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CPABHEHHUE HA OCHOBHU XAPAKTEPUCTHUKU HA ABUT'ATEJIN
HA STIRLING IIPU BAPUPAHE HA ITAPAMETPUTE

[Beresmna IlerpoBa

Pe3ztome: Hacmoswama paboma npedcmass pesyimamu om MOOeIHU U3CI1e08aAHUS
omuocHo pabomama na 0éa muna osueamenu na Stirling (¢ kunemamuuno cevp3aHU
boymana u xubpuoen osucamen na Stirling-Ringbom) npu npomsna na pesxcummnu na-
pamempu. M38vpuien e cpasHumener aHaiu3 Ha OCHO8HU NOKA3amenu, XapaKkmepusu-
pawu pabomama Ha U3Cae08aAHUNME MAWUHU.

Knwuoeu oymu: mooenupane na osucamen ua Stirling, mexanuuna MOowHoOCmM, Koe-
Quyuenm Ha noae3nHo oelicmaue

COMPARISON OF THE MAIN CHARACTERISTICS OF STIRLING
ENGINES AT VARYING THE PARAMETERS

Tsvetelina Petrova

Abstract: This work presents the modeling results of the behavior of two types of Stir-
ling engines, a Stirling engine with cinematically linked pistons and a hybrid Stirling-
Ringbom engine, at changing of regime parameters. A comparative analysis of the
main indicators characterizing the performance of the investigated machines has
been done.

Keywords: modeling of a Stirling engine, mechanical power, efficiency

BBBEJIEHUE

B namm gHM Bce moBede YyCHIIMS ca HACOYEHU KbM HM3CIICIBAHETO HAa HOBU BH3MOXK-
HOCTH 3a TOJIy4yaBaHE Ha eJIEKTpUUecKa eHeprusi — oT aBuraren Ha Stirling, padoTery
C NMPaKTHYECKH BCEKW M3TOYHHK Ha TOILUIMHA, JI0 TypOWHU, 3aABUKBAHA OT MOPCKHUTE
WK OKeaHCKuTe BBJIHU [1]. [[Burarensar na Stirling uma MmaOTO pasHoBuaHoCcTH [2, 3],
KOUTO Morar Ja ObJaT Kiacu(puIMpanu 1Mo pa3IudyHu Mokaszatenu. EquHusT oT TsX e
HAa4YMHa Ha CBbP3BaHe Ha OyTasiata: ¢ KHHEeMaTUYHO CBbp3aHu OyTana, XuOpuaeH JABU-
raren Ha Stirling-Ringbom, csc cBo6oHM OyTana (Free Piston Stirling Engine) [4].

LenaTa Ha HacTosmaTa paboTa € Ja ce a Ce CPaBHAT OCHOBHH PabOTHU XapaKTepHc-
TUKW Ha JBa TUMa ABuratenu Ha Stirling —xubpuen npuraren Ha Stirling- Ringbom u
aBuraren Ha Stirling ¢ KuHEeMaTHYHO CBBbp3aHH OyTasia MpH MPOMsHA Ha YCIOBHITA HA
paboTa. [IBata Tuma u3ciaeBaHu ABUTATEIMN Ca C €IHAKBU KOHCTPYKTUBHU U PEXKUMHU
napameTpu. Paziukara € B CBbp3BaHETO Ha JBeTe OyTasia—Ipu ABuraren Ha Stirling ¢
KMHEMaTUYHO CBBbp3aHu OyTana u aBeTe OyTana (CHIOBOTO OyTajo W JUCILICHCHpa)
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ca CBbp3aHU KbM MaxOBHK, IOKaTO NMpH XuOpuaHus asuraren Ha Stirling-Ringbom
CHJIOBOTO OyTaso € CBbpP3aHO KbM MAaXOBHK, a JTUCIUIEUCHPHT (M3MECTBAIIOTO OyTa-
JI0) ce OBWKHU CBOOOJHO. 3a MOCTUTaHE Ha MOCTaBeHaTa el € u3cieaBaHa paboraTa
Ha JBETE MAIMHU MPH BapupaHe Ha €IWH OT CICTHUTE MapaMeTpu: TeMmIepaTrypara
Ha roperus TemneparypeH u3TouHuk T, Macara Ha paboTHus Quyug M u armocdep-
HOTO HamsraHe B. CumynarnuuTte ca W3BBPIICHU C MTOMOIITA HA CH3Aa[CHU MOJICIH,
o ipoOHO onucanu B [5, 6, 7].

CPABHEHMUWE HA IOJIYYEHUTE PE3YJITATH

W3BBpIIIeHO € u3cieIBaHe 3a BIMSHUETO Ha TeMIlepaTypara Ha TOpeIIus TeMIepaTy-
peH u3tounuk T, BbpXy paOortarta Ha msuraten Ha Stirling-Ringbom u asuraren na
Stirling ¢ kuHEMaTUYHO CBBbp3aHU OyTaina. 3a 1eyita € MojeliupaHa paboTara Ha JBU-
ratenute npu yetnpu crotHocT Ha T, = 363K, 368K, 373K u 378K. Ilonyuenure p-
V numarpamu 3a auraren Ha Stirling ¢ KMHeMaTUYHO CBBp3aHU OyTaja ca MOKa3aHH
Ha ¢ur.l. C noBumanane Ha T, ce yBemnyaBa U3BBpPIICHATA MTOJIE3HA paboTa Mo Bpe-
Me Ha ITUKbIIA.

1.25 T T T T T T T T

Te=3TE K

0.85 1 1 1 1 1 1 1 1
0.032 0.034 0.035 0.03¢ 0.037 0.038 0.039 0.04 0.041 0.042

V']

®ur.1. PaboTtHu p-V auarpamu Ha aBuraten Ha Stirling ¢ KuHeMaTU4HO
CBBP3aHU OyTasia Mpu pa3iuyHu CTOMHOCTU Ha T,

Pesynrtatute 3a nBuraten Ha Stirling-Ringbom ca nanenu B rpadguuen Bun Ha ¢ur.2.
HabmronaBa ce mpoMsiHa B paboTHaTa p-V Auarpama 3a pa3jinyHuTe cToMHocTH Ha Te.
3aTBOpEHMUTE KPUBM MOKa3BaT I0JIe3HaTa paboTa, mojdyyeHa oT uukbia. Ilocrenenno,
C HapacTBaHE Ha TeMIlepaTypaTa, peKMMbT Ha paboTa Ha W3CIEABaHUS JBUraTel ce
IIPOMEHS, CTaBa HEYCTOMUMB, a MoTy4yaBaHarta 1oje3Ha padoTra 3anoysa jja HamaJsiBa.
ToBa ce AbIKM HA IPOMEHUTE B JBMKEHHETO Ha JTUCIUIEHCHpa 10 BpeMe Ha paboTta
Ha MalluHaTa.
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0.2

085 ! 1 ! 1 1
0.032 0.034 0.036 0.038 0.04 0.042 0.044

V [m]

®ur.2. PabotHu p-V auarpamu Ha asuraten Ha Stirling-Ringbom mpu
pa3IuYHU CTOMHOCTH Ha T

Ha ¢wur.3 ca mokazanu moyioxeHusiTa Ha AUCIUICHChpa Xy Ha aBurarens Ha Stirling-
Ringbom, kakTo u Ha aBuraren Ha Stirling ¢ KuHeMaTUu4HO CBBpP3aHU OyTana, 3a pas-
muuyan ctoiHocTH HA T.. [lomoxenueTo Ha aucruieiicbpa Ha auraren Ha Stirling ¢
KMHEMaTUYHO CBBbp3aHM OyTana € n300pa3eHo ¢ yepHa NpekbcHaTa JuHusA. HezaBu-
CHUMO OT TeMIIeparypara, IBHKEHHUETO Ha U3MECTBAIIOTO OyTalo Ha TO3H THUI JBUTA-
TeN ocTtaBa HempoMmeHeHo. [Ipu xubpuaHus ABUraTeN BPeMeTo, Mpe3 KOeTo AUCILICH-
CBPBT C€ 3abpKa B KpallHO TOPHO W KPaHO JIOJHO TMOJIOKEHUE, CE TPOMEHS ChIIeC-
TBEHO B 3aBHCHMOCT OT Temrieparypara T.. Ha ¢ur.3 ToBa 3ambpikane oTroBaps Ha
XOPHU30HTATHUTE YYACTHIU B TpaUKHTE 3a MOJOKEHHETO Ha Xy Ipu Temreparypu T,
=363 K u T, = 378 K. Ilpu Temneparypa T, = 383 K nucnieiicbpbT Beue He c€ JBU-
KU OT TOpHaTa N0 JIOJIHATa CH MBPTBH TOYKHU. [Ipu TakaBa CTOWHOCT Ha TeMIiepa-
Typarta ce HapylllaBa HOPMAJIHUST PEXKUM Ha paboTa Ha XUOPUIHUS IBUTATEN.

0.1 T T T T T T T T
JABHIETEN € KHHEMATHYHO CEBPIAHH f}:v"l'l-lel:i

neuraren ga Stirling-Ringbom

0.05 -

Xd [m]
T

-0.05 -

-0.1

time [s]

®ur.3. [Tonoxxenue Ha AUCIUICHCHPa Xy HA U3CIICIBAHUTE ABUTATEIU
npu pabota ¢ paziauuau T,

11



[IpencraBenu ca u pe3ynraTd B rpaduyeH BUI OT HAIPAaBEHUTE MOJCIHU U3CIe/Ba-
HUS, W3BBPIUICHH IPHU BapHpaHE OKOJIO CTOMHOCTUTE HA €IWH OT CJIEIHUTE Mapa-
METpPH, MIPU KOUTO W JIBaTa JBUraTeNs Ce XapakTepu3upar ¢ ycroluusa padora: M =
0,041625 kg, T. = 363 K, armocdepro Hamsirane B = 1,01625¢5 Pa. Konkpernure
CTOMHOCTH Ha IPOMEHSHUTE MMapaMeTpH ca ajaeHu B Taoi. 1.

Tabmuma 1.
CTOﬁHOCTH Ha IIapaMCTPUTC, C KOUTO Ca IMPOBCIACHU U3CJICABAHUATA
Te [K] 348 353 358 363 368 373 378 383
M [kg] 0,0406 |0,041 |0,043 [0,0416 |0,042 |0,0423 |0,0426 |0,043
B [Pa] 98325 |99325 |100325 |101325 | 102325 | 103325 | 103 800

CpaBHEHHMETO Ha CHUMYJIAIIMOHHUTE PE3yJITaTH 3a BIUSHUETO Ha TeMIeparypara Ha
rOpenus TeEMIEepaTypeH U3TOYHUK T, BbPXYy MEXaHMYHATa MOIIHOCT Ny, Ha WU3CIeI-
BAaHWUTE JIBUTATENH € NajieHo B rpaduuen Bun Ha ¢ur.4. [lpu eqHakBu TeOMETpUIHH
napaMmeTpH, aBurarensaT Ha Stirling-Ringbom e chlecTBeHO orpaHuyYeH MO OTHOIIIE-
HUE Ha JWarna3oHa Ha W3MEHCHHE Ha TeMIlepaTypaTa Ha TOPEIIHs TEeMIIEpaTypeH W3-
TouHUK T.. 3a pasraexnanus caydail MaKCUMyMBT Ha MOIIHOCTTa € mpu T, = 373 K.
TomnrHHATA MOITHOCT Ha JABUTaTens Ha Stirling ¢ KWUHEMaTHUYHO CBbp3aHU OyTana
(Kinematic) pacre ¢ nmosuraBade Ha T.. To3u THI ABUraTeN Mo3BOJIsIBA MHOTO TO-TO-
JIEMHU BB3MOXKHOCTH 3a TIpoMsiHa Ha T..

Ha ¢wur.5 e nmokazana nmpoMsHaTa Ha MEXaHUYHHUS KOC(PHUITUCHT Ha IMOJIC3HO JICHCTBHE
Nm Ha JIBaTa TUTA JIBUTATEIH MPHU MPOMSHA HAa TEMIIepaTypaTa Ha TOpEIIHs TeMIiepa-
TypeH U3TO4YHHK T.. C MOBUIIIABaHE HA TO3W PEKUMEH MapaMeThp MEXaHUYHUST KOe-
(UIMEHT Ha TOJIe3HO JCHCTBHE Ha JBUTaTeNs Ha Stirling ¢ KHWHEMAaTHYHO CBBP3aHU

OyTana HapacTBa, JOKATO My 32 XHOPUIHUS IBUTATEN PsI3KO HamansiBa cien T, = 378
K.

—e—Stirling-Ringbom  —e—Kinematic —e—Stirling-Ringbom —e—Kinematic

600

20

500
100 F 15
200
» . /’(—’—O’—\

0

345 350 355 36( 365 370 375 185 R . . N R . o e

34° E : ; 3 378 : 5 15 355 361 5 3 375 185

®dur.4. MexannyHa MOIIIHOCT Ha JBUTa-
TenuTe BbB GyHKIUA Ha T,

N, [W]

®ur.5. Mexaunuen KIIJI Ha gpurare-
nute BbB QyHKIms Ha T,

[Ipu no-Bucoku TemmnepaTypu T, ce MOBHUIIABA W HAJNSATAHETO HAa pabOTHUA (IIyu.
IloBHIIEHOTO HayATaHE B JABUIAaTENs HE IMO3BOJISIBA M3BBPIIBAHETO HA MBJICH XOJ Ha
M3MECTBAIIOTO OyTajo KbM JIOJIHATA MY MBPTBA TOYKA, KAKTO M HETOBOTO 3aJbpiKa-
HETO B KPalHO IOJHO M KPaWHO T'OPHO IOJOKEHHE. TakbB peXUM BIUsAE OTpULIA-
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TEJHO Ha paboTaTa U MPOU3BOIUTEIHOCTTAa HAa MAIIMHATA.

JIBeTe MalMHU ca M3CJIEIBaHU 3a BIUSHUETO HAa MacaTa Ha pabotHusa ¢uyua M Bbp-
Xy MEXaHMYHATa MOIIHOCT M BbPXY MEXaHUYHUS KOC(PUIIMEHT Ha MOJIE3HO JCHCTBHE.
Ha ¢wur.6 e nokazano snusinueto Ha M Bbpxy Ny, [lpu eqna u cpia croitHOCT Ha Ma-
cata Ha ¢ayuaa nojydyaBaHaTa MEXaHUYHA MOITHOCT OT JBUrares Ha Stirling ¢ kuHe-
MaTU4HO CcBBp3aHu Oyrtana (Kinematic) e mo-Bucoka. KoepuimeHThT Ha mMOJIE3HO
JEHCTBUE HA TO3U THUII JBUTATEN ChILO € O-BUCOK B CPAaBHEHUE C My, HA JBUTATENS Ha

Stirling-Ringbom (¢wur.7).

—e— Stirling-Ringbom —e—Kinematic —eo—Stirling-Ringbom —e—Kinematic

500 20

——6—o—-—o——O0——o——O—9 o o—0 )
400 — 1<
— = 15
£ 300 E
z T 10
200 / o \
100 5
0 0
4,05E-02  4,10E-02 4,15E-02 420E-02 425E-02 430E-02 4,35E-02 4,05E-02 4,10E-02 4,15E-02 420E-02 425E-02 4,30E-02 4,35E-02
M [ke] M [ke]
®ur.6. N, BB PyHKIIMS Ha MacaTa Ha ®ur.7. N, BbB QYHKIMA HA MacaTa Ha
paboTHus Qiyu paboTHuUs QIyu

W3cnenBano € BAMSIHUETO Ha aTMOCHEPHOTO HallsiraHe B BbpXy moiyuaBaHaTa Mexa-
HU9HA MomTHOCT (ur.8) u koeduieHTa Ha mMoae3Ho aeicTBue (Gur.9) Ha nBeTe Ma-
muHU. W 1BeTe BeMWYMHU, XapakTepu3upamnm padboTaTa Ha ABUTATEIIUTE, ca C MO-BU-

COKM CTOMHOCTM 3a jaBuraren Ha Stirling ¢ kuHeMaTHYHO CBBp3aHu OyTana
(Kinematic).

—o—Stirling-Ringbom  —e—Kinematic —e—Stirling-Ringbom —e—Kinematic
500 20

o o—o0 . —
400

’ 15
300

10
200

W]
I

Ninl

nm [

; /_ *—_—_._\‘

100

0 0
9,80E+04 9,90E+04 1,00E+05 1,01E+05 1,02E+05 1,03E+05 1,04E+05 9.80E+04 9,90E+04 1,00E+05 101E+05 1,02E+05 1,03E+05 1,04E+05
B [Pa] B [Pa]
®ur.8. N, BbB hyHKIHSA HA aTMOchep- ®ur.9. Ny BHB GyHKIM Ha aTMOchep-
HOTO HaJysirane B HOTO HaJyisirane B
3AKJIIOYEHUE

B®3 ocHoBa Ha HN3BBPIICHUTC MOJACIHNU H3CJICABAHHA MOIraT Oa 6B,Z[aT HallpaBCHU
CJICJHUTEC 3aKJIOYCHU.

- Ilonmyyenata mMexaHM4HAa MOLIHOCT OT JABUraTen Ha Stirling ¢ KHHEMAaTUYHO CBBP-
3aHM OyTaJyia € ¢ MO-BUCOKH CTOMHOCTU B CPABHEHHE C Ta3H, MMOJTy4YeHa OT JIBUTATE HA

13



Stirling-Ringbom;

- JIBuraremst Ha Stirling ¢ KHHEMAaTHYHO CBBP3aHU OyTasia € C MO-BUCOK Koe(uim-
SHT Ha IT0JIC3HO JIeHCTBHE B CpaBHEHHE ¢ apuraTen Ha Stirling-Ringbom;

- JIBuraremnst Ha Stirling ¢ KWHEMAaTHYHO CBBbpP3aHU OyTana B CpaBHEHHE C XHOPHU-
Hus nBuraren Ha Stirling-Ringbom e ¢ Bp3MoxkHOCT 3a ycToliyrBa paboTa nmpu 3HaYU-
TEJTHO TMO-TOJISIM JUana30oH Ha MpOoMsSHA Ha TeMIlepaTypara Ha TOpeIIus TeMIlepary-
peH u3ToyHuk T., Ha Macata Ha paboTHUS Gayun M u Ha aTMocpepHOTO Hansrane B.
[lopanu cnenuduyHaTa cu KOHCTpYKIMs aBuUratensT Ha Stirling-Ringbom e cumno
YyCTBHUTEJIEH KbM IMPOMsSHA Ha MMapaMeTpPUTe M HE3HAUUTEITHU 3a JBUTATENSAT Ha
Stirling ¢ KUHEMaTHUYHO CBbpP3aHU OyTaja MPOMEHU B YCIOBUATA HA paboTa BOJSAT 110
3ary0a Ha pab0TOCIIOCOOHOCT MpH XUOPUIHUS IBUTATEIL.
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OTHOCHO AHAJIM3A HA IPUPOJAHUTE BEJCTBUA

Pocuna Beaunukosa, /lereann Mapkos, Uckpa Cumosa, I'eopru bspaapos,
LBerenuna IlerpoBa, 3axapu Kerunos

Pe3rome: B pabomama ce pazenedicoa 6bnpoca 3a XapMoHUUpaHemo Ha Kiacuguxa-
yusama Ha munogeme NPUPOOHU OEOCMBUS MeHCOY HAKOIKO 2100anHu 0a3u OaHHU C
yen nooobpsasane Ha KA4ecmeomo u HaoedcoHocmma Ha bazama OauHu 3a 6e0cmeu-
ama 6 bvaeapus. [Ilpedcmasena e kracugurayus Ha npupooHume 6e0Cmeus u msix-
HOmMO 8v30eticmaue 8vpxy xopama. [Ipedcmasen e u Kpamvk aHaIU3 HA Xapakmepa u
pasnpeodeieHuemo Ha npupoorume bedcmeus 8 ceéema 3a nepuooa 2000-2015 e.,
KAKMO U 3d 8b30eUCMBUENO UM 8bPX) H08LUeCMBOMO.

Knwuoeu oymu: xnacupuxayus, npupoonu beocmausi, lusHue 8bpxy 408e4ecmeomo

ON THE ANALYSIS OF NATURAL HAZARDS

Rositsa Velichkova, Detelin Markov, Iskra Simova, Georgi Burdarov,
Tsvetelina Petrova, Zahari Ketipov

Abstract: This paper deals with harmonization of the natural disasters category clas-
sification between some global disaster databases with the aim to improve the quality
and reliability of the Bulgarian disaster database. 4 classification of the natural haz-
ards is presented and their impact on people is specified. It is presented as well a
brief discussion on the nature and distribution of disaster events around the globe
during the period 2000 — 2015 as well as on its impact on mankind.

Key words: classification, natural hazards, impacts on human

1. INTRODUCTION

According to the Red Cross definition, [7], disaster is a ”sudden, calamitous event that
seriously disrupts the functioning of a community or society and causes human, mate-
rial, and economic or environmental losses that exceed the community’s or society’s
ability to cope using its own resources”. Though often caused by nature, disasters can
have human origins, [7]. A disaster occurs when a hazard impacts on vulnerable
people, [7]. The combination of hazards, vulnerability and inability to reduce the po-
tential negative consequences of risk results in disaster, [7].

Natural disasters are catastrophic events with atmospheric, geologic, and hydrologic
origins. Disasters include earthquakes, volcanic eruptions, landslides, tsunamis,
floods, and drought. Natural disasters can have rapid or slow onset, with serious
health, social, and economic consequences. During the past two decades, natural dis-
asters have killed millions of people, adversely affected the lives of at least 1 billion
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more people, and resulted in substantial economic damages, [1].

The aim of the present work is to propose a harmonized classification of natural haz-
ards and their impact on the people, which will be used for establishing of the Bul-
garian disasters database.

2. HIERARCHY OF DISASTER CATEGORIES

The harmonized classification of disasters is prepared on the basis of the information
included in the databases described in [2, 5, 6]. It distinguishes two generic disaster
groups: natural and technological disasters. The natural disaster group is divided into
six disaster sub-groups: Biological, Geophysical, Meteorological, Hydrological, Cli-
matological and Extraterrestrial. Each sub-group includes several disaster main types,
each of them having some disaster sub-types. Harmonized classification of the natural
disasters is presented in Table 1.

3. IMPACTS OF NATURAL HAZARDS

Typically, the number of reported victims of a disaster is composed by the number of
those who are killed and those who are otherwise affected. In the period 2000 — 2015
the victims number of climatological, geophysical, hydrological and meteorological
disasters in Africa is 17.9 million, in America this number is 21.1 million, in Asia is
278.4 million, in Europe 1.1 million, and in Oceania 0.1 million. More than 87% of
the victims have been living in Asia.

On Figure 1 is visualized the distribution of the victims among the above mentioned
disaster sub-groups for the same five geographical regions. The most of the victims in
Africa are due to climatological disasters, while in all other regions most of the vic-
tims are due to hydrological disasters. The most of the victims worldwide, 37.9%, are
due to hydrological disasters. In all regions, except Asia, the smallest are the victims
of geophysical disasters.

Another striking indicator for characterization of the impact of disasters on the society
Is the number of the killed people (death toll, disaster fatalities). On Figure 2 is visu-
alized the death toll distribution by type of disasters in the period 2000-2015 for four
groups of countries — OECD countries (Organization for economic cooperation and
development), the countries of Central and Eastern Europe and Commonwealth of in-
dependent states, Developing countries and the Least developed countries.

The total number of disaster fatalities in these groups of countries is as follows:
OECD countries — 61929; Central and Eastern Europe and Commonwealth of inde-
pendent states- 10412; Developing countries - 630106; Least developed countries —
2547309.

The most of the fatalities for all those countries (43.4%) is due to earthquakes and
tsunamis, another 23% are due to windstorms, 12.7% due to floods and 12.5% due to
epidemics.
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Figure 1. Natural hazards victims in the period 2000-2015

The most of the fatalities (77%) in the OECD countries are due to the drought (in-
cluding extreme temperature). The other two main reasons for fatalities in this group
of countries are earthquakes and tsunamis (9.5%), and windstorms (8.8%).

Drought is the most often reason for disaster fatalities in Central and Eastern Europe
and the Commonwealth of independent states (29.9%). The other two main reasons
for fatalities in this group of countries are floods (25.3%), and earthquakes and tsu-
namis (23.2%).

Earthquakes and tsunamis are the most often reasons for disaster fatalities in the
group of Developing countries (63%). The other two main reasons for fatalities in this
group of countries are floods (15.4%), and windstorms (10.4%).

Windstorms are the most often reasons for disaster fatalities in the group of the least
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developed countries (58.7%). The other two main reasons for fatalities in this group
of countries are epidemic (27.7%), and flood (7.9%).

Organization for Economic co- Central and Eastern Europe and
1% eration and development commonwealth of independent
6% state
Developing countries Least developing countries

0%

/

M Flood ® Windstorm ¥ Drought
M Slide B Earthquake&tsunami ® Volcano

" Biological epedemic

Figure 2. Natural disaster fatalities in the period 2000 - 2015

Disasters are usually classified according to their frequency and their impact on the
society, measured by the number of victims and/or economic damage.

On Figure 3 the percentage of disasters of a certain type in five geographic regions is
shown based on the data in the period 2000- 2015.

The total number of disasters in Africa is 1001, in America 1417, in Asia 2281, in Eu-
rope 1502, and in Oceania 212. The most of disaster events happens in Asia, followed
by Europe, America, and Africa.
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Based on the number of disaster events the world suffers the most from hydrological
disasters (49%). In descending order, they are followed by the meteorological (28%),
climatological (14%), and geophysical (9%) disasters.

Africa America

Asia Europe

Oceania

B Climatological B Geophysical M Hydrological H Meterological

Figure 3. Results for disaster events worldwide in the period 2000 - 2015

In all continents, the most of the disasters have hydrological origin, except America,
which suffers the most by disasters of meteorological origin (42%) followed by hy-
drological disasters (37%). For three of the continents the second most frequent type
of disasters is those with meteorological origin. For America, this type of disasters is
dominant while for Europe it is on the third place (23%) surpassed by the climatologi-
cal disasters (29%). For all continents, except for Asia, the smallest number of disas-

ters belongs to the geophysical group.
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Figure 4 presents the worldwide economic damages, estimated in bill $, caused by
disasters in the period 2000 — 2015. The total amount of economic damages due to
disasters for this period in Africa is 16.7 bill $, in America — 798.4 bill $, in Asia -
1074 bill $, in Europe - 149 bill $, and in Oceania — 25.5 bill $.

America 59
2%

Africa

N

Asia Europe

Oceania

B Climatological B Geophysical M Hydrological H Meterological

Figure 4. Results for economic damages worldwide caused by disasters in the period
2000 - 2015

Huge part of the economic damages is inflicted in Asia (52%) and America (39%).
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The most of the economic damages worldwide are due to geophysical events (36%),
followed by meteorological (34%), hydrological (17%) and climatological (13%)
events. The reason for the biggest economic damages in each continent is different. In
Africa (47%) and Asia (67%) the biggest economic damages are caused by geophysi-
cal disasters, in America (71%) by meteorological, while in Europe (52%) and Oce-
ania (70%) by hydrological disasters.

4. CONCLUSION

The of harmonization of the disaster category classification between some global dis-
aster databases as well as the impact of natural hazards on the society is an important
contribution to the improvement of both the quality and reliability of the international
disaster databases. Both, disaster classification and impacts on the society serve the
international community, users and developers of databases at national or sub-national
levels to improve their understanding for the management of disaster data. The har-
monized disaster database demonstrates the importance to develop the capacity of in-
formation exchange, integration and comparability between disaster databases. Data
stored in disasters database can be used only for statistical analysis of the disasters. In
order to be applicable for risk analysis a disaster database must include geographical,
demographic, urban and building construction data in a format convenient for pro-
cessing by GIS applications. On the basis of the proposed harmonized classification
of disasters events will be developed the Bulgarian disaster database.
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ANOPAHTOBO HEPABEHCTBO C'bC CTEIIEHUN HA IIPOCTU
U CJIA OT CIIELIVMAJIEH B/

Crosin /IlumutpoB

Pestome: Hexa N e docmamsuro 204amo peanmno wucao. B masu cmamus nue
dokazeame, we 3a ecaro Purcuparno 0 < ¢ < 4/21 u npoussorro manko € > 0,
dugarmosomo HepaseHcmeo

pf +p5+p5— N|<e
UM PEWEHUE 6 NPOCTNU YUCAA D1, P2, P3, Marusa e 3a 6cako i € {1,2,3}, p;+2

uma nati-mrozo 10 npocmu desumen.

Karouwoeu dymu:  Teena na Posep, eexmopro pewemo,  duoparmoso
HEPABEHCMEBO.

ON A DIOPHANTINE INEQUALITY WITH PRIME POWERS OF
A SPECIAL TYPE

Stoyan Dimitrov

Abstract: Assume that N is a sufficiently large real number. In this paper we
prove that for any fited 0 < ¢ < 4/21 and a small constant € > 0, the diophantine
inequality

pi+ps+p5—N|<e
is solvable in primes py, po, p3 such that, for each i € {1,2,3}, p; + 2 has at most
10 prime factors.

Keywords: Rosser’s weights, vector sieve, diophantine inequality.

1 Introduction and statements of the result.

In 1992 Tolev |7] proved that the diophantine inequality
P+ p5+p5 — N[ <e (1)

has a solution that for any fixed 1 < ¢ < 15/14 and a small constant € > 0. The
interval 1 < ¢ < 15/14 was subsequently improved by several authors [2], [4], [5],

1]

© 2017 Publishing House of Technical University of Sofia 25
All rights reserved

ISSN 1311-0829



In this paper we consider for first time the inequality (1) for 0 < ¢ < 1. Let P,
is a number with at most [ prime factors. Using the vector sieve method we shall
prove the following

Theorem 1 Let 0 < ¢ < 4/21. There exists a number Ny(c) > 0 such that for
each real number N > Ny(c) and for an arbitrarily large A the inequality

2 /N 1/c
|ﬁ+z€+p3—N<[bg§<§> ]

has a solution in prime numbers p1, pa, p3 such that
p1+2:P1/()7 p2+2:P1/67 p3+2:P1//0/

By choosing the parameters in a different way we may obtain other similar results,
for example 0 < ¢ < 3/4, p;+2 = Py7,i=1,2,3. Obviously the enlargement of
the range for ¢ leads to increase of the number of the prime factors of p; + 2.

2 Notations and some lemmas.

The relation f(x) < g(x) means that f(x) = O(g(x)). For positive A and
B we write A < B instead of A < B < A. As usual ¢(n) and p(n) denote
respectively, Euler’s function and Mobius’ function. Let (mq,ms) be the greatest
common divisor of my, my. Instead of m = n (mod k) we write for simplicity
m = n (k). As usual, [y] denotes the integer part of y, e(y) = e*™. Let ¢ be an
fixed real number such that 0 < ¢ < 4/21, N be an sufficiently large number and
A > 1 be an arbitrary large number.

Denote
1/c
x=3(3) 2)

9 = ﬁ (3)

- = ot )QZMWG ; (4)

K log;X ; (5)

=X 0<p<1/10; (6)

D= Xx*7; (7)

P(z)= ] ». (8)
2<p<z
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The letter 8 will be specified latter.
Let AE(d) be the lower and upper bounds Rosser’s weights of level D, hence

M) <1, M) =0 if d>D or u(d)=0.

Lemma 1 Let 9 € R and k € N. There exists a function v(y) which is k times
continuously differentiable and such that

v(y) =1 for |yl <39/4;
0<wv(y) <1l for 39/4< |yl <V;
v(y) =0 for |yl =9
and its Fourier transform
Y(@) = [ olg)e(-a)dy

satisfies the inequality

T ”‘<mm<7f T <2ﬂa§z9/8)k)'

Proof. This is Lemma 1 of Tolev |7].

Lemma 2 We have
2X 2X 2X

///v(yf + 95 + 5 — N)dydyadys > 9X°°.
X X X

Proof. Denote the above integral by B(X). By the definition of v(y) we obtain

2X 2X 2X uX pX
/ / / dy,dyadys > / / (deg dyidys ,
X X X

AX AX
ly§+ys+ys—N|<30/4

where \ and p are real numbers such that
3c+1 i 1/c 3c+1 1 /e
1<<26+1—20 ) <)‘<“<(2C+1_§> <2

= [X, 2X] M [(N - 319/4 - yl yz)l/c (N + 319/4 - yl y2)1/c]
= [(N = 39/4 — y§ — y5)Ve, (N + 39 /4 — y — y5)"°].

and
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Thus by the mean-value theorem we get
uX puX

B(X) > / / () dyadys

AX AX

where &,,,, =< X¢ Consequently B(X) > 9X*¢ The lemma is proved.
O

3 Outline of the proof.

Consider the sum

I'= > log py log p2log ps . (9)

X<p1,p2,p3<2X
|p§ +p5+p§—N|<¥
(p;+2,P(2))=1,i=1,2,3

Arguing as in [3] we obtain
[ >3l — 2, (10)

where

I = /T(t)e(—Nt)Ll(t,X)Lg(t,X)dt,

Iy — / T(t)e(—NO L3t X)dt

Li(t, X) = > A (d) D e(tp)logp, (11)
d|P(z) ;iégif)

Lo(t, X) = Y A*(d) Y e(tp)logp. (12)
AP N

We shall consider the sum I';. The sum I's can be considered in the same way:.
We divide I'; into three parts

I =1+ 41 (13)
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where

i) = / Y(t)e(—Nt)Li(t, X)L2(t, X)dt , (14)
[t|<T

T = / Y(t)e(—Nt)Li(t, X)LA(t, X)dt (15)
T<[t[<K

r® = / T(t)e(=Nt)Ly(t, X)LA(t, X)dt . (16)
[t|>K

We shall estimate Fg?’), Fgl), F(12) respectively in the sections 4, 5, 6. In section 7
we shall complete the proof of the Theorem.

4 Upper bound for I‘(l?’).

In the trivial region we state a single lemma.

Lemma 3 For the integral FES), defined by (16), we have
I <« 1. (17)

We leave the proof to the reader.

5 Asymptotic formula for F(ll).

Let

Following the method in [3] we find

X3—c
'Y = B(X)G(G")? + o<q9 : ) , (19)
log™ X
where
2X 2X 2X
// V(Y] + vy + y3 — N)dyidyadys .
X X X
According to Lemma 2 we have
B(X) > 9X°*°. (20)
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6 Upper bound for I‘(lz).

Arguing as in (|7], Lemma 7) we obtain

Lemma 4 For the sums denoted by (11) and (12) we have
1
/|LJ (t, X)Pdt < X*“log” X, j=1,2.
0

Working similar to (|6], Lemma 1) and (|7], Lemma 8) we get

Lemma 5 Assume that 7 < |a| < K. Let &(d) be complex number defined for

d <D, and let
£(d) < 1.

Then for the sum

=) &d) > elap)logp

d<D X <p<2X
p+2=0 (d)
we have x
Lia, X — e
(o, X) < (log X)A+10

We next treat F?), defined by (15). We have

K
(2) 2
M < s Lt 0] [ [T)1Lalt, X) Pt
Using Lemma 1 we find
1/9
dt
/\’r )| La(t, X)|*dt <<19/\L2 (t, X)|2dt + /|L2 (t, X)|*=

1/9
n+1

(21)

(22)

(23)

n+1

<9 Y /|L2tX]2dt+ > /|L2tX )|?dt .

