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HPUHATBIE OBO3HAYEHUA

& - reomeTrpuyeckas purypa;
ABB9 C9D9E9F9 GSHQIQJQKQLQMQNﬂ 09P9 Q9R9S9 T’ U, V’ W,X9 YQZ_
TOYKH B IIPOCTPAHCTBE (IPOMUCHBIE OYKBBI JIATUHCKOTO aln(aBuTa);

a’ b9 c’ d9 e’.f; g’ h’ l’], k’ l’ m’ n’ 09p’ q’ r’ s9 t’ u’ v9 w’ x’y’ <~ HpﬂMBIG u
KpUBbIE JJUHUU B IPOCTPAHCTBE (CTPOUHBIE OYKBBI JIATUHCKOTO aln(aBuTa);

A a (Anbda), B p (bera), I' y (I'amma), A 8 ([enwra), E € (Oucuion), Z
(Izera), H n (Ota), © 0 (Tera), I v (Mora), K k (Kamma), A A (JIim6aa), M p
(Mw), N v (Hw), E £ (Ken), O o (Omukpon), Il m (ITu), P p (Po), X o ¢
(Curma), T 7 (Tay), Y v (Uocunon), ® ¢ (Pu), X y (Xun), ¥ y (Ilcn), Q@ o
(OmMmera) — mI0CKOCTH U yIIibl (OYKBBI IPEUECKOro angaBuTa).

(AB) — npsimasi HEOTpaHUYEHHOW JUIMHBI, TPOXOAAIIAs yepe3 TOUkU A u B;
[AB) — 51y4 ¢ Ha4aJIOM B TOUKE A, MPOXOASAIINN YEPE3 TOUKY B;

[AB] — oTpe30K NpsAMOii, OrpaHUYEHHbINA ToukaMu 4 u B;

|AB| — paccTrosiHr€ OT TOYKU A 10 TOUKH B;

|A,a| — paccTosiHuE OT TOUKU A 10 IPSMOH a;

|A,a| — paccTostHuEe OT TOUKH A 10 TVIOCKOCTH (.

3HaKI/I, BBIPAKAIOINIHUEC OTHOIICHUA MEKAY N'COMECTPUICCKUMHU oﬁpasaMn:
= — paBCHCTBO, COBIIAACHUC,

— — OTOOpaXeHUE;

—> — CIIeA0BATEIbHO;

<> — eciu (B TOM TOJIBKO CIy4ae), SKBUBAJIEHTHOCT;

X — [epecevyeHue, eclid B pe3yJibTare nepeceueHus oyner Touka: A=cxd;

M — MepeceueHure B cirydae, Korjaa pe3yabTaToM MepecedeHuUs SBISETCS
MHOXKECTBO TOUCK: a=pX;

€ — NIPUHAJIC)KHOCTh: A€W,

C — BKJIIOUYEHUE: ACa,;

U — o0beauHenne: ABC=[AB] U [BC] U [CA];

|| — mapaienbHOCTD;

1 — nepneHANKyaSpHOCTD.
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BBEJIEHHUE

Teopust HauepTaTEIIbHOW T€OMETPUM COCTABJISAET OCHOBY HMHKEHEPHOM
HNPAKTUKU, TEOMETPUUECKON U KOHCTPYKTOPCKON MOJATOTOBKH MUHXKEHEPA.

[lenpro mpenonaBaHUsl AUCLUIUIMHBL SIBJSETCA Pa3BUTHE y CTYJEHTA
3HAHWI, YMEHUN W HaBBIKOB, HEOOXOIUMBIX M1 OOJaAaHUs KOMIUIEKCOM
MHCTPYMEHTAIBbHBIX, OOIIEHAYYHBIX U 00LIETPOPECCUOHATBHBIX KOMIETEHIUH,
CHOCOOCTBYIOIIMX LEJI€HANPaBICHHOMY (OPMHUPOBAHUIO MPOCTPAHCTBEHHBIX
OPEICTaBICHUM M pPa3BUTUIO  MPOCTPAHCTBEHHOTO BOOOpaKeHUs,
NPUOOPETEHNIO HABBIKOB YTEHMSI U MOCTPOEHUS YEPTEXKEU, T€OMETPUUECKOIrO
KOHCTPYUPOBaHUS.

YyebHOoe mocobue nmo HavyepTaTreIbHON T'€OMETPUM MPETHA3ZHAUYECHO IS
CTYJICHTOB  MAIlIMHOCTPOMUTENBHBIX CIEUUATBHOCTEH  BBICIIMX  y4E€OHBIX
3aBEJICHUI, OXBAaTHIBAET OCHOBHBIE BONPOCHl JACHCTBYyIOLIEH  y4eOHOH
nporpamMmel. [103BoJiIeT ONTUMAIBHO OPraHU30BaTh CAMOCTOATENbHYIO padboTy
CTYJICHTOB, TaK KaK COJEPKUT OCHOBHBIC TEOPETHUYECKHE IIOJOKEHHUs Kypca,
ONKCAaHUE BBIJIABAEMBIX CTYyJIEHTaM rpapuyeckux padoT Mo HayepTaTeabHOU
r€OMETPUH, PEKOMEHJALMH 10 UX BBIIOJIHEHUIO C ITOKA30M ITpolecca PEIICHUS
Y TO3TallHBIM BBINOJHEHUEM YEpTEKEH, HCXOAHBIE YEPTEKU-3aJaHUS 10
BapuaHTaM U oOpasipl 3TuX paboT. ConepxaHue, CTPYKTypa M METOJUKa
MpeACTaBiIeHUs] y4yeOHOro marepuaja B Y4eOHOM TIOCOOMU TOJHOCTBIO
COOTBETCTBYIOT  TpeboBaHUAM  ['OCymapCTBEHHOro  0Opa3oBaTEILHOIO
cTaHgapta npodecCroHaIbHOTO BBICHIEr0 OOpa3oOBaHMs, YYEOHOMY ILJIaHy U
rOCy/IapCTBEHHBIM TPEOOBAHUAM K MUHUMYMY COJEp)KAHHS IO JHUCUUILIMHE
«HaueprarenbHas reoMeTpHs» ISl UHKEHEPHBIX CIIEHUAIbHOCTEN.

[Toxenanus W 3aMedaHusi CIEAYET HaMpaBisATh No anapecy: 603950,
Hwxuuii Hoeropon, yn. Mununa, 24, UTC, kadenpa «nxenepHas rpadukay.



1. HEPTEXXHBIE UHCTPYMEHTbBI U IPUHAJIJIEZKHOCTHU

KauecTBo ueprexa u BpeMsi, HEOOXOIUMOE JJIs €r0 BOCIPOU3BEICHHUS, BO
MHOTOM 3aBHCST OT KadecTBa Oymaru. bymara BeipaOarbiBaeTcs U3
LEJUTIOJIO3HBIX BOJIOKOH € J0OaBJICHHEM HAINOJIHUTENEH — XUMUYECKHX,
MUHEPAIbHBIX M TPOKJIEUBAIONIMX BeIIeCTB. Jlydiiel dveprexxkHoW Oymaroi
cuutaercsi gamman. OH XOPOILIO TPOKJIEEH, HE JOMaeTcs Ha Crudax u moj
JEUCTBUEM COJIHEUHBIX Jy4deW Joro He TepsieT cBoeu OenusHbl. Ha BarmaHe
XOpOLIO JIOKATCA Tyllb, KpacKM M KapaHjam. bymara 3Toro copra
BBIJICPKUBACT IOAYUCTKU JIACTUKOM U HOXKOM, HE TepsAs NPU 3TOM CBOETO
KayecTBa. BarMaH ObIBaeT MIaJKuM U IIEpOXOBaThIM. JIJisi 4epTeXHBIX pabOT
Jy4ylle HUCIOJIb30BaTh INMAJAKUN JIUCT 4YepTexHoW Oymaru. Jlydmumii BatMaH
BbIITyCKaeTcs Ha Qadpuke «/ oc3Haxky, U 3TO Ha3BaHUE MPOCTABIECHO BOASHBIMU
3HaKaM¥ (BUJMMBIMHU Ha MPOCBET) y Kpas jucta. HopMmaibHOE pacrosiokeHue
3HAKOB COOTBETCTBYET JIMLEBOM CTOPOHE JIUCTA. VIMEHHO Ha 3TOM CTOPOHE U
BBINOJIHSETCS 4YepTEXK. UepTe U BBINOIHIIOTCS NPU NOMOIIM PA3JIAYHBIX
YEPTEKHBIX MHCTPYMEHTOB: KapaHJalleH, JIMHEEK, IUPKYJIeH, Jiekan u ap. Ha
puc 1.1 npencraBieHbl OCHOBHBIE YEPTEKHBIE HHCTPYMEHTHI.

2) 0)

Puc. 1.1. YepTe:KkHbIe HHCTPYMEHTHI:
a — KapaHjalu; O — JIMHEUKH; 8 — TPAHCIIOPTUP; 2 — TPEYTOJIbHUKH; O — JIeKaja
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B Hacrosiiiee BpeMsi kapanoauiu BBHITYCKAIOTCS TPEX OCHOBHBIX TPYIIIL:
YyepHble TpauUTOBBIC, KOMUPOBAJIbHBIE (XMMHUYECKHME) W LBEeTHbIe. OHHU
muddepeHIUpyOTCsS MO0 TBEPAOCTH (M MATKOCTH), o003HauaemMou OykBamu T,
MT, M (3a pyoexxom — H, HB, B) ¢ mudpoBsiM mokazarenem mepes; OyKBOM.
Bcero Beimensercs 15 rpynm.

Kapannammm gomkHbI 0051a7aTh CAEAYIONUMU CBOMCTBAMH:

e TIOTAYMBATHCS OC3 IMOJIOMOK;

e BBIUEPUMBATH TOHKUE, YCTKHEC JTUHUU;

e HE Iapanarh Oymary;

e JIMHUU, IPOBEACHHBIC KAPAHIAIIIOM, HE JOJIKHBI BBIIIBETATh U TEPATH CO

BPEMEHEM T'yCTOTY OKPACKHU U JOJDKHBI JIETKO CTUPATHCS JIACTUKOM.
3amauuearom KapaHJAIIU CHEIUATBHBIM KaHIICISIPCKUM HOXOM HIIH

ne3BueM Oe3omacHo OpUTBbl. OUMHATH KapaHJAIIM CIeAyeT Ha KOHYC JUIMHOU
10 TpeX CaHTHUMETPOB C KOHI[A, CBOOOJHOTO OT MapKuUpoBKU. JlmuHa
rpauUTOBOrO CTEPKHS JOKHA cOCTaBiATh 7 - 10 MM. I'paduToBhIil cTepxKeHb
OKOHYATEIhHO HNUIM(YIOT HA MEJKOM HaKIauHOW Oymare Ha KOHYC WM B BUJIE
IJIOCKOTO cpe3a (J1onaroukoit) (puc. 1.2).

a) 0)

Puc. 1.2. 3aTouka kapanaaueii: a — Ha KOHYC; 0 — «JIOTIATOYKOM»

Jlexkano — 510 GurypHsiii 1mabaoH, TPUMEHSIEMBIN JJIsI BbIYEPUYHMBAHUS
KPUBBIX JIMHUM.

LupKyIb-u3MEPUTENb, WIIH pazmemounvlii yupkyav (puc. 1.3, a), CIyxut
IUIS. U3MEPEHUS U OTKJIAJIBIBAHUS HA IUIAHE OTPE3KOB NMPSIMBIX JUHHM, 4 TAKKE
IUISL IETICHUST OTPE3KOB U IYT OKPYKHOCTEH HA PABHBIC YACTH.

YepTeKHBIN ITUPKYIh, UIH Kpy2oeol uupkyas (puc. 1.3, 6), npuMmeHsieTcs
JUIS BBIUEPUMBAHUS OKPYXKHOCTEH auameTpom Oojiee 5 mm. Ilpu moaroroBke
YEPTEXKHOTO  IHUPKYJIST  HEOOXOAUMO  BBINOJHATH  oOmue  TpeOoBaHMS,
MIPEABSIBISIEMbIC K IUPKYIISIM-U3MEPUTENISIM, U, KPOME TOTO, CIEAUTh, YTOOBI:



o Jepkarenb Tpudens, TUPKYIbHBIN pelichenep ©  yIMHUTETbHAS
NPHUCTaBKa IUIOTHO BXOMWJIM Obl B HAKOHEYHHWK M HE IIATAIMCh B HEM
MIOCJIC 3aKPeTIICHHUS;

e WIVIa HaXOIWJIaCh ObI MPOTHUB CEPEAMHBI CTBOPOK peicdenepa u Oblia
OBl HEMHOTO JUIMHHEE UX;

e rpudens B Jepxkareine ObLT Obl XOpPOIIO 3aTOYEH M YCTAHOBJIEH
HECKOJIBKO BBIIIE KOHIIA UTJIBI.

0)

Puc. 1.3. Ilupkyau: a — pa3MeTOUHBII; O — KPyroBOi

Kponuyupxyne (puc. 1.4) ciayxuT s BblUEpUUBAHUS OKPYKHOCTEU
paanuycoM 10 7 MM.

Puc. 1.4. KpoHuupkyab

Peiicuuuna vHEpUMOHHAS IpeAHA3HAYEHA I HECJIOXHBIX YEPTEKHO-
rpaduueckux paldoT, BHIMOIHAEMbIX KapaHJalloM WUiu Tyuibio. C ee TOMOIIbIO
MOXXKHO  TIPOBOIWTH  B3aMMHO  IIApaJuICNIbHBIE  JIMHUWM WA JIMHWM,
PACIIOJIO’KEHHBIE IO OIIPEIEICHHBIM YIJIOM.
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2. IOCTPOEHUE JINHUH U YTJIOB

[IpsiMble JIMHUKM NPOBOJAT CHavaja Oe3 HaXUMa TBEPIABIM OCTPO
OTTOYEHHBIM KapaHJaIloM, a 3aTéM OOBOJAT KapaHJallOM CPEIHEN TBEPAOCTH.
[Ipu 3TOM KapaHam ciierka HaKJIOHAIOT B CTOPOHY JIBHKeHHUs (puc. 2.1).

[Ipu oOBOIKE NUHUU MOXKHO NPOBOIUTH IMOBTOPHO M B OOpPaTHOM
HaMpaBJIEeHUU, YTOOBI MOTYYUTH O0JIee YETKUE JIMHUU HY>KHON TONIIUHBI.

Puc. 2.1. IIpoBenenue npsiMmbIX JTMHUH

['opu3oHTanbHbIE JTUHUKA TPOBOAST ClI€Ba HANpPaBO, BEPTUKAIbHBIE WIIU
HAaKJIOHHbIE — CHU3Y-BBEpPX (pucC. 2.2).

a)

Puc. 2.2. IlocTpoenne npsiMbIX JIMHHU:
a — TOPU30HTAJIbHAS; O — BEPTUKAJIbHAS; 8 — HAKJIIOHHAS

Ha puc. 2.3 — puc. 2.5 noka3zaHbl MOCTPOCHUS JIMHUN IO Pa3IUYHBIMU
yIJIamH.

[

oy
8- Q.~4 v
L o e e e

[y

Puc. 2.3. [locTpoeHue npsiMbIX yIJIOB
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2) 0)

Puc. 2.4. IlocTpoeHne oCTPHIX YIJIOB:
a—15°6—-30° 6—45° 2—60° 0—75°

Puc. 2.5. IlocTpoenne TynbiX yIrjioB:
a—105° 6, 6 —120° 2—135° 0—150° e —115°
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3. OCHOBHBIE TPEBOBAHUS K O®OPMJIEHUIO YEPTEXXEN

Best kOHCTpyKTOpCKasi TOKYMEHTAILMsSI BBITIOJNHSAETCS B COOTBETCTBUU C
TpeboBanusiMu ExmHoil cuctembl KOHCTpykTOpckou gokymenrtaiuu (ECK).
Ot TpeOOBaHUSI BKIIOYAIOT B ce€0s pasMmephl JUCTOB, HauepTaHUE JIMHUH,
mpudTOB, CTPENIOK, IITPUXOBOK U JP.

