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Foreword  
from the Editor -in -Chief  
 

 

There is no need to convince readers of the 

first our issue that the natural environment 

is created and maintained by living 

organisms, the totality of which is biota.  

The study of the diversity of living, which 

began since the day of Hippocrates, 

Aristot le, and Theophrastus, has not lost its 

relevance in the modern scientific world.  

In the 21st century, the search for scientists 

in quite diverse  ʕfrom inventory species 

diversity of ecosystems to the study of 

adaptation mechanisms of organisms and 

biota metagenomic studies.  

 

 

The biota, for which there are no 

administrative boundaries, compensates for 

any environmental disturbances that do not 

exceed the threshold of destruction of the 

biota itself. This implies the need for 

international cooperation in v arious fields 

of living research. In order to bring together 

scholars who study different aspects  

of biotic potential of the environment  

and its con servation, we are launching  

the international scientific journal Biota. 

Human. Technology. We are the par t  

of the Editorial Board of the Journal 

attracted scientists from different countries , 

who carry out scientific research  

in various fields of Biology, Ecology, Health, 

Food and Chemical Technologies.  

 

 

We expect from our potential authors 

original articl es dedicated to the results of 

diverse studies of living matter at different 

levels of the organization  ʕfrom molecular 

to biosphere. We look forward to articles on 

the problems of the functioning of biological 

systems (including the human body), 

biodiver sity protection of the environment, 

as well as healthy human nutrition and 

technological processes.  

 

 

The BHT Journal pages always have a place 

to cover the results of scientific discussions 

which were made by researchers from all 

the world.  

 

 

Respectfully Yours,  

Prof. O. Lukash  
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Iryna Shyndanovina  

DESMIDIALES  (ZYGNEMATOPHYCEAE, STREPTOPHYTA)  
OF THE QUARRY POND ZAVODSKE  ʕA HOTSPOT OF DESMIDS DIVERSITY  

IN CHERNIHIV POLESIE, UKRAINE  

 

άωρφι Μρφνιφχλϡφι 

DESMIDIALES  (ZYGNEMATOPHYCEAE, STREPTOPHYTA)  
ΎͽΔˑΨΔΑΒέ ΄ΒΆΒΌΐΊ Ήͽ΄ΒΆΕΠΎ·  ʕ˞̈́ ͽΔΤΛΒέ Ζ·ΔΊΖΒΔάέ ˟;άΒΔάΉΑΒΐͽΑάΖΖΤ 

Ά·ΕΐάΆάΨ΄ΊΙ ΄ΒΆΒΔΒΕΖ·Ό ΄ Λ·Αά΅ά΄ΕΠΎΒΐΗ ΓΒΏάΕΕάʿ ΗΎΔͽέΑͽ 
 

 

ABSTRACT 

Purpose. Study of the composition of desmids in Zavodske quarry pond (Chernihiv Polesie, Ukraine), preparation 
of the taxonomical list. Microphotographs illustrating the cells of desmid algae found Ukrainian and their dimensional 
characteristics are intended to facilitate their identification and can be used for comparative analysis by both Ukrainian 
and foreign desmidiologists. 

Methodology . As part of the PhD dissertation, several field research trips were conducted and algological samples 
were collected in Zavodske quarry pond (8,625 m2, depth 1.5-2 m), located near the village of Zavodske, Dobryana village 
community, Chernihiv district and region, Ukraine. From the middle to the end of the last century it was used for 
extraction of the clay for the needs of the local brick-making plant. 

The samples were examined alive as well as fixed with 4 % formalin for further storage and examination. Water 
chemical variables (pH and electrical conductivity) were determined by H&M COM-100 and H&M PH-200 portable 
multimeters. Microscopic examination of the samples was carried out using light microscopes Olympus BX-51 (samples 
2018ɀ2021) and Zeiss Imager A2 (samples 2021ɀ2022).  

