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CHEMICAL SCIENCES

LERNSTRATEGIE ALS EINE METHODE ZUM ERLERNEN DER ORGANISCHEN CHEMIE

Otvalko E.A.
Lehreran der Fakult2&at f¢gr Chemie der St
benannt nach P.[. Mashe

Katsnelson E.I.
Doktorand der Fakultat fg¢gr Chemie de

benannt nach P.f. Mashe

Zusammenfassung

Aktives Lernen im Unterricht féehrt dazu, dass di e
Ebene bewegen. Studieredee vor zugen gut geplante Strategien, di e
traditionellen Vorlesung. ber di e Beherrschung des I nhalts-uidi naus f
Schreibf2ahigkeiten.

Stichworte: organischen chemiéernmethodenlernstrategien.

Das Ziel der Arbeite ist es, aktive Lernmethodem ngewandt en Chemi e. Fast auss

am Beispiel einer Vorlesung bei Studenten der biologsynthetisierten und isolierten Produkte der organischen
schen Fakul thBd f zTunc hrfhéghra@hendge zogedrdned werden: Farben, Lacke, Kunst-
gani schen Mol ek¢l en. N a mteffe, uMedikant@ats, tLebénsmittelzusatdséofieo Kos-t -
rieren. metika und so weiterDie organische Chemie ist die

Um dieses Ziel zu erreicheist es notwendig zu Lehre von den Kohlenstoffverbindungen und ihren Re-
verstehen, was Organische Chemie ist Wassindaktia&tionen. Die Organische Chemie untersucht so detail-
Lernmethoden und ihre Charakterisierung? So kadiert Feinheiten und Mechanismen auf allen Stufen der
man bei der Anwendung von aktiven Lernmethoden dighemischen Reaktionen.

folgenden Aufgaben | °sen: Der Name organische Chemie
1. I ntensivieren und dithidmChemie des Pflarzéneundplierdemits oan idesr ¢ h e
undkgni ti ve Aktivitat deran@gamsghere Chemie, der Chemie des Mineral-
2. Kommuni kati ve wund preerisc®hnsl,iacbh e Maonmpethem znémml i ¢ h 1

bilden. Es wird mehr Wert darauf gelegt, die studentiganische Substanzen nur von der lebenden Zelle unter
schen Fertigkeiten und mMiwirkuggkemneértbesonderen Lebemskrafi aufgeddutn | al
I nformationen zu ¢bertr angrdemk® nnt en. Auch nachdem F. \
3. Die Studierenden w2%ureenw des hSawearwkelreaeasgemdi e OX:
Denken angeregt (Analyse, Synthese, Evaluation). Harnstoff aus anorganischen Stoffen synthetisiert und
Die Organische Chemie (auch kurz: Organik) istadurch diese Vermutung widerlegt hatte, blieb man
die Lehre vom Aufbau und den Eigenschaften von déx e i di eser Abgrenzung. Zwar (¢
Kohlenstoffs verbindungen sowie von deren AnalysBereich der Chemie die gleichen Naturgesetze, die
und insbesondere ihrer Herstellung. Aufteilung in Organische Chemie, die Chemie der
Die Organische Chemiemfasst alle Verbindun- Kohlenstoffverbindungen, und Anorganische Chemie,
gen des Kohlenstoffs mit anderen Elementen; derzelte Chemie aller anderen Elemente, ist jedoch auch
sind etwa 60 Millionen bekaanausnoehragder hGrkegpmdreem si
weitere hinzu. Dazu geh?r §Bn Kohlendtoffatbmn kaen dimitubis zievien e des
derzeit bekannten Lebens. Es sind auch bei weiteweiteren Kohlenstoffatomen verbinden, die ihrerseits
noch nicht alle in der Natur vkommenden organi- mi t weiteren Kohlenstoffatome
schen Mol ek¢le bekannt bnzew.. uDiteerGruccthd .der aus Kohl en
Zwar gelten f¢r den getseanmtMonl eBkegled cihs td epr Lkhteimd ech ni
die gleichen Naturgesetze; die Aufteilung in Organi-  q Am Aufbau der organischen Verbindungen sind
sche Chemie, die Chemie der Kohlenstoffverbindun-a u Cer Kohl enstoff T nur weni c
gen, und Anorganische Chemie, die Chemie aller andgiligt. Dies sind Wasserstoff, Sauerstoff, Stickstoff
ren El emente, ist jedoch uadkseltbnertie Halogend Sowie BrtbefeleundePhosGr ¢ n -
den sinnvoll. phor. I nfolge der mannigfaltd:i
In dieser Referat stellen wir Lernstrategien vor, i chkei ten dieser El emente ke
die das aktive Lernen der theoretischen Grundlagen degillionen verschiedene Kohlenstoffverbindungen. Das
organischen Chemie f°r deihdweitalsimer &9die \hzahs der bekarhtenverl e hr -
veranstaltungen, wie Vorlesunge3eminaren und La- bindungen aller anderen Elemente zusammen.
borunterricht bilden sie sqin®eyehdatz 2u vieléndafofydnisdhénevarbin-d i e d
studentische Lernen erleichtern. dungen zeigen die Kohlenstoffverbindungen im Allge-
1 Allgemeinesund Bedeutung der Organischen meinen keine Neigunzur Dissoziation in lonen, d. h.
Chemie Chemie ist die Lehre von den Stoffen und ihzym Zerfall in geladene Teilchen.
ren Umwandlungen. Heute ist die organische Chemie q pje meisten organischen Verbindungen zerset-
ein Synongmoben dedustr 'ze?n!;itheFTerﬁpérétd}énﬁnBé‘r@ch-ﬂ)@ 0 AC, wund


http://www.chemie.de/lexikon/Organische_Chemie.html#Allgemeines
http://www.chemie.de/lexikon/Organische_Chemie.html#Allgemeines
http://www.chemie.de/lexikon/Organische_Chemie.html#Bedeutung_der_Organischen_Chemie
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sie verbrennen bei Gegenwart von Sauerstoff. Anorgalsz wec km2 Ci g er wi esen, als Ger
nische Verbindungen sind oft thermisck bt 2 n dbinduagen die aus Kohlenstoffatomen zusammen mit
und meistens nicht brennbar. sog. Het er oat o me-hSauemstdffiml i c h
Die organische Chemie ist die Lehre von den Kohder anderen Atomen, aufgebauten Ketten oder Ringe zu
l enstoffverbindungen un doezeithnea. m deR eirfachstenoverkindungeb, elsedie} b e r -
gang zur anorganischen Chemie ist in einigen Teilb&ser ¢ st e ent hal ten, sind alle
reichen flieCend, da or gWansissecrhset oMofl aetkosgmheen awecrhk Weep fbti .n -
dungen und Redlonen mit anorganischen Stoffenbi ndungen mit Ger ¢sten aus Ko
eingehen, und Kohlenstoff auch in einigen anorganienwasserstoffe, solche mit Heteroatomen in Ringen
schen Verbindungen vorkommt, allen voran den CaHeterocyclen. Je nach der mit einer Abbildungier
bonaten (C@) und den Carbiden. Da Kohlenstoffauf-l ek ¢ | e ver bundenen Absicht k
grund seiner Stellung im PSE vierbindig ist, kann eMo | ek ¢ 1 e durch mehrere versch
eine Vielzahl von stkturell verzweigten Verbindun- der darstell en 1T von der macCs!
gen mit anderen Kohlenstoffatomen eingehen. Alleschen Abbildung bis zur einfachsten Strichformel, bei
Leben, das der Menschheit bekannt ist, basiert auf Kotler jede Ecke ein Kohlenstoffatom symbolisierd i
lenstoffverbindungen. der HAtome nicht gezeichnet werden. Alle folgenden
Mol ek¢l ger ¢ste und f uRoneln symmlisierenPrGramuppen habe
organischer Verbindungen, Heteroatome. Es hat sich

St

—CH, ~_ CsHs CH; CH, CH
CH, 2 CH,
I n Tabelle 1 sind die meihatletriegas tMenh rGearcehshtitnydpuenng eznu.- S
sammengestellt. Man unt die syclisckeen Yezbindungem éeincirhisotyclisclief(sen k e t -
tige und cyclische Ver biemhdltem gue Kohlenstodfatogne enr Ring)iundahets- v er -

zweigte und unverzweigte und solche mit einer odepcyclische (sie enthalten auch andere Atome im Ring).

Ger ¢ste

organi scher

Tab. 1.
Verbindungen.

Offenkettige (acyclische) Verbindunge Isocyclische Verbindunge Heteroc(;j/ﬁlrl]zc;hne Verbin-
ges2ttigte Ger ¢
N
geradkettiges Alkan ¢Rentan) O
HeteraCycloalkan (Tetra-
)\/ Cycloalkan (Cyclohexan) hydrofuran)
verzweigtes Alkan(2viethylbutan)
unges?attigte Ge U
)\/ N
H
verzweigtes Alken (Methyl-2-buten) Cycloalken (Cyclohexen) heterocyclisches Alken
M (Dihydropyrrol)
geradkettiges Alkin (Zentin) =
NN
P T - |
Alkadien (1,3Pentadien) Aren, aromat. Isocyclus N
(Benzen)
\\/\v Hetaren, aromat. Hete-
Alken-in (3-Pentenl-in) rocyclus (Pyridin)

Jedes der

Wasser st of f alsoamlere Adome aseCrund 8 enthgltent adukclaemtn
durch Substituenten ersetzt werden. Substituenten sisighen Derivate der Kohlenwasserstoffe.
einzelne Atome oder Atomgruppen, die Heteroatome,
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Tab. 2.
Funktionelle Gruppen und wichtige Verbindungsklassen.
Halogenverbindungen
Halogen (Fluor, Chlor, Brom, lod)
Halogenalkar{Fluor-, Chlor, Brom, lodalkan)
Sauerstoffverbindungen
Carbonyl Carboxy
Hydroxy Alkoxygruppe )
gruppe Alkohol Ether grup;:})<e Aldehyd, gruppeaCarbon
eton sdure
Stickstoffverbindungen
Amino Iminogruppe . Azogruppe
gruppe Amin Imin Cyanogruppe Nitri Azoverbindung
Schwefelverbindungen
Sul t 0 sonwefel-
Thiol SulfidgruppeThi- |  Sulfoxidgruppe Sulfongruppe- | regruppe- a
. . sdur e
gruppeThiol oether Sulfoxid Sulfon Sulfon- If
saur terSulfat

Di e Namen wund For mel n h2Auties gnd lateraktiveé Lrermeng. Rienndoder-
funktioneller Gruppen und der dadurch gebildeten Vemnen Lerntheorien legen es nahe, Lernen als etwas zu be-
bindungen sind in Tabel traehted, das iDterakty binel konstruktiv stwrsd analges- e r e n
auch CGC-Mehrfachbindungen als funktionelle Grup-t en i n Lerngemeinschafnten ges
pen. Sie sind Bestandt eilLehrnebtboslenGle das aktive Lerngneuhdt damit Aktit s o n i
asSubstituenten. Diese funktiton®Relf¢erxGrnuppgen KOompemat i
nebeneinander einzel n undde nmelLherrfnaecnhd einn ieni nlLeenr nvod neeki¢n s ¢ |
auftreten. F¢r die Bildung und Ent wick
Die chemischen und physikalischen EigenschaKompetenzen der Lernenden ist eine der Voraussetzun-
ten der organischen Verbindungen werden sowohl vagendie breite Verwendung im Lehrprozess der aktiven
den Ger¢sten als aucrmbe-denmndf unkerakéei ven Boumpe der U

stimmt. In Kombination mit die Selbstudium erfolgt die aktive
A Die funktionell en GrHipmpfeqnhrbersg iimmeer dletsiomareriser nf
den chemischen Charakter der Substanzen. Die Einf¢ghrung interaktiver

A Von den Ger ¢sten h? jsigetne derswicteibg s toebn eZiine | Mo Ifeckre Idi e
beweglich oder starr ist, wo Substituenten angeordnAtsbildung von Studenten. In der Ausbildung wurden

sein k°nnen, ob das EI| ekdrreminemasrymdre nd ere hir retreerr a IStuibsnt i d
tuenten sich beeinflussen kann oder ob es mit demjeér weit verbreitet.

gen des Gerg¢stes i n  Wec h s Eiepassivik Methgdest aine Fotm der tthierlk- d ur ¢ h
wird die Reaktivit2t de rtionfbeirdér tdér behrerldie élauptfi@ur urpepliem¢ hv-er 2 n -
dert. rungskraft des Unterrichts is

L°slichkeit und Fl ¢chsiglkeiZuhWwied fvomgiadrlem bFe;-r d«
stimmt durch die Mol eé&-¢ ltigeainfache Vorberatung aukedere Uniersiochthuedndia
lekularen Wechselwirkungen. Aus dem VorstehendeM® gl i chkei t, eine relativ gr?o
wird deutlich, dass di eriaEn bedrentien daitrghmenidesednt r b &€ it ismmtue np |
funktionellen Gruppe i n sentierennorgani sches Mol ekg¢l i hr e
gezielte Umwandlung in eine andere und ihre Entfer- Bei spi el e : Umfrage, selbst?2]
nung aus dem Mol ek¢l i nlarkekie Tag.or gani schen Synthese
eine wichtige Rolle spielen. Bei einzelnen Synthesestu- Aktive Methode T beinhaltet die Interaktion des
fen kann es erforderlich sein, eine funktionelle Grupppe hr er s und des Sch¢l ers mit
reversi bel zu sch¢tzen, devetnenn Reiarkd i besbediprgsnyem Z
gew?2hlt werden m¢gssen, TBeinehmer.Wenngsosiswkwe iMet Miotdleeni cce m-e n
schaft ziehen w¢r den .Chebi Sl dér infenalkdion artgenenemerOhales, dainrssnd die
mie hat ein breites Spektrum solcher Methodeaktiven eher demokratischen Stil.
(Schutzgruppenchemie) entwickelt. Interaktive Methode 1 bedeutet interagieren, im

