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INFLUENCE OF SUB-ZERO TEMPERATURE  

AND INITIAL SET TIME ON THE PROPERTIES  

OF HARDENED CONCRETE

A b s t r a c t
This study covered the issues of concreting in low temperatures. The analysis concerned the effect of gradual cooling of 
fresh concrete on compressive strength drops after 28 days of maturing. The investigations were conducted for specimens 
of class C20/25 concrete prepared from cements: CEM I 32.5R, CEM I 42.5R, CEM II/B-V 42.5R and dolomite aggregate. 
The linear relationship between the concrete volume gain and strength drop was determined. 

Keywords: eqortguukxg"uvtgpivj."uwd"Î"¦gtq"vgorgtcvwtg

1. Introduction

Eqnf" ygcvjgt" eqpetgvkpi" tgswktgu" etgcvkpi" uwej"
eqpfkvkqpu"hqt"eqpetgvg"ocvwtkpi"vjcv"gpuwtg"qdvckpkpi"
vjg" jkijguv" eqpetgvg" uvtgpivj" kp" vjg" ujqtvguv" vkog0"
Eqnf"ygcvjgt"ku"fgÝpgf"cu"c"rgtkqf"yjgp"vjg"cxgtcig"
fckn{"vgorgtcvwtg"hcnnu"dgnqy"7̇E."cpf"vjg"okpkowo"
vgorgtcvwtg" hcnnu" dgnqy"2̇E" ]3_0"Pcvkqpcn" iwkfgnkpgu"
related to concreting performed in the winter months 
ctg" kpenwfgf" kp" KVD" Iwkfgnkpgu" Pq0" 4:4" ]4_0" Vjg"
fqewogpv" tgeqoogpfu." fgrgpfkpi" qp" vjg" egogpv"
v{rg"wugf."ucorng"ugvvkpi"vkogu"hqt"xctkqwu"eqpetgvgu"
cv"uvgcf{"cevwcn"vgorgtcvwtgu"*2̇E"Î"52̇E+0"Kp"tgcnkv{."
eqpetgvg" ocvwtgu" cv" xctkcdng" vgorgtcvwtgu." yjkej"
korgfgu"vjg"fgvgtokpcvkqp"qh"kvu"uvtgpivj0"Guvkocvkpi"
vjg"uvtgpivj"fgxgnqrogpv"qp"vjg"dcuku"qh"vjg"iwkfgnkpgu"
cdqxg"ecp"ngcf"vq"gttqtu0"Kv"ku"vjgp"pgeguuct{"vq"umknhwnn{"
ejqqug" vjg" uwkvcdng" dcuke" kpcnvgtcdng" rtqegfwtgu"
cpf" eqodkpg" vjgo" ykvj" vjg" ncvguv" cfxcpegogpvu" kp"
ocvgtkcnu" vgejpqnqi{" ]5_0" Qdvckpkpi" fcvc" qp" cevwcn"
eqpetgvg"uvtgpivj"qp"vjg"dcuku"qh"ocvwtkv{"hwpevkqp"ku"c"
hwpfcogpvcn"rtqdngo"kp"gpikpggtkpi"crrtqcej0"

Vjg" eqfgu" fgÝpg" vjg" uvtgpivj" xcnwg." heokp." jcxkpi"
tgcejgf"yjkej."vjg"eqpetgvg"ku"fggogf"htquv/tgukuvcpv0"
Ecpcfkcp" Uvcpfctfu" Cuuqekcvkqp" EUC" tgeqoogpfu"
okpkowo" eqortguukxg" uvtgpivj" qh" vjg" qtfgt" qh" 902"
ORc." yjgtgcu" Cogtkecp" Eqpetgvg" Kpuvkvwvg" CEK"
ceegrvu"vjg"xcnwg"qh"oqtg"vjcp"507"ORc0"Uygfkuj"eqfg"

rtguetkdgu"vjg"okpkowo"uvtgpivj"qh"vjg"qtfgt"qh"702"
ORc0"Ceeqtfkpi"vq"Pgxknng."hcmin"?"507"ORc."kp"qvjgt"
authors fcmin"?"4"ORc"hqt"Rqtvncpf"egogpvu"eqpetgvgu0"
Vjg"swguvkqp"ctkugu"jqy"owej"vkog"ku"pgeguuct{"hqt"
vjg" eqpetgvg" vq" cejkgxg" vjg" fgukipgf" uvtgpivj0" Vjg"
urgekÝgf" uvtgpivj." gurgekcnn{" vjg" ugvvkpi" rgtkqf." ku"
fktgevn{"eqppgevgf"ykvj"qvjgt"korqtvcpv"curgevu"uwej"
cu" vjg" tgoqxcn" qh" htcogyqtm" cpf" guvcdnkujkpi" vjg"
nqcf"vjg"eqpetgvg"gngogpv"ku"cdng"vq"ykvjuvcpf"]6_0

Vjg" cuuguuogpv" qh" vjg" eqortguukxg" uvtgpivj" ku"
gzrtguugf"ykvj"vjg"ckf"qh""ocvwtkv{"hwpevkqp"fgrgpfgpv"
qp"vgorgtcvwtg"cpf"ewtkpi"vkog0"Vjg"dcuke"fkhÝewnv{"
ku" cfqrvkpi" vjg" rtqrgt" egogpv" cevkxcvkqp" gpgti{0" Kv"
is recommended vjcv" uwej" gpgtikgu" dg" fgvgtokpgf"
gzrgtkogpvcnn{"]7_0

