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Conferinta Fizicienilor din Moldova CFM-2014 cu patrticipare internationala
reprezinta continuarea seriei de Conferinte din 2005 — 2012.

in 2014, Conferinta este incadratd in programul manifestarilor prilejuite de
aniversarea a 140-a de la nasterea ilustrului astronom si astrofizician Nicolae
DONICI, precum si a manifestarilor stiintifice dedicate anului international al
cristalografiei.

Conferinta este organizata de Societatea Fizicienilor din Moldova, care este
membru colectiv al Societatii Europene de Fizica, Institutele cu profilul Fizica
ale Academiei de Stiinte a Moldovei si Universitatile de Stat din Republica
Moldova.

Conferinta va oferi un prilej pentru prezentarea rezultatelor cercetarilor
recente in fizica si in domeniile adiacente, va pune in discutie probleme
actuale de fizica, va incuraja stabilirea contactelor stiintifice dintre memobrii
Societatii Fizicienilor din Moldova si fizicienii din strainatate, va promova
relatiile dintre oamenii de stiinta, cultura si invatamant si cei care activeaza in
diferite domenii ale economiei nationale.

In cadrul Conferintei vor fi reliefate directile majore de cercetare din
universitati si institutile de cercetare. Se va acorda o atentie deosebita
aspectelor aplicative ale fizicii si a relatilor cu industria, energetica,
informatica, protectia mediului ambiant, medicina si alte domenii.

In perioada desfasurarii Conferintei, va fi organizatd Adunarea membrilor
SFM.

CFM-2014 va cuprinde urmatoarele domenii:

1. Fizica Sistemelor Nanometrice si Nanotehnologiile
2. Fizica Starii Condensate si Ingineria Materialelor

3. Fizica Teoretica si Computationala

4. Tehnologiile Fizice si Ingineria dispozitivelor

5. Fizica Mediului Ambiant, Biofizica si Fizica medicala
6. Fizica si invatamantul

in cadrul Conferintei se va desfasura Simpozionul memorial “ Fizica si
Astronomia”, dedicat ilustrului astronom si astrofizician Nicolae DONICI
(1874 —1956).

Autorii sunt unicii responsabil de continutul materialelor publicate.
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NEW TRENDS IN NANOELECTRONICS AND NANOSPINTRONICS DRIVEN BY NEW
PHYSICS OF TOPOLOGICAL INSULATORS
Valeriu Kantser
D. Gitsu Institute of Electronic Engineering and Nanotechnologies, ASM, Academiei str. 3/3,
MD2028, Chisinau, Moldova, kantser@nano.asm.md

In a lot of semimetalic and narrow-gap semiconductors Bil-xSbx, Pbl-xSnxTe, Bi2Te3,
HgTe, TIBiTe2 spin-orbit interaction (SOI) has an important intrinsic pattern on the electronic
structure in the form of the band inversion and this attribute leads to the new solid state —
topological insulator (TI). This topological phase of a material is a bulk property, nontrivially
encoded in the wavefunctions of the occupied (valence band) states. However, it is the presence of
the helical edge/surface states which leads to new phenomena and properties. The topological
surface states as well as interface ones are protected by time-reversal symmetry and are
characterized by prohibited backscattering and gapless linear Dirac spectrum. In consequence the
surface electrons cannot be scattered by defects or other perturbations and thus meet little or no
resistance as they travel. This fundamental attribute opens the door to dissipationless electronics.
Spin-momentum locked of interface states there is another important feature of TI. Unlike
graphene, the states on the surface of the TI are spin filtered; they have fixed spin directions for
each wave number k. In such way among many new topics developed in such materials and
nanostructures, the most exciting one may be spintronics - a new kind of potentially more efficient
electronics that relies on electrons' "spin". Another gateway to the spintronics applications as well
as to the photonics comes from the third major attribute of TI surface and interface -
magnetoelectric coupling and axion electrodynamics behavior of TI materials. The fourth important
physical attribute related to TI in hybrid hetrostructures with superconductors. By layering a
superconducting material onto the surface of a topological insulator it may be possible to create a
theoretical but yet unseen particle that is its own antiparticle, one that could persist in the material
undisturbed for long periods. Discovery of these so-called Majorana fermions would be an
achievement in itself, and could also provide a way of overcoming the main obstacle to realizing a
working quantum computer, a method of indefinitely storing data as "qubits"Exploring the
fascinating properties of nanoscale topological insulators is a emergent area of research
nanoelectronics and spintronics and the present paper reveals some aspects of new interface and
device physics of such materials. The spectrum and characteristics of topological interfaceface
states (TIS) depending on geometrical configuration can be manipulates by different factors:
electrical and magnetic fields, strain and deformation ets. For this reason TI are being explored with
a view towards applications, as a potential platform for tailoring nanostructures and nanomaterials
properties. TI use a kind of quantum-mechanical ‘trick’ to compel electrons to behave in an
extremely ‘disciplined’ fashion, minimizing the wasteful scattering. In conventional circuits and
semiconductors, electrons are continually encountering impurities and barriers that cause them to
scatter, colliding with other electrons and with positively charged "holes," diminishing efficiency
and generating heat. The aim of the topological insulator is to interdict this wasteful motion, by
confining electrons to certain definite "lanes". A lot of new TI nanodevices developed in the areas
of nanoelectronics are discussed.The potential role of topological insulator surface states in
spintronics is that of a spin-generator, not a spin-conserver. To compare the spin-generator potential
of a topological-insulator surface to other 2DEGs, the ratio between the current-induced spin
density and the total electron density as a figure of merit is analyzed. Larger spin polarizations can
be achieved in ferro/normal hybrid systems, but topological-insulator surfaces offer the possibility
of gate voltage control. Another way to generate spin polarization in a spin-orbit coupled system is
via the spin Hall effect (SHE) in which transverse spin currents appear in response to an applied
electric field. It was found that the resultant spin polarizations exceed their semiconductor
counterparts by at least an order of magnitude. The properties of TI surface states in a perpendicular
external magnetic field are very similar to those of graphene sheets. The response of such surface
states to exchange coupling with magnetically ordered systems is, however, entirely different from
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that of a graphene systems. Two ideas have been suggested for engineering a system in which this
exchange coupling is present: 1) introducing magnetic impurities that can order due to surface-state
mediated interactions, and ii) proximity coupling to evaporated magnetic films . The rapid progress
indicates that 'topological spintronics' shows great promise of becoming an attractive offshoot of
more traditional approaches to spintronics technology. In the last part of the paper some aspects of
Majorana fermions approach to quantum computing are highlighted together with the first photonics
development.

INTERNATIONAL YEAR OF CRYSTALLOGRAPHY 2014.
DEVELOPMENT OF CRYSTALLOGRAPHIC RESEARCH IN THE REPUBLIC OF
MOLDOVA
Victor Ch. Kravtsov
Institute of Applied Physics, Academy of Sciences of Moldova, Academiei street 5, MD2028,
Chisinau, R.Moldova, kravtsov.xray@phys.asm.md

The General Assembly of the United Nations Organization on its 121* plenary meeting on
July 3, 2012 decided to proclaim 2014 the International Year of Crystallography. This decision was
made taking in account that the humankind understanding of the material nature of our world is
grounded, in particular, in our knowledge of crystallography. Also considering that impact of
crystallography is present everywhere in our daily lives, in modern drug development,
nanotechnology and biotechnology, and underpins the development of all new materials, that 2014
marks the centenary of the beginning of modern crystallography and its identification as the most
powerful tool for structure determination of matter as illustrated by twenty-three Nobel Prizes
awarded in the area of crystallography. In 2014, the crystallographic community also celebrates the
sixty-fifth anniversary of the founding of the International Union of Crystallography.

The lecture will present a short historical overview of the development geometrical
crystallography before discovering of X-Ray and emergence of X-ray crystallography after M.
Laue, W. Friedrich, and P. Knipping first diffraction experiment in1912. Special attention will be
given to the foundation and milestones of crystallographic research in R. Moldova: methods of
structural analysis based on automatic analysis of the Patterson function and theoretical
development of 3D cross-sections of the Double Patterson functions; structural crystallography;
host-guest interactions and inclusion phenomena in supramolecular systems (macrocycles, crown
ethers, cryptands, and novel fluorenone-containing catenanes); crystal engineering of multiple
component pharmaceutical compounds, coordination polymers, metal-organic frameworks,
nanosized polynuclear systems, cluster-based polymers.

K 50-JIETUIO UHCTUTYTA IIPUKJIAJTHON ®U3UKU AKAJTEMHU HAYK
MOJIAOBBI
Mupua Bonora
Hnemumym npuxaaonou pusuxu AH Mondoswi,
ya. Akademuueckas, 5, e. Kuwunes, MD-2028, Pecnyonuxa Mondosa, e-mail:
mbologa@phys.asm.md

[Matunecarunerne WMHcTUTYTa TpUKIaTHOW (QHU3WMKKW  3HAMEHATeNbHAs Jlara, Korja
MEPEMEXKAIOTCSI BOCIIOMUHAHHS O TMPOUUIOM, KOHCTATalUs JOCTUTHYTBIX YCIIEXOB, HAACKIbl U
oxumanus Buaerh pasButrne WIID 1o Bocxomsmield TpaekTOpuM MpodecCHOHATM3Ma H
0JIaromoy4nsi €ro COTPYIHHUKOB. DTO KOJUICKTHUB €AMHOMBIIUICHHHKOB, B KOTOPOM IPEBATUPYET
OTKPBITOCTh M JOOPOXKENATEeNBbHOCTD; 3/IeCh HE OO0S3bIBAIOT, a YOEXKIAIOT; 3[eCh MepeIuIeTEeHBI
pe3yNbTaThl U TEPCHEKTUBBI, OECMOKONCTBO W 3a00Ta BO WMMs Pa3BUTHS HAYKH W WHHOBAIWH.
[IpolinyT ronbl, MBI yBEpEeHHO IarHeM B OyJyiee, a 3TOT MOJYyBEKOBOW IOOWMIEH ocTaHeTcs
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NPUATHBIM ~BOCIIOMHHAHWEM MMHHYBIIMX JIET, MOJHHEHOCHO VYIIEAIINX, HO OCTaBHBIIMX
HEU3MIAIUMBIN CJIe]] B )KU3HU Ka)JIOTO M3 HaC U B TBOPUYECKOM ceMbe UmI3(oBIeB. [TomyBekoBoit
pyOex OTMEYeH W3IaHHeM [OOWIEHHOrO BBIMyCKa JKypHalma «DJeKTpoHHas o00paboTka
MaTepHajoB», B KOTOPOM YHTATENIb BCTPETUT MHOKECTBO COOBITHH M 3aCIyXKUBAIOIINX BHUMAaHUS
PE3yNBTATOB, YTO BO MHOTOM YIIPOCTHIIO TIOJTOTOBKY 3TOT'O COOOIIEHUSI.

Cpenn Hambornee 3HAYUMBIX BEX HA TMPOWJIEHHOM MYTH BBIIEICHO OOOCHOBAaHUE
NEepCHeKTUBHON TemaTuku, (opMupoBaHue TeEpBbIX 0a30BbIX JIAOOPATOPHi, OMBITHOIO
MIPOM3BOJICTBA, BBIIYCK MEXAYHAPOJHOIO >KypHaja, POCT COJUAHOTO KaJpOBOrO HAyYHOI'O
MOTEHIIMaa, OpraHu3alus KOHpepeHUUH, MEXIyHapOAHbIe CBA3M, MyOJIMKAalMU B MPECTHUKHBIX
KypHaiax, HW3/aHue MOHOrpaduil M CIeUaTU3UPOBAHHBIX COOPHUKOB, CO3JaHHE H3BECTHBIX
HAy4YHBIX IIKOJI, pa3BUTHE HWHHOBAIIMOHHON W TATEHTHOM JAEATENBbHOCTH, pAacUIMpeHHE
COTPYAHUYECTBA.

Coznanme (09.03.1964 1.) m cranoBnenue MHcTUTyTa HEpa3pbIBHO CBS3aHO C HUMEHEM
akagzemuka b.P. JlazapeHKo mEpBOOTKPHIBATENS ODJIEKTPOIPO3UOHHOTO crocoba 00paboTKu
MaTepuasoB, MOJYYMBIIETO MHpoBOe NpusHaHue. [IpoiineH myTte or MHCTUTyTa 3HEpPreTHKH M
apromatukn (1961 1.) no semHemnero WIID, craBmiero KpymnHbIM Hay4YHbBIM LEHTpoM. B
000CHOBaHWHM HAYYHBIX HANpPaBICHUI OMPEAEISIONIYI0 POJIb ChIrpalid BUAHBIE yueHble 60-X TOA0B
MUHYBUIETO CTOJeTHs. MHCTUTYTy OBLIM OIpeJeNeHbl [Ba HANpaBIEHUS JESTEIbHOCTHU:
9KCIEPUMEHTAILHOE U TEOPETUUECKOE HCCIIEJOBAHUE (PU3NUECKUX U (PU3UKO-XUMHUYECKHX CBOWCTB
KOH/ICHCHPOBAaHHBIX Cpel MPH Pa3IMYHBIX BHEIIHUX BO3ACHUCTBHSX, MOJTY4YEHHE M HU3y4YCHHE
KPUCTANIMUYECKUX U aMOP(HBIX BEMIECTB C IOJYHIPOBOAHUKOBBIMH, IOJyMETAIUTMYECKHMH,
CBEPXMPOBOAALIMMUA W JAPYTUMH CBOMCTBaMHU C II€NbI0 CO3JAHMS 3JEKTPOHHBIX MPUOOPOB;
M3bICKAHWE HOBBIX  OOJacTeil NpPUMEHEHUS  DJIEKTPUYeCTBA IS  COBEPIICHCTBOBAHMSA,
CYIIECTBYIOIIUX M Pa3pabOTKH HOBBIX BBICOKOA((EKTHUBHBIX MPOILECCOB, CO3IaHNE W BHEIPEHUE
TEXHUUYECKHUX CPENICTB IJIsl UX OCYUIECTBIEHHUS. DTH HAIIPABJICHUS MOJIYYHINA TOCTOWHOE Pa3BUTHE,
1 He Oy/IeT MpeyBEIMYCHUEM YTBEPKIAaTh — MEXYHAPOIHOE IPU3HAHHE.

3a MHUHYBIIME I'OJbl B COCTaB€ MHCTUTyTa Tpyauics 21 unen Akanemuu Hayk. MHCTUTYT
MIOCTOSIHHO OILyIaj BHUMAaHHUE W MOJAACPKKY MPE3UJCHTOB AKaJeMUN U aKaJIEMUKOB CEKpeTapeit
ortaenenus. UI1® npuHuman akTUBHOE yyacTue B Pa3BUTUM HAYYHOTO MOTEHIMANA, B PACIIUPEHUN
U YKPEIUIEHUH COTPYAHUYECTBA, B TOM YHUCIIE MyTEM BBIIBMKCHUS/TIOAIEPIKKN N3BECTHBIX YUCHBIX
W3 Pa3IMYHBIX CTpaH B MOYETHHIC WICHB AKAaIEeMHH, 4TO, 0€3yCIOBHO, CIIOCOOCTBOBAJIO POCTY
HAIIIETO MPECTHKA.

CrpaTernueckuMu B JESTENbHOCTH HMHCTUTYTa OBLTM TOCTaHOBKA W pa3BUTHE DPabOT C
o0OecrieueHneM 3aMKHYTOTO LHKIA — OT (yHIAMEHTAJIbHBIX K MPHUKIATHBIM HCCIEIOBAHHUSIM H
peanu3aluy pe3yabTaToB. B XpoHomornueckoi mnociaenoBaTenbHOCTH 0bUT co3aH ONBITHBIN 3aBOA
(1963 r.), pa3paboTaBiInii ONBITHBIE 00PA3Ilbl anmapaTypbl U OOECTIEUUBIIHNIA BBITYCK TOJOBHBIX
MPOMBIIIJIEHHBIX CEpUil, MOSBWICA HAYYHO-TEXHUYECKMH XKypHaln «DJeKTpoHHas o0paboTka
MaTepuaioB» (1965 r.), KOTOpsIif Hayaad MPOMaraHIupPOBaTh HAyYHbIE U MHKEHEPHbIE JOCTHKCHUS
M0 HOBBIM TNPHUMEHEHHSM >JeKTpuuecTBa. Brnocienctsum opranmsyercs Crnenuann3upoBaHHOE
KOHCTPYKTOPCKO-TEXHOJIOTH4YeCKoe Oropo TBepaorenbHor snektponuku (CKTBTO, 1976
T.), 3aHSABIIEE MEPEIOBbIC TIO3UIUH B yIAYHO 0OOCHOBAHHBIX HHIIIAX 3JIEKTPOHHONW WHIKEHEPHUH.

K konimy 60-x rogoB UII® Briroyan mecTs 1abOpaTopuid 31eKTpoHU3NIECKOro Ipouis 1
BOCeMb Jlaboparopuii U OTAeNoB ¢u3ndeckoro npoduis. boiabmMHCTBO 3aBemyronux 0a30BBIMU
1ab0paToOpUsMHU BIIOCIEICTBUU CTAJM WieHAMH AKaJeMHM HayK. YCHEIIHOE Pa3BUTHE WHCTUTYTA
CIOCOOCTBOBAJIO OpraHM3allMM HOBBIX JabopaTopuil ¢ Lenbio obecrieueHHs Oosee yriryOJIeHHBIX
UCCIIEIOBAaHUN M NMPHOOLICHUS K POXKIAIOIIMMCS MEPCHEKTHUBHBIM HAalpaBJIEHUSIM COBPEMEHHOMN
AEKTPOU3UKN U (U3UKU TBEpAOro Tena. [Ipu yyacTuum coTpyIHHKOB psfa J1abopaTtopuil Obun
CO3JIaHbI anmnapaTypHbIC ¥ TEXHOJOTHUECKHUE MMOIPa3/IeIeHUs Ha ONBITHO-IPOM3BOICTBEHHBIX 0a3ax
MHCTUTYTA, YTO CHOCOOCTBOBAJIO YCKOPEHHUIO Pa3pabOTOK M MOBBIIICHHIO KA4eCTBAa BBITYCKaeMON
npoaykiun. [IpusTHO BCIOMHHUTH JOOPHIM CIOBOM 3aBEAYIOUIMX JIAOOPATOPHSIMU 32 MUHYBIIHE
rogel. C 1992 roma B cocraBe UII® QyHKIIMOHMPOBAIN HAYYHO-HCCIEIOBATENECKIAE IEHTPHL: TPU
U3 HUX — MaTepUANOBEICHUS, TEOPETUIECKON (PH3HUKH, FNMEKTPOUZNIECKAX MPOOIIEM, BXOIWIN B
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crpykrypy MWII®, a Lentpsr OmntosnekTtponuka ©u  MexayHaponHas — j1abopaTtopust
CBEPXITPOBOAMMOCTH U TBEPAOTEIBHOM NMEKTPOHHUKH MOIYUHIIN CTATyC IOPUINIECKOTO JINLIA.

K roppkoMy coskaneHuro ¢ HaMH YK€ HET MHOTHX YJICHOB aKaJIeMUHU — IIEPBONPOXOALIECB U HE
OyZeT mpeyBelIMYeHHeM CKa3aTh, YTO HEKOTOPBIE W3 HHUX CTaIH JIETEHIAMH aKaJeMUYECKOW M
BY30BCKOH HayKH, CHMBOJIaMH CBOEro BpeMeHU. C 4yBCTBOM HCIIOJHEHHOTO JOJITa Mbl MPHUHSIN
acTadeTy, CyMeNn COXPaHUTh MMPEEMCTBEHHOCTh U IPUYMHOKUTH JTyutnue Tpaauiuu UTO.

Ha ocHoBe pe3ynpTaTOB MHCTUTYTa M JPYTUX YUpekaeHuM akageMun ONBITHBIA 3aBOJ
paspabaTrhiBall ¥ U3TOTABIMBAT YCTAHOBKH U NMPUOOPHI AJIsI HAYYHBIX HCCIIEIOBaHMA, 0OecreunBan
BBIMYCK TOJIOBHBIX OOpaslOB M OMNBITHO-NMPOMBINUICHHBIX MapTUH HOBOW TEXHUKH, AKTHBHO
COJICHCTBOBaNl WX BHeApeHHIo. lIpoaykmms 3aBoja IOJIb30Bajach OOJNBIIUM CIOPOCOM H
3¢ (HEeKTHBHO MPUMEHSIIACh B PA3IMYHBIX OTPACIIAX MPOMBIIUICHHOTO M CEIbCKOXO3SIMICTBEHHOTO
npousBojicTBa. B 70-80-¢ rompl 3aBoj OBUT OCHOBHBIM TPOM3BOJUTENIEM YCTAHOBOK JIJIS
AIIEKTPOUCKPOBON 0OpabOTKH METAJUIOB, SKCIOPTUPYEMBIX BO MHOTHE CTpPAaHBL. YCTAHOBKH THIIA
«[1ma3monm3y», mo3BOJISIOIIME OOJIee TTOTHO MCIIONIB30BaTh PACTHTEIBHOE M OMOJIOTHIECKOE CHIPHE,
MIOCITY>KHMJTH MIPEAMETOM JIMIEH3UOHHBIX COTTIAIICHUH.

B CKTBTD paspabaTeiBanuch: MaTEepPHAIIBI IS TBEPAOTSIBHON AJICKTPOHUKU U TEXHOJIOTHUH
WX TIOMy4YeHUs; TIEpBUYHBICE H3MEpHUTENIbHbIE MpeoOpa3oBaTend W NpUOOpPHl HA WX OCHOBE,
YHUKaIbHOE 000pYI0OBaHUE SIS HAYYHBIX UCCIIEJIOBAHU.

B opranmzanum uccneaoBaHUWil, OIEHKE MAESITENbHOCTH, yTOUYHeHMH nepcnektuB HIID
OOJIBIIIYI0 PONL WTpalM Hay4YHO-OpraHu3anuoHHbIe Mepornpustus Otnenenust u [Ipesuanyma
COIO3HOM AKaJieMuu HayK. TpagullMOHHBIMH CTalld COBMECTHBIE HMCCIEIOBAHUS aKaJeMHUl HayK
benapycu, Ykpaunsl u MonnoBel. OTBETCTBEHHOM MPOBEPKOM oOKazaiach Brle3mHas ceccus
Otnenenus o6mel Gusukn u acrponomun (1973 r.). K 40-oii ceccun CoBeTa 1Mo KOOpPIUHAIMH
HAY4YHOH NESATETbHOCTH aKaJeMHUil HayK COIO3HBIX PECITyOJIMK, TaKKe MOATOTOBWIIM HHTEPECHYIO
BBICTaBKY, KOTOopyto ocmotrpenu Ilpesunent, wiensl [Ipesuanyma AH Coroza, pecryOmukaHCKUX
aKaJgeMHUi, PYKOBOJUTENIN PECIyOJMKM M 3TO CHOCOOCTBOBAIO PAa3BUTHIO HCCICOBAHUHA H
MIPaKTUYECKOM pean3alru pe3yJsibTaToB. MHCTUTYT OmIyIIan MOCTOSSHHOE BHUMAHHUE CO CTOPOHBI
npe3uaeHToB AH MonioBsl U COTpYJHUYAIOIIUX CTPAH.

B 1o0uneiliHoM BBIMyCKE JKypHama OTpakeHa JesTenbHOCTh MHcTUTyTa B paspese
naboparopuii. B cerognsimHemM cooOIeHNN OTMEYEHBI B MEPBYIO o4yepeib 0a30Bble 1abopaTopuu,
OT/IeNbHBIE FOOUIICHHBIC U TAMSTHBIE COOBITHSL.

OTenbl CTaTUCTUYECKONW (PM3WUKU M TEOPUU TOJYNPOBOJHUKOB M KBAHTOBOU AJIEKTPOHMKH,
BO3IJIABIISIIOT aKaJIeMUKH Oparhsa-Onm3Henbl Bceromom m CesitocnaB MocCKalueHKO, cO37aTelu
teopetndeckoit ¢uszuku B UIID u Mongose. X TBOpUecKHid W >KU3HEHHBIH TYTh BBI3BIBACT
YyBCTBA HMCKPEHHEIO YBAKEHUS M MPHU3HATENBHOCTH. Hamm KoJjulerm — BU3WTHAs KapTOudKa
aKaJIeMUIeCKOi (pyHIaMEHTaIbHON HayKH. V HEBOIBHO BO3HUKAET BOIPOC, TIOBTOPHUTCS JIH KOT/Ia-
HUOY /T TIOJIOOHBIN (D)EHOMEH B HaIlleM 0JIaroJIaTHOM Kpae.

Coyctst HekoTOopoe Bpemsi OblLla OpraHvM3oBaHa JiabopaTopusi (QU3MYEeCKOW KuHETHKU. U
YMECTHO OTMETHUThH, TaKXkKe OpaTheB — 3aBeyrolero Jaboparopueii akagemuka Bukropa u qoktopa
Ounonoruueckux Hayk — Banentuna KoBapckoro. 3To yueHbie ¢ BHICOKMM 4yBCTBOM JI0JITa, BCETa
CTPEMUBILINECS K OPUTHHATILHOCTH UCCIIETOBAHUH.

Jlaboparopus (¢u3MUECKUX METOJOB HCCIEJOBAaHUS TBEPIOTrO Tela — crapeimas B
akageMuueckoi cucreMe (¢ 1957 r.) 6eccMeHHO BO3IUIaBIIsIach akageMukoMm T.M. MaauHOBCKHM, a
BIIOCJIEJICTBUH TOKTOpOM HayK FO.A. CHMOHOBBIM, CIMIIIKOM PaHO YIISIIINX O€3BO3BPATHO. XpaHs
JOOpYI0 TaMsiTh, KOJUICKTUB, MPOJOIKACT CIOXKHBIIAECS TPAAWIIMH, YCIEIIHO COTPYIHUYACT C
3apyOeKHBIMU HAYYHBIMU [IEHTPAMH U OPUEHTUPYETCS HA caMble TepeIoBbIe M HOBEHIINe 00IacTu
HCCIEN0OBaHUM.

Jlaboparopuss MeXaHMYECKUX CBOMCTB KPHCTAJIOB, OCHOBATelb W HAYUYHBIH PyKOBOJIUTEINb
n.xa0. H0.C. bosipckast B Tedernnn 33 JieT BAOXHOBEHHO U TUIOJOTBOPHO TPYAWJIACH HA M30PAaHHOM
HaydyHOM myTH. llomyudeHHBIE pe3ynbTaThl W HOBBIE JOCTHXKEHHS OyIyT Jydlled NaMsTbhiO O
IUTOZIOTBOPHOM JIESATENILHOCTH U OJIarOpOTHOM YeJIOBEKE.
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[lepexons k naboparopusiMm B 06nacTu (GU3MKHU TOTYIIPOBOAHUKOB, MOTYEPKHEM, YTO OJTHUM
U3 POJOHAYAIFHUKOB ATOTO MAaruCTpalbHOTO HampamieHus Obu1 akagemuk C.M. Pamayman,
HEYTOMUMBIH WHUIIMATOP U OPTaHU3ATOP aKaJeMUYECKUX MCCIIEe0BaHUI 1 Briciiero oOpa3zoBaHus
(Bune-ipe3uaeHT AKageMuH, NEPBbIA peKkTop KHUIIMHEBCKOro MOJUTEXHUYECKOTO HHCTUTYTA).
PyxoBomun JlaGopaTopuell moaympoOBOTHUKOBEIX COCIMHEHUI OeccMeHHO B Teuenue 38 ser. B
1977 rony Ha 3acemannu [Ipesmamyma AH Coroza Obuto 3aciymiaHo cooOmienue akagemuka C.U.
Pagaymana «TpoiiHble MONYNMPOBOAHMKH: Pe3ylbTaThl HCCIEAOBAHUH H  TEPCHEKTHUBHI
MPUMEHEHHUS» U OTMEUYEH BHICOKUN YPOBEHBb UCCIEIOBAHMIA, O YEM CBHJICTEIBCTBYET MIPOBEJICHHUE B
KummHeBe BCECOIO3HBIX UM MEXKIYHAPOJIHBIX KOHGepeHiui. IlpakThkoBamock MIMPOKOE
coTpynHuvecTtBo. [IpuHMMan akTHBHOE ydvacTue B OOIIECTBEHHOH W TOCYJapCTBEHHOM
nestenbHOCTH. Ha ocHoBe 93Toi 0a30Boi 1ab0paTopvy BIOCIEACTBHH IMOSBWIMCH TPYMIIBl U
nabopaTopun, KOTOPhIE YCIENIHO MPUHSUIA dCTaPeTy TeX JaNeKUX, HO BAKHBIX M MEPCICKTUBHBIX
HAaYWHAHUH.

JlaGoparopus ¢usmku momymeTrauioB (3aB. akamemuk J[.B. I'miry), Obuta opraHm3oBaHa B
HEJAX MCCIEOBaHUM MO (PU3MKE W TEXHOJOTHH MOJYMETAJUIOB, a B JalbHEHUIIIEM W aHH30TPOITHU
SIBJICHUU MepeHoca.

bazoBas naGopaTtopus (OTOIIEKTPUYECKUX CBOWCTB IONYIPOBOAHUKOB — 3aBEAYIOIINN
aKaJeMHUK A.M. Anzpuent — 3TO KOJUIEKTUB 10 BCECTOPOHHEMY HU3YUYCHHIO (U3NIECKUX
SIBJICHUN B HEKPUCTAIUTMYECKUX MONTYIPOBOJAHUKAX. Pe3yIbTaTHBHOCTh MPOMICHHBIX JIET yBEHUAHA
rOCYy/IapCTBEHHBIMU MPEMUSIMH, MHOTOUYMCICHHBIMH KOH(pEpeHIUsMH U paboTamu; ycCrexu
OTMEUYEHBI OPJICHAMH U MEJAISIMU, TPaMOTaMHU U JUIIOMaMu. AkaneMuk A.M. AHIpHen ycrenrHo
coueTall MCCIEOBATENIbCKYI0O M HAyYHO-OPTaHHM3AIMOHHYIO paboTy Oymyur [J1aBHBIM ydYeHBIM
cekperapeM [Ipesnauyma u [lpesunentom Axkagemun Hayk (1989-2004 rr.).

LlenTpansHOii 6a30Boil OblIa JAOOpAaTOpPUsS DIEKTPOHCKPOBOH 00paboTkn MatepuanoB. C
1962 roma mo moOCHemHEro AHS CBOEH >KM3HM HAy4yHBIM PYKOBOJHTENEM ObLT akaaemMuk b.P.
Jlazapenko. Temaruka mabopaTopuu CBS3aHa C OCHOBOIIOJIATAIONINM H300pETCHNUEM, TIOJI0KHBITHM
HA4aJo HOBBIM TIPOTPECCHBHBIM DIEKTPOPHU3MUECKUM MeTonaM oO0pabOTKM MaTepHalioB.
PoncTeennas maboparopusi — HMMITYJBCHON Ta30BOM ayekTpoHukH (3aB. A.T.H. C.II. ®Dypcon)
paspabarbiBajia HOBbIE MCTOYHHMKH IMUTAHUS IS JICKTPOUCKPOBO 00pabOTKH, HMCCIECIOBAIKCH
ANEKTPUYECKUE PA3PAIbl B KUAKOCTAX W MPOLECC AIEKTPOMCKPOBOTO JIETUPOBAHUS. YUYCHHKH
Bopuca PomanoBruya u mpogosmKaTenu CTpeMarcss 000CHOBATh M Pa3HOOOpa3uTh HEOTPAHUYCHHBIE
TEXHOJIOTHYECKHE BO3MOXKHOCTH JJIEKTPUYECKOW 00pabOTKM MarepualioB M MOTYYHE CHIIBI
ANEKTPUYECKOW HCKpbI. 3a TMOCIEAHHE TOJbI CO3JIaHbl YCTAaHOBKH, KOTOPbIE 00ECIeYnBaIOT
KOMIUIEKCHBIE METO bl 00pabOTKH.

Pa3zBuTHe SIEKTPOXMMHUYECKHX METONOB 00paboTkM B MHCTUTYTE CBSI3aHO C HMMEHEM
aKaJeMHuKa IO.H. IlerpoBa. B manpHeiIeM ycrenrHo pa3BUBAIMCh UCCIEAOBAHUS B
00JIaCTH 3IEKTPOXUMHUU U DIEKTPOXUMHUYECKUX TEXHOJIOTHI B Ja00OPaTOPHUSIX: IIMEKTPOXUMUIECKOM
pasMepHOH  00OpaOOTKM  METaJUIOB, TaJbBAHWYECKUX  IOKPHITHH, (U3NKO-MEXaHUIECKUX
WCCIIEIOBaHMM, OT/IeNe (PU3NKO-XMMHUYECKHX METO/IOB 3l THI METAJUIOB OT KOPPO3HH.

WuTepecHbie uWccneNOBaHMsI Pa3BUBAIUCh B JIA0OPATOPHSIX: DJIEKTPUUECKOW (ioTanuu
BellecTB (3aB. A.T.H. A.A. MamakoB), MOIeTMpOBaHUs OMOIOTHYECKUX TpoleccoB (3aB. A.T.H. 1.b.
Kpenuc), snextpuueckoit oOpaboTKH TPOAYKTOB pacTeHueBojcTBa (3aB. A.T.H. FO.A. lllermnos),
pa3paboTKu KOTOPOH peaTrn30BhIBAIIUCH, B TOM YUCIIEC HA OCHOBE JIMIIECH3UWOHHBIX COTJIAIICHUH.

B nmaGoparopun 31eKTpHUYECKUX METOOB YIIPABICHUS TETUIOBBLIMH MPOIECCAMHU POIMIOCH U
pa3BHUBaeTCsS HOBOE HAYYHOE HaNpaBIlCHHE, OXBATHIBAOIIEE MPOIIECChHl TETIO- M MAaCCOOOMEHa Mo/
BO3JCHCTBUEM DIIEKTPUUYECKUX Toneil. HccienoBalnuch TakXe SBICHHS CONPOBOXKIAIOIINE
KaBUTAIMIO, ¥ BIIOCIEICTBUM IS pa3BUTHA JTOM TemaTuku Oblia co3maHa Jaboparopus
THIPOJINHAMHYECKHUX TPOIIECCOB.

HoBreifi aTanm mocnemoBan Tociie  MpoBO3MamieHus cyBepenutera (23.06.1990) wu
HezaBucuMoct (27.08.1991) Pecny6nuku Monposa. IlorpeboBanuchy macmtaOHble pedopMbl
HaydyHOW cdephl, 3aKOHOJATENbHON 0a3bl OpraHu3allii KCCIEAOBAaHWH M HMHHOBAIMOHHOTO
mpolecca. B mopy akTyanuzanuu TeMaTHKW MCCIEAOBAHUN U CTPYKTYPHBIX pedopM Ha Oaze UIID
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ObU1 opraHu3oBaH WHCTHTYT DJIIEKTPOHUKM W TPOMBIIIIEHHBIX TexHonoruit (2006 r.),
BNOCIEACTBUN MHCTUTYT 3JIEKTPOHHON TEXHHUKM M HaHOoTexHonorud «/.B. I'miy». 1 ato sBuinock
3aMeTHOM Bexoi Ha (oHe, MPEeaNPUHATHIX CIHSAHUN W YKpynmHeHHd. ['oBops O pa3BUTHH
HaHOTEXHOJOrui B MoJoBe, eCTh BCE OCHOBaHMS OXKHUAATh, YTO 3TA HAYYHO-TEXHUUECKAst 00J1aCTh
BHECET CYLIECTBEHHBIH BKJIaJl B Pa3BUTHE SKOHOMHUKH.

BaxxupiM ¢akTopoM B pazBUTHH HCCIEAOBAHUHM, YKPEIJIEHHUH COTPYIHUYECTBA, HAYUYHBIX
CBsI3ell SABJSUIUCH U OCTAIOTCS KOH(EPEHLMH U CUMIIO3UYMBbI, CIIOCOOCTBYIOIME OOMEHY ONBITOM
KOOIEPUPOBAHUIO, MTPOABHKEHHUIO Pe3yJbTaToOB. TpaaullMOHHBIM CcTano mpoBeneHue kK Kumimnese
BCECOIO3HBIX COBELIAHMH IO 3JIEKTPUUECKOW 0O0paboTKe MaTepualoB, 3JIEKTPOUCKPOBBIM U
JNEKTPOXUMUYECKUM  MeTojaM  o0paboTkH,  KOHGEpPEeHIMH IO  TOJYNPOBOJHUKAM,
HU3KOTEMIIEPATYPHBIM TEPMOIJIEKTPUUECKUM MaTepuanaM, HelnuHelHoW onTuku. KondepeHus
«AMopdHBIE TOTYIPOBOIHUKH — 80» SBUIOCH BaXKHBIM COOBITUEM B PA3BUTHH MEXITyHAPOJHOTO
corpyaHndectBa. OdepeqHoe COBEIMaHWE IO  JJEKTPUYECKOW  00padOTKe  MaTepuaoB
3arranupoBaim Ha 1980 1. m Oputo mpuypoueHo k 70-mermro akanemuka b.P. Jlasapenko. K
rry0okoMy cokaneHuto, bopuca PomanoBuya He cramo 26 aBrycra 1979 roma. McmonHeHwme
o0s3aHHOCTEN aupekTopa MHcTUTyTa OBLIO BO3JIO0XKEHO HA aBTOpa AoKiIaga. OCEeHbIO COCTOSAIOCH
3aIIaHUPOBAHHOE COBEIIAHUE M OTKPBITHE MEMOPUAIHLHON JOCKH.

3HaMeHaTeNnbHOM oOcTaeTcsi KOH(EpeHIMs MO MOIyHpOBOJHMKAM C y4yacTheM OyayIero
naypeara HoOGeneBckoit mpemun akagemuka JK.M. AndepoBa. Baxxnoe mecto B pacumpeHun U
yIIIyOJNeHUH HCCIEOBAHUI IO BBICOKOTEMIEPATYPHOH CBEPXIPOBOAMMOCTH 3aHHUMAET CEeCCUs
Otnenenust obmeit ¢usuku u actponomun AH CCCP, kotopas mojBena HUTOTH COCTOSIHUS
WCCIIIOBAaHM, HAMETHJIA ITyTH UX PA3BUTHUS U MEPHI MO PACHIMPEHUIO COTPYAHUYECTBA.

[laMsATHBI TIpHE3ABl [eNeranuii KOCMOHABTOB W mpencTtaButeneil Axagemun Hayk Corosa,
BO3TJIABIISIEMBIX BHIIC-TIPE3UICHTOM, akaneMukoM B.A. KoTenpHUKOBBIM, 00CYKICHHE IUPOKUX
BO3MOXXHOCTEH M TmepcrnekTuB corpyaHuuectBa. C yuactuem JlMileH3MHTOpra Mbl HPOIILITH
XOPOIIYIO KONy MPOBEACHUS MEPETOBOPOB U MPOAAKH JIMLIEH3UOHHBIX COTJIAIICHUH.

CornacHO KpUTEPHSIM OICHKH JESITeIHHOCTH B BOCBMUECATHIC TOABI IHCTUTYT ObLT IpU3HAH
nobenuteneM u HarpaxieH [Ipesnamymom Axkamemun Hayk Cotoza M LleHTpambHBIM KOMHTETOM
po¢coro30B. B cBs3M ¢ 50-neTreM pecIryOJIMKH MHCTUTYT OBUT 3aHECEH B 30JI0TYIO0 KHUTY
noueta MCCP, a B uecth 60-netust ee obpazoanust UI1D Obiio mpucykeHO NMaMsITHOE 3HAMSL.
UII® — HeoTHOKpATHBIN MOOEINTENb COPEBHOBAHUI CPEIM MHCTUTYTOB HAIllEH akaJieMHUU U TOpoja
Kummnesa. [IpustHo oTMeTHTh, M Ledylo IUesay JaypearoB [IpemMuum Monopexu, MHOTHE U3
KOTOPBIX Yepe3 roJibl CTAHYT W3BECTHBIMH JIMYHOCTSIMU, B TOM YHCIIE TOCYIapCTBEHHOTO MacIITaba,
a rtawke MexayHapoanele koHpepeHnun 1990 rojga mo TepHApPHBIM U MHOTOKOMITOHEHTHBIM
CHUCTEMaM U 1o TepMoTexHuke Sccol — Kummnes.

B cepenune 1990 ronoB ucnomnuiock 50 €T MEPBbIM AKAJEMHUYECKHM YUPEXKICHUSM B
HameM Kpae. MHCTUTYT MHTEHCHMBHO pa3BUBAJICA B €AMHOM KOMIUIEKCE J1abopaTopuil u
KOHCTPYKTOPCKO-OIBITHO-IPOU3BOACTBEHHOM 0a3bl. MIID cTam coBpeMeHHBIM Hay4HBIM LIEHTPOM,
KOTOpHIi BKIO4an 29 mabopatopuii, Onbitabiil 3aBoa, CKTh. rtatst UncTuTyTa BRItoyanu 343
cotpynnuka, 10 uneHoB Akanemuu, 32 nokropa xabunurar, 143 mokrtopa Hayk, 50 JOKTOPaHTOB.
Taxum MHCTUTYTOM MBI OBUIH BIpaBe FOPAUTHCS.