Die groCe Manni gfal t i gKomvérdationsmoddseein, diatog lerden. inrGegensajza n i -
scher Ver bindungen | &2 s s tu adiver Nethdderr konezéntrieren sich cirkefakfiver e n ,
dass ein bestimmter Satz von Atomen verschiedenartifethoden auf eine breitere Interaktion von Studenten
mi t ei nandfetr uvnedr krnq,uoml i c hniclat nug miodend lrelrér, somaéem -auch mit einander.
den kann, sodass i s omer eDerNDotldes kehits én inéeraktigen Kldssem wird Uik s i c h
isomere Verbindungen in ihren Eigenschaften wenigli e Ri chtung der Aktivit2ten
aber auch stark unt er s c hde Zieleedes Uktérniciniseza grreichent di e Kennt ni
ihrer strukturellen Unterschiede in der Organischen Die Suche nach neuen Formen des Lernens hat uns
Chemie, vor abm aber in der Biochemie vonsehrgrod azu gebracht, die Aktivit?at,
Cer Bedeutung. Sch¢l er rapmokzessdze redudieeen, weil es in
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letzter Zeit so einfach ist, das fertige Material Online zihnen nicht diese Bezeichnung gegeben. Aber wenn

nehmen. von den Druiden oder Kr2auterf,
Wir haben bei der Verwendung von aktivenunoder Schamanen aus Bl2&2tter, W

interaktiven Met hoden d Heilmittel gebrautwurde, so handelte es sichimmefumd a s

Problem der Ver besser un ceinen komplexen Extrakt aus organischen Verbindark t i vi -

tegh zu | °sen, da di ese C(gen Kochen, backen und die Herstellung von verarbéi-u f -
gaben | °st: teten Lebensmitteln edinge K?2se,
1 Erwachen von Interesse der Lernenden; chemische Reaktionen aus dem Bereich der organi-
1 effektive Assimilation von Lernmaterial; schen Chemie. Die Herstellung von Kosmetika, Far-
fsel bstandi ge Suche naben Kerzenund Fackeln und vieles mehr bedingbdie
sung der Aufgabe; Isolierung und Umwandlung und Verarbeitung organi-
| Teamarbeit lernen. scher Verbindungen.Heute ist die organische Chemie
Daher kommen nebBagis dyoéin Synonym f¢r den groben ind
Wissensvermittlung aktive Lehrmethoden. Die folger @ngewandten Chemie. Fast ausschliesslich alle synthe-
den aktiven und interaktisierten und isoliertegnmnProo
wendet werden, um die pschen Chemie zugeordnet werden: Farben, Lackeg
Lehrers zu | °sen Kunststoffe, Medikamente, Lebensmittelzusatzstoffe,
Lehrmethoden: Diskuss Kosmetkaundso weiter. te
Gruppenarbeit, Fallstudienbearbeigu in Gruppen, ! n diesem Semester soll ihn
Rollenspiele, Unternehmensplanspiele, Workshopdieses wichtige aber ungemein reichhaltige Gebiet der
Projektarbeiten, Mast er ¢Chemievermiteltwerden. Di skus
sion, Debatte, fABrainstc. 312lnhaltsverzeichnis = nterak-
tive Tour, Masterclass, soziapsychologisches Trai- LAutf Tuchf¢hlung mit organi
ning, PortfolioMethode, Cas#lethade (Case study), 2.Name und Gestalt.
ASt aTfefcenini ko und viele a 3.1.3 Wie funktioniert ein Leitprogramm. Ar-, ¢ -
den, die es erm°glichen beitsanleitung s5se in
der Ausbildung und Beherrschung des Berufes zuerr ~ Chemieunterricht einmal ganz anders!
chen. TWie man sieht: fiOisdee Lehrer
3 Lehrstrat eg Grmlagenderr |SOwas! _ . _
organischen Chemiebd Sie arbeiten in diesem Progi
3.1 LektonAuf Tuchf¢hl ung PCmitWordund einem Browser.
Mol ek ¢l en Nach jedem Kapitel findet beim Lehrer ein ker
3.1.1 Einleitung m¢ndlicher Test statt, so das:
Organische Verbindungen und ihre ReaktioneOP Sie das Gelernte auch verstanden haben.
sind schon seit der Anti ke bekannt . Nat¢srlich hat ma |

Nur Lesen

Das Programm bietet den Vorteil, dass Sie das Ge-
lernte in lhrem Tempdurch verschiedene andere Ak-
tivit@aten festigen. Es erscheinen deshalb °fters Bil
mit entsprechenden Anweisungen!
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Er kl 2rung
~F

Sie | °sen die Aufgabe!
Sie kontrollieren selbst ob Sie das soeben Gelernte auch versteiden
Die L°sung befindet sich jewei

Oder - Sie arbeiten im Labor.

Finden Sie jemanden, der gleich weit ist wie Sie. Gehen Sie dann ins
und f¢hren Sie das entsprechen
Chemikerinnen und Chemiker arbeitgie ohne Labormantel und Schut
brille!

Manchmal steht das Wichtigste in einem Buch!
Sie bekommen also Information direkt, ohne Letiter! Holen Sie dag
Buch und lesen Sie den entsprechenden Text.

Doch trotz der vielen Hilfsmittel geht esohn&k © pf c hen ni
Dieses Bildchen bezeichnet sog
sich unbedingt einpr2@agen sollt

Lektionenablauf Dennoch gibt es viel mehr bek:
Zuerst lesen Sie den Theorieteil oder beginnen <Millionen) als anorganische Verbindungen (~100.000).
mit den angef ¢hrt enemBbxp Diese Vielfalt liegt in den besonderen Eigenschaften

schnitt gibt es kleinere Aufgaben. Sie sollenvonlhned e s Ko hl enst of fhienstofekgnngiond et . D«

all eine gel®°st werden.Dn2mlich als grobe Ausnaghanhbee npr

finden Sie am Ende von jedem Kapitel. BearbeitenSsi ch sel ber verbinden, zu Ket:

di eses Kapitel S0 | a n g ecken etc. Woran liegt das? fé¢hl oer

Schreiben, sie ein Lernjournal, dadbge sie dann ab. Begr¢ndet i st dies im Umst ar
Lernziele: lenstoff, wenn nicht mit sich selber, so doch meist mit

1. Sie wissen, weshalb der Kohlenstoff eine SoiWasserstoff bindet (siehe Kohlenwasserstoffverbin-
derstellung in der Familie der chemischen Elemendungen).

einnimmt. 3.1.5 Die Darstellung der Verbindungen in der
2. Sie beherrschen verschiedene Darstellungsfcorganischen Chemie
men organischer Verbindungen, so die Le&threib- Kohlenwasserstoff e r bi ndungen werden
weise und die Strictoder SkelettformeBchreibweise. so dargestellt, dass die-Atome weggelassen werden
3. Sie k°nnen di e sy sunddie GC-Bindungen nur als Striche dargestellt wed-e r
Kohlenwasserstoffe nachvollziehen. den. Andere Atome m¢gssen aber
3.1.4 Die Sonderstellung der Kohlenstoffver- Eine solche Darstellungsform nennt man Sketsder
bindungen Strichformel:

Neben Kohlenstoff sind nur noch wenige Ele-
mente am Aufbau der organischen Verbindurtgstei-
ligt, so etwa H, O, N, S und P, selten noch Halogenide.
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Butan Ethanol Triethylamin

CH:—N —C,H,

Lewisschreibweise CH3-CH2-CH2-CH3 CH3-CH2-OH

CHs

N
N ~"0H J N

Strichformel

Aufgabe 1.1. Zeichnen Sie die fehlende\tdéme bei diesen Verbindungen ein:

NH,
cl F ¢ c cC
N7 c— \C/
C. '
/C\ C C VRN |
HO c— ~c~ F Cl NH, c—C—~—c.~C~ ¢
A
pq)ufgabe 1. 2. Nun zeichnen Sie die Strichformeln d

2

Aufgabe 1.3. Zeichnen Sie die Lewisformeln folgender Verbindungen auf:
Cl
OH
a
) b) ) d)

3.1.6 Die Einteilung der Kohlenwasserstoff  Unterkapitel nur einmauf Verbindungen mit den bei-

Verbindungen den Elementen C und H. Die nennt man daher auch
Da die Welt der or ga n iKohlenwasserstoff/erbindungen (KW). fal -
tig ist, kann eine systematische Einteilung der Ve Al kane oder ges?2ttigte KW:
bidnungen nur n¢gtzlich ¢ Offenkettige oder verzweigte Verbindungem:g et -
was | eichter zu machen, Summenformel Hano di esem
Beispiele:
ButanHeptanMethylpentar2,2-Dimethylpropan Diese beiben sich also in d
Zyklische (ringf?°r mi geC-H-Bindungen kostet. SummenformeltGn.
Beispiele:

O 0 O

CyclobutanCyclopentarCyclohexarCycloheptan

Al keneund Al ki ne, s og ¢Kosten der AnzahiWasserstoffatome. Bei einer Ddp-
Die offenkettigen Alkene tragen eine oder mehpelbindung in einer Verbindung ist die Summenformel
rere CC-Doppel bi ndungen. Di immer:GHazn.
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Bei zwei Doppelbindungen (Dienel@n.. Die Auch bei den Alkenen und Alkinen gibt es neben
offenkettigen Alkine sind eher selten und trage-C den offenkettigen oder verzweigten auch die zyklischen
Dreifachbindungen. Hier ist die Summenformel danVarianten. Es liegt auf der Hand, dass damit wieder
bei einer Deifachbindung: GHzn2. zwei weitere HAtome wegfallen.
Bei zwei Dreifachbindungen (Diine):82ns.
Beispiele:

2- Buten2 ,4HeptadierB-MethylhexinCyclopenterCyclohexen

R

als Lewisformel auf und geben Sie dann noch die Summenformel an.

{ome

Aufgabe 1.5. Geben Sie di e-H8ptadienevehtglhreximaihd Cfcs, r
Iopenten an.

E Auf gabe 1.6.F¢Il 1l en Sie die folgende Systemati k

Kohlenwasserstoffe
Al kOne éééeée. .7 ééeeée. .7 Al k" ne
zyklische
BspCeH14 Bsp: CgHa> Bsp: CsH1o

Zum Schlushttps://sdo.vsu.by/course/view.php.

") Studieren Sie die Kapitel 2.2 vanttps://sdo.vsu.by/course/MODUL 1 Grundlegende Konzepte
der organischen Chemie Theoretisches Matdridl.s u n g e n :

-.,-\
(9]

Aufgabe 1.1. Zeichnen Sie die fehlende\tdme bei diesen Verbindungen ein:
NH

H 2
| | | oL /(lz\H CH CH,
—_— 3
HO/T\Cl;/(‘:\c/L HE™ H f/ -
H o H |L NH, HC/C\C/C\CH

pufgabe 1.4. Zei chnen Si-Methgperdan {Beigpible beidlanlgaeem) But an

a
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Aufgabe 1.3. Zeichnen Sie die Lewisformeln folgender Verbindungen auf:

Cl
PN NN >\/\
OH
2) b) C) d)
H H H H
H W H H | | H
T N S 7N
H/|\C/|\C/(|3\H L (‘: ‘\ﬁ |LOH
" I|-| o T
H | H H
NPT
H /|\C‘:/|\ﬁ/c|:\H HO/T\T/T\H
H H H
L Ho CHSH
pufgabe 1. 4
H H H H
NPNENPSPN
H/T\C/T\C/H H/T\C/T\C/(lj\c/H
S L L

4 106l 14

Aufgabe 1.5.
Cyclopentants| 1o,
2,4 Heptadiers 7 12,
3-Mehtylhexing7 12,
Cyclopentenis) s.

vV

Auf gabe 1. 6. F¢llen Sie die folgende Systemati k@
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Kohlenwasserstoffe
Al kOne Al kjne Al k' ne
Offenkettigeverzweigte Zyklische Offenkettigeverzweigte Zyklische
BSpC5H14 CsH12 BSpZCGle BSpICGHlo
ZusammenfassungDi e Bem¢ihungest eloean P2wWmad | hre Verwendung h
gogen, Lehrern, Forschern und Praktikern verfolgtekeit der Bildungsarbeit ab.
die Verbesserung der Lehre und Lernstrategien, unter F¢r di e Bil dung und Ent wi ck

Berufung auf p2dagogi s c hkempetenzen tHeoledrnendehis eirg ten\tbragssetzunp s y -
chol ogische wund p?2dago g gendidbeejte Varveenddre imr_ehmprozeds aktvand e r e
Bereiche des Wissens. Du red Li°nstuenrga kd ii evseenr FBr embhether Ul
mei nt Bildungsaktivit2atdm. KWerbs etaeg i opr midt eamGdesoahul i
sierung und Ver besser ungakdteirv eMeRihnofd¢ hkr uAnngs 2it nztee ri ank tdiew e |
Erforschung der organischen Chemie sind aktive Lern- Daher kommen neben Vortr?2ge

methoden. Wissensvermittlung aktiven Lehrmethoden. Die fol-

Die Einf¢ghrung interakgnden dletrindyem memd wii ret éDri skt i ve
kussionsvortr2age, moder wemtdet Gwaepdenar lneni td,i eFaPldagoyg
dienbearbeitung in Gruppen, Rollenspiele, Unterneh-e hr er s zu | °sen.
mensplanspiele, Workshops, Projektarb&iasterar- Quellenverzeichnis:
beit ist eine der wicht i gslt &adhraden, B.] Kurzds d.ehrbuch der Urganib e s s e r
der Ausbildung von Studenten. schen Chemie Auflage / B. Schrader, P.Rademather.