The main literature for the definition: Conjugates ɀ Conjugatophyceae. Part 2. Desmids ɀ Desmidiales. In: 
Identification manual of the freshwater algae of Ukrainian RSR. Palamar-Mordvintseva, 1986; Flora of algae in 
continental water bodies of Ukraine. Desmid algae. Part 2: Desmidiaceae. Palamar-Mordvintseva, 2005; Desmidiaceen-
ÆÌÏÒÁ ÖÏÎ vÓÔÅÒÒÅÉÃÈȟ 4ÅÉÌ σȢ ,ÅÎÚÅÎ×ÅÇÅÒȟ ρωωωȠ $ÅÓÍÉÄÓ ÏÆ ÔÈÅ ,Ï×ÌÁÎÄÓ -ÅÓÏÔÁÅÎÉÁÃÅÁÅ ÁÎÄ $ÅÓÍÉÄÁÃÅÁÅ ÏÆ ÔÈÅ 
European Lowlands. Coesel & Meesters, 2007. 

Scientific novelty . This is the first study of the desmid species composition of Zavodske quarry pond. In total 
110 taxa were identified, 16 of them recorded for the first time in Ukraine. 

Conclusions . Zavodske quarry pond is a unique locality with numerous desmids. The number of identified taxa 
(110 taxa ɀ 11.4 % of the desmidioflora of Ukraine) and part of the newly found in Ukraine (16 out of 110 taxa ɀ 1.65 % 
of the desmidioflora of Ukraine) are extraordinary and deserves close attention and protection of their habitat. 

 

Key words:  desmid algae, Chernihiv Polesie, quarry pond, biodiversity hotspot 

 

 

ˍ˚˛˟ˍˣ˴ˬ 

˙̆̓́ ̑̏̂̏̓̉Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̒̋̌́̅̔ ̨̨̤̖̅̆̒̍̅̃̉ ̃̏̅̏̑̏̒̓̆̊ ̋́̑ȭ̤̩̑̎̏ ̃̏̅̏̊̍̉ ˔̝́̃̏̅̒̋̆ ɉˤ̨̨̝̆̑̎̄̃̒̋̆ 
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̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̨̠̝̐̏̑̃̎̌̎̏̄̏ ̨́̎́̌̈̔ ̠̋ ̩̝̔̋̑́̎̒̋̉̍̉ ̓́̋ ̨ ̨̈́̑̔̂̇̎̉̍̉ ̨̨̅̆̒̍̅̏̌̏̄́̍̉Ȣ 

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˏ ̖̑́̍̋́ ̨̗̅̉̒̆̑̓́̊̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̉ ̨̐̑̏̃̆̅̆̎ ̨̨̗̆̋̒̐̆̅̉̊̎ ̩̃̉̈̅̉ ̓́ ̨̨̨̃̅̂̑́̎ 
̨̨̝̘́̌̄̏̌̏̄̎ ̈̑́̈̋̉ ̃ ̋́̑ǫ̤̃̄̑̎̊ ̨̃̏̅̏̊̍ ˔̝́̃̏̅̒̋̆ ɉψφςυ ̍2ȟ ̄̌̉̂̉̎́ ρȢυɀς ̍Ɋȟ ̏̚ ̙̑̏̈̓́̏̃́̎́ ̨̎̆̐̏̅́̌̋ ̒̆̌́ 
˔̝́̃̏̅̒̋̆ ˑ̠̝̩̏̂̑̎̒̋̏ ̩̒̆̌̉̎̏̚ ̄̑̏̍́̅̉ ˤ̨̨̝̆̑̎̄̃̒̋̏̄̏ ̑́̊̏̎̔ ˤ̨̨̝̩̆̑̎̄̃̒̋̏ ̨̏̂̌́̒̓ ˠ̩̋̑́̎̉Ȣ ˔ ̒̆̑̆̅̉̎̉ ̅̏ 
̨̗̠̋̎ ̍̉̎̔̌̏̄̏ ̨̠̒̓̏̌̓̓ ̈ ̝̎̏̄̏ ̅̏̂̔̃́̌̉ ̄̌̉̎̔ ̠̅̌ ̐̏̓̑̆̂ ̨̗̍̒̆̃̏̄̏ ̗̝̆̄̆̌̎̏̄̏ ̈́̃̏̅̔Ȣ 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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˔̑́̈̋̉ ̨̝̅̏̒̌̅̇̔̃́̌̉̒ ̇̉̃̉̍̉ ̓́ ̂̔̌̉ ̨̨̋̒̏̃́̎̕ τ Ϸ ̨̏̑̍́̌̎̏̍̕ ̠̅̌ ̝̙̐̏̅́̌̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎Ȣ Ð( ̓́ 
̨̨̝̆̌̆̋̓̑̏̐̑̏̃̅̎̒̓ ̃̏̅̉ ̘̃̉̈̎́́̌̉ ̐̏̑̓́̓̉̃̎̉̍̉ ̐̑̉̌́̅́̍̉ (Ǫ- #/--ρππ ̓́ (Ǫ- 0(-ςππȢ ˙̨̨̘̋̑̏̒̋̏̐̎̆ 
̨̠̅̏̒̌̅̇̆̎̎ ̐̑̏̂ ̨̟̝̈̅̊̒̎̃́̌̏̒ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̖̒̃̓̌̏̃̉ ̨̨̍̋̑̏̒̋̏̐̃ /ÌÙÍÐÕÓ "8-51 ɉ̈̑́̈̋̉ ςπρψɀςπςρɊ ̓́ 
:ÅÉÓÓ )ÍÁÇÅÒ !ς ɉ̈̑́̈̋̉ ςπςρɀςπςςɊȢ ˛̒̎̏̃̎́ ̨̌̓̆̑́̓̔̑́ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ȡ ˏ̘̉̈̎́̎̉̋ ̨̖̐̑̒̎̏̃̏̅̎̉ ̃̏̅̏̑̏̒̓̆̊ 
ˠ̩̝̩̋̑́̎̒̋̏ ˝˞˝Ȣ ˜́̌́̍́̑-˙̨̗̏̑̅̃̎̆̃́ ρωψφȠ ˡ̌̏̑́ ̃̏̅̏̑̏̒̓̆̊ ̝̖̋̏̎̓̉̎̆̎̓́̌̎̉ ̃̏̅̏̊̍ ˠ̩̋̑́̎̉ȡ ˑ̨̨̨̤̆̒̍̅̃ 
̨̃̏̅̏̑̏̒̓Ȣ ˏ̉̐Ȣ ρȟ ̘Ȣ 2 Desmidiaceae. ˜́̌́̍́̑-˙̨̗̏̑̅̃̎̆̃́ȟ ςππυȠ $ÅÓÍÉÄÉÁÃÅÅÎÆÌÏÒÁ ÖÏÎ vÓÔÅÒÒÅÉÃÈȟ 4ÅÉÌ 3. 
Lenzenweger, 1999; Desmids of the Lowlands Mesotaeniaceae and Desmidaceae of the European Lowlands. Coesel & 
Meesters, 2007.  

