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ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʇʆʊʈɽɹʅʆʉʊʀ ɺ ʕʅɽʈɻʀʀ ʅɸ ʆʊʆʇʃɽʅʀɽ  
ʇʈʆɽʂʊʀʈʋɽʄʆɻʆ ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑɽɻʆ ɼʆʄɸ 

 
ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʢʪʦʨʦʤ Wolfganng Feist ʚ ʠʥʩʪʠʪʫʪʝ PASSIV 

HAUS INSTITUT (ɻʝʨʤʘʥʠʷ) ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ Exsel [1].  
ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʜʦʤʘ, ʪʘʢ ʠ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʢʚʘʨʪʠʨʳ.  

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʝ ʚʩʝ ʢʚʘʨʪʠʨʳ, ʘ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ 
ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʝ ʪʝʧʣʦʧʦʪʝʨʠ. ʆʙʳʯʥʦ, ʵʪʦ ʩʝʚʝʨʥʳʝ ʫʛʣʦʚʳʝ ʢʚʘʨʪʠʨʳ ʥʘ ʧʝʨ-
ʚʦʤ ʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʞʝ (ʨʠʩ. 1). 

 

 
 
ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʜʦʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʯʝ-

ʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʦʤʘ. ɼʦʤ ʪʝʨʷʝʪ ʪʝʧʣʦ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪ-
ʨʫʢʮʠʠ (QT) ʠ ʠʟ-ʟʘ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ (QL), ʘ ʧʨʠʦʙʨʝʪʘʝʪ ï ʟʘ ʩʯʝʪ ʙʳʪʦʚʦʛʦ 
ʪʝʧʣʘ (QI) ʠ ʠʥʩʦʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ ʯʝʨʝʟ ʦʢʥʘ (Qs). 

 
ʊʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ QT, kWh/a, ʚʳʯʠʩ-

ʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
 

ʩ 

ʂʚʘʨʪʠʨʳ, ʪʝʧʣʦʧʦʪʝ-
ʨʠ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʨʘʩ-
ʩʯʠʪʘʪʴ 



                  QT = Q`tÄdmv`mc + Qedmrsdq + Q`tÄdms¾q + Qc`bg + Qjdkkdqcdbjd +                         (1) 
 
ʛʜʝ   Q`tÄdmv`mc ï ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʛʣʫʭʠʝ ʯʘʩʪʠ ʩʪʝʥ, kWh/a; 

              Qedmrsdq ï ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʦʢʥʘ, kWh/a; 

            Q`tÄdms¾q ï ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʥʘʨʫʞʥʫʶ ʜʚʝʨʴ, kWh/a; 
                 Qc`bg  ï  ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʢʨʳʰʫ, kWh/a; 
         Qjdkkdqcdbjd  ̂ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʧʦʣ ʧʝʨʚʦʛʦ (ʪʝʧʣʦʛʦ) ʵʪʘʞʘ, kWh/a. 
ɿʥʘʯʝʥʠʝ ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʦʪʜʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚʥʝʰʥʝʛʦ ʦʛʨʘʞʜʝʥʠʷ ʟʜʘ-

ʥʠʷ QTi, kWh/a, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
            

                                               QTi = AÖ UÖ fTÖ GT,                                                          (2) 
 

ʛʜʝ  A ï ʧʣʦʱʘʜʴ ʢʦʥʩʪʨʫʢʮʠʠ, m2; 
       U ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʦʥʩʪʨʫʢʮʠʠ, W/(m2K); 
       fT ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; 
      GT ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, kKh/a. 
 
ʇʨʠ ʧʦʜʩʯʝʪʝ ʧʣʦʱʘʜʝʡ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 
(ʨʠʩ. 3): 

ï  ʧʣʦʱʘʜʴ ʩʪʝʥ ʩʯʠʪʘʶʪʩʷ ʧʦ ʚʥʝʰʥʠʤ ʛʨʘʥʠʮʘʤ (ʨʠʩ.2). ɼʣʷ ʫʛʣʦʚʦʡ ʢʚʘʨʪʠʨʳ 
ï ʚ ʫʛʣʫ ʩʯʠʪʘʝʪʩʷ ʧʣʦʱʘʜʴ ʦʪ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ, ʘ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʝ ï 
ʙʝʨʝʪʩʷ ʦʪ ʦʩʠ (ʨʠʩ. 3);  

 
 
ï ʧʣʦʱʘʜʴ ʩʪʝʥ ʩʯʠʪʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʫʪʝʧʣʝʥʥʦʡ ʯʘʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘʜ 
ʟʝʤʣʝʡ '@tÄdmv`mc fdfdm @tÄdmktes( ʠ ʧʦʜ ʟʝʤʣʝʡ (@tÄdmv`mc fdfdm ancdm); 

ï ʧʣʦʱʘʜʴ ʢʨʳʰʠ ʩʯʠʪʘʝʪʩʷ ʧʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʫʪʝʧʣʠʪʝʣʷ; 
ï ʧʣʦʱʘʜʴ ʧʦʣʘ ʧʝʨʚʦʛʦ (ʪʝʧʣʦʛʦ) ʵʪʘʞʘ ʩʯʠʪʘʝʪʩʷ ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 
ʫʪʝʧʣʠʪʝʣʷ; 

ï ʧʣʦʱʘʜʴ ʦʢʦʥ ʠ ʚʥʝʰʥʝʡ ʜʚʝʨʠ ʩʯʠʪʘʝʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 
ʧʨʦʝʤʘ.  

