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BIOLOGY

KomnonenTHbIi cocTaB 3¢upnoro maciaa Mentha x rotundifolia (L.) Huds

JI. A. Xabinenko, C. A. @ecbKOB*

Hukurckuii 6oranndeckuii can — HanmonanbHbli HayuHslil neHTp, r. Sira, AP Kpeim
*Corresponding author. E-mail: sergey.feskoff@yandex.ru

Paper received 01.03.2016; Accepted for publication 12.03.2016.

AnHotamms. [IpuBeieHs! JaHHBIE 0 MAacCOBOI J0J€ M KOMIIOHEHTHOM cocTaBe 3hupHoro macina Mentha x rotundifolia (L.) Huds.
HMHTPOIYLMPOBaHHOH 13 Monnosel. Pogunoii sBisiercst CpenusemHoMopbe, Cpennsia 1 Atnantuueckas Espora. Maccoast m1oms
a¢uproro macia cocraisier 0,45 % ot ceipoit Maccel (2,0 % ot abcomoTHO cyxoil Maccel). B adupHOM Macie BBISBICHBI U
neHTHGULIMPOBaHb! 53 KoMIoHeHTa. OCHOBHbIE KOMIIOHEHTbI 3(GUpHOro Macia — kapBoH 69,1 % u mumoneH 9,4 %. IIpuBomsrcs
MEPCIEKTHUBbI 110 HCIHOIb30BAHUIO B IHUIIEBOH M Nap(IOMEpHO-KOCMETHYECKOH NPOMBIIUIEHHOCTH B KaueCcTBE HATYpPaIbHOIO

apoMaTusaTopa U KOHCEpBaHTa.

Knrouesvie cnosa: Mentha x rotundifolia, unmpooyxkyus, s¢puproe macio, KOMROHEHMHBII COCMAS, KAPEOH.

Benenne. Buapl pona Mentha L. u3naBHa ucnons3yrores
JUTSI TIPOM3BOJICTBA 3upHOro Macia. Mentha piperita L. n
M. arvensis L. — ocHOBHbIE BUJIbl, UCIIONB3YIOLTUECS IS
9THX Lenui. M3 uX ChIphs MOIy4aroT 3(UPHOE MACIO C
TUIWYHBIM MSTHBIM apOMAaTOM, OCHOBHBIMH KOMIIOHEH-
TaMH KOTOPOTr'o SBISOTCS MeHTOo (55 - 87,6 %) 1 MeHTOH
(mo 30%) [1]. TpeTbuUM MPOMBIIUICHHBIM BHIIOM SBJISCTCS
Mentha spicata L., xoTopas HOCUT KOMMEpPYECKOe Ha3Ba-
HHUe «spearmint». DdupHoe Macio (oil of spearmint) mo-
Jy4aloT U3 HECKOJIBKUX BUAOB MSThL: Mentha viridis L.,
Mentha cardiaca J. Gerard ex Baker [2] u Mentha
spicata L. DdupHoe Macio 3TUX BUIOB MATHI 00JagaeT
XapaKkTepHBIM apOMaTOM, OCHOBHBIM KOMIIOHEHTOM KOTO-
poro sBisieTcsl KapBOH. J(dupHOE Macio «spearminty
LIMPOKO HMCIIOIB3YeTCs JJIsl apOMaTU3AIMHU JKeBATEIbHBIX
PE3MHOK U 3yOHBIX macT [3].
Kpartkuii 0630p ny6auxauuii mo teme. Mentha
x rotundifolia (L.) Huds. [2] sBasiercst rubpunom Mentha
longifolia (L.) Huds. u M. suaveolens Ehrh. (2n=24) [4].
B mpupoze pacnpoctpanena B CpenHeil 1 ATiaHTHYEC-
xoit EBpone, CpenuzemHomopse. Kak oquuasiiee uspen-
Ka BcTpedaercs mo moporaMm B 3amamHoit Cubupu, Cpen-
Held Asum, 3akaBkaszbe [5]. KympruBupyercst B OoraHu-
yeckux canax Espomnsl, B Erunre, ncrnonbs3yercs kak npsi-
HOCTh W N00aBKa K YEPHOMY M TpPaBSHOMY 4asM IIO[
Ha3BaHUEM «SI0JIOUHAs MsATa», a TAK)KE — B CAJIATHI, CYIIBI,
MSICHBIE, PBIOHBIE M OBOIIHBIE OJF0JIa, B pa3jMyYHBIC Ha-
MTUTKA, MHOTHE CJIaJIKUE OJF0/a U JOMAIITHIOK) BBITIEUKY [6].
Hean. OnpeneneHue MaccoBOM MOMW U KOMITOHEHT-
HOT'0 cocTaBa 3upHoro Macna Mentha X rotundifolia.
Marepuaiabl U MeToAbl. MatepuanoM s HCCIEA0Ba-
HUS CITY>KAIT 00pasen] M. X rotundifolia, momy4eHHbIi u3 Mort-
noBbI (T. KuiieHes, 6oTaHmdeckuii cajy AKaJeMuH HayK).
WHTpOMyKIIMOHHOE U3y4YEeHUE MPOBOAMIHN IO METOMIHU-
Ke, IPUHATOHN B JIaOOpaTOpUH apOMATUUECKHUX U JIEKapCT-
BEHHBIX pacTeHuil Hukutckoro Gotanmdeckoro canma [7].
VYuer ypoxkasi IpOBOAMIM B IEepUo] OYyTOHH3AIUHN pacTe-
Huid. CpIpbe cpe3aii BPYYHYIO M Cpa3y K€ B3BEIHBAIIH.
MaccoByto 105110 3(UPHOro Macia ONpeessuid METOOM
THIPOAMCTHUIIMY Ha anmapatax ['mH30epra u3 cBexe-
cobpanHoro ceipbs [8]. KoMmoHeHTHBIH cocTaB 3(hupHO-
ro mMacia uccienoBanu Ha xpomartorpade Agilent Tech-
nology 6890N ¢ Macc-CIeKTpOMETPUUECKUM JIETEKTOPOM
5973N. YcnoBusi aHanu3a: xpoMaTtorpaduyueckas KOJIOH-
Ka ksapueBas, kKamwiiipHas HP SMS. Temmnepartypa

ucnapurens 250°C. I'az-Hocutens — renuil. CkopocTs ra-
3a Hocutens 1 miu/mMuH. BBOJ poObI ¢ NeneHneM MoTokKa
1/50. Temneparypa tepmoca 50°C ¢ mporpaMMHUpOBaHH-
eMm 3°C/mun no 220°C. Temmepartypa AeTeKTopa U UCIHa-
purenst 250°C. KoMmoHeHTBI 3(UPHBIX Macel WaeHTUhH-
LIUPOBAIN 0 PE3yNIbTaTaM IOUCKA MONYYEHHBIX B TPO-
necce XxpomarorpaupoBaHHs MAacC-CIIEKTPOB XHMHUEC-
KHX BELIECTB, BXOIIMX B HCCIEIyeMblE CMECH, C JlaH-
HbIMH OubOmuoreku Macc-criektpoB NIST02 (Gonee
174000 BemiecTB). MHmeKchl ynep>KuBaHUs KOMIIOHEHTOB
paccUMTHIBAIU 10 PE3yJIbTaTaM KOHTPOJBHBIX aHAIIN30B
3(UPHBIX Mace ¢ HaOOpPOM HOPMaIbHBIX aJIKaHoB [9].
PesynbTaThl m ux odcy:xkaenue. Mentha X rotundi-folia
— MsTa KpYIJIOMUCTHAS «MsiTa sI0JI0YHAsH) — MHOTOJNETHEE
TpaBsSIHUCTOE pacTeHue cemelictBa Lamiaceae Bbicotoit 40-
60 cm. Jluctes cunpsuue, sMIEBUIHBIE, 3a0CTPEHHBIE HA
BEpXYIIKE, Kpas JIUCTbEB ropoJyaro-3yOuartsle, CBEPXY —
3elIeHble, CHH3Y — OEIOBaTO-BOIJIOYHBIE, MOPIIMHHUCTHIE,
TOJICTOBAThIE, 5-6 cM muHOM U 3-3,5 cM mmpuHoi. I{BeTku
MeJIKHe, COOpaHbl B Y3KOE IMUIMHAPHYECKOE TI'yCTOE
KOJIOCOBU/IHOE COIBeTHE 3-6 cM JUIMHOM M 5-6 MM mu-
PHHOI, BEHUYMK I[BETKA CBETJIO-CUPEHEBBIMH, ILION OpELIeK,
OKpYIJIbIHM, TeMHO-KOopuuHeBbId. 1[BeTeT B ycioBusix FOxk-
Horo Oepera KpbiMa B aBrycre-ceHTsIOpe.
HccnenoBanussmMu  ydeHbIX TpH  w3ydeHun Mentha
X rotundifolia BeIIETICHBI 1Ba XEMOTHIIA. Y CTAHOBIICHO, YTO
OCHOBHBIM KOMITOHEHTOM 3(UpHOro Macia oOpasiia u3
Bonrapuu sisiercst — kapBoH 83%, a y obpasua u3 [Topty-
TaJIuy — UNEepUTeHOHOKCU 75%. Bun ycroiuus k Gomnes-
HSIM 1 BpEIUTEISIM (pyKaBUMHA, MyYHHUCTas poca, kier) [1].
DdupHoe maciao Mentha X rotundifolia, MHTPORYIIH-
pOBaHHOW W3 MOJIOBEI, MPEICTaBIACT COOOH OecuBeT-
HYIO MTOJIBIKHYIO JKHIKOCTh, HMEIOIIYIO (PPYKTOBBII apo-
MaT ¢ S0JIOYHBIMH HOTaMU M OPTraHOJIENTHYECKYIO OLeH-
Ky 4,0 6anna (mo 5-tu GayutbHOM 1mIkane). MaccoBast 1omst
a¢upHoro macna cocraBisier 0,45% OT ChIpO Macchl
(2,0% ot abcomoTHO Ccyxoil Macchl). B adupHOM Macie
BBISBJICHBI U UICHTH(GHIUPOBaHbI 53 KommoneHnTta. Oc-
HOBHBIMH SIBJISIIOTCSI K€TOH KapBOH (carvone) 69,1% wu
MoHOTepreH limonene 9,4% (tabmura 1, pucyHok 1).
Kpome OCHOBHBIX KOMIIOHEHTOB B 3()MPHOM Maciie Co-
nepxarcst MoHoteprieH 1,8-cineole (3,9%); ceckBUTEpIICHBI
B-bourbonen (2,1%), trans-caryophyllene (1,8%), germakren
D (1,3%), a tarxoke heron thymol (1,4%) u crimpt p-ment-1-
en-8-ol (1,3%). OcranbHbIe KOMIIOHEHTHI HE JOCTHTAOT 1%.

©)|L. Knlypenko, S. Feskov 2016
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Ta6anna 1. KommoHneHTHBIH coctaB a¢upHoro macina Mentha X rotundifolia
HanmeHoBaHMsSI KOMIIOHEHTOB Bpems BbIxona, MaccoBas mosist
MHH. KOMIIOHEHTOB, %o
Ethanol 1,3 0,7
Hex-3-en-ol 3,6 0,2
Tyjene 5,1 0,02
- pinene 5,2 0,2
Camphene 5,5 0,01
Sabinene 6,1 0,3
B-pinene 6,2 0,5
1-octen-3-ol 6,2 0,04
B-myrcene 6,6 0,3
Octan-3-ol 6,6 0,8
Hex-3-en-1-ol acetate 6,9 0,03
a-terpinene 7,2 0,02
p-cymene 7,3 0,2
1,8-cineole 7,5 3,9
Limonene 7,6 9.4
Trans-ocimene 7,8 0,2
Cis-ocimene 8,2 0,2
y-terpinen 8,4 0,1
Trans-sabinenhydrate 8,6 0,1
a-terpinolene 9,31 0,02
Linalool 9,6 0,3
Octen-1-ol acetate 10,0 0,03
Octen-3-o0l acetate 10,4 0,02
Camphor 10,5 0,1
Limonene oxide 10,6 0,04
Pinocarveol 10,7 0,1
neral 10,9 0,05
Menton 11,0 0,06
geraniol 11,1 0,05
6-Terpineol 11,5 0,5
Terpene-4-ol 11,9 0,1
Dihydrocarvon 12,2 0,3
p-ment-1-en-8-ol 12,4 1,3
Carveol 13,4 0,4
Carvone 13,9 69,1
Piperiton 14,1 0,8
Thymol 16,1 1,4
a-copaene 18,6 0,1
- bourbonen 18,8 2,1
- elemen 19,1 0,1
- guryunen 19,6 0,1
Trans-caryophyllene 19,8 1,8
a- amorphen 20,6 0,3
Gumelen 20,8 0,1
B-farnesene 21,1 0,4
Germakren D 21,6 1,3
Bicyclogermakren 22,1 0,2
Germakren A 22,3 0,1
y-cadinene 22,7 0,1
6-cadinene 22,9 0,1
Caryophyllene oxide 243 0,4
Virydiflorol 24,7 0,8
a- kadinol 26,3 0,2

ITo maccoBoit mone mpeobnanatror kerousl (70,4%),
obnagarnMe aHTUCENTUYECKUM, MPOTHBOBOCIATIUTENb-
HBIM, CCJATHBHBIM M 00€300THBAIONIMM JICHCTBHEM;
MoHoTeprieHsl (15,5%) BeneAcTBHE CBOCH JIETYy4eCTH U
3amaxa OCOOEHHO IIEHHBI JUIsl MPOU3BOJCTBA MYIIMCTHIX
BeriecTB. CeCKBUTEPIICHBI, MaccoBasi IO KOTOPBIX COC-
TaBIsAeT 7,7%, BXOIAT B YKCIIO HAMOOJIEE MOIIHBIX HPOTH-
BOBOCIAJIMTEILHBIX KOMITOHEHTOB 3(HpHBIX Macen [10].

YcraHoBneno, uro Mentha x rotundifolia B ycnoBusix

OxHoro 6epera KppimMa, NoIHOCTBIO IPOXOAUT BCe (has3bl
pasButus U (GopMUpYyeT MOIHOLEHHbIE CEMEHa, HE ITOB-
peXaaeTcsi BpeIUTEIsIMHU U He TIopakaeTcsi O0JIe3HAMHU.
BeiBoabl. OnperneneH KOMIOHEHTHBIH COCTaB A(Hp-
Horo macna Mentha X rotundifolia VHTpogYIMPOBaHHOMN
n3 MonnoBbl, UIEHTUPUIMPOBAaHBI 53 KOMIIOHEHTa, J0-
MUHHUpYIOUMM siBiseTcst carvone 69,1%. TokcuuHsle
KOMITOHEHTBI, TaKWe KaK MyJIerOH, OTCYyTCTBYIOT.
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Puc. 1. Xpomarorpamma spupHoro macina Mentha X rotundifolia

D¢upHOE Macno KapBOHHOIO XEMOTHIIA MOXXHO PEKO-
MEH/IOBaTh U HCIOJb30BaHUS B THINEBOW U mapdro-

MepHO-KOCMeTH‘IeCKOﬁ MPOMBINUICHHOCTHU B KaY€CTBE Ha-
TYpaJbHOI'O apoOMaTu3aTopa U KOHCCpBaHTa.
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Component composition of the essential oil of Mentha x rotundifolia (L.) Huds
Khlypenko L., Feskov S.
Abstract. The article presents data on the mass part and component composition of the essential oil of Mentha x rotundifolia (L.)
Huds., introduced from Moldova. It is native to the Mediterranean region, Central and Atlantic Europe. Mass fraction of the essential
oil is 0,45% of the wet weight (2,0% of the absolutely dry weight). Fifty-three components were found and identified in the essential
oil. The main components of the essential oil are carvone 69,1% and limonene 9,4%. Prospects have been given for its use in the
food industry and perfumery as a natural flavorant and preservative.

Keywords: Mentha x rotundifolia, introduction, essential oil, component composition, carvone.
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CHEMISTRY

IHoBbIIeHHe padoTOCIIOCOOHOCTH NATPOHUPOBAHHBIX IMYJIbCHOHHBIX
JHEPrOKOH/ICHCHPOBAHHBIX CHCTEM

H. JI. KoBaienko', J. B. Kusimenko’, E. II. OHOl‘lpI/leHK02

1 9] v o
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AnHotaums. [IpuBeseH cnoco0 MOBBIMICHUS PabOTOCIIOCOOHOCTH NMATPOHUPOBAHHBIX 3MYJIBCHOHHBIX 3HEPrOKOH/ICHCHPOBAaHHBIX
CHCTEM 3a CUET COBMECTHOTO BBEICHHUS B MYJIBCUIO AKTHBHOI'O MOPOIIKA ATIOMHUHUSA U xkuakoro xyonapaduna XI1-470. ITokazana
Hewenecoodpa3HocTs BBeieHuss AH®O B coctaB NaTpOHMPOBAHHBIX 3MY/IbCHOHHBIX BB. IIpuBeneHs! pe3ynbTaTbl CPaBHUTEIBHBIX
UCHBITaHWH OPHU3AHTHOCTH 3MYIbCHOHHBIX BB ¢ pasnuuneiMu Mukpochepamu. PesynbraTel uccnenoBaHMN peann3oBaHbl B
TEXHOJIOTHU TIPOU3BOJICTBA IMYJILCHOHHBIX IIATPOHOB AMAMETPOM OT 32 MM C BBICOKMMM IapaMeTpamMu paboToCrocoOHOCTH

(Tel'IJ'[OTa B3pbIBa U CKOPOCThH Z[eTOHaLII/II/I).

Knrouesuvie cnosa: smynvcus, snep2okonoeHcuposanvle CUCeMbl, ATIOMUNUL, X10pNapagQuH.

Beenenue. IlaTpoHnpoBaHHBIE B3pHIBUATHIE BEIIECTBA
(BB), mmpoko ucnosnb3yemble B Y KpauHe, [IpeCcTaBlIeHbI
IIpex/ie Bcero TpoTuicoaepxanmM AMmoHuToM Ne6JKB.
TpoTusn — BEICOKOTOKCHYHOE BELIECTBO, KOTOPOE BhI3bIBA-
et Oonee 30 mpodeccHOHANBHBIX 3a00JIEBaHUN MEPCOHA-
Jla, oraceH B OOpallleHWH W BBLACNSET IIPU B3PbIBE OO0JIb-
110 KOJIMYECTBO BPEIHBIX ra3oB. be3zonacHoil anprepHa-
TUBOM TPOTWJIOBHIM IIAIIKaM W IaTpoHaM AMMOHHUTA
Ne6)KB  ABnAOTCA ~ MATPOHUPOBAHHBIE  B3pPbIBUATHIC
BEIIIECTBA HA OCHOBE 3MYJIbCHOHHBIX YHEPTrOKOHIEHCUPO-
BaHHbIX cucteM (DKC). B Ykpaune cymectByer ycreni-
HBIH OIBIT CO3JaHUS U BHEJPEHNUS O€30IIaCHBIX HAIMBHBIX
smynscuoHHBIX DKC B Kapbepax M IMOA3EMHBIX PYIHH-
kax. OJHAKO TEXHOJIOTHS ITOJI3EMHBIX pa3paboTOK mpes-
rojaraeT MCIojb30BaHue, Hapsanay ¢ HaauBHbIMH ODKC u
rpaHyaupoBaHHbiIMH BB ans mHeBMoO3apsbkaHus,
SMYJILCHOHHBIX BB B matpoHupoBaHHOM BHIIE.

Kparkuii 0630p ny6aukanuii mo teme. IlatpoHu-
poBaHHble BB B TOA3eMHBIX YCIOBHSIX HCIOJB3YIOTCS:
1) ans QopMHpoOBaHHS UITypOBBIX 3apsaoB; 2) JUis
(hopMUpOBaHUS HAKJIAJHBIX 3apSJOB MPHU U3MEIbUCHUH
HerabapuTOB TOPHBIX IMOPOA; 3) Kak IPOMEXYTOUHBIN
JIETOHATOpP CKBAYKMHHBIX 3aps/oB. JlaHHbIE 00JacTH MpH-
MEHEHHs1 OOYCIIaBIMBAIOT pa3iuuie TpeOOBaHHH K
JIETOHAIIMOHHBIM TIapaMeTpaM MaTPOHUPOBAHHBIX AMYJIb-
cuoHHbIX BB. Eciu 11 mimypoBbIX 3apsa70B ¥ IPOMAETO-
HATOPOB ONPEAENSIONINM SIBJISI€TCS OpH3aHTHOE AEHCT-
BHUE, KOTOPOE 00eCIeYrBaeTCsl BRICOKOH CKOPOCTHIO JIETO-
HAIMH, TO JJI M3MeNIbYeHuUs Herabapura Tpedyercs code-
TaHWe OPH3aHTHOCTH M BBICOKOW SHEPrOHACHIIIEHHOCTH
BB c 0Oonee umTenbHBIM BO3/CHCTBHEM Ta3000pa3HBIX
MIPOYKTOB, COBEPILIAIONINX paboTy B3phIBa.

Cpenu poynx TpeOOBaHUH, PEIBSIBISEMBIX MOJ3EM-
HBIMH PYJIHUKaMH Y KpauHbI K TATPOHUPOBAHHBIM M YJIb-
cuonHeiM OJKC, sBisiercss uX TBepJ000pa3sHOCTh (IUist
PY4HOr0 3apshKaHus LIITYPOB) U JUTUTENbHOE (HEe MeHee 4-
6 MecsieB) coxpaHeHHe (DU3UYCCKOH CTaOWIBHOCTH U
BBICOKHX JICTOHAIIMOHHBIX TaAPaMEeTPOB.

Kax wu3BectHO [1-2], 3MyIbCHOHHBIE >HEPTrOKOHICH-
CHPOBaHHBIE CHCTEMBI TPEICTaBISAIOT coO0W oOpaTHbIE
SMYJIBCHU BBICOKOKOHIIEHTPHPOBAHHOI'O PacTBOpa OKHC-
quternst (91-93% macc.) B yriieBomoponuoi cpene (7,0-
9,0% macc.). Omynbcuonnsie IKC ManouyBCTBUTEIBHBI
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K BHEIIHUM (DU3MYCCKMM BO3ICHCTBHUSIM, U CIIOCOOHBI
JIETOHUPOBATh TOJBKO ITPU BBEIACHUU B HUX CEHCHOU-
JIU3aTOPOB (MOJNBIX MHUKpPOC(hep MM ra30reHepUpyIOIIUX
JI00aBOK, KOTOPBIC CHIDKAIOT IUIOTHOCTH SMYJILCHH).

XuMuyeckasi ra3oreHepanusi, ¢ YCIexoM HCIOIb3ye-
Mas I CCHCUOWIU3aIu HaIUBHBIX DBB, mpakTtuuecku
HE TPUMEHHMMA JUIS MATPOHUPOBAHHBIX 3MYJIbCHOHHBIX
OKC ¢ nnmurensHBIM CpoKOM XpaHeHus. Mcxons us aroro,
CEHCHOMITU3AITUIO TATPOHUPOBAHHOM SMYJIBCHH OCYIIECT-
BIISIIOT BBEIICHHUEM IOJIBIX MHUKpOChep (MOTUMEPHBIX WA
CTCKIIAHHBIX). Ha MaHHBI MOMEHT B JIUTEpAType OTCYT-
CTBYIOT JJAHHBIC 00 OJHO3HAYHOM MPEHUMYIIECTBE MUKPO-
cdep TOro WM HHOTO THIIA.

Huskas ayBCcTBUTENBHOCTH AMYALCHOHHBIX DKC cBs-
3aHa CO 3HAYMTEIBHBIM COACP)KAHHEM BOJBI, KOTOpPAs
HYXXHa ISl PACTBOPCHUS COJICH-OKUCITUTEIICH — HUTPATOB
aMMOHHUS, KaJbIMs WK HaTpus. Boma sBisercs ¢uierma-
THU3aTOPOM 3a CUYET OTOOpa TeIlIa Ha MCHApEHHE U3 30HBI
XUMHYECKON pEaKIUd B3PBIBYATOTO MPEBPAIICHUS —
yBenuueHne coaepxkanus Boxel B OKC Ha 1% macc.
MIPUBOJUT K CHIKCHUIO paOOTOCIIOCOOHOCTH B3PHIBYATOM
cucremsl Ha 1,7% [3]. OBB, coxepxxamue Oomee 10%
BOJIbI MMEIOT KPUTHYECCKHUH JIHaMETP OTKPBITOTO 3apsia
He MeHee 35-40 MM, U He MOTYT OBITh UCIIOIB30BAHBI IS
W3TOTOBIICHUS] TIATPOHOB Masioro auamerpa (32-38 mm),
KOTOpBIC OOBIYHO MCIIONB3YIOTCS ISl 3apsDKaHUS IITyPOB
U B YCIIOBHSIX TIOA3EMHOM TOOBIYH PY/IbIL.

Hexkotopsie npouspoautenu [2,4] yMEHBIIAIOT 00IIee
colepkanue Boabl B BB 3a cuer BBemeHWS B cOCTaB
smynbcuoHHo OKC 20...40% rpaHynupoBaHHON am-
MUQYHOW CEITUTPBI WIIM €€ CMECEH ¢ JKUIKUM TOPIOYHM

(AH®O). TlomobHble cHCTEMBI, KOTOPbIE ITONYYHIH
Ha3BaHUE «TSDKEIBIX OMYJIbCHH», TO-CYTH SIBIISIOTCS
cMeceBbIMH BB, KOTOpBIM TpHCYyIl  CENEKTHBHBIX

XapakTep AETOHAIMM, MapaMeTphl KOTOPOW 3aBHUCAT HE
TOJIBKO OT COCTaBa M AWUCHEPCHOCTH 3MYJBCHM, HO U OT
CBOMCTB TpaHyJHpOBaHHOW (a3pl (pa3Mep YacCTHII,
MOPUCTOCTh U T.1.) [S]. BBemeHne aMMUAYHOU CETUTPHI
wim AH®O obecrieunBaeT MOBBIIICHUE TEIUIOBOT'O
a¢pdekra B3ppiBa BB, 0HaKo CyIIECTBEHHO CHIDKAET
CKOpOCTh JETOHAIUH [5], T.€. OTpHLIATENIBHO CKa3bIBAETCA
Ha OpuzantHoctd BB. Kpome Toro, rpanynsl aMMuaqyHoM
CENIUTPBI SABJSIFOTCA IIEHTPAMU KPUCTAJUIM3ALMU JTUCTIEp-
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CHO#1 (ha3bl SMYJIBCHU, YTO OTPULIATENBHO CKa3bIBAETCS Ha
CTaOWIBHOCTHU M ICTOHAIMOHHBIX mapamerpax DKC.

OO0ecneunTh BBICOKYIO CTaOMIBHOCTH MAaTPOHHPOBAH-
Horo OBB ¢ conepxanuem Bojsl 10 10% Macc. B TeueHue
JUINTENBHOTO BPEMEHH YIajJoch B TEXHOJOTHHM MAaTpoO-
HUPOBAaHHBIX SMYJbCHOHHBIX B3pBIBYATHIX  BEIIECTB
VYxpaunut-I1 [6] 32 cueT BBICOKOH TUCTIEPCHOCTH SMYJIb-
CHM W BBEICHMs cTabwim3aTopa. BeemeHuwe craOuimsa-
TOpa — BOCKa MapaMHOBOrO HEPTSHOrO 00ECHeUHsIo
CYIIECTBEHHOE ITOBBIIIEHHE BS3KOCTH CHCTEMBI 10 TBEp-
JI0OOPa3HOTO COCTOSIHUS. DTO TPHUBEIO K COXPAHEHHIO
BBICOKOJIUCIIEPCHOT'O COCTOSIHUSI U IETOHALIMOHHBIX Mapa-
MeTpoB OBB B TeueHue 4-6 mecsies.

ONBIT TPOMBIIIJIEHHOT'O UCIONIB30BaHUs Y KpauHuT-I1
MOKa3aJ, YTo 10 OpU3aHTHOMY JICHCTBUIO OH HE YCTyMaeT
TpoTmiioBbiM BB. OnHako npu pa3pynieHun HerabapurTos
storo BB tpeboBanmocs Ha 30-40% OGosnblie, yem AMMO-
Huta Ne 6JKB. Ammonut Ne 6JKB nmMeer moBbIlIeHHYIO
PpaboTOCIIOCOOHOCTD OJIaroaaps BRICOKOH TEIUIOTE B3phIBa
Q =4312 x/Ix/kr u ckopoctu aeronarmu D < 4,8 xm/c.

B T0 xe Bpems, smyinscuoHHoe BB, conepikamiee mo
10% macc. BoJIbI HE MOXKET UMETh TEIJIOTY B3PhIBA BHIIIIE,
yeM 3400 x/[K/Kr, TIpH JOCTATOYHO BBICOKOW CKOPOCTH
neronaiu D = 4,7-5,1 xMm/c.

Lenp. [ToBbienne paboTocnocoOHOCTH 3MYITECHOHHBIX
MIATPOHUPOBAHHBIX IHEPrOKOHIEHCHPOBAHHBIX CUCTEM 32
CUET CYIIECTBEHHOTO YBEIMYEHHUS TEIUIOTHI B3pbiBa ((pyrac-
HOE JIeiiCTBHE B3pBIBA) MPU OOECIIEYEHNH JTOCTATOYHO BBICO-
KO CKOPOCTH JIETOHAIMH (OpH3aHTHOE AEHCTBUE B3PHIBA).

Matepuanbl 1 MeTOABI. VcIIbITaHUS AETOHAIMOHHBIX
MapamMeTpoB TPOBOIWIN B YCIOBHSX HPOMBIIUICHHON
mwiomanaku YAO «IIpome3peiB» (T. 3amopoxne). Cko-
POCTh JIETOHALIMK OIPEEISIA C ITOMOIIBIO U3MEPUTEIsS
CKOpPOCTH  JIeTOHaluu MHOrokaHaneHoro MikroTrap
(Mrel, Canada). CocraB mucriepcHO#l (ha3bl 3MYILCHH,
% macc: H,O 7,0-10,0; Ca(NOs), 27,5-31,5; NH4NO;
58,5-65,59. B xadyecTBe CCHCHOMIM3ATOPOB HCIIOIH30BA-
Hbl TpaHylbl BCcHeHeHHoro mnomuctupona IICB-25,
T[ICB-15 ¢ kaxymeiics IWIOTHOCTBIO 25 1 15 Kr/™M°, cooT-
BETCTBEHHO; MUKpochepsl crekisiHabie Mapku K1 ¢hupmsbl
3M ¢ ucTHHHOI mIoTHOCTEIO 0,12-0,14 T/cM’ Ipu cpea-
HeM Juamerpe dactul] okono 100 MUKpOH; MUKpOChepbI
Q-Cel ¢upmer Potters Industries LLC wmapox 6014k
(uctuaHas wiotHocts 0,13-0,19 r/em’) u 7019k (ucTuH-
Has miotHocth 0,19-0,25 r/em’ ). Kak sHeprermyeckas
JnobaBKa MCIONB30BaH mopomok Mapku [TA-4 (98% macc.
aKTHBHOI'O aJIlOMHMHUS, pa3Mep uactui, He Oomee 140
MKM). JuddepeHnpaabHO-TEPMUIECKUI aHaIu3 — yCTa-
HoBka TERMOSKAN-2 (HIIII «AnamuTnpubopy,
r. Cankr-IlerepOypr) mnpu ckopoctu pa3BepTku 20
rpaji/MUH, Macca HaBecKd 50 Mmr.

Pesyabratel m ux o0cy:xkgenue. [y TOBBIICHUS
paboTOCIIOCOOHOCTH B COCTaB MAaTPOHUPOBAHHOM 3MYJIb-
cuonHoii DKC HE0OXO0IMMO BBOIMTH JHEPTETHUYCCKYIO
J00aBKy, HaIlpuMep IOPOIIOK aTFOMHHHS, KOTOPBIN CIIO-
co0eH BCTymaTh B HK30TEPMHUYECKHE XUMHYECKUE peak-
UMM KaK C OKCHJaMH a30Ta, OOpasyloluXcsl IpH pas-
JIO)KEHUH CENTUTP, TaK U C BOASHBIM mapoM. [Ipu sTom
TeIIoTa B3pbIBA YBEJIWYHMBAETCSI HE MeHee, yeM Ha 176
k/I>K/KT Ha Ka)IIbIi TPOLIEHT aIIOMUHNS B coctaBe DBB.

PaccmaTpuBast HEOOXOAUMOCTh KOPPEKTUPOBKH COCTA-
Ba samynbcuonHON DKC mpu ucnonszoBanuu 3-7% macc.
AJFOMUHHMS 32 CYET JIOMOJIHUTEIBHOIO BBEICHHS TPAHYIIH-
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POBaHHOW aMMHAYHOH CENUTPHl HEOOXOJUMO OTMETHUTH
crenymomiee. BenencrBue Toro, 4to anfOMUHHN TTOKPBIT
MACCUBHUPYIOIIUMH IUICHKAMH OKCHJA, PEaKIHd C Mpo-
JIlyKTaMHA B3PbIBAa BO3MOXHBI TOJBKO TIPH BBICOKHX
TeMIIepaTypax, Korja OCHOBHasi Macca HUTPATOB yXKe pa3-
noxunace. T.e. paccMaTpuBaTh B3aMMOJCHCTBUE ATIOMHU-
HUSI C aMMHA4YHOM cenuTpoi mpu B3peiBe DBB Heueneco-
o6pa3zHo. CrieioBaTenbHO, UCIIOIH30BAHHUE TIOPOLIKA aJIto-
MUHHUS HE TpeOyeT JIOMOIHUTEIHHOTO BBEICHHUSI aMMHUay-
HOHM CEJIHTPBI B AMYJBCHIO, 1 MOXKET MOTPeOOBATH JIUIIbL
HE3HAYUTEIIbHOH KOPPEKTUPBKU COOTHOIICHHS OKHCIIH-
TeNnbHOI 1 roproueii ¢azer DKC.

CornacHo COBpEMEHHBIM IpeicTaBiIeHusM [7-8], airo-
MUHHH BCTYIIAaeT B pEaKIUIO He ¢ KoMIoHeHTaMu BB, a ¢
MPOAYKTaMH B3pbIBa 3a ILIOCKOCThIO Yermena-XKyre, u
SHEPTrHs TAaKOro B3aUMOJEHCTBHS MOBBIIIAET TOJIBKO (Y-
TacHYIO COCTAaBJISIOUIYIO B3pbIBa, HE TOIJEPKUBAsL JETO-
HAIMOHHBIA POHT. DTO NPUBOAUT K CHUXKEHHIO CKOpPOC-
TH AeToHaluu. B To jxe BpeMs, Uit JOCTWXEHHs pado-
TocrocoOHocT Ha ypoBHe Amonuta Ne 6)KB, kpome
BBICOKOM TEIUIOTHI B3PhIBa HEOOXOIMMO UMETh JAOCTATOU-
HOE 3HaYEHUE CKOPOCTH JIETOHAIIHH.

3amaua TOBBIIICHUS] YHEPIeTUUECKUX MapamerpoB BB
NIPU COXPaHEHUW BBICOKON CKOPOCTH JI€TOHAIMM OblIa
pelieHa 3a CYET COBMECTHOTO BBEJCHHS B T'OTOBYIO
SMYJIBCHUIO TopoIka anoMuaus [1A-4 ¢ BEICOKUM cofep-
JKAHUEM AaKTUBHOTO aJIOMHMHHS M JKUJIKOrO XJopmHapa-
¢uHa. B xauectBe xuopmapaduHa OBLT HCIOIB30BaH
XI1-470 (C,Hzn12xCly, Tme n = 10-30; x = 1-7), KOTOpBIH
coepxur ot 45 1o 49% macce. xJopa.

W3BectHO, 4YTO XJjomapauHBl HCHOJIB3YIOT — Kak
BTOPUYHBIE IUTACTU(UKATOPHI B PA3IHMYHBIX MOJIUMEPHBIX
kommo3anusix. Beemenne B smynbcuto 0,5-1,0% macc.
XI1-470 3HAYUTENHHO YAYUIIMI TEXHOJIOTHYECKHE U IKC-
IUTYaTallMOHHBIE XapaKTEPUCTUKH  MAaTPOHUPOBAHHBIX
OBB mpu HU3KUX TeMIIepaTypax.

OpnHako, BEIOOp XytopnapaduHa 0OYCIIOBICH HE TOJBKO
€r0 PEOJOrHYECKMMH XapaKTePUCTHKaMH, HO U CHelu(pu-
YECKUM BO3JICHCTBHEM Ha SHEPrOKOH/ICHCHPOBAHHBIE CHC-
TeMbl. [1o nmurepaTypHbIM qaHHBM [1] B HEOONBIIMX KOMHU-
yectBax (mo 1% macc.) xmomapaduHbl OKa3bIBAlOT CEH-
cHOMM3MpYrolIee JeiCTBUE Ha SMYIIbCHOHHBIE CHCTEMBIL.

JleWcTBUTENBHO, KaK ITOKa3allkl pe3ynbTarhl audde-
PEeHLIANBbHO-TEPMUYECKOr0 aHanu3a, BBeaeHue 1% macc.
XI1-470 cHmXaeT XapaKTEPUCTHUECKYI0 TeMIIEpaTypy
Pa3IoXKeHus dIMYJIbCcUU Ha 12 rpaaycoB, yBeIUUUBas MpU
5TOM HMHTEHCHBHOCTH Pa3JIOKEHUSI CHCTEMBL. JTO MOXET
OBbITH OOBSICHEHO TEM, YTO XJioprnapaduH Npu TemIiepa-
Typax cBbinre 150°C geruapoxiopyercs ¢ o0pa3oBaHUEM
HCI [9]. Ilocnenuuii siBisieTcst KaTaau3aTopoM TepMHUUec-
KOTO pa3jIOKeHHs] HUTpaTa aMMOHHS M TETepPOreHHBIX
cuctem Ha ocHoBe NH;NO;. [10].

Karamutiueckoe aericteue HCl cesizano ¢ oOpasoBa-
HHEM B cHcTeMe HuTpo3oHui xiopuma [NO,]Cl, kotopbrit
SIBISIETCS OOJiee aKTHBHBIM OKHCIIHTENIEM MO CPAaBHEHHUIO C
OKcHIaMH a3oTa. TakuM oOpa3oM, BBEJEHHE XJoprapa-
¢una B cocraB DOBB, yckopser peakuumu B3phIBYATOIO
TIpeBpallleHus], 00ECTIeUNBaET yBEIMYEHHE TEMIIEPaTyphl B
30HE€ XHMHYECKOH peakIM{, YTO MPUBOIUT K POCTY
ckopocTu netoHanyy BB n Opr3aHTHOrO JeHCTBHS B3phIBA.

B tabnmuue 1 mpuBenensl xapakrepuctuku OBB ¢ pas-
JIMYHBIM COOTHOLICHUEM NPEIIOKEHHBIX J100aBOK. Teruio-
Ta B3pbIBa paCUUTHIBAIACH IO U3BECTHBHIM METOIUKaM [7].
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Ta6muna 1. Bnusane nobasok [TA-4 u XI1-470 Ha mapameTpsl IMynbCHOHHBIX BB

oﬁpJ:iua CO;:_IP_T::M B IBB, %Hn:izc TenJsora B3pbIBa (pacy), K/K/Kr CkopocTh AeToHAINH, M/C
1 - - 3150 4900-5100
2 0,5 3,0 4240 4900-5010
3 0,8 5,0 4430 4950-5000
4 1,0 7,0 4750 4800-4950

W3BecTHO, YTO CYIIECTBEHHBIH BKJIAJ B PEaH3aLHIO
MOTEHI[MAIbHOW pPabOThl B3pbIBA JMYJIBCHOHHHIX BB
BHOCHUT cIoco0 ceHcuOwnm3anuu. /{11 OLEHKU 3TOro
BJIMSAHUS OBUIM NPOBEICHBI CPABHUTEJIbHBIE HCIBITAHUS
OpuzaHTHOCTH 3MYNbCHOHHBIX OKC mnpenHa3HaueHHBIX
UL maTpoHupoBaHus. IIpu 3ToM 3Mynbcus ceHCUOMIH-
3MPOBAJIaCh PACUETHBIM KOJIMYECTBOM CTEKISHHBIX (3M)
n nonumepusix ([ICB-25, TICB-15) mukpocdep. Konu-
YeCTBO BBOJMMBIX MHKPOC(HEP paCCUUTHIBAIUIIO [IPABUILY
aIJIMTUBHOCTH yIENbHBIX 00bEMOB, HCXO/S U3 IUIOTHOCTH
HeCeHCOMTM3NPOBAaHHHOK sMynbenn (1,460-1,500 r/cm’
nipu 90°C), nacnopTHO# MJIOTHOCTH MUKpocdep U 3alaH-
Hoit motHoct DBB (1,10-1,15 r/cm’). B kadectBe Gasbl
CpaBHEHHUs BBIOpaHa BMYJIbCHA CEHCUOMIM3MPOBAHHASA

Puc. 1. Mcneitanne DBB Ha ruiaTiHax cBuAeTeNsX (ctanb 3, Tommmaa 20 Mm). 3p;m d=

pacTBOpOM IepOKcHIa BOAOPOAA.
HUM NpuUBeeHbI Ha puc. 1.

ITpu 3TOM, KaK M OXKHIAJIOCh, BBEJCHUE B 3MYIILCHUIO
40% AH®O (crexmoMerpuueckas CMeCh aMMHauHOH
CeJMTPHl M JOU3EIBHOIO TOIUIMBA) Ha  Pas3IMYHON
aMMHa4yHOH cenutpe (MI1oTHOW (Mapku B), npobnenoi u
HOPHUCTOH) CHU3WIO 3P (HEKTUBHOCTh YAAPHOIO JEHCTBUS
BB. Tak xak, npu BBeneHuu AH®O B 3MyIbCHOHHYIO
OKC Hu B omHOM ciyyae He ObUIO 3adUKCHPOBAHO
poOUTHS IUIACTHHBI-CBHIETENS, TO AeHcTBHE B3pbIBa
OLICHUBAJIM 10 00beMy BMATHHBI B IUIacTHHE. B Tabmu-
1e 2 npuBeNEHbl MHapaMeTpbl AedopMaliy IIaCTHHBI
cBuzerens npu B3pbiBe OBB  ceHcnOMnIM3upoBaHHOTO
nonuMepHbIMU MuKpochepamu [ICB-25.

PeByJ'IBTaTBI HCnbITa-

100 MM, nonuMepHast 000I04Ka;

criocob ceHcubmmzauu: 1 — mukpocdepsl nonmumepusie [ICB-25; 2 — mukpocdeps! nonumepusie IICB-15; 8 — nepokcnanast

rasoreHepanysi; 9 — crekisiHabIe Mukpocdepsr K1.

Tao6auna 2. [Tapamerps! B3pbiBa smynbcuoHHBIX DKC, cencnbmnmsnpoBanHbix Mukpochepamu [ICB-25

Cocras DBB BB

O6beMm nedopmanun
MJIACTHHBI-CBH/IETEJIs, JI

OwmynecronHoe BB 6e3 AHOO 7,976
60% —OBB; 40% — AH®O Ha rm1oTHOH aMMHa4YHOH cenuTpe 6,512
60% —9OBB; 40% — AH®O Ha npobiieHoi aMMHauHON celuTpe 6,658
60% — DOBB; 40% — AH®O Ha mopucToii aMMHavHOH CeIUTpe 7,476

Kak Bugno u3 puc. 1. n Tabm. 2. HAWITy4IIMMU Tapa-
MeTpaMH 00JaJal0T dMyNbCHOHHbIe BB cencubummsupo-
BaHHble Mukpochepamu K1 ¢upmber 3M. Taxke, mocra-
TOYHO XOpOIINE PEe3yIbTaThl ObLIM IOIY4eHbl Ha CTEK-
nsHHBIX  Mukpocepax Q-Cel 6014k. Opnako Oonee
BBICOKas IUIOTHOCTh 3THX MHKpocdep, 110 CPaBHEHUIO C
K1 Tpebyer yBenuueHUe HX COLEP)KAHUSA B SMYIbCUH C
3,2% wmacc o 3,8-4,5% wmacc., 4TO CYIIECTBEHHO CHH-
XKaeT 00BEMHYIO KOHIICHTPALUIO YHEpruu. Mukpochepsl
Q-Cel 7019k cnaGonpurogHsl [Uisi CEHCUOWITU3AINU
UCIIBITBIBAEMOHN 3MYIIBCUU.

ITo pe3ynpTaTaM NIPOBEIECHHBIX HCCIEIOBaHUM ObLIN
pa3paboTaHbl COCTaBbl U TEXHOJOTHA MOMY4EeHHs HaTpo-
HUPOBaHHOro »MynbcuoHHOro BB Vkpannut-I1-CA,
KOTOpoe 00afaeT BBHICOKUMHM NapaMeTpaMu paboToctio-
cobnoctH (teruiora B3pbiBa 3900-4300 kxK/Kr, CKOPOCTH
neronarmu 4900-5100 m/c) u MabIM KPUTUYECKUM JUa-
MerpoM (20-23 mMM). DTH mapameTpsbl MO3BOJISIOT H3TO-
TaBJIMBATh MATPOHBI JIOOOro auamerpa (oT 32 MM) s
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UCIIONB30BAaHUA, KaK IpH (OpMUPOBAHMM HITYPOBBIX
3apa70B U ApoOieHus Herabapura, Tak U B KadecTBE
IPOMEXYTOYHOTO AETOHATOPA LIITYPOBBIX M CKBa’KUHHBIX
3apa70B. IIpOMBINIIEHHBIH BBIIYCK NaTPOHUPOBAHHOIO
BB Vxkpaunut-I1C-A peanu3oBaH Ha IIPOU3BOJACTBEHHON
wromagke YAO «IIpomB3peiB» (T. 3amopoxbe, YKpau-
Ha). [logoOHble marpoHHpoBaHHble BB criocoOHBI mon-
HOCTBIO  3aMEHHMTb  TPOTWICOACp)KAIMi  AMMOHHUT
Ne 6)KB mnpu BeleHHH B3pBIBHBIX Pa0OT B TOA3EMHBIX
pYyZHHKAX YKpauHBL

BeiBonbl. HeoOxomumoe noBeiieHue paboTocrocoo-
HOCTH OBIJIO JOCTUTHYTO 33 CYET COBMECTHOTO BBEICHUS
B OSMYIbCHIO BBICOKOAKTHBHOI'O IIOpOIIKA aJIFOMHUHUSA
(yBenuueHue ¢pyracHOro IeHCTBUS), U KATAIUTUYECKH aK-
tuBHOro xyonapagpuna XI1-470 (coxpaneHnue OpU3aHTHO-
ro aetictBust). [IpeanoxeHHbI METO/ peau30BaH B IPO-
U3BOACTBE CTaOMJIBHBIX MMAaTPOHUPOBAHHBIX 3MYJIbCHOH-
HelIx BB nmamerpom ot 32 MM C BBICOKMMHU [JE€TOHa-
IIMOHHBIMU [IOKa3aTeNIIMU. Takue NaTpOHUPOBAHHBIE
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CHCTEMBI TIpe/IHA3HAYCHBI, KaK [UTS 3apsDKaHUs IITYPOB
nIpoOyieHHs Heradapura, TaKk M B KauecTBE NPOMEXY-
TOYHOI'O JETOHATOPA, M CHOCOOHBI MOJHOCTBIO 3aMEHHUTD

IITAaTHBIC

TPOTHUJIOBBIC Marepuajabl B ITOA3C€MHBIX

pyIHUKax YKpauHbl.

JUTEPATYPA

Wang Xu Guang Emulsion explosives. —
Metallurgical Industry Press, 1994. — 388 p.

Beijing:

Kynpin B.IIL., Kynpin O.B.,Puxos C.B., Capuenko M.B.
(UA); 3asBa. 23.08.2011; omy6. 10.10.2011., 6rom Nel9.

2. Komranos E.B., Cocaur  B.A.  Owmynbcuonnele 7. ®wusuka B3pbiBa: B 2 T. [mon pex. JLII. Opnenko]. — T.1 —
MIPOMBIIIICHHBIE B3pbIBYaThie BemecTBa. B 2 kH. K. 1. M.: ®usmariur, 2002. — 832 c.

Cocrasbl u cBoiictea. — J[3epxunck.: FocHUM «Kpucramn», 8. Mencassi S., Lefrancois A. Temperature and Pressure
2009. — 592 c. measurements comparison of the aluminized emulsion

3. Maropun A.C., IlaBmorenkoB B.M Bopoconepxarume explosives detonation front and product expansion / in book:
B3pbIBYATBIE  BEIIECTBA MECTHOIO  IPHUTOTOBICHHUSA. — Explosives and blasting technique/ ed. by R.Holmberg. —
ExarepunOypr: YpO PAH, 2004. — 194 c. Netherland: A.A. Balkema Publishers, 2003. — P. 207-213.

4. Pa3paboTka NaTpOHMPOBAHHOIO SMYJILCHOHHOIO B3pBIBYATO- 9. TIpOMBINUIEHHbIE XJIOPOPraHUYeCKhe MPOLyKThl. CrpaBod-
ro Bemecrsa smurpan 1125/ Ceprees A. I'., [lnsckun O. 1O., HuK /miox. pen. JILA. OmmnHa. — M.: Xumus, 1978. — 656 c.
XKamunosa 3. A., T'omuapos A. M., Bmacos O. M // 10. Kopanenko W.JI. Buusaue xmopumoB ¢eppyma(Ill) wu
Hayunbiii Becthuk MITY. —2013. — Ne 2 (35). — C. 51-56. kynpyma(Il) Ha TEPMHYECKOE pasioxKeHHe

S. FOPI/IHOB C.A. TeopeTqucKaﬂ OLCHKa JACTOHAIIMOHHBIX OHEProHACBIIICHHBIX CUCTEM Ha OCHOBEC aMMHUAaYHOI
napameTpoB ['pamsmuros // TopHEI HHpOpMaNHOHHO- cenurtpsl // ITpari OnecbKoro MoiiTeXHIYHOTO YHIBEPCUTETY.
aHanuTHdeckuii Oromterens. — 2010. — Ne8. — C. 121-130. —2013. — Bum. 3(42). — C. 233-237.

6. IlatponoBaHa emyinbciiiHa BUOYXOBa peuoBHHA «YKpaiHIT—

IT»: mat 63689 UA: MIIK C06B 21/00, C06B 31/02 /
REFERENCES

1. Guang, Wang Xu Emulsion explosives. Beijing: M.V. Packadged Emulsion Explosive “Ukrainit-P”, 2011.
Metallurgical Industry Press, 1994. Pat 63689 UA.

2. Kolganov, E.V. and Sosnin, V.A. Industrial Emulsion 7. Explosion physics: in 2 vol/ ed. L.P. Orlenko . Vol.1.
Explosives. Vol. 1, Composition and Properties. Dzerzhinsk: Moscow: Fizmatlit, 2002.

JSC “GosNII “Kristall”, 2009. 8. Mencassi, S. and Lefrancois, A. Temperature and Pressure

3. Matorin, A.S. and Pavlyutenkov, V.M.. Slurry explosives of measurements comparison of the aluminized emulsion
local maked. Ekaterinburg: UrORAN, 2004. explosives detonation front and product expansion /in book:

4. Development of emigran P25 cartridged emulsion Explosives and Blasting Technique/ ed. R.Holmberg.
explosives/ Serheev, A.H., Plyaskin, O.Yy., Zhamilova, Netherland: A.A. Balkema Publishers, 2003.

Z.A., Honcharov, AM. and Vlasov, O.M. // Scientific 9. Oshin, L.A. Industrial Chlororganic Products. Moscow:
Bulletin of MSMU. 2013, Is.2(35). P. 51-56. Khimiya, 1978

5. Gorinov, S.A. Theoretical estimation of detonation 10. Kovalenko, L.L. The influence of ferrum(Ill) and cuprum(II)
parameters explosives// Mining Informational and Analytical chlorides on thermal decomposition of ammonium nitrate
Bulletin (Sc. and Tech. J.), 2010, Is.8. P. 121-130. based energy systems/ Odes’kyi  Politekhnichnyi

6. Kuprin, V.P., Kuprin, O.V., Rukov, S.V. and Savchenko, Universitet. Pratsi, 2013, Is. 3(42). P.233-237.

Increasing efficiency of packaged emulsion energycondensed systems
Kovalenko I., Kiyaschenko D., Onopriyenko Y.

Abstract. The method of increasing the efficiency parameters of packaged emulsion energy condensed systems, is given. The result
was obtained by co-inclusion in the emulsion system of active aluminum powder and liquid chlorinated paraffin CP-470. It was
shown that inclusion ANFO in the packaged emulsion explosives is not expediently. The results of comparative blasting tests of
explosive emulsion with different microspheres, are given. The research results are implemented in the technology production of
emulsion cartridges diameter by 32 mm with high efficiency parameters (explosion energy and velocity of detonation).

Keywords: emulsion, energycondensed systems, aluminium, chloroparaffin.

IoBbIIeHHE PaGOTOCTIOCOGHOCTH MATPOHHPOBAHHBIX YMYJIbCHOHHBIX JHEPTOKOH/IEHCHPOBAHHBIX CHCTEM
. JI. KoBanenko, /I. B. Kusimenko, E. II. Ononpunenko
Annoramms. [IpuseneH croco0d MOBBILICHHS pabOTOCIIOCOOHOCTH MAaTPOHUPOBAHHBIX AMYJIBCHOHHBIX JHEPrOKOHIESHCUPOBAHHBIX
CHCTEM 3a CYET COBMECTHOT'O BBEJCHUS B SMYJILCUIO aKTHBHOT'O ITOPOIIKA AFOMHUHMS U xkuakoro xiuonapaduna XI1-470. [Tokazana
HenenecoobpaszHocTs BBeneHuss AH®O B cocTaB maTpoHHPOBaHHBIX 3MYJIbCHOHHBIX BB. [IpuBeneHs! pe3yabTaThl CpaBHUTEIBHBIX
UCIIBITAaHUI OpPU3aHTHOCTH SMYIBCHOHHBIX BB ¢ pasmimuneiMu Mukpocdepamu. PesynbraTbl HcciemoBaHHN peani30BaHbl B
TEXHOJIOTMH TPOU3BOJICTBA AMYJIBCHOHHBIX IATPOHOB JHaMETpOM OT 32 MM C BBICOKAUMH IapaMeTpaMH paboTOCIOCOOHOCTH
(TeruioTa B3phIBa M CKOPOCTH JIETOHALINH).