Ha py6exe croneruii exxerogHo MIID mpeacraBisuiich mMarepuaibsl Ha Oojiee 4eM COpoKa
KOH(EpEeHIMAX, U 3TO BO MHOIOM CIIOCOOCTBOBAJIO MOJIEPKAHHIO HAY4YHBIX CBS3eH M HUX
YCIIEIIHOMY  pa3BUTHIO. B0300HOBMiICS CO3bIB  HayyHbIX KOH(epeHuui. Haumnas ¢
MeXayHapoIHOTO CHUMIIO3UyMa IO KPUCTAUIOXUMHHM, KOOPIMHALIMOHHBIX OPTraHUYECKUX U
CynpaMoJeKyJIapHbIX coequHernid (okTsa0pp 2001 r.), mocsimeHHOro 80-1eTHIO CO IHS POKIACHUS
akagemuka T.MI. ManmHOBCKOTO, KOH(EPEHIMH 10 KpHCTALIOrpaduu M KPUCTALIOPUIUKA
npoBofsTcs peryisipHo. B 2001 roay Obia co3BaHa MeKAyHapoJHas KOH(EpEeHIHs M0 HayKe O
Matepuagax ¥ (U3MKe KOHACHCHUPOBAHHBIX Cpel, TOCBAILIECHHAs 75-JE€THI0 CO OHSA POXKICHUS
akanemuka C.W. Pamaymnana. Bropas xondepenmus, mocesimennas 40-netuto UIID, cocrosmack B
centsiope 2004 rToga W TOPOAEMOHCTPUPOBAna BHICOKHA YpPOBEHb HCCIEIOBAaHUA  TO
MaTepHaIOBEACHUIO U MTOIYNPOBOIHIKAM B MooBe.
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VYenemno npomen (okraops 2005 roga) MonnaBCKO-MOIBCKO-YKPAaUHCKHA CUMIIO3UYM TI0
CYIIPaMOJIEKYJISIPHOW XMMHUH, KOTOPBIH MPOAEMOHCTPUPOBaN 3(P(EKTUBHOE COTPYITHHUYECTBO MPH
COBMECTHOM pEUIEHMH CJOXHBIX 3a7ad CHHTE3a, CTPOCHHUS, CBOMCTB M NPUMEHEHUS
CYNpPaMOJNEKySpHBIX cucTeM. CTany TpaJuIUOHHBIMUA KOH(pepeHIH (U3NKOB MOIIOBHI,
00BEIMHAIONINE [IUPOKUNA KPYr TPEACTaBUTENECH aKaJeMHUYEeCKHMX HHCTUTYTOB, YHHBEPCHUTETOB
pecnyOnMKN U MHOCTpaHHbBIX KoJuter. Kondepenunn, kak npaBuiio, MOCBSLICHBI TAMITHBIM JaTaM B
o0nactu QU3MKK U TOMOBIIMHAM ee Bhinatoumxcs nesreneid. XVII Mexaynaponnas koHbepeHIus
«Du3nUecKrue METO/Ibl B KOOPUHAIIMOHHOW U CyNpaMoJieKyIsspHoi xumun» (Maii 2009 r.) coBmamno
¢ 50-netnem MHcTHTYyTa XMMHUH U TIpoliia pyu akTUBHOM ydacTuu UI®. 3acnyxuBaoT BHUMaHUA
MEXTyHapoAHbIe KOH(PEPEHIIMH 110 HAHOTEXHOJIOTUSAM U OMOMEIMIIMHCKON HHKEHEPUH 0COOEHHO B
nepcrekTuBHO Twiane (2011, 2013 rr.); OHKM TPOXOAAT ¢ MIMPOKUM OXBATOM PA3NIMYHBIX OOsacTeit
uccnenoBanuii U paspabortok. [locnenyromue KoHpEpeHIMH IO KOHICHCHUPOBAHHBIM CpeaaM
npouwa B 2006 roxy, B 2008 roxy. B 2010-m koH(pepeHIHs Tponuia COBMECTHO ¢ CHMITO3HYMOM
M0 3JIEKTPHUECKUM METoIaM O0O0pabOTKM MarepuaioB W Obuta mocBsimeHa 100-metuto co mHA
poxxnenus opranuzaropa UI®D — akagemuka b.P. Jlazapenko. K kondepeniiu Oblsia moaroToBieHa
BBICTAaBKa, OTpa)Karolasi TBOPUECKUN U )KU3HEHHBIH MyTh CO3JaTellsl SIEKTPOIPO3ZUOHHOTO CIIoco0a.
B centsa6pe 2012 roga B kypopTHoii 30He BOm3u KumuHesa ycnemHo nponuia VI kondepeHmus.
Ee npecTtnx HEM3MEHHO pacTeT, 3TO MpeKpacHas BO3MOKHOCTh NPEACTaBUTh HOBBIE PE3YJIbTATHI,
00CYIUTh COBPEMEHHbBIE TEHACHIUH U IIEPCIIEKTHUBBI.

Takxe B ceHTsA0pe nponuia maMatHas koHdeperiws k 100-J1eTrio co JHS POXKIACHUS IEPBOTO
npesuneHTa Axaaemuun Hayk MonnoBel Slkuma CepreeBuua I'pocyna. IlpeacraBurenu cambix
pasHbIX mpodeccuii MPUILIM Ha BTy BCTPEUy, YTOOBI BCIIOMHHUTH (DaKThl CBOEH HAy4HOUH
Oouorpadum, CBs3aHHBIE C JEATEIBHOCTBIO TIEPBOrO Tpe3uaeHTa. B xyprare OOM  Obutn
ormyOJIMKOBaHBl ~TEIUIbIE BOCIHOMHWHAHWSA, HANHCAHHBIE IO TIIyOOKMM BIICYATICHHUEM U
yOeXIEHHEM, YTO MPE3UIeHTHI OBIBIIMMH HE OBIBAIOT.

[Iponomxkast 3Ty MbICIb, IPUXOJUTCS KOHCTATUPOBATD, YTO K TOPHKOMY COXKaJICHUIO, YK€ HET
CpelIu HAC HU BTOPOTO, HU TPETHErO MPE3UACHTOB AKaJleMUHu HayK. 27 JeT Halleld akaJeMUYecKOu
JKU3HH CBSI3aHO C TPE3WJICHTCTBOM Auekcanzapa Anekcanaposuda JKydenko (1977-1989 rr.) m
Anapes MuxainoBuua Angpuema (1989-2004 rr.). Axagemuk A.A. JXyueHko — uyenoBek
HEYTOMUMOM SHEpPIruH, TAIAHTIUBBIN HUCClIeA0BATENb U AAMUHUCTPATOP, OCTABUII IIIyOOKUH ciies B
NeSITebHOCTH MPEIONpPeIeTICHHON BpeMEHEM U 00CTOSITENbCTBAMM.

B okrs6pe 2013 roma Obinm mpoBefeH ceMuHap B cBsisu ¢ 80-metmeMm akajgemuka A.M.
AHJprenmia — TpPEThEro Mpe3uaeHTa AKaJeMUHW HayK. OTO ObUIO cOYeTaHWEe MPOIUIOT0 U
HACTOSIEr0, aTMoc(epa J0CTOMHAs TaMATH HAIIETO KOJUIETH.

OcoOoro BHMUMaHMs 3aciyxuBaeT koomnepupoBaHue WMIID ¢ OObeAMHEHHBIM HHCTUTYTOM
anepHbIX uccnenoBanuii  (r. JlyOHa), Kkoropoe ycmemHO nponmoipkaercs Oomee 40 mer.
CotrpynuanuectBo UI®D ¢ yauBepcuTeTaMu BCeraa B3anMHO 000TaIano v CTajio OJTHOM U3 TIaBHBIX
TpaJULIHi.

BakHpIM acmeKkToM MEXIyHapOJHOTO COTPYJHHYECTBA SIBISIOTCS PabOThI, BBITIOJHEHHBIE
COBMECTHO C 3apyOEKHBIMU KOJIJIETaMM, pe3yJbTaThbl KOTOPBIX MOXKHO HaWTH B IPECTHKHBIX
KypHanax. HayunHas koomepauuss — 3TO pealbHOCTb U HEOOXOAMMOCTH C  Y4ETOM
MHOTOIPO(QHIBHOCTH COBPEMEHHBIX MCCIIEJOBAHUI.

[Tpomomxaercss MOArOTOBKA BBICOKOKBATH(DUIIMPOBAHHBIX KagpOB Yepe3 TOKTOPAHTYpy M
MOCTAOKTOPAHTYPY.

Kanposblit cocraB MHCcTUTyTa — 3TO M3BECTHBIE M IOAAIONIME HAIEXKIbl CIELUAINCTHI,
BEpHBIE CBOEMY JOATy M TpodeccHu. ITO COTPYTHHUKH, KOTOPBIE TPYIMWINCH U TPOIOJIKAIOT
3G PeKTHBHO paboTaTh B Pa3IMYHBIX O0JACTIX (U3MUECKUX M TexHH4eckux Hayk. UI1D u3Becten
HE TOJIBKO CBOMMH (yHIaMEHTAIBHBIMA U MPHUKJIAJAHBIMH WCCIECJOBAHUAMU, HO M MPU3HAHHBIMHU
HAayYHBIMH MIKOJIAMH, CO3JaHHBIMHM Ha TPOTSDKEHWH TOJYBEKOBOTO Tepuoja: B 00iacTu
kpuctamorpadpun (akan. T.M. ManuHoBckuil), GU3NKHA MOITYIPOBOAHUKOBBEIX MaTepHAIOB (aKa.
C.U. Panaynan); ¢usnueckoir kuHeTnkH (akaa. B.A. Kopapckuii); GU3NKH HEKPUCTATLIMYECKUX
MmaTtepuanoB (akaa. A.M. Anzapuemnn); ¢pusuku sBIeHUH NepeHoca B aHM30TPOMHBIX MaTepHaiax
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(akap. .B. Tuny); ¢umsukum mnpounoctn u tactuyHoctH (mpod. FO.C. Bospckas);
3JIIEKTPO3PO3UOHHON 00pabOTKM MaTepHalioB (axan. b.P. Jlazapenko); TexXHUYECKOI
anektpoxumun (akan. FO.H. IlerpoB). Jlydmieii maMsThi0 HAaIIMX KOJUJIET SIBISIETCA COXPAaHEHHE U
MIPOJABMKEHHUE CO3AAHHBIX UMHU Hay4YHbIX IIKOJI. HazoBeM Takke Hay4yHBIE MIKOJIBI aKaJeMUKOB B.A.
n C.A. MockaneHko B oOnactd (QU3MKA TBEPHOTO Tela M sIEpHOH  (U3HKH;
akan. A.B. CumamkeBnya B obnactu nonynpoBoaHukoB tumna II-VI u rerepoctpykTyp Ha ux
OCHOBE; akan. D.K. ApymaHoBa — noinynpoBOJAHUKOBBIE MaTtepuaisl Tuna II-V u
MHOTOKOMITIOHEHTHbIE MaTepuanbl il (oTtoBonbTauku; axan. B.I. Kannepa — ¢wusuka
UIEKTPOHHBIX SIBIEHUI B KOHJAEHCUPOBaHHbIX cpenaax; akaa. M.K. bomorum — uHTeHcudurauus
IIPOLIECCOB TEIUIO- U Maccolieperoca; wi.-kopp. A.M. Jlukycapa — 31eKTpoXUMHUYecKasl pa3MepHas
00paboTka MaTrepHuasoB, KOTOPbIE OTIMYAIOTCS BHYIIMTEIBHBIM KOJIWYECTBOM BOCIHMTAHHUKOB U
YUEHHKOB, IIHPOKO TPHU3HAHBI M BBICOKO OIICHEHBl HAYYHOH OOLIECTBEHHOCTHIO. Y CHENIHO
pa3BHUBAIOTCS Hay4yHBIE WLIKOJBl YJEHOB AaKaJ€MUH, KOTOPHIMU TMOMOJHWIMCH HAIld PSAABl Ha
BbIOOpax B 2012 r.: akaa. U.M. TurunsHy B o0siacTu HeIUTOrpahUIECKUX HAHOTEXHOJIOTHI; aKas.
JILJI. Kynroka — na3epHOl CIEKTPOCKONHMM M HEJIWHEWHOW ONTHKW MOJIYIPOBOJHUKOB; YJI.-KOPP.
A.C. CugopeHko — CBEpXIIPOBOJAUMOCTH CIOUCTHIX M PA3MEPHO-OrPaHUYCHHBIX CUCTEM.

Wuctutyt npuxnagHoi usuku aBaxasl akkpenutoBad (2006, 2011) ¢ BeICOKO# OLIEHKOMH
nesitenbHOCTU. [IpecTnx HaydHOU JesTenbHOCTH ObUT XapaKTepeH Ul BceX BpeMeH. TBopueckas
MBIC/Ib BCerja OOBEAMHANA MpOIUIoe, Hacrosimee U Oyaymee. Hamm meuTsl M OXMIaHMA,
npodeccuoHandbHble 3a00ThI U JOCTIDKEHHS POXKIAIOT IEPCIEKTUBHBIC XU3HEHHBIE apTEepPHH,
OCBOEHHUE KOTOPBIX MPOJUKTOBAHO O€3yCIOBHONH HEOOX0MMMOCThI0. FOOMIel mpoIeMOHCTpUpOBa
yOeXIIEeHHOCTb, YTO Hay4yHasl JAEATEIIbHOCTh CTAHOBUTCA BCe 00Jiee 3HAUMMOW M MPUBJIEKATEIbHOM,
CTaBHT O0JIee OTBETCTBEHHBIE 3a/1a4i M 00JIee BRICOKHE Lend. MICKpeHHe Halel0Ch, YTO HITIA(OBIIBL,
Onmarozmaps CBOEMy HalpsHKEHHOMY TBOPUYECKOMY TPy, OYIyT TOCTOWHBI THX BBICOKHX HIIECAJIOB.

BaxxHpiM B AesITENbHOCTH MHCTUTYTA SIBISIETCA M3JaHME KypHala «JNeKTpoHHast o0paboTka
MaTtepuanoB» ¢ 1965 roga. DTo mepBblil crienuanu3UpOBAaHHBIN JKypHAJ, TOCBSIICHHBII BOIIpocam
HOBBIX MPUMEHEHHUH 3JIEKTPUYECTBA, OCHOBAHHBIX Ha HCIOJIb30BAHUU 3JIEKTPUUYECKOTO paspsia U
aneKTpudeckux mosen. [Ipoiis momyBeKoBOil MyTh, XKypHAJI cTajl MEXIyHAapOAHBIM U3JaHHEM, B
TE€YEHHE MPAKTHYECKH BCETO MEPHOJia BHIXOMAAT JABE BEPCUU — HA PYCCKOM M aHTJIMMCKOM SI3bIKaX;
KOMITaHUs Springer pacnpoCcTpaHseT ero B OyMakKHOM U 3JeKTpOHHOM Buze. JKypHan nosib3yercs
3aCIIy’KEHHBIM NPU3HAHUEM MHPOBOIO HAy4YHOro COOOIIECTBA, €My INPHCBOEH HMMIIAKT-(paKTop,
BXOJMT B pPa3IMYHbIC MUPOBbIE OAHKU JAHHBIX.

[lonnmass pomb ¥ 3HAYUMOCTH MOHOTPAQUYECKUX U3JAHUNH U  CHEIHATH3UPOBAHHBIX
COOpHUKOB TPYAOB, HAIlIM COTPYIHUKHU IMOCTOSIHHO YAESIOT BHUMAaHUE O00O0OLICHUIO PE3yIbTaToB.
s mmoctpauny 3TONW HENerkou, HO ONpaBAAHHOM IEATENbHOCTH B I0OMIEHHOM BhlTycke D0OM
(Ne 7, 2013, 1-314) nmpuBoamaTcs W34aHUs, KOTOPBIMH aBTOp paclojiaraj, W MepeueHb 3TUX
COKPOBHII] MOKET OBITh JIOTIOJTHEH.

Hayka npuOmmwxkaer wmHorme oxumanusa. [IpodeccnonanuamMm ©  MJI0JOTBOPHOE
COTPYJIHUYECTBO — 3TO CYyAbOBI, HANOJIHEHHbIE HOBLIECTBAMM W 3HAYUMBIMU ycrexamu. Hama
3aJjaya MHBECTUPOBATh B HayuyHble, AyXOBHbIE LIeHHOCTU. Exxeromnas rogosumna UII® (npuxon
BECHbI) — 3TO HOBas CIIUpajb B Hallel MOBCEIHEBHOM paloTe, elle OAHa CTyNEeHbKa BBEPX, HOBBIN
mar B Oynymiee. CeroiHs HMHHOBALlMM IEPETATMBAIOT Ha ce0s BCIO BAaXKHOCTb HAy4YHOMH
JesTenbHOCTH. B nmanmpHeimem wucnbiTaHne BpeMeHeM OyJeT CIIOoKHee, HO M HHTEpecHee.
[Ipencrosr HecTaHzapTHbIE pELIEHUs, HO €CTb K 4YeMy cTpeMuTbcs. Henerko coorBercTBoBaTh
BO3pACTalOIIUM TpeOOBaHUSAM, M €CTh OJHA BO3MOXXHOCTb — HMX HAJ0 BBINOTHHUTH. MBI caenanu
MHOTO€, HO HE BCE€, YTO MOTTH. JIOJDKHBI OCTaBaThCs MEPPEKIMOHUCTAMH U TOCTUTATh MAaKCUMYM
Bo3MOXxHOTO. 1D nomkeH crats Oosiee nMpuBIeKaTEILHBIM B BOCTpeOoBaHHBIM. [Ipomen rooueid,
JKU3Hb BOIIUIA B CBOIO KOJICIO — B MHP MOMCKOB M HaxoA0K. Hauanock BTopoe maruaecsTuieTie, u
HCKpEHHE Kelal BceM yaauu. KaxaogHeBHBIM TpPyIOM, MbI NpuoOpeTaeM OIBIT U
COBEpIIEHCTBYEM Mpodeccuio, MOHUMAs, YTO BBICOKHE CTYINEHHU Mbeectana Brepend. [lareaecsat
JIET TPOJIETENH KaK OJMH MHUI M BCTYIIaéM B 3py KOHKYPEHTHbIX curyauuil. CienoBarenbHo,
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BIIEPEM HAC OKMJAET TMraHTCKask paboTa, BaXKHO HE TEPATh YBEPEHHOCTH B CBOMX CHJIaX, BEPUTH B
CBOIO MEUTY.

®enomen NI — akaneMrUUeCKOro MHCTUTYTA C UHTEPECHBIMU U BaKHBIMH, AKTYyaJIbHBIMU U
MEPCIEKTHBHBIMH (DyHIAMEHTAIFHBIMU M IPUKJIAHBIMU HCCIETOBAHUSIMHE, CO CBOUMHU
TPaAULUSIMHU, CBOUM MTOYEPKOM, BIEUATISIOUIUMH JOCTHKEHUSIMH, C 000CHOBAaHHBIMU
CTPEMJICHHSIMH Y OKUAAHUAMHU — ObLT M OCTaeTcs APKUM U npuBJeKaTenbHbIM. [TycTs qopora B
NIID Oyner xenaHueM OINM3KUM WIH AAJEKUM Ui T€X, KTO MOCBATUT ce0s1 MHOT0O0EIaoIuM
(bu3UKO-TeXHUYECKUM HccienoBanusaM. B MHcTUTyTe BakHO COXpaHUTh U cOepedb aTMochepy
TBOPYECTBA, KOJJIETHAIILHOCTH, AYLIEBHOTO CIOKOMUCTBHUS. .. YTOOBI JIyullle HOHATH HACTOSAIIEE U
LIarHyTh B 3aBTPALIHUN J€Hb, KAXKIbIA pa3 HyKHO BO3BPAILATHCS K UCTOKAM, IOMHUTb U IOPOKUTh
TpaauLUsIMU.

TRANSVERSAL ELECTRICAL CONDUCTIVITY OF QUASI-ONE-DIMENSIONAL
TETRATHIOTETRACENE-IODIDE CRYSTALS
A. Casian, I. Sanduleac
Technical University of Moldova, 168, Stefan cel Mare Ave., Chisinau, MD-2004, Moldova.

The research of new innovative materials and the development of efficient devices for
harvesting waste energy has become a popular target for scientists. Recent investigations have
demonstrated that nanostructured thermoelectric materials are very promising approach for
thermoelectric applications. In this connection, many investigations are focused on nanostructured
organic materials. Organic crystals of tetrathiotetracene-iodide (TTT:l3) were reported to have the
thermoelectric figure of merit, Z7, up to 2.5 under defined conditions. However, these predictions
were based on a somewhat simplified strictly one-dimensional (1D) crystal model, where the charge
carriers are considered to move only along conductive molecular chains. The possibility for charge
carriers to diffuse from one conductive chain to another was taken into account by developing the
two-dimensional (2D) [1] and 3D crystal models [2].

TTT,I5 organic crystals are needle shaped and consist of segregate donor TTT and acceptor
iodine chains. The lattice constants are: a = 18.35 A, b =4.97 A, ¢ = 18.46 A that confirms the
quasi-one-dimensionality of the crystal. In the direction of molecular chains taken as x-direction (b
direction), the overlap of HOMO of TTT molecules generates a narrow conduction band (~ 25 ko7,
T) is the room temperature). The transfer energy w; along conductive chains have been determined
by comparing the calculated and measured values of magnetic susceptibility.

In the transversal directions there are two TTT molecules per lattice constant, however, the
overlap of wave functions is very weak and the transport is of hopping type. The aim of this paper is
to determine the transfer energies w, and wj in the transversal y and z directions by comparing the
calculated and measured values of transversal electrical conductivities.

In this model, the Hamiltonian of the system is written in the representation of localized states at
TTT molecules. In transversal directions the most important term in the Hamiltonian is the hole-
phonon interaction and the term which describes the motion of holes in the periodic lattice field is
considered as small perturbation. Respectively, the Lang-Firsov canonical transformation is applied
to the Hamiltonian which permits to take into consideration the main part on hole-phonon
interaction in the zero approximation and also leads to considerable narrowing of the initial
conduction band along conductive chains.

As a result, the carriers become small polarons. Respective canonical transformation was
applied to the operator of electrical current. The term which describes the carrier motion
accompanied with many phonons has been evidenced. For the modeling of electrical conductivity
the linearized Kubo formula has been used.

In the zero approximation of the new Hamiltonian we obtain

Vretnatw;

8ale’ 5 . 9 .
o, =——————=—exp(-E, / k,T), where E,=—"—> @7 sin’(gh)sin’(ga/2).
» Z(kOT)yzE}/Z 0 blopV Zq: q
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Here e is the electron charge, n is the hole concentration, k&, is the Boltzmann constant, T is the
temperature, £, is the activation energy, ao is the polarizability of TTT molecule, p is the crystal
density, V' is the volume of the basic region of crystal, w, and ¢ are the phonon frequency and
quasi-wave vector. Analogical expressions have been obtained for ., with the replacement of
lattice constant a by c.

Thus, the transversal electrical conductivity has an activation behavior: for TTT,I; crystals, the
charge transport is a process assisted by many phonons and has the activation energy, £, ~ 1.54
koTo. E, is practically the same in both y and z directions because the lattice constants a and ¢ are
very close to each other.

Expressions for o,, and o.. have been calculated numerically. By comparing them with the
experimental data that o,, ~ 0., = 3.3 Q'em™, it was established that the hole transfer energies in y
and z directions are w, = w3 = 0.015w;. Earlier using other method we have found that w, = w3 =
0.013w;. These new values of w, and w; will be used for a more precise modeling of the
thermoelectric properties of TTT,I; nanostructured crystals in the 3D physical model.

1. I. Sanduleac, A. Casian, J. Pflaum, Thermoelectric Properties of Nanostructured
Tetrathiotetracene lodide Crystals in a Two-Dimensional Model, J. Nanoel. Optoel., 9, 247-252
(2014).

2. L. L. Sanduleac, Thermoelectric Power Factor of TTT,I; quasi-one-dimensional Crystals in the
3D Physical Model, J. of Thermoelectricity, 2014, in press.

WICK’S THEOREM FOR SYMBOLIC CALCULATIONS
[.V. Beloussov
Institute of Applied Physics, Academy of Sciences of Moldova,
5 Academy Str., Kishinev, 2028, Republic of Moldova

Wick's theorems are used extensively in quantum field theory [1-4] and statistical physics
[5-7]. They allow one to use the Green's functions method and consequently to apply Feynman's
diagrams for investigations [1-3]. The first of these, which can be called Wick's Theorem for
Ordinary Products, gives us the opportunity to reduce in almost automatic mode the usual product
of operators into a unique sum of normal products multiplied by ¢ -numbers. It can be formulated as

follows [4]. Let Al.(xl.) (i=1,2,...,n) are “linear operators”, i.e., some linear combinations of

creation and annihilation operators. Then the ordinary product of linear operators is equal to the
sum of all the corresponding normal products with all possible contractions, including the normal
product without contractions,i.e.,
A ... A=A .. A :+:A4A4 .. A+ .. A...A A +:A4... A :+:AA4 AA,... A :+... ,where

L 1 | — | L | L Il |

AA,=A44,—:44;: (i,j=1,2,...,n) is the contraction between the factors 4, and A4, . Since the
| I—

vacuum expectation value of the normal ordered product is equal to zero, this theorem provides us a
way of expressing the vacuum expectation values of n linear operators in terms of the vacuum
expectation values of two operators.

Wick's Theorem for Chronological Products [4] asserts that the T -product of a system of n
linear operators is equal to the sum of their normal products with all possible chronological
contractions, including the term without contractions. It follows directly from the previous theorem
and gives the opportunity to calculate the vacuum expectation values of the chronological products
of linear operators.

Finally, from Wick's theorem for chronological products the Generalized Wick's Theorem
[4] can be obtained. It asserts that the vacuum expectation value of the chronological product of
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n+1 linear operators A,B,,...,B, can be decomposed into the sum of n vacuum expectation

values of the same chronological products with all possible contractions of one of these operators
(for example A) with all others, i.e.,

(T(4B,...B,)), = Z<T£ABI...B,, ...... BnJ> . (1)

1<i<n

— . . .
Here 4.4, =T(A,.Aj)—:Al.Aj = <T(Al.Aj )>0 (i,j=12,...,n) 1s the chronological contraction

between the factors 4, and 4, . It should be noted that, in contrast to the usual Wick's theorem for

chronological products, there are no expressions involving the number of contractions greater than
one on the right-hand side of (1).

Wick's theorem for chronological products or its generalized version are used for the
calculation of matrix elements of the scattering matrix in each order of perturbation theory [1-4].
The procedure is reduced to calculation of the vacuum expectation of chronological products of the
field operators in the interaction representation. As factors in these products a number of operators
, of the Fermi fields and the same number of their “conjugate” operators i, , as well as operators

of the Bose fields ¢, :g0§+) +(p§,_) may be used. Here all continuous and discrete variables are

included in the index. In the interaction representation the operators y,,y,, and ¢, correspond to

free fields and satisfy the commutation relationships of the form |:l//i,l//j:|+ :[1/71,,1/71,1 =0,

[1/4,1/7]1 =Dy, [(pf”,goi” 1 = D”. Therefore, the averaging of the Fermi and Bose fields can be

performed independently.

Since we may rearrange the order of the operators inside T-products taking into account the
change of the sign, which arises when the order of the Fermi operators is changed, we present our
vacuum expectation value of the chronological product of the Fermi operators in the form

(17, ), ) (v, )]) 2)

To calculate (2), we can use Wick's theorem for chronological products. However, while
considering the higher-order perturbation theory, the number of pairs i, of the operators y; and

¥, becomes so large that the direct application of this theorem begins to represent certain problems
because it is very difficult to sort through all the possible contractions between y, and ¥/, .

A consistent use of generalized Wick's theorem would introduce a greater accuracy in our
actions. However, in this case we expect very cumbersome and tedious calculations. Hereinafter we
show that the computation of (2) can be easily performed using a simple formula

<T[(1,uil AAANAS )DO =det(A, , ). 3)

where

1
Aiaj/} :l//iul/j/‘ﬂ :<T(l//ial/7jﬂ )>O (a,ﬂZI,Z,...,n) . (4)

This result does not depend on the way how we divide the operators on the left hand side of (3) into
pairs. The proof of this theorem is by induction.

The above theorem has an important consequence. In fact, it establishes a perfect
coincidence between the vacuum expectation values of the chronological products of n pairs of
field operators and the n-order determinant. If to present this determinant as the sum of the
elements and cofactors of one any row or column, and thereafter to use again the indicated

coincidence for the (n—l)—order determinants included in each summand, we will return to the

generalized Wick's theorem. Alternatively, we can select in our #n-order determinant arbitrary m
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rows or columns (1< m < n) and use the Generalized Laplace’s Expansion [8] for its presentation
as the sum of the products of all m -rowed minors using these rows (or columns) and their algebraic
complements. Then, taking into account our theorem, we obtain a representation of the vacuum
expectation values of the chronological products of n pairs of field operators as the sum of the
products of vacuum expectation values of the chronological products of m pairs of operators and
vacuum expectation values of the chronological products of n—m pairs. The number of terms in

this sum is equal to n!/ m!(n —m)!. This decomposition can be useful for the summation of blocks

of diagrams.
Obviously, the formula similar to (3) can be obtained and in the case of Bose fields

(r[(670)(ol01)-- (o161 )]), =pem(3,, ).

A (+) () (+) ()
A, =99, :<T(% 9, )>0 (a,f=12,...,n) .
In quantum statistics the #n-body thermal, or imaginary-time, Green’s functions in the
Grand Canonical Ensemble are defined as the thermal trace of a time-ordered product of the field
operators in the imaginary-time Heisenberg representation [5-7]. To calculate them in each order of
perturbation theory, Wick's theorem is also used. Obviously, in this case the theorem also may be
formulated in the form (3) and (5) convenient for practical calculation.
Representations (3) and (5) not only greatly simplify all calculations, but also allow one to
perform them using a computer with programs of symbolic mathematics [9].

)
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JUHAMHUKA MAPAMETPUYECKHUX OCIHUJIISLIUIA TOJIIPUTOHOB B
MUKPOPE30OHATOPE
H.I/I.Xa;[xcnl’z, A.I1.3unrau’
Institute of Applied Physics, Academy of Sciences of Moldova, Chisinau, MD-2028 Moldova
?Shevchenko Pridnestrovskii State University, Tiraspol’, MD-3300 Moldova

CMemaHHble  3KCHUTOH-(OTOHHBIE  COCTOSIHHMS B TUIOCKMX  MOJYHPOBOJHUKOBBIX
MUKpPOPE30HAaTOpax C KBAHTOBBIMH SIMaMH B aKTHBHOM CJIO€ MPEACTABISIOT COOOW HOBBIM Kilacc
KBa3UJABYMEPHBIX KBa3W4acTUL[ C YHHUKIBHBIMM CBOHCTBaMH. Takue COCTOSHHUS HAa3bIBAIOT
MHUKpPOPE30HATOPHBIMU 3KCUTOH-NOIsIpUTOHaMU. OHM BO3HHMKAlOT Onarofapsi CHJIBHOM CBSI3U
9KCUTOHOB C COOCTBEHHBIMH MOJAaMH 3JEKTPOMAarHWTHOTO H3JIy4eHUs MHUKpope3oHaTopa. B
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YCIIOBUSIX CHJIBHOW CBSI3M SKCUTOHHAs U (POTOHHASI MOJIBI PACTAIKUBAIOTCSl M BO3HUKAIOT BEPXHSIS U
HIDKHSIST MHKPOPE30HATOPHBIE TOJSAPUTOHHBIE MOJBI. DKCHTOHHAS KOMIIOHEHTA IMOJIIPUTOHA
oTBe4aeT 3a A(PPEKTHBHOE MOJSPUTOH-TIOSIPUTOHHOE B3aMMOJCHCTBHE, Onaromapsi 4yemy OHHU
MOTYT pacceuBaTbhcs Ipyr Ha npyre, a (OTOHHAass KOMIIOHEHTa OOYCIAaBIMBAET €ro Malyko
spdexTrBHYI0 Maccy. HemapaOonuMyHOCT HWKHEH  TOJNSAPUTOHHOM  BETBU  JIOIyCKaeT
BO3HMKHOBEHHE MapaMEeTPHUYECKOTO IMPOIecca, B Pe3ysIbTaTe KOTOPOTO JBa MOSPUTOHA HAKauKd
paccenBalOTCs B CHTHAIBHYIO M XOJOCTYIO MOJIBI C COXPaHEHHEM SHEepruu U umiryibca. [lostomy
OTPOMHBII WHTEPEC BBI3BIBACT IOJISIPUTOH-NIOJSIPUTOHHOE paccesiHue, Onarojapsi KOTOpOMY
HKCHTOH-TIOJISIPUTOHHAS CHCTEMa JIEMOHCTPUPYET CHJIBHO HeNMHeWHble cBoiicTBa. Habmromamoch
napaMeTpUuecKoe YCHICHHE B MUKPOPE30HATOPE TP BO30YKACHUH HIKHEW MOJISPUTOHHON BETBU
MUKOCEKYHIHBIM MMITYJIbCOM HAaKayKu 1Moj yriiom naneHus 16,5°. Tlocie BO30yKACHUS HUKHEH
MOJSIPUTOHHON BETBU JOMOJIHUTENIBHO CJIA0BIM MPOOHBIM HMMITYJIBCOM, IaIaBUIMM HOPMAIBHO,
OOHapy’KUJIOCh, YTO ATOT MMIYJbC B OTpaXeHUM ycwimBaics Oonee yem B 70 pas. [Ipu stom
MOSABIISUIACH TAKKe XOJOCTas Moja moj yriiom B 35°. PexuM mapamMeTpudeckoro OCHMILISTOPA
HaOJrolaics  TPU HENPEPHIBHOM BO30YXKICHHH HIKHEW TIOJIIPUTOHHOW BETBH H3ITyYCHHEM
HaKa4YK{ TOJT «MarudecKuM» YIJIoM B 16° 6e3 mpoOHOTo UMITyJIbCA.

Wzydena nuHaMuKa SKCUTOH-TIOJIIPUTOHOB B PEXHMME ITapaMEeTPUIECKOTO OCHMIUIATOpA Ha
BpeMEHaX MOpsAKa OO MEHBIIMX BPEMEHH pellakcanuu Bo30ykaeHui cpenbl. CyliecTBEeHHBIN
MHTEpEC MPEJCTABISCT IMOBEICHHE CUCTEMBI IMOJSPUTOHOB B HECTAIIMOHAPHOM PEXHME, KOT/Ia
HaKayKa OCYIICCTBIIACTCS PeMTO- U ITMKOCEKYHTHBIMH UMITYJIbCAMH JIA3EPHOTO M3ITydeHus. B aTom
Cllyyae MOYKHO CUYHUTATh, YTO YJBTPAKOPOTKHE HMITYJIbChI BO30YKICHUS CIyXaT JIWMIb IS
CO3ZIaHUsI HAYaJIbHBIX IUIOTHOCTEH IIOJIIPUTOHOB, T.€. HAYaIbHBIX YCJIOBHH CHCTEMBL. 3aTeM
CHCTEMa IPEJOCTABISIETCS caMOil cebe M OHa IBOJIOLMOHHPYET BO BpeMeHH. CuuTaercs, 4To C
MOMOIIIBIO YJIBTPAKOPOTKUX UMITYJICOB PE30HAHCHOTO JIa3€PHOTO M3IIYyUSHUsS B MUKPOPE30HATOPE
CO3/aeTCs CHCTEMa KOT'€PEHTHBIX KCUTOH-TIOJISIPUTOHOB.

AMPLIFICATION OF THZ RADIATION IN THE SYSTEM OF EXCITONS AND
BIEXCITONS
P.I. Khadzhi, D.A. Markov
Institute of Applied Physics, Academy of Sciences of the Republic of Moldova
Academy str. 5, Chisinau, MD-2028, Moldova
T.G. Shevchenko Pridnestrovian State University 25 October str., 128, Tiraspol, MD-3300,
Moldova
finf” nokr@spsu.ru

Abstract: The new mechanism of terahertz radiation generation (amplification) which
is based on the use of quantum transitions between two-exciton and biexciton states
is investigated. It is shown, that the enhancement coefficient of terahertz radiation
depends on the pump intensity.

The generation of terahertz radiation in the dimensional-confined structures has attracted a great
deal of attention recently. Terahertz radiation was observed in the quantum transitions in the
asymmetric coupled-quantum-well structures, in superlattices, in a single quantum well as a result
of quantum beats between excitons with light and heavy holes. The importance of the exciton states
in the process of terahertz radiation generation, especially when the pump acts in the exciton range
of spectrum was denoted. This is important also because the time dephasing of the excitons is much
greater than the time dephasing of noncorrelated electrons and holes. The mechanism of terahertz
radiation generation in bulk semiconductors in perpendicular electric and magnetic fields was
studied. It was shown that the intraband components of polarization are responsible for the
generation of the terahertz signal.

We propose a new mechanism of terahertz radiation generation (amplification) in bulk or
dimensional-confined semiconductor structures which is based on the use of quantum transitions
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between exciton and biexciton states. These states can play an important role in the process of
terahertz radiation generation. Let the incident pulse of resonant laser radiation on the
semiconductor with the frequency w; equal to the frequency of exciton transition, excites the
excitons from the ground state of the crystal. We consider the excitonic state to be macroscopically
occupied. The two-exciton state is also macroscopically occupied. Therefore the inversion of
population appears between two-exciton and biexciton states. And if we inject a weak pulse of
terahertz radiation of frequency w,, equal to frequency of quantum transitions between two-exciton
and biexciton states, then such a radiation will be amplified because of the induced downthrow of
the inversion.

From the interaction Hamiltonian of both the waves with excitons and biexcitons we obtain the
Heisenberg equation of motion for the amplitudes of the exciton and biexciton waves. Using the
steady-state regime we determine the susceptibilities of the medium for the range of frequencies of
exciton state and two-exciton—biexciton conversion. Both susceptibilities contains the dispersive
(real) and absorptive (imaginary) components. For every resonance detuning we have negative
absorptive component for frequency of quantum transitions between two-exciton and biexciton
states and positive for frequency of exciton level. Consequently, the propagating radiation with the
frequency w; in the medium will be amplified and the one with the frequency w; will become weak.

In the slowly varying envelope approximation we obtain the set of nonlinear equations for
determining of the spatial distribution of the field amplitudes along the direction of propagation which
shows that the nonlinear coefficient of light absorption at the frequency w; and the enhancement
coefficient at the frequency w; strongly depend on the intensity of both waves. We did not obtain the
exact analytical solutions of this set of equations. But in case of the exact resonance, in the linear
approximation on the intensity of first wave and then integrating the set wave equations, we obtain
the integral of motion which gives the connection between the intensities of both waves in every point
of crystal. This integral shows that the intensity of low-frequency wave depends exponentially upon
the intensity of high-frequency wave.

The enhancement coefficient of low-frequency wave has the maximal value at the front bound
of crystal and it is proportional to the square of initial intensity of wave on the frequency w;. It
decreases monotonously with the increasing of intensity of terahertz radiation.

So is showed that the population inversion between two-exciton and biexciton states appears at
the pumping of the exciton state, on the transition between which the generation of terahertz
radiation is possible. The intensity of the terahertz radiation increases with the increase of the pump
intensity.

S-POLARIZED QUASISURFACE NONLINEAR WAVES IN SYMMETRIC THREE—-
LAYER STRUCTURE
WITH METAMATERIAL FILM
0.V. Korovai
T.G. Shevchenko Pridnestrovian State University, 25 October str.128, MD-3300, Tiraspol,
Moldova;
e-mail: olesya-korovail@mail.ru
Abstract — We study the theory of the nonlinear s—polarized quasisurface waves, propagating along
the plane interface of symmetric three—layer structure with linear left-handed film, embedded in
infinite nonlinear semiconductor. The dispersion laws are obtained and investigated.

The wave propagation in a left-handed (LH) material with negative dielectric permittivity & and
magnetic permeability x4 was investigated. A number of remarkable properties of waves in left-
handed materials, including negative refraction were predicted. The properties of the propagating s—
polarized and p—polarized surface and guided modes structures with left-handed material and Kerr-
like materials were investigated.
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We present the main results of the theoretical investigations of the properties of quasisurface
nonlinear waves. At first, we consider the propagation of the nonlinear s—polarized quasisurface
waves in a symmetric three—layer structure, consisting of the linear LH-film with the width
2d (—d <z<+d ), enclosed by the two semi-infinite nonlinear semiconductors. We suppose that

the LH-film is characterized by the constant dielectric susceptibility &y <0 and magnetic
permeability 1 <0 and the bounding media are the semiconductors, in which the propagating light

wave can excite the excitons from the ground state of the crystal and simultaneously convert them
into biexcitons due to the process of optical exciton—biexciton conversion. It is possible for the
crystal type as CdS, CdSe, where the binding energy of biexcitons is vanishingly small. The giant
oscillator strength of the process of optical exciton—biexciton conversion allows us to consider the
effects of nonlinear propagation of laser radiation for the moderate levels of excitons. We have
obtained the expression for the dielectric function & of the nonlinear bounding media, depending
on the frequency @ and amplitude E of the field of propagating electromagnetic wave taking into
account the interaction of light simultaneously with excitons and biexcitons in the crystal.

We study the peculiarities of the steady—state propagation of the TE—polarized surface waves.
Nonlinear symmetric and antisymmetric surface waves exist in spectral range with the detuning
0 > 0. The dispersion laws for the nonlinear quasisurface waves essentially are determined by the
LH-layer normalized thickness D. We have considered the dispersion law for the symmetric
quasisurface modes and analyzed the behavior of the dispersion curves. The fields at the interfaces
depend substantially on the resonance detuning. The dispersion law is characterized by the
monotonous increase of the normalized amplitude of the interface field f; dependence on the

effective refractive index n in the region of small D. The dispersion curves behavior change its
shapes with the increase of the LH-layer. For small increase of the thickness three regions of the
dispersion law appear divided by two gaps. One of them is characterized by sharp increase of the
field amplitude depending on n. The second region by the presence of the maximal value of the
field depending on 7, the value of the maximum increases with the detuning. The third region is
characterized by the strong decrease of field amplitude f; on n. The further increase of the film

thickness associates all three regions into one region with the Lorentz-like shape. For higher values
of thickness we obtained the monotonous increase of f; on n and reversing to the initial form of
dispersion law.

As for the dispersion law for the antisymmetric quasisurface modes it is too characterized by the
monotonous increase of the normalized amplitude of the interface field f; depending on the

effective refractive index n in the region of small D. For small increase of the thickness two
regions of the dispersion law antisymmetric quasisurface modes appear divided by one gap. The
both regions are characterized by the strong decrease of field amplitude f, on the effective

refractive index n. The further increase of the film thickness associate all two regions into one
region is characterized by monotonous increase of the normalized amplitude of the interface field
fo depending on the effective refractive index n.

In conclusion we point out that the obtained results for the s- polarized nonlinear quasisurface
mode propagating in a three layer structure with the metamaterial core and nonlinear claddings,
nonlinearity of which is due to the interaction of the exitons and biexitons with the light, essentially
differ from the results of the over investigations of the surface waves in the structures on the
interfaces between the metamaterial and Kerr media. Obtained dispersion lows are determined by
the carried flux and by the thickness of the linear slab. We have predicted the effects of the ruptures
of the dispersion low and the appearance of the domains of the forbidden values of 0. We showed
that the sharp change of the dispersion low in the definite regions of the resonance detuning O
takes place.
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DIAGRAMMATIC APPROACH FOR THE ANDERSON-HOLSTEIN MODEL
V. A. Moscalenco'?, L. A. Dohotaru'>, D. F. Digorl, and 1. D. Cebotari'
'Institute of Applied Physics, Moldova Academy of Sciences, Chisinau 2028, Moldova,
BLTP, Joint Institute for Nuclear Research, 141980 Dubna, Russia,
3Technical University, Chisinau 2004, Moldova.

We investigate the interaction of strongly correlated electrons with optical phonons in the frame
of Anderson —Holstein model. The electron-phonon interaction and on-site Coulomb repulsion are
considered to be strong. By using the Lang-Firsov canonical transformation this problem has been
transformed to the problem of mobile polarons.

A new diagram technique is used in order to handle the strong Coulomb repulsion of the
electrons and the existence of the phonon clouds surrounding electrons. In the perturbation
approach we shall use the generalized Wick theorem proposed in [1-5] for strongly correlated
systems. The generalized theorem will be employed for the impurity subsystem and the standard
theorem will be used for the conduction electrons and the optical phonons.

We introduce the normal finite temperature Matsubara Green’s functions for the conduction and
impurity electrons in the interaction representation. In addition, there exist also propagators of the
phonon clouds [5].

We henceforth assume that the system is in the paramagnetic state. The Fourier representation
of the phonon cloud propagator can then be obtained using Laplace approximation. In the strong-
coupling limit, & >> 1, the propagator takes the following form [5]

@(ig)zﬁ,@ = am, (1)
where @, is the frequency of the optical phonons.

This expression describes the harmonic propagator of the collective mode of phonons belonging
to the polaron cloud and having the collective frequency @, . Thus, Eq. (1) defines the concept of
free collective oscillations of the phonon clouds surrounding the polarons.

The Laplace approximation for the strong-coupling limit o >>1 also serves to prove the
relation:

D, (1,7, | 737,) = Dy (7, | 73) D (7, | 7,) + Dy (7, | 7,) D (7, | 75).
This equation and its generalization for the many time arguments is considered as the Wick theorem
for the phonon clouds in strong coupling polaron regime.

We shall investigate the process of renormalization of the phonon clouds propagators caused by
the hybridization of impurity and band electron states. In the second and forth order of perturbation
theory we obtain the contributions depicted in the Fig. 1.
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Fig.1. Renormalization of the phonon clouds contributions. Thin solid line is conduction
electron propagator, dashed line is for impurity electron propagator. Diagrams depict the simplest
contributions of second and forth order of perturbation theory. The bubbles present the simplest
polarization operators.



