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ÀÍÍÎÒÀÖÈÈ Ê ÑÒÀÒÜßÌ ÍÎÌÅÐÀ

The electrocurrent microrelay modelling. Mukhurov N. I.,
Yefremov G. I., Zhvavyi S. P.

The design and method of electrocurrent microrelay
theoretical modelling is offered. It is established, that base
function in the normalized kind graphically represents a
symmetric parabola.  Microrelay capability evaluation have
been carried out for different current flow directions through
the meander-line system of planar structure.

Ìîäåëþâàííÿ åëåêòðîòîêîâèõ ì³êðîðåëå. Ìóõóðîâ
Í. ²., ªôðåìîâ Ã. ²., Æâàâèé Ñ. Ï.

Çà ðåçóëüòàòàìè ìîäåëþâàííÿ çàïðîïîíîâàíî êîíñòðóê-
ö³þ åëåêòðîòîêîâîãî ì³êðîðåëå. Âèçíà÷åíî ðîçðàõóíêîâ³
ñï³ââ³äíîøåííÿ ïàðàìåòð³â, ùî îïèñóþòüñÿ â íîðìî-
âàííîìó âèãëÿä³ ôóíêö³ºþ, ùî ñòàíîâèòü ñîáîþ ñèìåò-
ðè÷íó ïàðàáîëó. Îö³íåíî õàðàêòåðèñòèêè ì³êðîðåëå çà
ð³çíèõ íàïðÿìê³â ïðîò³êàííÿ åëåêòðè÷íîãî ñòðóìó ÷å-
ðåç ìåàíäðîâó ñèñòåìó ïëàíàðíî¿ êîíñòðóêöè¿.

The new approach to the creation of the nonvolatile
memory based on Si-MOS-transistors. Gulyaev Yu. V.,
Zhdan  A. G., Chucheva G. V. 

A new approach to the creation of a long-term random-
access memory based on the effect of the electron-ion
interaction on Si-MOS-transistors is proposed. The
difference in levels of signals «zero» and  «unit» depends
on the regime of reading, and can vary widely. Time of
recording-erasing is determined by the size of the transistor
and makes some milliseconds. Obtained results allow to
suggest, that compared with the traditional flash memory,
such storage device will be more reliable and durable.

Íîâèé ï³äõ³ä äî ñòâîðåííÿ ïðèñòðî¿â ç åíåðãîíåçà-
ëåæíîþ ïàì�ÿòòþ íà îñíîâ³ Si-ÌÎÍ-òðàíçèñòîð³â.
Ãóëÿºâ Þ. Â., Æäàí Î. Ã., ×ó÷åâà Ã. Â.

Íà îñíîâ³ åôåêòó åëåêòðîííî-³îííî¿ âçàºìîä³¿ çàïðîïî-
íîâàíî íîâèé ï³äõ³ä äî ñòâîðåííÿ íà  Si-ÌÎÍ-òðàíçèñ-
òîðàõ  äîâãî÷àñíî¿ ïåðåñòðîþâàíî¿ ïàì�ÿò³ ç äîâ³ëüíèì
äîñòóïîì. Ð³çíèöÿ â ð³âíÿõ ñèãíàë³â «íóëü» òà «îäèíè-
öÿ» çàëåæèòü â³ä ðåæèìó ç÷èòóâàííÿ ³ ìîæå çì³íþâà-
òèñü â øèðîêèõ ãðàíèöÿõ. Çíà÷åííÿ ÷àñó çàïèñó òà ñòè-
ðàííÿ âèçíà÷àþòüñÿ ðîçì³ðàìè òðàíçèñòîðà ³ ñêëàäàþòü
ì³ë³ñåêóíäè. Îòðèìàí³ ðåçóëüòàòè äàþòü ï³äñòàâó  ââà-
æàòè, ùî â ïîð³âíÿíí³ ç òðàäèö³éíîþ êðåìí³ºâîþ Flash-
ïàì�ÿòòþ òàêèé çàïàì�ÿòîâóþ÷èé ïðèñòð³é áóäå á³ëüø
íàä³éíèì ³ äîâãîâ³÷íèì.

