MABA 5. NTOBEPXHOCTHU

5.1. OnpegeneHue n 3agaHue Ha yeptexe. Knaccudpukaums

B HaueprarenbHOI reoMeTpUM NOBEPXHOCTH PaCCMATPUBAIOTCS KaK MHOXe-
CTBO IMOCJIeIOBATENbHBIX MOJOXKEHUH NBUKYIIelcs TuHuM. Takoil crmocod odpaso-
BaHUS IOBEPXHOCTH HA3bIBACTCS KUHEMAMUUECKUM.

Jlueus (xpuBask WK TpsMasi), TiepeMellaronascs B MPOCTPAHCTBE M CO3-
Jlatoliasi OBEPXHOCTb, Ha3blBaeTcs obpasyowei. Kak npasuio, obpa3syromas mne-
peMelaeTcs o BTOPOM JIMHUU, KOTOpasi Ha3bIBAETCSl HANPABAAIOUell.

Kpome paccMOTpeHHOro BBIIIe KHHEMaTHYECKOro crocoba, MOBEpXHOCTh
MOJKeT OBITP 3aJaHa:

® auanumuuecku, TO eCTh ONMCaHa MaTeMaTUYECKUM BbIpaKEHUEM;
® KapkacHelM CTIOCOOOM, KOTOPBIH MCHOJNB3YeTCs IPH 3aJaHUU CIO0XKHBIX
MOBEPXHOCTEH, HE MOAUMHSIOLINXCS HUKAKUM 3aKOHAM.

B nocnennem ciydae [ist 3aaHNs TOBEPXHOCTH HEOOXOAUMO UMETH PSIIl ee
MapayieNbHBIX CeUeHUH (Kapkac), KOTOpble MOXHO PacCcMaTpHUBaTh KakK IMOJOXKe-
Hus oOpasymoleil nepeMeHHoOro Buaa. Takoil cmoco® HaxoAWT MpUMEHEeHue IpU
H3TOTOBJICHUH Ky30BOB aBTOMOOMJIEH, B CAMOJIETO - U CYAOCTPOSHHH H T. 1.

Crioco0 3amaHusi TIOBEPXHOCTH KapKacoM, HalpuMep, ¢ MMOMOILNBIO JIMHUMA
IepeceueHnss MOBEPXHOCTH IJIOCKOCTSIMHM YPOBHS, NMpPUMEHSeTcs B Tomorpaduu,
TOPHOM U JOpOXKHOM fene. [Ipoekiuu JTUHUM ypOBHS Ha IUIOCKOCTh MPOEKLUH C
COOTBETCTBYIOIIMMH OTMETKaMH MPEJCTABISIOT cO00i KapTy penbeha MECTHOCTH.
[ToBepXHOCTB, OTHECEHHAs] K 3eMHOU MOBEPXHOCTH, HA3bIBaeTCS monozpaghuue-
CKOIl.

UYroOBI 3a1aTh MMOBEPXHOCTh Ha KOMIUIEKCHOM HepTeXXe, JOCTATOYHO MMETh
Ha HEM TakKue 3JIEMEHTbl [IOBEPXHOCTH, KOTOpPbIe MO3BOJISIIOT MOCTPOUTH KAXKIYIO
ee TouKy. COBOKYNTHOCTb 3THUX 3JIEMEHTOB Ha3bIBAIOT onpedenumenem Nno8epxHo-
cmu. Onpenenurenb MOBEPXHOCTU COCTOUT U3 ABYX HacTell: ceomempuueckoii
yacmu, BKIFOYAIOIIEH MMOCTOSIHHBIE T'€OMETPUYECKHe SJIeMEHTHI (TOYKH, JIMHUH),
KOTOpbIe YYacTBYIOT B 00pa30BaHUU MMOBEPXHOCTH; AICOPUMMUYECKOU Yacmu, 3a-
JIAOIIeH 3aKOH JBIDKEHHS 00pa3yoleil, XapakTep U3MeHEHUsI ee (POPMBI.

Korna kakas-HuOy b moBepxHOCTh () poeupyeTcs napajuiebHO Ha II0C-
KOCTh TIPOEKIHWi P, TO Mpoelupyroliye MpsMble, Kacaroliecs MOBepxXHOCTH (),
00pa3yroT UHIMHAPHYECKYIO ITOBepXHOCTH (pHc. 5.1). DTH mpoernmpyromumecs
TIpsSIMBbIe KacaroTcsl MMOBEPXHOCTH ) B TOUKaX, 00pa3yroIINX HEKOTOPYIO JHHUIO /1,
Ha3bIBAEMYIO KOHTYPHOU JIMHUEH.

Ipoexuus KOHTYPHOH TMHMU M Ha TIOCKOCTh P - 1, Ha3bIBAETCS OYepKOM
nogepxHoCcmu.

Jlns mpupaHus depTexy OOJbIIell HarjsAHOCTH B OOJBIIMHCTBE CIIydaeB
CTPOSIT OUepK NOBEPXHOCMIL, a TAK)KE ee HanOoJiee BaXKHbIC IMHAU W TOYKH.
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CHAPTER 5. SURFACES

5.1 Determining and Specifying Surfaces in a Drawing. Classification

In descriptive geometry surfaces are referred to as a set of consecutive loca-
tions of a moving line. This method of a surface formation is called the kinematic
method.

A line (a curved or a straight one) moving in space and producing a surface
is called a generatrix (a generating line). As a rule, this line moves along another
one, called a directrix (a directional line).

Except mentioned above kinematic method, the surface may be specified by:
the analytical method, i.e. presented in a mathematical expression; and the frame
method which is used for specifying complex surfaces subjected to no rules.

In this case, to specify a surface, a number of its parallel sections (frame) is
required which may be referred to as the locations of a variable generatrix. This
method is used in lorry body manufacturing, in aircraft industry, shipbuilding, etc.

Method of specifying a surface by a frame, for instance, by intersection lines
of a surface with level planes, is applied in topography, mining, road making. Pro-
jections of a level line on a projection plane with the corresponding marks repre-
sent a relief landscape map. A surface referred to as the earth one, is called topog-
raphic surface.

To specify a surface in a complex drawing it is necessary to present in it
only those elements of a surface which give the opportunity to construct each of its
points. A collection of these elements is called surface determinant. Surface deter-
minant consists of two parts: a geometric part, including constant geometric ele-
ments (points, lines), which form the surface; and an algorithm part, specifying the
principle of generating line motion, the nature of its form modification.

When a surface Q is projected
on the projection plane P in a parallel
way, projecting lines tangential to Q,
form a cylindrical surface (Fig. 5.1).
These projecting lines contact the sur-
face Q in certain points, forming the
line M which is called a level line.

Projection of the level line M on
the plane P-my,, is called the surface
outline.

To simplify understanding of a
drawing, the draughtsmen represent not
only outline of the surface but also its
most significant lines and points.

Fig. 5.1 (Puc. 5.1)
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Knaccudmkauma noBepxHocTen

U3 MHOXXecTBa pa3IMUHbBIX TOBEPXHOCTEH BbIAEISIETCS HECKOJIBKO KIaccoB B
3aBUCHMOCTH OT (hOpMBI 00Opa3yrolled, a Takxke (GOPMBI, YUCIa U PACIONOKEHUS
HaIpasJSAOINX:

1. HOBerHOCTI/I 3aKOHOMEPHBIE U HE3AKOHOMEPHBIEC,

2. Jluneiuatbie (0Opa30BaHHbBIC TepeMelleHHeM MPsIMOi JTHHUK) U HeJHHEH-
yaTble (KPUBOJIMHEHHbIE) TIOBEPXHOCTH;

3. IloBepxHOCTH pa3BepThIBAOLIHECS (MM TOPCHI) M Hepa3BepTHIBAIOIINECS;

4. TloBepXHOCTH ¢ 0Opa3yolieil NOCTOSHHOM (HOPMBI U MOBEPXHOCTH ¢ 0Opa-
3yIolel mepeMeHHOM (HOpPMEI;

5. [ToBEpXHOCTH C MOCTYMATENbHBIM, BPAIATELHBIM WA BUHTOBBIM JIBHKE-
HUEM 00pa3yromie.

5.2. Touka N NIMHUSA Ha NOBEPXHOCTHU

Touka MNPUHAUIEI)KUT MMOBEPXHOCTHU, €CJIM OHA MPHUHAIICIKUT KaKOﬁ-HH6yI[L
JIMHUU, Hana;[ne)Kamefx’I ITOBEPXHOCTH.

JIuans NpUHAMJICKUT MMOBEPXHOCTH, €CJIM OHA NPOXOAUT YE€PE3 TOUKH, ITPU-
HaJie)Xalue nMoBEPXHOCTH. HpSIMaSI JIMHUSA NPUHAJIC)KUT IMTOBEPXHOCTH, €CJIM OHA
OpOXOOUT YE€PE3 ABE TOUKHU, ITPUHALJICI)KAITUEC TOBEPXHOCTH.

CJ'[CI[OBaTCJ'IBHO, €CJIM TO4YKa MPUHAMJICKUT MOBEPXHOCTHU, TO €€ MPOCKUNU
NpUHAIJIC)KAT OMHOUMEHHBIM NPOEKIUAM JIMHUU 3TOM TMMOBEPXHOCTH.

I[J'IS[ MOCTPOCHUSI TOYEK, JICKAIIUX Ha IMOBEPXHOCTAAX, IOJIB3YHOTCSA IIPO-
CTEHIIMMU JIMHUSMHU 3TOM MOBEPXHOCTH.

5.3. paHHble NOBEPXHOCTU U MHOFOrPaHHUKN.
MepeceyeHne MHOrorpaHHUKOB MNITIOCKOCTAMM

I'pannoii nogepxnocmoio Ha3bIBaeTCs MOBEPXHOCTh, 00Opa30BaHHasl Iepeme-
IeHreM TIPSMOJIMHEHHON oOpa3syroleii 1Mo JoMaHOW HampaBistomei. [ paHHbie
MTOBEPXHOCTH MOXHO IMOJpPAa3[elUTh Ha JBa BUJAA: MUpaMUAaibHbie (puc. 5.2) U
npu3MaTHdeckue (puc. 5.3).

ITupamuoanvroil Ha3bIBaeTCs TTOBEPXHOCTh, 00pa3oBaHHAS IepeMelleHHeM
npsMoIUHeHHOH oOpasytollell o tomaHol Hampasisowei. IIpu aTom Bce o6pa-
3YIOIIHE MPOXOAT Yepe3 HeKOTOPYIO HEMOIBIKHYIO TOUKY S.

Ipuszmamuueckoii Ha3pIBaeTCs TOBEPXHOCTh, 00Opa30BaHHasl epeMelleHeM
MIPSIMOJIMHEWHOM 00pasyrolieil 1o JJoMaHo# Hanpasistoiei. [Ipu s3ToMm Bce 0Opa-
3YIOIIKE MPOXOJSAT MapalieIbHO HEKOTOPOMY 3alaHHOMY HaIlpaBJIeHUIO /.

Touku M n N npuHazjiexaT COOTBETCTBEHHO NMUPaMUIAIbHON U pU3MaTh-
YEeCKOW MOBEPXHOCTSM, TaK KakK MPUHAAJIEKAT MPSIMBIM, PACIIONIOKEHHBIM Ha 3THX
[IOBEPXHOCTSIX.
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Classification of the Surfaces

There is a great quantity of different surfaces. But some of them are considered to
be the most significant. Classification of them depends on generatrix form, also on
the form, number and location of directrices:

1. Regular and nonregular surfaces;

2. Ruled surfaces (formed by a travel of a straight line) and nonruled (curve-
lined) surfaces;

3. Developable surfaces (or torses) and nondevelopable ones;

4. Surfaces with generatrix of a constant form and of a variable form;

5. Surfaces with translational, rotary and helical motion of generatrix.

5.2 A Point and a Line on the Surface

A point belongs to a surface when it belongs to a line of the surface.

A line belongs to a surface when it passes through the points of the surface.
A straight line belongs to a surface when it passes through two points belonging to
the surface.

Hence, if a point belongs to a surface, its projections belong to the like pro-
jections of the surface line.

To construct the points lying on a surface, use the prime lines of this surface.

5.3 Polyhedral Surfaces and Polyhedrons.

A Polyhedron Cut by a Plane
A polyhedral surface is a surface formed by a travel of a linear generating
line along a polygonal directrix. Polyhedral surfaces are divided into two kinds:
pyramidal (Fig. 5.2) and prismatic (Fig. 5.3) surfaces.
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Fig. 5.2 (Puc. 5.2) Fig. 5.3 (Puc. 5.3)

A pyramidal surface is a surface obtained by a travel of a linear generatrix
along a polygonal directrix. Note: All generating lines pass through a certain fixed
point S.

A prismatic surface is a surface obtained by a travel of a linear generatrix
along a polygonal directrix. Note: All generating lines are parallel to a certain
given direction /.

The points M and N belong to a pyramidal and prismatic surfaces respec-
tively, as they belong to the straight lines contained in these surfaces.
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YacTb IpocTpaHCTBa, OTpaHUYEHHASI CO BCEX CTOPOH ITOBEPXHOCTHIO, HAa3bI-
BaeTCs mejom.

Mmnozoepannuxom Ha3bIBaeTCS TENO, OTPAHMUYSHHOE INIOCKUMH MHOTOYTOJIh-
HUuKamMH. PaccMOTpeHHe MHOTrOrpaHHHKOB OTPaHUYUM PAacCMOTPEHHEM MpU3M U
MUpaMULI.

