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I 11 T R 0 D U C T I 0 B 

The visit comprised a number of working sessions with an emphasis on discus

sions with the staff of the Mic~limate Laboratory of the Hungarian Institute 

for Building Science in Szentendre on possibilities for updating the performan

ce of their environmental chamber: 

I) the E11 (Hungarian Institute for Building Science) Laboratory for Mlcrocli

mate In Szentendre on October 13, 14 aml 16 

(dr L. Binhidi, mr F. Svib, mr L. Fab6 and mrs G. Kintses) 

The thermal manikin, funded by UNIDO, was demonstrated In detail. Possibili

ties for utilizing spare capacity in the attached microcomputer for control 

purposes were discussed. 

Our discussions otherwise mainly dealt with two subjects: 

a. Use of microcomputers for data-collection and -reduction: 

I informed about the current trend Le. to use IBM or comi-atfble computers 

with standard hardware and software for data-collection, -storing, -reduction 

and -presentation. 

b. Possibilities for updating the performance and control quality of their 

environmental chamber • 

• /. My recommendations are enclosed. 
It was aggreed upon, that the detailed plans for future alterations could 

be checked by me via mail if need arise. 

2) the ETI Air Conditioning and Ventilation Deprtment in Budapest on October 

15 and 17 

(mr G. Pences and mr L. Kun Gazda) 

I presented new control strategies to minimize energy use in climatic systems. 

Current solar heating projects in Hungary were discussed. 

,. 
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One project utilizes an open indoor swimming pool as heat storage. Means 

to minimize condensation problems associated with this type of system were 

suggested. 

3) the Institute of Thermal and Systems Engineering of the Technical Universi

ty of Budapest on October 17 

(professor L.L Kiss and coworker) 

This lab. has developed a number of advar.ced measuring principles and instru

ments in the fields of heat transfer and thermal properties of materials. 

Several instruments for these purposes were demonstrated and their features 

discussed. 

A portable Schlieren device developed at the lab. ~as demonstrated in detail. 

The device incorporates a number of feat~ that makes it useful for field 

studies as well as laboratory work. 

A built in laser simplifies setup and adjutt:ment and the system can be suppli

ed with strobed light for transient studies. 

All in all the work going on ga~·e the impression of being at a high theoreti

cal and tech11ical level, and should be able to lend valuable support to R&D 

Jn the fie!ds of henting and climatization in Hungary • 
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R E C 0 M M E 11 D A T I 0 11 S 

According to information froa the staff at the Xicrocliaate Lab. the 

performance of radiation panels and air temperature at inlet to the 

chaaber in particular needs iapro'lellents to streaaline future re-

search. 

Xy reco..end.ations therefor mainly cover these two points. 

1. RADIATIOI PAIELS. 

To ensure opti.Jlal performance of the thermal radiation panels the 

following itt-JllS have to be takeD into CODSideration: 

a. water:flow through panels 

b. static and dynamic characteri-"ltics of tellperature 

sensors 

c. pressure differential aver control valves 

d. tenperature of hot and cold water upstream fraa valves 

e. controller performance 

item a: 

The waterflow through each panel should be as large as practically 

poss!.ble. 

This ensures the least possible temperature change of the whter flo

wing through the panel, which first of all results in an c~~n tempe

rature over t.;e pan•l •urface. 

It alsc smootheu out the water temperature over ti.ae at the panel 

outlet, which gives the lust pouible dynamic diaturbances at t~ 

mixing pcin't, where hot or cold water from the control valves 19 

mixed with recirculated water. 

• 



- 5 -

Any unnecessary restrictions in the flow path through panels and 

their connections should be removed and pump performance reconside

red. 

iteJI b: 

It is obviO'JS that the static accuracy of te.perature sensors and 

their electronic circuits aust be able to fulfill the requireJlents 

for control accuracy. 

The electronic circuits used for .control purposes in th.4 chaaber are 

generally based upon operational amplifiers froa the '141-series. 

They vere a sensible chaise seen fro. a performance/cost view point, 

when the cU.ber wu designed, but aight now be exchanged with 

more temperature stable aaplifiers froa for emple the 356-serioes. 