0<n<1/9 % 1/9-1<n<K

The last estimate, (3), (5) and Lemma 4 give us

K
/|T || La(t, X)2dt < X*“log® X .
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Therefore by (3), (23), (24) and Lemma 5 we obtain

3—c
(2)
"7 < : 25
! log* X (25)
Summarizing (13), (17), (19) and (25) we get
)(3—0
I = B(X)G™(G")* + 0(19 - > : (26)
log™ X
7 Proof of the Theorem.
Since I'y is estimated in the same way then from (10) and (26) we find
){3—0
> BX)W+0(v , 27
> 50w + (v ) )
where 5
W =3(G")? (G‘ = §G+> (28)
and GF are defined by (18).
We put
1 log D
o= I (1-2) 5= 20

2<p<Lz

Let f(s) and F(s) are the lower and the upper functions of the linear sieve.
Arguing as in [3] we obtain

w2 35 (60 - SF6) + 010 X)) (30)
Hence using (27) and (30) we get
I > 3BF?(2) (f(s) — %F(s) + O((log X)—1/3)> - O(ﬁl(i(gi;) : (31)
For 2 < s < 3 we have
PR G ICEE | SR

S S

(v denotes Euler’s constant). We choose

s =2.95.

31



Then by (6), (7) and (29) we find
B = 0.0968523 .

It is not difficult to compute that for sufficiently large X we have
2
f(s) — §F(s) > 107",

[t remains to notice that ]

log X
Therefore, using (6), (20), (31) — (33) we obtain

3—c

log® X

F(z) <

I'>9d

From (3) and (34) it follows that I' — 0o as X — .

(34)

Bearing in mind (3), (9) and (34) we conclude that for some constant ¢y > 0
there are at least co X3 ¢(log X)~4~C triples of primes pi, ps, p3 satisfying X <
1,02, 03 < 2X, |pf + p§ + p§ — N| < ¥ and such that for any prime factor p of

pj+2,5=1,2,3 we have p > X 00968523
The proof of the Theorem is complete.
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JORDAN DERIVATIONS ON RINGS AND SEMIRINGS

Stoyan Dimitrov

Abstract: This paper presents a brief survey of the current state of the Jordan
derivations on rings and semirings.

Keywords: Differential algebra, Jordan derivations, rings, semirings.

1 Introduction

Differential algebra is an area of algebra in the study of algebraic structures
equipped with finitely many derivations, that are linear functions satisfied Leibniz
product rule. The notion of the ring with derivation (i.e. with differentiation) is
old and plays a significant role in the integration of analysis, algebraic geometry
and algebra — [33]. One of the most remarkable map is a Jordan derivation.

2 Preliminaries and historical note

Throughout the discussion, unless otherwise mentioned, R denotes an associa-
tive ring having at least two elements and S denotes a semiring — see [6] and [20].
The ring R (semiring S) may not have unity.
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Recall that a ring R is said to be prime if the product of any two nonzero ideals
of R is nonzero. Equivalently aRb = {0} with a,b € R implies a = 0 or b = 0.
A ring R is called semiprime if it has no nonzero nilpotent ideals. Equivalently,
aRa = {0} with a € R implies a = 0.

Amapd: R— R (d:S — S ) is a derivation of a ring R (semiring S) if d
is additive and satisfies the Leibnitz rule: d(ab) = d(a)b+ ad(b), for all a,b € R
(a,bes).

In 1934 a new part of algebra called theory of Jordan algebras was initiated by
M. Born, P. Jordan and E. Wigner (see [26]) in order to formalize the notion of
an algebra of observables in quantum mechanics.

First fundamental boosk for Jordan algebras are [24| and [48].

In 1950’s, Herstein initiated the study of the relationship between the associa-
tive and the Jordan and Lie structure of associative rings. Herstein constructed,
starting from the ring R, a new ring, called Jordan ring R, defining the product in
this one as being aob = ab+ ba for any a,b € R. This new product is well-defined
and it can be easily verified that (R, +,0) is a ring. Now, an additive mapping d,
from the Jordan ring into itself, is said by Herstein to be a Jordan derivation, if
d(aob) =d(a)ob+ aod(b), for every a,b € R. Every derivation is obviously a
Jordan derivation and the converse is in general not true.

In the year 1957, Herstein proved a classical result in this direction which
becomes a jumping point for many workers later:

Theorem 1 (|23], Theorem 3.1) Let R be a prime ring of characteristic different

from 2, then every Jordan derivation of R is a derivation.

3 Jordan derivation of prime rings

In 1988 Bresar and Vukman (see [13]) presented an alternative proof of Herstein
result (Theorem 1). If we consider the proof of Theorem 1 we find that the
assumption that the characteristic of R be different from 2 enters only in proving
d(aba) = d(a)ba + ad(b)a + abd(a) for every a,b € R. So, if redefine a Jordan
derivation by equalities d(a?) = d(a)a+ad(a) and and d(aba) = d(a)ba+ad(b)a+
abd(a), we can prove the following result:

Theorem 2 ([13], Theorem 3.4) If R is a prime ring and d is a Jordan derivation
(redefined) of R, then dis a derivation except if R is both commutative (and is an
integral domain) and of characteristic 2.
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Later Bresar [8] proved that Herstein’s result is true for 2-torsion free semiprime
rings.

Bresar in [11] defined an additive mapping d : R — R to be a Jordan triple
derivation if d(aba) = d(a)ba + ad(b)a + abd(a) for every a,b € R. He proved
that every Jordan triple derivation of a 2-torsion-free semiprime ring is a derivation
(|11], Theorem 4.3).

In 1984 Awtar extended the HersteinVs theorem to Lie ideals — see citeAwtar.

Some of these results have been extended to different rings and algebras in
various directions (see [9], [10], [12], [15], [32]).

In 2000 Ashraf and Rehman in [3] considered additive mappings d : R — R
called a Jordan left derivations if d(z*) = 2zd(z) for all x € R and proved some
results for Jordan left derivations in prime rings.

In 2014 T. Lee and J. Lin [28| proved the theorem

Theorem 3 (|28], Theorem 2.2) Let R be a prime ring. An additive map ¢ :
R — Qunu(R) is a Jordan derivation if and only if there exist a derivation d :
R — Quu(R) and an additive map p : R — C such that § = d+ p and p(x?) = 0
forallx € R.

4 Jordan derivations of matrix algebras

Recall Herstein’s definition for Jordan homomorphisms from [22]:

Jordan homomorphism is a mapping ¢ : R — R’ such that p(a +b) = p(a) +
©(b) and p(ab + ba) = p(a)p(b) + ¢(b)p(a) for all a,b € R.

By a classical result of Jacobson and Rickart [25] every full matrix ring over
a 2-torsion free unital ring has no proper Jordan derivation. This fact can be
obtained from the two following theorems, where A is a 2-torsion free unital ring
and M, (A) is the ring of all n X n marices over A:

Theorem 4 (|25], Theorem 7) Any Jordan homomorphism of M, (A) is the sum
of a homomorphism and an anti-homomorphism.

Theorem 5 (25|, Theorem 22) If any Jordan homomorphism of A is the sum of
a homomorphism and an anti-homomorphism, then every Jordan derivation from
A into itself is a derivation.

In 2009 Alizadeh in |2] proved the following theorem

Theorem 6 Every Jordan derivation from M,(A) into M,(A) is a derivation.
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In 2007 N. Ghoseiri in [19] denote by R be a 2-torsionfree ring with identity
and by S be a subring of the ring M, (A) that contains the ring 7,(A) of all
upper triangular matrices over R. The author proved that any Jordan derivation
in .S can be uniquely represented as the sum of a derivation and a special Jordan
derivation.

In 2010 S. Zhao, J. Zhu in [47] considered so called Jordan all-derivable points
in the algebra of all upper triangular matrices. The obtained theorems continued
the earlier results in [49] and [50].

In 2013 Y. Li, L. Wyk, F. Wei in [31] construct some examples of Jordan
derivations of generalized matrix algebras given by a Morita context.

In 2017 Y. Lee and C. Zheng [29] proved analogouss result for higher Jordan

derivations.

5 Jordan derivation of triangular algebras

We recall the definition of triangular algebra.

Definition 1 Triangular algebra T = Tri(A, M, B) is an algebra of the form

a m

Tri(A, M, B) = {(O ;

):aeA,meM,beB}

under the usual matriz operations, where A and B are two algebras over a commu-
tative ring R, and M is an (A, B)-bimodule which is faithful as a left A-module
and also as a right B-module.

In 2005 Benkovic |7] determined Jordan derivations on triangular matrices over
commutative rings and proved that every Jordan derivation from the algebra of
all upper triangular matrices into its arbitrary unital bimodule is the sum of a
derivation and an antiderivation.

In 2006 Zhang and Yu [45] showed that every Jordan derivation of triangular
algebras is a derivation. More precisely, they proved the following result.

Theorem 7 Let A, B be unital algebras over a 2-torsion free commutative ring
R, and M be a unital (A, B)-bimodule that is faithful as a left A-module and also
as a right B-module. Then every Jordan derivation from the triangular algebra
Tri(A, M, B) into itself is a derivation.
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In 2007 Xuehan Cheng and Wu Jing [14] generalized the result of Zhang and
Yu.

Theorem 8 Let A and B be two algebras over a 2-torsion free commutative ring
R, with the property:

(P) Suppose that a € A(resp.B). If ray + yaxr = 0 holds for all x,y €
A (resp.B), then a = 0.

Let M be a faithful (A, B)-bimodule and T be triangular algebra Tri(A, M, B).
Then every Jordan derivation 6 on T into itself is a derivation.

In 2014 H. Ghahramani proved result about Jordan derivations on block upper
triangular matrix algebras.

Theorem 9 Let T = T (ny,no,....,ng) be a block upper triangular algebras in
M,(C) (n > 1) and M be a 2-torsion free unital T -bimodule. Suppose that
D T — M s a Jordan derivation. Then there exist a derivationd : T — M and
an antiderivation o« : T — M such that D = d+a and a(D(nq,na, ...,ng)) = {0}.
Moreover, d and o are uniquely determined.

Similar results H. Ghahramani proved in [16].
For more information about Jordan derivation of triangular algebras we refer
to ([1], [5], [18], [21], [27], [30] [44], [46]).

6 Jordan derivations in semirings

For semilattice M the set £y of the endomorphisms of M is a semiring with
respect to the addition and multiplication defined with:

o h = f+ gwhen h(z) = f(z) V g(x) for all z € M,

o hh=f-gwhen h(z) = f (g(z)) for all z € M.

This semiring is called the endomorphism semirimg of the semilattice M.

In [34] - [37] and [39] — [42] all considered semirings are endomorphism semirings
of a finite chain C,, = ({0,1,...,n — 1}, V) denoted by &, . This semiring can
be considered as a simplex — [35]. For 1 — simplices, which are called strings, 1.
Trendafilov ([34]) construct Jordan derivations.

For 2 — simplices, which are called triangles, D. Vladeva ([39]) consider 10 types
of Jordan derivations corresponding to 10 subsemirings of an arbitrary triangle
constructed in [35]. In the same work [39] the author construct Jordan derivations
in an arbitrary k-simplex an prove some facts for them and for so called local
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derivations. In [38] D. Vladeva consider derivations in upper triangular, Toeplitz
and circulant matrices. Using the representations of the upper triangular Toeplitz
n X n matrices with entries from an additively idempotent semiring from the last
article, D. Vladeva in [39] construct a Jordan derivation which is not a derivation.

In [36] and [37] the authors considered a projections of the elements of a triangle
on the three strings of a triangle and proved that these maps are derivations.
These derivations are connected with Jordan derivations defined in [39]. So in
[40], [41] and [42] D. Vladeva consider The Jordan derivations commuting with
the projections on the smallest, middle and greatest strings of a triangle.

In [43] D. Vladeva find a plenty of examples of Jordan derivations in the semir-
ing of upper triangular n X n matrices with entries from an additively idempotent
semiring and prove that some of them form an additively idempotent semiring.
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MN3ITOJI3BBAHE HA YHUBEPCAJIHATA MATEMATHUYECKA CPEJA
"MATH-XPRESS" 3A HIOAIIOMAT'AHE TIPEINIOJABAHETO U
OILIEHABAHETO B UACOBETE IO JIMHEVHA AJITEGEPA

Mapuana /lypuesa

Pe3zwome: B nacmoswama cmamusi mue onuceame OCHOSBHUME XAPAKMEPUCMUKU HA
VHUgepcannama mamemamuvecka cpeoa "Math-XPress” u uetinomo uznonzeame 3a
ceMuHapHa paboma, 3a camocmosmenHo obyueHue Ha cmyoewmume, KAKmMo U 3d
oyensisane na maxuama paboma. Math-Xpress exnrousa pedaxmop na ypasnenus, 2D
u 3D epaguuen niomep, oyenumen Ha uzpasu om 00OIACMMA HA KOMRIOMbPHAMA Al
2ebpa, KaKmo u NOCMBNKOBOMO UM Peulasane, 6b3MOICHOCIU 3a Npuiaeane Ha Ou-
Hamuyna eeomempus (2D u 3D). B kypca no Jlunevina ancebpa cvc cmyoeHmu om
cneyuannocmma «llpunosxcna mamemamuka u uHopmamuray cme U3NON3BANU U
eeHepamopa Ha 3a0ayu, KOUmMo cucmemama cbuo no380aa8d.

Kniouosu oymu: Math-XPress, komniomvpha ancedpa, nuneiina areebpa

USING THE UNIVERSAL MATH ENVIRONMENT “MATH-XPRESS”
FOR TEACHING AND ASSESSMENT OF LINEAR ALGEBRA

Mariana Durcheva

Abstract: In the present work we describe the main features of the Universal Math
Environment “Math-XPress” and its use for classroom teaching, home training and
assessment of students. Math-Xpress includes linked modules of equation editor, 2D
and 3D graph plotter, CAS expression evaluator and step-to-step solver, dynamic ge-
ometry (2D and 3D) and problem solving tutor. The Problem Generator has been
used for the development of the course of Linear Algebra, for the group of students of
the specialty ,, Applied Mathematics and Informatics”.

Keywords: Math-XPress, Computer Algebra System, Linear Algebra.

1. INTRODUCTION

Math-Xpress includes a number of linked modules that can be used by Math teachers
to improve the quality of lectures and the overall effectiveness of class and home
work [1]. Among those are: Equation editor, 2D and 3D graph plotter, CAS Expres-
sion Evaluator and step-to-step solver, Dynamic geometry (2D and 3D) and Problem
solving Tutor.

XPress-Editor is graphical formula editor, enabling natural WYSIWYG editing of
math expressions, that does not require familiarity with a special syntax. To enable
that, XPress-Editor uses Editor Keys, that represent Math templates and special sym-
bols. The resulting expression can be either pasted into Word or other text editors, or
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used by XPress-graph plotter, CAS based XPress-evaluator or XPress-Tutor.
XPress-graph plotter enables plotting and exploring graphs of functions of 2 and 3
variables (2D and 3D), families of functions and intersections of several graphs or
graphs and figures (in plane) or solids (in space).

XPress-evaluator performs operations on algebraic expressions. The subjects covered
by XPress-evaluator include: Arithmetic, Elementary Algebra, Trigonometry, Calcu-
lus, Probability and Statistics, Linear Algebra, Complex numbers. XPress-evaluator
shows the result either in final form or as a number of step-by-step operations; in the
case when the equation does not have an algebraic solution, it is solved numerically.
Math-Xpress includes also two modules of interactive dynamic geometry:

2-D and 3-D XPress-geometry Explorer, which are in turn interrelated to other mod-
ules, enabling, for instance, to show the intersections of graphs of functions with fig-
ures and solids, or geometry representation of complex numbers, etc.

The objects created by XPress-editor, Graph Plotter and Geometry Explorer can be
imbedded into Word or pdf-pages and called from them directly in interactive Math-
Xpress environment.

As long as the above mentioned modules offer tools rather than content, they do not
depend on specific curriculum, nor on the language of teaching. On the contrary, the
main objective of XPress-Tutor is Training and Assessment of the students learning at
native language the courses according to a local curriculum. Language settings of
Math-XPress allow to choose the required one (Fig. 1), and to get the tasks according
to the curriculum and language of the country.

File | Language
\ 2, English Ctrl+E |
L =

Hebrew Ctrl+H

Bulgarian ~ Ctrl+B

Editor Keys Russian Ctrl+R

Fig. 1.

2. USING “MATH-XPRESS” BY A TEACHER DURING THE SEMINARS
FOR INTERACTIVE DEMONSTRATIONS OF BASIC OPERATIONS IN
LINEAR ALGEBRA
XPress-evaluator enables to present many subjects on Math in live and attractive
form, by demonstrating, when possible, graphical representation of functions, equa-
tions, inequalities, complex numbers, vectors, etc., or detailed operations on Math ob-
jects, showing their dependence on the constants and parameters that define them.

In Linear Algebra such operations include:

Editor Keys

a) Calculation of determinants Cooua | Alsctn |
XPress-evaluator calculates determinants of and order up to 3x3 in de- & a.la. |
tailed form. For doing that, open the folder Math, click on the button Ma- ;| =

trix, and fill in the template in Edit window, for instance, matrix of the | 2

second order: e
B Edit Window ] ]

a h;} [:;-,:;J\L Py

cd Matrix| 4
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Click on the Solve button and obtain the detailed calculation in the |Eca. — =
Work Sheet window:

WorkSheet

ab
c d

=a+d-b-c=a-d-b-c

The elements of the matrix can be also expressions, like:
WorkSheet

a-5 b-x
c/xX dr—1

2ex+x"

=(a-5)-[d+ L E ]-(b-x)-(c-ﬁ)=(a-5)-d+ a3 3-b°(c--|/§)+(c--l/§)°x

2°X+X 2°X+X

The calculation is also in detailed form, when a determinant is of higher order, as in
the following example:
+2 -1 1

2 1] |1 1 1 1| s

-2 =(t+2)e -3e . =(t7-1043+t)+ (1+2)+ 4+ (1+2)-t+
3 1 =42 | el 3y s is 1‘(_1 1043 )+ (t+2)+4e (1+2)-t+7
4 -4 145

b
3 ;— ¢ Mgl g l® o foh-bedem+c-deh+bef

e fl=a| dr|[E| gTeamoa m-+c g-esc'g
g hm

The teacher can demonstrate during the seminar the solution of the problem which is
one of the test exercises (yet with another coefficients), the ability of an interactive
changing of the elements adds essentially to the understanding of the solution:
t+3 -2 2
4 -3 2|=(t+3)
5 -5 t+7

t-3 2
-5 t+7

= ~
i i

-5 t+7

=
i

t-3

-4 +5e =(-21+4+t)+ (1+3)+10+(1+3)-2-1+26

[

b) Operations with matrices
XPress-evaluator performs and shows in details all the basic opera-

tions with matrices, like: = Ca. — O
1. Addition of matrices:  (a;) + (by) = (aj + by) T
Edit the exercise in Edit Window and click on Solve button:
4 -5 3
0 1(+|7
-6 1| |-2

2. Multiplication of a real number ¢ and an m x n matrix A = (a;): [,
CA = (caj)): [

3
2 3

3. Product of two matrices A = (a;;) and Lo w320 e s
RN RS
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Eca. — &
Rad [ Keys | +| + | GG

Fractions | Eouations2|  Trioo |
Arithmetic | Eouations1 | Sci.Calc.
Loa. Exo | Alosbra2 | Advanced |
AloFract. | Algebra 1 Calculus

4. Transposition of a matrix: A = (a;;) = A' = (%) = (a):

T 4. im ...
123 147 =2 f: —
456 =258 = o Ton
789 3609 .Transposition of Matrix

5. Eigenvalues of a matrix 2x2:
™ Ca.. — O
mad [ eys | 4| v | GG

Fraclions | Eouslions2|  Trice |

Arfihmetic | Eountions! | Scicake |
Loa Exa | Alosbra 2 | Advanced

=t2-?'1-2=0 The secular equation Alo.Fract | Alosbrat1  Caluls
27| Jooe] |
fog= | o [aston.. |
] Eiger! values :::f Matrirx_|

23 - .
45 The initial matrix

2t 3

4 5t
t,=727;
t:_=-ll2?

The eigen values .

X, =0.57-x,
Calcluation of eigen vectors %

X,=any number
t=7.27: 2

"3.x2 '5-27"3{! =0 Dim W=1
{4.3@1 -2.27+x,=0 system accepted (x2=] )s (0.57, 1) Roots are found

9 =-0.27:
{-5.2?-x1+3-x3=0

0=0 3-x,+2.27°x, =0
4rx +5.27:x,=0 system accepted

'

2.27-x1+3-x2=0
foss
[x, =132,
{x;any number
Dim W=1
(x,=1), (-1.32, 1) Roots are found

6. Eigenvalues of a matrix 3x3:

152::3 DIIII WwW=1
4 5 6| The inidal matrix [x3=l], (0.28, 0.64, 1) Roots are found
789
=-1.12:
14 2 3 (2%, +3-x,+2.12:x =0
4 51 6[=-r’'+15-°+181=0 The secular equation 4X,+6°X,+6.12°x,=0  system accepted
7 8 9+ ?-x!+3-xz+lﬂ.12‘xs=ﬂ'
‘ (1‘0;
,=16.12;
13=-l.12
The eigen values Dim W=1
Calcluation of eigen vectors (x;=1), (1, -2, 1) Roots are found
| =0.00: t=16.12:
& A oy = =, oy - =
X, +2°X,+3:x,=0 2:x,+3%,-15.12+x,=0
4-)(l+5-x2 +60x3=0 system accepted 4-x1+6'x3'11.13'x2=0 system accepted
7o +8x,+9x,=0 Tex, +8x,-7.12:x,=0
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c) Operations with Complex numbers

Rac [(Kaya] 4| + | ITIGTRN

Fractons | Eouations2|  Trioe

24+3+i+4+5+i=6+8+i
Arthmetic | Eouations | SciCalc.

V4 Fe1= o1 )==2-2¢1 £ | Calc
24 30in(44501)=-2-21 e

2431 23, 2 . Pw | CE Al
[—— I e e .l
4+51 41 41 MO | Ty |LmeProg

A P35 | Xl T
Y2F31=(1.67+0.9+, -1.67-0.9+i) T

1Operations betweén Complex numbers

V2F31=(1.27+0.25+, 0.15+1.28+, -1.17+0.54+i, -0.88-0.95+i, 0.63-1.13+i)

2+3+1=9/13+(c0s0.98+(i)*sin0.98)

at

o | | » | ORI
Fractions | Eouations2|  Trico
Arthmetc | Eouahons? | SciCaic
AlnFract. | Alsbra 1 | Caluus
Loa Exo | Alsebra2 Advanced

P | Ci

Al

M) | riod) | LineFrog

Algsheaic n
l?:"[‘:i@ 3457

[ ——
xe[.]

1 1 3 1From Algebraic To Trigonometric Form

d) Linear operators
This topic can also be developed using the system that generates tasks with different
parameters:

3apgaya 5.21 Heka T e nuHeeH oneparop oT g R OedvHUpaH no cnegHna HauyuH:
T 2=[2 -1, T2 H=|2 1]
[a ce Hamepu martpuuara Ha nuHerHnsa onepatop T(a, b).
3apava 5.22 Heka T e nuHeeH oneparop ot R® KbM R3, neduHnpaH rno crnegHns HauuH:
T(-1, 0)=[1 0 -2, T(1, 1=[0 2 3

HamepeTte matpuuata Ha nuHenHua onepartop T(a, b).
3apava 5.23 Heka T e nuHeeH onepartop oT R® kbM R3, nedvHupaH 4ypes3 cbopmynara:

AMECnTss i) =[2x-y +2z x+y x-2y +22]
[a ce Hamepu HoBaTta Gasa Ha NUHEeNnHUa oneparop.
3agaya 5.24 Heka T e nuHeeH oneparop ot R® kbM R4, AeduHupaH ¢ nomoluTa Ha opmynara:
T, y, 2)= [x LY -27 -2y R7X oy =7 2x-32]

[la ce Hamepu pasMepHOCTTa Ha HOBOMOMyYeHaTa cucTeMa BEKTOPW.
3apava 5.25 Heka T e nuHeeH oneparop oT R’ kbm R?, neduHupaH Yypes dopmynara:

JHES Z)=[2x-y+22 X +y x—2y+22]

[a ce Hamepu Gasarta Ha a4pOTO Ha JNIMHENHUA onepartop.
3apnava 5.26 Heka T e nuHeeH oneparop oT R kbM R4, nedurHupaH ypes3 cpbopmynara:

T, y, 2z t)=[2x-y+z+2t x+2y-z-t x-3y+z+2t|

Hamepete pasmepHocTTa Ha S4pOoTo Ha NMUHENHUA oneparTop.
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3 4
3apaua 5.27 Hameperte nuHeeH orniepatop T oT R™ KbM R, aKo € M3BECTHO,

Ye BeKTopuTe B HOBOTO MNMPOCTPpaHCTBO MMart criegHuUuTe KoopaunHaTtu:

2 -1 0 1jn [1 2 1 -1].
3apgava 5.28 Hawmepete nuHeeH onepartop T oT R* kbm RS, aKo € U3BECTHO,

ye 94pOTO Ha JIMHEMHUSA orepaTrtop ce CbCTOM OT BEKTopUTE:

[1 20 1 uw [1 0 -1 1]
3apgava 5.29 JInHenHnat onepatop T ot R’ kbm R° e neduHunpaH 4ypes hopmynara:
T, v, z)= [—x L2y 2x by E 27 8 -Ox - 2y +Zz]
Hamepete marpuuara Ha onepartopa T.
3apgava 5.30 JInHenHnaTt onepatop T oT R° kbm R e aeduHupaH ypes dopmyrnara:
TG, ¥, 2) =[X-2y +z x+3y +5z -2x-y +5Z]

Hameperte matpuuara Ha onepartopa T B 6a3arta S:
S={-1 2 4], [2 -2 -3], [2 1 1)}

3. USING MATH-XPRESS” FOR TRAINING OF STUDENTS
AND ASSESSMENT FOR THE COURSE IN LINEAR ALGEBRA

XPress-Tutor offers a student the series of problems, organized into weekly tasks, ac-
cording to the course curriculum [2]. For the course in Linear Algebra taught at the
Technical University of Sofia, the following tasks have been developed:

Systems of linear equations, Basics of Determinants, Basics of Matrix, Vector's Spac-
es-1, Vector's Spaces-2, Vector's Spaces-3, Vector's Spaces-4, Complex Numbers, De-
terminants — Advanced problems, Matrix — Advanced problems - altogether 100 exer-
cises, divided onto 10 weekly tasks. Each task is presented in three modes of opera-
tion: Learning, Training and Test (Fig 2).

recy
PAKTIRA Iyasane npeaMer
NENPABKNEN NPAB  BRNPOCH Tect

PP

Fig. 2.
During the Learning mode, a student is offered a series of problems on a given sub-
ject; each problem includes random parameters, so that different runs exhibit different
initial sets of the parameters.
A student can solve the problem in his way, by entering an answer using the Editor
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Keys. The program checks an input expression and responds either by question mark,
if the answer does not coincide with any possible answer, or by "Wrong" remark, if it
coincides with one of the predicted wrong answers (usually typical) (Fig. 3).

t 0 -1
3 -t 2 (?)
1 0 2t
t+7 0 0
5 t-7 1
3 0 t-7 pewHol
t-5 0 0
11 t+5 1 lNpaewnHaTta TpaHchopMaumA
3 0 t+7
Fig. 3.

A student can also ask for a Help that is presented in 3 levels:
1) General Help, where a method of solution that is common to all the problems of a

specific subject is described (Fig 4);

3apava 3.7 [pecmeTHeTe AeTepMUHaHTaTa oT 3-uA peq:

t+2 -1 1

3 t-2 1

6 -6 t+4
WorkSheet use mouse keys to seledt te
Determinants

General Description

MpecbpasyBaiTe AETEPMUHAHTA MO CNEOHWA HAYMH:
JofaeeTe NbPBY CTLNG KbM BTOPW M NOCMNe

W3BafeTe BTOPUA ped oT NbPBUA.

Pa3euiiTe nony4eHara AeTepMUHAHTA N0 eNeMeHTUTe Ha
MePBW pea U NpecMeTHeTe nonyyeHara AeTepMUHaHTa
OT BTOpM peq.

a |L’H

Fig. 4.

2) A List of Steps of a problem's solution and the description of each step (Fig 5, 6
and 7):

51



Steps_/Opgrat_ions

Fig. 5.

TpaHcchopMalms Ha AeTEPMUMHAHTa

|»

MpumMep 3a pasBUTUE Ha OAETEPMUHAHTA.
MpecMeTHETE AETEPMUHAHTA OT 3-U pen:
t+3 -1 1

5 t-3 1
6 -6 t+4 |
[NpeobpasyBaHng:

[obaBeTe NbpBY CTLING KbM BTOPU:
t+3 -1 1] [t+3 t+2 1

5 t-3 l|i= 5 t42 1
6 -6 t+4 6 0 t+4

WN3BaneTte BTOpUS pen OT MbPBUS:
t4+3 t4+2 1] [t-2 0 0

5 t+2 1=| 5 t+2 1
6 0 t+4 6 0 t+4

PesyntareT OT cThMKara e:
t-2 0 0

5 t+2 il L
6 0 t+4 .
Fig. 6.

OKOHYaTenHn u3uncneHns

Mpumep. Usuucnu:

t+3 -1 1
5 t-3 1
6 -6 t+4

PesynTar, nony4eH oT npeaHara cTbhka:
t+3 -1 1] |t-2 0 0
5 t-3 1l=| 5 t+2 1

6 -6 t+4 6 0 t+4
UsuncneHuns: I
| : t+(2) (1)=(t-2)t+(2) t+:I=(t-2)(t+2)(t+4)=(t2-4)(t+4)
6 0 t+4
KpaeHn peaynTzaT: Il
(*-4) @t +4) |
Fig. 7.
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At any moment the student can enter his/her proposal for the next step of the solution,
and the program will compare it with possible answers (both correct and typical
wrong ones), and respond correspondingly.

If, however, he/she while being in Learning mode, still couldn't suggest the correct
result of one of the following steps (or the final answer), clicking on Hint button,
he/she will see the correct result of the nearest unsolved step.

In Training mode, the student obtains 4 possible answers (one true and 3 wrong), and
in order to proceed, he/she has to find the correct one (Fig. 8); however a number of
trials in training mode is unlimited.

Sefect Result of Step/Operation -n“
t+5 0 0 t-3 0 0
5 t+3 1 7 t+3 1
4 0 t-7 k] 0 t+7
t+5 L1} o -3 0 [}
3 t-5 1 9 t+5 1
4 0 t-7 4d 0 t+7
Fig. 8.

In Test mode, Help and Hint are not available, and a student has only one attempt to
find the correct answer.

In Learning and Training modes, after finishing all the steps of the solution, the stu-
dent can either move to the next problem, or repeat the current one with a new set of
initial data.

In both Learning and Training modes all the features of Math Xpress are available,
so that in a course of problem solving the student can explore the problem using dif-
ferent tools, like XPress-graph plotter or XPress-evaluator that can help him/her in
better understanding of a solution.

In typical student's activity scenario, he/she usually starts with Test mode, looking at
the set of the problems and trying to realize whether he/she can solve them without
help.

The system allows to exit a test, without reducing the marks. However, this is allowed
only twice for each problem, otherwise the mark for that problem will be null.

While being out of the Test, the student can enter Learning or Training modes, and
learns how to solve the problem, similar to that in which he/she has encountered diffi-
culties: the difference between the problems presented in Test and other modes is
usually in the values of the random parameters, defining the problem.
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4. DEVELOPMENT OF NEW CONTENT

The problems are developed using the XPress Problem Generator — external module,
enabling compiling of new items by unexperienced in programming people [3].

During the current academic year a course of Linear Algebra has been taught using
the Universal Math Environment “Math-XPress” to a group of 28 students of the
Technical University of Sofia, and its use has indicated an improved interest of the
students to the subject, as well as an essential improvement of the tests results.
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MOPIAHOBU IN®EPEHIIMPAHUISA, KOMYTUPAIIIN C
[IPOEKIINATA BbPXY HA-MAJIKNY CTPUHT HA
TPUBI'bJIHUK

Jdnvurpuaka BiajgeBa

Pesiome: Ieama na masu cmamus e da ce namepam Hopdanosume dugeperyu-
paruAa, Koumo xomymupam ¢ npoexyuama 0y na A {a, b, ¢y sspry STR™{a,b}.
Karouwosu dymu: nosynpscmer om endomoppuamu na xpatina eepuza, dudepen-
wuaana arzebpa, Hopdanosu dudeperyupanus, oudepenyuparui 6 nosynpscmen.

JORDAN DERIVATIONS COMMUTING WITH THE
PROJECTION ON THE SMALLEST STRING OF A TRIANGLE

Dimitrinka Vladeva

Abstract: The aim of this paper is to find the Jordan derivations commuting with
projection 8y of A™{a,b,c} on STR™{a,b}.

Keywords: endomorphism semiring of a finite chain, differential algebra, Jordan
derivations, derivations in Semirings.

1 Introduction and preliminaries

Since this article and Jordan derivation commuting with the projection
on the greatest string of a triangle, published in the same volume, are closely
related, here we use the references of this paper.

Jordan algebras and Jordan derivations were introduced in 1934 by P. Jordan
6] to formalize the notion of an algebra of observables in quantum mechanics.

In 1957 Herstein [5] proved that every Jordan derivation from a prime ring of
characteristic different from two into itself is a derivation. This result has been
extended to different rings and algebras in various directions (see [1], [2], [3] and
7).

About derivations in semirings we use

e the definition in Golan’s book [4],

e the projections on the strings of a triangle, which are derivations — [9] and [10],

e the projections on the strings of an arbitrary endomorphism semiring, which
are derivations — [12].

© 2017 Publishing House of Technical University of Sofia 5 5
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An algebra R = (R, +,.) with two binary operations + and - on R, is called a
semiring if:

1. (R,+) is a commutative semigroup,

2. (R, ) is a semigroup,

3. distributive laws hold x - (y+ 2) =z -y+x-zand (z+vy)-z2=x-24y- 2
for any z,vy,z € R.

For a join-semilattice (M, V) set Epq of the endomorphisms of M is a semiring
with respect to the addition and multiplication defined by:

e h=f+ gwhen h(z) = f(z) Vg(z) for all z € M,

e h=f-gwhen h(z) = f(g(z)) for all x € M.

This semiring is called the endomorphism semiring of M.

In this article, all semilattices are finite chains. We fix a finite chain C, =
({0,1,...,n—1}, V) and denote the endomorphism semiring of this chain by
gcn- We do not assume that a(0) = 0 for arbitrary o € gcn- So, there is not a zero
in endomorphism semiring éA’c

Here we give a new treatment of the subsemirings of endomorphism semiring

gcn of a finite chain. For arbitrary elements ag,aq,...,a,_1 € C,, where £ < n
and ap < a; < ... < a1 we denote A = {ag,a1,...,ax_1}. Now, consider
endomorphisms a € &, with Im(a) C A. The set of the all such endomorphisms «
is a maximal simplex. We denote this simplex by al(ﬁn)(A) = o™ {ag,ay,... a5 1}.
The endomorphisms a € 0™ {ag, ay, ..., a;_1} such that
a(i0+"'+ik—2): ...:a(i0+...+ik_1_1) = a1

k-1
we denote by o = (ag);,(a1)i, - - - (ag-1)i,_,, Where Z ip =M.

p=0

Particularly in case n = 2 the simplex is callecd a string and is denoted by
STR™{a,b} and in case n = 3 the simplex is called a triangle and is denoted by
AM{a,b,c} - see [8]. For Jordan derivations in arbitrary endomorphism semiring
the reader is refer to [11].

2 Jordan derivations commuting with derivation 0,

The projection on the smallest string of the triangle
8 : A" {a, b, ¢} — STR™{a, b}
such that for any a = a;bjc,—;i—j,
d1(a) = azb,_; € STR™{a, b}
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is a derivation as we proved in Theorem 1 of [9]. The maximal subsemiring
TRAP{@, b, by 1Cn_p-1,ap41Cn_p_1} of the triangle closed under the derivation o,
is consisting of all types except (a, ¢, ¢), (b,¢c,c) and (¢, ¢, ¢) — Theorem 2 of [9].

Let 8 = apbecp—p—p, where a < k—1 < b < k+/¢—1 < c is an element
of RT (A(”){a,b, c}) Then for any o € TRAP{a@,b,bys1Cn_p-1,ap41Cn—p-1}, it
follows that Jordan multiplication

Os(a) = af + fa = a + fa
is a derivation — see [11].

