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B crarbe npuBegeHo cpaBHeHue pesynbratos CBY-monenuposaHus BYX MUKPOMNONOCKOBBIX
CQHTEHH, BbINOJIHEHHbIX C MOMOLLbIO MATU NPEAHASHAYEHHbIX 415 3TUX LieNiel LUUPOKO
PAcnpoCTPaHEeHHbIX KOMMEPYEeCKMX NPOrPaMMHbBIX NMPOAYKTOB U O/HOIO HOY4YHOrO NnaKeTa
co06CcTBEHHOW paspa6oTku. ABTOPbI NPUIOXKUIN MAOKCUMYM YCUIIUIA, YTOGbI FAPAHTUPOBATDL
Haubornee onNTUMANbHOE UCMOJIb30BAHME HACTPOEK M BO3MOXKHOCTEH KCDKZA,0M NPOrpammbl as
BbISIBJIEHMS PA3NIMYMIA B MOJSTy4YEHHbIX pe3ynbrarax. JlJaHHoe uccnesoBaHue nopYepKuBaeT
Heo6X0AMMOCTb NOHUMAHUS MPUHLMMOB TPEXMEPHOIO MOAENMPOBAHUS SNEKTPOMArHuTHbIX (EM)
nosie U 4eMOHCTPUPYET CBOMCTBEHHbIE MeToAaM Hegocratku. Kpome Toro, npeanoixeHnl
HEKOTOpble PeKOMEHAALUU, KOTOPbIe MOTYT YNPOCTUTL HaYanbHbIM BbiIGop EDA-npoaykToB

ana EM-mopenupoBaHus.

BeepeHue

B Hacrosiiee BpeMsi MHOTHE pa3paOOTINKK aHTEHH
UCIONB3YIOT CriennanusupoBannbeie EDA-mporpammbr
nist EM-pacderoB. B ocHoBe pa6oTbl HO06HBIX TIPO-
IPaMMHBIX IIPOIYKTOB JISKUT YUCIICHHOE PEIlIeHIe YPaB-
HeHMit MakcBeuta B HHTErpaIbHOM win guddepeHnm-
apHOM popme. OCHOBOIOJIATAIOIIIMIT METOT PEIIICHHS,
HECOMHEHHO, BiuseT Ha 3(eKTUBHOCTh U TOYHOCTD,
C KOTOpbIMU MOTYT 6I>ITb CMOJIETTUPOBAHBI T€ NI NHBIE
BBICOKOYACTOTHBIE KOMIIOHEHTbI. OJHaKO KOMMepyec-
KUt BHTepeC B 60JIbIIIel cTereHn (POKyCUpyeTcst He Ha
MOOOHBIX TEOPETUYECKHX CY)KIEHUSX, @ Ha OCTYITHBIX
MeTOfIaX IIpefICTaBIeHus pe3yabTaToB. [loaTomy y moms-
3oBatesneit EDA-TIPOIyKTOB MOKET CJIOKUTHCS BIIEIaT-
JIEHW€, 9TO UMEIOIINNACA B HAIMIUHI TOT WIIA MHOU IPO-
IPaMMHBIIT TAKeT CIIOCO6EH IPeIOCTaBUTh CTPOToe pe-
LIIeHHe 1151 33719 QJIEKTPOIUHAMUKH JTH000I CIOXKHOCTH.
JaHHas cTaThst Hpu3BaHa cGOPMUPOBATH Y YUTATEIIS
TIPaBIJIBHOE TIPEJICTaBIeH e M0 JAHHOMY BOIIPOCY, 1 TI0-
9TOMY (HOKYCHPYeTCsI, ITaBHBIM 06Pa3oM, Ha BO3MOJK-
HOCTAX U OTPaHUYECHUAX METOLOB HpI/IKJIaI[HOfI OJIEKT-
ponunamuku. [TpencraBiaeHHbIC IPOTPAMMBI JJIS pac-
veroB EM-Ti0J1eit 6a3upyroTcst Ha pasImIHbIX METOJIMKAX,
a IMEeHHO: Ha MeTojie MoMeHTOB (MoM), MeToyie KoHed-
ueix asemenToB (FEM) 1 MeTosie KOHEYHOTO MHTETPH-
posanust (FIT). lanHas cTaThst OrpaHUYMBACTCS OLIEH-
KO KauecTBa paciera K09 HUnnenTa BO3BPaTHHIX 110~
Tepb aHTEHHBI, OCTABJIsAA YUTATEIIO0 CPAaBHEHNE TAKUX
XapaKTepPUCTHK, KaK COOTHOIIICHNYE IIeHbI ¥ Ka4ecTBa MIN
y106CTBO HOJIB30BATEIbCKOTO HHTepdeiica.

cdeHMBueMble nporpammHbie nakeTbl

CHavaJia 6bLIO BBIIOJIIHEHO CPaBHEHNE BO3MOKHOC-
reit mporpamMsl MAGMAS 3D, pa3paboTaHHOI /151 Ha-

yuHBIX etelt B Katommaeckom yHEBepcuTeTe JlloBeHa

(Bemprust), ¢ ApyruMu KOMMEPYECKUMHE IIPOTPaMMaMH,

HCIIOMB3YIONIME MeTox MOoMeHTOB (MoM). Heckob-

KO TI03/JHee B HACTOSIIUIT 0630p OBUIH BKITIOUEHBI pe-

3yJIBTATBI, TIOJTyYeHHbIE C HOMOIIIBIO IIPOrPAMM, UCIIONb-

sytomux FEM- u FIT-meronpr. Huske mepedncieHsr cpas-

HUBaeMble IPOrpaMMBI s pacdeta EM-3ajadq, roe

TiepBBIe YeTbipe MoM-T1akeTa pacrososKeHbl B HOPsIKe

BO3PACTAHUS CJIOKHOCTU TEOMETPUHU PaCCYUTHIBAEMbBIX

CTPYKTYD:

1. ADS Momentum [1] mpemocraBisieT pa3sHOCTOPOH-
HYe HaCTPOUKH 110 KOHTPOJIIO Haslo>keHus ceTku. CeT-
Ka MOKeT KOMOMHHUPOBATh HE TOJIBKO TPEYTOIbHUKA
U IPSIMOYTOJIbHUKHY, HO U IIOJIUTOHBI JTI060H CI0XK-
HOCTH. DTO I03BOJISIET CYIIECTBEHHO COKPATUTD KO-
JIMYEeCTBO MEePEMEHHBIX JUIS PacdeTa IIOCKOCIOUCTBIX
CTPYKTYp, TeM CaMbIM YCKOpsisi BerauciaeHust. OnHa-
KO MOJIeIMPOBAHUIO TIOJTHOCTBIO TPEXMEPHBIX CTPYK-
TYP IPENSATCTBYET HeCIOCOOHOCTh PACCIUTHIBATD /M-
9JIeKTpIIeCcKHe CION KOHEYHBIX pa3MepoB. DTO orpa-
HUYeHNe OBLIO CHATO B ITOCJIEIHEN BEPCHUU ITaKeTa
ADS, xyza 65Ut BKIIodeH Moxyab EMDS, 6asupyio-
LIMICA Ha MeTofle KOHeYHbIX dsieMeHToB (FEM).

