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Tema 1 HauyepTtaTtenbHas reometpusi. MeTtoa npoeKkuun.
CBouctBa npoekuun. [poCTpaHCTBEHHLIN U
NSOCKUUN YepTeX.

1.1 BeedeHue

IIpeaMeT HauepTaTeNbHONl TeOMeTPHMU — TIOCTPOCHUE H300paKEHUI
reoMeTpudeckux Guryp (0OBEKTOB) Ha IUIOCKOCTH M COBOKYIIHOCTH
CIIOCOOOB PEIICHUS T€OMETPUUECKUX 3aJ]1a4 MO 33JIaHHBIM HU300paKEHUSM
TUX QUryp.

UcTopuyeckasi cnpaBka — HEOOXOAUMOCTb OTOOpakaTh (PUTrypbl Ha
IJIOCKOCTH BO3HUKJIA Yy YeJIOBE€Ka  TOrJa, KOTJa y HEro BO3HUKIA
NOTPeOHOCTh COXPAaHUTh WIIM TepeaaTh nHpopManuo 00 YBUIIEHHOM, TO
€CTh, BHU3YaJIbHYI0 WH(pOpMalMioo. TEeXHOJIOTHYEeCKH JTOCTYIHBIM JIJIs
4eJIOBeKa ObLT OJMH MPOCTOM CMOcO0 — BOCHPOM3BECTH YBUIECHHOE Ha
[JIaIKOM MOBEPXHOCTH, HAIIPUMEp, Ha MMOBEPXHOCTU KaMHsl. B pesyinbrare,
BU3yaibHas uHdopMamus craina rpadudeckoi. BeposiTHO, MOTpeOHOCTH
BOCITPOM3BEICHUS U 3aKPEIUICHUS TeOMETpUYeCKOM MH(pOpMAaIuu MOorjia
MEPBOHAYAIBHO BO3HUKHYTH MPU PEIICHUHU 3a]1a4 3€MJICTIOJIb30BAHUS (YEWD
— 3eMJIA, LETPLOL — UBMEPATH) U cTpouTenbeTBa. B Illymepckom mapcrse B
Meconoramuu, B KadyecTBE HOCHUTENS HWHQPOPMALUM HCIOIb30BaIU
CHEUHAIBHO CAEIaHHbIE IITUHAHbIE Ta0nnuku. [lo3nuee B npeBHeM Erumnre
nanupyc M IMepraMmeHT U emle Mo3gHee, Bo 2-oM Beke B Kwutae Oblia
n3o0perena Oymara. TakuM oOpa3omM, C caMOro Hayaja 4eJOBEK peral
3a/1a4y OTOOpPAXKEHUS HYKHOIO €My OOBEKTa Ha MOBEPXHOCTHU. Y HOOHEe
BCETO Ha IJIOCKOM MOBEPXHOCTH, T.€., HA MIOCKOCTU. OTClOa CIEayeT,
YTO €€ B APEBHOCTU MHTYUTHUBHO WJIM OCO3HAHO, HO YEJIOBEK HAXOIUI U
UCIIOJIb30BaJl CIIOCOOBI OTOOPaKEHUs, T.€., TPOEKTUPOBAHUS N300paKECHUS
Ha TJIOCKOCTh.

3agaya M300paKeHUsI MaTEpPUAIBHBIX OOBEKTOB pellanach MO-pa3HOMY.
['maBHoe, yero TpeOOBaIOCH  JOCTHYb, 3TO  HAIJISITHOCTA U
BOCIIPOU3BOJIMMOCTH H300pakeHHOTO. HarisgHocTh AOCTUTaeTCa TpHU
VCTIOJIb30BAHUM MPOEKIIMK, KOTOPBIE CENYAC HA3BIBAIOT MEPCIICKTUBHBIMU,
KOTJIa BOCIIPOU3BOJUTCS M300pakeHHE 00BEKTa TaKoe, KAKUM €ro BUJUT
yenoBeK. [Ipu 3TOM Jydu NPOEKTUPOBAHUS HUCXOAAT U3 OJHOM TOYKH —
LEHTPAa MNPOCKTUPOBAHUSA, KOTOPHIM MpU HAOIIOACHUU B PEATBHOCTH
ABISICTCS TJ1a3 d4eyioBeka. [l  JOCTHKEHHST BOCHPOU3BOJIUMOCTH
U300paKeHUsI, TO €CTh, TAaKOr0 OTOOpaXEHUS T'COMETPUUYECKON
uHpopMaIMu Ha TJIOCKOCTH, MO KOTOPOH MOXHO TOYHO BOCIPOU3BECTHU
peabHBIM 00BEKT, HEOOXOIUMO, YTOOBI BCE JYYH MPOEKTUPOBAHUS OBLIN
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napajuliesibHbl APYT JPYry, U IUJIOCKOCTEH MPOEKIMU ObUIO HE MEHBIIIE
JBYX.

B 1799 roay ¢panny3 Tl'acmap Mownx (1746...1818) omyGaukoBan
3HaMEHUTHIN Tpy 1l «Geometrie descriptive», B KOTOPOM OblIa IPEeAJIOKEeHA
cCUCTEMa MPSIMOYTOJBHOTO TMPOEKTHPOBAHUA ©  METOAbl PEUICHUS
FEOMETPUUYECKUX 3aJlad METOJIaMH, MCIOJb3YIOIIMMHU TOCTPOCHUS C
IIPUMEHEHUEM JIMHEMKU U LUPKYJA. Metoasl, pemioKeHHble MoHKeM,
noutu 0e3 U3MEHEHUH UCIIOIB3YIOTCS 10 HACTOAIIECTO BPEMEHHU.

Pa3zBuTHe KOMIBIOTEPHOW TEXHUKH MO3BOJWIO BEPHYTHCA C HOBBIMHU
MHCTPYMEHTaMH K 3aJa4ye, KOTOpPasi BO3HUKJIA MHOTO THICAYENIETHN HA3ad:
KaK MaKCUMAaJIbHO JIOCTOBEPHO COXPAaHHUTh MH(POPMAIIHIO O MaTepUATHLHOM
oObekTe. Temepp MBI HUMEEM HHCTPYMEHTHI ISl BUPTYaJIbHOIO
TPEXMEPHOTO MOJCIMPOBAHUSA MPAKTHYECKA JIIOOBIX MaTepUaIbHbBIX
OOBEKTOB, B TOM YHCJI€ COBOKYIMHOCTEH OTACIbHBIX 00BEeKkTOB. Ilo
MOJYYEHHOU MOJEIA MOMXKHO aBTOMATHYECKH MOJYYHUTh MPOCKINHU
oOBbeKkTa Ha JOObIe MIOCKOCTH M, Jajiee, pachedaraTh 3TH MPOEKINH B
BUJE MNPUBBIYHBIX JJI YEIOBEKA IUIOCKHUX PHUCYHKOB M YEPTEXKEW.
KoMIIbIOTEpHBIE TEXHOJIOTWM PA3BUIM BO3MOXHOCTH 4Ye€JIOBEKa [0
ABTOMATU3MPOBAHHOI'O HW3TOTOBJICHUSI PEAIbHBIX OOBEKTOB - JeTanei
MalllUH W JaXe CKYJIBINTYPHBIX H300paXEHUW MO WX BHPTYaIbHBIM
MOZESM.

1.2 lNpumeHsieMble 0603Ha4YeHusl
A B,C, ... 1, 2, 3,.. — TOUKH;
a, b, C, d,.. — IIPsSMBIC 1 KPUBBIC JIMHUW, B TOM YHUCJIC 3aPC3CPBUPOBAHHBIC

0003HAaYEHUS TIPSIMBIX JIMHH:

h — ropuzonTaNb,

f — dponTais,

p — mpodunbHas npsmMasi.
O AL T, D - 10BEepXHOCTH;
o, B, v - yrisl;
11, — ropu30HTANIbHAS TIIIOCKOCTD MPOCKITNH;
11, — ppoHTanbHAs TUIOCKOCTh MTPOCKITUY;
I1; — nmpodubHAs IIOCKOCTh MPOCKIUH;

€ — npuHAIIEKUT (A €a — Touka A MPUHAJICKHAT JTUHUU @)



¢ — He NPUHAISKUT (A Za — Touka A He JISKUT Ha JINHUHU @)

C — BKIIOYaeT (Aca — moBepXHOCTh /A BKIIIOYACT JTUHUIO @, WU JIMHUA a
IPHHAIICKHUT (SIBIISCTCS MOAMHOKECTBOM) ITOBEPXHOCTH A);

& — HE BKIIIOYAET;

= — copnajieHue (A;=B; — npoeknus A; Touku A coBmagaeT ¢ MpOeKIuei
B Touku B);

U — o0beauHeHue puryp (MHOXKECTB);
M — nepeceueHue GUryp (MHOKECTB);
| — neprneHauKyISIPHOCTB;

|| — mapannenpHOCTB;

*— HemepeceyeHWe (I MPSAMBIX JIMHUK - CKpelnuBaHue) (a*b —
IpsIMbIC JTUHUU @ U D CKpEIIMBaIOTCS);

Z ~ IUIOCKHAW WY JBYTPAHHBIN YIrOJ, 3HAYECHUE YTJIa;
=~ — KOHTPY?PHTHBI,
~ — IIOJI00HBI;

/\ — KacaTeJabHbIe (PUTYPHI.

1.3 Memod npoekuyuli

MeToa npoekmuii — METOJ OTOOPA)KEHHSI PEaTbHBIX WM BUPTYaTbHBIX
00BbeKTOB ((pUryp) Ha MIOCKOCTH (B OOIIIEM Cllydae — Ha IOBEPXHOCTH).

HCHOHLSYIOT ABa OCHOBHBIX MCTOJA ITPOCKTUPOBAHUA:
1. HCHTPAJIBbHOC ITPOCKTHUPOBAHHC,

2. TapajenbHOE MPOSKTUPOBAHUE.

1.3.1 UeHTpanbHble NpoeKuum

JI1s1 mosiydyeHus: IEHTPaAJIbHOM MPOSKIIMM HEOOXO UMbl TPH DJIEMEHTA:
1. 00beKT MPOCKTHPOBAHMNS;
2. IEHTP MPOEeKTHPOBaHMUs - TOYKa, 0003HaYaeMasi OOBIIHO S;

3. MOBEPXHOCTh (MJI0CKOCTh) MPOEKTHPOBAHMS — IOBEPXHOCTH, HA
KOTOPYIO 0TOOpakaeTcss 00bekT npoektupoBanus (Puc. 1.1).



S - yernmp npoexmuypobarLs
a1
[ = NDOEKIMUpYOLLLL /1LY

Puc. 1.1 [IpoexTupoBaHue KpUBOii

CBOIiCTBO HEHTPAJBLHOM MPOEKUUH — I10 [IEHTPATBHON MPOEKIIUA TOYKHU
HEBO3MOKHO BOCCTAaHOBUTH MOJIOKEHUE TOUKH B TPOCTPAHCTBE.

st Toro, 4toOBl MO LEHTPAIbHOM MPOEKIIMU TOYKA MOKHO OBLIO
BOCCTAHOBUTH €€  TIOJIOKEHHWE B  MPOCTPAHCTBE, HEOOXOIUMBI
JNOIOJIHUTENbHBIE  yCIIOBUSA. Hampumep, 53TO KOOpAMHATBHI LEHTpa
MIPOCKTUPOBAHUSI U OTCTOSHUE TOYKH OT €€ IPOCKUHWH BAOJb Jy4ya
MPOEKTUPOBAHUS.

S 5

OmHa TOUKa MOXKET UMEThH JII000€

KOJIMYECTBO POCKITUH B
A 3aBUCHMOCTH OT BBIOOpa IIEHTpa

npoektupoBanus (Puc. 1.2).

Puc. 1.2 llenTpansHoe
MPOCKTUPOBAHUE TOUKH

OI[I/IH N3 BUAOB HCHTPAJIBbHOI'O IIPOCKTUPOBAHUS — IICPCIICKTHUBA.



1.3.2 MapannenbHble (OpTOroHasrbHble) NPOEKLUUn

P Ecmn IIOMECTUTD LIEHTP

S, IPOEKTUPOBAHMS B

A OECKOHEYHOCTH, Ty4dn
IPOECKTUPOBAHUS CTaHyT

napauienbapiMa - (Puc. 1.3).

[Ipoekuun C B3aUMHO-

NapajuIeIIbHbIMA JTy4amu

/ MPOEKTUPOBAHUS HAa3bIBAIOTCS
A p NapajuIeIIbHBIMUA MPOECKIUMMU.

O6o3HauuM S,  HampaBJICHUE
Puc. 1.3 [TapamiensHoe IIPOEKTUPOBAHUS. Torna
[IPOEKTUPOBAHNUE TOUKH repeceyeHme Tyda PIIS oo
MPOXOJIAIIETO uepe3 Touky A, C
mockocThio 11 naet npoexkuuio A'
TOYKH A Ha IIOCKOCTH I1.

/ / Jlna mocTpoeHus mapasiebHOU
/ / [ S npoekiun JauHun | HeoOXxoaumo
\\/ MOJTYyYUTh TPOEKIUH BCEX €€
TOYeK Ha Mmiockoctu. [Ipu 3TOom
MPOSKTUPYIOIIUE JIy4d, Oyaydu
napauieibHBIMU  JAPYT  JAPYTY,

00pa3zyioT AJTUHIPUYECKY IO

/ IIOBEPXHOCTB. [ToaTOoMy

~L_ L~ napajuieibHoe  MPOEKTUPOBAHUE
7 WHOT 1A Ha3bIBAIOT

nuannapudeckum (Puc. 1.4).

Puc. 1.4 TlapamnensHoe
MIPOEKTUPOBAHUE KPUBOH

[{eHTpasibHOE MOPOEKTUPOBAHUE IO TOW K€ MPUYUHE HA3BIBAIOT
KOHUYECKUM.

Ecmu HaIIpaBJICHUC IIPOCKTUPOBAHUA TICPIHCHAHUKYJIPHO IINIOCKOCTHU
MNpOCKONMN — IIPOCKTUPOBAHUC  HA3BIBACTCA IIPAMOYIOJIbHBIM. B
OCTAJIbHBIX CJIy4YasaX — KOCOYI'OJJbHBIM.



1.4 OcHogHbIe ceolicmea yeHmparsibHbIX U napassesibHbIX
npoekyul:

® B JAHHOM CHUCTEME MPOEKTUPOBAHUS Ka)KJas TOYKa MPOCTPAHCTBA
UMEET €AMHCTBEHHYIO MPOEKIIHNIO;

® TIPOEKUUS NPSAMOU JIMHUU — IPSAMAasi JINHUS;

e ccim Touka A mpunamnexut auaun | (A €l), To npoexius A’ Todku
npuHaaaeKuT npoekuuu |I' muauu (A €l’);

® IpsiMas, MAPAJUICIIbHAS IUIOCKOCTH NPOEKIMWHU, MAPAILIEIbHA CBOEU
IIPOEKIUH Ha 3TY IUIOCKOCTb.

1.5 JononHumenbHble ceolicmea napasnesibHbIX
npoekyuu:

® JIMHUA, JCKalladad B IINIOCKOCTH, HapaHHCHBHOfI IJIOCKOCTH ITPOCKIHUH,
IMPOCKTUPYCTCA HA HECC oe3 HNCKaXCHU,

® [IPOCKIHH B3aMMHO IIAPAJUICIIBHBIX IIPAMBIX ITapaJIJICIIbHBI;

® OTHOIICHHUE NPOEKUHUN OTPE3KOB MPSAMON PABHO OTHOIIECHUIO CAMHUX
orpe3koB (Puc. 1.5);

S, A
g A AB
BC  BC
A

/ //é

[_—" P

i 7 /
Puc. 15

e OTHOIICHHE IPOCKIUHA OTPE3KOB IMMapajlIeAbHBIX MPSIMBIX PaBHO
OTHOIIICHHIO 3THX 0Tpe3koB (Puc. 1.6);



AB A8
(O~ (0

Puc. 1.6

1.6 OpmoeoHanbHasi cucmemMa npoekmuposaHusi. To4yka e
npocmpaHcmee.

B nauepTraTenbHON reoMeTpuH, Kak BOOOINE B MHXXEHEpPHOH rpaduke, B
KauecTBe 0a3pl OTCYETa HCHOJB3YEeTCS OPTOTrOHAjbHAsg CHUCTEMa
KOOpAMHAT, O0Opa3oBaHHAs TpPeMs B3aUMHO NEPHEHIUKYISIPHBIMU
(opTOrOHAIBLHBIMHU ) TUIOCKOCTSIMH TIPOCKIIHIA:

II; — TOPU3OHTAIBHOW;
I, — bpoHTaNbHOM;
I1; — npouIIbHOM.

OpTOTOHAIBPHYIO CHCTEMY KOOpPJAMHAT HWHA4Y€ HA3bIBAIOT JICKAPTOBOU B
yecTh Ppaniry3ckoro ¢punocoda u maremaruka Pene [lexapra (XV Bek).

Jluaus X TmepeceueHHs TOPU3OHTAIBHOM TIockocth Il ¢
¢ponTagpHOM 1UIOCKOCTBIO IT, (x = IILNII,) Ha3bIBaeTCS OCHIO
abcuyucc;

JIunus y nepeceuenus ppoHTaNbHOM mockoctu I, ¢ npoduabHON
10ckocThi0 I3 (z = II,NII3) Ha3BIBACTCS OCHIO ANNAUKAM,

Jluaug Z 1epecedyeHuss TOPU3OHTAIBHOM 1uiockoctu Il ¢
npopwibHON TUIOCKOCTRIO Il (y = IINII3) Ha3bIBaeTCS OCHIO
opounam.

[IpoekTpoBaHKEe NPOU3BOAUTCSA B HAIIPABICHUAX IEPIEHAUKYIAPHBIX
IJIOCKOCTSM ITPOEKIUN.

[TososkeHne Touku A B TMPOCTPAHCTBE ONPEICICHO, €CIIU ONPEACIICHBI €€
KOOPJIMHATHI Xa; Ya; Za B IEKapTOBOM cucteme koopaunar (Puc. 1.7).



IIpu 5TOM TPOEKTUPOBAHNE TOUKHU
Ha TUJIOCKOCTH TMPOCKIMN JTaeT ee
MPOCKILINHU

e A; Ha ropusoHTanbHYyMO I111;

- A4 e A, Ha QPOHTAIBHYIO;

® A3 Ha npoduIbHYIO.

Ha »Ttux miockoctsx IMPOCKINH
y OIIPCACIICHBI ITapbl KOOPAWHAT:
1

/] JZ Haﬂl—XAHyA;
Ha I, — Xp ¥ Zp;

Puc. 1.7 OprorosanbHoe Ha Il3 — Yp U Zp.

MIPOEKTUPOBAHUE TOUKH

OTtcroia BUJIHO, 4YTO JiI0Oash mapa MPOEKIHH TOYKM B OPTOTrOHAIHHOM
CUCTEME MPOEKTUPOBAHUS COJACPKHUT BCHO HEOOXOAUMYIO HH(OpMAIUIO
JUJIS1 OTIPEICJICHUSI TTOJI0KEHUS] TOYKH B MPOCTPAHCTRE.

1.7 lnockut yepmex

Ecnu paspesarhb
Il OPTOTOHAIIBHYIO CHCTEMY
KOOpJIMHAT C MPOEKIUIMU
TOYKHU A paccedb BAOJb OCH Y
17| 3aTeM MTIOBEPHYTH
TOPU30HTAJBHYIO IUIOCKOCTH
npoekuuu II; BOKpyr ocu x
10 COBMEIICHUSA C
bpoHTaTBbHONW  TIOCKOCTHIO
MIPOECKIINH 17, 3aTeM
MTOBEPHYTh npOoPUIBHYIO
IJIOCKOCTh  mpoekuuu Il
BOKPYT OCH Z TaKxe [0
COBMEIIICHUSI C (PPOHTATIBLHOM
IUIOCKOCThIO mpoekuuit I,
IIOJIy4YUTCS CJIEIYIOLIUI
iockui yeptex (Puc. 1.8)

Puc. 1.8 O6pa3oBanue miocKoro
gepTexa



SIUHUY COa3U

As

[}

/1

A

y

Puc. 1.9 [1nockuii mMpOeKIIMOHHBIN YepTex

Takol dyepTexk B HAUEPTATEIbHON T€OMETPUU IIPUHATO HA3BIBATh SMIOPOM

MoHxa.
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Tema 2 AKCOHOMeTpUYecCKMe NpoeKkumnm

2.1 OcHo8HbIe NoHsIMuUs U onpedesieHus!
AKcouomempuﬂ — U3MCPCHUC 110 OCAM.

KoMmmiekcHbIE OpTOTOHAIbHBIE MPOEKIUU (AMIOpsl MOHXKA) HUMEIOT TO
CBOWCTBO, YTO HA KAXKAYK M3 IUIOCKOCTEM NPOEKIMU MPOECKTUPYIOTCS
TOJILKO J[Ba U3MEPEHUsI MPOCTPAHCTBEHHOU (urypel. Imes mpoekiuu Ha
JIBE J1I00BIE TIJIOCKOCTH, MBI IIOJy4aeM BCIO HEOOXOIUMYHO HH(DOPMAIIHIO O
KaXJI0M Touke Qurypsl. T.e., MO ABYM MPOEKIUSIM MOXHO BOCCTAHOBUTH
(M3rOoTOBUTH) HM300PAKCHHYI0 Ha KOMILUIEKCHOM uepTexe durypy. s
TOTO, 4TOOBl (Urypa HaWaydmum, T.e. HamboJiee TMOJHBIM 00pa3oM
oToOpakaJlach Ha KOMIUIEKCHOM 4YepTeXe, €€ pacrojarairT IIo
OTHOIIICHHUIO K TIJIOCKOCTSIM MPOEKIMHA Tak, 4ToObl oOpazyrolmue Gurypy
rpaHu, pebpa, KOHTyphl oToOpaxkamuch Oe3 uckaxenusd. Juga 3Toro
HanOoJiee XapakTepHbIe rpaHu, pedpa U KOHTYPHI, OCH OTACJIbHBIX YacTEH
burypsl MOJKHBI OBITH MapaJJICTBHBIMU IIJIOCKOCTSIM mpoekiuid. [lpu
3TOM pebpa U rpaHu (UTYpHI, €CITU OHU NMEPHEHIUKYISAPHBI IPYT IPYTY,
BOCIIPOU3BOJIATCS TOJIBKO B IByX U3MepeHusX. [Ipu TakoM pacnosioxkeHuun
GbuUrypsl 1o OTHOIIECHUIO K TIJIOCKOCTSIM MPOEKIIUNA KOMIUIEKCHBIA YePTEX
HE JlaeT HAIJISIAHOCTH, KOTOpAasi MO3BOJIMIIA HE TOJBKO 3a/1aTh T€OMETPHUIO
burypsl, HO U MOPEACTaBUTh, KaK 3Ta (PUrypa BBITJISAUT B I1IE€JIOM, B
oObeme.

