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C.I. ATBAJIAH, I X. KAPAIIETAH, A.A. IIETPOCAH, A.A. BAKAPAH

TEXHOJIOTUA TTOJYYEHUA U3HOCOCTOMKUX
AHTHUOPUKIIMMOHHBIX ITOPOITKOBBIX MATEPWAJIOB

YcraHOBNIEHAa 3aBHCHMOCTBh HeCylleil CIIOCOOHOCTH, M3HOCOCTOMKOCTH U K0d(hHUIIMeHTa
TPeHHS OT IIPOJOJDKUTENIBHOCTH OKCILTyaTallUM U IOPHUCTOCTH HM3HOCOCTOMKHUX ITOPOLIKOBBIX
MaTepHaIoB aHTU(PPUKIMOHHOTO Ha3HaYeHUA. Pa3paboTaHa TeXHOIOTHA UX IOTYYeHHUA.

KmroveBrre croBa: TOpPOIIOK, IIpeCCOBaHUE, CIIEKaHWeE, DKCTPY3UsA, OTXKUI, 3aKajKa,
CTapeHUe, U3HOCOCTOMKOCTD, aHTU(GPUKIIMOHHBIH MaTepHal.

OCHOBHBIM HaIpaBJIeHHEM YKOHOMUYECKOTO M COLMAIBHOTO Pa3sBUTHUA CTPAaHBI Ha
MpeACTOAIINI  Iepuof  sABAsAeTCS JajbHeiillee pacliMpeHWe U OOHOBJIEHUE
HOMEHKJIATyphl M ACCOPTHMEHTa M3HOCOCTOMKHWX MaTepuayoB. BeckMa II€pCIIEKTHUBHBI
IIOPOLIKOBbIE MAaTepPHAIbl U U3JeINA U3 HUX, TEXHOJIOTHMYECKUH IIPOLeCC U3TOTOBIEHUL
KOTOPBIX IIPOCT X SKOHOMHUYEH.

AHTUQPUKIMOHHBIE MaTepUalbl ¢ HU3KUM K03hdUIMEeHTOM TpeHus — Hauboee
PacIpocTpaHeHHBIH BHJ, IPOLYKIHMH IIOPOLUIKOBOM MeTaTypruu. BakKHBIM CBOMCTBOM,
00yCJIOBIMBAIOIKUM IIHPOKOE IIPUMEHEHNe 3TUX MATepUaIoB B TEXHUKE, SBILETCI UX
CIIOCOOGHOCTEH paboTaTh IPOZOKUTENIBHOE BpeMs 0e3 JOIOJHUTENbHOMN oAyl CMa3KH,
T.e. B peXXUMe TaK Has3bIBaeMOil ‘camocmassiBaeMocTy’. OZHAKO IOMBITKY IIPUMEHEHUT
IIOPUCTHIX MaTepUAIOB B y3JaX TPEHUS IIPU YPe3MEPHO JIETKUX (HAarpy3KH U CKOPOCTH
cootBerctBeHHO Meree 0,1 M/lawn 0,1 m/c) u Tsxxensix (coorBercTBeHHO 6ostee 10 Mlan
4...10 m/c) pexxumax pabOTHI He YBEHYAIHUCH YCIIEXOM.

OcHOBHO}M NpPUYMHON BBIXOZA M3 CTPOA IIOPUCTBIX [eTajeidl MAlIUH SIBJIIETCS
CXBAaThIBaHME, BO3HUKAIONIee IIPU MAOCTIKEHUM BHENTHeHl HArpy3sKM HIN CKOPOCTH
CKOJIBXKEHUSA KPUTUYECKUX BEIUYUH. JTO OOBACHAETCA TeM, 4TO IUIEHKa CMa30YHOTO
MaTtepuaa gubo paspymaercs, 1u60 Beiropaer. Kpome Toro, HabaomaeTcs ¢puipTpamus
CMa3KH depe3 IIOPHI, YTO CYIIEeCTBEHHO CHIDKAeT IMAPOJUHAMHYEeCKOe JaBlIeHHe B 30He
TPEHWs W, TeM CaMbIM, HeCyIIyl0 CIOCOGHOCTh Marepuajga. B Mecrax KOHTakTa
BO3HHKAIOT TakKXXe TeMIIepaTypHble 30HBI, KOTOpBIe  BBI3BIBAIOT  JIOKAJIBHOE
pasympouyHeHue U paspyimeHue. K aTomy ciemyer mo6aBUTH, YTO CTPYKTypHAs HOPHC-
TOCTh PE3KO CHIDKAeT TeIUIOIPOBOJHOCTH, @ CAMM IIOPHI, ABIAACH KOHIEHTPAaTOPaMHU
HaIIPKEHUM, BBI3BIBAIOT YCKOPEHHBIN M3HOC.

CorysacHO MOJIEKY/IIPHO-MEXaHUYEeCKOH TEeOpUM TpeHUsd, BHEUIHee TpeHue
OCYIIECTBJIETCA C MUHUMAaJIbHOM paboToil B TOM ciTydae, KOTAA IPOYHOCTH aJre3NOHHON
CBSI3U MEXIy KOHTAKTUPYEMBIMU IIOBEPXHOCTSIMHU MeHBIIe IIPOYHOCTH HIDKeJIeXKalluX
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TIOBEPXHOCTHBIX CJIOB, T.e. KOT/Ia UMeeT MeCTO ITOJI0XKHUTEIbHBIN IPaJeHT MeXaHUIeCKIX
CBOMCTB IO IIyOuHe. B 3TOM ciywae Bca gedopmanus mpu TpeHuu Oyzmer cocpe-
IOTAYMBAaThCI B  TOHKOM  IIOBEPXHOCTHOM  CJIOe, IIpefOTBpaimias ero  OT
KaTacTpO(UUIECKOTO Pa3pyIleHUs U ITyOMHHOTO BEIPBIBAHHUA.

B cBA3M Cc 5TMM B NOAUIMIIHUKAX CKOJBXEHUsS IIMPOKOE IIPUMEHEHHe HaXOZAT
TBepAble cMasKHu (CynIbduAbI, ceneHuAbI, GTopust, pochuas: u T.4.), KOTOpble 06PasyoT
Ha IIOBEPXHOCTH TPEHWs 3al[UTHbIE IUIEHKU (BTOPHUYHBIE CTPYKTYPhI) U COXPAHAIOT
paboTOCIIOCOOHOCTD Y3/I0B TPEHHS B BO3MOXXHO OOJIBIIEM [Malla30He CKOPOCTeH u
Harpy3o0K, B TOM YHCJIe ¥ SKCTPeMaIbHbIX.

Wcxops u3 BIMIEM3IOKEHHOTO, LIeJbl0 HacToAllell paboThl sBiseTca paspaboTka
TEXHOJIOTUH IIOJyYeHUs M3HOCOCTOMKUX aHTHU(GPUKIMOHHBIX IIOPOIIKOBBIX MAaTEPHAIOB
(MAIIM) c nOBBIIIEHHBIM yPOBHEM CBOMCTB.

Crpyxrypa MAIIM onpezensercs ycroBuaMu ux paborst. [loz ycroBusamu paboTsl
IO/Ipa3yMeBalOTCa BeIWYMHAa U Xapakrep Harpysok (P), ckxopocts ckonawxenus (V),
HaJau4Yhe W KOJIMYEeCTBO CMas3K{, pabodasd cpema, CPOK CIYXKObI M PeXuM paboOTEL,
nomyctumbrii usHoc (I) m kxoaddunuent tpenus (f), cocraB u cBoiicTBa MaTepuasa
COTIPSIKEHHOM ITaphl ¥ KOHCTPYKTUBHBIE OCOOEHHOCTH y3J/1a TPEHU.

ITpu xmaccmbmKauuy yCIOBUH PabOTHL Y3JI0B TPEeHHS IIpeXJe BCETro HYXKHO
ucxoguth u3 BuzsoB TpeHud. B coorBerctBuu ¢ I'OCT 16429-70 1o Hanmuyuio cMa3Ku
Pa3INYaOT TPU BUA TPEHUA: KUAKOCTHOE, TPAaHUYHOe U 6e3 CMa3Ku (cyxoe).

B pa6otax [1, 2] ocymecTBieHa Kraccuukanus Hecylneil ClIoCOGHOCTH TOPOIIKO-
BBIX MaTepHaJIOB, B OCHOBY KOTODOIl IIOJIOXKeHa OlieHKa ee 1o Kputepuio PV. OzxHako B
peabHbIX YCIOBUAX MMeeT MeCTO “HeCOOTBETCTBHE MeX[y 3HaueHuamu PV u maHHbIMU
9KCIleprMeHTa. JTO JaeT OCHOBaHWe czenarh 3akiaioueHue, uto WAIIM B mporecce
SKCIUTyaTalluW JOJDKHBI 00JaZiaTh CTaGMIBHOCTBIO TPUOOTEXHUYECKUX U (PUIUKO-
MeXaHUYeCKNX CBOMCTB.

B oromM HampaBieHMM HCCIENOBAaHHUA IPOBOAWINCH Ha IIPOMBIIIIEHHBIX
Marepuanax (kenezorpadur u 6ponsorpadur). Kak BumHo us puc. 1, aHTUGPUKIIMOHHbIE
u pusMKO-MexaHUYeCKre CBOMCTBA OSTUX MaTepUaJoB U3MEHAIOTCA B Ipolecce
WCIIBITAHUSA.

VIHTeHCUBHOCT STUX M3MEHEHUH 00yC/IIOBIMBAETCA KaK BHEUITHUMH (aKTOpaMHu,
TAK W IPOAOJDKUTENIBHOCTBIO OKCIUTyaTallUM, B Pe3yJbTaTe KOTOPBIX IIPOUCXOMAT
CTPYKTYpHBIE U3MEHEHNUs, 3aKII0Yaoyecs B 00pa30BaHUM MeJIKO3ePHUCTON CTPYKTYPHI
B mpomecce TpeHui. C yMeHbIIeHHEM 3epPHUCTOCTH CHIDKAETCA TEIIOIPOBOZUMOCTB
Marepuana [3], a cleoBaTeIbHO, BO3pacTaeT TeMIIEpaTypa B 30He TPEHUs, YTO IIPUBOLMUT,
B CBOIO OY€pe/ib, K CHIDKEHUIO TBEPOCTH MaTepHaa.
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Puc. 1. VisMeHeHMe GpU3NKO-MeXaHUYECKUX U TPUOOTEXHIMIECKUX CBOMCTB MaTepPHUaIOB
B 3aBUCHMOCTH OT IIPOJIO/DKHUTEIBHOCTY SKCILTYaTalluX ¥ BHEITHUX (PaKTOPOB
(mopuctocTs =15 %, TpeHMe rPaHUYHOE)

Kak u crenmoBaso oXupaTh, C IOBBIIIEHHWEM TeMIEpaTypsl paboOTOCIIOCOGHOCTH
MTOBEPXHOCTHOM IUUIGHKM yMEHBIIAaeTCs, YTO IPUBOJUT K yCKOpeHHIO NudQdy3HOHHBIX
IIPOIeCCOB B MecTax KoHTakTa. lloAgTBep:kigeHumeM STOMY CIIy»KaT pe3yJbTaThl
MHUKPOPEHTTeHOCIEKTPAJIbHOTO ¥ XUMUYEeCKOTO aHAIN30B (puc. 2).

daxTOp MIOTHOCTH, COTJIACHO HAILIUM HCCJIeOBAHUAM, IIPOSBIIAETCS Pa3pylLIeHuEM
MeTaJIM49eCKOH CBA3KM MeXJy 4YaCTUIAMH, JJIA OIpejeseHHsS KOTOPOTO MCIOJIb30BaICA
Mmetoz, CanrtsikoBa [4]. PesyapraTel mpuBefieHbI Ha PHC. 3, U3 KOTOPHIX BUAHO, YTO €CJIH
no 5% TOpHUCTOCTM KOJMYECTBO M KadeCTBO KOHTAKTOB OCTAIOTCA IIPAKTHYECKH
IIOCTOSHHBIMH, TO IIPY IIOPUCTOCTH BhINIe 25 % 9TH 3HAYeHUA CyIeCTBeHHO M3MeHIIOTCA.
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Puc. 3. CreneHs paspyueHus MeXXYaCTUIHBIX KOHTAKTOB B cTpyKType MATIM B 3aBuCHMOCTH OT
IIPOOJ/DKUTEIBHOCTHY SKCIUTyaTalluy IIPU PasJIMYHbIX ITOTHOCTAX (Matepuan XKI'p2, Q=1 MIla,
V=1 m/c, TpeHuE Cyx0€)

[TpunaB 3a ocHOBy kiaccudukanuio Hecymeil crmocobnoctu MAIIM [1, 2] u
WCIOIB3ysT Pe3yIbTaThl MCCIEJOBAHUM, MOXHO IIyTeM peryJIHpOBaHUSI IUIOTHOCTH
HAIIM xnaccnduuypoBaTs MX A9 Pa3INYHBIX yCIOBUH paborsl (cMm. Tabnr.). Hamm
paspaboTaHa OOWasA TEXHOJIOTMYECKas CXeMa, KOTOpasd JaeT BO3MOXHOCTb IOJTYYHTh
magenus us AIIM c perynupyemoil mopucTocTsio (puc. 4).

CornacHo TexHOJOrMM, u3genusa IUIOTHOCTHIO (80% moiydaloT mpeccoBaHHEM-
cIleKkaHueM; IIJIOTHOCTBIO =85% - 1peccoBaHHeM-CIeKaHWEM WIW  JABOWHBIM
IIpeccoBaHUEM-CIIeKaHueM; IJIOTHOCTBIO ~90% - mBOMHBIM IpeccOBaHMEM-CIIEKaHHEeM-
TEepMOOOPaGOTKOI WIN TOPSAYUM IIPECCOBAHHEM-TEPMOOOPAOOTKOI; MIOTHOCTHIO Gosee
95 % - ropsayeii SKCTPy3HUei-TepMOOOPaOOTKOH.
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Hexzopuele MATEPHAIEL
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(MexaHoobpahoTia, OpoIHTE:)

TeproobpaboTia
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v

[oToEOE HIageTHe

Puc. 4. Texnonornuyeckasa cxema usrorosnenus MAIIM

Tabaunga

ITapameTps! pabOTOCIIOCOGHOCTH MaTEPHUAIOB AJIA Pa3IHUHBIX PEXXKUMOB

Pexxmm pa6o- Bup Harpys- | Cxo- | IlLnor- [Tpenmona-
THI TPEeHUS Ka, poCTh, | HOCTS, raemoe
MIila m/c % 3HaYeHUe,
MIla-m/c
Jlerkuit Kunxo- 2,5 2 4
CTHOE 1,0 1 75 1
I'parmunOE
Cpezuuii Kunko- 7,5 3 15
CTHOE 3,0 2 85 5
I'parnunOE
Tsxensrit Kupxo- 45,0 3 50
CTHOE 35,0 1 100 10
I'parnmunOe
Hpe,z:eJniHo Tpenue Ge3 5.0 40 95 o5
TSDKeJIBII CMa3Ku
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Kax ormewanoce, B y3/1ax TpeHHSA C CyXOH M TPAaHHYHOHM CMAa3KOH BBICOKHE
TpuOOTEXHUYECKHE CBOMCTBA 00ECIIeYNBAIOT MaTepPHaIbl C 6eCIIOprCTOii CTpyKTypoii. Ha
puc. 5 mpexcTaBieHBl W3HOCHBIE M IIPOYHOCTHBIE XapAaKTEPUCTHKHU IIOPOIIKOBOTO
marepuana (Fe-Mo-MoS2) B 3aBucumocTu oT mopucroctu. Kak u ciemoBaso 0XXuzgaTh, C
yBeIW4YeHWeM IUIOTHOCTM aHTHU(GPUKIUOHHBIE M (PU3MKO-MeXaHHMYeCKHe CBOMCTBA
BO3PACTaroT.
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Puc. 5. IsMeHeHmne QpUKIIMOHHBIX U (HPU3UKO-MeXaHHYecKux cBoiicts MAIIM
(Fe-Mo-MoS2) B 3aBucumoctu ot nopucroctu (Q=1 M/la, V=1 m/c, Tperue cyxoe)

BeiBogEr

1. VYcraHoBieHa B3aMMOCBA3b HeCyleil CIIOCOOHOCTH, W3HOCOCTOHKOCTH U
KO[—)(i)(i)I/IHI/IEHTa TPEHI/IH oT HPO,Z[OJI}I(I/ITEJIBHOCTI/I SKCI'[.TIyaTaHI/II/I nu HOPI/ICTOCTI/I
M3HOCOCTOHUKUX l'[OPOIJIKOBBIX MaTepI/IaJIOB aHTI/I(pr/IKHI/IOHHOI‘O Ha3HAYECHU.

2. Paszpaborana oO0mas TeXHOJIOTMYECKas CXeMa IIOJIy4YeHUs M3HOCOCTOMKUX
aHTUGPUKIIMOHHBIX IIOPOLIKOBBIX MaTEPHUAJIOB C PeTyIHpPyeMOil HOPUCTOCThIO. COrIacHo
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TeXHOJIOTUH, U3Jle U II0THOCTBIO: ~80% mosry4atoT mpeccoBaHueM - cruekaHueM; ~85%
- IIpeccoBaHMEM — CIIEKAaHHeM MM JBOMHBIM IIpeccoBaHMeM-ciekaHueM; ~90% - mBoii-
HBIM IIPECCOBaHMEM — CIIEKaHHEM - TepMOOOPAaGOTKOIl MM TOPAYUM IIPECCOBAHHEM-
TepM000OpaboTKOIL; ~ 95% - sKCTPy3Heii-TepMOO6PaOOTKOM.
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U.Q. UNLFULSUYL, @.Iv. GUMUMES3UL, U.U. 16SNUSUL, U.U. QULUNMUL

UUTUuUSNRL 2U0UUCOUYUL ONTEL3NREELP USUSUUL SELNLNSPUL

Zwunwngl] b hwluothwluwi  wlwlnipjut dwpwlumit  npbiymipbph
dwpwluyniunipjul, sthdwb  gopswligh b wmwpnmmbwlimput  jupudwénipmiup
swhwgnpéudw nbnpnipjnithg b Swlinwlkunipnithg: Uswldl] t ppuwbg unwugdwib
wnbhuininghw:

Unwigpuyhli pwpkp. thnoh, dwdjnud, tpwlwinud, wpunwdnnud, ppénud, djunid,
Stpugnud, ywowljwniunipnil, hwjuythwlut Wynip:

S.G. AGHBALYAN, G.X. KARAPETYAN, A.A. PETROSYAN, A. A. ZAKARYAN

TECHNOLOGY OF OBTAINING WEARPROOF ANTIFRICTIONA L
POWDER MATERIALS

The dependence of bearing ability, wear resistam coefficient friction exploitation
duration and porosity of wearproof on antifrictibmewder materials is established. The
technology of their obtaining is developed.

Keywords. powder, pressing, agglomeration, extrusion, atmgaltempering,
ageing, durability, antifriction material.
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Thunwplyt] Bt hwgniunh puquutpn junnigduspubpp: Ywnwpyby b ghnwulju
htnwgnunipniuubp b thnpdwplnudubp, npntg wpyniipnid pugwhwyngl) Bu Jugdut
dudwbwl wnmpbph Junnigusph b hwwnlnipmitubph  thnthnpunipniiubpp: Zhdp
pugniubng ghnuthnpdbph wpynitpbubpp’ wpweowplynd E dowll] qhwnwlwunpku
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Unwigpuyhl punkp. hwgniuwn, puquupbipn, (Jugnid, thnpdwunpynidubp, nkdhdubp:

Yuph wpunwunpnipniunid ogqurnugnpéynn Wnipkph nbuwljwiht sun puquuquib b
AnpStwljuwiunid wuhttwp b unbnsdt] wyuyhuh Jugph dbkpktw, npp pwdwpunph pnnp
wmhwyh Wmpbpht ubpjuugynny wwhwbeubppn: Uy hull wwwdwrny wjuon (Jwph
dbphuwbbpnid dowljyws i pudpwljju, ppryw, dbtnwupujw b uhtipbnhl yuwuwnwnukph
Juguwt nkdhdubp: Uhuptnhl yuwunwnitph (Jugdwut nkdhdutpp twpunbuqus tu
twl pninp nhyh pwrtnippuhtt ywunwnibph (Jugdwi hwdwn:

Zugniunh Jugdwt nkdhdubpp wwppbkp whyh wdnndwn (Jugph dbpbuwubkph
hwdwp wnwppbkp b, puyg nipupwiynip wmhyh Yynmiph hwdwp gnynipnit nith dowldws,
wyy Wnipht punpng (Jugdwi gkpdwunhdwt b dudwbwly:

dudwbwlulhg 1Jugph dkpktwubpnid hwgniunh (Jugdwi hwdwp withpwdbon
wuydwtbbpp unbndynud b Jupquynpynid  Bu wdundwn fepyny: Ywpdws wjb
hwbquuwtphg, pt htywhuh Wynip L Jugynud, bwjpuopnp dowlyws dpwugph hwdwdwylh,
punpynud £ Jugdwt nkdhdp: Opkpt pninp mhyh wdunndwn b jhuwwdundwn (Jugph
dbphuwbbpnid npubg by dunumd Eu qugynn hwgniunp byniph wnbuwlp, Jugdut
dudwbwuwhwngusdp, [Jugdut wpugmpmniup, Jugdwut pipwugpnid dkpttugh jughnud
pwph Juwuwpws dbppwbhlulwb wopiwwnwtph dlp, (Jugnn oph obpdwuwnmhdwup b
pwhwlp:

Juunwpjws ntunidtwuhpnipnibibph wppyniupmd wwupqyl) L np pnjnp vihuyh
wyunnduwn (Jugph dbpkuiwbbpnid wpwbdbmgus i (Jugdwt ntdhdubp pudpulju,
uhiptinhl] b ppyw hwgniuntbph hwdwp: Ywt phdhdubp’ twhpwnbudus tnipp
wuuwnwnitkphg yunpuunjuws hwgniunbbph (Jugdutt hwdwp, htgp hhdbwlwind
Yhpunynud £ dknnwpuyym hwgniunubp (Jubwhw: Ywpudwsé qugph dbptuwgh mkuwlhg
Juguwt nkdhdubph by puggpius L wpwg Jugdw nkdhup, npp twhwnbujus k
hwgniunh pupdugdwt hwdwp, wupquepdw b snpugdwt nkdhup, snpugdwt nkdhup,
onh htinwgdwt nkdhup b wyjb:
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LJugiwt Jdwdwtwjwhundwst wdundwn  Yhpwyny ubbnynd L oph
obpdwunhdwith b (Jugdwt wpwgnipjub phnpnipjut wpgniipnud: Ywt wjnndwn
1Jugph dkpkuwtkp, npnugnid (ugdwi dudwtwlyp, opp ohpdwumhfwp b wpugnipniup
yniph nbkuwlh punpnipjut wpyniipnid tnyuybu vbbnymd Bu wundwwn: Uwljugt
tdwbwwnhy dbpttwubpnid htwpwynpnipnit u Jipehthu plpk) dtnpny junwjupdwt
nkdhih:

Zugniunh [Jugdwt npulp dbs dwuwdp Jupudws b dugph dkpktuwgnid puph
Juunupjws dbjpwthjulut wojpwinwiphg: ughinid ppujubugynud th yuunwlul,
nwnwbnnulijut b wy] owpdnwdubp, npntg dudwbwl wytnbn quynn hwgniunubpp
dhujwtg hupdwénid Eu wnwppbp nidipny: Qwpudws yniph mbuwljhg' wyn swupdnudubpp
Jupnn Eu (hul] wnhy jud yguuhy, htsh £ huptwupqugnpynud E dbptuugh (dugdwi
wpwqnipjul ptnpdwt wpnniupnid:

Zwugniunh (Jugdut hwdwp wthpwdbown oph puwtiwlp tnybuybu jupquynpynid £
wynndwwn JEpwyny, hull oph ebpdwumhdwh npnydwits hwdwp, pun twpuonnp Upmljdus
Spwgph, npnowlh vhowluypnid ipgws obpdwunmhfwuttph vhol pinpnipnit juwnwpkine
htwpwynpnipmit fu:

Quuupjws ghunnwlui  htwwgnunipnibiiphg  hbknbnd k. np Juph
wpunuypnipjniinid wpwunpynn hwgniunh junnigguspnid jub dh swpp wmbnudwubp,
npnip Juquywé tu dh pwuh whwyh mpbphg yuunpuwundws gqnpsjusputphg b
dhownpyubputphg, npnup puquuobpn Jupniguspubp b Ldwbwwnhy nknudwubkph
pwtwlp, hyyku twb nYju] mknuwdwund fhpwnynny guuwnwntbph okpnbkph pubwlp,
Jujuwé Lu hwgniunh bowbwlnipniihg: Ophtwl, Ykpwplyniubph wwwnpwundwb
dudwbtiwl npytu hhdtwlwb Wyniptp ogunugnpsynid L pupwl, gudp npulh qnpédusp,
wnwpwgunn dhowunpyuwsp, wunwn b vnjupupninp: Yhpupyniubph hhpdbwlwt ynipnp
Ynownn k b htwnbwpwp ndupnipjudp b pidnpdughugh Bipuplyynud: Npybugqh wyb juwy
wwhwwh hp dup hwdwh Eqpuyhtt dwubpp dowljynid B pupwl] uinjupupnpny, husp
unwind ki shpprujws wuuwnwntbph wpnwnpmippiunud: Qpybku hhdtwljut wnip
oquunugnpdynid L hwuwn ppryw jud Jhuwppyw qnpéuspubpp, nphynnwdughtt jud
shjntujwsd ywuwunwnubpp, wphbunwlwi jud ptwljut dnpphubkpp:

Upu  wopkpp  Jugduwt  dudwbwly  bupwplynd o ghdnpdwughuygh:  buly
phdnpldwghuyh swihp b dbp Jupudws b ndjuy yniph hwnynipniiibphg, hbnbwpwnp,
puquuotpn junnigquspubpnid wyn pEdnpdughwibpp (hind Bu wwppbp: Npuytuqh
wlwbwwnhy  pEdnpdwghwibph  swihp  hwugyh Wwjwqugniyuhl, YJuwunwpyond o
thnpdwpynidubp,  pgh  dwdwbwl nundbwuhpynd o wfjuy  yuuwnwnh
hwnlnipmitutph hnthnpunpmnitttiph jupdusnipmniup (Jugdut dudwtwul phnpdus
nkdhdubphg:

Puquuptipn hwgniunubph hwdwp (Jugdwt nkdhdubph dpujdwut dudwtwul) npuytiu
thnpdwtidniptitip ptnpynud Bu pudpwljjw, ppnjuw, Jhuwppnw, dknwpuk, ynipk, uhtiptinhy
qnpéugpubipp b vhgunpjwdpuht tyniptpp:

Tpwip Lu. wdwpuwhtt b dhoubgnuuyhti hwgniunh ywwnpwundwt hwdwp
twpwwnbudws padpwljju gnpéqusp (wpwhlinyp 831213), dhgukqnuwghtt hwgniuwnh
yuwnpuundwt hwdwp twpunbuqus 4nipk qgnpsywsp (wpunhlnyp’ 831223), wmdwnuyht
b dhoutignuughtt hwgniunh yuunpuundwt hwdwp twpuntugws dknwput gnpéusp
(mpunhynynp' 832320), dhoutkqnuuyhtt hwgniunh wunpwundwb hwdwp twpwnbudus
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Yhuwppyw gnpéusp (wpwnhinyp' 835210), wotwmtuyghtt Ynunnidubnh b JEpuplniutph
hudwp twhrnbuqws ppyyu gnpdywsp (wpnhynyp’ 835310), wdwnuyhtt b vhoubqnuwght
hwgniunh YJupdwb hwdwp wwpwunbuquws snuybjuhtt dwbpwpliiphg qopsyus
uhiptinhl] gqnpéywsdp  (wpuplnyp'  838131), wuwnwnwgnt  dhownpyuspukph
yuunpuundwt hwdwp twpwnbuws vhipbnhl yuunwn' juqdus wgbnwnugh
dwbpwplitiphg (wpnhlnyp® 838551), pudpwlju hhupny, wnjhwudhnuihtt swslynypeny
unutidwghtt  dhownpduép  (wpuhynyp® 837067) L  wwpwguny dhpwunpyusputinh
wuwnpuunduh hwdwp twpwnbudws uhupbwnhl shintujws wuunwn
(wpwhlnynp® 934506):

dJudwwljulhg wywnndwn (Jugph dbkptuwttph jJugdwt nkdhdubpp npnoynid B
htwnlyuy gnpéntiubph vhongny®

*  wpwgnipjnil,

* ohpdwuwnhgul,

o Jdudwbul,

*  Wniph mbuwl:

Juunupjwsd hbnwugnuumpinibubph wpyniupmd wupqyl) b np padpuljju b ok
hwgniunubpp wihpwudbown E (duiiug 80...90°C ghpdwunhwmimd” 4.5 pnyk Pudpuljju
hwgniunubpp Jupkh b qubtu tub 100°C obipdwunhdwtnid dnn 2 dud: Ukwnwput b
ppyw hwgniunbbpp (Jubnwd Bu 35...45C ohpdwuwnhdwithg ny pupdnp obpdwuwnmhdwinid,
Hugdut dudwtwlwhwndwép wnbmd b 5..10 pngk Uhuphnhl dwbpwpbitphg
wuwnpuunyws hwugniunibpp whwp b quiiug 40...50°C-hg ny pupdp obpdwunhdwunid:

Zhdp pugniubnyg Jtpp wpdusp’ Juquynud Eu (Jugdwt phdhdubph thnhnjudwb
dwjupnulutpp (wn.): Ungnuuwlnud pnpdl] Bt hwgniunp (Jugdwut gkpdwunhgwuh,
wpwqgnipjui b dwudwbwlh wpwybjugnyl, uYhehtt b wjwqugnyt  wpdbpubkph
hwdwygnipniuubpp: Lwh np pudpuljju b ynigk hwgniuntbph Jugdut yguydwuubpp
pujuluthtt nmwppbpynud Bu ppryu, dbwnwpuk b uhbpbnhl hwgniunubph Jugdut
wuwydwubbphg, dowljyl; L wnwbdht pkdhdubp® npwbg wpwbdht pudptiph hwdwnp:
@npdbpp juquulbpyynud o wjtwhuh jupgny, np, jupnjws mph nkuwlhg, Jipp
uoqws uljgpniiphtt hudwwwwnwujuwl, ptnpynid Bh ndjuy ymptph Jugdwt nkdhdubph
wnwppbp fudpkp, npnugmd pungpidws Eu wnniuuynid  tpgws gopénuutph  pnnp
htwpwynp hwdwlgmpniutbpn:

Unynruwly
Zwgniunh (Jugdwt nkdhdubph thnthnjudwt dwwupqulukkpp
‘Uniph nbkuwljp
Qnpénulikp pwudpuly, ynip p0LRL, Ukwnwpu,
uhliphnhly

Uwljupguljp uy. | vho. | wn. u]. | vhep. | wn.
Qbpd. (°C) 60 |80 100 |20 |30 40
Upwg. (/) | 600 | 800 | 1000 | 600 | 800 1000
dwd. (p) 80 | 100 | 120 30 |50 70

Onpdwpynidubph dudwbwl] npyku thnthnjuynn gnpént ptnpynud £ twb (Jwgph
thnont mbkuwlyp:
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®npdwpynidubpt hpuwtwgyt) ki §nbunpnijnhy npuuh oShpuwnbuwn 22000 uwp-
puynpdw Jpur: Uji btwppwnbudws b whun yniptph  dbjuwithjuljut b ghdnpldughnt
hwnlnipitutiph npnodwtt hwdwp: @npdbpp Juunwpdl] it hwgniunh  Jugdut
dudwbwl wyniph jurnigqusph b hwwnlnipniuubph hnthnpunipmnitibpp nuuntdbwuhplne
tywwnwlny, npybtugh wupqyh, pk (Jugdwut nkdhdubpp huyyhuh wqpbgnipmnit niuku
hwgniunp ykpnhhoju hwmnlnipnituubph Jpu:

dnpdwtdnipttipp mwuppkp whuyh gnpsywspubtp L, npnug suhbpp ptnpyt Bu *NUS
28966.1-91-h hudwduy:

®npdtnh pupwgpnid «Shpunbkuwn» vuppuynplub vhongny swthyt) b yuwuwnmwnubph
huquwt pugupdwl Epljupugniidp (Zug) b juquub phintdwédpp (Pug) 1Jwugnidhg wnwy b
htwn:

®npdtiph nyjuubpp ubpiuyugyws Eu qpudhljutinh mbupny (uly ):

znjudh opowbwlubpnid npubu ophtul ubphuwjugws b pwdpuljju wywuwnwnh
Juguut dudwiwl] twpuopnp punpjws (Jugdwt nkdhdubph b juquut pinutdusdph dhol
Juuwp' gqpuwdhlutph wbupny: MNuwpqnd L np  wpwgmpul, dwdwbwyh b
obipywunhdwh Uks wpdtpubph ntwpnid wnigh juquub phntwédph wpdtpp thopp L
htgshg htwnltnid E, np Wwjwql) b Jipohthu wdpnipmiup: bull wodws ntdhdubph thnpp
wpdbpubpnh ghypnid wuwuwnmwnh uqwb phnuwsph wpdbpubpp Ukd Eu, wyuhupt® ks k
niph wdpnipjniup:

Ldwtwnhy thnpdwpynidubp juunwpyt] Bu 21 wwppbp nhyh tdnwubph hbwn: Uju
uuniputipp tink Bu " Jhwpbpw, b” puquuokpn: Upmyntupnid wyupgqyby B np tdwbwnhy
Jujujubmipniuitip wnw tu pnjnp tdniputiph dnwn:

®npdtph wpmyniupnid wupqyl)] b awl, np tdnwubph swhubpt pun Epjupnipiut
Ukdwighky b, hull punn jujunipjut’ twjuqbk;: Uunwnwgnt vhownpuspubph unnn wju
thnthnjunipniup tjunynud £ bwb npnowlh wiljju wnuly, hul] dhpwunpywspuwihtt yniphpp
wykh owwn GLu Gupwpldl] pgEdnpdwghuyh, pwt hhdtwlwb wmpbpp: Ljwugdwb
nupugpmid hhdbwlw Wynipbpp tpup duadwbul yuhywind Ea hpkug bwpulht mbupp,
hul] vhpwunpuspubpp Ukl whqud (qutunig htnn pudujubwsuth phdnpdugynid bu:
Uts muppbpnipnit ju bwb hhdtwub yymptph hwdwp dowljdws (Jugdwut nkdhdutph
b unubdwjht dhownpdwspubph (Jugdwt hwdwp wihpwdton wuwydwtubph dhol:
Onhtuwl]’ dudwbwlulhg unutidwjhtt vhownpjuspubptt hpkg unubdnn hwnlnipmiup
Ynpgunid tu Unwn 30°C oipdwunhgwtnid, hul] wdwnndwn Jugph dkptiwibpnud (qugdwt
obpdwunhdwip hhdtwljwiunid mwnwiynud k 30...80°C-nid: Lyugdwb Jiponid unutidwghte
dhownnpyuépny dowlyus nmbnudwubpp phdnpldugynud Eu, Ynpgunmd hpkug unutidnn
hwwnlnipmnitp: Uw hhdbwlwinid hwinhynd t winpudupunppubph b oppwuqqunttph
thtioh dowljuwt nhupnid:

Juunwpll] £ twl ywunweh niunudbwuhpnipmntt dwbipughnwlh dhengny:
Upyniupnid wwpqyl] E np wwuwnwnh tkpphtt jupnigwspnd tnybwybu wolu th
tjuwnbih  thnthnpunippiubbp: [Jugdwd  dudwbwl  dbjpwihjulut  wqpbkgnipjut
htwnbwupny wbknh b nmbubkinmd dhotwpkih b hbkbupwptih npnowlh wbknwownpd, nph
wpyniupnid  gnpéJwsph  puguwluyhtt gquownbpp dkdwind  Eu, wjwgnd L wniph
hunnipnitp, poyuind Bu juwyh nuownbpp, dwbpwpbiipp npny wnbnudwubpnd
upuynd Bu b judddnud, hush b dbpghthu wdpnipjut jpdwndwt gqundwun k
hwinhuwiunid b hwmigkgunid £ yjhihigh wnwewgdwn b dwpwluniinipju ijuqiuin:
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Yuunwpjws thnpdbiph ndjujubph ntumdbwuhpmipjut wpgniipnmd wupqynd E,
np duljus dudwbwlulhg ntdhdubpp skt pwdwpupnd pwquuobkpn hwgniuwnh
Jugdwut hwdwp wihpudbon wuwypdwbbbpp: Ypwtp  dheownpubspuyht  Wnipblph
npujuljut  hwnlnmpmnitubph  wwhywtdwt hwdwp skt uvnbndnud  wuhpwdbon
wuyuwtbbp: LoJws phpnipmniuubpp Jepugubint hwdwp wihpwdbon E dowljly unp,
oyuhuw] Jugdwb nkdhdubkp, npnup Ypwdupupb b hhdbwlwb, b dhownpuspuyht
ynmptpht:
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3. TOCT HCO 5089-2001. Marepunansl TeKcTuiabHble. [loAroToBka mpo6 Ijis XUMUYECKUX U
cTupanbHbx ucnsiTanuii // Msg. odpun. (Mexroccrarzapr). — M., 2006.

4. TOCT 28966.1-91, 'OCT 28996.2-91 Kieu nmonumepHsie. MeToms! ompeneieHUs IPOYHOCTH
Impu pacciaauBaHuu u orcaausanuu // Wsn. opun. (l'ocymapcrennsiit komurer CCCP). — M.,
1996.

5. YcTpo#cTBO AJIf UCIBITAaHUS HAa MPOYHOCTh KOHCTPYKTUBHOM cepuu TuPArect 2200 R 1/90.

2N&Z (M)-h dwhwdnph dwutwdniy:  Unipp tkipjuyugyb b udpugqpnipini 20.02.2010:
3.A. MMHAC/H, A.H. MEJIUKCETAH

UCCJIEOBAHUE U3MEHEHUA CTPOEHUA Y CBOVICTB MATEPUAJIA OJEX Bl BO
BPEMA CTUPKU

PaccmarpuBaeTcss MHOTOCIOMHOE CTpOeHHe OfexAbl. IIpoBefeHsl HaydHbIe MCCIeL0BaHM
¥ WCIIBITAHUS, B Pe3yJbTaTe KOTOPHIX OOHAPYXeHO M3MeHeHMe CTPOeHUs M CBOMCTB MaTepuasa
omexxgsl. Ha ocHOBe pesysnbTaToB HAyYHOTO MCCJIENOBAHUA IIpeJjiaraeTcsi pa3paboTaTh HAYUHO
06OCHOBaHHBIE PEXKUMBI CTUPKH.

Krrowensre croBa: opexia, MHOTOCIOIHOE CTPOEHNME, CTUPKA, HCIBITAHUE, PEXUM.

Z.A. MINASYAN, A.N. MELIKSETYAN

STUDY OF CHANGES IN STRUCTURE AND QUALITY OF CLOTHE S
MATERIALS DURING WASHING

Multi-layer structures of clothes have betudied. Scientific researches and experiments ha
been conducted and changes in structure and qualithe materials during the wash have been
revealed. Based on the research results it is stegydo develop scientifically grounded washing
regimes.