The paper presents the test results for concrete 
urgekogpu"uwdlgev"vq"qpg/vkog"htgg¦kpi"cv"vgorgtcvwtgu"
Î5̇E"cpf"Î:̇E"hqnnqykpi"vjg"kpkvkcn"ewtkpi"rgtkqf"qh"
4" vq" :" j0" Vjg" fgvgtokpgf" xcnwgu" kpenwfgf" uvtgpivj"
ickp" cpf" ftqr" cu" ygnn" cu" vjg" eqpetgvg" fghqtocvkqp0"
Vjg" qdlgevkxgu" kpenwfgf" fgvgtokpcvkqp" qh" vjg"
tgncvkqpujkr"dgvyggp"vjgp"eqpetgvg"uvtgpivj"ftqru"cpf"
fghqtocvkqpu" qeewttgf" fwtkpi" htgg¦kpi" qh" vjg" htguj"
eqpetgvg."cpf"fgvgtokpcvkqp"qh"cevkxcvkqp"gpgtikgu0"

2. Research design 

The tests were conducted with concrete specimens 
ocfg"htqo"vjtgg"egogpv"v{rgu<
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EGO"K"5407T"*C+."EGO"K"6407T"*D+"cpf"EGO"KK1D/X"
5407T"*E+0"Vjg"eqpetgvg"okzvwtgu"ygtg"rtgrctgf"cv"vjg"
ucog" tcvkqp"qh"ycvgt1egogpv"eqpvgpv"y1e?20760"Vjg"
Ýtuv"twp"qh"vjg"vguv"ycu"hqewugf"qp"vjg"fgvgtokpcvkqp"qh"
eqpetgvg"eqortguukxg"uvtgpivj"ftqru0"6:2"urgekogpu"
qh"eqpetgvg"encuu"E42147"ygtg"ocfg0
Table 10"Eqpetgvg"okz"eqorqukvkqp

Concrete mix components Quantity [kg/m3]
Cement 334

Sand 0-2 mm 625

Aggregate 4/8 mm 581

Aggregate 8/16 mm 581

Water 181

C"rctcnngn"vguv"ycu"rgthqtogf"qp"htq¦gp"urgekogpu"
and on witness concrete specimens which cured 
wpfgt"ncdqtcvqt{"eqpfkvkqpu"kp"vjg"ycvgt"dcvj"qh" vjg"
vgorgtcvwtg" qh" -3:̇E0" Gcej" ugv" ycu" koogtugf" kp"
ycvgt."uwdlgev"vq"kpkvkcn"ocvwtkv{"rtqeguu"hqt"vjg"rgtkqf"
of t2"?"4."7.":"jqwtu0"Vjgp"vjg"urgekogpu"ygtg"ecttkgf"vq"
vjg"gpxktqpogpvcn"ejcodgt."yjgtg"vjg{"ygtg"eqqngf"
in the air to the temperature of Tmin?"Î5̇E."Î:̇E"hqt"
37."46."58"jqwtu0"Chvgt"vjcv"vkog"vjg"urgekogpu"ewtgf"
vknn"fc{"4:"kp"vjg"ycvgt"qh"vjg"vgorgtcvwtg"qh"-3:̇E0"
Eqpetgvg"eqortguukxg"uvtgpivj"ycu"fgvgtokpgf"chvgt"
4."7.":."38."46."58."6:"j"cpf"5."9."4:"fc{u0
Vjg"vguv"hqtoyqtm"oqwnf"ycu"ocfg"qh"7"eo"vjkem"

rqn{uv{tgpg" rcpgnu=" vjg" dqvvqo" qh" vjg" oqwnf" ycu"
3"oo"vjkem"ogvcn"ujggv."egogpvgf"vq"vjg"rqn{uv{tgpg0"
Kp" qtfgt" vq" etgcvg" eqpfkvkqpu" hqt" fgvgtokpkpi" vjg"
uvtgpivj" qh" vjg" htguj" eqpetgvg." vjg" urgekogpu" ygtg"
eqortguugf" vqigvjgt" ykvj" vjg" rqn{uv{tgpg" oqwnf."
wukpi"c"322z322z42"oo"wrrgt"rncvgp" *Hki0"3+0"Vjg"
urgekogpu" vq"dg" vcmgp"qwv"qh"oqwnfu"ygtg"ocfg" kp"
rncuvke"oqwnfu0"Chvgt"vjg"tgoqxcn"qh"vjg"oqwnfu."vjg"
urgekogpu"ygtg"kpuwncvgf"qp"vjg"hqwt"ukfgu"ykvj"7"eo"
vjkem"rqn{uv{tgpg0

Hki0"30"Urgekogpv"wpfgt"eqortguukqp/rtguu"vguv

Hki0"40"Fghqtocvkqp"ogcuwtgogpv

Vjg"ugeqpf"e{eng"qh"vguvu"ycu"hqewugf"qp"ogcuwtkpi"
htq¦gp"eqpetgvg"fghqtocvkqpu0"E{nkpftkecn"urgekogpu"
49"eo"kp"jgkijv"cpf"32"eo"kp"fkcogvgt"*Hki0"4+"ygtg"
rncegf"kp"oqwnfu"cpf"uwdlgevgf"vq"kpkvkcn"ocvwtkpi"cv"
vjg"cigu"qh"4."7.":."38."46"cpf"58"j"cv"vjg"vgorgtcvwtg"
qh"-37̇E0"Chvgt" vjcv." vjg{"ygtg" eqqngf" qpg" vkog" vq"
vgorgtcvwtgu" qh" Î7̇E." Î32̇E0" Vjg" fghqtocvkqp"
ugpuqt." rncegf"xgtvkecnn{" htqo" vjg" vqr"ogcuwtgf" vjg"
fghqtocvkqpu."yjkej"ygtg"tgeqtfgf"vqigvjgt"ykvj"vjg"
vgorgtcvwtg"ejcpigu"kpukfg"vjg"urgekogp0"
Vjg"vjktf"e{eng"qh"vguvu"ycu"fgukipgf"vq"fgvgtokpg"