JInst HarnsiiHOTrO 00bEMHOTO MpeACcTaBIeHUs (PUTYPBI HEOOXOAUMO, YTOOBI
KaKUM-TO 00pa3oM Ha IJIOCKOM M300pakeHUU (PUTypbl OTOOPAKAIUCh BCE
Tpu ee u3MepeHud. Takas 3agava pemaercs, €CiIu pa3BEepHYTh (QUTYPY
BMECTE CO CBSI3aHHOW C HEM CHUCTEMOM KOOPAMHAT I10 OTHOIIECHUIO K
IJIOCKOCTH MPOEKTUPOBAHMS, HHA4YE TOBOpsA, K Oymare, TakK, 4YTOOBI
OTOOpaXKalluCh BCE TPU M3MEPEHUS MO ocsiM mpoekuuit. I[lpu 3TOM
TJIaBHBIC HAIMpaBJICHUS, T.€. peOpa U IpaHu, HE OYAYT NPOCKTUPYIOIIUMHU.
Takoe npoekTupoBanue (HUTypbl HA3BIBAETCS AKCOHOMETPUEH.

Ecmn Y4 MIPOECKTUPOBAHUS B AKCOHOMETPUU OCTaJINCh
MEPHEHAUKYISPHBIMUA IUIOCKOCTA YEPTEkKa, AKCOHOMETPUS HA3bIBACTCS
NpsIMOYTOJIbHOM  (OpTOroHalibHOMW). Eciu  Jaydn  NpOEKTUPOBAHUS
HAaNpaBJIEHbl HE TMOJ TMPSMBIM YIJIIOM K INIOCKOCTH YEpTEXa —
KOCOYT'OJIbHOM.

PaccMoTpuM OopTOroHaIBLHOE MPOCKTHPOBAHHUE CIMHHYHOTO KyOa (KyO C
pedpoM JIMHOM, paBHOM €IMHUIIC) Ha IJIOCKOCTh, KOoTaa pedpa KyOa He
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napajiyIeIbHBl MM TIEPIICHIUKYIISPHBI IIOCKOCTH MpoekTupoBanus (Puc.

2.1).

Puc. 2.1 IIpoenupoBanue eTUHUYHOTO Ky0a

Mpbl BuauM, 4TO pedpa KyOa, Tak KaKk OHHM CTald OTpPEe3KaMHu OOILEro
MOJIOKEHH S, BOCIIPOM3BEICHBI HA UEPTEkKE HE B HATYPaAIbHYIO BEJIUYUHY, C
UCKOKECHUSAMU. DTH UCKaXEHUS YUCJIEHHO PAaBHBI IPOCKUUAM €IHMHUYHBIX
pebep Kyda Ha IIIOCKOCTh MPOEKTUpoBaHUs. Eciu nx 0003HAYUTH:

® BIOJbOCHX’ —P
e BJOJb OCU Y’ —(
® BJIOJIbOCHZ—T

TOT/Ia KOOPAMHATHI JIOO0H TOYKH B CHCTEME KOOpPJMHAT, OCH KOTOpPOMH
HAKJIOHHBI K IUIOCKOCTH MPOEKTUPOBAaHUSI OYyIyT BOCIPOU3BEACHBI Ha
IJIOCKOCTU IPOEKTUPOBAHUSA CO 3HAYCHUSIMU

* Xa=pP*Xa’
* Ya=Q*Ya’

o Zpa=1T1%2,’
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B 3aBucMMOCTM OT TOro, Kak COpPHEHTHpPOBAHA CHCTEeMa KOOpJUHAT,
CBsSI3aHHasl ¢ (PUTYpOM, MO OTHOIICHWIO K IUIOCKOCTH IMPOCKTHPOBAHMS,
K023 (PUIIMEHTHI HCKaXKEHUS MOTYT U3MEHSAThCs oT 0 110 1.

Ecnu Bce Tpu koa(pduimeHTa HCKaXXKEHUS PaBHBI MEXJy COOOM, Takas
aKCOHOMETpPUYECKasi MPOEKIHUs Ha3bplBaeTcsl u3omerpueil. Eciam  1Ba
K02 UIIMEHTa UCKAXKEHUS PaBHBI MEXAY COOOUN U TPETUN OTIMYAETCA OT
NEpPBbIX JBYX, Torja uMmeeM jguMerputo. Eciau Bce KOA(DPUIIMEHTHI
VCKaXXEHHUS pa3HbI€ — TPUMETPHUSL.

[Ipy mpsSAMOYTOJIbHOM MPOCKTUPOBAHUU ISl KOADPUIIMEHTOB MCKAXKECHUS
CITPABEJIMBO COOTHOLICHUE

P +0q°+r°=2, npu4em
0<p<l 0<5q<l 0<r<i
1< p°+Q°<2;

1< p?+r-<2;
1<q°+r*<2.

Hcxonss W3 3TUX COOTHOILICHHM, MOXHO OINPENeIuTh KO3()PUIHEHTHI
VUCKQKEHUU IO OCAM MPHU UX PA3JIUYHOM MOJIOKEHUM IO OTHOIICHUIO K
IJIOCKOCTH MPOCKTUPOBAHMUSI.

2.2 lIpsiMmoy20sibHbIe aKCOHOMempu4yeckue rnpoeKyuu

2.21 TpsimoyronbHas usomeTpus

Bce Tpu ocu cBsazaHHOM ¢ (Qurypoil cucrembl koopauHar OXYZ
HAKJIOHEHBl K aKCOHOMETPUYECKOW IIJIOCKOCTH IPOEKTUPOBAHUS IIOJ
oXHEM yrioM. Ha IUIOCKOCTH 3TH OCH H300paXkaroTcsi moj yriaoM 120
apyr K apyry. Ilo OTHOIIEHWIO K IIJIOCKOCTH TPOEKTUPOBAHUS YIOJI
HAKIIOHA Oceil KOOPIMHAT CBSI3AHHOM C TEIOM CHCTEMBI COCTABHT 35 16

T.x. P=0=r, k03 PpuureHTH UCKAXKEHUS IO OCSIM OYyT

2 _ o, 2 _ 2,
3p° =2 P =—; p = 0.86
3
Ha MPAKTHUKE, TAK KdK dKCOHOMCTPHUYCCKUC IPOCKIUU HE HCIIOJIb3YHOTCA
JUIsl BOCCTAHOBJICHUSI T€OMETPUU (PUTYpHI, a PEIIAIOT TOJBKO 3ajady €e
BU3yaJIM3alluy, MCIIOJB3YIOT Tropa3ao 0oJiee MPOCThIe ISl BBIMOJIHEHUS

MIOCTPOEHMUM KOdPHUIMEHTHI HCKAKEHHUS TI0 ocsm P=0=r=1.

14



[Ipu »5TOM H3OMeTpUueckoe u300paxkeHue (GUIyphl  OKa3bIBACTCS

YBEIIMYCHHBIM 110 OTHOIIEHHIO K €€ peaJbHOMY OTOOpPaXCHHIO B
1/0,86=1,22 pa3a.

HOCMDO@HM@ NJ0CKOU (bl/lZVDbl 6 usomempuu.

Ecnun miockas ¢urypa pacmoyiokeHa B IIJIOCKOCTH, MapajijieabHON
IJIOCKOCTH MPOEKLHH, IUIOCKYH0 (UIYpy, COCTOSIIIYI0 U3 OTpPE3KOB
MPSMOU TMOCTPOUTH AOBOJIBHO IPOCTO. [ 3TOro BAOJL OCEW HYXKHO
OTKJIa/bIBaTh 0€3 HCKaXEHUS KOOPJWHATHI Hadajda M KOHIA KaXJ0ro
orpe3ka. Ilpm 5TOM 4YacTo yOOOHBIM OKa3bIBAETCS HCIIOJIb30BAHUE
JOKAIBHOM CHUCTEMBI KOOPJIHWHAT TPAHU, B KOTOPOWM CTPOMUTCS IUIOCKAS

dburypa, Hayasio KOTOPOH CBS3BIBAIOT C XapaKTEPHOM TOYKOW Ha TpaHH
(Puc. 2.2).

7
/ parb

1 /

o,

Puc. 2.2 T1nockas ¢urypa Ha rpaHu, HapaJIeTbHON IIIIOCKOCTH
IMPOCKINHN
[Ipu mocTpoeHUM KPUBOM JIMHUU OHA pa3OMBaeTCs HA yYacCTKH, JJIMHA
KOTOPBIX JIACT JOCTATOYHYIO JJIsl IOCTPOCHUS TOUHOCTh U KOHIIBI KaXK10TO
y4yacTKa pa3MeydaroTcs Ha rpaHu. Jlanee noiay4eHHbIe BEPLIIUHBI KyCOYHOU
KPUBOM COEAMHSAIOTCS JICKAJTbHOU JIMHUEH, KOTOpas U OyJeT
AKCOHOMETPUHN UCXOTHOU KpUBOU. OKPYKHOCTh B aKCOHOMETPHUH U, B
YaCTOTHOCTH, B U30OMETPUH CTAHOBUTCS AJUIUIICOM. Tak Kak

15



K03 (OHUIIMEHTHI UCKAKEHUS IO OCSIM H30METPUU PaBHBI, BH]T AJUTAIICOB
OJIHOW W TOH K€ OKPY)KHOCTH Ha TPaHSX, MapauICIbHBIX Pa3HBIM
IUTIOCKOCTSIM MPOCKIUHM, OYJCT OJUH U TOT e. JluaMeTpsl ayuturica Oy Iy T
pacnoJiaraTbCs CISAYIONUM 00pa3oM - OOJIBIION JUAMETP
NEPICHAUKYJIIPEH OTCYTCTBYIOIIEH Ha TaHHOW TPaHW OCH KOOPAMHAT

V4
bo/bloy duaremp

Maswiu duarermp

X
(

Puc. 2.3). 3nech Ha rpaHu OTCYTCTBYET 0Ch OX.,
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7
bo/bLowy GUaMermy

—
—
~

Maswit duamemp

X

Puc. 2.3 e na rpasu | mockoctn zOy

Maublii qfuaMeTp NeprneHauKyIsIpeH 0oyblIoMy nuameTpy. Tak Kak BIOJb
ocel KOA3(pPUUMEHTHl NMPUHATH PAaBHBIMU €IUHUILIE, OOJBIION AUAMETP
Oyner Oonblie AEHCTBUTEIBLHOrO auamMerpa okpyxHoctu B 1/0,86=1,22
paza. To ectb, OombiION auameTp 3iurica Oyner Do = 1,22D, manbii
muametp Dm=0,7D, tiie D — auamerp npoeKTUPYEMOM OKPYKHOCTH.

Ha mnpakTthke m0pu NOCTPOCHUM OKPYKHOCTEH B HW3OMETPUU DIJUIHIC
3aMeHSI0T oBajioM. [IpaBuio mocTpoeHHs oBajia ISl MU30METPUUYECKOM
TIPOSKIINH MMOHATHO U3 pucyHKa (Puc. 2.4).

Ecnu ¢urypa pacrnionaraercs B IJIOCKOCTH, HE MApaJUICIbHOW MIOCKOCTH
MPOCKIIMHU, TOTAAa TOJOXKEHUE KaXIO0W TOYKH (UTYpPHI pa3MedaeTcs II0
TpEM KOOpJAMHATAM, OTKJIaJAbIBAEMBIM BJIOJb COOTBETCTBYIOIIMX OCEH
KOOpAMHAT u30MeTpuuecko mpoekuu (Puc. 2.5). Oto mnpaBwmio, ¢
Y4ETOM MPUHATHIX B JAaHHONW aKCOHOMETPHUHU KOA(P(DUITMEHTOB UCKAKECHUS,
JNEUCTBYET MPU MOCTPOEHUU TOUYEK B JTIOOBIX APYTUX AKCOHOMETPHUSIX.
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Puc. 2.4 IlocTpoenne oBana st U30METPUUYECKOM MPOCKITHH

OKPYKHOCTH
7
A
z,°r
g
Vi P
J
X *
Xy g

Puc. 2.5 Pa3meTka moioxeHus: TOUKd B aKCOHOMETPUHU (M30METPHH )

2.2.2 TMpsimoyronbHas gumeTpus

PacrniosioxkeHne ocell KOOpJAMHAT HAa AKCOHOMETPUYECKOM IUIIOCKOCTH B
MPSIMOYTOJIbHON TUMETPUU CIENYIOLIEE:

Oz - BeprHKanbHa;
OX — oz yriioM  ropusonTamy 7°10’;

Oy — o yriom 41%25°
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Koaddummentsl uckaxenuss npu sroM Oyayt p=q=0.94; r=0.47. Ha
npakTuKe ucnoib3yoT koddduimentsl P=0=1; r=0.5. Kosddummento

yBeIMUeHHUs n300paskenus mpu 3toM oyayT no ocsam 1/0,94=1,064.

HeobOxoaumoe Hanpasienue ocu OX maer mocrpoenue ykiaoHa 1:8, ocu
Oy — ykiona 7:8.

ITocTpoeHrE OKPYKHOCTH B IIPSIMOYTOJILHOM JJUMETPUHU

B miockoctu X’0Z’ 0KpyKHOCTH CTAHOBUTCS SJUIMIICOM C IUaMETPaAMU
Do = 1,06d; Dm = 0.95d

B miockoctsax x’0y’ u y’0z7’ smuncel 6yayT uMeTh auamerpel Do =
1,06d; Dm = 0.35d. 11paBuio opueHTALIMNA OCEN IJUTUIICOB TAKOE K€, KaK 1
IpU IOCTPOCHUM HW3OMETPUM — OOJIBIION JHWAMETP NEPHEHAUKYIAPEH
OTCYTCTBYIOIICH ocu koopauHat (Puc. 2.6).

/

Z

/

J

Puc. 2.6 Okpy>XHOCTH B IPSAMOYTOJIbHOU JUMETPUHN
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Tema 3

3.1

NMpsamaa Ha npoekuMoHHOM 4epTtexe. [lpsAMmbie
obwero u ocoboro (4acTtHoro) nonoxeHusa. AnuHa
oTpe3Kka oOwero nonoXxeHus. Yrnbl HaKfoOHa
oTpe3ka K MJIOCKOCTAM npoekuun. B3aummHoe
pacrnosfioXeHMe TOYKM M MNPAMON, ABYX NPSMbIX.
Cneabl npsaMon.

lNpsimasi o6w,e20 Nos10XKeHust

B HauepTarenbHOI TeOMETpUN Ha KOMIUIEKCHOM YEpPTEXKE MPIMYIO 3a7at0T
ee npoekuusmu (Puc. 3.1).

52/§>A \

WA s

-

A, 4 A
Bz - BJ
| |
X J
A7

Puc. 3.1 TIpoeKIMoHHBIN YEPTEK OTPE3Ka MPSIMOM

CBolicTBa MPOEKIIMK OTPE3Ka MPSAMOM:

o npsmas AB — umeer npsmeie npoexkunu A1B1, A,B> 1 A3B3;

® TMIPOCKINH MPSIMOM HE OOJIBIIIEe CaMOM TTPSMON
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A B, < AB; AB,<AB; AB,<AB;
AB, =AB-cosa; A,B, = AB-cos g; A.B, = AB-cosy.

Ecnu yrisl @, B, ¥ MeXIay IpAMON U IUIOCKOCTSMH MPOEKIUN HE PABHBI
HYJIIO ¥ He paBHBI 90°, IMEeM IPAMYIO OOIIEro MOJOMKEHUS.

3.2 lNpsiMble nuHUU 006020 (YaCMHO20) NMOJIOXKEeHUS

1. Tlpsimasi, mapajuieabHass TOPU3OHTAIBHOM MIOCKOCTH mpoekiuit 11
(AB || II,), nHaue — nexaiias B IUIOCKOCTH, MapajuieIbHOU
11, nasrviBaercs — copusonmans (Puc. 3.2).

IIpoBenem uepe3 mpsmyro AB
5 mwrockocts @ || 1.

f > Torza sumum, uto A,B, X172 .

Bunum taxxke, uto A;B; =
4, AB, T.k. iIMeeM IpAMOYTOIEHUK
/i B1AB, y xotoporo
IIPOTUBOIOJIOKHBIE CTOPOHBI
Puc. 3.2 I'opusonTans PaBHBI U ITapalICIbHBI.

To ects, roBopsT, uro jaunus AB npoextupyercs na Il B HaTtypanbHyo
BenuuuHy. Yrom f mexay upsmoil AB w dpoHTambHON ITOCKOCTH
npoekimii Il,, a Ttaxxe yrom Y meny npsmoid AB wu npodmuibHON

IUIOCKOCThIO mpoekiuii [l3 mpoekTUpyeTcss B HATYpalbHYIO BEIUYHHY
(Puc. 3.3).

2. @ponmany (bpoHTAIbHAS TMpsAMas) — TMpsMas, MapaielbHas
dbpoHTaTbHOW TIIOCKOCTH  Tipoekiuit  Il,. @®poHTanb HUMeEET
(GpOHTATBEHYIO MPOCKIIUI0, PAaBHYIO HATYypaJIbHOW BEIUYUHE TIPSIMOM.
Yrael  mexay (poHTaNbiO, TOPU3OHTAIBHOM UM MPOQUIBHOM
MJIOCKOCTSIMU Ha (PPOHTAILHOM MJIOCKOCTH MPOEKIIUNA 0TOOpaKaroTCs
B HaTYpaJIbHYIO BEJIMUMHY;
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A B, 5; A
X J
i B
7/
A
7 y
Puc. 3.3 [Ipoekiuu ropu3oHTaIH
3. Ilpogpunvnas npamasa - npsmas, nNapauienbHas OpOPUIbHON

IJIOCKOCTH mpoekiuii I3, wHas mnpsmas uMeeT NTpoPUIbLHYIO
MPOEKIIMIO, PEBHYIO HATYyPAJIbHOW BEITUYUHE MPSIMOUN. YTIIBI MEXIY
npopuiIbHOM  TPSAMOHM,  TOPU3OHTAIBHOW U (PPOHTAIBHOU
MJIOCKOCTSIMA Ha IpOPUIBHYIO TIOCKOCTh POCKITUN
MIPOCKTUPYIOTCA B HATYPAJIbHYIO BEJIMUMHY.

. Jlu"ms, mnapamienbHas JABYM IUIOCKOCTSAM MPOEKIUH, Oyner

MEPIEHAUKYJISIPHON TPETHEU TUIOCKOCTHU NMpoeKiui. Ee mpoekuus Ha
3Ty IUIOCKOCTh OyJer Touykoll. Takas JIMHUS  Ha3bIBACTCA
npoeKkmupyrouieil Ha COOTBETCTBYIONIYIO TIIOCKOCTh (Puc. 3.4).

/72
Ay
4
| 4
B, ‘
|
\Qx b B,
/77 /47$7

Puc. 3.4 I'opu30HTaNBHO-TIPOCKTUPYIOILIAS MTPsMAast



3nech MHUSA AB — rOpu30HTaIbHO-IIPOEKTUPYIOIIASL.

5. Ecnm ecTh JIBe MPOEKIMH JIMHUH, TIPECTABISIONINE COOOM OTPE3KH,
COBIIAJIAIONIME C JIMHUEH CBs3H, (T.€. L OCH) M TpEeThel MPOCKIIUU
HET, UCXOJIHAsI JIMHUS HE OMNPEIeICHAa U MOXKET UMETh JIIOOYI0 hopmy

(Puc. 3.5).

5,

i A
A\
5,

Puc. 3.5

3.3 HAnuHa ompe3ka o6uw,e20 noslIoKeHuUs1. Yasrbl HaK/1IoHa
npsiMouU K ns1oCKocmsiM rnpoexkyuu

OnpeneneHue HATypaJIbHOM BEJIUYMHBI OTpPE3Ka IO €ro MPOEKIHUsIM Ha
IUIOCKOCTH KOOPJAMHAT OCHOBAaHO HAa MOCTPOCHUU MPSAMOYTOJBLHOTO
TPEYrOJIbHUKA, B KOTOPOM TMIIOTEHY3a, 3TO UCKOMAas HaTypaJibHASA JJIMHA
OTPE3Ka, a KaTEeThl, OAUH - 3TO OJHA W3 MPOEKLUHUMN OTPE3KA Ha IUIOCKOCTH
IPOEKLUN, IPYTrOW KAaTET — Pa3HOCTh BBICOT KOHIIOB OTPE3Ka Ha JPYrowu
iockocty npoekiuii (Puc. 3.6).
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/] Z
2 B,
%Az
A 1 & B
A — 7
X
4
/4/ -
B,
/:LZAZ
/7 / B* y

Puc. 3.6 Onpezenenue HaTypalbHOM JJIMHBI OTPE3Ka MPSIMON

Ha 1npoeKkIMOHHOM 4YepTeXe OSTH JJICMEHTHI JaayT HEOoOXOAMMOe
noctpoenue (Puc. 3.7):

Omuoka! O0beKT He MOKeT OBITH CO31aH U3 KOJ0B
noJie peJaKTupoOBaHUs.

AB — runiorenysa AABC, rne

Puc. 3.7 IToctpocHue, AC u BC — xarersl.
Jaroliee HaTypaJIbHYIO [JUTHHY B, B*= BC = B,C,
OTpE3Ka MPSIMOU AB*= AB
BC=B,C, mxk. BlA* B AR
cC, L1, BB,LTl, T
BC LII; B,C, LII,
B,BIIC,C; B,C,IIBC
Awnanornuno - AC = AB,
3.4 Yenbl Mmexxdy npssMoll U niiockocmsmu rpoexkyud

Yron Mexay mnpsMON OOIIero MOJOXKEHUS U TUIOCKOCTBIO IPOCKIINI
0 . .
MOKeT ObITh He OombIne 90° , T.e. ocTpbIit miu npsiMoit (Puc. 3.8).
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CymMa yrioB Mexnay

/72 B=R MPSIMOU 151 JIBYMS
2 JMIOOBIMU  TUIOCKOCTSIMU

NpOEeKIUiA He OoJble

PN 90°.

]
4 4 a+ pf < 90°
A=A, /7

Puc. 3.8 Yrub1 Mmexay mpsiMoii u
IJIOCKOCTSAMH IIPOEKIIAN

J1J1s1 TMHWM 9aCTHOTO TOJIOKEHUA CyMMa YIJIOB:

TOPU3OHTAIH B+y=90"

dhpoHTaATH a+y= 90°

npoPUILHOM a+pf= 90’
3.5 Cnedsbi npsimou

Omuodka! O0beKT He MOXKeT OBITH CO31aH U3 KOJIOB M0JIeil pelaKTUPOBAHUS.
Puc. 3.9 Cnenpr npsimoit

Cienpl TpsSMOH, 3TO TOYKH IEPECCUCHUS MPSIMOW ¢ IIOCKOCTAMU
npoekiuii (Puc. 3.9, Puc. 3.10).

Omuoka! O6beKT He MOKeT OBITH CO3AaH U3 KOJAOB I0JIell pelaKTHPOBAHUS.

Puc. 3.10 Cnenpl mpsiMoii B OKTaHTaxX MPOCTPAHCTBA

[TpaBuiio mocTpoeHus cienos npsamoit (Puc. 3.11):

— s maxoxaerus ¢pponraigpHoro cieaa N npsmoit AB HyxHO
IPOJODKUTE €€ TOpPU3OHTalnbHyI0 mpoeknuio A;B; 1o
nepeceyeHuss ¢ ocblo Xi1p. IlomydeHHas Toyka mnepecedyeHus

Oyner ropusonransuoi mpoekiuein Ni cinena npsmoit AB na
(pOHTANBHON TJIOCKOCTh MPOEKIHil. DpoHTAIbHAS MPOEKIUs

¢ponransroro cimema N, Halimercs Ha IepeceYeHUH
pOJOIDKEHHs (GpoHTanbHON mnpoexkuuu A,B, muuun AB c



JIMHUM CBSI3U, IPOBEIEHHOM U3 TOpU30HTAILHON mpoekimu Nq
(poHTaANBHOIO Ciea.