Theorem 1. Let o € TRAP{a, b, by1Cpnp_1,0p41Cn-p-1y and [ €
RZI (A™{a,b,c}). Then 8195(cx) = 9301 ().

Proof. Case 1. Let a € (a,a,a). Then fa = @ and Js(cr) = . Since 01(a) €
(a,a,a), it follows 0103(a) = 03(01(x)) = O1(x) = 01(0s()) = 9O ().

Case 2. Let o € (a,a,b). Then oo = a;bjc,—;—;, wherea < b <i—1 < ¢ <i+j—1.
We obtain Sa = agpbicy—r—¢ - aibjcn—i—; = aprebn_r—¢ and then dz(a) = a +
ag10bp——¢. Since 01 () = a;b,—; € (a,a,b), it follows B0 () = apbecy_g—¢-a;by,—; =
Aptebn——¢. Thus 010s(a) = 03(01(a)) = Oi() + BOi(a) = O1() + apsebp—k—r-
Hence,

6581(04) = 81(85(04)) =0 (O& + Clk+gbnfkfg) = 81(04) + Qpopbp gy = (9165(04).

Case 3. Let o € (a,b,b). Then o = a;bjc,—i—j, wherea <i—1 <b < c <i+j—1.
We obtain fa = agpbicy—j—¢ - aibjcn—i—j = apb,—j and then dz(a) = o + apby,—.
Since 01(a) = a;b,—; € (a,b,b), it follows B0 () = agbecp_k—¢ - a;iby—; = apby_.
Thus, we have 0105(a) = 93(01(ar)) = 01(a) + 501 (ar) = 01 () + apby—i. Hence,

Op0h(@) = 01(9p(@)) = (e + akbn—t) = Ou(@) + arbp—k = 0195().

Case 4. Let a € (b,0,b). Then o = aibjCn—i—j, wherei <a<b<c<i+j—1.
We obtain fa = b and then dz(a) = oo + b = «. Since 01 (a) € (b, b, b), it follows

0hs() = 05(0h(@)) = () = D1(Ip()) = ().

Case 5. Let o € (a,a,c). Then o = a;bjc,—i—j, where a < b < i—1 < i+
Jj < c. We obtain Ba = agbcp—g—r - a;bjcn_i—j = aprecnj—¢ and then Oz(a) =
Q& + AppCp_k—¢. Since 01(a) = a;b,—;, it follows 01 () = apbecp—j—¢ - aib,—; =
Ajttbp—g—¢. Thus 010s(a) = 03(01(ar)) = O() + () = O1() + aprebp—k—r-
Hence,

8581 (Oé) =0 (85(04)) =0 (CY + ak+gcn_k_g) =0 (CY) + ak+gbn_k_g = 8185(04).
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Case 6. Let o € (a,b,c). Then o = a;bjc,—;—j, wherea <i—1 < b <i+j—1<c.
Then « is a right identity and ds(a) = o + . So,

9p01(a) = 01(9s()) = O1(a + B) = O () + i (B) = 01 () + arby—.
Since 01(a) = a;b,_;, it follows B0 («) = arbec—k—¢ - a;iby—; = arb,_k. Hence,

9195(0) = D5(01() = Di(a) + BOL() = Bi(@) + arb,r = D30 ().

Case 7. Let o € (b, b, c). Then oo = a;bjcp,—i—;, where i <a <b<i+j <c We
obtain Sa = arbecn—k—¢ - a;bjcn—i—j = byricn—k—¢ and then dz(a) = & + bpieCn—k—r-
Since 01 () = a;b,_;, it follows S0 (a) = arbecy k¢ - a;b,—; = b. Thus, we have

6185(04) = 85(81(04)) = 61(04) + 681(04) = 81(@) + 0.
Hence, 0301 () = 01(05()) = 01 (a + bpyscn ko) = O1(a) + b = 0195(a).

Let 8 € (a,a,a). Then for any «, it follows Js(a) = aff + fa =a + fa = Pa.

Theorem 2. Let a € TRAP{@,b, by 1¢n—p—1,apr1Cn-p-1} and B € (a,a,a).
Then 0,03(a) = 0301 ().

Proof. Case 1. Let a(a) = a. Then fa = @ and 0s(er) = @. Now 050, () =
01(05(a)) = 01(a) = @. Since 01 (a)(a) = a, it follows

0h0s(a) = 95(01()) = Op(a) = a = Ipdh(a).

Case 2. Let a(a) = b. Then Ba = b and dz(a) = b. Now 930y () = 91(9s(cx
d1(b) = b. Since 9i(a)(a) = b, it follows 9,95(a) = F3(01(a)) = 9g(b) = b =
8581 (O{)

Let 3 € (b,b,b). Then for any «, it follows ds(a) = a8 + Ba = b+ Ba.

Theorem 3. Let o € TRAP{@, b, byi1¢n_p-1,ap41¢n_p—1} and B € (b, b,b).
Then 0,03(a) = 0301 ().

Proof. Case 1. Let a(b) = a. Then fa = @ and dz(a) = b. Now 930:(a) =
1(95()) = 81(b) = b. Since 9;(a)(b) = a, it follows

8195(a) = 5(01(0) = 95(8) = b = 9301 ().

Case 2. Let a(b) = b. Then Ba = b and 9z(a) = b. Now 9301 () = O
O1(b) = b. Since 91(a)(b) = b, it follows 0195(a) = 93(91(a)) = Is(
030 (v).

Not all Jordan derivations commutes with the derivation d; as we now show.

N—
~—

~—

(95(a))
b) = b

8ﬂ Oé)
)

Proposition 1. Let a € (a,a,a) or a € (a,a,c) and § € (a,a,b). Then, it
follows 0105(cx) # 030; ().
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Proof. Let 8 = apbycy_p—¢, wherea <b<k—1<c<k+/{—1.
Case 1. Let o = a;bjcp,—i—;, where a < b <i—1 <i+j < c. We obtain ds(cr) =

= aibjcn—i—j - arpbech—p—¢ + apbpcp_r—o - abjcn—i—j = iy ibp_i—j +a@ = aijby_i—;.

Then 001 (o) = 01(9s(a)) = O1(Gisjbn—i—j) = @it jbn—i—j-
Since 01 (av) = a;b,—;, it follows 0105(ar) = 03(01 () = Os(aibn—i) =

= aibn,i . akbgcnfkff + akbgcnfkfg . aibnﬂ' =a+a=a< aifjbnﬂ;j = 8581(04).
Case 2. Let o = a;bjc,—i—j, where a < b <i—1 < i+ 35 <c. We obtain
() = abjcn—i—j - arbecn_j—¢ + apbecn_i—¢ - a;ibjcn_i—j = @iy jbp—i—j + preCnr—.

Then 9501 (a) = 01(03(0)) = 01( @iy jbn—i—j+krsCnt—r) = it jbp—i—j+ap4ebp_r—e.
But i +j < ¢ < k+ ¢ Thus aj1jbp—i—; > apreby—j—¢ and then 030;(a) =

CLZ'Jrjbn,Z;j. Hence 818ﬂ(0&) = 85(81(05)) = 35(aibnﬂ-) = CLibn,Z’ : &kbgcn,k,g +

arbeCn—k—¢ - aibp—i = @+ apybp—p—1 = @riiby_p—¢ < @i jbp_i—; = 001 ().

As in Proposition 1 we can prove that if a € (a,a,b) or @ € (a,b,b), or a €
(a,b,c) and B € (a,a,b) then it follows 0,05(a) # 0301 (c).

Theorem 4. Let o € (b,b,b) or a € (b,b,c) and § € (a,a,b). Then 0,03(a) =
(9581(04).

Proof. Let 8 = apbycy_p—¢, wherea <b<k—1<c<k+/{—1.

Case 1. Let o € (b,b,0). Then o = a;bjcp—i—j, where i <a <b<c<i+j—1.
We obtain fa = b and aff = @it jbn—i—j. Then Os(a) = af+ fa = a;jby—i_j +b=
b. Thus 9301 (o) = 1 (95(c)) = 01 (b) = b.

Since 01 () = a;b,_; € (b, b,b), it follows 80 (a) = b and 9;(a)B = @. Hence

8155(04) = aﬂ<61(0{)) = 581(04) + 81(04)5 = B +a = E = 8581(&).

Case 2. Let o € (b, b,¢). Then av = a;bjcp—i—j, where i <a <b<i+j—1<c
Now we obtain S = bj4ecp—k—¢ and off = a;1jby—i—;. Then Os(ar) = aff+ P =
OkreCn—k—¢ + iy jbp—i—j. Thus

8581 (Oé) = 61 (85(04)) = 81(bk+gcn7H + Clifjbnfi,j) = E + CLiJrjbnfifj = B
Since 0y (a) = a;b,_; € (b,b,b), it follows 301 () = b and 9;(a)3 = @. Hence
8185(0{) = 5’5(61(0{)) = 581(0&) + 81(04)6 = B +a = E = 8581(04).

Theorem 5. Let o € TRAP{@, b, by 1¢n—p—1,ap11Cn—p-1} and 3 € (a,b,b).
Then 0103(a) = 0301 ().
Proof. Let 8 = apbycy_p—¢, wherea < k—1<b<c<k+/{—1.
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Case 1. Let o € (a,a,a). Now o = a;bjcp—i—j, a <b<c<i—1<ec Then
Os(a) = af+PBa = aibjcy—i—j-arbich—r—r+arbicn_j—¢-a;bjcn_i—j = a;b,_i+a = a;b,—;.

We obtain 0301 () = 01(0s(cr)) = Oi(aibp—;) = a;b,—;. Since 0i(a) = a;b,—;, it
follows 501 (a) = agbecy—g—¢ - a;ib,—; = @ and 01()B = a;b,_; - arbpcn_—1 = a;b,_;.
Hence 0105(a) = 03(01 () = 01 () + 01 () = @ + aibp—i = a;b,—; = 001 ().

Case 2. Let o € (a,a,b). Now a = a;bjc,—i—j, wherea < b <i—1<c<i+j—1
and then Os(a) = af + Ba = abjcn—i—j - arbecn_k—o + apbicn_p—¢ - aibjcn_i—; =
aibp—i + aprebp_k—p. Since i < ¢ < k4 £ we find ap4¢bp——¢ < a;b,—; and Op(a) =
aibnﬂ-. Thus (9531(04) = (91(85(04)) = (91 (aibnfi) = aibnﬂ-.

As in the previous case since oy (a) = a;b,—;, it follows 50 (a) = agbecp_—¢ -
a;by—; = agsobp_k—¢ and Oy ()8 = a;by,_; - arbecn ¢y = a;b,—;. Hence

8185(04) = 85(81 (O&)) = 681(04) + 81(04)6 = ak+gbn,k,g + aibnﬂ-.

But i <c¢ < k+¥, 50 agrobp_g—¢ < ajb,—;. Thus 010s(cv) = a;b,—; = 0301 ().

Case 3. Let a € (a,b,b). Now a = a;bjc,—;—;j, wherea <i—1<b<c<i+j—1
and then Os(a) = af + Ba = abjcn—i—j - arbecn_i—o + apbicn_p—¢ - aibjcn_i—; =
a;by,—i + arpb,_p.

Now we find 0301 (a) = 01(95(x)) = 01 (a;by—; + arbn—1) = aiby—; + apb,—_x.

As in the previous two cases since 0i(a) = a;b,—;, it follows

0h0s(a) = 03(9i(a)) = BOi(a) + D1 ()8 =
= apbecnk—0 - aiby—i + aiby_i - apbecn ko = axby_ + a;ib,—; = 901 ().
Case 4. Let a € (b,b,b). Then a8 = b, Ba = b and ds(a) = b. We obtain
0501 (ar) = 01(9s(ev)) = O1(b) =
Since d;(a) € (b, b,b), it follows 30;(a) = b and d;(a) = b. Hence
0105(r) = 95(01 () = Boi(a) + () =b+b=b= 030i().

Case 5. Let a € (a,b,c). Then a = a;bjc,—i—j, where a <7 < b < i+j < c. Now
« is a right identity and dz(a) = af+ 3. But af = a;bjcn—i—j - apbicn—j—1 = aibn_;.
So, Og(ar) = aiby—; + arbecn—_f—y.

We obtain 8581(04) = (91(@/3(04)) = al(aibn—i + akbgcn_k_g> = aibn_i + akbn_k.

Since 01 (o) = a;b,—;, it follows 0105(a) = 03(01(v)) =

= B01(a)+01(a) B = apbicp—j—r-aiby—i+aib,_i-arbecn_j—¢ = apbp_r+aib,—; = 001 (v).

Case 6. Let o € (b, b,¢). Then av = a;bjcp—i—j, where i <a <b<i+j—1<c
We obtain ds(a) = aff + fa = a;by—; + bgreCn_j—¢. Thus

8561 (CY) = 81 (85(04)) = 81(aibn_¢ + ka_gcn_k_g) = aibn_i + b=b.
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Since 0 (a) = a;b,—;, it follows 0105(a) = 03(01 () = () B + o1 () =

= a;by—i - arbeCn—j—o + agbecn_j—¢ - aibn_i = b+ a;b,—; = b = ().

Case 7. Let o € (a,a,c). Then o = a;bjc,—;—;, wherea < b <i—1 < ¢ <i+j—1.
We obtain ds(a) = aff + fa = aibjcp—i—j - arbecn_k—¢ + arbecn_i—¢ - aibjcn_i—; =
a;by—i + ag1eCpg—¢- Thus

0501 (a) = 01(0s(x)) = Or(aibp—i + apseCpi—r) = aibp—i + aprrbp_p—e.

But ¢ < ¢ < k+ ¢ implies agi¢cp—t—r < a;by_;. So 0301 (a) = a;b,—;.
Since 01 (a) = a;b,—;, it follows 0105(a) = 03(01 () = 01 () B + 01 () =

= a;by—i - arbecy—p—¢ + apbecn_—¢- aibyp—i = aiby_i + apibp_j—¢ = a;b,—; = 030; ().

Theorem 6. Let o € TRAP{a, b, byr1¢n_p_1,ap41¢n_p—1} and B € (b,b,c).
Then 0103(a) = 0301 ().

Proof. Let 8 = apbyc,__¢, where k < a<b<k+/{<c.

Case 1. Let a € (a,a,a). Now a = a;bjc,—i—j, where a < b < ¢ <1i—1. We find

35(04) = Cliban—i—j'akbecn—k—£+akbécn—k—e'aiban—i—j = bi+jcn—i—j+a = bi—l—jcn—i—j-

We obtain 050;(a) = 01(0s(c)) = O1(bivjcn_i—j) = b. Since 01(a) = a;b,_;, it
follows B0 (a) = arbecp_g—¢ - a;b,—; = @ and 81(04)[3_: gibn_i - apbyChj_y = b.
Hence 0103(a) = 03(01(a)) = 801 (a) + 01(a)f =a + b= b = 0301 (c).

Case 2. Let o € (a,a,b). Now o = a;bjc,—;—;, where a < b <1i—1 < ¢. Then
Op(ar) = asbjcn—i—j - arbecn_i—¢ + arbpcy—p—¢ - aibjcn—i—j = biyjcn_i—j + apiebp_i—.

Now we obtain 0s0i(e) = 01(0p(a)) = Oi(bivjcni—j + aprebn-r—) =
O1(bivjcn—i—j) + O1(arsebp—r—¢) = b+ appibyp_t—¢ = b.

Since 01(a) = a;b,_;, it follows B0 (a) = arbecn_g—¢ - a;ibp—i = ap1eby_r—¢ and
O1(a)B = aib,_; - axbecp_j—¢ = b. Hence

8185(Q> = 85((91(C¥>) = 581(&) + 81(04)5 = aqugbn,k,g + E = E = (9561(04).

Case 3. Let o € (a,b,b). Now a = a;bjc,,—i—j, wherea <i—1<b<c<i+j—1
and then 0s(a) = af + fa = abjcn—i—j - apbeCn——¢ + arbeCpn_j—¢ - aibjcn_i—j =
bivjCn—i—j + arpbp_p.

Now we find 8561(04) = 81 (85(0&)) = 81(bi+jcn_i_j + akbn_k) = E + akbn_k = 1_9

Since O1(o) = a;b,—;, it follows 010s(a) = 03(01(0)) = BOi(a) + Oi(a)f =

= apbycp—p—p - ajby—; + a;b,—; - apbpcp—j—y = apb,— +b=0b6= 85(91 (Oz)
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Case 4. Let o € (b,b,b). As in case 4 of the previous theorem we find a8 = b,
Ba = b and 9s(a) = b. We obtain 930;(a) = 91(9s(a)) = 81(b) = b. Since
O1(a) € (b,b,b), it follows 301 (a) = b and 9;(a)3 = b. Hence

8185(04) = 85(81(04» = 65’1(04> + 31(04)6 = B + B = 5 = 8581(05).

Case 5. Let a € (a,b,c). Then a = a;bjc,—i—j, wherea <1 < b <i+j <c
Now « is a right identity and dz(a) = af + 5. But af = a;bjcn—i—; - apbecn_j—¢ =
bi+jcn—i—j~ SO, (‘35(04) = ijcn_i_j + akbgcn_k_g.

We obtain 030, () = 01(0s()) = O1(bivjcni—j + arbecn_p—¢) =

= 01(bitjCn—i—j) + O (agbecn_r—s) = b+ agb,_, = b.
Since 01 () = a;b,_;, it follows
@185(04) = 85(81 (Oé)) = 681(04)—1—(91(04)5 = akbgcn_k_g-aibn_i—i—aibn_,--akbgcn_k_g =

= apb,_1 + b=b= 8581 (Oé)
Case 6. Let o € (b,b,¢). Then av = a;bjcp—i—j, where i <a<b<i+j—1<c
We obtain dg(a) = a8 + Bov = biyjcn—i—j + bpteCn—g—¢. Thus
0p01(ar) = 0 (9p(r)) = O1(bitjcni—j + bkreCnk—r) =

= 1 (bisjcni—j) + O (bhreCnt—) =b+b=b.
Since 01 («) = a;b,—;, it follows 0,05(c) = 03(01 () = O () B + BO () =

= aiby—; - apbeCp—g—r + arbecn_—¢ - aiby_; = b+b=b = 930 ().

Case 7. Let o € (a,a,c). Then o = a;bjc,—;—;, wherea < b <i—1 < ¢ <i+j—1.
We obtain dz(ar) = a8 + Ba = a;ibjcn—i—j - arbicn_p—¢ + arbpcp_p—¢ - aibjc,—i—j =
bitjCni—j + QpyeCo—e-

Since k +¢ < c<i+jwehaven —i—j <n—£k—~{and then b,c,_i—j+

A 40Cp—k—0 = bpirCpn_t—p. ~
Thus 8561(04) = 81 (35(@)) = al(kargCnfk,g) =b.
Since 0 (a) = a;b,—;, it follows 0103(a) = 03(01 () = O (a)B + 01 () =

= ibn—i - apbeCp—i—r + apbeCn_—r - Qibn_i = b+ appibp_g—r = b= 9501 (c).

Proposition 2. Let a € (a,a,a) and € (a,a,c). Then 0103(a) # 030 (cx).

Proof. Let 8 = apbic,,_j_¢, wherea <b< k—-1<k+/{(<c.
Let a € (a,a,a). Now a = a;bjc,—;—j, where a < b < ¢ <1i— 1. We find

() = a;bjcn—i—j-arbecp_p—s+apbecn_k—r-aibjch_i—j = Qi jCp_i—j+a = QjyjCpi_;.
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We obtain 6581(04) = 81(85(a)) = 81(0,2‘{7'6”*1'*]') = ai+jbn7i7j. Since 81(04) =

a;b,_;, it follows B0; () = agbecp——¢-a;b,—; = @ and O («)B = a;b,—;-arbec—k—o =

a. Hence 61(95(04) = 85(81(04)) = 661(0&) + 61(05)5 =a < CLH_jbn_i_j = 8581(04).
Proposition 3. Let a € (a,a,b) and € (a,a,c). Then 0,03(c) # 0301 (cx).

Proof. Now o = a;bjc,—i—j, wherea <b<i—-1<c<i+j—1 We find
Os(a) = aibjcp—i—j - apbeCp_—o + apbecy_p—¢ - aibjcp_i—j = Qi jCpi—j + Qpirbn_k—s.

Now we obtain 6581(04) = 81(65(04)) = 81(ai+jcn_7;_j + CL]H_gbn_k_g) = aHjbn_i_j +
Akt obn_k—¢. Since O1(a) = a;b,—;, it follows B0oi(a) = arbecp_k—¢ - aibn_; =
Apttbp—p—e and 01 (a)B = a;bp_; - arbpcy_p—oe = b. Hence

8105() = 03(1()) = BO1() + 01() = arsbyis + b=

=b> iy jbn—i—j + Qptbp—p—e = 0501 ().

Proposition 4. Let a € (a,b,c¢) and € (a,a,c). Then 0105(a) # 0301 ().

Proof.Let a € (a,b,c). Then o = a;bjc,—i—;, where a < i <b < i+ j <c. Let
B =apbicp_p_y, wherea <b< k—-1<k+/¢<c.

Now « is a right identity and 0s(a) = af+ 5. But aff = a;bjcp—i—j-apbicn—_—¢ =
QitjCn—i—j. S0, 0g(Q) = QitjCn_i—j + arbeCn_r—s.

We obtain 0301 () = 01(0s()) = 01 (i jCni—j + arbecn_k—¢) =

= 01(aitjcn—i—j) + O1(arbecn—i—¢) = Giyibni—j + arbp_.
Since 01 (a) = a;b,—;, it follows 0105(a) = 03(01(v)) =
= 01 (a) +01(a) B = arbecp——¢- aiby—i+ aibyn_i- arbicn_r—r = arbp—p +a = apbp_y.
If i +7 <k, it follows a;4;b,—i—j > a;b,—. Hence
0301 (@) = iy jbn—i—j > arby_, = 0105(a).

Theorem 7. Let a € (a,b,b) or a € (b,b.b), or a € (b,b,¢) and 5 € (a,a,c).
Then 0,0p(cv) = 030; ().

Proof. Let 6 = apbsc,,_p_¢, wherea <b<k—-1<k+/{<c.

Case 1. Let o € (a,b,b). Now oo = a;bjcp—i—j, a <i <b<c<i+j—1. Then

() = abjcn—i—j - apbeCp_p—¢ + arbecy—j—¢ - aibjcn_i—j = Qiyjcpn_i—j + apby_.
Now we find 0301 (a) = 01(09s(x)) = 01(@ivjCn—i—j + arbp_i) =
= Ot jcn—i—j) + Oarbn_) = Qiyjbp_i—j + arbp_y.
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But k < ¢ <i+j. Then agb,—x > a;y;by—i—; and 9301 () = agby_p.
Since 01 (av) = a;b,—;, it follows 0105(a) = 93(01 () = 01 () + 01 () B =

= apbeCn—k—t - Aibn—i + a;iby_i - apbeCn_jp—¢ = apby_i +a = apby_ = 0301 ().

Case 2. Let o € (b,b,0). Then av = a;bjcp—i—j, where i <a<b<c<i+j—1.
Now we obtain

85(00 =af+fa = aibjcnﬂ;j -akbgcn,k,g—i—akbgcn,k,g-aibjcn,i,j = QjyjCp—i—j —|—Z_?.

SO, we find 8581(0&) = 81(85(04)) = 81 (ai—l—jcn—i—j + l_)) = ai+jbn—i—j + 5 = E
Since 0 («) = a;b,—; € (b, b,b), it follows

10s(ar) = 0s(01(a)) = Boi(a) + Di(a) B =
= apbpCp——r * Qiby—; + aibp—i - agbecn ¢y =b+a=">b= 0501 ().
Case 3. Let o € (b, b,¢). Then av = a;bjcp—i—j, where i <a <b<i+j—1<c
We obtain dg(a) = a8 + fo = @iy jcn—i—j + brteCn—k—¢. Thus
0p01 () = 0 (9(r)) = O1(@itjCn—i—j + brreCnk—r) =

= O (airjcn—i—j) + O (bkssCn—t—t) = Qitjbn—i—j +b=1b.

Since 01 («) = a;b,—_;, it follows 0,05(c) = 03(01 () = O () + BO () =

= aibn,i : akbgcn,k,g + akbgcn,k,g . aibnﬂ‘ =a+ 5 = B = 8581 (Oé)

3 Conclusions
We prove that 010s(a) = 0301 () if

and o € TRAP{a,b,bys1Cn -1, pr1Cn—p-1}
and « € (b,b,b), a € (b,b,c)

and o € TRAP{@,b, byi1Cn—b-1, Gps1Cn_p—1+
and o € TRAP{@,b, byr1Cp_p—1, App1Cn_p—1} -
and « € (a,b,b), a € (b,b.b), a € (b,b,¢)
and o € TR.AP{E, E, bb+lcn—b—1; ab+1cn,b,1}
and o € TRAP{a,b,bys 1 p-1,ap41Cn—b-1}
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MIOPIAHOBU JN®EPEHIIMPAHUSA, KOMYTUPAIIIN C
IPOEKIINATA BbPXY CPEAHUS CTPUHT HA TPU'BI'BJIHNK

Jduvurpunka Biaagesa

Pestome: [Jexma na masu cmamus e da ce namepam Hopdanosume dudepernyupa-
nuA, Koumo xomymupam c npoexyusama Oy na AN™{a, b, c} sspry cpednus cmpurie
STR™{a,c}.

Karouwosu dymu: nosynpscmen om endomoppudmu na Kpatinag eepuza, dugepen-
wuasna arzebpa, Hopdanosu dudeperyupanus, oudepenyuparus 6 nosynpscmen,

CUMTINEKC.

JORDAN DERIVATIONS COMMUTING WITH THE
PROJECTION ON THE MIDDLE STRING OF A TRIANGLE

Dimitrinka Vladeva

Abstract: The aim of this paper is to find the Jordan derivations commuting with
projection &y of A™{a,b, ¢} on the middle string STR"™{a, c}.

Keywords: endomorphism semiring of a finite chain, differential algebra, Jordan
deriwations, derivations in semirings, simplex.

1 Introduction

This article and Jordan derivation commuting with the projection on the
smallest string of a triangle and Jordan derivation commuting with the
projection on the greatest string of a triangle published in the same volume,
are closely related, that’s why we use the introduction and the preliminaries of the
first paper and references of the second paper.

2 Jordan derivations commuting with derivation 0,

The projection on the middle string of the triangle
& : A" a b ¢} = STR™{a,c}
such that for any o = a;bjc,—;i—;,

Oh() = a;cp_; € STR("){a, c}
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is a derivation — Theorem 3 of [10]. The maximal subsemiring D, of the triangle
closed under the derivation 0, is consisting of all types except (a,a,b) and (a, a, c)
— Theorem 4 of [10].

Theorem 8. Let o € D, and € RL (A("){a, b, c}) Then, it follows
0203(ar) = 030 ().

Proof. Let B = agbic,, ¢, where a < k—1<b< k+/{—1 < cis an element
of RT (A(”){a, b, c}) Then for any «, it follows that Jordan multiplication

Os(a) = aff + fa = a + Pa

is a derivation, see [11].

Case 1. Let a € (a,a,a). As in case 1 of Theorem 1 we find fa = @ and
ds(a) = a.

Since 0s() € (a,a,a), it follows
0a05(0) = 03(0a()) = Oae) = D2(Ip(v)) = Dpda(v).

Case 2. Let a € (b,b,b). Then Ba = b and then ds(a) = o + b = «. Since
Oq () € (¢, ¢, c), it follows 50y () = € and

B205(0) = 05(0a(0)) = Ba(2) + BO() =
Hence
(9562(04) = 82((%(04)) = (92(0& —I-I_)) = 82(04) +c=c¢c= 8285(04).

Case 3. Let o € (b, b,¢). Then av = a;bjcp—i—j, where i <a<b<i+j—1<c
As in case 7 of Theorem 1 we obtain Sa = byis¢y—i—¢ and 0z(a) = & + bjioCp—i—-
Since Oy (a) = a;c,—; € (¢, ¢, c), it follows B0y(cr) = €. Then we find

8265(04) = 85(82(04)) = 82(04) + 682(04) = C.
Hence 030s(ar) = 02(03(x)) =
= 82(04 + bk—i—écn—k—é) = (92(04) + az(bk_,_gcn_k_g) = (92(&) +c=c¢c= 626ﬁ(a).

Case 4. Let o € (b, c,c). Then o = a;bjc,—i—;, where i <a <i+j <b<c. We
obtain fa = agbecp_g—r - aibjcn_i—j = bycp—i and Jz(a) = a + byc,—p. As in the
previous case dy() = a;c,—; € (¢, ¢, c) and f0y(a) = €. So, we find

8235(04) = 05(62(04)) = 82(04) + ﬁ@g(&) = C.
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Hence
(9582(04) = 82(85(04)) = (92(& + bkcn—k) = (92(04) + ag(bk+cn_k) =cCc= 82(95(&).

Case 5. Let a € (¢, ¢, c). Then fa = ¢ and dz(a) = €. Since dq(a) € (¢, ¢, ), it
follows 0205(ar) = 03(02(x)) = €. Hence

9s0n(at) = D2(D5(a)) = Bu(?) = = Buds(a).

Case 6. Let a € (a,c,c). Then a = a;bjc,—i—j, wherea <i—1<i+j<b<c.
We obtain fa = arbecn—k—¢ - aibjcn—i—j = arc,—p and then dz(a) = a + apcp—_k.
Since Oy () € (a, ¢, ¢), it follows 0a03(x) = 0p(02()) = Oa(x) + axc,—i. Hence

D30(t) = Da(D3(0)) = Dl + axen_x) =
= O(0) + (apscn_t) = D) + agcp—i, = 0203().

Case 7. Let a € (a,b, ¢). Then a is a right identity and 95(a) = & + 8. Thus
Os0a(a) = D2(95()) = Oz + B) = Do) + 02(B) = Do) + arcpp-
Since dy(a) = aen s, it follows B0s(cr) = apbicn s - asn_s — aycn_y. Hence,
0205(0) = 0p(Oh (@) = Oa(a) + BIa(r) = Do) + apcn— = OpOa(v).

Case 8. Let o € (a,b,b). Then a = a;bjc,—i—j, wherea <i—1<b < ¢ <it+j—1.
As in case 3 of Theorem 1 we obtain Sa = aib,—; and then Jz(a) = o + arb,—.

Since Os(av) = a;c,—y, it follows SOy (o) = agbecn_k—¢ - aiCh; = apCp_p. Thus, we
have

90a(r) = 02(0p()) 02 (v + arbp—1) = O2(a) + Oz(arbn—k) = O2(cx) + arcpp-
Hence

8285(04) = (95(82(04)) = 82(04) + 682(04) = aQ(CY) + arpcp_ = 6582(&).

Theorem 9. Let a € D, and 3 € (a,a,a). Then 0,05(c) = Jpa(cv).

Proof. Case 1. Let a(a) = a. Then fa =@ and Jg(a) = aff + fa =a +a = a.
Thus
0302(ar) = 02(03(x)) = O2(@) = a.

Since Oy («)(a) = a, it follows
0205() = 9p(Da()) = Op(@) = @ = FpOs(cv).
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Case 2. Let a(a) = b. Then Ba = b and ds(a) = aB + fa =a+ b =b. Now
0503 (ar) = 02(0s(cr)) = Da(b) = .
Since Oh () € (¢, ¢, ¢), it follows S0s(ar) = € and then

6285(04) = 85(82(04)) = B@Q(O&) + 82(04)6 =Cc+a=c= 8582(04).

Not all Jordan derivations commutes with the derivation 9o as we now show.

Proposition 5. Let « € (a,a,a) and 5 € (b,b,b). Then 0,05(c) # 930a(v).
Proof. We obtain d3(a) = a8 + Ba = b+a = b. Then

9505() = Do(0p(r)) = Oo(b) = 2.
Since Oy () € (a,a,a), it follows S0y () = a. Now, we observe
8285(&) = 85(82(05)) = 582(04) + @(a)ﬁ =a+ 5 = E <c= 8582(05).

Theorem 10. Let a € D,, o ¢ (a,a,a) and f € (b,b,b). Then 0,03(ar) =
0ph(v).
Proof. Case 1. Let a(b) = b. Then ds(a) = a8 + fa = b+ b = b. Now we have

030s(cr) = D2(05(ax)) = Du(b) =.
Since 8y(a)(b) = ¢, it follows Bdy(r) = €. So
0205(0) = 5(0a()) = BIa() + Do()B =T+ b =T = Jda().
Case 2. Let a(b) = c. Then dg(a) = af + Ba = b+ ¢ = ¢. We obtain
030s(ar) = 02(03(x)) = 0a(c) ="C.
Since 8y(a)(b) = ¢, it follows Bdy(r) = €. So
0205(t) = 5(0a()) = BIa() + Do(@)B =T+ b =T = Jda().

Theorem 11. Let o € D, and € (¢, ¢, c). Then 0,03(cr) = 0302(cx).
Proof. We obtain ds(a) = af + fa = ¢+ fa = ¢. Then we find

8582(04) = 82(85(04)) = 02(6) = C.
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Hence
8285(04) = 65(32(04)) = 582(&) + 82(&)5 = 682(04) +c=c= 3582(04).

If we choose 8 to be an element of another type of the triangle, we obtain more
restrictions for endomorphism «, as we now show.

Theorem 12. Let « € D, a ¢ (a,a,a), o & (a,b,b) and 5 € (b,c,c). Then
0203(ar) = 030 ().

Proof. Case 1. Let a(a) = b. Then aff = ¢ and then ds(a) = ¢+ fa = ¢ We
obtain

8562(04) = 82((%(04)) = 82(5) =C.
Since 0y () € (¢, ¢, ¢), it follows Sy () = €. So

0205(cr) = 0p(0a()) = BOa() + Do) = €+ () B = © = Fpda(av).

Case 2. Let a(b) = c¢. Then fa = ¢ and then 0g(a) = af + ¢ = ¢. We obtain
030 () = D5(03(qt)) = Ba(e) = ©.
Since 9s(cr)(b) = c, it follows Bda(a) = . So
0205(c0) = 95(Da(a)) = () + Ba() B = T+ Da(0)f = T = Dpia().

Case 3. Let o € (a,b.c). Then 0s(a) = aff + fa=af + 5.
Now we obtain

8582(0z) = 62(85(04)) = 82(045 + B) = 82(&5) + 82(5) = 82(04) +c=c.
Since 0y(a) € (a,c,c), as in the previous case we find 50»(a) = €. Hence
0y05() = 95(Da()) = BOs() + Do) =T+ Oy(@)f = € = D0a(a).

Proposition 6. Let a € (a,a,a) and € (a,b,b). Then 0205(cx) # 0302(cx).

Proof. Let o € (a,a,a). Then o = a;b;jc;—i—j, where a < b < ¢ < i —1. Let
0 =apbecp_p_y, wherea <k —1<b<c<k+/¢—1. We find

85(04) = Oéﬁ + 50& = aibjcn_i_j . Clkbgcn_k_e + Clkbgcn_k_g . aiban_i_j =
= a;byp—; +a = a;b,—;.
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We obtain
0302(ar) = 02(03(x)) = Oa(aibn—i) = aicp—;.
Since () = a;cp,—y, it follows B0y () = agbecp_k—¢ - a;cn—; = @ and Oy(a)f =
A;Cp—; * rpbpc,_1_p = a;b,_;. Hence
D0p(ar) = 05(02(v)) = BOa(ax) + Do() B =
=a+ab,—;i = a;b,_; < ajc,,—; = 85(92(04).
Proposition 7. Let a € (a,b,b) and 8 € (a,b,b). Then 0205(cx) # 0302(cx).

Proof. Let o € (a,b,b). Then a = a;bjc,—i—j, wherea <i—1 <b<c<i+j—1.
Let 8 = apbicy,__p, where a < k—1 < b < c < k—+/{—1. As in the previous
proposition we find dz(a) = a;b,—i + agbn_p.

