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DETERMINATION OF THE MAIN CHARACTERISTICS OF THE HEAT LOAD
DURATION CURVE FOR A NEW ANALYTICAL MODEL
Călin Negură
Technical University of Moldova, Bd. Ştefan cel Mare, 168, MD-2004, Chișinău, Republica Moldova
Corresponding author: Călin Negură, calin.negura@gmail.com
Received: September, 12, 2018
Accepted: November, 17, 2018

Abstract. The paper deals with a new analytical model of the classical load of a heat
supply system. The proposed model offers better quality approximation of actual
consumption curves. The model includes two components - a power function (the
Sochinsky-Rossander model) and a modified logistics function for which their integrals are,
in essence, traced. Determination of TM time allows to calculate the load factor and the
annual energy consumption.
Keywords: full load duration, load curve, load factor, logistic function, Sochinsky-Rossander
model.
DOI: 10.5281/zenodo.2557310
CZU 536.2:519.86

DETERMINAREA CARACTERISTICILOR PRINCIPALE ALE CURBEI DE ÎNCĂRCARE
A SARCINII TERMICE PENTRU UN NOU MODEL ANALITIC
Călin Negură
Universitatea Tehnică a Moldovei, Bd. Ștefan cel Mare, 168, MD-2004, Chișinău, Republica Moldova
Autor corespondent: Calin Negura, calin.negura@gmail.com
Recepționat: 12 septembrie 2018
Acceptat: 17 noiembrie 2018

Rezumat. În lucrare este examinat un nou model analitic al încărcăturii clasice a unui
sistem de alimentare cu căldură. Modelul propus oferă o mai bună calitate de aproximare a
curbelor reale de consum. Modelul include două componente – o funcție putere (modelul
Sochinsky-Rossander) și o funcție logistică modificată pentru care, in esență, se precaută
integralele acestora. Determinarea duratei TM permite de a calcula operativ factorul de
sarcină și consumul anual de energie.
Cuvinte cheie: durata de încărcare completă, curba de încărcare, factorul de încărcare, funcția
logistică, modelul Sochinsky-Rossander.
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INFRARED DETECTORS
Titu-Marius I. Băjenescu
13, Chemin de Riant-Coin, 1093 La Conversion, Switzerland
tmbajenesco@gmail.com
Received: October, 03, 2018
Accepted: November, 24, 2018

Abstract. Infrared detectors have wide application in a range of industry sectors, including
defence, astronomy, medicine, environmental safety, and remote sensing. The applications
requiring the highest sensitivity over a broad spectrum of wavelengths are usually based
on the high performance mercury cadmium telluride (HgCdTe) ternary alloy, since HgCdTebased detector performance dominates others in the mid-wave and long-wave infrared
spectrum. HgCdTe is the dominant material currently in use for infrared (IR) focal-plane-array
(FPA) technology. The subject is vast: IR systems combine a wide variety of disciplines, and
image interpretation depends on the precise understanding of various phenomena. It has
been predicted that, because of its excellent properties, HgCdTe technology will continue to
expand the range of its applications well into the future.
Key-words: Infrared detectors, HgCdT, infrared (IR), focal-plane-array (FPA) technology.
DOI: 10.5281/zenodo.2557317
CZU 621.383

DETECTOARE CU INFRAROȘU
Titu-Marius I. Băjenescu
13, Chemin de Riant-Coin, 1093 La Conversion, Elveția
tmbajenesco@gmail.com
Recepționat: 03 octombrie 2018
Acceptat: 24 noiembrie 2018

Rezumat. Detectoarele cu infraroșu au o largă aplicație într-o serie de sectoare industriale,
printre care pot fi enunțate: apărarea, astronomia, medicina, siguranța mediului și
teledetecția. Aplicațiile care necesită cea mai mare sensibilitate pe un spectru larg de lungimi
de undă se bazează, de regulă, pe aliajul ternar de înaltă performanță cu telurură de mercur și
cadmiu (HgCdTe), deoarece performanța detectorului pe bază de HgCdTe domină în spectrul
infraroșu cu undă medie și lungă. HgCdTe este materialul dominant care se utilizează în
prezent pentru tehnologia cu infraroșu (IR) focal-plane-array (FPA). Subiectul este vast:
sistemele IR combină o mare varietate de discipline, iar interpretarea imaginii depinde de
înțelegerea precisă a diferitelor fenomene. S-a anticipat că, datorită proprietăților sale
excelente, tehnologia HgCdTe va continua să extindă gama aplicațiilor și în viitor.
Cuvinte-cheie: detectoare cu infrarosu, HgCdT, infrarosu (IR), tehnologie FPA.
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ENHANCEMENT IN UV SENSING PROPERTIES OF ZnO:Ag NANOSTRUCTURED
FILMS BY SURFACE FUNCTIONALIZATION WITH NOBLE METALIC AND
BIMETALLIC NANOPARTICLES
Vasile Postica,1 Alexander Vahl,2 Nicolae Magariu,1 Maik-Ivo Terasa,3 Mathias Hoppe,3
Bruno Viana,4 Patrick Aschehoug,4 Thierry Pauporté,4 Ion Tiginyanu,5 Oleksandr Polonskyi,2
Victor Sontea,1 Lee Chow,6 Lorenz Kienle,7 Rainer Adelung,3 Franz Faupel,2 Oleg Lupan,1,3,4,*
Department of Microelectronics and Biomedical Engineering, Center Nanotechnology and Nanosensors,
Technical University of Moldova, 168 Stefan cel Mare Av., MD-2004 Chisinau, Republic of Moldova
2
Chair for Multicomponent Materials, Institute for Materials Science, Kiel University, Kaiserstr. 2, D-24143,
Kiel, Germany
Functional Nanomaterials, Institute for Materials Science, Kiel University, Kaiserstr. 2, D-24143, Kiel, Germany
4
PSL University, Chimie ParisTech-CNRS, Institut de Recherche de Chimie Paris, UMR8247,
11 rue P. et M. Curie, 75005 Paris, France
5
Institute of Electronic Engineering and Nanotechnology, MD-2028 Chisinau, Republic of Moldova
6
Department of Physics, University of Central Florida, Orlando, FL 32816 USA
7
Institute for Materials Science – Synthesis and Real Structure, Faculty of Engineering, Christian-AlbrechtsUniversity of Kiel, Kaiserstraße 2, D-24143 Kiel, Germany
*Corresponding author: Lupan Oleg, E-mail: ollu@tf.uni-kiel.de oleg.lupan@mib.utm.md
1

3

Received: June, 18, 2018
Accepted: October, 14, 2018

Abstract. In this study, Ag-doped ZnO (ZnO:Ag) nanostructured films were functionalized
with silver nanoparticles (Ag NPs), silver-platinum bimetallic nanoparticles (AgPt NPs) and
silver-gold bimetallic NPs (AgAu NPs) using a gas phase PVD process based on a Haberland
type gas aggregation cluster source and unipolar DC planar magnetron sputtering.
Ultraviolet (UV) sensing investigations showed an respectable time constants reduction for
rising and decaying photocurrents, as well as an increase for the UV response. Compared
to a pristine nanostructured film the surface functionalization with Ag, AgPt and AgAu
increased the UV response by factors of 2.7, 3.5 and 4, respectively. The increased
performances of the here presented ZnO:Ag nanostructured films functionalized with
monometallic and bimetallic NPs based photodetectors are explained by the increased
lifetime of photogenerated electron – hole pairs, as well as the formation of nanoscale
Schottky barriers at the interface of Au/ZnO:Ag and Pt/ZnO:Ag.
Keywords:

UV photodetector, zinc oxide, silver nanoparticles, nanostructured films.
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ÎMBUNĂTĂȚIREA SENSIBILITĂȚII UV A FILMELOR NANOSTRUCTURATE ZnO:Ag
PRIN FUNCȚIONALIZAREA SUPRAFEȚEI CU METALE NOBILE ȘI
NANOPARTICULE BIMETALICE
Vasile Postica,1 Alexander Vahl,2 Nicolae Magariu,1 Maik-Ivo Terasa,3 Mathias Hoppe,3
Bruno Viana,4 Patrick Aschehoug,4 Thierry Pauporté,4 Ion Tiginyanu,5 Oleksandr Polonskyi,2
Victor Sontea,1 Lee Chow,6 Lorenz Kienle,7 Rainer Adelung,3 Franz Faupel,2 Oleg Lupan,1,3,4,*
1

Department of Microelectronics and Biomedical Engineering, Center Nanotechnology and Nanosensors, Technical
University of Moldova, 168 Stefan cel Mare Av., MD-2004 Chisinau, Republic of Moldova
2
Chair for Multicomponent Materials, Institute for Materials Science, Kiel University, Kaiserstr. 2, D-24143,
Kiel, Germany
3
Functional Nanomaterials, Institute for Materials Science, Kiel University, Kaiserstr. 2, D-24143, Kiel, Germany
4
PSL University, Chimie ParisTech-CNRS, Institut de Recherche de Chimie Paris, UMR8247,
11 rue P. et M. Curie, 75005 Paris, France
5
Institute of Electronic Engineering and Nanotechnology, MD-2028 Chisinau, Republic of Moldova
6
Department of Physics, University of Central Florida, Orlando, FL 32816 USA
7
Institute for Materials Science – Synthesis and Real Structure, Faculty of Engineering, Christian-AlbrechtsUniversity of Kiel, Kaiserstraße 2, D-24143 Kiel, Germany
*Autor corespondent: Lupan Oleg, E-mail: ollu@tf.uni-kiel.de oleg.lupan@mib.utm.md
Recepționat: 18 Iunie 2018
Acceptat: 14 Octombrie 2018

Rezumat. În acest studiu, filmele nanostructurate ZnO (ZnO: Ag) au fost funcționalizate cu
nanoparticule de argint (Ag NPs), nanoparticule bimetalice argint-platină (AgPt NPs) și NPuri bimetalice de aur (AgAu NPs) folosind o sursă cluster de agregare de gaz tip Haberland
și un pulverizator unipolar planetar magnetron plan. Analiza sensibilității ultraviolete (UV) a
arătat o reducere a constantelor de timp pentru fotocurenturile în creștere și degradare,
precum și o creștere a răspunsului UV. Comparativ cu un film nanostructurat fără adaosuri,
funcționalitatea suprafeței cu Ag, AgPt și AgAu a crescut răspunsul UV cu factori de 2,7; 3,5
și respectiv 4. Performanțele majorate ale filmelor nanostructurate ZnO:Ag, funcționalizate
cu fotodetectoare bazate pe NP monometalice și bimetalice se explică prin creșterea
duratei de viață a perechilor fotogenerate de electroni, precum și prin formarea barierelor
Schottky de scară nanometrică la interfața Au / ZnO: Ag și Pt / ZnO: Ag.
Cuvinte cheie: fotodetector UV, oxid de zinc, nanoparticule de argint, filme nanostructurate.
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METHODS FOR ASSESSING THE STATE OF
MICROHEMOCIRCULATION OF BIOTISSUE BY
SPECKLE-STRUCTURE OF MULTIPLE SCATTERED RADIATION
N. Abramovich1*, S. Dick1, L. Vasilevskaya1,2,I. Khludeyev1,3, V. Sontea4
1

2

Belarus State University of Informatics and Radioelectronics, 220013, P. Brovki, 6, Minsk, Belarus
Republican Scientific and Practical Center of Neurology and Neurosurgery, 220114, F. Skoriny, 24, Minsk, Belarus
3
Belarusian State University, 220030, Ave. Nezavisimosti, 4, Minsk, Belarus
4
Technical University of Moldova, 168, Stefan cel Mare Bd., MD-2004, Chisinau, Moldova
*Corresponding author: N. Abramovich, fitix@yandex.ru
Received: October, 10, 2018
Accepted: November, 12, 2018

Abstract. The characteristics of microcirculation of blood in human tissues were
investigated by recording and analyzing a dynamic speckle pattern. Methodical approaches
are proposed for evaluating the obtained data in order to verify speckle measurements
using the widely used Doppler flowmetry technique.
Keywords: blood, biotissue, Doppler flowmetry, microcirculation, specklemetry.
DOI: 10.5281/zenodo.2557298
CZU 611.018:612.15:616-073.7

METODE DE EVALUARE A MICRO CIRCULAȚIEI SANGUINE ÎN BIOȚESUTURI PE
BAZA SPECKLE-STRUCTURII RADIAȚIEI MULTIPLE DISPERSATE
N. Abramovich1*, S. Dick1, L. Vasilevskaya1,2,I. Khludeyev1,3, V. Sontea4
Belarus State University of Informatics and Radioelectronics, 220013, P. Brovki, 6, Minsk, Belarus
Republican Scientific and Practical Center of Neurology and Neurosurgery, 220114, F. Skoriny, 24, Minsk, Belarus
3
Belarusian State University, 220030, Ave. Nezavisimosti, 4, Minsk, Belarus
4
Technical University of Moldova, 168, Stefan cel Mare Bd., MD-2004, Chisinau, Moldova
*Corresponding author: N. Abramovich, fitix@yandex.ru
1

2

Received: 10 Octombrie 2018
Accepted: 12 Noiembrie 2018

Rezumat. Caracteristicile microcirculației sângelui în țesuturile umane au fost investigate
prin înregistrarea și analiza unui model dinamic al imaginei speckle. Sunt propuse abordări
metodice pentru evaluarea datelor obținute pentru a verifica măsurătorile speckle folosind
tehnica Flowmetry Doppler utilizată pe scară largă.
Cuvinte cheie: sânge, bioțesuturi, flowmetrie Doppler, microcirculație, specklemetrie.
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SOFTWARE - DEFINED NETWORKS … A GENERAL SURVEY
AND ANALYSIS
Ali Ameen
Technical University of Moldova, 168 Stefan cel Mare Av., MD-2004 Chisinau, Republic of Moldova
Corresponding author: Ali Ameen, email: alisalmanhussein@yahoo.com
Received: September, 14, 2018
Accepted: November, 22, 2018

Abstract. Technology of Software-defined networks is rapidly evolving in order to develop
the networks world, hence to provide better connectivity, agility and security to defend the
world of cyber information against the ever-evolving security threats and challenges. This
article is totally dedicated for beginners in both the IT world generally and the SDN world
specifically as well. Through software-defined networking we can enter a new era of
portable network management interface simply by using a mobile app or your smart watch,
which gives a great deal of smoothness for network administration, and simplifies the IT
tasks, but on the other hand it loads the stack of cyber security challenges with new ones.
Keywords: Southbound API, northbound API, openflow, Open vSwitch, ASIC, NFV.
DOI: 10.5281/zenodo.2557306
CZU 004.7

SOFTWARE - REȚELE DEFINITE ... STUDIU GENERAL ȘI ANALIZĂ
Ali Ameen
Universitatea Tehnică a Moldovei, Bd. Ștefan cel Mare nr. 168, MD-2004 Chișinău, Republica Moldova
Autor corespondent: Ali Ameen, email: alisalmanhussein@yahoo.com
Recepționat: 14 septembrie 2018
Acceptat: 22 noiembrie 2018

Rezumat. Tehnologia rețelelor definite de software evoluează rapid, astfel încât să asigure
o mai bună conectivitate, agilitate și securitate, pentru a apăra informațiile cibernetice
împotriva amenințărilor și provocărilor mereu în evoluție. Acest articol este dedicat atât
începătorilor în IT, cât și persoanelor versate în SDN, în mod special. Prin intermediul
rețelelor definite prin software putem introduce o nouă eră a interfeței de gestionare a
rețelelor portabile prin utilizarea unei aplicații mobile sau a unui ceas inteligent, care oferă
abilitate pentru administrarea rețelei și simplifică sarcinile IT, iar pe de altă parte, asigură
securitatea cibernetică de noi provocări.
Cuvinte cheie: Southbound API, northbound API, openflow, Open vSwitch, ASIC, NFV.
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IMPACT OF GRANULOMETRIC COMPOSITION ON MINERAL BINDER
HYDRATION PROCESSES
V. N. Derevianko1*, N. V. Kondratieva2, N. A. Sanitskiy3, H. M. Hryshko4
PHEI Prydniprovska State Academy of Civil Engineering and Architecture, Ukraine
2
PHEI Ukrainian State University of Chemical Technology, Ukraine
3
Lviv Polytechnic National University, Ukraine
4
Dnipro State Agrarian-Economic University, Ukraine
*Corresponding author: Dereveanko Victor, email: grysko.anna0101@gmail.com
1

Received: September, 28, 2018
Accepted: November, 11, 2018

Abstract. This article presents the research results of the impact of granulometric
composition on gypsum binder hydration processes. When the amount of finely ground
gypsum in the gypsum binder is increased by up to 15%, the maximum hydration
temperature rises by 10C and the hydration process intensification occurs with the
reduction in time required to reach the maximum hydration temperature.
Keywords: granulometric composition, hydration, gypsum binder, fractions.
DOI: 10.5281/zenodo.2557324
CZU 691.5:666.9

INFLUENȚA COMPOZIȚIEI GRANULOMETRICE ASUPRA PROCESELOR DE
HIDRATARE A LIANȚILOR MINERALI
V.N.Derevianko1*, N.V. Kondratieva2, N.A.Sanitskiy3, H.M.Hryshko4
1

PHEI Prydniprovska State Academy of Civil Engineering and Architecture, Ukraine
2
PHEI Ukrainian State University of Chemical Technology, Ukraine
3
Lviv Polytechnic National University, Ukraine
4
Dnipro State Agrarian-Economic University, Ukraine
*Autor corespondent: Dereveanko Victor, email: grysko.anna0101@gmail.com
Recepționat: 28 Septembrie 2018
Acceptat: 11 Noiembrie 2018

Rezumat. În articolul ”Influența compoziției granulometrice asupra proceselor de hidratare a
lianților minerali” sunt prezentate rezultatele cercetărilor privind influența conținutului
granulometric asupra proceselor de hidratare a liantului de ipsos. Cu sporirea de până la 15
% a conținutului de ipsos dispers în componența liantului de ipsos, temperatura de
hidratare sporește cu 10С, are loc intensificarea procesului de hidratare și reducere a
duratei de hidratare.
Cuvinte cheie: conținut granulometric, hidratare, liant de ipsos, fracții.
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FROM THE INTERNET OF THINGS (IoT) TO SMART CITIES (SC)
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Abstract. IoT represents a network of Internet-enabled, real-world objects, such as
nanotechnology, consumer electronics, home appliances, sensors of all kinds, embedded
systems, and personal mobile devices. It includes enabling network and communication
technologies, such as IPv6, web services, RFID, and 4G networks. We are already applying
IoT solutions in practical ways by using mobile devices. A key aspect of SC is the efficient
management of utilities, enabled by smart metering of the residential consumption of
electricity, water or gas.
Keywords: Internet of Things, IoT markets & applications, changes introduced by IoT, Smart
Cities, standards.
DOI: 10.5281/zenodo.2557328
CZU 004.7:[332.14:352]

DE LA INTERNETUL LUCRURILOR (IoT) LA ORAȘELE SMART (SC)
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Rezumat. IoT reprezintă o rețea de obiecte din lumea reală, cum ar fi nanotehnologia,
electronica de larg consum, aparatele de uz casnic, senzorii de orice fel, sistemele
încorporate și dispozitivele mobile personale. Aceasta include activarea tehnologiilor de
rețea și de comunicații, cum ar fi IPv6, servicii web, RFID și rețelele 4G. Aplicăm deja soluții
IoT în mod practic prin utilizarea dispozitivelor mobile. Un aspect cheie al SC este
gestionarea eficientă a utilităților, fiind posibilă prin măsurarea inteligentă a consumului
rezidențial de energie electrică, apă sau gaz.
Cuvinte cheie: Internetul obiectelor, piețele și aplicațiile LoT, modificări introduse de IoT, orașe
inteligente, standarde.
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TRACEABILITY OF WINE - A CRITERION OF QUALITY AND FOOD SAFETY FOR
THE CONSUMER
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Abstract. In the last decade, several factors have determined an increasing demand for
wine supply chain transparency. Indeed, amalgamation, fraud, counterfeiting, use of
hazardous treatment products and pollution affect the trust of consumers, who are more
and more oriented to consider the so-called “credence attributes” rather than price. Thus,
consumers demand detailed information on the overall process from the grape to the
bottle. In this chapter, we present a system for traceability in the wine supply chain. The
system is able to systematically store information about products and processes
throughout the entire supply chain, from grape growers to retailers. Also, the system
manages quality information, thus enabling an effective analysis of the supply chain
processes. Effective wine traceability is based upon the accuracy of the information about
the products contained in records held by the various supply chain partners.
Keywords: procedures, production, Rară Neagră grapes, standardization, Supply Chain Model.
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TRASABILITATEA VINURILOR - CRITERIU DE CALITATE ȘI SIGURANȚĂ
ALIMENTARĂ PENTRU CONSUMATOR
Ecaterina Covaci, Tatiana Capcanari*, Alexandra Lesanu
Universitatea Tehnică a Moldovei, Facultatea de Tehnologia Alimentară,
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Rezumat. În ultimul deceniu, tot mai mulți factori au determinat o cerere crescândă de
transparență a lanțului de aprovizionare cu vin. Fraudarea, contrafacerea, utilizarea
produselor de tratare periculoase și poluarea afectează încrederea consumatorilor, care sunt
din ce în ce mai orientați să ia în considerare așa-numitele "atribute de încredere" decât
prețurile. Astfel, consumatorii solicită informații detaliate despre tranzitul de la struguri la
sticlă. În acest capitol, prezentăm un sistem de trasabilitate în lanțul de aprovizionare cu
vin. Sistemul este capabil să stocheze în mod sistematic informații despre produse și
procese pe tot parcursul lanțului de aprovizionare, de la producătorii de struguri la
comercianții cu amănuntul. De asemenea, sistemul gestionează informațiile de calitate,
permițând astfel o analiză eficientă a proceselor din lanțul de aprovizionare. Trasabilitatea
vinului se bazează pe exactitatea informațiilor despre produsele conținute în înregistrările
deținute de diferiții parteneri ai lanțului de aprovizionare.
Cuvinte cheie: proceduri, producție, struguri Rară Neagră, standardizare, model de lanț de
aprovizionare.
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Abstract. This article deals with convective drying kinetics process of peaches that were collected
in Republic of Moldova climatic area, namely SPRINGCREST, CARDINAL and REDHAVEN
varieties. The kinetics study was performed for different temperatures: 50°C, 60°C, 70°C, 80°C,
90°C, for different drying agent velocities: 0.5 m. s-1, 1.0 m. s-1, 1.5 m. s-1, 2.0 m. s-1, 2.5 m. s-1, and
. -3
. -3
. -3
. -3
. -3
for different thicknesses 2 10 m, 4 10 m, 6 10 m, 8 10 m, 10 10 m. For the determination of the
optimal quality and conditions of drying parameters, there was also performed an appearance
analysis for each dried sample.
Keywords: drying process, convective drying kinetics, drying agent temperature, velocity, humidity,
drying duration, peaches.
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Rezumat. În articol este prezentat studiul cineticii proceselor de uscare convectivă a
piersicilor colectate în aria climatică a Republicii Moldova, și anume soiurile SPRINGCREST,
CARDINAL și REDHAVEN. Studiul cinetic a fost realizat pentru diferite temperaturi: 50 °C, 60
°C, 70 °C, 80 °C, 90° C. De asemenea, pentru diferite viteze ale agentului de uscare: 0,5 m.s -1,
1,0 m.s-1, 1,5 m.s-1, 2,0 m.s-1, 2,5 m.s-1 și pentru diferite grosimi ale fragmentelor: 2.10-3 m,
4.10-3 m, 6.10-3 m, 8.10-3 m, 10.10-3 m. Pentru determinarea parametrilor optimi ai condițiilor
de uscare a fost efectuată analiza senzorială a produselor după uscare.
Cuvinte cheie: proces de uscare, cinetica de uscare convectivă, temperatura agentului de uscare,
viteza, umiditatea, durata de uscare, piersici.
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Abstract. Food industry more and more tends to replace the synthetic compounds in foods
with natural ones. A safe and effective possibility would be to use biologically active
compounds extracted from local natural berries such as sea buckthorn (Hippophae rhamnoides
L). In this paper there were evaluated the antioxidant capacity and physico-chemical
characteristics of seabuckthorn lipophilic extracts. There were performed the analysis of the
impact of biologically active compounds on the physico-chemical characteristics of lipophilic
extracts and mayonnaise type sauces and the investigation of their oxidative stability. The
results obtained using high-performance analysis methods have allowed the argumentation
of the importance of replacing synthetic antioxidant compounds with natural antioxidant
compounds in the production process of high-lipid food products.
Keywords:

antioxidants, extraction, high-lipid food products, oxidation.
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Rezumat. Industria alimentară are tendința de a substitui aditivii sintetici din alimente cu
compuși naturali. O posibilitate sigură și eficientă ar fi utilizarea compușilor biologic activi
extrași din fructe de pădure locale, cum ar fi cătina albă (Hippophae Rhamnoides L.). În articol
au fost evaluate capacitatea antioxidantă și caracteristicile fizico-chimice ale extractelor
lipofilice de cătină albă. A fost analizat impactul compușilor biologic activi asupra
caracteristicilor fizico-chimice ale extractelor lipofilice și investigată stabilitatea lor
oxidativă. Rezultatele obținute au permis argumentarea posibilității înlocuirii antioxidanților
sintetici cu compușii naturali în procesul de fabricație a produselor alimentare cu conținut
sporit de lipide.
Cuvinte cheie: antioxidanți, extracție, produse alimentare cu conținut sporit de lipide, oxidare.
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Abstract. The paper deals with a new analytical model of the classical load of a heat
supply system. The proposed model offers better quality approximation of actual
consumption curves. The model includes two components - a power function (the
Sochinsky-Rossander model) and a modified logistics function for which their integrals are,
in essence, traced. Determination of TM time allows to calculate the load factor and the
annual energy consumption.
Keywords:

full load duration, load curve, load factor, logistic function, Sochinsky-Rossander
model.

