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Bsenenue

KypcoBoii mpoeKT SBISIETCA 3aKIIOUYUTENBHBIM 3TAllOM
u3ydyeHuss  aucuumiuHel  «HadepratenbHas ~— reomerpus,
WH)KEHEpHasi U KOMITbIOTEpHas rpaduka» W MpeHa3HaYeH s
3aKpEIJICHUS] TMPAKTUYECKUX HABBIKOB  CaMOCTOSITEIIBHOTO
pELIECHNS NHKEHEPHO-TEOJOTUYECKUX 3a1a4H.

C oTOl wenblo, NPEACTOMT BBIIOJHUTL JABE 3a/1ayy,
CBSI3aHHBIE C OIPENEIIEHUEM TIpaHUIl 3eMJISIHBIX PabOT IpH
BO3BEJACHUU 3E€MJIIHOTO COOPYXKEHHs B  IPOCKLUUAX C
YHUCJIOBBIMH OTMETKaMH, M TIOCTPOCHHE MPO(GUIS 3eMIISTHOTO
COOpYKEHHS.

W3BecTHO,  YTO  TOPHO-TEOJIOTHYECKHE  OOBEKTHI
(reojoruuyeckue  Tejma, TOpPHbIE  BBIPAOOTKH,  OypoBbIe
CKBRXMHBl M T.1.) B HOJABJISAIOLIEM OOJBIIMHCTBE CIy4acB
MMEIOT CIIOJKHEMHIlee IPOCTPAaHCTBEHHOE CTpoeHue. To4HO
0oTOOpa3uTh 3TH OOBEKTHl Ha 4YEpTeKEe CO BCEMH UX
re0JOrM4eCKMMH OCOOEHHOCTSIMH IPAKTHUYECKU HEBO3MOXKHO.
[loaTOMy TOpHBIH MHXEHEp JHODKEH YMETh HE TOJIBKO
MIPE/ICTaBIATh ce0e MOJI0KEHNE UX B MPOCTPAHCTBE, HO U NPHU
OTOOpaXeHHMM Ha OyMa)KHOM HOCHUTEJE YMEThb YIpOIIaTh,
MOJICJINPOBaTh, MPUBOAUTH K OoJiee MIM MEHEee MPOCTHIM
TE€OMETPUUYECKUM Te€JlaM, HE BHOCSA IIPU ITOM CYIECTBEHHBIX
MOTPENIHOCTEN B GOpPMY M pa3Mepbl H300pakaeMoro o0beKTa.

Cama 1o cebe »3TO YK€ JOCTAaTOYHO CIIOKHAS
MO3UIMOHHAsA 3a/ladya M €€ YCIENIHOe pelleHue TpedyeT OT
CTYJEHTa OIpeIeCHHBIX HABBIKOB U WHXEHEPHON MHTYUIIUU.
Bo wMmHoOrux ciydasx ee pemieHue TpeOyeT MpHUBICYEHUS
KOMIIBIOTEPOB U KOMIIBIOTEPHBIX TeXHOJIOTHUM [1, c. 8].

B npakTuKy MH)XEHEpPHOU IEATEIbHOCTH, B TOM YUCIE, B
re0J0rM4eCKOi OTpaciy, BCE LIMPE BHEAPSIIOTCS KOMIIBIOTEPHI,
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U TOpPHBIH  MHXEHep  JOJDKEH  BIAJeTh  METOJaMH
KOMIIBIOTEPHOH TpaduKH.

KypcoBoil mpoekT npeacTaBisieT KOMIUIEKCHOE 3a/laHue,
coJieprKalllee BCE OCHOBHBIE JIEMEHThI TEOPETUUECKOIO Kypca.
[Ipy BBINOJHEHUH TMPOEKTA 3aAKPEIISIOTCA IOJyYCHHbIE
TEOPETUYECKHE 3HAHUS U NPUOOPETAIOTCS MPAKTHYECKHE
HaBbIKU CaMOCTOSITEILHOTO pelieHus HUHXEHEPHO-
reoJIOrnYecKoi 3a1auu rpadMuecKuMU METOJaMH.

1 HMcxoaubie JaHHBIC A1 IIPOCKTUPOBAHUSA

Jlns  Bcex BapuaHTOB 3ajaH  ydacTok 40x40 M2

tonorpaduueckoir moBepxHoctu (puc. 1). T'opuzonTanu
y4acTKa MOXHO MOJIY4YUTh y Ipenoaasarens B ¢popmare daiina
AutoCAD 15.

JInst Bcex BapuaHTOB YKJIOHBI OTKOCOB BBIEMKH, HACBINH
U JOpPOTH 3aJaHbl OJMHAKOBBIMU. OTKOCHI BBIEMOK HMEIOT
ykioH 1:1, oTkocel Hacemedt — 1:1,5 u yxion moporum — 1:6
(puc. 2).

BapuaHT 3eMIIHOTO COOPYXEHUS U a3UMyT (HAKJIOH OCH
COOpPYKEHHsI K MEpUNaHy) BbIOpaTh MO pHC. 3. U 1o Tabmuie
1

[Ipumeuanue: [. Bapuanm 3a0anusi Ha4 Kypco8ou Npoekm y
Kasxco02o cmyoenma uHOUsUOYaibHbIlL.

2. B cnyuae, ecau uucino cmyoenmos 6 epynne npegviuiaem 18,
RONYYUMb 8aPUAHM 3A0AHUS Y NPeNn00agames, CO2IACHO CRUCKA NO
npuxasy.