vjg"gctn{"uvtgpivj"ickp"qh"eqpetgvg"urgekogpu."yjkej"
jcxkpi"dggp"rncegf"kp"oqwnfu."ocvwtgf"hqt"vjg"rgtkqf"
qh" 4:" fc{u" cv" uvgcf{" vgorgtcvwtgu" qh" -7̇E."-42̇E."
-57̇E0"Eqortguukxg"uvtgpivj"ycu"cuuguugf"chvgt"4."7."
:."38."46."58."6:"j"cpf"5."9."4:"fc{u0
Vjg" vguvu" fgukipgf" kp" vjcv" yc{" ocfg" kv" rquukdng"

vq" fgvgtokpg" dqvj." cevkxcvkqp" gpgtikgu" cpf" vjg"
tgncvkqpujkr"dgvyggp"fghqtocvkqpu" cpf" eqortguukxg"
uvtgpivj"ftqru0"

3. Analysis of the results

Vjg" fkcitcou" dgnqy" rtgugpvu" vjg" ickpu" kp" gctn{"
uvtgpivj"hqt"eqpetgvgu"ocvwtkpi"cv"uvgcf{"vgorgtcvwtgu"
qh"-7̇E."-42̇E."-57̇E"ocfg"htqo"egogpvu"fgukipcvgf"
cu"C."D."E0
Vjg"v{rg"qh"egogpv"wugf"kp"vjg"eqpetgvg"okz"jcu"c"

fgekukxg"korqtvcpeg"hqt"vjg"ickp"kp"gctn{"eqortguukxg"
uvtgpivj0" Vjg" jkijguv" ickp" ycu" tgekftgf" hqt" vjg"
eqpetgvg"ocfg"htqo"EGO"K"64.7T"egogpv"ocvwtkpi"
cv"eqpuvcpv"vgorgtcvwtg"qh"-57̇E0"
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Hki0"50"Eqortguukxg"uvtgpivj"ickp"hqt"eqpetgvg"rncegf"
kp"ycvgt"vq"ocvwtg"cv"vjg"vgorgtcvwtgu"qh"-7̇E."-42̇E."

-57̇E"ocfg"qh"egogpvu"C."D."E

Urgekogpu" ocfg" htqo" egogpvu" C." D." E" ygtg"
uwdlgevgf" vq" kpkvkcn"ocvwtkpi" cv" vjg" cig"qh" 4." 7." :"j"
cdqxg"vjg"ycvgt"cv"vjg"vgorgtcvwtg"qh"-3:̇E."rtkqt"vq"
dgkpi"eqqngf"qpg" vkog" vq" vgorgtcvwtgu"Î5̇E."Î:̇E0"
The results of the measurements are presented in 
Hkiwtg" 60" Vjg" cpcn{uku" qh" vjg" tguwnvu" kpfkecvgf" vjcv"
the shorter the time of initial maturing and the lower 
vjg"htgg¦kpi"vgorgtcvwtg."vjg"jkijgt"uvtgpivj"ftqrgu0"
Vjg"igpgtcn"vgpfgpe{"ku."vjcv"vjg"nqygt"uvtgpivj"cv"vjg"
oqogpv"vjg"eqpetgvg"htgg¦gu."vjg"jkijgt"eqortguukxg"
uvtgpivj" ftqrgu0" Vjg" jkijguv" uvtgpivj" ftqr." 7405'."
ycu" tgeqtfgf" hqt" eqpetgvg"ocfg" htqo"EGO" KK1D/X"
54.7T"egogpv."yjkej"ycu"htq¦gp"vq"vjg"vgorgtcvwtg"
qh"Î:̇E"chvgt"4"jqwtu"qh"kpkvkcn"ocvwtkpi0"Vjg"nqyguv"
uvtgpivj"ftqr."330:'."ycu"tgeqtfgf"hqt""eqpetgvg"ocfg"
htqo"EGO"K"64.7T"egogpv."eqqngf"vq"vjg"vgorgtcvwtg"
qh"Î5̇E"chvgt":j"qh"kpkvkcn"ocvwtkpi0

Hki0"60"Uvtgpivj"ftqru"hqt"eqpetgvgu"uwdlgevgf"vq"
qpg/vkog"htgg¦kpi"vq"vgorgtcvwtgu"qh"Î5̇E."Î:̇E

Kp"cp"ghhqtv"vq"fguetkdg"vjg"tguwnvu"qdvckpgf"htqo"vjg"
vguvu" vjg"ocvwtkv{"hwpevkqpu"rtqrqugf"d{"C0O0"Pgxknng"
cpf" tgeqoogpfgf" d{" KVD" Iwkfgnkpgu" Pq0" 4:4" ygtg"
wugf0" Vjg" crrnkecvkqp" qh" vjqug" hwpevkqpu" vq" eqpetgvgu"
vguvgf"kp" vjku"uvwf{"ngcfu" vq"ugtkqwu"gttqtu0" Kp"hcev." vjg"
ecnewncvgf"xcnwgu"ctg"owej"jkijgt"vjcv"vjg"uvtgpivj"xcnwg"
qdvckpgf"kp"vjg"vguvu0"Qxgtguvkocvkqp"hqt"eqpetgvgu"kp"vjg"
kpkvkcn"rjcug"qh"ocvwtkpi"ecp"tgcej"322'0