2. MAGMAS 3D [2, 3] — HeKOMMepUecKHil Iporpam-
MHBII IIPOAYKT, HCHONIB3YIomuit MoM B criekTpaib-
HOJ 00J1aCTH, U ITO9TOMY OTHOCUTEIBHO OBICTPBIIL.
JlocTyIHOCTb HCXOJHOTO KOZIa TPOrPaMMBbI IIPEIOCTaB-
JISIeT TI0JIb30BATEIIAM MaKCUMAJIBHYIO THOKOCTD HAaCT-
poek. CIIoco6HOCTb PaCCIUTHIBATD OTPAHUYEHHBIE IO
06beMy JIHAJIEKTPUKU B KBa3UTPEXMEPHOM ITPUOIIH-
JKeHIH TI03BOJISIET aHAJTM3UPOBATh 0OBEKTHI C HEOI-
HOPOTHBIMH TUAIEKTPUIECKIMH MOMIOKKAMU.

3. 1IE3D [4] — maker criocobeH pacCYuTHIBATH OIHO-
CTBIO TPeXMepPHBIe 00BEKTDI, HCIIOIb3YsI HEOMHOPOL -
HYIO CETKY, COCTOSILIYIO U3 TPEYTOJIbHUKOB H IIPSMO-
YTOJIHHUKOB.
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4. FEKO Suite [5] mo3BoasieTr MojieiupoBath
MIOJTHOCTBIO TPeXMepPHbIe CTPYKTYPbI, HCIIOIb-
3yst MoM wunu kom6unaruo MoM u FEM Ha
TpPeyroybHOI ceTke pazbuenus. Kpome Toro,
KOMOUWHAIUS METOAa MOMEHTOB C METOIOM
TreOMeTPUYECKOM ONITUKH WIIM eIMHON TeOpUH
nudpaxumu geraer BO3MOXHbBIM EM-More-
JIMPOBAHHUE 0YeHb OOJIBIINX 0OBHEKTOB.

5. HFSS [6] — maker ucnonbsyer FEM-Merop
C TeTpadpaIbHBIM pazOueHeM MoJIeInpye-
MO CTPYKTYPBI. Kayxkmp1it oTIe/IbHBIN dJIEMEHT
CETKH MOJKET COCTOSITh U3 OIPEeIeHHOTO Ma-~
Tepuana, 4To no3possgeT nporpamme HESS
AQHAJIN3UPOBATh OYEHD CJIOKHBIE TeOMETPUU
C Pa3IUYHBIMU IUIJIEKTPUIECKUMH HEOTHO-
POIHOCTSIMU. ABTOMaTH3NPOBAHHBIIN MeXa-
HU3M A[IANITAI[UH CeTKU Pa3OueHsI TO03BOJIS-
eT IPaBIJILHO BOCIPOU3BOAUTH hopMy 06b-
eKTOB 6e3 BMeIIIaTeIhCTBA MOJIb30BATEISL.

Puc. 1. TotoBas k U3amepeHUsaM aHTEHH
HQ OJHOPOAHON NOANOXKE
co cMoHTUpoBaHHbIM SMA-pasbemom

6. CST MWS [7] ucnonssyer FIT-meron, koTo-
PBIi B CITy9ae IPUMEHEHHUs JeKapTOBOM CUC-
TeMbI KOOP/IHAT MOKET PACCMaTPUBATHCS KaK
METOJ] KOHEYHBIX Pa3HOCTEl BO BPeMEHHO 00~
JIACTH, I09TOMY CeTKa BBIIIOJIHEHA B BHJIE IIIe-
CTUTPAaHHUKOB (KyOmdeckoit hopmbl). Berauc-
JIEHVsI BO BPEMEHHOI 06JTaCTH ITO3BOJISIIOT pe-
math EM-3amaqy mys Bcero nanasoHa 9acToT
3a OJIHY UTEpALIHIO, YTO JIEJIAeT STOT METOJ ObI-
CTPBIM [IJIsL PELIEHUS] CBEPXITHPOKOIIOIOCHBIX
3amad. Kpome toro, B maker CST MWS Bxto-
YeH BBIYUCIUTEIbHBIN MO/Y/Ib, OCHOBAHHBII
Ha FEM-MmeTope 1 HCIOIb3y IOl THPAMU-
JAJIBHYIO CETKY, a TAKXKe MOJYJIb JIJIs BEIYMC-
nenuit cobcrBenubix Mox (Eigenmode).

TectoBble
MMKPOMONIOCKOBbIE CIHTEHHbI

B xagecrBe TecTOBBIX CTPYKTYp miist EDA-nake-
TOB OBLIN BHIOPAHEI IIPSIMOYTOIBHBIE MEKPOIIO-
JIOCKOBbIE aHTEHHBI, TIOJTy IMBIITHE IIIPOKOE pac-
IPOCTPAaHeHHe U3-3a IIPOCTOTHI MOMIEIIPOBAHI
u usrorosyienus. [lepsas «kaccuyeckas» IaHap-
Hasl aHTeHHA U3TOTOBJIEHA Ha OMHOPOIHOM TIO]-
JIOKKE 13 BHICOKOYACTOTHOTO JIAMUHATA KOMIIa-
uun Rogers RO4003C (¢ = (3,38—j0.0074) &)
u tonmuHoi 1,524 MM (puc. 1). IIporpamMmsr,
OCHOBaHHbIe Ha MOM, CTPOro MOZIeIUPYIOT 10~

EDA Expert .