Introduction
Lately the interest in modeling the load curve has increased, being determined by
the fact that the integration of a significant share of variable (photovoltaic and wind)
renewable energy sources into the energy systems raises the issue of flexibility of
traditional systems on both demand and supply/production side [1].
In this context, knowing the energy consumption and production regime, the
possibilities for their modification, as well as their analytical description becomes more and
more important [2 - 3].
For heat supply systems (HSS) a new analytical model for the load duration curve
was proposed. Hence, new calculation formulae for the amount of energy, full load duration
and load factor are needed.
The most complete information regarding the consumption / production regime of a node
could be provided by the recorded load curve; where the area under the curve represents
the amount of energy consumed / produced.
Usually, it is sufficient that a load curve is characterized only by those three values – the
peak qM, average qmed and minimum qmin load. In most practical applications, produced both
at energy systems‖ planning/design and at operational phase, instead of the average value
qmed, another indicator of the consumption or production regime is widely used – full load
duration TM.
The TM indicator is defined as a time period (duration) for which the amount of
energy consumed during a time period (day, month, year), determined with the equation –
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Q  q M  TM ,

is equal to the real amount consumed during that period of time- Q   q()dt .

Both variables - qmed and TM equally allow to evaluate the annual energy consumption as a
product of q med  an and

q M  TM

, while the usefulness of TM is net superior to qmed.

This is due to the fact that the duration T M being divided by the number of hours in a year
(constant value), τan= 8760 h, leads to another indicator – load factor FS, FS  TM / an  TM* ,
which serves as a parameter that characterizes the consumption regime of an entire
category of consumers [4].
So, the parameter TM is of great importance for calculating and optimization of
energy systems.
Herewith, the emphasis is put on obtaining the calculation formula for the TM for load
duration curve (LDC) for a new analytical model of this curve.
1. Description of the new analitical model of the Ldc
Generally, a heat or electrical load duration curve (LDC) indicates in a synthetic mode
how the load varies over time. The heat load duration curve of a system that supplies heat
to end-users within an urban area (to the whole range of end-users: from residential
consumers to industry) is going in a downwards direction, with small slope elements (SmS CP) on concave and/or convex curves, as well as steep slope elements (StS - CA).
In order to obtain an LDC as close as possible to the real one, a new analytical model was
proposed which allows creating curves that comprise all the characteristic elements of an
LDC. This six-parameter model includes two functions - a capacity function and a modified
sigmoidal function.
The first equation is well known as Sochinsky-Rossander equation [5-12], while the
second is a sigmoid described by a classical logistic function [13-14], slightly modified in
order to adapt it to the specificity of the problem.
The q() shall be the function that describes the variation of heat load q over the time τ, τ =
0…8760 h/yr. Based on all mentioned above, the load duration curve can be described by –

q()  qSR     q L () ,

(1)

where q SR ( ) represents the Sochinsky-Rossander (SR) load function,

q
 
qSR ()  q M  1 - (1- min )  ( ) 
qM
an 


(2a)

qSR (* )  q M  1- (1- qmin* )  * 

(2b)

(3a)

k


q L (* )  q M  
(1  * ) 
 m ( * 0* )
1

e



(3b)

and q L ( ) - is a modified logistic function,

k
 
q L ()  q M  
(1  ) 
 m ( 0 )
an 
1  e

Taking into consideration the formulae (1)-(3) the proposed model for LDC q() takes the
form:
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in absolute units in relative units (normalized)

q

k
 
q()  q M  1  (1  min )  ( ) 
 (1  ) 
 m ( 0 )
q M an
1 e
an 


(4a)

k


q(* )  q M  1  (1  q min* ) * 
 (1  * ) 
 m  ( * 0* )
1 e



(4b)

The graph of the function q(τ) described above is presented in the figure 1.
In the equations (1)-(4) the variables are as follows:

q M , q med and q min - the maximum (calculated), average and minimum load value in the
respective year;
q and q min* med*

relative values of the average load and respectively minimum load,
divided to the maximum value - q med*  q med / q M , q min*  q min / q M ;

-

the actual absolute and relative time period, *   / an

-

power function exponent or non-uniformity coefficient of the load
duration curve,
 = (q med*  q min* ) / (1  q med* ) or  = (TM  Tan  q min* ) / (Tan  TM ) ;

k

-

the maximum value of the logistic component of the LDC, k ≈ 0.1-0.5;

m

-

the slope of the curve q(τ) in the point   0 ;

-

the duration of the heating season, the absolute and relative value,

 and *
β

 0 and 0*
an

0*  0 / an ;
-

TM and TM* -

calendar year duration,  an = 8760 h;
full load duration, its absolute and relative value, TM*  TM / an .

0 ≤ ( * , 0* ,q min* ) ≤ 1;

0,01 ≤ β≤ 10;

30 ≤ m ≤ 300.

Figure 1. Load duration curve and the  0 time moment of the slope.
The task is to find the equation for calculating the surface area under the load
duration curve q() for the proposed model (4), which represents the volume of energy
consumed during the period of time  an , on one hand, and the full load duration, as well as
the load factor related to this curve, on the other hand.
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2. Calculation of the area under the ldc
The area under the load duration curve can be calculated by integration of the
function (4) that describes this curve. Since the equation (4) has two components, one could
find two areas: SSR - for the power-function q SR ( ) and respectively SL for the logistic
function q L ( ) , and in the end the area under LDC - SCC  SSR  SL (figure 2).
Case 1: Without splitting the curve in intervals
The area under the Sochinsky-Rossander curve
For the area under the SR curve (2b) one can write (figure 2) 1

1

0

0

SSR   qSR (* ) d*  q M   1  (1  q min* ) *  d*

or SSR  q M  TM SR* ,
where TM SR* is the full load duration for the SR curve, in relative units –
1

TM SR* =  1  (1  q min* ) *  d* .

(5)

0

Applying to (5) the integration rule for power-function -

 x dx=
a

x a 1
+ c , for the duration
a 1

TM SR* one can obtain:
1


1 
TM SR*   *  (1  q min* )  * 
  1 0


or,

Figure 2. Areas under the SR curve, logistic curve and load duration curve.
finally, TM SR*    q min* .

(6)

 1

The duration TM SR , in hours per year - TM SR = TM SR*  an or
TM SR = an 

  q min*
 1

.

So, the calculation formula for the area SSR is:
SSR  q M  TM SR*  q M 
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  q min* ,
 1

(7)
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and for the annual energy consumption is –
QanSR  q M  TM SR  q M  an 

  q min* .
 1

The area under the logistic curve
The logistic function (3b) can be presented as the algebraic sum of two components -

q L (* )  q L1 (* )  q L2 (* ) , where
and

q L2 (* )  q M 

q L1 (* )  q M 

k  *
.
1  e m ( * 0* )

k
1 e

 m ( * 0* )

The area SL under the logistic curve is calculated by integrating the function
1

SL 

q

L

q L ( * ) :

(* ) d*  q M  TM L* ,

0

and subsequently, the full load duration for the logistic curve TM  L* is –
k


TM L* (* ) =  
(1  * )  d* .
 m ( * 0* )
1 e

0
1

(8)

By dividing the function q L ( * ) in those two components q L1 (* ) and q L2 (* ) , one shall
operate with two areas - SL1 and SL2 , so SL  SL1  SL2 ,
where SL1 

1

q

L1

(* ) d*  q M  TM L1*

(9)

(* ) d*  q M  TM L2* .

(10)

0

and

1

SL2 

q

L2

0

For the indicator TM  L* similarly, one shall operate with two components - TM  L1* and TM  L2*
for which it yields:
1

TM  L1* (* ) = k 
0

1
1 e

 m ( * 0* )



1

TM  L1* (* ) = k 
0

1 e

d* and

(11)

d* .

(12)

*
 m ( * 0* )

TM L*  TM L1*  TM  L2* .

Obviously,

(13)

So, in order to calculate the area under the logistic curve it is necessary to solve the
integrals (11) and (12).
As a result of integration of the function (11) for the duration TM  L1* it is obtain (see Annex
1):
TM  L1* 

k
 ln 1  e m(10 ) or
m

TM L1*  k  (1-0* ) ,

(14)

and in this case, according to formula (9) one can calculate also the area
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SL1  q M  k  (1-0* )

(15)

As for the integral (12) – solving it raises problems; for this reason to determine SL2 we
will move from integration to the planimetric curve analysis q L1 (* ) and q L2 (* ) (fig.3).

Figure 3. Load duration curve q(τ) and functions q SR ( ) and q L ( )
The analysis of these curves allows establishing the existence of the next relationship:
2
(16)
SL2  SL1  S  q M  0.5k  (1  0*
),
S  q M  0.5k  (1-0* )2

.

(17)

Once the SL2 is known, we can also find the duration TM  L2* (18)

TML2*  0.5k  (1-02* )

So, for the area SL a of the logistic curve, finally, one can get:
SL  SL1  SL2  S  q M  0.5k  (1-0* )2 ,

(19)

and considering the equation SL  q M  TM  L* for the duration TM  L* it is obtained:
(20)

TML*  0.5k  (1-0* )2

or in hours/year -

TML  an  0.5k  (1-0* )2

.

(21)

The annual energy consumption, which corresponds to the logistic curve –
QanL  qM  TML  qM  an  0.5k  (1-0* )2 .
Parameters of the load duration curve
For the load duration curve, finally, it yields the following equations for calculating the main
parameters:
•

the area under the LDC (fig. 2) -

SCC  SSR  SL ,

and taking into consideration the equations (7) and (19) it yields:

   q min*

SCC  QanCC  q M  
 0.5  k  (1-0* )2 
  1

•

full load duration, in relative units - TM CC*  TM SR*  TM L*
and taking into consideration the equation (6) and (20) it yields -
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  q min*
 0.5  k  (1-0* ) 2 ,
 1

23

(22)

or in hours/year    q min*

TMCC  TMCC*  an  an  
 0.5  k  (1-0* )2 
  1


.

(23)

The load factor of the LDC: FSCC  TM CC / an  TM CC* .
The annual energy consumption, which corresponds to LDC, described through the equation
(4), can be easily determined with the formula:

QanCC  q M  TM CC ,
where q M represents the peak annual load, while TM  CC is the full load duration, calculated
with the formula (23).
Case 2: By dividing the load duration curve in intervals
Sochinsky-Rossander curve

In case of division of the time axis,  * ,  * = 0…1, in intervals, be it three: 0- 1 , 1 -  2 and

 2 -1, for the area

S1 2

under the SR curve in the interval 1   2 , it yields –
SSR,1 2 

2

2


*1  .
q
(

)
d


q



(1

q
)

min*
 SR * * M  *
  1 
1
1

(24)

If we present this area as the product -

S1 2  qM  TM,1 2 , for the equivalent duration

it yields –

TM,1 2


1  11 
.
TM,SR,1 2  an (2  1 )  (1  q min* )  2
  1 


(25)

Obviously, for the considered case the following relation is valid –
TM SR  TM,01  TM,1 2  TM,2 1  an 

  q min* .
 1

Logistic curve
Through the interval τ = 0…  0 the logistic curve is unfolding on its inferior asymptote, so
that for this case it yields:

SL,00  TM,L,00  0 .

For any interval 1 -  2 that is after the point  0 it yields: for the duration TM,L,1 2 ,
TM,L,1 2  0.5  k  (1-0* )(2  1 )

and for the area SL,1 2 - SL,  
1

2

2

q

1

L

() d  q M  TM,1 2 .

The resulted load duration curve
Finally, for the LDC we have:
•

for any time interval

1  2
-

before the point in time

TM,CC  TM,SR,1 2  (2  1 )  (1  q min* ) 

and the area SCC :
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0 ,

the duration

TM,CC

-

1
1

2  1
 1

SCC  SSR  qM  TM,SR,1 2 ;
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•

for any time interval after the point

or

TM,CC  ( 2  1 )  (1  q min* ) 

 0 , TM,CC  TM,SR,1 2  TM,L,1 2

1

 11
2
 0.5  k  (1-0* )( 2  1 )
 1

SCC  SSR  SL  qM  TM,CC,1 2 .

and

3. Numerical example
For the diversity of curves shown in fig. 4, with their known parameters (table 1), the
full load durations TM-CC were calculated for those two cases.
Case 1: Without dividing the LDC in time intervals
For the curves a) - h) from figure 4 there were calculated the full load durations TM-SR, TM-L
and TM-CC. Below, for a load duration curve – the curve c), the calculation of the three
durations is exemplified:
TM-CC = TM-SR – TM-L = 3129 – 631= 2498 h/an,
where: TM SR  an  (  q min* ) / (  1) = 8760·(0,4+0,1)/(0,4+1) = 8760·0,357 = 3129 h/yr
and

2
TML  an  0.5  k  (1  0* )2 = 8760·0,5·0.4·(1-0,4) = 8760·0,08268 = 631 h/yr.

The results of these calculations are presented in table 1.
Case 3: By dividing the LDC in two time intervals
While making the calculations aiming at optimization and analysis of options to
meet the load by many energy sources, often the LDC is divided horizontally and/or
vertically.
The results of calculations made for the case of division of the annual duration in
two time intervals are presented in table 2 and 3: the first covers the heating season
(the interval 0 -  0 ), and the second – the other part of the year (interval  0 -  an ).
Table 1. The descriptive parameters of load duration curves and their
full load durations TM-CC
Figure

qmin*

β

k

m

τ0,

TM-SR

TM-L

TM-CC

-

r.u.

r.u.

r.u.

r.u.

h/yr

h/yr

h/yr

h/yr

a

0,1

0,08

0,1

30

2628

1460

215

1245

b

0,1

0,2

0,22

100

3066

2190

407

1783

c

0,1

0,4

0,4

300

3504

3129

631

2498

d

0,1

0,5

0,45

300

4380

3504

493

3011

e

0,1

0,6

0,5

300

5256

3833

350

3483

f

0,35

0,7

0,4

50

6132

5411

158

5253

g

0,35

1,4

0,8

50

7008

6388

140

6248

h

0,35

5,0

3,0

50

7884

7811

131

7680
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Figure 4. A range of load duration curves, which characterize a large diversity of possible
real situations.
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Table 2. Full load durations TM-SR, TM-L and TM-CC determined for those two intervals, in r.u.
Fig. 4

τ0*

a

Interval 0 - τo

Interval τo - τan

Total annually

TM-SR

TM-L

TM-CC

TM-SR

TM-L

TM-CC

TM-SR

TM-L

TM-CC

0,3

0,073

0

0,073

0,094

0,025

0,069

0,167

0,025

0,142

b

0,3
5

0,137

0

0,137

0,113

0,046

0,066

0,250

0,046

0,204

c

0,4

0,222

0

0,222

0,135

0,072

0,063

0,357

0,072

0,285

d

0,5

0,288

0

0,288

0,112

0,056

0,056

0,400

0,056

0,344

e

0,6

0,352

0

0,352

0,086

0,040

0,046

0,438

0,040

0,398

f

0,7

0,491

0

0,491

0,126

0,018

0,108

0,618

0,018

0,600

g

0,8

0,641

0

0,641

0,088

0,016

0,072

0,729

0,016

0,713

h

0,9

0,842

0

0,842

0,049

0,015

0,034

0,892

0,015

0,877

Table 3. Full load durations TM-SR, TM-L and TM-CC determined for those two intervals, in h/yr
Figure 4

τ0*

a

Interval 0 - τo

Interval τo - τan

Total annually

TM-SR

TM-L

TM-CC

TM-SR

TM-L

TM-CC

TM-SR

TM-L

TM-CC

2628

639

0

639

821

215

606

1460

215

1245

b

3066

1202

0

1202

988

407

581

2190

407

1783

c

3504

1943

0

1943

1186

631

555

3129

631

2498

d

4380

2522

0

2522

982

493

489

3504

493

3011

e

5256

3080

0

3080

753

350

403

3833

350

3483

f

6132

4305

0

4305

1105

158

947

5411

158

5253

g

7008

5619

0

5619

768

140

628

6388

140

6248

h

7884

7380

0

7380

431

131

300

7811

131

7680

Conclusions
1. The load curve of a consumption or production node lays at the basis for calculations,
analysis and optimizations of operating regimes of energy systems – both, at the
technical design/planning phase and the operating one.
2. The full load duration for a load duration curve is a key parameter of the energy
consumption regime; it allows finding also other important parameters for optimal
scaling of the elements of energy systems.
3. The problem of determining the full load duration for a new analytical model of the
heat load duration curve of a heating system is solved: with and without dividing the
load duration curve in time intervals.
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Annex
Integration of the modified logistic function
The initial logistic function will be presented as the sum of two functions:
k ( 1  x )
 f1 ( x )  f 2 ( x ) ,
1  e m ( x  x0 )
1
f1  x   k 
 m ( x  x0 )
1 e
x
.
f2  x   k 
 m ( x  x0 )
1 e

f  x 

where
and

(A1)
(A2)
(A3)

First we shall find the primitive F1  x  of the function f1  x  F1  x    f1 ( x )dx  k
1



0

1

1

0

1 e

 m(x  x0 )

(A4)

dx

For this purpose we shall apply the substitution method:
let

u  e m(x  x0 ) , then ln u  m  x + mx

0

,  mdx 

du
du
, whence dx  
.
u
mu

We revert back to (A4) by changing the variable –
F1 (u)  k

1

du

 1  u  mu



k
m

1

du

 1 u  u

(A5)

or
F1(u)  

k 1  u  u du
k  1  u du
u du 
    
 


m
1 u u
m  1 u u
1  u u 

(A6)

Taking into consideration the classical equations –



du
 ln u  c and
u

du

 1  u  ln 1  u

+c,

the formula (A6) transforms into –
F1 (u) 

k
1 u
k
k
 ln

 ln 1  u1 ,
 
ln u  ln 1  u  or F1 (u) 

m
u
m
m

and, finally, by replacing the u it yields –
1

k
k

F1 ( x )    ln 1  e m( x  x0 )    ln 1  e m( 1 x0 )
m
0 m

.

(A7)

Based on the fact that the constants m and x0 are positive measures with intervals of
values - 0 ≤ x0 ≤ 1 and 30 ≤ m ≤ 300, and the component e m( 1 x ) has two big values,
much higher than 1, it allows us to transform the equation (A7) –
0

F1 

or, finally -

k
k
k
 ln 1  em( 1 x0 )   ln em( 1 x0 )   m ( 1  x0 )
m
m
m
F1  k  ( 1  x0 )

.

(A8)
(A9)

For the integral of the function f 2  x  it yields –

F2  0.5k  ( 1  x0 2 ) ,

(A10)

FL = F1  F1  0.5k  ( 1  x0 )2 .

(A11

and for the integral of the initial function f  x  it yields -
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Abstract. Infrared detectors have wide application in a range of industry sectors,
including defence, astronomy, medicine, environmental safety, and remote sensing. The
applications requiring the highest sensitivity over a broad spectrum of wavelengths are
usually based on the high performance mercury cadmium telluride (HgCdTe) ternary
alloy, since HgCdTe-based detector performance dominates others in the mid-wave and
long-wave infrared spectrum. HgCdTe is the dominant material currently in use for infrared
(IR) focal-plane-array (FPA) technology. The subject is vast: IR systems combine a wide
variety of disciplines, and image interpretation depends on the precise understanding of
various phenomena. It has been predicted that, because of its excellent properties, HgCdTe
technology will continue to expand the range of its applications well into the future.
Keywords: Infrared detectors, HgCdT, infrared (IR), focal-plane-array (FPA) technology.
Introduction
Radiation in the electromagnetic spectrum can be classified by wavelength into
several bands, including γ-rays, X-rays, ultraviolet, visible light, infrared, microwave and
radio waves. Infrared (IR) light is defined as electromagnetic radiation whose wavelength is
greater than that of visible light and whose frequency is less than that of red light
associated with heat. Therefore, an infrared detector is a tool that can detect thermal
radiation emitted in a given environment.
Progress in IR detector technology is mainly connected to semiconductor IR
detectors which are included in the class of photon detectors; they have very good signalto-noise performance and very fast response, but require cryogenic cooling – the main
obstacle to the use of IR systems based of these photo-detectors, making them heavy,
expensive also inconvenient to use.
The last decades have seen considerable progresses, achievements, trends in
detector concepts and performance, with quantum dot IR and type II super-lattice detectors
– the so-called third generation detectors. With THz technologies the devices have found
applications in imaging, biology and drugs, explosion detection, security, gases fingerprints,
etc. with enhanced capabilities (larger number of pixels, better thermal resolution, higher
frame rates, multicolour functionality). The applications domain was enlarged in aerospace
sensors and systems, remote sensing, military and thermal imaging, light detection and
ranging (LIDAR), IR spectroscopy or optical telecommunications.
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Thermal imaging systems extend human perception beyond the visible spectrum.
Since their principle is based on the natural emission of energy by physical bodies, they
represent an interesting subject for many military and research fields; they are commonly
used to observe night scenes vision or in order to increase the visibility range through haze
and fogs. These applications exploit the properties of IR radiation; they link physical theory
to each specific aspect of the elements involved in the detection process, filling the gap
between theory and practical application. IR systems combine a wide variety of disciplines
and image interpretation depends on the precise understanding of various phenomena.
Fueled by a broad range of government needs and funding, HgCdTe materials and
device technology has matured significantly over the last decades. Also in this same time
period, we have come to understand better the phenomenology which limits imager
performance. As a result of these developments, HgCdTe arrays may be tailored in
wavelength to outperform GaAs-based image intensifier devices in sensitivity and to
compete with bolometric and pyroelectric imaging arrays in NEDT1 [1] (noise equivalent
differential temperature) at temperatures at or near room temperature (250 K-295 K). These
benefits can be fully realized, however, only if HgCdTe can be brought to a level of maturity
where the material and detectors made from it are limited by fundamental mechanisms.
Ir detectors
An IR detector is a photodetector (semiconductor with narrow band gaps) that reacts
to IR radiation. The response time and sensitivity of photonic detectors can be much higher,
but usually these have to be cooled to cut thermal noise (i.e., at 110 K to 150 K, the critical
parameter is the dark current: it limits the exposure time, preventing a high signal-to-noise
ratio). Photovoltaic detectors contain a pn junction on which photoelectric current appears
upon illumination.
Due to re-absorption of photons generated by carrier recombination, also called the
photon recycling (PR), the minority carrier lifetime is highly extended and depends on the
semiconductor geometry and the strength of absorption coefficient. Thus, the radiative
recombination is likely not to limit performance of properly designed HgCdTe
photodetectors.
Although thermal imaging has been well established for military night vision,
InGaAs-based shortwave infrared imaging (SWIR) is quietly earning a growing place. IR
detectors have been called the eyes of the digital battlefield. Military applications in Western
countries have spearheaded and dominated the requirements in this field akin to many
other emerging fields. In addition to many military applications for IR systems such as
target acquisition, search and track, missile seeker guidance, there is a great potential for IR
systems in the commercial market. The staring array numbers of pixels are larger and larger
and offer system solutions in the different IR wavebands. IR systems enhance automobile
and aircraft safety, medical diagnosis, and manufacturing quality and control. Developed in
response to lessons learned during Operation Desert Storm, the driver‖s vision enhancer
provides the drivers both tracked combat systems and tactical wheeled vehicles with the
ability to see and negotiate through conditions of dust, smoke, haze and darkness. With a
40-degrees horizontal by 30-degrees vertical field of view, the system allows drivers to
NEDT refers to the minimum temperature difference that can be detected by a thermal sensor. The basic question comes
down to this – how high must the signal−to−noise ratio be in order to detect a certain temperature change. NEDT is also
1
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detect a standing human-sized target at 110 meters and a static vehicle at 1,200 meters.
Another area of future thermal technology application involves the light thermal weapon
sight (LTWS). With an eye towards reducing the weight burdens applied to the individual
solder, LTWS design would complete and complement the thermal weapon sight family
with a sight package weighting less than 3 pounds and powered by commercial AA-sized
batteries and capable of detecting human-sized targets at 550 meters and vehicle targets at
1650 meters.
Important optical parameters
The most important optical parameter for IR detector materials is the absorption
coefficient near the band edge, specifically in the region within 20 meV from the
conduction band edge [2]. Direct bandgap semiconductors, such as HgCdTe, have a sharp
onset of the optical absorption as the photon energy increases above Eg. In contrast,
indirect semiconductors, such as silicon or germanium, have softer absorption curves [3].
The strong optical absorption allows HgCdTe detector structures to absorb a very high
AR coating
Passivation
percentage of the incident signal
Contact
Contact
while being relatively thin, on
the order of 10–20 µm.
Minimizing
the
detector
n-type
thickness leads to minimization
of the volume of material which
CdZnTe substrate
might otherwise generate noise
Figure 1. Cross section of a basic HgCdTe
and excess thermal carriers.
photoconductor (after [2]).
HgCdTe can be grown on
natural infrared-transparent lattice-matched CdZnTe substrates (Figure 1), thus allowing
growth of high-quality HgCdTe epitaxial layers with very low dislocation densities (104 cm2
); metal electrodes are applied to pure n-type material thinned to approximately 10 µm.
Typical photoconductors are passivated with anodic oxide and antireflection coated with
zinc sulphide; it provides the possibility to grow complex multilayer heterojunctions that
are needed for the third generation FPA [3].
The main motivations to replace HgCdTe are technological problems of this material.
One of them is a weak Hg-Te bond, which results in bulk, surface and interface instabilities.
Uniformity and yield are still issues especially in the long wavelength IR (LWIR) spectral
range. Nevertheless, HgCdTe remains the leading semiconductor for IR detectors.
HgCdTe detectors
HgCdTe IR detectors have been intensively developed since the first synthesis of this
ternary alloy in 1958. Recent advances of backside illuminated HgCdTe heterojunction
photodiodes have enabled third generation of multispectral instruments for remote sensing
applications and have led to the practicality of multiband IR focal plane array technology.
The specific advantages of HgCdTe are the direct energy gap, ability to obtain both
low and high carrier concentrations, high mobility of electrons and low dielectric constant.
The extremely small change of lattice constant with composition makes it possible to grow
high quality layered and graded gap structures. HgCdTe can be used for detectors operated
at various modes, and can be optimized for operation at the extremely wide range of the IR
spectrum (1–30 µm) and at temperatures ranging from that of liquid helium to room
temperature.
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HgCdTe is a pseudo-binary semiconductor alloy that crystallizes in the zincblende
structure. Several properties of HgCdTe qualify it as being highly useful for infrared (IR)
detection.
These
include
adjustable bandgap over the
1–30 µm range, direct
bandgap with high absorption
coefficient,
and
the
availability of wide bandgap
lattice-matched substrates for
epitaxial growth.
One of the key factors
which determine HgCdTe
photodiode quality is acceptor
doping efficiency. Figure 2
presents example of the
structure
of
HgCdTe
photodiode.
Symbol
“+“
Figure 2. Example of the structure of HgCdTe photodiode
denotes high level doping,
(after [4]).
capital letter — wider gap.
High acceptor doping is required for P+-contact layers, whereas low doping is necessary for
p-type absorbing base layers.
In the last decade of XX century, third generation of HgCdTe detectors emerged from
tremendous impetus in the detector developments, and provides enhanced capabilities like
larger number of pixels, higher frame rates, better thermal resolution as well as multicolour
functionality and other on-chip functions.
The design and progress toward realization of a high sensitivity 1.06 micrometers
field-assisted heterojunction photocathode are reported by Harris [5]. Major emphasis has
been placed on developing a Cs activation process for heterojunction devices and on a
device fabrication technology which is consistent with Cs activation requirements. The first
heterojunction devices (cold cathodes) were successfully activated and emission into vacuum
was observed. The progress of HgCdTe molecular beam epitaxy (MBE) technology has been
very significant over the last years. There are two functional IR detectors: photon (quantum)
and thermal detectors (Figure 3).