IIpuzmoii Ha3bIBaeTCsl MHOTOTPAHHUK, Y KOTOPOTO OIMHAKOBBIE B3aWMHO
napaJuleNibHble TPaHW — OCHOBAHMS, a OCTallbHble — OOKOBBIE TPaHM — MapalIeNno-
rpammbl. Ecni pebpa G0KOBBIX rpaHell epreHIUKYISIPHBI OCHOBAHHIO, TO MIPU3MY
Ha3bIBAIOT NPSIMOM.

Jinst 3amaHus MPHU3MBI IOCTATOYHO 3aJaTh OJHO €e OCHOBaHWE W OOKOBOE
pebpo (puc. 5.4).

IMoctpous pebpa DL, BF u CQ, napajuienbHble U paBHBIE 3aJaHHOMY pedpy
AE, onpeneniM BTOpOe OCHOBaHKE, a TEM CaMbIM M BCe IpaHy NpU3MEI (puc. 5.5).

UYToOBI MOCTPOUTH HEIOCTAIOLIYIO IMPOEKIMIO TOUKH, JIeXKalled Ha TpaHu
MHOTOTpaHHUKA, HY)KHO 4Yepe3 3Ty TOUYKy IMpo-
BecTH mpsaAMyro. Hanpumep, ecnu 3anaHa ropu-
30HTaJbHAS MPOEKUHs TOUKU M, MpUHAIIIexKa-
weit rpann BCQF, To i TOCTpOEHUs ee
(pOHTAIBHON MPOSKIIMU HY>KHO Yepe3 3Ty TOY-
Ky nposectu npsmyro KN. Torma m' onpene-
JUTCA KaK TO4YKa, NMPHHAMJEXAIIas MPOeKIUN
k'n'.

Iupamuoa nipencraisieT co00i MHOTO-

rpaHHUK (puc. 5.6), y KOTOPOro ofHa TpaHb —
MIPOM3BOJIBHBI MHOTOYTOoNbHUK ABCD — mpu-
HUMAETCsl 33 OCHOBaHMUE, a OCTAlbHbIE TPaHU
(60OKOBBIE) — TPEYrOJBHUKU ¢ OOIIel Bepiu-
HOM S, Ha3bIBaeMOil BepIINHOM MUpPaMUJIBL.

Jins 3agaHus Ha dYepTexke NHUPaMHUIBI
JIOCTaTOYHO 3a/laTh €€ OCHOBAaHUE U BEPIIUHY.
Uro6bl MOCTPOUTH MPOEKIMH TOYKM Ha TO-
BEPXHOCTH NMUPAMUJIBL, HYKHO 4epe3 3Ty TOUKY
Puc. 5.6 (Fig. 5.6) IIPOBECTU MPSIMYIO, aHAJIOTMYHO MOCTPOEHMUIO,
BBINOJIHEHHOMY Ha pHC. 5.5 AJISl IPU3MBI.

MepeceyeHne MHOrorpaHHMKOB MIIOCKOCTSIMM
B nepeceyennu rpaHHBIX MOBEPXHOCTEH MIIOCKOCTSAMU MOTYYalOTCsI MHOTO-
YTOJIBHUKH, BEpIUMHBI KOTOPBIX OMPENelNSFOTCS Kak TOYKH IepecedeHus: pedep
IPaHHBIX [IOBEPXHOCTEH C CEeKyllel MIOCKOCTHIO.

MHOFO}’]"OJ’[BHHK CeYeHUsI MOXKET OBITh HaiieH JABYMS Iy TSAMUA

1. BepIluyHBI MHOTOYTOJIBHUKA HaXOMAATCS KaK TOUKH NEepecedeHUs NIPSIMbIX
(pebep) ¢ cexyIIeil TIOCKOCTEIO;
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A part of space bounded in all directions by a surface is called a body.

A body bounded by plane polygons is called a polyhedron. Among all poly-
hedrons only prisms and pyramids are considered in this textbook.

Prism is a polyhedron with the bases being equal mutually parallel faces and
the sides being parallelograms. If the edges of the sides are perpendicular to the
base, the prism is a right prism.

To specify a prism it is necessary to specify its base and a lateral edge
(Fig. 5.4).

Construct the edges DL, BF and CQ parallel and equal in length to the given
edge AE to determine the second base and, hence, all the prism faces (Fig. 5.5).

’ /
e’ e Lf g’
\ Lk/ m’ lﬁ/
\
\
\
a/ d/ [7/ [_/ []/ d/ \\ b [/
X ( X
e
a
¢ e
a
b
Fig. 5.4 (Puc. 5.4) Fig. 5.5 (Puc.5.5)

To construct a lacking projection point lying on a polyhedron face draw a
straight line through the above point. E.g. Given: horizontal projection of the point
M belonging to the face BCQF. To construct its frontal projection draw the line
KN through the given point. The point m' is a desired point belonging to the pro-
jection k'n'.

Pyramid is a polyhedron (Fig. 5.6), one face of which is an arbitrary polygon
ABCD taken for the base, the other faces (lateral) are the triangles with the com-
mon vertex S being called the vertex of pyramid.

To specify a pyramid it is necessary to specify its base and vertex. To con-
struct projections of a point on a pyramid surface pass a line through this point like
it was shown above (Fig. 5.5) for a prism.

A Polyhedron Cut by a Plane
When polyhedral surfaces are cut by planes we obtain polygons in the sec-
tion, whose vertices are determined as the points of intersection of the polyhedron
edges with a cutting plane.
A polygon obtained by cutting may be determined in two ways:
1. Its vertices may be found in the points of intersection of straight lines (the
edges) with a cutting plane;
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2. CTOpOHBI MHOTOYTOJIFHUKA HAaXOAATCS KaK JIMHUU IEPeCceUeHHs III0CKO-
cTell (rpaHeil) MHOTOIpaHHUKA C CEKyIel MIOCKOCTBIO.

’

S B kayecTBe mpuMmepa MOCTPOHM
, Py cedeHne MIpaMHIBl (PPOHTAIBHO - MIPO-
b enupyromie miockocteio P (puc. 5.7).
Cexy1asi IJI0CKOCTb — (hpOHTAIIBb-
HO - TMpOelHupyoIas, CleIoBaTeIbHO,
BCe JIMHUM, JIeKalllue B ATOU IMJIOCKO-
CTH, B TOM YHCJIe U (pUTypa CeUeHHs Ha
{ _ ¢poHTanbHOM HpOEKLUH, COBHATYT C
 poHTanbHEIM cliefoM Py IIIOCKOCTH
P. Takum o6pa3om, (ppoHTaNBHAS MPO-
exknus Qurypsl cedenus ['2'3' ompene-
JIUTCSL TIPU TepeceueHry (HPOHTATBHBIX
MpoeKIni pedep MUPaMUIBI CO CIETOM
Pv. Topu3oHTaNIbHBIE TPOEKIUU TOYECK
1, 2 ¥ 3 HaxoaUM NpH MOMOLIY JIMHUI
CBSI3M HA TOPH30HTAJBHBIX MPOEKIHUSIX
COOTBETCTBYIOIINX pedep.

Puc. 5.7 (Fig. 5.7)

Mupamunpa c Bbipesom

B kauectBe mpumepa MOCTPOSHHSI CEUSHHWH MHOTOrpaHHHKAa HECKOIbKUMHU
IUTOCKOCTSIMHA PacCMOTPHUM TTOCTPOSHHE TTMPaMUIBI C BBIPE30M, KOTOPBIH 00pa3o-
BaH TpeMs mrockoctssmMu — P, R, u T (puc. 5.8).

[InockocTs P, napanienbHasi TOPU30OHTAIBHON MJIOCKOCTH MPOEKIUi, nepe-
ceKaeT MOBEPXHOCTh MUPaMUAbI MO MATUYTONbHUKY [-2-3-K-6. Ha ropusoHTaib-
HOW TUIOCKOCTH MPOEKIHUH CTOPOHBI INSATHYTOJIFHUKA MapajuleNIbHBl IMPOSKIUIM
CTOPOH OCHOBaHMS NHpamMuIbl. 110CTpOMB TOPH3OHTAIBHYIO HPOEKIHIO IISTH-
YroJibHHKa, OTMe4YaeM TOYKU 4 U J.

@poHTaNBHO - MPOENUPYIOMIAs MIOCKOCTh R IepecekaeT MUpaMuIy 110 Iis-
TUYTOJBHUKY [-2-7-8-9. UTOOBI HAMTH rOpU3OHTANbHBIE MPOEKIMU TOoueK 8 u 9,
IIpOBEZIeM Uepe3 HUX AONOMHUTEIbHbIe oOpasytomue SM u SN. Buauane Ha ¢pon-
TalbHOW NpoeKUuu—s'm’' u s'n’, a 3aTeM Ha FOPU3OHTAIBHOW—sM U S71.

@poHTaNBEHO-TTPOELHpPYIOIIast IIIOCKOCTh 7 TiepecekaeT MUpaMHIy MO MSITH-
YTrONbHUKY 5-4-8-9-10.

[TocTpouB TOPH30HTANBHYIO TPOEKIMIO BEIpE3a, CTPOMM €ro Npo(MIBHYIO
MIPOEKIIHIO.
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2. Its sides may be distinguished as the lines of intersection of polyhedron
planes (the faces) with a cutting plane.

Consider an example of construction of a pyramid cutting by a frontal pro-
jecting plane P (Fig. 5.7).

The cutting plane is a frontal projecting plane, therefore, all lines lying in
this plane, including the section figure, coincide with the frontal trace P) of the
plane P. Thus, the intersection of the frontal projections of the pyramid edges with
the trace Py yields the frontal projection of the section figure /'-2'-3'. Find the
horizontal projections of the points /, 2, 3 by means of the connection lines on the
horizontal projections of the corresponding edges.

A Pyramid with a Notch

As an example of drawing a polyhedron cutting by a few planes consider
construction of a pyramid with a notch produced by three planes (P, R and T)
(Fig. 5.8).

The plane P, parallel to the horizontal projection plane, intersects the pyramid
surface along a pentagon /-2-3-K-6. The pentagon sides are parallel to the sides
projections of the pyramid base on the horizontal projection plane. After the hori-
zontal projection of the pentagon has been constructed, denote the points 4 and 5.

The frontal projecting plane R cuts the pyramid along the pentagon
1-2-7-8-9. To find the horizontal projections of the points 8 and 9 pass through
them additional generatrices SM and SN. First do it on the frontal projection - s'm'
and s'n’, then on the horizontal projection - sm and sn.

The frontal projecting plane T cuts the pyramid in pentagon 5-4-8-9-10.
Having constructed the horizontal notch projection, draw its profile projection.

X 7 yw
4
ellg
. 6
a 7 ;
7 | ~
S
|
| d
tz e k
4 2 Fig. 5.8 (Fig. 5.8)
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5.4. KoHnyeckas U uunuHgpuyeckasi noBepxHocTu. Topchbl
f

Konuueckasn nosepxnocme obpasyercst TBHKESHH-
eM TpsSMOJMHEeHOH obpasyromell Mo KpUBOJIMHEHHOM
Harnpasistomei. [Ipu 3tom obpasyroiast TpoXoauT de-
pe3 HEKOTOPYIO HENOJBMKHYIO TOUKY S, Ha3bIBAEMYIO

BepIIHOM (puc. 5.9).

S

Lununopuueckas nosepxnocms o0pasyeTcs IBH-
JKEHUEeM TPSMOJIMHEHHON oOpasyroleil napaiieabHO
3a/IaHHOM TIPSMOM JINHUY / TTI0 KPUBOJIMHEHHON HampaB-
nstrorneit (puc. 5.10).

Touka N mpuHAANIEKUT AAHHBIM MOBEPXHOCTSIM,
TaK KaK OHa MIPUHAIJIXKHUT 00pazyroliei f 3TUX TOBEPXHOCTEH.

Konnyeckass moBepXHOCTb ompejesieHa Ha uep-
TeXXe, eCIM 3afaHbl Harpasistomas (1o Gpopme u 1oJo-
JKEHUIO) U BeplIMHa. B 3aBHCHMOCTH OT BUa Hampas-
JsTFoLIel KOHMYEeCKasi MOBEPXHOCTh MOXKET OBITh 3aMK-
HyTOH M He3zaMKHyToH. Terno, orpaHM4YeHHOe KOHHYe-
CKOM MOBEPXHOCTBIO U MJIOCKOCTBIO, HA3BIBAETCSA KOHY-
coMm. KoHyc MoXkeT OBITH KPYTrOBBIM, €CJIH B €0 OCHO-

Puc. 5.10 (Fig. 5.10) BaHUU JIEXKUT KPYT.
Llnnuaapuyeckas MOBEPXHOCTh ONpefeseHa, ec-
T 3ajiaHa Hanpasisouias (o GpopMe U MOJNOKEHUI0) ¥ 0Opasyromias (1o moJo-
XKeHuto). s mocTpoeHus depTexka HMIHHAPHYECKOH MOBEPXHOCTH YHOOHO BBI-
OupaTh B KauecTBe HAMNPABISAIONIEH JIMHUIO NepeceueHHs LUIMHAPHUUYECKON Mo-
BEPXHOCTH C MIOCKOCTBIO MPOEKLHHA UK IPYTol MIIOCKOCTHIO, € IapallleNnbHOM.

