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NMPEJAHUCIIOBUE

B 370ii KHHre NaHO KpaTKoe OGLIENOCTYINHOE H3JOXKEHHEe HOMO<
rpaduu u ee nocneHUX TOCTHKeHuil. Ha psme npuMepoB nokaszauwl
GosbLIMe BO3MOXHOCTH, KOTOPBIMH DAacrosiaraeT COBpPEeMeHHAas HO-
morpadus AAs pelleHHs NMPHK/IAAHBIX 3aj1au.

B nepso#i rnaBe npuBemeHsl o6wue cBedeHus o Homorpadun
H JaHbl OpuMephl 3(Q(PeKTHBHOrO HCHOJH30BAHUS HOMOTPAMM A
BBIYHUCJIHUTENBHBIX LeNek.

Bo BTopoii rmaBe paccMOTpeHO npHMeHeHHe HOMOTpPaMM Jist
HCC/IeJOBAHHA (PYHKLHOHANBHBIX 3aBHCHMOCTEIA.

B Tperbeil rnaBe pa3o6GpaHel pasiMyHble THOBI 3JEMEHTapHBIX
HOMOTrpamMm, T. €. HOMOI'PaMM, B KOTOPBLIX OTBEThl HAXOAATCH B pe-
3yJbTaTe BLINOJHEHHA OJHON 3JIEMEHTAPHOH reoMeTpHuecKoi ome<
pauun. Jlansl KaHoHHYeckue (HOpMBI ypaBlieHHil, KOTopble H300pa-
JXKAIOT 3JIeMEHTAapHble HOMOTPAMMBI, U YKa3aHbl HHTEpPEecHble 4acT-
Hble KaHOHHYecKie (OpMHBl.

B- yeTBepToil rnaBe KpaTKO H3/I0KE€HA METOAMKA MOCTPOEHHS
TeX THMOB HOMOTPAMM, KOTOpbie yalle BCEro NPUMEHAIOTCS Ha
npakTuke. K HUM OTHOCATCS HOMOrpaMMbl M3 BbIpaBHEHHBIX TOYeK
C ABYMA NapaJiyiejbHbIMH WIKAJaMH H OMHapHbIM MOJEM W HX yYacT-
Hbl€ CJ1yyaH, COCTABHble HOMOrPaMMBbl H3 BblpaBHEIIHBIX TOYeK, MpH-
crnoco6ssieMble HOMOTPAMMB! H3 paBHOYAAJEHHbIX TOYEK, Npucioco0-
JisieMble IIHPKYJ/JbHbEIE HOMOTpaMMbl, HOMOTpaMMbl 6apHIIEHTPHUCCKHE,
pomOouia/nbHble H ¢ OPHEHTHPOBAHHLIM TPAHCIAPAHTOM.

Ilaras rnaBa nocBslleHa MalHHHOH HoMmorpaduu. B Heil
TIPOBENEHO COMOCTABJIEHHE HOMOrpaMM, CTAHAApPTHBHIX MpoOrpamMm H
paccuntanHbix Ha DLIBM rabaui ana pelieHus OfHHX H TeX e 3a-
nau. Iloxasako, uto HoMorpacduueckue pelieHusi, oGecneuynBaloLHe
3a]aHHYI0O TOYHOCTb BHLIYMCJEHHU, HMEIOT NPEHMYLIECTBA MO CpaBHe-
HHUIO C YNOMSHYTHIMM MAIUHHHBIMH peLIeHHSAMH B CKOPOCTH MOJY-
YeHH OTBETOB, HArJsAHOCTH M obLenocTynHocTH. PaccMorpeHo
npumeHenue DLIBM pans pacuera TOYHBIX W NPHUONHMKEHHBIX HOMO-
rpaMM i OTMEuYeHO, 4TO HOMOrpaMMbl, paccuntaHHele Ha IOLIBM,
ABJSAIOTCS B Takoll e Mepe MalUMHHBIMM pelUEHUSMH 3ajad, Kak
TabauUEl H cTaHdapTHeIe nporpaMmel. IToxasaHna nesnecoo6pa3HocTb
COBMECTHOrO IICIIONB30BaHHS HOMOFpamMMm u JDLIBM npu pelueHuH



6 HPEJHCJIOBIIE

TpaHCIeHJeHTHbX ypaBHeHn#. Jlan o63op paGoT mo aBTOMaTH3a-
UMH MOCTPOEHHSI HOMOTpPaMM M MNpHBeNeHbl NpUMepbl HOMOIpPaMM,
nocrpoeHHbIXx ¢ nomouibio DLIBM u rpadonocrpourtens. Pacemor-
peH npHMep, MOoKa3blBAIOUHHA BbIrOAY COBMECTHOTO HCHOJb30BaHHS
aHa/IoOroBbIX MAIUMH W HOMOrpaMM.

3ak/0ueHHe COAEepPIKHT KpPaTKuil 0630p COBPEMEHHOro COCTOSI+
Husi Homorpaduu.

Knura paccuntaHa Ha WHPOKHH Kpyr uurareseil (MaTteMaTHKOB-
BbIUlIC/IMTeNeH, HHIXKeHepOB H HayyHbIX palOTHHKOB pa3/MUHDLIX
creunanbHocrei, acnupanTtoB). OcoGblii HHTEpec OHA AOMIKHA Mpejl-
CTaBJAATb AJs JHI, Hcloab3youwux DLIBM B cBoell paGoTte, Tak Kak
NOMOXKeT MM BBISICHHTb, KaKMe H3 HHTEPecylOUIMX WX 3a/]ay MOTYT
6biTh 3((eKTHBHO pelleHbl JHOO TOJNBKO C MOMOIILBI0O HOMOTpaMmM,
Janbo NpH COBMECTHOM HCMO/Mb30BaHUH HOMorpamm u SLIBM.

I'. C. Xosanckuil



FrJTABA 1
OBIUHUE CBEAEHHS O HOMOIPA®UH

§ 1. Onpenenenne Homorpaduu. JBe obJaacTu
NpUMeHEHUS HOMOrpamm

Homoepagus — paznen maTeMaTHKH, B KOTOPOM H3Y4aloTCst
cnocoObl  rpadHyeckoro H3o6paKeHUss (YHKIHOHAJNBHBIX 3aBHCH-
Mocredl: ¢opmys, ypaBHeHHil, cucteM ypaBHeHuiH. Ilosyyaommnecs
IpY 3TOM YepTeXH Ha3blBalOTCA Homoepammamu. Kaxpas HoMO-
rpaMma CTPOHUTCS IS KOHKPeTHOH (DYHKLHMOHAJbHOH 3aBHCHMOCTH.
Ha nomorpammax BblunciuTeNpHass paGoTa 3aMEHSIETCS BbINOJHE-
HUEM MpOCTEHINHX TeOMeTPHUYRCKUX omnepaunii (HaJoXKeHHs Ju-
HeHKH, 3ACeYKH HUPKYJEM U T. II.) U CUHTHIBAHHEM OTBETOB.

Homorpammbl siBasiloTcs ofHUM M3 HauGoJsee MPOCTHIX, AOCTYI-
HBIX W JeleBbiX CPeACTB MeXaHH3alUH BbIUHCJAHTENbHBIX paboT.
IMoctpoenne HOMOrpamMM AJjisi Kakoi-1HGO (GOpMYJbl OCOGEHHO Bbl-
TOHO, KOrja 10 Hefl HYXHO NPOBOAUTb MacCOBble BbIYHCJEHHS.
TounocTb nosyueHHsi OTBETOB MO HOMOrpaMMaM HMeeT B CpeaHeM
TOT K€ NOPSANOK, UTO H TOYHOCTb MOJIyYeHHs OTBETOB Ha Jiorapudg-
MHuueckoii JuHedlke. B Tex cayvasXx, KOrfla TOYHOCTb HOMOrpami
He0CTaTOYHA, HX MOXHO HCHOJb30BaThb KakK BCIIOMOrarTe/bHoe
BbIYHCJIHTENbHOE CPEeACTBO AJs MPHKUAOYHBIX pacyetoB, AJs Ha-
XOXIEHHSI HYJEBbIX NPHOJHKEHHH, AJS KOHTPOJS BbIUHC/AEHHH
C 1e/bl0 OGHapYkKeHHUs IpyOuIX OWHGOK.

Homorpammbel MOXKHO TaK¥Ke HCNOJb30BaTh B Hay4yHO-HCCIe-
JoBaTeJlbCKOH paboTe, MPOBOAS HAa HHX aHaau3 HoMoOrpagupo-
BaHHBIX 3aBHCHMOCTeH, H3yuasd B3aHNMHOe BJHAHHE IepeMEeHHBbIX
H 1. A. [Ilpn atom MHOrpa yanaercs nosiydyaTh HOBbIE HayyHbIE pe-
3yabTaTel B TOH 06/1aCTH 3HAHHUSL, B KOTOPOH MNPHMEHAIOTCH HOMO-
rpaMMBl.

§ 2. daemeHTsl HOMorpamm. MeTon pacuyetra MO HOMOrpamMmam

Bce cymecTBylomue HOMOTPaMMbl COCTOAAT M3 3JIEMEHTOB IBYX
THIIOB: WKAA U CeMEUCT8 nOMeuennblx Aurutl, o6pasyolnX HHOrAa
ceTKH — OuHapHble noas. B HoMorpaMMax HCIOJIB3YIOTCA TaKXkKe He-
noseuernvle sarementor (Touku, auHuu). I[lpuMepom 1wKan MoryT



8 IJ. 1. OBIIHE CBEJEHUS O HOMOTPA®MIL®

CAYXUTb LIKAJbl JorapudMuUueckoil JuHellKH, npuMepoM O6HHAPHOTO
noJisd — ceTKka Ha reorpacduyeckux Kaprax u3 napaJgaeneidl 4 MepH-
IHaHOB.

1y 7 9
@y
&,
0° z 0° —z 0° >
Puc. 1. Cxema wxanst o;. Puc. 2. Cxema cemeii- Puc. 3. Cxema 6unap-
CTBa JMHAH Q. Horo moast (o, Oo).

Ha puc. 1 — 3 npuBeneHbl cXeMbl LIKaNb a4, CEMeHCTBA JTHHUA oy
u 6uHapHoro noas (o, o). lllkana oy 06bIYHO 3afaeTcss B cHCTEME
npAMOYToJbHbIX KoopauHaT xOy ypaBHEeHUSIMU

x=f, y=4g,

rae fi u gy — cokpauiennbie o6o3nayenns GyHKuuil fi(oy) 1 gi(o).
AnajnoruuHo, GuHapHoe moJae (o, ®2) 3a4aeTcs ypaBHEHHSMH

x=Fn, y=4gn

rae fio ¥ g2 — coKpauieHHble 0603HaueHust PYHKIHUHA fiz(c, az) H
gi2(a1, a2). Eciiu u3 ypaBHenuit GuHapHOTO noJisi HCKJIIOYHTHL THepe-
MEHHYIO Oz, TOJIyUHM ypaBHeHHe ceMeHCTBa JUHHH o

F(x) Y, al) =0.

Metopn pacuera no /110608 HOMOrpaMMe 3akJioyaercs B cjenylo-
meM. Ha mwxanax, B GMHapHBIX NOJSX WJIH B CeMeHCTBAX JIMHHMII
HaxXOAAT TOYKH WM JHHHUH, OTBeualolye 3aJaHHbIM 3HAUEHHUSM -Tie-
peMeHHbIX. 3aTeM COrJacHO CXeMe MOJb30BaHHS BBIMOJHSAIOT KaKue-
J160 NpoCThie TeOMeTpHUECKHe onepanun (HaJoXKeHus JuHeHKH, 3a-
CeYKH UHUPKyJeM U T. n.). B pesynbrate HaxomaT OAHY WJH He-
CKOJIbKO OTBETHBIX TOYEK HA IuKaJaxX, B ceMelcTBax JIHHWH WJAH B
O6MHApHBIX TOJSIX M UMTAIOT HX MOMETKH.

§ 3. Npumepn: Homorpamm, npenHa3HaYeHHLIX
JJIs1 BLIYHCIAUTEbHBIX Ledael

ITpuBeneM npuMepel HOMOTPAMM, NOCTPOEHHBIX AJNS PEILUEHHS OT-
JeJIbHbIX YPABHEHUH M CUCTEM ypaBHEHUH.

ITpumep 1. Ha puc. 4 u3o6pazkeHa wkanbHass HOMOrpaMMa U3
BbipaBHEHHBIX TOYEK IJIsl ONpeneJeHUs BeJHYHHbl U4 H3 ypaBHEHHA

Au+ B — 1) —ue*=0, (1)



'§ 3. NPIIMEPbl HOMOTPAMM /151 BbIUIICJUITEJbIBIX 1EJEH 9

BCTpeyalollerocss B THApaBJIHKe rpyntossix Boa [l]. Jas pewe-
HUs ypaBHeHHs (l) Hy»KHO DPWJIOKHTBL Kpail JHUHEHKH K 3alaHHbIM
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Puc. 4. IlIkanpHas HOMOTpaMMa H3 BHPAaBHEHHHIX TOUYEK MJIs ONpelesNeHHs
u3 ypasuenus (1).

ToykaM Ha wkKajnax A ¥ B U B Touke mepeceyeHHsl Kpas JIHHEHKH
CO IIKaJoi # npouecTb oTBeT. Ha HOMorpamme IITPHXOBOK NPAMOMH
MOKa3aHo pelleHHe yuc/aoBoro npumepa (mano: A = 2,5, B = 3,5;
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§ 3. IPUMEPbBl HOMOTPAMM /1Ji51 BBIUUCJIUTEJIBHBIX LIEJIER 11

oT1BeT U == 3,65). OueBuAHbI, C OLHOH CTOPOHBI, CJAOKHOCTb ypaBHe-
HMS H, C APYTO#, NPOCTOTAa HOMOTPAMMEI H JIETKOCTb NOJIb30BAHHSA €l0.

[Ipumep 2. Ha puc. 5 npusepeHa Homorpamma n3 BbipaBHeH-
HbIX TOYEK AJIs pelleHusl ypaBHEHUs

_ In (C —
ut-t =g C—1) (2)

NPHMEHAIOMErocsi NpH TEPMHYECKOM pacuere BEHTHJASTOPHBIX Npo-
THBOTOYHBIX rpaauped [2]. B ypaBhenun (2) u— vckomasi BeJIHYH-
Ha; 4, B, C — nepemenHble napamerpbl. HoMorpamma coctout u3
wkan A, B u 6unaproro noas (C, u). Kak BHAHO W3 KJII0Ua NOIB3O-
BaHus, OTBET ¥ HAXOAMTCA ONHHUM Ha/loXeHHeM JuHefiku. Ha HOMO-
rpaMme IITPHXOBOH NPSAMOH MOKA3aHO PELIeHHe YHCIO0BOro MplMepa
(nano: A = 0,75, B =7, C = 10; orser u = 0,1).

Q. 1% cex [ —
0051 57 TU~1 05 7 04
- N

Puc. 6. Ilpucnoco6asieMass HOMOTpaMMa H3 PaBHOYIAJEHHBIX TOUEK AJsT onpcae-
JIEHHS T) H U M3 CHCTeMbl ypaBHeHH# (3).

I[Tpumep 3. Ha puc. 6 usobpaxena npucnocobasieMmass HOMO-
rpaMMa Hu3 paBHOYJaJeHHbIX TOYeK A/ pelleHH CHCTeMbl YpaB-«
HEeHH#H

Q — 76i0.5b2.616n1.616 (l + 271)—0.616'

3
0 = 76:%5p"01q 0618 (| 4 0p)=0816, ()



12 IJ. 1.OBIMHE CBEIJEHHS O HOMOIPA®HU

NpUMeHseMON NpH THAPABIMYECKOM paciere NPSIMOYTOJNbHBIX JIOT-
koB [3]. B cucreme ypaBHenu#t (3) MCKOMBIMH BeJHYHHAMH SBJIS-
ioTcst B . OHu onpelensIOTCsi NMYTEM MOCTPOEHHST OKPYXKHOCTH.
Ha nomorpamme nokasaHo pelleHHe YHCJIOBOTO. mpuMepa (maHo:
(i =0,0005 b=2m Q=22 m¥cek; oTBeTh: M =05 u v =
= 1,1 m/cexk).

ITpumep 4. Ha puc. 7 mpuBelena mnpucnocobasemMasi HOMO-
rpaMma M3 paBHOyAAJeHHbIX TOYEK MJs pacuera Kene300eTOHHBIX
6a/l0K NpSIMOYroJbHOTO CedyeHHsl C OXWHOUHOH apmartypoit [3]. Ha
HOMOrpaMMe pelLlaeTcst CHCTeMa yPaBHEHHH

M = bxR, (hy — 0,5x),

R,Fy == bxRy )

pH YCJIOBHH
X < 0,55h0

B ypaBHenusix (4) x u Fa — uckomble Bennuunsl, M, b, Ry, Ry 1
hy — nepemennble napamerpbl. Bemuunnsl x u Fa onpenensiorcs no
HOMOrpaMMe JBYMSI 3aceukaMu UHMPKYJs H3 ofHoro ueHtpa. Ha Ho-
MOrpaMMme [0Ka3aHO pelieHHe YHCJA0BOro npumepa (maHo: M =
=20 ™, hy= 100 cmM, b =050 cM, Ry= 100 kKkr/cM%, R, =
= 2000 kr/cm2; otBeThl: X = 4,1 cM, Fa = 10,2 cm?),

I[Tpumep 5 Ha puc. 8 npuseseHa GapiueHTpHyecKass HOMO-
rpamMa [AJs peleHusi oTHocuteabHo B u T cucreMbl ypaBHeHHH

B=Tvtga,
0 I (5)
P+T=3 Fmga

NpHMeHsIIOLeAcS NpU HCCAeJOBAHHM 30H JbA00OpasoBaHus B Jel-
Hukax [4]. Mckomble Bennunnbl B u T HaxoAsitcs 1O HOMOrpaMMe
cCHUCTeMbl ypaBHeHUH (D) myTeM [eJleHHsI MOMOJAM OTpe3Ka, Coelu-
HSIIOLIEero 3ajaHHbie TOukH B GuHapHbIX noasx (/1, v) u (E, ). Ha
HOMOTPAaMMe I[I0Ka3aHO pelLleHHe YHC/I0BOro npuMepa (mano: 1 =
= 450 cm, v = 150 Mm/roa, E = 5,5 mM/M-roa, oo = 6,5°, OTBeTHI:
B =130 m, T = 7,5 zer).

IIpumep 6. Ha puc. 9 npuBenena pomGonpabHasi HOMorpamma
IJ151 onpefiesieHus & o popmyae

u=0,7154""B"C=""p""E~", (6)

B3ATOfl M3 GypoB3peiBHOro pena [5]..HMckomas Benuuuna u Ha-
XOQHTCL no HoMmorpamme ¢opmyanl (6) INyTeM IOCTPOEHHS
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napaJsaenorpamMMma 1mo TpeM 3aJaHHBIM €ro BeplLIMHAM. Ha Ho-
Morpamwme IIoOKa3aHo pemenue YHCJA0BOTrO npumepa (llaHOE

B, ne/u?
1408 2408 3408

¥
2000 4000 6000 "‘*a--..i
A, mfcen

!
65 4 3 2 ] 05 04 03 02 Of
unm

Puc. 9. Pom6ounanpuass HOMorpamma AJs onpeiesenuss ¥ mo ¢opmyne (6).

A = 2700 m/cek, B = 1,8-10% kr/m2, C = 1000 xr/m?, D =2,1 M,
E = 2000 kr/m®; otBeT u = 2 ™).

§ 4. daemeHTapHbie U COCTABHBIE HOMOIPAMMbI

Homorpammbl, B KOTOPBIX OTBET WMJIH OTBETHl HAXOLATCS B pe-
3ysnbTaTe BHINOJHEHHS OJHOH reoMerpuyeckoil omnepauud (HajoxKe-
HUe JIMHeHKH WJH TpaHcllapaHTa, 3aceyka LUHUPKyJaeM, LeJleHHe OT-
pe3ka momnoJiaM H T. [1.), Ha3blBalOTCA dAemeHTapHbimi. [1puMeHsIoT-
csl ClefylollMe THIBl 3JEMEHTapHBIX HOMOTpaMM: epadux gyukyuu,
CO0B80EHHAA WKQAAQ, CETHATAA, U3 BLIPABHEHHLIX U PABHOYOANCHHOIX
TOYeK, YUPKYAbHAA, C NAPAAAEAbHBIM U KPeCcTOOOpPA3HbIM UHOEK-
camu, bapuyentpuyeckas, pomboudasoHas, € OPUEHTUPOBAHHbIM
TPAHCRAPAHTOM U TPaucnapanTom obujeeo s8uda. Ilpumepamu sJae-
MEHTapHBIX HOMOTPAMM MOTYT CJAYXHTb HOMOTPaMMbl puc. 4 — 6, 8,
9, a Takxke npuBeJeHHble HMXKe HOMOrpammml puc. 12— 15, 28, 30,
34, 36, 41, 43—53, 55—59.

I'eomerpuyeckoe oGocHoBaHHe HOMOrpaMM oueHb mnpocroe. M3
rpaduka QyHKUMU JIerKo MOJYy4aloT ero BHIOH3MeHeHHe — CHBOEH-
HYI0 WKaay; o6obumas rpaduk ¢QYHKUMH, NPHXOAAT K CeT4aToH
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HomorpamMme. Homorpacduueckasi uHTepnpeTauusi YCJAOBHS pacloso-
JKEHHS TpeX TOYeK Ha OJHOM npsiMOi NPUBOJUT K HOMOrpaMMe U3 Bbl-
paBHEHHBIX TOYEK; QPOPMYJbl PACCTOSIHUS MeXAY ABYMS TOUYKAMH —
K UHMPKYJbHOH HOMOrpamMMe M K HOMOrpaMMe H3 pPaBHOYHAJEHHBIX
TOYEK; YCJAOBHH NapaseNbHOCTH M NepneHJUKYJ/AsSPHOCTH ABYX nps-
MBIX — K HOMOI'paMMaMm C napaJijielbHbIM 1 KpecTooOpa3HbM HHIEK-
camu; GOpMyJT KOOPAUHAT TOUKH, JeNAIIHH OTPE30K B 3aJAKHOM OT-
HOleHHH, — K OapHUeHTpHYecKkoH HoMmorpamme; ¢opmya, onpefe-
JSIOINX KOOPAMHATBHI YeTBEPTOH BepLIMHBI [apaJuJiejorpamMma Mo
TPEeM 3aJaHHLIM BepUINHAM ero, — K poMOOHIAa/NbHOH HOMOrpamme;
dhopmys npeobpasoBaHus AeKapTOBBIX KOopAuHAT 0e3 moBopoTa U C
TIOBOPOTOM Ocell — K HOMO2pamMmam Ha 08yx NAOCKOCTAX (c OpHEH-
THPOBAHHBIM TPaHCNAapaHTOM M TpaHcnapaHToOM oblero Buna). 3a-
METHM, UTO BCE€ NPaKTHYECKH NPUMEHsIeMble THNBl 3JeMEeHTaPHLIX HO-
MOrpaMM MOryT OBbITb NOJYYeHBl KaK YacCTHbIE CJAyyad HOMOTPaMM C
OPHMEHTHPOBAHHEIM TPaHCNapaHTOM.

HIupokoe npuMeHeHHe Ha NpaKTHKE HAXOAAT COCTABHbLE HOMO-
epammol, 06pa3oBaHHbBIE H3 HECKOJbKHX 3JeMEHTapHHX HOMOrpamMM
OMHOTO M TOro XK€ HJH pasHblX THNoB. IIpuMepaMu coCTaBHBIX HO-
MOrpaMM MOTYT CJYXWUTh HOMOTpaMMma pHC. 7 H pPacCMOTpeHHbIE
HuXKe HoMorpammel puc. 10, 16, 38, 39 u 60. ’

§ 5. 3aBucumocrtu, u3oGpaxKaemble HOMOrPaAaMMaMH

Kaxabifi u3 3/MeMeHTapHBIX THNOB HOMOTpPaMM JdaeT BO3MOXK-
HOCTb IIPEJCTABHUTb ONpefeJeHHBbIl THM 3aBUCHMOCTH. Tak, s/jeMeH-
TapHBIMH HOMOrpaMMaMH M3 BbIPABHEHHBIX W DPaBHOYHAJEHHBIX
TOYEK MOXKHO H306pa3uTh HEKOTOPbIe 3aBHCHMOCTH C YHCJIOM Iiepe-
MEHHBIX JO IIeCTH; UUPKYJIbHBIMH, C TapaelbHbIM 1 KpecToobpas-
HBIM HHIEKCAMH — N0 BOCbMH; C OPHEHTHPOBAHHLIM TpaHCHapaH-
TOM — IO [eBATH; C TpaHCcnapaHTom o6llero BHAA — A0 ABeHa-
HALAaTH.

B cnyyae npumeHenus  COCTaBHBIX ~ HOMOTpaMm  Kjacc
HOMoOrpaHpyeMbIX 3aBHCHMOCTell ¢OOTBETCTBEHHO pacIUHpsercs.

VM, HakoHel, BO3MOXHO TaK Ha3biBaeMoe NpubAuXCeHHoe HOMO-
epaguposarue, ocHOBaHHOe Ha NPUOGIHKEHHOH 3aMeHe C HEKOTOpoil
JONMyCTUMOH NOrpeliHOCTbI0 HAHHOH 3aBHCUMOCTH HoMorpadupye-
MbIM cooTHolieHHeM. [lpufiepamu npuGAHIKEHHBIX HOMOrpamM $B-
JISIIOTCSl IPHBENEHHble HIXKe HoMOorpaMMbl puc. 50 — 55.

M3 HoMorpadupyembix ypaBHeHHII BaXKHOe 3HayeHHe HMeeT Ka-
HOHHYecKas ¢opma

Fifse +.f2g34 -+ k3 =0,

JOTYCKAIolasl IOCTPOEHHE HOMOZSPAMMbL U3 BbLPABHEHHbLX TOUEK, CO-
croaweli u3z 08yx npamoaunelinolx wxanr u 6unaproeo noas. Ilpu-
MepaMH TaKMX HOMOTPaMM MOTYT CJYXHTb HOMOrpamMma pHC. 5, a
TaK¥e paccCMOTPeHHbie HUXe HoMorpaMmul puc. 15, 50, 53.
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OrmernM Takxe GopMy ¢ NATHIO NepeMeHHbIMH

f12=f34+f35,

TNPEACTABUMYIO NPUCNOCOBAACMOL HOMOZpAMMOLl u3 pasHoydaieH-
HbLX TOYeK, © GOpPMyY C LIECTbIO NepeMeHHbIMH

f12+f13=f45+f4s,

JONYCKAIOIYIO TOCTPOEHHE NpPUCnOcobaaemoti YUPKYALHOUL HOMO-
epammol, a TakxKe HEKOTOPbIX HOMorpaMm apyrux tunos. [Ipume-
pamu npucnoco6/saeMblX HOMOTPaMM M3 pPaBHOYHAJEHHbIX TOYEK fB-
JSI0TCS HOMOrpaMMbl puc. 6, 7 U npuBeleHHbIE HHXKe HOMOTDaMMbl
puc. 41 u 48. ITpumepom npucnoco6asieMONl UHPKYJIbHOH HOMOrpam-
MBI MOXET CJYXKHTb IOCTPOEHHAsl B YeTBEPTOH IVIaBe HOMOrpamma
puc. 43.

Boabwoit uHTEpec mpeacTaBJAAIOT CAeAyIOUIMe YacTHble Caydau
YKa3aHHbIX 3aBUCHMOCTeli:

fifs+ Fags + h3=0, fi+fe="Fs, Fi=Tlafs
i fo=Ff+Tf4 15 fo+fo+fs=Ff+Ts+Fe u np.

OTMeruM Takxe QopMbl

fl2+f34=f56’ }
812 + 31 = Zs6»
fs=F (F1a+ [34, Q12+ &34),

npelacTaBuMble 6apueHT putecKkumy Homoepammant, u Gopmbl

f12"‘f56=f34—f78, }
12 — 856 = 31 — &s,
fr="F (Fio+ s+ Fse, Q12+ &34+ Zso),

NpeACTaBUMbIE POMOOUOAAbHOIMU HOMOZDAMMAMU U HOMOZpAMMAMU
C OpueHTUpoBaHHbLM TparcnapanTom. Ilpumepamu OGapuueHTpHYe-
CKMX HOMOrpaMM sBJSIOTCS HOMOrpamMma pHc. 8 M paccMOTpeHHbIe
Huxe HoMorpaMmbl puc. 44 u 49. IlpumMepamyu poMGOHAAbHBIX HO-
MOrpaMM MOTYT CJYXXHTb HOMOrpamma puc. 9 ¥ npuBeleHHble HHXKe
HoMorpaMMbi puc. 45 u 58. ITpumMepamMu HOMOrpamM C.OPHEHTHPO-
BaHHBIM TpPAHCNApPaHTOM SBJSIOTCH pacCMOTPeHHble HHUXe HOMO-
rpaMumel puc. 12, 13, 46, 55 u 59.
YkaxeMm eule Gopmy
f12—f7=f34‘—fs=f56"‘f9,
12— 87 =834 — 83 = &56 — £0»
NPEACTABUMYIO 3AEMEHTAPHOL HOMOZPAMMOLL ¢ OpPUEHTUPOBAHHOLM
Henpo3paunbim TpancnapanTom. IlpumepoM HOMOrpaMMbl C OpDHEH-
THPOBAHHBIM HENpO3pauyHbIM TPAHCMAPAHTOM AJs 3TOH (OPMbI SB-
JsieTcs paccMOTpeHHAasi B NATON riaBe Homorpamma puc. 47.
B KkoHLEe KHHIM NpHBedeHa CBOAKA KaHOHMYECKHX (opM H AaH
CIIHCOK HOMOrpadupoBaHHBIX 3aBUCHMOCTEM. '
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NMPUMEHEHHUE HOMOIPAMM
B HAYYHO-HCCJIENOBATEJ/IbCKON PABOTE

§ 6. IyTn nonyyeHHs: HOBBIX HAYYHBIX Pe3yabTAaTOB
C NMOMOLBI0 HOMOTPAMM

Homorpaduueckuii MeTon HaeT BO3MOMKHOCTb TOJYy4aTlh HOBBHIE
pesyabTaThl B TOH OTpPacju 3HaHHA, B KOTOPOH OH INPHMEHAETCS.
s HaxoXIeHust TAKUX pPe3yJabTaTOB MpPEACTABJSAIOTCS TPH TYTH.

ITepBuit myTh cocTOMT B peBU3MM Beex HONYyLIeHHH, KOTOpbiE
OblaM clesnaHbl KaK NpPH MOCTAHOBKE 3a1ay, TaK M NMPH BBIBOAE pac-
yeTHbIX Qopmys. IlpuHATHE Tex WJAM HMHBIX MAONYLIEHHI 4acTo
BbI3BAaHO TpeGOBaHHEM MOJYYUTL (POPMYJbl, yNOOHbIE NJs BbIUUC/E-
nuii. Ho ¢opmyna, ynoGHas ans BBIYHC/JAEHHH, MOXKeT OKa3aTbCsl
HeHoMorpacgupyeMoil 1, Ha06OpOT, CJAOXKHAA H TPOMO3JKas ¢Gopmya
MOXET UMeTb NpPOCTyi0 Homorpammy. [Toatomy, npHcTynas K HOMO-
rpaupoBaHUI0 KaKOH-1HO0 3a4ayH, HYXKHO NEePecMOTpPeTb C HOMO-
rpauyeckoll TOYKHM 3peHHsl clieJaHHble paHee JONMYIUEHHS H, MOXKET
ObITb, NPUHATbL HOBble. Eciiu mpu 3TOM OKaxKeTcs, 4TO AJs NPHBeJe-
HUA 3aJaHHOH 3aBHCHUMOCTH K HOMorpacdupyeMoMy BHAY NpHAETCS
cienaTh MeHblIe YNPOUAIOIUX HONYUleHHH, 4eM MIJs NpHBeAeHHs
ee K Bily, YROOHOMY /s BbIYHC/IEHHH, TO NOJNYYyaeM HOBbI pe3yJib-
Tar. :

Bropo#i nyte — HoMorpaduposanne GopMyJs, KOTOpble 13-3a
CBOeH CJOXKHOCTH He MOTYT HailTH NMpakTHueckoro npumeHenus. Ho-
MorpadupoBaHue JenaerT HX AOCTOSHHEM HPAKTHKH.

Tperu#i nyTb — nmocTpoeHue HOMOrpaMM C LeJbIO aHANH3a Tex
HJIH HHBIX GOpPMYJI.

Paccmorpum Gosiee noapo6Ho TpeTuil MyTL NMOJYyYeHHs] HOBBHIX pe-
3yJIbTATOB HOMOTpa(HYECKHM METOAOM.

§ 7. MNpumeHeHne HOMOrpamm
AAs aHaau3a (YHKUMOHAJbHBIX 3aBHCHMOCTeH

IIpu uccnenoBanuu AAHHOH 3aBHCHMOCTH C TIOMOLIbIO €€ HOMO=
rpaMMbl OOBIYHO CTaBSIT OJHY H3 CJAeAYIOIIHX 3a7ay:

1) wmccnenoBath BAWsIHHE OJHHX I1apaMeTpPOB, BXOASIIMX B (op-
MyJy, Ha ApyrHe;
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2) paTb HArAAJQHYI0O F€OMEeTPHYECKyl0 HHTepIpeTauuio KaKuM-
JIHGO paHee UIBECTHBIM CBOHCTBAM HOMOTpacdupyeMoil hopMyJbl;

3) yCTaHOBHTb C IOMOIUBIO HOMOTpPaMMbl paHee HEH3BECTHLIE
0COGEHHOCTH HAHHOH (DOPMYJIbL.

BaxxHoe TeopeTHueckoe M MpakTHuecKoe 3HAueHHe HMEIOT TakHe
clyyay, KOrjla Te HJIH HHble 371eMeHThl HOMOTPaMMbl, MOCTPOEHHOI
IJIs1 BHIYHCIHMTENbHBIX Liesel, JONyCKAalOT B 3aBUCHMOCTH OT 3a/lauH
onpeneneHHoe ¢u3nyeckoe HCTo/NKoBaHHWe. Torma Homorpamma npH-
obperaer 0co6ylo LIEHHOCTb, TAK KaK OHA CTAHOBHTCA OJHOBPEMEHHO
H CYETHbIM NPHOGOPOM M HarIsAJHOA MOZEJbIO 3aKOHA, ONHChIBae-
Moro ¢dopmysoii. B HoMorpammax onpelesneHHbil (PH3HUECKHH CMBICI
MOrYT UMETb HOCHTE/M LIKaJ, TOYKY MX NepecedyeHusi, KpHBHU3HA HO-
cuTesnell INKaJ, KacaHdhe paspelualonieili NpsMoil HOcHTeJel LIKaJ,
KpUBH3HA JIMHHHA B OMHApHBIX NMOJAX, pa3peLiaiollas npsMas H TO4Y-
Ka nepeceyeHHsi ee C HOCHTENAMH IIKa/I H Ts I _

Homorpamma, npeanasnaueHHas Aasi aHaiu3a (YHKIHOHAJbHOM
3aBHCHMOCTH, JOJKHA [aBaTb HarJsJHOe reoMeTpuuyeckoe H3obpa-
JKeHHe 3TOH 3aBUCHMOCTH. Bonpoc 0 TOYHOCTH mosyyaeMbiX MO HO-
MorpaMme OTBETOB OTCTymaerT Ha 3anuuil nuad. Tlpepennl nsmene-
HHf NepeMeHHBIX B HOMOTpaMMe JKeJaTesblio HMeTb MOJHBIMH, 4TO-
Obl OXBAaTHTb BCE BO3MOXHble ciyuau pacuera. HauGosee ynoOHbIMH
THNaMM HOMOTpPaMM /s aHa/ju3a (YHKIHOHAJbHBIX 3aBHCHMOCTEH
ABJSAIOTCA HOMOTPAMMBI C OPHEHTHPOBAHHBLIM TPAHCIAPAHTOM H HO-
MOrpaMMbl U3 BbIDABHEHHBIX TOYeK. '

Hlupokoe nose Aas npunoXKeHHst HOMOrpagHUUECKHX MeTOJ0B HC-
Clel0BaHuA (PYHKIHOHAJbHBIX 3aBUCHMOCTeH OTKpbiBaeTcs B 3aja-
yax Ha HCCAelOoBaHHe NOrpellHocTed npu npHONMXKEeHHOH 3aMeHe
OJHOH 3aBUCHMOCTH APYrod M B 3amavax Ha noaGop napaMmeTpoB
amnupuyeckux popmysa. Boabuoil uHTEpec NpeaCcTaBAAIOT TaKXe Ho-
MorpaguuecKkie MeTOAbl HCCAENOBaHHS 3KCTPeMasbHbIX CBOHCTB
(YHKIHOHANBHBIX 3aBHCHMOCTE, NO3BOJSIOLIHE BHISIBUTb XapakTep
H3MeHeHHA (YHKLUUU BOJIH3H IKCTpEMyMa.

§ 8. Tpumepnl npuMeHEHH HOMOrpamMm
aasa aHaau3a GyHKUHOHAJbHBIX 3aBHCHMOCTE
PaccmoTpuM Temepb psl THIMYHBIX MPHMEPOB NPUMEHEHHS HO-
MOrpaMM AJ51 UcCaefoBaHHA (YHKIHMOHAJbHBIX 3aBHCUMOCTEH.
Ipumep 7. Ilycts [6] Tpebyercss npubNHKEHHO 3aMEHUTD J1OTa-
pupMHUYecKy0 GYHKIHIO
y=Ilgx

y= Ax5, (7)

rie A u B — uckomble mapaMmerphl, Tak, 4To0Obl B mpenenax
X1 << X << X BBINOJIHAJOCH YCJIOBHE

— O <O by, 3)

CTeneHHoH
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rae § — oTHOCHTEJbHAS NOrpeIIHOCTh annpoKCUMauuy B HPOUEHTAX:

. Ig x — Ax58
6=100 “igx 9)
8o > 0 — mMakcuManbHass OTHOCHTeJNbHas MOrPEUIHOCTb, KOTOPYIO
TpeGyercst OnpelestTh.

s pewenust aToil 3agaun npeacrasaseM ¢opmyay (9) cocras-
HOH WKa/JbHOM HOMOTPAMMOH M3 BbIPABHEHHBIX TOYEK C ABYMS BbI-
paBHuBaHuaMH (puc. 10) u uccrenyem reomerpuyeckne ocobGeHHO-
CTH 3TO HOMOrpaMMbl. 3aMeyaeM, yTo WKaabl § U [ napajJebHbl,

I B
~0.180
A B

40,170

0,160

L

0,150

L 0,140

0,430
|

3
L

Le0,020

Puc. 10.- CocraBHasi mKaJbHag HOMOrpaMMa H3 BbIPaBHEHHBIX TOYeK AJA (GOp-
myasl (9).

wkasna § npubau3UTeIbHO paBHOMepHa, paspellaomlas npsmas Mo-
JKeT KacaThes IUKaJbl X WM nepecekaTh ee B AByX Toukax. Ha wuc-
110J1b30BAHUH 3THX 0COGEHHOCTEH OCHOBAH CJeAyIOIWui cnocol pelle-
Husl NaHHOH 3ajauH. '

Uepe3 ToOuKH C 3aJaHHLIMH MOMETKAMH Xy U Xz (puc. 11) nposo-
IUM TPSIMYIO, nepecekarlyio mwkKaasl [ 1 B cCOOTBETCTBEHHO B TOY-
kax I u 2. B Touke 2 uurtaem orBer B. M3 Touxku 2 npoBoauM Kaca-
TeJNbHYIO K HOCHTENIO IWIKAaJbl X O mepeceyeHus co wxanoin [ B
touke 3. Haxomum TOuKy 4 — cepelHHy OTpe3Ka, OrpPaHHYEHHOTO
roykaMu I u 3. CoeaHHHB NpPAMOH TOYKy 4 M TOYKY WKaJjb § C 1o~
MeTkoii 0, mosyunM B nepeceyeHuu co wkamod A Touky 5, nomerka
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koTopo#i nact orBer A. Y, Hakoneu, coenunus Touku I u 3 ¢ TOuU-
KOH & NpAMBIMH, NOJy4UM B MEpeceyeHuH cO INKaJoi § Touku 6 u 7,
pacnoJ/iokeHHble HAa PABHBIX PACCTOSHHAX OT TOYKH- WKaJbl § ¢ mo-
MeTko# 0. Toyka 6 GymeT HMeTb HCKOMYIO nomMeTky —Og, a TOd-
ka 7 — noMetky 8. Y3 puc. 11 BuAaHO, uTo npu Halifennnx A u B
aias Aie60ro 3HavYeHHs X Me-
K1Y X| U X2 BBIMOJHSAETCH yC- & A I
qnosue (8). -8y g
Ha wnomorpamme puc. 10 h
II0OKa3aHO pellleHHe 3aJaud 0 o ,
AASl cayuas, Korpa Xy =50 u NN I )
xp = 5000. Haxomnm A= 4
=091; B=0,169; &= |7 AN
= 3,5%. CuaenoBaTtesabHo, 7
tdopmyna (7) npuHuMaeT BHI

Puc. 11. Cxema omnpeneneHusi napaMmer-
y ==0,91x01%9, pos A, B u 8 no nomorpamme puc. 10.

