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ПРОЕÊÒÓВАННЯ МІÊРОСМÓЖÊОВИХ НВЧ-ФАЗООБЕРÒАЧІВ  
ÄЛЯ АНÒЕННИХ ГРАÒОÊ

Проведено аналіз особливостей мікросмужкових дискретних відбивних фазообертачів. Викладено прин-
цип формування багаторозрядних фазообертачів на основі прохідних. Наведено схеми їх реалізації. 
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DESIGN OF MICROSTRIP MICROWAVE PHASE SHIFTERS FOR ANTENNA ARRAYS

The analysis of the features of microstrip discrete reflective phase shifters is given. The principle of forming 
multi-bit phase shifters based on the transmission-type phase shifter is presented. Two specific schemes are 
given as the implementation of the phase shifters. 
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Аâòîðè ïðàãíóëè îзíàéîмèòè чèòàчà з íîâèмè òåõíічíèмè ðішåííÿмè â ãàëóзі 
òåëåêîмóíіêàціé, ñóчàñíèмè òåõíîëîãіÿмè ïåðåдàâàííÿ дàíèõ òà мîâíèõ ñèãíàëіâ. 
Рîзãëÿíóòî ïðèíцèïè фóíêціîíóâàííÿ, òåõíîëîãії òà ïðîòîêîëè ñóчàñíèõ 
òåëåêîмóíіêàціéíèõ ñèñòåм òà мåðåж. Оïèñàíî ïðèíцèïè фóíêціîíóâàííÿ é âè-
мîãè дî òåëåêîмóíіêàціéíèõ ñèñòåм òà мåðåж íàñòóïíèõ ïîêîëіíь. Äåòàëьíî ðîз-
ãëÿíóòî мåòîдè фîðмóâàííÿ é îбðîбëåííÿ ñèãíàëіâ ó òåëåêîмóíіêàціéíèõ ñèñòå-
мàõ òà мåðåжàõ. Оïèñàíî мåòîдè îбчèñëåííÿ чàñòîòíèõ òà åíåðãåòèчíèõ õàðàê-
òåðèñòèê мîдóëьîâàíèõ і êîдîâàíèõ ñèãíàëіâ.
Òàêîж ó ïîñібíèêó íàâåдåíî мàòåðіàëè, ïðèñâÿчåíі íàéâàжëèâішèм ïîêàзíèêàм 
òåëåêîмóíіêàціéíèõ ñèñòåм òà мåðåж — ÿêîñòі òà òåõíічíіé åфåêòèâíîñòі. Оñî-
бëèâó óâàãó ïðèñâÿчåíî ðîзãëÿдó ïèòàíь íàдіéíîñòі, дîñòîâіðíîñòі òà бåзïåêè 
òåëåêîмóíіêàціéíèõ ñèñòåм òà мåðåж.
Äëÿ ñòóдåíòіâ âèщèõ íàâчàëьíèõ зàêëàдіâ ñïåціàëьíîñòåé “Òåëåêîмóíіêàціéíі ñè-
ñòåмè òà мåðåжі”, “Òåëåêîмóíіêàції òà ðàдіîòåõíіêà” òà ñïîðідíåíèõ ñïåціàëьíîñòåé, 
à òàêîж дëÿ òèõ, õòî ціêàâèòьñÿ òåëåêîмóíіêàціéíèмè é ðàдіîòåõíічíèмè 
òåõíîëîãіÿмè.
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THERMAL-ACCUMULATING PANEL FOR MICROCLIMATE SUPPORT  
IN A ROOM WITH RADIOELECTRONIC EQUIPMENT

In a number of applications the functioning of radio electronic equipment (REO) occurs in rooms located in 
hard-to-reach regions with climatic conditions that are characterized by significant air temperature fluctuations 
reaching tens of Celsius degrees. To compensate these fluctuations various microclimate control devices are used. 
Their common property is necessity to consume electric energy, amount of which in the specified conditions is 
sufficiently limited. In this regard, the actual task is to minimize energy costs to provide the microclimate REO, 
for example, by using devices that do not require electrical energy for their operation.

One of the opportunities for solving this problem is using of a thermal-accumulating panel (TAP). It is 
designed to compensate heat losses from the room with REO at night. The principle of the TAP is based on 
the absorption and conservation of thermal energy for a period of time during the phase transition of a solid 
working substance into liquid influenced, for example, by solar radiation.

The construction of such TAP is considered here. Assessments of its operability, characteristics and 
recommendations for use are given. It is shown that at air temperature of 20 ... 25 С TAP can heat the room 
for at least 4.6 ... 6.2 hours at 2.5 ... 4.5 hours of sunny weather during daylight hours.
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Êíèãà ïîñâÿщåíà ïðîãíîзèðîâàíèю ïîêàзàòåëåé íàдåжíîñòè êàñêàдíыõ òåðмî-
ýëåêòðèчåñêèõ óñòðîéñòâ (ÊÒЭÓ) ïðè èõ ïðîåêòèðîâàíèè è îцåíêå ïîêàзàòåëåé 
íàдåжíîñòè ÊÒЭÓ âыбðàííîé êîíñòðóêцèè. 
Рàññмîòðåíы фóíêцèîíàëьíыå зàâèñèмîñòè, ïîзâîëÿющèå îцåíèòь êàê îõëàж-
дàющèå âîзмîжíîñòè, òàê è ýíåðãåòèчåñêóю ýффåêòèâíîñòь è ïîêàзàòåëè íà-
дåжíîñòè ïðîåêòèðóåмîãî óñòðîéñòâà â ðàзëèчíыõ òîêîâыõ ðåжèмàõ ðàбîòы. 
Пðîдåмîíñòðèðîâàí ïîдõîд, ïîзâîëÿющèé ïåðåéòè îò ðàñчåòîâ ê ïîñòðîåíèю êà-
ñêàдíыõ ÒЭÓ íà îñíîâå óíèфèцèðîâàííыõ мîдóëåé, è ïîдõîд, êîòîðыé ïîзâîëÿåò 
îцåíèòь ïîêàзàòåëè íàдåжíîñòè ÊÒЭÓ зàдàííîé êîíñòðóêцèè. Пðîàíàëèзèðîâàíî 
âëèÿíèå òåïëîâîé íàãðóзêè íà ïàðàмåòðы íàдåжíîñòè ÊÒЭÓ. Пðèâåдåíы àëãî-
ðèòмы, êîòîðыå ïîмîãóò ðàзðàбîòчèêó âåñòè îïòèмèзèðîâàííîå ïðîåêòèðîâàíèå 
РЭА ñ èñïîëьзîâàíèåм ÊÒЭÓ èëè âыбðàòь îïòèмàëьíóю дëÿ ïîñòàâëåííîé зàдà-
чè êîíñòðóêцèю ÊÒЭÓ.
Пðåдíàзíàчåíà дëÿ èíжåíåðîâ, íàóчíыõ ðàбîòíèêîâ, à òàêжå ñòóдåíòîâ ñîîòâåò-
ñòâóющèõ ñïåцèàëьíîñòåé, зàíèмàющèõñÿ âîïðîñàмè íàдåжíîñòè ýëåмåíòîâ ýëåê-
òðîíèêè è â цåëîм РЭА, à òàêжå ðàзðàбîòêîé è ïðîåêòèðîâàíèåм òåðмîýëåêòðè-
чåñêèõ óñòðîéñòâ.
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