Tpebyercsi: 1 — mocTpouTh JIMHUIO MEPECEUEHUsT OTKOCOB
BBIEMOK W HACBITMIEH 3eMJITHOTO COOpYXKeHUs (TUIOMAIKU U
JIOPOTH) € TOTMOTPaUIECKON MOBEPXHOCTHIO  MEXKITY COOOH.

2 — TOCTPOUTHh MPOQMIb 3EMIISIHOTO COOPYXKEHHUS IO
CEUYEHHUIO BEPTUKAJIBLHOU IUTOCKOCTBIO E-E.
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Puc. 3. Tum 3emistHOTO COOpYKEHUS

Tabnuua 1. Bapuantel 3aganus

Howmep 1 2 3 4 5 6 7 8 9 10
BapHaHTa
Tun A|B| B | T| A b B r A b
COOPYKCHUS
AsumyT 0 0 0 0| 15| 15| 15| 15 | 345 | 345




Homep 11 | 12 | 13 | 14| 15| 16 | 17 | 18 | 19 0
BapHaHTa

Tun B r  A| b B r A b B r
COOPYKSHHSI

Asumyt 345 345| 30 | 30 | 30 | 30 | 330 | 330 | 330 | 330

2. [IpaBusia BBINOJHEHUS TOCTPOCHUHN U 0(OpMIICHUS

KypcoBoil mpoekT SBISETCS 3aKIOYUTEIbHBIM 3TalloM
u3yueHuss  aucuumuiuHel - «HaweprarenbHas — reomerpus,
WH)KEHEpHas U KoMibloTepHas rpaduxay. Ilostomy, npumep
BBITTOJIHEHUS] KYPCOBOTO MPOEKTa B JJAHHOM y4eOHOM MOcOoOnu
IIPUBE/IEH C MCIIOJIb30BaHUEM NpuKIaaHoro nakera AutoCAD
2015, xoTOpbIii M3y4ayucs Ha Y4EOHBIX 3aHATUSAX. OJTO HE
3ampeniaeT UCHOJIb30BaTh JJISl BBINOJHEHUS IPOEKTa ApYyrue
Bepcun AutoCAD, wam Japyrue nOpUKIagHbIE IaKeThl,
Hanpumep KOMIIAC.

Jisa ynoOctBa paboThl HpPHU BBHIMNOJIHEHUH MOCTPOEHUI
OTKOCOB BBIEMKHM M HACBIIIM TOPU3OHTAIM TONOrpaduyeckoi
MOBEPXHOCTH U Pa30MBOYHYIO CETKY y4yacTKa HEOOXOIUMO
NOJy4YuTh y TpenojaBareis B ¢opmare ¢aitna AutoCAD.
Cetky W TOpU3OHTAIM HEOOXOAMMO Ppa3MECTUTh Ha
3a0JJOKMPOBAHHOM CJIO€, 4YTO HCKIIIOYAeT BO3MOXHOCTh HX
HECaHKLUMOHUPOBAHHOTO U3MEHEHHUS.

KoHTyp 3eMIIHOro cCOOpyKEeHHs U TUHUU NIEepeCeUeHUS
OTKOCOB C TOMOrpauyecKoil MOBEPXHOCTHIO U MEXKIY COOOi
Heo0XoauMo 3aAaTh ToJimuHo 0,6...0,8 MM.

HItpuxoBky (OepriTpuxu) OTKOCOB BBIEMOK U
Haceined 3anare toiammHou 0,1...0,2 MM neprneHauKyIsipHO
IIPOEKTHBIM TOPU30HTAJISIM OTKOCOB IIPH PACCTOSHUU MEXKAY
mrpuxamu 1,5...2,5 MMm. Bce BcrnomoraTenbHbI€ JIMHUU




MOCTPOCHUSI HEOOXOJMMO COXPAaHUTh Ha YepTeke, U 3aJaTh
Taxxke TonmuHoM 0,1...0,2 MM.

Jns  MOCTpOEHHsI TOPU3OHTANIEH OTKOCOB BBIEMKH,
HACBIIIM ¥ JOPOTHU MPH MOMOIIM MacuITada yKIOHOB TpeOyeTcs
OIIpEAEIUTh BEIMUMHY UHTEPBAJIA.

WNutepBan st OTKOCOB BBIEMKH, IPU BBIIIOJHEHUU
noctpoeHuii B Maciurade 1 : 200, cocraBisier 5 mm. MHTEpBan
OTKOCOB Hackineit — 7,5 mMm. MHTEepBan otkocoB goporu — 30
MM. MacmTtabd YKIOHOB OTKOCOB [UIsl pacdyera HHTEPBAJIOB
IIPUBEJICH paHee Ha puc. 2.

WuTepBaiibl OTKOCOB BBIEMKH HAHOCATCS HAa MaclITaObl
YKJIOHOB BCEX 3JIEMEHTOB IIJIOCKOCTEH OTKOCOB M IIPOBOASTCA
TOPU3OHTAN TEPHEHIUKYISIPHO MaciuTabaM YKIOHOB, Kak
[I0Ka3aHO Ha puUC. 5. AHAJIOrMYHBbIE OCTPOEHUS HEOOXOAUMO
BBITIOJIHUTH JJIS1 OTKOCOB HAChINK (puc.6) U anmapesie 10poru
(puc.7).

BrlemMka TrpyHTa Ha  IPOEKTUPYEMOH  IUIOLIAJKE
MPOU3BOJIUTCS  ClleBa  OT  JUHUM  HYIEBBIX  palorT.
COOTBETCTBEHHO HAChIIb Ha MPOEKTUPYEMOW IIIOLIAJKE
pacrojaraercsi cipaBa OT JUHUH HYJIEBBIX padoT.