Keywords: clothes, multi-layer, washing, experiment, regime.
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L.G. UUrausuy, u.fir. UtuNhuduu

MpCPSUSHL NULOUY NUUNE BY UrOUEP UM8BNRLUYES
yNrouuy aNrocueuUshkh 2z6SUNSNRUL

zhnnugqnunjus £ wynhbd-Ynpshpuiughtt hwipwpwph  juwynuyhphunughtt $nnugdute
wnswiphg unnwgyws whphiughtt pnwiyniphg nuljnt b wpdwph Ynpquwi gnpépupwgp: Snyg k
wnpjuwsd, np ywhphwh unyduwnnughtt hnppwlipynudp poddwi dwdwbul jupng b punbwg jujwgnyi
twhiwnpuip tpw hwnhubpnud yupthwlyws nuljne b wpswph wpynituybn §npquus hwdwnp:

Unwigpuyhl punkp. vjhphuwght jnwiynip, yupthulyws nuljh b wpswp, unyybunmugng
poynid, pndqusp, mwppunisnid:

NMnhtd-Ynpshnuwbughtt hwipwpwph  juuwynuyhpuuhtt ppnnugdut wnswuph
Jhpupnnugdudp  vnwugdws  Epipoppuyghtt punwiynmiph  (wpnruwl 1) hhdbwluwb
pununphsp, nEungbudwquyhtt Jhpnsnipyut (F246-2,0, Cu-Ka - dwnwquypdudp)
njuibpny, whphwnt E (FeS2): Ulwgwédpn SiO2, CaO, MgO wuwuwpubpt ki b stsht
puwtwlnipjudp i ynuyhphwn (CuFeS:), upwtiphwnn (ZnS) nt wy dhubkpuyukp:

Upniawly 1

Mhphwnwyht fpnwiynieh phdhwlwb yEpnisnipjut wpyniupukpp®

Swippkph yupnitbwlnipiniup, %
Au, ¢/in Ag, g/n Cu Zn Pb Fe S
5,80 7,05 0,41 0,42 0,033 20,40 20,77

* dhpnisnipniip juwnwpyws E olintwdbnwinipghwh htunhnning ©LC — nud:

nwiymph dJdhubpwnghwwb  JEpnisnipjut ndjujukpnyg  phwshtt  nuljme
dwlipugnytt dwubhlubkpp' 0,08 #/ L 0,004 «/ sunhbpny ubpthwlws Eu uhphwnh
hwwnhlubpnid (aly.1w): Puwshtt wpswph dwuthiubkpp' vhohtt hwoyny 0,04 #/1/ smthbpny
tjuwunynid Bt ywhphnh hwnplutpnud, hwdwlgyws jpwjynyhphinh hkn b guuwynpdus
wllwtnt duny (uly.1p):
Nulnt b wpbwph wwpnibwlnipmitubpp hbnwgnuynn pnwiympnd pudupup Eu'
nbnbuwybu owhwdbtn  Jhpudowldwt  wpununpnipmit juquulbpybint  hwdwp:
Uwjuyl, hisybu huyntp k (1], Epk nuljht qupthwldws t yhphnh hwnhlubkpnud, wyh
qpiuwd E muppumisdwt gnpspupwugnid ghwuhn-hntubph htn thnjowgpbgnipjut dke
dntbint  htwpwynpnipjnithg:  ZEkwbwpwp wju  wbkuwyh  dhubkpuy  wwpnitwyng
hunwiynipp whwp E  jw'd nippulhnpb Gupwplyh  hupdwb (Bpk  nuln
wupnibwlnipmniup paduluiht pupdp B), ju'd pnddh’ npuytuqh dhttkpuynud gnjubwb
puquuphy swlnunhubp nt jubwgukp, ghwhy-hntutph (CNY) puthwigdwt hwdwnp:
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w (x 400) |

Ul. 1. Ruwsh nuljnt (w) b prwsht wpswiph (p) nknupwojunidp
whphwnughtt hwnhubpnud

BJupydws tphnt nipnmipinibibphg wpwehth phwpnud, hywbu gnyg E wndhy
wpunuypuljui  thnpdp (wubwynpuwybto Upudbpgnt wnhdwdnyupwind), whphunh
pupdp  wuwpnitwmpudp  wnuduwghtt  pnwiymph  <hbgnl) Jqutbuwnud>  hwpdwb
dudwbtiul, shuywé pnjuwpiununipnh hdnnpbt twhwywnpuundwip, tpuinud wnljw
whphp qquih tghpibp & wowg phpoid wpnugpujut gnpdplipugnud, wyy pynud
Juuyud htnnily Jutiugh Untwnph okiuht ndjupuhuy Enwljudus
hwpuduquiq]usitph  gnjugdwi  htw, npnip wwppbpwpwp whnp b hknwg]bu’
Junwpwith wijputhwt wopwnwbptt wywhnybnt hwdwp: Cun npnud, wbuwfut b
thnpdwpupulut Jepnidnipymt myjukpny wdws whun qubqusutph Yninwlnuip
hupdwt Juubuwh twhwobdhtt wuwjdwbwynpws L whphwnh (FeS2) opuhnugdwi
htwnbwupny Epuph ndupwhwy opuhngubtph gnjugdwi htwn, punn htnlyw) pkulghwutph
[2]

3FeS: + 802 = Fe304 + 6502, (1)
4Fe30s + O2 = 6Fe20s : 2)

Pugh nputihg, kpt whppup qupwputh dninph dnn puypuygh tniyuhuy whpnphwnh
(FeS) gnjugdudp, myuw Jtpohtiu onh ppywsuny opuhnuiwny unyuwyhku Yhnpuwltpuyyh
ndjupwhuwy vwqbkphwnh 17

3FeS + 502 = Fe3O4 + 3502 : 3)

By pwtih np pnwjuwnunipnh dhgngny urwpwt npynn $pyniup (SiO2) wuwpnn b
dwqubphnh jud hbdwphnh hbn pmpwhwy pwpudubp gnjugub) (hisybu ophtwl,
Ymniuphh htwn' FeO.SiO2 jud 2FeO.SiO2), wwyuw, hwwbwpwp, hkug ssUpmqpljus
dwqubphwnt £ Enwlujdnud $pniuny nt ywhuny quigush nbkupny Juysnid quutuwgh pp
hwinwlht:

Uwljuytt pughpp dhuyt dBjuwmthjuljut wthwpdwpnipmniup sk: Mhphwup qquih
pwhwlnipjudp dwbpwhwwnhy nulh t yupthwlnd hp dwuthlubpnwd, b Gk nputp sk
dhwhuwpnid pndwpuwntnipgph djnwu pununphsubph htn htnniy Jubbuwnud, nipbdu
whphuuyghtt - nufht,  huywbu  bwl wpdwpp, mnnquihnptt - jwupnn o B Ynpyly
hupudwgnyugdwb Smtwuyuphny:

Usjuwmnnwiipnmid  thnpd £ wpydl] ppnuiyniph unydwnwuginng  pnddwtn dvhongny
wupthwy nuynt qquip pupdp wupnibwlynpudp whphnh hwnpyubph puquihb
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thnppwlbpydudp  dknp  phplkp  gpubgnd  wwppunmisdut mbuwljiinhg  wowyly
hupdwpubwn, swlinuhubpnd nt  dhowbghly Ywbuybkpny (kgnit  unydhnuqniply
Jurnigqudp' punjugus ghpuqubguytu opnid (nuskih tnwdukun tpjuph unydunhg
U opuhnuyhti pwqbiphg:

U tyuwuwlh hwdwp, bwp numdbwuhpdl] Bt ghphund nbnh niubkgnn
dwquyhtt hnjuwljpynidubpp ny hgnplpdhl nwpwugdwt wuwydwbbbtpnud, ogquiykinyg
43,12% FeS2 (Uuwmgwdp® CuFeS:, CuS, ZnS, SiO2 b wyjj) wupnitwlnipjudp nunwiyniph

ohpdwdwipwswhwlut b ghbpbughw-pipdhjujut  JEpnsmipju  punipwugpbkphg,
hwuus Q-1500D nhphyuwwnngpubh oqunipyudp (uly. 2) [3]:

o
20|
a0}
60
80

100

120

140

200

-AG,
aq

o 20 40 60 80 T, nnuwt

Ul. 2. Mhphwnh 43,12% yupnibwlnipjudp punwiyniph npiphyunnghpp TG - tdniph quuqyush
thnthnjunipniip, DTG - quuquésh thnthnjunipjut phdbptughwp, DTA - nhdtplughw-
pinthjulut yipnisnipiniup, T- obpdwunhwip, °C

Yhphyuunngph pumipwqptph hwdwnpnudp hgnptpdhl yuydwbbkpnid (250, 400,
500, 650, 700 °C) unnwugdws pnyquspubtph nkunghtiwdwquyhtt Jhpnidnipjut nfjuukph
pny] b wwhu hwunwwnbing, np wdnph quuqush thnthnjunipmniup 285...508 °C
obpdwunhfwbwihtt nhpnypmd b hwdwywwnwupwb  ohpdwbipwnps Epklunp 415 °C
dwpuhunidny wuwjdwbwynpyus bt whphnp unyduwnwugdwdp pun hbknbjuyg
nkwlghugh’
2FeS2 + 702 = Fe2(SO4)3 + SOz, (4)
AGT® = - 25545 + 0,97T, §.2/n; :
Anjugwd tpwdu kv unydwnp quhywinwd £ hp juynitinipniip pughniy dhish
640 °C, nphg h Jtp wyt Lupwplynud E obpduyhtt nhungdwi’
Fe2(SO4)3 ( Fe20s + 3S0s, (5)
AGT° =568,11 - 0,59T, §&/ilny,
htsh dwuht Jumud E puduljuth junpp obpdwljjuths Edtlnh hwunbu qup DTA Ynph
Jpw 640...700 °C mhpnypnwd b bdniph quiugush hudwywwnwupiwt thnthnpunipmniiup:
DTA UYnph qquih upnipmiup 668 ¢ € — nud hp hippht uynid k, np Epjupeh ipwdubin
unipwnh  thnpjuwlbpynudp hbdwphnh b (Fe:0s) wbnh L niukunwd pohypwdli, ubkn
obpdwunhdwwght mhpnypnud, htgp hwwnnly E nphungdwt nbuljghwubpht:
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dhpnisnipjutt  wpynipubphg hbwnbnd L, np whphunh  unydwnwugus  Jhdwlh
wwhywidwt hudwp pnwiyniph poddwt okpdwunhdwip sykwp k ghipuquigh 640 °C -
n: Uy wnpndny, hbunwgnudwb bBupwlw  bEpypnppughtt whphuuwghtt pnwiymph
Jtpwhuljhy pnymdt hpujuwtwugyby 480 °C - nud, 3 dwd mbnnnipjudp: @niquhbnwpupn
juunwpdl] bt twb jpunwiniph  ponynd wjuwinuwlwb  nhdpdnd (700 b 900°C)
nuppunsdut wunhfwbttph hwdbdwndwi hwdwnp:

VY. 3 - nud wuwunjpus nhppuljuingph ypw hunwlnpbt kphwldws tu pndqusph
hhdttwlwt pununpphsh’ Epuph tpwduitin unydwnh (Fez(SO4)s) punpny nhdpuljghnt
wpunwgnnulukpp 0,4362 &, 0,4152 i, 0,3523 & b 0,2673 &/ dhohwppnipmniiwghl
htpwynpnipnitubpny: Ljwwnynid E twb hEdwphwnh (Fe20s3), htywhu twb wnudh
unipunh wnjumpniup pndquspnid: puig vhwdwdwbwljju wnjuynipniup jupnn L
htnbwtp (hul] funwiympnd  wwpnibwlnn nminbklhg  powynyhphnh  nynulh
unidpunnugduls, pun hknlbyju) nbkwlghuygp®

CuFeS2 + 7,502 = CuSOs4 + 0,5Fe203 + SO2: 6)

CuSO:s - n wnwbdtwybu wihwbquuunipmnit sh wwwndwnnid, pwh np wjbh

unyuybu opnid (niskjh unyduwn k:
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LY. 3. MhphwwyhG funwbjniph unt dwnwgywéd pndqwéph ntlGungbbwaghpp

Uwluy, huyybu gnyg wpdbg, pndduws  wdniph whnpngpudhlului
Jtpnusnipjudp, htdwphup b wnudh unydwwp ny phk hnd Ynunwynudubp Bu, wy
puohujus Eu Fex(SO4)3 — h qubguénid, dwtipugnijt whpwwnuspubph nbupny (uly. 4):
Qpwtp Jupnn B hbpunipjudp wpwbdtwbwy Epwduibin unydpwnh nmwppunisdut
dudwbul: Fwgh gpputhg, wju uwdniph hwwhlukpt wyph Eu  plljund UGS
Swljnnibunipyudp b (E-Egmt Eu  wwpwbghly YJwbwjubkpnyg, npnugng nhuyh
wnwppunisynn nuljnt dwuthljukpp hbpnnipjudp jupnn b puthwgl) ghwthn-hnubbpp:

b wnwppbpnipmb  unybwnwugdus  pndqudph, opuhnugdus  wpquuhpubph
hhdtwlwt pununphsp, unynpwpwp, hbdwphwnt t (Fe20s), npp niskih sk unyuhuly
SéUupmut  ppdh  opuyhtt  nusnypubpnid: Ujuwhuh podduspubph  hwwnhlubpnud
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dUbdwdwuwdp wnljw i thwl swlnumhubp (hwnfuybu 900 °C-nud pnddws udnipubpnid),
npnlp pupdp okipdwunhdwtibpnid hwnhljutph dwubwlh Epwjupdwt hbnbwbp B Uy
E wuwndwnp, np opuhnugdws pnyyusputphg nulint Ynpquut wunhdwut wybkih gudp L,
pwt untpwnugushg (wnnruwl 2):

Ujuyhuny, whphunughtt yupthwl nuljnt wnwybjugnyb Ynpquut wunhdwih
wywhnyuwl hwdwp pnwiyniph pnynidp ywhwnp £ junupgh unypunwugunng  nhdhdnd®
otpdwumnh&win 480...500 °C, wbnnnipniup 3 dwud:

Thphunh opuhnwgntd hutnhlyh <winhyh funppnud uihpnphtnh — Ruindn skpdwutnh-
dwytpuniyphg nbwh funppp’ opuhnuwgntd Ghbsl dwqbbphwn,  AwGbGpnd dwqlh-
2FeS; + 60, = 2FeS04 + 2S03 h hwhy 66dph hErwiwdp phwnh thnfuwytip-
2FeS0O4 + SO2 + O2 = Fea(S0a4)3 gnjugws swynwnhbtpny Gbpu wntd FexO3-h

2FeS;0,+ 70, = Fey(S04)3 + SO» wthwGgnn onh ppqwdéth’ SO,

G6aph gninpzhGtph nhdnighw SOz qugh htirwgdwdp
<wwnhyh funppnd whphuinh
Lhnruwlabnlumﬂ SwlynunlybG nGwh hwunhyabph dwybpbup,  nipnnpnywé Swptkph L
whpnphup npuntin npwbp opuhnwlnid G0 dwyninytl Yurenigywdph
UhGsl SO» gnjugntl

3FeS + 50, =
Fes304 + 3SO,

Ul. 4. Pnydwit gnpéplipugnid ywhphinh wunhdwwlw thnpwlEpuydw
Ubkjuwtthqup pun whnpngpubhuluw Jpnisnipjut mdjuikph

Unyniawly 2
Pndwt wpquupputiph ghwhnuyhtt muppunisdw wpnyniupubpp®
Qbpulwu- NMupnibwlnipmniup Unpqnuup nliyp
Pnjuwh wpquuppp | wh&wp, pnyyudpnid, g/in nidnyp, %
°C Au Ag Au Ag
Unypduinwugyus 480 58 7,11 80,4 85,6
Opuhnugdué 700 6,1 8,4 65,8 69,2
Opuhnugdué 900 6,6 8,8 59,2 61,3
*dhpnidnipmiuutpp junwupyt) Bu «Lintwdknwinipghwjh httunnhwnniwn»

OLL — nuu:

Upununpuljut yuydwitbpnd wynuyhup pndnd jupnn b ppujubugyl) «knwgnn
okpwiny» Junwpwubpnid, npnup (uyt Yhpuend tu qunk) “Konmep Xumr” (UUL) b CYM3
(bwpuyhtt WUZU) puybpoipoibbbpnud: Fpwlp oguuugnpdynud Eht bwlb  Ujwdbpnne
(Entwphdhwljut Yndphttwnnid [4]: Ujpuhuh Junwpwutbpnid jpnwiynipp phintgnid E
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wjunnlunugjus dbny duwwykbughtt jud wthubwdb ubnighsutpny: vnwiynipp
20...25% onh wwpnibwnmpjudp dwinmgymd bt pngudninny junwpwih jwuwdwphg b
thnokgpynud £ unmwgpws onny [5]: Unydwnwgunn pnddwtt mbnnmpiniup wynuhuh
Junwpubtbph Yhpundwb nypnid htwpwynp k Ypdwnty dhph 0,5...1,0 duns
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JLE. CAPTCAH, H.P. MAHYKAIH

NCCJIEJOBAHUE ITPOIIECCA 3®PEKTUBHOI'O U3BJIEYEHUA
3AMKHYTBIX B IITMPUTE 30JIOTA U CEPEBPA

HWccnemoBan mpomecc wu3BlIeYeHHS 30J0Ta M cepebpa M3 NHMPUTHOTO KOHIIEHTPATa,
IIOJTy4eHHOTO M3 XBOCTOB XaJIbKOIMPUTHON GIIoTaluu MeLHO-KordemaHoBoil pyzsl. Ilokasano,
4yTO cynbdaTHOe IpeBpalleHNe NMHUPHUTA IPH OOXHUTe MOXKeT CTaTh XOpOllell IPeAIIOCEUIKON I
3¢ deKTUBHOTO U3BJIEYEHH 30JI0Ta U cepeGpa, BKPAIJIEHHBIX B €T0 3€PHaX.

KrfoueBsle croBa: TIMPUTHBIM KOHIIEHTpAT, BKpAaIUIEHHOe 30JI0TO U cepebpo,
Cyab(aTU3NPYIOWMI 0GKUT, OTapOK, BILIEIaYUBaHHE.

L.YE. SARGSYAN, N.R. MANUKYAN

INVESTIGATION OF EFFECTIVELY RECOVERY PROCESS IN PY RITE-LOCKED
GOLD AND SILVER

The recovery process of gold and silver out ofteytbncentrate obtained from copper-pyrite
ore chalcopyrite-flotation tailings is investigatétis shown that the sulphate conversion of pyat
roasting can become a good precondition for effebti recovery of gold and silver locked in its
grains.

Keywords: pyrite concentrate, locked gold and silver, suljgiag roasting, roast calcine,
leaching.
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MOATASEM M.KH.

CYANIDE LEACHING OF POLYMETALLIC ORE TREATMENT
RESIDUUM AND THE RECOVERY OF NOBLE METALS FROM LEAC H
LIQUOR

The particularities of cyanide leaching of a golkbing residuum remaining after removing
copper, zinc and lead from Cu/Zn/Pb/Fe sulphatipedt-calcine by its hydrometallurgical treatment,
and electrowinning of gold and silver from obtainke@ch liquor are investigated. The optimum
technological regimes of these processes are estta!

Keywords: residuum, cyanide leaching, sodium cyanide, pikm@tnodic and cathodic
reactions, electrowinning, current density, curegficiency.

The tested gold-bearing residuum (oxide concentéte 74.2 ng/kg Au and 1034.2
mg/kg Ag) of about — 0,07Inm particle size, had the following main mineral casipion
(%): 47.9 FeOs, 20.7 SiQ, 10.9 ALO;, 5.5 Fe(OHy, (CaO + MgO) and the rest. It was
obtained from Cu/zZn/Pb/Fe sulphatized roast-caleiiter removing from it copper and zinc
(by acid leaching) and lead (by the method of smdahloride leaching) [1]. Due to these
processes gold and silver grains become in a fiaeditton without any ties with
chalcopyrite, sphalerite and galena [2, 3].

To recover gold and silver from this residuum, ¢iyanide leaching with the followed
electrowinning can be used as a preferable metho&janide (NaCN, KCN or Ca(Ch)is
more acceptable complexant among a limited numbéigands which form complexes of
sufficient stability in aqueous solutions. It isiversally used in gold extraction processes
because of its relatively low cost and great eifeciess for gold dissolution. On the other
hand, despite some concerns over the toxicity ahitle, it can be applied with a little risk to
health and environment. The oxidant most commoskduin cyanide leaching is oxygen,
supplied from air, which contributes to the atthamtess of the process. In relevance to
electrowinning, it is usually used for treatmenhajh-grade gold solutions, however there is
some potential for its application to dilute leaslutions, i. e. without solution
concentration by carbon adsorption and elution.

The analysis of gold and silver in liquid phasdsra¢ach test was carried out by using
an Atomic Adsorption Spectroscopy (AAS) method f&240FS analyzer). Leach residues
at the end of each stage were also analyzed fdrayal silver to establish mass balance and
determine both precision metals recovery ratestlisraim an Emission Spectral analysis is
used on a DFC-13 spectrograph (Russia) at the t&meopic” laboratory of Institute of
Geological Sciences NAN RA.

lonic concentration of free CNh cyanide solutions was determined by titratiathw
silver nitrate using rhodamine as an indicator.

Cyanide leaching experiments (with leach sampled.28 g) were carried out in
Central Laboratory of Kapan Processing Plant wisdine unique producer of Cu/Zn/Pb/Fe
- sulphide concentrates with very high content@tigand silver. Leaching tests (24 h) with
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constantly missing slurry (S:L=1:8) were performada glass reactor of 1 liter capacity
equipped with a pitched blade turbine impeller tintaat 600 rotary/min (Fig. 1). Sodium
cyanide salt (NaCN) concentration was maintaine@.4t 0.5 or 0.6/l over the leaching
period and the consumption of cyanide was recorddte solution temperature was
controlled by a mercury thermometer.

Metal recovery tests were carried out in a modekpgbed electrowinning cell with
two perforated stainless steel plate anodes arneeh wool cathode basket of hem thick
(Fig. 2). The cell operated with solution and cotrbaving parallel flow directions. The
useful contact area of the cathode is approximat€lycn?. The pregnant solution is
continuously circulated from a storage tank throtighelectrowinning cell and back into the
storage tank. The flow rate was controlled by aglaging on the exit tube of the cell, and
the electrolyte temperature was controlled by acomgrcontact thermometer.

Thermometer

_ - 1
Baffle Agl%ator Roof H il
motor
_ | L "L Poor
. Air Compres- u N mlyte
Pitched blade] I sormotor — —
impeller Fiel_gtﬂ — — Steel wool
Q solution ] | | 1~ cathode
Leach ] T
vessel Cell cabinet| H H zﬁgggate"
Fig. 1. An experimental set-up for cyanide Fig. 2. A model packet-bed electrowinning
leaching of the oxide residuum cell (schematic)

Fig. 3 shows the effect of cyanide concentrationgold dissolution from the tested
residuum over the leach time. It is seen that emiregy the concentration of cyanide salt
promotes the gold dissolution. The highest goldaligion was obtained with Odl sodium
cyanide salt concentration. It is relevant to ntitat in these conditions over an initial
leaching period of 6.8oursapproximately 9®6 of gold was dissolved and while over the
following 17.5hoursthe extraction of gold is negligible.
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Fig. 3. The effect of cyanide concentration on gtiksolution (curves 1-3) and cyanide consumption
over the leach time

High gold recoveries suggested the presence of wvegligible quantities of
encapsulated gold particles which did not come amtatact with cyanide solution. This fact
is due to previously sulphatizing roasting of rawatemial (polymetallic concentrate) which
completely converses the sulphide minerals intoop®rwater-soluble sulphates (thus
exposes the locked-up gold in these minerals). efber after base metals recovery from
corresponding roast calcine, gold and silver incpss residue are actually present
predominantly in free conditions.

It should be noticed that the cyanide salt (NaCdi)stimption and the leach time are
spend mainly to dissolve gold and silver becausebiise metal contents are very small.
Consequently the cyanide concentration dependtsajuantities in oxide residuum. On the
other hand, spare cyanide quantities are not @listeirbed, since the leach liquor can be
recycled after gold and silver are recovered frohyielectrowinning. Practically 0.55...0.58
g/l of NaCN is enough to leach 74n2g/kgAu and 1034.2ng/kgAg from the tested oxide
concentrate for about 2urs

The analytical results of liquid and solid produotsained from cyanide leaching of
the tested residuum in comparison with primary eom@tions of gold and silver as well as
other components are represented in Table.
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Table
AAS analysis of the liquid product and mineralog@aalysis of solid residual obtained
from cyanide leaching of oxide residuum in compariwith its primary composition

Fritnary Main mineralogical composition, 22

oxide FegOs — 47.9, 805 —20.7, ALOs — 109, (Ca0+Mz() — 15.0, Fe(OH): — 5.5,

residum CuFeS; —0.03, Zn5 — 0.02, PhE — 0.05, PhE0y —0.01,
An—T42 melhe, Ag— 10342 meilke

Licpud Iain ionic concentration, mgd

product {inn 1,0 Gger filtered cyanide leach solution):

{cyamide Cudt - 11,2, Zn?* - 12.0, Ph2+ - 121, Fe?* - 101, Fe¥* - not, Cd?* - nat,

leaching Bi#*- not, 5b3 - not, As? - not, Aut- 91 Agt- 1249 CN-- 250

solution)

Sold Main mmeralogical composition {after Auand Ag recovered), %4

residual FeOg — 477, 5105 —20.535, 41,05 - 10,73, (CaO+Mg0) — 15,02,

(tailings) Fe(OH% — 5.6, CuFeSy — 0.0, ZnS — 0.01, PhS — 0.02, PS04 — not,
Au— 017 mgke, Az -4 3mghs

From the results of this experimentalesii is seen that gold and silver containing in
this oxide product are quite leachable in dilutdism cyanide solutions. This applies more
accurately of course to its direct interactionshwirtee cyanide-ions (CINby the following
reaction equations [4], proceeding in parallel:

2AU + 4CN + O, + 2H,0 = 2Au(CN} + H,0O, + 20H, D
2Au + 4CN + H,0, = 2Au(CN), + H,0, + 20H (2
and
2Ag + 4CN + O, + 2H,0 = 2Ag(CN) + H,0O, + 20H, 3
2Ag + 4CN + H202 = 2Ag(CNL_ + H202 + 20H, (4)

the result of cyanide-complexes in leach liquomisomplete conformity with well known
Er-pH equilibrium diagram for the system Au®+CN.

Cyanide concentration is relatively easy to conbylthe addition of concentrated
cyanide solution, or a solid cyanide salt. The ainof the oxidant concentration (i.e.
dissolved oxygen) is not so easy because of theslwbility of oxygen in water under
atmospheric conditions. Consequently the maximut® o& gold dissolution for processes
that use air to provide oxygen in solution is daieed by the conditions of temperature and
pressure under which the process operates.

At sea level and at 28 the saturated concentration of dissolved oxygesolation is
8.2 mg/l [5]. This value decreases with increasing altitude aedeasing temperature. The
corresponding cyanide concentration that gives mam dissolution rate of gold at this
oxygen concentration is approximately 0.0850f course, for industry cases pure oxygen,
oxygen enriched air, hydrogen peroxide or anotlxggen source can be used in place of air
to supply oxygen to the solution.

The full absence of Si, Ca and Mg in leach liquaams that its oxides are absolutely
non-soluble in NaCN solution, and they completelyain in solid phase.

As to solution temperature, it is well known thhe tgold dissolution rate increases
with temperature, as a result of increased aawiéind diffusion rates of reacting species, up
to maximum at approximately 8¥. Above this temperature the decrease in oxygen
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solubility outweighs the benefits of increased @oactivity and diffusion rates. Therefore,

taking into account the experimental results [6d @xperience of Ararat Gold Recovery

Coompany during last years, optimum leaching tentpegafor this case was established as
45 C.

The influence of gold and silver concentrationusioh flow rate and temperature on
the recovery efficiency of these metals, as welth&scurrent efficiency of electrowinning
process is examined. The tests were performed suthmary gold and silver content of:
26.8; 53.6; 80.4; 107.2 or 134my/l, and at flow rate of: 10; 20; 30; 40 or BO0/min.cn.
The solution temperature was chosen: 30, 60 6E90he cell current was 2.4 - 24 In all
cases essential solution pH was kept at the levdl2cb...13.0 which was not changed
during the electrolysis.

The metal recovery coefficient X for the 1st passage of the solution through the
electrowinning cell, and the current efficiency,Hor each experiment were determined by
the equations:

ec — (1 - Mem/ Min).loo%. (5)
The current efficiency for each experiment was meitged by the equation
Eur = (Min - Mrem)/Mt .100%, (6)

where Men is the summary quantity of gold and silver in theervoir at the end of the; 1
passage, Mis the initially gold and silver content,;M m(0.2Au + 0.8Ag) is the summary
molecular mass of Au and Ag for the case of Au :ZAf : 4 in the solution which can be
reduced on the cathode under the currem®)lif a time t §); m is the amount of these
molecules excused by the Faraday law: m = it /mE (L is the quantities of the electrons
taking part in reaction, F = 96500)£= 196.96 and A= 107.86 are the atomic
masses of gold and silver, correspondingly.

The experimental results are presented in Figsahd6. These images show that the
changes of gold and silver summary concentratidimiits from 26.8 to 134ng/lin solution
has linear increasing influence on the metal regoeeefficient at its 1st passage through
the cell (Fig. 4). The solution with (Au + Ag) caerdrations lower than 1&g/l is treated
with very small efficiency, which is connected willecreasing of equilibrium potentials of
Au(CN), -Au and Ag(CN) —Ag couples at low concentrations of cyanide comgielx].

The recovery coefficient increases with increadimg solution temperature. This is
explained first by increasing diffusion coefficieat the cyanide complexes, and second
increasing the electrolyte conductivity. Besides tttygen solubility decreases due to which
decreases the amount of oxygen molecules strivingthe cathode. The excessive
temperatures are also not lucky with the envirortrnequirements. The optimum solution
temperature chooses is
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Fig. 5. Influence of solution flow rate on the netcovery coefficient at the
1st passage through the model electmngncell with summary Au
and Ag concentrations: 1 — 26§/t 2 — 134mg/I

From the graphics on Fig. 5 it is seen that inéngathe flow rate of the solution
through the cell leads to decreasing the metalviesgocoefficient especially with high
concentration of gold and silver.
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However, from the point of view of electrolysis afyity this does not mean that the
process will be carried out at low flow rates. Tfere, as optimum solution flow rate it
should be 30nl/min.cni at which metal recovery coefficient curves begirbéolinear, and
which is well agreed with the data of internatiopedctice. This may be recommended for
the industry electrowinning cells.

In order to establish the optimum cell current ¢arrent density), the experimental
dependencies of current efficiency — cell curremd metal recovery coefficient — cell current
(Fig. 6) were joined. As it is seen, the currerficefncy (E..) of the cell decreases with
increase of cathode current (up té@at 5A), while the metal recovery coefficient {K,)
increases to a maximum. The optimum operating otiie therefore, the value at which
both of dependencies are in the same positionqlials approximately to 4 which
corresponds to the current density of AGrf. At such current approximately 16% of
current efficiency which is higher than averageustdy indicator (3% is typical for many
gold recovery plants [8]).
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10 1.5 2.0 2.4 30 3.8 a0 45 a.0
Cell current, 4

Fig. 6. The effect of increasing cell current oa turrent efficiency and
metal recovery coefficient oéttested model electrowinning cell

So, by the time of experiments the optimum reginssbe chosen for the:

« oxide residuum cyanide leaching — solution tempeea#t5°C, sodium cyanide salt
consumption 0.55...0.5§/t, leach time 22...24ours air innings;

« electrowinning - electrolyte temperature @ flow rate 30ml/min.cm, current density
40 A/nt.
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UNuUSUUtU U.Iv.

RULQUUUTESUNUSPUL ZULLULSNREP JELUUTUYU UL UNCUSNRYP ShULMUSPL
SULTULNRONRUC B9 UQubY, UGSUNLESE UNreanhurt LORONR3EHhS

Zhnwgnugky Eu Cu/Zn/Pb/Fe unyjduwnnwugus pnddusdph hhgpnidbnuwnipghwljui
Jhpudowdudp wnudh, ghujh nt Juwywph hbkpwugnidhg hbnn dbwugws nullinwp
unpujugnijh ghwthnuyhtt muppunsdwt b wvnwgus nisnyphg nuljnt b wpswph
LtEhunpwlnpquut  opptiwswthmpinitibpp: Zwunwwnwgpyl] Bo wyn  gqopdpupwugubpp
(wjunpyuyht mkutninghuljut nkdhdubpn:

Unwigpuyhli puwnkp. unpujugnil], ghwthnuyht wwppunisnud, twwnphnudh
ghwtihy, wnunkughwy], wingujht b upnpuyhtt nkulghwbp, HEjunpulnpgnid, hnuwtph
hunnipinit, hnuwbph wpynibwybnnipemnii:

MOATACEM M.X.

LIMAHUTHOE BBIIIEJTAYMBAHUE KEKA ITEPEPABOTKY TOJIUMETAJUTMYECKOM
PYbI 1 U3BJIEYEHUE BIATOPOJHBIX METAJIJIOB 13 PACTBOPA

UccmemoBanbl  3aKOHOMEPHOCTH —I[MAHMAHOTO BBIIMIEJIAYMUBAHWS ~30JI0TOHOCHOTO KEKa,
OCTaBIIETOCA IIOCHIE YAAadeHUs MeIH, IMHKA M CBUHIA, u3 cyabdarusupoBanHoro Cu/Zn/Pb/Fe
orapka IIpH €ro TUpPOMeTaUIyprUvecKod IepepaboTKe ¥ 3JIeKTPOU3BIEYeHUN U3 IIOIYI€HHOTO
pacTBOpa 30s0Ta M cepebpa. YCTaHOBIEHBl ONTHMAJIbHbIE TEXHOJNOTMYECKHE DEeXHUMBI ITUX
IIPOLIECCOB.

KrroueBsre croBa: ke, TraHUAHOE BhIIEIaYNBAHYE, IMAHN], HATPUS, IIOTEHIUAT, aHOAHbIE U
KaTOJHBIE PeaKI[UH, JIeKTPOU3BIeYeHNe, INIOTHOCTD TOKA, 3 (GEeKTUBHOCTH 110 TOKY.
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Lkpuyugws t Zwyjuwuwnnwth b UUV-h  Rubpqwbhwdwlwpgbpnd  Jkpeht
dudwtwljuppowinid nknh mubkgué hwdwlwpquyhtt nonp Jpwpubph htnbwipny wnwowgus
Fubpquhwdwljupgbph wppunwiph juyniimipyut prwpuinnwdubph tyuwpwughpp: SIEMENS bhpuugh
PSS™ME-31 spwqpuyhtt thwpbph Yhpundwdp Zujwunwih tubpquhudwlwupgh hwudwp dowlyly
hwoqupluyhtt dngh] b juuwpdl] B wignidwghtt HEjupudbjuwthjuljwi  ypongbuubph
hwoquplubp: Unpljh £ounipniip unniqyl) £ hpujut wignidughtt nhdhdubkph wywpwdbnpkph
surthwgpnidbph b nputg hwpqupuyhtt Jkpupunugpiwut wpyniiptiph hwdwnpoipjut thengny:
zbnwgnuumpnititbpny pugwhwyndly ko Zujwunwi-bpwt qopénn LEjupwhwnnppdwt gstph
ponnibwlnipjutt mhpnypukpp unnwwnhl b ghtwdhl juniinmput wwhwbeubph Jjuwwnwpdw
wuydwinyg b tnp opduyhtt tubpqupnljutph swhwgnpsdwb nhypnid:

Unwigpuyhl pwrkp. Likjupututpgbnhuw, hudwlupg, juyniinipnit, uvnwnhl, phtwdhl,
htyumpwhwnnpynid, ghs, wojuwwnwlp, wwpwdbnp, hqnpmipnit, hwdwhmpnil, jwpnud,
nwwnwind, &ngdnid, jupgquynpnid, wuptpnpnl, Eubkpgqupnl:

Eltjunputiubpghbnhljuuwt  hudwlwpgh  (EEZ)  wolnwnwbph  juynibimipjub
(wjunithbnl® Yuyniinipmnit) hwpnnudp hwbghgunmd E wuhtppntt ndhdh [1], nph
pupwgpmid nknh b nitbund hwfwpwlwinipjul, jupdwt b hqnpnipjut Juuubiquynp
obnudkip: Unwowbmd E Juwiq pt” BEZ —h Yhbunmbwlnipjub, pt’ vwppu]npmudibph
(hwnjuybu' wnmpphtubph) widunuwigniput hwdwp: Pugh npuihg, Juyniunipjub
yuwhywidwb wthpwdbynnipmniit unhynud t vwhdwbwhwll] EEZ2-h mbnbuwybu
wpnibwbwn nkdhdubph whpnypep b wpwywgunid £ ntnbuwlub Juwu:

Uhuppnt dbpkuwgh wugnidwghtt ypnghuh dwpbkdwnplulwut dontip, Mupy—3nplh
dlwthnjunipjui [2] hwdwdwyl, thpjuyugynid k htnbjuyg I jupgh ns gduyht ghbbpbughug
hwjwuwpnidubph hwdwljwpgh mbkupny.
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~(1 + Uy + (pg + P)U, — (1 +5)U, = —Uscos8,
Mzae,
kaPUq + (pp + PJU, = =2, 1)
PB—5=0

" =11 1
Jwis £+ L—{ud + U Uy — - uduq] = weMp,
= q

npunkn py = i, pg = KL pe = ;—r,xd =wcly —u UU -h uvnwwnnph thwpnypubph nbwuljnhy
o r
nhlwgpnipnitt £ d wpwbgpny, x; =wsl; -0° q wpwbgpny, % = wgl, -0’ pnwnnph

thwpnyph pbtwlunhy phdwnpmpniup, s = % —1 —7'UU -h uwhpp, p= :LZLE -’
5 = r

unnwwnnph b pnwnnph hwpnypttph thnjuhinnijghuyh qunpswjhgp, J -t° UU —h nnwnph
hutpghuyh dndbuwnp, Mo —p° pnuinpht jhpundws wpunwphtt dEjuwtthjujut dndbuwng,
P= ﬁ Uy = %31l = %5150, =wsMyiwen’ unwunph  thwpnypubpht  jhpunjws
Eont —utph tpwdwq hwdwlupgh vnbndws yununynn dwquhuwljut npuonh yunndw
wulnibught wpwgnipmnitp, Us —p' unwunnph  thwpnypiubphtt jhpunqus jupdwt
Unnnip, 6 —u nnninph q wpwgph b uhtppnt ywnwynn wpwugph juquws wulniup, er o'
pnuinph thwpnypht hpunduws hwunwnnit Eppnt -u:

(1) hwdwlwupgh mdnudp httwpunp t hpwgnpsty dhuyt pduyhtt dkpnpubkpny
(fkniugb—Yninwn, Unwdu b wyb):

22 BRZ —nud 2001-2006 pdwljutitpht mbnh G niukgh] juyniinipjut pwjundw b
huptwdnddwt 3—wljuh nwp:

Juniinipjut pupundwb ngppuyundwunitp Bt hwunhuwgt;.