€R04003C

Puc. 2. Mukpononockoeas aHTeHHA ¢ AManeKTpUIEcKkoi HeoaHopoaHocTio M3 Matepuana RO3003 nop uanyyatenem
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YacroTa, My

Puc. 3. MamepeHHbie S-napaMeTpbl GHTEHH € ORHOPOAHOM M HEOAHOPOAHON NOANOXKON

5 5,5 6 6,5 7

I0GHbIE CIIOUCTBIE CTPYKTYPBI IIPH YCIIOBUH, UTO
MOMITIOKKA nMeeT GeCKOHEYHO IPOTSHKEHHbIE
pasmepsl 10 ocsiM X 1 Y, HO IMeeT KOHEYHYIO
TONIIKHY 10 OCH Z. BTopast aHTeHHa nMeeT Te
JKe pasMepsl, YTO U TepBasi, HO BHIMOJHEHA
C IPUMEHEHNeM IIOJ U3y IalOI[IM JIEMEHTOM
IPYTOro AU3JIEKTPUKA CO 3HAYCHUEM [IHATIEKT-
PpUYecKOl IPOHUIIAeMOCTH &y = (3.00—j0.0039)g,,.
[Tomo6HbIe TeXHUYECKHE IPUEMBI TI0 H3MEHEHHIO
IUBJIEKTPHIECKUX CBOMCTB MOMIJIOKKY TPUMEHSI-
I0TCSL 7S YOIy IeHNs [arpaMMbl HallpaByIeH-
HOCTHU aHTEHHbI WX [JIS1 KOHTPOJIS B3AUMHOM
CBSI3H PACIIOJIOKEHHbIX Ha MOJIOKKE U3JTyJat0-
ILIUX 2JIeEMeHTOB (8, 9].

MUKpOIIOIOCKOBAS aHTEHHA, COfIEPIKALIAs -
9JIEKTPUKH KOHEYHBIX (ITO71 U3Iy4aTeseM) u Gec-
KOHEYHBIX Pa3MepOB, BJISETCS CEPhe3HBIM HC-
[BITAHUEM JIJISI METOIOB KaK HHTErPaIbHBIX, TAK
u nudepeHnnanbHbIX ypaBHeHuil. [[o Tex mop,
[OKA TUIJIEKTPUIECKast HEOTHOPOIHOCTD JIOKA-
JIM3UPOBAHA ¥ HMeEeT OTHOCUTEILHO MaJible Pas-
MepBI, OHa MOKET OBITh OITMCAaHA KBA3UTPEXMep-
HBIMH 00BEMHBIMI TOKAMH C UCIIOIb30BaHIEM
MoM, Toraa Kak 6eCKOHEIHO «PaCTSIHYTas» OX-
JIOXKKA aHATUTHYECKU PACCIUTHIBACTCS IIOCPe]l-
crBoM yukuuu ['puna. TpynHOCTH 11 MeTO-

53

108 auddepeHHaNTbHbIX YPaBHEHH COCTOUT
B «CIIVBAaHUM» Pe3y/IbTUPYIOIIUX II0JIeH U TOKOB
Ha IPaHHUIIe PA3HBIX IUIJIEKTPHUKOB.

CrpyKTypa aHTEHHBI C HEOTHOPOIHOM TTOJIJTOK-
KOI1 IIpeficTaBjieHa Ha puc. 2. KBagpaTHbIi u3ry-
YaTeJib ¢ padmepamu 15,2x15,2 MM 3alIMThIBAETCA
MEKPOIIOJIOCKOBOM JInHMeH piuHo L = 30,4 MM
u mupuHo 3,8 MM. BostHOBOE conpoTuBieHne
BCell aHTEHHBI TaKKe KOHTPOJIUPYETCS CUMMeT-
PUYHBIME IIPOPE3SAMHU B U3JTydaTesIe C pa3MepaMu
M=5,7mmu S = 0,63 MMm. Hioxusast gacTh aHTeH-
HBI IIPefiCTaBILIeT OO0 CIUIOIIHOM 3a3eMIIeH-
HBI 9KpaH. [IJI MO KII0YeH S H3MEPUTEIBHBIX
IprOOPOB K MUKPOIIOJIOCKOBOI IMHUM Ha KPalo
HOIIOKKY 00€HX aHTeHH OBLI IIPUIIAsH IPSMOI
koakcranbHbIN PCB-pasgpem tumma SMA-550-0-45
(Huber&Suhner) ¢ conporusnennem 50 Om.
I/ISMepeHI/IH IIPOU3BOANIINCH BEKTOPHBIM aHAIN-
3aropoM nereit HP85107B B He60sb111011 6€39X0-
BOII KaMepe ¢ (hepPUTOBBIMHU IIOITIOTUTEIISIMH L
TI0/]aBJIeHNUs] HaBeleHHbIX TOKOB Ha KOAKCHAIb-
HOM Kabeste. Ha puc. 3 n3o6paskeHsl pe3yibTaThl
M3MepeHNsI BO3BPATHBIX [OTeps (mapamerp S11)
7151 aHTEHH Ha OHOPOXHOI MOUIOXKKe (KpacHas
KpHUBas) U Ha HEONHOPOLHOM MOAJIOKKe (CHHSLL
KpuBasi).
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CpaBHEHMe pe3ynbTATOB BbIYMCIIEHUS

PaccunTaHHbIe YacTOTHBIE 3aBUCUMOCTH I1apa-
MeTpoB S11 /I 9acTOTHOTO Mama3oHa or 4,5
10 6,5 I'T'1y Toka3aHs! Ha puc. 4, 5. OTH pe3ynbTa-
TBI 0000111eHbI B Tabmunax 1, 2. MuanManbLHOe
(Fmin) 1 makcumasbHoe (Fmax) 3Hagenust gacro-
TBI IIPU YPOBHE BO3BPATHBIX 1oTepb S11 =10 gb.
Pasnocts Mexxay Fmax u Fmin onpenenser mu-
pUHY 1oJI0CHI mporryckanus npu S11 =-10 nb.
PesynbraThl BEIYMCIEHNI IOKa3bIBAIOT IIPEICKa-
—— MOMENTUM 3yeMoe cMellleHHe Pe3OHAHCHOM YacTOTHI B CTO-
— FEKO pomy 60iee BBICOKUX TacTOT, Korga RO4003C
——— CSTMWS ITOMIJIOKKA JIOKAJTbHO 3aMeHeHa JUIIEKTPUKOM
HFSS RO3003. OTo cormacyercs ¢ Teopuer U u3Mepe-
HUSMH, TaK KaK 106aBJeHne MaTepuana ¢ MeHb-
IIIEH TUJIEKTPIUIECKOI IIPOHMUITAEMOCTHIO YMEHb-