[Tpumep 8. Iycrtb [7] Tpeb6yerca uccienoBaTh 3KCTpeMalsbHbe
CBOMCTBA 3aBHCHMOCTH

w=u+v+%+—g—+;€v—. (10)

rioe u, v, W — nepeMeHHsle, a, b, ¢ — napamerpsl.

IlpencraBasem 3aBucumoctb (10) HoMorpaMMoil € OpUEHTHPO-
BaHHbIM TpaHcnapaHtoM (puc. 12). Cnoco6 noJb30BaHHSI HOMO-
rpaMMoil coctout B caepylomeM. Ilyctb tpefyercsi onpeaenurb w
no 3aJaHHBIM 3HAYeHUdM a, b, ¢, u u v. HaknanpiBaeM TpaHCnapaHt
Ha HeMOABHXKHYIO NJOCKOCTb Tak, 4YTOObl HA 3aJaHHYIO TOYKY MOJL
(b, v) HenmonBMAKHON MJOCKOCTH MONaja 3aJaHHAs TOYKA IIKAJbI C
TpaHcllapaHTa, a Hanpap/siollas NpsMmas TpaHcnapaHta Obljaa mna-
pannejbHa HaNpaBJASIOWHAM NPSAMLIM HENOJNBHXKHOH NJIOCKOCTH.
Torga nomerka JUHMH @, IPOXOAsiUell yepe3 3afaHHYIO TOUKY IOJS
(a, u), nacT UCKOMbIH OTBeT W.

OGosnaunv u* ¥ v* 3HayeHHs MepeMeHHbiX X H U, AOCTaBJsIO-
Like nepeMenHol @ MHHHUMaJbHOoe 3Hauenne w*. OueBupHO, u®, v*
H @w* 6ynyT GyHkuusimu napamerpos @, b u ¢. Homorpamma puc. 12
JlaeT BO3MOXXHOCTD 1i€ TOJbKO HalTH u*, v* U Ww* npu 3aflaHHbIX 3HA-
YeHHUSX a, b U ¢, HO ¥ BHSIBUTb, KaK BJMSIIOT OTKJIOHEHHS U H U oT u*
n v* Ha BeanunHy w. Ilyete a =5, b =2, ¢ = 1. Tlepemewaem
OpHEHTHPOBAHHBIH TPaHCHAapaHT MO HENOABHXKHOIN MJOCKOCTH Tak,
y1o6bl TOYKAa ¢ = 1 ocraBaJjach Ha JUHWUH b = 2, u cjaenuM 3a no-
MeTKaMy JMuHui w, Kacawmuxcs auaun a = 5. Haxoaum rakoe no-
JIOXK€HHe TpaHCnapaHTa, npu KOTOPOM MNOMeTKa W CTAHOBHUTCSI HaH-
Mmenbuiefl. [Tonyuaem u* = 2/4; v* = 1,6; w* =7,6. OnHOBpeMeHHO
ycraHaBAMBaeM, 4TO 3HAYeHHs 4 W U B npefenax 2,2 < u << 2,6
1 1,4 < v < 1,8 nocraBasiior 3HaueHust w, 6aH3KHe K W = T7,6.
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[Tpumep 9. IIycts [6] TpeGyeTcss HA OCHOBAHMH OTBITHBIX AAH-
HBIX nofo6patb napaMerpsl A u B B aMnupuueckoit popmyJae

v=A(B—1), (11)

cayXauei 4as onpefeneHHs o6beMa rasa v, BBIAGASIOLIETOCS NPH
MeTaHoBOM GpoxkeHuH 3a BpeMd I.

—_ z \ \ AN AV ’—.
—u v:
_.._.1 . _—
_05§ n 0
y \ 0_
2)
17/ 4
6 7 8
4
05

/S |

4)

Puc, 12. HoMorpamMma ¢ OpueHTHPOBAHHHIM TpaHcmapantoM agas ¢opmyast (10):
a — HeNmoABMIKHAA IJIOCKOCTb; 6 — TpaHcIapaHT.

[TpencraBiasiem 3aBucumocTh (11) HomorpaMmoil ¢ OpHEHTHPO-
BaHHBIM TpaHCcnapaHTOM B Bufe JauHefixu (puc. 13). Kniou moab-
30BaHUS HOMOTPaMMOI CXeMaTHUeCKH H300paKeH Ha dYepTexe
Homorpammel. Ilycts Tpebyercs OnpeeNuTs U 1O 3aaHHBIM 3Haue-
nuam A, B u t. HaknaneiBaem JII/IHEPIKy TPAHCNIAPAHT HA HeMOABHX-
HYIO I10CKOCTD TaK, yToGBl BepXHUIl Kpall TpaHcmapaHTa coBmaJ C
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3aganHoll npsiMmoii B u uytoGel npsiMasi | HeNmOABHIKHOH MNJOCKOCTH
npoumia yepes 3agaHHYI0 TOuky mkanbl A tpaHcnapaura. Toraa B
TOYKe nepecedyeHus 3aJaHHOH JNHHHM [ W IIKaJbl U TpaHCIapaHTa
npoyTeM OTBET U.

Orciona BbITeKaeT cienyiouwuil cnoco6 moxpbopa napamerpos A

H B 1o onpITHBIM AaHHBIM f; U Uy, g M Uy, ..., In U U,. [lepememias
t, cymnu
! 5 1 2
N N W S W W W 7030
ANEANEAN A\ \_\ AN W VO W | | I
N N A . W W W W W W W | I A 4
NN N N O O N VA VO WA WO | 1T T 777
0.25 NS LN W W W O IO 1177 005
P22 W \ S N W W W W W 11717770
S\ LN N W A W 11771
B AN G A W W W W W W 171777 B
A\N \\ A W | I I /7 777
0,20 =SS 17777020
(T4 N W N W Y O W W W 11 777°%
\ AN U A VA VO W W | T 1T 77777
N N 11177
AN W N W W W W W 111777
015 T AT 777 015
L N VO W\ W W W W 1177774
\ N WD N L W | 1177777
Ky N W W AN 1171117717
7 b bt W W W 1111111
1 b2 U oi0 o AN TIT717 7724 040
T HHH
N
AU b Y - I KN 7777777777
0,05 0,05
a)
I'l_llll‘lI’lllllll'Tllll'lflrllllllll‘lx!éll
i 2 345 10 20 3040 50 100 200 300 400 300
A;u,mn
4)

Puc. 13. HoMorpamMma ¢ OpHEHTHPOBAHHBIM TPAHCNAPAaHTOM B BHIAE JMHEHKH 15
¢upvyant (I1): @ — nenoxBuxKHAA MIOCKOCTb; 6 — TPAHCNApPaHT.

OPHEHTHPOBAHHBII TPAHCMIAPAHT MO HEMOABHXKHOH MJOCKOCTH, HAXO-
UM TaKoe ero noJioXXeHue, NpH KOTOPOM HauaydyminMm obpasom (Ha
r1a3) NpoOMCXOLUT COBMeLleHHe JHWHUHM [y W TOYKU Uy, JUHUU o H
TOYKH Vs, ..., JUHHUH n U TOUKH Un. IlOMeTka mpsmoit B, coBnas-
mwell ¢ BepXHMM KpaeM TpaHcnapaHra, Aact oTBer B, a mnomerka
wkaasl A B TouKe nepeceuenus ee ¢ npsmoit I pact orser A. Tak,
C NMOMOLUIbI0 HOMOTPaMMHEI PUC. 13 MO ONMBITHBIM AAHHBIM, NpHBEAEH-
HbBIM B TabJule

t, CyTKH 5 7 8 ’ 9 10 12 13 15 16

v, MJI 3.1 5,1 6,7’ 85 | 10,7 | 149 | 186 | 26,6 | 30,3

HaxoguMm A = 2,5 u B = 0,164,
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Ipumep 10. Uccnenosats [8] BausiHie Beawulin B # m Ha Be-
anuuny 8Q B hopmyste

‘s 7 'Is
| — B+ m)" (8 TFm?— 4m) ] (12)

6Q =100 [ 7
B+24/T+m)"
rae 6Q — yMenblileHHe pacxofa B MPOLEHTAX, BO3HIKawLlee TOraAa,
Korja B TpamneueufasJbHOM KaHazne ¢ Ko3ppuLUEeHTOM 3aJI0KEeHHS
OTKOCOB 1 BMECTO THAPaBJIHYECKH
4¢,% HauBBITOAHENLIEro 3HayeHHs B, pas-
5 noro B* rnme

B =2(v/1T+m>—m),

4
0 4 OepyT 3Hauenue f > p*. 3xecp f—
n 3 OTHOWIEHME IIMPHHBI KaHajna Mo
3 IHy K ero ray6une. Ilpu B = f*
BesinurHa 86Q B popmyane (12) pas-
3 03 ¢ Ha HyJqIo.
SN Ha puc. 14 npusesena HOMO-
% 10 ~~ rpamma ypasnenus (12), nocTpoes-

Has anaa cayyas § = p*. Ha Heil

nepemenHble 0Q; B M m npeacras-

JIEHbl IIKa/JaMH, CBA3aHHLIMH OJ-

0 HUM BbipaBHuBaHHeM. Ha HOMO-

rpamMMe IMTPHXOBOH MNpPSIMOH MOKa-

0 3aHO pelleHHe YHCJAOBOro nmpuMepa

Puc. 14. Homorpamma 13 BbipaBien- (nato: ’(7,1 =05 p=2; _ OTBET

Hbix Touek ¢ napamesnmvy wka- 0Q = 1,1%). Ha ocHoBanui ana-

aami 6Q u P m KpuoauHeiimoit  JIH3a HOMOrpaMMbl MOXKHO CAeJ/1aTb
wkanoii m paag ypashenus (12) B cJleyioLHe BbIBOIBI:

cayuae p=>p* =2 (V1 + m? — m) a) 3Hauenue B* maeT Ha HOMO-

rpaMMe nomMerka LiKaJjbl § B TOYKe

nepeceyeHns ee NpsiMOH, CoefuHsIOILed TOYKY IUKAJAbl M U TOYKY

uKanasl 8Q ¢ nomerkoii 0.

6) 3HaunTe/ibHble OTKJOHEHUS B OT B* BHI3BIBAIOT Majible H3Me-
Henus 6Q.

B) Ecan npunats g =2, to 6Q npu a06oM m He npeB3oHAeT
2%, TaK Kak KacareibHas, NpoBefeHIass K HOCHTENIO LIKAJbl M H3
TOYKH MIKaJbLl B ¢ mOMeTKoil 2, nepecekaer wkaay 6Q B Touke C Mo-
MeTKol 0koJ10 29%. ’

r) Ecan 3anath gomycruMoe yMmeHbuieHue pacxofa 6Qo, To 3Ha-
yeHna B, npn KOTopeix 6Q << 6Qo, 6yAyT HAXOMUTbCA Ha ydacTke
WKaabl B, KOTOPBIfi BHIAEASIOT HAa Hel NpAMble, COCAUHSIOUIHE
3a]aHHYI0 TOYKY IIKaJbl /M H TOYKH mKaasl 6Q ¢ nomerkamu 0
H 6Qo
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[Tpumep 11. UccaenoBats [8] Bausuue Beanuun n, R u yo Ha
BennuiHy 6C B dopMmyae

8C = 100 [l — RYo25 An+0,1340,75 VR (W—o,l)] (13)

rie 0, S R<<3wm; 0,010 <<n<0,040; 0,12 << yo < 0,35. ®on-
Myaa (13) Bbipaxkaer  morpeliHocTb B BemmHHe 1<os¢cp}1u11eﬂra
llesu C B npoueHTax, noayyamiomykocs, ecJH BMecTo nosHoii ¢op-
myas H. H. ITaBaoBckoro

C = -L R25va -0,13-075 VR (v =0,1) (14)
n
B3ATb 60Jlee MPOCTYIO CTeNeHHYI0 dhopMyay
P _l_ Yo
C=-—R",

rle Yo — HEKOTOPBIIl MOCTOSIHHBIN TOKa3aTeapb cTeneHH. 3aech R —
THApaBJIUYeCcKUH paAuyc, # — Ko3(P(hIUHEHT MLepoOXOBATOCTH.

0,35
n
0,010 «
\Q\ 0,30
R
N
0,020 ~NNERRYS
T INOREN 0,25
T RTREN
NI
0,030
il 0,20
0,040 H
328
Rom 0,15

Puc. 15. Homorpamma 3 BEIPABHEHHBIX TOYEK ¢ mapajiebHeMH wmKanamu 6C n
Yo H GuHapHbIM nojeM (n, R) nast dopmyant (13).

Ha puc. 15 npuBeneHa HoMorpamMma U3 BbIpaBHEHHBIX TOYEK MJs1
tdopmyan (13), cocrosuias u3 napananenpHbix mwxKai 6C u yo v Gu-
HapHoro noast (n, R), cBi3aHHBIX OAHMM BbipaBHHUBaHueM. [Ipsimas
R=1 ™ coBnagaer c HocureseM mkaasl 8C. Ha HoMorpamme wtpu-
XO0BOH NpAMOIl N0KAa3aHo pelleHne YHC/I0BOrO Nnpumepa (AaHO: 1 ==

==0,016, R = 2,5 ™, yo = 0,33; otBer 6C = —17,3%).
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Pic. 16. Homorpamva H3 BHDABHEHHBIX TOYEK C NapasIeNbHBIMH IIKajaMd AJs
o v
cucreMbl ypasHenuil (15) u ypaBHenus T=24OO’ COOTBETCTBYIOMIETO CJYyYaio

paBenctBa B ycaoun (16).
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Ha ocHoBaHuu ana/M3a HOMOTpPAaMMBbI MPHXOAHM K CJeAYIOLIHM
BbIBOJLAM: .

a) Ilyyok nunMii n sBAsieTCS HOBOJNBHO MIHPOKUM. [losTomy
HeJb3sl HAHTH TakKoe 3HA4YEHHE Yo, IPH KOTOPOM cTeleHHass (opMyna
3amenssa Obl opmyay (14) c He3HayuTe/bHOH NOrpPELIHOCTBIO B
NOJIHBIX TIpefieslaX H3MeHeHus n u R.

6) CoenunuB Kakylo-1u60 TOYKy LWIKaJbl Yo C TOYKAMH IIKa-
abl 8C, umeromwumu nomerkamu 8Co 1 —8Co, rae 6Co > 0, nonyunm
B OuHapHoM mojge (n, R) o6anacTb 3HaueHuit n ¥ R, NI KOTOpO¥H
[6C| < 6C,.

B) JIuHUH n npu Ma/blX 3HAYEHUAX N GJIM3KH K NPAMBIM (JTHHHUS
n = 0,010 — npsimast). C pocToM n KpWUBM3HA JMHHA N yBeJIHYH-
Baerca. OTciona caefyer, 4To npH GUKCHPOBAHHOM 3HAYEHHM 7 MO-
TPElIHOCTh OT 3aMeHbl ¢opMyabl (14) crenenHo#t dopmyJioil yMeHb-
WAeTCA C yMeHbIleHHeM (UKCHPOBAHHOTO 3HAYEHHS M.

[Tpumep 12. Ha puc. 16 npusenena Homorpamma u3 BbIpaBHEH-
HbIX TOYEK C MmapaJJefbHbIMH MKadamu [9] ois pemienus oTHOCH-
TEJNbHO U U i CHCTEMbl ypaBHEHHUI

nd?v
’

Q=—
32vo
az.9,81

| (15)
l =

HpH yCﬂOBHH
ﬂv"—<24oo. (16)

B coornomennax (15) u (16) Q — pacxon, d — nuamerp tpy6omnpo-
BoJa, v — K03 (UUHEHT KHHeMaTH4eCKOH BS3KOCTH, U — CKOPOCTb,
[ — norteps Hamopa Ha eguHuuy AAuHbL. YcaoBue (16) cooTser-
CTByeT cJy4alo IaMHHAPHOTO pexHMa TeueHHsl KHUAKOCTH B Tpybo-
nposofe. Ecnn yciaoBue (16) He BbImoNHfIETCS, TO peXuUM OyleT
TypOynenTHeiM. Ha HoMorpamme ucKoMble BeJHYHHBI U H [ Haxo-
AATCA MO 3aJaHHBIM 3HayeHusM Q, d u v ABYMsS BHIpaBHUBAHUAMH,
npudeM MONYTHO OmpefensieTcss pexuM teveHus. [Ipu 3amaHHBIX
3HaveHusIX Q U d COBOKYNHOCTM 3HAYeHUH v, YIOBJeTBopsiouULeH
yenosuio (16), oTBeyaeT Ha HOMOrpaMMe 4acTb IIKaJbl v, JeXamas
Bbllle TOYKHM MepeceyeHHst ee C MepBOil paspellatouieil npsmoi.

Takum o6pasom, mpsmas, coeiuHsioulasi 3afaHHble TOYKH Ha
mkanax Q u d, paccekaer wKajy v Ha [Be YaCTH, H3 KOTOPbIX BepX-
HAsl OTBeYaeT JaMHHADHOMY peXHMY, a HHXHAS TypOy/JeHTHOMY.
Peiienye 3amayn BO3MOMXKHO, eclH 3aflaHHOe 3HAYEHHE V JIEXHT B
006./1aCTH, COOTBETCTBYIOLLell aMuHapHOMY pexumy. Ha Homorpam-
Me ITPHXOBHIMH NMPSIMbIMH NOKAa3aHO pelleHHe YHCJIO0BOro NpHMepa
(2ano: d = 600 MM, Q = 400 x/cek, v = 8 cM>/ceK; OTBETbI: peKUM
JaMHHapHbll, v = 1,4 M/cek, i = 0,01),



I'TABA 3
OB30P OCHOBHBIX TUIIOB 3JEMEHTAPHbBIX

HOMOTPAMM
§ 9. CaBoenHbie WiKaabl
Haa u3o6paxKeHusi 3aBUCUMOCTH C ABYMsl TepPeMEHHbIMA
v=F(u)

MOXHO HCINJIb30BaTb HOMO2pammy u3 cosoenubix wkar (puc. 17).
Ina nojyueHuss Takoil HOMOrpaMMbl GepeM OCb KOOp-

Y nuHat Oy u nosnaraem
% y=v=F ().
i C noMoLIpl0 HaNMCAHHBIX YpaBHEHHH CTPOHM Ha OCH
I Oy ¢ n1BYX CTOPOH ILKAaJbl U H U.
”:— Cnoco6 noanb3oBaHnus [lycte TpeGyercss on-

- Y penenuTb v Mo 3aJaHHOMY 3HaueHHIO u. Haxonum Ha
lIIKaJe ¥ TOYKy ¢ 3aJlaHHOi noMeTKo# u. Torga noMer-
Ka 5TON TOYKH Ha HIKaJie U JACT OTBeT. :
- CIoBOeHHble WIKAJbl YacTO NPHMEHSIOTCA B Kaue-
B CTBe 3/J1eMeHTOB COCTaBHbIX HOMorpaMmM. IIpuMepowm Ta-
i KOl CHABOEGHHOH IUKAaJbl MOXET CJYXHTb CIBOEHHAs
1Kana pg 4 trp B HOMOrpamme puc. 60 (nmsras rjasa).

11

11

'_lllJ

QS

Puc. 17. Cxena § 10. CetuaTbie HOMOrpamMbl

HOMOTI' D aMMBbl C . v o
W3 CHBOEHHBIX erT4arTol HOMO2PANMOU MOXKHO TIPEACTABHTL 3aBH-
1KaJ 51 ypas- CHMOCTb C TPeMsl NepeMeHHbiMH

HeHus v =/ (u). w=F (u, v)

Homorpamma 3Toif 3aBUCHMOCTH COCTOHT H3 TpeX NepeceKalolHXCs
ceMelCTB JIMHUH u, v 1 w (puc. 18).

Cnoco6 nmonb3oBaHus, Ilycte Tpebyercss onpeneauTs @ no
3allaHHBIM 3HaueHHsAM 4 H v. Haxomaum Touky nepeceueHuss 3anaH-
HbIX JuHMH 4 u v. Torma nomerka JHHMH W, NpoXoisileH uyepe3
HaHJEeHHYIO TOYKY, AacT OTBET,
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Jlast mocTpoeHust HOMOTPAaMMbI BbIGHPAIOT NMPOU3BONbHOE GUHAD-
HOe IoJle TepeMeHHbIX # W U, 3aJaHHOe B cucteMe Koopaunar xOy
ypaBHEHUAMH

x=Tl, v), y=g:, o),

M CTPOAT B 3TOM I0Jie CeMeHCTBO JIMHHH @ C NOMOLLbIO MCXOLHOrO
ypaBHenHs. Uto6bl monyuuTh ypaBHeHHe ceMeficTBa JMHHI W, HYX-
HO M3 NAHHOTO YpaBHEHWs M ypaBHEHHH OMHAPHOrO MOJI HCKIIO-
YHTb nepeMeHHbIe U H V.

O6biyHO B KauecTBe GumapHoro noas (u#, v) GepyT ONpsIMOYroJib-
HYIO CeTKy, OnpeieiseMyio ypaBHeHUAMH —,

x=f@), y=g(). v

CooTBeTCTBYyIOIIast HOMOIPAMMa HOCHT Ha- v
3BaHne abaka [exapra. B mnpocreilmnx
cayyasix npsiMoyrosibHasi cetka (u,v) 3a-
NaeTcsl ypaBHEHUSMHU

&

x=m(u—a), y=n(v—2>)

0°

HJIH YpaBHEHHAMHU z
Puc. 18. Cxema ceruaroii
t=m(gu—a), y=n(gov—0>), HOMOTpaMMbl A ypaslie-

musi w = F (u, v).
rie m, n, a u b — napamerpsi.
AnanornyHpiMm nyrem HOMorpadupyeTcs CHCTeMa YpaBHeHHil

w=fl2 (u) U),

t=g (4, v).
Homorpamma ee COCTOHT M3 HaJOXKeHHBIX APYr Ha Apyra GHMHapHBIX
noaelt (w, t) u (4, v). Mckomoli mMoxer ObiTh nMi06ass mapa nepe-

MeHHbIX. [l MOCTpoeHHsT HOMOrpaMMbl 3ajaeM MPOH3BOJIbHOE Ou-
HapHoe noJe (w, ) ¢ NOMOIbIO ypaBHEHHH

x=F(w, 1), y=0GC(w,t).
Torna ypaBuenus nosisi (&, v) 3anHIWIyTCs TaK:
x=F[fs(u, v), g2(u, V)], y=0GClf12(u, v), gi2(x, V)]

B kauectBe 6uHapHOro noJis (w, ¢) o6blYHO BLIOMPAIOT NPSAMOYTOJb-
HYIO CeTKY, OnpejesiieMyl0 YpaBHEHHAMH

x=f3(w), y=gld).
B npocreiiliem cayyae nosaraior

fs=m(w—a), ga=n(t—0)
HITH
f3=m(lgw—a), gy=n(lgt—0b),
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rge m, n, @ u b — napamerpsl. [IpuMepom HoMorpamMMbl JaHHOTU
THIA MOXKeT CJYXHTb IpHBeldeHHas B NATOH IJaBe HOMoOrpamma
puc. 56.

§ 11. Homorpammsl U3 BBIpaBHEHHBIX TOYEK

HOMO&paMMOLZ U3 BbLIPABHEHHOIX TO%EK MOXHO NpPEACTaBHTb 3a-
BUCHMOCTDb C LICCTbIO NePEMEIIHbIMY BHAA

f34_"!2 —_— iSG—fl2 (17)
831 — &2 856 — Qiz
Homorpamma cocTouT u3 Tpex GuHapibX nogeil (o, o), (as, ots) H

(o5, og), YpaBHeHHS KOTOPBIX B cHcTeMe koopanHat xOy 3amuchbl-
BAIOTCH TaK:

X13="[, Xaa == f34, X56 == [ 56,
Y2=2812, Yua=8€3, Ys6 = 56

Cnoco6 noabzoBaHuud [lycte Tpebyercs onpeie/HTb Og
[0 3aJaHHbIM 3HAUEHHSIM OCTaJblbX BeauunH. OTMeuaeM B GHHAP-
HBIX monfix (o, og) U (a3, o) TOU-
ku A u B (puc. 19), cooTBeTCTBY10-
IHe 3alaHHBIM 3HAYEHHAM Tnepe-
MEHHBIX, H TpPHKJAaJbiBaeM K HHM
Kpail suHefiku. Kpaii qunefiku me-
peceyeT 3alaHHYI0 JIHHHIO o5 B
touke C. Ilomerka JHHHUH g, TIPO-
xopsieii yepes touky C, macrt ort-
BeT. .

[TpiimepoM HOMOrpaMMBI H3 Bbi-
ob paBHEHHBIX TOYEK C TpeMsi GHHAp-

<  HBIMH TOJSAMH MOXeT CJYXKHTb

Puc. 19. Cxema noMorpammm u3 TpHBeJleHHasli B NATOU I/1aBe HOMO-
BHIPaBHENHLIX TOYGK MIA ypaBHe- rpamMMa pHC. 52.

mu (17). BboiBOJg KaHOHHYECKOH

dopmb (17). Ilycts koopmi-

Hatol Touek A, B u C, nexamux Ha ofHOH MpsIMOii, ONpegensioTcs

coorBercTBeHHO ypapHenusmu (18). [Iposenem uepes Touky A mps-

My10, mapaJjnenbnyio ocu Ox, a uepes touku B u C— npsmble, na-

paanenbibie och Oy. OGosnauum D u E TOuku NepeceyeHus NpoBe-

IeHHbIX NpsiMbix, M3 nono6us tpeyronbHuxoB ABD u ACE umeeM

(18)

¥

AD __ AE
DB~ EC®

KpOMe TOro, AD — X34 — X192, DB = Y3a— Y12, AE = Xs56 — X192,
EC = ys6 — y12. [TosTomy

X34 — X12 ___ Xs6 — X12

Yse — Yi2 Ys6 — Y12
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3aMeHUB B MOJYYEHHOM ypaBHEHHH KOOPAHHATHI COOTBETCTBYIOLLH-

My QyHKUMSAMH U3 ypaBHeHuir (18), mpumem K dopme (17).
AnanornyHelM nyteM Homorpadupyercs CHCTeMa ypaBHeHHH

BHIA :

faa—hhe — fse — F1o _ f2s = F12 — — fe,1— T2
834812 &8 8T & 8p,1— 812

Homorpamma 3Toit cHcTeMbl ypaBHEHMH COCTOMT 13 GMHApPHBIX MO-
aei (o, og), (o3, &), (a5, o), ..., (o, o), TOUKH KOTOPBIX CBS-
3aHbl OJHMM BLHIDABHHUBAHHEM.

B uvactHoM cayuae HekoToprle M3 (QyHKuHMH, BXOAAWHUX B (op-
My (17), moryr 3aBucerb smmb OT onHol nepemennoil. Torma co-
OTBETCTBYIOLIYie HOMOTpaMMBbl OYIYT UMeTh BMECTO GHHAPHBIX NoJeH
wkansl. OTMeTuM ciefymouie KaHoOHHYeckue (GopMBI ¢ NAThIO, ue-
THIpbMSl U TpPeMs MepeMeHHbIMH, IpPEACTaBUMble 3JeMeHTapHBIMHU
HOMOTpDaMMaMH M3 BbIpaBHEHHBIX TOYEK:

f5=;,22+f;:4’ fifofsa + (Fy —+ o) @34+ h3a =0,

_ fa—FH __ fs—Hh __ h+f
f1f34+f22’34‘|'h34—0, G—g g—a !’ fa——_—‘g,+g2 »

fifofs + (Fi 4 f2) @a 4+ B =0, fifs+ fogs + h3=0,
fitfe="Fs, Fi=Fds, F+F+ ="l

[IpuMepamMn HOMOrpaMM M3 BbIPABHEHHBIX TOYEK AJs 3aBHCHMO-
creil, -npuBoasAmuxea kK opme fifs + o83 + hse = 0, moryr cay-
KHUTh HOMOrpammbl puc. 5, 15 u 50, k dopme fifs + fogs + h3=0 —
Homorpammbl puc. 4 u 14, k¥ dopme f; + f» = f3 — HOMOrpamma
puc. 34, kK popme fi = fof3 — HOMoOrpamMma puc. 36.

M3 yacTHBIX c/yyaeB CHCTeMbl YPaBHEHHH, NpeAcTaBHMBIX HOMO-
rpaMMoOil U3 BBIPABHEHHBIX TOYEK, OTMETHM 4YaCTO BCTpPeYaloUlyIoCs
Ha NMpaKTHKe CHCTEMY BHAA

8

w=au"o®, t=au®v®, ... z=au’0’n, (19)

rae a;, o; u Py, i=1, 2, ..., n,— koHcrautel. HomorpamMmma cu-
creMbl ypaBHeHuH (19) cocTOHT M3 mapaJuesbHBIX Jorapugmuye-
CKHX IIKaJ, CBS3aHHBIX OJHHM BhlpaBHUBaHHeM. [Ipumepom HOMO-
rpaMMbl JaHHOTO THIA MOXKET CJYXKHUTh IIpUBeLeHHAs B NATOH rJaBe
Homorpamma puc. 57.

§ 12. LlupkyabHbie HOMOTPaMMbl

Lupkyavuoti HOMO2pamMmoOl MOXKHO NpPeJCTAaBUTh 3aBUCHMOCTb C
BOCEMbIO IT€pPEMEHHBIMH BHAA

(Fas—F12)* + (@34 — &12)° = (F18 — f56)* + (€28 — &s6)*. (20)
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HomorpamMma coctouT u3 ueTbipex OHHapHbIX mnosell (aj, O2),
(o3, o), (s, cts) ¥ (b7, ), ypaBHEHHsI KOTOPBIX B CHCTEME KOOp-
anHatT xOy 3anHuCHIBAIOTCS TaK:

X12= 13, X34 = [, X56 = [56, X5 =[1s,

21
Ye=812, Yu=4gn, Ys6=gs0 Y13= &rs- @
Cxema HOMOrpaMMbl npHBefeHa Ha puc. 20.

Cnoco6 noab3oBaHnusa. Ilyctb TpeGyercs ompenetuTb o
No 3aJlaHHBIM 3HAYEHHSIM OCTa/JbHHX BeinunH. OTMeuaeM B GuHAp-
HBIX noJsax Touku A, B u A’, otse-
yalolue 3aJaHHbIM 3HAYEHHSAM IIe-
peMeHHbX. H3mepsieM ~uupkyJeMm
paccrosiiue AB. OcTaBasds HeH3-
MEeHHbBIM HaHIEeHHHIH pacTBOp LMP-
KyJd, CTaBUM OLHY H3 €ro HOXeK
B Touky A’ W BpamaeMm BOKpYr
5TOH TOYKH OO TeX nop, noka BTO-
past HOXKa LMPKyJasl He mnomnager
Ha 3aJaHHYI0O JHHHIO Q7 B TOUKY
B’. TlomeTka /MHHH g, NPOXOAS-
meil uyepe3 Touky B’, mact ort-
0% —>  BeT dg. ‘
Puc. 20. Cxema uupKyJbHO# HOMO- Brison KAHOHHYECKOM

rpaMmul a5 ypasuennus (20). dopwmb (20). 13 CXeMbl MOJB30-

BaHHSI HOMOTpaMMOfi -BHAHO, 4TO
AB — A’B’. Hcnoabsyst ¢hopmysly paccTOSIHUS MeXAy ABYyMs TOY-
KaMH, NoJy4yum

¥ a;

(X34 — X12)° + (3a — y10)* = (X7 — Xs6)* + (Y25 — y56)2-

3aMensis B 3To#l ¢opmyJsie KOOPAMHATBHI COOTBETCTBYIOUIHMH (DYHK-
uusaMyu M3 ypaBHenuil (21), npumem Kk popme (20).

®opma (20) B nosHOM CBOeM BHAe BCTpeuaercss pefAko. [Ipakru-
YeCKoe 3HauyeHHe MMEIOT ee C/edylolllMe YacTHble Caydyan:

Fr2 4 F (g12, @3) = fas + D (gss, @), Fre+Tis="4+ [,
f12+~f13=f4+f5+f6» f1+f2+f3=f4+f5+fs, f1+f2=fa+f4-

I{upxy/nbHble HOMOrpaMMBI 3THX (GOpPM SBJISAIOTCS XOPOLIO MPUCIIO-
cobasieMbMu. VX Ha3bIBAIOT npucnocobasemoimu YUpKyAbHbIMU HO-
moepammanu. Ilpumepom npucnocobasieMoll HUPKYJIbHOH HOMOTpaM-
Mbl /15 3aBUCHMOCTH, npuBoasuedfics K dopme fi4fa+fs=
= i+ [5s + fo, MOXKeT CayKuTb paccMoOTpelHast B yeTBePTOil Tr/aBe
HoMorpamma puc. 43.
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§ 13. Homorpammbl H3 paBHOYJaJEHHBIX TOYEK

Homozpammod u3 pasnoyO0asennbix TO4EK MOXKHO TNPeACTABHTD
8aBHCHMOCTb C IIECTbIO NepeMeHHBIMH

(Faa— T2 + (g — gro)* = (Fs6 — F12)* + (@55 — g12)% (22)

Homorpamma cocrout u3 tTpex GunapHbIX moaedl (ay, o2), (3, o) H
(s, a6), ypaBHeHusi KOTOpPbIX B cHcTeMe Koopaunat xOy 3anuchl-
BAIOTCS TAK:

X12= "1, X34 = a4, Xs6 = ['5e,
Yo=812, Ya=gs4, Ys6=— L&sp°

ITone (o, @2) HasbiBaeTcst nosem yewrpos, moas (a3, o) H
(a5, o) — noaamu 3aceuex. Cxema HOMOTpPAMMbl MpHBEAeHAa Ha
puc. 21.

Cnoco6 noabszoBanus Ilycth TpeGyercs onpenenuTb Og
1o 3aJaHHBIM 3HAYEHHSIM OCTaJ/bHbIX BeaHuuH. OTMeuaeM B GHHAp-
HbIX noasix (o, ae) ¥ (o3, &tg) TOUKM A H
B, coorBeTcTByIOLIME 3aJaHHBIM 3HAUEHHSIM
nepeMeHHbIX. CTaBHM HOXKKH UUPKyJs B
toukn A u B. He usmensas pacrsopa uup-
KyJ/,, BpalaeM ero BOXpyr ToukH A mo Tex
op, NOKa BTOpas HOXKKa LHUPKYJs He Mo-
najeT Ha 3aJaHHYIO JHHHIO a5 B TOuKy C.
OTBeT a6 DACT NMOMETKAa JHHHH ag, MPOXO-
nsueit yepes Touky C.

Homorpammbl u3 paBHOYHAJeHHBIX TO- oi
yeK MOXKHO paccMaTpHBaTb KaK YacCTHBIN z
cayuail LUHMPKY/IbHBIX HOMOIDAMM. OOLIETO  pyuc. 91, Cxema HOMO-
BH/a, KOTla B HUX ABAa OMHADHBIX NOJS CO- rpaMmbl H3 paBHOyAaJIeH=
Blanaror. HBIX TOYEK /A YypaBHE«

®opma (22) B NOJIHOM CBOEM BHAE TaX- Hus (22).

e pPelKo BCTpeuaercsl Ha npakTHke. Bosb-
UIOH HHTepeC MNpeACTaBJAIOT ee CJAelyIOUIHe YacTHbie CJAYYaH)

flo="3+ F (05, g3), Fio="Fa + fas, fr+fe=F+ T+ Ts
f14=f24+f34, f12=f3+f4, f1=f2+f3—

Homorpammbl u3 paBHOyHaJeHHBIX TOYEK HJsI 3TUX (GOPM, B OTIH~
yue OT HoMorpamm obuwed Gopmbl (22), AB/IAIOTCS XOPOLIO MPUCIO-
cobnseMbiMu. X Ha3bIBAIOT npucnocobasemoimu nomozpanmany u3
pasuoydarennolx Touex. TlpuMepamMu HOMOrpaMM 3aBHCHMOCTEH,
NPUBOASILKXCA K (dopMe fio = fa; -+ fss, MOTYT c/lyXHTb nomemieH-
Hble B YETBEPTOH W nATOH riaBax HoMorpammsl puc. 41 u 48.
OtmernM ewe aBe cieayioune (OPMBI I CHCTEM ypaBHe-
HUHl, nNpeACTaBHMble INPUCIOCOO/NSEMBIMH  HOMOTpAMMAaMH M3

2 T, C. Xosauckuit
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paBHOYAAJ/IEHHBIX TO4YEK:

f12=f3+f45, - f12=f34+f35:
g2=28xt+ & F1o="Ter + Fes-

[TpuMepaMn HOMOrpaMM AJS 3aBHCHUMOCTeH, NPHBOAAIUHUXCA K 3THM
dopMam, SIBJSIOTCS COOTBETCTBEHHO HoMorpammsl puc. 6 u 7. Homo-
rpamMa puc. 6 — sjeMeHTapHas, HOMOrpaMMa pHC. 7 — COCTaBHas.

§ 14. HomorpamMmbl ¢ napaJJejbHbIM HHAEKCOM

Homozpammoti ¢ napassesvHoim UHOEKCOM MOXKHO NPeNCTaBUTh
3aBHCHMOCTb C BOCEMbIO NEPRMEHHBIMH

fas—Fia __ f1s—Fss (23)

8u— &2 81n— &8ss
Homorpamma cocTouT H3 uyerbipex OuHapHBIX noaeil (o, o2),
(a3, ag), (as, ag) B (a7, ag), ypaBHEHHS KOTOPHIX B CHCTEME KOOp-
aunat xOy 3anuceIBAIOTCA Tak: .