The exact location of the sensors are also of illportance. when con

sidering the overall aeasureaent accuracy. 

They should be pitioned tar enough downstrean froa the mixing 

points to ensure sufficient aixing before the temperature is mea

sured but not further away tl~ necessary - to ainiaize the ti.lie 

delay from the mixing point to the sensor. 

As is coaaon in teaperature control circuits there is a contradic

tion between the static and dynamic considerations on the point of 

sensor position. Que therefor has to choose the best possible com

proaise. 

Without means to force thrt'ugh an efficient aizing in a shorter 

length of piping <by screens or other obstructiou in the water 

path> the di9tanc-: between miXing point and sensor should be in the 

order of 20 tilles the inner pipe diameter. Tl!!.s usually gives rea

sonnably goad mixing without unnecessary long tiae delays. 

The sensor timeconstant sho1Jld be chosen to be equiva)..ent to ap

proximately 10 tt· 1es the above mentioned time: delay. 

This will ensure a reasonably good •ccntrolability- of the mixed 

water temperature. 

Brochures on temperature sensors from DOR have been sent to ur. 

Banhidi by ~eparat.e mail. 

iteJI c: 

Tbe pressure drop over each control valve are secondary parameters, 

wbich should be kept reasonably constailt to ensure a good control 

quality of the primary para.meters i.e. mixed water tem~rature. 
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If aeesureaents or calculations show that pressure differentials 

over the control valves vary acre than approxiaately :t 20s. they 

should be statiliZed. 

In the attached figure l this is achieved. by returning hot and cold 

water froa t>£e respective distribution. pipes through valves control

led by the ::>ressure difference between a representative distribution 

J-illt and t..he coaaon return pipe. 

As attach1!aent l I enclose photocopies of DUFOSS-brocllures Cin da

nish> on 4p-controlled valves. 

If investigations shttw that the pressure drop in the connections 

fraa distribution pipes to CODtrol valves and back to the coaaon 

return vary too :auch to Mintain the suggested 4p over each valve, 

these pipe connections should be exchanged by connections o! a lar

ger size. 

item d: 

The pipe connections from distribution pipes to each control valve 

are quite long. Since only one o! the control valves will be open at 

the sa.e tiae under steady state conditions, the water in the con

nection to the closed valve will - given enough tillle - approach 

rDOD temperature due to heatloss to the rOOJI. 

When .. the setpoint for a panel is changed, so that the previously 

clmed valve opens, all the water in the respective connection aust 

be exchanged before hat or ~old water starts flowing through the 

control valve. 

Experience shows this to have a de-0rading influence on control qua

lity. 

To avoid this problem, small volume f1"1ts of water should be allow

ed to bleed constantly through aanually adjusted valves Cllanoaeter 

needle valves or the like> frma a point Just before each control 

valve to the retuni connection <an tigure 1 > • 

From the sane point ot view it is also aciv1S4ble to minimize the 

volume <•length> of the pipe connection from each control vdve to 

the rectreulation water path. 

ite'I e: 

To avoid. control otfsets one must use controller9 incorporating an 

integrating tu&'lct1~u <Pl or PIP c:cntrol>. 

• 
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Integration however has a negative effect not only on the general 

dyna.aic perfaraance <which .. , be counteracted by D-action> but al

so an the perfarunce Just after setpoint changes. 

the integration - which continues as long as the error signal has 

not yet reached zero - has a tendency of avercoapensating valve 

aoveaent, so that overshoots becoae unduely large. The effect is 

exemplified in figure 2. 

This aay be COUDteractecl by incl&cling a "llOLD"-action in the inte

gration function of the control circuit. 

The •eoIJ>"-actian should be turned on aanually or by an automatic 

action governed by the nuaerical value of the error signal. 

The effect of this is, tbat the controller acts as a P- <or PD-> 

controller for large errors, and CJDlJ ads to the integration action, 

when the error signal is smaller tban a given Unit. 