-2002p. —ht* 110 §9 guiugnid kpjupunb knwdpwq fups thuygnidp,

- 2003p. —ht' pwpy Enuwbwluyht wuwpdwiubbpnd URY —hg poipu Eynn 220 79
L Eyunpuhwunnpnpiwi bpkp qstiph (£29) wupwwnnudp,

- 2006p. —ht' Zugujwb wwnndwiht HEjnpuljuyuih (UEY) nbwlwnnpuyhl pinyh
Ypwpuyhlt wmbpwwnnudp:

EEZ —h Juyniunipjut pwjundw hbnbwipny pwpwpdt) B hudwuljupgh phwljuint
wohuwnwipp, hwfwpwljuinipmniup twhe pupdpugl) b dhtsh 52,6Zg, htun hot) dhuish
47,52g, hwdwhwlwiuwhtt wjundwn pintwpwhdwt huwdwlwupgh gnpéniubnipju
wpniupnid uvyunnnukph 50 wnlnup hnuwbpwqplyky k:

2001p. —h wyphiht, duwghuphtt b 2006p.—h hniuhuht 22 EEZ —nud wbnph Gu niukghy
huptwgn&mdubp, npuig yuwmdwnp tnky b Zujjujuit UEY-h qhubpuwnnpubph htwugws
gpgnuwt hwdwlwupgh wijuwnwpnipniin:
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Puptwgnddwt hbinbwupny EEZ —-mud wnwowghy L tpjupuwnb £ndnidubp, npnup
dwph] Eu dhuyb 5 pnuyt wbg: 2003p.—ht &ndnidubpt pupwugh] tu kS wduhnnigng b
niubkgh] i wénn punyp, nputp dwpl] tht dhuyt 3 pnyk wbg nhkwulut
wunyuwinipjut gnpénnnipniithg hknn, nptt whpwwnk) £ 220 9 Zujwunwi-bput £2Q -
n: Upju phupwgpnid Juuwbgh uywnbwhp E unbnddws tnk] wnwidiwwywbtu UEY -h
wnnipphutiiph hwdwp:

Zudbdwinnipjut hwdwp wkup, np UUL —nud 1965-2003 pywluiikph pipwugpnid
wnbtnh k nibukgh] Juniinipjut pwpondwt 8 nhyp, npnughg wdttwbwp hknmbwupubkp &
niubgh] 2003p. -h ognuwnuh Ypuwpp, npp hwdwpynid t wppowphh Eubpghnplugh
yuundnipjub Uk wdbiwdbks Jpupp: Uwubwynpuybtu, vh pwih duddw plpwugpnid
Juuuybnt wuwndwnny hwonppupwp Yypupuwghtt wpwwnyt) k 3 pupdpuynjn oquyht £E2S
(09), npp hwbigkgnpt) £ wy) pwpdpwynjin O9-tpp ghppinudwt b hwdwljupgh wpwtdhu
hwugnygubpnud jupdwt hobguwb: Stph qhpphntdwt b jupdwt hotigdwb hknbwupny
htpwhwp Wuwonmwwunipjul III gnunnt qnpénittnipjut hknmbwtpny 5 pnuybkh pupwgpnid
wijutijpwnbtubjhnpkt juujunwdl whowwnyt) £ 17 pupdpuynjn OQ: Ujunithtnl' junpp
uhtppnt &ndnidubph dudwbwl htpwhwp wwywnyuwinipjui I gnuint gnpéniubnipjut
hwwnbwipny 1 4py -h phpwugpnud, wnwig dwdwbtwlhh hwywndwl, wijutpwnt-
ubjhnpit juujwunwdl wbowwnyl) L 5 pwpdpuwynpnn O%F, pwth np UUUL -nmd wjh
juunwpmd E ny dhuyt jupd dhwugnidhg yquonwyuinipju $niuljghw, wyl' wuhtppnb
pupwgphg: Ujujws wuhlppnt pipugpp juhuby Ewyt ufubinig dhwjt 4 ghyy htwnn, npp
hwgtgnpt] b pwquuphy qhubpwwnpubph wipwndw’' npuybu htnbwip jwpdw b
hwfwpwljuinipjutt  Juuuwiquynp  nmwunwinidubph:  Upnwunpynn  hqnpmipjut dbs
wyulwuh htnbwtpny UUVL -h EEZ -t pwdwyly L vh pwuh dwuh: Uju ypuph hwugpus
Juwup swihynid E Upjpupnudnp nnjuptbph gnidwpny:

Eubpquhwdwlwupgbph twhiugsdwt b pwhwgnpsdwt pupwugpnid juyniunipjut
hwoJuplubph wpyniupubph hhdwb Jpuw juuwpnud &o BRZ -h ujubdugh U
uwppunpnidutph ptwnpnipniy, wouwnwtph nhdhdubph wjwbtwynpnud, juyniunipyub
pupdpugduit ninnus dhongupmidubph punpnipnil, nhjkujut yuonyuinipjuit b
Jupquynpdwtt hwdwlupgbph wuwpwdbupbiph hwoqupl: vinph hhdbwpupnipmniihg
phunn wljuhwyn jponipniup wquhwtgnid L wyywhnyb] uyniinipjut hwpduplutph pupan
&ownnipjnii:

,Eubpginpluh ghnnwhbnwugnunujut htunhnnink ,OLCE-nd juwnwpyl) Eu 22
EEZ —h unnwunhl] b nhtwdhy juyniinipjut hwoywplukp SIEMENS hpuugh PSST™E-31
Spwugpny, npp Juynibugdws b wignidwghtt nkdhdubph hwpdupyh wdktwdwdwbwlulhg
Spwgpbnhg L, nith pupdp dounipmit b juyt mwpwénid kgl wpjuwphh own
tpypubpnud: Opwgpny dnpbjwynpdl] bu Zuywuwnwbh Bukpqubwdwlwupgq hp ponp
Juyutkph ghubkpwwnnpubpng b gpubg Yupquynphsubpny (wpugnipjut b gpgnuwb),
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pEntuubputpny (puunn (updwt b hwwpmwiunipyub punipwqptph), hwwhmjubught
wyunndwwn pintwpwhdwt hwdwlupgny (ZUL) b wyi:

‘Ljwwnh niubkbwny, np wagnidught ywpngbutbph ntunmdbwuhpdwt hwdwp EEZ -h
Unpbjuynpnudp  (hp puquuphy wuwonwwinipjub, Jupquynpdui b phijudupdub
hwdwlupgbpny) pwpn  Juunhp & PSS™E-318pwgpm|  hpwlwbwgynn  hwpdupljubph
wpnniupubph hwjwuwnhnipniip unnighnt hwdwp BEZ2 -h doghih Jpu junwupdws
hwoquplubph wpyniupubpp hwdbdwndbly Bu 22 —h EEZ —nud wbkinh niiligws wignidwht
wpongtutubph  dwudwbwl hwwnnl] swhhs—qpuignng wwppbph  oqunipjudp  $hpulwsd
nhdhduyhtt wwpwdbnpbph hbwn: Zudbdwwnnipjut wppyniupubpp gnyg Eu wnwjhu
hwodupluyhtt b dhpudws dbdnipmniuubph hudpujudwh pupdp £onnipniin:

Uwnpl pipué tu Zujuunwih Eubpquhwdwlupgnid mbnh niukgus 2 Jpuputph’
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h wbpwwnnidp, tpp npuuny hwunnpyynud kp 140 U4z hqnpnipjnit (12.01.2003p.): Pputhg
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2. %Yhuwpyyl) b BEedhwsht Bupwluywtp dnwn 110 9 jupdwt Swhnwdjuti-1 £E2S —h
Ypu 19.04.2002 —htt nknh niikgws Jupd dhwlgnidp, npp nbb k3,2 4pi:

Lwupdwt hokgnidhg Zugjuijwtt UEY -nud gnpsdk] b ntwlunph 1 -ht Jupgh
Ypwupuyhll uownywunipniup (A3-1), npp Zujjujuit UEY -md b Swhnidjut-2 &/ —nd
wnwowgnl] b phnbjwséph wyunndwwn wbpwnmd (gnpst] b phinidwsph wbpwmndwi
hwwnntl] wjunndwnhljut): Gupd vhwlgnidp ujuybinig 1,3 p§ mg Utnph gény ujuyly k&
wuhuppnt pupwgp, nph ywwwndwnny wuhtppnt nkdhuh wdnndwn Jepugdwt (UNU)
huwdwhphg wupwwnyk) E Uknph 2@ —: &ngnidubiph jEunpnup gl E Bphquwdnp &Y
-h Unu: Zwdwpwljutnipmiup Uwpwy b/ —nwd pwpdpuglk] £ dhohtip Unn 2 Zg —nd,
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Juwuwpyt) kb 22 EEZ -hp  uwnnwunhl b phtwdhl juniimpyut hwyqupljubp® dnpbnud
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ohpdwhiEjunpuuywbbph tnp tubpgqupnyubpp:
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hgnpmipjniuubph hwpyblphnubphg wupqynud L np quptwip b wdpwup 22 EEZ2 —nud
wnwowinid kt hwmdwwywwnwuppwmbtiwpwp' 1050 b 700 U4 mquuun hgnpnipiniuikp, npnup
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K - I:Ll,uh - (P+A FL)uDu.Ln )2 0’ 2,
P P

uwh
U-u
K, =%>0,15,

npnbkn Puwh —p utnwnhl junminipjut vwhdwbughtt winhy hgnpnipniut E, npp
hwoJuplynud £ EEZ —h Unpbh Ypu nkdhuh wmunhfwbwpwp swipugdwt tnuwbwlny, P -
' thnpjuhnuph wlwnhy hqnpmipniip ndju] hwnygusnid, pruu.m]mh nuwnwunidubph

unpUwwnhyuyhtt wnwykjugnyt wpdtpp, U n° wjuy hwgnygh hwpquplyws jupnudp
nhunwnplyny nkdhunud, Uphwn —p* Yphnpiufub jupnidn -pt pugnignud £ 0,7 Uwtyd ud
0,75 Uwily dubdnipjuwkEbz —h Jupdwat (20 pnwbkhg phy) htundpwpuihtt hwunwndws
nkdhunud  uwnmwwnhl Yuynitmpjuit  wwywhnddwt  wwhniunh  tnpdwnhyughb
gnpdwlhgutipt puwn thnjuhnuph hqnpnipjut pugniws L 0,08 1 0,17 punn hwignigujht
Jupdwt [3], wjuppl’

Kp — PLILUh - (P+A Fl,)ul]u.m )2 0,08,
P
uwh
KU =M>0,1:
U

dtnpnhhojwihg htnltmd E, np*
npd — _
R,EnLrJ]L - O'8El)l.uh A Bﬁu.m '
Gun.dp. — _
F>phnLJ[ P= 0’92Ewh A Eﬁu.m

Lnpdwnpduyhtt - Jpwptbtph  ghwpnd  [4]  Eukpqwhwdwlwupgh  ghtwdhly
Juyniunipniup whwp £ wywhnydh pwjuini b tinpnguwt ujubdwbkpny wohiwnwph

dudwbiuly:
Cuwn htnmwgnunnipnibttiph’ EEZ-h ptwjuint vjubdwjh nhypnid Zwjuunw-bput
E2Q —nJ tplupwnb (hwpdh wpws 20 wnlnu wwhniunp' unwwnhl Juyniinipjub
wwywhnuwt wuydwihg) LEjunpwkitpghw htwpuwdnp b hwnnpnby dhist 430 Udw
hgnpnipjudp: Ywwh gétnhg nplk dkhh tnpnguwb juwd tpwighg npbk Ukl Jpwpught
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wipwndwl nhypnid uvnwwnhl Juniimpjut vwhdwip hoppuinid b Uwubwdnpuybu
unpnquwt nkdhdubipnid unwnhl] juyniunipjut vwhdwup Yupnn E hotib] dhish 330 U,
hul] hbnypupwyht nkdhdutipnud® dhtish 260 Udun:

Zwoquplubpny wwpqyl] E np, Huknd ghtwdhl juyniinipjut wywhnddwb
wuwydwihg, ntwh Ppwb huwpwynp E hwnnppl] dhuyt 280 Udwn  hqnpnipjudp
hEyupwtubpghw, hiyp  wwhdwbwhwlidwd  Bipwiuw  wp  HEjupujuyuth
puguumpjut yuydwtbpnud junhwyh vwhdwbwhwll) Gphwih QEY -h b Zpugpuith
QEY —h tnp Jupnigdws Eubkpqupnltph oqunuugnpéynn hqnpnipmniin:

Zujuunnwb-bput dhoghwdwljupquyhtt juwny tubpquihnpiwbwldw poyjuwnpkh
wmppnypp  Ukdwgubint tyuwunwlny, npp  wuwpdwbwdnpws L Zujwuunwih
tukipquhwdwlupgnid tnp wpunwunpnn hqnpmipinitubiph dntnpny, hwdwlwupgnid gnpénn
wyunnduwnhiugh U nhjlwulut  yuynyuinmput  hwdwwupgbph  JEpuwbuydwut
wihpuwdbonnipmit £ wnwowtnid. wuhpwdton L dowljl) jumnitnipyub jupwpjundwt
wyjunndun juthwupgbdwt (Yv0UY) tnp hwdwlwupg, npp poy; juw dkdwgul] juuyh
ponnibwynipniip b okpUwluywtbkph  unp  tubkpqupnlubph  ogqurwgnpéynn
hgnpnipjniubpp:
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JL.B. ETUA3APAH, C.I'. AKOBAH, I'B. KAPUBAH, I.C. APYTIOHAH,
I'.I.TAJICTAH

UCCJIEJOBAHUE YCTOMYUBOCTHU PABOTHI APMAHCKOM
SJIEKTPOOHEPTETUYECKOM CUCTEMBI C YYETOM BBOJIA B
SKCILIYATAIINUIO HOBBIX DHEPTOBJIOKOB

IIpencraBmen 0630p HapylIeHHH YCTONYHBOCTH PabOTHI SHEProcHCTeM B ApMeHHMH U B
CIIA B mocmemHee BpeMs BCJIeJACTBMe KPYIHBIX CHCTeMHBIX apapuit. [Jlnma ApMaHCKo#H
SHEPrOCHCTEMBI C UCHONb30BaHWeM mporpammuoro mnakera PSSTME-31 ¢upmer SIEMENS
paspaboraHa pacyeTHas MOJeNb M IIPOU3BEJEHBI PACUYeTH IEPEXOLHBIX 3IEKTPOMEXaHUYeCKUX
mpoueccoB. TOYHOCTE MOZETH ITPOBepeHa IIyTeM COIOCTAaBIeHUA 3aMepOB ITapaMeTPOB PeasbHBIX
IIepeXO/IHBIX IPOIECCOB C MX PacYeTHBIMHU pesysbTaTaMu. OIpeziesleHBI Ipefesbl IPOITyCKHOM
CIIOCOGHOCTH ~ JIeHCTBYIOIIMX JIMHWE dyeKrpomepejaun Apmenus-Mpan mpum  ycmoBum
BBIIIOJTHEHUA TPeOOBaHMM IO CTaTMYECKOH M JUHAMHYECKOM YCTOMYMBOCTH M SKCILTyaTaI[uH
HOBBIX TEILIOBBIX SHEPrOGIOKOB.

Krrogepsre  croBa:  s1eKTposHepreTHKa, CHCTeMa, YCTOMYHMBOCTb, CTaTH4eCKHUH,
OUHAMHYEeCKHi, 5JeKTpolepesada, TUHUsI, paboTa, MapaMeTp, MOIIHOCTh, YaCTOTa, HAIIpKEHNe,

KoyebaHMe, Ka4aHUe, PeTyINpOBaHNE, ACHHXPOHHBIH, SHEPro6IoK.

L.V. YEGHIAZARYAN, S.G. HAKOBYAN, G.V. GHARIBYAN, G.S.
HARUTYUNYAN, G.H. GALSTYAN

THE ARMENIAN POWER SYSTEM OPERATION STABILITY INVES TIGATION
ACCOUNTING PUTTING NEW POWER SYSTEMS INTO OPERATION

The description of the power systems operation ilgtalfailure caused by the system
significant emergency states occurred during tisé \Weorking period in Armenian and USA power
systems is performed. With the use of P4531 software portfolio of Siemens Firm a desigrdelo
is developed and transient electromechanical psocakculations for Armenian power system are
performed. The accuracy of the model is checkeddwgparing real-time transient state parameters
and their reproduction calculation results.The Amiae- Iran current power transmission lines
permissible limit under the condition of the staditd dynamic stability requirements and in case of
the new thermal power units’ maintenance are défine

Keywords: power energetics, system, stability, static, dymangiower transmission, line,
operation, parameter, capacity, frequency, voltdigetuation, swinging, regulation, asynchronous,
power unit.
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B.I1. APAKEJIAH, JI.A. AKOIITH

OILIEHKA CAHUTAPHO-3AIIWTHBIX 30H JIMHUN SJIEKTPOITEPEJAY
110-220 KB

HPe,Z[JIaI‘aETCH OIl€HKa BIIMAHUA JIUHUHT 9JIEKTponepesiad B CAHUTAPHO-3alITHBIX 30HaX N
3ad X IIpefieJlaMu IIyTEM pacdeTa MX dJIEKTPUIECKUX oJiei.

KrroweBsre croBa: nunust DJIEKTPOIIEpelavt, HANPAXEHHOCTb BSJIEKTPUYECKOIo IIOJ,
KOHCTPYKTHUBHBIE IIaPAMETPBI, CAHUTAPHO-3alIUTHASI 30HA.

Hcnonp3oBaHue 4YeJIOBEKOM B BO3PACTAIONIMX MAacIiTabax 3IeKTPOMAarHUTHOM
SHEpruu IIPHUBEJIO K TOMY, YTO B OKpYXKAIOLIeHd Cpefle aKTHBHO IIOABIAETCI ONUH U3
BUJIOB SHEPreTUYEeCKOTO 3arpsA3HEHUA, 4 MMEHHO - 5JeKTPOMAarHUTHBIH. 3HaYUTEIbHO
YBEJIUYIJIOCH KOJMUYECTBO HCTOYHHKOB M OOBEKTOB SHEProCHAO)KeHUA. TeXHOJIOTHUU
Iepesavyyl U paclipefiesieHus DIeKTPUYeCKOH DHEPruu He CBA3AHBI C IIpeJHaMepeHHBIM
IIPOIIECCOM M3JIyYeHHUdA, OJHAKO COIPOBOXKZAIOTCA SJIEKTPOMATrHUTHBIM 3arpsA3HeHHeM
OKpy>Karomeit cpenst [1].

HccnenoBaHusa NPOBOAUINCH C YYETOM BAXXHOCTH OIEHKM BIUAHHUA JTHHUN
anexrponepenay (JIDII) kak BaxHelmeil mpoOIeMsl TOCYZAPCTBEHHOTO HAa3HAYeHUS B
pAlie CTpaH U CJIOXXHOCTH METOZOB pacueTa anekrpudeckux moseit (JI1) JIDII [2,3].

CymecTBylomuye dYacTHbIe pelleHWs IIpoGieMbl ompezeneHus BausHus JIDII
myTeM pacderoB ux Ol maroT Tonbko IpUOIIDKEHHOe IpezcTaBieHue o BausHuu JIDII
[4,5].

B nmacrosme#t pabore mpeasaraercs oueHka BiausHus JIDII B ux camwurapHo-
3amuTHBIX 30HaX (C33) u 3a UX ImpeJie1aMy, KOTOPas IO3BOJIAET OIPeeIUTh:

. peansHyo pacnpegenenHocts JII JIDII B C33 m 3a ux mpegenamuy,
obycnoBieHHyoo HamoxxeHneM DIl pasusix mposozos JIOII;
* KoHCTpyKTHBHbIe mapameTps JIDII ¢ Touku 3peHns 5Hepro6e30macHOCTH;
* iuanue JIDII ¢ yuerom peansHoit KoHCTpYyKIuu JIDIT;
e paugHue JIJII BHYTpH XXUITBIX TOMEIeHUH.
Omnpegnenenne nanpsoxerHocru D11 JIDII npoussogurces ucxoxns us puc.l.
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Puc.1. I'padpuueckoe npexacTaBiIeHre MeTOA 3ePKAIbHBIX H300paXKeHIH

Ha pwumc.] mnpexncraBmeHo rpadudeckoe IOACHEHHE MeETOZA 3epPKATbHBIX
uzo0paxkenuit, rae I - paguyc nposozga, D - mexdasHoe paccrosuue mposogos JIOTI,
H - BeIcOTa MOZABECA TIPOBOOB.

Beicora mogBeca nposozga daser 8 H' ompeznensercs B Buze
D3
2
TPEYrOJIbHHKA; (1)

TIPY pacTioiokeHuH 1poBoAoB JIDIT Ha BepImHax MPaBHIIEHOTO

O mnpu TOpU3OHTAILHOM pacHooKeHud poBonos JIOII.

C momompio puc.l ompezmensioTcs COOGCTBEHHBIE U B3aMMHBIE IIOTEHIIVATBHBIE
koapunuentsr o, u oy JIOII [6,7]:

a11=agszln$, a22=lnw ; (2)
o= =0 =a,=In J(Dr2% + [§2H +H) -
Oy =0 = In—“DZJrD(ZH)2 ; (4)
o1 = (01, + 0y + 0155 )/3; (5)
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a2 = (a12 Tyt 0‘31)/3- (6)

B pacuyerax ga mposozos JISII npumenseTcs ciefyionias cucTeMa HallpsKeHUH:

U, -1
U, [=U,| o®|. 7)
U, a

B TOouke c KoOOpAMHaATaMU (X; y), orpanenHoit or JIDII Ha mpousBonbHOE

paccrosuue, ropusoHTanbHas E,u pepruxamsmas E, cocrasmaromme SIT JISII

OIIpenesIfI0TCA KaK YaCTHbI€ IIPOM3BOJHBIE IIOTEHIIMAJIA ¢ ,ZI;aHHOfI TOYKHU OT 3.6CHI/ICCI>I

XY opauHATE Y JZAHHOMN TOYKMH:
=—. 8)

IToce COOTBETCTBYIOIIMX MAT€MATHYIECKHX HPeO6paSOBaHHfI EXI/I Ey MOKHO

IIpencTaBUTh B BUE

E, :A[— K, +(0.5+j0.87)ky, +(0.5-j0.87ke]; 9

O11 — Q12

U, : :

E, == [k, +(0.5+]0.87)k,, +(0.5-j0.87k,, ], (10
011 — Ol12

rae xoabduumentsr K, ,Kg, ,Ke, Ky, ,Kg Ko, ompemensiores B saBucumoctu ot

KOHCTPYKTHBHBIX IapameTpoB JIDII u koopauHaT paccMaTpuBaeMO# TOUKH:

K = X +D/2 N X +D/2
P (H+yfP+(x+D2 (H-y) +(x+Dr2f’
X X
K, = , 11
> (H + H'+y)2 +Xx° * (H + H'—y)2 +x? ()
K = x —D/2 N x —D/2 .
« (H + y)2 + (x - D/2)2 (H - y)2 + (x - D/2)2 '
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K = H+y + H-y
Y (H+y)P+(x+D2f  (H-y) +(x+Dr2)*’
- H+Hwy  HeH-y
Y (H+H+yf +x? (H+H=-y) +x*
H+y + H-y
(H+yf+(x-Dr2f  (H-yf+(x-D2f"

(12)

Cy

Pesynprupytomas wHampsxenHocts OII JIDII B paccmaTtprBaemoil  Touke

E=E:+EZ. (13)

C momoursio BeipakeHus (13) ouenuBaercs BausHue JIDII B cBoGomgHOM

oIpejesfeTcs B BUe

IIPOCTPAHCTBE OIpe e leHreM Momy i HanpskeHHocTy OIT JIDIL.

Ha ocHOBe pacCUMTaHHBIX 3HAYeHHUH, a TakKXe MJONYCTUMBIX  HOPMAaTHBHBIX
3HaueHui HanpsxeHHOcTed OII JIDII B HacelneHHBIX IIYHKTaX M OKMWJIBIX 3JaHMAX
ouenusaercs Brusaue JIDII BuyTpu nomemenus [8).

Ocabnsromee BO3meHCTBHE CTAaHIAPTHBIX CTPOUTETBHBIX OJOKOB OIIpeZesseTcsa B
BHUZE

E
k _=20lg=2, 14
gE (14)

1

oci6

raoe EO - HOPMATHBHOE€ 3HAaY€HHE OIl B HacenreHHOM IIYHKTE, Ei_ HOPpMaTHUBHOE

3Hayenue DIl BHyTpu moMemeHun. 3HaueHMe K0d(hdUIMEHTa OCIA0MIeHNUS COCTABIIAET
okomo 20 gbx Dro ozHavaer, yTo HampsmxeHHOCTs OII JIDII BHyTpm nomemeHus
ocnabisercs mnpubausutensHo B 10 pa3 IO CpaBHEHHMIO CO CBOMM 3HAayeHUEM B
CBOOOHOM IIPOCTPAHCTBeE.

Wccneposanus mposoguaucs s JIDII 220 xB “Aper”, oTxozsaieii OT HOACTaHIIAN
“Apapat-2“. Vicxonusie nauusie JIDII npusesnens! B Tabnauie. Ha puc. 2 u 3 npusegeHs!
pacupegenenHocTy HampshkeHHocTedt JIDII 220 xB c pacmonoxeHumeM IIPOBOZOB Ha
BEpLIMHAX ITPaBUJIBHOTO TPEYTOIBPHUKA U C TOPU30HTAIBHBIM PACIOIOKEHUEM.

Tabauna
Wcxopgueie ganusie JIDII

Hanpsxenune, kB Mapxka r, Mm D.m H,n
220 AC-400/51 13.75 7 8
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Puc.3. Pacnpenenennocts HanpspkenHocty JIDII 220 xB ¢ ropr30HTaIbHBIM
PpacIoIoXeHreM IIPOBOJOB
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BeiBogEr

IIpennaraemas metonuka onpezenenus sausuug JIDII B C33 u 3a ee npegenamu:
IIO3BOJIAET OLIEHHUTH S9HEprobe30IacHOCTb 0OcayxuBaouero nepconana B C33 JIDIL;
ITOKa3bIBaeT IIeJ1eCOO0PasHOCTh PACIOJIOXeHHUsI (asHBIX IIPOBOZOB Ha BepIIMHAX
IIPaBUJIBHOTO TPEYTOJBHUKA IO CPAaBHEHUIO C TOPU30HTAJIBHBIM PaCIOJIOXEHUEM B
KadeCcTBe MepOIIPUATHA II0 CHIDKEHHIO BpeJHOTOo Bo3zeiicTus JIDII;

paccMaTpuBaeT BO3MOXHOCTh IIOCTPOEHHS JKMJIBIX M OOLIECTBEHHBIX 3IaHUI B
npegenax JIDII;

nmpuemseMa KaK i MeCTHBIX muratomux auHui  110..220 kB, Tak u 1asg

mexcucreMusIx JIDIT manpsoxenuem 220 5.
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4.1 UNULBL3UL, L.U. 2U0uUNL3UL

110-220 Y4, ELEUSUZUNNMYU UL QOGP UULRSUSUAUTSTULUYUL SN0SPLEh
QLUZUSNRU

Unwowplymd L EEjumpwhwnnppiwt  gqétph wqpbgmipjut  qguwhwwnnd
uwthnwpuwyuwynyubwlut gnunpbubpnid b gpubg wwhdwbbbphg pnipu’  ppubg
L Ejunpuljut nuowntph hwyqupldudp:

Unwigpuyhli puwpkp.  LEjupwhwnnpnuwut ghs, EHEjupwlwi puownh
(upyudnipintl, jurniguspuyht wupwdtnphp, vmthnwpuyuonywiuljut gnunh:

V.P. ARAKELYAN, L.A. HAKOBYAN

EVALUATION OF SANITARY-PROTECTIVE 110-220 KV ELECTR IC TRANSMISSION
LINE ZONES

The evaluation of electric transmission linduahce in sanitary-protective zones and their

electric field calculation is proposed.

Keywords: electric transmission line, electric field voltagenstructive parameters, sanitary-
protective zone.

Axonan
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287 621.1.016.4:536 QpSUUUUL UUrLUCHULNRE3NPL
©d QU0 StlvuhulU

L.U. cUNauUsuL
QELUUUSPKULLEP SUMRE 18U 2UOHY UEMMUPNIVHY

Unwownlynud E phdwnpmpjut obpdwlbpyuthnjuhsitpny (wnwig qnuygq puwnpnipui)
ohpdwunh&whbph nwppkpnipjut swihhps YEpyuwihnjuhsh ujubdwi, b Jipohthu wwpwdbnpbph m
ohpdwunhdwhubph nwppkpnipyut swhdwt uppwjubph hwpduplh pwbwdbbpp: Ljupugpyus k
upubidwgh Jupqupbpdwb Ukpngp:

Unwigpuyhl pwnkp. obpdwunhfubtbnh wwppbpnipmnit, gnudwpnn mdbnupup, ghpdught
tutpghuyh huigihy:

Qnuyhtt obpwdwunwljuwpupdwt hwdwwupgbpmd okpduyhtt Eubkpghwh dwijuuh
smthiwl  hwdwp  swihynd Eu wwp nt uvwep  jungnduljubpng  wbgunn  opp
obipdwunhdwutpp qnyq phnpdws ghdwnpnipyub okpdwybkpyuwthnjuhsubph (3Q-ukph)
dhongny U npnoynud E okpdwuwnhdwbiph  wwppkpnipmniup, husp npnowljh ndjupnt-
pmiuubp £ wpwowginid huywbu qnuyqbph pbunpnipyut, wbybu b jwhwgnpsdwut
wuyUwtbbpnd: Uthpwdbon E, np R-ubkph pwgupdwl] uvpuwjubpt wppiwnwipught
wuydwtbpnid (hukh tnyt pwing b Unnwynpuytiu hpup hwjuuwp, hul wuppkpuju
unniqusuhnidibiphg hinn npuip mEnunpykt tnyt nbnbpnud [1,2]:

Qtpduyght Eubipnghuyh hwoyhsh ujubduyh wupqbhgdwt hwdwp tyuunwlwhwpdwp b
widhpwljuinptu swihl] ohipdwunhdwbttph  wwppbpnipniit wyuybu, np htwpwynp
1hth twlh qquihnptu dkndwgul) dtipp tpdwé wwhwbeubpp: Uyn, husybu twb pwpdp
Soqpuinipinit wywhnybjnt btywnwlny, wnwewnpynid £ hwenppupwp dhwghl) 2-ukpp
b npuig vhony wuglugul) Io hnuwbp (uynibwgwsd hnuwbph wnpmniphg, 20), hul] -
ubiph Jpu  qupdwt  wblnudubpt | mdbnugul] gnudwpnn nidbnupupny:
Qtpdwuwnhdutiubph wnwppbpnipjub swihhs Yipyuthnjupsh ujpbdwb phpdws t uly.1-nud:
Uju ujubiduynud M-ubipp vhwugdws tu bpkp hwunnpnuwjupughtt ujubkdwibpny, pun nponud
tppnpn - g@dkph (hwnnpuquptph)  phdwgpmpnidibpp whwp o (htkt - ppup
hwjwuwp(Rq=Re), hul] hwnnppujwupkpp whwp £ vhwgykt upjubdwgh pughwinip fEnh:
Anidwpnn nidinupunph Gpuyhtt mqpubywip junwgyp'

UhLE =%IO(Rm +Rq1)_%lo(Ru +Rq2)’
1 3
npukn Rq, Re2-p vhwgdwt kppnpny hwnnppuyupbph ghdwngpoipniaubpt o, 1, -0 19-
ukipny wlgunn hnuwipp, Ru-ili Re-it muip b vwnp unnnuljubpmd nbnunpjus 12-
utiph nhdwnpnipniiubp Gu:

Gpt pbupkup  dhbbunyt  ulqpwlub (=0 °C) phdwnpnipjudp(Row=Rou=Ro) 1
unwwnhl punipwgpny Q-ukp b Ri=R3=R, junwbwip"

Uy = %Io(Rm _Ru) = %(th _Wtu) = Kt(Wth _Wtu) =KAW,, @)

bip
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npntn K, =1,RR,/R, AW, =W, -W,, W:-u 29h ekplwunhdwbuyhl
gnpdwjhgu E (FOCT 6651-94 [3] ) mup (Wwm) b uvwnp (Ww) punnnjulubpnid
nbnunpué -ubph hwdwp:

3u | R2
—
R1
lm t. R3: . R3, Upe
R4

Ul.1. Qkpdwunhdwuubph wwppbpnipjut swhdwb ujubdw

Muuhut -h obpdwunhdwbwghtt  gnpswijhgp 0-hg dhtsk 600 °C wihpnypnid
wpunwhwjnymd £ htnlyu dnnwupldwy putwdbing [3]°

W, =1+ At +Bt?,
npukn A=3,9692-10% 0C1, B=-5,8290-107 9C( wioo=1,3910 mlugpnril):
Zhknbwpwp junwbwbp

AW, = A(t, —t,)+B[t2 —t2)==Al1-14686 107 (2t, -At)at, @
npnbkn A=tw-tu:
Ugniuwly 1

L 00 At°C
’ 1 5 10 20 35 55 75 95
40 | 0,0039 | 0,0196| 0,0393 | 0,0787 | 0,1380 -
60 | 0,0039 | 0,0195| 0,0391 | 0,0782| 0,1372 | 0,2162 -
80 | 0,0039 | 0,0194| 0,0388 | 0,0778 | 0,1364 | 0,2149 | 0,2940 -
100 | 0,0039 | 0,0193 | 0,0386 | 0,0773| 0,1356 | 0,2137 | 0,2922 | 0,3713

Un.l-nud phpjws Eu (We-h wpdbpubpp wwp b uvunp npnduiljubph tuppbp te b
tu  ohpwuwnhdwlubph phypnid (At=tw-to): Urn.l-hg htwbnd E, np bpp tw<100 °C,
pujuljwitht pupdn Logpuumipjudp Jupkh k pugniuby

=AW K,AW, = 257AW,, K;=257: (3)
0,003891
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Cuwn TOCT P 51649-2000-h [4]
punpynud L 40 °%Csws<100°C), hull 1st<10°C (wudkbwthnpp
(wdktwdbks wpdtpp) :

Un.2-mud phipdus Eu (2) b 3) pwhwdbbpny hwoydws (t-h wpdbpubpp, npunbnhg
htwlinid E, np suhbing AWe-t, Jupkh £ pupdp dogpuinipjudp npnoby (- vawp onph
40<tw<100 °C otipdwuwnhdwuyghtt nhpnypnud:

obpduyhtt Eukpghwyh hwoyhsubpnid ks Jwuwdp
wpdbpp) b At<(tw-5) °C

Ungniuwly 2
o oC At,°C (K1=257)
" 1 | 5 | 10 | 20 | 3 | 55 75 95
40 | 1,008 | 5,044 [ 10,096 | 20,222 | 35,467 - - -
60 | 1,002 | 5,014 | 10,036 | 20,102 | 35,257 | 55,569 - -
80 | 0,996 | 4,984 | 9,976 | 19,982 | 35,048 | 55,239 | 75,551
100 | 0,990 | 4,954 | 9,916 | 19,862 | 34,838 | 54,910 | 75,102 | 95414

Gpt Q-ukpt puunpdws tu dhtunyb dogpunnipjut nuuny b tnyb bywth upuwny,
wyjw bpuyht jupnudp Yupbih b ubpuyugb
R,
Ugp = R, L (ROthm - ROthu) = a[(ROm +AR,, )th - (ROu +AR,, )Wtu] =

1

biLp

= aRo[(th - Wtu ) + Q_R (th

0

_GRWtu)

wnbkupny, npnknhg’
Uy, =aR,AW,(1+B), (4)

npnbkn Ronp U Roep 2Q-ukph wbdwbwlwi nphdwunpmipmnibubpt i 0°C-mud

Row=Rou=Ro, AR=ARon=bRo, ARouv=0rRAR (npwuntn or<l), b-ut npnoynid £ 2Q-h  Logpuinipjui
nuuny (A guup hwdwp b=0,0005, B-h hwdwp® b=0,001 [3]),
(X=|0R2/R1,
B=b[(W,, —agW, )/AW, =bA,
A =1+ W, (1-ag)/AW, =1+ (W, /AW, - )(1-ag):
Ugniuwly 3
tn | W At°C
1 5 10 20 35 55 75 95
40 | 1,1578| 30,687 6,907 | 3,946| 2,471 1,839
60 | 1,2321| 32,592| 7,318 | 4,151| 2,5576| 1,898| 1,570
80 | 1,3138| 34,687 7,772 | 4,386| 2,689 1,963| 1,611 1,477
100 1,3911| 36,669 8,208 | 4,604| 2,800| 2,026| 1,651 1,476| 1,375
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Ungniuwly 4

tw Wea At’C

1 5 10 20 35 55 75 95
40 | 1,1578| 60,374| 12,814 6,892 | 3,942 2,678
60 | 1,2321| 64,185| 13,637| 7,302 | 4,151| 2,796| 2,159
80 | 1,3138| 68,374| 14,544| 7,772 | 4377| 2,926| 2,223| 1,894
100 | 1,3911] 72,338 15416| 8,208 | 4,599| 3,052| 2302| 1,952| 1,749

Un.3-nud b 4-mud phpdws Eu A-h hwoqupluyhtt wpdbpubpp mwppbp te-h, At-h
ntypnud, hudwywinwupwbwpup az=0,9 n1 or=0,8 hwdwp: Lwjugnyb nhuypnid At-h
suthdwl upuwp Ynpnoyh -ubph £ogpuinipjub nuuny (b gnpduiligny), pt ARow= ARou
(tpp ar=1):

Un.3-hg b 4-hg n1 pwtwdl (4)-hg htmbnid E, np punhwinip nhypnid wihpwudbown
oquuugnpsdt) vhwytt A ogpuinipjut puuh Q-ubkp, npnig uppwjukpp tnyb tywiny tu b
Uhdjuighg nmwupptpynud B dhtsh 20 % (az=0,80): Zuljwnwl ntypnid vjuwih vwhdwbwgh
wpdbpubpp Jupnn Lo qquihnpb dkdwbwy (t-h thnpp wpdbpubph hwdwp: Bpk At>20 °C,
www Junkih k ogunuugnpéty bwli B £ogpuinipjut puuh Q-ubkp:

Puipdp gogpuinipnit wywhnybnt btywwnwlng mdbtnupupnid whpwdbon L
oquuugnpst| thnpp qpnjh oindwl jupnudny htnbgpujwhtt gnpénipuyhtt nidbnupuptp
(@NP-K140Y117A, K140Y26A, K140YV[27A, OP07 whwh) U C2-29B wmhwh &pqphwn
nkqhunnpibp: Upbdwt jupqupbptint hwdwp R3-h oppuynid whwp L dinguk) CII3-39,
CII-2B Jud thnpp obpdwunhdwmtiughtt gnpéujgny wy] mhwh Jupquptpnn nkghuwnnp (R31)
n1 Jupqupbpnudp Juwnwpk) Gphnt R-ttpp dhtitnyg juynih obpdwunpdwunid (opptwyy
25 °C 30 °C jud 40 °C) mbnunnptny:

Bph twc100 °C, myw bywwnwlwhwpdwp k pungniiky ' Uge=0,1At:  ZEnbwpwn (1) b (4)
pwttwdlibphg unwtwp (Lph tw<100 °C )*

U,, =0,003891K,At 1 0,003891K:=0,1 Z~C, 5)

tilp

npunknhg’

Kt — |0RR0R2 =257 qoC: 6)
1

Bpt Ro=100 O] Io=2 /U, muyu R2/R1=128,5:
Cunhwinip ghwypnud puwnpdws tnyt Logpuumipjub nuuny FR-ubkpp Jupnn o
dhujwighg mwuppkpyk) hswytu Ro-ny, wytiytu f Weny, hbnnbwpwp Yupkh L pugniuk), np
Row = Ro(1 +b)) Ro, = Ro(‘| + aRb) u
Wy, =W, [1+ay ), W, =W ([1+a,, ), -1<ag <1, (7)

npunkn b-h b aw-h vwhdwbwhtt wpdbpubpp juppdws L MR-ubkph dogpuinipjutt nuuhg,
Wuwo-t t Wuo-t - tnwip bt uwnp unnnyuljubpnid nbknunpyusé +2-ubkph
obpdwunhdwwghtt gnpdwljhgubiph wtjuwbwlub (unwiunupn) wpdtpubtph Gu:
Zhnbwpwp, nidbnqupunh Eppuyht jwpnudp Jupth E ubpjuyugut) hbnbyuw) mkupny.
R R
Uy = =2 1R W (1401 ay, )22 IR W, (1+ agb)i+ o, ) @
1 3
Gpt ujubdwb YJupqupbpgh 7R-ubph dhbbunyt  npnowlh  ohpdwuwnhdwunid
(Wuo=Wuw=W¢) i R3-h thnthnjuniuny uinugyh Ukp=0, myw Junnwbiwip
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R, =R,(1+agb)1+ay, )/(1+b)1+ay,): )
Zhnbwpwn Epuyht jupnudp upbh | ubpuywgut hbnlbyjw) wkupnd.
Upp = 25080 (14 b){1+ ary, JWoo - W) = RZI';R (1+b){1+ 0, AW, (10)
1 1
npunbkn A Wp=Wo-Wo:

Ujunthtnb wihpwdtown £ R3 -h &nint wtgwwnlk] uwnp 19-hg m dvhwgul] npu
ukpplh (2) ubnuwlht, &ogphwn swthl] wwp -h obpdwunmhdwip (twr ) b wjuybu
Yupqupbtpl; R2p Jud -, np  Epmd unwgdh wjjug  obpdwuwnmhdwuht
hudwwwunwupwt qupnid: Ujp ghypnid Yupkih b pugniubk, np Q-ukph ubkpplh
ubnulutpp  (2) Jhwgunn  hwnnppujuptph ghdwnpnipmitubpp tGinpp B0
Rqi=R2=Rq¢<0,005R0, hulj pwth np I'OCT 6651-94-h [3] hudwdwu a,<0,0005/1,391, wwyw
Juinugny nypnud (0,w=0,0004, a,.= - 0,0004, og=-1, b=0,001) junnwuwp

LR, R
Ubl9m1 =ﬁ(ll-'-b)(ll-'-aw )th1 +IORQ1R2 — 2 92 2 =

tiLp

R1 ! R1 R3
R
=oRoR2 (s by oy W, 1-00028 - : Xl
1 Ro(1+b)(1+ 0, )W,

npuntn W, -p wju tw ghpdwunhdumitht hwdwywunwuuwh We-h ummhl}mpm wpdbpl k
[3]:
Lwilth np Rq <0,005R0, myw gnpstwlwiunid Jupkih £ whnbkul] thwlwgstnh dhoh
Enpypnpn winuwdp, hbnbwpwp junwbwip®
U _LRR
R

blpwng T 2 (1 + b)(1 + Ayn )th1 : (12)
1

Uwnwugwsé (12) mpunnwhwjnnipjniip nknunpbinyg (10) pmuwdbh vk’ Junwbwip®

U

tiLp

= Y AW,,: (13)
Wtuﬂ

Yuwnwpbin] pqws  Yupqupbpnidibpp b ontubbwgnyg U op-h oo Wo-h
wpdbtpubpp’ htnwquynid upbjh £ oquty (13) pmtwdlihg:

ZEnbwpwn H-ukph pinpnipjubp jupkh b ukpuyugit) wkh dknd gyuhwbetbp
(pinpk) ¥O-ubkp unyt Loqpuinipju puuny b Re-h, Wie-h tnyjt wbjuwbwljut wpdtp-
ukpny) b gpuip thnpjubihu junupl] hwduwyunuupwt jupqupkpnud, npp pny; funw
qquihnpkt Edwtwgul) swhhs vwppuynplwt yyuwnpuwundw b pwhwgnpddwt swpuubpn:
Lwitth np 40 °C-hg Uhtsk 100 °C wmphpnypard 2-h ghiwnpnipjut thothnjunipniip 50 Ou-hg
thnpp Yihth (Re=100 O, Wi00=1,391 phupnid), wyw R1-p whwp b phwpl] wybiybu, np
nidkinugdwi gnpsuljgh thnthnjpunipinitip (hth pwwn phs (0,1%-hg thnpp), htnnbwpwp®

50/R; < 107,
npubknhg junnwbwbp * R=250 O«
Ljwnh mubkuwny, np @N0b-ubkph hbnwnupd juyh onpund tyyuwnwljuhwpdwp k
Uhughty R,<10° O/ ghuwngpnipjundp nhghuwnnp, Ukl @0i-n] Jupkh b wwuwhnby
R2/R4=20 wpdtp: Zhknbwpwp wihpwdbon b oguuugnpst) e dbl nidbnugdut juuljwuy
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(u4.2) b Ke gnpdwiligh wpdbpp Yupqupbkpl) Epypnpn nidinupunph hbnwngupd juwyh R5
Jwu R6 ntiqhuwnnputph dhongny®
Ui =%AWtO =0,1At, nputinhg’ % =01W,,K, /U
tn1' N5 5
Soqpuunipjut A nuuny ohpduyghtt Eukpghwyh hwoyhsukphtt hwdwwywnwupuwtnid
Eu b-h b aw-h wpwybjwmgnyt wpdtputpp, npnup thnpp G 0,001-hg, htwnbwpwp
Yupquptpnn R31 b R32 niqhuninputpnh ghdwngpnipmniuttpp tyyunwluwhwpdwn b ptiapkp
htwnlyuy Yepy®

G pwin1 :

R31=0,01R1, hulj R3:~0,99R:

R5

31 | R1
——
T 43 v — | —a
1 R3 R3, th
R, Ru 1
R4
2 2

U.2. Qbpdwunhfwbibph wwwppbpnipyutt swthhy Yhpyuwiinfuhsh ujubdw

Unwowplws upjubdwyny okpdwunhdwtubnh wnwpphpniput suithhs
YEpwwihnjuhsh Jupnignidp htwpwynpnipnit Yuw qquihnpb dbkndk] Q-ubkph
punpnipjuip  ubpujugynny  wwhwbeubpp b wjwqbgul] swithhy  wwppuynplui
yuwnpuundwbt nt pgwhwgnpsdw Swpaubpp:
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H.A. ITAXKAMAH
U3MEPUTEJIBHBIV IIPEOBPA3OBATEJIb PASHOCTU TEMITEPATYP

IIpennoxxeHa cxeMa H3MEPHUTEIBHOTO IIpeoOpa3oBaTeld pAa3sHOCTH TEMIEPATyp AL
BOJAHBIX CHUCTEM TEIUIOCHAOXXEeHMI, KOTOpasd 06eclIeYrBaeT BBICOKYIO TOYHOCTH IIPeoOpa3soBaHUA
P  UCIIOJB30BAaHMU HECOTJIACOBAaHHBIX IIap TepMOIIpeoOpasoBaTesell  COIPOTHBIEHHA.
IIpuBemensr @opMynsl g pacdeTa IIapaMeTPOB CXeMBI U IIOTPENIHOCTedl H3MepeHH.
IIpencraBreHa MeTogMKa HaMaJKH CXEMBIL.