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˏ̙̐̆̑̆ ̨̅̏̒̌̅̇̆̎̏ ̃̉̅̏̃̉̊ ̒̋̌́̅ ̨̨̤̖̅̆̒̍̅̃̉ ̃̏̅̏̑̏̒̓̆̊ ̋́̑ȭ̤̩̑̎̏ ̃̏̅̏̊̍̉ 
˔̝́̃̏̅̒̋̆Ȣ ˏ̘̉̈̎́̆̎̏ ρρπ ̨̓́̋̒̏̎̃ȟ ̈ ̖̎̉ ρφ ̙̃̐̆̑̆ ̝̠̎́̃̏̅̉̓̒ ̠̅̌ ˠ̩̋̑́̎̉Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˏ̏̅̏̊̍́ ˔̝́̃̏̅̒̋̆ ̤ ̨̝̔̎̋́̌̎̉̍ ̨̌̏̋́̌̓̆̓̏̍ ̨̨̠̑̈̎̏̍́̎̓̓ ̨̨̤̖̅̆̒̍̅̃̉ ̃̏̅̏̑̏̒̓̆̊ȟ ̃ ̖̍̆̇́ 
̠̋̏̄̏ ̨̨̝̝̋̌̋̒̓ ̘̖̃̉̈̎́̆̎̉ ̨̓́̋̒̏̎̃ ɉρρπ ̨̓́̋̒̏̎̃ ɀ 11,4 Ϸ ̌̏̑̉̕ ̨̨̤̖̅̆̒̍̅̃̉ ˠ̩̋̑́̎̉Ɋȟ ̓́ ̘́̒̓̋́ ̃ ̖̎̉ 
̖̈̎́̊̅̆̎̉ ̙̃̐̆̑̆ ̠̅̌ ˠ̩̋̑́̎̉ ɉρφ ̈ ρρπ ̨̓́̋̒̏̎̃ ɀ 1,65 Ϸ ̌̏̑̉̕ ̨̨̤̖̅̆̒̍̅̃̉ ˠ̩̋̑́̎̉Ɋ ̤ ̘̟̎́̅̈̃̉́̊̎̏ ̨ ̗̠ 
̃̏̅̏̊̍́ ̤̈́̒̌̔̄̏̃̔ ̎́ ̔̃́̄̔ ̓́ ̖̏̏̑̏̎̔Ȣ 