LunHoprdeckasl MOBEPXHOCTh TaKKe MOXET ObITh HEe3aMKHYTOH WM
3aMKkHYTOH. Teno, orpaHUYeHHOe LUIMHAPUYECKON 3aMKHYTOM MOBEPXHOCTBIO U
JBYMsI apaljiedbHbIMU [IOCKOCTSMH, Ha3bIBaeTcsl UMIAMHAPOM. [{unuaaprudeckne
MOBEPXHOCTH Pa3lIUYaIOT M0 BUIY HOPMAJIbHOTO CEUSHHUs, TO eCTh KPUBOH JIMHUUY,
MOJy4eHHO! MpH NepecedyeHn  3TOH MOBEPXHOCTH IMIIOCKOCTBIO, MePNeHIuKYJISp-
HOM K ee 00pa3yIolM, HalpuMep, KpyroBoi HUINHJP, UIMITHYECKUNA LUITHHAD
U T.0.

m
Puc. 5.9 (Fig. 5.9)

Topc

Topc (oBepxHOCTH ¢ pedpoM Bo3Bpara) oOpasyeTcs ABMKEHHUEM INPSIMOIIH-
HelHol o0pasylolleil, kacarolleiicsi BO BceX CBOMX MOJIOKEHUSIX HEKOTOPOW Mpo-
CTpaHCTBEHHO! KpHBOii, Ha3biBaeMoi pebpom Bo3Bpara (“fors” (¢ppaHil.) — BUTOH,
KpPY4YeHHBIH).

PeGpo Bo3BpaTa m siBisieTcs Hampasistoleil Topca. Topc cocTout u3 AByxX
MTOJIOCTEH, pa3feseHHBIX pedpoM Bo3Bpara (puc. 5.11).

Ecnu pebpo Bo3Bpara BBIPOXKIAeTCs B TOUKY, TOBEPXHOCTh TOpca IpeBpa-
maeTcs B KOHMUecKyro. B ciyuae, ecnu peGpo Bo3BpaTa BEIpOXKIaeTcs B OecKo-
HEYHO yJaJleHHYI0 TOYKY, TOpPCOBas MOBEPXHOCTHb MpeBpalllaeTcsl B LMINHIpUYe-
CKYIO.
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5.4 Conical and Cylindrical Surfaces. Torses

The conical surface is produced by the motion of a linear generating line
along a curved directrix. At that, the generatrix passes some fixed point S, referred
to as a vertex (Fig. 5.9).

The cylindrical surface is produced by parallel to a given straight line / mo-
tion of a linear generating line along a curved directrix (Fig. 5.10).

The point N belongs to the given surfaces as it belongs to their generatrix B.

A conical surface is considered to be distinguished in a drawing when a di-
rectrix (by form and position) and a vertex are specified. Depending on the direc-
trix form the conical surface may be closed or not. A body bounded by a conical
surface and a plane is called a cone. If the base of a cone is a circle, the cone may
be circular.

A cylindrical surface is considered to be distinguished if a directrix (by form
and position) and a generatrix (by position) are specified. To draw a cylindrical
surface It is advisable to take as a directrix a line of intersection of this surface
with a projection plane or another plane parallel to it.

Cylindrical surface may also be closed or not. A body bounded by a cylin-
drical closed surface and two parallel planes is called a cylinder. Cylindrical sur-
faces are distinguished by the view of its normal section, i.e. a curve obtained by
cutting the surface with a plane perpendicular to its generating lines.

Torse

Torse (a surface with a cuspidal edge) is obtained by the motion of a linear
generating line tangential in all its positions
to a space curve, referred to as a cuspidal
edge (tors (Fr.) - twisted, swirled).

A cuspidal edge is a directrix of a
torse. A torse consists of two sheets sepa-
rated by a cuspidal edge (Fig. 5.11).

If a cuspidal edge turns into a point,
the torse surface turns into a conical surface.
In case the cuspidal edge turns into a point at
infinity, the torse surface becomes a cylin-
drical one.

Fig. 5.11 (Puc. 5.11)
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5.5. NNoBepxHOCTU BpaLLeHUS.
MNMepeceyeHne NOBEpPXHOCTEN BpaLLEeHUS NIIOCKOCTAMM

Tosepxnocmvio epawyenus Ha3bIBaeTCS MOBEPXHOCTD, OMUCHIBaeMasi KPUBOW
(unu mpsiMoi) oOpasyrolieil Mpu ee BpAIeHWH BOKPYT HETIOABIDKHOW OCH
(puc. 5.12). Drta MOBepXHOCTH OMpeAessieTCsl Ha YepTexke 3aJaHueM oOpasyroleit
W OCH BpAILCHUSL.

Kaxxmas Touka oOpasyromieil / omuchIBaeT MPHU CBOEM BpAICHHH OKpYXK-
HOCTh C LIEHTPOM Ha OCH. DTH OKPY>KHOCTH (HamlpHMep, OKPY>KHOCTH /) Ha3blBa-
10TCst napannenamu. Hanbompimas U3 3THX napaneneil (OKpyKHOCTb 2) Ha3bIBaeT-
sl 9K8aMOPOM, HaUMEHBIIAs 3 — 2opioM.

Kpugsle, momydJaronecss B CEYSHUH Tella BPAIIEHHUs IIOCKOCTSIMH, TIPOXO0-
JSIIMMHU 4epe3 OCh, Ha3bIBAIOTCS Mepuouanamu. Mepunuan 4, napajuielbHbINA
(POHTANBHOM MJIOCKOCTH MPOEKLUH, Ha3bIBACTCS 21a8HbIM Mepuduarnom. Bee me-
pUIMaHbI paBHBI MEXTY COOO.

Ha geprexe och BpateHust // TOBEPXHOCTH pacloyiararoT IeprieHIuKyJsip-
HO K OJTHOH M3 INTOCKOCTEeW MPOEKINH, HalpiMep, TOPU30HTAIBHON, TOTAa BCe Ia-
paJuieN NPOeUpPYIOTCS Ha Ty IUIOCKOCTh B UCTUHHYIO BEJIMYMHY, IpHUUYeM SKBa-
TOp W TOPJIO ONpEAeNAT TOPHU3OHTAIBHBIN OUYepK MOBEPXHOCTH. (PPOHTAIBHBIM
OUYEpPKOM TaKOH ITOBEpXHOCTH OyAeT MepUINaH, PactoNoKeHHbIH BO (PPOHTATBHON
IUIOCKOCTH, TO €CTh IJIAaBHBINA MepUIUaH.

Touxky Ha MOBEPXHOCTSAX BpAIlEHHsI CTPOSITCS C TIOMOIIBIO Mapajuienei (To
€CTh OKPY>KHOCTEH Ha IOBEPXHOCTH).

PaccMoTpuM HEKOTOpBIE Tella ¥ TOBEPXHOCTH BPAILCHUS.

1. Ilosepxnocmu, obpazosannvie paweruem nPIMol IUHUU.

a) YyuruHOp épawyeHus — MOBEPXHOCTb, OJTy4YeHHAasl BpallleHHeM IIpsIMO / BO-
KpYT HapaienbHoi eii ocu I7 (puc. 5.13);

0) KOHYyC BpallleHHsI — IOBEPXHOCTh, 00pa3oBaHHAas BpallleHueM MpsMoii / BO-
KpYT Tepecekarolieiics ¢ Hei ocbto /1 (puc. 5.14);

B) OJHOIIOJOCTHBIA TI'MIEpPOOJION] BpAlleHUs — IIOBEPXHOCTh, MOJTy4YeHHas
BpallleHneM NpsIMOH / BOKpYT cKpelnnBarolneiics ¢ Heit ocklo /7 (puc. 5.15).
Touka A, nexainas Ha NepIeHANKYNAPe K OCH BpallleHUs] ¥ 00pa3ylolle,
OyIeT OMUCHIBATh HAMMEHbBLIYI0 OKPYXKHOCTB, SIBIISIOLIYIOCS TOPJIOM T'H-
nep6osiona. OFHOMOJIOCTHEIN THIIEPOOION] MOXKET OBITh TaKXKe MONyYeH
BpallleHUeM TUurnepOosIbl BOKPYT € MHUMOM OCH.

2. IlosepxHocmu, obpazoéaHHvle SpAUjeHUeM OKPYICHOCHU BOKDY2 Henoo-
BUIICHOTL OCU:

a) cdepa — MOBEPXHOCTD, IMOJYYEHHAs! BpalleHHEM OKPYKHOCTH BOKPYT €€
nuametpa (puc. 5.16);

0) mop — NOBEPXHOCTD, MOJTyYEHHAs BPALIEHHEM OKPYKHOCTH BOKPYT OcH 11,
Jexariedl B TNIOCKOCTH 3TOM OKPYXXHOCTH, HO He MPOXOJsIIeil depe3 ee
ueHTtp (puc. 5.17 — 5. 20).
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5.5 Rotation Surfaces. Rotation Surface Cut by a Plane
Rotation surface is a surface described by a curve (or a straight line), rotat-
ing on its axis (Fig. 5.12). This surface is represented in a drawing by specifying its
generatrix and rotation axis.

Each point of a generatrix de-
scribes, rotating, a circle with the
centre on the axis. These circles
(say, circle 1) are called parallels.
The largest of them (circle 2) is
called an equator, the smallest (circle
3) - a gorge circle.

The curves obtained by cut-

ting a rotation body by!the planes,
passing through the axis, are called
meridians. Meridian 4, parallel to the
Fig. 5.12 (Puc. 5.12) frontal projection plane, is referred
to as the principal meridian. All me-

ridians are equal to each other.

In a drawing the axis of a surface rotation is positioned perpendicular to one
of the projection planes, say, horizontal one. Then all parallels are projected on this
plane in true size, and the equator and gorge circle determine a horizontal outline
of the surface. A meridian located in the frontal plane, that is the principal merid-
ian, is considered to be a frontal outline.

The points on a rotation surface are constructed by means of parallels (i.e.
the circles on the surface).

Let us consider some bodies and rotation surfaces.

1. Surfaces obtained by rotation of a straight line:

a) cylinder of rotation - this is a surface produced by rotation of the line L

round the axis / parallel to it (Fig. 5.13);

b) cone of rotation - this is a surface produced by rotation of the line L round
the axis / intersecting it (Fig. 5.14);

¢) one sheet hyperboloid of rotation - this is a surface produced by rotation
of the line L round the skew axis / (Fig. 5.15).

The point 4, lying on a perpendicular to the rotation axis and generating
line, describes the smallest circle, which is the gorge of hyperboloid. One
sheet hyperboloid may also be obtained by rotation of hyperbola on its
conjugate axis.

2. Surfaces obtained by rotation of a circle round a fixed axis:

a) sphere - this is a surface produced by rotation of a circle round its diame-
ter (Fig. 5.16);

b) torus - this is a surface produced by rotation of a circle round the axis I

lying in the plane of this circle but not passing through its centre (Fig. 5.17

through 5.20).
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Puc. 5.13 (Fig. 5.13) Puc. 5.14 (Fig. 5.14) Puc. 5.15 (Fig. 5.15)

Ecmu och BpallleHusl MPOXOAUT BHE OKPYKHOCTH, TO NOBEPXHOCTH Ha3bIBa-

FOT OTKPBITBINA TOP WM TOP — KOJIbIO (pUc. 5.17); eciii och KacaeTcsi OKPY>KHOCTH,
TO 00pa30BaHHYIO TTOBEPXHOCTH HA3BIBAIOT 3aKPBITHIH Top (puc. 5.18); ecmu ock
nepecekaeT OKpPYKHOCTh — caMmornepecekatouiics Top (puc. 5.19, 5.20). Top, uzo-
OpakeHHBIN Ha puc. 5.19, Ha3pIBalOT TaKkxke TOP-A0JI0KO, a Ha puc. 5.20 — Top-
JIUMOH.

3. IlosepxHocmu 8paujeHus, obpazo8aHHvle 8PAUjeHUEM KDPUBbIX BMOPO20

nopaoka:

a)

6)

B)

SNIUNCOUO 8palyeHUs. — TIOBEPXHOCTh, MONy4YeHHasl BpallleHHeM 3JUTUIICa BO-
Kpyr ocu (puc. 5.21). IToBepxHOCTB, 00pa3oBaHHAs BpalleHWEM 3IUIHATICA
BOKPYT ero OOJIBIION OCH, Ha3bIBACTCS BBHITSHYTBIN DIUTMIICOMA BpALICHHUS
(puc. 5.21, 6), mpu BpalleHWH BOKPYT MAllOH OCH — CXKATBIA BIUTHIICOHA
Bpamenus (puc. 5.21, a, B);

napabonoud epawenus — MOBEPXHOCTh, 00pa3oBaHHas BpallleHHeM napado-
JIbI BOKPYT ee ocH (puc. 5.22);

osynonocmuulil  2unepbonoud epaujeHus — TOBEPXHOCTb, OOpa3OBaHHas
BpalleHHeM I'HIepOoIIbl BOKPYT ee IeldCTBUTeNbHOM ocu (puc. 5.23).
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If the axis of rotation passes beyond a circle, the surface is called an
open torus or a ring-torus (Fig. 5.17); if the axis is tangential to a circle, it is
a closed torus (Fig. 5.18); if the axis intersects a circle - it is self-intersecting
torus (Fig. 5.19, 5.20).