26 Conferinta Fizicienilor din Moldova, 22-25 octombrie 2014

The contribution of the second left diagram depicted in Fig.1 is the following
OO (-7 = [[drdz,0 (e =), (7, = 1,)0 (7, =7), 11,0-2)=—(Thb,) (T, 1)

The diagram series for the normal propagator ®(z—7") can be put in the form of Dyson
equation

O(r-7)=0V(r-7")+ ” dr,dr,® (r - )(z, - 7,)D(z, — ).
Here T1(7) is the full polarization operator.

In the Fourier representation we have
D(iQ) = 0 (IQ) + DV (VI (IQ)D(iQ), D(iQ) = DV (iQ) / (1 - DV (Q)II(IQY)).

Using the expression (1) we then find ®(iQ) =——— 20, —.

Q" + o 20 I1(Q)
The pole of this equation determines the renormalization of the collective phonon frequency @,
E’ -’ +20,J1(E)=0. (2)
From the equation (2), for the case 7' =0, we can determine the dependence of the collective

mode energy E on the hybridization parameter V.
The results of numerical calculations are presented in Fig.2.
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Fig.2. Energy E of the collective mode vs hybridization V', for different band widths
W =0.5¢V (continuous line) and W =lelV (dashed line). The other parameters are:
@, =0.075eV,U =5.85,and ¢, =-0.095¢V (U, ¢, is the renormalized on-site Coulomb repulsion

of impurity electrons and local impurity energy respectively).
According to this results the renormalized energy E of collective mode of phonon clouds
decreases with increasing the value of /' and becomes equal to zero at the critical value V,

V.= \/ha)cW / ln‘(W—ef)(W tU+e,)/ e, (U+ 81.)‘ .
It is clear the for larger energy band W the critical value V. increases.
Thus we make the conclusion that the collective mode is suppressed by hybridization.
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PROPERTIES OF PHONON CLOUDS OF CORRELATED POLARONS
L D. Cebotari
Institute of Applied Physics, Chisinau 2028, Moldova

The basic equation which determines the phonon clouds dynamic has the form:
(D(T | Z") — Teig(P(t)*P(t'))U(ﬁ)
< > ; 1)

B
U(p)=Texp {— j drH,, (T)dTJ
0 : @
Hy ()= 2 (17 (@, (0 b, () £, (1)) 3)

Here U(f) - evolution operator in the interaction representation of the Anderson-Holstein model, g
is constant of electron-phonon interaction , p is momentum of phonons, 7 is the operator of
chronological ordering , /" ( f, ) are creation (annihilation) operators of impurity electrons, b, ( b,
) are the same operators of conduction electrons in localized version

1
bo- zﬁ;V;}aChy ’ (4)

By using the generalized Wick theorem for correlated impurity electrons, ordinary Wick
theorem of conducting non-correlated electrons and special Wick theorem for phonon clouds
formulated in paper [1], the values of phonon correlation function of second and fourth order of
perturbation series are obtained.

In the second order of perturbation series it has the form

BB
O (r|7) = jJ.(Do (7|7, )Hfz)al (7,1 7))@ (7, | Tz dz, )
00

where
@, (1,7, |7,7,) = <Teig‘°(’l >+ng<rz>—igP(r3>—igP(r4)> _
o\*1%2 3%4

2

=exp{—%(T(P(q)w(rz)—P(a)—Pm)f}} (6)

= exp{a(l T -n|+toln -1, |+o(r,— 7 |+o |7, —7,|-0( 7, -7, | 0|7, — 7, | _20-(;3))}
o(r,—7,))= g2 <TP(T1 )P(Tz)> (7)

and T1? is the polarization operator of the second order:
2, (z, |7) = ~(Tf,, () ., (2))(Th, (5,)b, () (8)
In the fourth order of perturbations series for correlation function we have obtained:
’ 1 ’ v 7 1

O (r|7) = Zj... [dz,...de, @, (eryr, | 00, ) (TR AL ) (ThD,bb,) 9)

Diagram representations of different contributions are given and different renormalization
processes are analyzed.
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KELDYSH DIAGRAM TECHNIQUE FOR STRONGLY CORRELATED SYSTEMS
V. A. Moscalenco'”, L. A. Dohotaru'”, D. F. Digor’
'Institute of Applied Physics, Moldova Academy of Sciences, Chisinau 2028, Moldova,
BLTP, Joint Institute for Nuclear Research, 141980 Dubna, Russia,
3Technical University, Chisinau 2004, Moldova.

We develop a new diagram technique for investigating the nonequilibrium state of strongly
correlated electrons systems.

We construct the perturbation theory for Anderson impurity model with the strong electronic
correlations of d electrons of the impurity ion taken into account. This theory is based on the
Generalized Wick Theorem (GWT) which permits to calculate the thermodynamic averages of the
product of contour arranged of electron operators by generalizing the Keldysh diagram technique
[1]. The main parameter of theory is considered the Coulomb interaction between impurity
electrons and as a perturbation the mixing interaction between impurity and conduction electrons.

We start with single Anderson impurity model connected to two leads named left (L) and right
(R) with Hamiltonian

H=H,+H,
H Z ZEM ko Ala+zgdndo+undTnd¢’
A=L,R ko

HO = Z Z(Vk/lddcklo--i_VkiC/; d )’
A=L,R ko

where d, and C,, annihilation operators of the dot and leads electrons correspondingly, with spin
o, &, is leads electron energy eigenvalues and ¢,is dot’s electron on-site energy, U is the
Coulomb repulsion, V.,

is the mixing matrix elements which describe the coupling between dot and leads, n, =d d_ .

We shall use the operators b, ~of the localized mode of leads conduction electrons

/10 Z kA Ma

and 1nvest1gate the influence of the localized electrons of impurity on this collective mode of
conduction electrons.

The chemical potentials of both leads are supposed to be different and the system is in
nonequilibrium state. Therefore we employ the Keldysh formalism [1-2] based on the contour (Fig.

)

Fig.1. The Keldysh contour of the time evolution.
of the time evolution and the systems of four Green’s functions for the both subsystem of localized

and free electrons with operator d,,,d; and C._,C; correspondingly.

: :
Lhranch

=00
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We use the time-ordering and anti-time ordering of the Heisenberg operators. For leads
conduction electrons we use the localized mode and investigate the influence of the localized

electrons of this collective mode b, = Z -, C.,_on conduction electrons. The system of four

Green'’s function of the lead’s electrons has, in the notification of [2], the form
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(6.t =—=i(Th, ()b3(1)), g7 (t.6) =i (b5 ()b, (1)),

(6, ==i(b, ()b}(t"), &5 (t:1) = =i (Th, ()b} (¢))).
Here T and T denote the time and anti-time ordering. The analogous definitions exist for the
Green’s function of he localized electrons marked in as G_ . and so on.

In Keldysh formalism we use the matrix Green’s functions composed from different elements
of the evolution in contour space. We have the matrices

“e) . (ATAT
éo:{gigir]’/\:{ - ++J’
2 & ATA
and also such one for the full propagator G. Here A 1is correlation function andg,is bare

propagator of free itinerant electrons.
Dyson-type equation for nonequilibrium strong correlated electron systems has the form

G=A+Ag,G.
We formulated the nonequilibrium perturbation theory supposing that the time evolution is
realized along the real-time contour, which starts and ends at ¢ =—.
The thermal average at =0 can be obtained in the form

(A1) = <S’*1T]1(t,t')§>,
S = §(~00,00) = Texp(—iT H.(t)dt),S" = 8" = fexp(i].o H (t)dr),

(1
where operators with tilde A, are in interaction representation.
In the next we shall use two forms of operator A
A ) =15, (1) (1), Ay (t,) = id2 (1) b, (1)
and determine the Green’s functions
Gl (62 =1(B], (), (1)), Gt (1,8) =1 (dJ ()b, (1))

The expansion of the exponents in the Eq. (1) is the realization of the perturbation theory.

In the Fig.2 is presented the two contributions of the values 4" and 4."in the first order of
perturbation theory

) —4———chmme — —f——a ol
i il ot at i Tt
) e = —cf——

Fig.2. Diagrams of the first order of perturbation theory. a) for 4" and b) for 4\". Thin solid
line is G propagator and dashed line is g propagator.
The analytical expressions for these quantities is the following

AV = [ d Y (G, (68) g5 0 (6,1 =G (1) 850 (6,1,

w0 Aoy

A = [ A 8 (1) G ()~ €5 (4.1) G (1))

—» Aoy
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New elements of diagrammatic theory of our strongly correlated systems are the irreducible
Green,s functions or Kubo cumulants, which appear in the high order of perturbation theory.

References:
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THE LOCAL PROPERTIES OF THE TWO IMPURITIES MODEL
L. A. Dohotaru
Technical University, Chisinau 2004, Moldova

Model Anderson-Holstein has been investigated previously by using diagrammatic approach
for one impurity model and has been formulated the main peculiarities of such complicated system
[1-5]. Now we shall discuss the additional properties of the two-impurity model conditioned by the
presence of the second center and the taken into account exchanges of quantum fluctuations
between them.

The Hamiltonian of this model has the form

H=H,+H,+H, ,+H,,, (1)

where
Hel = z g(k)C];o-C];O- + Hlac > loc z gOfaafao‘ + ZU naTna$ >

kac
.1 _
th :ha)o(a Cl+§), Hel—ph :zganaaqﬁ hyb Z(V faa—CkO—+Hc)

kaa
2
naa— = fc;afaa > na = znao- *
o

Here C,_annihilation operators for conduction electrons, £, such operators for impurity electrons

and « operators for optical phonons. g and p coordinate and momentum of phonons:

q =%(a+a*), p =%(a+ —a).
Quantum index o =+1 determine the spin of electron and & =1,2 determine the two
impurities. U, is the Coulomb repulsion of the impurity electrons and &, is local energy of these
electrons, @, - frequency of optical phonon.

As in the case of one impurity, we use the canonical transformation Lang-Firsov [6] of the
Hamiltonian (1)

H=¢He®, S=—i L
Zga P> 8=

This transformation eliminates the linear by phonon coordmate term of the Hamiltonian (2) and
renormalizes the Coulomb interaction.
As a result of canonical transformation we have

HH+H

int 2

I:IO = Zg(k)cljocka + Z[EOfanaU + U na?”al (z gana) hwo s
ko

H = ZG (fib e’ + b f %) b = W; V.C. ,
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where the additional attraction of impurity electrons appear of the form %(Z g,n,)’ which

contains besides the renormalization of every individual localized Coulomb interaction also gives
the additional collective renormalization common for both impurity centers.

The localized part H, of the Hamiltonian A,
- . 1
HL = Z[Eofaa_fag +U0naTl’la¢]—5(Zgana)2ha)0

can be diagonalized using the Hubbard operators y™ = |m> <n

, where |m> is an eigenvector of the

operator I:IO.
Because exist two impurity, the total number of local quantum states is 16.
The eigenvectors of H, have the following form. The first quantum state |1> is the vacuum

state |0) with the energy E, =0
There are four one-particle states:

2=wal0),  3=wilo), [4)=vi]0). 5)=v[0).
The energies of all these states are £, = E, = ¢, —%gfha)o,@ =E =g, —%gzzha)o .

There are six two-particle states

6)=vavil0), |7 =wawi]0),
8)=wiwanl0)  [9)=wiyii]0),
10)=y vy [0). 1) =y w5 [0),
The eigenvalues of these quantum states are
E,=2¢,+U,-2g'he,, , E,=2¢+U,-2g:hao,,

E,=E,=E,=E, =2¢, —%(g1 +g,) ' hay,,

The next four states are the three-particle states
[12) =wiwwi2[0),
[14) =v w4 [0),

13) =y w5, | 0),
15) =y, ]0),

with the energies values
1 1
E,=E;=3¢+U, —E(Zgl +g,) ' ho, ,E, =E=3¢,+U, —E(Zg2 +g) ' hao,.
The last local state
[16) =y iy v [0),
with the energy E,, =4¢,+2U,—2(g,+g,) hao,.

Existence of these 16 self consisted functions make possible to express Fermi operators of
creation and annihilation of both impurity electrons with Hubbard transfer operators, for example

ﬁ; — X3—o‘,1 +GX6,3+U +X9—o’,4+o‘ +X10—o‘,4—o’ +O_X13—6,9+0 +X14—o‘,7—o’ +X13—J,10+0 +0X16,4+0' .

This equation together with analogous equation for operator f,’ of the second impurity

electron operator permits us to determine all dynamics quantities of local subsystem, and formulate
the perturbation theory for our strongly correlated two impurity system.
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AN N kW

CONCEPTE PRIVIND MODELAREA ABM SI ANALIZA DE BIFURCATIE iN
CERCETAREA PROCESELOR DE CRISTALIZARE
Gubceac Ghennadii, Paladi Florentin
Universitatea de Stat din Moldova, Catedra Fizica Teoretica ,, Prof-Iu.Perlin”

In lucririle anterioare am studiat separat evolutia procelului de cristalizare la nivel macroscopic
dezvoltand modelul parametric de studiu al sistemului macroscopic complex [1-5], iar la nivel
microscopic am aplicat modelarea bazatd pe agent (ABM) [6-9], aceste studii fiind dedicate
fundamentarii matematice a modelelor computationale ABM. La baza prezentei lucrari a stat ideea
de a realiza un studiu generalizat al acestor doud metode de cercetare a sistemelor complexe, in
general, si a proceselor de cristalizare, :
in particular. 18(7e1-c)

Initial am considerat ci procesul de
cristalizarea 1Incepe cu generarea
cristalitilor ca o regiune mica in cadrul
careia moleculele sunt aranjate intr-un
mod similar ca §i in cristal [6, 12, 13].
Solidificarea sub formd de cristal la /
nivel microscopic trebuie sa decurgd s ‘
prin fluctuatia structurii lichide, si este - A=-079
apoi urmata de cresterea cristalului ca
un proces de cristalizare macroscopic. 0 . ;_Ujl'w,__,.,.f-"“ -
Rolul  unei stiri  intermediare o
metastabile In tranzitiile dintre doua
stari stabile induse de fluctuatiile de
structurda a fost analizat in cadrul Fig. 1. Timpul mediu de tranzitie 7 in functie de
modelelor cinetice macroscopice cu parametrii de control € Si n [14].
unul si doi parametri de ordine [1, 11],
scopul principal fiind evidentierea conditiilor pentru care ratele de tranzitie pot fi amplificate de
prezenta starii intermediare, atunci cand fortele intermoleculare de interactiune sunt slabe si exista
doar o ordine apropiatd in sistem. Aceasta corespunde situatiei cand cristalizarea substantei se
produce prin rearanjamentul moleculelor la interfata dintre clusteri, astfel incat procesul de crestere
a lor are loc prin anexarea moleculelor fazei lichide de la frontiera cluster-lichid. In cadrul
aproximatiei unui echilibru local, se presupune cad campul respectiv al fortelor posedd structura
derivatei functiei energiei libere de tip Landau, iar factorii de proportionalitate sunt coeficientii de
difuzie, viscozitate etc. In anumite conditii modelate cu ajutorul parametrilor de ordine, starile
intermediare pot contribui esential la cristalizarea substantelor prin micsorarea barierei energiei
libere, care ar putea fi de ordinul 100kg7, sau din potriva, reduce semnificativ rata de tranzitie in
dependenta de valorile parametrilor de control.

Fundamentarea matematica a modelelor ABM cu aplicatie in domeniul tranzitiilor de faza de
ordinul intai a fost realizat cu ajutorul modelului probabilistic pentru procesul de cristalizare [6, 9].
Evolutia sistemului este estimata cantitativ cu ajutorul valorii medii a indicelui de stabilitate 7 si a
dispersiei o7, care caracterizeaza corespunzitor gradul de stabilitate si cel al eterogeneititii intr-un
sistem complex.

In modelul parametric al procesului de cristalizare [1, 11] am obtinut dependenta logaritmica a
timpului mediu de tranzitie T cind procesul este descris de un potential cinetic de tip Landau

o
[

-020 -0.15 -0.10 -0.05 f=n=0 0.05
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U(x;A,u,&.m) [2, 5], in raport cu parametrii de control & si 7 in cazul Amin = —0.79 in regiunea de
coexistentd a starilor a si b, pentru valorile parametrilor de control ® = =2 | ¢* = 0.1 (Fig, 1). Aici
observam ca timpul mediu de tranzitie T descreste atunci cind sistemul se afld in regiunea de

coexistentd a stirilor respective, unde se obtine un minimum pentru valorile negative ale lui 4 .
Totodata, prezenta unui camp exterior, legata de coeficientul #, va Inceteni procesul de cristalizare
si, respectiv, timpul de tranzitie va creste. Pe cand prezenta eterogenitatii in sistem, datd prin
coieficientul ¢, va accelera tranzitia de faza [14].
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INFLUENCE OF THE MAGNETIC FIELD AND IMPURITY ON PHASE TRANSITION
COMMENSURABILITY — NOT COMMENSURABILITY OF A CONDITION OF A WAVE
OF SPIN DENSITY IN QUASITWO-DIMENSIONAL MAGNETIC SYSTEM
M. E. Palistrant’, V. A. Ursu
Institute of Applied Physics, Academy of Sciences of Moldova, MD-2028, Moldova
*E-mail: mepalistrant@yandex.ru

Beginning from 2008 year, it is received a large number of iron - based compounds (iron —
oxipnictides) with relatively high superconducting transition temperature T, ~ 55 K (see [1]). New
compounds have a number of features that contributed to the existence of antiferromagnetic state
and superconductivity (SC). At present there is a need into account a number of features associated
with the properties of layers of FeAs.

In this paper we consider a single-band superconductor and the main attention is devoted to
the high-temperature superconductivity (in a commensurate and no commensurate phases) and also
to the existence of deviation from half filling of the energy band. In this situation it is necessary to
consider separately the cases of the given chemical potential (u) and variable impurity
concentration (x). In particular, we consider the case of the introduction of impurities into the
system (case of given p see in [2]).

Hamiltonian of the system contains a term responsible for superconductivity, as well as the
Coulomb interaction of electrons with opposite spins. On the basis of this Hamiltonian it is obtained
the system of basic equations for the order parameters of spin density wave (SDW)(M),
superconductivity (A) and chemical potential p for normal processes. A series of transformations
are performed, contributing to the accounting of unclamp - processes and leading to no
commensurate SC state, when the wave vector of the spin density wave | Q| # 2« shifts on the
Fermi surface and it is formed a gapless state. Behavior of thermodynamic quantities strongly
depends on the impurity concentration x.

Let us first consider SDW state in the absence of superconductivity (A # 0). The system of
equations defining the magnetic transition temperature Ty as a function of x has a branch point of
solutions for x = x,, if we consider only the normal processes (Q = 2kr) and becomes unstable for
X > X, Accounting of unclamp- processes (Q # 2kp) leads to a new order parameter with
components 77, and 7,. The existence of this parameter stabilizes the SDW state, transforming it
into no commensurable phase, which is the basis for the superconducting state. In the mixed phase
(SC + SDW) it is necessary to solve a system of equations with A # 0 and M # 0. Moreover, it is
necessary that free energy difference 6 F = F (A, M) - F(0, M) will be negative, which corresponds
to the profitability of origin of SC against the background of the magnetic state. In some limiting
cases it was possible to obtain analytical solutions. Important role in the behavior of the system
plays the relation between the temperature seed values of magnetic and SC transitions (Tyo and
Teo).

Two limiting cases are examined: T, = Ty u Tc << T, We obtain that in the case 0 < p < i,
SC does not exist, but for pu > L. it exists. With the decrease of the order parameter M value T,
increases. In the second case SC arises provided M is less than at least one of the parameters

pg (a; = £1), ug = u+an,+ fn, In the case of ug <M origin of SC against the

background of SC is impossible. It also follows that in the SC system (T, > Ty ) magnetism does
not arise. It is also proved that the conditions for the existence of SC in magnetic systems are more
stringent than those in the case of a Paierls insulator.

[1] M. V. Sadovskii , UFN, 178, 12, (2008) (1243) .
[2] ML.E. Palistrant, TMF, 108, 3, (2011) (503).
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SOME KINETIC COEFFICIENTS FOR LAYERED SUPERCONDUCTING COMPOUNDS
M. E. Palistrant', V.A. Ursu’, M. Calalb®"

'Institute of Applied Physics of Moldavian Academy of Science, Chisinau, R. Moldova;*Balti State
University, Balti, R. Moldova; *Tiraspol State University, Chisinau, R. Moldova
*E-mail: mcalalb@hotmail.com

Two major classes of iron-based and cuprum-based compounds are layered two-dimensional
superconducting structures [1]. In order to explore their physical properties, in this work the
temperature dependency of thermoelectric coefficient o and electrical resistivity p is examined. We
will consider the existence of a peak in the electron state density and narrow character of energy
bands. This phenomenological approach will allow us to compare the obtained theoretical results
with the experimental ones.

We use the Mott — Davies theory of electron processes in disordered quasi-two-dimensional
systems with anisotropic energy spectrum. Due to the peak in the density of electron states and
narrow energy bands, the experimentally observed behavior of a and p quantities can be described
theoretically. The dependencies a(7T) and p(T) are determined by two factors: chemical potential »
or filing degree of energy bands and the anisotropy of energy spectrum — parameter n=W /W, (W; is
the width of energy i-band). Selecting appropriate values of n and # we can achieve compliance
between experimental data for Ba(Fel-xCox)As2 compound and the theory[2].

The dependences of thermoelectric coefficient a and electric resistivity p on temperature are
presented in Figs. 1a and 1b. This was done in order to describe the behavior of these quantities in
the case of new materials based on Feds. The dependence a (7) in the case of the compound
Ba(Fel-xCox)As2 is given in Fig. la and the dependence on T is given in Fig. 1b for the same
compound.

p- 102 ®) p. m{:an

a,uV/K
Fig. 1
[1] Xiyu Zhu, Huon Yang, Lei Fang et al.: Supercond. Sci. Technol., 21, (2008) 105001.

[2] Ch. Liu, A. D. Palczewski, T. Kondo, et al., arXiv 1011.0980v2.
[3] Gang Mu, Bin Zeng, Peng Cheng, et al., Chin. Phys. Lett. 27, 037402 2010, arXiv:0906.4513v2.
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TWO-DIMENSIONAL CAVITY POLARITONS UNDER THE INFLUENCE OF A
STRONG PERPENDICULAR MAGNETIC AND ELECTRIC FIELDS

S. A. Moskalenko', 1. V. Podlesnyl, E. V. Dumanov', M. A. Liberman®®, S. S. Rusu/,
V. M. Bajireanu'

!Institute of Applied Physics of the Academy of Sciences of Moldova, Academic Str. 5, Chisinau
2028, Republic of Moldova

’Nordita, KTH Royal Institute of Technology and Stockholm University, Roslagstullsbacken 23,
10691 Stockholm, Sweden

I Moscow Institute of Physics and Technology, Inststitutskii per. 9, Dolgoprudnyi, Moskovsk.
obl., 141700, Russia

The properties of the two-dimensional (2D) cavity polaritons subjected to the action of a
strong perpendicular magnetic and electric fields, giving rise to the Landau quantization (LQ) of the
2D electrons and holes accompanied by the Rashba spin-orbit coupling (RSOC) and by the Zeeman
splitting (ZS) were investigated. The strong magnetic field, when the electron and the hole
cyclotron frequencies are greater than the binding energy of the 2D Wannier-Mott excitons
completely reconstructs it, transforming into the magnetoexcitn, the structure of which is
determined by the Lorintz force rather than by the Coulomb electron-hole (e-h) interaction.

We predict the drastically changements of the optical properties of the cavity polaritons
including those in the state of Bose-Einstein condensation. The main of them is the existence of a
multitude of the polariton energy levels nearly situated on the energy scale, their origin being
related with the LQ of the electrons and holes. Most of these levels have the nonmonotonous
dependences on the magnetic field strength B with overlapping and intersections. More so, the
selection rules of the band-to-band optical quantum transitions as well as of the quantum transitions
from the ground state of the crystal to the magnetoexciton states depend essentially on the numbers
n. and n, of the LQ levels of the e-h- pair forming the magnetoexciton. Changing slowly the
external magnetic and electric fields it is possibly to change the lowest polariton energy level, its
oscillator strength, the probability of the quantum transition and the Rabi frequency of the polariton
dispersion law. They depend on the relation between the numbers n. and n, and can lead to dipole-
active, quadrupole-active or forbidden optical transitions. Our results are based on the exact
solutions for the eigenfunctions and for the eigenvalues of the Pauli-type Hamilonian with third
order chirality terms and nonparabolic dispersion law for heavy-holes and with first order chirality
terms for electrons. They were obtained using the method proposed by Rashba.

We expect that these results will determine also the collective behavior of the cavity
polaritons, for example, in the GaAs-type quantum wells embedded into the microcavity, which
recently revealed the phenomenon of the Bose-Finstein condensation in the state of the
thermodynamic quasi-equilibrium but in the absence of a strong perpendicular magnetic field.

CORELATII CUANTICE INTRE FONONI SI FOTONI
Carlig Sergiu
Institutul de Fizica Aplicata, Institutul de Inginerie Electronica si Nanotehnologii ,,D. Ghitu”, ASM

In lucrare este studiat un sistem format dintr-un punct
cuantic cu doud nivele suspendat pe un rezonator
nanomecanic 1intr-o cavitate optica (vezi fig. 1.).
Sistemul este excitat din exterior de catre un laser, iar
din interactiune rezultd corelatii dintre vibratiile
mecanice ale barei si fotonii imprastiati. Daca grosimea
barei de suspensie este mai micad decat latimea acesteia,
rezonanta la energie micd corespunde modului de

NNNN
Fig. 1. Sistemul studiat.
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flexiune fundamentale cu frecventa de ordinul GHz. Flexiunile induc extensiuni §i compresiuni in

structura dotului cuantic modificand potentialul de cuplare a intregului sistem, ce modifica
parametrii nivelelor energetice. Concomitent emitatorul artificial cu doud nivele interactioneaza cu

modul cavitatii optice. Hamiltonianul de interactiune este dat de:

H =hm,aa+hob'b+hm,S. +hgla™S™ +aS* )+ hQ(S e + ¢ )+ 1S, (b +b)
unde primii trei termeni descriu energiile libere ale modurilor optice, mecanice §i ale sistemului
artificial cu doua nivele. Termenii patru si cinci caracterizeazd respectiv interactiunile dintre

punctul cuantic si modul optic a rezonatorului sau campul laser. Ultimul termen descrie inteactiunea
este frecventa Rabi

dintre gradele de libertate de vibratie si radiator. g si A sunt constantele de interactiune dintre

N
3

a’; a si b"; bsunt operatorii de generare, respectiv,

emitatorul cu doud nivele si modele optice sau mecanice considerate. (2
corespunzitoare datorati pompdrii laser. Operatorii qubitului S. si S* sunt definiti ca de obicei si
02=50, w=30, k,=0.09, k;=0.009, A _ o2, n=0,5 (solid line), n=1.5 (dotted line)
210

y=1, 2=03, g=3, =5,
.
Al

satisfac relatiile standarde de comutare
anihilare pentru subsistemele de fotoni

si fononi. Acestia satisfac relatiile de
comutare pentru operatori bosonici [1].
Sistemul va fi descris cu ajutorul =
ecuatiei master, pentru care se vor face
aproximatiile dipol, Born Markov si ©* K -
seculara si se vor elimina variabilele b /\\ !
cuantic in raport cu ‘ 3 / \‘\‘
L /! i
P Rk
I // \\ .....
apant—trae ——

punctului
subsistemele barei si cavitatii.
legatura puternica dintre

Pentru o
punctul cuantic si cavitate am stabilit
Fig. 2. Numarul mediu de fononi (sus) si fotoni emisi in cavitate

existenta unor corelatii dintre cuantele
optice si cele de vibratie (vezi fig. 2.).
Cresterea  temperaturii  influenteaza
numarul de fotoni emisi in cavitate, iar
acesta este 1in strinsda legdtura cu
numirul fononilor. Astfel absorbtia unui ~ 1°S)
foton laser este insotita de
emisia unui foton in cavitate  Fig- 3. Schema absorbtie / emisie a a b
$i a unui fonon (ﬁg. 3 a). fotonilor / fononilor. o e o s
w
@, este frecventa laserului, @, este W N
i §)) c W,
frecventa rezonatorului, @ este L c
W,
v
(6)
PR, 4 L I, A

Un caz aparte este atunci
cand absorbtia unui foton
laser si a unui fonon este

insotitd de emisia unui foton

frecventa vibratiilor barei

in cavitate(fig. 3 b)., astfel
este .
rezonatorului nanomecanic [2]. In aceasta lucrare am aratat conditiile cand are loc aceasta racire.

nanomecanice

detectarea  ultimului
insotita de racirea
[1] J. Peng, G.-x. Li, Introduction to Modern Quantum Optics (World Scientific, 1998).
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ELECTRICAL CONDUCTIVITY OF NANOSIZED POLYANILINE
A. Todosiciuc', A. Nicorici'
!Institute of Electronic Engineering and Nanotechnologies ASM Chisinau, Academiei str. 3/1, 2028,
Moldova

In recent years, conducting polymers, such as polyaniline, polypyrrole, polyacetylene,
polythiophene, etc., have received ever-increasing attention, especially in last two decades, due to
their remerkable electronic and electrical properties. These conducting organic polymers have a
successful application in the field of energy conversion, organic light emitting diodes, solar cells,
sensors, catalysis, etc. Among them, polyaniline (PANI) is a promising material for various
applications due to its environmantal stability, ease of preparation and good level of electrical
conductivity [1, 2]. One of nanotechnology problems is the necessity to organize nanostructures
into polymer matrix. The most suitable solution in this field represents the direct synthesis of
semiconductor materials in a polymer matrix. The aplication of conducting polymers as a matrix
for synthesis of semiconductor nanoparticles has been studied not enough.

The aim of our investigation was the doping of polyaniline to increase the electrical
properties with further prepairing for synthesis of A*B® semiconductor nanomaterials in a polymer
matrix. A number of polymers acquire the electrical conductivity only after doping procedures.
Polyaniline exists in a variety of forms that differ in chemical and physical properties. The
protonated emeraldine, has conductivity on a semiconductor level many orders of magnitude higher
than that of common polymers but lower than that of typical metals. Protonated PANI, so-called
PANI "salt", e.g., PANI hydrochloride, converts to the non-conducting blue emeraldine base when
treated with a base, such as ammonium hydroxide. The polymerization of aniline was based on
mixing aqueous solutions of aniline hydrochloride and ammonium peroxodisulfate at room
temperature, followed by the separation of PANI

_

F ig. 1. Polyanﬂine thin films.

hydrochloride and drying. Stable colloidal solutions and thin films with the thickness of 180-200
nm were obtained (Fig. 1).

The electrical conductivity of as-synthesized samples depends on dopand concentration and
changes from 10° Ohm™cm™ to 10° Ohm™cm™ at room temperature. The temperature dependence
of electrical conductivity has a rising temperature-activation character and its value has varied from
2+50hm™'cm™ at 350K down to 10° Ohm™'cm™ at 77K.

Polyaniline posesses various structures, containing benzene-like and quinoid-like fragments.
These fragments are joined through the nitrogen atoms with different protonation and oxidation
number. The ratio between the structural parts could be reversible changed in dependence of
temperature and pH of the reaction environment. This fact permits to change widely the properties
of the conducting polymer for inorganic—organic hybrid materials.
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OPTICAL INVESTIGATION OF CdSe/ZnS/PEPC NANOCOMPOSITE THIN FILMS
'A.Mirzac, 20. Bordian, *V.Verlan, '*I.Culeac.
Unstitute of Chemistry, ASM, Chisinau, Academiei str.3, MD-2028.
*Institute of Applied Physics, Chisinau, Academiei str.5, MD-2028.
mirzacalexandra?7l(@gmail.com

Incorporation of as-prepared nanocrystals
into polymer matrices should be the most
straightforward way especially for the large
scale industrial use. In this case, the key
requirement for blending semiconductor
nanocrystals (NCs) with polymers is the
compatibility between these two
componensts.

Semiconductors NCs derived from pyrolysis
of organometallic precursors are capped by
hydrophobic alkyl chains, which imparts
then with a good compatibility with a
certain number of conventional hydrophobic
polymers. But enforcement of the structural
stability of semiconductor NC-polymer
composites may require strong interactions
between NCs and the polymer host
matrices, such as electrostatic interaction
and even covalent bonding [1]. We use a
one-pot approach to synthesize CdSe/ZnS
core-shell. We have studied CdSe/ZnS
quantum dots thin films, obtained by “drop
cast” method before dispersing them in

polymeric matrix. Luminescence
excitations were performed with nitrogen
laser (Aex =337,1 nm). “Magic size”

quantum dots CdSe/ZnS dimensioned
1,84nm=*1,2% and 2,04nm +1,2% have
been investigated. Wide low-intensity PL
peak situated at long wavelengths is
pointing out the existence of non-passivated
surface states. Narrow absorbance bands
with minimum at 435 nm and 462 nm
proves that we are dealing with (CdSe)ss
and (CdSe)ss clusters. The excitonic
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Fig.1 Absorbance and luminescence spectra of “magic-
size” CdSe and CdSe/ZnS QDs.
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Fig.2 Optical transmittance of CdSe/ZnS/PEPC
nanocomposite thin films deposited with different

concentrations in the polimeric matrix

luminescence is almost inhibited by intensive luminescent band of surface states (HWHM=78 nm).
The shape of spectra is maintained after shelling CdSe cores with ZnS (Fig.2), slightly enhancing

the quantum yield (20 %).

Nanocomposites were deposited by spin-coating on glass substrate, using PEPC (poly(9-

epoxypropylcarbazole)) as host-matrix, with the following molecular formula:

{gH—gl—o}”
N
AV
N

/
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In Fig. 2 are shown the curves of optical transmittance of CdSe/ZnS/PEPC nanocomposites
depositied with following values of NCs concentrations: 15.29 %, 7.664 %, 3.82 %, 1.91 %, 0.95
%, 0.47 %. We noticed that the band edge absorption is situated at 347 nm. Band edge absorption
energy is situated in the range (1.77 — 2.32). It is evident, with increase of quantum dots
concentration embeded in the polimeric matrix the absorption is moved to infra-red region.

[1]. Andrey L.Rogach, Semiconductor Nanocrystal Quantum Dots: Synthesis, Assembly, Springer,
Wien, 2008, pp. 183- 184.

PROPRIETATILE OPTICE ALE COMPUSILOR A™BY DOPATI CU Eu SI Mn

D. Untila', Ig. Evtodiev', V. Can‘;erz, Tu. Caraman3, E. Vatavu', M. Caraman'

! Laboratorul de Cercetare Stiintifica ,, Fotonica si Metrologie Fizicd”/Facultatea de Fizica si
Inginerie, Universitatea de Stat din Moldova, A. Mateevici, 60, MD-2009, Chisinau, Republica
Moldova
? Institutul de Inginerie Electronica si Nanotehnologii ,, D. Ghitu”, Academia de Stiinte a Moldovei,
Academiei, 3/3, MD-2028, Chisindau, Republica Moldova
3 Universitatea ,, Vasile Alecsandri” din Bacau, Calea Mdrdsesti, 157, Bacdu, Roménia

GaS si GaSe sunt reprezentanti tipici ai semiconductorilor lamelari din clasa A"BY' cu
bandd interzisa largd. GaS este semiconductor de tip n, In care se manifestd pronuntat tranzitii
optice indirecte pe cand Tn GaSe si InSe mai pronuntat se manifestd efectele optice legate de
tranzitii optice directe.

In lucrare se analizeazi mecanismele de formare a marginii benzii de absorbtie
fundamentala si fotoluminescenta in GaS dopat cu Mn, GaSe dopat cu Eu si a compozitului sintezat
pe baza compusului GaSe dopat cu Mn (PVP-GaSe:Mn). Concentratia de Eu in GaSe a fost de
0,49% at. si 1,0% at, iar concentratia Mn 1n esantioanele studiate a fost de 1,0% at.

Monocristalele de GaSe dopat cu Eu, GaSe si GaS dopat cu Mn au fost crescute prin
metoda Bridgman, din componente

elementare cu puritatea SN pentru Ga Y @ 2906V I ao0ev
si Se si 4N pentru S. Dopantii Eu si K flf e /1/'
Mn au fost de puritate 4N. 10° d 10

Omogenitatea esantioanelor obtinute a s / & /
fost wverificatd cu ajutorul analizei y / s

spectrale  atomice emisionale  si ], / 10°3

difractie de raze X. e 2 /

In Fig. 1 sunt prezentate wl 7 /uiev '] /ﬂluv
spectrele de absorbtie a ) . ' . . ,
monocristalelor GaS nedopat (curba 1) 20 W23y 30 20 By 0
§i dopat cu 1,0% at. de Mn (curba 2), Figura 1 Spectrele de absorbtie a placilor monocristaline de GaS (curba 1)
la temperatura 203K (a) 51 78K (b) si GaS:Mn (1,0% at.) (curba 2) la temperatura 293 K (a) si 78 K (b)

In spectrele de absorbtie sunt
prezente cate doud platouri. Pozitia energetica a carora indica frontiera absorbtiei prin tranzitii
optice indirecte 2,42 eV (la T=293K) si 2,582 eV (la T=78K) si tranzitiile optice directem2,96 eV
(la T=293K) si 3,00 eV (la T=78K). Prezenta Mn in cantitate de 1,0% at. in cristalele de GaS se
evidentiazd prin aparitia unei absorbtii suplimentare in regiunea tranzitiilor optice indirecte.
Absorbtia suplimentara a luminii in GaS:Mn la micgorarea energiei este in crestere.
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Spectrul de FL al cristalelor de GaS la T=78K este compus din banda intensa cu maxim la
2,32 eV, care acopera intervalul de lungimi de unda 500-600 nm, si o banda de intensitate mica
(1/120) in domeniul albastru al spectrului. Mn in GaS stinge banda verde si atenueaza de ~2 ori
intensitatea in domeniul albastru al spectrului, dar formeaza o noud banda de emisie intensa in
regiunea rosu, cu maxim la
1,96 eV. Conturul slab
asimetric al acestei benzi si
stabilitatea caracteristicilor
in functie de concentratia
dopantului indicd despre
natura donor acceptor al
emisiei.

Monocristalele GaSe - —rm
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au fost dopate cu 0,49% at. hv V) hv(eV)
§i 1,0% at. de Eu, 1In Figura 2 Spectrul de emisie fotoluminescenti a cristalelor GaSe dopate cu 0.49% at. (curba
procesul de sintezi a 1) si 1.0% at. de Eu (curba 2), la T=293 K (a) si ), la T =78 K (b)

compusului. Spectrele de FL a cristalelor GaSe:Eu 1,0% at. la temperatura 78K si la 293K (Fig. 2, a
si b) este compus din doud benzi, A si B.

Banda A este deplasatd cu ~50 meV in banda de absorbtie fundamentald, iar banda B se
gaseste la energie mai micd decat latimea benzii interzise a compusului GaSe la temperatura
respectivd. Structura din doua subbenzi a benzii A si energia maximelor acestora, la micsorarea
temperaturii (de la 300K pana la 78K) si a concentratiei dopantului de la 1,0% at. pand la 0,49% at.,
nu se modifica. Acest fapt ne indica despre tranzitii electronice cu emisie intre nivelele energetice a
centrului de luminescenta. Intrucét spectrul de FL al compusului GaSe:Eu este diferit de spectrul de
FL a cristalelor de GaSe nedopate si de spectrele cristalelor de GaSe dopate cu Cu, Zn, Ag s.a.
elemente chimice, putem admite ca banda de FL cu maxim la energiile 2,160 eV si 2,196-2,200 eV
corespunde ionului de Eu in GaSe.

Spectrul de emisie a ionului Eu®" se prezinta printr-o banda cu contur larg, care acopera
intervalul de lungimi de unda 400-800 nm, pe cénd spectrul de emisie (absorbtie) a ionului Eu’"
este un spectru discret cu emisie intensa in regiunea oranj, care coreleaza cu spectrul de FL
prezentat in Fig. 2.

Este cunoscut ca Mn in GaSe formeaza in banda interzisa un nivel de recombinare adanc [1].
Prin intermediul acestui nivel de recombinare in spectrul de FL se obtine o banda de emisie intensa,
cu maxim la ~1,8 eV, care acopera un interval ingust de energii 1,7-1,9 eV. O largire considerabila
a benzii de emisie spre energii mari poate fi obtinutd in
compozit din cristalite cu dimensiuni submicrometrice de ol
GaSe:Mn.

In Fig. 3 este prezentat spectrul de FL al compozitului
PVP-GaSe:Mn (1,0% at.), la temperatura 78K.

Fotoluminescenta a fost excitata cu radiatia E.=3,68 eV
si densitatea ~10'® cm™. Intensitatea FL a benzii cu maxim la
1,82 eV si latime de 20 meV din compozit depaseste mai mult
de 15 ori intensitatea aceleiasi benzi in cristalele GaSe:Mn. " a0 200 220 240 260 280 300 320
Dupa cum se vede din Fig. 3, spectrul de FL, la temperatura hvev)
78K, acopera tot intervalul vizibil de la 400 nm pana la 700 nm.
Maximul benzii de emisie se gaseste in regiunea verde a
spectrului (2,35 eV). Din analiza distributiei spectrale si a
intensitatii in maximul benzii de FL a cristalelor GaSe:Mn si a compozitului PVP-GaSe:Mn cu
cristalite de GaSe dopat Mn, cu dimensiuni submicrometrice, putem constata deplasarea benzii de
emisie spre energii mari, efect bine cunoscut pentru compozite cu particule nanometrice [2].

Fotoluminescenta (un. arb.)
o

Figura 3 Spectrul de fotoluminescenta a
compozitului PVP-GaSe:Mn la 78K
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Concluzii:

- Ionii de Mn in cristalele lamelare de GaS formeaza centre de luminescentd prin intermediul
carora monocristalele de GaSe:Mn 1,0% at. pot servi ca sursa de radiatie intensa in regiunea verde a
spectrului.

- Structura din doud benzi a spectrului de emisie FL a cristalelor GaSe dopate cu 1,0% at. de
Eu este determinatd de tranzitiile electronice de pe nivelele excitate SDj (G=0,1) pe nivelele
fundamentale "F; (j=0,1) a ionului Eu*".

- Compozitul PVP-GaSe:Mn cu cristalite de GaSe:Mn cu dimensiuni submicrometrice este
un material luminescent in domeniul vizibil al spectrului, cu maxim de emisie la energia 2,38 eV.
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MICROFIRE DIN InSh PENTRU DETECTORI DE UNDE INFRAROSII
Leporda N., Nicorici A., Bejenaru A.
Institutul de Inginerie Electronica si Nanotehnologii “D. Ghitu” al ASM
E-mail: nicul@nano.asm.md

Pentru solutionarea multor probleme in medicind, tehnica militard, la investigatii cosmice si
meteorologice, pentru diagnostica tehnica etc. sunt elaborate diferite metode §i sisteme optico-
electronice, in care sunt utilizate detectoarele de infrarosu. Pentru diapazonul mediu de lungimi de
unda se folosesc fotodetectori pe bazd de semiconductori cu banda interzisa ingustd . Dispozitivele
de acest fel se construiesc sau ca elemente discrete, sau sub forma de baretd cu un numar mare de
elemente senzitive. De exemplu, pentru masurarea parametrilor de geometrie ai inelului de electroni
[1] in sistemul de detectare si Inregistrare a radiatiei de infrarosu s-
a folosit un dispozitiv racit pana la temperatura azotului lichid de
tipul unei barete cu doud randuri, care continea 50 detectori pe
bazd de InSb. Pentru a obtine o rezolutiec cdt mai Inaltd a
dispozitivelor de acest tip, este necesar ca dimensiunile
elementelor senzitive si pasul de instalare al lor pe bareta sa fie pe
cat e posibil mai mici. Acestor conditii in mare masura corespund
microfirele semiconductoare din /nSh, care constituie obiectul de
cercetare al acestei lucrari.