Dopmamul

@opmar — 3TO pa3Mep JiMcTa (WM BHEIIHEH paMKH, BBINOJIHSIEMOM
TOHKOW JIMHMEW, €ClM pa3Mmep JMcTa OOJbIIe), HA KOTOPOM BBIMOIHIETCS
a0001  KOHCTPYKTOPCKMM JIOKYMEHT (UepTex, cXema, CreruduKams).
Pasmepsl ocHoBHBIX PopmaToB ycranaBiuaeT [OCT 2.301-68 (Tabm. 3.1).

Tabnuua 3.1
Ocnognule hopmamut
A0 Al A2 A3 A4
841x1189 584x841 420x584 420x297 210x297

[Tmomans ¢dopmara AQ cocraBiser In°. Kaxnpii mniocnenyrommii
MEHBIIINN (popMmaT moaydaercs JejaeHueM Oonbiiero Gopmara mormosiaam, BAOIb
KOpOTKOM cTOpoHBI. JlomyckaeTcsi ucnosib3oBanue gopmara AS, ¢ pazmepamu
cTopoH 148x210 mm.

®opmar A4 pacrnonara€rcsi TOJIbBKO BEPTUKAIBHO, OCTaJbHBIE — B
3aBUCUMOCTH OT KOMITOHOBKH M300paXeHUSI.

Jlnst ynoOcTBa XpaHEHHs] JUCTHI CKIIAJIBIBAIOTCS 0 pa3MepoB ¢opmara
A4. Ha puc. 3.1 nmokaszaHo, Kak ckiaasiBaeTcs popmar A3.

Junuu

Hadepranve m OCHOBHBIC Ha3HAYCHHUS JUHUN Ha YepTeKaxX M CXeMax
yctanapimuBaer ['OCT 2.303-68 (ta6s. 3.2). Tonamuubl JUHUN ONPEAEIISIOTCS
[I0 OTHOIIEHHWIO K TOJIIHWHE CIUIOMIHOW TOJICTO OCHOBHOW JUHHUUA S B
npegenax ot 0.5 go 1.4 mm.

TonmuHa JTUHAK OOHOTO M TOrO K€ THUIA JOJDKHA OBITH OMMHAKOBA IS
BCEX H300paXKEHWH Ha JAHHOM YEPTEKE, BBIUCPUYMBACMBIX B OJWHAKOBOM
Maciraoe.

JINMMHY MITPUXOB B IITPUXOBBIX M IITPUXITYHKTHPHBIX JTMHUSAX BEIOUPAIOT
B 3aBHCHMOCTH OT BEJIMYHMHBI M300pakeHUs. JIMHBI IMTPUXOB U PACCTOSHHUS
MEXIYy HHUMH JOJDKHBI OBITh TPHOIU3UTEIILHO OJWHAKOBOW JIJIMHBI, 3a
UCKITIOUCHUEM KpalHUX B INTPUXMYHKTUPHBIX JHHHUAX. LITpUXIyHKTHpHBIC
JUHUM JIOJDKHBI HAYMHATHCS, 3aKaHYMBATHCS M TICPECEKAThCA JITMHHBIMH
mTpuxamu. [lpm  Menkux — n300paxeHUsSX  JOMYCKAeTCs  3aMCHSTH
MITPUXITYHKTHPHBIE JIMHUHM Ha CTUIONTHBIC TOHKHE.
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I

/luHus czuda

®opmam A3

/luHus ceuda

OcHoBHas Hadnuck

105

105

420

/luHusi czuda

OcHoBHas Hadnuck

/luHus ceuda

Puc. 3.1. CkaaapiBanue aucra ¢gopmara A3 mo I'OCT 2.501-68

Tabnuuya 3.2
Tunw aunui
HazBanue Hauvepranue Toamuna Hazunauenue
JInaun
CromHas BHIAMOTO
TOJICTas s =0,5-1.4 | KOHTypa; TUHUU
OCHOBHas KOHTYypa
CeUeHHUU
Crutonraas JInauu
s/3-s/2
TOHKAas ITPUXOBKU
3-5
=3 = JInaun
[IITpuxoBas — e s/3-s/2 HEBUINMOTO
1 J 2 KOHTYpa
- 5-30 OceBrble U
HITpux- 3-5 - —
s/3-s/2 LIEHTPOBBIE
MyHKTUPHAs
- - JINHUHT
8-20 - |- Cnenpl
PasomkHyTas
\ s-1.5s CEKYIIHX
=—— IJIOCKOCTEH
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HIpugpmot uepmesrrcnoie

Bce Hagnmucn Ha dYeprexax M CXeMax BBINONHAIOTCS — wipugpmom
yepmexcuvim B coorBercTBur ¢ [OCT 2.304-81 (puc. 3.2 — puc. 3.5).

..I.I"Iq'll‘l.l.-.-
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Puc. 3.3. Apabckue uugpbi

13



arvaraseas
asdasensnses

semsane sesvave -
e e

-
R e T T
. sasaassens su

.

I3 ssesa Fees
S o e T
1 - s - sRwRaresssrrete v ans

1 2 3 4 7 8 910 11

snavsagasa
‘ansrmsaewrabas

22 SffEEEeT .

cemarw [
HIH 351 14
S L e

HHH T
2583323383
:0. -

.o 8 saiav.
FReresRssRsRerR I iwe

15 186 18 19 23

14

Puc. 3.5 I'peuecknii ajipaBut
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I'paduyeckrie pabOTHI BBIMOIHSAIOTCS Ha JIUCTAaX YEPTEKHOM Oymaru c
BHYTPEHHEH paMKO M OCHOBHOM HaAMUCHIO (puc. 3.6).

mv&
T (1) %

20

20
SN 3

287

20 30

IZREA G SIF (5) f T

N 185 1

E
10

L 210 unu 420

Puc. 3.6. Odopmiienue sucra popmara A4 s rpagudeckux pador:
2pagha 1 — nazBanue paboThl; epagha 2 — HOMEp pabOTHI U HOMEDP BapHaHTa APOOKIO;
2pagha 3 — nara BITIOIHEHUS pabOTHL; epagha 4 — MHIEKC TPYILL; pagha 5 — bamwmnus u
MHULMAIIBI CTYJICHTa
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Bce BbimonmHeHHble paboOThl  ckiaAbiBatoTca 10 ¢dopmara A4 wH
KOMILIEKTYIOTCSI B aJIbOOM, MEPBBIM JIUCTOM KOTOPOTO SIBIISIETCSI MUMYIbHbLL
aucm (puc. 3.7). TUTYIbHBIA JTUCT BBIMIOJIHSETCS HAa JUCTE YEPTEKHON Oymaru
dopmara A4, TekcTt pacmojaraercsi CHMMETPUYHO  OTHOCHUTEIBHO
BEPTUKAJILHOM Ocu paboyero mosig jucra. [lepeHochl ClIOB HE JOIMYCKaroTCs.
Hudpsl, npuBeIeHHBIE B OKPYKHOCTSIX, 0003HAYAIOT BHICOTY IPUQTA.

Huxezopodckuu zocydapcmBeHrHsiu

@ mexHuYeckuu yHubepcumem
um. P. E. Asnekceeba

@ Kagedpa “WHxeHepHas zpaguka”

(7)  A/bBOM rPAGHYECKUX PABOT

no Ha '-/epmame/leod 2eomempuu

@ Bapuarnm N°

Bsinonnun cmydeqm ep. 15- MT -1

CmarHuwebckuu 1 A.
@ lpoBepun  Wupwoba U. A.

[lodnucy [flama OueHka banss

@ 2015

Puc. 3.7. OdopmiieHune TUTYJIHHOIO JIUCTA
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4. IO3ULIMOHBIE 3A1AUU

[To3UIIMOHHBIMU ~ HA3BIBAIOTCS 3aJa4yd, B KOTOPBIX OMpPEAeNaeTCs
B3aMMHOE  PACIOJIOKEHUE  PA3JIUYHBIX  TE€OMETPUYECKHX  OOBEKTOB
OTHOCUTEIBHO Apyr jApyra. K HHUM, B 4YacCTHOCTHU, OTHOCATCS 3aJayd Ha
B3aMMOIPUHAJICKHOCTh (HAIpUMEp, OMPEACIICHUE NPUHAICHKHOCTA TOUYKU
JUHUM WM TIOBEPXHOCTH) M 3a/laud Ha TIEPECEYCHUE T'C€OMETPUUYECKUX
00BEKTOB (HapUMEp, ONPEACIICHUE JTMHUU NEPECCUCHUS IBYX MIOCKOCTEN WU
noBepxHocteid). Ilo3unmoHHbIe 3aaud, B KOTOPBIX OIPEACNAIOTCS OO0IIme
AJIEMEHTHI (TOYKH WM JIMHUN) T€OMETPUUECKUX 00BEKTOB, OAPA3ICSIOTCS Ha
MEPBYKD M BTOPYHO NO3UMLIMOHHBIE. K TIEpBOM IO3MIIMOHHOM OTHOCSTCS BCE
3a/1a4uM, B KOTOPBIX OMPEACIISIIOTCS TOUKHU (O/IHA WJIM HECKOJIBKO) MepeceyeHus
reomeTpudeckux o0bekToB. Ko BTOpOil MO3UITMOHHOM — BCE 3a/1auu, B KOTOPBIX
ompeaessieTcss JuHUS (OJHa WM HECKOJIbKO) B3aUMHOIO MepecedyeHus
r€OMETPUUYECKUX OOBEKTOB.

N3 Bcero paszHooOpa3uss TMO3UIMOHHBIX 33/lady, OTHOCSIIUXCA K
AJIEMEHTAPHBIM TE€OMETPUUECKUM OOBEKTaM (TOYKa, MpsMasi, IJIOCKOCTH),
BBIJICTIUM 3aJlayd Ha ONPEACIICHUE B3aUMHOTO pACIOJIOKEHUS NPSIMOU U
MJIOCKOCTH M B3aUMHOT'O PACTIONOKEHHS IBYX MIIOCKOCTEM.

[Tpsimasi MO OTHOIICHHIO K TUIOCKOCTH MOXET 3aHHUMATh TPU Pa3IUIHBIX
MOJIOXKEHUSI:
e mnpsiMas I 1exuT B IockocTH (puc. 4.1, a);
e MpsiMasi n MapajviesibHa IockocTu (puc. 4.1, 6);
e npsiMas d epecekaeTcs ¢ IOCKoCThio (puc. 4.1, 8).

Puc. 4.1. OTHOCHTEILHOE 0JI0KEHHEe TPSIMOM U IJIOCKOCTH:
a-lca;6-n|p;e—dxy

Ecnm npsiMast npuHaIeKuT, MEPECEKACTCS WK MapasuiebHa MIOCKOCTH,
TO, BMECTE C T€M, OHa OyJEeT COOTBETCTBEHHO COBMNAJaTh WJIM MEPECEKAThCA C
KaKOW-HHOYIb TIPSMOM 3TOM IJIOCKOCTH MM OyAeT eil mapaienbHa. [loaTomy
OTIPE/ICJICHUE B3aMMHOIO PACIIOJIOXKEHUS TPSMOW W TUIOCKOCTH, B OOIIEeM
Cly4dae, CBOJMTCSA K OINPENCIICHUIO B3aUMHOI'O PAaCIOJIOKEHUS ABYX MPIMBIX:
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JaHHOW TIPAMOM M BCIIOMOTATEIIbHOW TPSAMOW, NPUHAIJICKAIEH JaHHOU
IJIOCKOCTH.

PaccMmoTtpum 3a1ady Ha onpeAeaeHre B3aMMHOTO PaCcIlOI0KEHUS OPSIMON
0O0I11eT0 MOJIOKEHUS C IUIOCKOCTBIO OOIIET0 MOJOKEHUs, KOTOpasi Ha3bIBACTCS
NEepBOM TO3MITMOHHON 3ajaueil. AJITOPUTM PEIICHHUS 3aJlaud B OOIIEM BHJIC
COCTOHT B cieAyroieM (puc. 4.2):

1. IIpsmyr0 3aKJIIOYUTh BO BCIOMOTATEIBHYIO IIOCKOCTh YacTHOTO
MOJIOKEHUS: a €.

2. OnpenenuTh MUHUIO | KaK JIMHHUIO TEPECEUEHUs BCIIOMOTATCIIbHOU H
3agaHHOU miockocrent I=a(ABC)Np.

3. OnpenenuTh B3aUMHOE TIOJIOKCHUE 3aJaHHOW TMpsSIMONM a U
nonydyeHHou npsimon [. [lockonbKy npsiMble a v [ fieskatr B OTHOM TIJIIOCKOCTH,
OHM MOTYT TepeceKarhCcsi, ObITh MapajyIeIbHBIMU WM COBIAJaTh. Touka
nepeceueHus: K=axl Oyner HCKOMON TOYKOM NiepeceyeHus NpsiMON a C
m10ckoCcThio a(ABC). Ecniu npsimble @ W | mapainenbHbl, TO HOpsAMas a
napaienbHa miockoctu a(ABC). Ecnu nipsmelie a v [ coBnaayT, To nipsamas a
JeKUT B mnockocTu o(ABC).

Puc. 4.2. [lepeceyenue npsiMoii 00111ero
MOJI0KEeHH S U IIOCKOCTH
0011ero MoJI0KeHHU s

OmnpezeneHre B3aMMHOIO PACIOJIOXKEHHs TpsiMOr a(a;,@;) M MJIOCKOCTH
a(ABC) na kommiekcHoMm ueptexe (puc. 4.3):
1. 3akirounTh TPSMYIO @(a,@;) BO BCIOMOTATENIbHYIO (DPOHTAIBHO-
MPOCIUPYIOIIYIO THIOCKOCTH B(2).
2.Onpenenuth  JTUHUIO  TiepecedeHuss  I(1-2)  BcroMorarelbHOM
rockoctu B(P,) u 3amannon mnockoctu a(ABC):

I= a(ABCO)N B(B2); L=P2; Li=(11—2>).

3.Onpenenuth B3aMMHOE TIOJIOKEHWE 3aJaHHOW TpsSIMOH a W
noiyyeHHor mnpsmoud [I. B nmaHHOM cnydae, npsmele a u [
MepeceKarTcss B Touke K, KOTOpas W SBISAETCSI HCKOMOW TOYKOH
repeceueHus NpsIMont a(ay,a,) u ninockoctu a(ABC):

llxa1=K1; Kzeaz; K= a(al,az)xa(ABC).
18



4. CunTas TJIOCKOCTh HEMPO3PAYHOH, OMPEACIUTh BHUIUMOCTH IMPSIMOU
a(a,;,a;) OTHOCUTEIBHO II0CKOCTH O(ABC).

Puc. 4.3. Ilepeceuyenne npsimou a(a,,a,) n njaockoctu a(ABC)

g ompeneneHuss  BUAMMOCTH  OTHOCHUTEIBHO  TOPHU30HTAJIbHOMU
IJIOCKOCTH TPOCKIIMA HEOOXOAMMO HAWTH KOHKYPHUPYIOIIWE TOYKH — TOUKH,
TOPU3OHTAIBHBIE MPOEKIIMU KOTOPBIX COBMAIAIOT.

[Ipsimble a@ u (AB) B IpoCTpaHCTBE ABJIAIOTCS CKPEIIUBAOUIUMUCS (TOUKHU
MEePEeCeUCHNs] MPOEKIMI HE JIeKAaT Ha OJHOW JIMHUM CBSI3M), MOITOMY IS
ONpPEAEICHUS] BUAMMOCTA TPSAMOM OTHOCHUTEIBHO TUJIOCKOCTH JOCTaTOYHO
ONPEAECTUTh BUIUMOCTh MPSIMOA @ OTHOCHUTEIBHO mpsmMou (AB). na storo
PacCMOTPUM JBE KOHKYPHUPYIOIIME TOYKH: 5 — HA NPSIMOU @ U 4 — Ha NPSIMOU
(AB). Bricota Touku 5 Oonblie, ciaenoBarenbHo, Ha I1; BuauMa npsimast a.