Kirrouessie croBa: nsMepeHUe TeIUIOBOI SHEpPrHM, PasHOCTh TEMIIEPATYp, CYMMUPYIOUIMH
YCHIIUTEID.

N.A. SHAGHGAMYAN
MEASURING CONVERTER OF TEMPERATURE DIFFERENCE

A scheme of measuring converter of temperaturediffce which provides high precision of
conversion using unmatched resistance thermocarveairs with non-equal nominal resistanceg) (R
and temperature coefficient (yMolerances is proposed. The methodology for sehadjustment is
presented.

Keywords: heat energy, measurement, temperature differesmmammaring amplifier.
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UDC 681.3.07 COMPUTER SCIEINAND INFORMATICS

G.E. HARUTYUNYAN, D.V. MELKUMYAN

FAULT LOCATION AND DIAGNOSIS ALGORITHM FOR STATICA ND
DYNAMIC FAULTS IN SRAMS

A multiphase March algorithm of complexity 74N+Cheve N is the number of memory
words, C is a constant, for location and diagnadistatic and dynamic faults in Static Random
Access Memories (SRAM) proposed. Previously faoltation and diagnosis algorithms were
proposed for static faults or dynamic faults orilfis algorithm locates the failed bits and diagsose
the fault types within the space of all simple {okéd) static faults, as well as of a special $eivo-
operation dynamic faults.

Keywords: static fault, dynamic fault, March test, detectitmtation, diagnosis.

1.InTRODUCTION . The problems of fault detection, location and d@gs in SRAMs
(see [1]) are of prime importance in connectionhvttie increasing density of embedded
memories and their dominating portion in systenebips (SoCs). In addition to the
previously known static functional fault models {f$) [1], new dynamic FFMs based on
Inductive Fault Analysis (IFA) (see [2]) were intiuced.

In [3], a method of partial diagnosis with furtifault location was proposed for the
traditional FFMs. In [4], an efficient March-bastallt location and full diagnosis algorithm
was proposed only for dynamic FFMs in bit-orienBRIAMS.

In the paper, we present a March algorithm of cexipt 74N+C for location and
diagnosis of both static and dynamic faults, whéris the number of memory words, C is
the constant. The general algorithm consists aéethphases. In phase 1, sequentially 3
March algorithms are applied for fault detectior grartial diagnosis: March VLP1, VLP2
and VLP3 of overall complexity 74N. Phases 2 arade8optional and are intended for fault
diagnosis and location. In phase 2, a diagnosigdtion algorithm of constant complexity
7...325 is applied. In phase 3, algorithms of compjes7...181 should be applied. It
should be noted that for some faults not all tliedlphases are needed.

2. MAIN NOTATIONS . The definition of the fault primitive (FP) concepsed to
define the static and dynamic faults can be foumf2], [5]. A March algorithmM is a test
algorithm with a finite number of March elemes{M 1, M,, ..., M} where each March
elementV; consists of an addressing direction and a finit@lmer of Read/Write operations
(see [1)).

For a given memory failure, <S/F/R> denotes a FRre/f§ denotes a sensitizing
operation sequence, i.e. an operation sequencerdbalts in a difference between the
observed and the expected memory behavior. Theyfaehavior F is the observed memory
behavior that deviates from the expected one, anfDR1, -} is the result of the Read
operation of S applied to the faulty cell in casenis with operation Read. A “-” in iReans
the output data is not applicable. Table 1 dessrédesingle-cell static FFMs (see [5]). Note
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that the symbol “~” used in Tables 1-5 denotesdalgnegation, and x, y, z[1{0, 1}. Table
2 describes all two-cell static FFMs.

In [2], a total of 30 two-operation single-cell dymic FPs were described and compiled
into a set of five FFMs (see Table 3). A two-opera-cell dynamic FP can be represented
as <§ S/F/R> where $(respectively, g describes the sequence of operations applied to
the aggressor (victim) cell “a” (“v”) or its statd.dynamic FP is sensitized by applying two
operations sequentiallyo the aggressor or victim cell. Depending on thenber of
operations applied to the a-cell and to the v-@&ilj on the order in which they are applied,
four types of S can be distinguished:

1. S, the two sequential operations are applied toafell, the v-cell is in a certain
state.

2. Sy; the two sequential operations are applied tovticell, the a-cell is in a certain
state.

3. Sy, the first operation is applied to the a-cell]daled immediately with a second one
to the v-cell.

4. S, the first operation is applied to the v-cell,léoted immediately with a second one
to the a-cell.

We will consider only classes of FPs caused hyaBd S, since, as noted in [6], it is
impossible to test the faults from,&nd $, by means of March algorithms, in general.
Table 4 describes all FPs caused hy Bable 5 describes all FPs caused Ry S

For a given March algorithm, the corresponding idicry of fault syndromess
constructed in the following way (see [3]): eaclv eespectively, column) of the dictionary
corresponds to a certain fault class (respectiveliRead operation from the March test). If
the March test contains r Read operations, théRgss(Ry), ...,  gR.1)> is the signature
of the [" fault named March syndrome, wheréRg=0 (respectively, 1), if the"kRead
operation of the March test returns to a fault-frespectively, faulty) value.

TABLE 1. SINGLE-CELL STATIC FFMs TABLE 2. TWO-CELL STAIC FFMs

FFM Fault primitives FFM Fault primitives

SF <X/~x/-> CFst <x; y/~yl->

TF <XW(~X)/x/-> CFds <RX; y/~y/->, <xWy; z/~z/->
WDF <XWxX/~x/-> CFtr <x; YW(~y)ly/->

RDF <RX/~X/~x> CFwd <x; yWy/~y/->
DRDF <RX/~Xx/Xx> CFrd <x; Ry/~y/~y>

IRF <RX/X[~x> CFdrd <x; Ry/~yly>

CFir <x; Rylyl~y>
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TABLE 3. SINGLE-CELL DYNAMIC TABLE 4. FPs FROM TABLE 5. FPs FROMS,,,

FPs Saa
FF Fault primitives FF Fault FFM Fault primitives
M M primitives
dR <XWYRY/~y/~y>, dCF | <xWyWt; dCFrd <x; YWzRz/~z/~z>, <X;
DF <XRXRX/~x/~x> dswm z/~z/-> zRzRz/~z/~z>
dIR XWYRyly/~y>, dCF | <xWyRYy; dCFdrd <Xx; YWzRz/~z/z>, <x;
F <XRXRX/X/~x> dsu z/~z/-> zRzRz/~z/z>
dD XWYRYy/~yly>, dCF | <xRxWy; dCFir <x; YWzRz/z/~z>, <X;
RD <XRXRX/~x/x> dsw z/~z/-> zRzRz/z/~z>
F
dTF <XWYW(~y)lyl->, dCF | <xRxRX; dCFtr <X; YWzW(~2)/z/->, <x;
<XRXW/(~X)/x/-> ds, z/~z/-> ZRzZW(~2)/z/->
dWDF XWYWYy/~y/->, dCF <X; YWzWz/~z/->, <X;
<XRXWx/~X/-> wd ZRzZWz/~z/->

3. THE PROPOSED ALGORITHM . The algorithm consists of 3 phases. Phase 1 is for
fault detection and partial diagnosis. After thiepe all considered faults are detected. Using
March syndromes obtained from phase 1 faults avepgrd. Two faults are in the same
group if their corresponding syndromes are the sdhases 2 and 3 are for fault diagnosis
and location. Note that the algorithm can applydhk first phase or only the first and the
second phases for specific fault groups. But theeee fault groups that require all three
phases. If a syndrome is obtained that is out oflisty the algorithm stops its work with a
message “Unknown fault”. It is natural to obtairclsiunknown” syndromes, since we do
not consider all the space of realistic faults.

Table 6 presents the three March test algorithras dne used in phase 1. These
algorithms must be applied sequentially (first Makd_P1, then March VLP2, then March
VLP 3) and join the obtained March syndromes. Tverall complexity of phase 1 is 74N.

Diagnostic algorithms are listed in Table 7, looatialgorithms in Table 8.
Algorithm LD1 from Table 8 additionally has als@adnosis capability. In Tables 7 and 8, x,
y, z O {0, 1}, “W\"* I "Ry" ("W A" / “RA") means Write / Read operation applied to the
victim (aggressor) cell. In these algorithms thgragsor cell (A) is considered that it is
physically placed on the left (L), up (U), right)(Br down (D) side of the victim cell. “For
each A cell” means apply all \and R operations sequentially first on cell L, then @i
U, R and D. “W” means Write operation to the L cell only.
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TABLE 6.PHASE 1 ALGORITHMS

Name Description

fT(wo): T(RO, W1, W1, R1, W1, W1)f(R1, WO, WO, RO,
WO, WO0);

March VLP1 | o, vv)1, W1, R1, W1, WL§(R1, WO, WO, RO, WO,
WO0); T(RO).
T(wo); T(RO, W1, R1, W1, R1, R1fI(R1, WO, RO, WO,

March vip2 |0 RO)
U(RO, W1, R1, W1, R1, R1}}(R1, WO, RO, WO, RO, RO);
M(RO).
fT(wo); T(RO, WO, W1, wo, W1)I(R1, W1, WO, W1,
WO0);

March VLP3 U(R)O, WO, W1, WO, W1)(R1, W1, WO, W1, WO);
M(RO).

TABLE 7. DIAGNOSIS ALGORITHMS

N . Leng
ame| Description th
Dl(X) WV(~X)1 WV(X)v RV(X)v WV(~X)1 R\/(~X)r WV(X)v RV(X) 7
DZ(X) WV(~X)1 WV(X)v RV(X)v RV(X)v WV(X)v WV(X)v RV(X)v RV(X)v WV(X)v RV(X)v WL(X)v RV(X) 12
D3 |[Wy(0), W/(1), W(0), R/(0), WA/(1), Wi/(1), Wy,(0), R/(0) 8
{W\(1)}; {For each A cell: WK(0)}; {R (1), Wo/(0), Wy,(1), Wi(1), R/(1), R/(1), WA/(0),
Wy (0), R/(0), R/(0), Wy (1), R/(1), R/(1), Wi(1), R/(1), Wy(0), R/(0), R/(0), WA/(0), R/(0)};
{For each A cell: W(1)}; {Rv(0)};
D4 {For each A cell: W(0)}; {Rv(0), Wi,(1), Wy,/(0)}; {For each A cell: W(2)}; {Rv(0), W4,(2), 71
Wy (0), W(0), R/(0), R/(0), W/(1), Wy(1), R/(1), R/(1), W(0), R/(0), R/(0), W(0), R/(0),
Wy (1), R/(1), R/(1), Wy(1), R/(1)}; {For each A cell: W(0)}; {Rv(1)}; {For each A cell:
WAL} {Rv(1)}
{W\(0)}; {For each A cell: WK(0)}; {W v(0), WA/(1), R/(1), W/(0), WA/(1), R/(1), W/(1),
Wy(1), R/(1), R/(1), R/(1), Wy(1), Wy, (0), R/(0), Wi/(1), Wy/(0), R/(0), W,/(0), W,,(0), R/(0),
Rv(0), R/(0)}; {For each A cell: Wi(1)}; {W (0), Wy(1), R/(1), WA(0), W/(1), R/(1), Wy(1),
Wy (1), R/(1), R/(1), R/(1), Wy(1), W(0), R/(0), W/(1), W(0), R/(0), W,,(0), W4/(0), R/(0),
D5 RV(O)1 R\/(O)}r {For each A cell: \M(O) ’ V\/\/(O)r WA(O)v WA(O)1 R\/(O)v WA(l)r WA(O)r RA«(O)v 325

RV(O)1 WA(O)r WA(l)r R/(O)r WA(O)r WA(O)v RA(O)r RA«(O)v R\/(O)v WA(l) ’ VV\/(O)v WA(l)r WA(l)r
RV(O)1 WA(O)r WA(l)r RA«(l)v R\/(O)v WA(l)r WA(O)r R/(O)r WA(l)v WA(1)1 RA(l)r RA«(l)v R\/(O)}r
{For each A cell: W(O)! Vv\/(l)! WA(O)! WA(O)! R/(l)! W/-\(l)l WA(O)! RA(O)I R/(l)- WA(O)I
WA(]-)! R/(l)! WA(O)I WA(O)I RA(O), RQ(O)! R\/(l), WA(]-)! Vv\/(l)! WA(]-)! WA(]-)! R/(l)- WA(O)I
WA(]-)! RA(l)l R/(l), WA(]-)! WA(O)I R/(l)! W/-\(l)l W/-\(l)l RQ(]-)! RA(l)l P\/(:I-)}
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TABLE 8.LOCATION ALGORITHMS

L Lengt
Description h
{For each A cell: W(X)}; {W v(2)}; {For each A cell: W(y), Ra(y), Rv(2)} 17
{For each A cell: W(1)}; {W v(x)}; {For each A cell: W(0), W,,(0), R,(0)} 17
{For each A cell: W(0)}; {W y(0)}; {For each A cell: W(0), Wx(1), R,(0)} 17

{For each A cell: W(~x)}; {For each A cell: WA(X), Wy(~Y), Wy/(Y), Wy/(Y), Ru(Y), Ru(Y), Ru(Y), 84
Wy (y), Wy (y), Ru(Y), Wo(y), Wy (=y), WA (Y), Wy (=), Ri(=Y), Wa(y), Ru(Y), Ru(y), WA/(Y), Ru(y)}
{Wy(y)}; {For each A cell: WA(~X), Wa(X), Wa(X), Wa(X), Ra(X), Ra(X), Wa(X), Wa(=X), Wa(x),
Wa(=X), Wa(X), Ra(X), Rv(V)}

{For each A cell: W(0)}; {W v(X)}; {For each A cell: WA(0), Wx(1), Ra(1), R/(X), Wy/(X), WA(0),
WA(l)v R\/(X)v WA(l)r WA(O)r RA«(O)r R\/(X)v WV(X)v WA(l)r WA(O)r R\/(X)v WA(1)1 WA(1)1 RA(l)r 181
RV(X)v WA(l)r WA(l)r R\/(X)v WA(O)r WA(O)v RA(O)r R\/(X)v WA(O)1 WA(O)1 R\/(X)v RA(O)r RA(O)r
WA(O)v R\/(X)v RA(O)1 WA(1)1 R\/(X)v RA(1)1 RA(l)r WA(l)r R\/(X)v RA(l)r WA(O)r R/(X)}

53

The aggressor cell is found in the following wayhem operation Rreturns a faulty
value at the first time, then the current A-cel] {I, R, D) is considered as an aggressor cell.
The maximum length of the diagnosis/location algponis is 325 which is a constant number
and does not depend on the number of memory ¢die that the syndromes of phase 2 are
constructed only by the results of operationsditice operation Ris used only for fault
sensitization but not for fault detection.

Due to the limitation of the paper, we do not brimgye all the cases describing which
algorithm should be used in the next phase for eathined March syndrome. But for each
specific case we will bring an example to explaowhthe algorithm works. Fault groups
obtained after phase 1 can be divided into 5 types:

Type 1. The groups contain only one single-celltfdtor these groups further phases are
not needed since they are already located and asagn For example, syndrome
(1001100111000011110000111110101) corresponds @o RRA <O0/1/->. Thus if this
syndrome is obtained in phase 1, then the FP i;mdised and located.

Type 2. The groups contain more than one faultthey are only single-cell faults. For
these groups only a diagnosis algorithm is neettee $he faulty cell is already located. For
example, if the syndrome (000000000000001000000DIM@MWO0) is obtained in phase 1,
then either FP <1WORO0/0/1> or FP <1R1WO0/1/-> i®ditd. Since both of them are single-
cell faults, then there is no aggressor cell tatecand only diagnosis algorithm should be
applied. For this group D1(0) algorithm should Isediin phase 2. If the syndrome of D1(0)
is (101), then it means that FP <1WORO0/0/1> ismisgd, if (001), then FP <1R1WO0/1/-> is
diagnosed.

Type 3. The groups contain only one fault which tsvo-cell fault. For these groups only
a location algorithm is needed since the fault lieaaly diagnosed. For example, if
(1000000101000000000000111010000) syndrome isrmatan phase 1, it means that the
FP <1,0/1/-> is detected. For this FP a locatigoaihm is needed to locate the aggressor
cell. For this purpose L1(0,1,0) algorithm shouddused in phase 2.

Type 4. The groups contain more than one faultanelast one of them is a two-cell
fault. For these faults, location and diagnosisodigms are needed. For example, if
syndrome (0010001000000100000001000000010) is rmatain phase 1, it means that
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either FP <0RO0;1/0/-> or FP <1R1;1/0/-> is deteciHuus we should diagnose in the next
step which FP exactly from these 2 in the memoguoed. Since the group contains at least
one coupling fault, then the location of the aggoesell should be detected as well. Using
LD1(1) algorithm we will diagnose the fault as wa$l the aggressor cell. If the syndrome
obtained from algorithm LD1(1) is (00100011111her FP <ORO0;1/0/-> is diagnosed. If
the algorithm returns syndrome (100011111111), #er1R1;1/0/-> is diagnosed.

Type 5. The groups contain more than one faultaneast one of them is a two-cell
fault. This type is the same as Type 4, but fosé¢hkaults two further phases are needed, one
for diagnosis, and the second for Ilocation. For mgde, if syndrome
(0010010000000100001110000001000) is obtained BseHl, it means that either FP
<0;1/0/-> or FP <1;1/0/-> is detected. In phasea@orithm D4 should be applied. If
syndrome (11100111000000000000000010) is obtametase 2, it means FP <0;1/0/-> is
diagnosed. If syndrome (00000000000000001100011K0bptained in phase 2, then it
means that FP <1;1/0/-> is diagnosed. In phase 2dmgnosed the fault but not the
aggressor cell position. That is why we need orgitiadal phase. In phase 3, algorithm
L4(0, 0) should be used if FP <0;1/0/-> is diagnbsephase 2, and the algorithm L4(1, 0)
should be used if FP <1;1/0/-> is diagnosed in pl2as

4. EXPERIMENTAL RESULTS . For our experiments we have used Virage Logic Yield
Accelerator tool that allows to create test patieimat can be applied to the chip in the
automatic test equipment (ATE) environment. It gmocess tester output files providing
detection, location and diagnosis of faults.

We injected two coupling faults on a memory of #ige 16 rows x 16 columns. The
static fault <1WO0;0/1/-> was injected in the pasiti(victim cell = (5,1), the aggressor cell =
(6,1)). The second injected fault was dynamic fa@flR1R1/1/0>. It was injected on the
position (victim cell = (2,5), aggressor cell =4p, The expected information was the
following:

» Detect FP <1W0;0/1/-> on (5,1), (6,1) positionbklongs to a group of Type 3.

» Detect FP <0;1R1R1/1/0> on positions (2,5), (A4pelongs to a group of Type 5.

Then we ran the algorithm and it detected botht$awith the following message:

Errors vere detecte

Memory, Fault, Victim Row, Victim Col, Aggr. Row,dgr. Col
dpram_lt[1], <1WO0;0/1/->,5,1, 6, 1

dpram_lt[1], <0;1R1R1/1/0>, 2, 5, 2, 4
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FP <1W0;0/1/-> was detected and diagnosed in phadeor fault location, the
algorithm L1(1,0,0) was used in phase 2. We carilsdedhis fault indeed belongs to a group
of Type 3. FP <0;1R1R1/1/0> was detected in phaskafnosed in phase 2 and located in
phase 3. We can see that this FP belongs to a gifotippe 5. This experiment proves the
validity and the correctness of the proposed algori

5. CONcCLUSIONS. A new algorithm for static and dynamic fault locati and
diagnosis is presented. The general algorithm stssif three phases. In phase 1 we apply
sequentially 3 March algorithms for fault detectiamd partial diagnosis of overall
complexity 74N, N is the number of memory wordsasds 2 and 3 are optional and are
intended for fault diagnosis and location. In plsa8eand 3 diagnosis/location algorithms of
constant complexity are applied.
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Q.E. ZUCNRESNRLEUL, 2.4, UCLRNRUBUL

USUShu LULNUESMULNS 2bTNN, UUNMLELNRU USUSHY &Y 1hLUURY
ULUUrenNkEe3NhLLENh SENUSLUSUUL BY UNSNCNTUTUL ULGNPEU

Ukpjuyugws t puquuthnyuing 74N+C  pupnnmipjudp dwpy wignphpd  uwnwwnhl
twundbnpwing hhponn wwppbpnid unnwwnhl b ghtwdhl whuwppmipniutiiph nmbnujuugdwt b
wpunnpnodwt hwdwp, npnbn N-p hhonpnipjut puntph pwhwlu E hulj C-u° hwuwnwwnnit phy:
Lwulhtinid huynih whuwppnipnibibph nbnuyiugdwt b wjunnpnodwt wignphpdubpp tnk) B
dhuyt unwwnhl ud dhuy ghtwdhl whuwppnipnibtph hwdwp: Uju wignphedp nknuytwinud £
hhpnn wwpph whuwpp phpep b whinnpngmd - whuwppnipjut whwyp pojnp wwpg (Sjuyulgyws)
unwwnhl] whuwppmipmpniutiiph b Eplne gopénnmipyudp nhtwdhly whuwppnipmnitibph hwwnndy
Eupwpwuqunipyut hwdwp:

Unwhgpughli pupkp. vinunhl] whuwppmipnil, nhtwdhl] whuwppnipmnit, dwpy phuwn,
hwjntwpbpnud, nknujiugnid, wnnpnonid:

I'.E. APYTIOHAH, I.B. MEJIKYMAH

AJITOPUTM I JIOKAJIM3AIIUU U JUATHOCTUKU CTATUYECKUX U
JTUHAMUWYECKUX JEPEKTOB B CTATUYECKHNX 3ATIOMUHAIOIIINUX YCTPOMCTBAX C
ITPOU3BOJIBHOM BEIBOPKOM

IIpencraBmeH MHOro}a3oBBIH MAapII-&JITOPUTM [JIS JIOKAIM3AUUM U JUATHOCTUKHU
CTaTUYECKUX M JUHAMUYECKHX He(eKTOB B CTAaTUYECKMX 3aIlIOMMHAIONUX YCTPOICTBAX C
IIPOM3BOJIBHOM BBIGOPKOI co cimoxHOCTBIO 74N+C, rme N - umcio CjIoB B 3allOMHUHAIONIEM
ycrpoiictse, a C - koHcTaHTa. PaHee mpescTaBieHHbIe aJrOpUTMEL JIOKAIU3AIUN U JUATHOCTUKH
ObLIM TONBKO JJA CTaTUYeCKMX WM AuHaMudecknx zgedexro. IlpemcrapieHHSBIN aaroput™
JoKanusupyer pebeKTHBIM OUT M JUATHOCTHpPYeT THUI Jedexra Jad BceX IPUMHUTHUBHBIX
(HeCBA3aHHBIX) CTATUYECKUX Ae(EKTOB M AJA CIEIWAaIbHON IIOATPYNNBI ABYX ONEpalMOHHBIX
IUHAMUYECKUX nedeKToB.

KmroveBrrte cmoBa: cratmdeckuil  fgedekr, auHaAMHUYeCKui#l fedeKT, MapII-TecT,
OoGHapyXeHUe, JIOKAIN3AI N, TUaTHOCTHKA.
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287 530.15 20c4dNUuUL SEvuhul
G4 budNruusrau

Q.E. LU4dN8UYL, 2.9. ULUYGMBUL

UrUdELUANR3L Ur8UUSNRE3UL GN0UYRS NPLESN, PULSELUES
quNNkrNPk UUEEUUSPYUYUL UNEL

Thunwpyuws koskpupjuwynpdus (Upgulignipjutt gnpswlhgp < 1) hunbpubn juwnimnt
dwpbdwnhjuywb dnnk): Unpbh opowtwljubpmd vwhdwijws b hinbpubtn Swpwjnipjut npuljp
quwhwwnnn swihwihop: Zwoqupyws b pnyjunpbjh pudwinppubph wnwybjugny phyp’ hwoyh
wntbny npulh swihwihoh okduyhtt wpdtipp: Mnipu k phipdwsd juyninnt qpunjusnipjut pusudwi
hunnipnitip: Lkplujugqué i htnbpubn juwyninnt dpgulgnipjut gnpdwlhgp, hyybu twb
owhmpwpbpnipniup’ npybu $niijghw pwdwinppubph pwuwlhg: Punbpitn hwuwbbjhnipyun
Swnwymipniiitp dwnnignn juquuljbpuynipjut gnpénn gugh Jpw juwnwpyl) b thopdwpynud,
unwgyb] ki hnbpubn juyninnt oqunugnpéuwt Jpdwljugpuljuts myjuyubpp, npnug hhdwi Jpu
guwhwwngl] o wfu) Swopwnipjul  poyguunpbih pwdwinppubtph  wowdbjugny phdp U
owhnipwpbkpnipniin:

Unwigpuyhli punkp. hunbpubn Gupwluemgyusp, stpuwopuwynpus Yuwyninh, CIR
Juwninh, dpguljgnipju gnpswljhg, dwpkdwnhjulwi dnnby:

1. Lwpwpwi: Punbtpubn oquuugqnpénnubph phip quuny wémd & dbdwgubing
htnbputinn  nbunipuubph, dJdwubtwynpuuybu hunbpibn juynimnt  tjundwudp
wuwhwbownplp: UYjuop wju puwqujueh  wpphwlwt  jughpubphg L unp
Eupwlupnigyubputiph  uwnbindnudp b Gnwdubph punuyinudp:  Bupwlunnigdusph
unbnénidp, npwhu Jubnt, pwdwiwtht Swhwwwnwp b [1,2] b, npyku hbkwnbwp,
Swnwynipjut huptwpdtpp pupdp b unugynid: Uy hull wuwwndwnny tupwljunnigjusph
oywmhuw] oquugnpénidp b pwdwinppubphtt  dwwnskih  Swpwynipmnit dwinnmighip
wpuliub punghpubp Gu:

“thgnip huwnbpubinn  hwuwibjhnipjut  Swnwynipnitutp  Jwwnnignn  (b2ZOU)
juquultpynipniup, npb nith npnpwlh  Eupwluwpmigyuésp b huunbpubn
hwuwubjhnipjutt  Swpwnipnit £ dwnmignud Jkpotiwljutt oquuynnubphtt (end users),
Jhpuguu PZOU juquultpuynipmniihg yipgpky k CIR (committed information rate) wnkuwljh
Juuyninh, htgp Lupwnpnid k, np gubijuguws wwhht juwyninht Yupkh E oqgunugnpsty hp
wnwybkjugnyb swthny, wjuhptl' Upgulignipjutt gnpsuljhgp 1 L ‘Loklp, np CIR wnbkuwlh
Juuwninnt huptwpdbpp unynpwpwp pwpdp b jhinud:Zwgdwjpe mbwjhtt ogundnnubphtt b
thnpp  Juquulbkpynipmiuttpht wihpwdbon  sh jhund  Gpuphuwdnpyus
ponnitwynipjudp Juwninh: Zwpyh wnubing Jbkpp todws thwuwnbpp' dingubp unp
Swnuwynipnit’  skpuwoiwynpywé  hunbpubkn  juwyninh®  hbnlyjw; Yepwy. JEpgpus
Epuojuwynpdws hunbptbn Juuwyninht pwotukp dh pwbth pudwinpnubph dholt wytyty,
np puphu]ud skpuwpuunplus juwninhibph gnidwpughtt swhup Uké (huh uygpbuljui’
Epuwohuwynpywé juuninnt ponnibwlnipinithg: Yipohtiu htwpwynp k nuetnid, pwith np
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phs hwjwbwlwt E, np pninp oquynpubpp dhwdwdwbwl qpuntgutt hpktg juwninht
wnwybkjugnyb swhny: Ujuyhuh puduidwt hbnnbwipny ny Epwohuwynpywé htunbpubn
Juuninnt wpdtpp thnpp Yihth CIR mbuwlh juwyninnt wpdtphg: Npybu npuljh swthwithy
Jwphih £ uwhdwit) uhqpiulwl’ bpushiwgnpdws hnbpibn juynine pngnibwlntpjul
hwpwpbpmipiniup puppjujws juwninhubph gnuidwpught ponnibwlnipjutt  Jpw, npb b
htug wjuytiu Ynydws Upguljgnipjuts gnpswljhgu b Uks 20U juquuljkpynipmibtbpnud
ugt Jupnn E Juqdky 1/20--1/50 [3-5]: Ujuyhuh wpwlwnhliud jujiunpbt nwwupusjus b
wupnne wohiuphmd: Udbjugubip, np pwdwinudp Yhth owwnhuw), bpk huwnbpubn
Juynignt tjuundwdp tnybwnhy wwhwbeubp niubkgnn pudwinppubpp judpwynpyt
wnwudhtt  judpkph  dbke'  hbEwnlyw) Ykpwy. Junpgnp  oquuynpubp  (PZOU-ubkp,ubs
hhdtwplyutp),Uhohtt  Jupgh oquuynnubp (hunbkpubn  upfwpwbikp, dhohti  swthh
hhdtwplutp) b thnpp oquuynnubp (ntughtt oquynnubp, 110 wohiwwnnubp nitkgnn
hhdtwplukp):Mupq E np wnwybjugnyiu ks dpguljgnipmmitt jupbih £ unwbwg 3-pn
hudph  oquynnubph  hwdwp: Utkp dnphind phuwplynmd Eu hbkbug wju  wnhuyh
hudpwynpnidubipp:

2. Unpbnp: Ywwnwpktp hbnlyuy tpwbwlnudubpp. pudwbnpnubph pwbwlp’ N, i- py
puwdwinpnh  Ykpgpws Juwninnt  ponnibtwynipmiip (Swpwynipnitp)’ g, npunbn
i=(L2.. N Ounwmpniuubpp hwdwpnid Eup $hpujwsd b vwhdwbwthwl pwwlh
g = (qY.q%....q"™), opphiul]’ q'Y =128 kbit/sec, q'¥ = 256 kbit/sec, q'F = 512 kbit/sec,
q::‘ﬁ = 1024 kbit/sec: K{g;} $nrujghwtt vwhdwind k ndjuy Swownipjut wpdtpp, ophtiwly
K¢g'ty = 8000, K(q™@)=15000, K(q'¥)= 25000, K(q'¥)= 45000: Cwhmpupkpnipjul
hwdwp qpkup hbnbywy putwdlip.

N
B(N) = » K(g) - K(F. (1)

npubkn  F-pipuouudnpus  juwnugnt  pognitwlnipoiit b Zwduwuwpnudp gduyghl
hwjwuwpnid E, b Gpunwd E np owhnyptt wdnd b pwdwbnppubph pwuwlh wdhi
qniqpipug: Uwjuyt wupqg k np puwdwiunppubtph ks puwtwlh phypnid tpupwnpus
Juuninhtt julup spwjulumbmgit), b nbnh nitkbiw dunmgynn Swpwmpjut npulh
wulnud: Uy hul] yuwndweny yhwnp b qpl] dwnnigynn swnwnipjut npuljp quuwhwwnnn
hwjwuwpnid & vwhdwbl] npulh swihwhy: Lowbwltup i —pn pwdwinpnh unwugws
wpwgnipnitp t wwhhb L) (qupqnipjub hwdwp hwdwpkup,np L (&) -0 ukpyuyugunid k
dhuylt ubppbnudwt (download) wpwgnipmitp}): U phypnud ponp pwdwinpnubpht
htwnbpibn  wywhndm  hwdwp  Juwhwiedh  ZiL, i wpugmppudp  uwynigh:
NMuwhwbgynn Ywyninnt wpwgnipyuit b Epuojuwynpjws Jjuwninnt wpwgnipjub F
nupphpmpiniip bpwtwlkup C(N, £).

H

D L@ -F=c), @)

=1
npnbkn C(N,t)  dniuljghmt ndjuy t wwhht N pwdwbnpy mubkbwn phupnid

Epuojiwynpdws  juuyninnt  withwdwywunwuppwtniput swtht £ pwdwinppubph
punhwtnip wuwhwbeht:
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C(N.t) A

n
-

RN

. T
n'l I
0 — \—>

Y. 1. C{N,£) dnruhghuyh jupunidp dwdwbwlhg' Shpujws H -h nhypnid

C(M.t] Pnmuyghuyh pwgwuwlub (hukp wywbwiynd E np wndju] wuwhhi
gnudwpuyht Swipwpbknijwédnipmniup thnpp k Juuyniynt wnwybkjugnit
ponnibwlnipniihg, hbnbwpwp welw k CN, £) swthny soquuugnpdud ponnibwlnipnii:
CIN, £ = 0 bpwhwynid k, np Juyninht oginugnpsynid E wnwykjugnyyt swithny: Ywwyninnu
tjuundwdp ywhwipwpyh hinmwqu wdp Yphph swiupwpbntjuwénipjut wnwewugdwi b
nputu htnnbwbp® Swpwnipjuit npulh widwb: LY 1 —nud Jhnwgstpny wuunlkpjus
huwwnjwsubpp gnyg i wwhu CINtE)  dniyghwyh  Juppwghdp, bLpk  Juwwnugne
poanniuwynipniup vwhdwbwthwl s hubp:

‘Loklip, np L {t-1 quwnwhwlwut $niiyghw , hknbwpwp €Nt} tnybybu Yihuh
yuunwhwljut $mulghw: Zwdwupgp juopupmnh wpwdbjugnyiu wpynibwdbn, bpp
C(N, t) $niuyghwiy, {hlkny] pugwuwlul, dnn hih 0 —h:

Cunhwinip Swpwympjut npuwlp Yupkh b quwhwunb] hwoykny CN. t)
wuunwhwljut  $mbulghuyh wpnwibundwt  gnuidwpughtt dudwbwlp  (gnudwpuyght
dudwiwlp, kpp CON, £} $n1tjghwl ny puguuwub £ (0. 1-md qunkpws Yrinwgstpnyd
hwwnquwsdp): Uwhdwibkip wpnwibndwbt pughwinip dwdwtwlp (0.T) wuppbpnipjut
nupugpmid, dhohtmgubp wyt b wwhwtgkup, npuytuqh wyh sqhpuquugh $hpuyms
uwhdwbwjhtt wpdtpn [6,10].

L
T! H[C(N.£) Jdt = p. (3)

npnbkn p -u npulh swihwihot E npp tbpluyuginid £ wpwdbjugnyt poyjuwnpkh
dudwbwlp, nph pipugnd juwninht wwliwunipy t owwijhu, Hix —p hkdhuaggh
wunh&wbught $nruyghwi k [10]:

Zuwdwwnbnbny (1)-(3) hwjwuwpnidubpp hwdwlupgh dke® Junwbwp.
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- M

Z K(g) = K(F) + B(N).
I=1N
4 z li':'t:] =F+ C(N.t) (4
=1
L
TJ‘ H[C(N.t) Jdt < p:

~ o

Quuwnnpkt (4) hwdwlupgh wnpweohtt hwjwuwpnidp vwhdwind £ N -h
(pwdwiunpnubnh pwbwlh) vinnphtt vwhdwp, huy tpypnpy b Gppopn hwjuwuwpnidubpp®
Jtpht vwhdwip:

Utp wnol npwé ptnhpp BN} sowhmipwpbpnipjut $nibjghuyh uinwgnidp b
pudwunpryubph N pdh Jiphtt vwhdwh ghwhwnnudu

(4) hwdwlwupgh dke dwnunn g;, K{g;), F, T, p wquwpuwdbnpbpp hwdwpnd Eup
npjuws:

li{t) ogunugnpduwb $nitljghwt swhnid kup thnpdh dhengny(phbiwplynid E
hwonpny pwdunid).smhnid Lup pwdwunpnh Ynnuhg hp Juwyninnt oquugnpéws swthp'
[, =1;/q;: Stnunptny wyt (4) hwdwlwupgh Epypnpy hwjwuwpuwb ke Ynitktwbp.

N

ciN.t) = ) [(BDg —F: (3)
iZi
Sknunntiny (5) wpnwhuwynnipmniup (3) —h Uk’ junwbwp.
T T N
1 1 -
H:?!H[C(H,ﬂ]dt:?!H[le"iﬂqi—F]dt: 6)

Uhohtwgttiny (6) wpunmwhuynmpniut punn whuwdph (punn pwdwbnpputph)
Junwbwp®

S
a:TJ‘ HIS — Fldt, (7)
0
npnbny S=IN, [Eg: (7) huwjuwuwplwl bipwhinbgpuuyht  wpnwhwynnipnip
hwpklup wnwbdhi.

=

HE—H = [ His-Flosods = [ w04, @)
— = E

npunkn w(S, £ § pmblghuyh puphitwh nmpnitt k, w(S, £1dS-p hwjwiwluinipjnibb k
wyb pwtth, np t wuhhb 5 $nilghw Ypungnivh 55 + d5) dhowljuyphg wpdtp: Sknunpking
(8) wpunwhwynnipniup (7) —h Uk, wjinithknb uwinugdusp (3) —h ke’ Junmwbwbp npulp
qguwhwwnny hwjuwuwpdwt Jepptwljut wpunwhwjnnipmniup.

Zwoyh wntkny (9) wthwjwuwpnipniup® (4) hwdwlwpgp Ypungniuh hbnbyjuy wbupp.

%J;Tfm{&tjds.jte_:w (=]
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r N
E K (g;) = K(F) + B(N),

i=1

N
) Z qili(t) = F+ C(N.1t) * (10)
i=1

1 T p==
— < 1
kTJ‘D "‘F w(S,t)dSdt< p

Upguljgnipjutt gnpdujgh hwmdwp Yniukwmtip hbwnlbywy wnkupp®
F

: E!M=1_ q

3. w(S. t) pupludwt punnnpjut hwydupy: [ (t)q; wpnwnpyup, npp gnyg & niwhu i
o pwdwunpph  ghubpugpus wmpwdhih wpwugnipmiip t wwhpl, ywwnwwhwlub
Ubbmipinit E:Zwpdh wnubny, np yuwunwhwlwb dEdmipniutbph gnudwpp tnyuybu
yunwhwljul L[hanp]nLh E, hwpgbkup gnidwph puppudwt ppnnipniuin:
Lwth np unynpwpwp q-*~ Esumul]mp]ulh wnbuwljubpp thnppuphy Eu (hunwd (wju nhwpnid
npubp 4 —u thu), wyy hul wwngweny T g gnudwpp thpluyugikp r hwn
gnudwpbhutph gnidwph mbupny.

g =qO I L® + -+ q@ I 17, 1)
npnbn  Nepo udjuy 6111n111]nqa]mi1i1 punpws  pwdwlnpnukph  phdu L
Ny +N;+ =+ N =N, g = (g%, “\'} . Swowmipmibikph  wbkuwlibkpt B

Uhunpnbwlwuli  vwhdwbwght Iahnphl.[h hwdwduyh, tnyhwybu pupjujus whjuju
yunwhwlui Ukdnipmniuubph gnidwpp qmdulph]_bhhph Uks pyYh nhypnud, Jupkh k
Unwnwplt] w0 yupudtnpbpnyg tnpdw) puojudwdp, npntn  w o wupudbnpbpp juydws
kI puphudwits thohtth b nhuybpuhwh htwn® hknlyug Yepy.
k= Nipp
o = N;ad, (12)
(12)-p gpkjhu Bupwnpl] Gup, np gwiugws r -h hwdwp [ wunwhwlub
dbdnmipjniiibpt mukt unyb  py U oy wwpuwdbwupbpp (hwjwewl nbwypmd Yupkh k
Yhpwnt) py — Moy -h dhphtugqwsd wpdbputpp), htyytu twb hwpgh Gup wnbk] uyl, np
yuunwhwljut dbdmpmibubpp  gmudwpbihu tpuig dhohtubpp b phuwybpuhwibkpp
gnidwunpynud L [8]: Zwipyh wnubiny wju wdkup® wnwinud Gup.
N

m{x:] = w (Z l‘;{t:]) — H{N T :\]UD:] — '7_1 E_::x_m'lu:l:-":::m':uj:: {13:]

= Y ZnNay

Gph N LE wuwnwhwlui dbdnipmiup puquuyunlkup 9. hwunwwnniing,
wyw upw puphudwt pnnipniip Il]ghqm'ub hhmh]ulL mhupE (8].
w(a® Zi550) = N(a™Npo, (7)Ney ): (14)
b ytpen, hwpyh wnubny, np tnpdw) puppudws dkdnipiniuubnh gnidwpp tnyuytu
niup unpdwy puphunmd [9], (11) wwwnwhwlwb dbdnipjut pupjudwl jpnmipjut hwdwp
Yniuktwp hnbjug dEpetmjut wpnwhwjnnipjniup.
6.0 = o(ZL [0g) = Wy Zf; 9V Ny oy I @) N) (15)
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Hg Ty hpywhu twl N pudwbnppubph puojusnipiniit pun Swnwnipjut mbuwljukph
unwinwd kup thnpdh wpyniupubphg: (15) hwjuwuwpdwb dbe dnung N; —u gnyg L nwhu
i —nn dSwnwynipniihg oginynnubnh phip, npp PZOU puykpnipjniiubphtt hwynth b N — p
ubipjuyugubup htnbyuy YEpy.

