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HAYYHO-ITPUJIOKHUTE U3CJIEABAHUSA UBUCKBAT
MOJIEPHU3AIIUA B YIIPABJIEHUETO U PASBBUTHUETO HA
HHCTUTYTA 3A KOCMHNYECKU U3CJIEABAHUA U
TEXHOJIOI'MAN

Hpo¢.a.1.H. Ilersp I'enos

,ZZupeKmop HA HHcmumyma 30 KOCMUYECKU U3CTe08AHUS U MEXHOA02UU

Abstract: Cvepemennama Hayka ce pazéusa ¢ HeumMosepHo Ovp3u memnose. B npeocmasenusm
mamepuan ce AaKYeHMUpa 6wvpxy AKMYATHOCMIMA HA HAYYHOU3CAedogamenckama paboma u HAYYHO-
RPUNONCHUME U3CTIeO8AHUA U € NOKA3AHO Pa3oupanemo Ha asmopa 3a HeoOXoouMacmma om MoOepHU3AYyUsL Ha
cmpykmypama u Oetinocmma Ha Hucmumyma 3a xocmuuecku usciedeanusi u mexuonozuu. Ilpeonoxcena e
KOHKpemua npozpama 3a ynpasienue u pasgumue Ha UHCTHUmyma..

Knrouosu oymu: HayuHo-npuniodicHu u3cied8anus

Carrying out Scientific and Applied Researches Calls for Management
and Progress Modernization within the Space Research and
Technologies Institute

Prof. DSc Petar Getzov

Head of the Space Research and Technologies Institute, Bulgarian Academy of Sciences

Abstract: The contemporary science grows at enormously accelerated rate. In the present paper, the
topicality of both scientific work and applied researches is emphasized. In addition, the author’s comprehension
is indicated as concerns the necessity of both structure and activity modernization of the Space Research and
Technologies Institute. A particular programme for management and advance of the Institute is suggested.

Key words: Scientific and Applied Studies

Haykara ce npespbmia B
HEIOCPEACTBEHA MIPOU3BOIUTEIIHA

AKTyaJJHO M € OCHOBHATa IMCJI Ha
M3BbpIIBAIIaTa ce B MOMCHTAa

cujia W CcTaBa pemiaBam] (GakTop 3a
TEXHUUYECKUSI, NKOHOMHUYECKHSI U CO-

muanHus  nporpec.  CkbcsiBa  ce
U3BBHPEJHO MHOTO BpPEMETO Ha
UKbIA ,,M3CIEeIBAaHE — MPHIOKHA
pa3paboTka — BHEZIpsiBaHE .

Y CKOPEHOTO BHEAPSIBAHE B MPAKTH-
KaTa HAa HAd W YYXIU HAYYHU
pe3yiTatd  cTaBa  U3KJIHOYUTEIHO

peopraHu3anusi B CTPYKTyPUPAHETO U
YIPABJIICHHETO HAa Hay4HUs (PPOHT —
HOB HKOHOMHYECKHM MEXAHU3bM W
IPOrpPaMHO CTPYKTYpUpaHE B Hay-
KaTa, 3aCUJIBAHETO Ha JOTOBOPHO (Pu-
HAaHCHpaHE Ha HAyYHOM3CJICIAOBATEI-
CKaTa JICHHOCT U TIp.

AKO ce u3X0XKJa OT HEoOXO-
JUMOCTTa CTpaHaTa W HEeWHaTa Hayka
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a UMaT KOMIUICKCEH HaydeH IICH-
Thp, CHOCOOEH Ja ajantupa U
pa3BHBa HOBOCTUTE B Pa3INYHUTE
00JaCTM Ha KOCMHUYECKHTE W3CIIeI-
BaHUS, MOXE Ja CE KOHCTaTUpa, 4e
cera TEMAaTHYHOTO pa3HooOpasme ¢
eIMH OT TmedenuBiIuTe (akTopu 3a
pazButueTo Ha  MHcTMTyTa @ 3a
KOCMUYECKU U3CIeIBaHUs u
texnonoruu (MKUT), Tpi1 kaTo TOBa
JaBa BB3MOXKHOCT Jia C€ ydacTBa Ha
MO-IIUPOK (POHT MPU THPCEHETO Ha
KOHTaKTH, 33Ja4d U TPUJIOKeHus. B
OpJenie Ta3u BB3MOXKHOCT oOaue
€CTECTBEHO 1€ C€  CTECHsBA,
KOHKpPETH3Mpa U 1€ NpHI00uBa BCE
MO-TIparMaTH4eH XapakTep, KakTo 3a
MKHT, taka u 32 OTACTHUTE CEKIIUH
Y ChTpyaHULM. ToBa 1€ MO3BOJIM 1A
Ce CBXPAaHAT BEY€ TOJTOTBEHUTE
KBUTM(PUIIUPAHU HAYYHU KaJIpu U Ce
000cO0AT  TBOPYECKH  KOJEKTHUBH,
KOUTO 1€ 3ama3iT ¢ pa3BUBAT
TeMaTuKaTa U MaTephaiiHata 0a3a u
1€ ca MPUBJICKATEIHH 32 TTOCTHITBAHE
Ha MIIaIud CHCIUATICTH B
NKUT.Bcuuko ToBa 1Ie C€ U3BBPLIBA
B pamkute Ha “IIpenmera Ha nerHOCT
na UWKUT”: ®@ynoamenmannu u
HAYYHO — NPUNONCHU — U3CTIe08AHUS,
HAy4Ho npubopocmpoeHe , n0020mos-
Ka U OCblyecmessane HA eKcnepu-
MeHmu 8 001acmma Ha U3C1e08aHemo
U U3NON36AHEMO HA KOCMUYECKOMO
NPOCMPAHCMBO U 3emsama om 060poa
Ha4 aemMoMamuyHu U NUIOMUPAHU
aepo u Kocmuuecku obexmu, uscieo-
8aHUsl NO U3NON36AHEMO HA Jlema-
menHume anapamuu Ccv30aeame Ha
obopyodsane 3a msx, pazeolHa U GHe-
opumeJicka 0etiHocm 3a cb30asane Ha

ABUAYUOHHU U KOCMUYECKU Mamepu-
anu U MexHoi02uu U MmexHus mpaHc-
gep 8 HayuoHarHomo CMONAHCMEO,
Nn0020MOBKA HA ACNUPAHMU U CJleo-
OUNIOMHA Keanuguxkayus, Kato Cce
OTUUTAT PEATHOCTUTE, CBBP3aHU C
JeCTBUTENHATA T0J13a Ha 00IEeCTBO-
TO OT TO3U POJ| U3CJICABAHUSI.

llle ce s3anazam u pazeusam
memamudnume Hay4Hu HANPaeIeHusl.

- Kocmuuecka pusuxa;

- Hucmanyuonno u3cneosane
Ha 3emama,

- Kocmuuecku mexnonozuu.

3ana3BaliKu TE€3W HaIIPaBIICHMUS,
CBIIEBPEMEHHO MOKE JIa C€ MPEMHUHE
KbM OOCIMHSBAHETO Ha HSIKOU OT
CEKLIMUTE C MaIbK OpOil CHTPYIHUIU
WM ChC CPOJIHA TeMaTHKA.

AJIMUHUCTpAaTUBHATAa M Hay4YHa
00yCJIOBEHOCT Ha CeKIuuTe obaye B
HUKOM Cilyyall HsIMa Jja TpEersiTCTBAT
Gopmupanemo Ha HAYYHU KOAEKMUBU
npu  6b3HUKBAHEMO HA KOHKPEmHU
HayyHu 3a0a4u MO TPOEKTH, JOTO0BO-
puU, BHEAPSIBAHE U T.H. B TO3M ciyvan
KEJTAHUETO HA HAYYHUSI PHKOBOJIUTEN
Ha NPOEKTa U ChbTPYIHULIUTE 1Ie Obe
ompenensmo 3a (popMupaHeTo Ha
kojektuBu. [lpenBmwxkma ce  KbM
UKUT na 3amoune na (yHKIIMOHUpPA
ch3naneHuss no npoekt Ha PHARE
Llenmvp 3a mpancgep na aeporoc-
MUYecKku mexHolo2uu, Karo TMOCTe-
NEHHO KBbM HEro ce NOJKIIYH U
HIMI “Kocmoc” rp. Crapa 3aropa u
nabopatopuute B lllymeH, koeto mie
Ja7e Bb3MOXKHOCT OBP30 M €(PEKTHB-
HO Jla C€ BHEApSABAT WHOBAIMU U KOC-
MUYECKHU TEXHOJIOTHUHU.
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Cvwecmsysawama cmpykmypa Ha 08e HU8A wWe ce 3andsu ,Kamo
OCHOBHOMO HAYYHO 36eHO 3a UHCMumyma we o6voe cekyusma (Pue.l.).

HAYYEH CBbBET OBLUO CBLEPAHWE
OUPEKTOP
3AM. OWPEKTOP
HAYY. CEKPETAP

NoM. AUPEKTOP -7

AWPEKTOPCKW CBBET '

TEMATUYHU
HAYYHW HAMPABNEHWSA
PBKOBOIWUTENA HA
CEMWHAP

AEPOKOCMHWYECKA
TEXHWKA W
TEXHONOrMK

ACTPODMH3MKA AWCTAHUHMOHHH
M KOCMWYECKA . W3CNENBAHWA
AHHAMWKA ] Wruc

KOCMMWYECKA

o DUIMKA AEPOKOCMHWYECKW

CWCTEMM 3A
YNPABNEHWE

CUCTEMW 3A
AMCTAHLMOHHK

2k H3CNEQEAHWA

PEKOBOOUTENM
i CNeHYEBO-
d 3EMHA

DUINKA

AEPOKOCMMWYECKA
WH@OPMALIWA

KOCMWHECKD
BPEME

KOCMWYECTKA
TEQ®3MHA

KOCMHWHECKWA
BMOTEXHONOMAM

KOCMHUYECKO [
MATEPHANO3HAHME |

OBLUOWHCTUTYTCKU CEMUHAP

Duye. .

JlomuHupaiia men ce sBsBa 1o
HATaTBITHOTO U30Ucane Ha HAyYHaAma
Keanugurayus Ha yueHume u Hay4Ho-
Mo pasHuwe U Kauecmao Ha Npo8edic-
oanume U3CAe06aHuUss U HA masu
OCHO8A peuumenHo NoBUUABAHE HA
3anjiauwianemo u 0aa2oCbLCMosHUEemo
nHa cayxcumenume na UKHUT. TpsOBa
BCAYECKHU Jla Ce€ ChIEHCTBaA Ta3u IIO-
JINTHKA Ja ObJ€ B CHOTBETCTBHUE C OC-
HOBHUTE W3WCKBAHHS Ha BPEMETO U
Ja ce 6azupa Ha 3aAbJI00OUYCHA U Kaue-
CTBEHAa KOJICKTMBHA OIICHKAa 3a IpH-
OpUTETHTE HAa MHCTUTYTA U CTpaHATAa.
HC tpsibBa ma O6b1ae OTKPUT 3a Hayu-

HUTE CHTPYIHUIIM, a CBIIO Taka Jaa
MpUBJIMYA YYEHU U CHEHUAIUCTH OT
JpyTH OpraHv3alvyd ¢ LeJl Jia ce
Ch3l1aJIe HeoOXoaMMaTa Hay4yHa OOI-
HOCT U C€ MpHUEeMaT 1eechboOpa3Hu U
obocHoBaHu pemieHus. ToBa ecTec-
TBEHO I1I€ WM3UCKBA CEPUO3HA TMpE.I-
BapUTEJIHA TOJATOTOBKA U CHUCTEMEH
MOJAXO0J MpU OpraHu3upaHe padborarta
Ha HC. PvroBonctBOoTO M HayuHust
CBhBET TpsiOBa na HaMHpar
MOAXOJINM HAYWMHH 34 HU3JUraHe
poyisiTa Ha HAyYHHTE CEMUHApU U
KOH(EpEeHITUN U yTBBHP)KIAaBAHETO UM,
KaTO OCHOBEH €JIEMEHT Ha Hay4yHUs

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



JKMBOT Ha MHCTHUTyTa. ToBa MOXke na
Ce OCBIIECTBH 4Ype3 H3MOJ3BaHE,
KaKTO Ha HAIWs, TaKa ¥ Ha OMHTA U
HA JpPYrUTe akKaJeMHU4YHU 3BEHA.
HeobOxonmuma e  peryispHOCT Ha
TSAXHOTO TIPOBEKIAHE W OpPTaHU3U-
paHe Ha CWJIHM MO ChCTaB, IEJIeHaCcO-
YeHH [0 TEeMaThKa U KPUTUYHH I10
ChlllecTBO HayuyHHu (popymu. OlieHka-
Ta Ha Hay4yHaTa JIEWHOCT W pe3yJITa-
TUTE Ha BCEKU KOJICKTUB M HA BCEKHU
ChTPYJIHHUK MOXeE Ja ObjJe 0OOCKTHBHA
camMo TMpU KOHKpPETHA Hay4dHa JTUCKY-
CUsi, B KOSITO ydYacTBAaT JOCTaThUHO
CHEIUAMCTH OT CXOIHU WU OJM3KH
HaydHu oOnactu. Bcuukum ocranamm,
JOpY ¥ HAN-TPMKIIMBO OOMHCIICHU U
OpraHu3UpaHu MEPOTPUATUSI U (OPY-
MH MOTaT caMmoO Ja MOATOMOTHAT, HO
HE M Jla 3aMEHIT OIEeHKaTa II0
CHILIECTBO HA KOMIIETEHTHATa Hay4YHa
obmHuoct. TpsGBa ma ce ocurypu
BB3MOXKHOCT 3a OOEKTHBHa OIICHKA,
KaTo Cce€ TMOOMpPSBAT W CTUMYJIUpaT
ChTPYIHUIIUTE, padOTEIIH Hai-100pe
B KOHKPETHHUS TIEPUOI.

Hpyr (dhaxTop 3a U3AUTraHEeTO HA
HAyYHOTO PABHHINEG B HHCTHTYTa U
NOCTUTAaHE Ha OCHOBHATa 1en ca
KOHKPETHUTE HAy4YHU 3a1add, AcQu-
HUpPaHU Ha JOTOBOPHA OCHOBA C IIeJIe-
BO (pMHAHCUPAHE W B CHHU3IIBIIHUTEII-
CTBO C YYEHHU OT JPYTd OpraHU3aAlMH
OT cTpaHaTa M 4yx)OuHa. 3a KauecTBO-
TO Ha Ta3u Hay4yHa JCHHOCT ce Mpo-
W3HACIT CEPUO3HU U KOMIETECHTHU
KOMHUCHHU, BKJIIOYBAIM W TOTPEOH-
TEJIUTE HAa KPaWHHUS TPOAYKT, KOETO
ce sIBsSBa TapaHIUsl 3a yCHEIIHa pa-
oora.

OCHOBEH KpUTEpPUH 3a JIBUXKE-
HUETO Ha KaJpuTe, TAXHOTO W3[IH-
raHe, mpeajiaraHe 3a HaydHU CTCTIICHU

8

M 3BaHUS IIe Cca KOHKPETHUTE
OOEKTMBHO  OLEHEHM HAy4YHU U
npunoxuu pesynratu. B UKUT me
IPOJIBIKU Jla C€ 3acuiiBa Oughepen-
YUpamomo 3aniawjare, U3XOoHCOAuKu
Om KOHKpemHume pe3yimamu Ha Om-
OesiHume KoJleKmusu u CompyOoOHUyuU.

Bce ome mnonoxeHuero Ha
YUYEHUTE U 3aIlIalllaHeTO Ha TPYy/Ja UM
HE 3aBUCU OT TBOPUECKHUTE pe3yTaTH
U KOJUYECTBOTO M KA4ECTBOTO Ha
BJIOKEHUS Tpyd, a OT HaydyHaTa
CTeneH ¥ 3BaHuE. B TO3M cMucCha
0cOo0EHO ToJsIMa € poJisAiTa Ha
Hay4nusi cbBET W HErOBOTO PBHKO-
BOJICTBO, KOUTO TPsOBa HAaBPEMEHHO
u OajaHCUpPAaHO J1a OCBIIECTBSABAT
KaJpOBOTO M3pACTBaHE Ha CHTPYIHU-
uute. Jla ce chaencTBa 3a 3alUTUTE U
XaOUJIMTUPAHETO Ha HAYYHHUTE Cb-
TPYJIHUIIM, KOETO WIe MojArIoMara
OCMHCIIIHETO Ha HM3MUHAIUSA MBT U
HaOesA3BaHEeTO Ha HOBUTE MPOOJIEMHU
U 33]1a4H.

PvkoBoactBoto m HC TpsioBa
MIOCTOSIHHO J1a C€ TPIKAT 3a MOCTBII-
BAaHETO HA TAJAHTIWBH MJIAJTU XOpa B
WHCTUTYTa, KaTo IUIAHOMEPHO Ce
00sIBSIBAT KOHKYPCH 3a aCIHPaHTH,
HAyYHH CHTPYAHHIIM U CIICIIHATUCTH
1 nogoOpsiBaHe O6a3ara 3a TsX.

Tps6Ba ga ce NpoABJKU pelia-
BaHETO Ha (YyHIAMEHTAIHUSAT BBIIPOC
Ha (puHAHCHpaHETO - nanu na ce u-
HAHCUPAT CTPYKTYPH WIH OTICITHU
IIPOCKTH.

CtpyBa cu pma ce ekcrne-
pUMEHTHpa, KaTo C MPEIUMCTBO Ou
CJIeZIBaJIO J1a ce (pMHAHCHUPAT MPOCKTH,
32 KOUTO € MPWIOKEHO KOHKYPCHOTO
Havasno. ToBa me noBeae A0 3aCHIIBa-
He Ha ponsaTa Ha Hayunus cwpBeT u
HEroBaTa OTTFOBOPHOCT MpH  00-

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



BbP3BaHEC HAa HAy4YHATa TOJUTHKA Ha
HNKUT c neneBoro puHaHCUpaHE MTPU
HOBUTE ycioBus. Pemasamo 3a pas-
utuero Ha UKUT u ornenHure Ko-
JIEKTUBU 1€ OBJE 10 KOJKO OBpP30 U
YCHENIHO T€ IIe YCIeAT J1a M3/I13aT OT
ChCTOSIHUETO Ha TACMBHO H3YaKBaHE
W yINOBaHHWE caMO Ha OroJpKEeTHaTa
cyocuaus. Ycnex MoXKe J1a ce O4aKBa
caMO TIpM OpraHU3UpPaHETO Ha CHC-
TEMHO THPCEHE Ha MU3TOYHUIIU 3a TIO-
JydaBaHE Ha CpelCcTBa Ha 0a3ata Ha
NPOEKTH Ha OBITapCKU U YYKIECT-
paHHU BEAOMCTBA W YacTHH (hupmu,
donmanmu u T.H. [IpumepHusar anro-
pUTHM 3a TOBa € Moka3aH B (¢ur.2).
Hncmumymesm mpsbea cepuo3no oa
3acunu  8pv3Kume Ccu ¢ HYaACmHUs
buznec, Kamo  ce  HNpuUcCmMwvnu
pewumentio KvM pe2ucmpupane Ha
CbBMeCMHU NPUONPUAMUSL U PUPMU U
KIbCmepu, A858auju ce nompeobumenu

AbpXaBa

[ BAH
| BAH }

GropxeT

HA UHOBAYUU, HAYYHUME NPOOYKMU U
mexuono2uu (gue.3).

ToBa TpsibBa npa craHe, upes
OCBIIECTBSABAHE HAa HAYYCH MCHHIIK-
MBHT ¥ MapKETUHT B J1aJieHaTa 00JacT
M KaTo Ce Ch37ajae B ObJeIie craryra
Ha BOJEIIM MEHHUDKBpH. TpsiOBa na
Ce CB3/aBaT YCIOBUSA 3a TIXHOTO
yTBBpK/IaBaHe, KaTO KPUTEPHUHUTE Ja
ca BHEAPSIBAHETO HA HAyYHUTE
pe3ynTaTd B TpakThkara. Yact ot
TEXHOJIOTHYHUTE 3BEHA Morar Ja
MPEMHUHAT HA YaCTUYHA CaMOM3IPHK-
Ka, OCHOBHO KaTO TPUBIINYAT H3BHH-
IIATHU CHTPYIHUINA, HA KOUTO 3arlia-
maTr oOT CpeicTBaTa IO JOTOBOPHUTE,
kouto umar. B UKUT mpsabea oa ce
cvzoasam @HoHOose 3a pazeumue U
OONBIHUMENHO — CIUMYAUpane  Ha
CcobmpyoHuyume, Kakmo u @GoHo 3a
CMUMyIupane Ha Maiaoume HayyHu
Kaopu.

AepoKocMHYECKO E
Sropo (areHumna)

BuHwHKW
TEXHOMNOIMK
NaTeHTH

MKCH-BAH

HayuHwn
u3cnenBaHuA

= Tr—
ceMMHapKu - MacnepoBaTenckun

| koHdpepeHuMM | 3seHa

.

——— = ——

KOHKYpPCH \
PamMKOBM Nporpamu
ABycTpaHHo
ChBTPYOHWYECTEO

TexHONOrM4YHK i ChNLTCTBaLO
3BeHa —| npoussoacTeo

NPOMMLINEHOCT

SKONoOrnA
aemeacnue

CHIYPHOCT

.W KomynMKaMMH

AepoKoCMHUYECKD
oGpazoBaHue

Due.2
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TpsiOBa na ce ocurypsiBa Jo-
OBIHATEITHO  BB3HATPAXKICHHE  Ha
pEeaTHO 3aCIIyXKWINTE ChTPYIHUIIA HA
0a3ara Ha CpPEICTBA, KOUTO CAMUTE TE€
ca crieuesmiu 3a UKUT wu cebe cu.

B mHCcTHTYTa Na ce yTBBpXKAa-
BaT JOCTAaThYHO JIMOCPAIIHH YCJIOBHS
3a pabora U Odeyenmpanuzayus Ha
HayyHume KOHMAKMu 8 CMpaHama u
YysHCOUHA, Kamo UHUYUAMuUeama cieo
onpeoensiHemo Ha pamKosume 63au-
MOOMHOWEHUSL. UBYSIO ce NPedoCcma-
65 HA HAyuHume pvKoBOOUMENIU U

cbmpyoHuyume, peuasauju KOHKpem-
Hume Hay4nu 3a0a4u. PbKOBOIUTENAT
W TPEKUTE U3NBJIHUTEIN N0 [aJIeH
IPOEKT 1€ C€ pa3nopexaar CbC
CpEeACTBaTa, IMIOJYYEHU 3a H3IbI-
HEHUE Ha PEIIaBaHUTE OT TAX 3aJauH.
ToBa me Mmo3BoiM Aa ce€ MOBUIIAT
OPUXOJIUTE HA  y4yacTBallUTE B
IPOEKTUTE, KOETO LIE € B OCHOBATa
3a NMPEMaxBAaHE HA YPaBHUIIOBKATA B
HUKU, mpenomnpeneneHa OT WWIATHOTO
3arUIalaHe.

KNBbCTEP” AepOKOCMHUYECKHU TEXHOMOTMM, U3cnenBaHnua U NPUNoXeHna”

ecbmHupar HauyvwoHanHa NnonUTUKa no
KOCMWYeCKM M3cnegeaHWA U pasBUTHE Ha
HazemMmHW NpPpUNO¥XeHWA WU TeXHONOrMKu 3a
HY¥OWMTEe Ha pPa3BMTHMETO Ha CTpaHaTa W
0oBWecTBOTO CLMMAacHO MNOMWTHUKWTE Ha
PB w EC

KoHcynTatTMmBHa u KoopavHMpawa
thbyHKUMA

JKntcrep AepoKocmuuecku
TEXHONIOruu, u3cneaBaHua n

NPUNOXEeHUA" (KAKTUM),
HenpaeuTencreeHa GpaHwoBa
opraHu3auuvsa: DsenMHﬂBa
HaUWOHanNHUTe cybeKkTn aKkTUBHU B
obnacTtra Ha KocMoca 1 CBBbpP3aHUTe
NPpUNOXeHWA U BUCOKW TEXHOMNOINMMK,
pPeannivpa MepKkuTe No M3NbLINHEHWE Ha
HayuoHnannama Kocmu4yecka
lMpozpama(kozamo ce Hanpagu)

OpraH

MpaeutencrTeo Ha PB l

CHBET No eBpONencKnTe
BBNpOCH

MUET

PaGoTHa rpyna no KocMU4ecka
NonuTHKa

MMWET, MOMH, MfUTC, MOCB, MAOC,
MPPB, M3X, MOJMBP, BAH, MEHP ...

OBuwecTBeHU
opraHMsauvm
e gt

BusHec

Que.3

Tpsabsea o0a ce omuyumam He
camo pesyimamu, NpPeOCmaseHu 8
cmamuu, OOKIaou, NAmeHmu u m.H.,
HO U OMHOUWEHUEMO HA GIONCeHUME
cpeocmea 8 UHCMumyma KoM Npuxo-

oume, MNONYYEeHU OM YALOCMHAMA
deunocm, Koemo  onpeoeis 00
10

U36eCmHa Cmenex peainama noasd 3d
obwecmeomo. Ha Tasm mockoct
TpsiOBa Ja ce peliaBa U BBIPOCHT 3a
CHOTHOIIICHUETO MEXIy (yHIameH-
TaJTHUTE U MPUI0KHUTE U3CIICIBAHU.

To3u TpyneH 3a U3ACHABAHE U
JNeNUMKaTeH 3a Ipiata  AkaaeMus
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npobdiem € Owl W CcH OcTaBa
ceiiectBeH 3a MKUT. BvB Bpemeto
HAa  HaBJIM3aHE HA  TA3apHUTE
OTHOUIEHUS B cdepara Ha (QuUHaAH-
CUpaHETO Ha Haykara, PBKOBOACTBO-
to 1 HC TpsibBa ymeno ga onpenensT
U OanaHcHpaT ChOTHOILIEHUETO MEX-
ny QyHIaMeHTaTHUTE U3CJIeABaHUS U
TEXHOJIOTUUTE.

[Ile TpsibBa omie mo-mobpe aa
ce aepuHUpAT W paznuyaBar (PyHma-
MEHTaJTHUTE W3CJCABAHUS H TPHU
HEOOXOMUMOCT (PUHAHCHUPAHETO UM
Ja C€ OCBUIECTBABA TIJIABHO OT
Oro)KEeTHATa CyOCUIHSL.

Tpsabea oa npoovidcam ycunu-
ama 3a 3anaseame Ha cepaoume u
nomeuwleHussma u 3a noooopsasane Ha
yenoguama Ha paboma, TOKOJIKOTO
TOBA € BH3MOXHO.

CrneunanHo BHHMaHHE Ja ce
OTIENSAT Ha colMaiHaTa ACHHOCT B
CbTPYJIHUUECTBO C  aKaJCMUYHHUTE
CTPYKTypH B Ta3u oOnact. EctecTse-
HO W Ta3W JEHHOCT € BbB (DYHKIHS OT
WHCTUTYTCKUTE (HOHIOBE, 3a TOIMBJI-
BaHETO HA KOUTO C€ pa3yuTa Ha
CBhI'BTCTBAILA OCHOBHATa HU JEHHOCT
IPOU3BOJICTBEHA, CEPBU3HA, CTONAHC-
Ka U APYTUA JEUHOCTHU.

B 3aBucumoct oT mnomydasa-
HUTE PE3YJITaTH C€ MPEABUXKIA IMO/I-
noMarade Ha ciyxurenure Ha UKUT
IpHU pelllaBaHe Ha TEXHUTE OUTOBU U
COLIMAJTHU MTPOOJIEMHU.

ExcriepuMeHTamHuTe  Hay4YHH
W3CIIEIBAaHUS C TOCIEIBAIIA BHEIPS-
BaHUS B pa3uyHU cepu Ha KUBOTA
TpsiOBa 1a Ob/IaT OOSKT Ha CIICIUATHU
TPYKA " MOOIIPSBAHE Ha
ppkoBoACcTBOTO K HC.

Tpabea oa npoovidcu pabo-
mama 3a npusexcoaHe Ha Mexa-

HUYHUMe pabomuiHuyu u aabopa-
mopuu 8 pabomewjo CbCMosAHUe U
8CUUKO mM06a 8 KOHMEKCma Hda
MeXHOI02UYHUSL NAPK HA UHCTMUMYMA.
Bcuuky MamuvHU ¥ ChOPBKCHHUS Ha
WHCTUTYTa, KaKTO W amaparypara 3a
Hay4yHa paboTa, MOCTENEeHHO e TPsOo-
Ba Jla C€ HATOBApBAT IBJIHOIICHHO, 3a
Jla HOCAT CpeACTBa 32 OOHOBSIBAHE Ha
6azata Ha UKU.

Tpabea 0a ce npucmvnu He3a-
0a6HO U KbM MEXHOJI0SUYHA MOoOep-
HU3ayusi HA HAYYHO- MEXHOI02UY-
Hama 6a3a Ha UHCMUmMyma.

[IpoabmxaBaHe Ha OOHOBSBa-
HETO Ha KOMITIOThPHATa TEXHHKA,
KOETO JIa TIO3BOJIM MPOBEXKIAHETO HA
HAy4YHUTE M3CJEIBaHUS Ha J00po
HUBO W W3TPAKIAHETO U YCHBBP-
IMICHCTBAHETO Ha JIOKaJIHaTa Mpexa
HA MHCTHUTYTa, KOETO e Moao0pu
ISJIOCTEH 00MeH Ha wuHbopMaIus
MEXIy OTIETHUTE HAyyHU 3BEHA U
PBHKOBOJCTBOTO M ITBIHOILIEHEH J0C-
Tbl A0 IHTEpHET.

OT4MTalKU TOJIIMOTO CBHBAHE
Ha HAlMOHATHOTO CTOTMAHCTBO B
TaJCHUs eTarl, yCuiusaTa TpsOBa 1a
ObIaT HACOYCHU KBM MEXKIYHAPO/I-
HOTO CBHTPYJIHUYECTBO B O0JacTTa Ha
KOCMUYECKUTE U3CIIC/IBAHMSI.

bvoewemo nma xocmuuyeckume
uscneosanus 6 bwvieapus mpsabea Oa
cvomeemcmea Ha cmamyma — Ha
bvneapus kamo unen na Eeponetickus
Cvbi03 U OBOAWOMO  UIHCMBO 8
Eeponetickama xocmuuecka azcenyus,
KaKkmo u aKmueHo 0a NpoobJiCcU
yuacmuemo 8 Pamkosume npozpamu
na EC, npoepamume na HATO, u op.

Oco0eHo BHHMaHHE UIE Ce€
OTIIEJISl Ha MPOBEXKITAHETO HA HAy4YHA-
Ta JEWHOCT 3a HYXXIUTEC HAa MUHH-
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CTEPCTBA M BEAOMCTBAa B bbarapus.
[Ipensuxname MKUT na npombioku
MPOEKTUTE CBBP3aHU C MOJEPHU3AIIU-
ATa Ha BOGHHA TEXHUKA U U3I0JI3BaHE
Ha KOCMHUYECKUTE W3CJEABaHUS 3a
HY)XXJIUTE€ Ha  CUTypHOCTTa  Ha
CTpaHaTa W TMPOABIKU CBHTPYIHHU-
YeCTBOTO ¢ MUHHCTEPCTBOTO Ha
€KOJIOTHsTa, 3EMENEINETO, BbTpem-
HUTE PaOOTH U T.H.

[IponbinkaBane Ha TpaaUIIUOH-
HOTO HU ChTpyAHUYECTBO ¢ Pyckara
benepanus, Ykpaiina, Yexws, Ilon-
1ia, KaTo M3MOJI3BaM€ TE3U Bb3MOXK-
HOCTM 32 CBHBMECTHO BKJIIOUBaHE B
MEXKyHAPOJHU MPOEKTH IO PAMKO-
BUTE MPOrpaMH M MPOrpamMuTe Ha
ESA,NASA u.

TpsiOBa na ce pabotu 3a cb3aa-
BAHE Ha CTPYKTypa Ha yIpaBJCHUE U
MPOBEXKJAHE HAa KOCMUYECKUTE W3-
cienBaHus B bwarapus B ChOT-
BETCTBUE ChC ChbBPEMEHHUTE CXBalla-
HUSL.

Jla ChIACHCTBAT 3a IIOMBJIBAHE
Ha OuOimorekata Ha UKUT ¢ kaurn
U CIHCAHUSl U TMoJroMaraT padorara
Ha PepakiunoHHaTa KoJieTus MOATO-
TBSA mopeaunara ““AepoKocMHU-
YecKu u3cieaBaHus B beirapus’. 3a
TOBa OJIarOmpusTCTBA Ch3jAajcHaTa
BE€UE CHUCTEMa 3a peJaKTUpaHEe KaKTO
U HaTpymnaHus Bedye onut. MHcTUTy-
THT AKTUBHO WLIE€ y4acTBAa B MEXKIY-
HApOJHU H3JIOKOM W IIE ce W3/aBaT
€JIEKTPOHHU CIOUCAHUS U  KHUIH,
paznpocTpaHsBaHu upe3 “‘VIHTepHeT”,
KaKTO W akTyanusupana Web-cTpa-
HUIIATa ChIbpKama uHbOpMAIHs 3a
WHCTUTYTA, KOJICKTUBUTE, HAyUHUTE
pa3pabOTKu U OOMEH Ha MOJYyYECHUTE
pe3yaTaTHu.

NHCTUTYTHT 1€ pa3mupsiBa u

12

MOTbPKa aKTUBHU WH(DOPMAITMOHHU
KOHTaKTH C BCHYKH CPOJHU MHCTHUTY-
TH, y9eOHU 3aBEJCHUS W BEIOMCTBA,
KaKTO B CTpaHaTa Taka M B 4y)KOWHa.
B3auMOOTHOIICHUATA C BCHYKU TAX
e MpoabJDKAaBaT Aa ObJIaT B IyX Ha
yBaX€HUE U JOOPOHAMEPEHOCT, OCHO-
BaBaHM Ha OOIIHOCT HA HAay4YHUTE
UHTEpPECH M BHUCOK mpodecroHamu-
3pM. Marepuanure 3a BCUYKU KOH-
TaKTH III€ CE€ JEeno3upaTr B HayyHaTa
OuOIMOTEeKa M JIOKAJTHATA KOMITIOTHP-
Ha MpEXa, a M0 3HAYUMUTE MPeJIo-
XKeHus e ce oockxkaar B Hayunus
ChbBET W mouxoasmu (opymu, 3a na
Ce B3€MaT HAW-NIPAaBUIITHUTE PEIICHUS.

IIpenBuwxaame, ako uMa Bb3-
MOHOCT, Ja CBh3J1aJleM TOCTOSIHHO
JIeficTBalla H3J10k0a Ha KOCMHYEC-
KUTE U3CIEABAaHUS U TEXHOJIOTUH, Oa-
3upaHa BbB ¢uiuania HU B rp. Cr.
3aropa.

[TpuHIIMTIUTE HA YIPaBICHUETO
Ha UKUT ce Gasupar mHa VYcraBa Ha
BAH wu neiicTBamniuTe 3aKOHM U HOP-
MATUBHU aKTOBE, KaKTO M Ha pelle-
HUATA HA Hay4dHUs chBeT , OOIMOTO
ChOpaHUEe HA YUYEHHUTE U T.H. OCHOB-
HUTE TPUHITUIIH Ca:

-Exunnocm,  napmuvopcmeo,
yeaoicenue u CMpUKmMHa OMYemHoCcm ;

-Ilocmassane npeo HC u Obwo-
mo cvopaHue npobaremume 3a MiAXHO-
mo pewiasame, 8 CvbOMEEMCMEUE C
ycemasa na bBAH,

- Jlonyckane Ha kpumuxa u
CAMOKPUMUYHOC,

- Vnpaenenue upesz npunacane
Ha CUCMEeMHUsl AHAIU3 NPU  U3NON3-
eame Ha 00CMOBEPHA U O0OEKMUBHA
ungopmayusaza  CbCMOAHUEMO  Ha
Hewama,

- Ocueypssane Ha npospau-
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HOCM HA 0elucmeusma Ha pPbKo8ooC-
meomo na UKH na ecuuxu Husa.

B 3akimouenne nckam ga uspa-
3s1 yOSXKJICHUTO CU, Y€ OCHOBHATA 1IEJ
HA MOJICpHHU3AIUATa Ha YIpaBJe-
Hueto u pasguruero Ha UWKUT
TpsiOBa 1a OBbJE MOBHUIIABAHETO Ha
0JIarOCHCTOSTHUETO Ha CIIYKUTEIUTE
Ha MHCTUTYTa Ha 0a3aTa Ha 1mojgo0ps-
BaHE YCIIOBUSTA Ha paboTa, MOBHUIIA-
BaHe Ha mpodecronanusma, eheKTHB-
HO CBHTPYIHUYECTBO M KaYECTBEHHO
CBBpIIIEHA padoTa.
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Abstract: The general frame of the BG-ROM MARINEGEOHAZARDS Project is considered. The Project
is about set-up and implementation of the key core components of a regional early-warning system for marine
geohazards of risk to the Romanian-Bulgarian Black Sea costal area The main focus is on the data and informa-
tion about the investigations related to the creation of the marine geo hazards early warning system. The target
topics are on the earthquakes, landslides, tsunamis, floods and similar natural hazards. Maps and schemas
about the main hazards have been created for the Bulgaria-Romania cross border area — both in marine and
coastal environment. The typology and quantification of the hazards and their dangerous elements support the
key core elements selection and the infrastructure of the early warning system targeted to the population and

society safety.

Keywords: Marine geohazards, early warning system, Black Sea

Bringing together the expertise
of the two countries — Bulgaria and
Romania, the MARINEGEOHAZ-
ARD project aims for the establish-
ment of a joint regional early-warning
system and of a common decision
tool, which can support in an efficient
manner the emergency managers and
decision makers in their activity re-
lated to protection of the local com-
munities, environment and assets
within the cross-border area, from
consequences of natural marine geo-
hazards. This is a pilot project and
first attempt in this area and brings all
risks of such innovative approach.

Project Coordinator: National In-
stitute of Marine Geology and
Geoecology — GeoEcoMar (Romania)

Partners: Geological Institute
Bulgarian Academy of Sciences (GI-
BAS); Institute of Oceanology -—
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Varna (IO BAS); National Institute of
Research and Development for Earth
Physics (Romania)

General objective: Implementa-
tion of an integrated early-warning
system accompanied by a common
decision-support tool, and enhance-
ment of regional technical capability,
for the adequate detection, assess-
ment, forecasting and rapid notifica-
tion of natural marine geohazards of
risk to the Ro-Bg Black Sea cross-
border area. The future intention in-
cludes as well as integration with the
local authorities to provide warning
issues.

Specific objectives [8]:

e Define and implement a uni-
fied and integrated approach to as-
sessment of marine geohazards of risk
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for the Romanian-Bulgarian Black
Sea cross-border area.

e Install a real-time, fully auto-
matic detection system comprising of
deep Black Sea complex measure-
ment stations (gauges), of on-shore
marine seismicity monitoring and
digitalized GPS stations.

e Implement a common deci-
sion-support tool (DST) by provision
of unique forecast and assessment
software package and development of
a joint database of scenarios, to facili-
tate and support management and
mitigation of marine geohazards.

e Create the regional technical
capability to perform marine seismic
measurements.

e Prepare joint, updatable data-
bank by integrating the existing na-
tional data, the real-time data from
deep-sea gauges and the on-line data
from sea-level gauges, remote sensing
and national seismographic networks
and by performing coordinated ma-
rine geohazard investigations to fill-in
the lacking data.

e Cluster and enhance the re-
gional expertise by training the staff
and establishment of data exchange
platform between national institu-
tions.

Bulgaria partners play equiva-
lent role in the creation and function-
ing of a center in Varna — Bulgaria
(and Constanta — Romania) about an
early warning issue in case of marine
hazards and risks development on the
cross border region of the Black Sea.

Research and investigations
about the general marine geoha-
zards

In the frame of the Project a lot
of research and investigations have
been done, common maps created and
gaps identified. Several marine geo
hazards have been identified (accord-
ing the previous projects — TRANS-
FER and SCHEMA).

Seismic hazard

A common catalogue of the
Bulgaria-Romania cross border area
about the Black Sea aquatory of the
both countries has been compiled, in-
cluding historical and instrumental
seismicity. The main seismic sources
have been identified and investigated
according their tsunamigenic potential
[8].

In total nine separate zone have
been identified and their space-time
characteristics studied. Most danger-
ous (meaning with highest seismic
potential are the zones: Shabla-
Kaliakra, Crimea, Caucasus and Turk-
ish coastal zones. Shabla-Kaliakra
seismic zone located near the Bulgar-
ian coast is able to produce earth-
quake up to magnitude M8.0. Crimea
— to M6.5-7.0. Caucasus has almost
the same seismogenic potential. Turk-
1sh coast — M8-8.5, but the sources
are related mainly with the North-
Anatolian fault, which is located out-
side the aquatory of the Sea.

The analysis performed shows
that according the aims of the Project,
main attention has to be paid to the
Shabla-Kaliakra seismic zone. It has a
specific regime — long intervals of
quiescence and bursts of strong
shocks no regularly distributed in the
time domain.

15
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The tsunami hazard

Deep investigations about the tsu-
nami hazard have been performed. Pre-
vious results obtained during the execu-
tion of other EU Project have been in-
corporated and critically assessed.

The Atlas [3] is a collection of
tsunami-wave-risk maps along the
Northern Bulgarian Black Sea coast,
Balchik site. These maps are the result
of research work performed by a broad
international scientific consortium us-
ing unified methods. This research
work according (Ranguelov et al,
2008) was performed in accordance
with the work programme of a scien-
tific research project under the 6th EU
FP, entitled SCenarios for Hazard in-
duced Emergencies MAnagement
(SCHEMA). The entire project is
aimed at dedicated studying of tsunami
hazard and risk, using the most ad-
vanced technologies for the purpose
(satellite images, complex non-linear
methods, detailed elevation and bathy-
metric data and the like).

In scenario definition, data and in-
formation about previous tsunami
waves in the Black Sea were used,
which had negative effects on the coast.
These include: historical descriptions
from annals and data from previous
research; available paleo-tsunami de-
posits; effects on the coast, settlements,
and/or surface or sub-surface facilities
[1].

In numerical modelling, the fol-
lowing were used: surface or sub-
surface elevation maps to various
scales and satellite images; tsunami
sources (here, only seismic sources
were taken into account); theoretical
models accounting for wave propaga-
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tion and wave-cost interaction (the ma-
jor part of this work was performed by
the National Observatory of Athens)
[3].

In analysing vulnerability and risk,
the following were used: vulnerability
and damage classification, derived
mostly from field observations (tsu-
nami impact in the Indian Ocean on 26
December 2004); inundation distance
of tsunami waves; travel times of tsu-
nami waves from their source to vari-
ous coastal points; model registrations
on some virtual tide gauges; satellite
images of buildings and facilities of
various types.

The presented maps are thematic
and may be divided into two basic
types: regional (comprising the coastal
area between the town of Varna and the
Romanian frontier); local (covering
only the coastal area of the town of
Balchik). The maps are of the follow-
ing types: maps of the arrival time from
the source to the coast; maps of the
maximal water inundation; maps of the
maximal water withdrawal into the sea;
maps of the velocity of the water turbu-
lences generated during water move-
ment; maps of the vulnerability for the
town of Balchik; maps of the tsunami
risk for the town of Balchik.