14 p-InSh P

o, arb.units

o

Probele au fost pregatite din microfire obtinute din p-InSh -
cu concentratia purtatorilor de sarcind p;x = 42108 ecm™ . s
Distanta dintre contacte, adicd lungimea probelor / = 1mm, s
diametrul firului d = 20 pm. Esantioanele pentru masuratori au
fost montate Intr-un criostat, care era racit cu azot lichid si ecranat  o,01 : - : -

minutios de radiatia de fond. Marimea curentului prin proba se

putea varia in intervalul 0,01 - 5 mA. Pentru masurarea semnalului il

pe proba s-au folosit tehnici de modulare cu frecventa joasa (100 —
1500 Hz) a fluxului de radiatie si se masura semnalul alternativ,
care apdrea in rezultatul schimbarii rezistentei semiconductorului
la iluminare.

Tensiunea de zgomot U., a fost determinata dupd valoarea
maximala a semnalului pe proba (aflatd in intuneric), inregistrat
timp de 10s de un nanovoltmetru acordat la frecventa f = (1200 *
10)Hz cu banda de trecere Af=25 Hz (36 dB). Nivelul de zgomot al
instalatiei era de 0,5 uV. Pentru majoritatea probelor tensiunea

Fig. 1. Distribuirea spectrald a
fotoconductibilitatii unei probe
masive de p-InSb (1) cu
concentratia p = 4.2 102 cm? si
a unui microfir fabricat din
acelasi material (2,3).

2 - dupad un tratament chimic a
suprafetei firului in decapant CP-
4A,

3 - fard tratament chimic.
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de zgomot U, era de ordinul (1 - 2) pV, semnalul de raspuns la iluminare Us = (10-40) pV,
iar raportul Us/ U., varia intre valorile 10 - 40.

In figura 1 este prezentata dependenta spectrali a fotoconductibilititii unei probe masive
de p-InSb (1) cu concentratia p = 4.2 10" ¢cm™ si a unui microfir fabricat din acelasi material
(2,3).

Detectivitatea firelor studiate este de ordinul
D"~ (1-5)-10° W'Hz"*cm
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PROCESE OPTICE iN STRUCTURI LAMELARE OBTINUTE PRIN INTERCALAREA
COMPUSILOR A™BY' CU Cd SI Zn DIN FAZA DE VAPORI
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"' Laboratorul de cercetare stiinifica ,,Fotonica si Metrologie Fizica”/Facultatea de Fizicd si
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Universitatea ,, Vasile Alecsandri” din Bacau, Calea Marasesti, 157, Bacau, Romdnia

Semiconductorii stratificati din clasa materialelor A"™BY' (GaS, GaSe, GaTe s.a.) pot fi
obtinuti sub forma de monocristale cu dimensiuni suficiente pentru dispozitive utilizate in optica
liniard si neliniard. Monocristalele acestor compusi sunt alcatuite din Impachetari elementare B-A-
A-B cu legaturi puternice (ionic-covalente) a planelor atomare din interiorul Tmpachetarii si cu
legéturi polarizationale slabe intre impachetari. Aranjarea planelor atomare ale calcogenului (S, Se,
Te) este de o asa naturd incat intre Impachetéri se formeaza fisuri prin care pot intercala nu numai
atomi, dar si macromolecule. La temperaturi suficiente atomii intercalati pot forma compusi cu
atomii de S, Se sau Te.

In lucrare se studiaza absorbtia luminii si fotoluminescenta compozitelor obtinute prin
intercalarea cristalelor p-GaSe, n-GaS si p-GaTe cu Cd si Zn din fazd de vapori. Monocristalele
acestor compusi au fost crescute din topiturd prin metoda Bridgmann. in calitate de material primar
s-a folosit Ga, Se si Te, cu grad de puritate SN si sulf spectral pur (4N). Concentratia golurilor in
cristalele GaSe si GaTe, la temperatura 293K, a fost de 2x10" cm™ si, respectiv, ~4x10" em’.
Concentratia electronilor in cristalele n-GaS a fost mai mica de 10" cm™. Plici cu grosimi cuprinse
in intervalul 300-1500 pm, odati cu materialul intercalat (Cd, Zn) luat in cantitate de ~ 2 mg/cm’ al
fiolei, au fost supuse tratamentului termic la temperaturi 620-830 K, cu durata de la 3 ore pana la 24
ore.

GaS intercalat cu Cd si Zn. GaS este un semiconductor indirect cu latimea benzii interzise
egald cu 2,44 eV, la T=293K, si 2,58 eV, la
T=78K. Marginea benzii de absorbsie determinata
de tranzitii optice directe in centrul zonei Brillouin,
la T=78K, corespunde energiei ~2,98 eV. Dupa
cum s-a stabilit din analiza spectrelor de absorbtie
la temperaturi joase marginea benzii de absorbtie
indirecte si directe sunt formate de excitoni cu
energia de legatura ~20 meV (pentru excitonii
indirecti)si 38 meV (excitonii directi). Spectrul de
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FL a cristalelor primare de GaS, la T=78K, (Fig. 1, 2 i ]
Inset) este compus din doud benzi, una de ol v
intensitate micad cu maxime la 2,520 eV si 2,490 180 200 220 hv%;*\?) 260 280 300
eV si banda intensd cu maxim la 2,32 eV. Banda Figura 1 Spectrul de FL, la temperatura 78K,

din regiunea albastrd este cauzati de anihilarea al compozitului GaS-ZnS. Inset: Spectrul de FL, la

temperatura 78K, al placilor de GasS.
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excitonilor indirecti si prima repetare fononica a acesteia. Banda 2,32 eV este de naturd donor-
acceptor. Spectrul de FL a cristalelor GaS intercalate cu Cd, la T=78K, deasemenea este compus din
doua benzi cu maxim la 2,430 eV si 1,91 eV. Energia de activare termicd a FL benzii 1,910 eV,
determinatd din dependenta stingerii termice a acesteia de inversul temperaturii este egala cu ~60
meV.

Banda de FL din regiunea albastra este de naturd donor-acceptor in cristalele de GaS dopate
cu Cd. Este bine cunoscut ca spectrul de FL a compusului ZnS, la T=78K, este compus din doua
benzi, una de margine, determinata de procesele excitonice, si o banda cu contur larg, care acopera
intervalul de energii de la ~2,3 eV péani la ~1,5-1,6 eV. Intruct in acest interval spectral nu sunt
prezente benzi intense de FL a cristalelor de GaS, putem admite ca banda de FL analizata (1,910
eV) reprezintd anume recombinare donor-acceptor in cristalitele de ZnSe ale compozitului.

In Fig. 1 este prezentat spectrul de FL al compozitului microcristalin GaS-ZnS, la
temperatura 78K. Caracteristic pentru fotoluminescenta compozitului GaS-ZnS este prezenta benzii
cu maxim la 2,840 eV si semildtimea de ~70 meV, si o banda cu contur complex in regiunea 1,86-
2,3 eV. Este cunoscut cd GaSe si InSe, care au structurd identicd a benzilor energetice, sunt
semiconductori in care au loc att tranzitii optice indirecte, cit si directe. In aceste materiale
fotoluminescenta are loc prin anihilare a excitonilor directi (localizati sau liberi) si impuritara.

Prezenta benzii de FL cu maxim la 2,84 eV, prin analogie poate fi asociatd tranzitiilor
donor-acceptor, cu energie micd. Banda de FL din regiunea oranj, dupa cum se vede din Fig. 1, este

compusa din cel putin patru subbenzi cu maxime
; 120 : . . . .

in regiunea 1,94-2,24 eV. Intrucat aceasta banda

nu are analogie in spectrul FL a cristalelor GaS ~100} 2 .

putem admite ca banda de FL cu maxim absolutla &

2,12 eV este determinatd de procesele radiative in 5 8of i

cristalitele de ZnS a compozitului. g 6ol |
GaSe intercalat cu Cd si Zn. Spectrele de 8 x20

PL, la T=78K, a compozitelor obtinute prin § aor 1

intercalarea cristalelor GaSe cu Cd si Zn sunt § ol ]

prezentate n Fig. 2 si, respectiv, Fig. 3. In Fig.2,

pentru comparatie, este prezentat si spectrul de FL 0 s : s s s

a cristalelor GaSe primare (curba 1) si a 16070 180 hv(;e)o 200 210

monocristalelor de CdSe (curba 2). Dupa cum se Figura 2 Spectrele de fotoluminescenta la T=78K de la
vede din Fig. 2, in spectrul de FL, la T=78K, pe cristale_le de GaSe (curba b, crist.alele de CdSe (cgrl_aa 2),
lingi banda_ impuriard_(banda. B) presenta in ool COS Casochint s tamenal
cristalele primare de GaSe, este prezenta si banda (curba 3)
de emisie donor-acceptor, cu maxim la 1,79 eV. 100
Benzile de emisie FL a compozitului
format din microcristalite de ZnSe si GaSe (Fig. 3)
obtinut la temperatura 720K bine coreleazd cu
spectrul de FL a straturilor policristaline de ZnSe
obtinute prin sublimare in gradient de temperaturi.
Este cunoscut cid 1in aceastd regiune
spectrala este asezatd si banda de emisie
impuritard in cristalele de GaSe dopate cu Zn.
Astfel, putem considera cd la temperatura 720K

©
o
T

Fotoluminescenta (un. arb.)
N o
(=] (=]

atomii de Zn se intercaleaza intre planele de Se ale 0 o

impachetarilor megiese si, totodatd, dopeaza hv(eV)

cristalitele de GaSe din compozit. Figura 3 Spectrul de FL la T=80 K, de la suprafata (0 0 0 1)
GaTe intercalat cu Cd. a placii monocristaline de GaSe supuse tratamentului in

A . - .. . vapori de Zn la temperatura 873 K, timp de 3 ore
In rezultatul intercalarii atomilor de Cd P P P

intre planele atomare de Te se obtine un material compus din microcristalite de GaTe si CdTe, fapt
confirmat de structura spectrelor de absorbtie si fotoluminescenta.
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Concluzii

- Prin intercalare a lamelor monocristaline de GaS si GaSe cu Zn, la temperaturi cuprinse in
intervalul 620-830K se obtin materiale compuse din monocristalite de GaS si de ZnS, respectiv
GaSe si ZnSe.

- Spectrele de absorbtie si cele de fotoluminescentd la temperatura 78K contin benzi
caracteristice cristalitelor componente. Concentratia cristalitelor de ZnS in compozitul GaS-ZnS si
ZnSe in compozitul GaSe-ZnSe este in crestere cu temperatura de obtinere si cu durata procesului
tehnologic la temperatura cuprinsa in intervalul 620-830K.

- Prin tratament termic a cristalelor de GaTe in vapori de Cd la temperatura 620-830K s-a
obtinut un material compus din microcristalite de CdTe si GaTe cu caracteristici optice bine
determinate.

SINTEZA S1 STRUCTURA COMPUSULUI COORDINATIV BINUCLEAR NOU DE
Eu(IIl) CU BIS(ISONICOTINOILHIDRAZONA)-2,6-DIFORMIL-4-METILFENOL
P. Bourogl*, 0. Bologaz, I. Bulhac®
Unstitutul deFizicd Aplicata al ASM, str.Academiei, 5, MD-2028 Chiginau, R. Moldova
2Institutul de Chimie al ASM, str. Academiei, 3, MD-2028 Chisinau, R. Moldova
E-mail: bourosh.xray@phys.asm.md

Combinatiile complexe ale lantanidelor cu baze Schiff obtinute prin condensarea hidrazidei
acidului izonicotinic cu aldehide si cetone reprezintd o importantd clasd de compusi cu liganzi
chelanti.

La interactiunea sarii EuCl;-6H,0O cu bis(isonicotinoilhidrazona)-2,6-diformil-4-metilfenolul
(in raport molar 1:3) Tn metanol au fost obtinute cristale rubinii ale compusului coordinativ nou al
Eu(IIl). Studiul cu raze X a stabilit cd compusul cristalizeaza in grupul spatial R-3 al singoniei
hexagonale, avand a 36.802(1), ¢ 40.063(1) A, B 120°, ¥ 46990.11 A3 In cercetarilor s-a stabilit ca
structura este ionicd formatd din cationi complecsi binucleari [Eua(H,L)3(H,0),]*" (Fig. 1), anioni
CI si moleculele H,O cu formula [Eu,(H,L);(H>0),]Cl52.5H,0.

Fig. 1. Structura cationului complex [EUQ(HzL)3(H20)2]3+.

Poliedrul de coordinare al fiecarui ion Eu(Ill) este format din setul de atomi O7N3, unde sase
atomi de oxigen si trei atomi de azot apartin celor trei liganzi monodeprotonati H,L", iar un atom de
oxigen apartine unei molecule de apa coordinata. Astfel, fiecare ligand organic H,L™ coordineaza
pentadentat la doi ioni Eu(IIl) din compusul binuclear prin setul ON Ia fiecare dintre ionul de metal,
iar prin atomul central de oxigen — la ambii, deci ultimul avand functie de ligand-punte. Distantele
interatomice din poiliedrul de coordinare al ionilor Eu(IIl) sunt in limitele: Eu — O(terminal)
2.446(9) — 2.514(10) A, Eu — O(punte) 2.372(9) — 2.413(9) A, Eu — N 2.63(1) — 2.75(1) A, Eu —
O(H,0) 2.474(10), 2.533(10) A. Distanta Eu...Eu din cationul complex este egald cu 3.646(10) A.
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Fig. 2. Un lant format din cationi complecsi via legdturi de hidrogen O(w)—H...N.

In cristal cationii complecsi sunt legati prin legaturi de hidrogen O(w)—H...N, formand o retea
tridimensionald, iar cu anionii Cl" si moleculele H,O printr-un sistem de legaturi de hidrogen de
tipul N-H...CL, N-H...O(w) si O(w)-H...O(w).

INFLUENTA TEMPERATURII SI MODULUI DE APLICARE A SARCINII ASUPRA
MICROSTRUCTURII CUPRULUI POLICRISTALIN SI ALAMA LA DEFORMARE
PLASTICA INTENSIVA

Daria Grabco', Serghei Alexandrov?, Olga Shikimaka', Evghenii Harea'
"nstitutul de Fizica Aplicata al ASM, str. Academiei 5, MD-2028, Chisinau, Moldova,
grabco@phys.asm.md
*Institutul pentru Probleme in Mecanica al ASR, bul. Vernadschii, 101, 119526, Moscova, Rusia

A fost cercetat specificul de deformare si distrugere a cuprului policristalin (Cu) si alama in
apropierea suprafetei contactului de frictiune rigida in dependentda de conditiile de deformare plastica
intensiva (DPI) si parametrii geometrici ai instrumentului: extruzia prin loviturd, penetrare
cvasistaticd, extruzia prin apisare cu sarcinile de 1-10° si 2,5-10°N aplicate la poanson, temperatura
de extruzie T,.,~300K, 500K, trei unghiuri de ingustare a filierelor conice ale instrumentului (6):
3°507, 7°70', 11°50".

Utilizand microcsopia opticd in combinatie cu tratamentul
chimic selectiv a fost Inregistratd urmatoarea evolutie a
microstructurii materialului penetrat si extrudat.

A fost depistat cd miscarea de translatiec a materialului de-a
lungul actiunii fortei prin loviturda (Fig.1) si prin penetrare
¥ cvasistaticd se micsoreazd pe masura apropierii de suprafata de
contact cu instrumentul, fapt care rezultd in majorarea localizarii
deformatiei, activizarea fragmentarii §i rotatiei grauntelor.
Fragmentarea maximala a grauntelor si comprimarea (indesarea) lor
are loc in zonele nemijlocit apropiate de suprafata de contact
. mostra/instrument unde migcarea de translatie a materialului se

| 1Inlocueste de cea rotationala.

A fost constatat cd marirea unghiului de ingustare a conului de
_ filierd la extruzia prin apdsare cu poansonul (Fig. 2) duce la

" majorarea gradului de fragmentare a grauntelor, crearea structurii cu
| fasii si dungi in apropierea suprafetei de contact rigid
= mostra/instrument si extinderea zonei deformate.

Fig.1. Microstrucrura suprafetei a probei de alama pe sectiunea transversala dupa deformare-extruzie prin lovitura cu forta F
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Fig. 2. Microstructura sectiunii longitudinale a pivotului in apropierea suprafetelor de contact (a, ¢) si in mijlocul
pivotului (b). Extruzia prin apasare cu sarcina de 2,5-10°N aplicati la poanson. Sagetile indica directia aplicarii fortei.
Unghiul conului al filierei 8 = 11°54', T,,,=500 K.

Microduritatea la fel creste in mod regulat pe masura apropierii de zona de contact. Acest
fapt confirmd majorarea depistatd a densitatii materialului si durificarea structurii in zonele
respective drept rezultat al tensiunilor interne enorme si al proceselor de translatie/rotatie la nivel
atomar, nano-, micro- $i mezoscopic.

POROUS VS. MAGNETRON RF SPUTTERING OF InP
L. Sirbuj, M. Danilaz, R. Mullerz, A. Baracu’
1. Institute of Electronic Engineering and Nanotechnologies "D. Ghitu", 3/3, Academiei str., MD-
2028 Chisinau, Moldova
2. National Institute for R&D in Microtechnologies- IMT Bucharest, Erou lancu Nicolae 126 A
str., Bucharest, Romania

We developed a combination of technology for deposition contacts/wires upon nanoporous InP thin
film structures and RF sputtering InP films, see the figures 1. In this way we demonstrate the
possibility of fabrication the antennas and detectors. Indium phosphide (InP) films were deposited
onto glass substrate using RF magnetron sputtering by varying the substrate temperature (50—
100°C), under constant argon pressure (6.3-10’3 Bar) and RF power (100 W).

This work was supported by Romanian — Moldavian 13.820.15.17/RoA (689) bilateral project and
young scientist project 12.819.15.20A.

-

b

Fig. 3. Optical image of THz antenna on InP film a), and mounted chip on 1 inch diméter support b).
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MNU3YYEHHUE 2JIEKTPOHHOI'O CTPOEHMUS HOJIMOKCOMETAJIJIATA COCTABA
CuzH;7Na30758¢;,Wig
Tymyn T. n. ITerpenxko I1. A2 Jumormo A.C. 2
IHHcmumym 21eKMPonHOU unHxMCenepuu u Hanomexnonozcuti AH PM, Kuwunes
Hnemumym npuxaaonou usuxu AH PM, Kuwunes
E-mail: tatiana.g52@mail.ru

Hcnonb3yst 1aHHbIE PEHTTEHOCTPYKTYPHOTO aHajiM3a, HAMU HCCIIEOBAHO 3JEKTPOHHOE CTPOCHHE
I[IOM coctraBa CuzHy7Naz;O075Se,Wis. B Hacrosimem paszjene mpuBEAEHBI pe3yibTaThl pacuéra
HHEPTEeTHUECKUX XaPaKTEPUCTUK U pacrpenenenus 3apaaoB Ha aromax [IOM c ucnonb3oBanuem ab
initio pacueta B paMKax (YHKLIMOHANA OJIIEKTPOHHON mioTHocTH [1]. Hnst  pacuéros
ucnoap3zoBaiack nporpamma GAUSSIAN O09W ¢ BO3MOXHOCTBIO MapajljieNIbHbIX pacuéToB.
[Mpumenen meronq DFT (UB3LYP) c¢ ocHoBHeIM OasucHbiM Habopom LANL2DZ (5D, 7F).
[IpoBenen ananu3 OpOMTANBHBIX SHEPTUH AKTHBHON 30HBI MOJIEKYJBI (TISITh BBICHIMX 3aHSTHIX
(B3MO) u nats am3mmx cBoboanbix (HCMO) opburtanu. Pe3ynbpTaThl aHamu3a mokKasbIBaloT, YTO
YPOBHH DHEPTUM OJIM3KO JISKAT APYT K JPYTY, YTO MOXKET MPUBOIUTH K TOBOJBHO IPPEKTHBHOMY
BHYTPHUMOJIEKYJISIPHOMY TEPEHOCY 3JEKTPOHHOW IUIOTHOCTH MEXAY HHMH. OJTOT (aKT MOXKET
BbI3BaTh YBEJIMYEHUE KaK JIOHOPHO-AaKUENTOPHBIX, TaK M OKHUCIUTEIbHO-BOCCTAHOBUTEIbHbIX
cBoiicTB Mosekyisl IIOM. Kak u3BecTHO M3 TeOpuM IpaHMYHBIX OpOHTanel, MMEHHO 3TH ypOBHHU
SHEPTUU C WX OCHOBHBIMH OPOUTAISIMH YYacTBYIOT B XMMHUECKOW CTaOWJIM3AlMM CUCTEMBI U
OTIPEeNeNIAIOT €€ PeaKkMOHHYI0 crocoOHocTh. 3D rpaduku pacnpeneneHus 3MEKTPOHHOTO O0saka
B3MO u HCMO mnpezncraBieHsl Ha pUCYHKE, I7e HAOIIOAAETCs CHMMETPUYHOE pacHpeieseHue
ANIEKTPOHHOW TIOTHOCTH Ha oboux opoutamsix B3MO u HCMO. [Ins B3MO xapakrepHa
KOHLEHTPALKS 3JIEKTPOHHOH IJIOTHOCTH HAa aTOMAax KUCIOPOJa, CBSI3aHHBIX MOCTUKOBBIMU CBSA3SIMHU
C aTOMaMHu BoJb(pama.

Puc. Pacnpenenenue snextponHoii miotHoctd HAa B3AMO 1 HCMO nnst CusHz7NazO75SeaW g

Takum o00pazom, JOHOpPHBIE CBOWCTBA MOJIEKYJBI O0si3aHBI aroMaM  KHCIOpoJIa CO
COCPEIOTOUYEHHON Ha HHMX U30BITOYHOM 5SJEKTPOHHOM IIOTHOCTHIO. Heckonbko OTIMuYHOE
pacripesiesieHle MEeKTpOHHOM miotHocTH Habmonaercs Ha HCMO. bosnbiias ee yactb HaXoauTCs
Ha aToMax, PacHoJI0KEeHHBIX Ha ocu cuMMeTpuH C, (Z-KoopauHaTHas OCh). DTO aTOMBI KHCIOPOaa
C MEHBUIMM OTPHULATEIbHBIM 3apsIOM U aTOMbI METaJlj1a, PacloIOKEHHBIE B IIIOCKOCTH MOJIEKYJIbI
XZ v wumeromye BBICOKMH monmoxkutenbHblil 3apsag. HCMO, sBassce mo cBoed mpupoie
AHTHCBS3BIBAIONICH OpPOUTAIBIO C HU3KOM 3JIEKTPOHHON 3aCENIEHHOCTHIO, TIPOSBISET aKIETITOPHBIE
CBOICTBa

[1]. Burke K., Werschnik J., Gross E. K. U. Time-dependent density functional theory: Past,
present, and future. J. Chem. Phys. 123, 062206 (2005)
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Analiza XRD pentru antimonidul de galiu dopat cu Fe
Eugen Gheorghi,ldl, Alexei Mihdlache', Igor EviodieV’
"Universitatea de Stat din T iraspol (cu sediul la Chisinau), str. lablockin 5
’Universitatea de Stat din Moldova, str. Alexei Mateevici 60
e.gheorghita@mail.ru

In lucrare sunt incluse rezultatele proprietitilor fizice a compusului GaSh dopat cu Fe in stare
monocristalind. Monocristalele GaSb<Fe> au fost obtinute prin metoda zonei topite (20 cicluri
topire-solidificare) si prin metoda cresterii monocristalelor prin solidificare cu viteza mica.

Proprietatile fizice ale semiconductorilor elementari si ale compusilor chimici pot fi variate in
limite largi prin dopare cu elemente improprii, precum si cu diferit (surplus) a uneia din
componente.

Totodata prin dopare controlatd pot fi obtinute materiale semiconductoare cu proprietati fizice
principial noi, cum ar fi piezoelectrice, electrooptice, semimagnetice etc. Aria proprietdtilor acestor
materiale se largeste considerabil la doparea acestora cu elemente din grupa lantanidelor si a

metalelor de tranzitie. O atentie deosebita se acorda materialelor de tipul 4”'B” A”B" dopate cu

Fe, Cr, Mn. In aceste materiale, odata cu procesele de recombinare-emisie luminescenti, sunt bine
pronuntate proprietatile semimagnetice.

In Figurile 1 si 2 sunt prezentate difractogramele XRD la iradiere cu radiatia Cuk, a
compusului GaSh — nedopat si dopat cu 3% at. de Fe. Unghiurile 26 la care sunt evidentiate liniile
de difractie, intensitatea relativa a acestora /, si indexarea lor (h, k, [) sunt incluse in Tabelul 1.

Pentru comparare, In acest Tabel sunt incluse caracteristicile liniilor de difractie la iradiere a
compusului GaSh cu radiatia CuK, (A = 0,15405 nm) din tabelul PCPDFWIN.

Dupa cum se vede din Figura 1 si Figura (2) si din Tabelul 1, prezenta atomilor de Fee duce la
formarea unor noi structuri cristaline in GaSh care se manifesta prin liniile de difractie in regiunile
29(13 — 15)0,210,290, 52°. Totodatd, noile structuri formate cu Fe atenueazi intensitatea liniei
formate prin difractia de la sistemul de plane (4,2,0) in GaSbh. Conturul relativ larg al liniilor de
difractie din regiunea 26 ~ 13presupune ci unele formatiuni ale fierului in GaSh au dimensiuni
nanometrice.

Dupa cum se vede din Figura 1 si Figura 2, in spectrele XRD ale probelor de GaSh<Fe> la
iradiere a cristalelor cu radiatia CuK,(A = 1,54182 nm), intensitatea liniilor compusilor fierului
este mica (practic la limita masuratorilor).

} GaSb 3 GaSb:Fe 3% at.

‘ - . 2=
100 |+ CuKe: 1=0.154182 nm 100 CuKo: 4=0.154182 nm

80 |- 80 |

60

Intensitatea, un. arb.
Intensitatea, un. arb.

40t 40 :23
W
e
20 + 20 F ﬁ o
2 '
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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200) 20()
Fig. 1. Difractograma XRD pentru antimonidul de galiu nedopat Fig. 2. Difractograma XRD pentru GaSh<Fe>
- ’ 3% at.

lingoul GaSh, am folosit spectrele XRD la excitare cu radiatia FeK,. In Figura 3 este
prezentata difractograma XRD de la proba GaSb<Fe> 3% at.
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Fig. 3. a) — Spectrele de difractie, esantionului investigat, pulbere GaSb<Fe> 3% at.;
(°) — maximurile spectrelor pentru GaSh. V — maximurile pentru FeGajs substanta,
b) — Linii de separare [220] GaSb (d = 2,156 A) si [212] FeGa;(d = 2,126 A).
Tabelul 1. Dependenta intensitatii relative a liniilor de difractie XRD de unghiul 26

Valori experimentale Etalon
GaSb GaSb 3% at.Fe GaSb

Nr. Nr. | 20(° 1 hkl

linie | 260(°) | I(a.u) | Nr. | 20(°) | I(a.u.)
i

1 9.00 27.3 1 8.97 30.1 1 | 25.281 | 100 111

2 11.85 23.7 2* | 10.61 25.7 2 | 29277 | 12 200

5 25.37 100 2 | 11.67 28.7 3 | 41.866 | 65 220

6 27.29 27.3 3 12.2 28.7 4 | 49.554 | 45 311

8 29.38 19.7 4 | 20.66 21.3 5 | 51.941 4 222

9 41.97 80.6 5 | 25.38 100 6 | 60.720 | 12 400

10 49.66 56.8 6 | 27.28 22.1 7 | 66.815 | 18 331

11 52.11 8.6 7 12796 16.2 8 | 68.823 4 420

13 68.8 17.3 8 | 2941 19.1 9 | 76.515 | 20 422

14 66.93 21.6 9" | 39.64 9.6 10 | 82.026 | 10 511

14° | 68.88 8.6 9 42 73.5 11 | 91.255 6 440

15 76.56 21.6 10 | 49.65 46.3 12 | 96.758 | 10 531

11 | 51.96 9.6 13 | 98.629 1 600

12 | 53.09 8.1 14 | 106.11 4 620

13 | 60.8 14 15 | 111.95 6 533

14 | 66.98 22.8 16 | 113.93 2 622

15 | 76.59 22.1 17 | 12226 | 2 444

16 | 82.21 14 18 | 129.00 | 6 551

19 | 13138 | 2 640

20 | 142.10 8 642

21 | 152.15 8 731

Dupa cum se vede din aceastd prezentare se evidentiaza clar liniile de difractie de la sistemul
de plane ale compusului GaSh indexate cu simbolul (°) si liniile de difractie de la sistemul de
plane[220] ale cristalului GaSb (distanta interplanard 2,156 A si ale fractiei FeGas, sistemul de
plane[212] cu distanta interplanara de 2,156 A.

Prezenta compusului FeGas; in monocristalul GaSb dopat cu 3% at. de Fe este bine
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determinata dupa difractograma XRD.

Ionul de Fe avand raza atomicd mai micd decat a atomului de Sbh in concentratii mici
compenseaza defectele proprii din subreteaua antimonidului si, totodatd, formeaza clusteri de
FeGas. Fractia FeGascu proprietati magnetice in GaSb formeaza stare cristalina cu retea cubica si
constanta retelei de 2,126 A.

EFFECT OF THE PRODUCTION METHOD ON THE ACTIVATION OF
ICE-FORMING AEROSOLS
E. A. ZASAVITSKY"", A. V. BELENCHUK',0. M. SHAPOVAL', and A. CHIRITA’
!Institute of Electronic Engineering and Nanotechnologies “D.Ghitu” of the Academy of Sciences
of Moldova, Academiei str. 3/3, Chisinau, MD-2028, Republic of Moldova;
’Moldova State University, str. Alexei Mateevici, 60, Chisinau, MD-2009, Republic of Moldova
*E-mail: efim@nano.asm.md

One of the main characteristics of ice-forming aerosols is the activation time. It is commonly
supposed that, after the introduction of an ice-forming aerosol into a cloud environment, the
activation time of nucleation centers is about 2 min. We have conducted respective studies. The
research technique is as follows. After preparation of the cloud chamber and the introduction of an
aerosol prepared by combustion in a cube, lids of 10—15 microthermostats are simultaneously
removed. After that, the lids are successively closed at appropriate temperature ranges. Next, the ice
crystals on the surface of the microthermostats are counted. Analysis of plots for various
pyrotechnic compositions based on silver iodide shows that, in the case of preparation of aerosols
by combustion in a cube, the activation time is 1.5—3 min for the different products.

It should be noted that the error of an individual measurement in the cloud mixing chamber in a
temperature range of —10 to —20°C is £15% and +30% at an experimental temperature of —=5°C. To
improve the accuracy of measurements of the processes occurring in the cloud chamber, we have
developed an optical technique for studying ice-forming aerosols. The developed technique makes
its possible to study the time dependence of the intensity of light transmitted through the cloud
chamber.

It was found that the results of a respective study (activation rate) by an optical technique for an
aerosol prepared by combustion of a weighed portion of the pyrotechnic composition in a cube are
in good agreement with the previously obtained data.

Quite a different pattern is observed for an aerosol prepared by combustion of full-size generators in
an aerodynamic tube. Analysis of the obtained data shows that the complete activation of the
nucleation centers slightly exceeds the expected time and the magnitude of this contribution is about
5-10%.

We believe that this fact can be logically explained as follows. It is obvious that, during the
combustion of a full-size generator in an aerodynamic tube, aerosol formation occurs with the
involvement of a larger amount of pure air for the dilution of the reagent vapors than in the case of
combustion of a weighed portion in a cube. Owing to this, the particles grow to smaller finite sizes
in the case of combustion in an aerodynamic tube.

It has been shown [1] that the yield of pyrotechnic compositions exhibits a complex dependence on
the ratio between the rocket velocity and the jet velocity of the aerosol vapor mixture: it initially
increases and then rapidly decreases. It can be stated that the condensation nuclei exhibit different
condensation activity that depends on both their size and the physicochemical properties of these
particles. Therefore, they have a different activation threshold with respect to time.

It is evident that, in our case, the blowing of the generator in an aerodynamic tube leads to the
generation of the bulk of relatively large particles and smaller particles (about 10%). It is obvious
that the activation of smaller particles requires longer time. The activation of fine particles
apparently includes the formation of clusters based on the ice-forming aerosol and neutral particles
resulting from the combustion of the pyrotechnic composition and the capture of the ice-forming
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aerosol by water droplets.

In general, the structure, size, and number of particles in the aerosol heavily depend on the
conditions of aerosol formation during the combustion of the pyrotechnic composition. This is
determined by the velocity of the blowing air flow, the degree of diaphragming of the combustion
surface of the composition, the temperature and pressure in the combustion chamber of the
generator, the amount and properties of the inert substances forming large particles, and the time of
dilution of initially high concentrations of the generator [1].

1. N. S. Kim, Artificial Crystallization in Supercooled Cloud Environments, Extended Abstract
of Doctoral (Phys.—Math.) Dissertation, 2000.

SILICON BARRIER STRUCTURES WITH INVERSION LAYERS.
V. Zakhvalinskii', E. Piliuk', 1. Goncharov', A. Simashkevich?, D. Sherban?, L. Bruc®, N. Curmei’,
M. Rusu®®, V. Kharchenko®
'State University of Belgorod, 14/1 Studentcheskaya str., 308007 Belgorod, Russia
*Institute of Applied Physics, 5 Academia str, 2028 Chisinau, Republic of Moldova
3 Institut fiir Heterogene Materialsysteme, Helmholtz-Zentrum Berlin fiir Materialien und
Energie GmbH, Lise-Meitner Campus, Hahn-Meitner-Platz 1, 14109 Berlin, Germany
All-Russia Institute for Electrification of the Agriculture, Moscow, Russia
alexeisimashkevich@hotmail.com

Crystalline Si is still the mostly used material for the fabrication of solar cells (SC). However,
the efficiency of Si SC has almost reached the theoretical limit. Therefore, the efforts of the
scientific community are focused on the elaboration of new types of low-cost photovoltaic (PV)
devices. The cost reduction is achieved by simplifying the fabrication technology and reducing the
material consumption by using thinner Si wafers. In addition, different nanolayers, e.g. ITO, SiC,
Si3Ny4 are used for the preparation of Si based SC [1, 2]. Such devices are usually based on metal-
insulator-silicon (MIS) surface barrier structures with an inversion layer (IL) located in silicon near
the interface. As Si3Ny is one of the key materials in microelectronics, Si3Ny thin films become also
of particular interest for SC manufacturing. Si3N4 was introduced for the first time into PV for the
fabrication of MIS/IL solar cells as early as the 1980 [3] Further investigations showed that very
low surface recombination velocities can be achieved using SisNy films in SC fabrication, while
using these films also as anti-reflection coatings. Si3Ny films are mainly prepared by CVD, PECVD,
electron cyclotron resonance, or reactive magnetron sputtering (RMS). Even though CVD is widely
used for obtaining those films, the main disadvantages of this technique are the incorporation of H,
in the films and high substrate temperatures. The entrapped hydrogen in the films can deteriorate
the properties of Si3Ns4 and therefore a high substrate temperature is generally undesired in
microelectronic applications. Si3Ny films with extremely low hydrogen content can be prepared by
RMS at a low substrate temperature. Especially promising for the deposition of SizNy thin films is the
high-frequency non-reactive magnetron sputtering (HFNRMS) because is a non-toxic and a low
material consumption deposition method. Moreover, widespread and reasonably inexpensive
equipment allows obtaining high quality SizNs nanofilms. Good perspectives in the fabrication of
silicon devices have also SCs based on SiC heterostructures, which have achieved already an
efficiency exceeding 15% [4]. These devices are designed to operate at an increased level of radiation
and high temperature. Hence, the aim of this contribution is the demonstration of the possibility to
fabricate SC by a simple and low-cost HFNRMS technology using SisN4 and SiC nanolayers.

Thin films of amorphous SiC and SizN4 were prepared by non-reactive magnetron sputtering in
an Ar atmosphere. A previously synthesized bulk SiC and Si;N4 were used as a solid-state target.
Deposition was carried out on a cold substrate of p-Si (100) with a resistivity of 2 Ohm-cm. The
Raman spectrum of the deposited SiC and SizN4 layers has been investigated. In the case of SiC a
dominant band at 982 cm™ was observed, i.e. in the spectral region characteristic for SiC. The
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position of the maximum in the spectrum of SizN4, layers Raman scattering corresponds to the
compound Si3Ny, and the shape of the spectrum is characteristic for the nanocrystalline state of the
cubic modification of silicon nitride.

The film thickness has been determined from atomic force microscopy measurements. For SiC
layers it was about 8-40 nm, the height of the structural units of the film was 1-2 nm, while the
linear dimensions were of the order of tens of nanometers (Fig.1a). For Si3N4 layers (Fig.1b) the
film thicknesses were up to 20 nm with the same height of the structural units as in the case of SiC
nanolayers.

The amorphous nature of SiC and Si3N4 grown on the Si substrate is confirmed by the
presence of the diffraction rings which indicate the absence of the dominant orientation of the
prepared films. The results of electron diffraction investigations of SiC and Si3N4 nanolayers with
thicknesses up to 20 nm demonstrates that thin films consist of a mixture of microcrystalline and
amorphous phases.

Fig.1. 3D images of surface morphology obtained by AFM for a SiC (a) and SizNy4 (b) nanofilms.

CS based on heterostructures consisting of a p-type Si (100) and SiC or SizN4 nanolayers
were fabricated and studied. The investigation of its electrical and photoelectric properties shows
that the entire space charge region is located in Si, i.e. surface barrier structures with an inversion
layer located in silicon near the heterojunction interface has been obtained. This is in addition
confirmed by the spectral dependence of the photo sensitivity, which entirely corresponds to the
respective characteristic of Si SCs. The dark I-V characteristic of Cu/p-Si/SiC/Cu structure is
presented in the Fig.2a. Corresponding characteristic in the case of a Cu/p-Si/Si3N4/Cu structure has
a similar form. The barrier heights at the Si- nanolayer interface have been estimated from the
temperature dependence of dark I-V characteristics and in both cases of Cu/p-Si/SiC/Cu and Cu/p-
Si/Si3N4/Cu cells are of the order of 0.9-1.0 eV.
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Fig.2. Dark current-voltage (a) and load I-V (b) characteristics of p-Si/n-SiC nanolayer solar cell.

Load I-V characteristics of Cu/p-Si/SiC/Cu nanolayer SC (Fig. 2b) demonstrate under
standard AM1.5 illumination conditions (1000 W/m?, 25°C) a conversion efficiency of 7.22%. For
Cu/p-Si/Si3N4/Cu cells the photoelectrical parameters in the same conditions are following: Jg is
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23.2 mA/cmz, U, is 0.538 V, FF is 59.6% and the conversion efficiency is 7.41%.

The btained results show that the investigated structures are MIS structure with the nanolayers
of SiC and SisNy4, which play a critical role in the formation of IL. The achieved values of SC
efficiencies (7.22% and 7.41%, respectively) show a potential for research such structures.
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CERCETAREA STRUCTURII SI MORFOLOGIEI SUPRAFETEI STRATURILOR
SUBTIRI POLICRISTALINE DE ZnSSe.x.

Mihail Popa
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova, MD 3121, Balti, str. A. Puschin, 38

Au fost obtinute straturi subtiri de ZnSx Sex prin metoda evaporarii termice in vid, in volum
cvasiinchis, folosind instalatia automata pentru evaporare termica in vid tip UVH — 70A — 1.
Folosind pulberi de ZnSe (cu puritatea de 99,9%) si ZnS (tot cu puritatea de 99,9%) s-au obtinut
straturi subtiri pentru diferite valori ale x (x = 0; 0,2; 0,4; 0,6; 0,8; 1,0). Temperatura suportului in
timpul depunerii a fost cuprinsa intre 300 si 600K, iar temperatura evaporatorului a variat intre 1000
si 1500K. Distanta evaporator-suport a fost modificata intre 70 si 120mm. Au fost obtinute straturi
cu grosimi cuprinse intre 0.15 i 1.70pum.

A fost studiatd structura cristalind a straturilor prin difractie de radiatii X. S-a gasit ca
straturile sunt policristaline si au o structura cubica, de tip blenda de zinc, cu o puternica orientare a
cristalitilor cu planele (111) paralele la suprafata suportului. Pozitia acestui pic deviaza de la 26 =
27,40° pentru straturile de ZnSe pindla 20 = 28,52’ pentru straturile de ZnS.

Distanta interplanara determinata din difractogramele de radiatii X are valori cuprinse intre d
= 3,251904 pentrux = 0sid = 3,127064 pentru x = 1.

Parametrul retelei cristaline ale straturilor subtiri de ZnSx Se;x variaza de la valoarea a =
5,632464 (pentru straturile de ZnSe) si a = 5,416074 (pentru straturile de ZnS). Aceste valori sunt
in bund concordanta cu valorile indicate in alte articole de specialitate.

Dimensiunile cristalitelor determinate din difractogramele de radiatii X au fost cuprinse intre
13,526 A pentru x = 0 si 5,304A pentru x = 1. S-a determinat cd in urma tratamentului termic
dimensiunea cristalitelor se micsoreaza.

Masuratorile de difractie de electroni indica de asemenea ca straturile sunt policristaline, cu
orientarea cristalitelor dupa planul (111) paralel cu suprafata suportului.

Morfologia suprafetei straturilor subtiri policristaline de ZnSe a fost studiata prin microscopie
electronicd de baleaj, microscopie de fortd atomicad si microscopie electronica prin transmisie.
Imaginile obtinute aratd ca straturile sunt compacte si uniforme, cu granulatie find. Rugozitatea
straturilor determinate prin microscopie de fortd atomicad are valori cuprinse intre 20 si 60nm.
Dimensiunea medie a cristalitelor determinatd prin microscopie electronica prin transmisie variaza
intre 22 si 36A.
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MAGNETIC AND STRUCTURAL PROPERTIES OF Fe; 4 Cu,Cr;S4 SINGLE CRYSTALS
GROWN BY CHEMICAL TRANSPORT REACTIONS
Lilian Prodan
"Institute of Applied Physics, Academy of Science of Moldova, MD-2028 Chisinau,
Republic of Moldova
*E-mail: lilian.prodan(@gmail com

Magnetic AB,X4 compounds with spinel structure recently have attracted much attention
because of exotic behaviour and unconventional ground states, e.g., spin-liquid, spin-orbital liquid
and spin-orbital glass due to strong frustration effects. A number of new physical phenomena like
colossal magnetoresistance [1], colossal magnetocapacitance [2] and spin Jahn-Teller effect were
discovered which are of prospective for application in spintronic and magneto-optical devices.