Now we obtain

6582((%) = (92(6%(04)) = 62(aibn_¢ + akbn_k) = QiCp—i + ACp_f.

Since Os(a) = a;cp_y, it follows B0s(a) = agbecy ¢ - aicn_i = apc,_ and
Oh(a)fB = a;ic—; - agbycy ¢ = a;b,—;. Hence

D20s(a) = Op(0a(r)) = BOz(a) + o) B = ajcp—t + aiby—;.
If i <k we obtain a;c,—; > apc,—i and then 0gdy(r) = a;c,—;. But now
0205(ar) = apCn—i, + aibp—; = a;bk —ic,—; < a;jcp—; = 0302().

By similar arguments we can prove that if a € (a,b,¢) or a € (a,c,c) and

B € (a,b,b) then it follows 0203() # Opdh(a).

Theorem 13. Let a € D, a(a) > b and S € (a,b,b). Then, it follows
0203(ar) = 030 ().

Proof. We obtain

af(a) = flafa)) = ala) = a(f(a) = fala)
ap(b) = B(a(b)) =b < a(b) = a(B(b)) = Ba(b)
ap(c) = flalc)) = b < a(b)' = aB(c)) = Pa(c)

Thus 0s(a) = Pa. So, 0gda(ar) =
Oa () € (¢, ¢, c), it follows Sy () =€

8285(04) = 65(62(Q>) = /682(&) + 82(a)5 =c+ 82(04)6 =C= 8@82(04).



Proposition 8. Let a € (a,a,a) and € (b,b,c). Then 0:05(c) # 0302(cx).
Proof. Let o € (a,a,a). Then o = a;bjc;—i—j, where @ < b < ¢ < i —1. Let
B = apbpcp_p—s, where k <a<b<k+/¢—1<c. We find

Os(a) = aff + Pa = aibjcu_i—j - arbicn_—¢ + apbecn_—¢ - abjch—i—j =

= bjyjCni—j + @ = biyrjCr_i_j.
Thus

9s0a(a) = D2(9(c)) = Oa(biyjen—i—j) =C.

Since Oy() = a;cp,_y, it follows B0y () = agbpcn_k—¢ - a;cn_; = @ and Oy(a)f =
AiCp—i * AbeCr_t—p = bicy_;.
Hence

(926/3(04) = 85(82(04)) = 5(92(&) + (92(05)5 =a+ bjc,_; = bjc,—; <= 85@2(&).

By similar arguments we can prove that if a € (a,b,b) or a € (a,b,c), or

a € (a,c,c) and 5 € (b, b, c) then it follows 003(cx) # 002(x).
Theorem 14. Let o € D,, a(a) > b and 5 € (b, b, c). Then, it follows
0205(ar) = 0302 (cx).
Proof. Let 8 = apbycp_j_¢, where k < a < b<k+/{¢—1< c. Weobtain
af(a) = B(a(a)) = ala) < a(b) = a(f(a)) = fa(a)

af(b) = Bla(b)) = a(b) = a(B(b)) = Ba(b)
afi(c) = Bla(c)) = a(c) = a(B(c)) = Pa(c)

Now, as in Theorem 13 we obtain ds(a) = Pa. So, 0s0a() = 02(0s()) =
Or(af) = Do) + Ba(a).

Since 0z(a) € (¢, ¢, ¢), it follows S0:2(ar) = € and then we obtain Jg0s(«)

=C.
Hence

303(ct) = 03(a(a)) = BOb(a) + Da()B = &+ Bu()B = ¢ = Dsdala).

Theorem 15. Let o € D, and 5 € (a,c,c). Then 0203(c) = 0302(cx).
Proof. Let 8 = apbyc,_ ¢, wherea < k—1<k+/{<b<ec.

Case 1. Let o € (a,a,a). Then o = a;bjc,—;—j, where a <b < c <i—1,
We obtain

Og(a) = aff + Pa = abjcn—i—j - arbecn_i—¢ + apbecn_i—¢ - abjcn_i—j =
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= AiCph—j + @ = Q;Cp.

Thus
8582(04) = 82(5%(04)) = 82(aicn_i) = A;Cp—;.

Since Oy(av) = a;cp,_y, it follows B0y () = arbecn_j—¢ - a;icn—; = @ and ()5 =
;Cp—i * arpbpc,,_1_p = a;c,—_;. Hence

0203(0) = 03(02(0)) = Ba(ar) + Oo()f =T+ aiCp—i = aiCpn—; < T = Opda(a).

Case 2. Let o € (a,a,b). Then o = a;bjc,—;—;, wherea < b <i—1 < ¢ <i+j—1.
We obtain

Os(a) = af + fa = abjc,—i—j - arbecn—k—r + arbecn_j—¢ - a;bjcn_i—j =
= iCp—i + Apgebp—_—-
Thus Jz0s(ar) = 0(03(0)) = Do(@icn—; + Apsibp——e) =
= Os(aicn—i) + O2(artrbp—r—1) = QiCni + QhitCri—-

But k+ 0 <b <i. So, ajch—i < ApseCn—j—¢ and 030s() = ApyeCni—s-

Since Os(ar) = a;c,—;, it follows B0y () = arbecn_k—¢ - aiCp—i = ajroCn_g—¢ and
(92(04)5 = AiCn—i * ObeCh_g—¢ = Q;Cp.

Hence

0h05(ar) = 95(02(cv)) = BOy(0) + Dp(a)B =

= A Cn—k—t + AiCp—j = QpyeCpj—r = Op0z(v).
Case 3. Let o € (a,b,b). Then a = a;bjc,—i—j, wherea <i—1 <b < ¢ <it+j—1.
We obtain
Os(a) = aff+Ba = abjcn_i—j-arbecy_r—or+apbeCn_i—¢-aibjcpn_i—j = a;cp_i+arbn_g.
Thus 0g02(a) = 02(0s(0)) = Oa(aicn—i + apbp—i) =
= Oa(aicn—i) + Oz(arbn—1) = aich—i + arcpp.

Since () = a;cy_y, it follows Bdh(a) = agbec_k—¢ - ajcn_; = apcy_p and
O () B = aicn—; - apbecp_—¢ = a;c,—;. Hence

0205(ar) = 03(02(x)) = Oa(a) + Oo() B = apCp—i + aicn—i = 0302(cx).
Case 4. Let o € (b,b,0). Then o = a;bjcp—i—j, where i <a <b<c<i+j—1.
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We obtain
Os(a) = af + fa = abjcn_i—j - arbecn_k—1 + apbecn_j—¢ - aibjcn_i—j = a;jcp_; + b.
Thus 930 () = %(9s()) = alaicy,_; +b) =
= Oo(aicp_;) + 0z(b) = ajc,_; + T ="C.
Since Oy() = a;c,—y, it follows S () = arbecy_g—¢ - aich_; = ¢ and Os(a) 8 =

AiCp—i * AbeCr_t—r = Q;Cp;.
Hence

0203(ar) = 03(02(v)) = BO2(x) + O2(0) B =€+ aicp—i = € = 030s(cx).

Case 5. Let o € (a,b,c). Then o = a;bjc,—;—j, wherea <i—1 < b <i+j—1<c.
Since « is a right identity, it follows

35(04) =af+ 8= aibjcn—i—j s apbecn—g—o + apbrcn_k—r = a;cp_; + arbecn .

Thus 9302(0) = 0a(9s()) = Da(aicn—i + arbecn—k—¢) =
= Oo(aicn—;) + Oz(arbeCp_—r) = aiCpi + apCn_i = aiCp—i + ACp_p.
Since Os(a) = a;cp_y, it follows B0s(a) = agbecy s - aiCn_i = apcy,_p and
Oh(a)B = a;ch—; - agbycy, ¢ = a;c,—;. Hence

8263(04) = 85(82(04)) = 682(04) + 82(04)6 = QiCp—k + Q;Cp—; = 8562(04).

Case 6. Let o € (b, b,¢). Then av = a;bjcp—i—j, where i <a<b<i+j—1<c
We obtain
Os(a) = ab + = abjcn_i_j - apbecn_i—r + arbecn_j—¢ = a;icp_i + bpreCn_i—-
Thus 0302(a) = 02(0s(0)) = Oa(@iCn—i + bpreCnt—r) =
= Oa(aicn—i) + O2(brteCn—k—r) = aicy—i + ¢ ="C.
Since 0y(av) = a;c,—y, it follows BOs(a) = agbecn_k—¢ - a;jcn_; = ¢ and Kh(a)f =

AiCp—i * AbeCr_t—o = Q;Cp—;.

Hence
0s(ar) = 05(0x(a)) = Bda(a) + Da(a) B =T+ ajcpi
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Case 7. Let a € (a,a,c). Then o = a;bjcp—i—j, wherea <b<i—1<i+j<c
We obtain

Og(a) = aff + = abjcn—i—j - apbeCn—i—¢ + arbeCpn_j—¢ = QiCp—i + ApyeCrn—i—s.

But £+ ¢ < b < i implies a;cp—; < apecn—r—¢ and 0g(a) = appeCn_i—s.
Thus 0302 (a) = 02(9s()) = O2(@ht-tCr—k—1) = AtCn—i—0-
Since () = a;c,—;, it follows B (o) = arbpcn_g—¢ - @iCp—i = AproCr_g—¢ and

32(04)5 = QiCp—i - arbeCr_j—p = a;cp_;.
Hence

D0s(a) = 05(0a(r)) = BOa(r) + Oo() B =
= At Cp—ko—t + AiCp—j = QppiCrt—r = Og0a().

Case 8. Let a € (c,c,c). Then fa = ¢ and Jz(a) = ¢ Thus Jgd(a) =
02(0s(cv)) = 09(¢) = €. Since h(a) € (¢, ¢, c), it follows S0s(a) = €.
Hence

05(r) = 03(0a(a)) = BOs () + Do) B =
=T+ 0x()B = 02() B = Op0s(av).

3 Conclusions

Here we prove that 0y03() = 00a(cx) if

g€ (a,a,a) and « € D,

B € (b,b,b) and « € D,\(a,a,a)

g e (bbec) and «€ (b,bb), a€ (bbc), ac (becrc), ac€lccc)
B e(becec) and o€ D\{(a,a,a),(a,bb)}

B e (c,c,c) and a €D,

g€ (a,b,b) and « € (b,b,b), a € (bb,c), a€ (bc,c), a€ (ccc)
g€ (a,b,c) and «a €D,

g€ (a,c,c) and « €D,
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MOPIIAHOBU JIN®EPEHIINPAHN A, KOMYTUPAIIIN C
[IPOEKIIUSTA BbPXY HAM-TOJIEMUA CTPUHT HA
TPUbI'BJIHUK

Jdunvurpuaka BiajieBa

Pesiome: Ieama na masu cmamus e da ce namepam Hopdanosume dudeperyu-
panus, Koumo xomymupam ¢ npoekyuama 03 na A™{a, b, ¢} espry STR(”){b, c}.
Karouwosu dymu: nosynpscmer om endomoppuzmu na xpatina eepuza, dudepen-
yuaana arzebpa, Hopdanosu dudeperyupanus, oudepenyuparus 6 nosynpscmen.

JORDAN DERIVATIONS COMMUTING WITH THE
PROJECTION ON THE GREATEST STRING OF A TRIANGLE

Dimitrinka Vladeva

Abstract: The aim of this paper is to find the Jordan derivations commuting with
projection 85 of A {a,b,c} on the greatest string STR™{b, c}.

Keywords: endomorphism semiring of a finite chain, differential algebra, Jordan
derivations, derivations in semirings.

1 Introduction

Since this article and Jordan derivation commuting with the projection
on the smallest string of a triangle, published in the same volume, are closely
related, here we use the introduction and the preliminaries of this paper.

2 Jordan derivations commuting with derivation 0;

The projection on the greatest string of the triangle
93 : A a b ¢} — STR™M{b, ¢}
such that for any a = a;bjc,—;i—;,

O3() = byt jcui_; € STR™{b, c}
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is a derivation — Theorem 5 of [10]. The maximal subsemiring D, of the triangle
closed under the derivation ds is consisting of all types except (a, ¢, c) and (b, ¢, ¢)
— Theorem 6 of [10].

Theorem 16. Let o € D, and 3 € RT (A™{a,b,c}). Then d505(cx) = 9305(v).
Proof. Let B = apbicp,_1—v, a < k—1<b < k+/{¢—1 < cis an element of
Z (A"™{a,b,c}). Then for any a, it follows that Jordan multiplication dz(a) =
aff + fa = a + Pais a derivation, see [11].
Case 1. Let a € (a,a,a). As in case 1 of Theorem 1 we find fa = @ and
d3(a) = a. Since d3(a) € (b,b,b), it follows Bd3(a) = b. We obtain 9303(ar) =
93(05()) = 93(cx). Since d3(ar) > b, it follows

3n03(ct) = 03(n(a)) = BAs(a) + Dy(a) = b+ dula) = dy(a) = Dsa(a).

Case 2. Let a € (a,a,b). Then o = a;bjcp—i—j, wherea < b <i—1< ¢ <
i+ j— 1. As in case 2 of Theorem 1 we obtain Sa = ag1¢b,——¢ and then ds(a) =
o + @by _1—¢. Since d3(a) € (b,b,b), it follows B3(a) = b. Using d3(a) > b we
have 0505(cv) = 0p(05(x)) = O3(ar) + BO3(ar) = O3(ax). Hence,

8583(04) = 83(85(04)) = 83(& + ak+gbn,/€fg) = 83(04) + b= ag(CV) = 8385(04).

Case 3. Let o € (a,b,b). Then o = a;bjc,—;—j, wherea <i—1 < b < ¢ <i+j—1.
As in case 3 of Theorem 1 we obtain Sa = a;b,—i and then Jg(a) = o + apb,_y.
Since 03(a) € (b, b, b), it follows $d5(a) = b. But d3(ar) > b. Then we find

8385(04) = 85(83(04)) = 83<Oé) + 583(04) = 83(04) +b= 83(04).

Hence 0303(cr) = 95(93(ax)) = O3(a + aghy, ) = () + b = 93(a ().

Case 4. Let o € (b,b,b). We obtain Ba = b and then dg(a) = o + b = «. Since
03(a) € (b,0,b), it follows O305(cx) = 03(0s3(v)) = O3(ar) = 03(03(x)) = 0303(cx).

Case 5. Let a € (a,a,c). Then o = a;bjcp—i—j, wherea <b<i—1<i+j<c
We obtain fa = apyech——¢ and then Js(a) = o + agprecp_p—¢. Since Os3(a) =
bitjCn—i—j, it follows B05(c) = arbecn—k—¢ - biyjcn_i—j = bpreCp_p—¢. Thus, we have
0303(a) = 03(03(a)) = 03(a) + BO3(a) = O3(cx) + birecn—g—¢. Hence, 0305(ar) =
03(0s()) = O3(a + apyeCn—i—) = O3() + bpgrcn_i— = 0305(a).

Case 6. Let a € (a,b,c). Now av = a;bjcp—i—j, wherea <i—1 < b <i+j—1<c.
Then « is a right identity and ds(a) = o + 8. So,

3553(&) = 03(0p()) = O3(a + B) = O3(a) + 03(B) = F3() + brreCnk—r-
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Since 0s(a) = by jcn—i—j, it follows B0; (a) = arbecn——p-bitjCn—i—j = bpreCn_r—s.
Hence, 9305(a) = 05(35(0)) = Oy(ax) + 503(0) = O5(0) + by 1o = Dpis(er).

Case 7. Let o € (b,b,c). Then a = a;bjc,—i_j, where i < a < b <
i+7—1 < c. Weobtain Ba = apbecy—j—¢ - aibjcp—i—j = bpyecp—i—¢ and then
Os(a) = a + byeCp—k—¢. Since O3(a) € (b, b, ¢), it follows 0305(ar) = 9p(05(v)) =
03(a) + brecn_g—¢. Hence, 0303(ar) = 03(05(x)) = O3(av + bsecn—i—e) = O3(cv) +
O3(brs-eCn—t—0) = O3(0) + bpyeCn—g—¢ = 0305(v).

Case 8. Let a € (c,¢,c). We obtain fa = ¢ and then ds(a) = a+¢©
Since 03(a) € (¢, ¢, c), it follows 0305(c) = 03(03(av)) =€ = 05(¢) = 03(9p(«
0305(v).

Theorem 17. Let a € D, and § € (a, a,a). Then 0;05(c) = 0305(cv).

Proof. If B € (a,a,a) for any o we find ds(a) = af + fa = a+ fa = fa.

Case 1. Let a € (a,a,a) or o € (a,a,b), or a € (a,b,b). Then fa = @ and
ds(c) = @ Thus 9s05(a) = 93(9s()) = O3(@) = b. Since d3(a) € (b, b,b), it
follows Bd5(c) = b. Hence 0305(cr) = 93(03(a)) = BOs3() = b = 9303().

Case 2. Let a € (b,b,b). Then Ba = b and dz(a) = b. Since d3(a) € (b, b,
it follows 0305(c) = (03()) = b. Hence 9305() = 93(95(a)) = 93(b) = b
6385(04).

Case 3. Let o € (a,a,c) or a € (a,b,c). Then fa = @ and dz(a) = @. As in
case 1 we find 9305() = 93(95(c)) = d3(a) = b. Since d3(a) € (b, b, ¢), it follows
B03(a) = b. Hence 9305(a) = 5(05(r)) = Bds(a) = b = 9p05(ax).

Case 4. Let a € (b,b,c). Then fa = b and dg(a) = b. As in case 2 we find
D505(x) = 05(0p(x)) = B3(b) = b. Since 93(ax) € (b, b, c), it follows

0305(a) = 95(05()) = b = 003().

Case 5. Let a € (¢, ¢,c¢). Then fa = ¢ and Jz(a) = €. Since 05(«) € (e, ¢,
it follows 0p(05(cv)) = €. Hence 0303(ar) = 05(05(v)) = € = 05(¢) = 05(0s(v)) =
(95(93(04).

Theorem 18. Let o € D, and € (b, b,b). Then 0305(c) = 0303(c).

Proof. If 8 € (b,b,b) for any a we find dz(a) = aff + Ba = b+ Ba.

Case 1. Let a(b) < b. Then Ba = @ or fa = b. So, Jz(a) = b. We obtain
0305(a)) = 03(0s()) = 03(b) = b. Since d3() € (b,b,b) or d3(a) € (b,b,c), it
follows 305(cr) = b. Hence 9303(cr) = 03(03(x)) = B03(r) +03() B = b = 03(a).

Case 2. Let o € (¢,c,c). Then fa = € and dz(a) = ¢ We obtain 0z0s(cr) =
03(0s(cv)) = 05(¢) = €. Since Os3(a) € (c, ¢, ¢), it follows Jz(F5(cr)) = €. Hence

0305(ar) = 03(03(v)) = € = 0p05(v).
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Theorem 19. Let o € D, and § € (¢, ¢, c¢). Then 0505(cr) = 0305(cv).
Proof. If B € (¢, ¢, c) for any o we find d3(a) = aff + fa =¢+ fa
Then we obtain 0z0s(a) = 05(9s(ar)) = 05(¢) = €. Hence

030p(cv) = 03(03(ar)) = BO3(ar) + Os(av) 8 = BO3(cx) + € =T = 0p0s(c).

Theorem 20. Let o € D, and 8 € (b,b,c). Then 0;05(c) = 0303(cv).

Proof. Let 8 = apbyc,_p_¢, where k <a<b< k+/{<c.

Case 1. Let a(c) < b, ie. a € (a,a,a) or @ € (a,a,b), or « € (a,b,b), or
a € (b,b,b). Then aff = b and fa =@ or Ba = b. So, adg(a) = b. Thus Jzds(a) =
93(95()) = 03(b) = b. Since d3(x) € (b, b,b), it follows Bd3(a) = b. Hence

8365(06) = 85(83(Oé)) = 583(05) + 83(04)6 = 5 + 5 = E = 85@3(04).

C.

Case 2. Let a € (a,a,c). Then o = a;bjcp—i—j, wherea <b<i—1<i+j<c
Now we obtain

Os(a) = af+PBa = aibjcy—i—j-arbicn—k—r+arbecn—p—¢-a;bjCpn_i—j = birjCp_i—j+pieCri—-
Thus 8583(04) = 83(65(04)) = 83(bi+jcn_i_j + CL]H_gCn_k_g) =
= 03(bitjCn—i—j) + O3(@hrtCn—t—t) = DiyjCpn—i—j + bpyeCpn_—r-

Since 03() = by jcp—i—j, it follows

63(95(04) = 35(63(04)) = 533(05)4-83(@)5 = akbgcn_k_g-biﬂcn_i_j—i—biﬂcn_i_j-akbgcn_k_g =
= bptCpt—t + bigjCri—j = O303(a).

Case 3. Let a € (a,b,c). Then o = a;bjc,—i—;, wherea < 7 < b < i+j < c. Since

« is a right identity, it follows Os(c) = af + 5. But aff = a;bjcy—i—j - arbecn_—¢ =

bitjCni—j- S50, 0g() = bitjCn_i—j + arbeco_i—.
Thus 8583(04) = (93(65(04)) = 83(bi+jcn7ifj + akbgcn,k,g) =

= 03(bivjCn—i—j) + O3(arbecn—r—r) = biyjcn—i—j + bprsCni—e.
As in the previous case, it follows 0303(a) = 93(03(x)) = BO3(a) + 03(a) 5 =
= apbocy—p—0-biyjCn—i—j+bisjCnijarbicy_r—¢ = bpyeCpk—r+bitrjCn_i—j = 0p03(ar).

Case 4. Let a € (b,b,c). Similarly of the two previous cases we find
Os(a) = bipjCn—i—j + brteCn—i—¢ and then 030s(ar) = 03(9s(r)) = O3(bisvjcn—i—j +
DttCn—t) =

= 03(bivjcn—i—j) + 03(brgrCnt—t) = biyjCn—i—j + bprsCnp—s.
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As in the previous case, it follows 0503() = 95(05(v)) = B0O5(x) + O5() 8 =
= apbeCr—j—¢ * bipjCn_i—j + bipjCni—j - arbych_p—¢ =

= bptCpt—t + bigjCri—j = 0g03(a).

Case 5. Let a € (¢, ¢,¢). As in case 2 of Theorem 18 we find fa = ¢ and then
0s(a) = ¢. We obtain 0s03(ar) = 05(09s(cv)) = 03(¢) = €. Since 03(a) € (¢, ¢, ¢), it
follows 03(03(ar)) = ¢. Hence

0305(ar) = 0p(05(ax)) =T = 9303(v).
Not all Jordan derivations commutes with the derivation d3 as we now show.

Proposition 9. Let a € (a,a,c) and 8 € (a,b,b). Then 0505(c) # 0303(cx).

Proof. Since o € (a,a,c) we can write o = a;bjc,,—;—;j, where a < b <i—1<
i+j <ec Since f € (a,b,b) we can write 8 = agbyc,_p_¢, where a < k —1 < b <
c<k-+/0¢-—1.

Now we obtain

(@) = abjcy—i—j - apbeCp—p—¢ + arbecy—j—¢ - aibjcn—i—j = aibp—; + apiecn_—¢.
Thus 0303(a) = 05(9p()) = O3(aibp—i + akriCn—r—0) =
= O3(aibp—i) + O3(akseCn—t—t) = b+ bgs0Cn—t = bprCrrp—s-
Since O3(ar) = by jcp—i—j, it follows 0503(a) = 0s(05(x)) = BOs(x) + O3() 8 =
= apbecn k¢ biyjCn_i—j + bivjcai—j - arbeCn_g—1 = bpiCpnp—r + biyiCpn_i—j.
Buti+j <c<k+{ s0, bpiecnp—v < biyjc,—i—;. Hence
0305(a) = bigjcn_i—j > bppiCn_jp—¢ = 003().

Theorem 21. Let a € D., o ¢ (a,a,c) and B € (a,b,b). Then 0505(r) =
0305(v).

Proof. Let 8 = apbyc, ¢, wherea < k—-1<b<c<k+/{-—1.

Case 1. Let a € (a,a,a). Now a = a;bjc,,—i—j, where a < b < ¢ <1i—1. We find

() = abjcn—i—j - apbeCn_k—¢ + arbecy—p—¢ - aibjcn_i—j = aib,—; + @ = a;b, ;.

We obtain
8583(04) = 83(85(04)) = 83(aibn_i) =b.
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Since 03(cr) € (b, b, b), it follows $d5(a) = b and d3(ar)8 = b. Hence
8385(05) = 35(63(05)) = () + O3() B = b+b=0b= 8/383(04).

Case 2. Let o € (a,a,b). Now o = a;bjc,—i—j, wherea < b <i—1<c<i+j—1
and then Os(a) = af + Ba = abjcn—i—j - arbecn_i—o + apbicy_p—¢ - aibjcn_i—; =
a;bn—i + Qptobp—k—p. Since i < ¢ < k + £ we find ag1¢bp—r—¢ < a;b,—; and Jz(a) =
a;b,—;. Thus

8583(&) = 83(83(&)) = 83(aibn_i) = b.

As in the previous case since 93(a) € (b, b, b), it follows 895(a) = b and d3(a)3 = b.
Hence

836g(06) = 85(83(Oé)) = 583(05) + 83(04)6 = 5 + 5 = E = 85@3(04).

Case 3. Let a € (a,b,b). Now a = a;bjc,—;—;j, wherea <i—1<b<c<i+j—1
and then Js(a) = af + Ba = abjcp_i—j - apbecy_—¢ + arbecp_r—¢ - aibjcp_i—j =
a;b,_; + arb,_;.. Now we find

9305(a) = 93(03(v)) = O3(aibni + arbp—r) = Os(aibn—;) + O3(arbp—r) =b+b=">.

As in the previous two cases since ds(a) € (b,b,b), it follows $95(a) = b and
d3(a)B = b. Hence

(936,3(04) = 85(83(04)) — 583(04) + 83(&)6 = I_) + 5 — E = 8583(04).
Case 4. Let a € (b, b,b). Then a8 = b, Ba = b and ds(a) = b. We obtain
0304(c) = 05(D5(0)) = O4(F) =B

As in the case 1 we have d5(a) € (b,b,b) and then B03(a) = b and d3(a)3 = b.
Hence

8385(04) = 85(83(04)) = 583(04) + 83(04)ﬁ =b+b=0b= 85(93(&).

Case 5. Let a € (a,b,c). Then a = a;bjc,—i—j, where a < i < b <i+j <c
Now « is a right identity and dg(a) = aff + .

But af = a;bjcpn—i—; - apbecn_—¢ = a;iby—_;. So, Og(a) = a;by—; + arbecn_k—-.

Thus 8583(04) = 83(3[3(04)) = 83(Clibn—z' + akbgcn_k_g) =

= 03(aibn—;) + O3(arbecn_g—¢) = b+ briCnk—r = bpreCnir.
As in the previous case, it follows
0305(a) = 05(03(0)) = BO3(v)+03(x) B = arbrcn—k—r-bitjCpni—j+birjCpn_i_j-arbpco_—r =
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= bpeCni—t + b = bpyeCnp—r = 005(ar).
Case 6. Let o € (b, b,c). Then av = a;bjcp—i—j, where i <a <b<i+j—1<c
We obtain ds(a) = aff + fa = a;by—; + bgreCn_j—¢. Thus

3553(04) = (93(8/3(04)) = 83(0%(%—@' + bk+fcn—k—€) =

= 03(aibn—i) + O3(bpseCnr—e) = b+ bjseCnp—t = bpreCnnr.
Since 03(a) = b jcn—i—j, it follows 0505(ar) = 03(05(e)) = O3() B + BOs(cx) =

= biyjCn—i—j arbeCn_t—g+arbeCp_p—-big jCp_i—j = b+bpiiCrt—1 = bpyecpi—r = 0303(a).

Case 7. Let a € (c, ¢, c). We obtain fo = € and then 0g(c) = af +¢ = €. Since
O3(a) € (¢, ¢, c), it follows

0305(0) = 0p(03()) = © = 95(¢) = 93(9(a)) = Dp3().

Proposition 10. Let a € (a,a,c) and 8 € (a,a,b). Then 0;05(cv) # 030s(cv).
Proof. As in the proof of Proposition 3 we find d30s(cr) < 9305(cv).

Theorem 22. Let o € D, a ¢ (a,a,c) and f € (a,a,b). Then 0303(cx) =
0305(v).

Proof. Let 8 = apbjc,,_p_¢, wherea <b<k—-1<c<k+/{—-1.

Case 1. Let a € (a,a,a) or a € (a,a,b). Then, as in case 1 of Theorem 14, we
find a8 =@, Ba = @ and () = a. We obtain dd3(a) = 93(9s(x)) = d3(a) = b.
Since d5(a) € (b, b, b), it follows 305(a) = b and 95(a)3 = @. Hence

6385(05) = 85(83(04)) = 663(04) + (93(04)5 =b+a=>b= 8583(04)

Case 2. Let o € (a,b,b). Now a = a;bjc,,—i—j, wherea <i—1<b<c<i+j—1
and then 66(04) = af + fa = aibjcnfifj - agbecn_p—¢ + apbecy_j—y - aibjcnfifj =
@+ apb,_j, = arb,_1. Now we find 9305(c) = 953(95(c)) = d3(arb,_1) = b. Since
d3(a) € (b,b,b), it follows B03(c) = b and 93()3 = @. Hence

0305() = 03(05(0)) = BO3(a) + O3(a)B =b+a = b= sds(cx).

Case 3. Let a € (b,b,b). Then a8 = @, fa = b and dg(a) = b. We obtain
D505(r) = 03(0s(x)) = B3(b) = b. Since d3(c) € (b, b, b), it follows 393(r) = b and
d53(a) B = @. Hence 0305(cr) = 03(03(a)) = Bds(a) +053(a) B = b+a = b = dzd5(ax).

Case 4. Let a € (a,b,c). Then a = a;bjc,—i—j, where a < i < b <i+j <c
Now « is a right identity and dz(a) = af + . But af = a;bjcn—i—; - arbecn_j—¢ =
it jbn—i—j. S0, Og() = @it jbn—i—j + apbecn_—¢. Thus 0s05(r) = 05(0s(v)) =

= 03(isjbn—i—j + arbecn_t—t) = b+ bpseCp_y—t = bseCnp—r.
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Since 03(a) = b jcn—i—j, it follows O305(cr) = 03(05()) = BOs(a) + Os(a) B =
= bprtCn—t—t + Qi jbp—i—j = bpyecn_i—o = 003(v).
Case 5. Let o € (b, b,¢). Then aw = a;bjcp—i—j, where i <a <b<i+j—1<c
We obtain dg(a) = aff + Ba = a4 jby—i—j + bpyeCpn—g—¢. Thus
0p03(ar) = 053(95(v)) = O3( it jbn—i—j + brreCn—k—r) =

= 03(aiyjbn—i—;) + O3(bpreCnt—t) = b+ beyeCnt—t = iy eCo—s-
Since O3(v) = b jcn—i—j, it follows O305(a) = 03(05(v)) = O3() B + BOs(cr) =

= biyjCn—i—j * arbeCr_g—o + apbeC_g—p - biyjCri—j =

= @it jbp—i—j + bpreCnt—r = bpgscni—¢ = 0303().

Case 6. Let o € (¢,¢,¢). As in case 7 of the previous theorem Sa = € and then
Js(a) = aff + ¢ =¢. Since 0s(a) € (¢, ¢, ¢), it follows

0305() = 95(03(r)) = BOs(cx) + F3(a)f = = 05(c) = 03(Fp(av)) = Dp0s(«V).

Theorem 23. Let o € D, and § € (a,a,c). Then 0505(c) = 0305(c).

Proof. If 8 € (a,a,c), then 8 = apbycy,__¢, wherea <b<k—-1<k+/{<c.

Case 1. Let a(c) < b, ie. a € (a,a,a) or o € (a,a,b), or « € (a,b,b), or
a € (b,b,b). Then aff = a. So, J3(ar) = @ + Pa = Pa. Since O3(a) € (b, b,b), it
follows 3053(a) = b and 95(a)3 = a@.

Thus 9395() = 95(05()) = BIs(a)+3() 3 = b+a = b. We obtain 9395(a) =
0(05(cv)) = D3(Bar) = 05(B)ex + BI3(r) = D3(B)ax + .

Since 83(5) = b]H_gCn_k_g, it follows 33(5)01 = b}H_gCn_k_g - . But bk+gcn_k_g .
a(z) < bfor x = a,b,c. So, 33(8)a < b. Hence

8563(0&) = 83(5)04 + b=>b= (938/@(04).

Case 2. Let a € (¢, ¢, c). As in the last case the previous theorem fa = ¢ and
then 0z(a) = aff +¢ = ¢. Since 03(a) € (¢, ¢, ¢), it follows

3303(0) = D5(D5()) = B() + Dy()B = 7 = Bu(7) = Dul(Ds(a)) = Dsdu(c).

Case 3. Let o € (a,a,c). Then o = a;bjcp,—i—j, wherea <b<i—1<i+j<c
and we find ds(a) = aff + fa =

= a;bjcn_i—j - arbecpn_—¢ + arpbpcpn_r—¢ - a;bjch_i—j = Qi1 jCr_i—j + AgeCr_—-
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We obtain 030s(cr) = 05(0s()) = O3(isjCni—j + QrtCpn—i—r) =

= 03(@irjCni—j) + O3(arseCn—r—e) = biyjCni—j + bryeCn_i—r.

Case 4. Let a € (a,b,c). Then a = a;bjc,—i—j, wherea <i—1<b<i+j<c
and since « is a right identity we find ds(a) = af 4+ 8 =

= a;bjcpn—i—j - arbeCp_t—¢ + arpbpCp_—p = iy jCpn—i—j + arbecr_i—y.
We obtain 6583(04) = 83(85(C¥)) = 83(ai+jcn4fj + akbgcnfkfg) =
= B(aitjcn—i—j) + O3(arbecp—r—¢) = bipjCn—i—j + bireCn_i—e.

Case 5. Let o € (b, b, c). Then o = a;bjc,—i—j, where i <a <b<i+j<cand
we obtain dg(a) = aff + 5 =

= aibjcn_i—j - apbecn_p—¢ + arbecp_p—1 = @iy jCni—j + bpyeCnj—s.
We obtain 030s(cr) = 05(0s(v)) = O3(isjCn—i—j + bktriCpn—r—i) =
= O3(aitjcn—i—j) + O3(birecn—r—r) = bityjCn—i—j + bppeCn_t—r-.
In all of these three cases from 0s(a) = b4, j, it follows
0305(x) = 0p(03()) = O5(a) B + POs(r) =

= iyjCn—i—j - arbeCrt—¢ + apbpcn ¢ - biyjcni—j = @iy jCni—j + bpyeCnp—o.

ftk+0<i+jorn—k—{>n—1— 7 we have
0303(cv) = bsoCpnp—s = 0303(av).
Ifk+0>i+j0orn—k—F0<n—1i—j we find
Op03(a) = biyjcni—j = QitjCni—j + bpysCri—¢ = 0305(a)

and this completes the proof.