Hki0"70"Eqortguukxg"uvtgpivj"rtgfkevgf"d{"vjg"ocvwtkv{"
hwpevkqp"urgekÝgf"d{"C0O0"Pgxknng"kp"tgncvkqp"vq"vjg"

xcnwgu"qdvckpgf"htqo"vjg"vguvu

Hki0"80"Eqortguukxg"uvtgpivj"rtgfkevgf"d{"vjg"ocvwtkv{"
hwpevkqp"urgekÝgf"d{"KVD"Iwkfgnkpgu"Pq0"4:4"kp"tgncvkqp"

vq"vjg"xcnwgu"qdvckpgf"htqo"vjg"vguvu

Ykvj" vjg" ckf" qh" vjg" ocvwtkv{" hwpevkqp" urgekÝgf"
d{" Jcpugp" cpf" Rgfgtugp." jgnrkpi" fgvgtokpg" vjg"
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eqortguukxg" uvtgpivj" qh" eqpetgvg" kp" tgncvkqp" vq" kvu"
vgorgtcvwtg" cpf" cig." cevkxcvkqp" gpgtikgu" Gc" ygtg"
fgvgtokpgf"gzrgtkogpvcnn{"hqt"vjg"egogpvu"kp"Vcdng"40

Table 2."Cevkxcvkqp"gpgtikgu"Gc"hqt"rctvkewnct"egogpvu

Cement CEM I 42,5R CEM I 32,5R CEM II/B-V 32,5R

Activation

energy,

Ea [kJ/mol]

44 40 12

Vjg"cevkxcvkqp"gpgtikgu"hqt"vjg"vguvgf"egogpvu"jgnr"
ceewtcvgn{"cuuguu"eqortguukxg"uvtgpivj"kp"tgncvkqp"vq"
vgorgtcvwtg"cpf"ocvwtkpi"vkog0"Hqt"Rqtvncpf"egogpvu"
CUVO" E" 3296" uvcpfctf" urgekÝgu" vjg" tcpig" Gc" ?"
62/67" mL1oqn" ]7_0" Vjg" xcnwg" qh" wr" vq" 48" mL1oqn" ku"
tgeqoogpfgf"hqt"Rqtvncpf"egogpv"ykvj"cuj"eqpvgpv0

Crrnkecvkqp" qh" fkhhgtgpv" egogpvu" jcu" c" fgekukxg"
ghhgev" qp" vjg" ejcpig" xqnwog" kp" vjg" htguj" eqpetgvg"
eqqngf" qpg" vkog" cv" vjg" qpg/yc{" jgcv" vtcpuhgt0" Vjg"
ejctvu"kpfkecvg"cp"gxkfgpv"nkpgct"eqttgncvkqp"dgvyggp"
fghqtocvkqpu"cpf"eqortguukxg"uvtgpivj"ftqru0"Kv"ecp"
dg"eqpenwfgf"vjcv"vjg"v{rg"qh"egogpv"wugf"kp"vjg"okz"
fqgu"pqv"chhgev" vjg"tgncvkqpujkr"kp"c"ukipkÝecpv"yc{0"
Vjg" rctcogvgtu" ecp" cnuq" dg" wugf" kpvgtejcpigcdn{0"
Kpuvgcf"qh"eqpfwevkpi"dwtfgpuqog measurements of 
uvtgpivj"ftqrgu."yg"ecp"ogcuwtg"vjg"fghqtocvkqpu0

Rtqxkpi"vjg"nkpgct"fgrgpfgpeg"ku"xkvcn"kp"rtcevkeg"cu"
guvcdnkujkpi" xqnwog" ejcpigu" ku" nguu" ncdqwt" cpf" vkog"
eqpuwokpi"vjcp"guvcdnkujkpi"eqpetgvg"uvtgpivj"ftqrgu0

Hki0"90"Eqpetgvg"uvtgpivj"ftqr/fghqtocvkqp"uk¦g"tgncvkqpujkr

4. Summary

Vjg"tguwnvu"qh"vjg"eqpfwevgf"tgugctej"kpfkecvg"swkvg"
enqug" tgncvkqpujkr" dgvyggp" fghqtocvkqpu" cpf" qpg/
vkog" htq¦gp" eqpetgvg" uvtgpivj" ftqru0" D{" ogcuwtkpi"
vjg"fghqtocvkqpu"yg"ecp"guvcdnkuj"uvtgpivj"ftqru"chvgt"
4:"fc{u"qh"ocvwtkpi"hqt"qpg/vkog"htq¦gp"urgekogpu0"
Kp"qtfgt"vq"eqpÝto"vjg"tguwnvu"qdvckpgf"htqo"vjg"vguvu."
hwtvjgt"tgugctej"kp"pgeguuct{0"C"igpgtcn"vtgpf"ecp"dg"
uggp" chvgt" vjg" tguwnvu" cpcn{uku=" eqpetgvg" htq¦gp" vq" c"
lower temperature following a shorter initial maturing 
rgtkqf"ujqyu"vjg"jkijguv"eqortguukxg"uvtgpivj"ftqru0"
Vjg" fgvgtokpgf" cevkxcvkqp" gpgtikgu" jgnr" guvcdnkuj"
cevwcn" eqortguukxg" uvtgpivj" kp" tgncvkqp" vq" eqpetgvg"
vkog"jkuvqt{"cpf"vgorgtcvwtg0"
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Yr̅{y"vgorgtcvwt{"wlgopgl"k"e¦cuw"yuvQrpgiq"
fqlt¦gycpkc"pc"y̅cｬekyqｬek"uvyctfpkc̅giq"dgvqpw