Figure 3. Classification of detectors.
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MCT Mercury Cadmium Telluride Hg1-xCdxTe is the most important semiconductor for
mid and long-wavelength (1-30 m) IR photodetectors. Relative concentrations of two
molecules i.e. x and 1-x are deliberately adjusted in growth process to obtain desired
mixture. This help to adjust cut off wavelength; hence, MCT exhibits extreme flexibility. It
can be tailored for optimized detection at any region of the IR spectrum.
NATO is funding development of components for passive IR detectors used for target
surveillance, tracking, discrimination,
and engagement during boost
ascent, midcourse and terminal
phases.
In
the
future,
the
performances of detector formats
with cooled and uncooled focal
planar array (FPA) technologies will
be further enhanced by development
of new detection methodologies and
signal
processing
techniques.
Modern IR FPA systems are aimed to
have the portability of videocamcorders and the imaging quality
of black-and-white TV cameras.
Moreover, the concept of military
and commercial dual-use technology
in IR detector formats will lead to
Figure 4. HgCdTe detectors grown by MBE and LPE
lower cost, small size, reduced
deliver better object identification capability than
weight and increased user friendly
the detectors, such as -bolometers and those
application-oriented development.
based on InGaAs and InSb
= uncooled; all
Industry is looking to expand
other: cooled (after [7]).
into the commercial market because
the military market is decreasing and concurrently becoming more specialized [6]. The
military in all countries is paying serious attention to developments in infrared and laser
technology. Increasingly, optical and advanced infrared countermeasures systems and
technologies play a significant and important role in modern military engagements.
This in turn is driving the need for more advanced, higher performance infrared
countermeasure systems.
Several properties of HgCdTe qualify it as highly useful for infrared detection. These are
[3]: (a) Adjustable bandgap from 0.7 to 25 µm; (b) Direct bandgap with high absorption
coefficient; (c) Moderate dielectric constant / index of refraction; (d) Moderate thermal
coefficient of expansion; (e) Availability of wide bandgap lattice-matched substrates for
epitaxial growth; (f) Very high quantum efficiency; (g) Growth technology has matured.
Junction formation in HgCdTe by any known technique, such as diffusion,
heterojunction or implantation, raised problems not encountered in any other
semiconductors. The issue arose because the transport properties in either side of the
junction are determined not only by the electrical activities of impurities, but also by the
defects and deviation from stoichiometry.
Moreover, any kind of anneal process of HgCdTe involved in junction formation is
associated with an impurity redistribution process and a change in Hg vacancy content [8].
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The formation of photovoltaic junctions in Hg1−xCdxTe is still an open research task. Today,
the best results for research and production, and the best products quality, are obtained
with molecular beam epitaxy (MBE) –
for the great majority – and less with liquid
phase epitaxy (LPE) – Figures 4 and 5.
The best performances are obtained if
the implantation is made planar, for both p-onn and n-on-p. The same thing can be said
about Mesa. High performances were obtained
with p-on-n heterostructures and with
implantation. Over years, the only one
assessed model, basic for the whole
technology n-on-p, is the Bubulac model,
mentioned in paper [8]. This model considers
ion implantation not as a direct source of
either Hg or the implant species. Recent
progress in the realization of high performance
devices opens prospects of new planar
structures in HgCdTe, thereby expanding the
possibilities of new applications, including
Figure 5. Switching from CdZnTe
microelectronics.
substrates to those made from Ge can
The emergence of uncooled detectors
substantially boots the number of dies
has opened new opportunities for IR detection
per wafer (after [7]).
for both military and commercial applications.
Development of such devices involves a lot of trade-offs between the different parameters
that define the technological stack. These trade-offs explain the number of different
architectures that are under worldwide development. The key factor is to find a high
sensitivity and low noise thermometer material compatible with silicon technology in order
to achieve high thermal isolation in the smallest area as possible.
Ferroelectric thermometer based hybrid technology and electrical resistive
thermometer based (micro-bolometer) technology are developed.
Thermographic application needs high stability infrared detector with a precise
determination of the amount of absorbed infrared flux. Hence, infrared detector with
internal temperature stabilized shield has been developed and characterized [9].
In paper [10], laser treatment of n-type Hg1−xCdxTe samples resulting in the
formation of a photovoltaic junction is studied. The YAG:Nd3+ laser with pulse duration of
250 µs or 40 ns was used. The energy density of laser beam was below the threshold of
sample surface melting. The idea of the presented method bases on Bubulac model of
defect formation and interstitial mercury diffusion after implantation of HgCdTe single
crystals [9].
Mercury cadmium telluride (Hg1-xCdxTe) (MCT) photoconductive long wavelength
infrared (LWIR) linear arrays are still in demand due to several advantages. The linear array
technology is well established, easier, economical, and is quite relevant to thermal imaging
even today. The scan thermal imaging systems based on this technology offer wider field of
view coverage and capacity for higher resolution in the scan direction relative to staring
systems that use expensive and yet to mature focal plane array (FPA) detector technology. A
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critical review on photoconductive n-Hg1-xCdxTe linear array detector technology for LWIR
range has been presented in [11]. The emphasis lies on detector design and processing
technology. The critical issues of diffusion and drift effects, Hi-Lo and heterostructure
blocking contacts, surface passivation, and other related aspects have been considered from
the detector design angle. The device processing technology aspects are of vital
importance. For high-performance applications such as thermal imaging and radiometry,
photoconductive MCT provides better sensitivity, faster response, and lower
bias voltage [6].
High performance second generation infrared imaging systems require high density
FPAs which utilize intrinsic HgCdTe photodiodes for photon detection and Si CCD signal
processors in a hybrid configuration. Limitations on system performance are established by
both input circuit as well as detector requirements. In the paper [12] performance of LWIR
photodiodes in the 8-12 µm spectral region are discussed.
LWIR HgCdTe photodiodes have been fabricated by two basic techniques: ion
implantation and liquid phase epitaxial LPE heterojunctions. In the 8-12 µm region dark
current components include diffusion, generation-recombination, tunneling, and surface
leakage currents.
Each of these components may be minimized and therefore performance maximized
by proper choice of material parameters and device design. In this paper a trade-off analysis
including thin base lateral diffusion (TBLD) as well as heterojunction design concepts
utilized to minimize dark current sources are presented. A review of recent and current work
on HgCdTe ion implantation and heterojunction technology including material growth,
surface passivation and device fabrication are presented and experimental results compared
with predicted device performance.
HgCdTe staring arrays for infrared detection do show constant improvements
regarding their compactness and performances. New detectors are now proposed offering
system solutions in the different IR wavebands and taking advantage of the latest
technology improvements as well as MCT performance advantages and cost reduction.
Based on 20 years of experience in 50 µm to 15 µm pitch IR detector production, the
challenge of mass production of low-cost small-pixel pitch detectors are reviewed in [13],
from the IR chip manufacturing including detection material, hybridization, return on
invested capital (ROIC), to the integration in final packing.
Taking advantage of its simple well known existing process, then the analyzes of all
technological steps adapted to small pitch IR detector are presented, in terms of product
performance, reliability, process statistics and capability in order to achieve high yield and
low product cost. Answers given the low-cost small-pitch IR detector mass productions
finally give benefits to application in terms of high performance, cost reduction, extended
life time, and - on the field system - life cycle support (LCS).
At present, efforts in infrared detector research are directed towards improving the
performance of single element devices, large electronically scanned arrays and higher
operating temperature. Another important aim is to make IR detectors cheaper and more
convenient to use. All these aspects are discussed in paper [14]. Investigations of the
performance of infrared thermal detectors as compared to photon detectors are presented.
Due to fundamental different types of noise, these two classes of detectors have different
models of detectivity vs. wavelength and temperature.
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Next, an overview of FPA architecture is given with emphasize on monolithic and
hybrid structures. The objective of the next sections is to present the status of different
types of detectors: HgCdTe photodiodes, Schottky-barrier photo emissive devices, silicon
and germanium detectors, InSb photodiodes, alternative to HgCdTe III–V and II–VI ternary
alloy detectors, monolithic lead chalcogenide photodiodes, quantum well and quantum dot
infrared photodetectors. Final part of the paper is devoted to uncooled two-dimensional
arrays of thermal detectors. Three most important detection mechanisms, namely, resistive
bolometer, pyroelectric detectors and thermopile are considered. Sofradir2 space technology
is based on the use of a qualified MCT technology hybridized with silicon readout circuit
covering a bandwidth from 0.8 to 14 µm. Consequently, Sofradir technology can answer to
the most of current space needs in terms of infrared instrument. Future space applications
require also an extension of the sensitivity range of infrared detectors to higher wavelength
(typically higher than 15 µm) and to lower wavelength, in order to offer IR components able
to operate both in the visible and short wave infrared range.
Physically, MCT material is able to operate in the visible range and has a potential to
offer a high quantum efficiency and large field factor thanks to the hybrid structure. Another
issue of future space applications concerns the size and power consumption of the detectors
and the associated cryogenic systems. Very compact cryogenic systems were developed by
Sofradir, which can be used advantageously for space applications with limited adaptations
and qualifications. An overview of Sofradir technology has shown the capabilities for space
applications with an emphasis on new potential applications of MCT technology in visible
range and for very long wave infrared components [15].
Tactical applications are very sensitive to maintenance periodicity and in lot of cases
maintenance position is critical regarding mission availability. Moreover, maintenance has a
cost that becomes quickly prohibitive when the cooler or the vacuum has to be repaired too
often. Sofradir has worked a lot during last years on reliability and life cycle cost
optimization considering all the IR detectors subassemblies. This work has lead to an
increased robustness of detectors and technologies even under severe environmental
conditions, and to reduced variability in production.
The state of the art in the reliability of integrated detector dewar cooler assembly
(IDDCA) shows the production means and the methods that allow Sofradir to propose
detectors with very high reliability, virtually without maintenance [15]. These detectors are
a breakthrough for life cycle cost for tactical applications as portable cameras, airborne
systems, and missiles.
The IR detectors produced in France are using up to date and well mastered
technologies based on HgCdTe-MCT material. Based on the maturity of these IR detectors
and technologies, IR systems have been produced and are more and more used in different

2

Sofradir's hybridization MCT technology is a silicon-like implantation process that it is high yield and has well
established simplified steps. MCT technology is able to cover all the useful waveband of the infrared spectrum, from the
visible (0.4 mm) to non-visible (15 mm). Sofradir is one of the few manufacturers to produce very large focal plan arrays
integrated in tactical dewars, which is a result its skill and experience in components technology, and also mechanical and
cryogenic technologies. Sofradir's manufacturing facilities are located near Grenoble, France. In June 2018 Sofradir and
its subsidiary Ulis announced a structural reorganization to improve overall efficiency of service and time -tomarket of its IR technologies for commercial, aerospace, and defence markets, as well as emerging automotive and
smart building sectors. This will bring more added value to customers, create operational synergies and streamline
IR developments in all these domains.
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applications including military, security, process control, environment monitoring, science
and space.
The produced IR cameras are the so-called second and second and half generations
which are very performing but still have some limitation regarding identification, their
ability to operate in all weather conditions, and in terms of compactness and reliability.
Therefore researches for moving to the next generation (the third one) of cooled detectors
have started to overcome these limitations with the use of bi-colour or dual-band as well as
to offer more performances.
To conduct these researches Sofradir and CEA-LETI have set up a specific
organization, called DEFIR (design of excellence for the future of IR), necessary to increase
the efficiency and to reduce the time to production of this new generation. In France, the
approach about key technologies for the third generation takes into account different
parameters, from performance to system cost criteria. [The definition of third-generation
devices is not particularly well established.
The technical developments which are key ones to third-generation devices include
dry etching, vapour-phase epitaxy (VPE), optical coatings, and advanced readout concepts.
There are four technologies that may meet specifications of third-generation: multispectral
detectors, dualband monopixel, quantum-well (QWIP), uncooled microbolometer, and
antimonide based materials. Uncooled detectors will probably be used for most low and
mid-level applications in the near future. Among all the technologies candidates, a new
HgCdTe technologies based on molecular beam epitaxy (MBE) growth have been chosen.
Then prototype demonstrations are in progress and confirm the validity of the chosen key
technologies [16].
Novel tactics employed in carrying out military and antiterrorist operations call for
the development of a new generation of warfare, among which sophisticated portable
infrared (IR) imagers for surveillance, reconnaissance, targeting and navigation play an
important role. The superior performance of such imagers relies on novel optronic
technologies and maintaining the infrared FPAs at cryogenic temperatures using closed
cycle refrigerators.
Traditionally, rotary driven Stirling cryogenic engines are used for this purpose. As
compared to their military off-the-shelf linear rivals, they are lighter, more compact and
normally consume less electrical power. Latest technological advances in industrial
development of high-temperature (100 K) infrared detectors initialized R&D activity
towards developing micro-miniature cryogenic coolers, both of rotary and linear types. On
this occasion, split linearly driven cryogenic coolers appear to be more suitable for the
above applications.
Their known advantages include flexibility in the system design, inherently longer
life time, low vibration export and superior aural stealth. Moreover, recent progress in
designing highly efficient "moving magnet" resonant linear drives and driving electronics
enable further essential reduction of the cooler size, weight and power consumption. The
paper [17] reports on the development and project status of a novel Ricor model K527
micro-miniature split Stirling linear cryogenic cooler designed especially for the portable
infrared imagers.
The emergence of uncooled infrared detectors has opened new opportunities for IR
imaging both for military and civil applications.
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Infrared imaging sensors that operate without cryogenic cooling have the potential
to provide the military or civilian users with infrared vision capabilities packaged in a
camera of extremely small size, weight and power. Uncooled infrared sensor technology has
advanced rapidly in the past few years. Higher performance sensors, electronics integration
at the sensor, and new concepts for signal processing are generating advanced infrared
focal plane arrays (IRFPA).
This would significantly reduce the cost and accelerate the implementation of
sensors for applications such as surveillance or predictive maintenance.
The uncooled IR detector operation principle and the development at CEA/LETI from
the 256 x 64 with a pitch of 50 µm to the 320 x 240 with a pitch of 35 µm is presented in
paper [18].
This silicon IR detection is now well mastered and matured. Industrial production of
320 x 240 micro-bolometer array with 45 µm pitch is started. After a description of the
technology and the methodology for reliability enhancement, paper [18] presents the
readout circuit architectures designs and its evolution from the 256 x 64 array to the
different version of 320 x 240 arrays. Electro-optical results obtained from these infrared
CMOS (IRCMOS) are presented. Noise equivalent delta temperature (NEDT) close to 30 mK
is now obtained with standard micro-bolometer amorphous silicon technology.
A considerable progress in IR detectors was demonstrated by the research group at
Rockwell Science Center and Sofradir.
While ion implantation requires activation of the implanted atoms at relatively high
temperatures, an alternative technology (ion milling or plasma induced type conversion)
has received considerable attention during the past few years. LWIR devices with
performances close to the theoretical limit have been demonstrated for cut-off wavelengths
from 9 to 12 µm. In future, it is envisaged that HgCdTe planar photodiodes will be grown
directly on silicon or even silicon multiplexers for the very low cost detectors [19].
A large 1000 x 256 IRFPA detector with a pitch of 30 µm, dedicated for SWIR hyper
spectral imagers, will be implemented on earth observation satellites. It operates in the 1 to
2.5 µm waveband at an operating temperature compatible with passive cooling, largely
used in satellites.
The retina of the detector is based on a photovoltaic HgCdTe array hybridized to a
full custom silicon CMOS readout circuit. In paper [20], major trade-offs regarding detector
design and performances are presented with a particular emphasis on the capability of the
retina in terms of noise and dynamic range. The FPA structure demonstrated more than
1000 thermal cycles without degradation of the indium bumps reliability and electrooptical performance.
The technology of very high performance cooled infrared detectors made with
HgCdTe has progressed continuously for the last ten years and reached today an industrial
maturity that allows the production of large size arrays at a more and more reasonable cost.
At the same time, new prototypes of more complex sensors have appeared (megapixel
arrays, multicolour arrays, high definition long linear arrays, etc.) that show the strong
potentialities of this very high performance technology [5].
The origin of ―hot spot‖ defects is unresolved — however, the analysis of [21] has
shown ―hot spots‖ can arise due to molecular beam epitaxy spit defects and CdZnTe
substrate defects. The estimated ―hot spot‖ density is 30 cm2.
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Control of impurities is another challenge and an important requirement, if CdZnTe
is to be used as a substrate material for the growth and fabrication of HgCdTe IR detectors.
Especially the control of copper and iron impurities is of prime importance as they lead to
the loss of useful signal in the mid-IR region and also their propagation into the HgCdTe
epilayer affects the subsequent device performance.
Impurity ―hot spot‖ macro-defects—high impurity level macro-defect contaminates
were examined. ―Hot spots‖ have very high localized concentrations of: K, Mg, Ni, Cr, Mn, Ca,
Al, Na, Fe, and Cu. For example, these ―hot spot‖ macro-defects can have Cu concentrations
>1×10¹⁸ cm⁻³. Focused ion beam scanning transmission electron microscopy analysis of four
―hot spots‖ was performed [25].
Because of their high impurity contamination levels, it is believed that ―hot spot‖
macro-defects can be a significant yield limiter for HgCdTe/CdZnTe IRFPAs. The presence of
impurity ―hot spot‖ macro-defects in HgCdTe/CdZnTe is confirming evidence for the
occurrence of L. Bubulac‖s impurity ―pipe‖ mechanism3.
Instead of conclusion
Much of the effort to develop MBE growth of HgCdTe layers on lattice-mismatched
alternative substrates has been focused on meeting the demands of novel 3rd generation
device structures, which require lower production cost, larger wafer size, lower defect
density, and higher yield, etc. However, several issues continue to restrict the fabrication
of HgCdTe devices on alternative substrates, such as high misfit dislocation density
(106~107 cm-2), rough surface, and especially the need to grow thick buffer layers (7~20
m) to achieve a high degree of relaxation for subsequent growth of a strain free HgCdTe
absorber layer.
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Abstract. In this study, Ag-doped ZnO (ZnO:Ag) nanostructured films were functionalized
with silver nanoparticles (Ag NPs), silver-platinum bimetallic nanoparticles (AgPt NPs) and
silver-gold bimetallic NPs (AgAu NPs) using a gas phase PVD process based on a Haberland
type gas aggregation cluster source and unipolar DC planar magnetron sputtering.
Ultraviolet (UV) sensing investigations showed a respectable time constants reduction for
rising and decaying photocurrents, as well as an increase for the UV response. Compared to
a pristine nanostructured film the surface functionalization with Ag, AgPt and AgAu
increased the UV response by factors of 2.7, 3.5 and 4, respectively. The increased
performances of the here presented ZnO:Ag nanostructured films functionalized with
monometallic and bimetallic NPs based photodetectors are explained by the increased
lifetime of photogenerated electron – hole pairs, as well as the formation of nanoscale
Schottky barriers at the interface of Au/ZnO:Ag and Pt/ZnO:Ag.
Keywords:

UV photodetector, zinc oxide, silver nanoparticles, nanostructured films.