BuauMmocTs mnpsiMOM @ TI0 OTHOIIGHHIO K TIockocTH a(ABC) Ha
(bpOHTATBHOM  TUIOCKOCTH MIPOCKITUIA OIPEAETACTCS C  IIOMOIIbIO
KOHKYpUpYIOIIUX Touek 2 — Ha mpsmoil (AC) u 3 — Ha npsimoil a. ImyOuHa
TOYKHU 3 OOJIbIIIe, CIEA0BATEILHO, BUMMA Oy/IET IpsiMas 4.

K OCHOBHBIM MO3UITMOHHBIM 33Jla4aM OTHOCHUTCS 3ajiada 00 OIpeeIcHur
B3aMMHOIO TIOJIOKEHUSI JABYX IUIOCKOCTEW. JIB€ IJIOCKOCTH B MPOCTPAHCTBE
MOTYT COBNaJaTh, TMEPECEeKaTbCcs WU ObITh NapajlyieJbHBIMU. BTopas
MO3UIIMOHHAS 33jJlaya — 3TO 3aj7ada 00 OMNpeAcICHUM JIMHUU TePEeCceUeHUs JBYX
TJIOCKOCTEM.
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Harsnnoe n3zo0paskeHue pelieHus: BTOpor MO3UITMOHHOM 3a71a4K TTOKa3aHO
Ha puc. 4.4.

Puc. 4.4. Ilepeceyenne ABYX IJIOCKOCTEH 001IEr0 MOJIOKEHHS

AJITOpUTM  pEIIEHUS] BTOPOM TMO3WIMOHHOW  3aJla4d  COCTOUT B
CHEAYIOLIEM:

1.

2.

3amannble MIOCKOCTU oua||b) u B(cxd) nepeceur BcoMOraTrenbHOMN
MJIOCKOCThIO YACTHOTO MOJIOKEHHUS .
OnpenenuTs TUHUM TIEPECEUEHUS] M U 1 BCIIOMOTATEJIbHOM MIOCKOCTH
C Ka)XIOM M3 3aJaHHBIX IJIOCKOCTEH:

YNo(al|b)=m;
y\B(cxd)=n.

.Onpenenutrb Touky M mnepeceuenuss JuHuidi m u n. Touka M

MPUHAMJICKUT NPAMON m, a, CIEAOBATENbHO, W MIIOCKOCTH o.(al|b).
Touka M NpUHALIEKUAT NPAMOM K, CIEIOBATEIBHO, U IUIOCKOCTHU
B(cxd). Takum oOpa3om, Touka M TPHHAIIEKHUT 00EUM TIIIOCKOCTSIM,
TO €CTh SBJISIETCSI OAHOW M3 TOYEK JIMHUM MTEPECECUCHUS.

BTopyro TOYKy JMHHAM TEpPECEUCHUS ONPEACISAIOT AHAJIOTUYHO,
paccekasi Twiockoctu ola||h) u B(cxd) BcrioMOTaTeNbHOM TIOCKOCTHIO
YaCTHOT'O TOJIOKEHUS Y’

OnpeneneHue JIUHUU NEPECEUCHUS IBYX IUIOCKOCTEN OOIIEro MOJ0KEHUS
a(al||b) u P(cxd) na xomruiekcHOM depTexe (puc. 4.5):

1.

Ilepeceub maHHBIE TIJIOCKOCTH BCIIOMOTATENIbHOW  (POHTAIBHO-
MPOCHUPYIOLIEH MIOCKOCTHIO Y(7y,)LII,.
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2. OnpenenuTh JIMHUM TIePEeCEUYeHUs BCIIOMOTATEIbHOM IUIOCKOCTH C
KaXJIOW M3 3aJIaHHBIX TUIOCKOCTEN:

m(1, 2)=(y2) N a(al|b); 11=arx Y15 2:=b1X ¥15 my= Y13
n(3, 4)=v(r2)N P(cxd); 31=dx 15 41=c1% Y15 1= Y.

3. OnpenenuTs TOYKY NEpeceUeHUs NPSIMbIX # U m: M=nxm.

4. Touka M € m = M € o(a||b); M € n =>M e B(cxd), Takum o6pazom,
Touka M SBISIETCA OJHOM M3 TOYEK HMCKOMOW JIMHUU MEPECEYEHUS
IJIOCKOCTEH.

5. Touka M' omnpegensercs aHaJOTMYHO, C T[OMOIIBID BTOPOU
BCIIOMOTaTENbHOM MIOCKOCTH Y'(Y'2).

6. Uepe3 nonyuyennsie Touku M u M' npoBectu npsamyto l. Ilpsmas I —
HCKOMasl JJMHHUS TiepeceueHus miockocten a(al|b) u P(cxd).

C2 dz
a 1
1'2/22'2 b2 /IZ \3'2 A'z y2=n =M 2
"
1. 25 P \42 Y2=N2=M2

Puc. 4.5. Bropasi no3uniuoHHas 3aga4a

[TocTtpoenue JIMHAU NIEPECECUCHUS TIOCKOCTEH, 3aJTAHHBIX
MHOTOYTOJIbHUKAMH, MOKHO YIPOCTHUTb, eclu BCIIOMOTaTeJILHBIC
MPOCIUPYIONINE TUIOCKOCTH MPOBOJIUTH HE MPOM3BOJILHO, a Uyepe3 Kakue-auoo
JIBE€ U3 CTOPOH MHOTOYTOJILHUKOB.

Orcroma creayeT BBIBOA: JUISS TOTO 4YTOOBI TOCTPOUTH  JIMHUIO
MepeceyeHns] JBYX TPEYTOJbHBIX IUIACTHH, HEOOXOAMMO ABAXKIbl PEIIUTH
3a7a4y O MEPECEUEHUH CTOPOHBI OHOTO TPEYTOJBHUKA C IIOCKOCTHIO APYTOTO
— MEPBYIO MO3ULMOHHYIO 33/1a4Yy.
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4.1. TPAOUYECKASA PABOTA 1
[TOCTPOEHUE JIMHWU ITIEPECEYEHM A TPEYT'OJIBHBIX ITNIACTHUH

I'padbuueckas paboTa BBINOIHSACTCS Ha JHUCTE YEPTSHKHOM Oymaru
dbopmara A4. BapruaHThl MHAWMBUIYAIbHBIX 3aJJaHUM MpeICTaBiICHBI B Ta0d. 3.3.
[TopsiioK BRIMOHEHUS PaOOTHI:
1. [TocTpouTh B TOHKUX JIMHHUSX JIByXKApPTHHHBI KOMIUICKCHBIA HYePTEekK
TPEYTOJIbHBIX TIACTHH 110 3aJaHHBIM KOOPIMHATAM BepIlHH (puc. 4.6, a).

Z2

Puc. 4.6. Ilepeceuyenne nmiacTuH
a — IByXKapTUHHBIA KOMIUJICKCHBIN YepTeXk; 6 — HANNISITHOE U300paKeHne

2. ITnacTuHBI MPENCTaBISAIOT COOOM OrpaHMYEHHBIE YYACTKHU IUIOCKOCTEH
obmero mnonoxeHus o(ABC) u B(DEF), cienoBareinbHO, 3ajada
CBOAUTCA K OINpEAEJICHUI0 JIMHUM WX T[epecedyeHus. JIuHuen
MEPECEUCHUs] TUIOCKOCTEH SIBISIETCS TMpsMasi, s OJHO3HAYHOTO
OMpeIeNICHHs] KOTOPOIl JOCTATOYHO ABYX TOUEK.

[TepBast Touka — Touka M (puc. 4.7), — onpenensieTcss Kak TOYKa
nepecedueHusi croponsl DE tpeyronbauka DEF ¢ mockocteio a(ABC)
(mepBas MO3UITMOHHAS 3a]1a4a):

o mpsmyto DE 3aKki0uuTh BO BCIOMOTATENIbHYI (PPOHTAIBHO-
MPOEIUPYIOILYIO TIOCKOCTH Y(Y2) (puc. 4.7);
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® OIpPEAECIUTD JIMHUIO IIEPECEUCHUS M BCIIOMOTATEIbHON TUIOCKOCTH
v(Y2) v nockoctu a(ABC). JIunust m CTPOUTCS MO JBYM TOUKAM:
Ttouka I =v(y;) X AB,;
Touka 2 = Y(y2) X BC,
® OIpPEAEIUTh TOUKY NEPECECUEHUS NPSIMBIX Mt (m ;, m ;) n DE:

M; =D;E; X my;
M2 =M1M2 X D2E2.

2
B2
12 M2
| F2
D —T | C2
2
A2
X12
A1
\\
N C1
11 F1
M1
E1
B1 21
mai yl

Puc. 4.7. IlocTpoeHnne nepBoii TOUKHU JIUHUM NepecevyeHUus

BTtopyro TOUKy NMHMM nepecedeHus — TOYKY /N OINpENeiInTh
AHAJIOTUYHO.
.IIpu HEOOXOAMMOCTHU TOJYYEHHYIO JIMHUIO HYXHO OIPAaHUYUTH B
00J1aCTH MEPEKPBITHUS TTPOCKIIHUIA.
. Cuurasg IUIACTHUHEI HCIIPO3pa4YHbIMH, OIIPCACIUT BHIMMOCTL CTOPOH
METOI0M KOHKYpHUPYIOIIUX To4ek (puc. 4.8).

Ha ¢poHTanbHOM MI0CKOCTH KOHKYPHUPYIOITUE TOYKH HAXOSATCS B
TOUYKE HAJIOKEHUS poeKuuid ipsiMbIX B,C, u D, F,.

[Ipu stom Touka K mnpunHamgnexut npsmoun BC, a touka L -
npsamont DF. Hago nocTpouTh rOpu30HTAIbHBIE TPOCKIUKU TOUueK K u L
Y CPaBHUTH UX TITYOUHBI.
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T'opuzonTanbHas mpoekius Touku K nexutr Hike (TTyOruHa TOYKH
K Oonbmie yem mmyomHa Touku L), ciemoBarenbHo, Ha II, Buauma
cropona BC.

Takum 06pazom, ppoHTaIbHAS POEKIHS CTOPOHBI AC TOITHOCTHIO
BUIUMA, a (DpOHTAIbHASI TPOEKIMS CTOPOHBI AB HeBUaUMA MEXTY

TOYKaMU, KOHKYpUpPYIOIUMU co ctopoHamu DF u DE.
Z2

. . —
X12 Zr

Puc. 4.8. Onpenenenne BUIAMMOCTH

Ha ropusoHTanpbHONW IUIOCKOCTA KOHKYPHUPYIOIIME TOUYKHU
HaXOJSATCSl B TOUKE HAJIOKEHUS MpOoeKuii ctopoH AB u DF.

IIpu sTom TOuka R mpuHamIeKuT cTopoHe AB, a Touka P -
cropone DF.

dpoHTaTbHAs MPOEKIUS TOYKU R JIEKUT BhINIE (€€ BBICOTA
OorplIie), cienoBarelbHo, BuauMa cropoHa AB. Ctopona AC Buauma
MOJIHOCTBhIO, a cTopoHa BC HeBuIMMAa MEXAYy TOYKAMHU,
KOHKYpUpYHOIIUMU ¢O ctopoHamu DF u DE.

5. JluHMM BHAMMOTO KOHTYpa M JUHUIO TIEPECEUYCHHS IJIACTHH OOBECTH
CIUJIOIITHOW TOJICTOM OCHOBHOM JIMHHMEH (cM. Tabiu. 3.2), HeBUAMMBIC
JUHUU — MITPUXOBOU, JIMHUMU MOCTPOCHUN — CILJIOIIHOW TOHKOU (CM.
Tabm. 3.2).

[Ipumep BeImoaHEHUs1 Trpaduueckoil pabdorsl 1 «llepeceuenue

IJIACTUH» MPUBEAEH Ha puc. 4.9.
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[MepecedeHne TpeyronbHbIX NIacTUH

Z2

T2

1/8 |15.11| 12-TK llempos A.B.

Puc. 4.9. Ilpumep BbinosiHeHusi rpadpuyeckoi padors 1
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4.2. AHAUBUIYAJIbHBIE 3A JAHUSA JJISI TPAOUYECKOM PABOTHI 1

Tabauuya 3.3
Bapuanm 1 Bapuanm 2
A(120,10,90) | B(50,80,20) C(0,50,80) A(120,80,90) | B(50,10,20) | C(0,50,80)
D(70,80,100) | E(135,40,20) | F(15,50,0) D(70,0,100) | E(135,40,20) | F(15,80,0)
Bapuanm 3 Bapuanm 4
A(20,0,80) | B(80,80,20) | C(130,45,75) | A(20,80,80) B(80,0,20) | C(130,35,75)
D(75,80,100) | E(0,30,20) F(110,0,30) D(75,0,100) E(0,50,20) | F(110,80,30)
Bapuanm 5 Bapuanm 6
A(120,90,10) | B(50,20,80) C(0,80,20) A(130,65,75) | B(55,75,110) | C(10,10,20)
D(70,115,85) | E(135,20,30) | F(10,50,0) D(140,30,50) | E(25,75,40) | F(90,10,110)
Bapuanm 7 Bapuanm 8
A(80,20,100) | B(15,70,30) | C(120,30,40) | A(20,10,80) | B(85,80,25) | C(130,50,80)
D(135,55,80) | E(35,35,100) | F(90,25,10) | D(75,80,110) | E(0,30,20) | F(120,0,50)
Bapuanm 9 Bapuanm 10
A(125,50,0) | B(5,20,35) | €(70,110,85) | A(15,10,90) | B(60,60,20) | C(120,50,80)
D(140,85,50) | E(90,25,80) | F(20,90,10) | D(40,70,110) | E(0,30,20) | F(110,10,40)
Bapuanm 11 Bapuanm 12
A(115,10,90) | B(55,70,25) C(0,45,80) A(125,95,50) | B(75,10,100) | C(5,60,20)
D(70,75,110) | E(135,25,20) | F(15,10,50) | D(135,45,80) | E(90,15,15) | F(25,85,85)
Bapuanm 13 Bapuanm 14
A(120,30,10) | B(50,100,80) | C(0,40,20) A(15,10,90) | B(80,60,20) | C(120,50,80)
D(70,5,85) | E(135,100,30) | F(10,70,0) | D(65,40,110) | E(10,30,20) | F(110,10,40)
Bapuanm 15 Bapuanm 16
A(115,75,40) | B(50,10,110) | C(0,30,50) A(20,0,85) B(85,80,10) | C(130,50,80)
D(130,10,20) | E(85,75,110) | F(10,65,75) | D(70,80,100) | E(0,30,20) | F(120,0,50)
Bapuanm 17 Bapuanm 18
A(140,30,80) | B(25,75,90) | C(90,10,20) | A(130,15,50) | B(70,95,110) | C(45,30,10)
D(130,65,55) | E(10,10,110) | F(55,75,20) | D(125,55,100) | E(85,5,20) | F(35,70,35)
Bapuanm 19 Bapuanm 20
A(80,20,20) | B(15,70,90) | C(120,30,80) | A(120,70,40) | B(50,10,110) | C(0,20,60)
D(110,70,40) | E(65,40,110) | F(10,50,20) | D(120,10,20) | E(85,45,110) | F(10,35,75)
Bapuanm 21 Bapuanm 22
A(115,10,90) | B(50,80,25) C(0,50,85) A(20,5,90) B(85,90,25) | C(140,50,85)
D(70,80,110) | E(135,30,20) | F(15,0,50) | D(70,85,110) | E(0,35,20) | F(120,0,50)
Bapuanm 23 Bapuanm 24
A(95,30,10) | B(70,95,110) | C(10,15,50) | A(120,60,50) | B(50,0,100) | C(0,20,65)
D(105,70,35) | E(55,5,20) F(15,5,100) | D(120,0,30) | E(65,45,110) | F(10,65,75)
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5. CEYEHHUE ITOBEPXHOCTH IIVIOCKOCTBIO

B ceyeHMM MOBEPXHOCTH IIOCKOCTHIO IMOJYyYaeTCsl IUIOCKasl KpuUBas
JIMHUS, KOTOPYIO CTPOAT MO OTHEJIbHBIM To4ykaMm. CHayana CTpPOSIT OINOPHBIC
TOYKU — TOUYKU CMEHBI BUJMMOCTH M dKCTpeMajbHble (KpaliHue). Touku CMEHbI
BUJIMMOCTA  TPHUHAJIEKAT  OYEPKOBBIM  OOpa3yHOIIUM  MOBEPXHOCTH.
OKCTpeMallbHbIMM TOYKAMH SIBJISIFOTCSL caMasl Ofu3Kas W camasl yaaJeHHas,
BBICIIAsI M HU3IIAA U T. I. OTHOCUTEIBHO IJIOCKOCTEMN MPOCKIUN.