N=N,
A;
B,
X /%
N =L
A
5,

Puc. 3.11 [loctpoenue cienoB IpsaMoi
AHaj0rnyHo,

— U1 HaXOXIEHUS TopuzoHTajdpHOro cieaa M mnpsmoit AB
HY)KHO TPOJOJDKUTH €€ (POHTAIBHYIO MpOoeKIuio A,B, 10
MEepEeCceUeHus] ¢ OChl0 X3 . llonmyueHHass TO4Yka mepecedyeHus
oyner (pontanpHOM mpoekuuedr M, ciega mnpsmoii AB Ha
(pOHTaNbHOW  IUIOCKOCTh  IpoeKuuil.  ['opu3oHTanIbHas
npoekius (poHTanbHOro ciaeaa M; HaifaeTcs Ha POI0IKEHUN
TOPU30OHTAIBLHON NpoeKiuu A1 B, nuuun AB 1o JIMHUU CBSI3H.

Canenpl ipsimoid, mpoxoasieit uepes3 IV, I, V, VI okrants! (Puc. 3.12).

Eciu mnpsmas napajuiesibHa IUIOCKOCTH IPOEKIMM, OHA HE
MMEET Ha HEU CIIea.
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'

M=M,
V==

Puc. 3.12 IpoekunoHHbBIN YepTex mpsiIMOi, mpoxoasiei uepe3 [V, [, V,
VI oktaHTHI

3.6 B3aumHoe rnosioxeHue moyYku u rnpsiMmou

Ecnu Touka mpuHAMICKUT HA TPSAMOM, TOTAA €€ MPOCKUUHA MPUHAMLICKAT
npoekiusaM mnpsmoit! Eciu nBe mo0bie MPOEKIMU TOYKH JIekKAT Ha JABYX
TAKUX JKE€ MPOEKUUAX IPAMOU, TOrJa TOYKA MPUHAICKUT NpsiMoun. Ha
pucyHke (.)C npuHaIIexKuT npsimMon AB.

B obwem cnyuae, ecnu mouxa npunaonedxcum nrobou ueype — auHuU Ui
HOBEPXHOCMU, MO020Ad NPOEKYUU MOYKU NeHCam HA COOMBEmCmEYIUUxX
NpoeKyusx guaypaoi.

OnHa mpoeKIYs TOYKM MOKET OKa3aThCsl JIEXkKAIeH Ha TOW K€ MPOCKIINU
NpsSIMOM, OJHAKO, €CIU JiroOas Apyras MPOEKIUsS TOYKU HE JICKUT Ha

AHAJIOTUYHOW MPOEKUUU MPSAMOM, TOrJa TOYKA HE MPUHALJICKUT NPSIMOU
(Puc. 3.13, Puc. 3.14).
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[Tpumepsr:

5,

Puc. 3.13 Touka nepen npsamon
B, Ha ¢poHTansHOI MI0CKOCTH
npoekmuu (.)D nexur Ha
b,=L, | / (GpOHTAIBLHON MPOEKINH JIMHUH
/ AB (DzEAsz), HO Ha
Az TOPU30HTAIBHOMN MJIOCKOCTH
npoekiuit D;gA;B,. Otcrona,
Touka D He mpuHaIICKUT
/47' auauu AB. Ha nuauu AB
\ r nexwur (.)C u ee ppoHTaNbHAS
! npoekius Cy COBIAIACT C

dbponTanpHOU Mpoekiuen D,
toukH D. OmHako,

! B, ropu30HTaNIbHBIC TpoeKiun Cq
u D, He coBmagaoT u,
< clIeJOBATEIbLHO, 3TH TOUKH HE

COBIAJAIOT B IPOCTPAHCTBE.
(.)D, rasas B HanpaBJICHUH

Puc. 3.14 Touka nepen (bpOHTAIBHOM IIOCKOCTH
NPAMOH Ha NPOSKIIMOHHOM npoekiuid, exur nepen (.)C.
YEPTEKE

Toukn, cCOBNamatonve Ha OJHON MIOCKOCTH MPOEKIMKA U HECOBITAJAIOIIME
Ha JIPYTOU MJIOCKOCTH, HA3bIBAKOTCS KOHKYPUPYIOIIUMH.

Ha ropu3oHTalbHOM IIOCKOCTH MPOEKIUH BUIHO 110 CTPEJIKE B3IsLaa S..,
yto (.)D; Haxoxutcs nepen (.)Cy.

28



3.7 B3aumHoe nosnoxeHue 08yx rnpsiMbix

B ciyuae o011ero monoxxeHus IByX MPsIMBIX APYT MO OTHOIIEHUIO K APYTY

yIJIbl MEXAY MPOCKIHUSMH OSTHUX MOPSAMBIX MOIYT NPUHUMATh JIH000E
0 0

3gaueHue ot 0~ 10 90".

CymiecTByIOT U 00Ja7al0T TOJIC3HBIMM CBOMCTBAMHM JIJI PEIICHUS 3a7ad
HAa4ye€PTATEILHOM I€OMETPUM YACTHBIC B3aMHBIC TTOJO0XKECHUS PSAMBIX:

3.7.1 B3auMmHO napannersibHble Npsimbie

Ecnu nBe nro0bie MPOEKIUMU ABYX MPSAMbBIX MapasuiesibHbI, TOT/Aa MPSAMbIC
NapaJuIeIIbHbI B IPOCTPAHCTBE!

[Tpsmbie | 1 M mapaieIbHBI
(LI m).

[psimbie | 1 & HenmapallIeIbHBbI,
T.c. ckpemmBaiorcs  (l-a),
HECMOTpPSA  Ha  TO,  YTO
X FOPU30HTAIbLHBIC MPOCKINHU
nmuEME | W a mapaiebHbIL
m=a, Jluanu | 1 a HenmapasieIbHbBI
[ T.K. MIPOCKIIMK ITHX JIMHHHM Ha

X (GpOHTATLHYIO IJIOCKOCTh

< \ HelapauleIbHBbI.

Puc. 3.15 IlapannencHbie
psIMBbIE

3.7.2 Tlepecekalowmecs npsmbie

Eciu nuHun" IIEPECEKAIOTCA B IPOCTPAHCTBE, TOTAA MNPOEKIUU TOYEK
IIEPECEUYEHNS JINHUU SIBIISIIOTCA TOUKAMHU MEPECEUCHUs NPOEKUUNU JTUHUMN
Ha IUIOCKOCTAX MpoeKuui. MHaye, TUHUM NEPECEKArOTCsA B IPOCTPAHCTBE,
€CJIM Ha JIBYX JIIOOBIX IUIOCKOCTAX MEPECEKAITCS MPOCKIUU 3TUX JIMHUM

(Puc. 3.16).

1. CTPOTO roBOpPs, 9TO OTHOCHUTCA K JIFOOBIM I[MPAMBIM WUJIM KPUBBIM JIMHUAM
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[Tpsimble | U m

A, nepecekarores  (Inm)
TOYKE A.
M=,
[
2 I[Ipsmeie | w a He
% - MEPECEKAOTCHL. Ot
X, NPSIMBIE CKPENTMBAIOIIUECS.
Jls IIPOEKIIMOHHOTO
yeprexka YCIIOBHEM
IIEPECECUCHUs] ABYX JIMHUMN
SBJISIETCSA HaXOXJICHUE
TOYEK MEPECEYEHHUS

IPOCKIIUM ATUX JIMHUKA Ha
IBYX JIFOOBIX TUIOCKOCTSX
IPOEKIUN HA OJIHOW JIMHUU
CBSI3H.

Puc. 3.16 Ilepecekaromuecs u
CKPCIIHBAIOIINECS TPSIMbBIS

3.7.3 CkKpewmBaroLwmecsi npsimbie

CkpenBaromuecss npsMble HE IEPECEKAIOTCS M HE NapajulesbHbl Ipyr
IPYTy B POCTPAHCTBE.

Touku nepecedeHuss NPOEKIMN ABYX CKPEUIMBAIOIINXCA NPSAMBIX HA JIBYX
JTOOBIX IUIOCKOCTSIX MPOEKIMKA HE JIeKAT HA OJIHOW JIMHUU CcBA3U (cM. Puc.

3.16).

3.74 TpoeKuun NNOCKUX yrros

PaccmoTpum PSIMOYTOJILHOE IPOCKTHPOBAHNE HEKOTOPOTO
npon3BoJIbHOTO yria £/ ABC=a Ha mnockocts I1 (Puc. 3.17)

Jlyam MPOCKTUPOBAHUS S MePICHINKYIISIPHbIE MIJIOCKOCTH
NpPOEKTUPOBAHUS, OOpa3yldOT €O  CTOPOHAMM  33JJaHHOTO  yIJia
MPOSKTUPYIONIME TIJIOCKOCTH @ W 2, Ha TMOBEPXHOCTH KOTOPBIX
pacrosnoxeHbl cToponsl ZABC.



Puc. 3.17 IapannenpHbIe TPOCKITUN YTIIOB

[Ipennonoxum, 3amanueii LABC octpeii (LABC<90O) U €r0 MPOCKIHS
na IT; taxke menbme 90°. B o6mem cnyyae ZABC#/AB.C, (a#a).
[Ipoekuust yria Oynetr paBHa yriy B TOM cliydae, KOTja CTOPOHBI yriia
OyIyT MapajiejbHbl IUIOCKOCTH TpoekTupoBanus (LA'BC=/AB.C,).
Ecmn (.)C nepemecTuTh BIOJIb Jy4da HPOECKTUPOBAHUS HA HEKOTOPOE
paccTosiHue OT 3aJJaHHOTO MOJI0KEHUS, HarpuMep, B nosoxkenue C’. Toraa
yroJI U3MEHUTCS U TpuoOpeTeT 3HaueHue f. Jlomyctum, yron S okazaics
TynbiM. OJIHaKO MPOEKIUS yIJia ocTanach ToM xe. Takum o0pa3om, OJIHY U
Ty K€ MPOEKIUIO MOTYT UMETh pa3HbIC YIJIbl, IPUUYEM, KaK OCTpPbIC, TaK U
Tynele. B oOiieM ciydae yriabl BEJIMUUHOW OT 0° no 180° MOT'YT UMETh
OPTOTOHAJBHYIO MPOEKIHI HA MIOCKOCTh CO 3HAYEHUEM OT 0° mo 180°.
[Ipoekiuss ocTporo yriia B 3aBUCUMOCTH OT TOJIOXKEHHSI €ro CTOPOH IO
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OTHOIICHHUIO K IUIOCKOCTH TPOCKTUPOBAHUS MOXET OKa3aTbCsl TYIIbIM
YIJIOM Y MPOEKUHS TYIIOTO yIJIa OCTPBIM.

Oco06o¢ 3HaYeHHE B HAUYEPTATEILHONW I'€OMETPUM UMEET MPOCKTUPOBAHUE
psSIMOTO yTJIa.

Ecnu ojlHa W3 CTOPOH MPSAMOTro yIJia MapajuieiibHa TIOCKOCTH MPOCKIIHH,
TO OPTOrOHAJbHAS MPOEKIMS IMPSIMOro yrjia Ha 3Ty IUIOCKOCTh OyeT
npsimbiM yriioMm (Puc. 3.18).

JlokazaTenbCTBOM  ATOTO  YTBEPXKACHHUS MOXKET, Hampumep, ObITh
CJIC Y FOLIIM

[Iycte cropona BC unpsmoro yria ABC mnapamienbHa IIIOCKOCTH
npoektupoBanus I1 (BC||IT). Ouna obOpasyer co cBoeli mpoekiueit BiCy
IJIOCKOCTh A, NEPNEHANKYISIPHYIO TUIOCKOCTH poeKTupoBanus I1.

9 D&
4
/4 "’ A 7 \\\
0° \
A, G
17

Puc. 3.18 Ilpoekius npsiMoro yria

Ecnu 3actaBuTh cTOpoHYy AB MpsSMOro yrila BpamaTrbCcs BOKPYT CTOPOHBI
BC, ona oOpa3zyeT miockocTh @, kotopas OyJeT NMeprneHAUKYJIIpHA OCH
Bpamienust BC u, cnenoBareiabHO, epIeHIuKyIsapHa iockoctu IT (@.LI)
napamienbHoit ocu BC. Ilnockocte @ OyaeT Takke NEPHEHIUKYISIpHA
IJIOCKOCTH A, KOTOPOH MPUHAJICKUT nepreHaukysp BC (ock BpalieHus
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AB) x mmockoctu @. TakuMm o0pa3om, IIOCKOCTH A u @ 00pa3yroT
JIBYTPaHHBIN TIpsiMOU yroJl. [Ipy nmpecedennun npsiMoro JIByrpaHHOTO yriia
IJIOCKOCThIO, MEPNEHAUKYJISIPHOU O00€UM TIJIOCKOCTSIM, OOpa3yromum
JBYTpaHHBIN yIoJI, a 3TO MIOCKOCTh I, OyAeT moaydeH npsiMoi JIMHEHHbBIN
yrojd Kak Mepa JABYTpaHHOro yrija. Takum o0pa3om, Mpu J000M
MOJOKEHNU CTOpoHbl AB mnpsmoro yrima ABC, ecim cropona BC
napajieabHa INIOCKOCTH THpoektupoBanus II, ee mnpoekuus AiBi,
Jexamas Ha JMHUKA TEePeceUeHUs] IUIOCKOCTH & ¢ miockocThio 11,
obpasyert ¢ npoekiueit B,C, croponbsl BC npsiMoil yroi.

Ha mnpoeknnoHHOM dYepTex e, €ClM MPOCKIHs YIJia, OJHAa W3 CTOPOH
KOTOPOTO SABJISIETCS JIMHUCH YPOBHS, SIBIISCTCS MPSIMBIM YTJIOM, TOTJIa cam
yrou takxke npsamoi (Puc. 3.19).

£
4, &
5, G
0,
B 7
£ g
—b-90° G p, =UF-90°
A 7

Puc. 3.19 Ilpsimoii yro Ha MPOEKIIMOHHOM YePTEKE

Ecnu HM onHa CcTOpOHa MPSMOro yria HE MNapajuiesibHa IIJIOCKOCTH

MPOEKIIUM, TIPOCKIMSA NPSMOro yrja Ha 3Ty INIOCKOCTh MPOEKIMH MOXKET
0 0

MpUHUMATH Jr000e 3HaueHue ot 0 g0 180",
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Tema 4 NMnockoctb. 3agaHne NNOCKOCTU Ha YepTexe. Touyka
MU npsAMafs Ha NJIOCKOCTU. [naBHble FMHUKU
nnockoctu. NMpaman, napannenbHasa NIOCKOCTMW.

4.1 3adaHue naocKocmu Ha Yyepmesxe

[1510CKOCTB, 3TO MOBEPXHOCTH, 3aaBAEMAsi YPABHEHUEM

Ax+By+Cz+D=0

OTO TOBEPXHOCTh NEPBOrO MOpPsSAKA, T.K. TEPEMEHHBIE X, Y, Z
MPUCYTCTBYIOT B YPAaBHEHUH MOBEPXHOCTHU B IEPBOU CTEIICHHU.

ITonoskeHne MIOCKOCTH MOKET OBIThH 3a1aHO:

1. Tpems Toukamu (Puc. 4.1);

4, z A,
L G
5, 5;
X J
/
By
’4 7
£

Puc. 4.1 3ananue naoCKOCTH TpeMs TOUKaMHU

2. IpSMOM M He MpuHajyIekamiei eit toukoit (Puc. 4.2);
Z

")
5y

1/

Puc. 4.2 3amanue miocKOCTH TOUYKOM U psIMOI
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3. IByMs nepecekarommumMucs npsmoeiMu (Puc. 4.3);

A, z 4,
2 2
m

m, ’
X Y

. /
—t

J

Puc. 4.3 3aganue II0CKOCTH IByMSI TIEPECEKAIOIUMUCS TPSIMBIMU

4. nByMms mapaienbHeIMU TpsiMbivu (Puc. 4.4);

A, z A
[ l

SN m,

X J
e /

~

7 b
J

Puc. 4.4 3ananue na0CKOCTH ABYMs MapajuiebHBIMU TPSIMbIMU

5. TpeyronbHUKOM (TpH ToukH) (Puc. 4.5).
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5/~

A,

g y
Puc. 4.5 3ananue miaocKOCTH TPEyroabHUKOM

ba3oBeIii crioco0 3agaHus MIOCKOCTH — IO TpeM ToukaM. OcTajabHbIE —
MIPOM3BOJIHBIC, TaK KaK MOTYT OBITh IIOCTPOCHBI IO 3aJaHHBIM TpPEM
TOUYKaM.

B HadepTaTeNIbHONW TEOMETPHH IS MHOTHX 3aJ1ad yJOOHBIM SIBJISCTCS
3aJlaHue TIJIOCKOCTH CIIeJIJaMHU €€ TePECEUCHHsI C TUIOCKOCTSMHU MPOCKITNH.
Caeapl MJIOCKOCTH, OTO JIMHUM TEPECEUCHUS TUIOCKOCTH C MIIOCKOCTSIMH
npoekiuii (Puc. 4.6).

/1, Z /1, z
f 5 ~ g
| /5 ﬁ; .
|
X / X 4, A= y
f < X
m
/l L b, <
J

Puc. 4.6 3amanue njioCKOCTH CilaeaaMu

[1mockocTh 00IIETO MOJIOKEHUSI UMEET TPU CJIe/Ia: Ha TOPU3OHTAIBLHOM, HA
(dbpoHTANBHON M Ha MPOPUILHOM IJIOCKOCTH MpoeKIuid. JIBa Mo0bIX cliena
MJIOCKOCTH  OJHO3HAYHO  ONpEJeNsaoT €€ B 3aJaHHOM  CHUCTEeMe
npoektupoBanus. [lo 3amaHHBIM ABYM ciegaM IJIOCKOCTH MOKET OBITh
IIOCTPOEH TPETUM CIIE]I.
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4.2 lMnockocmu 0co6020 (YacmMHO20) NMOJI0XKEeHUS

4.2.1 [Mpoekmupyrowue niaockocmu

A a1/ IImockocTs,

b NEepIEeHIUKYISIpHAsS
IJIOCKOCTH  TPOEKIUH, B
MPOEKIIMHU Ha ATY IIOCKOCTh
BBIPOXKJAETCSA B MpsiMyro. B
3Ty JIMHUIO BBIPOXKIAKOTCS
. — BMECTE C IUIOCKOCTBIO U BCE
burypbl, NpUHAIJICKAIINE
3TOW  TIOCKOCTH.  Takas

IJIOCKOCTh Ha3bIBACTCS
7 MPOCKTUPYIOUIEN Ha

wiockocth npoekiuu (Puc.
Puc. 4.7 Ilpoextupyrorias 4.7).

IINTOCKOCTD

CBOMCTBO TMPOEKTUPYIOLIEH IJIOCKOCTH coOupaTh B CBOM Cliel BCE
MpUHAJIekKaIKue €l (Urypbl HA3bIBAETCS COOMPATEIbHBIM CBONCTBOM.

JIvHMSA, B KOTOPYIO BBIPOXKIACTCS MPOEKTUPYIOWIAS IIJIOCKOCTh, SIBJISETCS
CJIEZJOM IIPOEKTUPYIOMIEHN TIIIOCKOCTH Ha MJIOCKOCTH MPOEKIIHH.

a) ["'opH30HTaTBLHO-TIPOCKTUPYIOIIAS IIOCKOCTh —

9TO IUIOCKOCTh, MEPICHAMKYJIIpHAsS TOPH30HTAIBHON IIJIOCKOCTH
npoekuii (Puc. 4.8).

3nech h — TOPU30HTAIBHBIN ciaen, IJIOCKOCTH, 3aJlaHHOU
nepecekaromumMucs npsaMbiMd AB u AC. Have 3Ta IUIOCKOCTh TaKiKe
MOKeT OBITh 3aaHa ceouMHu cienamu h u f.

1 ~ ~
NB*! — d&ponTanbhblii W OpOPUIABHBIA  ClI€IBl TOPU3OHTAIBHO-
MPOCKTUPYIOIIEH  TUIOCKOCTH  MEPHEeHJAUKYJSIPHBI ocu X ©u Y
COOTBETCTBEHHO.

b) ®poHTANBHO-IPOSKTHPYIOIIAS INIOCKOCTh —
IJI0CKOCTh, NEPNEHAUKYIApHAs (POHTATBHOMN MIIOCKOCTH MPOEKITNI
c) [IpodmsHO-TIpOSKTHPYFOMIAS MIIOCKOCTh —

MJIOCKOCTh, MEPHEHIUKYIISIpHAsE MPO(UIHHOMN MIIOCKOCTH MPOCKIUM

'-NB — nota bene (;1at.) — oOpaTi BHUMaHUE.
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/(2 /\72 52 2 =>ABC
4, /X/Vz L MZ = ME
= (E = [,cE,=h,
\\ [-2
hi=;
M
L
N
B, z
7 "\[_\

7/

Puc. 4.8 I'opu30HTaIBHO—TIPOCKTUPYIOIIAS IIJIOCKOCTh HA
MPOCKIMOHHOM YEPTEKE

Bce Touku ¥ TMHUY HAa NPOCKTUPYIOMIEH MJIOCKOCTU MPUHAJJIEKAT CIELY
IJIOCKOCTHU Ha MIJIOCKOCTHU MPOEKIUU.

4,22 [llnockocmu ypoeHsi

IImockocTw, 1 x nyM 111 Ha3pIBarOTCS MIOCKOCTSIMH ypOBHS. [1nmockocTn
ypOBHs napajuiesibHbl cBoum I1I1.
a) ['opuzonransHas miockocts yposHs 1|11, (Puc. 4.9);

z
Az 5, (; 5; A G

Puc. 4.9 ropuzoHTaNbHAS TIIIOCKOCTH
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b) ®ponranvuas @ || I15;
c) [podunenas I || I1;
[110CKOCTh YPOBHS Ha CBOECH IJIOCKOCTH IMPOCKIIUU HE HMEET ClIe/a.
Bce TOUKM U JIMHUH, PACIIOIOKEHHBIC HA IJIOCKOCTH YPOBHS MPUHAIICKAT
JIBYM MMEIONIUMCS CJIeJIaM TUTIOCKOCTH.
4.3 lpsimasi Ha nnockocmu.

[Ipsimast TpUHAMICKUT TUIOCKOCTH, €CIIU OHA!

® TIPOXOJUT YEPE3 JBE TOUKH, HZA
MpUHAJICKAIIINE
mwiockoctu (Puc. 4.10); L

Puc. 4.10
[TpuHagnexKHOCTH TPAMON
mockoctu. [Ipu3nak 1
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MPOXOJUT Yepe3 OAHY TOUKY
Ha IJIOCKOCTH NapajuieIbHO
PAMOU, IPUHAJICIKAIEH
TTOCKOCTH (

Puc. 4.11):

Puc. 4.11 [TpuHaaie;xHOCTh IPSMOU
miockocTH. [Ipu3nak 2

® TIPOXOAUT Yepe3 OAHY TOYKY Ha IUIOCKOCTH MapajuIeIbHO MPSMOW,
MapaJuIeIbHOM 3TOU IIOCKOCTH.