Introduction
During the past few decades, being among the most important optoelectronic
devices, photodetectors based on micro- and nanostructures of metal oxides have received
special attention due to their unique electronic and chemical properties, as well as their
high surface-to-volume ratio [1-3]. In this context, UV photodetectors play an important
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role in flame sensing, advanced communications, ozone sensing, etc. [3, 4]. The highperformance photodetectors generally need to satisfy several requirements: (i) high
sensitivity; (ii) high signal-to-noise ratio, (iii) high spectral selectivity; (iv) high speed; (v)
high stability [3, 4], etc. Having a wide bandgap of 3.37 eV at room temperature, ZnO microand nanostructures are ideal candidates for visible-blind UV photodetectors [5, 6]. Among
one-dimensional, two-dimensional and three-dimensional ZnO structures, the ZnO
nanostructured films with high surface-to-volume ratio are alternative platforms for
constructing photodetectors [3, 4]. A wide range of physical and chemical methods were
used for the deposition of nanostructured films, including chemical deposition, metalorganic chemical vapor deposition (MOCVD), pulsed laser deposition (PLD), atomic layer
deposition (ALD), magnetron sputtering, etc. [7-10]. However, many of these techniques are
sophisticated and need expensive systems. In this context, the deposition of ZnO
nanostructured films from chemical solutions at relatively low temperatures combines the
advantage of simplicity and low cost. Previously, the Sn-doped and Fe-doped ZnO
nanostructured films were deposited on glass substrates via a simple synthesis from
chemical solutions (SCS) approach from aqueous baths, and demonstrated high sensitivity
but slow response and recovery values under illumination with UV [11, 12].The latter two
present the major obstacles for the usage in high-speed UV photodetectors.
In this work, the Ag-doped ZnO nanostructured films, synthesized via a synthesis
from chemical solutions (SCS) approach, were functionalized with monometallic and
bimetallic Ag-based NPs, namely Ag, AgPt and AgAu NPs in order to improve the response
time of rising and decaying photocurrents. While surface functionalization with AgNPs of
ZnO micro- and nanostructures was widely used for the improvement of UV photodetectors
performances [13-15], surface functionalization with bimetallic nanoparticles was less
reported and needs a comprehensive study, which is the main objective of this
investigation.
Experimental part
The Ag-doped ZnO nanostructured films were deposited on the pre-cleaned glass
substrates (commercial microscope glass slides, 76 mm  25 mm  1 mm) via a synthesis
from chemical solutions (SCS) approach using aqueous baths, as reported previously [9-12].
By adding the 5.3 mM of silver nitrate (AgNO3) in a complex solution a 0.95 wt% Ag content
in ZnO:Ag nanostructured films was achieved. The film thickness of all samples used in this
study is 1.5 ± 0.2 µm. The given thickness was obtained by performing fixed number of SCS
cycles. The post-deposition rapid thermal annealing (RTA) at 575 ºC for 60 s was applied to
all samples. A previous study demonstrated that the RTA treatment at 575 ºC for 60 s can
greatly enhance the sensing properties of Fe-doped ZnO nanostructured films [12].
The Ag, AgAu, and AgPt NPs depositions on the surface of ZnO nanostructured films
was performed via a gas phase PVD process based on a Haberland type gas aggregation
cluster source and unipolar DC planar magnetron sputtering [16-19].
The morphological properties of the ZnO:Ag nanostructured films were measured by
a Zeiss Ultraplus SEM at 7 kV. The micro-Raman spectroscopy was performed using a WITec
alpha 300 RA system [12]. The optical measurements (transmittance, reflectance and diffuse
reflectance spectra measurements) were performed with a Cary 5000 UV-Vis-NIR
spectrophotometer equipped with an integrating sphere as was reported previously [11, 20].
The photoluminescence (PL) measurements were performed using a YAG:Nd-OPO laser
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(EKSPLA) and a HR250 monochromator (Jobin-Yvon), coupled with an UV-enhanced
intensified charge-coupled device (ICCD; Roper) [11, 20]. The structure of the elaborated
photodetectors was described in detail in our previous work [11]. The electrical and UV
sensing properties were measured using a Keithley 2400 SourceMeter, which allows for
current measurements with a resolution of 10 pA [11]. The UV light intensity (Popt) was set
to 1 mW/cm2 (using a SSEYL Sentry ST-513 UVAB meter). The UV sensing measurements
were performed in ambient air with 30% relative humidity (RH) [21].
Results and discussions
Figure 1a,b shows the SEM images of Ag-doped ZnO nanostructured films with 0.95
wt% Ag and RTA-treated at 575 ºC. The film is composed of randomly distributed columnarlike grains with diameters in the range of 100 – 300 nm. Figure 1b discloses that the ZnO
grains are partially interconnected. The deposited films are relatively uniform without any
formation of agglomerations (see Figure 1a). The SEM images of the Ag NPs-functionalized
ZnO:Ag nanostructured films are presented in Figure 1c and 1d. On the surface of the
ZnO:Ag grains, randomly distributed NPs with diameter in range of 6 – 12 nm can be seen.
Probably due to the homogenous distribution of NPs no percolation paths formation was
observed. Figures 1e and 1f show the SEM images of AgPt and AgAu NPs-functionalized on
ZnO:Ag nanostructured films, respectively. The AgPt/ZnO:Ag deposition, leads to a
formation of NPs clusters, while for the deposition of AgAu/ZnO:Ag bimetals results in a
separation of relatively smaller and bigger NPs.

Figure 1. SEM images of ZnO:Ag nanostructured films: (a,b) pristine; (c,d) Ag NPsfunctionalized; (e) AgPt NPs- functionalized; (f) AgAu NPs- functionalized.
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Figure 2a and 2b shows the transmission and absorbance spectra of AgPt/ZnO:Ag
nanostructured films. As was reported previously for undoped and Sn-doped ZnO
nanostructured films, the transmittance in the visible light region is over 60% [11]. This
means the incorporation of AgPt/ZnO:Ag only reduces the transmission of about 15% in
region of 400 – 500 nm. The sharp absorption edge from Figure 2b is attributed to the
electronic transition of ZnO [22]. The optical band gap energy (Eg) was calculated using the
Tauc equation [11, 20]:

h 2  Bh  Eg 

(1)

where α is the absorption coefficient, hν is the incident photon energy, and B is a materialdependent constant. Figure 2c shows the dependence of h  vs. hν. From the intercept
of the linear region, Eg = 3.22 eV was obtained.
Figure 2d shows the room temperature PL spectra of as-grown and RTA treated
ZnO:Ag nanostructured films, as well as AgAu NPs-functionalized ZnO:Ag samples. The asgrown sample showed mainly one emission, i.e. a broad peak in the region of 460 – 660
nm. Emissions from this region are usually related to the defects such as oxygen vacancies
(VO), interstitial oxygen (Oi) and interstitial zinc (Zni), i.e. it demonstrates poor crystallinity
and stoichiometry of as-grown films [11, 20, 23]. After the RTA treatment at 575 ºC for 60 s,
an emission peak at ~ 385 nm appears, which is related to the UV near-band-edge (NBE)
emission also the PL-intensity from visible region is reduced [11, 20, 23]. This confirms, as
was also demonstrated in previous work for Sn-doped ZnO nanostructures films [11], that
the RTA treatment can greatly improve the crystal quality of ZnO nanostructured films,
which is very important for UV sensing applications [7, 11, 12, 20, 24]. After surface
functionalization with AgAu NPs, the intensity of NBE emission for treated samples is
slightly reduced, which states that the electrons and holes are more separated and that the
radiative recombination is quenched, i.e. leads to a longer lifetime of photogenerated
carriers (which is very important for UV sensing applications), proving the successful surface
functionalization with AgAu NPs [25, 26].
Figure 3 shows the room temperature dynamic UV response of ZnO:Ag, Ag/ZnO:Ag,
AgPt/ZnO:Ag and AgAu/ZnO:Ag nanostructured films, where the UV response is 17, 46, 60
and 68, respectively (see Figure 4a and Table 1). The UV response was defined as the ratio
of photocurrent (IUV) vs. dark current (Idark). All samples were exposed to UV light for a
duration of 120 s. Therefore, it can be concluded that surface functionalization with
monometallic and bimetallic noble metal nanoparticles can efficiently improve the UV
response of ZnO:Ag nanostructured films, which is more related to the presence of Ag and
will be discussed later with UV sensing mechanism. The UV sensing properties of undoped
ZnO samples were already reported [11, 12]. Compared to a pristine nanostructured film the
surface functionalization with Ag, AgPt and AgAu NPs increased the UV response by a factor
of 2.7, 3.5 and 4, respectively.
In the case of pristine samples, an incomplete recovery of decaying photocurrent can
be observed, which is widely attributed to the persistent photoconductivity (PPC) due to the
presence of surface trapping states/defects in the case of metal oxide nano- and
microstructures with a high surface-to-volume ratio. In the case of ZnO these surface
trapping states/defects are related usually to ionization of deep and neutral VO states to
2
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shallow donor states VO , which slowly release the captured carriers leading to increased
photocarrier lifetime (τ), i.e. slow recovery time [11, 27, 28].

Figure 2. (a) Transmission spectra, (b) absorbance spectra and (c) plot of (αhν)2 vs. photon
energy (hν) of AgPt/ZnO:Ag films, (d) room temperature PL spectra.
Figure 2d as well as a previous study demonstrates that thermal treatment in air,
especially rapid thermal treatment can reduce the VO states and improve the
stoichiometry [11, 21]:

VO  1 2 O2  OO

(2)

where OO is the oxygen located at their regular position in the zinc oxide lattice. However,
the RTA at 575 ºC for 60 s is not enough to considerably reduce the PPC effect.
In order to evaluate more precisely the information about the time constants of
rising and decaying photocurrents the bi-exponential fitting was applied [4]:
t
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where A1, A2, A3 and A4 are positive constants, while τr1, τr2 and τd1, τd2 are time constants for
rising and decaying photocurrent, respectively. The constants τr1 and τd1 are correlated to
the rapid change in photocurrent when UV source is switched on/off, which is related to fast
change in the concentration of charge carriers [8, 11, 12, 29].
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Figure 3. The dynamic UV response for: (a) ZnO:Ag; (b) Ag/ZnO:Ag; (c) AgPt/ZnO:Ag and
(d) AgAu/ZnO:Ag nanostructured films.
As it was discussed for PPC, the constant τr2 and τd2 are related to trapping carriers
and their release due to the vacancies of oxygen defects, as well as
photodesorption/adsorption processes of oxygen molecules (as will be discussed in the
section with UV sensing mechanism) [8, 11, 12, 29]. The calculated time constants are
presented in Table 1 and Figure 4b. The considerable decrease in time constants by surface
functionalization with NPs can be observed, especially for rising photocurrent. For example,
τr1 is decreasing from 14.46 for ZnO:Ag to 4.48, 3.74 and 0.96 s for Ag/ZnO:Ag, AgPt/ZnO:Ag
and AgAu/ZnO:Ag, respectively.

Figure 4. (a) UV response for ZnO:Ag; Ag/ZnO:Ag; AgPt/ZnO:Ag and AgAu/ZnO:Ag
nanostructured films. (b) The time constants for rising and decaying photocurrents.
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Time constants for rising and decaying photocurrent
Sample
UV response
τr1 (s)
τr2 (s)
τd1 (s)
(IUV/Idark)
ZnO:Ag
17
14.46
179.79
19.83
Ag NPs/ZnO:Ag
46
4.48
48.58
16.28
AgPt NPs/ZnO:Ag
60
3.74
24.33
17.07
5.94
AgAu NPs/ZnO:Ag
68
0.96
8.95

47

Table 1
τd2 (s)
284.0
222.74
178.54
154.05

Additional important parameters which determine the performance of
photodetectors are the responsivity (R) and the internal photoconductive gain (G), which
were calculated as follows [8, 9, 30-32]:

R

 q 
   G
Popt  S
 hc 

(5)

1
eV
L2

(6)

I ph

G

where q is the electron charge, Iph is photocurrent (IUV – Idark), Popt is the incident optical
power (1 mW/cm2), S is the effective area of the photodetector, η is the quantum efficiency
(is assumed to be 1, for simplicity), h is Planck‖s constant, c is the speed of light, λ is the
wavelength of UV light (365 nm), L is the distance between the pads (1 mm), μe is the
electron mobility and V is the applied bias voltage (0.1 V). The calculated parameters are
presented in Figure 5. The specific detectivity (D*) is a further figure of merit for
photodetectors and can be calculated assuming the dark current to be the major source of
shot noise using the expressions [33, 34]:

D 

R S
2qI dark

(7)

The calculated results are presented in Figure 5c. For all enumerated parameters, it can be
observed that surface functionalization with monometallic and bimetallic NPs leads to
enhancement in performance of ZnO:Ag based photodetectors in the following order: Ag
NPs < AgPt NPs < AgAu NPs. However, the G < 1 indicates the absence of photoconductive
gain in nanostructured films, which can be attributed to a wide L (see Eq. (6)) [8, 11, 32]. A
detectivity in the range of 8.6  1011 - 9.34  1011 Jones provides quantitative evidence that
functionalized nanostructured films are extremely sensitive to small optical input signals
[7].
UV sensing mechanism of functionalized ZnO:Ag nanostructured films
The UV sensing mechanism based on doped ZnO nanostructured films was proposed
in previous works [11, 12]. In this work, we will focus mainly on the effect of surface
functionalization of ZnO:Ag with NPs. The general sensing mechanism is based on
adsorption of oxygen molecules on the surface of ZnO:Ag grains [8, 15]:

O2 ( g )  e   O2 (ad )
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Figure 5. The calculated parameters of photodetectors based on ZnO:Ag nanostructured
films: (a) Responsivity (A/W); (b) Photoconductive gain; and (c) Detectivity (Jones).
These reactions lead to capture of free electrons from ZnO:Ag grains and the creation of an
electron depletion region at the surface with higher resistivity [15]. This will lead to a
formation of potential barriers between grains [12]. In this case, the conductance of a grain
network is [35]:

qe N d D  W 
 qV 
exp  S 
L
 kT 
2

G

(10)

where D is the grains diameter, W is the width of electron depletion region, T is the
absolute temperature, VS is the surface potential and Nd is the donor concentration within
the grain. Therefore, the current which flows between the grains is dependent mainly on
the width and the height of the contact potential barriers [11, 12, 35]. Under exposure to
UV light, electron-hole ( e  h ) pairs are generated in the ZnO:Ag grains ( E  h  e  h )
[15]. The photo-generated pairs are separated by the built-in electric field (Vs) in the
electron depleted layer (W) [8, 15]. The photo-generated holes migrate to the surface of the
grains to recombine with electrons from adsorbed oxygen molecules (which lead to
desorption of oxygen molecules) and narrowing of electron depletion region:

h   O2 (ad )  O2 ( g )

(11)

The unpaired electrons are left in the conduction region of the grains and significantly
contribute to the increase in the photocurrent of the photodetector structure [8, 15].
The considerable performances enhancement of the ZnO:Ag films by surface
functionalization with Ag NPs can be explained as follows. The work function of Ag (4.26
eV) is smaller than that of ZnO (5.2 eV) [36]. Therefore, electrons will migrate from Ag to
the conduction band (EC) of ZnO to achieve the Fermi level equilibrium when they get in


contact with each other Ag/ZnO:Ag ( Ag  Ag  e ) [36, 37]. Under UV illumination, the
rapid transfer of photogenerated electrons to Ag NPs will considerably increase the lifetime
(τ) of the photogenerated pairs [36, 38], and therefore will increase the photodetector
performance (see Eq. (5-8)). This also explains the considerably decreased time constants
for Ag NPs-functionalized samples. The presence of Ag NPs improves the surface reactions
involving adsorption, dissociation, and the ionization of oxygen in the presence of Ag NPs
[36, 37]. Negatively charged surface oxygen at the surface of Ag NPs can facilitate the
transfer of electrons or of the negatively charged adsorbed oxygen, O2−, to the surface of
ZnO:Ag during the recovery reaction [36, 37].
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The surface functionalization with bimetallic NPs, i.e. AgAu NPs and AgPt NPs, leads
to noticeable performance improvements of the photodetectors while compared to samples
functionalized with monometallic Ag NPs are only minor enhancements can be confirmed
(see Figure 5). This can indicate that the main improvements are achieved using Ag NPs,
while Au and Pt NPs provide only slightly further improvements. The work function of Pt
(5.9 eV) is larger than that of ZnO, which leads to the formation of nanoscale Schottky
barriers at the interface of Pt/ZnO [24, 38-39]. This will lead to the widening of the electron
depletion region under Pt NPs, and further to a higher modulation of potential barrier
height under UV illumination, i.e. higher UV response [24]. The highest performances of
AuAg NPs-functionalized ZnO:Ag nanostructured films can be explained based on increased
light absorption efficiency induced by light scattering of Au NPs [24].
Conclusions
We have demonstrated that surface functionalization of Ag-doped ZnO nanostructured films
with monometallic and bimetallic Ag-based nanoparticles can essentially improve the
performance of ZnO photodetectors. The UV response of ZnO:Ag nanostructured films
increased by factor of 2.7, 3.5 and 4 for functionalization with Ag NPs, AgAu NPs and AgPt
NPs, respectively. The essential reduction in time constants of rising and decaying
photocurrent was also observed. While pristine ZnO:Ag nanostructured films demonstrated
the presence of PPC due to ionization of neutral VO states to shallow donor states VO . This
slowly releases the captured carriers from these deep levels. Functionalized samples
showed a recovery of more than 90% of total photocurrent on reasonable timescales. This is
very important for practical applications, especially in the case of fast detection of UV
irradiation. The improved performance of functionalized samples was explained based on
the increased lifetime of photogenerated electron – hole pairs, as well as the formation of
Schottky barriers which leads to a higher modulation of potential barriers under UV
illumination.
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Abstract. The characteristics of microcirculation of blood in human tissues were
investigated by recording and analyzing a dynamic speckle pattern. Methodical approaches
are proposed for evaluating the obtained data in order to verify speckle measurements
using the widely used Doppler flowmetry technique.
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Introduction
Currently, the speckle structure of scattered light is used in scientific and practical
purposes to determine various characteristics of biotissues, for example, blood flow
velocity. Microcirculation is an important prognostic factor for the diagnostics and
treatment of a number of diseases, such as ischemia, atherosclerosis, arthritis, thrombosis,
etc. The nature of microcirculation is mainly determined by blood flow parameters in
arterioles, capillaries and venules. Microcirculation plays an important physiological role in
ensuring the processes of oxygenation and metabolism in tissues, and also affects, for
example, the optical properties of the skin. Theoretical modeling and experimental studies
of the dynamics of blood flow are necessary for the diagnostics and deeper analysis of a
number of diseases and humans pathologies in order to improve the quality of treatment.
However, the developed methods are built mainly empirically and are based on
experimental data without a quantitative theoretical justification. This leads to an
incomplete use of diagnostical and other possibilities, originally laid down in the speckle
structure of ambient light.
The aim of this work is simulation of the speckle structure of multiple scattered light
in multilayer biological tissues to assess microhemocirculation of biological tissue and to
verify speckle measurements using the widely used Doppler flowmetry technique.
Method description
It is known that during irradiation of a scattering medium and, specifically, of
biological tissue with coherent light, a speckle structure is formed in the medium, which
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can be used to determine a number of characteristics of biotissues, for example, the size of
its particles and the velocity of blood flow.
Analytical method of calculating the characteristics of the interference pattern
formed by the repeatedly scattered light inside the multi-layer biological tissue as human
skin kind at wavelengths of visible and near IR spectral ranges at laser irradiation is
described in writings [1, 2]. It is based on a known relationship between light field
coherence theory in the scattering medium and the radiative transfer theory.
The calculations assumed that the scattering particles are immobile. During the
calculations, it was considered that it is a pulsed lighting of the medium surface when the
pulse duration is much less than the characteristic travel time of the scattering centers. In
the simulation, the well-known analytical solutions of the radiation transfer theory [4] were
used in presenting of the scattering indicatrix as a sum of functions having substantially
different angular scales [5] for dividing the total radiation into a coherent and incoherent
background. The calculations assumed that the particles are immobile.
When modeling the movement of blood through the vessels, the following
anomalous effects (rheological properties) of the blood flow were taken into account:
1) the Fareus effect - the dependence of the hematocrit on the diameter of the
vessel, when erythrocytes are concentrated near the flow axis, as a result of which the
average erythrocyte transport rate is greater than the average flow velocity in the vessel as
a whole;
2) the existence of a non-erythrocyte parietal plasma layer near the vessel wall;
3) a blunt velocity profile compared to a Poiseuille flow profile;
4) the Fareus – Lindquist effect — the dependence of blood viscosity on the
diameter of a blood vessel.
Based on a two-phase model of blood flow [6] and using the mechanics of
multiphase media, blood for mathematical modeling is initially considered a two-phase
viscous suspension consisting of two phases: the near-wall and paraxial plasma layers with
erythrocytes. In the parietal layer, the concentration of erythrocytes is zero, and on the axis
reaches its maximum. We use a single type of equations for the whole section of the vessel
and set an arbitrary function of the distribution of red blood cells over the section of the
vessel. The model does not take into account the effect of red blood cell deformation and
their aggregation in small-diameter vessels on the local viscosity coefficient, red blood cell
rotation, their transverse migration, as well as interaction with each other.
The temporal autocorrelation function (ACF) of diffusely reflected light was used to
solve the radiation transfer equation in the diffusion approximation. The ACF is described
by solving the stationary equation for the diffusion of photons [7, 8], under conditions of
strong multiple scattering (lL, L is the characteristic sample size). For this, the ACF
was presented in the form G1 = G1(0) + G1(s) where G1(s) - the function that describes the effect
of flow on the correlation function (“scattered” wave) G1(0) - corresponds to the macroscopic
case. The solution was found by formally solving the diffusion equation [9, 10] and
coincides in form with the expression for an electromagnetic wave scattered on a dielectric
cylinder [11]. The results were obtained earlier by other methods [12-14], and also
confirmed experimentally [12, 13].We must note that the correlation function does not
depend on the position of the detector (x,y) on the surface of the medium and on the value
of the transport photon mean free path l.
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According to the Wiener – Khinchin theorem, the power spectrum of temporal
intensity fluctuations is obtained by Fourier transformation of its autocorrelation function.
The normalized AFC fluctuations of the scattered field (that is diffused reflected light) g1(τ)
is associated with the energy spectrum of the signal S(ω) as a pair of Fourier transforms:
( )
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( )

∫

)

( )

∫

( )

(

)

(1)

Where G(0) - the maximum of the time ACF of the scattered field fluctuations; G(τ)
the magnitude of the time ACF fluctuations of the scattered field at the time τ.
To analyze the spectrum of intensity fluctuations, we used the statistics of the
second kind. The variance, or zero moment, is equal to the average power of the process,
the average value of which is zero. Dispersion is related to the average concentration <C> of
moving particles in the sample volume. The average frequency of the spectrum [15], or the
first moment M1, is proportional to the root-mean-square velocity Vrms of the moving
particles multiplied by their average concentration (perfusion) [16].
To estimate the volumetric flow rate, we use the normalized spectral momentum or
root-mean-square velocity Vrms of moving particles [17]:
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∫
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⁄
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It has been established that the following parameters can be used quite effectively
to assess the state of cutaneous microhemodynamics: the average frequency of the
spectrum; area covered by the spectrum.
Experimental part
The functional state of the skin microhemodynamics (MHD) was studied by a noninvasive speckle-optical method using the “Speckle-Scan” device. The device is designed
and manufactured at the Belarusian State University of Informatics and Radioelectronics
and is a laser speckle-optical system for monitoring blood microcirculation. With its help,
the amplitude-frequency characteristics of the spectra of fluctuations of the speckle-field
intensity, formed as a result of scattering laser radiation by biological objects, were
calculated and carried out. The processing of the obtained results was carried out using a
computer program in the frequency range of 40-1000 Hz with the determination of the
spectrum power S, average frequency <f> of the spectrum, coefficient μs, band coefficient Kb,
spectrum asymmetry coefficient As, ratios <f>/As.
At the same time, skin microhemodynamics was investigated by Doppler ultrasound
(USDG) using the Minimax-Doppler-K device. When analyzing the USDG indices, the blood
flow velocity was determined from the average velocity curve: Vam - average linear velocity
(cm/s) and Qam - average volumetric velocity (mL/min).
The data obtained by the USDG and the Speckle-Scan device were compared with
each other and with a mathematical model of the propagation of laser radiation in the
microcirculation channel. To compare the data obtained using both methods, we used a
mathematical model [1] written in the MathCad program. The depth of the sensing light in
the biological tissue at a wavelength of λ = 628 nm is 0.57 mm. The diameter of the
investigated microvessels was about 200 microns.
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A speckle-optical and USDG examination of skin MHD of a patient was performed in
a sitting position, a manometer cuff was applied to the shoulder, the receiving-lighting
sensor of the device was placed in the base of the dorsum of the first finger hand and the
initial blood flow in the microcirculatory vessels of the skin in this area was measured by
registration of the relevant parameters. Then the air pressure cuff was pumped to the
pressure level exceeding the patient's systolic pressure by 30-40 mm Hg.
Compression of the brachial artery continued for 1 min, followed by rapid
decompression of the vessel. The recording of speckle-optical and USDG curve was
performed 1, 2, 3, 4, and 5 minutes after decompression of 10 patients 10 times each.
Statistical processing of the obtained research results was carried out using the software
package Statistica 10.0.
Results and discussion
Analysis of the obtained data shows that short-term exposure (compression) leads to
deterioration of the blood microcirculation (Figures 1-4).
This is due to the fact that the blood flow increases as a result of the expansion of
small arteries and arterioles, the vessels overflow with blood. At the same time,
hydrodynamic resistance decreases, the volume Qam and linear Vam velocity of blood flow
increases in the tissue (Figures 2, .3), as well as the number of functioning capillaries.
In the microvasculature, the blood flow is represented mainly by the formed
elements of blood. They move in layers relative to each other evenly, creating a laminar
movement of the medium.
There is a division into axial flow (nucleus of blood cells) and erythrocyte parietal
plasma layer. Reducing internal friction contributes to rapid blood circulation. Acceleration
of the blood flow velocity reduces the time of blood contact with the tissue and reduces the
diffusion time of oxygen in the tissue, which is compensated by an increase in the number
of functioning capillaries per unit of tissue.
The volumetric rate of blood flow depends on the diameter of the vessels. The
amount of blood flowing per unit of time through different parts of the vascular bed is the
same.
Figure 1 shows the results of measurements of MHD using the speckle-metric
method. Analysis of the measurement data showed that the averaged power of the
fluctuation spectrum of the intensity of the scattered radiation P(ω) or the zero moment M0
after decompression of the vessel increases by about 15% in comparison with the normal
state (Figure 1 a, b).
With a decrease in the intensity of skin blood flow due to the onset of hyperemia, a
decrease in the parameters <f> and Q occurs. Upon registration <f> and Q immediately
after cessation of exposure, a sharp increase in these parameters to the values
corresponding to normal blood flow was observed.
Due to the fact that the outflow of blood is not broken and there is no development
of edema (rarely develops), the elasticity of the capillary wall does not change.
The expansion of the wall is not significant. However, the cross-sectional area of the
microvasculature Sa as a whole increases due to an increase in the number of functioning
capillaries. The intensity of the increase depends on the tonus (elasticity) of the vessels.
The normalized moment (absolute blood flow velocity) after hyperemia decreases for some
time, and then returns to its original value (Figure 1 e, f). The maximum relative error of
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measurement of these parameters is no more than 10%. It is known that the linear velocity
of blood flow is directly proportional to blood pressure [18]. Therefore, an increase in blood
pressure leads to an increase in the linear velocity of blood flow, as can be seen from the
figures (2 and 3 a, c). While comparing the experimental results with the data of
mathematical modeling (Fig. 3), a positive correlation is observed, however, the changes
amplitudes in microcirculation parameters in model calculations are little bit lower.