X19="[1, X34 == [34, X56 == [55, X728 ==[1s,
Yo=g12, Yus=8xn, Y56=8s6r Y13= 818

CxemMa HOMOTpaMMbl NMpHUBeldeHa Ha puc. 22.
Cnoco6 noab3oBaHud Ilyctb TpeGyercs HalTH os TO
3alaHHbIM 3HAYEHHSIM OCTaJbHbIX BeJHYHH. OTMeuaeM B GHHAPHBIX
noasx touku A, B u C, cooTBer-
L CTByIOIIME 3aJaHHBIM  3Haue-
HUSIM nmepeMeHHbIX. Uepes TOUKY
C nposoguM npsiMyio, napalg-
JeapHylo npsimoit AB, po mepe-
CEYeHHS1 C 3alaHHON JUMHHEH oy
B Touke D. [ToMeTKa JIMHHH g,
npoxoasiled yepes Touky D,
JlaeT UCKOMBI#1 OTBET.
BboiBOox KaHOHHUYUECKOH
- dopmu (23). B cuny napaa-
ok .. JeabHocTH npsaMbix AB u CD
<  yMeeM

Puc. 22. CxeMa HOMOTpaMMLI C napaJje-
JIeJIbHBIM HHAEKCOM AJIsT ypaBhenus (23).

(24)

X34 = X12 ___ X738 — Xs6
—_— .
Ysg — Y12 Y78 — Yss

3ameHsisi B 3TOM ypaBHEHHH KOOPAMHATH COOTBETCTBYIOUIUMH (yHK-
uusaMu u3 ypasHenuit (24), npugem K dopme (23).
YacrHbie cayuan Gopmbl (23):

f56=‘£l%2;%‘, fifse+ gaa="ofss+ G560 Fr2+ Fris=Tss+ [1e

fx—f2=f3"‘f4, %=%
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§ 15. HomorpamMmnt ¢ KpecToo6pasHbiM HHAEKCOM

IToBepuem nHa 90° no yacoBo#l CTpesnKe YacTb MAOCKOCTH PHC. 22,
B KOTOPOH pacnoJ/ioxeHbl OuHapHble noas (as, ag) # (a7, ag). Toraa
paspewatomue npsimbie AB u CD 6ynyt nepnenfukyaspus. IToay-
YUM HOMO2PAMMY C KpecToobOpasHbim
undekcom (puc. 23). ¥

Homorpamma puc. 23 nzobpaxaer
Ty XKe 3aBHCUMOCTb (23), yTo W HOMO-
rpaMMma C napaJJje/bHbIM HHIEKCOM
(puc. 22). YpaBHeHHUSI 3/1eMEHTOB HO-
MOrpaMMbl NOJYyYHM M3 YpaBHEHHH
(24), 3amMeHMB B YypaBHeHHfIX TNoO-
Jdeit (as, o) U (a7, o) ¥ Ha X U X
Ha —Y.

Cnoco6 nonb3soBauusda. Has

NOJIb30BAHHS HOMOI'PaMMOii  HYXKHO
HMETb TpaHCNAapaHT C HauyepyeHHbIM
Ha HeM KpecTOM H3 IBYX NeprneHAUKY- ,
asapubix npambix. Ilyctb TpebGyercsi  Puc. 23. Cxemn HOMOrpaMMbl
HaWTH ag MO JAHHBIM 3HAYEHHAM OC- € KpPEeCTOOGDA3HBIM HHAEKCOM
TaJbHbIX  BeJMuYHH. HaknanoiBaem IJs ypasHenus (23).
TpaHCNapaHT Ha HENOABHXHYIO MJO-
CKOCTb TakK, 4To6Gbl TOukH A U B nexa/au Ha OQHOH MpsMOi KpecTa,
a touka C—mna ppyroii. Torna oTBeT g HacT noMerka JHHHH ag,
npoxopsiell yepe3d Touky D nepeceyeHHss BTOPO# NPSMOil KpecTa H
3aJlaHHON JIUHUH Ol7.

&

§ 16. BapuueHTpuYecKHe HOMOTrpamMmbl

Bapuyenrpuueckue Homozpammol 1a0T BO3ZMOKHOCTb PeliaTh CH-
CTeMbl YpaBHEHHH BuJa
f12+f34=f56,

(25)
g2+ 83 = gss
OTHOCHTE@JIbHO MEPEMEHHBIX Qs U Olg, & TaKXKe 3aBHCHUMOCTH C NAThIO
nepeMeHHbIMH BHAA
fs=F (f12+ [31, G12+ Ga4), (26)

KOTOpble MyTeM BBeJeHHs BCIIOMOTaTe/lbHOH NMepeMeHHOH NPUBOAAT-
¢ K cucreme ypaBHeHuil (25). Homorpamma cucrembl ypaBHeHHil
/(25) (puc. 24) cocrouT H3 Tpex GuHApHBIX mosel (ay, ag), (o3, ct4)
u (as, a6), yPaBHEHHSI KOTOPBIX B CHcTeMe KoopAxnHAT xOy 3anuchi-
BAIOTCS TakK:

x1o="1s, x34='f—;:—o X56 = lh-{-t-;a, ,

g
Y12= &1z, y34=—1"1, y56='1i+6;::

2*
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rjle A — HeKOTOPOe NOCTOSIHHOE MAJIsi AaHHOM HOMOTPAMMBI YHCJIO.
Tlons (o, a2) ¥ (a3, ai) Has3bIBalOTCA Kpaidrumu, noje (ds, oe)—
YeHTPAAbHBLM.

Cnoco6 nonvsosauus Ilycts TpeGyercss HaliTH a5 U dg 11O
3aJlaHHbIM 3HAYEHHAM @, o2, &3 U g OTMEUAEM B GHHAPHBIX MOJAX
(o1, o) W (3, @s) Touku A u B, cooTBeTCTBylOLINE 3a]aHHHIM 3HA-
yeHusiM nepeMenHbiX. IlpoBoaum npsMyio AB u HaxoouM Ha Hei

¥

—

Vg z

Pic. 24. CxeMma OapHIIEHTPHYECKOH HOMOrpaMMbI NpH 3a4aHIOM OTHOIIEHHH

A= " i
CB ILJIST CHCTEMBI ypaBlenuit (25).

Touxky C, measiyio otpe3ok AB B orHowennu A. B touke C ynraem
OTBETH as U o Koraa uncao A paBHo 1, Touka C HaxXomuTcs moce-
pednne mMexnay Toukamu A u B.

BoBol kaHoHHuYeCKOH popmul (25). CornacHo npasumy
MoJb30Ballusl HoMorpammoii, otBethast Touka C menut otpesok AB

AC :
B OTHOWIEHHH A, T.e. _C?=7‘" CunenoBaTtelbHO, MeXAy KOOPAHHA-
tamMu Touek A, B, C u napaMeTpoM A HMMEIOT MeCTO COOTHOLIEHHS

_ Xia+ Axs, Yot Ay,
Y56 = 144 y56~—l——rh—

HJH
(1 4 A) x56 == X12 + Ay, (1 4 A) ysg= Y12+ Ayas.

[Tonaras
Xo="F15,  Axa ="y, (1 4+ A) X556 = [sg,
Yi2=812,  AYs=gu, (1 4+ A) yss = gse,
NoNyynM KaHoHuueckyio ¢opmy (25). ¥YpasueHnus 3/1eMeHTOB HOMO-

rpaMmbl Hafiiem, pellast HamHCaHHble YpaBHEHHs] OTHOCHTENBHO KO-
OpAMHAT,
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Cxema HoMorpaMMbl 3aBucHMOCTH (26) onpemeautcsi puc. 24,
ec/d M3 uepTexa H3bATh ceMelicTBO JHHHI as. Ilpeanonaraercs,
YTO HCKOMOH nepeMeHHON siB/isieTcs os. OTMeTHM CJ/eldyIOLIHe 4acT-
Hble cayyan Gopmbl (26):

Frof saf's + 1283485 + huishashs =0,
Fif3afs + 283485 + hashs =0,
Fifofsaf s + (F1 4 T2) 83485 + hsshs =0,
Fifof sf af 5 + €182838485 + hihohshyhs =0,
Fio = Faa + s = 81283485,
o4 To4 T+ o+ s = g19:8:8485,

f f|2+f34
57 gm'i‘g.u'
f5=f12+f3.4,

f5=f1+f2+f3+f4»
frof sf s + 8128384 + hiohshy =0,
Fifsfs + Fog3gs + hshy =0,
Fifafsfa—+ ( f1+f2)g3g4+hah4=0,
Fifofsfa + 81828384 -+ hihohghy = 0.

[IpuMeHeHHe LUDPKYJAs U JHHEHKH NpH NOJDL3O-
BaHHH OGapHleHTpPHUueCKoil HoMorpammoi. Ilpenno-
JIOXKHM, UTO B OapUleHTpHYeCKOH HOMOrpamMMe puc. 24 A/as cucTeMbl
ypaBuenuii (25) napamerp A paseH l/n, rae n — nenoe yucio (T.e.
1/n = AC/CB u CB = nAC), u 4TO HCKOMBIMH NepeMeHHBbIMH siB-
JSIOTCA o3 U o Torna Ass onpefeseHuss OTBETHOH TOYKH B M0OXHO
HCMOJIb30BaTh HHPKY/Ab U JuHeHKy. CTaBUM HOXKKH UHMPKYyJas B 3a-
nanuble Todkd A u C B GuHApHBIX NOJSAX (@i, otz) U (a5, as). K HOX-
Kam WHPKYJIS NPHKIANbIBAEM JHHEFKY. 3atrem ot Toukd C oTK/IanbI-
BaeM WLMPKYJeM o Kpaio JduHeiiku n pa3 orpe3ok AC. [Toayuaem
OTBeTHYI0 TOuKy ‘B B nose (as, a4). Korna A =1, otpesok AC or-
KJaAbiBaeTcsi OfUH pa3. AHAJOrHYHBIH crnoco6 MOJMb30BAHHAA MOXKHO
TIPUMEHUTD U B CJydyae HOMOrpaMMbl 3aBucuMocTi (26), ecnu B Hei
OTBeTHOe ceMeHCTBO JIMHHUI as chAesNaTb KpaWHUM u BbGpaTh A=1/n,
riae n— ueJsaoe YucJo.

IIpeo6pasoBanne OGapHUEHTPHUYECKOH HOM O
rpaMMbl B HOMOTFpPaMMy U3 pPaBHOYZAaJEeHHBIX TO«
y e K. Homorpammy puc. 24 gns cucremsl ypaBHeHu#. (25), noctpo-
eHHyio npu A = 1, Bceria MoxHO mpeoOpa3oBaTh B HOMOTPaMMy H3
paBHOyZna/MeHHbIX Touek. [lJsi 3TOro HYXKHO IOCTPOMTH BCIIOMOra<
TeJlbHOe OpPTOTOHAJ/bHOE NoJie, NPoBelds uepe3 KpalHHHE IIOJST HOMO-
rpaMMbl 1Ba IIPOM3BOJIbHBIX CeMefCTBa MNapaJie/ibHbIX INPAMBIX,
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neprneHIuKyaAsapHbIX Apyr Apyry. [lonyueHHass HoMorpamMma JaeT BO3+
MOXKHOCTb HaHTH o4 M Oz WM G3 U o4 NMPOBENEeHHEM OJHOH paspe-
warooueit oxpyxHoctd. Ilycts TpeGyercs onpenenuts as u oy Ilo-
MellaeM HOXKH LUPKynas B saganuble Toukn A u C. Pagnycom AC
npooauM u3 Toukn C okpyxHOcTb. Haxonum Touky nepeceueHusi
ee C NpsiMON M3 IepBOro ceMelcTBa napaJ/ieJbHBIX MPSIMBIX, POXO-
asuel yepes tTouky A. Ilpsimas u3 Broporo ceMeiicTBa napaJJelib-
HBIX NPSMBIX, IPOXOAAILAs Yepe3 HANJEHHYIO TOYKY, HACT B mnepece-
YeHHH C OKPYXKHOCTBIO HCKOMYIO TOYky B B mose (o3, o). Anaso-
rHYHoe npeoOpa3oBaHHe MOXHO NPHUMEHUTh M K GapHUIEHTpUYecKOH
HOMOTpaMMe 3aBHCHUMOCTH (26) ¢ KpalHHM CeMeHCTBOM o5, OCTPO-
eqHo#t mpu A = I.

Paccmorpentnoe npeo6paszoBaHie 0cOGeHHO BBHITOLHO TPHUMEHSITh,
KOrla cpeld ceMefiCTB JIMHHUII B KpallHUX OMHAPHBIX MOJSAX UMEIOTCH
ceMefiCTBa napaJJenbHbIX NPSMbIX, NepneHIUKYAAPHBIX APYT APYTY.
Hmenno Takol ciydaii nMeeT MecTo B 6apHLIEHTPHUYECKOH HOMOTpaM-
Me, NOCTPOEHHOH mpu A = 1, Aas1 cucteMnl ypaBHeHuit (cMm. § 13)

f3+f45=f12,
g3 T 84=g12-

Kpaiinue Gunapubie mosis 3Toil HomMorpammnl (as, o) M (o4, as)
COIepxKaT OpTOroHa/NbHble CeMeHCTBA MapaJ/ielbHBIX NPSIMBIX o3 H
as. IlponnuB ux, noiyunm GuHapHoe note (as, o). B pesynbrate
npujeM K HOMOTpaMMme M3 paBHOYJAJIeHHBIX TOYEK, COCTOSILUEH H3
noJissi LEeHTPoB (o, C2), U TPex moJei 3aceuek (o, as), (a3, o) M
(o, as). HomorpaMMa faeT BO3MOXKHOCTb MyTeM NpPOBEAEHHSI OAHO
paspewiaipoulell OKPYXHOCTH HaHTH o3 M Qs HIM oz H as. Koraa
HCKOMBIMU IEepEeMEHHbIMH SBJSIOTCS Q4 H 2, HOMOTPAMMOH MOXKHO
nOJMb30BaTbC Kak OapuUUEHTPUUYECKOH, JAesisl INOomojaM OTPe30K Me-
KAy 3alaHHbIMU TOYKAMH KpafHUX OHHAPHBIX MOJeH.

IlpuMepaMu GapuULEHTPHYECKHX HOMOTPaMM MOTYT CAYXHTb HO-
MorpaMma pHc. 8 u npuBeleHHble HHXKe HOMOrpamMMbl puc. 44 un 49.

§ 17. Pom6GonpaabHbie HOMOTPaMMbl

Pomboudarbrvie HoMOepammbl [alOT BO3MOXKHOCTH pewlaTh CH-
cTeMH ypaBHEHUH BHAA

Fio— 6= Fas — [1s,
812 856 = 83¢ — 413
H 3aBHCHMOCTH C CEMblO NMepeMeHHbIMH BHIA

fr=F (fio 4 Fss 4 Fse €12+ &34+ &50), (28)

KOTOpble IyTeM BBEAEHHS BCIOMOraTe/bHOH nepeMeHHOH IPHBO-
AsaTca K cucreMe ypaBHeHu#t (27). Homorpamma cucrembl ypaBHe-

(27)
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uuit (27) (puc. 25) cocTouT M3 yeThlpex OMHAPHBIX moJel ™ (o, o),
(a3, as), (os, at6) U (@7, ®tg), ypaBHEHHS KOTOPBLIX B CHCTeMe KOOp-
nunat xOy 3annChIBAIOTCA TaK:

Xo="F1o, Y=l Xss=Tl56, X13=11s, ,

Yo=g12 Y=g, Yss=8Ls6» Y13= is-

HomorpamMma gaer BO3MOXKHOCTb PelHTb CHCTEMY ypaBHeHuH (27)
OTHOCHTE/NbHO JM00OH M3 map nepeMeHHbIX, BXOAAWIHX B ONHO H TO
XKe OuHapHOE noJe.

N

————
0° z

Puc. 25. Cxema pOMGOHZAJBHOA HOMOTPAaMMHL /ISl CHCTEMB ypaBHeruit (27).

Cnoco6 noas3oBaHud. Ilycts TpeGyerca HalTH ar U o
110 3aJaHHbIM 3HAUYEHHSIM Gy, 2, O3, U, 05 U atg. OTMeuaem B Gunap-
HBIX moasax (ai, o2), (as, a) u (as, as) Touku A, B u C no 3anan-
HBIM NOMETKaM M HaXOAHM 4YeTBepTyio TOuky D — BepuiuHy napas-
aenorpamma ABDC. IIasi storo uepe3 Touky B npoBoaum npsamyio,
napasmnenbuyio npsmoit AC, a uepes toury C — mpsmylo, napan-
AenbHylo npamoit AB. B Touke nepeceughns 3tux npsimbix D ynTaem
HCKOMbIE OTBETHI 07 U COlg.

BoBox kaHoHuuyeckolt dopmu (27). [lposemem uepes
Toukn A u B npamsle, napananenbibie ocu Oy, a uepes Touku C u
'D — npsimble, napaJjaebHeie ocn Ox. Tlonyuaem nBa paBHBIX TIPSMO-
yroabHbix Tpeyroibhuka ACE u BDF. B camom nene, AC = BD
KaK [POTHBONOJIOXKHBIE CTOpOHBI napainenorpamma, ZLACE =
= ZBDF xax yryibl ¢ COOTBETCTBEHHO NapaJejbHbIMH CTOPOHAMH,
Orcopa CE = DF, EA = FB. Vmeem

CE=x1,— %55, DF=x33—x55, EA=y15—Yse, FB=y3— g
II03TOMY
Xig = X56 == X34 — Xpg,

Yi2— Ys6 = Y34 — Yzs:
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3aMeHssl B NOJYYeHHbIX YPABHEHHAX KOOPAMHATH COOTBETCTBYHONIN-
MH GyHKUUSMH, ipuaeM K ¢opme (27).

Homorpamma 3aBucumoctu (28) onpemenantcs puc. 25, ecan us
yeprexa H3bsITh CeMeiicTBO JuHUMH ag. Ilpeanosaraercsi, 4To HCKO-
MO nepeMeHHOH ABJASETCS o7.

OrmerHM coenymiouie BaxKHble yacTHhle cayuyan Gopmul (28))

Frof sal 567 + 81283485687 + Mishashseh; =0,

FiFsafs6l7 + 283485687 + hashsgh; =0,

Fifof safs6f7 =+ (Fy =+ [2) @34@5687 + haahsgh; =0,

FifofsfafsFef7 -+ 8182881858687 + hihahshshshgh, = 0,
Fr2 =+ Fas =+ Fso =+ 7= 81083485687,

fitTotFat+TatTs+ Fo+ 1= g18:8:84858687,

f= fi2 4 fas + Fse
7 g2+ 834+ fss ’

f7=f12+f34+f56,
f7=f1+f2+fa+f4+fs+fs- (29)

PoMGoHnanbHBIMH HOMOTpAaMMaMH MOXHO TaKXKe INpeACTaBHThb
dopmbl (25), (26) u ux uactHeie cayyan. Ha puc. 9, 45 u 58 uso-
6pakeHbl KOHKpPeTHble pOMOOHAA/NbHBIE HOMOTPAMMBL.

§ 18. HomorpamMbi ¢ OPHEHTHPOBAHHBLIM TPAHCNAPAHTOM

Homoepammor ¢ OpueHTUPOBAHHLIM TPAHCNAPAHTOM RAIOT BO3-
MOXHOCTb pellaTb CHCTeMbl YpaBHeHHH Buaa

fw—‘f7s=f34—f9.10=f56“fu.|2, (30)

&1e— 818 = &34 — &o, 10 = &s56 — &1, 12-

Homorpamma cucrembl ypaBHenu#i (30) cocTouT U3 ABYX wactei:
HenooBuMCHOL naockocTy u Tpancnapanta (puc. 26). Tpaucnapant
BLINOJIHAETCS H3 MpOo3pavyHoro Marepuasa. Ha HenomBuxKHO#H mJo-
CKOCTH DACIOJIOXKeHbl GuHapHble noJs (ai, ag), (o, a4) u (o, o),
3ajaHuble B cucreMe KoopauHat xOy ypaBHeHHSMH

Xo="F1o, Xsa=1Tl31, X56="5s6

Yi2= 812, Y34=83u, Ys6= Lse

Ha tpancnapanre nahecenbl GnHapHble noas (or, as), (s, Q) 4
(o1, @y2), onpelensiemble B cucteMe koopauHat x’O’y’ ypaBHeHUAMH

4 R ’ — ' —_—
Xg=Fw %6 10=Tg 100 *11,10=F 11,120

' r ’ —
Ys = & Yo, 10 80,10 Y11, 12= 81, 120



§ 18. HOMOTPAMMH C OPHMEHTHPOBAHHBIM TPAHCITAPAHTOM 41

Ha HenoaBuKHOM M NOABMXKHOH NJOCKOCTAX HAHOCSTCH TaKXe Ha-
npasasowue npamsle, napaienbHee ocaM abcuuce.

Cnoco6 nonbsoBaHnusa Ilycts TpeGyercsa HANTH o9, Qio,
Q41 M Q2 TI0 3HAUEHHSIM OCTAJbHBIX nepeMeHHbIX. Haxonum B 6GuHap-
nbix nonsix toukn A’, A, B, C, orBeuawoouiue 3aJlaHHbIM 3HAYEHHAM
nepeMeHsblX. HaknaapiBaem TpaHcnapaHT Ha HENOABHXKHYIO 1JIO-
CKOCTb TaK, YTOObl ¢ TOYKOH A HENoJABHIKHON MJIOCKOCTH COBMECTH-
Jgach Touka A’ TpaHcnapaHTa, a ocH aGCIHCC HEMOABIKHOH MIOCKO-
CTH ¥ TpaHcnapaHTta Obuin napamiensHsl. Torga B Toukax B' u C’

¥ @, Y

a) 4)

Puc. 26. CxeMa HOMOrpaMMBI C OPHECHTHPOBAHHBIM TPAHCIApanTOM JUIS CHCTEMBI
ypasuenuii (30): a — HenoABHKHAsL IUIOCKOCTb; 6 — TpancHapaHt.

TpaHCcnapaHTa, COBMAaBWMX ¢ To4ykaMH B u C HeNnOABHKHOMN MJIOCKO=
CTH, MpOYTEM YeThipe MCKOMbIX oTBeTa. Koy nosnb3oBanust HOMO-
TrpaMMoll MOXHO KOopoye 3anucaTh Tak:

Ox|| 0¥, Al=|A", Bl|=|B, C|=|C

HJIH
Ox ” O,x,) (al) a2) l= I ((17, a8))
(03, ag) =] (a9, 1), (a5, &) |=](ay;, a0,
rae |=| — CHMBOJ O080lIH020 KOHTAKTA, T. €. COBMEILUEHHUS TOYKH

Ha HenoJABHIKHOM MJIOCKOCTH C TOYKOM Ha TPaHCHapaHTe.

BoBod kaHoHHuecKOH ¢dopmb (30). Ipu opuentHpo-
BAHHOM HAJIOXKEHWH TPAHCMApaHTa Ha HENOJABHXKHYIO IJIOCKOCTb
touka A’ cosnamaer ¢ Toukoi A, Touka B’—c TOukoil B u TOuka
C’ — ¢ toukoi C. Tlo3TOMy pasHOCTH KOOpAMHAT COBNABILHX TOYEK
GyAyT paBHbI ApYyr APYry:

X2 — X783 == X34 — Xy, 10 = X56 — X11, 12,

Y12 — Y18 = Y34 — Yo, 10 = Y56 — Y11, 12

3aMmeHsisi KOOPAHHATHI COOTBETCTBYIOJUMMH (QYHKLHAMH, NPHAEM K
KaHonuueckoit dopme (30).
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Ananornuno Homorpadupyerca H GoJee obuias cHCTeMa ypas-
HeHul
f|2 - f1+2n,2+2n = f‘zk—l,zk - f2k—1+gn,2k+2n,

8127 f1+2n, 2+2n = Qor—1, 2t — Qok~1+2n. 2k+2n,
k=23, ..., n

Hckmouas u3 ypasuenuit (30) nepeMeHHble Qg, Gio U G4z, TOJY-
YHM 3aBMCHMOCTb C JAE€BATbIO nepeMeHHbIMH. Homorpamma ee wu3o-
6pasurcs puc. 26, ecim yRanuTh ¢ TpaHCIapaHTa ceMeiCcTBa JHHHUI,
COOTBETCTBYIOILUE HCK/IIOYEHHBIM nepeMeHHbIM. Kiiou mnosib3oBaHus
HOMOTpaMMo¥:

Ox1 0%, (a1, a))|—lay, (a5, o) |—ay, (a5 ag)|—|ay,

rae |—| — cuMBOa npocTO20 KOHTAKTA, T. €. COBMELIEHHS TOYKH OJ-
HOM MNJIOCKOCTH HOMOTpPaMMbl C JHHHEH Ha APYrofl ee MJIOCKOCTH.
3anucaTh 3aBHCHMOCTb, KOTOPYIO H3006pa)kaer HOMorpamma, B SB-
HOM BHIe JJisi oblllero ciyuas He yaaercsa. OJHaKo MOXHO yKasaTh
PAM 3aBUCHMOCTEH C AeBATHIO NePeMEHHBIMH, KOTOPble MOXHO mpel-
CTaBUThL HOMOrpammamu 3toro THna [6]. K HuM oTHocsiTcsi, Hanpu-
Mep, 3aBHCHMOCTH

g2+ F (0g, frot Fss+ o) = gau + @ (ag, 3= Fss+1o),
fr=F (Fio+Fss+Fo, G2+ g4+ go)y
Frofsf1f's + Fasf 62880 =+ hashe =0,
f12+f34+f56=f7+f8+f9;
f1+f2+f3+f4+f5+fe=f7+fs+fs-

BoJiblLoi MpaKTHYeCKHH MHTepec MpelcTaBjseT YacTHbH caydai
cncrembl ypaBHeHu#i (30), Korga B Heil OTCYTCTBYIOT TPETbH paBeH-
crea. [lonyuaerca dopma (27):

flz"‘f56=f34—f7s.
812 856 = &34 — Lrs

CooTBeTcTByioIlasi efi HOMOIpaMMa HMeeT IO JABa M0Js Ha Hemo-
ABUXKHOM TJIOCKOCTH M TpaHcmapanTe. Cxema HOMOrpaMMbl onpeje-
AuTCA pHUC. 25, ecIM CYMTaTh, YTO moas (o, d2) M (o3, i) pacrmoso-
eHB! Ha HeNoJBHXXHOH IJIOCKOCTH, a mojsi (os, as) U (o7, ag) — Ha
tpancnapanre. Boitenennas panee gopma (28) u ee uacTHble cay-
yay Tak¥e MOTYT GbIThb NMpeACcTaBAeHbl HOMOTPAMMAaMH C OPHEHTHPO-
BAHHBIM TPaHCNMapaHTOM.

Takum o6pasom, cucrema ypaBHeHu#l (27), dopma (28) u ee
YacTHBIE CJy4an MOTYT ObITh NIpejcTaBJeHbl KaK poMOOHAAbHBIMH
HOMOTPAMMAaMH, TaK U HOMOTPAMMaMH C OPHEHTHPOBAHHBIM TPaHC-
napaHToM, NPHYEM MepeXoX OT OJHOro THNA HOMOrPaMM K APyromy
nouru He TpebyeT HHKAKOM J[ONOJIHHTEJNbHOH pabGoThl MO HX KOH-
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crpyupoBanuto. IlpeumymecTso HOMOrpaMM C OpPHEHTHPOBAHHBLIM
TpaHCNapaHTOM MO CPaBHEHHIO C POMOOMJANBHBIMH COCTOHT B GOJb-
med HArVISAHOCTH W PABHONPABHH NpPH pelleHHH Pas3jHyYHbIX 3a4ay
(ckoMoO# MoXeT ObITb 106as U3 NepeMeHHbIX).

Homorpammamu ¢ OpPHEHTHPOBAHHLIM TPAaHCIAPAHTOM MOTYT
ObITh MpeACTaBJeHbl TaK:Ke cHcTeMa ypaBHeHuit (25), dopma (26)
H ee 'uacTHble caydyau. Cle0BaTeNbHO, 3TH 3aBUCUMOCTH AONYCKAKOT
nocrpoeHne HoMorpamm OapHUEHTPHYECKHX, POMOOHAAbHBHIX H C
OpPHEHTHPOBAHHbLIM TpaHcmapaHtoM. [IpenmyiiecTBo mnocaennux B
PaBHOMPABHOCTH pellleHHs Pas3/HYHLIX 3a]4ay.

BaxubiM uyacTHbIM cayuyaeM ¢opmbl (30) siBasercs dopma

fl2""f56=f34'—f78, (31)
82— Qs =8u — 81 =0,

H306paXKaoWAasacs HOMO2PAMMOL ¢ OOHUM NOCTYNATeAbHbIM nepe-
Meujeruem Tpancnapanta 80oab ocu abcyucc. CxeMa HOMOrpaMmMbl
npuBeneHa Ha puc. 27. IIpu noab3oBaHuu HoMorpammoit npsamas Il

a, a, %s @,
ﬁ ’ &
&, 8
a@ ” 6
I

al 4)

Puc. 27. CxemMa HOMOTpaMMH C OJHOH CTeNeHbl0 CBOGOAH NepeMEeIIeHAs TpaHc-
NapaHTa — NOCTYNAaTeJbHbBIM NepeMelleHHeM BAOJb OCH 4a6CHHCC JAJS CHCTEMBI
ypaBuenunit (31): a — HenoABMKHAS IUIOCKOCTb; 6 — TPAHCNIAPAHT.

Jno/nKHa ckob3uTb mo npsmoii 1. K cucreme ypaBuenuin (31) npu-
BoAUTCS (hopMa C LIeCThIO MepeMeHHbIMU

Fia+ F (13, @5) =T34+ D (g4, ).

B ToM cayuae, Korga TpaHcnapaHT HeceT TOJbKO WIKaJsbl, Heno-
MeueHHble IUHUH UJIH QUKCHPOBAHHbIE TOYKH, [0 MOXKHO BBINOJHUTD
M3 HENMpo3payHoro MaTepuasa, HanpuMmep, U3 6ymaru Toro xe cop-
Ta, KOTOPbIH HCMOJb3yeTcs [MJs HeNOLBHUMKHOH YacTH HOMOTPaMMBbL,
Homoepammamu ¢ Henpospasutoim OPUEHTUPOBAHHbLIM TpPAHCNAPAH=
TOM MOXHO H300pasuTb CjaeAyloLiHe CHCTeMbl ypaBHeHHH, ABJfAI0-
myecs yacTHBIMU cayyasmu cucrem (30) u (27):

flz—f7_=f34“‘fs=f56—f9,
82— &71= 83— 85 = g56 — &0,
f12—f5=f34—fs,

812— &5 =834 — &e-

(32)
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VHTepecHBIM YaCTHBIM CJaydYaeM CHCTeMbl ypaBHenuh (32) sB-
JisieTcsi KaHOHUYeckas ¢popma

f12_'f5=f13_f6=f14—f7a (33)

Npe/CTABUMAsT HOMO2PAMMOL ¢ OpUEHTUPOBAHHbIM TPAHCNAPAH-

Tom 8 8ude auneliku. K cicreme ypaBHenuit (33) mpuBOLMTCA Cle-
Aylolasi 3aBUCHMOCTb C LIECTbIO NepPeMeHHbIMHU:

f1+f2+f3+f4+f5+fe=0- (34)

Mpumep 13. Ha puc. 28 nzo6paxena HoMorpaMMa ¢ OopHeH-
THPOBAHHBIM TPAHCNAaPaHTOM B BHJe JHHEHKH MJIs OnpeleeHHs e

no ¢gopmye
ag=0a; + ay - 03 + as + as, (35)

aBJasoliefics 4acTHbIM cayuaeM 3aBucumoctd (34). Ilonoxenue
TpaHcnapaHTa Ha HEMOABIKHON MJIOCKOCTH COOTBETCTBYET PELIeHHIO

5 &4 0 5 % 0)0% 5
\ A y 2
NN yyyvs
ARONNNNN /. /
\ N Z /
NN Y4
L J ORI B G R RS LA RS R RRESE RARRDARRAL
0 @, h] \\ ) 0 A 5 0 A f0 20
MONNNNN / /
AN AN L
y ANNN\\W00s04

Puc. 28. HoMorpaMma ¢ OpHEHTHPOBAHHBIM TPAHCHAPAHTOM B BHIE JHHEHKH JJs
OilPeneNeHHsT O N0 ¢opmyae (35): a — HeloABUIKHAA IUIOCKOCTb; 6 — TpaHcma-
paHT.

yhc/a0BOro npuMepa (naHo: a; =4, ay =3, a3 =2, s =2, o5 =
= 5; orBeT as = 16).

IIpumMepaMu HOMOrpaMM C OPHEHTHPOBAaHHBIM TPAHCNAPAHTOM
MOTYT CJYXHTb PAacCMOTpeHHble paHee HOMOrpaMmul puc. 12, 13 u
NpHBEJicHHbIe HHXKe HoMorpaMMbl puc. 46, 47, 55 u 59.

§ 19. O6wasa TpaHcnapaHTHas HOMOrpamma

O6ueti TpancnapanTHOU HOMO2pAMMOLL, B KOTOPOil TPAHCNAPAHT
‘MMeeT TP CTeneHH CBOOOAbI NepeMeIlSHHs, MOXHO MNpelCTaBUThb
CHCTEMY YpaBHEHHH

(F3a — Fro)* 4 (gs4 — 812)* = (F11,12— Fo.10)° + (&11, 12— &o, 10)%,

(Fs6 — F12)* + (€56 — 12)° = (F13.14 — Fo. 10)* -+ (13, 14 — &, 10)%s

(F1s— 112 + (g8 — &12)* = (F15. 16 — Fo, 10 + (g15.16 — 8o, 10)%,  (36)

(Fss— F30)® 4+ (gs6 — €3)* = (Fi3, 14 — F11,12)* + (€13, 14 — Qu1, 12)%

(F15 — Faa)® + (@28 — &34)* = (F15.16 — F11,12)* + (&15,16 — G11.12)7, -
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CBS3LIBAIOMYIO LIECTHAALATHL nepeMeHHbIX. CXeMa HOMOTpPaMMBHI
npusefieHa Ha puc. 29. HoMorpaMma coCTOMT 13 HeMOABHKHOM IIO-
CKOCTM H TpaHCHapaHTa, Ha KOTOPLIX BblUepueHbl N0 YeThipe GuHAp-
HBIX I0Jf.

Cnoco6 nonbsoBaHnud Ilycte Tpebyercs HAHTH @19, Qz,
O, Qs U Q¢ MO 3aJlaHHBIM 3HAYEHHUSM OCTaJNbHBIX BeJHuHMH. OTMe-
yaeM B GHHAPHBIX MOJISIX HEMOJABHIMXHOI MI0CKOCTH ToukH A, B, C u
D, coorseTcrBywolike 3aJaHHBIM BeHYMHaM. HaknajnesaeMm TpaHc-
napaHT Ha HENoJABHXKHYIO MJIOCKOCTb M HILEM TaKoe ero MoJoXeHHe,

Puc. 29. Cxema o6wefi TpaHcnapaHTHON HOMOI paMMBI JLIst CHCTEMBI ypasHeHHi (36):
@ — HeNoJBHKHAs IVIOCKOCTb; 6 — TPaHCHApaHT.

npH KOTOPOM 3aflaHHble JIMHHH o, ot1p M a3 OYAYyT MPOXOAMTH CO-
orBercTBeHHO uepe3 Toukn A, B u C. Torma B-Toukax A’, B, C’
n D’ tpancnapanTta, copnaBmux ¢ toukamu A, B, C u D, npourem
HCKOMBIE OTBETHI.

Kooy nosib3oBaHMs HOMOTPAMMOH MOXHO 3alHCaTh TaK}i

(0, ag)] = [(ag, a0), (a3, ag) =] (ayy, @),

(a5, ag) | =1 (a3, a1a), (07, ag) |=]| (a5, )

VpapHeHusi 3/1eMEHTOB HOMOrPaMMbl NOJY4YHM, NPHHAB B ypas-
HeHusx (36) éyukuuu f 3a x u ¢dynkuun g 3a y. M3 cnocoba nosb-
30BaHUsl HOMOTpamMo# caenyer, urto ¢urypa ABDC pasna ¢urype
A’B'D'C’. Tlostomy AB = A’B’, AC = A’C’, AD =A’D', BC =
= B’C’, BD = B’D’. 3anucas 3TH paBeHCTBa B KOOPIAHHATHOH
(opMe U 3aMEHHB B HUX X Ha [ H y HA g, MOJyYUM CHCTeMY ypaBHe-
Huit (36).

Hckamouas H3 cucTeMbl ypaBHeHuil (36) uyeTbipe mepeMeHHble MO
OIHOII M3 Kaxjaoro GHHApHOTO NoJs, NMOJAYYHM OJHO COOTHOLUEHuE
¢ ABEHaALATbIO MepeMeHHHMH. 3aRKUcaTh 3TO COOTHOLIEHHE B SBHOM
BHIe Hesb3s. CXeMa HOMOTPAMMbl 3TOTO COOTHOLIEHHS ONpeleNHTCs
puc. 29, ecau M3 YepTeXa H3bATh CeMelicTBA JIMHHH HCKJIIOYEHHBIX

nepeMeHHBbIX, °
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Homorpammel ¢ TpaHcnmapaHTOM oOLIero BHAA MOYTH HE HMEIOT
NPAKTHYECKHX TPUJIOXKEHHH u3-3a crnelH@UuHOCTH H300paxKaeMmo#
MMH CHCTeMbl ypaBHeHHil (36) M OTCYTCTBHSI BO3MOXKHOCTeHd An4
npeo6pa3oBaHusl HOMOrpPaMM.

[TpakTuueckuii MHTEepec NMpenCTaBJseT 4YAaCTHBI cJyd4ali HOMO-
rpaMmbl puc. 29, korga nonst (o4, o2) ¥ (g, Gg0) BBIPOXKAAOTCSA B
¢GbuKCHpoBaHHBIe TOYKH, a moas (a7, as) H (s, Aig) OTCYTCTBYIOT.
B aToM cayyae TpaHcnmapaHT HMeeT JHLIb OJHY CTeNeHb CBOOOMLI
nepeMeLieHHsT OTHOCHTENbHO HENOABHXKHOH IJIOCKOCTH — BpallleHue
OKoJI0 (pHKCHpoBaHHO# Touku. [losmyuaem HoOmoepammy ¢ OOHUM
spaujatesvroim dgusceruem Tpaucnapanta. OHa u3oOpaKaer Ty Xxe
cucreMy ypaBHeHHH (31) W ee yacTHble clyyau, 4TO H HOMorpamma
C OJHMM IIOCTynaTe/lbHbBIM HepeMelleHdeM TpaHcnapaHTa BAOJb OCH
abcuuce.

2)

g 15

0 5 u 10 15

Puc. 30. HomMorpamMma © TpaHcnapaHTOM B BHJe JIHHEHKH, HMEIOUIeH TPH CTeneHH
CBOGOAH MepeMemienns, AJA onpejeneHdss v u3 ypaBHeHHs (37): @ — HemomBHiK=
Has NJIOCKOCTb; 6 — rpaHCHapanr.