[Tpumep mocTpoenus npsamMoit Ha mrockoct (Puc. 4.12):

A, 1 b .
B 02
X I 5
s -
A, ]
!

Puc. 4.12 3anaya: nocTpouTh Ha MI0CKOCTU ABC nipsiMyto, 3aaHHYIO
bpoHTATBHOM TIPOCKIIUEH

4.4 naeHbIe TUHUU niockocmu

Jlng pelieHuss MHOTHX 3aJlad HadyepTaTeIbHOW TE€OMETPUM HCIIOJIb3YIOT
JIMHUU YaCTHOTO MOJIOKECHUSA — JIMHUM YPOBHHI.

JIMHMM YPOBHSA, 3TO JIMHUU HA MJIOCKOCTH, napasuienbHbie T111.



JIunus, napamiensHas ropu3oHTaibHOU 111 — ropusonTalis,
@poHTaNbHON — (PPOHTAJID,
[Tpodunbnoii ITI1 — npoduabHas JuHUS.

Tak Kak JTUHUM YPOBHSA MAPAJUIEIBHBI CBOMM IIOCKOCTAM IPOEKIMKA, HA
apyrux Il wux mnpoekuuu OyAyT NapaUiedbHBI OCSIM KOOpJWHAT.
Hanpumep, hpoHTambHast TPOESKIIMS TOPU3OHTAIIN MapaJlieSibHa OCH X1 .

[TpuMepsl TOCTPOECHHUS JIUHUN YPOBHSL:

e Topusontans h (Puc. 4.13);

Puc. 4.13 T'opu3oHTab HA TUIOCKOCTH

Ecimm mockocte 3amaHa crnemamu, JmHUM ypoBHS h m f Oyayr
napajyleNibHbl CJIeaM Ha CBOMX IUIOCKOCTSIX TMPOEKIUU: TOPU30HTAIN
TOPU30HTAIBHBIM CliiesiaM, GpOHTaIH (PpoHTAIBHBIM cienaM u T.4. (Puc.
4.14). Tlo cytH, cien TUIOCKOCTH SBJISICTCS JIMHUEH ypPOBHS, OCCKOHEUHO
OJIM3KOM MIIOCKOCTH MPOCKIIUHU.
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P
7 4, 7
Xip 77‘ =1
N&Z
\
Z A, f5
N N\ K,

Puc. 4.14 Jluauu ypoBHSI IIIOCKOCTH, 33aJJaHHOM cliesilaMu

4.5 Toyka Ha nnockocmu

Touka J€XKUT Ha TUIOCKOCTH, €CJIM OHA MPUHAJICKHUT JI000HN MpsSMOU Ha
3TOM MJIOCKOCTU. TakuM 00pa3oM, JJIA MOCTPOCHUS TOYH Ha IJIOCKOCTH
HEOOXOJMMO CHayaJla TIOCTPOUTh BCIOMOTATENIbHYIO TPSMYI Ha
IJIOCKOCTH TaKyl, 4TOObl OHA MPOXOJMJIAa 4Yepe3 3aJaHHYIO IMPOEKIUIO
VCKOMOM  TOYKM W, 3aT€éM, HaWTU TOYKY Ha IIOCTPOCHHOM
BCIIOMOTATEJIbHOW JIMHUM BJIOJIb JIUHUU CBSI3H.

[Tpumepbl mocTpoeHUs TOUKH Ha MIockocTH (Puc. 4.15):
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. - b 0,
/42 [2 “ .
X [ 5
)
é
A S

Puc. 4.15 Touka Ha IUIOCKOCTH
ITocTpoeHHe TOYKH HA MJIOCKOCTH, 32IAHHOM CJIeIaMU.

Ecnu mnmockocTh 3afaH cieqaMu, B KAayeCTBE JIMHUN, NPUHAIEHKAIIAX
MJIOCKOCTH, C TIOMOIIBI0O KOTOPBIX MPOBEPSIETCA MPUHAICKHOCTh TOYKU
IJIOCKOCTH, MCIIOJB3YIOTCS JIMHUUA YPOBHS, KOTOPBIE JIETKO CTPOHUTb,
IPOBOJIS MapasuienbHO 3aAaHHbIM cienam (Puc. 4.16). Ilpu atom crnemyet
MOMHUTH, YTO TMPOEKIUs TOUKH, MPUHAIJICKAIIEH CJIeAy TUIOCKOCTH, Ha
JIPYroM IJIOCKOCTH MPOEKIUN OKAXKETCS HA OCH, PAa3AEIISIONIEH TNIOCKOCTH
npoekiuii (cM. (.)1).

Puc. 4.16 Vicnonb3oBaHue JMHUNA YPOBHS JJIsl TOCTPOCHUS OYKH Ha
IUIOCKOCTH, 3a/IaHHOM clieaMu
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Tema 5 B3auMHOe nonoxeHune reomMeTpuUYecKux
npsimMas U NIOCKOCTb, AiBe NNOCKOCTM!.

[Tpsimast ¥ IUIOCKOCTD, @ TAKXKE JIBE INIOCKOCTH MOTYT OBITh:
e [apajlieibHbI APYT APYTY,
® [IepeCceKaThes,
e IEPICHANKYIISIPHEI IPYT APYTY.

51 lNapannenbHbie huaypbli

5.1.1 [lpsimas, napannenbHasi NJiocKkocmu

[Tpumep 5.1 (Puc. 5.1).

Ectb miockocts 2(ah).

3anana (.)A u ¢poHTanbHas npoekius |, mpsaMoi.

[TpoBectr uepe3 (.)A npsMyto, napauieIbHY0 INIOCKOCTH X

b,

NI

/7
m /A7
/ 27 57
— 1,
a,

Puc. 5.1 IToctpoenue npsimoil, napaJuieaIbHON MIIOCKOCTH
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ITpumep 5.2. UYepes (.)A mpoBecTH TOPHU30HTAIb, NAPAJLICILHYIO

mwiockoctu 2 (ABC) (Puc. 5.2).
BZ
o h

A, I,

|

G op
4,

A, /
//(7

Puc. 5.2 I'opuzonTans, mapamienbHas MI0CKOCTH

5.1.2 B3auMHO napannesibHble MNIocKocmu

JIBe TUIOCKOCTH B3aMMHO MapaJljIeNbHBI, €CJIH JBE IEPeCeKarOIIUuecs
HPSIMbIC OJTHOM TUIOCKOCTH MApaJICIIbHBI IBYM MIEPECEKAIOIIMUMCS IIPSIMBIM
npyro# miockoctu (Puc. 5.3).

5 - S 0 a /ld, = ald
a,lld,
b, //
NNV
Y b,/lc,
5 n.®(@nb)// nn.A(cll 6)
= 7 Ly _
A, N\ 7
N
4

Puc. 5.3 B3auMHo napasienbHbie
TUTOCKOCTH
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B kadecTBe mnepecekarolmuxcss JUHUW MOTYyT OBITh BBIOpaHBI JIUHHHU
JacTHOI0 noJiokeHus. Orcroaa:

Ecin  oxHOMMEHHBIE ClieAbl JBYX IUIOCKOCTEW MapajulelibHbl. 1o
napajulebHbl CAMH IIOCKOCTH.

£ 5

X
\xﬁ

Puc. 5.4 TlapamienbHbie MIIOCKOCTH,
3aJJaHHbIC CIIEeIaMHU

na.2(f ~h) I na. T(F'~h')

Ipumep 5.3: Yepes (.)A nposecty mI0cKocTh @ napamienabHo IIOCKOCTH
I'’, 3agannoit nBymMs napamiensusiMu npsmbiMu (Puc. 5.5).



Puc. 5.5 [apamenpHbie MI0CKOCTH
TexHuKa noCcTpoOeHU:

1. Ha nnockoctu I', UCTIONIB3YS NPAMYIO @ BBIOMpAETCs TPOU3BOJIbHAS
BCIIOMOrarejbHas Touka 1.

2. Uepes (.)1 mpoBoasTCs ABE MPOU3BOJIbHEIC IIpsiMble | 1 K Tak, 4T0OBI
OHH MTEPECEKIIN APYTYIO MPSAMYIO, 33]Ial0IyI0 TIOCKOCTh — JIMHHMIO D.

3. Uepes 3amanHy10 TOUKY A TPOBOMAST ABE MPSIMbIE M U N, MapajieabHbIe
COOTBETCTBEHHO BcIoMmoraTelbHbiM TipssMbiM | m K. Dtm  gaBe

nepecexaromuecs npsamele | uw K 3amagyr uckomyro mimockocts 8
MapauIENbHYI0 3aJaHHOMN TUIOCKOCTH I
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[Ipumep 5.4: Uepes (.)4 TpoBeCTH IUIOCKOCTh A MapajlieJbHO
(b poHTaIBHO-IpOCKTUPYIOIIEeH m1ockocT 2 (M||n) (Puc. 5.6).

(;
B, m, =1,
7 A /2
Ay
X /
B,
AN

Lo AN

A

Puc. 5.6 [TapannenbHble MIIOCKOCTH

TexHuka IMOCTPOCHU .

1. Ha ¢ponramsnoit III1 yepe3 ¢poHTambHy0 Hpoekimio A, 3amaHHOM

toukn A nposoaurcs mpsmas A,C, || My=N,. Dra upsmas Oyxer
(GpoHTaNBHBIM  ciemoM  UCKoMmoi  tiockocth 4. TImockocTb,
napajuiesibHask (PPOHTANBHO-IIPOCKTUPYIOIIEH TUIOCKOCTH J0JKHA OBITH
cama (PpOHTaIBHO-IPOEKTUPYIOIIEH MJIOCKOCTHIO!

2. Ha ropuzonrtanbuoii I1I1 BeIOMparoTCs MPOM3BOJILHO JABE TOYkH B u

C..

3. ®ponransueie npoekuun By u C, touexk B u C umyrcs Brois JuHuii
CBSI3M Ha IIOCTPOEHHOM CJI€[Ie HUCKOMOM Itockoctu 4.

NB! Hecmorps mHa TO, uro Toukn B wm C Obumm BbIOpaHbl Ha
ropusoHTabHOM [III mpPOM3BOJILHO, TMJIOCKOCTh, 3ajaBacMasl TOYKaAMU

ABC Oyner mnapamienbHOM 3aJaHHOM  (POHTAILHO-IIPOEKTUPYIOIIEH

INIOCKOCTH  TOTOMY, uto Ha ¢ponrtamsHoit I  toukm ABC
pacrojararoTcs Ha OJHOW JIMHHH, HapauIebHOM (POHTAILHOMY CIEIY

3aJJaHHOM TNIOCKOCTH 2..
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5.2 lMepeceyeHue A8yx nsockocmedl.

Jmg moCTpoeHUs JIMHUU TEPECEUCHUs] ABYX IUIOCKOCTEM JTOCTATOYHO
HaWTHU JBE€ JIFOObIE TOYKHU 3TOM JIMHUM, JUOO OJHY TOUKY U HAIpPaBIICHUE
JIMHUU TIEPECCUCHUS.

Ecnn nmercs nuHUSA nepecedeHus ABYX IUIOCKOCTEM, OJHA U3 KOTOPBIX
MPOCKTUPYIOIIAsA, JUHUS TEPECEYEHUSI ONPEAECACTCS MPOCTEUIIUMU
MMOCTPOCHUSIMH.

[Ipumep 5.5: TIoCTpOUTH JIMHHIO IIEPECEYEHUsT TUIOCKOCTH A, 3aJaHHOM

nByms npambivia | || M u ropusonTansHOlM miockocTeio ypoBHs 2 (Puc.
5.7).
/2
4, m,
W M, 2, =5
p | !

Puc. 5.7 Ilepeceyenue miaockocTen

NB! Jluausi mnepecedeHus NPUHAIIEKUAT TOPU3O0HTAIBHOM IUIOCKOCTH
YPOBHS 2, TIO3TOMY SIBIISICTCSI TOPU30HTAIIBIO.

ITpocroTa TOCTpOEHUS JIMHMM TIEpPECEYEHUs IUIOCKOCTEH  oOmero
MOJIOKEHUSI C IUIOCKOCTSAMHM YacCTHOTO TIOJIOKEHUS JaeT yAOOHBIN

WHCTPYMEHT MOCTPOCHUS JINHUU TEPECEUCHUS IBYX IIOCKOCTEH OOIIEro
MTOJIOKEHUSL.
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Taxum VHCTPYMEHTOM

SIBIISTFOTCS
BCIIOMOTaTC/IbHBIE CEKYIIUE
TUTOCKOCTH YJaCTHOTO
TIOJIOKCHUS, HaIpuMmep,
miockoctd  ypoBHs  (Puc.
5.8).

Puc. 5.8 BcnomorarenbHbie
CEKYIIHE IIOCKOCTH

JIs OCTPOEHUs IMHUM IIEpecedeHns IockocTel @ u @ ucnonb30BaHEbl
nBe ropusonranbubie miockoctd 17 u I™'. Touku nepeceyenus M u N
map ymHuii a'/~ D' u a''b'" mepeceyenus mnockocreit @ u @
BCIIOMOTaTeJIbHBIMU TIOCKOCTSIMU I 1 I™" COOTBETCTBEHHO JAIyT JIMHUIO
nepeceueHus miockocreii @ u @.



[Ipumep 5.6: Iloctpouts auHUIO mepeceueHus mockocreir @(a II b) u

A(c N d) (Puc. 5.9).
55%E g £f 7

L5571 22/ ’ Fz/ [2\ 2 Y
S0 N
// -

\
Nk

\
/,/

o

\

n -\

4

Puc. 5.9 [locTpoeHne TMHUM MTepeceueHus IOCKOCTEH

JI1s1 moCTpOEHMs UCIIOJIb30BaHbl TOPU30HTAIBHBIE NTIOCKOCTH 2" 1 2",

o1



[Ipumep 5.7: IlocTtpouTh NHMHUIO TepeceueHuss MIOCKOocTu DP(ABC) u
mwiockoctu T(1 || m) (Puc. 5.10).

4,=1,

ﬁ\\
N\

\\\%"J
\
)
|||
RS

/

o

I

Puc. 5.10 [TocTpoenue muHUM TIEpEeCceUEHUs TNTIOCKOCTEN

—_——

JInst  TOCTpOEHUsT  HMCHOJIB3YIOTCA ~ BCIIOMOTAaTelIbHbIE  (PPOHTAIBHO
npoekTupynme miockoctu A u A", koropeie Ha (PpoHTanbHON [T
IPOXOJAT MO (POHTATBLHBIM MPOCSKIMIM TapaUIeIbHBIX MPAMBIX | 1 m,
3aal0luX TUiockocTh 7. BcemomorarenbHas IMIIOCKOCTh A' mepecekaer
3aJIaHHYI0 TIOCKOCTh DP(ABC) 1o nmuanu 12 . ['opu3oHTaIbHAS MPOSKITUS
3TOU IPSIMOM MepeceKaeT TOPU30HTANIBHYIO MPOCKIMI0 MpsMoi | B Touke
E,. Ota Touka umercs Ha GponTansHol I1IT Brosb nunuum cBsizu. Touka E
sBisgeTcsa oomen s maockoctd D(ABC) wu T(l || m). Takum obpazom,
ATa TOYKA SIBIAETCA OJHOM W3 TOYEK JIMHHUM IEPECECUCHUS IUIOCKOCTEH
D(ABC) u T(l || m). Taxxke HaiineHa Touka F nepecedyeHus miockoctu A"
c npssmo M. Touka F Takxke SIBISIETCA TOYKOW JUHUM TEPECEUECHUS
mockoctelt D(ABC) wu T(l || m). CoequHenue noyiydeHHbIX Touek E u F
NpAMOM JTA€T KMCKOMYIO JIMHHUIO IIEPECEUYEHHS 3aJIaHHBIX IUIOCKOCTEMN
DP(ABC) u T || m).
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[Ipumep 5.8: IlocTpouTh JHMHUIO TIEPECEUCHUS JBYX IIJIOCKOCTEH,
sanannbix cnenamu: X(f;h) n A(f' ;') (Puc. 5.11).

/(
Th

s

" h,

Puc. 5.11 TloctpoeHue TMHUN TTEPECEUECHHUSI TNIOCKOCTEN

Toukn nuHEE nepecedenus, 310 ()M mepeceueHuss TOPU3OHTAITBHBIX
cieqoB h u h' 3amanabix orockoctedt u ()N mepecedeHust GpoOHTAITBHBIX
cienoB f u f'. Coenuaenne >Tux TOYEK Ha COOTBETCTBYIONIUX TUIOCKOCTSIX
MPOEKIMHI JAET MPOEKIUHU JUHUH NIEPECCUCHHS 3aJAHHBIX TUIOCKOCTEM.

5.3 lNepece4yeHue npsimou u nrockocmu. To4yka
nepeceyeHusi

PaccMOTpUM — YacTHBIM — cioydad, korga HeoOxommmo Hadtu ()K
mepecedeHrs NpaAMO  obmiero monoxkeHus | W rOpH30OHTANBHO-
HMPOCKTHPYIOMIEH MI0CKOCTH 2.
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[Tpumep 5.9: ITocTpouts TouKy nepecedenus npamoii | ¢ ropusonransho-
npoekTupyromieit mrockocteio 2 (Puc. 5.12):

/2

T—

2

T\

g

Puc. 5.12 Ilepeceuenune npsiMoii ¢ MPOCKTUPYIOMICH TTIIOCKOCTHIO

[ToctpoeHune BechMa mpocToe. Tak Kak MPOSKTUPYIOMIAs IIOCKOCTh 2
00J1aaeT COOMPATENbHBIM CBOMCTBOM, TOUKA €€ IepecedeHus ¢ TuHuei |
HaXOJUTCSA KaK TOYKA ICPECEUCHUs TOPU3OHTAIBHOTO ciema 21
IUIOCKOCTH M TOPU3OHTaNbHOM npoekuuu |y munaun. ®poHTansHas
POEKIMS TOYKH IIEPECEUCHNE HallieHa BOJIb JINHUH CBSI3H.

I[J'ISI MMOCTPOCHHUA TOYKH IICPCCCUCHUA HpOI/ISBOHBHOﬁ HpSIMOﬁ C
INJIOCKOCTBIO 06HI€FO ITOJIOZKCHHUS B KaUC€CTBC BCIIOMOI'aTCJIIBHOI'O 3JIEMCHTA
CICAYCT UCII0JIb30BATH BCIIOMOT'ATCIIBHBIC ITPOCKTUPYIOIIHUC IIJIOCKOCTH.
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[Tpumep 5.10: TlocTpouts TOUKy mepecedeHus MnpsamMor M ¢ MIOCKOCThIO

A(ab) (Puc. 5.13).

2 11,2 =m

m,=
‘<’ 2 N Alanb) => |

5
K
> %
- 2 <_ ¥
X \
/
4 \> A, 2,
LT

Puc. 5.13 Ilepeceuenus mpsiMoii ¢ MIOCKOCTHIO

I[J'I}I IMOCTPOCHUA HUCITIOJIb30BaHa BCIIOMOTI'aTcibHasi (prHTaJ'II)HO'
IMPOCKTHUPYIOIIAs IIJIOCKOCTDH 2, npoxoasdias yepe3 JUHU M.

Jluaus | mepecedyeHuss miockoctelt 24 JEKHUT B OJHOH IUIOCKOCTH C
npsAMOM M, Tak Kak BCIOMOTaTelbHAas IUIOCKOCTh CHENUAIBHO ObLla
nmpoBeAicHa 4epe3 mpsamyro M. CrenoBaTenbHO, HAXOASCh B OJHOM
IUIOCKOCTH, MpsMbIe | 1 M, eciii OHU MepeceKyTcs, TaayT TOUKY, KOTopas
OyJleT UCKOMOU TOYKOW NepeceueHus 3aJaHHbIX MPSIMON M U IIOCKOCTH
A. Eciu npsimbie | 1 M okakyTcst mapajiebHbIMH, 3TO OyJeT O3Ha4aTh,
YTO 33/IaHHBIC MPsIMasi M U MJIOCKOCTh A — NMapaJlIeIbHBI.
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Tema 6 B3aumHoOe nornoxeHue reometTpuyeckux dwmryp.
MepneHAUKYNAPHOCTL ABYX MPAMbIX (NpoeKkuuu
npsAsMoro yrna), nNpsAMOM U MNJZIOCKOCTU, ABYX
NJSIOCKOCTEMN.

6.1 lpoekyuu npsimMo20 yana

Teopema: Eci ogHa cTOpOHa OPSMOTO Yrijia HapajuiesibHA IIOCKOCTH
MPOEKIIUM, TO HA ATOM IJIOCKOCTH MPOCKIUN MPSIMOM Yroj u300paxKaeTcs
0€3 NCKaKCHMUSI.

CaeacTBue: [1B€ CKpEIIMBAIOLIMECS NPSIMbIE  COXPAHAIOT  CBOIO
NEPHNECHINKYISIPHOCTh HA IUIOCKOCTAX MPOEKIMU, €CIW OJHAa U3 HHX
napasuiesibHa 3TOM IJIOCKOCTH MPOEKIIHMA.

Onpeaesnenue: ABe B3aMMHO | MepeceKaronuecs: Uik CKPEeInBaronnecs
IpsIMbIE COXPAHSIIOT CBOKO TMEPINEHIUKYJISAPHOCTh HAa TOPU3OHTAIBLHON
(ppoHTaNbHOM) TIOCKOCTH TPOCKIMNA, €CIIM OJHA W3 JOTUX MPAMBIX
SIBJIICTCS TOPU30HTANIBIO ((hpoHTAIBI0) (PHC. 6.1).

. all 1y
ﬁg U||H1, alb ULZ72
an b= alb, alb =a, 11,
a
4 a,
ﬁZ
X
b
&
57
Puc. 6.1 ITpoekuu npsiMoro yria
6.2 JluHusi ckama

[Ipsimast, mnpuHamIekKam@as IUIOCKOCTH, YroJd MEXAYy KOTOpOM |
ropu3onTanbHOM [1I1 sBaseTCss HanOOIBIITUM, Ha3bIBACTCS JTUHHUEH CKaTa.
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JInHus cKkara ABISIETCS JIMHEWHBIM 3JIEMEHTOM IIOCKOCTH, UCTIOIb3YEMbIM
IPU ONPEJCIICHUN BEJIWYMHBI JBYTPAHHOTO YIJIa MEXAY 3aJaHHOMU
IUIOCKOCTBIO M TOpru3oHTabHOM [1I1. JInHMS ckaTa JICKUT B TUIOCKOCTH, L
JIMHUHU TIEpEeCEUYCHUs 3aJaHHOM TUIOCKOCTH C IT;.

CrnemoBaTenbHO, JUHHS CKaTa, 3TO TMpsAMas, IpHHAJICKAIas IIJIOCKOCTH,
| ropu3zonTany (rOPU30HTAILHOMY Clieay) 3Tol m1ockoctu (Puc. 6.2).

[Toctpoenue imauM ckata miockoctu @(ABC).