3 CYH_IHOCTB METOJa HpO@KHI/Iﬁ C YU CJIOBBIMHU OTMECTKaMH

B npsMOyroibpHbIX MPOEKIUAX MPEAMET IPOELUPYIOT HA
JIBE€ WJIN TPYU IUIOCKOCTH MTPOEKILUH.

OnHako, eciaM BepTHKAJIbHBIE Pa3Mepbl M300pakaeMoro
IperMeTa HEBEJIMKH 110 CpPAaBHEHUIO C TOPU3OHTAJIbHBIMU
(ITMHOW M IIMPUHOI), TO MOCTpOEHUE GPOHTAIBHON MPOEKLINUN
3aTPY/HEHO, a MPAaKTUYECKOE €€ MCI0JIb30BaHue HEeyJN00HO. B
TaKOM CIIy4ae IOJB3YIOTCSI OCOOBIM METOIOM IOCTPOCHUS
n300pakeHM, Ha3bIBAEMBIM METOJIOM MPOEKLUI C YUCIOBBIMU
orMeTkamu. HamOosbliee mprMeHeHHE STOT METO] Hallesl B
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pelleHnH 3a7ad  INpd TOPHOM M  TeO0JOropa3BelOYHOM
IIPOU3BOJICTBE.

[Ipoekun ¢ 4YHMCIOBBIMM OTMETKaMH ObUIM BIIEpPBbIE
MPUMEHEHBI Ul H300paKeHUsI HA MOPCKHUX KapTax IIyOWHBI B
pa3NMYHBIX IMYHKTaX BOAHBIX OacceliHoB. B XVI Beke Obu1
IOpeulokeH  cnoco0  m300pakeHUss  Tomorpaduyeckoi
MIOBEPXHOCTU KPUBBIMU JIMHUSIMH, KOTOPBIE COEIMHSIN LIEIbIN
psAn TOYEK, JIeXalluX Ha OJHOM YpoBHE. JlaHHBIE KpHUBBIE
JIMHUM NOTYYWJIM HA3BAHNUE TOPU3OHTAJICH.

CyIHOCTh M€TO/Ia MPOEKLUUN C YMCIOBBIMA OTMETKAMH
3aKioyaercss B cieayromeM. M3o0paxaemblii  mpeamMer
MPSIMOYTOJIBHO IPOELUPYIOT TOJBKO HA OJHY TOPU30HTAIbHO
pPacIOJIOKEHHYIO IUIOCKOCTh npoekuui [lo, Ha3zbiBaeMyro
IIJIOCKOCTBIO HYJIEBOTO YPOBHSI.

Ha ueprexxe B 3TOM ciiydae OTOOpa)aroTcsi TOJNBKO JBa
€ro M3MEpEeHMs: JIuHa M WupHuHA. Tperbe u3MepeHue —
BBICOTa M300pa)kaeMoro MpeaMeTa — BbIpaXaeTcs YHCIaMH,
ONpEACIAIOIMMU  PACCTOSTHUE OT TOYEK IpeaMeTra N0
IIJIOCKOCTH TPOEKIUH.

OTH  4YKWcia  Ha3bIBAlOT  YHCIOBBIMU  OTMETKaMH.
[Inockocte  mpoekuuit  Ilp,  OTHOCUTENBHO  KOTOPOWM
OpPUEHTUPYIOT TOYKU MPOCTPAHCTBA, HA3bIBAIOT OCHOBHOM MITU
IJIOCKOCTBIO HYJIEBOIO YpoBHs. B pemienun reorpapuieckux,
reoJIe3M4YEeCKUX M TE€OJOTMYECKUX 3a1ad 3a TaKyl IUIOCKOCTh
IIPUHMMAIOT YPOBEHb BOJBI MOpsi M okeaHa. B Poccum Bce
abCOIOTHBIE BBICOTBI OTCUHUTBIBAIOTCS oT HYJA
Kponmranrckoro ¢yrmroka. M3o0pakeHne B HPOEKIHIX C
YHMCJIOBBIMA OTMETKaMH Ha3bIBA€TCS IUIAHOM (pHC. 4).
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Puc. 4
JUIs ~ TIOTHOTO ~ ONpENENICHHS  MPOCTPAHCTBEHHOTO

pacrnosyokeHusi  M300paKEHHbIX  HAa  4YEpTekEe  TOYEK
HeoOXoaMMO — HamuuMe — Macmraba  (Macmrad — Bcerga
YKa3bIBa€TCsl Ha YEpTEXKE) U yKa3aHUs JUHEWHON eAUHMIIbI, B
KOTOPO# BBIPa’KEHBI YUCIIOBbIE OTMETKH.

Hanpumep, Touka As Ha I1aHe UMeEET JIB€ KOOPAMHATHI
X u VY, a ee BpICOTa OT HYJIEBOW IUIOCKOCTH OyneT paBHa 5
MaciITaOHBIM €MHUIAM.

3.1. Tlpsmass nuHUS B TIPOCKIHAX C YHCIOBBIMH
OTMETKaMH

B 3aBucMMOCTM OT pacrolOKeHHs OTHOCUTEIBHO
IJIOCKOCTH  INPOCKLUMH  Pa3au4aroT TpPU BUIA IMIPSIMBIX:
HAaKJIOHHBIE, TOPU30HTAJIBHBIEC U BEPTUKAJIILHBIE.