Âèá³ð îïòèìàëüíèõ ïàðàìåòð³â äåÿêèõ âóçë³â ÷àñòî-
òîì³ð³â ÍÂ×-ä³àïàçîíó. Êðèâàëü ². ²., Ñêðèïíþê Î. ².,
Ïðîöåíêî Â. Î., Ìàð�ºíêî À. Â.

Íàâåäåíî àíàë³ç îïòèìàëüíèõ ïàðàìåòð³â òàêèõ âóçë³â
÷àñòîòîì³ð³â UA ×3-79Ì òà UA ×3-101, ÿê ñèíòåçàòîð
÷àñòîòè òà ï³äñèëþâà÷ ïðîì³æíî¿ ÷àñòîòè. Ïîêàçàíî, ùî
â³ä âèáîðó ïàðàìåòð³â öèõ âóçë³â çàëåæàòü ä³àïàçîí âè-
ì³ðþâàíèõ ÷àñòîò, òî÷í³ñòü âèì³ðþâàííÿ òà ³íø³ õàðàê-
òåðèñòèêè ÷àñòîòîì³ð³â. Ïðèâåäåíî àëãîðèòì ðîáîòè ÷à-
ñòîòîì³ð³â â ä³àïàçîí³ äî 40 ÃÃö ï³ä ÷àñ âèì³ðþâàííÿ
÷àñòîòè ñèíóñî¿äàëüíèõ ñèãíàë³â òà íåñó÷î¿ ÷àñòîòè
ðàä³î³ìïóëüñíèõ ñèãíàë³â, ðåêîìåíäàö³¿ ùîäî âèáîðó îï-
òèìàëüíèõ ïàðàìåòð³â.

Ñhoosing the optimal parameters of some frequency
meter�s units of microwave band. Krival I. I., Skrypnyuk
A. I., Protsenko V. A., Maryenko A. V.

The optimal parameters of UA ×3-79M and UA ×3-101
frequency meter�s units such as frequency synthesizer and
intermediate frequency amplifier are analised. It is shown
that the choice of these units parameters affects the mea-
surement frequency range, accuracy and other characteris-
tics of frequency meters. Operation algorithm of the frequen-
cy meter at frequency range up to 40 GHz with changing of
sinusoidal frequency and changing carrier frequency
radiopulse signals and the recommendations for choosing
the optimal parameters are given.

Anisotropic thermoelement in emf and current generation
mode. Anatychuk L. I., Prybyla A. V.

Computer methods for the description of the anisotropic
thermoelement (AT) properties with regard to all necessary
model approximations have been elaborated. Configurations
of eddy thermoelectric currents in the anisotropic thermoele-
ment caused by current contacts have been found. The pro-
perties of the AT with regard to temperature dependences of
material properties, contact resistances and current contacts
have been determined for concrete cases. Optimal dimensions
of current contacts have been found. The optimization of
AT construction  allowed to increase its efficiency by 15%.

Àí³çîòðîïíèé òåðìîåëåìåíò â ðåæèì³ ãåíåðàö³³ åðñ
òà ñòðóìó. Àíàòè÷óê Ë. ²., Ïðèáèëà À. Â.

Ðîçðîáëåíî êîìï'þòåðí³ ìåòîäè äëÿ îïèñó âëàñòèâîñòåé
àí³çîòðîïíîãî òåðìîåëåìåíòà (ÀÒ) ç óðàõóâàííÿì óñ³õ
íåîáõ³äíèõ ìîäåëüíèõ íàáëèæåíü. Çíàéäåíî êîíô³ãóðàö³¿
âèõðîâèõ òåðìîåëåêòðè÷íèõ ñòðóì³â â òåðìîåëåìåíò³,
çóìîâëåíèõ íàÿâí³ñòþ ñòðóìîâèõ êîíòàêò³â. Âèçíà÷åíî
âëàñòèâîñò³ ÀÒ ç óðàõóâàííÿì òåìïåðàòóðíèõ çàëåæíîñ-
òåé âëàñòèâîñòåé ìàòåð³àë³â, êîíòàêòíèõ îïîð³â ³ ñòðóìî-
âèõ êîíòàêò³â. Çíàéäåíî îïòèìàëüí³ ðîçì³ðè ñòðóìîâèõ
êîíòàêò³â ³ ì³ñöå ¿õ ðîçì³ùåííÿ. Îïòèì³çàö³ÿ êîíñòðóêö³¿
ÀÒ äîçâîëèëà ï³äâèùèòè éîãî ÊÊÄ íà 15%.
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Inductive negasensor. Voytscekhovskaya Ye. V.,
Lishchynska L. B., Lazarev A. A.