ï ʧʦʜʚʘʣ ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʧʣʝʥ, ʪʦʛʜʘ ʦʥ ʚʭʦʜʠʪ ʚ ʦʪʘʧʣʠʚʘʝʤʳʡ ʦʙʲʝʤ ʟʜʘʥʠʷ 
ʠ ʧʣʦʱʘʜʴ ʩʪʝʥ ʧʦʜʚʘʣʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʣʦʱʘʜʴ ʚʥʝʰʥʠʭ ʩʪʝʥ. ɽʩʣʠ ʦʥ ʥʝ 
ʫʪʝʧʣʝʥ, ʪʦ ʚ ʨʘʩʯʝʪ ʥʝ ʚʢʣʶʯʘʝʪʩʷ. 

bʩʪʝʥʳ bʩʪʝʥʳ 

ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚʥʝʰʥʠʭ 

ʩʪʝʥ ʥʘ ʧʣʘʥʝ 

ʈʠʩ. 2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚʥʝʰʥʠʭ 

ʩʪʝʥ ʥʘ ʨʘʟʨʝʟʝ 



 
ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʯʝʪʘ ʧʣʦʱʘʜʝʡ ʦʛʨʘʞʜʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ çE K ~ B G D M D Q L H S S K T M Fè. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ñPASSIVHAUS-VORPROJEKTIERUNGò. 
ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ Exʩel-ʪʘʙʣʠʮʘʭ:  

ʊʘʙʣ. 1 
 

Ek©bgdmdhmf`ad (ʨʘʩʯʝʪ ʧʣʦʱʘʜʝʡ) 
Bncd 
(ʢʦʜ) 

A`tsdhk Adydhbgmtmf 
(ʥʘʠʤʝʥʦʚʘʥʠʝ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 
ʵʣʝʤʝʥʪʘ) 

Fqtood
 Mq- 
(ʥʦ-
ʤʝʨ 
ʛʨʫʧ-
ʧ )r 

Ytnqcmtmf `m Fqtood 
(ʦʙʲʝʜʠʥʝʥʠʝ ʚ 

ʛʨʫʧʧʫ) 

@my`gk 
(ʢʦʣʠ-
ʯʝʩʪ-
ʚʦ) 

w '  ̀
(ʰʠʨʠ-
ʥʘ) 

w a 
(ʚʳʩʦ-
ʪʘ) 

* Dhfdmd Dq
lhssktmf 
(ʩʦʙʩʪʚ
ʝʥʥʦʝ 
ʟʥʘʯʝ-
ʥʠʝ) 

Ă @aytf 
'ʫʜʝʨ
ʞʠʚʘ
ʝʤʘʷ
ʝ 
ʧʣʦʱ
ʘʜʴ) 

( < Ek©bgd 
(ʧʣʦ-
ʱʘʜʴ) 

 Dmdqfhdadytfrek©bgd 
(ʧʣʦʱʘʜʴ ʢʚʘʨʪʠʨʳ) 

0 Dmdqfhdadytfrek©bgd 0 w '  w  * 060+54 Ă  ( < 060+54 

 Edmrsdq Nrs 
(ʦʢʥʘ ʚʦʩʪʦʯʥʳʝ) 

1 Edmrsdq Nrs 1 w ' 0+13/ w 0+35/ *  Ă  ( < 2+51 

 Edmrsdq R¾c 
(ʦʢʥʘ ʶʞʥʳʝ) 

2 Edmrsdq R¾c 7 w ' 0+4// w 1+14/ *  Ă  ( < 16+// 

 Edmrsdq Vdrs 
(ʦʢʥʘ ʟʘʧʘʜʥʳʝ) 

3 Edmrsdq Vdrs 3 w ' 0+13/ w 0+53/ *  Ă  ( < 7+02 

 Edmrsdq Mnqc 
(ʦʢʥʘ ʩʝʚʝʨʥʳʝ) 

4 Edmrsdq Mnqc 0 w ' /+8// w 0+/1/ *  Ă  ( < /+81 

 Edmrsdq gnqhynms`k 
(ʦʢʥʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ) 

5 Edmrsdq gnqhynms`k  w '  w  *  Ă  ( < /+// 

 @tÄdms¾q 
(ʚʥʝʰʥʷʷ ʜʚʝʨʴ) 

6 @tÄdms¾q 0 w ' 0+04/ w 1+1// *  Ă  ( < 1+42 

 E`rr`cd Nrs 
(ʬʘʩʘʜ ʚʦʩʪʦʯʥʳʡ) 

7 @tÄdmv`mc fdfdm 
@tÄdmktes 
(ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ 
ʚʳʰʝ ʟʝʤʣʠ) 

0 w ' 7+1// w 7+84/ *  Ă  ( < 62+28 

 E`rr`cd R¾c 
(ʬʘʩʘʜ ʶʞʥʳʡ) 

7 @tÄdmv`mc fdfdm 
@tÄdmktes 
(ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ 
ʚʳʰʝ ʟʝʤʣʠ) 

0 w ' 0/+5// w 7+2// *  Ă  ( < 76+87 

 E`rr`cd Vdrs 
(ʬʘʩʘʜ ʟʘʧʘʜʥʳʡ) 

7 @tÄdmv`mc fdfdm 
@tÄdmktes 
(ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ 
ʚʳʰʝ ʟʝʤʣʠ) 

0 w ' 7+1// w 7+84/ *  Ă  ( < 62+28 

 E`rr`cd Mnqc 
(ʬʘʩʘʜ ʩʝʚʝʨʥʳʡ) 

7 @tÄdmv`mc fdfdm 
@tÄdmktes 
(ʥʘʨʫʞʥʘʷ ʩʪʝʥʘ 
ʚʳʰʝ ʟʝʤʣʠ) 

0 w ' 0/+5// w 7+5// *  Ă  ( < 80+05 

 C`bg 0 
(ʢʨʳʰʘ 1) 

 0/ C`bg 0 w ' 0/+5// w 1+75/ *  Ă  ( < 2/+21 

 C`bg 1 
(ʢʨʳʰʘ 2) 

 0/ C`bg 0 w ' 0/+5// w 4+52/ *  Ă  ( < 48+57 

 Jdkkdqcdbjd 
(ʧʣʦʱʘʜʴ ʧʦʣʘ 
ʥʠʞʥʝʛʦ 
ʫʪʝʧʣʝʥʥʦʛʦ 
ʵʪʘʞʘ) 

00 Jdkkdqcdbjd 0 w ' 7+1// w 0/+5/ *  Ă  ( < 75+81 

                                                          

               

 
ɺ  ʧʣʦʱʘʜʴ ʢʚʘʨʪʠʨʳ ʥʝ ʚʢʣʶʯʘʶʪʩʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʰʘʭʪʳ, ʚʩʪʨʦʝʥʥʳʝ ʰʢʘ-

ʬʳ ʠ ʪ.ʧ. ʃʝʩʪʥʠʮʳ ʚʢʣʶʯʘʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʞʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 0,5.  

