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COCTABHA IIOBEPXHOCTD,
BJIN3KASA K ICEBJOMHWHUMAJIBHOU

JlanHas myOnMKaius MpoaoDKaeT cepuio paboT aBTOpa O MOJECTHPOBAHUM Jie-
(hOpMHPOBAHHOTO JIENECTKa OCECMMMETPUYHOr0 Mapadosinyueckoro peduexropa.
Cxema MozenupoBaHus GopMel Ae()OPMHPOBAHHOTO JIETIECTKA CETEIOIOTHA Oce-
CUMMETPUYHOTO pediiekTopa, npemtoxentnas B.M. I'psaukom u B.U. JlomaHOM,
pa3paboTaHa Ul M30TPOIHOTO YIPYroro MaTepuaia, MPUKPEIUIIeMoro K mapa-
0O0JIYEeCKNM XKECTKUM pedpaM, U He BUIHO CIIOCOO0B aIanTHPOBATh €€ IS OpTO-
TPOITHOTO CETENOJIOTHA C HHBIMHU CIIOCO0AaMH 3aKpeIuIeHns1. ABTOPOM B ITyOJIHKa-
muax 2016 roga mpemioxkeHa METOIMKa MOAEIUPOBaHHsS (OPMBI OPTOTPOITHOTO
yIpYroro MaTepuasa, OCHOBaHHAs Ha UCIIOIb30BaHUU TIOBEPXHOCTH, [Tl KOTOPO
OTHOILCHUE TTIABHBIX KPUBU3H €CTh BEJIMYMHA MOCTOSIHHAS (BBIpaXKaroIlasics de-
pe3 oTHomIeHne K03 (UINEHTOB PacTsHKEHNS MaTepHaia B AByX OPTOrOHAIBHBIX
HalpaBJIeHNsIX. Takas HOBEPXHOCTh Ha3BaHA IICEBAOMUHUMANBHON. B ykazaHHBIX
Iy ONIUKAIIAX METOIUKA aIalTHPOBAHA 0] KOHKPETHYIO CHTYAIHIO, ONMCAHHYIO
I'psarkom 1 JIomaHOM (JIETIECTOK CETEIIOJIOTHA OCECHMMETPHYHOTO Pe(IIeKTOpa).
ABTOpPOM pelIeHs! BOIPOCH U Oonee obIero xapakrepa. JlokazaHna Teopema cy-
LIECTBOBaHMA (LIMPOTa Kjlacca ICEBJIOMUHMMANIBHBIX IOBEPXHOCTEH OKa3aiach
Takas e, KaK ¥ JUIi MUHUMAJbHBIX HOBEPXHOCTeH — Be (DYHKIUH OJHOTO apry-
MEHTa, TO €CTh — B NPUHIUIE — NCEBAOMUHUMANbHAs MOBEPXHOCTh YKa3aHHOTO
Beca ONpejeieTcs TpaHNYHOHN JruHKeH). [laHHBIe 0 DIMPOTe KiIacca JOMYCKAIoT
MHOE HCTOJIKOBaHME: BO3MOXKHOCTH (TeopeTndeckas!) MOCTPOHTh COCTaBHYIO
MICEBAOMUHUMAIBHYIO TIOBEPXHOCTD, MPUCOEINHSS K OJHOM IUIOCKON JIMHHU Cce-
MEWCTBO JIPYTHX IUIOCKHX JHHUH. [IprMep mocTpoeHus Takoil IToOBepXHOCTH (OHa
3aJ1aeTcsl BEKTOP-(QYHKIUEH) CTPOUTCS B TAHHOH cTaThe. 7151 3TOM jke MOBEPXHOCTH
CTPOUTCS SIBHOE 3a/laHue. JTO OTKPBIBAET BO3MOXKHOCTU AJISI MOJEIMPOBAHUS I10-
BEPXHOCTH OPTOTPOIHOTO MaTepHaa IpH BEIOOPE MHBIX CIIOCOOOB 3aKPEIUICHUS.

KiroueBble clI0Ba: 21a0Kkas NoGepXHOCMb, 21AGHbIE KPUBU3HBL, OPMOMPONUs,
nCceB00CPeOH s KPUSU3HA, 3a0aHue NOBEPXHOCMU NOCPEOCMEOM ceMelcmea 00-
PasyIoOuUX KPUBLIX, A6HOE 3a0AHUE NOGEPXHOCTIU.