Des Bildungsprozesses und die erzielten ErgeiN.Y.: Walter de Gruyter Brlin, 20091 2 4 1  ts.
ni sse h2angen von den Techn2.lSehoamaanb C. Giunddagen rder Logjanisoben v e r -

wendet werden. Gr oCe L e IChemie / @.&Sbhammann@rganische ChemsgEldct |, ma n
durch die Vewendung verschiedener Methoden erhebtronic resource]. i Mode of access:

Il iche Unterschiede bei dhep//stiglibde.eom/dac/grundlageletaegan- Sc h ¢l er e
halt, dass die Auf nah me iscleeachkemie Kate oflaarass 2641.20Ber Ver hal -

tensweisen je nach verwendeten Methoden leichter o- 3.. Winteler, A. Professionell lehren und lernen.
der schwerer erreicht werden kann. Die Methoden siriin Praxisbuch / A. Wintelef Darmstadt: WBG, 2008.
wichtige Wer Kk zeuge, die dem L&h8etc. zur Verf ¢ggung


https://studylibde.com/catalog/Wissenschaft/Chemie/Organische+Chemie
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EVALUATION OF INVESTMENT ATTRACTIVENESS OF AGRICULTURAL ENTERPRISES
CONSIDERING CROP COLLECTION RISKS

Oliinyk O.
Doctor of Economics, Professor,
The Head of Finance Department, VDbokuchaev Kharkiv National Agrarian University, Kharkiv
Vashechko Yu.
Postgraduate student
of Finance Department of V.Yookuchaev KharkiWational Agrarian University, Kharkiv
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Abstract:

The article considers the influence of the risk level of the investment object on the formation of investment
attractiveness of agriculturanterprises. The types of investment risks and the methods of their determination
have been analyzed. It was found that the classical coefficient of variation does not take into account the tendency
of changes of the investigated indicator, and therefoes not reflect the actual level of riskiness. It is proposed
to evaluate the investment risk by the residual coefficient of variation providing more reliable data of the fluctua-
tion level and in accordance with the level of riskiness of productionnaedtiment.

s dzs Y thasd @eo | fls den L Hdahd ) lstffted & @zOdEdt® ] Wyl Ot 'd@Bsyf W ° YO - dals
dzdh C O, DOyt 02 dz' Mis!

Keywords: investment risk, investment attractiveness, coefficient of variation, residual coefficient of varia-
tion, productivity.
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GENESIS OF FORMING VALUE ORIENTATIONS OF STUDENT YOUTH IN UKRAINE'S
HIGHER EDUCATION BODIES (XX - THE BEGINNING OF THE XXI CENTURY)
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Abstract:

The article deals with the historical and pedagogical aspect of the genesis of the formation of value orienta-
tions of student youth in the institutions of higher education of Ukraine from the XXth to the beginning of the XXI
century. Thepreconditions for strengthening tendencies in the development of ideas and accumulation of the ex-
perience of formation of value orientations in higher education institutions of Ukraine in theh€Xeginning
of the XXI century are characterized. Theezg=® of the definition of "value orientation" is revealed. The changes
that took place in the value orientations of youth in Ukraine are considered. The theoretical ideas are systematized
and the experience of formation of value orientations of studett yminstitutions of higher education of Ukraine
(XX -t he begi nnisincgntuy)fis genbralizesh theuprospects of further formation of value orientations
of student youth in institutions of higher education of Ukraine are substantiated.

s dzv ytmars O dzdztsmils ', y' dzdz’ Mdz' e’ " dklsOy' ', Wsttdlkze Odzdzv Yy
LOCdEOHd odhts’ o' Isd.

Keywords: values, value orientations, formation of value orientations, student youth, institutions of higher
education.
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Abstract:

The article reveals pedagogical practsan imporant component of the formation of the methodological
competence of the future teacher. Metblodical competence as an important tool for teacher training is
considered in the interconnection of its structural components. It is shown that among alldbmgetences of
the future teacher's professional training, mastery of methodological competence is extremely important, since it
reflects the ability of future teachers to engage fruitfully in educational activities, creatively implementing the
acquired lheoretical and practical experience, involving effective teaching and development technologies.

Keywords: professional training, key competences, pedagogical practice, mietgical competence of the future
teacher.

Problem stating. The d/namic processes in suchasprofessional, communicative, methodological,
modern society put forward high demands omsocial, sufect and other, that will ensure tinefull
specialists bdifferent fields and, in particular, on the functioning in society, high competitiveness in the
personality and professional skills of teacherswvorld labor market and successful sedélization in
Innovations in the system of higher education arearious spheres of life, first of alh the professional
stipulated by the sociecoromic, intellectual and one becomesirgent Among all the key competences
spiritual leves$ of the development of our state and byfor the future teacher's trainingmastery of
the recommendations of the Council of Europe, thmethodological competence is extremely important
requirements of the Bologna Convention which aim tsinceit reflects the ability of future teachers to fruitfully
prepare a highly qualified specialist wiscaware ofiis engage in educational activities, creatively
own subject andsiable to transfer his knowledge andmplementing the acquired theoretical and practical
experience to otherhe ahievement of this goal is experience and involving effectiveeaching and
possible onlysubject tosignificant changes in the development technologies.
process of training specialists. At the present stage of The analysis of recent research and
the development of science and education, the problgmablications. The provision of the professional
of forming the key competencied the futureteachers training of pedagogical staff does not cease to be
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relevant and is reflected in the works of a large numbscientific circulation, and the essence of the conoépt
of both Lkrainianand foeign scientists, in particular, "competence”, the methodological competence of the
the studies of O. Antonova, N. Bibik, B. Gershunskyfuture teacher can be interpreted as the ability to
O. Dubaseniuk, I. Zyazyun, E. Karpova N. Kuzminagffectively build an educational process based on the
O.Plakhotnik, V.Slastonin, O.Chebikina, N. Ololubesystem of speciacientific, psychological and
M. Wallace and others determine the content anpedagogical, methodological knowledge, vocationa
requirements for theéraining of future specialists in and methodological skills, individual psychological
higher education institutionsThe ideas for the characteristics anthe experience of their use in the
implementation of innovative approacheéscluding process otheactivity. Under such conditions, there is
competency are being developedh works by I. a need for a comprehensive teacher education system
Dichkivska, I. Zimnaya, M. Yelkina, N. Nichkalo, O. that will combine traditional educatial methods with
Savchenko, L. Sokhan,.@unk, W. Humtacher, etc. the newest, more effective technologies, as well as
The researches of L. Amanbayeva, L. Burlakova, Lpromote the content and structure of the students'
Kalinina, S. Terno, R. Gower, W. Kinney, Jr., D.methodological training itself (Milovanova, 2007;
Phillips are devoted to thetbrminatiorof the place of Mirza, 2009; Voloshchuk, 2012 )
pedagogical practice in the process of professional In this context, there is a need to consider the main
training. components of methodological competence in the
Purpose and tasks of the article.The purpose of course of practical training. Thus, it is necessary to
the article is to describe the process offthimationthe  highlight the importance of methodological literacy
methodical competence of the future teacher by meameethodological knowledge, skills and abilities), which
of pedagogical practice, taking into account sucheceive a qualitatively new level of their ddopment
features as methodological literacy, methodologicalince the acquired theoretical experience is internalized
thinking, methodical reflection, methodical culture,and verified in the activityduring the pedagogical
which the effectiveness of acquiring methodicapractice, there isalso an intensification of the
competence by future teaches oneof the important connection of methodical thinking with other forms of
tools for modernizing the educational process in higthinking that can be explained blye performance of
school dependsmo the cognitive activity of the future teacher directly in
Tasks: the school environment, immersed in the atmosphere of
- to analyze the pross of forming the methodo- the real educational proced®edagogical practice, at
logical competence of the future teacher and its struthe same time, is an incentive for the development of
tural components from the point of view of ensuringnethodological &flection of a future specialis€Con-
positive influence on the development of professionaidering the individual process of reflection, its
and educational activity by means of pedagogical pradevelopment directly influences the ability of future
tice; teaches to be the subject otheir own professional
- to substantiate the purpose, tasks and content a€tivity, as well as stimulatésemto selfimprovement
the pedagogical practice, outlining the maitictor by means of constant sdthowledge, self
process of mastering the methodical competence of thevelopment, seléducation with the aim of
future teacher by emphasizing that pedagogical practigeantitative and qualitative multiplication of the results
involves the context inclusion of the studerib a real of their work. Pedagogical practice, first of all, is the
educational process with the aim of qualitatively fillingbasis for the development of all components of
all components of methodological competence, formmethodologral culture, the content of which is updated
ing the harmonious personality of the teacher. and enriched in the course of performance of the future
Research methodsln the process of article prep- teacher of professional functions. In direct interaction
aration, theoretical methods of the resbawere used: with all subjects of the educational process, the future
the study of scientific psychological and pedagogicakacher creates value orientations asthlgishes his
literature and normative documents on research issuesyn vision of the pedagogical profession, examines
the praxymmetric method (the study of documentatiomethodical techniques and tools, develops the ability to
and activity products); analysis, synthesis, classificareativity(Voloshchuk, 2012)Consideringnethodical
tion, comparison, generation; empirical ones such culture as an integral part of professional culture,
as observation, survey, questionnaire and interview. E.Passov emphasizes the close interaction between the
Presentation of the main research materialltis acquired social experience and all kindsteécher
known that vocational and methodical training of futurectivities (cognitive, control, motivational,
teachers of anfield is based on the study of methodscommunicative, organizational, adaptivand design)
of teaching dferent disciplines and methods of (E.Passov, 2006). Such interaction between all of these
conducting extracurricular worl, is alsoprovided in  activities of a teacher mayreatlymanifest itself in the
the process of studying psychological and pedagogicatocess of pedagogical practice, ensuring the
disciplines, passing educational, pedagogical practicasjplementation of methodological competence.
as well as through methodological direction of teaghin In order to assess the role of ndblogical
of fundamental disciplines, which provides thecompetence inteachers pedagogical practice, a
effectiveness othe professional training of a future questionnaire was carried out on the basis of evaluative
specialist. judgments with variants of answers, choosing which
Taking into account the definition of respondents presented their vision of the place of
methodological competencewhich are used in pedagogical practice in the processyastering them
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methodical competence. The study of our problem was § promoting the development of future self
carried out on the basis of the humanities faculties oéliabde independenteachers in the preparation and
the Nizhyn Mykola Gogol State University andimplementation of various forms and types of
Zhytomyr lvan Franko State University. Analyzing theeducational and methodological work with all members
results of the questionnaire, italid be noted that of the school team:

67.3% of teachers and 55.8% of students recognize ¢ formation of students of researahdcreative
pedagogical practice as the main means eifttitude to pedagogical activity on the basis of skills to
methodological competence formation, while 22.7% ofiontypically solve typical educational tasks, to
teachers and 27.7% of studengsognize it to be the critically and objectively analyze professional activity
theoretical and practical grounds foorring this of fellow practitioners and experienced teachers;
competence. As we see, pedagogical practice is an ¢ development of individual psychological
important stage in the professional formation ofualities, pedagogical abilities of students, which is a
teachers The respondents give methodologicalprerequisite for the formation of their methodical skills
competence in this process. That is, pedagogicahd culture, personal style of interactiomang all

practice is an integral component of the teachersypjects of the educational process;
professional training and an effective criterion for the ¢ giagnostics of the suitability of the chosen

truth of the acquired scientific knowledge. A number ofeacher's specialty.

forms of organization of educational work, thepedagogical practice of teacher training: informative,
functions of pedagogical activity of teacBe equcationalthefirst courses), summer camp (after the
vocational and methodical tools on the basis ghjrg year of study irmigher educationainstitutions,
knowledge, skills and abilities obtainedfilgheredu-  and actually professional, teaching (on senior courses
cational institutions as well as the formation of of higher educationalinstitutions. Each form of
professional qualities of the teacher's personalityedagogical practice focuses on various aspects of the

pedagogical practice (Kinney, 1989; Field, 2006practice carries out several basic functions:
Solovej Kudina, 2007; Newby, 2007; Mormul, 2008)." ¢ 4qaptive, which manifests itself the direct

The objectives of pedagogical practice are determinggyqjyement of the student in the educational process.
by the general goals of education ataatioular stage The trainee not only acquaints himself with the
of economic, geopolitical, social and spiritualyecyjiarities of various types and forms of organization
development of our country. Proceeding from the goast \york in thesecondary school institutionbut also
of pedagogical practice, one can determine thgyants to the rhythm of thegagogical process and life
following tasks: . _ of the school team;

f formation of psychological readiness of ¢ equcation, which is realized in the practical

students for educational work byrquiding the eyamination of theoretical knowledge gained during
necessary conditions for their profes_smnal adaptatiofhe years of studying in tHegher educational institu-
formation of a respectful students attitude towalas tions which from the plane of ideal ideas gradually

profession of a teacher; o ~ pas into the system of real views and attitudes of the
I generalization, consolidation and deepening,tyre teacher:
of theoretical knowledge in the psyecpedagogical 1 developing, which manifests itself in the

and professnal cycle and their use in practical yergonal and professional development of a trainee:
actlyltle_s for §0Ivmg specific edl_JcatlpnaI situations, f diagnostic, which is realized in the assessment
that is, improving the methodological literacy of future ¢ ¢,t,re teachers of the specifiefield of their

teachers of the humanitariéeld; , , professional and personal suitability for the profession
1 development of future professional skills ofyf 4 teacherThe student can analyze his emotional
practical activity in secondary schoo| personal |a5diness to interact with his students, their parents,
characteristics, professional and methodical culture @f,c-hers and the administratiortie secondary school
the teacher; _ ~ predominantly in practice The professional and
1 the formation of the need for methodicalpersonality characteristics of the future teacher evolve
reflection in the practice that encourages them tgngmanifesin the process akal pedagogical practice
continuous  sefeducation, selfmprovement and The above functions of pedagogical practice are
sustained interest ithe subject of teaching from the yragitional, but new requirements for the organization
humanitarian cycle and the profession of teacher asyfi education dictat the need to introduce additional
whole; functions, in particular, research (which is reflected in
1 acquaintance with current educationabsychepedagogical and methodological —studies,
normative documents, modern methods, means afgbthodical experiments that students conduct in the
forms of educational process, didaatiaterial course of pedagogical practice) and reflexive ( this
complex in secondaryschoo| effective innovative function of pedagogical practice is manifested in the
teaching technologies in the light of humanization anghct that future teachers are able to analyze the level of
humanitaizationof education; their professional duties directly in the educational
process,realize their mistakes and shortcomings in
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training and pick an effective means to addtees in  as analyzing ppilsdata in the classroom and attending
order to improve their professional level). different types of lessons;