52 Yron wMexay JIMHUEH
cKara BM 151
TOPU30HTAILHOM 11
SIBJISIETCS] YTJIOM HAKJIOHA

’42 72 /L/Z miockoctu ABC  x

ropuszonTanpbHOM 111

5y

Puc. 6.2 JIunus ckara mioCKOCTH
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3amaya: OnpenenuTs yroi Mexay miockocteio @(ABC) u I1, (Puc. 6.3).

1,
\ 5
A, | 72 fy
A
(
Y \
|
A, /
uf (;
a
oSy

/5

1y

Puc. 6.3 Onpenenenue yria HakJIOHA MIIOCKOCTH K MJIOCKOCTH
MPOCKITUHU

6.3 lMepneHOuKkynapHocmb npsAMol U niocKkocmu

N3BecTHO, 4TO, ecnu mpsiMasg | ABYM MeEpPECcEKaroIMMCA NPAMBIM Ha
IJIOCKOCTH, TOrJa npsmas L 3TOM INIOCKOCTH.

[Ipu mocTtpoeHnun npsMou, L MIOCKOCTH UCIOJB3YIOT JUHUU YPOBHS, T.K.
yroJl C 3TUMH MNPSMBIMU COXPAHSAET IEPIEHAUKYISAPHOCTh HAa CBOUX
TUIOCKOCTSIX TIPOEKIIUH.

58



Hpumep: Ilnockocts @ 3amaHa AByMs NEPECEKAIOMMUMUCS JIUHUSMU
ypoBHs T u h. [TocTpouTh nepneHAMKYIISP K IIIOCKOCTH.

m, /‘2 [Tpoekuus m;
nepHeHINKYIsIpa K
- /72 mwiockoctu  O(f~h)  nHa
ropuzonTanbHou 11T Oyner

NePIEHINKYIIIpHA
TOPU30HTAILHOM TMPOCKIIUU
X h; ropusonTanu. [Ipoekius

M, TepHeHAUKYIIpa K
wiockoctn ~ O(f~h)  Ha
/‘7 dbpontansHori IIII Oyxer
HNePICHINKYIIIpHA
dbpoHTANBHONM Tpoeknuu f,
¢dponranu (Puc. 6.4).

m, I m, L f,
m, L h,

—m1lehnf)

Puc. 6.4 [Ipsimas,
MEPICHIUKYISAPHAs TUIOCKOCTH

Ecnu miaockocTh 3ajaHa APYTHUM CIOCOOOM, JUISI MOCTPOCHUS JUHUH, |
IUIOCKOCTH, CHAYaJla HYKHO Ha IUIOCKOCTH ITOCTPOWUTH JIMHUM YPOBHS.
3aTeM, UCIOJb3Ysl MPOCKIUU JUHUM YPOBHS, CTPOUTH MEPHECHAUKYJIISIP K
ATOM ILIOCKOCTH.

B obwem cnyuae, ecnu mpebyemcsa nposecmu L K HIOCKOCMU HYepe3
3a0aunyro (.) npocmpauwcmea, oH He o00sA3amenvHO npoudem uepes (.)
nepecevenus TUHUL YPOBHS HA NIIOCKOCHIU.
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Puc. 6.5 [leprieHauKyISIpHOCTD MPSAMOM U

Yacmueiu cayuai.

IIJIOCKOCTHU

OoOpaTHas 3amava: yepes
()A mpoBecTH IIOCKOCTh
O_L npsmoii |, 3amanHol ee

npoekiusvu |, u 1, (Puc.
6.5).

Pemenue: nposectu uepes
(.)A mapy npsMbIX, OJHA W3
KOTOpbIX ¢poHTaThL U L
(GpoHTaTBLHOW  MOPOEKIUU
JTUHUH l, apyras
TOPU3OHTAJIb u L
TOPU30HTAILHOU TPOECKIINHU
auHu |,

MEPIEHAUKYISAP K MPOCKTHUPYIOMIEH IIIIOCKOCTH

SIBIIICTCS TMHUEH YPOBHS IO OTHOIICHHIO K cooTBercTByromen [T (Puc.
6.6). T.e., mepneHAUKYISIP K (PPOHTATBHO-IIPOCKTUPYIOIICH IUIOCKOCTH
ABJISIETCS (PPOHTAIBIO,..

£ 2,
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Puc. 6.6 [lepnenaukymisip K MpOeKTUPYIOIIEH
MJIOCKOCTH

> 11,

}:f//nz
f1X



IMpumeuanmue: [IPSIMBIE, IIEPIIEHIUKYJIAPHBIE K IUTIOCKOCTSIM,
WCTIOJIB3YIOTCS JJ1s1 ONPEICIICHUS PACCTOAHUSA MEXY (.) U TTIOCKOCTBHIO.
6.4 lMepneHOukynspHocmb 08yx nsiockocmel

N3BeCTHO, YTO IIJIOCKOCTh NMEPIECHAUKYISIPHA APYTOM TNIOCKOCTH, €CIIU €U
MPUHAUIEKUT TEPINECHAUKYJAP K 3TOM ILIOcKocTh. Ha 3TOM CBOMCTBE
OCHOBAHO MTOCTPOCHUE B3aMMHO-TNIEPIICHAUKYJISIPHBIX MIIOCKOCTEMN.

Ilpumep: 1OCTpOUTH IIOCKOCTh @, mpoxomasmryro yeped ()M
nepneHauKyasapHo miockocta A(ABC) (Puc. 6.7).

AJTOpUTM:
[lepBriit crioco6
1. B muiockoct @ CTPOSIT TOPU3OHTAIb U (DPOHTAI;

2. Uepez ()M mpoBOIsAT TIPSAMYIO, TOPH3OHTAIbHAS IMPOCKIIHS
KOTOpOM L ropusoHTanu, u GppoHTAIbHAS TIPOEKIUA L poHTANIH.

4 / B, /
2
Z
7 i
/42 Z z /\72 /772
T~
'\ [_2
A
A, ! L,
~_ Y
fi
(
Z, / My
b h
Z [ 1 6 [AB0

Puc. 6.7 [lepnenaukyssipHbIE MIOCKOCTH

3. Uepes ()M mpoBomsT BTOPYIO, KaKk YrOAHO HAIPaBJIEHHYIO
IPSAMYIO, HE COBIIAJAIONIYIO C MEPICHIUKYIISPOM.



DOTH BE TIPsIMbBIE 33]1aJTyT TPEOYEMYIO MIOCKOCTb.

[IyHKT 3 anropuTma yKa3bpIlBaeT Ha TO, YTO YEPE3 TOUYKY MOMKHO MPOBECTH
K IJIOCKOCTH OECKOHEYHOE YMCIIO MEPHNEHIUKYJISPHBIX IUIOCKOCTEH, T.€.,
ux mnydok. Jlus Toro, 4ToObl IIOCKOCTh OKa3ajach €IMHCTBEHHOM,
HEOOXOIUMO  BBEJICHHE  JOTOJHUTEIbHBIX  YCIOBUN,  HalpuMep,
MPUHAJIEKHOCTh ICKOMOM TIJIOCKOCTH HE OJHOM, a JIByX 3aJJaHHBIX TOYEK
Y T.IL

Bropoii criocob (Puc. 6.8).

I[IpoBogum 4epe3 Touky M 1Be mpsiMble, OJHA U3 KOTOPBIX
TOPU30HTaNb U | TOPU3OHTAIBHOM IPOCKUHUM OJHOM W3 CTOPOH

AABC, npyras ¢pontans u | (poHTaIbHON NPOEKIMH TOH Ke
croponsl AABC.

' y
. 0 (ABL) 1 I\ (F 1
(.
X A7 ’
g
A, : f
5 ¥ h,

Puc. 6.8 [lepnenaukyssipHbIe MIIOCKOCTH

62



Hpumep: IIposectu

TOPU30HTAILHO-IPOCKTUPYIOIIYIO

IUIOCKOCTh 2, | mmmockoctr o01mero mnonoxkeHus @, 3amaHHON ciemamu

(Puc. 6.9).

A

2

Z

/

/72 :/[7

y

Puc. 6.9 [lepnenaukyssipHbIE TIOCKOCTH
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Tema 7 MeTpuyeckue n NO3ULUOHHbIE 3agaum
HayepTaTesibHOW reoMmeTpumn

7.1 lMo3uyuoHHbIE 3a0ayu.

ConepxaHne MO3MLIHMOHHBIX 33/1a4: ONPEIEIICHUE B3aUMHOIO ITOJIOKEHHUS
r€OMETPUUECKUX (QUTYP — TOUECK, MPSIMBIX, TIJIOCKOCTEH.

Touka B [Tpsmas b [Tmockocts @
Touxka A4 A=B Aeb Aed
A=B Agb Agd
A#B; A=B,
unu
A=B, A,#B,
Konkypupyrwuwue
MOYKU.
[Ipsmas a Bea a_b aed
Bea a//b a//®
anb and
ITitockocts @ Be® be® o//0
Bz b//e dNO
bHO
7.2 Mempu41eckue 3adayu

COI[Cp)KaHI/IC N 0OCJIb PCHIICHUA MCTPHUUYCCKUX 3ajla4 Ha‘-ICpTaTeJH)HOI\/'I
reoMeTpun — ONpCACIICHUC KOJIWMYCCTBCHHO HM3MCPSCMBIX IIapaMCTpPOB
reOMCTPHUYCCKHUX SJICMCHTOB: paCCTOHHI/Iﬁ " YI'JIOB.

JInst pemieHns METPUYECKUX 3a7ad HEOOXOAMMO BbIOpATh WIIM MOJYYUTh
MOCTPOCHUSIMU TAKOE MOJOKEHHE T€OMETPUUECKUX (PUTYp, MPU KOTOPOM
UCKOMBIE 3JIEMEHTBI OTOOpa)XaroTCsi B HATYpalbHYI BEJIMYUHY U MOTYT
ObITh HM3MEPEHBl HEMOCPEACTBEHHO METPUYECKUM HHCTPYMEHTOM.
Hamnpumep, reomerpuyeckre GpUrypsl IpoeKTUPYIOTCA 0€3 UCKAKEHUS, B
HATYpaJIbHYIO BEJTUYMHY U MOTYT ObITh U3MEPEHBI TOT[a, KOTa OHM JIekKaT
B IUIOCKOCTH ypOBHS. ECTh Japyrue 4acTHble NMOJIOXKEHUs (Uryp, KOraa
HEO0OXOUMBIE ISl UBMEPEHUS AIIEMEHThI IPOCKTUPYIOTCS 0€3 UCKAKEHUS.
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Hwmwxke paccmoTpeH Habop 0a30BBIX BapUAHTOB MOJIOKEHUM (GUTYp IO

OTHOILIEHUIO K IIJIOCKOCTSAM TMPOCKUWHA, TMPU KOTOPHIX peIIaloTCs
METPUUYECKHUE 3a]]aUU.

7.2.1 Mpawmas.

Otpesok npsmoit npoektupyercd Ha [III B HaTypanbHy0 BEIUYHUHY, €CIIU
OH siBJIsieTCs TnHuel ypoBHs (Puc. 7.1).

A B,

Hl
5,
Puc. 7.1 JIunus ypoBHS - 20puzonmas

7.2.2 TpeyronbHUK, u apyrme ourypbi Ha NNIOCKOCTU YPOBHA.

JIrobas ¢urypa Ha IIOCKOCTH YPOBHS TPOEKTUPYETCS Ha «CBOIO»

TUTOCKOCTh TIPOEKITMH B HATypaJlbHOM BHUJE (B HATypadbHYIO BEIUYHHY)
(Puc. 7.2).

A, B, G

HE

5,

Puc. 7.2 TpeyrojibHUK Ha TOPU3OHTAILHON TJIOCKOCTU YPOBHSI
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7.3
7.3.1

7.3.2

66

OnpedeneHue yanoe

Yron nepeceveHus.

Kak w3BecTHO, 1BE TEpeceKaromuecs NpsMbIe 3aJal0T TIOCKOCTb.
Ecmn »3Ta TUIOCKOCTP TIO  YCIOBHIO WIHM B PE3yJIbTaTe
JOTOJTHUTENBHBIX TIOCTPOCHUHN 3aHsIa TOJIOKCHHE, MMapalieIbHOE
TUTOCKOCTH TIPOEKIINU, TOTJIa OHA SIBIISACTCS TUIOCKOCTHIO YPOBHS W
yroJl MEXIy NPSIMBIMM Ha JTOW IUIOCKOCTH IPOCKTHpPYETCs 0e3
UCKa)XEHUs, B HATypaiabHyto Beanunny (Puc. 7.3).

L=m, A

Puc. 7.3 Yron Mexay npsSMbIMHA Ha TOPU30HTAIBHON TUIOCKOCTH YPOBHS

Yron cKpewmnBaHnA.

Yron Mex1y CKpEeIUBAOIIMMHUCS MPSIMBIMUA ONPEAENSAETCS KaK yroJl
MEXy IEPECEKAIOIIMMHUCS NMPAMBIMU, OJHA W3 KOTOPBIX 3a/JaHa, a
Apyras IIOJy4eHa Napajule]bHBIM IIEPEHOCOM BTOPOM 3aJaHHOM
OPSIMOM IO TIEPECEUEHUS C MTEPBOMA.

Ecnmm naBe ckpemuBaroImmecs MpsSMbIC TMapauiedbHbl ITUIOCKOCTH
IPOEKIIMH, TO €CTh, SBJISIOTCS JIMHHSAMH YPOBHS, TOTJa YIoJl MEXIY
HUMHU OyJeT TaKoW jKe, KaK W yrojd MEXAy MNPOCKIUSIMH 3THX
IPSIMBIX Ha «CBOIOY TIOCKOCTH npoeknuii (Puc. 7.4).



6#, i

Puc. 7.4 Yron mexny CKpelBarOIUMHKCS MPIMbIMUA

7.3.3 [lpsmown yron.

[Ipsmoil yron npoeKTUpPyEeTCS B HATYPAIbHYIO BEJIIMUYUHY, €CIIH XOTS
Obl OJJHA CTOpPOHAa ATOTO yIJla MapajielibHa IMJIOCKOCTH MPOEKIIHM,
T.C., ABJIACTCS JUHUEH ypoBHs (cM. 6.1).

7.34  Yron mexay NpsiMOM U NJIOCKOCTbIO

Kak u3BecTHO, yroia Mexay NpsMOW M IUIOCKOCTBIO ONPENECISAECTCA Kak
YTOJI MEXy TIPSIMOM U €€ MPOEKIMEN Ha ATY IUIOCKOCT.

st Toro, 4toObl yrojl MexAy HpsIMOM M €€ MPOEKUHMEeW Ha 3alaHHYIO
IJIOCKOCTh OTOOpa3WjICs Ha IUIOCKOCTH MPOEKIUMU B HATYypPAIbHYIO
BEJIMYUHY, HY>KHO, YTOOBI IIpsiIMasi ¥ €€ MPOEKIMA Ha 3aJIaHHYIO TUIOCKOCTh
ObLITM TapaJuIeIbHbI 3TOW IIOCKOCTH MPOEKIIUH.

OTO BO3MOXHO B TOM CJIyd4ae, €CIM 3aJaHHasg  IUIOCKOCThb
MEPIEHAUKYJISIPHA  IUIOCKOCTM  MPOEKIUM, TO  €CTh  SIBIISIETCSA
IPOSKTHPYIOIICH IIOCKOCTHIO, a 3afaHHas npsMas JuHuei ypoBHs (Puc.

7.5).
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Puc. 7.5 Yron mexny
IPSIMOM M IJTOCKOCTBIO

O(AEAD)_/ STAABC):
O /b= 2Lk
AE/\ZZ ZE2A2D2

7.3.5 Yron mexay ABYMSA NMSIOCKOCTAMM.

[To onpenenennto, MEpOU ABYTPAHHOIO yIjla MEXIY IABYMs ILIOCKOCTAMU
SBJISIETCS JIMHEWHBIN Yroy, 0Opa30BaHHBIN NBYMS JUHUSIMHU NEPECCUCHUS
3aIaHHBIX TIOCKOCTEH TPEeThel IJIOCKOCTHIO, MEePIECHAUKYIIPHOH 000UM
3aJJaHHbIM IUIOCKOCTSIM. Takas TPEThs IIOCKOCTh oyner
NEPHECHAUKYJISAPHA  JIMHUM  B3aUMHOTO  MEpPECEYCHUs  3aJaHHbIX
TUIOCKOCTEN.

JIByrpaHHbBIil  yroja CIHPOEKTUPYETCS HAa IUIOCKOCTh NPOCKUUN B
HaTypaJdbHYIO BEJIIMUUHY, €CJIU OYAET JeXKaTh B IIIOCKOCTH, apaieIbHON
IUIOCKOCTU TMPOEKUUMU. [[JIs1 3TOro JIMHUS TEPECEUYEHUST 3aJTaHHbBIX
IJIOCKOCTEM  JOJDKHA OBITh  MEPHEHAUKYJISIPHOM ITOM  IJIOCKOCTH
npoekuuu. Torga o00e  3amaHHbBIe  TUIOCKOCTH — TakXke  OyayT
MEPHEHAUKYISAPHBI K 3TOM IUIOCKOCTH MNPOEKIuU. To €cTh, i TOro,
yTOOBl JABYIPAHHBIA Yrojd MEXJy IUIOCKOCTAMHU MPOCKTUPOBAICS B
HAaTypajdbHYIO BEJIWYHUHY, OHH JOJDKHBI OBITh MPOCKTUPYIOIIUMU
miockoctssmu (Puc. 7.6).
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a= AABC)NX | m); alLll, = O@LI1; Q2111
Puc. 7.6 Yron Mexay IByMsl TNIOCKOCTSIMH
7.4 OnpedeneHue paccmosiHul

7.4.1 PacctosiHne mexay ABYMSA TOYKaMu

Ecnu nBe TOYKHM OJMHAKOBO YAAJICHBI OT TUIOCKOCTH MPOCKITUH, T.€. JIEHKAT
B IUIOCKOCTH, ITApAJUICIBHON TUTIOCKOCTH TIPOCKIIUU, TOT/Aa OTPE30K
NPSIMOM, COCAUHSIOMNNA O3TH TOYKH CIPOCKTUPYETCS Ha IUIOCKOCTH
NPOCKINK B HaTypalIbHYIO BEIWYMHY. J[JTMHA TIPOEKIIMU OTpe3Ka, Oyaydu
PaBHOH JJTMHE CaMOT'0 OTPE3Ka, CTAaHET MEPOH PAaCCTOSHUS MEKIY JIBYMS
toukamu (Puc. 7.7).

A, 5,

B,
Puc. 7.7 PaccrosiHre MeXay TOUYKaMHU

69



7.4.2 PaccTtosiHue mexay TOYKOM U NPSAMOn

[Ipu ompeneneHun pacCTOSHUS MEXKIY TOUYKOW U MPSIMONM MOTYT OBITh
PacCMOTPEHBI TPU TUIIOBBIX CIYy4as:

1. Tlpsimast ~ siBisieTcst  mpoekTupyromieid. Torma neprneHauKyIsp,
ONYLIEHHBIA U3 TOYKHU HA MPIMYIO, SABJIAIOLIMKACI MEPON PACCTOSHUS
MEXy TOYKON M MPAMOM, OyIeT mapajuiesieH IIIOCKOCTH MPOEKIIUH,
T.e. OyJ€T JUHUEH YpPOBHS. DTOT MEPHEHIUKYJSP CHPOCKTUPYETCS
Ha TUIOCKOCTh MPOCKIMH 0€3 HCKaKEHUST W ATa MNPOCKUUs OyaeT
MEpPOH pacCTOSTHHUS MEX Iy TOUKO# 1 npsimoii (Puc. 7.8).

7

54,
Puc. 7.8 Paccrositnue ot Touku a0 npsimoit. Ciyyait 1

2. Touka u mpsiMast 3a7al0T TJIOCKOCTh, B KOTOPOM TIpsiMasi SIBJISIETCS
JMHUEN ckara. Torjga nmepneHauKkyJisip, MPOBEACHHBIN U3 TOYKU Ha
MPAMYIO OKQXKETCS JIMHUEW YPOBHSA U CIIPOEKTUPYETCS HA IUIOCKOCTh
IPOCKIIMK B HaTypaibHyI0 Benmuuny (Puc. 7.9).
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5y
Puc. 7.9 Paccrosiaue ot Touku g0 npsamoit. Ciydvaii 2

3. Touka wu mpsmas oOpa3yloT IUIOCKOCTh ypoBHS. Torma
reomMeTpuyeckue (Qurypbl Ha IUIOCKOCTH, B TOM UHCJIE W
NEPIECHINKYJISAP, ONYIIEHHbIA M3 TOYKM Ha TMpsMyro, Oyaer
IIPOEKTUPOBATHCA B HATYPAIbHYIO BEJIMUUHY.

4K

5 ;

5
Puc. 7.10 Paccrostnue ot Touku a0 npsimoit. Cirydait 3

7.4.3 PaccTtosiHue OoT TOUYKM A4,0 NNOCKOCTHU

Jnst Toro, 4ToOBI OTPE30K, SBISIIOLIAICS MEpPOM PACCTOSHUST MEXKIY
TOYKOM W IUIOCKOCTBIO, CIIPOCKTUPOBAJICS B HATYpPaIbHYI BEIWYUHY Ha
IJIOCKOCTh MPOEKIIMU, HEOOXOJUMO, YTOObI OH ObLI JIMHUEH YPOBHSI MO
OTHOILIIEHUKD K A3TOM IUIOCKOCTHM mnpoekuuu. [lo ompeneneHunto Takou

71



OTPE30K, 3TO TEPICHIUKYJSAP, ONYIICHHBIH W3 TOYKH Ha 3aJaHHYIO
TUIOCKOCTh. [IepleHAUKYISAp K IIOCKOCTH OYJIET JIMHUEH YPOBHS, €CITN ATa
TUTOCKOCTb SIBJISCTCS MpoekTupyromen (Puc. 7.11).

744
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Puc. 7.11 PaccTossHue OT TOUKHU J0 IJIOCKOCTH

PaccTosiHue Mexay napannesibHbIMU NnpAMbiMU

[Ipn ompeneneHnn pacCTOAHUA MEXAY MapaJUICIbHBIMUA MPSAMBIMA MOTYT
OBITh PACCMOTPEHBI YETHIPE TUIIOBBIX CIyYasi:
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1. ITapannenbHbie

npsiMble 00pPa3yroT
IJIOCKOCTh YPOBHS.
Torna B3auMHBIN
MEePIEHIUKYIISP
MEXTY
napasuieIbHbIMU
PSMBIMU
CIIPOCKTUPYETCS Ha
MIJIOCKOCTh
MPOEKINU 0€3
uckaxkenus (Puc.

7.12).

4, M G NB 0
// B,
" @
’4/
y
G

Puc. 7.12 PaccrosiHue mexmy
napasuiesIbHbIMU npsiMbiMu. Citydait 1



2. IlapamienbHble MOpsIMbIE SIBJISIOTCS TMPOCKTUPYIOIIUMHU JIMHUSIMU.
Torma nepneHAUKYISIp MEXKIYy HUMH OyAeT JWHHUEH YpOBHSA H
CIIPOEKTHUPYETCS 0€3 NCKAKECHUSI.