A circuit of an inductive bridge negasensor on a L-negatron
device with negative differential inductance is developed.
Theoretical and experimental researches which were conduc-
ted have shown that introduction of negatron to the circuit
of inductive bridge sensor gives three times sensitivity
advantage. A model of inductive sensor and negasensor on
a L-negatron is developed. Possibility of simultane-ous
research for sensor and negasensor is realized in this model.

²íäóêòèâíèé íåãàñåíñîð. Âîéöåõîâñüêà Î. Â., Ë³ùèíñü-
êà Ë. Á., Ëàçàðºâ Î. Î.

Ðîçðîáëåíî ñõåìó ³íäóêòèâíîãî ìîñòîâîãî íåãàñåíñîðà
íà L-íåãàòðîí³ � ïðèñòðî¿ ç íåãàòèâíîþ äèôåðåíö³àëü-
íîþ ³íäóêòèâí³ñòþ. Ïðîâåäåí³ òåîðåòè÷í³ òà åêñïåðèìåí-
òàëüí³ äîñë³äæåííÿ ïîêàçàëè, ùî ââåäåííÿ íåãàòðîíó äî
ñõåìè ³íäóêòèâíîãî ìîñòîâîãî ñåíñîðà äàº âèãðàø ó
÷óòëèâîñò³ óòðè÷³. Ðîçðîáëåíî ìàêåò, ó ÿêîìó ðåàë³çîâà-
íî ìîæëèâ³ñòü îäíî÷àñíîãî äîñë³äæåííÿ ³íäóêòèâíîãî
ñåíñîðà òà íåãàñåíñîðà íà L-íåãàòðîí³.

Development of a construction and manufacturing
techniques of complementary transistors for the radiation
tolerant integrated circuits. Gorban  A. N., Kravchina V. V.

The construction of vertical complementary transistors with
the full dielectric isolation is developed, new technolo-gical
processes of creation on their basis the radiation tolerant
integrated circuits with parameters which provide low values
of a leakage current along with the considerable values of a
forward current and breakdown voltage at the information
signals exchange frequency of about 500 kHz are developed.

Ðîçðîáêà êîíñòðóêö³¿ òà òåõíîëîã³¿ âèãîòîâëåíèÿ
êîìïëåìåíòàðíèõ òðàíçèñòîð³â äëÿ ðàä³àö³éíî
ñò³éêèõ ²Ñ. Ãîðáàíü À. Í., Êðàâ÷èíà Â. Â.

Ðîçðîáëåíî êîíñòðóêö³þ âåðòèêàëüíèõ êîìïëåìåíòàðíèõ
òðàíçèñòîð³â ç ïîâíîþ ä³åëåêòðè÷íîþ ³çîëÿö³ºþ, ðîçðîá-
ëåíî íîâ³ òåõíîëîã³÷í³ ïðîöåñè ñòâîðåííÿ íà ¿õ îñíîâ³
ðàä³àö³éíî ñò³éêèõ ²Ñ ç ïàðàìåòðàìè, ÿê³ çàáåçïå÷óþòü
íèçüê³ çíà÷åííÿ ñòðóìó âèòîêó ïîðÿä ³ç çíà÷íèìè âåëè-
÷èíàìè ïðÿìîãî ñòðóìó ³ ïðîáèâíî¿ íàïðóãè ïðè ÷àñ-
òîò³ îáì³íó ñèãíàë³â ³íôîðìàö³¿ íà ð³âí³ 500 êÃö.

Êðåìí³ºâèé p�i�n-ôîòîä³îä ç ìàëèì òåìíîâèì ñòðó-
ìîì. Äîáðîâîëüñüêèé Þ. Ã., Àùåóëîâ À. À.