At the end chapter, some applica-
tions are provided, facilitating the un-
derstanding and use of the obtained
results. These results are ONLY ap-
proximate and might benefit end users,
such as the Civil Protection Service,
local administrations, research institu-
tions, companies and more. All activi-
ties under the SCHEMA Project were
performed through the close collabora-
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tion of the teams from the project par-
ticipating institutions.

The following cases of tsunami ef-
fects have been recorded in some way
or other since ancient times until
nowadays [3].

3rd (1st) Century BC

“The Greek colony of Bizone
(nowadays town of Kavarna) is sinking
into the sea”. This 1s how, in 1st cen-
tury BC, Strabo described the conse-
quences of an earthquake which trig-
gered a gigantic slide (that may be seen
as of today at the Chirakmana Cape;
Fig. 2). Probably, Strabo quotes De-
metrius Calatius who lived in the 3rd
century B.C. Since then, the town of
Kavarna was moved to the plateau.

Year 544/545

An earthquake featuring possible
magnitude of M=7.5 probably gener-
ated a local tsunami, activated land-
slides, destroyed (or added to the final
destroyed of) the Cybele Temple and
buried its ruins. Historical data about
this event are to be found in the book of
Emanuela Guidoboni, Earthquakes in
Ancient Times, as well. The revealed
sediments in the Cybele Temple are
located at a depth of approximately 4.5
m above modern sea level and 100 m
off the coast (Fig. 3). This case was
used as a major reference event based
on which the effects on all maps con-
tained in work were modelled.

31 March, 1901

An earthquake featuring magni-
tude of M=7.1 took place in the sea
aquatoria. Serious destructions were
observed in the epicentre area, reaching

up to grade X after the Medvedev-
Sponheuer-Karnik (MSK) Intensity
Scale for Measurement of Severity of
Earthquake Shaking (Fig. 4). Five set-
tlements were seriously affected, over
800 houses collapsed. The aftershocks
continued for about 7 years. Cases of
slides, destructions, and collapses were
reported. Witnesses observed sea level
oscillations of approximately 2-3 m,
nowadays defined as tsunamis.

The 7™ May 2007 case

Along the entire Black Sea coast,
sea level change was observed for a
couple of hours, in the absence of any
seismic activity whatsoever. Sea level
change amplitudes reached up to 2-3
m, while the frequency in the different
places varied between 4 and 8 minutes.
Though taking no human toll, the ef-
fects were manifested in ship damages,
tetrapods shift in the Port of Kavarna,
about 2 m intrusions along the Balchik
coast (water withdrawal exceeding 10-
15 m), great turbulences (featuring di-
ameter of more than 200 m;), powerful
currents (featuring velocity of about 1
m/s).

Two hypotheses for the origin of
this event were examined: sub-surface
slide according (Ranguelov et al,
2008); meteorological reasons (Viliblic
et al., 2011). The results from both ap-
proaches are acceptable and comply
with the observations.

To model the possible effects of
the event similar to the one which took
place in 544/545, one source was se-
lected (actually, two sources located in
the same place and differing only in the
direction of the main fault which gen-
erated the tsunami waves). It is impor-
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tant to note that for the lack of reliable
data on the earthquake-generating
source, 1its location and the fault direc-
tions were chosen by analogy and are
burdened with great imprecision.

The major thematic maps for both
regional and local scenarios are: maps
of the maximal withdrawal (actually,
the minimal water level); maps of the
maximal water level, maps of the
maximal velocity of generated currents.

TE
BTN

ST

Figure 1. Schematic views of the tsunami-
genic seismic sources in the Black Sea

It should be pointed out that, for
the lack of detailed bathymetric maps,
the modelling of the maximal water
withdrawal into the sea, the maximal
water level, and the movement veloc-
ity of turbulent water masses is
greatly impeded and the obtained re-
sults are only approximate. On obtain-
ing more detailed bottom bathymetry
data they might experience significant
changes. Based on these maps, the
damages were also assessed, based on
the previously made vulnerability
classification for the buildings and
facilities in the Balchik coastal area.

L (m) 57000 {57000 | 41700 |13200 | 43650
W (m) 22000 | 22000 | 20400 | 9120 | 18200
Strike 90° | 40° 50° | 115°] 28°
Dip 40° | 40° 50° 50° | 38°
Rake 270° | 270° | 270° | 270° | 90°
Slip (m) 2 2 2 1 2
Position, |28.7°,|28.7°,| 34.5°, |37.5°,(32.17°,
coordina- | 43.4°, 43.4°,| 44.5°, |44.5°,|41.90,
tes

Depth 2 2 2 2 2
(km)

M 7 7 7 6 7
Fault 1 2 3 4 5

Tsunami inten-
. Hazardous .
Time/Type sity
events ob-
of event (Papadopoulos-
served
Imamura scale)
Earthquake,
3rd (1st) slides, re-
century BC gional tsu- IX-X
(Complex) nami inunda-
tion
o | Ll
544/545 > VIl
(Complex) tsunami inun-
dation
Earthquake,
31 March, slides, rock-
1901 (Com- | falls, local v
plex) tsunami
inundation
7 May, 2007 | Non-seismic
sea-level A%
oscillations

Table 1. List of the tsunami events along

the Northern Bulgarian Black Sea coast
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Table 2. Parameters of the tsunamigenic
seismic sources (according TRANSFER
Project) [6]

According this table and the
presented in it parameters several nu-
merical models of the expected tsu-
namis generated by these sources
have been calculated and presented in
the TRANSFER Project web site (fig.
1).

After some years new model
have been performed together with
the National Observatory in Athens
by the team of Prof. Gerassimoss Pa-
padopoulos. The results have been
published as a separate Atlas of maps
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about the tsunami tisk areas of the
North Bulgarian Black Sea coast in
the frame of the EU SCHEMA Pro-
ject. The basics of data are as follows:
Source Fault 1 (fig. 2):

Length (km) 57

Width (km) 22

Strike (°) 40

Dip (°) 40

Rake (°) 270

Slip (m) 2

Depth (km) 20

Figure 2. First source model

Source Fault 2 (fig.3) :
Length (km) 57

Width (km) 22

Strike (°) 90

Dip (°) 40

Rake (°) 270

Slip (m) 2

Depth (km) 20

7

g g g o g
M w20 w40 28.60 8.80

77 7w

Figure 3. Second source model

Intended equipment

It is visible from the results of
the research and investigations that
the main hazards creating risk for the
population and coastal infrastructure
are strong earthquakes and possible
tsunamis (Ranguelov, 2008). As pre-
vious investigations show the area is
very sensitive as well as to other sec-
ondary expected hazards — such as
landslides and underwater turbidities.
There are real existing mud volca-
noes, gas seeps, gas hydrates, H,S
accumulations and other potential
hazards in the waters of the Black
Sea. According the work plan of the
Project several systems integrated in
unified clusters of different equipment
located on Romania and Bulgaria ter-
ritory and/or territorial sea waters
providing information for the two
data centres (in Varna and Constanta)
are intended: (fig.4)

System of complex marine sta-
tions for the measurements of differ-
ent sea parameters — OBS, micro-
barographs, meteorological complex
measurements, etc.

System of GPS receivers on
land.

System of strong motion de-
vices on land.

System of extensometers on
land

Communication system for data
transfer.

Specialised  software  about
computation and selection of the best
fitted scenarios about the warning is-
sue in real time.

These systems are intended to
work simultaneously and to provide
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data to the data centres [4]. The com-
munication system will use satellite
links, INTENET, radio and telephone
lines. The duplication of the centres
provides safety and secures data trans-
fer. In case of major disaster the
chance of both systems to be de-
stroyed is practically nullified. The
correct work of the whole system is
based on the precomputed scenarios,
which will be selected automatically

on the basis of maximum similarity
and the best coincidence of the input
parameters provided by the data log-
gers and the scenario parameters used
for the respective calculations. Such
approach safe time for the reaction of
authorities and population.

This methodology needs very ac-
curate numerical models of the tsu-
nami generation, propagation and in-
teraction with the coast.

Early Warning Report

A

»la
Ll ]

cC

» CV

vvy
A

A A

CSS / CSS CSS CSS CSS
/
GPS GPS
SST SST SST
EXT EXT EXT EXT
Figure 4. Block diagram of the equipment and communication
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Legend to Figure 4.

* (CC — Centre Constanta

* CV —Centre Varna

* Both Centers are equivalent

« LEGEND

* (CSS - Complex Sea Station

e SST — Strong motion Station

* GPS - GPS Station

 EXT — Extensometer Station

* SAT — Satellite communication

To provide such accuracy the sea
detailed bathymetry mapping will be
performed to the whole costal area of
Bulgaria and Romania. Then these
data will be used for the numerical
models performed by the system. It is
important to mention that the Project

Conclusions

During the first stage of the exe-
cution of the MARINEGOEHAZ-
ARDS Project a lot of investigations
and models have been performed. The
main marine geohazards have been
identified, outlined and deeply inves-
tigated. The results obtained con-
firmed that the main hazards for the
population and coastal infrastructure
are strong earthquakes and tsunamis.
Despite of that other hazards are also
under observations and assessment —
floods, gas seeps, gas hydrates, sur-
face and submarine landslides, etc.

The horizontal links with other
similar  thematic  projects  (like
TRANSFER and SCHEMA) have
been used to extend the cooperation
and use of the previously obtained
results on the same topics. Next stage
needs equipment delivery, installation
and put in operation, staff training and

* INT - Internet Communication

* COLORS

* Dark Blue - SEA MODULE

* All other colors — LAND
MODULE

*  Yellow — Satellite
Communication

* Light blue — INTERNET

Early Warning Report

MARINEGEOHAZARDS is only the
initial phase for the complete early
warning system which is intended to
cover the whole Black Sea and to in-
corporate all countries threatened by
the same hazards of  risks.

coordination with the local authori-
ties, media campaign about informa-
tion dissemination for the aims and
achievements of the Project.
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HIDDEN CORROSION RECOGNITION BY THERMOGRAPHY
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Abstract:Detecting and evaluating hidden corrosion remains a challenging task in many vital industrial
areas. Infrared thermography (IRT) is a remote and fast diagnostic tool. Thanks to the rapid development of
electronic devices and the new construction of equipment, thermography has become more popular. There are
new applications for this technology for corrosion recognition in engineering and the army. An approach of IRT
technique is discussed that eliminates the need for prior knowledge of a corrosion free area to allow automatic
identification of corrosion areas from thermograms. This technique can be utilized in both static and active
nondestructive (NDE) IRT modes. The paper presents the comparison of the results obtained by experimental

measurements

Key words: thermography, non-destructive evaluation, corrosion, defect selective imaging

Introduction

Corrosion is one major factor
that defines the maintenance cost
high and is cause for premature fail-
ures. Determining early signs of cor-
rosion and corrosion-assisted dam-
age 1s essential to corrosion preven-
tion, life prediction and helps cut
down major repairs and catastrophic
losses. The corrosion is a wide prob-
lem that has been rapidly spreading
due to the increased amount of infra-
structure and military assets that are
aging. Even in the case of newer sys-
tems and components, corrosion can
be a significant problem because of
the harsh operational environments
encountered. Recognition of the se-
verity and the economic impact of

the corrosion problem by various in-
dustries have led to significant effort to
prevent and control corrosion. Nonde-
structive evaluation (NDE) plays an
important role in this effort by enabling
the detection of early signs of corrosion
so that corrective action can be taken
before the damage becomes severe.
Hidden corrosion is a type of elec-
trochemical material degradation that is
not readily detectable visually or by
any other surface measurement tech-
nique [1]. It can often be detected and
quantified in terms of reduction of wall
thickness or structural discontinuities
such as pits, flaws and voids. When
attempting to detect material degrada-
tion due to electrochemical processes,
the corrosion products (for example,
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iron oxides, aluminum oxides, etc.)
must be identified.

Nondestructive evaluation
(NDE) of corrosion is typically con-
ducted by applying enhanced vis-
ual/optical techniques, as well as us-
ing ultrasonic, eddy current, radio-
graphic and thermographic inspec-
tion. There are two main application
areas for NDE methods: detection of
corrosion damage and detection of
hidden corrosion.

Infrared thermography (IRT) is
based on the principle that a good
mechanical bond Dbetween two
materials is also a good thermal
bond. The temperature distribution
on a component can be measured
optically by the radiation that it
produces at infrared wavelengths.
Several techniques have been
developed that use this temperature
information to characterize the
thermal — and therefore the structural
- properties of the sample being
tested.

The corrosion thermal detection
theory is based on solving a
differential equation of transient heat
conduction in solids. In general case
of small-size defects, this equation
should be three-dimensional (3D)

that  typically requires  using
numerical methods.
Recovering the desired

corrosion data is a mathematical
inversion problem. Depending on the

energy source used, the
characteristics of materials and the
corrosion hidden in  structural

systems, an exact solution of the
inversion problem may not be
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feasible. Therefore, data analysis and
information processing, such as the use
of neural networks, wavelet analysis,
target segmentation, fuzzy logic,
statistical analysis , etc. have become
key enablers in developing NDE
techniques for hidden corrosion.

Corrosion may appear in various
forms (galvanic, crevice, intergranular
and erosion corrosion, pitting, hydro-
gen induced environmental and stress
corrosion cracking) depending on the
alloy, product form, corrodent, general
conditions and residual stress [4]. This
complicates the metrics of corrosion
and therefore also complicates the
quantification of detection reliability.

In this study, we summarize prin-
ciple features and results of using IRT
in corrosion detection, in different ar-
eas.

IRT inspection modes

Based on how the thermogram is
produced, there are two types of IRT:
active and passive thermography. In
active thermography, an external heat
source is applied when capturing ther-
mogram. In a normal condition, the
temperature gradient between the de-
fective and nondefective (sound) area
is undistinguishable. Immediately after
applying the heat source, the infrared
thermal camera can record the differ-
ence between these two areas. In pas-
sive thermography, no external heat
source is applied when capturing the
thermogram since the temperature dif-
ference between defective and sound
area is so obvious already. Figure 1
shows configuration for these two
modes of IRT.
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Fig.1. IRT modes: a) and b) active, c)
passive thermography

Heat deposition can be done by
a pulse (e.g. flash lamps) or by
modulation (e.g. halogen lamps, la-
ser) or by step stress (e.g. infrared or
quartz lamps). The simplest way of
evaluation is to record a temperature
image sequence after heating and to
evaluate the image sequences.

Corrosion 1is detected and rec-
ognized by analyzing spatial—-
temporal phenomena which occur in
corroded sites subject to stimulated
heating. The heat flux delivered onto
a sample surface by an external or
internal source propagates in-depth
and goes through specific distur-
bances in corroded areas. Peculiari-
ties of such detection technique were

discussed in [5, 6] from the point of
view of non-destructive testing (NDT).
Very few studies were devoted to ana-
lyzing relationship between different
types of corrosion and corresponding
surface temperature patterns [7].

Data analysis

Traditional image analysis rou-
tines are not suitable for processing the
acquired thermal images or thermo-
grams, because of the heating non-
uniformities, which could be a result of
the high tolerances in corrosion depth,
profile and geometry. All of this cre-
ates non-uniform thermal maps. To
provide a complete automated detec-
tion package, image processing soft-
ware (ENVI software was used in the
project) is required to isolate the cor-
roded areas from their surroundings.

The relative material loss (i.e. the
ratio between the residual thickness in
the corroded spot and the thickness of
the defect-free area) is a function of the
temperatures over the defect (corrosive
arca) and the non-defect (sound) area.

The goal is to study the deviation
in the logarithmic temperature time
history slope. This technique is based
on comparing the behavior of a defec-
tive pixel with kernel (21x21) pixels
surrounding [7]. To maximize the ac-
curacy of defect detection, the size of
the local neighborhood should be se-
lected such that it will be larger than
the defect and sizes sought and assure a
stable temperature across the region,
but small enough to be contained
within the smallest area of non-
uniformity. The principle of this tech-
nique is to divide the thermogram im-
age into small local neighborhoods to
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serve as the non-defective behavior
required for the thermal contrast
computation. The contrast will be
computed through the following
equation:

(1) Cli, jt) = Ty i, jo1) =Ty, (¢)
where T; (i,j,f) 1s the temperature of
the k-" pixel at i, j coordinates and
time t , Ts(¢) 1s the average tempera-
ture of the neighborhood surround-
ing the pixel (i, j) at time t .

In contrast to [7] in the work
was also used the median of the sur-
rounding neighborhood temperatures
rather than the average.

The size of the local neighbor-
hood should be selected such that it
will be larger than the corrosive and
sizes sought and assure a stable tem-
perature across the region, but small
enough to be contained within the
smallest area of non-uniformity (its
definition dependant on the applica-
tion at hand). A relative thresholding
step follows, where each pixel in the
thermal image is compared against
the median of its surrounding
neighborhood; if it passes the crite-
rion in (1), its value is boosted with
multiples of the difference from the
median otherwise its value is set to
Zero.

() Ty =T > 4o,

where T} is the temperature of cen-
tral pixel, 7, is the kernel median
temperature, 4 is a scaling factor de-
pendant on the signal to noise ratio
of the thermogram, and oy is the
standard deviation of pixels in the
local neighborhood surrounding.

The result of the procedure is
shown in fig. 2.
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corrosion

100
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Fig.2 Computed contrast

Applying a thersholding step ac-
cording to equation (2) criterion the
result on fig.3 shows the effectiveness
of such approach in isolating the fea-
tures of interest from the rest. A profile
of intensity values is drawn on fig.4 to
show the contrast obtained with this
technique.

orrosion

0

100

200

100 200 300
Fig. 3. Thresholded thermogram.
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Fig.4. Intensity profile
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On fig.5 are shown the original
thermogram and processed image of
hidden corrosion on metallic pipe.

. B

a) original 150 200 250 300
k) processed

Fig.5. The original thermogram —a) and

corresponding processed thermogram-b)

of a sample wit corrosion in the form of
pinhole

To quantify the code perform-
ance, the next criterion can be used:
3 r=rTm

n, — nf
where, n 1s the number of defects
and the subscripts » ,m , f refer to
real defects (from corrosion), missed
defects and false positives found in
the processed image.

This criterion to the processed
images results in average of r = 95
%. Applying the criterion for a sin-
gle image with limited number of
defectives is considered highly con-
servative, and so any r > 80% indi-
cates effective processing.

A computer algorithm using
ENVI software was prepared to per-
form the infrared thermographic
procedures for the sequence of ther-
mograms obtained from the devel-
oped computation scheme.

The thermographic data can be
represented as a thickness map for
the area under inspection. This map
represents all of the data in single

image. The depth in every one pixel is
given by:

4) d(iaj):pcmax(iaj)q tmax(iaj

where d(i, j) 1s the depth at location (G,
j) , p and g are constants determined
experimentally (dependant on the ma-
terial under inspection), #,,,. (i, j) is the
time at position (i, j) taken from the
timegram matrix, C,, (i, j) is the con-
trast value at (i, j) from the contrast
matrix.

The result of the NDT IRT proce-
dure is shown on fig. 6, which shows
corrosion areas in the middle of the
tested metallic sample.

COftosinmn

Fig.6 Reconstructed thickness map
of a metallic sample

Equipment and application of
IR corrosion inspection

During the experimental studies
an infrared camera model FLIR Ther-
maCam SC640, completed with a set
of lenses, SDK, PC, ENVI and Ther-
maCam Researcher software were
used. For active NDT IRT experiments
were used Flash. Quartz and halogen
sets of lamps with different power.

The corrosion degree estimation
may be performed by using one of the
inverse methods [8]. The simplest algo-
rithm connects the relative material
loss and the instantaneous contrast
through the equation:

@ oL _Clrs)

+C(i, j,700)

27

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



where C(i, J, 1., 1s the contrast of a
stationary condition.

The time interval during which
the temperature response at the ma-
terial surface is observed is most
frequently expressed nondimension-
ally, i.e. using the Fourier number:
(5) Fo="3
where a — thermal diffusivity of the
material, (m/s), 7 - time interval, (s),
and L — thickness of the plate, (m).

For large defects the heat trans-
port may be reduced to a one-
dimensional problem. The optimal
inspection time is in the range Fo =
0,6 ~ 2,0, and equation (4) is rec-
ommended. The characterization of
smaller defects of complex shape is
recommended in the interval Fo =
0,3+0,6 [8].

An experimental procedure of
corrosion detection involves identi-
fying a suspicious area by the opera-
tor, then placing a reference point
and, finally, estimating corrosion by
equation (8).

Inspection of corrosion in alu-
minum aircraft panels and above-
ground steel tanks are the two main
areas of application of active IR
thermography. Depending on the
used IR camera’s lenses it can be
covered areas from a sample from
about 10 cm® to 100 m’. A typical
flash duration between 3 and 10 ms
enables an accepted time resolution
even in the inspection of thin alumi-
num. The inspection of steel samples
of up to 15 mm thickness is not a
problem. But thick steel samples re-
quire a large amount of absorbed
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energy that is hard to realize with
available flash tubes.

Therefore, in this case, flash tubes
should be replaced with quartz bulbs
which allow smooth controlling of both
power and pulse duration.

The demand for miniaturization,
multiplicity of materials used, etc. has
opened up serious corrosion problems
in consumer electronics [9]. It is a sec-
tor where passive IRT could be suc-
cessfully used for hidden corrosion de-
tection.

Conclusions

A statistical detection limit can be
of about few percent by material loss.
In case of steel structures of 5-15 mm
thickness, a heating pulse should be
optimized by energy and pulse duration
to ensure a reasonable temperature ele-
vation. A detection limit in this case is
estimated as about 20 % by material
loss with the detection limit being put
by stimulation energy.

A quality approach to thermal
non-destructive testing necessarily re-
quests a close collaboration of experi-
ment and numerical analysis in order to
detect and determine all the relevant
defect parameters.

A real detection limit is put by
surface noise (rust, dust, paint, scratch
etc.). Even on black painted surfaces,
the minimum noise is about 2 % and
the detection limit is ~2 %. If a typical
signal-to-noise ratio is about 3, the
practical corrosion detection limit is
about 5-6 % by material loss.
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Abstract:The report examines the current state of methods and algorithms for determining the absolute
and relative coordinates of radio emitting objects in single station onboard radar systems.
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The main source of information
for air and ground environment for
aircraft 1s the onboard radar system.
These systems are built using the
latest achievements of modern radio-
electronic and computing machinery
and are complex radio-electronic
complexes that have an enormous
impact on the effectiveness of avia-
tion. The scope of aviation includes
air, land and sea objects. Modern
aircraft are required to perform a
variety of purposes, which in turn
require the installation of multi on-
board radar systems, working in "air-
air" and "air-land".

One method for determining the
location of radio emitting objects is
fold direction-finding. It is used in
conducting aerial surveillance of
ground radars. In direction-finding
the stationary radiating source lo-
cated at point T is determined by two
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points P, and P, ( fig.1) which are apart
one from another at a distance L. The
coordinates of the source are deter-
mined by solving APTP,, taking into
account angles ¢, and ¢, and the base
L , which are utilized in relationship

[1].

(1.1) Rlzﬂv
sin(p, — @)
(12)  R,=_ 2o
sm((pz_%)

Where ¢, and ¢, are the objects
in the on-board direction-finding in
points P ,and P, taking into account
the relative direction of flight and coin-
ciding with the longitudinal axis of the
airplane. L being the base for direction-
finding.
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P. V:

fig. 1: Determining the location of an ob-
Jject in fold direction-finding in one plane.

Slight errors in determining the
fold symmetric direction-finding are
obtained, y = 70,5°(y = ¢, — ¢, ), where
the angle is equal to the difference in
the directions of the direction-
findings. In this case the ratio of the
length of R to the object under path
to the base L 1s equal to 0.7 . As for
the given angle y the value is
109.5°. The differences in the num-
bers value, 1s explained by the fact
that many small errors in the loca-
tion [2,3,1] using different criteria: in
[2,3] The magnitude is very small
“r/ . B[l]-0, /R. In carrying out the

assignment with an airplane the error
1s important in determining the loca-
tion of the object, relating to the dis-
tance of the object taking into into
account that the magnitude of the
base is variable and can be selected
depending on the conditions of its
use in [1]. It has been proven, that
fold direction-finding on base com-
pared on to the remoteness of the
object on the traverza line and accu-
racy of direction-finding to 1° rela-
tive error of the determining the lo-
cation is about 3-5%._In this case it
1s assumed that the coordinates of
the aircraft, from which direction-
finding is carried out determined
with significantly greater accuracy,
than the coordinates of the object.

But because of inaccuracy errors re-
sulting LA may not be taken into ac-
count. Another method for determining
the location of radio emitting objects is
repeated direction-finding In the
process of aerial surveillance is possi-
ble straight flight of the aircraft as well
as measurement of bearing of radio
emitting object at regular intervals.
Which in [1] are obtained algorithms
for processing measurement results
according to the methods of the squares
and weight factors. The bearing of the
object is measured consequently, ac-
cording to the approach of the beam
line and away from it. In terms of accu-
racy it is appropriate for such a se-
quence for processing, two bearings are
selected corresponding to one of the
measurements, to be symmetrical to the
line of the beam. When there is no
symmetry the errors regarding the loca-
tion of the object increase dramatically.
With a large number of bearings (more
than 10) the optimal angle between the
end bearings is about 102.67°. The re-
sults of modeling show, the potential
accuracy of the local determination
process by the method of least squares
and the method of angular coefficients
is the same when the bearings, partici-
pating in the weighing procedure are
symmetrical to the beam. There is an-
other method for determining the loca-
tion of radio emitting objects which is
based on small angles of direction-
finding. Sometimes in aviation it is re-
quired a flight to the ground radar-by
the shortest path. In this case it is nec-
essary to determine the distance of the
object at small angles to the bearing of
the object._The bearings of the radar
are measured in: point P, on the initial
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detection (distance R,) and a point
P, of transmission (R,).
T

F R,

R

fig.2 Determining the location of a station-
ary target in the case of small angles for
direction-finding.

In [1] is found the dependence of the
relative error of determining the rela-
tive distance from the course pa-
rameter. It shows the ratio of the
length of the perpendicular TF spent
from the point of object position
along the course line to the plane
distance R,. When the course pa-

rameter is less than 0.3 value and
errors of measurement of bearing 1-2
method for fold direction-finding
without a special maneuver is inap-
propriate because the relative error
in measuring the distance exceeds
25%. The kinematic method for de-
termining the location of the radio
emitting objects in its simplest varia-
tion is presented by taking the pat-
tern of relative motion in a plane
which is described by the equation:

[4].

y
1.2 ==
1) W=l

where w— angular velocity of

the line of sight ; V velocity of the
aircraft towards the object, the per-
pendicular line of sight and it’s

32

called the tangent; R - distance to the
object(since its stationary, then V is the
projection of velocity of the aircraft
towards the line of sight). If quantities
have values they go into formula (1.2),
error in calculating the distance is de-
termined by the expression

(1.3) AR:AV’CO_ZACUV’ ,
w
Where:
AR=R-RA®w=0-0;AV =V, -V ;
R,®,V, - estimates of relative values. If

and

errors are considered Aw and
AV,Gaussian and mathematical expec-

tations are equal to zero not correlated
among themselves. This mathematical
expectation of the error AR and the
value of R are equal to zero and the
dispersion D, of the error is found by:
2
(1.4) D, :w ,
w

where D,and D, are the dispersions of
the errors of evaluation onV,and .
From (1.4) follows that the lesser D,

is, the greater wis. When R 1s a con-
stant ® increases and can reach V,,

which is provided at the expense of
increasing the rate towards the line of
sight representing the speed of the air-
plane. As a result of this the aircraft is
forced to maneuver away from the ob-
ject. This conflicts with the need to
maintain a defined path for targeting.
At the same time the single determin-
ing of the distance may be insufficient
because the targeting process requires
periodic adjustment of the coordinates
of the object if it is moving. The main
conclusion from the information relied
is that the use of methods for determin-
ing location and to achieve acceptable
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accuracy is necessary to form a spe-
cial flight path for the aircraft. The
simplified kinematic method for de-
termining the coordinates of radio
emitting objects allows determining
the distance of the radio emitting
object with the onboard radar of the
aircraft ~ automatically  without
searching for data from other indica-
tors. If it is assumed that the object
and the aircraft are moving in the
same plane. With it is assumed that
the object and the aircraft are mov-
ing in the same plane. The Radar
onboard the plane P (Fig. 2) accepts
a signal from the radio-electronic
device that is mounted on the plane
T and it measures angular position
(board bearing) of the object ¢, and

angular velocity of the line of sight
of the object[4,5].

(1.5) w, =dE, /dt,

where E, is the angle of sight
at time t,.

Angular velocity of sight is re-
lated to the distance R, to the object

and tangent component V e/l of the

linear velocity of the moving object
relative to the airplane._This tangent

is:
(1.6) V,, =Vysing+V,sinp=V,, +V,,,
where q is the trajectory angle of the
object;_V, - velocity of the object;
V, - the speed of the airplane; V ,
and V ,, - - tangents, speeds compris-
ing the object and the plane.

Fig. 3: Determining the coordinates of the
object in a simple kinematic method.

Under certain values of the veloci-
ties V,, V, and the angles q, ¢,the

value of the the angular velocity o,

makes it possible to Find the distance
to the object.

(1.7) R =VT sing+V, sin g,

a)l

But the speed of the object 7,
and the angle q are unknown. In this
case, the plane P maneuvers in one di-
rection or another depending on the
line of sight LOS, .(Fig. 3) by altering
the angular position of the line of sight
and thus bearing of the object._Where
objects take on a new significance ¢,.
Obviously, this maneuver led to a
change in angular velocity of the line
of sight, if ignored the change of the
course angle q during the maneuver is

equal to:
(1.8) o, " sianI;VP sin @,
2

The difference in angular veloci-
ties o, and o, after the maneuver

of the aircraft is determined by the re-
lationship:

(1.9)
Av=ay -,

_Vsing+V,singg  V sing+V,sing,
R R,
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_ V. sin q[L B L] N Vpsing, Vpsing,
R] R2 R] R2

With the change of the dis-

tance to the object during the meas-

urement can be neglected. Therefore

R,=R, which allows to simplify the

expression (1.9):

(1.10) Aw = RL[VP (sinp, —sing, )], or

2
(1.11) Aw=AV,, /R,
The magnitude AV, =V,,-V,,

characterizes the change of the rela-
tive tangent velocity of the object
which is determined by the maneu-
ver of the aircraft P. It aircraft. The
increase of the angular velocity Aw
1s under continuous survey of the
angular coordinates of the object by

calculating the angular velocities.
(1.12)

Distance to objectR,is deter-

mined by the results of the meas-
urements as the ratio increases AV, -

Ao=w,-o,

the tangential velocity of the aircraft
to Aw - the angular velocity of the
line of sight.

(1.13) R, =AV, [Aw

The analysis of the exact distance to
the object shows that the calculation
of the distance formula (1.13)_leads
to significant errors. For large
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distances to the object, the error in
calculating the distance increases
substantially. This 1s necessary to
introduce additional filtration to the
parameter distance using the Kalman
filter 1.e. it is necessary to move to a
cinematic method to calculate the
spatial coordinates. In this case,
sequential amendments to the discrete
values AV, and A can be performed

using a filter assessing the distance of
the object and as a result, significantly
reduces the error of calculating R.

References:

[1].Melnikov, JP - Methods for assessing ef-
ficiency of a radio aerial reconnaissance - St.
Petersburg: Nestor, 1998.

[2]. Shortcuts MS - Statistical theory of navi-
gation - M.: Radio and Communication, 1985
[3]. Saybel AG - Foundations of precision
radio positioning methods - Moscow Obo-
rongiz, 1958.

[4]. Stimson, George W. - Introduction to
Airborne Radar. Second edition, Sci Tech
Publishing, Inc. Mendham, New Jersey, 1998.
[5]. Dudnik PI - Radar Disks safety of flight
and combat employment of aircraft at low
altitudes,MA:

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



Journal scientific and applied research Nel, 2012
Association Scientific and Applied Research
International Journal

ISSN 1314-6289

:
Original Contribution

AJI'OPUTDHBM 3A 3AILIUTA HA UTHOPOPMALIMSATA B
ABTOMATHU3UPAHU CUCTEMU

Beasina M. KeasizoBa, UBan b. Hukonaen
Aopec: I'p. Pyce, yn. "Huw" Ne 32, ¢x. 1., em. 4, an.8 , phone 0883347201, email: mjeliazov@uni-ruse.bg

ALGORITHM FOR INFORMATION PROTECTION IN THE AUTO-
MATED SYSTEMS

Velqna M. Zhelyazova, Ivan B. Nikolaev

Abstract: This scientific report proposes Algorithm to protect information from unauthorized access
(IPUA) in the automated systems (AS) with integrated procedures of analysis and synthesis. Currently, the
insurance of the information safety (IS) in the automated systems for information processing in the management
of different objects becomes a major importance. These objects include: telecommunication systems, banking
systems, systems providing the work of the atom electro stations, systems for management of sea, air and land
transport, systems for processing and storing of confidential and secret information [1, 2, and 9]. The high us-
age of local, corporative and global networks with the appliance of open protocols for data transmission
intensifies the problem with the information protection.

Key words: information  protection,

There are special systems for
information protection: problem-
based systems and subsystems
containing technical and software
protection resources [1, 2, 9]. The
system for information protection
(SIP) represents a combination of
bodies, used technology, objects for
protection, organized and functio-
ning according to the rules, stated by
the matching legal, organization-
regulating and normative documents
[10]. The issue for information
protection from unauthorized access
is a part from the general one,
regarding information security that is
why within the systems for
information protection (IP), there
appears to be a new structure. This is

Structure

synthesis,  administrators and  services

a complex of organizational criteria,
program-technical (including crypto-
graphic) resources for information
protection in the ACS. The main
problems for providing information
security in the ACS that need to be
solved during the development of the
protection systems can be separated [1,
2,9]:

1. Providing security of the
data, especially when it is stored,
processed and transferred through the
connecting channels (by cryptography,
access division, etc.);

2. Providing security of the
machine resources(specialized verifica-
tions of the integrated devices, special

researches of  the  peripheral
electromagnetic emissions and
35
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directing of the program provision,
additional verifications for absence
of hidden or non proved functions);

3. Creating a program-ma-
chinery resources for protection(for
a separated workplace, network and
internet work workplaces);

4. Developing of the al-
ready mentioned directions with
organization technical measures
within  the system  providing
information  security. For the
creation of systems for information
protection, the nature of possible
threats, the forms and conditions in
which they would appear in the
ACS, need to be defined. The
solution to this issue might be
expressed by reducing the whole
variety of threats and their methods
of impact to their simple forms [1, 2,
and 9]. The object considered for
protection is the calculating system
which could be a part from a big
ACS [1, 2, and 9]. This way, [2...4]
the SIP is a complicated organization
technical system including different
program-technical and program and
methodical complexes with a big
number of various parameters. That
1s why the creation of a SIP demands
the developing of a matching
mathematical and program
provision, designed for a system for
automated projecting (SAP) and for
increasing the efficiency of the
information security resources. In
this case, it needs to be taken into
account the big amount of issues that
can be resolved by program
resources for information protection.
That is because of their universality,
reliability, simple practical putting

36

into effect and a possible modification.
AP of SPUA must include subsystems
and resources that support the inter-
connected development of program
machine complexes. The order of pro-
jecting SAP of systems for protection
from unauthorized access is character-
ized by multi-staging and includes a
whole succession of analysis and syn-
thesis procedures. In the practice, it is
usually necessary the solution of two
major problems-the synthesis of a sys-
tem for information security in the
process of creating ACS and the analy-
sis of the efficiency of this system dur-
ing its functioning.

e Projecting of a SIP together
with the developing of the protected
ACS itself by beginning from the for-
mulating of the general conception at
all stages: developing the technical
proposal; technical project; preparing
work documentation; verification and
transmitting from the commissioner.
The non-fulfillment of this principle
might lead to a low efficiency of the
protection, deflection of additional re-
sources and increasing the losses upon
providing the demanded stage of pro-
tection. This way, the requirements for
SIP form a hierarchical system and
they must be included in the general
technical assignment of ACS and in the
separated technical assignments of the
subsystems.

e Development of the SIP must be
accomplished by specialists with de-
manded qualification that would pro-
vide a complex solution to the prob-
lems of the IS, development of the pro-
gram insurance and the program tech-
nical complexes, organization and sys-
tem issues. The systems need to follow
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the requirements for efficiency with
minimum excess, increasing their
reliability.

e An additional requirement is
providing privacy of the documenta-
tion and official information. The
structure of the SIP projecting proc-
ess 1s shown in Figurel, where an
algorithm with procedures of synthe-
sis and analysis is illustrated. Corre-
sponding to the algorithm, in the
process of developing SIP there
might be separated the following
stages:

1. Analysis of the informa-
tional technical characteristics of the
ACS and formation of a multitude of
out coming data for development of
SIP-the number of demanded pa-
rameters is defined.

2. Analysis of the require-
ments regarding the information
safety of the ACS, formation of the
technical assignment of SIP, forma-
tion of amount of indicators for its
efficiency and defining of limits
providing the minimum acceptable
level of protection.

3. Defining and analysis of the
possible channels for unauthorized
access-searching for all possible
channels responsible for leaking of
information. Making a list, con-
sisting of all threats for the informa-
tion and composing their mathemati-
cal models.

4. Forming of a list of poten-
tial transgressors-based on the nor-
mative documents, literary sources,
accumulated experience, and taking
into consideration the specific work
conditions of ACS, a model of the

potential transgressors is formed, and a
sub-majority of all channels for infor-
mational leaks is determined.

5. Forming of a list of major re-
quirements for the resources for IP -
it’s made after analyzing of the possi-
ble channels for informational leaks,
the potential threats and transgressors.
The resources for IP have to ensure
collapse of the existing channels and
protection of appearance of new chan-
nels for informational leaks.

6. Selection or developing of
program resources for IP-selection of
the demanded software from the exist-
ing program products and creation of
new ones in order to increase the reli-
ability of the SIP.

7. Selection of technical re-
sources for IP. These resources must
fulfill exact requirements, providing
the necessary protection at a machine
level. These technical resources must
fulfill the program resources for IP and
provide compatibility and stable func-
tioning of the programs for IP.

8. Structure synthesis and optimi-
zation of the composition of the SIP is
accomplished, in order to ensure full
coverage of all channels for informa-
tional leaks.

9. Analysis and evaluation of the
criterion efficiency of the resources
complex for IP. If any defects of the
SIP are detected, a method for their
removal is offered.

10.  Completing  (modifying,
adapting) and parametric optimization
of the resources complex for IP-
removing the defects and adaptation of
the conditions for functioning.
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Complicating and evaluation of
the efficiency of the program techni-
cal complexes for IP-integrating of
the subsystems and the elements for
I[P and ensuring information com-
patibility, centralized control and
management by the automated
workplaces of the administrators and
services for IS; complex evaluation
of the efficiency of the whole pro-
gram technical complex for IPUA,
the stage of protection from unau-
thorized access and the work stabil-
ity in critical situations. In case of
detecting any defects, the compo-
nents of the system get additional
completing and their interaction gets
corrected, separate resources for pro-
tection get changed, a duplicate of
the most often appearing threats and
channels for unauthorized access is
integrated. Through the implement-
ing of the described procedures, a
program technical complex for IP
might become highly resistant to
preliminary assigned outer and in-
ternal influence. The analysis of the
actual content at these stages allows
to conclude that they include not
only poorly formalized tasks requir-
ing qualified professionals to solve
them, attracting experts using heuris-
tic methods and approaches, but also
tasks which can be formalized in
within the structural synthesis, opti-
mization and parametric identifica-
tion by attracting basics of mathe-
matical programming. One of the
major issues is the choosing from the
multitude of available resources that
allow forming the structure of a cer-
tain system for information protec-
tion ensuring the coverage of all

open channels for informational leaks.
Usually, the multitude of protection
resources at a network stage includes
the following: control of the access to
the object territory, the server premises
and the workstations; control of the
installations opening; encoding the in-
formation for service access to the
server and the separate personal com-
puters at the workstations; understand-
ing, distinguishing and control of the
access to the resources of the network,
the operating systems, the database, the
program insurance and the subscribers’
data; decreasing the noise level and the
number of operations responsible for
transforming the information; control
of the entireness of the informational
program surroundings at a workstation
and used software insurance level.

The choosing of the necessary
resources from the multitude of acces-
sible ones represents a problem regard-
ing an optimal structure synthesis of a
complex system [2-4], aiming maxi-
mum following of the requirements for
SIP. These requirements are placed at
the base of the matching objective
functions and restrictions. That is why
the choosing of the matching resources
is a problem of a primary importance
because the results of its solution are
out coming base for the solution for all
this upcoming problems, especially the
synthesis and the optimization.

Specific quarrymen’s for means of
IS, determined by the specifics of digi-
tal information processing, are deter-
mined by the following factors: nature
of the processed information, down-
time of the information in ACS, the
volume of information, structure of
ACS, the type of the protected infor-
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mation, technology used in process-
ing, nature of the calculation process
in the ACS, stage of the lifecycle of
the ACS. Requirements dictated by
the technological schemes for auto-
mated processing in the ACS can be
brought to the level that in active
condition the ACS must be provided
with protection in all areas of auto-
matic processing and in all modes.
From a standpoint of organization of
the calculation process required in
the ACS, protection should be pro-
vided at each level of automation of
processing in all forms of interaction
between subscribers by means of
automation in all operating modes of
the complexes by means of automa-
tion.

In conclusion, it might be stated that
the formation of the multitude of re-
quirements regarding the resources
for IP which are adequate to their
purpose and level of disposition of
the ACS to the security level, is the
most important problem, defining
the characteristics of the projected
system for protection and the neces-
sary resources.
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Abstract: The ever increasing interest in the adaptive control, especially in the various aspects of identifi-
cation and estimation of the subjects of the control is a natural reaction to two existing tendencies in the evolution
of the systems for adaptive control. The first of these tendencies is connected with the increasing requirements
concerning the higher quality of the control systems, which reflects on the requirements placed on the modeling of
the plants of the control used in the synthesis of the systems in question. The second tendency is connected with
the considerable progress made in the computer technique and the actual possibilities of its use in the solution of
complicated problems in the failure identification and diagnostics. The approach suggested, based on the use of
the functions of Walsh is the most effective means for analysis because the practicable application of the Wiener's

theory to the non-linear systems considered.
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The ever increasing interest in the
adaptive control, especially in the vari-
ous aspects of identification and esti-
mation of the subjects of the control is
a natural reaction to two existing ten-
dencies in the evolution of the systems
for adaptive control. The first of these
tendencies is connected with the in-
creasing requirements concerning the
higher quality of the control systems,
which reflects on the requirements
placed on the modeling of the plants of
the control used in the synthesis of the

systems in question. The second ten-
dency is connected with the consider-
able progress made in the computer
technique and the actual possibilities of
its use in the solution of complicated
problems in the failure identification
and diagnostics.

The knowledge of the current in-
formation about the dynamic state of
the system functioning enables, on one
side, the programming of an optimum
control through the adaptation to
changing external condition, and on the
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other side, taking relevant and timely
decisions by failure in the sub-systems
of the systems for adaptive control. The
adaptation is a mark of complexity of
the systems for control that usually per-
form under conditions of a considerable
"a priori" uncertainty. Most often this
uncertainty is reduced to uncertainty of
the model of the controlled plant. In
this case the architecture of such a sys-
tem includes a sub-system for real-time
evaluation of the parameters of the
plant model, thus enabling completely
adjustment of the parameters of the
system by a parametric discord or even
changes in the systems structure of
control by failures.

The diagnostics of the failures
carried out by the sub-system for
evaluation makes possibly the switch-
ing on of supplementary stages or sub-
systems into the circuit of the control-
ling part of the system of automatic
control or even introducing architec-
tural rearrangements with the use of
additional sub-systems. The sub-system
for evaluation of the performance con-
ditions should possess high speed and
relevant sensitivity to be able to gener-
ate any given an accurate model of the
controlled non-stationary plant.