Mpuwmep 14, Ha puc. 30 npusenena nomorpaMma ¢ Tpascma-
pPaHTOM B BHJE JIHHEHKH, MMEIOLeH TPH CTemeHH CBOGOAb! mMepeMe-
LieHHs, L) ONpeJeseHnsl U U3 ypaBHEHHS

Wy u;y v 1

UV Uy Uy 1 —

usvy uz vy 1 =0. (37)
w u v 1
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Homorpamma ypasHeHust (37) COCTOHT H3 pPaBHOMEPHOrO myuyka
npsIMbIX /I TEePEMEHHBIX Uy, g, Us, U W JUHENKH C PaBHOMEPHOI
[KaJofl AJs NepeMeHHBIX Uy, Uy, U, U. JsT onpemesenus v mno 3sa-
JNAHHBIM 3HAYEHHSIM OCTAJbHBIX BEJIMYHMH HYXHO HAWTH Takoe MHoJO-
¥KeHHe TPAHCIApaHTa Ha HENOABHXHOM MJOCKOCTH, NPH KOTOPOM
TOUKA Uy JISKET Ha NPAMYIO 4j, TOYKa U JISXKET Ha NpAMYIOo Us,
TOYKa U3 JIAKET HA MpAMYIO ds. Torga oTBeT ¥ JacT mOMETKA TOUKH
Ha LIKaje U, 4epe3 KOTOPYIO NPOXOAMT 3ajanHHas npsaMas u. Kiiou
N0/Ib30BAHNST HOMOTPAMMOH MOXKHO 3aMHCaTh TakK:

ul—lo, ul—|0vy _usl—lva, ul—|o.

ITosioXKeHne TpaucnapaHTa Ha HENOJABHUIKHOH MJIOCKOCTH HOMOrpam-
Mbl (puc. 30) COOTBETCTBYET pelIEHHIO YHCJIOBOro npuMepa (mamo:
Uy =2 =3, Ug=2_8, ve=17, ug= 14, vs =12, u = 10; orBer
v = §,5).



FTABA 4
METOAUKA NOCTPOEHHUA HOMOIPAMM

§ 20. OGuwue cooGparkeHUs 0 METOJAUKE MOCTPOEHHS
HOMOIrpaMM Pa3JUYHbIX THIOB

HOuns womorpadupoBanus AaHHON 3aBHCUMOCTH e€ MPUBOAAT TeM
WId HHBIM cnoco60oM K HoMorpagupyemMoMy BHUAY U 3aNHCHLIBAIOT
ypaBHeHHWs 3/eMEeHTOB HOMOrpaMMbl B AEKapPTOBOH CHCTeMe KOop-
JAuHaT. B 3TH ypaBHeHHS BXOJAT COOTBETCTBYIOIIHE DYHKUHM M3 liO-
MorpayupyemMoro COOTHOUIEHHS M NapameTpsl npeoOpa3oBaHus, a
HHOTla H TNpPOM3BOJIbHbIE (DYHKLIHH, BEIOOPOM KOTOpPBIX CTapaloTcs
npujiaTh KaxaoMy 3JeMeHTYy HOMOTpaMMbl W Bcefi HOMorpamme B
1esoM yRoOHBI AJs no/b30BaHHA BHA. UeMm Gosbllie nPOU3BOJbHLIX
napamMeTpoB HJIH NMPOU3BOJbHBIX DYHKIUHIH yAaeTcsl BBECTH B ypaBHe-
HHMSl 3JeMEeHTOB HOMOTpaMMbI, TeM OoJbllle HMEeTCs] BO3MOXKHOCTeIl
CKOHCTPYHPOBATh HOMOTpPaMMy, OTBEYAIOLIYIO0 NpelbABAsEeMbIM Tpe-
6oBanuaM. Pasinynbie TUMBI HOMOTPaMM, a TaKxKe HX YaCTHblEe Cay-
Yal HMEIT B 3TOM OTHOIIEHMH Pa3/NUYHblE BO3MOXKHOCTH.

Hau6osiee npucnoco6/sieMbiMu SIBJASIOTCS CceT4aTbie HOMOrpam-
mol. Haumenee npucnoco6asieMbl HOMOrpaMMbl € TpaHCIapaHTOM
obwero Bujga. JJs BHIYHCAMTENbHBIX leJell o4eHb yNOGHBI HOMO-
rpaMMbl M3 BbIDABHEHHbIX TOYEK, U3 paBHOyZHaJIeHHBIX ToYeK, Oapu-
LeHTpHYecKHe U HYPKyJabHble. [T03TOMY, ecliy BO3MOXKHO, CTPEMSATCA
060HTHCD HOMOTPAMMaMH 3THX THIIOB.

[Tocne nasnauenus napameTpoB npeoGpa3oBaHus U BbIGOpa mnpo-
M3BOJIbHBIX (PYHKUHI PacCUUTHIBAIOT TaOJMHIbI KOOPAHHAT OTAENbHBIX
3JIeMEHTOB HOMOT'PaMMbl, @ 3aTeM BbIY€pPUHBAIOT HOMOrpaMMy.

B Homorpaguu npuMeHSIOTCS W YHCTO rpaduyecKHe npueMsl Mno-
CTPOeHHs HOMorpaMMm (Ge3 HCrOJb30BaHUS CHCTEMEI MPSAMOYTO/NbHBIX
KOOpAMHAT).

Ilpn mnocTpoeHun HOMOrpaMM BO3HHKAaeT UeJblit P TPYXHO-
crefl. -

ITepBasi TpyaHocTb cBSi3aHa C pellleHHEM BOMNPoOcCa O LENecoo6-
pa3sHoCTH HoMorpatupoBaHHUsS TOTO WM HHOTO pPacyeTa B LEeJOM HIH
OTJAeNbHBIX YacTell ero, ¢ BHIOOPOM INpefesoB H3MeHeHHs MepeMeH-
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HBIX U YCTAHOBJIEHHEM HeoOXOJMMOH TOUYHOCTH MOJIyUEHHS OTBETa.
3nech TpebylOTCS, KpOMe 3HAHMSI HOMOrpaHH W ee BO3MOXKHOCTEH,
TakXe W crnelHajbHble 3HAHHS B TOH 06JacTH, A1 KOTOpoil cTpodar-
Csi HOMOTpaMMBl.

Bropas TpymHOCTb CBfi3aHa C NpHBEJEHHEM pacUeTHHIX 3aBHCH-
Mocreit K Homorpadupyemomy Buny. MHorna ato coBcem HeBo3MOXK-
Ho. WHorna, HaoGopoT, 3TO ymaercs cAenaTh JIErKO W pasHooGpas-
HBIMU croco6aMu € HCNOJb30BAHHEM DPa3/HYHbIX THIIOB HOMOTPaMM,.
Torma Bcraer 3ajgaua BeiGopa HauGoJiee ONTUMAJBHOTO NMyTH HOMO-
rpagupoBaHHs B 3aBHCHMOCTH OT 3aJaHHBIX ycaoBuH. B croxHBIX
cayyasx npuxojurcsa npuberatb K HomorpaduposaHuio yactelt ¢op-
MyJ, OBTOPEHHIO NePeMeHHbIX, 3aMeHe OTJAeNbHbIX yacteld opmya
npUOIMKEHHBIMH BbIpaXKE€HHSIMH, BBEIEHHUI0O B HOMOrpaMMy OTHO-
LIeHH# nepeMeHHbIX U T. 1.

Y, nakoHel, TpeTbs TPYLHOCTb COCTOHT B nopbope napameTpoB
npeoGpa3oBaHHs M NPOHU3BOJNbHBIX (YHKUMH, NpH KOTOPHIX HOMO-
rpamMma npuMer BuJ, oOeclnedyuBaIOIHA HaWAyyllHe YCJOBUS MOJY-
YeHHSl OTBETa, €CJU HOMOTrpaMMa CTPOMTCS [JIs BBIYHCTHTENbHBIX
Heseil, 1 HanGOJbINYIO HArJSNHOCTb, €CIH HOMOTrpaMMa CTPOHTCH
NUISE UCC/IeJOBAHUS (DYHKIMOHAJ/IBHON 3aBUCHMOCTH.

Cnepnyer Bcerga UMeTb B BHIY, YTO JJIS HOMOTPaMM XapakTepHa
nepeMeHHass TOUHOCTb NOJNyYeHUs OTBera. B omHuX uwacTdx HOMO-
rpaMMbl OHAa MOXeT ObITb H3JIHIIHE BBICOKOH, a B APYTHX — HH3KOM.
Jluwb B 61aronpusiTHBIX CAydYasx yaaercs MOJAyYyaTb HOMOTPAMMEBL,
Jfaolye OTBET C NOCTOAAHHON OTHOCHTEJbHOI HJM a0CONIOTHOH mo-
rpewHoctelo. K cyacTbio, Takue cayyan Ha NpakTHKe BCTPeYaloTCst
JOBOJbHO YacTo, TaK KaK B KOHKPETHbIX 3afauyax ObIBAIOT y3KHe
npefeanl H3MEHEHHS] NEpPeMeHHbLIX W CPaBHUTEJNbHO NpocTbie ¢op-
mMyJabl. MoryT BCTpPeTHTBbCS M TaKWe CJAydyad, KOTZa HOMOTrpaMMbi
NPUHIMINAJNBHO He MOTYT 06eCrneunuTb 3alaHHYI0 TOYHOCTb BBIYHC/IE-
HUil, HanpyuMep, KOrla B HOMOIPaMMax U3 BbHIPABHEHHBIX TOYEK pas-
pewalouiasi npsaMas uMeer MaJjylo 06a3y WM Korja OHa NOYTH Ka-
CaeTcst HOCHTE/Is1 OTBETHO! KpuUBoJIMHelHO# wKaabl. OcobeHHo Tpyn-
HO I[OCTPOMTb HOMOIpaMMmy, AAlOILYyI0 3afaHHYI0 TOYHOCTb, KOrja
OoTBeT Haxoautcs B OuHapHoM noJge. MHorma ypaercs yBeJHUYHTHb
TOYHOCTb MOJYYEHHS OTBeTa, BBOAS B HOMOTPaMMy OTHOILEHHE WJIH
Npou3BefleHle MepeMeHHbIX. DTOT NPHEM MO03BOJfAeT B HEKOTOPBIX
c/ayyasix 3aMeHUTb OMHAapHble NoJs MKanaMu. s yBelnuyeHus tou-
HOCTH npHuOeraloT TakxKe K HoMorpadupoBaHHIO He BCeH (GopmyJbl
B 11€JIOM, @ OTHeJbHbIX ee uacreil. [, HakoHel, MOXHO NPUMEHATb
paspesrbie Homozpammel, NpoOs 3ajaHHble Ipele]bl H3MEHEeHHsS
NMepeMeHHbIX U CTpos MO/ 3aNaHHOTO YpaBHEHHSl CepHi0 HOMO-
rpamm.

MHorpa BO3HMKAIOT M 3HAYUTENbHbIE pAacyeTHblE TPYLHOCTH NPH
nojacyere tab/aul KOOPAMHAT, HeOOXOAUMBIX [JIsi MOCTPOEGHUS HOMO=
rpamMmbl,
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B nacrosiuiee BpeMst M/ aBTOMaTH3aUuu KOHCTPYHPOBAHHUS, pace
yeTa U MOCTPOEHHST HOMOTpPaMM HauyuHAlOT NpumeHsatbca DLIBM u
rpadonocTpouteny (CM. NATYIO IVIaBY).

Huxe paccMoTpeHa MeTOAMKA NMOCTPOEHHSI OCHOBHBIX THIOB HO~
MOTrpaMM.

§ 21. MeTrosHKa NOCTpoeHMS HOMOrPaMM M3 BbIPABHEHHBIX TOYEK
C AByMsl MapajJieJbHbIMH LIKAJaMH M M0JEM

paCCMOTpI/IM METOAMNKY NMOCTPOCHHUST HOMOTDAaMM 13 BbIPaBHEHHBIX

TOYeK JJIs GOopMbl
Fifss -+ Fogas + b3y =0. (38)

OrpaHnyuMcsi u3yyeHneM b Haunbosee BaXKHOTO C/ayuyasi, Korja
HOCHTE/TN MNpSMOJNHHENHHX IWIKaJa napa/ienbHbl. Hafinem chauana
npocTeiiline ypaBHEHHs 3JIeMEHTOB HOMOrpaMMbl 3aBUcUMocTH (38).
Juns atoro HyxxHO npusectd ee K ¢opme (17), a 3ateM Bocno/sb3o-
BaTbcst ypaBHeHusmMu (18).

®opma (38) npuBomurca K dopme (17) caenyiomwum o6pasom:

Hgs, -0
H—0 _ faa = gas
fﬂ'—fl - — haq '—f ’ (39)
fas + gas- !

rie H — npou3BoJibHBIA NOMOXKUTENbHBIN napamerp. [eficTBuTeNb-
HO, HEMOCPEACTBEHHBIM BHIYNC/IEHHEM YOexKIaeMcsl, YTO 3aBHCHMOCTD
(39) npuBomutca K Bunpy (38). ITpocreiimue

y* YpaBHEHHA 3J€MEHTOB HOMOTrpaMMbl 3anHIUyT-
C csl Tak:
[, @ tra
RS ol al mKana @
L~ x=0, y=f;
F mKajga oy :
fe—— 4 .
p X = H, y == f2)
z none (o3, a): -
Puc. 31. Cxema nomo- : H 2
IPaMMbl H3 BHIDABHeH= =183 Y=,
HHX TOYeK ¢ mapane fas+ gas * fas + 824

JICJIBHBIMY 1IKaJMaMH O
WGy W Gumapmen mo- Cxema HoMoOrpammsl npuseeHa Ha puc. 31,

JeM (0, ;) fus ypap- 11OMOTPaMMa COCTOHT U3 MapaJiieNbHBIX KAl

HeHus (38). oy U op ¥ OuHapHOro noss (a3, o4), CBSA3aH-
HBIX OHHM BbIpAaBHHBAaHHEM.

BsesieM B ypaBHeHHsi 3JJeMEHTOB HOMOTPAaMMbI mapaMeTpH m, 1,

a u b, npuueM Gynem cuurath, yto m >0 u n > 0. I1a storo
3anucbiBaeM ypaBHeHue (38) B paBHOCHJIbHOM BHIE

[ (Fr— )] L2 + [ (Fy — 0)] 2% +- (afs + bgss+ hy) = 0. (40)
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Ypasuenne (40) cHoBa umeer Bux ¢opmel (38). ITostoMy HoBble
YpaBHEHHS] 3JeMeHTOB HOMOrDaMMbl, COAEpXKalllHe MapaMeTphl Ipe-
o6Gpa3oBaHusi, 3alMUILYTCS TaK:

mKaaa o,
x=0, y=m(,—a) (41)
mKaka ol
x=H, y=n(f,—0b); (42)
noJse (ag, o4):
¥ = mH gz, y= — mn (afsq + bgss + hs4) . (43)

Nfss + mgs ’ nfss 4 mgss

U3 ypasuennii (41)—(43) caenyer, uto napamerp H ompepe-
JIeT pacCTOsSIHME MeXJAY NapaJjjeJbHbIMH IIKA/JaMH, apaMerphl m
H N OnpefeffiOT pa3Mepbl IIKaJ Q4 U Op, & mapaMerpel @ u b —
NoJIOXKeHHe IIKaJ no Beprhkaan. KoHcTpynpoBanHe HOMOIpamMMbl
cocTouT B nonbope 3HaueHuil napamerpos H, m, n, a u b. Ilpu
noadope napaMeTpoB CTPeMATCS K TOMY, 4TOGHI BCe 3JeMEHTHl HO-
MOrpaMMbl HaXOAWJIHCh B MpeJesaXx 4YepTeKa H BO3MOKHO MoJIHEe
3aHuUManu ero miaowagb. OGbIUHO napaMeTphl /M W N Ha3HAYAKOT
TaK, uTOOBl IIKaMbl o M o ObLIM NPHOJHU3UTENbHO OIHHAKOBOH
nauHbl. [Tapamerpel @ u b maloT.BO3MOXKHOCTb NMOMECTHTH JI0GYIO
TOYKY IIKaAbl @y U JI06YI0 TOYKY MKadbl oy Ha och Ox. OGbIUHO
B KauyecTBe 3THX TOYEK BBIOMPAIOT HIKHHE KOHIB LIKAJ MM HX
CepelluHHI.

ITpn KOHCTpyHpOBaHMM HOMOTpPaMMbl HeOGXOZMMO TakKXKe pac-
CMOTpeTb CcAydau, Korna B ypaBHeHusx (38) MeHSIOTCS 3HAKM Ha
obpartubie JH6O y GyHKuu# [y U fa, 160 y dyHKumit fo u gau. Bos-
MOXHOCTb TakoH 3aMeHbl oObsicHsercss TeM, uto dopmy (38) mox-
HO 3anucarh elle AByMs crnocobamu:

(— 0 (— F34) 4 Fogss + has =0,
Fifss =+ (— o) (— g34) + haa =0.

IMMpumep 15. IToctpoum HOMOrpaMmy A/si onpefeseHHs Besu-
YUHBl 4 U3 ypaBHeHus (2):

ul~! =B l(,r‘l-(-cu—-—u; °
ITpeneninl u3MeHeHHsT NEPEMEHHBIX:
03<<AK 0,1KB<100; 0,1 <<C<<20; 0,001 <u<<10.
YpaBnenue (2) mocne norapupMHPOBAHHS NPUBOAHTCA K (HOp-
Me (38):

Algu—lgB—lg-gliCu—-_“l)—lgu=0
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Hmeem
fi=A4, [,=IgB, f34-]gu gu=—1,

In (C

h34=_lg —lgu

Tlpuctynaem K KOHCTpyHpoBaHHIO HomorpamMbl. HasHauaem
paccTosiHHEe MeXLy napa/nnedbHbiMH WKanaMu H = 250 Mm. dauny
napajjieJbHbIX LKA TakXe Bo3bMeM paBHoR 250 mMMm. Briuncisiem
MOLYIH M U N

250 250
=T=03 Ig 100 — 1g 0,1
[Mpuunmaem m = 360 mMm, n == 80 mm. [Tapamerpel @ n b Haxogum
M3 yCJOBHS PachoJIoKeHHsl Ha ocu abcuuce TOYKH WKaael A ¢ no-
MeTKoit 0,5 1 Touku wkanasl B ¢ noMmetkoin 1. Umeem ypaBHenus

m0,5—a)=0 u n(lgl —b)=0.

W3 Hux nosnyyaem

———~357 MM, n= ~ 83,3 mm.

a=05 u b=0.-

[MoactaBasis HaliieHHble 3HAaYeHHss QYHKLUHA H nMapaMeTpoB B ypas-
nenns (41)—(43), nonyynm ciaenyioumye ypaBHeHHs] 3JIEMEHTOB HO-
MOrpaMMBbl:

mkajga A:

x=0, y=360(4—0,5);
mkana B:

x=250, y=280IgB;
nose (u, C):

In (C
250 80[1g-—c——————1+051gu]
x=———, y=-— > :
l—glgu 1-—-—§-Igu

C noMolbl0 3THX YpaBHEHHUIl pacCYMTBIBaeM, a 3aTeM CTPOUM HOMO-
rpammy. Ona npusesiena Ha puc. 5 (cm. § 3). Ilpu BrIGpaHHBIX 3Ha-
yeHHsIX napameTpoB npeobpa3oBaHusi mwKaldbl A u B HoMorpammubl
NoJNy4uanch NPHOJH3HTENbHO DPaBHOPACTAHYTHIMH H pachoJloXeH-
HBIMH JpYyr NpoTHB Apyra, noje (4, C) okasamoch NOCTATOYHO XO-
poulo PasBHTHIM, a LIHPUHA HOMOTrPaMMbl — NPHEMJIEMON.

§ 22. MeroaMKka nOCTPOEHHSI HOMOTpamm
M3 BRIPAaBHEHHBIX TOYEK C ABYMS MapaJgJejbHbIMH
M OHOI1 KPUBOJHHEHHOI! LIKaJlaMH

IMonaras B ypaBuenuun (38) fsu ='fs, gsu = gs u ha, = hs, noJY-

i popiy Ffa+ oty + by =0, (44
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Cxema ee HOMOrpaMMbl NpUBEAEHA Ha pHC. 32, YpaBHeHHS 3JeMeH-
TOB HOMOI'DaMMBbl;

mKaJaa o;:
x=0’ y=m(f1_a);
mKaJma oy
x=H, y=n(f,—0b);
mKaJma ag:
___mig y=—mn (afs + bgs + hs)
nfs + mgs ’ nis + mg,

HomorpamMma coOCTOMT H3 napaJiiesbHBIX IIKaJd ay U Q2 U KPUBOJH-
HeitHOH mwKaael as. [Ipu KOHCTpyHpOBaHHH
HOMOTpDaMMBbl HYXXHO Y4YHTBIBATb BO3MOX- ¥
HOCTb OJHOBPEMEHHOIO H3MeHeHHs1 3HaKOB
y oysxkunit fi u f3 wan y Qyskumi fa
" gs.

[Tpumep 16. Iloctpoum HOMOrpammy
IS onpeleNeHNnsl BeNHYHHbI 4 H3 ypaBHe-
Hua (1): ‘

Au+ B(e* —1) —ue" =0.
[Ipepensl u3MeHeHH nepeMeHHBIX: 0 <C

Puc.

32. Cxema HOMO-

<A<<35 0<<B<6; 0<<u<6. Ypas-
nenne (1) umeer Bux dbopmm (44). Haxo-

rpaMMbl H3 BHPaBHEHHBIX

TOYEK ¢ Iapaj/IeNbHBIMH
AHM fl =4, f2 = B, f:s =uU, gy=e€%— mKanavu 0; H Gz U Kpi-
— 1, hg = —uev. BOJIHHelHOH wKagofl 0

Hasnauaem paccTosume Mexay napad- A% ypasuenua (44).

JeNbHBIMH LiKanaMu H = 150 MM, a gauny
napa/jjenbibix mkana 6epem 220 mM. OnpenensieMm MOAYJIH m H n!
220 220
ﬂl—-mNG? MM, n—-é—_—b—~36,7 MM.
IMpunumaem m = 65 MM u n = 37 mm. Toukn wkansl A u B ¢ no-
metkamu O nomectum Ha ocu ac6uucc. Has 3Toro nosnaraew.

a = 0, b =0.
YpaBHeHHSI 371eMEHTOB HOMOIPAMMBI 3aMHUINYTCH TaK:
mKana A:

x =0, y=654;
wkana B:
=150, y=37B;
mKaJaa u: i
15065 (% — 1), 65 - 37ue*

Y=ures =1 YT FTuresEE=1n"

Homorpamma, nocTpoeHHasi Mo 3THM ypaBHEHHAM, M306paxkeHa Ha
puc. 4 (cm. § 3).
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§ 23. Meroanka nocTpoeHusi HOMOrpamMm
M3 BbIPABHEHHBIX TOYEK
C TpeMsl napaJjeibHbIMU LWIKAJAaMH

[Tonaras B ypaBuenun (38) fu =1, gou =1 u h3 = —f3, noay-
yuMm dopmy
fot+F=Ts (45)

CxemMa HoMorpaMMmbl nmpuBeleHa Ha pHc. 33. YpaBHeHUsS 3JeMeHTOB
HOMOTpaMMBbl:

mKaJjga o;:
x=0, y=m(f,—a);

IKana oy
. x=H, y=n(f,—0b);

mKana g

mH mn
_m+n) y=m+n(f3—a—b)-

U3 ypaBHeHHi1 3/1eMEHTOB HOMOrPaMMBI BHIHO, YTO WIKAaJbl €, o

M a3 napajsenbHbl. PaccTosHne Mexnay MIKa-

JaMH @1 ¥ oy paBHO H, a Mexny wmkanamu a,

H i3 PaBHO mH Orciona HaxomuM, yTo pac-
m+n’ ’ P
CTOSIHME MeX1y MWKaJaMH a3 H oy pPaBHO
H— mH nH 3
e iy anucbiBas ypaBHeHHe
(45) B Bune

f1+(—f3)=(""'f2)

Puc. 33. Cxema no- HJM B BHAE

MOTpaMMBl H3 BHI- - f2+ (= fa) =(— fx),
PaBHEHHBIX  TOYeK

¢ MapalTesbHHMH  [OJIyYHM HOMOTPaMMbl, B KOTOPbIX €peIHuMHU 6y-
313"3’.‘;3"1;‘ a)l'bagii; LyT WKaJbl ag HIH .

uns (45). [Ipumep 17. Iloctpoum HOMOrpammy ¢ mna-

paJJielbHbIMH LIKaJaMM JAJs OnpeleseHHss KpH-

THYECKOH CTerneHH HANoJHEHHS Yyxp B KPYIVIbIX TPy6GaxX B 3aBUCHMO-

cTH oT pacxoma Q u guamerpa TpyGbl d npu Koa(dulHeHTe Hepas-

HOMEPHOCTH pacnpefesneHust ckopocrei, paBHoMm 1,1. PacuetHas 3a-

BHCHMOCTb HMEET BUJ

[0,25 arccos (1 — 2nip) — (0,5 — Np) Vlp (I — Nep) I°
'\/'fle (1— "]Kp)

anMeM cneuy}omue npenesabl H3SMEHEHHA NnepeMeHHbIX:

05<d<25 M, 0,01<Q<20 mYcek, 0,1 <Ny <O,8.

Q?=4,464° . (46)
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ByaemM crpouTb HOMOrpaMMy ¢ KpaflHAMH IIKasaMiH d U TMgp H
cpenneil wkagnoit Q. B coorBercTBHM ¢ BHIOPAHHBIM PACnOIOKEHHEM
IIKaJ npuBoAuM ypaBHeHne (46) K ¢dopme (45) cremyoowum o6-

pasom:
S5lgd +1g F (ng) =21gQ,
rfe AJsi KpaTkocTH 0603HaYeHO

[0,25 arczos (1 — 21kp) — (0,5 — Mkp) '\/T]Kp (1— "'Il(p)]3

F Kp) — 4,46 T ——
(7] p) '\/Tlxp (I— "]Kp)

.

ITonaraem
1=>5lgd, f,=IgFng), f3=2IgQ.

®yuxuun f1, fo 1 fs aBasiorcs BodpacraomuMi. ITostoMy 1kasbr
HOMOrpaMMbl OyIyT HampasjeHsl BBepX. IIpuunMaem aanny mkan d
H Mkp paBHoN 220 MM. Buluncasem Mony/u 3THX WKan M U n.

- 220
~ B51g25—51g05
. 220 . 220

n=T1gF (08 —IgF(0,])  1g3,408 — Ig0,001078

m ~62,7 MM,

~62,9 MM,
Tpunumaem

m=n==62,5 Mm.
[Tapamerpsl a 1 b onpenensieM U3 ypaBHEHU

m((lg0,5—a)=0 u n[lgF(0,1)—b]=0,

BHIPAXKAIONINX YCJAOBHS PACMONOMKEHHsS TOUKH WKaAb d € MOMETKOH
0,5 M H TOUKH LIKaJb Txp C noMeTkoi 0,1 na ocu abGcunce. Haxonum
a=51lg0,5=—1,506 u b=IgF (0,1)=1g0,001078 = —2,967.,

[lpuanmaem paccrosune H Mexmy wkanamu d M Mxp PaBHbIM
160 mMm. YpaBHeHHsi 3JleMEHTOB HOMOTpPamMMbl 3amULIyTCH TaK:

wKasna d:

x=0, y=162,5 (51gd + 1,505);
MIKaJa Ngp

x=160, y=62,5][lgF (ng)-+ 2,967];
mxaJna Q:

62,5 - 160 __ 625-625
=i res Y= w@stes et 1,505 -} 2,967).
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Homorpamma, noctpoennass mo 3THM ypaBHEHHAM, NpHBeJeHa Ha
puc. 34. Ha Homorpamme wWTpuXOBOH NPAMON IOKAa3aHO pelleHHe

g,
| wcen
an N T
2,5 = — 0,8
A I~ =
] 10 —07
’] -5 [
‘L\ - 0,5
< L -

4 — 2 i
5o - 04
. =i -

C T - -
- : “2\ =
| 05 i
- ~0—03
- : :—
ot 02 X
09 . 3
9 E 0 02
"8 05 i
07 — . B
. 0,02 -
0.6 — |- -
7
| E«n,m i
05 - L0

Puc. 34. Homorpamma H3 BHIPAaBHEHHBIX TOYEK C TPeMsi MNapaieJbHHIMH miKa-

J1aMH I/l ONpeAeNeHHs Mgp M3 ypapHeHHs (46).

yucaosoro npumepa (mano: d = 1,7 M, Q = 1 M%/cek; oTBeT Mup =.
=0,3). ) .
§ 24. MeroauKka NOCTPOEHHS HOMOrpamm
13 BbIPaBHEHHBIX TOYEK C ABYMS NapaJjebHbiMU
W OJHOH NPAMOJHHEHHOW HAKJOHHOH WWIKaJaMH

[Monaras B ypaBueHuu (38) fau =1, gau = —f3 u hy = 0, nosry+

it Gopy Fo=Fofs. (47)
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Cxema HoOMoOrpaMMhl NpuBefeHa Ha puc. 35. YpaBHeHUS 3JeMEHTOB
HOMOTpaMMbl:

mKagaa o;:
x=0, y=m(f,—a);
Kaka dy
x=H, y=n(f,—0b);
mKaJaa og:
_mifs — mn (a — bf3)
T mig—n’ mfs—n °

HomorpaMma COCTOMT M3 TapajJe/bHbIX LKA/l o4 H 0z H NpAMO-
JNHeHHOl HAK/JOHHON IIKaJbl O3 AHAJOrHYHO MpelblaylleMy, IpH
BbIGOpE BapHaHTa HOMOTPaMMBI CJI€LYeT HMETh

B Buly 3anuch ypaBHenus (47) B BuIe
(—=F)="2(—=T3) ] d
< 3 @
WK B BHIE d,ﬂk\\ 2
f1=(—f2)(_f3)- ] T~
Orciona cienyer, uTo B ypaBHEHHAX 3/JEMEHTOB
HOMOrPaMMbI MOXHO OJHOBPEMEHHQ M3MEHHTb 0° K]
3HaKH Ha ofpaTHble y (QYHKIM fow fa mam oo as e womo-
y GyHKuHi fo u fs. rpaMMBl H3 BbIDaBHEH-
[Tpumep 18. IMoctpoum HoMorpammy [2] nbx Touek c napan-
I/ onpesneneHus v no ¢opmyJe JIE/IHHMH IHKAJIaMH Oy
H O U NPAMOJHHEHHOU
— a_ HAKJIOHHOH MIKaJoH a3
'0--':«\/3,62“l 0.5 (48)  mas ypabnenus (47).

B CJeIyIOUIHX TNpelesax H3MeHeHHs MepeMeHNbIX:
03<KAK; 0,012k 15; 0,156 <Kv<6.
[IpuBonum ypaBHeHue (48) k ¢opme (47):

lgz =(—lgov+Ig V&@:‘ﬁg
H noJiaraemMm

T 1
fi=lgz, f=—lgv+1gV36, fi=—g7gs-

IMpu Takom BblGope GyHKUMiT fi M f» napaJ/enbHble WKaABl 2 H U
OyLyT HanpaBieHbl COOTBETCTBEHHO BBepX M BHM3. Hasnauaewm
H =170 mm. Jaunbl WKan 2 u v cAejaeM NPUOIH3UTENBHO paB-
HeiMu 125 mM. Haxomgum moayau m u n:

. 125
~ 1g15—1g 0,01

125

Tg6=1g0.15 ~ 78 MM,

m ~39,3 MM, n=
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Ilpunumaem
m=375MMm u n=75 MMm.

[Mapamerpnl @ u b onpefensieM H3 yC/IOBHS PACHOJNOXKEHHS TOYKH

z v

15 o3 01
103 0,27
; E
2 E
0,53

1 =
05 ~ X 3

=
oo

|||||£1JJlI]IlJJIJJ|I RN SN

=

0,05

0,02

.6

0,01

Puc. 36. HomorpaMmMa H3 BHIpaBHEHHBIX TOYEK C INapaJ/eJbHHIMH LIKAaJaMH 0O |
2z M HaKJIOHHOH NpsiMOJMHeAHOH wKatol A axa  ¢opmyan (48).

wkaasl 2 ¢ nomerkoit 0,01 ¥ TOUKH ILIKaJBl U ¢ NMOMETKOH 6 Ha OCH
a6enuce. ITonysaem ypaBHeHHs

m(g0,0l —a)=0 u n(—Ig6-+1g4/3,6—0b)=0.

W3 uux Haxomum
a=—2 u b=-—0,5.

YpaBHeHHS IIKAJ HOMOrpaMMBbl 3alHIIYTCA TakK:

mKaJjua 2:

x=0, y=375(gz+2);
mKaJga v:

x=70, y=75(—lgov+0,778);
mKajnga A:

35 __ 37,5(24—0,5)
A ey el
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HoMorpamma, mnocTpoeHHass HO 3THM YPaBHEHHAM C TMOMOILbIO
SUBM u rpadonoctpourens (cM. npuMmep 36), npuBeldeHa Ha
puc. 36. Ha Homorpamme wmTpPHUXOBO#l NpsSIMOH MOKAa3aHO peLIeHHE
uyucsoBoro npuMepa (mano: 2 =0,02; A = 0,61; orser v = 1,24).

§ 25. MeToauKa MOCTPOEHHUS] COCTABHbIX HOMOIpaMM
U3 BbIPABHEHHBIX TOYeEK

Ha npaxTuke 4acTo BCTPeyaroTCsl COCTaBHble HOMOTPAMMBI H3
BbIDABHEHHBIX TOYeK, 00pa30BaHHble U3 3/JeMeHTapHBIX HOMOIPaMM
ypaBHeHuH BuZa (38) u ero wacTHBIX ciayyaeB — ypaBHeHHH (44),
(45) u (47). Ons nocTpoeHusi TaKMX HOMOTPAMM 3afaHHOe ypaBHe-
HHe nyTeM BBeleHHs Bcromorare/bHbX nepeMmenssix I, II, III u T. n.
NBITAIOTC  paséuTb Ha CHCTEMY
ypaBHeHH, COCTOSUIYIO U3 ypaBHe- =
unit tuna (38), (44), (45), (47), @y @,
npeacTaBUMBIX 3/ieMeHTapHbIMHU ~ >
HOMOTPaMMaMH C paBHOMEDHBIMH 3 -
napansieJbHbIMH WKaJaMH BCIOMO- ‘ﬁL’
rateJqbHbIX nepeMeHHbXx. OOGbegH-
HfIS 3TH HOMOTpPaMMBbl B OAHY Tax,
yToObl IIKAJbl OJMHAKOBBIX BCIIO- Puc. 37. CxeMa cocTantofi mKae
MOraTe/IbHEIX NEPeMEHHBIX COBNA-  yon’ yovorpamms s BHpabHeHHEX
AaJiyg, NoJydaroT COCTAaBHYIO HOMO-  TtoyeKk mus ypaBHEeHHS flf2=f3+f‘.
rpammy. Illkaner  BcnoMoraresib-
noix nepementbix I, II, I u 1. A, o6BluHO ocTaBASIOT HembLMu, T. €.
He rpanyupyior. Eciiu HekoTopbie M3 BCIOMOraTelbHbIX NepeMeHHBIX
HMeIoT QU3HYECKU#l CMBIC/, TO COOTBETCTBYIOUIHE HM LIKAJbl AeJAI0T
rpajyupoBaHHBIMH. :

[IpuBeseM HECKOMBKO THNUYHBIX KaHOHHYECKHX (DOPM, MpeacTa-
BHMbIX COCTABHBHIMH HOMOrpDaMMaMH PacCMaTpPHBAaE€MOro THUMNA;

flf23+g23=f4f56+g561 f1f23+g23=f4+f5.
f1f2+gz=f3f4+g4, fifa+ ga="Fs+f4
f1+f2=f3+f4, f1f2=f3+f4-

ITokaxeMm, nanpumep, Kak HOMorpadupyercsi nocienHss popma.
BBoaum BcnoMorartesnbHyIo nepeMenHyio I:

f1f2=fa+f4=1-

[TonyyenHsle 1Ba ypaBHeHHs MPHBOAUM COOTBETCTBEHHO K (opmam
(47) u (45) rak:

f1=1‘f—12, 1+(—‘ f4)=f3-

IlepBoe M3 ypaBHEHMH MOXHO NpeACTaBUTL HOMOTpaMMOW ¢ na-
pajjieJbHBIMH 1IKaJaMH op ¥ I ¥ HakjJoHHOH mNpsSIMOMHHEHHOM
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§ 26. HOMOTPAMMBI 1Jis1 TIPOU3BENEHMS CTEMEHHBIX ®YHKUMWM 61

IIKAJ0H o, BTOPOE — HOMOTPaMMO# ¢ TpeMsl mapaJiiebHbIMH IIKa-
aamu I, a3 U a4 Ukany I B aTux HoMorpamMmmax MOXKHO CHeNaThb
o6ueir. Torga MoMyyuM COCTaBHYI0O HOMOTPaMMy, cxemMa KOTOpOH
n3o6paxena Ha puc. 37. AHaNOTHYHO® HOMOTPa(HUPYIOTCSL U OCTaJIb-
Hbe GopMbl.

IMMpumep 19. Ha puc. 38 npusemena cocTaBHas HOMorpamma
13 BHIPaBHEHHBIX TOYeK u3 pabothl [4] ans onpenenenns A u AH no

opMysnaMm
poms A=Y AH=A-—B (49)
E ’

NOCTPOEHHAst B CJAeAYIOLIMX nNpelelaX H3MeHEHHs MepeMeHHbIX:
0 << N* << 500 cM/rog, 0,2 << E << 25 mm/m-ron, 0 << A < 800 M,
0 << B < 1000 M, —300 << AH << 400 m. B nanHom ciayuyae oGuas
wxana mepeMennoil A cmenana rpapynposanuoil. ®opmyser (49)
6b11H npuBeneHsl K dopmam (47) u (45) Tak:

N'=—A(—E/5), —A+AH=—B.
Vpasnenus 31eMeHTOB HOMOrpammbl Ans (opmyn (49) umeoT BUA
mKkana N

x=0, y=0,4N"%;

mkana E:
48F 80E .,

X=T35F04E° YT TBF04E’
mKana A:

x =120, y=0,25(— A -+ 800);
mkana B:

= 180, y=0,125 (— B - 1200);

mKana AH:

x =240, y=0,25 (AH -} 400).

Ha noMorpamme IUTPHUXOBOH JIOMAHOH NOKa3aHO pelleHHe YHEsOo-
Boro npumepa (maHo: N* =400 cm/rox, £ =5 mM/mM-roxg, B =
= 130 M; otBeThl: A = 400 M, AH = 270 m).

Homorpamma puc. 38 6ni1a mocTpoeHa MO ypPaBHEHHSM ee 3Jie-
mentoB ¢ nomombio DLUBM wu rpacdonoctpoutens (cM. nsTyio
rjaasy).