The torus presented by Fig.5.19 is also called an apple-torus, the one from
Fig. 5.20 - a lemon-torus.
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Fig. 5.16 Fig. 5.17) Fig. 5.18 Fig.5.19  Fig.5.20

3. Rotation surfaces obtained by the curves of the second order:

Fig. 5.21 (Puc. 5.21)
a) ellipsoid of rotation - this is a surface produced by rotation of an ellipse
on its axis (Fig. 5.21). Surface obtained by rotation on its major axis is
called an oblong ellipsoid of rotation, on its minor axis - an oblate one;

Fig. 5.22 (Puc. 5.22) Fig. 5.23 (Puc. 5.23)

b) paraboloid of rotation - this is a surface produced by rotation of a parab-
ola on its axis (Fig. 5.22);

¢) two sheet hyperboloid of rotation - this is a surface produced by rotation
of a hyperbola on its axis (Fig. 5.23).
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nOCTpoeHMe npoeKLWII?I JINHUU NepeceYvYeHnsa uMnuHapa niocKoCTbio

[Ipu mepecedeHNH MWIMHIpa BPAIeHHs TUIOCKOCTBIO, MapauiebHON OCH
BpallleHHus, B CEUeHUH TOJyJaeTcs mapa npsMbix (oOpasyromux, puc. 5.24). Ecoun
ceKymlasi TUIOCKOCTh TIePIIEHANKYIISIpPHA K OCH BpAIleHHS, B pe3ylibTare CeYeHUs
MOy IUTCS OIpr)KHOCTb (puc. 5.25). B obuiem ciydae, KOraa ceKyInasi IIOCKOCTb

T { HaKJIOHEHa K OCH BpalllCHUA

6=7

g LMITHHAPA, B CEUCHUH TONY-
8 T\ ——=<%__|6" uaercs snnumc (puc. 5.26).

5/// | D<4//
\3” | PaccmoTtpum  mpumep
1 27 v
SV 2 MMOCTPOCHUST TPOEKUUi -
77 HAW  CEeYEHHUs WINHIpA

| (GpOHTANBEHO - TIPOEHHUPYIO-

| el mIockocThio O, Korna B
CeUCHNH TIONydaeTcs JJ-
qurc (puc. 5.27).

Puc. 5.27 (Fig. 5.27) DpoHTANbHAS TIPOEK-
LUsl JINHUKM CEYEHHS] B 3TOM
cilydae cOBMajgaeT ¢ (hpoH-

TaJIbHBIM CJIEIOM TIIOCKOCTH (JV, a TOPU30HTAIbHAs —C FTOPU30HTAIBHOMN IPOEKIH-

efl MOBepXHOCTH NWIMHApPA — OKPYXKHOCTHIO. [IpoduibHas MpoeKius JTHHUU

CTPOUTCS 110 ABYM MMEIOIIUMCS TPOEKLUSIM — FOPH30HTAIBHOM U (PPOHTANBHOM.

B obmeM ciyuae IOCTpOEHHE JIMHUU MEPECceueHUs] TOBEPXHOCTH ILIOCKO-

CTBIO CBOAMTCS K HaXOXJEHUIO OOIIMX TOUYeK, NPHHA/IEKAIINX OZHOBPEMEHHO

CeKylllel INIOCKOCTU U [IOBEPXHOCTHU.

JInst HaXOXKIEHUsI 9TUX TOUEK NPHUMEHSIOT METOJ JONOJHHUTEIbHBIX CeKy-

LIUX MJIOCKOCTEMN:

1. TlpoBOAST NOMOSHUTENBHYIO IJIOCKOCTH;
2. CTposT JMHUU TepecedeHUs JOMOJHUTEIbHONW IIIOCKOCTH C MOBEPXHO-
CTBIO U JOMIOJIHUTEIHFHOM MJIOCKOCTH € 3aJaHHOM TIJIOCKOCTHIO;
3. OmpenensifoT TOUKH MepecedeHns MOTydYeHHBIX JTMHHUM.
JlonofHUTENBHBIE TIOCKOCTH MPOBOASAT TaKUM 00pa3oM, YTOOBI OHH Iiepe-
CeKaJli MMOBEPXHOCTh M0 HarboJiee MPOCTHIM JIMHUSM.
HaxoxpaeHue Todek JNUHUM NepecevyeHus HAUUHAIOT C OIpe/ieIeHHs Xapak-
TepHBIX (OMOPHBIX) ToueK. K HuM oTHOCATCS:
1. BepxHue 1 HUXKHUE TOUKY;
2. JleBas u mpaBasti TOUKH;
3. Touku rpaHullbl BUAUMOCTH;
4. Toukwu, XapakTepusylole JaHHYIO JIMHUIO NepecedeHus (s duimrca —
TOUYKH OOJIBILON U Malloi oceil).

Jlns Gosiee TOUHOTO MOCTPOSHUS JIMHUU NepeceueHuss HeoOX0AUMO TOCTPO-
UTh ellle ¥ JOMOJTHHUTENbHBIE (TPOMEXYTOYHbIE) TOUKH.
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Drawing a Projection of an Intersection Line of a Cylinder Cut by a Plane

When a cylinder of rotation is cut by a plane parallel to the rotation axis, a
pair of straight lines (generatrices, Fig. 5.24) appears in the section. If a section
plane is perpendicular to the axis of rotation, the cutting results in a circle
(Fig. 5.25). Generally, when a cutting plane is inclined to the rotation axis of a cyl-
inder, an ellipse is obtained by cutting (Fig. 5.26).

Jlbe npamwe
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OKkpyxHocme

Fig. 5.24 (Puc. 5.24) Fig. 5.25 (Puc. 5.25)  Fig. 5.26 (Puc. 5.26)

Let us consider an example of drawing an intersection line of a cylinder and
a frontal projecting plane Q, when an ellipse is obtained in the section (Fig. 5.27).

The frontal projection of the section line, in this case, coincides with the
frontal trace of the plane Oy , the horizontal one - with the horizontal projection of
the cylinder surface (a circle). The profile projection of the line is constructed by
two projections available, the horizontal and frontal ones.

On the whole, drawing a line of intersection of a surface with a plane con-
sists in distinguishing the common points, belonging to both, a cutting plane and a
surface.

The method of auxiliary cutting planes is usually applied to find the above
points:

1. Pass an auxiliary plane;

2. Construct the intersection lines of this plane with the surface and with the

given plane;

3. Determine the intersection points of thus obtained lines.

The auxiliary planes should be drawn so, that they cut the surface along the
prime (most simple) lines.

Determining the points of intersection start with determining the characteris-
tic or control points. They are:

1. Upper and lower points;

2. A left and a right points;

3. Points of visibility bounds;

4. Characteristic points of a given intersection line (for an ellipse - points of

major and minor axes).

To make the construction of the intersection line more accurate it is neces-

sary to draw additional (passing) points as well.
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B paccmarpuBaemom mpumepe TOUkH / U 8 SBISIFOTCS HW)KHEW M BepxXHeH
Toukamu. [l TOpU30OHTANBHON U (PPOHTAIBHOM MpoeKiuii Touka / OyaeT JeBoi
TOUYKOM, TOUKa § — mpaBoi. st mpoHIIbHON MPOEKINH TOUKH 4 U 5 — TOUKHU I'pa-
HUIBI BUIUMOCTH: TOYKH, PACIOJIOKEHHBIE HU)XE TOYeK 4 W 5 Ha MmpoQHiIbHOMN
MpoeKIuy Oy IyT BUAUMBIMH, BCE OCTAIbHBIE — HET.

Touku 2, 3 u 6, 7 — DONONHUTEIBHBIE, KOTOPBIE UCIIONB3YIOTCS ISt OOJb-
el To9HOCTH nocTpoeHus. [IpodrmsHas mpoeKus GUTYpPhI CeUeHHs — AIUIATC, Y
KOTOPOTO MaJasi OCh — OTpe30K /-8, GombImast — 4-5.

MocTpoeHue NpoeKkuun NMUHUK NepecevYeHUsi KOHyca NNOCKOCTbLIO

B 3aBucHMOCTH OT HampaBIeHHUs CEKyIled INIOCKOCTH B CEYeHHH KOHyca
BpallleHHs] MOTYT HOJyYUThCS pa3linuHble IMHAY, Ha3blBaeMble JTHHUSIMHI KOHUYE-
CKHX CEUEHMH.

Ecnu cexyImast miockocTs MPOXOJUT Yepe3 BePIIMHY KOHYCa, B €T0 CEUCHUH
TTOJTy9YaeTcsl mapa MPsSMBIX — 00pa3yroIX (TpeyrodsHUK) (puc. 5.28, a). B pesyins-
TaTe MepecedeHns] KOHyca IUNIOCKOCTBIO, TIEPIIeHANKYIISIPHOM K OCH KOHYCa, ITOJTy-
qaeTcsi OKpyXHOCTh (puc. 5.28, 6). Ecnu cexymmas miockocTs HaKJIOHEHa K OCH
BpallleHHs] KOHyca U He MPOXOAMT 4Yepe3 ero BepIINHY, B CEYeHUH KOHYCa MOTYT
MIOJTYYUTHCSI SIUTHIIC, apadoia uin runepoona (puc. 5.28, B, T, 1) B 3aBUCUMOCTH
OT BeJIMYMHBI yTJIa HAaKJIOHA CeKyIel TIOCKOCTH.

DIuaric nojy4yaeTcs B TOM cllydae, KOrzia yroil 3 HakjIoHa CeKyIel IIoCKo-
CTH MEHbLIE yIjia HakjlIoHa ¢, 00pa3yIoIIUX KOHyca K ero ocHoBaHuio (B<a), To
eCTh KOrZa IUIOCKOCTh TepecekaeT Bce O0pasylollye JaHHOrO KOHyca
(puc. 5.28, B).

Ecnu yriel oo ¥ 3 paBHBI, TO €CTh CeKyllasi [NIOCKOCTh NapajiiesbHa OHOM
13 00pa3yoUMX KOHyca, B CeUeHHH Iojydaercsi napabona. B atom ciyuae ceky-
1masi INIOCKOCTh IIepPeceKaeT Bce o0pasyrollue, KpoMe OfHOM, KOTOpoil OHa mapai-
nenbHa (puc. 5.28, r).

Ecnu cexyInast IIoCcKOCTh HalpapiieHa MOJ YIJIOM, KOTOPBIH N3MEHSETCs B
npenenax 90°=f3 > o, To B ceUeHHH NOTydaeTcs rurepbona. B stom ciydae ce-
KyIllasi IUIOCKOCTh MapajiesibHa JIByM oOpasyroliuM KoHyca. I 'mnepbona mumeer
JIBe BETBH, TaK KaK KOHMYecKasi IOBEPXHOCTb JABYIoJ0CcTHas (puc. 5.28, n).

N3BecTHO, YTO TOYKA MPUHAJICKUT OBEPXHOCTH, €CIIA OHA IPHUHAIIICIKUT
KakoW-HUOyIb JTMHUK TOBepXHOCTH. {11 KoHyca Hanbosiee rpaduuecKy IPOCThI-
MU JIMHUSIMU SIBIISIIOTCSL TIpsiMble (0Opasyromye) u okpykHocTH. ClieoBaTenbHo,
€CJIM TI0 YCJIOBHUIO 3a7a4y TpeOyeTcss HallTH FOpPU30HTAIBHBIE MPOEKIUU TO4YeK 4 1
B, npuHannexxayx MoBepxXHOCTH KOHYCa, TO HY>KHO 4epe3 TOUKH ITPOBECTH OJHY
U3 3TUX JIMHUK.

['opu30HTaNBHYIO MPOEKLIHUIO TOYKH A HaiifieM ¢ MMOMOLIBI0 00pasyromiel.
s aTOro uepes TOUKy A M BEepUIMHY KOHyca S NpOBeIeM BCIOMOTraTelIbHYIO
(POHTATBHO - MPOELHPYIOILYIO MIOCKOCTh P(Pv). DTa MIOCKOCTh NepeceKkaeT Ko-
Hyc 1o 1ByM obpasytonmM SM u SN, (hpoHTaNbHBIe IPOEKIIMK KOTOPBIX COBIIA/Ia-
IOT.
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In the example above points / and & are the lower and the upper points. For
the horizontal and frontal projections point / is a left point, point 8 is a right one.
For the profile projections points 4 and 5 are the points of visibility bounds: the
points of the line of intersection located lower than 4 and 5 are visible, all the rest
are invisible.

Points 2, 3 and 6, 7 - are additional, used for the drawing accuracy. The pro-
file projection of the section figure is an ellipse, the minor axis of which is the
segment /-8, the major one - 4-5.

Drawing the Intersection Lines Projections of a Cone Cut by a Plane

Depending on the direction of a cutting plane, different lines, called the lines
of conical sections, may be obtained in the section of a rotation cone.

If a cutting plane passes through a vertex of a cone, we get in its section a
pair of generating lines (triangle) (Fig.5.28, a). As a result of intersection of a
cone with a plane perpendicular to the cone axis, a circle is obtained (Fig. 5.28, b).
If a cutting plane is inclined to the rotation axis of a cone and does not pass
through its vertex, an ellipse, parabola or hyperbola may be obtained in the section
(Fig. 5.28, ¢, d, e) - it depends on the size of inclination angle of the cutting plane.

An ellipse is obtained when the inclination angle £ is less than the inclina-
tion angle o of the cone generatrix to its base (£ <a), that is when a plane cuts all
generating lines of a given cone (Fig. 5.28, ¢).

In case the angles « and [ are equal, i.e. a cutting plane is parallel to one of
the generatrices of the cone, a parabola is obtained in the section. Here the cutting
plane intersects all the generating lines except one to which it is parallel (Fig.5.28,
d). If a cutting plane is inclined at an angle which changes in the following limits -
90°=f3>a, a hyperbola is obtained in the section. The cutting plane here is paral-
lel to two generating lines of the cone. The obtained hyperbola has two branches as
the conical surface is of two sheets (Fig. 5.28, e).