Ecnu npoekius JUHUUA NEPEeCEUCHUs 3TUMH TOUYKAMH HE OIpeessaeTCs
MOJTHOCTBIO, TO CTPOSIT JOMOJHUTEIbHBIE, POMEKYTOUHBIE MEXKIY OIMOPHBIMH,
Toukd. IIpum mocTpoeHMM ceueHUM CeKyIas TUIOCKOCTh OOBIYHO CUMTAETCS
MPO3PAaYHO M OMNPEAENSACTCS TOJBKO BHAMMOCTh MOBEPXHOCTH W JIMHUU
CCUCHHS.

Ceuenue cghepuvl niockocmoio

B ceueHuun cghepst TMIOCKOCTHIO BCEIrNla IMOJIYYaeTCsS OKPY>KHOCTb,
MPOEKIUENH KOTOPOH MOTYT OBITh COOCTBEHHO OKPY>KHOCTB, Ajumrc (puc. 5.1)
WU OTPE30K, PaBHBIM JUAMETPy OKpYyKHOCTH. OjHa W3 oOcedl siuica
ONPENEIAECTCS KaK PACCTOSTHUE MEXKy TOUKAMH MEPECEUCHUS Clie/la TII0CKOCTH
0 C OYEepKOBbIMU oOOpasyromumu cdepsl — oTpe3ok AB(A;B;, A,B;). s
OTpEICNICHHs IIEHTPa 3JUIUIICA HEOOXOMMO BOCCTAHOBUTH MEPICHAUKYIAP U3
nentpa chepol — Touku O(0;0;) Ha ciien I0CKOCTU o. BTopas och MpOXoauT
yepes HeHTp aumnca — otpe3ok DE(DE;, DyE;). Touxku 1, 2, 3 u 4 aBastoTCA
OTIOPHBIMM, TIOCKOJIbKY JIe)Kar Ha OYEpPKOBBIX 00pasyronmx chepsi.
HarypanbHast BennurHa ce4eHus — OKpYKHOCTb paauyca R=C>A,.

Ceuenue yununopa NaAOCKOCMbIO

B cedenuun yunuropa naoCKOCTHIO MOJYYaETCsl OKPY>KHOCTb, JUIUIC WIH
JIBE€ mMapajuieibHble mOpsiMble. Ha puc. 5.2 mokazaHo cedyeHHue UIHHIpA
bpoHTaTBLHO-TIPOCHUPYIOIIEH MIOCKOCThIO. LleHTp amunca - Touka O(0;0;,),
ONpEAEseTCS KaK TOUYKa IMEPECEUCHUsT OCH UWIMHApPA C IUIOCKOCTBIO (.
Otpe3oxk AB(A;B;, A;B, ) — 6onvmas oce, DE(D,E;, D;E;) — manas ocb
DJITHIICA.

Toukn I u 2 — SBAAKOTCS ONMOPHBIMH, MOCKOJBKY JIEKAT HA OYEPKOBBIX
00pa3yromux, a Toukd 3 1 4 - B OCHOBAaHUH IIWJIMHIPA.

Jig mocTpoeHusi HaTypaJdbHOM BEJIMYHWHBI CEUECHUS MOCTPOUTH JIBE
NEePHEHAUKYIISIPHBIC MPSIMBIE U B TOYKE UX MEPECECYEHUS] OTMETUTh TOUKY O —
neHtp aunca. [lockonbky orpe3ok AB(A;B;, A,B;) — ¢pontans, A,B; —
HaTypalibHasi BenudyuHa Oonwiiod ocu, DE (D;E;, D,E;) — dpoHTansHO-
npoeuupyomas npsmas, D;E; — manoi HatypanbHas BeauuuHa. OT LEHTpa
amumnca O oTnoXuTh oTpe3ku O'A" = 0,4, O'B° = 0,B, u O'D’" = 0D,
E’O’ = O;E;. AHanOoru4Ho moCTPOUTh TOYKH 1°, 2" B OCHOBaHUM LWJIMHJIPA U
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3’, 4" — npoMexyTOUYHbIE TOUKU ceueHus. Touku 5', 6" CUMMETPUYHBI TOUYKaM
1,2, Touku 7", 8 — Touxkam 3°,4".

a2
B2

- =] _ - R=C2=A2
A2 !

Puc. 5.1. Ceuenne cepbl INIOCKOCTHIO:
C(C;C;) — ueHTp dIIHIICA;
AB(A;B,, A>B,), DE(DE;, D,E,) — ocu 3marca

|
|
| 32=42
! ,

O2=D2=E2 |

A2

o Puc. 5.2. Cevyenne HUJIMHAPA MJIOCKOCTHIO:
0(0,0;) — neHTp dIINIICA;
AB(A]B], AZBZ)) DE(D[E[, DZEZ) — OCH JJIJIMIICa
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Ceuenue KOHycCa njioCKocmbsio

B cedyeHun konyca TIIOCKOCTBIO TOJIYYAKOTCS OKPYKHOCTb, OJIUIUIIC,
napa0oJia, TuIepooJIa Uiv JIBE MEPECEKaIOMUECs MPsMbIE.

Ha puc. 5.3 nokazan npsiMoil KpyroBoil KOHYC, paCCE€4€HHbBIN MIO0CKOCThIO
a(ay) no suuncy. Otpe3ok AB(A;B;, A,B;) — 6onbiias ock smnunca. L{entp
ammnca 0(0;0,) Haxomutcs B cepenuHe orpeska A,B,. Otpesoxk DE(D,E,,
D,E ;) — manas oCh 3JUIHIICA.

X24

X12

Puc. 5.3. Ceyenune KoHyca MJIOCKOCTBIO:
0(0,0;) — neHTp dIIHIICA;

AB(A]B], AZBZ): DE(D]E], DZEZ) — 0CH
AIIIUIICA

[Tapabona wnu runepbosa B CEYEHUN KOHYCa CTPOSITCSl aHAJIOTUYHO.

HarypanbHas BeauMduHaA CEYEHUSI MOXKET OBbITh OINpeAesieHa CIocoO0M
3aMEHBI IUIOCKOCTEN NMpoeKunil. Clenyer BBITOJIHUTD 3aMeHy miockoctH I, Ha
[l [ns 3TOro mOCTPOUTH OCh X4 MNapAJIIENbHO (DPOHTATBLHOMY CJENY
IJIOCKOCTH, 3aT€M W3 KaXKJIOM TOYKM CEYEHHs NPOBECTH JIMHUM CBS3H,
MIEPIICHINKYJISIPHO OCH X4 U OTIIOKUTH KOOPAWHATHI y KaXKIOU TOUKH.
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5.1. TPAOUYECKAS PABOTA 2
CEYEHUE KOMBMHUPOBAHHOM ITOBEPXHOCTH ITJIOCKOCTBIO

['paduueckas paboTa BBINOIHSACTCS Ha JHUCTE YEPTSKHOM Oymaru
dopmara A4 (cm. puc. 3.6).

PaccmMoTpuM mocTpoeHuEe JUHUM TEepecedyeHUuss KOMOWHHUPOBAHHOMN
MOBEPXHOCTH  C  (PpOHTAIbHO-NPOCLMPYIOWEH  IUIOCKOCTBIO  00).
KomOuH1npoBaHHAasl MOBEPXHOCTh COCTOUT U3 moiycdepsl U KoHyca (puc. 5.4).
B ceyenun nomycdepsl moiayyaeTcss Ayra OKpy>KHOCTH, a B CEYCHHH KOHYyca —
9acTh AIUTUTICA.

Puc. 5.4. Ce4yenne noBepXHOCTH IJIOCKOCTHIO

[Topsimok BeIMOTHEHUS PAOOTHI:
1. TlocTpouTh B TOHKHMX JUHUSX JBYXKAPTUHHBIA KOMIUJIEKCHBIA YEPTEXK

MOBEPXHOCTHU U CJIE]] CEKYILEeH MIOCKOCTH.

2. OnpenenuTh ONOpHbIE TOUKHU (pHC. 5.5):

e | — TOYKa MEPECEUCHUS TIIOCKOCTH 0 0) C OUYSPKOBOI 0Opa3yroIei
nosycgepsi;

e 2 1 3 — TOYKH MEPECEUYEHUSI IIIIOCKOCTH @(0;) C TIJIOCKOCTHIO
HUKHETO OCHOBAHUS MOTyC(hepsr;

e 4 U 5 — TOYKM TEPECEUCHUs] IUIOCKOCTH 0(0) C TIJIOCKOCTHIO
BEPXHETO0 OCHOBAHUS KOHYCA;

® 6 U 7 — TOYKM TEPECEUCHUsS] IUIOCKOCTH 0(0) C TIUIOCKOCTHIO
HIDKHETO OCHOBAHUS KOHYCa;

e Toukn & W 9, nexamme Ha O00pa3yHOMIMX, MPOSKIIUU KOTOPBIX
COBIIAJIAIOT C OChIO KOHYCA TAKXKE SIBJISIOTCS OMOPHBIMU. ITH TOUKH
CTPOSITCSI TIPU TIOMOIIUA BCTIOMOTATEIbHOMN TJIOCKOCTH YPOBHS Y(72),
KOTOpasi pacceKaeT MOBEPXHOCTh KOHYycCa 10 JIMHUU A,

n=0"Ny(y,), L=",
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n — OKPYXHOCThH pajuyca r, a TNIOCKOCTh 0(0;) — O (GPOHTAIBHO-
MPOCUUPYIOLIEH TIPSAMOU P:

p=o(a)Ny(y);p LIh;nxp=4,35.

Puc. 5.5. Onpenesnenne onopHbIX TO4YEK

3. OmpenenuTh NPOMEXYTOUYHBIE TOUKH (puc. 5.6). [ns »sToro
IIPOBECTU BCIIOMOTATENbHYIO IUIOCKOCTh YPOBHS &(82) MExXIy
OTOPHBIMU TOYKAaMHU. ITa IUIOCKOCTh PACCEKAeT IMOBEPXHOCTh
cdepsl M0 JUHUU M,

m=®"Ny(y,), L="1,

m — OKPY>KHOCTb pajuyca r’, a IJI0CKOCTh 0/(02) — 10 (PpOHTAIBHO-
MPOCLUPYIOLIEH NPSAMOU ¢:

q = a(02) N Y(Y2); g LIl
mxq=10,11.
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Toukn [2 wm 13 onpeaenuTb aHaJIOTMYHO, C IOMOUIBIO
BCIIOMOTaTeJIbHOM IJIOCKOCTH G(03).

02=m2 r

Y s

/ " A
— ~
82_92//\ 22=42=52=32
G2 12/?:132/

g1

Puc. 5.6. OnpenesieHue NpoMeKyTOYHbIX TOUCK
4. TlonmyyeHHbIE TOUKH COCUHUTH TJIaBHOW JIEKAIbHON KPUBOU .

Onpenenenue BUAMMOCTH JIMHUMA TIEPECEYEHUS] S OTHOCUTEIBHO
MOBEPXHOCTU: B JAHHOM CJIy4a€ BUIUMOCTb OIPEICISIETCS TOJBKO Ha
TOPU30HTAIBHOM INIOCKOCTH MPOEKIUH.

I'panunieit BUIMMOCTHU SBISETCS OCHOBaHUE MOJIyc(ephl, TAKUM 00pazoM,
BHJIMIMBI TOJIBKO TOUKH 1, 2, 3, 10 u 11, nexaine Ha MOBEPXHOCTH MOTyChEpHI.
Toukn 2 1 3 — TOUKU CMEHBI BUITUMOCTH.

[Topsimok onpeseneHus HaTypaabHOM BEJIMUUHBI ceueHus (puc. 5.7):
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1. Otpe3ok A1 — dponTans, cinemposarensHo, Ha II, mpoeuupyercs B
HaTypajibHYyl0 BenuuuMHy. Ha cBOOOJHOM o€ uepTeka MpOBECTU
BCIIOMOTATENbHYIO MPAMYK0 M MOCJIENOBATEIIbHO OTJIOXKUTh Ha HEWU
OTPC3KU A'B '=Ang, BC '=B2C2, C'D ,=C2D2, DE ’=D2E2, E’l ’=E212.

2. OTpe3ok 6A7 3aHuMaeT (HPOHTAIHLHO-TIPOCHIUPYIOIIEE TOJIOKEHUE,
cienoBarenbHo, npoenupyrorcs Ha Il O0e3 uckaxenusa. Uepe3 Touky
A’, mpoBeCcTH NEPNEHIUKYISAP K A 1" 1 ONOKUTH OTpe3KU A '6 =A;6; n
A7=A 1 71,

3. aHAJIOTUYHO MOCTPOUTH OCTAJIbHBIE TOUKH CEUCHUS.

Jlia ompeneneHus HaTypalbHOM BEIWYMHBI CEUEHUS MOXKHO MPUMEHHUTH
croco0 3aMEeHBI TIOCKOCTEH MpoeKIni (cM. puc. 5.3).

Jlanee, HEOOXOAMMO COEAMHUTH IOJYYEHHbIE TOUYKH IUIABHOM JIEKaTbHON
KpuBOoil. HaHecTr MTPUXOBKY CIUIOIIHBIMU TOHKMMH JIMHUSIMU TOA YoM 45°.
Ecnu xakue-nuOO JTUHUK CEYEHUsS HAKJIOHEHbl MOJ YIVIOM, OMM3KUM K 45°
JNOIyCKAaeTCsl HAHOCUTh IITPUXOBKY noJ yriioM 30° v 60°.

[Ipumep BeIMOTHEHUS TpadudecKoil pabOThI MPUBEIEH Ha pHC. 5.8.

22=42=D'=52=3>

Puc. 5.7. Onpenesienne HATYPaJIbHOM BeJIUYHUHbI CEYECHUS

33



CeyeHne KOMBMHMPOBAHHOW NOBEPXHOCTU MITIOCKOCTLIO

1/8 [15.11| 12-TK [lempos A.B.

Puc. 5.8. Ilpumep BbIno/IHeHHs rpauyeckoil padoTsI 2
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5.1. WHJIUBUAYAJBHBIE 3AIAHUSA 1151 TPAOUYECKOM
PABOTHDI 2

3aoanue oOna zpaguueckoit  padompr 1: TOCTPOUTH CEUYCHUE
KOMOMHUPOBAHHOW  IMOBEPXHOCTH  MPOCHUPYIOMIEH  IUIOCKOCTBIO  0(0l).
Onpenenuth BUAUMOCTB. [lOoCTpOUTH HATYypalibHYIO BEIMUNHY CEUCHHUS.
®dopmar BarMaHa 151 rpaduueckoil pabotsl A4.

Bapuanm 1

Z2

Ycz\ @40 -

45

70

@60

X112 I

45

V1

Puc. 5.9. UaauBuayansHoe 3aganue 1Js Bapuanta 1 rpadpuyeckoii padborni 2
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Bapuanm 2

Z2

/0

X2z ¥

=1

45

)1

Puc. 5.10. UnguBuayaabHoe 3a1aHue /151 BapuaHTa 2 rpaguyeckoil padoThbl 2
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Bapuanm 3

Z2

70

X112

45

Vi1

Puc. 5.11. UnauBuayajabHoe 3a1aHue A BapuaHTa 3 rpadpuyeckoii padorsi 2
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Bapuanm 4

Z2

260

[}
|

40

X112

&‘4.—

45

45

V1

Puc. 5.12. UnauBuayanbHoe 3a1aHue Ui BapuaHTa 4 rpaguveckoi padoTsl 2
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Bapuanm 5

Z2

X2

45 _
= =y,

Puc. 5.13. UnauBuayaabHoe 3a1aHue /151 BapuaHTa S rpaguyeckoil padoThbI 2
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Bapuanm 6

Z2
\i; 240
i I
I
L0
<
< |
|
| o
©60 S
X112 v
i
L0
<
!