2. AIR IILE! TEIPERATURE TO CIWCBEI. 

There se-:--11s to be two probless in Clnnection with the air inlet to 

the challber. The temperature field is not sufficiently homo3enous 

and the •ean teaperature is not constant in tiae. 

to counteract the first problem, the fallcwing itells should be con

sidered.: 

item a: 

a. surface temperatures of heating/cooling coil 

b. distribution of power in electric heater 

c. air distribution over coil and heater 

d. local hat spots in the air system 

e. influence of radiation panels on local air 

temperatures in the chamber 

If the water circulation through the heat1ng/ccx:l1ng coil i'I not 

sufficiently large tc ensure an even temperaturt.• r.11s"tribut1on over 

the entire coil surface, then interconnections 1~ t4e co~il itself 

and/or pump performance should be iDVlllJtigated. 

item b. 

Tbe ele<;t~ic beater shculd be checked by 11tuu1uri&g local surface 

temperatures of tbe heater elements. 
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it'9 c: 

The air flow to the chaaber is ad.justed by bypassing Yar1able volu

ae flows from the pressure side of the blower to the inlet side of 

the beating/cooling coil 

This will tend tovards <ereating an uneven velocity proflle after the 

p>int ID the system, where l>ypessed air is •1.xed vi th return air 

from the ch.saber. 

Even if the temperature distribution over the heating/cooling coil 

and the p>Wer distribution over the electric heater are absolutely 

even, an uneven velocity profile will cause uneven temperature chan

ges of the air flowing through different sections of coil and hea

ter. 

To avoid this problea the air should be •ixed as well as possible 

and also be farced to be distributed evenly over the coil surface. 

The latter uy be acca11pl1shed by lllSerting a perforated screen in 

the duct systu just before the coil. 

itell d: 

At small air volUlle flows through the chamber and high hUJ11dif1ca

tion rates, the air •ight locally be heated by convective heat 

transfer from the .:ateaa anaature in the huaidifier. 

If this is the case, the armature should be insulated. 

ite!I e: 

Convec'tive heat truster be~ween the unprotected radiation panels 

and the air in the chamber is unavoidable. 

The problea uy however be partly overCCJJ1e by mounting thin foils 

at Polyethelene <25-30 ,.a> at a distance of 40-50 - from the panel 

surfaces. 

This foil is highly tranparent for m-radiation and will therefor 

only influence the radiative ezchange of heat slightly. 

The still air trapped between the panel surface and the tail wi U 

howe~er decrease the convective heat trans!•r considerably. 

To counteract the problem with unstable air temperature over time 

the tcllawing itftu should be considered: · .. 

! . temperature Hnsors 

g. control valves 

h. ca·.1pensat11ig futur .. in the central loop 

i . .iJu•table cor.troller parameters 
I 



- 9 -

iteJI f: 

In spite of iaprovements as mentioned above, there aay still be 

·small teaperature variations in tbe cross sections after the hea

ting/cocling coil and after the electric heater. 

To aeasure the best possible aean temperature of the air after these 

two components it may therefor be necessary ta consider special 

arra.ngenents. 

One possibility 1s to use aore than one sensor. As an uaaple foor 

sensors aay be used in ta.. given cross section o:f the duct. 

When using 11- or Pt-sensors it is possible to obtain the sue 

electrical signal by series connection of sensors two ud two, and 

pe.rallel c®nection of the two pairs. 

Another possibility is to construct an averaging sensor by .aunttng 

11- or Pt-wire 1D an even grid arrangement over the entire cross 

section 

The sensors should 1D any case be an order of magnitude faster than 

the rise ti.Jle of the air teaperature in question. 

itea g: 

Since· criterious for teaperature and humidity stability in the 

chaab--r are quite deJlanding, the control valves for eteam bu.idi!i

catiml and for the heating/cooling coil must bave the best possible 

resolution. 

It is therefor adviSable to illprove the existing valve configuration 

by adding a saall valve in parallel to eacll of the three valves in 

question. 

They shall have 

ves. They shall 

open!ng step. 

t .... -values in the order of 1/10 of !he present val-. 
have linear characteristics and the least possible 

Each pair of valves shall be CllUpled in cascade, so that the la.."'ger 

firs~ begins to open, when the smaller valve 1s fully open and vice 

versa. 

ite: !1: 

It 19 advisable t:3 con•icier compens:.ting control features ~ o~~ain 

the be1t poesible performance, when de4U.ng with demanding ccmtrol 

circuits as the present. 