According to the curriculum, the process of 1 the acquaintance with the research and
pedagogical practice, as a rule, begins with the secontkthodological work of the school team, the sphere of
year of study and lasts until the end loé training in  cognitive interests opupils of a certain classs well
higher educational institutiongransforming mto a aswith the main achievements thfe secondary school
professional pedagogical activity. This is arin the field of education angtience.
embodiment of the idea of continuity when the future  After finishing their practicefuture teachers will
teacher gradually masteres the peculiarities of workinigy the foundations for methodological competence,
with students of almost all age groups in educationdirst of all, according to cognitive and activity criteria,
institutions of different types from junior pupils to that is, they will master the psychological and
schootleaversandis ready for seteducation and self pedagogical knowledge amdthe receptive levehey
development throughotiis/herlife. will gain proficiency research, communicative,

It is known that each form of pedagogical practicerganizational skills and skills during the initial
has its own pculiarities guided by which we acquaintance with the real educational process in a
distinguish the pre-subject (preprofessiongl and certain class of a certain institution of education.
subject (professional) pedagogical practice, which we The next step in vocatiohaand pedagogical
suggestto consider in more detail. training for future teachers is the teaching pedagogical

Presubject pedagogical practice a specially practice of thirdyear students, which takes two weeks
organized process of checking therity of scientific  for the representatives of philological and three weeks
knowledge and acquired general theoretical experiender the representatives of historical specialties. This

Teachingpractice of seconglear students takes practice is amactivity continuation of classes on the
place in different types adecondary schoolor two  course of pedagogical skill and is conditioned by
weeks for representatives of philological and threachievements of the goals set big ttourse Unlike the
weeks for representatives of historical specialiies-  previous type ofhepedagogical practice, the key tasks
ing this practice students are introduced to thef teaching pedagogical practice is to involve stud
pecularities of the teacher's profession, the specifics af active independent work with pugiof a certain
pedagogical activity in theesondary schoals well as class, to create favorable conditions for diagnosing the
mastering the primary professional skills. professional and active ability to realize the acquired

The high-priority task of this practice is to knowledge, skills and experience of pedagogical
integrate the theoretical preparation of studeftte activity, to promote educational andgnitive interests
disciplines of the psychologicahd pedagogical cycle of pupils to stimulate the development of creative
in their practical application in the course of studying abilities and opportunities of future teachers of the
particular school team andn individual student. specifiedfield.

During this form of pedagogical practice, student The contents of the activity of thigkar students
should be motivated to further deepeaittknowledge during educational pedagogical practice include:

of pedagogy and psychology, the awareness of the ne detailed stuging of the peculiarities of
to take into account the agpecific characteristics of educational work ira certain class and in secondary
each student and develop an individual approach schoolin general as well asthe establishing their

students of eerylevel of education subordination to requirements dhe current state
The contents of the secodar studentsictivity standard

during the course of teaching and pedagogical practi co-operation withthe class teacher and theost

include: active studentdor the occasion of organisation and

1 the familiarization with the peculiarities of performing otheeducational workiaking into account
various educational activities in a particulschoo] the individual characteristics of the students and the in-
including the work of extracurricular circles ancterests of the whole class;
societies establishing and strengthening the links between

1 the analysis of the curriculum, textbooks,theoretcal experience gained during the years of stud-
methodological and didactic provision orparticular ying in secondary school and practical activities of the
subjectin a certain class and familiarization with theclass teacher as well as searching the ways of their re-
equipment, information and technical equipment of tr alisation;
subject tassroom becoming familiar with different forms and meth-

1 the involvement of a certain classn 0ds of outof-class work, engagement ihe organisa-
educational workwith the help of a class teacher in thetion and performing of such events in a particular sec-
organization of th@upilsactivity, interaction with the ondary school;
activists of the class in the formation of positive  thedevelopment of the ability to critically analyze
interpersonal relationships and individual work witttheir own activities and the ability to find ways to im-

pupils of this classroom; prove it through selfmprovement, seléducation and
1 thestudying the psychological characteristicsSel-developnent. _
of the class and individuapupils using different According to the results of the educational peda-

methods of conducting psychological researcgogical practice, future teachers continue to gain peda-
(observation, questioning, interviewing, etc.), as we9dogical and psychological knowledge (implementation
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of methodical competence under the cognitive criteschool life from the point of view of psychology and
rion) basic skills and skills according to thetivity cri-  pedagogy, to analgzthe specifics of dealing with chil-
terion at the receptive level such as research, comndren of different age groups and to find out the personal
nicative, organizational. At the same time, in the se suitability of the chosen profession of a teacher.
ond step of the pedagogical practice, students devel It is worth mentioning that those knowledge and
design skills and abilities during a deliberate immersicexperience gained during the years of studying in the
in school life, actuatiation of work with class students higher @ucational institutions and in the early forms of
where the trainees do their practice and the expansiteaching practice will not disappear, but, on the con-
of the educational and cognitive interests of schoolch trary, multiply and become the basis for a qualitatively
dren: new level of teaching practice, an active (professional)
The next kind ofthe pedagogical practice is the one.
summer pedagogical practice, which students take af All stages of pedagogical practigevolve future
the third year during the summer holidays in childrenteachers in professional activities, but it is teaching
health centers (CHC), where the future teachers epractice in the fourth and fifth courses of the higher
formed first of all, as organizers of extaurricular and educational institutions that has the nature of contextual
out-of-school work. The total duration of this type oleducation (the term was introduced by Verbitsky,
pedagogical practice is four weefor philologists and 1991).In other wordstrainees are faced with profes-
three weeks for students of the history faculty. sional contradictory and complex situations and make
The main tasks of the summer pedagogical praevery effort to find effective ways to solve them.
tice are the formation of the professional and persor The main tasks of this form of teaching practice
gualities of the teacher, immersion in the search for crare the intensive development of all the components of
ative approaches to thegamnization of work in the the methodolog@l competence of the future teacher,
CHC and other educational institutions, the enrichme the acquisition of qualifying professionally significant
of psychological and pedagogical knowledge and ttknowledge, skills and abilities of the chosen specialty
experience of interaction with the children's teanin the course of performing duties as a teacher and a
which is united for a short time for active leisure timeclass teacher of primary and middle school puptis,
and health impvement. The contents of the studentiinvolvement of a trainee in various directions, forms,
activity for the time of summer student teaching aftetypes, methods of work of a certain secondary school.
the third year include: Being a teacher in the course of educational prac-

A the familiarizat i otice atthe primary and secondary levels of secondagys k s ,

requirements and main directions of the work of thschool, students are largely implementédnethodo-
CHC; logical competence based on the motivatioiented

A the studyiwgr k ds dtarget criterion through the awareness of internal and
features of the teacher in charge with the children ofexternal motivations to master the indicated compe-
certain age group; tence, forming a stable motivation to selfprovement

A the research and cinthisfield. ‘peri -

ence of the best methodologists, team leaders and In the process giractice, the studied competence
formation of their own effective style of working with is also realized as the cognitive criterion through the
children mastering of speciacientific and methodological

A the organizati on o knowledge during the teaching afdiscipline of the i t y
accordance with the norms of the CHC, assistance chosen specialtyit the same time, the implementation

i n

the groupds most act i ve ofmethaological competence accordingtotheactiviign ni ng

and carrying out educational and entertainment activcriterion occurs while adaptive skills and knowledge

ties; are evolved which appear in the skills of practitioners
A facilitating rmiwosli ttoadaptthe selectedforms and methods of work to the

mate in the group, taking into account the individuepsychological characteristics of studentsaotertain

characteristics of each child. age group; motivational skills and knowledge that help

Taking into account the specifics of the summefuture educators encourage their students in active
teaching practice, future teachers master psychologillearning and academic outcomes; operational, con-
and pedagogical knowledge in close interaction witstructive, reflexive and evaluative skills that provide
children of a certain age group. Organizational, corrsuccessful planning and conductiegsons, the ability
municative, constructive, research, design skills are cof future human resource teachers to effectively use
veloped at the receptiveproductive level in the field various information resources and engage information

of good quality <chil dr eiandcomputertechnology in their activities as wellasat i o n

CHC, that is, further realisation of theethodological eval uat e studentsd and own
competence is due to cognitive and activity criteria. The development of epmunication skills moves

The considered forms of pedagogical practice at® a new reproductivproductive level in the course of
integral elements of the pteaching (prefaculty) subjectsubject interaction of future teachers with pu-
training of students common to all future teachergils.
since these forms of smalled passe teaching practice The contents of the forthear students' activity as
as a means of the formation of students as teacheasclass teacher during the teaching and pedagogical
class teachers regardless of their chosen specialpyactice nclude:
These types of practices enable students to learn about

ac|
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1 the development of skills to make a plan of edelass, but future foreign languages teachers are as-
ucational work in a cer tsignedtoabubgsosp. Undike the pravigus type ofithee p up
areas of interest and taking into account their individeedagogical practice, this one is carried out in both spe-
ual, age and psychological characteristics; cialties- primary and secondary. It takes eight weeks
1 various forms of work in the class: educafor the stulents of philological specialties and seven
tional, organizational and methodical, pedagogicalveeks for the students of historical specialties. The
etc.: teaching practice on the fifth year of study involves the
§ the preparation of extreurricular activities direct performance of duties of a subject teacher and a

taking into account t he classtgagher. Itcerapletascthe profesgitgpahindde and p

pilsé wishes; education. ' ' .
1 the studying the psychological climate in the ~ The main tasks of this form of pedagogical
class and looking for effective ways toprove it; practice are the improvement of all components of

 the attendance at extcarricular activiies Methodological competence, the development of
held in other classes as well as holding extraicular professional and personal characteristics of the subject

activities with other practitioners for pupils of differentt®@cher, the formation of the voaatal and
classes: methodological skills on the basis of the acquired for

ve years of study in the higher educational institutions

9 the completion the school documentation anq] . ) 3 ; s
checking pupil's mark bookgether with the class theoretical and practical experience working with
students of different age groups in the process of

teacher. X . !
While carrying out the functions of class teacherd?€rforming the corresponding foions.

forth-year students implement their methodical compe-. During the_ educational practice at the top lavel

tence by activity criterion due to the development o igher education students p_erform three roles: as

prognostic skills. They are manifested in the futun!:eac_herS of th_e main specialty, as teachers of an

t e a c hlity sodperform pedagogical predictions@dditional specialty and as class teachers.

and to predict the results of work, which is designed We . gfaph'ca}”y lllustrate the s_tructu_re of

and organized taking i ntPgdagpgicalpracie fc&%ﬁqntrs gféphllglgglgal Ahd psy

chological characteristics, which promotes the developiStorical specialties. T gram shows the place o

ment of future teacher Sg@ch%o%cgqe fogicR rachE,f(gasegqn § HMBe; g

skills. hours allocated to its programs for these specialties.

Methodological competences are actively imple- .As it carr:_ be seen from tlhe diagramsﬁ thi -pre

mented by a personagflexive criterion in the process Su:éﬁ(e:is}ea;:sslnguriﬁedtiiogzla(i:%n dpfrg:élctﬁe tthiiirtd; pl;;tgrre

of carrying out the functions of both a subject teaché;?F e f - Qt] he higheenstues cati on

and a class teacher during teaching and pedagogi

practice in elementary andgseconda?y sdﬂ;loE)I'hatgi]sg g%% for students of philological specialties and 38%

analytical, reflective and evaluation skills develop i oor Srtgdferltes}g-2éséogcatlhsépig(argfs£$ th(z nrlrJ_::nblgr fgfr

course of study various forms of work, teaching mate°Y : y the pording currcy

rials and pupilso acti vitqeycondig Alpositice as MChytimEs O'tsﬂ_ l eve

pupilsé mastery of huma ndofaed thﬁ&%)éfcégegagqgﬁa] Rrgeticq, Which 5 g h ¢t
It should be noted tt these abilities develop sim- st e_nts of both spe |alt|e_s pass dL_mng theth an_d

ultaneously. For example, the ability to work with sci-Fhe_f'ft_h years of Su.’d.y in the higher educational

entific literature develops along with the ability to anal'lsé'ltlusf;gnZ's ';?W;\j’zr'o't ilcs:acl:or:]arzt(i)gef?é feli(tulroer(teet%(;hlg/sel

lyze new information; the ability to use diagnostic 9 pedagogical p p

methods requires getting acquainted with the existin‘gf development of components of methodological

experiere, etc. ompetence, to obsgrve.the dramlba_ in their _
The second stage of the teaching pedagogicg?vebpment and to identify ways to |mprove.th|s

practice is the teaching practice in high school, whichomPetence.The development of methodological

students have on their fifth year of study. It is Organize(aompetence of future teachers of the humanitarian field

by the same principle as the teaching practice on tMdll be at a high levein terms ofserious attitude to all

fourth year of studyone studat is assigned to a certain YPES O_f pedagogy and con_stam_m:h for ways of
professional and methodological setfprovement.
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philological specialities

m Teaching and
pedagogical practic
in the 2nd year of

study
m Educational

pedagogical practic
in the third year of
study )