V1
Puc. 5.14. UnauBuayaabHoe 3a/1aHue J1J151 BapuaHTa 6 rpaguyeckoit padoThbI 2
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Bapuanum 7

Z2
i |
e @BO;
|
o |
5
o
™~ |
X112 |
Ln
<
!
V1

Puc. 5.15. UuauBuayanbHoe 3ajaHue I BapuaHTa 7 rpaguyeckoi padorTsl 2
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Bapuanm 8

. @70 _ Z2
\Otz
I
I — —
o
~ @50 _
o AN
Tg)
X2z ]
o
<
i
V1

Puc. 5.16. UnguBuayaabHoe 3a1aHue /151 BapuaHTa 8 rpaguyeckoit padoTsI 2
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Bapuanm 9

Z2
. @60 _
}f
t I
o i
N~
o _ @30
5
)
X2 i i |
i
O
<t
!
V1

Puc. 5.17. UnauBuayaabHoe 3aiaHue /151 BapuaHTa 9 rpaguyeckoit padoTsI 2
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@40

Bapuanm 10

Z2

] |
@)
™~ I
I
L0
™ o
)
X2z} \ | \
|
20,
Lo |
<
%
| _ _ -
I
@170
I

!

V1

Puc. 5.18. UnauBuayanbHoe 3aganue 14 sapuanta 10 rpadudeckoi padoTnI 2



Bapuanm 11
Z2

] i
|

L0

<t
o
N

|

260 S
X1z )
LA&
Lo
<
i

V1

Puc. 5.19. UnauBuayaabHoe 3a1anue 1Js1 BapuanTa 11 rpa¢guyeckoit padoTsI 2
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Bapuanm 12

Z2
OL2
T ».
o 240
¥ \
o I
N~ W
[
&
X2 W
020
% 20 _
Lo
~ //T;"I\\‘\
/ ~
7 ™
/ RN \
t L [
o T
\ . I
~ui y
N 7
@60 \\\\\?7,//
Iy
45 |
Vi1

Puc. 5.20. UuauBuayanbHoe 3a1anue 1A BapuanTa 12 rpadguyeckoii padbors1 2
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Bapuanm 13

@70 22

i
o
~ @50 _
o \
Lo
< &
X112 ! !

45

V1

Puc. 5.21. UnauBuayaabHoe 3aanue 14 BapuanTa 13 rpadudeckoi padoThI 2
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Bapuanm 14

Z2
60 -
B QL2
I
o
N~
Q 220
®
X1z | |
O
<
Y
45 i
V1

Puc. 5.22. UuauBuayanbHoe 3a1anne 1A BapuanTa 14 rpadguyeckoii padbors1 2
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Bapuanm 15

Z2
L2 @40

/70

35
0

X2 ‘ !

45

210

Vi

Puc. 5.23. UnauBuayaabHoe 3aanue 15 BapuanTa 15 rpadudeckoi padoTnI 2

49



Bapuanm 16

Z2

| |

L0 u
)

) Y

N~
o
—i

@60

X112

45

V1

Puc. 5.24. UnauBuayajnbHoe 3aianue /5 BapuanTa 16 rpadudeckoi padoThI 2
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Bapuanm 17

Z2
60 .
o [
i i
o
<
o
™~ 1
X2 !
LO
<
|

1

Puc. 5.25. UnauBuayanbHoe 3aanue 15 Bapuanta 17 rpadudeckoi padoTbI 2
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Bapuanm 18

Z2

70

X2 ‘

45

Vi

Puc. 5.26. UnauBuayanbHoe 3a1anue 1A BapuanTa 18 rpadguyeckoii padbors1 2

52



Bapuanm 19

Z2
@14
o2
i
I
o
N
i
3 2.
X1z Y Ul
= 65 -
o @60
<
|
! _ _ -
[
I
= 45 -

Vi1
Puc. 5.27. UaauBuayanbHoe 3a1anue 1A BapuanTa 19 rpaduyeckoii padborni 2
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Bapuanm 20

Z2

@/0

70

i 240\ _
3 2/
S

45

V1
Puc. 5.28. UnauBuayanbHoe 3ajanue s Bapuanta 20 rpadudeckoi padoTnI 2
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Bapuanm 21

Z2
| Sl @40 o |
h
o2
I
Lo
<
< !
Ll
260 o
X2 0
Kg]
<
I
45
V1

Puc. 5.29. UuauBuayanbHoe 3a1anue 1 BapuanTa 21 rpadguyeckoii padbors1 2
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Bapuanm 22

Z2
@60

R |

o
q
236
o l\
!
@50 ' S
X112 L
LO
q

) 4

Puc. 5.30. UuauBuayanbHoe 3a1aHue Ui BapuaHTa 22 rpadguyeckoii padorsl 2
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Bapuanm 23

Z2
QL2
]
I
o @32
N~
o
Tp)
L0 I
N [¢]
S
X112 ‘] [
260 20
Lo
<
//TF\\
/ \
V | = —
/
|
60 \\\~ !
|
45 o
14

Puc. 5.31. UnauBuayaabHoe 3aanue J1J5 BapuanTa 23 rpadudeckoid padoThI 2
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Bapuanm 24

Z2

40

/0

X112 !

45

V1
Puc. 5.32. UnauBuayaabHoe 3a1aHue /15 BapuanTa 24 rpa¢udeckoid padoThI 2
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6. IEPECEYEHUE TOBEPXHOCTEM

JIuHus nepeceveHus ABYX IMOBEPXHOCTEN B OOIIEM Cily4ae MpeacTaBIIsieT
co00#l MPOCTPAHCTBEHHYIO KPHUBYIO, KOTOpash MOXKET pacnajarbCsi Ha JIBE U
O6onee uacreil. Ha puc. 6.1 u puc. 6.2 mokazaHbl pa3iIUYHbIC BapUAHTHI
IIEPECECUCHHS TOBEPXHOCTEN.

Puc. 6.1. Ilepeceuenne moBepxXHoOCTEil OTKPHITOr0 TOPa U chepbl

Puc. 6.2. IlepeceyeHne moBepxXHOCTEl KOHYCAa M IUJIMHAPA
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JIuHHIO TIepecedeHHsl ABYX IOBEPXHOCTEW CTPOSAT MO €€ OTIEIbHBIM
toukam. OOmMM CcHocoOOM TIOCTPOEHUS JTHUX TOYEK SBIAECTCS CIOCO0
MMOBEPXHOCTENU — OCPETHUKOB.

AJITOPUTM pELIECHHs 3aJa4yd [0 OINPEICICHUIO JIMHUU TEPECEUCHUS
noBepxHocTel @' u @' (puc. 6.3) COCTOUT B CIEAYIONIEM:

1.06e 3amannbie mnoBepxHocTH @' u D' paccekarOT TPEThEH,
BCIIOMOTATEJIbHOM MIOCKOCTHIO WJIM TOBEPXHOCTHIO P.

2. OnpenenstoT JIMHUHN TTePECCUCHUS KaXKI0U 3aJaHHOM MTOBEPXHOCTH CO
BcriomoraresnpHoi: @' x P =", @' x P =|"".

3. OnpeneNoT TOYKU nepeceueHus mony4eHHbix Juauid "1™ = 1 u 11.
Touku | u |l npuHagIekaT 00eUMM TOBEPXHOCTSIM.

4.1TpoBenss HECKOIBKO BCIOMOIaTEIbHBIX MOBEPXHOCTEH, HAXOMST
JIOCTATOYHOE KOJIMYECTBO TOUEK U COECUHAIOT UX TUIABHOM JIEKAJIbHOM
KpUBOW, KOTOpas W SBJIACTCS HWCKOMOW JIMHUEH IEepECEYCHUs
IIOBEPXHOCTEH.

5. OnpenensitoT BUAUMOCTh TOBEPXHOCTEN U JIMHUU UX MEPECCUCHMUS.

Puc. 6.3. [lepeceyenune nmoBepxHocrei

B kauecTBe BCIIOMOraTeNbHBIX IOBEPXHOCTEH ClieAyeT BHIOMpATh
MOBEPXHOCTH — IUIOCKOCTH WM Cepbl, KOTOPBIE MEpPEceKaroT 00e 3a/aHHbIC
MOBEPXHOCTH 110 HAMOOJICe MPOCTHIM ISl MOCTPOCHUS JIMHUSM: MPSMBIM HJIH
OKpY)XHOCTAM. Kpome TOro, eciim B CEUCHHUH ITOBEPXHOCTH ITOJYYaIrOTCS
OKPY’>KHOCTH, OHH JOJKHBI IIPOSIIUPOBATHCS HA OJIHY U3 IIOCKOCTEH MPOCKIIHMA
0€e3 HCKaKEeHU.

OnpeneleHre TOYCK JUHUU TIEPECEUCHUS ITOBEPXHOCTCH HAYMHAIOT C
MOCTPOCHHS TaK HA3bIBACMBIX OMOPHBIX TOYEeK. OMOpPHBIC TOUKH MOYTH BCEria
MO3BOJISIIOT BHUJCTh, B KaKUX IpeJeiaax HYKHO H3MCHSTh II0JIOKCHUE
BCIIOMOTATENIbHBIX CEKYIIMX IMOBEPXHOCTEH IS HAXOXKICHHUS IMPOM3BOJIBHBIX
TOYEK JIMHUHU TIEPECCUCHUSI.
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K onopHbIM OTHOCSITCS:
® TOYKU IEPECEUCHUSI OYEPKOBBIX OOpa3yOIIMX, €CiK 00pa3yrolue
JISKAT B OJHOU MJIOCKOCTH,
® TOYKH, JEXKAIIUE Ha OYEPKOBBIX 00pa3yIONINX MOBEPXHOCTEH;
® TOYKH, JeXKaIllUe B O0IEH TNIOCKOCTH CUMMETPHH,

® HKCTpeMajlbHble (BEpXHHE — HWKHHE, INpaBble — JIEBbIE) MO
OTHOIIICHUIO K TIJIOCKOCTAM MPOEKIUH, K IEHTPY KOHIEHTPUYECKUX
coep.

[Ipn coenvHEHUU TOYEK CIIENYET UMETh B BUJY, YTO MPOCKUUH JIMHUU
MEepEeCceYeHs] He MOTYT BBIXOAUTH 3a MpeNesbl OOIIeH IIIomaau — IJIOIIAAn
HaJIO)KEHUS — TPOCKIINKM MEePECEKAIOITUXCs MOBEpXHOCTeH. BuaumMbiMu OyayT
T€ YYaCTKU JIMHUM TEPECEUYEHUs, KOTOPbIE MNPUHAIEKAT BHANMBIM YacTSIM
00enxX MOBEPXHOCTEN.

6.1. TPA®OUUYECKAS PABOTA 3
CIIOCOB BCIIOMOTATEJIBHBIX TJNIOCKOCTEN YPOBHS

Cnoco6 3akitouaercss B TOM, YTO 00€ TOBEPXHOCTH PACCEKAIOTCS
napajuieNIbHBIMU TUIOCKOCTSIMU YPOBHA. DTOT CHOCOO MPUMEHSIOT JIMIIb B TEX
CllydasiX, KOTJa BCIOMOTaTelIbHbIE IJIOCKOCTH PAacCEeKaloT MOBEPXHOCTU IO
MPOCTHIM JIMHHSIM — MPSIMBIM WJIH OKPYKHOCTSIM, KOTOPBIE MPOCIUPYIOTCS Ha
COOTBETCTBYIOUIYIO IJIOCKOCTh MPOEKINI 0€3 UCKAKEHHUS.

PaccMoTprM  [OCTpOEHME  JMHUM  IIEPECEUECHUS  NOBEPXHOCTEU
HaKJIOHHOTO KPyTroBOro koHyca u cepsl (puc. 6.4).

O1

Puc. 6.4. Ilepeceyenne noBepxHocrei
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[Topsiiok BeIMOTHEHUSI PaOOTHI:
1.Tlo 3agaHHBIM pa3MepaM MNOCTPOUTH TPU MPOCKIIMU MOBEPXHOCTEH B
TOHKHX JIUHUSAX (puc. 6.5).

5S3

|
| S1
|
|

k123

Puc. 6.5. IlocTpoenue npopuibHOM MPOEKUNH MOBEPXHOCTEH

2. OnpenenuThb ONnopHbIe TOUKHU (puc. 6.6). HakiioHHBINA KPYyTrOBOM KOHYC
u cdepa UMEIOT OOIIYI0 TIJIOCKOCTh CUMMETPHUHU M([L1), TapaUIeIbHYIO
miockoctu  II,. IloatoMmy TOukm A u F nuHUM TiepecedeHust
MOJIy4arOTCA KakK pe3yybTarT IMepeceueHrs OYEPKOBBIX 00pasyromux
KOHYyCa U c(epsbl.

2 S3

o2=az=mz

i |

at

k123

Puc. 6.6. OnpenesieHne OMOPHBIX TOYEK JUHUM NePecedeHUus NMOBEPXHOCTEH
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Taxe K OMOpPHBIM TOYKAaM OTHOCSTCSA TOUKU B u B, nexaiue Ha
skBarope ceprl. OHU SABIAIOTCS TOYKAMU CMEHBI BUAMMOCTHU JUHUU
MIEPECEUCHUS HA TOPU30OHTAJIbHOM IUIOCKOCTH MPOEKIUM.

s onpenesieHust 3TUX TOUYEK HYKHO MTPOBECTH TOPU3OHTAIBHYIO
IJIOCKOCTh ypoBHA a(@). Ilnockocts a(a,) mepecekaer cdepy Mo
AKBATOPY — OKPYKHOCTHU @, a KOHYC — [0 OKPY>KHOCTHU m, PAAUYCOM F:

a(a,a)=0 N a(02);

m(my,my)=®" N a(a,).

ITocTpOUB TOpPU3OHTAIBHBIE MPOECKIUU OKPYKHOCTEM a U m,
ONpEeeNIUTh TOYKH UX nepeceducHus B u B”
Bl, B’1=alxm1; Bl, B,1= B, BN a,.

. [IpoMeKyTOUHbIC TOYKH JIMHHHM TEPECCUCHUS TaKKE OIMPEIACIISIIOT C
MTOMOII[BIO TOPU3OHTAJILHBIX TJIOCKOCTEH YPOBHSI.

®poHTaNbHBIE IUIOCKOCTH YPOBHS IEPECEKAIOT IOBEPXHOCTh
HAKJIOHHOTO KPYroBOTO KOHYCa I10 THIEpOoJiaM, CIIe0BATEeIbHO, IS
pelIeHUs JaHHOW 3a/ladd HYXHO TPUMEHHUTHh TOPU3OHTAJIbHBIC
TUIOCKOCTH yPOBHS, KOTOPBIE pAacceKaroT o00e IMOBEPXHOCTH IIO
OKPY>KHOCTSIM.

bonee nonpobHo pazdepem nocrpoeHue touek C u C’ (puc. 6.7).
Jns wux ompeneieHuss HaAO 1epecedb 00e  MOBEPXHOCTH
BCIIOMOTATEIbHON TOPU30HTAIBHON TIIOCKOCTHIO ypoBHS  [(f3,).
[Tnockocts B(B,) mepecekaeT chepy 1Mo okpyxkHOCTH b paguycom R,
a KOHYC — TI0 OKPYXKHOCTH H pagnycom R:

b(by, by= ® N\ B(B2); n(ny, ny= "N B(By).
[locTpouB TOpHU30HTAIBHBIE MPOEKIUU OKpYXKHOCTEM b U n,

onpeaenuTs Touku ux nepecedyenuss C u C*
Ci, C1=by xny; Ci, C'=Ci, G By

AHajlornyHbIM ~ oOpa3oM  ompeaensitor Touku D wu D/
dbopmupyroIme IHHUI0 nepecedeHus (cM. puc. 6.7). OHH TOIyYEHBI ¢
MMOMOIIBIO TOPU30HTAIBHOW MIIOCKOCTH YPOBHSA Y(Y2).