The plant's identification in a
closed circuit of adaptive control im-
poses certain restrictions by the tradi-
tionally employed algorithms for
evaluation. This is due to the linearity
of the relation between the controlled
inputs and the noise-corrected outputs
of the plant through the application of a
feedback. It 1s seemed necessary to
develop special methods for controlled
plants' identification for the purpose of
adaptive control. Evidently those
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methods should posses the following
features: high speed of action, noise
proof operation, high sensitivity, possi-
bilities for failure warning and simplic-
ity of algorithms. Those features are a
prerequisite for a truthful and reliable
diagnostic of the plant performance.

To a great extent, the active statis-
tical method of identification of the
plant’s dynamic behavior with testing
random signal possesses the mentioned
merits. They make possibly, if optimal
parameters and intensity of signals se-
lected, to probe the plant without dis-
turbing the regime of its performance.

The Wiener theory of non-linear
system analysis gives a presentation for
the output of the unknown system as a
set of orthogonal functionsC,[K,,x(7)]

where {K,} is a sequence of nuclei

characteristic for the non- linear sys-
tem; x(7) is the mput of the system.

The functional appear orthogonal in the
sense, that if at the input of the system
is applied a white noise, the following
relationship will be

valid:0{G, [ K,.x(1)]G,[K,.x(t)]} =0,

n=m, where the symbol 6 can note
averaging for he population.

The sequence of nuclei can be de-
termined through the devising of paral-
lel filters having relevant pulse charac-
teristics and  constituting a complete
set of orthogonal functions[ 7, (¢)]. At

the input of the system analyzed and
the filter appears white noisex(¢). The

output of the system is multiplied by
the outputs of the parallel filters and the
resulting signal is applied to the input
of the stage which is integrating along
the time axis (averaging) — Fig.1
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x(1) identified
systetm

computer

i=L2,...n

<

Fig.1

On the assumption, that the system un-
der analysis is a linear one (the method
can he extended for non-linear system
too) we can obtain for the output signal
of the system:

o0

(1) y(t)=_[x(t—z')h(z')dr,

0

where #(7) is the pulse transfer func-

tion of the system plant to determina-
tion.

Similarly, the output signal of any j-th
fitter will be:

) z,(t)= ! x(t—7)w,(z)de

Time-averaging the above indicated

signals, the average value 4, could be

obtained, depending on the j-th and
equal to filter

() 4,=x(1)z(1) hm_jy (t)dt

Based on equations (1), (2), (3) and
averaging with the multitude (taking
into account the argotic nature) of
white noise x(7)is obtained:

)
4=

or

a’z'dr

[ ERROIE

(5) A, =ij (7)h(7)dr

Equation (5) is an integral equation of
the identification in terms ofx(z).
Taking into account its orthogonal

character, its solution in simplest form
1s obtained as a converging series:

©)  h(e)=2Aw(7)

Let the number of the parallel filters is
n. Then as a result of the averaging
procedures the coefficient C,, ,is ob-

tained. This a coefficient of the dissolu-
tion of the nuclei in the form of a sum
of n-fold products of the func-
tions F, (U) :

K, (U,,U,,...,U, )=

ZZ ZCPPZ 7 (U)-F (U, )

P=0 p,=0
Let us make use of the properties of the
functions of Walsh:

Jl'wn(t1 @1, )w(t,)dr,

(7)
Iw w(t, @1, )dr

which is analogous to the properties of
the integral of pressing (contraction).
This analogy, as well as the analogy
between the expression above and the
Hinchin-Wiener theorem is opted as a
basis for the approach outlined for
evaluation of the characteristics of non-
linear system. The filters of Walsh are
equal of the parallel filters from the
theory of Wiener, transforming the in-
put f(t) into an output function:

(8) Iw t@u)du

or
(9) y(t):anwn (t)
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If A 1s the dispersion of the white noise
at the input of the filter, the coefficients
of the output of the filter have a Gaus-
sian distribution and parameters ob-
tained  from  the  relationship:
{a,} =0;{a,a,}=46,, where &, is the

symbol of Kroniker. As x( 1)---x(fn)= 0
for uneven

for  unever values of n and
{x(tl)...x(tn)}=ZH{

x(t,)x(t,)}s,,  for

even values of n, where the sum-
ming is carried out in terms of all prod-
ucts of pairs of multiplicands, it follows

{apl,apz " } =0 i1f n 1s uneven, and
(10)

p— L

if n is even.

Let the signal at the output of the non-

linear system is related to the input sig-
nal according to the equation:

ay  r(0=36,[#,.x(0)]

where {G,} is a set of orthogonal func-

tions by the relevant change of the con-
traction integral by the operator @ (or-
der of magnitude summation following
mod 2 ). By n = 1,2,3,... the following
relationships are valid:
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(12) G,[H,.x(t)]=H,;

=_(i).H1(u)du;

G[H x ]—

IIH uv
G, H,,x(1)] =

11
JIH3 u, v, w)x(t®@u)x(t®v)x(1®w)dudvdw -
00

G [H1:x(1)]

1
x(1®u) (t(-Bv)dudv—AJ‘H2 (u,v)du;
0

& ) —

—SAIIH3 (u,v, w)x(t G—)u)dudv.
00

The nuclei {H,} are obtained through

the solution of the result in a series o
Walsh-Fourier, following:

(13) }ﬂ@:iqMW)
(14) EDIWANC)

i=0 j=0

If white noise applied to the input of

the system, then: x( Zakwk t)and

the output signal can be present as (ac-
counting for the orthogonal equations

(11), (12), (13) and (14)):

(15) y@=m+g%qm@ﬁ

+ iiaiajdywi ()~ Aidﬁ te
=0

i=0 j=0
Making use of the basic multiplication
character of the functions of Walsh,
the output signal of the system is pre-
sented in the form:

16)  y(1)=Ybw(t

The coefficients b, are calculated

through comparison with the same co-
efficients by w,(¢),k#0 using equa-

tions (15) and (16).
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(17) bo=a,C,+Y > aad, +.
where the asterisk * denotes a double
summation for those indices for which
i®j=k. Assuming that k=0 it fol-
lows from the properties of the operator
used,

that i= j. For k=0:

(18)

b,=H, +a0co+2al , AZdij+...
i=0

From the last equation it follows, that
{b,} = H because the second term at
right hand side part of the equation (18)
1s zero (according to the equation (10)),
{a,}=0 and{q,}=4 . The remaining
terms of the equation are also equal of
zero because of the same reasons.

As evident from Fig.2, the coefficients
of Walsh-Fourier are obtained through

the equation: C, ={a,b,}/ 4

2 (f

e

identified
system

Jrietene

e |

Fig.2

As a proof of this relationship, let us
consider the output of filter of z(t).
Following equation (3) we
Writez( )=a,w,(¢): thus

Iy dt—Zbaank

As {w,(¢)}is an orthogonal set of func-

tions in the interval [0,1] the above re-
lationship is reduced to

[0

can
aw

t)dt=a,b, . From equation (17)

with k=0 1S obtained:

{a,b,}= iC, +22{a1a1an} .

therefore, aceountlng for equation (10)
is obtained: {a,b,}=AC,, which is the
proof needed. In Fig.3 is presented the

llustration of method for determination

of nuclei of second order 7, , , .

iy(f)zm«rf }——{ ey ‘

2%, g + A B} 8

Fig.3

The coefficients Hy(u,v) are found from
the equation:
5)’!"’[ } .

_ 1 {anambn@m} B {bo}
"2 A A
The proof for the result indicated above
is based on the use of the multiplicative
and orthogonal characteristics of the
function of Walsh. The approach sug-
gested, based on the use of the func-
tions of Walsh is the most effective
means for analysis because the practi-
cable application of the Wiener's theory
to the non-linear systems considered.
The current information received in the
process of identification can he used
not only in the self-adjustment of the
system, but for diagnostics of the fail-
ures and prevention of critic-situations.
Both problems, the self-adjustment and
control of the state of the system car-
ried out by the sub-system for estima-
tion of the subject and can be solved
within the possibilities offered by a
specialized numerical computing de-
vice (NCD). Such an adaptive system
for automatic control and identification
of the dynamic characteristics of the
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plant controlled should make use of
combined principle of control: adaptive
control, by a relatively slow drift of
parameters of the changes in of the
configuration of the controlling part or
by a step-like change of the parameters
following a failure, in some sub-
system. The state of system for control
is described by a "so called" vector of
identification parameters of the closed
circuit system. An example is the coef-
ficients of the Walsh-Fourier series in
the sequence of nuclei obtained in the
outlined approach. Besides, it is neces-
sary to select the components of the
vector of identification according to the
criteria for maximum sensitivity of the
system towards changes of its parame-
ters. The problem concerning the clas-
sification of the states of the system can
be solved based on the application of
the theory of 1mage identification: it is
necessary to consider the set of identi-
fiable parameters A based on one de-
fined (in advance) prognosis (slate).
The set of slates of the system R is bro-
ken into sub-sets 0,;Q, — a set of states,

corresponding to a working system,
0;i=1,2,..,N set of states correspond-

ing to a failed (non-working) system,
due to a failure of the i-th sub-system.
The diagnostic is carried out, based on
the distance of the current vector A to
the vectors corresponding to the par-

ticular sub-sets 4,4, or based on the

distance to the standards 4", ,4", , the

co-ordinates of which are the average
of the coordinates belonging to a de-
fined set with an approach like the out-
lined above, all solutions concerning
any possible failure, should be fore-
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seeing advance. Besides, it is necessary
to select the most informative identifi-
able parameters, their order, as well as
the question concerning the coding of
the vector of the identifiable parame-
ters, aiming at defining the solution —
logical function used in the classifica-
tion of the states of system. The use of
the algorithm with the computing de-
vice, presupposes the fulfillment of the
following sequence of operations:

- Periodical measurement of the identi-
fiable parameter;

- Classification of the states of the sys-
tem (finding of the solving logical
function);

- Generating of the signals for self-
adjustment of the system (availability
of a set of parameter for self-adjust
men I for control of plant and control-
ling system) by an absence of failures.
Generation of controlling actions
makes the relevant switching active in
the controlling part of the system by a
failure. The approach to the adaptive
systems for control is very effective by
the design of numerical (multi-
processor) system for control, plant to
rigid requirements for high reliability
changes into the system's structure, ef-
fecting the connect ions between the
input devices, the processors, the ele-
ments of the memory, the out put de-
vices. The controlling part and the sub-
system for evaluation can be designed
as a multi-processor controlling com-
plex.
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Abstract: In the systems with spread spectrum signal the quasi-coherent acceptance can not be made
without prior synchronization, because in the real conditions the phase, position of time and Doppler shift

frequency are unknown.

For the purposes of processing of quasi-coherent SSS should make the introduction of tracking devices
in step with an accuracy determined by the area of the grip devices.

The accuracy of determining the frequency and the delay of the received signal must be determined by

the appropriate intervals of the correlation of the signal.

To minimize the time for initial synchronization, the signal should be changed so that the
autocorrelation function at each stage to be agreed with the necessary increase in aposteriority density.

Keywords: synchronization, quasi-coherent acceptance.

Introduction

As it is known, the development
of aviation and space equipment led
to the creation of compatible multi-
functional radio communication sys-
tems.

It measuring of parameters of the
movement of the controlled object,

two-role synchronization and trans-

mission of information are merged

within a single radio engineering sys-

tem, based on the multipurpose use of

signals SSS a carrier of information.
As such a signal 1s used SSS.
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The multiple roles allow simpli-
fying on-board and ground equipment
to reduce weight, dimensions and
power consumption.

This is because SSS is typical for
the presence of discrete and continu-
ous parameters.

However in the high criteria in
aviation-space systems on the quality
of transmission of information in-
crease the importance and role of the
optimal methods for forming and
processing of signals.

At the present time, coherent ra-
dio links are those that allow their
properties to almost reach the condi-
tions for optimal signal reception, but
this is related to solving one of the
most difficult problems the establish-
ment of synchronization.

In conjunction with SSS systems
the receiver does not know of two ma-
jor parameters of the signal. This is
the time of the initial phase of the
code sequence and frequency of the
carrier and each of them must be set
before the start of the work in the re-
ceiver mode of reception information.

This work deals with this issue.

Initial conditions

In the transmission of analog
messages A (t) signal structure is
known to the receiver and is not
changed, so the optimal quasi-
coherent reception of such signals ma-
terializes in rules, arising in particular
from the results of the theory of
nonlinear filtration.

In the case of discrete messages
and dependence of SSS ever changing
parasitic parameters (phase, delay)
devices for quasi-coherent reception
are significantly complicated.
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Transmitted messages reflect
random events or processes that de-
termine their probability description.

If the message is determined at
any moment of time, it describes a r

andom process.
Broad class processes are random
processes Markov, asked by the sto-
chastic differential equations of the
type:
M k() KT,
where &(t) is white noise with unit
spectral density K1 and K2 are the
coefficients of transmission and diffu-
S10n process.
In the simplest type of expression (1)
has type:

@ W i)em ),

who describing the process, formed
by white noise n,(z) in its passage
through the RC filter.

The value of o = 43 c 1s deter-

mined by time constant filter 7 = RC
From the choice of T depends

on the width of the spectrum of the

process A(t) and time correlation

Tk = % .
Correlation function of the proc-
ess A(t) is determined in this case by:

R,(r)=0; exp(—gj, where o7 is
T

the dispersion process.

The Markov process described
by equation (1) may be compared to
the probability density equation:

3)

5ng”) 2Kyl 0,5%[K2(/1,z)+ W)= L, ()
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Here L, is denoted by the operator of
Fokker-Planck-Kolmogorov.

When describing the more com-
plex messages accordingly using
more complex models of processes
Markov, but in this case is com-
pounded only type of operator L,

Modulation  of  information

communications systems SSS can be
implemented in any of the known
methods.
In the case of Phase shift keying
(Phase manipulation) SSS for the time
period specified by pseudorandom
sequence (PRS), the signal can be rep-
resented as:

4)
s(t) = aOZrec{ﬂ} sin(ot +@,) »
k=1 Z;

1

where ¢, phase is receive discrete

values in accordance with the law of
the following symbols of the PRS.
In the case of binary phase manipula-
tion signal (4) adopt kinds:
(5)  s(e)=apg(t)cos(@pt + ¢y),
where g (t) is binary PRS described
should cocoa

glt)= ivkrect[—t ~(k =), };vk = +1

k=1 T

The phase shift keying SSS with
phase modulation and analog message
A(¢) can be described by:

s(t) = aog(r)cos(wyt + wAlt))

This signal is formed on the
transmitting side

Initial synchronization in sys-
tems with SSS

In systems with SSS having base
B >> 1 quasi-coherent acceptance can
not be made without prior / home /
base synchronization. In real terms in

connection with the entry, the time
position, phase, Doppler shift fre-
quency of SSS are unknown.

It is therefore necessary to carry
out a search in the space of SSS speci-
fied parameters, i.e. starting synchro-
nization of the system. Search process
requires significant resources of time
and equipment, especially in a large a
priori uncertainty. In connection with
these issues and demand determina-
tion of SSS is an important task,
which is independent in deciding the
processes of synchronization in sys-
tems with SSS.

This is because the establishment
of synchronous mode of receiver, you
first need to decide the task of initial
synchronization following the initial
uncertainty of the frequency and time
of reception of the signal.

For the purposes of processing of
quasi-coherent SSS should make the
introduction of tracking devices in
step with an accuracy determined by
the area of the grip device.

Normally systems with SSS it is
less than the area of uncertainty of the
parameters of the signal, suggesting
demand for SSS in the field of uncer-
tainty.

The accuracy of determining the
frequency and the delay of the re-
ceived signal must be determined by
the appropriate intervalsAf,, Az, of

the correlation of the signal, limiting
the area of grip.

So the whole area of uncertainty on
the time-frequency plane can be di-
vided into elementary rectangular fi-
nal cell with number of countries

Af:%T and AT:%F’ where T and
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F are respectively the signal length
and the breadth of its spectrum.

The search task is to recognize the M
signals. The value of M to determine
the number of cells in the area of un-
certainty (Fig.1).

Af %

A

Qur.1

Optimal rule of recognition to
maximize the probability of correct
decision is the calculation of the cor-
relation integrals for all anticipated
values of the parameters and decision
in accordance with the maximum of
them.

In the optimization of search cri-
teria based on minimum time speci-
fied in the search for the correct de-
tection probability of the signal, or
most likely at this time of the search
set.

Most long is the process of seek-
ing a delay in SSS.

The most simple search on the
delay is built on the basis of Single
circuit containing pseudorandom se-
quence generator (PRS), multiplier,
low-pass filter (LPF) detector (D), a
decision device (DD), Fig.2.

In view of the delay control sig-
nal to supporting the scheme includes
a control unit (CU), pulse counter
(PC) device rejection (DR).
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Clock (CLK) generates a sequence
which does count in determining the
number of stroke to reside in a cell
search.

After the expiry of the time of
analysis7, = NT;, the meter is filled

and submitted to the command in
structure for management, which to-
gether with the device for rejection
reject the required number of clock
pulses, which change pseudorandom
sequence delay.

Consequently, the timing of de-
mand is determined by the number of
cells analyzed and the time for analy-
sis of each step.

The time required to search for
signals with large base, such as SSS is
great, especially in small relations
signal noise.

—(%— LPF | —| D DR
PRS rc | cx
cU — Fs
t
dr.2

In this connection, using differ-
ent procedures, acceleration of de-
mand in late SSS: statement of
purpose procedures, multi-search, use
of composite sequences, use of spe-
cial signals for starting synchroniza-
tion and others.

The purpose of the proposed
work is to establish requirements for
the structure of SSS that under limited
resources, minimizing initial synchro-
nization time of the radio communica-
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tion systems (RCS) for the transmis-
sion of information.

Requirements for the structure
of SSS to accelerate the process of
initial synchronization.

During an initial synchronization
1s necessary to remove the uncertainty
of parameters A.

In order to quantify the uncer-
tainty, to apply the entropy of the
probability density aposteriority.

Since aposteriority density depends
on the realization of the disturbances,
it is convenient to consider ensemble
average in the implementation of
aposteriority density, which depends
on the type of signal.

Entropy of the average density
1s determined by the expression:

(6)H(¢) j w(t, A) In(wl(t, A)) > dA,

where

(7) (e, A) =kt =T, A) (F(,4),

k — HOpMHUpaII]

(coreveennen FACTOR)

T — Time of observation
If we consider A unenergetic

parameter (time), and disturbance —

white noise with spectral den-

MHOXHUTCII

sityN02, function (F(s,1)) may be

presented as:
8)  (F(t.A) = explgR(:, 2)]
where
F
) q= N_o
i1s the ratio of signal energy to the
spectral density of the disturbance.
R(t,A) — normalized autocorrelation

function of signal

(10) Rm_ j

Of (1) follows the expression for
the rate of change of entropy.
(11)
dH(t) _
d

ol A) ~ dln(w(z, A1)
£ o In{w(t, A))dA £<w(z,z)>7at dA

The second integral in the above
expression is zero because the func-
tion at any moment of time satisfies
the condition for normalization.
Indeed, if a derivative%ft’i», we
obtain
(12)

[l A —- Xt A) 4 %(w(t,/l))dﬂ )

2 (w(t,A)y o

If we logarithmic right side of
expression (7) and put it in expression
(11), we obtain:

(13)
dHt) :_!Wln(w(t—n ANdi— ! Wﬂ{t,ﬂ)ﬁ

di
To formulate requirements for
the correlation functionR(z,1), based
on the conditions for changing the
maximum entropy.
Requirements are implemented,
if the relationship is satisfied:

(14)q |

XM AD iy 2 = max R(e. 2)
Y a
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W(fo ,T)“

w(tl , r)“

W(IZJT
w(t3,7) [

dur.3

Expression (14) can be seen as
a necessary condition for maximizing
the rate of change of entropy. In ac-
cordance with the inequality of
Schwarz-Bunyakovski can record:
(15) R(;,4)=C,, —8<Wgt”1 ),
where C,, is a normalize factor and

don't depend on 4.

When the A represents delay r
signal, it provided that autocorrelation
function of the signal in the interval
t;,t; +T does not change, we may

write
(16) R;(r)=C,, [(wlt; + T, )= (wlt;, )],
where C,, is a normalize factor for i

stage.

Above ratio makes it possible to
establish a link between the correla-
tion function signal and the necessary
law changing aposteriority density
parameter 7 in the transition from the
stage of observation 1 to stage 1 +1.

As is known, the optimal re-
ceiver calculated aposteriority prob-
ability density of w(r,t) in order to de-
termine its maximum, which may be
52

effected by means of a matched filter
or multi correlation receiver.

Pur.4

Determining the maximum of
probability density aposteriority pos-
sible to use values consistent policy of

calculating thewl.<;), where <, ac-

cepts a final number of values at each
stage. If the limit at each stage of bi-
nary solutions, i.e. implement phased
division of the field of parameter un-
certainty in half, then using the two-
correlator can be found uncertainty to

log% stages, where Ar is the initial
T

area of uncertainty, and oc is the re-
quired final accuracy of determining
the parameters.

Conclusions

The results show that the re-
quirements in order to minimize the
time for initial synchronization, the
signal should be changed so that the
R;(x) autocorrelation function at each

stage to be agreed with the necessary
increase in aposteriority density w(,t).
This is possible through the imple-
mentation of SSS variable basis, the
value of which doubled in the transi-
tion from one stage to another syn-
chronization to achieve the desired
value.
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INPUJIOXKXEHHUE TEXHOJIOT'MA JIOKAJIBHOI'O
JEKTPOUCKPOBOI'O HAHECEHUSA MOKPBITUI

bo:xunap A. Cpeopos

HHCTUTYT 'EODQH3UKU, TEOLE3UN U TEOT'PA®PUHU, 5FOJITAPCKAA AKAJEMUA HAVK

Aﬁcmpakm:B cmanive npedcmaeﬂeHa mexHo102Us J1OKAJIbHO20 JJIEKMPOUCKPOB0O2O HAHECEHUS NOKpU-
mus. PaCCMompeHa cxema memood u e20 ONMmuUMAalbHa peaiusayus. Onucanwi NPUMEHEHUS 9MOU MEXHONI02UU C

ucnonvzoeanuem cmanxos muna EJIDA.

Knwuoesle cnosa: noxanmoe INIEKMPOUCKPOBOE HAHECEHUe I’lOKpblmulZ, IJIEKMPOIPO3UOHHAA 06pa60m7<a,

INEKMPOHHASL 0OPAOOMKA MAMEPUATLO8.

APLICATION OF LOCAL ELECTRIC SPARK
DEPOSITION TECHNOLOGY

Bozhidar A. Srebrov

Abstract: Local electric spark deposition technology in the paper is presented. The scheme of the method
and his optimization is examined. The applications of this technology by means ELFA machines are described.

Keywords: local electric spark deposition , electroerozion technology , electrphysical technology

TexHOIorus JIOKaJaIbHOIO DJIEK-
TPO-UCKPOBOTO HAHECEHUS - OPUTH-
HajibHasi OoJrapckasi 3JIeKTpoPu3u-
YecKass TEXHOJIOTUS JIJIEKTPO3PO3H-
OHHOI'O THUIIA, KOTOpas Obuia pa3pa-
00TaHa U JIOCTHUTJIa CBOETO HaMBBIC-
LIEr0 YPOBHSI B BOCBMMJIECSATHIE TO-
JbI IPOLLUIOTO BEKa. JTO SIBISETCS U
HauBBICIIMM YPOBHEM TEXHOJIOTUH
AIIEKTPOUCKPOBOIO  HAHECEHUS B
MHpPOBOU INpakTuke. CynieCTBEHHBIE
XapaKTEPUCTUKHN ITOU TEXHOJIOTUHU —
HCIIOJIb30BAaHUE NP HAHECEHUHM Ha
YeJIHOM MOBEPXHOCTH UMJIUHApUYE-
CKOrO KpyTSLIErocss BOKPYT Mpo-
JOJIbHOM OCH 3JIEKTPO/A, a PU ITOM
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MEXKIYIIICKTPOIHBIN IIPOMEKYTOK
MEXIY DJIEKTPOAOM M JETAlIOM, Ha
KOTOPBIA HAHOCHUTCS IIOKPBITHUE, PETY-
JIApyeTCsl IPU IMOMOIIM JJIEKTPOHHOU
caensmen cuctemsl [1, 2]. Ha Puc. 1
II0Ka3aHa cXxemMa METO/a.

Peanuzanus npouecca HaHECEHUs
MO3BOJISIET MOJYYUTh Hambojee Kade-
CTBEHHBIE DJJIEKTPOUCKPOBBIE IIOKPHI-
THS (mapameTtp IIEPOXOBATOCTH
R, <1,25um) ¢ TOJIIMHON HAHECEHHOTO

cios B uHTEpBane S u 15 um u ¢ xpern-

KOM TH(y3UOHHON CBSA3BIO C METAJIOM
OCHOBHI [2].
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Puc.1. Cxema memooa 10KanvHo20 31eK-
MPOUCKPOBO2O HaHeceHus: |-kpymsawutics
YUTUHOPUYECKULL 2]IeKmPOO, 2 — cle0sauds

cucmema, 3- 2eHepamop He3a8UCUMbBIX
UMNYIbCOB

Puc. 2. Dnexmpouckpoeoe nokpvimue u3
meepooll CNIA8U HA NOBEPXHOCMU UHC-
DPYMEHMANbHOU CIalU

Ha Puc.2 mnokazana ¢otorpa-
(bus ANEKTPOUCKPOBOIO HAHECEHHO-
ro CJO0sl U3 TBEPJOH CIUIaBM Ha OC-
HOBY U3 UHCTPY-MEHTAJIBHOU CTaJIH.

Hpyras BakHasi OCOOEHHOCTH
TEXHOJIOTUM - MPUMEHEHUE HEe3aBU-
CUMBIX HMITYJIbCHBIX TE€HEPAaTOPOB
(Puc.1) nns nuranust pabodero me-
K Iy3JIEKTPOIHOTO IPOMEKYTKA,
KOTOpOE€ TIO3BOJISIET PEryJMpOoBaTh
DHEPTUI0 CIUHUYHOTO WMITYJIhCa B
uHTepBasie 1.107* -1.107°J[3]. Om-
TUMaJbHBIM  TMPOLIECC JIOKAIBHOIO
AIIEKTPOUCKPOBOIO HAHECEHUs pea-
JU3YyeTCs TPU MOMOIIU 000pya0Ba-
HUs, GU3NYECKHE MapaMeTpbl KOTO-
poro ObUTH pacCMOTPEHBI B paboTax
[2, 3]. DT mapameTpsl ObUIM yCTa-
HOBJICHBI Y€pe3 CUCTEMHBbIEC HCCIIe-
noBaHUSl (DU3UYECKUX SIBIICHUH, KO-
TOpBIE OCYIIECTBISIIOTCS BO BpeMs

TEXHOJIOTUYECKOr0  Ipolecca. ITH
SUICHMS: DJICKTPUYECKHUM MPOOOH B KO-
POTKOM IIPOMEXYTKE C JUIMHOUN MOpsI-
Ka MHUKPOMETPOB U BIEKTPUYECKUUN
pa3psii ¢ TaKUM K€ MEXTY3JIEKTPOI-
HBIM pacctosiHueM [4...6]. Pa3zpabora-
HBI TAK)K€ U TATUUKU ISl JUATHOCTUKH
TEXHOJOTUYECKOro Impolnecca, Mo3-
BOJISIIOIIME €r0 aJanTUBHOE YIpaBiie-
Hue [7, 8].

TexHomoruss  peanu3oBaHa Ha
MPAKTUKE TPU IMOMOIIU CEPUIHO TPO-
U3BOAUMBIX cTaHKOB THIa EJIDA. DTo
CTaHKM C IOJIyaBTOMAaTUYHBIM YIIPaB-
JEHUEM IIPUBOJIOM KOOPJIMHATHOIO
crona (Enda 512, Enda 541) u ¢ uud-
POBBIM TPOTrPaMMHBIM yIPaBJIECHUEM

(Enda 731).

Puc. 3. Cmanox 015 10xanbHo2o
anekmpouckpozo Havecenusi EJIOA 541

CraHku YyKOMIUIEKTOBaHbI pas-
HBIMM THIIAMHA HE3aBHUCHUMBIX HM-
MyJbCHBIX T'€HEPATOPOB TOKA B MEXK-
JTy3JIEKTPOJTHOM TIPOMEKYTKE, a MEXK-
Jy3JIEKTPOJIHOE PACCTOSIHUE PETyJIU-
pyeTcss TpU TOMOIIM 3JIEKTPOHHOU
CIIEISIIEH CUCTEMBI.

OHa CIIyXUT JUJIsl TIEpEMEILECHUS
HaNbUISTIONIEH TOJIOBKH.
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Puc. 4. Cmanok 011 10KkanbHO20 21€eKMpo-
uckpozo Hauecenus ¢ L{I1Y EJIDA 731

DJIEKTPOUCKPOBBIE  MOKPBITHUS
U3 Pa3HbIX MATEPHUAIIOB UMEIOT IIHU-
pOKO€ TIPUMEHEHHE: HayuHasg C
AIEKTPONPOBOASIINX MOKPBITUNA U3
0JIarOpPOJIHBIX METAJUIOB B 00JACTH
KOHTAKTHOW TMPOMBIIUICHHOCTH U
AIEKTPOHUKHU, U JIOXOJd 0 MOKpPH-
THW U3 TBEPIBIX CILIABOB.

B npoumoMm »3Ta TEeXHONOrHs
HAaXOJWJla OYEHb IIUPOKOE MpPUME-
HeHue [9...13].
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MODERN ASPECTS OF THE DEVELOPMENT OF INFORMATION
AND CONTROL SYSTEM IN ENERGETICS

Zoya V. Chiflidzhanova-Hubenova

ABSTRACT: In the present paper the energy systems are analyzed as an example of the so called large
artificial systems. An example of a multilevel system has been considered which is associated with the problem
of dispatching active power within the energy system. The advantages of multilevel control as compared to a
centralized approach are shown below.

Construction process of the so called integrated production systems aims at providing functional, infor-
mation, software, and technical compatibility as well as efficiency of the individual subsystems. In terms of
control each information management system, distinguished by a hierarchical structure, consists of three main
levels: lowest — field level, the second one — operational and dispatching, and the third level — information level

networks.

KEY WORDS: information and control system, energetics

Energetic systems, with their va-
riety in equipment, huge amount of
sub-systems and complex connections
between them, are a natural subject
for the application of a multileveled
hierarchic approach in the building of
their organization and management,
including a wide specter of organiza-
tional activities, planning, manage-
ment, building, infiltration, exploita-
tion, support and development of in-
formation systems and technologies.
With the contemporary organization
of the production of electricity and its
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distribution and allocation through
systems for access and transportation,
organized by various wholesale com-
panies, some exceptionally elaborate
energetic complexes emerge, uniting
systems in narrow correlation. Due to
the high requirements for reliability
and safety of functioning, their man-
agement is unthinkable without quick
and timely decisions, since possible
failures in the energetic system may
have serious economical and social
ramifications. This demands the de-
velopment and improvement of new
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methods when it comes to the organi-
zation and management of large ener-
getic systems.

The electro-energetic system is a
complex corporative construct, which
includes NEC (National Electric
Company) and 52 departments in the
country, electrical distribution com-
panies, Thermal Power Station
“Maritza-East”, Nuclear Power Plant
Kozluduy. Each of its components
represent a complicated complex of
different technological means, collec-
tives of people, united in different
fields of services, and also includes a
number of organizational-structural
decisions(rules, servicing, etc.), or-
ganizational structure and technology
of functioning.

Hierarchy of management in the
contemporary electro-energetic sys-
tem can be represented with a series
of prominent levels: European, re-
gional, national, local; through a
wholesale object — electrical station,
sub-station, network region. Each of
these levels i1s composed of its own
internal hierarchy [9].

The low level of management,
particularly if an electric station is
being considered as a subject of man-
agement, has the most strongly em-
phasized internal hierarchy: dis-
patcher management (commands for
commutation switching, correction
and control of the work of group and
autonomous management systems);
common (secondary) automatic man-
agement of stations in normal and
alert modes (distribution of active and
reactive power, regulation of fre-
quency, management of commutation
operations, function of anti-alert

automatics, adaptation of settings of
regulators); group complex regula-
tion, “zero” autonomic regulation,
ensuring the assigned carrying out of
the technological process of prepara-
tion of the energetic system and etc.
[5]

Typical for the energetic system
is the existence of a complex informa-
tion structure; hierarchic dependency
between the knots of management
and in them; colossal in volume
streams of information over the
communication channels, between the
knots of management; correlation be-
tween information and processes of
its transformation relative to the
goals, (which defines the semantic
and pragmatic properties of the in-
formation); big variety of different
information properties, transformers
of information (different in their pur-
pose regulators, controllers and etc.;
people from different fields of exper-
tise in the knots of management).

The energetic system is an ex-
ample of the so called big artificial
systems. In the technical cybernetics
the “big artificial system” is called the
aggregate of a big number of hierar-
chically dependent complex sub-
systems, composed of collectives of
people and machines with a certain
level of organization and independ-
ency, united on the base of an active
hierarchy of goals and means of the
organization, commonly with ener-
getic, substantial and informational
connections for the insurance of the
purposeful functioning of the entire
system as “a whole”.

The means of organization in-
clude knots for management, where
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the process of decision making takes
place, and executive organs, realizing
the information of the made decision
in action, directed to achieving the set
goals from the management. Com-
monly, in the big system, the knots of
management and the executive organs
represent complex human-mechanic
complexes. For the purposes of quan-
tity analysis of the big system, it is
necessary for all its defined compo-
nents to be formalized. Presently, the
least studied of them, particularly
quantity-wise, are the organization,
the hierarchy of goals, the informa-
tion and the independency, as well as
the relations between man and ma-
chine, composing the knot of man-
agement. In relation to the goals of
functionality, the big artificial system
must ensure the completion of as-
signed substantial-energetic  proc-
esses. But its functionality, develop-
ment and existence as a whole are
determined by the processes of trans-
fer, refinement and transformation of
information. Therefore, in the big ar-
tificial systems it is productive to
separate three aspects: substantial-
energetic, economical and informa-
tional. With the informational ap-
proach and the observation of infor-
mational-management systems, each
studied system is represented by three
levels: field, management, informa-
tional — meaning, in an abstract type,
it 1s represented through a hierarchi-
cal structure on the lower level, where
the technological process sections are
located, and on the higher levels, the
management knots, connected with
the objects of managements and with
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each other, through channels of the
network communication, shift places.

The information, circulating in
the system, may manifest itself in
three forms: informative — directed
with priority from the objects of man-
agement to the relevant management
knots; managerial — in reverse direc-
tion; transformational — defining the
regularities of behavior of the man-
agement knot and the algorithm of
functioning of its individual elements
[2, 6].

The management knots trans-
form the informative data into mana-
gerial with the help of the transforma-
tional information, contained in the
algorithms and the structure of the
management knot. The different sec-
tions of the technological process are
considered as generators of primal
informative information. As it moves
up the hierarchy, the information
gradually gets synthesized, trans-
formed in the different management
knots and arrives in the main man-
agement knot on the top of the hierar-
chy. Using the acquired informative
information, this knot generates
managerial information, which gets
more detailed as it moves down to the
lower knots. The smaller the volume
of the necessary higher knot informa-
tion to form managerial information
in the ”1” knot, the more autonomous
this knot 1s.

To achieve the goals of man-
agement, it is of great importance that
only the necessary (valuable) infor-
mation reaches the respective knots.
That is why in the informational-
managerial systems, the semantic and
value statistics of the information are
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displayed with priority. The manage-
ment of complex technological proc-
esses, like the energetic, always hap-
pens in an environment of lacking of
information. This is mainly caused by
the fact that in the management knots
in these systems, representing a unifi-
cation of people and machines, these
systems are only partially observable,
partially manageable and partially
knowable.

United energetic system

AREA 1
(sub-svatem)

AREAZ
(sub-system)

\

il

AREA |
{ suib-syetem)

Figure 1

A classical example of a multi-
leveled hierarchic system is the prob-
lem with dispatching of active power
in the energetic system (fig. 1)

The system is divided in n corre-
lated sub-systems. Usually, the
boundaries of the respective areas are
chosen in a way that each one of them
represents a separate association or
company.

Each area has a series of genera-
tor stations and a big variety of con-
sumers, but as long as the transfer of
electrical energy between the areas is
a major interest, it can be assumed,
that each area is characterized only by
the following parameters:

i

Loss of aclive power,
P |—— — @

\j AREA [

Transfer of electric energy

Figure 2

— C, —load up (full) in area i ;
— X, — active power, generated by

the elements in area i ;
— Y, —loss of active power in area i ;

i

— U, — transfer of powers through

the energetic lines, connecting area i
with the other areas.

With a set load, the loss in the i
area depend on the power, generated
in the area itself, as well as on the
transfer of powers, meaning Y, is a

function of X, and U, .
(1) Y, =R(X,.U;)

The equation, defining the bal-
ance of powers can be written in the
following way:

(2) B(Xi’Ui)+Ci_Ui+Xi=0'

There can be an n amount of
equations of this kind. Also, the trans-
fer of powers between the individual
areas must be balanced:

(3) U1+U2+...Un:()

Equation (2) describes the sub-
processes, and equation (3) — their
relation.

Based on this, it can be assumed
that the problem of dispatching of
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active power in a unified energetic
system lies in the need to be able to
define, on all lines, the power X, and

the volume of transfers U, where the

value of the produced electric energy
would be minimal. For that purpose,
the function F(X,) is introduced,

called function of value of generation
in each of the areas with power X,.

Then the overall value of the gener-
ated power will be:

(4)

F(Xy,..X,)=F(X|)+...+F,(X,)

The problem with optimal dis-
patching is reduced to a minimization
of example (4), provided that the
variables X=(X,..X,) and

balance (2) and (3). It can be noted
that after equation (3) the number of
the independent values U, is n-1.

The problem can be solved through
the use of single-computer configura-
tion on the base of the so called full
centralization, or on the base of a
dual-leveled hierarchy of the com-
puter system.

With the dual-leveled hierarchic
approach each area has a respective
computer for solving the task of dis-
patching and also has a central man-
agement computer. This organization
is displayed on figure 3. The problem
with finding the optimal distribution
of the production and the transfer of
power is solved with the help of a
dual-leveled system with an organiza-
tional hierarchy.
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CENTRAL
COMPUTER

e

COMPUTER COMPUTER
AREA 1 AREA n

[

AREA 1 AREA n

Figure 3

The task and goal of each hierar-
chic organization is connected with
the solving of the problem with
minimization. In relation to this raises
the question how is this task supposed
to be distributed between the com-
puters of the different areas and the
central computer. For the purpose, a
common approach 1is developed,
based on the so called principle of
prognostication of relations, used for
distribution of tasks between the
separate computers, composed of the
following. The computer for the i-
area solves the task for minimization
of F(X) in relation to X, by execu-

tion of example (2). Then the value of
U? 1s set by the central computer.

1

The task of the central computer
comprises of the definition of a sup-
port level of transfer, meaning U/ ,...,

U . If the transfer is conducted under

this condition, the local optimum will
simultaneously be global as well.
When the difference between the
support level of transfer (defined by
the central computer) and the actual
transfer exceeds the levels of the pre-
determined boundaries, the new sup-
port transfer is defined through an
iteration process between the central
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computer and the ones for the differ-
ent areas.

The multileveled management
(in the examined case — dual-leveled
hierarchic system) is preferred in
comparison to the centralized ap-
proach, due to a number of reasons of
technical, economical and exploita-
tional nature. The more significant of
these are:

1. Dispatching is executed faster
(with less necessary machine time)
and with lower cost to the memory.
The volume of the resources is deter-
mined by the size of the system and
the software of the central computer,
which serves as a coordinator in this
case.

2. The system is less sensitive
about changes in the structure of rela-
tions — changes that can be either of
deterministic or random nature.
Therefore the change in the condi-
tions in just one area causes a shift in
only one of the tasks (local) that are
being solved. With the centralized
“single-area” approach these changes
can be localized and usually it be-
comes necessary to change the solv-
ing program for the entire system (it
is examined as a whole).

3. In the area centers, there are
usually computer systems, solving
other technical and exploitational
tasks. In that case the central com-
puter is just added for the purposes of
dispatching coordination and for other
goals on the level of the entire sys-
tem, for example — for the preparation
of requests for transfer of energy it
needs to be reminded that one area
can be relevant to a few companies.
That leads to a series of specific ad-

ministrative and legal problems, for
the solving of which the dual-leveled
management system is preferred.

In accordance with the principles
of the liberal energetic market, the
consumers strive for signing contracts
for quantities of energy that are
maximally close to their expected
consummation and the manufacturers
strive for producing quantities, equal
to the contracted ones. In accordance
with the necessity of separate logging
of the production and consummation
of the different independent entities,
the building and development of a
singular information system for
measurement, research, storing and
refining of the necessary information
is more than required. NEC begins to
develop a large scale information sys-
tem of that kind in year 2000, simul-
taneously with the restructuring of the
company [6]. It is in accordance with
the contemporary information sys-
tems in the utility business, connected
with their complex hierarchic struc-
ture with network communication,
based on an aggregate of mutually
connected and related sub-systems.

The contemporary approach for
ensuring a functional, informational
and program-technical compatibility
and efficiency of the individual sub-
systems lies in the building of the so
called integrated systems in the pro-
duction in the broadest sense. From a
management view point, each infor-
mational system with a hierarchic
structure is composed of three fun-
damental levels. The lowest level is
the so called field level, composed of
networks for communication of pro-
grammable controllers (PLC) with
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intelligent devices — sensors, meas-
urement devices and actuating
mechanisms. In energetics, the field
level is built on the base of intelligent
static completely programmable elec-
tricity meters, devised for marketing
and control measurement in networks
for high, average and low voltage.
Utilized are electricity meters with
accuracy class of 0,25 with serial
communication ports, responsive to
[EC 62056 (COSEM/DLMS commu-
nication protocol). An important
specificity of the field networks is the
real time functioning and the neces-
sity of maintenance of remote, limited
in time relations between the sub-
systems of the different management
systems.

The field networks are the basis
for the building of the so called man-
agement systems with network com-
munication NCS (Net-worked Con-
trol Systems). These are systems in
which the managerial and end devices
such as sensors, transformers, actuat-
ing mechanisms, controllers, and op-
erational stations and so on, are con-
nected in a network and each of them
represents a knot, a respective station
in this network and communicates
with the rest through a network envi-
ronment. The use of field networks
significantly simplifies the integration
of devices from different manufactur-
ers, as well as the diagnostics, the
tuning and the general exploitation of
the management systems with net-
work communication. The field net-
works have two major functions in
the management systems with net-
work communication: transportation
of incoming/outgoing data (manage-

64

ment information) from and to the
end devices — sensors, actuating
mechanisms, signalizations, local
controllers and so on; transfer of other
information, not directly related to the
management, such as configuration
parameters |3, 4].

The functional compatibility of
the devices in the field networks is
defined by the specifications through
the means (unifying) of the physical
connection to the network; diagnostic
type matter, most commonly light
conducting indicators; possibilities
for adding and respectively removing
of devices from the network without
powering down and without the rees-
tablishment of communication, auto-
matic diagnostics and configuration
of the apparatus part.

A huge variety exists with the
field networks, characterized with
their specifications: Device Net,
Profibus, SDS, Lou Works, Modbus
and so on.