N; = M, (16)
npubn p - hwjwuwp b pwdwunppubph wybt pyht, npntp oquuynud Gu wndjuy
Swnwynipniihg: Zwpyh wnubkny (16) wpnwhwjnnipmpniup’ wpnwgpkup (15)-p hhnlyug
Jtpuy. _ _

w(5,t) = NaN, BN), a= p X1, q%p;, B =0 Zi:(q™)%p; : (7)
Sknunntiny (17)—n (10) —pn hwdwlwnpgh 3-py wthwjwuwpdwi dke® wpyniupnid
Junwbwp.

Lrtn@npNydsd= 2 [ o d de L[ EreFON] ge
T-O F T- 0

0 F-aN 2T \/EBN
_1 [F-aN ).
= 2Erfc[ \/EBN J

V28N (18)

(18) —n gphkjhu ogquiwgnpsty Eup wyt Bupwnpmipiniip, hwdwdwjt nph, ptnpnid

kip wjbwhuh dwdwghtt (0.T) dhowluyp, npnid unnwwnhunhl .oy wupudbnpkpp
Jujudwsé sk dudwtiwlhg: Upmyntupnid (10) hwdwlupgp Ypungniuh hknlyju) wkupp.

B(N) = K(a) ~K(F),
1 F-aN
EErfc( \/EBN ]s P,

r r
o= I-‘-nz a%pi.  B=0 Z{qiijjzpi:
i=1 i=1

Ujuyhuny, (19) hwdwlupgh wrwehtt hwjwuwpnidp gnyg E vnwjhu npudwnpjus
Swnwynipniutphg unwgws punwunip gnidwph b dhipgpus Juwninnt  wpdbtph
wnwpphpmipiniup: Gpypnpy hwjuwuwpnidp vwhdwind b pudwinpnubph pwbwlyh obdp,
nnh phypnud npuljh wiynid wnbknh sh niukund:

4. ®Onpd: Onpdp Juuwpyl] b Bplhwt punupnid gopénn b2ZOU-ukphg uklh
guiignid: Pudwtnpnubph wpudhlp yunwdupynud E CISCO SCE 2000 swnwynipniutbph
junwdupdwt uwwppny: dhpohthu oqunipjudp Ywwwpyl) E  pwdwbnpphubph IP
hwugkutphtt hwuwubhp wpugnipjut vwhdwbwhwlnudp:

Snipwpwiynip pudwtinpnh unwugws wpwugnipjub Jepupkpu) Jpdujuqpuljut
nyjuukpp unwgyl] Eu CISCO SCE 2000-hg” SNMP wpdwbwqpnipjut dheongny: Opju
nupugpmud uvnugus Jhdwjuqpuljub ndjujubpp pudwil) Bup kptp dwdwht jadptph®
wphumnwbpwjhtt dudbp (9:00-18:00), tpkynyut dwdbp (18:00-1:00) b ghotpuyhtt dwdkp
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(1:00-9:00): thunnwplws dudwjhtt dhowljuypbpnd by, o wwpwdbnpbph® dudwbwlhg
pny] Jupdwénipnit nitiktwnt guwnmdwnny nputp hwdwpnid Bup hwuwnmwwnni: Lwiih
np  hnpjubnmid  phunwpydws  pwdwbnppublpp  wmbwyhtt  oquynpubp kb, thnpdnud
oquuuugnpdywsd k hkug tplypnpny dudwghtt dhpwuyph (Epklnjut dwdkp) Jhdwljugpuljui
nyjujubpp: Pudwunpungubph' hunbpubnh tjundudp niibkgus hpwljut ywhwietbpn
guwhwwnbnt hwdwp hwinud Bup wdpnne juyninm Jpu gpdws nwhdwbwhwlnudubpp,
wjuhlipi  pwdwunpnukph’ htuwmbpubnph  Wuwundwdp  nibkgws  wwhwbetbph
wphtunwlwinpku skt vwhdwbwhwlynid: py -u b op-u hwoynud Eup htwnlyjuy Yhpy.
punpdws dudwghtt dhowluypnid (18:00 - 1:00) unnwugus Jhdwljuqpujutt nndjuybphg
wnwbdiwginmd Eup jmipwpwibynip pwdwinpph juwninnt oguwgnpsdwt  suthp,
Uhohttmgunid Eup wyn wdjujubpp’ pun dwdwbwlhh' wpyniipnid mubktwng  wduyg
dudwyhtt Uhowljuypnmid jnipupwignip pudwinpnh juwyninnt oginugnpddw thoht swthp:
Ujunithbunl dhphttmgunid tup utnugdws dbkdnipniup’ punn pudwunpnubph b wpnniupnid
niukunud Bup vhohtt Jhdwjugpuljutt miwghtt htnnkpubn uyywnpnnh Wuhwgp hunbkpubn
Juyninnt tjundwdp: @npdhg twl npnonid Lup puwdwinpnubnh pwuwlh puphunida pun
Swnuynipjul whkuwlukph. ophtiwly gft! Swnwynipiniihg oginymu ki pudwlinpnubph x,%,
g™t %% b wy: Onpdh wppynitpnid unwgdnd k, np 3 Mbit/sec juwynignt b 2023
pwdwinppubp nitbbtwnt ghypnd JEpghtitbpu dwudwiuwlh 90%-md Junwbwb hphkug
juuyninnt  wpwybjugnyt wpwugnipniup: 40 pwdwbnppubph phwypnid  Juwninhb
yowpwpknugh 100% -n4:

aMruLYULNFE3UL S8ULY
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3.2. HABOSH, A.T. AJIABEPJIAH

MATEMATHUYECKAA MOJEJIb UHTEPHET-COETVUHEHNW A, UMEIOIIIET'O
MAKCHUMAJIBHBIY KOSOOUITUEHT KOHKYPEHTHOCTHU

Paccmorpena maTemaruueckas MOZeNIb HerapaHTHpOBaHHOrO (contention ratio < 1) mHTepHeT-
coefuHeHM. B paMKax MoJeH OIpefeeHA BeIMYMHA (Mepa) MU3MepeHUA KaueCTBa MHTEPHET-
yoryru. PaccuuTaHO MakCHMAaIbHO JOIYCTHMOE KOJIMYIEeCTBO II0Ib30BaTeIeil C yIeTOM IIOPOTOBOH
BeJINYWHBI, OIpefedIoleil KaueCTBO CepBUCa. BrIBeZieHa IIOTHOCTD pacIIpefiefIeHUs 3aHATOCTU
coegurenus. IIpexacrapieHsr K0aQUIMEHT KOHKYPEHTHOCTH HHTEPHET-COeIUHEHM, a TaKxKe
npuOBUTh Kak QYHKIIMS 3aBUCUMOCTH OT YHUCJIA ITOoIb30Bareseil. IIpoBesieH sKCIIepUMEHT Ha CETH
II0JIB30BaTe/Iel KOMIIAHUHW, IIPEJOCTABJIAIOLIEH WHTEPHET-YCIyTH, IIOJy4YeHBI CTATHCTHYECKUe
JaHHbBle WCIIOJIB30BAaHUA WHTEPHETa, HAa OCHOBE KOTOPBIX /MaHa OLiEHKAa IPUOBUIBHOCTH H
MaKCHUMAaJIBHO JOIYCTUMOTO KOJIMYeCTBA IO IUCIUKOB.

Krrouessre croBa: nnTepHeT-UHGPACTPYKTypa, HETADAHTUPOBAHHBII KaHAJI CBA3M, KaHAJ
CIR, xoadPHUIMeHT KOHKYPEHTHOCTY, MaTeMaTH4eCKaA MOJEJb.

Z.E. NAVOYAN, H.G. ALAVERDYAN

MATHEMATICAL MODEL OF INTERNET CHANNEL HAVING MAXIM AL
CONTENTION RATIO

A mathematical model of internet connection withntention ratio < 1 is described. Within
this model the measure of the internet serviceityualhe maximum permissible number of users
considering the threshold parameter determiningqtnaity of service is calculated. The density of
distribution load connection is identified. It ids@ shown that internet connection concurrency
coefficient and profitability can be described afsiractional dependence on the number of connected
clients. An experiment on the company user netwoekpresenting internet-service is performed,
statictical data on using the internet are obtaired estimation profitability and maximum
permissible number of subscribers are given.

Keywords: internet infrastructure, not guaranteed bandwi@iff channel, contention ratio,
mathematical model.
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YK 004.38 BBIYMCJIMTEJIbHAA TEXHUKA U
VHOOPMATHUKA

I'.B. ABIITAPAH, P.I'. KNPAKOCAH

METO/I, ITPOEKTUPOBAHUA CXEMBI KOMITBIOTEPHOM CETU

Omnwncau METOJ, IIPOEKTHPOBAHUA CXEMbI KOMHBIOTepHOﬁ CeTH C YYe€TOM CTPYKTYPhI
PacIooKeHnsA MMEIOINUXCA Y3JI0B CEeTH M MATPHUIBI JOOCTMIKHMMOCTH, KOTOpas BbBIABJIAET
HaIlpaBJI€HHNE IIepefavy HaTrPy3KHU MEXY ITapaMU y3J/I0B CBA3H. Onpe,u;eJIeHa MaTpHiia CMEXHOCTH,
IIOKa3bIBaKOIIagd (1)I/I31/I‘—ICCKYIO CBA3b MEXY IIapaMU y3JIOB CBA3H.

Krrowessre cioBa: KOMIIBIOTEPHAsA CE€Th, Y3€J CBA3M, MATpHla AOCTMIKMMOCTH, MaTpHIad
CMEXHOCTH, MaTeMAaTHU4Y€CKad MOOE/Ib.

Beepenue. IIpy NpOEKTHPOBAaHWUU CXEMBI KOMIIBIOTEDHBIX CeT€H HEeOOXOAMMO
OIIpesieIUTh CTPYKTYPY IPOXOXKIEHMS KOMMYTALlMOHHBIX COeIWHEHUN MEXZAY Y3JIaMu
ceru. HaubGosee pacmpocTpaHeHHOH TOMOIOTHEH IPY IPOEKTUPOBAHUY KOMITBIOTEPHBIX
ceTeil paccMaTpuBaeTcs KoiblieBas cxeMma [1 - 4]. KoxbleByio cxeMy IpOeKTHpPOBaHUA
busnIecKUX KOMMYHUKAIVOHHBIX JUHUN CBA3ed MEXIY Y3JaMU KOMIIBIOTEPHOU CeTH
HeOOXOAMMO OCYILIeCTBUTH HAa OCHOBE PeKOMEHAAI[UY U IPABUJI, ONTMCAHHBIX B [4].

3azmaya OObeAMHEHWs KOMMYHHKAIMOHHBIX JIMHUM CBs3eil MeXZAy y3JIaMu
KOMITBIOTEPHBIX CeTe pacCMaTpHBaIach BO MHOTUX paborax [1, 2, 4], HO [0 cux mOp HeT
YHUBEpPCAaJIbHOTO WHCTPYMEHTa, KOTOpPBIH OBIT OBl IPUTOZEH [JIi peuleHus OSTOM
mpoGyiieMsl i BCEX THUIIOB TONOJOTUM KOMIIBIOTEPHBIX ceTeil. PaspaGoTka
MaTeMaTHYeCKOM MOJEeIM U IPOCTOTO METOZA IPOEKTHPOBAHUSA CXeMbI KOMITBIOTEPHOMN
CeTH TIO3BOJIUT MOZEPHUSHPOBATh [AEHCTBYIOI[ME WIM CIPOEKTHPOBATh HOBBIE
3¢ dexTUBHbIE KOMIIBIOTEPHBIE CETH.

1. ITocranoBka 3amaun. [Tycts KoMmbioTepHast ceTh umeeT M y37I0B CBA3M, KOTOPHIE
HeOOXOZMMO CIIPOEKTHPOBaTh B KOJBIEBYIO CXeMy, oObvesuHeHHyI0 B G KoIem.
TpeGyercs pa3paboTaTh MaTeMAaTUYECKYIO MOJEIb U aJTOPUTM IIPOEKTUPOBAHUS CXEMBI
KOMITBIOTEPHOM CETH.

1.1. O6osmauenusa. /[ljas pa3paGoOTKX MaTeMaTUYeCKOH MOJZEIM U aJrOpPUTMa
[IPOEKTUPOBAHMS CXEMBI KOMIIBIOTEDHON CeTH IIPUMEeM Ciefyioumye O0GO3HaYeHNUs:
YPOBEHb CHCTEMBI - MAaKCHMaJIbHOE KOJHYECTBO IIE€PBHUYHBIX I[UPPOBBIX TPAKTOB B
TpaHCcIopTHOM Mozyte ( L ); ysex cBa3u - mpHeMHUK/IepeiaTINK IIePBUYIHBIX IH(PPOBBIX
TPAKTOB, IIPE/ICTABJIEHHBIX BEPUIMHAMHU A = {a la= 17|v|} , Tme M - o6Iee KOJTHMYeCTBO
y3JI0B CBA3M B KOMIIBIOTEDHOM CeTH; HAarpy3ka Yy3aa CBA3M - KOJIMYECTBO
[IPUHIMaeMbIX/IIepelaBaeMbIX [IePBUYHBIX IU(GPOBBIX TPAKTOB, 3a/laBa€MbIX MaTpULEi

TOCTHXUMOCTH |B|, paccToaHue MeXAY y3JIaMHU 33JaeTCi CUMMeTPHYeCKONH MaTpuIleit

D) [4].
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Kosdpdumment pasBuTua  KOMIBIOTEPHOH ceTm V  3aZaeT  AMHAMUKY
IIpe/iI0JIaTaeMOro YBeIMYeHHUs 00beMa IepesiaBaeMoro B ceTH TpaduKa B IEPCIEKTHUBE,
rge V21, Bo MHOrMX ciIydYasX CTaTHUCTHYECKUM aHAIW3 IEePCIEeKTUBBl DPa3BUTHS
KOMIIBIOTEPHOH CeTH IIOKa3bIBaeT, YTO 3HadYeHWe Kod3(pduirveHTa pasBUTHA V MOXeT
HaXOJUTBCA B IIpefiesiax [ABYKPAaTHOTO YBeJIWYEHWs CBI3ell Ha pa3BUTHE CETH, T.e.

YBEJIN4YE€HUA 3HaUYEeHUU 2JIEMEHTOB MaTpHIbI |B| .

1.2. Maremaruueckas wMogens. /Jlis pa3paboTKu MaTeMaTH4ecKol Momenu
IIPOEKTHPOBAHUA CXEMBI HCCIIelyeMOH KOJbIeBOH CXeMbl KOMIIBIOTEPHON CEeTH IIpHMeM
crenyromyio Mogens: U = {A, B, D} , KOTOpas OTpaKaeT KOHQUTYPALUIO KOMIIBIOTePHOMR
ceTu nepefayu nHGOPMALUU. B COOTBETCTBUY C ITOCTaBIEHHOMN 3a/ja4eil I IOTyYeHHII
HeoOXomMMOH (QU3MYeCKOH CXeMBI CBA3M MeXAY Y3JIaMH KOMIIBIOTEpOH CeTH
Heo6XoxuMo co3ath G Kosel.

[Tpu momoIy MaTpUIBI CBA3AHHOCTH Y MOXKHO OIIMCATh GU3NIECKOe IIPOXOXKAEeHHe
KOJIel MeX/y y3mamu [2, 4].
Omnmucanue 1060T0 KOJIBIIA MOXHO IIPE/ICTaBUTH CJIeYIONIIM o6pasoMm:
2°={z,,z Zgm 4} > TA€ Z; - HOMEp y3Ja CBS3H, BXOJIIEr0 B KOJIbLO; {J - HOMEp

g+l Sgtmy

KOJIBbIIA; mg - KOJIN49€CTBO y3JIOB CBA3HU B g - OM KOJIBbIIE. ManI/IHa cBa3aHHOCTH Y AJIsA

Ka’XZI0T'0 KOJIbIIa OIIMCBIBAETCA CIeAYIOUM O6p3.30MZ

1 yzg'zgﬂ yzg,zg+mg—1 1 yzG ZG+1 yzG,zG+mG—1
g _ yzg+]_zg O yzg+ng+mg—1 G _ yzG+1,ZG 0 yZG+]‘ZG+mG_1
Y9 = ,YC = 0 ,
ng*”‘bleg yzg+n~b—ng+l 1 yz(;*‘”b'l-ze yzG+n~b—:LzG+1 O
g=2...G-1.

B marpuue cBsisanHOCTH Y [HaroHasbHAs eLUHULA IOKA3BIBAET OOILIUH y3ell CBSI3H
I7I pasHBIX KOJIeIl ¥, COOTBEeTCTBEHHO, HaJUure TPAaH3UTHOTrO TpadrKa B IOCIeAYIOMUX
WJIU IpeABIAYIUX 0 HoMepaM Koibiax. O6bseM nepesaBaeMsIX IU(POBBIX TPAKTOB B (
- OM KOJIbIle MEX/y y3/7aM¥ CBA3U | ¥ | HMeeT TP COCTaBfiolmue: TpahuK BHYTpH

g

KOJIBIIA, TPAH3UTHBIM TpaduK B IpeAbIAyliMe 110 HOMePY KOJbIa bpreg

Y TPaH3UTHBIH
9
Tpad¥K B OCIEAYIONYe [0 HoMepy Kombia D], .

Jns xaxaoro ( -ro konbia mMarpuna BY umeer supz
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g -

bpreg bzg 129+l bzg ,zg+mg—1

BY = bzg+l' Zg 0 bZg+1,zg+mg—1
O )

g
_bzg+mg—l, zg bzg+mg—l,zg +1 bsubs ]
g = g —
rne Dpreq = Z Z by, Daps= Z Z b;.
i0z9 j<zq4 i0z9 2zg+mg

CymmapHbiit 06beM Tpaduka, kKotopsiit mpoxoaut mo g -my kombmy (QP.),

MO>KHO BBIUMCJIHTE IIO Clemyiomeii hopmye:

zg+my-1
¢} — h9 9
total bpreg + z bij + bsubs (1)
Fzg+l

Y4uThIBasg orpaHUYeHN Ha 00BbeM IlepeiaBaeMoro B J -oM KoJiblle TpaduKa 1
YPOBEHB CHUCTeMSI [4], moryaum

v a<L g=1,.,G. 2)

total

HPO6JI€M3. onnpeneeHNA COOTBETCTBUA MEXAY MATpHUIAMM M IIPOEKTHPOBAHHA

CXEMBI KOMHI)IOTCPHOI‘/'I CeTH COCTOUT B OIIpeZieIEHNHN 3HaYeHUH y”g u Qt?)tal .

PaccmaTpuBaemyto 3azjaqy BO3MOXKHO PEIIUTH C UCIIOIb30BAaHHEM MeTOJa IIPSMOTO
nepeGopa MM MeToza mepebopa ¢ orpaHnYeHUAMHU. [locieHee BOZMOXHO, €CIH yIeCcTh
YCJIOBUS IOCTAaHOBKH 33laYyl ¥ BHINIEIIPUBEIEHHBIE OTPAHUIEHUA.

PazpaGoTaHHBIM IIPOCTBIM aJbTEPHATHBHBIM METOZOM pELIEHUS BO3MOXHO
BBeJIeHHe HEKOTOPHIX OTPAaHMYEHUM, YYUTHIBAIOIIUX YCIOBUA NPOGJIEMBI, C IOMOIIBIO
Yero MOXKHO YIIPOCTHUTH pellleHHe IIPoOJeMBI ITyTeM ee NeKOMIIO3UIIMM Ha ITOA33Jady C
oIpefeseHUeM IiejleBOi QyHKIIUU.

2. MeTtog, npoeKTHpOBaHUA. JIj11 yIpoleHNs IOUCKA CXeMBI IIPOXOXKAEHUS KOJIel] B
CTPYKType KOMIIBIOTEDHOH CeTH IpeJJjaraerci pacCMAaTpUBaeMylo IIpoGieMy
ZeKOMIIO3UPOBAaTh Ha CJIeAyIOlye B3aMMOCBA3aHHbIE TPH MOJ3aJaqH:

ITom3apmaua 1. Pasmenenue y310B CBA3U BCeil KOMITBIOTEPHOI CETH Ha CEIMEHTHI.

ITopzapmaua 2. OnpezneneHre ypOBHA CUCTEMSBI AJIA KOXKZOTO CETMEHTA.

Ioazagaua 3. PopmupoBanue HEOOXOLUMOro KOJIMYECTBA KOJIEL| IS KaKIOrO
CerMeHTa.

ITopszamaua 1. Pemenuve maHHOMN 1OA3aa4y IIO3BOIUT COKPATUTh MHOXKECTBO Y3JIOB
CBS3U Ilepef IpolieccoM (GOPMHUPOBAaHUS KOJEI, YTO, B CBOIO OYepesb, CIIOCOOCTByeT
3pdeKTUBHOMY OOBEeIMHEHUIO Y3JI0B IIPH CO3JAHUM KOJIELT C MHUHHMAaJIbHBIM
KOJIMYeCTBOM Y3J7I0B ¥ MUHHMMATbHOM IPOTSKEHHOCTHIO COeNMHUTENbHBIX TUHUM. [Ipu
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CO3ZaHUU KoJell Heo0XO0AMMO 00eCIIednTh BhIITOIHEHe OTPaHUYeHN Ha MUHUMAaTIbHOe
KOJIMYECTBO Y3JIOB CBSI3U B KOJIbIlE, KOTOPOE JOJDKHO OBITH PABHO TPEM.

[ns pemenvs mnopzamaum 1 HeoOXOZMMO OCYLIECTBUTH IIOC/IEZOBATEIBHOCTD
BBITIOJTHEHW A B3aMMOCBA3dHHBIX IIATOB, KOTOPBIE B BHUE a.TII‘OpI/ITMa HpI/IBe,ZLEHBI Ha pI/IC.
1.

ITogzazaua 2. PemeHuie faHHOM NOZA3akady TO3BOJUT Hanbojiee TOYHO BHIOPATH
YPOBEHB CHUCTEMBI U, COOTBETCTBEHHO, THII HCIIOJIb3yeMOT0 O0OPYZOBAaHUA AT KaXKIOTO
cermenTa. /[lng pemenus mnop3ajadyu 2 HeOOXOAMMO OCYLIECTBUTH BBIIIOJTHEHUE
B3aMMOCBA3daHHBIX IIATOB, KOTOPBIE B BHEe a)II‘OpI/ITMa HPI/IBe,ZI;EHBI Ha pI/IC. 2

OnpenenuTs KOMMYECTBO CETMEHTOB JI7s Ka>KkI0TO CerMeHTa CO3/IaTh U 3aMOJIHUTD CBOK MATPHILY
JIOCTHXKUMOCTH

Ha ocHoBe ko3¢ dunuenTa pa3BUTHS OCYIIECTBUTE KOPPEKIUIO
MAaTpHIl JOCTIKHMOCTH

PaBI[CJ'II/ITL MHOJKECTBO y3JIOB Ha
CEIrMCHTBI

YTOYHUTH CErMEHTHI

Il]'[f{ KaXXa0ro CErMeHTa onpeaciimTh ypoBE€Hb CHCTEMbL

OKOHYATETBHOE pa3aci€Hue CErMEeHTOB

Puc. 1. Anropurm peurenus mogzagayuu 1 Puc. 2. Anroputm pentenus mogsagadu 2

Ilogsamaya 3. Pemienme maHHON mOA3aZayu IIO3BOJMT B KaXKAOM CETrMEHTE
OIpenennTh HEOOXOZMMOEe KOJWYECTBO KOJel i Iepefadd oOuero KOIM4ecTBa
IU(POBBIX TPAaKTOB C BBINOTHEHUEM TpPeOOBaHHUA pe3epBUPOBAHUA U OOeCIedeHHT
MaKCHMaJIbHOTO IIPOIEHTA 3aI0THEHHU I KOJIEll,

[ng pemenus mopsajaum 3  HeoOXOZUMO  OCYIIECTBUTH  BBIIIOJIHEHHE
B3aNMOCBA3aHHBIX IIATOB, KOTOPBIe B BHUE a)IrOPI/ITMa HPHBE,Z[EHBI Ha pI/IC. 3

[Tpu HEOGXOAMMOCTH, IIOC/IE PEeLIeHUs BCeX B3aWMOCBSI3aHHBIX TPEX I10/33/a4 JIJIst
IIOMCKA CXEeMBbI HPOXO)K,ZLEHI/IH KoJIen, B KOMHBIOTEPHOﬁ cetTu HYTEM O6’I>e,ILI/IHEHI/IH JacTen
13 PasHBIX CEIMEHTOB BO3MOXXHO OGHOBJIEHUE TAHHBIX.

Ha puc. 4 mpuseseHa G6irok-cxemMa OGOOLIEHHOTO QITOPUTMa pPa3paGoOTaHHOTO
MeTOZa IIPOEKTUPOBAHUS KOMITBIOTEPHOM CEeTH, KOTOpas 00BeIUHIET pellleHue BCeX TPex
OIIMCAaHHBIX B3aMMOCBA3aHHBIX I10/3a1aY.
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HauanpHslii pacuet mapameTrpos

OHpCZ[eJ'H/ITL Pacy€THOC KOJIMIECTBO KOJICIT |
PaSZ[eJIeHI/IC MHOKECTBA y3JI0B Ha CCTMEHTBIL

C60p u 06pabOTKa HCXOTHBIX JAHHBIX

BoisiBuTh M pacupeaciimTh y3J10BbIC CBA3H 10 OHpCZ[eJ'IeHI/IC YPOBHSI CUCTEMBI IS KaXKJI0TO
KoJIbIIaM CCrMCHTAa
| [
OHTHMHSaHHﬂ BBI6paHHOf/‘I KOJIBIIEBOH CXEMBI Co3taHre HeoOXOAMMOI0 KOJIMYECTBA KOJICI JJIs
KaXxXaoro CCrMcHTa
| I
Puc. 3. Anroputm peureHus mozgzazgaydu 3 Puc.4. AnropurMm paspaGoTaHHOTO MeTOzA

IIPOEKTHPOBAHUA KOMIIBIOTEPHOH CeTH

[TpumeHeHnue paspaGOTaHHOTO AJITOPUTMA IIPOEKTHPOBAHUA CXEMBI KOMITBIOTEPHOI
CeTH II03BOJIAET IIOTYYUTh CIeAyIolye pe3yIbTaThl:

1. [lna Kaxzgoii cBA3M BHIABIAETCHA IIOCIEeNOBATEIBHOCTh Y3JI0B U KOJIeL, depes
KOTOpBIE IIPOXOJUT Ta WJIM UHAS CBA3b, T.€. ONpefiesieTcs Tabauna myTeil.

2. Jlna bopmupoBaHuA TpeOyeMOro KOJINYeCTBa IM(GPOBBIX TPAKTOB ONpeeIAI0TCSI
KOJINYeCTBO U TUII KOMMYTaTOPOB, HCIIOJIb3YeMbIX B y3JIaX CBA3U CETH.

3. Kax 1719 oTieIpHOTO KOTBIA, TaK U JJII BCeil KOMIIBIOTEPHOM CEeTH OIIpeesIAeTcs
IJIMHA UCIIOIb3yeMOro Kabeid.

IlepeuncienHble BbIlle pe3yIbTAaTHI [JAIOT BO3MOXKHOCTH BBIABUTH OSKOHOMUIO
KallUTaJbHBIX 3aTPaT Ha INPOeKTHPOBaHUEe CXeMbl KOMIBIOTEpDHOM ceTH, UTO, B CBOIO
odyepens, IIO3BOJIAET  ompenenuTsh  d(PPEeKTUBHOCTh  CO3JaHUA  HOBOM WM
11eJIeCO00PasHOCTH MOZEPHU3AINY e CTBYIOel KOMIBIOTEPHOM CETH.

Ampo6arus npeIoKeHHOTO MeTO/ja IPOeKTUPOBAHUS CXeMbI KOMIIBIOTEPHO# CeTH
Ha KOHKPETHBIX IIpuMepax, B 4acTHOcTH B KommaHuax “‘Apmenten” u “C.I.Technology”,
IIOKasaja II0JydeHue GOJIbLIEro IPOIeHTa 3arPy3KH CETH, YTO ITO3BOJIIET COKOHOMUTS 0
15% xamuTaIBPHBIX 3aTPAT Ha MOJEPHU3AIUIO JeHCTBYIO el MJIN IPOeKTUPOBAaHYe HOBOH
CXeMbI CeTH.

3akmioueHune. C moMoupi0 pa3pabOTAaHHOTO MeETOAA IIPOEKTUPOBAHUSA CXEMBI
KOMIIBIOTEPHOII CeTH C y4YeTOM 3aJaHHBIX KpHUTepHeB BO3MOXHO OIIpeJeUTh
ONTHMAJTBHYIO TOIIOJIOTHIO cO37aBaeMoil ceru. Kpome Toro, pa3paGoTaHHBEIH MeTOZ,
IIPOEKTUPOBAHUA CXeMbl KOMIIBIOTEPHOM CeTM MOXeT OBITh HCIIOJNB30BaH B
PeKOMeHJaIMAX [JI1 ONTUMH3AI MY TOIIOJIOTHH YXKe e CTBYIOel CeTH.
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PesynpraTh! HMcIIoIp30BaHMUA METOA MPOEKTUPOBAHMA CXeMbl KOMIIBIOTEPHON CeTH

TIOATBEPKAAI0T CIeyIolee:

1. IlpumeHeHMe  MeTOZa  IIO3BOJIAET MOJYYHUTh ONTHMAJIBHYIO CXeMy OpraHU3aIluu
KOJIBIIeBOII CXeMBbI KOMITBIOTEPHOH CeTH II0 KPUTEPHUAM MUHUMATbHBIX KalIUTaIBHBIX
3aTpar u obecredeHUs TpeOyeMOro KayecTsa yCIyT, IPeOCTaBIgeMbIX KINEHTAM.

2. IlpemnokeHHBIN MeTOJ INPOEKTHPOBAHUS CXEMbl KOMIIBIOTEPHOI CETH IIO3BOJIAET
coKOHOMUTH 10 15 % KamuTaapHBIX 3aTpaT HAa IIPOEKTUPOBAaHME HOBOH WJIH
MOJIepHU3AIUIO JeHCTBYoueli CTPYKTYPhI CEeTH.
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2. R.U4TUr3UVL, 1. Q. UhUUNUSUL

LNUTESNREEMUSPL S8ULSE TNEUSH LUNMUGOUUL UBENY

Uowljws E pnudthnipbhpught gmgh onpugh twjuwgdsdwb dbpnrn, npp hwplh k
wnunid guugh hwignygubph nknujuydwt jupnigduspp b hwuwubjhnipjut dunnphgp,
husp pugwhuwyjinmd £ juwh hwbgnygutph dhol pintuséph thnjuwbgdwt ninnnipjnip,
npnoywsd L hwpuwlgnipjut dwwnphgp, npp gnyg b wwjhu juyh hwbgnygubph dhol
$hahljulut Yugp:

Unwigpuyhli punkp. pndthmpbpughtt gubg, juwyh hwignyg, hwuwibhnipjut
dwwnphg, hwpulgnipyu twnphg, dwpkdwnhljuljut dnnby:

H.B. AVSHARYAN, R. G. KIRAKOSSIAN
A METHOD FOR DESIGNING A COMPUTER NETWORK

A method for designing a computer network takingp imccount the structure
disposition of the accessibility matrices revealihg direction of load transmission between
the pairs of nodes is considered. The contiguityrismashowing the physical link between
nodes is determined

Keywords: computer network, nodes, accessibility matrix, mpnty matrix,
mathematical model.
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BBICOKOTOYHBII MUKPOTEPMOCTAT

OmnmucaHa cucTeMa TePMOCTaTUPOBAHUA HAa OCHOBE OUIIOIAPHOTO TPAH3UCTOPA B KaUeCTBe
TEpMOJATYMKA U HarpeBaresi. biarojgaps BpeMeHHOMY pasZieIeHHIO IIPOILeCCOB H3MepeHUS
TEMIIepaTypsl M YIpaBJIeHWsA HarpeBOM IIOJAydYeHa BbICOKOCTAOMJIBHAA M TOYHAsA CHCTEMa
TEPMOCTATUPOBAHUA C BO3MOXXHOCTBIO PETYJIHMPOBAHUA TEMIIEPATyphl U BBIXOZOM HAIPKEHWUS,
IIPOIIOPIIMOHAIBHOTO BeIMYMHE YCTAaHOBJIEHHOTO 3HAauYeHUsA TeMIlepaTypsl KaMmepsl. IlokazaHa
11eJIeCOO0Pa3HOCTh NpHUMEHEeHUs Pa3pabOTaHHON CHUCTEMBI [JII IIOCTPOMKK MajaorabapuTHBIX U
TOYHBIX PeTyJIHPyeMbIX TEPMOCTATOB.

KrrogeBsre c/10Ba: TepMOpPETYIATOP, TPAH3UCTOP, P-Nl IEPEX0]], TOYHOCTD, CTAOMIBHOCTS.

W3BecTHO MHOXECTBO TEpPMOCTAaTOB, B KOTOPBIX TPAH3UCTOP HCIOIB3YeTCH B
KadyecTBe HarpeBaTess U OZHOBPEMEHHO AaTuynka TemmepaTypsl [1,2] . Takoe BkioueHme
TIO3BOJIAET 3HAUNUTEIPHO CHU3UTD TeIIOBOE COIIPOTHBIEHNE MEX/y MCTOUYHUKOM Tellyla 1
TEePMOCTaTUPYeMBIM TeJOM M, KpoMe TOro, CyIIeCTBeHHO YMeHBIIUTh BpeMsd,
HeoOXoJuMOe 1 Ilepefadyd TeMIepaTyphl OT MCTOYHMKA TeIula (mepexos G6asa-
KOJUIEKTOP) K JAaTYUKy TeMIepaTypsl (mepexoz 0a3a-3MHUTTep), 4TO IIPUBOJUT K
YCKOpeHHUIO IIpollecca YCTAaHOBJIEHMA TeMIlepaTypbl B TepMOCTaTe M IOBBINIEHHIO
TOYHOCTH. JII1 OIleHKHM TOYHOCTM U CTAOMJIBHOCTH YCTAaHOBJIEHHOTO 3HAYeHUd
TeMIIepaTypbl B  yKa3aHHBIX TepMmocratax [1,3] OTCyTCTByeT  BO3MOXHOCTB
HeIIOCpe/ICTBeHHOTO M3MepeHM: TeMIIepaTyphl B KaMepe IIO peXXHMaM TepMOJaTuMKa-
Harpeparess, YTO CyIIeCTBEHHO OTPAaHWYMBAET BO3MOXHOCTH [JIf OIIEHKH KadecTsa
TepMocTatupoBaHuA. Kpome Toro, B 3THX TepMocTaTaX HaIps)KeHHe Ha JaTYuKe
TeMIlepaTypsl (mepexof, 6asa-dMHUTTEp) 3aBHCUT HEe TOJBKO OT TE€MIEpaTypsl, HO U OT
TIPUJIOKEHHOTO K KOJUIEKTOPY HAIpsXKeHHUA, YTO YXYZIIAeT TOYHOCTb yCTAHOBJIEHUA
TeMIlepaTypsl B TepMmoctaTe. B [3]ommcan TepmocTaT, B KOTOPOM BBeJeH KJIIOYeBOI
3JIeMeHT, OJarofaps 4eMy yMeHBIIAeTCS pasHHUIlA MeXIy TeMIepaTypoil BKIIOUEHUS U
OTKJIIOUEHUs TPaH3UCTOpPHOro HarpeBarens. OCHOBHBIM HEJOCTaTKOM YKa3aHHOTO
TepMOCTAaTa ABJIAETCA CJIOXKHOCTD PeTyJINPOBAaHUA PeKUMOB BKIIOUeHU U OTKJIIOUeHH, a
TaKKe OTCYTCTBHMEe BBIXOJA JJI HEeIOCPeJICTBEHHOTO W3MepeHHsI TeMIepaTypel u
KaJIuOPOBKU T€PMOCTATA.

BrInreymoMAaHyTBIX HeJOCTATKOB JIMIIEH TEPMOCTAT, COOpaHHBII coriacHo [4]. B
5TOM TepMOCTaTe IIPOM3BeJIeHO BpeMeHHOe pasfieleHne Ipolecca H3MepeHus
TeMIlepaTyphl M ero perynupoBku. Ha pucyHke mokaszsaHa (yHKIMOHalbHas cxeMa
Pa3paboTaHHOTO TEPMOCTATA.

Ha pucynke mudpamu noxasassl: 1 — TpaH3UCTOp, pabOTAIOmMMII KaK B Ka4eCTBe
TepMOJIaTYMKa, TaK M B KauecTBe HarpeBaresd. K TpaHsucTopy NpHKpeIrugeTcs Kamepa
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tepMocTata; 2,3,4 — OIpaHUYMBAIONIME U Ppa3BA3bIBAIONIME PpEe3HUCTOPEL; 5,6,7 —
9JIEKTPOHHBIE KJIIOYU, NP STOM KJIIOY 5 M Koo 6,7 paboTaioT B IPOTUBOQA3HBIX
pexuMax; 8 — reHepaTop MeaHZpa ¢ MPOTUBO(MAZHBIMU BBIXOaMU; 9 — 6JI0K yIpaBieHUs
HarpesoM; 10 — 610k Tepmometpa; 11 — nudbdepernuanbubIil yenauTtens; 12 — ICTOYHUK
peryIupyeMoro CTaOMIBHOTO HaNpsDKeHHWs IIOCTOSHHOTO ToKa (3ajarymk). Cxema
TEepMOCTaTa IIUTAETCA OT ABYMOJAPHOTO CTAOMIM3MPOBAHHOTO MCTOYHUKA HAIPKEHUA
ITOCTOSTHHOTO TOKA (Ha pYC. He ITOKA3aHO).

v

Bbixog
11 TepmomeTpa

—

12

Puc. dynxunonaipHas cxeMa TepMOCTaTa

Cxema pabotaer ciemyromum obpasoM. Ilocte BKIIOUeHUA MUTAHUA Ha BBIXOZE
reHepaTopa 8 IOJy4aroTCA ABa IPOTUBOGA3HBIX HANPIKEHWSI C YaCTOTOH IPHUMEPHO
40...80 /. B opHOM moTyIlepuofie K04 5 BKIIOYAeTcs, a Kiaoun 6 u 7 oTkiovaoTrcs. B
TeYeHHe STOr0 IIOIyIepHOZa IIPOMCXOIUT H3MepeHue TeMIeparypel Omokom 10, Ha
BBIXOZIe KOTOPOTO KMeeM HallpsKeHHe, IPOIOPIMOHAIBHOE TeMIlepaTrype. B mpyrom
oIy ieproie paboTsl reHepaTopa 8 kitouu 6 U 7 BKIIOYAIOTCA, a K104 5 oTKiIovaercs. B
3TOM IIOJNyIepuofie IIPOHCXOZUT HArpeB TPAaH3UCTOpPa 1 IPONOPIMOHATBHO YPOBHIO
CUTHAJIa Ha BXoZe OJI0Ka yIpaBiIeHHa HarpeBoM 9. BxopHoit curaan 610ka 9 moryygaercs
¢ BeIxozia puddepennuansHoro ycrmrens 11. Ha omaom Bxoze ycmmurens 11 nveem
BBIXOZHOW CHUTHAJ TepMoMeTpudueckoro 6yoka 10, Ha Ipyrom - BBIXOJHOe HAIpsDKEHUE
3ajaTunka 12 (peryampyeMOro HMCTOYHMKA HAIpPsXXEHHA IIOCTOSHHOTO TOKa). Ecim
BBIXOJIHOE HaIlpsKeHHue 3ajaTyuka 12 Oosblre HampsokeHus TepmoMmerpa 10, To Ha
BBIXOZIe GyoKa 11 mMeeM IOJIOXUTENbHOE HAIpsKeHUe, IIPONOPLHOHAIBHOE Pa3HOCTH
BXOJHBIX HaIpskeHUHl Oimoka 11. DTuM HampskeHMeM U YIIpaBIAeTCS Harpes
Tpan3ucropa 1 6;1okom 9.