It is well-known that a point belongs to a surface if it belongs to any line of
this surface. The prime lines of a cone are straight (generating) lines and circles.
So, if a problem statement requires to find the horizontal projections of the points
A and B, belonging to a cone surface, it is necessary to pass one of the prime lines
through those points.

Find the horizontal projection of the point A by means of a generating line.
To do that pass an auxiliary frontal projecting plane P(Py) through the point 4 and
the cone vertex S. This plane intersects the cone along two generatrices SM and
SN, the frontal projections of which coincide.
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Puc. 5.28 (Fig. 5.28)

CTpouM rOpU30HTANBHBIE MPOSKIMHA 00pa3yIOINX M, MPOBEAS Yepe3 TOUYKY
a' JVHUIO CBSI3H, OIpENeNNM TOPU3OHTANBHYIO MPOCKIMI0 TOYKU. 3aaada UMeeT
JIBa OTBETA: TOUKH a4 U az (pHc. 5.29).

I'opr3oHTaNBHYI0 TPOEKUIWIO TOYKH B HaliileM, ITOCTPOMB OKPYKHOCTb, Ha
KOTOpO# OHa JexuT. [y 3Toro 4epes TOYKY MPOBEAEM TOPHU30HTAIBHYIO ILIOC-
kocth T(Tv). TInockocTh mepecekaeT KOHYC MO OKPYXHOCTH pamuyca r. CTpoum
TOPH30HTAJBHYIO TMPOSKIINIO 3TOH OKpY)XHOCTH. Uepes TOUKy b’ mpoBeseM JIHHUIO
CBSI3M JI0 €€ MepeceveHus C OKPY>KHOCTBIO. 3a/laua TakKe UMeeT JiBa OTBeTa — TOY-
KU by 1 bo.

PaccmoTpuM mpriMep MOCTpOSHHS MPOEKIHH JIMHUH TIepecedeHrs KoHyca
(pOHTANBHO - MPOCIHpPYIOMIeil IOCKOCThI0 P(Pv), KOria B CeYeHHH MOTy4aeTcs
ammunc (puc. 5.30).

®poHTanbHas MPOEKLHUs JMHANA CEYCHHS COBMAaeT ¢ (POHTAIBHBIM Clie-
JIOM IUIOCKOCTH Pv.

Jlns yno6ceTBa pelreHus 3a1aqi 0003HaYMM KpaiiHue o0pasyroliye KoHyca |
onpeieNuM XapaKTepHble (OMOPHBIE) TOUKH.

HuxHsis Touka / nexuT Ha oOpasyronieid A4S, BepxHss — 2 Ha oOpa3yrolei
BS. DT TOYKM OIpenessitoT MoJjoXeHre OoNbLIoH ocH 3iuuIica. Manasi och 3J1-
JUIICa TepIeHANKYIsIpHa Oobinol ocl. UTOOBI HAliTH Majylo OCh, pa3leluM OT-
pe3ok /-2 nononam. Touku 3 U 4 onpenenstoT Malylo och 3juiurca. Touku 5 u 6,
pacronoxeHHble Ha o0pazyromux CS u DS, SBISFOTCS TOYKaMU TPaHULBI BUAAMO-
CTH JUTs1 MPO(UITBHON TNIOCKOCTH MPOESKITUHA.
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Fig. 5.29 (Puc. 5.29)

Construct the horizontal projections of the
generating lines, pass a connection line through
the point @' and determine the horizontal projec-
tion of the point. There are two variants of an-
swers in this problem - the points a; and a, (Fig.
5.29).

Find the horizontal projection of the point
B by construction a circle on which it is located.
For that pass through the point the horizontal
plane T(Ty). The plane intersects the cone in a
circle of radius ». Construct the horizontal pro-
jection of this circle. Through the point 4’ pass a
connection line to meet the circle. There are also
two answers to this problem - the points 5; and
b..

Now let us consider an example of draw-
ing the projections of an intersection line of the
cone cut by the frontal projecting plane P(Py),
when there is an ellipse in the section (Fig. 5.30).

The frontal projection of the intersection
line coincides with the frontal trace of the plane
Py.

To simplify the solution designate the ut-
most generatrices of the cone and determine the
characteristic or control
points.

The lower point /
lies on the generatrix A4S,
the upper point 2 - on the

generatrix  BS.  These

points specify the value

of the cone major axis.
The minor axis is per-

Fig. 5.30 (Puc. 5.30)

pendicular to the major
one. To find the minor
axis bisect the segment /-
2. Points 3 and 4 specify
the cone minor axis.
Points 5 and 6 located on
the generating lines CS
and DS are the points of
visibility bound of the
profile projection plane.
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[Ipoexuuu touek /, 2, 5 U 6 HAXOJATCA HAa COOTBETCTBYIOLIUX MPOEKIUIX
obpazyomux. YToOsl HAUTH NPOEKIUH TOYeK 3 U 4, MPOBOJUM JOMOJHUTEIBHYIO
CeKyIIyIo IocKocTh T(Tv), KoTopas paccekaeT KOHYC 10 OKPYXKHOCTH pajnuyca 7.
Ha 3T0ii 0KpyXKHOCTH HaxoJsTCsl MPOEKLMH NaHHBIX ToueK. Ha ropusoHTanbHyro
TJIOCKOCTH MPOEKIMI OKPYKHOCTh MPOESIUPYETCS B HATYPAIbHYIO BEJIMUHMHY, MTPO-
BeJlsl JINHUIO CBSI3W, HAXOJMM TOPU3OHTANIbHBIE TpoeKIuu Toyek 3 u 4. [Ipoduns-
HbIe TIPOEKIMKM HAaXOJIWUM, OTJIOKUB Ha JIMHUM CBS3M OT OCH KOHYCa ¥ KOOPIUHATHI
Touek 3 u 4 (puc. 5.30).

[TepeuncneHHBIX TOYEK HEJOCTATOYHO AJISI TOUHOTO MOCTPOCHHUS DILIHICA,
MTO3TOMY HEOOXOJIMMO OTPEJICIIUTh JIOTIONIHATENbHBIE (ClydaiiHble Toukn). [Ipoek-
LMW 3TUX TOYEK HAXOIMM aHAJIOTHYHO TOYKaM 3 U 4, WK MPOBOAS Yepe3 3TU TOU-
k¥ oOpasyromie. Haiins nmpoeknuu BceX TOUEK, COSAUHSIEM HX C YY€TOM BUIMMO-
ctu. Ha ropu3oHTanbHOM MIIOCKOCTH BCE TOUKH, JieXKall[le Ha MOBEPXHOCTH KOHY-
ca, BuauMbl. Ha npodusibHOM — Touku 5, 3, 1, 4, 6 BUIUMBI, OCTallbHbIE — HET.

LllapoBass noBepxHOCTb (cchepa)

Llaposoii  nosepxrHocmvio Ha3bIBaeTCs
3kbamop ~ TIOBEPXHOCTH, 00Opa3’oBaHHAs MNPH BpalICHUH
OKPY>KHOCTH BOKpPYT CBOETO JHaMeTpa.
Ecnu map nepecekaTsb MIOCKOCTBIO, TO B
o pabiyy  CCUCHHH BCETIA TIONYHACTCs OKPYKHOCTD. Ota
mepuduay OKPYKHOCTb MOXKET CMIPOCLIMPOBATECS:
- 8 NPAMYI0, €CIIH CeKyIlas MIOCKOCTh MepIeH-
JVKYJSIpHA K TUIOCKOCTH TIPOEKINiA;
- 8 OKpYJICHOCMb C PaAJIMyCOM, PaBHBIM pac-
CTOSIHMIO OT OCH BpAllleHUs Iapa A0 OYepKa
2abyyy  (HAIPEMED, OKPYX)HOCT paauyca r (puc. 5.31),
Mepuguay — €CTM CeKyllasl MUIOCKOCT MapajllelbHa Moc-
r KOCTH ITPOEKIIHH;
Puc. 531 (Fig. 5.31) - 6 OIIUNC, ECTH CEKYINaA MIOCKOCTE He Napan-
JIeJIbHA TIOCKOCTH POSKIIHH.
YT0OBI MOCTPOUTH MPOEKLMU TOUKH, Jie)Kalllell Ha MOBEpXHOCTH IIapa, He-
00X0MMO Yepe3 Hee NMPOBECTH CEKYIIyIO MIOCKOCTb, NMapajlieNbHyI0 IMIIOCKOCTH
MIPOEKIUH, U IOCTPOUTH OKPY’KHOCTh, Ha KOTOPOI HaXOMUTCA 3Ta TOUKA.

IxbBamop

MepeceyeHue wapa NAOCKOCTLIO

[epeceuem MoBepXHOCTSH Mapa (HPOHTATBHO - MPOSLUPYOLIEH IOCKOCTHIO
O (puc. 5.32). [TocTpoeHre HaYMHAEM C ONPEAEICHUsT XapaKTEePHBIX To4eK. Todku
1 ¥ 2 HaxonATCs Ha IIaBHOM MepHIUaHe. JDTH TOYKHU — KOHIbl MaJloi OCH 3JUTUI-
ca, a TaKke camas BbICOKasl M camas HU3Kas TOUKH. VX ropusoHTanbHbIE U MPO-
(buIbHBIC IPOSKIIMU CTPOUM 110 (PPOHTANBHBIM MpoeKuusiM. Touku 3 1 4 HaXxoIsT-
cs1 Ha NPO(MIBHOM MEepUANaHe U ONPEeNIOT BUAUMOCTh Ha NPO(MILHON mI0oc-
KOCTH MPOEKLUH.
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The projections of points /, 2, 5 and 6 are situated on the corresponding pro-
jections of the generating lines. To find the projections of points 3 and 4 pass an
auxiliary cutting plane 7(7)), which cuts the cone in a circle of radius r. The pro-
jections of the given points are located on this circle. On the horizontal projection
plane the circle is projected in true size, so, if we draw the connection line, we find
the horizontal projections of points 3 and 4. Lay off the co-ordinates of points 3
and 4 from the cone axis y on the connection line to find the profile projections
(Fig. 5.30).

To make an accurate construction of an ellipse it is not enough to find the
points mentioned above, hence, determine additional (arbitrary) points. Find the
projections of these points in a similar fashion with points 3 and 4, or by passing
generating lines through these points. Having found the projections of all points,
join them subject to visibility. All points lying on the cone surface are visible on
the horizontal projection. On the profile one - only the line passing throgh points
5, 3, 1, 4, 6 are visible, the rest - are not.

Ball Surface (a Sphere)

Ball surface is a surface obtained by rotation of a circle round an axis of its
diameter. A plane intersects a sphere always in a circle. This circle may be pro-
jected as:

- a straight line if the cutting plane is perpendicular to the projection plane;

- a circle of radius equal in length to distance from the axis of the sphere ro-
tation to the outline (e.g. a circle of radius » (Fig. 5.31) if the cutting plane is paral-
lel to the projection plane;

- an ellipse if the cutting plane is not parallel to the projection plane.

To construct the projections of a point lying on a sphere surface it is neces-
sary to pass through the point a cutting plane parallel to the projection plane and
draw the circle on which the point is located.

Cutting a Sphere by a Plane

Intersect a sphere by the
frontal projecting plane Q. To be-
gin with, determine the character-
istic points. Points / and 2 are lo-

cated on the principal meridian.
These points are the ends of the
ellipse minor axis, also are the
highest and the lowest points.
Construct their horizontal and pro-
file projections by means of the
frontal projections. Points 3 and 4
are situated on a profile meridian
Fig, 5.32 (Prc. 5.32) and specify visibility on the pro-
68 7 T e file projection plane.
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I'opr3oHTaNbHBIE IPOSKIUN TOYEK HAXOAWM IO NMPO(MMIEHBIM MPOEKIHSIM.
Touku 5 1 6 HaxOAATCS Ha DKBATOPE U SIBIASIOTCS TOUKAMM I'PaHUILBI BUIUMOCTH
Ha TOPU30HTANBHON MpoeKuH. [TpoHIpHbIe TPOSKIINH TOUYEK HAXOIUM IO TOpH-
30HTAJIBHBIM MpoeKLHsiM. Touku 7 M 8 mpHHA[IeKaT KOHIAM OOJIBIIONH OCH 3I1-
qurnca. OHU CTpoOSITCS ClieAyroIuM obpa3oM. BHauane HaiineHa (poHTambHAsS
MIPOEKIMS TOYKH O', IIEHTPa OKPY)KHOCTH CeUeHUs, KaK cepeiawHa oTpeska /'-2',
3aTeM ee rOpU3OHTalbHas NMpoeKius-Touka o. Otpesku o'/’ u 0’2" Ha (poHTaIb-
HOW MPOEKLUH paBHbl UCTUHHOH BeIWYHMHE paJuyca 3Toi okpyxkHocTu. Ha ropu-
30HTAJIBHON MPOEKLUU AUAMETp OKPYKHOCTH H300pakaeTcss 6e3 MCKaKeHHs, Mo-
9TOMY OTKJIaJ(bIBaeM OTPEe3KH 07 U 08, paBHble o' I'. [Is TOUHOTO MOCTPOSHUS JIH-
HUM CeYeHUs] HeOOXOIMMO HalTH HECKOJIBKO JOTIOHUTENBHBIX Touek. st ux mo-
CTPOEHUS UCTIONB3yeM BCIOMOTaTeNbHbIe CEKyIHe IIIOCKOCTH, KaK IT0Ka3aHo Ha
puc. 5.31. TlonyueHHbIE TOUYKU COEIUHSIEM TIABHONH KPUBOM C YUETOM €€ BUJIUMO-
CTH.