ʄʦʞʥʦ ʟʘʜʘʚʘʪʴ ʣʠʙʦ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʮʠʡ (ʰʠʨʠʥʫ ʠ ʚʳʩʦʪʫ), ʪʦʛʜʘ ʟʘʧʦʣ-

ʥʷʶʪʩʷ ʵʪʠ ʩʪʦʣʙʮʳ    , ʣʠʙʦ ʤʦʞʥʦ ʩʨʘʟʫ ʫʢʘʟʘʪʴ ʧʣʦʱʘʜʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʦ-

ʛʜʘ ʟʘʧʦʣʥʷʝʪʩʷ ʵʪʦʪ ʩʪʦʣʙʝʮ 



ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣ. 1, ʟʘʧʦʣʥʷʝʪʩʷ ʪʘʙʣ. 2. 
 

ʊʘʙʣ. 2 

Ytr`lldmrsdkktmf 
Fqtood 
Mq-  

Fqtood   Ek©bgd DhmĂ
gdhs 

Adldqjtmf 

0 Dmdqfhdadytfrek©bgd 060+54 lą Vngmek©bgd m`bg 1- AU hmmdqg`ka cdq sgdqlhrbgdm G
¾kkd 

(ʞʠʣʘʷ ʧʣʦʱʘʜʴ ʥʘ ʜʚʫʭ ʵʪʘʞʘʭ) 
1 Edmrsdq Nrs  2+51 lą            
2 Edmrsdq R¾c  16+// lą            
3 Edmrsdq Vdrs  7+02 lą            
4 Edmrsdq Mnqc  /+81 lą            
5 Edmrsdq gnqhynms
`k 

 /+// lą            

6 @tÄdms¾q 1+42 lą            
7 @tÄdmv`mc fdfdm @tÄdm
ktes 

172+6 lą EdmrsdqĂ tmc S¾qek©bgdm vdqcdm `tsnl`shrbg `afdyn
fdm  

(ʧʣʦʱʘʜʠ ʦʢʦʥ ʠ ʜʚʝʨʝʡ ʚʳʯʠʪʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ) 

8 @tÄdmv`mc fdfdm Ancdm /+/ lą            
0/ C`bg   8/+/ lą Edmrsdqek©bgdm vdqcdm `tsnl`shrbg `afdynfdm  

00 Jdkkdqcdbjd  75+8 lą            
                 

  Chdrd Ydhkd l`qjhdqdm+ tl vdhsdqd Fqtoodm dhmyte¾fdm: ¥adqm`gld hmr Gdhyv©qldak`ss rdkars dqrsdkkdm 
M                 
Rtlld sgdqlhrbgd G¾kkd  4/1+72 lą            

 
 
 
 
ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʨʫʧʧʳ ʢʦʥʩʪʨʫʢʮʠʡ (ʝʩ-

ʣʠ, ʥʘʧʨʠʤʝʨ, ʠʤʝʶʪʩʷ ʦʨʠʝʥʪʘʮʠʠ ʩʪʝʥ ʠ ʦʢʦʥ, ʦʪʣʠʯʥʳʭ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1 
ʠ 2) ʠʣʠ ʨʘʟʙʠʚʘʪʴ ʚʥʫʪʨʠ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʦʜʛʨʫʧʧʳ (ʝʩʣʠ, ʥʘʧʨʠ-
ʤʝʨ, ʩʪʝʥʳ ʠʤʝʶʪ ʨʘʟʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʚʳʩʦʪʝ, ʣʠʙʦ ʧʦ ʨʘʟʥʳʤ ʬʘʩʘ-
ʜʘʤ). 
ɼʣʷ ʨʘʟʙʠʚʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʜʛʨʫʧʧʳ ʩʣʝʜʫʝʪ ʧʦʩʪʫʧʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 
- ʩʢʦʧʠʨʦʚʘʪʴ ʩʪʨʦʢʫ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʨʘʟʙʠʚʘʝʪʩʷ, ʚ ʙʫ-
ʬʝʨ; 

- ʧʦʩʪʘʚʠʪʴ ʢʫʨʩʦʨ ʥʘ ʨʘʟʜʝʣʠʪʝʣʴ ʧʦʜ ʩʢʦʧʠʨʦʚʘʥʥʦʡ ʩʪʨʦʢʦʡ ʠ ʚʩʪʘʚʠʪʴ ʩʦ-
ʜʝʨʞʠʤʦʝ ʠʟ ʙʫʬʝʨʘ. ʇʦʷʚʠʪʩʷ ʜʫʙʣʴ ʩʢʦʧʠʨʦʚʘʥʥʦʡ ʩʪʨʦʢʠ; 

- ʠʟʤʝʥʠʪʴ ʥʘʟʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʠʪʴ ʮʠʬʨʫ 1); 
- ʠʟʤʝʥʠʪʴ ʝʝ ʧʘʨʘʤʝʪʨʳ (ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨʳ). 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʛʨʫʧʧʳ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ: 
- ʚ ʪʘʙʣ. 2  çYtr`lldmrsdkktmfè ʚ ʩʪʦʣʙʮʝ çfqtood Mq-è ʧʦʩʪʘʚʠʪʴ ʥʦʤʝʨ ʛʨʫʧʧʳ 
(ʦʪʣʠʯʥʳʡ ʦʪ ʠʤʝʶʱʠʭʩʷ); 