The network of second (opera-
tive-dispatcher) level is designed for
transfer of technological programs,
coordinating and managing informa-
tion for the controllers, connected to
the respective aggregates, installa-
tions, machines. On this level the
communication is intense, with mem-
ory that is small in size, but with
heightened requirements when it
comes to soundproofing, safety and
work in real time. This stems from the
fact that the transferred data is deliv-
ered for management of constant
processes in real time. Usually, on
lower level, different field networks
[1, 8] function.
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For the management level, the
simplified programming and auto-
matic network configuration are typi-
cal. Unified network software and
controllers from various manufactur-
ers are used. In a network of this
level, many outlines and discrete
managerial structures can be imple-
mented — for logical management, for
emergency signalization and blocking
and so on. Mutual replaceability of
the functional blocks, manufactured
by different firms in the same stan-
dard is achieved. The networks of
management level are characterized
with speed of data transfer of 10-12
Mbit/s, with flexible management of
incoming/outgoing data and auto-
matic configuration, which is why
they are used for building of open
systems for control and management.

The third level in the hierarchy
is represented by the networks from
the information level. These networks
are characterized with high conduc-
tivity and are designed for transfer of
massive amounts of information.
Typical for this level are the global
management tasks regarding com-
pany, branch and so on. The major
problems here are connected with the
volume of the transferred information
and the speed of transfer due to the
high requirements for fidelity and se-
curity. So far, however, an approach
for defining an applied layer in the
networks on level management is
lacking with the informational level.
This layer is responsible for defining
the semantics of the delivered infor-
mation. Most wide-spread in the
modern systems on this level is the
specification known as Ethernet. The

main prerequisite for this are the
computers in the office equipment in
LAN networks of the type Ethernet
and the fast development of the global
network Internet. These networks of
informational level meet all the re-
quirements of the OSI (Open Systems
Interconnect Basic Reference Model)
model and use protocols, which cover
all layers — from the applied to the
physical. The modern programmable
commutators and technical improve-
ments such as Fast Ethernet allow the
building of more and more efficient
informational-management  systems
[3].

Doubtfully, there is clearer ex-
ample for the spiral evolution of the
prices than the development of the
researches and the practical work on
the optimization and optimal man-
agement in the energetics and the ma-
terial manufacturing. Not long ago,
this problem was the main research
subject in the field of automatic man-
agement. The goal was the complex
automation and optimization and the
results were presented as far too op-
timistic. The hopes were not fulfilled
and the researches were directed to
solving of separate, isolated tasks,
solved in different methods and
through different means. The term
“complex optimization” was aban-
doned. Evidently none of the research
centers of the leading companies had
any critical mass to solve such a
complex task, that is dependent on the
hardware, software, = mathematic
methods, knowledge of management
process and last, but not least — the
approach for the presentation of the
managerial information, in order for
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the optimal decisions to be taken. To-
day the informational-management
systems include elements from differ-
ent levels: sensors, managerial and
communicational devices with an ap-
paratus part and program controlling,
human-machine interface sub-systems
for connection with the managing
business systems. The use of commu-
nicational networks as a mean of in-
tegration of sub-systems is a spread-
ing tendency, allowing the use of dif-
ferent devices without supervision
from the manufacturer, while main-
taining full functionality. Due to this,
the standards for the informational —
management communicational net-
works will continue to be a major fac-
tor for their development, the major
characteristic of which is the use of
open specifications and architectures
for their building.
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Introduction

The features characteristic of
radio communication systems with
phase manipulated signals /PHMS/
are determined by the properties of
these signals and their processing
methods. Formation of PHMS is
based on rigorous mathematical
algorithms determining the structure
of the signal generator, the form of
signals formed and the desired
characteristics of the system as a
whole. Phase manipulated are called
because regardless of deterministic
character of formation in their
spectral-correlation  properties are

similar to the implementation of a
random process.

With regard to the problem,
tasks related to structural uncertainty
arising from such specific factors as
the presence of intra-system interfer-
ence and additive fluctuation noise of
the receiver non additive time and
phase distortion fluctuations of the
delay, etc. At present time there are
very few works devoted to adoption
of PHMS under conditions of struc-
tural uncertainty. Using classical al-
gorithms for processing of unknown
signals representing realizations of
random processes does not allow ex-
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tracting all available information con-
tained in PHMS. Therefore, develop-
ment of methods for synthesis of op-
timal devices for the adoption of
PHMS, taking into account a priori
information about signal has a large
theoretical and practical value, which
defines the objective of this work.

Representation of the signal

Phase manipulated signal PHMS
can be represented by the expression:

s(t) = b(t) cos[wt + @(t)],
where ¢ (t) is the random phase of the
carrier, described by Vinerov random
process, b(t) is a binary sequence of
data, ® — the frequency of the har-
monic carrier. For convenience we
will assume that the amplitude of the
signal unit. Then, if an s(t)" denote
complex-conjugate of s(t) function,
s(t)s (t)=1. The signal in this case can
be represented as follows:

s(t) = s(t—7)exp( ja)r)% I¢(r,Q)exp(—ja)t)dQ

where E is the energy of the signal on
the interval [0,T]; ®(t,Q2) — is the
two-dimensional correlation function:

Az Y=/ E)IS(t)S* (t=D)expt/ N =|f(z. | expfarg(z. )]

If the exponent is decomposed into a
Taylor series, can be written:

s(t) = st — r)% exp(jor) j |¢(Q7)|exp(—jQ)dQ

Then the observable input of the
receiver signal noise mixture, can be

presented:
E@)—g(t— r)sign{cos[Qlt + o, (t)]}cos[a)t + )]+ n(t)

where @(t) 1s the random phase of the
clock speed Q, = 2n/T is represented
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by Vinerov process. Evaluating the
parameters ¢(t) and ¢@,(t), which de-
fines a problem in the field of nonlin-
ear filtering of continuous random
processes. Unknown sequence g(t-t)
may be described in two ways:

— through Markov process with
set of transition intensities, or Markov
chain.

Filtration of the parameters of
PHMS

Filtration equations correspond-
ding to the first case and the corre-
sponding structure of the receiver
containing the optimal nonlinear filter
are discussed in work [1].

The second case leads to the fol-
lowing equations of the optimal
nonlinear filtration:

do/(t) _ of o *
dr 2N, S u(t)cos(awt + @ ).sign[sinQ,t + ¢, ]
do’(t) o’ ' )
———=——cO)u,(t)sin(wt + ¢ ),
"y SOm@sinr+e)

Hererelt,,1,,,];

/J(t):/ul(t_r"'(ol*/gl;
1,(0) = 1,(0) = thi[ &) cos(ar + ),
Ny is the noise spectral density. With
o,°> and o,° are marked the corre-
sponding dispersions of assessments.
The structural scheme of the device

modelling above equations is shown
in Figure 1.

) S S

. | - ST N %
cGl— L ':‘_,; th +CDL CCGe{LPF|
bl P st ) o | i

(X

Xopnf ([ L 5
[LPF[*—

Fig.1

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



Entered in the figure marks are:
CG - controlled generator; CCG —
controlled clock generator; PHD —
phase detector; LPF — low pass filter;
CDL - controlled delay line, as dis-
cussed in [2].

Device whose block structure is
shown in Figure 1 implements convo-
lution between the detected signal and
separated phase manipulated oscilla-
tion of clock speed.

Conclusion

The obtained results of the pro-
posed work are a generalization of the
principle autocorrelation adopting
phases manipulated PHMS of un-
known structure. As a general rule

autocorrelation receiver is invariant
with respect to frequency-shift keying
spectrum signal, the proposed struc-
tural diagram of correlation receiver
will be working with other signals
with angular modulation.
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A lot of experience is laid in the introduced protocols. The consequence of individual stages is respected
but expert approach without exact theoretical apparatus is preserved.
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Introduction essential proprieties of all referent

The goal of the article is infor- model layers interfaces (capacity in
mation about a project of total theo-  both directions, elasticity for the whole
retical apparatus for analysis and  set of services, code transparency, reli-
synthesis of the protocols for the  ability, etc.) The methods of synthesis
control of selected system structures  are oriented to the selection of optimal-
of communication system. The ity criteria, creation of hypothesis
methods of analysis are oriented to  about protocol algorithm, hypotheses
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testing and to optimization of suit-
able protocol structures. After the
elaboration of theoretical apparatus
the solution moves to system appli-
cation phase. In this step the theo-
retical apparatus is used for the im-
plementation of typical solutions
into the existing systems, for the
elaboration of the recommendations
for new standards creation and for
the elaboration of the procedures for
non-standard protocol creation. Es-
sential referent models which cover
most of the provided services were
gradually created for the communi-
cation systems. Protocols between
individual layers are standardized
for the layer model. Algorithm and
format of the protocols was created
gradually by iteration procedure on
the base of experience. When the
sep/ice set is extended, the existing
protocols may not be suitable for the
new services. The project's goal is
the elaboration of theoretical appara-
tus for the analysis of existing proto-
cols and for the synthesis of supple-
ment protocols especially of applica-
tion and transport protocols. Goal of
protocol optimization by fixed sys-
tem function is followed by the
analysis. The synthesis means crea-
tion of protocol structure to the fixed
structural function. For usual system
function it is enough if the protocol
fulfils this function. For special
functions, for example by safety ser-
vices, the protocol has to have nec-
essary measure of redundancy. The
basic role of the synthesis is the de-
termination of necessary measure
and composition of this redundancy.

The apparatus for the tasks of pro-
tocol analysis and synthesis is based on
system theory with looking on the type
of system control task. Necessary parts
of information theory have to be re-
spected because information is ma-
nipulated in every protocol. Circuit
theory gives the tools for application of
the synthesis tasks solution in the con-
crete communication systems and for
optimization of the existing protocols.
The conclusions are formulated into
the recommendations in the area of
standards and in the area of routine
activity with the protocols for fixed
range of the system functions.

Every communication system is a
service subsystem by processes control
by the system which has destination
behavior. Then the communication
system itself is a controlled system
which besides its technology part (ac-
quisition, transmission, safe-keeping
and processing of information) con-
tains its control part. It has to work ac-
cording to the control procedure which
consists of the control algorithm and
language for realization of this algo-
rithm. The language has its meaningful
and formal point. The control of com-
munication system can to narrow to
control of network in the first ap-
proach. The control procedure and the
protocols as its realization is subordi-
nated to network technology. From this
point of view we have the monofunc-
tional (telephone, data,...) or polyfunc-
tional networks which integrate the
whole service set. The extensive pri-
vate networks, which have to over-
come passing from functionally di-
vided to integrated, have a special po-
sition.
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The protocols in the communi-
cation system were elaborated and
gradually standardized for the indi-
vidual reference models. Most of the
standards are oriented to layer refer-
ence model OS I (open system inter-
connection). Open system intercon-
nection covers almost the whole set
of telematic services. Separate pro-
prietary solutions of function and
protocols dominant in the private
networks applications and in the in-
dustrial applications. The standard
protocol ISO MMS (Manufacturing
Message Protocol) is gradually be-
coming preferred and it is made for
communication between the nodes
of private network for industrial use.
Protocol MMS is implemented over
different protocol folders.

Standard solution of protocols
for OSI model does not cover the
functions of communication system
which are necessary by control of
the critical processes. Existing solu-
tions are concentrated into the work-
stations. Competent protocols solve
necessary level of safety for every
application ad hoc. Therefore stan-
dard protocols are being amended
and adjusted so that an added func-
tion or new type of service could be
ensured. Also in the reference model
OSI are gradually completed the
functions of individual layers and
after sufficient extension of these
functions we come to changes or
completion of the standards for in-
troduced protocols. As an example
can serve the standard according to
the recommendation ITU X.500

A lot of experience is laid in
the introduced protocols. The conse-
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quence of individual stages is re-
spected but expert approach without
exact theoretical apparatus is pre-
served.

Basic solution of the problem

Basic contribution of project solu-
tion is elaboration of total theoretical
apparatus which enables unambiguous
transition from the protocol primitive
to the function and the services. By
synthesis this transition is reverse, non
unambiguous but optimal. Existing
approaches are different because the
construction of the protocol is based on
the process model of communication
system. Perceived quality of process
control is mapped into the offered
quality. The result of this mapping is a
set of functions, which have direct co-
herence with the achieved quality. The
relevant function can be overwritten to
the control algorithm by the set of rules
and this algorithm can be transmitted
to the protocol construction. It is a fact
that if there is a tool to transmit Junc-
tion to the protocol, there must also be
a passage from every relevant function
of communication system to the proto-
col which operates this function.

The theoretical apparatus is used
over the communication system model.
The model is created so that it maps all
attributes of system which are essential
for its control. If the existing protocols
were suitable for the individual layers
functions of reference model, the pro-
ject solution would go further because
it enables the creation of models which
satisfy all necessities of system con-
trol. We can say that it is the hierarchy
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of control functions from business
control to the network element con-
trol. The solution will be a contribu-
tion to all processes which are run-
ning in the communication system.
The installing of new function and
its competent protocol means only
the extension and does not mean
change of approach by the demand
of customer or by transit of system
to new technology step or to new
service set. If the theoretical appara-
tus manages basic operation of ma-
nipulation with communication sys-
tem functions, it can be expanded to
the function vector by chain rules.
This procedure leads to internet
work protocols on required inter-
networking level. The rules for ma-
nipulation with the function vectors
can be spread from sharp to fuzzy,
what gradually leads to expert ap-
proach.

Fixed structure of protocol for
selected function range is not opti-
mal for extensive networks. Optimal
control needs flexible protocol. It
can not be compiled by determined
approach. The solution supposes us-
age of genetic algorithm and learn-
ing structures for synthesis of flexi-
ble protocols. The theoretical appa-
ratus will then become useful by
analysis and synthesis tasks of con-
trol of all the processes for which
the communication system is service
subsystem.

The model on which the theo-
retical apparatus is created and veri-
fied is elaborated mostly as numeri-
cal. We use the fact that all relevant
processes can be described by nu-
merical mathematics tools. This also

holds true for control functions of such
processes. If this principle is extended
to creation of control task, we can suc-
cessfully use the conclusions of dis-
crete control theory. By managed de-
scription (modeling) of processes and
their control we can exactly move to
the creation of optimal protocols struc-
ture. The optimality means that proto-
col structure is adapted to competent
step of process control. The communi-
cation system raises its performance
and accuracy of executing partial func-
tion also on the changing customer's
demands. Necessary measure of model
independent from hardware and soft-
ware solution of technology functions,
signal processing and from control
functions is regarded by communica-
tion system modeling.

Use of the theoretical apparatus is
important part of the solution when
creating new standards for communi-
cation system protocols. We can also
obtain effective criterion for evaluation
of existing standards implementation.

The ways how to reach the goals

The solution, procedure begins by
modeling of communication system
processes control. The modeling must
begin by mapping of relations between
the service quality and system per-
formance. This step can best be de-
scribed by fig. 1.

Complexity of network and vol-
ume of services determine the claims
on the network control. It is necessary
to add the technology level of network
elements, which determines the way of
executing control procedure. Basic task
of network control is to guaranty the
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sturdiness against network overload
and the failures. The control also has
to react to customer demands and
dynamically control them.

Customer has a partial access to
the software part of network and to
simple control of the network inter-
faces.

It is necessary to create the con-
trol structure so that it enables a
connection of different network
elements to control mechanism and
calculate support system across the
standard interfaces. It is necessary to
use distribution network (data net-
work) as simple as possible for this
connection.

The interface protocols are
based on the model of open network
architecture (ONA). The layer prin-
ciple is also used by creation of this
structure. In fact, the layering is
based on the process model. Each
layer can be further divided. The
functions in this hierarchy are
grouped into standard categories.
Here is the list of categories:

control of events. These func-
tions control all network layers
structure from point of view of
alarms identification and their solu-
tions,

control of sources. Functions
for layers construction from point of
view of the hardware and software
equipment of the sources,

control of configuration. Func-
tions for network completion from
individual elements with goal of
configuration change control, of
tendency change by failure, by over-
load, etc.,
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| service n

| mapping

SCIVICE N

Offered service quality

mapping

| Performance of system |

Figurel. Mapping of relations between the
service quality and system performance

control of finance. Functions for
location and control of investment and
non-investment budgets, control of ac-
tives, book-keeping, etc.,

control of access and security.
Functions which give way to network
for individual levels of staff authoriza-
tion,

planning and development of net-
work. Functions of network planning
for determined volume and set of ser-
vices

These functions are tied together
with defined basic system processes.
These functions influence the perform-
ance of different control tasks. For ex-
ample the function of event control can
detect network failure which arises af-
ter testing and diagnostic of equipment
belonging to the competence of net-
work sources control function. The
configuration control function can
cause temporary over direction (across
competent maintenance workers) by
help of access control activities. Per-
formance control and data administra-
tion give information about service
quality. It is realized by the function of
finance control if the service is paid.
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The categories and their arrange-

Relationship between demand, offered, perceived and

ment can be depicted by following achieved quality of telecommunication, information
diagram' and safe service
|]m’ .,. i busingss actvites (‘f’f— ___“""> [ Modelling of communication system functions ]

2. layer - sor Creation, provision, monitoring. count of
service and information provision

laver - 5 niral
| [ Transition from function to protocol primitive ]
it ———— a_r-—'-"/

Planning and development of
network, events control,

o) Composition of protocol from primitives - procedure
access control,

network security,

finance control,

data administration (database)

|i|:u-.| - network control

Proof of protocol completion

_r—'—'_'_'_'_’_‘_\_‘_‘_\_\-‘-‘

Planning and development,
N events control,
k clements configuration control,
access conirol,
secunty,

data administration td.sl:sbnsc:

Genetic algorithm for synthe51s of adaptive protocol,
o - proofits application for determined functions
CCTSS MI;A'DIR.
transport network,
CTOSS-connect,
leased trunks

’Tl'lw: - network elements J

Conclusion ﬁ_vstem applications and set of recommendations for
standards

|
The procedure from processes i
definition and functions to protocol
analysis and synthesis as part of
communication system control:
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JUSTIFICATION OF NONDESTRUCTIVE TESTING
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Abstract: Progress in technology has enabled improvement in performance of materials and processes. These
advancements lead to reduction in size and weight of engineering structures. But these structures become more
sophisticated and expensive, and these lead to introduce quantitative nondestructive measures to ensure quality
throughout all production process. This is particularly true for these applications, where the cost of the failure of
a component can be unavoidable high compared to the cost of preventive measures, or the failure may cause

catastrophic consequences.

The following paper reviews present philosophy and justification of use of nondestructive testing

(NDT).

1. Introduction

In a broad sense, NDT can be
viewed as the methodology used to
assess the condition of an object
without compromising its perfor-
mance. However, many technical
societies and their respective hand-
books, as well as many respectable
researchers and scientists, have ren-
dered their interpretations of the term
NDT in various terms.

Related terms included the term
“nondestructive” (nondestructive eva-
luation, (NDE), nondestructive in-
spection (NDI) etc.) are used to
describe different aspects, but all of
them have the same concept of
nondestructive assessment of mate-
rials. The terms are essentially
synonymous; however, NDE is well
accepted in the scientific research and
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development community, NDT is
used more in industrial engineering-
oriented practices, and NDI is
commonly used in the military for
field or depot facilities [1]. For our
case we use the term nondestructive
testing (NDT) as a general term.

Independently of definitions,
the crucial is the fundament of NDT —
to assess or even to predict the
performance of the product at
concerned stages of life cycle. NDT
uses sensors for data acquisition
about the subject and to perform
modeling, analysis, and data
conversion into material and defect
parameters for performance and life
prediction (Fig. 1).
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Fig.1. Depiction of functionalities of NDE

It is important to monitor more
essential variables because improper
values are often causes of latent
defects. Research is needed to
establish the correlation between the
value of an NDT parameter with error
bands. After the research, the NDT
parameter may be measured, and the
value of the intrinsic variable can be
predicted within the empirical errors.
The contemporary NDT methods are
rapid enough, the cost is lower,
therefore neither interfering with
production nor increasing its cost.

The required quality of the
products is the basic motive factor for
NDT implementation. The ISO-9000

managed. Regardless of rarely using
of term “testing” this is the standard
that exculpates wusing of NDT,
because the monitoring of product
characteristics is addressed here.
Incoming, in-process, and outgoing
inspection also are specified. They
must be documented in the quality
plan and procedures, and records of
their performance must be kept. This
includes all final inspection and
testing as well as all the rectification
of incoming inspection deviations and
in-process deviations.

Manufacturing industries are
the areas, where the need for NDT
technology is more apparent. But

1

1

1

1

P . 1
Verification In- 1
1

1

1

1

1

standard is the document around  where ultimately NDT take place into
which  present-day  quality is  the control of quality? The answer is
managed. It provides the set of —everywhere (Fig.2).
priorities by which quality is

:"""""""""""""""""'ﬂ """"""""""""

1

| [

' . Total Quality Statistical Proc-

E SORILYEIC Management I ess Control I process*

|

1

Fig.2. NDT and inspection place in general into the quality systems in existence

All things considered, we
forego NDT when it costs time and
money. When we perform NDT, we
expect to find something wrong with
considered testing object. And if
something is wrong with the test
object, the use and the cost of

considered method 1s justified.
Otherwise our efforts were wasted.

For existing products,
especially when we have a huge costs
and/or safety considerations,
replacement of damaged elements or
extension of the utilization phase,
NDT take significant part.
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In every industry, advances in
materials and processes have enabled
reduction in size and weight of new
products together with increased
performance. As a result, the designs
are usually complicated and the
materials used are often close to their
physical limits. Because of the lack of
a statistical data base, lack of working
experience, and the safety
considerations, the level of
confidence in the use of advanced
materials is low determined. And here
is the role of NDT technology to
ensure quality of these advanced
materials, designs and manufacturing
processes.

Hence, the NDT ensure the
quality and performance of a product
is gaining and the need for improved

MODELING
ANALYSIS

APPLIED SCIENCE

Computer Science
and Mathematics

BASIC SCIENCE

Physics, Chemistry and Biology

safety, reliability, durability, main-
tainability, and increased performance
is satisfied. And it is very important
for all staff to establish the efficiently
implementation of the NDT
methodology in design,
manufacturing, and utilization of the
product.

2. Modern philosophy for
NDT applications

NDT is a multidisciplinary and
interdisciplinary in nature. A modern
NDT system integrates different
science and engineering technologies
for data acquisition, correlation of
NDT data with parameters in
consideration, and  performance
prediction (Fig. 3).

MATERIAL
PROPERTIE

ENGINEERING

Electronics, Mechanics,
Electrical and Chemical

Fig.3. Inter- and multidisciplinary nature of NDT

NDT 1s not a distinctive
scientific field. As a matter of fact,
NDT is multidisciplinary  and
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interdisciplinary in nature; it is a field
that involves all branches of science
and engineering.
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As a measurement science
NDT requires knowledge of physics,
chemistry, and biology in the basic
science areas; electrical, electronic,
mechanical, and chemical engineering
in the engineering areas; and
computer, materials, mathematics,
and statistics in the applied science
areas. This makes the field of NDT
broad enough.

With the variety and versatility
of the available NDT methods, it is
desirable, for improved performance,
to apply NDT technology to every
phase of the product life cycle (Fig.
4). This modern philosophy of NDT
use is effective to most of the
manufacturing industries especially
for high-technology ones.

NEED
REQUIREMENTS

CONCEPT DEVELOPMENT | PRODUCTION | UTILIZATION SUPPORT RETIREMENT
FAILURE
ANALYSIS
FAILURES
DTAO'\C/EE_EI |NSPECTAB||_|TYI PE%%?SNQX,\%" QUALITY DEFECT LIFE PRE-
MONITORING |ASSURANCEI | ASSESS- I | DICTION I
—3
I—
-LIFE CYCLE PHASE
-NDT ACTIVITY

Fig.4. NDT and the product life cycle

At the requirements phase can
help define damage tolerance as one
of the requirements of a system. At
the development stage, NDT may
provide guidance for inspectability. In
the future, the inspectability of
structurally critical areas will really
dictate the design of a product.

After that, NDT can qualify
proposed manufacturing processes
and when production runs, NDT can
perform process monitoring. After a
component is made or a device
assembled, NDT can perform quality
assurance. During utilization phase,

NDT can monitor crack initiation and
growth and when critical failure
occurs, NDT can support failure
analysis. For routine maintenance,
NDT can characterize a defect and
predict the residual life.

Each material has its inherent
parameters exhibited through various
mechanical  properties. As a
measuring methodology, NDT can be
used to determine the physical and
chemical, and thus the mechanical,
properties of a material or device. Use
of NDT for materials qualification,
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selection, and verification to meet
design requirements is common.

The defects may exist in the
raw  materials,  produced in
manufacturing processes or induced
in utilization phase. NDT can be
applied to detect and characterize
defect indications to assess these
defects. Through fracture mechanics
and life-cycle engineering, NDT
information can infer or predict
performance and useful life of the
material under consideration.

Not only material is significant
— it 1s now generally recognized that
process control is a key to increasing
strength and reliability. This has
engaged the wuse of NDT for
manufacturing process control as well
as for material choice. NDT is
emphasized in measurements that
provide stricter process control and
fewer end-product measurements.

NDT have scientific aspects
too. As above mentioned, to establish

a NDT system usually requires a
broad knowledge of various branches

of  science and  engineering
disciplines.

3. Numerical methods
justifying NDT

Statistical ~ process  control
(SPC) might not eliminate all
nonconforming  parts.  Certainly

inspection would be an option. Full
inspection by NDT nevertheless
added or not to other techniques may
eliminate as many defect parts as
possible. The probability of detection
of the method determines the
percentage of defect parts founded
out.

There are three principal
financial methods (Table) for
calculating the propriety of choosing
to perform 100% inspection on an
item of production. The good news is
in each method, the answer may come
out “yes” or “no”.

Table

Numerical Methods for Justifying 100% NDT

(1) BREAK-EVEN: The Deming Inspection Criterion

Internal Rate of Return (IRR)

(2) INVESTMENT: The Time-Adjusted Rate of Return (TARR) or

position)

(3) PRODUCTIVITY: Productivity, Profitability, and Revenue

(Quality, Productivity, and Profit leading to enhanced competitive

The key to each financial
method of calculation is what cost is
bigger — the detrimental cost of not
testing or the costs of testing. Of
course, there is big probability this
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never happen, but we hope that it
will. These calculations must include
the assumption that the investment in
the inspection equipment (total life
cycle cost) will pay for itself in the
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period of time before adequate
improvements are completed and
before the production of the part is
terminated.

3.1 The Deming Inspection
Criterion (DIC) Method

This method uses the cost of
inspecting, the negative or
detrimental cost if one
nonconforming part goes further into
production, and the part of
nonconformities known to determine
when to do complete inspection. This
method 1s suitable for inspection
technologies where the equipment
investments can be written off in the
fiscal year and where variable costs
are bigger. It is also useful where the
inspection is done by a vendor who
will define part costs. The equation
for the Deming inspection criterion
(DIC) 1s:

(34

[1]
Where:
k, 1s the detrimental cost of one

nonconforming part going further into
production;

k, 1s the cost to inspect one
part;

p 1s the part of production that
1s nonconforming.

In order to use equation [1], the
manufacturing process must be under
control. If the process is out of
control, equation [1] may be used in
case the process is intrinsically never
under control or that the time to gain
control of the process will be long in

terms of the continuing production of
nonconforming material. The time
must be long enough for the
inspection effort. Given equation
provides the inspection decisions are
as follows:

YES for DIC =10

NO for DIC<1,0
2]

The higher the cost ratio k,

: is
1
in equation [1], the lower the propor-
tion of nonconforming p must be to
preclude the need for 100% inspec-

tion.

3.2 The Time-Adjusted Rate of
Return (TARR) or the Internal Rate
of Return (IRR) Method

The method can be used on any
new iInvestment, such as a new
factory to replace old facilities, a
machine  to  replace  manual
operations, or in our case — inspection
apparatus to replace  warranty
expenditures.

The principle is that if the
current practice 1s continued, one
stream of costs will charge year by
year; if a new practice is introduced,
it will change the stream of costs. The
different stream is the result of the
investment item put in place at time
zero. After the streams are projected
out a certain number of years, the two
streams can be wused as input
information in the IRR program to
determine if there a net savings, and
to determine what effective rate of
return would be earned on the

investment. This method was
formally  introduced into  the
81
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inspection and nondestructive testing
business by Papadakis et al. [12].

This method is when the
investment in  the  inspection
equipment is large and will be written
off over several years of use during
which there will also be variable
costs.

The data include the rate of
production of parts, the rate of
production of nonconformities, the
detrimental cost per nonconformity
going further into production, the
lifetime of the inspection before it is
rendered unnecessary by continuous
improvement, the residual value of
the equipment after that time, and the

willing to pay on money borrowed to
purchase capital equipment.

These methods calculate the
interest rate to be realized on an
investment to be made at the
beginning and used for several years.

In the case of investment in
NDT equipment with associated
automation, the operating costs yearly
are an expense and the income tax
savings due to depreciation are on the
positive side. This stream would
typically be compared with warranty
costs if the inspection equipment
were not installed to eliminate the
nonconforming material. Two typical
cost streams to be compared are

interest rate the organization is  shown diagrammatically in Figure 5.
As arule this is a variable figure.
TESTING NON TESTING
) A ) A
E
g b g
[ | >
':F,,“ ) Attt ':F,,“ —a—t+—+=1+
o o
F

) A
Y

Q)

Y

Legend: A — Initial investment cost; B - Operating cost; C — Logistics support cost; D
— Depreciation; E — Residual cost of NDT equipment; F' — Warranty cost; G — Indirect cost,

related with poor quality.

Fig. 5. Two cost streams to be compared by the method of TARR or IRR to determine
whether
to purchase inspection equipment for use over several years:
(adapted from Papadakis, E. P. et al., Inspection Decision Theory: Deming Inspection Cri-
terion and Time-Adjusted Rate-of-Return Compared,” Engineering Costs and Production
Economics,

Vol. 13, 1988)
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3.3 The Productivity, Profita-
bility, and Revenue Method

This method traces money
earned vs. money expended by any
process in terms of productivity
written as money per money in an
input—output equation where all
resources are translated into currency
equivalents. The detrimental costs of
nonconforming  products  going
further into production reduce the
money earned and therefore reduce
productivity. Inspection reduces the
total detrimental cost while increasing
production costs.

The net calculation can
increase productivity and
profitability, resulting in increased
revenue.

The method is a quantitative
expression in four equations of the
title of Deming’s 1982 landmark
treatise, Quality, Productivity, and
Competitive Position. This method is
pioneered in [15] and the equations

are: N (A_B%

[3a]
E=P-1
[3b]
M=EC
[3¢c]

G=>M
[3d]

Where:

A is the value for which you
can sell the output, namely the
number of pieces N times the transfer
price T,or: A=N.T;

B is the sum of all the
detrimental costs V that come about
because of the production of n
nonconforming parts among the N:
B=nV;

P is productivity;

E is the economic profitability
of the process;

M are money realized from the
process as profit

C 1s the cost to run process.

G is the gross profit for the
factory.

The meaning of the equations
is as follow:

If you increase quality by
lowering nonconformity proportion,
you will raise productivity, and get
more revenue to spend on any
appropriate strategy to improve your
competitive position.

The first three equations refer
to any single process within a factory,
while equation [3d] is the sum over
all the processes in the factory. The
equations must be understood in
terms of the two diagrams of a
process shown in Figure 6.
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Fig. 6 Diagram of value flow through a process

Figure 6 shows the main
branches of the fishbone diagram of a
process working inside a boundary
and producing an output. The value
C-in runs the process. The value A-
out is the revenue from the sale of its
output. The disvalue B-out is the
detrimental cost of  having
nonconformities in the output. B can
become very large if the potential cost
of a single nonconformity is large.
The process fishbone chart defining
the possible variables: men, materials,
machines, methods, and environment.

The consequences of poor
quality can be analyzed as follows.
Since the detrimental costs can be
very high, it is possible to have V>>T
and also n<<N.

This pair indicates that the
value of B can be comparable to the
value of A. This means that
productivity P could go to zero or
become negative [Eq. 3a]. Economic
profitability E could be zero or
negative [Eq. 3b], and the revenue M
[Eq. 3¢] could become negative.

Inspection fits into this regimen
by being capable of making B smaller
as capable, essentially zero. NDT fits
into inspection because many latent
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defects can be detected only by NDT
methodologies and this guarantee
larger reduction in B than other
methods can.

Inspection will add some cost
to the production costs C and will
lower the number of salable items
from N to N — n, reducing the value
A. Extra production, possibly at
overtime rates, will be needed to fill
the contracts for N items. Thus, while
using inspection, the productivity will
be somewhat lower than for perfect
production, but certainly higher than
if B remains large. It will be obvious
that inspection should be instituted
and continued in certain cases.

Summary
There are many relevant
subjects associated with use of a

specific ~ NDT  application (the
detection limits, probability of
detection (POD), standards,

calibration etc.). From a technological
point of view, a given NDT technique
has physical and detection limits.
From an operational point of view, an
NDT system for a particular NDT
method has environmental and
throughput constraints. A NDT
system or technique cannot precisely
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characterize all the indications,
modeling, and statistical analyses that
have to be performed on NDT results
to determine the POD and establish
the confidence level for the defect.

Many  factors, such as
humidity, temperature, and operator,
will influence the results. It 1is
essential to calibrate and verify the
functionality of the equipment before
routine inspection. Calibration will
ensure the comparability of all the
data sets and inspection results.
Calibration  requires standards.
However, every NDT technique is
different; thus the design of the
calibration = standard  for  each
technique would be different. It is
necessary to produce a standard or a
set of standards that achieves the
purpose of calibrating instruments
with minimum effort.

Another important subject is
education and training. Technical
knowledge 1s still necessary to
supervise the operation. To train and
certify the operator, evaluator, and
administrator, various degrees of
educational, course, and reference
materials must be developed. Because
of economic, environmental, and
other constraints, various levels of
automated NDT systems have to be
used concurrently. Also, extensive
research, engineering, and
development efforts have to be
performed before an NDT system can
be devised, automated, and perfected.

Modern philosophy for NDT
makes it suitable for every life cycle
phase of the product. The old
products require NDT to determine
their status for disposition — to

discard, to repair, or to return to

service. NDT is essential in
monitoring the manufacturing
processes and to ensure product

quality. NDT is recognized as one of
the key elements for technology
advances.

Because the NDT requires
investment, the three methods for
calculating the propriety of using
100% inspection have been outlined
and analyzed. They lead to
unambiguous and unbiased objective
results and can be used as proof in the
presence of differing opinions.

Reference

[TJASTM “Nondestructive Testing”,
American Society for Testing and Materials,
Philadelphia, 2005

[2]Deming, W. E., Quality, Productivity,
and Competitive Position, MIT Center for
Advanced Engineering Study, Cambridge,
MA, 1982.

[3]ISO (1990). Quality Systems-Model for
Quality Assurance in Design, Development,
[4]Production, Installation, and Servicing.
ISO/ANSI, New York.

[5]ISO 9001:1994, Quality Systems —
Model for Quality Assurance in Design,
Development, Production, Installation, and
Servicing, 1994.

[6]ISO 9002:1994, Quality Systems —
Model for Quality Assurance in Production,
Installation, and Servicing, 1994.

[7]ISO 9001:2000, Quality Management
Systems — Requirements, 2000.
[8]Lipson, C. and N. J. Sheth, Statistical
Design and Analysis of Engineering Ex-
periments, McGraw-Hill, New York, 1973.
[9]Papadakis, E. P., Future Growth of Non-
destructive Evaluation, IEEE Trans., SU-
23(5), 284-287, 1976.

[10] Papadakis, E. P., Challenges and Op-
portunities for Nondestructive Inspection
Technology in the High-Volume Durable
Goods Industry, Materials Evaluation,
39(2), 1981.

85

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



[11] Papadakis, E. P., Sampling Plans and
100% Nondestructive Testing Compared,
Quality Progress, 1982

[12] Papadakis, E. P., Stephan, C. H.,
McGinty, M. T., and Wall, W. B., Inspec-
tion Decision Theory: Deming Inspection
Criterion and Time-Adjusted Rate-of-
Return Compared, Engineering Costs and
Production Economics , Vol. 13, 111-124,
1988.

[13] Papadakis, E. P., Inspection Decisions
Based on Costs Averted, Materials Evalua-
tion, 50(6), 774-776, 1992.

86

[14] Papadakis, E. P., Cost of Quality, Re-
liability Magazine, January/February, 8-16,
1995.

[15] Papadakis, E. P., Quality, Productiv-
ity, and Cash Flow, Society of Automotive
Engineers, Warrendale, PA,1996.

[16] Papadakis, E. P., A Cost of Quality:
Three Financial Methods for Making In-
spection Decisions, Materials Evaluation
55(12), 1997.

Walton, M., The Deming Management
Method, Putnam Publishing Group, New
York, 1986.

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



Journal scientific and applied research Nel, 2012
Association Scientific and Applied Research
International Journal

Y e ISSN 1314-6289

Original Contribution
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Abstract: The data from three Bulgarian build instruments on the International Space Station (ISS): Liuin-5
inside PIERS module of Russian segment, R3DE instrument outside at the European Technological Expose
Facility (EuTEF) on the ESA Columbus module and R3DR instrument outside Russian “Zvezda” module shows
that the docking of the Space Shuttle with the ISS decreased the trapped proton maximal doses in the region of
the South-Atlantic Anomaly (SAA) by factor of 1.25 to 2 in dependence from the local shielding and the distance
to the Space Shuttle. The analysis of the ascending/descending SAA dose rate maximums of the instruments
shows that the effect can be simply explained by the additional shielding against the 30 to 150 MeV protons of
the inner radiation belt in the region of the SAA, provided by the 78 tons Shuttle to the instruments and by

changing of the ISS 3D mass distribution when the ISS rotates.

Key words: Space radiation, ISS, Space Shuttle

I INTRODUCTION

The radiation field around the
ISS is complex, composed of galactic
cosmic rays (GCR), trapped radiation
of the Earth radiation belts, solar en-
ergetic particles, albedo particles
from Earth’s atmosphere and secon-
dary radiation produced in the shield-
ing materials of the spacecraft and in
biological objects.

Radiation belts are the regions
of high concentration of the energetic
electrons and protons trapped within
the Earth’s magnetosphere. There are
two distinct belts of toroidal shape
surrounding the Earth where the high
energy charged particles get trapped
in the Earth’s magnetic field. Ener-
getic ions and electrons within the
Earth’s radiation belts pose a hazard
to both astronauts and spacecraft. The

inner radiation belt, located between
about 0.1 to 2 Earth radii, consists of
both electrons with energies up to 10
MeV and protons with energies up to
~ 100 MeV. The outer radiation belt
(ORB) starts from about 4 Earth radii
and extends to about 9-10 Earth radii
in the anti-sun direction. The outer
belt mostly consists of electrons
whose energy is not larger than 10
MeV. The electron flux may cause
problems for components located out-
side a spacecraft (e.g. solar cell deg-
radation). They do not have enough
energy to penetrate a heavily shielded
spacecraft such as the ISS wall, but
may deliver large additional doses to
astronauts during extra vehicular ac-
tivity [1] (Dachev et al., 2009). The
main absorbed dose inside the ISS is
contributed by the protons of the in-
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ner radiation belt. The South-Atlantic
Anomaly (SAA) is an area where the
radiation belt comes closer to the
Earth surface owing to a displacement
of the magnetic dipole axes from the
Earth’s center. The daily average ab-
sorbed dose rates reported by Reitz et
al. (2005) [2] inside of the ISS vary in
the range 74-215 pGy d'.

The GCR are not really rays at
all, but charged particles that origi-
nate from sources beyond our solar
system. They are thought be acceler-
ated by high energetic sources like
neutron stars, black holes and super-
novae within our Galaxy. GCR are
the most penetrating of the major
types of ionizing radiation. The ener-
gies of GCR particles range from sev-
eral tens up to
10” MeV nu-
cleon™. The
GCR spectrum
consists of 98%
protons and
heavier ions
(baryon compo-
nent) and 2%
electrons  and
positrons  (lep-
ton component). The baryon compo-
nent is composed of 87% protons,
12% helium ions (alpha particles) and
1% heavy ions [3]. Highly energetic
particles in the heavy ion component,
typically referred to as high atomic
number Z and energy E (HZE) parti-
cles, play a particularly important role
in space radiobiology [4]. Up to 1
GeV, the flux and spectra of GCR
particles are strongly influenced by
the solar activity and hence show
modulation which 1is anti-correlated

Fig. 1: External view of
R3DE instrument. R3DR
instrument is with very
similar external view.
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with solar activity. The GCR radia-
tion in the near — Earth free space is
approximately isotropic. However,
because of the shielding effect of the
Earth’s magnetic field and the Earth
itself, there is a lower limit of the
cosmic ray particles energy to enter
given points in low Earth orbit (LEO)
from different locations - geomag-
netic cutoff [5].

Because of the very low solar
activity during the EXPOSE-E/R
missions, solar energetic particles as
well as significant fluxes of albedo
particles from Earth’s atmosphere
were not observed. Therefore, they
are not further described here.

II. INSTRUMENTATION
1.1 R3DE/R instruments

The (Radiation Risks Radiome-
ter-Dosimeter (R3D) R3DE and
R3DR instruments (Figure 1) are suc-
cessors of the Liulin-E094 instru-
ment, which was part of the experi-
ment  Dosimetric  Mapping-E094
headed by Dr. G. Reitz that was
placed in the US Laboratory Module
of the ISS as a part of Human Re-
search Facility of Expedition Two
Mission 5A.1 in May-August, 2001
[2, 6].

The R3DE instrument for the
EXPOSE-E facility on the European
Technological Exposure  Facility
(EuTEF) worked outside of the Euro-
pean Columbus module of the ISS
between 20™ of February 2008 and 1
of September 2009 with 10 seconds
resolution behind less than 0.4 g.cm™
shielding [7].

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



The R3DR spectrometer was
launched inside of the EXPOSE-R
facility to the ISS in December 2008
and was mounted at the outside plat-
form of Russian Zvezda module of
the ISS. The first data were received
on March 11, 2009. Until 20" of Au-
gust 2010 the instrument worked with
10 seconds resolution.

The exact mounting locations
of the both instruments are seen in
Figure 2. The figure is discussed
comprehensively in the discussion
part of the paper.

R3DE/R instruments are a low
mass (~100 g), small dimensions
(76x76x36 mm) automatic devices
that measures solar radiation in 4
channels and ionizing radiation in 256
channels. The 4 solar UV and visible
radiations photodiodes are seen in the
center of the Figure 1, while the sili-
con detector is behind the aluminum
box of the instrument; that is why is
not seen in the picture. It is situated
above the 4 photodiodes. They are
Liulin type energy deposition spec-
trometers. The size of the aluminum
box of the R3DR instrument is 76 x
76 x 34 mm.

The ionizing radiation is moni-
tored using a semiconductor PIN di-
ode detector (2 cm® area and 0.3 mm
thick). Its signal is digitized by a 12
bit fast A/D converter after passing a
charge-sensitive preamplifier. The
deposited energies (doses) are deter-
mined by a pulse height analysis
technique and then passed to a dis-
criminator. The amplitudes of the
pulses are transformed into digital
signals, which are sorted into 256
channels by a multi-channel analyzer.

At every exposure time interval one
energy deposition spectrum is col-
lected. The energy channel number
256 accumulates all pulses with am-
plitudes higher than the maximal
level of the spectrometer of 20.83
MeV. The methods for characteriza-
tion of the type of incoming space
radiation are described in [7].

The total external and internal
shielding in front of the detector of
R3DE/R devices is 0.41 g cm™. The
calculated stopping energy of nor-
mally incident particles to the detec-
tor is 0.78 MeV for electrons and 15.8
MeV for protons. This means that
only protons and electrons with ener-
gies higher than the above mentioned
could reach the detector.