Knrouesvie cnosa: smynvcus,snepeokondencupogantivie CUcmembl, ArlOMUHULL, X10pnapagum.
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FOOD INDUSTRY

The use of red currants squash in the soft cheese technology
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Abstract. The article discusses the use of red currants squash in the soft-ripened cheese technology as coagulum and a source of
biologically active substances. It was examined the organoleptic properties and soft cheese yield depending on the type of coagulant,
temperature and duration of coagulation. It was established that the best option is to normalize milk coagulation with a mixture of
whey from the sour-milk cheese and with red currants squash in a ratio of 1 : 1 at 95°C for 7 min.

Keywords: technology, thermal coagulation, cheese, red currant, cheese yield, temperature.

Introduction. Cheeses, the most common protein milk
products as they contain protein concentrate and milk fat,
are well consumed by human beings and have a high
energy value.

Cheese-making industry is one of the fastest growing
consumer segments with sustained growth in production
and consumption. Nowadays the cheese market of Ukrai-
ne is presented with the following main groups: rennet
cheese and melted cheese. The basis of the range consists
of solid rennet cheese, the production of which is mainly
used, casein and soluble proteins remain in the serum.

It should be noted that whey proteins are the most
biologically valuable part of the milk proteins containing
deficient amino acids lysine, tryptophan, methionine,
threonine and cysteine. Thus, their use for food purposes
is of great practical importance.

As relevant as ever is the production of soft cheese,
based on technology which is thermal milk coagulation,
meaning a common effect of high temperatures and
coagulants on virtually all dairy proteins. Thermal coagu-
lation of milk proteins helps to reduce process cycle and
increase production, increase food and biological value of
the product, reducing the cost of the product [1, 2, 3].

Coagulants use food acids — acetic, lactic, citric acid as
well as acid cheese whey with 140°T of acidity and more.
The use of food acids as coagulants has several advan-
tages over acid whey because of the possibility to easily
adjust the concentration and amount [4, 5, 6, 7, 8, 9].

Many organic acids have fruit plants: grape, quince,
pear, gooseberry, cranberry, blackberry, plum, cherry,
raspberry, apricot, apple, red currants cranberry. The
malic, citric, tartaric, salicylic and oxalic acids dominate
in most of fruit. Organic acids have a wide range of
pharmacological properties and biological effects on the
human body. They are involved in metabolism which is
the link between metabolism of carbohydrates, proteins
and fats, maintain the acid-base balance and stimulate the
secretory activity of the salivary glands. Besides, they
increase the secretion of bile, gastric and pancreatic
juices, providing antibacterial activity [10, 11].

Red currant has been considered healthy for a long
time. It contains true mineral complex of natural vitamins.
There are antioxidants in large numbers with the help of
which the body fights against cancer cells and the aging
process. In addition, red currant is rich of retinol,
tocopherol, beta-carotene, vitamin B, folic and panto-
thenic acid, riboflavin, thiamine, pyridoxine. Besides, red
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currant contains iodine and iron, a large amount of
sodium, phosphorus, magnesium and potassium.

The berries of red currants contain coumarin which
helps to reduce the risk of blood clots, heart attack and
stroke. Truth be told, this component makes red currant so
important for people. The red currant berries are rich in
organic acids: succinic, malic, citric, pectins, thanks to
which they have strong antiradar effect [12, 13, 14].

Objective. The aim of our research was to determine
the dependence of soft cheese yield of high biological
value on the duration and temperature of coagulation
using as coagulant red currants squash.

Materials and methods. Experimental studies were
conducted in the laboratory department of technology of
milk and milk products Lviv National University of
Veterinary Medicine and Biotechnologies named after
S. Gzhytsky;j.

For the coagulation of milk proteins were used:

* red currants squash (option 1);

* a mixture of whey from the sour cheese and squash of
red currants in a ratio of 1 : 1 (option 2);

* a mixture of whey from the sour cheese and squash of
red currants in a ratio of 1 : 2 (option 3).

The amount of used coagulants was 5%.

Results and discussion. Studies have shown that using
a mixture of whey from the sour cheese and squash of red
currants in a ratio of 1 : 2 and only a red currants squash
has not given good results: a bunch got loose and too soft.
There was the smallest cheese yield — 7.8% for Option 1
and 8.6% for Option 3. This can be explained by the fact
that there was not enough acidity coagulant to precipitate
the milk proteins.

The highest cheese yield was obtained with the use of
the following coagulants: mixtures of whey from the sour
cheese and squash of red currants in a ratio of 1 : 1,
namely 14.1%.

We know that structurally mechanical properties and
milk-protein clots largely depend on the milk thermal
conditioning. Therefore, rational selection of temperature
conditions will enhance the decrease of the deposition of
separate protein fractions. In view of this fact, there was
conducted a series of experiments during which there was
determined the dependence of the cheese yield on
temperature. Thus, coagulation of proteins was carried out
within a temperature of 75°C to 100°C with intervals of
5°C. The heating duration was 10 minutes.
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The research results are presented in table. 1. The
table. 1 shows that the highest yield of all selected coagu-
lants was observed at 95°C, that corresponds to the
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traditional technological production of soft cheese. It may
be explained because of the fact that it is observed

Table 1. The cheese yield under the different coagulation temperature

Coagulation Cheese yield, %
temperature, °C Option 1 Option 2 Option 3
75 6,5 12,2 7,0
80 6,8 12,8 7,4
85 7,0 134 7,7
90 7,4 13,7 8,2
95 7,8 14,1 8,6
100 7,3 13,8 8,2
maximum coagulation of milk proteins at this high temperatures.

temperature, and consistency becomes dense, homo-
geneous and plastic.

Under 85°C the clot looked flabby, fine, but protein
partially coagulated and much of it went out with serum,
resulting in cheese yield decrease.

At the same time, increasing the temperature above
95 °C helped to reduce product yield, and the consistency
of clot became too thick, had the lowest capacity and,
therefore, lower humidity due to prolonged exposure to
the protein globules of lactic acid under the influence of

The duration of coagulation of milk proteins is an
important factor in the production of soft cheese. Prolong
exposure enhances the coagulation and increases output
of product. Thus, we should investigate the dependence of
cheese yield on the duration of coagulation.

The proteins coagulation was performed at 95°C. The hea-
ting duration was 3 to 15 minutes with 4 min for intervals.

In table 2.there is shown the dependence of the cheese
yield on the duration of coagulation.

Table 2. The cheese yield within the different period of coagulation

The period of Cheese yield, %
coagulation Option 1 Option 2 Option 3
3 7,4 13,6 8,2
7 7,8 14,1 8,6
11 7,3 13,9 83
15 7,0 13,3 7,8

The table. 2 shows that the highest yield was obtained
by heating the mixture for 7 minutes. It may be stated that
less than 7 minutes of coagulation is not enough to form a
thick plastic clot and receive the lowest yield of the
product. If there is an increase in the period of heating up
to 15 minutes, the clot will be too dense and dry.

Conclusions. Having analyzed the results of the
research, it may be asserted that the use of red currants
squash in the technology of soft cheese production
combined with whey as coagulant in the ratio of 1 : 1 is
appropriate because it allows to get high cheese yield with
functional properties.
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Hcnonab3oBanue mope KPacHOiCMOPOANHBI B TEXHOJOTHU MSATKHX CHIPOB

10. P. I'auak, H. b. CiauBka, O. P. Muxaiismukasi, B. A. Harosckast

AHHoTamms. B cratbe paccMoTpeHa BO3MOXKHOCTH HCIOJIB30BaHHs MIOPE KPACHOW CMOPOIUHBI B TEXHOJIOIMH TEPMOKHCIOTHBIX
CBHIPOB KaK KOArylisHTa U MCTOYHHK OMONOrMYEeCKH aKTHUBHBIX BeIIECTB. VcclienoBaHbI OpraHONENTHYSCKUE TOKA3aTeldn U BBIXOJ
TEPMOKHUCIIOTHBIX CHIPOB B 3aBUCHMOCTH OT BHJa KOATyJISIHTa, TEMIIEPATyphbl U IPOAODKUTEIHOCTH KOAryJISLHK. Y CTAHOBIICHO, YTO
ONTHMAIIBHBIM SIBIISICTCSI KOATYIISIMS MOJIOKA HOPMAaJM30BaHHOTO CMEChIO CBIBOPOTKM H3-MIOJ TBOPOra M IMIOPE U3 CMOPOIMHBI
KpacHO# B cooTHowmeHuu 1:1 mpu Temneparype 95 © C B TeueHre 7 MHH.

Knrouegwie cnosa: mexnonozus, mepmoKUCIOMHAS KOACYIAYUS, CbIP, KPACHASL CMOPOOUHA, BbIXOO Cblpd, MeMnepamypa.
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AHortauis. IIpoBeseHO HOCIIUKEHHA BIUIMBY 0i07100aBOK Ha DPEOJIOTiIYHI BJIACTMBOCTI NPSHUYHOrO TicTa 1 HOro CTPYKTYypHi
XapaKTepUCTUKH. BU3HAUCHO 3HIKEHHS IUIACTUYHOI Ta 301IbIIEHHS NPYXHOI nedopmartii. BcraHoBIICHO, 1110 CITiBBIIHOIICHHS MDK
NPY)KHUMH 1 IUIACTUYHUMU KOMIIOHEHTaMM Jedopmanii He 30epiraerbcs MOCTIHHMM, 1 B TicTi BigOyBaeThcs HpoLEC pelakcamii
HaIpyKeHb. AHali3 OTPMMAHKX JaHUX [I0Ka3aB, 0 e(EKTHBHA B'I3KICTh 3MEHIIYETCS NP 301IBIICHH] IBUKOCTI 3CYBY, IPUUOMY
HaWHOLIBII IHTEHCHBHO B JIOCHIHUX 3pa3Kax 3 J10laBaHHAM 0107100aBOK.

Knrouogi cnosa: oepopmayis, penaxcayis, 8 ’s3xicmo, nanpyea 3cy8y, memnepamypa, 80102iCib.

Beryn. 3 ¢izuko-ximMiuHOT TOYKM 30py TicTo s Oo-
POLIHSHHUX KOHIUTEPCHKUX BUPOOIB MOXKHA BiTHECTH 0
CTPYKTYPOBaHMM MacaM. 3MIHIOIOYM CITiBBIJHOIICHHS
CHPOBUHH 1 TIapaMeTPH TEXHOJOTIYHOrO IMPOIECY, OTPHU-
MYIOTh TIiCTO 3 PI3HHMMH BIJIACTUBOCTSIMH 1 CTPYKTYpPOIO.
OpHak BKIIOYEHHS B PELENTYpPY HOBUX KOMIIOHEHTIB
MIPU3BOJUTH, SK NPAaBHIIO, O 3MiHH PEOJIOTIUYHHX BIac-
TUBOCTEH TicTa 1 BUMarae KOPEKTYBaHHS IapameTpiB
TEXHOJIOTIYHOTO Tporiecy [1].

[psiHUYHE TICTO BITHOCUTHCS 1O CKJIAMHUX Oararo-
KOMITOHCHTHHMX JTUCIIEPCHUX CHUCTeM. Y TIporieci BUPOO-
HHLTBA TIPSHUKIB HEPIAKO BiIOYBaeTbcsl pYHHYBaHHs
JICTICPCHOI CUCTEMH TICTa, B PE3YJBTATi YOTO BJIACTHBOCTI
BUIIEUEHOTO HarliB(adpukary i MPUrOTOBIEHOTO 3 HBHOI'O
NpSIHAKA 3a3HAIOTh 3HAa4yHI 3MiHW. LI 3MiHM BUSBISIOTH
ICTOTHUI BIUIMB HA IPOLECH, EHEPreTUYHI BTpaTy i iHII
TIOKa3HUKH POoOOTH ycTaTKyBaHHs. [Ipu 1boMy peosoriyni
BJIACTHUBOCTI TICTa 3aJIS)KaTh HE TUTLKU BiJ 3MIHH IpajIieHTa
LIBUJIKOCTI, ane ¥ Bix Temmeparypu. [lpu TexHOmoriuHin
00pOoOIIi TiCTO ITiIA€THCSI BILIMBY 30BHIIIHIX HABAHTa)KEHb,
110 BUKITUKAIOTH Horo Jedopmalliro, BHACIIIOK SIKOI B TICTi
BUHUKAE BHYTPIlIHS Harpyra. [ BHOOpY TEXHOJIOTIYHMX
POKUMIB BUPOOHHITBA ¥ YIOCKOHAJIEHHS TEXHOJIOTIYHOTO
oONajiHaHHS Ba)KJIMBO 3HATH 3aKOHOMIPHI 3MiHH Peojo-
TYHUX BIACTUBOCTEH TicTa [4].

VY mpansix 6araTb0X BITYM3HSHHX 1 3aKOPAOHHUX JIOC-
JIJHUKIB BiJ3HAYa€ThCs BIUIMB HIOHOT€HHUX €MYJIbra-
TOpIB Ha 3MiHY CTPYKTYpPHO-MEXaHIYHHX BJIACTHBOCTEW
TICTOBHX Mac 1 TOTOBHX KOHAWTEpPCHKHX BUpoOiB. Ha
OCHOBI TPOBENIEHUX JOCHTIPKEHb PO3POOJIEHO KOMITO3H-
LifiHI CyMilll CTPYKTypHO-MEXaHIYHHX BJIACTUBOCTEH
eMYJIBCI Ta TICTOBUX Mac MPHU BHUPOOHHUIITBI OOpOIIHS-
HUX KOHJIUTEPCHKUX BUPOOIB.

VY npaxkTuKy Cy4acHOro NpSIHUYHOTO BUPOOHMIITBA ITPH
3aMici # 00poOJIeHHI yce OinbIIl BIPOBAPKYIOTHCS Pi3HI
Ccroco0M MEXaHIYHHMX BIUTHBIB Ha TicTo. Li BIUIMBU TO-
BUHHI OYTH NPaBHIBHO PO3MOAIJEH] B TIiCTi IO IMIBUAKOCTI
nedopmariiii i Temneparypi, mo0, Harpukian, Biagopmo-
BaHI 3aroTOBKM 30epirajii CBOIW BHXIAHY (opmy mpo-
TSATOM YCHOT'O MpoIecy (OpPMYBaHHSL.

Meta. JlochikeHHs 3aJeKHOCTEW DPEOJOriYyHUX Xa-
PaKTEPUCTUK MPSIHUYHOTO TicTa (IUIACTUYHHX 1 MPYKHUX
nedopmMalriiif, Hapyry 3CyBY W B’SI3KOCTI) BiJl IBUAKOCTI
nedopmariii npu pi3HUX 3HAYEHHSIX TEMIIEPATyp.

Marepianu i metogu. Ilpenmer mocmimkeHHs — Ke-
POBUI LIPOT, KYH)XyTHE OOPOIIHO, (hiTOMOPOIIOK 3 KO-
PiHHS Tipyaka 3MiiHOTO.

Jlis BU3HAaueHHs aJre3iiHUX BIACTHBOCTEH, NPYKHUX
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1 IIacTHYHUX aedopMalliii, HampyXeHb 3CYBy 1 dacy
penakcariii BukopucToByBayd mpwian CTpyKTypomerp.
JocmimKkeHHsT 3MiHM B’SI3KOCTI NPSIHUYHOI'O TICTa IPH
pi3Hiii Boyorocrti i TemmepaTypi BiJ IIBHUIKOCTI 3CYBY
MIPOBOJIMIIM HAa BAaHTQ)KHOMY KaIlJIIPHOMY BiCKO3UMETPi —
BIPT Tomy, 1o miama3oH IIBHIKOCTEH 3CyBY, sKi pea-
JI3YIOTbCS B JaHOMY TPWIALi, CHIBIANa€ 3 TUM Jiama-
30HOM IIBUJIKOCTEH, SIKUI peaizyeTbest npu (OpMyBaHHI
HaniB(haOpuKaTiB METOIOM eKCTpy3ii [3].

PesynbTraTi gocigxeHnb Ta ix 00roBopeHHs.

[IpsiHMYHE TICTO Ma€ MyXKy i pa3oM 3 TUM B’SI3KY
KOHCHUCTEHIIII0 32 PaXxyHOK 3HAYHOTO BMICTY IIYKpY B
peuentypi, sikuii oOMexye HaOyXaHHs KJICHKOBHHHU 00-
pomHa. B Xxomi mocmimkeHHs Hamu Oylla BUBYEHA
MOXIIUBICTh 3HW)KEHHS KiJIBKOCTI OOpOIIHa B penentypi
NPSHUKIB 32 PaxyHOK BBEJNCHHS KEIPOBOTO WIPOTY,
KyHXXyTHOro OopomHa i Tipuaka 3miiHoro. Kenposwit
HIpOT B TpPSHUKOBUIM HamiB)aOpHKaT BBOAWIN B
KisbKkocTi 12-16%; KyH)XyTHE OOpOLIHO B TNPSTHUKOBHH
HamiBdaOpukar BBoawIM B Kijgbkocti 10-14%; ditoro-
POLIOK 3 KOpiHHS Tip4yaka 3MITHOrO B NPSHUKOBHH
HamiB(aOpuKaT BBOAWIN B KUTbKOCTI 6-10%.

[IpsiHUYHE TICTO BIAHOCHUTHCS IO KaTeropil MpY:KHO-
B’SI3KO-TUTACTUYHHX TLL, JJISI IKUX XapaKTepHE MOETHAHHS
MPYXKHOI 1 IIACTUYHOI AedopMariii.

Pe3ysnbpraTi JOCHIDKEHHS TPYXKHHX 1 IUIACTUYHHX
nedopMariiif IPSHUYHOTO TiCTa JJIS CEPIIEBUX MPSHUKIB
Npe/ICTaBiIeH] Ha AiarpaMax (puc. 1-2).

Sk BHAHO 3 Aiarpamu, NpH BHECeHHI 0i0m00aBOK B
TIiCTO BiJOYBAa€THCS 3HIKEHHS TUTACTHYHOI Ta 301IBIIICHHS
npyxHoi nmedopmarii. [Toganeine 30iIbIICHHS KOHIICHT-
parii 0i0J00aBOK MPU3BOAMUTEL IO 301IbIICHHS IUIACTHY-
HHUX BJIACTUBOCTEH 1 3MeHIIeHHs npyxHux. Lli nmponecu
TIOSICHIOIOTBCS.  OCOOJIMBOCTSIMHM  XIMIYHOTO CKIIQay BHe-
CeHUX J00aBOK, SIKHU € Jy)Ke€ BaKJIUBUM (AKTOPOM, IO
BIUIMBAE Ha CIIIBBIJHOUICHHS B TICTI NPYXHUX 1 IUTac-
TUYHUX KOMIIOHEHTIB JeopMaliii.

BHeceni 6i01100aBKM MalOTh B CBOEMY CKJIaJi BEJTHKHI
BMICT OUIKOBHX PEUOBMH 1 KIIITKOBHHH, SIKI MalOTh BH-
COKy azacopOyiody Ta BOJOYTPUMYIOUY 3IaTHICTh, IO
TaKOX CIPUSIOTH MiIBUIIEHHIO TUIACTUYHOCTI 1 €nacTuy-
HOCTI TicTa.

CriBBiJHONIEHHS MK TPYKHUMH 1 IUTAaCTUYHUMH
KOMIIOHCHTaMH JiepopmMallii He 30epiraeThes MOCTIHHUM, 1
B TICTi B1IOYBA€ETHCS MPOILIEC pellaKcallii HAlIPYKEHb.

ToMmy mnpu AOCHi/KEHHI PEOJOTiYHUX BIACTUBOCTEH
Xap4oBHUX TMPOAYKTIB KpIM IUIACTUYHHX 1 TPYKHHX
BJIACTHBOCTEH HEOOXiJHO BU3HAYATU TAKUI ITOKA3HUK SIK

©)|N. Yaroshenko 2016
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TpHUBaNicTh peiakcamii (abo WIBHAKICTH peaKcarlii)
BHYTPIIIHBOI HANIPYTH, CTBOPEHUX B 3MiHECHOMY 3pa3Ky 3a
YMOBH IIOCTIHHOI BennunmHu naepopmanii. Pemakcaris —
MpOLIEC 3HIKEHHS 1 BUPIBHIOBAHHS BHYTPILIHIX HaIpy-
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’KEHb BHACIIJIOK MEPEXO0y MPYXKHOI YacTUHH AedopMmariii
B miactuyny. lle Mae myxe Bemuke 3HauYeHHs mpU (Gop-
MYBaHHI OPSTHUYHOTO TicTa [5].

KonTtposns i
KeIpOBUH HIPOT

KonTtpons i

KyH)KYTHE
OOpOIIHO

KonTtpons i
ripuak 3miiHui

Puc. 1. 3anexHicTh IIacTUYHKX AedopMaiii Big BMicTy 610100aBOK

KonTtpons i

KepoBHil mpor  OHTPOTb i }
KYH)XKYTHE Kontpois i
6OpOIIIHO ripyak 3MiiHUH

Puc. 2. 3anexHicTs npyxHUX JedopMariii Bix BMicTy 6i0100aBOK

Omxe, NpeICTaBILUIO IHTEPEC BUBYUTH BIUIMB PI3HHUX
0i07100aBOK Ha pesiaKcalliiiHi IPOIecy B IPSIHIYHOMY TICTi.

BiamoBimHO 70 CydacHHX YsIBJIEHb, IiJl pelaKcalli€ero
PO3yMIIOThH HPOLIEC TOCTYIIOBOI'O PO3CIFOBAHHS 3aIlaCeHOl
B TiJII €HEeprii MPYXHOI0 Ae(opMalli€elo NUIIXOM MEPEXoay
ii B Tero. B pe3ynbTari penakcamii Hampyra 3HHUKY-
101bcs. Ilpy oMy BinOyBaeTbcsA 3HIDKEHHSA IPYKHHX
BJIACTUBOCTEH 1 oOjfHOuYacHe 3OLTbIIEHHS IUIACTUYHUX
BJIACTUBOCTEH TicTa.

Yac penakcarii Z0oCiigHAX 3pa3KiB HPSHAYHOTO TicTa
IIpY BHECEHHI 0107100aBOK 3MEHITYETHCS 31 301IbIICHHAM
ix nosyeanHs. lle, 0OyMoOBIeHO TUM, IO 0i0M00aBKH B
CBOEMY CKJIaJi MICTATh 3HAYHY KUTBKICTh KIIITKOBHHHU 1
HEPO3YMHHHUX y BOJI OUIKIB, SIKi CIPUSIOTH 3HIKEHHIO
B's3KkocTi 1 emactuuHocTi Ticta. Illo, B cBol uyepry,
JI03BOJIsIE Kpamie 30epiraté opMy TiCTOBUX 3aroTOBOK i
HE PO3IUIMBATHUCS MPU BHITIYIIi.

ITpn npuroTyBaHHi NpSAHUYHOTO TiCTa BEIHMKE 3HAYECH-
HS Ma€ HOro KOHCHUCTEHIIS, sIka 00YMOBJIIOE HOr0 sIKiCHI
Ta TEXHOJIOT1YHI NOKa3HUKY, a TaKOXX MOBEIIHKY B IIPO-
necax aedopmarii. OJHI€IO 3 MEXaHIYHUX XapaKTEPUCTUK
TicTa, II0 BU3HAYAIOTh HOTO KOHCHCTEHIIIO, € B'S3KICTb,
IO 3QJICKUTHh BiJl NPUPOAU 1 XIMIYHOTO CKIagy pe-
LEeNTYypHUX KOMIOHEHTiB. Tomy Oynu mpoBezeHi qociia-
JKCHHS BIUTUBY 010100aBOK Ha B’SA3KICTh TicTa JUIs
NPSIHUKIB. Pe3ynbTaTi JOCHIKEHHS BILUIMBY OMOI00aBOK
Ha IUTACTHYHY B'A3KICTh MPSHUYHOTrO TicTa (puc. 3).
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3 HaBeAGHUWX JiarpaM BUIHO, IO BBEACHHS, B IIps-
HUYHE TicTO 010700aBOK, 3HMKYETHCS CTYIIIHb CTPYKTY-
POYTBOpEHHS B JOCTIJHUX 3paskax IO IOPIBHIHO 3
KOHTPOJIBHHM, IO JO3BOJISIE PEKOMEHIyBaTH 01000aBKI
JULSL PEryITFOBaHHSI TEXHOJIOTIYHOTO MPOLIECY.

IIlo6 BCTaHOBHUTH ONTHMAJbHI MapaMeTpH IpOLECY,
TICTO 3aMilllyBany pi3HOK BoJOTicTIO (22-26%), mpH
pizHoi Temnepatypi (22-30°C) i Tpusanocti 3amicy (3-13
xB.). Ilpy 11bOMy BHU3HAYaJ M MaKCUMalbHE HAIPYXKECHHSI
3CYBY, L0 XapaKTepU3ye IUIACTUYHY MIlHICTh TicTa, TOO-
TO HOTr0 KOHCHCTEHILIO.

BcraHOBNIEHO, IO MaKCHMalbHE HANPYKEHHS 3CYBY
TiCTa 3aJISKUTH BiJl BUIYy BHeceHOi n100aBku. [Ipu onHiil i
Til kK€ BOJOTOCTI 1 TeMmeparypi TICTO Ui INpPSHUKIB 3
KEIPOBUM IIPOTOM MAIOTh MEHINE 3HAUCHHS HANPYTH
3CYBY, HIXK TICTO 3 KyHXXyTHHM OopomHoM. HaiiGinbiie
3HAaYEHHsI TPAHUYHOI HATIPYTH 3CYBY BiJJ3HAUEHO Yy TICTi 3
ripyakoM 3MilHMM, W10 HaiiMOBipHille MOB’SI3aHO 3
PEUOBHHAMY, IO BOJOAIIOTH IPUPOIHHMH EMYJIbI'YIO-
YUMU BIACTHBOCTSIMH.

Ticro, mpuroroBieHe 3 BHECEHHsM 0i000aBOK, Mae
JI0OpY KOHCHCTEHIIO IpU OLIBII BUCOKIH ioro Bojoroc-
Ti. OTpUMaHe TiCTO IUIACTUYHE, 100pe (OPMYETHCS, MO
00yMOBJIEHO OiJIbII IOBHUM PO3YMHEHHSM LYKPY.

Sk BugHO 3 miarpamu (puc. 4-5) MpsHUYHE TICTO OT-
puMaHe 3 BosoricTio Buie 19%, mae o0TiuHy Qopmy i
HEBEJIMKHH ITiHOM.
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KonTtposns i
KeIpOBUH HIPOT

KonTtpons i

KyH)KYTHE
OOpOIIHO

Kontpons i
ripuak 3miiHui

Puc. 3. Bruus 6i0106aBOK Ha IJIACTHYHY B’ S3KiCTh IPSIHUYHOTO TiCTa

3 miJBMINEHHAM BOJOrocTi Ticra mo 24% iioro rpa-
HUYHE HaNpPYKEHHS 3CYBY 3HIDKYBAJIOCH, a SAKICTh IIpS-
HUYHOro TicTa mojinmryBanocsi. [lonanpiie 301bIIESHHS
BOJIOTOCTI TiCTa MPU3BOAWIO 1O Horo 3aiiBoro pospia-
’KEHHIO0, BUPOOH 3 HHOI'0 BUXOAWIN PO3IUIUBUATOi hopMu
3 HU3bKUM THifoMoM. BomoricTs TicTa Hukue 22% npu-
BOJIWJIA JI0 3HWKEHHS AKOCTI MPSHUKIB.

[lpu migBUIEHHI TeMIlepaTypu CEpLEBOro TicTa A0
22°C #ioro rpaHuYHa Hampyra 3CyBY 3HIDKYETBCS, MpH-
YOMY Ha#OlIbIe 3HIDKEHHS BiJ3HAYA€ThCSA B TICTI 3
JIofaBaHHAM Tipuaka 3MiiHoro. [lomanbine mifBUIIEHHS
TeMIIepaTypH NPU3BOAUTH A0 3aTATYBAHHIO TiCTa, PO L0
TOBOPHTH MiJIBUIIEHHS HOro IUIACTHYHOI MIIHOCTI, IO
IPUBOJUTH 10 OTPUMAHHSA IPSHUKIB CTATHYTOI (HOPMH.
ITpu temneparypi Ticra Hmwxue 20°C BOHO Ma€e BEIHKY
BEJIMYMHY TPAaHUYHOI HAIPYTH 3CYBY, a SAKICTb T'OTOBHX
BUPOOIB 3 HHOI'O 3HAYHO TipIIIe.

TaxuMm 4MHOM, OTPUMAHHA TOTOBHX BHPOOIB BHCOKOI
AKOCTI 3a0€3IeUyeThCSl IPH BOJIOTOCTI CHPLEBOTO IIpS-

HHUYHOTO TicTa 23-24% i Temmneparypi 22-24°C.

3HalOUM NPO XapakTep 3MiHM HPYKHO-IUIACTHYHHX
nehopMariii IPsIHUYHOTO TiCTa MOXKHA BH3HAYMTH HOTO
HOBEIIHKY B XOJi TEXHOJOTIYHOIO IpOLECy IpPHUIOTY-
BaHHS, Ha crajii oOpoOyeHHs 1 (OPMYBaHHS TiCTOBHX
3ar0TOBOK.

B nmaHOMy BHIIQKy IUIACTHYHICTH XapaKTEpU3YeE 37at-
HICTB CEpILIEBOro MPSHUYHOTO TicTa A0 (GOpMyBaHHS, TOOTO
JO OTPUMAHHS OKPEMHX TICTOBHX 3arOTOBOK 3aIaHOT0
po3Mipy 0e3 YIIKOIDKEHb 1 pO3PHUBIB, PYKHICTh BKa3ye Ha
3[ATHICTh BiA(QOpPMOBAaHMX TICTOBHX 3aroTOBOK 30epiraTu
HajaHy ¢opmy. TpuBamicT 3amicy Ticta Oyzae 3ajexaTv
Bii (aKTOpiB BHM3HAYAIBHMX TNPOTIKAHHS  KOJOITHUX
TIPOIIECIB B TIiCTi, HOrO ()i3MYHHUX BIIACTHBOCTEH.

Jlist yTBOpEHHSI MJIACTHYHOIO TicTa 3 0OMEXEHO Ha0-
psakiuME OikaMy OOpOIIHA TPHUBANICTh NMOBHHHA OYTH
JIOCTaTHBOIO JUIsi ()OPMYBaHHS OAHOPIMHOrO Ticta. Yum
OisbIie Maca BUTBHOT BOJM B TICTi, THM 3a 1HIIMX PiBHUX
YMOB KOpOTIII€ TPHUBAJIICTh 3aMiCy.

300,00
250,00
200,00
150,00

100,00
50,00
0,00
22,00

23,00 24,00

25,00
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Puc. 4. 3anexHicTh TPaHUYHOTO HAIIPY)KEHHS 3CYBY IPSHUYHOTO TiCTa BiJ{ HOrO BOJIOTOCTI

AwHani3 JociikeHb 10Ka3aB, M0 HPYKHO-IUIACTUYHI
nedopmarii MpsSHUYHOTO TicTa, 3 BBEAEHHS 010100aBOK
CKOpOYYy€e HpOoleC YTBOPEHHS IUIACTUYHHUX BIACTUBOCTEH
ticra 3 10 1o 6 xBunuH. CHJIBHE CTPYKTYPYBaHHS IIPO-
mIapkiB pifkoi ¢a3u Ha MOBEpXHI OOpOIIHA BHKIHKAE
MOYaTKOBE 3MIIHEHHS! CTPYKTypHu Ticta. [Ipu BHeceHHi
010100aBOK EKCTPEMYM 3HWXKYETHCS, MIIHICTh TicTa
3MEHIIYETHCA.

Buecenns 610100aBOK cripusie pyHHYBaHHIO OCOOJIUBOT
CTPYKTYpH TPaHMYHUX WIAPIB DPiJUHU, MOCIAOIIOE MiXK-
MOJIKYJISIpHI BOJHEB1 3B'SI3KW, BIAIIOBIJaNbHI 4epes3
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JanbHOAIIO0 CTPYKTypHuX cui. lllo B cBowo yepry
BHKJTUKAE TX ocmadieHHs [2].

VY mpoueci ¢opmMyBaHHS TUpPSHUYHE TICTO ITOCTIHHO
3HaXOAUTHCA B CTaHI PyXy, SIK€ CYNPOBOMXKYETbCS HOro
nedopmartieto. J{is Toro mo0 BUKIMKATH TEUEIO TicTa MO
KaHasaX (OpMyrOYMX MaIlMH i3 3aJaHOI0 IIBHUIKICTIO,
HEOOXiTHO MPUKIACTH JO HHOTO TEBHI 3YCHILIS, SKi
OynyTh 3ajexard Bix B’si3kocTi Ticra. [IpstHUYHE TicTO
Ma€ aHOMaJIbHY B'SI3KICTb, TOOTO BEJIMYMHA B’A3KOCTI
3MIHIOETHCS TIPU 3MiHI IIBUIKOCTI 3CYBY.



Science and Education a New Dimension. Natural and Technical Sciences, 1V(10), Issue: 91, 2016 www.seanewdim.com

350,00
300,00
250,00
200,00
150,00
100,00
50,00
0,00

22,00
’ 23,00
24,00 25.00

26,00

= KoHTpONIB
B [ipuak 3MitHUH
Kenposuii mpor

B KyHXyTHHH HIpOT

30,00

Puc. 5. 3anexHicTb 'PaHMYHOTO HAIPYXKEHHS 3CYBY NPSIHUYHOIO TiCTa BiJl HOro TemIieparypu

BucHoBkm. Sk mokasanu JOCTIIKEHHS, PEOJOTIUHI
XapaKTepPUCTUKH TPSIHUYHOI'O TiCTa 3ajexarh Bin Oara-
THOX MapaMeTpiB i, B TIEPIIY Yepry, BiJ IIBUAKOCTI 3CYyBY,
TEMIIEPaTypH 1 BOJIOTOCTI.

AHani3 OoTpuMaHMX JaHHX [OKa3aB, MO0 edexkTHBHa
B'SI3KICTh 3MEHIIYETHCS MPU 30UIBIIEHH] MIBUAKOCTI 3CY-
BY, IIPUYOMY HaHOIIbII IHTEHCUBHO B JOCIIIHUX 3pa3Kax
3 momaBaHHAM OiomoOaBok. Ile moB’s3aHO 3 THM, IO
30UIBLIEHHS AIIOYMX HAIMpPYr 1 BIANIOBIJHWUX TPaji€HTIB

IIBUAKOCTI AedopMallii MOCTYIIOBO PYHHYE CTPYKTYPY
TicTa. 3MEHIIEHHS B’S3KOCTI NPSHUYHOTO TicTa B pe-
3yabTaTi peKOMOIHAIIl CTPYKTYypH micns ii pyHHYBaHHS
MOXE IPUBECTH JIO0 3HIKEHHS O00CsATy 1 30UIbIIeHHS
LIUTBHOCTI TOTOBUX BUPOOIB. Peororiuni XxapakTepucTuku
JAl0Th 3Mory (opMaii3yBaTH 0araTo TEXHOJIOTIYHUX
orepaniif i onTUMi3yBaTu iXHE MPOTIKaHHS, a TAKOXK OIli-
HUTH B KOMILICKCI CTPYKTYPY BUPOOIB.
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The rheological characteristics of gingerbread dough bioadditives

Yaroshenko N.

Abstract. The influence of dietary supplements on rheological properties dough and gingerbread its structural characteristics.
Determined reduce plastic and elastic deformation increase. It is established that the ratio between elastic and plastic deformations of
the components is not stored permanently, and in the test is the process of relaxation of tensions. Analysis of the data showed that the
effective viscosity decreases with increasing shear rate, with the most intense in the experimental samples with the addition of
supplements. As shown by studies the rheological properties of dough gingerbread depends on many parameters and, above all, on
shear rate, temperature and humidity.

Keywords: deformation, relaxation, viscosity, shear stress, temperature, humidity.

Peosnornyeckne xapakTepuCTHKH NPSTHAYHOIO TecTa ¢ 6iogodaBraMn
H. IO. fpomenko
Annortanust. IIpoBeneHo Uccie[oBaHUe BIMSHUS OHON00aBOK HA PEONIOIMYSCKHE CBOMCTBA MPSHUYHOIO TECTa U €ro CTPYKTYPHBIS
xapakTepucTuku. ONpenesieH0 CHIKEHHE IUIACTUYECKOM M yBENMYEHHUs yIpyroi aedopmarmu. YCTaHOBJICHO, YTO COOTHOLICHHE
MEXIy YIPYTHMMH U IUIACTHYECKMMU KOMIIOHCHTaMH Je(hOopMalliy He COXPAHSETCs IOCTOSIHHBIM, M B TECTE HMPOUCXOMUT MPOLECC
penaKcalyl HalpsOKeHWil. AHAIM3 MOJNYYSHHBIX JAHHBIX MOKa3all, 4TO ((MEKTUBHAs BS3KOCTb YMEHBIIACTCS HPH YBEIMYCHUH
CKOPOCTH CJIBUT'a, IIPHYeM Hanboliee MHTEHCUBHO B OIBITHBIX 00pa3lax ¢ 100aBiieHeM OH0100aBOK.

Knrouesvie cnosa: oegpopmayus, penaxcayus, 643K0cmy, HaNPpAdICeHue coguaa, MmeMnepamypa, G1adicCHOCHb.
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IMMUNOLOGY

MouJiexyasipHa ajieprofiarHocTUKA ik MeTo /i (epeHiliHOr0 MiAX01y 10 BUOOPY
ajleproiMmyHoTepanii Npu ajeprii Ha JOMAaIIHIX TBAPUH

C. 0. 3y6uenko', C. JI. IOp’en’, C. P. Mapynsik'

1 . o . o o . . . . .
JIbBiBCHKHIA HalliOHANBHUIT MeAMYHUI yHIBepcuTeT iMeHi Jannna Fanuipkoro, M. JIbBiB, Ykpaina
VkpaiHchKa IIKoJIa MOJICKYJISIPHOI aneproorii ta imyHosorii, M. Kuis, Ykpaina
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Anorauis. ITommpeHicTs anepriqyiux 3aXBOPIOBaHb 3 KOXKHIM POKOM 3pocTae. OHI€r0 3 akTyalbHHUX MPOOJIEM € alleprist 0 JOMAIIHIX
TBapHH, a caMe - JI0 KoTa i co0aku, sKa 3ycTpidyaeThcs cepel] Jopocaoro HaceleHHs y 5-15%. Cepen aiteli 3 aTONMiYHUM aHAMHE30M
CeHCHOLTI3aMIisl alnepreHaMy KoTa i cobaKkd € IOTEHHIHHUM TPUTepOM PO3BHUTKY TsDKKUX (opM anepromaronorii. CroromHi npoodiema
BHOOpY e(eKTHBHOI Teparii JaHUX MAI[EHTIB MOXKE BHUPILIMTHCH 3aBIAKHM allepPrOKOMIIOHEHTHOI HiarHOCTHMKM. BuOparu ajexBaTHy
TEpariio Ta OLIHUTH NPOrHo3 il eeKTUBHOCTI y MAll€eHTIB 13 ceHcHOUT3aliero 1 KIIHIYHAME NPOSIBAMM aJleprii 10 Kora Ta cobaKu.
JocnimxeHo 22 nanieHTiB BikoM 16-36 pokiB 3 MiZO3pOI0 Ha ajepriro A0 IOMAIlHIX TBapuH. Bepudikaiiro aiarHo3y npoBoauian Ha
IizicTaBi 00’ €KTHBHUX 1 Cy0’€KTHBHHX JaHMX, 3araJIbHUX JIAOOPAaTOPHUX Ta 1HCTPYMEHTAIBHUX JIOCHI/UKEHb, IPIK-TECTIB EKCTPAKTaMU
aJlepreHiB, BU3HAUCHHs 3arainbHOro Ta crenudiunux IgE. Jlocmi/HkeHHs KOMIIOHEHTIB aJlepreHiB NMPOBOIMIN IMYHO(IIFOOPECLIEHTHUM
MeronoMm ImmunoCAP. 3a pesynpraramu mkipHux mpik TectiB Diater Laboratorios (Icmanist) cencnOimizamist 1o kKora BusiBiIeHa y 18
(81,8%) oci0, 3 HIX — MOHOCeHCHOLTIzawis y 1’51t (27,8%), acorianis ajepreHiB KoTa 3 iHIIMMH BAIAMU ajlepreHiB y 72,2%, HaidacTime
(33,3%) ne — kiT+cobaxa. [Tinumeni piBai 3aransHoro IgE 6yma y 17 (77,3%) nanienti. Crietmdivni IgE nvme o xora BusBiieHi y 3-x
(16,6%), y pemrru 83,4% nanientiB — HasBHI crierudiuni IgE 10 xora B xomOiHamii 3 pi3HUMH NMOOYTOBUMH ajiepreHamy, B T.d.
ajlepreHaMyl JIOMalllHiX TBapHH, 110 YTPYJHIOBAJIO BUOIp Teparii. 3a pe3ynbraraMu KOMIIOHEHTHOIO aHaJli3y IAlli€HTaM 3 HasBHICTIO
nmie MaxxopHoro anepreHy kora Fel d 1 um B xomOiHamii 3 miHopHuM anepreHom Fel d 2 mpmsHaueHo aneproiMyHoTepamiio 3
BHCOKHM/CEepe/IHIM MPorHo3oM 1i epexruBHOcTi. OcobaM 3 HasBHICTIO MaHaIeprii — peKOMEHIO0BaHO NoeTanHy Tepartito. [amientam 3
BUSIBJICHHMH JIMIIIE MIHODHHMM JIepreHaMy IPOBEZICHHS alleproiMyHoTepanii He pekoMeHoBaHo. Ha mijcraBi aneprokOMIOHEHTHOTO
aHaI3y aneproiMyHoTreparmis peKkoMmeHjoBaHa e 58,8% mnamientam, a mig 23,5% BMicT aneproimyHoreparii OyB 3MiHEHHH.
Jndepenuiiinuii nizxin 1o BUOOpPY TaKTHKY JIIKYBaHHS i NPOrHO3Y i €(heKTUBHOCTI IMKTYE HEOOXIJHICTh MPOBEICHHS MOJIEKYIISPHUX
nocitipxers MeroroM ImmunoCAP i/a60 ImmunoCAP ISAC.
Knrouoei cnoea: anepeisi 00 domawinix meapu, anepeoKOMNOHENmMHA OlA2HOCMUKA, Alep2OiMyHOMePanis.

Beryn. Hesakarounm Ha 3HauyHMH mporpec y Tamy3i  Kora Oyiad TakoX HasBHUMH B OyauHKax Oe3 KOTIB,
MEIUIMHU MION0 CY4acHOI JiarHOCTUKM 1 JiKyBaHHs  mpasja piBHi Fel d 1 y Hux Oyau 3Hauno mennmmu (0,24-
ajepriuHux XBOpoO, mommpeHicts 1ie€i matomorii 3 1,78 Hr/m3) [20]. Bixrak, OinblIicTe aBTOpPIB AIHILIH
KO)KHUM pOKOM 3poctae. [IposiBM anepriuHux peakiliii HA ~ BHCHOBKY, 110 HaBiTh HU3BKI piBHI B noBiTpi Fel d 1 (ar B
JIOMAIIHIA W, TTHJIOK POCIHH, TPOAYKTH XapuyBaHHs, M3) 3/aTHI BUKJIMKATH aJepriuHi CHMOTOMHU B UyTJIIMBUX
MEIMKaMEHTH BHOCSTH 3aCTEPEKIIUBI KOPEKTHBHU Y ITOBE-  JI0 KOTA Mali€eHTiB [26].
JIHKY 1 CHOCIO JKUTTS TMalli€HTiB-aJeprikiB, a, BiATaK — [To6yrye mymka, mo mias (OpMyBaHHS ajieprii mae
SHIKYETBCS AKICTh 1X JKUTTA 1 IXHIX O1M3bKuX. OCOOMMBO  3HAYCHHS CTaTh, BiK, OKpac 1 BUJ JOMAIHIX TBapHH,
TpariuHo IIe BUIIAAAE CTOCOBHO IHUTSYOrO HACEIEHHs, 30KpeMa, MEHII aJepreHHUMH BBaXKAIOThCS KOTH ITOPOAN
KON Tpo0jeMa TOpKaeTbesi anepriuHux peakumid g0  «Cdinkey, «JleBoH-Pexc», «Amepy», «Kopuum-Pekcy,
YIIO0JICHUX HUMHU JOMAIIHIX TBapuH. 3a jiTeparypHumu  «bomoOeii». OnHak, He icHye 100% JT0Ka30BHX JaHUX, IO
JAHAMH CeHcUOLmi3alis 10 JIOMaliHiX TBapuH (KiT, MepeiideHl MOpoJau KOTIB HE 3yMOBISTH CEHCHOLTI3allio
cobaka) BusBieHa y 30-57,3% XBopux 3 OpOHXIQJBHOIO Y JIFOAMHH, a PE3YJIbTATH MOJICKYJISPHUX TOCIIIKCHD, 0
actMoro (BA), anepriyHuM pUHOCHHYCHTOM YM €K3€MOIO  TOJIOBHHH ajlepreH KOTa MICTHThCS Y JIyIi, CEKpeTi
[19]. TommupeHicTh cepen TOPOCTUX aleprii 0 KOTa CA-  CaJbHUX 3aJI03 1 Ceyi I1i€l TBAPHHHU B3arall CIpOCTOBYIOTh
rae 10-15%, no cobaku — 5-10%, npudomy mae perio-  Jany ay™mky [11]. Ananoridno, sk i micist 0OpoOkH KoTa
HaJIbHI OCOOJIMBOCTI 1 IIOPIYHY TEHJEHIIIO 0 pocTy [25].  TimoajepreHHUMH MUIOUYUMH TiTI€HIYHUMH 3aco0aMu —
KniniyHa cuMntomaTuka aneprii 10 JOMaIHiX TBApHH  piBeHb roioBHoro anepreny Fel d 1 Bxe uepes 24 roguau
OyBae pi3HOO: BiJl JIETKOI (POPMU PUHOKOH IOHKTHBITY 10  BiamoBigae BuxigHomy. Illogo cobaku, To mid mpo rimo-
TSOKKHX TposiBiB actmu. KuiHiuHi mposiBu He 3amkau — aneprenHi mopoau «Labradoodle», «Poodley, «Spanish
IOB’s3aHI3 TPAMHUM KOHTaKTOM 3 KoTom/cobakoro i Waterdogy, «Airedale terrier» Takox Mimjisrae «po3ciro-
JIHIAHO HE 3aJie)KaTh BiJl KOHIIGHTpAIll allepreHy, Hall-  BaHHIO» 4Yepe3 JOBEIeHI (akTH HAsSBHOCTI OJHAKOBO
PHUKJIaJ, OIAr BIACHUKIB KOTIB € 3ac000M IEpeHOCY  BHMCOKMX piBHIB TojioBHOro aiepreny cobak Can f 1y
rosioBHoro anepreny xora Fel d 1 y Oyzap-sike iHIe cepe-  3paskax IIEpPCTi K 3BUYANHHUX, TaK 1 «TilloaJepreHHUX»
nosuire [23]. Haounum npukiamom Oy mociimkenHs — nopin. OmHak, monxo crati, To 'y 2009 pori mBerpsKum
Luczynska Ta iH., B KuX mpoaHamizoBaHo piBeHb Fel d 1  BYeHUM Bpajocs BHIUIMTH 13 ce4yl TBapuUHU HOBHH
y BiBapii, e npoxuBano 12 xoriB. BusHaueHo, mo koH-  MaxkopHui ajnepreH — Can f 5 — xamikpein npocrarty,
LEHTpallisi LBOro ajepreHy csraja B cepeanboMy 40  BinTak — HasBHUWI nuine y camiiB [27]. Arturina g0 Can
Hr/M3. JI71st IOpIBHSAHHS, Y )KUTIOBUX OynuHKax 3 koramu f 5 BusBmsun y 70% mamieHTiB 3 aneprieto 10 coOakw,
BUSIBIIEHO MIMPOKWH amiana3zoH koHueHtpauii Fel d 1 y  mnpuyomy Onm3pko TpernHu oci® Oynu MOHOCEHCHOi-
noBiTpi — Bix 0,7 mo 468,5 ur/m3. LlikaBo, o ajiepreHd  J1i30BaHi WM anepreHoM. Takum umHoM, Can f 5 € Baxk-
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JIMBUM JIOTIOBHEHHSIM JIO JIarHOCTUYHOI THaHeNi IHIINX
BIIOMHX ajepreHiB cobak. IlikaBuii Toil ¢akt, IO
TOMOJIOTIYHICTh MK KaJIIKpeTHOM MNpocTaTtd cobaku Ta
npocrarcnenudiyaum anepresom sroauau (PSA) crano-
BHTH Bix 55 1m0 60%. L{iakoM MOXKIHBO, IO CEHCHOITi3a-
uist 1o Can f 5 mifBuUIYye PU3UK PO3BUTKY aJepridHUX
peakiiii 10 criepMH YOJIOBiKiB. 30KpeMa, Y TOCHiKEHHI
Basagana et al. Oyno BusiBIEHO, 110 KaJiKpeiH MpOCTaTh
cobaku 3natHUi 3B’si3yBaTH IgE y mamieHTiB 3 aneprieto
no criepmu. Takum umHoM, IgE-omocepeaxoBani peaxiii
Ha JIaHWH aJlepreH co0aKu MOXKYTh BiJirpaBaTh TPUTEPHY
POJb y AESKUX BHIIAJIKaX MOAPYKHbOr0o Herutis [3].

VY mizomy, pe3yiabTaTH HayKOBOI'O IOIIYKY 33 JaHUM
HANpPSIMKOM JIOCITI/DKEHb ITOKa3yloTh, IO 3aJHMIIAI0ThCS
BIIKPUTHMHU THUTaHHS 3aJI€KHOCTI PIBHS 1 TPHBAJOCTI
€KCIIO3MIIIT aJlepreHiB AOMaIIHIX TBapHH Moo (opmy-
BaHHA crierpivHol ceHcuOini3alii, MMTaHHS TPEBEHTHB-
HOI pOJIi MepexXpecHUX KOHTAKTIB MiX PI3HHUMHU JOMaIl-
HIMH TBapHHaMH (30Kpema, KiT-co0aka) Ta IHIIUMHU
TBapuHaMu (KiT-KiHb), MEPEXPECHUX peaKiliii aJepreHiB
KOTa Ta Xap4yoBHX ajJepreHiB (CHHIPOM CBHHHMHA-KIIIKa,
ajeprist Ha oJylirocaxapuzl anbga-ran), a TAKoXK ITPaMOTHOT
niarHocTUKH (in vivo/in vitro) AaHoro BHIY amneprii Iuis
BHOOpY €PEKTUBHUX MIAXOIB A0 JiKyBaHHS TOWIO [8].

CporofiHi oiHa 3 IMX TNPOOJIEM MOXKE BUPILIUTHCH
3aBJIISIKM PO3BUTKY KOMIIOHEHTHOI (MOJEKYISpHOi) jiar-
Hoctuku (MA) [9]. Bopomosx octanHix 40 pokiB Hay-
KOBIIMH DI3HHUX KpaiH BHUIUIEHO Ta OXapaKTepU30BaHO
3HAYHy KUIBKICTh aJepreHiB, siKi KiIacu(ikyloTh 3a ix-
HBOIO 3/IaTHICTIO BUKIIMKATU MEPBHHHY YYTJIUBICTH (Ma-
JKOpHI) YMIIOSICHIOBATH IEPEXPECHY PEaKTUBHICTH (4ac-
Tillle MiHOPHI) JI0 OLIKIB i3 IOAIOHOI CTPYKTYPOIO.

lomo cobaku, TO MOpsiA 3 KalliKpeiHOM NPOCTATH
camuiB Can {5 (28 x/la), 3HaUHY KiJIbKICTh QJIEpPreHHHX 1
HE aJlepreHHuX OUIKIB BHSBIEHO B €KCTpakTax co0avol
mepcri 1 gynu. Ha chOromHimmHiA JeHb NETaJbHO BHB-
yeanmu € Can f 1, Can f 2 ta Can f 3. Can f 1 — ma-
YKOPHUI KOMITOHEHT 3 MOJIEKYJsIpHOIO0 Macoto 18-25 k/la,
HaJleXaTh JI0 ciMeicTBa OlNKIB-JIINOKaNiHIB. 3a JaHUMHU
nocnipkens, cnenudiuni IgE no Can f 1 BusBisitoThCS Y
52-75% marieHTiB 3 anepriero g0 codak. Can f 2 — Baxkiu-
BHI MiHOPHUM O1TOK-TIMOKAIIH 3 MOJIEKY/ISIPHOIO MacCOI0
19-27 x/la, ceHcuOinizauis 10 SKOro BHUSBISIEThCS Y 20-
30% marrieHTiB 3 anepriero g0 codak. Ha ocnopi Can 1 1
Can f 2 crBopeHi pexomOiHaHTHI anepreHn. CupoBaTKo-
Buil anpOymin cobaku Can f 3 (66 x/la) € miHOpHHM
OIJIKOM 3 TIEPEXPECHOI0 3/IATHICTIO pearyBaTH 3 iHIIUMHU
anpOyminamu ccauiB. IgE no Can f 3 BusiBnsitorses y 30-
40% nopociux ocib 3 anepriero 10 codak, a iXHe KIiHIYHE
3HA4YEHHs OTpeOye MONANBIINX AOCTiKeHb [6]. [HImmMu
MIHOpHMMH OijkamMu cimeiicTBa jinokaminie € Can f 4
(16-18 x/la), Can f 6 (27-29 k/la). Can f 6 3ycTpivaeTbes
y 23-61% mnaiieHTiB 3 CEHCHOLTI3aIlE0 0 COOAKH, BHUSB-
JIeHa HWoro mepexpecHa peakTtuBHicTh 3 Can f 2, a Takox
BUBYAIOThCS MOXJIIMBOCTI crierugivaux IgE miei moneky-
JIU pearyBaTd 3 JIIKOKaJTiHAMH IHIIMX BWIIB TBapUH, a
came kota (Fel d 4), konst (Equ c¢ 1), mumi (Mus m
1). Cnietmdiuni IgE mo Can f 4 Busnaueno y 35-60%
MAIl€HTIB, BUSBJIEHA IX 3HAYHA TOMOJIOTIYHICTL 3 OLIKOM
kopoBHu Bos d 23. 3a nanumu Bjerg et al, 2015 p. BusiBiena
y TAIEHTIB CEHCUOUTI3aIis A0 Pi3HUX aJepPreHiB COOaKH,
30kpema Can f 1, Can f2 i Can f 5 kopentoBaia 3 THKKAMA
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KITIHIYHUMH O3HaKaMHU aJepriuHuX HOpYIIeHs [4].