§ 26. MeToaMKa NOCTPOEHUSs HOMOTPAMM M3 BbIPABHEHHbIX
TOYEK /sl NPOM3BENEHUS CTeneHHbIX (YHKUHi

B Homorpaduu paspaboraH psa cnoco6oB GLICTPOro NOCTPOEHIIsE
HOMOTpaMM [JISi HEKOTOPBIX CNelHaJbHbIX THIOB (hyHKUHOHAJIBHBIX
saBucumocreil. PaccMorpum ofnn u3 Takux cnoco6oB. OH ocroBaH
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Ha NpPUMEHEeHNH AJS NMOCTPOEHHS HOMOrpaMM 0co60#i QyHKIHOHAb-
Hofi OyMmaru, Has3bIBaeMOH OCHOBHbIMU HOmOepammamu. Vimes ee,
MOXHO 32 HeCKOJIbKO MHHYT NOCTPOHTb HOMOI'PAaMMy K3 BblpaBHEH-
HBIX TOYeK [J1s onpefeleHns BeJHYUHbl U 10 popmyJie

b, b b
v=ug U’ ... un (50)
B KOTOPO# U, Uy, U, ..., Un — TIEPEMEHHBIE BeJAHYHHBL; Ug, by, bs, ...

+.., bn — KOHCTaHTBHI.
Ha puc. 39 npusefena B KayecTBe npuMepa HoMorpamma ¢op-
MyJlbl
— 0.6,,0.3,,—0,9
v =2,5u3%ul3u; 09, (51)

NnocTpoeHHass Ha OCHOBHOH HoMorpamMe. Bce mocrpoenue cBenoch
K HaHeCeHHI0 (UKCHPOBAHHOM TOUKH -A, MPOBENEHHIO TPeX HEMbIX
napaJjaenbublx wkand (u;), (42) u (u3) u obopMmieHHo Hajgnucei
HanMeHOBaHuil nepeMeHHbX. Ha HoMorpamme IUTPHXOBBIMH mpsi-
MBIMH [OKa3aHo pellleHHe 4YucaA0BOro npumepa (maHo: #q = 0,04;
u; = 0,7; us = 0,05; orBer v = 4,8). M3 nero BuAHO, YTO 3agaua
peluaercsi ¢ MOMOLUIbIO NPOBEleHHS YeThipex pa3pellaiouiiX NpsMbIX,
npuyeM TnepBas M MOCAENHsS paspelualon(pe NpsiMble [POXOAAT
uepe3 (QUKCHPOBaHHbIE TOYKH — TOYKYy A Ha JeBOH WKaJe M TOYKY
¢ momeTkol | Ha WIKaxax uy, Us U Us.

OcHoBHasi HOMOTPpaMMa COCTOHT H3 ABYX paGouHx LIKaJ — JeBOH
M 1paBoil, NpuyeM IOCJAeJHssS [pOrpajiyHupoBaHa C IBYX CTOPOH.
Kpome 3Toro, 3a HuXHe#l U BepXHeil paMKaM{H HOMOTpPaMMbl HaHe-
CeHbl JBe OJHHAKOBble BCIOMOraTefbHble WKaJdbl A MOCAELOBa-
TEJAbHBIX CyMM aOCOJIIOTHBIX BEJMYMH IOKazaTesnell creneHeii X|b|
B Gopmyse (50). DTH WKaJbl CIyKaT AJsi NOCTPOEHHS HEMBIX INKaJI
H TIoC/e HM3TOTOBJEHHMS HOMOTpPaMMbl oTpe3alorcs. JleBas wikasa
npefHasHayeHa JJsi OTBeTHOH Besnuuubl U. Kpome Toro, Ha Heil Ha-
HocuTCsl (MKCMpOBaHHAsA Touka A no ee nomerke, paBHOH 3HAUYEHHIO
kospdulnenta vo. [lpaBas mKajna npejHasHayeHa I/ OCHOBAHMH
CTENeHy, NpUYeM JieBas CPaAyHpPOBKa e€e CJAYXKHUT AJs OCHOBaHHM
C OTPHIATE/NbHBIMH [0KA3aTe/]sIMH CTENeHH, a npaBas — HJs OCHO-
BaHHH C MOJOXHTENbHBIMY AOKA3aTeNIMU CTENEHH.

[MocTpoenne HeMBIX IIKaJ BBINOJHSETCA CAeAYOINM 06pasom.

CHauaJsia ycTaHaB/JIMBaeTcs UX NOPSJOK, Hanpumep, (41), (ug),...
e.., (Un) M B COOTBETCTBHH C YCTAHOBJIEHHbIM MOPSAAKOM BBIYHC-
JSAIOTCS CyMMbl a0COJIIOTHBIX BeJIMUYWH MOKasaTeJeid cTerneHei, T. e,
cocrapaserca paf |by|, |bi|+]|b2], |bd|+]|b2]4+|0s]|, ..., |b1]+
H-|b2| + 63|+ ...+ |ba]. 3aTem uepes Touxu wkan X|b| ¢ nomer-
KaMH 3TOr0 psAja MNpOBOAATCA TPSAMOJHHEHHbIE HEMble IIKaJbl
(), (u2), ..., (un). Tak, HanpuMep, AJa NOCTPOEHHs HeMOH MIKa-
Al (#4) TpPOBOAMTCH mpsiMas depe3 Touku wKaa X|b| ¢ momer-
KoH lb;l.
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Puc. 39. Homorpamma ¢opmyan (51), mocTpoeHHas Ha OCHOBHOfI HOMOrpamwme,
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B Homorpamme dopmyanl (51) Hemble wmKaabl (u;) (u2), (us)
GbIIH TOCTPOEHbl ¢ moMolibio psifa |bi|= 0,6; |by|+|b2|=0,9;
| 64|+ |b2| +|bs] = 1,8. Touka A Obi1a nocTpoeHa no ee mMomer-
Ke 2,5. ’

OcHoBHYI0 HOMOrpaMMy (puc. 39) MOXHO HCIOJb30BaTb A MNO-
cTpoeHusi Ha Heh Homorpamm ¢opwmysa tuma (50), ecan |by|+
| b2| 4 b3| + et ba]| < 5; 0,03 < v, v9<< 300; 0,01 < uy,up ..
eo.,y Un << 100.

YpaBHeHHst 3/J1eMEHTOB OCHOBHOH HOMOIPaMMbl 3aMHChIBAIOTCS
TakK:

OTBeTHas lIKaJja v:
x=0, y=mlgi;
Uy
JieBasl IKaJa OCHOBaHUH u:
x=H

npaBas IIKaja OCHOBaHHWH u:

, Yy=-—nlgu,

x=H, y=nlgu;
mKagasl X| b |:
mZ|b|

x=H mE|b|+n'

y = const,
3pecy m, n, H 4 vy — napamerpsl npeoOpa3oBaHus.

HocurensMu wkan X|b| ciayxkar ropusoHTajbHble NpsiMble, KO-
TOpble BbIUEDYHBAIOTCS 32 HUXKHEH M BepXHefl paMKaMu HOMOTpaM-
mbl. OcloBHasi HOMorpamMa, NnpuBefeHHass Ha puc. 39, nocrpoena
npu H =200 MM, m =75 MM, n =175 MM, vy = 3. [losnb3ysch
NpHUBEIEHHbBIMH YPABHEHHAMH, MOXKHO INOCTPOMTb OCHOBHbIE HOMO-
rpaMMbl 1Jsi Pa3JHYHbIX IpeLesoB H3MEHeHHs IepeMeHHbIX.

Bonee noapo6Ho MeTOJ OCHOBHBIX HOMOTpaMM H3JI0XeH B Opo-
uiope [10], rae npuBesenbl aOBa THNA padoYMX OCHOBHBIX HOMO-
rpamMM, OTJIMYAIOLIHXCS IpeelaMi U3MEeHeHHs mepeMeHHbIX. Tam xe
NI0KA3aHO; KaK C [OMOILbIO OCHOBHBIX HOMOTpPaMM MOXHO moao6pars
napaMmerpnl v, by, bs, ..., bn B aMnupuueckux dopmyaax tuna (50)
M0 ONbITHBIM NaHHBIM. OGOCHOBAaThb METOL OCHOBHBIX HOMOTpPaMM
MOXKHO C IIOMOLIbIO HOMOTPAMM 43 BLIPABHEHHBIX TOYEK C mapals-
JenbHbIMA wKaaamu [11].

§ 27. MetoauKka nOCTpoeHHs NpPHCNOCOOJAeMbIX HOMOrpamMMm
H3 PaBHOYHAJEHHBIX TOYeK

PaccMOoTpuM Temnepb METOAHKY IOCTPOEHHS] MPUCIOCOBageMbIX
HOMOTPaMM H3 paBHOYAAJEHHBIX TOYEK AJs 3aBHCHMOCTH C NSATHIO

nepeMeHHbIMH
Fi2="Fas + [35° (52)
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[Mpusenem ypasHenue (52) k ¢dopme (22), BBEAA NPOHM3BOJbHBIE
¢yukuun Ts u Ty Jast sTOro cHavana nepenuiueM ypasHenue (52)

B BHJE
f34 - 0,5f12 = (fss - 0,5f12)-

Jlanee BosBoAuM o0e YacTH paBeHCTBA B KBaJpaT W NpuGaBasfieM
caeBa u cnpasa uieH (Ts— Ty2)%

(f'M - 0,5f12)2 + (Ts - T12)2 = (fss - 0,5f12)2 + (75— T12)2-

[Tonyyennoe ypaBHeHue uMmeeT BUA ¢opmbl (22). OTciona HaXoAHM
npocrefilune ypaBHeHUS 3J@MEHTOB HOMOIPaMMBI:
noJjie HEHTPoB (ou, A2):

x=0,5f15, y=Tu;
nosie 3acedek (o, ta):
x=[yu, y=Tz
noJe sacedek (o, ds):
x=fg, y=Ts

Cxema Homorpamympl npusefeHa na puc. 40. Homorpamma co-
CTOMT M3 TOJIS UEHTPOB (&, 0iz) M JABYX moJieil 3aceuex (o3, as) H
(ots, ot5). McKoMbIME nepeMeHHBIMH
MOryT ObTb JaH60 a4, JHGO a5 Y 2,
CxeMa noJib30BaHHsE HOMOrPaMMOil
scHa u3 puc. 40.

BBenem B ypaBHEHHsS 3JeMEH- @, %,
TOB HOMOTPAaMMBI napaMeTphl do, @, 1 7
M ¥ NpOU3BOJbHYI0 (YHKUHIO Rj. =Tl
Cunavana npu6GaBiseM U OTHHMAaeM
B npaBoil uyaCTH ypaBHeHus (52) ¢ >
NPOH3BO/MbHYIO (GYHKUUIO Rj:

7T

@3

Il

1
7]

|

Puc. 40. Cxema mnpucrmoco6asemoii
HOMOrpamMMbl M3 PaBHOYAAJIEHHBIX

fe= (f34 + Rs) + (f35 — Ry). Touek Ajs (opmel (52).

YMuokaeM 06e YacTH NOJNY4EHHOTO ypaBHeHHs Ha 2m:
2mfo=2m (f3 + Rs) + 2m (f35 — Ry).

[TpuGaBasieM K JieBO¥ yacTu ypaBHeHHSI 2do, a K mpaBoit (@ — a)-H

+ (ao + a):
[2a0 + 2mf o] =[ag — a 4 2m (f3 + R3)] + [ao + a + 2m (f35 — Ry)].

[Tonyuennoe ypaBhenue cHoBa uMeeT BuA ypasheHus (52). ITo-
39TOMY HOBbl€ YPaBHEHHs 3JE€MEHTOB HOMOrPaMMbl 3anmHIIyTCs TakK:
noJie UeHTPOB (o, o) :

x=ay+mfp y=T

3 T. C. XoBaHckui
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noJsie 3aceuek (as, o)l

x=ao—a+2m({fu+Rs), y=Ts
noJie 3aceuek (o, os):
x=ao+a+2’11(f35"'Rs), y=Ts.

[TpoekTHpoBaHKe HOMOTPaMMbl COCTOMT B NoAGOpe Tpex mapa-
MeTpOB Qo, @, M ¥ TPeX NPOU3BOJbHBIX QYHKIMH T3, Rs, Tee.

ITapamerp ao onpeneasier nosnoxenue ocu Oy Ha uepTexe. 3Ha-
yeHHe napamerpa @, BHIGMpAOT Tak, uTo6H och Oy mnpoxoxuia
BOJ/IM3M JIeBOI'O Kpasi yepTexa.

[Tapamerp a nosBoJsieT cMmellaTh APYr OTHOCHTE/bHO Apyra ce-
MeHCcTBa JIMHUH o4 U a5 B HANpPaBJEHHH OCH abCIuce, IPH 3TOM ToJe
(ot1, 2) ocraercsi HenoABHXKHBIM. OGHIYHO 3TOT mapaMeTp Ha3Ha-
4aloT TAaKUM, 4TOOBl ceMeHCTBa JIMHUN Q4 U O He Mepecekany ApyT
Apyra u pacnoJaraJjucb KOMIakTHO. .

TTapamerp~m mos3Bo/isieT CKMUMATh WJIH PACTATHBATH NMOJS HOMO-
rpaMmbl B HanpaBJeHuHn och aGcuucc. Ero BhIGHpaIOT Tak, 4TOOBI
Npu 3aJaHHbIX NOpefesaX H3MeHeHHs] TNepeMeHHbHX M BHIOpPaHHOM
3HAuUeHMH MapaMeTpa-a HOMOrpaMMa NMOMEeCTH/Iach B 3a1aHHYIO paM-
Ky uepTexa.

IlpousBonbHas ¢yHkuus Ts onpelensieT 3aKOH pacnpele/eHHs
TOPHU30HTAJbHBIX MPSIMBIX 3. B mpocrefimeM cjayyae MOXHO NOJO-
XKHUTb

T3 = b, + n,aa,

rae b’ u n’ — napamerpsl.
[TpousBonbHas (yHKnHs R3 naer BO3MOXKHOCTb MNpeoOpas3oBhi-
BaTb CeMefCTBAa JUHUH as W as. Ecau, HanpuMmep, NOJOXKHUTb

Ry=—14 (03, ag) + 0T,

rae af — (GuKCHPOBAHHOE 3HAYeHHE NepeMCHHOM oy, a § — napamerp,
TO JHHHA o, =0 Oylder NpsMoi, HAKIOH KOTOPOH K FOPH3OHTA/b-
HBIM NpsSIMBIM a3 GyJeT 3aBHCeTb OT 3HaueHus napamerpa 9. Ero
BbIOHpAIOT TakK, 4TOObl 1O BO3MOXHOCTH YMeHbIUHTb KOCHle Nepece-
YeHHs CeMeHCTB JIMHHUH o4 M Qs C TOPH30HTANbHBIMH NPSIMBIMH Q3.

[TponsBosnbHass ¢yHkuust Tz JaeT BO3MOXKHOCTb IpeoGpasoBbl-
Bath noje (o4, @2) Mo BepTHKaau. B mpocreiilieM ciayyae MOXKHO,
HanpuMep, NOJ0XHUTb

—_— h I/
T12—-b +n,a1,

rae b” n n” — napamerpnl, Torma ceMmeiicTBO JHHHI o4 B THOJE
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(o1, @2) GyneT ceMefiCTBOM TOPH3OHTa/MbHBIX Npambix. Korma fip =
= 1 4 f2, MOXHO npHHATD

Tio=0b"~+ m(fy—fo).

Torma none (o, z) GygeT OpTOroHaNbHOH NPSMOJNMHENHON CEeTKOH.
[Tpumep 20. [Toctpoum HOMOrpamMMy Hu3 paBHOYAAJeHHBIX TO-
yeK JJIst onpefiesieHus os Mo hopmye

as=a; + a1+ a3+ a,. (53)

[Tpemensl u3meneHnst nepeMeHHbix: 0 << oy, a2 o3 04 <<5;
0 << a5 << 20. YpaBuenne (53) npuBomutcs Kk dopme (52) crmenmyio-
muM obpasoMm:

oy + ay = (— 03 — ay) + as.

NwmeeM fio = ay + a9, f34 = —as — a4, f3s = as. [IpuHumaem cae-
Aylollue 3HAYeHHsi [1apaMeTPOB W MPOHU3BOMbLHBIX (YyHKIMI: @ = 0,
m=25 mMm, a =15 MM, R3 = 0,503, T12 = 45 + 2,5X (at1 — ax2),
Ts = 5a5. Bocrnosib30BaBIIKMCh NpPUBENEHHBIMH Bbillle YpaBHEHHSAMH,
paccuuTbiBaeM, a 3areM CTPOMM HOMOrpamMMmy 3aBucuMocTH (53).
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Puc. 41. IlpucmocoGasieMass HOMOrpamma H3 PaBHOYAANEHHLIX TOYEK IJI Ompes
neneHusi oz 1o (opmyae (53).

Ona npusenena Ha puc. 41. Tlone (o4, o2) HOMOrpaMMmbl NpejcTaB«
JasieT co0oi NpSAMOYroJibHYl0 PaBHOMEpHYIO ceTKy, a oba cemeiicTBa
napaJjJje/bHbIX NPAMBIX Q4 H G5 HMEIOT OJMHAKOBBIl HAKJIOH K nps-
MbIM o3 DTOTO yAa/J0Ch HOCTUTHYTb Osarofaps yAauHOMYy BblGopy
NPOU3BOJbHBIX (DYHKUMH ¥ napamMeTpoB npeoOpasoBaHUf.

Hpyrum npumepoM HOMOTrpaMMbl H3 PaBHOYAAJEHHbIX TOYEK M/If
3aBHCHUMOCTH, npuBoasiuieiics K dopme (52), MOXKeT CIYXKHUTb HOMO-
rpamma puc. 48, paccMoTpeHHas B NATOH rJase.

Bonee noxgpo6Ho npucnocob/sieMble HOMOrpaMMbl H3 paBHOYJa-
JIEHHLIX TOYeK pa3obpanbl B cTaThe [3].

3*
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§ 28. Meroanka nocTpoeHus
npucnocobasieMbiX LUHMPKYJAbHBIX HOMOFpaMMm

PaCCMOTpI/IM METOAUKY MOCTPOCHHUS HpHCHOCOéﬂﬂeMle LIHPKYJIb-
HBIX HOMOrpamMm naJs 3aBUCUMOCTEH ¢ LIECTBbIO nepeMeHHbIMH

frot Frs="Fass+ Fss (54)
fo+FotFfa=Ffi+fs+fe (55)

HoMorpaduposaunue saBucumoctu (54). [Ipusenem
ypaBuenue (54) k dopme (20), BBeas npousBonbHble GyHKUHH T

H T[k
(—Ffis—F1? + T —T ) =(—fas— [ss)* + (T4 — T4
[Tpocreiiiine ypaBHEHHS 3/J1eMEHTOB HOMOTPAMMBbl B CHCTEMeE KOOP-
auHat xOy 3anuuyTest Tak:
noJe (ap, oy):
x= fya, y=Ty
none (a;, ag):
x=—fp, y=T
none (ay, as):
X= f451 y= T4;
none (a4, ag):
x=—Fg, y=T,

CxeMa HOMOTpaMMbl TpHBeIeHa Ha pHc. 42.

7 2 2,
{ﬁ\i/s\r——HeH—
@ v 11
YY1V 111
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@, A’ 8’
| .
0 z

Puc. 42, Cxema npucmnoco6asieMot LHPKyJbHOH HOMOrpamMMbl Ansi opmbl (54).

Oco6eHHOCThIO HOMOTpaMMBb! ABJAETCA NOBTOPEHHE NepeMeHHbIX
o4 U O, KOTOpble NMpeACTaBJI€Hbl ABYMS NMPOH3BOJIbHBIMH ceMeHcrTBa-
MH NpsMbIX, napaJ/jie/IbHbIX OCH Ox.
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Cnoco6 nmonbsoBauus. Ilycts Tpebyercss onpeneuTb o
N0 3aJaHHLIM 3HAYEHHsAM OCTa/NbHBIX BeqnunH. OTMeyaem B GuHap-
HbIX nossix Toukn A, B u A’, orTBeyamouine 3aJaHHLIM 3HAYeHHAM
nepeMenHbix. Mamepsiem unpkynem paccrosuue AB. Ocrasisis He-
W3MEHHbIM HAaWJeHHbI pacTBOp LHUPKYyJs, MoMellaeM OAHY M3 €ro
HOXeK B Touky A’, a Ipyryio — Ha 3aJlaHHyl0 NPSMYI0 a4 B TOY-
Ky B’, rge uyuraem ortBerT ag. Tak Kak AB = A’B’ u, KpoMme TOroO,
AB || A’B’, ¢urypa ABB’A’ — napanaenorpamm. Ilostomy AA’ =
= BB’ u AA’||BB’. Otciona BbITeKaIOT elle ABa cnocofa nojab3o-
BaHHS HOMOTPAaMMOIi.

Onun u3 3TuX cnoco6oB ocHoBaH Ha pasenctBe AA’ = BB’.
CraBum HOXKH HupKyJs B Touku A u A’. lanee, He MeHsis nojy-
YEHHOro PacTBOpa LHPKYJ/s, NePEeHOCHM ONHY M3 €ro HOXeK B TOu-
Ky B n nenaem 3aceuky 3agaHHOH mpsiMoil ay B Touke B’, rae u
YHTaeM OTBET O.

Ipyroit cnoco6 no/ib3oBaHNs OCHOBAH HA MapaJsie/IbHOCTH Mps-
Mbix AA” u BB’. U3 Toukn B npoBoauM npsaMyio, NapalienbHyo
npsamoit AA’, 1o nepeceuenns ¢ 3agaHHOi NPSIMOi oy B TOuKe B’,rae
1 4MTaeM OTBeT og. TakuM oGpasoM, HomorpamMa puc. 42 ssiasercs
OJHOBPEMEHHO H HOMOTIPaMMOM C MapajelbHbIM HHIEKCOM.

BBesem B ypaBHeHHS 3/1eMEHTOB HOMOrPaMMBI napaMeTpbl npe-
o6pa3oBanus M Npou3BoJbHbie GyHKuMH. [IpeoGpasyem ypaBHeHHE
(54) x Bumy )

lao+m(Fr+R)N+[—a—a+mfz—R) =
=[ao+a'+m(f45+R4)]‘*;[" ay—a’'— a+ m(f4— Ry,

rie a, a, a’, m — napamerpsl npeo6pasoBanus; Ry u Ri — npous-
BoJIbHbIe yHKIMU. [TosyuenHoe ypaBHeHne cHOBa WMeeT BHJ ypas-
Henus (54), Ho comepxuT Apyrue ¢ynkuuu. ITo3TOMy HOBHIE ypas-
HeHHsl 3JleMeHTOB HOMOTpaMMbl, COJepxKallie napamerpbl npeobpa-
30BaHMs ¥ NPOU3BONbHBIE GQYHKIMH, 3aNHIIYTCA TaK:

none (a;, ap):

x=ao+m(fio+ Ry), y=Ty
none (a;, as):

x=a0+a_+m(—f13+Rl), y=Ty
noJse (a4, O5):

x=ao+ a’ + m(fss+ Ry, y=T4
nosne (o, ag): )

x=gay+a +a+m(—feg+R), y=Ts

ITpoekTipoBaHye HOMOTpaMMbl COCTOMT B moJ6Ope yeThIpeX na-
paMeTpoB o, @', @, M U YeTblpex npou3BoabHbIX Gyukuuit Ty, Ry, Ty,



70 ). 4. METOJAHWKA NOCTPOEHH HOMUIPAMM

R.. HapaMeTp Qo oTipefieNsieT MONOXKEHHEe Hayala KOOpPAHHAT. Hapa-
MeTphl @ U a’ no3BOJMAIOT cMellaTh B HanpaBaerun ocn Ox ceMeH-
cTBa JUHHUH o3 U as. Ilocne HasHaueHus flapaMeTpoB o, a W a’
onpefelsieTcss NOJIOXKEeHHe OTBETHOro ceMmelcTBa nHHui os Ilapa-
MeTp m no3BOJISET CXKHMAaTh U/JIH PaCTATHBATH ceMelcTBa JMHHH o,
o, Os 1 g B HanpasJaeHnun ocu Ox.

[TpousBosbuble Gynkuuu Ty u T, XxapakTepu3ylOT 3aKOHbl pac-
npejeseHus napaJsJelbHbIX NPSIMbIX oy U oy B mpocTeiimiem ciaydae
MOXHO B3Tb paBHOMepHble ceMeHCTBa MapajJes]bHbIX NPAMBIX 04
U 4, NOJIOXKUB

Ty=bo+b+na, Ty=bo+ pay,
rae bo, b, n U p — mapamerpsl.

Hannexauum BoiGopoM ¢yuxkuuit Ry u R, MOXHO mpunarhb ce-
MelCTBaM JIMHUH og, a3, o5 U ae 6ojlee KoMNaKTHuIH Bua. B npocreil-
eM cjaydae MOXHO noJoxXutb Ry =0 un R, = 0.

Ecau e nosoxuTh

=—F (al’ a3) +8,T,

_ 0
=—f (a4, ag) + 9,7,
TAe o) H o) — GUKCHPOBAHHBIE 3HAYCHHS NMEPeMEeHHBIX ap M as, 6 U

8, — mapamerpbl, TO JIHHUH @, ==0) U Oy = ol GyAyT npsIMBIMH, Ha-
KJIOH KOTODbIX K FOPH30HTAJIbHBIM NMPSMbBIM o3 U 4 OyJeT 3aBHCETb
COOTBETCTBEHHO OT napamerpoB 8; u 8. [Tapamerpn 8; u §; nonGu-
paioTcs Tak, 4ToObl ceMefCTBa JIMHHH o U O3, 05 U Q¢ AaBaJjJy Hau-
MeHee KOcChble fepeceyeHHsi ¢ FOPH3OHTAJbHBIMU NPSMBIMH 04 H Ou.

Homorpaduposauue 3aBucumoctu (55). YpaBHenue
(55) aBasercs 4yacTHbIM ciyyaem ypasHenua (54). K suay ¢opmbl
'(54) ypaBHenue (55) MOXKHO NpPHUBECTH pa3HYHbIMH cnoco6aMH.
Ecau npeanosoxutb, YTO TOPHU3OHTANbHBIMH ceMelCTBaAMHM napal-
JIe/IbHBIX MPSMBIX NPeACTaBJEHbl epeMeHHbIE oy H a4, TO MpPHBEe-
Hye K ¢opme (54) BhImoJHsIETCS TakK:

(f1+f2)+f3=(f4+f5)+f6-
f12=f1+f2, f13=f3, fis="Ta+Ts f4e=fe-

Hasnauaem npoussosibubie ¢yukunu: Ty = bo=4 b+ nf;, Ti=
= by + Pf4, Ry = 6if1, Ry = Gl:fA- 3neck bo, b, n, p, 8, u 84 — napa-
MeTpbl. YpaBHEHHS 3JeMeHTOB HOMOTPaMMBbl 3aNHIIYyTCsA TakK:

nose (a;, ay):
x=ay+ m(f; =+ 2+ &f)), y=bo+ b+ nf;
noJse (o, o):

x=ao+ a4+ m(—f3+ &/f)), y=bot+b+nfy

u

Hmeem
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nose (o4, Os):
=ay+ a’ 4 m (s34 fs 4 8f), y="bo -+ pfy
noste (o4, g):

=ao+a" +a+m(—fs+8f), y=bo+ pfa

W3 ypaBHeHuil 3/eMeHTOB HOMOTpaMMbl BHJHO, 4TO BCe Mepe-
MeHHble NpPEeACTABJEHBl Pa3/IMYHBIMH CEeMeHCTBAMU MapaJJenbHbIX
npambix. Ecau B3sith 8y = —0,60 u 8 = —0,5, To npamMble a2 U a3
Bceria OyAyT mnepecekaTb TOPH3OHTAJbHble MNpPSAMblEe o4 MOL PaB-
HbIMH YrJaMH; TOYHO TaK Ke H NpsMble o5 U oig OyAyT MepecekaTb
TOpH30HTaJbHble MNpSMBIE @4 MOJ OAHHAKOBbIMH yraamu. OkoHua-
TeJIbHble YPABHEHNS 3JE€MEHTOB HOMOrPaMMbl TaKOBbI:

nose (a;, ay):

x=ao+m (0,5, + f,), y=bo+b+nf;
nose (o, a):

x=ao+a-+m(—0,5f, — ), y=bo+ b+ nf;
none (o4, o5):

x=ay+a" + m(0,5f, + fs), y=bo+pls

nosie (o4, 0g):
x=0ay+a 4+a+m(—0,5/,—f5), y=0bo+ pfs

TIpoekTHpOBaHKEe HOMOTPaMMBl COCTOMT B NOAOOpEe napaMeTpoB
o, a, a’, m, by, b, n, p. .

IIpumep 21. [TocTtpouM npUcnoco6/1eMyl0 LUPKYJIbHYIO HOMO-
rpamMmy AJs onpejeseHHs as no Gopmysae

og=a; + 0y + a3 + a4 + as. (56)
[Ipenens u3MeHeHHs nepeMeHHbIX:
0<<ay, ap a5, 04 055, 0<Kop<<25.

[IpuBoaum saBucuMocTb (56) K Bupy (55):

oy + oy + o3 =— 0oy — a5+ 0.
IMonaraem

fi=a, fo=ay, fy=a;, f4=—0, [5=—a; f6=(16-.

‘HoMmorpaMMma, nocTpoeHHasi Mo TNpPHBEACHHHIM BbllIe YPaBHEHHAM
npy 3HaYeHHsiX mapamerpos m=n=2>5 MM, p=—5 MM, a=
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= 110 MM, @’ = 10 MM, b = 40 MM, qo = 0, by = 0, npuBeseHa
Ha puc. 43. Ha uomorpamme touku A, B, A’ u B’ cooTBeTcTBYIOT
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Puc. 43. IlpucnocoGisiemast LipKyJabHAsh HOMOT paMMa /151 ONpeLeJIEHHsT Og 110 (hop-
myJte (56).
peLleHHI0 YHCJ0BOrO npHMepa (HaHo: a) =3, oy =3, az=2,
as = 4, as = 3; oTBeT ag = 15).

§ 29. Meroanka nocTpoeHusi GapHUEHTPHYECKHX HOMOrpamm

PaccmoTpum METOAMKY NOCTPOEHHs GapHlUEHTPHYECKHX HOMO-
rpamm Anas 3aBucumocteit (25) u. (26).

Homorpadbuposauue dopwms (25). [Tpocreitime ypas-
HEHHA 3JeMEeHTOB HOMOrpaMMbl AJas GopMbl (25)

f12 +f34 =f56, }
g2+ 83 =gse
MOXHO KOpoue 3anucaTb Tak:

f3s Fse
* o he | | TR
831 | 856
Yy l &2 | 3 T+4

BpeneMm B ypaBHenHs 5/1eMeHTOB HOMOTPaMMbl napameTpsl npeobpa-
30BaHUA Qo, @, by, b, A, px, py, 8z u 8. Hasa 3toro dopmy (25)
npeobpasyeM K BHIY

[ao+ py (Fi2 + 8:812)] + [A (a0 + a) + py (Fas+ 8483 =

=[ao (1 4+ A) + Aa + py (F56 1+ 08501,
[bo + My (6yfl2 + gi2)] + [A (b + b) + Ky (‘5yf34 + ga]l=

=[bo(1 +A) + Ab + uy (8,56 + &se)l-
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ITonyyeHHast cucteMa ypaBHeHHH cHOBa NPHHALJNEXKHT K Buay (23).
ITosToMy HOBblE ypaBHEHHS 3J1eMEHTOB HOMOTPAMMLI 3aMULIYTCH
TaK:

none (o, a):
x=ay+ Uy (f12 4 0x812), Y=o+ My (8yf 12 + €10);

noJse (o, 04):
x=0y+a+ 55 (o + 0uga), = bo+ b+ Byfos+ gook
nose (as, ag):
x=ay + 1+x+1 7 (Fs 1 8x856),
y= bo+ o 7o 8y fss + 50)-

ITpoekTupoBaHue HOMOrpamMbl mpoBogum Tak. CHauaJsia BbIMil-
ChiBaeM MpocCTelillie ypaBHEHUsS 3JeMeHTOB HOMOTPaMMbl NpH A = |

x | ha l fas |0x5f55|

l 812 l 83s |0»5g56|

M NMPOU3BOJNHM MX aHaau3. Jlanee nogGupaeM 3HAYeHHS MapaMeTpoOB
A Mx, Wy, Ox, 8, H CTPOHM 3CKH3BI MOJIEH KaXKjioe B CBOeH CHCTeMe
KOODJHMHAT MO BLINHCAHHBIM YpaBHEHHSIM, B KOTOpbIX MapaMeTpHl ao,
a, by, b nonaraem paBHBIMM HYJWO. 3aTeM, NOJb3YSIChb NPOH3BOJOM
BLIOOpA 3THX MapaMeTpoB, HAXOQUM MOAXOAsliee B3aHMHOe pacro-
JoxeHHe noneit (o, ag) U (a3, a4) ¢ coOMioOfeHHeM napaJJebHo-
cTH oceil abGcuncce. Torpa nmosae (as, ag) PaCHONOKHTCA MeXALY
3THMH NONAMHU (TOXe npu cOGJIONEHHH MapaJiiebHOCTH oceil ao-
CLHCC) YK€ BIOJHE onpefeleHHbBIM 06pa3oM. IlosoxkeHHe ero MOX-
HO HAWTH C MOMOLIbIO YHCJIOBOro npuMepa. [lanee Boibupaem o6ULYIO
cHCTEMY' KOOpAMHAT M BBIYHC/ISEM 3HAYeHHS NapaMeTpoB ao, bo, a
H b, COOTBETCTBYIOLIHE BHIGPAHHOMY MOJIOXKEHHI0O OUHADHBIX MOJeH.
ITocne 3Toro paccuMThiBaeM U CTPOHM HOMOIpPaMMY.

IIpu KoHCTpyHpOBaHMM OapHUEHTPHYECKMX HOMOrpaMM Inapa-
MeTp A OGBIYHO MOJIATalOT paBHBIM 1, a mose JJs OTBETHHIX Iepe-
MEHHBIX HeJaloT LEeHTPaIbHBIM. Torzxa OTBETHAsl TOYKa 6y11eT Haxo-
IUTbCA nocepefHHe MeXIy 3aJaHHbIMH TOYKaMH.

[IpumepoM GapHueHTPHYECKO# HOMOIPAMMH . Al CHCTEMBbl JBYX
ypaBHeHHH, NPHUBOAAIKXCA K (opMe (25), MOXKeT CAYyXKHTb NoMe-
L1eHHas B NepBOH IaBe HOMorpaMMa pHuc. 8.

HoMmorpadupoBauue popmb (26). A npeiacrabieHus

Gopmbl (26)
fs=F (Fia+ 31, 812+ g24)
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GapuLeHTPHYECKOH HOMOTpaMMO#l NMPHUBOAHM ee K BHAY (25) nyreM
BBEJEHHS BCIIOMOTATeJbHLIX NnepeMeHHbx M u N:

f12 +f34 =M,
gu+gu=N,
f5=F(M) N)'

B noae (M, N) c noMolubio NOC/AELHEr0 YpaBHEHHS CTPOMM ceMeil-
CTBO JHHHH as. Ilocne moctpoenus ceMeficTBa JuMHMA a5 CeMeHCTBA
npaMbix M u N c yepTexa ynansem.

[Tpumep 22. TToctpoum GapHlLEHTPHUECKYI0O HOMOIpaMMy AJ:d
onpeneseHus os no popmysne

05 =0 + oy + a3 + oy, (57)

IMpenensr namenennsi nepeMeHHbIX: 0 < o, o a3 s <5; 0<
<as << 20.
HonaraeM

o + o3 =4, (5%)
roe p— BcnoMoraTtesapHasi nepeMeHHas. YpaBHenua (57) u  (58)
npuBoguM K ¢dopMe (25) caepylomuM o6GpasoMm:

0y +oy=0a5—p,
o +a3=4f.

AmeeM fio =y, g2 =0, [a =4 ga =03, fs6= 05— B,
gse = P. ITpocreiiuine ypaBHEHHS 3/1€MEHTOB HOMOTpaMMbl IpH
A =1 3anuwyTcs Tak:

X , [» 23 ' i 73 I 0,5 (a5 -_ ﬁ)|
y | e | a | 058
H3 >Tux ypaBHeHMHl BUAHO, 4TO moas (o, ag) M (a3, O4) — 3TO

@
I

j: \\\\ =1 ;
R Eaans ””‘?\\\ :

Puc. 44. Bapuuentpuyeckas HOMOTpamma npx A == 1 pu1s1 onpenettenust o no hop-
myae (57).

a'
] 10 U

OpTOroHa/bHbI€ CETKH, CeMEHCTBO JIMHUH o5 — 3TO CEMENCTBO napaJi-
JenpHbHX npambix. Homorpamma 3asucumoctu (57) npuBelena Ha
puc. 44. Ona mnoctpoeHa npu A == 1 no CAELYIOIIUM YypaBHEHHAM;
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)
«

none (a;, ay):
x = bay, y = 5a,;

none (az, o4):
x=28b "I" 5(14, y= 5(13;

nose (a5, B):
x=42,5+215 (QS—ﬁ), y=2:56‘

Ha nomorpamme touku A, B n C COOTBETCTBYIOT pellIeHHIO YHCJIO-
Boro mnpumepa (mano: oy =1, oy =2, az=4, os=3; oTBeT
o5 == 10) '

HpyruM npuMepom GapHlUEHTPUYECKOH HOMOTPaMMBbI A/ 3aBH-
CHMOCTH C NfIThIO MepeMeHHbIMH, npuBoasuieiics K gopme (26), Mo-
KeT CJAYXHTb HOMOTrpaMMa pHc. 49, paccMOTpeHHass B mATOIl rJyaBe.

§ 30. Metonuka mocTpoeHUs: poMGOMAANbHBIX HOMOTPaMM
U HOMOTrPaMM C OPHUEHTHPOBAHHLIM TPaHCNAPAHTOM

Kak 6bl10 BblIe OTMeueHO, cHcTeMa ypaBHeHH# (27), ¢opma
(28) u ee uactHble cayuyan MOryT OHITh NMpeACTaBJdEHH KaK poMOOH-
NaJbHBIMH HOMOTpAMMaMH, TaK H HOMOrpaMMaMH C OpHEHTHPOBaH-
HEIM TpaHcnapaHntoM. Ilpu 3TOM, moCTpoMB HOMOrpaMMy OJHOTO H3
3THX THNOB, JIeTKO MOJYYUTh U3 Hee HOMOrpaMMy Jpyroro THna.
[TosToMy [oCTAaTOYHO pacCMOTPeTb METONHKY MOCTPOEHHS HOMO-
rpaMM OJHOTO M3 3THX THNOB, HanpuMep, POMOOHAAJbLHBIX HOMO-
rpamMm. Huxe paccMoTpero Homorpaduposanue dopm (27) — (29).