= Summer pedagogic
practice after the
third year

m Psychological and
teaching practice in
the 6th year

history specialities

Fig. 1. Structure of pedagogical practice for students of humanities

Having analyzed the goals, tasks atdicture of
each type of pedagogical practice,
established that the fourtfeartraining practice (27%
for philological students and 26% for studenfsthe
history department) and the fifjreartraining practice
(36 % for philological studega and 37% for history
departmentstudent} are the most important for the

result of their own practicdt should be noted that

it has beesmong all the questioned students, only 8.6% stated

that they fully possess all the information in the field of
methodologial competences and, accordinghgyare

ready for pedagogical work in higher educational
institutions. These data indicate that the level of
formation of methodological competences of the

most intensive development of all components obverwhelming majority of the interviewed future
methodological competence since at that time fututeachers is insuffient and is based only on theoretical
humanitarian teachers are involved in the widest rangeinciples.

of educational activitiesimplementing the greatest

Regarding the attitude of future teachers to the

number of pedagogical functions in cooperation witlimportance of incorporatingnethodical competendm

all theindividualsof the educational process.

the process of vocational training, the overwhelming

Future teachers of the humanitarian field admimajority of them- 55.2%- are unanimouas for he fact
that they had not had sufficient methodologicathat methodological competence is an essential element

competence before having theirdagogical practice:
37.1% of theinterviwed students assert that thagd
known only theoretical issue and 36.2%had partly
possessed the most important facts. 16.2%
respondents admit that they are knbwledgeablan
the field of methodological corapence, while 7.6% of

of vocational training. 18.1% of the respondents agree
that the methodological competences should be
developed only in the last years of studying in the

tigher educational institutiongnd 124% - that it is

important though indirectly, to include this
competency in the process of professional teacher

future teachers believe that all their knowledge is theaining. No respondent believes that methodological
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competencies should not be included in the process @fft The desire to maintain the interest of studamts
professional training of future teamts, which is their subject andheteacher stimulates the mastery of
evidence of students' awareness of the importance ofree methodological competences of 14.3% of
methodical component in the process of obtaining arespondents and 15.2% of future teachers of the
educational profession. specifiedspecializatiorexpressedhe desire to always
Since the students of the fourth and fifth courselse in the field of pedagogical and methodical
of the humanities have not very rich real pedagogicatinovations. In the process of developing
experence, the formation of methodgical methodological competences 10.5% of megents are
competenies within the higher educational institutionguided by the desire to get the highest results making
is carried out through the accumulation of theoreticdittle effort and 6.7% are guided by the need to
knowledge on the method of teaching specialty subjeatscognize their owmasteryto fellow students. These
(37.3%) and through active participation in practicatlata suggest that future humanitarian teachers are more
and laboratory classes in pedagogy and methods liely to be stimulatel by inner stimuli rather than
teaching a professional subject (28.7%). One sixth eikternal onesn the development ofmethodological
the respondents (16.6%) argue that the monitoring cbmpetences,., the level of motivation to master this
methodological novelties and innovations contributesompetence is rather high.
to the process of forming them in the methodaal In determining the factors that improve the
competenctk and 13. 4% farnhation ofenseihadoladieah competereas eof future
methodologically improved by visiting methodically teechers, 24.8% of thdnterviewed studens have
oriented measures. Note that 5% of the interviewethos@é to experiment with the latest techniques and
future teachers of humanitarian disciplines believe th&chnologies during the planning awednductingof
the formation of methodological competencies iressonpars duringmethodologyclassesand 21.9%of
higher educational institutions does not occlihis the studentshave chose the ability to objectively
testifies that not enough attentiae paid to this assess each lessongartof the lessonjhey havecon-
competency in today's professional trainikipreover, ducted The ability to be constantly involved in selfi-
necessary conditions for its qualitative developmenication and selflevelopment is the most important fac-
during professional pedagogical preparateme not tor for one fifth of respondents (20%), while 17.1% of
always created. the representatives of the humanitiasted it to be the
Concerningthe possible sources of improvementunlimited access to methodologicatlyiented sources
of methodological competences, almost halftlé on the Internet. According to almost the same number
respondents (45.7%) use Internet sources, informatiofi future teachers of the specified specialization
and computer technologies. This result can bg6.2%) the process of formation of methodological
explained by the active penetratiaof the latest competence is improved ahe basis of conducting
information technologies in every sphere of human lifenpethodological workshops with their participation.
including the professional and methodological growth  The inadequate technical equipment of the faculty
of future humanitarian educatorsThe pars of and/ or the school for the time of pedagogical practice
classmates' lessons (21%) and methodical literature afod the use of advanced training technologies (28.6%),
periodicals (15.2%)are less popular but equally insufficient numbeof hours allocated to the subjects of
important sources of improvement of methodologicahe humanitarian field (28, 6%), as well as students'
competences today. A sufficiently large part (18.1%) afnwillingness to conduct pedagogical work on on
future teachers of the humanities is systematicallstandard, creative works (21%ave been the greatest
enriched by participation in methodological activitiedifficulties that students have to overcome during the
held at the faculty. fie level ofthe organization of devebpment of methodological competences. 9.5% of
these types of work and the motivation of the studentke future teachers of the specialized subjects during the
to participate themselves may be #widence of such formation of the methodological competence have to
results. overcome low motivation to improve pedagogical
In the view of the duration of the development ofkills. In addition,8.6% of respondents have diffides
methodological competences, two thirds of thelue to the lack of necessary pedagogical and
questioned (67.6%) agree that this competence shoutgéthodological literatureOnly three students (2.9%)
be developed throughout the professional activitystated to have no difficulties at all during the formation
while 21% of future teachers of humanities considesf methodological competences.
thatfor each teacher the durationtbédevelopment of So, the views of future teachers coincide in some
this kind of thecompetence is differen@nly 11.4% of issues corgrning the peculiarities of the formation of
the respondents assert that the outlined competenmethodological competengeaccording to the given
should be fully formed during studying in the highemdata In particular, the vast majority of respondents
educational institutions. In other wordsudents of the identify methodological competencies as an essential
humanities support the idea of lifelong education andlement of professional training, which should be
believe that the development of methodologicatleveloped throughout their professional activities.
competences is not an exception to this process. Conclusions and perspectives of further
As to the factors stimulating future teachers for theesearch. The analysis ofUkrainian and foreign
development of methodological comeetes, for the psychological, pedagogical and methodological works
most part (57.1%) of the students of the humanitigestifies to the considerable interest of scientists in the
such a factor is the need to be a professional in thegiroblem of professional training of future teachers on
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Abstract

This article discusses the prohibitions on the synonymous interchange of participle and adverbial participle.
Most of the prohibitions on the replacement of participle by adverbiatipdetand vice versa are associated with
morphological and morphological problems. There were also considered some prohibitions related to the seman-
tics of the verb from which the analyzed forms are formed. Finally, there were explored some condittbns whi
related with the subject of the sentence.
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Keywords: active participleadverbial participle, united plan of tense, a point of view.
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Abstract:

The article deals with the problem of mutual perception of individuals. The author identifies fourfevels
communi cati on: background, obstacl e, function and di

not necessary. Dialogue with the Other poses no less a problem of the metaphysical continuum in ontology or the
acceptance of the philosophigmémise of F. Rosenzweig, F. Ebner and others about God as a space of subjectivity
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PHYSICS AND MATHEMATICS

APPLICATION OF LASER BREAKDOWN FOR RECORDING IN FORMATION INSIDE
OPTICALLY TRANSPARENT MATERIALS

Lyudchik J.
Faculty of Radiophysics and Computer technologies, Belarusian State University, researcher
Lyudchik O.
Faculty of Radiophysics and Computer technologies, Belarusian State University, researcher
Wishnevskaya A
Faculty of Radiophysics and Computer technologies, Belarusian State University, researcher
Lyudchik O.
Faculty of Radiophysics and Computer technologies,
Belarusian State University, PhD in Math and Physics, senior lecture

Abstract:

The search for alternative methods of recording and storing information is relevant in the age of rapid devel-
opment of information technology. Especially urgent is the problem oftiermg storage of this information. In
this paper, we propose the new noethior recording information inside optically transparent materials, based on
the phenomenon of laser breakdown and precision laser treatment. The ability to control microbreakdown's size
formed the basis for the making of various information states wsathfa encoding. The information is read by
recognizing images of microbreakdown areas by machine learning algorithms. The proposed methods are success-
fully tested on experimental data sets. Unlike the analogues, for recognition we need only a sioglmimot-
scope and a digital camera.

Keywords: laser treatment, information storage, image recognition.

1. Introduction 2.1 Formation of microbreakdowns

The search for alternative methods of recording The phenomenon of laser breakdown is used to
and storing information is relevant in the age of rapidecord an information in the volume of a transparent
development of information technology. Existingmaterial. Focused laser radiation produces a local de-
methods allow recording huge data streams in a miniatruction (breakdown)observed as a small point. The
ture form, but in these cases there is a risk afrinf characteristics of recording technology directly depend
mation loss under various external factors like higlon the size and structure of microdefects. Thus, one of
temperatures, influence of electric and magnetic fieldthe first stages of the development of this technology is
as well as radiation. to investigate the influence of laser radiation paam

The first publications devoted to the developmenters on the shape and size of microbreakdowns.
of methods for recording information inside transparent  To form a microdefect inside the glass the ELS
materials appead in the last & years [1]. These meth- 02M device is used. The ELE®M is designed for point
ods are devoid of the above disadvantages and at #graving (marking) of objects from transparent (for
same time have a sufficiently high recording densityp32 nm) dielectrics in volume. The radiation sousce i
However, specialized higprecision optical equipment a singlepulse YAG laser: Nd3 +. The main mode of
is required to read the information. Thus, the problemperation of the laser is-Qwitched mode at a wave-
of longterm information storage is still relevant. Thelength of 532 nm, at which the pulse duration is approx-
purpose of this paper is to develop a method of recoramately 15 ns.
ing information inside transparent materials using the  The microdefect has an asymmetric structure of
phenomenon of laser breakdown and precision laseomplex shape close to an ellipseiith a system of
processing [2], for reading which thergilest optical microcracks. The appearance of a typical microdefect
equipment can be used. photographed in two mutually perpendicular directions

2. Recording is shown in Fig. 1 (a, b).

() (b)

Fig. 1 Microdefect: (a) top view; (b) side view
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The diameter of the breakdown region depends on During the experiment the energy of the laser
many parameters, such as the energy of the laser pulselse is regulated by changing theergy of the pump
the diameter of the laser beam, the wavelength of ttemp. The dependence of the diameter (1) and the depth
radiation. [3]. (2) of the breakdown region on the energy of the pump
lamp is shown in Fig. 2.

450

400

350

W 300 (2)

W 250

200

150

100 // (1)
50

0
10,5 11 115 12 12,5 13 13,5

>

N
[—
<
—

Energy of the pump lampJ]
Fig. 2 The dependence of the diameter and the depth of the breakdownordii@nenergy of the pump

2.2 Principle of information encoding To form information states in the glass, microde-
The changing of the energy of the pump lamgects of two sizes are created. The absence of a micro-
makes it possible to create regions of microbreakdowdefect is defined as the third information state. Areas
of different size. This fact formed the basis of thevithout a microdefect are assigned an information state
method of recordig information. of "0", and microdefectarranged in ascending order of
sizes are assigned states of "1" and "2", respectively.

Fig. 3 Three information states of the area inside the volume of the glass

3. Reading processing for the possibility of further independent
Considering the small size ohicrodefects, the analysis of images of layers.
reading algorithm is based on the layerwise registration Image processing consists of several stages. At
of the defect arrays observed through an optical micrdirst, the use of filters allows separating the focused de-
scope with the necessary resolution. fects of the current layer from the blurred spot mi-
3.1 Image processing crodefects from other layers. The next step is to in-
Despite the fact that using a microscope allows faerease the contrast of the image. The result of pro-
cusing on each specific layer of microbreakdowns, ditessing is a binary image of an array of
fuse light from other layers introduces distortions intanicrobreakdownsThe stages of image processing are
the image of the current array of defects. So, one of tisbown in Figure 3.
tasks of recognizing areas of laseeddtdown is image
of )

Fig. 3The stages of image processing
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3.2 Cluster analysis

to use methods aforrhierarchical cluster analysis.

1. All areas of microbreakdown are approximated
To recognize the areas of microbreakdown, it waly circles. The raulting array contains information
decided to use algorithms of cluster analysis. Since tladout the coordinates of the center and the diameter of
number of clusters is known exactly, the best option the circles, equivalent to the areas of laser breakdown.

2. The vector of diameters of equivalent circles is

For clustering, it is necessary to form a featureised as an array of owémnensional data to be clus-
vector. The process of converting a binary image of miered

crodefects into data for clustering is as follows:

Fig.4 An example of constructing an equivalent circle

Vectors of coordinates are used to order the ob-

tained results of clustering into a matrix.

Since we are dealing with data of small dimensionjolume formula is as follows:
the gtimal solution for the problem is to use the "k
means" algorithm. Its main advantages are ease of im- Whered is the diameter of the microbreakdown
plementation, as well as high speed of operation, whighrea.

is an important criterion for the quality of the infor-

mation reading system.
4. Results and Discussn

An important factor in developing the method of

Thus, it is possible to estimate the minimum vol-

ume of glass containing information. The minimum

uJ

@

Based on the sizes of the microdefects given

above, we can estimate the minimum volume for our
experimental conditions.