Ha nanmit MomeHT omucaHo 12 ajmepreHHUX KOMIIO-
HEHTIB KOTa, 3 sKux Ot 10 MoxyTh 3B si3yBaTHcs 3 IgE.
l'onoBHuM aneprenom € cexperornodynin Fel d 1, sxwuit
BUSIBJICHHH y 0OaraThoX IEpeNidyeHuX BHIIE O10JOrYHHX
cepeIoBHUINaX KOTa, Ha IIEPCTh MOTPAILISE 3/e01TBIIOTO 3
BHUIUICHHSIMH CIIMHHHMX 1 CIBO3HUX 3aJI03 NpPU OOJIU3Y-
BaHHI [22]. V BucymieHOMY Buji Oiok po3Mipamu 3-4
MIKpOHa JIETKO TIOIIUPIOETHCS Y JOBKULIS 3 YaCTUHKAMMU
meperi [31]. Busnaueno, mo Fel d 1 Hamexuts 10
ciMeiicTBa yTeporio0yiiHiB, MaE MOJIEKYJSIpHY Macy 35-
39 x/la i Ha 10-20% moB’s13aHUii 3 BYIJIEBOJHEBUM
KoMIuiekcoM [15].

[HIIMM Ma)KOPHUM aJiepreHoOM KOTa BUCTYIIAE JIIMOKaTH
Fel d 4 (20 x/la), sxuii BusiBNsieThCS MPUOIU3HO B 60%
0ci0 3 anepri€ro 10 KOTiB, B OCHOBHOMY 3 HU3BKUMHU DiB-
wamu IgE. HaiiGinbine Horo mpoayKyeThes y Iiamiesen-
Hill CJIMHHIN 341031 1 B MOAATIBIIOMY ITPH 00TM3yBaHHI BiH
HAHOCUTBCS Ha IMEpCTh. MOXIIMBI TEpPEeXpecHi peakiii
JTaHOT MOJIEKYJIM 3 OCHOBHUMH aJiepreHaMu KOHsl, COOaKu
Ta KOpoBH [ 14]. 3aranom, JinmokaiHu TBAPUH MAIOTh HU3b-
Ky CXOXICTh Mk coboro. BomHowac, 3a maHMMU miBen-
CBKUX JTOCTIIPKeHb, HAsSBHICTh y MAIIEHTIB CEHCHOLTI3aIil
no Fel d 4 i ninokainiB codaku Can f 1 1 Can f 2 €
MPEAUKTOPOM (OPMYBaHHS TSKKOI HEKOHTPOJIBOBAHOI
acTMu, ab0 acTMH, YCKIIaJHEHOI eK3eMoto [4].

JIoMiHaHTHUM O1LIIKOM Y JIyMi € KUCIUHA CHPOBATKOBHI
anpOymin kota — Fel d 2 3 MonekysspHoro Macoro 67 k/la.
ANBOYMiH KOTa € MIHOPDHUM aJepreHOM, CEHCHOLTi3allisa
JI0 SIKOTO BHsBJIEHa Y 25% Namli€eHTiB 3 alepriero a0 Imiei
TBapHHH. VlOro HasBHICTH 100pe BUABISETHCS SIK Y CHPO-
BaTIl KPOBi, TaK 1 B emiTemiaJbHOMY eKcTpakTi. BusHa-
YeHO, IO crerudiyHa CeHCHOLTI3AIS 10 KOTIIOro ajlb-
OymiHy OyBae wdacTilie cepel IMAaIi€HTIB 3 ATOMIYHUM
JIEpMAaTUTOM, HDXK 3 NPOSIBAMH PHUHOCHHYCHUTY. 3a paxy-
HOK 3HayHOI TOMOJIOTII CHPOBaTKOBUX aJIbOYMIHIB ccaB-
LB, MOXYTh BHHHUKATH NEPEXPECHI peakilii Ha CBUHUHY
(Sus s), sutoBnunny (Bos d 6), 6apanuny, konuny (Equ c
3), mo orpuMaio Ha3By «pork-cat» cunmpomy [10].

Cepen IHIIMX allepreHiB, 3HAWIGHUX Y JIyNi KOTa,
HEMaJIui 1HTepeC MPEACTaBIIsIE SBOJIOIINHO 30epeKeHHI
iHTiOiTOp 1MCTEiHOBOT mpoteasu (umcratuH) — Fel d 3,
SIKMA BU3HAYAEThCS IMOHaMeHiie y 10% maiieHTiB 3
anep-rieto o xora. Fel d 3 mae monekynsapay macy 11
kJla i MicTuTh 98 aMiHOKMCIOTHHX 3aJIMIIKIB. BIU3BKO
80% aminokucnorHoi mocnigosHocti Fel d 3 € inen-
TUYHOIO OMYayoMy YH JIFOJCHKOMY LUCTaTHHY A. Buss-
neHa Takox 3HauyHa romonoris Fel d 3 3 ameprenamu
cobaxu Can f 11 Can 2 [18].

Aneprenn Fel d 5 ta Fel d 6 € imyHornoOyniHamu kota
kiaciB IgA ta IgM BiATIOBIAHO, IO TAKOX BUSBISIOTHCS Y
nymi. OcoOIMBICTIO IIMX IMYHOTJIOOYJIHIB € HasBHICTH Ha
BOKKOMY JIAHIIO31 AHTUTLI 0 BYIJIEBOJHOIO EITOIY
ranakrosa-o-1,3-rajakrosu (Alpha-gal). Alpha-gal — 1e
onirocaxapujl CCaBlliB (HE NPHUMATIB), BU3HAHUH SIK IPU-
YUHHUHA (pakTop Mi3HIX (BiATEpPMIHOBAHHMX) aHA(LIaKTHY-
HUX pEaKIlid 10 M’sica CCaBIiB (SUTOBUYMHA, CBHHHHA,
OapanuHa, oneHuHa). OKpIM IHOTO, JAHUM BYIJICBOIHHUN
EIiTOI TPUCYTHIH y MOJIOLI, MPOJAYKTax TBAPHHHOIO IIO-
XO/DKEHHsI (JKEaTHH, JKeJIeWHI I[yKepKd), MEeIUKaMeHTaxX
(KpeoH,MOHOKJIOHAJIbHE aHTHUTLIIO — 1eTykeumad) [16]. Ia-



TOreHe3 JIaHOi peaKiii TICHO TOB’SI3YIOTh 31 CHIOKUBAHHSIM
YKUPHHX BHUIB M’sica 1 onepenHiMu yKycaMu Kimiiis [12].

Fel d 7 — Oinok 3a103 EOHepa 3 MOJNEKYIAPHOIO Macoro
18 k/la, BumiICHHH 3 s3WKa KOTa. BHSBIICHO, IO TOMOJIO-
TIYHICTB 3 TOJIOBHUM ajiepreHoM cobaku Can f 1 ctaHOBHTH
63%. OOunBa anepreHd € IuUMepamu. 3a JaHUMHU PI3HUX
nocnimpkens Fel d 7 moxke 3B s3yBatHcs 31 crieniiaHAMA
IgE oci6 3 anepriero 10 codak Bix 52 n0 75% [7].

Fel d 8 — nmatepun-momiOHUIT OIOK 3 MOJICKYJISIPHO
Macoro 24 k/la, BUIIJICHUI 3 MiAIIEICIHOI 3aJ03H KOTa.
JloBenieHO HOro TOMOIIOTito 0 MIHOPHHX aJIePreHIiB KOHS
Equ ¢ 4 ta Equ ¢ 5. [lani aTepuH-moiOHi OiNKKM BOIOII-
I0Th ITOBEPXHEBO-aKTHBHUMH BIIACTHBOCTSIMHU 1 TPOAYKY-
I0ThCSI IIKIPOIO 1 CIMHHUMH 3aJ103aMU KOHel. BruzHaueHo
Takox, mo Fel d 8 moxe 3B s3yBatucs 3 IgE no Equc 4 B
77% marti€eHTiB 3 ajepriero a0 kous [17].

OTKe, IUPOKUI Jiana3oH MOJEKYJISPHUX JaHUX PO
aJlepreHHi KOMITOHEHTH COOaKu/KoTa 3 OfHI€] CTOpOHHU
Jla€ MOXKJIMBICTH 3 BHCOKOIO TOYHICTIO PO3iOpatuch y
MIPUYUHHO-HACIIKOBUX TUTAHHIX TPU BUSBICHHI KIli-
HIYHOI CUMIITOMATHKH, SIKa aHAMHECTUYHO IOB’si3aHa (4n
He TIOB’s13aHa!) 3 IIMMU TBapUHAMHU, a 3 1HIIOI CTOPOHU —
BKa3ye Ha HEOOXIIHICTh BUCOKOTOUHHX MiJIXOMIB A0 Jiar-
HOCTHKH I[bOI'O BUAY ayieprii s BUOOPY e(hEeKTUBHOIO
JIIKYBaHHS.

MeTo HAImIOro XOCTiXKeHHsA OyJi0 BUOpaTH Ipa-
BWiIbHMN miaximx g0 AIT Ta oOIiHMTH HOporHo3 il
e(peKTHBHOCTI y TAIIEHTIB i3 CCHCHUOLTI3aIli€e0 1 KITiHIY-
HUMH TIPOSIBAMH aJIeprii A0 KOoTa Ta coOaKd Ha IiJCTaBi
aJIeprOKOMITOHEHTHOI JIiarHOCTHKH.

Metonuka. Ilix HammM criocTepexeHHsSM 3HAXOMIW-
JIOCh 22 TAIi€HTIB, sIKi 3BEPHYJINCh HA KOHCYJIbTATHBHHUN
npuiioM y PerioHanbHUI LeHTp KIIHIYHOI iMyHOJOTIT Ha
asneproyorii Brpoaox 2014-2015 poky 3 migo3por0 Ha
aJIepriro 10 AOMAIlHIX TBapuH. Bik marieHTtiB 0yB 16-36
pokiB, 3 HUX 63,6% xiHOK, 36,4% donoBikiB. Bepudika-
Iif0 iarHO3y MPOBOIMIU Ha MiACTaBi KIIHIYHOI KAPTHHU
3aXBOPIOBAHHs, JAaHUX aHaMHe3y, B T.4. QJIEPrivyHOro.
[Namienram mnpoBoAMNIUCH 3arajbHi JlabopaTopHi Ta
IHCTpYMEHTAJIbHI JIOCHIPKEHHSI, IUTOJIOTIUHI TOCIiIKEeH-
HS Ma3Ka BigOWTKa 3i CIIM30BOi MOPOXKHHHU HOCA, IIPIK
Tectu ekcrpakrtamu ajnepreHiB (Diater, Icnanis), Bu3Ha-
yeHHs 3arajbpHoro i crnenudiuaux IgE (sIgE) meromom
iMyHO(EPMEHTHOTO aHaJli3y 3 BUKOPHCTaHHSIM TECT CHC-
TeM «Euroimmuny 3rifiHO 3 iHCTPYKIl€EW ¢GipMu BUPOO-
HuKa. Jlns BUSBJICHHS BUAOCHENM(IYHUX KOMIIOHEHTIB
aJlepreHiB  BUKOPHUCTOBYBAIM  IMYHO(IIIOOPECIIEHTHHI
Metoa ImmunoCAP («Phadia AB», Illenis). Marepia-
JIOM JTOCITi/PKeHHs1 Oyiia CHpoBaTKa KpoBi.

PesynbraTH nocaimskeHHAa Ta iX 00roBOpeHHs.
Ckapru y TaIli€eHTiB OyId HACTYIHHMH: 3aKJIaJCHICTH
Hoca 1 yrpymHeHe auxaHHs (100%), puHOpes, CIb0O30-
Teya, sKa TEPiOJUYHO CYNPOBOMIKYBAIACH CBEPOESIKEM,
YyacTe YXaHHs, OCOOJHMBO IIPH INepedyBaHHI y 3aKpHUTHUX
npuMimeHHsax. 31,8% BiA3HaYaIn Kalleab, IKUi HaOyBaB
MIPUCTYIIONOAIOHOT0 XapaKTepy i 4acTo CYIPOBOKYBaB-
csl yTpyJHEHUM JMXaHHSM TPH KOHTaKTi 3 TBapUHAMU.
006’extuBHO y 27,3% mallieHTiB HA MOMCHT OOCTEKCHHS
BUSIBJIEHI WIKIpHI MPOSBA y BUINISAIl IOYEPBOHIHHI,
CyXOCTi 3 JIOKaJli3alli€el0 Ha BIIKPUTHX IUITHKaX PYyK, B
obiacti 1ieuer Ta obmmuust. 45,5% oci06 BigMmivaiay, 110
Ha T TpUAMaHHA AHTUTICTAMIHHMX 3acO0iB CTaH IX
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TIOKPAIIyBaBCsl, OJJHAK BHHHKAJIO BiJUYTTsI 3arOCTPEHHS
HIOXY Ha OyJb-sSIKUif 3amax i, sIK pe3yJIbTaT — BiJJHOBJICHHS
KJIiHiYHOT cumnToMatvkd. I[Ipo HasBHICTH OOTSHKEHOTO
aJICProJIOriYHOr0 aHaMHe3y KOHCTaTyBainu 27,3% maiieH-
TiB. Pe3ynbTaTH ONWTYBaHHS Ha HAsBHICTH JOMAaIlIHIX
TBapuH OyJIM HACTYMHHMH: 3 OCOOM NPOXUBAIIU y TIPH-
MillIeHHI 3 KOTOM (OJMH 3 HUX YTPUMYBaB JIBOX KOTiB), 2
ocobu Manm cobak, a B 7 oci0 cobaku 1 KOTH yTpH-
MYBaJIUCh Ha TepuTopii Oing OynamHky. Tpoe mnaimieHTiB
Maly pi3HUX TBapWH y AUTUHCTBI. OTXKe, 3a aHaMHeC-
TUYHMMHU JAHUMH MOXKHA CTBEpKYBaTH, IIo Oesroce-
PEIHIO eKCIIO3UIII0 ajlepreHaMy JOMAaIIHIX TBapUH MajH
68,2% martienTiB (50,0% — 3 koramu). AHaii3 pe3yiabTa-
TiB 3araJibHUX J1a0OpaTOPHUXJAHHUX TOKa3aB, L0 Y PO3-
ropHyTomMy aHaiizi kpoBi y 31,8% oci6 BusBieHa abco-
JIIOTHA €03WHOMIIIIA JIETKOro cTymeHs, y 22,7% abcomtor-
HUH JTiMPOIMTO3, y OI0XIMIYHHX MOKa3HHKAX OCOOIUBHX
BIIXMJICHb HE CIIOCTEPIraioch. Y Ma3Ky-BiIOUTKY CIIU30-
Boi mopoxHuHH Hoca y 8 (36,4%) oci0 BusiBieHa -
BHIICHA KUTBKICTh eo3uHodiniB (Bix 19% mo 82% y momi
30py), IO BKa3ye Ha aJiepriuHUi XapakTep pPUHOPEI.
[Namientam 3i ckapramMu Ha NEpiOANYHY 3a/IUILIKY MIPOBE-
JIcHa OliHKa ()YHKIIOHAJBHOTO CTaHy JIETCHIB Ha
mijcTaBi criiporpadii, 3a pe3ynbraramu sikoi y 2-x (9,1%)
0Ci0 BUSBJICHO HE3HAYHE 3HIDKCHHS 00’ €My (hOPCOBAHOIO
Buauxy (O®BI1) ta *HUTTEBOI EMHOCTI JIereHb, 10 BKa3y-
BaJO Ha IOPYIIEHHS OpOHXiaJbHOI IPOXIJHOCTI Ta IIO-
TpeOyBaJIO MOAANBIINX JOCTIKEHb.

PesynbTaTt 0OCTE)XEHHS HAa HASIBHICTH T'eIBMIHTIB
(I®A na HasBHICTH iMyHOrIIOOYMIHIB A, M, G 10 aHTHTE-
HIB JSIMONTiH, ackapuaun, TOKCoKapH («+»->0,35) + kax Ha
SUIST TEIbMIHTIB 1 Ha#mpocTimi) OyaW HACTYITHUMH:
TOKCOKapo3 — ofHa ocoba, acKapumo3 — JBi, JIMOIi03 —
TpH, acKkapuao3+HiaMoIios — 2 ocobu). 3aranom, mapasu-
TapHa iHBa3is BuUsBJIeHa y 36,4% marieHTiB.

TakuM 4YHHOM, OTPUMAaHI TONEPEIHI pe3yIbTaTh
Cy0’€KTUBHUX 1 00’€KTMBHHX JaHUX 3 BHCOKOIO BipOTij-
HICTIO BKa3yBaJIl Ha ()OpPMYBaHHS Yy HalLli€HTIB ajeprii 10
JIOMAITHIX TBapUH 1 IUKTYBaJH HEOOXIIHICTb IIpOBe-
JICHHSI HACTYITHUX €TalliB aJIeproliarHOCTUKHU, SIKI MH
3nilicHIOBaNIM Ha miacTaBi KoHceHCycy 3 MOJIEKYJISIpHOT
anepromiarnocTuku (A WAO-ARIA-GA2LEN consensus
document on molecular-based allergy diagnostics, 2013)
[9]. OkpiM nporo, BHHHUKIA MOTpeda audepeHuiiHol 1i-
arHOCTHKU 3 IHIIMMHU HMOBIpHMMH ITIOOYTOBUMH ajep-
reHaMH, 30KpeMa IBUIEBUMHU TPHOKaMH 1 KIIIIaMH J0-
MAaIIHBOrO MUITY. 3 €0 METOI OYyJI0 MPOBEIEHO MpiK-
TECTYBaHHSABCIX MAI[iEHTIB eKcTpaktamu Kkorta — Felis
domesticus, cobaku Canis familiaris, xiima Dermato-
phagoides pteronyssinus, xnima Dermatophagoides fari-
nae, UBIIEBUX TPUOKIB — Alternaria alternate, Aspergillus
fumigates, Candida albicans, Cladosporium herbarun
(Diater, Icnianis).

PesynpTaT Apyroro eramy OOCTEXKCHHS HAaBEICHOB
Tabmuui 1. 3a pe3yabraTaMu MIKIPHUX TECTIB BUSBJICHO, 1110
y BCIX TaIjieHTiB OyIia miJBUILEHA IIKIpHA PeaKIlisi Ha pi3Hi
BUIIM JOMAIIHIX aJepreHiB, NPHYOMY 3 PI3HUM CTyIEHEM
ceHcuOLmI3amii Big «+» g0 «t+++», 3 HUX y 9 (40,9%)
MalieHTiB — MOHO ceHcuOLmizamist, y 13 (59,1%) — nomi-
cencuOumizamis. CeHncuOunizamist 0 KoTa BusiBieHa y 18
(81,8%) ocib, 3 HUX — MOHOCEeHCHOLTI3aIs y 11’s1Th (27,8%),
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acoriariisi aJepreHiB KoTa 3 iHIIUMH BHIaMH aJlepreHiB y
72,2%, HaityacTire 11e — kitt+cobaka (33,3%).

3a pesynbraTaMM HACTYIHOI'O €Taly JOCIIHKEHb
BusiBiieHo, mo y 17 (77,3%) naui€eHTiB 3arajbHUI CHUpO-
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BatkoBuii IgE OyB minBuIeHMH 1 KOTUBAaBCS B MEXax Bil
117 no 1755 MO/mn, mo BkazyBajno Ha (hOpMyBaHHS
ictuHHOI aneprii (tabmuns 1). Ha migcraBi mocnmimpkeHb
cnemudivnux IgE (IOA > 0,35 kU/1) cencubinizanito 1o

Ta6muus 1. Pe3ynpratu BU3HaYeHHS HPIK-TECTIB, 3arajbHoro ta cnerpdivaux IgE (IO A), n=22

g | s = = [u= sIgE > 0,35 KU/l

= | 2 3 = o =

o1 - ; = E — CyM.

z o ' 2 e . A N MOpChKa

- £ 0 X4 = 5 Kir |Co0ako| kmimi |aneTepHapisi| KiHb Kpoink

= = 2 ] o= CBHHKA

z. M =] = =7 D.p. D.f.
Cymimr kit +++

1 | 32| Y |Cymim coGakat+ | Toxc | 314 | 32,1 | 0,75 1,9 0 0 0,75 0
Cymim xmimiB ++

2 |18 | g |Qmim KT Ack | 215 | 195 | 1,76 0 0 036 0 0,42
Cymim cobaxa+

3 |30 | x|SOy Tam6 | 954 | 0 0 24.8 0 0 0 0
KIB+++
Cymim KiT+++

430 K copaats | © 56 | 158 | 132 0 0 0 0 0

5 [ 24 | K |Cymim girt++ 0 89 | 416 0 0 0 0 2,1 0
Cymim

6 |22 | Y| 0 652 | 0 0 0 67,5 0 0 0
Cymim KiT +

7 |16 | XK |Cymim 0 117 | 0,36 0 0 39,6 0 0 0
rpuOKu+++

8 |17 Cymi kiT+ 0 1o | 1,2 | 1,9 0 0 0 0 0
Cymim cobaxa+

9 |20 CyMilKIT #4465 | 5100 | 22,1 0 0 0 0 0
Cymim cobaka++
Cymim KiT+

10 |17 | 4 |Cymim Ack | 412 | 1,1 0 >100 0 0 0 0
KJNIB++++

11|25 | o |Qymim KTt Jam6 | 212 | 1,08 | © 13 0 0 0 0
Cymim kIinis+
Cymim KiT+++
Cymim

12 | 18 | YU |rpubku++Cymim | JIam6 | 311 | 19,86 | 5.8 1,9 12,3 0,36 0 0,36
cobakat++
Cymim kmimis+

13 |36 | g |Gymimeirs 0 65 | 05 | 036 0 0 12,9 0 0
Cymim cobaxa+

14 | 20 | XK |Cymim kmimgis++ “’;“C‘T 957 | 0 0 21,3 0 0 0 0
Cymim KiT+++
Cymim

15|22 | K B mmGrack| 453 | 652 | 31,5 12,9 0 0 0 0
CyMim kmimiB++

16 | 25 | K |Cymiw kit ++++ 0 56 | 475 | 145 0 0 0 1,01 0
Cymim kit ++
Cymim

17 (29| " | 0 265 | 325 | 197 0 0,36 0 0 0
Cymim rpudku++
Cymim

1830 | K | 0L 0 211 - 62,7 0 0 0 0 0

19 [ 19 | K [Cymim xir+++ 0 201 | 542 0 0 0 0 0 0

20 | 18 | K |GuMim T 0 |1755| 41,0 | 1,13 0 0 0 0 0
Cymim cobaka++

21 [ 33 | K |Cymim kir++++ 0 64 | 112 0 0 0 0 0 0

22 |31 | 9 |Cymim kirt++ 0 301 | 455 0 0 0 0 0 0

kora BusBieHo y 18 (81,8%) ocib, 3 HUX — MOHO-
cencubOimizanito y 3-x (16,6%), y pemrtu 83,4% mnariieHTiB
— HasiBHI cnienudiuni IgE 1o kora y kom0OiHauii 3 pisHUME
ajepreHamu, B. T.4. — 3 aJiepreHaMu pi3HUX TBApHH
(cobaka, MOpChKa CBHHKA, KiHb, KpPOJIHUK). SIK i ciigyBano
OYiKyBaTH — pe3yJbTaTH IIKIPHUX IIPIK TECTIB 1 BHUSB-

nennsicriermgiuaux IgE mamu BigminHOcTI. OHaK, HaW-
OiJIbllle TPYAHOUIIB AJIsi BUOOPY aJE€KBATHOT'O JIiKYBaHHS
CKIIaJali TALIE€HTH 3 TMOJICCHCHOILTi3aIli€ero, Mo 1 cTajao
BU3HAYAILHUM KPHUTEPIEM Uil TIPOBENEHHS KOMIIO-
HEHTHHX JocmijpkeHb. [Ipn HasiBHOCTI y mamieHTa
ceHcHOLTI3amii Juie 10 MEepPBUHHUX BUAOCHENU(IIHIX

24



(MaxxopHux) anepreniB edekr Bim AIT ckimamae 85-90%.
BojHovac, BUSBJICHHS 3HaUYHHUX TUTPiBSIgE 10 MiHOpHUX
aJlepreHiB Ha T CEHCHOLTI3allil 10 TOJIOBHOTO aJiepreHy
€ TIPeMKTOpOM BincytHocTi eexty AIT.
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OCKUIBKM METOI0 HaIoi poOOTH OYJI0 OIIHUTH ITPOTHO3
edexruBHocti AIT y mnamieHTiB i3 ceHcuOUTi3amieo i
KITIHIYHUMH TPOSIBAMU ajeprii 10 KoTa, MU IpOaHaji3y-
Bl PpE3YJbTaTH AJIEPTOKOMIIOHEHTHOIO  JIOCIIPKEHHS
caMme JIaHoi TpynH natienTiB — 18 oci0 (Tabimis 2).

Ta6muus 2. Pesynpratn aneprokomrnoHeHTHUX gociimkeHs(Immuno CAP, slg E > 0,35 KU/1), n=20

Neman |[rFeld1|rFeld 2 |{rCanf1|rCanf2{rCanf3 Derp 1, | rDer | Alt PexomenaoBano
rDerp2 | p10 |al
Max MiH Max Min MiH Max MiH |MaxK
1 203 0 5.1 0 0 0 075 | 0 SLIT kit — ed. Bucoka + MPOTUTeIIbMIHTHA
Tepais
2 10,3 17,5 0 1,35 4,0 0 0 0 SLIT kit — ed. cepenns
3/4 11,5 3,6 0 0 3,75 0 0 0 SLIT kit — ed. cepeans
4/5 13,7 0 0 0 0 0 0 0 SLIT kit — ed. Bucoka
5/7 0 5,35 0 0 0 0 0 [15,6] SLIT anprepnapist — ed. Bucoka 0 Alta 1
6/8 2,0 0 26,5 0 0 0 0 0 AIT cobaka — ed. Bucoka
7/9 28,5 1,5 14,7 1,5 1,5 0 0 0 SLIT kit + AIT cobaka — ed. Cepennst
8/10 0 2,5 0 0 0 27,8 14310 SLIT kinim— e¢. BUCOKa
911 225 0 0 0 0 0 16 | 0 SLIT kit — ed. Bucoka + MPOTUTeIIbMIHTHA
Tepais
10/12 11.6 93 0 10,5 5.4 0 23 | 0 SLIT kit — ed. cepenist + MPOTUTeIIbMIHTHA
Tepais
11/13 0 0 0 0 0 0 0 0 SLIT (-), neo6xiano ISAC
12/15 1,3 6,3 0 0 1,64 0 09 | 0 CIIOCTEPEIKEHHSI + IPOTUTENIbMIHTHA Tepartis
13/16 - 24 0 0 1,5 0 0 0 SLIT (-)
14/17 0,9 3,5 0 1,7 2,0 0 0 0 SLIT (-)
15/19 23,9 0 0 0 0 0 0 0 SLIT kit — ed. Bucoka
16/20 1,3 8,5 33,5 0 0 0 0 0 AIT cobaka — ed. Bucoka
17/21 7,5 2,3 0 0 0 0 0 0 SLIT kit — ed. Cepennst
18/22 30,7 0 0 0 0 0 0 0 SLIT kit — ed. Bucoka
Ha mingcraBi anepreHKOMIOHEHTHOI [JIarHOCTUKM MK TpPOIOMIO3MHOM KIIIIB Ta IHIIUMH JDKEpeIaMu

ceHcHOLII3amisl anepreHaMyd KoTa Oyna MiITBEpIDKEHa Y
17 (94,4%) naiieHTiB 3 MO3UTHBHUMHU IITKIPHUMHU TECTAMH
no excrpakry sy kora (Diater, Icrianist), mo BkazyBasuo
Ha BHCOKY YYTJIUBICTh JAHHX €MiIepMaIbHUX aJIepreHiB.
Cepen BKa3aHMX MAIliEHTIB MOHOCEHCHOLTI3allisA O KOTa
BusiBiieHa y 5-tu (29,4%) ocib, mo miaTBepIrKyBajach
HasIBHICTIO MoJekynu ronoBHoro Oinky Fel d 1, a6o
MiHOpHOTrO Mapkepa mepexpecHoi aneprii Fel d 2, abo ix
cykynHocti. B iHmmx 12 Bumankax (70,6%) BusBieHa
TOTiCEHCUOLTI3allisl PI3HUMU BHIAMH aJIepreHHUX KOMIIO-
HEHTIB, 3/ICOUTBIIIOTO — acOMiallis Pi3HUX aJIEPreHiB KOoTa i
cobaku. 3arajgoMm, 3a JaHUMU KOMIIOHEHTHHUX JOCTIIKEHD
ronopuuit ajgeprel kora Fel d 1 Bussieno y 14 (82,4%)
TMAII€EHTIB, 3 HUX Yy «4ucToMy BHI» y 3-X (21,4%) oci0.
AKIIEHTYEMO TakoX yBary, mo y Oinbmocti (78,6%)
narfienTiB 3 BusBieHuM Fel d lamepriuna peakiiisi Oyma
IgE omocepenxoBaHoto.

Jus BuOOpY Merody JiKyBaHHS 1 IIPOTHO3Y HOro
€(EeKTUBHOCTI POBEICHUI JETAILHUN aHaJli3 OTPUMaHUX
JIAHUX KOMITOHEHTHOI JiarHOCTHKH, IO J03BOJIHB ITOJi-
JIUTH TIAIIEHTIB HA HACTYIIHI TPYITH:

1 rpyna — mamiedtu 5, 11, 19, 22 — 3 MoHOCEHCHOI-
Ji3ali€en 10 MaxopHoro anepreny kora Fel d 1. Tanum
MalieHTaM pPEeKOMEH/IOBAHO NPOBEACHHS CYOIIHrBaIbHOT
aneprencrenudivnoi imyHorepamii (SLIT) «Cymimn kit»
(Diater, Icmanis)», nmpudoMy 3 HpPOrHO30M Ii BHCOKOI
edexruBHocTi. [l{omo marmienta 11, y sikoro BussieHo Fel
d 1 B acomiauii 3 Der p 10 (TporioMio3nHOM) — MiHOpHUM
aJIepreHoM KJIIIIB JOMAaNIHhOro Muity. Bigomo, 1o Tpo-
ITOMi03UH BXOIUThH JIO CKJIaay KJIITHH BCiX MPEACTaBHUKIB
TBapuHHOro cBiTy. CTYMiHB NEpexpecHOl peakTUBHOCTI
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csrae 75-80%, a Haii0inplna mepexpecHa peakTUBHICTh
TIPOSIBIISIETHCSL 3 MOPENPOAYKTAMHU, TapraHaMH 1 HeMaro-
namu [2]. OCkiIbKY B JAHOTO TAIliEHTa BUSBIICHI JIAMOITT,
TO OYEBHJHO CaMe€ BOHHM OYJIM NPUYUHOI HASBHOCTI
JTlaHOro KoMmoHeHTa. Tomy marienty 11 pekoMeHI0BaHO
JIONATKOBO ~ aHTHUIApa3UTapHE JIKYyBaHHs, JOTPUMAaHHs
eTIMIHAIINAHOI TI€TH 3 BUKITIOUSHHSIM MOPEMpPOIYKTIB, Tiri-
€HIYHMX PEKOMEHIAIH 1010 MOOYTOBUX YMOB 1 Iepio-
JIMYHOTO MOHITOPHHTY 32 TTapa3uTapHUMH 1HBA31sIMH TOLIO.

2 rpyna — mamieHT 21 3 ceHcuOiTi3alli€en 10 MaKop-
Horo kommoHeHta kora Fel d 1 i miHOopHOro cupoBat-
koBoro anpOyminy Fel d 2. IlamieHTy pexoMeHI0BaHO
nposeaenHst SLIT «Cymim kit» (Diater, Icnanis)», npor-
HO3 i eEeKTUBHOCTI OUiKYEMO CEepeHiH.

3 rpyna — narientu 2, 4, 12, 15, 17 3 ceHcubimizamieo
JI0 TOJIOBHOT'O ajiepreHy KOoTa Ha TJIi MiHOPHHUX aJIepreHiB
KOTa i cobaku. Y MaHMX MAaIli€HTIB Ma€ MICIe MepexpecHa
peaxiisi Mi>k CHpOBaTKOBUMH albOyMiHaAMU KOTa i cO0aKu
(Fel d 2, Can f 3).SIkmo mamiedram 2, 4, 12 3 BUCOKUM
piBaem Fel d 1 3anpomnonoBano SLIT «Cymim kit»
HOCTi, To marieHTaM 15 i 17 3 HusbkuM piBHeMm Fel d 1
PEKOMEHIOBAaHO CIOCTEPEXKEHHS 1 MPOTUrelbMiHTHA Te-
partisi, YHUKHEHHS] KOHTAKTY 3 BiJIIIOBITHUMH TBApUHAMHU.

4 rpynma — marmientd 1, 8 — 3 mapaneiabHOI CEHCH-
Oimizamiero 10 rooBHuUX anepreHiB kora Fel d 1 1 cobaku
Can f 1. ITamienty 1 pekomengoBano SLIT «Cyminn kit
(Diater, Icmanis)», ockinbku piBeHb Fel d 1 € 3HauHO
unmi, HXkCan f 1 (BimmosimHo, 20,3 KU/1, 5,1 KU/) i
JIOAATKOBO TPOTHUIEIbMIHTHE JIIKYBaHHS 3 HH3KOIO Tiri-
€HIYHHUX HACTaHOB. [lalieHT 8 32 aHAMHECTHYHUMU JTaHHU-



MU HE MIT TOYHO BH3HAYHUTH MPUYMHY AJIEprivyHOl CUMII-
TOMATHKH, OJHAK y AMTHHCTBI MaB cobaxy. Momy 3ampo-
monoBano AIT 1o cobaku, OCKIJIBKH TepeBaxkajia KOH-
uentpaist Can f 1 (26,5 KU/l nporu 2,0 KU/1 - Fel d 1).
[Iporuo3 edexrtuBHOCTI cnenu¢ivHOi Tepamii a0 BKa3a-
HHUX TBapHH B 000X MAali€HTiB BUCOKHH.

S rpyma — namienT 20 — 3 TapayenbHOK CEHCHUO1I-
3aIli€l0 70 TOJIOBHUX aJepreHiB KoTa i coDaku Ha T
MIHOPDHOT'O CHpPOBaTKOBOro ankOoyminy kora Fel d 2. 3a
aHAMHECTHYHMMH JaHUMHU BIJIOMO, IIO JaHHWH NAalli€HT
HIKOJIM HE yTPUMYBaB JOMAIHIX TBapHH, MaB YCKJIA-
HEHUI CHaJKOBHH aHaMHe3, MEepioJMYHI IIKIpHI MPOSBU
Oy 1ie 3 PaHHBOTO AWTHHCTBA, SIKI TIOMHIIKOBO acCo-
LIIOBAJIM 3 PEaKIi€l0 Ha MPOAYKTU XapuyBaHHA. 3 14-Tn
POKiB JJOIAMCh CUMITOMH PUHOKOH FOHKTUBITY. [larieH-
Ty pekomenoBano AIT 1o cobaku, OCKIIBKY KOHIIEHTpa-
i JaHoro kommnoHeHnta € Bumoro (33,5 KU/l nmpotu 1,3
KU/ - Fel d 1) Ta yHUKHEHHSI KOHTAaKTy 3 TBapHHAMH.
Iporuo3 edpexruBnocti AIT Bucokwuii. lllono uyrnuBocti
JI0 KOTa 1 BHSBJICHOTO MaxkopHoro ajepreny Fel d 1, To
BapianT eranHoro nomaBaHHs SLIT «Cywmim xit» HeoO-
XiHO pO3MIISIaTH 32 YMOB HAsBHOCTI  KJIHIYHOI
CHUMITTOMATHKH Y MailOyTHbOMY.

6 Tpyma — mamieHt 9 3 CeHCHOLUTI3aliel0 MO TOJOBHHUX
ajiepreHiB KOTa i cCO0aKy Ha TJIi MIHOPHUX aJepreHiB IUX
tBapuH Fel d 2, Can 2, Can f 3. 3a aHAMHECTUYHUMU BiH
TPUBAIMH Tepioj] yTpUMYBaB 000X TBAapHH Ha NPUOY-
JIMHKOBI# Tepurtopii. [lamieHTy peKoMeH/I0BaHO MOETAIHY
Tepamiro 3 BUOOPOM CyMilmi Ui IOYATKy JIKyBaHHS
3aJI©KHO BiJl KOHILEHTpalii Ma)KOPHOTO aJepreHa.
[Iporuo3 edexTuBHOCTI Tepamii cepeaHiii.

7 rpymna — mamnientu 7, 10 16 3 ceHcuOLTI3aMI€IO JTUIIIE
JI0 MiHOpHOTO anepreny koraFel d 2:

VY mnamienta 16 naHOi rpynu BHSBICHO CHPOBATKOBI
anpOyminn kota i cobaku Fel d 2 1 Can f 3. Ha
IMiICTaBiIETANBHO 3i0paHOr0 aHaMHE3y BUWSICHWIM IIPO
HasIBHICTh TEPIOJMYHMUX TPOSBIB aNeprivyHoOl peaxiii y
BUTJISIIII OpO-(hapHHTiaNbHOI KPOIMB’STHKY TICIISI BXKUBaH-
HSl CBUHHHH, NIPU I[bOMY — YUM OiJblIe BXKHUBAJIOCH CBH-
HUHHM B TOEHAHHI 3 aJIKOTOJIEM, TUM CHJIBHINIOW Oyia
anepriuHa peakuis. Ha mifcraBi oTpuMaHumX aHamHec-
TUYHUX 1 crenu@iYHuX ajeproJOriYHuX JOCIHiKEHb
MOXKHa CTBEPJDKYBATH PO HAsIBHICTH y mamieHTta «pork-
caty cuHapomy. [lamieHTy peKOMEHIO0BaHO MPOWTH 00-
crexxeHHd ISAC 3 MeTor0 BUSABJICHHS TOJAaTKOBUX anep-
TCHHUX KOMIIOHCHTIB, 30KpeMa — aIbOYMiHY CBUHUHH Sus
s 1 norpumyBatuch BinnoBiaHoi gietd. SLIT «Cymimn kit
JITAHOMY TAI[IEHTY HE PEKOMEHIOBaHa, OCKIIbKUA BOHA HE
Oyne e(eKTHUBHOIO.

Mamienty 7 SLIT «Cymim KiT» HEe peKOMEHI0BaHO,
BiaTak 3anpornonoBano SLIT «Cymimn nBisieBuX rpuoOKiBy»
4yepe3 HasiBHICTh Y HOI'O Ma)KOPHOTO aJIepreHy ajbTep-
Hapii anerepHaty Alt a 1, edexTuBHICTB SKOI Oyzne BHCO-
koro. Illogo miHopHOro anepreny kora Fel d 2, To Mox-
nuBo OaraTokoMnoHeHTHa giarHocthka I[ISAC monmomoxe
3HAWTU TOJIOBHE JDKEPEJIO MOSBU ILOI'O Mapkepa Iepe-
XPECHHX peaKiii.

[Mamienty 10 31 ceHcuOimizamiero 10 Ma)XOpHHUX 1 Mi-
HOPHHUX JIEPreHIiB KIIIIB JOMAIIHbOTO IMITY PEKOMEH-
moBaHo SLIT «Cymimn KIIOIB JAOMAIIHBOTO  IHIY»,
eQeKTUBHICTh SKOI Oyle BHUCOKOIO 332 yYMOB JIIKYBaHHS
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HasIBHOTO AacKapHio3y, IOTPUMAaHHS TiTi€HIYHUX DEKo-
MeHfanii y mnoOyTi 1 Ji€TH 3 BHIYYEHHSIM MOpe-
MPOAYKTIB. AHAJIOTIYHO, SIK 1 MalieHTy 7 — HOMY peKo-
MeHjoBaHo fgociimkenns [ISAC.

8 rpyma — marfieHt 13, y SKOro ajepreHKOMITOHCHTHUIMA
aHaJli3 BHSBUBCS HETaTHMBHUM. 3 JETAIILHOrO aHaMHE3Y
CTaJo BiJOMO, IIO JBa pa3W MaB ajepriuHy CHUMIITO-
MaTHKY [PU KOHTAKTI 3 KOHEM, IIPHYOMY — SIKIIO MEPILIHi
pa3 y BUINISAI TOKAILTIOBAHHS 1 TPOSBIB PUHOPE, TO
JPYTUi pa3 Ha i KalUTIo JOAATOCH YTPYAHEHE TUXaHHS.
BoueBunp, € mimo3pa Ha HasBHICTH y JAaHOTO Iali€HTa
cencuOinmizamii 10 Fel d 8, sxuit Mae BUCOKY TOMOJIOTIIO 3
MIHOpHUMH anepreHaMu KoHs Equ ¢ 4 ta Equ ¢ 5. Binno-
BiHO, 111 Bepuikamii TiarHo3y MaIjieHTy NepuioYyeproBo
pekoMeH0BaHo TpoiiTi oocTexxenHs ISAC.

TakuM YMHOM, Ha TiJCTaBi MIPOBEIEHOTO AJEPrOKOM-
noHeHTHOro aHaiizy — SLIT no xora 3 Bucokum/cepeatim
nporuo3oM ii edexkTuBHOCTI Oylla peKOMEH/I0BaHA JIHIIE
10-tu (58,8%) mamienram, a mns 23,5% BMicT anepro-
iMyHoTepamii OyB 3MiHeHui. Piznuns y 41,2% wmix nep-
IIMMHU  €TanaMHu  aJeprojliarHOCTHKH 1 KOMIIOHEHTHHM
JIOCITI/PKEHHSIM TIOSICHIOETHCSI HAsIBHICTIO MaHAJIEPTeHHOI
ceHcuOimizamii. JupepeHmiiHui miaxia 10 BUOOPY Tak-
TUKH JIIKyBaHHS 1 MPOTrHO3Y i1 eheKTUBHOCTI TUKTY€E He-
OOXiZIHICTh TPOBEJCHHS MOJEKYJISAPHUX JOCIIIKEHb
MerogoM ImmunoCAP i/a6o ImmunoCAP ISAC.

BucHoBkm.

1. Cepen maii€eHTiB 3 CEHCHOUTI3AIIEI0 0 MOOYTOBHX
aJiepreHiB BU3HAUYEHO aOCOMIOTHY eo3uHodtio y 31,8%,
iIBUIIEHUN PiBeHb €O3UHO(UIIB y LIUTOJIOTIYHHUX J0C-
JIJDKEHHSX CIIU30BOI HOCOBOI MOPOXKHUHU Y 36,4%, mia-
BUIIEHWH pIiBeHb 3arajbHOro cuposarkoBoro IgE y
77,3%, mopymieHHs (GYHKIIIOHAJIBHOTO CTaHy JIETCHb Y
9,1%, mapasurapHa iHBasis y 36,4%.

2. CeHcuOimizaliisi ajepreHaMd KOTa Ha IiJCTaBi
aJIepreHKOMITOHEHTHOI iarHOCTHKM TiaTBepIykeHa y 17
(94,4%) nauieHTiB 3 NO3UTUBHUMH HIKIDHUMHU TECTaMHU
Jo excrpakTiB Jiynu kota (Diater, Icnanis), mo BkasyBaio
Ha BHCOKY YYTJIHMBICTh JJAHUX eMiZiepMaIbHUX aJlepTreHiB.

3. MoHoceHcubiTi3aIisl 10 Kota BusBIeHa Yy 29,4%
0ci0, 110 MATBEpIKYBAIACH HASIBHICTIO MOJIEKYJIH TOJIOB-
Horo 6inky Fel d 1, a0o MiHOpHOTO Mapkepa mepexpecHol
aneprii Fel d 2, abo ix cykymHoCTI.

4.V 70,6% oci0 BusBIIEeHa IOiCEHCUOLTI3allsA, 3/Ie-
OLJIBIIIOrO — acollialis pi3HUX aJiepreHiB KoTa 1 COOaKH.

5.V 78,6% nanieHTiB 3 BUSBICHUM TOJIOBHUM aJiepre-
HoM kota Fel d 1 anepriuna peakiis Oyma IgE ormo-
CepeIKOBaHOIO.

6. KoMIoHeHTHEe BU3HAYCHHS CEHCUO1II3YIOUOro Mmpo-
¢imro 3rigHo KoHCEHCycy 3 MOJIEKYJISApHOI ajeprofmiar-
HOCTHKHM Ta BHCOKA YYTJIUBICTH JAHOTO METOZA J03BOJISIE
BUSIBUTH ICTUHHHH OLJOK, SKUH € MepIIONpUYNHOI0 BH-
HUKHEHHSI ajeprii Ta NMpHU3HAYUTU ETIOTPOIHY ajepreH-
cneuudivyHy iMyHOTeparilocaMe TUM allepreHoM, J0 SIKO-
T'O BUSIBJIEHA CEHCUOLTI3allisL.

7.V JiKyBaHHI MAIi€EHTIB Ba)XJIMBO BUKOPHCTOBYBATH
CTaHJapTU30BaHI 32 aKTUBHICTIO aJepreHu, sKi KOHTPO-
JOBaHI Ha HAsBHICTh Ma)KOPHUX KOMIIOHEHTIB, IO
JIO3BOJISIE JIOCATHYTH MAaKCUMaJbHO BHUCOKOTO e(eKTy
JIIKYBaHHS.
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Molecular allergodiagnostics as a method of differential approaches to selectionimunotherapyof allergy to pets
Zubchenko S., Yuryev S., Maruniak S.
Abstract. One of the topical problems is allergy to home pets, viz. to cat and dog that occurs among adults at the rate of 5-15%.To
choose an adequate therapy and to make the prognosis of its efficacy in patients with sensitization and clinical manifestations of
allergy to cat and dog. 22 patients aged 16-36 have been studied. The diagnosis was verified on the basis of objective and subjective
data, overall laboratory and instrumental tools, prick tests, general and specific IgE determination. The study of allergen components
was made by immunofluorescence method ImmunoCAP. According to the results of skin prick tests sensitization to cat was traced in
81.8% persons, of whom monosensitization was traced in 27.8%, association of cat allergens with other types of allergens — in
72.2%, most frequently this being — cat+dog. Higher levels of general IgE were traced in 77.3% patients. Specific IgE only to cat was
traced in 16.6% ones, while the rest 83.4% of patients had specific IgE to cat in the combination with different domestic allergens.
Patients with major cat allergen Fel d 1 alone or in combination with minor allergen Fel d 2 were prescribed allergen immunotherapy
with high/medium efficacy prognosis. People with panallergy were prescribed a stage-by-stage therapy. Patients with only minor
allergens traced were not recommended to undergo allergen immunotherapy. On the basis of allergen-component analysis allergen
immunotherapy was recommended for 58.8% of patients only, and for 23.5% the content of allergen immunotherapy was modified.
Keywords: allergy to home pets, allergen-component diagnostics, allergen immunotherapy.
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MonekysipHasi JMarHOCTHKA KaK MeTo[ Au((epeHnMpoBaHoro noaxoaa npu BpIOOpe a/ieprouMyHOTEPaNiH MPH aJLIEPTHH K
JOMALIHUM >KHBOTHBIM
C. O. 3youenko, C. /1. IOpues, C. P. Mapynsik
AHHoTaums. Pacripocrpanenue ajuieprudecknx 3a0oieBaHMil ¢ KaXKabIM rojiloM yBenuduBaeTcs. OIHON M3 aKTyalbHBIX IPoOIeM
SBJISICTCS AJUIEPryis Ha JOMAIIHHUX )KUBOTHBIX, 8 MMEHHO Ha Hauboliee paclpOCTPaHEHHBIX — KOTa U co0aKy, KOTopasi BCcTpedyaeTcs y
5-15% B3pocinoro Hacenenusi. Cpeiy geTeld ¢ aTONMMYECKUM aHAMHE30M CEHCHOMIM3AIMs aiepreHaMH KOoTa M COOaKH SBISeTCS
MOTEHLHAJILHBIM TPUIe€pOM pa3BUTHS TspKenbIX (opm ajuiepronatonoruu. Ceromus npobnema BbiGopa 3(h(EKTHBHON Tepanuu
YKa3aHHbBIX IAIUCHTOB MOXKET PELIUTBHCS C IOMOIIBIO aJIEPrOKOMIIOHEHTHOH JUarHocTHkH. ONpenenuTh aIeKBaTHBINA MOIXOI K
TEepaIiy U OLEHUTb NPOrHO3 €€ 3P PEKTUBHOCTH Yy CCHCUOMIN3UPOBaHHbBIX MALMEHTOB C KIMHUYECKUMH IIPOSBICHUSIMU aJUIEPTHU Ha
JIOMAIIHUX >KUBOTHBIX. [IpoBeneHo uccnenoBanue 22 nanueHToB 16-36 €T ¢ NoJ03peHHeM Ha aJUIEPrHIo K JIOMAIIHUM KUBOTHBIM.
Bepuduxamuio nuarfosa HpoBOJWIM HA OCHOBAHMM OOBEKTHBHBIX M CYOBEKTHBHBIX JaHHbBIX, OOIMX JIabOpaTOpHBIX U
MHCTPYMEHTAIBHBIX HCCIIEIOBAHUN, IPUK-TECTOB OSKCTPAKTaMM aJUICPreHOB, ONpeaesieHus obmero u cnenududeckux IgE.
HccnenoBaHue KOMIOHEHTOB aJlIEPI€HOB IIPOBOAMIM UMMYHO(II0OpecieHTHbIM MeToioM ImmunoCAP. Tlo pe3ynbraTaMm KOXKHBIX
npuk-tectoB Diater Laboratorios (Mcrmanns) cencnOmmm3anus K Koty BeisiBieHa y 18 (81,8%) i, U3 HUX — MOHOCEHCHOMIN3aNUs Yy
sty (27,8%), accorpanysl aIepreHoB KOTa C JPYrHMH BHIaMu auiepreHoB y 72,2%, wame Bcero (33,3%) 3to — xor+cobaka.
[NoBsimennsre ypoBau obmero IgE BeusiBnenst y 17 (77,3%) nammentoB. Cnenuduueckue IgE Tonpko k xoty 6pun y 3-x (16,6%)
111, B ocTanbHbIX 83,4% — npucyrcroBanu crnenuduueckue IgE k koTy B KOMOMHANMK C Pa3IMYHBIMU ObITOBBIMHU aJlJIePreHaMH, B
T.4. aJJIePreHaMH1 JIOMAIIHUX XUBOTHBIX, YTO OCIOXKHIO BbIOOp Tepanuu. ITo pe3ynpTaTaM KOMIOHEHTHOrO aHAJIHM3a MAllMeHTaM C
HAJIMYUEM TOJIBKO MaXOpHBIX aiuiepreHoB kora Fel d 1 wim B komMOuHaimu ¢ MUHOpHBIM aiepreHoM Fel d 2 HasHaueHo
aJUIEPrOMMMYHOTEPAIIMI0 C BBICOKUM/CPEIHMM IporHo3oM ee 3ddexruBHocty. Jluiam ¢ BBLABICHHOH NaHaJulepruei —
PEKOMEH/IOBAHO IMOJTAIIHYI Tepanuto. IlanMeHTaM ¢ HaJMYMeM TOJNBKO MHHOPHBIX aJUIEPreHOB IPOBEACHUE AJIIEPrOUMMY-
HOTEpaNuyu He peKoMeH/10BaHO. Ha OCHOBaHMH aiieproKOMIIOHEHTHOIO aHaJIu3a aJuIeprOMMMYyHOTEPAIMsIPEKOMEHIOBAHA TOIBKO
58,8% nanuenrtam, a i 23,5% cozeprkaHue ajuieprouMMyHOTepanuy Obl10 u3MeHeHo. JJuddepeHpoBanHbli TOAX0M K BEIOOPY
TEpareBTUYECKON TAKTUKH U INPOrHO3 €€ 3(P(PEKTUBHOCTU IUKTYET HEOOXOIMMOCTH IPOBEACHUSI MOJICKYIAPHBIX HCCIIENOBaHUM
meTogoM ImmunoCAP w/mmuIlmmunoCAP ISAC.

Knrouegvie cnosa: annepaus kK OOMAUHUM HCUBOTHBIM, ANIEP2OKOMNOHEHMHAS OUASHOCIIUKA, ANNEPSOUMMYHOMEPANUL.
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ImmuiemenTanis cneuugivnoro Ul mobisibHoro nogatky y Android Lollipop

O. I'. Xamyaa, H. B. Copoka

VYkpainceka Axaznemist [Ipykapcrsa, M. JIbBiB, Ykpaina
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Amnoramisi. Posrisnarorsest HoBoBBeeHHst B Android Lollipop OC 3 Touku 30py KopucTyBanpkoro inrepgeiicy. HaBomurbcs aHami3
KOHLICNIIH Ju3aiiHy i BapiaHTH iX peani3auiii 3 Touku 30py po3poOHuka. Hanarorbcs pekomenpanii mo BrpoBamkeHi Ul

0COOJIMBOCTEH KOHLICTITY MY3HYHOI'O IIpOrpaBaya.

Knrouosi cnoea: Ul, xopucmysayvkuil inmepghetic, MoOinbhuii 000amox, npomomun, ousaiin, myuynui npoepasay, Android 5,

Lollipop.

IHoctanoBka npo0Gaemn. He3Baxaioun Ha 3HA4YHY
KUIBKICTh JTOCIIKCHb B Taly3i iHGOpMAIIiiiHOT TEeXHOIIO0-
rii po3poOKK MOOUTBHUX JOJNATKIB, PO3POOHUKH Iiepio-
JMUYHO CTUKAIOTHCSA 13 HEOOXITHICTIO BHOOPY KpaIimx
METOIB IMIUIEMEHTAIli1 CreI(iuHOr0 KOPUCTYBAIBKOT'O
iHTepdeiicy. Lle MmoB’s3aHO 13 PEryIAPHHUMH OHOBJICH-
HSIMH MOOLUJTBHUX OTepamiiHuX CUCTEM.

