas HOMOIpaMM€E YCTaHABIIMBAIOT Tak,
4yTOOBI €ro MpaBas Urjia HaxoauiIach Ha OJTHOM U3 NEPIEHIUKYJIISPOB, a JeBas — Ha
OJIHOM M3 HAKJIOHHBIX JUHUU. [Ipu 3TOM 00€ Wbl M3MEPUTENS JOJIKHBI HAXO-
JUTHCSI HA OJHOM ropu3oHTanbHOM Junuu. Ha puc. 4 gnuna nuauu MN B macmira-
6e 1:1000 paBna 64,8 M (TouHOCTH OTpeaenenus IuHbI 0,1 M).
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Puc. 4 - Ilonepeunwiii macuima6o

[Tonepeunslit MacITad IpU BCEX €ro JOCTOMHCTBAX HE MOXKET 00ECIIeYUTh
TOYHOCTH BBIIIE ONPECICHHOTO TIpe/iesia, 3aBUCSAIIETO OT CBOMCTB YEJIOBEYECKOTO
ri1a3a. TOYHOCTh COBMENIEHUS OCTPHUS HOXKKH U3MEPHUTEIIS ¢ TOYKOW Ha KapTe paB-
Ha 0,1 mm. HauMeHnbIiee paccTostHue, BUIUMOE IMPOCTHIM TIa30M Ha KapTe, TaKKe
paBHo 0,1 mm. U3 aTOr0 Ccrieayer, 4To aeTaiu 0ObEKTOB MECTHOCTH (BBICTYTIBI U
n3ru6nl) Menbie 0,7 MM B Mactabe KapThl H300pa3UTh HENB3A.



[lepen HayaoM M3MEPEHHI C MOMOIIBIO MOMEPEYHOTO MaciiTaba HY>KHO
BBISICHUTh, KaKUM pACCTOSHUSIM HAa MECTHOCTU COOTBETCTBYIOT JIE€JICHUS 3TOTO
rpaduka. Eciou, k npumepy, macimtad miana 1:2000, npu kotopoMm 1cM muraHa co-
oTBeTCTBYET 20 M Ha MECTHOCTH, TO JIJIsl HOPMAJILHOTO MONEPEYHOro MaciTada

a=2cMm—40Mm; 0,1a=2mm—4mMm; 0,01a=0,2MM—0,4M.

Jlns xaptel Macmrada 1:25000, a—500m, 0,1a—50m, 0,01a—5Mm. Ha puc.4
MOKa3aH OTPe30K, paBHbIA 64,8 M B Macimtade 1:1000, mpu a=2cmM—20M.

W3mepenust mo KapTe 3aluChIBAlOT B TAOJINLLY:

Tabmuma 1
Hasga- YwucneHHbIN HeHeHﬂﬂvMac_ Hena Heﬂe? w Paccrostaue
HHE JIH- MTa0HOM IH- | MAacIITaOHOH JIH-
Macitab . . (D=n* k), m
HHUU HEeWKu (n) HEUKH (K)
A-b 1:25000 521 500 2605,00
B-T' 1:25000 5,09 500 2545,00

Onpeoenenue npsamoy201bHbIX KOOPOUHAM U 8bICOM

JUist onpenesieHuss MPSIMOYTOJIBHBIX KOOPAMHAT HCIOIb3YEM pHC. D, Mpe.-
CTaBJISAIOIMN (pparMeHT Tonorpaduueckoil kapTel. Ha HeM moka3aHa KOOpJIWHAT-
Has KAJIOMETpoBas ceTka. Kak BUAHO Ha pUCYHKE, HAa BBIXOJAX 3TOU CETKHU 34 PaM-
Ky KapThl IIOANMCAaHbl 3HAYEHUsI KOOPAUHAT JIMHUW CETKH, BBIPAKECHHBIE B KUJIO-

MeTrpax. Tak mo BepTUKanbHON ocu abcuucc X OHU HAYUHAIOTCS C 073 KM..., ...74
kM, a o ocu opauHat Y ¢ 07,... 08 kM (mepBbie B LHPPHL, 0603HAYAIOIINE COT-
HU KWJIOMETPOB, Ha KapTe B JaJIbHEUIIIEeM HE MOIMUCHIBAIOTCS).

[Ipu ompeneneHur KOOPJAWHAT U3 3aJaHHOM TOYKM OITYCKAIOTCS TMEPIICH]IH-
KYJISIpbl Ha OJIMDKaWIIINe JTUHUU CETKH U OIEHUBAIOTCS UX JIJIMHBI C TTIOMOIIBIO Tpa-
¢duka nonepeunoro Macimraba. HaliieHHbie TakuM 00pa3oM OTpe3Ku OyayT MpHU-
pamenusiMu koopauHat AX u AY oTHocutenbsHO ONUGPOBAHHBIX JUHUN CETKU.
DT 3HaYCHUS U IPUOABJISAIOT K MOJIMUCAHHBIM KOOPAMHATAM JIMHUM.

Host toukn B: AX, = — 130 M; AV, = — 100 M, 3HaK «—» CTaBST MOTOMY, YTO

Touka B HaxoauTes K roro-3amanay oT nepekpecTus koopauHat. B pesynbraTe mo-
JTYyYUM:
Xg =6074000 + (-130) = 6073870 m; Y5 = 4308000 + (—100) = 4307900 m.
st toukn A AX, = +95 m; AV, = -120 M, 3HaK «t» st AX, a «—» s
AY, CTaBsAT MOTOMY, YTO TOYKAa A HAXOIHUTCSA K CEBEPO—3alany OT MEPEKPECTHsI

KoopJuHaT. OKOHYATENIbHO MOJIYYHM:
X, = 6073000 +95 = 6073095 m; ¥, = 4307000 + (-120) = 4306830 m.

JIns onpeneneHuss BbICOT HYKHO YYUTBHIBATH BBHJY, YTO T'OPU3OHTAIM Ha
KapTe MPOBEJICHBI 3aJlaHHYIO0 BBICOTY N cedeHus penbeda. OTMETKH HEKOTOPBIX
rOpPU30HTAJEN MOoANKUCaHbl, MPUYEM TaK, YTO BepX LU(pHI Bceraa oOpalleH K Bep-
HIMHE CKJIOHA. Ha HEKOTOPBIX TOPU3OHTAJSAX MOKAa3aHbl OEPTIUTPUXHU, YKa3bIBaIO-



IMe Ha MOHWXEHUE cKara. Ha xapTe moamucaHbl TakKe OTMETKH XapaKTEPHBIX
TOYEK penbeda.
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1:25000
CKJIOHEHHE MAarHUTHOM CTPEIIKU BOC- Cucrema BoicOT banTuiickas.
TouHoe 6°12'. Conmxxenne MepuanaHoB  CIUIOLIHbIE TOPU30HTAIU TIPOBEIEHBI
3anaaHoe 2°22'. yepes 5 MeTpoB

Puc. 5 Uzmepenus na monoepaghuuecxoii kapme

Jist onipeneniennst BEICOTHI H TOpu3oHTanu Mo oTMeTKe OJMKauIieil Kk Hel
TOYKHU HY>KHO YYUTHIBATh HAMIPaBJICHUE CKJIOHA U TO OOCTOSITENBCTBO, YTO OTMETKU
TOPHU30HTAJIU BCET/1a KPaTHBI BHICOTE cedeHus .

Ha puc. 5 nokazano, uto Beicota Topel H = 191,5 M, a BeicOTa cedyeHUs
penbeda h =5 M. [TosToMy oTMeTKa OrbKaiiinel K Hel TOpU30HTaIU OyIeT paBHa
H =190 M, Tak KaK 3TO YHCJIO KPaTHO BbICOTE ceucHUs h u sBiseTcs Omvkaiimmm
YHCJIOM, MEHBIIIUM OTMETKH BepinHbl Hc- = 191,5 m.

Ecnu onHa U3 ropu3oHTalied UMeeT MOANMUCAaHHYI0 OTMETKY, TO BbICOTa CO-
ceHel ropu30HTAIM OyJeT OOoJbIle WM MeHbIee (Cys MO HaIMpPaBJICHUIO CKIIO-
Ha) Ha BeMnuuHy ceueHus h. Eciu e y coceqHMX ropu3oHTaiel OepriuTpuxu Ha-
MpaBJIEHbl HABCTpEYY JAPYT APYTY WIM B MPOTUBOMOJIOKHBIE CTOPOHBI, TO UX OT-
METKH paBHBI MEXKIY cO00M (OEpriuTpuxyu MOXHO MBICIEHHO MEPEHOCUTH IO JIH-
HUU TOPU30HTANEH).

Hakonerr, 4ToObI HAalTH OTMETKH TOYEK, JICHKAIINX MEXKITY TOPU3OHTAIISMH,
MOCTYNAIOT TaK: CHa4Yaja HaXOASAT BbICOTHI TOPU3OHTANIECH, MEKY KOTOPBIMH pac-
MOJIO’KEHA UCKOMAasl TOUKA.

Ha puc. 5 Touka B nexut Mex1y TOpU30HTAISIMU:
H=175 m; H,=180 M.



3areM uepe3 3Ty TOuKy B mpoBoasr kpardaiinryio JuHUi0 c¢d ¥ U3MEpsIoT
orpe3ku bd u cd (B mm). [IpeBbimieane Ah Touku B Haj miazmieii ropu30HTAIbIO
H, 6ynet paBHo:

Hb =H + AhB, aAhB = hxbd/cd.

Ha puc.5 Bd = 13,2 mm; cd =19,2 MM ; h = 5wm.

[Toatomy Hg = 175,00 + 5x13,2/19,2 = 175,00 + 3,44 = 178,44 m.

Wnu, ecu cb = 6,0 MM, TO omnpenensss OTHOCUTEIBHO CTapIIeH TOPH30HTA-
JY, HAUAEM:

Hpg = H, — hxbd/cd =180,00 - 5x6,0/19,2 = 180,00 — 1,56 = 178,44 m.

[To Tomorpadguueckoil KapTe MOKHO ONPEAEIUThH MOJIOKEHUE TOUYKU B Ieo-
JIe3UYECKON CUCTEME KOOPJMHAT, BEIYMCIIUB T€0E3UUYECKYI0 UPOTY B 1 monroty
L. Jlnig 9T0 cieyeT CIpOeKTUPOBAaTh TOUKU HA PAMKYy KapThl, KaK 3TO MOKa3aHO Ha
puc. 5 s Touku A ¥ nonydeHHbie mpoekiuu N u K olleHUTh OTHOCUTENEHO MU-
HYTHOM CETKH I'€0Je3M4ECKON CUCTEMBI KOOpAUHAT. [lomyunm

By = 54°40+60" x 33,3/75,4=54°40'26";LA=18°00"+60"%13,8/51,4 =
18°00'16".

Onpedenenue opueHmupHuIX Y2108

Opuenmupoéams IUHUIO — 3HAYUT OIPEHECIUTh €€ HAIpPaBJICHUE OTHOCH-
TEJIbHO HMCXOJIHOTO HampaBjieHUs. J[Ji1 OpHUEHTUPOBaHUS OOBIYHO MPUMEHSIIOTCS
a3UMyThl U JTUPEKUHMOHHBIE yIIIbl. VICXONHBIMU HANpPaBICHUSMHU MOIYT CIIYKUTh
MarHUTHBIN, TeorpaduIecKuil 1 0OCEBOM MEpUIUAHBI.

O0600mIEHHast cxema CBS3HM JUPEKIIMOHHBIX YIJIOB M a3UMYTOB MOKa3aHa Ha

puc. 6, X aHAJIMTUYECKUE 3aBUCHUMOCTH BBIPAKEHBI (popMysIaMu:

I eorp admueck it
MepHHaH
Nr MarHH THbIH
MepH/HaH

N

OceBoii MepHHaH

Nx

Y- cO/IGKeHHe Mep HH aHOB

§ — MarHHTHoOe CK/I0HeHHe

- JUP eKI[HOHHBIA YT 01

AM - MATHH THBI B3HMYT

Ar —reorpadueckHii a3UMYyT

Ar=a + (xy); Ar=Am+ (£8); a=Am+ (xy)+ (8)

Puc. 6. Ceazb mesncoy oupekyuoHHbIMU YeAamMu U a3umymamu



Ha kapTe u3MepsroT AUPEKLIUOHHBIE YIJIBI U OT HHUX MEPEXOJAT K MarHUT-
HBIM a3UMYyTaM HalpaBjIeHUN Ha MECTHOCTH.

JIMpeKIMOHHBIE YIJIBI Ha KapTe U3MEPSIOTCS TPAHCIOPTUPOM HIIU XOPAOYT-
JIOMEPOM.

W3Mmepenue AMPEKIUOHHBIX YIJIOB TPAHCIOPTHUPOM MPOU3BOIAT B CIEAYIO-
1IeH MOCIE0BATEIbHOCTH:
e  OpPUEHTHp, Ha KOTOPBIA M3MEPSIOT AUPEKIMOHHBIA yroJl, COEANHSIOT MPSIMON
JVMHUEH C TOYKOM CTOSIHUS TakK, 4TOOBI ATa mpsiMas Oblia OOJIBIIE paguyca TpaHC-
NOPTUPA U NIEpeceKaia XOTs Obl OHY BEPTUKAIBHYIO JIMHUIO KOOPJIUHATHOM CETKH;
e  COBMEIIAIOT LEHTP TPAHCHOPTUpPA C TOYKOM IMEpeceveHus], KaK MOKa3aHO Ha
pUC. 7 ¥ OTCUMTHIBAIOT MO TPAHCHOPTUPY 3HAUEHUE AUPEKUMOHHOro yria. B Ha-
HIeM NpUMeEpe JUPEKIMOHHBIA yroji ¢ ToUkoil A Ha Touky B paBen 274° (puc. 7,
a), a ¢ Touku A Ha Touky C — 65° (puc. 7, 0).

Puc. 1. H3menenue oupexyuonHvlx y2i06 Ha Kapme mpaHcnopmupom

c+X Jnsa  opueHTMpOBaHUS JIMHUM HCHOJB3YIOT
elle OJMH OPUEHTHPHBIN yroy — pym6 (puc. 8). Dto
OCTpBI TOPU3OHTAIBHBIA Yroa I Mexay OJvKai-
MM KOHLIOM MepuauaHa (WM OCH adCUUCC) U Ha-
MpaBJI€HUEM JaHHOW JuHuU. llepen yucneHHBIM

> B+Y 3pauenuem pym0Oa yKasbIBalOT €ro HAIPaBIEHHUE OT-
HOCHUTEJIBHO CTOPOH cBeTa. CBsA3b MEXIYy a3uMyTa-
2 MU (IMPEKIIMOHHBIMU YIJIaMH) U pyMOaMu TOKa3a-
Ha B Taou. 1.
Ha npakTuke yacTo BO3HUKAaeT He0OX01u-
MOCTb B ONPEJEIEHUN MarHUTHOTO Ay IO U3BECT-
Puc. 8. Pymoul HOMY JMPEKLHOHHOMY YTJTy O , HJIM, HA00OpOT, yT-
J1a 0. 10 U3BECTHOMY MarHUTHOMY a3MMYTY.




CBsi3b MEXy pyMOaMU ¥ TUPEKIIMOHHBIMU yTIaMU

YeTBepTh

A (umm o)

Pymo6 r

1

0°-90°

CB: ri=oy

90° — 180°

IOB: r,=180°-0.,

180° — 270°

I03: rz=03-180°

2
3
4

270° — 360°

C3: r4:3600'0(,4

Tabmuma 2

Ecim, Hanpumep, o= 97°12', 1o A, = 97°12' - (2°10'+10°15") = 84°47".
[Ipumep pemieHus 3aa4u Ha OpUEH-

Nm
o, = 26030 THPOBAHUE TPEJICTABIICH Ha puc. 9:
8§ =630
y=-2'10
— Puc. 9. Ilpumep pacuema azumyma macHumHoz2o
i?"i‘: CO CXemou OpUeHmMuUpOBaHUsl
Ha xapTe namepeH nupeKInOHHbBINA
Am o ’ ) (V)
- yroi o= 260°30". HaiiTu MarHUTHBIN

a3umyT, eca y = - 2°107; 6=+6°30",
Pemenne:

Ay aB= aAB_S_Y;

A, ap=260°30"-6°30"-2° 10’ = 251° 50

AMPEKUMOHHBIM YFNOM [1Y Ha3bIBAETCR Yron Mexdy CEBEPHBIM Hanpas -
NEHHEM BEPTHKANBHOR NMHMK KUAOMETPOBOK CETKM W Hanp M Ha
ny=228"

L
\ 2 \ M3Meprerca no xomy 4acoBoW crpenxw (No kapre TPAHCNOPTMPOM)
/ L - o ~
| Am=228"-8°36'=219°24' {0 \ 7 )

n o 9 = b e "." ‘-A
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Onpeneneuue MArHUTHbIX 33UMYTOB NO W3IMEPEHHBIM AWPEKUMOHHLIM yrnam
Am=0Y~(2MNH) Mpumep 1 Npumep 2
MH=£Cx~(£C6) AY=228° (wamepeno no kapre) Ay=43°
AY=Am+(*MNH) Cx=+6°15' | nanHbie ykazawo noa NH=+8° 36"

CH=-2°21" | 1omMON PAMKOW KapTei
NH=+6°15"-(-2"21") = +8°36"
AM=228°-(+8°36')=219°24"

AM=43"-(+8°36")=34°24'

Puc. 10 Ilpumep usmepenus OupekyuoHHo20 yena na Kkapme



[lo Tomorpaduueckoil KapTe MOXXHO ONPEACNIUTh AUPEKIUOHHBIA YTOI,
MAarHUTHBIM M UCTUHHBIA a3uMyThl. OOBIYHO HEMOCPEACTBEHHO H3MEpSETCs JIH-
PEKIMOHHBIN YTOJI, a IBA APYTUX OPUEHTUPHBIX YTIIOB BHIUUCISIOTCS.
JIMpeKIMOHHBIN YToJl - TOPU30HTAIBHBINA YTOJl, OTCUMTHIBAEMbIN OT CEBEPHOIO Ha-
MpaBJIeHUs] OCEBOT0 MEpUIUaHa WM JIMHUK €My MapajulesIbHON MO X0y 4acoBOM
CTPEJIKH JI0 33JIaHHOTO HamnpapyieHus. ICTUHHBIN a3uMyT A M MarHUTHBIN a3UMyT
A BBIYUCIISIIOTCS TOCEAYIOIUM GOpMyNiaM d=a+y; A, =a+y-45.1aey — layc-
COBO COJMKEHHNE MEPHUIMAHOB; 0 — MATHUTHOE CKJIIOHEHHE.

Jlns onpeneneHusi TUPEKIMOHHOTO yTila JUHUU (CM. PUC.D) HYKHO B TOYKE
NEPECEUCHHUS] 3TON JIMHUM C BEPTHUKAIBHOU JIMHUEN CETKH (OChIO X) U3MEPUTH Yol
MEXy CEBEPHBIM HANpPABJICHHEM JIMHWW CETKH W 3aJlaHHBIM HampaBjIeHHEM (110
XOJly 4acoBOM cTpeiiku). Eciau nuHuM Ha KapTe He IepeceKkaroTcs ¢ ocbio X (JIMHUA
MN Ha puc.5), TO MOXKXHO U3MEPUTH Yroji B OT BOCTOYHOTO HampaBiIeHUS OCH V.
Tornma an=90°+ B. B nanHOM ciryuae opn=90"+101° 30'=191° 30".

JIMpeKIMOHHbIEC YTJIbI OOPATHBIX HAMPABICHUN OTIMYAIOTCS OT MPSIMBIX Ha
180°, TO €CTh Oo5p=0npt180°, rae 3HaK + OepeTcs, ecau 0,,<180°.

B npumepe Ha puc. 5 B Touke A' U3MEPSIIOT TPAHCHOPTUPOM TUPEKIIMOHHBIH
yroa o, , OTCYUTAHHBIM OT MOJIOKUTEIBHOTIO HapaBiIeHUsl ocu abcuucc X (B Apy-
TOM Ciy4ae JIMHUU €l TapajuieIbHON) TI0 JBMKEHHUIO YaCOBOM CTPENIKH 10 HAampaB-
JICHUSI HA KOHEYHYIO TOUKY oap = 54°30'".

JIMpeKIIMOHHBIN yroys oOpaTHOTrO HampaBiieHUst opsy = 54°30' + 180° —
233°30'.

Jupekimonusiid yros BTopoi TuHUA AC aac = 115°45', aca = 295°45'. Us-
MEpUB NUPEKIMOHHBIE Yribl JUHUA AB 1 AC, BBIYMCIAIOTCS UX UCTUHHBIE A U
MarHuTHeIE A, a3UMyThI 110 GOPMYJIaM CBSA3U OPUEHTHPHBIX YIJIOB:

A,y = 54°30" + (-2°22") = 52°08"; 4, . = 111°45" + (-2°22") = 109°23".

Apyg = 54 30' — 222" — 6°12' = 45 56'; Ay, = 111°23' - 2°22' — 6°12' =
103°11".

Bce nannbie MoxkHo odopmuth B Tabmuue 3. g Hamero mpumepa y = —
2°22',6=+6°12".

Tabmuma 3
Ornpenenenne OpUEHTUPHBIX YIJIOB IBYX JIMHUU
Hassanue cro- [Iupekumonnsiit yron HWctuHHBIM a3umMyT MarauTHbeIM a3UMYT
POHBI 0} A Ay
AB 54°30' 52°08' 45°56'
AC 111°45' 109°23' 103°110'

Onpedenenue Kpymu3sHvl CKI10OHA

Kpymusna cknonos xapaktepusyercs JM00 YKIOHOM I, THOO yriioM HaKJIOHA
V JIMHUY CKJIOHA 10 OTHOIIEHUIO K TOPU30HTY. JIJIsi ompeaesieHus KpyTU3HbBI CKJI0-
Ha [0 3a/IaHHOM JIMHUY, HarpuMep, AD Ha puc. 5, HEOOXOAMMO ONPEIETUTh BHICO-
Thl TOYEK U paccrosnue Mexay Humu. Touka D umeer Boicoty — H = 195,40 M,




BbIcOTa TOUKH A — Hy = 172,00 M, pacCTOAHUSI MEXIYy TOPU3OHTAISIMU HA 3TOM
OTpE3KE NPUMEPHO OJUHAKOBBI. PaccTosiHMe MEXAY STUMH TOYKaMU paBHO 519 m.

tgv = h/d = (195,40 — 172,00)/519 = 0,045 = 4,5% = 45%o.