The single crystals were grown by the chemical transport reactions method. X-ray
diffraction was performed utilizing STADI-P (STOE&CIE). The composition of the samples was
checked by the Wave-length Dispersive Spectroscopy analysis (WDS). Magnetization was
measured with a commercial SQUID magnetometer (MPMS-5, Quantum Design) in a temperature
range 2 K —400 K.
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Fig.1. Dependence of the Curie temperature on the substitution concentrations of Cu.
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Fig.2. Dependence of the lattice parameter on the substitution concentrations of CuUsing
chemical transport reactions method the single crystals of Fe; xCuxCr,S4 system with different
substitution concentration have been grown. XRD of the crashed single crystals showed cubic

structure (space group Fd-3m). It was found that the real substitution concentration for the samples

of Fe; xCuxCr,S4 (where x = 0.4, 0.5, 0.6) deviates from the initial concentration (Table 1). For the

samples with initial x = 0.5, 0.6, the real concentration is lower, but for the sample with initial x =
0.4, the substitution concentration is higher. This difference cannot be explained by simple
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geometric notion and must be investigated in more detail. It was proved experimentally that the
increase of the substitution concentration results in the increase of the magnetic moment and the
Curie temperature of the samples (Fig. 1) and in the decrease of the lattice parameter (Fig. 2. It was
found that when replacing the transport agent chlorine (Cl) with bromine (Br), the Curie
temperature of the single crystals increases considerably and approaches that of the stoichiometric
powder samples.

Table 1. Results of the WDS analysis of the composition

Substitution Fe (Wt%) Cu (Wt%)
concentration Ideal Real Ideal Real
of Cu (x) concentration | concentration | concentration | concentration
0.4 0.6 0.506 0.4 0.494
0.5 0.5 0.623 0.5 0.377
0.6 0.4 0.467 0.6 0.532

[1] A.P. Ramirez et al. Nature 386 (1997) 156-159.
[2] J. Hemberger et al. Nature 434 (2005) 364-367.

ON THE SPECTROSCOPIC METHOD OF MEASURING THE SIZE OF THE CdSe
NANOCRISTALS
V. 1. Pavlenko, I. Dobinda, I. V. Beloussov
Institute of Applied Physics, Academy of Sciences of Moldova,
5, Academy str., Kishinev- 2028, Republic of Moldova
*E-mail: igor.beloussov@phys.asm.md

The dependences of the energy E of the fundamental transition in CdSe quantum dots versus
parameter x = 10*/4%, which depends on the quantum dot radius g, are analyzed and compared on
the basis of the published experimental data [1-5].

The experimental results obtained by the same research team at 10 K presented in [1,2] lead
to substantially different dependences £(x) and E»(x), respectively (see Fig. 1). It is easy to see that
the curve E,(x/4) shifted along the vertical line for a certain distance with high accuracy coincides
with the curve E;(x). This coincidence suggests that though everywhere in [2] the concept of
quantum dot radius a is used, the dot’s diameter d = 2a is actually assumed.

EileV] Ei[eV]

24 PR 24

2.3 - 23

2.2 22}

2.1 o 2.1

208 7 20

1.9 19

1.8 ‘ 18 o

1.7 x[A2 7 x[A2

010 20 30 40 s0*!A7) L0 20 30 a0 50 XA
1 ...0 w2 —4 _5 .6
Fig. 1 Fig. 2

The fact that the measurements performed in [3] at 300 K lead to the E3(x) dependence,
which coincides with the £;(x) dependence shifted upward by 90 meV, confirms that the £(x) curve
is correct. The forbidden gap of CdSe bulk crystals amounts to 1.84 e} for 10 K and 1.75 eV for
300 K. Therefore, the equation E3(x) — 1.84 eV = Ei(x) — 1.75 eV shows that it is possible to
extrapolate the spectroscopic results obtained at a certain temperature to the case of other
temperature values simply by taking into consideration the temperature dependence of the forbidden
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gap of the bulk semiconductor.

The dependences of the fundamental transition energy in CdSe quantum dots versus their size
at 300 K (Fig. 2) can be obtained form the results also published in [4,5]. The first one leads to the
curve E4(x) located above E3(x), the second is presented by the curve Es(x) located below E3(x). The
curves E4(x) — 50 meV and Es(1:3x) + 50 melV nearly coincide and are close to the curve Ej(x).
The divergence of the results published in [4] and [5] appears, probably, since the quantum dot
radius in [5] by a factor of 0.9 differs from the value assumed by the authors.
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MAGNETIC PROPERTIES AND HIGH-FIELD (UP TO 40T) GALVANOMAGNETIC
EFFECTS OF BI-, TRI- AND MULTICRYSTALS OF 3D TOPOLOGICAL INSULATOR
Bi-Sb

F. M. Muntyanu, A. Gilewski, K. Nenkov, A. J. Zaleski, K.Rogacki ,V. Munteanu, V.Bejan,
and V. Chistol
Institute of Electronic Engineering and Industrial Technologies, Academy of Sciences of
Moldova, Chisinau, 2028, Moldova
International Laboratory of High Magnetic Fields and Low Temperatures, Wroclaw, 53421,
Poland

We report the peculiarities of the magnetic properties and high-field galvanomagnetic effects of
bi-, tri- and multicrystals of 3D topological insulator Bi;— Sbx (0.07 < x <0.22) in the temperature
range 1.6 - 300K. Two superconducting phases, associated with adjacent and central layers of the
crystallite interfaces are identified in almost all specimens. It has been found that the transition
temperature Tc of the first phase changes considerably from 8.3 to 36K, while for the second
superconducting phase Tc as samples composition remains within the range 3.7 - 4.6 K. In
tricrystals and bicrystals with high contents of structural disorder and topological defects one of the
superconducting phases is not detected, but the ferromagnetic hysteresis loops and magnetic field
expulsion at T < 5K were observed simultaneously. The magnetoresistance and Hall effect revealed
that in small crystallite disorientation angle bicrystals the semiconductor-semimetal transition is
induced in crystallites, adjacent and central layers of interfaces at different values of ultra quantum
magnetic field. On the other hand, in large crystallite disorientation angle bicrystals, tricrystals and
multicrystals at similar magnetic fields the galvanomagnetic quantum oscillations have been
observed. Our results leads to a relation between /B, (B, is the field at which Fermi level falls
between two Landau levels) and number of occupied Landau levels n for adjacent and central
layers of the form: 1/B, = ne/(hN; ), where: e is the elemental charge, /4 is the Planck’s constant, N
is the surface density. It means that the interface electronic states are of Schrodinger type (For the
Schrodinger state » take an integer value, for Dirac electrons we have n + }2). We also note that in
these specimens the harmonics from very large cross-sectional areas of the Fermi surface and
anomalies (quasi-plateaus, displacement of the oscillation peaks position etc) of longitudinal Hall
effect in ultra-quantum limit observed in Bi bicrystals were not detected. The carriers cyclotron
masses (evaluated by temperature dependences of the amplitude of oscillations) and the extremal
cross-sectional areas of isoenergetic surface of component layers of CI exceed several times the
respective crystallite parameters. For example, at magnetic field orientation along the interface
plane in Bigos Sby g7 Te bicrystal the cyclotron masses m. / m. ( m. is the free electron mass) of
carriers in crystallites, adjacent and central layers are respectively 0,05; 0,25 and 0,5. The density of
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states N, of interface layers components of these bicrystals, estimated from the quantum
oscillations, lie in range (0.2 -0.3) 10" m™ for adjacent layers and (1.5-2.5) 10" m™ for central
layers , which is several order higher than of similar thickness films of Bi;—x Sby alloys. So, the
quantum oscillations of galvanomagnetic effects denote the high density of state in layer
components of interfaces and the heavier than in crystallites charge carriers.

MAGNETOTRANSPORT PECULIARITIES IN Bi WIRES BEYOND THE QUANTUM
LIMIT
E. Condreal’z’*, A. Nicorici' and A. Gilewski?

!Institute of Electronic Engineering and Nanotechnologies, Academy of Science of Moldova, 2028
Chisinau, Republic of Moldova, “International Laboratory of High Magnetic Fields and Low
Temperatures, Gajowicka 95, 51-421 Wroclaw, Poland
*E-mail: condrea@nano.asm.md

We present the results on transport study of semi-metallic bismuth in the presence of a
magnetic field applied along the bisector axis extended to 35 T for electric resistance and to 30 T
for Seebeck coefficient. On the longitudinal magnetoresistance (MR) dependence were observed
the presence of some instabilities manifested by weak oscillations (wiggles) at magnetic field range
of 14—16 T followed by an unknown unidentified peak as a sharp anomaly with positive sign of the
jump on MR and negative one on the magnetothermopower dependence at magnetic field of 20 T.

Applied strain leads to shift of MR instabilities to higher magnetic fields simultaneously
with the increase of extreme cross sections of heavy electron and heavy T-hole ellipsoids. In this
context is discussed the attribution of unusual peaks on MR and unexpected jump on
magnetothermopower dependence to the lowest spin-polarized Landau level of distinct electron
pockets that should shift to high magnetic field with the increase of their quantum limit.

ONE DIMENSIONAL COBALT((II) PIVALATE-BASED COORDINATION POLYMERS
WITH PYRAZINE OR 4,4’-BIPYRIDINE SPACER LIGANDS
I Radu, L. Croitor, S. G. Baca, V. Ch. Kravtsov*
Institute of Applied Physics, Academy of Sciences of Moldova, Chisinau, Moldova
*FE-mail: kravisov@phys.asm.md

A series of 1D Co(Il) pivalate-based coordination polymers (Scheme) have been synthesized
in hydro/solvothermal condition by interaction of [Co(u-OHy)(piv)s(Hpiv)s]-[1] with pyrazine
(pyz) or 4,4'-bipyridine (4,4'-bpy) as linear rod-like spacer ligands.

—PYZ o [Co(piv),(H,0)(Hpiv)(pyz)], (1)
H,0:CH,0H

[Co(k-OH,)(piv), (Hpiv), ] ——2—> {[Co,(1-OH,)(piv),(Hpiv),(py2)] 2Hpiv}, (2)

AADDY  Copiv), @4 bpy)Hpiv)]. (3
CHOH [Co(piv),(4,4'-bpy)(Hpiv)], (3)

All compounds crystallize in the monoclinic space groups: 1 in P2,/n, a = 18.338(1), b =
7.0741(4), ¢ = 19.005(1) A, p = 97.332(6); 2 in C2/c, a = 26.1507(10), b = 15.6651(8), ¢ =
29.6779(12) A, P= 96.912(4)°; 3 in P2i/c, a = 11.393(1), b = 11.407(1), ¢ = 16.461(1) A, p =
101.144(6)°. In the crystals 1 pyz ligands bridge Co(Il) atoms in a linear polymer with Co---Co
separation of 7.074 A. The coordination surrounding of metal atom is completed up to N,Oy
octahedron by two pivalate anions, one pivalic acid and water molecule, which all coordinate in a
monodentate fashion.
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Fig.1. The metal atoms are linked by bridging ligands in helix-like chain along two-fold screw axis with Co---Co
separation of 3.463 and 7.118 A in 2.

The O-H--O hydrogen bonds between the water molecule and pivalate ligand of
neighboring chains result in the supramolecular ladder-like structure. The similar linear chains have
been found in the crystals 3, in which Co(II) atoms separated by 4,4’-bipyridine ligands and
Co---Co distance equals 11.407 A. Two pivalate ligands double bridge the neighboring center
symmetry related chains in a well-defined ladder polymer with the shortest inter-chain Co---Co
distance of 4.155 A. The coordination octahedral N,O, surrounding of the cobalt atom is provided
by two pivalate bridges and chelate one. Polymeric one dimensional system 2 is formed from the
starting [Co(u-OHy)(piv)4(Hpiv)4]-binuclear units by replacement of two pivalic acids on bridging
pyrazine ligands (Fig.1).

Acknowledgement. The authors acknowledge the financial support from the State Program of
R. Moldova (Project 14.518.02.04 A).
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EWOD CHIP FOR THZ APPLICATIONS
Lilian Sirbu’, Raluca Miiller’, A. Baracu®
1. Ghitu Institute of Electronic Engineering and Nanotechnologies, 3/3, Academiei str., MD-
2028 Chisinau, Moldova
2. National Institute for R&D in Microtechnologies - IMT Bucharest, Erou lancu Nicolae
126 A Str., Romania

We present the EWOD chip transparent for THz radiation that allows scanning easily any bio-
fluid slipping through microchannel. The application for EWOD devices are manipulating droplets
by chemical [1], and electrical [2] means. The structure is obtained by thermal oxidation of a (100)
Si wafer. The grown SiO; on top is 500 um thick. A positive photoresist (PMMA) was used to
configure Cr-Au pads, obtained by liftoff method.

Figure 1. a) Coventor design, b) chip implementation, c) superhydrophobic chip tests

When a voltage (V) is applied between the embedded electrodes and the liquid droplet on the
dielectric layer, the solid-liquid interfacial tension decreases and it reduces the contact angle from 6,
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to Oy (1). Here 6 represents the angle between contact surface area and lateral surface of droplet at
applied 0 volts, and Oy after applied voltage (V), respectively (Fig. 4a). This work was supported by
young scientist project 12.819.15.20A and partially supported by the FP7 project MOLD-ERA
(Grant no 266515).

cos 8, =6, + 28;76‘211,2 (1)
v

1. F. Brochard, Motions of droplets on solid surfaces induced by chemical or thermal gradients,
Langmuir 5 (1989) 432-438.

2. M. Washizu, Electrostatic actuation of liquid droplets for microreactor applications, [IEEE
Transactions on Industry Applications 34 (4) (1998) 732-737.

FROM HYDROPHILIC TO HYDROPHOBIC OF ZnO SURFACE
L. Sirbu], L. Ghimpuj, R. Muller’
1. Ghitu Institute of Electronic Engineering and Nanotechnologies, 3/3, Academiei str., MD-2028
Chisinau, Moldova
2. National Institute for R&D in Microtechnologies - IMT Bucharest, Erou lancu Nicolae 126 A
str., Bucharest, Romania

The ZnO films find extremely diverse applications because of their unique electrical, chemical and
surface properties. The highly transparent self-cleaning surfaces of zinc oxide were reported [1,2].
A special type of ZnO nanostructures was developed, capable of forming surfaces with exceptional
super-hydrophobic properties. This effect is characterized by the formation of spherical droplets of
biomaterial on the surface, without any wettability. We have demonstrated the change from from
hydrophilic to hydrophobic ZnO surface. ZnO nano films were deposited on glass by RF magnetron
sputtering system under different processing conditions. The film surface morphology and crystal
structure were characterized by scanning electron microscopy, PL, and Raman. The results
demonstrate that the morphology of ZnO films were slightly different under different processing
conditions. The film with the thickness about 100 nm was formed by ZnO nano-pillars dominantly
orientated in c-axis direction and homogeneous burette. This work was supported by young scientist
project 12.819.15.20A.
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Figure 1. (left) Hydrophobic ZnO, (right) Hydrophilic ZnO

[1] Javier Rubio-Garcia et al., J. Mater. Chem., 2012,22, 14538-14545
[2] S Patra et al., Journal of Physics D: Applied Physics Volume 42 Number 7 075301 2009

SOLVOTHERMAL SYNTHESIS OF COLLOIDAL InP NANOPARTICLES
L. Sirbu', T. Gutul!, A. Todosiciuc ', A. Racu®
!Institute of Electronic Engineering and Nanotechnologies "D. Ghitu ", 3/3, Academiei str., MD-
2028 Chisinau, Moldova
?Institute of Applied Physics, 5, Academiei str., MD-2028 Chisinau, Moldova

InP nanodots with the diameter of 4—10 nm were synthesized using sol-gel method. The nanodot
dimensions were obtained using TEM, and we found the d(111) spacing to be 0.328nm which
agrees within 3% of the literature value. Prepared nanoparticles where characterized then by Raman
spectroscopy and X-ray diffraction. Performed measurements confirm good crystalline quality of
obtained InP particles, which can be used as a basis for THz emitters, LED, and OLED displays.
The synthesis of InP semiconductor nanodots was performed in a round-bottom three-neck flask
equipped with a magnetic stirrer and heater with temperature control unit. The Na3;P was obtained
as a result of reaction of sodium and white phosphorous (similar as for GaP nanodots, reference
[1]). The reaction mixture turned dark during synthesis due to the formation of NazP suspension.
The subsequent synthesis of indium phosphide nanodots was carried out by rapid injection of a
suspension of sodium phosphide, maintained at room-temperature into a high stirred solution of
indium chloride heated 150°C under N, atmosphere.

SRS | 100,000~
o Ll -
3 ] Lo
. 80,000+ J
5 |
1 ﬂ. o
£ 60,0004
] -
| 5
< ] TO
™ 40,0004 J
20,000
Trrrfrrrrrrr{yrreryrrr1rrrr]

280 300 320 340 360 380 400
Raman, cm™

Wy \
L f e VALY

Figurel. (left) TEM imag of InP nanodots, (right) Raman spectra of InP nanodots at room temperature.
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InCl3+NazP—InP+3NaCl (1)

The reaction mixture was then maintained at the fixed temperature for 2 h and then promptly
cooled to room temperature using an ice-water bath. A solution containing 50% of ethanol and 50%
of distilled water was used to dissolve the sodium chloride precipitated at the same time with the
InP nanoparticles. This work was supported by young scientist project 12.819.15.20A.

[1] Zhao-Chun Zhang, Bao-PingWang, Part. Part. Syst. Charact. 26 (2009) 53-57

THERMOPOWER ANISOTROPY IN QUANTUM WIRES OF PURE BISMUTH
A.A. Nikolaeva'?, L.A. Konopkol’z, T.E. Huber’ , A.K. Tsurkan', O.Botnary1

1
Ghitu Institute of Electronic Engineering and Technologies, Academy of Sciences of Moldova
2
International Laboratory of High Magnetic Fields and Low Temperatures, Wroclaw, Poland
3
Department of Chemistry, Howard University, 500 College St. N.-W., DC 20059, U.S.A.

The influence of the size effects on thermopower anisotropy in quantum wires of Bi in
temperature range 4.2-300 K was studied. For this purpose single-crystal wires of bismuth in glass
cover with various crystallographic orientations have been prepared. Single-crystal Bi wires in a
glass capillary with the (1011) crystallographic orientation along the wire axis are prepared by the
high frequency liquid phase casting (Ulitovsky-Taylor method). The wires with trigonal orientation
were prepared by the method of zone recrystallization with a seeding agent. [1] Single-crystallinity
and crystallographic orientation of the wires are reliably determined by X ray diffraction, angle
rotation diagrams of transverse magnetoresistance and the Shubnikov de Haas oscillations.

The anisotropy of the thermopower and resistance of Bi- wires with different diameters in a
temperature range of 4.2—-300 K have been studied.
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Fig. 1. Temperature dependences of thermopower a(7) of Bi wires with different diameters and
crystallographic orientations: 1. d = 0.55 pum, trigonal orientation (111) along the wire axis; 2. d =
0.52 pm standard orientation (1011) along the wire axis; 3. d = 0.6 um standard orientation (1011)

after zone recrystallization. Dashed curve 4: temperature dependence of thermopower anisotropy Aa
= (a3 —oy)(T) of Bi wires with d =0.5 pm.
It has been found that the anisotropy of the resistivity and thermopower in the wires with d <
500 nm nonmonotonically depend on temperature and in temperature range 50-100 K the
thermopower anisotropy achieves a value of 100-120 pV/K that twice surpasses the anisotropy in
Bi wires with d > 1000 nm and bulk Bi.
The effect is interpreted from the point of view of specificity of display of dimensional
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effects in various crystallographic directions connected with considerable distinction of the extreme
sections of Fermi surface in a direction of dimensional quantization.

Prospects for use of bismuth nanowires in glass cover for thermoelectric applications and for
studying the unique properties of the 1D electron gas are discussed.

As, the length of wires a glass cover can reach several meters, there is a prospect of their use
in anisotropic thermoelectric converters of energy.

[1] A. Nikolaeva, P. Bodiul, L. Konopko, A. Turcan. Thermoelectric anisotropic material on base of
bismuth. Patent MD 542. 2012-08-31.

SEMIMETAL- SEMICONDUCTOR TRANSITION IN QUANTUM SEMIMETAL Bi;«Sby
NANOWIRES INDUCED BY MAGNETIC FIELD
A. A. Nikolaeva'?, L. A. Konopko'?, P. P. Bodiul', I. A. Popov', E. F. Moloshnik', I. Stich'
!Ghitu Institute of Electronic Engineering and Nanotechnologies, ASM, Chisinau, Moldova;
’International Laboratory of High Magnetic Fields and Low Temperatures, Wroclaw, Poland

We report results of investigation the influence of strong magnetic field on transition
semiconductor- semimetal (SCSM) in quantum Bij 9gSby o2 nanowires. Bi-2at%Sb nanowires in this
study were prepared by liquid phase casting in glass capillary using Ulitovsky- Taylor technique
[1]. The calculation, (using SdH oscillations), shows that the overlap of L and T bands in semimetal
thick BigosSboo2 wires is in two time less, then in pure Bi [2]. In low dimensional bismuth
nanostructures when the thickness of films or diameters of nanowires are comparable to the Fermi
wave length (~60 nm) a semimetal to semiconductor transition occurs due to the quantum size
confinement effect. Therefore the overall behavior of the temperature dependent resistance in thin
nanowires might be a consequence of the competition between the reduction of bulk conductivity
(due to QSE) and the increase of surface conductivity. Because to small overlapping L and T bands
in semimetal Bi; xSbx wires semimetal- semiconductor transition is observed at critical diameter (d
<300 nm) of more, than five times greater then on wires of pure Bi [3].

Bi-2%Sb, d=0,25u
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Fig. 1 Temperature dependences of resistance R(7) Bi-2at%Sb wire, d =250 nm, 1. H=0,2. H=
10 T.

Inset: magnetic field dependences resistance R(H) at different temperatures (H || 1).

In Bi-2at%Sb wires (dx= 250 nm) the sample shows large residual resistance ratio with well
recognized plateau feature in low temperature (Fig. 1 curve 1), features related to the semimetal-
semiconductor (SMSC) transition, previously observed in Bi wires at diameter d < 80 nm. It is
shown that a SMSC can be controlled using a strong magnetic field, which lead to a significant shift
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of the band edges of the energy extreme and to return semiconductor- semimetal transition in
quantum semimetal Bi-2at%Sb wires (Fig. 1 curve 2).

Thus, the magnetic field is an additional parameter, except wire diameter and elastic
deformation, by which is possible to operate semimetal-semiconductor transition in quantum
semimetal wires of Bij_4Sby.

This work was supported by Moldova-Belarus project 13.820.05.12/BF.

[1] D. Gitsu, L. Konopko, A. Nikolaeva and T. Huber. J. Applied Physics Letters 86 (2005) 10210.
[2] B. Lenoir, M. Cassart, J.- P. Michenaud, H. Scherrer, and S. Scherrer. J. Phys. Chem. Solids 57
(1996) &9.

[3] A. Nikolaeva, L. Konopko, T. Huber, P. Bodiul, I. Popov. J. Solid State Chem. 193 (2012) 71.

ANISOTROPIC THERMOELECTRIC GENERATOR MADE FROM SEMIMETAL
MICROWIRE
L.A. Konopkol’z, T.E. Huber’ , ALA. Nikolaeval’z, and A.K. Tsurcan'
'Ghitu Institute of Electronic Engineering and Nanotechnologies, ASM, Chisinau MD-2012, Moldova
?International Laboratory of High Magnetic Fields and Low Temperatures, Wroclaw 53-421, Poland
S Howard University, Department of Chemistry, 500 College St. N.W., Washington, DC 20059,USA

In the thermoelectric-anisotropic media there is transverse to the temperature gradient electric
field. At room temperature we have investigated the transverse thermopower in thin single-crystal
Bi and Bi-Sn microwires for the purpose of using them in anisotropic thermoelectric generator. The
single-crystal microwires in the diameter range 2 - 15 um were prepared by the high frequency
liquid phase casting in a glass capillary using an improved Ulitovsky technique; they were
cylindrical single-crystals with (1011) orientation along the wire axis. In this orientation, the wire
axis makes an angle of 19.5° with the bisector axis C; in the bisector-trigonal plane. It was found
that in temperature range of 200 — 300 K doping of bismuth wires with tin increases the
thermopower anisotropy in comparison with Bi by a factor of 2 — 3. The experimental model of the
anisotropic thermoelectric generator (ATG) was created from long Bi-0.05 at% Sn microwire in a
glass coating (long microwire was coiled into a flat spiral so that at any point of the spiral axis C;
and microwire axis lying in a plane perpendicular to the flat spiral). The voltage E that arises on the
ATG outputs is equal [1] to

E= SIZAT% = (8, - S, )sinBcosd AT% = (S, -5, )sin20 Arzib

were (S)| - S/) - anisotropy of thermopower, 0 - inclination angle of the crystallographic axes Cs, AT
- transverse temperature gradient, @ — length of the sample, b - thickness of the specimen. For the
single crystal microwire with a core diameter d = 2 pum, outer diameter D= 20 pm and a length of 8
m ATG can generate voltage E=1 V at a transverse temperature gradient (perpendicular to the flat
spiral) of 5 K. [2]

(a) l AT (b)

| aT

Figl. (a) Schematic of the anisotropic thermoelectric generator made of long Bi-Sn microwire in a glass coating; (b)
Schematic drawing of a small piece of flat spiral.
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Figure 1 shows schematic of the anisotropic thermoelectric generator made of long Bi-Sn
microwire in a glass coating (long microwire coiled into a flat spiral so that the plane containing the
axis C; was directed along the gradient 7). The developed ATG module can be used in many other
heat harvesting applications such as rapid nonselective IR detector and gradient heat flux sensor
(GHFS) with a characteristic time above 10~ s. GHFS is used for the direct measurement of heat
fluxes to a flat plate in pulsed hypersonic gas flow.

This work was supported by ASM grant 13.820.05.12/BF, and US National Science
Foundation PREM.

1. A.A. Snarskii, A.M. Palti, and A.A. Ascheulov, Fizika i Tekhnika Poluprovodnikov, 31, 1281
(1997) (in Russian).
2. L. Konopko, T. Huber, A. Nikolaeva, AIP Conf. Proc. 1449, 287 (2012)

METALORGANIC AEROSOL DEPOSITION PREPARATION OF CazCo409 EPITAXIAL
THIN FILMS
O. Shapoval” " A. Belenchuk', C.Jooss’, S. A. Wiedigen® and V. Moshnyaga’
lIEEN, ASM, Chisinau, Moldova; 2]MP, Uni-Goettingen, Goettingen, Germany; 3 Phys.Institut,
Uni-Goettingen, Goettingen, Germany.
*E-mail: oleg.shapoval(@nano.asm.com

The well-established semiconducting alloys, such as Bi,Te;, PbTe, Bi—Sb, and Si—Ge, which
are being used in thermoelectric (TE) devices, have many limitations that are low decomposition
temperature and presence of toxic elements. Increasing interest have been focused at last years on
oxide materials because their natural abundance, non-toxicity and remarkable thermal and chemical
stabilities at high temperatures. Layered Ca3;Co4O9 (CCO) is among the most promising p-type
oxide materials for high temperature TE applications, with the figure-of-merit (ZT) obtained for a
single reaching as high as 0.87 at 1000 K [1]. Phonon scattering due to large in-plane atomic
displacement in the Ca,CoQOs layers (“phonon glass™) and preservation of high electric conductivity
within the crystalline CoO; layers (“electron crystal”) is the reason why CCO efficiently converts
heat to electricity [2].

The single crystals and high oriented CCO films exhibit much higher TE parameters then
polycrystalline samples. Metalorganic Aerosol Deposition (MAD) technique [3] can offer a simple
method for preparation of high quality epitaxial oxide films. Our idea was to prepare CCO films
using single solution of low costs acetylacetonate precursors.

The thin CCO films about 100 nm thick were deposited on the SrTiO3(100) (STO) substrates by
MAD from solution containing mixture of the precursors of both elements Ca and Co. The ratio
Ca/Co in solution has been varied to adjust the formation layered CCO without presence of CaO
and Co3;04 precipitates. We have explored MAD growth conditions for deposition of CCO films
with out-of-plane c axis orientation only.

A
. 1
vert distance 1.05 nm

2, degrese Tompuglyy (1)

The structure of the films was characterized by scanning probe (STM) and transmission
electron microscopy as well as by X-ray (XRD) analysis. The one-unit-cell-height steps (1. 08 nm)
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and wide atomically flat terraces are clearly observed by STM. XRD analysis confirms epitaxial
growth of CCO with lattice parameter ¢c=1.08 nm on mismatched STO substrate.

Resistivity was measured by four-probe method in 10-400 K temperature regions. The low
resistivity, which is comparable to other value reported so far, is attributed to the high crystal
quality of the films. Temperature-dependent cross-plane thermal conductivity k(T) was measured
by means of the 3w method. The experimental results will be compared with the trends in thermal
conductivity due to phonon band gap formation.

Summarizing, a highly oriented MAD grown layered cobaltates films are suitable as p-
component of oxides based TE devices.

[I]M. Shikano and R. Funahashi, “Electrical and thermal properties of single-crystalline
(Cay,C003)07Co0; with a Ca3Co409 structure,” Appl. Phys. Lett., vol. 82, no. 12, pp. 1851-1853,
Mar. 2003.

[2]L. Wu, Q. Meng, C. Jooss, J.-C. Zheng, H. Inada, D. Su, Q. Li, and Y. Zhu, “Origin of Phonon
Glass—Electron Crystal Behavior in Thermoelectric Layered Cobaltate,” Adv. Funct. Mater., vol.
23, no. 46, pp. 5728-5736, Dec. 2013.

[3]A. Belenchuk, S. Hiihn, M. Jungbauer, M. Michelmann, O. Shapoval, E. Zasavitsky, V.
Moshnyaga Oxide Engineering Using Metalorganic Aerosol Deposition ICNBME-2013 April
18-20, 2013

PROPERTIES OF LEAD TELLURIDE CRYSTALS DOPED WITH Gd
A. Todosiciuc', A. Nicorici', E. Condrea', and J. Warchulska®
"Institute of Electronic Engineering and Nanotechnologies, 3/3 Academiei Street, Moldova
A.Todosiciuc@iieti.asm.md, anicorici@yahoo.com
’International Laboratory of High Magnetic Fields and Low Temperatures, Wroctaw, Poland
kw@ml.pan.wroc.pl

In recent years, the IV-VI semiconductors have been the object of considerable research due to
their applications in IR technique. It was shown that lead telluride - based compounds group III —
doped (In, Ga and TI) acquire essentially new properties such as level Fermi stabilization, high
photosensitivity at low temperatures, persistent photoconductivity, etc. It is well known that lead
telluride could be used in thermoelectric and optoelectronic applications. A high deviation from the
stoichiometric composition results in a high concentration of native defects. The concentration of
free carriers can be controlled by doping of PbTe with group III elements, in particular, doping with
In, Ga or TI. Doping of PbTe with Yb and Gd in a certain range, as well as with the above-
mentioned group III impurities, leads to Fermi level pinning in the valence and conduction bands,
respectively, in addition to a decrease in the concentration of native defects [1-4].

It was revealed that Gd-doped lead telluride compounds are of n-type and have improved
thermoelectric efficiency. Moreover, there is no direct relationship between the doping range and
concentration of the free carriers. This fact could be accounted for by Gadolinium mixed-valence
charge states in PbTe:Gd single crystals [6-7]. The electric conductivity o(1000/T) in PbTe:Gd
decreases with the increase of temperature. Temperature dependences of mobility in Fig. 2
demonstrate regularities g ~ T ~>? for PbTe:Gd and T > for undoped PbTe, which is somewhat
different from the standard law g ~ T ™ that characterizes the scattering of carriers to the acoustic
phonons. The samples are degenerated and electrically active Gd impurities show a pronounced
donor action in the PbTe crystals. An increase in the Gd impurity concentration leads to an increase
in the free electron concentration resulting in an increase in electric conductivity. But there is no
direct relationship between the concentration of Gd and free carrier concentrations in the PbTe:Gd
crystals. Magnetic susceptibility data show that the paramagnetic Gd impurities are present and
exhibit the standard Curie-Weiss dependence at low temperatures. The Curie constant values
calculated from the line slopes of inverse molar susceptibility were used to estimate charge states of
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the magnetic centers. We obtained the following values: C, = 0.11 and C,, = 0.38 for
PbTe:Gd<1%> and PbTe:Gd<2%>, respectively.
Table. Basic experimental parameters of PbTe: Gd

T=300K
PbTe Szfla fgfz

o, Ohm’em’” | ), 325 606

a, BV/K 451 253 2273

n, em*Vss | 931 1050 1392

n, em™ L3610 1 1851015 71 1g18

a’c, 10° 4.68 21 31.3

An effective magnetic momentum that does not correspond to the Gd* or G&** charge states was
derived. It means that there are Gd impurities in different charge states and that the ratio between
those charge states depends on the doping level. The basic experimental data are presented in the
table. The maximal concentration of Gd was selected to be 1 and 2 at %.
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DESPRE MECANISMELE STERILIZARII ATERMICE iN MEDIILE LICHIDE
Iurie Bosneaga, Mircea Bologa
Institute of Applied Physics, MOLDOVA, MD-2028, Str. Academiei, nr.5
E-mail: iubosneaga@gmail.com

Asigurarea securitatii microbiologice a produselor conservate la temperaturi joase reprezinta
o problema aparte: metodele termice (tradifionale) nu pot fi aplicate atdt din motivul consumului
energetic excesiv, cat si din cauza pierderii calitatii produselor. Pentru integritatea tehnologiilor de
conservare atermicd (promovate de noi) este extrem de importantd elaborarea metodelor
energoeficiente de sterilizare “la rece”, de rand cu metodele de deshidratare (conservare) la
temperaturi joase.

Din metode de sterilizare ,la rece” pot fi evidentiate: metoda radiatiei ionizante (prin
iradierea cu particule accelerate sau y-radiatie), sterilizarea ultrasonica, cu substante chimice active,
filtrarea sterilizanta prin filtre bacteriale fine, aplicarea presiunii hidrostatice inalte.

Trecerea In revistd analiticd a metodelor moderne de sterilizare a demonstrat, cd metodele
non-destructive (cu actiunea selectivd numai asupra microorganismelor) de sterilizare a produselor
alimentare lichide sunt putine la numar (doar metoda microfiltrarii prin filtre bacteriale si metoda
tratamentului cu presiune hidrostatici inaltd). In plus, ele sunt costisitoare, au o arie ingusta de
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aplicare §i nu garanteaza sterilitatea. Restul metodelor enumerate nu poseda selectivitatea - ele duc
la distrugerea - In egala masura - atat a microorganismelor, cat si a produsului in care vietuiesc.

In opinia noastrd, ciutarea alternativei reale fati de metodele actuale de pasteurizare
(sterilizare) trebuie sa se axeze in jurul metodelor electrofizice, dat fiind faptul cd fenomenele
electrice stau la baza constructiei si metabolismului a tuturor microorganismelor. Pe de altd parte,
metodele electrofizice, actionand selectiv numai asupra functionalitatii microorganismelor, ar putea
minimal sd schimbe componenta chimica a produselor (acest neajuns este caracteristic metodelor de
sterilizare ,,la rece” actualmente cel mai raspandite - celor chimice).

Se propune metoda de sterilizare (pasteurizare) “la rece” in volum a produselor lichide
(pastoase) care, in opinia noastra, poseda selectivitatea maxima fatd de microorganisme in starea
vegetald - aplicarea impulsurilor de tensiune inaltd pentru pasteurizarea produselor lichide. De notat

faptul, ca produsele lichide (pastoase) domina in nomenclatura produselor supuse conservarii.
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Fig.1. Distributia sarcinilor electrice in celuld supusa unei trepte de tensiune 1nalta si schema
electrica echivalenta

In rezultatul analizei proceselor fizico-chimice in celula supusa tratamentului in cAmpul
electric de tensiune Tnalta au fost stabilite si optimizate mecanismele actiunii sterilizatoare asupra
celulelor (v. Fig.1). Miza principala este actiunea selectiva asupra organului vital si vulnerabil a
oricdrui microorganism in stare vegetala - membrana celulara: impulsurile electrice de
amplitudinea, forma, durata si frecventa repetitiei optime asigura distrugerea (poratia) ireversibila a
membranei si, implicit, a microorganismului. Experientele microbiologice (efectuate cu sucurile
naturale) au confirmat efectul sterilizator al impulsurilor respectiv.

SOLUTIA MICROTERMOTEHNICA - CALEA SIGURA PENTRU PERFECTIONAREA
PROCESELOR DE SCHIMB DE CALDURA SI MASA
Iurie Bosneaga
Institutul de Fizica Aplicata, MOLDOVA, MD-2028, Str. Academiei, nr.5
E-mail: iubosneaga@gmail.com

Pe globul pamantesc peste 90% de energie cu potential Inalt (electricd plus mecanicd -
pentru transportare) se produce pe calea utilizarii a ciclurilor termodinamice. In rezultat, calitatea
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vietii civilizatiei este direct dependenta de calitatea (eficienta) realizarii proceselor de transfer de
caldura si masa, in special, de performantele schimbatoarelor de caldurd aplicate. Cea mai mica
imbunatatire in acest domeniu strategic este echivalentd cu efecte economice deloc neglijabile.

Evidentierea avantajelor solutiei microtermotehnice este scopul acestui material.

Sa analizam functionarea schimbatorului de céldurd de tip tubular care este aplicat in
majoritatea cazurilor (v. Fig.1). Cilindrul exterior (de diametru D) in Fig.1 ar putea sa fie stratul de
gheatd (sau condensat, depuneri, stratul limitd variabil etc.). Tubul are diametru d, se presupune
schimbul de caldurd convectiv pe exterior si in interiorul tubului, cu coeficientii, respectiv a si ay.
Pentru concretizare ne vom referi la procesului de crioconcentrare (cu formarea stratului de gheata
in crestere pe exteriorul tubului).

Descrierea analitica a problemei crioconcentrarii prevede rezolvarea problemei J.Stefan cu
granita de faze mobild. Problema J.Stefan “pland” (unidimensionald) se reduce la determinarea
distributiei de temperaturd u (x,t) si a legii miscarii suprafetei de separare a fazelor gheata-lichid &

surselor de caldura interne (qy = 0) - poartd denumirea ecuatiei Fourier):

2
clplaaitlzkl ‘Zx‘; cand 0 < x < &(t) (1)
Ou, O*uy 4
Capy —==k, cand &(t) <x <+w (2)
ot ox?
Conditiile univocitatii includ:
conditiile pe frontiera  u; (0,t) =u; =const<T, 3)
conditiile initiale u (x, 0)=u,=const>T, 4)
precum si conditiile la limita congelarii:
u=u, dacax= & 5)
si kK % =g —ky 6;1_; =g =P % (6)

Ultima conditie reprezinta legea conservarii energiei la granita separarii fazelor si poartd denumirea
conditiei J.Stefan.

in ecuatiile de mai sus c;, p1, k; §i ¢, p2, ko sunt respectiv capacitatile termice specifice
masice, densitatile si coeficientii de conductibilitate termica pentru gheata si lichid, A — caldura
latenta masica de topire a ghetii, T — temperatura de inghetare.

Rezolvarea analiticd a problemei J.Stefan este posibild doar in cele mai simple cazuri.
Luarea in calcul a dependentei coeficientilor fatd de temperatura sau a altor precizari complica
solutionarea problemei si inevitabil impune aplicarea metodelor numerice.

Din cele mai generale considerente reiese, ca pentru intensificarea procesului (in cazul dat
de crioconcentrare, dar nu numai) este indicata largirea suprafetei de contact al fazelor. Constructiv
aceasta ar insemna marirea numarului de tuburi congelatoare odatd cu micsorarea diametrului lor.
Vom demonstra ca de la o razd anumita (suficient de mica) apare un efect pozitiv netrivial.

Pentru optimizarea termotehnicd a constructiei crioconcentratorului este suficient de a
analiza transferul de caldurd la grosimea momentand (datd) a ghetii, substituind problema
nestationara complexa de mai sus cu una stationara si relativ usor rezolvabila analitic.
:a_zlzula_”JrLﬂJrﬂ:O (7)

ot ror r?opr o
In conditiile de simetrie axiala si independentei a temperaturii fatd de coordonata z din ecuatia de

2 2
mai sus vor disparea derivatele respective (S—Z =0si Z—Zl =0), aceasta simplificandu-se pana la o
[ zZ

Vv2y

ecuatie usor integrabila:

2
0”u +la_” =0 )
orr ror

Transferul de caldurd in cazul peretelui cilindric este convenabil de caracterizat prin marimi,
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raportate la unitate de lungime a tubului (densitatea liniara a fluxului termic q; (W/m), coeficientul

liniar de transmisie de caldurd k; (W/m'K) si rezistenta liniard de transmisie de caldura Ri=1/ kj).
Fie ca tubul congelator se raceste din interior prin fluxul de agent termic, coeficientul de

transfer de caldura fiind ay, iar schimbul de caldura la granita gheata-lichid se caracterizeaza prin

coeficientul integral de transfer de céldurd a (Fig. 1).

Se poate de demonstrat (integrand ecuatia (7) si aplicand ulterior legea Fourier) ca rezistenta liniara

sumard transmisiei de cdldura R |5 va fi:

1,1 lni+Lln2+L 9)

apdy 2k, d, 2k d aD

Este usor de observat, ca primii doi termeni nu depind de grosimea stratului de gheata D (sunt

constante) si au valori numerice mici (datoritd coeficientilor mari de transfer de caldurd oy si de

conductibilitate termica mare a tubului k).
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|

|
|
| Ri aheats
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Fig. 1. Rezistenta liniara pentru transmisie de caldurd in dependenta de grosimea stratului
(de gheata, etc.).

Din graficul pentru R |5 (prezentat in Fig.1) si din analiza matematica a functiei R 3y = f(D) reiese,
cd Ry are minimum la diametru Dy, = 2k;/a (fiindca la acest diametru ' (Dpin)=0, " (Dmin)>0
). Existenta acestui minimum inseamna ca in anumite conditii (anumite limite) cresterea stratului de
gheatd nu impiedica procesul de congelare, dar din contra, contribuie la intensificarea lui (datorita
efectului pozitiv de crestere sporita a suprafetei de contact intre faze, care domina efectul negativ de
crestere a grosimii ghetii). Intensificarea congelarii poate fi obtinuta, daca diametrul exterior al
tubului este suficient de mic, si anume d < D,,;,,. Dupa depasirea D, intensitatea congelarii oricum
scade odatd cu cresterea grosimii ghetii. Conventional drept limita functionarii “rentabile” a
congelatorului poate fi primit diametrul maximal al ghetii Dy, (v. Fig.1), la care rezistenta liniara
sumara atinge valoarea initiald. Generalizand, putem concluziona, ca micsorarea diametrului tubului
d este intotdeauna benefica din punctul de vedere al intensificarii procesului de congelare.
Constructiv, Tnsa, micsorarea diametrului are limite rezonabile. Sunt si anumite limitari in legatura
cu necesitatea organizarii transferului de caldura in interiorul tubului de diametrul mic.

Asadar, prin alegerea diametrului tubului d suficient de mic (d < D,,;,) putem obtine efectul
pozitiv adaugator de intensificare a schimbului de cadldurda - chiar si in conditiile de crestere a
stratului limita, a ghetii etc. Pentru orice material al tubului existd diametrul D,,;, (suficient de mic)
care asigura doar Tmbunatatirea transferului de caldura odata cu cresterea eventualei “rezistente” la
transmisie de caldurd (din cauza cresterii stratului limita, a ghetii etc.).

Trebuie de luat in vedere cd micsorarea diametrului tubului d - In unele cazuri - poate aduce
probleme in organizarea transferului de caldurd in interiorul tubului - excesiv de mic. (Aceasta,
insd, mai putin se referd la cazul important al reactoarelor nucleare, in care combustibilul nuclear nu
se afla in migcare fiind “sigilat” in tuburi de zirconiu).