—25 l IIIaeT «3JIEKTPUIECKHe» pa3Mephl aHTEHHBI.
45 5.0 55 6,0 6,5 bosee neranpHOE paccMOTpeHHE pe3yabTa-
Hacrora, My TOB BBHIYMCIEHUH IIOKA3bIBAET UX CYLIECTBEH-
Puc. 4. PaccumtaHbie 3aBMCcMMOCTH napameTpos S11 ang MMKPONONOCKOBOM GHTEHHBI C OBHOPOAHOM NOANOXKOM Hble PACXOXKIEHUS B PA3IMIHBIX EDA-makerax.
Pasbpoc U3MepeHHO U PacCCIUTAHHOM Pe3o-
HaucHOM yactoT (Fc = (Fmax+Fmin)/2) oxa-
3pIBaeTcs nopsangka 3,8% u 5,3% 1t aHTeHH Ha
OIHOPOIHOM 1 HEOIHOPOIHOM IO/IJIOKKAX COOT-
BeTCTBEHHO. Tabnuma 3 mpeicraBiser OTHOCH-
TeJIbHbIE Pe3y/IbTaThl BbIYUCIEHNE, rie Fe-shift —
OTKJIOHEHHe MKy 3HadyeHusAMU Fc uamepen-
Horo u Fc, npoMopennpoBaHHOTO IIPOrPaMMO.
PaccanuranHOE OTKIOHEHHE IIeHTPAIBLHON Jac-
torhl (FcD) m03BOJIsIET UCKIIOYUTH HETOYHOC-
TU B U3TOTOBJIEHUY aHTEHH U, COOTBETCTBEHHO,
om6xu usmepenust. [Tapamerp FcD mokasbia-
|| MAGMAS eT pa30poc 3HAYCHHIT TOJIBKO Pe3yIbTaTOB YHC-
IE3D v JIEHHOTO MOJIEJIIPOBAaHUSA U OIPENeNIA€TCs BbI-

FEKO finite sub. paskeHHEM:

CST MWS
HFSS FcD = Fc—FcAV,
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Yactota, My

TeTbHBIX Pe3yIbTaTOB.
Maxkcumansusii pasbpoc FcD<1,58% yxasbl-
Puc. 5, Paccuurantbie 3aBucumoctv napametpos S11 415 MMKPONONOCKOBOM GHTEHHbI C HEOAHOPOAHOM MOANOXKKON BAeT Ha MMOIPEIIHOCTH B (PU3UIECKOIl peansa-

LMY U U3MepeHnu 06erX aHTeHH:

e [Ipu npucoenVHEHNN KOAKCHATBHOTO Pa3b-
eMa K MUKPOIIOJIOCKOBOI JINHUU HEU30eKHO
TIOSIBJISIETCS APA3UTHASI HHAYKTHBHOCTB, UTO
CO3J1aeT CABUT U3MEPEHHOTO Pe30HAHCa B CTO-
poHy Huamux yactoT. [Ipu unciennom mope-
JIIPOBAHUY UCIOJIB3YETCS «UIeIN3UPOBAH-
HBIiI», @ CaM pa3beM He MOJIIUPYeTCs.

o XapaKkTepUCTUKY, IPe/ICTaBJIeHHbIe Ha PUC. 6,
TIOAITBEPIKIAIOT TIPEJTIONIOKEHHEe O HeTTIOTHOM
KOHTAKTe IU3JIEKTPUKOB U, COOTBETCTBEHHO,
0 C/IBUTe pe30HAHCa [JIs aHTEHHBI, BBIIIOIHEH-
HOI1 Ha HEOTHOPO/HOI ITOJIOXKKE, B G0Iee BbI-
COKOYaCTOTHYIO 06JIacTb.

OTHOCHTETEHO PACXOKIEHNS Pe3yIbTaTOB IHC-

|
-
o

|
-
=

3HaueHue napametpa S11, gb

| JICHHOTO MOJIEJIMPOBAHUS MEKIY COO0i MOXKHO
=20 [ e N3mepeHue i

HFSS v CIIeJIaTh HECKOJIBKO JOIIYIIICHUIL:
. 1. TounocTs BBOIAa HApaMeTPOB MofeJIeli U pa-
HFSS, "”I'°c BOSAYWHbIA 3a3°f BHJIBHOCTH BbIOOPA HACTPOEK BHIYMCIEHHSL:
=25 (hartsipl TPOEKTOB IIpe/ICTaBIEHHBIX BHIYHCIIE-

4,5 5,0 55 6,0 6,5 .

HUI OBUIN COTJIACOBAHBI C 9KCIIEPTAMU BCeX
Hactora, My MIPOUSBOIUTENIEN TIPOrPAMMHBIX TTAKETOB. DTO
Puc. 6. BoiuncnuTensHble pesynsTarhi 3MyaMPOBAHMS BO3AYLIHOTO 3030pa T03BOJIMJIO MCKIIOYUTD «IeJI0BeYeCKuli (pak-
HO FPAHMLIE PA3HBIX AU3NEKTPUKOB GHTEHHbI C HEOAHOPORHOM NOANOXKOM TOP» M HECKOJIBKO YJIYYIIUTh CXOIUMOCTD

IIpeACTaBJIEHHbIX PE3YJIbTAaTOB.
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Tabnmua 1. A6conioTHble pe3ynbTaTsl BhIMMCHEHHS
napametpa S11 npu yposHe Bo3BPaTHBIX NOTEPH —
10 ab ans MMKPONONOCKOBO! QHTEHHbI

C OHOPOAHOM NOANOXKOM

EDA Expert .