B crpoutenbHON TpakTUKE YKIOHBI OOBIYHO BBIPAXKAIOT B COTBHIX JOJISIX
(mponieHTax, %) OT JIMHUU CKJIOHA JIMOO B THICSYHBIX JOJISAX — MPOMIILIAX, %o. Ha-
npumep, eciu tgv=0,045, To 310 cocTarseT s ykioHa i=4,5% =45%e.

JIns onpenenieHusi KpyTU3HBI CKJIOHA 10 JIMHUM, TPOBEACHHON MEXy IBYMS
COCEJHUMHU PA3HOMMEHHBIMU TOPU30HTAISIMU, U3MEPSIOT JJIMHY 3TOr0 OTpE3Ka
«a» (3aJI0)KCHUE CKaTa) U, 3Has BBICOTY ceueHHs N, HAXOMST YKIIOH:

tgv=hla=1I.

s oGnerdeHus: peieHus 3ToN 3a/1auu Mo/ F0)KHOM paMKoM Tororpadude-

CKOM KapThl MOCTPOEH IpauK 3aJ10KEHUH, OTpaKaroINil H3MEHEHUE 3aJI0KEHUS a

a OT KPYTHU3HBI CKJIOHA (MPH MOCTO-
SSHHOM 3HAY€HHHM BBICOTHI CEYe-
aus ). Tak kak a:%gv, TO A

KaXXJ0r0 3aJaHHOTO yria HaKJIO-
Ha V OBLJIO BBIYUCIIEHO COOTBET-
CTBYIOIIIEE 3aJIOKEHUE 8 U TO-
cTpoeH rpaduk B Maciitade Kap-

v TbI (puc. 10).

st onpeneneHus: KpyTu3-

HBbI CKJIOHA Ha 3aJIaHHOM y4acTKe
OepyT B pacTBOp H3MEPUTEIIS
pPacCTOSIHUE MEXITY COCETHUMH Pa3HOMMEHHBIMUA TOPU30HTAIIIMU U TIEPEHOCST €TO

Ha rpaduk. Ha puc. 6 v=2,8°.

Puc.10 - I'paghux 3anoxcernuii

Ilocmpoenue nunuu ¢ MaKkCuManrbHO OONYCMUMBIM YKIOHOM

3anauy MOCTPOCHHUS TUHUU C NPOEKMHBIM YKIOHOM PELIAIOT MPU KaMepasb-
HOM TPacCHUPOBAHUU JIMHEHHBIX COOPYKEHUMN: TpacC aBTOMOOWIBbHBIX JOPOT, Ka-
HAJIOB U T.N. [IJ1 3TOr0 MOACYMTHIBAIOT MUHUMAJIbHYIO BEJTUUMHY 3aJI0KEHUS d,
OTBEYAIOLILYIO IPOCKTHOMY YKIOHY Ippp.

a = hiyp.

3arem OepyT 3TOT OTpPE30K B MacuiTabe KapTbl B PacTBOP HU3MEPUTEINS H,
cienysi OT HAa4aJbHOW TOYKHM K KOHEUYHOM, MPOKIIAJBIBAIOT TPACCy, MO KOTOPOM
PACCTOSTHUSL MKy COCETHUMH TOPU3OHTAISIMU ObLITM Obl PABHBIMH, WJIH OOJIBIIHU-
MU yeM a. Ha puc. 5 mpoBeneHa JIMHMS 3aJIaHHOTO YKJIOHA inpz[ = 0,056 = 56%o; a

= 89,3 M; h =5wm.

Buviodenenue sooocboproil niowaou u onpeoenenue ee ¢ NOMOWbIO NIAHUMEMPA

[Ipy npoeKTUPOBAaHUM HACHIIIEN WHKEHEPHBIX COOPYKEHUH, IEPEKPBIBAIO-
IIUX PYYbH U BOJOTOKH, ONPEALISAIOT epanuyy 6000CO0pHOU niouwjaou, ¢ KOTOPOn
TOKJeBasi UM Tanast Boja OyaeT coOMpaThesl y MIOTHHBI. JTa TPaHUIIEe TIPOXOJUT
10 BOAOPA3ACIbHBIM JTMHUIM, OTPAaHUYUBAIOIINM JaHHYIO JIOIIMHY M OT dTUX JIH-
HUH, TEPIICHANKYIIIPHO TOPU30HTAIISIM, OITYCKaeTCsl 10 TUIOTHHEI (puc. 11).



Puc. 11- Booocbopras niowaow

3Hast BOJOCOOPHYIO IUIOLIAb, CPEAHETOA0BOE KOJIMYECTBO OCAIKOB, YCIO-
BUSI MCNIAPEHUS U BIUTHIBAHUS MOYBBI, MOXKHO pacCyuTaTh U 0OBEM BOJOXPAHH-
JIMIIA TP 33JJaHHOM BBICOTE IIJIOTHUHBI.

Tak kak BojOCOOpHas IJIOLIAJb OTPAaHUYEHHA KPUBOW JMHUEH, TO IJIs €€
OIpEJENICHNS PallMOHAJIbHENW OYJET UCIOIb30BaTh MEXaHUYECKHI crioco0. B aTom
croco0e MpeAnoaraeTcsl UCIoAb30BaHNE CHEUATBHOTO IpUOopa Uisl U3MEPEHUS
wiomaned - miaanuMerpa. [lomspuelii mianumerp (puc. 12, a) coctouT U3 ABYX
pPBIYAroB: 0OBOIHOTO 2 M MOJKOCHOTO 3, COSIMHEHHBIX MIAPHUPOM B TOUKE 1.
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Puc. 12 Honspuwil nianumemp (a) u cxema e2o omcuemunoz2o mexanusma (0):
1 — mapHupHOE coeMHEHNE PhIYaroB; 2 — 0OBOAHOM phIvar; 3 — MOJIOCHBIN phIyar; 4 — MoJoc;
5 — 00BOJIHOM MHJEKC; 6 — OMOPHBII BUHT (IITU(PT); 7 — CUETHBINA POJIHK; 8 — BEpHbEP (HOHUYC);
9 — mudepOnaT oTcyeTHOrO MexaHu3Ma (OTCYET M0 OTCYETHOMY MeXaHu3My — 2783)



O6BoaAT hurypy 0OBOAHBIM HHIEKCOM 5, pacloyioKeHHBIM Ha KOHIIE 00BO/I-
HOrO phiyara. OOBOJHBIM MHJIEKCOM CIY>KUT JIUOO KOoHell mimuis (cM. puc.12, a),
1100 TOYKa HA HIDKHEH MOBEPXHOCTU CTEeKya. UTOOBI KOHEI MUt BO BpeMsl 00-
BOJIa HE 3a/IeBall 32 Oymary, ero BbICOTY HajJ Oymaroil peryaupyoT OTIOPHBIM BHH-
ToM 6. Ha KOHIIE TOMIOCHOTO phlyara 3 IIaHUMETpa PacTookKeH no/oc (Touka
O), KOoTOpbIi BO BpeMsi 00BOJIa YKpEIIeH Ha Oymare o0BoauMOMN (UTyphI (UrIon
WU TPY30M) U HEMOoABWKEH. Pe3ynbTaTel 00Boa (M3MEPEeHHS TUIOMIAIN) GUTYPHI
OTIPEIEISIIOTCS BPAIIEHUEM CUETHOTO POJIMKA 7, KOTOPBIN Mpu 00BoIe (PUrypsl co-
MIPUKAcaeTCs C MOBEPXHOCTHhIO Oymaru. JIJis OTCYETOB pe3yiabTaTOB OOBOIOB Ha
UJIMHAPUYECKON TOBEPXHOCTH CUETHOTO POJIMKA HAHECEHBI JICJICHUS INIaHUMETpa
(puc. 12, 0).

OOBIYHO TIPU W3MEpPEHUN HEOONBIIUX IJIOMIAACH MOJIIOC KPEMUTCcs BHE QU-
T'YpBI, C TAKAM pacu€ToM, 9TOOBI MpH €€ 00BOAE YIIIbI MEXKIY MOFOCAMU U 00BO/I-
HBIM pbryarom ObUIH He MeHee 30° u He 6omee 150°.

Jlist u3mepenust iomaan Gurypsl Touka o6Boaa (0OBOJIHOM IIMHIIb) yCTa-
HABJIMBACTCS HA KOHTYPE TPaHUIIBI U OepeTcs HadalbHbIA OTCUET Ny, (puc. 12, 6).
OTOT OTYET COCTOMT U3 YHUCIA MOJHBIX 000POTOB JAKCKA — 2 (CHUMAETCS MO IU-
dbepbnaTy nmpubopa), ynciia Menblx AejdeHul OapabaHa, MPOIISANNX 10 HYJIS Ma-
JIOM IIKaJIbl BepHbepa — 78 (ABe 1udpshl) U A0JEH JAeNIeHUs, CHUIMAEMbIX TI0 HOMEPY
COBMAJAIONIETO MITpUXa HOHUYca — 3 (BEpHBbEpPA) C KAaKUM—IMOO JeieHrueM Oapa-
0ana. Tak, oTcuét Ha puc. 6. paBen n; = 2783.

[Tocne 06Bosa GPUTYPHI CHUMAETCSI BTOPOU OTCUET N, U €€ IUIONIaab B JIeie-
HUSIX TJIaHUMETpa OyJeT paBHa

P’ = ( N, — nl).

Ecnu m3BecTHa 1ieHa JeNCHHMS W IIAHUMETpa B KBaJIpaTHBIX METpax WA

reKTapax, TO HICKOMas TUIOIIa b COCTAaBUT
P=P xu=(ny—ny xpu

Jliist onipenenieHus 1IeHbI JeICHHS UIAaHUMETPpa HYKHO U3MEPHUTh dTUM TIPU-

0OpOM IUIONIA/Ib KAKOK-TMOO0 (UIyphbl ¢ U3BECTHBIMH Pa3sMEpamMu U TUIOIAILIO P

(HampuMep, OJIMH I HECKOJIBKO KBaJIpaTOB KOOPAMHATHOU ceTKH). Torma
yzi :PO/ (n'z—n'l).
B mensx KOHTPOJIS ¥ MOBBIMICHUS YETHOCTH TUIOMIAAb (PUTYpHI OOBIYHO W3-
MepsieTCs HECKOJIBKO pas.
PesynbraThl n3mMepenust BOJoCOOpHOH muiomaau opopmiieHb! B Tabmuiie 4 u 5.

Tabmnuma 4
OmnpeneneHue 1EeHbBI ASICHUS MOIIPHOTO IIaHUMETpa

Ne orcueta Otcuer Pasmocts  Cpemmee = P, M° HeHazﬂeneHm,
° M /nmen
1 8727
971
2 9698 973,5 6400 6,57
976
3 0674




[Ipu nBoitHOM 00BOAE KBajapaTa, 0OPa30BAHHOTO JIMHUSAMU KOOPAMHATHOM
ceTkH, Ha kapTe macmTaba 1:1000 (romaap kBajgpata co cTopoHO 8 cM — 80 M

paBHa 6400 M2), MOJIY9CHBI TPH OTCUETA. ITH OTCUETHI 3aMMMCAHbBI B Ta0. 4 1 B ATOU
TaONuIe BHIYMCIICHA ABAXIBI IUIOMANh KBAApaTa B JeCHHUAX INaHUMeTpa: P’ =
(nz—ny) =971 u P', ;= (N3— ;)= 976 nen. Llena nenenns GyzeT paBHa

it = Py P'y, =6400/973,5 = 6,57 M*/nemn.
3HaueHHe OEHbI ACJIICHUA 3alIMChIBACTCA B Ta6HHHy 5

Tabmuua 5
Omnpenenenre BOAOCOOPHOHN TUIOIIA TN
Ne orcueta  Orcuer  Paznocte = Cpennee Hena geHeHm’ P, M°
M “/nen
1 1628
243
2 1871 243,5 6,57 1599,8
244
3 2115

Ha o00BouMOM KOHTYpe BOJOCOOPHOM TIJIOMIAAN BHIOUPAIOT TOUKY, C KOTO-
poil coBMemaeTcsi Touka 00Boja MIIAaHUMETpa U (PUKCUPYETCSl TIEPBBINA OTCUET, 3a-
nuckiBaeMblil B Ta0iuiyy. [locnenyromue nBa mociieoBaTeIbHBIX 00BOJIa MPUHE-
CyT eme ABa orcuera. [locnenoBarenbHO MOJy4yaeM Pa3HOCTU U KaK CPEIHEE U3
HUX BOJOCOOPHYIO IUIOMIAb B JCNCHUIX TulaHuMeTpa. LleHa mianumMerpa Ham u3-

BECTHA U Pe3yJIbTatr Oyner
P =243,5%6,57 = 1599,8 M2, 3aHOCUM B Ta0uIy 4.

Ilocmpoenue npodonvrHo2o npouna mecmHocmu no TUHUY, 3A0AHHOU HA Kapme

Penbed Ha kaprax um3zoOpaxaercs TOpU30HTAISIMU, OCOOBIMH YCIOBHBIMU
3HAKAMU U OTMETKAMHU BBICOT.

l'opuzonmanu — TMHUAM HA KapTe, BJOJb KOTOPHIX BCE TOYKHU 3EMHOM I10-
BEPXHOCTH UMEIOT OJINHAKOBYIO a0COJIIOTHYIO BBICOTY.

Pa3HoCTh NBYX BBICOT COCEIHUX IOPU30HTAJIEN HA3BIBAIOT ceueHuem pesbe-
da. YUem menblie ceyeHue penbeda, TeM OH U300pakeH noapooHee. BemnunHa ce-
yeHus: penbeda 3aBUCUT OT MaciTaba KapThl U OT XapakTepa camoro penbeda.
Hau6Gonee moapo6HO penbed n3odpaxaeTcss Ha TOMOrpauuecknx Kaprax.

Hampumep, na xapte macmrada 1:25 000 (B 1 cm 250 M) crijiomniHbie TOpU-
30HTAJIM MPOBEACHBI uepe3 5 M, a Ha kapte macmrada 1:100 000 (B 1 cm 1 &m)
NPUMEHSIOT cedeHue penbeda 20 M a1 paBHUHHBIX TeppuTopuit u 40 M 17151 TOp-
HbIX. Ha MenkoMacimTaOHbeIX KapTax OObBIYHO MPUMEHSIOT HEPAaBHOMEPHOE ceue-
Hue penbeda: 6ojee yacToe B paBHUHHBIX pailOHaX U YKPYIHEHHOE B TOPHBIX 00-
nactsax. Tak, Ha puzmdeckoit kapre Poccun macmrada 1:25 000 000 ropuzoHTaIN
npoBeneHsl Ha BbicoTe 0, 200, 500, 1000, 2000, 3000, 4000 m. Tak ke moka3aHbl
n300aThl (M301MHUM T1yOuH). [10 TOPU30HTAISIM MOXHO JIETKO OMpPeneanuTh abco-
JIOTHYIO BBICOTY JIFOOOH TOUKHM 3€MHOM MOBEPXHOCTH U OTHOCUTENIBHYIO BBICOTY
JBYX TOYEK (IIPEBBIIMICHUE OJHOM Haj ApPYyroi). I'OpH30HTaIM TaKKe MOMOIaroT




OTIPEJICTUTh KPYTH3HY CKIOHOB. UeM OJMKe pacroyioKeHbI TOPU3OHTAIA OJHA K
JIpyToM, TeM Kpyde CKJIOH. JlOoMONHUTENbHYI0 HH(OpPMAIHUIO O penbede Ha TOmo-
rpaduyecKuX KapTax NalT Oepewmpuxu — HEOONbIINE IITPUXHU, MPOBEICHHBIC
NEPIICHIUKYJIIPHO TOPU30HTAJISIM, YKa3bIBAIOIINE, B KAKYI0 CTOPOHY HICT MOHU-
»keHue penbeda (puc. 1).

Jnis m3o0pakenus Gpopm penbeda, He BRIPAKAIONUXCS TOPU30OHTASIME (Ha-
IpUMeEp, PE3KUX YCTYIOB, OOPHIBOB, OBPAroB U T. II.) MPUMEHSIOTCS CIICIIUaTbHBIC
YCIIOBHBIC 3HAKU. AOCOII0MHbIE 8blCOMbl BEPIIUH WM BIAJWH Ha KapTax MOAMH-
ceiBaloT mu@pamu. Hanpumep, uncino 8848 okono Touku, 0003HAYAIOMIEH Topy
DBepecT, 03HA4YaeT, 4To €€ abcomtoTHasi BbicoTa 8848 M. AOCOIIOTHBIE BBICOTHI
YKa3bIBAIOTCS B METPaXx.

Beprimrpuxun [{nppsl cBOMM BepxXoM
HaIMpasJieHbl o0OpanieHsl B CTOPOHY
B CTOPOHY NOBbIMIEHHA A0CONHTHOH BBICOTHI

NOHHIKEeHHHA
peasepa

©
Bnicora
Mxana |\ ceuenusn 5™
zanokenua || T

FO[)H.’!OHTZ].'IH MNpoBeAeHEl Yepes 5 MEeTpOB

Puc I3 - Uszobpadsicenue xonma copuzoHmanimu

[Ipoduns penbeda MECTHOCTH HYKEH 4allle BCETO T'€0JIe3UCTaM, KOTOpPHIE,
OCHOBBIBASICh Ha MPOEKTE U MaKeTe, MPOU3BOJSAT CBOU pacueThl. [lpogune mecm-
HoCcmu — 3TO penbed MECTHOCTH Kak Obl pa3pe3aHHbI BepTHKaIbHO. [IpaBUIIbHO
BBICTPOUTH NIPO(HIIb - 3a7a4a JUIsl CIICIIMATIMCTOB, HO BIIOJIHE PEAIbHO PEIIUTH €€
CaMOCTOSITENIbHO, MOJb3YACh HEKOTOPBIMU METOJAMHU U U3BECTHBIMU CBONCTBAMH
Ten nanamadTa.

ITepen mocTpoenremM mpoduist HEOOXOAUMO BU3YaJIbHO H3YYUThH IO KapTe
MECTHOCTb, [0 KOTOPOM MPOXOJUT JUHUS cedeHUss. OTMETUTh HanboJiee BhICOKUE
Y TIOHUKEHHBIC YYaCTKU MECTHOCTH. JJIsl 3TOr0 HY>KHO MPHUJIOKUTH YACTHIA JIUCT
OyMaru K JMHUU TPOoQuiIs U MOCTAaBUTh 3HAK «+» B TOUKaX, IJI€ OJTHOM U TOM Ke
BBICOTHI TOPU30HTAJIb YKA3bIBAECT HA MOBBIMICHHBIC YYACTKH MECTHOCTH (Ha BOJIO-
paszelie); 3HaK «-» - B TOUKaX MOHMXEHUs pelibeda (HU3MHAX U jomuHax). Ompe-
JIEUTh BBICOTY TOPU30HTANIEH MO OJMKaillieil OTMETKE BBICOTHI, MMOJIUCAHHON Ha
KapTe, YUYUTHIBasl BBICOTY CeueHHUs penbeda. Mexay HadyaabHOW M KOHEYHOU TOY-
KaM# TIpo(riis moKa3aTh BCE TOYKHU MEPECEYCHUsS] TOPU3OHTAJICH ¢ JIMHUEH ceue-
HUS, IIPOCTAaBUB a0CONIOTHYIO BBICOTY Kaxkao u3 HuX. OObrdHO 1udpy pacmoiia-
raloT BEPTUKAJILHO K Kparo JUCTa Oymaru JJis TOro, YTOOBI MO KaXKI0M TOPU30H-
TaJbl0 YMECTUJIACh MOMNMUCh. B Toukax mepernba cKkaTtoB, HE BBIPAKEHHBIX TOPH-



30HTAJISIMU, ONPECIUTh BHICOTHI U TAKKE OTMETUTh WX MECTOIOJIOXKEHUE HAPSITy
C TOPU3OHTAIISIMH.

Jlns moctpoenus npoduiis MECTHOCTH MCIIOIB3YIOTCS ABa MaciTada: Topu-
30HTAJIBHBIN, PaBHBIA MacIITa0y KapThl, U BEPTUKAIbHBIN, KOTOPBIM BHIOMpAETCS
WHIWBUAYAJIBHO JJIs KaXa0ro Tuna penbeda mectHoctu. (Hanpumep, B 10 unu 20
pa3 KpyIHee TOpU30HTaIbHOT0.) Ha 3TOM »Tame cienyer mpaBUIIbHO PacCUUTaTh
BEPTHUKAJIBHOE pacujieHeHHE pelbeda, KoTopoe OyaeT oToOpaxaTbCsl BEPTHKAJb-
HBIM MacmTaboM. B ciydae ciaumkom KpymHOTO Macimitaba MOTYT TOJYYHTHCS
KPYThIe CKJIOHBI M OOJBINHE TIEPEnaabl BHICOT, HECBOWCTBEHHBIC JAHHOMY THITY
penbeda. M1 HAOOOPOT, CIUIIKOM MEITKHA MAaciiTad CHOCOOCTBYET H3JIHIITHEMY
CTJIAXXHBAHUIO (hOpM pelibeda.

IIpoduib CTpOUTCS ¢ IMOMOMIIBIO ABYX OCEH - TOPHU3OHTAJIBHOM (HJI pac-
CTOSTHUW) W BEPTUKAIBHOU ([J711 aOCOJIIOTHBIX BBICOT), HA KOTOPBIX Pa30MBAIOT
IIKaJIbl B BBIOpaHHBIX MacmiTabax. HaganmpHas Toyka Ha BEPTUKAJIBLHOM IIKaJe
JIOJDKHA OBITh HUYKE CaMOM HIKHEW OTMETKU IO JIMHUU TPOQUIISL.