These conditions are far from limitinghe limit-

recording information inside transparent materials ig cases for this technology are realized on devices
the density of information, i.e. the minimum volume with lasers with femtosecond pulse durations, at which
of a region of glass in which different states arel e f ect s

realized.

of the or

der of 2 &m

calculating the recording density of information are
The analysis showed that the breakud regions given in Table.

do not interact with each other if the distance between

them is greater than or equal to the size of the microde-

fect.
ELS-02M Limit Parameters
L, eEm 120 2
d, &m 70 15
V, 3% m 4, 7°A 10 36
Density of breakdown regions N, ém ~ 210 000 ~2.8 A10

Another key parameter of the method of recordingorresponds to 3 information stateand for our

information is the accuracy of recognition. In ¢ech-

experimental conditions, about 80,000 defects can be

nology, the accuracy is inversely proportional to théormed in a cubic centimeter of the glass. The

density. To increase recognition accuracy, it is necedeveloped system of

information

reading was

sary to increase the differences between states, whishiccessfully tested on experimental data sets. Unlike
the analogues, for data recognition we neety @
simple optical microscope and a digital camera.

reduce the recording density.
5. Conclusion

The unique properties of laser radiation mitke
possible to successfully use lasers for materials

processing. One of the promising ways to use the
breakdown is

phenomenon of laser

technology can be effectively used for letegm data

storage.

The ability to control the size of the microbreak-

1. J.
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TECHNICAL SCIENCES

RESEARCH ON A PROACTIVE DATA PROTACTION SYSTEM IN VANET, BASED ON A
NEURAL NETWORK WITH SYMMETRIC ENCRYPTION

Liang Zhao
Shenyang Aerospace University P.R. China, professor
Gerasimenko A.
Shenyang Aerospace University PGRina, student

Abstract:

We primarily make amssumption if the neural network can coincide and learn how to work with the secret
key to safeguard the VANET. Surely, we will maximize our vision on facilitating features of privacy aspects in a
multi-agent system, and we define these features fromttekar's point of view. In respect to the above men-
tioned points, the system can subsist of neural networks named A and B, and we're trying to limit what a third
neural network named X will know from acquiring any information between the other two. Wat éstablish
specific cryptographic algorithms for these neural networks; in place, we aim to teatthesral] controversial.
We show that neural networks can evolve and learn how to encrypt and decrypt, also how to apply them selectively
to achieve therivacy goals otonfidentiality in VANET.

Keywords: VANET, security, neural networks, encryption.

1. Introduction dition for communication, the VANET routing proto-

In present times, the prevailing mode of infor-cols have a duty to establish a selectively efficiente
mation transfer between cars is the exchange of infoamidst network nodes. Moreover, they must effectively
mation. One of thenost promising applications of ve- acclimate to constantly changing topology moving ve-
hicle communications mrehicle networks (VANET), hicles.
in other words it's intelligent transportation system  VANETS is a smaller branch of mobile ad hoc net-
(ITS). works (MANET), attributing to a set of intellectual

VANET is a subclass of mobile networks, whichtools used on the road. On figure &gk transportations
is independent of a fixed infrastructure where nodes acan build up a network to establish communication
very moble, therefore, the network topology is changpaths within themselves V2V and among the road side
ing instantaneously. Development of routing protocolanits 12V or V2| based on what wireless technologies
in VANET is vital to foothold it. As a prexisting con- is available such as local area network (LAN).

Fig. 1 VANET architecture.

This is an emerging technology that takes accounbute, giving them a chance to correspond with other
of the wireless capabilities of the new generation netisers via the latest home or office network, an effective
work and combines it in the vehicle. VANET aims towireless communication between vehicles without ac-
provide a steadfast connection for mobile users in the
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cess to any fixed infrastructure, hence providing a s#éhe information transmitted is done so in an environ-
cure connection. Therefore, VANET is alspown as ment of opa access. On the other hand, VANET faces
Inter-vehicle communication (IVC). VANET devices many obstacles in providing storage, transmission and
such as ofBoard devices are embedded in vehicles anekrification of information from node to node in the
can function as the nodes for transmitting and receivingetwork. Modern methods of processing, transmission
messages via wireless networks. These devices giaad accumulation of information contributed to the
drivers and passengers the latgstlate on electronic emergnce of threats related to the possibility of loss,
flood, rains, traffic jams and any irregularities. By ob-corruption or disclosure of data addressed or belonging
taining such vital information on time, drivers canto the end user. Therefore, the information security of
make informed decisions and avoid mistakes. VANET nodes and links between them is now one of
The characteristics of VANET is a little familiar the leading directions of development of MET secu-
to the technology of MANET due tihe ability to be rity.
selfsustaining; such as seffanagement, reduced The security of VANETS is one of the most critical
bandwidth and general conditions for the transfer of rassues because their information transmission is propa-
dio remain the same. A vital point to make note of thgated in open access environments. Because VANET
feature of VANET is the high speed and advanced maetworks are mostly dependent on mobile nodes, the
bility (unlike MANET) mobile nodes along the paths. security environment in the networissnot fixed. Due
This key factor draws eyes to the immaculate design tf the challenges faced with the nature of these kinds of
the routing Protocol that requires improvements in themobile nodes, VANETs can be challenged with fre-
architecture of MANET for efficient placement of thequent topology changes as well as physical threats (that
fast mobility of the VANET nodes. This brings up var-create potential vulnerabilities for potential attackers).
ious challengesni the development of an appropriateDue to most of Achoc protocols that do not propose
routing Protocol. special security mechanisms due to the nature of Ad
To be an essential element of the VANET and thoc which is focused on reducing the consumption of
communicate effectively, nodes need to be equippemhergy and resource, the VANET network will remain
with have some features that will assist them to colleets an open network and can be accessible from every-
information and pass it on to their neighbaaied to where in the VAET radio range. Hence, it is predicted
make informed choices taking into account all the into be a desirable target for security threats and question-
formation collected. Some functions of these includegble users.
but are not restricted to, sensors, cameras, flight com- In order for VANET to be the core networking
puters, receivers, global positioning system (GPS) dapdatform for ITS development and realization, the secu-
loggers on events (EDR) and Oniiectional anten- rity infrastructure of VANET is a high priosit before
nas. being able to become a technology that is reputable and
This advanced network technology carries quite @an ensure safer and better roads. A successful attack
few advantages when it comes to pleasant driving amh VANETS can have catastrophic results (such as the
travel experience, also breaking down simplifying ofoss of lives) or may lead to financial losses (for pay-
separate payments for fees, parking, fuel, etc. ment services). Hence, seity in VANET is vital to
Drivers utilize variety of aplications to ensure the ensure a smooth and successful network operation in
security and efficiency, traffic management, infotainany ITS development or project. A security system for
ment activities, warnings, comfort, service, sharing mwsafety messaging in a VANET should satisfy several
sic and network games. requirements to be able to thwart any generic attack on
2. Challenges vehicular network such as authentication, verification
Some of these applications also include messagf data consistency, availability, neepudiation, pri-
ing, such as spreading alerts of emergendraffic in- vacy, and realime constraints.
cidents and warnings regarding road conditions, which  Confidentiality of the identity of the driver, his be-
proves to be very useful and efficient in limiting roachavior on the road and other information to facilitate
accidents and such mishaps. These applications requsafe movement on thhead and keep its secrecy is han-
data transfer between nodes. Message content can @éd by the prevention of leakage of proprietary infor-
fect the behavior of driver This can change the topol-mation, unauthorized and unintended impacts on the
ogy of the network and security can provide warninggrotected information. The purpose of this secrecy and
if an attacker alters the message. Some possible attapkstection of the driver is made a priority to prevent
can cause congestion, spread false information, hagdamage tahe driver due to potential information leak-
the information to disclose confidential documents, arage and/or unauthorized and unintended impacts on in-
alyze, magquerade or spoofing, violating the secrecy oformation. In VANET security means data security
private life or cause wormholes, denial of servicérom illegal storage, treatment and destruction, as well
(DOS) attacks, uiransit forgery, impersonation, asas the security of the information nodes from thecff
well as hardware interference. aimed at the disruption of their functionality. The na-
The valued point of VANET is that along with theture of these influences can be very diverse and have a
numerous advantages to aring safer roads, it pro- lot of consequences. It also prevents entry of intruders,
tects the privacy of drivers and defends against attacisver error and failure of hardware and software, and
perpetrated by adversaries. Security is one of the mastcase natural disasters manual issues, the data is
debated issues in relation to virtual networks becaust#ored and protected in VANET.
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VANET is a multiplex system, which includes aattacker cannot extract information about plaintext
large number of components of varying degrees of afrom encrypted text.
tonomy, which are connected and interchange data. Al- Opponents also play an important role in the de-
most every one of these components can be edpmse velopment and training of neural networks. They arise,
have failure. Components can be divided into followingn the work on adveesial examples and on generating
groups: hardware, software, data, and the driver, the adidversarial networks (GANS). In this latter context, the
ject with the highest priority attention the entire netattackers are neural networks that try to analyze
work. whether a sample value was generated by the model it-

There are three basic principles that should be inself or selected from a given data distribution. In addi-
plemented in any communicatieystem, especially in tion, urlike definitions in cryptography, practical ap-
VANET. In the situation where these principles are nqgtroaches to GANs learning do not take consider all pos-
closely followed, a high chance of leakage or distortiosible opponents in the classroom, but rather one
of information is highly likely. optimized by learning.

1. Credibilityi The certainty that all the data is Neural networks are not meant to be the best at
provided by a reliable, trusted amelputed source or cryptography, this is deduced froots$ of research. As
node of the VANET. you know, the simplest neural networks cannot even

2. Integrity i the absence of the protected dataalculate XOR, which is the main for many crypto-
from any unauthorized changes (both accidental and igraphic algorithms. Although practically, neural net-
tentional). works can evolve to learn to defend the privacy of their

3. Confidentiality is the requirement not to transfedata from other neural netws: they have the ability
data to the VANET nodes without bilateidkentifica- to recognize forms of encryptions and decryptions
tion and authorization of devices to each other, and preithout the need to learn explicit algorithms. Simply
venting access to data by unconfirmed identity nodes raving the knowledge to encrypt is of little benefit, if
VANET, refusing the permission to such uncertairthis cannot be implemented well. Neural networks can
identities. In this paper, we will explore this principlealso learn whato encrypt to achieve a desired privacy
in terms of data protection property while maximizing utility. When we want is to

Encryptioni cryptographic closure data. This isprevent an attacker from seeing parts of the plaintext,
another principal that falls under confidentiality, withencryption can be selective, hiding only part of the
its own set of rules. This protection method is progreg@laintext.
sively used, both while processing and storing data. The generation of such cryptosystems igoa
When transferring data through commutica chan- matic. In this respect, the work resembles the automatic
nels in VANET this approach is solely dependablesynthesis of several cryptosystems and contrasts with
Used in this mechanism, the encryption algorithm mamost literature where handcrafted cryptosystems are
use a secret or public key. In the first case it is assumeawst commonly found. Classical cryptography equips
the existence of mechanisms of control and distributioms with a superior level of transpargngnd stability
of keys. There are two wayd encryption: channel than you can generally expect. Our attacker model,
(link encryption), implemented using link level Proto-which avoids quantification, leads to much weaker
col, and the terminating (subscriber, @neend encryp- guarantees. On the other hand, it's quite simple to oper-
tion), implemented using the Protocol applied or, imte and understand.
some cases, a representative level. Imagine a neural network with a series of compo-

Depending on the outcome of the lésof the risk  nents and gendiae that we want to warrant that one
analysis, the selection of encryption method or combéf the components does not rely on any aspect of the
nation is based. The question is: which is more vulnemput data, perhaps because of privacy concerns. Neural
able directly to specific channel or content of the meswetworks reputation precedes, its complexity and diffi-
sage transmitted across different channels. culty to logically sequence information, so it can e d

3. Symmetric encryption system orgaization  ficult to determine how a specific component functions.

Currently, neural networks are used to more comAn easy solution is to treat the component as an attacker
plex tasks, usually disciplined to achieve immediatand apply encryption so that it does not have access to
targets that exceed the scope of simple functional speaformation that it should not use. In this regard, the
ifications. Such targets include: solving mudtient work follows a recent studgf equitable representa-
problems, creating realistic images. &ploring these tions that may hide or remove confidential information,
areas of work, we show that neural networks can leabut goes beyond this work by allowing the possibility
to protect data and communication channels to satisff decryption that supports a richer data flow structure.
privacy policy. In classical cryptography, some applications

Algorithms and security protocols are closely aswithin the field carbe supported. One to mention is ho-
sociated to cryptography, which provides the privacynomorphic encryption. which allows to come to a con-
and integrity of information. Cryptographic mecha- clusion about encrypted data. On the other hand, clas-
nisms are usually described as programs that attack atscal cryptographic functions are generally +diffier-
described in these terms, with restrictions on their conentiable, so they deviate from stochastic gradient
plexity and on their chances of success. The mechanisiascent (SGPtraining, the prime optimization method
is considered to be safe, if he reaches his goale¥or for deep neural networks. Therefore, we will have a
ample, an encryption algorithm is considered safe if arhallenging time knowing what to encrypt, even if we
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know how it is done. The integration of classical crypwell as active remarch of generative models and com-

tographic functions and other known functions and reaetitive learning.

lationships into neural networks still persists to be adif- 3.1 Security model

ficult task. In a typical security model, there are three parties
At the junction of machine learning and cryptog4n it: A, B, andX. usually,A andB want to exchange

raphy, it has centralized on generating cryptographimmmunication in a secure way, addvants to inter-

keys, and related attacks. In comparison, we will seept and listen to their @sages. So the basic require-

these keys for granted and foaws their use; an im- mentis security and privacy of the communication. The

portant element in the work is reliance on adversarimppose i s an fiattackero who c

goals and training. In other words, from the machinbeing sent. However, his role has a limited play, he can-
learning point of view, the work is related to the applinot create sessions, enter or modify messages in transit.
cation of neural networks to muligent problems, as

Fig. 2 Symmeiric encryption model.