1. [TocTaHoBKAa 3a1a4n

ABTOp NpOJOIDKAET MCCIIENOBaHIE O MOACIMPOBAHUH JIe(pOPMUPOBAHHOTO JICHIECT-
Ka OCeCHMMMETPHUYHOro mapabosudeckoro pediekropa [1-6]. Cxema MoaenupoBaHHs
¢dopmbl IehOpMHUPOBAHHOTO JIEMIECTKA CETENOJIOTHA OCECHMMETPHYHOrO peduiekTopa,
npeasioxKeHHas B [7], paspaboTaHa Juisi H30TPOITHOTO yIPYroro MaTepHuaa, i He BUIHO
CIOCO0O0B aIaNTHPOBATh €€ JUIsl OPTOTPOIHOTO CeTenosoTHa. ABTOpoM B [1, 6] mpex-
JIO’KEHa METOJJMKa MOJICIUPOBAHMSI (POPMBI OPTOTPOITHOTO YIPYTroro MaTepHana, OCHO-
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BaHHasl Ha MCIOJIb30BAaHUM MOBEPXHOCTH, AJIS KOTOPOH OTHOIIEHHE TJIaBHBIX KPUBHU3H
€CTh BEJIMYMHA OCTOSIHHAsI (BBIpaXKaIOIIasicsl yepe3 OTHOLeHne Kod(duieHToB pac-
TSOKEHUSI MaTepuana B JBYX OPTOTOHAIBHBIX HANpaBIEHUAX. Takas MOBEPXHOCTh Ha-
3BaHa NCeBIOMUHMMANbHOU. B [1] MeToauka agantupoBaHa MOJ KOHKPETHYIO CUTYya-
IIUIO (JIETIECTOK CETENOJIOTHA OCECHMMETPUIHOTO peduiekropa). Pabora [6] mocssimena
BompocaM Oosee oOmero xapakrepa. [lokazaHa TeopeMa CyIIECTBOBaHHUS (WIMPOTa
KJlacca ITICEBJIOMUHMMAIIBHBIX MOBEPXHOCTEH OKas3ajach Takas XKe, KaK M Ul MHHH-
MaJIbHbIX IIOBEPXHOCTEH — /B (PYHKIMM OJHOTO apryMEHTa, TO €CTh — B IPHHIUIE —
TICEeBIOMHHHAMAIIFHAS TTOBEPXHOCTh YKa3aHHOTO Beca [6] ompenesnseTcss TpaHuIHON -
Huel). JlaHHbIe 0 MHPOTE KIacca JOMyCKaloT HHOE HCTOJIKOBAHKE: BO3MOXKHOCTH (T€0-
perndeckas!) TMOCTPOUTH COCTaBHYIO TICEBIOMHHHMANBHYIO HOBEPXHOCTH, MPHCOEIU-
HsI K OJIHOM IUIOCKOH JIMHUK CEMEUCTBO APYTUX IUIOCKUX JUHUM. [Ipumep nocrpoenus
TaKOW MOBEPXHOCTH (OHA 3a7aeTcs BeKTOp-(QyHKIUEH) CTpOUTCS B AaHHOI craTbe. Jlis
3TOM K€ TIOBEPXHOCTH CTPOUTCS SIBHOE 3a/1aHUE.

B paGore [1] npumeHeH cnocod MOJEIUPOBAaHKS OPTOTPOITHBIX CBOWCTB JIETIECTKA
CETEeNOJIOTHA OCECUMMETPUYHOTO pedIIeKTOpa, OCHOBAHHBIA Ha 3aBHCHMOCTH OTHOIIIE-
HUSI TJIaBHBIX KPUBHU3H TIOBEPXHOCTH CETEIOJIOTHA OT KOA(PQUIIMEHTOB PACTSDKEHUS B
YKa3aHHBIX HaNpaBICHUSIX.

Ha sToM myTn aBTOp mpwIeN K MOHSATHIO TICEBIOCPETHEH KPUBU3HBI U IICEBIOMH-
HUMAaJIbHOHN MIOBEPXHOCTH [6]. A IMEHHO, €CITH TJIaBHBIE KPHBHU3HEI IIOBEPXHOCTH

Sir=ru,v)eC?

ynopsijoueHsl Homepamu (k; u k, ), To ceBIOCpeaHel KpUBU3HOM Beca L Ha3bIBaeTCs
BEJIMYHHA
H, =k +Lky,,(L=const, L#0),
a TIOBEPXHOCTb, JJIsT KOTOPOM
H, =0, (1)

Ha3bIBAETCS IICEBAOMUHUMAIBHON NOBEPXHOCTHIO Beca L. SIcHo, uto npu L =1 momy-
YaeM MUHHMAJIbHYIO TIOBEPXHOCTb.