Ta6nuua 4. Bpems, 3aTPaYEHHOE HA BEIYUCIEHHS KAXAEIM MPOTPAMMHBIM NPOAYKTOM

OnHopopHas nop/oXKka

HeopHopopHas noanoxka

Mporpamma Konuuecrso Bpebfﬂ pacueta Bpewms pacuera Konuuecreo Bpebfs pacuera Bpems pacuera
HEM3BECTHBIX  OAHOW YOCTOTH, C  BCErO AMONG30HG,C  HEM3BECTHBIX  ORHOM YACTOTH, C  BCEro AMQNG30HA, ¢

MAGMAS 579 32 132 3627 55 2255

IE3D 403 1 13 999 84 1093

FEKO 598 9,4 122 13801 929 12075

MOMENTUM 384 43 65 - - -

HFSS 60718 19,7 237 73394 24,6 296

CST MWS 353912 - 1 353912 - 107

N
MAGMAS 5,305 5,423 5,364 0,118
IE3D 5,29 54 5,345 0,11
FEKO 5,226 5,374 53 0,148
MOMENTUM 523 5,322 5276 0,092
HFSS 5,255 5,353 5,304 0,098
CST MWS 5213 5,326 5,27 0,113
M3mepenne 5115 522 5,168 0,105

Tabnmua 2. AGconioTHbie pesynsTaThl BbIMUCTEHHS
napametpa S11 npu yposHe BO3BPATHBIX NOTEPh —
10 ab Ans MMKPONONOCKOBOM AHTEHHbI

C HEOAHOPOAHOM NOANOXKOM

Ta6nuua 5. Bepcum nporpaMmHbIX NAKETOB M KOHMMIYPALMU KOMMBIOTEPOB, UCMONb30BAHHBIX MPU BHIYACIEHUSX

Mporpamma Tun npoueccopa 03Y, M6amr OnepaumoHHas cuctrema
MAGMAS 3D Intel Xeon 2,66 Iy 2 Linux Fedora Core 6
IE3D ver. 12.22 Intel Xeon 2,8 My 4 Windows XP Professional 2002 SP2
FEKO Suite 5.3 AMD Athlon 64 3800+ 3,5 Linux x86_642.6.11.9
ADS 2006A.400 Momentum 2xAMD Opteron 250 (2,4 Ty ) 64 6ur 4 Red Hat Linux 2.4.21-27.ELsmp
Ansoft HFSS ver. 10.1 2xDual-Core AMD Opteron 285 (2,6 ITuy ) 64 6ur 8 Sm;‘:‘r’;’i 6322’;’“2‘:053”
CST MWS 2006B.03 Intel Xeon 2,8 My 4 Windows XP Professional 2002 SP2

Mporpamma FF‘ri:’ F'Frt:i % FFF:; Br‘m’
MAGMAS 5,55 5,68 5,615 0,13
IE3D 5,47 5,611 5,541 0,141
FEKO 5,322 5,437 5,38 0,115
MOMENTUM - - - -
HFSS 547 5,608 5,539 0,138
CST MWS 5,43 5,555 5,493 0,125
MamepeHne 5,603 5,758 5,681 0,155

Tabnmua 3. OtHocHTeNbHbIE Pe3yNbTATSI BBIYUCAEHUS

napametpa S11 ans obenx aHteHH

OpHopopHas Heopxopoanas
NOAMIOXKA NOANOXKA
Mporpamma

Fe—shift FeD Fe—shift FeD

(%) (%) (%) (%)
MAGMAS 0,038 1,02 0,012 1,84
IE3D 0,034 0,66 0,025 0,50
FEKO 0,026 -0,19 0,053 -2,42

MOMENTUM | 0,021 -0,64 - -
HFSS 0,026 -0,11 0,025 0,46
CST MWS 0,02 -0,75 0,033 -0,37
Mamepenne 0 -2,67 0 3.04

2. CX0gHMOCTD METOJa: HAaIIPSAMYIO 3aBHCHT OT
paspelenns CeTKH, IIPU MOMOIIH KOTOPOi
IPOUCXOJUT TUCKPETH3AIHS 00beKTa ML JUC-
JIEHHOTO MOJIeTMPOBaHus. MIHIyKTUBHAS CBA3D
PSIOM PaCIIOIOKEHHBIX METAIUIMYECKHX 00~
€KTOB MOYKET CyII[eCTBEHHO Pa3IHYaThCs U3~
32 0COOEHHOCTel HAJIOXKEHHUSI KaK TPeXMEePHOI,
TaK ¥ IByXMePHOH CeTKH. AJIeKBaTHOCTb CTaH-
JapTHBIX HACTPOEK pa3pelleHns CeTKH ObLIa
IIpOBepeHa PyYHBIM (GOPCHPOBAHIEM pa3pe-
IIeHUs CeTKU B 2—3 pa3a. CeTKH C HOBBIIIEH-
HBIM U CTaH[APTHBIM Pa3pelleHnueM BbllaBa-
JIM IPAKTUYECKH ONMHAKOBBIE Pe3yIbTaThl,
IIOAITBEP:K/Iast CXOMUMOCTD MCIIOIb30BaHHBIX
METOTIOB.

3. ToyHOCTDb IPH MOJETHPOBAHUY IIOTEPD 5B~
JISIETCST BaKHBIM (DAKTOPOM IJISI MATEPHUATIOB
¢ 6OJIBIINMH MOTEPSIMHE, TAKUX KaK ITHPOKO
pacnpocrpanenHbeli PCB-namunar FR4
(tand = 0,02). MictipITyeMble aHTEHHBI € MeJI-
HBIMU IIPOBOJHUKAMHY Ha MOJIJIOKKAX U3 JIa-
MuHaToB Rogers ¢ mpeHeOpexuTebHO Ma-
JpIMU 3HaYeHUsAME tand = 0,002 npopeMoH-
CTPUPOBAJIU CXOKHE Pe3yAbTaThl, Oyaydn
IIPOMOJIEINPOBAHHBIME C IOTEPIMH U Oe3

motepb. OHAKO CTOUT 3aMETHUTb, ITO IIPO-
N3BOOUTEIIN HOI[O6HBIX BBICOKOYAaCTOTHBIX
JIAMMHATOB He Bcerja 00ecrednBaoT OJHO-
POIHOCTD UX IUIEKTPUIECKUX CBOIICTB, ITO
3a9aCTyI0 SIBJISIETCSI IPUYNHOM HecoBIazie-
HUS YUCJICHHBIX Pe3yJIbTAaTOB C pe3ysbTara-
MU U3MEpPEHUMN.