A B C D E F
~ s , C a
.198.1 /l \\ (\ { ; / <'|\le[; O;MQ‘E 1-
B A7
/am LY Vil i

it

193,2>
. /]

/

|

\
N

LN

7

A B' (o4 D E
Maciura6 1:25000
OCHOBHBIE TOPH30HTAIIN ITPOBEACHBI Yepe3 5 M

6)
H, M MacmTa6b ropusorTansHu 1: 25000
1 ., Macmrab Bepruxkanpasii 1: 2000
Ager
3 g :a

200 ../ >

E = >
190 R AL T2, Q ,E
180 | /
ittt

250 500 750 1000 1260 1500 L,m

Puc. 14 @pazmenm penvegha na monoepaguueckoii kapme (a) u npoguio
penvepa no munuu E’E (0)

BcnomorarenbHpiit TUCT OymMaru ¢ OTMEYEHHBIMH TOYKaMH MPOUIST MECT-
HOCTH NPUKJIAABIBAIOT B Kpall K TOPU30HTAIBHOU IIKAJIE. B KaXI0M OTMEYEHHOU



TOYKE BOCCTAHABIMBAIOT MEPIEHIUKYISP 10 COOTBETCTBYIOIIEH OTMETKH HA BEP-
TUKaabHOM 1mKaje (puc. 14, 0). [1naBHON KpUBOM COCIUHSIOT MOJTYyYCHHBIC TOYKU
npo(uiIsi MECTHOCTH, & KOHEYHYIO M HAa4YaJIbHYI0 TOYKH COEIMHSAIOT MO HPSIMOM.
[Tpu HanMuUMK BUAMMOCTU MEXIY KpalHUMHU TOYKaMHU 3Ta JIMHUS HUTAE HE Iepe-
CEeKaeT MoCTpoeHHOro npoduis mectHocTd. Ha puc. 14 3Toil BUIUMOCTH HET.

ITpu odopmiennn paboThl yKaKUT€ UCTUHHBIM a3UMYT JIMHUUA NPOQUIS U
4uCcIIeHHbIE MacuTalObl (M, M.,,), @ TaKkKe Ha3BaHHUA PEK, NEPECEKAIOIMX JIN-
HUIO PO,

[Toctpoenue mpodums (pa3pe3a) MECTHOCTH SBIISIETCS 00s3aTEIbHBIM yCIIO-
BUEM IIPH MPOEKTUPOBAHUHU TPACC JTMHEHHBIX COOPYKEHHIA, KPOME ITOTO MPO(HIN
MECTHOCTH CTPOSIT JUIsl ONPEIETCHUs YCIOBUIM CIEUAIBHOr0 0030pa NpH AeTallb-
HOM M3yYE€HHH MECTHOCTH JJIA LIeJIeH TPOEKTUPOBAHUS CTPOUTEIBHBIX 00OBEKTOB.

C 5TOM 1enblo Ha KapTe 10 3aJaHHOMY HAIIPaBJICHUIO ITPOBOAMUTCS MpsAMas U
Ha HEM OTMEUaroT TOYKU MEPECEUEHUs] TPAcChl C TOPU3OHTAISMHU, U XapaKTEPHbIE
TOUYKH, PACIOJIOKEHHBIE Ha NIEpPEerudax MECTHOCTU. 3aTeM K 3TOM NpsAMOM MpHKiIa-
JBIBAIOT MOJOCKY OyMaru, Ha KOTOPYIO IEPEHOCS BCE OTMEUEHHBIE TOUKU. DTy MO-
JOCKY COBMEIIAIOT C BEpXHEH JMHHUEW MOSICHUTEIBHON CETKU MpouiIsd AJisl nepe-
HOCa OTMEYEHHBIX TOYEK, B Ipady «rOPU30HTAIBHBIE PACCTOSIHUS BIMCBHIBAIOT UX
3HaueHus (puc. 15). Hax kaxxnoil TOUKON MOANMUCHIBAETCA €€ OTMETKA, B3sITasl 10
TOPU30HTAJISIM.

[TocTpoenue nmpoduiis AenarT C MOMOMIbIO JIMHUHM YCIOBHOTO TOPU30HTA,
KOTOPOMY MPHUAAIOT OTMETKY Ha HECKOJIbKO METPOB HMKE CaMbIX HU3KUX TOYEK
npoduis (Tak, 4ToObl TOUYKH C MHHMMAJIbHBIMA OTMETKAMH OCTaJIHCh BBHIIIE YyC-
JIOBHOT'O TOPU30HTA HA 5 — 7 cM), 0OBIYHO BEPTUKAIbHBIN MaciiTad npoduis ass
HarSIHOCTH JienatoT B 10 pa3 kpynHee ropuzoHTanbHoro Macmrada. Ho cootno-
HIEHUE MacTabOB MOKET ObITh MHBIM, MHOTOE 3aBUCUT OT MacluTada KapThl U JIH
IJ1aHa U CJI0KHOCTH penbel(ba.
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Puc. 15 IIpooonvuuiii npogune no nunuu AB

OT MUHUM YCITOBHOTO TOPU30HTA B OTMEYEHHBIX TOYKAX CTPOSIT MEPIECHIU-
KYJISIpbl 1 HA HUX B BRIOPAHHOM BEPTHUKAJIBLHOM MacIITabe OTKJIAbIBAIOT OTPE3KH,
paBHBIE Pa3HOCTU OTMETOK TOUEK MpOoduiis U YCI0BHOro ropu3oHTa. KoHIbI OT-
PE3KOB COEIUHSIOT NPSIMBIMHU, U B UTOTE MOJIy4alOT U300paKEHUE BEPTUKATIHLHOTO
pa3pe3a 36MHOM TOBEPXHOCTH B 3aIaHHOM HaIlPaBJICHUH.



Ycnoenwvie 3naku

Ycnosnvle snaku — 0603HaueHuUs, IpUMEHsAEMbIE HAa KapTax JUlsl U300paxe-
HUSl Pa3jMYHbIX OOBEKTOB M MX KAaYECTBEHHBIX M KOJMYECTBEHHBIX XapaKTEpH-
cTuK. C MOMOIIBIO YCIOBHBIX 3HAKOB 0003HAa4YarOT Kak peajibHble OOBEKTHI (Ha-
IpUMEp, HACETIEHHBIE IIYHKTHI), TaK U a0CTpaKkTHbIE (HapUMep, MJIOTHOCTh Hace-
JeHMs1). Y CIIOBHBIE 3HAKU IPEJHA3HAUYEHBI JJIs TOrO, YTOOBI yKa3aTh BUJ U HEKO-
TOpbIE XapaKTEPUCTUKU M300paKEHHBIX Ha KapTe OOBEKTOB (SBJIECHUI) U ompene-
JUTh UX TMOJOXKEHUE B MPOCTPAHCTBE.

Yca0BHBIE 3HAKYU JEIATCS HA!

— 6Hemacuma6OHble (MCTIOAB3YIOTCS I TOTO, YTOOBI H300pa3uTh 0OBEKTHI,
KOTOpBIE HE MOTYT OBITh BBIPa)KEHBI B MaciTade KapThl). DTO PUCYHKU WIH Teo-
meTtpuyeckue ¢urypsl, Ponauku opma KOTOphIX OOBIYHO HAIOMUHAET HU300pa-
xaemblii 00BeKT (puc. 16 a). bBykBeHHBIE CHMBOJBI TaKkKe OTHOCSATCS K BHEMac-
ITa0OHBIM YCIIOBHBIM 3HaKaM.

— JuHelnble (UCTIOJIb3YIOTCA ISl N300paxeHus] 00BEKTOB JIMHEWHOTO Xapak-
TEpa — peK, 0por, TpaHull, TpyOONpoBOIOB U Jp.). B MacmTabe oHu nepenaror
TOJIBKO JUIMHY U QOpMy O0BEKTa, IIMPUHA UX MPEYBEINYEHA, I0ATOMY €€ HU3Me-
puTh Helb3s (puc. 16 0);

— naowjaousie, UM KOHmypHvle (MCTOIB3YIOTCS JUIsl N300pakeHus reorpa-
¢uyecknx 00BEKTOB, 3aHUMAIOIIMX HEKOTOPYIO IUIOLIa/lb — 03€pO, MacCHB Jieca U
T. A.). [lepenator nelcTBUTEIBHYIO BeaUYnHy 00bekTOB (prc. 16 B). CocTosT U3

KOHTYypa (Jieca, 00J0Ta U T. I1.) U €ro 3aMoJIHEHUs (1IBET, IITPUXOBKA).
A)
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Puc. 10 Buapl ycI0BHBIX 3HAKOB



- NosiCHUMmMeNbHble YCIOBHBIE 3HAKW (HaIpUMEpP, CTPEIKH, MMOKA3bIBAIOIIUE
HaIpaBJjeHUE TEYEHUS PEKU, (PUTYPKU JIMCTBEHHBIX U XBOWHBIX JIEPEBHEB U JP.),
noAnucH, OyKBEHHbIE W LU(pOBbIE 0003HAYEHUSI TAKXKE HECYT OIPEICICHHYIO
uH(pOpMAaIUIO HA KapTe.

Ha kpynmHomacmTabHbIX KapTax 4aille UCIOJIb3yIOTCS TUIOMAAHbIEC U JTUHEH-
HbIC YCJIOBHBIC 3HAKH, HA MEJIKOMACIITAOHBIX — BHEMACILITAOHBIE.

Jiist 6onblei HarasAHOCTU TonorpaduyecKue KapThl U MIaHbl COCTABIISIOT-
Csl M MU3/1aI0T MHOTOKPACOYHBIMH. DJIEMEHTHI THAPOTrpaprH MOKa3bIBAIOT FOIyObIM
I[BETOM, PACTUTEIHHOCTD — 3€JICHBIM, pelibe() — TOPU30HTAISIMI KOPUIHEBOTO 1IBE-
ta. KBapransl ropoJloB M LIOCCE HA KapTax IMOKAa3bIBAalOT OPAHKEBBIM I[BETOM, a
YIJIMLBI 1 BHYTPUKBAPTAJIbHBIE JOPOTY HA IJIAaHAX — PO30BbIM. OCTaJIbHBIE JJIEMEH-
Thl CUTYallUl N300paKat0T YEPHBIM LIBETOM.

BuyTtpenunee odopmiieHne nHucTa TONOrpaguueckoil KapThl U IJIaHa JIF0OO0ro
MaciiTaba 3aBEpIIACTCS BHEIIHUM, 3aPAMOYHbIM. DIEMEHTAMHM 3apaMOYHOIO
oopmileHuUs SABJISIOTCS MOSICHUTENbHbIE HAAMKUCH, IUPPOBOM U rpaduueckuil ma-
TepHUaJl, YKa3bIBAIOIUI, B YACTHOCTH, KAKOMY Y4YacCTKy 3€MHOW MOBEPXHOCTH CO-
OTBETCTBYET JAHHBIN JIUCT.



JlaGopaTopHnasi padora Ne2 U3ydenue Teoa0mTa

Heab u 3agaun padoTbl

- U3y4UTh Ha3BaHMWE OCHOBHBIX YacTed M oceil mpubopa, OCBOUTH UX B3au-
MOJICHCTBUE;

- 3aKpEenuTh 3HAHMS, MOJYYEHHBIE Ha JIEKIUSAX, U MPUOOPECTH HABBIKU
IIPOBENICHHUSI IOBEPOK U FOCTUPOBOK TEOJI0JINTA,

- MOJY4YUTh MPAKTUYECKUE HABBIKM M3MEPEHUS YIJIOB M OOpaOOTKH MOJTY-
YEHHBIX PE3YJIbTATOB;

- HAy4YUTbCS ONPENEISTh PACCTOSHUA 110 HUTSHOMY JajlbHOMEpPY U oOpada-
TBIBaTh PE3YJIbTAThl U3MEPEHUM.

OO0beKThI HccIe0BaHus1, 000PYA0BAHNE, MATEPHAJIBI M HATVISIAHBIC I0COOMS:
OJIaHK-3a/1aHue, KapaHJalll, TeOJA0JUT, CTAHOBOW BUHT, KPOHIITEHH (IITATUB), BU-
3UpHBIE 1IeJIH, HUBEIMPHAs peiiKa, MUKPOKAIbKYJISITOP.

YceTpoiicTBO TE0X0IMTA

Ha puc. | man cxemaTnyeckuil BEpTUKAIBHBIA pa3pe3 TEOAO0JUTA, TIe MOKa-
3aH CTAaHOBOM BHHT |, C MOMOIIBIO KOTOPOTO MPUOOP KPENUTCS K BEPXHEH 4acTH
mITaTUBa 2 MpHU MOMOUIM NpyXuHsALEH miacTuHbl 3. [logbemHble BUHTHL 4 00ec-
MEYMBAIOT YCTAHOBKY IUIOCKOCTH JIMMOA §, MPEACTaBISAIOIIEro co00 MeTainye-
CKO€ WM CTEKIIIHHOE KOJIBLIO C HAHECEHHBIMM HA HEE YIJIOBBIMH JEJICHUSMH, B
FOpU30HTAJIBLHOE TTOJI0KEeHHE. B mojictaBke 5 pukcupyroTcst ocu 1umoOa 8 u anuja-
16l 9. Annnana - KOHIEHTPUYECKH CBSI3aHHOE C JIMMOOM KOJIBbII0, HECyIlee Ha ce0e
otrcueTHbie Tpucnocobsienus. Komnonka 10 mopmepxuBaer ock 13 3puTenbHOM
TpyO®I 15.
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Puc. 1. Cxema ycmpoticmea u odwuti 6uo meoooaiuma:.



1 — craHOBOM BUHT; 2 — rOJIOBKA INTAaTUBA; 3 — MPYXKUHSAIIAS IACTUHA; 4 — MOAbEMHbBIC BUHTHI;
5 — moacTaBka; 6 — 3aKPENUTENBHBIM BUHT TOPU3OHTAIBLHOTO KPYra; 7 — 3aKpeNHUTEIbHBIA BUHT
anuuaabl; 8 — JIMMO FOPU30HTAIBLHOTO KpYra; 9 — anuaajga ropu3oHTaIbHOro kpyra; 10 — xosion-
ka; 11 — okymsip 3puTeNbHON TPYOBI;, 12 — hoKycupyromuii BUHT; 13 — 0Ch 3pUTEIBLHON TPYOBHI;
14 — 3akpenuTeNbHBIA BUHT 3pUTEIBHON TPyOBI; 15 — 3putensHas Tpyda; 16 — 00BEKTHB 3pHU-
TeIbHON TpYyOBI, 17 — MMMO BepTUKaIbHOTO Kpyra; 18 — anmmana BEpTHKaIbLHOTO Kpyra; 19 —
MUKpoOcKoIT; 20 — HMIMHIPUYECKUH YpOBEHb; 21 — HaBOAALIUI BUHT 3pUTEIbHOU TpYOBI; 22 —
HaBOJISIIMN BUHT alugazibl; 23 — HABOJAIIUN BUHT TOPU3OHTAIBHOTO KpyTa; 24 — NUIMHIpUYe-
CKHUH ypOBEHb 3pUTEIBHON TPYOBI; 25 — BU3UD.

3putenbHas TpyOa cocTout u3 okymsipa 11 oobextuBa 16. dokycupoBanue
3pUTENbHON TPyObI OCyIIecTBisieTcs BpaiieHueMm (okycupyromero Bunta 12. C
BEPTUKAJIBHOM OChIO KOHCTPYKTHBHO CBsI3aHbI TuMO 17 u anupana 18 BepTukanb-
HOro Kpyra. Ha Tom ke pucyHKe MmoKka3aHbl OCh BpallleHUs 13 3puTeNbHOM TpyOBbI.
[Ipu moMouu psja JIMH3 4acTh TOPU3OHTAIBHOTO M BEPTUKAIBHOTO KPYrOB Iepe-
JaeTCsl B MOJIE 3pEHUSI OTCYETHOTO MUKpOCKoma 19 s oGecrieueHns: TOUHOU (HUK-
calMy OTYETOB INPU HABEJICHWU HA BU3HUpPHBIE 1€, OCHOBHBIE YAaCTH TEOJIOJIHUTA
cHaOXEeHbI 3aKpenuTeIbHbIMU 6,7,14 BUHTaMM, NEHCTBYIOIIMMU COBMECTHO C Ha-
BOJSIILIMMU BUHTaMU JUIsl OOECIIE€UeHUsI TOUHOM (MKCalluu 3pUTENIbHON TpyObl Ha
BU3MpHBIe 1enu. Hunuaapuyeckuit ypoBeHb 20 cHa0KeH HCTIPaBUTEIbHBIMU BUH-
TaMHU.

Ha Tom ke pucyHKe yKka3aHbl OCHOBHBIE T€OMETPUYECKUE U ONITUYECKUE OCH
TeosioynTa: ock V — V BpaieHus teofoauta, ocb U — U nunmHapudeckoro ypos-
Hs, ock H — H Bpamienus 3putensHoii TpyOs! u BusupHas ocb WW, BooOpaxaemas
JIMHUS, COEANHSIONIAs TJIaBHYIO 3aJHIOI0 TOUKY OOBEKTHUBA C IEPECEUCHUEM CETKU

HuTel (puc. 2).
"

Puc. 2. Yempoticmeo spumensvroti mpyoul (a) u xo0 nyyei 8 mpyoe ¢ 6HympeHHUM QOoKY-
cupogaruem (0)

Yempoiicmeo omoenvhvix uacmei meoooauma

3putenbHas TpyOa - mpeaHa3HavueHa JJisi HaOJIIoAeHUs YAAJICHHBIX MpeaMe-
TOB M MOATOMY MOCTPOEHA IO TEJIECKOMUYECKON CHCTeME, B KOTOPOH IMpHu ycTa-
HOBKE TpyObI HA OECKOHEYHOCTD 3aHUN (POKYC ee 0ObEKTHUBA COBMAIACT C TIEpe-




HUM (pokycom okyisipa. [Ipu reomesmveckux paboTax paccTOsHUS 10 HabIromae-
MBbIX TOYEK KOHEYHbI, TO3ATOMY M300paKeHHs IPEIMETOB B TPyOE MOTYT 3aHUMATh
pa3Hble MO3UIIMHU, B 3aBUCUMOCTH OT PacCTOSHUS 10 HaboaeMbIx 1eneid. Ha puc.
2 moKa3aHbl: pa3pe3 3pUTENIbHON TPYObl C BHYTPEHHUM (DOKYCUPOBAHHEM C CETKOMN
HUTEN U XOJ JIyYeH B ONITUYECKOU CUCTEME.

OnTuyeckasi cucTeMa 3pUTeNIbHON TPYyObl COCTOUT U3 00bEKTUBA 1, NBOSIKO-
BOTHYTOM (hOKyCHpYIOIIeH JTMH3BI 2 U OKyJisipa 3. Mexay OKyJIsIpOM U IBOSIKOBOT-
HYTOM JINH30M HAXOJUTCA CTEKJISTHHAS IUIACTUHA C HAHECEHHOM HA HEW CETKOU HU-
Tell 6 ¢ ucrpaBuTeNbHBIME BuHTamMu 5. Ilpu momomu ¢okycupyromero BunTa 7
MOXHO H3MEHSTh PACCTOSHUE MEXIY OOBEKTUBOM W JBOSIKOBOTHYTOM JIMH3OM,
YeM JIOCTUTaeTCs pe3Koe M300pakeHue HaOmromaemou menu. JleiicTBue ontuue-
CKOM CHUCTEMBI 3pUTEIBLHOM TPYOBbI ITOKa3aHO Ha puC. 2 0.

YpoBHM - NpenHa3HAYEHBI JIsI YCTAHOBKU OCEM M IIOCKOCTEW reoje3nye-
CKUX MPUOOPOB B TOPU3OHTAIBHOE WJIM OTBECHOE TOJIOKEeHHE. Paznmuyaior 1Ba TH-
na ypoBHEH, — 0oyiee TOYHBIE — IIJIMHIPUYECKUE U MEHEE TOYHBIE — KPYTJIbIe
(mapoBsie).

Puc. 3. Yempoiicmeo yununopuuecrkozo yposus (a) u yena oenenus t (6)

HunuHapuyeckuii ypoBeHb (puc. 3) mpeacTaBiisieT co00il CTEKIISIHHYIO aM-
yJIy TOPOUJATBHOU (hOPMBI, 3aKIIFOUCHHYIO B METAJUTMYECKYIO onpaBy. BHyTpeHn-
HsIS TIOBEPXHOCTh aMITyJIbl OTHIIH(OBAHA 110 Tyre OKPY>KHOCTU paguyca R. Ammy-
Ja 3amoJiHeHa cnupToM uiH 3dupom. Ocraronieecs: cBOOOTHOE MPOCTPAHCTBO aM-
MyJIbl, COJICPIKAILIEE Mapbl KUJIKOCTHA HA3BIBACTCS My3bIPHKOM YPOBHS - OH CTpe-
MHTCS 3aHATh B HEM HAWBBICUIEE MOJIOKEHHUE.

Ha napyxHOI NOBEPXHOCTH aMITyJIbl HAHECEHHI yepe3 2 MM nenenus. Cpen-
HSISl TOYKA IIKAJIBI HA3bIBAETCS HYJIb — MYHKTOM: a OChIO HWJIMHAPUYECKOTO YPOBHS
ABJISICTCSL KacaTebHAsl K BHYTPEHHEHN MMOBEPXHOCTH aMITyJibl B HYJIb — ITyHKTE. [le-
HOU JICJICHUs YPOBHS CIYKUT LIEHTPAJIBbHBIN YIOJI T, OIUPAIOLIUICS HA OJHO JeJie-
HUE ypoBHs. B TexHuueckux teomonutax t cocrasisieT 30 — 60', B HuUBenupax 5 —

30",

Ecnu my3bIpek ypOBHSI HaXOJUTCS B HYJIb — IIYHKTE, TO €r0 OChb 3aHUMAET
rOpPU30HTAJIbHOE MOJI0KEeHNE; HakIIOH v OCH ypOBHSI OTHOCUTENBHO TOPU30HTA OI-
PEACIIAIOT MO BEJIMYMHE CMEIIECHUS My3bIpbKa OTHOCUTENBHO HYJIb — IYHKTA, TaK
YTO V=N * T, IA€ N — YHCIIO IE€JIEHUIN YPOBHS, HA KOTOPOE CMECTHIICS ITy3bIPEK.

Kpyriibie ypoBHU C IIEHOM JIeJIEeHUS] B HECKOJIBKO MUHYT IIPEeIHA3HAYEHBI JIsI
IpeIBapUTENIbHON YCTaHOBKM Mpubopa B pabouee moJsiokeHue. BHyTpeHHss mo-
BEPXHOCTh aMITyJIbl TAKOTO YPOBHs OTHLIM(OBaHA 101 chepy HEKOTOPOro paauny-
ca. JleneHuss Ha BHEIIHEH CTOPOHE amImyJjibl HMMEIOT BHUJ KOHUEHTPUYECKUX



*OKPY>KHOCTEW, LIEHTP KOTOPBIX CIYKHUT HYJIb - IIYHKTOM. OCBIO KPYTIJI0r0 ypOBHS
CIIy’)KUT paanyc c(eppl, OMyIIEHHBIN U3 HYJIb — IIyHKTA.