OueBuzHO, YTO TIpU INepeKIIOYeHHH Kioueil 5,6 M 7 B yKa3aHHBIX YacTOTax
reHepaTopoM 8 OBICTpOZieiiCTBHE CHUCTEMBI OyZeT B OCHOBHOM OIIPeZesAThCA OBICTPO-
nerictBrueM TepMoMmeTpa 10 ¥ MOLIHOCTBIO NMUTAIONIETO TpaH3HUCTOpa O6J0Ka 9, a He CKo-
POCTBIO Ilepelauyl TeMIIepaTyphl OT HarpeBaTessd K TEPMOJATIHKY, 61arofaps MU3epHOMY
PACCTOSHHIO MY KOJUIEKTOPHBIM U 0a30BBIM II€PEX00M TpaH3ucTopa 1.
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CTaGMIBHOCTD YCTQHOBJIEHHOTO 3HAYEHUA TeMIEpaTypsl OyZeT OIpelesaThCs
npeiibom mokasaHuii TepmoMmerpa 10 u zApeiipoM CTaGMIN3MPOBAaHHOTO HCTOYHUKA
HaIpsDKeHUst ocTossHHOro Toka 12. Tepmomerp 10 mosHOCTBIO peann3oBaH coriacHo [5]
Y OTJIM9AeTCS BBICOKOH TOYHOCTBIO ¥ MUHUMAIBHBIM CAMOHATPeBOM JATYMKA.

V3mepenHoe  3HaueHMe  HeCTaOMJIBHOCTH  TeMIIEpaTyphl B KaMepe
tepmocrarupoBanusa MeHee 4eM 0,01°C mpu Temmowsosamuy IOCpezCTBOM IIEHOIIIACTA
IIXB-1 rommuuoit 10 MM u H3MeHeHHM TeMIlepaTypsl OKpyxkatomeil cpexsr +10 C.
Jpetid, cea3anHbIi ¢ gpefidom 3amaTunka Temneparypsl, cocrasiter 0,001 C.

[ns wusMepeHmsa OBICTPOIEMCTBHA TepMOCTaTa Ha BEIXOJEe  3aJaTYMKa
TeMIlepaTypsl OblIa copMUpOBaHa CTyIIeHb HanpsokeHus Ha BeauuuHy 100 aB, koTopas
cootBeTcTBYeT BeauuyuHe Harpesa 10 C. B pesysnbraTe nsmepeHHOe 3HaUeHMe TOCTOSHHON
BpeMeHH cucTeMbI cocTaBuiio nopagka 0,5 ¢ mpu cpemueit mourHocTy Harpesa 2,4 Br.

bnaromaps BBICOKOM TOYHOCTM, MaJOMHEPIIMOHHOCTHM M MAaJbIM TrabapuraMm
JAHHBIM TepMOCTaT MOXKeT HaWTM IIMPOKOe IIpUMeHeHHe B  PpaJMOTeXHUKe
(cTabunM3auys TEIIOBBIX PEXUMOB CXEMHBIX DJIEMEHTOB), B Guosoruu (CTa0MIM3anys
O6uoyOrn4ecKUXx OOBEKTOB M  OKMAKOCTei), B HM3MEPHUTEJIBHOM TeXHUKe I
STAJIOHHMPOBAHMA TEPMOMETPOB U IIPU Pa3pabOTKe TEPMOAHEMOMETPOB.
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0.z, UPUNL3UY, U.U. UULASUL, U.Q. 1.NPLBUL
UL KTCALSNREBUUR UPUCNQEMUTUTYUSNRULUSNRSP

Ljupuwgpyus k obpduljuynitugdut hwdwlwpg, npuntn npybu okipdwwnyghs b
otinnighs Yhpwnynwd L bGphplln wpwbqhuwnnp: Quthbnt b wwpwugubint
gnpdpipugh dudwbwluihtt mupwigwwndwt sunphhy unwgyl) b ghplumu b
&oqphn  ohpdwljuwynituginn  hwdwlwpg, npt niuh  ohpdwlwpquynpdut
htwpwynpnipnit b jupdwt Gp' obpdwunhdwth suhdwt hwdwp: Upuljgus
huwdwlwpgp twwunwlwhwpdwp L oquuwugnpst]  thnppwswth, pupdp
Juyniunipyjudp b Sgpumipjudp  Jupquynpynn  obpdwluynitwugnighsubp
wuwwnpwuwnkint hwdwp:

Unwhgpuyhli punkp. otpuwljupquynpps, wpwughuwnnp, p-n wbgnud,
&oqpuinipjntl, juyniunipnit:

R.H. SIMONYAN, A.A. SANOYAN, A.G. GHULYAN
HIGH-ACCURACY MICRO-THERMOSTAT

A temperature control system using a bipolar istosas a heater and a temperature
meter is described. High-stability and accurate perature control system with output
voltage reading proportional to the temperaturvénchamber has been obtained due to time
sharing between temperature measurement and heatimgol process. The developed
system may be efficiently used in the structure sofiall dimensional and accurate
temperature control devices.

Keywords. temperature controller, transistor, p-n juncticcguaacy, stability.
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BMYzU3ELUSPL UDEPhY ULSELULEE ALNPEUSLTECR
2Uc4Uryb 69 UNYELUYNCTUUL Oruarusphu oUetGeh UTUUNhU

Thunwpyuws  udpkphy Ephhugbjughtt winktwibph guwdnp b Epypopnpuyhtt hugbhubph
wpondhjubph hwoduply b dnphjudnpnid: Ywunwpduws b whnbbuh LEjupuwb punipwqgpbph
hwoquwpl, hyytu twl nkuwbjhugus b HEjunpudwugqihuwlut wihph wwpwsnudp thnpp b Uks
huytjhutkph pwgduépubpnud: Tunphhy unbndjwsd Spwqpuyhtt thwpkph, htwpwynp b gupdby
hwoquplt) b uinwbiw) Yhquiljitnuyghtt mhpnyph swthbtpp, npp htwpuwynpnipinit £ unbnénid npnoky
Yhquijtinnud gpnn - fwpwquyphsh poyjunplih wowykjugnyt swhp b nhppp” wywhnking
wiwnbiwgh pugduspnid hwjuwuwpuwswh wdyyhuniguyhtt pujudusdnipinii:

Unwigpughll punkp. witinkiiw, Jhquljbinughtt inhpniype, juniunhluygh §np, ninnjusnipiui
nhwgpu, Unpjwdnpoid, MatLab:

Enhuwybjwhtt ubtphly whnbkuwubph quudnp huybiht wpwupd udkpw k, npp
Jupnn bt wwwupwunygl] hnnuyhtt puuh  bbkpunid  ((2FO-54/2.6, Zwjuwunwb) Jud
Syujuptpny dqws (300 U nunhnwuwnnuphwnwulp UUL-nwd) [1,2]: P mwupplpnipinit
qiluwynp huybnt, tphpnpguyhtt hugkht owpdybint htwpwynpnipinit nith, hish ouinphhy
whnbkiuhtt hwdwlwupgp wmbuwspdwt  httwpwynpnipnit £ unnwimd:  $nthnjubing
Epypnppuyhtt hwybne nhppp'  htwpwydnpnipmit £ pudbnynid thnthnjuk] whnktiwgh
ninyusénipjull nthugpudh ninnnipiniup: Gpipnppuyhtt hugbnt twhwugsdwt jud ghown
nbnuliuwjiwt hwdwp wbhpwdbon b pwduwpupbl] npnowljh wuydwuubph, ophtwl’
huytnt wpndpip swhwnp £ hwnh jununplugh Yopp b bpw swihbpp whwnp & huk
pujujuwswth thnpp, npytugh dké hugtint oqunugnpdynn dwltiptup htwpwynpht swh
phs unybpugnid unwbw: flunh hdwbwny juniunhluh Ynph Ynopphtiwnbbkpp,
htwpwynpnipnit Lup uwnwinid quwhwwnt] hugbnt wbknuowupddwt  poyunnpkih
wphpnypp: Quuwyws tpypnppughtt huybjhtt twpwnbuws £ hhdtwlwt hugbne wpbphly
wpkpughuyh otnnudubpp ninpbnt b Jhquijbn vnwbuwne hwdwp, wjiniwdbuwgihy,
huybniyg winpunwpdws wihpukpp tnphg Abwynpnid G ny phk Yhw, wy dSwdwjughb
wmppnyp [3]: Munh dwpwquyphsp nmbnunpbnt hwdwp wihpudbion b hdwbwy twb
tpypnprughtt huglin jhquijtnwghe whpnyeh nhppp:

Unyb wohwnwbpnid ubpluyugus spuqpuyhtt hwpkpp punjugws b Epynt
hhdtwlwt dwubphg, wnweohip gpws L Java hull dmniup MathLab spwugpuynpdut
1Egniutipny: Opwgph wnpwehtt dwup punlugws b htwnlyw) pwdhtubnhg' huwybihubnph
wpodphjuph  hwoduply, EEjupwdwgquhuwluwt  wjhpubph  wbuwyuwunlbipod b
Yhquljtvnuyhtt mhpnyph npnonud: Uy wdktt hpuwbwgyt) b thnpp huwgbint ququph nu
pugusph swthh b jhqujknh Ynnpyhtiwnttph wppbp wpdtpttph nhwpnud (uly. 1):
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Y. 1. Gphwytjuyht ubbphl whnbkiwgh $njuuyhtt mhpnypp
w - pughwinip wkupp 1-thnpp hwybjh 2-Uks huygkh 3-Juniunhluygh Ynp 4-§hqujtn
P - thopp hwjkine ququiph b jhquijtnh Ynnpghiwnbtph wuppbp wpdtpttiph ghypnud g -
thnpp hwykynt pugwsdph swthh b jhqujtinh ynnpphwintbph nwppbp wpdtptiph nhuypnid

Qupkph tpypnpy dwup hpujwbwugqus b Matlab dpugpuyhtt (Eqinyg b niup
htnlywy  $nruljghntiwnipniup: bPpujwitwgyl); Lt  wbnbkiuh nnnusmipjut
phwgpudutph  hwoqupll E b H hwppmpmibubbpnud, wbnbkiugh pugduspnid
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wdyhnnipuihtt puppjuénipjutt hwpupl b whnbktwh nignuénipjut nhwugpudh
hwoqupl:

Lwtth np qluwynp huybint ypndhip Yhuwopewt k, wyt npnoynid £ dhuyt huygbynt
ownwynh dbdnipjudp: Opwqpuyhtt thwpkph wpwehtt dwup, npp Juquus L “object
oriented” uljqpniuputpny, huybjhubph uwpbkdwbbph hwydupluui b wwhywidwt
gnpéptpugp juwnwpmd £ hknlju) YEpy: Opugph wpjuwnwtph pupugpnid unbknsynd £
opitw, npu nitwly £ hudnplughw wwhb) huybint wpndphh Ynopphiwnbbkph dwuhl,
hswhu bwl wwunwupwiwnne b hugbint ypndhih gddwt hwdwp [4-6]: ULs huybjnt
Unpblh unbnddwb phpwgpnid wwhwywiynd L Eyjpwih Jpw b wpunwuwywnlbpynd
Yuiiunpngywd punwinny ppewtip: Gpypnpuht huykn hupquphh wignpppeup hhupnmd
nuyws ki hbnbjuw qupudbnpuljut pabwdbbpn [3]:

x=A —Pcos26,
y=A —-Psin20,
npukn (xy) - thnpp hwybnt dwltpbuh Yenbkph Ynnpphtiwnibnh b,
{AK =1-(1-cos8)x 2cos 4,

A, =sin@- (1-cosd)xsin 26,

2 2 2
P= . ¢ (A< f ) A/ - 1, huy c=1-21+f:
2x|c-cos26(A, - f)- A sin26)

Epypnppuyhtt hugbnt wpndhih Yhnbpp tnyiybue yquhywidnud Bu ghwdhy
hhonnnipjui Ukp b mipnnuwywwnltpynud tu Eyputth:

Opwgph wyu Junrmigwédph punphhy htwpunp b nupdl) hbpunpbt thinthnjuly
wiunbktughtt hwdwljupgh uppbdwb, wjuhtpt' htwpuynpmipnit £ untinddb] thnthnpuby
Epypnpn huygtijnt kqpuyht Ynnpphtwntbpp, tpw pwnwghnp, Ynpnipiniup b jhqujknught
htnwnpnipniup: @nthnpubing Jbpp wws wwpwdbnpbkpp' htwpwynp b punind
nhunwnll] LEjunpudwgquhuwut wihph mwpwénudp hugbne pugquspnid b npnoty
Yhqujtiinh Ynpnhiuintikpp, Eppnppught hwybim ququiph wwppkp nhppkph ntwypnud:

Zwonny npudwpwwlub pinlp Ejupudwuqihuwlut gupnh dngijudnpnudt |
whnbkiwgh pugwépniu: Nputugh huwpwynp 1huh nbumyunltpt
LEjunpudwquhuwut  wihph  wnwpwsdnudp, wbwnbkiugh  pugduépmid  Spugpuyht
dhongutpny uwmbndyl; Lt hudnpdwghuyh Ypnn, npp wwpnibwlnd £ wpwbdht
Swnwqupttph dwuht hudnpdwughw Ypnn dwutiwlh opjiljnubtph dwuhy: 8nipwpwisnip
dwubwlhh opjjnt hp dbe Ypmud b hwdwywunwupmt fwnwquyph hbtwnwgsh pninp
Ynnpphuwnubpp:

ElEjnpudwqthumjut wihph wwpwésdwt wgnphpup Jupnigdt] t hbnbjug
Ybpy: &wnwquypubph thiagh nmwpwsdwt gnpépipwugp puduinid £ nnpudwpwbwljut
puyikiph: 8nipwpwbsnip puyth pupugpmid whpuwyhtt fwjuwnp juunwpmd E npnowlh
wnwopuipwg: Luyt wupubinig hbknn vnmqymd k, ph wpynp wihpughtt fmjuwnp
hwwnt) E qiuwdnp hwybint ypndhip, pt ny: Grh dpwghpp nplk dh jhnnd tpwugpnid k
huytint ywpndhth hin hwnnud, wyw hwdwywnwuhwh funwquypt winpunupddnd £
huybnig hudwwywwnwupiwt wiljub nuy, b owpnibwlnid E wunwquyph pipwgpn, dhish
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wjtt shwuth bphpnppughtt hugbne Yhquljbnht, ud spughpp sjwwnwph  twjiopnp
Yutjunpnodws pwbwlny puykp (uy. 2):

= | Ua 4

Ul. 2. Swnwquypltnh pipwgpp

Lwtth np phuwdhly hhonnnipjut Uk yuhywigws b Swnwquypibph hknwgstph
pninp Yhnkph Ynnpphtwntbpp, hbtwpwynp b npunind thnpduwljut dhongny unwbiag
huybint dwljipbuh oquugnpéudwt gnpsuijhgp (UO0Q): ‘Lpwqnpkiny uyb Yhwnp, nputinhg
ujums  wbnpunupdws  fwnwuquypbpp skt dwubwlhgnid  Juniunhlugh  Yaph
Aliwynpdwtp, Jupth Enpnotby, pt huygbint dwjkpbuh np dwut £ wnwyb] wpnnibugbwn:

Swnuqujph wnwpwsdwt wgnphpdp Juqqus b hbnljuy Yhpwy: Ujhpught
Sujunp npnowlhh Judwjuljwt Yhnhg ujuws nupwsynid £ dhtsh gjluwynp huygbint hkn
huwungbp, hwndbnig htnn fwnwquypt winpunpueund k, huwndwt jEnp uhbpugh
ykunpnup htn juwynn b hwndwt jhumd tnpdwih juquuws wuljjutp hwjuuwp
wulniuny: Swnwquyptph tntugp, Yipp wpyws opkupny winpununtwny qquunp
huykinig, Atwynpnid b juniunhluygh Ynpp b owpnitwlnid £ vnwpwsyt] dhgh thnpp
huyyknt htwn hwngbip: BYypnpnuyght huygknt hkn hwnygbnig hinn Ynpbjugdwus wihpught
Swljuwnp winpununiunid kb hwupynud Epypnppuyght hwytint jhquyjbunnud:

Quniunhluyh Ynph dogphwnn Ynpphtwnbbpp npnoynid B wpwgpbiny pninp
hwplwt Lwnwquyptbph hwndwt YEnkpp, npnighg thwuwnnpkt hpujutnud juqudws
Juniunhluyh Ynpp, wjinthtnb uvnwgdws Gpipuswihwljut  wpnniupp  unigynid
htwnlyw hwdwlwpgny [7].

309



X = cosH(l— sin® 8cos28 —%co§ 20),

y=sin’4:

Puwtwny Juniunhluyh Ynph dogphin Ynnpphtiwnbkpp’ Jupbih £ npnply bwb
Jhquijtvnughtt mhpnyph dwltpbuh Ynnpphttwnbbpp jud juwnwpl] gpu swduwpught
quwhwwnnudubpn:

Opwqpuyhtt thwpkph Ephpnpg dwup, npp juqudws E MatLab spugpuynpdub
1Eqyny, Ywuwpnd E wbnbkbugh hhdtwlwt HEjupujut yqupudwnptph hwyqupl:
ZupJuplynud  Eu punpyws  fwnwquyphsh nupnyudnipjut phwgqpudubpp H b E
hwippnipniuubpnid: Ognugnpéynid Eu hbnbyjwy pawdlbpp.

_nEab(w +°°S¢j( cogkb /2sing)

T2 \w, 712 - (kb / 2sing)?’

E, :E(H W COSH]SIﬂ(ka/ZsmH)

2Ar ka/2sing
npntn W=12071 - onh wjhpuyht ghuwnppmipnitt E, W -t© wjhpughtt phdwnpnipniih
wihpuwnwph Uk b W, =12074,, //] :
Cunphpy uvnbndwd hunbpdbjuh, htwpuwnp k vnwiw fwnwquyphsh mwppbp
mnnuénipjull ghwgpudutp,  hwdwywunwupwbwpup  wwppkp HEjunpuub
wuwpwubwnpbtph npiwypnd (uly 3):

10

EToh st

3 Vew Incert Tods Window Help
FEHES NA2/ PED

b
b
4
3
3
b

UY. 3. Bpyhwykjwyhtt udbphl] whnbkiwh (1) Smpwquyphsh H (2) U E hwppoipiniuubpnud (3)
ninnubnipjui phugpudbpp
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Opwqpuyhtt thwptph Yhpwndwdp htwpwynp b twb ghwgpudh nwpuswuljut
wuwnliph unnugnudp (uly. 4):

aaaaaaaaaaa

alia=

ttttttttttttttt

/ Figure No. 3 [- [B]X] jureto. 2

fle Edt View Insert Toos Window Hep Gt View Insert Toos Window Help
Ded& NA2/ | 22D EHS| NA A/ PO D

Ul. 4. Bpyhwykjuwghtt udbphl] whnbkiwgh nwpwswljuwt ninnyusnipjut nhugqpudp

Ubuwnbkbuuwgh pugdwspnid wdyyjhninipujhtt pupudusnipiut hwpdulp junwpygty b
tutkpghuyh yuwhwywbdw opkuph hhdwi Jpu: Zwoyupyp hpuwugyt) khinbyuwy YEpy.

f (Fang) = f(¢0h9)\/ COSX;_A()QA_;Ow Fonp = % ¢ = m-arctg(y/(x- f)):

By ybkpowyhku, wuwnbktugh npnduwdnipjum nhwgpudh  hwydupyh hwdwp
oquugnpsy by Eu hhnbywy pamwdlbpp.

E() =2%031(U) 28, [d(v+u) (v+u) + I, (v-u)/(v-u),
a, :E _jZf (rah;2 ) a, :% _iZf (rdhs_,)cosnrdhs_,:

Ujuyhuny, unbndyws sdSpugpuyhtt thwupbph ounphhy htwpwynp b wbnbkiuwgh
Yhquljtrnuyhtt whpnyph swjwih b nhpph guwhwnnidubp juwnwpl] Gppnpguyhtt hugbino
wwppkp nhppbph nhwpnud, npnpk) dwpwquyphsh wpymbudtn ghppp b ywihbpp:
Zuwpwynpnipnit B owpdlp plht vnwbw] fwnwquypibph thugh  wwpusdwb
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Ujupugpnipiniip Epljpnpnuyght hwyne inwppbp nhppph ghypnid: Opughpp bwb poy) k
wnw]hu junwpb] whnktwh hhdtwwb Ejunpuyut qupudtnptph hwydupln:
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Mrunhndhqhluyh @2b: Unipp ukpluyugyl) b adpugpnipnia 22.04.2010:
B.A. MUHACAH, A.C. CAPT'CAH, I.B. ABPAAMAH

PA3PABOTKA ITPOTPAMMHOTI'O ITAKETA JIJI1 MOJEJIMPOBAHUA 1 PACYETA
ITAPAMETPOB JIBYX3EPKAJIbHBIX COEPUYECKX AHTEHH

ITpousBemeHs! pacueT U MOJEIUPOBAHUE IJIABHOTO M BTOPHUYHOTO 3e€pKajl chepuiecKoit
JByX3epKaJbHOM aHTEHHBI, pacyeT 3JIeKTPUYECKUX IIapaMeTPOB aHTEHHBI, a TAK)XKe BU3yaIN3alUs
PacIpocTpaHeHus 5JIeKTPOMArHUTHOTO IIOJIA B allepType GOJIBIIOrO M MAJIOro 3epKail. biarozaps
CO3JaHHOMY IIPOTPaMMHOMY IIaKeTy CTajJO0 BO3MOXKHBIM MOJeJIHMPOBAaHME BBUUCICHUH U
KOOPZMHAT yCTAHOBKHU 00JIydaTessa, 06eCIIeYHBaIONIero HauIydliee aMIUIUTyJHOe pacIpefeneHue
B PacCKpBIBe aHT€HHBI.

Krrovepsre croBa:  aHTeHHa, (oxanabHas o061aTh, KpHBasg KayCTHKH, JAHarpaMma
HAIIpaBJIEHHOCTH, MofenupoBanuue, MatLab.

V.A. MINASYAN, A.S. SARGSYAN, H.V. ABRAHAMYAN

SOFTWARE PACKAGE FOR MODELLING AND DESIGN OF DOUBLE REFLECTOR
SPHERICAL ANTENNAS

The software package for modelling and calculatibsecondary and primary mirror profiles
of double reflector spherical antennas is consitieféectric parameter calculation of the antenréh an
the visualization of electromagnetic processeshéaperture of primary and secondary mirrors are
given. The software package enables to calculatsitte of focal antenna region, making possible to

estimate the maximal size of the radiator andadtstjpn.
Keywords: antenna, focal region, caustic curve, radiatidtepa, modelling, MatLab.
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B.K. CAPKUCAH

ITUP®POBOM TPEXKOMIIOHEHTHBIN IIIMPOKOZIMAIIA3OHHBIN
CEMICMOMETP

PaspaboTtan IIMPOKOAMATIA30HHBIM TPEXKOMIIOHEHTHBIH celicMOMETp C Iu(POBBIM
BEIXOZIOM. B Kopmyce ceficMoMeTpa pasMeleHO IO TpH ceficMOMeTpa CKOPOCTH M YCKOPeHHUS I
O HOBpEeMEeHHOM 3aIIMCH JBYyX TOPU30HTAJIbHBIX U OJHOMN BePTUKAJIBHOM COCTABIAIOIUX CKOPOCTH
U yCKOpeHHA KojeGaHUil. AHAIOTOBbIE BBIXOJHBIE CUTHAJBI IPeoOpasyloTca B IupPOBOil KOA U
sanuchBaloTcss Ha  SD kapre ¢ o6semom mamsatu 2 /6. IIpuBOAATCS OCHOBHBIE TeXHUYECKHe
XapaKTepUCTHUKHU CeACMOMeTpa.

Krogessre croBa: IMPOKOIMANIa30HHBIN TPeXKOMIIOHEHTHEIH celicMOMeTp, celicMoMeTp
CKOPOCTH, CeICMOMETP yCKODEHMUA.

B [1] mamu 6pu1a 06OCHOBAHA 11€1€COOOPA3HOCTH Pa3pabOTKH LIMPOKOLUATIA30H-
HOTO ceficMoMeTpa ¢ IUGPOBBIM BEIXOAOM. OTINYUTENIBHOH YepTOH HOBOTO CeHCMO-
MeTpa ABJIAETCA TO, YTO IIMPOKUN AUHAMUYEeCKUH AMaNa30H U3MEPEeHUsA U ONTHMAaIbHasg
TOYHOCTb JOCTHTAIOTCA 3a CYeT TOTO, YTO OOIWMil AuHaMudeckuy numamasoH 120 z6
pas6uT Ha zABa AuamnasoHa mo 60 76, mpuyeM B IepPBOM AHanasoHe (OT MUKpoceiicM 7o 6
6aJIOB) M3MepsAeTCs CKOPOCTh KOJIeGaHMA IIOYBHI, 2 BO BTOPOM (OT 5 6aJijioB U BhILIE) -
yCKOpeHUe KOyIe0aHWS IIOYBHI, IIPH STOM MAMAIIa30HBI IIEPEeKPBIBAIOT APYyr Jpyra B
IIPOMEXYTKe 5...6 6asIoB.

W3mepenue ckopocTu KojmebGaHMSA  IOYBBI IIPM  MajbIX  KOJIeGaHHUAX
0GOCHOBBIBAETCA TaKXKe TeM, 4TO KOd(hOUIMeHT IpeoOpa3oBaHUA (IyBCTBUTEIHHOCTS)
ceiicmomeTtpa ckopocTu Gostee ueM B 50 pa3 Gosblne KoadduimeHTa IpeoOpa3oBaHUL
ceiicMOMeTpa YCKOPeHH.

CelicMOMeTpBI CKOPOCTU M YCKOPEHMS IJII M3MEePeHHUs BepTUKAIBPHOW M ABYX
TOPH30HTAJIBHBIX COCTABJIAIONIUX pasMelleHbl B OZHOM O0IieM KOpITyce M ITPOU3BOZAT
OIHOBPEMEHHYIO 3aIlUCh CKOPOCTH U YCKOPeHHA. JTO YZOOHO TeM, 4TO 3alHUCAMHU
CKOPOCTH MO>XHO KOHTPOJIMPOBATH 3aIIUCH YCKOPEHMSI U HaobGOpOT.

WHorpa pj1a mOMydYeHHsS 3aIlMCH CKOPOCTH KOJIeGaHUA IOYBBI HMHTETPUPYIOT
3aIUCH  KOJIeOAaHWS YCKOpeHUd, IIpU OTOM BO3HHMKAeT HEKOTOpas IOTPeIIHOCTb.
IIprBeieHHOE TeXHUYECKOE pellleHre HCKII0YaeT IIPOIeCC HHTeITPUPOBAHNUA.

B kauecTBe ceiicMOMeTpa YCKOPEHHSA HCIIOJNB3YIOTCA  MHUKPOCXeMBI (UPMBI
Analog Devices [2] omnoxommnonenTHOro akceiaepomerpa ADXL 103 - mns usmepenus
BEPTUKAJBHBIX KOJIeOaHWH M AByXKOMIOHeHTHoro akceirepomerpa ADXL 203 - mias
M3MEepeHHs TOPU30HTAIBHBIX COCTaBIAOMMNX KoiaebaHua. OCHOBHBIE TeXHHYECKUe
XapaKTepUCTHKH aKCeIepPOMEeTPOB IIPUBEEeHBI B TAOIHIIE.
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Tab6arnga

OcHOBHBIE XapaKTePUCTUKU aKCEIEPOMETPOB

XapakTepucTuka Benmumaa
JuamnasoH usmepeHws 152 (15m/%)
Henuneiinocts +0,5%
BokoBas 4yBCTBUTEIBHOCTD +2%
YyBCTBUTETBHOCTB 1000 mB/ g
(xoappunment npeobpasoBaHisn)
Pe3onancuas wactoTa 5,511
I HaIpsKeHHe 3,00 ... 6,00 B
HTaHUe
TOK 0,7 mA

BeixomHOe HampsoKeHHE aKCelepoMeTpPOB — yCuiIuBaercs auddepeHIuaTbHbIM
ycunuteneM B 10 pas. IlpuHnunuanbHas SIeKTpUYecKas CXeMa aKCeJIepOMETPOB C

ycunuTesaeM IIpHUBeZieHa Ha puc. 1.

[T 1 R4 A.*_._+5B
| VIHTEIPAJIbHbII | A 58
| AKCEJ’[EPOMETP}J i, B e—
| A | A

l 8 !

‘ e

I 1R2

I [aoxeros |7 [ 32 5

| 7 Brixon z
f

| ,

i

Puc.1. HPI/IHIJ;I/IIII/IEUILHEUI SJIEKTpHYIECKaA CX€Mad aKCEJIEPOMETPOB C YCHIIMTEIEM

CkopocTh KoneGaHUs TIOYBBL M3MepSeTCs MAasTHHUKOBBIM CeHCMOMETPOM,
IPUHLUI PaboTsl KOTOPOTO aHAIOTHMYeH IIPUHIUIY paboThl M3BECTHOTO ceificMoMeTpa
CM-3. KoHCTpyKIIHs ceificMOMeTpa MMeeT psAf IpeuMYyInecTB o cpaBHeHuo ¢ CM-3. B
pe3yJbTaTe KOHCTPYKTUBHBIX YIy4LUIEHHUI HOBBIH cefiICMOMETp HMMeeT CIefyIOolyie HOBbIe

KadyecCTBa:
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- MaigTHUK He KMeeT MepTBOIl 30HBI  (Bapualysd IOKAa3aHUM), TaK Kak
MexaHUYecKoe COeJlMHeHHe MaATHHMKA C YpaBHOBeIIMBAalOIeill IPYKUHOH C CyXHUM
TpeHUeM 3aMeHEHO YIPYTHM COoeIMHeHUeM (IIpaKTH4eCKU Oe3 TpeHuUs);

- ympyrag KpecToBasg OIOpa MAasATHHKA 3aMeHeHa HOBOH, Oojee HaeXHOU
OTIOPO#i, YTO MCKJIIOYAeT NPOLeLypPy 3aMeHbI OIOPHI ITPX M3MEPEeHHM BEePTHUKAIBHBIX U
TOPU30HTAJIBHBIX KOJIeOaHUH;

- TOBBINIEHA HANEXHOCTh pabOTBI appeTHpa MAATHHUKA, MCKIIOYAIONAs
MIOBpeX/leHHe YIIPYTOii ONOPEI ITPH TPAHCIIOPTHUPOBKE celicMOMeTpa;

- YpaBHOBeNIMBAIOIIAsA BeC MAATHHKA IIPy>XMHA 3aMeHeHa Oojiee IIPOYHOI
IIPYKUHOMH, UCKIIIOYAIOIel OCTaToOuHble AedopMaruy mpu paboTe MaAsTHUKA;

- yJydYlIeHbl MeXaHWM3M HAaCTPOHKHM COOCTBEHHOI YacTOTHI celicMOMeTpa H
TEXHOJIOTUA U3TOTOBJIEHUS IIPY>KUHBI C MEXKBUTKOBBIM JJaBI€HUEM;

- KOHCTPYKIIMS ceficMOMeTpa Oojiee pallMOHajJbHA M TEXHOJOTUYHA. B
pesysbraTe Ce06eCTOMMOCTh W3TOTOBJIEHUA ceficMomerpa 1o cpaBHeHuio ¢ CM-3
CHU3MJIACh OOJIee YeM B Z1Ba pasa.

[TpunnunmUanbHad cxeMa KOHCTPYKIIMM ceificMOMeTpa CKOPOCTH [JI M3MepeHUs
BEPTHKAJIBHOM COCTaBJIAIONIel KojeGaHMI IOYBBI IIOKAa3aHa HAa PUC. 2 U aHAJIOTHYHA
cxeMmaM, IIpHUBeeHHBIM B [3].

Masarrux 1, posb MHEPTHOH MacChl KOTOPOTO BBITIOMHAET APMO 2 C TIOCTOSHHBIM
MarHUTOM, ypPaBHOBEIIMBAeTCHA IIPYKMHOH pacTxeHus 5. Ilpyxwuna geficTByeT Ha
MagTHUK 1of, yraoMm f. OmHOBpeMeHHO C ypaBHOBEIIMBAaHMEM WHEPTHON MacCh
Ipy>KMHA CO3J]aeT aCTa3UpPYIOUIyI0 CHIy, BeJMYMHA KOTOpOii 3aBucHT oOT yrima f. C
yMeHBIIeHHeM [} acTa3upyomas CHUjIa BO3PacTaeT, a COOCTBEHHAs 4YacTOTA MAasTHHKA
yMensuraerca. Mexanusm 4 CIy>KuT Aad u3MeHeHus yria . B maruutHOM 3a3ope spma
pasMellleHa HeIOABIKHAA KATylIKa 3, KOTOpas HMMeeT JABe OOMOTKM: pabouyio - i
bopMHUpPOBaHHUA BBIXOZHOTO HANpPKeHWS M OOMOTKY 3aTyXaHUA - [JI9 CO3JaHUA
saryxanusa MaatHuka (0,60...065, xoropoe gmocruraercs peryIupoBaHUeM
COTIPOTHUBJIEHUS KaTyUIKU.

B HavanbHBINI MOMEHT MAafTHUK C IIOMONIBIO IIPY>KUHBI 3 IPUBOSUTCA B
TOpU30HTaJBHOe TonoxeHHe. IIpyu KoneGaHMAX IIOYBHI KOPIyC IpubOpa HadyMHAeT
koneGarbcsa. IIpu  coorBercTBylomeM — BBIOOpe  3aTyXaHHMA  MAaATHHUK  OCTaeTCs
HenmoABIKHBIM. OTHOCHUTeIPHOE ABIDKEHUE KAaTyIIKW B MAarHUTHOM 3a30pe (GOpMHUpYeT
BBIXOJIHOE HAIpsKeHHe, IPOIOPLHOHAIBHOE CKOPOCTH KOJIeOaHUA IIOYBBI, HACTOJIBKO
TOYHO, HACKOJBKO YaCTOTa U3MepseMbIX KoyeOaHuil 6ojblle COOCTBEHHOM YaCTOTHI
MasgTHUKA.
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Puc.2. [lpuanunuansHas cxeMa KOHCTPYKIIMH ceficMOMeTpa JJid u3MepeHHusI
BepPTUKATBbHBIX KOJIe6aHUit

Cob6cTBeHHAsA YacTOTa TOPU3OHTAJIBHOTO MasATHUKA JJIA M3MEPEHHS BEPTHUKAIBHBIX
KoseGaHUil onpezesnaeTcsa GOpMyIIoi
2
p’ = ka Sin’p,
J
raoe k— ’KECTKOCTh IIPYXXWHBI; J— MOMEHT WHEpIUWUN MACChl MaATHUKA OTHOCHUTEJIBHO
IIeHTpa KaYaHWA, a- JJINHA IlJIeda COeAMHEHN IIPYXKUHBI C MAATHUKOM.

KoHcTpykuusa ceiicMomeTrpa fif M3MepeHUs TOPU3OHTAJIBHBIX KOJIeGaHUM
OTJIMYAeTCsA OT KOHCTPYKIIMHU CefiCMOMeTpa IJIS M3MepeHUsA BEePTUKAIBHBIX KOJIeOaHUH
Gosee (Cnaboii ypaBHOBEIIMBAIOWIEH IIPY>KWHOH, TaK KaK B JTOM CJIydae HeT
HeOOXOZMMOCTH YPAaBHOBEIIMBAHUA IIOJIHOTO Beca MHEPTHOM MacChl, U COOCTBEHHas
YaCTOTa TOPU30HTATIBHOTO MasITHHKA B OCHOBHOM IIOJIy4aeTcs BEIOOpoM yria & (CcM. puc.
3) [4]:

ga

p= T

rae | - pnmumHa mMagTHHKA.
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Puc.3.
[IpunuunuaapHas cxeMa KOHCTPYKIIUH CeHiCMOMETpa [ U3MePEHUA TOPU30OHTAIBHBIX
KosebaHui

PazpaGoTanusIii celicMOMETp WMeeT CIeAYIOIIMe OCHOBHBIE TEXHHUYECKUe
XapaKTepUCTUKH:

- IIpU U3MepeHUH CKOPOCTH KOjaebaHUil: u3MepseMble KOMIIOHEHThI KoIebaHuii —
X, ¥V, Z; pnana3oH usMepseMbIX cKopocteii konebanuii - 0,06...6 ¢ / ¢ fuanasoH 4acToT
usMepsieMbIx kKonebauwmit — 1...20 [ cobGctBenHas uactora MmMastHuka — 05 /I
OTHOCHUTEJIbHBIN KoadduiuenT 3aryxanus — 0,65; koapdunuent npeobpa3oBaHus — He
Meree 50 B/ M/ ¢ HelWHeWHOCTP  aMIUIMTYZHOH Xapakrepuctuku — 6%,
HepaBHOMEPHOCTh YaCTOTHOH XapaKTepUCTHKH — 6%, IIpemesl CyMMapHOM ITOTPENUIHOCTH
¢ moBepuTenbHOMH BeposaTHOCTHIO 0,95 - 10%);

- IIpU U3MepPEHNHU YCKOPEeHUH KomebaHuil: u3MepseMble KOMIIOHEHTHI KoTeGaHuit
- X YV, Z, puanasoH usMepseMsbIx yckopenuii konebamuit  0,06...1,2 »/ ¢% pmuamazon
yactoT usMepsembix kKonebauuit — 0...50 /I xoapduumeHT mpeobGpaszoBaHus — He
MmeHee 1 Bum/c? cymmapHas norpemHocts — 3%; oOmuil suHaMudecKui auamazoH 120
(60+60) z6; rabaputHsie pazmeps! ceficmomerpa: 340x240x130 ma; macca — 9,5 &r.

OcHOBHBIE = TeXHWYECKHe XapaKTEepPUCTUKH LuppoBoro Oyoka: oOBeM
maMaty — 1 /6, 4ncio KaHajuoB — 6; BXOAHOM CHUTHAJI - aHAJOTOBBIM 1o 5,3 B wactora
Bxomuerx curfHanoB — 0...20 /I 4yucio 3amuCHIBaeMBIX COOBITHH - IPaKTUYeCKU He
orpanuuero (6onee 3000); mnurensHOCTH OomHOM 3amucu — 90 ¢ pexum paGoTHl —
HeIIpepHIBHBIN; Hayalo 3anucyu — 1 ¢ mo Havasa coGsitus; paspsazuocts ATl — 10;
BBIXOZHOMW cUTHaI — I[u¢ppoBoit Ha SD KapTe; BO3MOXXHOCTH YCTaHOBKY HIKHETO IIOpPOTa
H“3MepseMbIX aMIIUTYZ; IUTaHHEe — aBTOHOMHOe, aKKyMyJIATOpHOe - 6B, rabapuTHble
pasmepsl nudposoro 6imoka: 150x140x40 s macca - 0,5 &r.
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tlu pquyhtt Yngh b gpugynid B SD pwpnp  Ubg, nph hhonpnipjut Swdwp 2 Fpuype k:
FPhpJuws tu ubjudwswthh hhdtwjub nkjuthjuuwb punipwgptpn:

Unwhgpuyhl punkp. jajuuninhpnyp ubjudwswth, wpwugnipjut ubjudwswth,
wpuqugiut ubjudwswth:

V.K. SARGSYAN

BROADBAND THREE-COMPONENT SEISMOMETER
WITH DIGITAL OUTPUT

A broadband three-component seismometer with digitiput is developed. Three velocity
and three acceleration sensors are mounted inkelechiassis for simultaneous measurements of
vertical and horizontal components of vibrationsakg output signals of the sensors are converted
into digital code and logged to SD card with capaof 2 Gb. Main technical characteristics of the
seismometer are given.

Keywords: broadband three-component seismometer, veloo#igm®meter, acceleration
seismometer.
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VIK 681.326 ABTOMATUBAIMA U CUCTEMBI YIIPABJIEHWA

A.A. TEP34H, I'.C. CYKHMACHH, A.D5. AKOIL1H, A.A. TEBOPT'IH

K IIOCTPOEHHIO OIITUMAJIbHON PACYETHOM CETKU JIJI
PEIIIEHNS ITOJIEBBIX 3AZIAY METOJJOM KOHEYHBIX DJIEMEHTOB

ITpenoxeH MeTOA IIOCTPOEHUS TETPAdAPUIECKUX ceTOK [letoHe mJIg pacueTa TpeXMepHBIX
MarHUTHBIX IIOJIEHl METOZOM KOHEYHBIX 31eMeHTOB. MeTos OCHOBaH Ha CBO¥CTBE ABOHCTBEHHOCTH
TpexMepHBIX ceToK JleoHe ¥ MHOTOTPaHHBIX Mo3auk Bopomoro. Meron ymoGen s
pacnapaie uBaHu.

KmroveBrre croBa: 57eKTPOMArHUTHOE II0JIe, METOJ, KOHEYHBIX DJIEMEHTOB, TpPeXMepHBIe
cerxu Jlesone, MHOrOrpaHHUKY BopoHoro.