- ʚ ʩʪʦʣʙʮʝ çfqtoodè ʜʘʪʴ ʥʘʟʚʘʥʠʝ ʩʦʟʜʘʚʘʝʤʦʡ ʛʨʫʧʧʝ (ʥʘʧʨʠʤʝʨ, windows N-
E); 

- ʜʚʘʞʜʳ ʢʣʠʢʥʫʪʴ ʧʦ ʷʯʝʡʢʝ ɽ ʩʦʟʜʘʚʘʝʤʦʡ ʩʪʨʦʢʠ ʠ ʠʟʤʝʥʠʪʴ ʚ ʩʪʨʦʢʝ ʬʦʨ-
ʤʫʣ ʩʦʜʝʨʞʠʤʦʝ ʚ ʢʘʚʳʯʢʘʭ ʥʘ ʥʘʟʚʘʥʠʝ ʩʦʟʜʘʚʘʝʤʦʡ ʛʨʫʧʧʳ; 

- ʚ ʪʘʙʣ. 1 çEk©bgdmdhmf`adè ʚ ʩʪʦʣʙʮʝ ɺ ʥʘʟʚʘʪʴ ʧʨʦʩʯʠʪʳʚʘʝʤʳʡ ʢʦʥʩʪʨʫʢʪʠʚ-
ʥʳʡ ʵʣʝʤʝʥʪ ʵʪʦʡ ʛʨʫʧʧʳ; 

- ʚ ʩʪʦʣʙʮʝ D ʧʨʠʩʚʦʠʪʴ ʝʤʫ ʪʦʪ ʥʦʤʝʨ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ ʙʳʣ ʚ ʪʘʙʣ. 2. ɺ ʩʪʦʣʙ-
ʮʝ ɽ ʧʦʷʚʠʪʩʷ ʥʘʟʚʘʥʠʝ ʩʦʟʜʘʥʥʦʡ ʛʨʫʧʧʳ; 

- ʟʘʜʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ.  

ʕʪʠ ʧʣʦʱʘʜʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 



ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʦʥʩʪʨʫʢʮʠʠ U, W/(m2K) ï ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ R, m2K/W. ʈʘʩʯʝʪ ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʥʷʪʦʡ 
ʚ ʋʢʨʘʠʥʝ, ʧʨʠʚʦʜʠʪʩʷ ʚ [2]. ɼʣʷ ʨʘʩʯʝʪʘ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ (ʧʦ ʤʝʪʦʜʠʢʝ ɻʝʨʤʘʥʠʠ) 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ ñU-WERTE DER BAUTEILEò, ʢʦʪʦʨʘʷ 
ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶ-
ʱʠʭ ʥʘʨʫʞʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʟʜʘʥʠʷ (ʩʪʝʥ, ʢʨʳʰʠ, ʧʦʣʘ ʧʝʨʚʦʛʦ ʵʪʘʞʘ) ʠʣʠ, ʚ ʩʣʫʯʘʝ 
ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ, ʠʭ ʯʘʩʪʝʡ ( ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴ ʢʨʳʰʠ ï ʩʢʘʪʥʘʷ, 
ʘ ʯʘʩʪʴ ï ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ).  
ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ Exʩel-ʪʘʙʣʠʮʝ:                                                          ʊʘʙʣ. 3 

              

  0 @tÄdmv`mc (ʚʥʝʰʥʷʷ ʩʪʝʥʘ)  

       A`tsdhk Mq-                                          A`tsdhkĂAdydhbgmtmf 
(ʥʦʤʝʨ   ʢʦʥʩʪʨʫʢ-                                       (ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ) 

ʪʠʚʥʦʛ ʦʵʣʝʤʝʥʪʘ)       

        

 

       V©qld¾adqf`mfrvhcdqrs`mc ZląJ.V\       hmmdm Qrh 9 /+02  
 

    
 

       ̀tÄdm Qr9̀ 
'ʩʥʘʨʫʞʠ) 

/+/3      

             

  Sdhkek©bgd 0 
 

(ʤʘʪʝʨʠʘʣʳ ʩʣʦʝʚ ʧʦ 

ʬʨʘʛʤʝʥʪʫ 1) 

 

 l ZV.'lJ(\ Sdhkek©bgd 1  
'noshnm`k( 
(ʤʘʪʝʨʠʘʣʳ 

ʩʣʦʝʚ ʧʦ ʬʨʘʛ-

ʤʝʥʪʫ 2) 

    l ZV.'lJ(\ Sdhkek©bgd 2  
'noshnm`k( 
(ʤʘʪʝʨʠʘʣʳ ʩʣʦ-

ʝʚ ʧʦ ʬʨʘʛʤʝʥʪʫ 

3) 

 l ZV.'lJ(\  Rtlld Aqdhs
dChbjd Zll\ 
(ʪʦʣʱʠʥ  r

ʩʣʦʝʚ 

 1. Gypsum plaster 

board  
 /+24/        03 

 2. Stone wool                    /+/35 Wooden beam  0,140     75 

 3. OSB board                /+02/        15 

 4. Stone wool                  /+/35    Wooden beam                      0,140    16/ 

 5. MDF board               /+04/        16 

 6.             

 7.             

 8.             

   
 

        Ek©bgdm`msdhk Sdhkek©bgd 1 
(ʧʨʦʮʝʥʪ ʧʣʦʱʘʜʠ ʬʨʘʛʤʝʥ-

ʪʘ 2 ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ) 

   Ek©bgdm`msdhk Sdhkek©bgd 2            Rtlld 
      (ʧʨʦʮʝʥʪ ʧʣʦʱʘʜʠ                (ʩʫʤʤʘ) 

    ʬʨʘʛʤʝʥʪʘ 2 ʦʪ ʦʙʱʝʡ 

     ʧʣʦʱʘʜʠ ʢʦʥʩʪʨʫʢʮʠʠ) 

        12+5%   6,6%  37,9 
         TĂVdqs9   /+116  V.'ląJ( 

ʇʦʷʩʥʝʥʠʷ ʢ ʨʘʩʯʝʪʫ: 
1. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʫ ʪʝʧʣʘ ʚʥʫʪʨʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʚʦʩʧʨʠʷʪʠʶ) Rsi 
ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʫ ʪʝʧʣʘ ʩʥʘʨʫʞʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ) Rsʘ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 4. 