['OpU30HTAIBHBIA KPYT TEOJI0JIUTA COCTOUT U3 JBYX YacTel — IuMOa U ajau-
nanpl. B COBpeMEHHBIX TEOAOIUTAX JTUMO MPENCTaBIsAET OO0 CTEKITHHOE KOJIb-
110, HA KOTOPOE HAHECEHbI I'PATyCHbIE JEJICHUS WIN KOJIOBBIE TOPOXKKHU (B DJIEK-
TPOHHBIX TeononnTax). Cuer aeseHnit uaeT o Xoay 4acoBoi cTpenku. Ha anuna-
7€, KOHLIEHTPUUYECKU CBA3aHHOW € JTMMOOM YCTaHOBJIEHBI OTCUETHBIE NPUCIIOCO0-
nenus. CBepxy anjaja 3aKkpbiTa KOXKYyXOM, HA KOTOPOM KPEMSATCS MOJACTaBKH 3pH-
TeNbHON TpyObl. Bo Bpemsi u3MepeHus rOpU30HTAIBHBIX YIJIOB JIUMO JOKEH OC-
TaBaThCsl HETIOJABUKHBIM, BEpUTENIbHAs TpyOa BMECTE C aauAa 0l yCTaHABIMBACT-
Csl B 33JIaHHOM HalpaBJICHHH.

OtcueTHble mpucnocobneHus. OTCUETOM Ha3bIBAKOT YroJl, OTCUUTAHHBIN OT
HYJIEBOT'O JIeNeHUs JIuMOa 0 yKazarens (HyJeBOIo IITpUXa) OTCYETHOIO MPHUCIO-
co0JieHusl.
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Puc. 4. llImpuxosoii u wkanosoi (a) muxpockonst meoodoauma (), (8)

B coBpeMeHHBIX TE€OJOIUTaX MCHOJIb3YEMBIX B ONEPATHBHON MpPAKTUKE Ta-
KUMH TPUCTIOCOOJIEHUAMH CIIY>KAT IITPUXOBOM MM IIKAJIOBOM MHKPOCKOIIBI
(puc.4)

B mITpuxoBOM MUKPOCKOIE OTCUET OEPYT «Ha TJIa3» MO ITPUXY YKA3aTello.
Ha puc. 4a orcuer no BEpTUKAIIBHOMY Kpyry paBeH 358°42'; mo ropu3oHTaIbHOMY
Kpyry orcuer 77°22'. B mone 3peHus MIKaJIOBOTO MUKPOCKONA BUJIHBI I'PATyCHBIE
neneHus aumOa M ILKaja, COCTosmas U3 0ojiee MENKUX JAEJICHHUM, 3aHMMaroIas
OJIHO JieleHHe uMoOa. 37ech OTCUET COCTOMT M3 LEJIOro 4Yucia rpaaycoB, Mpo-
HISAIINX JI0 HYJS MIKAJIbI, K KOTOPOMY J00aBIsieTCs OTCUeT 1o IiKaje (Ha puc.40
OTCYET 0 BEPTUKAIIBHOMY Kpyry paBeH +2°27'; M0 ropu30HTAIILHOMY KpPYyry OT-
cueT 44°07'). Ha puc 4B 1o BEpTUKAIIBHOMY KPYTy JEMOHCTPUPYETCS OTPULIATEI b-
HBIN oTcyeT — 1°12';

Ycemanoska meooonuma
YcTaHOBKa T€O10JIMTA BKIIIOYAET B C€0sI CIEIYIONIUE ONEPaIIH:
— YCTaHOBKa T€OJ0JINTA 110 YPOBHIO Ha ajiiiajie TOPU30HTAIBHOTO KPYTa;
— YCTaHOBKA 3pUTEIBHOU TPYOHI MO T1a3y;
— npuOIU3UTENbHOE HaBEJEHUE TPYObl HA HAOIIOAAEMYIO TOUKY;
— YCTaHOBKa TPYObI MO MPEIMETY;
— TOYHOE HaBEJCHUE MEPECEUEHHS CETKH HUTEN TPyObl HA BUSUPHYIO 11€JIb;



— B3SITUE OTCYETA MO0 TOPU30HTAILHOMY WJIM BEPTUKAJIBHOMY KpyraMm T€O0JIUTA.

Teomonur ycraHaBiIMBaeTCsd M KPENUTCS Ha IITATUBE WIIM CTOJIMKE CTaHO-
BbIM BUHTOM. {11 ycTaHOBKHM J1MMOa B TOPU30HTAIBHOE MOJIOKEHUE UCHOIb3YIOT
LIUJIMHAPUYECKUM YPOBEHb IPHU alIKMAaJe TOPU30HTAIBHOIO Kpyra. Anuaany Teo-
JIOJIUTa TOBOPAUYMBAIOT TaK, YTOOBI aMITyJia LIUJIMHAPUYECKOTO YPOBHS cTajla npu-
MEPHO IMAPaJUIEIIBHO JIMHUM, COCIUHSIONIEH 1BA MOABEMHBIX BUHTA, U, Bpalas 3TH
BHUHTHI B IPOTUBOIIOJIOKHBIE CTOPOHBI, IIPUBOASAT Iy3BIPEK YPOBHS Ha CEPEIHHY.
[Tocne aToro moBopaynBaroT anuaanay Ha 90° U TpeTbMM BUHTOM TaKKe€ MPUBOIAT
Ny3bIpEK YPOBHS B HYJb-IIYHKT. J[JI1 YCTAHOBKM 3pUTEIBHON TpyOBI MO ria3y €€
HANpPaBIISIOT HA CBETNIBIN (OH U, TISAAS B TPpyOy, BpalIalOT AUONTPUMHOE KOJIBIIO
OKYJIsIpa, TOOMBASICh YETKOTO U300pAKEHUSI CETKU HUTEH.

[Tpubmmk€HHOE HaBelEeHWE 3PUTENBHON TPyObl HAa HAOMIONAEMYIO TOYKY
BBINIOJIHAIOT TaK: OCIA0UB 3aKpPEMUTEIbHbIE BUHTHI aJIUJaAbl U TPYObl, HANpPaBJIs-
0T €€, KaK Obl MPUIENINBASICh, 10 MEPEKPECTHIO BU3HMpPA HA BHIOPAHHYIO LENb U 3a-
TATUBAIOT 3aKPEIUTEIbHBIE BUHTHI.

Ilepen TOUHBIM HaBEACHUEM BpallleHUEM (POKYCHUPYIOIIETO BUHTA JOCTUTAIOT
TOYHOTO U300pakeHUs1 HaOII0JaeMON TOUKU U TOYHOE HaBE/ICHUE NEPEKPECTUS HU-
Tel Ha HaOJII0JaEMYIO0 TOUKY BBINOJIHSAIOT HABOJALIMMH BUHTaMH allUAa]bl U TPY-
OBbIL: 3TU BUHTHI HE OyaAyT paboTaTh, €CIIH HE 3aTSHYTh 3aKPEIUTEIbHbIC BUHTHI.

Ecnu HabmoaeTcs Bexa, TO NEPEKpecTUe HUTEH HABOJIUTCS Ha CaMblil HU3
BexU (y 3€MJIM), a MPU HAOJIIOJACHUH MUPAMUIbl — HA BUSUPHBIA UWIMHJP, UK TO
K€ CaMO€ NPHU HABEICHWM Ha CIICHHAIBHYIO BU3UPHYIO MapKy, YCTAHOBJIEHHYIO
HaJl TOYKOM.

OTCY€THI MO BEPTUKAIBHOMY U TOPU3OHTAJIBLHOMY KPYry OepyT MO MIKajo-
BOMY WJIH IITPUXOBOMY MHUKpOCKOINaM (puc.4) yepe3 napauvieabHyI0 BU3UPHYIO
TpYOKY, OTCUUTBIBAsK TPaAyChl U MUHYThHI Jyrd JUMOa A0 HYJIEBOrO MITpHUXA OT-
CYETHOTO TIPUCITOCOOIICHHMS.

Ilosepku meooonuma

CoryiacHO MPUHIUINUAATIBEHON CXEME TEOJ0JIUTa MEXKIY €r0 OCSIMHU JIOJDKHBI
COOJTIOIaTHCS OTPE/ICTICHHbIE TEOMETPUUYECKUE COOTHOIICHUS, KOTOPhIE TOJIEkKAT
MIPOBEPKE U, IPU HEOOXOAUMOCTH, UCTIPABIICHHUIO, JIJII YEro TEOJO0JUT OOecredn-
BAeTCsl MCIPABUTEIHHBIMU BUHTAMH, MO3BOJIIOIIMMH MU3MEHSTH TOJIOKEHUE BBI-
BEPSAEMBIX OCEH.

B TeogomuTe 1OMKHBI COBMENIATHCS TPY OCHOBHBIX YCIIOBHSI:

1. Och UMIUHAPHYECKOTO YPOBHS Ha aluaaZc TOPU30HTAIBHOTO Kpyra
JOJDKHA OBITh TMEPIICHANUKYJSIpHA OCH BpalieHus TeomosmTa. Llems moBepku: mo-
CTaBUTh YPOBEHB TaK, YTOOBI C €T0 TTOMOIILI0 MOYKHO OBIJIO YCTAHABIIMBATH aJTA/a-
1y B TOPU30HTAIILHOE TIOJIOKCHHE.

2. BuzupHasi och 3puUTEIBHON TPyOBI OJDKHA OBITH MEPHEHANKYISIPHA OCU
€€ BpallleHus. ITO YCIOBHE CTABUTCS JJISl TOTO, YTOOBI BU3HPHAS OCh MPHU BpaIlle-
HUW BOKPYT TOPU3OHTAIBLHON OCH OMUCHIBAiA ObI IPOCKTHPYIONIYIO KOJUTUMAIIH-
OHHYIO TUIOCKOCTh, @ HE KOHHYECKYIO MOBEPXHOCTh. YTON «C», Ha KOTOPHIH OT-
KJIOHSICTCSI BUBUPHAS OCh OT MEPICHINKYIISIpa K OCH BpAIlEHUs, HA3bIBAIOT KOJUTH-
MaIMOHHOU OITMOKOM.



3. Ocp BpamieHus: TpyObl JOHKHA OBITH MEPIEHANKYJSPHA OCH BpAIICHUS
TeononuTa. Llenp moBepku: NOOUTHCS TOTrO, YTOOBI KOJUIMMALIMOHHAS IJIOCKOCTH
ObLIa EPIEHIUKYIISIPHA TUIOCKOCTH TOPU30HTAIBHOTO KPyTa.

Ilepsas nogepka — 0Cb NUIAVHIPUYECKOTO YPOBHS Ha aauiaj e TOPU30HTAIIb-
HOT'0 KpyTa J0/DKHA ObITh NEPIEHIMKYJIIPHA OCH BpalllEHUs TEO0JIUTA.

[Tocne npeaBapuUTENbHON YCTAHOBKM TEOJOJNTA TpeMs MOABbEMHBIMU BHUH-
TaMU, ajlugany YpPOBHs pacrojararoT Tak, 4YToObl OHA CTajla NapajuiejibHa JUHUH,
COEJIMHAIONIEH JBa MOJbEMHBIE BUHTA U, IEUCTBYS UMU, IPUBOIAT ITy3bIPEK YPOB-
H B HYyJIb — IIYHKT. B pe3ynbrare 3TUX NEUCTBHA OCh YPOBHSA 3aMMET TOPU30H-
TajabHOE nonoxeHnue L' — L' (puc.5), HO oHAa MOKET ObITh HE NEPIEHIUKYJISIPHA K
ocH BpaieHus, yroiu 3 # 90°.

Puc. 5. I'eomempuueckasn cxema nepgoii nogepku

B nensx moBepku nmoBopaunBaroT anuaanay Ha 180°, u eciau my3bIpEK OTKIIO-
HSIETCA OT CEPEMHBI, TO OChb YPOBHS IOCJE MOBOPOTA HAKJIOHEHA OTHOCHUTEIBHO
TOPU30HTA HA YTOJ Y ¥ 3aHUMAaeT nojoxenue L" — L".

Tak kak, 2+y = 180°, To B = 90° — /2.

UtoOwl yros [ cTasi mpSAMBIM HYXXHO HCIPABUTEIBHBIM BHUHTOM YPOBHS
CABUHYTH MY3BIPEK B CTOPOHY CEPEIUHBI HA TOJOBUHY JYT'H OTKJIOHEHUS, YTOOBI
och ypoBHs 3aHsia nosnoxeHue L — L. Tlocime aToro moabEMHBIM BUHTOM MPUBO-
JSAT My3bIPEK YPOBHS B HYJIb — ITYHKT. /{7151 KOHTPOJISl MOBEpKa MOBTOPSIETCSL.

UYtoObl MPUBECTU TEOMOIUT B pabouee MOJ0KEHUE aluaay TOBOPAYNBAIOT
Ha 90° U TpeTbUM NOABEMHBIM BUHTOM TAKXE MPUBOJAT IMY3bIPEK YPOBHS Ha ce-
peauHy.

JIJ1si OKOHYATENBHOTO YTBEPXKICHHUSI, YTO MOBEPSEMOE YCIOBHUE BBIMOJIHEHO,
MOBOPAYMBAIOT TOPU3OHTAIBHBIA KPYT B MPOM3BOJIBLHOM HampasieHuu. 1 ecnu my-
3BIPEK OCTAETCSl HA CepelMHE aMITyJIbl WM OTKIIOHSIETCS OT He€ He Oosiee yeM Ha
OJIHO JIeJIEHUE, 3HAYUT YCIOBUE BHITIOJHEHO.

Bmopas nosepka - BU3UpHasi 0Cb 3pUTEABHON TPYObI JIOJKHA OBITh MEPHEH-
JUKYJIApHA OCH €€ BpalllCHUS.

[ToBepKky BBITIOJHSIOT MYTEM ABYKPATHOTO HABEICHUS 3PUTEIHLHON TPYOBI
Ha y/an€HHyI TOYKY MECTHOCTH, PACIIONOKEHHYIO TPUMEPHO Ha YPOBHE TPYOHI, C
B3SITUEM OTCUETOB IO TOPU3OHTAIILHOMY Kpyry. IlycTh mepBoe HaBelieHUE BEIOCh
IIPY TIOJIOKEHUHM BEPTUKAILHOTO Kpyra cieBa oT Tpyos! (KJI), a BTopoe, moce me-
peBoaa TpyOBI Yepe3 3eHUT U moBopoTa anuaansl Ha 180°, mpu kpyre mpaso (KII)

(puc.6).




Puc. 6. Kornumayuonnasn owuobka C

Ha pucynke H — H — ochb Bpamienus tpyosr; A'— A' u A" — A" — nonoxxeHus
Bu3npHoil ocu nipu KJI u KII; a' u a" — 0Tcu€Thl M0 rOpu30HTAIBHOMY KpPyTy; «Ch»
— KOJUTMMAIIMOHHAS OIMOKAa — OTKJIOHEHUE BU3UPHOW OCU OT MEPIECHIUKYIspa K
OCH BpaIlleHUs TPYOBI.

Kak cnenyer U3 pucyHka, KOJUIMMAIIMOHHAsA OMIMOKa BBIYUCISETCS MO (op-
MyJie

C=(a"—a't180°)/2.

Ecnu okaxercs, uro BenuunHa omMOKH C MPEBBIIAET JBOMHYIO TOYHOCTb
OTCU€Ta, ATy OIMOKY HY>KHO MCHpaBUTh: C 3TOM LI€JbI0 HABOASIIMM BUHTOM aJld-
Ja]ibl YCTAaHABIUBAIOT OTCUET g, CBOOOHBIN OT BIMUSIHUS STOM OIIHOKHU.

ao= (a"+a'+180°)/2,

Tenepb, HaOMIOJas1 B 3pUTENIbHYIO TPYOy MOXKHO 3aMETHTh, UYTO HEpEKpe-
CTHE HUTEH CONUIO ¢ HaOI0aeMoi Touku. JJis MCTIpaBIeHHUs] CHUMAIOT C OKYJISAP-
HOTO natpyOka TpyObl Koiamadok. OciaabisiioT BEPTUKAIBHO PACIIOIOKEHHBIE BUH-
ThI CETKU M BpaIleHUEM TOPU30HTAILHBIX UCTIPABUTEIIbHBIX BUHTOB (OJMH BHIBUH-
YUBaTh, APYrOd — BBUHYMBATH) MEPEMEIIAIOT CETKY /10 COBMAIACHUS MEPEKPECTHS
HUTEH ¢ HabmrogaemMoit Toukoi. Tlociie ncnpapneHuss BUHTHI 3aKpYyYHBaKOT.

[Tpumep:

a'=119°37"; a" = 299°32".

C =(299°32'-1 19°37'-180°)/2 = -2'30"

a’=(1299°32'+119°37' -180°)/2 = 119°34'30".

Tpemvs nosepka — O0ch BpallleHUs] TPYObI JTOJDKHA OBITh MEPHIESHIUKYIISIPHA
OCH BpaIllEHUs TEOJI0JIHTA.

[ToBepka MOXKET ObITh BHIMIOJHEHA ABYMS CLIOCOOAMHU:

1) nyrém HaOmoaeHHUsT OOJIBIION HUTHU OTBECa Ha BCEM €€ MPOTSIKEHUH, —
MIPY HAKJIOHE 3PUTEIBHOU TPYOBI MEPEKPECTHE HUTEH HE JIOJDKHO YKIOHSATHCS OT
HUTU OTBECA;

2) MPOEKTUPOBAHUEM KOJUIMMAIIMOHHOW TIJIOCKOCTH TPYObI HA HEKOTOPYIO
KapTUHHYIO TUIOCKOCTh (CTeHy). /[ BBIMOJIHEHHS] TOBEPKU ITUM CIIOCOOOM TEO-
JOJIUT ycTaHaBimuBatoT B 10 — 15 M OT CTeHBI 37aHUSI ¥ 3PUTEIBbHYIO TPYOy HaBO-
JAT HAa HEKOTOPYIO TOYKY, BBICOKO PACHOJIOKEHHYIO Ha 3/IaHUU. 3aKPEIUISIOT T'o-
PU3OHTAIBHBINA KPYT U TPYOy MJIABHO OMYCKAIOT JO TOPU3OHTATHHOTO MOJIO0KEHUS
Y Ha CTEHE 3[IaHus OTMEYAIOT TOYKY A; B KOTOPYIO HalpaBJIEHO NMEPEKPECTUE CET-
KM HUTEH. 3aTeM, Ty K€ OINEepaluio BBIIOJIHAIOT MOCe MOBOPOTa TPyObl uepes 3e-




HUT, MOTy4asi BTOpYI0 TOuKy A,. Eciu nzobpaxenne otpeska A;A, HE BBIXOIAT 32
npenesbl OMCCeKTOpa, TO TEOMOJUT UCHpaBeH. B coBpeMeHHbIX MoJIu(HUKALUAX
TE€OJOJIUTOB ATO YCIOBUE rapaHTUPYETCS U3roToBUTENEM. ECiin HapylieHne BbIsB-
JIEHO, TO UCIIPABJICHUE BEJIETCS B MACTEPCKOM.

CpenHee u3 OTCYETOB MO TOPU3OHTAIBHOMY KPYTY MPH ABYX IMOJOKEHUSIX
BepTukanbHoro kpyra (KII u KJI) cBOG0IHO OT BIMSHUS ABYX MOCJIEIHUX UHCT-
PYMEHTAIbHBIX OLIUOOK.

Kpome nepeuncieHHbIX MOBEPOK HYKHO YCTAaHOBUTH BEPTUKAIBHYIO HUTH
CETKH MapajuyielIbHO HUTH OTBEca, HA0JIt0Aasi HUTh OoTBeca. Mcnpasienue goctura-
eTCsI TOBOPOTOM BCEH CETKH MPU OCIAOIEHHBIX KPETEKHBIX BUHTAX.

H3zmepenue copuzonmanvro2o yena cnocooom noaynpuemos

JUist u3MepeHusi TOPU30HTAIBHOTO yrila B MOJEBBIX YCIOBUSX TEOJIOJHUT yC-
TAHABJIMBACTCS HAJl BEPUIMHOW yriia «B» MO OTBECy ¢ TEXHHUYECKONM TOYHOCTHIO
(105 MM) U, 110 YPOBHIO IUIOCKOCTh JTUMOA NMPUBOJUTCS B TOPU30HTAIBHOE MOJIO-
JKEHUE.

Han naOnrogaemMbIMu TOYKaMU WJIM 110334 HUX YCTAHABIIMBAIOT BU3UPHBIC
LIEJIU: BEXU WM MapKU (HA pUCYHKE 7 YCTaHOBIICHBI BEXH).

[Topsimok M3MEpEHHs] TOPU30HTAIBHOTO YIVIa PEKOMEHIYETCsl IPOBOJUTH B
CJIEYIOLIEH II0CIEA0BATEIbHOCTH:

1) Haxo[sCh Ha BEpIIMHE U3MEPSIEMOrO yIJa, 3pUTEeNbHYIO TpyOy mpH 3a-
KpPEIJIEHHOM JIUMOE, HAaBOAAT Ha JIEBYIO TOUKY «A» M OepyT OTCYET MO FOPU30H-
tanbHOMY Kpyry (I HaBemenwme). Jlnsi Oonblie HaAEKHOCTH H3MEPEHUM JIE€TAIOT
KOHTpOJIbHOE HabmoneHue u BHOBb OepyT otcuér (Il nHaBenenwme). [lomyueHHsie
pE3yNbTaThl 3aMKUCHIBAIOT B KYPHAJ U3MEPEHUSI TOPU3OHTAIBHBIX YIJIOB U BbIUKC-
JSIFOT CPEIHUM OTCUET IO HAIIPABJICHUIO HA TOUKY «A.

Puc.7. Cxema usmepenus 2opuzonmanbHo2o yena

2) BpallleHHEeM aJiJaJbl 110 YaCOBOM CTPEJIKE 3pUTEIbHYI0 TPYOy HABOAST
Ha MpaByr TOYKY «C» M OEpyT OTCUETHI MO TOPU3OHTAIIBHOMY KPYTy U 3alUChI-
BAIOT UX B KYpHAJI, B CTPOKY OTBEJICHHYIO JIJI1 3TOI'0 HANPABJICHUS.