HomorpadupoBanue popmnu (27). Ilpocreiiuue ypas-
HEHHSl 3/1eMeHTOB poMOoHLa/JbHON HOMOrpaMMhul aas ¢opMer (27)

f12 —fse =f34_f78:
82— 86— 831 — &8

yno6HO 3anucaTh Tak:
x | f12 | Is6 l faa l f78

Yy l g12 , 86 ' 834 I 87s

BBeneM B 3TH ypaBHeHHs napaMeTpsl npeoGpa3oBaHusi ao, bo. a, b,
¢, d, px, Wy, 8x M 8y. Jl1s 3TOro TOXKJIECTBEHHO mnpeobpasyem ¢op-
My (27) x BHOY

[ao + wy (Fro + 62819)] — [0+ ¢ + py (Fs6 + 02856)] =

=[ao + a -+ py (Fas + 82830 — [a0 + ¢ + a + px (F1s -+ 8,g7)],
[bo + py Oyf 12 + 1] — [b(') +d + py (8,fs56 + g5l =

=[by+ b+ py (8,fs + g3l —[bo +d + b 4 p, (8,F75 + g2l
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[ToayueHHast cicTeMa ypaBHEHHi cHoBa umeer Bua (opmbl (27),
HO COIEPIKHUT HOBble (DYHKUHH, B KOTOpble BXOASAT NapameTpsl mpe-
o6pasoBaHusi. YpaBHEHHs 3J€MEHTOB HOMOrpaMMbl Tenepb 3allH-
myTcs Tak:

nose (a;, a):
x=0g+ py(flo+0:810), y=0by+ Uy (5yf12 4+ g12);

noJse (o, a4): i

=ao+ a+ py(f3a + 0,80), y=0bo+ b+ 1, B,fs + g24);
nose (as, og):
X=ao’+ ¢+ py (Fso+ 8:856), y=bo+d+ Ky (5yf56 ~+ gs6);
noJie (o, ag):

x=ay+cH+a+ p(fs+0.8%), y=bo+d+b+ My(éyf7a+g78)-

KoHcTpyupoBanue pomGonganbHOH HOMOrpaMMBI CBOJHMTCH K
noxgbopy napaMeTpoB o, b, a, b, ¢, d, p«, Wy, 6x 1 8. Ilocie nasua-
YeHHs NapaMeTPOB Wy, Py, Ox U 8, MOLGHPAIOTCS mapaMeTpH @, b,
a, b, ¢ v d, c noMoLIbI0 KOTOPHIX MOXKHO MOMECTHTb TPH NOJSA B JIO-
6om Mmecre miockoctd. ITosokeHHe yeTBepTOro mnoJs yxKe onpene-
JsieTcsl BHIOpAHHBIM NOJIOXKEHHeM JPYTHX TpexX moJefl.

IlpumMepom pomOounanbHON HOMOrpPAMMBbL [/ CHCTEMBbl JBYX
ypaBHeHUil, npuBofsALNXca K (opme (27), MOXKET CIyXKHTb HOMO-
rpaMMa pHc. 58, paccMOTpeHHass B NfATOH riase.

Homorpagduposaunne sasucumMoctu (28).Popma (28)

fr=F (fio+ fas =+ Fse, Q1o+ &34+ &so)

NPUBOAUTCA K CHCTeMe ypaBHeHMil (27) nyTem BBeJeHHs BCOMOra-
TeJbHBIX nepeMeHHbIX M u N:

(—'fm) —fss =fa4—M.
(—g12) — gss=gu— N,
f7=F (M) N)‘

ITocne nocrpoenus B nose (M, N) ceMeiicTBa nuuuit o7 mosie (M, N)
C uepTexa yaaJfercs.

Ilpumepom poMGoHLaIbHOA HOMOTPpAMMBI 1J/15 3aBUCHMOCTH, NpH-
BojsAulelica K ¢opme (28), MOXKET CAYXHTb HOMOTpaMMa, KOTOPYIO
MOXKHO MOJYYHTb U3 HOMOTPAMMBI C ODHEHTHPOBaHHBIM TPaHCMapaH-
TOoM puc. 12 nyteM coBMelleHHs] 00eux NJIOCKOCTEeH B OJHY MNPH CO-
6/110feHUH mapaJyieJbHOCTH HanpaBJ/fIOMHKX NPSMBIX H MOC/IeLyio-
ILero ynaseHus HX.
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Homorpaduposanune dopme (29). Ilpucoesunsiem K
ypaBHeHHI0 (29)

fr=F+ T+ T4+ s+ fe
ypaBHeHHe

‘3=—f1+f3+f5:

B KOTOPOM [} — BCroMoraTtesibHasi nepeMeHHasi, ypasHenue (29) u
BBEJIEHHOE ypaBHeHHe 3anuchbiBaeM B Bule (GopMbl (27):

(_fl—f2)—(f5+fe)=(f3+f4)—f7,
fi—Fs=Ff;—8.
[Ipocrefimine ypaBHEHHSI 3/IeMEHTOB HOMOIDaMMBI!
x '—fl—‘le fs + fe l fa=+Fa | I
I I fs I fs | B '.

Hs stux ypaBHeHuit BuAHO, 4TO BCe NepeMeHHble H306paxKalOTCS
pasMyYHBIMY CeMeHCTBAMH MapaJijie/ibHBIX MPSMBIX,

YpaBHeHHS 3/1eMEHTOB HOMOrpaMM, cojepXKallue NapaMeTpsl
npeo6pasosaunsa (npy 8x = §, = 0), sanuumyTcs Tak:

none (a;, a):
x=a+ pe (— f1 — o), y=bo+llyf1;
nose (ag, 04):
o o x=apF a4+ p, (f3+f4), !/=b0+b+llyf3;
nose (as, og):
| x=ay+c+ pe(fs+ o), y=0o+ d.+ u,fs
none (a;, PB):
x=a+cta+t+mf;, y=b+d+0b+pp.
ITpumep 23. IToctpoum pnst Gopmynnt
a7=a1+a2+q3—|—a4+a5+a6 (59)

poMGouganbHyl0 HOMOrpaMMy ¥ npeoGpasyeM ee B HOMOTPaMMy C
OPHUEHTHPOBAHMBIM TpaHCHapaHTOM. I'IpelleJlt;x HU3MEHEHUs MNepeMeH-
HBIX:

0<Say, ay @, 04 05, <55 0y <30.

YpaBuenne (59) npunapnexur k ¢opme (29). YpaBHeHus aJje-
MEHTOB POMOOMIaJbHOH HOMOTPaMMbl NOJY4HM, NMONOXHAB B Mpe/bl-
AYUIHX ypaBHeHHAX [i=ay, Jo= o9, [3= o3, [1= a4 [5= as
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Puc. 45. PomGouganbHast Homorpamma IJisi ONpeleseHust o; 1o ¢opmyae (59).

5 @, 0 0 % ]
5\ N 7 Lo
\\ Yi\ ///
&, "\ 77777 &.
QIR 77777 3
AN N L72777;,
a)
Q’7
0 5 10 15 20 25 3

4)
Puc. 46. HoMorpaMmMa ¢ OpHEHTHDPOBAHHBIM TPAHCHAPAHTOM IJIsi ONpPEJEJNEeHUsT Oz
no ¢opmyae (59): a — HemoOABHKHAS IIIOCKOCTb; 6 — TPaHCMApaHT.
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fe = ag, fr = o7. Homorpamma, noctpoennasi no 3THM ypaBHEHHSIM
NpH 3HAYEHHSAX MapaMETPOB My = Uy = 5 MM, Qo =65 MM, by =
=70 MM, @ = 55 MM, b = 0, ¢'= —65 MM, d =— —70 MM, u3obpa-
»KeHa Ha puc. 45. Ha HomorpamMme noxasano pelieHHe YHCJAOBOTO
npumepa (maHo: o) =2, aa =1, a3 =4, a4 =3, as=1, ag = 1;
oTBeT a7 = 12).

Jnsi npeoBpasoBaHusi NOCTPOEHHOH pOMGOMAAIbHOH HOMOrpaM-
Mbl B HOMOI'PaMMY C OPHEHTHDOBAHHBIM TpaHcmapaHtoMm noas (ai,
a2) ¥ (a3, 04) NMEPEHOCHMM HA HEMOJBMXKHYIO IJIOCKOCTb, a MOJIE
(a5, ag) U ceMmeficTBO o7 BbluepuHBaeM Ha Tpancmapanrte. Kpome
3TOTO, NPOBOJUM Ha HENONBHXKHON MJOCKOCTH M Ha TpaHcnapaHTe
ceMeficTBa HanpaBJAIOLINX MPSAMBIX, NapaJjJjelNbHble OCAM abcuHcc.
ITonyuaem HOMOrpammy, H300paKeHHylo Ha pHuc. 46. Kuatou noJ/b3o-
BaHus €0 B (hopMe KOHTAKTOB MpPH YCJOBHH OPHEHTHPOBAHHOIO Ha-
JIOXKEHHsl TpaHCNapaHTa Ha HENOJABHXKHYIO MNJIOCKOCTh 3amHLIETCs
TakK:

((11, a?)l = I (a5: a6); (a3) a‘i)l - |(17.

Ha HomMorpaMme B moJisiXx ¥ ceMeHCTBe JHHHWI KpYXOUKaMH OTMe-
YeHbl TOYKH, COOTBETCTBYIOLIHE MpeblAyLeMy 4YHCJIOBOMY NpHMepy
(nano: a1=2, ag=1, az=4, ay=3, as=1, og=1; oTBer
a7 = 12). (3aMeruMm, uto HOMOrpaMMbl pHC. 45 u 46 maubl ¢ pas-
JINYHOH CTeNeHbl0 YMEeHbIIEeHHUS. )

HOpyrum npumepoM poMOOMIaNbHOH HOMOTpPaMMbl AJsi 3aBHCH-
MOCTH, npusopsuleics K popme (29), saBasercs HoMorpamma pHuc. 9,
paccMOTpeHHasi B MepBOM IJIaBe.

Bosiee noapo6HO MeTonMKa MOCTPOEHUS HOMOTpaMM C OpPHEHTH-
POBaHHBIM TpaHCNApaHTOM paccMoTpeHa B pabotax [12, 6].



TMTABAS
MAIIAHHASL HOMOTPA®HS

§ 31. ConocraBnenne Homorpaduyeckoro
W MalIMHHBIX peLieHUil 3amay

OueHb yacTo 3a1ai0T BONPOC, He NMOTEPS/IN JIH CBOE 3HAUEHHE HO-
Morpaduueckue Metoabl B cBs3u ¢ nosiBaennem IJLUBM. Ilpexne
yeM OTBETHTb Ha HEro, COMOCTAaBHM pellleHHe IBYX KOHKDETHBIX 3a-
Jay HoMorpaduyecKMM ¥ MalUMHHBIM METOLAMH.

[Ipumep 24. Bepuemcs K HOMOrpamMmme puc. 5 (cM. mpumeps 2
u 15), nocrpoenHoil nsis onpeneneHHss # U3 ypaBHeHHs (2)

_ In (C — u)

wl=Be—

cojepxKallero Tpu nepeMeHHbix mapamerpa A, B u C. Ha wnomo-
rpamMMme puc. 5 nepemenHnie A ¥ B mnpeacTaB/aeHBbl 1IKajJlaMH, a Ie-
pemennbie 4 U C 6uHapubiM nojeM («, C), COCTOSILIUM H3 NPSAMBIX
u u qaunnit C. Ilpsameie u cayxar accumntoramu Jaunuid C ¢ nomer-
KaM¥, paBHbIMH 4. [Ipu 3TOoM npsamast 4 = | coBmajgaer c HOCHTe-
JeM mKanasl B. '

IOns onpeneneHuss ¥ no HOMOTpPaMMe HYXKHO NPHJOXHTb Kpai
JIMHEHKN K 3aJaHHbIM TOukaM Ha wkanax A u B. Torpma momerka
npsMoi u, MPoXoAsiledl Yepe3 TOUKY NepeceyeHHs] 3afaHHOH JH-
HuK C ¢ KpaeM JMHeHKH, JacT UCKOMBIE oTBeT. TOYHOCTL HOMOTpaM-
Mbl HOCTATOYHA AJA LeJeld NPaKTHKH.

HcnonbszoBate DIIBM s pelleHnss ypaBHeHHsi (2) MOXKHO
IBYMS pa3/MYHBEIMU crocobamiu:

1) coctaBuThb CTaHZApPTHYIO NPOrpaMMy JIJs ONpefeeHHs U
¢ nepeMeHHbIMH napamerpamu A, B n C;

2) paccuurath Tabauuy 3HaueHu# u ¢ TpeMs BxomaMu (no A,
B un C).

Jlerko BupeTh, uyTOo HOMOrpaduueckoe penieHMe 33Jaud UMeeT
3HAYNTEJbHbIE PEUMYUIECTBA [0 CPABHEHHIO ¢ 0GEUMH MaIUHHHBIMH
pelIeHUSIMH B NPOCTOTE, HAMVIAZHOCTH H GOJblUEll CKOPOCTH MOJY-
YeHHUsl OTBeTa.
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B camom nene, nmoayyenue orsera u no nmoMorpamMme pHc. 5 np
3allaHHbIX 3Ha4eHHAXx nmapamerpoB A, B u C pocruraercss OJHHM
HaJOXKEHHeM JHHEeHKH H TpebOyeT BCero HecKOJbKHX CeKyHHA. Bpsanm
JIM 32 TO JXe BpeMs yAacTCs BBECTH 3HaueHsisl nmapamerpoB A, B H
C B cTaHpapTHyl0 NporpaMMy H peWHTb 3ajadyy Ha MauinHe HJIM
BbIOpaTh FOTOBLIH OTBET M3 FPOMO3AKO#N TaG/IHIbI C TPEMsT BXOHLAMH.

IlpeumyuiectBa HOMOrpagHuyeckoro pelieHHs CTAHOBATCH elle
6osiee O4eBUAHBIMH, Korma TpebyeTcs, HampHUMep, BBICHHTb, Kak
H3MeHseTCs OTBET 4 NpH u3MeHeHuu napametrpos A, B u C. Peute-
HHe 3TOH 3aflaud 0 HOMOrpaMMe TaKxXe TpeGyeT HeCKOJbKO CeKYHI
H JOCTHraeTcs nepemeuieH’eM JHHEAKH M0 MNJOCKOCTH HOMOTpPaMMbl.

ITycts, nanpumep, TpeGyeTcsi BHISICHHTb, KaK H3MeHSIeTCS BEJIH-
YHHA U B 3aBUCHMOCTH OT BeinuuH B u C npu pHKCHPOBAaHHOM 3Ha-
yeH:an A. JIns 3TOro HyXKHO BpaliaTh Kpai JHHEHKH OKOJO 3aJaH-
Ho#l TOYKH wWKaabl A ¥ CJAeIHTb 32 NOMETKAMH TOYEK IIKaJel B H
Toyek noas (u, C), coOBNajamoulux ¢ KpaeM JHHEHKH.

W3 ¢dopmyanr (2) caenyer, uto ecam B—0, to u— C. Homo-
rpaMma Jfaer BO3MOXHOCTb MOJNY4YHTb Gosiee caabwiii kKputepui. M3
Hee BMJHO, YTO MOXKHO NpuHATh 4 = C, ecau Toabko B << 0,1. Bo-
Jlee TOro, MOXKHO NpHHATb U = C, ecl1u npH MajablXx 3HaueHusix B
paspemaiomas npsAMas He fepeceKkaeTr B Npefesax yepTexa 3anaH-
Hyto guHHio C. Takum o6pasom, HoMOrpaMma puc. 5 AaeT BO3MOX-
HOCTb He TOJIbKO ObICTPO HaiMiTH OTBET, HO H NMPOBECTH HCCJAELOBAHHUE
ypaBHeHHs, KOTOpOe OHa H300pa)Kaer.

I[Tpumep 25. Ha puc. 47 usobpaxkeHa HOMorpamMma c OPHEH-
THPOBAHHLIM TPAHCNAPAHTOM AJS pelIeHHs CHCTeMbl ypaBHeHHi

v =1 R25Vn —013-0.75 VR (Wa'~0.1) 4/Ri
n ’

Q=d?[0,25 arccos (1 —2n) — (0,5 —n) v/n —n?]v,  (C0)
R—d 0,25 arccos (1 — 21) — (0,6 — ) V/q — W2
_ arccos (1 — 27)

OTHOCHUTE/NBHO BeJHYHH 1), U H R npH 3aflaHHBIX 3HAYEHHSAX mapamert-
poB Q, d, n u i [8, 12, 6]. B ypaBuenusix (60) Q — pacxon BOAbI,
v — cKOpoCTb, d — auameTp TpyO6bl, { — YKJIOH, 1 — CTeneHb HanoJ-
HeHUus! TPYObl, 1 — KO3(p(PHLUHEHT LIepoXoBaTOCTH, R — ruapasinye-
CKHH paauyc.

Ha HenonBHXHO# NJ0OCKOCTH HomorpaMbe pacnoJioxKeHbl: IIKa-
aa R cemeiictBo nuuuit n, none (Q,d) u npamas I. Ha tpaHncna-
paHTe HaHeceHbl MIKaJbl NepeMeHHbIX U, { U 1. Kiaou nonb3oBanus
nokasaH Ha HoMorpamMe. B ¢opme KOHTaKTOB (NmpH YCJIOBHH OpH-~
€HTHPOBAHHOTO HAaJIOKEHHUSl TPAHCMapaHTa Ha HEMOABHXKHYIO MJOC+
KOCTb) OH 3anHCbIBAETCs TaK:

RI—IL;, nl—1i, Il—lv, Q d)|=In,
rae yepes L; 0603HayeH HOCHUTENb MIKAJbI I
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Puc. 47. HoMorpaMma ¢ OpHEHTHPOBAHHBLIM TPaHCIAPAHTOM ISt ONpPEAEJEeHHS 1),
v B R u3 cucreMn ypaBHenufi (60): a — HeNOABHIKHAs IIOCKOCTb; 6 — TpaHcna-
paHrT.
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Iast onpenenenust m, v © R no safannbiM 3HaueHusaM Q, d, n u
i HakJajbIBaeM TpPaHCHADAaHT Ha HENOJBHXKHYIO MJOCKOCTb Tak,
4TOOBl HOCHTE/b IIKaJbl v OblJ mnapaJjieseH npsMeiM d, 3afaHHas
TOYKa IIKaJbl [ nornaja Ha 3aJaHHYIO JIUHHUIO M, & HOCUTEJb IIKaJbl
1 npoules yepe3 3anaHHyl0 Touky noJsi (Q, d). OtBer v yuTaeM Ha
uIKaJe v B TOYKe nepeceyeHusi ee ¢ npsamoi I, orBer R unTaem Ha
mkaje R B TOUKe nepeceyeHHs] ee C HOCHUTeNeM LIKaJbl i, OTBET 1
YUTaeM Ha IIKaJe 1 NpOTUB 3aJaHHO# Touku noasa (Q, d).

[Ipu opueHTHpPOBAaHHOM HepeMeLIeHHH TpaHcmapaHTa MO Hemon-
BHXKHOH MJOCKOCTH NOJyYyaeM HarJsAHYI0 KapTHHY B3aHMOCBS3H ne-
pPeMeHHbIX, BXOAAIIUX B ypaBHeHusa (60).

Bosee ray6okoe paccmorpeniie HoMorpaMmmel [8] no3Boaser ycra-
HOBHTb CBfI3b MEXIY IeOMEeTPHYECKHMH OCOOEHHOCTSIMH ee 3JjeMeH-
TOB W THAPABJIHKOI PABHOMEPHOTrO ABHXEHHS XKHUIKOCTH B NPaBU/b-
HbIX pycsaax. OkaseiBaercs, YToO JJISl BCEX OTKPBITBIX PyceJsl HOCHTENH
wkaJg 1 OyAyT MOHOTOHHBIMH JIHHHSIMH, @ AJSl BCeX 3aMKHYTbIX
pycen 3TH JHHHM OyNyT UMeTb XapaKTepHbId nporub, Kak B HOMO-
rpamme puc. 47. MoKHO MOKa3aThb TaKXe, UTO BHA ceMeficTBa JH-
HUH n B HOMOrpaMMe 3aBHCHT OT NPHUHATOH (hopMyJbl A1 Ko3ddu-
unenta llle3u. Ha npyrne snemMeHTb HOMOrpaMMbl 31a opmyJaa He
Bauser. [TosToMy npu nepexone ot onHoil Gopmynnsl KosddHuuuenra
Ilesu k npyroit B HoMorpaMme OyaeT H3MEHSITbCS TOJbKO CeMeHCTBO
JIUHHUH h, a OcTaJbHble 3J1eMeHThl OynyT HendMeHHbIMH. U, HaKoHell,
HHTEPEeCHOe THIpaB/JHyeckoe HCTOJKOBaHHe HAXOAMT KacaHHWe IIKa-
JIBl M W JUHHE A, d, Q npH OPHEHTHPOBAHHOM MepeMelleHnH TPaHC-
napaHTa no HenoJBHXKHOW nyaockocTH. M3BecTHO, uTO B KPyriHX TPY-
0ax pacxol H CKOPOCTb JHOCTHUraloT HauboJibilled BeJHUHUHBI NPH CTe-
MeHy HanoJIHeHHS 1), paBHOH COOTBETCTBeHHO npubausutennpHo 0,95
u 0,8. MeHHO B TOUKaX C 3TMMH NOMETKAaMH M MPOUCXOJUT KacaHHe
mKajabl 1 ¥ JuHH#E 1 1 d. Kacanue mKagas 1 ¥ npsiMblx Q mpoucxo-
IUT B TOuKe ¢ noMmerkoit 0,5, oTBeuyaromei rugpaBiHYecKd HaWBHI-
rofiHeiilieMy 3HAUEHHIO 1] IJA KPYIJOro ceyeHus. Y4yacToK IIKaJbl
1 BOJN3U TOuKH KacaHusi (nmpumepHo oT 1 = 0,4 po n = 0,6) maer
o6JlacTh THAPABJNYECKH BBLIFOAHBIX 3HaueHu#l n. Takum o6Gpasowm,
KacaHHe LIKaJbl 1 H JUHAN 1, d, Q OoTpaxaeT 3KCTpeMaJbHbIE OCO-
6eHHocTH cHcTeMbl (60) H MMeeT BIOJIHE onpefeJeHHbIl THAPABJIH-
YEeCKHH CMBICIL.

[TpeumyuiecTBa pacCMOTPEHHOrO HOMOrpa(HUuyeckoro peleHHs
cvcreMbl ypaBHeHU# (60) mo cpaBHEHMIO C IBYMSI BO3SMOXKHBIMH Ma-
HIMHHBIMY pelleHUSIMH — CTaHJapTHOR NporpaMMoil a/sl onpenese-
HUA 1, U H R 1o 3ajlaHHBIM 3HAUEHHAM 4YeThipex napamerpos Q, d, n
M [ WIM rpoMO3aKUMH TabJHUAMH C 4YeTblpbMS BXOZaMH — 3[eChb
‘emle GoJiee OUEBHIHBI. '

Paccmorpensble n1Ba npuMepa, a Takxe APyrue npuMepbl U3 3ToH
KHUTH yOenHTe/bHO MOKa3bIBAIOT HCKJ/IOUHTENbHO lleHHbIe CBOMCTBA
HOMOrpaMM: OGLIeOCTYHOCTb, NelIeBH3HY, NPOCTOTY NOJb30BaHMUS,
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JIETKOCTb PeLIeHHS CJO0XKHBIX TPaHCUEHIEHTHLIX YpaBHeHHil ¢ 60Jb-
IIMM YHCJIOM NepeMeHHBIX, a TaKXe CHCTeM TaKHX ypaBHeHHH, AO-
CTaTOYHO BBICOKYIO CKOPOCTb IOJYYEHHS OTBETOB, BO3MOXKHOCTb
NPOBOAHTbL AaHAJM3 BJIMUSHUS ONHHX NEpPEMEHHBIX Ha Jpyrue, BO3-
MOXHOCTb MNpHMEHeHAs B HccileqoBaTtenbckoil paGote. Caenyer
0c060 MONYEPKHYTh, YTO HOMOTPAMMBI IBJASIIOTCS (G0J1ee KOMITAKTHBIM
M YHLOOHBIM CPeICTBOM AJ/s XpaHeHHs MH(OPMaLUH, 4eM TaGJHLBbL

PesioMupys Bce BbiIIEH3/10KEHHOE, NPHUXOAMM K BBIBOAY, YTO
eC/IM JaHHafl 3ajaya JonyckaeT HoMorpaduueckoe peiieHye, TOUHOCTh
KOTOpOro JOCTaTOYHA, TO OHO B GOJILLIMHCTBE CJAy4yaeB GYyneT BLITOM-
Hee MaIIMHHBIX pellleHHH — CTAHAAPTHOH NpOrpaMMbl WiH TabGJHIbL

B caenyomux naparpadax Ha psige nOpuMmepoB OyAeT Mo-
Ka3aHO, 4TO HOMOTPaMMbl OCOGEHHO BBLITOAHO NMPUMEHSITh B KOHTaKTe
¢ DIIBM u aHaJOroBbIMH MAallHIIAMH.

§ 32. NMpumenenne IUBM paa pacyera Homorpamm

Jns noctpoeHus HomMorpaMM HeOOXOAMMO pacCUHTBIBATH KOOp-
AMHATHl TOYeK IIKaJ M OuHapHbIX noJeil. Takue pacuersl 11eaec000-
pasHo BbiNOJHATL Ha DLIBM.

Pacuer HOMOrpamm ¢ nomoiuibio SLIBM ABJseTca GoJee BBHIOI-
HbIM, YeM pacueT TalJHLl ¢ HECKOJbKHMH BXOHAMH JJfi HOMoOrpa-
(GupyeMBbIX 3aBHCUMOCTei. 3aTpaTa MalIMHHOrO BpEMEHH Ha pacyeT
wKaJ/a (Tabauubl ¢ OAHUM BXOAOM) HJH OGHHApPHBIX noseir (Tabauubl
C IBYMsS BXOJAMH) 3HAUHTE/]blO MeHblle, YyeM Ha pacuer TabJaHL
¢ HecKOJMBKHMH BxomaMmu. [Ipm 3TOM HOMOrpammbl, MOCTPOEHHbie B
pesyJbTaTe MAIIHHHOTO pacyeTa, AAalOT BO3MOXKHOCTb 6sarogaps HX
npeuMyllecTBaM NOJYuuThb Gojiee MOJHOLEHHOe pelleHHe 3afayH.

Homorpammsbl, paccuutannsle Ha DLIBM, siBasitoTcss B Takoii Xe
Mepe npoaykuueii JLIBM, kak u tabaunusl. [TosTomMy craHmapTHyIO
nporpaMMy, TabJully ¥ HOMOrpaMMy MOXKHO paccMaTpHUBaThL KakK
passuyHble GOPMbl MaIIHHHOTO pellleHus 3ajaau.

IlenecoobpasHoe mpuMeHeHHe HOMOTPAMM 4acTo AaeT OoJbliof
9KOHOMHYEeCcKHH 3G ¢deKT. DTO MOKHO NPOHNIIOCTPHPOBATL Ha HABYX
THOHYHBIX npuMepax (npuMepbl 26 u 27) U3 npaKTHKH pabGOTH CeK-
Topa Homorpaduu Briuncauteasnoro uenrpa AH CCCP.

[Ipumep 26. B cexrop HomMorpaduu BrruncautenbHOro ueHTpa
AH CCCP o6partuncs ogMH U3 cOTpyAHHKOB IIpOeKTHOro TexHOJ0-
rHUEeCKOTO M HayyHO-HCC/JAef0BaTeNbCKOro HHCTUTYTa MHHHCTEpCTBA
aBTOMOGHbHON npoMbliineHHocTH (r. ['opbKuil) ¢ npocb6oii NoMOub
eMy TNOCTPOMTb HOMOrpPaMMBbl JJfl FPOMO3AKHX TabJaHL C HECKOJb-
KHMH BXOJaMH, KOTopble Obl1M paccuutanbl Ha DIIBM nas ero
3apaun. Ilpu paccmotpeHuu pacueTHbIX (OpPMYJ, MOJOXKEHHBIX B
OCHOBY Tab.1ull, BBIICHH/IOCH, YTO OHH [ONYCKalOT MOCTPOEHHe CO-
CTaBHLIX HOMOrpaMM H3 BbIPaBHEHHBIX TOUYEK, MO3BOJSAIOIIHX He
TOJILKO NOJ1Y4aTh YHCJIOBLIE OTBETH, HO M MPOBOAHThL aHAJHN3 3ajlayuy,
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yTO GbIIO UPE3BLIYAHHO 3aTPYAHHTENBHO CAeNaTh, NONb3YyAch Tas-
gunamu. Takum o6pa3oM, B JHaHHOM cjayyae MallHHHOe BpeMsl Ha
pacueT Tabaul GbIJIO 3aTpaueHo GecnosesHo. Llenecoo6pa3Hee GbL10
Obl NOCTPONTb YNOMAHYTble HOMOTPaMMBbI, KOTOpble naaHu Obl MOJHO-
LeHHOe pemleHue 3amaud. Ilpu 3TOoM pacuer ux Ha DIIBM notpe-
6oBaJs Obl 3HAUHTEJbHO MEHbIIE BpeMeHH, yeM pacyeT TabJHull.

[Ipumep 27. Bcecowo3noe oObenuHeHue «CoOI0O3BOANPOEKT» B
coapyxkectBe ¢ cekropoM Homorpaduu BIL AH CCCP paspaGorano
anb00M HOMOrpaMM [JIsi OnpefeseHHsl PacCTOSIHHST MEXAY ApeHaMH
B OJHOPOJHBIX H CJOHCTHIX FPYHTaxX, OpUuYeM Bce HOMOrpaMMBbl pac-
cynTbiBaiuch Ha JLIBM. Dta paGoTa mosyunsia BHICOKYIO OLEHKY
y NpPOCKTHPOBLIMKOB. DKOHOMHUECKH# 3(deKT oT npuMeHeHus fo-
morpamm coctaBua 200 Teicsiy pyGaei [13]. Ha puc. 48 u 49 npuse-
IeHbl 1Be HOMOTPpAaMMbI M3 3TOro ananboma.

Homorpamma puc. 48 [14] cnyxuT nns onpeneseHdss BeJTHUHHBI
B un3 ypaBHeHus

SKHT " i

B=2 _q-—(H—‘—?T) | 4598 L 1g —— b
el T R

sln'—'4T

no 3ajaHHbIM 3HauenusiM Beaunuun K, H, T u g. OtBer B HaxoguTcs
no HOMorpamme OJHO#l 3aceukoil Iupkyas. Ha HomorpamMe noka-
3aHO peleHHe uucaOBoro mnpumepa (mano: K =3 Mm/cytr, g =
= 0,005 m3/cyt, T =4 M, H =1 M; orBeT B = 140 M). Benunuussl,
BXoAsAlHe B ypaBHeHHe (61), uMeioT caenyoouinii (Qu3MUEcKHH
cMmbicat: B — paccrosiiue Mexay apeHamu, K — ko3 puuueHT HUIbT-
paunu, H — npeBbllieHNe NOBEPXHOCTH IPYHTOBBIX BOJ B MeXIpeHbe
HaJ NOBEPXHOCTbIO BOABI B JpeHe, T —rayGuHA 3ajleraHUsi BONLO-
ynopa OT YpOBHS BOAbI B peHe, § — HHTEHCUBHOCTb HH(U/IbTPALHH.

Homorpamma puc. 49 [15, 16] npeanasnayena ans onpepeeHHst
BEJHYHHBl Lyg 1O q)opMyJIe

KH H+KB B 4 B
Liy=0,73 '"K., e lg 073(m,,+mﬂ>lg,,,—_’,”_—,,,——

— 1’5 (mH B)(K - ) 1 KHmH+KBmB (62)

B 3aBUCHMOCTH OT NATH napameTpoB d, mg, my, Kz u Kz Ha HOMO-
rpamMe oTBeT Lyy HaXOAMTCSI MyTeM HesleHHs mornosaaMm OTpe3ka, co-

o m
eMHAIOUlero 3afaHHble TOYKH GUHAPHBIX noJjel (d, msg) H (—r;-"—,
B

K . .

——-"—) Ha nomorpamme mTpHXOBO# mnpsiMoii MOKa3aHo pellleHHe
B

YHCJ0BOrO NpHMepa (ZaHO: mg = 5 M, mﬂ__4OM Kq = 3 M/cyr,

Ky =1 M/cyr, d=1 wM; Bbluncasem =3 —=8 OTBET
Ka mg
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Puc. 49. BapuueHTpHuecKas HOMOTpamMa AJsi onpexnesteHus Lyy no gopmyne (62).

87
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Lyg=110M). B ypaBHennu (62) Lgy — pacueTHast NJIMHA 30HBI He-
COBEpLIEHHOTO JpeHaXa, d-— pacueTHbIH AHaMeTp [peHbl, Mg—
MOLHOCTb BEPXHErO CJOSl, My— MOLUHOCTL HHXKHero cnaosi, Kg—
Ko3hduuneHT ¢GuabTpauun BepxHero caos, Ky— KosadduuUHEHT
(UbTPAllU¥ HHXKHEro cJofl.

§ 33. Mpumenenue I BM npu npuGaHIKEHHOM
HOmorpacdupoBaHuu

Bosbuiolt HHTepec ¢ TOYKH 3peHHs KOHTaKTa HOMOrpaMMm H
JOUBM npexacraBasier npubJHXKeHHOe HoOMoOrpagHpoBaHHe H OCO-
6eHHO OJHa M3 ero Pa3HOBHAHOCTeH — HOMorpacdupoBaHHe TabJHL
C HeCKOJIbKHMH BxofaMu. Takue TaG.ulbl MOTYT,  HAPHMEp, MOJY-
yaTbcsl B pe3ynbraTe pemneHus Ha DI[BM cioxubix 3agay. 3ameHa
HX NpuGJHXKEHHBIMU HOMOrpaMMaMH -Ie/1aeT MOJNYyYeHHble pelleHHs
JNOCTOSTHMEM npakKTHKH. Pacuer npHOGJIHKEHHBIX HOMOIPAMM MOXKET
ObITb CHOBa BBINOJHEH Ha DLIBM.

B nacrosiniee BpeMsi pa3paGOTaH psij MEeTONOB NPHOIHMKEHHOTO
HoMmorpacupoBanusi. OcTaHOBUMCSI TOJILKO Ha MeToae Homorpadu-
poBaHus TaGJIMYHBIX SiyeeK H Ha OJHOM H3 METOLOB MNOCTPOEHHS
npHGIMXKEHHBIX HOMOrpaMM M3 BbLIDABHEHHbIX TOYeK MAJjs TabJuil
C TpeMs BXOHaMH.

HomorpadupoBaHue Ta6AuUHBX sueek. Meroas
HoMorpa(upoBaHus TaGJIHYHBIX fiueeK C ABYMS, TPEMA U YETHIPbMs
BX0JaMH, pa3paboTaHHble NPH AONYLIEHUH JHHEHHOH MHTepnoJsAuHH
no kaxiuomy aprymenty [17 —20], oTKpbIBalOT OLMH U3 myTe# HO-
MorpadHupoBaHHs TaGJHL ¢ HeGOJbIIHM YHCAOM TAGJIHYHBIX fYeek,
B YaCTHOCTH HEKOTOPBIX Tabuaul, nosyyaeMmblx Ha QLUIBM. Paccmort-
puM HoMmorpadupoBaHHe TaOJHYHBIX fAYeeK C TPeMs W YeThIpbMA
BXOIaMH.

Ilpennonoxum, 4To At GYHKUHH

u=f(x, y, 2)

naHa tabauuHas fiuefika ¢ Tpems Bxogamu (ta6a..1), B KoTOpoH
JIONyCTHMa JIHHEHHAs MHTEepPHoJALHUS MO X, Y U 2.

Ta6auma 1

z 2, A
~ X
N X1 X Xy X2
7 7
Y un Uz U Uy,
4 7
Y2 Uz 37) U Ugo
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Torna nns onpefenieHus u B 3aBHCHMOCTH OT X, Y, Z H 14 KOHCTaHT
(%15 X5, Yy Yy 2y, 2y, Uy, Uy, Ugy, Ung, Uy, Uiy, Uy, Ugy) MOXKHO NOJTY-
yHTh caenylomyio dopmyay [17]:

”—“uu’l“uﬂ——u—l‘l‘(x x) +

+[u12'—un + e + (x— xl)] s

X2 — X Y2 — 1

7
Uy — g 1y

7
u —
’ 21 ’ ’
+{“u_un+ Xo— X (x_x1)+[”12_u11+u11—u12+
4 4
— Uyt = gy gy Uy — 4y — Y z_zl
(x—xp)

Xy — X Y2 — th 22

+ “;2 — “:2
HJIH
u=Axyz + Bxy + Cyz+ Dxz+ Ex+ Fy+ Gz + H, (63)

rae kKoapduunentsl A, B, C, D, E, F, G u H 3aBucsit ot 14 KOH-
craut. Popmyna (63) npuHaanexur K HomorpapupyeMomy BHIY
H MOxkeT ObITb B OOLlEeM cJayyae npeicras/jeHa, Hanpumep, HOMO-
rpamMMoil U3 BbIPABHEHHLIX TOYEK ¢ Mapas/e/]bHLIMH paBHOMEp-
HBIMH IIKaJlaMH X A U U 6I/IHaprIM nosneMm (y, 2). DTO noJjie COCTOHT
U3 ABYX ceMeiliCTB OpPAMBIX JHHHH y u 2, o6pasdymomux Apyr Ha
Apyre mpoekTHBHble wikaabl. OTBeT ¢ HaXOAUTCA MO TaKOH HOMO-
rpaMMe OJHMM HaJIOXKEHHEeM JIMHEHKH.

[Tpumep 28. Ha puc. 50 npusenena HOMOrpamMMa HEKOTOPOIl
(GyHKUIHH

u=F(x, y, 2),

3alaHHO# TaGaHyHON Auelikoit (taba. 2), B KOTOpOil ponmycTHMa JH-
HefiHasi MHTEPNOASALHA NO JMI0060H U3 NMepeMeHHbIX X, Yy HIAH 2.

Tab6aunna 2
3HaueHud u

z 0,20 0.21
X
\ 700 ' 800 700 800
9 1729 1774 1707 1761
10 1765 1808 1744 1796

Ha Homorpamme puc. 50 mTpuXOBO# NpsiMOii MNOKas3aHO pelleHHe
YyHcJAOBOro npuMepa (npaHo: x =730; y =19,7; 2z = 0,204; otser
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0,20
x u z
n

— 800 1800— 0.2t

= - 0
- -1 //

~

= 1 D - y
- /<>’

750 - 1750 9,5
- =4 -

~

()f/ -1

N 4 9
700 1700 —

Puc. 50. HoMorpamMma M3 BBIDABHEHHBIX TOUE€K C Napa/lieJbHBIMH WIKalaMH X H u
M GuHapHLIM nomeM (¥, 2) 0as ¢yskuuH u = [ (x, y, 2), 3ananHo#t Tabxa. 2, B Ko-
TOpO# FONMyCTHMA JIHHEefHasi HHTePHOJALHS IO NepeMeHHHM X, ¥ H 2.

R rofom?

= = K
(3 ~ — =
lxnjlnu'nll‘llnIm

oo b v beeed?
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Puc. 51. HomorpaMma u3 BbIpaBHEHHBIX TOUYEK HJsi onpeleseHHs HOPMAaTHBHOIO

JaBJeHHSt Ha TrpyHT RY B 3aBHCUMOCTH OT KO3(¢HIHEHTA NMOPHCTOCTH € H KOH=

CHCTeHLHH B 1Jsi cynecei, CyrJIMHKOB H [VIHH, [OCTpOEHHas MO NaHHBIM Ta6i. 3
IpPH YCJOBHH LOMNYCTHMOCTH JHHEHHOH HHTEpnoJsiuuM mo B u e,
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= 1760). OueBugHa 3HAyUTEJIbHAs €MKOCTb UHMCJI0BO#H HH(poOpMa-
IlMH, 3aK/JI0yeHHO# B Homorpamme. Ecam ucxonnas rabauua conpep-
’)Kana Juwb BOCeMb 3HaueHUH (YHKUMH 4, TO HOMOrpaMma cojiep-
KHT MX 3HauyHuTeabHO Oosbuwe. Ha wmkane x umeercs |1 momeyeH-
HBIX TOuYeKk, B moJe (Y, 2) takux touek 6 X 11 = 66. Takum obpa-
30M, TOJBKO yepe3 MOMeueHHble TOYKH WIKaJbl X U GUHAPHOTO NOJS
(y, 2) moxHo npoBectu 11X 66 = 726 paspewaiouux NpsMbIX H
npovectb 726 COOTBETCTBYIOUIMX 3HAuyeHHH 4. DTO KOJHYECTBO yBe-
JIMYUTCS no MeHbuied Mepe B 50 pas, ecau yuecTb BO3MOXKHOCTb JIU-
HEHHOH MHTEepnoJIAllMM Ha Iya3 MEeXAY LTPHUXAaMH Ha 1UKaje X H
MeXIy npsMbiMH GuHapHOro noas (y, 2).