L My
A, 5,
X
A=ty ®
B,=m,

Puc. 7.13 PaccTosiHue Mexay napajiebHbIMU MpsiMbiMu. Ciyyait 2

3. [lapamtensHble  TpsAMBIE  SBISIIOTCSA ~ JIMHUSIMH ~ YPOBHSL.,
PHHAJICKAIITIMHU IPOCKTHPYIOMIEH TUTOCKOCTH. Tornma
NEPICHAUKYJISAP MEKIYy HUMH SBISICTCS MPOCKTUPYIOMIEH MPSIMOM.
Ha jgpyroif IUIOCKOCTH HPOEKIUU IMPOCKTUPYIOIAs IMpsMast
OoTOOpakaeTcs B HaTypalbHyI0 Bennuuny (Puc. 7.14).

Ay ' 5

)
e

L M,

Ay

Puc. 7.14 PaccTostHue Mexnay napayuiebHbIMU NpsMbiMu. Cyyai 3



7.4.5

4. [MapannenbHble TpsiMble OOpPA3yIOT ILJIOCKOCTh, B KOTOPOW OHU

ABJISIFOTCSL JIMHHUSIMHA cKata. Torja NepOneHIuKyJslp MEXIYy HUMH
oyner Ha IIII wu300paxarbcsi Kak NEPHECHIUKYISP MEXKIY
OPOCKIUSAMU 3TUX TpsAMbIX. OH OyJeT SBIATHCS JIMHUEH YPOBHS,
NpOEKIUs KOTopoi He uckaxaercs (Puc. 7.15).

Puc. 7.15 PaccrostHue mexay napajuienbHbIMU NpsiMbiMu. Ciyuaii 4

PaccTosiHue Mexay cKpewunBarowmmMmncs npamMmbimu

[Ipn ompeneneHun pacCTOSIHUAS MEXAY CKPCIIMBAKOIIUMUCS TNPSIMBIMHU
MOTYT OBITh PACCMOTPEHBI JIBA TUIIOBBIX CITydasi:
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1. Mepoii paccTOIHUS MEXAY CKPEIIUBAIOIIUMHUCS NPSIMBIMU SIBISETCS

ux OoOmUA MNepHneHAuKyJIdap. ODTOT MNEPHEHAUKYJIAp OyneT
nzob0paxarscs Ha [II1 B HaTypanbHYI0 BEIUYUHY, €CIIU OH SBIISETCS
JUHUEW YpPOBHA. OTO BO3MOXHO TOrJa, Korjga OJHA U3

CKPCUIMBAIOIIUXCS TPSIMBIX SBISCTCS TMPOCKTUPYIOMICH MPSMOM
(Puc. 7.16).
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Puc. 7.16 PaccTosiHue Mexay ckpeniuBaromumMucs npsambiMu. Cirydaid 1

. O0mMii  MepHneHIUKYISIp MEXIAYy JBYMS  CKPEIIUBAIOIIAMUCS
MPSIMBIMU  OKQXETCA JINHUEW YpPOBHS, €CIH JIBE IMapasjielbHbIC
IJIOCKOCTH, B  KaXJA0M M3  KOTOPBIX JICKUT OJIHA U3

CKPCIIMBAOIIUXCA IMPAMBIX, 6YI{YT IMPOCKTUPYIOMNMU INNIOCKOCTAMU
(Puc. 7.17).
B, 0,

6 N,

O
yan
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Puc. 7.17 PaccTosiHue Mexay CKpenuBaromuMucs npsaMbiMu. Ciyyai 2
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7.4.6 PaccTtosiHue mexay NpsAMOn N NIOCKOCTbIO

Paccrosgnne Mexay nOpAIMOM M TMJIOCKOCTBEO HMMEET T€OMETPUUYECKUU
CMBICJI, TOJIBKO €CIIA MpsiMasl NapajuielibHa ITLIOCKOCTH. [leprienaukyisp,
OMYIIIEHHBI M3 JIFOOOW TOUYKM MPSAMOM HaA TIJIOCKOCThb, OYJET JIMHUEH
YPOBHSI, €CJIH 3aJaHHas TUIOCKOCTD SABIIIEeTCS MpoekTupytomei (Puc. 7.18).

% 0,

6

O
s

\ ;
M \
b

5y

Puc. 7.18 PaccTossHre Mexay mpsMOi U IMII0CKOCTHIO

7.4.7 PaccTosiHue mexay ABYMA napannesibHbIMU NJIOCKOCTAMM

[lepieHauKyassp  MeXAy  JIByMs  IapajuIeIbHBIMU  IUJIOCKOCTSIMH,
SBJISIFOIIMIICSA MEPOM pacCTOSIHUA MEXJIy HUMHU, OyJe JIMHUEH YPOBHS,
MIPOCKTUPYIOMIENUCSA B HATYPAIBHYIO BEJIMUMHY, €CJIU 3a/IaHHbIE TUIOCKOCTH
npoektupytonue (Puc. 7.19).
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Puc. 7.19 Paccrosinue mexay napaiebHbIMU IJIOCKOCTSIMU
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Tema 8 MeToabl npeobpa3oBaHNA KOMMJIEKCHOrO 4YepTexa.

8.1

Cnoco6 3amMeHbI NNOCKOCTEN NPOEKLUN.

Memood npeobpa3oeaHusi npoekyul. Uenb u cyms.

B peanpHOCTH TreoMeTrpuueckue (QUTYpbl MOTYT 3aHUMaTh pa3HOE
MOJIOKEHUE, dYalle oOIlee, YTO 3aTpyAHSET pelIeHWe METPUUECKUX U
MO3UITMOHHBIX 3anay. [leap meroma mpeoOpa3zoBaHUsi MPOEKIMN — Tak
U3MEHUTh CUCTEMY NPOCKTUPOBaHUA (PUTYpbI, YTOOBI (Urypa B HOBOM
CUCTEME 3aHsJIa YAaCTHOE IIOJOKEHUE TaKoe, MPU KOTOPOM MPOCTHIM
U3MEPEHUEM MOTYT OBITh MOJIYUYE€HbI METPUUYECKHUE MTapaMeTPhl GUTYD, WU
MOKHO Cpa3y MOHATHh B3AUMHOE MOJIOKEHUE Uryp.

V3MeHeHne CUCTEeMBbI MTPOSKTUPOBAHMUS MOXKET OBITh pEaM30BaHO JIBYMS
OCHOBHBIMHU CIIOCOOAMMU:

1. 3amena mmockocted mnpoeknuil. I[Ipum 3TOM crmocoOe MonIoKeHue

00BEKTa IMPOCKTUPOBAHUA  OCTACTCA  HCU3MCHHBIM, BBOIATCA
JOITIOJIHUTCIIBHBIC ITIJIOCKOCTH HpOCKHHﬁ.

2. Bpamienne, coBMeIIeHNE WIHM TUIOCKOIApAJIICILHOE MepEeMEIIeHHE
¢uryp. Ilpum peanuzamum >TOM TpyHmbl CHOCOOOB CHCTEMaA
IJIOCKOCTEH  MPOCKIHMH  OCTAaeTCs HEUM3MEHHOM, HM3MEHSCTCS
MoJI0KeHUe (PUTYp OTHOCUTEIILHO HEe.

8.2 Cnocob6 3amenni II1.
7 Paccmorpum B cucreme
miockocrerd npoekuuu I1/11,
A TOUKy A. Ee mpoeknuu B 310N
| 4 cuctreme A, u A,. BBGI[GI\:I
A, HOBYIO TIJIOCKOCTH IPOEKIIHM
X, [[4“ I I, II,. Touka A Oyner B
I & ATOU TIOCKOCTH HMETh
A npoeknuio A4 (Puc. 8.1). Tak
KaK  BBICOTA TOYKH  HE
I Q‘\ i ? U3MEHUJIACK, OTCTOSTHHEC
npoekuuu A, Touku A na I,
\@ ot mockoctu IT; Gyner Takoe

/8

’Ke, KaK Ha MJIOCKoCcTH I1,.
Puc. 8.1 3amena I1, na I1,



A1 Ecnu passepnyth mockocts I,
ma 90" JI0 COBMENIEHUS C
IIOCKOCTBIO 11, JIMHUS
TIEPECCUCHUS IIOCKOCTEH
npoekuuii Ilh u I, 6yner oceio
X X14. JIMHUKM TPOEKTUPOBAHUS
touku A Ha I, n I, o6pa3yroT
JTUHUIO CBSI3U MEXTY
A; MPOCKIUAMUA TOYKU A; U Ay B
HOBOU CUCTEME

npoextupoBanus IT,/I1, (Puc.
8.2).

g
A
Puc. 8.2 Touka Ha HOBOI

IIIIOCKOCTH HpOGKHI/Iﬁ Ha
IMIPOCKINOHHOM YCPTCIKE

AHaJIOTUYHO MOXKHO clienaTh 3aMeny 1iockoctu I, na Ils i I3 na I,

bonee TOro, MOXHO cIelaTh MOCIEAOBATEIBHO HECKOJIBKO 3aMEH
MJIOCKOCTEM MPOEKIIMi, COOJII0Iast MPABUIIO PAaBEHCTBA KOOPAMHAT TOUYKHU B
3aMEHSIEMON U B HOBOW TIOCKOCTH IIPOEKIIHH.

MeTpI/IIIeCKI/IC 3aJa4r, pPCIIacMbIC CIocOOOM 3aMeHBI INIOCKOCTEH
HpOCKHHﬁ, MOI'yT OBITH CBCJICHBI K YCTBIPEM OCHOBHBIM 3aJa4aM.

3amaya 1. IlpeoOpa3zoBaTh uyepTex Tak, 4YTOOBI mOpsiMas OOMIEro
MOJIOKEHUSI CTaja MapajuieIbHOM HOBOM IUIOCKOCTH MPOCKIUM (JTMHUEH
ypoBHs) (Puc. 8.3).

Pemienue:

AB — nipsiMasi 00111eTO TTOJI0KEHUS
X14//AIB; 11, L I1;
H4//AB = A,B, = AB;

a=(AB)II,



A\
A\

Puc. 8.3 IIpeoOpazoBanne 00111er0 MOT0KEHUS MPSIMOIN B 4aCTHOE
(mpsiMasi ypoBHS1) 3aMEHOM TJIIOCKOCTH MPOESKIUU

3agaua 2. IIpeoOpazoBaTh uepTeXK TaK, 4YTOOBI IIJIOCKOCTb, 3ajJaHHAsS
TpeyroJbHUKOM ABC cTaia B HOBOM CHCTEME MPOCKTUPOBAHUS
npoektupytomieit (Puc. 8.4).

Pemienue:

Jnst toro, 4ToObl TIOCKOCTE ABC cTama NOPOEKTUPYIONICH, HOBas
miockocTh npoekiuu I, B cucreme I1/Il, nomxHa ObITh | TJIOCKOCTH

ABC. D10 ycioBue BbInodHsiercs, ecnu I, Oyner 1 nuHUM ypOBHS,
napaienbHoi 1y, T.e. ropusoHTaNM.

3a0HO MOJIYYEHO 3HAYE€HUE YyTIJia O HakioHa I[uiockocth ABC k
TOPU30HTAILHOM IUIOCKOCTH MPOEKIMU. B pemeHnn wucnonab3yercs
CBOMCTBO COXPAaHEHUS MPSAMOTO yriia C JUHUEN YPOBHS.

Takoe nmpeoOpazoBaHue UCTIONB3YETCA ISl ONPEICTICHUS
1. YrinoB HaKJIOHA IJIOCKOCTH K IUIOCKOCTSIM MPOEKIINI;
2. PaccTosiHMSI OT TOUKH JI0 TNIOCKOCTH;

3. Paccrosuus MCKIY IapaJUICJIbHBIMHU IINIOCKOCTAMM.
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7

Puc. 8.4 TIpeoOpazoBanue 00111ET0 MOJTOKEHUS TIIIOCKON PUTYpPHI B
JacTHOE (IMMPOCKTHPYFONIAS MJIOCKOCTh) 3aMEHOM TIIOCKOCTH IMPOCKITUH
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3amauya 3. [IpeoOpa3oBarh MJIOCKOCTH MNPOCKIHUM Tak, 4TOOBI TpsiMas
OOIIEero TOJIOKEHHSI CTajla MPOCKTUPYIOLEH Ha HOBYK IUIOCKOCTh

5,

A\N
\\

MPOEKIMH (
Puc. 8.5).

Pemienue:

B oOmem ciydae peinieHue TpeOyeT BBIMOJHEHUS MOCIEI0BAaTEIbLHO IBYX
3aMEH IUIOCKOCTel mpoekuuu. [lepBasi, ajist TOro, 4ToObl JIMHUA cTajna
JIMHUEW YpOBHA, T.€., MapajyIeIbHOM IUIOCKOCTH IIPOeKUuU. Bropas
3aMeHa Jenaetca Ha miockocts IIs B cucreme II/IIs, | mnomyyeHHON
JIMHUU YPOBHSI.
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Puc. 8.5 IIpeoOpazoBanue 00111€T0 MOJI0KEHUS MPSMOIN B YaCTHOE
(mpsimMast ypoBHsI) IBYMsI 3aME€HAMU TIJIOCKOCTH MPOEKIINH

Takoe HpCO6p330BaHI/IC HCIIOJBb3YCTCA IJIA OIIPCACIICHUA, HAIIPUMCED.

® DPACCTOSIHUS MEXKY TOUYKOHN U MPSIMOW;

® PACCTOSIHUSI MEXAY ABYMsI CKPEUIMBAIOIIMMUCS MPAMBIMU (OJIHA U3

NPSAMBIX JEJIA€TCsl MPOEKTUPYIOLEH M MCKOMOE pacCTOsSHUE Oyaer
NEPICHINKYIAPOM, IPOBEICHHBIM U3 TOYKH, B  KOTOPYIO
CIIPOEKTUPOBANAch NepBas npsmMasi, 10 MPOCKIUHU BTOPOH NPsIMOil);

BEJIMYHMHBI JIBYTPAHHOTO yriia (MPOEKTUPYIOIIEH [EJIaeTCs JIUHUS
nepecevyeHus: AByX IUIOCKOCTEH M MCKOMBIA yroa OyneT JUHEHHBIM
YIJIOM MEXIYy ClelaMd IUIOCKOCTEH, KOTOpPbIE  CTaHOBATCA
POEKTUPYIOIUMHU Ha HOBYIO TUIOCKOCTH ITPOCKIIHH).

3anaya 4. 3aMEHUTH TJIOCKOCTH MPOEKITUN TaK, YTOOBI TIJIOCKOCTh OOIIIETO
nojoxennss G(ABC) oxazanach mapasieIbHOM OJHOM W3 IJIOCKOCTEN
MPOEKIUK. DTO JaCT HATYypalbHYIO BEJIUUYUHY (PUTYp, PACIOJIOKEHHBIX B

mwiockoctu & (Puc. 8.6).
Pemenue:

I[HSI 9TOIr'0 HYKHO CACJIATh ABC 3aMCHBI IINIOCKOCTHU IIPOCKIINH.



[TepBas Tak, 4To0bI IIOCKOCTEL () cTana NpoeKTUPYIOLIEH,

Bropas Tak, 4ToOBI IMJIOCKOCTh MPOEKIIMHU CTaja MapauieIbHONW MIOCKOCTH

o.

Puc. 8.6 IIpeoOpa3zoBanue 0011IEro MONT0KEHUS MIIOCKON QPUTYpHI B
MOJIO’KEHHUE TUIOCKOCTH YPOBHS ABYMS 3aMEHAMHU TJIOCKOCTH MPOESKIIUU
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Tema 9 MeToabl BpaweHUst reomeTpuyeckux  curyp.

9.1

Cnocob6 coBMelleHus.

BpauweHue 80Kpya ocu, neprneHOUKYIIsIpPHOU
nrockocmu rpoekyuu (npoekmupyrowue ocu).

OcHoBbl BpaiieHus. CBoiicTBa:

1.
2.
3.

TpaexkTopusi TOUKH ITPU BPALLIEHUU BOKPYT OCH — OKPYKHOCTD;
[11OCKOCTh 3TOM OKPYKHOCTHU L OCH BpallleHUs;

Pannyc OKpYXHOCTH €CTh pACCTOSHUE MEXKIAY TOYKOM U OCBIO
BpAIlICHUS;

4. LleHTp OKPY>KHOCTH JIE)KUT HA OCU BPAILICHUS;

5. Toukwu, nexalire Ha OCH BpallleHUs — HEMOJBUKHBI;

. [Tpu BpameHnun npsaMon 1 MIOCKOCTH BOKPYT OCH yTOJI UX HAKJIOHA K

OCH OCTAacTCA HCU3MCHHBIM.

CaencrBus:

1. Ecnmu ock | BpameHus | TUIOCKOCTU MPOCKIMH, MPOESKIUs

TPAGKTOPUM BpaIICHUS TOYKM HA OTOM TUIOCKOCTH Oyner
OKPYKHOCTBIO C LIEHTPOM B TOYKE MEPECECUECHUS OCU C ITNIOCKOCTHIO
npoekuuu. Ha Japyrod miaoCKOCTH NPOEKUUU TPACKTOPUS TOYKH
OylleT OTpe3KOM TMpsSMOM, MapauieIbHBIM OCH, pa3elsronien
TUIOCKOCTH TIPOEKIIHM.

IIpu  BpameHun  n00OM  (UTypbl  OTHOCHUTEIBHO  OCH,
NEePHEHIUKYISAPHON TIJIOCKOCTH MPOEKIMH, ¢dopMa U pa3Mepbl
npoekuuu ¢urypsl Ha 3Ty [1I1 ocTatoTcss Hen3MeHHbIMU. MeHsieTcs
TOJBKO €€ TIOJOKEHHE OTHOCUTEIIBHO OCH, pa3Jelsrolen
IJIOCKOCTH MPOEKIIUU.

Ipumeps! Bpamenus ¢guryp.

Mpumep 9.1: Touxy A moBepHyTs Bokpyr ocu | L IT, Ha yrom 90° 1o
yacoBoii ctpenke (Puc. 9.1).
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Puc. 9.1 Bpanienue Touku BOKpYT PpOHTaIBLHO-TIPOEKTUPYIONICH OocH

IIpumep 9.2: Touky A MOBEPHYTHh BOKPYT OCHU | L IT; o coBMereH s ¢
TOPU30HTAIBHO-TIPOCKTUPYIOIIEH T1ockocThio (Puc. 9.2).

b

A,

Puc. 9.2 Bpaienue npsmMoit BOKpYT TrOpu30HTaIbLHO-TTPOCKTUPYIOIEH
ocHu
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IIpumep 9.3: ITosepuyTh (.)A 10 COBMEIIEHUS C IIOCKOCTHIO OOIIETO
TIOJIOXKCHM S, 3a1aHHou ciaeaamu (Puc. 9.3).

Pemienue:

[Ipn BpameHWW TOYKM BOKPYT BEPTUKAIBHOW OCH OHA OKAXETCS Ha
TOPU3OHTAIM 3aJJaHHOM MJIOCKOCTH, KOTOpas JEKUT B C 3aJaHHON TOYKOM
B OJHOM TOPHU30HTAJIbHOM IIOCKOCTH. DTa TOPU30HTaANb N' J0iDKHA OBITH
3apaHee MoCTPOEHa.

Jlanee, U3 rOPU30OHTAILHON IMPOEKIMHU |1 OCH BpaIlleHUs MPOBOAUTCS Iyra
A1l{ OKpPY>KHOCTH, SBJIAIOMIAsACS FOPH30HTAILHON MPOEKIHEH TPAEKTOPUH
()A mpu BpamieHMH BOKpPYT OCH I, 10 NEpecedeHus ¢ FOPU3OHTAILHON

HpO@KHH@ﬁ T'OPpHU30HTAJIA h " HOHY‘ICHH&H TOYKa SABJIACTCA
FOpI/IBOHTaHBHOfI HpOGKHHeﬁ HCKOMOT'O ITOJIOXKCHHMA TOYKH Ha ITJTTIOCKOCTH.
s
v

Puc. 9.3 CoBMmelieHrne TOUKH C TUIOCKOCTBIO BPAIIEHUEM BOKPYT
MIPOEKTUPYIOLIEN OCU

Ipumep 9.4: Onpenenuth HATypAIBHYIO BEITUYMHY OTpe3ka AB u yron
ero HakyoHa k IT, (Puc. 9.4).
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Pemenne: Otpe3ok AB HyxHO Bpamarb Bokpyr ocu 11T, nu
IPOXOIAILIEN 4Yepe3 OJWH M3 KOHIIOB OTpEe3Ka 10 NOJIOKEHHMS, KOraa
OTPE30K CTAHET JJUMHUEN YPOBHS (TOPU30HTAIIBIO).

B, =1, A7

A7 /4/

5,

ly

Puc. 9.4 Onpenenenre HaTypalibHON BEIMYUHBI OTPE3Ka BpallCHHEM
BOKPYT IIPOEKTUPYIOLIEH OCU

9.1.1 BpaweHue NNOCKOCTH.

BpamieHrne nmiaocKoCcTH BOKPYT OCHM L IUIOCKOCTH MPOEKIIUNA MPOUCXOAUT
JUIL KOKIOM €€ TOYKM Ha OJWH M TOT K€ yTroJl U B OJJHOM HAaIlpaBJICHUU

(Puc. 9.5).

Ipumep 9.5: IloBepuyts AABC B mosioxeHue npoekTupyromeit na I,
IIJIOCKOCTH.
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Puc. 9.5 Bparenue miockocT BOKPYT MTPOSKTUPYIOMICH OCH
Pemenue:

Bce ropusonTanmu (ppOHTAILHO-IIPOEKTHPYIOIMIEH IIIOCKOCTH SBIISIOTCS
npoektupyroumumu Ha Il muawusvu, t.e. L Il JIns pemenus 3amaun
noctpouM B ABC ropusoHTalb U IOBEPHEM TPEYTOJILHUK TaK, YTOOBI OTa

ropuzoHTaib ctana 1 ocu Xip. Ilpu aTom ropusontans Ha I1, BeipoauTcs
B TOYKY.

Topusonransaas  npoekius A1 B1Cy;  TpeyroimbHuHKa,  OCTaBasCh
HEM3MEHHOM, MMOBEPHETCS BMECTE CO CBOEH TOPU30HTAIBIO HA TOT K€
yrojl, 4YTO M TOPH30HTaIb. TeXHHKA TOCTPOEHHUS IIOBEPHYTOIO ITOJIOKEHHUS
TOPHU30HTAILHON IPOEKIMH TPEYTOJILHUKA SICHA U3 PHCYHKA.

Ipumep 9.6: IloBepHYTh MJIOCKOCTH OOIIETO TMOJOXKEHUS, 3aJaHHYIO
cieaaMu, BOKPYT BEPTHUKAILHOM OCHU TaK, 4TOOBI OHa cTaja (PpOHTAIBHO-
npoektupytomieit (Puc. 9.6).
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Puc. 9.6 Bpaienue miockocTu, 3a1aHHOM clie1aMH, BOKPYT
MIPOCKTUPYIOLIEH OCU

Pemienue:

Panee ObUIO YCTaHOBJIEHO, 4YTO Vy (PPOHTAIBHO-TIPOCKTUPYIOIICH
MJIOCKOCTH TOPU3OHTAIIBHBIN Clie]l JOJKEH ObITh MEPIEeHANKYISPHBIM OCU
X. Ilpu BpamieHMH BOKPYr BEPTUKAIBHOM OCH TOPU3OHTAIBHBIN CJE.
OylleT oOCTaBaTbCAd KacaTEJIbHBIM K OKPYXXHOCTH, IPOBEICHHON U3
rOpPHM30HTAIBHOI Mpoekiyu 11 3anaHHol ocu 1. JIunus ckara 12 3agaHHOM
IUIOCKOCTH, TPOXOIslas 4Yepe3 OCh BpalllCHUS, HAa TOPU30HTAIbBHOU
IUIOCKOCTH  COXPAaHUT  CBOK  JUIMHY W IEPHEHIUKYJSPHOCTH
ropu3oHTadbHOMY ciieny. Ha dponrtansroit I1I1 Touka 2 Ha TuHHM ckaTa
COXPaHUT CBOIO BBICOTY.