3 Conclusions

Here we prove that 0303(a) = 0p05(cx) if

g€ (a,a,a) and « € D,
g€ (a,a,b) and o« € D\(a,a,c)

g€ (a,b,b) and « € D\(a,a,c)
g€ (b,b,b) and «€ D,
g€ (a,a,c) and « € D,
g€ (a,bc) and «a€D,
g€ (b,b,c) and «a€D,
B € (c,c,c) and «a € D,
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KO/IMYECTBEHHU OHEHKHN HA AVITOPUTMHWYHUTE
BB3MOKHOCTHU HA IPOMUIJVIEHUTE PEI'YJIATOPH - yacr 1

Emvna HukoJgioB

AHoraums: Temama na mazu paboma e cb30a8aHemMo HA MeMoO U ANCOPUMBM 3d
KOJUYeCMBeHO OYeHKA HA Kaiecmeomo upe3 (YHKYUOHATHUME 6b3MONCHOCMU HA
unoycmpuaiHume Kouwmponepu. M3noscenu ca cmanoapmuume HOpMU 3a OYeHKd Ha
HOpManHama pabomua 001acm Ha UHOYCMPUATHUME KOHMPOJepU U AHATUMUYHUME
Memoou U aneopummu 3a MAXHOmMo onpeoensne. M3nonszeam ce uecmomuume Xa-
PAKmepucmukyu Ha KOHmpoJiepume uiu oaracmuume ounamuunu cucmemu. Ilpeona-
eam ce pewenuama ¢ mexnume 2D-, 3D-susyanuzayuu na konkpemmuu yugpposu npu-
Mepu 3a OKOHYamenHume QYHKYUOHAIHU OYeHKU HA UHOYCIMPUATHUME KOHMPOIEPU.
KiarouoBu nymm: mexnuuecku cpeocmea 3a agmomamu3zayus, Memoo 3a Koauuecm-
8eHA OYeHKA HA PYHKYUOHATHUME 8b3MONCHOCMU HA UHOYCMPUATHUME KOHMPOePU,
30HA HA HOPMATHA eKCHII0AMAYUsL.

QUANTITATIVE ESTIMATION OF ALGORITHMIC
POSSIBILITIES OF INDUSTRIAL CONTROLLERS - part1

Emil Nikolov

Abstract: The theme of this working is a creating a method and algorithm for quan-
titative estimation of the quality by functional possibilities of the industrial control-
lers. The standard norms for the estimation of the normal operation domain of the in-
dustrial controllers and the analytical methods and algorithms for their determina-
tion are described. It is used the frequency characteristics of the controllers or a ballast
dynamic systems. The solutions with their 2D-, 3D-visualizations of concrete numeric
examplesforthefinal functional estimations of the industrial controllersare proposed.
Key words: control instrumentation, method for quantitative estimation of the func-
tional possibilities of the industrial controllers, area of normal operation.

BbBEJIEHHUE

Mexny peanmHute (YHKIIMOHATHU BB3MOXXHOCTH HAa CEPUHHO TMPOU3BEKIAHUTE
(IpOMMIILIEHH ) TEXHUYECKH cpeacTBa 3a apTomaTtuzanus (7CA) u eTaJoOHHUTE aliro-
PUTMH 32 YOPABICHUE U PETYJUPAHE ChIIECTBYBAT Pa3IN4Msi, OCHOBABAIIU CE€ IPEAN
BCUUYKO Ha peanu3anusata Ha npoMunieHute TCA ¢ enekTpuiecku, HudpoBH, MHEB-
MAaTUYHU, XUJPABIUYHU U MEXaHUYHU TPAJUBHU €JIEMEHTH.

daxropure [1-34], onmpenensiim Te3u pa3Indurs, MOTAT Ja ce 000OIIAT B IBE TPYIIH.
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BbTpemnurte pakTopu ca npenonpeaeieHu ¢ HaTMYUETO Ha: ® MEXaHUYHO TPUEHE U
HAaTOBapBaHE; MEXaHUYHHU BHOpAIMH; ® MEXaHUIHH JTy(PTOBE; MEXaHHYHHU OTpaHUYEC-
HUS - TEOMETPUYHU B MPOCTPAHCTBOTO; ® MEXaHUYHU OTPAHUYCHHUS - OTPAHUYCHUS B
JIBUKEHUETO (IBUKEHHUE C IOCTOSIHHA CKOPOCT; JABM)KEHHE C OTpaHMYEHA OT HaTo-
BApBAHETO CKOPOCT U JIp.); ® Maca U MOJBUKHU €JIEMEHTH; ® €JJaCTUYHU €JIEMEHTH; ®
CTapeeHe Ha MaTEepUAINTE; ® BUCKO3HO TPUEHE HA M3MOJI3BaHUS pabOTEeH HECBUBAEM
Gbayun; @ U3MEHAIIM CE PEeXUMU HA JABWKEHHE Ha paboTHUS (Giayul (JaMUHAPHO,
TypOyJICHTHO BU)KEHUE, MyJIBEPHU3alUs, KaBUTALMA, CYTIEPKaBUTALIMS, XUIPABIUYCH
yaap Mpu HECBUBaeM paboTeH (hiIyu]1); ® U3MEHAIU C€ PEKUMH Ha JIBIKEHUE Ha pa-
060THUA Gayun (3BYK OT 0- U HaJ- 3BYKOBa CKOPOCT Ha JIBUXKEHHE Ha CBHBaeM pabo-
TeH (pIIyum); ® U3MEHSIIU Ce PSKUMH Ha JBUKEHUE HA pabO0THUS Quryn] (BTEUHSIBaHE
Ha cBUBaeMus paboreH (GIayua u mpeMuHaBaHe BB IBY(ha3Ha cpenia); ® XUAPABIUIHO
HAaTOBapBaHE; ® MMCKPETU3AIMS HA CUTHAJIUTE TI0 HUBO W/WIIM TI0 BpEME; ® CXEMHATa
CTPYKTypa M peaju3upaliara TEXHOJOTHsS (EeJIeKTpUUYECKa, MHEBMATHUYHA, XUJIPAB-
JUYHA, KOMOMHHUPaHa; HEMPEKbCHATA, TUCKPETHA, peJIeHHONMITYJICHA, IM(PPOBA) HA pe-
anu3anvs. BbHmHuTe gakTopu ce 000011aBaT C HATUYKETO HA: ® QIIYKTyalluu B €HEp-
ro3axpaHBaHETO (EJIEKTPUYECKO, MHEBMATUYHO, XUAPABIUYHO); ® (IYKTyallMH Ha
TeMIeparypara, BIaXXHOCTTa, HasiraneTo (atMocdepa, xuapocdepa) Ha okoTHaATaA Cpe-
71a; ® UHTEH3MBHOCTTA HA JIbYCHUE; ® TI0JIeTa (MATHUTHU U €JIEKTPOMAarHuTHU) U pa-
IUalMoHeH ()OH Ha OKOJIHATA Cpe/ia; ® MeXaHUYHaTa adpa3uBHOCT; XUMHUYECKa U Ou-
OJIOTMYECKA M arpeCUBHOCT Ha OKOJIHATA cpejia U Ha paboTHaTa cpena (yrnpaBiieHHE B
yCIIOBUATA HA MPOMHUIIUIEHOTO ITPOU3BOICTBO HA XUPOIMHAMUYHY [TapaMeTpH Ha CyC-
NIEH3UHU, ITYJITOBE, OCHOBU, KUCEJIMHU U JIP. ).

Paznuuusta Ha cBoiicTBaTa U HA AJTOPUTMUYHUTE BH3MOKHOCTU Ha MPOMUIILICHUTE
peryyiaTopu OT ChOTBETCTBALIUTE MM ETAJIOHHUTE AJITOPUTMHU, CE€ OILEHSABAT KOJIU-
YECTBEHO C TOMOIITa Ha: 00JacTTa Ha HOpMasiHa paborta (OHP) 3a aHamOTrOBUTE pe-
ryjaropu; oosactra Ha JmHeHHU pekumu (OJIP) 3a UMITYJICHUTE W PEICHHO-FM-
MYyJICHUTE peryJjiaTopy; oojacTTa Ha QpyHKIoHupane 0e3 myscamuu (O@BIT) 3a nud-
poBute peryinaropu. M3ecthu ca[1+34] nedununumnre Ha Te3u OIEHKHU MO MEXTyHAa-
ponHute crangaptu. [Ipuema ce, ye 3a OHa3M YaCT OT apaMeTPUUYHUTE MHOKECTBA Ha
napaMmeTpuTe3a HaCTpOMKa, YeCTOTaTa, BXOJHUSI CUTHAII U TaKTa Ha JUCKPETU3ALMS 110
BpEMeE, 32 KOUTO HE ca U3IIbJIHEHU n3uckBaHusaTa Ha OHP (uiu cbotBeTHO Ha OJIP,
win Ha O@BII) ot oleHsIBaHUSI MPOMUIILICH PEryJjiaTop, TOH HE MPUTEkKaBa U3UCK-
BAILIUTE CE€ OT HETO aJTOPUTMHUYHH Bb3MOKHOCTH. KOJTMYECTBEHUTE OLICHKH 32 aJro-
PUTMHUYHHUTE BBH3MOXKHOCTU C€ M3MOJI3BAT 3a MPEIU3EH aHAIU3 Ha KOHKPETHU MpPO-
MUIIJIEHU (peaIHN) PEryJiaTOpu WIM 3a MPEIU3eH CPaBHUTEIEH aHauu3 (Uiu u300p)
Ha MPOMUIUIEHU PETYJIATOPH OT €IMH U ChIIU KJIac.

PazpaboTtkara e npejicTaBeHa B JB€ HEpa3pUBHO CBbp3aHu yacTu. Hacrosiara e mbp-
BaTa OT TSIX W BKIIIOYBA: BbBEJCHUE, 1I€JI U MOCTAHOBKA HA 3ajiadyaTta, OCHOBHHU Je-
(bUHUIMY, aHATTUTUYHA [TOCTAHOBKA HA 3aJ]JaUYUTE B U3CJICABAHETO, YNCICHU MPUMEPH,
MOJ/IXO0/1, METO/I M aJITOPUTHM 3a HyHKIIMOHAIHA TTapaMeTpHU3allis Ha CBOMCTBaTa Ha Oa-
JIACTHUTE 3BEHA HA peaJHUTE PeryjaTopu 3a omnpejaeisHe Ha TsaxHata OHP. Bropara
YacT BKJIFOYBA PE3YJITATH OT U3CJICIBAHETO, TUCKYCHS U aHAJIN3 Ha PE3YJITATUTE, 3aKITIO-
YEHUE U U3BOJIH, JIUTEpATYpa.
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HEJ U IIOCTAHOBKA HA 3AJTAYATA

Hacrosimara paborta uenu 1a npeajoky MoAX0Md, aHaJUTUYEH METOJ U pealu3upalll
IO AJTOPUTBM 324 ONPENEIIIHE Ha KOJIMYECTBEHHM OLEHKM HAa AJITOPUTMUYHUTE Bb3-
MOYKHOCTH HAa IPOMUIUIEHUTE PEryJIaTOPH, KaTO CU MOCTABsA 3a/1a4ara IPU U3BECTHU
CTPYKTYpH Ha NPOMHILJICHHUTE PETYJATOPU Ja AHAIM3UPA TEXHUTE aJITOPUTMHUYHU
BB3MOXHOCTH U onpenenu OHP.

OCHOBHU JAE®PUHHUIIUHN

Heka cBoiicTBaTa Ha OLICHSBAHUS HPOMUWIEH peyaamop R, C€a O3HAYECHH C

Reel
Rua (j@,k, ,T,,T, ....), @ HA CHOTBETCTBALLIUA My emaioHen pezynamop (anzopumovm)
Rewos = € Rewer (i@.k, T, T, ,..). ToraBa OHP Ha R

GYHKIHS Ha MApaMETPUIHOTO MHOXECTBO ® = w,k,,T,, T, | 32 BCHUKA CTOHHOCTH Ha

CC omnpeaciisi aHaIMTUIHO KaTo

Etalon Reel

4eCTOTaTa » M Ha JUHAMHYHUTE mapameTpu (k,,T,,T, ...), 38 KOUTO € M3IIBIHEHO HU3UCK-
BaHero (1). [TapamMeTpUIHOTO MHOKECTBOTO R ={ o k,,T,,T, | C€ pa3rieikaa KaTo ChC-

TAaBHO OT JIB€ HENPECUYAIIH CE TaPaMETPUYHU MOAMHOXKECTBA ®* U & " . IIbpBOTO OT
X € ®" ={ 0" k7 ,T,T, |, 32 KOCTO H3HCKBaHUsATA Ha (1) HE ca U3IBIHCHH, B KOETO

OLICHABAHUAT PEryaaTrop R (1)YHKHI/IOHI/Ipa C AJITOpUTHM, OTJIIMYAaBaIl CC HCAOITYCTHUMO

Reel

OT €TAJIOHHMUS R

ey O TIpeIsiBeHNTE HOpMH (1). BrOpoTo " =1 0™ k7 ,T”, T, | MHOXeC-
TBO yJI0BIeTBOpsiBa n3uckBanusita (1) u nedunupa obGractra Ha HOpManHa padoTa

OHP , B KOSTO perynaTtopbT R,. (PYHKIIMOHHpA C aNrOPUTHM, OTJIMYABAIL CE OT Ch-

OTBETHHUSA MY R, C HE IIOBEYE OT JOmycTuMuTe HOpMH (1).

Etalon
‘ (| Rau(J0)| = | Rawn (i@)] )| Ren () |1‘ 100,% < 10, % "
| arg(RR"e' (ja)))_arg (REtalon (JCU)) | <10°

Rew (10)=Reue (J@) B (jo) (2)
{0.9 < |B(ja))|sl.l} 3)

| arg (B(je))| < 10°
B’B3MO)KHO (] XapaKTepI/ICTI/IKaTa Ha OILICHABAHUSA HpOMHIHJIeH perJIaTOp RReel Ja CC
MpeICTaBM KaTo PUKTUBHA JHMHAMHYHA CHcTeMa (2) OT ITOCIIeI0BATEHO CheAMHEHNE Ha
JIBC 3BCHA - CTAJIOHCH 3aKOH R (C'BOTBGTCTB&H_[ Ha R ) U TMHAMWYHO OOIIBJIIHCHUC,

Etalon Reel

HAapCUYCHO oanacmno 36eHo B , CKOCTO p€ain3anuAaTa Ha IpOMUIIJICHUA PETryJIaTop R

Reel

Ce OTJIMYaBa OT R, . ToraBa manuckpBanusTa (1) KbM R, , OTHECCHH KBM R, , C€ TPAHC-

Etalon Reel 1 Etalon 7

(dhopmMHpaT eKBUBAJICHTHO B M3UCKBaHETO (3) KbM B . [10 M3j10KeHATa IO-rOpe JIOTHKA,
®={wk,,T,T, | € TAPAMEPHYHOTO MHOKECTBO, XapaKTEPH3HPAIO OATACTHOTO 3BEHO
B. B koHtekcra Ha nedununusta (1), morat na 0paaT GopMUpaHU JBE HEMpecHda-
M ce MHOKeCTBA B @. [IbpBOTO OT TX € 8” (4), KOeTo He yaoBaeTBOpsBa (3) U BTO-
poto - 8" (5), ynoBierBopsBaiio u3rckBanuara (1) u koeto nepuHUpa 00JacTTa Ha
HOopMmaiHa pabota OHP Ha perynaropa R

Reel *

8 = {0" k27775 }; 8"°c &" (4)

8" = {o” K, T7T7}: 8" c &7 (5)
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AHAJIMTUYHA ITOCTAHOBKA HA 3AZTAYUTE B U3CJIE/IBAHETO

WnrocTpanusra Ha CTPyKTypHaTa MOCTaHOBKaTta 3a onpenernsae Ha OHP (¢dwur.1) oT-
passiBa CpaBHSIBaHUTE pealicH R, (6) 1 CbOTBETCTBAIINS My €TAJIOHEH R, PETYJaTOPH

(7) corunranena(8)-+(13) .

Reel

ETAAOHEH PETYAATOP R = {a),kp,Ti,Td}

7
i REtann(p’ kP’Ti N )_’

PEAAEH PEFYAATOP
— w*(p) > R.

v
w*(p) B

M
~

bl T )| - e
dur.1. dur.2.
Row(jo)=W* (14W *'W* )" = Mod,, (@)e "=,

( Mod,, (@, k,.T,.T, ) = | Reu(jo)]| J (1)

Arg,.(o.k, T,,T, ) = Arg (R, (jo))

R (j@) = Mod g, (@)e™ ™1,

[ Mod g (@, Ko T, T, ) = | R (i) | J (2)

Arg .. (@.k,, T, T, ) = Arg (R, (jo))
B(jw.k,,T,,T,) = Re, (o, k., T,,T, )J+jIm, (@,k,,T,,T,) (3)
B(jo.k,,T,,T,) = Mod, (@,k,,T,,T, Jexp (—jArg, (@.k,,T,.T,)) (4)
Mod, (@, k,,T,) = ( ReX(@,k,.T,) + Im(o,k,.T,) )" (5)
Arg,(@,k,,T,,T,) = arctg (-Im, (o.k,,T,,T, )/ Re, (0.k,,T,,T,)) (6)
Re,(@,k,,T,, T, ) = Mod, (®,k,,T,,T, ) Cos(Arg, (@,k,,T,, T, )) (7)
Im, (@,k,,T,,T,) = Mod, (@,k,,T,,T, ) Sin(Arg, (&, k., T,, T, )) (8)

KBJETO R, € KOHGUTYpUpaH 1Mo cTpykTypa (¢ur.l) ¢ ycunsaten w* u oOpaTHa Bpb3-

Reel

ka W*, a (14) e napaMeTpUYHOTO MHOKECTBO ® , XapaKTECPHU3UPAIIO MPOMHUIILICHUTE
(peamHuUTE) perynaTopH.

kpe[kp,min’kpmx] ;Tie [Ti,min7Ti‘max];] (14)

Td € [Td,min’Td,max ] ,a)E[0,00)

banactaoTo 3BeHo B (15), aHamUTHYHO OMpeCIis C pa3Mepa Ha XapaKTEPUCTUKHUTE CH
aIropuTMUYHATa OJIU30CT HA R, 10 R

Etalon *
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R (jo ko, T, T, )
Ro, ((jo.k,.T,.T, )
B = Reuon R:eel ' (R:eel = (RReel )71) (15)

B (jo.k,,T,.T, ) = Mod, (a,k,,T, T, )e* o0
(Mod,(@,k,,T,,T,) =| B(jo)|; Arg,(o.k,,T,,T, )= Arg (B(jo)) )

B (jo.k, T\, )=

B®3 ocHoBa Ha uznoxkeHoto (6)-(15), mapaMeTpuYHO MHOXECTBO ®”, KaTO €IHO3-
HayHa aHAJIMTUYHA AeUHUIMS HAa 00IacTTa Ha HopMaiiHa padota OHP, ce onpenens
¢ (16)
8" = {o” k7, 77,,77 . (ModB <01 A |ArgB|<10°)]
VKIVT VT Ve 3a” (16)
{w”’,k,‘,’,Ti",Td"} c {w,k,,,Ti Ty } ; B R

CHOTHOIICHHETO MEXIy HapaMeTpuuHuTe MHOXecTBa (14), (16) e mwiocTpupaHo Ha
¢ur.2, it kato e B cuia (17), T.e. ue mHOK)ecTBOTO (16) npuHaiexu Ha (14).

{a)v,k:,TiVi,Td"} c {a),kP,Ti,Td}, (fBVg R) (17)

3a onpenensae Ha OHP Hacrosmara paboTa M3MOI3BA Memooa YyHKYuOHAIHAmMA
napamempusayusn. Heroara unes [35-61], karo TpaguionHa mpriioskHa 3a/1a4a B MH-
KCHepHaTa MpakTuka (TIpHU anpHOPH W3BECTHH XapakTepucTHku (18) Ha muHAMUYHH
CHCTeMH KaTo (QyHKIIMM Ha ITOBEYE OT e/IHA IPOMEHIIMBH £ (g, ¢, ¢, ,...)) € TBPCEHETO,

AHAJTITUYHOTO OTPEICIISIHE U aHAIM3bT Ha pyHKIIMOHAIHATA 3aBUCHUMOCT (19) Ha KOHK-
pethu nokasarenu ¢ () (OHP kato moka3aTell Ha Ka4eCTBOTO) Ha TUHAMUYHHUTE CHCTE-
MU OT IPOMEHJIMBHTE (¢, ¢, ¢, ,...) WM U OT TEXHUTE BapUAIIMH U CJICBAINA TPaHCHOP-
marrus Ha (19) o (20) c nen qocturanero 1o (21). BbB GyHKIIMOHATHUSA aHAIN3 TS € U3-
BECTHA KaTo ,,3a0aya 3a )yHKYUOHAIHA napamempusayus’ Ha nokasatenu (pakropu,
CBOWCTBA) Ha (YHKIIMU U € u3paseHa ¢ F=#(c, ¢, s, ,...) (20), oT xosiTO cnex oOparHa
TpaHchopMarlus ce J0CTHra 10 KpaiiHara 3aBucuMoct (21). [TociaennaTta € TOYHOTO pe-
IIICHWE Ha TI0CTaBeHaTa 3aja4a 3a onpejaensae Ha OHP - " (16)

E{g1,§2,§3,---} QR{wl’kp’Ti’Td} (18)
F(E) < @ c & (29)
$:${g1’g2’g3""}®Qyz{wv’k:’le’Tdy} (20)

§1=6 (gz ’gs) ) ( F = conste [Tminfq:max] )<:>
s 0 =0" (k: ,Ti“’,Td“’), (rB’ = conste[fB B S“])

10°> Arg

¥ 0,9 <Mod
10°> Arg

G =65 (g1 ,gs), ( F= CO“StG[TmWTW] )@’
< kv =ky (cov ,TiV,Tdy), (tBV = conste [(BV”SMOd fBVMw SLl]) (21)

p p 10°> Arg ! 10°> Arg

G:=G,4 (gl ,gZ), ( F = conste[ﬂm,fm] )<:>
- TV =T~ (a)v ,ky,TdV), (®v€ [$V0,9sMod ,mVMod sl,l:l)

10° > Arg 10° > Arg
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YUCJIEHU ITPUMEPU

Bb3 ocHOBa Ha Bb3MOKHOCTHUTE 3a CTPYKTypHa KoHurypamus (¢ur.1), B paboTa kato
YUCJICHH IPUMEPH Ca PEIIEHH B CUMBOJIEH BHJI JBAHAJECET NMPEACTABUTEIHU 3aa4d
3a onpezaensine Ha OHP na peannu Pl-, PD- u PID-perynaropu (cuctemaTuzupaHu B
ta6s.1). M30panu ca aHAJIMTUYHU MOJEIM Ha YCTHPHU Kiaca ycwiBarenau (22)-(27)
(oTIMUaBAIIIHM CE CHIIECTBEHO IO XapaKTEPUCTUKUTE CH) M TPH KJIaca IMHAMHUYHY 3BEHA
(26) - (28) B oOpaTHaTa Bpb3Ka (¢ur.1).

3aBceku eaus ot koHpurypupaaute Pl-, PD-uPID-perynaropu (pur.1;Tadmn.1)caon-
penencuu (29.a,b) - (40.a,b) B cuMBoIIeH BU XapaKTEpUCTUKHATE HA R™™ W Ha MPH-

i,algorithm

HaJJICKaAIIUTC UM OajacTHU 3BeHA B ™™ OoT/IM4aBallly I'" OT CbOTBCTCTBAIIMA UM €Ta-

i,algorithm 1

JIOHEH aliropuThM. M3Mo3Banu ca MHIEKCH, yKa3Ballly Bujia Ha ycuiBatens (amplifier)
¥ BHIaHa anroputhma (algorithm).

Tabnuuya 1.
ycuneamen W *
W=a (22) | W"= i (23) | W = (4| W e (25)
(jo) (1+bjw) bjo(l+bjo)
oopamna epv3ka W "
W= k,' W k,' W k,' W= k,' 7
® (14T, jo) P (14T, jo) ® (14T, jo) ® (14T, jo) (26)
k'T. jo kK'T. jo kK'T. jo K'T. jo
woo_r 0 Woe-—_*r " we-_* """ wr=—> """~ (27)
(14T, jo) (14T, jo) (14T, jo) (14T, jo)
'] k;l Ti ]w WP:) = k: Ti Jw 2 k;l Ti J(O WP;) = k';l Ti Jw
W ST jo) LT, o) (14T, jo)(14T, jo) | Weo ST jo) T, ) (14T, jo)(14T, jo) (28)

NuBepcHuTe xapakrepuctuku R’ Ha peannute Pl-, PD- u PID-perynaropu, oc-

HOBaBamm ca Ha W* (24) u Ha w" (25), ceoTBeTcTBamy uM (¢ur.1; Tadm.1) eranoH-
HUTE PEryJIaTopu R U OamactHu 3BeHa B™™ (31)-(32), (35)-(36), (39)-(40) ca

i, Etalon i,algorithm
Mojenupanu. Pezynrature oT cuMmynanusTa 3a Auana3oHud Ha Bapuanus (36) Ha ma-
paMeTpuyHOTO MHOXKECTBO ® (14) HamonenuTe caBU3yan3upanu Ha ¢ur.3 + pur.8.

3a BCsAKA OT XapaKTEPUCTUKUTE HA WIFOCTPUpaHUTE cTPYKTypH (pur.3 + pur.8, dur.1;
Ta01.1) € 0OUeBUIHO HATTUYUETO HA:

e napamempuuHu oodaacmu @° CbC 3HAYNMM HEJIOIyCTUMH II0 HOpMa PA3Indus B
MOJYJIHAaTa U apryMEeHTHATa ChCTaBAIIM Ha OaJacTHUTE 3BEHA B "™  YUUTO CBOMCT-

i,algorithm >

BaTa ce onmucear ¢ (42) u He yIoBIeTBOPsBAT n3nckBanusta (16);
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RAI

PD

R™

Pl

R!P

Pl

alk, +k, T, jo+k, T, jo+k,T,T, (jo)* )(jo)"

ak,(1+T, jo)

a+k, +k T, jo

ak, (14T, jo)

a+k, jo(1+T,jo)

ak, (14T, jo)
a+ak, (1+bjo)(1+T, jo)

ak,(1+T,jo)

ata k, jo (1+bjo )(1+T, jo)

ak,T jo

a+aT jo+k T jo

ak, T (jo)

a+aT, jo+k, T (jo)

akTijo

a+aT jo+k,T jo(l+bjw)

ak, T jo
at+aT jo+b kT (jo) (1+bjo)

alk, +k, T jo+k,T, jo+k,T,T, (jo)* )

aT jo+k, +k, T jo+k T, jo+k, TT, (jo)’

(aT, +(k, +k,T, jo+k,T, jork, 1T, (jo)* )

ak, (14T jo) (14T, jo)

Ca Tk, (1+b jo ) (14T, jo )(1+T, jo )

ak, (14T, jo)( 14T, jo)
jo(A+ B)

(A=aT,+ b K, (14T, jo)(1+T, jo)),
(B=b2 kp jo (1+Ti jw>(1+Tu Jw))

0,05<k, <100,00;0,05<T, <500,00; 0,05<T, <500,00;a=200;b=20

8" = {o" k", 77T : ( Mod B

i,algorithm

p i

VK VT VT Voe"3as”

(38.3) (37.3) (36.3) (35.9) (34.3) (33.3) (32.a) (31.9) (30.3) (29.3)

(39.2)

(40.a)

{a)',kp',Ti',Td'} c {a),kp,Ti ,Td} ; 8"c ®"
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(29.h)

o a+k,jo(1+T, jo) g
PD . g)/
a+k, (1+bjo) (14T, jo) =
Bo = =
a NS
ah _ a+k, jo(l+bjo)(1+T,jo) &
PD a g/
. (a+aT jo+k, T jo) =
T a(Tje) (14T, je)” 8
. (a+aT jo+k, T, (j0)’) =
" AT je) (14T, jo) "t S
(a+aT,jo+k,T, jo (1+bjw)) =
By = 5
a (Ti jo )2 (1+Ti jw)i1 N2
. (a+aT jo +b k, T, (jo) (14bjo)) &
. a (T,jo) (147, jo) S
L aT jo+k, (14T, jo)(1+T, jo) =
PD ; N~
aT jo e
o (aT, +k, (14T, jo)(1+T, jo)) g
PID aTI @/
w 2T, jo+k, (1+bjo )(1+T,jo )(1+T, jo) =
" aT,jo &

o jo(aT +bk, (1+bjw)(1+T jo))
" aT jo(l+T, jo)? 2
jo (b*k, jo(1+4T,jo) (14T, jw)) &

+
aT jo
(41)
>01 A | ArgB | >10°) |

(42)
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Bode plot (phase) "Etalon & Inverse Reel & Balast (PI-IA)"

10°

10"

®ur.6.a.

200

1A
ArgBE (@K, T,) | g
ek
g
@
@
i !
B S
ArgRPl_Etalon a)Vkp 'Ti
-100 - S st
10° 10 10° 10 10 10

Frequency (rad/sec)

®Dur.6.b.



Bode plot (magnitude) "Etalon & Inverse Reel & Balast (PID-AA)"
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e napamempuyunu ooaacmu 8" (IIOKa3aHU ChC 3aLPUXOBAHU 30HU HA Gur.3 - pur.8),
3a KOMTO CBOMCTBaTa Ha B™™ (43) y;0BIETBOPSBAT HAITBIIHO H3UCKBAHUSATA, POPMY-

i,algorithm

i, algorithm i, algorithm <10° )}
VKIYT VT, Ve 38" (43)
{a)v,k:,Tiv,Td"} c {a),kp,Til,Td } ; 8" c R”

nupanu ¢ (16) 3a OHP na pasrnexnanute peannu Pl-, PD- u PID-perynartopu;
8" = {a)V |k:,TiV,TdV : (MOd g amlifer 01 A |Arg g amelier

o ZHAUUMU pa3IUYUA 6 ceolicmeama Ha danacmuume 36ena (pur.3.c.-dur.8.c.) Ha
pasraexaanute peannu Pl-, PD- u PID-kondurypamnum, KOUuTo rnokaspaT pa3inyeH
pa3mep Ha OJU30CT MEXIY R™™ 1 ChbOTBETCTBAIIUS MYy €TAJIOHEH AJITOPUTHM R a

i,algorithm i,Etalon 3

CMHOTUITHUTE AITOPUTMHU TIPHU KPUTEPHit (43) BHB (YHKIIHS OT U3IIOJI3BAHUS YCHIIBATEI
NpY eJTHA ¥ ChIllA IMHAMKKA Ha oOpaTHaTa Bpb3ka W * (26)+(28) B cTpykTypara.

Hoaxona, METOA 1 AJI'OPUTHBM 3A @PYHKIHUOHAJIHA
MAPAMETPU3AIIMSI HA CBOMCTBATA HA BAJIACTHUTE 3BEHA
HA PEAJIHUTE PEI'YJIATOPHU 3A OIIPEJAEJISAHE HA TAXHATA OHP

B paborara ce npemiiara nodxoo, ChCTOSII Ce B U3MOJI3BAHE HA MPEIBAPUTEITHO U3-
BECTEH aHAJIMTHYECH MOJIEIT HAa XapaKTEpUCTHUKATa HA B o+  C II€J CbOTBETCTBALLIA TPAH-

i,algorithm

copmarius 3a orpeIeIsTHE Ha JKETaHUs IT0Ka3aTesl Ha KauecTBOTO (B ciydas Ha OHP)
(20) namscnensanure peanau Pl-, PD- u PID-perynaropu c mpuiarane Ha CbOTBETHUS
aHAJIMTHYCH HHCTPYMEHTApUYyM 3a PYHKIIMOHAIHA TapameTpu3aiusi [35 - 61], mo moctu-
raHEeTO Ha MPUHA UIekKamaTa (yHKIIMOHAIHA 3aBUCHUMOCT (21).

Tpauchopmanusara (20)= (21) e peanusupana B paborara upe3 aHATUTHUCH MEMO0 32
pElIeHHEeTO Ha 0OpaTHa 3ajayda, U3IM0JI3Ball CyOCTUTYIIMOHHA Heu(epeHIupyema or-
TUMU3ALHs, C TIOMOIITA Ha CIEIUAIHA MaTeMaTHaecku pyHkinu [62 - 64] u mapamer-
pUYHA aPOKCUMAIIHS.

Anzopumvmpm 3a peniaBaHe Ha ChIIMHCKATa NapamMeTpHu3alus Ha MOKa3aTeauTe Ha
B/ C€O0CHOBaBa Ha OMEPaTOPH OT CTPYKTYPHOTO MIPOrpaMHUpaHe 3a MHTETpaTHa TPaH-

copmarus Ha QyHKIUN, BrpaJICHH B CIICIIHATU3NPAHATE MATEMaTHICCKH TAKETH TIPOT-
pamu (Mathematica® ua Wolfram Inc., MATLAB® na MathWorks Inc. u np.) [62- 64],
KOUTO MPEIOCTABSAT U Bh3MOXKHOCTTA 32 2D-, 3D-Bu3yanu3aius Ha peIeHneTo 3a napa-
meTpu3arws (21).

BBB BropaTa yacT Ha pa3paboTKaTa ca MpeACTaBeHH: PE3YJITaTh OT U3CIICIBAHETO, INC-
KyCHSsl M aHAJIM3 Ha pe3yITaTUTE, 3aKITF0UEHIE M U3BO/IU, JIUTEpaTypa.

ABtop: EmMun Hukonos, npod. atH, karenpa ,,ABromaru3anus Ha HenpexkbcHature
[MpousBoactra‘“, ®akynrer Apromaruka, Texandecku YHusepcureT - Codus; E-mail
address: nicoloff@tu-sofia.bg

Hocrbnuaa wa 15.10.2017 Peuenzent: Yn. xop. mpod. atH [letko Xp. [Terkon
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KO/IMYECTBEHHU OHEHKHN HA AVITOPUTMHWYHUTE
BB3MOKHOCTHU HA TIPOMUIUJIEHUTE PEI'YJIATOPH - yacr 2

Emvnia HukoJgioB

AHoraums: Temama na mazu paboma e cb30a8aHemMoO HA MeMOO U ANCOPUMBM 3d
KONUYeCM8eHO OYeHKA HA Kaiecmeomo upe3 (YHKYUOHATHUME 6b3MONCHOCMU HA
unoycmpuaiHume Kouwmponepu. M3noocenu ca cmanoapmuume HOpMU 3 OYeHKd Ha
HOpMaaHama pabomua 001acm Ha UHOYCMPUATHUME KOHMPOJepU U AHATUMUYHUME
Memoou U aneopummu 3a MAXHOmMo onpeoensne. HM3nonszeam ce uecmomuume Xa-
PAKmepucmuku Ha KOHmpoJiepume uiu oaracmuume ounamuunu cucmemu. Ilpeona-
eam ce pewenuama ¢ mexnume 2D-, 3D-susyanuzayuu na konkpemmuu yugposu npu-
Mepu 3a OKOHYameaHume QYHKYUOHATHU OYeHKU HA UHOYCIMPUATHUME KOHMPOIEPU.
KiarouoBu nymm: mexnuuecku cpeocmea 3a agmomamu3zayus, Memoo 3a KOauuecm-
8eHA OYeHKA HA PYHKYUOHATHUME 8b3MONCHOCMU HA UHOYCMPUATHUME KOHMPOepU,
30HA HA HOPMATHA eKCHII0AMAayUsl.

QUANTITATIVE ESTIMATION OF ALGORITHMIC
POSSIBILITIES OF INDUSTRIAL CONTROLLERS - part 2

Emil Nikolov

Abstract: The theme of this working is a creating a method and algorithm for quan-
titative estimation of the quality by functional possibilities of the industrial control-
lers. The standard norms for the estimation of the normal operation domain of the in-
dustrial controllers and the analytical methods and algorithms for their determina-
tion are described. It is used the frequency characteristics of the controllers or a ballast
dynamic systems. The solutions with their 2D-, 3D-visualizations of concrete numeric
examplesforthefinal functional estimations of the industrial controllersare proposed.
Key words: control instrumentation, method for quantitative estimation of the func-
tional possibilities of the industrial controllers, area of normal operation.