30"Yrtqycf¦gpkg
Rt¦{"y{mqp{ycpkw"tqd„v"dgvqpqy{ej"y"qdpkcqpgl"

vgorgtcvwt¦g"¦cngec"ukC"uvyqt¦gpkg"yctwpm„y"fqlt¦g-
ycpkc" rq¦ycncl>e{ej" pc" w¦{umcpkg" pcly{cu¦gl"y{-
vt¦{ocŽqWek"dgvqpw"y"lcm"pclmt„vu¦{o"e¦cukg0"Rt¦g¦"
rqlCekg" pkumkgl" vgorgtcvwt{" pcngc{" tq¦wokg5" qmtgu."
y"mv„t{o"Wtgfpkc"vgorgtcvwtc"fqdqyc"lguv"pkcu¦c"qf"
-7̇E." c" vgorgtcvwtc" okpkocnpc" urcfc" rqpkcgl" 2̇E"
]3_0"Mtclqy{ok"y{v{e¦p{ok"fqv{e¦>e{ok" tqd„v"dg-
vqpqy{ej" rtqycf¦qp{ej" y" qmtgukg" ¦koqy{o" lguv"
Kpuvtwmelc"KVD"pt"4:4"]4_."mv„tc"rqfclg"y"hqtokg"vc-
dgnct{e¦pgl."y"¦cngcpqWek"qf"tqf¦clw"egogpvw."rt¦{-
mŽcfqyg"e¦cu{"vyctfpkgpkc"rqu¦e¦gi„np{ej"dgvqp„y"
y"uvcŽ{ej" vgorgtcvwtcej"t¦ge¦{ykuv{ej"*2flE/52flE+0"
Y"t¦ge¦{ykuvqWek"dgvqp"fqlt¦gyc"y"¦okgpp{ej"vgo-
rgtcvwtcej." eq" wvtwfpkc" qmtgWngpkg" y{vt¦{ocŽqWek0"
U¦ceqycpkg" y{vt¦{ocŽqWek" pc" rqfuvcykg" Kpuvtwmelk"
KVD"rtqycf¦k5"oqcg" fq" dŽCfp{ej"yctvqWek0"Vt¦gdc"
¦cvgo"wokglCvpkg"y{dtc5""vg"rqfuvcyqyg"pkg¦okgp-
pg"tgiwŽ{"rquvCrqycpkc"k"rqŽ>e¦{5"lg"¦"pclpqyu¦{ok"
quk>ipkCekcok" vgejpqnqike¦pq/ocvgtkcŽqy{ok" ]5_0"
Rqfuvcyqy{o"rtqdngogo"y"rqfglWekw"kpc{pkgtumko"
lguv"w¦{umcpkg"kphqtocelk"q"t¦ge¦{ykuvgl"y{vt¦{ocŽq-
Wek"y"qrctekw"q"hwpmelC"fqlt¦cŽqWek."mv„tc"yk>cg"t¦g-
e¦{ykuv>"y{vt¦{ocŽqW5"¦"fqlt¦cŽqWek>"dgvqpw0
¥cngegpkc"pcle¦CWekgl"qmtgWncl>"yctvqW5"y{vt¦{oc-

ŽqWek"hcmin."rq"w¦{umcpkw"mv„tgl"dgvqp"wyccc"ukC"¦c"qf-
rqtp{"pc"f¦kcŽcpkg"otq¦w0"EUC"Uvcpfctf"y"Mcpcf¦kg"
¦cngec"w¦{umcpkg"rt¦g¦"dgvqp"okpkocnpgl"y{vt¦{oc-
ŽqWek" pc" Wekumcpkg" pc" rq¦kqokg" 9.2"ORc." pcvqokcuv"
CEK" rt¦{lowlg" y{vt¦{ocŽqW5" rqy{cgl" 5.7" ORc0"
U¦ygf¦k"¦cngecl>"w¦{umcpkg"rt¦g¦"dgvqp"okpkocnpgl"
y{vt¦{ocŽqWek"y{pqu¦>egl" 7.2"ORc0"Pgxknng" ¦cngec"
y{vt¦{ocŽqW5" hcmin ?"5.7"ORc." kppk" cwvqt¦{" hcmin ?"4"
ORc"fnc"dgvqp„y"¦"egogpvw"rqtvncpf¦mkgiq0"Rqlcykc"
ukC"rtqdngo"¦yk>¦cp{"¦"qmtgWngpkgo"e¦cuw."lcmk"lguv"
rqvt¦gdp{"cd{"dgvqp"w¦{umcŽ"qe¦gmkycp>"y{vt¦{oc-
ŽqW50"W¦{umcpkg"vgl"y{vt¦{ocŽqWek."c"¦yŽcu¦e¦c"e¦cu"
rqvt¦gdp{"fq" lgl" w¦{umcpkc." dg¦rqWtgfpkq"yk>cg" ukC"
¦"kpp{ok"yccp{ok"curgmvcok."c"okcpqykekg"¦"rtqdng-
ogo" tq¦fgumqycpkc" dgvqpqygiq" gngogpvw." c" vcmcg"

qmtgWngpkc"uvqrpkc"y"lcmko"oqcpc"qdek>c{5"y{mqpc-
p{"gngogpv"]6_0
U¦ceqycpkg"y{vt¦{ocŽqWek"pc"Wekumcpkg"qrkuwlg"ukC"