3) uamepsemsiil yron «ABC» BeIYUCISETCA KaK pa3HOCTh CPETHUX OTCUETOB
110 TOPU3OHTAIIBHOMY KPYTy



Basc =Cep. — Agp. (ecim Cgp < A, TO K 0TCUéTY Cpp, IpuOaBIAoT 360°).

OTH onepanyu COCTABISAIOT OJWH NOJIYIPUEM. [{J1 HCKIIFOUEHHSI OCTATOYHO-
IO BJIUSIHUSI UHCTPYMEHTAJIBHBIX IMOTPEMIHOCTEN U MOBBIIIEHUS TOYHOCTH U3MEpe-
HUW, BCE IMEPEUYUCIICHHBIE OINEpPalUK IMOBTOPSIOT MPU APYrOM MOJOKEHUU 3PH-
TeJILHON TPYOBI MOBOPOTOM €€ uepe3 3€HUT. BBIMOIHIATE BTOPOH MOMYNPUEM XKe-
JaTeNbHO TIPU JPYroi ycTaHOBKe JUMOa. BpeMeHHO 0cnalmisioT 3aKpenuTesIbHbIN
BHHT JIUMOA ¥ TIOBOPAaYMBAIOT TeoAouT Ha 90°+ 5-10' B mro6yro cropony. Ecim
3HaueHue yrioB «C;» u «Cy» B moJiynipueMax OTIMYaIoTCs B Mpejiesiax JBOMHON
TOYHOCTH OTCUETA, BEIYUCIIACTCS CpeaHee 3HaueHue yriia (Taou. 1).

Tabmuma 1
JKypHan n3MepeHusi TOpU30HTAIBHBIX YIJIOB
Bepmuna yrina|Hanpasienne Otcuer Vsl
[ | I | Cpennee [Tonympuem | Cpennee

1 monynpuem — KII

A 45°15' 16" [45°15'30" oA
B C 151°05" |06' [151°05'30" 10575000
2 nonynpuem — KJI 105°50'00"

A 341°12"  |12' |341°12'00" oennA
B C 87°02' 02' [87°02'00" 10575000

H3mepenue eepmukanbrho2o yana

BepTukanbHbIM YIJI0M Ha3bIBAIOT YroJd HAKJIOHA BU3UPHOW JIMHUU OTHOCH-
TEJIBHO IJIOCKOCTH Tropu3oHTa (puc. 8). Jns m3aMepeHus 3TUX YIIOB TEOIOJUT
CHa0XEH BEPTUKAIBHBIM KPYTrOM, TaK)Ke COCTOSIINM W3 JTuMOa 1 anuaaasl. JIumo
TECHO CBSI3aH CO 3PUTENILHON TpyOOii, a anuaaga ycTaHABIMBaeTCa B pabouee mo-
JI0’KEHUE TI0 YPOBHIO MJIU C TTIOMOIIbIO MasiTHUKOBOTO KOMIIEHCATOPA.

N3mepsiemMblii yro HaKJIOHA UMEET 3HAK «1) €CJIM BU3MPHAsI OCh HaIlpaBJie-
Ha BBIIIE MJIOCKOCTU TOPU30HTA WJIM 3HAK «—», €CIIM OHA HaIlpaBJieHa HIDKE. 3Ha-
YEHMS YTIIOB MEHSIOTCS B mpeaenax ot 0° go 90°.

N3-3a MHCTpyMEHTANbHBIX IMOTPEIIHOCTEN COOpKU Mpubopa (PakTUUECKHid
YTOJl HAaKJIOHA PaBEH HE OTCYETY, B3ITOMY MPHU HAKIOHHOM MOJIO0KEHUU BU3UPHOU
ocH, a pazHoctu AByX oTcuéroB: orcuera (KII wim KJI) npu HakIoOHHOM MOJIOXKeE-
HUU TPyOBl M 3apaHee BBIYHCICEHHOTO OTCU€Ta, COOTBETCTBYIOIIETO €€ TOpU30H-
TaJlbHOMY TOJIOKEHHI0. Takoil 0TCU€T Ha3biBatoT MecToM HyJd (MO) BepTUKAIIb-
HOT'O Kpyra.

MecTtoM HyJsi Ha3bIBAIOT OTCUET MO BEPTHKAIBHOMY KPYry MpU TOPU30H-
TaJIbHOM T10JIOKEHUU BU3UPHON OCH, KOTJa My3bIPEK YPOBHS Ha aluAaZe HaXOIUT-
Cs B HyJb — IMYHKTE (WM, — JJISl TEOJIOJIUTOB C KOMIIEHCATOpPaMH, MPU TOPU30H-
TaJIbHOM IOJIOKEHUH JIMHUU OTCUETHBIX UHJICKCOB).




Puc. 8. U3mepenue sepmuranvrozo yena

JUist onpenieneHust MecTa HyJisi HEOOXOAMMO, MOCIE YCTAHOBKH TEOI0JIHNTA B
pabouee MoJI0KEHHE IO YPOBHIO, ABAXK/IbI HAIIPABUTh 3PUTEIBHYIO TPYyOy Ha TOUKY
IIpU Kpyre JeBo U Kpyre npaso U B3saTh oTcuéThl KJI u KII. ¥V teogonuTos ¢ ypos-
HSIMU TIpU anujajae BepTukaisHoro kpyra (TS5, 2TS5 u ap.) nepen orcuéramu my3bi-
PEK 3TOr0 YpOBHS MPUBOJUTCA B HYJIb — IIYHKT YCTAHOBOYHBIM BHHTOM AJIU]IA]IbI.
JI71st pa3HbIX KOHCTPYKIIUNA BEPTUKAIBHBIX KPYTroB ()OPMYIIbI JJIsi BEIYUCICHUS €TO
Y YIJIOB HAKJIOHA V HEOAWHAKOBBI. Hanpumep, 11 TEOAOJIUTOB TEXHUYECKOW TOY-
HoctH (Trmna 2T-30) ¢ mIrcoBoit 1 MHHYCOBOM OIU(POBKOM JIeIeHUHU 3TH (HopMy-
JIbl TAKOBBI:

MO = (KII+KJI)/2; v = KJI-MO = MO-KII = (KJI-KII)/2.

Hanpuwmep.

KJI=4° 15", KII =-4°21"; MO = -0°03";

v =4°15"- (-0°03") =-0°03' - (- 4°21") = (4° 15'-(-4°21"))/2=4°18;

JJ1st TeOHOMMTOB € KpyroBoil oundpoBkoit aenenuit tumoba (T2, TS):

MO = (KII+KJI)/2; v = KII-MO = MO-KJI = (KJI-KII)/2.

[Ipu BbuMcIEHUU TO 3TUM (opMysaMm, KO BCEM OTCU€TaM, MEHbIIUM 90°
npubasisitoT 360° unm 180°, umes BBUy, uto MO 311€ch yke He MOXKET OBITh OT-
pULIATEIIbHBIM YMCIIOM, a YTJIbl HAKJIOHA BapbUPYIOTCS B nipeaenax ot O° go £90°.

[Tpumep:

KII =342°07'; KJI = 17°45'

MO = (342°07+17 45 +360°) = 359°56' i - 0°04'.

v = 342°07'- 359'°56' = 359°56' - (17°45'+360°) = - 17°49".

@opMyIbl AJi1 BBIYMCICHHS YIJIOB HAKJIOHA MOYKHO MOJYYUTh B TEXHUYE-
CKOM NaCIoOpTe TEOI0JIUTA.

N3mepennie BepTUKAJIbHBIX YTJIOB MOXKHO JI€NaTh MpH J000M 3HaueHnn MO
(Tab6i.2). BaxHo, 4TOOBI OHO OCTAJIOCh HEM3MEHHBIM B X0Jie u3MepeHuil. OaHako,
JUTsl ynoOcTBa BeIUMCIEHUH nosie3Ho npuBecTd MO k HyneBomy 3HaueHuto. C 3To
1EJbI0, TONY4YUB U3 HabmoneHnid MO U BBIUKUCIUB YToJl HAKJIOHA, YCTaHABIUBAIOT
Ha BEPTUKAIBHOM Kpyre OTCYET paBHbIA 3TOMY YNy HakJioHa. Tak [Jisg mepBOro
npumepa on Oyzaet pasen: KJI =+ 4°18'. [{ns Broporo npumepa: KJI = 17°49' unn
KII = 342°11". Teneps, Habmogass B TpyOy, MOXKHO YBHJIETh, YTO CPEIHSIS TOPH-
30HTaJIbHAs HUTh COILLIA C HAOJII01aeMOil TOUKM M €€ COBMELIAIOT C Heil BepTH-
KJIbHBIMU UCIPABUTEJIbHBIMU BUHTAMHU CETKH HUTEH (BHIBUHUMBAs OJAWH U3 BUH-
TOB U BBUHYMBAsi BTOPOi1).

PesynbTaThl n3MepeHus: BEpTUKAIBLHOTO yTila 3aHOCST B TaOIuUILy 2.



M3mepeHne BepTUKAIbHBIX YTIIOB

Tabmuma 2

HaGmaronaemeie Ortcuer
Crannusa TOMKIL Ol KO MO Yroi HakiIoHa
B A +4°15'00" [-4°21'00" |- 0°03'00" |+ 4° 18'00”
C - 7°25'00" |+ 7°18'00" |- 0°03'50" |- 7°21'50"

Onpedenenue paccmosiHus HUMAHBLIM OAIbHOMEPOM

JUis u3MepeHusl pacCcTOSIHUSL HUTSHBIM JTATbHOMEPOM 3PHUTENIbHYIO0 TPYyOy
TEOJI0JINTA HANPABIISIOT HA OTBECHO CTOANLYIO pEHKYy Ha KOHIIE JUHUM U CHUMAIOT
OTCYETHI B MUJIMMETPAX MO JATbHOMEPHBIM HUTSIM 3pUTENIbHOM TpyOHsI (puc. 9). Ha
pelikax MoAnMMCcanbl IeUMMETPhI, a Kakaas u€pHas wim Oemnas mamrka paa 10 M.

’.‘_,.r'"

,\

Puc.9. Omcuémur no danonomepnvim HumAM

N 1

Ha pucynke orcuer no BepxHeil HUTH paBeH 0996 MM, a MO HWKHEH HUTHU
1118 mm. Pa3znocu 3Tix 0TCUETOB

| =1118-0996= 122Mmm.

YMHOXMB 3Ty pa3HOCTh Ha ko3 duuueHt nansHomepa K — 100 nmomydaroT
PacCTOSIHUE JI0 PEUKMU:

D =k-1=100-122= 12200 mm = 12,20 m.

Ha naGopaTtopHoit paboTe HY>KHO 3TO PACCTOSTHUE ONPEIETUTH ABAXKIIBI — IO
yEPHOM U KpacHOU CTOpoHE peiiku. PacxoxaeHue B pe3yabTaTax B JIaOOpaTOPHBIX
YCJIOBUSIX HE JOJKHO TpeBbimath 0,2 M (Tadi.3).

Tao0muna 3
M3mepenne pacCTOSTHUS HUTSHBIM JTATbHOMEPOM
Otcuyet o HUTH | Pa3sHOCTH
JInnans » = Paccrosinue, M | Cpennee paccTostHue, M
BEPXHEH | HIKHEH | OTCUETOB
996 1118 122 12.20
BA 5606 | 817 | 121 12.10 12,15




JlaGopaTopHuasi padora Ne3 U3yuyeHue HuBeMpa

Hean u 3aqaum padoThl

- U3y4YUT HA3BaHHE OCHOBHBIX YacTed MpuOOpa, OCBOUTH MX B3aUMO/ICHCT-
BUE, HAYUUTHCS OpaTh OTUETHI MO peiike

- U3YYUTh NOBEPKU HUBEIUPOB;

- YCBOUTb METOJIMKY M3MEPEHUS MIPEBBILICHUS HA CTAaHIIMKU U 00pabOTKu pe-
3yJbTaTOB U3MEPEHUI.

O0beKTHI HCCIeI0BAHNS, 000PYA0BAHUE, MATEPHUAJIbI U HATJISIHbIE 0COOMSI:
OJ1aHK-3a/1aHue, Kapanaamni, HuBeaup H-3 , craHOBOM BUHT, KPOHIITEHH (IITATHB),
HUBEJIMPHAS peiiKa, MUKPOKAIbKYJISTOP.

Yempoticmeo nusenupa

B Hacrosiiee BpemMsi Ha IPOU3BOJICTBE UCIIOJIB3YIOT B OCHOBHOM JIBa BHJIA
HUBEJIMPOB - HUBEJIMPBI C KOMIIEHCATOPAMH MAasiTHUKOBOT'O TUIA WJIN XKUJAKOCTHBI-
MU KOMIIEHCATOPAMH, KOTOPbIE JOKHBI aBTOMAaTHYECKU YIEPKUBATh BU3UPHYIO
OCh B TOPH30HTAJIBHOM ITOJIOKCHHH (IIPH HAKJIOHE TpyObl B mpenemax 5 — 20)
(puc. 1) 1 HEUBENUPHI C ypOoBHEM Tipu TpyOe (puc. 2). YCTpoiicTBO HUBEIHPA MPEI-
CTaBJICHO Ha pHUC. 2a.

Puc. 1. Husenup ¢ komnencamopom y2noe nakiona C4-10

C noMoI1bI0 CTAHOBOIO BUHTA HUBEIUP KpenuTCs K mraruBy. Ha moacraBke
2 AMEIOTCS MOJBEMHBIE BUHTHI |, KOTOPBIMH OCYLIECTBIIIETCS MpPEABAPUTENbHAS
yCTaHOBKa Ipubopa mo Kpyriomy ypoBHIO 11. 3purenbHas Tpyba 6 COCTOUT U3
oObekTHBa 5 u okymnsapa 10, a Takxe cHaOXkeHa (HOKYCHUPYIOIIMM BUHTOM [ ISt
dbokycupoBku n300paxkeHus. JlJis HABOAKM Ha PEHKY UCIOJIb3YIOT 3aKpENUTENb-
HbIM 4 ¥ HAaBOJAIIMI 3 BUHTHL. TOYHAsA yCTAaHOBKA MO LMJIMHAPUYECKOMY YPOBHIO
8 OCYILIECTBIISIETCA AJIEBALMOHHBIM BHHTOM 12, MO3BOJISIIOIIMM HAKJIOHSATH 3pU-
TEJIbHYIO TPYOYy BMECTE C YPOBHEM Ha HEOOJBIIION YTOJI.



Puc. 2. Husenup H — 3: a — ycmpoiicmeo Hugenupa, 6 — nojie 3peHusi Hogeaiupa
1 — mogbeMHbIe BUHTHI; 2 — TOJCTaBKa; 3 — HABOSIINI BUHT 3pUTEIBHON TPYOBbI; 4 — 3aKpenu-
TEJIbHBIM BUHT 3pUTENBHON TPYOBI; 5 — 00BEKTUB; 6 — 3puTenbHas TpyOa; 7 — QPOKyCHPYIOLIHiA
BUHT; 8§ — HIWJIMHIAPUYECKUI YPOBEHb; 9 — UcHpaBUTENbHbIE BUHTHI; 10 — okyisp; 11 — kpyrisiid
ypoBeHb; 12 — 3neBallMOHHBIN BUHT; 13 — nuonTtpuiiHoe KoibLo OKyispa; 14 — MyIika.

[{umuHApUYeCKUit W KPYTJIbI YPOBHU CHAOKEHBI MCIPABUTCIBHBIMA BHH-
tamu 9. Ilepen KaXKIbIM OTCYETOM TIO PEUKE AJICBAIMOHHBIM BUHTOM ITy3bIPEK ITH-
JUHAPUYECKOTO YPOBHS MPUBOAUTCS B HYJIb — MYHKT. OCOOCHHOCTHIO KOHCTPYK-
[[MU JJAHHOTO HUBEJIMPA SIBISIETCS HAJIMYKE B 3PUTEIBLHON TpyOe CUCTEMBI JIUH3, C
MOMOIIBIO KOTOPBIX M300pa’KeHUs KOHIIOB IMy3bIpbKa YPOBHS IMepeaacTcsl B IMOJIe
3penust TpyObl. [ly3pipek HaxoauTCs B HyJb — IYHKTE TOT/A, KOTJIa €r0 KOHIIBI
COBMNAJAIOT APYT C APYTOM, HaXOISTCS B KOHTaKTe (puc. 2 0)

[IpumepoM Takoro HUBEIUpPA SIBISIETCS IIMPOKO PACHPOCTPAHEHHBIA Ha
npou3BoicTBe HUBEIUP H — 3— riryXoit HUBEIup ¢ 3eBallMOHHBIM BUHTOM.

Y HuBenMpa ¢ ypoBHEM TOJIKHBI COONIOIATHCS CIEAYIOIINE TeOMEeTpUYe-
CKHE YCJIOBHS:

1. Ocb xpyrnoro ypoBHs K — K Ha mojactaBke npubopa J0JKHA OBITH Ta-
pamienbHa ocu V — V BpallleHus HUBEIUPA.

2. I'opuzoHTaNbHAS HUTH CETKU JOJDKHA OBITH MEPIEHANKYJISIPHA OCH Bpa-
IIICHUST HUBEJHPA.

3.0c¢h nunuuapuydeckoro ypous U — U nomkHa ObITH IapalijieibHa BU3UP-
Hoit ocu W — W 3purtenbHo# TpyOBbI (TJIaBHOE YCIIOBHE).

V¥ nuBenupoB ¢ komneHncaropamu (C4—10) nepBbie 1Be MOBEPKU aHATOTHY-
HBI, @ TPEThE YCIOBUE 3aKIIOYACTCS B TOM, YTO BU3UPHAsI OCh TPYyOBl B paboduem
MIOJIOKEHUH JIOJDKHA OBITh TOPU30HTAIIBHA.

Yemanoexa nueenupa 6 pabouee nonodxcenue
YcTaHoBKa HMBEJIMpPa BKJIIOYAET B ceOsl CIEAYIOUINE ONEpaLUu:
— YCTaHOBKa HUBEJIHPA 110 KPYIJIOMY YPOBHIO;
— YCTaHOBKA 3pUTENIbHOM TPYOHI 1O riasy;
— NpUONHU3UTENEHOE HAaBeIEHUE TPYOBl Ha PEUKY;
— YCTaHOBKa TPYObI MO MPEIMETY;
— TOYHOE HaBEeJCHUE NIEPECEUCHUS CETKU HUTEH Ha peiKy;



— B34THE OTCUYETA MO PEUKE.

HuBenup ycraHaBmmMBaeTCs U KPEMUTCS HA IITATUBE MUJIM CTOJIMKE CTAHOBBIM
BUHTOM. JIJ1s1 ipeiBapuTEIbHOM YCTAaHOBKM HUBENIUpa B pabouee IMOJ0XKEHUE HC-
MOJIB3YIOT KPYIJIbIM YPOBEHb, NMPUBOAS TPEMS MOABEMHBIMU BHUHTAMU ITy3bIPEK
YPOBHS B HYJIb — IIYHKT.

[Tpubnu>x€HHOE HaBeIEHUE 3PUTEIBLHOM TPYObl HA PEHKY BBIMOIHSAETCS MpU
nomoiy Mymku 14 (puc. 2 a), ¥ Mocie 3TOro 3aKpy4YMBAIOT 3aKPEMUTENbHbBIN
BUHT. TOYHOE HaBEICHUE BEPTUKAIBHOW HUTH HA OCh CUMMETPHUM PEUKHU BBINOJ-
HSETCSl HABOJISAIIUM BUHTOM.

VYcraHoBKa 3pUTENLHOM TPYOBI MO ri1a3y BBIIOIHIETCS TaKXKE KaK U B TEOJI0-
JuTe: e€ HampaBIISIOT HA CBETIBIN (DOH, W, TS B TpyOy, BpaIIalOT JUONTPUIHOE
KOJIBIO OKyysipa 13 (puc. 2 a), qoOuBasch 4€TKOTO M300paKEHUSI ¢ HUTEH. 3aTeM
BpalieHueM (GOKyCHUPYIOIIET0 BUHTA JOCTUTAIOT TOUHOTO U300PAKEHUS PEUKHU.

JIelcTBys 31€BAallMOHHBIM BHHTOM, MPUBOJAT MY3BIPEK LMIMHAPUYECKOTO
YPOBHSI B HYJIb TYHKT, KOHTPOJIUPYS 3TO JIEUCTBHE ONTUYECKUM KOHTAKTOM (pHC. 2
0).

Otcuet 1o pelike 6epercs Mo cpeHer HUTH, Ha puc. 12 otcuet paseH 1056,
€CJIM HU3MEPAETCS PACCTOSHUE, TO OTCUUTHIBAIOT MO JaJbHOMEPHBIM HUTSAM, HO
TOJIBKO MPU ONTUYECKOM KOHTAKTE KOHIIOB MTy3bIpbKa UINHIPUYECKOTO YPOBHSI.
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Puc. 3. Ilone 3penue mpyovl nusenupa u e3samue omuema

llosepku nusenupa

[ToBepku HUBEIMPA BBIMOTHSIIOTCS C 1ETBI0 MPOBEPKU COOTIOJICHUSI TE€OMET-
PUYECKUX YCIOBHUH, HEOOXOIUMBIX JJIS IITATHON pabOThI IpUbOpa.

Ilepsas nosepka - Och KPyriaoro ypoBHs MPHU MOJCTAaBKE MpUOOpa JOHKHA
OBITh TIapaJIeIbHA OCH BpAIIEHUSI HUBEIUPA.

[ToBepKy BBITIOTHSIOT TaK: TpeMsl MOAbEMHBIMA BUHTAMH MPUBOJIST ITy3bI-
PEK KPYTJIOro YPOBHS B HYJb — MyHKT. [loBopaunBarot npubdop Ha 180°. Ecnu my-
3BIPEK YPOBHS OTKJIOHSIETCS OT CEPEIUHBI, TO UCIIPABUTCIBHBIMA BUHTAMHU YPOBHSI
MepeMeIarT My3bIpEK B CTOPOHY CEPEAUHBI Ha TOJIOBUHY JTYTM OTKJIOHEHUS, a
MOTbEMHBIM BUHTOM TIPUBOJIST €T0 B HYJIb-TIYHKT.