 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̨̤̅̆̒̍̅̃ ̨̃̏̅̏̑̏̒̓ȟ ˤ̨̨̝̆̑̎̄̃̒̋̆ ˜̨̠̏̌̒̒ȟ ̋́̑ǫ̤̃̄̑̎ ̃̏̅̏̊̍̉ȟ Ⱥ̄ ̠̘́̑́ ̨̠̓̆̑̉̓̏̑Ȼ 

̨̨̨̠̂̏̑̈̎̏̍́̎̓̓ 

 
 
 

Introduction  

Zavodske (Fig. 1) is one of the smallest 
water bodies in the group of man-made quarry 
ponds, known as ȺBlue LakesȻ. Originally these 
ponds were quarries for extracting sand with 

high silicon dioxide content used for the glass 
industry. Zavodske originally was used for 
extraction of the clay for the needs of the local 
brick-making plant in the period from the 
middle to the end of the last century. 

 
 
 
 

 

Fig. 1. Photograph of the quarry pond Zavodske (June) 

 
 
 
 

The area of the pond is 8625 m2, the depth 
is 1.5ɀ2 m. It is located at the distance of 
200 meters to the east from Zavodske village, 
Dobryana village community, Chernihiv district  
 
 

ÁÎÄ ÒÅÇÉÏÎȟ 5ËÒÁÉÎÅ ɉ. υρЈωφͻσͻͻȠ % σρЈρψͻφͻͻɊ 
among the massif of pine and oak-pine forests 
(see Figure 2). 
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Fig. 2 The map of location of the quarry pond Zavodske  
(taken from Google Maps; https://www.google.com/maps) 

 
Our study is the first investigation of the 

species composition of desmids of Zavodske quarry 
pond. The first publication referring to this pond 
was in 2020 (Shyndanovina, 2020), the next one 
was issued in 2023 (Shyndanovina & Lukash, 
2023). Both these publications were describing 
new for Ukraine and rare and extremely rare for 
Europe desmid taxa. One of the described 
species, Pleurotaenium simplicissimum 'ÒĘÎÂÌÁÄ 
1920, was considered close to extinction 
ɉ£ĩÁÓÔÎĻȟ ςππωɊȢ  

Samples were taken during 2018ɀ2022, 
and 22 samples were collected in total. The 
results of this study are presented in the form of 
the taxonomic list with 35 plates of microphoto-
graphs providing characteristic illustrations of 
the newly found and some other taxa. Dimen-
sions of every illustrated taxon are also indicated. 

Materials and methods 

The samples were examined as alive and 
fixed with 4 % formalin for further examination. 
Water chemical variables (pH and electrical 
conductivity) were determined by H&M COM-
100 and H&M PH-200 portable multimeters. 
Microscopic examination of the samples was 
carried out using light microscopes Olympus 
BX-51 (samples 2018ɀ2021) and Zeiss Imager 

A2 (samples 2021ɀ2022). Photographs are 
taken with Canon Rebel XS and Canon R6 
cameras. 

The locality and the chemical variables of 
the algae habitat are described in detail in 
(Shyndanovina & Lukash, 2023). Here is a short 
resume provided for the convenience of the 
readers. 

The hydrochemical parameters of the 
algae habitat are: pH: 7.5ɀ7.7; EC: 36ɀσψ ʈ3ȢÃÍ-1; 
ion concentrations (mg/L) NO3-: 0.017; NH4+: 
0.018; PO43-ȡ ωȢςψσȠ ˞Õ2+: 0.057; Zn2+: 0.036, 
Fe(2+,3+): 0.016; Mn2+: 0.263. 

Main literature used for identification: 
Palamar-Mordvintseva (1986, 2005), Desmidia-
ÃÅÅÎÆÌÏÒÁ ÖÏÎ vÓÔÅÒÒÅÉÃÈ ɉ,ÅÎÚÅÎ×ÅÇÅÒȟ ρωωωɊȟ 
Desmids of the Lowlands (Coesel & Meesters, 
2007). 