Este important ca calea microtermotehnicii asigurad un efect pozitiv dublu - datorita largirii
suprafetelor de contact al fazelor si “efectului diametrului suficient de mic D,,;,” descris mai sus.
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De notat faptul ca din considerente constructive microtermotehnica este mai agreabild in sensul
aplicarii cAmpurilor electrice si magnetice pentru intensificarea proceselor de transfer in comparatie
cu termotehnica “traditionald”. Din mai multe cauze, cel mai mare efect la aplicarea solutiei
microtermotehnice poate fi obtinut in cazul reactoarelor nucleare. In special, pentru reactorul cu apa
grea (PHWR) in plus se realizeazd si un grad mai Inalt de securizare - datorita imbunatatirii
transferului de caldura in cazul eventualei reduceri a debitului agentului de racire (a apei “grele”).

ELECTROPHYSICAL WHEY PROCESSING WITH THE EXTRACTION
OF LACTIC ACID
I. I. Vutcariova
Institute of Applied Physics, 5 Academiei Str., Kishinev, MD-2028, Moldova
E-mail: irinavutkareva@yahoo.com

The dairy industry waste is getting more attention from the scientists may be considered as a
resource of high added value products, such as lactic acid, lactulose, ethanol [1].

Aim to research — development of a novel, wasteless technique for electrophysical processing
of secondary milk products, whey being among them. Working out the direction, combining
fermentation of the lactic whey and electrophoretic removing of the formed acid, ensuring a high
degree of lactose utilization and pure lactic acid production.

The main technological processes of the lactic acid production from whey comprise partial
deproteinization of whey, its fermentation by lactic acid bacteria L acidophilus, then separation
with the following filtration, and concentration in the electrolyzer with a diaphragm.

For the extraction to be optimal to use should be made of an ionselective membrane MK-40.
An experimental prototype of electrolyzer was developed for treatment of process liquids in
laboratory conditions, which made it possible modifications of construction, that substitution of
membrane and anodic liquid, along with the ruling out non-functional areas of the electrolyzer.

The increasing of ferment quantity, introducing into the whey, promotes also the acid storage
process intensification, permitting to decrease fermentation time to 24-36 hours at constant
temperature 37°C.

As a result of research found methods for investigations of the process of
electroconcentration, for measuring electrical and thermal parameters, for determining physico-
chemical and biochemical parameters, optimization of the technological process in the electrolyzer
with a diaphragm. Analysis of the initial and fermented whey at various stages of fermentation and
electric treatment was carried out by nuclear magnetic resonance.

So according to the lactic acid quality indexes it may be concluded that the lactic acid
preparation obtained by electrocontact method has good quality.

Identification and isolation of natural products (lactic acid) from whey, as well as their
chemical modification can be used to obtain valuable natural compounds from food industry waste.

The perspective for solving the problems of utilization of lactose and ecology is method of
fermentative hydrolysis and electrophisical removing of lactic acid.

[1] M.V. Zalashko. Biotechnology of the milk serum reprocessing, Agropromizdat, Moscow, 1990,
p. 190.
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FACTOR THAT INFLUENCE TRANSPIRATION IN PLANTS
THE STUDY OF TRANSPIRATION INFLUENCE FACTORS IN PLANTS
Dimitriu Eugeniul, Vizitiv Gleb', Calancea Laurentiu',Evtodiev Silvia®, Evtodiev Ig0r3, Luchian Efimia’
! Liceul Teoretic ,, Orizont” Durlesti, str. Dimo, 22/1, or. Durlesti, Chisindu, Republica Moldova

2IM. , Didact Vega” S.R.L., bd. Stefan cel Mare si Sfint, 200, MD-2004, Chisinau, Republica
Moldova

7 Laboratorul de cercetare stiintifica ,, Fotonica si Metrologie Fizicd”/Facultatea de Fizica si

Inginerie, Universitatea de Stat din Moldova, A. Mateevici, 60, MD-2009, Chisinau, Republica
Moldova

In this article the impact of environmental quality indexes, the meteorological and
optical phenomena on the growth, distress and recovery rate of the test plants are investigated.
It was examined the mechanism of photosynthesis and transpiration in the chlorophyll parts of
plants, under normal conditions, changed temperature, the influence of wind, of
macronutrients and in conditions without light. It was monitored the dynamics of the
absorption-transpiration process of test plants after having been exposed to different
conditions. The radiation and light specifically speed up transpiration by warming the leaf and
opening the stomata. The macronutrients are substances, which consumed in pretty high quantities
affect positively the plants growth, and thus, photosynthesis. The temperature increase is a key
factor in raising the water absorption rate of the plant, as is causes transpiration, which triggers
water loss. Wind increases the rate of transpiration by carrying away the air near the stomata.

The experimental investigations with regard to the impact of the environmental factors on
the transpiration phenomena that commonly happen to the plants, that is the amount of water lost as
water vapors from the leaf tissues in the plants ambient air are presented.

Absorption. The efficiency of water absorption depends upon the extent of root branching
and the total surface area of the absorptive structures of root hairs. The ramification of the root
system and rapid growth of thousands of root tips is essential. In spite of its extensive branches and
length, the actual region used for absorption of water is restricted to the terminal region of the roots.
However, the leaves have the biggest role of all the plants organs in the water consumption. This is
because they don’t just absorb water, they influence it’s rate by such processes like: photosynthesis
and transpiration, which greatly increase the water uptake.This makes the leaves and the root
system almost equally important, their importance varying only in specific cases [2].

Transpiration. Transpiration is a process where water is lost as vapor from leaves and other
aerial parts of the plant. Water is lost through the opening of the stomata. Furthermore, the opening
and closing of the stomata regulates the rate of transpiration in a plant.Water that is lost by
transpiration is replaced by water absorption. More than 90% of the water taken in by the roots is
lost by transpiration, showing how only 10% of the water is actually used by the plant for
photosynthesis [2].

Due to the differences in the structure of the plants tissues and to the physiological
processes, the rate of plant transpiration significantly differs from one to another. As a matter of
fact, several factors affect the rate of transpiration, such as:

1. The pressure should be lowered

The roots should be longer

The water should cover the roots totally

Wind should be blowing to increase transpiration

Macronutrients should be used, they would increase the rate of photosynthesis

. Temperature should be raised to increase transpiration, and by this, increase water
absorption

7. The PH should be neutral, or at least extremely low basic PH

SIS
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8. Blue radiations should also increase
transpiration
9. Decreased humidity

10. Also, the plant should be covered by light

In Figure 1, the bloc diagram of the installation
called "POTMETER" is presented. "POTMETER" is
the laboratory apparatus used for usually measuring the
rate plants transpiration, recording the amount of water L J__| /

consumed by the plant in a definite period of time. In A
the experiment, "POTMETER", is used to prove the
impact of these factors on the rate of transpiration of
test plant.

POTMETER" consists of a "water reservoir A", made
of a capillary connected to a H-shaped glass tub, a
funnel with tap and a graded measuring capillary tube - B which is connected to the water reservoir
through a rubber stopper. The test plant is connected to the water reservoir through another rubber
stopper.

EXPERIMENT METHODOLOGY USING THE POTMETRUL

Experiment

1 General instruction

The following experiments measure the rates of transpiration based on different factors.
Experimentally, data are collected from measuring the amount of water drawn in the graded
measuring capillary tube - B by the transpiration driving forces.

2 Preparatory steps prior to making any experiment

2.1 Fix the graded measuring capillary tube - B in the rubber stopper of the water reservoir A as
indicated in the above picture.

2.2 Through the funnel tap of the potmeter water reservoir A, the graded measuring capillary tube -
B is fully filled each time with the liquid used.

2.3 The test plant was grown in a pot. The test plant was cut 1 cm above the ground level of the pot.
Then the cut plant was fixed in the rubber stopper hole of water tank of the ,,Potmeter”. We ensured
that the cut part of the plant is introduced in the liquid of the tank. We didn’t change the plant
during the experiment.

2.4 To avoid the leak/drain, it was used a special grease lubricators to greased the graded measuring
capillary tube end of the rubber plug, the plant stem from the rubber stopper and the rubber stoppers
from the upper ends of the vertical tubes. We ensured that the device/machine was working
properly.

EXPERIMENTAL INVESTIGATION USING THE ,,POTMETER”

Experiment I: The effect of the light on the speed of transpiration

I-1 The two stoppers were removed and the tap was opened. Then, we put water in the potmeter to
fulfill the shorter vertical tube cap and inserted there the stopper where is installed the graded
measuring capillary tube - B. After that, we continued adding water through the other vertical tube
of the potmeter to fill it and introduced there the stopper with the test plant. Then, we closed the tap
and fulfilled the funnel of the potmeter. After that, we opened slowly the tap and completely
fulfilled the graded measuring capillary tube - B and closed the tap. We ensured that there are no air
bubbles in the whole system of the potmeter.

I-2 The system was left for some time to acclimatize. Afterwards, the following notes were taken:
the division at the initial moment (zero), the changes in water column length from the graded
measuring capillary tube - B. Under the light condition in the room it was written the length (mm)
of the variable column of liquid (L) from the graded measuring capillary tube after some time of
watering/transpiration process. The data were exposed in the graphic.

I-3 Similarly, after we have filled with water the measurement graded measuring capillary tube - B,
in the absence of light (the test plant is covered with a black box), we wrote the length of the

Figure 1The bloc diagram of the installation
called "POTMETER"
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variable column of liquid (L) from the graded measuring capillary tube after some time of
watering/transpiration process. The data were exposed in the graphic.
Experiment I1: The effect of the macronutrients on the speed of transpiration

II-1

11-2

I1-3

11-4

Prior to start the experiment a living substrate for the transpiration of the tested plants has to be
introduced to the potmeter. To achieve this water contained in the potmeter was removed.
According to the methodology used in the experiment, the reservoir of the potmeter was fulfilled
with water solution containing macronutrients. The cut test plant was placed again in the liquid
solution in the reservoir.

By opening the tap the capillary tube- B was completely fulfilled with water with
macronutrients. We assured that there were no air bubbles in the whole potmeter system in order
to avoid difficulties on observation of the experiment.

Under the conditions of normal (room) illumination the measurement on distance (mm) of the
variable column of solution (L), located in the graded capillary tube B is measured after some
time of the transpiration process. The graph on dependency between L (in mm) in function of
time — t (in minutes) was created based on the use of experimental data.

On the base of the graphs obtained in case I-2 and those obtained in this experiment we made a
conclusion referring to the effects/impacts of the environmental conditions of the planet on the

intensity of the transpiration processes.
Things we need to consider when doing the experiment

First of all, when using high concentrated amounts of fertilizers or dangerous substances for
the plants (such as acids, bases, and other toxic substances) we can destroy some body parts of the
plants, and thus, decrease the rate of water absorption.

Also, we considered the fact that when preparing the fertilizers, we must take good care of
the proportions of the micronutrients and macronutrients, as we know the micronutrients are needed
in very small quantities, and macronutrients vice-versa.

Experiment I11: The effect of the temperature on the speed of transpiration

III-1 Prior to start the experiment a living substrate for the transpiration of the tested plants
has to be introduced to the potmeter. To achieve this water contained in the potmeter was removed.
According to the methodology used in the experimentthe reservoir of the potmeter was fulfilled
with water. The cut test plant was placed again in the liquid solution in the reservoir.

II1-2 By opening the tap the capillary tube- B was completely fulfilled with water. We
assured that there were no air bubbles in the whole potmeter system in order to avoid difficulties on
observation of the experiment.

III-3 Under the conditions of normal (room) illumination and increased temperature the
measurement on distance (mm) of the variable column of solution (L), located in the graded
capillary tube Bis measured after some time of the transpiration process. The graph on dependency
between L (in mm) in function of time — t (in minutes) was created based on the use of experimental
data.

I11-4 On the base of the graphs obtained in case -2 and those obtained in this experiment we
made a conclusion referring to the effects/impacts of the environmental conditions of the planet on
the intensity of the transpiration processes.

Experiment IV: The effect of the Wind on the speed of transpiration

IV-1 This experiment is a continuation of the experiment I. It was used the fan as wind.
First, it was taken the black box from the test plant. Then, the fan was plugged at 12 V. The fan was
put at a distance of approximately 50 cm from the test plant from the potmeter, so that the airflow
was directed towards the leaves. The same as in the previous experiment, the funnel tap was slowly
opened until the graded measuring capillary tube - B was completely filled. We ensured that there
are no air bubbles in the whole system of potmeter.

IV-2 Under the effect of the wind produced by the fan and the light from the room, we wrote
the length of the variable column of liquid (L) from the graded capillary tube after some time of
watering/transpiration process. The data were exposed in the graphic.

EXPERIMENT RESULTS AND DISCUSSIONS
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1. The following data are observed in the experiment on transpiration.
Time  Position of the water ~ Distance of the fluctuation of
(minute) level in the capillary  the surface of the water level

tube (mm) in the capillary tube (mm)
t=0 10

tl 11 L1=11-10

t2 12 L2=12-10

t3 13 L3=13-10
2. Taking into account interior diameter d (mm) of the capillary tube the volume of water
captured by plant in the interval from t2 and t3 will be 0,25 nd2 (L3-L2)
3. Considering that movement of the water column in the capillary tube was linear reporting to

the time of transpiration, the speed of plant transpiration, calculated on the base of data obtained

from the above postulate are0,25 7w’ (L3-Lo)/( ts-t5)
4, Experiment- I

P
Normal Without sunlight

Change of the value of the tube helght, cm

Change of the value of the tube height, cm

Figure 2Tube height decrease graphic on time: withlight (left) and without light (right)

The radiation and light specifically speed up transpiration by warming the leaf and opening
the stomata. The warming of the leaf leads to transpiration because water is needed to cool the leaf
so that it doesn't dry out. Also the water is necessary to maintain the shape and hydrostatic pressure
of the plant’s cells.

In addition, light triggers the activity of ATP-powered proton pumps in the plasma
membrane of guard cells. This triggers the active transport of potassium into the cell.

5. Experiment-I1
Tube height decrease graphic on time (macronutrients’ effect)

With macronutrients

change of the valus of the tube helght, cm

Figure 3
We found which substances can help us increase the rate of water absorption.First of all,
absorption is increased, when the plant keeps photosynthesizing and when it keeps transpiration.
These are the phenomena which we try to catalyze.The macronutrients are substances, which
consumed in pretty high quantities affect positively the plants growth, and thus, photosynthesis.
Here are the plant’s macronutrients: C, O, H derived from air, and P, K, N, S, Ca, Mg, Si form
soil.We used solutions of substances which contain these elements to increase water absorption.
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6. Experiment-I11
Tube height decrease graphic on time (temperature’s effect)

With increse in temparatura

Change of the value of the tube height, om

Time, howrs
Figure 4

The temperature increase is a key factor in raising the water absorption rate of the plant, as it
causes transpiration, which triggers water loss. High temperature increases the rate of evaporation
of water from the spongy cells, and reduces air humidity, so transpiration increases.

As temperature increases, the rate of evapotranspiration increases. Evaporation increases
because there is a higher amount of energy available to convert the liquid water to water
vapor. Transpiration increases because at warmer temperatures plants open up their stomata and
release more water vapor.

7. Experiment-1V

With ventilation

change of the value af the tube helght, cm

Figure 5
Wind catalyzes water absorption because it causes transpiration. It increases the rate of
transpiration because humid air near the stomata is carried away.
Wind speed — If the air is moving, the rate of evaporation will increase. The wind will also
clear the air of any humidity produced by the plant’s transpiration, so the plant will increase its rate
of transpiration.

CONCLUSIONS

The experiment data confirmed that those A
factors really catalyzed the plant’s water absorption, = |
but we also should not forget about other factors,
which would theoretically also increase water
absorption; those are the atmospheric pressure, the
root length and other types of radiation then visible
light.Other factors, which may possibly increase the
rate of water absorption is sound, as some experiments
proved. The most important factors which -l . . .
influence water uptake are the roots, as organs, the e ewtom
leaves, and the temperature, macronutrients, sunlight, e —
ventilation. Figure 6

Factors comparison

Change of the value of the tube height, cm
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From the graph we can see that macronutrients and temperature increase the level of
transpiration at a same level in first 3 hours, after what we can observe that macronutrients path take
a look like the path at normal conditions, from which we can conclude that the plant is saturated in
P,K, N, S, Ca, Mg, S.
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REFERINTE LA DEPENDENTA COEFICIENTULUI DE MOBILITATE
A IONILOR DE PRESIUNE LA DESCARCAREA CORONA
Teodor Grosu, Mircea Bologa, Oleg Motorin
Institutul de Fizica Aplicatd ASM,
str. Academiei, 5, Chiginau, MD-2028, Republica Moldova, e-mail: mbologa@phys.asm.md

Caracteristica ampervoltaica (CAV) la descarcarea electrica in gaze gen ‘“corond” are
aspectul:

I1=A4AUU-U,), (1)
unde / — este intensitatea curentului; U — tensiunea; U, — tensiunea critica de aparitie a descarcarii.
Coeficientul de proportionalitate A4 este direct proportional, la randul sdu, cu coeficientul de
mobilitate k£ a ionilor de semnul electric al coronei, adicd 4 ~ k. De aici rezultd ca prin cunoasterea
CAV, deci, si al parametrului 4, putem determina coeficientul de mobilitate a ionilor, dar si
dependenta lui de presiune. Asupra parametrului 4 influenteaza si permitivitatea dielectrica, care in
continuare va fi considerata constanta.

Referitor la dependenta mobilitatii electrice a ionilor de presiune 4 ~ k(p), conform
conceptiilor clasice, pentru temperaturi moderate ea, de reguld, este invers proportionala

A~k~1/l7:>k=(ko'Po)/p=ko/P*, 2)
unde indicele «0» Insemna “la presiune si conditii normale” si s-a introdus notatia
P.=p/p,. (3)

X 1DI'3

Fig. 1. Dependenta parametrului 4 de presiune p: puncte — date experimentale;linie — calcul dupa formula (4).
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Dependenta (2) a fost verificatd in baza datelor experimentale. In Fig. 1 este prezentati linia de
regresie trasatd conform datelor experimentale pentru heliu, avand aspectul urméatoarei relatii (7" =
293°C):
A=0,0056/p. (4)

Dupa cum se vede, deja formula cea mai simpla de dependenta hiperbolica (4) satisfacator reflecta
datele experimentale.

Pentru azot dependenta A(p) posedd minimum (natura ciruia nu e cunoscutd) ceea ce
demonstreaza Fig. 2a. Ecuatia de regresie polinomiala are aspectul de parabola patratica:

A(p) = 0,6724 p” - 0,6559 p + 0,1926, (5)
ceea ce diferd de hiperbola. La prima vedere, parametrul 4, deci si &, nu se determind printr-o unica
dependentd matematica. Deoarece, cea clasica (4) este hiperbolica e de asteptat, ca si cea a azotului,
sa fie hiperbolica,ceea ce si se confirma. Cu mult mai adecvatad decat dependenta parabolica s-a
dovedit a fi cea hiperbolica cu aspectul unui polinom de gradul doi raportat la altul de gradul intai:

A(p)=P,(p)/R(p)=(a-p*+b-p+c)/(d-p+e), (6)

0.055

A mAkV?

0.045

0.04

0.035

0.4 0.45 0.5 0.55 0.6 0.65 0.7
P, MPa

Fig. 2a. Dependenta parametrului 4 de presiune p (conform legii parabolice):
puncte — date experimentale; linie — calcul prin formula (5).

ce prezintd o hiperbola de tip mai general (cazul (6): a = b = e = 0). Pentru cazul azotului N, din (6)
obtinem urmatoarea ecuatie de regresie (7'=293°C):

0.06

2

e
=1
&
&

A mAkV

0.035

I
0.4 0.45 0.5 0.55 0.6 0.65 P MPa 0.7

Fig. 2b. Dependenta parametrului 4 de presiune p (conform legii hiperbolice):puncte — date experimentale; linie —
calcul prin formula (7).



Conferinta Fizicienilor din Moldova, 22-25 octombrie 2014 79

in cazul heliului la fel in loc de hiperbola de cea mai simpla forma (4) poate fi obtinuta alta,

mai generald, de tip (6). O astfel de abordare a problemei conduce la o formuld mai complicata, dar
considerabil mai exacta decéat (4):

A=(-5,286-10"p —0,0001091p +0,005864)/(p +0,01193). (®)

Toate acestea demonstreaza ca cea mai adecvatd dependenta a parametrului 4 de presiune,
deci si a coeficientului £ de mobilitate a ionilor, este cea hiperbolica de tip general (6).

Consideratiile aduse poartd un caracter principial, deoarece se refera atat la continuitatea
unui proces fizic, cat si la continuitatea matematica la trecerea de la un gen de dependenta la altul.
Lucrarea este efectuatd in cadrul proiectului bilateral Nr. 13.820.15.09/GA, «Institutul de Fizica
Aplicata ASM — Institutul Tehnologic Karlsruhe, Germania, 2013 — 2014 2.».

ASPECTE ELECTROTEHNOLOGICE
LA TRATAREA PRODUSELOR LACTATE SECUNDARE
Elvira Vrabie, Mircea Bologa
Institutul de Fizica Aplicatda ASM,
str. Academiei, 5, Chiginau, MD-2028, Republica Moldova, e-mail: mbologa@phys.asm.md

Procesarea produselor lactate secundare prezintd o necesitate vitala si primordiala, dictata in
primul rand de continutul valoros, ce nu se mentine in produsele lactate primare si de aspectul
ecologic, pe de alta parte, fiind conditionat de gradul major de poluare a mediului ambiant.

Laptele degresat, zara si zerul sunt atribuite la produsele lactate secundare cu proprietati
biologice valoroase, care necesita utilizarea completa si rationala. Continutul solid al fiecarui tip de
produs lactat secundar difera, insa Tn mare parte constituie 50-70% din cel al laptelui initial si este
de 7-8%. In zer din lapte trece aproape toatd lactoza — 70%, cele mai pretioase fractii proteice 14%
— proteinele serice (lactalbuminele, lactoglobulinele, imunoglobulinele), care nu sunt retinute in
produsele lactate primare, concentratia substantelor saline (9%) este asemanatoare cu cea a laptelui
integral, laptele degresat fiind o sursa importanta de potasiu si calciu pentru alimentatie, precum si o
serie de macroelemente, microelemente si vitamine.

Progresele atinse in cercetare au facut posibilad reevaluarea valorii nutritive a acestor produse
secundare, care, adesea, nu a fost apreciatd adecvat. Procedeele tehnologice moderne,
neconventionale, au permis o separare mai riguroasd si eficientd a componentelor produselor
secundare si, in consecintd, o mai buna prelucrare, conservare si prezentare a lor. Preocuparile
recente sunt directionate spre perfectionarea procedeelor de obtinere a proteinelor cu un grad redus
de denaturare si intr-o formd cat mai purd. De asemenea, se constatd sporirea interesului
consumatorilor fatd de produsele lactate cu un continut redus de lipide i, In consecintd, cu o valoare
energetica redusa, in care proteinele §i lactoza din lapte sunt componentele de baza. Exista
numeroase produse alimentare obtinute din substanta uscatd nelipidicd a produselor secundare ale
laptelui si din grasimi vegetale, destinate unei alimentatii dietetice sau speciale.

Problema argumentarii directiei de utilizare a produselor lactate secundare in anumite cazuri
este determinatd de mai multi factori, cum ar fi costul si volumul de producere, cheltuielile pentru
prelucrare; estimarea eficacitatii economice a produsului si a termenului de rascumparare; utilizarea
produsului, securitatea ecologica a tehnologiei; accesibilitatea procurarii utilajului, materiei prime,

Procesarea elctrofizicd a produselor lactate secundare are ca obiectiv principal elaborarea
tehnologiei non-reziduale de procesare ce va permite fractionarea lor: obtinerea concentratelor
proteice minerale cu continut proteic i mineral predeterminat si izomerizararea simultana a lactozei
in lactuloza in instalatii cu functionare in regim continuu si consum redus de energie. Facilitatea
procesarii electrofizice se evidentiaza prin faptul cd acest procedeu permite nu numai extragerea
predeterminata a proteinelor serice si combinarea lor gestionatd cu mineralele, dar si izomerizarea
simultana a lactozei in lactuloza, care datoritd actiunii curentului electric i a prezentei multor
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substante minore permit transformarea glucidului principal din lapte — lactoza, in glucidul benefic
pentru bifidoflora organismului uman — lactuloza.

Procesarea electrofizica este un procedeu complex si conditionat de mai multi factori.
Scopul principal al procesérii electrofizice este motivat de necesitatea extragerii fractiilor proteice
cat mai pure, fara utilizarea reagentilor chimici si a temperaturilor ridicate cu valorificarea tuturor
fractiilor pretioase din produse lactate secundare. Densitatea curentului electric este parametrul de
baza, ce se mentine constant si se stabileste corelatia intre valoarea ei si gradul de extragere a
proteinelor serice in concentratele proteice minerale.

Multitudinea parametrilor variabili si a celor determinati dupa tratare a electrotehnologiei
propuse (tensiunea curentului electric, temperatura; aciditatea activa a mediului studiat imediat dupa
procesare §i pe durata de stocare; gradul de extragere a proteinelor; gradul de extragere a
substantelor saline; gradul de izomerizare a lactozei in lactulozd; determinarea calitativa si
cantitativa a proteinelor; gradul de extragere a aminoacizilor; continutul lipidelor si a produselor de
oxidare) si stabilirea parametrilor constructivi/geometrici ai electrolizorului propus prin gestionarea
parametrilor de intensificare preventiva si a modului de refulare a lichidului de lucru ,la fel ca si a
celui secundar si compozitia lui permit: stabilirea regimurilor optime ale electrotehnologiei propuse
pentru extragerea concentratelor proteice minerale cu continut reglamentat de proteine, aminoacizi
si minerale; excluderea denaturarii termice a proteinelor extrase in concentrate; izomerizarea
simultana si sporitd a lactozei 1n lactuloza; identificarea fenomenului de activare electrochimica prin
studierea si explicarea starilor metastabile pe parcursul si dupd finisarea procesului si a
mecanismelor ce influenteaza procesul de extragere a proteinelor serice In concentrate la procesarea
electrofizica; elaborarea cicluilui non-rezidual de tratare electrofizica a produselor lactate secundare
la temperaturi joase si consum redus de energie.

Produsele finale pot fi cu succes utilizate in industria farmaceutica si alimentara in calitate
de adaosuri biologic active, aditivi alimentari si dietetici.

VARIATII ALE UNOR PARAMETRI AI IONOSFEREI
Valeriu ABRAMCIUC
Universitatea de Stat “Alecu Russo” din Balti
Facultatea de Stiinte Reale, Economice si ale Mediului
valeriuabramciuc@gmail.com

Abstract. In this paper is presented the temporal variations, filtered, of some fields at
ionospheric altitudes, during the crepuscular periods, near the winter solstice, for the middle
geomagnetic latitudes: a) probability PEg of formation sporadic E irregularities in the ionosphere; b)
probability PF of F-spread phenomena; c) critical frequency (mean) foF2,eq layer F2.

Ionosfera reprezinta un ecran activ pe care se proiecteaza rezultatele actiunilor din partea de
jos (litosfera si atmosfera), din partea de sus (magnitosfera, soarele, spatiul cosmic) si din interiorul
acesteia. Consecintele acestor actiuni, care sunt extrem de diverse (functie de intensitate, mod de
propagare, forma, durata, timp s. a.), se manifesta prin perturbarea desfasurarii temporale a valorilor
medii ale diferitelor cAmpuri — de concentratii a particulelor neutre si/sau incarcate electric, de
radiatii luminoase 1n diferite domenii ale spectrului, electrice, magnetice, termice, gravitationale,
dinamice (de viteze si acceleratii, liniare si unghiulare) si altele.

Folosind echipamente si tehnici speciale, se inregistreaza, direct sau indirect, perturbatiile
campurilor, iar interpretarea acestora scoate in evidentd procesele fizice, chimice, optice, etc. si
mecanismele de transmitere a semnalelor dintr-o regiune in alta/altele.

In figura sunt prezentate variatiile temporale, filtrate, ale unor cAmpuri de la altitudinile
ionosferei, In perioade crepusculare, In apropierea solstitfiului de iarnd, pentru latitudini
geomagnetice medii:

» probabilitatea PEs de formare in regiunea E a ionosferei a neomogenitatilor sporadice (linie
continua);
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> probabilitatea Pr.gpreaq  aparitiei
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The main purpose of this article is to explain and show how to effectively measure the
electro-conductivity of water and use the theoretical knowledge to explain the principle of salts
dissociation.

As long as water is one of the most crucial compounds for human beings, all our activities
depend on the water quality. We already know that not all the water is “healthy”, it's quality really
depends on the amount of salts that it contains. Big amounts of salt in water can generate a harmful
disease and also lack of salts can do the same , here an obvious conclusion appears water salinity
must fit a well defined interval, so that is can be called “potable”.

In our article we answer questions like “why water is salted? ”and* how can we measure its
amount of salts?”. Also we present some theoretical principles which completely describe all
physical phenomenon including water resistivity and electricity flow through water.

At first we must realize that water is salted because of amount of salt dissolved in it. We
can't measure directly them as of the salts, so we apply a physical method which determines
electro-conductivity of water, and then converts it in the amount of salt. Electro-conductivity of
water depends on the concentration of cations and anions. Electrical stream is nothing else than a
lot of electrons moving. While moving, they meet some obstacles, and in order to measure how
powerful electrons are being stopped, we measure Resistivity. But Conductivity is the inverse of
Resistivity, and if we want to measure the Resistivity of a water solution we put 2 metal plates In
water , and pass some electricity between them, while electricity passes, we measure the Resistance,

and in order to determine Conductivity of the solution we apply the formula:
11

p RS

Where R-resistance measured like U/L,S —over lapping plates area, /-distance between plates.
Conductivity of pure water is very small, because electrons pass very hard through the

molecules of H,O, but every thing changes when we put some salts in the solution. Different anions

and cations like: Na', K', SO, immediately appear. The electrons can easily pass through the ions,

and it’s logical that when ions persist, conductivity essentially grows. ~ The conductivity also

depends on the amount of ions which are dissolved and their nature. Different ions have different

conductivities.

Tablel Limiting ion conductivity in water at 298K
Cations 1" mSm’mol’  Anions 2.mSm’mol’

H 34.96 OH 19.91
Li 3.869 CI 7.634
Na" 5.011 Br 7.84
K" 7.350 I 7.68
Mg 10.612 SO, 15.96
Ca’ 11.900 NO* 7.14

By looking at this table, you would think that it doesn’t seem logical, as the H' cations and
the OHanions have the highest values. But wes hould not forget the fact that the number of
dissolved anions and cations make a big difference. To understand the principle of ion
dissociation,we have to understand what a Dissociation constant is.

In chemistry and biochemistry a dissociation constant is a specific type of equilibrium
constant that measures the propensity of a larger object to separate (dissociate) reversibly into
smaller components, as when a complex falls a part in to its component molecules, or when a salt
splits up into its components, ions. The dissociation constant is the inverse of the association
constant. In the special case of salts, the dissociation constant can also be called ionization constant.

For a general reaction

A:B,=xA +B (D)
In which a complex breaks down in to xA subunits and yB subunits, the dissociation constant is

defined
_ [a*x([B]Y
Kd - [AxBy] (2)

Where [A], [B], and [A«B,] are the concentrations of A, B, and the complex A, By, respectively [1].
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The dissociation constant of water. As a frequently used special case, the dissociation
constant of water is often expressed as K,. The concentration of water is not included in the
definition of K,,. The value of K, varies with temperature, as shown in the table below. This
variation must be taken into account when making precise measurements of quantities such as pH.

Table 2 The dissociation constant of water
at different temperatures [1]
Water temperature, K, /10 pK,,

°C
0 0,1 14,92
25 1,2 13,92
50 8,0 13,10
70 21,2 12,67
90 53 12,28
100 73 12,14
Table 3 The common conductivities
Source Conductivity, pS
/em
Black Sea 45600
Dead Sea 228000
Baltic Sea at Neva 4580
estuary
Lake Baikal 125
Peatbog lake 10

So now we understand how water salinity is linked to water resistivity. The main purpose of
is to measure experimentally the electrical resistivity. Here we represent the way we did that
experiment, using Pasco and metal plates. After measuring the resistivity we can easily decide if the
water is considered well enough for human use.

Experiment: How to determine electroconductivity of different samples of water?

P
Figure 2 Electrical Circuit. Figure 3 Image of the used cell.
In this experiment we analysed 3 types of water: Distilled water, Tap water and Mineral
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water. We made the experiment with two plates, and calculated electro-conductivity of water by the
formula
Table 4 Experimental values for different water types measured conductivity [1]

Water type Conductivity,
uS/em
Distilled water 6,1
Tap water 378,5
Mineral water 102,0

Conclusions:

Some different types of water have different conductivity, because a different amount of
different salts are dissolved in water. In our country, Moldova, water has a very high amount of
COj; and HCOs  ions, however a very small amount of I-(iodine) ions. This method of water salinity
determination is a basic process in food industry, so that's why knowing the secrets really helps
people to avoid wrong statements.
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ATMOSPHERE AND SOLAR RADIATION MONITORING AT THE IAP GROUND-
BASED STATION, KISHINEV(MOLDOVA)
A. Aculinin, V. Smicov
Atmospheric Research Group (ARG), Institute of Applied Physics(IAP), 5 Academiei Str., Kishinev,
MD-2028, Moldova, phone: 738187, fax: 738149, e-mail: akulinin@phys.asm.md

Results of long-term measurements of aerosol optical and microphysical properties, total
ozone content (TOC) in column of atmosphere, and solar radiation at the IAP’s ground-based solar
radiation monitoring station for the period of observations from 2004 to 2013 are presented. In 2003
IAP’s  ground-based station  (47.0013°N,

28.8156°E; 205 m a.s.l.) was created and N_E, R A (200 3000 Py and UV

registered in the Global Atmosphere Watch € 554 erythemal 260 nm-315 nm) radiation 1
Station Information System (GAW SIS) as a % s perid 2a0d20T i ]
Regional fixed station in WMO RA VI-Europe é e QMQM/ \ o~ \ ]
(http://gaw.empa.ch/gawsis/ reports.asp? & | |
StationID=-739518802 ). Since 1999 . T T
observations of aerosol characteristics have 2 104 1
being carried out within the international § . ] //\/\//\ ]
Aerosol Robotic Network (AERONET) project g ]
managed by NASA/GSFC  _5°°1 1
(http://aeronet,gsfc_nasa,gov/new_web/ph()to_d > 2003 20|04 20|05 20I06 20107 20‘08 20Iog 20110 20l11 20|12 20I13 2014

Year

b/Moldova.html ). Solar radiation and TOC  Figure 1. Time-series of global solar (200nm-
data are submitted on regular basis to the  3000nm) and ultraviolet erythemal UVy (280 nm-
World Radiation Data Center (WRDC) and 315 nm) radiation measured at the ground-based
World Ozone and Ultraviolet Radiation  station placed at the IAP ASM.

Data Centre (WOUDC) within Global

Atmosphere Watch (GAW) programme, WMO since 2003.

The IAP’s ground-based station was also registered at these Data Centers as continuously operating
solar monitoring station at the territory of Moldova. Yearly totals of global broadband solar
radiation (200 nm - 3000 nm) and UV, erythemal (280 nm- 315 nm) radiation onto the horizontal
plane for the period of observations from 2004 to 2013 are shown on Fig. 1. Multiyear mean values
of yearly totals of the solar and erythemal radiation are <Qg>wmy =4.728 GJ m? (1313.34 kWh m'z)
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and <Quvery>my = 0.959 MJ m”(0.266 kWh m™ ).
Aerosol optical and microphysical characteristics in the column of atmosphere are retrieved from
direct solar and sky diffuse spectral radiance measurements using a multi-wavelength sun-
photometer Cimel CE-318 in seven spectral channels. Spectral aerosol optical depth (AOD) at set
of wavelengths from 340 nm to 1024 nm is used to characterize the turbidity of atmosphere due to
presence of the aerosol only. Time-series of monthly means of AOD at 500 nm, <t,(500)>,
measured at the ground-based station in the course of period from 1999 to 2014 is shown in Fig. 2.
Multiyear mean value of AOD is equal to <t,(500)>\y=0.20 + 0.05, indicating that the atmosphere
is relatively clear(by taking into account only the aerosol component). For comparison here are
also presented AOD values <t,(500)>\ for some analogous sites within the globally distributed
AERONET : ~0.06 -Canberra, Australia; ~0.15 -London, UK; ~0.20 -NASA/GSFC, US; ~0.24 -
Bucharest, Romania; ~0.34 -Osaka, Japan; ~0.73 —Beijing, China. High peaks of AOD involved in
the course of 2001-2003 (see Fig. 1) are attributed to influence of aerosols (smoke, dust) in air
masses transported from outer regions. Appearance of the largest peak among others taking place in
September 2002 with <t,(500)>, =0.57 is attributed to influence of highly polluted air masses
loaded with smoke particulates and long-range transported from some regions of Russia, Belarus,
and Ukraine: in these regions numerous loci with intensive biomass burning(forest and peat fires)
were observed. Peak in AOD observed in April 2003 with was due to Sahara dust outbreaks
transported in Moldova. The highest ever measured point 1,(500) and daily mean <t,(500)>4 values
of AOD at the Kishinev site were observed on September 11, 2002 and were equal to t,(500) =2.75
and <t,(500)>4 =2.15, respectively.

Measurements of TOC were fulfilled at

A R R the IAP ground-based station using a
o5 <<,(500)>,, =0.20 + 0.05 | hand-held microprocessor controlled
K 1 MICROTOPS II ozonometer. Seasonal
S ... / | variation of monthly means of TOC
% i‘ i1 <X>;, measured at the ground-based
é 03] ( 1 f\ | station at the Kishinev site in the course
< ci ot ﬁ } . ﬂ‘ﬂ\ Lol ‘i . / e of period from 2004 to 2013 is shown in
é . 1\ L ( 28 rJ‘\ J 1n W\ ’JL ‘J‘( ﬁfJ fkr\lﬁ M | Fig. 3. It is clearly seen seasonal
z |1 .‘LJ'" f 1 k IR qj”* jl s ‘U i variation with maximum of TOC <X>,
= ; FAv oY W g P 9| m’ with 380 DU in April and minimum
E %1 : * * ¢ 1 with <X>, =289 DU in October. The
v highest and lowest ever measured point

T e e e e e e g e e e g de g values of TOC at the Kishinev site were
2283882828888 88 8 X, 480 DU (February 12, 2008) and

Xmax =240 DU (November 16, 2008).
Time series of yearly means of TOC
<X>y retrieved from satellite

Figure 2. Time-series of monthly means of AOD
<1,(500)>,, measured at the ground-based station at
the Kishinev site in the course of period from 1999 to .

observations and measured at the

2014. ground-based station at the Kishinev site
in the course of period from 1979 to 2013 is shown in Fig. 4. For creation of composed time-series
it was used ozone data retrieved from the following satellite platform observations: Nimbus 7
(1979-1992), EP TOMS (1997-2004) and OMI AURA (2005-2013). Climatic norm of TOC for
Moldova derived from satellite observations is equal to <X>¢ima=334 + 9 DU. Trend analysis of
time-series from satellite observations reveals the following estimation of ozone variation: it is
observed TOC decreasing at the rate of 0X/0Y= - 5.5 DU per decade or — 1.6% per decade.
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Figure 3. Seasonal variation of monthly means Figure 4. Time series of yearly means of TOC

of TOC <X>, measured at the ground-based <X>y retrieved from satellite observations and

station at the Kishinev site in the course of measured at the ground-based station at the

period from 2004 to 2013. Kishinev site in the course of period from 1979
to 2014.

REALIZAREA INDEPENDENTEI ENERGETICE - CONDITIA SINE QUA NON PENTRU
DEZVOLTAREA DURABILA A REPUBLICII MOLDOVA
Iurie Bosneaga
Institute of Applied Physics, MOLDOVA, MD-2028, Str. Academiei, nr.5
E-mail: iubosneaga@gmail.com

Asigurarea dezvoltarii durabile este un imperativ global fara alternativd. Dezvoltarea este
total dependenta (conditionatd, dirijatd) de transformarile de energie. Respectiv, Strategia
Energetica reprezintd miezul si esenta Strategiei Dezvoltarii Durabile.

Transformarile de energie care au loc (sunt operate) In economie se supun legilor
Termodinamicii, mai exact Termodinamicii sistemelor neechilibrate. Dupa cum se stie,
fundamentul Termodinamicii este Legea Universald de Conservare a Energiei (care nu are exceptii).
Acest fapt incontestabil garanteaza veridicitatea concluziilor expuse mai jos.

Noi consideram cd din punct de vedere termodinamic dezvoltarea (progresul) a fiecarui
organism (sistem) aparte si a civilizatiei n intregime poate fi numeric caracterizat prin cresterea
(increment) a energiei libere AG (energiei lui Gibbs). Adaosul cumulativ a acestei energii libere
poate fi prezentat ca suma a doi termeni:

AG= AGgossil T AGrenewable (1)
Primul termen AGgosii reflecta sporul energiei libere a sistemului termodinamic datoritd consumului
de energie din surse fosile (traditionale, nerenovabile) si poate fi definit ca unul “extensiv”
(nesustenabil, care nu corespunde dezvoltdrii durabile). Al doilea termen AGienewable corespunde
cresterii “intensive” (sustenabile, care asigurd dezvoltarea durabild) a energiei libere - din surse
renovabile, numite netraditionale (radiatia solara directd si derivatele ei principale - energia hidro,
eoliana, bio). Energia nucleara, de asemenea, se clasificd ca una sustenabild - datoritd rezervelor
enorme a acesteia.

Combustibilele fosile nu pot asigura dezvoltarea durabila - ele sunt epuizabile, plus folosirea
lor este indispensabild de imanente efecte negative de mediu. Gradul de sustenabilitate poate fi
caracterizat numeric de “indice sustenabilitatii” S:

S= A(}renewable / (AGfossil + AC}renewable) (2)
Evolutia in timp a acestui indice este prezentat in Fig.1.
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S, indice sustenabilitdtii

Fig.1. Indice sustenabilitatii pentru

/ dezvoltarea civilizatiei - trend in
! timp (linia intreruptd punctata arata
] trendul dorit, dar nu si asigurat)

-’ Indice  sustenabilitatii ~ dramatic
. . . . . +> tgni Scade in decurs de ultimele doua
1600 1700 1800 1900 2000 2100 2200 secole. PrébU.Sirea CiVﬂiZﬂtiei in

aceastd ‘“‘groapa”, fara nici o
indoiald, ar fi fatald. Respectiv, schimbarea trendului din negativ in unul pozitiv (revenirea la
dezvoltarea durabild) reprezinta o provocare (challenge) pentru intreaga omenire, o problema cu trei
aspecte de importanta vitald - asigurarea cu energie, alimente si stabilizarea climatului.

Folosirea variatiei energiei libere ca criteriu sustenabilitatii deschide calea pentru aprecierea
numericd a dezvoltarii (progresului). Daca derivata totala a energiei libere G este negativa sau egala
cu zero - economia este in regres (chiar daca indicii traditionali - PIB etc. sunt in crestere); respectiv
cand derivata totala a energiei libere este pozitiva (dG/dt>0) - avem crestere sustenabila.

Asadar, revenirea la dezvoltarea durabild inseamna stoparea schimbarilor climaterice - in
primul rand, prin reducerea brusca a emisiilor de bioxid de carbon §i implementarea tehnologiilor
de captare a bioxidului de carbon deja emis.