[Ipsmass AB, pacnonoxkeHHass B IPOCTPAHCTBE
IIPOU3BOJILHO, HA YEPTEKE UMEET MPOEKIUIO - MPSMYIO JINHHUIO,
KOTOpasi COEIMHSIET MPOEKIHMI0 TOYKH A - A1 M NPOEKLHUIO
Touku B - Bg. [Ipoekuns A1Bs cCOOTBETCTBYET TOJIBKO OTHOMY
IIOJIOXKEHUIO IIPSIMOM B IIPOCTPAHCTBE, IIPU YCIOBUH, 4TO 3a7aH
Macmtab ueprexa (Puc. 5). Yronm nHaknona mpsmoir AB k
TOPU30HTAIILHON IUIOCKOCTH SIBJISIETCS YIOJI MEXIY OTPE3KOM
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npsamoil AB u ee mpoekumeit. Ecau kpaiiHue TOYKM OTpe3Ka

NpAMON MMEIT OJIMHAKOBBIE OTMETKH, Hampumep AgBsg, 3T0

O3Ha4yacT qTo npsaMas rOpu30HTAaJIbHAsA. CDpOHTaJ'IBHaH

MPOEKIUS TAaKOM NPSMOM, MOCTPOCHHOM C MOMOUIBIO JIMHUI
CBs13U OyneT mapajuieJaIbHa OCH MPOCKIHHA.

[IpoeunpoBanue npsimoit AB B mpoeKUMAX ¢ YHCIOBBIMHU

OTMETKAaMH{, IIO3BOJISIET HAWTH HATypaJbHYH BEIHYUHY

OTpPE3Ka.
—
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Puc. 5

[Ipoenupyem mnpsamyro AB

BCPTUKAJIBHYIO  IIJIOCKOCTb H4, COBMCHIACMYIO  3aTCM

Ha  BCIIOMOTI'aTCJIBbHYIO

ropu3oHTanbHOM IIOCKOCThIO Il1. Ilmockocte Ils  Takxke

napajensHa npsmoid AB, BcieacTtBue uero mnpsimas AB
MpOoeLUpYyeTCsl Ha Hee B HATypaJbHYI0 BEJIUYUHY. YTOI
12



HaKJIOHa mpsMoU K Tuiockoctu [11 - yron mexay otpeskom AB
U €r0 IPOCKIHEH.

3.2. YKIIOH | 3aJI0’)KEHUE TIPSIMOI

B npoekuusax ¢ 4MCIOBBIMM OTMETKaMM JUIsl 3aJaHus
IpsIMOMl HEOOXOIUMO yKa3aTh HalpaBlIEHUE MPOEKLHHU, WIN
OTMETKH OJIHOM M3 €€ TOYeK, MM YKJIOH U nHTepBai. CTpenka
YKa3bIBA€T HAMPaBJICHUE MOHKEHUS OTMETOK.

3anoicenue npamoir - 3TO JUIMHA TMPOEKUUHU JTaHHOM
npsimoii, o0o3Havyaemas L.

Yknon npamoit - 510 OoTHOWIEHHE PAa3HOCTH BBICOTHBIX
OTMETOK KOHIIOB MpsAMOW K 3anokenuro mpsmoii: i = (hl -
h)/L = tga.

Humepsan npamoit - 5TO TOPU3OHTAIBHAS TMPOEKIUSI
OTpe3Ka MeXJy JBYMS TOUKaMHU MpSIMOH, HMEIOIUMHU
pPa3HOCTh YpOBHEH B oHy enunuity (Puc. 6).

I =0/(hl - h) = ctgo.

Tak xak ctga = l/tga, To 1 = 1/i TOo ecThb yKIOH H
WHTEPBAI - BEIMYNHBI 00paTHBIE IPYT JPYTY.

B wactHomM ciywae: - ecnm  npsAMas  JIMHUS
ropusoHTaneHa, yron o=0 u i=0, untepBan l=1/i=c0; - ecnu
npsiMasi IMHUST BEpTUKaIbHA, yroi a=90° Toraa i=oo, HHTEpBaj
1=1/i=0.

VKIOH OTKOCOB BBIEMOK W  HAaChIIEH  3a1aercs
oTHolIeHueM, Hampumep: 1:2, 1:3; wim B mponenrtax - 10%,
20%; nmm B mpomuinisx - 20%, 50% amnst yKIOHOB BIOIB JOPOT
u kaHanoB. IIpomusuie - oHa ThICSYHAs KaKOro-iubo 4ucia,

JiecATas 9acTh IPOICHTA.
13



Az Bs

|
Puc. 6
Y HaKJIOHHOW NOPSIMOM PaA3JIMYAKOT JIBAa HANPABICHUSA:
HANpaBJIEHUE NAJCHUS U ITPOTUBOIIOJI0KHOE €MY HaIlpaBJICHUE
BocctaHusa. Kaxnoe W3  HanmpaBlI€HH C  CEBEPHBIM
HallpaBJICHUEM MeEpHUJUaHa COCTaBIIIET HA IUIAHE YTOJ,

KOTOPBI HOCUT Ha3BaHHE a3UMYTA.

Yron [ (a3umym) OTCUMTHIBAIOT IO XOAY YaCOBOM
CTpPEJIKH.

B TOPHO-T€0JIOTHYECKON MPaKTHKE, IIOMHMO
TIEPEYHCIICHHBIX BBIIIE IBYX CIIOCOOOB, UCIIOIB3YETCS 3aJaHue
NpsAMOM €€ DJJIEMEHTAMM 3aJlETaHUs: TOYKOH, a3uMyTOM
MaJieHus W yIJIOM HakKJIOHAa NPSIMOM K MJIOCKOCTH TMPOEKLUM,
KOTOpPBIM HOCHUT Ha3BaHue yrja mnaaeHus npsmoit. Ilox
a3MMYTOM TMaJIEHUs NMOHUMAIOT MPABBIM YroJl, COCTABICHHBIN
Ha TIUIAHE CEBEpPHbIM  HANpaBIE€HUEM  MEpHJMaHa U
HanpaBJI€HUEM MaJCHUS MPSIMOI.