Kommnanis Google 6mmwkue 1o cepemuni rpymas 2015
3i0paya CTaTUCTUKY CBO€T MOOLIBHOI onepaliiiHoi cucre-
M Android 3a mucromazn. 3ainsuio me 7 mmiB, 3 1 mo 7
TpyAHs, CTATUCTUKA 30Mpaniacs B OQiliHHOMY Mara3uHi
Play Store, noctynaomy 3 Android 2.2 i BUIIUX BEpCii.

OCHOBHUI1 IPUPICT YaCTKU KOPUCTYBAYiB B MHUHYJIOMY
Micsui TpanuBess 'y Android 5.x Lollipop. VYV xoBTHI
yacTka i€l Bepcii Jieap mepesuinyBaia 25%, a temnep 1e
3Ha4YeHHs 3pociio 10 29,5%. 3okpema, Bepcist Android 5.1
HabOpasa 3a micss 3,1%.

Android 4.4 KitKat Ha puHKY npucyTHsI Oiyble ABOX
POKIB 1 MOKU IPOJOBXKYE JIAUPYBATH 3 4acTKo 36,6%,
mpoTe ii craji BUSBUBCS MaKCUMaJIbHUM, cKiaBmm 1,2%.
Bci iHmn Bepcii Android 4.X TakoX TPOXH BTPaTHIIH, B
cyMi 2,1%. ¥V Android Jelly Bean yactka ngopisaroe 2,9%,
MeHIIIe HiXK Y BUiIILIa paHime 3a Hei Gingerbread 3 3,4%.

Uepes mBa Micsami micng pemizy Android 6.0 Marsh-
mallow mBUAKKHX TeMITiB I MOMIMPEHHS TPAAULIKHO He
CIIOCTEpIiraeThcs. ¥ MOMEHT MOsiBM OHOBJIeHHsA Android
6.0.1 Bepcis 6.0 mobpainocs Bckoro mo 0,5% Android-
TIPUCTPOIB, 301IBLIMBIIN CBOIO YacTKy 3a Micsip Ha 0,2%.
BianosinHo, 99,5% npuctpoiB HE MOXKYTh MOXBaJIHUTHCS
HasIBHICTIO HAMO1IbII akTyaIbpHOI Bepcii Android.

Buninennss HeBUpilIeHHUX paHile YACTHH 3arajbHOI
npodieM, KOTPUM TPHCBAYYETHCSI O3HAYEHA CTATTH.
JocmipkeHHsiM  iHQOpPMAIIHHIX ~ CHCTEM  MOOLIBHUX

Title

omnepaliifHIX CHCTEM IPHUCBSIYYIOTH CBOi HAaYKOBI poOOTH
Oarato asropiB. IIpore, Android Lollipop sBaseTbCs
BijiHOCHO HOBOIO OC 1 Ha JJaHWI MOMEHT HeMae JIOCHiHKEeHb
0 TIPOOJIEMi aKTHBHOT'O 3aTydeHHS B Ju3aiiH System bars.

[MuraHHs BOpOBa/PKEHHS B iHTepdeic AOmaTKy aHi-
Malii TakoX € aKTyalbHHUM BpPaxoOBYIOUH, IO pobora
0a3yeThCsl Ha BJACHOMY KOHIIENTI MOOIJTBHOTO TOMATKY 1
BIJIMIOBITHO OPWTIHAJEHUM aHIMAIIHUM eekram.

®opmyBaHHs wineld crarri. Ha ocHOBI mu3aiiHy Ko-
pucTyBalbKoro iHTepdeiicy KOHIenTy MOOUIBHOro J0-
JIaTKy, MOCIIOUTHA BapiaHTH HWoro peaiizaiii. PosrsHyTH
HoBoBBeneHHs B Ul mis Android Lollipop OC. 3okpema,
TIPOBECTH aHaIi3 POOJIEMH aKTUBHOT'O 3UTy4eHHS B IU3aiH
System bars. Hamatm pexkoMeHmaiii 1o MOMIHBOCTSIX
IMITEMeHTAlliT aHIMalliiHHNUX e(eKTiB, Ha OCHOBI KOHIIETITY.

Buxksiag ocHOBHOro matepiajty J0CJiI:KeHHS 3 MOB-
HHM OOIPYHTYBAaHHSIM OTPHMMAHHX HAYKOBUX pPe3yJib-
TaTiB. Ham KoHIleNT m0AaTKy MOOUIBHOrO IporpaBaya
0a3yeThes, 3 TOUKH 30py Bi3yanpHOro intepdeiicy — Ul,
Ha ocHoBax Material Design, mmpo Te i3 OpHTiHAJIBHUMHU
pIlICHHSIMH: BiZ]MOBa BijJl BUKOPUCTaHHS TiHEH, aKTUBHE
3aJlydyeHHs] CHCTEMHHX OJIOKIB OIepaliifHoi cucreMu
(Status Bar i Navigation Bar), aHimMaIliss OCHOBHUX iKOHOK,
JMUHAaMIiYHa KOJILOPOBa MajiTpa inTepdeicy.

BimmoBa Bin BukopuctanHs TiHe#. Timi B Material
Design MOKJIMKaHI PO3IUIATH €JIEMEHTH iHTepdeicy y
MIPOCTOPI MO OCi Z. 3a 3aKJIaJIeHOI0 1/1e€r0 1 0COOIHMBICTIO
UX, enemeHTH iHTepdelicy KOpUCTyBaya pO3MIllleHI B
omuiii mionmHi (Puc. 1). 30kpeMa akIleHT Ha OIHIN
TUTOLIMHI JUKTYETHCS BEPTUKAIGHUM CBAWIlOM, SIKMHA B
napi i3 CyUiJIbHUM KOJbOPOM BHKJIMKAE BiTUYTTS €IHOCTI
TPHOX €KpaHiB.

Q

ALL TRAKS THE ALBUM THE ARTIST

Puc. 1. Bukopucranns Tineil y Material Design i iX BiJCyTHICTb y KOHILIENTI.

AKTHBHE 3ajlydeHHs B JM3aiH CHCTEMHHX OJIOKIB OITe-
pamiitnoi cucremu (Status Bar i Navigation Bar). 3a 3amoB-
YyBaHHSM, TIPH PO3POOIT JOMATKY CUCTEMHI OJIOKU 3a0apB-

29

nieHi y wopuuii kouip (Puc. 2). ITounnaroun i3 Android 5, mis
PO3POOHHKIB BIJIKPUIIUCH JTONATKOBI MOMUIMBOCTI IO CTH-
JTi3alrii 1ux OMOKiB: 3a0apBiIeHHS KOILOPOM, MPO30picTh [1].

©)|N. Soroka, 0. Khamula 2016


holis.diana@gmail.com
Typewritten text
N. Soroka, O. Khamula 2016


Science and Education a New Dimension. Natural and Technical Sciences, 1V(10), Issue: 91, 2016 www.seanewdim.com

Puc. 2. Cranpapranii temunii (Dark) Tum Status 1 Navigation GokiB.

Buecenns 3min g0 Status Bar momsraiote y BUKO-
puctanHi nposopocti 20% dopHoro xomsopy (#000000).
e HeoOXximHO koMM My3W4HHMH (paiin MicTUTh 300pa-
KEHHsS aJbOOMY NI0 SIKOro BifHOCHUTHCS. IloBepX mporo
300pa)KeHHST  BiIOOpaka€Thesl 3arajibHa  iH(pOpMAIis,
BIJIMOBIMHO /It 11 Kpamioro BiJOOpa)KeHHS PEKOMEHIY-
€ThCS BHKOPHCTOBYBATH TIAKIAAKYy. BIImoBigHO B
JTAHOMY  BHIAAKy  BUKOPHCTOBYeThcs  Translucent
napamerp:

<style name="AppTheme" parent="AppTheme.Base">

<item

p— )

name="android:windowTranslucentStatus">true</item>

Lorem Ipsum
Artist

Lorem Ipsum
Audio Format

<

O

Puc. 3. Burmisin Navigation Bar koHuenty mysuysoro nporpasada gt Android 5+.

O

Jus peanmizanii 3iMHH KOJBOPY CHUCTEMHOTO OJIOKY
HaBiralji € IeKiJIbKa BapiaHTiB peatizarii:

1. PenaryBanns xml-gaitny “values-v21/style.xml”
<item name="android:navigationBarColor">@color/
/navigationbar_color</item>

2. Penarysanns xml-gaiiny “values/style.xml”
<item name="android:navigationBarColor" tools:
targetApi="21">@color/navigationbar color</item>

3. IIporpamuo

if (Build VERSION.SDK INT >=21)
getWindow().setNavigationBarColor(getResources().getC
olor(R.color.navigationbar_color));

AHIMaIlisl OCHOBHHX IKOHOK. B 1u3aiiHi KOHIIENTY
pOOUTHCS aKIEHT Ha MPOCTOTY 1 YHCTOTY Y Bi3yalbHOMY
CTHII 1 II€ JIOCATA€THCS, TAKOXK 3aBJISIKH BUKOPHCTAHHIO
IKOHOK. [KOHKM pEKOMEHAYETHCSI CTBOPIOBATH Y Tpode-
CIifHUX MporpaMax i BEeKTOpPHOI rpadiku, K MpHKIa
Adobe Illustrator, a00 BUKOPUCTOBYBATH I'OTOBI 13 TIAKETY
IKOHOK HaJJaHUX KoMIaHiero po3poduukoM OC — Google.

Hama pexomeHnpamiss mojsirac 'y BUKOPHCTaHHI
pecypciB ikoHOK y popMmari svg (Puc. 4). Ockinbku qanuit
¢dopmatr mnpeacTaBieHHs Tpadikd  03BONSE  SIKICHO
3aCTOCOBYBaTH aHiMamiro i 30epiratu npomnopuii B
3aJIOKHOCTI 13 po3MipoM ekpany. Scalable Vector
Graphics (ckopoueno SVG) — crmenudikaiiss MOBH
po3MiTky, 1o 6a3yerbes Ha XML Ta dopmat daitnis ais
JIBOBUMIPHOI BEKTOpHOI rpadiky, sK CTaTHYHOI, TaK i
aHiMOBaHOi Ta iHTepakTHBHOI. SVG Moxe OyTu BHK-
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</style>

BpaxoByrour JIOTiKy HaBiramii  KOHIIENTY, IO
371e0LIBIIOrO TOJISIraE y BEPTUKAIBHOMY CBaiIi, mocTaia
HEOOXIMHICTh, TUHAMIYHOI CTHJII3aIlii CHCTEMHOTO OJIOKY
Navigation (Puc. 3). Ha ronoBHOMY ekpaHi HaBirarii i B
KpaiiHiii BepxHiii Toumi(ekpaH 3 iH(poOpMali€r0 TIPO
MYy3W4HUH (aiin, sKkuil akTUBHWUI Ha [aHWM MOMEHT)
cucteMHuil Onok 3adapOoByeTbesi kombopom #019587,
abo #{f4b3b., ikoHKM HaBiraiii npuAMarTh OLIHH KOJIp
#{Tffff. Ha expani i3 cnickom My3u4HuX (aitniB(kpaiiss
HIDKHS TOYKa KOHIENTy NpH cBaiimi) Navigation Bar
npuitmae mapametp “Transparent” [2].

Trak Name
Artist

Trak Name
Artist

e

Album

JIIOYHO JEKJIapaTUBHUM, a00 MICTHTH ONHKCH CLEHapiiB.
300paXkeHHsT MOXXYTh MICTUTH 30BHIIIHI OCHJIaHHS
HUIIXoM 3actocyBaHHs mpoctux XLink-iB. L crerm-
¢ikamis € BIIKPUTUM CTaHIAPTOM, PO3POOJICHHM po0O-
yoro rpymoro SVG Working Group opranizanii World
Wide Web Consortium. Bukopucranust janoro gpopmaty
B Android mpoekTi Mu peainizyBanu 3aBAsku OiOioTert
1.2.2-beta-1-tweaked-2 [3].

s ctBopeHHs iKOHOK: press_to play(okay icon).svg,
press_to_stop(2lines _icon).svg i progress_bar.svg BHKO-
PHUCTOBYBAJIOCS MporpamMHe 3a0e3MCUeHHS Bill KOMIIaHil
Adobe, Illustrator CC.

[Mpuknan npeacraBnenus ress_to_play(okay icon).svg
y KOJIi:

<?xml version="1.0" encoding="utf-8"?>

<!-- Generator: Adobe Illustrator 15.0.1, SVG Export
Plug-In . SVG Version: 6.00 Build 0) -->

<!/DOCTYPE svg PUBLIC "-//W3C//DTID SVG
1.1//EN"
"http://www.w3.org/Graphics/SVG/1.1/DTD/svgl 1.dtd">

<svg version="1.1"id="Layer 2"
xmlins="http://www.w3.0rg/2000/svg"
xmins:xlink="http.//www.w3.org/1999/xlink" x="0px"

y: N0px ”
width="280.184px" height="198.702px"
viewBox="-2.603 -1.977 280.184 198.702"
enable-background="new -2.603 -1.977
280.184 198.702" xml:space="preserve'>
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Puc. 4. Burisiy o0CHOBHHX SVE-iIKOHOK 1 4aCOBO{ IIIKAJIH.

<polyline fill="none" stroke="#FFFFFF" stroke-
width="4.5" stroke-miterlimit="10" points="0.091,114.9
80.005,194.814

274.886,-0.065 "/>

</svg>

BpaxoByroun BHIIIEHABEICHUH KO, SIKMH OMUCYe Tpadiv-
HUI €IEeMEHT 3a JI0IIOMOT0F0 TOYOK, MU MOYKEMO IIPOTPaMHO
3MIHIOBATH 11l apaMeTpy. B pe3ysbTaTi oTpuMyBat edek-
THI, JUI1 KOPUCTYBaya, aHiMaIiliHi eeKTu.

BucHoBKM 3 JaHOro AOCTiTKeHHS i NMepcrneKTHBH
NMoJANbIIMX PO3BIIOK y naHomy Hampsamky. Kopuc-
TyBalbKUK iHTepdeiic, CTBOPEHOro HaMH KOHLENTY My-
suyHoro mporpaBada st Android OC, Ga3yeTbcst Ha
OCHOBHHX MpHHIMIIAX KoHIeNii nu3ainy Bin Google.
[Ipore HOBOBBenEHHs 3ampOIIOHOBaHI 1 peaji3oBaHi B
MPOTOTHII BiJKPUBAIOTh HOBI T'paHHUI AJIS B3a€EMOMII 3
KOPUCTYBaueM.

[pYHTYIOUMCh HA BHINE3TAJAHOMY, PEKOMEHIYEThCS
akTUBHO BHKopucToByBatH Ul pecypcu 3 tumom ¢aiis

svg. Llell TMI Hagae MOXJIMBICTH BUKOPHCTaHHS OIHOTO
pecypcy IUisi pi3HHX PO3MIpiB €KpaHiB, OCKIIBKM MacIl-
TaOyBaHHS MNPOXOAUTH O€3 BTPAaTH SKOCTi, TaKOX
BUJIO3MIHIOBAaTH TrpadiuHUi eJeMEeHT 3a JIONOMOTOI0
(YHKIIH OMMCaHUX B KOJI.

Jon Wiley, oquH i3 KepylouHuX IUPEKTOPIB BiIILIY
nu3aiiny kommaHii Google, HABOJIUTH PEKOMEHMAINIO 11O
AKTUBHOMY BIIPOBQ/UKCHHIO HOBHX MOJeieil B3aeMomii,
30epiratoun Juiie 0a30Bi NPUHIMNK. BimnoBigHo 3ana-
€TBCSl AKTUBHUI PO3BUTOK B IILOMY.

ITepCreKTHBOIO MOJANBIIOrO JOCIIDKEHHS € IpOBe-
JCHHsI TECTYBaHHs peajli3oBaHoro Kouuenty. OcoOiuBy
yBard HeoOXiJJHO CKOHIIEHTPYBATH Ha CHCTEMHOMY OJIo1i
HaBiramii i Omoui BimoOpaxkeHHs crarycy. Takox, AaHui
KOPHUCTYBAaIlbKUH iHTep(elic KOHIenTy nepeadadae B3a-
€MOil0 13 KepyBaHHsAM Okectamu. JlaHa ananramis
iHTepdeiicy € JOTIYHUM 1 HACTYITHUM €TaIrloM peai3aii
HPOCKTY B LIIOMY.
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How to implement a special user interface in Android Lollipop
Soroka N., Khamula O.
Abstract. We review a new user interface structure in Android Lollipop. We describe our innovative mobile design concept, with
special logic of user interaction, and visual elements for support that logic. The Android Lollipop uses material design style like a
default, however our visual elements need non-standard implementation. A main accent is on custom status and navigation bars, also
on svg animations.

Keywords: Ul, concept, app, android.

HAmnnementamus cnenupuaeckoro Ul mo6uiabHoro npuiioskenns Ha Android Lollipop
H. B. Copoka, O. I'. Xamyxna
AnHoTamus. Mbl paccMaTpuBaeM HOBYIO CTPYKTYPY IoJIb3oBaTesbckoro nHTepdetica B Android Lollipop. Mbr onmceiBaeMm Hamry
MHHOBALMOHHYIO KOHIIETINIO MOOMIBHOTO Au3aiiHa, ¢ 0c000MH JIOrHKOH B3aMMOIEICTBYS € MOJIb30BATENIEM, @ TAKKE C BU3YaJIbHBIMU
3JIEMEHTaMH JUTS TTOJIep>KKH 3Toi toruku. Android Lollipop ucrione3yeT “material” cTHIB 10 YMOTYaHUIO, OJHAKO HAIIN
BU3yaJIbHBIE 2JIEMEHTHI IMEIOT HECTAHIAPTHYIO Peallu3aliIo, KOTOpas U OlKcaHa B cTaTbe. OCHOBHOM aKIIEHT 1eNIaeTcs Ha
azanTHpoBaHHOM jau3aiiHe “StatusBar&NavBar” snemenTos, a taroke Ha SVG aHUMAaImm.

Knroueswie cnosa: unmepgpeiic, konyenm, modunvoe npunodicenue, android.
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MEDICAL SCIENCE

OuiHka IMyHOTOKCHYHOIO BIUIMBY HITPOKCOJIIHY B YMOBAX €KCIIEPUMEHTY
HAa JIa0OpaTOPHMX TBAPHMHAX
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AHorauisi. [IpoBeieHO KOCIIDKEHHS BIUIMBY HITPOKCOJIIHY Ha IMyHHY CHCTeMY MypyakiB. BuBuanu HecrienugiuHy pe3HCTEHTHICTb
opratiamy 3a (OopMyJIOI0 KpOBi, 3a (paromurapHiM moka3HUKOM. KITiTHHHMI iMyHITeT OIiHIOBamM 3a BMicToM T-nimdonuris, ix
cyonomynsauiid. I'ymopaneHuii iMyHiter - BmicroM iMynornoOyumiHis IgA, IgM, IgG ta IIKiB. Hirpokconin BIuIMBa€ Ha IMyHHY
CHCTEMY 1 BUKIIMKAa€ ajiepreHHy nepeOynoBy oprasismy. [liBuIye KiibKicTh €03MHO(IIIB, JIM(POLUTIB, aKTUBYE (harouTapHy
akTHUBHICTh HeiTpodiniB. [lie Ha wiiTuHHY snaHky imyHitery: migBumye Cllg; IPI; CI;, NK-xmitunu. Ilopymiye rymopanbHy
BIZINOB1/Ib aJJAIITUBHOrO iMyHiTeTy, miaBuiye piBens LIIK y kpoBi, UM clipyisie BUHMKHEHHIO aBTOIMYHHUX 3aXBOPIOBaHb.

Knrwouogi cnosa: nimpoxconin, iMyHOMOKCUYHUT 8NAUS, KIIMUHHUL MA 2YMOPATbHULL IMYHImem.

Beryn. B nanwmii yac, sk i pasinie uis JlikyBaHHS iH]ek-
1Iii HUPOK 1 CEYOBUX IIIAXiB 3aCTOCOBYIOTh MOX1IHE XiHO-
JIOHOBOI KUCJIOTH — HITPOKCOJIiH, KU e(EeKTUBHHI 100
LIMPOKOTr'O CHEKTpa TPaMIIO3UTHBHUX, T'PaMHEraTHBHUX
Oaktepiii 1 rpubOiB. baratouucenbHi JdaHi HAYKOBOI
JITEpaTypy CBiYaTh MpO Te, L0 JOBIOTPUBAJIE 3aCTO-
CYBaHHS HITPOKCOJIIHY CYIPOBOKYETHCS PO3BUTKOM
anepriunux peaxuii [1, 2]. B ymoBax BupoOHHUIITBa arpe-
raTHUH CTaH HITPOKCOJIHY — aepo30iib Je3iHTerpatii,
TOMY B OpraHi3M IpaliBHUKIB PEYOBHMHA MOXKE MOTpa-
MUTH Yepe3 NUXallbHI NULIXM Ta IIKIPHI TOKPUBH 1
BUKJIMKATH aJIepreHHY Mepe0y 0By OpraHizmy.

Koportkuii orasig myomikanii mo temi. XimiuHi pedo-
BHHHU 3/1aTHI BUKJIMKATH CTaH ITiJBUIICHOI YyTJIHUBOCTI
JIUXABHAX IUIIXIiB, IO HPU3BOJWTH 1O BHUHHUKHEHHS
pecipaTopHoOi ajeprii, HECTPHUSITIMBUX HACTIAKIB A
3JI0pOB’sl, IO HACTAIOTh B PE3YJIbTaTI CTHUMYIIAIIT ajarl-
TUBHOT'O IMYHITETY.

XiMiuHa pecripaTopHa ajepris BH3HAYaeThCs SK IMY-
HOOIIOCEPEKOBAaHA PEaKlis TIilepuyTIMBOCTI 1O eK30-
TeHHUX XiMiYHUX pedoBuH [3]. ExcriepumenranbHi oc-
JIDKEHHS. TIOKa3yloTh, IO BHYTPIIIHBOMIKIpHUN a0o
MICIIEBUI BIUIMB aJiepreHy Ha OpraHi3M MypYakiB MpH3-
BOIIUTH J10 €(hEKTHBHOI CCHCUOLTI3AINT AMXATBHHUX NIIIXIB.

ITpu cencuOimizanii BiAOyBaeThCs 3MiHAa IMYHOJIOTIY-
HOTO CTaTyCy MiCls HEpIIOro KOHTAaKTy 3 ajJepreHoM,
SIKMH 3a3BUYall He Jjae OyIb-IKHX KIIIHIYHMX TposiBiB. B
pe3yNbTaTi MMOBTOPHOTO BIUIMBY ajepreHy BilOyBaeThCs
MIPUCKOpEeHa Ta OB arpecuBHa iMyHHa BIAIOBiIb, IO
KJIIHIYHO MTPOSIBJIIETHCS CUMIITOMAaMH ajeprii [3].

Meta. OuiHMTH BIUIMB HITPOKCOJIHY Ha IMYHHY
CHCTEMY J1a0OpaTOPHUX TBAPUH B PaMKaX MPOBEICHHS TOK-
CHKOJIOTIYHOTO EKCIIEpUMEHTY 3 PO3POOKU TITiEHIYHOIO
pErIaMeHTy JOIyCTUMOrO BMICTY PEUOBHHH Y TIOBITpI po-
60401 30HH Ha XiIMIiKO-(hapMaleBTUUHMX ITiAPUEMCTBAX.

Martepianu Ta meromm. [ocnimkeHHs Ha Jabopa-
TOPHUX TBAapHHAX NPOBOIMIMCA 3TiTHO METOAMYHUX
pekomeHzaniil [4] npu qOTpUMaHHI MPHUHIMIIB 0i0€THKA
y BIJTIOBIAHOCTI 3 MOJIOKEHHIM €BPONECHCHKOT KOHBEHITIT
LIOJI0 3aXHCTY XpeOETHUX TBAPHH, SIKUX BUKOPHCTOBYIOTh
B EKCIHEPUMEHTAIBHUX Ta IHIIMX HAayKOBHX IIJIAX
(Ctpacoypr, 1986 p.), [dupexktuBu Pamu €Bporu
2010/63/EU, 3akony Yxkpaiau Ne 3447-1V «IIpo 3axuct
TBapHH BiJl )KOPCTOKOT'O TIOBOYKEHHSI.
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Jlnst mpoBeneHHsT eKcrepuMeHTy Oyno cdopmoBaHo 2
TPy MypuakiB cBimioi Macti Macoro 300-350 r no 8 oco-
OWH KOKHA (KOHTPOJIbHA Ta CEHCHOLTI30BaHa), SIKi YTpUMY-
BAJTKCS Y BIBapilO 3TiJHO CAHITApHO-TIT€HIYHUX HOPM.

Cencuoinizariro npopoawin 3a MerogoMm O. I'. Ajek-
ceeBoi, A. l. IerkeBuu [5] UUIIXOM BHYTPIIIHBOIIKIp-
Horo BBegenHs 200 Mxr (B 0,02 mi1) mpenaparty B 30BHIII-
HIO TIOBEpXHIO ByXa. TBapuHam 3 KOHTPOJBHOI T'pyNu
BBoawH 1m0 0,02 mi1 0,9% NaCL. Ctymiab ceHcuOimi3arii
BCTAHOBJIIOBAJIM TiCJIS TIOCTAHOBKH BHYTPILIHbOLIKIPHUX
npo6 B po3Beaennsx: 1 : 100, 1: 1000. Peakuito opraniz-
My OLIHIOBAJM LUISXOM Bi3yaJIbHOrO OISy HOBEpXHi
IIKIpH Ha MICIIi BBEICHHSA Mpo0 uepe3 24 Tom. micius
BBEICHHSA 1 3a pe3yjibTaTaMH KIIHIYHUX Ta IMYHOJO-
T'1YHHX TECTIB.

Cran Hecnien(iuHOI PE3UCTEHTHOCTI OpraHi3My BHBYa-
mu 1o (opMysi KpoBi 3a uucioM Heitpodinis, darorm-
TapHUM ITOKa3HHUKOM OpraHi3My [6], kinbkicTio NK-KITiTHH.

OO0yYHCITIOBaNK CITIBBIJJHOLUICHHSI OKPEMHX IOIYJISIIiH
JIEWKOLUTIB y JIEWKOUUTApHIA (opMysi A 3arajibHOI
XapaKTepPUCTUKH KIITUHHUX peakliii HecreuuQpiuHoro i
cnemudivyHoro 3axucry opranizmy [7]. BupaxoBysanu:
IHICKC CIIBBIAHOIICHHS HEUTpOQLTB Ta JTIMQOIMTIB
(ICHJI), innekc criBBigHOUIEHHS HEWTPO(diIiB Ta MOHO-
murtiB (ICHM), iHnekc criBBigHOMIEHHS HEATpOQiTiB Ta
eosunodiniB (ICHE), inmekc criBBiTHOIICHHS MOHOITUTIB
ta eosuHo¢iniB (ICME), iniekc criBBiTHOMEHHS TiMQO-
mutie Ta MouoruTiB (ICJIM), iHIEKC CHiBBIIHOIICHHS
nimponuTie Ta eozunodiis (ICJIE) [8].

OuiHKa KIITHHHOTO IMYHITETY OpraHi3My IPOBOJIMIIACS
32 TIOKa3HUKaMU BiJTHOCHOTO Ta aDCONIOTHOI'O BMICTY B ITe-
pudepunuHiit kpoBi cyonomysiii T-mimdorutie i B-im-
(OIUTIB, NIIIXOM PEaKilii PO3eTKOYTBOPEHHS 3 CPHUTPOITH-
TaMH, Ha SKUX aJcopOOBaHI MOHOKIIOHAIBHI aHTHTLIA
npotu perentopiB C/I; (T-nmimdorwrie), CI, (T-xennepn),
CHg (T-trorokcmuni), Cljs (Hatypanbhi kinepu), Cly
(B-mmim¢ormTH). 3a KiTBKICTIO €PUTPOLIUTIB, 81COpPOOBaHNM
OJTHUM JIIM(OIMTOM aHAJi3yIOTh CTYMiHb akTHBHOCTI T- i
B-KimiTHH, OCKIbKM ILiei (eHOMEH OOYMOBIICHHH IIIiJIb-
HICTIO PEIeNTOpIB Ha TIOBEPXHI JTIM(OIIUTIB 1 XapaKTepu3ye
(DYHKIIIOHAJIBHI BJIaCTUBOCTI OCTAHHIX.

[MizpaxoByBanu iMyHOPETYJISITOPHUIA 1HIEKC 11O BiJHO-
menno CJII,/Clls.

©)G. laskiv 2016
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I'ymMopanbHH# IMYHITET OLIIHIOBAJIH 32 BMICTOM IMYyHO-
rinooyniniB IgA, IgM, IgG Ta HUPKYIIOIOYMX IMYHHHX
komiuiekci (1IK).

KoHnenTpanito iMyHOr;1o0ysiHiB B CHpOBATIi KpOBI
MypUYakiB BHUBYAJIH 3a JOIMOMOIOHK pajiaibHOi IMYHO-
nudy3ii B ren 3a ManuiHi; — MeTon 0a3yeTbes Ha nudy3il
IMYHOTJIOOYJiHIB B arap, SKHHA MICTUTh crienudiuHy
CHpPOBaTKy Ta B pE3YJbTaTi peakiii yTBOPIOE Kijblie
MpenumiTanii, NMpUHa SIKOrO MPSMOIPOIOPIIHHA Kilb-
KOCTi iMyHOrNIOOYIiHIB. PiBeHb iIMYHOrJ100Yy/iHIB BHU3HA-
Yany 3a KaJiOpyBaJbHOIO KPUBOIO, SIKA BHUpa)kae 3ajex-
HICTh MiX piBHEM iIMYHOIJIOOYITiHIB Ta JiaMeTpOM KiJielb
npermirarii [9].

OTpuMaHi fAaHi, IO BUpaXald Y BIACOTKaX 1 B
a0COJIOTHUX OJUHUILIX Y IepepaxyHKy Ha 1 JiTp KpoBi
(10°/n), aHami3yBany 3 BHKOPHCTAHHSM 3aralbHONPHii-
HATUX METOMIB CTAaTHCTHYHOI OOpOOKH pe3yJbTaTiB
MEIUKO-010JIOTIYHUX OCTIKEHb, 3 BUKOPHUCTAHHIM t-
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kputepiss CT’rolieHTa Ta TMONEPEAHBOI IIEPEBIPKOIO
HOPMAJIHOCTI PO3IOLTY.

Pesyabratn Ta ix obroBopennsi. I[lpu npoBeneHHi
BHYTPIIIHBOIIKIpHUX 1po0 y 1031 1 : 1000 y nociaHiit rpy-
Il TBAPUH HA MICIIl BBEJICHHS BiIMIYaad HE3HAYHE IOYEp-
BOHIHHSI, AiameTpoM 2-3 MM, y 1031 1: 100 crocrepiramu
epuTeEMito, HaOpsIK, pO3MIpOM 3-6 MM 3 YTBOPEHHSIM IaIry-
JIM TIO BiJIHOUICHHIO JIO KOHTPOJBHOI Ipynu (PO3YMHHHK —
0,9% NaCL), ne 3MmiH mIKipy HE 0YII0 BUSIBIICHO.

AHaJTi3 TOKa3HUKIB JICHKOIUTAPHOI (hOPMYITH ITOKa3aB,
110 3HA4YEHHsI BiJICOTKOBOTO BMICTY i aOCOJIOTHOI KiJlb-
KOCTi €03MHO(]LIIB Ta BiJICOTKOBOrO BMICTY JIiM(OIMTIB
JIOCTOBIPHO TEPEBUIIYE NOMYCTHMUN BMicT. BMmict neii-
KoLUTiB, 0a30disiB, HEUTPODiNIIB Ta MOHOIMTIB Y KPOBI
TBapUH KOHTPOJIBHOI Ta CEHCHO1TI30BaHOI IPYII BipOTiIHO
He BiApi3HABcs (Tabi. 1).

Mix eo3uHO(IaMU B KOHTPOJBHUX Ta CEHCHOLTIZ0-
BaHMX TBapUH crHocTepiraeThcs BiporigHa (p<0,05)

Ta6aunus 1. [Toka3HUKY JEHKOLMTOrpaMy KPOBi MypUaKiB CeHCHO1II30BaHUX HITPOKCOIIHOM

Ha3Ba noka3Hukis KonTpoJibHi TBapuHHl CeHcu0inizoBaHi TBapUMHA
Jletikoruru, I'/n 9,40+0,52 10,70+0,53
Bazodinu, % 0,25+0,16 0,50+0,19
Bazodinm, [/n 0,03£0,02 0,06£0,02
Eosunodinu, % 1,88+0,35%* 3,25+0,36*
Eosunoginnm, [/ 0,18+0,03* 0,36+0,06*
Heiitpodinu, % 21,88+1,20 23,63+0,73
Heiitpodinu, [/n 2,06£0,16 2,52+0,15
MomnouwutH, % 2,50+0,19 2,75+0,37
Mownorutu, I'/n 0,24+0,02 0,28+0,03
Jlimdpouuru, % 73,50+1,04* 69,88+0,79%*
Jlimdpouury, I'/n 6,90+0,40 7,49+0,39

INpumirka: *10cTOBIpHICTD Pi3HMLI MiXk nokazHuKaMu p<0,05.

pI3HHIS B cepeHiX Mmoka3Hukax. KopemsuiitHuii 38’5130k
MIDXK BiJMOBITHUMHU ITOKa3HUKAMH € HEJOCTOBIpHUH. IcHYE
Biporiguuii (p<0,05) kopensuiiHui 3B’ 130K MiXK MOHOIIH-
TaMH 1 JiIMQOIUTAMU B KOHTPOJIBHIH TPYIIi.

[limBuIlIeHHsT KUTBKOCTI €03MHO(DIIBPHUX TPAHYJIOILKTIR
MOXKe OyTH CBIIMEHHSIM aKTHBAIlii 3HENIKO/DKEHHS TOKCHY-
HUX PEYOBHMH IDIIXOM IOMIMHAHHA JPIOHUX YaCTHH, SIKi

OOBOJKAIOTh IX CBOEI0 CTIHKOIO, BTATYIOUM iX y cebe
(Mikpodarn).

VY mnoka3HHMKaX KpOBI B KOHTPOJBHHX Ta CEHCHOLTI-
30BaHUX TBAapWH CIIOCTEPIrajd JOCTOBIPHY PI3HHIIO
(p<0,001) mix innexcamu cripBignomenns ICHE, ICJIE,
ICHM, ICHJI ta ICMJI. Mixx ICME Takoi BiporimgHoi
JIOCTOBIPHOCTI HE BUABJICHO (Ta0I. 2).

Tabanus 2. [Toka3HUKY JeHKOLMTapHUX IHIEKCIB MypUaKiB

. 3HaveHHs1 moKka3HUKiB, Mtm
Ha3Ba noka3Hukis - P -
KonTpoJibHi TBapuHn CeHcubinizoBaHi TBapUMHA
ICHJI 0,30+0,02 0,34+0,01
ICHM 9,16+0,91 10,48+2,05
ICHE 14,54+2,51%* 8,10+1,10*
ICME 1,66+0,32 0,92+0,13
ICJIM 30,69+2,40 30,81+6,12
ICJIE 48,36+7,94* 23,73+2,88%*

IMpumitka: *gocToBipHIiCTb pi3HULI Mixk HokazHuKaMu p<0,001.

3 HaBeneHUX B JaHux BUAHO, o ICJIM ta ICHM noc-
TOBipHO He 3MiHmIOCcH B 000X rpynax. ICHE gocroBipHO
3MIHUBCS 332 PaXyHOK 3MEHIIECHHsS HEHTpO]isIiB Ta 301Ib-
LIEHHSI KiJIBKOCTI €03MHO(MITIB B AOCITIIHIH IpyIli MOpiB-
HSIHO 3 KOHTPOJIBHOIO.

Biporigna pizauns (p<0,001) B mnoxasnukax ICHJI
BKa3ye Ha KIITUHHHN OaJlaHC MOKa3HWKIB Hecnenugid-
HOro Ta cnenudivyHoro 3axucry. JJocToBipHO 30ibIIEHHI
ICJIE Bka3zye mpo mOpylIeHy piBHOBary KIiTHH, IO
MPUIMalOTh Y4acTh B PeaKiisxX TilnepuyTInBOCTI CIOBiIb-
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HEHOT'0 Ta HETaiHOr O THUITIB.

3rigHo nMaHux Tabmumi 3, y CEHCHOLTI30BaHUX TBapUH
BiZIMIYCHO JTOCTOBIpHO Biporiaue miapuiieHHs Cllg y mopis-
HSIHHI 3 TBapUHAMH KOHTPOJILHOI TPYNHU y BiZICOTKAaX Ta B
aOCONFOTHUX BENIMYMHAX, HIO CBIAYUTH IMPO MOPYIIEHHS
MeXaHI3MIB IMyHOperyiaii. BiporimHo migsurnenuii [Pl
CeHCHOLTI30BaHNX TBapMH Ta JIOCTOBIPHO  BiporiiHe
migsuiends CJ1;, NK-kmitud Ta daroiurapHoi akTHBHOCTI.
VYci 1i mopyImieHHst MOXKYTb CBITYUTH PO TOKCHYHHI BIUIHB
HITPOKCOJIIHY Ha KIIITUHHY JIAHKY IMYHITETY.



Science and Education a New Dimension. Natural and Technical Sciences, 1V(10), Issue: 91, 2016 www.seanewdim.com

Tabuanus 3. Bruis HITPOKCONIIHY Ha CTaH KIITHHHOI JIAHKH IMYHITETY CeHCHO1/1i30BaHUX TBApPUH

. 3HaveHHs1 MoKka3HUKiB, Mtm
Ha3Ba noka3Hukis : o= -
KoHTpoJbHI TBApUHHT CencubisizoBaHi TBApUHHA
T-nmim¢pormru (C13), % 48,88+1,57* 53,38+1,54*
T-nmim¢pormru (C/3), [/n 3,38+0,24 3,99+0,25
T-xenmepu. (Cy), % 31,25+1,14 30,88+1,86
T-xenmepu (C/,), [/n 2,15+0,14 2,28+0,10
T-murorokcmuni (Cllg), %o 17,63+0,70* 22,50+1,44*
T-murorokcmuni (Cllg), /0 1,23+£0,10%* 1,75+£0,14*
NK-xmituan (C ), % 15,75+0,77 17,63+0,66
NK-xmitan (CH;e), I/ 1,00+£0,20 1,32+£0,097
B-nimdorumtu (Cy), % 19,75+1,48 20,13+1,34
B-nimdormtu (Cy), ['/n 1,39+0,15 1,51+0,13
Imynoperynsropanii innexc (IPI) 1,78+0,08* 1,43+0,15*
daroruTapHa akTUBHICTB, %o 14,00+0,46 14,85+0,40
daroruTapHuii iHIEKC 3,57+0,76 4,24+0,41

INpumirka: nocroBipHicTh Mixk nokazHukamu p<0,05.

[pu nocnimkeHHi GyHKIIOHATBHOTO cTany B-cucremu
IMyHITETY 3a pIBHEM CHPOBAaTKOBHX IMYHOIJIOOYIiHIB
IgA, IgM, IgG ta LIK (tabn. 4) BiamiueHO BiporimHe
(p<0,05) migpumenns L{IK y cencuOini30BaHUX MypYaKiB

M0 BIJHONIEHHIO JIO TBapuWH KOHTPOJBHOI TPYIH.
[Mokaznuku imynornoOy:iniB (IgA, IgM, IgG) y ceHcnbi-
JM30BaHUX TBapuUH CYTTEBO HE BIAPI3HAIUCA BiA
MOKa3HUKIB Y KOHTPOJT.

Tabuanus 4. Bruiis HITPOKCONIIHY Ha TyMOPaJIBbHY JIAHKY aJJAIITUBHOI IMyHHOI BiJIOBi

. 3HaveHHs1 moka3HUKiB, Mtm
Ha3Ba noka3Hukis - o -
KoHTpoJibHi TBapuHHl CencudinizoBaHi TBapUHA
upxymoroui imyHHi komiuekcu (LIIK), ym.om. 25,134£3,71* 47,75+5,73*
Imynornobyniu A (IgA), r/n 1,8240,21 1,93+0,18
Imynornobynia M (IgM), r/n 0,22+0,03 0,30+0,04
Imynornobyniu G (IgG), r/n 2,15+0,28 2,48+0,30

IMpumitka: *gocroBipHicTh Mix nokazHukamu p<0,05.

[Migeumennii piBers I[[IK Bkasye Ha CTUMYMIALIIO
IMYHHOI BIZMOBIZI Ha HAaIXOMKCHHS AHTHUICHIB, SAKi 3a-
ITyCKAIOTh JIAHIIOTH MATOJIOTTYHHUX 3MiH, 1[0 TPU3BOAATH
JI0 ayTOIMYHHUX 3aXBOPIOBAHb.

BucnoBku. HiTpokcoriH BIUTMBaE Ha IMYHHY CHCTEMY i
BHKJTUKAE aJiepreHHy mepe0yIoBy OpraHi3my.

[py BHYTPIITHBOUIKIPHIHM CeHCHOLTI3alli MypYaKiB CIT0-
cTepirajay JOCTOBIpHI 3MIHM y MOKa3HUKaX IepupepuaHOl
KpOBI: 301IBIIEHHS BiICOTKOBOIO BMICTY i 20COIIOTHOI KiJTb-
KOCTI €03MHOMLIIIB Ta BiJICOTKOBOT'O BMICTY JIiM(OITHTIB.

He 3MiHIOE piBeHb HEUTPOQLTIB y CHPOBATII KPOBI.
36inbmye ICJIE, sikmii Bkasye Ha IOpYIIEHY PiBHOBary

KJITHH, IO TPUAMAIOTh Y4acTh B PEAKLisX TilepuyT-
JIUBOCTI CITOBUTBHEHOT'O Ta HEraHOT'O THITIB.

Hitpokcomin pfie Ha KIITHHHY JIaHKY IMYHITETY:
nigBuiye CJ/lg y TOpiBHSHHI 3 TBapHHAMH KOHTPOJIBHOT
TPyIH y BiJICOTKaxX Ta B aOCONIOTHHX BEIWYHMHAX; ITiJBH-
urye IPI cencu6inizoBanux tBapuH; CJl;, NK-kmitua Ta
(barouyTapHy aKTUBHOCTb.

[Mopyiye rymMopaibHy BiAIOBIAb aAalTUBHOTO IMYHITE-
1y. [lizBumiye piens L{IK y cupoBaTmi KpoBi, o crpusie
BUHUKHEHHIO aBTOIMYHHHMX 3aXBOpIOBaHb. PiBeHb iMyHO-
rnooyniniB IgA, IgM, IgG y ceHcuOuni3oBaHUX TBapUH
CYTTEBO HE BiIPI3HABCS BiJl TBAPHH KOHTPOJILHOI TPYITH.
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Immunotoxic impact assessment Nitroxoline in the experiment on laboratory animals
Iaskiv G.
Abstract. The influence Nitroxoline on the immune system murchakiv. Studied non-specific resistance of the organism by the
formula of blood, the phagocytic index. Cellular immunity was assessed on the content of T-lymphocytes and their subpopulations.
Humoral immunity - containing immunoglobulin IgA, IgM, IgG and CIC. Nitroxoline affects the immune system and cause
allergenic restructuring of the body. Increases the number of eosinophils, lymphocytes, activates neutrophil phagocytic activity.
Effects on cellular immunity, increases SD8; IRI; SD3, NK-cells. Violates humoral response adaptive immunity, increases the level
of CIC in blood, what contributes to autoimmune diseases.

Keywords: Nitroxoline, immunotoxic effect, cellular and humoral immunity.

Onenka HMMYHOTOKCHYECKOI0 BJIMSIHMSI HUTPOKCOJIMHY B YCJIOBHSIX IKCIIEPHMEHTA HA JIa00PATOPHBIX KHBOTHBIX
A. U. Ackns
Annoramms. [IpoBeneHo wucciaeoBaHWE BIHMAHMA HUTPOKCONMHY Ha HMMMYHHYIO CHCTEMY MOPCKHX CBUHOK. HM3ydanm
HECNenM(pUIECKy0 PE3UCTEHTHOCTh OpraHu3Ma 1o QopMyne KpoBH, (aromuTapHOMy mokazaTento. KieTodHbli HMMyHHTET
OLICHUBAJIN 110 cofepxkaHuto T-mumdoruToB, ux cyonomynsiuil. 'yMopabHbIi UIMMYHHTET - COJAEPKAHUEM HMMYHOIJIOOYJIMHOB
IgA, IgM, IgG n IIMKoB. HuTpokconuH BIMseT HA MMMYHHYIO CHUCTEMY M BBI3BIBA€T ANIEPIEHHYIO IEPECTPOIKY OpraHusma.
IMoBblmaer KOJMYECTBO 303MHOGMIOB, JIUM(OLUTOB, AKTUBHPYET (arolUTapHYI0 aKTUBHOCTh HeHTpodmios. leiicTByer Ha
KJIETO4YHOE 3BeHO MMMyHuTeTa: nosbimaet Cllg; MPU; Cl;, NK-knetku. Hapymaet rymopanbHbIi OTBET aJallTHBHOIO UMMYHHTETA,
nioBbimaer yposeHb LIMIK B kpoBH, criocoOCTBYeT BOBHUKHOBEHHIO ayTOMMMYHHBIX 3a00/1€BaHHUIL.
Knrouesvie cnosa: numpoxconun, umMmynomoKcuieckux 61uanue, Kiemoynslii u 2yMOPAIbHbLI UMMYHUMEN.

35



Science and Education a New Dimension. Natural and Technical Sciences, 1V(10), Issue: 91, 2016 www.seanewdim.com
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Abstract. The first signs of impairment of the structure of the rat’s cerebellar cortex have been noted already after 2 weeks of the
experimental effect of nalbuphine which is manifested by the change of the form of cerebellum cells, by clarified cytoplasm,
formation of vacuoles as well as by the development of microangiopathies. Destructive changes in cerebellar cortex cells and in parts
of hemomicrocirculatory bloodstream increase in the course of 6 weeks of the experiment, which leads to disorganization of the

structure of cerebellar cortex.

Keywords: cerebellum, ultrastructure, nalbuphine, experiment, hemomicrocirculatory bloodstream.

Introduction. Pain is defined as an unpleasant sensory
and emotional experience associated with actual or
potential tissue damage. Chronic pain is pain that persists
over a period of time,typically for at least three months
[1]. More women than men reported chronic pain [2].
Overall, 31% of men and 37% of women reported this.
The prevalence of chronic pain increased with age, from
14% of men and 18% of women aged 16-34 to 53% of
men and 59% of women aged 75 and over [3]. There are
four major classes of medications used in the treatment of
chronic pain: non-opioids (Aspirin, and acetaminophen),
opioids, also called narcotics (examples of opioids include
but are not limited to morphine, codeine, hydrocodone,
oxycodone, and Nalbuphine.), adjuvant analgesics, etc [4,
5]. The pressing problem today in modern medicine is the
growing tolerance to the narcotic analgesics that induces
patients take them in ever greater doses and such property
of opioid drugs as causing euphoria in case of their
systematic injection [6]. This sooner or later leads to the
formation of psychic and then physical dependence, that
is, drug addiction [7]. The final stage of any drug
addiction is degradation of personality, dramatic trophic
and functional changes in the entire organism, especially
in central nervous system [8]. The mechanism of the
analgesic effect of narcotic analgesics is explained by the
fact, that they suppress the processes of interneuronic
transmission of the pain impulses in the central part of the
afferent paths, slow down conduction of the pain impulses
in the reticular formation of the brain, thalamus and
therefrom to the cerebral cortex. In most cases analgesic
action of the opioids can be explained by the binding and
activation of p- or k-opioid receptors [9, 10]. Narcotic
analgesics alter the psychic appreciation of painful
sensation, eliminating the fear of such sensation by way
of disruption of the subjective-emotional perception [11].
A great number of problems pertaining to the structural
changes in tissues in case of the use of narcotic drugs
remain unresolved. The data presented in professional
literature on these problems are contradicting and require
further studies. As the function of each organ is based on
its adequate structure and its impairment under the effect
of pathogenic factors is the foundation for the
development of a pathologic process that determines its
character and peculiarities of clinical manifestations, there
is undoubtedly the need for the study of morphological
peculiarities of the organ.

Aim. The objective of our work was to determine ultra-
structural peculiarities of the cerebellar cortex and its hemo-
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microcirculatory bloodstream components in the dynamics
of 6-week long injection of nalbuphine in the experiment.

Materials and methods. The study was carried out on
24 mature white male rats aged 3.0-3.5 months and body
weight 160-180 g. Nalbuphine (Rusan Pharma Ltd, India)
was injected intramuscularly daily to the experimental
animals of the first group (5 rats) during 2 weeks (1™
week - 8 mg/kg, 2™ week - 15 mg/kg), of the second
group (5 rats) during 4 weeks (1% week - 8 mg/kg, 2™
week - 15 mg/kg, 3" week - 20 mg/kg, 4™ week - 25
mg/kg, of the third group (5 rats) during 6 weeks (1%
week - 8 mg/kg, 2™ week - 15 mg/kg, 3™ week - 20
mg/kg, 4™ week - 25 mg/kg, 5" week - 30 mg/kg, 6"
week - 35 mg/kg. 9 white rats to which saline solution
was injected served as the control group. All animals were
kept in the vivarium of Danylo Halytsky National
Medical University of Lviv, and the experiments were
conducted in compliance with the provisions of the
European Convention for the protection of vertebrate
animals used for experimental and other scientific
purposes (Strasbourg, 1986), European Council Directive
86/609/EEC (1986), the Law of Ukraine #3447-IV *’On
protection of animals from cruel treatment’’, general
ethical principles of experiments on animals approved by
the first National Congress of Ukraine on Bioethics
(2001) [12]. Sampling of the material was made after 2, 4,
6 weeks of the experiment. The animals were withdrawn
from the experiment by the use of thiopental sodium at
the rate of 25 mg/kg of body weight. The research
materials were presented by ultramicroscopic sections of
the cerebellar cortex. Ultrastructural study of the rat’s
cerebellum was conducted with the aid of electron
microscope UEMB-100K (Ukraine) at acceleration speed
75 kV and magnification on the microscope screen
%4000, x8000. Ultrathin sections were prepared with the
aid of ultramicrotome UMTP-3M with the help of glass
knives produced on CCH-1 device.

Results. Changes in the cerebellar cortex after two
weeks of nalbuphine injection. Morphological
indications of pathological changes appear in the bodies
of the neurons of all layers of cerebellar cortex after 2
weeks of injection of nalbuphine. Nuclei of most of the
cells have a rounded form, contain no nucleoli.
Occasionally occur the cells with the altered form of the
nucleus containing both, condensed and non-condensed
chromatin (Fig. 1a). A greater part of heterochromatin is
concentrated near the internal surface of the nucleus
membrane. Nucleolemma of these nuclei forms
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invaginations. Their neuroplasm contains an insignificant
quantity of organelles. Mitochondrions are not numerous,
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they have a clarified matrix and partially with degraded
cristae (Fig. 1b).

Fig. 1. Altered form of the nucleus (a), clarified matrix and partially degraded cristae of mitochondrions (b) of the white rat’s
cerebellar cortex after 2 weeks of injection of nalbuphine. Electron microphotograph. Magnification: a — x 4000, b — x 8000.

The first signs of angiopathy, perivascular edema (Fig.
2a) appear at this stage of the experiment in parts of
hemomicrocirculatory bloodstream. Lumens of capillaries

become constricted acquiring an irregular slit-like form
(Fig. 2b).

Fig. 2. Perivascular edema (a), slit-like form of lumen of the capillary (b) of the white rat’s cerebellar cortex after 2 weeks of
injection of nalbuphine. Electron microphotograph. Magnification: x 4000.

Excessively elongated electron-dense nuclei of
endotheliocytes protrude into the vessels’” lumen.
Nucleolemma forms numerous protrusions and deep
invaginations. Akaryotic regions of endotheliocytes are
thinned. Occasional protrusions of plasmolemma are
found in the vessels’ lumen. A great number of destruc-
tively altered mitochondrions are present in the cytoplasm
perinuclear region. Mitochondrions’ cristae are shortened,
often ruined. Lumens of the white rat’s cerebellar cortex
arterioles at this stage of the experiment are somewhat
constricted. Basal membrane is thickened, its contours
lose their sharpness. Thickening of the elastic membrane
is also observed.

Changes in the cerebellar cortex after four weeks of
nalbuphine injection. Distinct changes in the ultra-
structural organizaton of endotheliocytes in hema-
toencephalic barier capillaries are observed after 4 weeks
of injection of nalbuphine: ruined (Fig. 3a), local
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clarification and compaction of endothelial cells’ matrix,
condensation of chromatin take place, mitochondrions’
cristae are ruined, basal membrane is fluffy and
thickened, the phenomena of the vessels’ walls swelling
increase (Fig. 3b).

Nuclei of the cerebellar cortex neurons at this stage of
the experiment acquire their polygonal form (Fig. 4a).
Heterochromatin is present in the periphery of the
nucleus, in the center — the zone of low electron density
filled with occasional granules of non-condensed chro-
matin. Nucleolemma 1is thickened, fluffy. Perinuclear
space is expanded. Cytoplasm contains no organelles in
some areas. A great number of swollen mitochondrions
whose size varies considerably (Fig. 4b).

Changes in the cerebellar cortex after six weeks of
nalbuphine injection. After 6 weeks of experiment,
electron microphotographs of ultrathin sections of the
white rats’ cerebellar cortex show morphological signs of
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Fig. 3. Deformed nuclei of endotheliocytes protrude into the capillaries’ lumen (a), destructurized hematoencephalic barrier (b) of
the white rat’s cerebellar cortex after 4 weeks of nalbuphine injection. Electron microphotograph. Magnification: x 4000.