This is a simple and easy to understand, examplesror betweerP and Pg), and to hide their connection
pictured in figure 2, wher@ wants to send one con- from X. note that, according to modern cryptographic
fidential messageM). M is the input toA. whenA pro-  definitions, we do not require that the encrypted
cesses this input, it outpu&("M" is the unencrypted fil o o k r aXntbeoCipbertextanay even contain
message/plaintextC" is the ciphertext)B andX geta obvious metadata that defines it as such. Therefore, for
C, process it, and try to restore it, so we present th&{ it is not intended to distinguis@ from a random
they computeMg and Mx, respectivelyA andB have value taken from some distribution. In this respect, the
an advantage ovef: they havethe secret keK. we goals of X contrast with those of the opponents of
considerK as an additional input fok andB. We as- GANS.
sume one new kel on the plaintexi. 3.2 Mathematic model

A, B andX are all neural networks. Each of them Keeping these targets in mind, instead of training
has parameters that we wrifg dzs anddx respectively. each ofA andB separately to implement some well
Becausaly andds do not have to be equal, encryptionknown cryptosystems, we traf andB to communi-
and decryption do not have to be the same functionate successfully and defééatvithout a predefined no-
even ifA andB consist the same structure. As usual fotion of what kind of cryptosystem they can detect fo
neural networks, B, andX work on tuples of floating that purpose. How much in the GANs definitions we
point numbers rather than sequences of bits. In otheould like A andB to beat a better version &frather
words,K, M, Mg, Mx andC are tuples of floatingpoint  than a fixedX. Of courseA andB can't win for every
numbers. Note that in this formulati@) Mg and Mc  text and every key as knowledge of some particular
can consist of arbitrary floating point numbers even iflaintext and keys can be sewn ito(Forexample X
M andK consist of Os and 1s. In practice, our implecan always output the same plain text and be right at
mentations limit these values to the rargl; 1), but least once.) We therefore assume a distribution over
allow intermediate values. open texts and keys and formulate our goalsAfand

This setup, although rudimentary, suffices for B in terms of expected values.

basic schemes, in particular allowing for the possibility =~ We defineA(da, M, K) forAd s out puM, on i np

thatA andB decide to rely oK as a ondime pad, per- K, defineB(ds, C,K)forB6 s out p uK, and i
forming encryption and decryption simply by XORingdefineX(dx, C) for X output on inputC. Enter the dis-
the keyK with the plaintextM and the ciphertext, re- tance functiord to open text. Although the exact choice
spectively. However, we do not require tandB  of this function is probably not crucial, for concreteness
function in this way. we take the L1 distancd(M, M§ = xi=1,n Mi T M,
The goal oX is simple: to accurately recov@i(in ~ whereN is the length of open texts. We define a-per
other words, minimize the error betweRrmandPx). A example loss function fox:
and B want to communicate clearly (to minimize the 0§ —h—F Q0 Yy —B —

nput
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Intuitively, Lx(da, dx, M, K) represents how much X compktely wrong, therX could be completely right

Xis wrong when the plaintext &gl and the key iK. in the next iteration by simply flipping all output bits!

We also define a loss function fdrover the distribu- A more realistic and useful goal férandB is, gener-

tion on plaintexts and keys by taking an expected valually, to minimize the mutual information betwed s

0 —h— 5 QORd—M — guess and the real plaintext. In the cassymfimetric
We get thXe Bypmi mami ziencggyptionhthisgoadl eqeates to makigroduce an-
0 — MOidme 0 —h— swers indistinguishable from a random guess. This ap-

In same way we define a pe}(amp|e reconstruc- proaCh is somewhat analogous to methods that aim to
tion error forB, and extend it to the distribution on Prevent overtraining GANs on the current adversary.

plaintexts and keys: Additionally, we can tweak the lossrfctions so that
0 —h—M M Q0 —D — D W they do not give much importance Xobeing a little
O —h— v QO —m — R R lucky or toB making small errors that standard efror

correction could easily address.
. ) ) Once we stop trainingh and B, and they have
N9 L,Ef and tEioptnpal V?v:ie d'fx'" i picked their cryptosystem, we validate that they work
_Llfh. “eombi :’ T oflect ?haé\_ 1B want to 2 intended by training many instanceehiat attempt
IS combination refiects an want 0 4 preak the c%'pépsystem. Some of these instance%rréay
arli

minimizeB6s reconstruction e feqdived b & Bha saiﬁ(therﬂéirﬁ'ns. t
reconstruction MNux.rofThefu Ste%ﬁﬂléﬂr&q?efwbrlgaa% itecture
simple_subtraction is somewhat arbitra_ry; below V\(e de- Becayse we wish to,_explore whether a aneraI
scr .b.e use f_ ul vari amandBa  Weo & dnechnShm totEmminfcRd s'ecrUr%Iy, ra-
by minimizingL as(da, de): . - ther than to come up with a specific method, the goal is
v hJ_ . w '_ e . v _h_ _ to create a neural network architecture that was suffi-
Definition fAoptimal o dehtto@AniixPfuncidh<sich 8seXOR, buBthaf

should not be single global minimum. In general, thergiq not strongly encode the form of any particular algo-
are many equoptimal solutions forA andB. For in-  ithm.

stance, assuming that the key is of the same sizeasthe T t hi s end, we chose the f
plaintext and the ciphertexfh andB may XOR the f oy mo archit ect ucormected (FC) has a
plaintext and the ciphertext, respectively, with any pefayer, where the number of outputs is equal to the num-

mutation of the key, and all alterations are equally goggky of inputs. The plaintext and key bits are fed into this

as long as\ andB use thesame one; moreover, with £c |ayer. Because each output kihde a linear com-

the way we design our networks, all alterations argjnation of all of the input bits, this layer enables, but

We define a loss function foA andB by combin-

equally likely to arise. o does not mandate mixing between the key and the
~ Training begins with thé andB networks initial-  sjaintext bits. In particular, this layer can permute the
ized randomly. The goal of training is to go from thahts The FC layer is followed by a sequence of convo-
state t0 Qa, Og), or close toQa, Og). lutional layers, théast of which produces an output of
3.3 Traning system a size suitable for a plaintext or ciphertext. These con-

~ This training method is based upon SGD. In pragyg|ytional layers learn to apply some function to groups
tical, much as in work on GANS, this training methocyt the bits mixed by the previous layer, without an a

makes a short cut and also consists of a few improvgriori specification of what that function should. be
ments in regard to the higavel description of objec- 3.5 Practical experiment

tives. o _ . As a proofof-concept, we implemented B, and

The training relies on approxated values calcu- x networks that take Mit random plaintext and key
lated over fAminibatches Qquast andproBuddertd Boatifghointclpreegt@ nds of
examples, rather than on expected values over a disfy N = 16, 32, and 64. Both plaintext and key values

bution. L are uniformly distributed. Keys are not deliberately re-
The calculatioX dfrt RgseqMot®miyire®@drbecause of random selection.
value of da is not done, but simply approximated, e implemented our experiments in TensorFlow.

changing the training oK with that of A and B.  \ye ran them on a workstation with one GPU; the spe-
Thereby, the training may continue as initially meangific computation platform does not affect the outcome

to. A may initially produce ciphertexts that neith8r  of the experiments. We plan to release the source code
nor X understand at all. By training for a few stefs, for the experiments.

andB may channel a way to communicate that allows oyur net wor ks follow the @mi
B to decryptAd siphertexts at least partly, but which isp network predicted two Mit inputs (the plaintext and

not understood b¥. In particular,A andB may dis-  the key) into a R-entryve ¢t or , usi n i1 and
cover some minor trah8e gekefshk bitddlugs: Thid vectofis p%ce&@d%ﬂ%ugha

Proceeding a little training howevex, may start to >N & FC layer, then sent through a succession of four
break this code. With some more trainiAgindB may  1.p convolutional layers. The convolutional layers are
discover refinements, in particular codes that explofiescribed in terms of their window size, input depth,
the key material betteX eventually finds it impossible 544 ou put depth. Eialkelmobralsy a ¢St
to adjust to those codes. which the window is shifted at each step. The concrete

_In_the Eralnlng ofA and B, we do not attempt to layers are [4, 1, 2], [2, 2, 4], [1, 4, 4], and [1, 4, 1], with
maximizexos reconstruction edyfe’d b1, 2! 1 1. WitivEly, He firsBidyél siided g e
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size4 window across theNoutput elements from the X6s |l oss function is exact/
FC layer, outputting two numbers (output depth 2),.1 distance betweed6 s guess and the in
with stride 1. We use a sigmoid nonlinear unit afteThe loss function foA and B is more complex. This
each layer except the final one. After the final layerfunction has two components, relatedf®os r econstr uc
where the output is reduced kbelements, we use ationerrorandtd he eavesdropperés suc
tanh nonlinear unitTanh has an output domain be-component is simply the L1 distance betw&ns o ut -
t ween [T11; 1], bri ngi ng pttlare the mpgutupiistexb dhe lattet companent, @m g e t |
can map to binary valueB. network is identical tA  the other hand, i\{ 2 X 11 errorf/(N/2)?. This defi-
network, X network takes only the ciphertext as inputpition expresses the goal thdtshould not do better
and thus has a firsll A FC layer. than random guessing. Accordingly, this component is

To train the networks, wa s e a f mi n inbnanizediwben lwalf of the message bits are wrong and
ranging from 256 to 4096 entries. Unless otherwishalf are right. We choose a quadratic formula in order
specified, we present the results from the training rurie place more emphasis on makibave a large error,
with 4096 entries. We u and to imposeslasaf & pepaltydndbeX ubssen a fewp t | -
mizer with a learning rate of 0:0008. We do not reduckits correctly, as should happen occasionally even if
the learning rate ovdime because we wish, B,and X6s guesses are effectively rea
Xto be able to continue to respond strongly to changesulation allowed us to have a meaningful-pgample
in other components, untd andB achieve a solution loss function (instead of looking at larger batch statis-
that is robust to additional changesxin tics), and improved the robustness of training. Its cost

Training alternates betweeX!B and X, with A/B is that our final, trained\ and B typically allow X to
training for one miniatch, and theiX training for two  reconstruct slightly more bits than purely random
minibatches. We chose this ratio in order to give a sliglgiuessing would achieve. We have not obtained satis-
computational edge to the advers&nyithout training factory results for loss functions that depdimtarly
it so much that it becomes excessively specific to thgather than quadratically)ox6 s r econstructi on
exact current parameters AfandB. Empirically, ths
value has worked well.
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Fig. 4 Final reconstructiom errors of B and of the most effective retrained X, for the fourteen initially successful
runs, of twenty.
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After successfully training the networks so thaplaintext/key pairs. Although we did not perform an ex-
they cross an accuracy threshold (e.g., at most 0.05 Higustive analysis oftheé encryption method, we did
of reconstructiorerror for A andB, with X achieving make a few observations. First, it is kidgpendent:
only 1-2 bits more than random guessing would prechanging the key and holding the plaintext constant re-
dict), we reset th&X network and train it from scratch 5 sults in different ciphertext output. It is also plaintext
times, each for up to 20000 steps, recording the best dependent, as required for successful communication.
sult achieved by an}. An A/B combination that fails However,t is not simply XOR. In particular, the output
to achieve the target thresholds within 16000 steps isvalues are often floatingoint values other than 0 and
training failure. If the retrainedd s o bt ai n 4&. Moredves, tha effect ai & change to either a key bit
advantage, the solution is noobust. Otherwise, we or a plaintext bit is spread across multiple elements in
consider it a successful training outcome. the ciphertext, not constrained toiagde bit as it would

Figure 4 shows, for one successful run, the evolie with XOR. A singlebit flip in the key typically in-
tonofB6s reconst r Xés i roenc cerr guces gigaifitatd changes in three to six of the 16 ele-
error vs. the number of training steps fér= 16 bit ments in the ciphertext, and smaller changes in other
plaintext and key values, using a minibatch size aflements. Plaintext bits asemilarly diffused across the
4096. Each point in the graph is the meawreacross ciphertext.

4096 exampl es. An i deal r e4s Gdndlusiom® ul d have BO6s recon-
struction error drop to zeThepupasaofKidmperwactoshevtthatineutali on e
reach 8 (half the bits wrong). In this example, both renetworks can evolve to ensure safe communications.
construction errors start high. After a period oftide, Thi s process doesndt require
andB start to communide quite effectively, but in a graphic algorithms, or any ways to apply tem, however

way that allows to improve its understanding as well,is takes into account only a secrespecification with

gradually. Then, around step 10,0@0andB counter is outlined by the training objectives. In the given ex-

X6s progress. By about sampleg wel oddl attdckerst by eeuralrnatworks ang g o a |
are effectively achieved. The remaining steps merelyther immaculately constructed examples may be ena-
increaseXxd s reconstructi on e rbledby reisfdrdergenttiebrying.

This graph does not project the typical results from  On this topic there is more to cryptography than
a neural network, where invariability in the number obnly basic encryption. We can consider other tasks such
steps is most often the outcome. Instead, the resultsad steganography, pseudorandammber generation,
this adversarial training seem to be a reminder of ttar integrity checks. Coming to a conclusion, these neu-
evolutionary processes. These dynamics appear to dal networks are indeed very useful for a wide range of
pend on randomeeming change to cause the bits toses, not just for cryptographic protecis, but also to
mix slightly, but once there is some mixing, the gradithwart unwanted entry from attackers. Neural networks
ent descent can rapidly drive it farther. have great potential, and in the near future may express

Supporting this interpretation is the observationheir effectiveness in making sense of metadata and in
that traning is not always successful. With= 16, six data traffic analysis as well.
of twenty initial runs were failures that never dgii s
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Abstract:
The interaction model of reliability factors and main parameters of-giegge thermoelectric cooling tools

of different configurations with consecutive el ectri

ential mode of threstage coolersf different configuration is considered. The correspondences are derived and
their maxi mal cooling possibilities under the const
cascades and the same geo medrerdgtermiffed.t he t her moel ement

Keywords: thermoelements, reliability indicators, cooling possibilities, temperature difference.

The cascading of thermoelements [1] can be usdty of reliable workP, it is assumed that all TED ele-
during the solving of some practical problems for thenents, including cascades, are electrically successively
low temperatue achievement. In some cases of th@ined, and failure of any of thermoelement (branch)
thermoelectric cooling devices (TED) design for the raeads to the fail@ of module, cascade and tool in gen-
dioelectronic apparatus (REA) some of the cascadgal.