JI71s1 KOHTPOJISI TOBEPKY TTOBTOPSIOT.

Bmopas nosepxa - I'opu3oHTanbHass HUTHh CETKHU JIOJDKHA OBITh MEPHEHIU-
KyJISipHA OCH BpaIllleHUs] HUBEIIUPA.



3puTenbHy0 TPyOy HUBEIUPA HABOMAT HA PEUKY M OEpYT OTCUET IO JICBOMY
Kpar HUTH. 3aTe€M HABOSAIIMM BHHTOM IEepeMelIaloT TPyOy MO a3uMyTy W CHHU-
MarT OTCYET IO MPaBOMY KOHIY HUTH. Eciu 3TH OTCU€THI OTIMYAIOTCS APYT OT
Japyra He Oosee 4yeM Ha 1 MM, TO HUBEJIHMP CUMUTAETCS UCIPaBHBIM. B mpoTUBHOM
Cllydae CeTKy HYXHO pa3BepHyTh. JIJIsI 3TOro oOCialisioT KpPENeKHbIE BUHTHI
000MMBI CETKH U TTOBOPAYMBAIOTCSI.

Tpemvs nosepxa - Och NWIMHAPUYECKOTO YPOBHS JIOJDKHA OBITH Iapa-
JieIbHA BU3UPHOM OCU TPYOBI

DTa MmoBepKa Ha3bIBAETCS TJIABHBIM YCJIOBUEM JIJii padOThl HUBEIHUPA, TAK
KaK 0e3 BBHINIOJIHCHUS NapaJlIeIbHOCTA HA3BaHHBIX OCEH BBITTOJIHCHHE HUBEIUPO-
BaHUSI HEBO3MOXKHO.

[ToBepka B MOJIEBBIX YCIOBUSIX BBIMIOIHSAETCS JBOWHBIM HUBEJIHPOBAHUEM
Briepén. [ns 5Toro Ha CpaBHUTEIHHO POBHOM MECTHOCTH 3aKPEIUIIIOT KOJIbSIMU
nBe ToukH Ha pacctosHuu 50 — 70 M npyr ot apyra (puc. 13)

Puc. 4. Cxema HUeelupoearnusl npu noeepKe 2laeHoco yCcilosus

B Touke «A» ycTaHaBIMBaeTCS HUBEIUP, a HAJ TOUYKON «B» craBurcs pei-
ka. [locne npuBenenus npudopa B padboyee Moja0KEHUE MO KPYriioMy YPOBHIO U3-
MEPSIOT €T0 BBICOTY |1 HaJl TOYKON «A» ¢ TOYHOCTHIO 10 MUJLTUMETPA.

Hanpasnsior TpyOy Ha peliKy, U MOCJ€e COBMEIEHHUS 3JICBAIlMOHHBIM BHH-
TOM KOHIIOB My3bIpbKa YpOBHsI O0epyT OTCUET «b» 1o 4€PHOI CTOPOHE PEHKH.

C yderoM ommOKH X, BO3HUKAIOUIEH M3-3a HEMAapaUIeIbHOCTH OCEH, Tpe-
BbIIlIEHUE Oy/ET paBHO

h=i,—(b—X)

ITomensieM HUBEIUP U PEUKY MECTAMHU U BBIIIOJIHUM BTOPOE HUBEIUPOBAHUE
otpe3ka AB. [IpeBbimenus h B aToM ciiydae Berurcisiercs mo gopmysie

h=(a—x)-i,

IIprpaBHUBas 3T NPEBBILICHUS, [IOJIYYUM, YTO

I, -b+x=a-x-I,, OTKyna 2x =—-i, +b+a—i, U, HAaKOHEII,



2 2

Ecnu BennumHa X okaxeTcs Bbillie 4 MM, TO TOJIOKEHHUE HUJIMHIPUIECKOTO
YPOBHSI HY’KHO UCTIPABUTbD.

[Tpumep: i;= 1148 mm, b = 674 mm. i,= 1073 MM, a = 1601 MM

x = (1601 + 674)/2 - (1148 + 1073)/2 = 1137,5-1110,5 =27 mm.

[Tocne BeIYMCIIEHUS IPABUIIBHOTO OTCUYETA 2, = a - X = 1601 - 27 = 1574 mm,
HE CHMMas HUBEJIUpPA CO BTOPOU CTAHIIUU, 3JICBAIlMOHHBIM BUHTOM CPEJIHIOIO HUTh
CETKM HHUTEW yCTAaHABJIMBAIOT HA ATOT OTCUET MO peiiKe, a My3bIPpEK YPOBHS BO3-
BpaIalOT B HYJb-IIYHKT HCIPABUTEILHBIMA BEPTUKAIBHBIMA BHHTAMH YPOBHS,
OTKPBIB 3aCJIOHKY 3TOTO YPOBHS y OKYJISIPHOW YacTH TPYOHI.

VY HuBenupOB ¢ KOMIIEHCaTopamu (HampuMmep, y HuBenupa C4—10), nepBeie
JIB€ TIOBEPKM aHAJOTUYHBI, a TPEThE YCJIOBHUE 3aKJIIOYACTCS B TOM, YTO BU3UpPHAs
OCh TpYObl B paboueM MOJIOKEHUHU JT0JKHA ObITh TOpU30HTAIBHOM. [loBepka BhI-
MOJIHAETCS] TakKe JBOMHBIM HHUBEIMPOBAHMEM, HO HCIIPABICHUE JENAeTCs MO—
JPYrOMY: Ha BTOPOW CTaJ WU UCIPABICHHBIA OTCUET a, YCTAHABIMBAETCS C MOMO-
b0 BEPTUKAIBHBIX UCTIPABUTEIILHBIX BUHTOB CETKU HUTEH.

I'eomempuueckoe Hugenupogarue U3z cepeourvl

B reone3nueckoi MpakTUKE UCIIOIB3YETCS JBa BHJA T€OMETPUUYECKOIO HU-
BEJIMPOBAHMUS: HUBEIMPOBAHUE U3 CEPEAUHBI U HUBEIMPOBAHUE Breped. Bropoi
BHUJI HUBEJIUPOBAHUS HCIOJIB3YETCS INPU BBHIITOJIHECHUHN IOBEPOK U B CTECHEHHBIX
YCIOBHUSIX CTPOUTENBCTBA. [IprMep Takoro HUBEIMPOBAHUS PACCMOTPEH HAMU IIPU
BBINOJIHEHUH TIOBEPKU TJIABHOT'O YCJIOBUS.

h=i —(b—x)=1148 — 674 + 27 = 501 mm

158105

h=ag-1,-1574 — 1073 = 501 mm.

Kak MOXHO 3aMe€TUTh, 3TOT BUJ HUBEIUPOBAHUS BECbMA UYBCTBUTEJEH K
olIMOKe, BRI3BAHHOM HEMapasuIeIbHOCTRIO OCEH YPOBHS U BUSUPOBAHMSI.

[Ipu TOYHOM COOJIIOICHUH PABEHCTBA PACCTOSIHUI OT HHUBEIHpA 10 PEHKU
HUBEJIMPOBAHUE U3 CEPEAUHBI MO3BOJISIET UCKIIKOYATh OCTATOYHBIE MMOTPELIHOCTH,
BO3HHUKAKOLIME IPU HENAPAIJIETBHOCTH OCEM.

B sTOM MeTone HUBENMpPOBaHUS MPUOOP pacrojiaraeTcs MEXAY UCKOMBIMU
TOYKAMHM, Ha KOTOPBIE CTaBATCS peiiku (puc. 5)



Y[JOBEHHiUl ODOBEPXHOCTD

Puc. 5. Cxema CeOMEeNMPUUECKO2CO0 HUBEIUPOBAHUA U3 cepeduﬂbl

[Tocrne ycraHoBKHM HHMBenupa B pabouee MOJIOKEHHE OepyTCs OTCUETHI IO
4épHON CTOPOHE PEeK, YCTAHOBJICHHBIX B HCKOMBIX TOYKaX: «a» IO 3aaHeil u «by
no nepenaHeit. Ilepen oTcy€ToM >I€BallMOHHBIM BUHTOM COBMEMIAIOT KOHIIBI ITY-
3bIpbKA IWIMHAPUYECKOTO YpOBHS. OTCUETHI 3aHOCST B KypHaJ HUBEIUPOBAHUS
(tabm. 1). IIpeBsiiienue BeraucaseTcs mno hopmyse:

h=a-b

JIns KOHTPOJISL BBINIOJIHAETCS HUBEIMPOBAHUE IO KPACHBIM CTOPOHAM PEEK.
B xypHaise 3TU OTCUEThI 3alMCBIBAIOTCS BTOPOM HWXKHEW CTpoKou. IlomydeHHbIe
3HAUEHUS MPEBBIIICHUN HE JOJDKHBI OTIMYAThCS JAPYT OT Jpyra Oosiee yeM Ha 4
MM. CpeHee 3HaU€HUE OKPYTJISIIOT C TOYHOCTBIO 0 LEJIbIX MUJUIUMETPOB.

Tabmuma 1
JKypHast TEXHUYECKOTO HUBEJIUPOBAHUS
Orcuer 1o | Otcuer 1o
No cran- Ne to- 3az[E{eH Hepevz[HeH TpeBbimcHIe Cpennee mipe-
147071 YyeK perike perike BBIIIICHUE
A 1546 -1210
1 6329
B 2756 -1213 1212
7542

Onpeoenenue 6bicom mouex npu NOMOwU 20PU30HMa UHCMPYMEHMA

B cTpouTenbHONM NpaKTUKE MHUPOKO UCIOJIB3YETCS] HUBEIUPOBAHUE C LEBIO
OTpEENICHHs] BBICOT TOYEK MPU MOMOIIM FOPU30HTA MHCTPYMEHTA. Takas cxema
OTpEJENICHHS BBICOT B35Ta U3 BEPTUKAIbHON ChEMKH, HUBEJIMPOBAHUS MO KBajpa-
taM (puc.6). [IpuBegem npumep onpeneneHus BbICOT AJIsi KOHTPOJIS MPU 3aYUCTKE
JTHA KOTJIOBAHA.
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Puc. 6. Onpeoenenue gvicom mouex

HuBenup ycraHaBnuBaeTcsi mocepenHe NpoBepsieMOr 00JIacTi U PUBOINT-
csl B pabouee MOJIOKEHHUE TI0 KPYIJIOMY YPOBHIO. 3pUTEIbHAs TpyOa HACTpanBaeTCs
1o ryaszy u npeamery. Ha BpeMeHHOM penepe ycTaHaBIMBAETCS peilka, U MO Heu
OepeTcst OTCUET «a» C MPEIBAPUTEILHON YCTAHOBKOM IMIIMHAPUYECKOTO YPOBHS C
MOMOLIBIO 3JIEBAIIMIOHHOTO BUHTA. JTOT OTCUET HA penepe KOHTPOIUPYETCS 10 Yep-
HOU CTOpOHE. 3aITiCh MOXKHO BECTH B CIICIIMAILHOM XKypHae (Tadi. 2).

Tabmuma 2
Pe3ynpTaThl HUBEJIMPHOTO KOHTPOJIS 3a4MCTKH JTHA KOTJIOBAHA
Howmep Homepa | Otcuersl o perike | T'opu3oHT Pabouas
Bricota
CTaHIUU TOYEK Uepnas | Kpacnas | HuBenmpa OTMETKA
1 Bp. pen. |1425 6208 99,839 98,414 |+3,6
Kontponb: 6208 - 1425 = 4783
1452 08,387 |[+6,3
bl 1512 98,327 |[+12,3
1325 98,514 |64
Bl 1128 98,711 |-26,1
1259 98,580 |-1,3
I'l 1588 98,251 [+19)9

Bricora BpemenHoro penepa H,; = 98.414 m. OTcueTsl, B3sThIE IO KPAaCHOU
1 4yepHOM cTopoHam peek 6208 mm u 1425 mm, naroT KoHTpoJib 4783, paBHBIN pas-
HOCTH LIKaJI. [ 'OpU30HT HUBEIINPA paBEH

H,,=Hy+a=98,414 + 1,425 =99,839 m

Peiika ycTaHaBIMBaeTCA B TOUKAxX NMEpPECceUECHUs MPOAOIbHBIX oceil A, b, B,
I' u nonepeuHoli ocu 1, a Tak ke B MPOMEKYTKE MEKIY ITUMHA TOUKAMHU U 110 HEN
OepyTcsi OTCYETHI TOJBKO MO YEPHOW CTOpOHE peHKH. BBICOTHI BBIUKCISAIOTCS MO
dbopmyre

Ha1=H;, —¢c=126,913 - 1,275 = 125,638 m




[Tomy4yeHHast BbICOTAa B TOUKE Aj CPaBHUBAETCS C MPOEKTHOM OTMETKOW JHA

koTioBaHa Hp, = 98,450 u nonydaercs pabouasi OTMETKA.
ha = 98,450 - 98,414 = +0,036 m = +3.6 cMm.

DTO0 03HAYaeT ITOJACBIIIKY 3EMJIN B ,HaHHOﬁ TOYKC HpH6JIH31/IT€JIBHO 4 cMm.
B J'Ia60paTOpHI>IX YCIOBUAX MOXHO BBIIOJIHUTL ITPOBCPKY BBICOTHBIX OTMC-

TOK I10J1a B y4eOHOM J1abopaTopuH.

Bvinoc mouku ¢ npoexmmuoii bicomou
[Ipumep BbIHOCA TOYKH Ha MPOEKTHYIO BbICOTY Hyp (puc 16). s pemenus

9TOM 3aJa4¥ HUBEJIUP CTABUTCSA MEXIY MCXOAHBIM perepoM Hpp 1 3amaHHON TOY-
KoM «B» ¢ mpoeKkTHOM BhICOTOM Hyp.

0,597 M
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Puc. 7. Beinoc mouku ¢ npoexmHoii 8bicomotl

B3sB oTcueT 110 4epHOW CTOPOHE PEWKH, CTOSIIEH HA pEnepe, U BHIUNCIINB

TOPU3OHT Iprbopa
Hru=Hpp + a,
HAXOJAT MPOEKTHBINA OTCUET «Dy», MPH KOTOPOM peiika BCTAaHET Ha MPOSKTHYIO BbI-

COTY
b =Hry - Hpp.

[Tpumep. Hp, = 120,350 m; a = 1247 mm; Hpy, = 121,000 m:
Hry=120.350 + 1.247 = 121.597m.
b =121,597 - 121,000 = 0,597wm.

JIBuras perky mo CTEHE BBEPX WM BHU3, OCTAHABIIMBAIOT CPEIHIOK HUTh
ceTku HHUTeH Ha cdyete b = 0,597 M u mo nsATKe peliku IPOBOAAT YEpTy, a B IMOJIE-
BBIX YCJIOBHSIX Ha 3TOM BBICOTE 3aKPEIUIAIOT KOJIBIIIEK.



JlabopaTtopHast pab6ora Ned. BeprukajibHasi INIAHUPOBKA
JUTs iporIIei:
HpOMblu/l]leHHoe u ZpanC()dHCKOQ cmpoumenvbCmeo
T'opoockoe cmpoumenscmeo u X0351icmeo

Heab u 3agaun padoTbl

-HAYYUTHCS BBINOJIHATH F€O/I€3UNUYECKUE PACUEThI MPU MPOEKTUPOBAHUU Ha-
KJIOHHOH TUIOIAJIKU;

-Hay4UTbCS BBIUUCIATH MIPOEKTHBIE, padoure OTMETKH, CTPOUTDH JIMHUIO HY-
JEBBIX padOT, BEIUUCIISITh 00bEMBI 3€MIISIHBIX padoT.

O0beKTHI HCCIeI0BAHNS, 000PYA0BAHUE, MATEPHUAJIbI U HATJISIHbIE OCO0MSI:
OJ1aHK-3a/1aHue, TTPOCTOM KapaH/alll, IBETHbIC KapaHJallli, JUHEKa, MUKPOKAJIb-
KYJISITOP.

[InanrpoBaHre HAKIOHHBIX TUIOMIAO0K MPH YCIOBUA MUHUMYMa 3€MIISTHBIX
paboT u OanaHca Macc ABISIETCS YaCTOM 3ajjaueil opranuzanuu peibeda. mogo0-
HBIC 33JIa4H IPUXOJAUTCS PEIIaTh MPU MPOSKTUPOBAHUN MTPOMBIIIIICHHBIX TJI0MIA-
JI0K, 01aroyCTpONCTBE KUITBIX MACCHBOB H T.II.

Hcxoonvle oanmvie

[InanupyeMyto TeppuTOpHIO pa3doUBalOT Ha KBaapaThl co ctoponamu 10, 20,
40 win 50 M (puc. 1), B 3aBUCUMOCTH OT XapakTepa peiibeda, U ONpe/IeIisioT BbICO-
ThI BEPILIUH KBAJPATOB IO TOMOTpaduueckoMy TUTaHy WM MyTEeM HUBEIUPOBAHUS.

[IpoekTupyercs HaKJIOHHAs TMOBEPXHOCTh CO CIEAYIOIMMU HCXOIHBIMH
nanHbiMu: [IpoekTHast BbicoTa BepmnHbl 'S paBHa 100.90 M. YkinoHn B Ha-
npasienuu ['5-I'1 paBen — 0,015 = — 15%o. I[IpoektHas Bicota AS paBHa 99,20, a
yKJI0H B HanpaBieHuu AS5-Al pasen — 0,011=-11%o.

0,015
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Puc. 1 Bepmukanvuasa niaHuposka y4acmka



Onpeoenenue nNpoeKmusIX 8blcOM, padouux OMmmemox U JUHUU HY1e8blX pabom

[IpoektHble yKIIOHBI IO cTBOpaMm I, 2, 3, 4. 5 omnuuarorcsa Ipyr OT Apyra u
pPacCUMTHIBAIOTCS B KaKJIOM CIIy4ae OTAEIbHO Ha OCHOBE YKJIOHOB Oa3MCHBIX
ctBopoB ' u A. Tak, AJist IEPBOro CTBOPA BBIYUCISIEM MMPOEKTHBIN YKIIOH

Ip= (Hr1 — Ha1) = (99,70-98,32)/60 = 0,023 = 23%o.

[IpoekTHbIE BBICOTHI PACCUUTHIBAIOTCS CTAHAAPTHBIM CIIOCOOOM, HampUMep,
I BepuiuHbl Bl HauvanmpHas mpoeKTHash BBICOTA paBHA MPOEKTHOM BBICOTE BEP-
muael I'1 (H,, = 99,70 M). PaccTrosiHue MeXIy pacueTHHIMM BEPIIMHAME PaBHO
20 M, a IpOEKTHBIN YKJIOH nepBoro ctopa paseH 0,023 mu 23%o0.

H,, = H%, + i, D =99,70-0,023 -20 = 99,24 M

PabGoune OTMETKH BBIYHCISAIOTCA KaK Pa3HOCTb MPOEKTHBIX M (PaKTUUECKHX

BBICOT JIJIS1 KaXKJOW BEPIIMHBI KBapaTa.
hri = Hyp - Hpae = 99.70-98,25 = +1,45 m.
h&: an - H(baKr = 99,24-97,56 = +1,68 M.
h51= Hyp - Hpaee = 98,78-97,86 = +0,92 m.
h a1 = Hup - Hypae = 98,32-98,12 = 40,20 m.

B Hamem npumepe NpUBEIEH NMPUMEP BEPTUKAIBHOM INIAHUPOBKHU C IEpe-
xogoM ot JuHuM (['1-I'S) ¢ ogHMM YKJIIOHOM Ha NMPOTHUBOIOJIOKHYIO Mapajlieib-
Hyto JquHHIO (Al-AS) ¢ apyrum ykioHoM. Bo3moxeH Ooiee mpocToil BapuaHT
IIPOEKTUPOBAHMSI HAKIOHHOM IUIOCKOCTH C IOCTOSIHHBIM 3HAYEHHEM IPOEKTHOIO
YKJIOHA B OJJHOM HarpaBJICHUH.

JU1st MpOEKTUPOBaHUS TOPU3OHTAIIBHOM TUIONIAJKU B ONPEACICHHBIX T'PaHU-
ax MOXET NpUMEHAThCA (opMmysa pacuera MPOEKTHOM BBICOTBHI, COOT-
BETCTBYIOIAsA OanaHCy 3eMIISIHBIX paloT:

H., = (£ H; +2% H, +3% H; +4% Hy)/4n,

rae H;, Hy, Hs, Hy, — OTMETKM TOUEK, NMpUHAIJIEKAIUX COOTBETCTBEHHO OJIHOMY,
JIBYM, TPEM WJIM YEThIpEM KBajpaTam, N-oOuiee uncio kBaaparoB. Ilonoxenue To-
YeK HYJIEBBIX pa0OT BBIUUCISAETCS IO PopMyIam

dy = [ hyf - /(| hy| + ] hal),

dy = [ hof - d/(] hyl + [ hal),

d=d;+dy,

rae d; u d, - paccTOSIHUS ONPEEISIONINE TIOJ0KEHHE TOYKU HYJIEBBIX padoOT Ha
orpeske d;
hi, hy - paboune oTMeTKH, KOTOPBIE UCTIONB3YIOTCS B AaHHBIX (hopmysax mo abco-
JIOTHOM BenuuuHe. TpeThs GopMya UCIOIB3YETCS B KAUeCTBE KOHTPOJIS.

JIuHus HyneBbIX pabOT pa3rpaHUYMBACT YYACTKM BBIEMKH M HACBIMHU U TO-
3BOJISIET OMPEIEHUTh 00BEMBI 3eMIISIHBIX paboT (puc.l). Kpome nuHuUM HYJIEBBIX
paboT Ha PUCYHKE MTOKa3aHbl IPOEKTHbIE TOPU3OHTAIIH.

Pacuem ob6vemos semnsanvix pabom
Pacuer 00beMOB 3eMIIIHBIX paboT oopmiieH B TabmuIe 1.
OObeM HaCHITIM WIIM BBIEMKH ONPEIEISICTCS OTASIBHO IS KaXIOH QUTYpPHI
o gpopmyiie
Vi = F)i ) hcpa
rae P;- miomaap yacTHOH Gurypsl, a hg, - ee cpeanss padoyas OTMETKa.



3areM yacTHbIE 00BEMBI CYMMUPYIOTCS, KaK 3TO NMPUBEACHO B Tabnuue 1, mist on-
peneneHuss 00bEMOB BBIEMOK M HACBINEW JJIsl BCETO y4acTKa BEPTUKAJIbHOW ILIa-
HUPOBKH.