11.2 Liulin-5 instrument

Liulin-5 [8] 1s an active ex-
periment inside the Russian spherical
tissue—equivalent phantom of the in-
ternational project MATROSHKA-R

1" 1%
£

the mounting positions of the
EXPOSE-E/R facilities. The
bases of the arrows show the
exact places of R3DE/R in-
Struments.
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on ISS [9], which aims to study the
depth-dose distribution at the sites of
critical organs of the human body.
The diameter of the phantom is 370
mm and the mass is 32 kg. Similar
investigations on ISS are conducted
by the ESA anthropomorphic phan-
tom MATROSHKA [10].

Liulin-5 consists of two units: a
detector module, placed inside the
phantom and an electronic block out-
side. The detector module contains
three silicon detectors D1, D2 and D3
arranged as a telescope and placed at
different depths in the radial channel
of the phantom, to measure the dose-
depth distribution, and three charge-
sensitive preamplifiers shaping ampli-
fiers. The detectors axis is along the
radial channel.

The
thickness  of
the  sensitive
volume of each
detector 1s 0.37
mm, and the
detectors’  di-
ameter 1s 17.2
mm. Each de-
tector records
the amount of
energy depos-
ited in the de-
tector and pro-
vides data for
the dose rates
and particle fluxes in them, evaluated
for each 20-s period in SAA and each
90-s period outside SAA. The three
detectors are placed at 40 mm, 60 mm
and 165 mm distances from the phan-
tom’s surface. The first two detectors
from the surface (D1 and D2) work in

4 7 g
Fig.3 View of Liulin-5
inside the phantom
during the tests of the
instrument. In the cen-
ter is seen the detector
module mounted in the
radial channel, while
at the right side is the
electronic block.
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coincidence mode. When a particle
enters the telescope within the 81.4°
sensitivity cone with enough energy
to make it through both detectors, it is
considered a coincident event. The
data for this event are recorded, and
used to define the linear energy trans-
fer (LET) spectrum.

The electronic  block s
mounted outside the phantom. It pro-
vides electric power to the detector
module, controls the operation of the
instrument, and accumulates the data
from measurements in flash memory.

The instrument is built in col-
laboration between the Institute of
Biomedical Problems - Moscow,
Russia and SRTI-BAS. The Liulin-5
instrument was launched to the ISS in
June 2007 and works successfully till
now (March 2012) inside the Russian
PIERS module.

III. DATA ANALYSIS

IIl.1. Long-term measurements
of the ISS radiation environment by
R3DFE instrument

Some data from R3DE instru-
ment connected with the decrease of
the doses in SAA caused by the Space
Shuttle docking were analyzed and
already published in [11].

Figure 4 shows the R3DE
measurements of the SAA: Incident
energies in MeV, Maximal dose rates
in uGy h™ and daily dose rates in pGy
d” for the time span between 22" of
March 2008 and 26™ of June 2009.
The SAA doses are separated from all
R3DE data by two simple require-
ments. The first one is that the dose
rate be larger than 200 uGy h™', which
excludes the Galactic cosmic rays
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which the dose—
to-flux ratio 1is
less than 1 nGy
cm’ particle™ [7, 12].

The relatively low dose rates at
the left side of the figure are con-
nected with ISS altitudes in the range
350-365 km. The increase of the sta-
tion altitude up to 365-375 km after
21* of June 2008 led to an increase of
the maximal SAA dose rate above
1200 pGy h™'.

The main feature seen in Figure
4 1is that during the Space Shuttle
docking, the SAA maximal doses fell
down by 600 uGy h™ and reached an
average level of 400-500 pGy h™ for
STS-123 and 124 missions. For STS-
126 and STS-119 the drop down was
also 600 uGy h' from an average
level of 1400 uGy h™".

The analysis of the average
SAA daily dose rate for the studied
period shows that: before 21* of June
2008 it was around 300 pGy day’,
after 21* of June 2008 it started to
increase and on 31* of July reached a
value of 500 pGy day’', which stead

JOURNAL SCIENTIFIC AND APP

Fig. 4: Variations of SAA dose rate per day (uGy/day), maximum
dose (L1Gy/h), and Incident Energy from 22/02/2008 to 23/06/2009.

at this level till the end of the obser-
vations in June 2009. The dockings of
the Shuttles decreased the average
daily SAA dose rate by ~ 250 uGy
day’'. Similar reductions of the SAA
dose rates are observed by Semones
[13] with the Tissue Equivalent Pro-
portional Counter (TEPC) in the Co-
lumbus module for the period 4-24
March 2008. Because of the larger
shielding inside the Columbus mod-
ule the dose rate reduction reported
by Semones was less than measured
in R3DE, namely from 120 to 97 uGy
day’' during the STS-123 docking
time. Benghin et al. 2008 [14] also
report about changes in the ratio of
daily dose rates of the unshielded de-
tectors numbers 2 and 3 of the DB-8
system during the dockings of the
Shuttles.

The averaged incident energy
of the protons in the SAA region is
shown in the upper panel of Figure 5.
It reveals that the dockings of the
Shuttles increase this energy from
about 32.5+15.8=48.3 MeV to
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42.5+15.8=58.3 MeV. The energy of
the protons incident normally to the
detector is calculated by using the
experimental formula described by
Heffner, 1971 [12]. The exact for-
mula used for calculating the proton
energies from the measured dose to
flux ratio has been recently shown in
[7].

The increase of the averaged
incident energy of the protons in the
SAA region during the Shuttles dock-
ings can be explained with the in-
crease of the protons energy range
caused by the stopping of the low en-
ergy protons by the mass of Shuttle.

1I1L1II Study of the ISS radiation
environment close to STS-123 Space
Shuttle mission in March 2008

Figure 5 shows the dose rate
dynamics observed by 3 different in-
struments around the time of Space
Shuttle (STS-123) docking and un-
docking in the time frame 5™ — 31* of
March 2008. The measured absorbed
doses in each exposure interval are
presented by black diamonds, while
the obtained statistically moving av-
erage doses are shown with heavy
lines. The numbers there correspond
to the number of single measurements
used in the moving average calcula-
tion.

The 3 panels contain data as
follows: In Figure S5a there are the
NASA TEPC absorbed dose rate data,
which by the selection to be higher
than 100 pGy h™' present only the
SAA maxima. First part of the data
between 5" of March and 14:03:37 at
10" of March are from position SM-
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410, while second part till 31" of
March is from position COL1A3.
Data are obtained from
http://cdaweb.gsfc.nasa.gov/  server.
Figure 5b contains Liulin-5 [25] dose
rate data from the first detector se-
lected in same way as the TEPC data;
Figure 5c¢ contains R3DE dose rate
data selected as the other 2 data sets.
Only here the lowest dose rates are
200 uGy h™.

Because of the large time inter-
val on the X axis in Figure 5 the 6-8
ascending and descending crossings
of the SAA anomaly per day are pre-
sented by a pair of 2 bars. The first
one corresponds to the descending
orbits, while the second one to the
ascending orbits during one series of
6-8 crossings. The differences in the
dose rate amplitudes are produced by
the east-west asymmetries of the pro-
ton fluxes in the region of the SAA
[15-17]. These amplitudes are addi-
tionally stimulated to changes by the
attitude of the ISS, which changes by
180° during the Shuttle docking pe-
riod and reversed after it [14].

The relations between ascend-
ing and descending amplitudes of the
dose rates for each instruments be-
fore, during and after the Shuttle
docking are underlined by text boxes,
which contain inequalities labeled by
D>A when the descending dose rates
were greater than ascending ones and
in reverse with A>D when the other
relation was fulfilled.

For the R3DE instrument there
were no changes of the amplitudes
relations.
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Fig. 5: Variations of the dose rates by NASA TEPC,

R3DE and Liulin-5 instruments close to STS-123
docking in the time frame 5-31 March 2008.

At any time the descending
dose rate value was greater than the
ascending one. This behavior can be
explained by the position of the
R3DE instrument on the top of Eu-
TEF where it is not shadowed by the
Columbus body from SAA protons
drifting to the west. The other 2 in-
struments showed rotation of the as-
cending descending inequalities con-
nected with the Shuttle docking.
These relations are explained more
precisely in the next paragraph.

It is well seen that all 3 data
sets recorded a decrease in the dose
rates after the docking of Space Shut-
tle at 03:49 on 13" of March 2008. To
emphasize the decreases moving av-
erages lines are calculated and pre-
sented by heavy lines in each panel of
figure 6. For R3DE the decrease in
moving averages was from 500 to 300
nGy h' or about 40% from the value

0505770505 V0505505 05" %05 0505 05 0%

uGy h™' or again about 40% from
the value before the docking.
TEPC dose rates obtain the small-
est decrease from 280 to about 200
uGy h', which is about 30% de-
crease. Dose rates measured by all
3 instruments returned to the val-
ues before the docking of STS-123
after 00:25 on 25" of March, when
the undocking of Space Shuttle
occurred.

111.3 Study of the ISS radia-
tion environment close to STS-119
Space Shuttle mission in March
2009

Figure 6 i1s very similar to
Figure 5 and shows the dose rate
dynamics observed by 4 different

instruments around the time of Space
Shuttle (STS-119) docking and un-
docking in the time frame 11" — 31%
of March 2009. The 4 panels contain
data as follows: In Figure 6a there are
the NASA TEPC absorbed dose rate
data, which by the selection to be
higher than 200 pGy h™' present only
the SAA maximums. First part of the
data between 11™ of March and
23:59:43 at 30" of March are from
position SM-327, while second part
till 31% of March is from position
JEM-1FD3. Data are obtained by the
http://cdaweb.gsfc.nasa.gov/  server;
Figures 6b-6d contain Liulin-5, R3DE
and R3DR dose rate data selected in
same way as the TEPC data.

The analysis of the 4 panels
shows that the highest measured SAA
dose rates are seen in the R3DR data
(Figure 6d) reaching values up to
2500 pGy h'.
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SAA dose rates being higher ;9 docking in the time frame 11-31 March 2009.
than the R3DE dose rates is

seen in Figure 2 and 7. The 2 photo-

grapgs on f171§ur§321) greszn;;}EfRsm' tion presented in Figure 2b shows that
rounding of the an M this instrument is far from the Zvezda

;trum}e{r;tgé)n ISSI~ As gnenti}(:ned be; module at the end of the EXPOSE-R
}C:fea h TEFwasl ofcate at t ,edtOpI(l) facility and is practically shielded
the Eu platform outside ~the g0, pejow only.

European Columbus module (Figure
7). In Figure 2a, the ‘1ower end .of the IV. DISCUSSIONS
heavy arrows pointing “up” in the
R3DE photograph shows the exact
place of the instrument. It is seen that
it was surrounded by different con-
structive elements of the EuTEF plat-
form, which produced additional
shielding of the instrument. In addi-
tion being on the top of EuUTEF mod-
ule R3DE was practically not
shielded by the Columbus module
body from the SAA drifting protons
coming from west and up. That is
why always the descending dose rates

in this instrument were higher than
the ascending ones. The R3DR posi-

We interpret the dose rate de-
creases measured in the ISS instru-
ments to be generated by 2 factors — a
static one and a dynamic one. The
static factor is connected with the
presence of the Space Shuttle body in
the angle of view of the instruments,
which leads to the decrease of flux of
the SAA protons. The dynamical fac-
tor is connected with the attitude of
ISS, which usually rotates [14] at
180° before Space Shuttle docking
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Fig. 7. Variations of the dose
rates by NASA TEPC, R3DE and
R3DR instruments close to STS-

119 docking in the time frame
11-31 March 2009.

and reverses again after the undock-
ing.

The decreases of the dose rates,
observed by the R3DE and Liulin-5
instruments, when the Space Shuttle
was docked with the station can be
explained by the additional shielding
to the instruments
inside and outside

of the ISS against oA
the SAA 30 to }50
MeV proton drifts,

provided by the
78-tons shuttle
body. Qualita-
tively  this s
shown in Figure 7
where the Space
Shuttle and the
major part of ISS
are schematically
presented. The
places of the
R3DE, R3DR,
TEPC and Liulin-
5 instruments in

Before Shuttle Docking

[RIDR|
o

this schema are marked by black rec-
tangles and the corresponding labels.
It is seen that the large and heavy
body of the Shuttle covers a wide an-
gle of view (shown with light and
dashed lines) of the R3DE and TEPC
instruments. R3DR and Liulin-5 be-
ing away from Shuttle were less
shielded by the Space Shuttle body.
This fact describes the relatively
small decrease in the R3DR dose
rates presented in Figure 7. The rela-
tively low energy inner radiation belt
protons were stopped in the Shuttle
body and did not reach the instru-
ments thus producing a decrease in
the measured dose rates.

The ISS attitude change was
performed in preparation of the Shut-
tle docking. The rotation of the ISS at
180° against the velocity vector led to
both, decreasing dose rates in detec-
tors on ascending orbits and changing
the places of the maximum doses on

After Shuttle Docking

Fig. 8: Sketch of the situations between different instruments placed
on ISS and their interaction with the west-east direction of the SAA
ion drift velocity.
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ascending and descending SAA cross-
ings because of the East-West asym-
metry. This dynamical effect on the
dose rates depends by the place and
shielding distribution around the in-
strument. Exact quantitative modeling
of the passive and dynamical ISS
dose rates changes connected with the
Shuttle docking are in progress and
the results will be presented in future.

Figure 8 is a sketch, attempting
to explain how the ascend-
ing/descending orientation and Shut-
tle docking affects the dose rates val-
ues measured by the different instru-
ments. In the left part of the figure the
situation is shown before Shuttle
docking when the ISS is in the nomi-
nal “XVV”» orientation
http://spaceflight.nasa.gov/station/flas
h/iss_attitude.html and when the US
Laboratory module is leading the sta-
tion along the velocity vector. Upper-
left part of the figure presents the
situation in descending parts, and the
ascending parts are presented in the
down-left corner. Major station mod-
ules as US laboratory module (US
lab), European Columbus module
(Columbus), European Technologi-
cally Expose Facility (EuTEF), Node
1 module and Russian Zvezda module
are shown with black rectangles. The
Zvezda module is not directly con-
nected to Node 1, but here, for sim-
plicity reasons, we accept that it is so.
Different instruments are presented
with yellow filled blocs with labels
as: R3DE, R3DR, NASA TEPC and
Liulin-5 instrument (LIUS). They are
situated in their positions respectively
in the left or right side of the station
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axes, which is along the velocity vec-
tor shown with blue arrows.

The SAA proton drift velocity
is presented with heavy semitrans-
parent yellow/sky blue arrows ori-
ented to the down-right i.e. from up to
down and from west to east. The
white rectangles on the drift velocity
vectors summarize the observed in
Figures 6 and 7 ascending/descending
dose rate amplitude relationships.

It can be seen that higher as-
cending/descending amplitudes are
seen at the side of ISS complex,
which is rotated to the drift velocity
vectors and in reverse lower ampli-
tudes are seen at the other side of the
station body. Only R3DE instrument
as described before stays at fixed
D>A relationship.
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Abstract: The space radiation is a very important component of the space weather and affects both the space
crew and electronic devices in space flights. The Bulgarian scientists together with number of international
partners for more than 20 years conduct research of the ionizing radiation distribution from the Earth surface
to the Moon orbit. In this paper we present some results for space radiation doses observed during number of
experiments on the Mir manned space station, International Space Station, on unmanned satellites Foton-M?2,
Foton-M3 around the Earth and on Chandrayan-1 satellite around the Moon. Discussed is the contribution of
the galactic cosmic rays and trapped radiation to the particle fluxes and absorbed doses.
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I. INTRODUCTION

The ionizing radiation has been
recognized as a main health concern
to space crew and investigation of the
radiation influence on space vehicles
and their crew has been conducted
since the early times of human space
flight. Estimating the effects of radia-
tion on humans in space flight re-
quires accurate knowledge and mod-
eling of the space radiation environ-
ment, calculation of primary and sec-
ondary particle transport through the
shielding materials and through the
human body, and assessment of the
biological effect of cosmic particles.

The radiation field in a space-
craft in low Earth orbit (LEO) like the
manned Mir station and International
Space Station (ISS) is complex, com-
posed by galactic cosmic rays (GCR),
trapped radiation of the Earth radia-

98

tion belts, solar energetic particles,
albedo particles from Earth’s atmos-
phere and the secondary radiation
produced in the shielding materials of
the spacecraft and in human body.

The GCRs, consisting of 99%
protons and He nuclei and 1% heavy
ions with energies up to tens of
GeV/nuc are permanent source of
ionizing radiation in the ISS. The
GCR radiation in the near — Earth free
space 1s approximately isotropic.

Another component of the inci-
dent radiation field in the ISS orbit is
the trapped protons and electrons. The
trapped protons of the inner radiation
belt have energies up to several hun-
dreds of MeV and contribute a large
fraction of the dose rates outside and
inside ISS. The trapped protons are
encountered by LEO spacecraft in the
region of South Atlantic Anomaly
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(SAA). Although only about 5% of
ISS mission time is spent in the SAA,
the astronauts may collect more than
50% of their total dose during this
short time period (Apathy et al,
2007) [1]. The average kinetic energy
of the inner zone trapped electrons is
a few hundred keV. These electrons
are easily removed from the space-
craft interior by the slightest amount
of shielding and are mainly of con-
cern to an astronaut in a spacesuit. At
higher latitudes ISS crosses the
earthward part of the outer electron
radiation belt. The average energy of
these electrons is also about few hun-
dred keV, but a prominent feature is
the appearance under certain geo-
magnetic conditions of the so called
‘killer electrons’ — electrons with
relativistic energies of the order of
MeV, which could cause spacecraft
charging and spacecraft anomalies
[2]. Dachev et al. [3] reported meas-
urements of the outer belt relativistic
electrons on ISS and concluded, that
though they produce an enhancement
in the dose rate, the observed doses
do not result in a dangerous increase
of the radiation doses.

The radiation field at a loca-
tion, either outside or inside the
spacecraft is affected both by the
shielding and surrounding materials
[4-6]. Dose characteristics in LEO
depend also on many other parame-
ters such as the solar cycle phase,
spacecraft orbit parameters, helio —
and geophysical parameters.

The biological impact of space
radiation to humans depends strongly
on the particle’s linear energy transfer
(LET) and is dominated by high LET

radiation. Especially important is the
effect of the high energy heavy ion
component of GCR, possessing high
LET and highly penetrating in human
body, which provides them with a
large potential for radiobiological
damage [7]. For radiation protection
the quality factor (Q) was introduced
to describe the different biological
effectiveness of the different radiation
types. The quality factor is defined as
a function of LET [8]. The biologi-
cally significant dose equivalent is
obtained as the absorbed dose is
weighted by the quality factor.

The dominant radiation com-
ponent at 100 km above the surface of
the Moon [9] are GCR modulated by
the solar activity. The Solar Particle
Events (SEP-short-term high-intensity
bursts of protons and ions accelerated
to hundreds of MeV) and produced by
solar flares, sudden sporadic erup-
tions of the chromosphere of the Sun
also contribute transient increases to
the radiation environment in LEO and
around Moon. The lunar albedo radia-
tion (principally neutrons) [9] is pro-
duced by the interactions of GCRs
and SEPs in the surface. The neutron
albedo can contribute as much as 20%
to the effective dose when the radia-
tion environment is dominated by
GCRs, whereas when SEPs dominate,
the neutrons contribute about 2% to
the effective dose [10].

From 1989 to 1994 the radia-
tion environment in Mir manned sta-
tion has been observed by Liulin
dosemeter-radiometer developed by
Bulgarian and Russian scientists [11].
Since 2001 the radiation environment
inside and outside of ISS and in a
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human phantom in ISS as well as on
number of unmanned spacecrafts in
LEO has been studied with various
arrangements of radiation detectors
developed by Bulgarian scientists and
their international partners [12-21].
The Chandrayaan-1 Indian spacecraft
was launched on 22 October 2008
[22]. RADOM instrument for radia-
tion environment investigations on-
board Chandrayaan-1 was provided
by the Bulgarian Academy of Sci-
ences [23].

In this paper we present some
results for space radiation doses
observed during number of ex-
periments on the Mir space station,
ISS, Foton M2 and Foton M3 satel-
lites and on Chandrayan-1 satellite.

II. METHODS OF MEAS-
UREMENT AND INSTRUMENTS

I1.1 Dosimeter-radiometer
Liulin on Mir space station

The Liulin dosimeter-
radiometer was  designed to

measure the dose and flux of
penetrating in Mir space station
particles. It uses a silicon detector
with a thickness of 306 microns and
area of 2 cm’ [11]. Simultaneous
measurement of the energy
absorbed in the detector and of the
particle flux were recorded and
transmitted to Earth.

Liulin instrument consists of
detector and microcomputer units
(Fig.1). The detector unit is a minia-
ture, portable, self-indicating devise
with a semiconductor detector. The
fixed locations of the instrument in
the MIR manned compartment behind
effective shielding of 6-15 g/cm® gave
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homogeneous series of particle fluxes
and doses measurements collected
during the flight of the second Bul-
garian cosmonaut (June 1988) and
between September, 1989 -April,
1994.

The main contribution to the
count rate measured by Liulin is due
to protons and electrons that have en-
ergy respectively higher than 100
MeV and 10 MeV outside Mir space
station.

IL1.2. Liulin -4 type deposited
energy spectrometers

The main purpose of Liulin
type Deposited Energy Spectrometer
(DES) is to measure the spectrum (in
256 channels) of the deposited energy
in a silicon detector from primary and
secondary particles at the aircraft
altitudes, at LEO, outside of the Earth
magnetosphere on the route and on
the surface of the planets of Solar
system. The DES is a miniature
spectrometer—dosimeter  containing:
one semiconductor detector, one
charge-sensitive preamplifier, two or
more microcontrollers and a flash
memory. Pulse analysis technique is
used for the obtaining of the

deposited

energy

h_ spectrum,

. which

........ 8| further s

: used for the
Fig.2 RADOM :

_ calculation

instrument.
of the

absorbed dose and flux in the silicon
detector. The unit is managed by the
microcontrollers through specially
developed firmware. Plug-in links
provide the transmission of the stored
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in the flash memory data toward the
standard Personal Computer (PC) or
toward the telemetry system of the
carrier. The following instruments of
Liulin-4 type were flown on different
space missions: (1) The Liulin-E094
4 Mobile dosimetry units flown in

L | éﬂ
‘iTII'I ol ] @-]
‘T!""'._l' m—

e =

e

Fig. 1. External view of Liulin
instrument on Mir space station

2001 on American Destiny module of
International Space Station (ISS) [12]
in the frame of the European DosMap

Project [17]; (2) R3D-B2/B3
instruments flown on the
FotonM2/M3 spacecrafts in
2005/2007 [l16, 24]; (3) R3DE

instrument which worked between
February 2008 and September 2009
on the EuTEF platform of European
Columbus module of ISS as part of
the EXPOSE-E Facility [14]; (4)
R3DR instrument, which operate
outside the Russian Zvezda module of
ISS till January 2011, (5) RADOM
instrument (Fig.2.) launched on
Chandrayaan-1 mission [23].

I1.3. Liulin-5 dosimetric tele-
scope [18-20]

Liulin-5 (Fig.3.) is an active in-
strument within the Russian spherical
tissue—equivalent phantom [25, 26]
on the ISS. The spherical phantom
consists of 13 tissue—equivalent
slices. The phantom has a diameter of
35 cm and 10 cm central spherical
hole. There are 4 perpendicular radial

channels and additional holes inside
the phantom body for detectors place-
ment. The weight is 32 kg. The phan-
tom 1is stuffed with passive detectors
that measure an integral absorbed
dose, Linear Energy Transfer (LET)
spectrum, or its mean value. Passive
dosimeters are also placed in pockets
of the phantom’s case. The Liulin-5
particle telescope was mounted inside
the largest diameter channel.

The detector module of Liulin-
5 contains three silicon detectors DI,
D2 and D3 arranged as a telescope.
The detectors axis is along the phan-
tom’s radius.

The D1 detector is at 40 mm,
D2 is at 60 mm and D3 is at 165 mm
distance from the phantom’s surface.
The position of DI and D2 in the
phantom corresponds approximately
to the depth of blood forming organs
in human body, while D3 is placed
very close to the phantom’s centre.
This arrangement allows measuring
the dose-depth distribution along the
sphere's radius.

The investigation of the radia-
tion environment in the phantom in
ISS by Liulin—5 experiment envis-
ages: 1) measurement of the depth dis-

Spherical

/®-H-®\ / phantom

e ies
DSHDZ]'E.
® &

=N

gL
Detector module of

Liulin-5

=

Passive detectors

I

Fig. 3. The spherical phantom with Liulin-
5 onboard ISS. Sketch of the detectors ar-
rangement in the phantom.
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tributions of the energy deposition
spectra, flux and dose rate, and ab-
sorbed dose D; i1) measurement of the
LET spectrum in silicon, and then
calculation of LET spectrum in water
and Q, according to the Q(L) relation-
ship given in ICRP60 [8], where L
stands for LET. Q(L) is related func-
tionally to the unrestricted LET of a
given radiation, and is multiplied by
the absorbed dose to derive the dose
equivalent H.

The first stage of Liulin-5 ex-
periment on ISS took place from June
2007 to March 2010. In that period

AR

Geographic latitude (deg)

MR

T

o
S0 - L
-180 -150 -1Z0 -an -0 =30 a 30

Segr aphic |ongitude (deg)

60 S0

Fig.4. Global distribution of Liulin flux for July 1991

the spherical phantom was located
inside the docking module PIERS-1
of the Russian Segment (RS) of ISS.

III. RESULTS AND DISCUS-
SION

III.I. Results obtained by
Liulin instrument onboard Mir
space station

Measurements by Bulgarian-
Russian dosimeter-radiometer Liulin
were used to study the time and spa-
tial variations of the MIR radiation
environment. Liulin measurements
were carried out under a wide variety
of solar and geomagnetic activity
conditions. They provide an excellent
opportunity to study effects on the
dose-rates and fluxes in the near Earth
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120 130 15

radiation environment over long time
periods, as well as rapid changes, in-
duced by solar proton events and
geomagnetic disturbances.

Global distribution of Mir ra-
diation environment

In Fig. 4. the geographic distri-
bution of the observed in July 1991
Liulin flux data by a color scale cod-
ing is presented. The main maximum
1s connected with the position of the
South Atlantic Anomaly (SAA). The
flux in it reaches a value of 37 cm™ s™
for the case of July 1991. Generally it
varies in the interval of 30-120 cm™ §°
' depending on the
altitude, solar activity
and local time. The
equal flux lines out of
the region of the SAA
maximum follow rela-
tively close the shape
of the L values, form-
ing in the polar re-
gions of both hemi-
spheres additional maxima, which are
connected with the outer radiation
belt. The observed southeast from
SAA maximum is the result of the
formation of the “new” radiation belt
at the slot region after the Solar Pro-
ton Event (SPE) and the geomagnetic
storm on March 23, 1991. During
quiet solar conditions and quiet geo-
magnetic conditions out of the men-
tioned up maxima Liulin measures
mainly GCR. The existence of solar
protons at the station vicinity during
solar proton events (SPE) is mani-
fested with wide maxima in both dose
rate and flux channels in the regions
equator ward from north and south
magnetic poles. The observed by

Flue {om™-25%-1)

=1
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Liulin absolute maximum flux
reached 179 cm™ s™' during the SPE
of September 29, 1989.

Galactic cosmic rays (GCR)

GCR flux distribution during
quiet solar conditions and quiet geo-
magnetic conditions is determined by
the Earth magnetic field -cut-off,
which is energy dependent. The usual
distribution measured by Liulin
shows a minimum of 0.1-0.2 cm™ s™
close to the magnetic equator and a
relative maximum reaching 1-2 cm™
s at high L (L>4) values [27].

Solar cosmic rays

Liulin solar energetic
particles (SEP) data are available
for September 29, 1989, October
18, 1989, March 23, 1991, June 8§,
1991 and June 15, 1991 and June
26, 1992 [27-30].

As Mir space station was on a
relative low inclination orbit
(51.65°) only the orbits, which
crosses the geographic equator in
the region of 40°W-90°E longitude
are exposed at high geomagnetic
latitudes on the solar protons.

Fig. 5 gives the global distribu-

2009 190%-04. 10,1983

Gyl Latitiside {deg

=20 Lu] Ll ]

Geographic longdude (deg)

R emt-2 g™-1)

Fig.5. Global distribution of the Liulin flux for
quiet (lower panel) and disturbed solar condi-

tions (upper panel).
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Fig.7. RADOM observations during
lunar transfer trajectory and lunar orbit
capture. The distance is from the Moon.
The trends in particle flux coincide with
the Oulu neutron monitor data trends.

tion of Liulin flux data for quiet
(lower panel) and SEP (upper panel)
solar conditions. Liulin flux data was
binned and averaged for two periods
in 1989 and 1991. The bin size is 5
degree by latitude and 10 degree by
longitude. Two maxima are seen at
each of the panels: in the region of the
SAA and in the high geographic lati-
tude regions in the both hemispheres.
The averaged for quiet
conditions bin SAA maximum 1is
about 15 ¢cm™ s, while the SEP
condition maximum is about 30
cm”® s'. The difference is
attributed to the difference of the
mean altitude of the station in the
region of the SAA, which for the
lover panel 1s about 375 km and
about 400 km for the upper panel.
The average per bin flux
maximum in the high Ilatitude
regions 1s about 0.7 for quiet
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conditions and 70 c¢cm? s for SPE
conditions.

I11.2. RESULTS OBTAINED
BY LIULIN-4 TYPE INSTRU-
MENTS ON DIFFERENT SPACE
MISSIONS

Dose rate distribution in LEO

The three sources of space ra-
diation in LEO are seen in the dose
rate distribution as a function of L-
shells value shown in Fig. 6. Data are
taken between 2001 and 2009 from
measurements on ISS and on two
unmanned satellites —Foton M2 and
Foton —M3. The GCR are observed at
all L-values, the trapped protons of
the inner radiation belt in SAA are
seen at L ~ 1.8 - 2.5, the trapped elec-
trons of the outer radiation belt are at
L > 3. The GCR dose rates show in-
crease from 6.1 puGy/h in 2001 to 12.2

1000 | L L
100

10

1 kil ISS, 0.41 gem?, R3DE
4 f 1-10 June 2009
0.1 T T T T T T

1000 = I I 1 I I I

13 Foton M2, 0.81 gem, R3D-B3
E! 14-26 September 2007

1000 = 1 1 1 1 1 1

Dose rate (uGyh')
o

Foton M3, 1.75 gem?, R3D-B2
3 1-12 June 2005
0.1 T T T

1SS, >20 gen, MDU#3
E 27 May-6 June 2001
| L B
1 2 3 4 5 6
L value
Fig. 6. Dose rate distribution measured
from 2001 to 2009 on ISS, Foton M2 and

Foton M3 satellites in LEO.

-~

104

uGy/h in 2009 (from the maximum to
the minimum of the solar activity).
The doses from trapped radiation de-
pend on the detector’s shielding, solar
activity, on the altitude and inclina-
tion of the spacecraft.

Altitudinal variations of the
flux in Lunar orbit

When the  Chandrayaan-1
satellite was away from both Earth
and Moon during the lunar transfer
orbits the averaged GCR dose was
12.76  uGy/h. When on 13th
November 2008 the satellite entered a
100 km circular orbit around the
Moon the GCR doses fall down to
about 8.8 puGy/h and stayed stable
around this value because of the
Moon shielding. The average flux is
2.29/cm™ s, Fig. 7 show a look on
the 30 s resolution moving average
flux data in lunar orbit. It is seen that
the flux vary in the range between 1.8
and 3 cm” s' when the altitude
(dashed line) of the satellite vary
between 92 and 118 km above the
Moon. The moving average line
shows clear tendency for maximums
when the satellite is close to the
aposelene points (118 km) and
respectively minimums when the
satellite 1s close to periselene points
of 92 km.

III.3. LONG TERM OB-
SERVATIONS OF THE RADIA-
TION ENVIRONMENT IN THE
SPHERICAL TISSUE-EQUIVA-
LENT PHANTOM ON ISS BY
LIULIN-5 EXPERIMENT

Depth-dose distribution

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



N
=3
=3

-
o
=3

-
N
=3

Total

Dose [uGy/day]

-3
=3

GCR

I
S

Trapped

or—————T—— 71—
40 80 120 160 200
Depth [mm]
160 —

q
. _\ Total

80 . —e GCR

T

’ 40 I 8‘0 I 1;0 I 1(‘30 I 2(‘)0
Depth [mm]

Fig.8. Comparison between two types
of depth dose distributions: Upper- the
typical one and bottom- Shuttle dock-
ing and ISS attitude change effect.
With marks are shown the total, GCR
and SAA trapped protons doses along
the radius at 40, 60 and 165 mm dis-

tance from the phantom surface.

Dose [uGy/day]

Trapped

The results for the total doses at
3 depths in the radial channel of the
phantom as well as the contribution of
GCR and trapped protons to them are
shown in Fig.8. Two types of depth
dose distributions-the typical one
(Fig.8-upper panel) and Shuttle dock-
ing effect (Fig. 4 —bottom panel) are
presented. In both cases, the largest
dose rates are observed in the outer-
most detector (40 mm distance from
the phantom’s surface), while the
minimal dose rates are in the inner-
most detector (165 mm distance from
the phantom’s surface). The decreas-
ing of the doses in depth along the
phantom’s radius is due to decreasing
of doses from trapped protons in
SAA, effectively shielded by the
phantom itself. GCR doses at differ-

ent depths in the phantom are practi-
cally the same.

The typical depth dose distribu-
tion presents measurements for the
time interval 18 -23.11.2007. The av-
erage altitude of ISS during that pe-
riod was 349.16 km. The daily-
absorbed dose at 40 mm depth is
about 200 uGy. The total dose at 165
mm depth (close to the centre of the
phantom) is about 1.7 times less than
at depths corresponding to the depth
of blood forming organs. At 40 mm
depth the SAA protons dose is about
60% of the total dose, while near the
centre of the phantom the GCR con-
tribute about 60% of the total dose.

Similar data are obtained for
other periods of measurement- the
averaged daily absorbed doses at 40
mm distance from the phantom’s sur-
face are between 180 uGy/day and
220 pnGy/day and about 60% of them
are due to SAA protons contribution.
At 165 mm depth in the phantom the
doses decrease by a factor of 1.6-1.8
compared to 40 mm depth [20]. The
docking of the Shuttle to ISS causes
significant changes in Liulin-5 dose
rates measured in SAA because of
changes in the detectors’ shielding. It
1s demonstrated in lower panel of
Fig.8 — the dose rates for the period
29.10 —-02.11.2007 in SAA are sig-
nificantly lower in comparison to the
values in the upper panel of Fig.8.
From 23.10 to 07.11.2007 the Shuttle
(STS-120 mission) was docked to
ISS. The daily-absorbed dose at 40
mm depth is about 150 uGy and the
SAA protons dose is about 70
uGy/day —only about 46% of the total
absorbed dose. At 165 mm depth the
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Time F3max L [Rg] B [Gs] Longitude Latitude [de- Altitude [km]
[part/cm’.s] [degree] gree]

03.07-30.11.07 39.31 1.28 0.203 -44.88 -25.95 339.56
04.01-08.04.08 37.83 1.39 0.207 -51.71 -35.23 346.8
09.04-10.05.08 37.83 1.31 0.202 -46.77 -28.64 347.07
24.10.08-28.02.09 54.43 1.26 0.198 -54.61 -28.2 362.33
16.03.09-16.06.09 51.04 1.27 0.198 -53.84 -28.57 362.64
17.06-04.09.09 52.9 1.26 0.198 -51.8 -28.85 361.24
23.11.09-12.03.10 48.86 1.25 0.198 -55.31 -27.76 354.07

Table 1. Maximal particle fluxes measured at 165 mm depth in the phantom from July 2007 to

March 2010 as a function of ISS orbit parameters.

total absorbed dose is about 1.3 times
less than at 40 mm. The main part of
the total absorbed doses in different
depths during that time 1s from GCR
that stay unchanged. The average ISS
altitude during the period was 350.55
km. The Shuttle provides additional
shielding from trapped radiation lead-
ing to a decrease of dose rates in
SAA. Similar decrease of dose rate in
SAA and of total dose rate is ob-
served every time when the Shuttle
arrives to ISS [31, 32].

For the purpose of Shuttle
docking ISS attitude is changed by
180 degrees. That is an additional fac-
tor for Liulin-5 doses decreasing in
SAA. The case is discussed in details
in [31, 32].

Distribution of flux and dose
rates along the ISS trajectories

The high time resolution of par-
ticle flux and dose rate (20 s in SAA
and 90 s outside it) allows for detailed
mapping of the radiation environment
in the phantom with time and the ISS
orbit parameters.

Table 1 shows the data for the
maximum particle fluxes registered at
165 mm depth in the phantom for pe-
riods of 3-5 months from July 2007 to
March 2010. The biggest fluxes are
observed in SAA at L ~ 1.26-1.27, B
~ 0.198 Gs, at following geographical
coordinates: longitude ~ -51 to -54
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degree, latitude ~ -28 degree and alti-
tude about 362 km. Increasing of
maximal SAA fluxes is observed with
increasing the ISS altitude.

CONCLUSIONS

Since 1988 the Bulgarian scien-
tists together with their international
partners conduct research of the ion-
1zing space radiation distribution from
low Earth to the Moon orbit. Investi-
gations are made both on manned
space stations and on unmanned
spacecrafts. Obtained are many new
results for the space radiation quanti-
ties and characteristics during 22 and
23 solar cycles. The investigations
will be continued on the International
Space Station and other spacecrafts in
LEO, as well as on new space mis-
sions to Moon and Mars in order to
obtain data for the space radiation
doses expected to the crew and tech-
nological systems of future inter-
planetary flights.
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Abstract: The criteria for the efficiency definition of visir optic appliances for observation on the
boards of spaceships are related to: the eye characteristics — the pupil diameter in dependence of the back-
ground brightness, the visual sharpness and the utmost contrast; the photometric characteristics of the observed
object and the background — their brightness and contrast; the optic characteristics of the visir optic appliance
— magnification, vision field, entrance pupil diameter, light permeability, etc.

Because the above mentioned class of appliances for cosmic research is used to observe distant ob-
Jects, when evaluating their efficiency, it is important to render an account of the atmospheric conditions. The
visual distance of the distant objects depends on the photometric characteristics, on the object size and its

shape.

The presented in this research criteria for efficiency of the visir optic appliances used for observation
on the boards of spaceships and also the coefficient which counts for the atmospheric influence allow evaluating
the object visibility in the conditions of a natural landscape.

Key words: visir, optic

Taking into consideration the
above mentioned conditions and to
define the efficiency, it is necessary
to define the possibility of observa-
tion of distant objects with a high
resolution. The efficiency of the ob-
servation by means of a visir optic
appliance is denoted by Eand it can
be defined by the correlation
(M -2,

(/)
where &,(/) 1s the utmost resolution

of an observation with the naked eye
of an object which is at the distance
I

&(1) 1s the utmost resolution of an
observation of the same object by
means of a visir optic appliance.

Such method is especially useful
to evaluate visir optic appliances with
a constant magnification, with a dis-
creet variable magnification and a
smooth variable magnification [1...9]
because it is possible to choose optimal
parameters depending on the require-
ments and the specific functions of the
optic visirs. For example “Visir pricel
15K” (fig. 1) is designed to direct the
specter-zonal appliance “Specter—15~
for distant Earth research from the
board of Orbital scientific stations.
“Visir B 3x40” (fig. 2) is designed to
direct FElectrophotometric appliance
“Duga” for research in the sphere of
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Fig. 1. Visir pricel 15K

the cosmic physics — registration of
polar lights and stable auroral red
arcs and Pancratic visir (fig. 3) is
designed to direct Impulse photo-
metric appliance “Terma” for dis-
covery of distant objects and regis-
tration of fast processes by means of
a high space and time resolution.

Fig. 2. Visir B 3x40
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The calculation of the utmost
resolution &,(/)is made in the follow-

ing sequience. The angle &,(/)can be

defined by known correlations of the
eyesight acuteness from the brightness
and contrast of the object and back-
ground. For this purpose, it is neces-
sary to calculate the visible contrast K

Fig. 3. Pancratic visir

of the object which is situated at a dif-
ferent distance / [5]:

2 K= L
B-B, +——H
H Z_Al z_/

where B,B,,B, is brightness of the

background, of the object and of the
sky;
Al 1s the distance between the object
and the background;
r 1s the atmospheric permeability co-
efficient.

In most of the cases the object is
situated right in front of the back-
ground, i.e. A/l =0. Then,

(3) K =
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where K;is a real contrast between

the object and the background.
The photometric characteris-
tics of the object and the background

By,

are —, K, =1. The atmospheric

permeability coefficient zis ac-
cepted as 0,85; 0,75 and 0,65 [ ].

To define the utmost resolu-
tion when taking into consideration
the values of the visible contrast,
experimental data from researched
objects are used and they allow find-
ing the dependency of the angle
6 from the contrast Kat different
background brightness, i.e.

(4) §=f(k), B=B,B,,..

By means of the correlation
(4), the angle &can be found which
corresponds to the visible contrast
about a different distance of the ob-
served objects and a scale is drawn
of the utmost resolution when ob-
serving with the naked eye: & =f(b)
(B =const), which can be seen on
fig. 4 and the background brightness
is B =420cd/m’.

The calculation of the utmost
resolution &(B)is made in the fol-
lowing sequence. When observing
through a visir optic appliance, the
contrast and visibility decreases. The
decrease of the contrast is explained
by the light diffusion in the appli-
ance and the decrease of the contrast
is explained by the losses in the op-
tic parts and the restricted outlet pu-
pil diameter, especially if the outlet
pupil diameter d’'is smaller than the
human pupil diameterd. At back-
ground brightness
(B>50..100cd/m”) and the influ-

ence of the light diffusion upon the
resolution is very minor and it can be
ignored in the researched problem. The
visual brightness of the image B’ at-
tains special influence.

d<d,
where 7, is a coefficient of light diffu-

sion of the visir.

The scales 1, 2 and 3 from fig. 4
are drawn from the gathered results
and they refer to a pancreatic visir with
a smooth variable magnification (fig.
3).

60,0, angle, min

-

i 4 5 6 71 8
ﬂ-'J‘,km

Fig. 4. Utmost Resolution &, and ¢’

depending on the distance to the ob-
jects; B, =3000cd/m* B =300 cd/m’,

K, =1; 1,3,5 — observation with the
naked eye (at angle &, ); r respectively
equals 0,85; 0,75 and 0,65; 2,4,6 — ob-
servation through a pancreatic visir; 7 -
observation with the naked eye (at an-
gle &,,7=0,85), calculated by formula

3)

The diameter of the human pupil
d=300mm at B'=300cd/m>.07=210
cd/m?, and at B’ =300cd/m>.0,55=165
cd/m?, d=3,1 mm.

The correlations at the lowest
visible resolution of the image
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B’ =110 cd/m” at visir magnification
20 times are presented by the num-
bers 2,4 and 6 on fig. 4. The angle
o' 1s made without rendering an ac-
count of a possible change of the
image quality at change in the mag-
nification. It is obvious the utmost
resolution in the medium of the ob-

ject § :%. The efficiency E has to

be presented by the formula:
(6) E=20),

o'(1)
where 6'(/) is the utmost resolution
in the image medium of the visir
telescope system when observing an
object at a distance /.

It is necessary to count the
atmosphere influence by means of
the coefficient A and by comparison
of the utmost resolution without
rendering an account of the atmos-
phere influence and with rendering
the atmosphere influence, 1.e.