5.6.BMHTOBbIE NOBEPXHOCTHU

Bunmosotii nosepxrHocmolio Ha3bpIBaeTCs TOBEPXHOCTD, KOTOPAsT OTHCHIBACTCS
KaKoii-mbo nmuHuel — oOpasyroleii, Mpy ee BUHTOBOM JIBH)KCHHH.

Ecnu o6pa3yroneil BUHTOBOW MOBEPXHOCTH SBIISIETCS TIpsiMast IMHUS, TO TIO-
BEPXHOCTb Ha3bIBAETCS JTUHELUAMOU BUHMOBOL NOBEPXHOCIBIO, UIH 2eNUKOUOOM
(ot dpaniry3ckoro cioBa “helice” — cnupaib, BAHTOBas JUHMUS). | eTUKOU]] HA3bI-
BaeTCs MPSIMBIM WIIM HAaKJIOHHBIM B 3aBHCHMOCTH OT TOTO, MEpIEeHINKYIIpHa 00-
pasyrolas K OCH TeIMKOH/Ia UM HaKJIOHHA.

PaccMoTpuM HeKoTOpBIe BHJIBI JINHEWYIATBIX BHHTOBBIX TOBEPXHOCTEH.

1. Ilpsamoii cenuxoud obpazyeTcsi ABMKEHUEM MPSIMOIMHEHHON 00pasyrolieii
/ IO IByM HampaBIISIOIINAM, U3 KOTOPBIX OJHA SIBISIETCS] HMIWHAPHYECKONH BHHTO-
BO¥ TMHMEH m, a Ipyras — ee ochblo /I, mprdeM BO BCeX CBOMX MOJIOXKEHUSIX o0pa-
3yromas / mapanienbHa TUIOCKOCTH (Ha3bIBaeMOM IJIOCKOCTBIO TMapajiesin3Ma),
MepreHIuKyIsIpHON ocu /1. OOBIYHO 3a TUIOCKOCTH Mapajuieii3Ma MPHHUMAOT OJ1-
Hy U3 IUTOcKocTed mpoekumid (puc. 5.33). ¥V mpsimoro renukounja odpasyrouias /
nepecekaeT BUHTOBYIO OCh /] TIOJ IPSIMBIM yTitoM. [IpsiMo#i relTMKOUA MOKET OBITh
OTHECEH K YUCITy KOHOUIOB U Ha3BaH BUHINOBLIM KOHOUOOM.

2. Haxnounweiii 2enuxoud OTIUYAETCSl OT MPSIMOrO reJMKOMJa Te€M, 4TO €ro
obpasyromas / mepecekaeT OCh IeIMKOU/A MO IOCTOSHHBIM YIJIOM O, OTJIMYHBIM
oT npsiMoro yria. Muaue roBopsi, oOpa3syroruasi / HaKJIOHHOTO TeIMKOUa PH CBO-
€M JIBIDKEHUH CKOJIB3UT I10 JIBYM HAIPABILIIOLINM, OHA U3 KOTOPBIX SIBISIETCS M-
JMHAPUYECKOW BUHTOBOW JIMHUEH m, a ipyrast — ee OCbio [/, IpudeM BO BCeX CBO-
UX TIOJIOXKEHUIX oOpasyromast / mapajienbHa o0pa3yloUM HEKOTOPOro KOHyca
BpallleHHs. Y 3TOro KOHyca yroj Mexay oOpasyromiell 1 OCblo, apaulelbHoi ocn
renuKonna, paseH . OH Ha3pIBaeTCs HANPABISIONIMM KOHYCOM HAaKJIOHHOTO T'eJH-
KoMJa.
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Find the horizontal projections of the points by their profile projections.
Points 5 and 6 are situated on the equator and are the points of visibility bounds on
the horizontal projection. Find the profile projections of the points by their hori-
zontal ones. Points 7 and 8 belong to the ends of the ellipse longer axis. Construct
them in the following way: First find the middle point of the line-segment /'-2" -
this is the frontal projection of the point O', the circle centre of the section. Then
find its horizontal projection, the point O. The line-segments O'/’ and O'2" on the
frontal projection are equal to the true size of the circle radius. On the horizontal
projection the diameter of the circle is projected without shortening, hence, lay off
the segments O7 and O8 equal in length to O'/'. To construct more accurate sec-
tion line it is necessary to find a few additional points. Use auxiliary cutting planes
for that, as shown in Fig. 5.32. Then join the points thus obtained in a smooth
curve subject to its visibility.

5.6 Screw Surfaces

A screw surface is a surface described by a generatrix at its helical motion.

If a generatrix of a screw surface is a straight line the surface is referred to as
a ruled screw surface or a helicoid (helice (Fr.)-a spiral, a spiral staircase). A heli-
coid may be right or oblique depending on the generating line being perpendicular
or inclined to the helicoid axis.

A few kinds of a ruled screw surface:

1. 4 right helicoid is produced by the motion of the linear generatrix / along
two directrices, one of which is the cylindrical screw line m, the other is its axis i.
Note that in all its positions the line 1 is parallel to the plane perpendicular to the
axis [ (called a plane of parallelism). Usually one of the projection planes is taken
for the plane of parallelism (Fig. 5.33). The generatrix / of the right helicoid inter-
sects the screw axis 7 at a right angle. The right helicoid may be referred to as one
of the conoids and called a screw conoid.

2. An obligue helicoid is distinguished from a right one by its generatrix / in-
tersecting the helicoid axis at a constant angle o different from the right angle. In
other words, the generatrix / of an oblique helicoid slides along two directrices, one
of which is the cylindrical screw line m, the other - its axis /. Note that in all its po-
sitions the line / is parallel to the generating lines of a certain cone of rotation. The
angle of this cone included between the generating line and the axis parallel to the
helicoid axis, is equal to ¢. It is called a director cone of an oblique helicoid.
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Ha puc. 5.34 nokazaHo nmocTpoeHue MpoeKLUHi HakIoOHHOTO reiukouzaa. Ero
HATIPABJISIOLIMME SBIISIOTCS LWJIMHPUYECKasi BUHTOBAas JIUHUS m U ee ock 1. O0-
pasyiolye TelIUKOHMIa TMapauIeNIbHBl COOTBETCTBYIOIIMM OOpa3yIONIM Harpas-
JISFOIIIETO KOHYCA.

3. Pazsepmuisarowuiicsi 2enuxoud o0pazyeTcs IBHKEHUEM TpPSIMOJMHEHHON
oOpasyrolueii /, kacaroleiicss BO BceX CBUX ITOJIOKEHHSX [HJIHHIPUIECKOW BHHTO-
BOM JIMHUU m, SIBISIOLIENcs peOpoM Bo3BpaTa renmukouaa (puc. 5.35). Pa3sepTsl-
BAIOIIMICS TeIUKOU, KaK JInHeiuyaras MOBEpXHOCTh C peOpoM BO3Bpara, OTHO-
CHUTCS K YHCITy TOPCOB.

Ha puc. 5.35 moBepXHOCTh pa3BepTHIBAIOIIETOCS T'eJIMKOUAa OrpaHHYeHa ped-
pOM BO3BpaTa m U IMHUEH a OT IepecedeHusl FelIMKoua ¢ IOBEPXHOCTBI0 COOCHO-
T'O IWJIMHpA OOJBIIETO qHaMeTpa, YeM ThaMeTp BUHTOBOH JIMHUAH M.

Ecnu obpasyroias / nepecekaeTcsi ¢ OCbIO MOBEPXHOCTH, I'eIMKOU Ha3bIBaeT-
csl 3aKphITEIM (puc. 5.33 u 5.34), eciu He TepeceKaeTcsl — TeIMKOU Ha3bIBAeTCsI
OTKPBITBIM (pHuc. 5.35).

5.7. B3aumMHoe nepeceyeHue NoBepxHoOCTen

Jlunus mepeceueHus! IByX MOBEPXHOCTEH— reoMeTpUYECKOe MECTO TOYEeK,
TIPUHA/IJISKAIIIX OJHOBPEMEHHO 00CHM OBEPXHOCTSIM.

OOuwM crnoco6oM MOCTPOESHUS TOUEK, TPUHAISKAIMNX KPHUBOH B3aUMHOTO
TepeceueHns] TIOBEPXHOCTEH, SBISETCS CIIOCOO BCIIOMOTATeNFHBIX MOBEPXHOCTEH
MOCPETHUKOB. JTOT CHOCOO CXOJEH CO CIOCOOOM MOCTPOEHUS JIMHUM Iepecede-
HUSI IOBEPXHOCTEH TUIOCKOCTSIMU U CBOJHUTCS K CIIEIYIOIIEMY.

[TycTe nmaHBI HEKOTOpPHIE B3aUMHO IepeceKaroInuecs NoBepxHOCTH @ 1 ¥
(puc. 5.36). BBegem miockocTh - mocpeHUK (J, KOTOPBIN MepecedeT MOBEPXHOCTH
o tuHUSIM M u N, nact Touku K; u K, npuHajuiexalue KpuBoi nepeceyeHusl.

Puc. 5.36 (Fig. 5.36)
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Fig. 5.33 (Puc. 5.33)  Fig. 5.34 (Puc. 5.34)  Fig. 5.35 (Puc. 5.35)

Fig. 5.34 shows the construction of the oblique helicoid projections. The cy-
lindrical screw line m and the axis / are the directinal lines of the helicoid. They
are parallel to the corresponding generating lines of the director cone.

3. A4 developable helicoid is produced by motion of the linear generatrix /
tangential in all its positions to the cylindrical screw line m, the last being the heli-
coid cuspidal edge (Fig. 5.35). The developable helicoid being a ruled surface with
a cuspidal edge is considered to be one of the torses.

The surface of a developable helicoid is bounded by the cuspidal edge m and
the line a obtained by intersection of helicoid surface with a surface of coaxial cyl-
inder of a larger diameter (than the diameter of the screw line m).

If the generating line / intersects the surface axis, the helicoid is referred to
as a closed one (Fig. 5.33 and 5.34), if not - as an open one (Fig. 5.35).

5.7 Mutual Intersection of Surfaces

The line of intersection of two surfaces is the locus of the points belonging
to both surfaces.

A general method of drawing the points belonging to a curve of mutual in-
tersection of surfaces is the method of auxiliary surfaces-mediators. This method is
similar to the method of construction intersection lines of surfaces cut by planes
and consists in the following;:

Take some intersecting surfaces @ and ¥ (Fig. 5.36). Introduce an auxiliary
plane Q intersecting the surfaces along the lines M and N which yields the points
K, and K, belonging to the intersection curve.
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B xagecTBe nocpeHHKOB HanboJjee YacTo IMPUMEHSIOT TUIOCKOCTH WM IIa-
POBBIE MOBEPXHOCTH — cepbl. B 3aBUCHMOCTH OT BHAA MOCPEAHUKOB MOXKHO BbI-
JIeTTUTH CIEAYIOIHe OCHOBHBIE CITOCOOBI TOCTPOSHUS JIMHWUHU TIepecedeHHs IBYX
ITOBEPXHOCTEM:

a) crmoco6 BCIIOMOTaTeNbHBIX CEKYIHUX MI0CKOCTEM;
0) criocod BCroMoraTenbHbBIX cep.

Kax u mpu mocTpoeHur JHHUHU IepecedeHus] OBEPXHOCTEH IUIOCKOCTSIMH,
IPU TIOCTPOCHUM JIMHUM B3aWMHOIO MepeceueHrs] MOBepXHOCTell HeoO0XoauMOo
CHavaJyia CTPOUTH OITOpHBIE (XapaKTepHbIe) TOUYKH KPUBOW, TaK KaK 3TH TOYKH JAIOT
TIpe/ieNbl JIMHAN NepeceueHns], MeXay KOTOPBIMH M ClIeyeT ONpelelsTh MpoMe-
JKYTOUHBIE (CllyuyaliHble) TOUKH.

Cnoco6 BcnomoraTtefibHbIX CEKyLUX NNOCKoCcTen

PaccMoTpuM mpuMeHeHHe BCIOMOTAaTeNbHBIX CEeKYLIMX I[UIOCKOCTed Ha
IprMepe TIOCTPOCHUS JIMHWUM TlepecedeHrsi cepbl C KOHYCOM BpaIleHUs
(puc. 5.37).

Jlns mocTpoeHus IMHUM NepeceyeHusl 3alaHHbIX IOBEPXHOCTEH B KauecTBe
BCIIOMOTATEJBHBIX TUIOCKOCTEH 11eJIeco00pa3HO  HKCIONIb30BaTh  (DPOHTATBHYIO
IUTOCKOCTH P | PSAJ] TOPH30HTAIBHBIX MIockoctei (S, 7, R).

[TocTpoeHre HauMHaeM c ompeieseHUs] MPOEKLMH XapaKTepPHBIX TOYEK.
[IpoBoaum dpoHTaNBHYIO MIOCKOCTh P(Pr). DTa MIOCKOCTh MepeceKaeT MoBepX-
HOCTH MO o4yepkaM. PpoHTalbHbIE MPOEKIMK BhICIIEW U Hu3lield Touek (/' u 2')
HaxOJMM, KaK TOUKH TepeceueHus: OuepKoB. | opu30oHTaNbHBIEe TPOeKUUHU / U 2 OI-
pexnensieM, IPOBes INHUU CBSI3U.

BcnomoraTtesbHble FOPU30HTAIBHBIE INIOCKOCTH MepeceKaroT cdhepy U KOHyC
110 OKPYXKHOCTSIM.