ITpumep 29. Ha puc. 51 npuBenena paGouass HoMmorpaMma AJs
onpeje/ieHHsi HOPMATHBHOTO [JaBJEHHS Ha TPYHT OCHOBaHMs RY B 3a-
BHCHMOCTH OT KO3(®(HLUHEHTA NOPUCTOCTH & U KOHCHCTeHUHH B nas
cynecefi, cyrauHkoB u rauH [21]. Homorpamma noctpoena Ha ocHo-
BaHUHM Tab6a. 3, B KOTOPOH COrJIACHO HOPMAaM NPOEKTHPOBAHHSA [O-
IyCTHMA nocJefoBaTe/bHas JHHEHHAS MHTepnoJsiuus no ¢ u B.

Ta6auuma 3

3navenus RY xr/cm?

Tpynr cynecb CYTJIHHOK rJHHA
e
N 0,5 0,7 0,5 0,7 1 0,5 0,6 0.8 1,1
0 3,0 2,5 3,0 2,5 2,0 6,0 5,0 3,0 2,5
1 3,0 2,0 2,5 18 1,0 4,0 3,0 2,0 1,0

Ha nomorpamme puc. 51 wrpuxoBoit nmpsiMoil MOKasaHo peLie-
HHE YHCJOBOro npumepa (KaHo: FPyHT — rauHa; B = 0,4; € = 0,65;
orBeT R¥ — 3,8 kr/cM?).

IIpennonoxum rtenepb, yto A (YHKUHUH

u=f,y, 21

naHa tabauvunas siyefika (ta6ua. 4), B KOTOpO# gonycTuMa JuHefHas
HHTEepNoJsiuus no a000i U3 nepeMeHHbIX X, Y, 2 U L.

UurepnossuuoHHOE ypaBHeHHe, COOTBeTCTBymouiee Taba. 4,
uMeeT BUA

u= Axyzt + Bxyz + Cyzt + Dxzt + Exyt + Fxy +
+ Gyz + Kxz + Lxt + Myt + Nzt + Px+ Qy+ Rz + St + H. (64)

YpaBuenue (64) MoxeT ObITh NpeacTaBIeHO HOMOTPaMMOH H3 BHI-
pPaBHEHHHIX TOYEK C TpeMs GMHAaPHBLIMH MOJSAMH, CBI3aHHBIMU OJHHM
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BbipaBHuBaHueM [18—20]. B HomorpaMme Bceraa NOBTOpSeTCS
OjHa M3 MmepeMeHHbX X, Y, 2 uau f.

3 930
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Puc. 52. Homorpamma u3 BHPaBHEHHBIX TOYeK C TPeMsi GHHAPHHIMH NOJAMH (x, 2),
(y,2) u (¢, u) ana ¢oyukunu u=F(x, y, 2, t), 3anannoit Taéa. 5, B KoTOpoil Lo-
nycTHMa JiiHeHHas MHTePHOJSALMA NO MePEeMEeHHBIM X, Y, 2 M i.

ITpumep 30. Ha puc. 52 npuBeneHa HoMorpaMma HeKOTOPOH
byHKUNM

u=f(x, y, 2, 1),

3anaHHO# TaGauyHO# suefikoit (Tab.. 5), B KOTOPOH JAomycTHMa JH-
HefiHash MHTEPNOJSALHUA N0 JI060H U3 MepPeMeHHBIX X, Y, 2 WIH L.
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TaGauna 4

t

t;

2,

2

2

X

X2

4 4 ~ ~ ~7 ~
h up Uy Uy Uy i Uz iy Uy
4 ’ ~ ~ ~ 4
Y2 Up gy Uy Uy Ug Ua2 Uy L))
Ta6auua 5
3HaueHus u
t 40 50
z 1000 1040 1000 1040
X
\ 24 28 2 28 24 ’ 28 24 28
0,4 501 467 526 491 502 467 530 494
0,5 427 392 449 414 437 403 460 424

B HoMorpamMe noBTOpsieTcsi nepeMeHHas 2.

Jlunusa 2 = 1000 B nose (2, x) u Jaunusa y = 0,40 B nose (2, y)
clleNanbl WITPUXOBBIMH, a UX TOYKH MEpecedyeHus ¢ JUHUAMH ¥ = 24
U 2 = 1040 oTMeueHbl Kpy:xoukamu. Ha HOMOrpamMme MITPUXOBOI
NpAMOli NOKAa3aHO pEIlleHHe YUCJIOBOro mnpuMepa (nano: x = 27,6;
Yy =0,46; 2z = 1020; { = 43; orBer u = 439). Hurepnonsauuontoe
ypaBHeHHe THna ypaBHenus (64), coorBercTBylouiee TabJa. 5, umeeT
BHI

u=—0,0125xyzt 4 0,5625xyz + 0,25yz¢t 4 0,005x2f
-+ 13xyt — 585xy — 12,25yz — 0,23125xz — 5,225xt — 253yt —
— 0,09252¢ + 232,75x + 11690y + 5,375z + 94,4t — 4474.  (65)

[TocTpoenne HoMorpaMM a/1s TaGJHYHBIX fYeeK C JBYMs H TpeMs
BXOZlaMH MOXeT ObITb BBLINOJHEHO HENOCPeJCTBEHHO IO AAaHHBLIM
3THX fuyeek 6e3 onpeleneHHss KO3 UIHEHTOB HHTEPNOJALUUHOHHBIX.
ypaBHenunii. IIpu 310M Kakux-1u60 pacyeroB [/ NOCTPOEHHS HOMO-
rpamMmM gmesatb He TpeGyercs. Hamporus, moctpoeHue HOMOrpamMMm
Lasi TaONMUHBIX S14€€K C YeThIpbMSl BXOAAMM CBSI3aHO C 0O0JbLIOH
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BBIUMC/IUTENbHON paGoToH, a MMEHHO, HYXXHO HaXOOUTb Ko3(du-
LIMEHTHl MHTEPNoJsLHOHHOro ypaBHeHusi (64) W paccyuThiBaTh KO-
OpAMHATH TOYeK TpeX OuHapHbIX model. Hcmoabsosanue IDIIBM
IJ1sl 3THX pacyeToB [e/JaeT NOCTPOeHHe TAaKHX HOMOrpaMM JOCTyn-
HeIM [as1 npaktuku. HoMorpamma ypapHeHust (65), nmpuBeleHHast
Ha pHc. 52, Gbl1a paccyurana Ha OLIBM.

3aMeTuM, 4TO HOMOrpaMMbl TaGJHUYHBIX S4eeK C TpeMs U 4e-
THIPbMsl BXOJAMH SBJSIOTCS TOYHBIMM HOMOFpaMMaMH /s HHTep-
NOJSLHOHHBIX (opmyn (63) u (64) ¥ npuOIMKEHHBIMH HOMOTpaM-
MaMHu saBucuMocTedt u = f(x, y, 2) u u=f(x, y, 2, t), naa Koro-
pbIX cOCYMTaHbl TabauuHble siyediku (Ta6a. 1 u rtaba. 4). Takum
o6pa3oM, 3[eCb MOTPELIHOCTb AaNNpPOKCHMAlHUU onpenensiercs Mmo-
IPellHOCTBIO MHTEPIOJSUHOHHBIX (popmya (63) u (64).

HomorpadupoBanue tTabnuuy ¢ TpeMs BXOJaMH.
Ha konrakre HOMorpamM u DLIBM ocHOBaH MeTOX NOCTPOEHHS
NpUGAHKEHHBIX YeObIlIeBCKAX HOMOTPAMM H3 BbipaBHEHHBIX TOYekK
C napaJsJje/bHbIMHM IIKajJaMM ¥ GHHApHbIM IoJleM /s HeHoMorpa-
(UpyeMbIX 3aBHCUMOCTEHl C UYETHIDbMSI TepeMEeHHbIMH, 3afaHHbIX
cdopMynaMu uau TaGJaMLAMH C TpeMs BXomaMu [22].

ITpubaruscennoti 4ebbiuleBCKOL HOMOPAMMOL * U3 BbLPABHEHHBLX
ToueK 0as 3asucumoctu u = F(x, y, 2) Ha3biBaercsl HOMorpamma
H3 BbIpaBHeHHbIX TOYEK, B KOTOPOH LIKaJbl X H % 3apaHee 3aJaHbl,
a Kaxjaasi U3 ToyeK GuHapHoro moas (y, 2) moayueHa u3 YC/JIOBHA
MHHUMH3alUH¥ MaKCHUMaJbHOH MO MOAYJIO abCOJIOTHOH H/IH OTHOCH-
TeJIbHON NOrpemHOCTH B OTBETHOH BeauynHe u [23].

IIpakTuyeckas pea/su3allust MeTOHa MOCTPOEHHUS NMPUOJHKEHHBIX
yeObILIeBCKUX HOMOrpaMM, CBSI3aHHOT'O ¢ TPOMO3JKHMH BbIYHCJIe-
'HUSIMH, CTaJjla JIerKo AOCTYnHoH GJjaromapsi paspaGoTke creuuasb-
Hoil nmporpaMmbl aJast DLIBM [23—25]. C ee noMoLibio BBIYHCAAIOTCA
TaOauLBl (GYHKUHUH B OpUONMKEHHOH 3aBHCHMOCTH, OTBeyamouieH
npubaHKEeHHOH HOMOrpamMMe, NOTPENIHOCTH annpokcuMauud 4 Ko-
OpAMHATHl TOoyeK OuHapHoro mnonas. IlpuBemeM aBe HOMOrpaMMbl
(puc. 53 u 54), mocTpoeHHEIE pacCMaTpHBaeMbIM METOJOM.

IIpumep 31. Ha puc. 53 usobpaxena npuGamxeHHas yeObl-
1eBcKasi HomorpaMma ¢opmyast [22, 25]

2
0,223—0,031 ,\/_ML_
b+24/T+mih

bh h?
-+ mh . (66)

24T+ meh

B ¢opmyae (66) K— Molyab pacxofa npu KoapduuueHTe Hiepo-
xoBatocty 1 = 0,020 B nosanoit ¢opmyne H. H. IlaBnosckoro mas
Koa(p¢uuuenra Llesn C; b — wupuHa TpaneneunaJbLHOr0 KaHaJja
no AHy; M — KO3((QUUHEHT 3a/0XKeHHsI OTKOCOB; A — ry6rHa BOMIbI
B KaHaJjle. HauGo/bluass OTHOCHTe/IbHAA MOrPELIHOCTb alNpPOKCHMA-
uUuM B BeauuyunHe K /s npele/oB M3MeHEHHS NepeMeHHpIX, B KOTO-
pBIX noctpoeHa HoMorpaMmma, He npesbimaer 3%. Ha Homorpamme

K=50(bh+mh2)(b+
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hu
15+ K, m¥cex
7 F400
7 300

0,2 « 1 0,9

Puc. 53. ITpubsuxennas 4eGhilIeBCKass HOMOrpaMMa H3 BbIDaBHEHHHIX TOUYeK
C napaJ/ie/bHBIMH WKadaMH A 1 K u OunapuniM nodem (m, b) ajas ¢opmyuu (66).
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LITPUXOBOH MPAMON NOKa3aHO pelieHHe YHCJIOBOro mpuMepa (HLaHO:
h=07m b=08m, m=1,5; orBer K =34 m3/cek). UTo6bl 006-
PaTUTbCS K YIIOMAHYTOH Bblllle NPOrpaMMe MOCTPOEHHST MPUOMHMKEH-
HO# yeObIIEeBCKON HOMOTPaMMbl [25], HYKHO GbLTO MpefBapHTE/IbHO

P
05 ¢ .
B 10 50 100 500 1QBU 4006 z
L1l 11 L1 1

i . E"
0 ] sp 100 3001000 spgp o
U —09

1 77 o

. /B = _

- / L

fpu— 7 7
2 :

. 0,7
3o C
ho — 0,6
§od —— s

.J >§ 0,

1 — ] F <

1 — L0
00— —— -

1 — e L—— ]|
0 0,2
1 — // 4 :

5 *: J— ’ " &/, 0,1

40 -

50 o— I—r-rq——r—r—r-é——r—v—rq a0
10 50 100 e 500 1000 5000

Puc. 54. TlpuGinxkeHHast ueGbIWIEBCKAas HOMOrpamMma MJsi ONpeleleHHS BecOoBOit

O/ KOHAEHCHPOBAHHBIX MPOAYKTOB CropaHus 2 (TOMIHBO: ~Oployee — IeHTa-

6opan BsH,, oxucourens — runpasun NoH,), moctpoensas mo Ttabakue ¢ Tpems
BXOLaMH M3 cnpaBoYHHKA [27].

cocTaBuTb AJas (opmyasl (66) Tabauuy c Tpems BXomaMmH. Jrta pa-
6ora Gbln1a BBINONHEHA ToXe ¢ momoubio DIIBM.

ITpumep 32. Ha puc. 54 nsobpaxeHa NnpUGAHIKEHHAss HOMO-
rpamMMma [23, 26] nns onpeneneHuss BeCOBOi 10J1H KOHAEHCHPOBAHHBIX
NPOAYKTOB Cropanusi 2 (TOMMHBO: roployee — neHraGopad BsHy,
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okucautenb — ruapasun NoHy) B 3aBucumocT# oT Ko3dHUHEHTA
M36bITKAa OKHUCIHTENS Qok, CTENIEHU paCIIUPeHUs Ta30B & U J1aBJeHHS
Ha BXole B comlo pc. Ilpu ee moctpoenun Gbl1a HCmosib3oBaHa pac-
cyutaHHaa Ha DUUBM no cneuuanbHO# nporpamme TaGJulia 3Haye-
HHUI QYHKUHH 2 = [(Cox, & Pc) U3 cnpaBouHuka [27]. HanGoabwas
a6CoMIOTHASl MOTPELHOCTh ANNpPOKCHMAUUU 3TOH TabGJuubl He mnpe-
Buimaet 0,004, 1. e. |Az| < 0,004. [dast yayumeHust GHHAPHOTO NOJS
(tox, €) HOMOrpaMMBbl OLIJIO NPHMEeHEHO MNOBTOpeHHe MepeMeHHOH &
M 3aMeHa noJy4HBIIErocsl OPTOroHaJdbHOro noJs (g, 2) HKajlaMu &€
u 2. [Tycts TpeGyeTcsl onpenesuTb no HOMOTpaMMe 3HaueHHe BeJH-
YHHB 2, eCld pe =5 MH/M2, aox = 0,4 n & = 500. Haxogum Ha
uiKaje pe TOUKYy ¢ OOMETKOH p. =5 MH/M?, a B GuuapHOM moJje
(ctox, €) — TOUKY ¢ moMeTKaMH cox = 0,4 u € = 500. K HalifeHHbLIM
TOYKaM NpHKJAaJbiBaeM Kpail JHHeHKH H OTMeuaeM TOYKY nepeceue-
HHS er0 C BEPTHKAJbHON NPSAMOM, NMPOXOAfALLeli yepe3 TOUKH HHXKHefi
W BepxHell mKasa e ¢ noMeTko# ¢ = 500. ITonyuennywo Touky c no-
MOIIbI0 TOPH30OHTAJNbHBIX HANpaBJ/sIOUIUX NPSIMBIX MPOEKTHpyeM'Ha
IKany 2, rae u uutaem orseT 2 = 0,3. Pewenue 3Tofl 3agaun no-
Ka3aHo Ha HOMOTpaMMe IITPIXOBBLIMH NPSIMBIMH.

TakuM oGpa3oM, B IByX paccMOTpeHHBIX mpumepax DLIBM wuc-
noJb3oBajnach ABa pasa— AJs pacuera Tabaull 3HaveHui K u z n
IJ151 pacueTa NpuGJIHIKEHHbIX HOMOTpaMM.

[IpuBeneM Tenepb mpuMep NpHOJHAKEHHOH HOMOrpaMMBI, 3aBep-
wapliell MalIHHHOE pellieHHe CJ0XKHOH 3aLayH.

[Mpumep 33. PaccmorpuM HOMorpaduueckoe peulieHue 3afadH
no onpeleleHHIO MeCTa paspbiBa rasompososa [28]. Chauana oHa
cBesach K HeJuHeHHOMY nu(p¢epeHUNaNnbHOMY YPaBHEHMIO B 4acT-
HBIX NPOM3BOJAHBIX. 3aTeM /i 3TOrO YpaBHEHHS OBbLJIO MOJYYEHO
npubaHKeHHOe pellleHHe B aHAJMTHYeCKOH (opMe, TOYHOCTb KOTO-
poro Gblja olieHeHa nyTeM psaja npocyetoB Ha LUIBM u okasanaco
nocratouHoii. OfHAKO H3-3a TPOMO3LKOCTH HCNOJAb30BAHHE €ro B
npakTuke 6b10 3aTpyAHHTeabHbIM. Ilocse HeKoTOpeIX mpeoGpazo-
BAaHWH HaliJeHHO€ pelleHHe yaJoCh IPHUBECTH K BHLY

n=0o0
T4 2;': Z _(“_le)i (1 — e~ (/LY 7) oo —’%‘- (L—1)
Fi= rl . (67

ne==00
2L2 (—1)"’ —(nn/L)? T nix
v ) e (e e
ne=l

JONYCKalomeMy MOCTPOeHHe TOYHOH HOMOTPAaMMbI C OPHEHTHPOBaH-
HbIM TpaHcmapaHtoM. 31ech Fq, v U L —3anannble napameTpsl, a
| — uckoMasi KoopauHaTa Mecta pa3peiBa. Homorpamma ypaBHeHHs
(67) npuBenena Ha puc. 55. Ee MoxHO paccmaTpuBaTh Kak NpHOJ/IH-
JKEHHYI0 HOMOTPaMMY HCXORHOro aHp(depeHIHaNTbHOr0 ypaBHEHHS.
Homorpamma phc. 55 COCTOHT M3 HENOABHXKHOH IJIOCKOCTH H

4 T, C. XosaHckuit
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TpaHcnapaHTa B BuAe JHHeAKH. Ha HenoaB#XKHOH MJIOCKOCTH HOMO-
rpamMmmbl HaHecennl node (L,t), cemeiictBo nunuit Fy n ceMeicTBO
rOpPU3OHTA/IbHBIX HaNpaBAdloluxX npsAMbX. Ha Tpancnapante mo-
CTpoeHbl (MKCHpOBaHHast TouKa (cTpenka) M OTBeTHas wwkazna [
Cnoco6 mnoJsb30BaHUS HOMOTPAMMOMH 3aKJOYaeTcsi B C/elylouleM.

L,km
100 504 30 2 0 5 102 Fe Lo
095
5 ViV 3
0 Y. v f //0,9
5404/ 7 % / /
T 08
/ // 7 / / /0,7
06
1041 /| 05
Y 14787874
3
540° < |/ s /
d / 0
Y, /7 /0,!]5
103 /1 .
1
5102/ /z
4 V
V1 /
10 ramrd
50 0 5
1 l T T T 7T L T l T I"l T 1
f 2 30 4 50 100

Puc. 55. Homorpamma c OpUEHTHDOBAHHBIM TPAHCIAPAHTOM B BHIE JHHEHKH A
onpenenenuss ! u3 ypamHenus (67):
@ — HeNONBUXHAA IJOCKOCTb; 6 — TpaHCNapaHT.

HaxknanpiBaeM TpaHCIapaHT Ha HeNOABHXKHYIO MJOCKOCTb TakK, YTO-
6bl CTpe/sKa COBMECTHJ/IACh C TOYKOH MNepeceyeHHs 3aJaHHBIX JIMHHUI
L u v, a HocuTenb wWKagbl [ 6bl1 napadJjened HanpasasiomuM. OT-
BeT ! unTaeM Ha WKaJje [/ B TOYKe TepeCeyeHHs ee C 3a4AHHON JH-
nueit Fr. Kniou nonb3oBanus npuseneH Ha HOMorpamme. Pacyer HoO-
MorpaMMnl Beqacst Ha DLIBM.

§ 34. Ilpumenenue Homorpamm u I BM
npH pelleHHH TPAHCUEAEHTHBIX ypPaBHEHHi

Onnoft 3 popm Kontakta HoMorpamm H DIIBM moxer ciyxHTh
pelleHHe TPAHCUERAEHTHbIX YpaBHEHHU{ MeTOLOM MOC/el0BaTe/bHbIX
npubJuXKeHHH, Korja HyJeBoe NPHO/IHXeHHE HAXOAUTCS MO HOMO-
rpamMme, a caenyiouiie Ha JLIBM.,
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ITpumep 34. Ilpn onpeneneHdH ONTHMANBLHOTO MOJIOXKEHHS
nyHkra c6opa He(TH B CeTH JyueBOro THHA H3 YCJOBHUS MHHHMyMa
KanuTaJ/J0BNOXKEHHI NPHXOJUTCA HAXOAHTb KOOPAHHATH 3TOTO MYHK-
Ta M3 CHCTeMbl ABYX TPAaHCUEJEHTHbIX ypaBHEHHH, COLepKallHX,
KpOMe HCKOMBIX BeJWYuH, GoJ/bIoe uuc/ao napamerpos. Henocpen-
CTBeHHoe HcnoJab3oBaHue DIIBM pas peuleHus -3Toit 3ajaud  He
BCerza NaBaJjlo pe3y/abTaT, TaK KakK NpH HeydayHO BbIOpaHHOM HY-
JleBOM NpHUGAHKeHHH npolecc pacxomiuics. Jeno kKopeHHbIM 00pa-
30M HM3MEHHJIOCh, KOTNAa MAJs HAXOXJEHHS HYJeBbIX NPHUOJMKeHHIT
Obl pazpaboraH Homorpacduyeckuit Meron [29], ocHOBaHHEIl Ha pe-
syJbTaTax pa6ortsl [17]. CornacHo 3TOMy MeTOAy AJsi 3aJlaHHOM CH-
CTeMbl YpaBHeHH# IPH KOIKPEeTHBIX 3HAYEHHSX NapamMeTpoB CTPOH-
Jace npubJuxkenHas pabGouas HomMorpamma. [locTpoenne ee 3aHu-
MaJo HecKoabKo MHHYT. HafiieHHble no HOMOTrpaMMme 3HayeHHS
KOOpJIHHAT NMPUHUMAJIHCh 32 HyJeBOe NMpHOJIIKeHHe, MOC/e Yyero 3a-
nauva ycrnemwno pemanace Ha DLIBM Meronom Helortona. B pasb-
HeillleM MeTOJ, IpeAJoXeHHbIl B pa6oTe [29], Gbl1 ycOBeplIEHCTBO-
BaH [30].

ITpumep 35. Ilpu pacuere coBMecTHOil PaGOTHl Tpex aBTOTe-
HEepaTOpPOB Ha COTJIACOBAHHBle HArpy3KH NPHXOAHTCS ONpepesifTh
OCHOBHble NepeMeHHble P; H {3 H BCIOMOraTe/bHble nepeMeHHble Iy
u I'y 13 CHCTEMBI YeThIpeX I'POMO3IKHX ypaBHeHHH:

Aflz——--g}:'o——“‘Simpl -

5 1413
o =+ cos P,
6 sin (20,5 — ) sin (2032—11’3)][ 1 (1 1 )
_8 p[ D [[ L Yo (L 1Y,
5 ° T, + T, or2 ' 2 \1? + r2 4

cos (20, — P cos (20,, — ;)]
+I‘ co<(28m—w _29324_%)_’_ ( i21 l)+ ( ;z; 3)] ,

(68)
Af32=f'[“o*sm\p3 -
5 1+ 1+13
) -+ cos P3
6 sin(QOIQ—\bl) sin (205, — g)][ I ( 1 1 )
_Sp [ L S
5 0‘ T, + T, or? T3 I’ + 2 +
T2 . €05 (20, — ¥ cos (20, — P -t
+I‘,F‘3 €08 (2012 — 1 — 26035 - b3) - ( i:l l)+ ( f?a 3)] ’
(69)

4%
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1-\4
f, cos (20,,— \p3 2612 + 1p,)] (14 T3+420 cos ) (1 —TH ™' X

><{1+ P2 o cos 20— vy = 2+ ) +
13

+ 21“3 [cos (261131— P) + cos (29;‘23— P3) ] }-1 ’ (70)

r4 F4
P—WD—J—J—
0 o
P4
— 2—— cos (20,,— 2932 + \pa)] (1 +T3+42T; cos,) (1 — I\%)—l <

X{l—l- + + b1 — 203, 4 b3) +

I\l
2 [ cos (20,5 — i) cos (2035 — P3) 1) !
+ 2Fo[ r— —+ U ]} @1

NPH YCJOBHAX YCTOHYHBOCTH
dfi o4 0f3 0f,

P 0P 03 - 03 <0,
_a_f‘__ﬁz_ )(ifa__ afs )_ dfs  0f, >0 (72)
0Py 0P, 0V 03 oYy s ?
rne
— _ g sin Py
fl fOl 5 0 1 + 112 ’
~———— + cos P,
. 6 sin (20,5 — V) sin (26‘32 P3) 1 1
= fos 5“[ R ][ﬂ+ (w+7)+

T cos (20, — ¥ cos (20.
+ IT;;COS (2912 - q)l —2932 + ‘4)3) + ( ;?1 l) + ( ;23 wB)] ’

6 sin 1
=f,— - F— S Ws
fa fos 5 01 FQ .
—57— tcos s

3nech for, foz, fos, 012, 032, Fo m To— napamerpni; Afig = for — fo2,
Afso = fos— fo2; [1, fo ¥ fs— QyHKUHE OCHOBHBIX M BCHOMOraTesb-
HbIX mepeMeHHBIX Py, 3, 11, I's u napamerpos.
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HenocpencrsenHoe pemenne 31ofi 3amaun Ha OLIBM Meromom
10C/1e0BATENbHBIX NPHONHKEHH]T CBA3aHO C TPYAHOCTAMH M3-3a Ha-
JIMYNST HECKOJBbKHUX Map pelleHHHA P; H 3, YAOBJAETBOPSIOUIHX CH-
creme ypaBHenuil (68) — (71) u ycaoBuam (72), u OTCyTCTBHSA CINO-
co6a noJiyueHHsi JOCTaTOYHO TOYHOTO HYJNeBOro mpubaHxKeHuda. [las

Aty Moy _140? I8 ~ygpe
7 ' = L\ \\ \\ \150°
§ "121,”“ \ 140°
3 ~{00°, \
] 7
3 120"///
- 140° / 120°
2 o
& 160°¢,
] R A /| -
I -160°«7
0 t
— 7
_1 —_—
— _1%0/
-2 o~ ——4—+
i // 6,=40°
R V11 a0
—h—{gpe L
ONLE N LAY UL LI LA L L UL BN LA
-4 -3 -2 44 0 { -2 3 4 5 6 7
Af, My

Puc. 56. Ceruarasi HoMorpamMMma JJas pelleHHsI CHCTeMH YypaBHeuuil (68) — (71)
Npu ycJoBusX (72) OTHOCUTEJBHO ) U 3, HocTpoerHas npu o = 0,1, F; =10 Mru,
12 = 40”, 632 = 400.

peleHus 3ToH 3afauu B paGoTe [31] Gbliu nocrpoeHs! 69 ceryaTsix
nomorpaMm npu I'o = 0,1 u Fo= 10 Mru nnas 241 kKoMOuHanMi
(GHKCUPOBAHHBIX 3HA4YeHH! 02 U O3. HoMorpammul Geliu MOCTROEHBI
¢ nomoiuesio ILIBM u rpadonocrpourens (cM. § 35).

HomorpamMmbl no3BOJMIUIHM BHISIBUTH CJAYYaH, KOrja CYLIECTBYET
HeCKOJIbKO nap pelleHHH Y; U 3, OAHA Napa HJIH KOrja COBCEM
HeT pewenuii. TouHocTp HOMOrpaMM oKasaJjace JOCTATOYHOH IJIf -
6OJIBIIMHCTBA 3ajay, BCTPEYAIOUMXCA HA MpPaKTHKe, YyTo HAJIO BO3-
MOXKHOCTb 06x0auThca-6e3 DLIBM, ucnonb3ys aasi onpeneneHus Pi
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¥ Y3 TONbKO HOMorpaMMbl. Ilpn Heo6XoAMMOCTH Ke NOJYYEHHS OT-
BETOB ¢ 60JbIIEH TOYHOCTBIO CTAJ0 BO3MOXKHbLIM HCNOJ/b30BaTh Haifi-
JleHHBIe 10 HOMOTPAMMaM pelleHHs B KaueCTBe HYJEBbIX NpHOaUKe-
HUil ¥ yTOUHSTH UX Ha DLIBM meTooM mocnenoBaTeibHBIX NPUGIH-
JKeHHUH.

Ha puc. 56 npuBemena HomorpamMMa 18 u3 3toii paGoTel A
cayuasi, Koraa 8;2 = 40° u 03, = 40°. HoMorpamma cocTouT u3 opro-
roHajabHONl paBHOMepHOH ceTKH (Afis, Afs2) M KpuBoJHHeliHOro GH-
nHapuoro noas (P;, Ps), MOCTPOEHHOrO B TPaHHMIAX, onpelenseMblX
ycaoBusmu yeroiuuBoctd (72). ITomerku npsambix Afip B Afse noas
(Af12, Afss) HaneceHsl 05t yHoGCTBa NMOJB30BaHMS Ha WIKanax Afj,
u Afsp. I3 HOMOrpaMMBl BHIHO, 4TO AJs1 AaHHOH KOMGUHALMH 3Ha-
yeHU# B;2 U B3 noJsywaercs aHOO OAHO pelleHue P; H Ps, Koraa
TOYKa nepeceyeHHs 3aflaHHBIX NpSAMBIX Afjz U Afs, nonamaer B 6u-
HapHoe noJse (P, P3), JHO0 HH OLHOTO, KOrJa TOYKa NepeceyeHus
3aflaHHBIX NpAMBIX Afis M Afsy Haxoaurcss BHe OGHHApHOro MOJSA.
IMycts Afiz =2 Mru, Afsy = 3,1 Mru. Ilo HomMorpaMme nosnyyaem
P = —140°, 3 = —160°. Ha HOMOrpaMme oTBeTHast TOUKa B INO.1€
(P1, Ps) oTMEUEHa KDPYKOUYKOM.

§ 35. ABTOoMaTH3auUMA pacyeTa H MOCTPOEHHS] HOMOrpamm
¢ nomomsio ILUBM

IlepBrIM 3TanmoM aBTOMAaTH3allUK pacyeTa HomorpaMM Ha DIIBM
Obia pa3pa6oTKa nporpaMMbl Aas pacyera wkaa [32]. OTauuurens-
HOil ee OCOOEHHOCTbIO SABJSJCA aBTOMAaTHYeCKHMH BbpIOOp Mara Ha
mkane. TpeGoBasnoch 3ajaTh /UMb yPABHEHHS LIKaJbl H fIpeflesbl
H3MeHeHHs nepeMeHHOH. DTa HAes NOJy4MJa NanbHeiiliee pa3BUTHE
B paGotax [33 —43]. Beuiu co3naHsl cucTeMBl NpOUEAyp O/ aBTO-
MaTHYECKOrO NOCTPOEHHS 3JeMeHTOB HOMorpaMM (IUKaJ U ceMeiicTB
aunuit) Ha ALIITY [33 — 37] u rpacdonocrpoutene, noaK/II0YEeHHOM
k BOCM-6 [33, 34, 38 —43].

C nomosio ALIITY MoxHO noJayyaTs JMIIB 3CKH3bI HOMOTPAMM.
Ilpu stom mKaJ/bl, cemMeicTBa JHHHA H OHHAapHBlE MOJS BbAAIOTCH
B BHJAe Habopa ToueK, PoJb KOTOPbIX HrpailoT cuMBoabl ALIITY. dc-
KH3 HOMOrpPaMMbl OOPMJAsieTCA BPYYHYIO ITyTeM NPOBENEHHs yepe3
COOTBETCTBYIOUHE TOYKM JIMHMH M HaJANHCBIBAHHs OTBeYaIOIIHX
3THM TOYKaM NOMETOK.

ITpu nanuuun SIIBM, noak/aioyeHHoro K Hell rpadonocrpoutens
1 YKa3aHHOTO MaTeMaTHyeckoro olecneyeHHs NOCTPOeHHe pabGouyux
HOMOTPaMM 3HAuyUTeJbHO ynpoulaercs. B 3Tom cayyae npenBapu-
TeJbHass paboTa Mo HX MOCTPOEHHIO CBOJAMTCA K BBIGOpPY THIa HO-
MorpaMMmsl, noA60py napameTpoB npeo6pa3nBaHUsA U NPOH3BOJBHbBIX
¢yHKUMA B 3aBUCHMOCTH OT Pa3MepoB uyeprexa, TpeGyeMoi TOu-
HOCTH NOJYYEHHs OTBeTa M Npefe/]0B H3MEHEHUS NepeMeHHbIX, Ha-
NHCAHHIO YpaBHEHHH 3JIEMEHTOB HOMOrPaMMbl M TNOCTPOEHHIO ee 3C-
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ku3a. Vimes ypaBHeHHA 3/1eMeHTOB HOMOTPAaMMbI, NpejeJbl H3MeHe-
HHUSI TIEPEMEHHBIX M 3CKM3 HOMOIPAMMEI, MOXKHO NPUCTYNaTh K HanH-
CaHHIO NpPOrpaMMbl [JIl NOCTPOEHHS HOMOIPAMMbI C MOMOIIBIO
SLIBM u rpadonocrpoutens. IlporpaMma nuumietrcs Ha fA3biKe
AJITOJI-60. B neit ykaseiBaloTcsl ypaBHEHHs 3/1eMEHTOB HOMOrpaM-
Mbl, npejesibl U3MEHEeHHsl NepeMeHHBIX U O0palleHHsi K npolleflypaM
aBTOMAaTHYECKOro IIOCTPOEHHS 3J1€MEHTOB HOMOIPAaMM.

I[Tpumep 36. Homorpamma puc. 36 mas Qopmyan (48) (cm.
npumep 18) 6bi1a nocrtpoena ¢ nomousio JLIBM u rpadonocrpon-
tend. [IpuBOoAMM COOTBETCTBYIOUIHH AJITOJBHBIH TEKCT NMPOrpaMMBbL:

begin real x, y, 2, v, 4;
procedure wz(z, x, y); begin x: =0; y:=237,5 X
X (4343 X In(2) + 2) end;
procedure wv (v, x, y); begin x: =70; y:=75X
X (—.4343 X In (v) + .778) end;
procedure wA (A, x, y); begin x: =35/4; y:=37.5 X
X(@2XA—.5)/Aend;
nyct (1, 1, 150, 0);
pwk (.01, 15, —1, 1, wz); puk(.15,6, 1, 1, wv);
pwk(.3, 1, 1, 1, wA); bxy (150, 200) end

3nech npouenypsl @z, wv v wA — 310 npouenypsl pacyera Ko-
opaMHAT x M y naa wkana 2, v 1 A. Ilpouenypa Hyct (HayaabHas
YCTaHOBKAa nepa) cJAyXHT AJa8 Bbi6opa Hayajna kKoopauHat. I[lpo-
uenypa puwik CAyXUT IJs pacueTa M NOCTPOeHHs WiKaJj, K 3Toi
npouefype NPHILJIOCH O6PAaTUTbCA TPHU pasa, TaK Kak B HOMOrpamme
Tpu wkKaJasl. [Ipouenypa bxy cay:xKuT njs BbiBoLa mnepa 3a MpejeJbl
yepTtexka Homorpammbl (150 u 200 — 3TO KOOpAMHATEI TOYKH, B
KOTOPYIO BHIBOAMTCH nepo). 3arpaTa MaIIMHHOIO BPeMEHH Ha MO-
CTpOEHHE HOMOTrpPaMMbl cocTaBusa 56 cek. B npuBeneHHoii mnpo-
rpamme He Obll1a npeaycMOTpeHa HaanuCh 0603HAYEHH IIKaJ nepe-
MEHHBIX.

Homorpammsi, nocrpoentsie ¢ nomousio ILIBM #u rpadono-
CTPOMTEJIfl, NIOJBEPraloTCs HEe3HAUHTENbHOM penaKuUMOHHOH npaBKe,
CBfI3aHHOH C HEKOTOPBbIM HeCcOBEPIIEHCTBOM IIpOLEeLYyp aBTOMAaTHye-
CKOTO NOCTPOeHHs 3/1eMeHTOB HoMorpamm. Jlajsee ¢ moCTPOeHHBIX
HOMOTpaMM CHHMMaeTcsi KaJjbKa.

[lepBoii ny6aukauueii paGouux HOMOrpPaMM, BBHINOJNHEHHBIX Ha
SLBM u rpadonoctpourene, GblIM HOMOrpaMMbL 1151 pacyera ra3o-
npoBonoB [44]. 3aTtem 6bl NOCTPOEH P APYrux HOMorpamm [4, 45,
30). Cnenyer ocofo OTMETHTb ynoMMHaBuylocsi Bhille paGory [31]
(CM npumep 35), KOTOpas COICPIKUT CepHI0 HOMOTPaMM LJIsl CJIOK-
HOil CHCTeMbl YpaBHeHHH, NOCTpoeHHe KOTOpeix 6e3 IIIBM u rpa-.
(poroctponTensi 6blI0 Obl NPaKTHYECKH HEBO3MOXKHBIM,
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Paspa6orka npouenyp 1 aBTOMAaTHYECKOTO NMOCTPOEHHS HOMO-
rpamm Ha DLIBM u rpacdomocTpourtesie OTKPHBAET peasibHbIe Nepc-
NEeKTHBL! A/ MAlIHHHOTO KOHCTPYHPOBAaHHS HOMOTrpaMM, BKJ/IOYalo-
uiero B ceGs onpefie/ieHHe NapaMeTpoB U MPOH3BOJBHBIX (YHKLHH,
Korja 3ajaiorcsd ¢opmyJa, mpelesbl H3MEHEHHS NepeMeHHHIX, pas- -
MeDHl JIHCTa H THI HOMOTpaMMBI, a BbilaeTcss paboyast HoMorpaMMa.
IlpenBaputenbHOe HaXOXK/JeHHE YPaBHEHHH 3JeMeHTOB HOMOTPaMMBbI
H MOCTPOEHHE 3CKH3a CTAHOBATCHA HEHYKHBIMH.