(7) A=
S'(1=0)

When the weather is cloudy
and there 1s air turbulence, the coef-
ficient which counts the atmosphere
influence A (which is defined by
experimental data) shows a double
increase in comparison with the val-
ues in a homogeneous atmosphere.

The following conclusions can
be made on the basis of theoretical
and experimental results:

1. The theoretical value of the
utmost resolution &' is 7 % higher
than the experimental in a compara-
tively homogeneous medium and
when the observation is made by
means of a pancreatic visir with a 20
times magnification.
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2. At high heterogeneity and at-
mosphere turbulence which appears in
sunny days during the summer, the ex-
perimental values of the utmost resolu-
tion are influenced by the magnifica-
tion of the visir telescopic system.

3. The coefficient of atmos-
pheric influence A at homogeneous
atmosphere and great meteorological
distance of visibility, calculated by
theoretical and experimental data, ba-
sically coincide.

4. The criteria for efficiency
of the visir optic appliances used for
observation on the boards of space-
ships and also the coefficient which
counts for the atmospheric influence
allow evaluating the object visibility in
the conditions of a natural landscape.
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TROPOPAUSE DYNAMICS and TEMPERATURE ANOMALIES
On the BLACK SEA SURFACE
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Abstract: The suggested research analyzes the tropopause dynamics during the short-term temperature
anomalies on the Black Sea surface for a period of 11 years. Satellite data for the condition of the tropopause
and the temperature fields on the sea surface are used as a basis from several satellite systems. Tropopause
uplifting is registered almost always before the onset of anomalous surface heating process. Issues are dis-
cussed for the generation of the temperature anomalies and their connection with the atmospheric processes
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JluHamuyeckue Tpolecchl B
aTmocdepe, HEIMOCPEICTBEHHO
BJIUSIOT Ha (U3HUECKOE COCTOSIHHE
ITIOBEPXHOCTU MOpPEN U OKeaHOB. Mc-
CJieIOBaHUE SIBIICHUI Ha MOBEPXHO-
CTU MODS, SIBIIAIOTCSA HEMOJHBIMU U
HETOYHBIMHU, €CJIM HE aHAJIU3UPO-
BaTh atMoc(epy Hag ypOBHEM MODH,
B BEpXHEW Tpomocdepe W HIDKHEH
ctparocgepe. Llenpro JaHHOTO HC-
CJIeI0BaHUs ObLIO BBISIBJICHHUE CBSI3U
MEXJy AMHAMUKOM TpOIMoOnay3bl U
Kpatkocpounble (1010 nHel), Tem-
neparypHble aHOMAaJUU TOBEPXHO-
ctu YepHoro Mops B niepuoj ¢ 1989
mo 1999 roxwl. Jlns aHanmuza wucC-
MOJb3ys  CIEAYIOIIME  JIaHHbIE:
CIIyTHUKOBBIC HAOMIOZCHS 3eMIU |
aTMocdepbl HHGPAKPACHOTO PaTUO-
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merpoM AVHRR, ycraHoBieHsl Ha
cnytHukax NOAA [1], naHHbl O co-
CTOSIHMM Tporonay3sl u3 Hanuonanb-
HOTO IEHTpa KIMMATHUYECKUX JaHHBIX
n3 NOAA [2] u cMHONITUYECKUE KapThl
3 HanumoHanbHOrO LEHTpa 3KOJIOTHU-
YeCKOTO MPOTrHO3UPOBaHM 110 [3].

[To naHHBIM KUHETHUYECKUX IPO-
IIECCOB, MPOUCXOAIINX B aTMocdepe
U paclhpefiefieHde TeMIepaTypsl 10
BbICOTE OblIa cOpMHUpPOBaHA CJIOU-
CTYI0 CTPYKTypy armocepbl Ha pu-
cyHke 1. CaMblii HUKHUN CIIOW aTMO-
cheprl 3TO Tporochepa, oHA MPOCTHU-
paercst OT MOBEPXHOCTH 3eMiin 10 9-17
km. B aTom cioe TemrepaTypa nagaer
¢ BoicoToit 0.660/100m wampumep. B
HEKOTOPBIX ClIy4yasix paclpeieiecHue
BEPTUKAIBLHON Temrmeparypa Kojeo-
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JeTcss B IMpoKux mpexaenax. Cre-
OyIOIUNA clioi - cTtparocdepa moc-
turaer 50-55 km. Ha ero nue tem-
nepatypa okono -45°C, -75°C (s
3aBUCUMOCTH OT IIUPOTHI U BPEMEHH
rojla) ¥ yBEJHMUYMUJICA MO BBICOTE 10
20°, [IprurHON WM3MEHEHUs MOTOJIbI
SIBJISIFOTCSL CJIOXKHBIE MPOLIECCHI, KO-
TOpbIE MPOUCXOJAT OCOOEHHO B
tponiocdepe. 3neck 4/5 ot oOuei
Macchl arMocepHoro Bo3zayxa .. B
Tponiochepe  COACPKUTCS  TOYTH
BECh BOJASHOM map U oOpasyercs
31ech OOJIBIIMHCTBO W3 OOJIAKOB.
3/1ech CUJIBHO TPOSBISIOTCS U TYp-
OyJIeHTHOE JBMKEHHUE BO3/yXa, OCO-
OCHHO BOJHM3U MOBEPXHOCTH 3EMIIH,
M TaK Ha3bIBaEMbIC CTPYWHBIE Teue-
Husl B ee BepxHed wactu. Chopmu-
pOBaHbIli€ BO3AYIIHBIE MAacChl C
CBOMMHU CBOMCTBAMH W JIMHAMUKOHU
B3aMMOJICHCTBUSI MEXIAY COOOH U C
3eMJIEN OMPENEIISIETCS MOTOJIO0M.
Tpononay3a 3T0 TrpaHuna Me-
KTy IBYMSI HUKHUMU CIIOSIMU aTMO-
cthepnl - Tpornochepe u crparocde-
pe. 31ech  MPOU3XOAAT HamboJe
BaXHbIE H3MEHEHUSI B TEIUIOBBIX,
JTUHAMUYECKUX M XHMHYECKUX Xa-
PAKTEPUCTUK BO3AYITHOW OOOJIOYKHU
3emu. TommHa TpoOMONay3blid OT
HECKOJIBKUX COTEH METPOB 10 2 - 3
km. Tam, rpaameHT TeMIepaTyphl
YMEHBIIIAETCS, U YaCTO BO3HUKAIOT
WHBEPCUM TeMmIiepatyphl. Bricora
Tpomonay3bl  OOBIYHO  CUUTAETCS
BepxHell Tpomnocdepe. Tpormonayssl
BBICTYIIAE€T B KA4€CTBE CACP>KUBAIO-
mero akropa cioemM arMoc(epHbIX
IIPOLIECCOB B BBICOTY: MOJ HEe Ha-
KaIJIMBAIOTCSl a9PO30JIbIii, TBIMOBBIE
IIAIIKH, 00pa3yloTcs BBICOKHE 00-
JlaKka, OHa OrpaHUYUBAET POCT 0OJIa-

KOB B BBICOTOW. BHYTpH B Tpomnomnay3sl
HAOMIOAI0TCS  OOJIBIIUE BEPTHKAIb-
HBIE TPAJIUCHTHI BETpPa, KOTOPBIC MPH-
BOJISIT K COTPSICCHUE CaMOJIeTa.

Tenneparypa

I'IIIIIIIIIC'F

I
440w W0 A A

Bucora
KM
Muni 100

or Teptochepa [he

Mesonaysa

N Mesocdepa
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Tuck, noap

Puc.1

Henaneko or Tpomomnay3bl Haxo-
JATCS W YPOBEH C CaMOM BBICOKOU
CKOPOCThIO BeTpa. B ciou Tpomomnay-
3bl, KaK MPaBUJI0, HAOTIOJAETCS U MHU-
HUMaJIbHasi TeMIleparypa BO31yXa.
CpenneronoBast Tpomomnayssl pacIpo-
CTPaHSIETCSl Ha IIOJKOCAaX Ha BBICOTY
okoso 9 km a Hajg yMmMepeHHBIMU LIH-
poramu a0 10-12 km , Hax sxkBatopom
1o 15-17 km. Tponomnay3a neTom mo-
HUMaeTcs a 3MMOM OIyCKaeTcs K Io-
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BepxHOocTU. Hemnepuoanueckux Ko-
nebaHuil BBHICOTHI TPOMOMNAY3bl CBS-
3aHHBIE C MPOXOXKICHHEM pa3Jiny-
HBIX TPOMOC(EPHBIX OapUUECKUX
CUCTEM - JIEATEITLHOCTh ITUKJIOHOB H
AHTULUKIOHOB. (OOBIKHOBEHO TpPO-
1ornaysa BbIIIE I[IMKJIOHA OIyCKaeT-
CsS W TIOJHUMACTCS BBINIC AHTHIIM-
KJIOH [4]. Haiinune MOIIHBIX CTPYyH-
HBIX TEYCHUH BIMSIIOT HA JUHAMUKH
TPOIONay3bl.

Bo3ayuiHeie Maccel B TpOIIO-
chepe O4YeHb TOJBIXKHBI B TECUCHHE
HECKOJIBKUX JIHEH B CBSI3U C Ti1y0o-
KOM KOHBEKIIMM MOXKET HW3MEHHTD
CBOE TOPU30HTAIBHOE MOJIOKEHHUE U
BbicOoTy. Kpome Toro, ¢ yBenudyeHu-
€M BBICOTHI HUX TeMmIepaTrypa MOHH-
xaerca . UHorga tponocdepsl BO3-
TYIIHBIE MAacChl TIOJHUMAIOTCS B
cTparocepy OKOJO 3KBaTopa, Ie-
PECEKaIOT YpOBEHb TPOIOMAYy3bl |,
IJIc BETPHl TEPEMEIIAlOT WX Ha
OOJbIIME PACCTOSHHMS B TOPHU3OH-
TaJIbHOM HAIPABJICHUH.

BricoTa Tpomomay3bl 3aBUCUT
OT MOTOJIHBIX YCJIOBUH B Tpomocde-
pe U  uH(ppaKpacHOE HU3IyYCHHE
ctparochepsl. Wnm, apyrumu cio-
BaMU WM3MEHEHHs TEMIIepaTyphl B
Tporochepe u HUXKHEH cTpaTocde-
pe. IloBeiieHWe TeMmepaTypbl B
Tponiocepe U €€ TMOHMKEHUE B
cTtpatocepe JIOKHO MPUBECTH K
YBEJIMYCHHUIO BBICOTHI TPOTIOIAY3HI.
B o6oux ciyuasx msmenenue 10°C
BEIyT K MOJBEMY TpPOIOTay3bl, CKa-
xeMm Ha 160m. CHukeHue o01Iero
coliep>KaHUsl 030Ha B cTpaTocdepe
B pe3yJIbTaTe YEro OHa OXJIAXKIaeT-
s, TOKE BEACT K MOJHUMAHUE TPO-
nornay3el. B omimume oOT 3TOro
cyib(daTrHble a’po30iud TpeOyeT OX-
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JaXAUTh Tporochepsl U CHUXKATh TPO-
nomay3bsl COOTBETCTBEHHO. EcTh u
IpYyryue TPUPOJHBIE U aHTPOIOTCHHBIE
(dakTophl, BIAUSIONIME HA BHICOTE TPO-
nomnay3ssl [5], [6].

B nacrosimem uccnenoBaHun Hc-
MOJIb30BaHbl JAHHBIE M3 HECKOJIbKHUX
CIIyTHUKOBBIX CHUCTEM JUCTAHIIUOH-
HOro 30HAMpoBaHus 3emuu. Ha mep-
BOM JTalle aHAIM3UPYETCSl TeMIIepary-
pa KapThl BCEW TMOBEPXHOCTH BOJIBI
3eMi TIOJIy4eHbl OT WH(pPaKpacHOro
paguomerpa AVHRR. 3Otor pamuo-
MeTp paboraer Ha crnyTHUKOB NOAA
[1]. JdaHHble miis TeMmepaTypbli Io-
BEPXHOCTH , MOJYYarOTCsl MPUMEHEHU-
€M MHOTOKAHAJIBHOTO CIEKTPaIbHBIMU
merogamu. KapTel mOoCTpOeHbl ¢ Ipo-
CTPaHCTBEHHOM TOYHOCTBHIO 9x9 km.
[locne nanpHeilmedn oOpabOTKU IS
BOCCTAHOBJICHUSI TEMIIEPaTypPHBIX IIO-
JIe, TOYHOCTb KOHTAaKTHOW TemIlepa-
Typelii  nocturaer mopsaka  0.5°C.
JlaHHbIE COCTOSIHUSI Tporocdepsl, Ko-
TOPBIC UCTIOJIBb3YIOTCS B3SITHI U3 LIEHTPA
KimMaTuueckux gaHHbix NOAA [3].
N3 sTOoro meHTpa MOXKHO TMOJIYYUTH
€XeHeBHO IM(POBBIEC TAHHBIE C IMPO-
CTPaHCTBEHHBIM paspemreHneM 2,5° x
2,5° (reorpaduueckue rpamyca). Kpo-
Me Toro, LleHTp mpemocTtaBisieT BO3-
MOXHOCTh JI€TAIM3UPOBATH MPOCTPAH-
CTBO HUKE CITyTHHKA.

Brinieyka3zanubie  pa3MbIIUICHUS
O TpoOmoImay3bl TMOKAa3bIBAIOT, YTO €€
JTUHAMHUKA MOXXET OBITh MCMOJIb30BaHA
B KA4eCTBE WHAMKATOpA IMPOIECCOB,
KOTOPBIE Pa3BUBAIOTCA IOJ] HEE U Ha
MOBEPXHOCTHIO Mopsa. YepHoe Mope
SIBJIIETCS. OYEHb yJAOOHBIM IMOJIMTOHOM
JUISL MOJIEJIM B3aUMOJCHCTBUSL aTMO-
cheprl ¢ MopeM. Mope 3aKpbITO, U HU-
KaKUX KPYHHBIX BOJOTOKOB, KOTOpbIE
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HECYT BOAHBIX MAacC U3 OTHAJIEHHBIX
paliOHOB, TJI€ NOTOJHBIE YCIOBHUS
U3MEHSIOTCS CuibHO. OT Oacceitn
MOpsSI HE UCTEKAIOT KPYIHBIE BOJI-
HbIE TIOTOKM M OH JIOCTaTOYHO
OOJBIION, YTOOBI YETKO HAOII0JaTh
CE30HHBIE U3MEHEHHUS TUAPOJIOTUYE-
Ckux napamerpoB. Ha pucyHke 2
MOKa3aH TOJI0BOM XOJ TEMIIEPATYPbI
10 BCEU MOBEPXHOCTU MOpSA B HC-
CIEyEMBbIE roaa 1990-1999.
CmiommHass 4YepHasl JIMHUS TPEJI-
CTaBJIIET CPEAHECYTOYHAs TEMIIEpa-
Typa B T€UCHHE JEBATH JIET 0e3 Tec-
ToBOM roa. Ha rpaduke TtectoBoii
roj IIOKa3aH TOHKOW JuHUEed. Ha
NEPBbIN B3TJIANl, CUJIBHO BBIPAXKAECT-
CA CE€30HHBIM CYTOYHBIM XOJI TEMIIE-
paTtypbl 3a CYET MIHUPOTHOrO IOJO-
*eHus Ha Mope. Ha ¢oHe romoBbix
U CE30HHBIX KoJjeOaHu Temmepary-
pbl MOBEpXHOCTH YepHOro Mops
MPOSIBJISIFOTCA U KOPOTKHUE, PE3KHUe
koneOanust  Temneparypel.  OHH
PEACTABISAIOT OCOOBI MHTEpPEC M3-
3a UX CBSI3U C PE3KUMH NepenagaMu
B arMoc(epe u (PU3HMYECKUX YCIO-
BUSIX COJTHEYHO-3€MHOM CUCTEMBI.
s neneilr muccieaoBaHus Obl-
JU BBIOpAHBI MSTh XapaKTepUCcTUye-
CKMX 30H I[OBEPXHOCTH YepHOro
MOps KOTOpBIE ITOKa3aHbIE HA pH-
cynke 3. Pasmep kaxmol oOnactu
ectb 117x117 km. Omnpenenenue

MHJUBUTY AJIbHBIX 0coOeHHOCTEM
KaXJ0M aHOMAJIMM TEMIIEPATYyphl
OCYUIECTBIISIETCS UHTEPAKTUBHO
OIEepPaTOPOM.

dopMyIUpOBKa "KOpOTKHE
aHOMaJus» OYEHb PpACIUIBIBYATOE

MOHSTHE, €CIW HEe aHaJM3UPOBATh
pacnpeieieHie aHOMaJIMi Ha OCHO-
Be "UIUTENBLHOCTD" B AHAX. AHaIN3

IPOJOJKUTEIBHOCTH AHOMAJIUU B TIsl-
TH 30HAX MOKAa3aj, 4YTO AaHOMaJIUU JIJIH-
Hee 11-15 guelt penku. AHomanuu
6onpmie 10 gHEH HE aHANM3HPYIOTCA,
MIOCKOJIbKY M TpEIoiaraeTcs, 4ro Ta-
KHE€ W3MCHCHHsI OBIBAIOT BBI3BAaHHBIC

T W adul

5 AN

Puc.?

KJIMMAaTOM a HE BBI3BAHHBIC CICIMATIb-
HBIX COJIBHEUHBIX WJIHM Teodusnuue-
CKux (haKTOPOB.

beinmn BeISIBIICHBIE 44 aHOMAIINU,
KOTOpPBIC MPOUCXOJAT U B MATH 00J1ac-
TX. XapakTep MOBEIACHUS JTUHAMUKHU
TeMIepaTypbl B TEUECHHUE MSATU 30H
OBIJ1 OJIMHAKOBBIM W aHOMAJIMA  Oec-
MOpHbIE. AHOMAIUU C HPOJOJIKUTEIIb-
Hocth 10 10 pgHel B TeueHHE necs-
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TH JIeT OB 3aperucTpupoBaHbl 44
aHOMaJINM B OCHOBHOM B KOHIIE BEC-
HBI, JIETOM 1 OCCHBIO.

Cpennsis  TPOJOJKUTEIHLHOCTD
9THUX aHOMAaJHWU cocTaBuia 7,6 qHEH
B nuama3oH anoMaiuu ot 4 mgo 10
nHen. CpegHoe 3Ha4YeHUE MaKCHMY-
moB 1.386°C  a crarucriueckas
ommbka cocrasiser 0.163°C . Dro
CBUJICTEIILCTBYET O HAJIC)KHOCTU 3a-
PErUCTPUPOBAHHBIX aHOMAJTHUH.

Yto0OBl corjlacoBaTth JaHHBIE
HAOMIOJIEHUH TeMIIepaTypHBIX I10-
JIel ¢ JaHHBIMM JIJI1 COCTOSIHUSI TPO-
nocdepbl, Mbl BRIOpAJIH IUIONIAL OT
75x75 km B cepenune 30HbI II Ha

durype 3.

Puc.3

OTta 30HAa HAXOOUTCI JOCTa-
TOYHO JaJIEKO OT Oepera W BIUSHUE
3aCyXd MOXHO TpeHeOpeub. [py3o-
Bbie BOJABI B UepHOM Mope Takke
JAJIeKd U He BIUAIOT Ha TeMIeparTy-
py moBepxHOCTH. B maHHOM wmCcIe-
JOBAaHUH MBI aHAJTM3UPOBAIIA TOJIBKO
T€ aHOMAJIMH TPH KOTOPHIX TEMIIE-
paTypsl pe3ko Bo3pacTaeT. Kpartko-
CpPOYHBIC aHOMAJIMU B KOHIIE OCCHH,
3UMOM M PaHHEW BECHOM HE AHAJIM-
3UPYIOTCS 10 Pa3HBIM TPUYUHAM
NPEISITCTBYIONINE WX HIACHTU(UKA-
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MU - TUIOTHBIE O0OJlaka, BHE3aIHbIC
HEraTUBHBIE M3MEHEHHsS B aTMmocdepe
B CBSI3U C TMOTOJHBIMH U JIPYTUMU
dbpoHTaMHU.

Crnenyrouii sTan uccleI0BaHus
BKJIIOYAET CPaBHEHHE PsJa CYTOUYHBIX
TeMmnepaTryp 10 U BO BpeMs TemIepa-
TYPHBIX aHOMAJIANA C ABYX NPYTHUX Psi-
JIOB - TEMIEpPATyphbl U JIABJIICHUS TPO-
nonay3bl. CTporasi Koppemsuus He
Obuia HaneHna. HaOmromaeTcs 0ocoObIi
CUHXPOH MEXAY JIBWKEHUSMH TPOIIO-
nay3pl M aHOMAJUSIMU TeMIEpaTyphbl
MOBEPXHOCTH MOp4. 3a JIeHb 10 HaJaJia
MOBBIIICHUS TEMIIEPaTypbl MOBEPXHO-
CTHBIX BOJI Tpomomnay3a pe3KO IMOHU-
Maetcsi. J1o 3adukcupoBaHo B 39 u3
44 TtemmepaTypHbIX aHOMAIUM, WIH
84,5% cinyuyaeB anoManuu. llogbem
Tpomomnay3bl BO BCEX CIIy4asix COIpPO-
BOXKJIAE€TCS C CHUKEHUEM TemIepary-
ppl ee BO3yXa. OTO O3HAYAET, YTO
pPOCT OCYILECTBIIACTCA B 3TOW 4YacTH
KpUBOM aTMOC(EepHON TeMIiepaTyphl,
IpU KOTOPON OHA HE U3MEHUJIa CBOETO
3HAaKa TpaJMeHTa - HIKHAS TpaHULA
o30HOBOro cinosi pucynke 1. Ilocne
ATOrO TEPBOrO JHS TPOMOMAay3bl B
OOJBIITMHCTBE CIIy4aeB CHUKACTCS.

Ha pucynke 4 noka3aHa Beluyu-
Ha U3MEHEHHUS TPAJIMCHTA JaBJICHUS 32
JIEHb J10 Hayajia Kaxxjoi anomanuu. Ha
pUCYHKE 5 mpeJicTaBieHa TUCTorpaMMa
pacupenenenus. CpeaHee 3HauyeHHE
U3MEHEHMS] TpajueHTa OapuyecKoro
20,64 mbr, omm6Oka 2,38 mbr.
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CKopoCTh, C KOTOpPOM MpOHUC-
XOJIUT 3Ta KOHBEKIIUS MOXET OBIThH
paccuutana no Qopmyne (1), Tak
Ha3bIBaEMOM OapomMeTpuueckas
dbopmyna BbicoThl. OHA J1aeT CBS3IO
MEXIy JaBJICHUEM M TeMIIepaTypou
BO3/lyXa HW3MCHCHHS B BBICOTE OT
ypoBHA zl K ypoBHIO Z2.

ll'lg? = R'}%m (22 — Zl)(l)

3nece pl u p2 naBneHus BO3ayxa B
HA4YaJIbHOM - Zzl ¥ KOHEYHOM - 72
coctostHue a Tm cpennss Temiepa-
Typa MEXIy ABYMs COCTOAHUSIMHU. R
- Ta3oBas MOCTOSIHHAs BO3JyXa U g
SIBJISIETCSl YCKOPEHUE CUJIBI TSXKECTH.

N3 sToit popMybl MOKHO Hai-
TH Pa3HUIy B BBICOTE MEXKIYy Ha-
YaJbHbIM U KOHEYHBIM COCTOSIHUEM
Tpononay3sl. Ecou pl, p2, tl u t2
3HAYEHHS] UHTEPBAJIOM B OJIUH JICHb

TO z2-z1 onpezaenser CyTOYHy0 HOPMY
NOJAbEMa M MOCIEAYIOIIEro CIyCKa
TPOIOIAY3Hbl.

Ha puc. 6 u puc.7 mnoka3piBaer
3HaQYEHUE U paCIpeleICHUue IOJIHHU-
MaHMs BBICOTOW B METpax M KaXIOou
anomanuu. Cpennss Beicota 179 m ¢
IIOIPEIIHOCTHIO 23 METPOB.

m
a00 1
B0 - '
400 1 .

_ L *
209+, * % T e +

Puc. 7

Bo3BeIeHuss Takoro Maciirada
HAOJIONAIOTCSA MHOTIA H B COOTBET-
CTBUHM C JIPYTHUMHU (HU3NYECKUMU yCIIO-
BUAMH norojpl. OcoOEHHO B JaHHOM
cilydae SIBJIIETCS TO, YTO ATH ITOBBIIIE-
HUS MPEIMISCTYIOT TIOBBIIICHUE TEM-
nepaTypbl TOBEPXHOCTH Mops. Ha-
OJIf0TaeMble BO3BBIIICHHSI  TPOIIOMAY-
36l HE MOXKET OBITh CBSI3aHO C CE30H-
HBIMH  KOJICOAQHUSIMU, TIOTOMY HYTO
pacmpeneiieHue aHOMAaJIWH OTHOCH-
TETHHO OJHOPOIHOE B TEYCHHE BCETO
roJia, KpOMe 3UMBbI, KOT/Ia HET aHaJIn3a.
HaOmnronaemoe siBieHuE HENb3s OTPHU-
1[aTh W HE OMHCaHO B JuTeparype. Ero
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BBIDOKCHUEM  SIBJISICTCS OTHO-
CUTEJLHO CTaOWIbHBIM, YYUTBIBAs,
YTO B TPOIOIAy3€ IMOCTOSIHHO pado-
TAlOT MHOXECTBA  JUHAMHYCCKHC
nporeccosn [6].

ODTO HCCIEIOBAHUE SIBIISIETCS
II1aroM B BBISICHGHUH TPUYHH, KOTO-
phie TPUBOAST K TOSBICHUIO TIO-
BEPXHOCTHBIX TEMIIEPATYPHBIX aHO-
Mainuii Ha YepHoMm Mope. Bo Bpems
JETaIBLHOIO aHaiu3a aTMoc(epHBIX
yciaoBuet anomanuu  4.08.1998r.
0Ka3aJIOCh YTO BO3BBIIIEHHUE TPOIIO-
nay3bl MOKHO paccMaTpuBaTh Kak
MpUYMHA 32 TTOHUKEHHUE TOTATBHOTO
coaepkaHus 030Ha. Bo Bpems srou
aHOMAaJMU 4YETKO PEruCTPUPOBAThH
AHTULHUKJIOHUYEeCKHe objactu. Bo3-
MOXHO TOJIHUMaHUE TPOIMOIAY3bl
SBJISICTCSI  TIPU3HAKOM  TIOSIBJICHUS
o0JlacTh BBICOKOI'O [IaBJIEHUS Hal
00JlacTU UCCIEIOBAHOM TMOBEPXHO-
ctu. I HaauuuMe aHTHUIUKIOHHYE-
CKOM JMHAMHMKa MEXIY MOBEPXHO-
CTBIO MOpPSl U TPOIONAay3bl HEOOXO-
TUMO aHAJIM3UPOBATH CHHONTHYE-
CKHE KapThl 3a BCE JJHM BCEX aHO-
MaJIui.

Ha pgaHHBII MOMEHT HEBO3-
MOYKHO JI0Ka3aTh PUIUHHO-
CJIEJICTBEHHYIO CBSI3b MEXKIy aHOMa-
JUUSX W TIOABEM Tpomomnay3bl. B
MOCJEAYIOIIEM HUCCIIEIOBAHUM Oy IeT
aHAJM3UPOBAHOE TOBEJECHUE O30HO-
BOT'O CJIOS HaJ KaXXJIOM aHOMAaJIUH.
Korma wuccnemoBaeTcst 030H Kela-
TEJIbHO HCIIOJIb30BaTh M HA3EMHBIC
HaOMoeHUsT € 00OpyAOBaHUEM,
OIMCAHHOU B B padote [8]. Bo3-
MOKHO 1103311 HaOJII0]1aeMOT0 CHH-
XpOHa SBJICHUU JICUCTBYET Ipyras
IpUYMHA CBSI3aHHAs ¢ aTMOC(hepHOH
TUHAMHKW. B Mou mipeapiymx uc-
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ciaenoBaHusAX [9] 4 pemuTeNnbHO OT-
BEprHyJl IHMKOBOE IOBEJACHUE COJI-
HEYHOM M TN€OMAarHUTHOW AKTUBHOCTHU
KaK MpUYMHA JUIsl TeHEpaluu aHoMa-
musax. Kak mokazaHno B pabore [7], HET
HUKAKOW CBSI3M MEXKIY TeMIepaTyp-
HbIC AHOMAJMHA U CEUCMHUYECKYIO aK-
TUBHOCTIO. bblia jgoKka3aHa OOJIBIIYIO
BEPOSITHOCTIO BO3HUKHOBEHUSI aHOMa-
muit ot ¢a3el Jlynel - HoBonynue u
[Tonnonynue [10]. B Oyaymem mnpen-
CTOUT MPOBECTU aHAJOTUYHBIA aHAIU3
10 BOIIPOCY O BO3JACHCTBUU ATUX T€O-
(bU3UYECKUX U KOCMUYECKHX (PaKTOPOB
Ha TOBBIIIICHUE BBICOTHI TPONOC(hEpHI.
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TRENDS AND PROSPECTS PROCESSING INDUSTRIES FOREST
COMPLEX OF UKRAINE

Michael A. Khvesyk, Alexander M. Shubalyi

Abstract: The paper presents the key trends forestry processing industries in Ukraine. The analysis of
changes in the structure of production in terms of basic forestry sectors. The basic performance of the wood
industry. The analysis of trends in output of major products of wood processing. The tendencies of pulp and
paper production and the manufacture and studied the dynamics of foreign trade balance in terms of the for-
estry sector. The necessity of further development of areas of deep processing of timber and other forest re-

sources to reduce the export and import of raw materiALS.

Key words: forestry, processing industry, wood industry, pulp and paper production, furniture produc-

tion, foreign trade balance

JlecHOM KOMIUIEKC KakK yIOps-
JIOYEHHasl MO MPUPOIHO-PECYPCHOMY
U TepPUTOPUATILHO-TIPOU3BOJICTBEH-
HOMY MPHUHUUITY COBOKYITHOCTH B3a-
MMOCBSI3aHHBIX OTpACJIEN, 3aHUMAIO-
IIMXCSA BBIPAIIMBAHUEM, 3arOTOBKOM,
BOCCTaHOBJICHHEM, OXpaHOU W mepe-
pabOTKOM JIECHBIX PECYPCOB, OTHOCH-
TCS K TEM MEXOTPaCIeBbIM 00pa3o-
BaHUSM, JJI1 KOTOPBIX BaXHO c(op-
MHUpPOBaTh TaKyl CHUCTEMY YIpaBJe-
HUs, KoTopass obecrnieunsia Obl ONTH-
MaJbHOE COYETAHHE DPBIHOYHBIX MeE-
TOAOB YIPAaBJIEHUS U METOAOB TOCY-
JApCTBEHHOIO PEryJIMPOBaHUsSA, YTO-
Obl JOCTHYh MAaKCHUMaJbHOW 3KOHO-
MUYECKOM, IKOJOTMYECKON M colua-
nbHOM 3¢ ()EKTUBHOCTH BOBJICUCHUS B
XO03SIUCTBEHHBIH 000POT TaKOTO CTpa-
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TETUYECKH BAXKHOT'O MPUPOJHOTO pe-
cypca, KOTOPBIM SIBJISIETCS JIeC.

CerogHsa  J€CHOM  KOMIUIEKC
YKpauHbl SBISIETCS XO3SUCTBEHHBIM
KOMIUIEKCOM, KOTOPBIM TOCTENEHHO
BOCCTaHABJIMBAET YTPAuy€HHbIC B Ha-
yaje 90-X IT. NO3UIMHU, ANANTUPYSCh
K OCOOCHHOCTSIM pPabOTBhl B PBIHOY-
HbIX ycioBusix. OH oTMeuaercsi cra-
OWJIBHBIM POCTOM OOBEMOB TPOU3-
BOJICTBAa MPOAYKIIUM, B3aUMOCBSI3aH-
HOCTBIO M CJIOXKHOW OpraHu3alloOH-
HOW  CTPYKTYpOH  XO3SMCTBEHHBIX
3BE€HbEB, PA3HOOOpA3UEM BBIMTYCKae-
MOUW MPOJTYKIUH.

Benymee wmecto B CTpyKType
JIECHOTO KOMIUIEKCA IO ITOKa3aTelIro
peanuzaiuu NpoAyKiuu B (pakTuyec-
kux neHax 3a nepuon 2007-2010 rr.



(puc. 1) mpUHAMICKUT TPOU3BOICT-
BaM, 3aHUMAIONIUXCSA YTIIyOJICHHOU
nepepaboTKON TPEeBECUHBI U €€ TPO-
JTYKTOB — TPOU3BOJICTBO OyMakKHOU
Macchl, OymMarv, KapToHa W W3JETUi
u3 Hux (35,9-44,3%), a Taxxe oOpa-
OOTKE NPEBECHHBI M TPOU3BOJICTBY
W3JIeTTU U3 IPEBECUHBI, KpoMe Mebe-
m (26,8-33,9%). Jlons sTuX BUIOB
JEATENBHOCTA B TEYCHHE PacCMaTpH-
BacMOI0 IIepHOJa YBEIWYUBAJIACh.
JlocTaTOYHO BBICOKA M JIOJNS TIPOM3-
BOJICTBa MeOemH, KOTopasi B TEUCHHE
paccMaTpuBaeMoro Inepuoja Koyeda-
nack B mpeaenax 14-21,5% ot obObe-
Ma pPEaTM30BAaHHOW MPOMYKIIMH Jiec-
HOTO KOMIUJIEKCA, a HANMEHBIINM U

CPABHUTEJIBHO CTAOMIIBHBIM YPOBHEM
OTJINYAJIOCH JIECHOE XO35UCTBO U CBS-
3aHHbIE ¢ HUM ycayru — 14,4-16,7%.
To ectp HabmromaeTcss TEHACHIHS K
YCWICHHIO CHEIUANTN3aliNd JIECHOTO
KOMIUIEKCAa Ha JIECO3arOTOBKY U Tep-
BUYHYIO TIEPEpabOTKy IPEBECUHBI, a
TaKk)Ke HEMPOMOPLUUOHATBEHOE pPa3BH-
THE OTpacieu, KOTOpbIE 3aHUMAIOTCS
yIIIyOJIeHHON mepepadoTKOoM JapeBe-
CUHBI — MeEOEJIbHOE M UEJUII0JIO3HO-
OyMakHO€ MPOM3BOACTBA. s TOTrO,
YTOOBI BBISIBUTH MIPUYMHBI TAKUX OTK-
JIOHEHUH, HYXHO MOJapoOHee uccie-
J0BaTh TEHJICHLIUU U 3aKOHOMEPHOC-
TH Pa3BUTHUS OTACIBHBIX OTpaciei
JIECHOTO KOMILIEKCA.

100% " 0 npon3BOoACTBO Mebenm
14,0
90% - 21,9 188 208 |
80% - — 2l
70% - 378 29, 44 1 0 Npov3BOACTBO OyMaXkHOM
60% | 35,9 i ’ maccol, Bymaru, kapToHa v
n3gennin U3 HUX
50%
40% -
m o6paboTka ApEeBECUHBI U
30% - Nnpon3BOACTBO U3 enun n3
20% OpPEBECVHbI, KpoMe mebenu
-
10% - ‘ 1 1 1
. | [ NEeCHOI X03ANCTBO U
0% ‘ ‘ ‘ ‘ CBA3aHHbIE C HUM YyCnyru
2007 rom, 2008 rog 2009 rog 2010 rop

Puc. 1. Ananus usmenenust cmpykmypbol peanuzayuu npooyKyuu 8 paspese 0CHOBHbIX Ompac-
Jiell 1ecno2o komnaexca Yxkpaunwt 3a 2007-2010 2e.
Hcmounux: I'ocyoapcmeennas cuyscoa cmamucmuxu Yxpaunot [1]

Baxnoe 3HaueHue nisi obecrme-
YeHUS CTAOMIIBHOTO Pa3BUTHS JIECHO-
ro KOMILIEKCa, KpOME JIECOBBIPAIIIU-
BaHUs, JIECO3arOTOBKH, JIECOBOCCTA-
HOBJICHUSI W OXpPaHbl JIECOB, HMMeEET
chepa nepBUYHOMN TIepepabOTKH MPo-

OYKTOB Jieca, CyOBEKThI XO34iCTBO-
BaHMSI KOTOPOM OTHOCAT K BHJY 3KO-
HOMMUECKON JesitesnibHOCTH  «OO0pa-
00TKa JIpeBECMHbI WM TPOU3BOJCTBO
U3JIeTU U3 JIPEBECUHBI, KpoMe Mele-
.
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AHanu3 OCHOBHBIX MOKazarenei
NESTENBHOCTA TPEANPUATUNA B ITOU
cdepe 3a 2001-2010 rr (tabn. 1) cBu-
JIETENIbCTBYET O TOJIOXKUTEIBHBIX TE-
HACHIUSAX W3MEHEHUs OOJBIITMHCTBA
n3 Hux. CBHUIETEIBCTBOM OBICTPOTO
pa3BUTHS aHHOU cepbl nesaTeabHO-
CTU €CThb NOJJIEPKAHUE CTAOUIBHO
BBICOKMX TEMIIOB pOCTa MOKa3aTenen
o0beMa MPOMU3BOJCTBA MPOAYKIMH U
MIPOU3BOJIUTEIILHOCTH TPyJAa IO cpa-
BHCHUIO C TPEIBIIYIIUM TOJIO0M, KO-
topeie B TeueHue 2001-2007 rr. xo-
nebanucek B nipeaenax 113,9-134,6%.
Tonbko B kpuszucHbix 2008-2009 rr.
MPOU30LUIO0 HEKOTOPOE CHHKEHHUE
00BbEMOB TPOU3BOJICTBEHHON JesTe-
JIbHOCTH, HO HaumHas ¢ 2010 roma
Ha0II0/1aeTCsl YaCTUYHOE BOCCTAHOB-
JICHWE YTpadyeHHBIX mno3uuuii. O au-
HaMHYHOM PAa3BUTHHU JepeBO0Opada-
TBIBAIOIIEH OTpaciiv TaKKe CBUJETE-
JBCTBYET TIOCTOSIHHOE IPEBBIICHUE
Ha 10-15% TemmnoB pocta 00HEMOB €€
MIPOM3BOJICTBA HAJ[ TEMIaMU pPOCTa
ATOrO TMOKa3aTelsis Mo BCEW MPOMBIIII-
JIEHHOCTH YKpauHbl B MNPEIKPU3HC-
el nepuoa 2001-2007 rr. Ho sko-
HOMHYECKUN KPU3UC BBI3BAJ CYIIECT-
BCHHOE CHIDKCHHE TEMIIOB POCTa 00-
EMOB IIPOM3BOJICTBA B ATOM cepe, B
2009 rogy OH IOCTUT CaMOIr'0 HU3KOIO

ypoBHS — 75,4% K mpeapiayeMy ro-
ny, Ho B 2010 roxy ynmamock oGecrie-
YUTh  HE3HAUMUTENIbHBIM  pOCT —
101,9%. O6Bbem peannu30BaHHON TPO-
OYyKUUH JAHHOM OTpaciu B MPEIKpU-
sucHeie 2001-2007 rr. yBennuumics B
4,1 paza, a cpeagHEMECIYHAsT HOMUHA-
JbHasi 3apa0oTHas IUIaTa IITaTHBIX
pabOTHUKOB — B 3,8 pas3a, MHBECTH-
MM B OCHOBHOM kamutail — B 8,9 pa-
3a.

CBUIETEIHLCTBOM MOCTENEHHOTO
YKPYIIHEHHUS] TIPOM3BOJICTB JIaHHOM
OTpaciu SBISIETCSl MOCTOSTHHOE yMe-
HBIIIEHUE JOJU PEealM30BaHHON Mpo-
TYKIIUU MaJbIX MPEANpUITHA B 00-
meM o0beMe peaqTu30BaHHON IPOJIy-
ki ¢ 22,6% B 2001 roay 1o 13,9%
B 2007 romy, HO, HECMOTpsI Ha 3TO,
ATOT MOKa3aTeJib OCTAETCSl CaMbIM
BBICOKMM CpPEIM BCEX OTpacieu Mpo-
MBIIIJIEHHOCTH. 3a 3TOT MEPUO] TaK-
K€ JOTMOJIHUTEIBHO CO3/1aHO OKOJIO
YEThIPEX ThICSIY PabOUYUX MECT, IO-
BbICWJICS YpOBEHb 3(P(EKTHUBHOMN 3a-
HSTOCTH PAOOTHUKOB, O Y€M CBHU/IE-
TEIbCTBYET MPHUOJIMKEHUE ToKa3aTe-
Jell cpeAHerofoBOro KoJauvecTna pa-
OOTHHUKOB U CPEIHETOI0BOM YHCIICH-
HOCTH pPaOOTHUKOB B OSKBUBAJICHTE
noiHo# 3aHaTtoctu. Eciu B 2001 roxy
COOTHOILICHHE MEXTY ATUMU

Tabnuya 1

OcnosHule nokazamenu 0essimeabHOCMU npeonpusmull 8 cgpepe 06pabomxu Opegecumbsl u
npouseoocmaea uzdenuli uz opesecunwl, kpome medenu 3a 2001-2010 ze.

2001 | 2004 | 2005
rox | rox | ron

IToxazarenu

Temm
2006 | 2007 | 2008 | 2009 | 2010 | pocta
rofg rofg roj ron rog | 2010 k
2001,%

Nunekc oobema mpoayk-
n (% K IpeabIIyIemMy 128 | 125,5|119,5
rofay)

113,91 112,4| 97,6 | 75,4 | 101,9| 184,3

O6beM peasin3oBaHHOMN 1426 | 2998 [3719,4

4454,6(5796,3|16786,6/6357,3|7342,1| 514,9
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HPOMBIIIJICHHOHN MPOIYK-
LIUU, MJIH. TPH.

B TOM YHCJI€ JIOJISI MAJIBIX
npeanpusTHid, %o

22,6

18,1

17,7

25,0 | 22,9 | 21,3 | 22,3 | 22,9 | 1013

CpenneroioBasi HOMU-
HaJbHas 3apaboTHas Iu1aTa
IITaTHBIX PAOOTHUKOB, I'PH.

284

561

707

879 | 1078 | 1347 | 1313 | 1511 | 532,0

CpenHero1oBast YMCIEH-
HOCTb PaOOTHHKOB, THIC.
Yell.

36

34

37

38 40 40 33 33 91,7

CpenneroioBast YuCjiaeH-
HOCTh paOOTHUKOB B 9KBHU-
BAJICHTE MOJIHOW 3aHATO-
CTH, ThIC. Yell.

30,6

32,7

35,4

364 | 39 | 37,7 | 283 | 29,2 | 954

MNuBecTnINM B OCHOBHOU
KamuTal, MJIH. TPH.

108

375

610

754 | 965 | 768 | 1416 | 1937 | 1793,5

IIpoueHT u3HOCa OCHOBHBIX
cpeacts, %

39,2

32,8

31,9

28,9 | 34,2 | 32,6 | 40,3 | 41,2 | 105,1

DUHAHCOBBIN PE3yJIbTAT
OOBIYHOH J1€ATEILHOCTH J10
HAJIOTOO00I0KEHNS, MITH.
IPH.

79,3

99,9

-44,5 | 36 -389,21-165,2 -

1021,3

UYucras npuObuUTh (yOBITOK),
MJIH. TpH.