Tabnumal
Brruncienue o065eMOB 3eMIISTHBIX paboT
No Briemka - Hacpmps +
KBapaTa S hep V(M®) S hep V (m°)

1 400 1,32 528
2 400 1,08 433
3 1,6 -0,02 -0 398,4 0,57 227
4 149,4 -0,18 -27 250,6 0,23 58
5 400 1,06 424
6 400 0,83 332
7 28 -0,03 -1 372,1 0,42 156
8 400 -0,31 -123
9 400 0,69 276
10 400 0,69 276
11 123,2 -0,05 -6 276,8 0,28 78
12 400 -0,30 -120

=277 2788




JlabopaTtopHas paGora Ned. Pacyer u mocrpoenue npoguis

ABOPOBOI KAHAJIU3AUU
JUTs ipouIIei:
Tennocazocnaboicenue u 6eHMUIAYUS
Booocrnabocenue u 6odoomeedenue

Heab u 3axaun padoThI

N3yunuth MeTo MKy 0OpabOTKU MaTepHajoB IMOJEBOI0 TPACCUPOBAHUS, IO-
PAIOK TIOCTPOSHUS TIPOJIOIBLHOTO MPOdUIIS ABOPOBOM KaHAIM3ALMK TI0 Pe3yibTa-
TaM HUBEJIMPOBAHUS; MOJYUYUTh HABBIKA MPOECKTUPOBAHUS MO MPOJOJIHLHOMY IPO-
¢uto.

OO0beKThI HccIe0BaHUs, 000PYA0BaAHNE, MATEPHAJIBI M HATJISIAHbIE IIOCOOHUS:
OJIaHK-3aJ]aHUe, TIPOCTON KapaHAalll, IBETHbIE KapaHJallH, JIMHEWKa, MUKPOKaJb-
KYJISTOP, MUJUIUMETPOBKA A3.

Hcxoonvle oannvie

HcxomHbiMu T€0/IC3UNYECKUMH TAHHBIMU JUISL pacdyeTa U MOCTPOSHUS MPOQuUIIs
JIBOPOBOM KaHAJIM3AIMU SIBJISIOTCS: TUIaHOBasg cxeMma (puc. 1) u KypHall TexHuYe-
CKOTo HUBeNUpoBaHus (Tadm. 1).
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Puc. 1

Tlopsoox evinonnenus pabomol
Cxema 080po6otl KaHanuzayuu

C ceBepHOM CTOPOHBI MATHAITAKHOTO CITY>KEOHOTO 3/IaHHsI HAXOJIUTCSI MCXOI-
HBIA TIYHKT JUIS TEXHUYECKOTO HHUBEJMPOBAHUS. YCIOBHOE OOO3HAuUCHHE perepa



Pn147. Ha nnanoBoil cxeme mnokasansl Boitycku Bl, B2, B3, a Takxke cooTBeTCT-
ByIOIIMe UM Kosiofibl ABopoBoi kanamm3anuu KK1, KK2, KK3, Bo3moxxHbI 1Ba
BapuaHTa MpUBS3KHU K ropojackoil kananmmzanuu KKI u I'K2, koTtopbie ykazaHbl Ha
puc.l. B cooTBeTCTBUU ¢ UCXOJAHBIMU HEOOXOAUMBIE JJIsI IPOCKTUPOBAHUS TPACCHI
JAaHHBIE: ) PACCTOSTHUE MEXTy KOJIOALAMH, 0) MAaKCUMAaJIbHBIN YKIOH TPacChl, B) IITy-
OvHa pOMep3aHus TPYHTA, T') BBICOTA UCXOTHOTO pErepa, /1) BHICOTA MIENbITU TPYObI
TOPOJCKOW KaHAIU3aL1H.
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[IpakTHyeckass cyMma NpeBbILICHUMN
TeopeTrnueckas cymMma NpEBbIICHUN
Hessska

JlonycTMoOe 3HaYeHHUE HEBS3KU



Juametpsl Tpyo:
a) nBopoBas kananuzarus DI=150Mm, D2=200mMM
0) ropojckas kananuzaius D=400MMm
Munumanbhbie npoekTHble YKiIoHbL: 1=0,008 mas Dy
1=0,007 oxa D,
Onrtumansabie ykinonsl: 0,010 - 0,030

Kypnan mexnuueckoeo nusenuposanus
TexHnueckoe HHUBEIMPOBAHUE BBIMNOJHAETCA COIJIACHO CTAaHAAPTHOM CXEME,
IIPEICTAaBICHHON Ha PUC.2.
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Ha cxemMe TeXHMYECKOro HHUBEJIUPOBAHUSA MPHUHATHI CIEAYIOUIUE YCIOBHbBIE
0003HAYEHUSI:

Pn147 - ucxonuslii penep;

I'K1 - cMOTpOBO#1 KOJIOAEI TOPOJICKOM KaHATHU3AIINH;

KK4, KK5 - cMoTpoBbI€ KOJIO/IIIBI IBOPOBOM KaHAIU3AIWU;

CT1, CT2 - craHIIMM TEXHUYECKOTO HUBEJIUPOBAHUS;

31, I11 - orcuersl 1O 3aJHEN U NEepeaHEN peliKaM, B3SThle Ha MIEPBOM CTaH-

LMY TEXHUYECKOTO HUBEINPOBAHUS;

32, 112 - oTcueTsl MO perKaM, B3ATbI€ HA BTOPOW CTAaHLIMHM TEXHUYECKOIO HU-

BEJIMPOBAHUS;

C - oTcyeT no perke, yCTAHOBIEHHON Ha IPOMEKYTOYHOM TOUKE.

OtcueTtsl 1O pelikaM OepyTcsi O YEPHOW U KPAaCHOM CTOPOHAM U 3alHChIBAIOT-
Csl B COOTBETCTBYIOILME Ipadbl HUBEIUPHOTO KypHana (tabdin. 1). IlpeBbimeHus
MEXIY CBA3YIOIMIMMH TOYKAMHU BBIUUCISIOT, UCHIOB3Ys (hOpMyITy:

H=3-I1

J171s1 mepBOM CTaHIIMM ITOTYYUM:

Nuepr=21 Mm-2973mum=-2952 mm, h,,=4708mm-7658 mm= -2950 mm

Brruucnennble NpeBbIIeHNs 3aHOCST B COOTBETCTBYIOIILYIO rpady.

[IpakTHueckass cyMMa MPEBBILIEHNUN B HUBEJIIMPHOM XOJ€ ONpEAeIsaeTcs Mo

dbopmyre:



P
rae h® - cpennee npessimenne =(h,,,+ h,,)/2
N - YMCJIO CTAHIINM.
3aMKHyTHI HUBEIMPHBIA XOJ 3aKAHYUBAETCS HA HAYAILHOM TOYKE, MOITOMY
€r0 HEBA3KY BBIYHCIIAIOT 110 (JOpMYyJIE:

JIOIyCTHMOE 3HAYECHHE HEBA3KY: f, = 10vn
[TompaBku B cpeHIE TPEBBIILICHHS BEIYUCIISIIOTCS 110 (opmyIie:
__,Fh
d, = —

T

YpaBHEHHOE IIPEBBIIICHAE

1
-

BbIcOTHI TOUEK HUBETMPHOTO X0/1a MOTYYaroT 1Mo opMyJie:
Hy.y =H, +h}

“mantl

=h* + v,

rae H,, - BbICOTa NPEIbIAYIIEH TOYKH HUBEIUPHOTO XO/1a;
H,, . ;- BBICOTA IOCTIEAYIOMIEN TOUKH;

h’F ., - YPABHEHHOE IPEBBIIICHUE MEXKIY STUMH TOYKAMH.
B namem mpumepe k5. .., -2951mm + (-3)mm = -2954mm
Hriy = Hppyar + W yan 1oy ™ 27,168m + (-2,954m) = 24,214m

JIns onpenesieHust BBICOThI TPOMEKYTOUYHON TOUKH

IT'Hy=Hpg;+32=24,214m+2,951m=27,165m,

TH,=Hyp H112=27,014m+0,148m=27,162m,

I'N.,=27,164 m, Hys=I'1.,-C=24,804m

AHaQJIOTHYHO BBIYMCIIOTCS BBICOTBI CBSA3YIOUIMX M MPOMEKYTOUYHBIX TO-
YeK Ha JIPYIUX CTaHLMAX.

Ilocmpoenue npoguns 060posoti Kanaruzayuu

Ha nmucre mummmerpooit Oymaru (30%x40 ¢M) CTpOST CETKY MPOI0IBHOTO
npodunst. Pazmeps! rpad ykazansl Ha puc. 3. JyinHa npodusis 3aBUCUT OT JJIUHBI
TPacChl U TOPU3OHTAIILHOT'O MacIiTada.

B namem npumepe:

L=70,55 m, M.,, 1:500.

Jnuna npoduns:

1=70,55:500=0,1411 m=14,11 cm

Brinonnenue npoduiis HAUMHAIOT C OPOPMIIEHUS ABYX HIDKHUX Tpad.
BepTtukansupiMu dyeptexxamu B Tpade «Paccrosame Mexmy KomoamaMu» MoKa-
3BIBAIOT IOJIOKEHHUE KOJIOJIEB KaHanu3aluu. PaccTodHUS MEXIYy KOJOAIaMHU
JOJKHBI OBITH OTJOXKEHBI B TOpu3OHTaabHOM MacmTabe (4,00m:500=0,8cwMm;
16,43M:500=3,29cm). OgHOBpEeMEHHO B HIDKHEW Trpade MOAMUCHIBAIOT HOMEpa
KOJIOJILIEB.

B rpady «®aktuyeckue BBICOTHI» BBIMUCHIBAIOT W3 KypHaJla TeXHUYE-
CKOTO  HHUBEIMPOBAHUSA  3HA4YE€HUs  BbICOT, Okpyrmas g0 0,01 ™
(HFK]=24,214M=24,2] ]l/l)



[IpomonbHBIl TPOUIL MAECTHOCTH CTPOSIT C YYE€TOM JaHHBIX, IPHUBE-
JIEHHBIX B TPEX HMXHUX rpadax.

VY C0BHYIO BBICOTY MOJIy4YalOT, OTHUMAas OT MUHUMAaIbHOW OTMETKH MpO-
buna 4-6 m (24,21-4,21=20,0). Ucnons3ys BepTHKalbHbIM MacmTad (B 10 pa3
KpyIHee ropu3oHTanbHOro M., 1:500 — M,,,, 1:50), OT yCIOBHOI JIMHUU TTPOBO-
JAT BEpTUKAJIbHBIE OTPE3KH, BEJIUYMHA KOTOPBIX COOTBETCTBYET (haKkTHUecKOn
BBICOTE.

[Ipoduab MECTHOCTH MOJIY4alOT, COCAUHSS MPSIMBIMU JIMHUSIMA BEPXHHE
TOYKU OTPE3KOB (puc. 3).

Bo03MOXHBINH YKIOH TPacChl, BRIYUCIACTCS 1O opmye:

‘I'IESE.'C = I:H.'L?{‘l - H;‘lj-"f‘['
rae Hizy - BBICOTA LICTBITH TPYObl TOPOACKON KaHanmu3anuu (Tadi.2); onpeaesier-
Csl C YUYETOM TJIYOHMHBI IPOMEP3aHUS TPYHTA;

L —nmmHa Tpacchl.

B namem npumepe: I,,,,-=(21,25-28,50)/70,55=-0,104

Ecnu BO3MOXHBIN YKIOH MEHbIIIE MUHUMAJIbHOTO, TO KaHAJTHU30BaHUE HE-
BO3MOXHO. Ecnu pasHuna mMexay ykKJIOHaAaMHM HE3HAYMTENbHA, TO MOXKHO MOJI-
HATh BBINYCK, YBEJIWUYUBAs OONIUN mepemnaj TPacChl, U YBEIUUYUTh THAMETP
Tpy0. MOXHO Takke pacCMOTPETh BO3MOXKHOCTh MU3MEHEHUS MPUBSI3KH K TO-
poAcKoM KaHanu3anuu. Ecu BO3MOXKHBIN YKIIOH HE MPEBBIIIAET MaKCUMAJIBHO
JTOMMYCTUMOTO, TIPOPUIb TpacChl CTPOST C OJMHAKOBBIM YKJIOHOM. B Hamem
Clydae BO3MOJKHBIM YKJIOH TMPEBBIIIAET MaKCUMaldbHOE 3HadeHue. Ompeaeaum
BEJIMYMHY W3JIMIIHETO NpeBbImeHus: N = (HEy — HE))-1axe

L=21,25m-28,50m-(-0,090)70,55 - 0,90m

Tpaccy MOXHO MPOEKTUPOBATH C MAKCUMAJIbHBIM YKJIOHOM U yCTPOMCT-
BOM TpeX MepenaaoB B Koyoanax. 3,4 u 5. BeICOTHI 10TKa TpyObl BBIYUCISETCS 1O
cieayromum GopMysiam:

H, = Hi+il; = 28,501-0,09*%4,00m = 28,14Mm

H, = Hi,+il, = 28,14Mm-0,09*16,43Mm = 26,66M
H. = Hi,+il3 =26,66M-0,09*15,67Mm = 27,25Mm

KK1
KEK3

H.. = Hi. —0,30+ily, = 27,25M-0,30-0,09*%23,45m = 24,84Mm
& — 0,30+ilg=22,001-0,30-0,09*5,00Mm = 21,25m
[Ipumeuanue. [logknoueHrne TBOPOBOM KaHAIW3AIMHU B TOPOJCKYIO pa3-
pemaeTcs Ha ypOBHE LIEJIBITH WJIM HECKOJBKO HUXKe. B Hamem Bapuante no 10
cM. ['myOuHBI KOJIOAIEB MOJyYarOT KaK Pa3HOCTb BBICOT JIOTKA M (DAKTHYECKHUX
BBICOT TOYEK MPOPuIIs.
AHaJOrMYHO pacCcUUThIBaeTCs Npopuiab B BapuanTe noAkitodenus k ['K2

(puc. 4).

Hrfyy = Hy;
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JladoparopHasi pa6ota Ne 5 ITocTpoenne pa30ouBOYHOIO YepTeKa

Heab u 3agaun padoTbl

- TIpUOOpPECTH YCTOWYMBBHIM HABBIK B OMpPEICICHUM KOOPAMHAT TOYEK IO
IUIaHy, HAYYNUThCS pelIaTh OPSIMYIO B OOPATHYIO 3a/1a4l Ha MUKPOKAJIBKYJISITOPE,

- MOJIyYUTh HABBIKM B MOJATOTOBKE JAHHBIX AJISi IOCTPOEHUSI Pa30MBOYHOTO
YyepTexa; HaydyuThCs OPOPMIIATH Pa30MBOYHBIA YEPTEXK.

O0beKTHI HCCIeI0BAHNS, 000PYA0BAHUE, MATEPHAJIBI U HATJISIAHbIE MIOCOOMSI:
OJIaHK-3a/1aHue, KapaHJalll, JUHEeWKa MWIIUMETpoBKa (popmara A4, MUKpPOKaJIb-
KYJISITOp, padoyast TeTpaib.

3aoanue

[ToAroToBUTH pa3OMBOYHBIA YEepTEX IS KUJIOro goma 12x24m 1mo ocHOB-
HBIM OCSIM, Pa3MECTHUB €r0 MEXAY IABYMsI KUJIBIMHU 3IaHUSMHU IOCEPEINHE. 3aJaHbl
KOOPJIMHATHI YIJIOB KalUTAJIbHBIX 3JaHUN U JBYX IMYHKTOB MOJUTOHOMETPHUH, OHH
(KoopauHaThI) TpUBEAECHBI HA pucC. 1.

Onpeodenenue KOOPOUHAM NPOEKMUPYEMO20 30AHUS

X=1307,21
Y=2625,74

unll &

S~ nnl?7 5]

- j 7 X=1273,91
T Y=2673,23

X=1246.17

'=2598.
1 Y=2598.17

Puc. 1- Cxema pacnonosicenus 30anutl

Hcrnonp3yst KOOpAWHATHI YTJIOB KalUTAIBHBIX 37aHU T1 U T2, pemmm 00-
paTHYIO T€0JIe3MUecKyo 3a1auy (Tabnuma 1) nms onpeneneHus: pacCTOSHUS MEXTY
TOYKaMH | U 2 U AUPEKUMOHHOTO yriia JIUHUM 12.

Tabmama 1
OO6paTHas reoje3nyeckas 3aaava

Toukn X Y AX n AY tg Ol12 Ol12 D12

1 1307.21 | 2625.74 | -27.57

0.45167 |204°18°26" | 66.98

2 1246.17 | 2598.17 | —61.04




tger = o =Y) oy (K =X) (- d,=Javiiaxz) (1)

- 12 .
(X, = X,)’ cosa,, sina,,

ITo ycrnoBuo 3aauu OT PacCTOSTHUS MEKIY TOUKaM BBIUMTAEM pa3Mep 37a-
HUS U JEJIUM T0I0JIaM, TaKUM 00pa3oM MOJYyYHUM PACCTOSHHUE OT TOYKH 1 10 TOY-
xu I'l mpoextupyemoro 3aanus. Dy r; = (66.98 -12,00) /2 = 27,49. IupeKIIHMOHHBIN
yrona Hanpasienus 1-I'1 pasen oy ;= 204°18726".

Bbluucium KOOpPAMHATHI YIVIOBBIX TOYEK MPOEKTUPYEMOTO 3/IaHHs pelas
psIMbIE reoie3ndecKre 3a1auu 1o HanpasiueHusMm 2-1'1; I'1-Al; A1-A7; A7-1'7.

Tabmuna 2
BbIuncienue KOOpHAT IPOSKTUPYEMOTO 3/IaHHs
OnemeHTsI Gop- 2I'1 I'l-Al Al-A7 A7-17
MyJI 1-2 1-2 1-2 1-2
017 204°18"26 204°18'26 114°18'26 24°18'26"
Dy, 27,49 12,00 24,00 12,00
X1 1307,21 1282.16 1271,22 1261,34
AXiy = Dy,-C0S 045 -25,05 -10.94 -9,88 10,94
AXo= X +AX 1282,16 1271,22 1261,34 1272,28
Y, 2625,74 2614.42 2609,48 2631,36
AY 15= Dyy- Sin ay, -11,32 -4,94 21,87 4,94
AY =Y +AY 1, 261442 2609,48 2631,36 2633,30

Cxema c6s3u MeHcOy UCXOOHBIMU U NPOEKMHBLIMU MOUKAMU

(CxeMa CBs3M OCHOBAaHAa HAa TOM, YTO MEXJy MCXOJHBIMHA TOYKaMu Tl u T2 OT-
CYTCTBYET MpsiMasi BUIUMOCTb U Pa30MBKY CJEIyeT MPOU3BOAUTH OT ITyHKTOB IOJIH-
roHoMmeTpud. Touku Tl M T2 MOKHO MCHONB30BaTh JJISi KOHTPOJIBHBIX IPOMEPOB t
(puc. 1,2).

Puc. 2 - Cxema céaseii meHcoy UCXOOHbIMU U NPOEKMHBIMU MOYKAMU

Touka I'l BbIHOCUTCSI TOJISIpHOW 3aceukoil, B Touke mmll cTpoutcs ro-
PUBOHTAIBHBIN YTOJI U B TOCTPOCHHOM HANpPaBJIECHUU OTKJIAJIBIBAETCS PACCTOSIHUE



nnl1-I'l. 3atem B monyueHHON Ha MeCTHOCTH Touke ['1 moIsipHBIM CTIOCOOOM BBI-
HocuTtcs Touka ['7, 3a Hel Takum ke cmocobom Touku A7 u A1l. Pa3dbuBka npo-
BEPSIETCS KOHTPOJIbHBIMU ITpomMepamu I'7-11 u A1-12.

Pewenue oopamuuix 2ceodesuyeckux 3a0ay u onpeoeeHue yei08blx 31eMeHmos
pa3zbusouHo2o uepmedrca
JIsist cocTaBieHUs1 pa30MBOYHOIO YepTekKa HYKHO PEUINTh OOpaTHBIE T€0Ae3H-
yeckue 3aaaun: nmll - mnl7; nmull - I'l; Al -t1. D10 HEOOX0MUMO AJid ompenee-
HUS IJTUH JJMHUN U TUPEKIUOHHBIX YTJIOB KaK JaHHBIX JJI1 COCTABICHUS pa30MBOY-
HOT'O YepTexa.
Pemenne oOpaTHBIX T€0Ie3MUECKUX 3a/1a4 BBITIONHSETCS 10 popmymnam (1).

Tabmma 3
OOpaTHBIE T€0Ie3NUYECKUE 3aaul
DeMeHTH GopMysT mrll-mmo 17 | oonll-TI1 I'7-—12 Al —Tl
1-2 1-2 1-2 1-2
X5 127391 1282.16 1307.21 1246.17
X1 1297.50 1297.5 1272.28 1271.22
AX]_Z: Xg— Xl -23.59 -15.34 34.93 -25.05
Y, 2673.23 2614.42 2625.74 2598.17
Y, 2581.87 2581.87 2633.3 2609.48
AY 1 =Y —~Y, 91.36 32.55 -7.56 -11.31
tg o =AY 1/AXy, -3.87283 -1.42613 -0.21643 0.451497
gP) 85°31'19" 74°46'00" 12°12'44" 24°17'56"
02 104°28'41 115°14'00 347°47'16 204"17'56
COS 012 - 0.25001 -0.42631 0.97737 0.91141
D= AX12/ COS a2 94.36 35.98 35.74 27.48
Sin oy, 0.96824 0.904579 -0.21154 0.411499
Di,= AY 1o/ Sin oy, 94.36 35.98 35.74 27.48

PaCCTOHHI/IH, HCO6XOI[I/IMBIC AJIs1 BBIHOCA TOYCK IMPOCKTUPYEMOI'O 3IdHUA,
6epyTC$[ psAMO U3 Ta6J'II/II_U::I, d TOPHU3OHTAJIbHBLIC YIJIbI BBIYUCIIAIOTCS IIO Pa3HO-

CTSIM JUPEKIIMOHHBIX YIJIOB.
Boruucnenue yrna nm 17—nm 11 - T'1:

Uckomerit yron Oyaer paBeH

Beruucnenue yrima mm 11-TI'1 —T'7:
ag1 1 =1 15'14'00", ar, ;=1 14°18'26",
Hckomslii yron OyaeT paBeH
B =294°18'26"-115°14'00" = 179°04"26".
[Tomy4yenusie nanHbie 0OQOPMIISIOTCS Ha PA30MBOYHOM UEPTEKE.