An obvious poesibility is to use the water teaperature T4 a! the 

eo1l inlet as a secondary control paraJ11eter for the air teaper~ture 

T3 s!ter the coil. 
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Instead of letting the controller for T3 <RT3> position the control 

valves for hot and cold water directly, it deteraines the setpoin't 

for T4. 

A fast teaperature sensor 1n the coil circuit then aeasures T4 and 

controls valve position by a P- or PD-controller <RT.U. 

Figure 3 shows the overall principle for this configuration. 

iteJI i: 

Since air flow through the ~ber JUlY vary considerably, it 1s 

necessary to set up provisions to adjust the parameters for the 

main teaperature and hwaidity controllers <itl and RB> with air 

flaw. 

If the aan:lkin controller <ABC 80 + iD~ace boards> bas sufficient 

spare inputs and outputs, it aay be a good idea to include control

lers RTl and IHI in the ABC 80 software. 

This way it will be easy to let the controller parameters be prepro

gra:111ed and obtain the correct configuration by typing 1D the rele

n:it volumeflow via the ABC 80 keyboard. 

Inputs for the software controllers would be: 

I. Voluaeflow through chaabe.r Cfrma keyboard> 

II. Setpoints for teaperatm"e and lwllidity 1D tbe chaaber 

<from keyboard or prograaaed to vary in time> 

III. CU.ber temperature and hu•idity <attaured. by Tl and H> 

Outputs vauld be: 

I. Setpoints tor ccmtrollers lt2 and lt3 <voltage 0-10 V> 

II. Position of steaa val••<•> 

T!ie voluaetlow of air through coil and beater aay vary, wbeu the 

flow through the cbaaber 19 ad,JU9tad. 
.... 

It tb• variatiau are siplficant, it uy ai.o be necHsary to Mo; 

up provisions for adjusting perueters for temperature controllers 

IT2 and IT3. 
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Since the flow variations will be auch saaller than through the 

chaaber, it aay suffice to set up provisions for 2-3 sets of psra

aeters by switches connected to the analog cont&-ol prints. 

lnveaber 1 1986 

P. ljerulf-Jensen 

usociate professor 

. "' 
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Pl-control without "HOLD" 

P-action 

I-action 

Error signal 

Setpoint 

PI-control with "HOLD" 

P-action 

I-action 

-----Error signal 

time 

Figure 2 

P. Kjerul f-Jensen 

86/11/04 
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I 1' T R 0 D U C T I 0 I' 

Duty St.tian: Bud•pat., Bun&.-Y 

Runtarim Institute for Buildinl ScienC9 CETD 

Post. title: Consult•nt on econaaization of mer1y cansuaptian in vmtil•tian, air 

conditianinl Md indoor llicraclilNtic conditions 

Duration at mr: 5 ~•ys, Oct.abm- 26-31, 1986 

Author: Irzysztaf H. Cena, Ph.D., D.Sc., Prof11sor, TtchniCAI Univll'Sity of tlrocla•, Vyb. -

Vyspimskit10 27, 50-370 flrocla•, Poland. 

Durint ay st•y in Budaptst I visited ETI labor•torits and offices bath in the 

city and in Szent1ndr1. A britf visit to tht laboratarits of the Institute of Thermal 

•nd Syst1a1 En1in11r1.na, TechniCA! University at Budapest. wu also arrmtld. On Oct.at.r 

29, I pr111nt1d a fora•l 11minar at tht ETI hHdqu•rt1r1 in Budapest. Th• topic was: 

Short and long t•r• tr•nd1 o/ int•rnational JWntUCh in tlrrlaal c=Jort and tlllOCitrUtl 

probl•IOI ol •r.•r91 co1111rvation. This w•s will att1ndc .1nd follo••d by 1xt1n~iv1 

discussion. 