Fig. 4. Nucleus of polygonal form (a), edema of the mitochondrions (b) of the rat’s cerebellar cortex neurons after 4 weeks of
nalbuphine injection. Electron microphotograph. Magnification: x 8000.

degenerative changes, in particular, the nerve cells are
disorganized, their form is altered, the boundaries
between them are blurred (Fig. 5a). Occasional neuro-
cytes occur with an increased electron density of nucleo-
and neuroplasm. The nuclei are of irregular form, occupy
the entire cell. Nucleolemma forms protuberances that
have a prepyknotic appearance. Nucleoli are often
missing. Few round-shaped mitochondrions with a lucid
matrix can be seen against the background of neuron
cytoplasm compaction and vacuolization. The contours of
internal mitochondrial membrane are blurred, cristae
disrupted, spaces between them dilated. Canaliculi of
granular endoplasmic reticulum are dilated unevenly,
fragmented. Lumens of the cerebellar cortex arterioles are
dilated, nuclei of endothelial cells have large sizes relative
to cytoplasm, their nucleolemma forms finger- and
cupola-shaped protrusions. The wall of the arterioles and
precapillary arterioles is thickened, sclerotized. Intra-
cellular membrane structures, particularly, mitochond-
rions and the endoplasmic reticulum have no distinct
contours. Luminal surface of endotheliocytes forms a
considerable number of minute microvilli, and cytoplasm
contains vacuolized mitochondrions, it contains few
ribosomes and polysomes, pinocytic vesicles. Mural
thrombi have been found in the arterioles’ lumens.
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Lumens of the cerebellar cortex capillaries are constricted
because of swelling of the cytoplasm of endotheliocytes
and protrusions of cytoplasm into the lumen. Lumens of
hemocapillaries are filled with the accumulations of
erythrocytes, their adhesion was noted in places of
erytrocytes plasmolemmas fluffing on the luminal surface
of endothelial cells (Fig. 5b). Cytoplasm of endothe-
liocytes is filled with precipitates and coagulates. Basal
membrane of hemocapillaries is thickened, laminated,
contains electron-dense deposits. Venules are hyperemic.
Acidophilic leukocytes, thrombocytes, erythrocytes are in
the venules’ lumens. Interendothelial contacts are expan-
ded, which indicates diapedesis of leukocytes through the
venules’ walls. Basal membrane the venules is fluffy.

Discussion. The results of the present work are a
fragment of the project scientific research «The structure
of organs and their bloodstream in ontogenesis under the
effect of laser irradiation and pharmaceutical agents in
cases of blood supply disorders, reconstructive surgeries
and diabetes mellitus" (state registration number
01100U001854), being conducted at the Department of
General Anatomy of Danylo Halytskyy National Medical
University of Lviv in accordance with the state plan and
program.

Drug addiction has become a serious problem not only
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Fig. 5. Degenerative changes in the neuron (a) and in the hemocapillary wall (b) of the white rats’ cerebellar cortex after 6 weeks
of nalbuphine injection. Electron microphotograph. Magnification: a — x 8000, b — x 4000

because of the progressing pathopsychological changes in
drug using patients, but also because of the development
of multiple polyorgan comorbid pathology, that together
with the great economic and moral losses place the
problem of drug addiction in the range of the most
important problems in many countries of the world.

Despite the wide range of modern methods of research
on the morphological level in the mechanisms of lesions
of various organs and system that appear under the effect
of opioids, the results of ultramicroscopic investigations
that could fully explain this problem practically have not
yet been described. Data on the development of patho-
logical changes of the cerebellum under the influence of
drugs are insufficient and need to be studied further on.
That is why the study of the ultrastructure of the
cerebellar cortex in dynamics of a long lasting effect of
the opioid is undoubtedly of an essential practical
importance both, in medical and in social aspects. The
studies that we have carried out have shown, that already
after 2 weeks of nalbuphine injections to the white rats
there appear the first signs of impairment of the
ultrastructural organization of the cerebellar cortex and its
angioarchitecture. First of all there have been detected
intra- and extravascular changes in the elements of
cerebellar cortex hemomicrocirculatory bloodstream.
Similar changes in the ultrastructural organization of the
rat’s optic nerve microvessels have been observed in the
case of a short-lasting duration of streptozotocin-induced
diabetes mellitus that kept on increasing in subsequent
stages of the experiment [13]. Angiopathy, in the author’s
opinion, became the triggering mechanism for the
development of the optic nerve neuropathy which con-
firms the opinion that hemomicrocirculatory bloodstream
vessels are among the first to react to the pathogenic
factors by structural changes that appear to be the soil for
the development of a pathological process and determine
its character and the peculiarities of its clinical
manifestations [14]. This is why the study of the structure
of vessels, ultrastructure of their walls under normal
conditions and under the effect of various factors allows
to examine importance of the vascular factor in
morphofunctional insufficiency of internal organs.

A long-term injection of nalbuphine causes appearance
of morphological signs of pathologic changes in the
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perikaryons of neurons of all cerebellar cortex layers. The
same situation was after the long-term effect of morphine
sulphate treatment [15]. The light microscopy revealed
that the molecular layer of cerebellum showed vacuo-
lation. The Purkinje cells lost their specific shaped
appearance, decreased in size and numbers. The granular
cells highly degenerated. Electron microscopy revealed
fragmentation of the cisterns of the both types of
endoplasmic reticulum, resulted in a progressive depletion
of total protein contents as well as general carbohydrates
in all treated groups as supported by histochemical
observation. Obvious destruction of mitochondrial inner
membrane and cristae mediate cell death. Also, abnormal
nucleus with deformed perforated nuclear membrane and
deformation of the plasma membrane with degeneration
of the synapses could interpreted as a sign of necrosis.

Changes in the cerebellar cortex cells were studied also
under the effect of ethanol [16]. The ultrastructural
examination of the cerebellar cortex of ten-day-old rat
pups of ethanol-treated dams during pregnancy (1 group),
pregnancy and lactation (2 group), and lactation (3 group)
revealed that alcohol administration leads to a delayed
maturation of Purkinje cells. It was most strongly
manifested in the pups of dams treated with ethanol
during pregnancy and lactation. Moreover, this study
showed degenerative changes in Purkinje cells as well as
in granular layer cells in all experimental groups. There
was a difference in the ultrastructural picture of both
types of dying cells, which might result from different
time frame of their sensitivity to ethanol administration.
The quantitative analysis showed the most pronounced
decrease in the density of Purkinje cells in the posterior
superior fissure of cerebellar cortex in the pups of dams
treated with ethanol during pregnancy.

The changes we have discovered in the cerebellar
cortex structure after 4 and 6 weeks of injection of
nalbuphine in the experiment, in our opinion, can be
explained by the data of professional literature that
antibodies to the opioids have specific sites of binding in
certain structures of the brain, particularly, in the
cerebellar cortex granular layer [17]. Reports in the
professional literature show, that signs of edema and
swelling of its tissues and arachnoid membraine have
been found in the brain under the effect of narcotic



substances [18]. This is explained by the combination of
impairment of microcirculation, which is characteristic of
the acute intoxication by drugs. Histologically, aside from
the edema of drainage glia that is manifested micro-
scopically by perivascular and pericellular edema, there
have been found various impairments of microcirculation
in the form of erythrocyte aggregations stasis in the
capillaries, general venous hyperemia, paresis of micro-
circulation resistant link, sludge of erythrocytes, some-
times formation of fibrin-erythrocytic thrombi and multi-
ple small diapedetic hemorrhages in the subcortical regi-
ons and the brainstem. Sometimes hemorrhages encroach
pia matter of the brain. Hemorrhages in the brainstem are
linked to the acute venous hyperemia of hypoxic genesis
and impairment of rheological properties of blood.

This project research work differs from other already
known works of this kind by the fact that new data on the
effect of opioid on the peculiarities of ultrastructure of the
cerebellar cortex of the white rat have been obtained on
the basis of a complex of micro-, macro- and electron
microscopic studies. For the first time we have inves-
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tigated dynamics of ultrastructural changes of the cortex
of the rat’s cerebellum under the effect of injection of
opioid. The data obtained enable us to extend our notions
and resolve the disputable problems of the effect of opioid
on the cerebellar cortex ultrastructure, which will create
the morphological basis for understanding pathogenesis of
nervous system diseases of drug users and patients who
have to take opioids for an extended period of time, and
for finding optimal methods of treatment. The obtained
data are important for both, morphologists and clinicists.

Conclusions. Phenomena of angiopathy have been
observed already after 2 weeks of nalbuphine injections
which testifies to the reaction of hemomicrocirculatory
bloodstream elements to the injection of opioid as primary
that serves as soil for the development of system
structural changes. Destructive changes in the cells of all
cerebellar cortex layers in the dynamics of the long-term
opioid injection increase, which is manifested by the
alteration of the form and size of the nucleus, by
vacuolization of cytoplasm, destructive changes in the
organelles.
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OC00eHHOCTH YJIBTPACTPYKTYPhI KOPBI MO3Ke4Ka MO/ BJUSHUEM ONIMOU/A B IKCIIEPHMEHTe

JI. P. Maremyk-Bane6a, A. M. Bexecenu

AHHoTaums. IlepBble NpHU3HAKK HapyIIEHHsS CTPYKTYPBI KOPbI MO3KEUKa KPBICBI OOHApYKEHO YK€ 4epe3 2 HeleNl TeueHHs
9KCIIEPUMEHTAIIBHOTO BO3/ICHCTBUS HANO0Yy(HHA, YTO NPOSABIAETC M3MEHEHHEM (DOPMBI KIETOK KOPbl MO3)KEUKa, IIPOCBETIICHUEM HX
LUTOIUIa3Mbl, JOpMHUPOBaHHEM BaKyoleH, a Takke pa3BUTHEM MHUKpOaHrHomnaTHil. B mpouecce skcriepuMeHTra B TeUeHHE 6 HElENnb
HapacTaloT AECTPYKTUBHbIE M3MEHEHHs KIETOK KOPBI MO3K€YKa, U 3BEHBEB T'€MOMUKDPOLHPKYIATOPHOIO PyClla, YTO MPUBOIUT K

JIe30praHu3aliu CTPYKTYPbl MO3XKEUKa.
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AHortauisi. B crarri npoananizoBaHo 1Ba Meronu TpaHcdopmaii kaprorpadiuaux npoekuii B I'IC. Posrasxyri anreOpaiunuii i
meron Kpurinra. Ilepmmii MeTo npocTiii y BUKOHAHHI, IIPOTE BUMArae iTepauiifHoro miJxomy, 1o NPU3BOJUTH 10 BTPATH TOUHOCTI.
Bonnouac meron Kpwrinra, skuif € HOpiBHAHO HOBMM — Oinbll HaAifiHMH 1 KopekTHMI. EkcriepuMeHTanbHI HOCIiKEHHS

I ATBEP/IKYIOTH HOTO JOCTaTHHO BUCOKY TOYHICTB.

Knrouogi cnosa: kapmoepagiuna npoexyis, aneebpaiunuii noninom, 3enadicyeans, mpancgopmysanns, Kpueine.

Beryn. 'eomerpuuHa TpaHchopMmallisi JaHUX, OTPUMAaHUX
i3 KaprorpadiyHUX DKEpea € HaWBaKIUBIIIMM €TarioM
mig gac crBopeHHs ['IC. Ockinbku 0a30Bi MPOEKINI, B
KX BimoOpaxkaroteest mapu ['IC, obupae kopucryad, i
iX mapamerpu BiJIOMi, TO JOCHTh TpaHC(OpMyBaTH Mpsi-
MOKYTHI KOOpPIMHATH 3 YCIX IHIIMX KapTorpadidHux
mokepen y reomeswudi [1]. Ilpu Bimomid mpoekiii kapT
TpaHcopMyBaHHSI BUKOHYETHCS 32 0OepHEHUMH (HOpMY-
JamMH mpoekuii. B takomy Bumajiky, iHTepec npeacTaBisie
JIMIIE KOPEKIisl onu(ppOBaHUX KOOPAMHAT, SIKA BHKOHY-
€TBCS 3 METOI0 3MEHIIEHHS TOMHJIOK, ITOB’S3aHUX 13
CIOTBOPEHHSIMH, 1[0 BHHUKAIOTH MiJ| 4ac IPYKYBaHHs
KapT Ta moxuOkaMu mporecy ouudpysanus. IIpore, Ha
NpakTHIi ~ [apaMeTpd  Ipoekuii  KapTorpadidHoro
JDKepelia 4acTo € HEBiIOMUMH, abo 0O0epHEHUX (opMya
He icHye. [IpukiIanom € mpoekuisi, 3aaHa 3a JOMOMOT 00
KOOpJIMHAT BY3JIB T'PaJyCHOI CITKH i3 IEBHHUM KpPOKOM,
OTPUMYBAHHUX YHCEIBHHUMH METOJaMHU TPU PO3B’s3aHHI
TaK 3BaHUX OOCpHEHHX 3a1a4 Kaprorpadii.

[leBHi mpoOneMH BHHUKAIOTH MpPU IEPETBOPEHHI
(TpancdopmyBaHHi) KapTorpadiyHux 300pakeHb 3 OIHIET
npoekuii B iHOIy. BOHM YCKIaIHIOIOTHCS THM, IO Ha
pansSHCHKUX TEMAaTHYHHUX KapTax He IPUHHATO BKa3yBaTH
BXiHI JaHi, SKI BIJHOCATHCA OO IX TE€OAE3HUYHMX 1
MaTeMaTU4YHUX OCHOB. Pa3zoMm 3 TuMm, Ui aBTOMAaTH30Ba-
HOI O0OpOOKM BaXJMBO 3HATWU JUI SIKOTO eJircoina
OymyBayacsi TpPOCKINsS, Ta 3a SKUMH piBHAHHAMH. Lli
MPUYMHU, a TaKkoK Benwka mnorpeda y I'IC-mpomykrax
CHPHSIOTH PI3KOMY IiJIBUIIEHHIO MTONUTY Ha reorpadivxi
KapTu B TPaJAUILIHHOMY eleKTpoHHOMY BapiaHTi [2]. To-
My, OTPUMAaHHS JOCTOBIDHMX 1 KOPEKTHHUX KapT €
BaXXJTUBUM Ta aKTyaJbHUM 3aBIaHHSM.

AHasmi3 octranHix myoOmikanmiii. IIporsarom ocranHi
POKIB CIIOCTEpIraeThCsl MOXKBABIEHHS J10CIIDKEHb, OB’ sI-
3aHMX 13 MUTAHHAMH MaTeMaTU4HOi KapTorpadii. Ocob-
JUBOI yBaru 3aciyroBYIOTh POOOTH TaKHX aBTOPIB, SK
B. M. Menbnuk, II. I1. Kopons, P. 1. Coca, B. JI. bapa-
HOBCBHKHMH Ta iH. [[ikaBUMU i NMEPCIIEKTUBHUMH € METOAU
3aCTOCYBaHHS BapialliiHUX NPHUHIMIIB ONTHMi3amii Kap-
TorpadiuHUX TMpOeKUid st YkpaiHn Ta 11 OkpeMux
perionis [3, 5, 11].

Meta. OOrpyHTYBaHHS 3acTocyBaHHs Merony Kpuris-
ra Juist Tpancopmanii kapTorpadivHUX IPOEKIiH.

Buknanx ocHoBHOro Marepiany.

I. Tpaguuiiinux mertoa. Ilpouec TpaHchopmyBaHHs
IBOX KaprorpadidyHUX MPOCKIIH MOXHAa IPEICTaBUTH
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PIBHAHHSIMHM TOYKOBOI BIAIMOBITHOCTI JBOX IUIOCKHX

TIOJIB:
X =F(xp);Y =F(xy), (1)
Je X,y— KOOpAMHATH TOUYOK TpPaHCHOPMYIOUOro
nons; X,Y— KOOpAMHATH TOYOK TPaHC(HOPMOBAHOIO

nonst; [, F,— JesAKi OIHO3HAYHi, HENEPEPBHI pasoM 3i

CBOIMH TIOXiZJHUMH TEPLIOro i APYroro MopsiakiB ¢yHK-
ii, 1o 3amaHi B OOMEXeHild o0iacTi Ta MalOTh B YCiX
CBOIX TOYKax 00JIaCTi AKOOIaH MEePIIUX MOXiTHUX
= M 0.

a(x,y)

Takuii miaxing MOMJIMBUM, KOJNM BiAOMi PIBHSIHHS
MPOEKIIiH, Jle apryMeHTaMHu € IepeBaXHO reorpadivxi
KOOpJMHATH. BpaxoByroun MOXIIHBI AedopMariii BUXif-
HOro KapTtorpagiqHoro 300pa)KeHHs Ta HETOYHOCTI Teo-
rpagiuHIX KOOpAUHAT, ToOynoBa piBHsHE (1) MOXIIHBa 3
BUKOPHCTaHHIM HaONMmKeHUX MeToaiB. J[J1s mporo yacro
BHUKOPHCTOBYIOTh METOJ| allpOKCHUMYIOUHX (PYHKIIN JABOX
3MiHHHX:

I (2)

Bziiaijxiyj

=0 j=0

L= iibijxiyj

i=0 j=0

€)

BimoMo, 1110 301IBIICHHS CTEIEHS MMOJIHOMA ITiBHUIIYE
TOYHICTH anpokcumaliii. OJHaK, ClIpOrHo3yBaTH HEOOXi-
HUH MOPSIIOK alpOKCUMYIOUOro IMoJiHOMa (PYHKIIT ABOX
3MiHHHX (3) 11 3a0e3nedeHHst MOTpiOHOI TOYHOCTI J0-
cUTh ckianHo. Tomy 1eil MeTon Mae OOMeEKeHe 3acTocy-
BanHs. [Ipuknan tpancdopmauii ABOX KapTorpadidHux
MPOCKI[if IMOKa3aHO Ha pHC. I, Je mpaBopyd — Kapra
I'penanmii B crepeorpadivniii mpoekiii, a JiBopyd — Kap-
Ta, OTPUMaHa 3 MOMEePENHBO]I My TpaHchopMariii [4].

B cyuacHux ymoBax J0CTaTHHO €(DEKTUBHUM 1 YHiBEp-
CaJIbHUM METOIIOM TpaHc(opmarlii KapTorpadiqHux mpo-
ekt B I'lC € meron Kpurinra.

II. MeTon 3raamxyBaunsi. s oTpuMaHHS ONTH-
MaJbHUX IIapaMeTpiB Bapiorpam HeOOXiJHa IonepeaHs
¢inbTpanis (3r1amKyBaHHs) BUXIAHUX qaHuX. s nporo
4acTO BUKOPHUCTOBYIOTh METOJ KOB3HOI'O CEpelHBOro [7;
8; 9]. Posrnspatoun eneMeHT 300pa)kKeHHs MiJi MacKOO
(BIKHO), sIKa JTOPIBHIOE 30HI BIUIMBY, HEOOXIJHO 3HANTH

TaKy MHOXHHY  BaroBUX  KoeQillieHTiBd;  mpH
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=
Oyze HalKpaIIo OLIHKOIO JI0CHIDKYBaHUX ITapaMeTpiB:

1, ceey k, n,3aBAdKA SIKUM CEPECAHE 3BAXKCHC 3HAYUCHHS

20

m

&n°

fE5) =Y af (5.0). 4)

Ie a, —BaroBi koeditieHTH; [ ()?, )7)— HOBE,

o
&0 FPersIPa0” 307 20P a0®
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0] &0

Puc. 1. Ipuxnan tpanchopmanii kaprorpadiyHIX IPOEKILiil.

¢inbTpoBaHe 3HAYEHHS [EHTPAIFHOTO €JIEeMEeHTa [
mackoro; f (xl. , yl.) — He(iIbTpOBaHE 3HAUCHHSI.

Barosi xoedilieHTH a; IIYKarOTh 32 METOJIOM HaiiMeH-
IIUX KBajapaTiB. {71 3HaXOMKEHHS BU3HAYAIOTh YAaCTHHHI
TIOX1/THi, SIKi TIPUPIBHIOIOTHCS J0 HYJISL.

IHmmii  BapiaHT BU3HAYEGHHS SIKOCTI NPOLEAYPH
OL[IHIOBAHHSI MOJISITAE Y 3HAXO/DKCHHI JUCIIePCii TOMUIIOK

OR

b

JoTrgHa

O, AKi Ipy IIbOMY BHHHKAIOTh. B cBOIO 4epry aucnepcis

HOMUIJIOK BH3HAYAIOThCS Yepe3 KoBapialliiHi Xxapakrepuc-
Tuki. OCTaHHI 3HaXOIsTh HA OCHOBI E€MITIPHYHUX Bapio-

rpam sk pisaumo  C+C—y(h),ne C+C,— mopir

iBapiorpamu, ¥ (h ) — 3HAaUEHHs Bapiorpamu.

C+C0_

TeopeTHdHa MOZENb
cthepHIHOTO BHITAIY

A J

MaKC

Puc. 2. [lapamerpu cepuuoi TeopeTnuHOi Bapiorpamu: a — 30Ha BBy, C;  — aucnepceis wymis,

C+ C, - nopir Bapiorpamu.
Mosxua migibpatn Ttaki Koedimientn g(a;), AKi 6
MiHIMI3yBaJIH 3HAYEHHSAMU

JICTIEpCito,  Bapiloluu
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Koe(illieHTIB, 11100 MaTH 3Ba)KEHE CEPEeHE 3 HAHMEHIIO
nuctiepeieto noMmwIok. [lykaHa oliHka He TOBHHHA MaTH
CHCTEMAaTHYHUX MOMHUJIOK, TOOTO, TOBMHHA BUKOHYBATHUCS



yMOBa HE3MilIEHHOCTI Zal. =1.01xe, 3 ypaxyBaHHAM

1

JIONIATKOBUX YMOB HEOOXiIHO MiHiMi3yBaTn QyHKii0 [ :

F:G:+2u[2ai—lj, )

Je [ — MHO>XKHMK Jlarpamka.

II1. Po3paxynok Bapiorpam Ha miommHi. I[lpu
JMBOBUMIPHHUX JAHWX BapiorpaMy MOXKHA PO3PaXxOBYBAaTH
MpPUHAMHI B YOTHPHOX HANpsAMKax I TEePEeBIpKH
anizotpomii. [lepmmii kpok € BuOip jara (lag) Bapio-

rpamH i HOTo JIOMYCK, MOTIM — OCHOBHHX KYTIiB i KyTOBHIA
Jomyck [8].

[Iporemypa poO3paxyHKy peai3yeThbCsl HACTYIHUM
yuHOM. Ha mepuiomy Kpori Al KOXKHOI TOYKH IporpaMa
BUOUpa€e BCI MOXJIMBI Iapu 3 PEUITOI0 TOYOK i KIIACH-
¢ikye iX 3a BCTaHOBJIEHHMMH KjacaMH BiJcTaHed 1
HanpsiMKiB. [loTiM aist KOXXKHOI mapu  OOYHMCITIOETHCS
KBaJpaT pi3HUII

(f(x,-ayi)_f(x,-ay,-+h))2 (6)

1 pe3ysIbTaTH AONAIOTHCS 10 CYMH BIANOBIAHOIO KIIacy.

KinpKkicTs map B KJ1aci TaK0X 301IbIIYETHCS HA OAMHUIIO.
Komu Bci MoxnuBi mapu OyayTh 0oOpoOJIeHI Uit TOUKU

f (xl., yi),nporpaMa nepeiae 10 HacTymHOI Touku. B

Tyt BpaxoBaHo:
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KiHI MpOIIeCy MiJICYMOK AIJTMTHCS Ha JBa 1 HA KUIBKICTh
nap, ski Oysu BUOpaHi JJIsl TAHOTO KJIacy.

IV. Meton Kpurinra. Sk mokasamu TOCITIIKCHHS
[6;8] y Bumanky 3actocyBaHHsi merony Kpurinra, mis
Tpancdopmanii kaprorpadiyHUX NPOEKIH JOLIJIbHIIIE
MIPaIfoBAaTH 3 OJHOBHMIPHUM BHIIaJIKOM, TOOTO 3IiHCHIO-
BaTH OIPAIIOBaHHS B IIMPOTHOMY Ta JOBIOTHOMY Harl-
psAMKax. Po3risiHeMo JeTanbHilIe i TTaHHsL.

[leperBopeHHST TNPSAMOKYTHHX KOOPIMHAT MOXKHA
TIPE/ICTABUTH Y BUTJISIAL 1BOX (pyHKITi#:
B=F, (x, y) s %)
L=F,(x,y).

3a metonom Kpurinra ui QyHKIIT MOXKHa TIpEICTaBUTH
y BUIIISAJ 3Ba)KEHOI CyMU 3Ha4€Hb B OITOPHUX TOUKAX:

N
Fy(x.y)=20/(x»)B;
i=1

N
F(x,y)=21(x.)L,
i=1

e bt ta / ; — BaroBi KoeQilli€HTH, 0 BUPAXOBYIOTHCA

®)

OKPEMO [UIsi KOKHOI Touku P = (x,, ;). Y Tpamuuiinii
¢opMi 3amucy cucTeMa pIiBHSAHb MOXE OyTH 3aIliMcaHa
HACTYITHUM YHHOM.

[epmmii Bumagoxk — ©0e3 BpaxyBaHHS JIHIHHOTO

TpeHLy.
_7/11 Y12 Vin | | g |
Voo T2 Von b 7/.2
b,
ynl ynZ ynn : : = 7/" . (9)
1 1 ) 1
bn
XX Xp
L yl y2 _ L Yp |

Dby, =d75>b=LX,=>b-x;Y,=>b-y. (10)
Hpyruil BUnanox — 3 ypaxyBaHHs JiHiiHOTO TpeHay — L+ X-a, . +a e
Yu o T Vin 1 X 3y bl 7
Ya Tx Van 1 X, M bz 72
ynl ynZ ynn 1 xn yn bn = 7/" ° (1 1)
11 1 0 0 0/|]|u 1
XX, x, 0 0 0]]a, Xp
v ¥ oy, 00 0]fa | [7, ]
Jlnsg OTpMMaHHS ~€KCIIEPUMEHTAlIbHOI BapiorpaMu  HOTIM 1 BiAcTaHed ¢ = ﬁ +kh, k=0,12,...
CIIOYATKy 3aAI0ThCA JESKAM KPOKOM ycepenaHeHHs M, 2 1
00YHCITIOIOTECS 3HaueHHs § (¢, )=—— > (B, — B.)?,
70)= 5, B 8)
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Jie TICYMOK BEJIeThCsl IPH BCIX Mapax To4ok P, P, s

SIKUX h < ‘ﬁl - F,‘ < (k + 1) }/, — 4MCIIO TAKKX TIap.

3 po3B’s3ky (12) orpumaemo:
a,=0,60;a,=a,=a,=a,=0,1,

TOOTO
5

Za,. =1.
i=1
BaknBHM MOMEHTOM IIpH 3aCTOCYBaHHI Bapiorpam €
KOpEKTHUI1 BUOip TeOpeTUYHOI Bapiorpamu. Bimoma 3Hau-
Ha KUIBKICTh TEOPETUYHUX BapiorpaMHUX MOJEJEH, Io-
mMpeHux Ha mnpaktumi. OOMeXHMocs KilbKoMa Haii-
OLIBII IIMPOKO 3aCTOCOBYBAaHUMU: CpepryHill, eKCIIOHEH-
LiaJIBbHIH, TayCiBChbKiN Ta JorapudMiyHii. 3HauHI KapTo-
rpagiuHi  JOCTIJDKEHHs, BUKOHaHi B JabopaTopii
kaprorpagii i reoinpopmaruku MY im. M. B. Jlo-
MOHOCOBa 3a Iporpamoro «dopHe Mope», MOKa3ajH, II0
HalKpall pe3ylbTaTh NOCSATAIOTHCS IPH BUKOPHCTaHHI
norapu(MiYHUX TEOPETUYHHUX Bapiorpam. B mpomy
BUIAJKy TMpoleaypa OOYMCIIOBAHOI orepamii Taka.
Jlorapudmiuna Bapiorpama BUTJISIIAE€ HACTYITHUM YHHOM:

[0 1,89 1,89 1,89
L899 0 2 2
L899 2 0 2
1,89 2 2 0
L899 2 2 2
|1 1 1 1
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[IpointocTpyeMo 3poOJICHI BUKIAIKA  MOJCIBHUM
npuknagoMm. 3a nanumu podoru [8; 9; 10], merpuune
PIBHSIHHS Ma€ BHUTJISI

1,89 1][a, | [0,88]
2 1||a,| |1,86
2 1||a 3 1,86 (12)
2 1||a,| |186]
0 1||a;| |1,86
1 o) |u] | 1]

Jie BapiorpamamMu € pajiyc BIUTUBY (J1ar) a i mopir c.

Jns nepeBipku edexkTHBHOCTI TpaHchopMaii kapTo-
rpagiuHuX Mpoekuiii 3a MerogoM Kpurinra Oymno Buko-
HAHO HACTYITHI JOCII/PKEHHA. Byna ckiajeHa KOMIT o-
TepHa Iporpama «3acMideHOCTi» uepe3 cTapiHHs i aedop-
Marii BUXiTHHX 300pa)keHb. BumaaxoBuii nryM BpaxoBy-
BaBCSl NUIIXOM HaKJIAJaHHS TayCCiBCbKOI KpHBOI HOp-
MaJIbHOTO PO3IOILTY.

KpiM 1p0r0 MomenmoBaiucs JIOKaJdbHI Jedopmartii.
OnpansoByBaJIUCS TPH PIiBHI 3allyMJICHOCTi. PiBeHb
3aIIyMJICHOCTI OLIIHIOBABCS IO BiTHOIICHHIO IO i/IeaIbHOL
KOMIUIEKCHOI KapTorpagidHoi ciTku. B pe3ymprati Takux
JIOCITI/DKEHb BCTaHOBJIEHO, IO OCOOJHMBO BAKJIMBOIO €
nonepeHst QuIbTpamis BUXigHOI KapTorpadidHoi CITKH,

0, t=0, . . 0
sIKa JO3BOJISIE M1 ABUIIUTH TOYHICTh B cepenHboMY Ha 45%

2 . .
t t 13 1 Ja€ MOXXJIMBICTh BH3HA4YaTH KOOPJAMHATH aHCop-
y(t)=4c|—| |1-2log| — ||, 0<t<a, (13) pace M S pHaTi Tpanchop
a a MOBaHOi KapTorpadidHoi ciTku 3 TouHICTIO 0,1mm B

c t>a Maciitadi KapTH.
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The use of the structural units for the description of the short-range order in the
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Abstract. It is proposed to define the structure of the amorphous substance by the set of all realized structural units with the
allowance made for the functions of their statistical distribution in the disordered atomic network. In the aggregate, all these elements
make basis for constructing the minimal elementary structural fragment of the amorphous substance — an analog of the elementary
cell in the crystal. Solution of this task is reduced to the correct choice of structural units and determination of their structural
parameters. In this relation, the partitioning of the sample that expresses its structural and chemical composition using the minimal

number of different-kind structural units seems to be optimal.

Keywords: amorphous materials, disorder structure, short range order, structural unit.

The atoms of different chemical elements are the primary
structural particles that build any substance. However
such structural particles are less informative for the
description of the structure of the substances. The
description of the atomic network structure in the
language of chemical bonds between the atoms is also
inadequate and insufficiently informative, though in some
cases it may provide quite useful structural information.
This requires the introduction of the secondary large-
scaled structural particles, which are a certain spatial
location of the group of atoms and, respectively, describe
the real atomic environment, where the certain chemical
bonds are realized. Thus, in such formations, the chemical
composition of the substance is fixed and the set of
constant parameters having the sense of characteristics of
the forces of interaction between the atoms both in the
above formations and at their boundaries is defined [1].
The procedure of partitioning the macrosample into the
set of the structural particles leads to the important
question concerning the choice of such structural
particles. To describe the short range order (SRO)
structure and the properties defined by SRO the use of
traditional structural units (SU) as the structural particles
is quite efficient [2]. The SU's are the groups of the
adjacent atoms that correspond to the chemical
composition of given substance and contain a fixed
number of the chemical bonds. Binding with each other in
different ways, they form the whole disordered atomic
network of the amorphous substances. In some cases the
separate chemical bond can be the structural unit. As a
result, the condensed medium may be presented on the
local structural level by the set of SU's with different
types and structures. The structural units are the universal
objects, which contain information on the topology and
the character of the chemical bonds within the SRO of the
substance. Therefore SU's describe simultaneously both
topological and chemical SRO.

The chemical interaction parameters realized between
the atoms in the disordered network, i.e. the type of the
chemical bonds, the binding energy, the iconicity degree
etc. are the driving forces of SU formation. The main
parameter that determines the formation of the chemical
bonds is, certainly, their energy. However, its action is
revealed on the particular material basis — the system of

atoms, which is defined by the chemical composition of
the substance. Another quite important parameter of the
influence on the formation of certain SU deals with the
technological conditions of production of the amorphous
substance. For example, the existence of the compound
polyatomic complexes in the vapor phase may affect
significantly the form of SU, which will be formed in the
disordered atomic network of the condensed amorphous
films. It should be noted that the chemical bonds themsel-
ves directly reflect the structure and the properties of the
electron shell of the atoms. They define the SU's dimen-
sion and the character of their linkage in the disordered
network (chains, clusters, layers, 3D networks etc.).

A detailed approach of pointing SU out in the region of
the first coordination sphere was developed by
R. L. Muller [3] when working on the methods of parti-
tioning the atomic network of the oxide glasses into the
structural particles. He suggested the correct combination
of the formula notation of the chemical composition and
geometric representation of the structure of SU, which
allow the conditions of additivity of the composition and
volume of the amorphous system to be satisfied.
According to this method, SU's are mainly represented in
a form of the central atom surrounded by the nearest
neighbors. The central atom is usually chosen with the
maximal coordination number, though the necessity of
this choice is not substantiated [2]. Therefore, introduc-
tion of SU is assumed to be not completely clear and
unambiguous. SU is defined by setting its spatial structure
that reflects the geometry of the chemical bonds of the
central atom with the nearest environment. If one denotes
the central atom A, its neighboring atoms — B and the
relevant coordination numbers Z, and Zz, then the formu-

la notation of SU has a following form: ABZA 17, It is

always assumed here that Z,>Z; In the covalent
amorphous substances (like in the crystals), the maximal
numbers of the nearest neighbors of given atom in the
most cases are equal to the number of the valence bonds,
which it may form in the atomic network under the parti-
cular conditions.

The classical choice of SU in the atomic network of the
oxygen glasses is stipulated by the dominant formation of
stronger heterobonds as compared to the homobonds.
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In the chalcogenide glasses, when oxygen is substituted
by sulfur, selenium and tellurium, the difference between
the energies of the homobonds and heterobonds is
decreased. In these materials, the unambiguous choice of
SU is more complicated. Therefore, more general and
more formalized approach to the SU selection is usually
suggested, which is normally used for the metallic glas-
ses. In accordance with this approach, SU is expressed by
the cluster with the chemical composition that corres-
ponds to the atomic parts of each element with the
allowance made for the pair interaction between them.
Here the transition from choosing the classical SU of the
covalent substances to setting the Voronoy's polyhedrons
of metals and ionic substances is observed. Chalcogenides
are the intermediate variant of the two extreme methods
of setting SU, which can be widely used to describe their
structure in the amorphous state. In particular, this allows
one to include in SU the atoms of not only the first, but
also the second and further coordination spheres.

More augmented interpretation of SU is given in Ref. [4].
SU's are considered there as the separate atoms or groups of
chemically bound atoms with individual compositions and
structure, which are multiply repeated in the glass matrix
and are grouped in the rings, chains, layers etc. SU's are the
carriers of information about the chemical composition of
the glass and geometric location of the atoms within the
SRO limits. They are suggested to be considered the
elementary cells of the atomic network of the glassy
substances, which define almost all physical and chemical
properties of the glass. However, there are several
comments on this definition. First, the notion of SU works
efficiently for the description of not only the structure of
glass but also of any other kind of the condensed state.
Second, SU's themselves can hardly be the elementary cells
of the amorphous substance in the sense used for the
crystalline lattices. Third, the role of the elementary cell in
the amorphous substances can be played by the large-scale
structural fragment of the atomic network constructed of
different SU's inherent in given substance.

Application of the above approach to introduce SU
allows the structure of SRO of the atomic network in the
region of first coordination spheres to be described only
for the central, more coordinated, atom. The structure of
the atomic network around the less coordinated atoms is
completely indefinite, and this is quite inconsistent,
because from the viewpoint of the properties and the
structure of the amorphous substance no distinctions in
the approaches to the description of SRO around different
atoms should be found. The shortages of such approach
were indicated in Ref. [2]. In particular, it was stated that
the vibrational spectra of the quartz glasses couldn't be
explained by the vibrations in the SiO4/, SU only. For
these purpose one has also to take into account the strong
influence of the atomic network linkage around the bridge
oxygen atoms, which requires the analysis of the Si—-O-
Si-like SU's as well. The similar problems exist when
interpreting the vibrational spectra of the As,0; glasses.

Thus, the description of the SRO structure in the
amorphous substance with preset chemical composition
could be reduced to identification of any SU's realized in it
and to the search of their relative parts [4] or distribution
functions. Solution of this task is reduced to the correct
choice of SU's and determination of their structural
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parameters. The choice of SU is related to the construction
of the boundaries that separate it from other SU's. In this
relation, the partitioning of the sample that expresses its
structural and chemical composition using the minimal
number of different-kind SU's seems to be optimal.

There is also a possibility to introduce the same SU's in
the amorphous substances with different chemical com-
positions. In Ref. [5], such SU's are suggested to be called
the optimally close ones. Entering the atomic networks of
different chemical compositions, they slightly modify their
properties. The example of such optimally close SU's are the
atomic formations of different chalcogenides, which keep
their molar volume (shown below in brackets) independent
of the chemical composition of the matrix: AsSes, (41,3 -
42,3), GeSe4/2 (52,2 - 54), SeSez/z (35,6 - 36,8), SbSe3/2
(38,9 - 54,3); PSe3, (34,8 - 59,7).

In Refs. [5, 6], the choice of the traditional SU's as the
structural particles is also substantiated for the case of
chalcogenides. The argument supporting this approach is
the presence of mainly covalent short-range forces of the
interatomic interaction. Then the manifold of all possible
structures of the atomic network of this substance could be
found by enumerating all combinations of the atomic
linkage (or all chemical bonds combinations). Methodi-
cally, this can be done more conveniently and more
efficiently by considering the set of all possible SU
combinations in the system of preset chemical composition.
By virtue of the additivity principle the macroproperties of
the substance will be specified by the ratio of different SU's
in its disordered atomic network. The changes of these
ratios could be matched with the change of the structure and
different properties of the substances, e.g., at the expense of
the change of technological conditions of synthesis or the
action of external factors.

The structure of the amorphous substance could be
defined by the set of all realized SU's with the allowance
made for the functions of their statistical distribution in
the disordered atomic network. In the aggregate, all these
elements make basis for constructing the minimal elemen-
tary structural fragment of the amorphous substance — an
analog of the elementary cell in the crystal. Such
elementary fragment will carry the whole information
about the chemical composition and the structure of SRO.
Thus, the physical and chemical pro-perties of the
amorphous substance will be defined not only by SU's but
also by the character of their linkage on the largescale
levels in a form of a certain structural fragment.

Therefore, each SU combination in the amorphous ato-

mic network, which we denote R, will have its specific

properties and certain fixed values of the physical and
chemical quantities. The change of the ratio of different
SU's, which can be described in terms of spontaneous or

stimulated transitions between different ﬁn [6], will auto-

matically define the change of the properties of the atomic
network. It is important here to know also the specific
mechanism, which provides certain change of the ratio of
different SU's in the amorphous substance of specified
chemical compositions with fixed structure. Obviously, the

total number of different ﬁn for given system defines the

limits of variations of its properties. As the change of the SU
ratio for the system of fixed chemical composition means



the change of the SU distribution function, then such
changes automatically mean the transition from one
amorphous matrix structure to another one (e.g., from the
model of the total chemical disorder to the model of the
total chemical order). The maximal variation of the

properties will take place at the transitions between R,

with extreme possible SU distribution functions given the
preservation of the system homogeneity (the lack of the
secondary phases, eutectic or spinodal decay etc.). The

changes in R are possible due to different structural

transformations: the transitions of some SU's to other
ones, the appearance of new SU's, the formation of
defective SU's and so on.

The probability of realization of certain SU's in the
substance is defined by the energy of the chemical bonds
between the atoms involved in them. Respectively, the
most probable will be those SU's, which have the
maximal energies of the chemical bonds, while vanishing
of some SU's and the appearance of other SU's must be
accompanied by the energy absorption or release.

Determination of the elementary fragment of the
atomic network in the particular amorphous substance
corresponds to the certain description of its structure,
since, using different translations of this fragment, one
may obtain the whole volume of this sample. Such
procedure is an analog of filling the space with the
crystalline lattice by transferring its elementary cell along
the translation vectors. However, the dimensions of the
elementary amorphous fragment can be much larger as
compared to those of the elementary cell of corresponding
crystal. In addition, these elementary amorphous

fragments must be related to the above vectors R, set-

ting. As a result, each elementary fragment will describe a
certain structural state of the atomic network of given
substance.

The number of different structural states, which can be
realized in given amorphous substance, is specified by its
chemical composition. At the same time the energy of

each particular structural state, U (12) , is determined by

the average binding energy per one atom, E , or by the
ratio of different SU's in it. Availability of different

structural states R, for certain substance means the possi-

bility of the structural changes due to the variation of SU's
and their ratio. Respectively, for each disordered fixed-
composition substance there exists a certain interval of

internal energies AU= E ... — E ., within the limits of
which different structural states can be realized and
different structural changes may occur due to the change
of the ratio of different SU's. For example, in the system
this interval is maximal for the Asy(S, Se); composition
and equals to 34 kJ/mole [6].

Thus, not only identification of all SU's of the atomic
network but also the studies of their statistical distribution
functions and construction on their basis of the relevant
elementary structural fragments are the important
practical task. In this context, of special interest is the
influence of mutual location and linkage of different SU's
in the space on the structure and properties of the
amorphous substances. To study all these peculiarities, it
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was suggested in Ref. [7] to take as the basis the structural
chemical steric factors of different atoms that form given
SU's. In such approach, SU's are to a great extent
arbitrarily linked with the atomic network of a certain
amorphous material. It is more expedient to point out
SU's and the character of their mutual linkage in the
atomic network of the amorphous material in accordance
with its real structure and real properties [8]. In this case
one has to take into account the peculiarities of the atomic
network structure on any level: SRO, intermediate range
order, mesoscopic and nanodimensional levels.

In many cases, the particular predictions of the
amorphous atomic network structure, i.e. its model, are
useful for solving such problems. This model can be taken
as a certain theoretical approximation or as a result of the
experimental data analysis. Furthermore, when deter-
mining the probability of realization of different SU's, the
additional trivial regularities can be wused, e.g. the
condition of constancy of the number of chemical bonds
in the system of certain chemical composition or the
condition of total saturation of all bonds in the matrix. For
each model of the atomic network the particular SU
distribution function will exist. The number of the atoms
included in the system under consideration, i.e. the size of
the elementary fragment of the structure under study, is an
important parameter of the above function. Besides the
geometrical and combinatory factors, the probability of
the SU realization will be defined by its internal energy. It
is insufficient to take into account the energies of the
chemical bonds only, like Ref. [6], but one has to make
allowance for the energies of deformation of the angles
between the bonds. At the same time, an essential role in
the SU production is also played by the weaker
interactions, e.g., Van-der-Vaals interaction. Their active
influence is manifested in the effects of the atomic
network clusterization, its phase separation on the
molecular level, formation of the different-scale structural
inhomogeneities. Accounting these components can
change substantially the SU distribution function in given
amorphous atomic network.

Thus, the chemical composition of the substance is a
leading parameter that defines the type of SU's realized in
this substance and the dimension of their linkage in the joint
structural motive of the atomic network [9]. Since SU's are
the carriers of all solid body properties, then the properties,
in general, will be determined by the ratio of different SU's
according to the additivity principle. It should be noted that
different properties of the atomic network could be related
to different structural carriers. After determining some
structural carriers and studying their properties, one can find
their statistical distribution functions and construct the
elementary structural fragment, which will reflect all the
properties of the amorphous substance as a whole.
Translation of such integral structural fragment in the space
allows the whole macrosample of given amorphous
substance to be obtained. The paper [5] confirms this fact
and demonstrates that any condensed quantum-mechanical
macrosystem can be partitioned into the arbitrary number of
microfragments identical by any finite set of properties with
the accuracy up to the infinitely small positive number &.

The problem of choosing SU is closely related to the
strategy of distinguishing the equivalent (by the structural
environment) atoms and equivalent (identical) SU's in the



atomic network. The equivalent atoms are called the
atoms of the same chemical element, which have equal
number of electrons, equal (or quite close) structure of
electron shells and type of their hybridization. Since it is
rather difficult to determine the electron structure of the
atoms, then, usually, the simplified definition of equiva-
lence is applied: the equivalent atoms are those, which ha-
ve the same set of characteristics of their nearest environ-
ment. The number of the neighbors, the lengths of the
bonds and the angles between them lie within the narrow
limits defined by the dispersions of the corresponding
distributions. In many cases the equivalence of the atoms
can be found according to the parameters of the first
coordination sphere only, because often it makes no sense
to take the large-scale structural formations as SU's [2].

In general case, when defining the atoms of the same
type and their SU's in the atomic networks of solids, one
has to take into account such specific feature inherent in
them all, as SRO [8]. One has to take into account here
the parameters of not only the first coordination sphere,
but those of all coordination spheres that define this SRO.
It is expedient to use the number of the neighbors of a
certain chemical element in each coordination sphere, the
lengths of the chemical bonds, the interatomic distances
and the angles between them as the quantitative limits of
atomic equivalence. A special attention should be drawn
to those SU's, which are characteristic for the different
molecules, clusters and stable and metastable condensed
phases of the relevant chemical compositions. According
to such equivalent atoms of the atomic network, the
equivalent SU's will also be related. Obviously, the
central atoms of the equivalent SU's could be considered
identical from the viewpoint of their local environment
within the SRO limits.

The equal SU's are related to the equivalent atoms as
the central ones. Respectively, we shall call the atoms and
SU's characterized by different local environment and
different topological parameters, the different-type ones.
The different-type SU's will be realized in the disordered
atomic network of the particular amorphous substances
with different probability.
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The most optimal for the amorphous substances is the
statistically probabilistic method of setting all SU's that
reflects correctly their inherent entity [8]. According to
this method, each atom of the disordered atomic network
should be related to its own SU defined by this atom (as
the central one) and its nearest neighbors. Then one has to
distribute all SU's into the groups of equivalent SU's and
to find the regularities of the statistical distribution of
such equivalent SU's. Determination of the main
different-type SU's and the probabilities of their
realization or the statistical distributions in the atomic
network is the principal problem of studying the atomic
structure of the amorphous state of the substances.

Recently the structure of the atomic network of the
amorphous state was considered quite stable and constant
up to initiating the crystallization processes. Today a
number of results are available indicating that even for the
amorphous films of elementary Ge and Si the structure
depends on the technologies of production and varies in
the process of further storage and low-temperature
processing. Such results show that in general case the
amorphous substance may be in the three main
thermodynamical states: the stable, the metastable and the
labile states. The peculiarities of the structure of the
amorphous substances are to a great extent determined by
the energy parameters of atoms and SU’s in the
disordered network.

It is assumed in the studies that the energy of certain
atomic network subsystem depends both on its internal
parameters and on the external parameters of the state. The
potential energy is minimized according to the internal
parameters, while its dependence on the external parameters
of the state occurs in the potential parametrically. Since the
internal parameters have fluctuations from one area
(ensemble) to other one, some of these structural
fluctuations correspond to the double-level or multi-level
potentials. From the point of view of the phase
transformations, these potentials arise in the amorphous
structure due to the instability of a certain class of potentials
to the fluctuations of microscopic parameters of SU’s.
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Hcnonb3oBaHne CTPYKTYPHBIX €IMHUIL 1JIs1 ONUCAHUSI OJIMKHET0 MOPsIKa B aMOP(HBIX BelecTBax

B. I1. UBanunxkuii, B. C. KoBrynenko, M. M. Pa6omyx, M. B. Croiika

AnHoTaums. TIpeioxkeHo ONMpeessiTh CTPYKTYPY aMOpP(HBIX BELIECTB YCTAHOBJICHHEM Habopa BCEX TE€X CTPYKTYPHBIX CIMHHUII,

KOTOPbIE PEaTu3yoTCs B HEYIIOPSI0UCHHOH aTOMHO# CETKEe, C Y4ETOM CTATUCTHYECKON ()yHKIMHK X pacnpeaesieHus. COBOKYITHOCTh

BCEX TAKUX CJIMHHI] €CTh OCHOBOH JUIsl CO3/IaHMSI MUHUMAJILHOTO 3JIEMEHTAPHOI0 CTPYKTYPHOrO (hparMeHTa aMOp(HBIX BEIIECTB —

aHayora 3JIeMEHTapHON sTYEHKN KPUCTAIIOB. PelieHue 3Toi 3a1aun TpeOyeT KOPPEKTHOrO BBIOOpA BHIA CTPYKTYPHBIX €IHHHI[ U

OMpE/EICHNUsT UX CTPYKTYPHBIX HapaMeTpoB. B 3TOM OTHOIICHHH ONTHMAIbHBIM OyleT Takoe pa3OueHue oOpasia, KOTopoe

BBIPAXKAET €r0 XMMHUYECKHI COCTaB U CTPYKTYPY € MOMOILIBI MHHHMAIIBHOTO KOJIMYECTBA CTPYKTYPHBIX SIMHH Pa3HOrO BHA.
Knrouesvie cnosa: amoppuvie mamepuansi, pazynopsoovennas cmpykmypa, oaudicHuil nopsi0oK, CIMpyKmypHas eOuHuya.
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AHoTauisi. Po3rIsHyTI MUTaHHS 3aCTOCYBaHHS BeHBIICT-IIEPETBOPEHb I (BiIbTpanii pacTpoBo-eneKTpoHHoMikpockoniuaux (PEM)
300paxeHb. [IpoinocTpoBaHO €PEeKTUBHICTH LIOIO METOY B IOPIBHAHHI 3 KiacuuHuM Dyp’e-aHani3oM 300paxeHs. [IponoHyeTbes
3aificHioBaTH (pakTanpHuil aHami3 PEM-300paxxeHb TppoMa METOZAaMH — KIITMHKOBHUM IUIAHIMETPUYHOIO NOKPUTTS, METOIOM
BU3HAUCHHS IOKa3HMKAa Xepcra i Ha OcHOBI (ypakrayibHOl Mozeli CeprniHcbKoro. 3ailiCHEHO NPaKTHYHY anpodalilo KIITHHKOBOIO

METOLy.

Knrouogi cnosa: seiienemu, ppakmanvhuii ananis, ppaxmanvra posmipnicme, Qinmpayis, pacmposa eneKmponHa MikpocKonisi.

Beryn. B octanHi poku HaOyBalOTh HIMPOKOTO 3aCTOCY-
BaHHS MeTOAM (PpaKTaJIbHOI TeoMeTpii, sKi € eeKTUBHHU-
MU TMPH aHaJi3i SBHUII CaMOOPTaHi3allil Ta CTOXaCTUYHOL
TIPUPOJIH.

OCHOBHOI0 XapaKTEepUCTHKOIO (paKTaIbHOI reoMerpil
€ npoboBa abo (QpakranbHa po3MipHICTH Xaycaopda-
BesnkoBu4a, mo € KiNBbKICHOIO MIipOI HEOJHOPIAHOCTI
abo camononioHocti 00’ekTa [2].

[pore ii po3paxyHOK HEOYEBUIHHUHA, OCOOJIMBO, KOIIU
BHUKOPHCTOBYIOTBCS CHJIBHO 3alllyMJIEHI 300pa)keHHs, SIK
Lle Mae MiClle B pacTpOBill €NEeKTPOHHIN MiKpOCKOmil
(PEM) [4]. BiamoBigHo Aisl AOCTOBIPHOTO BU3HAYECHHS
¢pakranpHOi po3mipHOCcTi Xaycnopda-besnkoBuua HE0O-
XimHa ronepeaHs (inbTparis 300paXKeHHs..

B ocranni poku mist ¢inbTpanii 300pa)xeHb yCHIIIHO
3aCTOCOBYIOTHCSI BeHBIIeT-iepeTBopeHHs [5; 6]. Otpuma-
Hi 3a JIONIOMOT'OI0 TAKHUX TEPETBOPEHBb PE3YIILTATH MAIOTh
Oinbiry iH(GOPMATHBHICTh Ta ONEPATHBHICTH, 3aBJSKU
4OMY MOXKHa Oe3IocepelHbo 00poOIISATH Taki AaHi, sKi 3a
TPaIUI[HOrO MiIXOAYy aHali3yBaTH Bakko. Beiiier-
MIEPETBOPCHHSI BHOCATH B 00pOOKY 300paKeHb JTOJATKO-
BHUI CTymiHb cBOOOmu. Ha choromHi BeWBIeT-00pOOII
300paxxens, orpumManux B PEM, npucBsueHo psig pooit
[7; 8;9]. V TeopeTnyHOMY ILIaHi HOUUILHO OYyiio 6 3acTo-
COBYBAaTH JIBOBHMIpHI BEHBIIETH, aJie yepe3 CKIaHICTh 1X
aHAJITHYHOTO NIPE/ICTABIICHHS, a TAKOX 4Yepe3 00 €MHI Ta
TpUBaNi pPO3PaxyHKH, MH BHKOPHCTAJIH OXHOBHMIpPHI
BEHBIIETH, SKI JO03BOJSIIOTH IPOBOJAMTH e(eKTUBHHI
¢pakransHuit ananiz PEM-300paxens [10].

AHaui3 ocrannix mydaikaniii. B po6orax [6; 11; 12]

TIPOITOHYETHCS 3/IIMICHIOBATH TEOPETUYHE OOTPYHTYBaHHS
OKpeMHUX IHTaHb (paKTaJbHOI TeoMeTpii 3 IO3MLii
BiTHOCHO HOBOI'O MAaTE€MaTHYHOrO amapary TaK 3BaHUX
BeiiBneT-neperBopensb [8]. Takuid miaxin nepcrneKTHBHUMA,
npoTe MoTpedye MONAIBIINX CIIEIiadbHUX JIOCHIKEHb.
[ixaBoto € myOmikanist [12], B sikiii 0OrOBOPIOETHCS aJIro-
pUT™ ineHTH(]iKaLl TEKCTYpPHUX OCOOJIMBOCTEH 13 3acTo-
CYBaHHSIM CHEKTPIB ()pakTalbHUX po3MipHOCTeil PeHsi.
ExcrieppuMeHTanbHO MiATBEP/PKEHHS TaKOl METOAUKH
BHKOHAaHE Ha OCHOBI aHamizy QpakrorpadidyHux 300-
paxxenb. [[nsg MOXIMBOCTEH 3acTOCYBaHHS B LU(POBii
(oTorpamMmMeTpii MoTpiOHI OKpeMi JOCITIHKEHHSI.