[Mpoexnmu 3’ u 4' Todek, JekaIUX Ha SKBATOpe CQepbl, HAXOAUM C TIOMO-
LIBI0 TOPU3OHTAIBHON TIocKocTH T(7Tv), mpoxoasieit yepe3 ueHTp chepsnl. [Tnoc-
KOCTB TepeceKaeT cdepy 0 IKBaTOpy U KOHYC IO OKPYKHOCTH pajanyca r, B Iepe-
CEYCHUU TOPU3OHTANBHBIX MPOEKIUI KOTOPHIX U HAXOJIUM TOPU3OHTAIBHBIC MPO-
ekuuu 3 U 4 . I'opu3oHTa/IbHbIe IPOEKIIMU TOUEK 3 U 4 SBISIOTCS TOUKAMU IPaHU-
LBl BUAUMOCTU JIMHUU TIEPECeUSHHs] Ha dTOW MpoeKUuu. [IpoMexxyTouHble TOYKH
(Touku 5, 6, 7, 8) HaXxoAWM C TIOMOIIBIO BCIIOMOTATENbHBIX TOPU3OHTAIBLHBIX
wiockoctet S(Sv) u R(Rv). Tlony4eHHble TOUKMA COSAUHUM ILTABHOW KPHBOH JTHHH-
eii ¢ yueToM BUJUMOCTH.

Cnoco6 BcnomoraTtenbHbIx ccep

DTOT Ccroco0d IMIMPOKO HCIIONB3yeTCs NMPH PelIeHuH 3aJad Ha MOCTPOCHHE
JIMHUHI epeceveHus TOBEPXHOCTEeH BpallleH!s ¢ IepeceKaroUMUCS OCSIMHU.

[Ipexxae yem nepelTH K pacCMOTPEHUIO 3TOIO METOJa, PACCMOTPUM 4HacT-
HBIH ciy4ail nepeceyeHusl IOBEPXHOCTEN BpalEHUs, Y KOTOPbIX OCU COBMAJAIOT,
TO €CTb IIepecevyeHre COOCHBIX IOBEPXHOCTEN BpallleHUsI.
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As the surfaces-mediators very often planes or ball surfaces (spheres) are
used. Depending on mediators the following main methods of construction an in-
tersection line of two surfaces are distinguished:

a) method of auxiliary cutting planes;

b) method of auxiliary spheres.

Like in construction an intersection line of surfaces with planes, to draw a
line of mutual intersection of surfaces it is necessary to draw, first, control points
of a curve, as these points present the bounds of intersection line, between which
the passing (arbitrary) points should be determined.

Method of Auxiliary Cutting Planes

The following example illustrates how to apply the method of auxiliary cut-
ting planes for construction of an intersection line of a sphere with a cone of rota-
tion (Fig. 5.37).

To construct an intersection line of the
given surfaces it is advisable to introduce the
frontal plane P and a number of horizontal planes
(S, T, R) as the auxiliary surfaces.

Start with determination of the character-
istic points projections. Draw the frontal plane
P(Py). This plane intersects the surfaces along
the outlines. Find the frontal projections of the
highest and the lowest points (/' and 2') as the

=7 ' points of intersection of the outlines. Pass the
p iraey connection lines to determine the horizontal pro-
o Ul Z { jections / and 2.
R, \ p The auxiliary horizontal planes cut the
R, 4 , sphere and the cone in circles.
8 Find the projections 3’ and 4’ of the points lying
Fig. 5.37 (Puc. 5.37) on the sphere equator with the help of horizontal

plane T(7)), which passes through the centre of

the sphere. The plane intersects the sphere along the equator and the cone in the

circle of radius r. The horizontal projections intersection of the latest yields the

horizontal projections 3 and 4. The horizontal projections of points 3 and 4 are the

points of visibility bounds of the intersection line on this projection. Determine the

passing points (5, 6, 7, 8) by means of auxiliary horizontal planes S(Sy) and R(R)).

Join the points thus obtained in a smooth curve subject to visibility.

Method of Auxiliary Spheres

This method is widely used for solution of problems on construction the in-
tersection lines of rotation surfaces with intersecting axes.

Before studying this method let us consider a particular case of intersection

of rotation surfaces, the axes of which coincide, i.e. a case of intersection of coax-
ial surfaces of rotation.
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OkpyxHocmu

AL

OkpyxHocmu /

OkpyxHocmu

Puc. 5.38 (Fig. 5.38)

JIunus mepeceueHus] COOCHBIX MOBEPXHOCTEN — OKPYKHOCTb, IJIOCKOCTh KO-
TOpPOIl MepHeHIuKyJIsIpHa OCH MoBepxHOocTell BpaieHus. [Ipu atom, ecnu och mo-
BEpPXHOCTEH BpallleHUs NapajljiesbHa IUIOCKOCTH IPOEKLUH, TO JIMHUS Iepeceye-
HUS Ha 3Ty TUIOCKOCTh MPOELUPYETCs B OTPE30K MpsiMoii TnHuH (puc. 5.38).

OTO CBOHCTBO HCIONB3YIOT AJISI TOCTPOCHHUS JIMHWM B3aWMHOIO Iepecede-
HUS JBYX IMOBEPXHOCTEW BpalleHHs ¢ MOMOIIBIO BCIIOMOTATENBHBIX chep. [Ipu
3TOM MOTYT OBITh HCIOJIb30BaHbl KOHIIEHTPUUECKHe (C(hephl, MOCTPOSHHBIE U3 OJI-
HOTO ILIEHTpa) W JSKCIeHTprudeckne (cdepsl, MPOBEJCHHBIE W3 pa3HBIX LIEHTPOB)
c¢eprl. PaccMoTpuM npHMeHEHHE BCIOMOTATENBHBIX KOHIICHTPUYECKUX chep —
chep ¢ MOCTOSTHHBIM ILIEHTPOM.

CrnenyeT OTMETUTh, YTO €CJIM TIOCKOCTh OCell MOBEPXHOCTEH BpallleHUsl He
napaiieibHa MIOCKOCTH MPOESKINH, TO OKPY>KHOCTH , IO KOTOPBIM HepeceKaroTCst
MTOBEPXHOCTH, OYAYT MPOCIIUPOBATHCS B AIUTHIICH, & 3TO YCIOXKHUT pellieHHe 3a1a-
yu. [ToaTOMy MEeTO BCIIOMOTaTeNbHBIX Cep CleayeT MPUMEHSTh IPH CIIeTyOINX
YCIIOBUSIX:

a) TepeceKarolecss MTOBEPXHOCTH JNOJDKHBI OBITh TOBEPXHOCTSMH Bpallle-
HUS;

0) ocH ITHX TMOBEPXHOCTEH IOJDKHBI TMEepPEeCceKaThCsl, TOUKY IMepecedeHHUs
MIPUHUMAIOT 3a IEHTP BCIIOMOTATENBHBIX chep;

B) IUIOCKOCTH, OOpa3oBaHHas OCSIMHA TIOBEPXHOCTEH (IDIOCKOCTh CHMMET-
puM), T0JKHA OBITH MapajyielbHa OJHON U3 INIOCKOCTeH MpoeKLuii.

Hcnonb3ys 3TOT METOM, MOXXHO MOCTPOUTH JIMHUIO IIEpPecedeHus IOBEPXHO-
cTel Ha OTHOM IPOEKLIUH.

PaccMoTpuM npumep MOCTPOEHHUS JIMHUY NepeceueHus] HUIUHIPa U KOHyca
Bpatenus (puc. 5.39).

Touku I, 2, 3, 4 onpenensiorcss Kak TOUYKU MepecevyeHrs: KOHTYPHBIX o0pa-
3YIOIIMX TTOBEPXHOCTEH, MpUHAIIekKAIHE IIIOCKOCTH TepecedeH s oceil (I1ocKo-
cti cummetpud P(Pp). OcTaibHbIe TOYKH HaXOIMM CIIOCOOOM BCIIOMOTATEIhHBIX
coep.

W3 Touku mepeceueHHs ocell MaHHBIX MOBepxHOCTel (Touku O) MOCTPOUM
BCIIOMOTATeJbHYI0 c(epy MPOU3BOIBHOTO paanyca. JTa chepa OyIeT oJHOBpe-
MEHHO COOCHa KOHYCY M LMWJIMHJIPY U MepeceyeT UX MO OKPYKHOCTSAM, IIIOCKOCTH
KOTOpPBIX NMEPHEeHIUKYJISPHbl COOTBETCTBYIOIIMM OCSM BpaileHus. OpoHTaIbHbIE
MIPOEKLUHU 3TUX OKPY)KHOCTEH — OTPe3KH NMPSIMBIX.
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Coaxial surfaces intersect in a circle, the plane of which is perpendicular to
the axis of rotation surfaces. At that, if the axis of rotation surfaces is parallel to the
projection plane, the intersection line projects onto this plane as a line-segment
(Fig. 5.38).

This property is used for construction a line of mutual intersection of two
rotation surfaces by means of auxiliary spheres. Here may be used both, concentric
(constructed from one centre) and eccentric (drawn from different centres) spheres.
We are going to consider application of auxiliary concentric spheres, those with a
constant centre.

Note: if a plane of rotation surface axes is not parallel to the projection
plane, the circles in which the surfaces intersect, are projected as ellipses and this
make the problem solution more complicated. That is why the method of auxiliary
spheres should be used under the following conditions:

a) intersecting surfaces are the surfaces of rotation;

b) axes of the surfaces intersect and the intersection point is taken for the
centre of auxiliary spheres;

Sphere of maximal ¢) the plane produced by
diameter the surfaces axes (plane of
symmetry) is parallel to one of

. the projection planes.
/};b/frery sphere Using this method it is

IpoMeXymoyHas . .

Cgepa  possible to construct the line of
intersection of the surfaces on
one projection.

Let us consider an ex-
ample of drawing an intersec-
tion line of a cylinder and a

an cone of rotation (Fig. 5.39).
The points /, 2, 3, 4 are
determined as the points of
L level generatrices of the sur-
faces belonging to the plane of
/ 130 LN 17 axes intersection (the plane of
7
2

Sphere of minimal

diameter

5%=6"

74 G SN symmetry P(Pp)). Find the

Eae]

{ ! 3 5 4 \; other points by method of aux-
0 k BJ& " | iliary spheres.
A\ / From the intersection
N6 point of the given surfaces
(point O') draw an auxiliary
sphere of an arbitrary radius.
This sphere is simultaneously coaxial to the cone and the cylinder and cuts them
along the circumferences, the planes of which are perpendicular to the correspond-
ing rotation axes. The frontal projections of those circles are line-segments.

—

Fig. 5.39 (Puc. 5.39)
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IIpoBeneHHas chepa nepecekaet KOHYC 10 OKPYKHOCTH nuamerpa AB@'b’),
a IHAP — 10 oKpyxHocTsIM CD(c'd’) u EF(e'f). B mepecedeHHn OKpY)XHOCTH
AB ¢ okpyxHoctsmu CD u EF monmy4aeM COOTBETCTBEHHO TOYKH 9-10 w 11-12,
NIpUHAJIeKAIHe IMHUY TIepeceueHusl.

Taxum 00pa3oM, MOKHO NMOCTPOUTH AOCTATOYHOE KOJIMYECTBO TOUYEK HCKO-
MOH JMHHUHU nepecedeHus. [Ipy 3ToM Hy>KHO MMeTh BBHIY, YTO He Bce cepbl Mo-
I'yT OBITH HCIIONB30BAHBI AJISI peIleHHs 3afadu. PaccMOTpHM IpeneibHbIe TpaHu-
L6l BCIIOMOTATEIBHBIX Chep.

Pagunyc MakcumasbHOM cekyliel cdepsl OyneT paBeH pacCTOSIHUIO OT IIeH-
Tpa O 10 caMoil yAaJeHHOW TOYKH IepeceueHHs KOHTYpHBIX oOpasyromux (oT
TOYKU 0’ 10 Touek 2' u 4'). MuHUMaNBHOM cekylel cdepoil nomKHa ObITh Takas
cthepa, koTopast Kacamach Obl OJJHON TOBepXHOCTH (O0bIIeii) U Tiepecekana BTO-
pyto (MeHbIyI0). B naHHOM npuMepe MUHUMaIbHas cdepa KacaeTcsi TOBEPXHOCTH
KOHyca Mo OKpyxHOCTH MN(m'n') n mepecexaeT IWIMHAP 1O OKPYKHOCTSIM
KL(K'I') n ST(s't'). Ilepecekasick Mex 1y cobol, okpyxkHocTH MN 1 KL narot Touku
TUHAN TiepecedeHus 5(5') u 6(6), a oxpyxHoctit MN u ST — touku 7(7') u 8(8').
OT0 camble INIyOOKHe TOUKU JIMHUY MepecedeHusl.

JUIs TOYHOCTH pelIeHns] MeXIy MaKCHMAalTbHOM M MUHHMAaJIBHOW chepaMu
HEOOXOUMO MTOCTPOUTE JIOTIOJHUTENBHBIE (TIPOMEXYTOYHbIE) Chepbl:

Rmax > Rnpom. >Rmin.

Ecnu nononnurtenbHas cdepa mepecekaeT TOJIBKO OJHY NaHHYIO TOBEpX-
HOCTb, TO Takas cdepa sl pellieHus 3a7aui HeMPUTOIHA.

Jlyis mocTpoeHHs BTOPOil MPOEKIMY JTUHUU TTepeceYeH sl MOXKHO HCIOJb30-
BaTh OKPY)XHOCTH, MOJTy4YEeHHBIE OT CeUYeHHs KOHyca BCIIOMOTAaTeIbHBIMHU cepamH,
WJIM TOCTPOUTH JIOTIOJNIHUTENbHBIE CeueHUsl nmoBepxHocTU. Touku [/3-14 w 15-16,
JieKalie Ha KOHTYPHBIX 00pa3ylomuX LUWIHHIPA, SBISIOTCS TOUYKAMH TPaHHUIIBI
BHJMIMOCTH JTHHUH ITepecedeHIs Ha TOPH30HTAIBHON MPOEKIIHH.