B 3TOM HanpaB/leHHH yXKe NMOJYydYeH pSJN HHTEPECHBbIX pe3yJsbTa-
ToB. PaspaGoran MalIMHHBLIA aJrOPHTM NOCTPOEHHS HOMOTpDaMM M3
BblpaBHEHHHIX TOYeK AJ5 YPaBHeHH{l BHIA

f1+f2=f3

€O IIKaJjaMH 3aJaHHBIX NEepeMeHHBIX Ha KOHHYECKOM CeyeHHH H OT-
BETHO NpPAMONHHEHHON IIKaJoH, HauTyyuuM 06pa3oM npHOInKalo-
mieiics K paBHOMepHO# nau Jorapudmuieckoi [46]. [1pensoxen ma-
IUMHHBIA aJrOPUTM NOCTPOEHHS NMPHUOJHIKEHHBIX HOMOTpPaMM M3 BHI-
paBHEHHBIX TOYEK ¢ ABYMS KPHBOJHHEHHBIMHM LIKAJaMH H OTBETHOH
NpsAMOJIMHEeHHON WIKaJof 1/ ,3aBHCHMOCTH, 3aJaHHOi Tabaulel ¢
IByMsi BXofamH [47]. Pa3BuT MamuHHBII aJrOpHTM NOCTPOEHUSI HO-
MOTpaMM M3 BbIPABHEHHBIX TOYEK C CeMeiCTBOM AYKeK W ABYMs na-
paJJieSlbHEIMH IIKaJaMH I ypaBHeHHS ¢ TpeMs NepeMeHHbIMH
[48]. TlpensoxeHb MallMHHbIE AJrOPHTMBI KOHCTPYHPOBAHHSI HOMO-
rpaMM H3 paBHOYyIaJIleHHBIX TOYeK IJs ypaBHeHus [49]

fFro=fas =+ f3s

1 HOMOTPaMM H3 BHPaBHEHHBIX TOYeK IJIsi CHCTeMbl ypaBHeHH# [50]
fa= Afx + Bf‘z,
fs=Cf, + Df,, (73)
fs= Efl + Ff.

OTAuYHTENbHOH OCOGEHHOCTbHIO MEpeuHCcAeHHBIX paboT sIBIseTcs TO,
YyTO COCTaBJeHHbi€ B HHX MPH HEKOTOPbIX NOMYLUEHHSIX NPOrpaMMbl
Nal0T BO3MOXHOCTb 10CJ€ BBOJA B HUX HCXOJHBIX NaHHBIX, paGoThl
SLIBM u rpacdonocTpouTenss cpasy NOJYYHTb TOTOBYl0 pabouyio

HOMOTpaMMy.
IMMpumep 37. Ha"puc. 57 npusenena Homorpamma [50] u3 BhI-

paBHeHHbIX TOYEK A/ onpejeleHns w, 2 U t no Gopmyaam
w=u0.5vo,7,
— 1714492,
2 =u"25, (74)

t=ubv?
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ITpu nocTpoennn HoMorpaMMbl OblIM BbIGPaHbl CJAELYIOLUHE NIPEALbI
H3MeHeHHs NepeMeHHbIX:

0,1< u<10,
2 030,
0,0 <w< 34,
0,2<< 2< 105,
0,005< <108,
Ha HOMorpaMme nokasaHo pell€eHHe 4YHCJIOBOro npumepa (naHo:

u=0,27; v = 10; orBeTbl: W = 2,6; 2 = 50; { = 2). Homorpamma
noctpoeHa ¢ nomoiubsio JIIBM u rpadonoctpourtenst no nporpamMmme

u t w b4 U
00 1000000 = 1 100000 30
3 4 E S
5 100000 ] w4 E E 20
4 ] 4 10000 C
E 10000 o i E -

3 E g E =
2 1000 = 3 100 =

3 E 1 E //7:*'0
e fo0 7 1 E = o
3 10 4 & =

05 1 4 -7 F ]

)3 ] _ 2 2 2
3 Pt 10 2

02 0, | 1 —«3
0,01 ] 3

04 - 05 02 E-‘Z

Puc. 57. HomorpaMma H3 BHPaBHEHHBIX TOYEK C NapaJyiesibHbIMU JIOFapH(MHYe-

CKMUMH 1IKaJaMH, MOCTpoeHHas ¢ momouibio DLIBM u rpadomocTpoutens mno cne-

LHaNbHOX TNporpaMMme IJifi aBTOMATHYECKOTO KOHCTPYHPOBAHHA HOMOTPaMM CH-
cTeMn ypaBHeHnit (73).

IJisT aBTOMATHUYECKOr0 KOHCTPYHPOBAaHUSA IIKAJbHBIX HOMOrpaMM H3
BLIpaBHEHHBIX TOUeK IJf cucTembl ypaBHeHuit (73). Cucrema ypas-
Henuit (74) npuBoAMTCS K cucTeMe ypaBHenuit (73) nyrtem Jora-
pUGMUPOBAHHA:

Inw=0,5Inu+0,7Ino,
Inz =1,4lnu-+2,51nv,
Int =3Ilnu+2Inv.
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CanenoBatenbHo, fi=Inu; fo=Inv; fs=Inw; fy=1Inz; fs=1Inf;
A=05 B=07, C=14; D=25; E=3; F=2. Ilpu KoH-
CTPYMPOBAHMH HOMOIPAaMMbl PAaCCTOSIHHE MEXY KPaiiHHMH LIKaJaMH
6bl10 BHIGpaHO paBHBIM 160 MM, aauHa KpalHMX IIKaj Oblja Ha«
sHauena 120 mM. Huxe npuBefeH anrosbHbiil TEKCT, KOTOPHIil ObLI
HamucaHl AJisl NOCTPOEHHUS 3TOH HOMOTPAMMBI;

begin

array al[l:10], b[1:5], c[1:6];

real procedure fI(u); f1.=In(u);

real procedure [2(v); [2:=1n(v);

real procedure [3(w); [3:=In(w);

real procedure [4(2); [4:=In(2);

real procedure f5(t); fo:=In(t);

input (a,b,c);

wney (120, 160, 1, a, b, ¢, f1, f2, f3, f4, [5); end
O2: .1, 10, 2, 30,5, 84, .2, 105, .005, 1065 111, 112
113, 114, 062; .5, .7, 1.4, 2.5, 3,2

31ech @ — MaCCHB YHMCEJ, 03HAUAIOWUX Npefesbl H3MEHEeHNs ne-
pEMEHHBIX U, U, @, 2, I COOTBETCTBEHHO; b — MaccuB uHces, O3Ha-
4aioLHX KOJAOBbie HOMepa GYKB 4, U, ®, 2, t; ¢ — MacCHB YHMCJOBBIX
snayenuit Kosppuuuentos A, B, C, D, E, F cOOTBETCTBEHHO; WHCY —
MMS NPOLEAYPHI, C MOMOUIbIO KOTOPOH KOHCTPYHPYETCS U BbIYEepPUH-
BaeTcs HOMOrpaMMa [Js1 CHCTeMBl YpaBHEHHH (IIKaJbHast HOMO-
rpamMMa cucTeMbl ypaBHeHHuI1). IlepBoe umcso0, cTosilliee B CKOOKaXx
nocje NpoUeNyphl WHCY, O3HaYaeT AJMHY lIKaJ, paBHyio 120 mm;
cJenyolee YHCA0 03HayaeT PacCTOAHHE MeXAY KpaiHUMHU LIKajaMi
u v v, paBHoe 160 mM. TpeTbe uncio sBAsieTc MacWITaGHBIM K03(-
(buLHEHTOM, HAa KOTOPHIH YMHOXKAIOTCA B npolecce pacyeTa KOOPAH-
HATHl 3JIeMeHTOB HOMOrpaMMbl. B naHHOM ciyyae Kos(p(HuuueHT pa-
BeH 1, T.e. wKajabl GyAyT UMeTb AJHHY 120 MM U paccTosiHHEe MeX-
Iy KpailHUMHU mkanamu 6ynetr 160 mm.

§ 36. O KoHTaKTax HOMOrpamMm
M aHAJOroBBIX BbIYHCJHMTEJbHBIX MAIUHH

Bosbiuoii MHTepec npeacTaB/seT TaKXe COBMECTHOE HCMOJb30-
BaHHe HOMOrpamMM H aHaJIOTrOBbIX BBIYHUC/JHUTEJbHBIX MALIHH. Hcnoab-
3ysi OCOGEHHOCTH HOMOTPAaMM H aHAJIOrOBBIX BBIYHCJIHTENBHBIX Ma-
HH, HHOTa yaaeTcs: 3pdekTHBHO pewaTh 3aayH, KOTOPbE HHBIMH
NyTSMH PEILAIOTCA OYeHb CJOXKHO.

IMpumep 38. PaccMoTpum peliennyio B pagore [51] 3agauy no
JeTajJbHOMY pacueTy KOHIEHCATOPOB NapoBhIX TypOuH, KoTopas
ONMChIBACTCA KBasWJAMHeHHBIM IHQdepeHUHaNbHBIM ypPaBHEHHEM B
YACTHBIX NPOU3BOJAHBIX C FPAHHYHBIMH YCJIOBHSIMH BTOPOrO poja.

DTo ypaBHeHHe peliaJoch MeTOJOM MOC/eL0BATEeNbHbIX NPHGJII-
JKeHUil Ha aHasoroBoil MamwuHe YCM-1 (yHHBepcasibHasi ceTouHast
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Mozeas 1). MeTon pelueHHs] cOCTOS B 3aJaHuH- 10 06JacTH Npa-
BoH yacTu A depeHIHa bHOrO ypaBHEHUS — HCKOMON (yHKUMH,
Haxoxaenus Ha YCM-1 rpasnenta McKOMO# (DyHKUHHM M NPOBEPKH
nepBoHayasnbHO 3amaHHoil ¢ynkuuu. Ilepecuer OT rpaameHTa HCKO-
MoH (YHKUMM K NIpaBoil 4acTH TpeGoBaJj pelleHHst CHCTeMbl 22
TPAHCUEHAEHTHbIX ypaBHEHMH C [eBATbIO MepeMeHHBIMM Iapamer-
pami, npuyeM psl 3aBHCHMOCTe, BXOJSIIUX B CHCTEMY ypaBHeHHH,
6bl1 3agan rpagukamMu M TabavuaMu. JIMwe nocde TOro, Kak 3Ta
cuctema Gbl1a HOMOrpaHpOBaHa, YAA/10Ch GHICTPO PELIHTh 3aaayy
Ha YCM-1. :

Ha puc. 58 u 59 npuseneHbl JBe HOMOTPaMMbI H3 3TOH PaGOTHL,
NOCTPOEHHbIE IJIS PEelIeHHsl CHUCTEM ypaBHeHUH

100.201_2,2 —F (p’ 8) ( 0‘6119 )0.805 B..snc—lw—o,l%,

100,45'-5,8 = (p E) d0,75B—1,5w—0,75

(75)

I
by =1+ 2 4 2871002022,

Prp (trp) =pPu— 2151 0ME 58, (76)
Oyukunn F(p, €), ®(p, €) ¥ prp(tp) B ypaBHenusix (75) u (76)
3ajgaHbl TaGJaHLAaMH, KOTOPble 31ech He NMPHBOASTCS.

Homorpamma puc. 58 — pombounanpHast. Ha Heit mocTpoenneM
napaJjJejorpaMMa peimaercsi cHcTeMa YypaBHeHuit (75) oTHocH-
tenbHo D’ u E/ py wecTH nepeMeHHBIX NapameTpax &, p, C,d, B v w.
Kniou nosnb3oBanust nokasan Ha HomorpaMmme. B nose (p, &) HOMO-
rpaMMbl CeMeHCTBO JMHHE p A5 3HaueHuil & B npefenax ot 0,0005
1o 0,4 npakTHuecKH siBJASETCS CeMeHCTBOM NpPSIMBIX, MapaJljeabHBIX
npssmbpiMm D’. Orciopa caenyer, uro B npefenax 0,0005 << e <<
< 0,4 Bennuuna D’ He 3aBUCHT OT &. M3 HOMoOrpaMmsbl TakKe BHIHO,
yro BeauyuHbl E/ u D’ cna6o 3aBUCAT OT BeauuyuHbl C, MOCKOJBKY
B noje (C, d) oHa npeAcTaBjleHa y3KHM CeMeHCTBOM napaJJellb-
HBIX MPSIMBIX. o

Homorpamma puc. 59 oTHOCHTCS K KJacCy HOMOrpaMM C OpHeH-
THpOBaHHBIM TpaHcnapanToM. OHa naeT BO3MOXKHOCTb pellaTh
CHCTeMYy ypaBHeHH# (76) OTHOCHTE/IBHO frp U 2 NIPH YeThIpex mepemeH-
HbpX napamerpax t’, pg, D’ u E’. Ha HenomBMXHOH MNJIOCKOCTH HO-
MOrpaMMbl pacno/ioxKenbl noast (pg, fp) u (D’,2), Ha Tpancna-
pante — wkaasl E’ u (E’), i u (¢'). llkana (E”) umeeT npemenst
or 0 mo 7, eil cooTBercTByeT wWwKaJjda (#); wkana E’ nocrpoeHa
B npexpesnax ot 7 go 14,5; eil oTBevaer mKaJja f’; npejesnbl IIKaJ
() n ¢ opunakoBsl or 0 no 40°C.

Kaioy nosbp3oBaHHus HOMOrpaMMoil I/ cjaydasl, Korga 3ajfaH-
Hoe 3HaueHHe E’ HaxoauTcsl B npefenax wkaasl E’, nokasaH Ha
TpaHcnapaute. B ¢popMe KOHTaKTOB NPH yCJIOBHH OPHEHTHPOBAHHOTO
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HaJ/I0KEeHHs TPpaHCnapaHTa HAa HENOABUXKHYIO NJIOCKOCTb OH 3aMHChI-
BaeTcsd Tak:

(tl‘p, pﬂ)l =lt,) (z, D/),=’E/'

Ias onpefenenusi frp U 2 nepeMellaeM TPaHCNApaHT MO HEMOJBHK-
HOJ TJIOCKOCTH Tak, 4TOGHl BEpTHKAJbHBIE €r0 CTOPOHBI GBLUIH mMapaJ-
Jie/IbHBl NPSMBIM frp, @ TOPH3OHTaJbHble — NMpsIMBIM 2. Haxomum
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Puc. 58. PomGounaibhasi Homorpamma jJjst onpefienenuss D” u E’ u3 cucTemsl
ypasuenuit (75).

TaKoe MOJI0XKEHHe TPaHCNapaHTa, KOrja COBMECTATCA 3aJaHHas TOY-
Ka E’ u 3amannas auuusa D’, 3agannas Touka !’ ¥ 3agaHHAs JHHHS
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pr. OTBEeTH 2 ¥ frp NALYT NOMETKH NPAMBIX 2 U frp, NPOXOASIIHX
yepe3 3ajaHHble TOYKH E’ W #/ Ha WwKa/naX TpaHcmapaHrTa.
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Puc. 60. CocraBHas mKanbHasi HOMOrpaMMa M3 BHIPABHEHHBIX TOYEK [JsI OIpe-
JleNnenns trp ¥ 2 M3 CHCTeMbl ypaBHeHu# (77).

C nomouipio HOMOrpaMMBl pHC. 59 MOXKHO HaiTH 06/1acTh, B KO-
TOpOl BeJWYyHHA Ip ABAAETCH (DYHKUHEA TOJNbKO pp. IJTa 006JacTb
HaXOLHTCS HHXe HITPHUXOBOH NPAMOi, NPOBeAeHHOU B noge (P, Irp)
Ha HeNMOJABHKHOH maockocTH. B 3To# 06/acTH JMHHUM py CTAHOBATCSH
npaKkTHYecKH NPSAMBIMH, MapaJJelbHbIMH OPSIMBIM frp. 31eChb Kax-
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JloOMy 3HAYeHHIO py OTBeYaeT ONpeleJeHHOe 3HAueHHe frp, T. €. BTO-
poe ypaBHeHHe cucTeMbl (76) BBIPOXKIAeTCsl B ypaBHeHHE

Prp (trp) = Pu.

Taxkum o6pa3oM, B JaHHOM cJyyae CHCTeMa ypaBHeHH# (76) ympo-
[1aeTcs U NPUHIIMAeT BU

Prolt) =pu,  tp=1 24 2¥1000" 22, ()

Cucrema ypaBHenuil (77) npencrasseHa B paGore [51] mKaabHO#
HOMOTPaMMOI1 U3 BbIDABHEHHBIX TOYEK, BKJIOUalollell B ceGs CABOEH-
HYIO WKAaAy trp ¥ pr. OTBET 2 HAXOAUTCH MO HOMOTrpaMMe ABYMS Ha-
JNoXeHUAMH nuHelkH. HoMorpamma nprBenena Ha puc. 60. Ha Ho-
MorpaMMe MNpPHBENEHO pelieHHe YHCJAOBOrO mpuMmepa (MaHO: py =
=0,16 ara, t' = 25°C, D’ = 10,3; oTBeTH: #rp = 55°C, 2z = 14,5).



'3AKJIIOYEHHE

PasButne coBpeMeHHOH Homorpaduu HAeT B [ABYX HanpasJe-
HUAX: C OLHOH CTOPOHBI, pa3pabaThIBAlOTCS METOAbBI HOMOrpadHpo-
BaHHS W pELIAIOTCS BONMPOCHI TeOpeTHYeckoil HoMmorpadpHu, ¢ Ipy-
rofi CTOPOHBI, CO3[JalOTCS HOMOTPaMMBbl I/ pelleHHs PasJJHyYHbIX
npukJAagHbiX 3agay. HomorpaMMbl npUMeHSIOTCS B CTPOHTEJNbHOM
neJe, MallHHOCTPOEHHH, TENJOTEXHHKe, 3/JeKTPOTeXHUKe; palHOTeX-
HHUKe, THAPOTEXHHUKe, THApPABJHKe, Me/JlHOpaUHH, BOLOCHAOXKEHUH,
KaHa/a1u3auud, OHOJIOTHH, KJAMMATOJOTHH, THIPOJIOTHH, TIeOoNe3HH,
Kaprorpadun, 3KOHOMHKE, CTaTHCTHKe, CeJbCKOM XO03sdiCcTBe, MeIH-
L}He, TOPHOM JeJe, TeXHHYECKOM HOPMHPOBAHHH, XHMHH, QHU3NKe H
IPYrHX OTpac/sfiXx HayKH U TEXHHKH.

Y Hac u 3a py6eoM NOCTOAHHO NYyOJHKYIOTCS MOHOrpaduu H
yueGHble noco6us no Homorpadum ([52— 54, 12, 10, 55— 58, 6,
59 — 62] u [63 — 89]), HoMorpapuueckue cGopHukn ([90 —92] wu
[93, 94]), cGopuuku nHomorpamm ([95—99, 8, 100 — 107, 51, 108 —
116, 16, 44, 117, 31, 118] u [119—127]), cTaTbu B HAYYHBIX H HHIKe-
HEpHBIX XypHaJax u cOOpHHKaX.

Ha HekoTopblie 3apyGexkHble HoMorpaduyeckue paGoThl Hamu-
canbl petensuu [128). Cocrapiena 6uGanorpadus COBETCKHX paGot
no Homorpaduu u rpaduyeckum meromam [129].

CucremaTHyeckod paspaboTKOii HOBBIX MeTOLOB Homorpadupo-
BaHus [12, 10, 91, 92, 17, 6, 60, 62] u nocTpoeHueM paGouHx HOMO-
rpamm [8, 101 — 107, 51, 110, 111, 16, 44, 31, 118] 3anumaercs cex-
T0p HOMorpaduun Beruncaurensnoro uenrpa AH CCCP. C 1962 r.
3TOT CEKTOp pery/asipHo Bhinyckaer HoMorpapHuuyeckne CGOpPHUKH
[92]. B omuuHaauaTty ony6JHKOBaHHbIX COOPHHKAX COLEPKUTCS 6O-
Jee 200 opuruHa/NbHLIX CTATeH MO Pa3/IMYHbIM BONPOCAM TeOpeTHYe-
ckoil M npaktuyeckoit Homorpaduu. Ilpu cekrope Homorpaduu Ber-
ypcautenpHoro neurpa AH CCCP paGoraer cemunap no Homorpa-

HH.
» OcHOBHbIM noco6HeM no H3yYeHHI0O COBPEMEHHbIX METOHOB mo-
CTPOEHHS HOMOTPaMM MOXeT cIYXHUTb MOHorpacus [62]. B xayectse
JONOJIHEHHSI K He#l MOXKHO PEKOMEH[JO0BaTb HOMorpadHuecKHe cGop-
HUKM ¥ paGouyue HOMOIDAMMBI, BbiyCKaeMble BblUHCAHTENBHBIM
uestpom AH CCCP,
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ITepeuncanm HauGoJsee BaxKHbIE pe3yJbTaTbhl N0 METOLAM IIO-
CTPOEGHHS HOMOTPaMM, MoJyueHHbIe 3a nocaeaHee BpeMs [90—94, 12,
6, 46—50, 62, 130]. YcoBepuieHCTBOBAHbI METOALI OCTPOEHHUSI HOMO-
rpaMm H3 BbIpaBHEHHBIX TouyeK. PaspaGorana meTtomHKa NMOCTPOEHHS
HOMOTpaMM C OpHEHTHPOBAHHLIM TPAHCIAPAHTOM, C OJHOH CTENeHbIO
cBoGONbl NepeMelleHus TpaHcnapaHTa, poMGOHIAIbHbIX, GapHIeHT-
pHYeCcKHX, NMpHcrmocobasieMblX HOMOTpAMM H3 paBHOYNAJeHHBIX TO-
yeK M INPHCNIOCOO/SAEMBIX LMPKYJAbHBIX HoMorpamm. IlpensoxeHsl
pasnuuHble MeTOAbl NPUOJHKEHHOro HoMorpadupoBaHusi. PasBHTHI
HoMoOrpagHuyecKie MeToNbl HCCAeN0BaHHS (DYHKUHOHAJIbHBIX 3aBHCH-
MocTell (MccaefoBaHHe 3KCTPpeMaJsbHBIX CBOWCTB, MOAGOp mapamer-
pOB 3MMHpHUeCKUX (HOPMYJ], Hcc/AefOBaHNE BJHAHHSA pPas3IHYHBIX
NepeMeHHbIX Ha OTBeT, alNpOKCHMAalHA OAHOH (QyHKLHH APYroH H
Ip.) H OCHOBaHHOe Ha HUX NPHMEeHeHHe HOMOrpaMM B HayyHO-HCCJe-
noBatesbckoit pa6ore. MHTepecHble pe3y/abTaThl MOJYy4YeHbl B aBTO-
MaTH3alUy MOCTPOEHHs HomorpaMM ¢ momoiibio IIBM u rpado-
nocrpouteas. Ha ocHoBe paspaGoTaHHbIX MeTOZOB HoOMOrpadu-
poBaHus 6bl10 MOCTPOeHO GOJbLIOE YHCJAO pabouynX HOMOTpaMM s
peuleHyst CI0XHbIX 3afa4 U3 PA3/HYHBIX 00/1aCTell HAYKH H TeXHUKH.

3HayeHHe HOMOrpaMM KaK Han0oJ/ee MpPOCTOro, AEUIEBOr0 H J0-
CTYINHOTO CpeACTBa pallMOHAJM3alHH pa3JiIYHbIX DaCueToB YBeaH-
ynBaercss no Mepe BHeapenus DLIBM B Haponmoe xo3sficTBO, Tax
KaK ¢ paciiipeHHeM KPyra C/0XHbBIX 3aLay, peliaeMbiX ¢ MOMOLIbIO
JLIBM, coOTBeTCTBEHHO pacluiupsieTcss W Kpyr GoJjee NPOCTHIX 3a-
nau, NJs pelleHds] KOTOPHIX CAMbIMH BBITOLHBIMH IBJASIOTCS HOMO-
rpaguueckue mMetonbl. [To3TOMy M B BeK 3/EKTPOHHBIX MalIHH aK-
Tya/bHOH 3ajauyell siBAfeTcs JajbHefillee pa3BuUTHe HoMmorpaduu u
pacuipeHye ee NpakKTHYECKHX NpuJoxKeHuH. Boabmyio poab 3mecs
Npu3BaHa ChITPaTh MallMHHAs HoMorpadus, OTKpbIBAOLlasl WIHPO-
KHe BO3MOXHOCTU AJIS MacCOBOTO MOCTPOEHHST HOMOTpaMM,
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1. CaBoeHnas 1Kana:

v="(u) (§ 9, puc. 17).
2. CetuaTasi HOMOrpamma:
w=F (i, v) (§ 10, puc. 18),
w=_{(u v),
t=g( 0) (§ 10).

3. HoMorpamMma u3 BbIpaBHEHHBIX TOUEK:
a) sJeMeHTapHas JJIs OLHOTO YpaBHEHHS:

s1—Fa s —hia
8ai— g1z gss— &2 (§ 11, puc. 19),
= 2t
o= gt gu (s 1),
fifofae + (Fr + [2) g3 + hsa =0 ¢ 1),

fifss + fogss + has =0 (§§ 5, 11 u 21; puc. 31),
famh _ fs—h

82— & 83— & (§ 1),
_ h+h
fa—'———g’ T, (§ 1),
fifafs + €/ +f2) gs + A3 =0 (§ 11),
fifs+fegs+hs=0 (§§ 5, 11 u 21; punec. 32),
fit+fa="fs (§§ 5, 11 u 23; puc. 83),
fi = faofs (§§ 5, 11 u 24; puc. 35),
fr +fo+ s = fif2fs (§ 11);
6) sJeMeHTapHAas AJA CHCTEMBI ypaBHeHHii:

fsus—Fha  [ss—ho _ frs — Fr2 _ _ Ine—=ha s 1)
83— & 85— &2 815 — &y, &,r— &2 ’

w = a,u® o,

—_ B2
£ = aalo, (s 1),

z = anua"vﬁ"

fa==Aj1 + Bfy,

fa=ChHh+ Dy, (§ 35);
fs=Eh+ F[a
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B) cocTaBHas:

fifes 4+ @23 = [4f56 + g3 (§ 25)
fifes + g2s="Fs+ s (§ 25)°
fife + g2 =Tfsfs + &4 § 25):
fifetg=Ff+ (§ 25),
fitfe=fs+F (§ 25),
fi 4 2= TFsf4 (§ 25, puc. 37),

by b, b,
v="u4, 'uy’ ... u (§ 26).

4, LInpKynbHas HOMOrpaMMa:

a) o6uras:

(Faa — F12)* 4 (@as — &12)* = (F1s — 56)® + (@75 — &s6)2  (§ 12, puc. 20);
6) npucrnocoGJasemas:

fi2 + F (@12, @3) = [45 + @ (gus, 5) (§ 12),
frz + Fi3 = [as =+ f16 (§§ 5, 12 u 28; puc. 42),
fio+Fhs= 14+ fs+fs (§ 12),
fi+fe+f=l+[s+s (§§ 15, 12 u 28),
fi+fe=Ts+ T4 (§ 12).
5. Homorpamma u3 paBHOYLa/eHHBIX TOUEK:

a) obmasn:
(Y34 — f12)? =+ (@38 — §12)* = (fs6 — [12)* + (&6 — £12)* (§ 13, puc. 21);

6) npucrnocobisiemast AJAf OLHOTO ypaBHEHMS:

fi2 = fas + F (05, g34) (§ 13),
fiz = fsa + fas (§§ 5, 13 u 27; puc. 40),
fitfa=F+li+Ts (§§ 5 u 13),
f1a = fas + fas (§ 13),
fi=fa+Tfs (§ 13);

B) mpucnocoGsieMast AJ1s CHCTEMBl ypaBlIEHHIi:

fiz =1[s+ [is

13);
812 = g3 + &4 (8 13)
r) npucnoco6aseMas cOCTaBHAs AJsi CHCTEMH! ypaBHeHmil:

= Fio =134+ f3s = [o7 + [os (§ 13).

6. Homorpammu C napaJnjiejbHbIM H KDQCTOOGPaSHHM HHIEKCaMHu:

fas — Fi2 fzs — Fes
== l . . 3
P S——— (§§ 15 u 16; puc. 22 u 23),

_ ha—1Ta
foo = 812 — 834 (§ 15)
fifss + @34 = fafs6 + g5 (§ 15),
fiz + fra =45 + [48 (§ 15),
h—f=fs—f (§ 15),
I § 15).

fa s
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7. BapuuenTpuueckas HOMOrpaMma:
fiz + fas = fsa
812+ g34 = gso
fS + f45 = f12:

(§§ 5, 16 u 29),

g+ g4 = g2 (5 16),

fo = F (f12 + a4, G12 + g34) (§§ 5, 16 u 29),

fi2fsafs + @1285485 + Riohashs =0 (§ 16),

fifss’s + f2834g5 + hashs =0 (§ 18),

fifofsafs + (F1 + [2) 83485 + hashs =0 (§ te),

fifefsfafs + €182838485 + hihohshshs =0 (§ 16),

f12 4 fa4 % [s = 81283485 (§ 16),

fitfetfs+ s+ fs = 8182838485 (§ 16),
Frz -+ faa

R  16),

f5=f12+f34 (§ 16),

fi2%sfs + G128381 + hizhshy =0 (§ 16),

fifsfs + [28384 + hshy =0 (§ 16),

fif2*sfa =+ (1 + [2) gags + hshy =0 (§ 16),

fif2*sfs + €1828384 + hih2hshy =0 (§ 16).

8. PoM6onpanbHas HOMOrpaMMa:

F 3 = fay —
fiz — fs6 = fas — [78 (§§ 5, 17 u 30; puc. 25),
812 — 856 = G314 — Z18

f1=F (f12 + [sa + [s6, 812+ &34 -+ &s6) (§§ 5, 17 u 30),

Frefssfsef7 + G1283485687 + Miahashssh; =0 § 17),

~ fifasfesfz + [283485687 + hsshsshy =0 (§ 17),

fifafaafssfz + (F1 + [2) 83485687 + hashsehy =0 (§ 17),

fifofsfafsfels + €1828381858687 + hihahshihshshy =0 § 17),

frz + faa =+ [66 4 f7 = €1283485687 § 17),

fit+fadfs+ o+ s+ fo+ [7= £18:838:858587 (§ 17),
fi2 4+ fsa + fse

fr = 12+ 831 + &ss (§ 17,

fr =2+ fas + 6 (§ 17),

r=h+fe+f+fi+fs+Ts (§§ 17 u 30),

KaHoHHueckHe GbOpMH H3 NyHKTa 7.
9. HomorpamMma ¢ OZHHM MOCTYNAaTeJbHBIM HJIM OLHHM BpallaTeNbHHIM Tiepes

MeilleHHEM TpaHCIapaHTa: ; ; / ;
12 — [56 = [34 [78

§§ 18 u 19, puc. 27),

12— 856 =834 — g5 =10 (85 " P )

" fi2 =+ F (€12, 05) = fas -+ @ (g4, Ug) (§§ 18 u 19),
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10. Homorpamma ¢ OpHeHTHPOBaHHBIM HENDPO3PAYHbIM TPaHCIAaPAHTOM;

fi2 —f7 = fas —lfs = [s56 — fo (5§ 5 u 18),

g2 — g7 = 834 — 8s = &s56 — &9

fiz —fs = [as — 6, (s 18),
812 — &5 = 31 — Lo ‘.

fio —Fs =fis —fe =F1a — [, (§ 18),
Fodfefs+ e+ fs+fs=0 (§18),

11. Homorpamma ¢ OpPHEHTHPOBAHHHIM NMPO3PAuHbLIM TPaHCIAPaHTOM:

fiz = fzs =134 —fs,10 = fss — [11, 126 § 18, puc. 26),
gi2— 8718 = 834 — g9, 10 = 856 — &11, 12
fiz — Fi+on, a+2n = f2k—1, 26 — f2k—1+2n, 2k+2n, (5 18),

g12 — G1+2n, 2+2n = 82k—1, 2k — &2k—1+2n, 2k+2n»
k=23 ..., 1

g2+ F (a7, fra + fss + fo) = gas + @ (g, fa4 + fss + fo) (§ 19),
fa=F (F1i2 + 56 + [or 12+ gas + &s) (§ 18),

F12f3f28fe 1 [1556G7580 + hrsho =0 (§ 18),

fiztfas+fss =7+ s+ o (§ 18),
fitfatfatftis+fe=FfH+lst+ o (§ 18),

fiz — fs6 = fas — fra
812 — 856 = 34 — 818

f2=F (liz + fas + [s6: 12 + &34 + &s0) (§§ 5, 18 u 30),
fr=h+f+fs+T+fs+]s (§§ 18 u 30),

(§§ 5, 18 u 30),

KaHoHHYecKue (GOpMHl M3 MyHKTOB 7 H 8.
12. HomorpaMMa ¢ TpaHcnapaHTOM OOGLIEro BHIA:
(fas — f12)? 4 (@34 = §12)* = (F11, 12 — fo, 10)* + (11, 12 — &9, 10)%
(fss — f12)? + (@56 — &12)2 = (f13, 14— fo, 10)* + (€13, 14 — &o, 10)%
(fr8 = [12)? + (875 — &12)* = (f15, 16 — fo, 10)* + (Q15/ 16 — &o, 10)%  (§ 19),
(fs6 — f34)® + (56 — g34)> = ([13, 14 — 11, 12)> + (€13, 14 — €11, 12)%
(F7s — f34)? 4 (@75 — €34)*> = (F15, 16 — [11, 12)? 4+ (€15, 16 — &1, 12)*

lu,vl U t{[ 1
IR (§ 19).

usvs us vz 1
uv u v 1




CITHCOK HOMOIrPA®HPOBAHHBIX 3ABHCHMOCTEMH

1. Ceryatass HOMOrpamma:
Afi2 = F (1, Ps), Afa =0 (1?1» b3) (§ 34, puc. 56).
2. HoMorpaMma H3 BhIpaBHEHHBIX TOYeK € TpPeMs GHHADHBIMH NOJSMH:
taba. 5 (§ 33, puc. 52).

3. Homorpamma H3 BbIpaBHEHHBIX TOYEK C IBYMs NapaJjJeJbHBIMH IIKaJdaMH
H IIoJIEM:

uA__] —B In (C—u)

T—a=T1 (§ 3, puc. 5),
8C = 100 [1 — RYo—25 A/ 40.1340,75 /R (Vr?—O,l)] (§ 8, puc. 15),
Taba. 2 (§ 33, puc. 50),
bh+mh?
2 0,223 —0,031 —_—
K =50 (bh + mh?) (__f’_";’"L) '\/b+z NiTmih
b+24MT+m?h (§ 33, puc. 53).

4, HoMorpaMma M3 BLIDABHEHHHIX TOYEK C JBYMS NapaJjesJbHBIMH
KDHBOJIHHE HHON LIKaJaMH:

H OHHOM
Au+B(e*—1)—ue* =0 (§ 3. puc. 4),
3Q =100 [l _ (ot "6 VT — 4m)?
@+ 2vVTFm)"
5. HOMOl‘paMMa U3 BbIDABHEHHLIX TOYeK C TPEeMsi mapaJJeNbHbIMH IIKAJaMu:
0t = 44848 [0,25 arccos (1 — 2nkp) — (0,5 — Mkp) VMxp (1 — Np) 1°
'\/nKp (1— ‘nxp)

] (§ 8. puc. 14).

(§ 23, puc. 34),

6. HoMorpaMma W3 BHIDaBHEHHBIX TOYEK C JIBYMS [apaJJesbHHEMH U ORHOL
NpAMOJIHHEAHOH HaKJIOHHOH IIKasJaMu:

v = 4/3,6 2405 (§ 24, puc. 36).
7. HomorpaMma u3 BHIDABHEHHHIX TOYeK /AT CHCTEMHI YpaBHeHHI:

w = 4507, z = ul*p?3, t =u’o? (§ 35, puc. 57),

Taba. 3 (§ 33; puc. 51).
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8. HomMorpamMma ¥3 BhHIPaBHEHHBIX TOUEK COCTaBHA::

_ lg x — AxB

4 =100 o x (§ 8, puc. 10),
n d?v 32vu vd

Q = T o= m, __’\’——2400 (§ 8, pHc. ]6),
A= 5g , AH=A—B (§ 25. puc. 38),
v = 2,5u%8u03u s 09 (§ 26, puc. 39),
Prp (tep) = P tep =t/ + 2+ 2871072022 (§ 36, puc. 60),
tabauna u3 paGorsl [27] (§ 33, puc. 54).

9. IMpucnocoGasieMast LUPKyJbHAsT HOMOrpamma:
as=a; +ay+ o3+ o, +as (§ 28, puc. 43),

10. ITpucnoco6aisieMass HOMOTpaMMa M3 PaBHOYNAJIEHHBIX TOYEK OXHOrO ypas-

HeHHUS:
a5 =a; + 02 + a3 + a4 (§ 27, puc. 41),
2KHT (1+7H]T) Tl 1
B=2 145,98 B Ig — (§ 32, puc. 48).
Sln—;l—T—

11. TpucnocobasieMass HOMOrpamMMa H3 paBHOYJAAJIEHHBIX TCYEK JJISi CHCTEMH
ypaBHeHHH:

Q — 76i0,5b2.6|6nl.616 (] + 2,")—0,6]6,
0= 76[0,5b0,616,n0,616 (1 + 211)—0,616
M = bxR, (hy — 0,5x), RaFa= bxRy, x << 0,55k, (§ 3, puc. 7).

(§ 3, puc. 6),

12. Bapuuentpuyeckass HOMCrpamma:

40 7
B=Tuvtga, T2+T=—3—'m (§3,PHC.8).

os=0;+ o+ 03+ 0, (§ 29, puc. 44),

Lug = 0,73 Kamtn £ KalMe 1o 500 — 073 (1sy - g 1 4;”_“”1 -
B H
_ _ Kym, + Ksms
1,5 (m, m,,)( o KB) lg ~Ama (§ 32, puc. 49).

13. PomGounasnbiast HOMOrpamMma:
70,2D7—2,2 _ d_\"8% o _gj7—1_ 0,183
10 =F (p, “)(0,019) BT CT ™',
]60,45'—5,8 =0 (p, €) %75 p—1:5,,—0,75
u = 0,715A23pl2Cc~1/6p*Bp=1/3
J =01+ 0+ a3 4 04+ 05+ as

(§ 36, puc. 58),

(§ 3, puc. 7),
(§ 30, puc. 45),
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14. HomorpamMMa € OpHEHTHPOBAHHBIM HENPOSPAYHHLIM TPAHCIAPAHTOM?

1 p2sm-0n-075 VR fVI-o,x) R

n

=

Q = d2[0,25 arccos (1 — 21) — (0,5 — ) Vn—nZlo,  (§ 31, puc.

—d 0,25 arccos (1 — 21) — (0,5 — 1) Vn — 2

R arccos (1 — 21)
trp = +z+ 28/7100,2D'—2,2’
1,5110,4E’ —5,8 (§ 36; puc.
Prp(trp)——-Pn—Z'lO’ ’
o=A(B —1) (§ 8, puc.
n=oo
212 (_l)n —(nn/L)? T nm
T+—n—2 Z—n2—(1—3 )cosT(L—-l)
Fr= '.l=,i=oo (§ 33. puc.
212 (—=1)" — (/L) nmw
T+ o) PP (l-—e (nn/)T)Cos—L—l
n=|
=0+ 0+ a3+ a4 a5 - (§ 13, puc.
15. HomorpamMma ¢ OpHEHTHPOBAHHLIM MPO3PauHbIM TPAHCHAPAHTOM:
g =0+ 0+ a3+ o+ o5+ as (§ 30, puc.
a b [
w=u+v+:+—v-+ﬁ (§8, puc.

16. HomorpamMma ¢ ‘rpancrnapasHToM obIimero BHaa:
wo, w4 vy 1
Uy Uz vy 1
U3zU3 Uz U3 1
w u v |1

=0, (§ 19, pxe.

47),

59),

13),

28).

’46)v

12).

30).
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