Merta. Ilokazatu edeKTHBHICTh BUKOPHCTAaHHS BeEB-
JeT-TepeTBopeHs st 00pobku PEM-300pakens. 3milic-
HUTH TEOPETHYHE OOTPYHTYBAaHHS METOAY KIITHHKOBOTO
TUIaHIMETPUYHOTO MTOKPUTTS, METOy BH3HAYECHHSI MOKa3-
HUKa Xepcra Ta (pakranbHOi Mozeni CeprliHCHKOro Ta
OTpUMATH NPAKTUYHI Pe3yNbTaTH 1X 3aCTOCYBaHHSI.

Buxiiag ocHOBHOI0 MaTepiaiy.

I. BeiiBaet ¢inbrpanis PEM-300pa:keHs.

EdextuBHIM € 3acTOCYBaHHS BEWBIIET-IIEPETBOPEHD Y
uudposiii 00podui PEM-300paxkens. Tepmin BelBier-
TIepEeTBOPEHHS 00’ €JJHY€E /IBa BUIH NIEPETBOPEHB — MIPsSIME
Ta o0epHeHe, 5IKi, BiAMOBIHO, IEPEBOMSATH TOCHTIPKYBaHY
¢yukumiro  f(x) B Habip  BelBieT-KoedilieHTiB

W, (a,b)f i naBnaxu. PospisHsioTs HemepepBHE Ta

JIMCKpETHE MepeTBopeHHs [5; 7].
[IpsiMe BeliBJIET-IIEPETBOPEHHS 3IIHCHIOETHCS 3TiTHO
IIpaBHiIa;

W, (a,b)f =

ne a i b — mapamerpw, 0 BUHAYAIOTH BiITOBIAHO
Macmtab 1 3mimeHHa ¢yHkii

aHaJI3yI0UYUM BEHBIIETOM; CW — HOPMOBAHUH MHOHHK.

SAKY Ha3UBalOTb

[HTErpyBaHHS BEAYTh MO BCiH YHCIIOBIH OCi.
bazuchuii, a00 MaTepUHCHKUM BEUBJIET | OTPUMYIOTh

X

1 1 x—b
[—t f(x)dx, (1)
VG, "l
. - x—b
IJIAXOM PO3TATYBAHHA 1 3CYBY CIMEUCTBA l//
a

Matoun Binomuii Habip koedinientis W, (a,b)f,

MOKHA BiIHOBHTH BUXiaHui Burysia yskuii f(x) , T06-

TO, 3MIHCHUTH obepHeHe TIePETBOPEHHS:

dadb

1 1
S (x)= 4
oalie
Ipsimi (1) Ta oOepHeHi (2) MepEeTBOPSHHS 3aJIeKaTh Bij

nesikoi Gpymxuii y(x) € L*(R), 5Ky Ha3HBAIOTH Ga3HCHAM

BetiBeroM. [IpakTHYHO €TUHUM OOMEXKCHHSIM B HOTO BH-
00pi € yMOBa CKIHYCHHOCTI HOPMOBaHOT'0 MHOKHHKA. 110

50

2w, @b/ e

7 -
a

YMOBY 3aJIOBiJIbHSIE Oe311id (PyHKIIH, TOMY MOXKHA ITii0-
patu Buj BeliBlieTa, HAWOUIBII MPUAATHOIO JJIsI BHPI-
LIEHHSI KOHKPETHOI 3a/1a4i.
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Juns  BuOOpy BeHBIETOYTBOPIOMOUOi (PyHKHii [uist
¢inbrpanii PEM-300pakeHh HEOOXiJJHO OIIIHUTU piBEHb
mymy Ha PEM-300paxenHi. JIis poro QOIiIBHO 3acTo-
COBYBaTH METOJIMKY BUOOpY mapameTpiB 3a NpodiTbHUMHU
nepepizamu. Ha BuxigHomy 300pakeHHI BHOHparoTh
JIeKisIbKa repepisiB (BiJ 2 10 5) B HAHOLIBII XapaKTepHUX
MicipiX. i KOXKHOTrO Mpodisito BUKOHYIOThH (BiIBTPAIIio
3a JIONOMOTOI0 OJTHOBUMIPHOT'O BEWBIIET-IEPETBOPEHHS 1
BUOUPAIOTh MapaMeTpH, sIKi HaHKpalluM YUHOM BUAAJIS-
I0Th ITYM 300payKEeHHSL.

Omnmcana mporeaypa 3MIMCHIOEThCS 3a HACTYIIHUM
aJITOPUTMOM, 110 BKJIFOUAE Taki eTamu [6; 10]:

1. OTpuMaHHs BUX1THUX JaHUX:

- 3amannst Qynkuii f(x) ab6o maGopy ii 3HayeHb 3

HOCTIHHOO YacTOTO AUCKpeTu3anii f(x,) ;

- IEPETBOPCHHS BUXIJHUX TaHUX B (POPMAT, MPH-
JATHUH 17151 00pOoOKH.

2. IlocTanoBKa 3ajadi:

- BUOIp MaTEpPUHCHKOTO BEHBIIETA;

-3aJaHHs TpaHUlb (mapamMeTpiB) BeHBIeT-TIepe-
TBOPEHHS: IHTEpPBaJly MacIuTa0iB i TpaHuLi 00poOIFo-
BaHOT0 BiJpi3Ky (hyHKIIIT;

- JOMyCTUMAa IIOXMOKa OOYMCIIeHb (SKIIO (DYHKIIiS
BH3Ha4YCcHA (HOPMYIIOL0).

3. IlepeBipka KOPEKTHOCTI YMOB 3aaui:
- TIepeBipKa MOYATKOBHX JAHHX;
- IepeBipKa mapaMeTpiB MEepPETBOPEHHS;

= Fiy(®)
03
0 f
/
-1t f 00
0 0.5 1.0 0 50
a) 0)

Puc. 1. ITopiBHsHHS edeKTUBHOCTI IepeTBOPEHb
Xaapa (a) 1 Dyp’e (6)

Juns ycynenns cneunudiunux mis PEM-300paxkeHHs
CIIOTBOPEHb, OOYMOBJICHHX JHCTOPCIEIO, 3apsKaHHIM
EJIEKTPOHHHM ITy4YKOM, AperoM 300pakeHHs Ta IHITUMHU
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- pO3paxyHOK aOCOJIOTHOI IOXMOKM (SKIIO JaHi
3aJIaf0THCsl HAOOPOM 3HAYEHD).
4. TlonepeaHi OOYHMCIICHHS:

- 100y 10Ba MaTpyLli 0a3UCHUX BEUBIETIB Y/,

F

- IIepeopraHi3ailis MoYaTKOBUX JaHUX I

5. BeliBner-nepeTBOpeHHS.

6. Bigyauizaiist pe3yJbTaTiB pO3paxyHKiB.

7. 30epexeHHs pe3yabTaTiB PO3PaxyHKIB.

Komm’rorepHa peamizamis MeTONy BeHBIET-TIEpETBO-
peHHsI 311iHCHIOETHCS B cepenoBuini Matlab.

He MeHI BayKJIMBOIO 3aj1a4yero € BUOip MaTepUHCHKOTO
BeliBneTa, skuii Oepe ydacte B (hopMmyBaHHI (ppaxTaibHOI
po3MipHoCTi. Sk mpaBmiio, Ui BHUPILIEHHS KOHKPETHOI
3a/a4ui BUOMPAETHCS TAaKUi BEBJIET, SIKMW HaWOUIBII Kpa-
11e BiJoOpakae 0COOIUBOCTI JOCITIHKYBAHOTO 300paKeH-
Hs (HAIlpUKIIaJ], TPUCYTHICTh YiTKO BUPaXEHHX T'OPU30H-
TaNbHUX a00 BEPTUKAJIBHUX KOMIIOHEHT), a TaKOoX
SIKHAMKpallle CIiBBiTHOCUTHCS 3 METOI0 3/1MCHIOBAHOTO
(GpaKkTaapbHOrO aHamizy (3HaXO/DKECHHS Ta JIOKaJi3allis
CHHTYIISIPHOCTEH, MiJIKPECIICHHS TPaHUIIb, CETMEHTALIisl Ta
iH.). B skoCTi BHXigHOTO BelBieTa HalyacTillle BUKOPHC-
TOBYIOTBCSl BEHBIETH 3 KIacy pasialibHO-130TPOMHUX
BEHBIIETIB, XapaKTepHI NPEICTaBHUKU SIKUX HACTYIHI:
MEKCUKAHCHKUI KaremroX, ONTUYHHUM, BeiBier Mopie,
Jo6emri ta Xaapa. [letaapHuil BUKIAA 3aCTOCYBaHHS X
BEHBJICTIB JAaHO B CIICIiasIbHIH JiTepatypi [6].

v

\?;j

SN

100

6)
Puc. 2. Mixpodororpadii xapakrepHux
310MiB (hpaKkTorpadiuHux 3pa3KisB

3acrocoByBaHi Ha choromHi meroau ¢inprpanii PEM-
300pa)keHb HE MAlOTh JIOCTATHHOI TOYHOCTI Ta oOIepa-
TUBHOCTI. B 1bOMy 3MicTi OCOONHBO IEPCHEKTUBHOIO €
BelBiIeT-QiNbTpanis. B Halmx TOCTIIKEHHIX 3aCTOCOBY-
BaBcs BelBier Xaapa [9]:

lopu 0<¢<1/2

—lmpu 1/2<¢ <1

€)

0 y pemri Bunaakis

NPUYMHAMH, HEOOXiJHO  3IIHCHIOBATH  HEKIACHYHY
¢inpTparniro.
v, =
Y BHCcOKiH e(eKTHBHOCTI TaKoro IepeTBOPEHHS

MOXKHa MEepPECBiTUUTUCH 3 pHC. | a, O, Ha SKOMY 3icTaBie-
HO inbTpanii kmacuuauM MmerogoM Dyp’e 1 BeliBier-
NepeTBOPEeHHAMU Xaapa.

I1. ®pakraabnuii ananiz PEM-300paxkeHsb.

[onsitrst «dpaxram» Oyno BBeneHo b. Manpensopo-
ToM [1] 1 dpakTaIbHUMH MHOKMHAMU 3a3BH4Yail Ha3MBa-
I0Th MHOXXMHH 3 BKpail HEpEryISIpPHOI PO3raayKeHOI0
ab0 mopizaHo CTPyKTyporo. Teopis (ppakTadbHUX MHO-
KHMH Jla€ HaJ3BUYAiHO KOMIIAKTHUH croci® omnwmcy icTor-
HO HETIHIHHUX, K 3 TCOMETPUYHOT, TaK 1 (Pi3UIHOT TOUOK
30py 00’€KTIB 1 CTOXacCTUYHHX mHporecis. Bizomo [2], mo
0araro cucTeM BOJIOAIIOTh PYHIAMEHTAJIBHOIO BIaCTHBIC-
TIO TEOMETPUYHOI PEryJspHOCTi, SIKa BHU3HAYAETHCS SIK

51

IHBapiaHTHICT, 1O BIJHOUIEHHIO 10 MacimTaly, abo
«caMonomioHicTh» (ckeimiHr). SIkmo po3risgatd 1
00’€KTH B Pi3HUX MaciITabax, TO MO)KHA BUSBHTH ONHI 1
Ti % (QyHOaMeHTalbHiI enemeHTH. Lli moBTOprOBaHI 3aKo-
HOMIPHOCTI BH3HA4arOTh JAPoOOBY, a0 (pakTaibHy, po3-
MIPHICTb CTPYKTYpH. [HBapiaHTHICTh MO BiJHOIIEHHIO 10
Maciitady Mae XapakTepHY Mapayieiib B CydacHid Teopii
XaoCy 1 BHUIAJKOBHX MPOIICCIB, 3TITHO 3 SKOK 0Oarato
SIBHIII, HE3BAXKAIOUH HA Te, [0 BOHHM ITiIIOPSAKOBYIOTHCS
YITKAM JETEPMiHICTCHKUM MPABUIIAMH, B IPUHIIUII BHSIB-
JISIFOTHCS] CTOXaCTUYHUMH.

CrocoBHO aHaiizy PEM-300pakeHb, 1o BigoOpaka-
I0Th pi3HI 00’€KTH SIK CHCTEMH, BH3HAYEHHS (ppaKTalib-
HOCTI 3BOJIUTHCS /IO OLIHKH CIIEKTPY CHHTYJISPHOCTI, IO
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MpeAcTaBisie co000 XaycaoppoBy pO3MIPHICTE MHOKH-  XapaKTCPU3YIOTHCS OMHAKOBHUMH 3HAUCHHAMHU 1HICKCY
HU S, TOYOK JOCII/PKYBaHOI [IOBEPXHHI 300pakeHHs, siki ~ CUHIYJsIpHOCTI /i [6]:

D(h)=d, {%eR?, h@E)=h}. (4)

e criye 3 nocTynary, o eIeMEHTH 300pakeHHs MO-  BOro HAaMiBTOHOBOTO 300paxeHnHs sk I(X) me X — koop-
KyTb OyTh Kiacu(ikoBaHi y BiJIIOBIZHOCTI 31 3Ha4eH-
HAMHU ToKka3Huka Jlinmuma-I'enbaepa, OTPUMAHOTO 3a
TUM 9YM IHIOIAM YHHOM C(OPMOBAHOK MYIbTH(PAK-
TaJbHOK Mipoto. I[lo3HaYMMO moje sSCKpaBoOCTI mUGpPO-

()= [dp@). ®)

3 BpaxyBaHHSM NPUIYIIEHHS PO JIOKAJIbHY MIAAKICTh  MPOBOAUTHCS OOYHMCIEHHS IUIOLI YOTHPHOX TPUKYTHHUKIB,
300pa)KeHHsI, NPUXOAMMO JO HACTYIIHOTO BUpa3zy Uil  yTBOPEHUX Ha MaHil KIITHHII PEryJsipHOI CiTKH, depe3
obumcienns winbhocti Mipn  d () =d( )?)|V 1|( ). MIPOCTOPOBI KOOPIMHATH  TOYOK peryJsipHOl  CiTKH 1

cepeqHbOl TOYKH KIITHHKH. Llel mpolec nmpomoBKyeThes
JI0 TOTO Yacy, MOKU He OyIyTh NEPETITHYTI BCl KITITHHKA
PO JIOKAJIbHUH PO3MOALI TPaji€eHTa 1 HOro CHHTY-  po3Gurrs. IIpocyMyBaBIIM BCIO IUIONY TPHKYTHHKIB IO
yspHicTb B Mexax PEM-306paxentst. Lle 3araibHi MOM0-  koykHiit KITITHHIN peryIspHOi CITKH, BU3HAYAETHCS IUIOMA
JKeHHsI (PpaKTaIbHOI reOMeTpii. NoBepxHi 3paska. [lyis iHmmx 0a30BUX MOKPUTTIB MPOIIEC

Ha mpaxruui B GinbLIOCTI BUNAAKIB Ul OOYMCICHHS  [ifpaxyHKy IUION[ MOBEPXHi MPOBOXHTBHCS AHATIOTIYHO.
BAYUIMBOI XapaKTEPUCTUKU (paKTambHOi PO3MIPHOCTI  Marouu Ha0ip JAOBKHUH 0a30BHX IOKPHTTIB i, BIAMOBIIHO
Xaycz[op(ba-BemKOBHqg OOMEXKYIOTBCS HAaCTYIHUMK X myjonry moBepxHi, OyayeThes 3anexHicTs InS —Inr .
TpbOMa MeTOJaMH: KIITHHKOBUM, Xepcra i CepriHCh- Yepes OTpHMaHy MHOKHHY TOYOK MpOBOIMTECS MPSMA
KOro, CYTh KX HACTyIHA [4]. ‘ HaKlKpamoro HaONMKEHHS, BHPAaXOBYETHCS KOeillieHT

KuaitunkoBuii Metoxn TJIAHIMETPUIHOTO TOKPATTS.  yaxyyy miei mpsMoi, i BU3HAYA€ThC PpaKTaIbHA PO3MIp-
BpaxoByioun 4acTy BKMBAHICTh IBOrO METOLY OXapak-  yicty 10CIiAKyBAHO! IOBEPXHI.

Tepu3yeMo Horo Oumbin JeranbHO. Hexail mocmimkyBana MosiauBa MoauGikallist 1[bOro ajJropuTMy IONArae B

PEM-nioBepXHs MOKPUBAETHCS NIEAKOI MHOXKHHOIO, KA 3anopHeHHi «pelnbeHOTO» 06°€My MOBEpXHI KyGamu,
3QJIEKMTh Bifl F (VI CHPOILEHHS aJrOpPUTMY 38 MHOMXKH-

HY B35TO KBajpaT 3i CTOpOHOI 7). PospaxyHok ¢pak-
TaJBHOI PO3MIPHOCTI TPOBOJMTHCS B TaKii MOCIIIOB-
Hocti. Hexait mocmimkysana B PEM moBepxHs 3agaeTbcss ~ CTOPOHOIO &, sika IOBTOPIOETHCS JUIS BCIX 6a30BHUX IOK-
MacuBoM ((ailioM) ammikaT Zz y Byslax peryispHoi  PHTTIB, B TOMY YHCJi i JUIA MPOIHTEPIIONbOBAHOI OiTbII
CITKH, SIKi 3aHOCATBCA B ABOBUMipHHI Macub. IloTiM npo-  I'ycToi ciTku 3 pebpom & /2. Matoun Habip JOBXKHH
BOIMTHLCS BinOip 0a30BUX MOKPUTTIB. ba3oBe Mokpurrss  pedep MOKPUTTIB Ta BiANOBIAHY IM KIJIBKICTh IMX IOK-
CKJIaZIa€ThCs i3 KBAaJaparTiB, JOBXKHMHA CTOPIH SKMX PiBHAa  purTiB, OyayeThes rpadik 3anexuocti In N(g) — In(g) .
8r, 4r, 2r, r i r/2. Jlani npoBoauThCA MOCiNOBHHUHA KopapiantHa ¢pakranbna momens Xepera. Lleit
HipaXyHOK IUIOLII MOBEepXHi 3paska. llg mpouenaypa  meron oO4MCIIEHHS IOKa3HUMKa Xepcera 0asyeThes Ha
BUKOPUCTOBYETHCS IS BCiX 0a30BUX MOKPUTTIB, 30KpEMa  3aCTOCYBAHHI MPHHIIUIINB CKEWIIHIOBOTO CIiBBiIHOIIEH-
nporeaypa NigpaxyHKy IUIONI IOBepXHi 3 0a30BUM  Ha. Bimmosimwo mo miel KOHLENI cepeanboKBagpaTauHa
HOKPUTTSAM ¥ Taka. IIponuBIs€ThCSA KOXKHA KITITHHKA PiB-  HIOPCTKICT  camMoaiHHOI — I[OBEPXHi, BU3HAYAETHCS
HOMIPHOi CITKM aIUTIKaT OKpeMO 1 BH3HAuyaeThes iHTEp-  Bupaszom [11]:

MONIOBAaHHAM arulikata z JUIsl TOYKH, IO JISKUTh Ha

TIepeTHHI JiiaroHajael KIITHHKU peryisapHoi ciTku. [lotim

JIMHATH LEeHTpYy mikcens. Toxmi Mipa L Uit KOXHOI Imif-

MHOXMHU A € ] MOXe BU3HAYaTHCA HaCTyIITHUM YHHOM:

Mlpa M , BU3HAYCHA TaKUM YMHOM, Na€ NMOBHE YABJICHHA

noBxuHa pebep skux nopisuioe 8¢, 4¢, 2¢, € i €/2,
3 TOCIIMOBHUM MAPaxXyHKOM KinbKocTi KyGiB N(g) 3i

2
1 N
S(L.(h))= FZ[/@%%)—(/@)] : (6)
i,j=l
ne L — nopxunHa mpodinio AOCTiKYBaHOI 006MacTi o-  Touok y npodisi noBepxHi gosxkunow A(x,,y,); h — Bu-

BerHi Y3IO0BXK oceil x abo y, <h> — CCpCaAHE 3HAUYCHHA coTa HOBerHi B TO'-IHi (xi’yi) .

BHCOTH Ha JIOCIHI/PKYBaHii AUISHII OBepXHi; N — 4ucio BenuunHa O 3aMeXuTh BiJ pO3MIpY IOCIHIIKYBAaHOT
JIUISTHKY HACTYITHUM YHHOM:
H
o(L)e« L7, (7
ne 0 < H <1 - noka3nuk Xepcra, MOB’si3aHUH 3 BEINYNHOIO (PPAKTAIBEHOT pO3MIPHOCTI CITIBBIAHOIICHHSM:
D,=3-H. ®)
1106 oOumciuTH MOKa3HUK Xepcra, HEoOXiTHO ofep- @paxranpHa pO3MIpHICTE MOKEe OyTH BH3Ha4eHa, SIK

KaTu Habip 3Ha4YeHb CepelHbOKBAJPATUYHOI IIOPCTKOCTI  aJbTepHATHBA, Yepe3 3B’SI30K Jorapudpma IOTYKHOCTI
JUI psAly AUTSIHOK ONHi€l 1 Ti€l X MOBEpXHI PI3HOr0  CHEKTpa 3 JIorapu(MOM BiIIOBITHOI YacTOTH 3a PiBHSH-
po3Mmipy. HAM perpecii:

logS, =a+blogl/T, 9)

52
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ne S +— TIOTYXHICTb CrIeKTpa; I' — Iepiojl KOIMBaHb.

3D ¢ppaxransna moaens Cepnincbkoro. /s ¢pax-
TAJBHOTO aHANi3y IOPUCTUX MaTepiajiB, SK Y BUMNAAKY
3pa3KiB MOPOLIKOBOI METANYpTii, IPYHTIB, €PEKTHBHUM €
3D ¢pakran CeprmiHCHKOT0, KUl peai30BYETHCS 32 Me-
TonoM MeHnrepa [2].

Iopucti dhpakTanpHi cepeqoBuIna, CPOpMOBaHi 3a UM
METOJIOM Ha3UBaKOThC TyOkamu MeHrepa i yTBOpIO-

V,=20"(L/3"

BuxitouuBmim n oTpuMaeMo:

V,=8(L15)",

ge D—In20/In3-2.73.

MopentoBaTi Cepe/ioBUILIA 3 PI3HUM 3HAYEHHSM I10-
PHUCTOCTI MOXKHa BUKOPHCTOBYIOUH (PpPaKTaIbHy MHOXKH-
Hy, SIKy Ha3WBalOTh Yy3arallbHeHOI TIyOKkoro MeHrepa,
noOyznoBa SIKOi NPOBOMUTHCS HACTYMHUM 4YmHOM [13].
CropoHa BHXiTHOrO Ky0a BHCOTON L minuThCcs HA Kk
gactuH. [loTiM 3 IeHTpampHOro 00°€eMy KyOa BHIa-

D=[In(k’ =3kp’ +2p") |/ Ink,

ne (O<p<k-2).
K =3, p=1 orpumaemo xinacuuny ryoky MeHrepa po3-

Ilpn 3Ha4yeHHAX mapameTpiB

[JISHYTY Buiie. He ckiagHO MOMITHTH, IO (pakTaibHa
PO3MIPHICTh OTPUMaHHX MHOXKHH KOJHMBAETHCS B MEXax

D=In [4(3k
a caM (ppakTas — BUCOKOITOPUCTHUI.

IIpakTnyna ampodaumisi. 3 I[i€f0 METOK BUKOHAHI
¢bpakranpHi  gociimkeHHs PEM-300paceHHS MeTaio-
rpagiuHux 3paskiB 31oMy (puc. 2). PEM-crepeosiiomka
BukonyBanack Ha PEM «HITACHI S-800» (M/LY) mpu
30inpmennsax 500, 1000 Ta 2000 kpaT 3 KyraMu KOHBEp-
reHuii 6° Ta 8°.

cal Sciences, 1V(10), Issue: 91, 2016 www.seanewdim.com

FOTBCSI HACTYITHUM YHHOM. BuOHpaeThest Ky6 31 CTOPOHOO
h— L cxianenwuii i3 27 xy0iB B TpU pa3ud MEHIIIOTO PO3-
Mipy. I3 neHTpanpHOi yacTuHE 00’ €My Kyba BUAAISETHCS
7 ckmagoBux Ky0OiB. IloTiM Taka >k mporemypa 3iiiic-
HIOETBCS TSI KOXKHOT'O CKaJ[ar0uoro BEJTMKOro Kyba KyOiB
i T.1. O0’eM wyacTHHU KyOa, IO 3aJIMIIHIACS HA 7 -HOMY
eTari moOyI0BU MOXXKHA OOUHCIIUTH 32 POPMYJIOH0:

y,o,=L/3". (10)

(11)

JSIOTBCSL P CKIAJOBUX Horo KyOiB 3 pedpom L/ k.
IMoTim Ti X AiT MOBTOPSIOTHCS AJISI KOYKHOTO 13 CKJIaIOBUX
OCHOBHOT'0O Ky0a KyOiB 1 T.n. n pa3iB. ®pakranbpHa po3-
MIPHICTh OTPUMAaHOTO (ppaKTasa BU3HAYAETHCS BUPA3OM:

(12)
2<D<3.0lpu p=1 yactka nop Gyle HEBEIMKOIO B
MOPIBHAHHI 3 TBEpPOUM KapkacoM i 3HadeHHs D) Oyme
Omwkde 10 Tpeox. Ilpu p =k —2 ¢pakransHa po3mip-
HIiCTB Oy/ie PIBHOIO:
—-4)]/Ink, (13)
BusnaueHns (pakranbHOi po3mipHOCTI Xaycaopda—
BesnkoBuya 3xilicHIOBaNacs 3a KIITHHKOBUM METOJIOM i3
3aCTOCYBaHHSIM IporpamMHoro npoaykry Fractal analysis

system for Windows ver. 3. 4. 7., oTpuMaHi pe3yabTaTi
HaBeJeHi B Tabumi 1.

Ta6mauusn 1. OpakransHa po3mipricts IMMP

Ne | Ne mikpo— | Basosi | Posmips P03}w 'P B MKM Ds Dr [A]=
Y . (30iabIIeHHS Tepuoro APYroro
n/n 00'exkTa NMOKPHUTH | miKceJax Dy Dy
500x) AJITOPATMY | AJITOPUTMY
1 248609 Sr 32 4,8 2,097 2,156 0,059
2 291712 4r 16 2,4 2,068 2,066 0,002
3 68212 2r 8 1,2 2,120 2,062 0,058
4 85823 r 4 0,6 2,141 2,326 0,185
Ap=0,076

BucHOBKM i nepcneKTHBH MOJANBIINX JOCTiKeHb.
1. Po3pobneHo MeToauKy BHKOPUCTAHHS BeHBIIET-
¢inprpamii s mokpamieHHst sikocti PEM-300paeHs.
PexoMeHyeThCSl BAKOPUCTOBYBATH BEWBIIET Xaapa.
2. 3anporoHOBaHO 3/1iHCHIOBATH (paKTaIbHUI aHai3
PEM-300pakeHb KIIITHHKOBUM METOJOM IUIaHIMETpHUY-
HOT'O MOKPUTTs abo #oro Mmoaudikarii.

3. [IpakTuuHe 3acTOCyBaHHS 000X BapiaHTIB I[HOTO
METO/y J03BOJISIE OTPUMYBATH TOTOXHI PE3YJIBTATH.

4. OOIpyHTOBY€ETHCS IOIUIBHICTh 3JIHCHEHHS (pak-
TAJBHOTO aHaji3y IUCIIEPCHUX MaTepialiB IOPOIIKOBOI
MeTajyprii, IpyHTiB TomO i3 3actocyBaHHsM 3D ¢pak-
tana CepIiHCHKOro, 30KpeMa Horo moaudikarii, ryoxku
Menrepa.
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predstavlenii diskretnyih funktsiy graficheskoy informatsii
[The use of wavelets in the analytic representation of
discrete functions of graphical information] / A. S.

The Fractal Analysis of REM Images Using Wavelets
Melnyk V., Piskunova O., Vakuliuk L.

materialov [Fractal analysis of the structure of porous
material] / V. V. Polyakov, S. V. Kucheryavskiy // Pisma v
ZhTF. -2001. - T. 27. Vip. 14. — S.42-46.

Abstract. The article deals with the application of wavelet-transformation for filtering of raster-electron microscopical (REM)
images. The effectiveness of this method was illustrated in comparison with classical Fourier’s analysis of images. It is proposed to
perform the fractal analysis of REM images by three methods: method of cell planimetric coating, method of definition of Hurst’s
indicator and on the basis of Sierpinski’s fractal model. The practical approbation of cell method was carried out.

Keywords: wavelets, fractal analysis, fractal dimention, filtering, raster electron microscopy.

®pakrajabHblii aHan3 POM-n300pakennii ¢ npuMeHeHHEM BeiiBJIeTOB
B. Menbnnk, O. IInckynosa, JI. Bakyiok
AHHoTaumsi.  PaccMoTpeHsl  BONIpOCHI  NIPUMEHEHHMs  BeiiBieT-mpeoOpa3oBaHuil Ui (UIBTpalMM  PacTpOBO—
NIEKTPOHHOMUKpOCcKonniecknx (POM) mzobOpaxenuii. [IpommtrocTprpoBaHo 3 QEKTHBHOCTE 3TOTO METOHA II0 CPaBHEHHIO C
knaccudeckuM Pypbe—ananuzoMm uzobpaxenuil. IIpemnaraercst ocymecTBisTh (paxkrainbHbli aHanun3 POM-u300paxeHuil Tpems
METOaMH — KJIETOYHBIM IUIAHMMETPUUYECKOr0 MOKPBITHS, METOJIOM OIpEeIeHUs oKa3aTessi XepcTa U Ha OCHOBE (ppaKTaIbHOU
mozenu CepruHckoro. ITonydeHHbIe KOHKPETHBIC Pe3ylIbTaThbl NPAKTUUECKOH arnpodaluy KISTOYHOr0 METo1a.

Kniouegvie cnosa: eetienemvl, @pakmanvusiii ananus, QpaxmanbHas pazmMepHoOCmb, (QUIbMpPayus, pacmpoeas NeKmpOoHHAs
MUKPOCKONUSL.
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AHoTtauisi. B crarTi po3risHyTO NMUTaHHA PO3POOKH B3a€MOIONIOBHIOIOUMX aJITOPUTMIB HAHOMETPHYHOI iHTEpIperanii pacTpoBo-
eseKTpoHHO-MikpockoniuHux (PEM) 300paskeHb, OTpPHMMAaHMX B PEXUMi KaTOIOIIOMIHICLEHIi, BTOPUHHHUX €JIEKPOHIB Ta HaBe-
JICHOro cTpyMy 0Oe3 ampiopHOro amocTtoiroBaHHsS Buny mnpoekuii 3-D pexoHcrpykuii Mikporomnorpadii NnoBepXoHs 3a Oararo-
pakypcaumMu PEM-300pax<eHHSIMM Ta METOAMKY BMKOPUCTaHHs BelBieT-(QinbTpanii mwis nokpameHHs sxocti PEM-300paxeHs.
Pe3ynbTaTé NpoBeACHUX JOCHIKEHb ITOKa3yl0Th, 110 MOJalblIe YAOCKOHAICHHS METOAUKH MOXKE CTaTH e()eKTHBHUM 3aCO00M JUIS
Bi3yasti3awii Ta KiJIbKiCHOI iHTepHpeTalii HOBepXOHb TBEPAUX MaTepialliB

Knrouogi cnoea: Pacmposa enexmpounna mixpockonisi (PEM), PEM-306pasicennss mpusumipne mooentosanns, ginompayis, pe-

KOHCmpYKYis, pinempayis, mikpomonocpagis.

Beryn. B cygacHux ymoBax 3D-pexoHCTpYKIIsl MiKpo-
00’€KTI JOCHI/KYBaHMX 3a JIOIIOMOT'OI0 EJIeKTPOHHOI
MIKPOCKOMIT MPOCBIYYIO YOr'0 Ta PACTPOBOI'O THIIIB € BaXK-
JIMBOI0 HAaHOTEXHOJIOTIYHOIO 3aJauer0 B 00JacTi mare-
piaio- Ta MeTaJI03HaBCTBA, 0I10JIOTiT, MEJUIIHY Ta iH.

e TpuBumipHa inrepnperaiiss PEM Tta IIEM 300pa-
KEHb aKTyaJlbHa MPU MOJENIOBaHHI (hi3WKO-MEXaHIYHUX
BJIACTHBOCTEH 0arato()yHKIIIOHAILHUX MaTepiaiiB;

® [IpH 3aCTOCYBaHHI METO/IB (PPAKTAIHHOTO aHATI3Y Y
JIOCII/PKEHHI CTPYKTYPH OPUCTUX METaJliYHUX MaTepiais;

® B TpHOOJIOTii;

® y JIOCII/DKEHHAX PO3pOOIIIOBaHUX 32 HAHOTEXHOJIO-
TisIMA HOBHX MOJIMEPHUX Ta KOMIIO3UTHUX MaTepialiB;

® [T BCTAHOBJICHHS THIIIB Ta XapakTepy 3JIOMiB Ta iH.

AHagi3 ocranHix my6sikamiit. [Ipo6iema mopdoio-
TIYHOr'O aHaNi3y Irependavyae MOKpaIIeHHS paaioMeTpry-
HUX (KOHTPAaCTHHUX) XapaKTEPHUCTUK, PO3IMi3HABAaHHS IOp
(uacTok) Ta 3aCTOCYBaHHS KOPEKTHO-IOCTOBIPHHX ajro-
putMmiB. JlaHi NMUTaHHA JOCUTH TJIMOOKO BUCBITIIEHI B
poborax[1, 5, 16, 17].

B ocranHi poku B IOCHIPKEHHSX 3 JaHOI mpoOiiema-
TUKHM YCIIIIHO BUKOPHCTOBYIOTh BEUBIIET-IIEPETBOPEHHS
[3,4, 18, 19]. Pe3ynbraTn, OTprMaHi 3a JONOMOrOM Ta-
KX TIEPETBOPEHb, MAlOTh OLIBIIY iHQOPMATHUBHICTH Ta
OIIEPaTHBHICTh, 3aBISKH YOMY MOXKHa Oe3roceperHbo
00pobusiti Taki PEM-300paskeHHs sIKi 32 TpaauiliiiHOrO
MAXOMy aHallizyBaTH Bakko. Ha chOrosHi IUTaHHAM
BEHBJIET-00pOOKH 300pa)KeHb, OTPHUMAHUX PACTPOBOIO
€JIEKTPOHHOI0 Y CKaHYIOUOI0 TYHEJIFHOI MIKPOCKOIIIETO,
MpUCBSTYEHO psif poOit [1, 5, 6, 7, 8]. [Turanns 3acrocy-
BaHHS JTUCKPETHHUX oceil BOpoHOro jeTanbHO BUCBITIEHO
poborax [13, 14, 15].

Meta. Po3poOka B3a€MOIOIOBHIOIOUUX aJITOPUTMIB
HAaHOMETPUYHOI 1HTEepHperTamii pacTpoBO-EIEeKTPOHHO-
MikpockoniuHux (PEM) 300pakeHb, OTpUMaHHX B PEXH-
Mi KaTOIOJIIOMIHICIICHIIiT, BTOPUHHUX CJICKPOHIB Ta HaBe-
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JICHOT'O CTPpyMy 0€3 ampiopHOro AaroCTOIOBAHHS BUIY
npoekuii 3-D pexoHcTpykuii Mikporonorpadii mosep-
XOHb 3a OaratopakypcHumu PEM-300pakeHHSIMH.

Buknanx ocHoBHOro Martepiany.

I. Ctepeosioro-mopdonoriynui
300paKkeHb.

[NoniOHuii anani3 nependavae MOKpAIIEHHs paioMeT-
pUYHHX (KOHTPAaCTHUX) XapaKTEPUCTHUK , 1IEHTU]IKALi0
CTPYKTYpPHUX €JIEeMEHTIB (IIOp Ta YacToK) Ta 3acTocy-
BaHHS KOPEKTHO-IOCTOBIPHUX AJTOPUTMIB KiJIbKICHOI iH-
tepnperanii PEM-300paxens[1, 2, 3].

B ocraHHi poKM B TakuX JOCTIKEHHSX YCHIIIHO
BUKOPHUCTOBYIOTh BeUBIIeT-TIepeTBOpeHHs [4, 5]. Pe3yinb-
TaTH, OTPUMaHi 3a JIONOMOIOI0 TaKUX IEPETBOPEHb,
MaloTh OibIy iH()OPMATHBHICTH Ta ONEPATHBHICTH, 3aB-
JIIKA YOMY MOKHA Oe3rmocepeiHbo 00po0sisiTu Taki PEM-
300pa)keHHsI, SIKi 3a TPAAMIIHHOrO MiAXOAY aHaJi3yBaTH
Bakko. Ha cboromui mutaHHsIM BEWBIET-00p0OOKH 300pa-
KEHb, OTPUMAHUX PACTPOBOIO €JIEKTPOHHOIO YH CKaHYIO-
YOI TYHENBHOI0 MIKPOCKOII€I0, TPHUCBSIYEHO Psii POOIT
[1,6,7,8].

B TeopernuHoMy IIIaHi JOUIBHO Oyino O 3acTOCOBY-
BaTH JIBOBUMIpHI BeliBiIeTH. AJle Uyepe3 CKIIAJHICTh aHali-
TUYHOTO TIPE/ICTABJICHHS TaKWX BEUBJIETIB 1 CKIIQAHICTH
PO3paxyHKIB MM OOMEXKMIIHCS OJHOBUMIPHUMH BEHBIIETA-
Mu. OcraHHI JI03BOJISIFOTH CYTTEBO ITOCTAa0JIOBATH KOHT-
pacTHi CIIOTBOpPEHHS, B Pe3yNbTaTi 4YOro OUIBII HAMIHHO
MIPOCITiIKOBYIOTHCSI CTPYKTYpPHI €JIEMEHTH.

B PEM- Mikpockorii HaiO1IBII BaXITUBOIO € IudpoBa
¢inprpanist PEM-300paxens. Ha mnpaxtumi 1mdposa
¢inbTparist 300pakeHb BEHBIIET-TIEPETBOPEHHSIMHU J103BO-
JISi€  3aCTOCOBYBATH IIMPOKHH CHEKTP Pi3HOMaHITHUX
BEHBIIETOYTBOPIOIOYNX (DYHKIIIH, HAWBIZOMILIUMU 3 SKUX
€ BeiiBmetn Xaapa, [lobemi, Mopie, Matiepa, «Mekci-
KaHCBKUM Kamnemtox» [4,9]. Mu ckopucranucs BeHBIeTO-
YTBOpIOIOUMMH (YHKIIisIMU Xaapa:

aHaJIi3 PEM-
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JlocTaTHRO BHCOKY €(eKTHBHICTh 3aCTOCYBAHHSI BEHB-
JICT-TICPETBOPEHb B mpotieci (inbTpamii 1uppoBux 300pa-
KEHB T ITBEP/PKYETHCS IPYHTOBHUMH JIOCHIDKEHHAMU [3,4].

BunineHHs ckeneTHoro (TBEpAOro) KOMIIOHEHTa CTPYK-
TypH MIKpOOO’€KTIB B pacTpoOBill €JIEKTPOHHIN MiKpo-
ckomii (PEM) € omHi€ro 3 HAWOUIBIN CKIAIHUX 1 aKTyaslb-
HHUX 3aJ1a4 cTepeoioro-Mopdosorignoro anamsy [10, 11].
OcHoBHa Npo0JeMa I0B’si3aHa 3 HEOJHO3HAYHICTIO, a B
OLJIBIIOCTI BHUIAJIKIB 1 HEMOMIIUBICTIO BUHOOPY ONTHMAab-
HOTO pIiBHS TUCKPUMIiHAII{, SK € TPUHHATO Y IIUPOKO
BHUKOPHCTOBYBaHOMY IOporosomy meroi [1, 2], 3a sikoro
TBEP/i CTPYKTYPHI €IEMEHTH BUAISIOTHCS Ha TIBTOHOBO-
My 300pa)KeHHI 3a YMOB MiHIMaJbHUX CHOTBOPEHb IX
po3MipiB i ¢opmu. Halickinamuimi npu 1poMy € Tpynu
ONMM3bKO PO3MIMIEHUX OAWH JO OJAHOTO CTPYKTYpHHX
€JIEMEHTIB, BUIIJIEHHS SIKAX HECTIHKE IO BiJHOIIEHHIO 10
napameTpiB OiHapu3arii. Sk HacmiZoK, MpU aBTOMAaTHY-
HOMY CTEpeOIoro-Mop(ooriYHOMY aHali3 TakKi Tpymnd
CTPYKTYPHUX €JIEMEHTIB MOXKYTh CHPUIMATHCS K OIHMH
CTPYKTYpHHUI €JeMEeHT, a Ie MPU3BOIUTH 10 CYTTEBOTO
CIIOTBOPEHHSI PE3YJIBTATIB aHali3y — 3aBHIICHHIO YHCIa
KPYIHHUX MIKPOOO’€KTIB i 3aHM)KEHHIO YMCIIa OLTBI IPiOHMX.

ToMy 0co0nHMBOI akTyaJdbHOCTI HaOyBae 3amadya Ko-
PEKTHOTO PO3MOJiTy KOHIJIOMEpaTiB CTPYKTYPHUX eJle-
MEHTIB Ha ckianoBi. OueBHMAHI IIXOAM, IOB’sI3aHi 13
3aCTOCYBAaHHSAM CYIICPIIO3HIIi 0a30BUX METOIIB MaTeMa-
TUYHOI MOP(OJIOTii, TAKKUX SIK JUIaTallisl, epo3is 1 iHII He
BHPIIIYIOTH AaHOT podaemu [12].

Hamu cninsro 3 HaykoBisiMu MJTY iM. M. B. Jlomo-
HocoBa (Pocist) IporoHy€eThCS 3aCTOCOBYBATH ABOBUMIpPHI
noniron BopoHoro, ski 0a3yloTbCs Ha BUKOPHCTaHHI
JIMCKpETHUX ocell BopoHOro s TpaHUYHHX TOYOK
CTPYKTYPHHUX €JIEMEHTIB.

Y3aranpHeHui 3amic aiarpaM BopoHoro Takwmii:

GP={x|d(x,i)<d(xi); jeS, j=l}, (2)
e S=8.5,,..5,
TUTOIIKHI

MHOXHHA 75 €JIEMEHTIB Ha
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d(x,i) = HaliMeHIIa €BKJiZOBa BiJCTaHb BiJ JIFOOOT
JIOKamizanii x B IUTOMIMHI 10 Oyab-KOi TOUKH.

IIpu 1pOMy IiEHTpajbHA IWCKPETHA Bick BopoHoro
BH3HAYAETHCA K JiarpamMa BopoHOro mepmioro mopsaky

JUTSI TPAHUYHHUX TOYOK Ha TIEPETHHI 3 TBIPHOKO 00JIACTIO S :

A3)
BignosimHo miarpama BopoHoro apyroro mopsaky
HACTYIIHA:

DVMA([;(S))i/ Vor,(B(S))n'S .

. def def U A
DVMA(B(S))=Vor,(Q) = p, Qi jH(p.p,). (4)
ne H (pl., pj) = TeOMETPUYHE MiClle TOYOK i3 Q sKi

OmK4i 10 p, HIX A0 p;-

[Ipu TakomMy mimxoni IeHTpaibHa AUCKpETHA Bick Bo-
POHOTO € IUIOCKMM TpadoM, KOXKHEe pedpo SKOro YTBO-
PIOETBCS APOI0 TPAHUYHHUX TOUOK.

Jlist Toro, mo0 3MEHIIMTH BIUIMB JAPIOHUX nerajen
rpaHMLi MiKpooO’ekTa Ha (HOpMY LEHTPaJIbHUX JUCKPET-
HUX ocell BopoHoro, 3acTOCOBYEThCS CrieliajibHa MpoLie-
Jypa peryaspu3sanii oTpuMaHoro rpada 3 BUKOPUCTAHHIM
BAroBUX (YHKIIH OIHKM 3aIMIIKOBOI pi3HMIN. IX
3aCTOCYBaHHS JETAJIbHO BUCBITIIEHO podoTax [3, 13, 14].

3 Meror NpakTU4HOI ampodanii Oymu BimiOpaHi ne-
KiJIbKa 3pa3KiB AWCIIEPCHHUX IOPOIIKOBHX MarepiaiB,
BUTOTOBJICHUX 32 HPHHIIMIIOBO HOBUMHU HAHOTEXHOJIOTis-
MU, 1m0 0a3yloThCs Ha MPUHIMIN PaIUIBHAX CXEM Ipe-
cyBanss [15]. Ha puc. 1 npuseneni PEM-Mikpodotorpa-
(il excriepUMeHTalbHUX 3pa3KiB, orpuManux Ha PEM
HITACHI S-800, orpuMaHHX B peXUMax KaTOMOIIOMi-
HicueHuii (puc. 1 a) i BTOpHHHOI €JIEKTPOHHOI eMicii (puc.
1 b, ¢) (36inpmenns 100, 500 i 2500 kpat BiAMOBiIHO).
Jlesiki pe3ynbTaTH BUKOHAHHMX JOCTIIKEHb BimoOpakeHi
Ha puc. 2 , 30KpeMa po3IOJiT Iop 32 IUIONIEI0, TTepUMeT-
pamH, eKBiBaJICHTHUMH JiaMeTpaMu 1 (pakropoM (opmHu.
3Be/eHI pe3ysIbTaT! M0Ka3aHi Ha puc. 2 g.

Puc. 1. a, b, ¢. Mikpodororpadii gocmipKyBaHOro 3paska rnpu 30ubieHtsix: a) 100%; 6) 500%; B) 2500%

BimnoBimHi OOYHMCIICHHS BHUKOHAHI JUIs OTPUMAaHHS
CTaTUCTUYHHUX [apaMeTpiB pO3MOALy 1mop (4acToK)
3MIHCHIOETBCS 33 TNPUHIMIIAMU MaTeMaTU4HOI Mopgo-
sorii [5]. Tlpu Takux OOYMCIIEHHSX aHANi3YeThCs Xapak-
Tep TOKpuTTsi PEM-300paskeHp MackaMu poO3MipoM
OOYHUCIIEHHS! CTaTUCTUYHUX MapaMeTpiB PO3MOALLY IOp

56

(vacTok) 3mIMCHIOETHCS 3a MPHHIMIIAMH MaTeMaTHYHOI
Mopdororii [5], a camMe aHaNIi3yeThCsl XapaKTep MOKPUTTS
PEM-300paxeHsb MacKamMu po3MipoM 2x2:
S00, SO1, SO2, SO3, SO4, SO5 , ne 1,0 — mikceIn MacKy 1o

HaJle)KaTh, BIJIOBIIHO HE HaJeXaTh, JOCIHIIKYBAaHOMY
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Total table results of structure image analysis

Specimen name - zrlG@

SEM magnification (M) and pixel size (L)

100

M
L (um) 1.3?7

Number of pores

Porosity (x)
Total pore area (sq.um)
Total pore perimeter Cum)

Average diametr (um) - dispertion ...

Average area (sg.um)

Average perimeter (um) ~ dispersion

Specific area (1-um)

# dispersion

s 48.427
7/ 64770
s 18771

Filtration coefficient (mD)

£) pe3ylbTaTH aHali3zy Mikpodororpadiii
Puc. 2. a, b, ¢, d, g. 'icrorpami irocrpariii 06pooku Mikpodororpadii mocmipkyBaHoro 3paska (30utsirenns 100%).

¢parmenty PEM-300paskeHHs1.
[Tnoma A4, nepumerp P 1 KiJIBKICTh TOMOJOTIYHO CITO-
Jy4eHNX KOMIIOHEHTIB FE BU3HAYAIOThCS HACTYITHHM
yuHOM [15]:
A=1/8n(SQ1)+1/4n(S02) +

+7/8n(S03)+n(SQ4)+1/4n(SQO5), ®)
P =n(502)+1/2[n(S01)+n(503)]. (6)
E =1/4n(S01)-1/4n(SQ3)+1/2n(SQ5), 7

ne n (i) — 9UCIIo eJICMEHTIB [ Ha 300paKeHHI.

[Iporpamua peaiizailis CTepeoIoro-MopdoNIoriYyHOro
aHaNI3y 3iMCHEHAa Y BUIVIAII A00OpE BiIOMOTO B €JICKT-
poHHili Mikpockortii kommuiekcy nporpam I1IT «STIMAN»
Ta oro MomudikaIisamMu 3a ydactio npodecopa B. Coko-
noBa (Pocis) [10].

II. Marematnunmii ¢opmanism PEM-¢pororpam-
METPHUYHOI 3aciuyKM K anredépaiyHa 3aja4ya Ha BJIACHI
3HAYEeHHS.

B 3arampHOMYy BUNAgKy MaTeMaTHUHUM pPO3B’A30K
3amau PEM-crepeomerpii 0a3yeTbcs Ha 3acTOCYBaHHI

S7

YMOBH KOMHJ'IaHapHOCTi

(S|S2’S|ml’S2m2)

TPHOX BEKTOPIB
, Ha OCHOBI SIKHX CKJIaJa€ThCs CHCTEMa

PIBHSIHB TTOIPABOK JUIsI BU3HAYCHHS KOOPAMHAT (S L, S, )
JHIAHAX KYTOBHX CJIEMEHTIB B3a€MHOTO OpPi€HTYBaHHS.

Ile 3HauuTh, IO TNIPOCTOPOBI KOOPAMHATH TOYOK
8158y, my,m, 3aJI0BOJIGHSIIOTH YMOBI:
X S YS‘. ZS,
T R ®
X m m Zm,
X m, m, Zmz

J1st po3B’si3anns (8) HEOOXiAHA JTiHEAPH3allis PiBHSHB,
sIKa PO3B’SI3YETHCS 3a 32 METOJIOM HaWMEHINNX KBaIpaTiB
(MHK):

iAl»tiHi:V, 9)
1
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0 b b,
B-R=|b. 0 -b,
b, b, 0
ne 4 = % _ YaCTUHHI MTOX1AHI 33 BIAIOBIIHUMUA
HEB1IOMHUMH.

Takuit miaxig MOKITUBUIA TPU HASIBHOCTI IPOCTOPOBHX
TECT-00’€KTiB, BUTOTOBJICHHSI SIKMX MOXJIHMBE 13 3aCTOCY-
BaHHSAM CY4aCHHMX HaHOTEXHOJIOTIH [9].

[Homi minxin nependavae po3B’s3aHHS OCHOBHOI B
PEM-crepeomerpii npsmoi (oTorpaMMeTpUYHOI 3aCiuKu
sK anreOpaiuHOi 3a7ayi Ha BiacHI 3HadeHHs . B mpomy

METOII TaKOK BUKOPHCTOBYEThCS yMOBa KOMILIaHAp-
HOCTI:
2
S[Sm] -b-R,-[S;m,]=0, (10)
IS
- T
Sm, :[xlyll]
P— T
S,m, = [sz/21]
0 -b b,
B-R=| b, 0 -b,
-b, b 0

BiamoBiiHO yMOBa B3a€MHOIO OPi€HTYBAaHHS MaTHUMeE
BUTJISIL;

[Sm] -T-[Sm,]=0, (14)

IMo3HAUMBIIM PAAKA JOOYTKY MATPHIb [S,m,]T [Sym, ]
as a ,al ,al , oTpuMaemo
a-X=0, (15)

IS

T-T"=(B-R)(B-R) =

I3 BU3HAUECHHA HOPMH i MOOYIOBH BEKTOpa X CIIpa-
BEUIMBI TaKi CITIBBIJHOILIEHH:
2 2 2
|XT" = (171 = sp(7-7") = 2| =2 (18)
3 ypaxyBaHHAM OTPHMAaHHUX CIIiBBIJHOIICHh YMOBa
MiHIMi3alil Ma€e BUTIIAL:

4,X[

(19)

B Takiii MOCTaHOBIII yMOBa MiHiMi3alii BiaIoOBigae
anreOpaluHili 3amayi 3HAXO/HKCHHS BIACHUX 3HAYCHB.
OTpuMaBIIM PO3B’SI30K 1 X MOKHA OOYHMCIUTU
Matpuili R 1 B.

Bu3HayeHHs OLIHKY i X PiBHO3HAYHE BU3HAYCHHIO
Mmarpuii 7-T7, TOMy MOKHa MiHIMI3yBaTd TaKy O4eBHI-
HY YMOBY:

min ‘
X

m;nHT~TT + BZH2 when [ =1 (20)

OcCKUIbKH Sp(T-TT —1) HE 3aJICKHUTh BiJl BEKTOpa b 1
HbH2 =1, TO OYEBMIAHO MIiHIMyM JOCATA€TLCS, KOIM BJIAC-
HHI BEKTOP MAaTPHIL (T~TT —1) abo marpuui 7-T7 Big-

nosigae 11 HaliMEHIIIE BiIaCHE 3HAYECHH.

b=[bbb]
R, - Sm, = [X;Yz’Z; ]T
[pencraBumo 6a3uc

0 b b,
B=|b 0 -b (11)
b, b, 0
1 BUMIpsIHI KOOPAMHATH TOYOK /1, 1 m, BiJIIOBITHUMHU
MaTpHULISIMH:
x »n 0 x, 00
0 0 0[]y, 0 0f. (12)
0 0 0 1 00
IMoznaunmo B-R=T abo
UPIE h 4y &
Ty I |=|ty by iy (13)
Iy Ty Ly by by
XX, Xy, X
a=\yx, ¥y, » (16)
X, y, 1

a X Bu3HauyBaHi napameTpu MaTpuui 7 .
Po3B’si3anns piBHsHHA (15) 371iCHIMO 32 Takow cxe-
Moto. Hexali xomnonenTn BektopiB Sym, and S,m, HOp-

MOBaHi TaK, 10 BUKOHYETbCS yMOBa Hsz =1, a MaTpuud
R opronopMoBana, T06T0 R-R” =1. Ilicis Hecknaauux
HePETBOPEHb OTPUMAEMO:

B +b> -bb.  —bb,

~bb, B +b] b, (17)

“bb, bbb 4D

58

Konu Bigomi matpuii 7 i B, To MOXKHA 3iHCHIOBATH
HACTYITHY MiHiMi3aIio:
min|T - BR|,
R

21)

3 SKOi BHM3HAYAETHCA MATPHUIA poTamii R y BUDIAII
BJIACHOTO BEKTOpa, IO BiANOBiJa€ HaMEHIIOMY Biac-
HOMY 3HAYE€HHIO.

Pimrennst npsimoi ¢ororpammerpudnoi 3aciuku B PEM
SIK aireOpaiyHOi 3ajJa4yi Ha BJIACHI 3HAYEHHsS BiAIOBiJae
MEBHUM aJropuTMaM MarteMaThyHoi Tomorpadii. Taka
aNTOpUTMI3allisl JTO3BOJISIE 3IMCHIOBATH OUIBII YiTKY
iHTerpamito  (ororpaMMeTpUYHUX 1  TOMOrpadidHUX
METO/IiB.