9.12 BpaweHune ¢¢uryp BOKpyr oOCHU, napanneribHom MnsI0CKOCTU
npoeKuuu.

Bpamas reoMmeTrpuueckyro (QUIypy OTHOCHUTEIBHO OCH, NapajuleIbHON
IJIOCKOCTH TPOEKIHUH, MOXXHO pACHOJOXKHUTh €€ MapALICIIbHO 3TOM
MJIOCKOCTH MPOEKIIUH, UTO JACT HATYPAIbHYIO BEIMUUHY (PUTYPHI.

[Ipu BpameHun (GUTYpPbl OTHOCUTEIBHO OCH, TMapajjiedbHON IUIOCKOCTH
MPOEKIINKU, KaXJasi €€ TOYKa OIMUCHIBAET TPACKTOPHUIO, | MPOEKIUH OCHU
BpalIeHUs Ha IJIOCKOCTh, KOTOPOIl OHa napamienbHa. CiaegoBaTenbHO, 3Ta
TpaeKkToOpus OyJIeT JiekKaTh B INIOCKOCTH, L 3TON MIOCKOCTH MPOCKIIUH.
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[Tyctb TpeOyercs moBepHYTh (.)4 OTHOCHUTEIBHO JMHUM YPOBHSA
(ropu3oHTaNIM) TakK, 4YTOOBI OHAa OKa3ajach B OJHOW TOPU3OHTAIBHOMN
IJIOCKOCTH C 3aJJaHHOM ochio BpaiieHus (Puc. 9.7).

.A2

AN\
N

A

Puc. 9.7 Bparmienne To9ky BOKPYT JTMHAUA YPOBHS

Ha KOMIUJIEKCHOM YepTeke TOpU3OHTAIbHAsI TPOCKIUS TPACKTOPUHU
NBW)KEHUS  Touku  Oyxmer  juHued  AjA';,  TIepneHIuKyIsipHON
TOPU30HTAIBHON MTPOEKIUU N 3aaHHOM OCH BpalllCHHS.

Tak kak ()4 okaxeTcs B TOPHU30HTAIBHOW IUIOCKOCTH, €€ PaJHalibHOM
paccTosiHUE OT OCH BpallleHUus OTOOpa3uTCs Ha TOPU3OHTAIBHOMU
IJIOCKOCTH TIPOCKIIMM B HaTypajdbHyl0 BeauuuHy. IloaTomy »Ta
HaTypajibHasl BEJIMYMHA JOJKHA OBITH MPEABAPUTENIBHO OMpejesieHa (CM.
Puc. 9.7). 3arem sTa HaTypaibHas BeIWYHMHA IIEpEHECEHA IO Oyre Ha
TOPU30HTANBHYIO TpoeKiuio TpackTtopun naBrwkenus ()4 B ()A';. Dra
TOYKA SIBJISIETCS TOPU3OHTAILHOM TMPOEKIMEH HMCKOMOTO TOJIOKEHUS
TOYKHU.

Ipumep 9.7: Omnpeaenutrb BeIWYUHY yria @ MEXAy JBYMS
nepecexaromummucs npsaMeivu | 1 M (Puc. 9.8).

91



S
’ 2
X
A 7
p Ap
N
7/ / /
* [ 7
A 7
&
A m;.
Puc. 9.8 Bparenue miockocTy BOKpYT JUHUU YPOBHS

Pemienue:

JIns HaXOXAEeHUs yriia HYXHO CHeJaTh IJIOCKOCTh Yrja HapajuielibHON
[II1. DTOro MOXXHO JOOUTHCS BpallleHUEM (UTYpPhl OTHOCUTEIIBHO JTUHUU
YPOBHSI, MpUHAJIEKAIIEH MIJIOCKOCTH 3aIaHHOTO YIJia.

9.1.3 MeTopn coBmMeLleHUsA

SIBnsieTcss 4acTHBIM ClIydyacM MCTOJda BpallCHHUA OTHOCHUTCIIBHO JIMHHUU
YPOBH:. MCTOI[ HCIIOJB3YCTCA IIPU 3aaHUHU IIJIOCKOCTH CJIICAAMMU.

BpammaeTcss MmIoCKOCTh ¢ HaXOMSIIMMHUCS Ha HeW durypamMmu BOKpPYT
OHOTO W3 CBOUX CJENOB 10 COBMEIICHUSA IUIOCKOCTH C INIOCKOCTBIO
npoekiuu. B pesynbrate, Qurypsl, mNOpuHAIJIEKANUE TUIOCKOCTH,
otoOpazsitces nocie copmetienus ¢ [111 B HarypanbHOM BU/IE.
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Ipumep 9.8: CoBMecTuTh TUIOCKOCTH 00mIero nojoxkenus Gfh) ¢ IT,
(Puc. 9.9).

JIIsl MOCTPOCHHUSI COBMECTHM IIPOM3BOJbHYIO (.)A Ha TOPU30HTAILHOM
ciene ¢ (pontanpHoit IIII, BpalieHueM OTHOCHUTENIBHO (DPOHTATIBLHOTO
ciena miockoctH fo.

Ha pucynke (.)O, pacnoyioxeHHass Ha (DpOHTaIbLHOM CIIElE IIJIOCKOCTH,
SBIIICTCS IIeHTpoM BpameHus (.)4, paclojoKeHHOH Ha TOPU30HTAIBHOM
cle/ie INIOCKOCTH. J1ist onpeiesieHrsl COBMEIIEHHOTO MOJIOKEHUS A" TOUKHU
A Ha QpontanbHoit Il Obuta ompeneneHa HaTypalbHas BeJIWYHMHA
orctostHus (.) A OT nieHTpa BpamieHus O (oTpe3ok 0,A*).

[ paexmapus douxerus mosky A npu Goawexuy
OMHOCUME/IbHO GPOHIMA/IHOZ20 /1800 [VIOCKOCTTI

G

Puc. 9.9 CoBmernieHue maIocKoCTy ¢ (PpOHTATBHON MIIOCKOCTHIO
TIPOCKITUHU

OTO k€ TOCTPOCHUE MOKHO BBINIOJHUTH, HE ONPEAETsAs HATypalbHYIO
BEJIIMYMHY PaJAyCca BPAIICHUS TOUKHU.

T.x. orcrosuue ()A OT TOYKM CcXOHa CJEIOB 3aJaHHON IUIOCKOCTH
SBIIICTCS €r0 HATYpaJbHOM BEIIMUYMHOM, 3TO PACCTOSHHE Ha COBMEIIICHHOM
yepTexe ocraHercs HensMeHHBIM (Puc. 9.10).
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Puc. 9.10 ITocTpoeHne COBMEIIEHHOTO MOJI0KEHHUS TFIOCKOCTH C
(POHTAIBHOM TIOCKOCTBIO MPOCKITUU

Kak wu3BeCTHO, Ui TMOCTPOEHUS TOYEK, MPHUHAIJICKAIMMX TIIOCKOCTH,
3aIaHHOM clielaMu, YJOOHO HCIOJIb30BaTh €€ FOPU3OHTAIM U (PPOHTAIH,
KOTOpbI€ JIETKO cTpoArcs. [loaToMy TmONE3HO 3HATH TUIIOBOM TIPUEM
MTOCTPOCHUSI COBMEIICHHOW JINHUH YPOBHSI.

Hanpumep, Ha pUCyHKE HAaHO IOCTPOEHHUE COBMEIICHUS INIOCKOCTH C
JeXallMMU Ha HEM TOPU30HTaJIbI0 U PpoHTabio ¢ ropuzoHTansHol I n
TIOCTPOCHUE MPUHAJICKAMUX JTUHUAM ypoBHs Todek B u N (Puc. 9.11).

94



Puc. 9.11 IloctpoeHne COBMEMIEHHOTO ¢ TOPU30HTAIBHOM IIOCKOCTHIO
MPOEKITUHU TOJIOKEHUS GUTYp (TPSIMBIX) MPUHATIICIKAIUX TIIOCKOCTH
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Tema10 OO6GbemHble durypbl. MHororpaHHMKU. To4yka Ha

NOBEpPXHOCTYU MHOrorpaHHuKka. MepeceuyeHue
MHOrorpaHHuKa NAOCKOCTbIO. PasBepTka
MHOrorpaHHuKa.

10.1 O6wue nosnoxxeHusl.

MHororpaHHuk — 3TO0 OOBbeMHas (TpexMmMepHas) ¢urypa, MOBEPXHOCTh
KOTOpOM 00pa3zoBaHa KOHEYHBIM YHCJIOM IUIOCKMX MHOT'OYTOJIbHUKOB.

OO6pa3ytole MOBEPXHOCTh MHOTOTPAHHUKA IUIOCKHE MHOTOYTOJBHUKH
HAa3bIBAIOTCS IPaHAMM. JIMHUM, pa3Aensiomue TpaHW MHOTOTPaHHUKA —
3TO €ro pedpa.

HpaKTI/I‘-IGCKI/Ie 3ajJgaydiu, HCIIOJIb3YIOIIHUC MCTOAbI H&‘IGpT&TGJ’IBHOfI
IreoMCTpHUH, Tp€6yIOT MNOCTPOCHHSA MHOI'OI'PAHHUKOB, UX PA3BCPTOK, JIMHUH
IepeCCUCHUA MHOT'OI'PAaHHUKOB C IIJIOCKOCTSIMH, C APpYyrumu
MHOTI'OIrpaHHUKaMHU U C IIPOU3BOJIBHBIMHA ITOBECPXHOCTAMMU.

[Ipy mepecedyeHMU MHOTOTPAHHUKA IUIOCKOCTHIO B CEYEHUU OOpa3yercs

3aMKHYTBIM MHOTOYTOJIPHHUK. BepImmMHBI MHOTOYTOJIbBHUKA — TOYKH
IepeceueHus peoep MHOTOTPAaHHUKA C 3aJaHHOW IUIOCKOCTHIO. CTOPOHBI
MHOTOYTOJIbHUKA — OTO OTPE3KH TMPSIMBIX, SBJISIONIMECS JIMHUIMU

niepeceueHrs TpaHe MHOTOTPaHHMKA 33JaHHOM tockocThio (Puc. 10.1).

Jl1st TOoro, 4ToOBl HAUTH (PUTYPY, MOTYUYEHHYIO B CEYEHUM MHOIOTPAaHHHKA
IJIOCKOCTBIO MIYT MO0 BEPIIMHBI MHOTOYTOJBHUKA CEYEHUS U Yepe3 HUX
IPOBOJAT €r0 CTOPOHBI, JIMOO Cpa3y HUIYT CTOPOHBI MHOTOYTOJbHUKA.
Cnoco0, mpu KOTOPOM HMUIYTCS BEPIIMHBI MHOTOYTOJbHUKA, HA3bIBAECTCS
cnocobom pedep. Croco0 MoKWcCKa CTOPOH MHOTOTPAHHHMKA, KOTOPBIN
ABisieTcs  (PUTypodM  cedyeHus, Kak JIMHUW TIepecedyeHusi TpaHei
MHOT'OTPAaHHUKA U IJIOCKOCTH HA3bIBACTCS CIIOCOOOM I'paHeil.
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Puc. 10.1 Ilepeceuenne mupamMuabl IIOCKOCTHIO

BeiOop cmoco0a mOCTpOEHHMS  MHOTOYTOJbHHKA B  INEPECEUYCHUU
MHOTOTpaHHUKA TJIOCKOCTBIO OMNPEACISeTCS TeM, KaKOW M3 HHX JacT
00JIee MPOCTOE U HAIISIAHOE PELICHUE.

10.2 Cnocob pebep

IIpumep 10.1: TIloctpouTh HaTypadbHBII BHUJ CEUEHHUS NIPSIMOUN
TPEYroJIbHON MPU3MBI (PPOHTATHHO-TIPOCKTUPYIOMIEH TJIOCKOCThIO X H
pa3BepTKy OOKOBOM IMOBEPXHOCTH OcTaBIeics yactu mpusMal (Puc. 10.2).

durypa ceueHus — 4eThIPeXyroibHuk 1234. ®ponTanbHas NPOEKLUs
1234 cosmamaer ¢ (QPOHTAIBLHBIM CIEAOM CEKyLIEH IIIOCKOCTH 2.
Topuzonransuas mpoekius 11213141 QUIypbl ceueHHs COBIANAET C
IPOEKIUAMU MPOeKTUPYIOIUX Ha 111 GOKOBBIX IpaHeil IPU3MBIL.

HartypanbeHblif B CEUEHUS CTPOUTCS C MCIOJIH30BAaHUEM METO/a 3aMEHBI
mwiockocteir mpoeknuu. Hopas mmockocts [Ils, BBOAMTCS B3aMeH
mwiockoctv I1; u mpoxoaut Tak, uToObI OHa ObLIA || mockoctn X

J{1s1 mocTpoeHust pa3BEePTKH OCTABIIEHCS MOCJIE OTCEYCHUS YaCTH MPU3MBbI
UCIIOJIB3YETCS €€ YacTHOE TMOJIOKEHHE MO OTHOIICHHIO K TIIOCKOCTSIM
npoeknuii. Tak, pazMepsl pedep MpU3Mbl TPOSKTUPYIOTCS B HATYPATbHYIO

BennunuHy Ha (¢QponTtambHyto IIII, a cTOpoHBl OCHOBaHHUS Ha
ropusoHTanpHyto 111
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Puc. 10.2 TToctpoenue Gurypsl cedeHus: MPU3MbI TUIOCKOCTHIO U PA3BEPTKH OTCEYEHHOM YacTh OOKOBOM MOBEPXHOCTH
TIPU3MBI



IIpumep 10.2: [TocTpouTh ceueHUE TPEYroJIbHON TUpaMUIbl GPPOHTATILHO-
IPOSKTHPYIOLICH IIOCKOCTHIO M pa3BepTKy yceueHHo dactu (Puc. 10.3).

[Ipr MOCTPOEHHH HCHOJIB30BAHO COOMpATEIbHOE CBOMCTBO (hPOHTAIBHO-
HIPOEKTUPYIOIIEH TIOCKOCTH. DTO cpa3y aano mojoxenne Bepumu K u M

¢urypsl ceuenus. YactHoe monoxenue rpanu SB me mossommsio cpasy
ONpPENCIINTh HAa HEW IIOJO0KEHUE TOUKM TMEPECEUEHUS] C CEKYIIEH
MJIOCKOCTHIO. 3/71eCh UCIOJIB30BaH CICAYIONIUN MpueM: Ha (DPOHTAIBHOU
IJIOCKOCTBhIO TMPOEKIUH MPOBEJAEHA BCIIOMOraTeIbHAs TOPHU30HTAIbHAS

IUJIOCKOCTh TakK, YTOOBI OHAa MpOIUIa Yepe3 HMCKoMyro Touky L. Drta
BCIIOMOTATEbHAs IJIOCKOCTh nepecekia rpanb SBC nupamuas! no nunun

L]_. OTa JIUHUS ImapauicjibHa CTOPOHC BC OCHOBAHUs, T.K. OCHOBAHHUC IIO
YCJIIOBHIO JICKUT I1a FOpH30HT3J’IBHOfI IIJIOCKOCTH IMPpOCKINU.

Cie0BaTeNbHO, 3Ta JIMHUA OyAeT HapauieiabHoli cropone ocHoBanus BC
¥ Ha TOPM30HTAILHON IIOCKOCTH npoekuuu. Ilposenenue nuuuu 1iL4,
napaieabHoi mpoekiyu B1C CTOPOHBI OCHOBaHHMS Ja€T HCKOMYIO TOUKY
nepeceuenus pedpa SB ¢ 3amannoii miockoctsio na I,
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Puc. 10.3 Ceuenune nupamMuapl IPOSKTHPYIOMIEH TIOCKOCTHIO

JInst mocTpoeHusl pa3BEePTKH OTCEYEHHOM YacTH MUPaMUIIbl HEOOXOIUMO
3HATh 3HAYEHUSI HATYPaAJbHBIX BEIWYMH JJIMH OOKOBBIX peOep MUpPAMUIBI.
OHU CTaHYT W3BECTHBIMH, €CJIM TOBEPHYTh OOKOBBIE peOpa MUPAMUIBI
BOKPYI' BEPTUKAJIBHOW OCH, MPOXOIAIIEH Yepe3 BEPLIMHY NUPAMUIBI, 10
MOJIOKEHUsI (POHTANBHBIX JUHUKA ypoBHA. Ha ropuzontanmenHoit [T
MOKa3aHbl TPACKTOPUHU JIBUKEHUS TOUEK peOep BOKPYT BEPTHUKAIBHOM OCH.
CoenuHeHNE BEPIIMHBI MUPAMUIBI C MOBEPHYTHIMA TOYKAMHU BEPIIHUH

ocHoBanus Ha I, naer HaTypaibHbIe BETUYUHBI OOKOBBIX pedep. Ha aTux
MTOBEPHYTHIX OOKOBBIX  pebpax JIETKO HaUTH MOJIOKEHHE
COOTBETCTBYIOIIMX TOYEK CEUYEHUS NUPaMUJbl IIOCKOCTbIO. CTOpPOHBI
OCHOBaHUs, Jexamiero Ha ropuszoHtansHod IIII, Ha wHel Oyayr
OTOOpaXeHbl B HAaTYypaJIbHYIO BEIUUYMHY. VIMess HaTypaibHble BEJIUYUHBI
OTJIETIbHBIX CTOPOH OOKOBBIX IpaHEl — TPEYTrOJIbHUKOB, JIETKO MOCTPOUTH
pa3BepTKy OOKOBOI MMOBEPXHOCTHU MAPaAMHUIbI (moctpoenue

100



TpeyrojJbHUKOB 1o TpeM cropoHam) (Puc. 10.4). Hampumep, MOXHO
BLIOpATh HEKOTOPOE IPOU3BOILHOE MOJI0KEHHE peOpa SA 1 OTTanKuBasICh
OT HEro CcTpouTh ocTaidbHble Tpanu (cMm. Puc. 10.4). HarypanbHbie
snauenus orcrosHui Touek ceuenus K, L u M na GokoBeix pedpax or
BEPIIMHBI TUPAMUIBI MOXKHO B3SITh C MOBEPHYTHIX JI0 MOJIOKEHUS JIMHUU
ypoeas SA', SB' u SC' 6oxkoseix pebep. Touku K, L u M nunus
CEUCHUS EPEMECTSITCS MPHU BpallleHUH pedbep Ha GPOHTAIBHOM MIIOCKOCTH

IIPOCSKIIMH I10 JIMHUAM, MapajuielbHbIM ocH X12 (cM. Puc. 10.3).

5

Puc. 10.4 Pa3zBepTka OTCEYEHHOM YacTH MTUPAMUIbI

10.3 Cnocob epaHel

IIpumep 10.3: TlocTpouTs TPOEKIIUU CEUEHUS MPSIMOU YETHIPEXYTOIBLHON
IpU3Mbl  IUIOCKOCTBIO (@ OOLIEro MOJNOXKEHUsS, 3aJaHHOM  IBYMS
napauleIbHBIMK TpsMbivu | 1 M.

Jl1st mocTpoeHus uenojb3oBaH crocod rpaneii (Puc. 10.5).
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['opuszoHTaNBHO-
MIPOEKTUPYIOLIME
IUIOCKOCTH I'PaHeu
MIPU3MBI TIEPECEKAIOT

IOCKOCTh @110

npsmeim KL 1 MN.

[Tpoexun 3THUX

auauil Ha I, naror
(pOHTANIbHYIO
MIPOEKIINUIO JTUHUU
nepecedeHus
OOKOBBIX TpaHel
MPU3MBI TIJIOCKOCTHIO

@). OTu TUHUU
o0pa3yioT
YETHIPEX YT OJTbHUK

ABCD.

[

Puc. 10.5 Meton rpaneii A1 MOCTPOCHUS
JIUHUM CEUCHUS TTPU3MBI IJIOCKOCTHIO

HarypanbHyr0 BEIWUYHMHY YETBIPEXYTOJbHUKA MOKHO MOJIYYUTh METOJAOM
3aMEHBI TUIOCKOCTEW MPOEKIMKA WM METOAOM BpALICHHS OTHOCHTEJIBHO
JIMHUM YPOBHS (BBITIOJTHUTH CAMOCTOSITEIIBHO).

IIpumep 10.4: IlocTpouTh ceue€HHE NUPAMHUIBI ILIOCKOCTHIO OOIIETO
nosnoxenus A(h,f).

XapakTep 3a/laud yKas3blBa€T Ha TO, YTO (PUTYpy CEUEHHUS MUPAMMUJIBI
TUTOCKOCTBIO MpoIIe uckaTh MeTo1oM pedep (Puc. 10.6).

ITo ycnoButo, ocHoBanme mupamuabl jnexut Ha [II;. CnemoBarenbho,
MepeceyeHne TOPU3OHTAIBLHOTO Cliefa IUIOCKOCTH CO  CTOPOHAMH

ocuoBanuss AB u BC cpasy nmacr nse touku ceuenms K um L. s

IIOCTPOEHUsI TOYKM IiepeceueHuss pebpa AS ¢ miIockocts, ciemyer
WCII0JIb30BaTh BCIIOMOTaTEIIbHYIO (GpOHTATEHO-TIPOEKTUPYIOIIY O

IUIOCKOCTh 2, MPOXOIAIIYI0 4epe3 pebpo AS. Drta MIOCKOCTh mepeceder
3aJJaHHYIO TUIOCKOCTD I10 JIMHUM, 3a7aBaeMoii ToukaMu 1 u 2.



Puc. 10.6 Ceuenne nmupaMuabl IIIOCKOCTHIO OOIIETO MOIOKCHHS

[lepeceuenune stoi nuHUM Ha ropusoHTtanbHOU IIII ¢ ropuzonTampHOMN
npoexiuei pedbpa AS mact Touky N mepeceuenns pebpa AS ¢ 3amannoii

IIIOCKOCTBIO. TakuM ke 06pa3oM HIeTca Touka nepeceuenns pedopa CS ¢
3aJJaHHOM  IIOCKOCTh.  3/IeChb  HCIIONB3YyeTcsl  BCIIOMOTATelbHas

TOPU30HTAILHO-IIPOEKTUPYIOIIAs IIOCKOCTh (), KOoTOpas mepeceder
3aJJaHHYIO TUIOCKOCTH 110 uauu 34,
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[Ipyu mnocTpoeHuu creayeT oOpaTUTh BHHUMAHHUE Ha OMpEJEIICHUE
BUJIMMOCTU AJIEMEHTOB JIMHUU CEUYEHHUS Ha IUIOCKOCTSIX Mpoekuuil. Bee
JUHUM Ha OOKOBBIX TIpaHAX, OOpAIIEHHBIX K HaOII0JaTeN0 Ha

ropuszonTtansHoii II1 6yayt Bumumel. Ha ¢ponTansuoi I I'pans ASC
HEBUIUMA, IIO3TOMY M Yy4YacTOK JIMHUM II€PECEYEHMS Ha Hel Oymer
HEBUIUM.
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Tema 11 TloBepxHOCTM BpaweHuUsa. Toyka W nNUHUA Ha
NOoBepPXHOCTU Tena BpalweHus. lNepeceyeHne Tena
BpaLieHuns NSIOCKOCTbHO. Pa3BepTKa Tena
BpaLieHus.