¦c" rqoqe>" ]7_" hwpmelk" fqlt¦cŽqWek" y" ¦cngcpqWek" qf"
vgorgtcvwt{" k" e¦cuw"fqlt¦gycpkc0"Rqfuvcyqy>" vtwf-
pqWek>" lguv" rt¦{lCekg" qfrqykgfpkgl" yctvqWek" yur„Ž-
e¦{ppkmc" cmv{ycelk" egogpvw0" ¥cngec" ukC." cd{" vcmkg"
yur„Že¦{ppkmk"y{¦pce¦cpq"fqWykcfe¦cnpkg0
Y"ctv{mwng"rt¦gfuvcykqpq"y{pkmk"dcfcM"rt„dgm"dg-

vqpqy{ej"rqffcp{ej"lgfpqmtqvpgow"¦cotqcgpkw"fq"
vgorgtcvwt"Î5̇E"k"Î:̇E"rq"yuvCrp{o"qmtgukg"fqlt¦g-
ycpkc"y{pqu¦>e{o"qf"4"fq":"j0"Q¦pce¦cpq"rt¦{tquv"
k" urcfgm" y{vt¦{ocŽqWek" qtc¦" qfmu¦vcŽegpkc" dgvqpw0"
Egngo" dcfcM" d{Žq" qmtgWngpkg" ¦cngcpqWek" rqokCf¦{"
urcfmcok"y{vt¦{ocŽqWek"c"qfmu¦vcŽegpkcok"rqyuvc-
Ž{ok"rqfe¦cu"¦cotcccpkc"oŽqfgiq"dgvqpw"qtc¦"y{-
¦pce¦gpkg"yur„Že¦{ppkm„y"cmv{ycelk0

40"Dcfcpkc"y̅cupg
Dcfcpkc"rt¦grtqycf¦qpq"pc"rt„dmcej"dgvqpqy{ej"

y{mqpcp{ej"¦" vt¦gej"egogpv„y"EGO"K"54.7T" *q¦p0"
C+."EGO" K" 64.7T" *q¦p0"D+" qtc¦"EGO" KK1D/X"54.7T"
*q¦p0"E+0"Okgu¦cpmk"dgvqpqyg"fq"rqokct„y"rt¦{iqvq-
ycpg"¦quvcŽ{"rt¦{"lgfpcmqy{o"uvquwpmw"y1e"?"2.760"
Rkgtyu¦c" ugtkc" dcfcM" fqv{e¦{Žc" qmtgWngpkc" urcfm„y"
y{vt¦{ocŽqWek"dgvqpw"pc"Wekumcpkg0"¥cmtgu"dcfcM"qdgl-
oqycŽ"y{mqpcpkg"6:2"rt„dgm"¦"dgvqpw"mncu{"E421470"
T„ypqnging" rtqycf¦qpq" dcfcpkc" pc" rt„dmcej" ¦c-

otcccp{ej" k" rt„dmcej" Wykcfmcej" fqlt¦gycl>e{ej"
y"yctwpmcej"ncdqtcvqt{lp{ej"y"yqf¦kg"q"vgorgtcvw-
t¦g"-3:̇E0"Mccfc"ugtkc"wokgu¦e¦cpc"d{Žc"pcf"yqf>."
if¦kg"rqfngicŽc"yuvCrpgow"fqlt¦gycpkw"rt¦g¦"qmtgu"
t2"?"4."7.":"iqf¦kp."c"pcuvCrpkg"rt„dmk"rt¦gpqu¦qpq"fq"
mqoqt{"mnkocv{¦ce{lpgl"if¦kg"rqfngicŽ{"uejŽcf¦cpkw"
y"rqykgvt¦w"fq" vgorgtcvwt"Vmin?"Î5̇E."Î:̇E"rt¦g¦"
qmtgu"37." 46." 58"iqf¦kp0"Rq" v{o"e¦cukg"rt„dmk"fql-
t¦gycŽ{"fq"4:"fpkc"y"yqf¦kg"y"vgorgtcvwt¦g"-3:̇E0"
Urcfmk"y{vt¦{ocŽqWek"dgvqpw"pc"Wekumcpkg"qmtgWncpq"
rq"wrŽ{ykg"4."7.":."38."46."58."6:"iqf¦kp"qtc¦"5."9."
4:"fpk0
HqtoC"fq"dcfcM"y{mqpcpq"¦"rŽ{v"uv{tqrkcpw"q"itw-

dqWek"7"eo."¦cW"fpq"hqto{"uvcpqykŽc"dncejc"q"itwdq-
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Wek"3"oo."mv„tc"d{Žc"rt¦{mnglqpc"fq"uv{tqrkcpw0"Cd{"
woqcnkyk5"qmtgWngpkg"y{vt¦{ocŽqWek"oŽqfgiq"dgvq-
pw."rt„dmk"Wekumcpq"tc¦go"¦"hqto>"uv{tqrkcpqy>."c"pc"
i„t¦g"¦cuvquqycpq"rqfmŽcfmC"ogvcnqy>"322z322z42"
oo"*t{u0"3+0"Rt„dmk."mv„tg"pcfcycŽ{"ukC"fq"tq¦hqtoq-
ycpkc" y{mqp{ycpg" d{Ž{" y" hqtocej" rncuvkmqy{ej0"
Rq"tq¦hqtoqycpkw"rt„dmk"k¦qnqycpg"d{Ž{"¦"e¦vgtgej"
uvtqp"uv{tqrkcpgo"q"itwdqWek"7"eo0

Ftwic"ugtkc"dcfcM"fqv{e¦{Žc"rqokctw"qfmu¦vcŽegM"
¦cotqcqpgiq"dgvqpw0"Fq"dcfcM"¦cuvquqycpq"rt„dmk"
y"mu¦vcŽekg"ycnec"q"y{uqmqWek"49"eo"k"Wtgfpke{"32"
eo"*t{u0"4+."mv„tg"rq"¦chqtoqycpkw"rqfngicŽ{"yuvCr-
pgow"fqlt¦gycpkw"rt¦g¦"qmtgu"4."7.":."38."46."58"iq-
f¦kp" y" vgorgtcvwt¦g" -37̇E0" Rq" v{o" e¦cukg" rt„dmk"
rqfngicŽ{"lgfpqmtqvpgow"uejŽqf¦gpkw"fq"vgorgtcvwt"
Î7̇E."Î32̇E0"Rqokct"qfmu¦vcŽegM"pcuvCrqycŽ"¦c"rq-
oqe>"e¦wlpkmc"qfmu¦vcŽegM"wokgu¦e¦qpgiq"rkqpqyq"
qf"i„t{0"Tglguvtqycpq"rt¦gdkgi"qfmu¦vcŽegM"k"¦okcp"
vgorgtcvwt{"ygyp>vt¦"rt„dmk0