Y  TrOpu3OHTAJIBHOM  MOpsSMOM  pa3iIv4aroT  JiBa
HalpaBJiEHUsl, KOTOpPbIE HOCAT Ha3BaHUE HAaINpaBICHUN
npoctupanus. Ha rmiiane ¢ ceBepHBIM  HaNpaBlIEHUEM

14



MEpPHUJIMaHA OHHM COCTABIIAIOT YIUIBI, KOTOPBIC HAa3bIBAOT
azuMyTamMu npoctupanusa. [lox asuMyToM npocTHpaHuUs
IIOHMMAIOT IIPABBIA YIOJI, COCTABJICHHBIN Ha IIJIAHE CEBEPHBIM
HallpaBJICHUEM MeEpUIuaHa W OJHMM M3 HalpaBJICHUU
IIPOCTUPAHHUS IIPSIMOM.

OnpeneneHne Ha NPOEKUUU MPSAMOM TOYEK, OTMETKH
KOTOPBIX ~ MMEIOT  IIOCTOSHHYKO  Pa3HOCTb,  Ha3bIBAIOT
UHTEPIOIMPOBAHUEM (rpagyrpoBaHHEM) IPSAMOIA.
WuTepnonsiuyst NpsMON Ha IJIaHE CBOAUTCSA K ONPEACIICHUIO
3aJI0)KEHUSL IPSIMOM, COOTBETCTBYIOLIETO 3aJaHHOW BBICOTE
ceueHus. Ecinm mnpsMas 3amaHa AByMs TOYKaMH, TO JJIMHA
OTpPEe3Ka, COEAMHSAIOIIEr0 MX IPOCKIHHU, OyIeT 3aJ0KCHHEM
IPSAIMOM JUIsL BBICOTHI CEYEHMS, PABHOM PA3HOCTH YMCIIOBBIX
OTMETOK 3THX TOYEK.

3.3. IlitockocTh B MNpOoCKIUAX C YUCIIOBBIMU OTMECTKaAMU

IImockocts B MNpoCKIHAX C YHUCIOBBIMHU OTMCTKaMH
MOXKET OBITh 33JlaHa pa3aIuYHbIM criocoooM. Hampumep:
- MHOPOCKIUAMH TpPEX TOYCK, HE JICKAINIMX Ha OI[HOfI

npsimoit (puc.7);

o B,

o C;

Az o
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- IPOCKIHAMU ABYX IApaIJICIbHBIX IIPAMBIX;
B
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Yroa nageHus MJIOCKOCTH B OpoCKIHUAX C YHCIIOBBIMU

OTMETKAMHM - 3TO YTOJI MEXIY JIMHUEH CKaTa IUIOCKOCTH U €€
npoekuuen. Takxke 3TOT yrosi Ha3bIBalOT YIJIOM HAUOOJBIIETO

ckara uiockoctu (Puc. 8).

| T
\yyf/, / 4 \\a
X 57 I 1’\
' I 723§

Puc. 8
VYron a mexay nuaueit ckata MN u ee npoekuueir MN1

Ha3bIBACTCsA yriiom naaCHus IIJIOCKOCTH, NN yriiom

HauOoJbIIero cKkata tiockocTu (Puc. 9).
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MacmTal yKkJI0Ha IIIOCKOCTH B MPOEKIMSIX C YUCIOBBIMU
OTMETKaMHM - 3TO TMPOEKLUs JIMHUM HauOOJIBLIEro cKara
IUDIOCKOCTH M IPOEKIUM  TOPHU3OHTAlIEH  IUIOCKOCTH,
HAaHECEHHBIX HAa HEW C 3alaHHBIM HHTEPBAJIOM.

Yron mnageHus IUIOCKOCTH ONPENCIACTCA Kak Yroi
MEX/1y HaTypaJlbHOM JJMHOW JMHUM HauOOJIBLIETO cKaTa M
MacmTaboM YKJIOHA MIIOCKOCTH. /i TOro 4To0bI HAWTH YTOJI O
HEOO0XOAMMO  TOCTPOMTH  HATypajlbHYIO JUIMHY  JIMHUHU
HaumbOompiiero ckara MN. Macmral yKkiIOHa IJIOCKOCTH
OIIpEeAEIAeT IIOJOKEHUE IUIOCKOCTH B IPOCTpaHCTBE. Yem
MEHbILIE YKJIOH IUIOCKOCTH, T€M OOJIblLIe HHTEpBal MEXIy
TOPU3OHTAISIMHU IIJIOCKOCTH.

HampaBnenne miIockoctTh # yroil  NpOCTUPaHUSA
IJIOCKOCTH - 3TU IOHATHE MCIHOJIB3YIOT, B TE€X CIy4asx, KOraa
OPHUEHTUPYIOT IUIOCKOCTh OTHOCHTEIBHO CTOPOH  CBETa.
HampaBnenue 1iockocTd - 3TO IpaBO€  HAIPABICHHUE
TOPU3O0HTAJIEH, €CIIU CMOTPETh B CTOPOHY MOABEMA IIIIOCKOCTH.
¥Yron npoctupanust miaockoctd W - 310 yron, usMepsieMblid B
TOPU3OHTAIILHON IUIOCKOCTH IPOTUB XOJa YaCOBOM CTPEIIKH,
OT CEBEPHOI'0 KOHIIA MAarHUTHOM CTPEIKH 10 HaIlpaBICHUs
JMHUU TpocTupanus miockoctu (Puc.8).

18



3.3.1. [lepeceuenue miIOCKOCTEH MEXKIY COOOH.