Bo3mMoxHbIe crlydyaum nepeceyvyeHus KpMBOﬂMHeﬁHbIX ﬂOBerHOCTeﬁ

CyIiecTBYIOT YeThIpe BapHaHTa epeceyeHust AByX MOBEPXHOCTEN.

1. Ilponuyanue. Bece obOpasyroliye mepBoi MOBEPXHOCTH (LMIMHAPA) Hepe-
CEeKaloTCs CO BTOPOW NMOBEPXHOCTHIO, HO HE Bce 00pasyroline BTOPOH I1o-
BEPXHOCTH IepeceKaroTcs ¢ NMepBoil. B aTom ciyuae nuHMS nepeceyeHus
MOBEPXHOCTEH pacranaeTcs Ha JIBe 3aMKHYThIe KpUBBIe JTMHUH (puc. 5.40).

2. Bpesanue. He Bce oOpasyroliie TOW ¥ APYroi OBEPXHOCTH MEPECEeKaroT-
csl MeXIy coOoil. B 3TOM ciydae NTUHHS mepecedeHus] — OJHA 3aMKHYTas
KpuBas JiuHus (puc. 5.41).
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The sphere constructed intersects the cone along the circumference of di-
ameter AB (a'b’), and the cylinder - along the circumferences CD (c'd’) and EF
(¢'f). In the intersection points of the circle AB with the circles CD and EF obtain
points 9-10 and [ 1-12 respectively, which belong to the intersection line.

In such a way it is possible to construct a certain amount of points of the de-
sired intersection line. Students should note that not all the spheres may be used for
the problem solution. Consider the limits of the auxiliary spheres usage.

The maximal radius of a cutting sphere is equal to the distance from the cen-
tre O to the farthest intersection point of the level generatrices (from O’ to 2" and
4"). The minimal cutting sphere is a sphere, which contacts one surface (the larger
one) and cuts another (the smaller one). In the example above the minimal sphere
contacts the cone surface in the circle MN (m'n’) and intersects the cylinder along
the circumferences KL (k'l') and ST (s't'). Meeting each other the circles MN and
KL yield the points of intersection line 5(5') and 6(6'), and the circles MN and ST
yield the points 7(7’') and 8(8'). These are the deepest points of the intersection
line.

If an auxiliary sphere cuts only one given surface, this sphere is not proper
for the problem solution.

Rmax > Rpass > Rmin

To construct the second projection of the intersection line one may use the
circles obtained at cutting the cone by auxiliary spheres, or to draw the additional
sections of the surface. Points /3-74 and /5-16 lying on the level generatrices of
the cylinder, are the points of visibility bounds of the intersection line on the hori-
zontal projection.

Possible Cases of Intersection of Curved Surfaces
There are four variants of two surfaces meeting;:

1. Permeability. All generating lines of the first surface (cylinder) intersect
the other surface, but not all generatrices of the second surface intersect
the first one. In this case the intersection line of the surfaces decomposes
into two closed curves (Fig. 5.40).

2. Cutting-in. Not all generatrices of both surfaces intersect each other. In
this case the intersection line is one closed curve (Fig. 5.41)

A A
I 7&‘?\
/ \

Fig. 5.40 (Puc. 5.40) Fig. 5.41 (Puc. 5.41)
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3. Oonocmoponnee kacanue. Bece obpasyrolye oHON MOBEPXHOCTH Tepece-
KaloTCs CO BTOPOH, HO He Bce 00pa3yrolliue BTOpOil MOBEPXHOCTH Tepece-
KaloTcs ¢ TepBoil. [IoBepXHOCTH WUMEIOT B OAHON Touke (Touka K Ha
puc. 5.42) obuIyro mWIocKOCTh KacaHus. JIMHUS mepecedeHus pacnaaaeTcs
Ha JIB€ 3aMKHYTbIe KPHUBbIE JJMHUH, TIePECEeKaIOINecs B TOUKe KaCaHHs.

4. Jleotuinoe kacanue. Bece obpasyromme o0erx MOBEPXHOCTEH MepeceKaroTCst
MexIy coboii. [lepecekaromuecss MOBEpXHOCTH MMEIOT JIBe OOIIMe Kaca-
TeJIbHBIE IUIOCKOCTH. B 3TOM cilyuae NUHUS IepecedeHus pacnafaercs Ha
B IUIOCKHME KpUBBIE, KOTOpBIE IIEPECEKAIOTCs] B TOYKaX KacaHHS
(puc. 5.43).

Rv\/Pv

Puc. 5.42 (Fig. 5.42) Puc. 5.43 (Fig. 5.43)

MepeceueHne NOBepXHOCTEH BTOPOro nopsiaka

B oOumiem ciiydae 1Be NMOBEPXHOCTH BTOPOTO MOpSIKa IEpeceKaroTcs Io
IIPOCTPAHCTBEHHOW KPUBOH deTBepToro nopsuaka. Ciemxyer OTMETHTD, YTO MPH He-
KOTOPBIX OCOOBIX MOJIOKEHUSIX OTHOCHUTENBHO APYT Apyra MOBEPXHOCTH BTOPOTO
HOpsJIKa MOTYT IepeceKaThCsl IO IMJIOCKMM KPUBBIM BTOPOrO MOpsiKa, TO €CTh
IIPOCTPAHCTBEHHAs KpUBas IIEpeCeUYeHNUs PAclafaeTcsl Ha 1B€ IUIOCKUE KPUBBIE.

1. Teopema o 0eotinom kacanuu. Ecnu 1Be IOBEPXHOCTH BTOPOTO MOPSIKAa UMEIOT
JIB€ O0IlMe TOUKHU, Yepe3 KOTOpble MOTYT OBITh NPOBEIEHBI K HUM JABe oOliue
KacaTellbHbIe TNIOCKOCTH, TO JIMHHS UX B3aUMHOTO MEPECEUeHHUs pachalaeTcst Ha
JIBE IUIOCKUE KPHBbIE BTOPOTO IOPSI/IKA, TPUYEM IUIOCKOCTH 3TUX KPHUBBIX MTPON-
IyT depe3 NpsIMYI0, COSIMHSIOINLYI0 TOUKH KacaHusl.

Ha puc. 5.44 noxa3zaHo MOCTpOeHUE JIMHUM IepeceueHus] MOBEepXHOCTeH
MPSMOro KPYroBOro IWIMHIpPA U JUIMITHYECKOrO KOHyca. DTU IOBEPXHOCTU B
00mmx Ttoukax K u Ky uMeroT obmye (ppoHTANBHO MPOSLUPYIOIINe KacaTelbHbIe
wiockocte P(Pv) u R(Rv). JluHuM mepeceveHusl — 3JUTUIICH — JIEXKAT B MPOQYHIHLHO
npoenupyromux 1iockoctsax S u 7, npoxonsumx depes npsmytro KKy, coenu-
HSIOIINE TOUKU KacaHusl.
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3. Unilateral contact. All generating lines of one surface intersect the other
surface, but not all generatrices of the second surface intersect the first
one. There is a common tangent plane in one point of the surfaces (the
point K, Fig. 5.42). The intersection line decomposes into two closed
curves meeting in the point of contact.

4. Bilateral contact. All generating lines of both surfaces intersect each
other. The intersecting surfaces have two common tangent planes. In this
case the intersection line decomposes into two plane curves which meet in
the points of contact (Fig. 5.43).

Intersection of the Surfaces of the Second Order

Generally two surfaces of the second order intersect along a spatial curve of
the forth order. But in some special relative positions the surfaces of the second
order may meet along the plane curves of the second order, that is the spatial curve
of intersection decomposes into two plane curves.

1. If two surfaces of the second order have two common points through
which two common tangent planes may be passed to them, the line of their mutual
intersection decomposes into two plane curves of the second order, and the planes
of the above curves pass through the straight line connecting the tangent points.

v

K’ K’

Fig. 5.44 (Puc. 5.44)

Fig. 5.44 shows the construction of the intersection line of the surfaces of a
right circular cylinder and an elliptic cone. At the common points K and K/ these
surfaces have common frontal projecting tangent planes P(Py) and R(Ry). The lines
of intersection (ellipses) lie in the profile projecting planes S and 7, passing
through the line KK; which connect the tangent points.
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Puc. 5.45 (Fig. 5.45) Puc. 5.46 (Fig. 5.46) Puc. 5.47 (Fig. 5.47)

2. Teopema Monowca. Ecnu nBe MOBEPXHOCTH BTOPOTO MOPSJIKA OMUCAHBI OKOJIO
TpeTbhell UM BIIMCaHbl B Hee, TO JIMHMSI MX B3aUMHOI'O NepeceyeHusl pacnagaer-
csl Ha J[Be ITUIOCKHe KpuBbIe. [ITOCKOCTH 3THX KPUBBIX MPOMIYT Uepes MpsMyIo,
COEJIMHSIOLLYIO TOUKHU NlepeceueHusl JIMHUIM KacaHusl.

Ha puc. 5.45 — 5.47 npuBeneHbl IpUMepsl IOCTPOCHUS JTUHUH TepecedeHust
MIOBEPXHOCTEH Ha OCHOBaHMU TeopeMbl MoOHXa, rie 1Ba LWIMHApA, LWIKHADP U
KOHYC U JIBa KOHYCa ONHCaHBl BOKPYT cdepsl, a Ha puc. 5.48 — nmpuMep mocTpoe-
HUS JIMHUM TIePeceueHrs IBYX CXKAThIX DJUIMIICOMIOB BpAIEHUs, BIIHUCAHHBIX B
coepy.

Bonpochl k rnaBe 5

[aiite onpeneneHue MOBEpXHOCTH.

Yro o3HaUaeT «3aaTh MOBEPXHOCTh Ha UepTexKe»?

Kakue moBepxHOCTH Ha3bIBAIOTCS JIMHEHYATHIMU?

UeM 0TIMYaIOTCS MHOTOTPaHHbIe TOBEPXHOCTH OT MHOTOTPaHHUKOB?

[Tpu kaKoM yCIIOBUM TOUKA IPUHAJICIKUT TOBEPXHOCTHU?

Kak 00pa3yroTcst TOBepXHOCTH BpaIIeHUs?

Kakue nuHMM Ha MOBEPXHOCTH BpallleHHs HA3bIBAIOT MapaulelssMU U MepHU-

IHaHamMu?

Kak 00pa3yroTcst HOBEpXHOCTH TEITUKOHIOB?

9. Kakue nMHHM NOITydYaloTCsT MPH MepecedeHud LUIMHIpPA BpalleHus IUoc-
KOCTSIMU?

10. Kakue nuHUM MONy4aroTcs NPU NEPeceYeHUU KOHYyca BpallleHUs IJI0CKO-
cTsmMu?

11. Kak mpoBecTH MI0CKOCTh, YTOOBI B CEUEHUH TOpa ObLIa OKPY>KHOCTH?

12. B 4eM 3akitodaercss OOIIMH CIOCOO MOCTPOCHHUS JIMHUHW TepeceueHusl IMo-
BEepXHOCTEN?

13. B kakux citydasix AJisl IOCTPOEHUS JMHUU [1epeceueHus IOBEpXHOCTEeH Npu-
MEHSIOT B KayecTBe IOCPEIHUKOB MPOELUPYIOLIUe MIOCKOCTH, B KaKUX —
chepnr?

14. Kakvie TOYKH JIMHUH TIepeceYeHHUs] HA3bIBAIOT XapaKTepHBIMH (OMOPHBIMH)
TOYKaMu?

15. Chopmynupyiite TeopeMy MoOHKa U NPUBEAUTE MPUMEPHI IPAKTHUECKOTO
MPUMEHEHUS 3TON TeOpeMBI.

NNk WD

®
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2. Monge theorem. If two surfaces of the second order may be inscribed into
the third one or described around it, the line of their mutual intersection decom-
poses into two plane curves. The planes of those curves pass through a straight line
connecting the intersection points of the tangent lines.

Fig. 5.45, 5.46 and 5.47 present the examples of construction of the surfaces
intersection lines on the basis of Monge theorem, where two cylinders, a cylinder
and a cone and two cones are described around a sphere.

The Fig. 5.48 illustrates construction of intersection line of two oblate ellip-
soids of rotation which inscribed info sphere.

Oblate ellipsoids

— Sphere
of rotation

Fig. 5.48 (Puc. 5.48)

Questions to Chapter 5
. What is “surface”?
. What is the meaning of the expression “To specify a surface in a draw-
ing”?

. What surfaces are called “ruled surfaces”?

. What is the difference between the polyhedral surfaces and polyhedrons?

. What is the condition of a point belonging to a surface?

. How do we obtain the surfaces of rotation?

. What lines on a surface of rotation are referred to as parallels and meridi-

ans?

. How is a surface of helicoid formed?

9. What lines are produced by intersection of a rotation cylinder with the
planes?

10. What lines are produced by intersection of a rotation cone with the
planes?

11. How to pass a plane to obtain a circle in a torus section?

12. What is the general method of drawing the intersection line of surfaces?

13. In what cases do we use projection planes, spheres as mediators for the
construction of intersection lines of surfaces?

14. What points of an intersection line are referred to as control ones?

15. Give the formulation of Monge theorem and introduce the example of its
application in practice.
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