Äîñë³äæåíî âïëèâ ê³ëüöåâî¿ ìåòàë³çàö³¿ çâîðîòíî¿ ñòîðî-
íè êðèñòàëà p�i�n-ôîòîä³îäà íà îñíîâ³ âèñîêîîìíîãî
êðåìí³þ íà éîãî õàðàêòåðèñòèêè. Òåìíîâèé ñòðóì ìîæ-
íà çìåíøèòè íà ïîðÿäîê, ïðè öüîìó âòðàòè ñòðóìîâî¿
ìîíîõðîìàòè÷íî¿ ÷óòëèâîñò³ íà äîâæèí³ õâèë³ 1,06 ìêì
íå ïåðåâèùóþòü 15%. Õàðàêòåðèñòèêè çàïðîïîíîâàíî-
ãî ôîòîä³îäà ïîêàçóþòü, ùî â³í ìîæå áóòè ðåêîìåíäîâà-
íèé ÿê áàçîâà êîíñòðóêö³ÿ ïðè ðîçðîáö³ ñåð³éíèõ âèðîá³â.

Silicic p�i�n-photodiode with small dark current.
Dobrovolskiy Yu. G. Ashcheulov A. A.

The influence of circular metallization of the reverse side of
p�i�n-photodiode crystal based on highly ohm silicon on
it�s characteristics are explored. The dark current can be
decreased by an order, at the same time  losses of current
monochromatic sensitiveness on a wave-length 1,06 mkm
do not exceed 15%. The characteristics of the offered
photodiode show that it can be recommended as base
construction at serial product designing.

Òåïëîòåõí³÷í³ õàðàêòåðèñòèêè ðàä³àòîðà äëÿ åôåê-
òèâíèõ ñèñòåì îõîëîäæåííÿ ðàä³îåëåêòðîííî¿ òåõ-
í³êè. Ðóäåíêî À. È., Êðàâåöü Â. Þ., Çàðèïîâ Â. Ê.

Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ òåïëîïåðåäàþ÷èõ õà-
ðàêòåðèñòèê ðàä³àòîðà íà îñíîâ³ òåïëîâî¿ òðóáè äëÿ îõî-
ëîäæåííÿ åëåìåíò³â ïåðñîíàëüíèõ êîìï�þòåð³â. Âñòàíîâ-
ëåíî, ùî ïðè ù³ëüíîñò³ òåïëîâîãî ïîòîêó q<4·104 Âò/ì2

ÿê òåïëîíîñ³é êðàùå âèêîðèñòîâóâàòè àöåòîí ÷è åòàíîë,
ïðè  q>4·104 Âò/ì2 � âîäó. Ïîêàçàíî, ùî çàïðîïîíîâàí³
ðàä³àòîðè çíà÷íî åôåêòèâí³ø³ â³ä ðàä³àòîð³â òðàäèö³éíî¿
êîíòðóêö³¿ ç ïëàñêîþ òåïëîîáì³ííîþ ïîâåðõíåþ ç ïðÿ-
ìîêóòíèìè ïëàò³â÷àñòèìè ðåáðàìè.

Heat engineering characteristics of the radiator for
effective electronic equipment cooling systems. Rudenko
A. I., Kravetz V. Yu., Zaripov V. K.

The article presents the results of heat transfer charac-
teristics research of the radiator on basis of a heat pipe for
cooling of personal computer elements. It is determined that
using acetone and ethanol as heat carriers under heat flow
density q<4·104 W/m2 and water under q>4·104 W/m2  is
preferable. It is shown that the introduced radiators are
considerably more effective than the radiators of
conventional design with flat heat exchange surface  with a
rectangle plate fin.

Øâèäê³ñí³ ð³âíÿííÿ åêñèòîííîãî ëàçåðà.
Ãàðêàâåíêî Î. Ñ.

Îòðèìàíî øâèäê³ñòí³ ð³âíÿííÿ åêñèòîííîãî ëàçåðà â ñè-
ñòåì³ âçàºìîä³þ÷èõ åêñèòîí³â òà âèâåäåíî óìîâè ³íâåðñ-
íî¿ íàñåëåíîñò³, ãåíåðàö³¿. Ïîêàçàíî ïðèíöèïîâî íîâó
ìîæëèâ³ñòü ñòâîðåííÿ ãàììà-ëàçåðà.

Exciton laser rate equations.
Garkavenko A. S.

The rate equations of the exciton laser in the system of
interacting excitons have been obtained and the inverted
population conditions and generation have been derived.
The possibility of creating radically new gamma-ray laser
has been shown.
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High-sensitivity setup for estimation of water solutions
refraction index change.
Podkamen L. I., Gavrylyak M. S.