 
  

 

 

 

 

 
 
 
 

(ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʫ ʪʝʧʣʘ)   (ʚʥʫʪʨʠ) 

Rsʘ = 0,10 

Rs ̔= 0,10 
Q 

Rsʘ = 0,17 

Rs ̔= 0,17 Q 

Rsʘ = 0 

Rs ̔= 0,17 Q 

ʟʝʤʣʷ 

Q 

Rs ̔=  
0,13 

Rsʘ =  
0,04 

Q 

Rs ̔=  
0,13 

Rsʘ =  
0,04 

ʟʝʤʣʷ 

 

ʈʠʩ. 4. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʭʦʜʫ ʜʣʷ ʨʘʟʥʳʭ ʩʣʫʯʘʝʚ 



2. ʆʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʪʝʧʣʦ-

ʚʦʤʫ ʧʦʪʦʢʫ (a1, a2, a3 é), ʥʘ ʬʨʘʛʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʩʣʦʷʤʠ (ʨʠʩ. 5). 

 

3. ɺ ʩʪʦʣʙʝʮ "Sdhkek©bgd 0" ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʦʠ ʬʨʘʛʤʝʥʪʘ 1 (ʦʩʥʦʚʥʘʷ ʢʦʥʩʪʨʫʢ-
ʮʠʷ ʦʛʨʘʞʜʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝ-
ʪʘʭ ʩʣʦʠ ʥʫʤʝʨʫʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ʠʟʥʫʪʨʠ ʢʦʥʩʪʨʫʢ-
ʮʠʠ ï ʥʘʨʫʞʫ). ʉʣʦʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʚʝʥʪʠʣʠʨʫʝ-
ʤʦʡ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ ʚ ʨʘʩʯʝʪʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ.  

 
4. ɺ ʩʣʝʜʫʶʱʝʤ ʩʪʦʣʙʮʝ ʫʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜ-
ʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢʘʞʜʦʛʦ ʩʣʦʷ. 
ɺ ʥʘʩʪʦʷʱʝʤ ʧʨʦʝʢʪʝ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʠʟ ʪʘʙʣ. 4 [3], ʘ ʝʩʣʠ ʜʣʷ ʢʘ-
ʢʦʛʦ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʳʭ ʥʝʪ ï ʠʟ ʪʘʙʣ. 5 [4], ʣʠʙʦ ʠʟ [5  (ʜʦʜ. 4)]. ʇʨʠ 

ʵʪʦʤ ʟʥʘʯʝʥʠʷ l ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ çɸè. 
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Wooden beam 4x26 
cm at 60 cm  

Wooden beam 
7,5ʭ7,5 cm at 60 cm  

Larch boarding            1,5 cm 
Real ventilation           3,0 cm 
MDF board                  1,6 cm       
Stone wool                26,0 cm 
OSB board                  1,5 cm 
Vapor board                - - - - - 
Stone wool                  7,5 cm 
Gypsum plaster board 1,3 cm  

ʈʠʩ. 5. ʈʘʟʙʠʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʬʨʘʛʤʝʥʪʳ 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʊʘʙʣ. 4 
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 ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 4 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 4 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 4 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
panded polystyrene                                                              35               0.032 

Glued EPS boards                                25               0.039 

Extruded polystyrene (XPS) foam with CFC 2    25 ï 45        0.029 

Extruded polystyrene (XPS) with HCFC   25 ï 65  0.029 

Extruded polystyrene (XPS) CO2  30 ï 50 0.034 

Polyurethane foam, with pentane  28 ï 40  0.025 

Polyurethane foam, with pentane without facings  28 ï 50  0.030 

Polyurethane foam, with CO2 25 ï 115  0.029 

Mineral wool (rock) bats, mats and board 

a. with fibers perpendicular to heat flow 

b. with fibers parallel to heat flow 

 

    120 

    120 

 

0.035 

0.040 

Mineral wool (glass) bats, mats and board 80 0.031 

Cellular glass / foam glass 140 0.045 

Wood chip board 500 0.085 

Wood fibre board 200 0.052 

Wood wool board 500 0.087 

Sheep wool 50  0.033 

Cotton 40 0.036 

Cork 180 0.046 

Perlite (expanded) board 170 0.051 

Cellulose fibre (loose-fill)  70 0.041 

Rendering plaster (insulating, with perlite)  650 0.172 

Rendering plaster (insulating, with EPS aggre-

gate)  

400 0.113 

Masonry mortar with expanded clay aggregate 1000 0.332 

Mortar with perlite  800 0.242 

Cement-lime mortar  1600 0.847 

Fired clay 1500 0.401 

Calcium silicate 1500 0.531 

Light weight mortar  800 0.239 

Concrete with aggregate of pumice 900  0.242 

Concrete with expanded polystyrene aggregate  500 0.145 

Concrete with blast furnace slag  1600 0.559 

Autoclaved aerated concrete 600 0.163 

Concrete with expanded clay aggregate 800 0.273 

Concrete with wood chip aggregate 600 0.134 

Concrete with other light weight aggregate 1200 0.449 

Concrete with pyroprocessed colliery material 0.273 0.366 

Phenolic foam (pentane and CO2) 20 ï50 0.029 

 

 ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 4 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʊʘʙʣ.5  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. ɺ ʩʣʝʜʫʶʱʠʭ ʩʪʦʣʙʮʘʭ ʫʢʘʟʳʚʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩʣʦʝʚ ʦʩʪʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 
ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʣʦʠ 
(ʩʣʦʡ), ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ. ʇʦ ʫʤʦʣʯʘ-
ʥʠʶ ʥʝʫʢʘʟʘʥʥʳʝ ʩʣʦʠ ʧʦʚʪʦʨʷʶʪʩʷ.  