KonngyecTBO BcmomorareiabHBIX MJIOCKOCTEH JOJIZKHO OBITH
AOCTATOYHBIM JIA OIPCACIICHUA XapaKTCpa JIMHUKU TICPCCCUCHUA.
HpCI[CJ'IBI ATUX IUIOCKOCTEM II0 BBICOTE OIIPCACIIAOT BbICHIAA U
HHU3IasA ONMOPHBLIC TOYKH JIMHUH TICPECCUCHUA HOBerHOCTeﬁ.
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Puc. 6.7. Onpenesnenne NpoMe;KyTOYHbIX TOYEK
JIMHHMM NepeceYeHus MOBEePXHOCTel

. [locnenoBarenbHO COECAUHUTH OAHOMMEHHBIC MPOCKIUU TMOTYyYEHHBIX
TOYEK TOHKOW IUIABHOW JIEKAJBHOM KPUBOW, IPHUYEM IIOJIYyUYECHHAas
JUHUSI HE JOHKHA BBIXOJIUTH 3a TpeAeibl 00JacTh MEePEKPHITUS
MPOCKIUN JaHHBIX ITOBEPXHOCTEW. 3areM CIEAyeT ONpEACIUTh
onopHble TOYKM E u E’, KOTOpbhIE SBISIOTCS TOYKAMH CMEHBI
BHJIMMOCTH JIMHUW TIEpeceYeHUs Ha TPOPUIBHOW IUIOCKOCTH
npoeKIuii (puc. 6.8).

Jlns  ompeneneHUs OTUX TOYEK TMPOBOIAAT NPOPUIBLHYIO
IUIOCKOCTh YpoBHS O(0;). PpoHTaNbHBIE TPOCKIMH TOuek E U
E ‘nexar Ha repecedeHnr TUIOCKOCTH O(0;) M MOTyUYeHHOHN JICKaTbHOM
kpuBoit. IlmockocTh 68(8;) mepecekaeT cdepy Mo OKPYKHOCTH d,
kotopas Ha II; coBmamaer c¢ ouepkom cdepbl. IloaTomy s
omnpenesnieHuss Npo@uibHBIX Tpoeknuit Touek E u E’ cuemyet
BOCIIOJIB30BAaThCA OKPYKHOCTHIO d.
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Puc. 6.8. Onpenenenune Touexk cMeHbl BUAUMOCTH Ha I1;

5. OnpenenutTh BUAUMOCTh JIMHUM TEPECEUCHUsT MOBEPXHOCTEM U MX
0YEpKOBBIX oOpasyromux (puc. 6.9).

Ha ropu3oHTanbHOM IJIOCKOCTH MPOCKIUN BUIAWMOCTH JIMHHUH
nepecedeHus: OnpeaessieTcs Mo MOBEPXHOCTH cdepbl. Bunumer OymyT
T€ TOYKHM JIMHUHU TiepecedeHus, kotopele Ha Il, pacrmosiaokeHbl BEIIIE
IIJIOCKOCTH O3, — TOUKH A, B 1 B Toukn B u B’ SABISIOTCS TOYKAMU
CMEHBl BHAUMOCTH JHUU TiepecedeHus Ha II;.  OudepkoBas
oOpaszyromiasi cdepbl Oymer BuAUMA MeEXIy Touykamu B u B’
[TockonbKy OCHOBaHHME KOHYCa PACIIONIOKEHO HIKE cepbl, OHO OyaeT
HEBUIUMO.

Ha ¢poHTanbHON MJIOCKOCTH NPOCKUMM BUIUMBI OydyT Te
TOYKW JIMHUU TI€PECEUCHUs, KOTOPHIC JIEKAT TEpea IJIOCKOCTHIO
cumMerpuu W) — Touku A, B, C, D, E u F. O0pa3ytomas KoHyca
OyzmeTr HeBUAMMA MEXay ToukamMu A W F, Tak Kak OHAa HAaXOJIUTCS
BHYTpHU chepnl. OuepkoBas oOpasyrolas KoHyca BUAUMa J0 ToYeK A
u F.

BuauMocts nuHUM miepecedeHus Ha NPOQPUILHON TUIOCKOCTH
MPOEKIIUN TaKXKE OMPENENISIETCS MO MOBEPXHOCTH cdepbl. Buaumel
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OyayT Te TOYKM JMHUU mepecedeHus, kotopeie Ha II, pacnonoxeHbl
neBee m1ockoctu 0(8;), — Touku F, E u E’. Touku E n E’ apistorcs
TOYKaMU CMEHbI BHIMMOCTM JuHUM nepecedeHns Ha II;. Ouepk
cheppl BuaeH Mexay Ttoukamu E u E? OOpasyromme KoHyca
PacIoIOKEHbI 32 cPepoid, TOITOMY OHU HEBUIUMBI.

6. JluHuM BUAMMOTO KOHTYpa W JIMHUIO TIEPECEUYECHHS] MOBEPXHOCTEU
BpalieHusi OOBECTHM CIUIONIHOM TOJCTOM OCHOBHOW JIMHHEH,
HEBUJHUMBIE JTUHUU — IITPUXOBOM, JUHUHU IIOCTPOCHUU — CIUJIOLIHOMU
TOHKOM (cM. Tabi. 3. 2).

Puc. 6.9. Onpenesienne BUAMMOCTH JTHHUM TepecevyeHUst
MOBEPXHOCTEH

[Ipumep BeIMOTHEHUS TpaduIecKoil padoThI puBeaAeH Ha puc. 6.10.
['paduueckas pabora 3 BeimonHsAETCA HA BatMaHe ¢opmara A3. Pasmepsl
Ha YepTEK HE HAHOCHTb.
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[MepeceyeHue nosepxHocmell. Crocob ecrioMozamesibHbIX M1ocKocmel YpoeHs
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| 3/8]25.11| 12-TK | Mempos A.B. | |
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Puc. 6.10. Ilpumep BbINOJHEHUS rpaduueckoii padorsi 3




6.2. WHJUBUAYAJIBHBIE 3AJIAHUSA JJ51 TPAOUYECKOM
PABOTBI 3

3aoanue na zpagpuueckyro pabomy 3: NOCTPOUTH JMHUIO NEPECEUCHHUS
MOBEPXHOCTEU BpalleHus B Tpex npoekiuax. opmar A3.
Bapuanm 1

1

100

(g} I I
(g}

Puc. 6.11. UnauBuayajabHoe 3a1aHue A5 BapuanTa 1 rpajpuyeckoii padorsi 3
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Bapuanm 2

100

Puc. 6.12. UnauBuayaabHoe 3a1aHue /151 BapuaHTa 2 rpaguyeckoit padors! 3
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Bapuanm 3

@50 _
| h
9/1‘: 21\\
///’ ll \\ ()
// Iy \\ >
/ \
f N
@250
. 110 _

Puc. 6.13. UnauBuayanbHoe 3a1aHue I BapuaHTa 3 rpadguveckoi padorsi 3
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Bapuanm 4

@100

100

R79

@ 80

Puc. 6.14. UnapuBuayanbHoe 3a1aHue I BapuaHTa 4 rpadguveckoi padorsi 3

71



Bapuanm 5

126

30
Puc. 6.15. UnauBuayanbHoOe 3ajaHKe I BapuaHTa S rpadguyeckoii padorsi 3
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Bapuanm 6

100

Puc. 6.16. UnpuBuayanbHoe 3a1aHue I BapuaHTa 6 rpadguveckoi padorsi 3
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Bapuanum 7

100

Puc. 6.17. UnapuBuayanbHoe 3a1aHue VI BapuaHTa 7 rpadguyeckoi padorsi 3
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Bapuanm 8

Puc. 6.18. UnauBuayaabHoe 3aganue 11 BapuanTa 8 rpaguyeckoii padorsl 3
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Bapuanm 9

60
~

35

Puc. 6.19. UnauBuayanbHoe 3a1aHue VI BapuaHTa 9 rpadguveckoi padorsi 3
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Bapuanm 10

& 70 _
\
\ l 1
\
\ S
\| o
o
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\
\
I
\ \ N
\
% 80 |
58 18

Puc. 6.20. UuauBuayanbHoe 3a1anue 1 sapuanta 10 rpaduyeckoii padorsi 3
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Bapuanm 11
@98

Puc. 6.21. UnauBuayaabHoe 3a1anue 1Js1 BapuanTa 11 rpaguyeckoit padorsi 3

78



Bapuanm 12

@70

Puc. 6.22. UuauBuayanbHoe 3a1aHue i BapuanTa 12 rpaduyeckoii padorsi 3

79



Bapuanm 13

%

%

7

[
Il
100

25
-
Puc. 6.23. UuauBuayanbHoe 3a1anue 1A BapuanTa 13 rpaduyeckoii padorsi 3
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Bapuanm 14

280

RAOO

50

Puc. 6.24. UnauBuayanbHoe 3a1anue 1A BapuanTa 14 rpadguyeckoii padorsi 3
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Bapuanm 15

100

Puc. 6.25. UuauBuayanbHoe 3a1anue 1A BapuanTa 15 rpadguyeckoii padorsi 3
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Bapuanm 16

= @88 —
I
|
I
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35

Puc. 6.26. UnauBuayaabHoe 3a1aHue 15 BapuanTa 16 rpadudeckoit padorni 3
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Bapuanm 17

100

260

Puc. 6.27. UaauBuayanbHoe 3a1anue 1A BapuanTa 17 rpaduyeckoii padorsi 3
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Bapuanm 18

120

80

Puc. 6.28. UnauBuayaabHoe 3aj1aHue 19 BapuanTa 18 rpadudeckoii padorni 3
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Bapuanm 19

120

@ 60

15

»100

Puc. 6.29. UnauBuayanbHoe 3a1anue 1A BapuanTa 19 rpaduyeckoii padorsi 3
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Bapuanm 20

100

15

Puc. 6.30. UuauBuayanbHoe 3a1anme 1 BapuanrTa 20 rpadguyeckoii padorsi 3
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Bapuanm 21

60

@90

110

Puc. 6.31. UnuauBuayanbHoe 3a1anue 1A BapuanTa 21 rpadguyeckoii padorsi 3
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Bapuanm 22

80

Puc. 6.32. UnauBuayaabHoe 3a1aHue /15 BapuaHTa 22 rpadudeckoi padorsl 3
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Bapuanm 23

60

Puc. 6.33. UuauBuayanbHoe 3a1aHue 1A BapuanTa 23 rpadguyeckoii padborsi 3
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Bapuanm 24

Q@ 90

50

45

Puc. 6.33. UnauBuayaabHoe 3a1aHue /5 BapuanTa 24 rpadudeckoi padorsi 3
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6.3. TPAOUYECKAS PABOTA 4
CIIOCOb KOHUEHTPUYECKUX COEP

Croco0  mpuMeHsieTcsl  Afisi  MOCTPOSHUS  JIMHUHM  TepeCceUYCHHs
MOBEPXHOCTEH BpAaICHHUS MPOU3BOJIBLHOIO BHJA MPH YCIOBHUH, YTO OCH ITHX
ITOBEPXHOCTEN IEPECEKAIOTCHL.

B ocHOBy crioco0a KOHLIEHTPUYECKUX C(ep MOJI0KEHO CBOWCTBO c(ephl ¢
[EHTPOM Ha OCU KaKON-T1100 MOBEPXHOCTH.

Ecnu yenwmp cghepvr naxooumcs ma ocu xaxou-nHub6yob nosepxmocmu
8paujenuss, mo chepa coocHa ¢ NOBEPXHOCMbIO BPALYEHUS U 8 UX NepeceyeHuu
noayuamces okpysicnocmu (puc. 6.34).

OxpyarcHocmu

0)

Puc.6.34. CoocHble MOBEpPXHOCTH BPalllCHUS:
a — HaIJIs,AHOE U300pakeHHe; 6 —KOMIUIEKCHBIHN YyepTex

PaccMOTpHM TOCTpOEHHE JIHHHMH IIEPECEUEHUS MOBEPXHOCTU IMPSMOIO
KPYroBOro KOHyCa M HPSIMOrO KPYroBOIO HMJIUHApPA, OCH KOTOpBIX i(iy,lp) U
g(01,02) mepecekaroTcs ¥ TOYKa mepecedcHus oceit obo3nadeHa uepes 0(01,0,)

(puc. 6.37).

%ﬁ“’” 1o

Puc.6.35. Ilepeceyenne mpsiMoro KpyroBoro HMJINHAPA U MPAMOTro KPyroporo KOHyca
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[Topsiiok BeIMOTHEHUSI PaOOTHI:

1.

2.

ITo 3amanHBIM pa3mMepaM MOCTPOUTh B TOHKUX JIMHUSX TPU MPOCKITUU
MTOBEPXHOCTEN.

OnpenenuTh LEHTP BCIOMOTATENbHBIX KOHIEHTpUYECKHX cdep. 3a
IIEHTP BCIIOMOTATEIbHBIX KOHIIGHTPUYECKUX cQep MNPUHUMACTCS
touka O, KOoTOpas SABISETCA TOYKOM TEpEeCeUeHHs] OCeHl IMIMHApPA U
konyca: O =1 x ( (puc. 6.36).

. Onpenenutb onopHbie Touku (puc. 6.36). Tak kak 00e MOBEPXHOCTHU

UMEIOT OOIIyI0 TUIOCKOCTh CUMMETpuH W(Wy), napamwiensuyto I, To
UX O4YEepKOBbIE oOOpazyrolue mnepecekarTcss Ha miockoctu I, B
Toukax A, u Es.

1 J . Or=i1 | | 97
\—li// -

Puc.6.36. Onpenesienne neHTpa BCIOMOraTeIbHbIX cep U ONOPHBIX TOYEK

JIMHUH NepeCcCUCHUA

4. Onpenenuth paauycbl MaKCUMaldbHOM W MHUHHUMaJIbHOW cdep,

HEOOXOAMMBIX JJIS ONPEACNICHUs TPaHull JIMHUU TIEPECEUCHHUS.

Pannyc MmakcumanbHO# cepbl Ry, pABEH PACCTOSHUIO OT LIEHTpa
BCIIOMOTaTeIbHBIX cpep 10 Hanbosee yaaleHHON TOUYKU MepeceyeHus
OUYEPKOBBIX OOpasyromux. B gaHHOM ciydae paauyc MakCHMalbHON
C(bepBI Rmax= 02A2= OzEz (pI/IC 637)
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ait

Puc. 6.37. Onpenesienne paanycoB MaKCUMAaJIbHOI 1 MUHMMAJIbHOM cdep

Chepa pagmycom R,y HE HCIONB3YETCS B TMOCTPOCHMSIX,
MOCKOJIbKY OMOPHBIE TOYKH ObUTH OIpPEAeNICHbI panee (CM. 11.3).

YroObl ompeaenuth paanyc MHHUMaIbHOU chepbl  Rpin,
HE0OX0AMMO POBECTH u3 LEHTpa BCIIOMOTaTEeIbHBIX
KOHIIEHTPUUECKUX Cc(ep HOopMaau K OUYEpPKOBBIM O0Opa3yroIUM
noBepxHocTel. Torma OONBIINI U3 OTPE3KOB ITUX HOpMaJiel U OyaeT
Rin. B oTOM ciiyyae cdepa MUHUMANIBHOTO paguyca OyleT KacaTrhbCs
OJTHOW M3 JTaHHBIX MOBEPXHOCTEH, a CO BTOPOM — mepecekarbes. s
ompeneneHuss Ry, W3 Toukn O, Hago mpoBectd HopMalib O,F; K
O0UYEpKOBOI 00Opa3yromiel muauHapa U HopMaib O,K, - K 04epKoBOit
o0Opa3yrolei KoHyca.

[Tockonbky |O,F;>|0:K;, 10 Ruyuin=0,F,, 1O ecth cdepoii
MUHMMaJIbHOTO  pajguyca  SIBISETCS cepa, KaCarolasics
UIMHAPUYECKON MOBEPXHOCTH (CM. puc. 6.37).

Cdepa paguycom R, Kacaercs MUIMHIPUIECKON MOBEPXHOCTHU
0 OKPYXHOCTU K, KOTOpas Ha (POHTAIBHOM MPOEKIIUU
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U300pakaeTcsi B BUJE NPSIMOM n,, TEPIEHIUKYISIPHON ¢, DTa Xe
chepa mepecekaeT KOHUYECKYIO IOBEPXHOCTh IO OKPYKHOCTU @
paanycoM Fr, KoTopas H300pakaeTcss Ha (PPOHTAIBHOW MPOEKIUU B
BUJIE TIPSIMOM @, IEPIICHIUKYJISIPHOM 1.