The automated high-sensitivity setup for estimation of
change of water solutions refraction index with accurate
within 10�7 is developed. The methodical recommendations
on its use are listed, the efficiency and appropriateness of
the setup are shown.

Âèñîêî÷óòëèâà óñòàíîâêà äëÿ îö³íêè çì³íè ïîêàçíè-
êà çàëîìëåííÿ âîäíèõ ðîç÷èí³â.
Ï³äêàì³íü Ë. É., Ãàâðèëÿê Ì. Ñ.

Ïðåäñòàâëåíî ðåçóëüòàòè ðîçðîáêè àâòîìàòèçîâàíî¿ âè-
ñîêî÷óòëèâî¿ îïòîåëåêòðîííî¿ óñòàíîâêè äëÿ îö³íêè
çì³íè ïîêàçíèêà çàëîìëåííÿ âîäíèõ ðîç÷èí³â ç òî÷í³ñòþ
äî 10�7. Ïðèâåäåíî ìåòîäè÷í³ ðåêîìåíäàö³¿ ïî ¿¿ âèêîðè-
ñòàííþ, ïîêàçàíî åôåêòèâí³ñòü òà äîö³ëüí³ñòü âèêîðèñ-
òàííÿ óñòàíîâêè.

The measurement errors  of X-ray devices features.
Dushkin S. A., Ivanskiy V. B., Kurov A. M., Odinets V. A.,
Orobinskiy A. N.

Expressions for calculating the measurement errors of X-
ray devices features are given as follows: mean photon
energy, homogeneity coefficient, the first and the second
half-value  layer (1st HVL, 2nd HVL). Comparison of errors
is organized at measurement and calculation of features of
X-ray installation with requirements to errors of standard
X-ray radiation features with narrow spectrum on DSTU
ISO 4037-1:2006. Criteria of  choùûøòï the additional filters
thickness for measurement 1st HVL and 2nd HVL are defined.
The errors resulting from calculation of mean photon energy
of X-ray radiation and homogeneity coefficient are
specified.

Ïîõèáêè ïðè âèì³ðþâàíí³ õàðàêòåðèñòèê ðåíòãåí³â-
ñüêèõ óñòàíîâîê. Äóøê³í Ñ. Î., ²âàíñüêèé Â. Á., Êóðîâ
Î. Ì., Îäèíåöü Â. Î., Îðîá³íñüêèé À. Í.

Íàâåäåíî âèðàçè äëÿ ðîçðàõóíêó ïîõèáîê ïðè âèì³ðþ-
âàíí³ õàðàêòåðèñòèê ðåíòãåí³âñüêèõ óñòàíîâîê: ñåðåäíüî¿
åíåðã³¿, êîåô³ö³ºíòà ãîìîãåííîñò³, ïåðøîãî òà äðóãîãî
øàðó ïîëîâèííîãî ïîñëàáëåííÿ (ØÏÎ1, ØÏÎ2). Ïðîâå-
äåíî ïîð³âíÿííÿ ïîõèáîê ïðè âèì³ðþâàíí³ òà ðîçðàõóí-
êó õàðàêòåðèñòèê ðåíòãåí³âñüêî¿ óñòàíîâêè ç âèìîãàìè
äî ïîõèáîê õàðàêòåðèñòèê ñòàíäàðòíîãî ðåíòãåí³âñüêîãî
âèïðîì³íþâàííÿ ç âóçüêèì ñïåêòðîì çã³äíî ÄÑÒÓ
ISÎ 4037-1:2006. Âèçíà÷åíî êðèòåð³¿ âèáîðó òîâùèíè äî-
äàòêîâèõ ô³ëüòð³â äëÿ âèì³ðþâàííÿ ØÏÏ1 òà ØÏÏ2. Óòî÷-
íåíî ïîõèáêè ïðè ðîçðàõóíêó ñåðåäíüî¿ åíåðã³¿ ðåíòãåí-
³âñüêîãî âèïðîì³íþâàííÿ òà êîåô³ö³ºíòà ãîìîãåííîñò³.

Laser ablation and photostimulated passivation of the
surface of Cd1�õZnõTe crystals. Zagoruiko Yu. A., Kova-
lenko N. O., Khristyan V. A., Fedorenko O. A., Gerasimenko
A. S., Dobrotvorskaya M. V., Mateychenko P. V.