Beegenue. Penenvie HeTMHEMHBIX TTOJIEBBIX 3a[[aY METOJOM KOHEYHBIX 3JIEMEHTOB
CBOJUTCS K TOCTPOEHUIO NUCKPETH3ALMOHHON CEeTKW W HAXOXAEHWIO Ha JTOH CeTKe
MUHUMyMa OJHEpPreTH4ecKoro GyHKIMOHAjMA IyTeM [PUPAaBHUBAHUSA HYJIIO €ro
IIPOM3BOAHBIX. B pesynbraTe IOIy4YaeTcs CHUCTeMa YpaBHEHHI C HEU3BECTHBIMU
3HAUYEeHUAMHU IIOTEHI[Maja B y37aX CETKH, IPUYeM KOJIUYECTBO ypPaBHEHUU pPaBHO
KOJINYEeCTBY HEM3BECTHBIX U KOJINYECTBY HEKPAEBbIX y3JI0B CETKH.

CxomuMoCTh  Tpolecca  IOC/IEJOBAaTENBHBIX NPUOMIKEHUNW K  PeIIeHHIo
HeJIMHEeMHbIX IIOJIEBBIX 3aJad CHJIBHO 3aBUCHT OT KoH¢urypamuu cetku. CKOpOCTb
CXOZMMOCTHY TeM BBIIe, YeM MeHbIIe BeJUYNHA HeJUarOHaJbHBIX DJIEMEHTOB MAaTPHIIBI
IOy YaIOMIeHCs CUCTEMBl YpaBHEHUN OTHOCHUTEIBHO NUATOHANBHBIX, U HA000POT, IpU
IIOXOM CeTKe, INPUBOASINIEH K YBEIUYEHWIO YKa3aHHOTO COOTHOLIEHWs, IIPOIECC
CXOJMMOCTH PeIIeHHs 3aMeJIIeTCs, 2 IPYU KPUTUIECKUX 3HAYEHHUIX [apaMeTpPOB CEeTKU
mporecc pemeHus u BoBce pacxogurcs [1,2]. Takum o6Gpasom, Ay pacyeTa MarHUTHBIX
10JIeil MeTOZOM KOHEYHBIX 3JIEMEHTOB JUCKPETU3ALNOHHYIO CETKY CIeyeT CTPOUTH Tak,
4TOGBI MHHHMU3UPOBATH CYMMY HeJMaroOHaJIbHBIX 3JIEMEHTOB MATPHIbI ITOIyYarouencs
CHCTE€MbI yPaBHEHHIA.

B Hacrosmei#r paGoTe mOKasaHO, YTO IPU 33JaHHOM Habope Y3J0B M3 BCeX
BO3MOXXHBIX CETOK HauIy4lIeil (B BBIIIECKa3aHHOM CMbICIe) sBisfeTcsa ceTka Jlenowe [3].
VTBepXKAeHHe CHOpaBeiJuBO Mg pacdeTa METOZOM KOHEYHBIX DJJIEMEHTOB Kak
IBYMEPHBIX, TAK ¥ TPEXMEPHBIX MarHUTHBIX IIOJIEH.

3ameruM, 4TO TpuaHryaanus JlesoHe ObLIa IIpeAsiOXKeHA 33TOJTO O TOSBIECHUL
MeTOZa KOHEUYHBIX 3JIEMEHTOB, M 33a/ja4Ya ee IIOCTPOEHUs SIBJISEeTCS OLHON 13 Ga30BBIX B
BBIYHCIIUTENBHOM reoMeTpun [4 - 6].

1. /IBymepHsIii ciayuaii. VsBecTHO, 4TO /11 ABYMEpPHBIX TPeyTOJIBHBIX CETOK Ha
CKOPOCTh CXOAMMOCTH IIpOIlecca IIOCJIEeNOBATEIbHBIX IPUOMIDKEHWH K pPelIeHUIO
HeJIMHeMHBIX TIOJIeBBIX 33/1a4 OTPUIIATEIBHO BIHAET HajJU4dMe B CeTKe TYIOYTOJIBHBIX
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TPEeyTOJIBHUKOB. Bcerma 7am BO3MOXHO IIOCTPOMTH CeTKy 0e3 TyIOYTOJBHBIX
TpeyToabHUKOB? OTBET 3aBUCUT OT PACIIOIOKEHUS CETOUYHBIX Y3JIOB.

PaccmoTpum  ueThIpe y3sma, pacHosOKeHHBIe B BEpUIMHAX KaKOTO-HUOYIb
BBIITYKJIOTO YeThIPeXyTOJbHIKA. BO3MOXKHEI /1Ba BapHAHTa:

1) Tymble yIJbl YeTHIpeXyrOJIBHUKA HAXOAATCS APYT mpotuB apyra (puc.la). Torga
KOPOTKas [AMAroHaJTh YEeThIPeXyTOJbHHUKA YHUYTOXKUT 00a TYIBIX YIJA, U MBI
moyry9uM ceTKy [lesoHe 6e3 TyIOYTOJIBHBIX TPEYTOIBHUKOB. DTO OUYEBUIHO U He
TpeOyeT Kakux-aubo u3MepeHMil. Takoe pacIOIOXeHUE Y3JI0B HA30BEM
YAAUHBIM;

2) o6a TymbIX yria 4eThIpeXyroJbHUKA HaXoAATcs psamoM (puc. 16). Torpa xakzmas
IarOHAJIb YeTHIPEXYTOIbHUKA YHHYTOXKAET OLUH TYIIOH YrOJI, COXpPaHUB BTOPOH.
Takoe pacmosoxeHue y3/I0B Ha30BeM HeyZauUHbIM.

Kaxk 651 MBI HU ITOCTPOMJIM CETKY Ha HEYJAaYHO PACIIOJIOKEHHBIX y3JaxX, OHa Oyzer
COZlepXKaTh TYIIOYTOJIBHBIN TPeyroabHUK. VI36aBUTBCS OT TYIBIX YTJIOB MOXKHO TOJIBKO
I06aBIeHNEeM [OIOIHUTEIBHBIX Y3/I0B Ha 6osbleii ctopoHe (puc. 1B).

<D

>
a)

B)

Puc. 1
Janum obuiee onpeseneHre HEYJaYHO PACIIONIOKEHHBIX y3/I0B. MHOXECTBO Y37I0B

n
P - Ha3bIBaAeTCA Heyaga4vHO dCIIOJIOKE€HHBIM, eCiIn C €CTBYIOT Ba
iJi=l

koHneHTpudeckux kpyra Kr u Kr (puc.2) ¢ 6muskumu paguycamu 0,9R<r<R takwue, uto
BHYTPU MEHBIIETO Kpyra HeT HH OJHOTO y3a, a OOJIBIINI KPYT COZEP>KUT, 110 KpalHei
Mepe, 4eThIpe y3Ja U3 JAaHHOTO MHOXECTBa, T.€.

#K, n{P}) =0, #(K, n{P}) 3,

Te # Oo3HavYaeT KOJIMIECTBO TOUEK.

Puc. 2
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Eciu  Takmx KpyroB HeT, TO MHOXXECTBO  y3JIOB HA3BIBAETCA  yJd9HO
PaCIIOIOKEHHBIM.

B [1] IIOKAa3aHO, YTO [Jd JABYMEPHBIX TPEYTOJIbHBIX CETOK HeAHaroHajlIbHbIE
SJIEMEHTBI MaTPHUILbI CHCTEMBI ypaBHEHHﬁ IIPONIOPIMOHAJIBHBI KOTAHT€HCAM BHYTPEHHHX
YTIJIOB TPEYTOJIBHUKOB CETKH, 4 UMEHHO,

1
G = _E(Vijm ctoB,, * Vi Cthk)' (1)
rae C; - K03bdHIMEeHT 3aBUCHMOCTH Y3/IOB i M j; V - BeMdMHa, OGpaTHAS MarHUTHOR

MPOHUIAEMOCTH; V, - 3HAYEHHE V BHYTPH TPeyTrOIbHUKA 1,j,m; Vyy - 3HAYeHUEe V BHYTPH

TpeyTroyibHUKaA 1),k (puc. 3).

Puc. 3

AHaIOTMYHBIA pe3ysIbTaT [JIs TPEXMEPHBIX ITOJIEBBIX 33Za4 M COOTBETCTBYIOLIMX
TeTpasipUIeCKUX CETOK IOy4eH B [2].

B cuiy (1), 4T065I MUHUMHU3HPOBATh CyMMY HeAMAarOHAIBHBIX JIEMEHTOB MaTPHIIBI
IOy YAIOIIeNCsl CHUCTEMBI YPaBHEHUH, HaJl0 MIHHMU3UPOBATh CyMMY KOTaHTE€HCOB BCEX
BHYTPEHHHUX YTIJIOB BCEX TPEYTOJIbHUKOB CETKH.

Yreepxgenue 1. Tpuanrymanua [lenmoHe o061afaeT MUHUMAJIBHOH CyMMOI
KOTAQHT€HCOB YIJIOB BCEX CBOUX TPEYTOJIBHUKOB CPeY BCEX BO3MOXKHBIX TPUAHTYJIALUN C
IAHHBIM MHOXX€CTBOM Y3JIOB.

Brauvase moxaskeM 3TO CBOHMCTBO A dyeTbIpexyroiasauka ABCD (cum. puc. 4).
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Puc. 4

Bo3MoXHBI [jBe ceTKHU: TPHAHTY/IAIMA 10 ¢ guaroHansio BD u TpeyrorsHukamu
ABD u BCD u rpuanrynanus Tac ¢ guaronansio AC u tpeyronsaukamu ABC n ADC. ¥V
TPUAHTYJIALMM [BD CyMMa SBp KOTAaHTEHCOB BCEX YTJIOB OOOMX CBOUX TPEyTOJIBHHKOB
paBHa

Sgp =ctg(ay +a,) +ctga, +ctgag +ctg(as +a,) + ctgar, + ctgar, . (2)

Y rpumanrymamum Tac cymMma Sac KOTQaHTEHCOB BCeX YTIJIOB OOOHMX CBOHX
TPeYTOJIBHUKOB paBHA

Spc =ctg(a, +a,) +ctga, +ctga, +ctg(a, +a,) +ctga, +ctga . (3)

Ecmu
a,+a,+a,+a,>Tr
TO TOYKa D JeXuT BHe OKPYXXHOCTH, OIMCAaHHON BOKpyr TpeyroabHuka ABC,
TpuaHryaanua Tac ABngerca TpuaHrynanueit Jlemone u Sac < Sep.
Ecnu xe
o, +a,+a,+0,<T
to Toyka C JeXWUT BHe OKPYKHOCTH, OIMCAaHHOH BOKpyr TpeyrombHuka ABD,
TpUAHTYyIALUA TBp ABIAerca TpuaHrysanuein [lexorme m Sac > Sep. CiemoBaresnbHO, B
oboux crydasx TpuaHrynanus /lesoHe o6i1asaeT MeHblIeH CyMMOI KOTaHT€HCOB YTJIOB.
Temeps moxaxkeM 3TO CBOMCTBO A OGOMBIIETO KOJIMYECTBA Y370B. Tak Kak
KOJIMYeCTBO BO3MOXKHBIX CETOK KOHEYHO, TO CYIIecTByeT ceTKa 1 ¢ MHUHMMAaIbHOH
CyMMOH KOTaHTE€HCOB YTJIOB BCeX CBOMX TPeYrOJIbHHKOB CpelHd BCeX BO3MOXHBIX
TPUAHTYJIANMNE C JAaHHBIM MHOXecTBOM Yy3ioB. llpeamomoxum, uro T He sABiagerca
tpuanrynanuei Jlenone. Torma cymectByer Tpeyromsuuk ABD, BHyTpu ommcaHHOM
OKPY>KHOCTH KoToporo yexur y3en C. 3ameHuB B deTsipexyronbpHuke ABCD puaronans
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BD na AC, moxyuum Sac < Sep, YTO IIPOTHBOPEYUT YCIOBUIO MUHHMATIBHOCTH CETKU T.
Wrak, yrBepxgenue 1 moxazaHo.

V3 o6paTHOI NpONMOPIMOHAJIBHOCTH (GYHKIMM KOTAaHTeHCA CJIeAyeT, YTO IIPH
pelreHHH II0JIEBBIX 334aY MeTOZOM KOHEYHBIX S5JIEMEHTOB TPHAHIYIALHA /leroHe
AB/ITeTCA OITHMAJIBHOH B cMbIc/e ckopoctu cxozumocrd. ONHAKO TPHUAHTYIALUA
[lenoHe He TrapaHTHpPYeT OTCYTCTBHS TYIOyTOJBHBIX TPEYTOJBHUKOB U CXOZHMOCTH
COOTBETCTBYIOIIETO IIPOIlecca IMOCIef0BaTeTbHBIX IPUOIIDKeHUH.

Z1g yzavHO paciio/IOKeHHOTO MHOXKeCTBa Y3/10B TPHAHTYIALHA /]e/oHe He
COZep)KHT TYIIOYTOJIBHFIX TPEYTOJIBHHKOB H O00ecImeYHBaeT CXOZHMOCTH IIPOIeCCca
ITOC/IEZ0BATETBHEIX IIPHOII)KEHHH K PELIeHHIO He/THHeHHBIX I10/I€BBIX 3a4aY.

[l nByMepHOro cirydas 3afiadya IIOCTPOeHUA TPUAHTYIAUK [JlesoHe IpaKTUYecKu
pemerna. Mmeercs MHOro 3Q(deKTHBHBIX AJITOPUTMOB aBTOMATHYECKOTO IIOCTPOEeHUA
tpuaHryaanuu JlesoHe, HO OHU He pabOTalOT B TPEXMEPHOM CIIydae.

2. TpexwmepHbif ciydaii. BrlmenpuBefeHHOe — oOIpefiesieHHe — HeEyJaduHO
PACIIOIO’KeHHBIX Y37I0B MOXKHO OOOOIINTH HAa TpeXMepHBIi ciaydaii. MHOXecTBO y3/I0B B
TpeXMepHOM IIPOCTPAHCTBE HA3BIBAETCA HEYZAYHO PACIIOJIOXEHHBIM, €CJIM CyIIeCTBYIOT
IoBa KoHneHTpudueckux mapa Kr u Kr ¢ 6muskumu pagmycamu 0,9R<r<R rtakwue, urto
BHYTPU MEHBIIETrO IIapa HeT HU OJHOTO y37a, a GOIBIINI LIap COLEPKUT, IO KpalHei
Mepe, IIATh Y3JI0B U3 JaHHOTO MHOXECTBa, T.€.

#K, n{PY) =0, #(K, n{PY) >4 .

OpHako 3To ompejieleHNe HEITPAaKTUYHO B TOM CMBICJIE, YTO JJIA GOJIBLIOTO YHCIA
Y3JI0B, UCIIOJIb3Yys JTO OIpefeeHNe, KpaiiHe TPYAHO IIPOBEPUTH, YAAYHO PACIIOIOXKEHEI
Y3JIBI MJIH HET, TaK KaK YHCJI0 BO3MOXKHBIX IIAPOB GECKOHEYHO.

B Hacrosmeii paboTe IpeAoXKeH MeTOJ, HAXOXAEHW II0ZOOJACTei, The 3Bl
HEYJAauYHO PpACIIOJIOXKEHbI, a TaKXe HaXOXAEHUA TYMOYTOAbHBIX TETPadApoB 0e3
TPYZ0OEMKOTO IIpOllecca BBIYMCJIEHUA BCEX YTJIOB BCEX TeTpasApoB. Meros ocHOBaH Ha
CBOMCTBE [BOMCTBEHHOCTH TpeXMepHBIX CeTOK JleloHe M MHOTOIPaHHBIX MO3aHK
Boponoro [5,7]. Ilpemiaraercs BHavajze CTPOMUTh Ha [JAHHBIX Y37aX TPEXMEPHOTO
IIPOCTPAHCTBA MO3aUKU BOPOHOTO, a 3aTeM yKe IepeXOJUTh K TeTPadsApUIeCKUM CeTKaM
Henone. [laguM cOOTBETCTBYIOLIME ONIpeeIeHN.

Tpuanrynamus Jenowe. Ilycts {P}, - sasanHOe MHOXecTBo Todek (y3JIOB) B
TpexmepHOM mpoctparcrse. Muoxecrso {D } [ rerpasapos (uersipexrpammmkos, He
00s3aTeIbHO TIPAaBUJIBHBIX) HA3hIBAETCA TPHAHTYyIAnMel [leoHe Ha Gase CHCTEMEI Y3JI0B
{P.}., ecm BEImONHEHEI CrTERYIOMmUE YCIOBAA:

® BHYTPEHHOCTHU TE€TPadAPOB IIOIIAPHO HE II€PECEKAI0TCA;

*  BCe BepIIMHBI BCeX TeTpasapos u3 cuctems! yaios {P.}/ ;

323



m
n
* o0OpesuHEHUe Ul D. sanonuser Bcio BeIIYKTyI0 0607104Ky To9ek{P }. ;
]:

* 1A Kaxkgoro terpasapa D ; BHYTPHU OIMCAHHOTO 1Iapa Sj HeT HU OJHOM TOYKU
n
u3 {Pi}izl'
Tpuanrynanuu Jenone myanpHBI K Mo3aukaM Bopororo. CiezoBaTebHO, MOXXHO

CTPOUTh TpexXMepHbIe TPHUAHTYIANNU ,ZLEJIOHE C IIOMOIIBIO MHOTIOI'PAaHHBIX MO3AUK
Boposoro.

TpexmepHsie mo3auku Bopororo. MuoxectBo V, Touek, pacCTOsSHIE KOTOPBIX O

ysna Pi MeHblle, 4eM IO OCTaIbHBIX y3/M0B Pj, |7 ], HasblBaeTcsi MHOTOrPaHHHKOM
Bopoworo orocutensHo cucremsr y3nos {P}, . Muoxecrso {V} ., MHOrorpaHHuKos

HasblBaeTcss Mosaukoll Bopomoro Ha Gase cucremsr ysnos {P.}., ecim xaxgsii V,

SABJIAETCA MHOTOTPaHHHUKOM BOPOHOI‘O OTHOCUTEIHHO TOM K€ CUCTEMBI Y3JI0B. OTMeTI/IM,
YTO B OT/INYHE OT CEeTKH ,ZLE.TIOHE, COCTO)II.L];GfI U3 YEeThIPEXTPaHHUKOB, B MO3aUKe
BOPOHOI‘O KOJIN4YeCTBO MHOTOI'PAaHHHMKOB DPdBHO KOJHUYECTBY 6a30BBIX y3J10B, H
KOJINYE€CTBO FPHHEfI OTZE€JIPHOTO MHOTOTPaHHMKa MOXKET OBITH IIPpOM3BOJJIBHBIM.

o n
Vrepxgenue 2. [lna mo6oit xondurypauuu ysmos {P}, Bcersa cymecrsyer
n
(IpuTOM efMIHCTBEeHHAs) Mo3auka Boposoro Ha Gase cucremsr {P};. Bce amementst

MO3auK¥ BOpOHOTO ABJIAIOTCSA BBIITYKJIBIMU MHOTOTPAHHUKAMHU.

/loxaszarerscrpo. Paccmorpum MHOXectBo Hj Todek, paccrosHue KoTopsix mo Pi
MeHbIIe, YeM o Pj. MuoxectBo HjecTs mosympocTpaHcTBO, OrpaHUYeHHOE IIOCKOCTBIO,
NepIeHIUKYJIIpHOH oTpe3ky Pi Pj m mpoxopsameidl depe3 cepemuHy 3TOro OTpe3Ka.
MHuororparHuKY BOpoHOro mosry4aloTcs Kak IepecedeHus

V=1 H;.
j#i

JTO IlepeceueHUe He IIYCTO, TaK KaK COZEPXKHT, IO KpaifHeil Mepe, TOuky Pi
Ocraerca 3ameTuTsh, UYTO 000 IIepecedeHHe IIOMYIPOCTPAHCTB BCErfa ABJIAETCA

BBIITYKJIBIM MHOTOTPaHHHUKOM.

Buzbl TymoyroapHBIX TeTpasApoB. B oTinmume OT IIJIOCKOTO TPeYyTOJIbHUKA,
KOTOPBIA MOXXET MMETH TOJIBKO OJWH TYIIOU yrOJI, TP€XMEPHBIN TETPasAp MOXET MMETh
HEeCKOJIBKO TYIIBIX yTyI0B. Ha puc. 5 nuzobpakeH TeTpas/p, y KOTOPOTO ILIOCKHI yTOJI IpU
oxHOM pebpe (AB) saBmgerca TymeiM. Takoil TeTpasAp Ha30BeM KOCBIM TYIIOYTOJBHBIM
TeTPasApOM.
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B

Puc. 5

Ha puc. 6 uzobpaxkeH TeTpaszp, y KOTOPOTro IUIOCKUE YIJIBL IIpu Tpex pebpax (AC,
AB, AD) sBnfioTcA TyHBIMH. JTH pebpa HMeEIOT OOLIyIO0 BepuUIMHY. Takoil TeTpasap
Ha30BeM ‘CILIIOIEHHBIM TYIIOYTOJIBHBIM TETPa3LpPOM.

A

B
Puc. 6

PaccMoTpuM BBIYyKJIBIH MHOTOTpaHHUK, MMEIONIWI IATH BEpIIMH, HA30BEM €ro
MATUBEPUIMHHUKOM. TaKoll MHOTOTPaHHHUK MOXXKHO pa3OUTh Ha [iBa WJIX TPU TeTpaszpa. B
IocjaefHeM CJydae BCe TPH TeTpad[pa HMeIoT obOmee pebpo, Jexaliee BHYTPHU
naruBepmuHHUKA. CyMMa Tpex IUIOCKMX YIJIOB Ipu obmem pebGpe paBHa 360°.
CrnepoBaTenbHO, IIpU pasOMeHUH IATHUBEPIIMHHUKA Ha TPU TeTpasZpa oOpasyloTCsa IO
MeHbIIIell Mepe [1Ba KOCBIX TYIIOYTOJIBHBIX TeTPasApa.

Orcroma mosydaercs ciaefyOIUN KPUTEPUH yAAaYHOTO PACIONIOXKEHHS Y3JIOB:
eCIy NATUBEPIIVHHUK IIPYU TpHAHTyIAnuu JlesoHe fennUTCA Ha ABAa TETPAdApa, TO Y3JIBI
PACIIOIOXKeHBI yIa9HO, 1 00a TeTpaspa OCTPOYTOIbHBIe. EC/IM Jke MATUBEPUIMHHUK IIPH
TPUAHTYIAUNH [leloHe IeMuTCs Ha TPU TeTpasApa, TO Y37l PACIIOIOXKEeHBl HEYIauHO, U
MBI CTOUM IIepefi AUJIeMMOH, 9TO Xy’Ke: TPH KOCHIX TYIIOyTOJIBHBIX TeTpas[pa, WU JBa
CILIIONIEHHBIX TYIIOYTOJBHBIX TeTpadzpa. OTeer: “ob6a Xyxe”, m Jydlle A00AaBUTh Ha
o061eM pebpe JOTIOTHUTEIBHBIN y3eIl.

Peaymsanysa. PaspaGoTaHHbIe TeOpeTHUYecKre YTBEPXKIEHNs Pealr30BaHbl B BHE
KOMIIBIOTEPHOM IIPOTPAaMMBI IS aBTOMATHYECKOTO OOHapyXeHusd IoZo06IacTel
TPeXMEPHBIX CETOK C HEYAAaYHBIM pacCIOJOXKeHHeM Y370B. AJNTOPUTM OCHOBaH Ha
CBOMCTBe ABOMCTBEHHOCTH TPUAHTYIALMH /leloHe 1 MHOTOTpaHHBIX MO3auK BopoHoro.

1 JaHHOTO MHOKeCTBA Y3JI0B BHaYaJIe CTPOUTCA Mo3auka Bopororo. Jlna aToro
KOKJOMY y3JIy IPUNKCHIBAETCA LIAp MAJIOrO pafuyca C IeHTPOM B JAaHHOM y3je Tak,
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4TOOBI He 3a/eBaTh APyTHe Y37bl. 3aTeM BCe LIAphl OZHOBPEMEHHO ‘pa3byxaioT’, Ipu
5TOM HX PafuyChl PacTyT C paBHOM ckopocTbio. Korza fiBa mapa compukacaroTcsi, ©X pocT
B JJAHHOM HaIIpaBJIeHMH IPEKPAIIAeTCs, U UX LEeHTPhI 3alI0OMUHAIOTCS, KaK [apa COCeTHUX
y310B. CoefuHAA COCeSHME Y3/IBI, IIOIYYHUM, COIJIACHO CBOMICTBY IBOWCTBEHHOCTH,
TpeXMepHYyo TpuaHrysuuio Jlenoxe.

NA
N
N

Puc. 7

PasHouBerHast okpacka IIapoB Ha OKpaHe KOMIIBIOTEpA IIO3BOJIAET BH3YaJIbHO
Ha0II0ZATh IIOCTPOEHME TEeTPad[poB M OOHAPYKHBaTh HeNOCTaTKH ceTku. Ha pmc. 7
IoKasaH ¢parMeHT paboTel IporpaMMmsl, rze Iuppamu 1,...5 00603HAUEHBI Y3IIBI
TETPa’3ApOB, KOTOPhIE ABJIAIOTCS I[eHTPaMHU, COOTBETCTBEHHO, mapos 1°,...,5 . Bugho, uro
BCe IIATh IIAPOB COIPHUKACAIOTCA JAPYr C JOPYroM, IIO3TOMY IIOJIY4alOTCA TPHU
TYIIOYTOJIBHBIX TETPAspa, T.e. y3JIbl PaCHOIOXeHbI HeyaauHo. Ha pucyHke sxe 8 mapsr ¢
LIEHTPaMu B y37ax 1 1 2 He COIIPUKACAIOTCS, ITIO3TOMY ITOJy4aIOTCS [[BA OCTPOYTOJIBHBIX
TeTpaszpa.

Puc. 8

326



HPe,ZEHO)KEHHBIﬁ AJITOPUTM HE€ 3aBHCUT OT TOYHOCTH MAIITMHHBIX BBIYUCJIEHUU, U
JIETKO pacCIliapajjIeINBa€TCA.
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H. A. TERZYAN, H. S. SUKIASYAN, A. E. HAKOBYAN, A.A. G EVORGYAN

ON CONSTRUCTION OF OPTIMAL MESH FOR SOLUTION OF FIELD PROBLE MS BY
FINITE-ELEMENT METHOD

A structural method of Delaunay tetrahedral meshnfameric solution of three-dimensional
nonlinear field problems by the finite-element noethis proposed. The method is based on duality
properties of the three-dimensional Delaunay mewh the Voronoi polyhedrons. The method is
comfortable for paralleling.

Keywords: electromagnetic field, finite-element method, #&démensional tetrahedral
Delaunay mesh, Voronoi polyhedrons.
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UDC 004.032.26:629.3.066.8.52 AUTOMATION AND CONTROL SYSTEM

G.A. POGHOSYAN

DECREASING VOLUME OF IMAGE DATABASE
FOR AUTOMATION FACE RECOGNITION SYSTEM

Granting computers ability to discover and identifg object is a contemporary problem that
deserves special attention. This problem is widmhailable in various technological processes,
security services, reading systems, criminal lawedital systems, video-conferences, in computer
virtual reality, as well as in all video observatisystemsBecause the recognition database is a
collection of images and automatic face recognisigstem should work with these images, which can
hold large volumes of computer memory that is wey mecessary to investigate and develop a
method / tool for optimal using volume of computeemory (that decrease image a database volume)
and implement quick search within database.

Keywords: Haar-like features, LEM (Line Edge Map), invarigpiikel, frame.

Investigations and study of certain methods helpoudevelop and implement the
method/tool, which decreases volume of recognittatabase. To achieve the above
mentioned goal the image LEM (Line Edge Map) isdufl]. Since quantity of images in
recognition database (n) is not infinite, imagedrfip, *.jpg), n=40 and *.jpg format are
selected. For object detection and recognitionrélgn Haar-like features are used. They
owe their name to their intuitive similarity withadr wavelets and are used in the first real-
time face detector.

Image sensors have become more significant innfleennation age with the advent
of commodity multi-media capture devices such agtali cameras, webcams and camera
phones. The data from these media sources (whitkiyeare still images or video) reach the
stage where manual processing and archiving bedorpessible. It is now possible to
process these images and videos for some appheatio near real-time using motion
detection and face tracking for security systenmsweéler there are still many challenges
including the ability to recognize and track obgeat arbitrary rotations. Haar-like features
have been successfully used in image sensors dertfacking and classification problems
[2], however other problems such as hand trackinghf8le not been so successful.
Historically, working with only image intensitiesd., the RGB pixel values and every pixel
of image) made the task of feature calculation agtjpnally expensive. A publication by
Papageorgiol4] discussed an alternate feature set based on Haaglets instead of the

usual image intensities. Viola and Joijb$ adapted the idea of using Haar wavelets and
developed the so-called Haar-like features. A Hikar-feature considers adjacent
rectangular regions at a specific location in ad@n window, sums up the pixel intensities
in these regions and calculates the difference detvthem. This difference is then used to
categorize subsections of an image. For examplehave an image database with human
faces. It is a common observation that among abdahe region of the eyes is darker than
the region of the cheeks. Therefore a common Hasufe for face detection is a set of two
adjacent rectangles that lie above the eye andchieek region. The position of these
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rectangles is defined relative to a detection wimdbat acts like a bounding box to the
target object (the face in this case).

In the detection phase of the Viola-Jones objettatien framework, a window of
the target size is moved over the input image,fandach subsection of the image the Haar-
like feature is calculated. This difference is theompared to a learned threshold that
separates non-objects from objects. Because stidarlike feature is only a weak learner
or classifier (its detection quality is slightlytter than random guessing) a large number of
Haar-like features are necessary to describe acbbjth sufficient accuracy. In the Viola-
Jones object detection framework, the Haar-liketuies are therefore organized in
something called a classifier cascade to formangttearner or classifier.

The key advantage of a Haar-like feature over rotstr features is its calculation
speed. Due to the use of integral images, a Hearféiature of any size can be calculated in
constant time (approximately 60 microprocessorimsions for a 2-rectangular feature).

The main reason for this is the fact that Haar-fé&atures are not invariant over
rotation. This means that any object that rotates ia sensitive to angle changes (such as
hands) will be difficult to solve using standarddfidike features. The features that define
faces tend to be insensitive to small angle vaniatiand Haar-like features have been used to
detect head rotations of as muchi&d from the vertical [6]. When people are standingjith

heads is naturally aligned vertically with resptxigravity, this rotational sensitivity tends
not to be a significant problem for faces. Othedybparts such as hands, arms and legs are
not normally aligned with the horizontal or vertiexes and they are difficult to model with
traditional Haar-like features. Researchers hamdee to use edge detection or color based
tracking of these parts.

™= -
1IN "L

Fig. 1. Standard Haar-like features aaéitwisted Haar-like features

Several researchers have studied the impact ofaimeprotations for image sensors
with the use of twisted Haar-like featurd¢5() [6] or diagonal features of fairly good
performance have been achieved. These techniqlidsawe little benefit for problems that
are sensitive to rotations, such as hand identificg[3], which are not aligned to fixed
angles 0%, 45% 90°, etc).

Haar-like feature based classifiers like the Jomas Viola, face detector work in
almost real time using the integral image(or sumraezh table) data structure that allows
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features to be calculated at any scale with onbpé&rations. However standard Haar-like
features are strongly aligned to the vertical/ zamtal or45° (Fig. 1.) and so are most suited

to classifying objects that are strongly alignedava#i, such as faces, buildings, etc.

Standard Haar-like features consist of a classaidllfeatures that are calculated by
subtracting the sum of a subregion of the feattown the sum of the remaining region of the
feature.

Integral images or summed area tables are a datdwse that contain the sum of all
the pixels above and to the left of the currenepiXhe time complexity of the algorithm is
2MN (where M and N are the height and width of ithage) since each pixel in the integral
image requires two addition operations (see eq. 1).

fL) =fi—- L) +fij—-1)—fi-1j—1) + g, (1)
whereg(i, j) is the pixel value at positicii, j), (i, j) is the integral image value at position
(1i). Integral images are important as they allow tha sf a rectangular area of pixels of
any size to be calculated with only 4 look upshi@ Integral image data structure:

33 g(i, ) =f(a,0)- f(a,d)- f(b,c) f(b,d) @)

i=a j=c
whereg (i,i) is the pixel value at positiofi, i), f (i.i) is the integral image value at position
(i,i), (a,c) is the coordinate of the top left pixel aOld,d) is the coordinate of the bottom
right pixel of the rectangular region that is besugnmed.

Edge information is a useful object representafieature that is insensitive to
illumination changes to certain extent. Edge deiacis a fundamental tool in image
processing and computer vision, particularly in #reas of feature detection and feature
extraction, which aim at identifying points in aital image at which the image brightness
changes sharply. The purpose of detecting shampgelsain image brightness is to capture
important events and changes in properties of tbddwlIn the ideal case, the result of
applying an edge detector to an image may leadstd af connected curves that indicate the
boundaries of objects, the boundaries of surfackings as well as curves that correspond
to discontinuities in surface orientation. Thusplgmg an edge detection algorithm to an
image may significantly reduce the amount of dathd processed and may therefore filter
out information that may be regarded as less ratevahile preserving the important
structural properties of an image. If the edge a&te step is successful, the subsequent task
of interpreting the information contents in thegamal image may therefore be substantially
simplified. However, it is not always possible tbt@in such ideal edges from real life
images of moderate complexity. Edges extracted fiomtrivial images are often hampered
by fragmentation, meaning that the edge curvesiareonnected, missing edge segments as
well as false edges not corresponding to intergspphenomena in the image thus
complicating the subsequent task of interpretirggithage data [7].

Rectangular mask &m) for getting LEM of image (Fig. 2) is used. Ahages
having < n size of rectangles (n=8) and these rectangles bmismaller than the main
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features of the image details (nose, mouth, eykd)elps us to observe all brightness points
and avoids not important pixels of image.

image LEM

original image

Fig. 2. Used 8x8 mask for getting image LEM

1234 5 &7 8

e e I L R R B T

mask n=8 pixels
Werticaln pizels Vn=12,.. 6=

Rectangel from image region

Image region

Fig. 3. 8x8 mask and image divided with 8x8 regtas

Equation (3) is used for calculating brightnesshofizontal or vertical pixels and
their opposite side pixels (Fig. 3).

V=) (6D -8, H=) (1) -8, ©
i=1 j=1

The function having brightness values of horizoratatl vertical sides on current
rectangle, which shows lines according to brighinedues (Fig.3) is developed.
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Haar classifie gach
feature is 848
window filter

‘) output imags

input image

detected faces

Haar classifier function clustered

Fig. 4. Haar-classifier face detection algorithredow

Fig. 4 shows changing recognition images data flow Haar classifier face
detection algorithm. Using black and white linerage method for training database the

following results are given in Table, wheretg.g and tg,, are face detection and
recognition time,Sgcg andSg,, are sizes of training images are used for retiogn

Table
Training database Detection and recognition Training database

type Training images| time size

RGB 40 trece SrcE
BW(black and S
white) 40 tew B

After many experiments we get the following result
tree = tgw @nd Sgy =Spep x (0.6 — 0.58), 4)

which means that image database size is reduced(e42 % percentage. So we get image
optimization tools which can help us to optimized amduce the file size of the image
database for recognition and developed a methodbl/ for optimal using volume of
computer memory .

So in future work we will try to implement reaite frame moving face discovering
and identifying the automation system, which wikeuthe result of this work and will try to
identify and recognize faces using database wiN lof images.
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Q. U. 1N1.NU3UL
QGULP UYSNUUS KULUUUL 2UUTYU P NMUSEUELUE P SYSULLEE fRULQUSE OUYULP
LIdUQGsNrU

Zwdwlunpgsht opjjnttpp Wjwwnkint hwnlnipjudp b fwhwsnnujub ntbwlnipjudp odunbip
uguon fuhuin wpnhwfwb punhp b wpdwbh B nupwunpoipjui: Ujun wnw b nkubninghulwh
gnpépupwgubpnud, wwhwluhtt Swnwmpniubbtpnud, ppwghunipjui Uk, b whuwhuljnud
Juwnwnnn pojnp w] hwdwlwpgbpnud: Uju wppnwinwpnid junwpyws ku wyn ughputph nisdwi
hwjnuh dkpnpubtph niuntdbwuhpmpiniuitp b hbnwgnunipniuibp: Ukp tyuwnwyy £ hbknwgu dbp
wplunwnwbpubpnd dpwltp b ppwluuguty nhdph dwbwsdwt b Jbpnsnipjut hwdwljwpg, npp
Jogquugnpsh wyu wpuwnwipnid ukpuyuglws gdwihtt quwnykpubph puqui :

Unwigpuyhl punkp. Zuwnph pinipugnhsubp, gduyhtt wwnybtp, hiduphwbn, whljub), jungp:

I.A. TIOTOCSIH
VMEHBIIIEHUE OBBEMA BA3BI IAHHBIX M30BPAXKEHUII B
CHCTEME ABTOMATHU3ALIMH JJI PACTIOSHABAHWUS JIMIIA

CrocoGHOCTh KOMITBIOTEPOB OOHAPYXXMBATh U HAEHTU(UIUPOBATE OOBEKT - aKTyalbHas
mpoGyeMa, KOTOpas 3aC/ly)KHUBAaeT BHUMAHUS, OCOGEHHO B Pa3IUYHBIX TEXHOJIOTHYECKUX
IIPOLIeCCAaX, OXPAHHBIX YCIyraX, CUCTEMAaX CUYUTHIBAHWS, MEJUIMHCKUX CHCTEMAX, B XOJe
BU/IEOKOH(EpeHIUY, B KOMIBIOTEPHON BHUPTYaJbHOW pPEWIBHOCTH, a TaKXe BO BCEX
BufieocucTeMax HabmiomeHus. Ilockonasky 6asa [JAaHHBIX - 3TO KOJUIEKIUK H300paXKeHUH u
aBTOMATUYECKAs CHCTEMAa PAaCIO3HABAHWA JIUIA AOJDKHA paboTaTh C STUMH H300paKEHUAMYU,
3aHUMAIOIUMY  GOJBIION O06BEM IaMATH KOMIIBIOTEpa, TO HEOOXOAWMO WCCIeNOBaTh U
paspaboraTth MeTOZ, - WHCTPYMEHT M OINTHMAIBHOTO WCIOJIb30BAHUA 0OBeMa NaMATH
KoMIbioTepa (yMeHblIeHe 00beMa 6a3bl JAHHBIX U300PaXKEHU) M OCYLIECTBUTH OBICTPHIA IOUCK
B 6ase JaHHBIX.