11.1 O6wue nosnoxeHusl.

Hpsamoit KPYroBoi HUJIUHAP: IIOBEPXHOCTh oOpa3oBaHa
MOCTYIMAaTeIbHBIM JBHKEHHUEM OTpe3Ka MpsMoi — oOpa3yromieid BI0JIb
OKPYXKHOCTH — HAIIPaBISOUIECH, IPUYEM, IUIOCKOCTHh HaNpPAaBIISAIOLIEH,
nepneHauKyaapHoii  oopasyromeii (Puc. 11.1). B paccmaTrpuBaeMbIx
3ajlayax OCHOBaHHWE IMWIMHApA OyJIeT MapauiebHbIM WU OYyJEeT JIeKATh
Ha IJIOCKOCTHU MPOEKINU (TOPU30HTATIBLHOM )

Ocb yunmuHgpa

Oopasiumwag

Hanpabrawiyasg

\\\ J/ |/

——

Puc. 11.1 I'eomeTpudeckue 3JIeMEHTHI [IWIMHAPA
CeuyeHust HUIMHAPA:
° HJIOCKOCTI)IO, HapaHHGHBHOﬁ OCHOBAHHIO — OKPY’KHOCTb,
e [[TOCKOCTBIO, MO/ YIJIOM K OCHOBAHMIO — JJIJIMIIC;
e [InockocTbio | | OCH LIMJIMHJIpa — AB€ MapaJjiieJbHbIe IPAMEBIE.

IIpsimoii KPyroBoil KOHYC: IMOBEPXHOCTh 00Opa3oBaHa BpalllaTeIbHBIM
JIBUKEHHEM OTpe3Ka IMpsSMOM — 0o0pasyrolleil BOKPYT OCH, MPOXOJsIei
yepes OJMH KOHeEl OTpe3ka. BTopoit KoHel 0Tpe3Ka ONMUCHIBAET KPYTOBYIO
TpaeKkTopuro. BricoTa KOHyca, NEPIICHAUKYJISIP, OMYIIECHHBIA U3 BEPIIUHBI
KOHyCa Ha OCHOBAaHHWE, MPOXOAUT 4YEpPe3 LEHTP OKPYKHOCTH OCHOBAHHS
(Puc. 11.2). B paccmarpuBaeMbIX 3ajJadyaX OCHOBAaHHE KOHyca Oyjaer
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napajuieTbHBIM WM OyJeT JeXaTh Ha  IJIOCKOCTH  MPOEKITUU
(TOpU30HTAIBHOI).

Ocb Gpauserus

Oopasiwuasg

Hanpabrswwasg

Puc. 11.2 Konndeckas moBepXHOCTh

Ceuennst konyca (konuueckue ceuenns) (Puc. 11.3, Puc. 11.4):
e [[10CKOCTBIO, MapaIeIbHOW OCHOBAHHUIO — OKPYKHOCTh;

e [InockocThro, MO YyIJIIOM K OCHOBAaHUMIO HE MApAJUIECIBbHOU
oOpa3ytollei 1 HenapasleabHONH OCH — IJIJTHIIC;

e Ilnockocrsio || ocu KOHYCa HE MPOXOJSAIIECH Yepe3 €ro BEepIIMHY—
rumnepooJia;

[unepoona Jnunc

T
=2 /

Puc. 11.3 Konndeckue cedeHus - rurep0osIa v SJUTHIIC
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e Ilnockoctero || omHoit oOpasyoIied ¥ He IpOXOoisdller dvepes
BEPLIMHY KOHYyCa — mapa0doJia;

e HakjnOHHOW MJIOCKOCTh, NPOXOASAIIEH Yepe3 BEPUIMHY U
IIEPECEKAOIIEH OCHOBAHUE — JIBE NIEPECEKAIOIIMECS TIPSIMBIE.

OkplxHocme
Nc
/lbe npameie L
' (o0pasiouue)
[unepoona A (

A

A
/

Puc. 11.4 Konudeckue ceueHus

\___,.//

Cdepa: moBepXHOCTh, KaXJ1asl TOYKa KOTOPOW paBHOYJAJIEHA OT ILIEHTpA.
Cdepa ™MoxeT paccMaTpUBaThCS KaK IMOBEPXHOCTh, OOpa3oBaHHAas
BpAIIICHUEM MOJYOKPY>KHOCTH BOKPYT OCH, IPOXOJSIIEH Yepe3 €€ KOHIIbI

(Puc. 11.5).
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Puc. 11.5 Cdepa

JIto6oe ceuenue chepbl IIOCKOCTHIO - OKPYKHOCT.

r - const

11.2 Touyka u nNuHUS Ha N0BEePXHOCMU Mmesia epaweHust

11.2.1 Tlpsimoii KPyroBoii HUWJIUHAP C OCHOBAHNEM Ha ropu3oHTaILHOI TTI1

A;
\ \_Ui
OcHobarus
B, O4epkobas
oopasljouwas
s

Puc. 11.6 JIuaust Ha MOBEPXHOCTH
UIMHAPA

11.2.2 TIpamoii KpYropoii KOHYC ¢ OCHOBaHHMEM
IJIOCKOCTH

108

boxkoBas
MTOBEPXHOCTh C
mo0bIMU  urypamu
Ha Heu w©Ha [TIII
IIPOCKTHUPYETCS B
OKpYXHOCTh. T.e. —
OOKOBasi TOBEPXHOCTh
IpPSIMOTO  KPYTrOBOT'O
HUJIMHApa oO0JamaeT
coOupaTebHbIM
CBOMCTBOM.

Ha TOPU30HTAJIBLHOMI



Ok
R

Oqepkobas T
o0pazyouas

N
OcHobarue Ll |MS,

/

Puc. 11.7 Touka Ha
MMOBEPXHOCTH KOHYyCa

11.2.3 Cdepa

Oqepkobas adpasyowas
[ abrsil MepudLaH \

Owpc_~

Inbamap "\

Puc. 11.8 Touka Ha MOBEPXHOCTH

cdepsl

Jist  TOCTpOeHHsT  TOYKH,
MIPUHAJICKALLICH
MIOBEPXHOCTH KOHYCa MOXHO
HCII0JIB30BaTh JIBa Criocoda:

1. Touka NpUBS3BIBACTCS K
BCIIOMOTATEILHOM
00pa3ymolIeH;

2. 4epe3 TOUYKY MPOBOJAUTCS
BCIIOMOTaTeNbHAas
TUIOCKOCTh, TTapaJijieIbHAs
OCHOBAHHUIO, JTAIOIIas
KpPYroBO€ CEeUueHUE KOHyca,
Ha KOTOPOM HAaXOJUTCS
touka (Puc. 11.7).

J71st mOCTpOEHUS TOUKHU Ha
MOBEPXHOCTHU Chepbl
MOJKET OBITH MCITOJIb30BaHa
BCIIOMOTaTeIbHas
IIOCKOCTB 2,
napasuiesibHas, HarpuMmep,
TOPU30HTAIBLHOMN

I0CKOCTH npoekuuu (Puc.
11.8).

OKpy>XHOCTb, OJTy4YCHHAasI
OT ce4YeHUs cepsl
10cKocThIO Ha IT; Oyner
MECTOM PaCIOJIOKEHHUS
touku M (mapsi Touek M u
M') Ha TIOBEPXHOCTH

cdhepsl.



11.3 Ce4eHuss mes epauwjeHuUs1 NJI0OCKOCcmMsMu

Ecimn cexymas IUIOCKOCTh 3aHMMAET YacTHOE ITOJIOKEHUE, MOCTPOCHUE
burypel cedeHus Tejla BpallleHUs 3TOM INIOCKOCTBIO, KaK IPAaBUIIO, HE
cocTaBigeT TpyAa. Eciu ke MIOCKOCTh 3aHUMAET OOIee MOJIOKEHHUE,
3aMEHOM THIOCKOCTEH MPOEKIUH MOYKHO JOOWTHCS YACTHOTO ITOJIOKEHUS
ATOU CEKYUIEU TIOCKOCTH.

J1s mocTpoeHUs HATypaJlbHOIO BHAAa (DUT'YpPHl CEUYCHHUSI HCIOJIB3YeTCs
OJINH W3 CIIOCOOOB MEPEeMEHBI CUCTEMBI MpoekTupoBanus (mepemena I1I1,
BpaiieHue (UIrypbl BOKPYT HIPOCKTUPYIOMIEH OCH WM BOKPYT JHUHHUH
YPOBHS, COBMeIIeHUE TIockocTu cedeHus ¢ [1I1), mnbo komOuHAINS ATUX
crioco0o0B. JIJIst TOCTPOEHUS Pa3BEPTOK TEJ BPAIIEHUSI, €CITH HEOOXOIUMbBIC
reoMeTpUUYECKre 3JIEMEHThl He oToOpaxkaroTcss Ha IIII B HaTypadbHyIO
BEJIMYMHY, UCIOJb3YIOTCS METOJbl IEPEMEHbI CUCTEMbI MPOCKTUPOBAHUS
U1 TIOJYyYE€HHUsI HY)KHOM HaTypajJbHOM BEJIWYUHBI TI€OMETPUUYECKUX
3JIEMEHTOB, HAIIPUMEP, METO/]I BPAIIEHUSI OTHOCUTEIIBHO MPOCKTUPYIOICH
OCH WJIA JIMHUU YPOBHS.

IIpumep 11.1: TlocTpouth NPOEKIMM U HATypaldbHBIA BHUJ CEUYCHUS
PSIMOTO KPYyTroBOTO AJIMHPA (bpOHTATBEHO-MPOCKTUPYIOIIIECH
TUTOCKOCTBIO M Pa3BEPTKY yceueHHOU yacTH muummHapa (Puc. 11.9).

dpoHTanbHas MTPOEKIUSA JTUHUHA CEYCHUS COBIAMACT CO CIACIOM CEKYIIEH
IUIOCKOCTH 2 U SIBIIAIETCS OTPe3KoM mpsimoii Ao 5.

FOpI/ISOHTaHBHaH IMPpOCKIHA JIMHHUHU CCUCHUA COBIIAAACT C OKPYKHOCTHIO
OCHOBaHUA OWJIHMHApPA. CeKymasl IUIOCKOCTDh IMPOXOAUT YCPC3 OCHOBAHHC.

OTpGSOK KL JIMHUH CCYCHUS OCHOBAHUA INNIOCKOCTBIO XOpJda OCHOBAHMHA,
Ha FOpI/I3OHTaﬂBHOI‘/JI INIOCKOCTH ITPOCKIHNH IICPIICHAUKYJIAPCH OCH X.

JIeiCTBUTENbHBIM BUJ CEUYEHUSI — BIUIUIIC, OOJIbIIasi OCh KOTOPOTO paBHA
OTPE3KY MEXKIYy MNOPSMOM B CEKYIIEW IUIOCKOCTH MEXKAY KpauHUMH
(ouepkoBBIMU) 00pa3yOMUMHU IUIKUHIpA. [locTpoeHne AeHCTBUTEIBLHOTO
BHUJIA CEUEHMS CHOCOOOM 3aMEHbl IIJIOCKOCTH MPOEKIUU TIOCKOCTHIO,
NapajiyIeIbHON CeKyIIeH (COBIMAAAIONIEH C CEKYIIEH ).

JIns MOCTpOeHHUST Pa3BEPTKH OKPY>XKHOCTh OCHOBaHUsI pa3OMBaeTcss Ha
paBHeie yactu (8, 12). Uepe3 Touku pa30ueHusi Ha (POHTAIBHYIO
IPOCKIMIO LWJINHAPA HAHOCATCA JUHUU CBS3U, Jarouue oOpasyroliue
UUIMHIpa. Beaucnsercs 1jiMHa OKPY>KHOCTH B OCHOBaHUHU LIMJIMHAPA.
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Puc. 11.9 IlocTpoeHue MMHUN CEUEHUS LUIHHIIpa



JImiHa OKPYKHOCTU OTKJIAAbIBACTCS Ha NpsIMOU. IloydyeHHBI OTPE30K
ABJISICTCSL pa3BEPTKOM ocHOBaHUs. OH JEIUTCS HA YaCTH, YUCJIO KOTOPBIX
paBHO 4YHCIy pa3OMEeHHMil OCHOBaHUS IWIUHApPA. M3 NONydYeHHBIX Ha
PSAMOU TOYECK BOCCTAHABJIMBAKOTCS MEPICHIUKYIISAPBHI. Ha
MEPHEHAUKYIAPAX OTKIIAABIBAIOTCIA OTPE3KU, PABHBIE OTCTOSHUIO TOYEK
CEUYEHHUS IMWIMHApPA IUIOCKOCThI0 HA COOTBETCTBYIOIIMX OOpa3yrOIIUX.
[TomydeHHBIE TOYKH COCAUHSIOTCS IUIaBHOM KpHBOM, KoTopas OyaeT
Y4aCTKOM CUHYCOUBI.

IIpumep 11.2: TlocTpouTh MNPOEKIMKW U HATypajdbHbIA BHUJ CEUCHUS
OpsMOTO  KPYTrOBOTO IHWJIMHJIPA IUIOCKOCTHIO OOIIEro  IMOJOKECHHUS.
ITnockocTh 3amana cinenamu (Puc. 11.10; Puc. 11.11).

Zy3

/b

PooHma/bHeIL C/ed Lekias naockocime

A1

fffffffff BE. - oo 974

[ gpU3oHMA/IbHEIL €718

Vi3

Puc. 11.10 Ceuenue nuamHapa MIOCKOCTBIO OOIIEro MOJ0KCHUS

JIJ'IH IMOCTPOCHUA TMHUN CCUCHUA UCITOJIb3YIOTCA .

e Jlig NIBYX TOYEK JMHUU CEUEHHS, PACTIOJOKEHHBIX HAa KOHLAX
OONBIION JUAroHAJIM JJUIMIICA-CEUYEHHS] — BCIOMOTraTelbHas
TOPU30HTAIBHO-IPOECKTUPYIOIIAsl TIJIOCKOCTh, MPOXOIAIIAs YEPE3
LHEHTP UWJIMHApa IO JUHUU CKaTa CEKyleH IUIOCKOCTU. JInHuA
CKaTa CEeKYIIEeW IUIOCKOCTH, IMEpeceKarmas ocbhb LUIMHIpA
COBMAJaeT C OOJBIION OChIO DJUIMIICA CEYEHUs UUIUHIpA.
['OpH30HTaNBHO-IPOEKTUPYIOIIAss  BCIIOMOTaTEIbHAsT  IUIOCKOCTH
HepeceKaeT MIINHIP N0 00pa3yIOIIKM.



e Jlma ABYX TOYEK JIMHUMA CEYEHMS, PACHOJIOKEHHBIX HA KOHLAX
MaJion IaroHaan DJUIMIICA-CEYCHUS UCIIOJIb3YETCS
BCIIOMOTaTeJIbHAS TOPU30HTAJIBHO-IPOEKTUPYIONIASl  MJIOCKOCT,
IPOXOASAIIAs YEPE3 UEHTP LIUINH]IPA;

e Jlma  Opyrux  TOYEK  BCIIOMOTATENbHBIE  TOPU30HTAJIBHO-
MPOEKTUPYIOIIUE IUIOCKOCTH, NEPIEHAUKYISPHBIE JIMHUMA CKaTa

(cm. Puc. 11.11).
d
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Puc. 11.11 [TocTpoenue Gpurypsl ce4eHus! MIUINHPA TNIOCKOCTHIO
obmrero nmonoxeHusi. O603HaUYEHBI TOJBLKO HEKOTOPhIE, Hanboee
Ba)KHBIE XapaKTEPHBIC TOUYKHU.

JUIs  MOCTPOSHHMS HATYpPaJbHOI'O BHAA (QUIYPHl CEUCHHUS MOXKHO
WCTIOJh30BaTh, HAMPUMEP, CIIOCOO COBMEIICHUS CEKYIIEH IUIOCKOCTH C
TOPU30HTAIBHOMN TJI0CKOCTHIO mpoeknuu (Puc. 11.12).
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Puc. 11.12 TloctpoeHne HaTypaIbHOTO N300paKeHUsSI PUTYPHI CEUSHUS
LIMATMH/PA TIOCKOCThI0 0b1mero nonoxkenus (NAF) cnocobom
COBMEIIICHHUS CEKYIIEeH TIOCKOCTH C IIIOCKOCTBIO TpoeKituit (117).
Ipumep 11.3: IlocTpouTh NpOEKUUM UM HATypalbHBIA BHJI CEUYCHUS

IPSAMOTO KPYroBOro KOHyca (ppOHTAIBLHO-IIPOEKTUPYIOIIEH TIOCKOCTHIO 2
U pa3BepTKy OOKOBOM MOBEPXHOCTH ¢ HaHCCCHUEM JMHUHU ceueHHs (Puc.

11.13).

JInst  mocTpoeHus  MCHOJB3YIOTCS — BCIOMOTAaTelbHbIE — 00pa3yrolme
KOHUYECKOU IMIOBEPXHOCTH, NIEPECEKAIONINE CEKYITYIO INTIOCKOCTD.

OTpe30K, MOJyYECHHBIN Ha CIIE/IE CEKYIIEH MIOCKOCTH MEXAY KpauHUMH
(0uepKOBBHIMU) 00PA3YIOIIUMU KOHYCA SIBISIETCA OOJIBIION OChIO IITUIICA B
CEYECHUU KOHYCA INIOCKOCTBIO.
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Manas ocb ceueHusi SBISETCS (DPOHTAIBHO-MPOCKTUPYIONICH MNpsIMOM U
HaXOJUTCS Ha cepeauHe OobIon auaronanu Ha I1,.

HarypanbHblii BUJ CEUEHHUS MOXKHO TIOJYYUTh BpalleHHEM (DUrypbl
OTHOCUTEJILHO (PPOHTAJILHO-IIPOCKTUPYIONICH OCH, MNPOXOJsIIei uepe3
KpanHIOK TOUKY ceueHus Ha I,.

5

y /
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AL, =a - doswwou duaremp 3unca
B50% =b - mamwiu duarmemp 3aunca

A

Puc. 11.13 ITocTpoenue purypsl ceueHust Konyca GpoHTaIbHO-
IPOEKTUPYIOLIEH TUIOCKOCThI0. O003HAUYEHbI TOIBKO HEKOTOPHIE,
HanOoJIee XapaKTepHbIE BCIIOMOTaTeIbHbIE TOYKU U TOUKH (PUTYPBI
CEUEHUH.

Jns mocTpoeHHs: pa3BEpPTKU OKPYKHOCTh OCHOBAHUA AENUTCS Ha §...12
paBHbIX YacTeit (Puc. 11.14).
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Puc. 11.14 TToctpoenue pa3BepTKA KOHYyca



CTpouTCcsi KpYroBOil CEKTOp OKPYKHOCTH C PauyCcOM, PaBHBIM JJIMHE
oOpasyromieil. Yron o cekropa BIUHUCISIETCS 0 popmyJie

a=279 _3600 9
2l 2l

['ne: d — quamerp OCHOBaHUS KOHYCA;
| — nuHa oOpasyrolel KoHyca.
bonee mpocTo € [OCTaTOYHO MAJOW JUISL BBINOJHSAEMBIX ITOCTPOEHUH

MOTrpCIIHOCTBIO, YI'OJI CCKTOPA OIIPCACIIACTCA paSMeTKOfI Ha Oyre CCKTropa

pamuyca | or ognHoro m3 ero myweit 8...12 OTpe3KOB, paBHBIX JUIMHE B
pa3OMeHNM OCHOBaHUS KOHyca. TOYKM pa30MEHUs Ha CEeKTOpe MaayT
oOpa3ylollue Ha pa3BepTKe KoHyca. J[Jisi MOCTpOEHUsI JUHUM CEUCHUS Ha
pa3BepTKe HEOOXOAUMO HATypalbHOE 3HAYCHUE OTCTOSHUSA TOYEK CEUCHUS
OT BEpPUIMHBI KOHyca. JlI1 €ero HaxoXIEeHUs COOTBETCTBYIOIIUE
o0Opa3ylollue ¢ HAaHEeCEHHOW Ha HUX TOYKAMHM CEUEHMS MOBOPAYMBAIOTCS
BOKPYT TOPU30HTAIBHO-TIPOCKTUPYIOIIEN OCH KOHyCa 0 COBMEIICHUS C
(GpOHTATBLHONW TUIOCKOCTHIO YPOBHS, MPOXOAAIIEH Yepe3 OoCh KOHYyca.
dpoHTanbHas NPOEKUHs TPAEKTOPUM [IBUKEHMs, Hampumep, Toukd D
oymer D,D,". Harypanbnas Bennumnna oTcTOSHUS TOYKM D OT BepuIMHEI

konyca S Oyzer Ip.

IIpumep 11.4: TlocTpouTh NPOEKIUU U HATYpaAIbHBIN BUJI c€UeHUS CHepbl

(pPOHTANILHO-IIPOEKTUPYIOIIEH  IJIOCKOCTBEI0O () U pa3BepTKy  ee
TIOBEPXHOCTH ¢ HaHeceHneM JuHuu cedenus (Puc. 11.15).

JIuHus ceueHus — OKPYKHOCTbD.

®poHTaNbHAS TIPOEKIMSA JMHUM CEYEHUS COBIANAECT CO CIEIOM
wiockoctu @ Ha ID,.
[opu30HTaNBHAS TPOEKIMS JTMHUH CEYEHUS — DIUTUIIC, TIOCTPOEHHE

KOTOPOr'o BBIIIOJHACTCA C HCIOJB30BAHHUCM TOPHU3O0OHTAJIbHBIX
CEKYIIUX IMJIOCKOCTEM.

[Ipu 3TOM HCTONIB3yeTCsS HAOOP OMOPHBIX TOUYEK:
e Bepxusas 1 u HKHAS 2 BEPIIMHBI MAJIOK OCH ILIUIICA;

e Bepmwuubl 00JBIION OCHM  3JUIMIICA CTPOATCS €  MOMOIIBIO
TOPU30HTAILHON BCIIOMOTATEILHOM IJIOCKOCTH, TPOBOJUMON YEpE3
CEepeIMHy OTpPE3Ka, COEIUHSIONIETO BEPIIMHBI (PPOHTATHLHON
MPOEKIIMU OCH BJUIUIICA.



JInst MOCTPOEHHST HATypaJbHOTO BHIA CEYEHHS MCIIOIB30BAaH METO/I
mepeMeHbl IIockocTei mpoekiuu. Ilnockocts [I; 3amenena wHa Iy
(I, LII;). Ecnm [us TOCTPOCHWMST HATYpPalbHOTO BHIA CEUYCHHS
MCIIONB30BaH MeToj mepemensl I, Torma ropu3oHTanbHAs MPOCKIIHS
CEUYEHHs JIETKO CTPOUTCS OOp