40,5

46,7

92,8 | -44.5 434.4|-1832| -

1081,9

PenrabensHOCTE
OIEpallMOHHOU
IesTeNbHOCTH, %0

3,2

4,1

4,5

2,5 3,7 | -,5 | 1,6 | -1,8 -

Ucmounuk: I'ocyoapcmeennas cuyscoa cmamucmuxku Yxkpaunot [1]

nokazareysiMu coctaniisii 85,0%, To B
2007 romy nOpoM30LUIO YBEIUYEHUE
1m0 97,5%. KoadduuueHt ucnoman3o-
BaHUsA paboOYero BpEMEHU 3a aHallo-
ruyHblii nepuon ysenumuwics ¢ 0,80
1o 0,88. AKTMBHO MPOXOIAT Mpoliec-
Cbl OOHOBJICHHUSI OCHOBHBIX CPEICTB.
CrouMocTh BBEACHHBIX B JEHCTBUE
OCHOBHBIX CpEJICTB YyBEIWYWIach B
3,3 paza. IlpouieHT 0OHOBIEHHUS OC-
HOBHBIX CpEICTB cocTaBwi  §,1-
14,0%, Torma kak B IEJIOM IO MPO-
MBIIIUICHHOCTH OH HE MpPEeBbIIIA
5,9%. Bo MHOromM »5TO IIO3BOJHIO
CHU3UTh YPOBEHb HM3HOCA OCHOBHBIX
cpeactB ¢ 39,2% B 2001 romy mo
34,2% B 2007 rony, Ho B 2010 romy
OH BHOBb BbIpoC 110 41,2%. [Ins cpa-

BHEHUS, B 1I€JIOM MO MPOMBIILIEHHO-
CTU 324 AHAJOTUYHBIM MEPUOJ IPOU-
30110 YBEJIUYEHHUE ATOr0 TTOKa3aTest
Ha 7,3% (¢ 52,0% B 2001 romy no
59,3% B 2010 roxy).

AHanu3 (QUHAHCOBBIX PE3yJIbTa-
TOB pabOThl JAHHOW OTpaciu CBHJE-
TEIBCTBYET 00 OTCYTCTBHM CTaOWIIb-
HBIX TeHJaeHIMKW. B 4acTtHOCcTH, B
2004-2005 rr. ¢uHAHCOBBIA PE3YIIb-
TaT OT OOBIYHOW JAESITEIBHOCTH 10
HaJIOTOO0JIOKEHUSI 110 CPABHEHUIO C
2001 rogom yBenuumics Oosee yeM B
10 pa3, Ho B cnenytromem 2006 roxy
OBLT MOJTy4eH yOBITOK B pazmepe 44,5
MJIH. TPH., YTO OBUIO CBSI3aHO C yMe-
HBIIICHHEM TEMIIOB pOCTa O0O0BEMOB
IIPOM3BOJICTBA MPOIYKIHUU U OJHUM
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U3 KPYIHEUIINX CPEAU OTpacieu Ie-
pepabatbIBarolield MPOMBIIIIEHHOCTH
POCTOM 3aTpaTHOCTH PabOTHI U UHJEC-
Kca IieH mnpousBojuteneii. B 2007
rofly MOpPEANpUSTHS OTpPacid CHOBA
oOecrnedyii MOJOKUTEIbHOE 3HaYe-
HHE 3TOr0 mokasareins - 36 MIIH. TPH.
Ho B kpusucHbelii mepuoja OTpacib
MOJyYnia 3HAYUTENIbHbIE YOBITKH,
KOTOPBIE TOCTEIEHHO YMEHBIIAIUCH
¢ 1021,3 Teic. rpH. B 2008 romy 1o
165,2 mun. rpH. B 2010 roxy. Ilomo-
OHbIE TEHACHIMHU HAOIIOIAIOTCA U
OTHOCUTENIBHO TIOKa3aTelsl YUCTON
npuObUIM, HO KaK 3HAYMTEIbHBIN He-
raTUB MOXHO OTMETUTH TO, YTO TOJIb-
ko B 2004-2005 rr oH mpuobOperan
MOJIOKUTEIIbHOE 3HA4YeHHe, a Hanbo-
JpIIMH yiiepO ObLI NOJy4YEeH B KpU3H-
cHoMm 2008 rogy — 1081,1 muH. rpH.
DTO CBUIIETEIBCTBYET O TOM, 4YTO
NPEANPUATUS JAHHOW OTpacid He
obecrnieumyii  IOCTaTOYHOTO YPOBHS
pPEHTa0eTbHOCTU ONEPAIIMOHHON Jesi-
TEJILHOCTH, B TEUCHHE aHaJIU3Upye-
MOTO Iepuoaa, XOTs B NPEAKpPU3HUC-
HbII TIEPUOJ TOCTUIIIH MOJIOKUTEb-
HOTO 3HA4Y€HUsI OSTOro MOKa3aTes,
KOTOpOE KoJiebauch B mpenenax 2,5-
4,5%, HO ATO HE IO3BOJIMJIO MEpe-
KPBITh JTOMOJHUTENBHBIE PACXO/IbI 1O
HEOIIEPAMOHHON e TEIIbHOCTH.
Nrtak, HECMOTps HA TNOJOXKUTE-
JbHBIE TEHACHIMU WU3MEHEHUs IOKa-
3aTesiel MPOM3BOACTBA U peaTu3aluu
MPOAYKIMU, TPUPOCTa YUCICHHOCTH
nepcoHana, odecrneyeHne paciiupeH-
HOTO OOHOBJICHUS OCHOBHBIX
CPEACTB, HENb3s1 B LEJIOM CHAENIAThH
BBIBOJI O TOBBIIIEHUU 3()PEeKTUBHOC-
TH pabOThl MPEANPUITUH, padoTaro-
mux B cepe 0OpabOTKH JPEBECUHBI
U TPOU3BOJCTBA W3ACIHUI U3 ApeBe-
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CUHBI, Kpome Mebenu. Benp mnpen-
OpUSTHS TaHHOM OTpaciii He obecre-
YUBAIOT AJICKBATHBIA YPOBEHb JOXO]I-
HOCTH pabOThl M B TeUYCHUE OO0JIb-
IIMHCTBA JIET pacCMaTPUBAEMOIO Tie-
puoa JOMyCKaJIA yOBITKH.

O TeHAEHIUSAX PA3BUTHS TPOU3-
BOJICTB nepeBooOpadaThIBaoNIeit
MIPOMBIIICHHOCTH MOHO CJelaTh
BBIBOJ HA OCHOBE JICTAJILHOTO aHaJIu-
3a JIMHAMUKH TPOU3BOJICTBA OCHOB-
HBIX BHJIOB NPOJYKIMU B HATypajb-
HBIX U3MepUTeNsx (Tadi. 2).

PesynbraThl aHanM3a IMOKa3bl-
BaIOT, YTO B c(epe JIECOMUIBLHOTO U
CTPOTAJIBHOTO TIPOM3BOJICTBA, MPOIH-
TKHU JPEBECHHBI TIOYTH B 4 pas3a yBe-
JUYHIICA CIIPOC HAa OPYCKH, MJIaHKU U
(Gpu3bl A1 MApPKETHOrO WIH Jepe-
BSTHHOTO TIOKPBITHSI TOJIa, TPOdum-
pOBaHHbIE, HEOOPE3HBIE U3 APEBECHU-
HBI JINCTBEHHBIX IOPOJl B CBS3H CO
CTPEMHTEIILHBIM pPa3BUTHEM CTpPOH-
TCJILHOU JICITEIbHOCTH, a TaKXE IIe-
Ny U CTPYXKKY (OCHOBHOW MPHUPOCT
npowusomien B 2007 roay) B CBA3U C
CYILIECTBEHHBIM TMOBBIIIEHUEM CTOU-
MOCTH aJIbTE€PHATUBHBIX BHUOB TOII-
JuBa.

Tengenuum  pocta  00BEMOB
IIPOM3BOJICTBA XapaKTepHBI s cde-
pBl TIpOW3BOACTBA (aHEphl, IUTHT U
MaHesel, B 4aCTHOCTH, OOJIbIIIE BCETO
BBIPOC CHPOC HA IIMOH CTPOTaHHBIN
(B 3,2 pa3za) v IUVIUTHI IPEBECHOCTPY-
*KeyHble HeoOpaboTaHHbIe (B 3 pa3a),
9TO OOBSCHSACTCS TUHAMHUYHBIM pa3-
BUTHEM MeOEIbHOIO0 MPOU3BOJICTBA
KaK OCHOBHOTO MOTpeOUTENSI TaHHON
IPOYKIIUH.

B cdepe mnpousBoactBa jgepe-
BSIHHBIX CTPOUTEIBHBIX KOHCTPYKITUH
U CTOJIIPHBIX W3JENUN HaOIIoJaeTCs



CTPEMHTEIIbHBIN POCT CIIPOca Ha COO-
pyXKeHusi coOpaHHBbIE JEpEBSIHHbIC, a
TaK)K€ Ha OKHA, JBEpU, UX paMbl U
noporu, aepeBsiHHble (B 3,3 pasza),
YTO HANpPSIMYyIO CBSA3aHO C IIOBBIIIE-
HUEM CTPOUTEIbHOM aKTUBHOCTU Ha-
cenennsi. C npyrom CTOPOHBI, yMe-
HBLIEHUE CIIPOCA HAa M3JENHS JAepe-
BSIHHBIE CTPOUTEIIbHBIE U CTOJISIPHBIE
0OBSICHSIETCS YBEJIMUEHHEM OOBEMOB
MpOJIaX TOBAPOB-3aMEHUTENECH U3
IJIaCTHKA, METAUIOIIACTHKA U JIPY-
rMX CHUHTETUYECKUX MaTepuanoB. B
TO € BpeMs, B 2,3 pa3a YBEIUYUIIUCH
o0BeMBbI MPOU3BOJCTBA MapKeTa Je-
PEBSIHHOTO IUTOBOTO.

CpaBHUTEIBLHO MEHBIIUMHU TEM-
aMU pOCTa CIIpoca XapaKTEepU3yeTcs
MIPOU3BOJICTBO JIEPEBSIHHOM Taphl, OC-
HOBHBIMH TOTPEOUTENISIMU  POTYK-
U1 KOTOPOTO SIBIISIFOTCSL JIPYyTHU€ OT-

paciu mpombliuieHHocTH. Hanbosnb-
UM TPUPOCT HAOMIOAANICA IO TPOU-
3BOJICTBY TOJJIOHOB JIE€PEBSHHBIX (B
2,7), a Takke Tapbl AEPEBIHHOU pa3-
HOM U ee vactelt (B 2,6 paza).

Wtak, TeHACHIMHM Pa3BUTHUS OT-
JICTBHBIX BUOB JIEATEILHOCTH, OTHO-
camuxcs K cepe oOpaboTKu ApeBe-
CUHBl W TIPOM3BOACTBA M3JECIUN H3
JIpEeBECUHBI, KpOME MeOEsH, 3aBUCHT,
MpexXJe BCEro, OT Pa3BUTHUSI OTpac-
nei-norpedbuTened HUX MPOAYKLHH,
MOCKOJIBKY MMEIOIIUINCS Jiecopecypc-
HBIM MMOTEHIMAJ HaIlel CTpaHbl B Ha-
CTOSIIIIEE BpPEMsI HE HCIOJIb3YyeTCs B
ITOJTHOM 00BEeME, MOATOMY €CTh BO3-
MOXXHOCTH JUJIsS JAJIbHEUINEro pocTa
00BEMOB 3aroTOBKH JPEBECHHBI, IO-
CKOJIbKY B TIPEIBIAYIINE TOAbI (hax-
TUYECKUE PYyOKH HE TMPEBBINIATN JIH-
MHUTBI JIECOCEYHOTO (hOH/IA.

Tabnuya 2

Jlunamuxa npouzso0cmea 0CHOBHBIX 8UO08 NPOOYKYUL 8 OMOEIbHBIX chepax 0opabomxu
Opesecunbl U npousso0cmaa usoenull uz opesecunsl, kpome medenu 3a 2003-2010 ee.

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 Temn
Bu npozyxiuu rog | rog | rom | Toxm | rox | TOA | TOA | TOX pocra 2010
k 2003, %
JleconmiibHOE M CTPOTAIBHOE MMPOU3BOICTBO, MPOIUTKA PEBECUHBI
[peBecuna, B1oab pac-
THIICHAAM WM PACKOTO= ) 5 1 9 g | 24 | 24 | 25 | 23 | 1,8 | 1,7 77,3
Tas1, TOJIIUHOM OoJiee 6
MM, MIIH. M’
bpycku, mmanku u ¢ppu-
3Bl sl TAPKETHOTO MJIH
ACPECBAHHOI'O MMOKPBITHA
noja, npogu- 1171 | 1781 | 2338 | 2306 | 2735 | 3997 | 3367 | 3298 281,6
JTUpOBaHHBIE, HEOOPE3-
HbBIC, U3 JIPEBECUHBI JIU-
CTBCH. IIOPOJ, ThIC. M2
[Tpon3BoICTBO (haHEepHI, TUIUT U MAHEJIeH, IIMoHa

®Danepa kineena, Tue.m | 114 | 145 | 173 | 164 | 178 | 171 | 109 | 145 127,2
I1nuTel IEPEBOCTPY K-
KOBBIE HEOO IeTaHHbIE, 732 | 975 | 1150 | 1329 | 1641 | 1622 | 1295 | 1471 201,0
TBIC. YCJIOBHBIX M3
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IInoH y1EeHHbIN, THC.
3
M

43,5

53,6

52,7

51,9

57,6

43,8

29,6

36,9

84,8

IIInoH cTpyraHHbIi, THC.

M

14,2

21,7

23,8

26,3

37,5

31,9

30

31,4

221,1

HpOH?»BOI[CTBO ACPCBAHHBIX CTPOUTCIIbHBIX KOHCTp}/'KI_II/Iﬁ " CTOJIAPHBIX b5 e31 (N117051

OkHa, 1BepHU, UX paMbl U

moporH nepessEEbe, | 1056 | 1503 | 2353 | 3108 | 3691 | 3800 | 2200 | 2399 | 2272
TUC. M

Hapiet epepAHHbIi 355 | 400 | 418 | 567 | 676 | 637 | 537 | 475 | 1338
MMTOBOU, TUC. M

[Ipon3BOACTBO AEPEBSIHHOM TapbI

Honnonst nepessumbie, | ¢ | 9y | 34 | 34 | 44 | 39 | 21 | 3.0 | 1667
MJIH. IIT.

Tapa nepeBaHHbIL pas- | 4 o | 743 | 763 | 65.7 | 68.6 | 674 | 643 | 669 | 1648

Hasa U €€ 4aCTu, TUC. T

Ucmounuk: I'ocyoapcmeennas cuyscoa cmamucmuxku Yxkpaunot [1]

BaxxHbIM 3BEHOM JIECHOTO KOM-
IUIEKCA €CTh IEJUII0JIO3HO-0YMasKHOE
IIPOU3BOJICTBO, KOTOPOE COCTOUT W3
JIByX OCHOBHBIX BHUJIOB 3KOHOMHYEC-
KO JIeATeTbHOCTH: TPOU3BOJICTBO
OyMa)KHOUM Macchl, Oymaru u KapToHa
(Ha xoropoe npuxogutcs okoiio 20%
oT o0mero oobemMa peaausauu Mmpo-
IYKIHH), & TAKKE MPOU3BOACTBO M3-
nenuit u3 Oymaru u kaptona (80%).

Henmrono3Ho-OymaxHas  mpo-
MBIILIEHHOCTh YKpPauHbl 00bEIUHSICT
okono 100 mpeanpusTUil MO HPOU3-
BOJCTBY OyMaru W KapTOHa W H3[ie-
JUW U3 HUX, @ BMECTe ¢ mepepadoT-
YUKaMu, TpenaepaMu, MOCpeIHUKa-
MU, HAyYHbIMH, MOHTQKHBIMU U CIIe-
[IUATM3UPOBAHHBIMA TOPTOBBIMHU Op-
raHu3alysIMH UX HACUUTHIBAETCA 0O-
nee 300. B obmactu paboraer 6ojee
30 ThICSIY paOOTHUKOB.

YuursiBasg, 4YTO B YKpauHe
MPAKTUYECKA OTCYTCTBYIOT TIPOU3-
BOJICTBA IIEJUIIOJIO3bI M JIPEBECHOM
MaccChl, Ha MPEANPUITUAX ETUTHOI03-
HO-OyMa)kKHOU MIPOMBITINICHHOCTH
IIPOM3BOJUTCS OTPAHUYCHHOE KOJIH-
YecTBO BUJOB Oymaru u kapTona. Ot-
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CyTCTBHE B YKpaWHE COOCTBEHHOIO
IPOU3BOJACTBA MEPBUYHBIX MOJTy(ad-
PUKAaTOB TMOCTaBWJIO  HPEIIPHUITHS
OTpaciii B IOJIHYI0 3aBUCUMOCTb OT
UMIIOPTEPOB CBIPBEBBIX PECYPCOB U
noOyInuia0 MX OPUEHTHPOBATHCS Ha
BBIIYCK BHJOB Oymaru M KapTOHA,
IPOU3BOJIUMBIX U3 BTOPUYHOI'O BOJIO-
KHa — MakyJyatypsl. [loatomy B cTpy-
KType MpOMU3BOACTBA Oymaru u Kap-
TOHa Npeo0JagaloT TaKUEe BUABI KaK
KapTOH TapHbIM, Oymara s rodpu-
pOBaHUs, KapTOH KOpPOOOYHBIH, Oy-
Mara CaHMTapHO-TUI'MEHHYecKuil. B
CTPYKType  JKCHOpTa  KapTOHHO-
OyMa)kHOW TPOJYKIIMU ITH BUABI OY-
Mard u KapToHa, 000U U Tapa KapTo-
HHas TaKXe 3aHUMAKOT 3HAYMUTEIIb-
HBIH cerMeHT. [Ipou3BojICTBO OCNBIX
COpPTOB OyMaru SIBJISICTCSI HE3HAUYHTE-
JBHBIM U HEIOCTAaTOYHBIM ISl OTpe-
OHOCTEl phIHKA YKpauHBbl.

CocTostHue pa3BUTHUS LIEIUIHOJIO-
3HO-OYMa)XHOM  MPOMBILUIEHHOCTH
XapaKTepu3yercss OOIIENPUHATHIM B
pa3HbIX CTpaHaX MOKA3aTeJeM MOTpe-
OJiIeHHUs KapTOHHO-OyMa)XHOW Mpoay-
KM Ha nyiry HaceneHus. B Ykpau-




HE Ha OJHOTO XUTEJS CEerOAHs TpH-
xonurtcs 34,4 kr Oymaru u KapToHa B
roji, 4TO MOYTH BJIBOE€ HUXKE YPOBHS
CPEIHEMHUPOBOTO TOTPEOJICHUS, PaB-
HOTrO 65 kxr B rox. [ns mpumepa: B
ctpaHax 3amagHou Esponbi, CIIA,
Kanane, Smonuu 5>TOT mMoOKa3aTelb
coctapmisier 6onee 200 kr/roa. B EB-
pomne BBICOKME IOKa3aTeIu HUMEIOT:
benprus — 333,7; OuHagHIUA —
333,4; IllBeums — 268,0; [anus —

233,8; Benukobpuranus — 208,8 xr B
rox [2].

AHaIIM3 WHJIEKCOB 00BbeMa Ipo-
TYKIIUU TPEINPUATUN TaHHOU cdepbl
nearenpHoctd  3a  2000-2010 rr.
(Tabin. 3) CBUIETENLCTBYET O MOJJIe-
pKaHUU B TEUEHHE BCEro Iepuoja
MOJIOKUTENIBHBIX TEHJEHUIHUM pocTa
ATOTO MOKAa3aTelisi Kak B IEJIOM, TaK U
B pa3pe3e OTACJIbHBIX BUJIOB IKOHO-

MHUYECKOHN JEITECILHOCTH.
Tabnuya 3

Hnoekcol 06bemo6 npodyKyuu npeonpusimuil Yeauroi03Ho-0yMAa*CHO20 NPOU3800Cmad 3d
2001-2010 e2. (8 % Kk npedvioywemy 2o0y)

Bun sxonomMuueckoil ges-
TCJIBHOCTHU

2001|2002 | 2003

2004|2005 |2006 | 2007 {2008|2009(2010

2010 k
2000

[TpousBoacTBO OyMakHOI
Macchel, Oymaru, kaprona (116,8/106,7|123,0
U U30eNIUN U3 HUX

118,8/113,7(107,2|114,2| 98,3 191,0(110,3| 249,2

MIPOU3BOJICTBO OyMaK-
HOM Macchl, Oymary, kap- (119,3/108,9|114,4
TOHA

116,1|112,9(109,3|116,6100,2| 85,3 114,9| 243,8

MIPOU3BOJICTBO U3JIEITHIA

115,1{105,3| 127,7
n3 Oymaru u KapToHa

119,6| 114 (106,5/113,2|106,4/90,7(105,7| 259,5

Ucmounuk: I'ocyoapcmeennas cuyscoa cmamucmuxu Ykpaunot [1]

B pesynbrare, 3a nepuon 2000-
2010 rr. Temn pocrta 061IeT0 00bEMa
IPOM3BOJACTBA OYMa)KHOM  Macchl,
OyMmaru, KapToHa M M3JEIHN U3 HUX
coctaBui 249,2%, 4TO NMpOU30ILIO 3a
CYeT PaBHOMEPHOTO pOCTa 0OHEMOB
NIPOM3BOJICTBA U3JACNUNA U3 Oymaru u
kaproHa (243,8%) u TpoM3BOJCTBA
OyMa)kHOW Macchl, Oymaru, KapToHa
(259,5%). JleTtanpHbl aHaIU3 TEHEC-
HUUM HM3MEHEHUsT O0BEMOB MPOU3-
BOJICTBA OCHOBHBIX BHJIOB Oymaru u
kaptona 3a 2003-2010 rr. B HaTypa-
JBHBIX U3MEPUTEIISIX MOKA3bIBACT, UTO
OoJplIe MPOM3BOAMUTCS Oymaru u
KapTOHA HEMEJIOBaHHBIX, OyMaru cu-
rapeTHol HepaspesaHHo — B 2010

rojly JOCTUTHYT HAUBBICIINN YPOBEHb
431 ThIC. TOHH., 4TO B 1,7 pa3za 00Jb-
e, yeM B 2003 ronay.

OOBeMBbI TIPOM3BOJICTBA OyMmaru
OBITOBOIO u CaHWUTapHO-
rUTUeHrYecKoro HasHadeHus B 2003
roay ObLIM 3HAYMTEIHLHO MEHBIIE, a B
2010 romy Tak)ke AOCTUIJIM MaKCH-
MaJbHOIO YpOBHSI — 126 ThIC. TOHH,
T.€. yBenuuwinch Ha 34,9%. CpaBHu-
TeJabHO MeHbIle B TeueHue 2003-2010
IT. IPOU3BOJIUIIOCH OyMaru U KapTo-
Ha s rpaduueckux paboT HeMeno-
BaHHBIX, HO TEMII POCTa JAHHOTO IO-
Kazarelns 3a JTOT MEPUOJ| SIBISETCS
JIOCTAaTOYHO BBICOKUM — 36,3%.
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K amnaMuyHO pa3BUBAIOLIMMCS
XO34MCTBEHHBIM 3BEHBSIM  JIECHOTO
KOMIUIEKCA  YKpauHbl  OTHOCHUTCS
IPOM3BOJICTBO MeOEINH, MPeaTPUITHS
kotoporo no uroram 2007 roxa pea-
30BN nTpoaykuuu Ha 4411,8 muH.
IpH., 4TO B 3,6 pa3za 0oJibllie YpOBHS
2000 roga. Ho B 2010 rony Bcnexacr-
BHE€ SKOHOMHUYECKOIO KpH3HUCa 3TOT
nokasareib yMmeHblmics 10 3845,1
ThIC. TpH., Wi Ha 12,8%. Ilepcnek-
TUBBI Pa3BUTHS MPOU3BOJICTBA MeOe-
JIY CBSI3aHbI C JAJIbHEWIINM IOBBIIIE-
HUEM KadecTBa MPOAYKLMHU, MaKCH-
MaJbHBIM YyJIOBJIETBOPEHUEM MOTPEO-
HOCTEH pa3IMYHBIX TPYII MOTpeOu-
TeJed, NOAJIEPKAHUEM KOHKYPEHT-
HOM cpelbl, YMEHBIIEHUEM J0JId UM-
nopra MNPOAYKIUH W JEeTCHU3AIUEH
MIPENIPUATAN OTPACIH.

JlecHOM KOMIUIEKC YKpauHbl OT-
HOCHUTCSI K T€M 3BEHBSIM HAI[MOHAJIb-
HOM SKOHOMHKHU, KOTOpPHIC AKTHBHO
OCYUIECTBIISIIOT BHEIIHE3KOHOMUYEC-
Kyl JesarenbHocTb. OO 3TOM cBUE-
TEJIBCTBYIOT PE3YyJIbTAThl JAETAIBHOTO
aHajau3a JUHAMHUKH BHEIIHETOPTOBO-
ro 000opoTa TOBApOB B pa3pes3e OTpac-
nei komruiekca 3a 2001-2010 rr. Ha
IPOTSHKEHUU aHAIU3UPYEMOI0 TEepu-
0J1a OOIIMI AKCIOPT MPOAYKIUHU JIeC-
HOIO0 KOMIUIEKCa yBenuuywics B 3,6
pa3a u B 2010 rogy cocraBun 2080,4
MiH. gois. CIIA, HO Temn pocTa UM-
nopTa 3a ATOT Mepuoi ObLJI HECKOJIb-
KO MeHblle — B 3,5 paza. B To xe
BpEMsl OTPUIIATENIbHOE CaJIbJI0 BHEII-
Hel ToproBiu yBenunuuioch ¢ 101,6
o 288.5 muH. non. CIIA, niu B 2,8
paza, a CpEIHErOJOBOM TEMII €ro
IPUPOCTA 32 AHAIU3UPYEMBIN MEPUO
coctaBui 12,3%.
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Cpenu oTaenbHBIX OTpaciel Jie-
CHOTO KOMIUIEKCA TOJOKUTEIHLHOE
CaJIbJ0 BHEIIHEW TOPTOBJIM JOCTHUI-
HYTO TOJIBKO B TOPIOBJIE JIPEBECHUHOMN
U U3JICNUSAMU U3 JPEBECUHBI, KOTOPOE
3a pPacCMaTpPUBAEMBIN MEPUOL YBEIIU-
yuiaoch ¢ 156,8 mo 486,7 MIH. AOJI.
CIIA, wim B 3,1 pa3a npu cpenHero-
noBoM Temrie npupocta 13,4% (puc.
2). MnopTOoOpHEeHTOBAaHMUMBI OTpac-
JSIMU JIECHOTO KOMILJIEKCA SIBIISTFOTCS
MeOeTbHOE U IEJUTI0NI03HO-0yMaXKHOE
npousBoacTBO. [lpu 3TOM HamMbOIB-
1K€ CPEIHEr0JI0BbIE TEMIIbI MPUPOC-
Ta OTPUIIATEIILHOTO CAJIbJI0 BHELIHEH
TOPIrOBJIM HAOJIIOIAIOTCS B TOPTOBIIE
MeOenpio - 26,0%, Torma Kak B IIel-
JIIOJI03HO-OyMa)KHOM  TPOM3BOJICTBE
OHHM 3HAYUTEIBLHO MeHbIle — 12,4%,
HO a0COJIFOTHOE 3HAYE€HHUE OTpPHULIATE-
JBHOTO CalibJ0 BHEIIHEH TOPTOBIHU B
3TOM cdepe 3HAUUTEIHHO OOJbIIE - B
2010 romy mocrurno 717,8 MaH. mod.
CIIA, no cpaBHeHuw ¢ 57,3 MIH.
nos. CHIA mo Ttoprosiie MeOemnbio.
XapakTepHbIMU O0COOEHHOCTSIMU
BHEIIHEH TOPrOBJIM B JIECHOM KOM-
IUIEKCE YKpauHBbI SIBISETCS ChIpbEBast
OpHUEHTALMSI FKCIIOPTA, MOCKOJIbKY Ha
3apyOeXHBIH PBIHOK OTIPY’KAIOTCSA
IPEUMYIECTBEHHO  JpeBECHHA U
MPOJYKThI €€ MEPBUYHOMN mepepadoT-
KH, BMECTO HUX HUMOPTYETCS OCHOB-
HOM CBIPb€ U POAYKTHI YTIIIyOJIEeHHON
nepepaboTKu IpeBECHHBI — Macca U3
APEBECHHBl WJIH JPYTUX BOJOKHUC-
TBIX [EJUTIOJO3HBIX MaTepUalioB U
MeOelb.

Takum 006pa3om, MOXKHO clieTaTh
BBIBOJ O TOM, YTO 3HAYUTEIbHBIH
pocT 00BEMOB peanu3aluu MPOAYK-
1y B chepe o0pabOTKH IPEBECUHBI U
HNPOU3BOJACTBA W3JEIUN U3 JpEeBECH-



HBI, KpOMe MeOeNu B 3HAYUTEITHHON
CTETICHN OBLIT BBI3BAH C YBEITMYCHUEM
cnpoca Ha 3apy0eKHOM pbIHKE (00B-
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Puc. 2. Jlunamuxa canv0o éneuineii mopeoeénu 6 paspese ompacieil 1eCH020 KOMNIeKCcd
Ykpaunwvt 3a 2001-2010 2e.
HUcmounux: I'ocyoapcmeennas cuyscoa cmamucmuxu Ypaunot [1]

C npyroii CTOpOHBI, YCKOPEHHOE
pa3BUTHE MEOEIBHOTO MPOU3BOJICTBA
CTaJI0O BO3MOXXHBIM 3a CYET pOCTa
OTEUECTBEHHOT'O TIPOM3BOJICTBA He-
00XOJIUMOTO CHIPhSl U MaTEepPUAIOB B
cthepe 00pabOTKU IPEBECUHBI U MPO-
W3BOACTBA M3JEIUNA W3 JPEBECUHBI
(dbaHephl, wINIOHA, MAHENEH, IUIUT).
Torga xak pocT 00bEMOB NPOAYKIIUU
1[EJUTI0JI03HO-0yMaKHOTO TIPOU3BO/IC-
TBa ObLI B OCHOBHOM JIOCTHUTHYT 3a
CUET yBEJIMYEHHUS 3a 3TOT MEPHO]I 00-
bEMa MUMIIOPTa MacChl U3 JAPEBECHHBI
WIH JAPYTUX BOJIOKHHUCTBIX HEJUTIOJIO-
3HBIX MAaTE€pPUaJIOB, IPOU3BOACTBO KO-
TOPOH OTEYECTBEHHBIC MPEIPHUATHUS
HE MOTyT OOeCIeuuTh B HEO0OXOIu-
MOM KOJIMYECTBE W3-32 OTCYTCTBUS
BO3MOXKHOCTEH WHBECTHPOBATH JO-

MOJIHUTEJIbHBIE CpPEJICTBA JJIA MpPOBeE-
JICHUS MAacIITaOHOTO OOHOBJICHHS U
MOJICPHU3AINK  MPOU3BOJICTBEHHO-
TEXHUYECKOU 0a3bl.

Urak, Ha Onmxaiinyro nepcrek-
THBY TJIABHOM 3aJadel IoCynapcT-
BEHHOU MOJUTUKU B cdepe JECHOTo
KOMILJIEKCA JIOJIMHO CTaTh obecrieue-
HUE PACIIMPEHHOTO BOCIIPOM3BOICTBA
JIECHBIX PECypcoOB B 00BEMax, KOTO-
phI€ MO3BOJMWIM Obl B MaKCHMaJIbHO
KOPOTKHE CPOKH JOCTHUYb ONTHUMAJh-
HOM JIECUCTOCTH TEPPUTOPHUH Y Kpau-
HBI, a TAK)KE B CO3J]aHUU YCIIOBUN IS
NPOJOJDKEHUsT CTaOMIBHOTO  poOCTa
00BEMOB MPOMU3BOJICTBA MEepepadaThI-
BAaIOIIIUX OTPACJCH JIECHOTO KOMILIe-
KCa C aKI[EHTOM Ha YTIyOJICHHYIO TIe-
pepaboOTKy IPEBECUHBI C MEIBI0 yMe-
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HBIIEHUS! CHIPHEBOIO SKCIOPTA U UM-
nopra. 3T0 BaXHO MOTOMY, YTO Kax-
nasi JTOTIOJHUTENbHAss TPUBHA, BIIO-
KEHHAasl B YBEJIMYEHHE JECOpECypc-
HOTO MOTEHLMaNa CTPaHbl U CTUMY-
JUPOBAHUE PA3BUTUA YIIIyOJICHHOU
nepepabOTKU  JIPEBECHUHBI, JOJDKHA
co3gaBaTh JOOABIEHHYIO CTOUMOCTD,
KoTopasi OyJeT cmocoOCTBOBaTh IO-
BBIIICHUIO YPOBHS 3aHSATOCTH W JIO-
XOJIOB HACEJEHUs, HAIOJIHEHHOCTU
OIO/DKETOB BCEX YpOBHEW, cTaOuiu-
3aMKu (PUHAHCOBO-KPEIUTHOM cHUCTe-
MBI U POCTYy 00bEMOB BHYTPEHHHUX U
BHEIIHUX WHBECTULHMN B YKpauHy, a
HEe B JpYruX CTpaHax, KyJa B HacTO-
AIIee BpEeMsl 3KCIOPTUPYETCS ApPEBe-
CHHA U NPOIYKLUS €€ IEPBUYHOU ITe-
pepaboTKHu.
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AIR TEMPERATURE AS A METEOROLOGICAL FACTOR
AFFECTING LEVEL OF ATMOSPHERIC POLUTION
BY FORMALDEHYDE

Suliymenova N.S. Daulbayeva A.N.

Kazakh National Agrarian University

Abstract:This article describes trends of changes and existential distribution of formaldehyde
concentrations in Almaty city’s atmosphere over the past four years. Its been revealed that the level of city’s air
pollution varies depending upon the season and particular adverse meteorological conditions of the given urban
area. The results of exploring the air temperature’s impact to changes in the level of formaldehyde in the city
atmosphere shows a direct correlation between the two parameters.

Key words: atmosphere, pollution sources, pollutants, the level and extent of contamination

Introduction
Air pollution in large cities re-
cently has become one of the major

environmental problems in
Kazakhstan and in the world as well.
High  industrial growth  and

increasing number of motor vehicles
leads to rise of emissions and air
quality deterioration [1]. Among the
many harmful substances which can
be found in the different cities
atmosphere, we should pay a special
attention to the substance known as
formaldehyde. With the atmospheric
temperature rising over the past
years its very important to clarify the
role of air temperature in the
formation of formaldehyde
concentrations. As a rule,
formaldehyde is formed from
incomplete combustion of liquid
fuel, during the process of

manufacturing synthetic resins,
plastics, tanning, etc. Formaldehyde is
also emitted into the atmosphere from
motor vehicles [2]. Studies carried out
by a number of authors have shown
[3,4] that formaldehyde not only is
coming from industrial and natural
sources, but 1s formed as a result of
complex photochemical reactions in
the interaction with methane, nitrogen
oxides and other catalysts.

Over the past years there has been
a marked increase of formaldehyde
concentration in  Almaty  city.
According to the news-bulletin [5] the
average concentrations of
formaldehyde in Almaty increased in
recent years. Thus, in 2010 in Almaty
the air pollution index on five
substances (further API5) was 11.7.
Most of it has been observed on
formaldehyde - 47% (fig 1).
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Figure. 1. The atmospheric concentration
of pollutants that determine air pollution
index (API), of Almaty city in 2010

Such data gives us enough
reasons to analyze situation, conduct
research and find the determining
factors of formaldehyde’s high con-
centrations.

Materials and methods of
research

The state of formaldehyde air
pollution in Almaty is the object of
investigations. Methods of research
are comparative-analytical, physico-
chemical, physicostatistical, statisti-
cal analysis of empirical data.

The standards of GOST
17.2.3.01-86 “Nature Preservation.
Atmosphere. Norms of air quality
regulations in settlements.” have
been used as a basis for organizing
observations regarding levels of
city’s atmospheric pollution. Air
synoptic material has been used as
an initial data. Fixed positions and
selected research locations have
been used for monitoring the air
pollution level.

Depending on the street area’s
load by various vehicles, location of
industrial factories, heating sources, main
streets, area relief and other factors,
several fixed stationary observation pOStS
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have been set-up in the city. The ones
below have been used as center points
for monitoring environmental
pollution:

- Post Nel, located in the central part of
city, near the intersection of Satpayev
Seifullin prospectus;
- Post No 12 on corner of Raiymbek
avenue and Nauryzbai Batyr street 1s the
site with  highest traffic load;
- Post No 16, Ainabulak-3 microraion. Here
most of pollution is observed in winter
and summer mostly from household waste,
although large movement of air
currents 1s observed on this site;
- Post Ne 25, on comer of Marechka street
and B.MomYSh-uly street. This site is
contaminated by boiler plants of Western
thermal complex.

- Post %26, Tastak-1 microraion, Tole- By

Street 249 (in the site of ity polyclinic Ne
4).

street and

Results

The average life expectancy of
formaldehyde in the atmosphere is
approximately three hours. It depends
on weather conditions and it may be
longer in sunny and clear weather
conditions and is less in overcast and
cloudy weather conditions [3].

Also atmosphere has a large
number of non-methane hydrocarbons,

which may contribute to
formaldehyde’s formation. Our
research shows that in most of
observed cases, the maximum

concentrations of formaldehyde can be
found during warm season of the year.
Thus, the annual course is clearly
expressed, and the peaks are observed
during the period from May till
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September. Table 1 shows annual
course of formaldehyde
concentration during the years 2007
-2010.

The table shows that during
the four-year period the highest con-
centrations of formaldehyde have
been observed in 2008 and in 2010,
especially in July, and made-up
0,017 mg/m’. Another peak was ob-
served in June-July 2009 and
equaled to 0,015mg/m’. Its obvious
by looking at the trend of formalde-
hyde’s distribution that most of pol-
lution’s high-points take place in
warm season mostly in summer
time. During the period of summer

maximum the highest concentrations
are in 0,016-0,017 mg/ m’. During
winter period concentrations vary be-
tween 0,009-0,013 mg/ m’. Such
changes occur almost every year. The
only exception is January 2007 when
average concentrations of formalde-
hyde were 0,016mg/m’. If we observe
highest maximum points of formalde-
hyde concentration most of them also
take place during warm season and
range from 0,043 to 0,055mg/m’. Dur-
ing winter season these values are sig-
nificantly lower: from 0,028 to
0,044mg/m’ with January 2008 as an
exception when the formaldehyde con-
centration reached 0,053mg/m".

Mont Quantity of formaldehyde in mg / m® in various years
hs 2007 2008 2009 2010
Average Maximal | Average Maximal | Average Maximal | Average Maxi-
concentra- | concentra- | concentra- | concentra- | concentra- | concentra- | concentra- | mal
tion tion tion tion tion tion tion concen-
(qav) (qm) (qav) (qm) (qav) (qm) (qav) tration
mg/m mg/m mg/m mg/m mg/m mg/m mg/m (qm)
mg/m
1 0,016 0,046 0,014 0,053 0,013 0,041 0,009 0,031
2 0,012 0,039 0,014 0,044 0,010 0,028 0,011 0,038
3 0,010 0,032 0,013 0,047 0,012 0,043 0,0108 0,052
4 0,009 0,032 0,011 0,041 0,014 0,050 0,009 0,033
5 0,010 0,038 0,012 0,037 0,015 0,050 0,010 0,031
6 0,012 0,044 0,012 0,050 0,015 0,050 0,013 0,043
7 0,013 0,037 0,017 0,053 0,016 0,052 0,017 0,055
8 0,015 0,042 0,015 0,042 0,011 0,060 0,010 0,045
9 0,013 0,052 0,012 0,043 0,010 0,060 0,012 0,040
10 0,013 0,053 0,012 0,043 0,010 0,044 0,009 0,040
11 0,012 0,053 0,012 0,047 0,011 0,060 0,010 0,040
12 0,010 0,030 0,009 0,030 0,010 0,030 0,010 0,035

Table 1. Annual course of formaldehyde concentration during the years 2007-2010.

Let’s consider in more detail
how the level of formaldehyde’s
distribution in the air depends from
the air temperature. We took the
average concentrations of
formaldehyde during four years
(Table 1) and air temperature values
from the same period (Table 2).

Based on these indicators we’ve made
a chart showing the direct dependence
of formaldehyde concentrations from
the air temperature (Figure 2).

Figure 2 clearly shows correla-
tion of rising formaldehyde concentra-
tion values and air temperature from
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winter season to summer season.
The noticeable summer maximum
can be explained as an aftereffect of
chemical reactions due to high air
temperatures during summer and
intensive solar radiation. In other
words, during the summer there is
an activity of photochemical
processes which leads to the
formation of formaldehyde in the
atmosphere. Also  the  city
atmosphere receives large amounts
of different hydrocarbons emissions,
which boost the reactions [7].

contains high concentrations of
nitrogen dioxide that indicates the
undergoing reaction. Winter peak is
rarely observed, it is less vivid than the
summer one, and is associated with
industrial emissions of this substance
because the emissions of factories and
industrial complexes such as thermal
power stations have a high temperature
and contain hydrocarbon  gases,
nitrogen oxides and other substances
that may  contribute to the
photochemical process. As a result, we
have made an assumption that high

Besides, the city atmosphere  concentrations of formaldehyde are
0,018 30
0,016 + 1 25
0,014 + 1| 20
0,012 + 1 45

0,01 +
110
0,008 +
0,006 + 1 °
0,004 + T 0
0,002 + T
0 | c | | : | | : | | -10
1 2 3 4 5 6 8 9 10 11 12
—s— Formaldehyde —o—Temperature#

Figure 2 Annual course of formaldehyde values in mg/m’ and
temperature values in "C (years 2007-2010)

not necessarily related to emissions
of the substance, but may be formed
in the atmosphere by photochemical
reactions in conditions of city’s very
high level of air pollution.

By taking a look at the avera-
ge multi-year values of air tempera-
Table 2 — Monthly average air
temperature during years 2007-2010
in Almaty city [6]
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ture (Table 2) and comparing them
with table values of average and
maximal one-time concentrations of
formaldehyde (Table 1), we observe
the following difference.

Months | Temperature in various | Nor

years m
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200 | 200 | 200 | 201

January | -2,8 - 26 |-1,6 | -5.5

February | 0,5 | -43]-0,9 | 4,8 | -4,2

March | 3,7 | 92 | 64 | 4 1,8

April 15 |12, | 10, | 12, | 11,4

9 8 1
May 17, | 20, | 16, 16,1
5 7 4

June 22, | 24, | 21, | 21, | 21,1

July 24, | 25, | 24 | 23, | 23,8

August | 23, | 25, | 22, | 23, | 22,5

Septem- | 19, | 18, | 16, | 17, | 17,2
ber 5 4 5 5

October | 9,3 | 10, | 11, | 11, | 9,5

Novem- | 5,2 | 3,7 | 2,3 | 5,8 | 2,1
ber

Decem- | 44 | -22 | -22|-24 | -2,7
ber

In Almaty, the average winter
temperature usually reaches -2,2 ° C
and below, but can drop up to -10 °
C and raise to 0 ° C and above. We
have found that at temperatures
below freezing point in winter
concentrations of formaldehyde are
low, rarely exceed 0,012 mg/ m’,
and don’t dependent on air
temperature. And since in half of
cases the air temperature is above 0
° (C, the concentrations of
formaldehyde are also higher. In
spring  with  air  temperature
increasing to 10 ° C, the
formaldehyde concentration also
starts to increase.