Figure 1. The values of the spectrum power (a, b), average frequency (c, d) and blood flow
velocity (e, f) measured by the Speckle-Scan device: a, c, e - left hand; b, d, f- right hand.
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Figure 2.Values of linear (b, d) and volumetric (a, c) blood flow rates, measured
USDG device: a, c - left hand; b, d - right hand.
The observed differences may be related to the fact that when measuring the USDG
velocity of the blood flow, not only capillary blood flow is taken into account, but also
blood flow in arterioles and venules, which is not fully taken into account in this
mathematical model. Also, when a vessel is clamped as a result of hyperemia, along with
the expansion and overflow of blood vessels in the local area, red blood cell deformation
and aggregation occur, which is not taken into account in the mathematical model. After
hyperemia, the blood flow rate over time is restored to its original values.
The size of the capillary filtration area, that is, the amount of transcapillary exchange
and the volumetric rate of capillary blood flow, to a large extent depend on the functional
capacity of the capillary bed, determined by the number of open capillaries. Therefore, by
determining the volumetric rate of capillary blood flow or counting the number of open
capillaries, it is possible to judge the amount of transcapillary exchange in the tissues.
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Figure 3. The values of linear (b, d) and volumetric (a, c) blood flow velocities in the
simulation in the MathCad program: a, c - the left hand; b, d - right hand.
The main problem of speckle-metry and Doppler diagnostics is that the exact value
of the scattering characteristics (-factor, etc.) used in the proposed optical microscopic
models is not a priori known [17].
Figure 4 shows the autocorrelation functions of field fluctuations when particles are
scattered back at different pressures after decompression of the brachial artery in the
different time periods of changes registering.
As it can be seen from Figure 4, the autocorrelation function g1(τ) is sensitive to
changes in pressure in the vessel, and hence in the volumetric blood flow, which results in
a change in the steepness of the characteristic and coincides with the dynamics of changes
in the blood flow in Figures 1-3.
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Figure 4.Typical autocorrelation functions g1(τ) of field fluctuations under conditions of
different dynamics of blood flow in the experiment with compression of the brachial
artery calculated in the MathCad system, 200 µm - solid curves, 100 µm - dashed curves
1 - before compression; 2 - after 1 min. 3 - after 2 minutes; 4 - in 3 minutes;
5 - after 4 minutes
At the time of decompression, the excess pressure formed due to an increase flow of
blood increased blood flow, the rate became higher than normal, as it can be seen in Figure
4 (curve 2), the autocorrelation function of the intensity fluctuations of backscattered back
radiation sharply changed its slope. Gradually, after 4 minutes, vascular tone and blood flow
velocity returned to a normal value, the slope of the autocorrelation function began to
return to its former form (Figure 4, curves 3-5).
It needs to be noted that when the ordered movement of particles prevails over the
Brownian movement, the semi-log graph g1(τ) has the form of a straight line, the slope of
which is proportional to the flow rate of the scattering particles
Conclusion
The speckle structure of multiply scattered light in multilayer biotissues was
simulated to evaluate microhemocirculation of a biotissue. Verification of the specklemetric method of monitoring the MHD (device “Speckle-scan”) was carried out using the
methods of ultrasonic Doppler flowmetry and mathematical modeling of the propagation of
laser radiation in the microhemocirculatory bed. It was found out that the parameter
“average frequency of the spectrum” largely reflects the perfusion, while the area under the
spectral curve reflects the capacity of the capillary bed. The slope of the autocorrelation
function, which directly depends on pressure, can be used to diagnose vascular tone
(elasticity). Further research of the model, associated with the introduction into
consideration of additional factors affecting MHD, will improve the quality of results
interpretation obtained in the control of microcirculation by the method of speckle-metry.
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Abstract: Technology of Software-defined networks is rapidly evolving in order to develop
the networks world, hence to provide better connectivity, agility and security to defend the
world of cyber information against the ever-evolving security threats and challenges. This
article is totally dedicated for beginners in both the IT world generally and the SDN world
specifically as well. Through software-defined networking we can enter a new era of
portable network management interface simply by using a mobile app or your smart watch,
which gives a great deal of smoothness for network administration, and simplifies the IT
tasks, but on the other hand it loads the stack of cyber security challenges with new ones.
Keywords: Southbound API, northbound API, openflow, Open vSwitch, ASIC, NFV.
1. Introduction
Despite that, every aspect of technology‖s world was and is continuously evolving
but still the world of networks is a bit late in that race, nearly since the 80s the networks
have not significantly evolved, and here it comes the age of SDN solution.
We can think of it not as a new invention but as a new way to divide and manage
network architecture layers and resources. In this article we‖ll try to give simple analysis
and general survey for the whole ongoing development procedure, draw some simple
comparisons for the main defining features of this new technology like its controllers and
give some main pros and cons for both SDN and traditional networks.
Now as you may know the traditional network device like a switch would conduct
the forwarding procedure according to the rules specified by the admin by entering a bunch
of commands in the command line interface CLI of the device, which means that this device
is a standalone unit that contains it‖s own brain, that brain is called (the Management
plane) because it‖s possible to manage that device through its brain to make it achieve its
admin-specified objectives, that part that runs the commands of the brain is called (the
Data plane).
So we can say that the traditional switches have that feature in them where both the
management and data planes reside and co-exist together within the same unit and that‖s
one of the main features of the traditional networks generally.so let‖s draw a simple
comparison between both the traditional and the suggested new SDN technology.
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2. What is SDN
SDN dates back to more than 20 years ago, despite that the term SDN was coined in
2009, but the earliest ideas date back to the time of phone network.
Historically speaking, the main intellectual features of SDN are as follows:
 Active networks: which means the ability to program networks to do special tasks
and calculations through its nodes and connection points like routers and that was really
the first obvious attempt to make networks programmable, which gave the researchers and
developers a new opportunity to deploy new ideas and embed them within that kind of
innovation, because researchers, developers and network operators were frustrated by the
new ideas and new innovations deployment challenges.
That project provided a significant amount of reduction in computation cost, and that
attracted more interest from funding agencies.
 Control and data plane separation: which led to the development of open interfaces
between control and data planes. Tackling traffic engineering problems was the main
feature defining the early technological attempts to provide network programmability.
Working tech groups in the internet engineering task force (IETF) like ForCES
designed open interfaces between the control and data planes, while others developed
logically centralized control technologies like Routing control platform (RCP).
One of the push-toward-SDN reasons was that separation of control plane from data
plane tackled significant specific network management problems, which was of a great help
to network admins. So, in other words that kind of separation has some intellectual
contributions for networks technology and we can summarize it with 2 main points:
o Logically centralized network control through open interfaces connected to
routers/switches.
o Provided algorithms for creating a distributed state management for distributed
network controllers.
And unlike what many would think, logically centralized route control doesn‖t violate
the fate sharing, while some exiting routing technologies like OSPF and BGP route
reflectors already violated this type of principles; on the contrary the obvious separation
between the control and data loops provided developers and researchers with better ability
to think of cleaner ways to achieve distributed state management for networks. [1].
Openflow API and NOS: that represents the first instance of the formal widely spread
adoption of an open interface. the openflow technology took a general trend and approach
adding more functions on earlier route controllers and deploying new ideas and techniques
on existing switch hardware; despite that relying on exiting switch hardware support
caused some limited flexibility, but on the other hand it provided instant deployability
somehow.
The technological reason for developing the openflow was a combination of reasons
that would form the ((the perfect storm)) between network administrators who face
significant network management problems, vendors who are living in an ever evolving
technological market competition, chipset designers who started new approaches to open
their APIs and technology researchers who are looking for new ways for developing
networks world.
Openflow in the beginning was adopted and tested in university campuses like Stanford‖s
but then it spread to data centers.
Openflow itself has some intellectual contributions for the world of networks like:
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o Now control and data planes can support general networks functions and
devices.
o A new vision for the network operating system (NOS) layers which are slightly
different from the general definition of SDN infrastructure which contained
the control, data and management loops or layers; while here we see that the
openflow‖s contribution provides the following layers for NOS:
 Data plane in conjunction with an API
 Network state management layer
 A control logic layer that affects the data plane based on the network‖s
state.
Moreover, that new vision provided new techniques for distributed state
management.
Least but not last, unlike what many would have thought but the first packet of
every dataflow doesn‖t necessarily go to the controller, so we can say that this is a myth
about openflow, while the truth is that this is not up to the openflow to decide or to assign
the level of granular management, also we should know that with openflow networks the
controller doesn‖t‖ have to be centralized, actually the truth is that most real deployments
have distributed controllers.
Also, we should recognize that openflow is not equivalent to SDN because openflow
is just a particle in that compound called software-defined networks.
3. Traditional networks vs software-defined networks
The old traditional network architecture provides complexity in the management,
configuration and resource allocation to some extension (figure 1).

Figure 1. Traditional network.
Traditional network configuration versus SDN configuration, the traditional networking
approach is of two main factors:
1) Network functionality is mainly implemented in a dedicated unit. In this case,
―dedicated appliance‖ means one or multiple switches, routers and/or application delivery
controllers.
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2) Most functionality within this apparatus is implemented in dedicated hardware. An
Application Specific Integrated Circuit (or: ASIC) is often used for this purpose.
Organizations are increasingly confronted with the
Limitations that accompany this hardware-centric approach, such as:
a- Traditional configuration is time-consuming and error-prone
Many steps are needed when an IT administrator needs to add or remove a single device in
a traditional network. First, he will have to manually configure multiple devices (switches,
routers, firewalls) on a device-by-device basis.
The next step is using device-level management tools to update numerous configuration
settings, such as ACLs, VLANs and Quality of Service.
This configuration approach makes it that much more complex for an administrator to
deploy a consistent set of policies. As a result, organizations are more likely to encounter
security breaches, non-compliance with implications. Conclusion: the highly administrative
―hassle‖ that is traditional configuration interferes with meeting business networking
standards [2].
b- Multi-vendor environments require a high level of expertise
The average organization owns a variety of equipment of different vendors. To successfully
complete a configuration, an administrator will therefore need extensive knowledge of all
present device types.
c- Traditional architectures complicate network segmentation
A development further complicating networking matters, is the connectivity evolution that
is currently occurring. In addition to tablets, PCs and smart phones, other devices such as
alarm systems and security cameras will soon be linked to the internet. The predicted
explosion of smart devices is accompanied by a new challenge for organizations: how to
incorporate all these devices of different vendors within their network in a safe and
structured manner.
Many traditional networks place all types of devices in the same ―zone‖. In case of a
compromised device, this design risks giving external parties access to the entire network.
This can be hackers exploiting the internet connection of smart devices or vendors who can
remotely log onto ―their‖ devices. In both cases, there is no apparent reason for giving them
access to all network components. However, the ―administrative hassle‖ described earlier
makes network segmentation a complex process and quickly leads to network clutter [3]. In
conclusion, to overcome these and other traditional networking limitations, the time has
come to introduce a new perspective on network management [2].
And now let‖s talk about embracing the change of Software Defined Networking.
Networking Software Defined Networking (SDN) is rapidly becoming the new buzzword in
the networking business. Expectations are that this emerging technology will play an
important role in overcoming the limitations associated with traditional networking. But
what exactly is SDN?
Even though a universally agreed upon definition for SDN has not yet been formulated,
―decoupling hardware from software‖ is often mentioned when this topic comes up. This
concerns the two network device planes,
i.e.:
1) The brain is represented by the plane that determines where to send traffic (control
plane)
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2) The muscles, which are represented by the plane that executes these decisions and
forwards traffic (data plane)
Decoupling these two planes involves leaving the data plane with network hardware and
moving the control plane into a software layer. By abstracting the network from the
hardware, policies no longer have to be executed on the hardware itself. Instead, the use of
a centralized software application functioning as the control plane makes network
virtualization possible. This process is similar to server virtualization:
a- Server virtualization
The process of creating various VMs (virtual machines) and decoupling them from physical
servers.
b- Network virtualization
The process of creating virtual networks which are decoupled from physical network
components.
4. Why do we need SDN?
• Cost saving: when building and managing the infrastructure devices for the used
network. So, in order to start anything new, we should know what‖s in it for us because it
could be less in the expenditures, hence it will be useless to refurbish the network and
update it. Also virtualization plays a major role in cost saving.
• More configuration accuracy, consistency and flexibility through Programmability :
SDN technology provides control and central management and programmable network
which gives flexibility in the design, application, management, security improvement ,time,
speed ,automation ,reliability ,problem solution and error overriding ,which suits largely the
big needs and future continuously changeable services.
• Security: despite that the centralization of the controller could make new security
threats show up but for the current time we could say the SDN provides a great deal of
security in the foreseen future of networks especially against the ever-evolving security
threats , in this design we now have only one device to configure it that will act as both the
mind and the firewall at the same time, it will control the flow tables that exist in the
switches via the ONF-made openflow protocol , which will restrict the routes for unwanted
data packets, and it will also be easier to monitor the networks status through one device or
software(In case of controller virtualization) than monitoring multiple devices which will be
a hideous procedure because we will have more network vulnerabilities since every single
device will be a potential attack point in case of traditional networks.
• Optimizing Data Flow: A second expected business benefit of the SDN approach, is
the optimization of data flows. Instead of having a single path from the source of
communication flow to its destination, a SDN controller is able to identify multiple paths
per flow. Furthermore, this approach allows the flow‖s traffic to be split across multiple
nodes. Network performance and scalability is enhanced by optimizing the network path for
a particular data flow based on the source and destination nodes.
• Growing technology needs: increasing data stacks and soaring internet speed also
new types of data stacks like clouds , growing number of internet users all over the world ,
is making a huge pressure on networks and they are getting too slow to deal with that.
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5.
Main components of SDN
There are many areas and field to focus on during the research about softwaredefined networking due to the variety and diversity of SDN‖s components, but the main
ones are:
5.1 Controllers
Since the main feature of software-defined networking is the ability to manage it
centrally using controllers, then it‖s essential to talk about them as well. Despite that SDN is
an approach to unify vendor proprietary network devices and despite that many efforts were
done in that matter to prevent Data centers and network enterprises from being locked in to
a single source, but still there are many types of controller products that emerged on the
surface, there are hardware-based and software based controllers but since SDN
emphasizes the usage of virtualization, so it‖s preferred to use software-based controllers
some of the main and most prominent controllers that you can use even for the purpose of
research and test-bed environment creation:
1. Open Daylight
2. CISCO‖s Application Policy Infrastructure Controller (APIC)
3. Floodlight
4. ONOS
5. RYU
6. HP Virtual Application Networks (VAN) SDN Controller
Now since there are many products mentioned so we‖ll try to give a simple comparison
between their main features by providing concise definition for each one of them.
5.1.1 The OpenDaylight Project
Which is the open source project and the result of the collaborative work hosted by The
Linux Foundation. The aim of the project is to promote software-defined networking (SDN)
alongside with network functions virtualization (NFV). OpenDaylight software is written in
the Java programming language [3].
It supports technology such as OpenFlow, which we will discuss later in this article. The
first version of the OpenDaylight project, named Hydrogen, was released in February 2014
[3]. A source code repository includes contributed source code initially seeded from Big
Switch Networks, NEC and Cisco. There are now over 1000 cumulative contributors from
various organizations as well as unassociated individuals. There is a dedicated
OpenDaylight wiki, and several mailing lists are available. All these resources are aimed at
developers wishing to contribute to the project, as well as other researchers interested in
learning about specific sub-projects.
5.1.2 CISCO’s Application Policy Infrastructure Controller (APIC)
Cisco application centric infrastructure (ACI) uses a controller called the Application
Policy Infrastructure Controller (APIC). APIC the implementation of APIC is as a cluster of
three boxes for the purposes and benefits of fault‐tolerance and scalability.
The primary goal of the controller cluster is to provide policy resolution mechanisms
and policy authority. a complete failure or disconnection of all elements in a cluster will not
Journal of Engineering Science

November, 2018, Vol. XXV (3)

Software - defined networks … a general survey and analysis

67

result in any loss of existing data center functionality because the system isn‖t directly
involved in data plane forwarding, or enforcing policies on individual network flows.
5.1.3 Floodlight
The Floodlight Open SDN Controller is an enterprise-class, Apache-licensed, Javabased OpenFlow Controller. It is supported by a community of developers including a
number of engineers from Big Switch Networks [4].
In addition, it worths mentioning that since Floodlight is Apache-licensed, that lets you use
Floodlight for almost any purpose. Also, it works with physical- and virtual- switches that
speak the OpenFlow protocol, plus Floodlight is developed by an open community of
developers [5]. also worths mentioning that Floodlight is drop dead simple to build and run
and least but not last Floodlight is actively tested and improved by a community of
professional developers.
5.1.4 Onos
It stands for open network operating system, which is also a whole project and open
source community hosted by Linux as well, “ONOS is the only SDN controller platform that
supports the transition from legacy “brown field” networks to SDN “green field” networks.
This enables exciting new capabilities, and disruptive deployment and operational cost
points for network operators” [6].
5.1.5 Ryu
Ryu is a component-based software defined networking framework. “Ryu provides
software components with well defined API that make it easy for developers to create new
network management and control applications” [7]. “Ryu supports various protocols for
managing network devices, such as OpenFlow, Netconf, OF-config, etc. About OpenFlow,
Ryu supports fully 1.0, 1.2, 1.3, 1.4, 1.5 and Nicira Extensions” [7]. All of the code is freely
available under the Apache 2.0 license. Ryu means "flow" in Japanese. Ryu is
pronounced "ree-yooh".
5.1.6 HP Virtual Application Networks (VAN) SDN Controller
According to HP‖s controller technical paper, HP VAN SDN controller is the central
building block of HP SDN network and creates a platform for application innovation; HP
Virtualized Application Networks SDN Controller provides centralized control and
automation for your SDN network. “The HP SDN Controller controls policy and forwarding
decisions, which are communicated to the OpenFlow-enabled switches in the data center or
campus network”. [8] “A variety of HP and third-party SDN applications can leverage the
SDN controller to automatically deliver the necessary business and network service levels”
[8].
The architecture of software-defined networking separates the network control plane
from the forwarding hardware. Control—which basically represents the brains of the
network: is centralized, while forwarding: remains distributed. With the separation of the
control plane from the forwarding plane, SDN provides the possibility for the network status
and capabilities to be exposed or attached directly to the layer of business service, in order
to enable the business systems to request services from the network right away. Thus, SDN
applications provide a higher direction of level application to the controller. Moreover,
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freed from the control function, the forwarding plane can then provide optimized packet
processing at very high speeds.
5.2 Switches
Switches are the second main element in the software-defined network architecture,
they represent the forwarding or data plane and they have different algorithms and tools in
use to forward packets in and out of their ports, according to their support to openflow
protocol they are of two types pure and hybrid; where pure switches are just forwarding
devices that cannot support the network legacy features, in other words they can‖t be used
with traditional networks ; on the other hand hybrid network switches which represent the
biggest percentage of the switches in the market, they support both the traditional network
architecture and also the openflow SDN protocol. There two types of SDN switches:
 Software-based switches
 Hardware-based switches
5.2.1 Software-based switches
“Software-based switches are more frequently used in creating test environments to run an
OpenFlow test-bed or for research purposes to test and develop OpenFlow-based network
application” [9].
Nowadays, there are some OpenFlow switches which can be used, and some of them are
have a brief description attached to them, including the OpenFlow standard version that
they support and the implementation language, as follows:
1. Open vSwitch: Open vSwitch can be defined as a multilayer and production quality
virtual switch that is licensed under the Apache 2.0 license. It‖s has the design that enables
automation of network via programmatic extension and in the same time it‖s still
supporting legacy and standard management interfaces and protocols as well (like
OpenFlow, 802.1ag, RSPAN, sFlow, NetFlow, IPFIX , command-line interface (CLI), LACP,
OVSDB, and so on).
2. Indigo: “Indigo the first generation is an open source OpenFlow implementation that
could be installed on physical switches and uses the hardware features of Ethernet switch
ASICs to run OpenFlow at line rates.” [9] It is originally based on the OpenFlow reference
implementation of the Stanford University. Indigo Virtual Switch (IVS), based on the Indigo
Framework was introduced, which is an open source virtual switch for Linux compatible
with the KVM hypervisor and that uses the Open vSwitch kernel module for packet
forwarding.
It is a high-performance, lightweight vSwitch built from the ground up to support the
OpenFlow protocol. It is designed to enable high-scale network virtualization applications
and supports distribution across multiple physical servers using an OpenFlow enabled
controller, similar to VMware's vNetwork, Cisco's Nexus or Open vSwitch.
3. Pantou (OpenWRT): Pantou (OpenWRT) has the ability to turn a commercial access
point/ wireless router to an OpenFlow-enabled switch. OpenFlow can be implemented and
installed as an application on top of OpenWRT. Pantou is based on the BackFire OpenWRT
release (Linux 2.6.32). The OpenFlow module is based on the Stanford university reference
implementation (userspace). it supports generic Broadcom (BRCM43xx Wi-Fi) and some
LinkSys models and TP-LINK (WR1043ND) access points with Broadcom (BRCM47xx/953XX)
and Atheros (AR71xx) chipsets.
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4. LINC: “LINC is a pure OpenFlow software switch. It is implemented in operating
system's userspace as an Erlang node” [10] and with Such approach it does not become the
most efficient one, nevertheless it allows quick development and testing of new OpenFlow
features and gives a great deal of flexibility. LINC is an open source project led by Flow
Forwarding effort and is an Apache 2 license implementation based on OpenFlow 1.2/1.3.1.
LINC is architected to use generally available commodity x86 hardware and runs on a
variety of platforms such as Linux, Solaris, Windows, macOS, and FreeBSD, where the Erlang
runtime is available because it is written in Erlang. The benefit of the x86-based platform is
that LINC can take advantage of the availability of lots of CPU cores and memory and scale
gracefully to increase and decrease compute resources. This is critical when many logical
switches are instantiated on a single OpenFlow capable switch.
5. Xorplus: provided by Pica8 and supported by the open community, it is also a
switching software that provides no-cost Layer 2/Layer 3 protocol stacks, enabling the
community to innovate. It supports protocols such as PIM-SM, IGMP, IGMP snooping, VRRP,
IPFIX, and SNMP. In addition, it powers Pica8's current quickly line of switches.
6. Of13softswitch: it is a project supported by Ericsson Innovation Center that is
located in Brazil and CPqD handles the maintenance in technical collaboration with
Ericsson Research.
Of13softswitch is compatible with OpenFlow 1.3 user-space software switch
implementation based on the TrafficLab 1.1 softswitch of Ericsson. The latest version of this
software switch includes the switch implementation by (ofdatapath), the secure channel for
connecting the switch to the controller by (ofprotocol), a library for conversion from/to
OpenFlow 1.3 (oflib), and a configuration tool which is (dpctl).
7. Cisco's Nexus 1000V:
it is a highly-secure, multitenant-services provider
virtualization intelligence, supported by the VMware hypervisor beyond VMware vSphere
Release 6.0 as well as on other major hypervisors.
According to Cisco‖s website they define this type of switch that it is filled with many
features like: Supporting vCloud Director and vSphere hypervisor, Extensive virtual network
services built on the advanced service of insertion and routing technology by Cisco,
consistency of management to facilitate the integration with the physical infrastructure,
plus management of Policy and control by the networking staff instead of the server
virtualization team (which means duties separation ) and Exceptional policy and least but
not last control features for thorough and wide networking functionality.
5.2.2 Hardware-based switches
1. Zodiac FX: The Zodiac FX is the world's smallest and most affordable OpenFlow
enabled switch. It provides many of the characteristics of an enterprise grade switch; also, it
is small enough to fit in the palm of your hand, making it perfect for research and
education. It currently supports OpenFlow version 1.0 and version 1.3.
2. Hewlett Packard 2920: The HP 2920 Switch Series consists of four Switches which
are: the HP 2920-24G and 2920-24G-PoE+ switches with 24 10/100/1000 ports and the HP
2920-48G and 2920-48G-PoE+ switches with 48 10/100/1000 ports. Each switch has four
dual-personality ports for 10/100/1000 or SFP connectivity. These switches support
traditional technologies coupled with OpenFlow® support for SDN. The 2920 series of
switches are most suitable for high-performance networks present in enterprise networks.
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3. Pica8 (P3297, P3930): Pica8's open switches series is ideal for cloud or virtualized
data centers that require flexibility and adaptability. These switches can smoothly integrate
with today's data center applications on classical network architectures, while in the same
time allowing the exploration of new Software-Defined Networking (SDN) technologies, like
OpenFlow. Pica8 white box switches run PicOSTM, an open network OS that runs
standards-based Layer 2/Layer 3 protocols with industry-leading OpenFlow 1.4/Open
vSwitch (OVS) 2.0 integration.
OVS runs as a process within PicOS and provides the OpenFlow interface for external
programmability. ''PicOS utilizes proven high-performance hardware with a switching fabric
capacity of 1.28 Tbps and options for 10 GbE copper and fiber connectivity‖‖ [11].
5.3
Openflow
OpenFlow is an example of application programming interface (API) and
communications protocol that gives access to the forwarding plane (Data Loop) of
a network switch or router over the network, simply speaking it helps the control plane
represented by the controller to connect to the data plane represented by the switch, using
an API it becomes so handy to adjust network‖s behavior as per the business needs, through
openflow it‖s possible to add, delete and modify the entries of the flow table installed in
the switched which contains the information about the traffic packets forwarded, deleted or
discarded. OpenFlow is one of the main defining features of SDN, with this protocol it‖s
possible to monitor network‖s status, provide a reasonable amount of security and change
the business policies according to the network administrator‖s needs and requirements as
well.
6. Architecture Of SDN
As mentioned before, the main network operating system‖s layer of software-defined
networks can be categorized as management, control and data layers, but with the
cooperative trend and efforts of all tech companies and information security forums and
foundations comes some vendor-based subsidiary differences, so we see that most people
would think that the controller would manage every aspect of network‖s policy without
distributing the control in other words the brain and all functions will be concentrated in
only one point of the network architecture but that wouldn‖t be totally right because that
will also limit the scalability, for instance we have the Cisco example of SDN architecture,
they use their own openflow protocol which is called OpFlex between the controller and
the managed forwarding entities in the Cisco application centric infrastructure ACI, OpFlex
was modeled with an application‐centric policy. With OpFlex, the devices like the switches
and the firewalls still enforce the policies in Cisco ACI. ''Which provides the centralization of
policy management but with distributed control, allowing automation of the entire
infrastructure without limiting scalability through a centralized control point or creating a
single point of catastrophic failure'' [12].
7. Virtualization & labraroy equipment
The beauty in SDN is that it enables the use of virtualization technology in it‖s best
and most prominent ways, that‖s why we see Linux and some other virtualization
technology pioneers provide a great deal of support for this new of technology that could
aspire for whole new era of networks management and consolidated security for networks.
For that you can use virtualization technologies in order to set your own lab and test-bed
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environment due to it‖s no-cost utilization, ease of installation and deployment not
forgetting it‖s effectiveness for real world networks establishments since they could be
tested in the virtual environment and troubleshot before being installed in real world.
There are many tools to use but some of my favorite ones and easiest to use that can help a
beginner in this field without the need to be lost in the internet search for the best tools,
are GNS3 and Cisco packet tracer but of course to run SDN simulations you will need GNS3
which is GNS3 is a Free and Open Source software under GPL v3 licensing, of course you
can install it on windows but in this situation you will need a virtual machine software
installed on your windows like VMware, VirtualBox, etc… then you will have to install the
GNS3 virtual image in order to make the GNS3 installed on windows sync with the virtual
image installed on the virtual machine, this way you can run different network simulations
on GNS3 besides that you can install some controllers like the HP controller on GNS3
simulator and run it, you will also need an Ubuntu container that will host the API for the
controller, you can install GNS3 for windows from the link:
https://www.gns3.com/software after downloading and installing it on windows you will
need to download the virtual image of GNS3. you will need to install the VM software of
course. Another great tool of a massive help for this simulation is the mininet software
which is widely used to design an SDN lab by simulating networks it makes virtual network
devices, it also simulates both OpenFlow switches and controllers. After we test the
network and make sure it works, we will use simple ways to measure the efficiency of the
network, there are many software types for that purpose, for example:
 Cbench: an openflow controller benchmarker, it's a special tool used to measure the
efficiency of the OpenFlow controller by creating a set of various switches that send
messages of type packet-in to the controller and monitors the response and based on the
reading it measures the performance and ability of the controller.
 OFLOPS: An OpenFlow switch benchmarker, it is a tool that does the opposite role of
the previously mentioned tool, it measures the efficiency of the OpenFlow switches by
creating virtual controller that sends messages to the switches and monitors their
responses and measures the performance of the switches based on that reading.
 OFtest: it is a tool used to test the embedded OpenFlow protocol in the switches, it
supports up until the 1.2 version of that protocol.
Of course, if you have an Ubuntu OS it will be much better and easier to install mininet and
some controller like Open DayLight natively.
8. Some areas of research and suggestions
Of course SDN is still in its early birth stages despite that its earliest ideas could date back
to the 80s but it still poses both great security threat and challenge to all researchers and
developers let alone network devices manufacturers so there are now many suggestions
and research ideas emerging on the surface but since this article is dedicated solely for
analysis purposes and directed to those who are still in the early phase of their research
and tip toeing the main features of this subject so we can suggest for them some ideas of
research and from that they can go further, and continue to the end of the road.
 So unlike controller-switch communication (which is , the southbound interface),
Currently, there is no accepted standard for the control plane communication with
the management plane (which is the northbound interface) and they are more likely to be
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implemented on an ad-hoc basis for particular applications. So it will be a great opportunity
to use this area as a field of research.
 Since SDN is related to many other network technologies, it is possible to develop
that field by developing SDN like active networks, IoT, ad hoc networks, neural networks.
 Since SDN is also based and related to programming then the usage of machine
learning could be of a great deal of help in that matter.
 Since the architecture of SDN could be flexible and the thought of one centralized
controller is a myth so it‖s possible of course to deploy multiple controllers to work as
redundant units or to communicate with each other while controlling separate softwaredefined networks and for that there‖s a specific protocol called the east-west
communication protocol which will need some research concentration to some extension.
 According to technical paper of Open DayLight Controller, the deployment of
controllers, could be in different approaches there is the vertical approach which comprises
a master controller that can orchestrate the configuration of each SDN domain and
controller, and there is the horizontal approach where in that type of approach controllers
establish a peer to peer connection and this is also called the east-west interface, it will be
plausible to suggest a hybrid approach of both (figure 2).