Vt¦gekc"ugtkc"dcfcM"rqngicŽc"pc"qmtgWngpkw"rt¦{tq-
uvw"ye¦gupgl"y{vt¦{ocŽqWek"rt„dgm"dgvqpqy{ej."mv„-
tg" rq" ¦chqtoqycpkw" fqlt¦gycŽ{" rt¦g¦" qmtgu" 4:" fpk"
y"uvcŽ{ej" vgorgtcvwtcej"-7̇E."-42̇E."-57̇E0"Y{-
vt¦{ocŽqW5"pc"Wekumcpkg"qmtgWncpq"rq"4."7.":."38."46."
58."6:"iqf¦kpcej"qtc¦"rq"5."9."4:"fpkcej0

Y" vgp" urqu„d" ¦crncpqycpg" dcfcpkc" rq¦yqnkŽ{" pc"
qmtgWngpkg" ¦cngcpqWek" rqokCf¦{" qfmu¦vcŽegpkcok"
c"urcfmcok"y{vt¦{ocŽqWek"dgvqpw"pc"Wekumcpkg"qtc¦"
pc"y{¦pce¦gpkg"yur„Že¦{ppkm„y"cmv{ycelk0

50"Cpcnk¦c"y{pkm„y
Pc" y{mtgucej" rt¦gfuvcykqpq" y{pkmk" q¦pce¦gM"

rt¦{tquvw" ye¦gupgl" y{vt¦{ocŽqWek" dgvqp„y" fqlt¦g-
ycl>e{ej" y" uvcŽ{ej" vgorgtcvwtcej" -7̇E." -42̇E."
-57̇E"y{mqpcp{ej"¦"egogpv„y"C."D."E0

¥cuvquqycpkg" t„cp{ej" tqf¦cl„y"egogpv„y"oc"fg-
e{fwl>e{"yrŽ{y"pc"rt¦{tquv"ye¦gupgl"y{vt¦{ocŽqWek"
dgvqpw0" Pclykgmu¦{" rt¦{tquv" y{vt¦{ocŽqWek" qfpqvq-
ycpq"fnc"dgvqpw"y{mqpcpgiq"¦"egogpvw"EGO"K"64.7T"
fqlt¦gyclcegiq"y"uvcŽgl"vgorgtcvwt¦g"-57̇E0"

Rt„dmk" dgvqpqyg" y{mqpcpg" ¦" egogpv„y" C." D."
E" rqfngicŽ{" yuvCrpgow" fqlt¦gycpkw" rt¦g¦" qmtgu"
4." 7." :" iqf¦kp" pcf" yqf>" y" vgorgtcvwt¦g" -3:̇E."
c"pcuvCrpkg"¦quvcŽ{"lgfpqmtqvpkg"uejŽqf¦qpg"fq"vgo-
rgtcvwt"Î5̇E."Î:̇E0"Y{pkmk"rqokct„y"rt¦gfuvcykq-
pq" pc" t{uwpmw" 60" ¥" cpcnk¦{" dcfcM" y{pkmc" lgfpq-
¦pce¦pkg."cg"ko"mt„vu¦{"e¦cu"yuvCrpgiq"fqlt¦gycpkc"
k"pkcu¦c"vgorgtcvwtc"¦cotqcgpkc."v{o"ykCmu¦g"urcfmk"
y{vt¦{ocŽqWek0" Ykfqe¦pc" lguv" qi„npc" vgpfgpelc" ko"
opkglu¦c"y{vt¦{ocŽqW5"y"oqogpekg"¦cotqcgpkc"v{o"
ykCmu¦g" urcfmk" y{vt¦{ocŽquek" dgvqpw" pc" Wekumcpkg0"

PclykCmu¦{" urcfgm" y{vt¦{ocŽqWek" ¦cpqvqycpq" fnc"
dgvqpw"y{mqpcpgiq"¦"egogpvw"EGO"KK1D/X"54.7T."
mv„t{" ¦quvcŽ" ¦cotqcqp{" fq" vgorgtcvwt{" Î:̇E" rq"
4"iqf¦kpcej"yuvCrpgiq"fqlt¦gycpkc"k"y{pquk"74.5'0"
Pclopkglu¦{"urcfgm"¦cW"fnc"dgvqpw"¦"egogpvw"EGO"
K"64.7T"uejŽqf¦qpgiq"fq"vgorgtcvwt{"Î5̇E"rq":"iq-
f¦kpcej"yuvCrpgiq"fqlt¦gycpkc"Î"33.:'0

W¦{umcpg"y{pkmk"dcfcM"rt„dqycpq"qrkuc5"¦c"rq-
oqe>"hwpmelk"fqlt¦cŽqWek"rqfcpgl"rt¦g¦"C0O0"Pgxkn-
nc" k" KpuvtwmelC" KVD"pt"4:40"Uvquqycpkg" v{ej" hwpmelk"
fnc"dcfcp{ej"dgvqp„y"rtqycf¦k"fq"fwc{ej"dŽCf„y0"
Y" t¦ge¦{ykuvqWek" yctvqWek" qdnke¦gpkqyg" u>" fwcq"
ykCmu¦g"pkc"y{vt¦{ocŽqW5"w¦{umcpc"fqWykcfe¦cnpkg0"
Rt¦gu¦ceqycpkg"fnc"dgvqp„y"y"rqe¦>vmqy{o"qmtg-
ukg"fqlt¦gycpkc"oqcg"y{pquk5"322'0"