BBBEJIEHUE

Pa3paboTkara ce chCTOM OT ABE HEPAZPUBHO CBBbp3aHU YacTh. [I'bpBaTa BKIIOUYBA: BbBE-
JI€HUE, 1IeJT M TOCTAHOBKA Ha 3a7ja4ata, OCHOBHU Je()UHUIINH, aHAIUTUYHA TOCTAaHOBKA
Ha 33JJaYUTe B U3CJIEABAHETO, YUCICHU IPUMEPH, TOJX0/I, METOJ] U AJITOPUTHM 32 (PYHK-
[[MOHAJIHA TTapaMeTpu3allis Ha CBOMCTBATa Ha OaacTHUTE 3B€HA HA PEATHUTE PeryJia-
TOpH 3a onpezensaHe Ha TaxHata OHP. Hacrosimata e BToparta 4act Ha pa3paboTkara,
NpeICTaBsIIA PE3YITATH OT U3CIIEABAHETO, JUCKYCHUS U aHAJIU3 Ha PE3YJITaTUTE, 3aKITI0-
YeHHE U U3BOJIN, IUTEpaTypa.
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PE3YJITATHU OT U3CJIEJIBAHETO

WNuBepcHUTE XapaKTEPUCTUKUA R

O amplifier
i ,algorithm

Ha peannute Pl-, PD- u PID-perynatopu, oc-
HoBaBamucaHaw * (24)uuaw * (25), chorBercTBamy uM (¢dur.1; Tadn.1) eTamoHHUTE
perynaTopu R, .., M0anactau 3BeHa B (31)-(32), (35)-(36), (39)-(40) camonenupa-
HU. Pesynrarure oT cumyanusaTa Ha MOJICITUTE ca BU3yaau3upanu Ha ¢ur.3 - pur.8 3a
auana3ony Ha Bapuaiius (41) Ha mapaMeTpUIHOTO MHOXKECTBO & (14).

Omnpenenenunre o01acTr Ha HopManHa pabota OHP na ananu3upanute peainau Pl-, PD-
u PID- perynatopu (kondurypupanu o ¢ur.1; tabmn.1, npeacraBeHu B mbpBara 4act

i, Etalon

Ha pa3paboTKara) ca MmokazaHu, ChoOpa3HO CUCTeMaTHU3aIuATa B Ta0JI.2

Tabauua 2.
OHP
Pl- perynaropu | PD- perynaropu | PID- perynaropu C ycwiBaTena w
¢wur.9 ¢ur.10 ¢ur.11 (22) w™=a
¢bur.12 ¢ur.13 ¢bur.14 (23) wr=a(jo)™*
¢ur.15 ¢ur.16 ¢ur.17 (24) w*=a(1+bjo )"
¢ur.18 ¢ur.19 ¢ur.20 (25) w"=a (bjo(1+bjw))™

JAUCKYCHUSA U AHAJIN3 HA PE3YJITATUTE

Pesynrarute ot u3cieaBaneto (Tab1.2) MO3BOJABAT JOCTUTAHETO HA KOHKPETHH KO-
JIMYECTBEHU OIICHKHU HAa Ka4yecTBOTO ((yHKIIMOHAIHATA OJU30CT HA PEATHUTE JI0 Ch-
OTBETHUTE €TAJIOHHU aJITOPUTMH ) 32 BCEKH €/IMH 0T KoH(purypupanute (¢ur.1; Tadmn.1)
peannu perynaropu (29) + (40), kakTo u cpaBHUTETHU OLIeHKH (44) + (46) 1o OTHOIIEHHE
Ha KOHKPETHUTE KOH(UTryparuu. B To31 CMUCHI ITOKa3aTeTHU ca OLICHKUTE Ha pa3Mepa
Ha OHP, nokazanu B Ta611.3 v wiroctTpupanu Ha pur.2 1 kato 000011eHre Ha pe3yATaTH-
T€ OT M3CJIeJIBAHETO, cUcTeMaTtu3nupanu Ha ur. 1 1 = pur.20.

Tabnuua 3.

oY radls o ,rad/s KY o K T n.s  Tro.s  TS..s TS .S

M 0,0000 0,0020 0,10 10,00 500 500,00 66,00 66,00
M 0,0000 0,0010 0,10 10,00 500 500,00 66,00 66,00
@™ 0,0010 0,0800 0,10 10,00 500 500,00 66,00 66,00
M 0,0000 0,0800 0,10 10,00 500 500,00 66,00 66,00
g7 (™) 0,0003 0,0800 0,10 10,00 500 500,00 66,00 66,00
M 0,0000 0,0060 0,10 10,00 500 500,00 66,00 66,00

87" 0" k7,17 > 8" {e” k7 T} (44)

87" {0 k717 > 87" {0 k7, T} (45)

87 "o k7T T > 8r e k7, T T | (46)
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SAKVIIOYEHME U U3BO/IN

HoBoTo 1 opuruHaiHo B HacTosmara padoTa ca npeIoKEeHHUTE

® cucTeMaru3anus, 0000IIeHNs U aHATUTUYHU ASPUHHUIINY 32 TTapaMeTpU3alusITa Ha
nokasarenu (OHP) Ha XxapakTepHCTHKaTa Ha TUHAMUYHU CUCTEMH;

® 110/1X0J, METO/1 U aJITOPUTHM 3a MapaMeTpu3alis Ha JTMHAMUYHUA CUCTEMU;

® UCJICHU NPUMEPH, U3BOJ Ha CUMBOJIHHM aHAJUTUYHU ONUCAHUS HA XapaKTEepPUCTH-
KUTE Ha KOHKPETHU JTUHAMUYHU CUCTEMU; aHAIN3 HA CUCTEMUTE;

® oIpe/esHE Ha aHAJUTUYHU OINKCAHUS Ha ChCTaBALIM HAa XapaKTEpUCTHUKUTE Ha
MPOMUIIIJICHU TUHAMUYHU CUCTEMH B KAUECTBOTO UM Ha TexHH cBolicTBa (OHP),

® (YHKIMOHAJIHA NapaMeTpu3alusl Ha ChCTABSIINUTE C HE3aBUCHUMUTE MPOMEHJIMBU
Ha TMHAMUYHU CUCTEMH 32 KOHKPETHU YHUCIICHU IPUMEPH;

® CHMBOJIHA BU3yaJIM3alUs HAa pe3yJTaTUTE OT MapaMeTpU3alusaTa ¢ TEXHOJOTHHUTE U
UHCTpyMeHTapuyma Ha 2D-napamempuuno-konmypen nnot u Ha 3D-napamempuu-
HO-KOHmYypeH TIOT KaTo alrOpUTMU 3a MapameTpu3alus Ha (pyHKIHUK Ha MOBeYEe OT
JIB€ HE3aBUCUMU IPOMEHJIMBU, CPABHUTEJIEH aHAJIN3 HA Bb3MOKHOCTHTE HM.
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NHOPACTPYKTYPHHU YCJIYI'U 3A OBJIAYHU U3YUNCJ/IEHUA
B MPEKATA 3A PAIMOJOCTDBII

EBesqnna IlenueBa, Ilenuo Ilenues, Mupociaas CiiaBos

Pe3zrome. Multi-access Edge Computing (MEC) e mexnonoeus, kosmo ce ommnacs 0o
pasnpeoenena MOOUIHA cucmema 3a 0ONA4HU UZHUCTEHUS, 8 KOSIMO KOMIIOMbPHUME
pecypcu ce UHCManupam 8 pamkKume Ha mpexcama 3a paouodocmuvn. B pabomama e
npeocmaser Memoo 3a NPOeKmupane Ha UHGPaAcmpykmyphu yeb yciyeu, Koumo ocu-
eypsisam cpeda 3a komynukayusi hHa MEC naamegopmama ¢ npunosicenusma. /legu-
HUPAHU Ca NPUTIONCHU NPOSPAMHU UHmMepgeticu, Koumo mo2am 0a ce usnoi3eam 3a
MEHUONCMBHM HA HAMOBAPEAHEmo u pabomocnocoonocmma. PyHKYUOHAIHOCMMA
Ha yeb ycuyeume ce OCHO8A8A HA USUCKEAHUSMA 3G UHMeZPUmMen Ha Mpexcosama
DYHKYUOHATHOCT.

Kntouoeu oymu: yeb ycuyeu, MEHUONCMBHM HA UHMEZPUMEMA, MEHUONCMBHM HA Pa-
bomocnocobnocmma

INFRASTRUCTURE SERVICES FOR MULTI-ACCESS EDGE COMPUTING
Evelina Pencheva, Pencho Penchev, Miroslav Slavov

Abstract: Multi-access Edge Computing (MEC) is a technology that refers to a dis-
tributed mobile cloud computing system in which computer resources are installed
within the radio access network. The paper presents a design method for infrastruc-
ture web services, which provide an environment for communication between the
MEC platform and applications. Application programming interfaces that can be
used for load management and performance management are defined. The function-
ality of web services is based on the requirements for integrity of network functional-
ity.

Key words: web services, integrity management, performance management

1. BbBEJIEHHUE

Multi-access Edge Computing (MEC) npeocTaBst Bb3MOXXHOCTHTE Ha OOJIAYHUTE M3-
YHCIEHUSI KaTO ChbXpaHeHHWe U oOpadOTKa Ha JaHHU B Mpekara 3a pajuoAO0CThII.
MEC mognbspika MHOXECTBO TeXHOJIOTHH 3a jnocThll kato Wi-Fi, 3G, 4G, 5G, Wi-
Max u Bluetooth [1]. MEC moxe mga o6paboTBa U ONTHMH3UpPA TOJIEMHA OOCMH OT
JTaHHU, CbOpaHU OT MOOWJIHM YCTPOWCTBA, MPEAM /1a TH MPEXBHPJIH B 00aKa, KOETO
NpeIoTBpaTsBa 3arydara Ha pecypcu. ToBa € TeXHOJOTHs, TOAXOIA 32 PA3TUIHA
IIPUJIOKEHUS B peanHo BpeMe. Ycamyrute Ha MEC uMar qupekTeH A0CThII 10 JOKajaHa
KOHTEKCTHa MH(popMaIusi, 6a3upaHa Ha MECTOMOJIOXKEHUETO Ha MOTPEOUTENs, yCIo-
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BUSTA B MpeXkaTa 3a JIOCTbhII, HH(opMaIus 3a MOBEACHUETO HA MOOUITHUTE MOTPEOu-

temm u ap. [2], [3].

MEC ce oTHacs 10 pasmpezeiieHa MOOWIHA CHUCTeMa 3a O0JIaYHU W3YMCIICHUS, B KO-
ATO KOMITIOTHPHUTE PECYPCH CE MHCTAIMPAT B paMKUTE Ha MpeXaTa 3a paauoJ0CThII,
OMM30 70 Kpas Ha MoOOWIHUTE ycrpoiricTBa Ha WMHTtepHer [4]. MoOunHUTE KpaiHU
XOCTOBE ca KOMIIOTHPHO 00OpY/JIBaHE, MHCTAJIMPAHO B WJIM OJIN30 /10 0a30BUTE CTaH-
My, 3a pa3ivuKka OT IEHTPATU3UPAHUTE O0JIaYHU ChbPBBPU UM MOOWIHUTE YCTPOMC-
TBa, KOUTO KOMYHHUKHUpPAT TUpeKTHO moMmexnay cu, MEC ce ympapisBa JOKadHO OT
MpexkoBus onepatop. OOUUTE KOMIIOTHPHU PECYPCH B MOOMIIHUTE KPailHU XOCTOBE
ca BUPTYaJU3HUPaHHU U Ca M3JI0KEHU Ype3 MPHIOKHU Iporpamuu uarepdeiicu (API),
Taka 4e Jia ca JOCTHITHA KaKTO 32 MPUIIOKCHHS Ha MMOTPEOUTEIH, TaKa U 3a OIepaTopH

[5].

MEC npenoctaBst Tpu BUJla MUIBITYEPHU YCIYTH:

o lHbpacTpyKTypHHU yCIIYTH, KOUTO MO3BOJISIBAT HA MPUIIOKEHHUATA J1a KOMYHU-
KHUpaT ¢ ychnyrure Ha riatdopmara nocpeactsom API u na oTkpuBar yciyru,
Hannuau B MEC cbpBbpa;

e VYcayru 3a mHbOpMAIHS 32 paIuOMpekaTa, KOUTO MPEIOCTaBAT HA OTOPHU3U-
paHu IpWIOKEeHH HHGOPMAIIHS 3a paTuoMpekaTa OT HUCKO HUBO;

o OyHkIua 3a pa3ToBapBaHe Ha Tpaduka, KOATO IPUOPUTH3HpPA Tpaduka U Map-
HIpyTU3Mpa U30paHus MOTOK OT JaHHU Ha 0a3aTa Ha MpaBUJia KbM U OT MPHUIIO-
YKEHHS, KOUTO ca OTOPU3UPAHU Ja ITpUeMaT JaHHUTE.

CbBpeMEHHUTE HAYYHU U3CJEABaHUS ca (DOKYCHUPAHU BHPXY YHUKATHUTE MPEAU3BU-
KaresicTBa npea npoektupaneTo Ha MEC mnardopmu. M3cneaBanusaTa onmucBar Tak-
conomusita Ha MEC u ximtodoBuTe aTpuOyTH Ha TeXHoJorusATa. B [6] u3uucienusra B
Kpas Ha Mpe)aTa ca MpeJICTaBeHU KaTO HOBOBB3HHKBAIIIA TEXHOJIOTHS, KOSITO MO3BO-
JIsiBa HOBH BBH3MOKHOCTH, BKIIOUMUTEITHO OMPOCTSIBAHE HA YIPABJICHHETO HA O0JaKa,
BHUCOKOJIOCTBITHH YCIIYTH, MallaOupPyeMOCT Ype3 aHalli3 B Kpas Ha Mpekara, mpuiia-
raHe Ha IMOJIMTHUKATA 3a 3allliTa Ha TUYHuTe naHHu u T.H. B [7]. MEC e onucana xaro
KJIFOYOB €JIEMEHT OT 5G CUCTEMU C aKIEHT BbPXY (PYHKIIMOHATHOCTTA U apXUTEKTY-
pata Ha MEC, kato ca oOch/ieHH HSIKOM MPUMEPHU Clydad Ha u3nos3BaHe. B [8] ca
MPEJCTAaBEHU KJIIOUOBM Clydau W ciieHapuu 3a usnoyizBane Ha MEC u e oOcbieHa
crangaptusamnusita Ha MEC. ABtopute ce GoKycupar BbpPXy TEXHUUYECKH H3CIIE/IBa-
HUS, KOUTO BOJST J0 M3YUCIUTEIHOTO pa3ToBapBaHe Ha mpexarta kbM MEC. ABTto-
pute Ha [9] npencraBsaT TekymuTe TeHaeHunn B MEC, npo6iemute U npeau3BUKa-
TEJICTBaTa KbM CHT'YPHOCTTA U CBBP3aHUTE C TAX HaydHuTe m3cineasanusa. B [10] as-
TOPUTE MPABAT U3UEPIIATEIICH NPETJIE]l HA HAll-ChbBPEMEHHUTE U3CIEI0BATEICKH YCHU-
JUsi B MOOMIJTHUTE KpalHM MPEXKH, KaTO CE ChCPEIOTOUYABAT BBHPXY KIIFOUOBUTE BbH3-
MO>XHOCTH Ha MOOUJTHUTE KpaiilHU MPEXKHU, KaTo 00JauHaTa TEXHOJIOTHS, BUPTyalli3a-
IIUsT HA MPEXXOBH (DYHKITUU ¥ MHTEIIUTEHTHU yCTPOICTBRA.

B Ta3u cratus e mpennoxkeH MeToa 3a npoektupaHe Ha uHppactpykryparn MEC yc-
JYTH 32 MEHUDKMBHT Ha HATOBAPBAHETO U pabOTOCTIOCOOHOCTTA.

N3105k€HNETO € CTPYKTYPUPAHO KakTO cienBa. B Touka 2 € mpeiacTaBeH MeTon 3a
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npoektupane Ha APl 3a MEHWDKMBHT Ha HATOBAPBAHETO, a B TOYKA 3 — METOJ 3a
npoektupane Ha APl 3a MEHHJKMBHT Ha paboTocniocoOHOCTTa. MEeToAuTe ca WIKOCT-
pUpaHU C TUMWYHHU CIy4Yau Ha W3MOJ3BaHE MHTEp(ENCcUTe, OMMCAHMETO HA CAMUTE
uHTepdelicn U MOJeNnu Ha CHhCTOSHUSATA HA CHOTBETHHUTE PECYpPCH. 3aKIIOUEHUETO
0000111aBa OCHOBHUTE TPUHOCH.

2. YEBb YCJIIYT'A 3A MEHUJTKMBHT HA HATOBAPBAHETO

OYHKIMOHAIIHOCTTA Ha MpeXKaTa He TpsAOBa J1a Ob/ie KOMIIPOMETUPaHa OT MPHIIOXKe-
HHUE, KOETO MpaBU TBBpPJIE TojisiM Opoil 3asBku u obpatHo, MEC mardopmara He
TpsiOBa Jja ce MpeToBapBa OT MPEKAIECHO roJisiM Opoil 3asBKH, FT€HEpUPaHU OT MPHJIO-
KEHMSL.

VYeb ycnyrara Load Management no3BonsiBa Ha MEC miardopmara na Ha0atonaBa u
YIIPaBJIsiBA HATOBAPBAHETO HA MPUJIOKEHUETO B CHOTBETCTBUE C ITPaBUJa 3a yIIpaBiie-
HHE Ha HaToBapBaHeTo. llonuTHkara 3a ynpaBiieHHME HAa HATOBAPBAHETO OIPEIEIIs
MpaBUJIaTa 3a yNpaBJICHUE HAa TOBapa, KOUTO TPsIOBA Jla ce CeBar.

@ur.1 nokas3Ba AuarpaMa Ha IOCJIEI0BATEIHOCTH 32 YIPABJICHUE HA HATOBApPBAHETO

Ha nipuioxenus: or MEC mardopma.

1-2. MEC mnardopma u3BukBa oneparus startLoadNotification, 3a na ce abonupa
J1a ToJly4yaBa U3BECTHUA 32 POMEHUTE B HUBOTO Ha HATOBAapBaHE HA MPUIIOXKE-
HUETO.

3-4.  IIpunoxenuero nunpopmupa MEC miardopmara 3a TEKyIIOTO HUBO HAa HATO-
BapBaHe, KaTo M3BUKBa orepalusara reportLoad. Moxe ia ce onpeaensT Har-
puMep Tpu HUBaA Ha HaToBapBaHe. KoraTo mpuiioKeHUETO HE € MPETOBAPEHO,
HUBOTO My Ha HatoBapBane € "(0". Koraro npuioxeHueTo € mpeToBapeHo, HU-
BOTO My Ha HatoBapBane ¢ "1". [Ipu HuBO Ha HatoBapBaHe "2" MPUITOKEHUETO
€ CHJIHO IIPETOBAPEHO.

5-6. MEC mnardopmara ycTaHOBSIBa IPOMSHA Ha HaTOBAPBAHETO, KOETO BOJHU JIO
ChCTOSTHUE Ha TIpeToBapBaHe W m3BHKBa oreparusara holdNotification, 3a ga
U3HCKA OT MPUJIOKEHUETO J1a 3aIbP>KH U3MPAIIAaHETO HA BCUUKU U3BECTHS.

7-8.  Cnen mepuoj Ha 3aabp)KaHE Ha M3BECTHUS 32 HATOBAPBAHETO HA MPHUIIOKECHU-
€TO, TO CE€ CIpaBs C BPEMEHHOTO CBhCTOsSIHME Ha nperoBapBaHe. MEC mar-
¢dopmaTa u3BuKkBa oneparus restoreNotification, kosTo U3KCKBa MPUIOKEHH-
€TO J1a Bb3CTAHOBU M3BECTHUATA 3 HUBOTO Ha HATOBAapBaHe.

9-10. IIpunoxenuero unpopmupa MEC nnardopmara 3a TEKyUoTo CM HUBO HA Ha-
TOBapBaHe.

11-12. MEC mnatdopmara u3BukBa onepaiust stopLoadNotification, 3a ga npekparu
a0OHaMEHTa 3a W3BECTSABAHE 32 MPOMEHU B HUBOTO HAa HATOBAapBaHE HA MpH-
JIO’KEHUETO.

13-14. TlpwoxkeHnero M3BHKBa omeparusaTa getAppLoadStatistics, 3a mga moucka ot
MEC mnatdopmara ma mpenocTaBy 3amuc Ha CTATUCTUYECKU JaHHU 3a HATO-
BapBaHe 3a MPUIOKEHHUETO.

®ur.2 noka3sa unTepdericute Ha yed yciyrara Load Management u noaabp:kaHure
OT TAX OIEpaLHu.
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Load Management

Application Web Service
:AppLoad :Load
! Manager | | Manager |
Load _ 1. startLoadNotificationRequest :
change < . Detection of
detection 2. startLoadNotlflcatlonResponse> load cha.nge
3. reportLoadRequest - and pol_lcy
(load level) - evaluation
P 4. reportLoadResponse
_ 5. holdNotificationRequest Detection of
S e load change
6. holdNotificationResponse S and policy
Load _ 7.restoreNotificationRequest evaluation
change 8. restoreNotificationResponse
detection S
9. reportLoadRequest o
(load level) -
P 10. reportLoadResponse
_11. stopLoadNotificationRequest
12. stopLoadNotificationResponse
13. getAppLoadStatisticsRequest
_14. getAppLoadStatisticsResponse

@ur.1l. MeHWDKMBHT Ha HATOBAPBAHETO HA MPHUIIOKEHHUE.
Wutepodeiicst AppLoadManager ocurypsiBa ClieZIHUTE ONEpaIliu.

Omneparusra startLoadNotification ce usnonssa or MEC mnardopmara 3a aboHaMEeHT
3a U3BECTHSI 3a MPOMEHHM B HUBOTO HAa HATOBapBaHE Ha MPHIOKECHUETO.

Onepanusta stopLoadNotification ce m3mon3Ba 3a nmpekparsBaHe Ha aOOHaAMEHTa 3a
W3BECTHS 332 MPOMEHU B HUBOTO Ha HaTOBapBaHE Ha MIPHIIOKESHUETO.

Onepanusra holdNotification ce usnomssa or MEC mnardopmara 3a BpeMEeHHO 3a-
AbpKaHe Ha M3BecTUATa OT mpuioxkennero. MEC mmatdopmaTa U3Moi3Ba onepaus
restoreNotification, 3a ga moucka oT MPUIIOKEHUETO J]a BH3CTAHOBU M3IMPAIIAHETO HA
U3BECTHS.

Oneparnusara appLoadStatisctics ce usnonssa or MEC mnatdopmara, 3a j1a usnparu
CTATHUCTUKA Ha MPUJIOKEHUETO 32 HUBOTO CU Ha HATOBapBaHE.
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Onepanusara appLoadStatError ce usmomsea or MEC miardopmara, 3a m1a uHbOP-
MHUpa IPWIOKEHUETO, Y€ CTATUCTHYCCKUTE JTAHHM 32 HATOBApPBAaHETO HA muaTGopmara
HEe Morar Ja ObJaT U3MpaTeHU OopaIu TPeiKa.

LoadManager AppLoadManager
reportLoad startLoadNotifications
getApploadStatistics stopLoadNotifications
—| applLoadStatError holdLoadNotifications
restoreLoadNotification

PlatformLoadNotification

PlatformLoadNotificationManager

reportPlatformLoad

startPlatformLoadNotifications

platformLoadError

stopPlatformLoadNotifications

®ur.2. Unrepdeticu Ha yciyrata Load Management 1 moaibp>kaHUTe ONEpariiu.

WurepdeiicyT Load Manager ocurypsia clieTHUTE ONCpaIUu.

[Mpunoxenunero m3non3Ba ¢yHknusara reportLoad 3a goknajBane Ha U3MEHEHHS B
HHUBOTO Ha HaTOBAapBaHE.

Omnepanusta getAppLoadStatistics ce n3mon3Ba oT MPHUIOKEHUETO, 33 @ TOMCKA OT
MEC nmnardopma 3a CTaTUCTUUECKHU JaHHU 32 HATOBapBaHE Ha MPUIIOKEHHUETO.

Uutepdeiicet PlatformLoadNotificationManager ce mogabpika oT riardopmara u
OCHUTYpsIBa OTEPAINU, C KOUTO MPHIOKCHUETO MOXKeE Jla ce abOHMpa J1a IMoJIyYaBa 13-
BecTud 3a HaToBapBaHeTo Ha MEC mnatdopmara.

MEC mnardopmaTa u3BecTsIBa MPHIOKESHUETO 332 HUBOTO HAa HATOBAPBAHETO CH KaTO
W3BHKBa OTIepalMuTe, Mo Ibpkanu ot uarepdeiica PlatformLoadNotification.

107



®ur.3 noka3Ba Juarpama Ha ChCTOSIHUETO, IIPEJICTaBsAIIAa BbTPELUIHUTE HUBA HA HATO-
BapBane Ha MEC mardopmara u Ha mpuiIoKeHHETO.

loadLevel loadLevel

“1” «“0” / Application\ 2 > “1”
> overloaded
loadLevel

Application

Application
PP severely

normal load

loadLevel overloaded
uou_) “1!, restore1 - 2
reportLoad Notifications
reportLoad reportLoad

MEC platfor
normal load

estore
otifications

Notifications

internal load % [internal hold

change | oyerload Notification
detection | |getection

EC platform
holdNotifications \overloaded

holdNotifications

®ur.3. CocrosiHust Ha HatoBapBaHeTo Ha MEC miardopmaTa u mpuioKeHHETO.

3. YEb YCJIYT' A 3A MEHUKMBHT HA HEU3IIPABHOCTH

VYeb6 ycnyrara Fault Management no3Bosisiea Ha MEC mnardopmara aa cineau ornepa-
TUBHOTO ChCTOSIHUE HA MPUJIOKEHUETO.

MEC nnatdopmara MOXKe J1a ce perUCTpHpa, 3a Ja MoTydaBa MepUOTUIHA U3BECTUS
(heart beatings) oT NpUI0KEHUETO 3a MTPOBEPKA HA CHCTOSHUETO MYy Ha aKTHBHOCT.

Ha ¢ur.4 nmokaszana nuarpama Ha MOCJIeIOBaTeIHOCTH 32 MEHHDKMBHT Ha HEHU3IPaB-
HOCTH HA PUIIOKECHUS.
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P o

: Application ! Fault Management Web™ ™

: : : Service

| :AppHeartBeat :AppFault | i | : HeartBeat : Fault |

Manager Manager Manager Manager

T The 1. activityTestRequest
Application (test ID)

carries out test 2. activityTestResponse -
(test result) -

3. collectFaultStatisticsRequest
(time period)

Vv

4. coIIectFauItStatisticsReéponse

&
N

5. startHeartBeatRequest
(time period)

N

6. startHeartBeatResponse\

7

7. pulseRequest

Vv

8. pulseResponse

N

9. heartBeatEndRequest

|
10. heartBeatEndResponse

V

11.reportFaulStatisticsRequest
(fault statistics)

12. reportFaultStatisticsResponse

A\

7

dur.4. Hepnoz[Hqu AOKJIaJIBaHC HAa aKTUBHOCTTA HA IMMPUIIOKCHHUCTO.

1. MEC mnardopmara u3BrkBa ornepais activityTest, 3a 1a npoBepu ganu npu-
JoXeHuero € paborocnocobHo. [Ipu mpuemane Ha 3asBKaTa MPUITOKEHUETO
TpsiOBa /1a ce CAMOTECTBA, 32 Jla ONpPEeNId CTaTyca CH Ha aKTUBHOCT.

2. [Ipunoxenuero BpbIia pe3ysitata OT CaMOTECTBAHETO.

3-4. Ilpunoxenuero u3BHKBa omepaiusaTa collectFaultStatistics, 3a ga usmcka or
MEC mnatdopmarta na chOMpa CTaTUCTUYECKU JAHHU 32 HEU3MPABHOCTH.

5-6. MEC mnardopmara WHCTPYKTHpPA MPUIOKEHUETO 1A 3allOYHE Ja H3Ipalia
,»CBPJACUHUS CU PUTHM ™ TIPE3 ONPEEICH UHTEPBAIL.

7-8.  Ilpunoxenuero m3npama n3Bectsane Ha MEC mnatdopmara.

9-10. Ilpunoxenuero nnpopmupa miarpopmara MEC, ye cpokbT 3a U3mpariane Ha
U3BECTHS € MPUKITIOUHIL.

11-12. MEC nnardopmara ocurypsiBa HaTpynaHaTa CTATUCTHKA 32 HEU3MPABHOCTH.
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®dur.5 o6o6maBa uHTEpdElicuTe U MOAIbPKAHUTE orepanuu Ha yed ycmyrara Fault
Management.

FaultManaaer AppHeartBeatManaaer
collectFaultStatistic startHeartBeat
appUnavailableind stopHeartBeat
HeartBeat AppricationFaultManaaer
pulse activitvTest
heartBeatEnd faultindication

faultRecovery

unavailablelnd

reportFaultStatistics

reportFaultStatError

®ur.5. UnTepdeiicute u noaaspkanu onepanuu Ha yeo ycmyrara Fault Management.

Hurepdeiicet AppFaultManager ce m3nonssa ot MEC murardopmara 3a HaOIroAcHIE
Ha aKTUBHOCTTA Ha mpuioxeHue. OmeparusaTa activityTest u3uckBa OT NMPHIIOKEHU-
€TO Jla HaIllpaBW caMOTEeCTBaHe 3a akTuBHOCT. Omepanmsra faultindication m3BectsBa
NPWIOKEHUETO 3a Hem3mpaBHOCT. Koraro oTkpuTaTa HEM3NPABHOCT € OTCTPaHEHa,
MEC mnatdopmata n3BukBa onepanus faultRecovery, 3a na n3BecTr Ha IPUIIOKEHU-
ero. MEC miardopma n3BukBa onepaius unavailablelnd, 3a na yBemomu mpumosxe-
HHETO, Y€ Beue He ¢ HajuuHa. V3BukBaiiku omepanusra reportFaultStatistics, MEC
aTopmara JIOKJIaBa Ha MPUIOKEHUETO CTATUCTUYCCKH JaHHU 32 HEU3IPABHOCTH
B wiardopmata. Onepanusrta reportFaultStatError ce u3BukBa, korato MEC mnat-
dbopMaTa He MOKE JIa IPEIOCTABH CTATUCTHUYECKU JJAHHU 33 HEM3MPABHOCTU HA TIPU-
JIOKEHHUETO.

Wutepdecwt FaultManager ce usmnosnsBa ot npuiiokeHHeTo, 3a 1a uadpopmupa MEC
miatdopmara 3a CbOUTHS, KOUTO 3acsrar mnenoctra Ha argopmara MEC u na m3muc-
KBaT HH(pOpMAIIHS 32 MHTETPUTETA HA CHCTEMaTa.

Onepanusta collectFaultStatistics ce n3BuKBa OT MPUIIOKEHUETO, 3a Ja H3UCKA OT
MEC mnardopmaTa chOMpaHETO HA CTATUCTHKA 32 TPEIIKH 32 OMPEICIICH MEPUO]] OT
Bpeme. [lpmiokennero m3BukBa omeparus appUnavailableind, 3a ma undopmupa
mwiargopmara MEC 3a ¢hCTOSHHETO My Ha HEJOCTBITHOCT KaTO IMOCOYH MPUIMHATA.
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Unrepdeiicet AppHeartBeatManager mo3BosisiBa MHHIIMMpPAHE Ha JOKJIAJBaHE Ha
,,Cbpaeunus mync” Ha npuioxxkennero or MEC mnatdopmara. [lnardpopmara n3Buksa
onepauusa StartHeartBeat, 3a n1a MHCTpyKTHpa NPUIIOKEHHUETO J1a 3al0YHE IEepUO-
ananu noknansanus. [Inardopmara n3BukBa oneparnusata stopHeartBeat, 3a na uncr-
PYKTHpa MPUII0KEHUETO J1a PECTAHE J1a U3ITpalia NEPUOJIUYHHU T0KIIAIBAaHUS.

Nurepdeiicht HeartBeat ce nznonsBa oT mpuiioKeHUETO 3a M3MpalllaHe Ha MEepPUO-
JIWYHY JOKJIaIBaHUs 32 HATUYHOCT. [IpuoskeHuero omepanus pulse, 3a na moxiaasa
Ha Tutatopmara HaJTUIHOCTTA cu. KoraTo m3Teue CpoKbT 3a M3IpaiiaHe Ha ,,Chpaey-
HHsI pUTHM”, IPUIIOKCHUETO M3BHKBa omepanusara heartBeatEnd, 3a na uadopmupa
MEC mnardopmara, ye nepuoabT Ha HAOMIOJCHUE HA HATMYHOCTTA HA MPHUIIOKECHU-
€TO € MPUKITIOYNIL.

4. 3AKJIIOYEHHUE

CwriacHo msuckBanusara kbM MEC cucremn, MEC mnardopmara TpsioOBa 1a ocury-
psiBa U (QYHKIMHU, KOUTO HE C€ MOJIbPKAT OT CHIIECTBYBAIU MPUIIOKHU TPOrpaMHH
uHTepdeiicu. B Tazu myOnukamus e npeaioxkeH Meton 3a nedpunupane Ha API 3a un-
¢bpactpykTypHu ycnyru. [leduHupanu ca 1Be MHPPACTPYKTYpHU YCIYTH, MOCPEICT-
BOM KOWTO, MPUWJIOKEHUATA MOrar Aa noiydar aoctsn 10 MEC ycnyru u apyru npu-
JIO’KEHUS, M3ITBIHSABAIIM ce Ha eHa U chila MEC mnatdopma.

VYeb ycnyrara Load Management ocurypsiBa pyHKIIMOHATHOCT, KosiTo 3anuTaBa MEC
miargopmMaTta OT KOMIPOMETHPAHE OT MPHUIIOKECHUS, KOUTO MPABAT MPEKAJICHO TOJISIM
Opoii 3asBku. ToBa ce mocTura 4upe3 GYHKIMH 3a YIIpaBJIeHUE Ha HATOBAPBAHETO, KO-
UTO TO3BOJIIBAT HAOJIOJIEHUE W KOHTPOJI HA HUBAaTa Ha HaTOBapBaHe. Yeb yciyrara
Fault Management ocurypsiBa ¢GyHKIIMH 32 MCHHUKMBHT Ha HEH3IPAaBHOCTH, KOHWTO
BKJTIOYBAT CpPEJCTBA 3a HAOJIOJCHHE HA €KCIUIOATAIlMOHHOTO ChCTOSHUE HAa MUIBYE-
BPHUTE YCIIYTH U MIPUITOKEHUS.

[IpennoxxenusatT meron 3a AeduHUPaAHE HA TPWIOKHH MTPOTPAMHHU UHTEPQENCH € I'bB-
KaB ¥ OTBOPEH 3a MOHATATHITHYU pa3upeHus KpM pemeHust oT tun RESTful ¢ moaxo-
JAIIA aTanTePH.

[Ipennoxxennre MEC undpactpykTypHu ye0 yciiyru MO3BOJISIBAT HA MPEXKOBUS OIle-
paTop Aa ynpasisiBa MO-€(EKTUBHO KU3HEHUS LHUKbBJ HA MPUIOKEHUATA, BKIIOYBAL]
UHCTAJIUPAHE, CTAPTUPAHE, CIIUPAHE U JCUHCTAIUPAHE.
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INPOEKTUPAHE HA MOBHUJIHA CUCTEMA
3A MOHUTOPHUHI' HA IIYM

Mapun b. Mapunos

Pe3rome: [losuuienume nuea Ha wiyma (m.Hap. uLyMo80 3aMbPCABAHE) 8 SPAOCKUme
cpeou e yecmo cpewjan npooiem, Koumo cepuo3Ho 3acsiea 30pasemo u Kawecmeomo
Ha ocusom Ha xopama. Emo 3auo MHO20 u3Cie08anusi ca noceemenu Ha usmepeane
HUBAMA HA WyMa 8 OKoIHama cpedd. B nacmoswama cmamusi ce ONUC8a NpoeKmu-
Ppamemo u cv30a8aHemo Ha NPOMoOmun Ha MOOUIHA Oe3JCUYHA cucmema 3a usmepsa-
He Ha me3u Husa. Cucmemama uznonzea niamgopmama Raspberry Pi 3 u uxonomu-
yecku epeKmusHu eireKkmponHu komnonenmu. Pecypcume na Raspberry Pi u netinama
mMawadbupyema apxumexkmypa no3eosaeanm UsMepeanemo Ha ulymMosume HU8a 0d ce
U3BbPUIBA €OHOBPEMEHHO C UZHUCTABAHEMO HA OCHOBHU napamempu Ha wiyma. H3c-
J1e08aHemo HA PYHKYUOHATHOCMMA HA 8b3IUme Npu 0bl20CPOYHU Mecnmose NOKA38d,
ye npeodnazanusm nooxo0 ocucypsasa 000pa 0CHO8A 34 MOHUMOPUHE U Cb30A8aHe Ha
Kapmu 3a HU8ama Ha Wyma, Hapu4dauu ,,ymosu kapmu *.