III. PEM-cTepeoMeTpia 300paskeHb, OTPUMAHHUX B
peXuMi HaBeJeHOr0 CTPyMY.

B po6Goti [16] Hamu 3ampoONOHOBAHO IPHHIUIIOBO
HOBUI B HaHOMETpii CIOCIO JOCITIDKEHHS NPUIIOBEpPX-
HEBOI TOIONOTIi 00’€MHUX CTPYKTYp TBEPAOTIIUX MIiKpO-
00’extiB. Crnoci0 0a3yeThCsi Ha IO€AHAHHI MPHUHIIMIIB
eJIEKTPOHHOI MiKpoToMorpadii i crepeoBuMiproBans [17,
18, 19], 1 mnepenbauae PEKOHCTPYKIIIO BHYTPILIHBO-
00’emHOi OymoBM 00’€KTa 3a JaHUMH EHEPreTUYHHX
CHEKTPiB BiJOUTHX EIEKTPOHIB.



KinpKicHa oIiHKa apXiTEeKTypH 3ariu0JIeHO-CXOBaHHX
Jeraneil 00’€xTa MpOBOAMIIACS Ul OKPEMHX BUIIAIKIB,
00OMEXEHUX CHCTeMOI0 ILTiBKa — miakimagka [15]. Tomy
Ma€ 3HAuYeHHsS CcHpo0a 3IMCHUTH KiJbKICHY MiKpOTOMO-
rpadiro 3a HABEICHUMU BUIIE aJITOPUTMAMH.

BakiMBUM MOMEHTOM € Te, IO MPOIIOHOBAHUI METON
HE € MPOCTUM JOJIaBaHHSIM IepeBar JBOX BiJIOMUX METO-
miB. IX moemHAHHS BIIKpHBA€E aOCONIOTHO IHIII MOXKITHU-
BOCTI Y HaHOMIKPOCTPYKTYPHHX IIOCITIJDKEHHSIX — Ofiep-
JKaHHS TOYHOI KUIbKicHOI iH(opMamii Nmpo BHYTPIIIHIO
CTPYKTYPY TBEPIOTLIIOr0 00’ €KTa.

Merton crepeomikporomorpadii T03BOJISIE Bi3yaizyBa-
TH MPUXOBAaHI i/l TOBEPXHEIO BHYTPIIHL000’ €MHI JieTai
(medexTH) MiKpOHEOIHOPITHOCTEH, a TAKOXK 3MIIHCHIOBATH
KUJIBKICHY PEKOHCTPYKIIIO TOHONOrii 00’€KTa 3a TIHOH-
Hoto. 1le 0co0IMBO BaKITUBO, HANIPHUKIIAA, B 00JIaCTi MiK-
POCJEKTPOHIKA TMpPH AiarHOCTYBaHHI 0araTopiBHEBHX
MIKpPOCXEM, a TAKOXK 1HIIHMX 0araTomapoBux 00’ €KTiB.

PosrisineMo B 3aranbHOMY ()i3UYHY CYTh METOIY CTe-
peoMikporoMorpadii B peXHMi HaBEIEHOTO CTPyMY.
Bubopom npuckoprotouoi Haripyru PEM (to0T0 rinbuan
BHUXOAY BIZIOUTHX €JICKTPOHIB) 1 BiIIIOBITHOTO €HEPIeTHY-
HOT'O BiKHa CIIEKTpOMETpa (IIOJIOKEHHSI Ha €HEepPreTHYHiN
ocl 1 NIMPYHHM Jiana3oHy eHEepriil IETEeKTYIOUHX eJeKTPO-
HIB) JIOCSTAIOThCS TaKOi CHUTYyalii, KOJH JIOCHUTH YIiTKO
CIOCTEpIraeThcsi KOHTPACTHA KapTHHA BCIX MiANOBEpX-
HeBHX 1IapiB. [Ipy 1IbOMY CYTTEBOIO YMOBOIO € JIOCSITHEH-
HS MaKCHMAaJIbHO YiTKOi B3aeMHOI audepeHIialii cxopa-
HUX TpaHWIb MOAUTY IO BCId TIHOWHI 30HIOBAHOL
CTpyKTypH. s OiibII TOYHOI pEKOHCTPYKIIT HEOOXiTHO
TAaKOXX BpPaxOBYBaTH PO3MHTTS [JiaMeTpa eJIeKTPOHHOTO
30HJa TO Mipi NPOHUKHEHHS NMEPBUHHUX EJIEKTPOHIB Y
npunoBepxHeBuil map. lLle po3MHTTA, 110 BU3HAYAE BU-
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cOTHy (TIMOMHHY) pO3JALIBHY 31aTHICTb,
TpoITopLiliHe MpUCKOpIooYii Harpy3i PEM.

CyThb eKCIepUMEHTAIbHUX JOCII/PKEHb HAaCTYIHA.
OTpuMaHi cTepeonapu B pexuMi «on-line» mepeBoasIThCs
B 1udposi. OuudpyBanHs 3aiiiCHIOETECS 32 256 piBHIMHU
CHTHaJy 3 MacmTaboMm ckanyBaHHs 512x512 mikcenis, a
IOTIM 00pOOJISIETHCS 3a MOMOMOror Momudikamii mpo-
rpam IIIT «STIMAN» i «Sterecon» [19]. 1ls mporpama
CKJIaZIaeThesl: 13 OJOKY pekTudikaiii, Mpu3HaAuYeHOro s
KOMIIEHCAIlii B3a€MHOIO PO3BOPOTY 1 3CYBY CTEpe0300-
paXXeHb; 13 OJIOKY OTOTOKHEHHSI BiITOBIIHUX €IIEMCHTIB
Ha CTepeO300paKeHHX; i3 OJOKY OOYMCICHHS BHCOT 1
0JIOKY MTOOYIOBY TPHUBHMIPHHX 300pakeHb aHaJi30BaHO-
ro 00’€eKTa.

Pe3ynpTaToM CTEpEeOpEeKOHCTPYKINI € 00’ eMHa ITUPPO-
Ba MOJIENIb PUITOBEPXHEBOI MIKPOCTPYKTYpH Oararoria-
poBoro 00’ekTa, sika MOXKe OYTH NpEe/ICTaBIICHA Y BUIJISI
TPUBUMIPHOI OJIOK-JiarpaMu, KapT 130J1iHIH MiKpOpPEIbe-
¢y i Habopy mornepevHux Mepepi3iB B3JOBK OYIb-SIKHUX
3aJ]aHNX HAaNpsMKIB, 32 SIKUMHA MOXXHAa BH3HAYUTH BCI
po3mipu ananizoBanoro PEM-300paskeHHs.

[poinmtocTpyeMo Tpane3laTHICTh  3allPOINIOHOBAHOTO
METOAY HACTYITHHM TpukiamoM. Ha puc. 3 mpezacrasieHi
nBi Mikpodororpadii ¢pparmMeHTa TpUPiBHEBOI MiKpocXxe-
MU, SIKI OTpUMaHi y BTOpPUHHUX enekTpoHax Ha PEM
JSM-35CF npu kyrax naxuny 18° i 30°. IIpuckoproroua
nanpyra PEM (25keB) i enepreruune BikHo (10-20xeB)
migiopadi Tak, MO0 OTHOYACHO OYyIO BUIHO BCI IIapH
JOCTIPKYBaHOI MIKPOCTPYKTYpH. BinzHaunMo, 110 4iTKOI
cenaparii 3armmOJIeHUX MIapiB y bOMY BHIIAJIKY 3.iiic-
HUTH HE BJAJOCS, XO04a KOHTpPACT 300pakeHb CXOBaHUX
IIapiB BUUINOB OLIBII BHUCOKHUM, HDK y BHUIAIKY CTepe-
O3HIMaHHS 0€3 eIEKTPOHHOT0 EHEPreTHYHOr0 aHaJli3aTopa.

00epHEHO

b)

Puc. 3. Crepeonapa ¢parmenTa 6araropiBHEBOI MiKpOCXEMH, 3HATI Y BIIOUTHX €IEKTPOHAX MPH KyTaxX HaXMITy
06’exta 18° (a) i 30° (b) (*3500).

Puc. 4. TpuBumipHe 300paxkeHHs OararorapoBoro 00'ekta, peKOHCTpyHoBaHOro 3a crepeornaporo (Puc. 3).
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Puc. 5. IIpodini posnonisy CTpyKTypH MiKpoCXeMH 110 TIMOMHI y310Bx 3pi3iB JiHiil 1 1 2 Ha puc. 4.

JIpyruM OuYeBHAHUM OOMEXKEHHSIM TYT BHSIBUIOCS Te,
IO TIOBEpXHEBHH MIap MeTaizalii, MPOMIKHUNA OKCHJI-
HUHA mIap 1 HWKHIA Wap MiIKIaIKd MarTh JyXKe Maie
YHUCIO JApiOHUX [eTaniell CTPYKTYpH, 3a SKHMH IIPOBO-
IUTBCSA BIJUTIK Tapajakca. Yci i apTedakTH yCKiIa-
HIOIOTh TIPOIIEC KOPEKTHOrO BiJHOBJICHHS TIHOHHHOL
OymoBu 00’exta. [IpoTe, He3BaXkarOUM Ha Ii OOMEKCHHS,
BJIAJIOCS IOCHUTH SIKICHO PEKOHCTPYIOBATH TPUBHMIPHY
apxiTektypy o0'exta (puc.4), a TakoK okpeMi mpodini —
PO3IIOAIIN CTPYKTYpH 3a rimbuHoro (puc.5). Orpumani
pe3yabTaTH TOKa3yloTh, 1O MPH TOMAIBIIOMY BIOCKO-
HaJICHHI METOMy, 30KpeMa, BPaxOBYIOUH 30HH B3a€MOJii
SJICKTPOHIB 3 MarepialioM 00’€KTa, BIH MOXe CTaTu edek-
THUBHUM 3acO00M Bi3yasi3allii 1 KiIbKICHOI TPHBUMIpPHOI
PEKOHCTPYKIii 3ariuOIeHUX MPHUIOBEPXHEBUX JIETANCH
HEOIHOPIIHOTO 32 00’€MOM TBEPAOTUIEHOIO 00 €KTA.

BucHOBKY i nepcneKTHBH MOJANBIIMX AOCTiZKeHb.

1. Po3pobneHo Ta onucaHo B3a€MOIONOBHIOIOUI ajro-
PUTMH HAaHOMETPHYHOI IHTepIperalii pacTpoBO-eJeK-
TpoHHO-Mikpockoniyaux (PEM) 300pakeHs, oTpuMaHuX
B PEXHUMI KaTOJONIOMiHICLEHIii, BTOPHHHHUX €JIEKPOHIB
Ta HaBEJEHOrO CTPyMYy.

2. 3anpoIrOHOBAaHO METOJI, sSIKUH 0a3yeTbcsi Ha MOEN-
HaHHI [IPUHIMUIIB eJeKTPOHHOI MikpoToMorpadii i crepe-
OBHMIpIOBaHb, 1 Iiependayae PEKOHCTPYKIIIO BHYTPIMI-
HBOOO €MHOI OylOBH 00’€KTa 3a JAaHUMHU EHEPreTUUHHX
CHEKTpiB BiJOUTHX EIEKTPOHIB.

3. Ilopanpiie ymoCKOHAJEHHS JAaHOI METOOUKH OYyTH
eeKTUBHIM 3aco00M sl Bi3yastizalii Ta KUTbKiCHOT TpH-
BUMIPHOI PEKOHCTPYKIIT 3ariHOJIEHUX MPUIIOBEPXHEBUX
Jietaneil HeoJHOpIAHOrO 3a 00’€MOM TBEPAOTIIHHOTO
00’€exTa.
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Integrative methodology of nanometric interpretation of sem-images assessment received in the regime of cathode
luminescence and secondary electron emission
Melnyk V., Shostak A., Melnyk Y.

Abstract. development of complementary algorithms for nanometric interpretation of sem-images, which obtained in cathode
luminescence mode, secondary electrons and induced current, without a priori definition of projection type of 3-d micro topography
reconstruction of surfaces by multiperspectival rem-images is considered in this article. The method is based on a combination of the
principles of electronic micro tomography and stereo measurements, and it propose for reconstruction of the object inside volume
structure according to the energy spectrum of reflected electrons. The results show that further improvement of the method it can be
an effective tool for visualization and quantification of three-dimensional reconstruction of the surface depth details by volume of
inhomogeneous solid object.
Keywords: SEM, 3-D reconstruction, Voronoi diagram, stereometry, reconstruction, microtomography

HuTerpaTuBHass MeTOHOJIOTHSI HAHOMETPHYECKOl WHTepnperanun oueHkn POM m3o0pakeHuii, MOJy4eHHBIX B peKHMeE
KATOM0JIOMHUHUCICHINH W BTOPHYHOI 2JICKTPOHHOI YMHUCCHH
B. Meabnuk, A. lllocrak, FO.MeabHuk
AHHoTaums. B craTbe paccMOTpeHb! BOIPOCH! Pa3pabOTKU B3aMMOJONONHSIIOIMX aJI'OPUTMOB HAHOMETPHYECKOH MHTEpIpeTaluy
PacTpoBO-IEKTPOHHO-MUKpOcKonuyeckux (POM) m3o00paskeHUH, NMONYy4EeHHBIX B PEXHME KaTOAONIOMHUHECLCHIMH, BTOPUYHBIX
JIEKTPOHOB M HABEICHHOIO TOKa 0€3 alpHOpHOro arnocTYIMPOBaHMS BHAA HPOEKIMH 3-D peKOHCTPYKLUHMM MHKpOTONorpaduu
MOBEPXHOCTEH, IOJNyYCHHBIX C IIOMOLIBI0 MHOIOPaKypCHbIX POM-u300paKeHHMSIMH M METOAMKY HCIOIb30BAaHUS BeiBieT-
bunbTpau i yaydmieHuss kadectBa POM  m3oOpaxeHuil. PesynbraThl NpOBENCHHBIX MCCIEIOBAHUN I10Ka3bIBAIOT, 4YTO
JlaJibHEHIee COBEPILICHCTBOBAHME METOIMKH MOXET CTaTh 3(Q(EKTUBHBIM CPEACTBOM UL BH3yalM3alluM M KOJIMYECTBEHHOM
HHTEPIIPETalluK IIOBEPXHOCTEH TBEPABIX MaTepHaIOB

Knrouesvie cnosa: Pacmposas snexmpounas muxpockonus (POM), POM-uzobpadicenue mpexmepuoe Mooenuposanue,
Qunvmpayus, peKoOHCMPYKYusi, MUKPOMONOPapusi.
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Annoramusi. CtaThs TOCBSIIIEHA W3YYCHUIO OCOOCHHOCTEH IIMPKaJUMaHHOIO PHTMAa M MEXaHM3MOB €ro (hOpMHUpOBaHHS Y
CIOPTCMEHOB U HECIIOPTCMEHOB. OLieHKa CyTOYHOI0 PUTMa IPOBOAMWIIACH 10 U3MEHEHHUIO II0Ka3aTellell KpOBOTOKA KOXKU B YCIIOBHAX
€CTECTBEHHOI'0 JIBUI'aTEIBbHOIO peXuma. Y JIofeH, He 3aHMMAOLIMXCS CIOPTOM JMHAMMKAa KPOBOTOKAa KOXKM MakCHUMajbHa B
JIHEBHOE M MMHUMaJbHA B HOYHOE BpeMs. Y CIIOPTCMEHOB CYTOYHAs PEryJALMs KPOBOTOKA KOXKM IPEACTaBI€Ha MAaKCUMAaJlbHbIM
YBEIMYEHHEM BO BpEMEHHBIE IEPHOIbI, COOTBETCTBYIOIIWE BBHINOJIHEHHIO (u3udeckux Harpy3ok. Ilpu 3TtoM ¢uKcupyercs
YMEHBILICHHUE PAa3IUuuil KPOBOTOKA KOXKH B THEBHOE M HOYHOE BpPEMsL.

Knrouesuie cnosa: yupkaouanmuiii pumm, KpoBOMOK KOACU, PusuvecKas HazpysKda.

Beenenue. MHorue mporeccel B OpraHuU3ME€ 4YeJIOBEKa
MIOAYUHEHB! CYTOUHBIM KOJEOAHUSIM W OJHUMH W3 Hau-
Oonee 4YETKMX TIOKa3aresiel 3aBUCHUMOCTH CYTOYHOTO
PeKMMa SBISIOTCS TIOKa3aTean KpoBooOparieHus. Ceny-
€T YYHTHIBaTh, YTO B JKU3HENESTEIFHOCTH CIIOPTCMEHOB
Hapsiy CO CBETOBBIM PEXHMOM, PEKUMOM IHUTAHUS U
PEKUMOM JBUTaTeIbHOM AKTUBHOCTH CYTOYHBIH pPUTM
NIPOSIBIISIETCST B XapakTepe AWHAMUKU TOKazaTesel, Kak
LIEHTPAJBLHOI'O KPOBOOOPAIIICHUS, TaK U PEaKIUi mepude-
pudeckux cocyzaon [1-3].

JlJ1s CIOpTCMEHOB, B CHITy CHEHU(HUKH UX NESTETBHOC-
TH HauOOJBIINI MHTEPEC MPEJCTABISIET TeMOANHAMUYEC-
Koe obecrieueHre pU3NIECKUX Harpy3ok. M3BecTHbie MO-
JIeTT TPEHUPOBOYHBIX HATPY30K OOBIYHO HE CBSI3BIBAIOTCS
¢ (U3HOIOrMYECKUMH PEaKLUsIMH OPraHU3Ma, a HaIpaB-
JIEHbl WCKIIIOYMTENIbHO HA BBINOJIHEHHE NPAKTHYECKUX
3a/a4 TOBBIIICHUS] OOIEH M CHEeUUaIbHOH (PU3NUecKoi
pabotocmocobHoCcTH [4].

[pencraBnsier omnpeneneHHbI WHTEPEC U3ydYEHUE IU-
HAaMHMK{ M3MEHEHWH MOoKasaTreliell CHCTEMHOTr0 KpOBOOO-
pallleHus], KaK B acleKkTe M3y4eHHs IHUPKaJuaHHBIX OCO-
OEHHOCTEH, Tak U B Tpoleccax aJanTally dTHX U3MeHe-
HUH K IOCTOSHHO BOCHPOU3BOMSIIMMCS W HMEIOUINM
YETKYI0 TPUBI3KY KO BPEMEHH CYTOK TPEHHUPOBOYHBIM
¢usnveckuM Harpyskam [5-7].

Crnenyer OTMETHTh, YTO €CIIHM 110 M3MEHEHUSIM CYTOY-
HBIX TIOKa3aTeledl LEHTPaJIbHOI0 KPOBOOOpAIEHUs, Ta-
kux kak YCC, AJ[, COK, MOK umerTcs I0CTaTOYHO
MHOTOYHCIICHHBIE, HO HE CHCTEMAaTH3UPOBAHHBIE TaHHBIE,
TO IO JUHAMUKE ITOKa3aTelei rnepudepuyeckoro KpoBo-
oOpaieHusi, a IMEHHO KPOBOTOKA KOXH, SBIISIOIIETOCS
OCHOBHBIM MapKepOM ONTHMAIBHOCTH TEPMOpPEryJIsIIH-
OHHOTO OOECIIeYeHUs] OpraHu3Ma KaK HECHOPTCMEHOB,
TaK U CIIOPTCMEHOB, TaKUE JaHHBIE MPAKTUYECKU OTCYT-
cTBYIOT. Tem Ooiee, HET TaHHBIX O BO3MOXKHOM CXOJICTBE
WIN XapaKTepe pazIuyuuil y nrojel, 3aHuMaromuxcs U He
3aHUMAIONIIUXCS CIIOPTUBHOMN AEATeIbHOCTRIO [8-10].

B cBsi3M ¢ BBIIEH3IOKEHHBIM, HEJIBIO ITPOBEICHHOTO
HaMH OWOPUTOMOJIOTHYECKOTO HWCCIECIOBAHUS SIBIISIETCS
M3y4eHUE CYTOYHOW TUHAMHUKH TOKa3aTeded nepudepu-
YEeCKOIr0 KpOBOOOpAILIEHH Y JIF0/IeH, 3aHUMAIOIINXCSI U HE
3aHUMAIOIINXCS CIOPTOM.

3amauu uccae0BaHuUs:

1. V3ydenue u aHanu3 nokasateied nepudepudecko-
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T'O KpOBOOOpAIIEHUS Y JIFO/Iel, He 3aHUMAIOIINXCS CIIOp-
TOM Ha IPOTSHKEHHU CYTOK B YCIOBHUSIX €CTECTBEHHOW
JIBUTATENbHON aKTUBHOCTH.

2. V3ydenue u aHanu3 nokasateied nepudepudecko-
TO KpOBOOOpAILlEHHUs Yy JIIOJIel, 3aHUMAIOIIUXCSI CIIOPTOM
Ha MPOTSHKEHUH CYTOK B YCJIOBHUSIX €CTECTBEHHOW U Tpe-
HUPOBOYHOH aKTHBHOCTH.

Marepuansl n MeToabl. VccnenoBaHue MpOBOAMIOCH
Ha Oasze (akysibrera (PU3MYECKOTO BOCHHTAHHS 3ariopox-
CKOTO HallMOHAILHOI'O YHUBepcuTeTa. bpimn o0cienoBaHbl
6 CIOPTCMEHOB-JIETKOATIETOB BBICOKOH KBaJIH(HKAIMU B
Bo3pacte 18-23 et u 10 111, He 3aHUMAOLIUXCS CTIOPTOM.

Bce wuccnenoBaHus NPOBOOWINCHE Ha MPOTSHKEHHU
CYTOK B YCIIOBHSIX €CTECTBEHHOIO ISl KQXK0ro o0ciey-
€MOr0 peXXrMa CyTOYHOU aKTUBHOCTH.

KpoBOTOK KOXXKH TIO HU3MEPEHHUIO AIIEKTPOKOKHOH Ipo-
BoxumMoctH (DI1) peructprpoBaiicst ¢ TOMOIIBIO Tpudopa
SCM-101 (ITompma). M3mepenus mnokazaTeied MpoOH3-
BOJIMIJIMCH C MHTEpBaJIoM B | yac.

[Ipu u3MepeHnn mokasaTenei MEKTPOKOKHON MPOBO-
JIMMOCTH YYHTHIBAJIOCH TOJOKEHHE Tela (TOpU30HTAIIb-
HOE WJIM BEPTHKAJIbHOE) HA MOMEHT 00CIIEJOBAHMSI.

[Tony4yeHHBIC JaHHBIC 00pabATHIBAIUCH CTATHCTHYCCKU
¢ nomorpko nmporpammsl Microsoft Excel.

Pe3yabTaTsl H uX 00cyxkaeHue. [lonydeHHble TaHHbIE
MO3BOJISIIOT TIPOCNIEANTh HUPKAJAUAHHYIO AWHAMUKY TI0
TpyIIle HECTIOPTCMEHOB M OHH TPENCTaBJICHBl Ha pHC.l.
Kak BugHo w3 rpaduka, HaOIrOmaercss OJHOHANpPaB-
JIeHHasi TUHAMHUKAa M3MEHEHHH KPOBOTOKAa KOXXH y BCeEX
o0crnenyeMbIX. XOpOIIo BHAHA OIPaHUYEHHOCTH KPOBO-
TOKa KOXXM B HOYHBIE 4Yachl C TEHJACHIMEH K ero
YBEIMYEHHUIO TIPU MPOOYKAECHUA M U3MEHEHHH IIOJI0XKe-
HUS TeJla Ha BEPTUKAJIBHOE.

Takke XOpOLIO 3aMETHO CHIDKEHHE KPOBOTOKA KOXKH
TOCJIe TpHeMa THIIH, YTO COOTBETCTBYET 8-9 wacam yrpa.
3aTeM BEIMYMHBI KPOBOTOKA CTAOWMIIMZHPYIOTCS JO JHEB-
HOro TpHeMa IMINY, Ha (OHE KOTOpPOro HaOIromacTCs
CIIeyIOIIee CHIDKeHUE KpoBOTOKa Kok (¢ 14.00 1o 16.00).

B janpHeiiniemM HaOmofaeTcs IUIAaBHOE CHUDKEHUE
KPOBOTOKa KOXH, BIUIOTH JIO TIepexo/ia KO CHY.

OO0pamraer Ha cebs BHUMaHHE CTaOMIBHOCTH KPOBOTO-
Ka KOXH B JIHEBHOE BpeMs y BCEX OOCIEIyeMbIX BHE
3aBHCHMOCTH OT PEXHMa JKHU3HEAEATEIHHOCTH W JBHIa-
TENFHOM aKTUBHOCTH. B TO e BpeMsi XOpOIIO BHIHA
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pasHUlla B BCIWYMHAX KPOBOTOKAa KOXW B JHCBHOC U
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HWHTCHCUBHOCTHU ABUTATCIIBHOI'O pCKHUMa CHIC U pa3jind-

HOYHOE BpEMs, YTO OTpakaeT IMOMHUMO pa3JIMYHOM  HbIE MEXaHU3MBbl PETYJSIMU  CHUCTEMHOIO  KPOBO-
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Bpemsi ¢ MOMeHTa nIpoOyKAeHHs, Y
Puc. 1. Cyrounasi AMHaMUKa KPOBOTOKA KOXKH Yy JIFOJCH, HE 3aHUMAIOIIUXCS CIIOPTOM,
B YCIIOBUSIX €CTECTBEHHOM JBUraTEIbHON aKTHBHOCTH
*[Ipumeuanue: a) nyHKmupHou aunuell 0603Havena cmanoapmuas owuoxa (m)
6) 6pemst uzmMepenus NO OCU X UCHUCTAEMCS C MOMEHMA Npo6YylcOeHUs
00paIeHNs B TIOJIOKEHUSIX CTOS U JICKA. JIBUTATENIbHOM  aKTUBHOCTHU, KOTOpasi COOTBETCTBYET

Ilpu aHajgmM3e CYTOYHOTO pEXKHUMA JEHCTBYIOIIUX
CIIOPTCMEHOB ~ BBICOKOTO  YpPOBHSI (Macrepa CIIOpTa)
oOpamaer Ha ceOsi BHUMaHHE CIEAYIOIMHA (akT: npu
COXpaHEHHUH TCHACHINH K CHI)KCHHIO KPOBOTOKA KOXKH B
BEUepHUE, U OCOOCHHO B HOYHBIC YaChl M YBEIHYCHHIO
€ro B TEUCHHE MHSA, B OTJIMYHE OT JIIOJCH He 3aHMMa-
IOIUXCS CIIOPTOM, YETKO BHUICH MPUPOCT KPOBOTOKA
KOXH B 4achl, COOTBETCTBYIOIINE PEKUMY MOBBIIICHHOM

90

BpPEMEHH TPEHUPOBOK (pHC.2).

Ha pucynke 2 noka3aHa TMHaAMHKa KPOBOTOKA KOXH B
TEUEeHHE CYTOK Y JABYX CIIOPTCMEHOB C JBYXPa3OBbIM
PEKUMOM TPEHHUPOBOK. XOPOIIO BHUAECH MPUPOCT KPOBO-
TOKa KOXH B MEpUOJ] BPEMEHH, cOOTBeTCTBYromui 9.00-
11.00 u 14.30-16.00 wacam. [laHHbIE BpeMEHHBIE NEpU-
OIIbl COOTBETCTBYIOT OOBIYHOMY BPEMEHU TPEHHUPOBOU-
HBIX Harpy30K y JaHHBIX CHOPTCMEHOB.
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Bpemsi ¢ MOMeHTa IpoOyKAeHHs, Y

Puc. 2. CyrouyHasi AMHaMHKa KPOBOTOKa KOXKH Y CIIOPTCMEHOB C JIByXPa30BbIM PEXXKHMOM TPEHUPOBOK
*[Ipumeuanue: a) nyHKMUpHOU TuHuel 0003HaveHa cmaHoapmuas owuoka (m)
6) 6pemst uzmMepeHusi No OCU X UCHUCTAEMCS ¢ MOMEHMA NPOoOYIHCOeHUs.
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B TO ke BpeMs y dYeThIpex CIIOPTCMEHOB C Tpex-
pPa3oBBIM PEXMMOM TPEHHPOBOK HaOIromaercss 3 THKa
AKTUBHOCTH B COOTBETCTBMM CO BPEMEHEM TpPEHHPOBOU-
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HbIX Harpy3ok ¢ 7.00 go 8.00, ¢ 14.00 mxo 15.00, ¢ 19.00
10 20.00 (puc.3).
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Bpemsi ¢ MOMeHTa IpoOyxKAeHHS, Y

Puc. 3. Cyrounasi AMHaMUKa KPOBOTOKA KOXKH y CIIOPTCMEHOB C TPEXPa30BbIM PEKHUMOM TPEHUPOBOK
*[Ipumeuanue: a) nyHKmMupHo 1unuell 0003Ha1ena cmaHoapmuas owuoka (m)
6) 8pemst uzmepenus NO OCU X UCHUCTAEMCS C MOMEHMA NPOOYHCOeHUs:

OOmielt TeHIeHIMEeH a1 aKTHBHO TPEHHPYIOIIUXCS
CIIOPTCMEHOB SIBJISIETCSI OTCYTCTBHE JIOCTOBEPHOTO CHH-
JKEHHsI KDOBOTOKA KOXKH Ha (pOHE MpreMa MHUIIN, KOTOpbIe
ObUIO 3aMETHO Yy JIIOJIel, He 3aHUMAIOIIUXCS CIOPTOM.
Kpome ToOro, ecim HCKIIIOYHTH BBIPaKEHHBIH IMPUPOCT
KpPOBOTOKa KOXXH B 4Yachl, COOTBETCTBYIOIME TpEHHU-
POBOYHBIM 3aHSTHSIM, TO MOXXHO HaOIIIOAaTh MEHEEe BbI-
PaKEHHBIE PA3IHYHs MEXIY KPOBOTOKOM KOXKH B HOYHOE
n nHeBHoe BpeMms. Ocobo cienyeT NOAYEpKHYTh, YTO
W3MEpeHus] IMPKaJNaHHOrO pPUTMa, NPOBOJWIOCH B TE
JTHH, KOI/Ia y CIIOPTCMEHOB HE OBUIO TPEHUPOBOYHBIX
Harpy3ok. COOTBETCTBEHHO MOKHO MpEAINoiarath, 4To y
HUX chpOpPMUPOBAIICS OIPEIEICHHBIA CTEPEOTHIT PEAKTHB-
HOCTH TIO KPOBOTOKY KOXH, KOTOPBIA BOCHPOU3BOIUTCS
BHE 3aBHCHUMOCTH OT TOT'O, BBIIOJHAETCS B 3TOT ACHBb
¢usnueckue Harpy3ku wid HeT. [lpencraBisiercs, 4To
TPU CTAaOMITBHBIX W MHTCHCHUBHBIX TPEHHUPOBKAX MPUPOCT
M0 KPOBOTOKY KOXXH B COOTBETCTBYIOIIHME BPEMEHHBIE
OTPE3KU JIOCTHIaeT MaKCUMyMa U COXpaHseTcs, IMocTe-
MIEHHO PEAYLHpPYICh B Cilydae INPEKpaleHus] TPEeHUpo-
BOYHBIX 3aHATHH [0 TEM WITH WHBIM IPUYHHAM.

BoiBoabl.

1. [Tonmy4yeHHble NaHHBIE NUPKAAUAHHOW JWHAMUKU
KPOBOTOKa KOXH y CIIOPTCMEHOB U HECIIOPTCMEHOB CBH-
JIETENILCTBYIOT O BBICOKMX MH()OPMATHUBHBIX BO3MOXKHOC-
TSX JAHHOTO MOKAa3aTeIsl.

2. C moMompl0 M3MEPEHHUs KPOBOTOKA KOXKH MOXKHO
YETKO YBUJIETh KOJIMYECTBEHHbIE U KaYeCTBEHHBIE Pa3IIH-
YHsl PEryJsiuN THepu(epruuecKkoro KpoBOOOpaleHHs B
JHEBHBIE W HOYHBIE Yachl, a TaKXKe IpPU Pa3THIYHOM
MTOJIOXKCHHU Tena (JIekKa, CTOos).

3. Iloka3arenun KpPOBOTOKAa KOXH Y HECIIOPTCMEHOB
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YKa3bIBAIOT Ha BBIPAXKCHHBIC PA3IHUYUs B HHTCHCHBHOCTU
KpOBOTOKa KOXKM B JHEBHbIC M HOYHBIC 4achl. Mmeer
MECTO XOpOIIO BUAMMOE CHIKEHHE KPOBOTOKAa KOXKM Ha
¢one npuema munm. Ha ¢oHe cTaOMIBHONH M BBICOKOM
JIBUTATENbHOW aKTHMBHOCTH HAOIIONAeTcss B LEJIOM
CTaOMJIBHBINH YPOBEHb KPOBOTOKA KOXKH B THEBHOE BPEMSI.

4. UccnenoBaHusl CYTOYHOM JMHAMHKH KPOBOTOKA
KOXKH y CIIOPTCMEHOB YKa3blBalOT Ha (QOpMHpOBaHHE
CHenU(UIECKOr0 CTEpeOTHIIa PEAKTHBHOCTH, KOTOPBIH
3aKITI0YAETCsl B YBEJMUEHUH KPOBOTOKA KOXH OOJbIIEH
WA MEHBIICH CTEIEHH BBIPAXKCHHOCTH B Yachl, COOT-
BETCBYIOIIMEC TPECHUPOBOYHBIM HArpy3KaM BHE 3aBHCH-
MOCTH OT TOTO, UMEET JIN MECTO TPEHUPOBOUYHBIE HATPY3-
KM Ha MOMEHT M3MepeHust win HeT. HabOnronmaercst Gonee
CTaOWJIBHBIA U HU3KHH, YeM Y JIFOJIcH, He 3aHUMAIOIIUXCS
CIOPTOM YPOBEHb KPOBOTOKA KOXKH B YacChl €CTECTBEHHOMN
JIBUTATEIbHOW AKTUBHOCTH. VIMEIOT MECTO MEHBIIUE
KOJIMYECTBEHHBIE Pa3JIN4Us KPOBOTOKA KOXH B JHEBHBIC
Y HOYHBIC YacChl.

5. Ilpu cpaBHUTEIFHOM aHANIN3€ CYTOUYHON JTUHAMUKH
KPOBOTOKa KOXKH Y HECIHOPTCMEHOB M CIIOPTCMEHOB
HaOMroqaeTcss TeHACHIHs (OPMUPOBaHHS BBICOKOCIIEIIH-
(ryecKoro anropuTMa pPEaKTHBHOCTH Yy CIIOPTCMEHOB,
KOTOpasl 3aKIIoYaeTcsi B NPEBEHTHBHOM yBEIUUEHHU
KPOBOTOKA KOXKU TS BBITIOTHECHUS (PU3UUCCKUX HATPY30K
OonbIIOro 00beMa M BBICOKOM MHTEHCMBHOCTH. Kpome
TOr0, MOXKHO IIpEAIoararb, YTO OTHOCHTENBHOE Crila-
JKUBAHHUE PA3INUUN MEKIY BETUUMHAMHU KPOBOTOKA KOXKHU
y CIIOPTCMEHOB B JIHEBHBIE WM HOYHBIE Yachl OTpa)kaeT
O0IIYI0 TEHJIEHIUIO K SKOHOMH3ALUH (PU3MOIOTUIECKIX
(GYHKIUH, UMEIOIIYI0 MECTO M B APYIHX (PYHKIIHOHAIb-
HBIX CHCTEMax OpraHM3Ma CIIOPTCMEHA.
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Circulation hydrostatic factor in biorythmological maintenance of health and physical efficiency in athletes

Grechko E., Dyomin A., Kuznetsov A.

Abstract. The article examines the characteristics of circadian rthythm and the mechanisms of its formation in athletes and non-

athletes. The circadian rhythm evaluation was carried out by changes in skin blood flow rates in natural motor mode. The dynamics

of the skin blood flow in those people who are not involved in sports is maximum in the daytime and minimum at night. Daily

regulation of skin blood flow in athletes is represented by the maximum increase within the periods of time when physical activity is

being done. Whereas, the reduction in differences between the daytime skin blood flow and the night-time one is being fixed.
Keywords: circadian rhythm, skin blood flow, physical activity.
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Annotation. In the article the peculiarities of graphs visualization procedures on the plane by using algebra of algorithms is
provided. Conducted study showed the lack of means of graphs visualization that would provide the possibility of their
implementation in a heterogeneous environment. Taking it into consideration, the authors were proposed to use algebra algorithms
that provided means of abstract algorithm synthesis and contributed to the creation of mathematic software for visualization of
graphs. Developed models provide the necessary basis for design of visualization graphs system and proposed profiles adapt chosen

approach for the operation in heterogeneous environments.

Keywords: visualization, open system, graph, unitherm, sequence, elimination.

Introduction. The general statement of the problem.
The functioning of modern data visualization systems is
performed in variable conditions, in which the speed of
operator response is the important factor. In particular, in
the process of processes control indicated parameter is
directly affecting the speed of reasoned decision-making,
and therefore the quality of the final result. Therefore, the
accuracy of the findings, which imposes a set of rest-
rictions on the process of reflection and the used methods
depend on the visualization time and quality of obtained
image. While designing data visualization system, usually
the set of technological processes appears in the form of
two-dimensional data structures — graphs, which are set
by using the matrix representation [1]. However, this
feature of such task is the creation of set of equivalent
images that are similar in structure but different in
relations presentation [2]. As a result of the study on the
effectiveness of graphs presentation on the plane turned
out that the most effective images that meet the criteria
are given in the work [3]. Namely the following is
determined: uniformity of location; the minimum number
of mutual intersections of arcs; inadmissibility of plane
tops intersection; minimum area if generated image.
Another feature of the task of data visualization is the
modern hardware as well as software, which tends to be
functional integration, the hallmark of which is the union
of heterogeneous information resources into a single
integrated system [4]. Using this approach identified a
new area of design of architecture and structure of
software applications running in heterogeneous environ-
ments and implemented the concept of open systems.
Ensuring the interaction between the individual elements
contributed to the set of basic standards and methodolo-
gies. However, a special feature of any software created
to operate in a heterogeneous environment is to respect
the so-called profiles as basic tools of functional
standardization [5]. In turn, the increasing complexity of
such systems requires the use of additional requirements
to design methods and tools. While designing such a
system, it is necessary to find a solution that allows for
interaction services that are governed by different
operating systems, which is an extremely difficult task.
Thus, the use of classical instruments does not always lead
to good results, so the use a special device is proposed —
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algebra of algorithms [7]. This tool provides an accurate
description of the algorithm, means of minimizing and
optimization the number of unitherms and reduces the cost
of implementing algorithms and thus research performance
[8]. Given that, means of algorithms algebra were selected
to create mathematic soft-ware of data visualization process
in a heterogeneous environment.

Relation of highlighted issue to important scientific
and practical tasks. Development of mathematic
software of data visualization process is a complex
scientific and practical problem, which is in the form of
two sub-tasks — forming of algorithm visualization using
algebra algorithms and their visualization of on the plane.
Thus, the display should be in accordance with the display
criteria [3] and meet the features of construction and
operation in a heterogeneous environment.

These tasks are important as they directly affect both
the opportunity of functioning of created software in
heterogeneous environments and the quality of created
graphs images. The implementation of the described issu-
res is a complex process, in the course of which it is
necessary to apply advanced unit and operations of
algebra algorithms to optimize mathematic software
system. The solution of the scientific and practical tasks
will help standardize the process of graphs visualization
with subsequent operation in heterogeneous environments
and provide the necessary apparatus with known methods
of adaptation to the tasks of building data visualization in
accordance with the proposed profiles.

Analysis of recent research and publications. Today,
while designing heterogeneous display systems, the
following forms of presentation are used UML diagrams,
graph models and flow charts. UML diagrams are used to
describe a unified software development process and
represent an open standard that uses a graphical notation
to create an abstract model of the system [5]. The main
purpose of the application of graph models, is a reflection
of relations between the technological objects, including
model evaluator that implements the functional algorithm
adopted to be represented as a graph in which the tops
represent function or operators of algorithm, and the arcs
— dependencies on data and management [6]. Block
diagrams perform the representation of the task for its
analysis or solution using special characters (geometric
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primitives), which represent items such as transaction
flows, etc. [4]. Thus, visualization of algorithms block
diagrams and UML diagrams do not cause much
difficulty and provide set of software tools, including:
AllFusion Process Modeler, Eclipse Modeling Frame-
work, WizFlow Flowcharter, Umbrello UML Modeller,
so graphs visualization is fundamentally different. Since
this structure served to render in matrix form and does not
contain information about the spatial layout. This
situation promotes the appearance of set of equivalent
images that are identical with structure but different in
perception [9].

Known methods of visualization [2,6,10] in bulk is not
designed for correct display matrix structures as: the
quality perception created images and their final sizes is
not consider. In addition, existing methods do not include
means from the proposed unification of approaches to
different types of hardware and software platforms. [11]
Therefore, the actual problem is the development of
mathematic software of graphs visualization process in a
heterogeneous environment using algebra algorithms.

The main objectives of the study and their
significance. The adaptation of software process of graphs
visualization presented in the form of matrix models for the
operation in a heterogeneous environment is the goal of
research. The study will provide the means of constructing
graph on the plane according to the known criteria of
reflection and standards of open systems construction [11].
The use of open systems facilitates a possible adaptation of
established software units to operate in a heterogencous
environment. To achieve this goal it is necessary to solve
the following main tasks: to adapt the known methods for
visualization of graphs to the problems of building cross-
platform applications and algorithms to synthesize abstract
arrangement of tops and even permutations for graphs
"tree." Results of the study solve actual problem of
mathematic software process of graphs visualization for the
operation in a heterogeneous environment.
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The main research results. In general, the process of
graphs visualization consists of the following stages: the
location of the tops on the plane, determination of
distances between tops, mapping arcs between individual
tops and display of identification tags. As it was shown by
conducted analysis, imaging techniques and approaches
towards the solution of this scientific and practical tasks,
the use of methods and models proposed in the paper is
appropriate [9,12]. Which from the one side implement
procedures for rapid creation of optimal graph images in
terms of perception, on the other hand - require the use of
innovative approaches towards building software modules
and their subsequent functioning in heterogencous
environment.

Location of graph tops. According to the chosen method
[9.12], the choice of which depends on the type of graph
that visualizes the total programming model using algebraic
algorithms the sequential method that consists of two stages
is performed: synthesis and elimination sequences.

Synthesis of sequences. Sequence — unitherm or
formula is intended to describe linear sequences. The
main elements of sequence operation are two unitherms
and punctuation mark (, or ;), which is responsible for the
characteristics of unitherm commutativity [6]. Given that,
at the location of graph tops the introduction of the
adjacency matrix (unitherm Msum)is held at the
beginning. The next step is to identify the type of graph
(unitherm 7{(g)), the image of which is formed as a result
of visualization. In accordance with the identified type the
coordinates of graph tops are determined (unitherm
C(Op)) and the coordinates of the other tops in line
(unitherm C/j). If the number of tops exceeds the number
of tops of the line, the remaining tops are located in the
following lines according to the type of graph and are
remembered by their coordinates. At the end of work the
images of located tops are displayed according to their
numbers. These processes are described in the following
sequence (1):

SI- 7~ )

I(g),

COp)',

c), Pre

(1
S2= m 1.4
T(g), C(Op),Cj)
Location of tops, if it takes more than one line is described by the sequence S3 (2):
S3=/1. .
j=jt+1
’ 2
Cq)
Pr(g)
Synthesis elimination. Elimination — unitherm or elements of elimination operation. In order to describe the

formula of algebra algorithm for the description of
branching (conditional tops) and cyclic operations [7,13].
Two unitherms and unitherm of conditions are the main

algorithm, the verification condition of the value of the
graph is described by eliminations L2 and L4 (3):

_ 1 |
L=rg; 82 cu -7
2 3)
L4:I¢j:j+1 |
Prig) ; 83 ;j-?
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After sequences substitution in the corresponding elimination the initial abstract algorithm of tops location is

obtained (4):

Msum

L |

L [ o . ?I

cu -2t Myt

I(g) I'(g) @
C(Op) ||\C(Op)
cp \\Caj)
’Pr(g) L4

Algebra of algorithms contains means for optimization
of abstract formulas of algorithms that allows performing
minimization, as by the number unitherms and by moving
unitherms beyond operation marks. After the optimization

Msum
T(g)

C(Op)
C(1j)
>

based on the principle of distributive, [7] unitherms are
specified as marks of elimination operation, resulting in
optimized abstract algorithm of tops location (5):

| (5)

| ..
* ).i¢]:]+] |

*

; ;€O

Pr(g)

The result of the location of graph tops on the plane is
a list of centers coordinates (Xi, Yi) and labels (Xm, Ym)
of all tops, which are described in an abstract algorithm
(5) by unitherms C(Op), C(1j), C(j).

Display of connections between graph tops. After the
location of tops the procedure of linkages with provision

;.j-?

of display criteria is performed [3]. Initially, the
possibility of arcs as straight is modelled and those are
detected, which are mutually intersected. Next, using the
method of [9] the procedure for reduction of the number
of crossings is performed. Check on k-tier line usage is
performed in sequences S/ and S2 and elimination L/ (6):

S1= [ SortJ(k) S2= [ SortR (k)

Plk) P12(k)
(6)
L | |
Sl ;S2 ;u 7" ?
Check for increasing the number of arcs is described by elimination (7):
= | | ¢
VR): * u,-?
Even permutations in the graph "tree" are described by elimination L3 (8):
|
I I s Nv) ;u,-?
| | | |
| T . yu -7
kktl ;% cu-? % o[ cu - ’ )
5 Jj=jt+ b 6
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and sequence S3 (9):

)

After substituting the sequences in the appropriate eliminations the initial abstract algorithm (10) of paired
permutations for graphs "tree" is obtained.

P
Si; SZ;uI—? (10)

L |
|
| Ny g -2

After the optimization, final algorithm of paired permutations will look like (11):

k=3
TN
Vk, Vk-1

SortJ(k) *(SortR(k)” “1” ? (11)
Plk) (})1 2(k)
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As it is seen, derived formulas describe visualization
tasks, namely: the location of tops and even permutations
of graphs "tree". This will allow moving to mathematical
models in the future by replacing the abstract unitherms
by subject ones and setting sequence areas of variables
and subject unitherm. That in turn based on the method of
transfinite induction will allow confirming that the model
describes the corresponding process [7,8].

Design of profiles. The next stage of the study was to
determine profiles, with a view to creating cross-platform
application in accordance with the standards of open
systems. The peculiarity of the problem is that when
building profile contradictory claims, in which the
processes of standardization of information technology is
performed should be considered. The need for
development of profiles structure of graphs visualization
system will provide means for its construction in
accordance with the standards of open systems and
provide a possible modification of preserving functional
structure. However, a prerequisite for system design is the
use of functional profiles: environments of imaging
systems, life cycle, project infrastructure and tools.

Functional imaging system profiles consist of graphs
profile components that implement the applicable system
functions, and their decomposition is performed as the
detail system structure. In general, the use of functional
profiles is to perform such work [14]: selection of
software and hardware that meet the requirements of
profiles; design of application software system according
to the selected profile; development of requirements for
testing system components, selection or development of
modular and system tests; combination of components
based on consistent application of functional profiles.
Regulations governing the life cycle of the graph data
visualization system should be chosen depending on the
characteristics of the project. In this profile the set of
steps works and transactions related to the development
and application profiles that specifies the design decisions
should be taken into consideration. However, the iterative
character development and introduction of profiles
associated with the iteration of the design and main-
tenance of the system is an important factor. It is pro-
posed to use an iterative approach to building described
methodology of Rational Unified Process (RUP). These
standards have a certain type of process frameworks that
developers adapt to specific stages. To implement this class
sections it is offered to use standard ISO/IEC 12207:2008
«Systems and software engineering — Software life cycle
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processes», which was approved in 2013.

This approach is justified because the software is much
of value in creating this system, and the duration of the
life cycle of software actually determines the duration of
the life cycle of the system. Environment profile of
visualization system determines the architecture of its
building and has to be implemented in accordance with
the model DCE (Distributed Computing Environment),
which is supported by a consortium of OSF (Open Soft-
ware Foundation) and is used as a standard, by such
corporations as: Hewlett-Packard, IBM, Digital Equip-
ment Corporation. Decomposition of functioning environ-
ment that is performed at the design stage, allows de-
tailing the environment profile according to functional
arecas of benchmark model OSE/RM: graphical user
interface, object-oriented database management systems,
operating systems. Profile of tools determines the choice
of methodology and technology creation, support and
development of visualization graphs. The description of
the design methodology and design decisions are made in
it, and its functional part covers feature centralized
management and administration related to: control perfor-
mance and accuracy of the system, configuration mana-
gement of applied software, configuring applications due
to changes of applied functions. Usage of the described

profiles provides the means for designing graph
visualization system to work in a heterogeneous
environment.

Conclusions. In the course of conducted study the
analysis of known methods of visualization was
performed that shows a lack of correct display of graphs
and matrices and the use of a fundamentally new
approach in the design process of cross-platform software
is proposed. The synthesis of models of graphs
visualization is carried out by using algebra algorithms.
This approach provided means for the construction of
abstract algorithms processes and display of the location
of arches between them. As opposed to the classic toolkit
it provides means to minimize them by the number of
unitherm, synthesis and research of appropriate
mathematical models. Indicated design features of graphs
visualization system provide means to its further software
implementation and operation in a heterogeneous
environment.

Further studies will be directed to design of appropriate
software units and their verification and adaptation to
functioning in a heterogeneous environment, by using
standard open systems.
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AHorauis. Onmcani HOBI Meroau 1MPoBOi 0OPOOKH KOJIbOPOBUX BHIABHUYMX OPUTIHAJIB HA CTalii AOAPYKAPCHKOI ITiJrOTOBKH
(GopM Ha OCHOBI KOMII'IOTE€PHOI IIPOrpaMH CHHTE3y KOJIbOPOBOrO 300pa’keHHs Ha BiJOMTKY IUIsl HOBOI iH(pOpMaliiHOI TeXHOIOril
ICaS-ColorPrint® Ta Tpa uILi#HIX TeXHOIOTiH KoNBOPOBOro JAPyKy. IIpuBesneHa Grmok-cxeMa IE(POBOI OGPOGKH CHHTE30BAHOTO
KOJIbOPOBOT'O 300pa)kKCHHs 3a KPHUTEPiAMU MaKCUMyMY HakK/IaJlaHHA KoiabopoBux (apd Ta MakCUMyMy HaKJIaJaHHS KOJIBOPOBHX i
4opHoi (hap6 Ha IpykapcbKOMY BiIOMTKY B 3a/laHOMY Jialla30Hi TEMHUX AUISHOK Ha BiIOUTKY. OOTrOBOPIOIOTHCS MIMTAHHS aHANi3y Ta
BU3HAUCHHS KUIBKICHUX XapaKTePUCTHK SKOCTI KOJBOPOBIATBOPEHHS 300pakeHHS Ha BIIOMTKY 3a HOBOIO 1H(OpMAaIiiHO0
TEXHOJIOTi€I0 B MOPIBHAHHI 13 TPajMUiHMMHM TEXHOJIOTiISIMH KOJBOPOBOTO JPYKY, 3Ha4HOI eKOHOMii KombopoBux (ap0d s
KOJTLOPOBOTO IPYKY, SKY 3a6€3Tedye BUKOPHCTAaHHs HOBoi TexHomorii ICaS-ColorPrint®.

Knrouogi cnosa: yugposa obpodra, xomn’iomepna npocpama, xoripnuii npocmip 1CaS, cunmes 306pasicennss na 8i0O6umxy,
naknaoanns ¢papd TAC, inghopmayitina mexnonoeis KotbopoBo2o OpyKy.

Beryn. Po3poOka HOBHX MeTomiB 1muppoBoi 00poOKU
KOJIbOPOBHX 300paKeHb 1 CIeliani30BaHOro MPOrpaMHOTo
3a0e3MeueHH s IJIsi CTBOPEHHs HOpPMalli30BaHUX TEXHOJIO-
TYHHUX TIPOLECIB € ONHIEIO0 3 aKTYaJbHUX 1 MEPCIEKTHB-
HUX HaIpsIMKIB PO3BHUTKY CYYacHHX iH(pOpMaIiitHux
TEXHOJIOT1# KOJILOPOBOTO IPYKY 1IFOCTPOBAHHUX BHUIAHb.

CyyacHi TEXHOJIOTII BHI'OTOBJICHHSI KOJBOPOBOI pe-
npoAykuii crocobamMu 1U(ppoBoro Ta O(CETHOro APYKY
0a3yl0ThCsS Ha AaBTOTHIIHOMY CHHTE31 KOJIBOPOBOTO 300-
paKeHHS Ha marmepi TppboMa KonbopoBuMu: ronyboro (C),
nypnypHoro (M) Ta xoBTor0 (Y) i uerBeproro yoproro (K)
(dapbamu, SKMH CYTTEBO BIJPI3HAETHCA BiJl KONIPHUX
CHCTEeM peecTpalii 300pakeHHs B TeJeBi3iiHIA 1 Bimeo-
TexHill, wuuppoBoi Qororpadii. CranmapthHi nTpodini
CMYK koib0poBoro Ipyky mHoOymoBaHi BHKIIOYHO Ha
BUKOPHCTaHHI 0araTopiBHEBHX TaONMYHUX JaHUX KOJIbO-
pIB OpuriHamy i HEOOXiJHMX KUIBKOCTEH KOJILOPOBHUX 1
4OpHOi (ap0 ISt BIATBOPEHHS IIOTO KOJIHOPY Ha BiIOUTKY.

Oco01BO BayKJIMBa CTais JOAPYKAPCHKOI MiATOTOBKU
IJTFOCTPOBaHUX BHAAHb BIJIOBITHO JO BUMOI HOBOTO
CTaHAapTy KOJIBOPOBOIo JApyKy [1].