Toukm C u C’ mnepecedeHHs] OSTUX OKPYKHOCTEH OymayT
MPUHAJIEKAaTh 00EUM MOBEPXHOCTSIM:

azxn2=Cz, Crz.

YtoOBbl MOCTPOUTH TOPU3OHTANBHBIE Tpoekiuu Touek C u C
CIEAyeT BOCIIOIb30BAThCS OKPYXKHOCTBIO @, COJEpXKAIlE JdaHHbIE
TOUYKH, TAK KaK OHA HE UCKAXKAETCS Ha IUTOCKOCTH npoekuuii Il;:

Cz, C'2€a 1.

JIns mocTpoeHusT MPOMEKYTOUHBIX TOYEK JIMHUAM IEPECECUCHHUS
IPOBOJAT HECKOJIBKO KOHIIEHTPUYECKHUX c(ep ¢ LeHTpoM B Touke O,
npudeM paauyc R >tux cdep A0KEeH U3MEHATHCS B Ipeeax

Rmin<R <Rmax-

r

KonnuecTBo cdep M0KHO ObITh JOCTATOUHBIM JIJISI OPEICIICHUS
XapakTepa JMHUHU MePEeCEUCHUSI.

PaccmoTrpum  ompenelieHHE TOYEK JIMHUM TIEPECEYEHHs] Ha
npumepe chepsl paguycoM Ry (Ryin<RI<R,,.y) (puc. 6.40).

Chepa  pammycom  RI  mepecekaeT  HUIUHAPUYECKYIO
MOBEPXHOCTh MO OKPYXHOCTSM [ W m, KOTOpble Ha (PpOHTAIBLHOMN
OPOCKIIMU  M300pakaroTCss B BUJAEe TpsMbIXx L, u  my,
NEPHEHIUKYISIPHBIX (.

Ora xe cdepa mnepecekaeT KOHUYECKYI0 MOBEPXHOCTb IO
OKPYXHOCTHU b pamuycoM r’, KoTopas n3o0paxaercs Ha QpOHTATLHOMN
MPOEKIMU B BUJE NPSAMOU b, NEPIECHIUKYISIPHOM ;.

Touku B, B, D u D’ nepeceueHus STUX OKPY>KHOCTEWU OymayT
TOYKaMU UCKOMOW JIMHUM MEPECCUEHUS:

lz)(b2=Bz, B ,2;
msz2=D2, D ,2.

YToOBI MOCTPOUTH TOPU3OHTATBHBIC TTPOCKIIUK TOUeK B, B', D u
D", cinenyeTr BOCHONB30BaThCS OKPYKHOCTBIO b, copepikailieid JaHHbIe
TOYKH, TaK KaK OHa HE MCKaXKAEeTCs Ha MIIOCKOCTHU mipoekiuit Il;:

B,B’, D, D’eb,.
5.1lonyyeHHbIE TOYKH COEAUHUTH TOHKOM IUIABHOW JE€KAJIbHOU
KpuBoH (puc. 6.38).
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R1

pi

13=m3

T |9
/ C2=C'2 60— J C's.
b2 | 4

A2 B2=-B'2 [ D2=D'"2 /\[_:2

C1 k123

c Y.
' C1 k123
i
|
T

Puc.6.39. Onpenesienne BUAUMOCTH JUHUM NepecedeHUust
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JIunus MePpeCCUCHUA HOBGpXHOCTCfI Ha BCCX IINIOCKOCTAX

NPOEKIUA CUMMETPUYHA OTHOCHUTENBHO TUIOCKOCTH M(Mg) — oOImiei
IJIOCKOCTH CUMMETPHH. ITa MIIOCKOCTh ObLIIa YKa3aHa paHee (CM. puc.
6.39).

6. OmpenenuTh BUIUMOCTH JIMHHHM TEPECCUCHUS TOBEPXHOCTEH M HX
OYEPKOBBIX 00pa3yromux (cM. puc. 6.39).

Ha ropu3oHTaIbHON IIOCKOCTHA NPOECKIUU JIMHUSA NEpEeCeUeHUs
HEBUIUMA.

Bce Touku 3ToM TMHUY JekKaT HUXKE QPOHTAIBHON MIPOCSKIIMKU OCH
BpAIIEHUS TWINHIPA §(q2). [I0OCKOIBbKY OCHOBAaHHE KOHYCA HAXOAUTCS
O/l MOBEPXHOCTHIO UWJIMHIPA, OHO Takxke HeBuauMo. Ouepk
UAJIAHAPA BUJICH ITOJTHOCTBIO.

Ha ¢bpoHTabHOM MIIOCKOCTH MPOEKIUNA BUAUMBI OyAyT T€ TOUYKH
JIMHUY TIEPECECUCHUS, KOTOPBIC JIEKAT NEPE]] TNIOCKOCThI0 CUMMETPUU
w(y) —touku A, B, C, Du E.

Touku A w B gBIAOTCS TOYKAMH CMEHBI BHUIUMOCTH.
OO6pazyronias nuauHIpa OyJIeT HEBUANMA MEXKy Toukamu A U B, Tak
KaK OHAa HaxoAuTCs BHYTpU ImiuHapa. OuepkoBbie 0OpaszyroIue
KOHYCa BUJIUMBI 10 TOYEK A U B.

Ha npoduiabHON MIOCKOCTH MPOEKIUH BUAUMBI OyIyT T€ TOUYKHU
JIMHUM TIEPECEUCHHUSI, KOTOPBIE JIeXKaT MpaBee PPOHTAIBHOM MPOEKITUU
OCH BpallleHHsi KoHyca i(iy) — Ttouku A, B, B’, C u C’. Ouepk
MUJIUHApPA BUIEH TMOJTHOCTBIO, a O0pasylolue KOHyCa BHUAMMBI JI0
Touek Cu C".

7.JIluvHMM BHAMMOTO KOHTYpa W JIMHHIO TIEPECEUYCHHS TOBEPXHOCTEH
BpalieHusi OOBECTH CIUIOIIHOW  TOJICTOM OCHOBHOM  JIMHUEH
(cM. Tabn. 3.2), HeBUAMMBIE JIMHUU — IUTPUXOBOM, JIMHUM MOCTPOEHUNA —
CIUTOIITHOM TOHKOM (cM. Tabm. 3.2).

[Ipumep BoImoNHEHUS Trpaduyeckor paboTel 4 mpuBeAcH Ha puc. 6.40.

['paduyeckast paboTa BBITIOTHAETCS HA JIUCTE YepTekHOU Oymaru ¢opmara A3.
Pa3meprl Ha YepTek He HAHOCHUTb.
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lNepeceyeHue nosepxHocmel. Criocob KOHUEHMPUYECKUX chep

Rmin

Rmax |

%‘“C1 — k123

| 4/8]10.12] 12-TK | Mempos A.B.
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Puc. 6.40. Ilpumep BoINOJIHeHUS rpaduiecKkoii padoTsl 4




7.1. MHJUBUAYAJBHBIE 3AIAHUSA JJ51 TPAOUYECKOM
PABOTBI 4

Bapuanm 1
3aodanue 0aa zpaguueckoii padomot 4: NTOCTPOUTH JIMHUIO NIEPECEUCHUS
ITIOBEPXHOCTEN BpalleHus B Tpex npoekuuax. @opmar A3.

||

125

@100

Puc. 6.41. UuauBuayanbHoe 3a1aHue 1 BapuanTa 1 rpadguyeckoii padors 4
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Bapuanm 2

100
|

50

Puc. 6.42. UnauBuayaabHoe 3a/1aHue /151 BapuaHTa 2 rpadudeckoid padborsi 4

100



Bapuanm 3

Puc. 6.43. UnauBuayaabHoe 3a1aHue /19 BapuanTa 3 rpadgudeckoit padorsi 4

101



Bapuanm 4

100

@110

o0

I

Puc. 6.44. UnauBuayanbHOe 3ajaHKe I BapuaHTa 4 rpadguyeckoii padors 4
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Bapuanm 5

75

4

SN
26
=

@P0

60

Puc. 6.45. UnauBuayanbHoe 3a1aHKe VI BapuaHTa S rpadguyeckoii padors 4
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Bapuanm 6

100

50

@80

140

Puc. 6.46. UnauBuayaabHoe 3a1aHue /151 BapuaHTa 6 rpaguyeckoit padors 4
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Bapuanum 7

@100

= e

Puc. 6.47. UnauBuayanbHoOe 3ajaHKe U1 BapuaHTa 7 rpadguyeckoii padors 4
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Bapuanm 8

w
<
/Q
132

114

]& =

Puc. 6.48. UnguBuayaabHoe 3a1aHue /15 BapuaHTa 8 rpadudeckoit padborsi 4
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60

Bapuanm 9

100

65

Puc. 6.49. UnauBuayanbHoe 3a1aHKue Ui BapuaHTa 9 rpaguyeckoii padors 4
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Bapuanm 10

100

60

@145

65

Puc. 6.50. UuauBuayanbHoe 3aqanue 1 sapuanTa 10 rpadpuueckoii padorsr 4
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Bapuanm 11

Puc. 6.51. UnauBuayaabHoe 3aanue 1Js1 BapuanTa 11 rpaduyeckoi padorni 4
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Bapuanm 12

@100

110

120

Puc. 6.52. UnauBuayanbHoe 3a1aHue i BapuanTa 12 rpadpuyeckoii padorsl 4
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Bapuanm 13

110

< 100

70

Puc. 6.53. UnauBuayanbHoe 3a1anue 1A BapuanTa 13 rpadpuueckoii padorsi 4
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Bapuanm 14

@55 -

47

295

100

I

Puc. 6.54. UnauBuayaibHoe 3a1aHue 19 BapuanTa 14 rpadpuyeckoi padorsi 4
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Bapuanm 15

@ 100

Puc. 6.55. UnauBuayanbHoe 3a1anne i BapuanTa 15 rpadguueckoii padorsi 4
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Bapuanm 16

48

140

i

Puc. 6.56. UnauBuayaabHoe 3a1anue J1J5 BapuanTa 16 rpadpuyeckoi padorsi 4
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Bapuanm 17

@ 60

Puc. 6.57. UnauBuayaabHoe 3aanue 14 BapuanTa 17 rpadpuyeckoi padorsi 4
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Bapuanm 18

110

9 100

Puc. 6.58. UnauBuayaabHoe 3a1anue J1J5 BapuanTa 18 rpadpuyeckoii padorsi 4
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Bapuanm 19

Puc. 6.59. UnauBuayanbHoe 3a1anue J1J9 BapuanTa 19 rpadpuyeckoi padorsi 4

117



Bapuanm 20

95

@120

128

Puc. 6.60. UnauBuayanbHoe 3a1anme 1 BapuanTa 20 rpadpuueckoii padorsl 4
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132

Bapuanm 21

45°

22

75

Puc. 6.61. UnauBuayaabHoe 3a1anue 19 BapuanTa 21 rpadpuyeckoi padorsi 4
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Bapuanm 22

110

2100

Puc. 6.62. UnauBuayanbHoe 3a1aHKMe I BapuaHTa 22 rpaduyeckoii padorsl 4
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Bapuanm 23

100
|
|
|

50

110
85

145

Puc. 6.63. UnauBuayanbHoe 3a1aHue I BapuaHTa 23 rpadpuueckoii padorsl 4
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Bapuanm 24

80

Puc. 6.64. UnauBuayaibHoe 3a1aHue /15 BapuanTa 24 rpadpudeckoi padorsi 4

122



7. AKCOHOMETPUA

AKconomempua — HarISIHOE OIHOKAPTUHHOE H300pa)KCHUE JIeTallu,
oOnamaroriee CBOMCTBAMHM H3MEPUMOCTH, HAIVIIAHOCTH U OOpaTUMOCTH.
HarnagaocTts U300paxeHus IOCTUTAETCS BBIOOPOM IUIOCKOCTH
AKCOHOMETPHUUYECKUX TMPOEKIHMI M HampaBICHUEM MPOCUUPOBAHUS Ha HEeE.
HampaBnenue mnpoeuupoBaHusi HE JOJDKHO COBIAJaTh HU C OJHOM W3
KOOpAMHATHBIX  oceld. HM3mMepumocTh ©  OOpaTUMOCTh  M300pakKeHUS
00ecreynBalOTCsl MPOCIIMPOBAHUEM JIETANId BMECTE C JKECTKO CBA3aHHOU C HEl
CHUCTEMOM KOOPJIMHATHBIX OCEH, Ha KOTOPBIX OTKJIAILIBAIOTCS HaTypajbHBIC
MacITaOHbIe OTPE3KU (HaTypaJIbHbIE MACIITAObI).

Jlns mocTpoeHus: ocei mpsiMOyrojibHOUW u3oMetrpuu (puc. 7.1, a) crpost
OKPYXHOCTb MPOU3BOJILHOIO pajinyca 7, 3aTeM U3 HI)KHEN TOUKU MepeCceueHUs
€€ C BEpPTUKAJbHOM OCBIO CTPOAT AYry TOro Xe paauyca. Yepes LEHTp
OKPYXHOCTH Y TIOJyYEHHbIE TOUKH MEPECEUCHUSI IPOBOJSAT OCH X U .

VYIiel MeXIy aKCOHOMETPUUECKUMHU OCSAMH B MPSAMOYTOJIbHON JTUMETPUU
MOKHO MOCTPOUTH cieayoumm oodpazoMm (puc.7.l, 6): nas MOCTPOECHUS OCH
O'x' OTKJIaIpIBaIOT OT Hayana koopauHar (O’ MO JIMHUM TOPU30HTA BOCEMb
OTPE3KOB M Ha KOHIIE IOCJEAHETO0 OTPE3Ka MNEPHEHAMKYIIPHO K HEMY — OAMH
Takol orpe3ok. ns mpoeaenusa ocu Oy’ — MO JTUHUM TOPU30HTA BOCEMb
PaBHBIX OTPE3KOB U OT KOHIA TOCJIEIHETO OTPe3Ka NEPHEHAUKYISIPHO EMY CEMb
TaKUX OTPE3KOB.

Puc. 7.1. IlocTpoeHne aKCOHOMETPHYECKHX OCeii: @ — U30METPHS; O — TUMETPHUS

Jns mocTpoeHHsT NPUBENCHHOW AKCOHOMETPHUYECKOW MPOCKIHH TOYKHU
A(Xy, Y4, Z4) cnenyer oTnoxUTH KoOpauHatel Xy, Y4, U Z4 B HaIlpaBICHUU
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COOTBETCTBYIOIIMX aKCOHOMeTpudeckux oced (puc. 7.2). Ilpum moctpoenun
MIPUBEICHHOW TUMETPUM KOOpAUHATA ¥ JIEUTCS MOIMOJIaM.

223

A2 ZA As

° o

A
X12—2A YA ys

YA

Y1

Puc. 7.2. IlocTpoeHHe aKCOHOMETPHYECKOI MPOEKUUHN TOYKHU: @ — TPEXKaPTUHHBIN
KOMITJIEKCHBIM YepTexk; 6 — IPSIMOYTOJIbHAsl U30METPHUS; 8 — MPSAMOYTOJIbHAs IUMETPUS

AKconomempu UeéCKue npoexkuuu OKpyicnocmu

AKCOHOMETPUYECKON TPOCKUHEH  OKPYKHOCTHU  SIBIIIETCS  OAIUNC.
ITocTpoeHrE aKCOHOMETPUYECKUX MPOCKIUH OKPYKHOCTEH, JeXKallux B
MJIOCKOCTSX, HEMapaJUICIbHBIX HH OJHOM U3 KOOPAWHATHBIX IIJIOCKOCTEW,
BBITIOJTHSIETCS IO LIEHTPY U HECKOJIBKHUM TOUYKaM.