Figure 2. Vertical & horizontal approaches of SDN controller‖s topology.
 With the emergence of SDN technology the gap of security threats will be filled but
on the other hand it poses new opportunities for new security threats and those threats
could be divided to many categories like threats pointed to the management plane
represented by the APIs, pointed to control plane represented by the controllers or directed
to data plane (forwarding loop) represented by the forwarding switches. So it will be of a
great deal of help to come up with some new algorithmic idea to consolidate the OpenFlow
protocol binding the control and data planes together or a programmable interface that can
protect the API itself from any kind of hacking methods like injections etc.
Because programmability is a double-edged sword SDN is exposed to more risks
when it offers programmatic access to users. Imagine the case where users are forced to
“trust” and depend on third party applications or standard-based solutions with the keys to
the network. There is also one more situation which is where information management and
control of network elements might be exploited if the isolation is note properly executed.
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 Cryptocurrency is now taking the world to a new higher direction and it is coming
with a soaring importance due to its mobility, ease of use and mostly due to its high security
measurements especially those related to hashing which is a whole new subject but since
both SDN and cryptocurrency depend on programming then it is possible to take advantage
of that convergence and apply some cryptocurrency cryptography and hashing methods on
the SDN field.
Conclusions
 SDN is the new trend in technology development.
 SDN is a cost, time, natural resources and energy saving solution: with SDN we can
configure an enterprise network of more than 1500 switches in a push of a button
according to our own requirements.
 Network technology innovations might take years to go the public real-time running,
year or research, test and then deployment, for that SDN is still in its baby steps phase of
life span despite that it is already installed and established by some of the major tech
corporations worldwide like google, Cisco, etc… but it is still new and gives a wide horizon
for both manufacturers and researchers for innovation.
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Abstract. This article presents the research results of the impact of granulometric
composition on gypsum binder hydration processes. When the amount of finely ground
gypsum in the gypsum binder is increased by up to 15%, the maximum hydration
temperature rises by 10C and the hydration process intensification occurs with the
reduction in time required to reach the maximum hydration temperature.
Keywords: granulometric composition, hydration, gypsum binder, fractions.
1. Introduction
Granulometric composition of the raw binder directly affects hydration processes and
binder structure formation, size and porosity changes as well as crystal morphology [1 - 3].
Direct impact of particle size distribution of gypsum binder on the phase
composition, rheological, physical and mechanical properties and microstructure of calcium
sulfate dihydrate, and thus, it makes sense to study the impact of particle size distribution
of gypsum binder on the hydration and structure formation processes, and therefore, on
physical and mechanical properties of gypsum [4 - 6].

2. Research objective

To explore the impact of particle size distribution of gypsum binder on both
hydration and structure formation processes and physical and mechanical properties of
gypsum.

3. Research techniques and materials

In this research, we have investigated gypsum binder composites. The basic
components of the composite are G5-Н-ІІ and G5-Н-ІІІ Grade gypsum binders (DSTU Б
В.2.7-82:2010) produced in Ivano-Frankivsk (Ukraine). Compressive strength of the
specimens is 5 MPa. The results of the X-ray diffraction analysis show that G-5 Н-ІІ Grade
gypsum binder contains G5-Н-ІІІ Grade gypsum binder (Figure 1-2). Further information on
the refinement results is given in Figure 1 and Table 1 of the supplementary materials.
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Figure 1. Rietveld refinement of X-ray diffraction of gypsum binder.
Differential thermal analysis curves for both unground and finely ground building
gypsum are given in Figure 2 a and b.

а)

b)

Figure 2. Differential thermal analysis curves for building gypsum:
a – unground; b – finely ground.
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Different compositions of specimens were prepared to explore the impact of
additives.
Homogeneous paste of gypsum was prepared manually by admixing hemihydrate G4
Grade gypsum and water. The amount of water required to produce paste of standard
consistency was 50 wt% and was determined in the previous tests for this kind of gypsum
binder. In the specimens containing additives, Taurit and silica were added to G4 Grade
hemihydrate gypsum binder and thoroughly mixed followed by water addition to obtain the
paste of standard consistency. Mixing gypsum binder compositions with various additives is
given in Table 1.
Immediately after mixing with water, the specimens were casted into a 40×40×160
mm mold. In 2 hours, the specimens were unmolded and the tests were conducted to
evaluate compressive and bending strengths. Six specimens of different compositions were
used for each test; the respective average values are given in the paper.
Water resistance coefficient was defined as water-saturated state to dry state
compressive strength ratio.
The research of granulometric composition was conducted using Cilas 990 Laser
Particle Size Analyzer
Conductivity measurements
The phase composition of the resulting products was estimated using X-ray
diffraction: the values were estimated at room temperature with Cu Kα radiation on a
PANalytical X'pert Pro diffractometer equipped with an X'Celerator detector in the 2θ range
from 5° to 70° (step 0.033°, time/step 50s). To prepare the specimens the powder was
sieved with a 63 µm mesh. Phase identification and Rietveld Refinement were performed
with an X‖Pert HighScore Plus.
Thermal analyses were performed using Q600 SDT TA Instruments. The temperature
was modified from RT up to 800 C at a heating/cooling rate of 10ºC/min under dry air flow
(100 mLmin-1) with α-Al2O3 used as a reference.
The electrical conductivity of the β-calcium sulfate hemihydrate suspension was
measured at room temperature (20 ± 1оC). The β-hemihydrate suspension was prepared by
adding 50 ml of distilled water to 2.5 gm of G5-Н-ІІ or G5-Н-ІІІ Grades or their mixture with
further continuous agitation. The readings were taken at the same time intervals (277C,
303C, 284C).
Changes in the microstructure of the composites were observed by SEM. SEM images
were carried out on a JEOL JSM 6510 LV W-filament microscope operating at an
accelerating voltage of 15 kV.

4. Research results

Data representing the granulometric composition of G5 Grade building gypsum
showed the following: 90% of particles sized less than 80 µm; ca. 50% of particles sized less
than 20 µm; and ca. 10% of particles sized less than 3 µm (Figure 3). The maximum value
corresponds to 55 µm on the differential particle size distribution curve, the percentage of
particles of smaller diameter is 65%. The percentage of particles sized up to 10 µm is 30
wt%. Particles sized up to 3 µm (10%) are the main particles that influence the specific
surface area value. High surface energy of such particles is due to their high dispersibility. It
is small fractions which are the first ones to undergo the hydration process.
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Figure 3. Differential particle sized distribution curve for building gypsum.
The research of the granulometric composition of finely ground gypsum showed the
following results (Figure 4).

Figure 4. Differential particle sized distribution curve for finely ground gypsum.
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90% of particles sized less than 82 µm; ca. 50% of particles sized less than 26 µm;
and ca. 10% of particles sized less than 5 µm. The maximum value corresponds to 45 µm on
the differential particle size distribution curve, the percentage of particles of smaller
diameter is 76%. The percentage of particles sized up to 10 µm is 25%.
To assess the interphase region of gypsum [7], the surface energy coefficient was
considered as the particles surface area to particles volume ratio (Table 1).
Table 1. Surface energy coefficient of building gypsum
Particle size
Particle diameter,
µm
Surface energy, KPa,
µm-1

D1, мкм

D10, мкм

D55, мкм

D45, мкм

D90, мкм

1

10

55

45

90

6

0,60

0,11

0,13

0,07

Reduced particle size leads to an increase in specific surface area. Surface energy
coefficient [8] allows us to estimate the surface activity of each fraction. It is calculated by
multiplying the surface activity coefficient by the content of each fraction.
Gypsum interphase region values are given in Table 2.
Table 2. Values of interphase region of building gypsum and finely ground gypsum

Finely ground
gypsum

Building gypsum

Material
Particle diameter,
µm
Surface activity
Fraction content
Differential activity
coefficient
Particle diameter,
µm
Surface activity
Fraction content
Differential activity
coefficient

<1 мкм

<3 мкм

<10 мкм

10-20
мкм

40-50
мкм

50-60
мкм

1

3

10

25

45

55

6
3

2,00
10

0,60
30

0,24
20

0,13
8,00

0,11
2

18,00

20,00

18,00

4,80

1,07

0,22

1

3

10

25

45

55

6
3

2,00
20

0,60
26

0,24
17

0,13
9,00

0,11
8

18,00

40,00

15,60

4,08

1,20

0,87

Particles sized up to 3 µm contribute significantly to the specific surface area.
It is commonly known that when studying refraction of light of supersaturated
solutions [8] with a certain degree of supersaturation, there is a drastic change in optical
properties of the solution. This is due to the formation of solid phase nuclei in the solution
arising spontaneously at a certain temperature and concentration.
Optical density was measured in Expert -003 photometer intended for measuring
optical density and spectral directional transmission coefficient of solutions and optically
transparent objects as well as determining the concentration of a substance in a solution.
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The principle of spectrophotometers is based on comparing luminous fluxes: the
total flux (that passed the blank test) Ф0λ and the flux Фλ that passed through the
investigated media.
Spectral directional transmission coefficient T is calculated using the following
formula:

Т

Ф
100% ,
Ф

Optical density (D) is calculated using the following formula:

D   lg

Ф
T
  lg
 2  lg T
Фо
100

Measured changes in the optical density of gypsum mortars are given in Figure 5.

Figure 5. Changes in the optical density of gypsum mortars based on building gypsum and
finely ground gypsum.
According to the given curves, the optical density of the unground building gypsum solution
reaches the constant value at a lower concentration of the saturated solution. The graphical
representation of the relationship between transmission coefficient and concentration does
not represent the true picture, since the coefficient values are small and cannot be seen on
this scale.
Data from Table 3 give a clearer picture of the distinctions.
Since dispersibility is one of the main factors affecting the hydration rate, high
content of fine fractions results in high-speed dissolution and hydration of these fractions.
Table 3. Impact of gypsum concentration on the luminous transmission of gypsum mortar
Concentration

Transmission coefficient of gypsum mortars

%

СaSO4·0,5H2O

Finely ground gypsum

0

99,69

99,69

1

52,54

48

2

11,65

17,8

3

3,77

2,96

4

3,06

1,48
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Table 3 Continuation
5

2,63

1,01

6

0,79

0,7

7

0,09

0,71

8

0,06

0,7

9

0,06

0,7

10

0,06

0,70

11

0,05

0,70

12

0,05

0,70

In the area of fine particles, a significant surface energy reserve can be observed,
which provides active interfacial adsorption of gauging water molecules with spontaneous
redistribution of the system components between the surface layer and the volume phase
[7]. These particular factions dissolve faster than others. This is evidenced by an increased
slope of the hydration temperature curve.
In the paper [5], hydration processes were studied using acoustic resonance
technique for dispersed systems along with DTA, X-ray diffraction analysis and infrared
spectromicroscopy (IRS). According to received data, immediately after mixing with water,
particles larger than 8 µm attach directly to water and the dihydrate is formed, which was
proved by the X-ray diffraction data.
According to V. Korovyakov [9], there are two stages of gypsum stone structure
formation. The first stage is a layer-by-layer stage: crystallizing dihydrate atoms attach to
stage crystallization surface atoms, i.e., crystal growth occurs due to successively filled
layers. The second stage is a normal stage: it occurs only if the surface is atomically rough.
With this growth of gypsum crystals, crystallizing substance atoms attach to crystal atoms
anywhere. This leads to normal displacement of the surface towards the atomically rough
surface in the course of growth [9].
The authors of the papers[10-16] believe that if the liquid phase is highly
supersaturated and the gaps are small, crystals grow too fast, so that the system fails to
maintain supersaturation in the contact areas at the same level as outside the contacts, and
besides intergrowth factors, a diffusing factor arises. During substance crystallization, a
concentration gradient in the contact area is being built up reaching the maximum value at the
entrance to the gap where newgrowths are formed leading to further formation of
crystallization pathways. The ratio between the size of crystals and the area of contacts
between them affects the strength of crystallization structures [8, 10]. In favorable
conditions for the formation of new crystal nuclei and contacts between them (high
supersaturation, high overall dissolution rate), stresses affecting (reducing) the structure
strength decrease. Achieving the highest structure strength requires optimum crystallization
conditions enabling the formation of crystals of sufficient size with minimum stresses
occurring during crystal structure formation and growth. Therefore, both the optimum
degree of supersaturation and crystallization rate should be achieved in the hardening
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system. The optimum degree of supersaturation can be achieved by choosing the right ratio
between particles of large and small diameter. Overall dissolution rate is controlled by the
amount of fine fractions. Thus, ensuring continuous structure formation process over time
creates the conditions in which stresses in a formed artificial stone during crystallization
structure formation may lead to a lower strength of the material. Under certain structure
formation conditions (supersaturation degree, material hardness, time of interaction),
crystallization contacts are formed; these contacts increase the area, which in turn
contributes to a higher material strength [8, 10].
Thus, it can be assumed that the prevalence of hydration or topochemical
mechanism is related to binder dispersibility. Finer fractions get hydrated faster than others.
Under uniform water distribution along the surface of the solid phase, water layer thickness
decreases significantly with increasing specific surface area.
To determine the impact of finely ground gypsum on hydration processes certain
building gypsum compositions (containing 5, 10, 15% of finely ground gypsum) were
analyzed. Studies on the hydration process temperature variations showed that the addition
of finely ground gypsum into gypsum binder leads to the hydration process intensification.
When the amount of finely ground gypsum is increased by up to 15%, the maximum
hydration temperature will rise by 10С with the reduction in time required to reach the
maximum temperature. However, it should be noted that the maximum hydration
temperature of finely
ground gypsum is higher
than that of building
gypsum but lower than
that of the mixture of both
gypsum types. Obviously,
intensity increasing under
Figure6 Impact of the content of fractions of finely ground
two mechanisms should
gypsum on the hydration temperature.
be considered.
Impact of the content of fractions of finely ground gypsum on the hydration
temperature is given in Figure 6. Variation of electrical conductivity during hydration of
building gypsum of different granulometric composition is given in Figure 7.

Figure 7. Variation of electrical conductivity during hydration of β-hemihydrate with
different fraction sizes.
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The results of measurements of electrical conductivity during hydration of calcium
sulfate hemihydrate of different granulometric composition (Figure 7) showed that there are
three main periods. Once the maximum value of electrical conductivity is reached, the first
period comes in a very short time interval and is characterized by almost steady and
constant maximum value. It corresponds to the maximum saturated state of the solution
saturated with Са2+ and SO42-- ions. During the second period, calcium sulfate dihydrate is
formed; this period is characterized by lower values of electrical conductivity.
And the third period is characterized by the minimum value of electrical conductivity,
which indicates the end of the hydration process.
The analysis of the obtained results shows that G5 Grade requires more time to reach
the maximum temperature; this is obviously related to the size of the particles and a longer
time required for the solution saturation. The first induction period for finely ground
gypsum is almost 1,5 times longer than for building gypsum; and on the contrary, the
second
period
is
characterized by a faster
decrease in electrical
conductivity,
which
indicates a higher rate of
crystal
formation
if
compared to building
gypsum.
For the mixture of
50% of finely ground
Figure 8. Diagram of impact of granulometric composition on
gypsum and 50% of G5
water-to-gypsum ratio.
Grade gypsum, the second
period involving crystal formation is longer.
Increased dispersibility of the system leads to an increase in the amount of water
required for making a paste of normal density from 57% to 58.7% (Figure 8).
At the same time, increasing the amount of fine fractions in the binder adversely
affects the strength properties, which is proved by the data from Diagrams 8-10.
Diagram of impact of fractional composition on the setting time of gypsum is shown
in Figure 9.
Figure 9 shows that the finely
ground gypsum without additives
and coarse grind building gypsum are
completely hydrated within 20
minutes; moreover, the degree of
hydration of the modified gypsum of
50% and 100% is achieved in 50 and
70 min, respectively.
Diagram
of
impact
of
Figure 9 Diagram of impact of fractional
granulometric composition on the
composition on the setting time of gypsum.
strength of gypsum binder is given in
Figure 10.
Figure 10 shows that the increased amount of finely ground gypsum fractions results
in monotonically decreasing strength values. Ultimate compressive strength is reduced by
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20% - from 4,5 MPa for the unground building gypsum to 3,8 MPa for the gypsum 10% of
which was finely ground. Ultimate bending strength is reduced by 37,5% from 3,2 MPa to 2
MPa.

Figure 10. Diagram of impact of content of finely ground gypsum fractions
on the strength of gypsum binder.
Conclusions
Conducted theoretical and practical research studies show the relationship between
the particle-size distribution of gypsum binder grains, their phase composition, rheological,
physical and mechanical properties and microstructure of calcium sulfate dihydrate.
Changes in the fractional composition allow you to influence the hydration processes
and structure formation of gypsum binder, which makes it possible to change the properties
of hydration products.
The findings of the conducted research prove that Grade G5 building gypsum
requires a longer time to reach the maximum hydration temperature.
To achieve hydration process intensification we studied building gypsum
compositions containing 5, 10 and 15% of finely ground gypsum binder.
Using 5, 10 and 15% of finely ground building gypsum results in maximum hydration
temperature increase by 10С and a shorter time to reach the maximum temperature.
Moreover, the maximum hydration temperature of finely ground gypsum is higher than that
of building gypsum but lower than that of the mixture of both gypsum types. It is related to
an increased intensity under two mechanisms.
Moreover, increased dispersibility of the system leads to an increase in the normal
density by 1,7%.
10% is the optimum recommended content of finely ground gypsum in binder.
An increased amount of finely ground gypsum by more than 10% in the binder
content results in a decrease in both compressive and bending strengths by 20% and 37,5%,
respectively.
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Abstract. IoT represents a network of Internet-enabled, real-world objects, such as
nanotechnology, consumer electronics, home appliances, sensors of all kinds, embedded
systems, and personal mobile devices. It includes enabling network and communication
technologies, such as IPv6, web services, RFID, and 4G networks. We are already applying
IoT solutions in practical ways by using mobile devices. A key aspect of SC is the efficient
management of utilities, enabled by smart metering of the residential consumption of
electricity, water or gas.
Keywords: Internet of Things, IoT markets & applications, changes introduced by IoT, Smart
Cities, standards.
Introduction

From a historical perspective, the first object (an electric toaster bread) was
connected to the Internet by company engineers Epilogue using SNMP protocol. And as new
technological possibilities have arisen, Internet connection cases are multiplied almost
every day.
Although the term Internet of Things "IoT" was coined in 1999 by Briton Kevin
Ashton [1], IoT technologies such as sensor networks have existed since 1990. Due to
advances in sensors and cloud technology (Cloud), processing and storage capability, and
sensor cost of production is down, and sensor deployment has increased significantly over
the past five years. The European Commission predicted that by 2020 there will be 50 to
100 billion devices connected to the Internet. As can be seen from Figure 1, the number of
objects connected to the Internet exceeded the earth's population in 2008.