Results and Discussion 

The taxonomic list of the discovered 
desmid algae of the quarry pond Zavodske is 
presented in Table 1. There were identified 110 
taxa of desmids in total. Sixteen of 110 taxa 
(14,5 %) are new for desmidioflora of Ukraine. 
Newly found taxa of desmids represent 1,65 % 
of the total number of taxa of desmids found in 
Ukraine. 
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Table 1 

ȝaxonomic list of Desmidiales (Zygnematophyceae, Streptophyta)  
in the quarry pond Zavodske 

Name Author 
ɰ  

of figure 

Desmidiales  Bessey  

A) Closteriaceae Bessey  

 I ) Closterium  Nitzsch  ex Ralfs  

  1 Closterium acerosum Ehrenberg ex Ralfs 1848  

  2 Closterium dianae Ehrenberg ex Ralfs 1848  

  3 Closterium rostratum Ehrenberg ex Ralfs 1848  

  4 Closterium striolatum Ehrenberg ex Ralfs 1848  

B) Desmidiaceae Ralfs  

 I)  Actinotaenium  ȹ-åÎÌÓÐȺɯ3ÌÐÓÐÕÎ  

  1 Actinotaenium capax  (Joshua) Teiling 1954  

  2 Actinotaenium clevei (P.Lundell) Teiling 1954  

  3 Actinotaenium cucurbita ȹ!ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚȺɯ3ÌÐÓÐÕÎɯƕƝƙƘ  

  

4 Actinotaenium americanum * (West & G.S. West) Coesel & 

Meesters 2023 3 

  5 Actinotaenium perminutum * (G.S.West) Teiling 1954 3 

  6 Actinotaenium turgidum (Ralfs) Teiling 1954  

  7 Actinotaenium wollei (W. & G.S.West) Teiling 1954  

 II)  Cosmarium Corda ex Ralfs  

  1 Cosmarium alpestre * J.Roy & Bisset 1893 4 

  2 Cosmarium amoenum  !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  

  3 Cosmarium binum  Nordstedt 1880 5 

  4 Cosmarium bireme Nordstedt 1870 6 

  5 Cosmarium blyttii  Wille 1880  

  6 Cosmarium beckii Gutwinski 1897  

  7 Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848 7, 8 

  8 Cosmarium botrytis var. tumidum Wolle 1884 8 

  9 Cosmarium brebissonii Ralfs 1848  

  10 Cosmarium connatum Ralfs 1848  

  11 Cosmarium contractum Kirchner 1878 9 

  

12 Cosmarium neodepressum  G.J.P.Ramos & C.W.N.Moura 

2020 10 

  13 Cosmarium difficile +ĹÛÒÌÔĹÓÓÌÙɯƕƜƝƖ 11 

  14 Cosmarium formosulum Hoff 1888  

  15 Cosmarium gibberulum * +ĹÛÒÌÔĹÓÓÌÙɯƕƝƕƔ 12 

  16 Cosmarium hornavanense Gutwinski 1909 13 

  17 Cosmarium humile Nordstedt ex De Toni 1889 14 

  18 Cosmarium impressulum Elfving 1881 15 

  19 Cosmarium margaritatum (P.Lundell) J.Roy & Bisset 1886 16 

  20 Cosmarium margaritiferum Meneghini ex Ralfs 1848 17 

  21 Cosmarium meneghinii !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  

  22 Cosmarium moniliforme Ralfs 1848 18 
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Name Author 
ɰ  

of figure 

  23 Cosmarium obsoletum (Hantzsch) Reinsch 1867  

  24 Cosmarium obtusatum (Schmidle) Schmidle 1898 19 

  25 Cosmarium phaseolus var. notatum * (Nordstedt) Coesel 1991 20 

  

26 Cosmarium ordinatum * ȹ!ĦÙÎÌÚÌÕ) West & G.S.West 

1896 21 

  27 Cosmarium pachydermum P.Lundell 1871 22, 23 

  28 Cosmarium perforatum P.Lundell 1871 24 

  29 Cosmarium porteanum W.Archer 1860  

  30 Cosmarium pseudamoenum Wille 1884  

  31 Cosmarium pseudoconnatum Nordstedt 1869  

  32 Cosmarium pseudoornatum * B.Eichler & Gutwinski 1894 25 

  

33 Cosmarium pseudoprotuberans var. 

pseudoprotuberans Kirchner 1878 26 

  