[TocTpoeHrne aKCOHOMETPUUYECKUX MPOCKIIMU OKPYKHOCTEH, JIEKAIIUX B
IUIOCKOCTSIX, MAPAJUICNIBHBIX  OJHOM W3  KOOPAMHATHBIX  IUIOCKOCTEH,
BBITIOJTHSIETCS TI0 IIEHTPY U ABYM OCSIM — OOJIBITION W MaJIOH.
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bonvwas oce snnunca ecez0a pacnonacaemcsi nepneHOUKVIAPHO OCU,
Hedocmaroujeli 8 n1ockocmu okpyxcHocmu (puc. 7.3).

Puc. 7.3. Pacnosioxkenne oceid 3JLUTHIICOB: g — IPSIMOYTOJIbHAsI U30METPUS;
6 — IpSAMOYTOJIbHAs TUMETPUS

OnpenenuTh pa3Mepbl OCEM dJuMIca MOXHO TpadUyecKH, MONb3YsICh
CJICNYIONIMMU TPEYTOJbHUKaMU (MOHOTpaMMaMH ).

N3omerpusi: cTposiTcs 1Ba MPSIMOYTONIBHBIX TPEYTOJIbHUKA C OOILLIMM KareToM
100 MM u karetamu 72 MM u 122 MM (puc. 7.4, a).

Ha OGomnbiiem (ropM3oHTAIbHOM) KaTeTe TPEYrojbHHUKA OTKIIaJIbIBACTCS
3HaYeHue nauameTpa (paamyca) OKPYKHOCTH W CTPOUTCS  TMOAOOHBIM
TPEYTOJIbHUK.

Bonpmmii karer TpeyrosbHuka co cropoHamu 100 Ha 122 ompeapensiet
OOJIBIIIYIO OCh DJLIUIICA.

MeHbMii KaTeT TpeyrojbHUKa co ctopoHamu 100 Ha 72 ompenenser
Mayo OCh JUIUIICA.

JAuMeTpus: CTPOATCS TPU MPSIMOYTOIbHBIX TPEYTOJbHUKA C OOIIMM
karetoMm 100 MM, Ha KOTOPOM OTKJaJbIBaeTCA 3HAYEHHE AuaMmeTpa (paauyca)
OKpYykHOCTH (puc. 7.4, 0).

bonbmmmii  karer TpeyronbHuka co cropoHamu 100 mm Ha 106 MM
omnpenenseT OOIbIITYI0 OCh JUIUIICA JIJISI BCEX aKCOHOMETPUUYECKHUX TIIIOCKOCTEH.

MeHbii  KaTteT TpeyroiabHuka co ctopoHamu 100 MM Ha 94 Mm
OTpeNesIIeT MaTy0 OCh JUTUIICa JIsl TIOCKOCTH [1,(x0z).

Menbmnii Karer TpeyroiabHuka co ctopoHamu 100 MM Ha 35 MM
omnpeneseT Matyro och duuinca jJuis iockoctu I1;(xOy) u 113(z0y).
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Puc. 7.4. TpeyroibHUKH /151 ONIPeieIeHUs1 pa3MepoB 0ceil 3JIJIMIICOB
(O3 — 6oabman ock aunca, MO — majiast och):
a — IPSIMOYTOJIbHASL U30METPSI; O — MIPSMOYTOJIbHAS JUMETPHUS

7.1. TPAOUYECKAS PABOTA §

['paduueckas pabora 5 BBINONHSIETCS HA JIMCTE UYEPTEHKHOM Oymaru

¢dopmara A3.

[Topsiiok BHIMOJIHEHUS PAaOOTHI:

1. TlocTpouTh B TOHKMX JUHUSIX JBYXKAPTUHHBIA KOMIUJICKCHBIA YEPTEXK
netanu (puc. 7.5, a). JlaHHas aeTanb COCTOUT U3 ABYX F€OMETPUUYECKHUX
TeJ — mapajuiesienuneaa u muiaubapa (puc. 7.5, 6, ).

2. IlocTpoenne nmprBeICHHON N30METPHUU:

® IOCTPOUTH U30METPUUYECKHUE OCH KOOpUHAT (cM. puc. 7.1, a);

® [IOCTPOCHUE AKCOHOMETPUUECKUX MPOEKIIHMM, KaK MPaBWJIO, HAYMHAIOT
C JIMHUMA U TOYEK, JISKAIIUX B KOOPAMHATHBIX IJIOCKOCTAX. B maHHOM
ciydae, yAoOHee Hayarb C  TIOCTPOCHHUS  33JHEH  CTEHKH
napa’suiesenuIeaa, Jexamie B IockocTu zx (puc. 7.6);

® OT TOYKHM Hadajia KoopauHar O OTIOXUTb OTpe3oK I°, 2" =1, 2, u
yepe3 TOUKy 2~ MPOBECTH MPAMYIO, TAPAIICTbHYIO OCH Z. 3aT€M OT
TOYKM Havyayia koopAuHar O oTinoxuth oTpe3ok 17, 3" = 1, 3, u uepe3
TOuKy 3 ° TpOBECTH TMPIMYI0, NapalieNbHyl0 ocu X. Touka
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MIEPECEUCHHs] ATUX MNpAMBIX: BepmmHa 4°. OCTajabHbIE BEPILIHHBI
CTPOATCS aHAJIOTUYHO;

® U3 KaXJOM BEpIIMHBI MOCTPOUTH pebpa mnuuoit 47, 7" = 4;, 7; B
HaIpPaBJICHUH OCU ¥ U COSAMHUTD NOJyYEHHBIE TOUKY;

® [IOCTPOUTh MPOEKIMIO OCHOBAaHMA IUIMHApaA. [Ipoekuus ocHoBaHMS
LHWIMHJpPA MIPEICTABIAET COO0M AIUIHIIC.

Puc. 7.5. 3anannas neranb: a — 4epTex; 6 — HAISIIHOE N300pakeHHE,;
6 — COCTaBIIIOIINE Tea
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Z2

x1 M

51° - “

Puc. 7.6. IlocTpoenue napaJiesnenumnena

Y1
[Toctpoenue snurca (puc. 7.7):
a) OMpENIENUTh LIEHTp 3Juuiica — Touka C;
0) MEepNEeHIUKYISIPHO OCH y TMOCTPOUTH OOJNBIIYIO OCh JJUIMICA — OTPE30K
A’B’ 1 manyto och 3iuunca — orpe3ok D 'E’, napaniensHo y
A'B=1,22d,
D’E'=0,95 d,
rae — d TnamMeTp OKPYKHOCTH.
Pa3mepsl ocelt 3/IMIncoB MOKHO onpenenuTsh rpadudecku (puc. 7.4, a).
B) B HalpaBJIEHUU OCEH X U Z OTIOXKUTHh OoTpe3ku K'L™ u M’'N’, paBHbIE
JTUaMETPY OKPY>KHOCTH;
I) COEAWHUTH TOJY4YEHHbIE TOYKM IIJIABHOW JIEKAJbHOW  KPHUBOM,
CUMMETPUYHON OTHOCUTEIBHO OOJIBIIION U MAJIOW OCEil.
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X1

F1 Puc. 7.7. IllocTpoeHue 0OCHOBaHMS IUJIMHAPA

® OMNPEEIUTh LIEHTP BTOPOTO 3JUIMIICA, OTJIOKHUB B HANPABIECHUUA OCU
y orpe3ok C'F’"= C;F; v nOCTpOUTH BTOPOH JILIUIIC;

® [IOCTPOUTH OYEPKOBbIE OOpa3yrolHe I[WIMHApPA KacaTellbHO K
AIITUIICAM;

® OIpPENEIUTh BUIUMOCTD;

® PSIIOM C M30METPUYECKOM NPOEKIMENW IIOCTPOUTH TPEYrOJbHUKHU
oceit mo ['OCT 2.303-68.

[TocTtpoenue numerpuu (puc. 7.8):

® [IOCTPOUTH AUMETPUUYECKUE OCU KOOpauHAT (cM. puc. 7.1, 0);

® OT TOYKHM Hadajia KoopauHat O oTiIoXKuTh oTpe3ok I, 2" =1, 2, u
4yepe3 TOUKy 2 MPOBECTH MPSAMYIO, MapaJlIeIbHYI0 OCH Z. 3aTe€M OT
TOYKM Hayaja koopauHar O oTIoXuTs otpe3ok 1, 3° = I,, 3, u uepe3
TOYKy 3 ° MNOpOBECTH TMPSAMYI0, MNApaUIEIbHYI0 Ocu X. Touka
MEPECCUYEHUS] ATUX MPSIMBIX — BepiirnHa 4. OCTaJbHbIE BEPIINHBI
CTPOSITCS @aHAJIOTUYHO.

® 13 KaX/J0W BEPIIMHBI MOCTPOUTH pedpa miuuHoit 4,5 = 0,5 4,5, B

HaIlPaBJICHUU OCH y U COCIUHUTH MOJIyYEHHBIE TOUKH.
® [IOCTPOUTH MPOECKIIMIO OCHOBAHUS HIMJIMHAPA.
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Z2
42=5> 32

X2

x1 4 71

51°

Puc. 7.8. llocTpoenne napaJuiejienumnena

Y1

[Toctpoenue ainurica (puc. 7.9):
a) ONpeAeNIUTh LEHTp Aruinrca — Touka C;
0) MEepNeHIUKYISIPHO OCU y MOCTPOUTH OOJIBLIYIO OCh 3JUIMIICA — OTPE30K
A’B 'n Mmanyto och umInca — orpe3ok D 'E’, mapanienabHo y.
A'B"=1,054d,
D’E’ = 0,95d,
rae — d TuamMeTp OKPY>KHOCTH.
Pa3meps1 ocelt 2iImmncoB MOKHO onpeeauTs rpadudecku (puc. 7.4, 0).
B) B HampaBJ€HUU OCell X U g OTIOXKUTh OTpe3ku K'L" u M'N’, paBHble
JUaMETPy OKPYKHOCTH;
I) COCOUHUTH TOJyYEHHBbIE TOYKM IUIABHOM  JIEKAJIBHOW  KPUBOWM,
CUMMETPUYHON OTHOCUTEIHHO OONBIION U MaJION OCceil.
® OMNPEEIUTh LIEHTP BTOPOTO 3JUIMICA, OTJIOXKUB B HANPABIECHUUA OCU
y orpe3ok C'F" = 0,5 C;F; u nOCTPOUTH BTOPOU 3JIHIIC;
® MOCTPOUTH OYEPKOBBIE OOpa3ylolIUe IMIMHIpA KacaTrelbHO K
AILTUTICAM;
® OIpPENEIUTh BUIUMOCTD;

® DSAIOM C JUMETPUYECKOM MPOEKIMEH IMOCTPOUTh TPEYTOJIbHUKHU
oceit o 'OCT 2.303-68.
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X1

Puc. 7.9. IlocTpoenne oCHOBAHUSA HUJIMHAPA

[Ipumep BbinonHEHUs rpaduyeckoit paboTel 5 mpuBeaeH Ha puc. 7.10.
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AkcoHomempusi

ard

X1 Z1

Y1

l5/8 18.12] 12-TK | [lempos A.B. | |

Puc. 7.10. Ilpumep BbinonHeHusi rpaguyeckoii padborsl S
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7.2. UnauBuayaibHbIe 3a1aHus 1 rpaduueckoit padorTsl 5
3aoanue ona cpaguueckonu padomsvt 5: TOCTPOUTH CTAHIAPTHYIO

NPUBEACHHYI0 HM30METPUUECKYI0 M JTUMETPUYECKYIO MPOEKIMU JIeTald TI0
JTAHHOMY KOMILJIEKCHOMY 4epTexy. Dopmar A3.

Bapuanm 1

Z2
I
Q _ _ _ -
I
Xz ) 4
X7 Z1

)1

Puc. 7.11. UnauBuayajabHoe 3a1aHue A5 BapuanTa 1 rpagpudeckoii padorsl 5
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Bapuanm 2

Z2

i

Iﬂ
V1
Puc. 7.12. UuauBuaya bHOE 3aJaHKMe I BApHaHTa 2 rpadguyeckoii padorsl S
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Bapuanm 3

Z2

S

N

|

<
N

Vi

Puc. 7.13. UnauBuayajabHoe 3a1aHue /15 BapuaHTa 3 rpaguueckoit padoTsl 5
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Z2

X2 —.

136

Vi1

Puc. 7.14. UnauBuayaabHoe 3aiaHue /15 BapuaHTa 4 rpadudeckoit padoThl 5

Bapuanm 4



Bapuanm 5

Z2

Vi1

Puc. 7.15. UnauBuayajabHoe 3a1aHue JJ151 BapuaHTa S rpadudeckoid padoThl 5
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Bapuanm 6

Z2

X2 O

Vi1

Puc. 7.16. UnguBuayajabHoe 3a1aHue JJ151 BapuaHTa 6 rpaduyeckoit padboTnI 5
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Bapuanum 7

| Z2

Iy

|

Puc. 7.17. UaauBuayanbHOe 3ajaHKe I BapuaHTa 7 rpadguyeckoii padorsl S
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Bapuanm 8

Z2

B

Puc. 7.18. UuauBuayaabHoe 3a1anue 1 BapuanTa 8 rpadguyeckoit padorsl S
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Bapuanm 9

o

Vi1

Puc. 7.19. UuauBuayanbHoOe 3ajaHKe U1 BapuaHTa 9 rpadguyeckoii padorsl S
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Bapuanm 10

V1

Puc. 7.20. UaauBuayanbHoe 3a1anme 1A Bapuanta 10 rpadpuueckoii padorsl 5
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Bapuanm 11

X2 0

V1

Puc. 7.21. UaauBuayanbHoe 3a1anue 1A BapuanTa 11 rpadguyeckoii padors! 5
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Bapuanm 12

V1

Puc. 7.22. UnauBuayaiabHoe 3aiaHue /9 BapuanTa 12 rpadpuyeckoi padorsl 5
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Bapuanm 13

Z2

Puc. 7.23. UnauBuayajiabHoe 3ajanue 19 BapuanTa 13 rpadpuyeckoi padorsi 5
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Bapuanm 14

Puc. 7.24. UaauBuayanbHoe 3a1aHne i BapuanTa 14 rpadpuyeckoii padorsl 5
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Bapuanm 15

Vi1

Puc. 7.25. UnguBuayanbHoe 3aganue st BapuanTa 15 rpadpuyeckoit padorsi 5
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Bapuanm 16

Vi1

Puc. 7.26. UnauBuayaabHoe 3aiaHue /5 BapuanTa 16 rpadpuyeckoi padorsi 5
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Bapuanm 17

Z2

X2 o}

Puc. 7.27. UaauBuayanbHoe 3a1anne 1A BapuanTa 17 rpadpuyeckoii padorsl 5
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Bapuanm 18

Z2

Vi1

Puc. 7.28. UnauBuayaabHoe 3aaHue J1J9 BapuanTa 18 rpadpuyeckoi padorsi 5
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Bapuanm 19

Z2

X2

Vi1

Puc. 7.29. UnauBuayajabHoe 3aanue 15 BapuanTa 19 rpadpuyeckoi padorsi 5
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Bapuanm 20

Z2

) &

Puc. 7.30. UnauBuayaabHoe 3aanue 15 Bapuanta 20 rpadpudeckoi padborsl 5
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Bapuanm 21

Z2

| v
Puc. 7.31. UuauBuayanbHoe 3a1anue i BapuanTa 21 rpadpuueckoii padorsl 5
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Bapuanm 22

r | — — — —— ]
In
X2 ;y2
Z1
X1 0
m

Vi1

Puc. 7.32. UnauBuayajibHoe 3a/1aHKe J1J BapuaHTa 22 rpadudeckoi padorTsl 5

154



Bapuanm 23

Z2

|ﬂ |ﬂ
|ﬂ I |ﬂ
|ﬂ |ﬂ

Vi1

Puc. 7.33. UnauBuayajabHoe 3aaHue /15 BapuanTa 23 rpadpuyeckoi padorsl 5
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Bapuanm 24

X2 e
Z1
X1 O lﬂ

|ﬂ
|ﬂ
\ﬂ
|

Vi1

Puc. 7.34. UuauBuayanbHOe 3a1aHKe I BapuaHTa 24 rpadpuyeckoii padorsl 5
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