TED constructions (with certain quantity of thermoele-  The events, which consist in failure of thermoele-
ments in cascades, branch geometry etc) or some stanmnts, are assumed to be independent [3].
ard modelswhich are bases for cascade TED construc-  Since each cascade of TED works in different tem-

tion are in the devel oppenmntirsconitonsasy & is penessary t®eonsider dur- t h e

[ 3]

construction of the cascade TED firstly the necessity afig the reliabilityf act or sé val uati on
their reliability factors valuation and also the valuatiorof this work is to valuate the reliability factors of three

of the maximal cooling achievable level undee t/ar- stage TED of different constructions in regi@max
iation of the ratio of whereynarongrk = InbeH6T;0DE; 0,63 G2 @,1 andy
joining cascades and the function conditions occurgl/S); = const = 10 and the determination ofritaximal

The usage of threstage TED in comparison with two cooling possibilities.

stage TED [2], allow to provide lower cooling temper- The ratio for the valuation of reliability factors for
ature. N-cascade TED, namely relative value of total failure

During the determination of thelfability factors rate, can be presented as the sum of each cascade failure
of cascade TED, namely f[4:i |l ure rate & and the probabi

a
S

c

n
0

a
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of

of

1E_ANEQ +G)(B € R/ Ty )] "

i=1 (1+ ( D /T2 0) iQZ
The relative value of total failure rate for the thetage TED can be written in the form
127 _nBE(Q+C)(B € Rud T JQ
Lo (1+( Dy /T.0) "
N85 (Q +C))(B, ¢ Mo T 36

o

+ + )
(1+( ax2/T1) 9
2
+n383( s +C5) (B 6‘ Rad/ T ﬁ?
3!
(1+( ax3 2) 9
w h e pr=3Q®® 1/hi nominal failure rate;
ni T quantity of thermoelements irth cascade;
B1 = l/Imaxt 1 relative operating current of the first cascade;
lival ue of the operating current, ¢;
Imaa=UTo/RiT maxi mal operating current of the first casca
Toiheat absorbing junctionbés temperature of the firs
I
=——ielectric resistance of the branch of the firs

S
a, S, i average values of the thermo emf, V/K, and electrical conductivity coefficient, Sm/cm, of the branch

the first cascadeds thermoel ement correspondingly;

l, ST heights, cm, and square of the transverse sectioh,ofite branch correspondingly;
U= (T1T To) / Tmagd relative temperature delta of the first cascade;
T, intermediate temperature between the first and the second cascades, K;

DT,

max1l

Z ifaverage efficiency value of the thermoelectric

- %
C,=—22_
Ny Ry
Qo i value of the thermal load, W,
B2 = I/l max2 1 relative operating current of the sadocascade;

=0, 571TS i maximal temperature delta of the first cascade, K;

T relative thermal load of the first cascade;

m:

Imae=U TR ma x i ma | operating current of the second casceée

[ .
Rz——slelectrlc resistance of branch of the second
S,

c

G, S, i average values of the thermoemf,V/{,d el ectrical conductivity coef
the second cascadeb6s thermoel ement correspondingly

U,= (T2 T1) /Tmagd relative temperature delta of the second cascade;
T, 1 intermediate temperature between the second and the#isicddes, K;

DT .., =0,52,TZi maximal temperature delta of the second cascade, K;
Z, iaverage efficiency value of the thermoelectric
+
5 = QOZ—\MT relativethermal load of the second cascade;
n2|max2 2
1
W 2'1 Imaxl 1B]ﬁBl T L Q ()
0
T power consumption of the first cascade, W,
U = Wy/l 4)
i stress drop of the first cascade, V;
E1 = Q/Wi (5)

T cooling coefficient of the first cascade;
K1, Kr, K131 coefficients, which take into consideration the influence of the reduced temperature [3];

m:
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Bs = I/lmaxsi relative operating current of the third cascade;

Imaxa=U FRsi ma x i ma | operating current of the third cascad
I . . .

R,=——=ielectric resistance of the branch of the thir
S>

&, S;iaverage values of the thermo emf, V/K, and el ec!

ofthe thirdcasche 6 s t her moel ement correspondingly;
Us=(TT T2) /Tmadd relative temperature delta of the third cascade;
Titemperature of t-geperatingjunctibn,K;ascadebds heat

DT axs =0,525T5 i maximal temperature delta of the third cascade, K;

23'|'average efficiency value of the thermoelectric m

+
3 \le .. i relative thermal load of the third cascade;
n3 l max3RS
a DT,
W, =20, I5,0R,BygeB, +—122  Q (6)
G it
T power consumption of the second cascade, W,
Uz = W2/| (7)
1 stress drop of the second cascade, V;
Ez = (Qo+tWa)/ W (8

1 cooling coefficient of the second cascade;

W 2r]13|max3R B?gi‘Bs 4%3 Q (9)
¢ T2
T power consumption of the thimhscade, W;
Uz = Wa/l (10)
I stress drop of the third cascade, V;
Ez = (QotWit Wo)/ Wi (12)
I cooling coefficient of the third cascade.
The value of the heat absorbing juncti ostagesTED e mper a

temperatures depends on the TED working regime, the ratio of the quantity of the thermoelements in replaceable
cascades etc. The temperature distrdyutiy the cascades has to be determined for the calculation of the main
parameters, which are included into the expression (2), with regard to the temperature dependence. In the case
when the construction of the cascade TED is given, firstly, it is negessdefine its cooling possibilities. Con-
sider the maximal temperature dedhnaxregime of the threstage TED of the given construction and determine
its cooling possibilities.

The temperature delta on the thitage TED can be written in the form:

=l +al, + &l = %Tmaxlol +33Tma><£12 +33TmaXED3 . (12)
Herewith the following conditions of cascade TED function should be fulfilled:
a) cooling capacity of the cascade TED is defined by the first cascade and it can be represented as

C=—bmu op g (13)
InaxiRy
then relative temperature delta of the first cascade can be written in the form
, 2B, B G; (14)
b) electrically successively join of cascades suppose the currents equality in cascades:
| = Bilmax1 = B2lmax2 = Balmax3 (15)
c) the condition of cascadesd thermal conjunction ¢

i for the first and the second cascades

ﬁ: 2aXZRZ 282- g - Q

2 ) (16)
N, Imaxl 1 2816é+ maxl Q _Bl _
1
Ty
i for the second and the third cascades:
2

Ny ax2R2ZBZ%£+ max2 Q BZ _2.‘

1
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From the expression (16)i t h regard t o ( 15 )astheffuncticnmB;isdesvedo ndenc e

, =2B K B’L 28’ g —mt DT’“‘”“ agG, (18)
To
I2 |2 o .
WhereK—Im‘m -h’ilCl ;ai—nlmle; L=—Jad 2@ 3% ‘
Imax2 0 nzlmaX2R2 Imax2 G TO
From the expression (17) with regard to (15)¢che r r e s p o nzih@ependende dris obtained
Q =2Bp Bm 2§ q48f aag (19)
, 2
( I
herep— maxl ﬂazanmaﬂDT mag _!_mmal( i az_nz maszZ;
Ima)G Tl TO N n3|max3R3
2 | | 2
m= ;naxl "'432 maxt DTmaxZ K 2mai % L@, f :afl_az Tma)d. Imaxl D-mail
ImaxS I max2 Tl I mag TO Imax2 Tl

Substituting (18), (19) into (12), the correspondences for the general temperatueelggitadependence
of By, ratiosm/n, andny/nz and relative thermal loagl, are derived

— " -2BA -B°H 2B D 48 t2Tmaxs G+ (20)
DTmaxl D-maxl
where A=1 +[)T"‘ax2 K I:+)T Sp H=1 +DT"‘aXZ L E.)Tma"3 m;
DTma)d D_maxl DTma)d D-maxl
D= DTmaxS q _._DTmaxz 31 D-maxl. F=1 _al DTmaxz aiaz D-ma>G .
DTma>d. D-maxl. 15 DTma)d D-maxl
The condition (15) of the currentsdé equality

temperature3y, To.

Exact values of the temperaturs T: and T, can be obtained by the successive approximation method with

regard to temperature dependences of the main parameters accordingly to [4].
d (D] P
maxl —

DT
From the condltlond— 0 the expression for the determination of the optimal relative cuBant

which provides the maximal temperature deﬂanaxis derived:

BBlf BBlD HBH A O: (21)
DTmaxl
The following quadratic equation can be used instead of the third degree eddajiavith the error less
than1%

3B’D- BH +A & (22)
HereW|thBZ: B]_Imax]_/ Imaxz; B3= Bll maxl/ |max3
The calculation results for the main parameters, reliability factor of the-tasmade TED, which works in
the regimesTmaxf or t he di fferent values of t héningcascades/no f

=n/n3=1,0; 0,67; 0,5; 0,33; 0,2; 0,1 wh@ 300 K;Qo=0; (/9 =10;m =9 psc;Z = (2,42, 5'F WKlabe

given in the table.
T=300K;Q=0;1/S=10;m =9 pscae= 3'ALIQA=10"h

Il T! Ty Ty T u u u Uy W’ i '_1
N A I e T R A v Rl b e
+1)

1,0]0,30/0,29|0,27| 1,4]1234,3/265,1|288,3 65,7 |0,51/0,28/0,12/1,0| 1,4 |0,13] 0,4 [0,99996(
0,67/0,46/0,43|0,41| 2,0|215,2/248,5/276,6| 84,8 |0,71/0,40/0,26/2,15| 4,3 |1,25] 3,75 | 0,99962
0,5]0,58|0,52/0,51| 2,4|204,2/238,5/268,3 95,8 10,82/0,47/0,37/ 39| 94 | 46| 13,8 | 0,99862
0,33|0,72/0,65|0,63| 2,9]1193,2/225,6| 258,6 106,8|0,92|0,60/0,53| 8,6 | 24,9|20,4| 61,2 | 0,9939
0,2]0,85|0,76/0,74| 3,4|185,4/215,0/249,7| 114,6/0,98/0,72|0,69|24,0| 81,6 |95,8| 287,5| 0,9717
0,1]0,97/0,89/0,84| 3,8/180,3/206,7/242,9 119,7| 1,0 |0,85/0,84|96,4|366,3 547| 1640 | 0,8487

ni/ (
P

The analysis of the calculation results shows that i the maximal temperature deld nax increases
with the decreasing of the ratm/ i1 (Fig. 1);

n

he

fo

ca
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i the values of the intermediate temperatufgs t he det er mi nati on of ®the reli

T, andT; decrease (Fig. 2); of the threecascade TED.

i the relative operating currenBs, B, andBsin- Thus, the interaction model of reliability factors of
crease (Fig. 1); threecascade TED of the given construction with main

T the operating currentincreases (Fig. 1); significant parameters and sequential electrical join of

ithet emper ature dglta ki Wasmdesis@opased arld considered. The derived cor-
increasesgFig. 3); respondences allow to evaluate bothlic@ppossibili-

ithe total fail ure r atties, and reliabdity facioss éfalure rétd agd thede)iabla nd t h
probability of the reliable worle decrease@~ig. 5). work probability) of the thregascade TED of different

The given correlations allow to evaluate: constructions, which work in regin@lmax whenQo =
I the maximal temperature delta of theetlicas- O . Herewith, the ratio of the
cade TED of different constructions; ( ( ni +1)) with  in adjoining casades and the geometry of thermoele-
regard to the thermal loadiri@, if necessary; ment sd branches in cascades r
ithe failure rateds v athaobtaimed cor@IpArdences allavrioyevatuatenceoting u ¢ -
tion with the given valuen/ ( ni+1)) in regimeael max. possibilities in threeascade TED of different con-
The known correspondence, whictrédated with  structions for different thermallogg! 0 i f necessa
failure rate and resourdeP = exp {agA) is used for
ATy, K 5 N LA B;
AT
N
110 4 61,0
100 4 5-0.8
90 4.10.6
80 4 3]04
-0 4 20,2
O{l T 1 T 1 L 1 L

00 01 02 03 04 05 06 07 08 09 10 i1

Fig.l.Dependence of t he ma ¥l aperdting cuerenpl,evalues ofithegelative dperatingee T
current B in cascades from the ratig/ ni.s inthreec ascade TED of di f f exOeTn=t constr
300 K; ny/nz = na/ngz;



60 mad SNNBEAOKA &OKS &S 18/20081 A 4 OA Sy

280

260 -

240 A

200 A

18‘) Ll Ll L) Ll Ll Al Ll T Al ,
00 01 02 03 04 05 06 07 08 09 M
(/Sy= constiy Z =2,000fHdK
Fig. 2. Dependence of the intermediate temperatuffeoim the ration; / ni+1 in threecascade TED of different

constructi=@is308K;en &
ny/nz = na/ng; (I/S) = const = 10 cht

A=-108, /g

11

10 4

loe]
1

(’ Al T L) T T Ll Ll T T 1 }1}.:"’1,:-1
00 01 02 03 04 05 06 07 08 09 1.0

Fig. 3. Dependence of the relative temperature déltin cascades from the ratiw / ni+1 in threecascade TED
of different co0Ft30QkK/mo mes (M8heomsts 10 crit
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Fig.5.Dependence of t he obaklityP;drdil the ration; fnk, dnghreecadcaaleé TEP of
di fferent consQ Tu30K m/ms n/mHES)=canst =10 cht; ny=9;t=10%h

The proposed approach allow to forecast the reli- 3. Zaikov, V. P., Kinshova, L. A., Moiseev, V. F.
ability factors of the threeascade TED of the given (2009). Prediction of reliability on thermoelectric cool-
construction in different operations conditions and ting devices. KN.1 Singlstage devices. Odessa:

conduct optimized design of REA with use of TED. Politehperiodika, 120.
4. Zaikov, V. P., Kinshova, L. A., Moiseev, V. F.
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