Ecnm oTcyTcTBYeT MpaBuiIO yNOPSIOUECHHUS TIIABHBIX KPUBU3H, TO, IMES B BHIY YC-
JIOBHOCTh HyMepaluH, FOBOPUM 00 OCIa0JICHHOM YCJIOBUM IICEBIOMHHHMAIbHOCTH B
BUJIC

(ky+Lky )(Lky +ky) =0,
KOTOPOE, OUEBUIHO, OT IEPEMEHbI HOMEPOB He MEHseTCS.

Ilycts gy1,812>82 — K0dbUIMEHTs! epBOi KBaApaTU4HOH (HOPMBI HOBEPXHOCTH

2, a by,b,,b,, —kodbdHUIHEHTE BTOPOi KBaapaTuaHOM dopMbl. Toraa ocaabieHHOS

YCJIOBUEC IICEBAOMHWHUMAIBHOCTH BECA d 3alIUIICTCA [4] B BUJC

L(2by5815 = 811bys —b11820)" + (1= LY (Byybyy = b (211820 — 25) =0 . (@)

CoO0TBETCTBEHHO O€3pa3MEpHBINA MOKA3aTENb ICEBIOMUHUMAIBHOCTH C BECOM L

2
8(u,v) = (2big1y ~ 8110y —b185p)* _ (1-L) .
(b122 —=by1by, (21182 _8122) L
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2. ITocTpoenne MOBEePXHOCTH

B [1, 2] cocraieHo auddepeHnnanbHoe ypaBHEHHE, pEIIEHNEe KOTOPOTO MO3BOJISET
MIOCTPOUTH TICEBJJOMHUHUMAIBHYIO MOBEPXHOCTH, MIPOXOSIIYIO Yepe3 cedeHue mnapado-
JouAa BpAIIEHUS ABYMS IUIOCKOCTSIMH, NMPOXOASIIUMH 4Ye€pe3 OCh €r0 CHUMMETpPUHU.
YpaBHeHue B 001IeM ciIydae pemaercst MpuOIIKeHHO. YKa3aHHas HOBEPXHOCTh MOXKET
OBITH OTHECEHA K COCTABHBIM ITOBEPXHOCTSIM: OHAa 00pa3oBaHa OJHONAPAMETPHUYECKUM
ceMeiicTBOM mapa0oi1, «ITOAKIEEHHBIX» CBOMMH BEPIIMHAMH K ONpENeIeHHONW uHun G
(«rpeOHEBast TMHAA») — OHA W OIPEIeIIeTCs YIIOMSIHYTHIM T QepeHINATEHEIM ypaB-
HEHHUEM.

BozHukaeT BOmpoc 0 MOJAETUPOBAaHUHN [ICEBIOMHUHUMAIBHON ITOBEPXHOCTH (XOTS OBI
MPUOJIMKEHHO), TIPU 3TOM MOXHO OOOWMTHCH 0OOJiee CKPOMHBIMH CPEACTBAMH: OOBIYHO
9TO ympoulaeTr uccienoBanue. IMeHHo, mycTh «rpeOHeBast IuHU» G — 3a/1aHHas Mapa-
OoJia 1 K €€ TeKylIeil TouKe «IOAKIeHBaeTC s napadosia, 3aBucsas OT TOYKH IPUKPe-
TUICHHS TaK, 4TO ycinosue (1) BeimonHseTcs Baoab muHu G (puc. 1). Bonpoc B ToM, Ha-
CKOJIBKO TOYHO IIPH 3TOM BBINIOJIHSETCS XOTs OBl ociabieHHoe yciosue (1.6) yxxe BIonb
MIOBEPXHOCTH.

I'peOHeBast muHUS

Puc. 1. Cxema OCTPOCHHUSI COCTABHOM MTOBEPXHOCTH
Fig. 1. Scheme of constructing the combined surface

Cxema MoCTpoeHHsI MOSICHEHa Ha puc. 1. 3amTpuxoBaHa 4acTh HOPMAaJIbHOH ITOC-
KOCTH I'peOHeBOll auHMU. BEeKTOpBl e, COCTaBIIOT OpTOroHalmbHBIN pemnep. ITyHkTuUp-

Hasl TUHAA — «IIOAKIICCHHAS TTapadoiiay.
I'peOHeBast TUHMS MYCTh 3aaHa BEKTOP-(GyHKIHUEH

r :{t,O,atz}, a=const,a>0.