JIuHus nepecedeHUs IUIOCKOCTEH B  IPOEKIUAX C
YHUCIOBBIMH OTMETKaMH MOXXET OBIThb IOCTPOCHA, €CIU
HalileHbl [B€ TOYKHM, NpUHAAJIESKAIIHUE OO0EUM IUIOCKOCTSIM
(Puc. 9).

1 0 1 2 3 4 5 6
| | L | | ] | |

Puc. 9. Ilepeceuenue miockocreit

I[J'ISI HaXO0XJICHUA O6HII/IX TOYCK, MPHUHAJICIKAIINX
IIJIOCKOCTSIM, IIPOBOJINM TOPU30HTAIIN IIJIOCKOCTEM.
[Tepeceyenune ropu3oHTane ¢ OJJUHAKOBBIMU OTMETKAMU JAET
JIB€ TOUKHU, IPUHAJUIekKAIME 00EUM 33JaHHBIMHU TJIOCKOCTSIM.

JIuHusa 1nepecedeHUs IUIOCKOCTEH B IPOEKIUAX C
YHCJIOBBIMHU OTMETKaMH CTPOMUTCA, €ciin BBIITOJIHACTCS
IIPOCKTUPOBAHUEC 3EMJIIHOT'O COOPYKCHUA Ha3bIBA€MOI'O
anmnapesbro. Anmapesb - 3TO HAKJIOHHBIM BBE3J WU ChE3] B
BBIEMKAX MM  HACBIIIAX. 3}1605 HUMCIOT MECTO JIMHUU
[IEPECEYEHUS IIIOCKOCTEH OTKOCOB amNapely C IJIOCKOCTBIO,
NPUHATONW 3a YCJIOBHBIA YPOBEHb M OTKOCOB MEXIY COOOH.
OTKOCBHI anmapein MOYKHO paccMaTpuBaTh KaK KacaTelbHbIE
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IJIOCKOCTH K TOBEPXHOCTH MPSIMOTO KPYroBOTO KOHYca,
BEpIIMHA KOTOPOTO CKOJIB3UT IO MpsiMoii (OpoBKe TOporu), a
oOpa3yrolas HaKJIOHEHa K IJIOCKOCTH OCHOBAHUSA TOJ| YIJIOM,
PaBHBIM YTy HAaKJIOHA IJIOCKOCTH OTKOCA.

3.4. Tonorpadudeckas MOBEPXHOCTb.

Tonorpajguyeckass MNOBEPXHOCTbL - JTO 3€MHas
MOBEPXHOCTh, TaKXKe 3TO Ipaduyeckas MOBEPXHOCTb, 3aKOH
00pa3oBaHMs KOTOPOW HEU3BECTEH.

Tonorpaguyeckass TOBEPXHOCTh HCIOJB3YETCS TPU
MIPOEKTUPOBAHUU PA3JIMYHBIX COOPYKEHUM, AOpPOr, MOCTOB,
CTPOUTEBHBIX IJIOMIAJIOK.

Tomnorpaduyeckas MOBEpXHOCTh B IJIaHE HM300pa)kaeTcs
C MOMOIIBIO TOPU3OHTAIEH - JIMHHUM COCIUHSIOIIMX TOYKUA C
OJIMHAKOBBIMM OTMETKaMH. Pa3HOCTh BBICOTHBIX OTMETOK
MEXIYy JBYMS COCEIHMMM TOPH3OHTAJISIMU TPHUHATO OpaTh
paBHBIMU €AMHMIIE. 3a eIuHuIly OepyT 1 M B TOM WJIH MHOM
MmacmTabe. PaccTosHue Mexay rOpU30HTaISIMU Ha3bIBaeTCs -
uHTepBal. VHTepBan ormpenenseT YKIOH Tonorpaduyeckoi
noBepxHocTu. IIpuHATO cumTarh, 4YTO TOMOrpaduuecKas
MIOBEPXHOCTh B HHTEpBAJaX MEXJIY TOPU3OHTAISAIMU HMEET
OJIMHAKOBBIN YKJIOH MO JIMHUHM HaUOOJIBIIEro cKaTa.

3.5. Ilepeceuenue Ttomnorpauyeckoil MOBEPXHOCTH C
IUIOCKOCTBIO

[Iepeceuenue IJIOCKOCTH c Tonorpaduyeckoit
MTOBEPXHOCTBIO HAXOJUTCS IO TOYKAaM IIEPECEUECHHsS] HX
TOpPU30HTAJIEH, a OHU MepeceKyTcs, TOJIbKO TOraa, Korjaa oOyayT
UMETh OJTMHAKOBBIE OTMETKHU.

Ecnu npu mepecedeHuM IUIOCKOCTEH TOCTATOYHO OBLIO
HalTU ABE TOYKH, MPHUHAICKALIME JINHUU IIEPECEUEHUs, TO
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IpU MEpeceuyeHUuH ¢ TOHorpauyeckoil  MOBEPXHOCTHIO
HEOO0XOAMMO HaWTH NepeceueHHe BCeX €€ TOpU3OHTalIed C
TOPU3OHTAISIMHU IJIOCKOCTU. HaliJileHHbIEe TOUKU COEIMHSIOTCS
IIJIJABHOM KPUBOU JIMHUIA.

3amada Ha MepeceyeHre MIOCKOCTU ¢ Tororpaduyeckon
[IOBEPXHOCTBIO HCHOJIb3YETCSl IPU  OIPENEICHUM TI'PaHUI]
3eMJSIHBIX ~ pa®oT, TpU  NPOEKTUPOBAHUU  3EMIISTHOTO
coopyxeHwusl Ha Tornorpapuyeckoi mosepxuoctu (Puc. 10).