Throu1hout of my stay I was looktd •ft.er by rtpr111ntativ11 at ETI who arran11d 

tor •Y hotel bookinp and necnsary tonulitin. I consider their hospitality to be ampl.-y 

and wish ta expras my thanks, puticul•rly ta Dr Laszlo s.nhidi. 
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Finclinas of t.h• mission 

Th• Microcli•at.a J.Uorat.orr of t.h1 Bun1arian Inst.it.at.a for Buildin& ScHnca is 

a aaJor raearch f acilit.r equipped with a mode"n cliaat.ic c:MUer built. t.o int... mat.ianal 

st.Andards. The cha•ber is adequat.ly inst.ru•1nt.ed. A hHt.ad t.h1r••l ••nikin hu been 

const.ruct.ed br t.h1 local t.achnicians with an1J a .miaua of parts iapart.ed f'rall alrNd. 

I aliev1 t.hat. both t.h~ chaaber and t.h1 •aniltin .,.. U. anJr instalYt.ians of Uwir kind 

in East.am Europe and have onlr a relat.ivaly few at.hers in t.h1 world •at.chin& t.hair 

plrlaraance. 

I found t.h1 skills of t.h• lOCAl dui1nars and t.achnicians in creat.inl a hilh 

pertar•ace - low cost. lnorat.orr SJSt.D t.o be very effm:t.iw. Both the ch..t.r and the 

•anikin are tullr operat.ional and otter 1x11l1nt. rasHrch tacilit.in far t.hoH countries 

or inst.it.at.ions who do not. possess such equip•ent.. The Laboratory at. SZlnt.lndre is an 

up-t.0-dat.1 tacilit.y idHllJ suit.ad tor •t.hodolDlical support. of int.ernAt.ional or nat.ional 

proJec1.s relat.ed to llicrocliaat.e and enertY conservation in built. environllent.s. 

Data aquisit.ion and procassint in t.h1 Laborat.e>ry are coaput.er-aid1d but. it. is 

apparent. that lack of' hard currency funds prevents the Laboratory troa upgradin1 its 

coaput.er t.echno101y. This is particularly evident in the low data st.or•&• ca~t.y. I have 

not.iced, however, that. the electronic technicians workinl m the Laboratory .,.. fully 

capable of workinl with aodern coaputers and that. t.hey are able to utilize t.haa t.o 

t.hlir aaxiaua. 

Tht Laborat.or)' is very active in ruearch and t.h1 scope of current proJects is 

scientifically and pract.ically iapof't.ant. The •Ain research •pproAch is tocUAd upon the 

work etf'icilncy and ref'lect.s the current international tnndl. The 1.Aborat.ory concent.rat.n 

it.I work on opt.imizat.ion of aicrocliaat.ic standards eff'ICtinl in the optimal physical and 

int.ellectual work conditions f'or humans, rather than on the aon idealistic obJectiv1 of 

• 
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achi•vin1 aaxia&l Ul•raal coaf'orL Th• forW" involvn in-dmpt.h st.udi11 ot ..-pnaaicaJ. 

.mU.1 and phpica1 pirlorunce ractan. 

Durinl ay MY at CTI I wu cansult.ad an Uw followinl t.opics: 

1. Current. int.ernational trends and probleu in t.h• broad area of work 

elficiencr and t.her•al coatort. This was in nlation t.o short. and Ian& Uni 

ru1arch obJ'JCtiv11 of U. I.Abarat.ary. In part.icvlm-, I prtRnt.ad in detail U.. MU 

of .-.search in \.h• US and Canada wh1n I worked for th• last several JHl'S on 

similar ns•arch t.opics. I consider Ult stress on work on .raonamcs and amU.1 

and physical P9rfCll"atlftC9 to be nil chDAn. Tm U..Al aanikin otfm"S substancia1 

opportunitiH to carry th• ns1arch int.a various practical and buic uptCts of 

clothinl seimcL 

2. lnt.erdisciplinarJ character ol t.M resurch and necessit.1 of collaborat.ion 

between specialists froa yarious countries. In particular, I discussed th• 

possibility of coopm-atian bltwem Bun&mm and Polish specialists. Tha Depart.amt 

of Buildin& and Environmental Physics of th• T•chnical University of Wroclaw, 

Poland would be the best suited partner. Th• two 1roups would coapliMnt uch 

other both in 1xp•rt.ia and in th1 .ciuipa•nt. availabl•. Th• Wroclaw 1roup can 

offr a lAborat.ory ot infrand thlrmo&raphy. 