6. ɺ ʪʘʙʣʠʮʫ ʪʘʢʞʝ ʟʘʥʦʩʷʪʩʷ ʪʦʣʱʠʥʘ ʢʘʞʜʦʛʦ ʩʣʦʷ ʠ ʧʨʦʮʝʥʪ  ʧʣʦʱʘʜʠ ʢʘʞʜʦ-
ʛʦ ʬʨʘʛʤʝʥʪʘ (ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ) ʦʛʨʘʞʜʝʥʠʷ. 

7. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʦʥʩʪʨʫʢʮʠʠ U, W/(m2K), ʧʦʜʩʯʠʪʳ-
ʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  

 
ɽʩʣʠ ʦʛʨʘʞʜʝʥʠʝ (ʩʪʝʥʳ, ʢʨʳʰʘ, ʧʦʣ ʧʝʨʚʦʛʦ ʵʪʘʞʘ)  ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩ-

ʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴ ʢʨʳʰʠ ï ʩʢʘʪʥʘʷ, ʘ ʯʘʩʪʴ 
ï ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ), ʪʦ ʜʣʷ ʧʦʜʩʯʝʪʘ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ  ʟʥʘʯʝʥʠʷ U  ʠʤʝʝʪʩʷ ʧʨʦ-
ʛʨʘʤʤʘ çLHSSKDQD   T Ă VDQSDè. 

ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘʷ ʠ ʧʦʥʷʪʥʘʷ: 
ʊʘʙʣ. 6 

             

 0 C`bg           

 Adydhbgmtmf ytr`lldmfde`Äsdr A`tsdhk ayv- A`tsdhk`qs       

 A`tsdhkĂMq- A`tsdhkĂAdydhbgmtmf    Ek©bgd hm lą  TĂVdqs  
 hm V.'l1J( 

 V.J  

 0 C`bg 0     2/+2 ) /+/74 < 1+48  

 1 C`bg 1     48+6 ) /+0/7 < 5+35  

        )  < /+//  

        )  < /+//  

 ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.5  



        )  < /+//  

             

      Rtll
d9 

8/+/   Rtll
d9 

8+/4  

             

         8+/4    

 Fdvhbgsdsdr Lhssdk e¾q cdm TĂVdqs cdq A`tsdhk`qs9 < /+0/0  

         8/+/  V.'ląJ(  

             

 
ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ      fT  ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1, ʝʩʣʠ ʦʛ-

ʨʘʞʜʝʥʠʝ ʛʨʘʥʠʯʠʪ ʩ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʠ 0,5 ï ʝʩʣʠ ʚʳʭʦʜʠʪ ʚ ʥʝ ʦʪʘʧʣʠʚʘʝʤʦʝ 
ʧʦʤʝʱʝʥʠʝ (ʯʝʨʜʘʢ, ʧʦʜʚʘʣ).  
      ʀʥʪʝʛʨʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ GT, kKh/a ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʳ ʧʦ ʨʠʩ. 6. 
 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      ʊʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʦʢʥʘ Qedmrsdq, kWh/a, ʠ ʯʝʨʝʟ ʥʘʨʫʞʥʫʶ ʜʚʝʨʴ  Q`tÄdms¾q  ʦʧʨʝ-
ʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʧʦ ʬʦʨʤʫʣʝ (2). ʇʨʠ ʵʪʦʤ, U ʜʣʷ ʥʠʭ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,8 
W/(m2K) 
             

ʆʙʱʠʝ ʪʝʧʣʦʧʦʪʝʨʠ QT, kWh/a, ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʧʦ ʬʦʨʤʫʣʝ (1). 
ɼʣʷ ʨʘʩʯʝʪʘ QT ʚ  I ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ (ʧʨʠ GT =  84 kKh/a) ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʧʦʜʧʨʦʛʨʘʤʤʦʡ  ʧʨʦʛʨʘʤʤʳ Ădmdqfhdjdmmvdqs gdhxv~qld"+ ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ. 
7.  

 
 

 
 

GT =  84 kKh/a 

GT =  78 kKh/a 

GT =  66 kKh/a 

GT =  54 kKh/a 

 

6 

 

ɯ ʟʦʥʘ: 3500ʭ24=84 



 
ʊʘʙʣ. 7 

 
  Naidjs9 Adhrohdkfda©tcd Fda©tcdsxo.Mtsytmf9 

(ʪʠʧ ʜʦʤʘ/ ʥʘʟʥʘʯʝʥʠʝ) 
Dmdqfhdadytfrek©bgd @DA9 
(ʦʙʱʘʷ ʦʪʘʧʣʠʚʘʝʤʘʷ 

ʧʣʦʱʘʜʴ) 

Reihenhaus / 

Wohnen 
  Rs`mcnqs9 01234 Ltrsdqrs`cs 171,7  lą  

                oqn lą 
      Ek©bgd  U-Wert  Reduktion

sfaktor ft 

Gt    DmdqfhdĂ 

  A`tsdhkd  Sdlodq`
stqynmd 

lą   W/(mɯK)    kKh/a  kWh/a  adytfrek©bgd 

 0- @tÄdmv`mc  @  283,7  * 0,100  * 1,00 * 84,0 = 2372  (ʪʝʧʣʦʧʦʪʝ-
ʨʠ ʥʘ 1 ʤ 

ʦʙʱʝʡ ʧʣʦ-
ʱʘʜʠ) 

 1- C`bg  @  90,0  * 0,101  * 1,00 * 84,0 = 760  

 2- Jdkkdqcdbjd  A  86,9  * 0,102  * 0,50 * 84,0 = 371  

 3- G`trs¾q  @  2,5  * 0,800  * 1,00 * 84,0 = 170  

 4-      *  *  *  =   

                  TĂVdqs Udqfk`rtmf  0,70          

 0/- Edmrsdq  @  28+6 * 0,80 * 1,00 * 84,0 = 2666   

 w v©qldaq¾bjdmeq
dh jnmrsqthdqs 

  K©mfd Zl\ 
(ʧʝʨʠʤʝʪʨ 
ʨʘʤ) 