15 \ \ \
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Puc. 10

ITpoduib - 310 ceyeHue Tonorpadguueckoit MOBEPXHOCTH
BEPTUKAIBHON TUIOCKOCTBIO. [ OpH30HTanbHass IPOEKIU TAKOMN
IJIOCKOCTH TPOEHUPYETCS] B MPSAMYIO JIMHUIO, HAa3bIBAEMYIO
HampasJieHuEM NPOoPUIUPOBAHHUSL.

[Ipodpune mnpumensiercs uisi ompeneieHus penbeda
MECTHOCTH W PELICHUH CHeUualbHbIX 3aaa4. [Ipoduins Moxer
OBITh TMPOJOJBHBIM, KOTJA HaNpaBiIeHHE MPOPUIUPOBAHUSL
COBIAZACT C IMPOJOJIBHOM  OCBIO  COOPYXKEHUS;  WIU
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MOTIEPEYHBIM, KOIJla HalpaBieHUuE MPO(QUINPOBAHUS MONEPEK
COOPYKEHHUSL.

s IIOCTPOCHHUS npoduiis Tornorpaduueckon
IIOBEPXHOCTH:

- BCE TOYKH IIEpEeCedYEeHUs IIJIOCKOCTH C FOPU3OHTAISIMU
Tororpaduueckon IIOBEPXHOCTHU IIEPEHOCATCS Ha
IIPOBEACHHBIE B CTOPOHE WM CBEPXY JABE TOPU3OHTAJIbHBIC
IIPSIMBIE;

- ClleBa INPOBOJUM BEPTUKAIbHYIO MNPSMYI0 U Ha HeEH
OTKJIA/IbIBAEM €IMHUILIBI MacIiTadba, yepe3 KOTOpble MPOBOAUM
IIpPsIMBIE YPOBHS;

- BOCCTAHOBMB IIEPIIECHIUKYISAPBI U3 TOYEK IEepEeCeYCHUs
IJIOCKOCTH € TOPU3OHTAISIMU TONOrpapUUECcKOil MOBEPXHOCTH,
IIPOBOJIMM HX IO JJMHUN COOTBETCTBYIOIIETO YPOBHS;

- TIOJlyYEHHBIE TakuM OO0Opa3oM TOYKU COETUHSIEM
IUTABHOM KpUBOM JMHUEH, KOTOpas W TNpeacTaBiseT coOOi
npodmis Tomorpaduueckoir mnosepxHoctu. Korma penbed
MECTHOCTH BBIpaXKEH CJ1a00, PEKOMEHIYETCsl BEPTUKAIbHBIN
MaciTald yBeIuunBaTh, Hanpumep, B 5...10 pas.

4, OHpeI[eJ'IeHI/IG rpaHvil BBIEMKH W HACBIIIN 3CMJIAHOI'O
COOpYKEHHS

Paz6epem o1H 13 BApHAHTOB KYPCOBOTO IPOEKTA.

Jlis  BBINOJTHEHUS KYpCOBOIO IMpPOEKTa HeoOXO0IuMO
BBIOpPAHHBIN 110 UHAWBUIYAILHOMY BapHaHTY THI COOPYKEHUS
MEPEeHEeCTH Ha YYacTOK Tonorpaduyeckol MOBEPXHOCTH,
penbed KOTOPOro 3a/aH TOPU30HTATISIMH.

3eMJIsIHOE COOpPY)KEHHE MEepEeHOCHUM TaK, 4TOOBI LIEHTP
coopyxxeHust (touka O) coBmnal C LEHTPOM YydYacTKa.
PaccmorpuMm BapuaHT coopyxeHus Tuma A, asumyt 0.
OtknanpiBaeM a3uMyT (OCh COOPYXKEHHUS HAKJIOHEHa K
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MepuauaHy TMoJ 3amaHHbM yrioMm) 0 rtpamycoB. OTmeTka
YPOBHA IUIOIIAAKUA 3€MIJISTHOTO coopyxkeHus + 22,000 metpa.
CoOOTBETCTBEHHO, JIMHUS HYJIEBBIX pabOT Ha IJIOWAAKEe OyneT
IIPOXOJUTH MO TOPU3OHTAIM C OTMETKON 22 MeTpa.

Tonorpaguyeckas MOBEPXHOCTh C TOPHU3OHTAISIMH U
Pa3MEILEHHON UIOLIAJKON 36MIITHOIO COOPYKEHHUs IIPUBEACHA
Ha puc. 11.
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I'panuiel 3eMIIsIHBIX PaOOT A7t OTKOCOB BBIEMKH CTPOUM
[0 TOYKAM IepeceyeHHs] TOpU3OHTalel Tonorpaduueckoit
MOBEPXHOCTH C TOPHU3OHTAISIMH IUIOCKOCTEH OTKOCOB (pHcC.
12). Ilpm >TOM, HaXOAUM TOYKM IIEPECEUYEHUsI OTKOCOB
COCEIHUX TUIOCKOCTEH, KOTOpbIE HAXOMATCS Ha JIMHUH
MepeceyeHus TIOCKOCTeH OTKOCOB (OMCCEKTpHCe yria).