4. Peanu3anus miara YaCTOTHOM pa3BepTKU BO
BCeX KOMMePUYeCKHUX ITaKeTax BBIIIOJIHEHa C 10~
MOIIBIO aJalITUBHON aIIIPOKCUMAIUU. DTO
[I03BOJISIET HHTEPIIOJIMPOBATh 3HAYEHNUS S-T1a-
paMeTpoB, 3HAYUTENBHO YMEHBIIIAs KOJTHIe-
CTBO PaCCYUTBHIBAEMBIX TOUEK YACTOTHOI pas-
BepTKI/I 663 aHpI/IOpHOFO 3HAHUSA BbIYUCIIIEC-
MOTO mapamerpa. Takoil MoXo/ T03BOJISeT
3HAYUTEIHHO YMEHBIITUTH BPeMsI BLITHUCIICHUI
10 CPaBHEHHIO C UCIIOTb30BAHUEM IUCKPET-
HOTO II1ara YaCTOTHOM pasBepTKH. [lJist perire-
HUIT B 9aCTOTHOI 061acT HE0OXOIMMO 3aj1a-
BAaThb JOCTATOYHO MEJIKUU 11ar 9aCTOTHI, YTO-
6Bl He IIPOITYCTUTD Y3KOIIOIOCHBIE PE3OHAHCHL.
ITpu pabore B makere CST MWS monb3oBa-
TeJb He HYKaeTCs B IAHHBIX [IPETOCTOPOIK-
HOCTSIX, XOTsI PellleH e BO BpeMeHHOIt o61ac-
TH 37I€Ch IaeT MeHee TOYHBIN Pe3yabTaT IS
BBICOKOIOOPOTHBIX CTPYKTYP. Vcronabp3oBa-
HIe BCTPOEHHOTO aBTOPETrPeCcCHBHOTO (hHIIb-
tpa (AR-filter) B makere CST MWS o6ecrieun-
BaeT OBICTPYI0 CXOMUMOCTH BBIYHCICHUI
U [IpeOTBpAIAeT ITOSIBJIeHNe TUIIMIHBIX 0C-
LTSN, HAaGJII0/IaeMBbIX B 30HE 3aTyXak0-
X KOJIeOaHuIA.

5. MopmenupoBaHye TOYHBIX Pa3MePOB THIJIEK-
TPHYECKOIL IOIJIOKKH HIIH €€ GECKOHEYHO
MPOTsDKEHHAs AIPOKCHMAIIMSL: HECMOTPSI Ha
TO, 9TO BO BCEX IIPOTPaMMaXx, HCIOIb3YIOIHIX
METOJ MOMEHTOB, OBLIN UCIIOIE30BAHBI MOJIE-
7111 6ECKOHETHO IPOTSDKEHHBIX HOJIOMKEK, T1a-
xetsl FEKO u IE3D no3BosioT MonernpoBarsb
IUIJIEKTPUIECKHUE TTOJIOKKN KOHEUHBIX pas-
MepoB. YuciienHo Gopcupyst rpaHUIHbIE YC-
JIOBUS CBEPXY M CHU3Y ITOMTOXKH, MoM-11po-
IPaMMBI OLIYTUMO TePSIOT IIPUCYIIYIO METO-
Iy TOYHOCTB, TOT/Ia KaK CTPOTOE pelleHHe Ha
HOBerHOCTf{X HI/ISHCKTPI/IKa HAaXOOUTCA aHa-
JIUTHYECKH JUIsl 6ECKOHEYHO Y/IaIeHHOI O/
JIOXKKU.
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6. Bb160p MeToma BO30Y KIEeHH BbI3bIBACT HAM-
60IIbIIINe I3MEHEHNS PE3yIbTATOB KOHEIHOTO
MOJIe/INPOBAHUSL. PaHee yIIOMUHAIOCH, ITO IIPU
MOJIe/IUPOBAHUH AaHTEHH He ObUI yITeH KOAK-
CHAJIBHBII Pa3beM, TaK KaK LIeJIb 9TOM CTaThbU
COCTOHT B CPABHEHUH TEOPETIIECKIAX BO3MOK-
HOCTel MOJIe/TMPOBAHNS TPOrPaMMHBIX TaKe-
T0B. [TomO6HBII ITOIXO/] B MOZIETNPOBAHIH SIB-
JIAETCA CTAaHAAPTHBIM [IJIS 60J'IbH_II/IHCTBa pas-
paboTunkoB aHTeHH. OTHAKO IIOBCEMECTHOE
IIPUCYTCTBHE BBICOKOYACTOTHBIX Pa3beMOB IIPH
U3MepeHISIX, BHE COMHEHHIT, U3MEHSET Pe3yJIb-
TaThl, TPeOYsI OT MOJIb30BATEIIS TOOOHBIX IIPO-
rpaMM Bcerjia 6paTh B pacdeT HPUCYTCTBHUE
TpeXMepHOI Mozienu pa3beMa. CeronHs Heno-
cpencreeHHO B MoM-TiporpaMMax 9To peaiu-
30BaTh HEBO3MOXKHO, @ B FIT- 1 FEM-niporpam-
MaxX 3TO IIPUBOJUT K CYIIeCTBEHHOMY YBEJIH-
YeHHIO BPeMEHH aHAJIN3a.

Bpems, 3aTpadeHHOE [JIs pacdeTOB OIHON Ya-
CTOTHOM TOYKH, BCETO TaCTOTHOTO [JHAIA30Ha,
a TakoKe obIIee KOJIUIeCTBO IePEMEHHBIX aHa-
JI3a IPeJCTaBIeHo B Tabnule 4. ABTOPBI HaMe-
PeHHO IPeICTaBUIIN KOJINIECTBO MepeMeHHBIX
aHAJII3a BMECTO KOJMYeCTBA aHATH3UPYeMbIX
sigeeK, Tak Kak 9To Hanbosiee TOYHO 0TOOpaka-
eT pa3MepHOCTb 3ajadn. [l YUCIeHHOM 3aa-
IM MOJIEJIb IOJIS B sIUeiiKe OIIMCBIBAETCSI Orpa-
HUYeHHBIM KOJIMYeCTBOM IepeMEeHHBIX. DTO KO-
JTUYeCTBO IS ONHOM SUEHKH CEeTKH MOJKeT
BapbUPOBATHCA B 3aBICHMOCTH OT BBIOPAaHHBIX
[0JIb30BaTeJIeM TN CO3ATe/SIMHU [IPOrPaMMBbI
HOPSIAKOM U THIIOM 6a3ucHbIX pyHKIMiL. B pe-
3yJIbTaTe, IIPU OTHOM U TOM JKe KOJIMIeCTBE aHa-
JIMBUPYEMBIX sTIeeK, HO C IPUMEeHeHUeM Pa3HbIX
6asHCHBIX QYHKIUI, pealbHas CJIOKHOCTD 3a-
Ja9d MOJKeT CYIIeCTBEHHO PasImdarhest. [ToaTo-
MY CTPOTroe ONUCAHKNe Pa3MEPHOCTH YU CICHHOM
3a/]a4M IIPECTABIICHO B Tab/IMIIe 4 KOJTMIeCTBOM
HEU3BECTHBIX MaTpUIbl. BcilencTBue numen3u-
OHHBIX OTPaHUYCHUI PacdeThl ObLIU BBIIOJIHE-
HBI Ha KOMIIBIOTEPAX Pas3INIHbIX KOHUrypa-
muit. B rabnmiie 5 TOKa3aHBI HCIOJIB30BAHHBIE
KOHGUTypaIuyu KOMIBIOTEPOB, ITO HAET BO3-
MOYXHOCTDH CPaBHUTb OTHOCUTEIIBbHYIO CKOPOCTH
BBIYUCICHHI Pa3HBIX IIPOIPAMMHBIX IPOLYKTOB.
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3axknoueHme