3. Equipaent requireaent' of a aodern aicrocliaate and en•r11 savin&s 

laborator1. A collaboration with th• Wroclaw 1roup would allow access to 

th1rmo1r aphic (and som• physiolo&ical> t.cbniqull, UHf'ull both in laboratary and 

in the f'itid 1t.udi11 concerned .,.th __.., .tficiency of built .nvironllents. 

4. Possibilities of collaborative projects with the Third World countries, boUl 

in traininl ot 1pteialist.1 and in 1J)9Cif'ic proJect.s. 
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a.co ... ndat.ions 

s. Th• Microcliaat.e Labarat.ary or the Run1anan Institute tor Buildinl Science lhauld 

be accepted as an East Suropean international cent.ra of research int.a u..r..a1 

coatort. and enartY opt.iaalizat.ion ot built. environaent.s. This is Just.itied by U.. 

local upert.ia and the equipamt. available. lt!!At.ed future proJ9Ct.s funci9d by UllJDO 

•i&ht. be based in the Labarat.ary ar arran&ed in collUar'at.ian with t.he I.aborat.ary. 

This will allow proper ut.ilizat.iar1 at the cliaAt.ic chuber a."ld the t.hlnNl llAftikin 

wit.bout. duplicat.inl th• expensive facilit.ia in other Ent. European or Third World 

ccnmtries. 

2. It. is t.bereton duirable to aaint.ain and expand t.he exisHn& equipaent. of t.be 

Laborat.orr by special UlfIDO 1rant.1 towards uP1r•dinl th• coaput.er tacilit.in. 

Siailarlr, a sweat.in& aodel at the t.heraal aanikin should be built. at. Szent.er.dre 

it a siailar bard currency 1rant. troa VBIDO wen aade towards a purchase ot 

11sent.ial coaponent.s from abroad. This would be t.he aost ettect.ive way or 

construct.int a sweat.int aanikin. Other ••Jar pieces at expensive equipment <&a. 

infra-red Theraotraphr> can be arran1ed t.hroulh collllorat.ive proJtct.s. 

3. Th• research st.atf' or th• Laborat.orr is currently too saall to crut.t a critical 

aass tor proJect.s be)'ond th• current. specialization. The nuaber of raaarchll"S 

should therefore be increa11d by onr or two persons at. the Ph.D. level and t.he 

neca11arr funds provided locall)'. The Laborat.orr can also bl aost. etfect.ivellr 

increa1ed in st.r1n1t.h b)' accept.int suit.able scient.ist.s sacondm:I tor lillit.ed periods 

fro• other Eat European countria. There is a part.icuW" opport.unit.J in arranliftl 

tor a lon1 t.era cooperation wit.b the Depart.aent of Buildinl and Environaent.al 

Ph)'sics of t.he Technical Vniv1r1it.y of Wroclaw, Poland who would compliment. t.he 

Laborat.orr in aanpower, know-ho• and equipaent. ••c11sary st.eps t.o allow tor 

such collaborat.ion should be init.iat.ed u soon u possiblL l1JfIDO should coae forward 

and help this by spon1orin1 a collaborat.ive re11arch project. bH1d wholly or 



• 
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pariW1y at. U. l.Uar•MIFJ· 

4. Th• 1.Abarat.ory, with a collAbarat.icn or Uw Dlpart.mnt. ot Uw Ttchnical Vniv.rsit.y 

of Wroclaw, should a or&anizad t.o ..-n n a cmtn tar cfinain.t.ion or upert.in 

and t.raininl of s.,.cialist.s tro• t.h• Third World countrin. &p.cial wrkshops ar 

1 .. inars on •nerty s•vin1s ... 1at.9d topics tor Eut. European and Third World 

cauntri11 could t. artaniad in Hun1ary ar in Po1md. 
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