Figure 1. Increase the number of objects connected to the Internet [3].
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An international definition is given in the Présentation générale de l'Internet des objets
(UIT-T Y.2060, juin 2012, § 3.2.2). The Internet of Things is a global information society
infrastructure that allows for evolving services that interconnect objects (physical or virtual)
thanks to existing or evolving interoperable information and communication technologies.
For ITU, the exploitation of identification, data capture, processing and communication
capabilities, IoT can provide services for all kinds of applications while ensuring that
security and privacy requirements are met. In a broader perspective, IoT can be considered a
concept that has repercussions on technologies and society.
The Internet of Things is not a single technology, it is a concept in which the newest
things are connected and activated, such as street lighting (on the network) and objects
(such as built-in sensors, image recognition functions, augmented reality and
communication in the near field) are integrated into decision-making support, asset
management and news service. They bring many business opportunities and add to the IT
complexity [2].
Thus, IoT is a network of networks (Figure 2) which enables - with the help of
standardized and unified electronic identification systems and wireless mobile devices - to
identify directly and without ambiguities, numerical entities and physical objects, thus
recovering, store, transfer and process, without discontinuity between physical and virtual
worlds, correlation data. It is thus possible to identify in a unified way elements of
numerical information (addresses) and physical elements (a palette in a warehouse or an
animal in a herd of cattle). So we have to deal with objects with virtual identities and
personalities, working in intelligent spaces and using intelligent interfaces to connect and
communicate.

Figure 2. IoT is a network of networks.
By definition, IoT ideally allows people and things to be connected anytime,
anywhere, with anyone and anyone (Figure 3), using any path / network and any service [4].
As can be seen, IoT is determined - mainly - by technological advances, not by applications
or user needs.
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IoT is the extension of the Internet to things and places in the physical world. While
the Internet is about the world
of the world, IoT is the
exchange of information and
data from real-world devices
to the Internet.
The Internet of Things
is, therefore, a network of
networks that allows through standardized and
wireless
electronic
identification
systems
numerical identification and
Figure 3. Connectivity with the Internet of Objects.
communication with physical
objects to measure and exchange data between physical and virtual worlds.
As these systems continue to improve and develop, the role of human beings will be
assured, first of all, by cars, while men will act as protective guardians. This will disrupt the
process of work and challenge scholarships in terms of personnel skills worldwide, with
advancements in the field of artificial intelligence (AI).
IoT has emerged within the framework of the tendency of mechanization and
standardization, applied to the automation of the processing of documents and information
on material support, and then name. IoT first appeared in the U.S. and spread rapidly due to
globalization. Gradually, the objects have been modified (with RFID1 chips), for example, to
connect to the IP protocol, thus becoming connected objects to the centralized servers
capable of communicating with each other and / or with server networks in a manner less
and less centralized.
The Growth of the IoT Market
A recent study of the Polytechnic of Zurich (ETHZ) states that, thanks to smartphones
and the number of connected objects, which are constantly increasing, in 2025 over 150
billion objects will be connected to each other, to the Internet and to several billion people.
As such, information will need to be more and more filtered with complex algorithms which has generated the fear of lower personal data protection, and the increasing danger
of manipulating government decisions.
The growth of the IoT market will accelerate in the years to come; from US$ 655.8
billion in 2014 will reach US$ 1700 billion in 2020, with an average annual growth rate of
16.9%.
Changes introduced by IoT
Over the coming years, IoT will completely change our way of working; this will
happen when the cost of the captors will be quite cheap to penetrate in all areas. Universal
connectivity began and is in full swing, forming the basis for the construction of future
transformations. There is still a need to really connect the whole set of data and to have a
general analytical framework that can make sense of it. In the coming years, we will head to
woven networks that will add to the data connectivity of the Internet by routing packets of
data. This will reduce the cost of connectivity and create more flexible connections
between systems.
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It is anticipated that in the next 5 to 10 years, "classical" data analysis techniques which give value from this information - will fail. They will be replaced by a specific
artificial intelligence (AI) that will be developed for this purpose and will receive years of
apprenticeship. There will be specialized apprenticeship systems in the health,
manufacturing and other fields that will ask questions from data and the environment,
faster than we could imagine, and even more quickly because we can respond. These
specific Artificial Intelligence systems will still be far from a global artificial intelligence,
but they will transform our way of working.
New paradigms have emerged - such as the low-power Low Power Wide Area
Networks (LPWAN) designed by Sigfox - or the LoRa alliance, all tailored to IoT
communication (such as combining IoT with Cloud technologies Things-as-a-Service (TaaS)
platforms, Sensors-as-a-Service (S2aaS), IoT-as-a-Service.
The increase in IoT technology is related to M2M (machine-to-machine)
communication where, for example, a temperature sensor indicates dangerously high
temperatures in a control room so that the cooling system automatically switches on. How
will the role of people evolve in an environment where cars can increasingly solve
problems themselves?
At the control level, machines can solve themselves rudimentary problems (such
fault management in redundant systems). They can also alert early on exploitation
problems. At this stage, the role of people is (still) in making decisions and providing an
intuitive direction, starting from data analysis. Generally, these systems are distinct and
cannot work (yet!) together effectively.
IoT applications
The major objectives of IoT are the creation of intelligent environments / spaces and
self-aware things (e.g. intelligent transport, products, cities, buildings, intelligent rural
areas, energy, health, smart living, etc.) for climate, energy, mobility, society and numerical
applications related
to
health.
The
concept
is
illustrated in Figure
4. Developments in
intelligent entities
will also encourage
the development of
new technologies
needed to address
the
emerging
challenges
of
public health, aging
populations,
environmental
Figure 4 IoT and the creation of intelligent environments.
protection
and
climate change, energy conservation and resource-rich materials, improvements reliability
and safety in operation, security applications in the field of IoT, continuation and increase
of economic prosperity. These challenges will be addressed through:
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• Provide reliable, intelligent, self-managed, conscious and adaptive network technology,
network discovery, and network management.
• Refine the interaction between hardware, software, algorithms as well as the
development of intelligent interfaces (intelligent machine-to-machine, object-to-object
interfaces) and intelligent human-machine interfaces / object interfaces, enabling
intelligent and mobile software.
• Incorporating intelligent functionality through further developments in
nanoelectronics, sensors, actuators, antennas, storage, power sources, integrated systems
and sensor networks.
• Developing multiple disciplines to address multi-functional communications, multidomain communications, information processing and signal processing technology,
identification technology, as well as search and discovery of engine technologies.
• Developing new techniques and concepts to improve security, privacy, security and
business privacy technologies, in order to adapt to new technological and social challenges.
• Strengthen standardization, interoperability, validation and modularisation of
technologies and IoT solutions.
• Define new governance principles to address the evolution of technology to enable
business development, and free access to knowledge - in line with global needs - while
maintaining respect for privacy, security and safety.
Standards
Open standards are key elements for the success of wireless communications
technologies (such as RFID or GSM) and, in general, for any machine-to-machine (M2M)
communication.
Without
global
recognition,
standards (such as
TCP.IP or GSM /
UMTS
/
LTE),
extending the RFID
and M2M solutions to
the
Internet
of
Things will not be
able to reach a
global, global scale.
The need to establish
interoperable
standards
more
quickly has been
recognized as an
important
element
for
the
implementation
of
IoT
applications.
Figure 5. Convergence of different visions of SOs [9].
Clarifications
are
required on the requirements for a unique global identification. The lack of convergence of
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the definition of the common reference models, the reference architecture for future
networks, the future of the Internet and IoT as well as the integration of inherited systems
and networks are challenges that need to be addressed in the future.
Figure 5 lists the main concepts, technologies and standards with reference to the three
possible views of IO.
The picture clearly shows the future convergence of the three visions.
Modeling and design
Designing large-scale IoT systems is a challenge, due to the large number of
heterogeneous components involved and the complex iterations between devices
introduced through cooperative and distributed approaches. To tackle this problem,
innovative models and design rules must be developed; for example, inspired by cosimulation
methods for large
systems
and
hardware-in-theloop approaches.
As for the
dimensions of the
intelligent object
(figure 6), we
distinguish three
types of canonical
objects: conscious
activity, conscious
policies
and
conscious
processes.
Intelligent objects
can cooperate to
Figure 6. The dimensions of the smart object [8].
form
an
"intelligent object Internet."
Manufacturing
The challenges of manufacturing must be convincingly resolved. Costs must be
reduced to less than one centimeter on passive label and output must reach extremely high
volumes, while the whole production process will have a very limited impact on the
environment, be based on strategies for reuse and recycling, taking into account the overall
life cycle of digital devices and other products that could be labeled or activated by a
sensor.
Internet of everything (IoE)
The other abbreviation (Internet of Everything IoE) recently introduced by Cisco
includes not only the Internet of Things, but also data, processes, and people (via their
smartphones and their social networks) [7].
Enterprises strategic decisions
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Informatics increasingly integrates the product itself and these intelligent and
connected products require a new technology infrastructure for enterprises, making
possible four new functional categories: supervision, control, optimization and automation.
In terms of differentiation, they are operational effectiveness and customer experience.
To take advantage of these advantages, businesses are exposed to new strategic
decisions, such as, for example, (1) which set of functionalities of a smart and connected
product should privilege the enterprise? (2) how should the enterprise possess the property
and rights of access to product data? (3) Should the enterprise change its model of job?
Smart Cities (SC)
As a result of rural migration and suburban concentration towards cities, urban life
has become an important challenge both for citizens and for the governance of the city.
Waste, traffic, energy, water, education, unemployment, health and crime management are
just some of the critical issues [5].
Smart Cities smart cities - with their travel, consumption, pollution reduction, etc.
applications. - and "Smart Grid" - with connected meters and the management of
intermittent power networks and sources, mobility, tablets, smartphones, drone, home
automation
and
remote control of
all
domestic
appliances
and
equipment,
and
even
their
collaboration.
All
these new uses will
increasingly
use
artificial
intelligence
and
semantic analysis to
manage objects and
cross the produced
data.
By definition,
SC have six main
features: intelligent
economy,
intelligent people,
intelligent
governance, smart Figure 7. Closed Loop of Life Cycle Management [10].
mobility, intelligent environment and intelligent life [6].
The explosion of the number of connected objects in operation (several tens of
billions in 2020) leads to an explosion of data to be processed, to a drastic limitation of
energy consumption and maintenance operations, to the search for new network
architectures, and ad hoc systems to model complex systems that combine heterogeneous
but interoperable resource constraints with optimized electronic components (caps, sensors,
MEMS, NEMS) [2].
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As products evolve, they allow a new set of functions and offer opportunities to
create value for customers, manufacturers and the connected ecosystem.
The capabilities of the connected smart products can be grouped into 5 categories:
monitoring, control, optimization, automation and transformation.
Monitoring: Connected sensors and data sources allow complete monitoring of
product performance, and the external environment generates alerts and intelligence that
can be operated.
Control: Interventia produselor inteligente, conectate prin intermediul comenzilor de
la distanță emise de către fabricant, utilizator sau logică și regulile integrate în produs,
permit controlul și personalizarea.
Optimization: The rich information monitoring flow coupled with the capability to
control allows manufacturers to improve product performance and perform remote services
and repairs.
Automation: Applying software algorithms and product business logic, user
preferences, and widening of the system over time allow the product to function
independently.
Transformation: The closed cycle of life cycle management (Figure 7).
By listening to the product during each stage of its life cycle, you can access the
information you need to transform how it creates, operates, and delivers intelligent services
and connected products.
The intelligent city model
A Smart City is a performance city with 6 features, built on the "smart" combination
of facilities and citizens' activities that carry out decisive, independent and conscious
activities.

Figure 8. The 6 smart combinations of citizens' endowments and activities.
A smart city uses and introduces new IT and telecommunication technologies in its
various sectors in order to optimize the use of existing infrastructures.
Whether it is transport, construction, governance or the environment, new
technologies can make a full contribution to meeting today's challenges.
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Figure 9. Elements describing a smart city (based on which the
chart in figure 10 is set).

Figure 10. Comparison of three European cities (Copenhagen, Aarhus and Timişoara), based
on the elements in figure 9 describing a smart city [11].
Conclusions
Numerous smart city projects have begun, but have never been completed. For
example, when the city of Mascar (Abu Dhabi) was created, it was presented as the first
intelligent city in the world; would have had to have no CO2 emissions, be wasteful, and
have many intelligent boosters installed all over the place. This year, the competent
authorities said the works would be completed only in 2030.
Likewise, Songdo (South Korea) has announced it will be the smartest city in the
world, with boaters installed anywhere, with waste management systems on the streets,
roads and highways, with detailed statistics on citizens' consumption, and other intelligent
economic activities. However, the promised technology city has remained unfinished and
under-populated.
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Mankind does not yet realize that by not respecting the promises made, it cuts its
own branch under its feet.
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Abstract. In the last decade, several factors have determined an increasing demand for
wine supply chain transparency. Indeed, amalgamation, fraud, counterfeiting, use of
hazardous treatment products and pollution affect the trust of consumers, who are more
and more oriented to consider the so-called “credence attributes” rather than price. Thus,
consumers demand detailed information on the overall process from the grape to the
bottle. In this chapter, we present a system for traceability in the wine supply chain. The
system is able to systematically store information about products and processes
throughout the entire supply chain, from grape growers to retailers. Also, the system
manages quality information, thus enabling an effective analysis of the supply chain
processes. Effective wine traceability is based upon the accuracy of the information about
the products contained in records held by the various supply chain partners.
Keywords: procedures, production, Rară Neagră grapes, standardization, Supply Chain Model.
Introduction
It is an important principle in ensuring food safety that products can be traced back
to source, all along the supply chain [1]. All operators in the chain (from wine grape grower,
to wine producer, to supplier of substances intended to be incorporated into wine, to
distributor, to exporter, to retailer) must be able to identify any person or business from
whom they have been supplied with wine or any substance intended to be incorporated
into wine (one step back); and to whom they have supplied wine or any substance intended
to be incorporated into wine (one step forward) [2].
Everyone must also have accurate records of each step in the process. The Wine of
Origin system traces the bottle of wine all the way back to the vineyard and the new seal
links the vineyard to the growing practices in that vineyard. This is a highly sophisticated
degree of traceability, which is being universally applied across the wine industry [3].
The most internationally recognized definition of traceability defines it as the "ability
to trace the history, application or location of an entity by means of recorded
identifications" (ISO 8402) [4, 5].
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There are however other definitions, such as the one contained in the General Food
Law - Council Regulation (EC) No. 178/2002 [3] and the one established by the Codex
Alimentarius Commission [7]. If properly used by each member of an extended supply chain,
products and data, including information required to manage traceability and shelf life, can
be exchanged through each link in the chain - facilitating the seamless flow of information
with the flow of goods [8]. Traceability Tools can improve the efficiency of recording and
exchanging information between supply chain participants. When used in conjunction with
databases containing accurate and timely records, standards provide all supply chain
participants with the technical capability to see the origin of a product, both in their own
locations and across the entire supply chain [9].
At the simplest level, item numbering is what the name suggests – a system for
identifying items by giving each one a unique number (e.g. a bottle will have a different
number to a case). Numbering can be applied at every stage of production and distribution.
It is used to identify products and services [9, 10].Global Location Number is a numeric code
that identifies any legal (e.g. company, division), functional (e.g. accounts dept) or physical
entity (e.g. plot of land) within a business or organization. Each location is allocated a
unique number.
Global Trade Item Number is a number used for the unique identification of trade
items worldwide. A trade item is any item (product or service) upon which there is a need to
retrieve pre-defined information and that may be priced, ordered or invoiced for trade
between participants at any point in any supply chain [10, 11].
Serial Shipping Container is a number, which is used for the unique identification of
logistic units. A logistic unit is an item of any composition established for transport and/or
storage, which needs to be managed throughout the supply chain. It provides an
unambiguous identification for logistic units. All parties in the supply chain can use it as a
reference number to the relevant information held in electronic or human readable files.
Application Identifier Attribute information is any variable information required over
and above the trade unit or logistics unit identification, such as a batch number, production
date or customer purchase order [12, 13].
Bar Codes allow automatic data capture, which is a key business solution in an
efficient supply chain [14]. The numbering and bar coding system allows fast accurate and
timely data input into computer systems, automating the flow of information into business
processes. It also enables improved data capture and transfer of information, while reducing
costs [15, 16].
The Wine Supply Chain Model of Rară Neagră grapes
According to current preferences and world wines consumption trends of
autochthonous grapes, in the paper is a studied Rară Neagră autochthonous grape.
Rară Neagră grapes produce a red wine with flavors and aromas of black cherry,
berries, plum, chocolate, and some herbs. Rară Neagră wine is popular with people trying to
get accustomed to drier, more complex red wines because of its other characteristics, like
low tannins which make it easier to drink than other reds wines.
The softer characteristics of Rară Neagră with the fruity flavors make it a red wine
that is well-suited to lighter foods that will not overwhelm the flavors of the wine. More
experienced wine drinkers sometimes see these characteristics as disadvantages and prefer
Rară Neagră when mixed with other, more complex red grape varieties - especially those
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that are harsher alone and can benefit from softening. Nevertheless, it is possible to create
complex, interesting wines from Rară Neagră grapes.
In Moldova Rară Neagră is a late-ripening variety that gives red wines which are
typically rich in acid and may exhibit a pronounced fruity character, the Rară Neagră grapes
specification are included in Table 1. It is responsible for the fame of the Purcari wines in
the 18 th century, before Cabernet Sauvignon was introduced in Moldova. This variety is
used as a main blend component in the Purcari wine, Negru de Purcari.
Rară Neagră tends to make pale, light-bodied, fruity red wines with notable acidity
and a characteristic sour cherry note. The pink-berried color mutation tends to produce
mineral white wines with lime notes that persist on the finish.
The wine supply chain has always been complex and fragmented and with more
distant suppliers and ever-more demanding customers, the unique characteristics of this
supply chain bring challenges to implementing an effective traceability system. The largest
companies account for a significant percentage of the industry and have significant
technology requirements. The remainder of the industry is comprised of small to medium
enterprises, many of which have found niches in specialty products and branding.
Table 1.

Rară Neagră grapes specification.
Indicator

Characteristic
Description

Group
Sinonim
Maturing
Frost

Wine variety
Papa neagră, Băbească neagră
Late maturing
Low
Resistant to filoxera, a bit of
mold

Damage degree
Berry
Size
Formular
Peel
Flesh
Color

Average
Flattened form, seldom rounded
Average density
Juicy
Blue
Bush

The type of growth
Leave
Flower

Strong
Average size, rounded
Bisexual

Agriculture features
The period from the bud burst to full
145 days
maturity
Clusters
Size
Medium
Formular
Conical form
Productivity
Yield 8-10 t·ha-1
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There is also a myriad of other support companies that provide materials,
transportation, storage and other services that are also impacted by traceability. Companies
vary greatly in their technical capabilities; from phone, fax and paper based transactions,
through robust e-commerce, bar code, and other internal systems. Their ability to identify
implicated product, and perform track and trace activities is directly related to their
technical capabilities. The Working Group determined that the wine supply chain could be
broken down into the following key areas: o Grape Grower o Wine Producer o Bulk
Distributor o Transit Cellar o Filler / Packer o Finished Goods Distributor o Retailer Each
area was examined with a view to explaining traceability within that business process, and
to determine the relevant GS1 standards to be deployed.
Rară Neagră is cultivated in the south of Moldova in the regions of Dobruja, making
it the second most widely planted grape variety in Moldova. It is also found in Ukraine,
Romania and New York, United States, where the grape is known as Sereksiya Charni.
Being an old grape variety, Rară Neagră has demonstrated significant clonal
variations including Copceac – a variation with bigger berries, Coada Rândunicii
(Swallowtail) - a variation with a bisected bunch and Coada Vulpii (Foxtail) - a variation that
has a cylindrical prolongation of the bunch. It has also produced over the years two color
mutations including a pink-berried mutation and a white-berried mutation known.
Ampelographers proved that Rară Neagră is a very old variety with the earliest
mentioning of the grape dating back to the early 14 th century. Rară Neagră is a lateripening grape variety that is also a mid to late budding vine which contributes to the
grapes winter hardiness and resistance to the viticultural hazards of early spring frost.
During the cold Eastern European winters, Rară Neagră is able to withstand temperatures as
low as −18 °C (0 °F). However the very loose, medium-sized bunches of thin-skinned berries
are very susceptible to the hazards of botrytis bunch rot, downy and powdery mildew as
well as drought during the growing season. If yields are not kept in check by winter pruning
and green harvesting, the vine can be very vigorous and prone to developing millerandage.
Conclusions
Today, food safety, guarantees of authenticity and origin and the range of healthy
agro-food products on offer are three of the main consumer concerns in the vitivinicultural
sector. For these reasons, traceability has become a useful and necessary tool for
safeguarding the proper functioning and knowledge of the process of production,
development and marketing of wine, grapes and all other products of vitivinicultural origin.
The objective of Wine Supply Chain Model of Rară Neagră grapes was to create a
suitable environment in which to disseminate and discuss the current situation with regard
to the global context of the traceability of grapevines and wine, with the vitivinicultural
sector. In this paper, different aspects were addressed – such as the need to guarantee the
authenticity and origin (from the start to the end of the process of production, development
and marketing), both from a standardization and market perspective, as well as from a
technical and scientific one – through contributions making it possible to understand and
identify the most appropriate procedures and methods for controlling traceability.
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Abstract. This article deals with convective drying kinetics process of peaches that were
collected in Republic of Moldova climatic area, namely SPRINGCREST, CARDINAL and
REDHAVEN varieties. The kinetics study was performed for different temperatures: 50°C,
60°C, 70°C, 80°C, 90°C, for different drying agent velocities: 0.5 m . s-1, 1.0 m. s-1, 1.5 m. s-1,
2.0 m. s-1, 2.5 m. s-1, and for different thicknesses 2.10-3m, 4.10-3m, 6.10-3m, 8.10-3m, 10.103

m. For the determination of the optimal quality and conditions of drying parameters there
was also performed an appearance analysis for each dried sample.
Keywords: drying process, convective drying kinetics, drying agent temperature, velocity,
humidity, drying duration, peaches.
Introduction
Currently, globally, the peach is the third after the apple and the plum in terms of
surface and production volume. [1] Republic of Moldova exports about 5-7 k tons of fresh
peaches per year. [18]. Peaches are highly appreciated thanks to their excellent taste, which
is determined, by a fine pulp and pleasant aroma. The high food value of peaches is due to
a complex and equilibrated composition consisting of 87.5% water, 12.49% of total dry
substances and (10.54 %) soluble dry substances. Sugar content is 8.4 g .100-1 g of product
as well as a treatable acidity of 0.5% (pH=4).
The chemical composition is generally represented by proteins (0.9 g .100-1g of
product), lipids (0.30 g.100-1 g of product), carbohydrate (9.90g.100-1 g of product); The
minerals are represented by an increased content of K (190 mg .100-1 g of product), P (20
mg.100-1g of product), Mg (9 mg.100-1 g of product) and Ca (6 mg.100-1g of product). Peaches
contain as well a variety of vitamins such as A (326 IU), C (6.6 mg .100-1g of product), K (2.60
mg.100-1g of product), E (0.70 mg.100-1g of product), B3 (0.8 mg.100-1g of product), B5 (0.20
mg.100-1g of product), B8 (6.10 mg.100-1g of product), Betaine (0.3 mg.100-1g of product). [27].
Being a seasonal product, there are important quantities of peaches that remain
unvalued as those have both short harvest and storing period. One of the most efficient
method to preserve their value is drying. This processing method has many conveniences
like reduced storing spaces, increased preservation terms and furthermore the obtaining of
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a new product bringing health benefits. Containing a lot of vitamins, fresh and dry peaches
are low in calories and reach in sugars; they are a good source of carbohydrates,
phytonutrients, antioxidants, carotenoids – that are of great importance for the healthy of
eyes, flavonoids that protect against cancer and heart diseases.
Besides those listed, there are other health benefits like stimulating immune system,
normalizing the intestinal transit, stimulating gastric juice secretion, as well as helping in
different diseases treatment like gastritis, anemia, high blood pressure, asthma and
bronchitis, renal lithiasis, etc. [8-13]. In the research process, three varieties of peaches
cultivated in the Republic of Moldova were used, with different characteristics, as follows:
SPRING CREST tree, originally from Fort-Valley, Georgia, USA, is vigorous, high
cropping and abundant blossom. The fruit is medium sized (70÷100 g), regulate and round
with glossy, strong red blush over a yellow background peel, as well as low pubescence. The
flesh is semi-freestone, yellow, melting with a medium texture, good aroma and no red
infiltrations around the stone. Its maturity comes 22-24 days earlier than Red haven (first
decade of August). As technological particularities, one can mention its early, high
productivity and good transportation resistance, but alas, it requires heavy thinning to
attain a commercial size and because of its early blossom it could be affected by the late
spring frosts. Since 2015, it was approved for the Republic of Moldova Central, South and
Southeast fruit-growing zones.
CARDINAL tree, originally from Fort-Valley, Georgia, USA, is medium vigorous, having
mixed branches and, abundant, relative early blossom.
The fruit is medium sized (80÷140 g), asymmetric with claret red blush over a yellow
background peel, as well as low pubescence. The flesh is clingstone, orange-yellow, medium
melting with a fine consistent texture, good aroma and great sweet and sour flavor. Its
maturity comes in the third decade of July. As technological particularities, one can mention
its high productivity, good resistance, and medium frosts and drought resistance; prefers
fertile and irrigated soils. Since 1980, it was approved for the Republic of Moldova Central
and Southeast fruit-growing zones.
REDHAVEN tree, originally from Agricultural Experiment Station, Michigan, USA, is
medium to vigorous, very reliable cropping, mid-season bloom and becomes fertile in the
3rd year after planting.
The fruit is medium to very large (130÷170 g), round or rounded-ovate with red
streaks and red blush over 90% of the surface over an orange-yellow background peel,
along with a low pubescence.
The flesh is semi-freestone, orange-yellow, medium melting, good aroma and good
sweet and sour flavor, with small red infiltrations around the stone. Its maturity comes in
the first decade of August. As technological particularities, one can mention its high regular
productivity, being considered as etalon and one of the best peaches varieties; prefers
fertile and irrigated soils, medium drought resistance, and somewhat susceptible to
bacterial spot. Since 1980, it was approved for the Republic of Moldova Central and
Southeast fruit-growing zones. [1]
Materials and methods
To study the drying process, the following peach varieties served as raw material:
Springcrest, Cardinal and Redhaven. Fresh peach fruit was characterized by firmness, dry
substance content and initial humidity. Table 1.
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Peach varieties
Springcrest
Cardinal
Redhaven

Peaches convective drying

Fresh peach fruit characteristic
Firmness (Kg. f/cm2)
Dry substances (%)
1,22
10,65
1,07
10,52
0,88
11,33

Table 1
Humidity (%)
89,35
89,48
88,67

Drying installation (DRYER)
All experiments were performed applying the laboratory drying installation (figure 1)
that permits convective drying process study. As drying agent, one can use air or other
gases, like CO2. Using the heater (4), the drying agent can reach a temperature spectrum of
20÷100°C, applying the temperature convertor (6) one maintains the needed temperature.
In our case, we used five temperatures for the drying agent, specifically 50±0.5°C, 60±0.8°C,
70±1.0°C, 80±1.2°C and 90±1.5°C. To register drying agent‖s data, we used a group of
temperature (DALLAS 8820 – error ± 0.1°C) and humidity sensors (DALLAS 8820 – error ±
0.5 %) (8), installed right before and after the connection between the agent recycling pipe
and the drying chamber (1).