MHUKpOIIOIOCKOBbIE aHTEHHbI 00/1aA0T MHO-
JKeCTBOM TIPEUMYIIeCTB: MAIBIMH pa3MepaMu
1 BECOM, ITPOCTOTOH M3TOTOBJIEHHS U JOCTYITHOM
1eHoit. [Tof00HbIe aHTEHHBI TAPMOHUYHO IIOJXO-
IAT JULS MHTETPALIUN C APYTHMU IUIAHAPHBIME BbI-
COKOYAaCTOTHBIMU IEIISIMU U YCTPOCTBAMY, T10-
9TOMY pa3pabOTYMKH IIPOrPaMMHOTO obecriede-
HISI TIPAJIATAIOT TPOMaJIHbIe Y CHUTHS TS CO3TAHHS
YHOOHBIX X TOYHBIX IIporpamm it EM-Mopenu-
posanns. [IpozenanHOe cpaBHeHNe ITIeCTH TAKKUX
ITPOTPaMM TTO3BOJISIET CIENATh CJIEHYIOITHe BbI-
BOJIBL:

e «Kiaccuieckue» MUKPOIIOJIOCKOBbIE AHTEH-
HBI PaCCYUTHIBAIOTCS KXKIBIM ITAKETOM C Pas-
6pocoM pesynapraToB He 6oisee yeM 1,5%.
[TporpaMMbI Ha OCHOBE MeTO/Ia MOMEHTOB
TIOMUMO IIPUBJIEKATEIbHON 1I€Hbl TeMOHCT-
PHUPYIOT ellle U BLICOKYIO CKOPOCTh MOJI@JIU-
poBaHus. B To jke BpeMs IpOrpaMMBl, UC-
noneayrorue Meroas! FIT u FEM, crioco6Hb!
MOJIeTTUPOBaTh O0JIee CIIOKHBIE TPEXMEpPHBIE
CTPYKTYPHI.

e ApeKkBaTHast MOJeNTb BO3OYKIEHUSI 1 KOPPEKT-
HOe HaJIO)KeHUe CeTKH — JIBa Hauboree CyIre-
CTBEHHBIX (DAKTOPA, IIPEIPEIIAIOIINX YCIIel-
Hoe EM-MonenmpoBanue. AfaniTHBHOE HAJIO-
sxenne cetku B HESS m CST MWS nosBossier
JTydIIIe OTCIEKUBATD CIOKHBIC MHIYKTHBHbIE
CBS3M B aHAIU3UPYEMOI MOJIE/IA B aBTOMATH-~
geckoM pexxuMe. [Iporpammel Ha ocHoBe MoM
TpebyIoT GoJiee BHUMATEILHOTO KOHTPOJIS [IPH
IIOCTPOEHHH CETKH Pa3OueHHsL.

e KoHCTpynpoBaHHe 3JIeKTPUIECKU MaJIbIX aH~
TeHH TpebyeT CTPOTOro MOLEINPOBAHUS IIPO-
CTPaHCTBEHHOI U IOBEPXHOCTHOM JUdpaK-
IIAU 3JIEKTPOMAaTrHUTHBIX BOJIH, BBI3BAHHOM
MaJIbIMA Pa3MepaMu IOJIOKKH. Beraucienns
MoM-nporpaMm CXomsTcst ropasao OpicTpee
Ipu uCrnonp3oBanuy GyHkuy ['puna, Korma
IUJIEKTPIIeCKast TOJJI0KKA MeeT OeCKOHed-
HO NPOTsIKEHHBbIE pa3Mephl. [IpakTudeckas
TeH/IEHIINs, HallpaBJIeHHas Ha MUHUATIOPH3a-
IIMIO AHTEHH, YMEHBIIIAeT IPEUMYIIeCTBa HC-
nonb3oBaHuss MoM-1iporpaMm, Tak Kak Ipu
MaJIbIX Pa3Mepax MOIIOKKY AUPPAKIS i OT-
paKeHMs Ha ee TPAHUIIAX CTAHOBSITCS SIPKO BbI-
paxenHpiMu. Takum o6pasom, FEM- u FIT-
IIPOrPaMMBI Ha TEKYIIUI MOMEHT JTyqIlle MOJ-
XOMAT NI MOJETUPOBAHNA aHTEHH MaJIbIX
pasMepoB.

ITpenaraeMble 0 YMOTIaHUIO METOMIBI BO3-
6y>xmenust B coBpeMeHHbIX EDA-porpaMmax sis-
JISIIOTCST HeIOCTATOYHO IIPUCIIOCOOICHHBIMY IJIST
aHAJI3a MAJIBIX CTPYKTYP CO CIIOKHBIMU HHJYK-
TUBHBIMH CBA3AMHA. Hy 0IMH M3 paccMOTpEeHHBIX
KOMMEPYECKHX ITaKeTOB He IpefIyiaraeT ObIcTpoe
U CTPOTO€ pellieHne sl MOfIeTMPOBAHNS HeH3-
6eXXHO IPUCYTCTBYIOIIUX Pa3beMOB, HCKaXKaIO-
IIMX UACUIHCTUICCKYIO MOIEIb BO3OYKICHUS
aHTEHH. B kxavyecTBe KOMIIPOMHMCCHOTO pENIeHHs
IIpeJJIaraeTcs NCIOIb30BaHMe NBYX PAa3IMIHBIX
nporpamm 11 EM-MopenupoBanus, CIIOIb3Y -
IOIINX Pa3JIUIHbIE METO/EI, YTO AT BO3MOXK-
HOCTb Ka4eCTBEHHO! OLI€HKH Pe3yIbTaTOB BbI-
yuciaenus. Eciu aTu pesynbTaTel COBNAAIOT,
TO OyZeT CIIpaBeINBO UM JJoBepsATh. Eciu pe-

3YJbTAThl AEMOHCTPUPYIOT 3HAYUTEIbHbBIE PacC-
XOK[EHUS, TO IOCIENYIOIIUI aHaIM3 PeaIbHOM
CTPYKTYPbI B €¢ MOJIEJIH Hen36exKeH. L
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Hosoctn EDA Expert

Kommanwus Sonnet coo6miuIa 0 BBIXOZie HOBOI BEPCHU CBOETO IPOTPAMMHOTO
obecnedennus pisi EM-mogenuposanust CBU-ycrpoiicts Sonnet Suite v11.54
(http://www.eurointech.ru/sonnet).