Strategia dezvoltarii durabile a Republicii Moldova, pe langd obiectivele generale care
definesc sustenabilitatea, are particularitati “regionale”, cum sunt asigurarea democratiei si
economiei de piatd veritabile, combaterea saraciei si coruptiei, restabilirea integritatii teritoriale,
asigurarea securitatii ecologice si independentei energetice (prin adoptarea si implementarea
respectivei Strategii Energetice pentru Republicii Moldova). Ultima sarcina de fapt este prima ca
importanta fiindca dezvoltarea economica si sociala este actualmente subminata, in primul rand, de
“sdracia energetica”.

In urma analizei minutioase a starii in sfera energetica, cu implicarea factorilor interni si
externi (celor regionale si globale), a fost elaborata Strategia Energeticia a Republicii Moldova de
alternativa, care, In opinia noastrd, ar putea asigura o iesire din impas. Aceasta Strategie este bazata
pe “Conceptia 3D” - trei principii fundamentale (v. Fig.2), respectarea carora este obligatorie pentru
atingerea scopului suprem (asigurarea dezvoltarii durabile).

Strategia Energetica
a Republicii Moldova

|
Conceptia 3D

Diversificarea ¢=>| Descentralizarea [¢—=)| Decarbonizarea

Fig.2. Pilonii Strategiei Energetice a Republicii Moldova

Asemenea algoritmizare a pagilor in domeniul energetic va permite sa fie evitate gravele
greseli de sistema (care se atestd pe parcursul a mai multor ani si au adus ramura 1n starea prezenta
precard). Evident, cd Tnaintarea fiecarui din aceste 3 principii interdependente (diversificarea,
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descentralizarea, decarbonizarea) are o argumentare (fondare) substantiala.

Diversificarea - inseamna diversificarea resurselor energetice, a furnizorilor, a procedeelor
de producere si stocare a energiei, a cailor de livrare etc. la toate nivelele (incepand cu cel national
si terminand cu unitatile de generare concrete). Acest principiu presupune si demonopolizarea
ferma si eficienta, lichidarea conditiilor de coruptie si asigurarea concurentei loiale, crearea pietii
energetice veritabile. Instalatiile energetice, la fel, trebuie sa fie multifunctionale, flexibile (spre
alegere - in dependenta de situatia curentd pe pietele energetice - cu combustibil lichid sau gazos
etc.). Este evident, ca orice sistem este mai stabil si sigur (fiabil), dacd are mai multe puncte de
sprijin, mai multe variante de rezerva pentru indeplinirea sarcinii. Diversificarea inseamna luarea in
calcul a tuturor surse de energie, care ar putea asigura o perspectivd durabild pentru Republica
Moldova (inclusiv energia nucleard). La capitolul “diversificarea” Republica Moldova este
deocamdata “repetenta”, aproape total depinzand de o singura sursa de alimentare cu energie.

Descentralizarea presupune desfasurarea unitatilor de generare in locul consumului, puterea
lor fiind ajustatd la necesitatile consumatorului. Descentralizarea asigura reducerea cheltuielilor
aferente transportarii, totodatd garantdnd satisfacerea cererii crescinde - chiar si in limitele
infrastructurii prezente. (Cererea la energie electrica va creste substantial odatd cu extinderea
transportului electric). Exista 3 argumente majore in favoarea descentralizarii:

e cnergia alternativa (solara si derivatele ei) sunt distribuite - chiar prin natura sa

e consumatorii, la fel, sunt distribuiti

e cnergia secundard, inerentd oricarui sistem de generare, nu poate fi rentabil transportata la
distante mari - ea mai usor (rational) poate fi folositd local, ceea ce asigurd eficienta
energetica sumara maxima

Descentralizarea producerii energiei sporeste fiabilitatea (siguranta) sistemului energetic si
reduce substantial pericolul terorismului.

De mentionat faptul, ca descentralizarea este indispensabild de baza sa logisticd moderna -
Smart Grid (reteaua inteligentd activa, cu capacitatile de analizd in timp real a necesitatilor de
consum-generare si controlul multifactorial optim a acestora). Nivelul dezvoltarii ICT-tehnologiilor
moderne este deja suficient pentru asigurarea functionalitatii retelelor inteligente active (colectarea
si transmiterea volumului mare de informatie, dirijarea optima on-line).

Decarbonizarea energeticii inseamna nu numai folosirea ciclurilor de generare a energiei
non-carbon (fara emisie de CO,), dar si limitarea emisiilor de CO; de catre industria cimentului,
metalurgia si alte surse. O problema aparte reprezintd crearea capacitatilor de captare si utilizare
(stocare) a carbonului emis anterior. In contextul decarbonizirii pentru Republica Moldova este
foarte actuala “electrificarea” transportului (care actualmente reprezintd sursa principald de bioxid
de carbon) si dezvoltarea tehnologiilor pure, durabile de producere a energiei electrice.

Pe baza Strategiei Energetice propuse este elaboratd “foaia de parcurs” pentru Republica
Moldova in perioada de tranzitie la dezvoltarea durabila.

MPOBJIEMA NIEPEPACYETA TOKOB IEITN
Anexkcannp [lennn, Anatonuit CunopeHko
Uncmumym Inexmponnoti Unowcenepuu u Hanomexwnonozuut umenu «/{. I'uyy»
Axademuu Hayx Mondoswi
aapenin@mail.ru, anatoli.sidorenko(@kit.edu

MeToapl TEOPUH INEKTPUICCKUX METIEH MMUPOKO UCIIOIB3YIOTCS B PA3IMYHBIX 00JIACTAX TEXHHUKHU.
CBUACTEIECTBOM YHUBEPCATHHOCTH 3THX METOJIOB MOTYT CITYKHTh PacyeT C X ITOMOIIBIO
TEIUIOBBIX CETEH, THIPABINICCKUX KOHTYPOB U T.11. OHOM 13 3a7a49 aHATN3a SIEKTPUICCKOMN e
SIBJIIETCSL TIepepacyeT TOKOB MPU U3MEHEHHUH MapaMeTpOB HAarpy3Ku WiH nenu. Hemocratku
TPaJUIIMOHHOTO METO/Ia TepepacyeTa Mpu U3MEHEHUU Harpy3Ky U MPEAI0KEHHBI METO/T
npuBeseHsl B [1]. Jlaqum Ooiee moapoOHOE 3I0KEHHE HEAOCTATKOB TPAJAUIIMOHHOTO MeToa. [ls



Conferinta Fizicienilor din Moldova, 22-25 octombrie 2014 89

3TOr0 PAaCCMOTPHUM AKTUBHYIO LIETb UM AKTUBHBIN YEThIPEXIOIOCHUK, NpUBeAeHHbIN Ha Puc.1.

v 1 1 v
[enb conepKUT nepBble 3HaUEHUs CONIPOTUBIEHUN HAarpy3ok R;,, R,, W 3agaerca MaTpuLen
IIPOBOAMMOCTEN WM Y IapaMeTpaMH.

I I Puc.1. AKTUBHAs LIEMb C IBYMs Harpy3kamu R, |, R, ,
| [ — - 2
1
Rl ] | Y | Rf, VpaBHeHME LIeH UMEET BUJL
V] 2 ) 1 1 sc
Sl R + g (1)
15 Y, -Y,| |1, nr

Toku KopoTKkoro 3ambikanus 1°C, I;° momararoTcst MCXOHBIMU 3HAYEHUs] TOKOB Harpy3ok I, 1)

JUIS HCXOIHBIX HYJIEBBIX 3HAYEHUH CONPOTHBIEHUS HArpy30K R}, =0, R}, = 0. IlepBble 3HaueHUs

conpotuBnenuii R),, R,, GyjeM paccMaTpuBaTh Kak nepsble npupanienus AR,], AR,

OTHOCHTEJIbHO Ha4aJIbHBIX HYJIEBBIX 3HAYECHUH, T.€.

R, =AR))+R) =AR)} , R, =AR)%+ R}, = AR, .Torja nony4aem rnepBbie 3Ha4YE€HUs TOKOB U

nanpsokennit V' = AR, -1, V) =AR)%-1,.  Tlepenumem (1) cremyrommm o6pasom

(1+K1ARE?)111_Y12AR£1; :110 )

- YIZARll,(l)Ill +(1+ YzzARzg )I; = Ig :

Pemrenue (2) maeT nepBrie 3HAYCHUS TOKOB

1D+ AR (V) +Y,17) L+ AR (Y, ) + Y, 17)
= Do Do :
Onpenemurens D' =(1+Y, AR))(1+YAR,%)—(Y,,)’ ARSAR)’ .

111 > Ié:

[IpoBenem aHan3 3THX BBIpAKEHUN. BripaxkeHus Buja
1 10 Apl0 70 70y gl 10 Apl0 70O 70
IIZ(ARLI’ARLZ’II’I2)’ 12:(ARL1’ARL2’11’12)’ (3)
[I03BOJISIFOT HAlTH MOCJENYIOIINE 3HAYEHHSI TOKOB YE€PE3 UCXOAHBIE U IPUPAILEHUS CONPOTUBIICHUS
Harpysox.
93 2 2
IlycTs Teneps BTOpHIE 3HAYE€HUS CONIPOTUBIEHUN R;,, R;, NaHbl Kak BTOpbIEC NpUpAILECHUs
20 20 o 2 20 0 _ 20
AR;|, AR;, OTHOCUTEILHO HaYaAJILHBIX HYJIEBBIX 3HAYEHUN, T.€., R;, =AR; + R, =AR;| ,
2 20 0o _ 20
R, =AR,,+R,,=AR;, .
Torzaa moJry4uM aHaJIOTHYHBIE BEIPAKECHHUS
0 20 0 0 0 20 0 0
_Il +ARL2(Yv22[1 +Yl2[2) [2+ARL1(YH]2+YI211)
- DX DX
20 _ 20 20 2 20 20
D7 =(1+Y,AR; | )1+YAR,;)—(Y,,) AR, AR;,

112 > 122:

b

OTH BBIDOXKEHHUS TAKKE MO3BOJIAIOT HAMTHU MOCTIEAYIOINE 3HAYEHHS TOKOB Y€PE3 UCXOHbIE
3HAYEHM ¥ IPUPAILEHHS CONPOTUBIIEHUS HArpy30K
2 _(AR20 Ap20 70 7O\ 72 _ A p20 A p20 70 70

I =(ARL|, AR, Iy, 1) 5 1y = (ARL AR Iy, 1) - “4)

Tenepsb nonpobyeM BBECTH IPOMEKYTOUHbIC U3MeHeHUs AR;|, AR} TaK, 4TOObI
2 21 1 21 10 _ 20 2 21 1 21 10 _ 20
R, =AR; +R,, =AR;, +AR, =AR;|, R;, =AR;, +R,, =AR,, + AR, = AR},
21
Torna onpenenutens D>’ Gy/eT comepKaTh B3aMMHBIE IPOM3BEIEHHS TPOMEKY TOUHBIX

usMeHennit AR;|, AR} v NepBbIX 3HAYECHUI COMPOTHUBIIEHHIT HArPY30K R],, R,,. DTO TOBOPHT O

TOM, YTO TPYMIIOBbIE CBOMCTBA JIJIsl IPOMEKYTOUHBIX U3MEHEHUHN HE BBITIOJIHSIOTCS - I03TOMY HE
MIOJTy4at0TCs BRIpaXeHUsI ThIIa (4)
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IY # (ARY AR 1Y 1), 15 # (ARTLARD I, 1)
JUTS TIEPBBIX M BTOPHIX 3HAYEHHUH TOKOB.
Ecau mb1 iepeiiiem K Apyroil cxeme Hallel akTUBHOM 11enu, MprUBeIeHHON Ha Puc.2, Torna
MOJTy4artoTcs BhipaxeHust (4)

I} =(AR}, ARP, 1L, 1Y), I3 = (ARF ARSIV, 1)) .

Fmmm = Puc.2. [lepBble 3HaU€HUsI CONPOTUBJICHUIA
G \ HArpy30K BXOJST B aKTUBHYIO LETh

Ho B 3TOM city4ae HEOOXOJMMO pacCUUTaTh
HOBYIO MaTpHIly npoBoaumocteit G . Toraa
ypaBHenue uen# (1) mpumer Bug

AR i
AR

[12 _ _Gu G12 .Vlz " [11

2 2 |F] ©)
12 Gl2 _Gzz V2 12

Toku KOPOTKOT'O 3aMbIKaHU ]11 , I; SABIIAIOTCA UCXOJHBIMHU 3HAYCHUAMM.

UToObI rpynnoBble CBONCTBA BHINOIHSUINCH, HEOOXO0AUMO U3MEHEHUSI CONPOTUBICHUN
Harpy3oK 3a/1aTh MHBIM 00pa3oM, a He Yepe3 MpHUpaIleHus (4To XapaKTepHO Il MaTeMaTHYeCKOTro
aHanm3a QyHkimi). Mcnonb30BaHue MPOSKTUBHBIX KOOPIWHAT JIJISl COMPOTUBIICHUN HArpy30K
MPUBOJUT K 33JaHUIO U3MEHEHHUS STUX CONIPOTUBIICHUM B BUJIE CJIOKHOTO OTHOILLEHUS YEThIpeX
3Ha4YeHu# (To4ek). J[Ba U3 3TUX 3HAYEHUI COOTBETCTBYIOT UCXOJHBIM U TOCIIETYIOIIUM
3HAYEHUSIM, a ApYyTHe JABa 3HAUCHUS SBJSIOTCS XapaKTEePHbIMHU 3HAUEHUSIMU U 3aBUCST TOJIBKO OT
napameTpoB Iernd. Tako# Moaxo 1 MO3BOJSET MOMYYUTh (OPMYIIBI TIepepacdeTa B BUIC
MIPOEKTHUBHBIX MPeoOpazoBaHuit

» all+aly+a, , bl +bl+b,
Il = 11 11 2 12 = Il Il .
(o8 1+Cz 2+C3 o ]+Cz 2+C3

(6)

B stux dpopmynax xosddumuents! a,,b,,c; BBIpaxaroTcsi IPOCTHIMU COOTHOLIEHUSIMU Uepe3

MpeIIOKEHHBIE U3MEHEHHS CONTPOTHURIICHUS HATPY30K M Yepe3 XapaKTepHbIC 3HAYCHHS TOKOB
Harpy3ok. XapaKkTepHbIC 3HAUCHHUS TOKOB TaKXKe 3aBUCAT TOJIBKO OT CaMOM IEITH.

®dopmyisl (6) 06001ar0TCS HOPMATBLHBIM 00pa3oM TS CIEIUATBHOTO Kilacca Iernel ¢ o0ImuM
y3JI0M JUIg J1F000TO Yrciia Harpy3ok [2]. AHamorudHbie (OpMYIIbl iepepacyeTa TOKOB TOTYUYEHBI
MIPY MU3MEHEHUH MapaMeTpPOB IeMu (M3MEHSIOTCSI COMPOTUBIICHUS 1IN, BXOASAIIUE B OOLIHI y3em)
[3].

IIpoekTuBHBIE TIpeoOpazoBaHusi Tuma (6) BBITIOTHSIOTCSA JUIS TOKOB HAa BXOAE M BBIXOJE
KacKa/IHOHM 1eny B BHUJE TPEX - MPOBOJHON JNWHWM CBS3U. Ecnm mpeaBapuTeNbHO TECTUPOBATH
TaKylo Ielb, OINpPEACTUTh XapaKTepHbIe 3HAUEHUSI TOKOB Ha BXOJIC U BBIXOJIE, a TIOTOM IepeaaTh
MH(OPMAITMOHHYIO COCTABJIIONIYI0 TOKa WIJIM COTNPOTHBIICHUS, TO MOXHO BOCCTAHOBUTH U
pa3nenuTh ABa M3MEPUTEIHHBIX CUTHANIA HA BX0Aax Ienu [4].
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variable loads on the basis of projective geometry. WSEAS Transactions on Circuits and Systems,
2011, 10, 5, pp. 157-172
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UNELE ASPECTE DE GRUPARE A SURSELOR DE CURENT ELECTRIC CONTINUU
E. Gheorghita, L. Gutuleac, V. Spinu*, P. Untila
Universitatea de Stat din Tiraspol, Moldova, *Liceul Teoretic ,,lon Vatamanu”, Straseni, Moldova
e.gheorghita@mail.ru

Problema gruparii surselor de curent electric continuu este actuala in sistemul de predare-
invatare a fizicii. Manualele utilizate In mod diferit trateaza rezolvarea problemelor de grupare a
surselor.

In lucrarea data se prezinti diferite modalititi de rezolvare a problemei grupirii surselor de
curent continuu pentru cazul conectarii in paralel a surselor cu caracteristici diferite.

Analizam cazul conectarii surselor identice grupate in paralel. Schema conectarii este
reprezentatd in figura 1. Avem n surse identice cu tensiunile electromotoare € si rezistenta interioara
r.

In manualele liceale aceasti problemi, la cazul
general, nu este rezolvatd. Analizam cazul gruparii a n surse
de curent cu aceleasi t.e.m. §i rezistente interioare egale.
Evident ca intensitatile curentilor prin ele, deci:

I, =1,=1,=..=1,, (1) A

E=&E=E=.=E =E. 2)
In conformitate cu teorema I-a Kirchhoff, avem:

I=1+1,+.+1,. 3)
Coform teoremei a II-a Kirchhoff pentru un ochi de

retea ce contine rezistorul de rezistenta R, de exemplu pentru
ochiulA¢, BRA,avem: [, -r+1-R=¢,,deunde

-I-R
I, =22 )
" Fig.1. G R identice d
Tinind cont de relatia (2) si substituind (4) in (3), D o e
. &, —n-1-R .
obtinem: [ = ne, iR .(5). Rezolvind aceasta ecuatie:
r

I'r=ne-nlIR;I(nR+r)=n-e,l= ”; =% _ deunde I=—2—. (6)
. r
Rt n(R + rj R+—
n n

Astfel am ajuns la concluzia ca la gruparea in paralel a n surse identice, tensiunile
electromotoare ramin aceleasi, iar rezistenta interioara se micsoreaza de n ori, dupa cum se vede din
relatia (6).

In cazul surselor de curent continuu diferite, problema este mai complicatd. In manualul
respectiv [1] cazul surselor diferite nu este analizat. Vom analiza trei cazuri de conectare a surselor
cu caracteristici diferite, i anume:

1) Sursele au aceeasi t.e.m., dar rezistenta interioard diferitd: ¢, =&, = ¢, =¢ sir, #r, #13;
2) Sursele au aceleasi rezistente interioare, iar t.e.m. diferitd: ¢, ¢, #¢&; sin, =1, =1;;
3) Sursele au diferite t.e.m. si diferite rezistente interioare: ¢, # &, #&, sl 1, #1r, #15.

In figura 2 este prezentatd schema gruparii in paralel a trei surse cu aceleasi t.e.m. si cu
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rezistente interioare diferite. Prezentdm rezolvarea acestei probleme: ¢, =¢, =g, =¢ sin #r, #1,

In conformitate cu teorema I Kirchoff: I=1+1,+1, (7)
Scriem teorema a doua Kirchoff pentru trei ochiuri: ochiul A[;BRA, obtinem:
I,-n+I1-R=¢, (®)
Pentru ochiul Al, BRA, obtinem: l,-r,+I-R=g¢g, )
Pentru ochiul Al; BRA, obtinem I, -r,+1-R=g¢, (10)
Din (8), (9) si (10), gasim 1 1,:1,: 1, == L%y, 1, =570 8 (o), 1, =718 (43,
n r r
Substituind (11, (12) si (8) in (7). aflam: =L R, e=l-R e=I'R (14)
n r r

Rezolvind aceastd ecuatie, gasim intensitatea curentului in circuit (fig.2):
I-vy-ry-ry=r,-1,-6—1, 1 R-I+r-r;-6——1-r,-R-I+r,-1,-6-r,-1,-R-1

(r,-ry-ry+r, -1, R+1-r,-R+1, -1, -R++1,-1,R)- I =¢-(ry -1y +1 -1y +1, - 1y)

r.r .r ’/‘.r .’/‘ r.’/‘ .r
1 2 '3 1 2 '3 1 2 3
g-( - - ]

I= 5'(”2"’3"""1"’3""’1"”2) _ h h 3 _
1oty 1y 40,1, R+r-r,-R+r -1, -R+1,-1, - R R-(r' el hhh hh -Ig]_’_rl -
h r r
3
,,1.,,2.,,3.8[1;;] (ul IJ syl
non o n non o n _ =
3
,,1.,,2.r3.[R+R+R+1J R.(um]ﬂ RY L
noor n noor N =t T;
Pentru » surse cu tensiuni electomotoare identice si cu
n 7
c- 2l & :_ I
. o o . ='r — |——>—
rezistente interioare diferite, obtinem: / = ”’—11 (15) P
R ~+1 A | I+ |8
_ =1 T . & N |
Prin urmare, gruparea de n surse de curent legate in P, | | 3 |
paralel, unde t.e.m sunt egale, iar rezistentele lor interioare sunt RI
diferite, din (15) observdm ca tensiunea electromotoare rdmine e —
aceeasi, insa rezistenta lor interioara se micsoreaza. Fig. 2. Gruparea surselor de curent electric

Analizim cazul doi: pentru ¢ diferite, iar rezistenta lor ~ continuu de aceeasit.e.m. cu rezistente interioare
interioara egala, atunci: 7 =r,=r,=r.

Pentru nodul B (Fig.3), in conformitate cu teorema lui Kirchoff, 7 =1, +1, + 1, (16)
Scriem teorema a doua a lui Kirchoff pentru trei ochiuri: ochiul A/;BRA, obtinem:
. . ~I-R
a) Pentru ochiul Ag; BRA, obtinem: /,-r+/-R=¢,,deunde I, = Ho R (17)
h
. . & —1-R
b) Pentru ochiul Ae; BRA, obtinem: /, -r+/-R=¢, deunde [, =—— (18)
r
. . & —1-R
c) Pentru ochiul Ag; BRA, obtinem 7, -r+/-R=¢, deunde [, =— (19)
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Substituind (17), (18) si (19) in (16), obtinem:

& F
g—-1-R & —-1I-R ¢&—-IR
RE =2 + 22 +-2 (20)
r r
g T N < . .
A 21+ L B Rezolvind aceasta ecuatie, obtinem:
1 ——
s, L / I'r=¢~-1-R-1-R+e,+&,—1-R=¢,+&,+&,-3-1R
M | I+ 1 I-3-R+7r)=¢ +¢, +¢,
R 3
2.
Fig. 3. Gruparea surselor de curent electric I = srete o 1)
continuu cu aceeas rezistenta interioara cu 3.R+r 3
te.m. diferite DR+
i=1

Pentru » surse cu t.e.m. ( &) diferite si rezistentele interioare identice, obtinem:
n
24
— =l
n
ZR,. +r
i=1

Din (22) observam, cd pentru n t.e.m. diferite, iar in rezistentele lor interioare identice
grupate in paralel avem t.e.m. rezultanta este egald cu suma lor, iar rezistenta lor rezultantd este
aceeasl. Precautdm cazul gruparii, cind &, # ¢, # ¢, diferite si rezistentele lor interioare sunt

I (22)

diferite, adica r, # r, # r,. Pentru nodul B (fig. 4), in conformitate cu I teorema a lui Kirchoff (fig.
4),avem: [ =1 +1,+1, (23)
Scriem teorema a doua a lui Kirchoff pentru trei ochiuri: ochiul A/;BRA, obtinem:
a) Pentru ochiul Ae4 BRA, obtinem: /, -7, +1-R =&, de unde

-I-R
=570 (24)
h
b) Pentru ochiul Ag;BRA, obtinem: 7, -7, + /- R = &, de unde
-I-R
=2 (25)
r
. . & —1R
c) Pentru ochiul Ae; BRA, obtinem 7, -7, +/-R=¢; deunde [, =——— (26)
£
Substituind (24), (25) si (26) in (23), obtinem:
Fu |ri Iy 6" 1LR &-I'R &-I-R_
e. T h r & ‘
A Zil Ii i, B _nenn—n BRI+t g - RIt g1 R
2 Ira Is KeryT
F/ | I+ / . Rezolvind aceasta ecuatie, obtinem:
R I-1,-1yry=1,1-& 01 1R I+1r-1-6,—

Fig. 4. Gruparea surselor de curent electric —hryR-AI+rney - R

continuu cu cu t.e.m. si rezistente interioare (r1 SR A -R+r1 -7 -R+r] -7 -R+r] -7 ‘R)-I=
diferite
=& BN & TN T 6
2! & &
’/'1 .,/‘2 .r3 .7-"-}/‘1 .rz .’/‘3 .7-’-’/'1 .,/‘2 .r3 Pyp——
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Din relatia (28) observam, ca pentru acest caz tensiunea electomotoare rezultantd este egala
cu suma tuturor tensiunilor electromotoare grupate in paralel, iar rezistenta lor internd se
micsoreaza.

In baza celor discutate mai sus, conchidem:

1. Gruparea 1n paralel a n surse identice tensiunile electromotoare ramin aceleasi, iar rezistenta
interioard se micsoreaza de n ori;

2. Gruparea de n surse de curent legate in paralel, unde t.e.m. sunt egale, iar rezistentele lor
interioare sunt diferite, tensiunea electromotoare ramine aceeasi, Insd rezistenta lor
interioard se micsoreaza;

3. Pentru n t.e.m. diferite, iar rezistentele lor interioare identice grupate in paralel, avem t.e.m.
rezultanta este egala cu suma lor, iar rezistenta lor rezultanta este aceeasi;

4. Pentru acest caz, tensiunea electromotoare rezultantd este egala cu suma tuturor tensiunilor
electromotoare grupate in paralel, iar rezistenta lor interna se micsoreaza.

5. Aceste rezultate pot servi ca un suport didactic pentru elevi si profesori ce utilizeaza
teoremele Kirchhoff la rezolvarea diferitor probleme.

Bibliografie:
1. Mihai Marinciuc, Spiridon Rusu, ”Fizica. Manual pentru clasa a 11-a, profil real umanist”,
Univers Pedagogic, 2006.

DIALECTICA iN VIATA SI CREATIA ASTROFIZICIANULUI NICOLAE DONICI

Veaceslav Ursachi, lon Tighineanu
Academia de Stiinte a Moldovei, Chisindau, bd. Stefan cel Mare 1, ursaki@yahoo.com

In lucrare se face o analiza a creatiei stiintifice a marelui savant basarabean Nicolae Donici,
dar si a vietii sale, din punctul de vedere al principiului opozitiei si unitatii contrariilor. Se arata, ca
creatia lui stiintifica se aflda la interfata dintre astronomie gi astrofizicd, dintre cercetarea
fundamentald si inginerie. Investigatiile sale astronomice de mare valoare au vizat eclipsele de
Soare si de Luna (a studiat 8 eclipse totale de Soare in decursul vietii sale), trecerea planetei Mercur
prin discul Soarelui in noiembrie 1907 si octombrie 1914, precum i masurarea precisa a
diametrului planetei Mercur, dar si descoperirea pentru prima datd a lipsei atmosferei in jurul
aceastei planete, observarea cometei Halley in 1910 si a cometei Ponce-Winneke in 1927,
monitorizarea planetei Saturn in 1931-1933 si determinarea perioadei de rotire a acestei planete,
urmdrirea fenomenului cresterii umbrei Pamantului pe Luna in timpul eclipselor de Luna s. a.
Pentru studiul eclipselor de Soare si altor fenomene astronomice, Nicolae Donici a cutreierat
pamantul in lung si-n lat, efectudnd numeroase expeditii in America, Africa, Asia, Europa, a ajuns
in Indochina, Siberia, golful Mexic si chiar pe Mont Blanc. De o mare importanta stiintifica sunt si
imaginile fotografice ale cerului stelar obtinute la observatorul lui Nicolae Donici la solicitarea
renumitului astronom american Harlow Shapley, care a folosit stelele PR Lyrae pentru a estima
corect dimensiunile Galaxiei Calea Lactee si pozitia soarelui in galaxie. Cea mai importanta
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activitate a lui N. Donici este legata, totusi, de astrofizica si, in special, de fizica Soarelui §i lumina
zodiacald care l-au facut celebru in lumea intreagd, cercetarile sale fiind axate pe studiul
cromosferei si al coroanei solare. Au fost obtinute fotografii unice ale protuberantelor solare, a fost
determinata componenta chimica si starea fizicd a atmosferei solare, starea dinamica a coroanei in
comparatie cu cozile cometelor. N. Donici a propus metode noi de investigare a cromosferei,
inclusiv studii in afara eclipselor solare. Una dintre metode, numitd ,ring vision slot”, a fost
utilizatd ncad in 1902 la Odesa. S-a propus de asemenea de a schimba prisma Rutherford cu grila
Roland, utilizdnd aceastd metoda la altitudine inaltd in Haute Savoy si la Observatorul Janssen pe
Mont Blanc in 1903. O serie de metode noi pentru studiul cromosferei a fost propusa in raportul
prezentat de N. Donici la Congresul V al Uniunii Astronomice Internationale din 2-9 septembrie
1932, care a avut loc la Cambridge (Massachussets) dupd expeditia de observare a eclipsei solare
din 31 august intr-un sat de pe litoralul Oceanului Atlantic din apropierea Cap Porpoise (Maine).
Printre alte cercetari astrofizice se remarcd fotografierea spectrului stelelor, inclusiv Tauri Orions.
T-Tauri sunt cele mai tinere din univers (intre 10 mii si 10 mil. de ani) stele vizibile de tip spectral
F, G, K, M (<2 Mase Solare). Spectrul lor aratd o abundenta a litiului comparativ cu Soarele si alte
stele din Secventa Principala, deoarece litiul este distrus la temperaturi mai mari de 2 500 000 K. in
ultima perioada a vietii sale, aflandu-se la Observatorul din Meudon, Franta, N. Donici s-a
concentrat pe studiul luminii zodiacale efectudnd numeroase expeditii la Tamanrasset, in Algeria de
Sud. Donici a obtinut 43 de placi fotografice cu inregistrarile luminii zodiacale, care i-au permis sa
identifice pozitia spatiald a luminii zodiacale. A demonstrat ca inclinatia eclipticii rdmane egala cu
+1°45',2, iar nodul ascendent sufera oscilatii de 33°.

Dar grandioasele realizari fundamentale ale savantului erau imposibile fard punerea in
functiune a observatorului de la bastina savantului la Dubdasarii Vechi, Basarabia si inzestrarea lui
cu instrumente unice de constructie proprie, asa ca spectroheliograful performant, coelostatul,
refractorul-ecuatorial de cinci inch cu numeroase instrumente pentru variate observatii, aga-numitul
instrument ,,comet-triplet” format dintr-un refractor de ghidare, o camera fotograficd si un
spectrograf cu prisma obiectiv.

O componenta valoroasa in dialectica activitatilor lui N. Donici este imbinarea cercetarilor
stiintifice cu o imensa activitate organizatorica. Fiind unul dintre cofondatorii Uniunii Astronomice
Internationale, N. Donici a participat la organizarea a 6 congrese ale UAI, care au avut loc pe durata
vietili marelui savant.

Dupa cum in creatie Fortuna nu era mereu de partea marelui savant (de exemplu,
compromiterea expeditiei bine organizate pentru studiul eclipsei de Soare din Ineboli, Turcia, din
cauza conditiilor meteorologice nefavorabile, sau distrugerea instrumentului ,,comet-triplet” si a
telescopului Reinfelder-Hertel chiar inainte de importantele evenimente astronomice legate de
planeta Saturn), dialectica vietii marelui savant oscila Intre nenorociri i provocari pe de o parte si
imprejurdri fericite si succese pe de altd parte. Tot din domeniul dialecticii sunt §i confruntarile
dintre bunastare si saracie, dintre loviturile destinului si vointa de confruntare a provocarilor 1n viata
marelui savant. Asa cum viata marelui savant este marcata de contraste si contrarii, tot astfel si
atitudinea fatd de dansul este intre admiratie si dispret pe parcursul vietii, si intre recunostinta si
uitare dupd moarte. Fiind o personalitate de primd mirime a timpului sdu in cercetarea
internationald, astrofizicianul Nicolae Donici meritd ca poporul pe care-l reprezintdsda se
mandreasca si sa-i eternizeze numele in istoria stiintei si a culturii sale. Spre regretul nostru, acest
lucru n-a fost posibil de realizat in perioada sovieticd atat in RSS Moldoveneasca, cat si in Romania
socialista.
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PE URMELE ASTRONOMULUI NICOLAE DONICI, CTITORUL UNEI CITADELE
STIINTIFICE LA NISTRU
Ion Holban, doctor in stiinte fizico-matematice, Consiliul National pentru Acreditare si Atestare din
Republica Moldova, Institutul de Inginerie Electronica si Nanotehnologii ,, Dumitru Ghifu” al
ASRM , Institutul de Dezvoltare a Societatii Informationale al ASRM;
Mugur loan Grigoritd, elev, Liceul teoretic ,, Mircea Eliade”

S-a intreprins o calatorie de documentare prin céteva locuri din Republica Moldova legate de viata
si activitatea reputatului astronom romén Nicolae Donici si de neamul donicesc din care se trage: Petricani,
Dubasarii Vechi, Miclesti, Bezen si Chisindu. Sunt aduse cateva date de arhiva inedite si marturii ale unor
persoane care au cunoscut oameni apropiati astronomului, care vin sa intregeasca datele biografice despre
astronom. Au fost realizate si comentate mai multe fotografii, unele comparate cu fotografiile de epoca. S-a
constatat la fata locului ce cunosc contemporanii nostri despre vestitul astronom si cum il omagiaza,
rezultatele contrapunandu-se cu locul pe care astronomul Donici (savantul care prin prisma categoriei parte
— Intreg a facut studii spectrale complexe asupra Soarelui 1n timpul a 10 eclipse solare in perioada 1900 —
1936 (o performantd) si asupra Lunii in timpul a 8§ eclipse selenare, de asemenea, asupra unor stele de prima
marime, planetelor Mercur (stabilind cd aceasta n-are atmosferda) si Saturn, unor sateliti ai planetelor si
comete, asupra luminii zodiacale, determinand coordonatele spatiale ale acesteia) 1l ocupa 1n stiinta
mondiald. Punerea in valoare a vietii acestei mari personalitati a stiintei romanesti si universale, ctitor al
unei adevarate citadele stiintifice la Nistru Observator Astrofizic cu echipament stiintific de performanta
pentru acele timpuri, acreditat de mari astronomi ai lumii si inclus in Registrul Observatoarelor
Astronomice ale lumii, cu cercetdri pe potriva unor institutii de cercetare academice in domeniul
astronomiei de pozitie, astrofizicii (fizicii si chimiei corpurilor ceresti) si meteorologiei (in contextul
heliobiologiei de azi - influenta activitatii Soarelui asupra vietii pe Pamant) si activitati de popularizare a
stiintei) si a operei sale, aflate atunci pe prima linie de dezvoltare a astrofizicii mondiale, se face in
contextul spatiului gi timpului in care a triit astrofizicianul, a preocupdrilor de varf ale astrofizicii de atunci
si a interactiunii sale cu marile personalitati ale stiintei, precum si prin prisma vietii Tnaintagilor neamului
donicesc, oameni dornici de adevar si de lumina cartii. Se incearcd a da o dimensiune reald a staturii
stiintifice i umane a astrofizicianului de talie mondiala Nicolae Donici pe care l-a dat pamantul Basarabiei.

CANTITATE SI CALITATE IN INVATAMANT
Iulia Malcoci,
Institutul de Studii Enciclopedice
Academia de Stiinte a Moldovei
iumalcoci@yahoo.com
Sunt vechi, domnule
(I. L. Caragiale)

Notiunile ,,calitate” si ,,cantitate” reprezinta de fapt niste notiuni filozofice, fiind aplicabile
in toate domeniile activitatii umane. O dilema mai veche spune ,,Mai bine mai putin, dar mai bine!”.
Prin aceasta intelegandu-se ci pierzand in cantitate, obtinem castig in calitate. In acest an, in
agriculturd, se impune o altd expresie ,,Recoltd mai micd, dar calitate mai mare”. Deci
interdependenta notiunilor nu trebuie demonstrata.

O importantd deosebitd au aceste notiuni in domeniul educatiei. Calitatea desemneaza
totalitatea insusirilor unor obiecte, fenomene, procese din naturd si societate, avind o mare
importanta si in procesul educational. Mai {inem minte expresia ,,are 4 clase”. Se spunea despre
persoanele care au absolvit 4 clase pana in 1940. Cu regret, astazi despre multi tineri absolventi cu
studii superioare nu poti spune ci ,are facultate”. Care este cauza? In opinia noastri este
necorespunderea dintre calitate si cantitate. Acest fapt a fost confirmat cu prisosinta la sesiunea de
BAC-2014.
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Repercusiunile au radacini adanci. Ani in sir s-a tot cantat ,,kTo ObUI HHUKEM, TOT CTaHET
Bcem”. La admitere la facultdti, fiind respinsi cei mai buni, iar in Invatamantul preuniversitar —
trimisi, in principal, cei mai slabi studenti. Unde s-a dorit sa se ajungda? Voi da doar doud exemple
pentru a confirma eliberarea certificatelor de studii celor care nu au insusit programa
corespunzitoare sau notarea unora cu un punctaj mai mare decit cel meritat. In anii 1980, fiind
lector, am fost obligata de la decanat sa admit la examene o persoana care absentase cca 80 la suta
din orele de curs si care nu avea idee de materia predatd. Neconformandu-ma, treptat am fost
inldturata din invatimant, iar persoana in cauza a fost admisa de un alt cadru didactic. in 1990 fiul
mai mare a absolvit 11 clase (de fapt doar 10). La adunarea périntilor unul dintre dirigintii de clasa
a zis ca pe langa alte sume de bani colectate de la parinti in diferite scopuri sa mai adaugam 10
ruble pentru profesorii examinatori, caci ,,vedeti, o mica atentie si o notd mai bunisoara”.

Am luat cunostintd de proiectul standardelor de calitate din perspectiva scolii prietenoase
copilului. Dar oare cand scoala nu a fost prietenoasa copilului, adica a fost dusmanul copilului? Cat
nu te-ai juca cu cuvintele, mai ales acum, cand avem acces la literatura de specialitate din diferite
tari, fara a ridica nivelul pregatirii profesorului cu o remunerare adecvata nu vom obtine rezultatele
scontate. La fel, umanizarea invatdmantului a fost inteleasd prin marirea numadarului de ore la
disciplinele umaniste si micsorate lor la disciplinele reale. O altd eroare de netagaduit. A fi sofer,
jurnalist sau specialist in criminalisticd nici de cum nu inseamnd ca nu trebuie sd cunosti fizica,
chimie etc., la fel, cum a fi lacatus, inginer sau medic nu Inseamna ca nu ai nevoie de cunoasterea
limbii roméane sau a unei limbi stréine.

Admiterea la institutii de Invatdmant superior nu trebuie efectuatd pentru candidatii cu
diploma de BAC, ci pentru cei care la examene au obtinut cel putin media mai mare de nota 6 si
daca au sustinut un examen la disciplina de profil. La Universitatea Tehnica a Moldovei, dar si la
facultatile de fizica si matematica, studiaza si cei care nu au sustinut examenul de BAC la fizica.
Putin isi aleg fizica printre disciplinele de BAC. O mare vind o au si profesorii care in loc sa
incurajeze elevii, i ,,sfatuiesc” sa nu aleaga fizica, ca fiind o disciplina ,,grea”.

Pentru a avea un invatamant competitiv este necesar de a dispune de programe echilibrate,
ce ar oferi elevilor o culturd generala si o pregatire pentru imbratisarea oricarei profesii pe viitor, sa
fie invatati sa cunoascd, oferindu-le anumite aptitudini si cunostinte, conform obiectivelor si
finalitatilor enuntate (indiferent de sinonimele Imprumutate din alte limbi).

Invatamantul obligatoriu pana la varsta de 18 ani nu poate fi inteles ca invatimant liceal
obligatoriu. La invatamantul liceal ar fi rezonabil sa fie admisi cei care au o medie la absolvirea
gimnaziului nu mai mica de nota sapte. Obligatoriu este sd se pastreze invatamantul profesional.
Absolventii scolilor profesionale, colegiilor care vor sustine examenele de BAC (nota medie > 6)
pot continua studiile in invatimantul superior. In caz contrar acestia vor obtine cel putin o profesie.
Preferabil ar fi cantitatea sa se regdseascd in calitate. Sa se poatd aprecia in baza nivelului de
cultura, inteligenta si cunostinte c¢a persoana are studii liceale sau a absolvit 0 anumita institutie de
invatamant,

O mare importanta o au metodele de instruire. Ramane de mentionat si utilizarea computerului, cea
mai mare descoperire a sec. XX. Insa experientele virtuale nu le pot substitui pe cele reale,
invatamantul clasic avand prioritati majore. Computerul nu ne va coace paine §i nici nu va executa
anumite piese, instrumente. La randul sau fiind utilizat ca instrument de o valoare incontestabila
pentru functiile pe care le poate indeplini.

CERCETAREA STIINTIFICA iN CADRUL LECTIEI DE FIZICA N LICEU
Carlig Sergiu
Liceul Academiei de Stiinte, ASM

Construirea unei societati bazata pe cunoastere dincolo de un imperativ sau moft al timpului
este si o conditie necesard de prosperare si supravietuire a civilizatiei [1]. In sistemele de
invatdmant ale tarilor Uniunii Europene se observa o tendintd de a forma individul astfel incat
acesta sd devina producitor de cunostinte la o varstd cat mai tanard. Acest deziderat impune
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necesitatea abordarii paradigmelor cercetarii incd in Invatdmantul liceal, astfel ca viitorul student sa
fie familiarizat cu metodele si metodologiile de cercetare. Una dintre modalitatile eficiente de
instruire prin cercetare o reprezintd elaborarea proiectului de cercetare [2]. Acesta poate fi executat
in grup sau individual, se prezintd in cadrul unei lectii curriculare sau la vreo activitate
extracurriculara, e.g. conferinta locala, raionald, municipala etc. Proiectul de cercetarea intr-o forma
voalata se poate distinge in unele manuale sau ghiduri [3, 4] sub forma unor lucrari de laborator cu
grad de dificultate ridicat.
Structura unui proiect de cercetare este:

Rezumat
Cuprins
Introducere

Studiu bibliografic

Metode de cercetare
Studiu teoretic sau experimental
Rezultate si discutii
Concluzii
Bibliografie
Anexe

In cadrul unui proiect se va incerca: verificarea unor teorii sau ipoteze; proiectarea si
confectionarea unor modele sau dispozitive; studiul unui fenomen sau elaborarea unor recomandari
sau indicatii.

Avantajele executarii unui proiect fata de o lucrare de laborator sunt:

Stimuleaza creativitatea;

Duce la intelegerea profunda a unui fenomen, domeniu etc;
Creeaza deprinderi de cercetare;

Dezvolta capacitatea de a rezolva probleme;

Creste increderea in propriile forte;

Conteaza la Inscrierea in universitagi.

Desi proiectul de cercetare are o serie de avantaje fatd de lucrarile de laborator, ultimele nu
pot fi neglijate sau substituite, deoarece in cadrul acestora are loc formarea unor deprinderi de
cercetare lecturare a documentatiei tehnice, executare explicitd a experimentului, care constituie o
treapta intermediard pentru elaborarea unui proiect.