 Y-Wert 
[W/(mK)] 

        

  V©qldaq¾bjdm    1/0+0 * - 0,01  * 1,0 * 84  = -169   

   Rtlld `kkdq G¾kkek©bgdm 4/1+7            jVg.'lą`( 

Sq`mrlhrrhnmrv©qldudqktrsd PS 
 Summe 6170  35,9 

 
ɺ ʪʘʙʣʠʮʝ ʫʯʪʝʥ ʢʦʵʬʬʠʮʠʝʥʪ Y, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʪʝʧʣʘ ʚ ʤʝʩʪʘʭ ʧʨʠ-

ʤʳʢʘʥʠʷ ʦʢʦʥʥʳʭ ʨʘʤ ʢ ʩʪʝʥʘʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʢʦʥ ʠ ʪʱʘʪʝʣʴʥʦʡ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʠʭ ʧʨʠʤʳʢʘʥʠʷ ʧʨʠʤʝʥʝ̫ʪʩʷ ʟʥʘʯʝʥʠʝ Y= -0,01.  

ɼʣʷ ʜʨʫʛʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʵʪʦʡ ʧʨʦʛʨʘʤʤʦʡ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʣʴʟʷ, 
ʪʘʢ ʢʘʢ ʥʝ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ  Gt.   

 
ʊʝʧʣʦʧʦʪʝʨʠ ʠʟ-ʟʘ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ QL,kWh/a, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫ-

ʣʝ 
 

                                                           QL = nLÖ VLÖ cÖ GT,                                                (3) 
 
ʛʜʝ      nL ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʞʠʣʳʭ 

ʟʜʘʥʠʡ ʨʘʚʝʥ 0,096 h-1; 
          VL  ï ʦʙʲʝʤ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʡ, ʤ

3; 
            ʩ  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ: 0,33 wh/(m3K); 
           GT ï ʀʥʪʝʛʨʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ GT, kKh/a (ʨʠʩ. 6). 
ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʦʪʝʨʠ ʚ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ Ădmdqfhdjdmmvdqs gdhxv~qld"  

ʝʩʪʴ ʧʦʜʧʨʦʛʨʘʤʤʘ+ ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ. 8.  
ʊʘʙʣ.8 

 
 
 
 
 
 
 



 
ʕʪʦʡ ʧʦʜʧʨʦʛʨʘʤʤʦʡ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 1 ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʦʣʫʯʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 
ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʦʪ ʠʥʩʦʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ ʯʝʨʝʟ ʦʢʥʘ Qs, kWh/a, ʚʳʯʠʩʣʷ-

ʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
 

                                                        Qs = rÖ gÖ AFÖ G,                                                           (4) 
 
ʛʜʝ r ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʜʠʘʮʠʠ ʯʝʨʝʟ ʦʢʥʘ, ʫʯʠʪʳʚʘʶʱʠʡ  

ʟʘʪʝʥʝʥʠʝ ʨʘʤʦʡ, ʟʘʛʨʷʟʥʝʥʠʝ ʩʪʝʢʣʘ, ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 
ʦʩʪʝʢʣʝʥʠʷ ʠ ʪ.ʜ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,45; 

      g ï  ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʛʦʣ ʠʥʩʦʣʷʮʠʠ. ɿʘʚʠʩʠʪ ʦʪ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʚʝʪʦʧʨʦʝʤʘ ʠ ʪʦʣʱʠʥʳ ʩʪʝʥʳ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʤʦʞʥʦ 
ʧʨʠʥʷʪʴ ʝʛʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʵʪʦʤ ʧʨʦʝʢʪʝ ʨʘʚʥʳʤ 0,54; 

    AF ï  ʧʣʦʱʘʜʴ ʦʢʦʥ ʢʘʞʜʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ ʪʘʙʣ. 2); 
     G ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʠ ʟʘ ʚʨʝʤʷ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʧʨʦʛʨʘʤʤʝ ʫʩʪʘʥʦʚʣʝ-
ʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

                                                       ʚʦʩʪʦʢ ï 220 kWh/(m2a) 
                                                              ʶʛ ï 370 kWh/(m2a) 
                                                       ʟʘʧʘʜ  ï 225 kWh/(m2a) 
                                                       ʩʝʚʝʨ  ï 140 kWh/(m2a) 
                                       ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ï 360 kWh/(m2a). 
             ɼʣʷ ʦʨʠʝʥʪʘʮʠʡ, ʦʪʣʠʯʥʳʭ ʦʪ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʝ G ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʨʧʦ-

ʣʷʮʠʝʡ. 
ɽʩʣʠ ʬʘʩʘʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʫʢʘʟʘʥʥʳʝ ʩʪʦʨʦʥʳ ʛʦʨʠʟʦʥʪʘ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ Ădmdqfhdjdmmvdqs gdhxv~qld"+ ʚ ʢʦʪʦʨʦʡ  ʝʩʪʴ 
ʧʦʜʧʨʦʛʨʘʤʤʘ+ ʧʦʢʘʟʘʥʥʘʷ ʚ ʪʘʙʣ. 9. 

ʊʘʙʣ.9 
 
                                   
 
 

 
 
 
 
 
 
ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʟʘʩʯʝʪ ʙʳʪʦʚʦʛʦ ʪʝʧʣʘ QI , kWh/a, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫ-

ʣʝ 
 

                                                        QI  = 0,24Ö n Ö qI Ö AEB,                                                 (5) 
 
ʛʜʝ  n ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

<12 C̄) ʚ ʜʥʷʭ; 
        qI ï ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʙʳʪʦʚʦʛʦ ʪʝʧʣʘ ʥʘ 1 ʤ

2 ʦʪʘʧʣʠʚʘʝʤʦʡ  
ʧʣʦʱʘʜʠ. ɼʣʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʨʘʚʥʦ 2,1 W/m2. 

      AEB ï  ʦʪʘʧʣʠʚʘʝʤʘʷ ʧʣʦʱʘʜʴ, m2. 
 