Koporkmii orasim myOaikamiif. 3amponoHoBaHa i
po3pobiieHa aBTopamu iH(popMmariiiina TexHonoris 1CaS-
ColorPrint” Ga3yeThcst Ha NPHUHIMIIOBO HOBIi TeopeTHd-
Hill ocHOBI 1IM(pPOBOT 0OPOOKHU 300pakEeHHsI KOIHOPOBOTO
OpHTiHaNY, SKa HE Ma€ aHAJIOTIB B IPAKTHUIIl KOJIHOPOBOTO
Apyxy [2].

ABTOTUITHMH TIPUHIMIT CHUHTE3Y 300paKeHHS Ha
BIIOMTKY KOJHLOPOBUMHU (papOaMU OMUCYIOTH PiBHIHHIMHU
HroGepra-Helirebayepa. AHamiTUYHUX pillleHb aBTOTHII-
HUX PIBHSIHB JIO I[LOT'0 Yacy He OYJI0 OTPUMAaHO, TOMY IS
NPUKIAJIHUX 337a4  KOJBOPOIOJTY BUKOPHCTOBYIOTh
npodini CMYK, nobynoBani Ha Tabnnunux manux. s
BUPILIIEHHS LLOTO 3aBJaHHS aBTOPaMH BIIEpILE OTPHUMAHO
aHAJIITHYHI PO3B’A3KH PiBHSIHb aBTOTUITHOI'O CUHTE3Y 300-
pakeHHs Ha BIOUTKY B KoiipHOMYy mpoctopi ICaS [3].

[IpuHIMIOBa nepeBara OMOHEHTHOTO KOJIPHOTO Mpoc-
Topy ICaS B ToMYy, IO [T XapaKTEPUCTHKH 1 KiIBKICHOT
OLIIHKU KOJIbOPIB OpHIiHATy BHKOPHUCTOBYIOTH TPU HOBI
KOOpJIMHATH: axpoMaTH4YHa KoopawuHata / i JBI Xpoma-
THuHi kKoopauHata C i S. AXpoMaTHyHa BiCh IPOCTOPY
ICaS omHO3HAYHO 1 TOBHICTIO XapaKTepH3ye HEHTpaIbHO-
cipi KOJNbOpH 300pakeHHsl OpUriHay, SIKi Ha BiJOWTKY
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JIPYKYIOTh 4YopHOIo (apOoro. [yt OBiIbHO 0OpaHOro
KOJIbOPY XPOMaTH4YHI KOOPAMHATH OJHO3HAYHO i TIOBHiC-
TIO BU3HAYAIOTh JIBi KOJIBOPOBI (hapoOu.

BignoBimHo 10 mateHTy [4] cmoci® KOJIhOpOIOmiTy
udgpoBoro 300pakeHHs Ha JiBl KOJIBOPOBI 1 YOpHY QapOu
3IIHCHIOIOTh HACcTyIHUM 4uHOM. Skimio xoxiip F mikcens
uudpoBoro 300pakenHs Ha CaS-niarpami 3HaXOIUTHCS B
CEKTOP1 KOJNBOPIB, SKUM OOMEKEHHH 3JiBa KOITIPHUM
TOHOM 7-01 (apOu i crmpaBa KONIPHAM TOHOM Mi-Oi
cycimnboi (apOu, To Takuii KOJIp OJHO3HAYHO BiJTBO-
pIOEThCS Ha BiMOWUTKY IMMU X JBoMma (apbamu. Heob-
X1IHY KUIBKICTh KOJIIBOPOBUX (hapd 3HAXOAATh HA OCHOBI
aHAJITHYHOTO PO3B’SI3KYy CUCTEMH JIBOX HENHIHHUX piB-
HSIHb aBTOTHUITHOI'O CHUHTE3y. [IpHHIIMIIOBO Ba)KJIMBO, IO
QHAITHYHUI PO3B’SI30K 3aBXKAW JIA€ MIHIMaJbHY KiJlb-
KiCTh JIBOX KOJBbOpOBUX (hapO, HEOOXiAHY Ul KOJIOPH-
METPHYHO TOYHOTO BiJATBOpEeHHsI Konbopy F Ha BinOUTKYy.

Meta po6orn. B maniit poboTi ommcaHi HOBI METOIU
udpoBoi 00pPOOKH KOITHOPOBUX BUAABHHYHMX OPUTIHAIIIB
Ha cranii JAOApyKapchKoi MiArOTOBKM (OpM Ha OCHOBI
KOMIT'FOTEpPHOI ~ NpOrpaMH  CHHTE3y  KOJILOPOBOTO
300pakeHHS Ha BIIOMTKY s HOBOI iH(opMamiiHOT
texnonorii ICaS-ColorPrint” Ta Tpamumifiaux TexHoMOriM

KOIIbOPOBOT'O  JIPYKY Ha  OCHOBI  BHKOPHCTAaHHS
cranaaptHux rnpodinie CMYK.
Onuc komm’rorepHoi  mporpamm  ICaS-Color

Synthesis-2.0. Komm’rorepna mporpama “ICaS-Color
Synthesis-2.0” npu3HaueHa I CUHTE3y 300paskeHHs 4-
Ma Ta 6-Tu IOpykapchbkumu (hapOaMu Ha OCHOBI aHaIi-
TUYHOI MoJieNi piBHAHL HioOepra-Helirebayepa Ta xoiip-
HHUX BEKTOpIB JpYKapchbkux (ap0d B KONIPHOMY IIPOCTOPi
ICaS [5]. TIporpama 3gilicHio€ MOOYJIOBY KOJIiPHOTO
OXOIUIEHHsI 3aJaHuX (apO, BIIKPUBAE KOIHOPOIIOMIIEHI
300paxxeHHss B ¢opmari caiini *.jpeg, *.tiff xoxHoi 3
¢ap6 Ta MpoBOOUTH MOBHUI aHali3 GopMyBaHHS 300pa-
’KEHHS KOIbOPOBUMH Ta YOPHOIO (hapOaMu 3a KpuTepiem
TAC (Total Area Coverage) cepemHbOr0 MOKPUTTS KOX-
HOI (hapOu 1o IwIonIi 300paKeHHs Ta B 00JIACTSIX MaKCH-
MaJlbHOrO HakmagauHs ¢ap6. [Iporpama no3Bosnse mpoBo-
JIUTH TaMMa-KOpEeKLilo (apOd, BUKOHYBATH TEXHOJIOTIYHI
omepamii  JOJPYKapcbKoi  MiATOTOBKH  KOJIHOPOBOTO
300paxxenHst opuriHany B mozaeni CMYK y dopmari
¢datiry *tiff mis nmppoBoro Ta OQPCETHOrO IPYKY.
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[lpuHOMMOBa  BIAMIHHICTE  HOBOi  KOMII IOTEpPHOI
MporpaMH BiJl aHAJIOTIYHKUX MporpaM ugpoBoi 0OpoOKu
KOJIbOPOBOTO 300pa’keHHA B TOMY IIO BOHA peasi3ye
aHAJITHYHUI METOJ CHUHTE3y KOJNBOpIB Ha BIIOMTKY Ha
OCHOBI aBTOTUIHHX piBHAHB HioOepra-Heiirebayepa. /s
HOBOI iH(opMawiitoi TexHonorii 1CaS-ColorPrint”™, mms
SIKOT KOJIbOPOTOALN 3/1iIHCHIOETHCSI HA OCHOBI aHAIIITHYHUX
po3B’si3kiB  piBHsAHBb Hrobepra-Heiirebayepa, mporpama
BUKOHYE  AaHANITUYHMI  CHHTE3 KOJbOPIB  JABOMA
KOJIbOPOBHMH 1 TPEThOI0 HYOpPHOI (hapbamMu Ha OCHOBI
0a30BUX BEKTOpiB KoibopiB nBOX (apd CMYK Ta ix
HONApHUX HakIajaHb. B mporpami aHamiTUYHMI MeTOn
CHHTE3y Y3arajJbHEHUH Ha BHUNAJOK IIecTU()apOOBOro
npyky Pantone-Hexachrome.

€ Cyan_roman16_02jpg 16%

# Magenta_romanl6_02jpg 16%

K|

Jlis TpaMIiHHUX TEXHOJIOTIH KUTBKOCTI APYKapChKUX
(ap6 nmonepeaHbpO BU3HAUEHI Ha ocHOBI npodinie CMYK.
AHAJITUYHUM METOJ CHHTE3y J[O03BOJSIE 3 BHCOKOIO
TOYHICTIO pO3paxyBaTH KOJIBOPU Ha BIiOOUTKY JUIs
BUOpaHOi Tpiagu KOJIbOpOBHX (ap0d 13 BpaxyBaHHAM
HEJIHIHHOCTI JPYKapChKOro MPOLECY.

Ha puc.] moka3zanuil mpukiag KOMIUIEKTY KOJIBOPO-
MOAIJIEHNX 300pakeHb TECTOBOI'O OpWTIHANLY Froman
16 02 midtone nnsa indopmauiiinoi Texnonorii 1CaS-
ColorPrint® kombOpoBOro APyKy JBOMa KOTbOPOBHMH i
YOpHOIO (hapOaMu, BHTOTOBJICHMX Ha OCHOBI BHKOpHC-
TaHHs pO3B’s3KiB piBHsAHBb HioOepra-Heiirebayepa, Ta
TpaAuLiHHOI TEXHOJOrii KOJIBOPOBOIO JAPYKY TphOMa
KOJIbOPOBHMHU 1 YOPHOIO (hapOamMu, OTpUMaHHX Ha OCHOBI
eBporeiicekoro crannapry ISO Coated v.2 (ECI) [6].

[ @cmimion Aglﬁ € Magentajpeg 16% ggjﬁ
Cyan Magenta

. ] & &
o : | By I _ o

# Yellow_roman16_02,jpg 16%

& Vellowjpeg 16% & Blackjpeg 16% gamma K=161

Texwnonorist ICaS-ColorPrint

Tpanuuiiina texxonorist CMYK

Puc. 1. KonpsopononineHi 300pakeHHs TeCTOBOro opurinairy roman 16 02 midtone

AHaltiz KOJbOPONOAUIEHNX 300pakeHb BUKOHYETHCS
koMaHnoro <Analysis>. Llg xoMaHma mnpu3Ha4eHa IS
PO3paxyHKy cepeaHbOro (T10 IO 300paXKeHHs) 3HAUEH-
HsI TIOKa3HMKa CyMapHOI IUTONI HAKIAJaHHS APYKAPCHKHX
¢ap6 TAC (Total Area Coverage), sika XapaKTepU3ye

BUTpaTH KOXHOI 3 (hap® 3a BEINYHHOIO CEPEIHHOrO
3HAYEHHs BIJHOCHOI IUIONII PAaCTPOBHUX €JIEMEHTIB Ha
¢dopmi. Ha puc. 2 mpuBezaeHi pe3ynbTaTi aHalli3y KOJIbO-
ponoaineHux 300paxeHb (puc. 1) A JBOX TEXHOJOTIH
KOJIEOPOBOT'O JAPYKY.

35%

1%

BUKOpUCTAHHA ApyKapcbKux ¢papb

M ICaS-ColorPtint

14 1SO Coated (ECI)

40%

Cyan Magenta

Yellow Black

Puc. 2. [liarpama BuKopucTanus ¢papb mist ApyKy TecToBOro 300pakeHHst roman 16_02 midtone.
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Sk BugHO, 115t HOBOI iH(opMariiHoi TexHomorii [CaS-
ColorPrint® BHKOPHCTOBYEThCS MiHIMANBHA ~KiNBKICTH
konmbopoBux (ap0d, ska B cymi ckiagae 13%. Jlns
TexHouorii kompopoBoro Apyky ISO Coated (ECI), sixa
noOy/IoBaHa Ha KJIACHYHOMY MPUHIIUII CHHTE3Y KOJIbOPIB
TpbOMa KOJHOPOBUMH  (papOaMH, BHKOPHUCTOBYETHCS
BEJIMKa KUIBKICTh KOJTBOPOBUX (hap0d, ska B CyMi CKJIaJae
94%. 3BifcH OTPUMYEMO, IO NMPHU BUKOPUCTAHHI TEXHO-
norii ICaS-ColorPrint® mocsiraetbcst BeIHKa EKOHOMis
KonbopoBuX (Gapd 86% mpu Apyii TecToBoro 300pa-
xeHHs roman 16 02 _midtone. 3arambHa ekoHOMIs (apO
CMYK cknamae 53,5% He3Bakarouu Ha Te, IIO B HOBIH
TEXHOJIOTI] BHUKOPUCTOBYETHCS BJABiUl OlnbIIa KiNBbKICTH
4OpHOI (apou.

B xomm’rorepHiit mporpami “ICaS-Color Synthesis-
2.0” peani3zoBaHi HOBI MeToaU NUGPOBOI 0OOPOOKU CHHTE-
30BaHOI0 KOJILOPOBOT'O 300paKeHHs Ha CTajil IoApYyKap-
CBKOi MIATOTOBKH (OPM 3a KpPUTEPISIMH MaKCUMyMY
HaKJIaJaHHS KONbOpoBUX (papd Ta MakcCHMyMy Hakia-
JAaHHS KOJBOPOBHX 1 YOpHOI (ap0d Ha IPyKapChbKOMY
BiIOUTKY, 110 Ha0yBae 0COOIIMBOIO MPAKTUIHOTO 3HAYEH-
HS JUIS KOHTPOJIO IPOIECY KOJBOPOBOTO IPYKY Bif-
MTOB1THO JIO BUMOT' HOBOT'O CTaHAAPTY [2].

Brok-cxema 1mdpoBoi 00pOOKM 300pakeHHS Ha
BiIOWTKY NpuBeJieHa Ha puc. 3. J{JIsl BUKOHAHHS aJlrOpHT-
My, SKHH 3aKJIaJICHUI B MPOIEIypl aHali3y 300paKeHHS
(xoManma Analysis), HEOOX1THO BBECTH KOJIBbOPOMOIIIBHI
300pakenns Gapo CMYK (romyda, mypriypHa, )KOBTa Ta
YOpHa) Ta mapaMeTpu nukiny — Ht (Bucora 300paskeHHs B
nikcensix), Wd (mmprHa 300paskeHHs B MIKCENsX). 3UuTy-
BaHHS 3HAYCHHsI KOJIbOPY 300paxens ¢papo CMYK 3nitic-
HIOETBCS B JIBOX IMKJIAX: MO PSAKaX — JIYMIBHHK i Ta 10
eieMeHTax B PsAAKY — JIYWIBHHK j. B cepemuni nukimy
BH3HAYAIOThCS BITHOCHI IUIONII PACTPOBHX CJICMCHTIB
MTOTOYHOT'O MIKCENS I BCIX YOTHPHOX 300paxkeHsb (apo.
OTpuMaHi 3HaYSHHS CYMYIOTHCSI 3 BpaxyBaHHSIM BiIHOC-
HOI Iwiomi 4opHoi ¢apOu Ta 0e3 Hel i NPHUCBOIOIOTHCS
sminHuM BennmunHaM TAC CMYK ta TAC CMY Big-
noBizHO. Tofi MepeBipsAIOTHCS IBI YMOBH: TepIa — SIKIIO0
sminHa BenmuunHa Max TAC CMY (Ha movatky HUKITY
nopisaioe 0), sika BiAMOBIIa€ MAKCMMAJILHOMY 3HAUCHHIO
CyMapHOI IUIONI HaKJIaJaHHSA TPHOX KOJbOPOBHX (hapbd €
MeHIow, abo piBHoo BenmmuuHi TAC CMY, Tomi
Max TAC CMY  m0pHUCBOIOETBCS  YHCIO  3MIHHOL
TAC _CMY. [Ipyra ymMoBa — aHaJoriyHa NepuIii, sume 3
TOIO BIJIMiHHICTIO, IO 3MiHHAa BenMYMHA Max
TAC _CMYK BpaxoBye 3HaueHHs 4opHOi (papou. Otrxe,
SKIIO CyMapHe 3Ha4yeHHsS € OUIbIIMM 3a TONepeiHi, TO
BOHO IPUIMA€ETHCS MOKA3HUKOM CyMapHOI ILIOII HaKJa-
nanHst papo TAC. Takox B HUKIII 3AIHCHIOETHCS CyMY-
BaHHS BINHOCHUX IUION[ pPACTPOBUX E€JIEMEHTIB JUIs
KO)KHOTO 300pakeHHS (apd okpemo. A 1o 3aKiHUEHHI
PO3TIISTHYTHX JIBOX IMKIIIB OTPHMaHi pe3yJbTaTH BHBO-
IAThCS HAa €KpaH y BHIVIALI JiarpamMy 3 BiJIIOBIIHUMHU
ITO3HAYCHHSMU Ta 30epiraroThCsl y TEKCTOBOMY (hatii.

[Ticnst BU3HAYECHHS YMCENBHOTO 3HAYEHHSI MaKCUMYMY

MOKa3HUKAa  CyMapHOi  Iulomli  HakmajgaHHsd — ¢apo
Max TAC CMYK  MoxHa  BUKIMKaTH  KOMaHIY
<Iloka3zatu MakcuMmanbHe 3HadeHHs TAC> (Show

Maximum TAC). B aiaroputMi 3miHCHIOETECS MTOBTOPHO
3YUTYBaHHS €JIEMEHTIB 300pa)KEHHs Ta MOPIBHIOETHCS
3HAQUYEHHs CyMapHOi  Iulomi  HakiagaHHs  ¢apo
TAC CMYK 3 makcuMaapHUM 3HAY€HHSM BpPaxOBYIOUU
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rpaHuIio BiaxwwieHHs Bix Hporo — (Max TAC CMYK-A).
B pe3ynbTati Ha CHHTE30BaHOMY 300paKEHHI OTPUMYEMO
MO3HAYEHI YEPBOHHMM KOJBOPOM MIKCENi, KOJIp SKUX
MOXKHa BIITBOPUTH MaKCUMaJbHUM 3HAUEHHSIM CyMapHOI
IUTOII HakJIagaHHsA ¢apO, abo He MEHIIUM 3a BCTAHOB-
JIEHY TPaHUIIO.

OO0roBopeHHsl pe3yJabTaTiB CHHTE3Y 300pa’keHHs Ha
BinouTky. Ha puc. 4, cnpaBa pe3yabTaT aHaNTiTUYHOTO
METOJly CHHTE3Y TECTOBOTO 300pakKEeHHs, KOJIbOPOIOi-
neHoro 3a eBporeiicbkum cranaaprom [SO Coated v.2
(ECI). Jns cunte3y BUKOpUCTaHI 0a30Bi BEKTOPH KOJIbO-
piB dpapd CMYK, orpumaHi Ha OCHOBI KOJIOPUMETPUIHUX
BUMIpIOBaHb HOPMaJli30BaHUX TEXHOJNOTIYHHX YMOB
kommaHii IOHiBect [Ipellpec (M. KuiB), 1o BiamnoBigarots
BAMOTaM €BPOIEHCHKOr0 CTaHIapTy ApyKy. Sk BuiHO,
aHAITHYHUI MeToJ| 3a0e3Meuye BUCOKY SIKICTh CHHTE3Y
TECTOBOT'0 300pa)KEHHS Ha BiIOUTKY.

OcoOnuBuiA iHTEpEC MPEACTABISLIN JOCTIDKCHHI TeX-
HOJIOTIYHMX YMOB JIPYKY TE€CTOBOTO 300pa)KEHHS roman
16 02 midtone wHa BiIOWTKY, KOJBOPOIO/IIEHOTO 3a
TPaIULIHOIO TEXHOJIOTIEI0 KOINLOPOBOTO NPYKY TPhOMa
KOJIbOPOBHMH 1 YOPHOIO (papbamH, B 00JIACTIX MAKCHMYMY
HaKIaJaHHSI JpyKapchkux Qap0. AHaii3 KOIbOpOIo-
IUICHHX  300payKeHb 3a  JIOMOMOIOK  KOMIT FOTEPHOI
MpOrpamMH TIOKa3ye, MIO YISl [IbOTO TECTOBOTIO 300pa)KEHHs
Max TAC CMY 265%, 1m0 XapaKkTepusye BHCOKHI
TIPOLIEHT KOJILOPOBUX (hapO B TEMHUX JIIISTHOK 300payKeHHS.

BinmoBigHo, TpaHWYHE HAKIATaHHS YOTH-PhOX  (hapOd
Max TAC CMYK = 363%. lle Hamepen 3aBUIIEHUI
NPOIICHT, SKWM He BIJNOBiJa€ BHMOIaM CTaHIAPTY

KoJbopoBoro Jpyky. Jlms mporo mpoBeneHa 1udposa
00poOKa  CHHTE30BAHOIO  300paKeHHsS B 00JacTi
MakcuMyMmy HaknangaHss ¢ap6 330% < Max TAC CMYK
< 363%, pe3ysIbTaTH SIKOI TIOKa3aHi Ha puc. 4, 31iBa.

Sx BuaHo, komm’torepHa mnporpama “ICaS-Color
Synthesis-2.0” n03BoJIsIE€ Bizyani3yBaTu Ha MaiiOyTHbOMY
BIIOUTKY KpUTHYHI OONacTi MaKCUMyMY HakKJIaJaHHS
¢dap0, 110 MOXKIIUBO MOCATHYTH HAa OCHOBI aHAJIITUYHOTO
METOJly CHHTE3y KOJIbOPOBOr0 300pakeHHs. XapaKTepHO,
II0 HAa KOHTPOJBHUX TIIONISIX TECTOBOI'O 300paKeHHS
roman 16_02 midtone xputnuHux obmacreil Hemae. lle
BKa3ye Ha Te, IO Ha CTafil JOIPYKApChKOI ITiArOTOBKU
(hopM HEOOXiHO MTPOBOIUTH IIOBHHUI aHAJI3 300payKeHHS
Ha BiOUTKY. [IpoBeeHi JOMaTKOBI TOCHTIKEHHS TIOKa3y-
I0Th, IO 13 BpaxyBaHHS HEMIHIHHOCTI APYKAPCHKOTO
BinOuTKy rpanuyHi 3HaueHHs Max TAC CMYK Bin-
MOBIZIAI0OTh BHMOTaM HOBOTO CTaHIAPTYy KOJILOPOBOTO
apyxy [1].

Bukopucrannst HoBOI  iH(dopMamiiiHoi TexHOOril
ICaS-ColorPrint® 3a6e3medye onTHMAanbHI TEXHOIOTiHHI
YMOBH KOJBOpOBOro nApyky. Ha puc. 5 npuBogutbes
pe3yNbTaT CHHTE3Y KOJBOPOBOTO 300pa)KeHHs Ha Bif-
OuTKy mis HOBOI iHQopMamiiiHoi TexHomorii ICaS-
ColorPrint® kombOpoBOro ApyKy JBOMa KOTbOPOBHMH i
yopHoto (apdamu. [Ipy MiHIMyMiI BHKOPUCTaHHSI KOJIbO-
poBux (ap0 1 TexHOJIOris 3a0e3leuye NeTanbHy Ipo-
poOKy Ha BIiIOWTKY IpiOHHMX JeTajiell TECTOBOro 300-
paxenHnst roman 16_02_midtone, APOKY TaMy TLIECHUX
KOIbOpiB. AHai3 TOKa3ye, W0 TpaHUYHA Mexa
HaKJIaJaHHs KoibopoBux ¢apd piBHa Max TAC CMY=
200%, sKOi HEMOXJIMBO JOCSTHYTH B TPaJAWIIHHUX
TEXHOJIOTISIX KOJIBOPOBOrO NpyKy. BaknmBo, mo rpa-
HUYHE 3HAYCHHI MAaKCUMyMy HakJIagaHHsi  ¢apo
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no4vyaTokK

/ BBeaeHHs1 306paxeHb Ta napameTpis — Ht, Wd /
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34nTYBaHHSI 3HAYEHHS KONbOPY j-Oro MiKcesns B i-OMy psiaKky 300paKeHHs.
BusHauyeHHs1 3Ha4YeHHs1 nokasHukie TAC_CMY ta TAC_CMYK.

Max_TAC_CMY <
TAC_CMY

Max_TAC_CMYKs<
TAC_CMYK

AHanis (Analysis)

Max_TAC_CMY=TAC_CMY - Max_TAC_CMYK=TAC_CMYK
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PoapaxyHOK CepefHix 3Ha4YeHb BifHOCHMX MMOLL PACTPOBUX EMNEMEHTIB
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BuBeaeHHs pesynbTaty y BUrNsAj
TeKCToBOro channy Ta giarpamu
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34nTyBaHHSI 3HAYEHHS KOMbOPY j-Oro Nikcensi B i-oMy psaKy 306paxkeHHs.
BusHauyeHHs1 3Ha4YeHHsi nokasHuka TAC_CMYK.

TAC_CMYKz
(Max_TAC_CMYK-A)

[No3Ha4yeHHs BigNOBIAHUX MiKceniB Ha
AybnboBaHOMY 306paXeHHi

-

( KiHELb }4

Puc. 3. biok-cxema 1udpoBoi 00poOKH CHHTE30BaHOTO 300paKeHHS Ha BiJOUTKY.

MoKasaTn makcumanbHe 3HaYeHHA TAC (Show Maximum TAC)
A
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s |

Puc. 5. Pesynprar cunTe3y TecroBoro 300paxeHHs roman 16 02 midtone
JUIs HOBOI inpopMartiiieoi Texaomorii ICaS-ColorPrint®

Max_TAC_CMYK = 286%, mo xapakrepusye “ige-  KOpeKlii KOJIbOPOIOAUIEHUX 300paXkeHb, fKa 31HCHIO-
aJIBHI” yMOBHU KOJIBOPOBOT'O JPYKY 1 3a0e3medye qeTadbHy — €ThCs 3a gornoMoror komanmu <Gamma Correcting™>, mis
MIPOPOOKY TEMHHUX JJITHOK 300paKeHHs Ha BiJIOHUTKY. MOKPAIIEHHsT SIKOCTI MpOILeCy KOJIBLOPOHOALTY 300pa-

Jlpyra BaxJiMBa TEXHOJIOTIYHA ONEpallisl, SKy BUKOHYE  JKEHHS Ha BIJOWTKY i3 BpaXyBaHHSM CIOKETHUX OCOOJIH-
KOMIT'I0TepHA HporpaMa, HoJiarae y rpajauiiiHiii raMMa- — BOCTEH BHUAAQBHHYOrO OPHTIHATY T4 YMOB JIPYKY.

Puc. 6. Pesynprar ramma-kopexiii aBox ¢ap6 tectoBoro 300paxkeHHs roman 16 12 pastel
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Sk BHOHO i3 puc. 6, 37iBa, B pe3y/lbTaTi BUKOHAHHS
raMMa-KopeKIii JBOX KOJbOPOIOAIIEHUX 300pa)keHb —
3MEHILEeHHs roy0oi 1 30UIblIeHHs myprypHOi ¢ap0 Ha
CHHTE30BAaHOMY  300pa)KCHHI  CYTTEBO  3MIiHIOETHCS
3araJbHUI KOJIpPHHUH BiNTIHOK Ha BIJOUTKY B ITOpiBHSHHI
i3 0a30BUM 300pa)kCHHSAM Ha pHUC. 6, cipaBa. Baximso
BIJIMITUTH, 110 JJISl KJIACHYHOI TEXHOJIOT1i KOJIbOPOIIOALITY
HaJMipHa TraMMa-KopeKIis KoJbopoBuX (ap0d 3aBxau
Oyne TpUBOAMTH 10 3MiHM OajaHCy KOJbOPOBOTO
300pakeHHs MMO-cipoMy. IIpHHIIMIIOBAa IepeBara HOBOL
texuomnorii 1CaS-ColorPrint® B TOMY, IO HE3AJCKHO BiJ
CTENeHI TraMMa-KOpeKIii KOIbOpOBUX 1 dopHOi ¢apd
0aJaHC KOJIHOPOBOTO 300payKEHHS MO-CIPOMY 3aJIHIIA€Th-
csl HEe3MIHHHMM, IO JO3BOJISIE Ha eTami JOApyKapchKOl
MATOTOBKM 300pakKeHHS! OpUTiHANY e(EeKTHBHO YIIpaB-
JISITU KOJIbOPOM Ha JIPYKapCbKOMY BiJIOUTKY.

BucnoBkn. Ha ocHOBI mpoBeAE€HUX IOCIIIKEHb
TOKa3aHo:

1. BuxkopuctanHs KoMI'toTepHoi mnporpamu “ICaS-
Color Synthesis-2.0”, B sKiii Briepiie peanizoBaHUil aHa-
JITHYHUA METOJ| CHHTe3y 300pa)keHHs Ha BIJIOMTKY Ha
OCHOBi aBTOTWUITHHX piBHAHb HroOepra-Heiirebayepa Ta
0a30BHX BEKTOPIB KOJIBOPIB JPYKapChKUX (apO, J03BOIISIE
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Ha crajii JOAPYKapChKOi MiAroTOBKU ()OPM IPOBOIUTH
TIOBHUH aHaNi3 KOJIBOPOITOAIIEHHX 300pa)keHb Il HOBOT
iH(OpMAIlifiHOT TEXHOJIOTII KOJBOPOBOI'O JAPYKY JIBOMA
KOJIbOPOBHMH 1 4YOpHOIO (apdaMu Ta TpaMIiitHUX
TEXHOJIOTIH KOJNILOPOBOTO JPYKY TphOMa KOJBOPOBHMHU i
YOpHOIO (hapOaMU HE3aIEKHO Bifl BUOOPY CTaHAAPTHHX
npodinie CMYK Ta BUKOpHCTaHHSI CIIEIiaJIbHOI'O IIPOT-
pamHoro 3a0e3nedyeHHs A iX peasizarii.

2. Po3pobieHi HOBI MeTonu ITU(pPOBOi 0OPOOKH KOJIBO-
POBOTO 300paKeHHSI Ha BIAOHUTKY, SIKi JO3BOJISIOTH IIPO-
BOJMTH PO3PaXyHOK BHKOPHCTaHHS KOJBOPOBHX (ap0
JUISL PI3HUX TEXHOJIOTIH KOJIBOPOBOTO JPYKY, BU3HAYUTH
TpaHW4HI MEXI MaKCHMyMy HakKJIaJaHHS KOJbOPOBUX 1
4OpHOi (apd B TEMHHX IUISHKAX JAPYKapchKOro BiJOUTKa,
BUKOHYBaTH ormepalii raMa-Kopekiii KOJIbOpOBHX 1
4opHOi (ap0d Ha BiIOUTKY.

3. Ioka3zaHo, 110 BUKOPUCTaHHS HOBOI iH(opMaIiiHOT
texnonorii ICaS-ColorPrint” cuuTesy 306pakeHHs aBOMA
KOJIbOPOBMMHU 1 dopHOK (hapbamMu 3a0e3ledye OITH-
MaJIbHI YMOBHU KOJIbOPOBOT'O JPYKY, BUCOKY SIKiCTh KOJIBO-
POBIATBOPEHHS Ha BIIOWUTKY Ta MJOCATHEHHS 3HAYHOI
€KOHOMIT IPYKapChKUX KOJIbOPOBHX (apo.
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Computer program for the image synthesis on impress for the new information and traditional technologies of color printing

Kovalskiy B., Semeniv M., Shovgenyuk M.

Abstract. Described new methods of digital processing of color originals publishing prepress stage forms-based computer program
for synthesis the color image on the impress for the new information technology ICaS-ColorPrint® and traditional technologies in
colored printing. Presented the block diagram of a digital processing color image synthesized by criteria of maximum total coverage
of colored inks and total coverage of maximum colored and black inks prints in a given range dark areas on the impress. The
problems of analysis and quantification of quality color reproduction characteristics of the image to impress the new information
technology compared to traditional technologies of color printing, significant savings colored inks for color printing, which ensures

the use of new technology ICaS-ColorPrint®.

Keywords: digital processing, software, color space ICaS, synthesis image on the impress, total area coverage of inks TAC,

information technologies of color printing.
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KomnbrorepHasi nporpaMMa CMHTe3a H300paKeHHs1 Ha OTTHCKe JJIs1 HOBOW MH(GOPMAalMOHHOM M TPAIMUMOHHBIX TeXHOJIOTHii
IBETHOMH Me4YaTH
b. M. KoBaabckuii, M. P. Cemenus, M. B. llloBreniok
AHHoTaumsi. OmnucaHbl HOBble MeTozbl LM(POBOH 00pabOTKM LBETHBIX H3IATENbCKUX OPUTHHANIOB HA CTaJUM JONEYaTHON
MOArOTOBKM (OPM HAa OCHOBE KOMIIBIOTEPHOH MPOrpaMMbl CHHTE3a ILIBETHOIO H300paXK€HHMS HA OTTHCKE Ui HOBOM
unpopmaronHoii texHonoruu ICaS-ColorPrint® u TpaauIMOHHBIX TEXHOJIOrMH LBeTHOM mneuaru. IlpuBeneHa Oiok-cxema
1 poBoii 00pabOTKM CHHTE3MPOBAHHOTO IIBETHOTO M300paKEHUs 10 KPUTEPUSM MAKCUMyMa HAJIOKCHHUs LBETHBIX KPacoK U
MaKCUMyMa HaJIOKEHUS LIBETHBIX U YEPHOH KPAaCOK Ha N€YaTHOM OTTHCKE B 33JaHHOM JIHAIa30HE TEMHBIX YJaCTKOB Ha OTIIEYaTKE.
OO0cyxJat0TCsl BOIPOCHI aHATHM3a U ONPEEICHNS KOIMYECTBEHHbIX XapaKTePUCTUK KauecTBa [[BETOBOCIIPOU3BEICHHS H300paXeHNs
Ha OTTHCKE IO HOBOH MH(OPMALMOHHONW TEXHOJOTMM IO CPaBHEHUIO C TPAJAMLMOHHBIMU TEXHOJIOTMSMH LIBETHOH I€dar,
3HAYUTEILHON SKOHOMUM LBETHBIX KPACOK [/l LIBETHOM MEeYaTH, KOTOPYIO 00ecreunBaeT UCIoNb30BaHle HOBOM TexHonoruu ICaS-
ColorPrint®.

Kniouesvie cnosa: yupposas obpabomka, komnviomepHas npoepamma, ysemogoe npocmparncmeo 1CasS, cunmes uzobpasicenus
Ha ommucke, Hanodcenust kpacok TAC, ungopmayuonnas mexnonozus yeemuot nevyamu.
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Abstract. In this paper the method for determining the functional survivability of intelligent superstructure, controlling the process of
providing intelligent services is proposed. We introduced the next definitions: the multitude of functions of the system F, the
multitude of functional elements R (system resources), the multitude of functional relationships between the elements Y, classes of
intelligent services K, the route 4,5, the probability of events E g, Ej, Ey, E,. As a result of calculations there have been received the
formulae for estimation the functional system survivability of providing of intelligent services, which can be used in engineering of
the system of controlling intelligent services, in choosing the control methods, in solving problems of increasing the functional

survivability of control system over the intelligent services.

Keywords: functional survivability, external adverse effect, providing of intelligent service, system state, route, events, probability
of a functional failure, number of states of the system, class of intelligent services.

Survivability is one of the most important properties of
telecommunication networks (TCN), which provides their
effective functioning. At the same time the problems of
providing TCNs’ survivability are becoming increasingly
important due to the intensive development of telecommuni-
cations — transition to Next Generation Network (NGN) and
to Future Generation Network (FGN). With regard to the
FGN in the ITU documents [1] it is recommended, that
engineering, exploitation and development of FGN would
be carried out in such a way that to ensure provide the
reliability, security, and also survivability in order deter-
mining systems capacity to perform its mission in time — to
provide the performance of maximal subset of functions to
achieve functioning purposes and also an acceptable level of
service, even if normal exploitation of the network is
complicated with different problems.

Under the survivability of TCN we mean the property
which characterizes the network ability to function
effectively under adverse external effects due to some
adverse external influences or to restore this ability during
a certain period of time [2, 3]. Into the development of
questions concerning the theory of systems survivability
for different applications a significant contribution made
V. Vishnevsky, J. Gromov, A. Dodonov, V. Krapivin, 1.
Ryabinin, V. Popkov, Yu. Stekolnikov and others. It’s
necessary to note that at this stage of the development of
the theory of survivability still there are no conditions that
would allow to formulate and to realize a common
approach to the solution of problems optimize
survivability characteristics of different types of systems.
However, there have been stated the principles the control
of which leads to a positive effect in ensuring the
survivability systems for various purposes [3]:

Principle 1. Systems elements must have low structural
significance and high resistance.

Principle 2. Structure of the system should provide the
greatest possible or sufficient (in optimization problems)
number of states of abilities.

Principle 3. States of abilities of the system should be
provided by the smallest possible number of elements.

Principle 4. The different states of the system abilities
must be provided by different elements.
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In accordance with these principles are proposed
methods of providing structural and functional surviva-
bility in the systems of different applications, including
TCN [2 — 6]. At the same time, it should be noted that the
tasks of evaluating and providing functional survivability
of intelligent superstructure are not being considered in
the scientific literature, despite of the intensive develop-
ment of intelligent services and to perform certain requi-
rements to the quality of service.

In this paper it is proposed the method for determining
the functional survivability of intelligent superstructure,
controlling the process of providing intelligent services (IS).

While analyzing the functional system survivability for
different applications the following characteristics of the
system are being regarded: the purpose of functioning, a
multitude of problems at the solution of which system is
oriented, and a multitude of resources used in the process
of solving problems [2].

Let’s define the characteristics of the control system
over — the intelligent superstructure.

The purpose of the functioning — is to provide the IS.

Multitude of problems (system functions) — is to
control the process of providing IS.

A multitude of resources — is a multitude of functional
elements used in the process of providing IS.

To provide the purpose systems functioning usually is
used one of the strategies: to provide fault-tolerance (f-
strategy) or provide survivability (s-strategy).

For the formation of s-strategy it’s necessary to define
the multitude of system states § = {Si }, in each of
which is performed the control process over providing IS
of 7 -th type (IS;) (i =1,n , n — is the number of states
of the system (IS types)).

According to [2] the following solutions (mechanisms)
concerning functioning purpose may be used:

1. Multitude of system functions can’t be changed,
that is all the functions f; must be used;

2. In any state of the system must be carried out a

certain subset of functions f " which perform the

purpose of the system functioning;
3. In an arbitrary state of the system must be carried
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out at least one of the functions from the subset of
functions f "
We’ll define the multitude of system functions:

F = {fl,fz,..., Siseees fn} where f; — is function of
control over IS of the i -th type of IS;, n — is the number

of types of system functions.

The multitude of functional elements
R = {r 3T seees Fjseens Ty }, where rpo— is a functional

element of the j -th type, m — is the quantity of types of
functional elements. Under the j-th functional element
we’ll understand the j -th type of the system resources.
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Resources R are used in the process of performing
functions /' of the system. And here, for each the f; -th
function is used a corresponding multitude of system
resources: {r](.i) }c R(j= I,_m).

Besides, are given the multitude of functional

connections Y = {y St} between functional elements 7 ;

J
(s,;t=Lm,s#t, j=Lm).

The example of the interaction of the system resources
(devices) in providing IS "800" is represented in Figure 1.

r _____ F— i M- -
T
| SMP CP/IP s |
|
I | " I
[ scp | 7 SDP
I
| [
| 2|5 B1 = |
| SsaT P I
e e ] —_— — e —_— —
2 5 B 4
r
Sub. A 1 Sub.B
Coming 4 9 Incom.
ATS [ =sP ats [T

Figure 1. Algorithm of interaction of devices in providing "Service 800" (free call)

Denotations on the Figure 1:

SSP —Service Switch Point;

SCP — Service Control Point;

IP — Intelligent Peripheral;

SDP — Service Data Point;

SCEP — Service Creation Environment Point;
SMP —Service Control Point.

Subscriber A dials a number, SSP (Softswitch) through
the Signaling System #7 (SS7) suspends the service
phone call and transmits a service request to SCP.
Further, the SCP accesses to the server database SDP. The
data obtained from SDP, are transmitted to SCP again.
SCP sends a voice command using voice interface IP to
subscriber B through SSP.

i
‘)

For each class K, are given Y? = {y 7

q
¥

01
— the

multitude of functional connections between the elements

o,
to the g -th class. For each ¢ -th class of IS multitude of

used in the control process of providing IS belonging

Y9 = {y;]p} is represented as a matrix M 9 size

|

q

mst

01

For other IS are used other interaction schemes.
In accordance with the logic and complexity of
providing IS we’ll combine IS in classes

K = {Kl,l(z,..., Kq yeens KQ }, where g - is the class
of IS, O —is the number of classes. We’ll note that K| —
is the class of IS with maximum complexity, K 0~ is

the class of minimum complexity.
For each class K g is used an appropriate multitude of

resources RY = {rjq } Here are j=1,m, R1c R,

9=10.

if the j — th the recourse is used for providing IS
of the g — th class;
in the other case.

K9xK?, where K? — is the quantity of resources

q

r i used for the IS of the g -th class.

Element mz y of matrix M ¢ is defined as follows:

1, if there is an interaction of element r; with element r;
in the process of providing IS of the g — th class;

in the other case.
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It’s accepted mzt =0,if s =t, s,t =1,m . The elements re,

of multitudes of R? .
Thus, according to the representation for each g -th

service class of the multitude of functional connections
Y9 = {y;]p} as a matrix M 9 | is obtained the possibility

oriented graph  without loops

G? =(R?,Y?), where RY = {rjq}

to form an

— are points of

graph, Y 7= {y;]p} — are functional connections between

1p =({r

It’s noted that in matrix (1) multitude of used
connection {y;]r} is pointed by {ygt} to indicate
between which resources (s and ¢) this connection

Mg =

Graphically, route (2) is shown in Figure 2:
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, — areresources of the s -th and the ¢ -th types

graph points.
Corresponding graph is generated for each class of the
service. The control process of providing services of the

g -th class can be represented by route /UZ B » including

a multitude of used resources of the points and multitude
of branches of functional connection:

b g

exists (since each element yZ of the given multitude is
the elements of matrix M 7).

Let’s represent route 1 Z g s follows:

q ¢ .4 4 .4 4,4 q q
Pid>Yar T ViasVins Vazoes J’(z-l),Ba’”jB)- 2

g
f;\ P
i‘.-:.

W

Figure 2. Graphical interpretation of the process of providing the ¢ -th class service

q q9 .4 q q q q q q q
Here (rjA,rjl,rjz,..., er)C R, (yA,l’yl,z’y2,3""’ y(t—l),B) cY?.

Let us note that in the process of providing the i -th
service (i =1,n, n — is the number of types f; of the
system functions, or the number of types of provided IS),

some resources r J{I can be used more than once, i.e. route
(2) can be self-intersecting [7].
Each element included into route /UZI p (2), belonging

Server of
sErvices

to the multitude of resources RY = {r J{I} (points) and

functional interconnections Y ¢ = {y;]t }, may be exist

under external adverse effects.

In accordance with the organization of intelligent
superstructure and with the principles of providing IS, the
resources R interact on the basis of hierarchical principle
(Figure 3) [8]:

Information flows
Sirnalization

Ig
13
’ | &
A P ai by, CAREL) - AP s lay. CAMLULE
X
| &
Y = A | PR
SREFY, -1 SEFY
S OOCF N sk ¥, s | SOOCF Y gipasn N HAZS P
; X i _., ¥, \
Soltewiich softswalch I y—— 5
i
LU LET TR TR E ] '.hh"u"

X
Fi:ta
f “F
!

a L]
Softeacl

8P - 3gnal Point

3G - Siznal Gateway

MG - Media Gateway

25F - Barvice Switching Function
CCF - Call Control Function

Figure 3. Intelligent superstructure
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Here the multitude of R include of the following
resources: server of service, SP, SG, MG, Softswitch,
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SSF, CCF. The multitude of Y — are connections
between these resources.
Then formula (2) can be represented as follows:

qg _ q q q q q q
Fap = jaa,y YA, .5, ") Y0208 12007 Y 2,301, 08,) 7

q q
y(t_l):B(Z(t—l) +0,1) )’ er (I5 ))’

where [4,l,l5,..,lp — are characteristics of

resources belongings to

q q q q
Pia-Tj-Tja- "B

corresponding to hierarchal level, / =1, L ;

(lg+64), (I +61), Iy +82)es U1y +0e-1y)
are characteristics of the belongings of the functional
connections, emanated from points (resource) 4, 1, 2, ...,

€)

used in the providing IS on route IUZIB , the
corresponding to hierarchal level. Let’s note that the
transition from a resource 77 to a functional connection
the hierarchal level can vary into 6, (s = 4,1,2,...) .

The process of providing IS of any class can be
represented as a hierarchical system (Figure 4):

Pl b b

0O 0 00 oo o oL

Figure 4. Stages of a hierarchical system

As it can be seen, at each odd-numbered stage are
located points (points of graph, used resources), and at the
even-numbered — are branches of graph — the functional
connections between the system resources. Let us define
the following quantitative characteristics of the system:

N —is the total quantity of points (may coincide with
avaluem: N > m);

B —is the total quantity of branches;

L —is the quantity of hierarchical levels;

L, —isthe quantity of points levels;
Ly — is the quantity of levels of functional
connections;

[ —is the number of stage (level), [ = I,_L ;
/

located;

/ y —are numbers of levels of functional connections.

Let us assume that levels of hierarchical system are
equally attackable. Alsop, equally attackable are points
and branches (functional connections) at each level.

In accordance with Figure 4 the number of upper
hierarchal level will be denoted by "1", the next level will

be denoted by "2", etc. At each level [/ (/= I,_L)
(functional

. — are numbers of levels, at which points are

quantity of points 7; or branches

J
connections) y, are different. Let us mark this number

g; ~and g, for level points and the branches,

accordingly: /. =1,L,, I, =1,L, . Will assume that
the external adverse effect at the level /, all points g; of
given level are equally attackable, and also under adverse

effect on the level / ¥ all functional connections of this

level are equally attackable.

Let us introduce the following events: E ¢ , Ej,
E; E; .

1. E 4 - is the appearance of external adverse effect
(EAE). The probability of the beginning of this event can
be very little, however, always P(E AE )> 0.

2.E; - is the influence of EAE at the /-th system
level. This event can take place only at the beginning of
the event £ 4f .

The conditional probability of the beginning of E; —
P{E 1 E AE} — under the conditions of the events
E 4 is defined by the axiom of probabilities in the
combination of the events E; (| E 4 :

P{EI N E g }= P(E g )P(E; | E 45) .-
Wherein, P(El I'E 4 ): M, hence is
P(E 4)
the requirement: P(EAE )> 0.
3.E; —is the influence of EAE at the point r; of

the / -th level. This event can take place only as a result
of the beginning of the event £ .

The probability of the beginning of the event £ 1, can

be defined as probability of combinations of all events
EAE , El , Elr .

PE g NE NE, j= P(E; )P(E | E; )P(E, IE ;N E)). 4)
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4.E, - is the influence of EAE on the branch y, of
y

the / -th level. This event can only take place as a result
of the beginning of £ .
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The probability of the beginning of event F 1, can be

defined as the probability of the combination of all the
events E 4 , Ey, El}, :

P{;EAE N E, N El,, }Z P(EAE)P(EI/EAE)P(EI,, 1'E 4 N E)). (5)

Having determined the probability of the beginning
events £; and E; in accordance with formulae (4)
r y

and (5) and assuming that at the beginning of the event
E; or E; there can be a functional failure of element
r }’

r; or element y, , we can determine the probability of
failure in the providing IS of the corresponding ¢ -th
class Prg 4y -

Assuming that the functional failure of at least of one

P(ELUE,U..UE,U.

element included into route (3), leads to a failure of
providing services of the ¢ -th class, will get the formula

for calculation of PIS( g) 3 the probability of logically

connected events, namely, as the probability of at least of
one of K independent  combined  events
E{,Ey,.., Ef,...., Eg, where E; — is an event
including in a functional failure of the k -th element of
route (3), K — is the number of elements of the route:

UE) = ©)

= 1— (1= P(E))(1~ P(E,) 1= P(E,))..(1- P(E,)).

P(E} ) —is the probability of functional failure of the

k -th element of route 3).
Let’s denote the events included in a functional failure
of the route elements (3) under EAE as follows:

1. E( — is a resource failure of the j-th

q
s 1,))
type used in the process of the providing IS of the g -th
class according to route (3), comprising point s , located
on the hierarchal level /. Denotation "/ " is used to

note that point s of route (3) belongs to level [ (
[=1,L).
2. E(y?s(ls +5s)) — is the functional of the failure

connection, belonging to route (2), and located on level (
Iy + 0 ), connected with level / .

Analogically let’s denote all other events. Then
formula (6) can be written as follows:

P(E(’”_/Z(IA)) U E(YZ,1(1A+5A)) U E(rqu(ll)) U E(y{q,2(1|+5|)) U E(’”_/qz(lz))

U E(yg,3(12+52)) U U E(yft—l),B(l,,mé,,.)) U E(r./%(lg))) =

()

=1-(1- P(E(’”_,Z(IA))))( 1- P(E(yZ,I(IA +5A))))---
(1= P(E(J’ft-l),g(l,,, +5,,,))))( 1- P(E(r_/%(l,;))))'

Here 5A ,51 ,52 ,... — determine the change of the
level number / in moving from the point to the branch

onaroute u? . .

To calculate the probability of a functional failure of
the system as a result of EAE on any route element (3) it’s
necessary to determine the values of all probable events

including into formula (7). Let’s remind that the quantity
of the elements — points and branches of functional
connections, which are on each [ -th level, are denoted as

g1 and g I, correspondingly. Here must be performed

conditions (8):

L
Zl:=1nLr =N; \

L
PId ny

ly=1

= B; } ®)

Lo+ly=L )
Based on the hypothesis of the equal attackability of all the levels of the system, we’ll calculate the conditional
probability of the event, included into the adverse effects EAE on the level [/, of system points P(E; ) (9) and the

level /, of the functional connections P(E; ) (10):
y

L

P(E; )= P(E £ )‘L—r; )

Ly
P(E; )= P(E 45 ) —2—

Based on the hypothesis of equal attackability of all the
elements of each level under the EAE at this level, we’ll

Pt Ly,

(10)

L, +L,

receive the formula for the calculation of the conditional
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probabilities of failure of levels element /. and [/, - 1.(g Z) and functional connections /(g lqy ) are

qu and P, f] , used in the process of the providing IS of  known, and are used for providing IS of the g -th class,

the g -th class. which are at levels /, and / yo correspondingly.
We’ll assume that the quantity of types of the resources Using these denotations, we’ll get:
l(g]) L(gl) L
Pl = — P(E,)= — = P(E ) (11
’ gl,‘ gl,‘ Lr + Ly
l,(gf) h(gl) L
y el y\el,
Pl = — P(E;)) = = P(E 4 ). (12)
’ gl}’ ’ gly Lr + Ly
The probability of at least one of two events £; —the used in providing services of the k -th class can be
functional failure of resources of level /. (11)or E, — calculated as a probability of at least one of two events
Ey and E, :

the failure of the functional connections of level / ¥ (12),

P{E|U Ey}= PAE }+ PE, |- PE N Ey } (13)

In the result, the probability of performing the subset of functions f - providing IS of the g -th class P (o is
Jq

determined in accordance with formula (14):
Py =1-(P{E }+ P{E, } - P{E N E4 }). (14)
Here P(E;) is calculated in accordance with (11), for providing IS of the i -th type of the g -th class, which
P(E,) —is calculated in accordance with (12). are at levels /. and / yo correspondingly.

For calculation of the probability of performing at least Using these denotations we’ll obtain the method for
one of the multitude of functions f* — providing at least ~ calculating the conditional probability of failure of the

one of the i -th services of the ¢ -th class — we’ll assume  levels element /, and ly , qu (15) and qu (16), used
ri i

that the quantity of types of resources [, ( glq‘ ) and in the process of providing the i -th services of the ¢ -th

class:
functional connections as /,, ( glq ) are known, and used
yi

L(gf) 1 (gf)
i = T b p(E ), (15)
" lr(glqr) &1, L, +Ly

I,(gl) I,(gf)
g _ 220’ POL7 Y P(E ). (16)
Conel) e Letly

Here are j = I,_n, I =1,L,, ly _ LTy, q = L_Q functiqnal survivability of the system in providing the i -
th service of the g -th class.

P

Having calculated in accordance with formulae (15)
and (16) the values of probable resources failure and o
functional connections, used for providing IS of j-th  survivability P 1, performance of at least one of the

type, belonging to the g -th class, and filling the results

The probability of saving the functional system

obtained in formula (7), will get the desired value of ~dUantty of functions f* (providing least of one of the i

probable failure of functional system of at least of one of -th service of the ¢ -th class) — we’ll get as the
the element, included into the route of this 7 -th services, probability of the opposite event (17):
that is we’ll obtain the probability of interference of

—1_ q q q q q
Pra 1= PEC VU EG 0,15,V ECHG )V ED L, 46)) U EC)0,)) U

UEGS 30,46, U UEG (1) 5, v, Y EC 505

(17)

Thus, we have got the formulae for estimation of the  f * (providing the i-th intelligent service of the g-th class).
functional system survivability in providing intelligent The obtained formulae can be used in the engineering
services — the performance of certain subset of functions f*  system control over the intelligent services, in the choice
which realize the purpose of the system functioning Of the control principles in solving the problems of
(providing intelligent services of the g-th class) and also the  increasing functional survivability of the control system
performance of at least of one of the functions out of subset ~ over the intelligent services.
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Mertoj OLeHKH CTPYKTYPHOH KHBY4eCTH HHTEeJIEKTYAJIbHOI HAICTPOKH ¢ EHTPAJTH30BAHHBIM NPUHLIUIIOM YIIPABJICHHS
H. A. KnszeBa, JI. H. 3umenko, T. B. Kynyn
AHHoTaumsi. B pabore mpeuiokeH MeTOH OnpezeneHus (QYHKIHOHAIBHONH JKMBYYECTH WHTEIUICKTYaJIbHOH HACTPOMKH,
OCYILIECTBIISAIONIEH yIpaBIeHHE IMPOLECCOM IPEAOCTaBICHUS MHTEIUICKTYaIbHBIX CepBUCOB. [liist 3TOro ObUIM BBEIEHBI IOHATHS:
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HCHOJIb30BaHbI IIPU MPOSKTUPOBAHUHU CUCTEMBI YIPABICHUSI MHTEIUICKTYaIbHBIMI CEPBUCAMHU, IIPU BBIOOPE NMPHHLMIIA YIIPABICHUS,
IPH PEICHUH 3a/1a4 HOBbIIIECHUS (YHKIMOHAIBHON KMBYYECTH CUCTEMBbI YIPABJICHHS HHTEIUICKTYaJIbHBIMH CEPBUCOMHU.
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