Figure 1. Experimental drying installation. 1 – drying chamber, 2 – electric motor, 3 – fan, 4 –
electric resistors (heater), 5 – frequency converter, 6 – temperature controller, 7 – auxiliary
device, 8 – temperature and humidity sensors, 9 – switches, 10 – electronic scale, 11 – control
block SHF, 12 – electronic device for monitoring and recording of input and output data.
The drying agent is being recycled with the help of a 0.16 kW ventilator (VORTICE
SPA C15/2T) (3), which assures an up 3.0 m/s airflow velocity. In our case, we used five
drying agent velocities, namely 0.5±0.05 m. s-1, 1.0±0.05 m. s-1, 1.5±0.06 m. s-1, 2.0±0.07 m. s1
and 2.5±0.08 m. s-1. Using frequency convertor (5), we can change ventilator (3) speed thus
modifying and maintaining drying agent velocity. Agent drying velocity was measured
applying an anemometer (AM50 – error ± 3.0%). Inside the working chamber, the peaches
are arranged on a support installed on top of an electronic scale (G&G JJ2000 – error ±0.01
g) (10) this way permitting an online registering of drying process product mass dropping.
For product surface temperature measurement during the drying process, one used an
infrared thermometer (IR laser – error ±2.0°C or 2.0%). All listed sensors are connected to a
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PC software IgiCOM & UTM Drier – V 2.0 thus granting us the possibility to create an online
registration database of product drying mass dropping, drying agent temperature and
humidity (figure 2). This way allowing us to monitor and control agent drying velocity and
product surface temperature through the entire drying process.

Figure 2. Data electronic processing. 1 – dial (indicates product’s mass dropping curve),
2 – dial (indicates drying chamber input and output drying agent temperature)
3 – dial (indicates drying chamber input and output drying agent humidity).
For the experimental drying process, there were selected 89.5±0.75% initial humidity
ripe peaches. After being water washed and dried at room temperature, all the samples
were tested for the technical requirements correspondence, including visual and tactile
examination, and after confirming the fruits were sliced in well defined (3÷4 mm) rings. A
100±0.5 g portion of slices was arranged on the drying tray.
To study the kinetics of the drying process of peaches, the "convection drying" method
was used, as it is a known and applicable method in research. [14, 15, 16]
There are multiple, technological process (velocity, humidity, drying agent temperature,
etc.) and drying product, the peach, properties (thermal conductivity, porosity, density,
geometrical parameters, etc.) parameters that affect the process of drying kinetics. [17, 22]
To study the kinetic curves of the drying process: the following thermal agent
temperatures were used: 50°C, 60°C, 70°C, 80°C, and 90°C for all three varieties of peaches;
different thicknesses of the product layer (2.10-3m, 4.10-3m, 6.10-3m, 8.10-3m, 10.10-3m) and
different working agent speeds (0.5 m. s-1, 1.0 m. s-1, 1.5 m. s-1, 2.0 m. s-1, 2.5 m. s-1). To achieve
high-precision experimental results, each experience was performed three times,
maintaining the same technical conditions (temperature, humidity and speed of the working
agent, temperature, pressure, and environmental humidity).
The processing of experimental data and the development of the electronic curves of
kinetics of the drying curves was based on the IgiCOM & UTM Drier - V 2.0 PC software.
Results and discussions
Processed by convective method and different thermal agent temperatures, peaches
drying curves shows a standard form, displaying stable moisture per time diminution (figure
3). [15, 21] From initial 89.5% to final 18.0% humidity drop duration depends on the drying
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agent temperature. Thus for the same 2.0 m. s-1 drying agent velocity and initial 89.46%
humidity, but different temperatures, the drying period will be: for 50°C a 270 min length,
60°C a 225 min length, 70°C a 185 min length, 80°C a 160 min length and for 90°C a 110
min length.
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Figure 3. SPRINGCREST peaches different thermal agent temperatures drying curves
(Thermal agent velocity 2.0 m. s-1, thermal agent relative humidity 60.0%,
slices thickness 3.10-3m).

Drying velocity (du/dt)

Figure 4 shows peaches different thermal agent temperatures drying velocity curves.
Their form also corresponds to the classical one, described in references. [19, 20, 21]
There are presented as well the three drying periods, namely 1 – of product heating,
2 – of constant drying velocity and 3 – of decreasing drying velocity.
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Figure 4. SPRINGCREST peaches different thermal agent temperatures drying velocity
curves (Thermal agent velocity 2.0 m. s-1, thermal agent relative humidity 60.0%,
slices thickness 3.10-3m)
Graphics show that as thermal agent temperature increases from 50°C to 90°C the
drying speed increases as well. Moreover, for the drying agent speed of 2.0 m/s and its
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relative air humidity of 60%, the drying rate increases from 0.35 m. s-1 to 1.05 m. s-1
according to a polynomial law Eq. (1):
( )
At the same time, there has been observed some correlation between the duration of
the constant drying rate and the temperature of the thermal agent. Thus, with the
temperature increase of the agent, in the range of 50÷90°C, the duration of the second
period – of the constant drying rate decreased from 155 min. to 70 min., which in turn
reduces the duration of the drying process.
The mass transfer in the product is largely influenced by the humidity and
temperature gradients, as well as by the thickness of the product layer that the humidity
needs to pass. [22] This way, the kinetics of the peach drying process was as well studied at
different thickness of the slices, namely 2.10-3m, 4.10-3m, 6.10-3m, 8.10-3m, and 10.10-3m.
(according to figures 5 to 7).
At convective drying of SPRINGCREST peaches at thermal agent‖s 2.0 m.s-1 speed,
60°C and relative humidity of 65%, the drying curves for different thickness of the slices
bear the same character (Figure 5), different being only their inclination angle.
Moreover, the correlation between slices thickness variation and drying curves
inclination angle is inversely proportional, which determines that the reduction of slices
thickness accelerates the drying process, as confirmed by the drying velocity curves (Figure
6) showing an increase in drying rate while reducing the slices thickness. Thus, at 10 .10-3m
slices thickness, a drying rate of 0.21 ± 0,024 %/min was recorded, while at 2 .10-3m
thickness of – 0.47 ± 0.063 %. min-1.
The decrease of the drying velocity with the increase of the peach slices thickness
within 2÷10.10-3m takes place according to Eq. (2):
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Figure 5. SPRINGCREST peaches different slices thickness drying curves (Thermal agent
velocity 2.0 m. s-1, thermal agent relative humidity 65.0%, thermal agent temperature 60°C).
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Drying velocity (du/dt)
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Figure 6. SPRINGCREST peaches different slices thickness drying velocity curves (Thermal
agent velocity 2.0 m. s-1, thermal agent relative humidity 65.0%,
thermal agent temperature 60°C).
As mentioned earlier, the decrease in the peach slices thickness reduces the drying
time, as shown in Figure 7. Using convective drying in a flow of 2.0 m/s, 60°C and 60%
initial humidity air, one can observe, that 2.10-3m thick peaches slices, have a minimum
drying time of 220 min., 4.10-3m thick has a drying time of 280 min., for a thickness of 6.103

m the duration is 320 min., for 8.10-3m a 360 min. and for a thickness of 10 .10-3m the
drying time is 440 min. The correlation between the drying time and the thickness of the
product layer, of slices, within 2÷10.10-3m bears a linear character Eq. (3):
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Figure 7. Correlation between SPRINGCREST peaches slices thickness and drying time
(Thermal agent velocity 2.0 m. s-1 thermal agent relative humidity 60.0%,
thermal agent temperature 60°C).
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Wet products drying process, particularly peaches, among others are greatly
influenced by the speed of the thermal agent. Figure 8 shows the drying curves and in
Figure 9 curves of the drying speed of peaches cut in 3.10-3m thickness rounds using
thermal agent temperature of 60°C for different speeds. Both the drying curves and the
drying speeds curves indicate an intensification of the process as the thermal agent speed
increases [15, 17].
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Figure 8. Peaches different thermal agent velocities drying curves (Thermal agent relative
humidity 65.0%, thermal agent temperature 60°C, slices thickness 3.10-3m).
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Figure 9. Peaches different thermal agent velocities drying velocity curves (Thermal agent
relative humidity 65.0%, thermal agent temperature 60°C, slices thickness 3.10-3m).
The following results were obtained from the analysis of Figure 8 and Figure 9: at
the speed of 0.5 m. s-1, a drying time of 440 min was obtained, at 1.0 m. s-1 – 380 min., at
speed of 1.5 m. s-1– 340 min., at of 2.0 m. s-1– 280 min., and for 2.5 m. s-1 for 200 min.
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According to Figure 10, the dependence of the drying time of the thermal agent
speed (t = f (v)) in the range of 0.5÷2.5 m. s-1 is linear Eq. (4)
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Figure 10. Correlation between peaches drying time and thermal agent velocity (Thermal
agent relative humidity 65.0%, thermal agent temperature 60°C, slices thickness 3.10-3m).
During the kinetics research of the peach drying process, such varieties as
SPRINGCREST, CARDINAL and REDHAVEN were studied. Both drying and drying velocity
curves have the same character, indicating that small differences in physical, mechanical
and thermal properties of different varieties have little influence on the transfer
phenomena in the drying process. The drying times of different varieties differ in average by
±10÷15 min., which is 8÷6% (Figure 11).
300
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Figure 11. Correlation between peaches variety and drying time (τ = f (variety)).
As a result of drying process kinetics study, dry product samples were obtained for
different temperatures and speeds of the thermal agent, and different thickness of the
rounds. Of particular interest is the external appearance of dried peaches at different
temperatures, since drying, as a thermal process, may be accompanied by various unwanted
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effects such as sugar caramelization, browning polyphenols, etc. Figure 12 shows
SPRINGCREST dry peach samples with a thickness of 3.0 .10-3 m, the drying being carried
out by convection at different thermal agent temperatures at a speed of 2.0 m. s-1 and a
relative humidity of 60%.

a)

b)

d)

c)

e)

Figure 12. SPRINGCREST peaches aspect dried using: thermal agent 2.0 m/s velocity and
60.0% relative humidity: a) 50°C; b) 60°C; c) 70°C; d) 80°C; e) 90°C temperature.
The pictures show that dried peaches at temperatures between 50°C and 60°C are
more attractive than those dried at temperatures of 70°C, 80°C and 90°C, indicating that at
the given temperatures the undesirable caramelization phenomena and peach browning do
not take place yet.
Conclusion
The study of peaches convective drying kinetics at the temperature of the thermal
agent in the range of 50÷90°C, speed of 0.5÷2.5 m.s-1 revealed that the increase both
thermal agent temperature, speed and decreasing the thickness of the rolls from 10 to 1 .103
m, leads to an intensification of the process. However, temperatures above 60°C cause an
acceleration of the undesirable sugar caramelization and browning phenomena, Figure 12.
Therefore, for the convective drying of peaches, the temperature of 60°C with the speed of
the heating agent 2.0 m. s-1 and the thickness of the rolls 3 10-3m are recommended for
getting an optimal drying process. The character of the drying curves is classical and does
not differ from that of the fruits and vegetables described in the specialized literature [1416, 19-22].
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Abstract. Food industry more and more tends to replace the synthetic compounds in foods
with natural ones. A safe and effective possibility would be to use biologically active
compounds extracted from local natural berries such as sea buckthorn (Hippophae
rhamnoides L). In this paper there were evaluated the antioxidant capacity and physicochemical characteristics of seabuckthorn lipophilic extracts. There were performed the
analysis of the impact of biologically active compounds on the physico-chemical
characteristics of lipophilic extracts and mayonnaise type sauces and the investigation of
their oxidative stability. The results obtained using high-performance analysis methods
have allowed the argumentation of the importance of replacing synthetic antioxidant
compounds with natural antioxidant compounds in the production process of high-lipid
food products.
Keywords:

antioxidants, extraction, high-lipid food products, oxidation.

Introduction
Nowadays, more and more manufacturers in the food industry tend to replace
synthetic food additives with natural substances, biologically active compounds obtained
from natural resources of plant origin that are stable and safe for consumption. Therefore,
local berries, including the sea buckthorn (Hippophae rhamnoides L.), show increased
interest due to their organoleptic and physico-chemical characteristics.
In this research, we studied sea buckthorn (Hippophae rhamnoides L.). The aim of this
study is to obtain stable and high quality lipophilic extracts of sea buckthorn, to analyze the
physico-chemical characteristics, to obtain high quality mayonnaise type sauces with the
addition of sea buckthorn lipophilic extracts and to analyze the sensory characteristics and
the oxidative stability of the food products.
The importance of sea buckthorn as a medicinal plant is determined by the content of
biologically active compounds in fruits, leaves, and even in peel. The sea buckthorn is a
natural concentrate of vitamins (C, P, B1, B2, E, K), carotenoids, folic acid, isoramnetol,
unsaturated fatty acids and phytosterols, nicotinic acid, volatile oils, etc. The sea buckthorn
fruits have orange color due to the content of carotenoids, which is much higher than in
carrots or squashes [1]. Food products oxidation is caused by lipid oxidation process and as
a result may occur a color change, rancid odor and texture of food may be modified which
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negatively influences the sensory qualities of foods. Natural plant extracts are a good
alternative for synthetic food additives, also enriching the nutritional value of the food [24]. Pastries, meat products, dairy products with the addition of natural plant extracts, spices,
and fruit powder were obtained [5 - 9].
In complex foods, the impact reduction of lipid oxidation can only be ensured by
appropriate packaging and antioxidants that block the propagation or decomposition of the
hydroperoxides and is manifested by the inhibition of the oxidation process [10, 11].
Materials and methods
Sea Buckthorn berries (Hippophae rhamnoides L.) were harvested in the central area
of Republic of Moldova in 2016. Reagents sulfuric acid solution H2SO4 (2M), hydrogen
peroxide solution H2O2 (0.1 M), ammonium molybdate solution (3%); potassium iodide KI
(1.8 M), sodium thiosulfate N2S2O3 (5.09 mM), concentrated nitric acid HNO3; hexane, 70%
ethyl alcohol, phenolphthalein, glacial acetic acid were purchased from Merck, Germany.
The sea buckthorn berries were air dried, then ground and sieved.
The extraction was carried out in deodorized refined sunflower oil with a solvent ratio of 1
g plant: 10 ml of oil. The extraction process was carried out by 2 shaking at 22 ° C for 24h.
The extracts were decanted and stored in dark glass bottles at + 4 ° C.
Determination of Peroxide Value (PV). Peroxide Value determination was performed by the
volumetric method [12,13] and the results obtained were calculated according to the
following relationship:
(

)

, [mEq O2/kg]

(1)

where:
B – volume of titrant, [ml of blank],
S – volume of titrant, [ml of sample],
N – normality of sodium thiosulfate solution,
The antioxidant capacity of lipophilic extracts. For the determination of HPSA[14], in the
titration flasks, 1 ml of sample was mixed with 1 ml of hydrogen peroxide solution H 2O2
(0.1 mM). Then 2 drops of ammonium molybdate, 10 ml of H 2SO4 (2M) sulfuric acid and 7 ml
of KI potassium iodide (1.8 M) were added. The obtained solution was titrated with sodium
thiosulfate N2S2O3 (5.09 mM) until the yellow color disappeared. The volume (V1) of sodium
thiosulfate Na2S2O3 (5.09 mM) used for titration was recorded.
Determination of acid value (AV). Determination of AV [15] was performed by the
volumetric method and the results obtained were calculated according to the following
relationship:
, [mgKOH/g]

(2)

where:
VKOH – volume of potassium hydroxide, [ml];
NKOH – concentration of potassium hydroxide, [mol/dm3];
m – mass of sample, g.
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Sensory evaluation. A sensory evaluation of sauce samples was conducted after preparation.
Sensory characteristics: taste, flavor, color, consistency and overall acceptability were
evaluated by a 20-member panel on 5-point scale, with 1 being the lowest and 5 the
highest according to Juyun Lim, (2011) [16].
Results and discussions
Results obtained through analysis of different methods of research have found out
that oxidation process can be slowed down by using lipophilic extracts fortified with
biologic active compounds. It was determined that lipophilic extract samples enriched with
natural antioxidants are characterized by a higher antioxidant capacity compared to
samples that were not enriched with natural antioxidants and the values are shown in
figure 1.
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Figure 1. Phisico-chemical characteristics of sea buckthorn extract.
As it is shown above, the peroxide value of sea buckthorn lipophilic extract is within
acceptable limits according to normative documents ( max. 10 mechiv O2/kg according to
[12]). The value for sea buckthorn extract (PV=3,66 ±0,13 mechiv O2/kg) is lower than the
blank sample which fact shows that due
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In order to investigate further the oxidative stability of the lipophilic extract in foods,
there were prepared samples of mayonnaise type sauces according to a preset recipe [17].
In order to analyze the organoleptic parameters it was made a sensory evaluation and the
results are shown below (figure 2).
It was carried out that the sample prepared with the addition of sea buckthorn
extract is characterized by its pleasant taste and odour characteristic for mayonnaise close
to the blank sample. Consistency is homogeneous, creamy and very good. The color is
yellowish cream characteristic for mayonnaise sauce. According to the study [18], acids
produced most important changes: lightness, radical scavenging activity, and increase of
polymeric colour, browning and degradation indices, chroma and colour parameter.
Further, to ensure the oxidative stability of the extracts there were determined the
physico-chemical characteristics of the mayonnaise type sauces and the results are shown
below (figure 3).
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Figure 3. Physico-chemical characteristics of mayonnaise type sauces.
The peroxide value for mayonnaise sauce is within acceptable limits (max. 10 m echiv
O2/kg) [12]. It was found out that mayonnaise samples enriched with sea buckthorn extract
showed a considerably lower peroxide value compared to the blank sample, which is
because the peroxides formation process slows down.
It was established that sea buckthorn extract is characterized by a slightly higher
value of Acid Value (0,65 ±0.04 mg KOH/g), which is explained by the presence of the free
fatty acids. The values for both samples remains within the permissible limits according to
the normative documents [12].
Conclusions
The results obtained from the determination of the physico-chemical characteristics
of sea buckthorn lipophilic extracts are within the permissible limits of max. 10 m echiv O2
active / kg for Peroxide Value and max 0,6 mg KOH/g for Acid Value. The sea buckthorn
extract is characterized by a higher antioxidant activity (HPSA=49.9%) compared to the
blank sample which fact is explained by a higher content of biologically active compounds
in local berries like sea buckthorn. The sensory evaluation of high lipid food samples
showed that the mayonnaise type sauce enriched with sea buckthorn extract is
characterized by a pleasant taste and smell and a characteristic consistency and colour for a
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mayonnaise sauce. In addition, the quality parameters of the investigated samples are
within the maximum permissible limits according to the regulations and protocols.
This research demonstrates the possibility to use sea buckthorn lipophilic extract in the
food products production. An important benefit is the possibility to use natural antioxidants
obtained from local resources in order to substitute the synthetic ones. This way food
products enriched with natural antioxidants will be safe and healthier for consumption.
Acknowledgments
We gratefully thank the bilateral MDA-RO
16.80013.5107.22 / Ro for financial support.

research

project

with

the

code

References
1. Creţu L. Domaşenco L., Plantele alimentare care ne apără sănătatea, ed Arc, 2005.
2. Rasooli, I. Food preservation – A biopreservative approach. In: Food, 2007, 1, pp.111–136.
3. Cristina Caleja, Lillian Barros, A comparative study between natural and synthetic antioxidants: Evaluation
of their performance after incorporation into biscuits. In: Food Chemistry, 2017, 216, pp.342–346.
4. Pasqualone, A., Bianco, A. M., Paradiso, V. M., Summo, C., Gambacorta, G., Caponio, F. Production and
characterization of functional biscuits obtained from purple wheat. In: Food Chemistry, 2015, 180, pp.64–
70.
5. Bajaj, S., Urooj, A., Prabhasankar, P. Effect of incorporation of mint on texture, colour and sensory
parameters of biscuits. In: International Journal of Food Properties, 2006, 9, pp.691–700.
6. Caleja, C., Barros, L., Antonio, A. L., Ciric, A., Barreira, J. C. M., Sokovic´, M., Development of a functional
dairy food: Exploring bioactive and preservation effects of chamomile (Matricariarecutita L.). In: Journal of
Functional Foods, 2015b, 16, pp.114–124.
7. Caleja, C., Barros, L., Antonio, A. L., Ciric, A., Sokovic´, M., Oliveira, M. B. P. P., Foeniculumvulgare Mill. as
natural conservation enhancer and health promoter by incorporation in cottage cheese. In: Journal of
Functional Foods, 2015a, 12, pp.428–438.
8. Reddy, V., Urooj, A., & Kumar, A. Evaluation of antioxidant activity of some plant extracts and their
application in biscuits. In: Food Chemistry, 2005, 90, pp.317–321.
9. Shah, M. A., Don Bosco, S. J., & Mir, S. A. Plant extracts as natural antioxidants in meat and meat products.
In: Meat Science, 2014, 98, pp.21–33.
10. 10. Popovici V. "Evaluation of the impact of horticultural extracts on the oxidative stability of the lipid
complex in food". In: Nat. Session of Student Scientific Communications, USM, Chisinau, 2017, pp. 31-33.
11. Popovici V., The impact of hawthorn lipophilic extract on oxidative stability of food products, MTFI-2018,
In: Proceedings of International Conference Modern Technologies in the Food Industry, TUM, 20-21 of October
2018, Chisinau, ISBN 978-9975-87-428-1, 2018, pp.198-202.
12. G.D. of R.M. no. 434 of 27.05.2010 regarding the technical regulation "Edible vegetable oils". [Accessed :
1.10.2018]. Available : http://lex.justice.md/md/334787/
13. Peroxide value, Acetic Acid – Chloroform Method, AOCS Official Method 8-53, Sampling and analysis of
commercial fats and oils, 2003. http://www.ifraorg.org/view_document.aspx?docId=22291 [Accessed:
1.10.2018].
14. Sroka Z., Cisowski W., Hydrogen peroxide scavenging antioxidant and antiradical activity of some phenolic
acids. In: Food and Chemical Toxicology, June 2003, Volume 41, Issue 6.
15. Acid Value, AOCS Official Method Cd 3d-63, Sampling and Analysis of commercial fats and oils, 1999.
[Accessed : 1.10.2018]. Available : https://www.aocs.org/attain-lab-services/methods/methods/methoddetail?productId=111545
16. Juyun Lim, Hedonic scaling: A review of methods and theory, Department of Food Science and Technology,
Oregon State University, In: Food Quality and Preference 22, Corvallis, OR 97331, United States, 2011,
pp.733–747.
17. Production technology of salad sauces and dressings, Simferopol, 2009. [Accessed: 10/01/2018].
Available:
https://studyes.com.ua/kursovaya/kursovaya-rabota-na-temu-technologiya-proizvodstvasalatnich-sousov-i-dressingov-2009.html (in Russian).

Journal of Engineering Science

November, 2018, Vol. XXV (3)

PRINT

ISSN

2587-3474

9 772587 347007

ONLINE

ISSN

2587-3482

9 772587 348004