ʈʘʩʯʝʪ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʧʦʜʧʨʦʛʨʘʤʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʚ ʪʘʙʣ. 10. 

 



 
ʊʘʙʣ. 10 

 
 

 
 
 
 
ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʡ QT ,QL,QI ʠ Qs ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʦʧʦʪʝʨʴ 

ʟʜʘʥʠʷ (ʢʚʘʨʪʠʨʳ) Qʅ , kWh/a 
  
                                               Qʅ = (QT + QL) ï (QI + Qs)                                             (6) 

 

ʠ ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʦʧʦʪʝʨʴ qH, kWh/(m2a) 
 

                                                             
EB

H
H

A

Q
q = .                                                       (7) 

 
ɽʩʣʠ  ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ     

   

                                                        qH ¢ 15 kWh/(m
2
a),                               (8) 

 
ʪʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʜʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʠ 
ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʥʢʫʨʩʝ. ʇʨʠ ʵʪʦʤ, ʥʫʞʥʦ ʩʪʨʝʤʠʪʴʩʷ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʝ qH 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʘʣʦʩʴ ʢ ʫʢʘʟʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʀʥʘʯʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʦ ʜʦʤʘ ʙʫʜʫʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʳ. 
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ʆʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʢʫʨʩʘ 
 

1. ʆʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ 
- ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʤʧʘʢʪʥʦʩʪʴ; 
- ʶʞʥʳʡ ʬʘʩʘʜ ï ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʩʪʝʢʣʝʥʠʝʤ, ʞʝʣʘʪʝʣʴ-
ʥʘ ʩʦʣʥʮʝʟʘʱʠʪʘ ʦʪ ʣʝʪʥʝʛʦ ʩʦʣʥʮʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʪʝʧʣʝʥʥʳʭ ʩʪʘʚʝʥʴ ʥʘ 
ʦʢʥʘʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʥʦʯʴʶ ʠ ʚ ʧʘʩʤʫʨʥʫʶ ʭʦʣʦʜʥʫʶ ʧʦ-
ʛʦʜʫ. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʵʪʦʪ ʬʘʩʘʜ ʦʩʥʦʚʥʳʭ ʞʠʣʳʭ ʢʦʤʥʘʪ; 

- ʩʝʚʝʨʥʳʡ ʬʘʩʘʜ ï ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʙʝʟ ʦʢʦʥ ʠʣʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʩ-
ʪʝʢʣʝʥʠʝʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʨʝʣʴʝʬʘ ï ʟʘʛʣʫʙʣʝʥʠʝ ʩʝʚʝʨʥʦʛʦ ʬʘʩʘʜʘ ʚ ʟʝʤʣʶ. 
ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʵʪʦ ʬʘʩʘʜ ʧʦʜʩʦʙʥʳʭ ʧʦʤʝʱʝʥʠʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʳʰʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʠʥʩʦʣʷʮʠʠ ï
ʚʝʨʭʥʠʡ ʩʚʝʪ. 

- ʙʣʦʢʠʨʦʚʢʘ ʜʦʤʦʚ ʧʦ ʚʦʩʪʦʯʥʳʤ ʠ ʟʘʧʘʜʥʳʤ ʩʪʝʥʘʤ. 
 

2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ 
- ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʪʝʧʣʝʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʦʣʱʠ-
ʥʳ ʫʪʝʧʣʠʪʝʣʷ (ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʣʠ ʧʦʣʠʤʝʨʥʦʛʦ): 

               ʜʣʷ ʩʪʝʥ ï 25-35 ʩʤ; 
               ʜʣʷ ʧʦʣʘ ʧʝʨʚʦʛʦ ʦʪʘʧʣʠʚʘʝʤʦʛʦ ʵʪʘʞʘ ï 15-25 ʩʤ; 
               ʜʣʷ ʢʨʳʰʠ ï 35 ï50 ʩʤ. 

- ʫʪʝʧʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦ ʧʦ ʚʩʝʡ ʥʘʨʫʞʥʦʡ ʦʙʦʣʦʯʢʝ ʟʜʘʥʠʷ. ɹʘʣ-
ʢʦʥʳ ï ʧʨʠʩʪʘʚʥʳʝ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʦʧʦʨʘʭ. ɼʣʷ ʥʝʩʫʱʠʭ ʩʪʝʥ (ʧʨʠ ʤʘʣʦʵʪʘʞ-
ʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ) ʚ ʫʨʦʚʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʪʝʧʣʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʞʘ ʠ 
ʢʨʳʰʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ Fomaglass ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʘ-
ʛʨʫʟʢʫ (ʜʦ 60 ʢʛ/ʩʤ2) ʠʣʠ ʧʦʜʦʙʥʳʭ ʫʪʝʧʣʠʪʝʣʝʡ; 

- ʩʦʣʥʮʝʟʘʱʠʪʘ ʦʪ ʣʝʪʥʝʛʦ ʩʦʣʥʮʘ, ʪʝʧʣʳʝ ʩʪʘʚʥʠ ʥʘ ʦʢʥʘʭ. 
- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʢʦʥ. 
- ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʝʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ ʠʟ 
ʧʦʤʝʱʝʥʠʡ. 

 
ʇʨʠʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 7 ï 15. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝ-
ʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʶʱʠʝ: 

 
ɾʝʣʪʳʡ ʮʚʝʪ ï ʫʪʝʧʣʠʪʝʣʴ 

 
ʂʦʨʠʯʥʝʚʳʡ ʮʚʝʪ  - ʜʝʨʝʚʦ 

 
ʉʝʨʳʡ ʮʚʝʪ ï ʙʝʪʦʥ 

 
ʂʨʘʩʥʳʡ ʮʚʝʪ ï ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ 

 
ʄʘʣʠʥʦʚʳʡ ʮʚʝʪ ï ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʘʷ ʤʝʤʙʨʘʥʘ 
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