40

Puc. 12. T'opu3oHTanm u MacmTad YKIOHOB BRIEMKH

24



['paHumbl  3eMISHBIX  PabOT s OTKOCOB HACHINU
CTpOATCS MO  TOYKaM  IIEPECCYCHHS  T'OPU3OHTAJICH
TOMOTrpaUUECKOl MOBEPXHOCTH C TOPU3OHTAISIMH OTKOCOB
Haceinu (puc. 13).
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Puc. 13. T'opuzoHTtanu u Macmrad yKJIOHOB HaChIU

['panuiry 3eMisiHBIX pabOT HA KOHUYECKON MOBEPXHOCTH
CTPOUM o TOYKAM nepecevyeHust TOPU30HTAIIEH
tTonorpaduueckoi TIOBEPXHOCTH c TOPHU30HTAIISIMU
KOHUYECKOW TOBEPXHOCTH, KOTOpPBIE MPEICTaBISAIOT COOO0M
JIYTH  OKPY>KHOCTEH, IPOBEACHHBIE YEPE3 TOPU3OHTAIU
MaciiTada yKIOHOB KOHUYECKOW MOBEPXHOCTH.
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[TocTpoeHue rpaHUIBl 3eMIISTHBIX Pa0OOT Ha ammapensx
JOPOTH CTPOMM aHajornyHo. Ilpm 3TOM ropuszoHTAIH
IJIOCKOCTH OTKOCOB JIOPOTH KacaTelbHble K KOHHYECKOM
noBepxHoctu (puc. 14).

26 25 2b 23 22 21 20 19 18 17
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Puc.14 T'opusonTanu u MacuTad yKJIOHOB JOPOTH

B pe3yibTaTte, COCAMHUB BCC IIOCTPOCHUA Ha OIAHOM
JIUCTE, MMOJTYYUM I'paHULIbI OTKOCOB BBIEMKH, HACBITIM U TOPOTHU.

HOJ'Iy'—IGHHBIfI YCPTECK MPUHATO HA3BIBATH IIJIAHOM 3CMIIAHBIX
paboT, KOTOPHIN MPUBE/IEH Ha pucC. 15.

26



"lllj}?’i’iiii

T
!‘ (: - ',"llg]‘”‘;"llll‘j)%
\

P ER
—_— e e

Puc. 15. I1nan 3emnsHbIX paboT
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5. IlocTpoeHue reoaoruyeckoro npoduis

[TocTpoenust mnpoduist 3eMISHOTO COOPYXKEHHS IO
cexyuien wiockoctu E-E HaunMHaeMm ¢ rOpU30HTAILHON JIMHUM,
Ha KOTOPOH OTKJIa/IbIBa€M B MaCIITa0e BCE TOUKH MEPECCUCHUS
IUIOCKOCTH C TOPU30HTAIISIMH TONOIpapruecKoi NOBEPXHOCTH.

[TpoBOaMM BEpTUKAIBHYIO JIMHUIO U HAa HEH B MaciuTalbe
(Moc)kHo ¢ yBenmmuenuem 5:1, wmwm  10:1) orkiIagpIBacM
YHCJIOBBIE OTMETKH 3€MJISIHOIO COOPYXKEHMSI M TOPU3OHTaJIEH
TONOrpaduuecKoil MOBEPXHOCTH.

BoccTaHOBHB NEpPHEHIUKYIAPHl U3 TOUYEK IEPECEYECHMUS
TUIOCKOCTH C TOPU30HTAISIMU TONOTPadUIeCKOil TOBEPXHOCTH,
IIPOBOJMM HX JI0 JINHUN COOTBETCTBYIOILIETO YPOBHS;

[TosnydyeHHbIe TAKMM 00Pa30M TOUKH COETUHSEM IUIaBHON
KpUBOW JIMHUEW, KOTopass M MpeJcTaBisieT co0oil mpoduib
Tonorpagpuueckoi MoOBEpXHOCTH.

[Ipodunp 3eMISHOTO COOpYKEHHsl HaKJIaJblBaéM Ha
npodune TOmorpapuueckoil TOBEPXHOCTH, IOBTOPUB BCE
MOCTpoeHUs. B pe3ynbTaTe moryduM UCKOMBIA T€OJTOTMYECKHI
npoduine — ceyeHue 3eMIISTHOIO COOPYXKEHUS BEPTUKAIbHOMN
mwiockocteio E — E (puc.16).

Puc. 16. [Ipoduinb 3eMISTHOTO COOPYKEHHS
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3akiTroueHue

B 3akimoueHun 1Mo KypCcOBOMY MPOEKTY HEOOXOIUMO
OTpa3uTh pOJb W 3HAYCHHE BBINOJHCHHOTO 3aJaHUs B
(GhOpMHUpPOBAHMM  WHKEHEPHOTO MHpOBO33peHus. OTpasuTh

O0COOEHHOCTH CToco0a penieHusT WHKEHEPHO-TEOJIOTHUECKIX
3a/lad B MPOCKIMAX C YHCIOBBIMH OTMETKaMH. A TaKkxke
npeumymiectBa  rpadudeckoro makera AUtOCAD  mpu
BBITIOJTHCHUH CJIOKHBIX WHKEHEPHO-TCOJIOTHUSCKUX YEPTEIKEH.
BrinosiHUB BCe MOCTPOEHHMS B MOSACHUTEIBLHOM 3alIUCKE K
MPOCKTY, HEOOXOAWMMO  TPUCTYNUTH K  O(QOPMIICHHIO
rpauIecKoit yacTu.
I'padmyeckas 4acTh KypCOBOTO TPOSKTA BBHITOJIHICTCS Ha
dopmare A3 B macmrabe 1:200.
I'padpuueckast 4acTh COCTOUT U3 IJIaHA 3EMJISTHBIX padoT,
poduIIs 3eMIITHOTO COOPYXKEHUS M MacITaba yKIOHOB.
OCHOBHYIO HAAMKHCh B HUKHEM IPABOM YTy UepTeka
BeInoaHuTE Mo I'OCT 2.104-2006.
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