A new physical method of Cd1�õZnõTe-detectors
passivation is proposed � the treatment of crystal surface
by a laser ablation (LA) with subsequent photostimulated
passivation (PhSP), during wich a high-resistance oxide
layer is formed on it�s surface after the surface cleaning
under intensive light irradiation effect. It is shown that the
method of LA+PhSP is manufacturable and in comparison
with PhSP and PhESP methods developed earlier provides
a thick, homogeneous and high-oxide films, which
significantly increases the surface resistivity of Cd1�õZnõTe
samples and reduces leakage currents in them.

Ëàçåðíà àáëÿö³ÿ òà ôîòîñòèìóëüîâàíà ïàñèâàö³ÿ ïî-
âåðõí³ êðèñòàë³â Cd1�õZnõTe. Çàãîðóéêî Þ. À., Êîâà-
ëåíêî Í. Î., Õðèñòüÿí Â. À., Ôåäîðåíêî Î. Î., Ãåðàñè-
ìåíêî À. Ñ., Äîáðîòâîðñüêà Ì. Â., Ìàòåé÷åíêî Ï. Â.

Çàïðîïîíîâàíî íîâèé ô³çè÷íèé ìåòîä ïàñèâàö³¿ Cd1�õZnõTe
äåòåêòîð³â � îáðîáêà ïîâåðõí³ êðèñòàëà çà äîïîìîãîþ
ëàçåðíî¿ àáëÿö³¿ (ËÀ) ç ïîäàëüøîþ ôîòîñòèìóëüîâàíîþ
ïàñèâàö³ºþ (ÔÑÏ), ïðè ÿêîìó óòâîðåííÿ íà ïîâåðõí³ çðàç-
êà âèñîêîîìíîãî îêñèäíîãî øàðó â³äáóâàºòüñÿ ï³ñëÿ î÷è-
ùåííÿ éîãî ïîâåðõí³ ï³ä ä³ºþ ³íòåíñèâíîãî ñâ³òëîâîãî îïðî-
ì³íåííÿ. Ïîêàçàíî, ùî ìåòîä ËÀ+ÔÑÏ º òåõíîëîã³÷íèì ³
â ïîð³âíÿíí³ ³ç ðîçðîáëåíèìè ðàí³øå ìåòîäàìè ÔÑÏ ³
ÔÅÑÏ çàáåçïå÷óº îòðèìàííÿ á³ëüø òîâñòèõ, îäíîð³äíèõ ³
âèñîêîîìíèõ îêñèäíèõ ïë³âîê, ùî ³ñòîòíî çá³ëüøóº ïî-
âåðõíåâèé åëåêòðîîï³ð çðàçê³â Cd1�õZnõTe ³ çìåíøóº ó íèõ
ñòðóìè âèòîêó.

Íîâå òåõíîëîã³÷íå îáëàäíàííÿ äëÿ ³ííîâàö³éíèõ òåõ-
íîëîã³é ì³êðî-, íàíî-òà ðàä³îåëåêòðîí³êè. Îäèíîêîâ
Â. Â., Ïàâëîâ Ã. ß.

Ïðåäñòàâëåíî íîâ³ ðîçðîáêè � êîìïëåêòè âàêóóìíî-ïëàç-
ìîâîãî ³ ô³çèêî-òåðì³÷íîãî òåõíîëîã³÷íîãî îáëàäíàííÿ
ì³êðî-, íàíî-, ðàä³îåëåêòðîí³êè äëÿ òåõí³÷íîãî íàâ÷àííÿ,
íàóêîâèõ äîñë³äæåíü, â³äïðàöþâàííÿ òåõíîëîã³÷íèõ ïðî-
öåñ³â, à òàêîæ äëÿ çàáåçïå÷åííÿ äð³áíîñåð³éíîãî âèðîá-
íèöòâà íà ï³äïðèºìñòâàõ ìàëîãî òà ñåðåäíüîãî á³çíåñó.

New technological equipment for the innovative
technologies of micro-, nano- and radio electronics.
Odinokov V. V. Pavlov, G. Ya.

Some new developments are presented �  vacuum-plasma
and physics-thermal processing equipment kits for micro,
nano- and radio electronics for technical training, research,
technological process development, as well as for small-
scale production in small and medium-sized businesses.