Kpususna pasaa
i = 2a

© Veade

e, =r'(t), e5={0,1,0}, e, =[e;,¢]
Pagnyc-BekTOp TEKyIe TOUKM MPUCOSTUHEHHON apaboIb
P(t,u)=r(t)—h(t)u’ Ey(t) + uEs (1) .

basucHble BEKTOPHI
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Takum obGpaszom,
P(t.u)={t-2au’h(t), u, at® +u’h()} 3)
VYcnosue (2), mpuMEeHEHHOE BIIONH TPEOHEBOM TMHAN, TaeT HAM YpaBHEHHE
L*ha+ ha+4ha’t* + Lh* + La* +96 L a*t* + 256 Lh?a’t® + @
+16 LI a’t* + 256 Lk*a®t® + 417 ha’t® +8Lha’t* +32Lha’t* = 0.

YpaBHEHHE BTOPOH CTENEHN OTHOCUTEIBHO /() . JIMCKpUMUHAHT paBeH
2
& (1+4a°2 ) (L-1)* (I +16La*t* +2L +1).

CoBnajieHre KOpHEH paBHOCHIIBHO TOMY, YTO BJIOJb TPEOHEBOH JIMHUM CyMMa INIaBHBIX
KPHBU3H paBHA HYJIIO.
B kagecTBe epBOT0 KOpHS YpaBHEHUS (4) mpuMeM

(—8La2t2 -2 16La* P +16 %P +1-212 + [} — 324221 )a
h(t) =

2L(1+8a2t2 +16a*t* )(1+ 4a2t2)

Torma mpu a =1 s pa3nuuHbIX 3HaueHUHd L moiydaem moBepxHocTH (3), U300pa-
JKCHHBIE Ha pHC. 2.

1

Puc. 2. [ToBepxHOCTH, MPUONMKEHHO NCEBJOMUHIMAITBHbIE
mpu L = 0.4, 0.6, 0.8, 1.0 (oueperHOCTH CBEPXY BHU3)
Fig. 2. Surfaces approximately pseudominimal
at L =0.4, 0.6, 0.8, and 1.0 (from top to bottom)



CocrasraA T10BEPXHOCTS, O1m3KaA K NICEBAOMUHNMATBHOIT 9

Bekrop-¢ynkius (3) cIMIIKOM CIIOXHA JUIs AajbHEHIIero aHanu3a, W Uil Heé
CTPOUTCS APOOHO-pAIIMOHATIEHOE TPUOIIIKEHIE
Po={X.Y.Zs} . &)
3nech
t1LfL%?+ULa%2+48ﬁa%4+48Ld%4+64ﬁa%6+
Y. - +64La’° + I* + L+16a*u” Le* + 2a*u* L+ 2a°u®
5T 2,2\3 ’
(L+1)L(1+4a%)
Y =u, (6)
. 641718 a® + 64 L% a® +481%°a* + 48L1°%a* +121%t%a* +
+ 1204 + P2 + L - 8u*La®? —u*L-u?

7. =
’ (L+1)L(1+4a%3)

OtHOCHTEIIbHAS NOTpeHIHOCTD ITOCTPOCHHOI'O HpI/I6J'II/I)K€HI/I$[ OLCHUBACTCS BbIPAKECHUCM
|P—P|
E=——.
7]

3nauenus norpemroctu mpu a =1 u L €{0.6,0.7,0.8,0.9,1.0} npusenenst Ha puc. 3.

Puc. 3. OtHOcuTenpHas norpemHocTs € At L =0.6,0.7,0.8,0.9,1.0 (ouepeqnocts
cumsy BBepx). st L e{1.0,1.1,1.2,1.3,1.4} pesyibTar aHaTOTHUHBIA

Fig. 3. Relative error € for L = 0.6, 0.7, 0.8, 0.9, and 1.0 (from bottom to top).
For L = {1.0, 1.1, 1.2, 1.3, 1.4}, the result is similar.

Bespasmepnsiit uHmekc ncesmoMuHUManbHOCTH it a =1 u L € {1.00,1.05,1.10,
1.15,1.20} npencrasieH Ha puc. 4. JtoT xe ungekc st a=1 u L e{0.6,0.7,0.8,
0.9,1.0} mpuBenen Ha puc. 5. Mcrons3oBanne BTOPOTo KOPHS ypaBHeHHs (4) B KadecT-

Be pyHKIMU A(¢) NPUHINIHATEHO KapTHHY HE MEHSET.
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1.0-1073 7

1.5:1073

Puc. 4. bezpa3zmepHblii HHAEKC MICEBAOMUHUMAIBLHOCTH
it L =1.00,1.05,1.10,1.15,1.20 (o4epemHOCTH CBEpXY BHHU3)