B HOBOI1 BepcHH pean30BaHbI CIIeylonye QyHKINN:

o B monyre emCluster, yrpasiisioriem pacrpesieJeHHIMI BBIYACIEHUSAMHI B KJIa-
crepax Ha ocHoBe TexHosoruu Sonnet Networking (Sonnet Cluster), BBeneHa moj-
JIepyKKa IIOBTOPHOTO COeIMHEH s X BOCCTAHOBJIEHHSI JAHHBIX IOCIIE COOS B JI0-
KaJIBHOI CeT! M 6051 B pabOTe KIMEHTCKUX MAIIIHH.

o B monyre emCluster BBefieHa IT0fiepyKKa MHOTOSIIEPHBIX IIporeccopos. Temeps
Ka)KI0€ SIIPO MOYKET BBICTYIIATh KaK OT/E/IbHBII cepBep. PaHee B CeTeBBIX BBIUHC-
JIEHHSIX yIaCTBOBAJIO TOJIBKO OJIHO SIPO HAa KOMIIBIOTED.

o Bsezena nmojyep;Kka aHU30TPOIHBIX IMIJIEKTPIIECKUX ci10eB. Tereps MOKHO 3a-
JaBaTh Pa3IMYHbIe [TAPAMeTPhl MaTepHaja B PasHbIX HApaBIeHus X Z u X—Y.
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Kommanwus Zuken (www.zuken.com) coo61iuia 0 BbIXO/ie Ha PIHOK HOBOTO pe-
IIIeHs], pa3paboTaHHOro coBMecTHO ¢ kommanueit Aldec (www.aldec.com). Hosbrit
npopaykt umeer HaspaHne CADSTAR FPGA u nipeicrasiisier co60i HHTETpUpPOBaH-
HYIO cpefly TpoeKTupoBanus FPGA-ycTpoiicTB 1 IIeYaTHBIX ILIaT.

PaHee ogo6HOe peleHre Ipe/Iarazoch TOIBKO JJLS II0Ib30BaTeIell IakeTa
CR-5000, Momys BBOZIa IIPOEKTOB KoToporo — System Designer — depes crieru-
aIbHBIIA HHTEpderic B3anMozerncrBosai ¢ mpoaykroM Aldec — Active-HDL. Ceit-
9ac ono0HbIi HHTepdelic peann3oBaH u 1st cpesibl mpoektrposanus CADSTAR,
9TO ITO3BOJIAT JOCTHYb AHATOTUIHON DYHKI[MOHAIBHOCTH I HACTOJIBHBIX Perlre-
HHIT Ha 6a3e epCOHAIBHBIX KOMITBIOTEPOB.

DopMaTbHO HOBBIN IIPOIYKT COCTOUT U3 ABYX YacTeil, O/lHA M3 KOTOPBIX IIPeJi-
craBJIsieT co00It BCeM XOPOIIO U3BeCTHbI makeT Active-HDL, B KOTOPOM 071630~
BATEJIM MOTYT BBIIIOJIHATD IIPOEKTUPOBAHNE, OTIAAKY X MOJICTIPOBAHNE IPOTPaM-
MHpPYeMOIi JIOTUKY, B TOM 4UCJIe Ha OGHOM miu Heckonbkux HDL-ssbikax. Janee
HOCJIe YIIAKOBKH IIPOEKTa B MEKPOCXeMy JULS Hero (hOPMHPYIOTCS TaK Ha3bIBaeMBbIe
aitbr pacmHOBKY, KoTOpbIe nepenatorcs B cucremy CADSTAR, rae o Hum dop-
MHPYIOTCS GMOIHOTEYHbIE SJIEMEHTBI. 3aTeM 9T! OHOINOTeIHbIe 31eMEHTBI MOTYT
HCIIOJIb30BAThCS ITPH Pa3paboTKe MPUHIUIIAAIBHON CXeMbI BCETO YCTPOICTBA, A TaK-
JKe IIPH TPACCUPOBKE TOIOJIOTHH T1eYaTHO IJIaThl. MeXaHU3MBbI IPSIMOIL i 06part-
HOI1 aHHOTAIIUH I103BOJIAIOT YIUTBIBATh CBAIIIIMHI BHIBOJOB, BBIIOJTHEHHbIN IPU
Pa3BOJIKe IUTATHL.
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Kommnanust DownStream Technologies anorcnpoBaia HoByto Bepcro BluePrint-PCB
v1.8. BOJIBIIMHCTBO HOBBIX (DYHKIIMIT peaTu30BaHoO 110 IPOChOaM MOIb30BATENIEIL.
B HOBOII Bepcum:

o PeanusoBan uHTepdeiic ¢ cucremort Altium Designer. Psin momonHATeIbHBIX
byHKIuit yrpasieHns 0To6pakeHNEM KOMIIOHEHTOB, BBIBOJIOB, IIeIIell, OTBEp-
CTHii, TEKCTOBBIX aTPUOYTOB M03BOJIsIET G0sIee HATIIANHO O(OPMILSITH TOKYMEH-
TAIMIO Ha IUIAThI, Pa3pabOTaHHBIE B 9TON CHCTEME.

o BBeseHa pacumiupeHHas MOJJIePKKa CBEPJIOBKH. Terepb 0TBepCTUS CBePIeHUS
MOTYT OTOOPAKaThCs B PeaIbHbIX pa3Mepax.

o Ha 60KOBBIX BHIAX IUTATHI II0Ib30BATENIb MOKET 3a/1aBaTh YTOJ mpoeKunu. Kpo-
Me TOT0, CTajTa 0TOOPAKATHCSI peanbHask TOJII[IHA [UIATHI.

® BBemeHbI ceTKH ¢ a6COMIOTHBIME KoOpauHaTamu — aHatoruduo CAD-cucremam.

o Jlopaboransl cpecrsa ynpasienus Explode View u Side View.
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