Konmponanu oymu: wiym 6 okonnama cpeoa, uzmepsane Ha 36YKO8OmMo Haaseaue, noc-
MOAHHOMO eK8UBANEHMHO HUBO HA 38YK080 Haseane, Raspberry Pi

DESIGN OF MOBILE NOISE MONITORING SYSTEM
Marin B. Marinov

Abstract: Noise pollution in urban environments is a common problem that affects
people’s health and quality of life. It is therefore one of the main issues addressed in
many studies of environmental noise level measurement. This paper describes the de-
sign and rapid prototyping of a mobile wireless environmental noise monitoring sys-
tem based on a Raspberry Pi 3 platform and cost-effective electronic components.
Raspberry Pi resources and its scalable architecture allow acoustic level measure-
ment to be carried out simultaneously with the computation of the environmental
noise levels. Evaluation of nodes functionality in long-term measurements shows that
the proposed approach provides a good foundation for noise monitoring and map-

ping.
Key words: environmental noise, sound pressure measurement, equivalent continuous
sound pressure level, Raspberry Pi
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1. INTRODUCTION AND MOTIVATION

Nowadays, noise exposure monitoring and its reduction are among the main concerns
for citizens, politicians, administrations, and technical scientific bodies. Directive
2002/49/EC (Environmental Noise Directive, END) is yet another attempt to harmo-
nize the policies and technical approaches adopted by European Member States in an
effort to address noise exposure reduction issues. In agreement with the Directive
noise maps of relevant environmental noise sources in large population centers have
been produced and this has made it possible to evaluate noise levels in major Euro-
pean agglomerations.

The environmental quality loss, and its impact, especially in large cities, on the health
and welfare of the people is one of the greatest threats of our century. Noise in urban
environments has increased significantly over the last decades, due to a growing ur-
ban development. With growing population density a greater number of people expe-
rience noise annoyance and this affects their daily life, sleep and work. Recognizing
this as a major issue, the European Commission adopted a directive, which requires
that Member States gather real data on noise exposure (noise maps), and develop
noise management action plans for agglomerations with more than 100 000 residents,
with major roads, major railways and major airports [1, 2].

Coronary heart problems and stroke are the source of around 10 000 cases of prema-
ture death. Moreover, nearly 90 % of those noise related tolls are linked to road traffic
noise. It should be mentioned that a great number of countries do not provide thor-
ough and precise data which means that the number of deaths is surely miscalculated.
Using data provided by countries for the period 2006 — 2012 average noise exposure
(.. Lgen OVer 55dB and Ly;gp, OVer 50 dB) in chosen city areas remained almost

constant. Information provided by countries can be seen in Fig. 1.
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Fig. 1. Number of people subject to nighttime noise from road traffic over 50dB in
several capital cities, 2012 [4].
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It shows that a large percentage of people in several capitals cities throughout Europe
are exposed to high risk levels of road traffic noise. Unfortunately, Sofia with about

70 % of its residents exposed to nighttime noise from road traffic of over 50 dB holds
a ‘leading place’ in this unpleasant statistics [3].

Traditional approaches of performing noise measurements are time consuming and
expensive due to the personnel and measuring equipment costs. Noise maps are cre-
ated [5] on the basis of the measurements and by means of numerical tools and prop-
agation models. The actual European Commission recommendations are for higher
time and space granularity of the noise data. In this situation, mobile noise monitoring
systems with wireless connectivity/communication can provide an attractive alterna-
tive for overcoming the drawbacks of the current noise data acquisition techniques
[6]. There is high demand for devices that provide online and near real-time noise
level measurements to improve and fine-tune the information from the noise maps.
The present research is primarily aimed at the development and practical use of wire-
less mobile devices for noise monitoring with scalable architecture as well as at carry-
Ing out an analysis of the suitability of usage of off-the-shelf hardware alternatives.

2. ACOUSTICAL DESCRIPTORS
Acoustic measurement is a process influenced by static and dynamic variables. Noise

constantly changes in the time and space domain.

Human ears are sensitive organs, which can hear sound power in a wide range of up
to 13 decimal magnitudes [7]. The sound power level is defined as a logarithm scale,
denoted as decibels, and can be calculated by

2 st
L, =10log <p”’f( )> = 20log <prms> dB (1)
p‘r‘ef pref

where p,,s and p,.r are RMS (Root Mean Square) sound pressure and reference
sound pressure, respectively with p,.., = 20pPa.

The equivalent sound pressure level L., is the most widely used single index indica-

tor for evaluation of exposure to noise. It can be used for rating sounds with levels
varying over time. L4, T is the average sound pressure level for a suitable period T.

The Equivalent Sound Level is a measure of exposure due to the accumulation of
sound levels over a particular period. The applicable period should always be identi-
fied when using this metric. L4, T may be thought of as a constant sound level over a

period of interest that contains as much sound energy as the actual varying level. It is
a way of assigning a single parameter to a time-varying sound level.

For most people the normal frequency range of hearing extends from about 20 Hz to
about 10 000 - 15 000 Hz. People respond to sound most readily when the dominant
frequency is within the range of normal conversation, typically around 1 000 to

2 000 Hz. The acoustical community has defined several “filters”, which approximate
this sensitivity of the ear for better assessment of the relative loudness of various
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sounds made up of many different frequencies. The “A-weighting” filter does this
best for most environmental noise sources. The A-filter weighting curve is defined as
in ANSI S1.42.2001 [8] and the attenuation limits as in IEC 61672-1:2002 [9]. The
A-filter is a frequency-selective filter. It passes the frequencies in the frequency range
between 1 and 4 kHz, to which the human ear is most sensitive and suppresses very
high and very low frequencies.

If pressure levels are weighted by the A-weighting curve the equivalent continuous
sound pressure level(Laeg, T) is obtained as follows:
1 (T La® T Pargs®
Lpeqr = 10log—f 10 10 dt = 1010g—f 10 Pres dt, (2)
' T Jo T Jy

where L, (t) is the instantaneous sound level A-weighted, p 4, (t) is the sound pres-
sure measured A-weighting frequency filter. L4, r is one of the most widely used de-
scriptors in evaluating noise in urban environments, roads, railways, and industry
[10].

Directive 2002/49/EC prescribed the use of indicator L,,,, Which represents the day-
evening-night level in dB:

Lda Levening+5 Lnight+10) (3)

1
Lyen = 1010g—(12 1010 +4-10° 10 +8-10

where Lgqy, Levening @nd Ly;gn, are the A-weighted long-term average sound levels
as determined in I1SO 1996-2: 1987, defined over all daytime periods of a year.

Here the average day is 12 hours, the evening is 4 hours, and the night is 8 hours. For
the purpose of noise mapping, the European Community Member States must provide
noise pollution data in terms of the L, and Ly; 45, indicators.
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Fig. 2. L4., calculation [11].
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The Lgen, (day-evening-night level) parameter is the L., measured over a 24-hour pe-
riod with an added penalty of 10 dB for the levels between 23:00 and 07:00 and a
5 dB penalty added to the levels between 19:00 and 23:00 to account for people’s ex-
tra noise sensitivity during these time intervals.

As L., is related to the effect of noise on people, Lg,,, extrapolates this to a daily val-
ue and, in long-term measurements, to weekly, monthly or yearly data for more long-
term studies [12].

3. SYSTEM DESIGN

3.1. Design requirements

For this particular design process, the following requirements have to be met:

e Measurement, storage and calculation of basic environmental noise parameters are
to be performed.

e Computing power to perform on-board calculations, scalable architecture that sup-
ports easy expansions with peripherals e.g. sound cards, microphones, environ-
mental parameter sensors are to be provided.

e The measurement accuracy should comply with the requirements of IEC 61672 for
Class 2 Sound level meters [9].

e High reliability and availability of the device for long-term measurements in (near)
real-time and battery powered operation mode.

e The device should comprise off-the-shelf cost-effective components for WSN im-
plementation and support different communication standards.

e Capability for remote status monitoring, GPS localization and software updates.

e The device should be enabled for MATLAB/LabVIEW programming environ-
ment.

e Data to be recorded: according to the sound level measurement standards the time
should be within 5 s any time of the actual time of the day. The time resolution for
any clock should be at least 1 s [13]. The monitor should work continuously and
display on request the A-weighted sound pressure levels of the total sound in the
form of time-series of 1 second or other preset time-averaged sound pressure lev-
els.

3.2. Architecture

The Raspberry Pi 3 Platform

Taking into account the design requirements and the needed functionalities a scalable
architecture based on the Raspberry Pi 3 (RPi) platform is proposed below (Fig. 3).

The main component of the device is the processing unit, which is also used for data
acquisition and connectivity. Lately, a new computer concept has become very popu-
lar. These new devices, known as Single Board Computers (SBC), are smaller than
traditional computers and distinguished for being more economical and affordable.
The SBC has already proven its computing power and its scalability for a variety of
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projects. Different types of SBCs with different features of connectivity, computing
power, size or energy usage are available on the market. Arduino, Raspberry Pi, Bea-
gleBone, are widely used in the field of noise monitoring [14].

micro SD K—— p— _\(

Rpi 3

> ®USBT UjAERT

GPS and
Power supply RTC

Fig. 3. System architecture.

In order to meet the set requirements, the design of the noise monitoring device was
based on the platform Raspberry Pi 3 Model B single board computer. It has the fol-
lowing characteristics: it consists of the Broadcom BCM2837 System on a Chip, in-
cluding 4 cores ARM Cortex-A53, running on a 1.2 GHz processor, a Graphic Pro-

cessing Unit (GPU), 1 GB of RAM and with a microSD memory card slot.

The Raspberry Pi platform has a number of advantages such as good computing pow-
er, high versatility and that it is enabled for MATLAB/LabVIEW programming envi-
ronment. The low power consumption and the price allow for the design of numerous
devices based on this platform. Those qualities, together with the continuous hard-
ware upgrades, made the Raspberry Pi the selected option for the prototype de-
velopment.

Raspberry Pi has various options for data transfer - mainly via Ethernet, Wi-Fi or
Bluetooth connectivity. The most appropriate alternative is the use of the IEEE
802.11n-based Wi-Fi built-in chip. The module operates at 2.4 GHz and provides up
to 150 Mbit/s transfer rates. The distance of the station to the access point can be up

to 300 m but this strongly depends on the terrain and surrounding background radio
noise. In this particular case, tests with a direct visibility of up to 50 m were con-
ducted.

In cases when the wireless connection has a low performance due to interference from
nearby devices or neighboring radio signals, an Ethernet cable is to be used. In case of
a cable network, the device can be powered using a POE (Power Over Ethernet)
scheme based on IEEE 802.3af.
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Microphone

The microphone is the interface between the acoustic field and the noise measurement
system. It reacts to the variations in the sound pressure and converts them into an
electrical signal that can be interpreted by the measuring instrument. The microphone
Is one of the most important elements of noise measurement systems because the ac-
curacy of measurement of the entire monitoring system depends on its characteristics.
Therefore, it is important to select it carefully, taking into account several basic re-
quirements. One of them is related to the sensitivity of the microphone represented by
the ratio of the voltage received at the output and the sound pressure at the input. The
necessity to model human perception requires using a microphone with a frequency
range corresponding to the audibility range of the human ear.

The typical level of environmental and background noise in living areas is within the
range of 30 dB to80dB - 85dB. The usual sound level of highway traffic is
70 — 80 dB and it is related to uncomfortable noise. Exposure for a longer period of
time to sound levels of over 85 dB causes hearing damage. Noise peak values often
reach 100 — 110 dB, therefore, the developed sensor node is defined with a dynamic
range of about 90 dB (in the range 30—120 dB) for noise measurement [15].

An ADMP404 MEMS omnidirectional microphone, was installed on the RPi. The
microphone is placed on a SparkFun Breakout board. It has a gain amplification of
about 67 with an AD8606 operational amplifier that fully meets the bandwidth re-
quirements for the microphone ADMP401. The amplifier’s audio output will float at
one half of the power supply voltage when no sound is being picked up. The amplifier

produces a peak-to-peak output of about 200 mV when the microphone is at a dis-
tance of 0.5 m at normal conversational volume levels.

Sound Card

A solution with a sound card for converting the analogue signal from the microphone
into digital form has been chosen. Using a USB sound card is a good solution because
of its low cost, small size and easy connectivity. Raspberry Pi 3 has 4 USB2.0 ports
and supports the software needed to easily integrate the sound card in the system.
Here an external USB sound card is used (Dynamode [13]). The output format of the
sound card is a 16-bit signed integer [-32768, +32767] which theoretically ensures a

dynamic range of over 96 dB.

GPS module and real-time clock

Since the system has to keep its functionality if no internet connection is available, a
real-time clock (RTC) with a rechargeable back-up battery power supply is needed.
The selected Raspberry Pl computer does not have a RTC, which is a drawback when
organizing records and making reports about the noise measurements made. Alterna-
tively, GPS time can be used. The selected GPS module is NEO-7M. The receiver us-
es a battery powered real-time clock and backup RAM.
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Micro SD card

The measured acoustic parameters, the basic program, and the files required for the
operating system are stored and kept on the memory card.

4. EXPERIMENTAL RESULTS
4.1 The Complete RPi node

Fig. 4 shows the complete RPi sound level node.

Fig. 4. View of the noise monitoring system.

The node is placed in a plastic enclosure with IP 67 protection with microphone tube,
wind protection, GPS module and power bank. The components used in RPi node and
their approximate prices are given in Table 1.

Table 1.
List of the components for the sensor node
Part Commercial name Price, Euro
Main board Raspberry Pi 3 35
Microphone ADMP 401 16
Soundcard Dynamode USB 4
GPS Module GPS NEO-7M 30
Enclosure - 15
Cables + accumulators - 25

The cost of the components is about 125 Euro. When we compare this price with the
typical price for class | sound meter (1500 — 3000 Euro), this WSN application is
highly competitive [6].
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4.2. Power consumption

Instantaneous power consumption was measured by connecting a 1.5 Q resistor in se-
ries to the power supply and by monitoring the voltage drop for a duration of

60 minutes. The average current consumption is approximately 510 mA with enabled
wireless connection and GPS and disabled HDMI, Ethernet port and other communi-

cation channels. This translates to more than 24 hours operational time with 16 Ah
battery pack (for accumulator pack efficiency > 80%).

5. CONCLUSION

Monitoring of noise parameters is an area of research that has been the focus of sci-
entific attention in the last decade. In the present paper the development of a cost-ef-
fective wireless sensor node for environmental noise measurement is described. The
hardware design challenges are discussed and the proposed solutions are presented.
The sensor node platform is built on Raspberry Pi 3 with ADMP401 microphones and

sound card which can operate at a peak sampling rate of 48 kHz. Power consumption

is small enough so that a 16 Ah battery pack can support the nodes for more than 24 h
of measuring and data communication (without sleep mode).
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MOBUJIHA CUCTEMA 3A MOHUTOPHUHI HA IIIYM -
IHPOI'PAMHO OCUT'YPABAHE U EKCIIEPUMEHTAJIHU PE3YJITATHU

Mapun b. Mapunos

Peztome: Hacmosiyama cmamus e npoovixcenue na [1]. Tyx cvwo ce paszenesicoa
npoyecvm Ha npoeKmupane U cv30a8ane Ha NPOMomun Ha MOOUIHA OEe3HCUYHA CUC-
mema 3a uzmepeane HUBAmMa Ha wym 6 okoaHama cpeoa. [Jokamo 6 [1] mosu npoyec e
06cvOern om 2ledHa MoYKa Ha xapoyepa, MyK SHUMAHUEMO e 8bpX)y NPOSPAMHOMO
ocucypsigane Ha cucmemamad, KOMYHUKAYUAMA U eKCNePUMEHMANIHU pe3yImamu.
Cucmemama e b6azupana na niamgpopmama Raspberry Pi 3 u uxonomuuecku egex-
MUBHU eNeKMPOHHU KOMNOHEHMU.

Konmponnu oymu: wiym 6 okonnama cpeoa, usmepeane Ha 36yKOGOMO HAlsAeAHe, NOC-
MOAHHOMO eK8UBANEHMHO HUBO HA 38VK0B0 HaAzane, Raspberry Pi.

MOBILE NOISE MONITORING SYSTEM -
SOFTWARE DESIGN AND EXPERIMENTAL RESULTS

Marin B. Marinov

Abstract: In this paper the process described in [1] is discussed, namely the design
and rapid prototyping of a wireless system for measuring environmental noise levels.
Here the software design and the experimental results are considered. The sensing
function, hardware design and energy consumption issues can be found in [1]. The
system is based on the Raspberry Pi 3 platform and cost-effective electronic compo-
nents.

Key words: environmental noise, sound pressure measurement, equivalent continuous
sound pressure level, Raspberry Pi.

1. SOFTWARE DESIGN

The architecture of the designed system follows the client-server communication
model. The components and the connections between them are shown in Fig. 1. The
server provides the user interface and the necessary resources for receiving and pro-
cessing client requests. It is responsible for storing the information and retrieving it
from the database.

Noise level measurements are available to end users via internet terminals. Any mo-
bile or stationary device with a built-in browser such as a tablet, smartphone, or desk-
top computer can be used as a terminal to access the web-based interface.
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The system also has the capability for remote control and maintenance from a com-
puter on which special management software is installed.

End devices

Ll L

Computer  Tablet & Smartphone

Web Server & DB

WiFi Router WiFi Router

Fig. 1. Noise Monitoring System Architecture.

The communication between the elements in the structure is done through standard
internet protocols. Their widespread use facilitates the integration of the system and
the inclusion of additional measurement points in order to build a network of stations
and expand the coverage area where noise levels are measured.

1.1 Software implementation

Software is written and tested on a Linux-based operating system. Specifically devel-
oped for Raspberry Pi is the Raspbian operating system distribution, which offers a
graphical user interface (GUI) and use of the full potential of the available hardware
resources [2].

The server part is implemented by the Apache Software Foundation software. Multi-
ple APACHE-compliant modules allow the use of various encryption and content-
limiting scripts. In the present study, the language used on the server is PHP. This is
an open source language designed for web development, server application develop-
ment, and dynamic web content. The code written in PHP is interpreted by the web
server and the result returns to the web browser. In this way, the raw PHP code is not
accessible for the user and ensures a higher level of security.
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Remote control and software update modifications are possible with a VNC Viewer
installed.

1.2. Algorithm of the main program

The main program algorithm is shown in Fig. 2. First, the system is initialized, which
includes the configuration of the sound card and connection to the database. The pro-
gram then enters an endless cycle of reading and processing incoming reports. The da-

ta is A-frequency and time weighted.

v

Configuration of the SC and
connection to the database

[
<

Yes
End

No

Reading samples from
SC and apply “A” filter

v

Calculate sound level
and LAeqvls

Readings
for one minute?

Calculate Laegim, and
save data in MySQL

Fig. 2. Algorithm of the main program [3].

The A-filter weighting curve is defined as in ANSI S1.42.2001 [4] and attenuation
limits as in IEC 61672-1:2002 [5]. The transfer function of the frequency filter is:

w2s*
(s 4+ w)?%(s + W) (s + w3)(s + wy)?’

Hy(s) = Gy (1)

where w, = 2mf, is the corner frequency and f; =20.598997 Hz, f, =
107.70015Hz f; = 737.86223 Hz, f, = 12194.217 Hz, G, is a normalization co-

efficient used to normalize the function to unit amplification (0 dB) at1 kHz.
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In measurement systems together with frequency weighing, standard weighing (IEC
61672-1) is also applied [5]. It determines the "speed" with which the instrument re-
sponds to the change in noise levels. Most measuring devices use two conventional
time weights "Fast" (F, Fast) and "Slow" (S, Slow). The "Fast" time weighing corre-

sponds to 125 ms. It is usually used to measure noise which can vary widely over

time. With "Slow" weighing sound levels are recorded at 1 s intervals. This gives a
better idea of average noise levels in an environment where it constantly changes.

The time weighting factor used is "S" or "Slow", which equals 1 second.

From weighted data, the sound pressure is calculated using the microphone sensitiv-
ity, the preamplifier gain factor and the sound card transmission coefficient:

The sensitivity at the output of the ADMP401 is given by the manufacturer and corre-
sponds to —42dBV. The following correlations are used to obtain it in mV /Pa:

Sensitivity mV /Pa
Output AREF ’

Sensitivity dBV = 20 - log,, < 2

where Output Aggr = 1000mV/Pa is a reference value and Sensitivity —42dBV is
the sensitivity of ADMP401.

From (2) it follows that:

Sensitivity dBV
Sensitivity mV/Pa = (Output Aggg) - 107 20 - )

This results in Sensitivity of about 7.943mV /Pa.

In order to estimate the transfer coefficient of the sound card the experimental setup
given in Fig. 3 is implemented. A 1 kHz sinusoidal signal with different amplitudes is
generated from a DDS Function Generator (Instek SFG-1013 DDS). The signal
amplitude is measured with True RMS digital multimeter (HP3478A DMM) and is
stored through the sound card in memory in a waveform audio file format (wav).

True RMS DMM
®

PoS @ o Microphone RPi Platform
e Sound card
Generator Audio input

¥

Audio File

Fig. 3. The noise monitoring system.
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The stored audio files with various amplitudes are processed in order to calculate their
rms values. The transfer coefficient of the audio card can be obtained from the rms
values read with DMM and the rms values calculated from the wav files.

After the transmission coefficients have been found, the relationship between the Pas-
cal (Pa) input sound pressure and the resulting output digital value can be determined.
This correlation is calculated as a coefficient in the program code. In the system func-
tionality studies, coefficients approximately equal to 0.001214089 Dig/Pa were ob-
tained.

The algorithm continues with the calculation of L., values for one second period. In
the database, these values are recorded as averaged over a 1 minute period, thus re-
ducing the use of memory and processing time. For program interruption, a command
Is usually sent from the keyboard or so-called keyboard interrupt (ctrl + ¢) [6].

1.3. Algorithm for determination of the geographic position of the measurement
system

A program for determining the exact geographic position of the measuring system
starts working together with the main program. This is possible having the coordi-
nates calculated by the GPS module. In the beginning, the program reads the date and
time data from the built-in real-time clock and performs a setup of the system clock of
the operating system (OS). The real-time clock is adjusted every time a GPS signal is
available. Fig. 4 shows the generated geographic map. It is located on the home page
of the user interface. The geographic coordinates of the system are displayed and a
marker indicating the current location is added.
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Fig. 4. Positioning of GPS coordinates on a geographic map.
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The information from the GPS receiver is transmitted to the serial interface in the
form of NMEA (National Marine Electronics Association) sentences. Each sentence
consists of different data types and has its unique interpretation defined by the NMEA
standard. For the needs of the project, one of the main GPS NMEA messages '$GPG-
GA' was used. It contains all the information needed to determine the position using
the geographic coordinates for latitude, longitude and altitude above sea level. An-
other sentence that is included in the shown algorithm and is used to set the date and
time is '$GPRMC'

To display GPS coordinates in a graphical environment, the applied program interface
APl of Google Maps is used. It allows for the embedding of geographic maps in cus-
tom web pages using JavaScript. In this way, users can monitor the geolocation of the
system in real time.

2. EXPERIMENTAL RESULTS
2.1 Calibration and accuracy test indoor

Type | integrating sound level meter Pulsar Model 91 [7] is used for calibration. The

calibration procedure is conducted in a noise-proof room with the 1 kHz sine wave
calibration acoustic source. Acoustic signals with increasing amplitude in the interval

of [35,100] dB and a duration of 10 s are emitted towards both Type | reference
sound level meter and the developed noise measurement system. The measured sound
levels are saved for post-processing. The post-processing involves averaging the
sound levels from the reference sound level meter and calculating the root-mean-
square (A-weighted) of the sound card output. The A-filter weighting curve is defined
as in ANSI S1.42.2001 [4].

Fig. 5 shows a comparison of 140 measurement samples from Pulsar 91 and the
noise measurement system. The maximal difference between their values is about

+1.8 dB.

L , dBA
110 Aeq,1s

100
90
80
70
60
50
40
30

Pulsar 91

--=-Noise measurement system

0 20 40 60 80 100 120 140

Fig. 5. Measured values of L, 1, after calibration in the range [35,100] dB.

128



2.2. Accuracy test outdoor

A Pulsar Model 91 sound level meter was also used for the outdoor tests. The refer-
ence meter and the developed system were placed on a building facade at a height of
4 m in a residential area in front of an intensive traffic road. Measurements of the
sound pressure levels Ly, 15 Were made for duration of several minutes. The correla-
tion with the reference instrument was very good. By different system outdoor tests
correlation coefficients approximately equal to 0.95 were obtained. Results of the
field test are shown in Fig. 6.
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Fig. 6. Outdoor test results.
2.3 Database Structure and report generation

The information from the measurements is stored in a MySQL database. It is orga-
nized in a way that allows quick and easy content management and, in addition, the
data security is achieved using unique keys and passwords. Access to MySQL is ac-
complished using specially developed PHP programs. PHP language makes possible
the dynamic content management, reading, writing and performing of MySQL-spe-
cific actions.

For the purpose of the present project, the database is created and organized in the
form of a table with three separate fields. In the first two fields the date and time are
recorded in the following formats: date (yy:mm:dd) and time (hh:mm:ss) respectively.
The third field serves to store the measured and A-weighted noise equivalent sound
pressure level Lyeq 1minn Of (float type data).

Records of the last 24 hours are always available to users and can be seen as a con-
tinuously updated chart of the internet platform. In addition, current values for the
current day noise indicators are also given on the site.

129



The database information can also be used to generate advanced queries and reports
for past periods. This is done by means of a code that runs on the server and the latter
receives the input requests. A user-driven calendar is one of the ways for extraction of
information. The integrated calendar uses CSS style description and JavaScript for
dynamical update of the content. The PHP library JpGraph has been used for the im-
age generation.

The software displays a graph of the instantaneous noise values for a desired calendar
day. The database is referenced for a selected date or date and time. The values for the
requested timeframe are transferred to a PHP-based code, which in turn draws the
graph and displays it on the page (Fig. 7).
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fron: 2017-5=-23 00:00:29 to: 2017-85=-23 23:59:39

Fig. 7. Graph for noise levels on a given date (23.05.2017).

2.4. Daily noise parameters reports

The daily indicators Ly, Lepenings Lnignts L24s Lmax and Ly, are graphically repre-
sented on a separate page of the web interface. Here there is also an option to set the
number of previous days for which the parameters are to be displayed. Possible op-
tions are 3, 7, 14 or 21 days back. The selected period is three days, by default. The
visualization of the results is done through bar plots [8].

The Ly, Lyg, and L,,;, readings are in a general bar chart, where the value of the
corresponding parameter is displayed above each bar for clarity (Fig. 8).
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Fig. 8. Bar graph for Lo, Liyax and L.

2.5 Noise parameters archiving

On a separate page there is an archive of the history of the pollution (Fig. 9). A re-
quest for a date lookup is formulated in order to review the values covering the period
from the selected date over the previous 13 days. When no data is available for a par-
ticular day or parameter, the corresponding cells in the table are filled with dashes (-).

JomycTHMH HOpMHE

Mous, m3bepete gaTa: 23-May-2017 | Mokaku

Ipaduxa

,-]:[HEZBHH IIOKA3aTeIH

Apxug [Tabmm]

TMoxasaruTe gaHHu ca 3a neproga ot: 2017-05-23 go: 2017-05-11

82,5

67,2

61.1
68.3

The platform and the methods chosen to develop software for mobile noise monitor-
ing system offer many advantages. The most important ones are the great versatility,
the low price of the components and the easy integration of the final device in out-

Jata Laen, | Leesep, | Luom, | LA24, LAmax, LAmin,
dB(4) | dB(A) | dB(4) | dB(4) dB(A) dB(4)
T 7
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Fig. 9. Generation of a table for a chosen period.

5. CONCLUSION

doors facilities, making it part of a sensor network as a node.

1
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The acquisition of high-quality audio allows us to get more advanced results, like
psychoacoustic parameters as future outcomes. Also the power of the Raspberry Pi as
the core of the device makes it possible to perform the calculations on-board, instead
of sending raw data to a sink node or to a server to do the calculations.
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HNHTEI'PAJIHA PEAJIM3BALIMA HA CXEMA 3A 3AIIIUTA
OT IOBULIEHA TEMIIEPATYPA

I'eopru Casos, I'eopru Anresnos, Mapun Xpucros

Pe3rome: Paspabomena e cxema 3a 3awuma om noguuiena memnepamypa. Cxemama
cvOvporca noocxemu kamo band-gap s0po, amanocoe o8ycmwvnanew KOMRApamop,
mpueep Ha Lllvum, xucmepe3ucna cxema u pe3ucmopHoO pasKiloHeHue 3a obpamHa
8pb3Ka. [lee memnepamypHo 3a8UcCUMU HanpexiceHus, ceHepupanu om band-gap aopo
— e0HO € nojlodcumeinen U eOHo ¢ ompuyamenen memnepamypHu Koeguyuenmu — ca
cpasHenu 6 anano2osus komnapamop. Cbc cmouHocmma Ha moea HAnpeddceHue ce
3a0aea copnuam memnepamypen npae. Hanpaeena e cvuo u xucmepesucha cxema 3a
3a0aeamne OONHUSL MeMnepamyper npaz u npeoomepamsasane Ha cxemama om mep-
manua ocyunayus. Llsnama cxema e npoekmupana ¢ ouzavn kum na 0.18 um mexmno-
noeust Ha TSMC. Cumynayuume ca uzgvpuienu camo Ha cXemMHO HUBO.

Kniwouosu oymu: cxema 3a 3awuma om nosuuiena memnepamypa, 20peH memnepa-
mypen npae, 00/1en memMnepamypen npae, He3aeucum om Kpucmaia Ha yund.

IC IMPLEMENTATION OF AN OVER TEMPERATURE
PROTECTION CIRCUIT

Georgi Savov Jr., George Angelov, Marin Hristov

Abstract: Over temperature protection circuit has been developed. The circuit con-
tains several sub-circuits such as band-gap core, analog two-stage open loop com-
parator, Schmitt trigger, hysteresis circuit, and feedback resistor branch. Two tem-
perature dependent voltages generated from band-gap core — one with positive and
one with negative temperature coefficients — are compared in analog comparator. By
controlling the value of that voltage with positive temperature coefficient, the upper
threshold temperature is precisely set. A hysteresis circuit, which is used to set the
lower threshold temperature and to prevent the circuit from thermal oscillation, is al-
so made. This overall circuit is designed in TSMC 0.18 um technology kit. The simu-
lations are performed on schematic level only.

Keywords: over temperature protection circuit, upper threshold temperature, lower
threshold temperature, independent from the die.

INTRODUCTION

Over temperature protection circuits are often required in some integrated circuits
and devices, which are working under risk of getting self-heated, or devices which
are exposed to risk of getting the values of surrounding temperature above the critical
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values specified in chip specifications [1].

The main requirement for such circuit is that it should not disturb normal operation of
the die in normal working conditions. This means that threshold temperatures for
turning on and off the protection circuit should be precisely set and also independent
from process and mismatch variations. Power consumption and size of the circuit are
big concern as well.

There are several ways to realize over temperature protection circuit. One simple cir-
cuit can be made by comparing two voltages — one from p-n junction with negative
temperature coefficient, which is CTAT (Complementary to Absolute Temperature)
voltage, and one reference voltage set by resistor and current mirror. The main disad-
vantage in such structure is the big process dependence of the value of the resistor, so
the reference voltage will vary with process. This will make the threshold tempera-
ture process dependent, so in some corner conditions the protection circuit will not
protect the die from over temperature [1].

CIRCUIT DESIGN

In this paper we propose an over temperature protection circuit, which is almost pro-
cess insensitive. This circuit provides precise control of the upper and lower thresh-
old temperatures by a hysteresis circuit. This circuit is also almost independent from
the die, in which it is going to be implemented, because all the voltages needed for
the proper operation of the protection circuit, are generated in the band-gap core; ex-
cepted are the supply signals and the enable disable signals, which should be generat-
ed from external digital logic.

Fig. 1 shows the main control circuit of the proposed over temperature protection cir-
cuit. It consists of an analog two-stage open-loop comparator, Schmitt trigger, hyste-
resis circuit, and a feedback resistor branch. It should be noted that there are couple
of transistors in the circuit, which are used to enable or disable the protection circuit.

The analog comparator in Figure 1 compares two voltages with positive and negative
temperature dependent voltage coefficients, which are generated from the band-gap
core. The positive dependent voltage is applied to the positive input of the compara-
tor, while the negative dependent voltage is applied to the negative input of the com-
parator.

The output voltage of the comparator is buffered by a couple of invertors and a
Schmitt trigger and this buffered signal is the output of the protection circuit. It
should be noted that an inverse voltage (inversed to the output voltage) is generated
in the Schmitt trigger; this voltage is used in the hysteresis circuit.

In Fig. 1 the hysteresis circuit is composed of nMOS transistor M9 and resistor R20.
The working principle is simple — voltage is applied to the gate of M9, which is in-
versed to the output of the over temperature protection circuit, so that when the pro-
tection circuit is off, M9 is on, and it is providing path between “HYST” node and
ground. When the protection circuit turns on, M9 turns off, and the voltage drop
across R20 resistor is added to the voltage on “iptat” node, which has positive tem-
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perature coefficient. By adding hysteresis in the circuit thermal oscillation independ-
ence is achieved as well as a precise control over the lower threshold temperature.
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Fig. 2. Band-gap core used in this paper.

In Fig. 1 the feedback resistor is made of series connected resistors, which are used to
set the voltage on “iptat” node to precise value. By doing this the upper threshold
temperature is precisely controlled.
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The RC filters on the inputs of the analog comparator in Fig. 1 are set with different
values. The capacitor on the positive input of the comparator is set much bigger than
the capacitor on the negative input. This is done so, because in start-up condition,
when the supply is ramping from 0 to vdda, the voltage on the positive input of the
comparator could ramp faster than that on the negative input and this could lead to
wrong switching to high state on the output of the protection circuit.

Fig 3. Error amplifier with start-up circuit.

Fig. 2 shows the proposed band-gap core used in this paper [2]. The main point here
is that it is made of two Darlington pairs instead of two p-n junctions of diode con-
nected bipolar transistors, because the Darlington pair has about 2 times bigger tem-
perature dependence from that of one p-n junction. The voltage with negative tem-
perature coefficient (CTAT) is generated from the first Darlington pair.

The voltage with positive temperature coefficient (PTAT — Proportional to absolute
temperature) is generated from the voltage drop over the resistor R10 (in which the
temperature dependence is known by “@T* — the thermal potential so that the current
mirrored on the “iptat” pin is also with positive temperature coefficient. It should be
noted, that the start-up circuit of the band-gap core is designed in the error amplifier.

In addition, the bias voltage “vbp” is generated on the output of the error amplifier in
Fig. 3, where it is set by the voltage drop over diode connected MO transistor.
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Fig. 4. Result of the DC analysis. Fig. 5. Result of the transient analysis in

start-up of supply voltage with 10 ps
ramp and simulated voltage drop in the
supply voltage at 150 pus simulation time.