Fig. 4. Dimensionless index of pseudominimality
for L =1.00, 1.05, 1.10, 1.15, and 1.20 (from top to bottom)

—0.01+

—0.02 +

—0.03 1

Puc. 5. be3zpa3zmepHslil HHAEKC NICEBIOMUHUMAIBHOCTH IS
L =0.80,0.85,0.90, 0.95,1.00 (ouepenHOCTH CHHU3Y BBEPX)
Fig. 5. Dimensionless index of pseudominimality
for L =0.80, 0.85, 0.90, 0.95, and 1.00 (from bottom to top)
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3. 3agaHMe MOBEPXHOCTH ABHBIM YPaBHHHEM

B HEKOTOPBIX ClIydasaXx 3aJlaHuC IMOBEPXHOCTU KaK roaorpa(i)a BeKTOp-(l)yHKL[I/II/I HC
CTOJIb yZ[O6HO KaK HUCIIOJIb30BAHUC YPABHCHUSA BUAA

z=f(xy). ™
Hannuune ypaBHeHui (6) MO3BOJSIET PEMIMTH STOT BOMPOC JOKAIBHO M IPHOJIMIKEHHO.

B OKPECTHOCTHU Hadala KOOpAUHAT HpI/I6J'II/I)KCHHOC pa3pelIeHue MNEpBbIX JABYX YpaBHC-
HUI MPpUBOJAUT K COOTHOIICHUIO

t~T =x-22

2xy? +8a4 (L+3)xy? +Axa4y4 64 Fa® (L+3)y*
+L I *(L+1)
VYpasuenue Buaa (7) moiydaem, BHeCS B TpeThe M3 ypaBHeHHH (6) 7 BMecTO t M Y

BMECTO U . Pe3yJ’IBTaT MOACTAHOBKHU HC NPHUBOAUM BBULY KpaﬁHeﬁ T'POMO3AKOCTH. I[J'IH

6
a=1, L= 3 MIPUBOJMM H300pakeHue MoBepxHocTH (5) u noBepxHocTH (7).

SN

ARG

R

P

RN
@

Puc. 6. 300paxenue moBepxHocTH (5) (KpynHast KJIeTKa)
1 moBepXHOCTH (7) (MeTKast KJIeTKa)
Fig. 6. Image of surface (5) (large squares)
and surface (7) (small squares)

4. 3ak04enue

ABTOp moJIaraet, 4To MpeaioKeHHas paboTta (Hapsmy ¢ NMPEALICCTBYIOMMMH) CITy-
JKHT TIPOSICHEHUIO MTOHSTHUS TICeBIOMHHIMAIIBHONH MOBEPXHOCTH, CIIOCOOOB e¢ aHAINUTH-
YECKOTO TOCTPOCHUS (MPUOMMHKEHHO) W MCTIONB30BAHMS U MOAETHPOBAHUS (POPMEI
HOBEPXHOCTH YIPYTOro OPTOTPOIIHOTO MaTepHana.
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This publication continues the series of the author’s papers on simulation of a deformed petal
of an axisymmetric parabolic reflector. V.M. Gryanik and V.I. Loman proposed a simulation
scheme for the deformed petal shape of the metallic mesh axisymmetric parabolic reflector. The
scheme was developed for an isotropic elastic material attached to parabolic hard edges and there
seem to be no method to adapt it for an orthotropic metallic mesh with other methods of fixing.
The author’s papers of 2016 propose a shape simulation method for an orthotropic elastic
material. The method is based on using a surface for which the ratio of principal curvatures is
constant (expressed by the ratio of the stretching factors of the material in two orthogonal
directions). Such a surface is called pseudo-minimal. The method is adapted in these papers to a
specific situation described by Gryanik and Loman (metallic mesh petal of an axisymmetric
reflector). The author has also solved more general problems. The existence theorem has been
proven (the latitude of the class of pseudo-minimal surfaces is the same as for minimal surfaces,
namely, two functions of one argument; basically, a pseudo-minimal surface with a specified
weight is determined by the boundary line). The data about the latitude class data allow other
interpretation: a composite pseudo-minimal surface can be (theoretically!) constructed by
attaching a family of flat lines to one flat line. An example of such a surface (given by a vector
function) is constructed in this paper. The same surface is constructed in an explicit form. This
opens possibilities for simulating an orthotropic material surface when choosing different
methods of fixing.

Keywords: smooth surface, principal curvatures, orthotropy, pseudomean curvature, plotting a
surface by a family of generating curves, explicit surface plotting.
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