Y{mqt¦{uvwl>e" hwpmelC" fqlt¦cŽqWek" rqfcp>" rt¦g¦"
Jcpugpc"k"Rgfgtugpc."mv„tc"rq¦ycnc"qmtgWnk5"y{vt¦{-
ocŽqW5"dgvqpw"pc"Wekumcpkg"y"¦cngcpqWek"qf"lgiq"vgo-
rgtcvwt{"k"e¦cuw"fqlt¦gycpkc."y{¦pce¦qpq"fqWykcf-
e¦cnpkg" yur„Že¦{ppkmk" cmv{ycelk" Gc" fnc" egogpv„y"
*vcd0"4+0

Qvt¦{ocpg"yur„Že¦{ppkmk"cmv{ycelk"fnc"dcfcp{ej"
egogpv„y" rq¦ycncl>" fqmŽcfpkg" qu¦ceqyc5" y{vt¦{-
ocŽqW5" pc" Wekumcpkg" y" ¦cngcpqWek" qf" " vgorgtcvwt{"
k" e¦cuw" fqlt¦gycpkc0" Fnc" egogpv„y" rqtvncpf¦mkej"
pqtoc"CUVO" E" 3296" rqfclg" rt¦gf¦kcŽ" Gc" ?" 62/67"
mL1oqn"]7_0"Fnc"egogpvw"rqtvncpf¦mkgiq"¦"rqrkqŽgo"
nkvgtcvwtc"rqfclg"rt¦gf¦kcŽ"fq"48"mL1oqn0

¥cuvquqycpkg" t„cp{ej" egogpv„y" oc" fge{fwl>e{"
yrŽ{y"pc"ykgnmqW5"¦okcp"qdlCvqWek"oŽqfgiq"dgvqpw"
lgfpqmtqvpkg" uejŽcf¦cpgiq" rt¦{" lgfpqmkgtwpmqygl"
y{okcpkg" ekgrŽc0"Pc"y{mtgucej"¦cejqf¦k"ykfqe¦pc"
nkpkqyc"mqtgncelc"okCf¦{"qfmu¦vcŽegpkcok"c"urcfmc-
ok"y{vt¦{ocŽqWek"dgvqpw"pc"Wekumcpkg0"Ypkqumqyc5"
oqcpc."cg"tqf¦cl"egogpvw"pkg"oc"kuvqvpgiq"yrŽ{yw"
pc" vC" ¦cngcpqW50" Rctcogvt{" vg" oqcpc" uvquqyc5" ¦c-
okgppkg0" ¥cokcuv" rt¦grtqycf¦c5" wek>cnkyg" dcfcpkg"
rqokctw" urcfm„y" y{vt¦{ocŽqWek" dgvqpw." oqcgo{"
rqokgt¦{5"qfmu¦vcŽegpkc0"

Rqvykgtf¦gpkg" nkpkqygl"¦cngcpqWek"oc"kuvqvpg"¦pc-
e¦gpkg" fnc" rtcmv{mk." rqpkgycc" y{¦pce¦cpkg" ¦okcp"
qdlCvqWek"lguv"opkgl"rtceqejŽqppg"k"e¦cuqejqppg"pkc"
y{¦pce¦cpkg"urcfm„y"y{vt¦{ocŽquek"dgvqpw0"

60"Rqfuwoqycpkg
¥" rt¦grtqycf¦qp{ej" dcfcM" y{pkmc" fqW5" WekuŽc"

¦cngcpqW5" rqokCf¦{" qfmu¦vcŽegpkcok" c" urcfmcok"
y{vt¦{ocŽqWek" dgvqp„y" lgfpqmtqvpkg" ¦cotqcqp{ej0"
Fqmqpwl>e" rqokctw" qfmu¦vcŽegM" oqcgo{" qmtgWnk5"
urcfmk"y{vt¦{ocŽqWek"rq"4:"fpkcej"fqlt¦gycpkc"fnc"
rt„dgm" lgfpqmtqvpkg"¦cotqcqp{ej0" Kuvpkglg"rqvt¦gdc"



17

KPHNWGPEG"QH"UWD/¥GTQ"VGORGTCVWTG"CPF"KPKVKCN"UGV"VKOG"QP"VJG"RTQRGTVKGU"QH"JCTFGPGF"EQPETGVG

fcnu¦{ej" dcfcM." cd{" rqvykgtf¦k5" w¦{umcpg" y{pkmk0"
¥"cpcnk¦{"dcfcM"y{pkmc"qi„npc" vgpfgpelc."cg"dgvqp"
¦cotqcqp{" rq" mt„vu¦{o" e¦cukg" yuvCrpgiq" fqlt¦g-
ycpkc" fq" pkcu¦gl" vgorgtcvwt{"y{mc¦wlg" pclykCmu¦g"
urcfmk"y{vt¦{ocŽqWek"pc"Wekumcpkg0"Qdnke¦qpg"yur„Ž-
e¦{ppkmk" cmv{ycelk" rq¦ycncl>" qmtgWnk5" t¦ge¦{ykuv>"
y{vt¦{ocŽqW5"pc"Wekumcpkg"y"¦cngcpqWek"qf"vgorgtc-
vwt{"k"e¦cuw"fqlt¦gycpkc"dgvqpw0

Dcfcpkc"qrkucpg"y"ctv{mwng"¦quvcŽq"e¦CWekqyq"uÝpcpuq-
wane z dotacji Nr POIG 01.01.02-10-106/09-00.