SIMULATION AND EXPERIMENTAL RESULTS

Fig. 4 shows the result from DC hysteresis simulation sweeping the temperature. In
this figure the working principle of the protection circuit could be explained. When
the voltage on the “iptat” node becomes positive enough, or in other words the tem-
perature reaches the threshold temperature which is set and reaches the voltage value
of the “vctat” node, the output of the block changes from low to high state and this
signal should work like a disable for the die, in which the protection circuit is imple-
mented. This threshold temperature is set by setting the voltage on the “iptat” node,
using the Feedback resistor, consisting of series of connected resistors with total re-
sistance of the hole sub-circuit about 37.5 kQ. When temperature starts to drop, the
two voltages on “vctat” and “iptat” nodes cross each other at precisely defined
threshold and the output of the block triggers back to low state. This voltage level is
set by putting the voltage drop across R20 to an exact value. In our design the upper
threshold temperature is set to 182 °C and the lower threshold temperature is set to
160 °C.
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Fig. 5 shows the result of the transient simulation. It starts up when the supply volt-
age ramps from O to vdda and also voltage drop is simulated in the supply voltage at
150 pus simulation time. VT/I5/”iptat in” and VT/I5/”vctat in” are the voltages on
the two inputs of the analog comparator and as we can see VT/I5/”iptat_in” voltage
starts slower, because of the reason mentioned before.

Fig. 6 shows the results of the Monte Carlo analysis on schematic level for the upper
— 6-a) and lower — 6-b) threshold temperatures. It can be seen that the upper threshold
temperature varies with 5 °C and the lower threshold temperature varies with 6 °C
from their set values in worst-case process and mismatch variations.
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Fig 6. Monte Carlo analysis for the a) upper & b) lower threshold temperatures.

CONCLUSION

In this paper an over temperature protection circuit with precisely controlled upper
and lower threshold temperatures is introduced. All the devices used in the proposed
circuit are 5 V devices within TSMC 0.18 pm technology. At schematic level the cir-
cuit shows promising simulation results, which prove it to be nearly process insensi-
tive.

The developed protection structure is independent from other electrical blocks in the
die, in which it is implemented because all the voltages needed for the circuit to work
properly are generated in the designed band-gap core, except the digital enable sig-
nals and the supply voltages.
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INPOEKTUPAHE HA ITOJIMMEPHA YEPBAYHA ITPEJJABKA
3A JIUHEAHO YIIPABJIEHUE HA POBOT
C ITAPAJIEJIHA KHHEMATHKA

Kupuia HukoJios

Pe3ztome: Hacmoswusam 0okiao ce KOHYeHmMpupa 6vpxy pa3padbomer uHOYCmpuaieH
pobom ¢ napaneina KuHemamuxa u 08e cmeneHu Ha ceobooa, sudoseme mepmon-
Jlacmu 3a NPou3800CMBE0 HA NIACMMACO8U 3bOHU KOAeAd, NOJUMEPHU Mamepuaiu 3a
Cb30A6aHe HA KOMNO3UMHU 3b0HU KOedd, copmyepHama cpeda Ha npocpamHus na-
kem Autodesk® Inventor®, kakmo u 6vpxy memooa 3a NPOeKMUpaHe HA YepB8AUHA
3bOHA NPedasKka 3a JUHEUHO YNpasileHue Ha UHOYCMPUAIHUS pOOOM ¢ napaieina Ku-
HeMamuKa u 06e cmeneHu Ha c60000a U KpatHus pe3yamanm on npoeKmupanemo.
Knwuosu oymu: unoycmpuanen pobom c napaieina KUHeMamuka u 0ge cmenetu Ha
600004, mepmoniacmu 3a NIACMMACO8U 3bOHU KOAead, NOJUMEPHU Mamepuaiu
Komnozummuu 350Hu Konena, Autodesk® Inventor®, uepsauna 3v60Ha npedaska

POLYMER WORM GEAR DESIGN FOR LINEAR CONTROL
OF AROBOT WITH PARALLEL KINEMATICS

Kiril Nikolov

Abstract: This report focuses on a developed industrial robot with parallel kinematics
and two degrees of freedom, the types of thermoplastics for manufacturing plastic
gears, polymer materials for creating composite gears, the software environment of
the Autodesk®™ Inventor® software suite, the worm gearing design for linear control of
the industrial robot with parallel kinematics and two degrees of freedom and the end
result of the design procedures.

Key words: industrial robot with parallel kinematics and two degrees of freedom,
thermoplastics for plastic gears, polymer materials for composite gears, Autodesk®™
Inventor®, worm gear, industrial robot with parallel kinematics and two degrees of
freedom

1. BBBEJIEHHUE

[lenTa Ha pa3paboTkaTa € MPOCKTUPAHETO HA 33BIKBAIIUTE 3BCHA HA MPOTOTHII HA
uHAycTpHaaeH pooot (dur.1) ¢ mapajenHa KHHEMaTHKa M JIBe CTEIICHU Ha cBoOo1a [4].
3ajauaTa, HIOCTaBEHA B HEHHOTO M3IBIHCHUE € TPOSKTUPAHE HA TIOJIMMEpHA YepBAYHA
npeaBKa 3a JMHEHHO yIpaBJIeHHUE Ha po00Ta ¢ M3M0JI3BaHEe Ha MPOrpaMHUs makeT Auto-
desk® Inventor® umomynamy 3a npoexkTupane Ha 300U Kojieaa Power Transmission.
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[IporoTunsT Ha HHAYCTpUATHUS pOOOT (dur. 1) c mapanenHa KWNHEMAaTHKA € TIPE/ICTABeH
B[5] uc: ecxemaHaMexaHuKaTa (UT.2); eC pa3MepHUTE HA MPOSKTUPAHATA KOHCTPYKITHSI
(Tabn.1); eaHANMTUYHO ONMMCAHME HA PELICHMSTA Ha 3aJaydara 3a paBa U oOpaTHa KU-
HeMaTuka (Ta0i.2); « auarpama (¢pur.3) Ha pabOTHOTO MPOCTPAHCTBO 32 JIBHXKCHUE Ha
touka D (¢wur.2); « 3D- chepuunu uzobpakenus Ha 3apucumoctute (1), (2); « 3D-
KOHTYPHO-TIapaMeTPUIHU U300pa>keHus Ha » (1,,1,,n) ¥ HA & (I,,1,,q9), TIOKA3aHU Ha

¢ur.4 - pur.7.

up right
D N 4
left <"/
‘ down
®ur.1. [IpoToTun Ha poboTa. ®ur.2. Cxema Ha MEXaHUKaTa Ha poOoTa.
Taoauna 1.
Paszmepu na npoexmupanama koHcmpyxkyust
1. AO=0B=1=150[mm]=0.15[m] 4, M, ,M,—travel=200[mm]=0.2[m]

2. OC=v=150[mm]=0.15[m] 5. Al,=4l,=+100[mm]=+0.1[m]

3. CD=L=1000[mm]=1[m] 6. I, max—I, min=200[mm]=0.2[m]
Tabauna 2.

Pewenus na 3aoauama 3a npasa u o6pamHa KUHemamuxa

[IpaBa kuHEMaTHKa 32 BEPTUKAIIHO JIBU)KEHUE HA Touka D

1 . J—m

n—( 1,2+1,2)

IIpaBa kuHEMaTHKa 332 XOPU30HTAIHO JIBM)KEHUE Ha Touka D

( m:Z( I2+(L—v)2);n:2((v+L)2+I2)) 1)

y(1,,1,)="2arctg

1,2 —17

2 1
,/q|f+q|;—1}(q_2lzJ @

O6paTHa KHMHCMATHUKa 3a BCPTUKAJTHO ABUKCHUC Ha TOUKA D

s(1, .1, ):arccos[

-1

I, (y)= [m+n{tgg]zJ{l+(tgg]zJ ~ 12, (1, =const;m=const; n=const ) (3)

1

L, (y)= [m+n{tggJ2J.[1+(tggJ2} ~1,> , (I, =const; m=const; n=const ) 4)

O6paTHa KMHCMATHKA 3a XOPU3OHTAJIHO ABHUKCHUEC HA TOYKaA D

5 (5):\/(2I22 +q(coss)* )—\/(2I22 +q(coss)* | —4(051,7 1, +q(coss)* )

2

, (I, =const; g=const) ®)

, (I, =const; g =const) (6)

] (5):\/(2I12 +q(coss )’ (21, +q(cosz)2 ) —a(-051,7 -1, +q(coss )’ )
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7on=5°,(1,=0,9;1,=09)
8, =90,00°, (1,=1,0;1,=10)

Yon=5°, (1,=0,9;1,=-0,9) o =50 (1,-0,9;1,-0,9)
S =40, (1,=1.2;1,=09) Y min 5nom 5, =130°, (1,=0,9;1,=1,1)
YV min é‘minp://"’."\\nymin 5max
/ 81,37° - \
’I Y nom \\
v nom 5min + 5nom Q 5nom + e nom 5max
P =8L37°, (12107 1,=10) | 0007 7 =101 =10y me a7 (1,-1051,=10)
5, =40", (1,=1,1;1,=0,9) \ Y nom | O 0", (1,-0.9: 1,-1.1)
\ S 1,=1001,=10 /
=~ —~— I -
V. max é‘min @ Y max 5max
Yo =102°, (1, =115 1,=1,1) ¥ max 5nom v =102, (1,210: 1,-10)

S =407, (1,=1,1;1,=19) yo o102, (1, -10; 1, -1,1) O =180%, (1,=0,9;1,=11)

5,0n=90,00°, (1,=1,0;1,=1,0)

®ur.3. [Juacpama na pabomromo npocmpancmeo 3a 0gudiceHue Ha moyka D.

100 10

I (7 =const )

®ur.4. 3D-mepro cihepuuno uzoopasice- ®ur.5. 3D-mepro konmypro-napamem-
HUe Ha 3a8UCUMOCINGA HA b2bld 2AMd y PUUHO U300padcerue Ha 3a8UCUMOCMA
Om OBINCUHAMA HA PAMEHama |, U 1, . y (1.,1,,n) om cmounocmume Ha 1., 1,,n.

®ur.6. 3D-mepro uzobpasicenue ®ur.7. 3D-mepro konmypro-napamem-
HA 3a8UCUMOCIMA HA b2bld § PUUHO U300padicenue Ha 3a8UCUMOCIMA
om ObINCUHAMNA HA paMeHama \, u 1,. s (1,,1,,9) om cmotinocmume na 1, 1,,q.
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2. TEPMOIIJIACTHU 3A IIVTACTMACOBMU 3bBbHU KOJIEJIA [1]

N30upaneTo Ha TEPMOIIIIACTH 32 M3pa0OTBaHE Ha IUTACTMACOBH 350HM KOJI€JIa 3aBHCH OT
peauia GakToOpH: e MPUIOKUMOCT 32 JICCHE TIOJT HAISITAHE; « BH3MOXHOCT 33 N3pa00T-
BaHE B CPAaBHUTEIIHO TECHH T'PAHUIIMA HA TOTTYCKOBUTE MOJIETA; » IIOCTOSIHCTBO HA pa3Me-
pUTE B IPOU3BOACTBEHH yCIOBHS (BIAXKHOCT, TOTUTHHA H JIP.); « 3alla3BaHe Ha ¢popmaTa
npu padoTa (KOpaBUHA); ¢ MABK KOCPUIMEHT HA TPUECHE; o BH3MOXKHO MO-TOJsIM E-
MOJIYJI, OCUTYpSBaIl HEOOX0UMaTa TBBPIOCT U IOCTAThYHA yJapHa JKUIIABOCT; e yC-
TOMYMBOCT Ha MAXEIIH CPEJICTBA U TEMIIEPATYPHHU BIUSHHUS; « UKOHOMUYECKA €(hEeKTUB-
HOCT OT M3IOJI3BAHETO HM.

3a u3paboTBaHe Ha 350HU KoJieJa Hal-MTOAXOASIIN Ca PA3IMYHUTE BUIOBE HOAUAMUOU,
noauoxcumemunenu (noaugopmandexuou) n nonuecmepu. OlCHKATa € OPUCHTUPO-
BbYHA MOPAJI HEPABHO3HAYHOTO BIUSHUE HA OoTAenHUTE (hakTopu. [loBeueTo ot Tep-
MOIUTACTUTE CE€ M3pabOTBAT B IMIMPOKA ramMa pa3IndyHo MoauduImpanu Tunose. OTmen-
HU TIPOU3BOJMTENN MpeJyiaraT MoJuaMUAN W TMOTHOKCUMETHIICHH, TPeIHa3HAYCHH
CHeUaTHo 3a u3paboTBaHe Ha 3b0HU Kojena. CBoiicTBaTa Ha M30OpaHaTa IjiacTMaca
TpsiOBa J1a OTrOBAPSAT HA MPOU3BOJICTBEHUTE YCIOBHS, KOUTO BKIIFOUBAT CJIIOKEH KOMII-
JIeKC OT u3ucKBaHusA. ETo 3a1110 BCsAKO yTOUHSIBaHE Ha BUJa Ha TIacTMacaTa 3a u3padot-
BaHe Ha 350HM KOJIeNa IpeicTaBisiBa kommpomuc. OT perniaBaiio 3Ha4eHHe 3a Orpeies-
HE HATTOIX OIS TUTaCTMACa € BUIHT HA HATOBAPBAHETO:

e [pu rojisiMa nepudepHa cuiia U Malika nepudepHa CKOpOCT ca MOAXOSIIN JKHUIa-
BUTE U MO-TBBPM MJIACTMACH; U3IOJI3BAT C€ HEHABJIHEHU U CTHKIJIOHATBJIHEHU Tep-
morutactu [TA 6, ITA 11, TTA 12, TTA 66 CH, [IET® CH;

e Mpu royisiMa nepudepHa cuiia U CKOPOCT B MpEAaBKaTa ce MoJydaBa 3arpsiBaHE OT
MOBHIIIEHOTO TPUEHE MEXTy MPOPHINTE Ha 360UTE, OT BHTPEIIHOTO TPUECHE U TIOPAAH
HApacHAJOTO AMHAMHYHO HaTOBapBaHe. B To3m ciydail oT 3HaUYeHHE € TOIJIMHHATA
dhopMOyCTOMUMBOCT U Jo0Opara IIb3raiia CiocCoOOHOCT (MaTbK KOS(PUIIMEHT Ha Tpue-
HE) TpHW TOBHIICHA TEeMIlepaTypa Ha EKCIUIOATaIs; MOIXOISIINA TEPMOIUIACTH ca
I[TOM, [IET®, IIbT®, IIET® CH;

e MpuMaJKa nepudepHa Cuiia v rojisiMa nepudepHa CKOpoCT € Bb3MOXKHO TOSIBSIBAHE Ha
Ty M; TOI0¥pa ce MaTeprall C BUCOKa IITyMo3ariyiaBaina criocoonoctkato [1A 6, [TA 66,
[IET®, ITYP (¢pwur.8); - mpu HaToBapBaHE HA yaap U YeCTO OOpHIaHe Ha ITOCOKATa Ha
BBPTEHE C€ MOAOMPAT TEPMOILTIACTH C MO-TOJIsIMA yIapHa KIJIABOCT U 100pu aemMndu-
pammm cBoiicTBa - [1A 6, ITA 66, I[TA 66 CH, ITA 6 CH, IIK, ITA 11, ITA 12, [IETO®,
[IBT®;

e 1pu roJisiM Opoil paboTHA MUKW (10 pa3pylliaBaHe) C€ M3MOJ3BaT YCTOWYMBH Ha
ymopa (¢ur.9) ¢ gobpa mrs3rama cnocoOHocT miactMmacu, kato ITA 66, [TOM,
[NET®, xonTo nMat MaabK KOe(HUIIMEHT Ha TPUEHE U I00pa M3HOCOYCTOWYUBOCT.

3a SKOCTHUTE MPOMEHHM B MaTepHasia B 3aBUCHUMOCT OT TEMIIepaTypara c€ ChIu IO
croitHoctute Ha E-Momyna (¢pur.10 u ¢ur.11l). OT nquarpamure ce BMXKAA MOJIOKU-
TEJTHOTO BIUSHUE HAa IIBJIHEXKA OT CTHKJICHHU BJIaKHA BbPXY TBBPAOCTTA Ha IJIacTMa-
caTa TIpH TIOBUIIICHA TEMITepaTypa. Y qapHarta KmiaBocT (00pasiu ¢ Haape3) Ha [TA 66
HapacTBa C MOBMIIABAaHE HA BIArochAbpkaHneTo. OmucaHUTe CBOMCTBA J1aBaT OCHO-
BaHUE 3a CICTHUTE U3BOJIU:

® B CpaBHEHHUE C METAIHUTE 3pOMTE HA KOJeNa OT MOJMAMHIM TMPY HaTOBapBaHE Jie-
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dbopMupar enacTUYHO MOBeUe, MOPaau KOETO 3a IUIaCTMAacOBUTE 3bOHU KoJieda He ca
1enech00pa3Hu roJIeMy U3UCKBaHUS 32 TOYHOCT,

® [IpU €IHAKBO HaTOBapBaHe Je(pOopMHUpaHETO Ha npoduiia Ha 360a € TOJIKOBA MO-TO-
JSIMO, KOJIKOTO TIO-MaJIbK € MOIYJIBT Ha TUHEIHA nedopMarnius;

® Thii KaTo 3p0MTE Ha IUIACTMACOBUTE 3BOHU Kosena ce eopMUpaT CPaBHUTEIHO
JIECHO, M3IIPECOBKH 110 pbOOBETE HA 3bOMTE U MaJKd HETOYHOCTH OT MOHTa)ka He ce
OTpa3siBaT HEOJArONpPHUATHO Ha paboTaTa Ha MpeAaBKaTa.
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®ur.8. Jlocapummuuern dexpemenm
Ha subpozaceHe 8 3a8UCUMOCH OM
memnepamypamad T. (a0anmupana om

Q)
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nn
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4000

MNA-56
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NBT® ==

2000 [

NA-11 ==

1000

0

20 0

20 40 60 80 100 120 140

®ur.10. Cmotinocmu na E-mooyna 8
3aeucumocm om memnepamypama T 3a
PAa3TUYHU NAACMMACU. (adanmupana om [1])

3. HOJIUMEPHU MATEPHUAJIA 3A 3bBHU KOJIEJIA
[TonmumepHHUTE MaTepuaIy, U3IMOJI3BaHU B MIPOM3BOJCTBOTO HAa 350HM KOJjela ca OIMH-
canu B [6]. Tyk e mpencraBena oO1a nHGOPMAIIHS 32 BCEKH €IMH OT MaTEpUaJIUTE:

¢ POM —Ilonmnokcumeruinen (POM), u3BecTeH o1ie KaTo areral, HojJuanerail i mo-

10¢

107

N

4.107

®ur.9. Axocm na npomenauso oevéane (Yux-

JIUYHO 02BBAHE) Opimy 34 PA3IUYHU NIACMMACU

6 3deucumocm om 6p0}l Ha yuxkiume Ha Hamo-
eapeaHe. (aoanmupana om [1])

10000
MNBT®/CH

9000

8000
MAG6/CH
7000
NOM/CH
6000
MAS5/CH
5000

4000

MA12/CH ¢

3000

2000

1000

0

>,
~

°G

20 0

20

40

60

80 100 120

140

®ur.11. Cmotinocmu na T -moodyna 6 3a6u-
cumocm om memnepamypama T 3a pas-
JIUYHU CMBKIOHANBIHEHU NIACMMACU. (adan-

mupana om [1])

aupopManIexul, € THKEHEPEH TEPMOIUIACT U3IOJI3BaH B MIPELIM3HU YaCTH, U3UCKBAIIH
BHCOKA TBBHPJIOCT, HUCHK KOS(DUIIMEHT HA TPUEHE U OTJIMYHA CTAOMIIHOCT Ha pa3MEpUTE.
TunnunuTe NpUIIOKEHN 32 UHXEKIMOHHO (popmoBan POM BkitoYBaT BHCOKOE(EK-
TUBHM UHKEHEPHU KOMITIOHEHTH KaTO MAJIKK 3bOHH KOJIea, pAMKH 3a OYWIIA, CAUMEHU
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Jarepy, CKU-BepUTH, KPETIS)KHH €JIEMEHTH, TUCTOJIETH, JPHIKKH 32 HO’KOBE 1 3aKTF0YBA-
T CHCTEMH.

e PA6 — ITonmuamun 6 (PA6), HalijioH 6 WK MOJIMKAMPOJIAKTaM € MOJIMMEP, pa3pa-
ooten ot [Tox [lnak B G Farben, 3a na B3npoussee cBolicTBaTa Ha HaitJIoH 6,6, 6e3 1a
HapyIIaBa MaTeHTa 3a IPOMU3BOJICTBOTO My. TOBa € MOTyKpHCTaICH TOTHaMUI. 3a pa3iiu-
Ka OT [TOBEYETO APYTH HailsioHu, PAG He € KOHIeH3aIlMOHEH TTOJIUMED,  BMECTO TOBA CE
oOpa3yBa upe3 NMoJIMMEepHU3allksl ¢ OTBApsiHE Ha MPBCTEHA, KOETO TO MPaBU CHEIUATICH
cily4ail Ipy CpaBHEHUETO MEXKy KOHJICH3AIIMOHHUTE U J100aBbYHUTE noiaumepu. PAG
HaMUpa MPUIOKEHHUE B IIMPOKA TamMa OT MPOJYKTH, U3UCKBAIIM MaTEPUAIH C BHCOKA
saxocT. Toil € MUPOKO N3MOJ3BaH 3a MPOU3BOICTBOTO HAa 30HM KoJiesa, PUTHHTH 1 j1are-
pH, B aBTOMOOWIHATA UH Ty CTPHUSI 32 YACTH OT JIOJIHATA YaCT Ha KOPITyCa M KaTo MaTepua
32 KOPITYCHUTE Ha €IEKTPOUHCTPYMEHTH.

e PEEK —ITomuerepreperponsT (PEEK) mbpBoHavasiHO € pa3paboTeH B Kpasi Ha
70-Te TOMUHU OT aMepUKaHCKaTa aBUOKOCMHUYECKA MHAYCTPHS, KOSTO B3MMa ITOJ] BHU-
MaHHe CBOWCTBAaTa Ha MaTepuaja Ha CTAOMITHOCT IPHU BUCOKH TEMIIEPaTypPH U 0 TO3H
Ha4YMH MMa MOTCHITMAJIA 32 TIPUJIOKEHHSI ¢ BUCOKO HaTOBApBaHE U BUCOKA TEMIIEpaTypa.
3a cexanenue nuec neHara Ha PEEK e Bce orie TBbp/ie BUCOKa B CpaBHEHHE C APYTHUTE
IIMPOKO M3MOJI3BaHM MOJUMEPH B 3b0HUTE NpenaBku (175 nB./kr. cpemty 5 nB./KT.).

e UHMWPE - Cepbxsucokomonekymauat noiaueruwicH (UHMWPE, UHMW) e
MOJIMHOKECTBO OT TEPMOIUIACTUYHUS MOJTHETHIICH. V3BeCTeH ChIO KaTO BUCOKOMO-
aynen nomuetwiieH (high-modulus polyethylene win HMPE) winu BucokoedekTrBeH
nonmetwieH (High-Performance Polyethylene nion HPPE), uma u3kIi09MTEIHO IBITH
BEPHTH, C MOJIEKYJIHA Maca OOMKHOBEHO MexXy 3,5 u 7,5 MuinroHa amu (atomic mass
unit). UHMWPE ce u3mnosn3Ba npu npou3BOICTBOTO Ha Mpo3opiiu 1 Bpatu ot PVC (Bu-
HWJT), Thil KATO MOYKE JIa M3TBPIKU JI0 TOTUIMHATA, HE00X0IMMa 32 OMEKOTsIBaHE Ha MaTe-
puanute Ha ocHoBata Ha PVC, u ce u3mnons3Ba kato (opMOBBUYECH/KaMEpPEH MBJIHEK 32
paznuyau npodum Ha PV C npoduiu, 3a 1a MoraT Te3u Matepuaiu 1a 0vaat "oevramu'
uin opopmenu okoto madmona. UHMWPE ce u3nosnssa cbImo mpu mpou3BoICTBOTO HA
XUAPABINIHYU YIUTBTHEHUS U JIarepH, KaKTO ¥ 3a 3b0HM Kosena. Tol e Hail-moIx o 15111 3a
CpeIHU MeXaHWIHU (yHKIIUU BBB BOJIaTa, He)TeHATa XUIPABIUKa, THEBMATHKATa U He-
MoauduIMpaHuTe Mpuiokenus. Toil nMa 700pa H3HOCOYCTOWYHUBOCT, HO € TIO-TTOAX0-
JISITI] 32 MEKY CBBHP3BAIIU TOBBPXHOCTH.

e CNTs-Bwsriepoauure Hanotpbou (Carbon Nanotubes) umar naii-Bucoka padboTHa
TEeMITepaTypa, IKOCT Ha OITbH M MOJTYJT Ha €IaCTHYHOCT, KOETO TH ITPaBU UJICATHH 32 350-
HU KOJIeJIa, HO T€ CBIII0 UMAT U Hali-BUCOKATa TEeMITepaTypa Ha TOTICHE, KOETO TH MPaBH
TPYJIHU 3a MPOU3BOJCTBO M 00paboTka, ocobeHo koraro mpe3 2016 r. ca Bce omie
JI0CTa CKBIIM B CPaBHEHHUE C MoIMMepuTe. EAMH OT TEXHUTE OCHOBHHUTE MPEIUMCTBA €
(bakThT, 4e TE ca caMOCMa3Balllk Ce, KOETO 03Ha4yaBa, uye Koraro ce u3nomsBaT CNTs
HE € HaJIOXKHUTEITHO Jla C€ M3I0JI3Ba JOMBIHUTENHA cMa3Kka. [Ipunoxenus um ca mnpe-
JUMHO KaTo 00AaBKU KbM MOJIUMEpPH: 3bOHM KOJIea, BEIOCUTIEHN KOMIIOHEHTH, pa-
KETH 32 TCHIC.

[IpennokeHneTo, KOeTO CE IPABHU B HACTOSIIATA CTATHSI, € YSPBIYHUTE 3bOHU MPETABKH
na 0b1aT 3pabOTeHH OT KOMITO3UTHU MaTepPHaIi, Ch3/1aJICHH OT CMECBAHETO Ha TOPEU3-
OpOEHUTE TIOJIMMEPH C Pa3IMYHO ChIbPIKAHUE HAa BBITICPOIHN HAHOTPHOH.
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4. CO®TYEPHA CPEJA HA AUTODESK INVENTOR

Autodesk® Inventor® e nporpamna cucTeMa OT BH/Ia HA TPUMEPHUTE, IAPAMETPHIHUTE,
0a3upaHu BbPXY cBOMCTBA MK 0coOeHocTH (features) cuctemu 3a aBTOMAaTH3HPAHO MPO-
exktupane (CAD/CAM/CAE). B nocneaHuTe HSIKOJIKO TOJUHH TaKWUBa MPOTPAMHU CE
npeBbpHaxa B OCHOBEH HHCTPYMEHT 3a BCSIKA OpraHu3allisl, 3aHUMaBalla ce ¢ MPOSKTH-
paHe U KOHCTpyHpaHe Ha MAIlIUHKA U ChOPBKECHUS, H3MECTBAMKH ITOCTEIICHHO TPaIUIIH-
OHHHTE JBYMECPHH YEPTOXKHU CUCTEMH OCHOBHO ITOPAIX 3HAUYUTETHO MO-BHCOKATA ITPO-
U3BOJIUTEIIHOCT U Bb3MOYKHOCTH 3a IIOKPUBAHE Ha LIEJIHS IPOIIeC Ha pa3padoTKa Ha U3/ie-
nusta [2].

5. NIPOEKTUPAHE HA 3bBHATA IIPEJABKA. BXOJIHU JAHHU

[IpoekTrpaneTo Ha ABETE €NHOTUITHU YEPBAYHU NpenaBku - M1 u M2, upe3 KOUTO Ja
ce peaiM3upa JABUKEHUETO Ha Touka D (¢wur.2, pur.3) 3a mokpuBaHe Ha AUarpamara
Ha pabOTHOTO IPOCTPAHCTBO 32 JIBUJKEHUE, CIIe[IBa METOAMKATA, pa3padOTeHa U Mpe-
JI0YKE€HA CUCTEMHO M METOAMYHO B[3].

[eoMeTpHUYHUTE, CHIIOBUTE  KHHEMATHYHUTE TapaMeTPH, HEOOXOIMMH 3a ITPOEKTHPA-
HETO Ha [IPEIABKHUTE [P PEATU3AIMATa UM C KOMITIO3UTHU MaTEPUAIH, Ca TOKA3aHH JIH-
PEKTHO B paboTHUs HHTEpdeiic Ha mporpaMuus mpoaykT Autodesk® Inventor® (¢wur.12
u ¢ur.13).

Worm Gears Component Generator x

¥ pesion £ calaulation (= NegF =i
Commeon Results «
Desired Gear Ratio Module Pressure Angle Helix Angle 2 72,620 mm
| 20,0000 ul || 5,000 mm v| | 20 deg " || 7,1808 deg [ | 5 26810
) ) My, 5,040 mm
Preview... Center Distance
oy 20,1454 deg
Warm Worm gear Worm
ds 50,000 mm
Component > % Cylindrical Face Companent > % Cylindrical Face d‘
Mumber of Threads % Mumber of Teeth % 40,000 mm
Start pl Start pl d 28,000
[ 1,00000000 ul > = | start plane [ 20,00000000 ul >] A Startplane f mm
- Worm gear
Worm Length Facewidth ——
ds 115,240 mm
[ 100,000 mm > [ 30 mm >] g 100,751 mm
Pitch Diameter Diameter Factor Unit Correction ds 93,240 mm
[ 40,000 mm || 8,0000ui v| [o44su >] Yo 20,5544l
18:27:27 Calculation: Calculation indicates design compliance!
S &€
] Calaine Cance
Input Type Size Type Type of Gearing
() Gear Ratio (®) Module (®) Comman
(®) Mumber of Teeth () Circular Pitch (") spiral
Unit Tooth Sizes Werm Size
Waorm W G
D orm bear @ Diameter Factor
Addendum a* | 1,0000ul ][ 1,0000 ul | O Helix Angle
Clearance o= | 0,2000 ul [ 0,2000 ul | () Pitch Diameter

Root Fillet re | 0,3000u [ 0,3000ul |

®dur.12.a. 3adasarne na ceomempuyHume napamempu.
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3 pesign S5 Calculation d = A

Method of Strength Calcuiation Results «
Legacy A1 ol - w5857
. 85900
Loads 2,111 mps
Drving Part ®uiorm Ovlorm gear e
Power P [k >][o 711w e e
- e - .
orque T [55%8nm gm0 | | Wormgear
Center Distance enc n [o7id e wease0l
. sran
72,620 mm ~ Refresh o
Steel ] ||Fw 933N
Worm gear aluminum bronze CuAISFe 3 . Fs 4983,351N
z " d 1 x Bending Fatigue Strength s, [200.0Pa
19 5,6000 35,28 6,30 0,1958 k, [080Pa
19 5,0000 45,00 3,00 0,4648 e L0
it u |0,300ul 0,320 ul
13 45000 56,25 12,50 0,3572 Vo Material Coeffcent Kpse [0.750U
20 5,0000 40,00 8,00 0,4499
20 4,5000 50,40 11,20 0,4375 Reured e &
Fl) 4,0000 54,00 16,00 0,1354 s oo
20 3,5500 71,00 20,00 0,4437 12:01:45 Calculation: Calculation indicates design compliance!
21 5,0000 35,50 7,10 0,3682
21 3,1500 78,75 25,00 0,0455
i
= o
@ Calculate cancel
Type of Load Calaulation Type of Strength Calaulation
er, Check Calculation ~
Contact Bending
@ — il e f oty
®ur.12.6. MexyocoBo ®ur.13.a. Bwveeowcoarne na cunogume u KuHe-
Pa3CTOAHUC. MamudHume napamempu Ha npe@aekama.

Factors of additional Load Results -
Fd 3277,500N Accuracy =
Overload Factor K, | L200ul >

Fu 3482,993N

Speed Factar K, Fs 4983,351N Precision Spedification

Lewis Form Factor y |0,125ul Pz 0,319kW w 7 «|g8 ~ls w|c wla ~|m v

7| [JuserFactors Cancel @) Cancel
®ur.13.6. Koegpuyuenmu, omuumauyu ®@ur.13.B. Krac na
pesrcumume Ha HamoeapsaHuAanid. movHocm.

6. KPAUHU PE3YJITATH

Kpaiinure pe3ynTratu oT IpOSKTHPAHETO Ha YePBsKa M USPBIYHOTO 360HO KOJIEIIO, CIIC]
akThBHpaHe Ha koManara Calculate, ca moka3anu B 3aBbpiieH Bu Ha ¢ur.14 u ¢pur.15,
KOHUTO B ITOCJICICTBHE IIPEACTOH Ja C€ OTIICAT UIIM CHHTEPOBAT OT FTOPEH30POCHUTE IOJIH-
MEPHHU MaTepPHAIIH.

Dimensions -
Dimensions Results

Worm gear Pn 15,7080 mm ||
Dy 15,8321 mm ||

2 Py 14,864 mm

T 7,1808 deg

By 6,7456 deg

d 40,000 mm

ds 28,000 mm

d; 50,000 mm

dy, 44,443 mm

dy 37,553 mm

s 7,854 mm
Sy 7,916 mm ||

by 100,000 mm

pz 15,832 mm

®dur.14.a. [Ipedsapumenna uzxoosawa 30Ha 2ceomempust ¢ CUYKU CULOBU
U 2eOMemMpUdHU Napamempu .

148



Dimensicns x

Dimensions Results ~
Worm P 15,7080 mm
Py 15,8321 mm
2 Ph 14,854 mm
T 7,1808 deg
By 6, 7456 deq
d 100,751 mm
ds 93,240 mm
dg 115,240 mm
= 100,791 mm
dp 94,624 mm
5 9,473 mm
5y 9,548 mm
ba 30,000 mm
dae 120,240 mm

Close

®ur.14.6. IIpedsapumenna uzxoosaua 30Ha 2eomempust ¢ CUUKU CUTLOBU
U 2eOMempPUYHU NAPAMEMPU.
KpaiiHuat Moze Ha MpOeKTUpaHUTE B pa3pab0OTKaTa YepBSIIHA 350HU TIPETABKU 32 YII-
PaBJICHUETO HA TTPOTOTHUII HA MHAYCTPUAICH pOOOT C MapajeiHa KWHEMaTHKa U JBE CTe-
MIeHU Ha cBOOO/1a € MoKa3aH Ha (ur.15.

BRI~ dtone ] ~

For Help, press F1 05

®ur.15. /[seme eOnomunuu eOHOX0008U YepBAUHU 3bOHU NPeOdasKU 3a YNPABIeHUEO
Ha uHoycmpuanies pobom ¢ napaieina KUHeMamuka u 08e cmeneHu Ha ceo0000a.

3AKIIOYEHHUE

B nacrosmara pabora:
® Ca MPOCKTHUPAHU AHOTUITHU €THOXO0BH YEPBIIHHU 3OHU MPEaBKY 32 TIMHEHHO
yIIpaBJICHHE HA IBMYKEHUETO HA MPOTOTHUIT HA UHyCTpUAJIeH poOOT ¢ mapaseinHa
KHHEMaTHKa, KaTo ca CMa3eHH MPEANUCcCaHusATa ¥ U3UCKBAHUATA, CHCTEMATH3H-
paHu B IUTEpaTypara;
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e uepBSIYHHUTE 3bOHM IPEIABKH Ca IPOEKTUPAHH B coPTyepHaTa cpeaa Ha Autodesk®
Inventor® upes usnosnsBaneTo Hamoysia Power Transmission;

® Ta3W MpeaaBKH mIe ObAAT U3pa0OTEHH OT MPEITIOKEHHUTE TTOJIMMEPHU MaTepua-
1 B KOMOMHAIIHS C BBIJIEPOIHH HAHOTPHOU € OTJIe]] OJICKOTSIBAHE U 10100 BaHE
Ha paboTaTa Ha MPEIaBKUTE W MPHBEXKIAHE HA MPOTOTHIIA B KJIaca HA aBTOHOM-
HHUTE pOOOTH C TapasieliHa KHHEMAaTHKA.
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