In order to determine the
dependence of the phenomena and
processes we’ve applied a statistical

method of studying these interactions,
namely the linear  correlation
coefficient, which characterizes the
degree of close connection between the
studied  variables. The  linear
probability dependence of random
variables is based on the principle that
if one random variable tends the
increase the other one has a tendency
to decrease or increase by the linear
principle just like in our case. The
results of the observations during the
warm period of 2007 and 2010 have
been wused for analysis. Only
concentrations exceeding 0,008 mg/ m’
have been used to eliminate the errors
taking place while determining low
concentrations of impurity. At the
same time all data relevant to air
temperature below 10°C, which 1is
possible at the beginning and end of
the warm season, has been excluded
from analysis.

To process the data we have
chosen months with highest
temperatures such May, June, July,
August, September. As a result of
processing data the value of linear
coefficient (r) correlation ranged
within -1< r , <1 and a qualitative
assessment of close connection of
these quantities has been found by
applying correlation analysis scales
Chedoke.

From figure 3 we can see that
tight connection between the values is
considered as high, with

correlation coefficient value r =
0,849543. Thus, correlation analysis
showed the existence of significant ties
between concentration of polluting
substances in the atmosphere and a
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meteorological parameter such as
the temperature.

Conclusions

With positive air temperature

concentration of  formaldehyde.
There’s a linear connection between
the specified parameters, and at
temperatures above 10 ° C

present there is a noticeable formaldehyde begins to form. The
connection between air temperature  correlation coefficient between the
and the concentration of  concentration and the air temperature
formaldehyde. The higher the 1s0,84.
temperature, the  higher the
0,018 y= 0.000532x + 0,001738
0.016 r= 0,849543 .« !
0,014 +
0,012 +
L 4
0,01
0,008 -
0,006 -
0,004
0,002 -
0 ‘ ‘ ‘
10 15 20 30
x= Temperature of air
y= Quantity of formaldehyde in mg / m®

Figure 3. The regression line of correlation between the level of air pollution by
formaldehyde and air temperature during the warm period of years 2007- 2010, Almaty city

However, although there is a
dependency of the formaldehyde
concentration from the air
temperature, it is not as close, as it
could be because it has been noted
that most of low concentrations of
formaldehyde varies only slightly
under the thermal influence. The
reason for this 1is that the
temperature of 20-25 ° C is still not
sufficient for the reaction to occur.
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Introduction

Modern strategy of monitoring
of the environment toxic pollution in
the industrialized countries is based on
recent scientific achievements, as two
of these are gaining much importance:
the ecotoxicological approach to the
analysis of anthropogenic impacts on
the environment and the use of the
concept of risk (analysis, evaluation
and risk management). These scien-
tific fields are at the forefront of global
trends in development of methodology
and quality control on the environment
and assessment of the environmental
threats. The term ecotoxicology was
coined in 1969 by the International
Scientific Committee and refers to en-
vironmental problems. The main sub-
ject of study is the environmental im-
pact of the chemical contaminants on
the components of the environment
(air, water and soil), i.e. studies are
conducted to identify their effects on
the populations, biocoenoses, ecosys-
tems, and biosphere. When the con-
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centration of pollutants is far below the
toxic level, the so-called remote effects
are studied. The transition from the study
of single organisms to the study of the
impact of environmental factors on levels
of organization of the living matter above
an organism complicates the conduct of
researches. Immediate consequences of
the effects of pollutants are studied
through their effects on individual organ-
isms through direct toxicity or environ-
mental change. The ecological impor-
tance of these contaminants or the lack of
it, is manifested by in the indirect impact
on populations, which enable the exis-
tence of species. Ecotoxicology is the
study of changes in ecosystems influ-
enced by various toxic substances and
the impact of chemical contaminants on
populations, biocoenoses and ecosys-
tems: both direct (poisoning) and indirect
(the distribution and transformation of
pollutants themselves). It also studies the
sources of chemicals, their ways of pene-
tration into the organisms, their impact at
population level, biocoenoses and eco-
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system [1]. Ecotoxicology operates
with categories from general ecology
(ecosystem, habitat, biocoenoses, bio-
sphere), general toxicology (poison,
toxicity, toxic effect, hazard), but also
by its own terms (toxicant, ecotoxi-
cant, superecotoxicant etc.) [2 and oth-
ers]. Both natural ecosystems and
those created by man are studied.

Current status and Problems

All sections of ecotoxicology
are based on experiments and one of
the main differences between it and
classical toxicology lies in the fact that
it has a four-subject study:

2. Substances are released into
the environment and their quantities,
types and status should be known if
their corresponding behavior has been
studied.

2. Substances are geographically
transported and boundaries of the
various biota, while their chemical
structure may often be transformed
and their contents into the environ-
ment increases on behalf of the accu-
mulation. The behaviour of various
components and their toxicity vary
substantially. The nature of these
processes for the main pollutants and
possible interaction on them are not
well studied [3]. The hazard associated
with the uncertainty of the ultimate
fate of some chemicals is increasing,
and this requires it to be established
and documentary justified in the short-
est time.

3. Chemicals act on one or more
bodies, provisionally called targets. To
establish this effect, the objects should
first be identified and only then the

type of impact be examined and the risk
be assessed.

4. Classical toxicology examines the
impact of toxic substances on individual
organisms, while ecotoxicology deals
with the impact on populations, commu-
nities or ecosystems.

All assessments of end effects of the
chemical impact on the environment
have only quantified.

The sections of the ecotoxicology
can be summarized in the following way:

e influence of poisons on living or-
ganisms;

e poison activity mechanism;

e maximum  concentrations  of
chemical compounds in water, soil, air,
food.

Along with the development of ad-
vanced technologies, unparalleled oppor-
tunities have been reached in all areas of
production and processing of raw materi-
als. However, the risk of environmental
contamination with toxic substances has
also grown enormously. This defines the
complex and multidimensional tasks of
modern ecotoxicology:

Characterization and ecotoxicologi-
cal assessment of chemical, physical and
energy pollutants on populations, bio-
coenoses and ecosystems;

e Development of methods for
early diagnosis of the causes of adverse
changes in ecotoxicological effects and
rapid eradication of these changes;

e Development of concepts for pre-
vention, in view of the exclusion of pos-
sible changes in populations, biocoe-
noses and ecosystems due to expected
adverse ecotoxicological impacts;

141

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



e Establishing a system for moni-
toring air, water, soil and living organ-
isms and ecotoxicological forecasting;

Modern technogenic catastro-
phes, as the latest one at the plant for
production of aluminum in Hungary,
determine a couple of new tendencies
in the development of the ecotoxicol-
ogy:

e identification of pollutants,
their forms and components in the
ecosystems where they could be
found;

e study of the effects of the pol-
lutants' impact, biochemical, physio-
logical and anatomical in particular, on
individuals or small groups of individ-
ual species, to isolate the targets of
impact;

e study of the effects of the pol-
lutants' impact at population level,
compared with the effects of species
and the most important effects for
those species;

e quantitative study of the migra-
tion of chemicals in ecosystems, in-
cluding toxic substances which reach
the target by air, water, food, soil, time
of circulation of some of their concen-
trations in these environments, physi-
ology and metabolism of the target
organism.

e study and assessment of the
combined effects of chemicals' impact
for the quantitative and integrated as-
sessment of their environmental im-
pact.

Besides the xenobiotics (all un-
known substances found in the body) a
special place has to be assigned to
these chemical elements and com-
pounds found in nature, but their con-
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tent in the abiotic components of the en-
vironment is increased as a result of the
technogenic human activity. They are
included in the trophic chains and they
affect extremely adversely and even det-
rimentally the living organisms.

Another category, which has ad-
verse effects on organisms, populations
and biocoenoses, is the group of energy
pollutants, which like the chemical con-
taminants, have an accumulated effect.
Furthermore, they have an indirect effect
exercised through changes in separate
units of the trophic chain. Pollution by
sulfur, nitrogen and carbon oxides, par-
ticulate emissions, ash, slag, oil, chemical
solutions and pre-release exploitation
washing, regeneration and sludge water
from workshops for chemical water puri-
fication are just some of the problems.
The strong variability of these emissions
hampers the accuracy of their findings
and prognosis, and the situation gets
much more complex in emergency cases.
Thermal pollution, as well as the poten-
tial threat of radiological emergencies
and the related radioactive contamination
with hazardous radionuclides has to be a
component of the ecotoxicological analy-
ses.

Poisons of biogenic origin such as
microbe and fungal toxins, toxins of
higher plants, toxins from animals and
others should not be attached to the
group of chemicals at ecotoxicological
monitoring. This is particularly important
as it is known that genetic engineering
makes active attempts to obtain microor-
ganisms that produce toxins in greater
quantities than those found in nature.
Combination of known pathogens with
genes that produce toxins from other or-
ganisms leads to the possibility that the
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initial microorganism maintains its
pathogenicity and by replication it pro-
duces toxins, which lead to different
symptoms [4]. Bitechnologies allow
for the introduction of factors into
many organisms, which make them
resistant to antibiotics

Genetic engineering is trying to
create viruses that can modify heredi-
tary information or to cause malignant
degeneration of certain cells. Some
authors speculate that it is aimed at
inventing specific weapons, which can
destroy certain areas or nations [5].

The debate for and against GM
foods is ambiguous, but definitely it is
impossible to predict the long-term
consequences for the environment and
the human organisms that have eaten
such foods. They have qualities com-
pletely unknown to the species and it
is possible that modification of organ-
isms have unexpectedly negative con-
sequences to people. Therefore, it is
reasonable to approach the issue by
imposing a ban on mass production of
genetically modified products until
long-term studies prove they are safe.
This is also an area which needs to be
in the spotlight of ecotoxicology. The
large number of pollutants and their
diversity makes the control on them
practically impossible. This requires
the separation of a group of priority
components and the substances need
to be included in it.

Conclusion:

Humans and the environment
are exposed to an increasing risk of
ever growing production, trade and
consumption of chemicals, chemical
and hazardous substances. Threats to

human security and well-being are in-
creasingly associated with the adverse
environmental status. Therefore, sustain-
able management of these potential pol-
lutants throughout their life cycle is ex-
tremely important, in order to prevent the
cause of technogenic accidents and catas-
trophes. Better knowledge of health and
environmental impacts of chemical and
toxic substances, planning and imple-
mentation of effective preventive meas-
ures in relation to human health and the
environment during their manufacture
and use, as well as measures to prevent
major accidents and mitigation of their
consequences, pose serious challenges
that need to be addressed both at national
and international level. In this sense, it
would be reasonable to include new
groups of substances in the objects of
ecotoxicology -  genetically modified
organisms, energy pollutants, microbial,
fungal toxins, toxins from plants and
animals. In this case only both prevention
measures and real protection will be fully
effective and appropriate.
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Abstract: Brought to life by contemporary changes of our world, eHealth offers enormous possibili-
ties. It is defined as the cost-effective and secure use of information and communication technologies in support
of health and health-related fields, including healthcare services, health surveillance, health literature, and
health education by the World Health Assembly resolution on eHealth.

1t is impossible to have a detailed view of its potential as eHealth affects the entire health sector and is
a viable tool to provide routine as well as specialized health services. It is able to improve both the access to
and the standard of healthcare. The aim of this paper is to focus on how eHealth can help in closing the gap
between need and demand in healthcare and thus solving the healthcare dilemma.
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Introduction

Over the past decades informa-
tion and telecommunication tech-
nology (ICT) has become an integral
part of healthcare. Decision makers,
patients, providers, etc. often present
ICT applications in the health sector
as one of the panaceas for reforming
healthcare and solving the healthcare
dilemma.

The paper is an attempt to out-
line whether eHealth is really the
solution of healthcare dilemma. The
paper will present in brief what has
already been achieved and what are
the barriers that the wide ICT appli-
cation in healthcare is facing.

The healthcare dilemma

The healthcare dilemma is the
necessity to close the constantly in-

144

creasing gap between the available
healthcare services and the demand of
ensuring affordable, high quality
healthcare to all, 24 hours a day, 7
days a week. If summarized the pres-
sure on healthcare systems worldwide
is due to:

e Gradually
population;

e Steadily increasing elderly
population in developed countries, go-
ing hand in hand with relative decrease
in resources (fewer taxpayers) and in-
creasing percentage of chronic patients
with multiple disease;

increasing  world

e Increasing healthcare expenses
due to: development of new technolo-
gies, necessary to secure health ser-
vices; increasing amount of chronic
patients and elderly living alone; grow-
ing number of individuals with limited
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health and/or physical disabilities
but with the ambition for an inde-
pendent living; quicker spread of
diseases due to worldwide connec-
tions;

e Governmental healthcare ex-
penditures growing faster than the
economic growth;

e Decreasing amount of health
care professionals as compared to
the demand of healthcare services;

e Demand of ensuring access to
health care for all individuals as one
of the basic human rights;

e Need of ensuring the continu-
ity of healthcare.

No doubt, finding a solution to
cover the gap between increasing
needs, demands and the available
healthcare service is a must. The ex-
pectations are that application of
ICT in healthcare or the so called
eHealth 1s the panacea. It is believed
that eHealth may solve the health-
care dilemma by providing (a) easy
access to healthcare everywhere and
to everybody in an environment of
diminishing resources and to do this
(b) at a reasonable cost. Is this evi-
dence based?

Before focusing on what is already
available it is necessary to clarify the
terminology.

eHealth: The tool to solve
healthcare dilemma

1 Telemedicine, eHealth, Tele-
health

A decade ago, the application
of ICT in healthcare was described

as telemedicine. Telemedicine is de-
fined as the use of ICT to provide and
support healthcare and exchange
healthcare information when a distance
separates the participants. The term
telemedicine is a combination of two
Greek words e = tele - meaning “at
a distance” and “medicina” or “ars
medicina” meaning ‘“healing”. The in-
troduction of the word telemedicine is
ascribed to Thomas Bird, who in late
1960’s had used it in order to illustrate
health care delivery, where physicians
examine patients at a distance through
the use of telecommunications tech-
nologies.

In 1980°s and 1990’s multiple working
definitions of telemedicine were intro-
duced. Some of them are very wide
such as “something to do with com-
puters, people and health”, others —
extremely narrow e.g. “the healthcare
industry’s component of business over
the Internet”. More on various tele-
medicine definitions may be found in

[1].

The European Commission (EC)
has also contributed to the list of defi-
nitions. In its communication on tele-
medicine EC defines telemedicine as
the provision of healthcare services,
through the use of ICT, in situations
where the health professional and the
patient (or two health professionals)
are not in the same location [2]. The
European Coordination Committee of
the Radiological, Electro-medical and
Healthcare IT Industry (COCIR) has
adopted the EC Commission definition
on telemedicine underling that that
telemedicine is the overarching defini-
tion spanning telehealth, telecare and

145

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Ne 1, 2012



teledisciplines such as teleradiology,
telescreening etc. [3].

Till the end of the 1990’s the
term telemedicine was widely spread
and accepted. With more involve-
ment of the electronic communica-
tion systems, the major International
Organizations — World Health Or-
ganization (WHO), EC, Interna-
tional Telecommunication Union
(ITU) and European Space Agency
(ESA) - have officially adopted the
denomination "eHealth". "eHealth
refers to the use of modern informa-
tion and communication technolo-
gies to meet the needs of citizens,
patients, healthcare professionals,
healthcare providers, as well as pol-
icy makers* [4].

In 2005, the World Health As-
sembly recognized eHealth as the
way to achieve cost-effective and
secure use of ICTs for health and
related fields, and urged its Member
States to consider drawing up long-
term strategic plans for developing
and implementing eHealth services
and infrastructure in their health sec-
tors.

It is necessary to underline that
“e” in the eHealth does not stand
only and exclusively for electronic
and IT industry and services (hard-
& software, Internet, e-mail, etc.). It
characterizes in details what eHealth
1s all about [5], i.e.:

« Efficiency;

* Enhancing quality of care;

* Empowerment of consumers
and patients or patient-centered
medicine replacing the traditional
model of patients moving upward,
unchanged for 6000 years;
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* Encouragement of a true part-
nership between the patient and health-
care professionals;

» Education;

* Exchange of information;

 Extending the health care be-
yond national boundaries;

* Ethics;

* Equity;

» Easy-to-use ...

In addition to eHealth, one more
term has been introduced and widely
used recently - Telehealth. This is the
means by which technologies and re-
lated services at a distance are ac-
cessed by or provided for people
and/or their careers at home or in the
wider community, in order to facilitate
their empowerment, assessment or the
provision of care and/or support in re-
lation to needs associated with their
health (including clinical health) and
well-being. Telehealth always involves
and includes the service user or client.
It includes remote patient management,
too.

What is the correct terminology?
Unfortunately, to this very moment,
the terminology has neither been
agreed at European nor at worldwide
level. Positions differ and the prefer-
ences are usually influenced by indi-
vidual experience, personal and profes-
sional viewpoints. Thus for some au-
thors telemedicine and eHealth are
synonyms. Others accept that eHealth
is a broader term and includes tele-
medicine. A third group separate the
terms, accepting that telemedicine in-
corporates telecardiology, teleradiol-
ogy, telepathology, tele-
ophthalmology, teledermatology, tele-
surgery, tele-nursing, etc, while
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eHealth comprises of e-Santé, In-
formation and Communication
Technologies in  health (ICT-
Health), all types of health commu-
nication services, PACS, patient in-
formation systems, e-education, e-
prescription, etc.

Further in this paper the terms
eHealth will be used.

2 Who needs eHealth
eHealth has been brought to life by
the contemporary changes of our
world. Changing demographics and
a rapidly aging population; global-
ization; changes in disease patterns;
the necessity to be prepared for and
respond to natural disasters and pos-
sible bio-terrorism; cheaper and af-
fordable information and communi-
cation technology solutions, and the
necessity to cut the costs of health-
care budgets spent worldwide are
only some of the catalysts for the
eHealth development.

Despite the uncertainties with
the terminology, there is no doubt
that eHealth calls upon several es-
sential components
of the community.
It involves an im-
portant input at the %

38

30

political level 20
(governmental  or 15
community as is 5

the case of the

ogy, education and industry. As it is all
part of eGovernment, both at the na-
tional and international levels, com-
munication and cooperation between
all ministries and all bodies (compa-
nies, agencies, etc.) owned or con-
trolled wholly or partly by the gov-
ernment is essential for its successful
adoption.

But one must never forget that the
ultimate beneficiary of eHealth is the
patient / citizen via the healthcare pro-
fessionals. No matter whether the pa-
tients are living in remote areas or in a
metropolis, they all could benefit from
eHealth applications. In remote islands
or regions, eHealth applications may
solve the critical issue of access to
healthcare and reporting the results. In
densely populated areas the situation is
not much different. Management of
chronically ill patients, hospice care, or
receiving a second opinion for difficult
cases are just some of the applications
of eHealth in densely populated re-
gions. The reason that eHealth is appli-
cable everywhere is that it does not
have the goal of changing the essence

Established
= Pilot

® |nformal

:L.i-

countries in the

European Union Teleradiology Telepathology  Teledermatology  Telepsychiatry
and Common- . .
Fig. 1 Global levels of development of some services as % of coun-
wealth of Inde- p . , . = .
) ries reporting eHealth development: Established = continuous ser-
pendent States) M vice supported through funds from government or other sources,
health, communi- Pilot = testing and evaluation of the service, Informal = services not

cation and technol- nart of an oreanized nrooram
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of healthcare service. It is just opti-
mizing it, including currently avail-
able technology.

3 eHealth World

What is the current situation
with eHealth implementation
worldwide? Thousands of papers,
reports and presentations are pub-
lished annually. Each of them pro-
vides a glimpse at the eHealth appli-
cation in a region, country or com-
munity. In sum: The technology is in
hands. Various devices have been
developed offering solutions for op-
timization almost every aspect of
healthcare service. The range varies
from wireless pill dispensers in Aus-
tralia and portable heart monitors
and blood glucose meters imbedded
in mobile phones in Germany to
hospital trains equipped with tele-
consultation centers and satellite an-
tennas in Russia or motor powered
canoes containing an operating
room, recovery room, a consultation
office, and living quarters in Ecua-
dor. An annual updates of eHealth
achievements are summarized in [6-
10] since 2008.

All devices and/or solutions
support optimization of healthcare
either via directly influencing pa-
tients’ care (increased access to ser-
vices; improved availability of dif-
ferent types of services; timely and
controlled care, etc.) or with oppor-
tunities to optimize the work of
healthcare professionals. The final
result is not only better quality
healthcare, but a lower stress for
both patients and healthcare profes-
sionals and an increased psychologi-
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cal comfort for all, which also reflects
on the quality and quantity of health
services.

One of the most extensive sur-
veys providing a global picture of the
eHealth world is the WHO Global
eHealth Observatory [11, 12]. The re-
sults from 114 countries covering 81%
of the world’s population revealed the
development of the 4 most widely im-
plemented areas of eHealth — telera-
diology, telepathology, teledermatol-
ogy and telepsychiatry (Fig. 1). The
reasons that these 4 areas are most
widely developed are rather pragmatic.
Specialist in radiology and pathology
are lacking in all countries, their quali-
fication needs significant investment
and years of additional education,
while the conclusions of radiology and
pathology examinations are crucial for
the diagnosis and the treatment. Teled-
ermatology is in the top list as globally
every fourth patient looking for medi-
cal care has dermatological problems.
Usually dermatological diseases cause
significant psychological disturbances
that made the treatment even more
complicated. As for telepsychiatry, it is
in the top list due to the clear trend of
increasing of mental disorders (depres-
sion included) in the years to come and
the heavy burden that these kind of
disorders place on individuals, families
and communities all over the world.
Detailed analyses revealed that provi-
sion of these 4 eHealth services is far
less progressed in upper-middle,
lower-middle and low-income coun-
tries than in high-income countries;
this 1s the case for the proportion of
countries with established services and
the overall proportion of countries of-
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fering telemedicine services. The
African and Eastern Mediterranean
Regions generally had the lowest
proportion of countries with estab-
lished eHealth services.

When the applications of mo-
bile health technologies (mHealth)
are concerned the expectations are
that they would be highly available,
especially after the reports of ITU
that there are over 5 billion wireless
subscribers and that over 70% of
them are living in low- and middle-
income countries. WHO survey re-
vealed that 83% of WHO Member
States reported offering at least one
type of mHealth service and many
countries offered four to six
mHealth programs. The four most
frequently applied services are:
health call centers (59%), emergency
toll-free telephone services (55%),
managing emergencies and disasters
(54%), and mobile telemedicine
(49%). Unfortunately, with the ex-
ception of health call centers, ap-
proximately two thirds of mHealth
services are in the pilot or informal
stage.

Consistent with eHealth general
trends, higher-income countries are
more active in implementation of
mHealth than do lower-income
countries. Countries in the European
Region are currently, as per 2010,
the most active and those in the Af-
rican Region the least active. More
information is available in [11, 12].

In sum, despite of the signifi-
cant funds and efforts dedicated to
the development of eHealth services
they are not as widely implemented
as it has to be expected. And this is

not because the services are not ac-
cepted.

4 Acceptance of eHealth

No doubt, we all need eHealth.
But are we ready to accept it? Success
or failure of eHealth is a question of
acceptance by both the patient and the
healthcare provider.

Numerous studies have revealed
patients’ satisfaction with eHealth ap-
plications [13-15]. What i1s more, ac-
tive patients play the most important
role in evaluating and forcing the dis-
tribution of innovative medical solu-
tions. The increasing acceptance of
eHealth applications in a number of
areas of health care such as chronic
diseases and chronic heart failure [16,
17], psychiatry [18-19], psychology
[20], care for elderly and house bound
patients [21] is already proven.

If summarize to above: eHealth
technology solution are available and
are welcome. But are they cost effec-
tive?

5 Cost effectiveness

Optimization of healthcare with
eHealth also concerns its cost effec-
tiveness. Initial studies were definite —
there is no good evidence that tele-
medicine is a cost effective way to de-
liver healthcare [22].

Perhaps one of the reasons for
these conclusions is that some of the
analyses were based on literature re-
views of projects from the late 90s.
The majority of these studies were
based on samples with fewer than 100
participants. Plus, most of the studies
from that time do not reported the time
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frame, which is an essential parame-
ter in determining long-term cost
benefits.

Data from more recent research
on cost effectiveness focusing on
large scale studies (i.e., either based
on a large number of consultations
or years of experience) are just the
opposite.

Especially interesting and
convincing are long duration studies
performed in countries actively de-
veloping eHealth services such as
Russia and Brazil. According to the
estimates of West Siberian physi-
cians, the patient paid approximately
40 times smaller fee for the virtual
consultations rendered by a Moscow
expert, than it would have taken to
make a trip to Moscow to consult
this same expert. The quality of the
service is the same [23].

Another brilliant example is the
tele-cardiology service at the State
of Minas Gerais in Brazil (territory
equivalent to France, population 19
M inhabitants living in 853 cities). It
has been operating since June 2006
in 82 remote and isolated villages in
the state. Preliminary results of the
evaluation of economical feasibility
of telehealth systems have shown
that the savings resulting from a
1.5% reduction on the number of
treatments outside the village are
sufficient to cover the operational
cost of the system [24-25].

Let’s give one more example.
Since 1994, an eHealth service has
been offered in Nishiaizu Town, Ja-
pan. Vital physiology parameters are
transmitted to a remote medical in-
stitution monitoring patients diag-
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nosed with high blood pressure, cere-
bral infarction, strokes, diabetes. In
several papers Tsuji et al. [26] ana-
lyzed the cost effectiveness of the sys-
tem. They outlined that medical ex-
penditures for lifestyle-related diseases
of eHealth users have dropped by
20.7%. The authors also demonstrated
that long-time eHealth users had lower
medical expenditure than those who
used it for a shorter time.

Wisely chosen eHealth applica-
tions are beneficial everywhere. The
strongest evidence for the efficacy of
eHealth in clinical outcomes comes
from home-based monitoring of
chronic disease management, hyper-
tension, diabetes, and AIDS. There is
also reasonable evidence that eHealth
is cost saving and with an equal quality
to face-to-face care in emergency
medicine, and is beneficial in surgical
and neonatal intensive care units, as
well as patient transfer in neurosurgery
[27].

All the examples above are evi-
dences that eHealth is really able to
solve the healthcare dilemma. Experts
admit that eHealth has a vast and still
unrealized potential. The question then
is what hinders the wide implementa-
tion of eHealth.

6. Barriers

Experimental data and literature
reviews support that the 10 most com-
mon barriers to implementation of
eHealth services are as follows: cost,
legal and cultural issues, lack of infra-
structure, lack of demand for such ser-
vices, lack of adequate policy at na-
tional level, not including eHealth as a
priority in healthcare development as
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well as lack of knowledge, experts
and standards [12, 28]. While there
is an agreement that these are the
main obstacles, for the different
communities the rank of the barriers
differs. Developing countries are
more likely to consider financial is-
sues such as high costs of equipment
or running the service, the inade-
quate infrastructure and the lack of
technical expertise to be the most
significant. Developed countries are
more likely to consider legal issues,
standards, data privacy and confi-
dentiality as the most important. For
the EU especially important are:

e Licenses - medical licensures
are geographically restricted in order
to protect the patients and the gen-
eral public from malpractice and in-
competent practitioners. Nowadays
this turns out to be an obstruction on
the full implementation of eHealth
across the borders.

e Legislation - specific laws fo-
cused on eHealth applications are
lacking in most countries with some
exceptions — Malaysia, India and
France. Even EU has not yet
adopted explicit eHealth legislation
valid for the entire community.
eHealth services are partially in-
cluded in two important documents
— the European Innovation Partner-
ship announced in October 2010 and
especially in Digital Agenda for
Europe, adopted in May 2010 by the
EC. The Digital Agenda for Europe
plans to foster development and ap-
plication of EU-wide standards, in-
teroperability testing and certifica-
tion of eHealth systems by 2015

through stakeholder dialogue. In addi-
tion, Digital Agenda’s Key Action 13
underlines the commitment of EU to
undertake pilot actions to equip Euro-
peans with secure online access to their
medical health data by 2015 and to
achieve by 2020 widespread deploy-
ment of eHealth services.

e Ethics — extremely complicated
area as the spectrum of ethical issues
arising is rather broad because of the
complexities around the health, per-
sonal, economic, political and organ-
izational aspects of eHealth. More de-
tails the thematic of ethic in eHealth
and telehealth is presented in the
Foundation Paper 2: Ethics and Good
Practices [29].

e Standards - if the standardiza-
tion problem has to be summarized, its
core is that:

» Various data standards exist —
standards in clinical practice, standards
for bioscience tests, standards for pic-
ture transmissions etc.;

* For some services too many dif-
ferent standards have already been de-
veloped and yet there is a lack of uni-
fied standard — just to use as an exam-
ple distributing and viewing any kind
of medical image - ASTM, ANSI X12
(EDI); CEN, DICOM, are part of the
applied standards;

* There is no common strategy in
developing standards and as a result
the community is witnessing multi-
level, multi-scale developments, com-
peting initiatives, fragmentation, lack
of information, lack of computability,
etc.
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Thus, the future of eHealth de-
pends on overcoming at least these
major challenges.

Conclusionc

eHealth is no longer an optional
choice. The technology solutions are
available and ready to be imple-
mented in the healthcare system.
eHealth services are advancing and
are acceptable to both cli-
ents/patients and medical profes-
sionals.

As shown by the examples given, if
carefully implemented, taking into
account the needs of the community,
eHealth is able to improve both ac-
cess to and the standard of health-
care, and thus to close the gap be-
tween the demand for affordable,
high quality healthcare to everyone,
at any time, everywhere, and the ne-
cessity to stop the increase in health-
care budgets worldwide. It is the
tool to solve the healthcare dilemma.

eHealth is already a must, a
fantastic challenge for the future, but
it requires cooperation and coordina-
tion at all possible levels. It requires
networking and planning, readiness
to learn from the others, and no ef-
forts to re-invent the wheel. The
main challenge is to be sure that
available options are used optimally
and in a coordinated manner and to
ascertain that the desired effects do
come through and those resources
are indeed not diverted away from
basic needs.
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Space research is one of the most
informative sources in modern life.
The optical methods and devices aid to
find and research different processes
and phenomena of both natural and
anthropogenic origin, in the visible
and infrared parts of the optical spec-
ter, in conditions of different and vari-
able brightness of the surrounding
background. At the current stage of the
human development it is important to
receive information in time about risks
and threats which concern the national
security in times of peace and well as
in periods of crises and conflicts. This
sets the use of contemporary systems
and technologies, and thus the use of
optical research from the board of sat-
ellites occupies one of the basic places.
Undoubtedly, this is a world wide
problem of present interest and for the
solving of which people spend intel-
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lectual and technical potential, as well as
finance.

The optical research from the board
of satellites is in close relationship with
defense and national security and it is a
big challenge for scientists and politi-
cians. If we consider the famous doc-
trinal theses from the end of 20™ century
“The one who rules space, he can
achieve strategic excellence over the op-
posing side” [1...10], the optical meth-
ods and devices ensure the solution of a
wide specter of problems, connected with
national security.

These methods and technical means
are designed to control optical, elec-
tronic-optical and optical-electronic de-
vices and apparatuses which are mounted
on space aircraft. This common term
means visir optical and electronic-optical
devices which are designed to find dis-
tant objects and their shooting from the
board of orbital scientific laboratories
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which have to correspond to certain
optical, photometric and technical ex-
ploitation  characteristics.  Optical-
electronic apparatus — spectropho-
tometric, should ensure good time and
space resolution.

The necessity of new methods to
find distant objects by means of opti-
cal, electronic-optical and optical-
electronic devices is motivated. In re-
cent times, the statistical theory for
discovery of signals at noisy back-
ground, received a considerable devel-
opment. This theory is successfully
used at analysis and synthesis of radio-
locational, radiotechnical and hydro-
aucustic systems but the application to
the optical, electronic-optical and opti-
cal-electronic systems hasn’t been de-
veloped yet. In the world scientific
research these branches are very
poorly developed and the existing
works concern only certain problems.

In the process of finding distant
objects in the visible and near infrared
part of the optical specter, a mixture of
signal and noise, or only noise if there
1s no signal, enters into the receiving
system. The solution for the discovery
can be either correct or wrong and at
certain parameters and at a certain
level it can be imprecise.

Basic tasks which
solved are:

e defining of the optimal rules for
decision taking about the signal;

e defining the minimum signals
which can be accepted with allowed
risk of a mistake;

e evaluation of the real system
with comparison with the optimum
one.

should be

The discovery of an object is im-
possible without information about the
properties of the object and the back-
ground. They should be known because
the difference between the signal and the
background should be discerned. Proper-
ties which are the same for both the sig-
nal and the noise are useless. Properties
which are absolutely different for the
signal and the background, are difficult
to set in real situations — even almost im-
possible because a certain property or
characteristic is intrinsic to both the sig-
nal and the background. This is the rea-
son why the discovery of distant objects
is only probable. The role of the apriori
information, the relationship of probabil-
ity at a completely unknown signal and
the criteria for finding a possible error are
extremely important when discovering
distant objects by means of optical-
electronic devices.

To ensure a reliable discovery and
registering in the visual field, the neces-
sary characteristics of the optical system
have to be carefully based and selected
during the stage of design of the visir
optical devices. In order to discover dis-
tant objects, the optical system should
have big vision field and small magnifi-
cation and to identify the object, the sys-
tem should have big magnification and
small vision field because the observer
should watch the object in details and
characterize it reliably. The optical sys-
tem of a hinge visir with discrete variable
magnification fulfills the above men-
tioned requirements and it gives two dis-
crete variable values of the magnification
by means of a hinge link — a system of
mirrors which allows scanning in one
direction which broadens the selection
zone and aids a faster discovery.
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A basic stage is the developed
apparatus and method for objective
evaluation of the characteristics of
electronic-optic transformers — a basic
element of the optical-electronic de-
vices. Device for objective evaluation
has been developed which is designed
to set the technical and photometric
characteristics of the existing elec-
tronic-optical transformers and it has
the following functional capabilities:

e defining the maximum resolu-
tion of electronic-optical transformers
at optimal for observation brightness
of the test object;

e defining the norm resolution at
different illumination of the environ-
ment;

e defining the resolution in the
different parts of the screen;

e defining the intensity change
variations of the researched informa-
tion signal and defining the existing
relation signal/noise of the electronic
optical transformer;

e defining the effective illumina-
tion of the screen, as well as the
brightness of the background, the
specter of the noises, etc, which gives
the chance to define the resolution of
the electronic-optic transformer in
static and dynamic working mode.

These and many other indicators
are objects of research for certain
kinds of standards.

The influence of the molecular
light diffraction is accounted for when
defining the light characteristics of the
optic-electronic devices. Reading the
light characteristics is of great impor-
tance because it defines the efficiency
for protection of side illumination
which merges into the information
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signal from the researched object. When
the calculation is being done, the illumi-
nation of the entrance whole from a sec-
ondary source at a different angle to-
wards the optical axis of the device is
being taken into account. A method has
been proposed which defines the influ-
ence of the molecular diffraction over the
change of the light characteristics of the
device in dependence of the diffraction
angle, the sensitivity and the geometry
factor and illumination from a secondary
source.

A basic task in the process of the
scientific research is discovery of the ob-
ject and the characteristics of the hetero-
geneity, defining its form change and
location. The heterogeneities have com-
plex forms, the different parts diffract the
sun beams in different directions and at
different angles. Special attention is paid
to the optimum settings of the device:
selection of the speed with which the in-
formation is being recorded, sensitivity
selection, size of the vision field, time for
the measurement and positioning of the
device.

The optimal settings are possible
only on the condition that there is a priori
information for the researched heteroge-
neity. In contrast with the quantity meas-
urements, the quality ones show the vari-
ables dynamics and the characteristics of
the researched object. The illumination
of a point from the image is defined with
and without heterogeneity. Formulas are
presented which characterize fast proc-
esses with small angular diversions. The
use of a variable vision field allows re-
ceiving maximum information for a cer-
tain experiment and it is true with the
opposite situation: when the vision field
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is not properly selected, many details
can be omitted from the researched
process.

The development of a Spectro-
photometric device and more specifi-
cally of the type monochromator or
polychromator, is a vital step. Func-
tional and block schemes are theoreti-
cally developed and their advantages
and disadvantages are being evaluated.
From the point of view of the require-
ments which are specific for satellite
devices, i.e. minimum dimensions,
weight, energy use, optical, kinematic
and exploitation characteristics, the
monochromator type is preferred.
Having this in mind, Laboratory satel-
lite spectrophotometer with parallel
photometric channel (with afocal ob-
jective lens and compact optical-
electronic tract) is designed. The prin-
ciple of precise positioning is re-
searched on executive operational or-
gans with reverse electromechanical
link, with the helps of a device for
transformation of angles and linear
movement into code and transforma-
tion of angle-code with cylindrical
code mask with three reading heads,
entrance-scanning system which reads
the momentary angular position when
using photoelectronic  transformer.
Spectral calculations are being made
about the influence of the objective
over the parameters of the spectromet-
ric channel and the operational preci-
sion for the positioning of the diffrac-
tion grating.

It can be concluded that the early
prognosis and discovery of natural
disasters, accidents and catastrophes in
the conditions of the present demo-

graphic crisis equals in importance to the
necessary information for leading an
armed fight in a new environment.

In the current stage of human evolu-
tion, it is necessary and important to re-
ceive information about risks and threats
which concern the national security. This
requires the use of contemporary meth-
ods, devices and apparatuses and the op-
tical research from the boards of satellites
take one of the major places.
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The research of signals from
satellites at different background
brightness is one of the basic prob-
lems which concerns a lot of scien-
tists who work in the sphere of at-
mospheric monitoring, space physics
and distant methods [2,3,6,7,10], in
the visible and near infrared part of
the optic specter [1,4,5,8,9].

If there is no a priori informa-
tion about the presence of a signal
and this is a typical case in the re-
search process, the likelihood ratio is
the only thing that can be concluded
from the research. Sometimes in such
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cases we have 50 % probability: ab-
sence or presence of a signal, i.e.

P(S)=P(0),
where P(S) — a posteriori probability
for presence of a signal;
P(O) — a posteriori probabil-
ity for absence of a signal;

It turns out that the likelihood
ratio absolutely characterizes the
probability for the presence of a sig-
nal in the realization. =~ For most of
the observational systems, a very
small a priori likelihood for the pres-
ence of a signal is characteristic, i.e.
P(S) << I, and the a posteriori like-
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lihood becomes a proportion from
the likelihood ratio

To solve practical problems,
the likelihood ratio can be presented
by distributing the density of the re-
alizations probability. First the reali-
zation of absence of signal is looked
at P(Y/0), i.e. when the realization
y(t) 1s only noises.

When the realization is known
for a certain period of time 7, with
intervals H, and at the end of every
interval (in points tt..t..t) are re-
corded the reports y, =y(), which

correspond in the given situation the
values of the noise at moments of the
time 7. The sum of reports for the
time t make the kind of Y which can
be presented as H-dimensional vector
which make y,, where i=1, 2, ...,
H, and the value of the noise in every
point ¢ is within the limits from y,
toy, +d,, 1.e..

(1) yl<ni<y1+dyi'

If we use what we know from
the probabilities theory, the relation-
ship between the probability P and
the probability density «(x)of a ran-
dom value X with probable defini-
tions x, so:

@ o= lim

b

and with multiple distribution:

3)

.. x)= i
%)=, lim

X <X <A, <X <A
e A

On the basis of (3) we get:
(4) P(Y/0)=@,(0s VareeV i )iV Ay -

The last formulae can be presented in
short

(5) P(Y/0)=w,(Y)dY,

where: dY =dydy,..dy, - element of
the volume from H — dimensional
space
o, (Y) H-dimensional distri-

bution of the noise probability.

Analogically we get the likeli-
hood of the element Y to be present
in the volume dY in a situation of
signal presence:

(6) P(Y/S)=a(Y/S)dY,

where o(Y/S) - relative probability
density for realization of Y in a mix-
ture of signal and noise.

Having in mind formulas (5)
and (6), the relationship of the rela-
tive probability for realization is de-
fined as likelihood ratios, we present
it as 4, and the result is:

_oY/S)
o)

(7) 4,

Very often the mixing of signal
and noise is an algebraic sum, i.e. it
is signal and additive noise. We often
have this case in the experiments:
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(8) yi=m+S5,,

where n - value of the noise at a
moment of time ¢,
S.- value of the signal at the

same moment of time.
In this case the probability for
realization of the quantity y, coin-

cide with the probability for the noise
realization with the quantities

n,=y,-S,.

This means that the probability

for realization of the ordinate y, co-

incides with the probability to have
the ordinate

yi—S,
In a realization which has only noise.

Consequently, when we have additiv-
ity ff signal and noise, the result is:

) o(Y/8) =0y -S),
and:

_ a)N(Y_S)
(10) A, _—a)N(Y) )

A case is researched for a like-
lihood ratio with unknown parame-
ters when the signal depends on cer-

tain 4,, A4,,..., A, and the time and

it can be presented like:
(11) s(t,A,A4,,..,4,)

And these parameters are not abso-
lutely known, the signal form is also
unknown and only the realization Y

160

is known. We can presume that the
parameters of the signal have random
character a4, and the probability den-

sity is also knownw, of their quanti-
ties at a certain moment of time:

(12) o, (a,a,,..,a,) .

Then the relationship of the
likelihood ratio P(Y/O) from the sig-
nal does not depend on w, (Y)dY , but
the probability P(Y/S) at a certain
realization at the presence of a ran-
dom probable signal is defined by
every possible value of the parame-
ters..

To define P(Y/S) we use the
formula of the probability density for
a certain event B which happens with
the likelihood P(B/4;) at the condi-
tion of the event occurrence 4,,

which happens only with a certain
probability P(4,) :

(13)
wd2m4pL

P(B)=) P(A4,)P(B/A,),

And in the case of the event
4, , all parameters of the signal are in

the set system in the interval

(14)

a, <4 <a,+Aa,....a, <A <a, +Aay,,
and the full set of indexes
(Jis Jses J, ) 18 NECESSATy to ensure the
full coverage of the k-dimensional
area of the possible values of the pa-
rameters 4,, 4,,..., 4,. Because of this,

the probability P(4,) is presented by
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the density of the parameters distri-
bution w,(a,,a,,....,a,) :

(15)

P(4)=w,(a,,a;,,..a;)Aa;,Aa;,..a,.

Jr

The conditional probability
P(B/4,) is by itself a probability to
get the realization Y in the element of
the volume d4Y on the condition that
the parameters of the signal are
within a certain interval and they
have certain values

A =0;,0) =0y =y L

(16)
P(B/A4))=P(Y/ a;,a,,.,a;)
=wY/a,,a;,,..,a;)dY .

When we substitute (15) and
(16) into (13), it can be observed that
the sum in (13) is of integral type and
the when the intervals Aa,,Aa,..Aaq,

have a tendency towards zero, we get
a k-multiple integral:

(17)
RYS=dY[tY/ag...q)ofaa...q)dla....dg,

And the likelihood ratio becomes:
(18)
[[t¥/ag,....4)0(a.a,.... 4)deda,... dq

i a®

If the relationship is represented:
(19) oY /a,,a,,...,a,)
wy(Y)

=4,(a,,a,,...,a,),

the final formula for the likelithood

ratio 1s:

(20)

4, :I,[Ap(al’a’l""‘ﬂk)a)A(alaapn--ﬂk)de%,....d%,
k

where 4, (a,,a,....,a,) characterize  the

probability of presence of a signal
with certain parameters (a,,a,,...,a,) .

It can be concluded that with
random  parameters  (4,,4,,....4,),

which have probability density
w,(a;) their integration with all of

their values gives the mathematical
expectancy or the average value of
the likelihood ratio. Formula (20)
gives the probability of the signal
presence at different possible values
of its random parameters.
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