De-a lungul activitatii didactice in cadrul Liceului
Academiei de Stiinte (LASM) am ghidat mai multi elevi
in elaborarea unor proiecte. Dintre acestea putem
mentiona:

Eco Masa, Bricicaru V, Burlacu P. (loc 2 la concursul
Cel mai bun elev inovator 2014, loc 1, concurs
international SPARE, 2014)

Studiul tuburilor termice. Sasu D., (loc 3, Conferinta
municipala Munca, talent si cutezantd 2013, mentiune
Cel mai bun elev inovator)

Studiul fenomenului de transfer termic, Rusu A.,
Oboroc A., (mentiune, Conferinta municipald Munca,
talent si cutezanta 2012)

Un stimul aparte il reprezintd concursurile  Dispozitiv realizat in cadrul proiectului Studiul
organizate atdt in cadrul ASM cum ar fi ,,Cel mai bun  fenomenului de transfer termic, Rusu A., Oboroc A.,
elev inovator”, cat si in cadrul structurilor municipale — LASM, 2012
conferinta ,,Munci, talent si cutezanta” la care constant
elevii LASM au prezentat proiecte si obtinut premii, inclusiv pe filiera fizicii.

Putem mentiona ca elaborarea unui proiect de cercetare dincolo obiective educativ instructive,
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are un rol personalizat prin prisma elevului §i creeaza premize pentru o carierd de succes in
domeniul tehnicii §i cercetarii.

Bibliografie

[1] http://en.wikipedia.org/wiki/Knowledge society, vizitat la 10 aug. 2014

[2] C. Vrejoiu, Metodica predarii fizicii, Chisindu, 1998

[3] Colpajiu M., Turcanu Gh., Cérlig S., Fizica, manual pentru cl. 11., Chisinau, 2011, 214 pg.
[4] M. Colpajiu, Ghid de predare a lucrarilor practice la fizica, Chisinau, 2012
http://www.universcience.asm.md/go_userfiles/file/Manual_Colpajiu_final2.pdf

DEMONSTRAREA SURSELOR ,,VERZI” DE ENERGIE ELECTRICA
Mihail Popa
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova, MD 3121, Balti, str. A. Puschin, 38

Practic in orice fruct sau leguma exista energie electrica. Foarte putini insa stiu ca daca vom
introduce in orice fruct doi electrozi din diferite metale, datorita reactiilor chimice care au loc, intre
sucul fructului si metalele de pe electrozi va aparea o diferenta de potential, adicd o tensiunea
electrica.

In lucrarea dati se analizeaza diferite metode de creare a surselor de energie electrici. Cele
mai multe experiente sunt efectuate cu ajutorul fructelor si legumelor. Intrucit procesele chimice
decurg incet, curentul electric obtinut nu va avea tensiune si intensitate mare. Totusi este posibil de
creat o rezerva de energie prin conectarea in sistemul dat a unui condensator.

Tensiune electrica produsa o singura lamiie este de circa 0,86V. Doua lamii conectate in serie
ne dau tensiunea de 1,75V, trei — 2,62V, iar patru lamii — 3,69V.

S-a depistat ca patru cartoful fierfi genereaza o tensiune putin mai mare decit patru cartofi
cruzi (3,5V fata de 3,3V). Diferenta dintre tensiunea furnizata de cartoful fiert si cel crud este foarte
mica.

Perele furnizeaza o tensiune mai mica decit lamdiile si cartofii.

S-a depistat ca aciditatea sucului difera de la un fruct la altul. Pentru diferite fructe s-a obtinut
valori diferite ale tensiunii electrice.

A fost asamblata o pild voltaica prin punerea intre doud monede din cupru si aluminiu a unor
cercuri din hirtie cufundate in apa cu sare de bucatdrie. Tensiunea furnizatd a fost de 0,4V. S-a
repetat aceastd procedurd, punind una peste alta alte 44 monede. Pila voltaicd asamblatd ne-a
indicat o tensiune de 10,85 V. Diodele semiconductoare conectate in circuit au iluminat, indicind
prezenta curentului electric.

S-a depistat ca prin sinele de cale feratd trece un curent electric variabil, cu tensiunea maxima
de 3,5 V, care poate fi utilizat cu ajutorul unor circuite speciale la incarcarea telefonului mobil.
Tensiunea electricd masurata dintre sinele de cale feratd poate fi utilizata pentru a determina la ce
distanta se afla trenul de la locul dat

Folosind multimetrul am observat ca o baterie solara de la calculatorul de buzunar genereaza
o tensiune electricd de 1,5 V, iar dacad se utilizeazd doud baterii solare se genereaza o tensiune
electrica de circa 2,88 V.

In concluzie, un bun experimentator poate obtine si folosi util energia electrici in diverse
scopuri.
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CERCETAREA PROPRIETATILOR OPTICE ALE STRATURILOR DE ZnS,Se;.,.
Mihail Popa

Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova, MD 3121, Balfi, str. A. Puschin, 38

Au fost studiate spectrele de transmisie optica ale straturilor subtiri de ZnSy Se;x in domeniul
spectral 330 — 1400nm. Prezenta maximelor $i minimelor de interferentd in spectrele de transmisie
sunt datorate reflexiilor multiple de pe suprafata stratului si reprezintd un indiciu ca probele sunt
uniforme si ca suprafetele straturilor sunt plane.

Odata cu cresterea grosimii straturilor, creste si numarul maximelor $i minimelor, iar pentru
grosimi d > 0.77um diferenta dintre transmisia maxima $i minima se micgoreaza.

Transmisia straturilor subtiri de ZnSi Se;x depuse pe suporturi incilzite de sticld se
micsoreazi (se observa disparitia unor maxime si minime de interferentd). in cazul straturilor cu
grosimi mici (d < 0.6um) are loc o compactizare a structurii straturilor si o crestere a coeficientului
de reflexie la suprafata liberd a stratului, iar pentru straturile cu grosimi mai mari (d > 0.6um) are
loc o crestere a coeficientului de absorbtie datoritd formarii unor straturi cu structuri specifice.

Influenta tratamentului termic asupra spectrelor de transmisie ne evidentiaza doud moduri de
comportare a transmisiei:

- pentru straturile cu d < 0.6um tratamentul termic conduce la cresterea numarului de maxime
si minime din spectrul de transmisie;
- pentru straturile cu d > 0.6m tratamentul termic, practic, nu modifica spectrul de transmisie.

S-a constatat, ca reflexia straturilor subtiri policristaline de ZnSe pe domeniul de lungimi de
unda 300-950nm nu depaseste 10%.

Spectrele de absorbtie au fost determinate din spectrele de transmisie. Influenta tratamentului
termic si a temperaturii suportului asupra spectrellor absorbtie este analoaga ca in cazul spectrelor
de transmisie.

Din dependentele de tip & (h 1/)2 = f(hv) pentru (ahv) — 0 au fost determinate valorile
largimii benzii interzise a straturilor subtiri de ZnS,Se;.x . Acestea variaza de la £, = 2,68 el pentru
x =0pind la E;= 3,55 eV pentru x = 1.

Cresterea grosimii straturilor, cresterea temperaturii suporturilor, precum si efectul
tratamentului termic asupra straturilor subtiri policristaline de ZnS,Se;.. determind o scadere a
valorilor E,, determinate din dependentele de tip L) = fthv).

Din spectrele de transmisie, folosind metoda ‘“anvelopei” propusd de Swanepoel, a fost
determinat indicele de refractie al straturilor subtiri policristaline de ZnS\Se;... Acesta scade odata
cu cresterea grosimii si creste in urma tratamentului termic. Pentru explicarea dispersiei normale a
indicelui de refractie a fost folosit modelul unui singur oscilator.

PARTICULARITATILE EFECTELOR GALVANOMAGNETICE iN CAMPURI
ULTRACUANTICE iN BICRISTALE ALE IZOLATORULUI TOPOLOGIC 3D Bi;—, Shy
(0.07 <x <0.22)

F. M. Muntyanu, V. Bejan, V. Chistol
Institutul de Inginerie Electronica si Nanotehnologii ,, D.Ghitu”, Academia de stiinte a
Moldovei, Chisinau, 2028, str.Academiei 3/2

Se prezinta rezultatele cercetdrilor efectelor galvanomagnetice (magnetorezistenta si efectul
Hall) in bicristale ale izolatorului topologic Bi;— Sby (0.07 < x <0.22) in cdmpuri magnetice de pinad
la 40T si la temperaturi joase. In special s-a pus accentul pe datele obtinute la orientarea cAmpului
magnetic paraleld planului interfetei cristaline. Anume in acest caz in specimene pure se produc
tranzitii semiconductor-semimetal in cAmp magnetic, care suscitd un interes deosebit, ludndu-se in
consideratie noile realizdri In domeniul investigatiilor izolatorilor topologici, in care inchiderea
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benzii interzise de-a lungul anumitor directii face ca suprafetele sa devind conductori intrinseci.
Inlocuirea unor portiuni din aceste suprafete cu interfete cristaline supraconductoare, precum e in
cazul bicristalelor, conduce la evidentierea aspectelor dispersiei energetice Dirac, conexate cu
protectoarea topologicd. Au fost studiate doua tipuri de bicristale: cu unghi mare ( > 12°) si cu
unghi mic (< 9°) de dezorientare a cristalitelor.

Specificam doua dintre cele mai importante particularitati caracteristice ale investigatiilor
efectelor galvanomagnetice. La bicristalele cu unghi mic de dezorientare in campuri ultracuantice
de dupa tranzitia semiconductor-semimetal a cristalitelor se produc alte doua tranzitii la intensitati
mult mai mari, conexate cu straturile nanometrice adiacente si cel central ale interfetelor cristaline,
cea ce denota o crestere signifianta a benzii interzise de excitatie, intensificarea interactiunii spin-
orbiti la interfata, precum si prezenta starilor electronice fara spatiu liber la granita bicristalelor. in
bicristale cu unghi mare de dezorientare a cristalitelor tranzitii semiconductor-semimetal la interfata
nu se observa, dar se manifesta oscilatii cuantice ale efectelor galvanomagnetice in regiunea
ultracuantica a campului, sugerand prezenta starilor cu densitate sporitd si purtdtori de sarcina grei
la interfetele cristaline.

UNDE ELECTROMAGNETICE DE INTERFAIA iN HETEROSTRUCTURI CU
METAMATERIALE
V.Canter , T.Marin
Institutul de Inginerie Electronica si Nanotehnologii ,, D.Ghitu” ASM, str.Academiei 3/3, Chisindu,
R.Moldova, kantser(@nano.asm.md

Structurile stratificate prin combinare de metamateriale (LHM) si materiale optice
traditionale (RHM) ofera posibilititi noi in modificarea tabloului de propagare a undelor
electromagnetice si genereaza chiar aspecte noi in fenomenele optice de transmitere a luminii.

In baza ecuatiilor Maxwell si a matricei de transfer s-a analizat propagirea undelor
electromagnetice intro structura stratificatd, ce constd dintr-un ,,sandwich” RHM/LHM/RHM cu
strat de metamaterial intre doud straturi traditionale cu variatia continud a indicilor de refractie ai
straturilor RHM si LHM. S-a determinat evolutia propagarii pentru cazurile cu dependentele
spatiale ale indicelui de refractie liniard, exponentiald si tangent hiperpolicd in regiunile de
interfata.. Rezultatele arata ca structura tristrat gradald poseda o transmitanta relativ scazuta fata de
ceea a structuri cu interfete abrupte (variatie prin salt la interfatd a indiucelui de refractie)..
Rezultatul este similar situatiei cu structurile traditionale cu indici de refractie pozitivi.

S-a studiat propagarea undelor electromagnetice intr-o supraretea fotonicd unidimensionala cu
una din componentele constituente din metamaterial. In baza ecuatiilor Maxwell si a matricei de
transfer s-au obtinut ecuatie transcendente de analizd a dispesiei si a modurilor undelor de
propagare pentru polarizarile TE si TM. Prin modelarea permetivitatii dielectrice cu dependente de
modurile plasmonice si polaritonice de oscilatii ale sistemului electronic s-a stabilit conditiile de
realizare a materialului supraretea cu indice de refractie mediat nul (n) = 0. in conditiile date s-a
analizat structura benzilor fotonice pentru supraretele de metamateriale fotonice unidimensionale in
dependentd de unghiul de incidentd. S-au stabilit conditiile de cuplaj ale undei cu modurile
plasmonice si polaritonice de oscilatii n sistemul electronic. S-au stabilit conditiile de formare a
gap-ului omnidirectional (n) = 0 pentru ambele tipuri de polarizarea TE si TM. S-a stabilit ca
valoarea gap-ului TE (n) = 0 nu variaza dupa unghiul de incidenta, adica existd o omni-reflectanta
in tot diapazonul de frecvente in cadrul gap-ului TE (n) = 0. Pentru polarizarea TM, pe de alta
parte, se noteaza o descrestere a gap-ului (n) = 0 cu cresterea 6. S-a identificat cd nu existd o
singura valoare a raportului grosimilor straturilor a/b pentru care gap-ul (n) =0 este strict
omnidirectional atat pentru polarizarea TE, cat i pentru cea TM.

Considerand un metamaterial nanostructurat, format din straturi metalice si dielectrice de grosimi
diferite s-au analizat moduride de propagare a undelor la interfatd. Evaluand componentele
tangentiale ale campului electric §i magnetic la interfata s-a obtinut relatia de dispersie pentru
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modurile de propagare la interfata intre cele doud medii. S-a stabilit ca dispersia in modul unei
singuri interfete nu depinde de grosimea straturilor, si aceasta coincide cu dispersia plasmonului
suprafetei conventionale la interfata metal — dielectric. Functia de dispersie are un pol la frecventa
proprie a plasmonilor. S-au calculat curbele de dispersie a starilor de suprafata pentru diferite valori
a factorului de umplere, adica d1/d2 = d4/d3 =n si perioade egale, adicad, +d, +d; +d, =D =
62.5nm. Sunt evidentiate doud cazuri limit. In primul rand, acesta este cazul cand factorul de
umplere se dispare — in acest caz, noi avem rezonanta plasmonilor suprafetelor conventionale la
interfata intre doud medii izotrope, si plasmonii sunt limitati pentru toate frecventele. Celalalt caz
are loc, cand factorul de umplere este unitar, adicd noi nu avem legaturi intre structurile metal —
dielectric si exista doar o infinitate de structuri periodice. In acest caz, starile de suprafata pot doar
fi limitate exact la frecventele proprii a plasmonilor.S-a ilustrat cd prin metoda matricei de transfer
se poate obtine solutia exacta pentru modurile de interfatd intr-un asa fel de sistem. Calculele arata
ca una din solutii intotdeauna coincide cu dispersia plasmonului suprafetei conventionale dictata de
metoda mediului efectiv, si aceasta nu depinde de perioada structurii. Insi, intervalul existentei
acestui mod de suprafata este diferitd de cea dictata de teoria mediului efectiv. In acelasi timp,
existd doud moduri de suprafata suplimentare, si despicarea lor creste cu descresterea perioadei.

MAGNETOELECTRIC COUPLING, ANOMALOUS HALL EFFECT AND QUANTUM
CUBITS IN TOPOLOGICAL INSULATORS
M. Dragutsan ,V. Kantser, N.Sava
D. Gitsu Institute of Electronic Engineering and Nanotechnologies, ASM, Academiei str. 3/3,
MD2028, Chisinau, Moldova, kantser@nano.asm.md

A 3D topological insulator (TT) are characterized by two fundamental attributes:i) a gapped
bulk band structure, and a gapless dispersion of surface states, with low-energy excitations
described by the Dirac equation;ii) magnetoelectric coupling with axion electrodynamic behavior.
The strong spin-orbit interaction (SOI), responsible for such topological surface states, together
with magnetoelectric makes TIs interesting for spintronics applications.

We explore potentials that break time-reversal symmetry to con_ne the surface states of 3D
topological

insulators into quantum wires and quantum dots. A magnetic domain wall on a ferromagnet
insulator cap layer provides interfacial states predicted to show the quantum anomalous Hall e ect
(QAHE). Here we show that con_nement can also occur at magnetic domain heterostructures, with
states extended in the inner domain, as well as interfacial QAHE states at the surrounding domain
walls. The proposed geometry allows the isolation of the wire and dot from spurious circumventing
surface states. For the quantum dots we nd that highly spin-polarized quantized QAHE states at the
dot edge constitute a promising candidate for quantum computing qubits.

REFLECTOMETRIA NEUTRONICA SI STRUCTURA MAGNETICA A
MANGANITILOR PELICULARI
A.Belenciuc, V.Canter, M.Dragutan, S.Nikitenko, O.Sapoval
Institutul de Inginerie Electronica si Nanotehnologii ,, D.Ghitu” ASM, str.Academiei 3/3, Chisindu,
R.Moldova, kantser@nano.asm.md

Computii oxidici ai metalelor de tranzitie sunt printre cele mai intens studiate materiale
datorita proprietatilor unicale. Printre ei manganitii, care au formula chimicd Re; xAexMnO;3; (unde
Re- elementele din grupa paminturilor rare (La, Na, Pr) si Ae- elementele din grupa metalelor
alcaline (Ca, Sr, Ba)) manifestd un sir de proprietiti neobisnuite, cum sunt: efectul de
magnetorezistenta colosala, tranzitia izolator paramagnetic - metal feromagnetic. Acestea sunt
printre cele mai promitatoare material injectoare de purtitori de sarcind cu polarizare dupa spin.
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Demonstrand o sensibilitate ridicatd a proprietatilor fizice la cele mai mici modificari structurale,
manganitele sunt niste candidati buni pentru combinarea lor cu alfi oxizi pentru generarea
tensiunilor avand ca scop modificarea parametrilor lor si sporirea functionalitatii.

Lucrarea prezenta include rezultatele legate de obtinerea si caracterizarea (structurald si
magneticd) a manganitilor peliculari sub forma de straturi subtiri si supraretele de tip: Lag¢7Cag 33
MHO3—BaTiO3; La0,67Sr0,33MnO3—La0,58r0'5C003; LaMn03—SrTi03.

Peliuculele de manganiti s-au obtinut pe suport de MgO prin tehnologia de depunere
epitaxialda MOCVD din aerosoli. Studiul structurilor date cu micrscopul de fortd atomica a
demostrat ca cresterea este destul de perfecta si chiar la grosimea de numai 2 straturi monoatomice
incepe sa se observe structuri pefecte fara defecte. Magnetorezistenta acestei structuri in cimpuri
slabe poate atinge valor de 25% la temperaturi de 10K ce se aseamdna cu proprietatile compusului
(LSMO)x:(MgO)y cu x=0.1.

S-a studiat structura magnetice a manganitilor prin reflectometrie neutronicd. Aceste
investigatii s-au efectuat la Institutul Unificat de Cercetdri Nucleare de la Dubna (Rusia). S-au
analizat aspectele de inteactiune a fluxurilor neutronice cu materialele, s-a analizat metodologia de
masurare a spectrelor de reflectometrie si proicesare a lor in vederea identificérii structurii

magnetice.
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Fig.1. Dependenta coeficientului de reflexie in functie de vectorul de unda q pentru structura
(LaMnO3)2,/(StTMnO3), pentru n=5 cimp magnetic zero si T=300K (in stdnga) si cimp magnetic
5.5kOe si T=10K (in dreapta)

S-a stabilit dependenta coeficientului de reflexie a neutronilor (Fig 1) in functie de vectorul
de undd q la temperatura camerei si temperaturi joase, din care s-a obtinut coeficientul de
magnetizare ,valoarea cdruia maxima este pentru LaMnO; de 3.8 1z, /Mn si minima pentru StMnO;

de 0.1 £, /Mn . S-a aratat ca proprietatile magnetice ale manganitilor se evidentiaza la temperaturi
joase de 10K , iar la temperatura cameri valoarea magnetizarii acestora tinde la zero.

CONDITIILE DE FORMARE A VARTEJURILOR iN LICHIDUL SUPRAFLUID
NUCLEUNIC AL PULSARILOR
L. Calalb, M. Calalb
Universitatea de Stat Tiraspol, st. lablicichin 5, Chisindu, mcalalb@hotmail.com

In lucrarea de fata sunt analizate deosebirile si asemanarile intre conditiile de formare a
sistemului de vartejuri in lichidul neutronic si protonic conditionat de rotatia pulsarului. S-ar parea
ca lichidul protonic suprafluid electrizat nu influenteaza comportamentul sistemului de protoni si
neutroni, deorece cuplarea se efectueaza pe contul interactiei nucleare, iar interactia
electromagnetica este mult mai slaba decat cea nucleara. Acest tablou fizic este perfect pentru
procese care au loc la distante de ordinul lungimii de coerentd (j. Intr-adevir, putem neglija cu
interactia electromagnetica la calcularea gapului energetic intre perechile de nucleoni
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supraconductibili. Insa atunci cand studiem efectele macroscopice in regiuni cu dimensiuni Ry>>¢)
sarcina protonilor devine importanta. In acest caz folosim hidrodinamica magnetici a lichidului
suprafluid care leagd curentii suprafluizi si campul electromagnetic. Vartejurile lichidului suprafluid
sunt formatiuni macroscopice si, pe contul rotatiei pulsarului, pot aparea deosebiri esentiale in
conditiile de formare a vartejurilor 1n lichidul de neutroni si protoni.

Conform formulei Vinen [1, 2], viteza unghiulara critica a lichidului suprafluid neutru din
punct de vedere electric in care apare primul vértej este Q.~10"*s™. Acest rezultat e obtinut reiesind
din considerente termodinamice si hidrodinamice si poate fi aplicat in cazul heliului suprafluid si in
cazul lichidului neutronic suprafluid din regiunea pulsarului,unde condensatul s-a format din
perechi neutronice in starea 's. La cuplarea neutronilor in pulsar in starea p, starea de
suprafluiditate apare in doud cazuri: faza A — cand densitatile componentei normale si a celei
suprafluide sunt marimi tenzoriale, iar rotorul vitezei suprafluide este nenul in tot volumul
lichidului; faza B — densitatea normala si cea suprafluida sunt marimi scalare, parametrul de ordine
este izotrop. Asa cum vitezele de rotatie a pulsarilor sunt de ordinul 2~/ (0’s”, adica mult mai mari
decat Q., se presupune ca vartejurile de lichid neutronic se Intalnesc la toti pulsarii. Afirmatia nu
este valabilad pentru vartejurile protonice, deoarece an cazul lor adancimea de patrundere 4; coincide
cu axa vartejului. Adica in modele cu dimensiuni Ry>>4, aparitia vartejurilor in lichid suprafluid
electrizat e mai putin probabila decat in lichid neutru.

La determinarea marimii £, in cazul lichidului protonic suprafluid al pulsarului se folosesc
rezultatele teoriei Ginzburg — Landau pentru supraconductori in rotatie [3]. Viteza unghiulara critica
a lichidului protonic suprafluid al pulsarului, obtinuta de Abricosov [4] este

(o2 e
€ = 22 (m) 2me

Astfel, aparitia sistemului de vartejuri in componenta protonica suprafluida a pulsarilor la
T<<T, numai pe contul rotatiei este imposibila [5]. De asemenea, este imposibila aparitia
vartejurilor protonice pe contul cAmpului magnetic la 7<<7, deoarece campurile magnetice
observabile H~10"°Gs sunt mult mai mici decat cdimpul magnetic critic H~10""Gs.

1. Arhipov R., Comportarea particulelor cu masa efectivd mica in heliul suprafluid. JETP 33,
397, 1957.

2. Vinen W., Nature, 181, 1524, 1958.

Verkin B., Kulik 1., Campurile magnetice ale supraconductorilor, JETP 61, 2067, 1971.

4. Abrikosov A., Despre proprietatile magnetice ale supraconductorilor de speta II, JETP 32,
1442, 1957.

5. Liliana Calalb, Vasile Cernobai, The Conditions and the Mechanism of Appearance of
Vortex State in the Superconducting Component of Pulsar Cores, ANALELE
STIINTIFICE ALE UNIVERSITATII "AL.I.CUZA" IASI Tomul XLV -XLV]I, s. Fizica
Starii Condensate, 1999 - 2000, p.298 — 301.
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METODA NODURILOR ECHIPOTENTIALE UTILIZATA LA CALCULUL
CIRCUITELOR ELECTRICE DE CURENT CONTINUU
Mihail Popa
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova, MD 3121, Balti, str. A. Puschin, 38

Prin rezolvarea problemelor de fizica se dezvoltd gindirea logicad si reflexia abstracta.
Cunostintele teoretice se considera Insusite numai atunci, c¢ind ele se aplica rezultativ in practicd. De
cele mai multe ori problemele de fizica descriu situatiile din viata si productie, care pot fi rezolvare
cu ajutorul legilor fizicii. Daca elevul (studentul) rezolva bine probleme, se poate afirma ca el
cunoaste bine fizica.

In categoria problemelor netraditionale de calcul a circuitelor electrice de curent continuu pot
fi incluse probleme, schemele carora contin un numar mare de elemente (rezistori si condensatori),
care sunt echivalente si contin un numar mare de conexiuni mixte si complexe ale elementelor.
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In caz general, orice circuit poate fi calculat folosind legile lui Kirchhoff. In cazul
conexiunilor mixte si complexe ale elementelor este necesar de scris un numar mare de ecuatii cu
multe necunoscute, iar rezolvarea acestora necesitd mult timp si nu este in puterea tuturor elevilor.
De aceea, trebuie folosite metode ce ar permite determinarea rapidd a rezistentei electrice si
capacitatii electrice ale contururilor.

Una din metodele folosite este metoda schemelor echivalente, care constd in faptul ca schema
initiald a circuitului poate fi redusa la contururi conectate in serie, iar fiecare contur sa contina
conexiuni 1n serie §i/ sau in paralel a elementelor. Pentru aceasta este necesar de simplificat schema
initiala a circuitului, iar aceasta se poate face prin unirea sau dezunirea unor noduri oarecare ale
schemei echivalente, eliminarea sau addugarea rezistorilor, condensatorilor, obtinindu-se astfel, ca
noua schema formata din elemente conectate in serie si paralel sa fie echivalenta celei initiale.

Schema echivalenta este o astfel de schema, care fiind alimentata cu aceiasi tensiune, ne da
aceiasi curenti pe fiecare portiune ca si in schema initiala. In prezentarea mea ma voi referi doar la
metoda nodurilor echivalente. Aceastd metoda constd in faptul ca in schemele simetrice se cautad
nodurile cu potentiale egale, care se unesc intre ele. Daca initial Intre aceste puncte era conectatd o
portiune de circuit, aceasta se nlaturd din cauza egalitatii potentialelor la capete si curentul nu trece
prin portiune. Aceasta modificare nicidecum nu influenteaza asupra rezistentei totale a circuitului
electric. Astfel, inlocuirea mai multor noduri echipotentiale conduce la o schema echivalenta mult
mai simpla.

Uneori este rentabil de facut si inlocuirea inversd, a unui nod prin mai multe noduri cu
potentiale egale, ceea ce nu Incalca conditiile initiale din schemele electrice.

In lucrare se prezinti rezolvarea mai multor probleme de fizici prin metoda nodurilor
echivalente

DETERMINAREA MOMENTULUI DE INERTIE AL BILELOR DE RAZA MICA
(LUCRARE DE LABORATOR)
Mihail Popa
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova, MD 3121, Balti, str. A. Puschin, 38

Accesorii si materiale: stativ cu 2 mufe si 2 cleste, doua tuburi metalice unul cu trambulina,
iar altul indoit la 90°, cinci bile de diferite diametre, rigla metalica, subler, balanta
Schema instalatiei experimentale elaborate este reprezentatd in Fig. 1. Intr-un stativ sunt

fixate doud uluce 4B si 4’B'C’. Ulucul A’B’C’ este indoit sub un unghi de 7/2. Portiunea

A’ B’ este fixata sub acelasi unghi ca si ulucul 4B.

A

Fig. 1. Schema instalatiei experimentale
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O bila de masa m sirazd R, fixata in punctul A (Fig. 1.), poseda fata de nivelul orizontal BD
un surplus de energie potentiala mgh .

La alunecarea bilei pe ulucul 4B energia potentiala a bilei se transforma in energie cinetica a
2

miscdrii de translatie

(v reprezinta viteza liniara a centrului maselor fata de uluc), in energie

2
cinetica a miscarii de rotatie

(w reprezintd viteza unghiulard de rotatie) si partial se cheltuie

pentru lucrul fortelor de frecare L, . Astfel, in punctul B variatia energiei interne a bilei este egala

cu lucrul fortelor de frecare, adica

2 2

mv: o
L ;= > + —mgh . (D
Aici patratele vitezei liniare §i a vitezei unghiulare se pot determina din relatiile:
12
V2 = g— . 2
20 )
si

v2 12

Teor=sT s ©
R°  2HR

unde H este indltimea punctului B al ulucului fatd de suprafata mesei, iar / este bataia bilei
(distanta parcursa pe orizontald pina la suprafata mesei.
Pentru determinarea lucrului fortelor de frecare L, se da drumul la bild din punctul A’ pe

ulucul 4’B’C’, care alunecind de la indltimea 4 pe partea dreapta a ulucului, se ridica la iniltimea
h’ < h pe partea dreapta a ulucului.

Este evident ci dupa efectuarea experimentului bila se scoate prin punctul B’. Variatia
energiei potentiale a bilei este egala cu lucrul fortei de frecare, adica
L, =mg(h’ ). )
Lucrul L' se efectueazi pe drumul (h/ +h)/ sina , unde unghiul o reprezinta unghiul de
inclinare a ulucului. Rezulta ca pe o unitate de drum revine lucrul fortelor de frecare egal cu
/
mg % sina . ®)]
Inmultind aceastd marime la A’B’ = h/sina obtinem lucrul efectuat de fortele de frecare la

rostogolirea bilei pe poriunea 4’B’ a ulucului si ea este egald cu lucrul fortelor de frecare L.,

care intra in relatia (1), deoarece partea dreaptd a ulucului A’B’C’ este identica cu ulucul AB.
Astfel

h' —h
) h +h
Inlocuind relatiile (2)-(6) in relatia (1) si facind unele transformari, obtinem:
/
I=mR2( SHhh Jj. (7)

1(n +n)

L, =mgh (6)
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Datele se completeaza in urmétorul tabel:

N R H
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The main purpose of this paper is to explain and show what happens if we deflect one of 2
arrows standing close to each other by some small anger and release it and explain the character of
their movement.

We are using Pasco-Spark technologies every time we need precise results in accurate
experiments, but we are not performing our skills as good and qualified experimenter. Also it’s hard
to process and perform experimental data, because theory is different from practice, and a good
theoretician doesn’t mean every time a good experimenter. We propose a wonderful method,
containing graphics and detailed explanations of a thorough experiment, sharing our experiences
and remarks.

In this paper we answer questions like “how can estimate the period and do this experiment
without Pasco-Spark, making it effective and precise?” and “how to explain the character of this
damped oscillations?”Also we present some theoretical principles which completely describe all
physical phenomena including the magnetic torque and damped oscillations.

First we are going to explain the oscillations of a single magnetic arrow. A single magnetic
arrow is just a compass, which is very light, and has a low friction.




108 Conferinta Fizicienilor din Moldova, 22-25 octombrie 2014

We may assume that the magnetic arrow is a current conductor with the transversal section’s
area S and let I be the intensity of the current. So we have the magnetic moment of this conductor
equal to the vector product of the area and intensity.

m=I*S
At the same time we have the torque equal to the vector product of the magnetic moment and the
induction of an exterior magnetic field (this case the Earth magnetic field).
=m*B*sinp [1]

So the torque rotates the arrow to its initial position.

-t=I*a and [*o=-m*B*sin@
And we’ll observe harmonically oscillations with a period

T=2**[1/(m*B)]*"1/2 [2]
Notes:
m-magnetic moment; /- inertia moment; S-section’s transversal area; z-torque; B- the Earth’s
magnetic field induction; a-angular acceleration; ¢-angle of deviation of the arrow

Figure 1 A compass image.

In this experiment we used:2 magnetic arrows, a chronometer, and a protractor to measure
the amplitude of the oscillations.

In this case for a higher precision we’ll align the arrows according to the Earth’s magnetic
field. It’s also important to mention that the distance bet we en the arrows has to be big enough to
warn their contact and small enough to ensure their interaction.

We deflect one of the arrows by a small angle trying to maintain the equilibrium of the
second one. After that we release both arrows which will start oscillating. The first thing we observe
is the asymmetrical character of the oscillations. For a detailed describing of this process we need a
graphic of the dependence of the angle on time.

Why are the arrows oscillating?

We may assume that the arrows, that form a stable system, are magnetic dipoles. Let’s show
how they are interacting. We have 2 types of forces acting on one pole of each arrow:

1) Attraction force between north of one arrow and south of another arrow (the force moving
the arrow toward each other)

2) Rejection force between south of one arrow and south of another one or north of one
arrow and north of  another one (the force rotating the arrow in opposite directions). We add the
forces using the parallelogram’s law and we obtain the resulting forces [3].

Figure 2The graphic of those oscillations.
The resulting force rotates the arrow. In this case the oscillations aren’t harmonic and have
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different period. A complex oscillation is formed of one with big amplitude and one with small
amplitude.

The oscillations aren’t harmonic and have a different period. A complex oscillation is
formed of one with big amplitude and one with small amplitude. We observe the exponential
character of the graphic ( f(t)= a*e”(-t) ), so the experimental data confirms the theory. But why
aren’t they oscillating forever? Because there is a friction force present in the axis. We may
minimize it by using a lubricant, but it still remains.

Figure3 The oscillations time dependence.
Conclusions
During the experiment we verify that the oscillations of the arrow depend of the number of
interacting arrows (we observed symmetrical amortized oscillations of one arrow and asymmetrical
amortized oscillations of 2 arrows).For a higher precision the arrows must be arranged according to

earth magnetic field lines. Our experiment confirmed the theory of oscillations and magnetically
interaction, the exponential character of the graphic being a good proof.
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O POSIBILITATE PRACTICA DE MAJORARE A COEFICIENTULUI DE FRECARE
Valeriu ABRAMCIUC, Anatolie POPERECNII
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Abstract. In this article is presented and demonstrated the possibility of increasing the
coefficient of friction in braking and coupling devices. The desired effect is achieved by changing
the contact surfaces by doping with electric spark method.

In tehnica, frecarea apare atat ca fenomen nedorit (in lagire, ghidaje, etansari, transmisii prin
roti dintate, lanturi, came etc.), cat si ca fenomen dorit, ca, de exemplu, in cazul dispozitivelor de
franare, cuplajelor, transmisiilor prin curele, transmisiilor prin frictiune, asamblarilor prin frecare,
etc.

Frecarea de alunecare este una dintre cele mai vechi probleme ale fizicii/tribologiei si, cu
sigurantd, una dintre cele mai importante din punct de vedere practic. Legea frecarii uscate de
alunecare se exprima prin relagia Amontons — Coulomb:

F fr= uF,,

in care F, este forta normald la suprafata de contact, iar x - coeficientul de frecare.
Mairimea coeficientului de frecare este functie de materialele din care sunt confectionate cele
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doud elemente ale cuplei cinematice si de gradul de prelucrare a celor doua suprafete in contact
(rugozitatea suprafetelor). In anumite conditii, coeficientul de frecare se considera independent de
marimea suprafetei de frecare, deci de presiunea de contact, precum si de marimea vitezei relative a
celor doud elemente ale cuplei cinematice. In aceste situatii, in cazurile in care frecarea are efect
benefic, se Intreprind diferite masuri pentru majorarea coeficientului de frecare — folosirea de
materiale speciale, prelucrarea suprafetelor de contact, inclusiv acoperirea acestora cu pelicule, si
altele.

in dispozitivele de franare se folosesc garnituri de frand (plicute de frani), iar in ambreiaje se
folosesc straturi de ambreiaj (discuri de ambreiaj). Materialele de frictiune utilizate sunt
caracterizate de coeficient de frecare de valoare ridicatad si rezistentd bund la uzura, dar au, de
asemenea, un anumit grad de rezistenta la caldura si rezistentd mecanica. Materialele de frictiune,
de obicei, sunt in contact cu suprafete metalice, cum ar fi, de exemplu, Tn masini, trenuri, avioane,
platforme petroliere si alte tipuri de utilaje de constructii, sau in bunuri civile, cum ar fi motociclete,
biciclete, masini de spalat, etc.

Considerand, in prima aproximatie, constante caracteristicile materialului de frictiune, rezulta
cd, pentru majorarea coeficientului de frecare, trebuie modificate insusirile suprafetei metalice. In
acest scop, s-a propus realizarea alierii cu scantei electrice a suprafetei metalice a dispozitivelor in
cauzi. In consecinti, pe suprafata metalului aliat se formeazid o structurd de aspiritati, cu
caracteristici fizice §i dimensionale controlabile, functie de regimurile procesului de aliere si de
materialele folosite.

In final, se modifica suprafata de contact dintre materialul de frictiune si metalul aliat, dar se
schimba sustantial si interactiunea dintre acestea. In aceste conditii, forta de frecare se datoreaza
urmatoarelor fenomene:

deformarea elastica a rugozitatilor in contact;

deformarea plastica a rugozitatilor In contact;

forfecarea rugozitatilor in contact, la nivelul ariei reale de contact, unde s-au produs

microsuduri sau in alte sectiuni;

zgarierea suprafetei materialului de frictiune (considerat ca fiind mai moale) de catre

rugozitatile metalului aliat;

Hruperea” campului de forte de interactiune moleculara dintre cele doua suprafete.
In consecinti, coeficientul de frecare dintre materialul de frictiune si metal inregistreaza o
crestere. De mentionat ca alierea prin scantei electrice se realizeaza fara incélzirea semnificativa a
piesei, deci nu se produc schimbari structurale in adancul metalului. In acelasi timp, sporeste
rezistenta la uzare, pot fi restabilite dimensiunile suprafetelor uzate si, prin modificarea regimurilor
de aliere, se asigura formarea grosimii $i rugozitatii necesare ale stratului de acoperire.

In concluzie, mentionim ca alierea prin scantei electrice a suprafetelor metalice din

dispozitivele de franare si din ambreiaje conduce la majorarea coeficientului de frecare, ceea ce
imbunatateste performantele tehnice ale echipamentelor.

YV V VVYVY
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In today’s world, science and technology are increasingly interwoven into daily life. The drive to
learn new information or perform some action is often initiated by the anticipation of reward. In this
way, the concepts of motivation and reward are intrinsically tied to the phenomenon of curiosity.
Creative individuals seem to have a need to seek novelty and an ability to pose unique questions.
When we are learning hands-on-seeing, perceiving, analyzing, reflecting and constructing new
knowledge for ourselves- we develop strong problem-solving and critical thinking skills. When we
do science, not just read about science, we directly interact with the material world in a
collaborative way. We learn to think like scientists, and we retain more.

Psychologist William McDougall was one of the first to write about the instinct theory of
motivation. He suggested that instinctive behavior was composed of three key elements: perception,
behavior, and emotion. He also outlined 18 different instincts and one of the most important
according to his theory was curiosity.

Creative individuals have some very special qualities including fluency, or the ability to think of
many ideas rapidly; flexibility, the capacity to use ideas and tools in unusual ways; and originality,
the capacity to think of novel ideas and products.

HOW CAN WE IMPROVE OUR THINKING SKILLS?

There are a lot of opportunities which help us to develop as creative personalities. All the students
that are interested in advanced learning level are free to come and join the Center of Excellence for
Modern Education, besides this, they can get involved in different Olympiads, Tournaments,
Science Conferences and Science Debates. The Center of Excellence for Modern Education is
equipped with the most advanced developing and supporting innovative education technology
solutions for primary, secondary, and university level science, for example: the Interactive
whiteboards and the PASCO products, which include the sensors to collect real-time data, software
for data visualization and analysis, interactive lab activities, and lab equipment—all designed to
work together for an effective learning experience.

In order to present a few possibilities offered by the high technology lab equipment of this Center I
am going to present an experiment, which was done using the Pasco products.

Fruit and Vegetable’s Thermal Conductivity.

Materials:
. Potato . Hot water
. Carrot . Two bowls
. Lemon . A sharp thin object
. Onion . PASCO Quad Temperature Sensor (including 1
o Weighing Stainless Steel Temperature Probe and 4 Fast Response
scales Probes)

. Ice . SPARK Science Learning System
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Methods:

1. Make assumptions about what result will you get.

2. Use the Weighing scales to find a potato, a carrot, a lemon and an onion of the same mass.

3. Put the ice in the bowl

4. Use the sharp thin object to introduce the Fast Response Probes directly in the center of each
fruit/vegetable.

5. Connect the Fast Response Probes to the PASCO Quad Temperature Sensor.

6. Connect the PASCO Quad Temperature Sensor and the Stainless Steel Temperature Probe to
the SPARK Science Learning System.

7. Plot a Temperature vs Time Graph using the SPARK Science Learning System.

8. Introduce the fruit, vegetables and the Stainless Steel Temperature Probe into the bowl so that
the study objects would be completely surrounded with ice.

9. Begin the measurements.

10. Wait until the temperature will be between 0-5 Celsius degrees.

11. Pour the hot water in the second bowl.

12. Move the fruit, vegetables and the Stainless Steel Temperature Probe from the first into the
second bowl.

13. 40 minutes later after you switched the bowls stop the measurements.

14. Analyse the results and explain the processes of cooling & warming scientifically, by giving
physical arguments.

The Experiment and the Results:

Figure 1: a- a potato; b- a carrot; ¢c- a lemon; d- an onion;
Mass average 139+1g.

Figure 2 a- steps number 3,4 and 5; b- step number 7.
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Figure 3 The cooling process graph.

Thermal conduction is the transfer of internal energy by microscopic diffusion and collisions of
particles or quasi-particles within a body due to a temperature gradient. The fruits and vegetables’
mass is almost the same, but the liquid’s mass percentage is different for each fruit and vegetable.
The proportion between the internal structure’s mass and the liquid’s mass could be considered a
quality parameter for the heat conduction which also depends on the degree of anisotropy and on
the structure’s shape. We distinguish more shapes: onion - structures with spherical coating, the
carrot — structures with quasi-cylindrical shape, lemon — a mixed structure (containing pulps, which
are divides into more similar isosceles triangles which contains spindle-shaped structures), and the
potato which is almost totally isotropic.

T,°C Warming

+ A & =~ & © = &

Figure 4 The warming process graph.

Figure 5 Fruit and Vegetables’ form and structure.

As the potato is isotropic, it’s graph has the lowest amount of aberrations from a single function
graph. By this, making potato’s thermal conductivity graph describable by only one function. (the
red line on the graph)

The lateral surface, which provides water contact, is big for the carrot, but the diameter is small
which means that it has the biggest thermal conductivity. (the light blue line on the graph)

Lemon’s coating has a lower thermal conductivity than the first coating of the onion, that’s why
through lemon’s coating the temperature decreases slower, but as the chill passes from the coat in
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the interior liquid sphere the thermal conductivity increases, while in the onion it rests the same
because the structure of the border coating is almost identical to the inner coatings’.

In conclusion to the experiment I would like to mention that even if the initial task of supposing
which fruit/vegetable has a greater thermal conductivity seemed to be very easy, the thermal
conductivity depends on the mass, density, exterior surface, anisotropy/isotropy, diameter and
percentage of liquid content in the analyzed fruit/vegetable. We were capable to realise this
experiment because of the high performance lab equipment: Stainless Steel Probe’s Range is from -
35 to +135°C at £0.5 °C , but the Fast Response Probe’s range is from -10 to +70 °C £0.5 °C and
they have a resolution of 0.0025 °C.

The modern world depends on science and technology; not merely on their existence, but on their
never ceasing advancement. This requires ever growing rows of inventive thinkers and qualified
specialists, customarily produced by universities around the globe. It is never too early to start.
Reaching results in modern world requires accurate, diligent and efficient work, concise and
contentful discussions, persistence, experimentation, critical thinking, collaborative learning,
independent research, and a whole new level of cooperation between teachers and their students.
Dear teachers and students I appeal to you with the request to think out of the box and to get
involved in all possible projects, to improve ourselves and enjoy the opportunity to create
something new, something unique and not be afraid to seem strange , fear of being ordinary.
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