Ol1117= 104028'41", 01111 =115" 14'00".

= 115°14'00" - 104°28'41=10°45'19".

mll™—

ar7r; = 294° 1826"




Ogopmnenue pazousounozo yepmedica

Pa30nBOYHBIN YepPTEXK COMCPIKUT FTEOMETPUUYCCKYIO CXEMY CBsI3¢il U He-
00XOMMBIC SIS BRIHOCA OCEH MPOSKTUPYEMOTO 31aHHUs YTIIOBBIC M IMHCHHBIC CBS-
3H, KOTOPBIC MOJTyYaro MPH MOATOTOBKE TAaHHBIX (PEIICHHUE TPSAMBIX M 0OpaTHBIX

3a7a4).

X=1307.21
Y=2625.74

10%5'19"

X=1297,50
Y=2581.87

] nnl7

iy 7 X=1273.91
%00 >~ A7 Y=3673.23
.
V)
X=1246.17
- Y=2598.17

Puc. 3 Pazbusounviii uepmesic



JladoparopHasi padotra Ne 6 IIpoxosibHbIil IpodguiIb Tpaccsl

Heab u 3agaun padoTbl

N3yunth MeTOANKY 0OpaOOTKH MaTepHUajoB MOJEBOTO TPACCUPOBAHUS, IO-
PSIOK TIOCTPOEHUS MPOAOIBHOTO MPOHIIA MO pe3yabTaTaM HUBEIMPOBAHMS, T10O-
JYYUTHh HaBBIKU MTPOEKTUPOBAHHUSI 110 TPOJA0TBHOMY MPOQHITIO.

O0beKTHI HCCIeI0BAHNS, 000PYA0BAHUE, MATEPHUAJIbI U HATJISAHbIE MIOCOOMSI:
OJIaHK-3a/1aHue, KapaHJalll, JUHEeWKa MWIIUMETpoBKa (opMara A3, MUKpPOKAIb-
KYJISITOp, pabodast TeTpaib.

Hcxoonvie dannvie

HcxonHoi uHpopmaleil A BHIIOTHEHHUS paOOThl CIYKUT KypHaJl HUBE-
aupoBaHus (Tadin. 1) mo ocu Tpacchl MPOEKTUPYEMOM aBTOMOOWIBHON JTOPOTH H
NUKETAKHBIN KypHaJ, TOKa3aHHbIA Ha pUC. 1. VI3 TeXHUYECKUX yCIOBUI TpeOyeT-
Ccsl COOJII0/ICHHE MUHUMAJIBHBIX PAaUyCOB KPYTroOBbIX KPUBBIX -500 M, IPOIOIbHBIN
ykJI0H He 6omee 20%,. Hauanbnas npoektHas BoicoTa Hyo = 96,50 M, koneunas H
=102,30 m.

Obpabomka HCypHaNa HUBETUPOBAHUSL
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XKypnan HuenupoBaHus

Tabmumna 1.

No| Thuketst OtcueThl h, heor | Vi | Hienps | Him H, M
3aas. | Ilepen | IlpoMm. | MM | MM |MM | MM M
1 |Paoll7-| 614 1724 -1110|-1111| 1 | -1110 97,548
-nkl7 | 5400 | 6512 -1112 96,438
2 | nkl7- 738 | 2718 -1980(-1978| 1 | -1977 |97,176| 96,438
-nk19 | 5524 | 7500 -1976 97,179 94,461
17+34 1065 97,178| 96,113
17+81,1 912 96,266
17+85,1 889 96,289
nkl8 2365 94,813
3| ok 19- | 1012 | 2495 -1483(-1483| 1 | -1482 |95,473| 94,461
-nk21 | 5800 | 7283 -1483 95,474 92,979
19+60 420 95,474 | 95,054
k20 1826 93,648
4 | nx2l1- | 2010 | 2215 -205 | -204 | 1 | -203 |{94,989| 92,979
-nk23 | 6798 | 7001 -203 94,991 | 92,776
21+25 1025 94,990 93,965
k22 2236 92,754
51| mx23- | 2895 | 215 2680 |2679| 1 | 2680 |95,671| 92,776
-nk25 | 7679 | 5001 2678 95,671 | 95,456
23+25 2546 95,671 93,125
k24 1023 94,648
6 | nk24- | 2569 | 724 1845 (1844 | 0 | 1844 95,456
-Pn321 | 7355 | 5512 1843 97,300
Cymma | 48394 | 48900 -506 | -253 -248

> o Zoenom = 48394 - 48900 = -506

(o Znenon)2=( 48394 - 48900)/2= -253

f= Y Toop = -253 — (97,300 - 97,548) = - 253 — (-248) = -5 MM

fon=(50~/L &M ) MM =501 =50 Mmm. (L =1 km)

Teopemuueckue nonodcenus

[TomyuuB 3aganue, cTyeHT 00pabaThIBACT JKypHaJl TEXHUYECKOTO HUBEIH-
poBaHus. Ha kax10M CTaHIIMM 1O Pa3HOCTSAM OTCYETOB HA 3aJHIOK0 U INEPEIHION0
PENKY BBIYMCIISIETCS IPEBBILIEHNE MEKAY CBI3YIOIIMMHU TOYKAMM M CPEIHEE Ipe-
BbiieHue (10 1 mm). IlocTpaHUYHBIA KOHTPOJIb BHIYMCIEHUA COCTOUT B TOM, UTO



Ha KaXJOW CTpaHUIEe >KypHaja BBINHUCHIBAIOTCS BHHU3Y IOJ COOTBETCTBYIOIIMMU
rpadamMu cymma OTCYETOB IO 3aJIHEW U NepeHel peiikaM 1 anredpanyeckas CyM-
Ma TpeBbleHui. [Ipu 3TOM JOJKHBI TOYHO COOTIOAATHCS YCIOBUSL:

2.8,-) b, =>h (1)
2%,

(B mpemenax ONMMOKU OKPYTIJICHHS ).

Ecnu noctpanuyHblii KOHTPOJIb MOJATBEPKIAET MTPABUIBHOCTh BHIYHUCICHUM,
TO OMNpPEIESETCS HEBSI3Ka HUBEIHUPHOTO XOJa, MPOJOKEHHOTO MEXAY ABYMS pe-
nepaMu, OTMETKU KOTOPBIX U3BECTHHI.

fh = thp _(HK - HH) (2)
rae Hy — oTMeTKka KOHEUHOTO pernepa;
H, — oTMeTKa HayaaLHOTO pernepa.
JIomyCTUMOCTB HEBSI3KH OmNpeesieTcs o hopmylie
f oo +50.um+/L (3)

rae L — anvHa xona, KM.
Ecnu HeBsizka OKa)keTCsi MeHee JIOMyCTUMOM, TO €€ paclpeielsiioT ¢ oopar-
HBIM 3HAKOM MOPOBHY MEK]ly BCEMH M3MEPEHHBIMH IMPEBBIICHUSIMU, TaK YTO I10-
MpaBKa K KaXJIOMY CpPEeIHEMY MPEBBIIICHUIO TPU 00IIIeM YUCIIe CTaHIIUI N
f

Ah=—Th (4)
n

BennunHy nompaBkM OKPYIJISIOT O LENbIX MUWUIAMETpoB. CyMma Bcex

BBCACHHBIX HOHpaBOK J0JDKHaA 6BITB paBHa HCBA3KE, B35[T0f/i C O6paTHBIM 3HAKOM:
> Ah=—f, (5)

ECJ’II/I YUucCJIo MI/IJ'IJ'II/IMGTPOB HCBA3KH OKAXCTCA MCHBLIIC YHCJIA CTaHHHfI, TO
pacrpeneneHrue HaBsa3Ku MPOU3BOJUTCA IO 1| MM Ha 4acTh CTAHIIMM, HO PaBHOMED-
HO I10 BCEMY XOAY.

HOHpaBKI/I IHOAIINCBIBAKOTCS BBepxy HaJd BbIYHUCIICHHBIMU CpeI[HI/IMI/I HpeBbI—
INCHUAMMH.

PaCHpejleJ'H/IB HCBHSKy, BBIYUCIIAKOT OTMCTKH CBH?:YIOH_II/IX TOUCK XO/a. OT—
MCTKa Ha4YaJIbHOT'O PCIICpa IIpU 3TOM 3aAaCTCA, @ OTMCTKH OCTAJIbHBIX TOYCK XOJd
BBIYHUCJIAOT MIOCJICA0OBATCIBHO I10 I/ICHpaBHeHHBIM HpeBBIH_ICHI/ISIM TakK, 4TO

H N+l T H n + h(n,n+l)ucnp. (6)

[IpaBUIBHOCTH BBIYMCIIEHHUS OTMETOK CBSA3YIOLUIMX TOYEK KOHTPOJUPYETCS
3aIaHHOM OTMETKOM KOHEYHOM TOYKHM X0Ja. OTMETKM NPOMEXYTOYHBIX TOYEK U
TOYEK MOMEPEYHUKOB BBIYUCIISIIOTCS YEPE3 TOPU30HTHI MHCTPYMEHTA HA CTAHIIUSAX.

I'opuzontom nHcTpymenTa (I'M) Ha cTaHIMK HA3BIBAETCS BBICOTA BUSUPHOIO
Jy4a HUBEJIMpPA HAJ YPOBEHHOM MOBEPXHOCTHIO. | OPU30OHT MHCTPYMEHTA PaBEH
OTMETKE CBA3YIOLIEH TOYKM ILUIFOC OTCYET MO YEPHOU CTOPOHE PEUKH, CIEIAHHOM
Ha 3TOM TOYKe. BrlunTass U3 rOpu30HTa HHCTPYMEHTA HA CTAHLMU OTCUYET I10 4€p-
HOW CTOPOHE PEUKH, YCTAHOBJIICHHOM Ha MPOMEXKYTOUYHOW TOYKE, HAXOIAT €€ OT-
METKY.



Ilopsook evinonnenuss pabomol

[IpeBbIlieHre HAa CTAaHIIMU BhIUMUCIAIOTCS no Gopmyrne h = a — b, rie a- or-
CUeT M0 3aJiHeH peiike, b - mo nepenneit. Tak kak HUBETMPOBAHUE BBIMOIHSAETCS 1O
YepHOM M KpacHOM CTOpOHAM peeK, TO MoyydaeTcs JABa mpesbliieHust hy u hy, us
KOTOPBIX BBIYUCIISICTCSI CPEeIHEE MPHU COOIOJIEHUH JTOMYCKa, KOTOPBIM NIl TEXHU-
YECKOTO HUBEIMPOBAHUS COCTABIISIET 5 MM.

[Tocne BBIMOMHEHUS] U3MEPEHUN HA CTPAHUIIE BBHIMTOIHIETCS MOCTPAHUYHBIM
KOHTPOJIb JJIsI CBA3YIOUIUX TOUEK. J[JIsl TOr0 BBIUMCISIETCS CyMMa 3aJJHUX U CyMMa
NEPEIHUX OTCYETOB HA CTPAHULE Xy = 48394 U e = 48900. Ilo mpaBuiiam
BBIUUCTICHUN X3y — Ziepern — 48394-48900 = -506 MM, noimKHA HI€adbHO COBIAAATh
c cymmoil npesbiieHnii 506 mm. Ilpu neneHun 3T pa3sHOCTH Ha JBa MOJy4YaeM
CyMMY CPEIHUX MPEBBIMICHUH, KOTOPasi MOXET OTJIMYaThbCs Ha 1-2 MM u3-3a omu-
OOK OKpYTJICHUS.

VYpaBHUBaHKE MPEBBIIICHUI BBIMOIHACTCS CICAYIOIUM 00pa3oM:

1)  BBIYMCISCTCS CyMMa M3MEPEHHBIX MPEBBIIICHUH, B HAIEM XXYypHAJC
OHa paBHA CYMME CPEIHUX MpeBbIeHUH — X Ny = X hyp = -253 MM;

2)  BBIYHCIIAETCS TEOPETUYECKas CyMMa MPEBBIIICHUH, B HAIIIEM TIPUMEpe
OHa paBHA Pa3HOCTU KOHEUHBIX BBICOT X0/ h 1eop = Hynzny — Hpn = 97,300-97,548 =
-248 mwMm;

3)  Hemsaska f ABISCTCS Pa3HOCTBIO MEXIY MPAKTUYCCKUMHU U TEOPETUYEC-
ckumu cyMMmaMu =% hy,, — X hpeop = -253 — (-248) = -5 mm;

4)  HeBs3Ka CPABHUBACTCS C JONMYCTHMBIM 3HAYCHHUEM, KOTOPOE B TEXHU-
4eCKOM HHUBEIHUPOBAHUM MOXKET OBITh TonyueHo 1o  dopmyie f o =50v/L kM =
501 MM = 50 MM;

5)  ecmu HeBs3ka f MeHbIe qomycka (5 MM < 50 MM), TO OHa pacnpeess-
€TCsl C OOpaTHBIM 3HAKOM MEXTY U3MEPECHHBIMHU TIPEBBIICHUSMH;

6)  Tak Kak B HAIlleM CIy4Yae HUBEIUPYEMbIC OTPE3KH Tpacchl paBHbI 200
M, a HEBsI3Ka UMEET He3HAYUTEIbHYIO BEJIMUYMHY 5 MM Ha MI€CTh CTAHIIMI TEXHHU-
YECKOT0 HUBEJIIMPOBAHMS, TO €€ MOXKHO pacIpeeInuTh MOPOBHY, MOMPABKU OyAyT
paBHBI | MM, a B IOCJIEAHIOI CTAHIIUM OHA pPaBHA HYJIIO;

7)  WcmpaBJICHHbBIC MPEBBIMICHUS PaBHBI Nyenp = Nep + Vi)

8)  BBICOTHI MOCIenOBaTENbHO NOy4atoT 1o Gopmyne Hi=H; 1+ ey
(Hux17=Hpn117 + Nyenp = 97,548 — 1,110 =9 6,438);

9)  rOpW3OHT MHCTPYMEHTa Ha BTOPOM CTAHIIMK HUBCIMPOBAHHUS pPaBEH
H.,=H;7+a =96,438+-0,738=97,176 ™M, dopmyna nias KOHTPOJS BEIYUCICHUN
H,=Hpq7tb =94,461+2,718 = 97,179 M; Ha mepBOW CTaHIMHM FOPU30HT HHCT-
PYMEHTa BBIUMCIIATH HE HY)KHO, TaK KaK HET MPOMEXYTOYHBIX TOUCK;

10) BBICOTHI MPOMEKYTOUYHBIX PACCUUTHIBAIOTCS IO CPEAHMM 3HAYCHUSIM

TOPU30HTOB HHCTpyMeHTa (MOMYEPKHYTHI B TaOJHIIE),
Hixi17-34= 97,178-1,065 = 96,113 m.

Ilocmpoenue npooonvHo2o npoghuis u NPoeKmuposane mpaccol
JlaHHbIE HUBENIUPOBAHUS HCIIOJIB3YIOTCS JUISI COCTaBIEHHUS MPOJOJIBHOTO
npodust (puc. 2).



CeTka Mpo0JbHOTO MPOQHIIA COCTOUT U3 CIEAYIOMUX rpad: «IJIaH MPsSMBIX
U KPUBBIX», ITUKETB», «PACCTOSHUD, «(DAKTUUECKUE BBICOTHD, KIPOEKTHHIE BbI-
COTBI», KYKJIOHBI-PACCTOSIHUS, «IIJIAaH TPACCHD».

3anogHeHue CeTKU Mpoduiis HAYMHAIOT ¢ Tpad «pacCTOSHUD U «(haKTHUe-
CKH€ BBICOTBI», JJaHHBIE OepyTcs U3 KypHaja HUBeIUpoBaHus. Hanpumep, nepsas
TOYKa - HAa4Yajo y4yacTka Tpacchl nkl7, ero ¢gakrudeckas BbicoTa - 96,44 M, cie-
ayroiast Touka nkl7+34 - 96,11 m. Ilo paccTosiHUAM U BBICOTaM CTPOST MPOIOJIb-
HBII MPOUIb IO OCU Tpacchl. i 3TOro BEIOMPAIOT YCIOBHBIN Topu3oHT Ha 5-10
METPOB HIKE MEHbIIEeH (aKTUYecKo BBICOTHI, B HameM mnpumepe 87,00 m. Jlms
KaXXIOW TOYKH, UMEIOMIEH (DaKTHUECKYIO0 BBICOTY OTKJIAABIBAIOT MEPIECHIUKYIISP
OT JIMHUU YCJIOBHOTO FOPU30HTA U, COEIHUHSS BEPXHUE KOHLBI MEPIIEHIUKYISPOB,
MOJTy4aloT MPOAOIBHBIA MPO(GUIIs MOBEPXHOCTH 3eMJIM IO ocH Tpacchl. OTHOBpe-
MEHHO 3aIoJIHsIEeTCs rpad)a «ITUKEThD.

B rpade «paccrosHus» cymma pacCTOSIHMM MEXAY CMEXKHBIMU MUKETaAMHU
nokHa paBHATheA 100 m. Tak mexny nukeramu 17 u 18 cymma paccTosiHui
34+47+4+15=100M. Ecau Mexay NUKETaMU OTCYTCTBYIOT ILIFOCOBBIE TOYKH, TO
rpada «paccTOSHU HE 3aMOTHSAETCS.

[IpoexTupoBaHue Tpacchl HAUYMHAIOT ¢ (PUKCALIUU TTEPBOM MPOSKTHON TOUYKH,
B HamieM mpumepe 310 Hyy,7 = 96,50 M, 3amana mpoekToM. 3aTeM HCCIEIyeTCs
Onmkaiiuil ydactok. B Hamem npuMepe 3To nepecedyeHne ¢ aBTOMOOUIIBHOM J10-
pPOTOM, BBICOTBI IIEPECEUYEHN JOJKHBI CTaTh NPOECKTHBIMU JUIA Haen Tpaccel. Ha
NEepPBOM ydacTke Mexay Toukamu Hiy7.51 = 96,27 M u H,17= 96,50 M, Berumcis-
etrcs ykiioH 1=(96,27-96,50)/81,1 = 0,0028=0,003, KOTOpHIil B MPOMUJIISAX BHITUCHI-
BaeTcs B Ipady «yKJIOHBI-PACCTOSIHUS)» BMECTE C PACCTOSTHUEM, HA KOTOPOE OH
paccuuTaH.

Bce npoekTHbIE BBICOTHI HA 3TOM YYacTKE BBIUUCISIOTCS MO JAaHHOMY IpO-
€KTHOMY YKJIOHY.

3aTteM MPOEKTHAsl JIMHUS MPOBOJUTCS, UCXOM U3 MPAKTHUECKOro TpeboBa-
HUS - MUHUMYyMa 00beMOB 3eMJISIHBIX paboT. Onpenensercs rpaguuecku mpoeKT-
Hasg OTMETKa KOHEYHOW TOYKH 3TOW JIMHUU U JIETAETCS pacueT MPOEKTHOrO YKIIO-
HA, 110 KOTOPOMY PacCUUTBHIBAIOTCS IPOEKTHBIE BBICOTHI.

C y4eToM NMpOEKTHBIX BBICOT MPOBOJUTCS Tpacca aBTOMOOUIILHOW TOPOTH U
BBIYHCIIIIOTCSI pab0une OTMETKH KaK Pa3HOCTh MPOEKTHBIX U (PaKTHUYECKUX BBICOT,
KOTOPBIE B CIIy4ae HACHINM BBITMCHIBAIOTCS BbIIIE TPOECKTHOW JIMHUU, TIPY BBIEMKE
- HUKE.

I'padpa «mman Tpaccedy 3amoiaHSAETCS U3 AAHHBIX MUKETAXHOTO JKypHaJa, o
cepenrHe 3ToW rpadbl MPOBOJIUTCA JIMHMS, O3HAyaromas ocb Tpacchl. B rpade
«IJIaH TPSAMBIX U KPUBBIX» MPOBOJUTCS JUHUS C YCIOBHBIM 00O3HAUYEHUEM KpHU-
BbIX, KOTOpBIE MPOBOJATCS BBIIIE OCH TPACCHI, €CJIM Tpacca MOBOPAYMBAET BIIPABO
U HUDKE OCII, €CJIM Tpacca MOBOpavyuBaeT BieBO. B 3Toil rpade BBIMUCHIBAIOT BCe
JAaHHBIE TIPSIMBIX YY9acTKOB: JyHA U pyMmO (muHa 38,30 u pym6 ¢3:35°1IN). [lns
KPUBBIX BBINMCHIBAIOTCS BEJIMYMHA yTJa MOBOPOTA, 3HAUCHHE pajuyca KpyroBou
KpUBOM, TAHTEHCA, JUTMHBI, OUCCEKTPUCHI U JOMEpa. BRIMUCHIBAIOTCS TakKe MHKe-
Thl HAYAJIa ¥ KOHIIA KPYTOBOM KPUBOM.
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Puc. 2 - IIpooonvHuiii npohuns mpaccwvt asmomoouibHol 0opou

[TonoxeHue Touek HyJIeBBIX PaObOT BEIYHCIIACTCS 1O (hopMysIam
dy = | ha| - d/(| hy| +hgl),
dz = | ho| - d/(| hy| + ] hgl),
d=d;+dy,
rae d; u d, - paccTosTHUSI ONpEIEIIONIUe MOJ0XKEHUE TOUYKHA HYJIEBBIX paboT Ha
orpeske d;
hi, hy - paboune oTMETKH, KOTOPBIC UCTIONB3YIOTCSA B AaHHBIX (hopMysiax mo abco-
JIOTHOM BennuuHe. TpeThs hopMyIia UCIOIb3YeTCsS B KAYECTBE KOHTPOJIS.
[TpononpHBINA MPOGUIL COMPOBOXKAAETCS HA KOCOrOpax MOMEPEYHUKAMH, U
oopMIIsieTCss B IIBETaX: MPOEKTHHIE JaHHBIC - KPACHBIM IIBETOM, TOUYKHU ITYJIEBBIX
paboT - CHHUM, a BCE OCTAJTLHOE - YEPHBIM IIBETOM.
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