Krrovessre croBa: onpepenureny ['aapu, nuHeWHOe OTOOpaKeHWe, WHBAPHAHTHOCTH,
TIUKCeJ, Kafp.
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SENU4YUL AULQUULLNREE UNULUCNTHULELP 2ZPUTUL 40U UNULS
OUUL MESULBNREECE FUCACNCTY ONVULPURLEP
USUSUUL Y QuUNUYUUL 2LUrudnrnke3nbue

Swpwwnbuwl] (Epbtughtt wwywptbph bhhdwb Jpw, npybu Juwyuwlguiynip oquuugnpstiny
twwnphnidwlut hinnly wwwlne gpuyhtt ndnyp, wwwupwundl] b wwuppkp yupdwbbbpnod
snpuinig htiinn npnoyt] kB wnwg ppédwb unwgynn ubkgknkuuyht thnpowphuhsubph hhdbwljwi
hwwnlmpniuttpp:  Nbunwdtwuhpdly o twlb  vnwgws thnpdwbdnipubph  ohwpwljdwi
httwpwynpnipnitt 1 gpuitg dkjpwithjuljuit hwnlnmpempibubph Jpu dwuywnwpught gnpénth
wqnlgnipiniiip:

Unwigpuyhl punkp. wupup, hinnil) wywyh, etwpuly, jukgknti, jukgbntuh thnpowphihy:

Qpuljut nyjuukph YEpnisnipyut wpynitpnid [1] wppuwmwnwbpnid gnyg £ wipjws,
np wnwig ppddwb kFdwhwght jukgtnku hpkph vnwgdwt hwdwp npybu juywlguiynipe
wnwybk] byuunwlwhwupdwp b oquuugnpét] hwdbdwwnwpup bdwbwght b wuwluu
Juuwuwlup upjhjunughtt b dnudwwnwghte spmipnugynn pnipwhwy; wywhubp jud
hwbpwybwnnipmniund wpunwunpynn twnphnudwlwt hbnniy wywyh: Npubu (guiynipbp
Jupnp bLu oquwugnpsyl] wbknulwt pwquuplnype wjwqubp, (Eptughtt wwywpbp,
hpwphiuyhtt b wpynitwpbpujut pwpudubp, pupuyght jud wy) pinyph wpnunpuju
puthntbp: Puqupunughtt thnont (Uwuthlubph wowbjugnyt swthp 0,1 #2) hhdwt Jpw
npytu  Juuyuwlguiyniptp oqumugnpsting YJuwwpwpnpuwnuwght, ghuljdnudwnughl,
pnpuwuhhjunwhtt gnipwhw) wywlhubp b twnphnudwut htnniy wywyh, [2]-nd
hpuwjwiwgyt] t wnwyl] hipwbjupuyhtt juyulguiyniph (1,4...1,5 ¢/ annipnia b
2,8...3,1 upjpjunuyhti Unnniy niikignn hknnil] wywljh) paununpuignipnd tpu wuwpnibw-
Ynipjutt (12 quibg. %), hpkph Abwynpdwb tnwbwlh (Ghuwsnp dwdinid), snpugdwi
obpdwunh&wuh (300 °C), huswhku wwlh etwpwlh b twpwldwlt wnwykjugnyu
otbpdwunh&wih (1000 °C) punpnipni:

Ukpju wohwnwtpmid, wuwhwwking [2]-nud puinpws ubghntuh thnpjaowphuhsubph
unwugdu oyunhdw] wuydwubbpp b juwyulgnn nipt nt bpw wupnibwlnipmiip,
htywtu bwb npybu guiyniplp oquugnpsting pwquump (hwdbdwnmput hwdwp),
nnuhh, whejhwuh, Ypupwph, wputpunhih, gondhnh, lupghnh b goishnh thnphtbp,
unwugyl] b nunmdtwuhpdl] it wpwtg ppddwt dbwdnpynn pubkgbntuuwghtt hpbph
thnpuwphthsutin: Unwugdws wpnyniupubpp ginbndus Bu wnniuwy 1-nud:
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Unpnruw]y

Owjuuyhlt Owljnun- Qpulyu-
Lguiyniph | quiqusp, ¢/uf | Ykunip- *Em uL g |1 Uigbh
(qupnibw- jniup, L wdpnipe- |-nipjub
300 |miunip-
N| Ynippmniup, 300 G, 300 jutt uwh-| gnpéw-
dwdnulhg 0C-hg | jmiup,
88 quulig. %) hbwn 1 dwud 9C-hg hbwnn o dwtip, | Yhgp,
wnbkuwlp htuin | htun, % ’ ° Ulu | dg/miP
%

1 [Puqun 2,19+ 0,022,06+ 0,010 5,94 11,4 78 616 0,162
2 |Snip 2,27+0,02|2,10+,015| 7,49 14,8 72 468 0,837
3 |Mknjhwin 1,77+0,03[1,63+0,011 7,91 15.2 80 432 0,140
4 Ypwpup 2,17+0,022,05+0,010 5,53 10,7 81 720 0,285
5 |Spwytpwnhit | 2,09+ 0,01/1,96+0,01| 6,22 12,0 79 648 | 0,128
6 |9jupghn |1,78+0,02(1,66+0,015 6,74 13,1 79 540 0,168
7 |Fnnuhn |2,18+0,022,06+0,010 5,50 10,6 80 724 | 0,184
8 | Initthn 2,25+0,022,11+0,010 6,22 12,0 81 672 0,147
9 4 1

Pu. hné 2224005 B 0, 0,6 98 68 0,89

puiquijn
10 2 4 7

Pu. hné 16£0.2 B 8 0 9 183 3,71

wnnid

Quuynpuwsd thnpdwidniptiph swjuwyuyhtt quaqudp snpugnidhg wnwe b hkwnn
npnoyby k udniph quiigyush (wbwjhwhl Yotnp) b 0.05 4o/ Lounipjudp’ tpwg qduwjht
swihtiph  npnpuwt wpynibpnul: - Qwlnnfkumpmbp  npnpdly £ (d, —d)/d, [100%
pwtwdlny, npunbkn do b d-u thnpdwbdnioh sSwjwuyhtt quuqustpt tu dwdinudhg b
snpugnidhg htwnn, ¢/wf; opuiljjumunudp npnoyly E Yppughtt bnwbwlnyg’ winiop 5 pnuhk
nlbnnnipjudp uwnp opnid wwhbnig b wjinithtnb dwltptup snp onpny uppljnig htwnn
lortny htunlyju (G-G,)/G [100% pwtwdlny, nputn Go b G-t thnpdwidmpubph
Yohnutnl Eu opnid wuwhbinig wnwe b htwn, ¢ epwljuniunipiniup npnoyty t hknlbyug
(G, -G,)/G, (100% pwlwdlm], npntn G b G -p tdniph quuqudtbpt kb kpwgnn
opnid 1 dud wmbnnmipjudp wwhbnig wnwe b hbwn, ¢ Qpnud puypuybint nhwpnid,
uunuoh opuljwnitnipmmitip hwdwpyl] £ 0: ®npdwtdnipibph ubinidwt wdpnipmiip
nnnoybky F'OCT 6427-75, dwpkhnipjul gnpswiljhgp' T'OCT 21216-75 hwdwdwygu:

Unwugywé wpnniupbph hhuwb ypu Jupbh £ hwbgl] hbnbjuwht:

Zhnni] wyuwlynt hhdwt Jpw htwpwynp E unwbwy jubgintuhtt thnjowphtng, hpop,
pupdpnpul] pununpuiynipbp’ npytu (guiyniptp ogunuugnpstiny hsyku uhjhjuwnughl,
wjuytu b Juppntwwnwhtt punyph pninp (Eptwjhtt wywpbbpl nt pwpwwnbuwlubkpp:
Unwdt] pwpdp wiupnipjudp nt opuliumniimpjudp, gqudp Sswlnunljbumipjudp,
opuljjumidwt m  dwpbjhmpjut gnpdwljpgubpny wpwtdtwind bu, hwnljuwyby,
Juppntwnwghtt punyph wwwputph (gondhwn, Ypwpwp, wpwdbpnpy) hhdwbh 4pu
unwgyus punuppuiynipbpp:  Lnyuhul] pbwluihg Swlinwnltt n  dEjuwbhynpku
hudbdwwnwpup pny; mpuytpnhtth hhdwt Jpuw vnwugdt) B thnpdwudniptkp, npnup
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wuipmpjudp hwdwpjw skt ghonid piwjut hné puquunhlt, hull dwokhnipjut gnpsuligny
ghpmquignmd ki tpw: Qupkih £ dhugt Bupwnpt), np juyghnidh jud dwqukqhnudh
Juppntwnbkpp htg-np swthny nusynid jud phthuybu thnpowgnynmud B hinnil] wmyuyne
htwn dwuqbph pudutdut vwhdwinid wnwewgutinyg swwn wybih Juynil, wdnip nt Yupsdp
unubidnn ohkpwn’  ounphpy twuphnud-Juighnid-dwqubghnid  uhjhuwntkph, pul

twwnphnwp uhithuwnp: Zknwppphp o twlb jdwpghinh ot wnibh wwpwquubpnud
unnwugywé wpnniupubpp: Uywubkihpttipt wnwehtih nhwypmid owwnn wydkih pupdp thi, huly
tpypnpnh phypmid gwsp, pwl unwgl] i tnpdbwlwinpkl: Ppnp, Yjwpghup
nunitwuhpws (guiyniptphg wnwyl] Yupspu L, dbjpwbhlinpkt wdniptt ni phy
Swlinunjtup, vwluyi tpw hhdwt Jpu wnwgwé thnpdwidniptbpp Jupdpnipjudp
wnwbudtwybu wsph skt puljunud, hul wdpnipjudp qghenid tu pninp thnpdwtdniputipnht,
pugh iy b whnthin wupnitwlnnubphg: Snidp, punphwlwpwlp, pnnp jguiyniptph
hudbdwnnipyudp wdkbwsunntut E, dbjuwiuhynpbit wdktwpnyp b wdktwhuthniyp:
Pusybu tpind £ wn. 1 -hg, ppwut hns nnidt wdpnipjudp nt dwobkihnipjub gnpsuljgh
Ubkdnipjudp Unwnn 4 wmiqud qhonid L pwjut hné puquupl, vwljuyt pugunpuiyniph
Juqunid uybt wdpnipjudp qhynid L puquinnhtt dhuyt 24 % -ny, hul] dwpbjhnipjut
gnpéwihhgp, unyuhull gwdp b puwljub puqunh gnpdwlighg: Unwugdwé wpnniupubpp
YJupghnh ghypnid, hwjwbwpwp, guydwbwynpyws tu dwuthlutph hwdbdwnwpup
wwlwu pponquijmbmpjudp htnml  wwwlynt  Ynqdhg, hul wmbh  phwypnud
punhwlwrwlp, swlinunhubph jgdwdp b dwubhlubph oppwyunnudny hbnni] wwwlnt
otpwiny, npp snpwbwnig hbnn pununpuiymphtt hunnpnmud £ pwpdp wdpmipinit nu
Jupdpnipinil, gwsp Swinwnlkunmipnit: b by, whnihwh phypnid unwugdus gudp
dbEjiwthjuwut  wdpnipnitp  tnybybu  wuwjdwbwdnpjuws L dwubhlubph  gwsp
pponnuljuiinipjudp hinnil] wwywlnt Ynnudhg:

Puth np Wwldws punuppuiyniptpp Ynydws Lt thnpuwphubnt jubgbnkuhb, npp
owwn nhwyphpnud Eupwpyynid £ otwpuljdwi, ntunidbwuphpyby kbl muppbp iguiyniptnh
hhuwt Jpuw unwugqus topdwbdnipubph otwpwldwt htwpunpmipniup wwppkp
wywlhubpny: Glukng wjt hwiquuwphg, np pununpuiyniptphg Uh pwhup, ophtiwl,
nnnuhinughtt pununpuiynipbpp 500 °C-hg pupdp ohpdwunhdutubpnid Eupuplynid Lu
obipduyhtt ghungdwl, pupdp huypdwt okipdwunhdwu niubgnn wpstwwwlhubkph Ynnpht
thnpdwupyyt] Eu twb [2]-nd npybu juwwlguiyymptp oguwugqnpsdws npnipwhuy
wwwlhubpp Quupulught ndnypubpp (wixkep) ywuwwnpuwuwnyl) o tnipp dwbipugdus
(Uwutthhubkph wnwybjugnyb swhbkpp <60 #4d) 9:1 Yonuyhtt hwpwpbpnipjudp wywlnt b
Juyh jpuntunipnp oph hkn pwntbnt Fwtwywphny: Quupujuyunndi hppujwubwgyt
b puynudwt Enwbwlny: Pnnp thnpdwtdnipibpp gtwpwluyhtt fpwntnipnh tundwudp
gniguipkpl] Eu  ubpsduwt pwduwpup ntbtwlnipmit, npp puguunpymd b upuitg
Swljnnikunipjudp: Quupwljuyhtt ohpnh hwuwnnipmitp juquty £ 0,1...1,0 #i£ Uhlsh
hpwihuwy ignudp wdnpubpp snpugdl) Lo bwju ubkiywluyh, wyu 80, 120 L 300 °C
obpdwunhfwbtbkph wnwl, wdbt wiqud Yhu dwd wnbngnippudp:  Zpwthuybgdu
gnpépupugh  hpwiwiwgdl] b dowdbbpughtt REjupujut Juowpwinod,  wwwlne
thwhligdut  obpdwunhdwihg 200...300 °C pwpdp  obpdwunhfwinud:  Lwpuwubu
snpuugdws thnpdwbdnipubpp vwnp Jpdwlmd dingyl) ki nwp qunwpwi, wywhyl; 8...10
nnwk, huib b uvunkgyby B onnud:
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Ogquugnpéyky Eu htnlyju) wmywlhubpp.

- juywpwpnpuwnughtt gnipuwhw; wwywlh (85q.% PbO, 11B20s, 2Si02, 2A103),

hputhwy kgdwb ghplwunhgwip’ 500 °C,

- ghuy$nudwinught pynipwhwy wywlh (50 q. % ZnO, 15P20s, 25B20s, 8R20, 2Si02) 600

°C,

- pnpuupihjunughtt gnipwhwy wyuwlh (32 q. % SiO2, 17B203, 20TiO2, 24R20, 5A10s.

1CdO) 650 °C,

- C 82-3 Uwljihoh swdlynypuyht wwywlh 650 °C,

- C 88-5 uwljthoh Ygnpnuyhtt wuyulh 850 °C,

- Cm - 87 dwiljthoh wipstwuulh 900 °C,

- wnwupphkp kpubigh nt puqunpmpjui wywlw Gkplkp 700...900 °C:

Unwgyl) ki hbwnlyw) wpgyniupubpp.
1. Npubtu (guiynipbp puquin, vinidy b gnithn wwpnitwlnn punuppuiynipbph

hwdwp hwdwwnbnbih Eu tnk) ponp wywlyhubpp, pugh juywpupnpunuwghtt nynipwhug
wwwlnig, npp obpduyhl pigupdwldwi gnpswljgh wthwdwwnbnbjhniput yuwndwnny
(110...120g107K""" pununpuiyniptph 80...90q107K"! nhuwg) &wpdpyl] b Ulhwgws pnpnp
phypbpnid wyuljju sSwsynypp unwgyl] b wbpkph, tnyuhul dwipwphunwlh wnuy
phunwpljhu: k. tjuwnygl] twb gdbuyhtt swihbph thnthnjumpmnibaubp b Swjwpught
nhdnpumghwubp:

2.

Ypwpuwph b wmpuwybpnhuth ghypnid npuljut wpynitp bu vt pojnp wyb wmywlhukpp,
npnug hpwthuybgdut gbkpdwunhdwup sh ghpuquugk] 800 °C-p: Ujunkn unyuwybu
juuywpwpnpuughtt ginipwhwy wyuwlht tnyt wundwnny pugunnipinit b juquby:
bus JEpwpbkpnud L 8009C-hg pwpdp bhpwthuyiigdut  obpdwumhfwt  niubgnn
wwwlhubpht, www Ywghnidh YJuppnuwwnh obpduyhtt nhungdwt  wpnnitpnid
upwbghg gnugws pwnuiuptbtpnud tjuwndk] Eu wnwppip pwbwlnipjut nt swthh
p2wnhlutp:

. Uwgqukqhnudh Juppnwnh obpduyhtt phungdwt hwdbdwwnwpwp gudp obpdwunhdwuh

yguwndwnny nnnudhnughtt puqunpuignipiph  ehwpwluwhtt punuuph tpthpnwdp
ujuynid k wppku 700 °C-h vwhdwutbpnid: Uw jponpkt nddupugunid b pnindhwnughe
uniptph gtwpwljdwu juunhpp, pwth np wuwlwu phuhwjut jumniinipjut yuwndwnny
mynipwhwy wmywlhubpp guuih sk otwpuldui btywnwlny oqunugnpddwt hwdwnp:

. MEnthwnh htwpwynp thpdwb Epinyputphg pntuwthbine hwdwp wthpwdtow &, np tpw

hhdwtu Jpu uwwnwguws pwnuppuiyniptph  hpwhupbgdut  okpdwuwnhgwnp
sqipuquiigh 850 °C-p: Ppnp, Cm - 87 dwljuhoh wpstwwywynt b YEpwdhjulwu ukplytph
nhuypnid 900 C -h wwl punuwdbup 10 pnwé wuwhbnig hbknn bjundb B
thnpdwtdnipibph qduyhtt swthtph w& dhugh 10 % -h vwhdwbubpnid: Ujunkn unyuybu,
htywtu b twpnpy pnnp pghwpbpnud, juuywpwpnpuunughtt gnipwhw] wyuwlhb
wnwowginid E Lwpkp obpduyghtt punwpdwldwt gnpbuljgh wihwdwwnbnbjhnipjut
wuwwndwnny:

- WJupghnuyhtt pununpuiynipbph huwn pupdp gbpdughtt pinwpdwldwi gnpswlgh

(>200q107k!) wwwdwnny, punhwlwnwlp, pwgh Ywwwpwpnpuiuwhtt mpnipwhuyg
wyulnig pnnp wywlhiubpp fwpdpynid Et: &wpymd ki twl thnpdwdnipubpp, npp
pugh Junrwput dwngubnt b hwiubme pupwugpnid gnpénn ebpduwyhtt hwpdwsutphg,
yuylutwynpjws b twub 570 °C-nid B-Yyupg ->a-fdupg hwunupdbh dwquyhbe
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wigdwb yuwnmdwnny thnpdwidniptiiph swjuwih dnwn 2 % -h thnthnunipjudp: Uju wdkuh
htwnbwupny etwpwljuwt wuhpwdbonnipjut phypnid guuluwh L juntuwthl] bwb
YJupghinuyht puqunpuiymptph oguugnpénidhg:

Ujuyhuny, shwpwldwd wnnidny bwpptunpkh bbb puqun, vumd jud gnithu,
wyw Ypwpwp, wpudbpnhit b whnhn wywpnibwlnng pununpuiyniptppn: Ujt pojnp
ntwpkpnud, Epp wuwpnwghp jupgny wwhwbgymu £ hplph gtwpulynid, gubfuh &
Juntuwhl) nopndhuinayght b jjupghnught pununpuiymptphg:

Zuyuntp k np npnowljh wbkuph nt dbdnipjut hpbph vnwgdwt hwdwp dowljus
wnbhuninghwljub Unnbkgnidutpp jupnn Eu shwdwwywinwupuwl] wyp wbuph nt swthh
hptph wvnugdw owyyunhdw] Wuydwubbpht: Uy tjunwenidibphg Bjukny' obwpuldwub
htwn juydws thnpdwupynudubph pupwugpnid oqunugnpdyty b mwupplp mpudwghs (20, 45,
150 «/i/) b hmuwnnipni (6, 10, 15 #2/) niutignn ujujunwlwdl hnpdwtdnipbip:

Lguumptph htwn htinnl] wywlnt hwdwube puninidt hpuljutwugyt) £ hwduigh
Uk HBjuiynipuyhtt juwntunipnh dwbpulpyhn pwntdwl, wyw twpbwljub dwudjdut
dhongny (10 UMw) dAhwynpdwt b dhwynpywé thnpdwbdnipubph' 1,5 i/ wgpbp niukgnng
dunh Jpu wmpnpdudp wigugdwt Epwbwyny: Ldnipubph Jipotmljut dAbwdnpnidp,
snpugnidtt ni gwpwlnidt hpwwbtwgyl] tu dhipp wpgws dwtwwuphny: 20 b 40 «o/
wnpuwdwghs niukgnn  otwpwldws thnpdwtdnipubph  hwwnlnipnitiubpp,  thpunjuyg
wdpnipmniut nt ghwpwldw npuljp, wwhywiyl) Bu unyup: 150 4 npudwghd niubkgnn
npuig nhypnid Wjuwwnyl) tu wdnwubph obpnunpiwt Epbnyputp, npp, hwjubwpwp,
punpyus owywmhdwy Lupdwtt (80 UMw) nphuypnid wuwjdwbwynpjws b ghpdudjdut
tpunypny: Uwdjdwb gupdwt hobguwp (40 U7Nw) qnigpupug tpyws Lplnypubpt
wlhwjnwgk] ki Onpdwtdnipttph snpugdwt oyunnhdw] wuwjdwutbph Adtwynpnidhg
htwnn, wuuwh tpwig swihtphg, uvnwugyl) tu vhitnyup® tpuwtg hwnlnipniuttph ny Uk
wnwppbpnipjut ounphhy:

Upyniipp hwuljwbwh E pwth np opwqpldwb gnpépupwugh wpwgnipiniup
Jupudwé b opwqplyny dwpduh wwwnbph hwuwnnipniihg, hull dbip wwupuquynd wh
wpwldtwlh thnthnjunipjut sh Bupwupldt 8...12 #): Uwh uwhdwbiubpowd (0 10 %)
wuthnthnju b dhwgl] tub snpuguws thnpdwbdnipubph hhdtwljut hwwnlnipmiuttpn
(Swjuwuyht Yohn, Swljnnljkunipmnily, sujwjuht hoynid, opuljjutnid, opuljuniiunipniu
b dwobihmpnit): ULduql] Jud, wdbjh &how, ny Jipupuungpbih £ pgupdl ubpddub
wupmipjut vwhdwbp, npp Uk wiqud bu hwunwnnd b gwptph tkpuynipmniup uks
wnpwdwghs nibkgnn thnpdwbdnubpnud: Gphk Wjuwnh smbbbwbtp nputg fwpdub
Epbnypp, wwyw wbhntnu b dumd twb gpuig otwpwldwb htwpwynpnipniiup:
Quupuwljuyhti (nidnyypp htpnnipjudp tunmd L wdnwubph dpu ny vhuyb puljnddwi, wy
twl opdwt b gnpugpdwlt bhwbwlny: Zwdwwwinwupwb phnpmipjut phwpnid
otwpwliwt npwlp uvnwgynd b pwdulwiht pwpdp: Pugulumd Eu  twb
thnpdwtdnipibiph gdwyhtt swihtph thnthnjunipniuubpt nr Swjuwuyhtt pEnplughwukpp:
Loyuwédpn 1thnyht Jhpupbpnid b pnjnp pununpuignipbinht, wijuwju jguiymph nkuwlhg:
bul] pwth np thnpdtph wju hwdwljupgnid ogunugnpsyws b Enbkp wy. 1 -nud pquplus
pninp (guiyniptpp, Jupkh £ qunwhnpbt wugk), np ghnwupldwsé ophttwswthnipmniautnh
niukt punhwunip punyp:
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Ujuyhuny.

Lwhjhuind  puquu-hbnni]  wwywlh  pupwnimpnubph wguwunpuundwul,
thnpdwtdnipibph  dAtwynpdwn bt wdpugdwt hwdwp npnpdws  owgnhuduy
wuydwtbbpp thnpdwplyl] ko twb (Ekntwghtt wy] wywptbph nt pupunbuwljubph
Jpu: Udpmipjut, opuluwyniinipjui nt dwpbjhmpjult wpnudng (ujuqgny
wpynibpubp  Eu gmgupbpl]  Juppntwwnughtt - puinyph  wwwpbbpp, npp
wuydwiwynpywsé k, htnni] wyuwlnt hkn tpwbg dwubwlh hnhwgqpbgnipiub
wnpyniupnid wowyl) Juynit dhwgnipmiiubnh gnjugdudp:

Swppbp punuypnipnit b hpwhuwybgdut obpdwunhdwt nmubkgnny wwwyhubph
dhongny niumdbwuhpybly] b twb vwwwpwpbnype (kntujht wywuptbph b hbnndy
wyuwlnt hhdw Jpw wnwig ppédub vnwugus thnpdwbdnipubph ghwpuldui
htwpwynpnipmitin: Mwpqyl] £ np gbwpwldwd wpnudng twpptunpkh Gu
puquin, ninid Jud nnithwn, wyw Ypupup, mpudbpnht b yhinhn yupnitwlng
punupuiymptpp: Uyt popnp phygpbpnud, pp quwpnwnhp jupgny guhwbgynd
E hpkph otwpwynud, gwuluwh Lt pjuntuwthl] pnndhunughtt b Yywupghunwghb
punuypuiymptphg' 600 °C-hg pwpdp obpdwunhfwutkph wwl wowehth
ququuipwndwb b bpypnpph’ obpduyhtt punupdwldwb gqonpswlgh pwpdp
wpdbtph yuwndwnny:

Nuunmudbwuhpyl] b twl dwupnwpughtt gnpdnth wqptignipmiit wnwbg ppsdwi
unwugyus thnpdwbdniptiph dbkjpwtthjulwt hwwnlnipmiuutph b ohwpuldwi
httwpwynpnipjutt Yypu: Nupqyt] k np gdbuyhtt swthbkph dkdwgdwup qnigphipwug
npnowjhnpbkt wuqnmd ud, wdbh dhownn, gquliwu JEpupununnpbih £ puntnud
thnpdwtdniptiiph ubnudwt wdpnipjut nwhdwip: @npdwdnipubph otwpwldwh
htiwpwynpnipjub b gdwjht swthtph vhol jujuwsnipintu sh tjuwnyby:
Thunwpldws opptiwswthnipjnibibpt niunitdtwuhpws pojnp (guiynipbph hwdwp
npunhwinip punype nibki:
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hudpugpmipinin 22.01.2010:

J.A.TEOJAKAH, O.K. TEOKYAH, K.T. TEOJAKAH, P.B. UICPAEJIAH

BO3MOXXHOCTD ITOJIYYEHUA U T'NTA3YPUPOBAHMA BBICOKOKAYECTBEHHBIX
BE3OBXXUT'OBBIX 3AMEHUTEJIEN KEPAMUKU HA OCHOBE PA3HOPOJHBIX
MECTHBIX ITOPO/],

Ha ocuose IIOPOLIKOB PA3JIMYHBIX TOPHBIX IIOPOA C MCIIOJB30BaHMEM B KadeCTBE CBA3KHU
HAaTPUEBOTO JKUAKOTO CTEKJa IIONyYeHBl X HCCIeL0BaHBL 0e300KUIOBbE KepaMUdYeCKHe
marepuansl. VcciemoBaHa TakXKe BO3MOXKHOCTH IJIa3ypHUPOBAaHUS IIOTYYEHHBIX MaTepHaIOB
CTEKJIOT/IAa3ypsIMHU pa3iIudHoro cocraBa. OlpezneneHO BIMAHKWE pa3MEPOB Ha MeXaHHUYECKHUe
CBOMCTBa OGPasIOB.

KoroveBsre croBa: mopoa, >KUIKOe CTEKIIO, IJ1a3yph, KEPAMHUKA, 3aMEHUTEIN KEPAMUKU.

J.A. GEODAKYAN, O.K. GEOKCHYAN, K.T. GEODAKYAN, R.V .ISRAELYAN

THE OPPORTUNITY OF ACHIEVING AND GLAZING HIGH-QU ALITY SUBSTITUTES
OF CERAMICS-SUBSTANCE WITHOUT FIRING BASED ON VARIO US LOCAL ROCK-
POWDERS

Based on various mountainous rocks using natriwgqmidi water solution of glass as a
connective substance, the main properties of cesamibstitutes without firing have been prepared
and determined after being dried in different ctinds.The glazing possibility of the achieved
samples and the influence of scale factor on theichanical properties have been studied.

Keywords: rock, liquid, glass, glaze, ceramics, ceramicsstute.
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YIK 621.4 KPATKHE COOBIIEHNA

P.M. ABPAMAH

YCTAHOBJIEHUE CTAIITMOHAPHOI'O PEXXMMA PABOTEHI
UIEAJIBHOI'O ABUTATEJIA CTUPJIMHI'A C PETEHEPATOPOM

ITonygena saBucumocts KII/I mukioB CTUpanHTa OT OTHOLIEHUS MacC pereHeparopa u
pabouero Tesia AiA BCeX LMKIOB paborel pBuratesnd. IlokasaHo, urto omrtumanbHbii KITJ]
IITUKJIOB CTI/IP.TII/IHI‘a pacTteT Ha HavaJIbHOMU CTagun pa6OTLI ABUTAaTEJId, YTO CBA3aHO C
yBeJ’II/I‘IeHI/IeM CTEeIIeHY pereHepanuu. Honyqua 3aBHUCHMOCTh CTEIIeHH pereHepanuu oT
xoabhdunreHTa pereHepanuu Iy Jjao6oro uukiaa paborsl. HaiizeHs! npeznenbHOe 3HaYeHUe
crermeHu  pereHepaumu u  coorBercrByromuit  KIIJI. Ilokasamo, 4YTO0  OITHMasnbHOE
KCIOTh30BaHKUE pereHepaTopa BO3MOXHO IIPHM W3MEHEHHM 10 XOAy paboThl MallKHBI
xoapdunmenrta pereHepauuu OT eAWHHIBI [0 MaKCHMaabHO BO3MOXKHOTO 3HAYEHHI B
CTAI[MOHAPHOM pEXUME.

KrroueBsle croBa: TenoBsle MauruHsl, nukl Crupiauira, pereeparop, KITZ.

Beemenue. Illornanzackuit usobperarens P. Crupiaunmr B 1816 r. momyumn
IIATeHT HAa [BUTATeIb BHELUIHETO CrOpaHWd, Ife PpaboduM TeaoM ObUI BO3ZLYyX.
ITockonsky B pBurartensx CTHpPJIMHTA HCIIOJB30BAJINCh CPABHUTEIBHO BBICOKHE
IaBJIeHUs, TO OHM OBICTPO BBIXOAWIM U3 CTpos. IlpourpaB B HafeXHOCTH U
MOIIHOCTH IIAPOBBIM MamrumHaM, gsurartenu CrupiamHra OBLIM HAZONTO  3a0BITHL
Bropoe ux "poxzaenue" mpomsomo B 60-X rozax INPOLIIOTO CTOJETHS, KOTAA ObLIx
IIOJTy4eHbl HOBBIE MaTepHaJbl X HOBble KOHCTPYKIMHU. lellepp OKas3aloCh, 9YTO OHH,
He TIPOUTPHIBAS B MOIIHOCTH, 6OjJiee TIPeANOYTHTENbHBI B IUIaHe dKosoruu [1-3].
Jsurarenamyu CTUpIMHTa HWHTEpPECYIOTCA aBTOMOOMJIMCTBI M MeIUKU, CTPOUTEIN
IIOIBOAHBIX JIOZOK, PAOOTHHKU CEeJIBCKOTO XO3AHCTBA M CO3ZaTeIH KOCMHYECKHUX
kopabseit. Ha 06ase KOHCTpyKuuii 5TuX ABUTaTeleil pa3paboraHsl 3(deKTUBHbIE
KpUOTeHHbIe CHCTeMbl. BaxXHBIM y3moM gBuraTens CTHpPIMHTA ABIAETCA pereHepaTop
Tema, 6e3 KOTOporo ObLIO OB HEBO3MOXKHBIM  PasBUTHE COBPEMEHHOM TeIso-
TEeXHUKUA M TeXHUKU HU3KUX TeMmuepatyp [1]. CiemyeT OoTMeTHTB, YTO S5KOHOMUYHOCTH
- He eJMHCTBEHHOe gocTouHcTBO  nBurateneir  Crupnuura. Mix  Herpyzano
IIPUCIIOCOOUTH [ PaboTBl C JIOOBIM HMCTOYHHKOM TeIlIa: COMHEYHBIMU JIyYaMH,
aTOMHBIM PEeaKTOPOM, JPOBaMH, COJIOMOI, yIjIeM, KEpOCHHOM, COJIEBBIM pacCIUIaBOM U
Iaxe IOA3eMHOHM ropsAdeil saBoil. B Tex NpOM3BOACTBEHHBIX IIpOIECCaxX, IZie
HeO0OXOJUMO OXJTaXTEeHHe CHUCTeMbI, BOSMOXKHO IpuMeHeHue apurarens CrupiuHra.
Bo Bcex ciryuasx, KOrjja MMeeTCsS CTAllHOHApHOE COCTOSHHUE TI'PaZiMeHTa TeMIepaTypsl,
MOXHO 3amycTuTh gBuratenu CrupiauHra u ODpuKcoHa. Jlpurarens CTHUpIMHTa MOXKET
TaK)XXe CIIOCOOCTBOBATH SKOHOMHUU BOABI. VI3BeCTHO, YTO B TEIJIOBRIX U ATOMHBIX
9JIEKTPOCTAHIIUAX HCIIOJNB3YeTCA BOAHOE OXJIAXAEHUEe IPOU3BOIHUTEIBHOCTHIO 1
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miaH.M/g [4). 3gecs  upuMmeHeHue papuraresneit CTHpPAMHTA IO3BOJUT HE TOJIBKO
YMEHBUIUTh PAcXoZ, BOJBI, HO U IOJYYUTHh JOIOJIHUTENBHO 3JIEKTPOIHEPTHIO.
VneanbHblii pereHepaTBHBIN Iukya  CTHUpIMHTa MOXET CIYXXUTh TaKUM  JKe
TEPMOZUHAMUYECKNMM JTAJIOHOM [JI JBUTaTejell BHEUIHETO CTOPaHMI, KaK ILIUKI
Kapno.

Teopermueckas wacte. Mpmeansnsrit muxn CTHpIMHTa COCTOMT U3 JABYX
n30xop U AByXx wu3orepM (cMm. puc.). Cumraercs, 9to pabodee Teso - UeanbHBIN Tras.
KIIJl muxma omImpefensercs TeMIIEpaTypoi HarpeBaTels |, M XOJMOAMUJIBHHUKA |,, a

Taxke crenensio oxarus I =V,/V, . O6biuHo r He mpesbimaer 6. Temmeparypa

HarpepaTeJd OTpPaHMYEHAa CBepXy CIOCOOOM IIOZAYM TOPAYEr0  BO3ZYXa, YTO
cocraBiger okomo 900 K. Yacrto XOMOAMJIBHMKOM CIYXKWAT OKpY’Kaiomas cpeja,
mosroMy MamuHbl CTHpIMHTa 0COOeHHO 5(P(PEeKTHBHBI B ITApOXOJaX M KOCMUYECKUX
kopabiaax. Opuum u3 Haubonree 5(PeKTUBHBIX PpelleHHil II0 ITOBBINIEHUIO
SKOHOMUYHOCTH TEIJIOBBIX MAIIMH SBIAETCA BO3BPAT TEILIOBOM SHEPTUU C IIOMOIIBIO
perenepatopa. Hamwmewm smavenms KIIJI uuxma Crupnmura Ges peremeparopa ' u

c perereparopom I. Umeem (cm. [1,5])

T, -T
nN=——"55— (1)
T1 + 1 2
(y=DOnr
3mecy ) - TOKasaTenb azuabaThl.
i
4 2
3
v
Puc.

Perenepatop paboraer IO NpPUHIUIY TePMOAKKYMYJAIUU: OTOMpAs Temao y
pabodero Teja IPH €ro OXJIAXKAEHWM, OH BO3BpAallaeT TaKoe >Ke KOJIHMYeCTBO TeIuIa
pabouemy Teny mnpu HarpeBaHuu. Brrumcaum KIIJ[ mepBoro mpeanxsHOro IMKJIA
CrupnuHra, IpUHUMas HavyaJIbHYIO TeMIIepaTypy pereHepaTopa paBHOII TeMIepaType
xonoguiabHuKa 1, . Paccmorpum Bompoc Berumcienus KIIJI mBuraresns Bo BpeMs n-

ro nukma I, (n=1,2,3,...) ¥ BOmpoC eJWHCTBEHHOCTH mpezena limn, mpu n - .
ITycts m - macca pereHepatopa, C - yZesnbHas TEILIOEMKOCTh €TO BelllecTBa, M, - Macca
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pa6oqero Tejla, a CV - He 3aBHUCAILIAA OT TeMII€paTypbl YZJe€JbHAsd TEIIJIOEMKOCTD

WUeaqbHOTO Ta3a IIPU IIOCTOSHHOM o6Obeme. B Hawame mpouecca 2-3 perexHepatop
OTHHMaeT Telo y pabouero Tesa, 4TOOBI 3aTeM BEpHYTh ero npu Harpese 4-1.
[lpumenss ypaBHeHUEe TeIJIOBOro OasaHca ¥ IpeHeOperas IOTEpSAMH TeIlna,
IOy YMM

T-T,+a(T-T,)=0, (2)

roe A = - XapaKTepUCTUKA pereHeparopa HiIu KOB(I)(I)I/I]J;I/IeHT perenepanun.
0™~v

Harpersiit 1o T pereneparop B coctosHuu 4 oTjaer Teio pabouemy Teiy,

/ .
OXJIOXJAACh [0 TeMIlepaTypsl | ¥ HarpeBas ras IO TOH JXe Temieparypsl. Mmeem

T -T,+a(T'-T)=0. 3)
C momompio (2) u (3) Haxomum
_al+@+a+a?)0T,

T/

4)
> (
(1+a)

IIpy sTrOoM Temsno, OTZaBaeMOe pereHepaTopoM pabodeMy Telxy IIpH
HarpeBaHWH, T. €. BBIUTPHIIN B TeILIe, COCTaBUT

Q=m,C, (T-T,). . 5)
Teneps Tepmuueckuit KIIJ| mukima CtupiauHra c pereHepatopoM OyzeT
A, +A
n - 12 34 . (6)
Qut+Qp-Q

[TopcTaBnsas w3BeCTHblE 3HAYEHUSA M30TEPMUYECKON PabGOTHl DAaCIIUPEHUS U
okartug rasa B (6), ¢ momomsio (5) mosydum

(T,-T,) 0 (Rinr
H

n= - : (7)
m,C, (Tl—T2)+F°ERT1EIn r-m,0C, (T-T,)

Berpasu T' —T, uwepes T,—T, , momyunm
a
T -T, :WEﬂTl—Tz) =B(T,-T) . ®)
a

3mech Bl ZW -

TaK Ha3bIBa€MddA CTEIIEHb pereHepanyy B HAYdJIPHOM

§197020) (0
IMoxcrasmsas (8) B (7), mocie HECTOXHBIX NPeoOPa3sOBAHUIl MOTYIHM
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n, = -1
! T + (1_[31)HT1_T2)
! (y=1Onr

AmnanornyHas (opMysia HOTYYUTCI U I HOCIEeLYIOUMX IIUKJIOB, OJHAKO

)

3daBUCHMOCTD CTEII€EHH pereHepannun oOT a 6y,ZIET WHOM. TaK, AJIsI BTOPOTO IHKJIA
IIOTy9IHUM

a+20%+20°
B, =—(1+a)4 , (10)

a [ TPpeTbero:

a+4o’+70°+60%+ 3°

= . 11
B3 (1+a)6 ( )
MoxHo IIOKA3dTh, YTO AJIA N1 -TO IHWKJIa MMeeT MEeCTO @)OPMYJIH
T-T,
M Ap)HT-T) "
1t (y-Ddnr

rme

)22

Bo- v DZ( - (13)
(1+ a) 1+a

Kak Buguo w3 (9), makcumansubiii KIIJ| mosrydaercs mpu MakCHManbHOM 3.

O6parnM BHUMaHWe Ha TOT (AaKT, 9TO 3HAYEHWE [3 MeHbIIe eIWHWIBI ¥ BCETZa

IIOJIOXKUTENbHO. B [5] mOKa3aHO, YTO [jis IE€pBOTO HEAJBHOTO pereHepaTHBHOTO
nukiaa Crupiauara makcumanbusiii KITJ] monyunres mpu O =1, uto coorBercrByer
sHavennio [ = 025. Takum ke crmoco6oM MOMYYUM AT MOCAEAYIOIUX LUKJIOB:

,=1,54mnpu 3,=0,32u a,=2,03upu B, =0,364[5].

ITpu mocraTouHO 60JpLIOM 3HAYeHUHU n, T.C. mpp N — ©,
a
0, 0B =mﬂ YTO YyXe IIOJly4eHO B [5] IyIA CTallMOHAPHOTO peXuMa PpaboTs
+

mpuratens. Takum ~ o6pasoM, /O  YCTaHOBJIEHUS  CTALMOHAPHOTO  PEXUMA
makcumanbHbiid KILJ| mMOydnTCs TIPU WMCIOJIB30BAHUU pereHepaTopa C IepPeMEHHbIM
3HaveHueM Koddduumenta perenepauuu O

Brisogsr. [IpuBesem uncnennsie oneHku. [Ipu pa6ouem tene remuit Y=5/3=1,67, u

npu r=5,ecmz  T,= 400 K, T, =300 K (mpu KII/I ruxna Kapsao 25%), moxyuum Ge3
pereneparopa A nepsoro muxaa 20%, a ¢ pereneparopom - 21,3%. Ecin T, =750 K,
T, =400 X, to pus nuxna Kapuo KIIJI pasen 46,7%, s Ctupiutra Ges pereHepaTopa

- 32,5%, c pereneparopom - 35,2%. Tax xax B dopmyre (9) 3HaMeHaTenb Bcerza
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Gompme T,, To KIIJ| muxma Crupnaurra scersa wmenbme KITJ nukma Kapzo.
[TockonbKy 3HaYeHWe [3  pacTer, OCTaBasChb CBEpXy OTPAaHWYEHHBIM, TO HAJ0
II0JIaTaTh, YTO OHO CTPEMHTCA K HEKOTOpPOMYy IIpefely. lemmepaTypa pereHeparopa
Iocjie KaXJOTO IIMKJIa OKa3bIBaeTcs OoJsblle, 4eM B IpeAbIAyINeM, | IIOCie
HEKOTOPOTO KOJIMYeCTBa IIMKJIOB CUCTeMa IIEPEXOJUT B CTAllIOHApPHOEe COCTosHUe. B
[2] cumTatoT, uTO 3TO TMpowmsoiizeT depe3d 5...10 mukiI0B. B Gosee peasbHBIX YCIOBUAX,
a UMEHHO - IIPU y4eTe TEIUIONOTEPh M HeuzeanbHOCTH pabouero Tena, KIIJ| moxer
YMEHBIIUTHCA.
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N.U. ULMUZUUSUL

PYEULUYUL FESRELELUSNIUSPL USPTPLEh TUGh2b
UTWUSUULLh WUSNRLUSYUO N*EdhUP 2ZUUSUSNRUL

Uunwugdwé £ Uwnhplhigh owpdhsh o0.q.q.-h Jujunidp nbqhukpuwnnph b pwing
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R.M. ABRAHAMYAN

ESTABLISHING THE STIRLING MODE WITH REGENERATOR OPE RATION STEADY-
STATE CONDITION

The dependence of the of Stirling cycle efficiencythe mass ratio of the regenerator
and the working body, for all cycles of engine woik obtained. It is shown that optimal
efficiency of Stirling cycle increases in the inltistage of the engine work which is
associated with an increase in the degree of regeme. The dependence between the
degree of regeneration of the coefficient on regaiwn for each cycle of work is obtined.
The limit degree of regeneration and the corresponefficiency is found. It is shown that
the optimal use of the regenerator is possible withnging the regeneration coefficient
while the machine running from 1 to maximum possi@lue in the stationary mode.

Keywords. heat engine, Stirling cycle, regenerator, efficie
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