34 Cosmarium pseudoprotuberans var.  

 saxonicum * 

(Raciborski) Krieger & Gerloff 

1965 27 

  

35 Cosmarium pseudoprotuberans var. 

sulcatum * (Nordstedt) Coesel 1991 28 

  36 Cosmarium punctulatum !ÙõÉÐÚÚÖÕɯƕƜƙƚ  

  37 Cosmarium pygmaeum W.Archer 1864  

  38 Cosmarium quadratum Ralfs ex Ralfs 1848  

  39 Cosmarium quadrum P.Lundell 1871  

  

40 Cosmarium rectangulare var. hexagonu

m West & G.S.West 1908 

 

  41 Cosmarium regnellii Wille 1884  

  42 Cosmarium reniforme (Ralfs) W.Archer 1874  

  43 Cosmarium reniforme var. compressum Nordstedt 1887  

  44 Cosmarium retusiforme (Wille) Gutwinski 1892   

  

45 Cosmarium retusiforme var. 

incrassatum Gutwinski 1890 

 

  46 Cosmarium simplicius * ȹ6ȭɯȫɯ&ȭ2ȭ6ÌÚÛȺɯ&ÙġÕÉÓÈËɯƕƝƗƕ 29 

  47 Cosmarium striolatum ȹ-åÎÌÓÐȺɯ6ȭ ÙÊÏÌÙɯƕƜƚƕ  

  48 Cosmarium taxichondriforme B.Eichler & Gutwinski 1894  

  49 Cosmarium tetraophthalmum !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  

  50 Cosmarium tutum * Shyndanovina 2020 30 

  51 Cosmarium thwaitesii Ralfs 1848  

  52 Cosmarium undulatum Corda ex Ralfs 1848  

 III)  Desmidium C.Agardh ex Ralfs   

  1 Desmidium swartzii C.Agardh ex Ralfs 1848  

 IV)  Euastrum Ehrenberg ex Ralfs  

  1 Euastrum ansatum Ehrenberg ex Ralfs 1848  

  2 Euastrum dubium -åÎÌÓÐɯƕƜƘƝ  

  3 Euastrum montanum West & G.S.West 1905  

  4 Euastrum turneri  West 1892  

  5 Euastrum verrucosum Ehrenberg ex Ralfs 1848  

 V) Haplotaenium  Bando  

  1 Haplotaenium minutum (Ralfs) Bando 1988  
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Name Author 
ɰ  

of figure 

 VI)  Hyalotheca  Ehrenberg ex Ralfs  

  1 Hyalotheca dissiliens !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  

  2 Hyalotheca mucosa Ralfs 1848  

 VII)  Micrasterias  C.Agardh ex Ralfs   

  1 Micrasterias americana Ehrenberg ex Ralfs 1848  

  2 Micrasterias apiculata Meneghini ex Ralfs 1848  

  3 Micrasterias crux-melitensis Ralfs 1848  

  4 Micrasterias furcata C.Agardh ex Ralfs 1848  

  5 Micrasterias truncata !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  

 VIII)  Pleurotaenium  -åÎÌÓÐ  

  1 Pleurotaenium coronatum (Ralfs) Rabenhorst 1868  

  2 Pleurotaenium crenulatum (Ralfs) Rabenhorst 1868  

  3 Pleurotaenium ehrenbergii (Ralfs) De Bary 1858  

  4 Pleurotaenium elongatum (West) Coesel & Meesters 2023  

  

5 Pleurotaenium eugeneum (W.B.Turner) West & G.S.West 

1904 

 

  6 Pleurotaenium simplicissimum * &ÙġÕÉÓÈËɯƕƝƖƔ  

  7 Pleurotaenium trabecula -åÎÌÓÐɯƕƜƘƝ 31 

  8 Pleurotaenium trabecula var. crassum* Wittrock 1872 32 

  9 Pleurotaenium truncatum (!ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚȺɯ-åÎÌÓÐɯƕƜƘƝ  

 IX)  Sphaerozosma Corda ex Ralfs  

  1 Sphaerozosma vertebratum var. latius *  West & G.S.West 1897 33 

 X) Spondylosium !ÙõÉÐÚÚÖÕɯÌßɯ*ĹÛáÐÕÎ  

  1 Spondylosium luetkemuelleri &ÙġÕÉÓÈËɯƕƝƗƜ  

 XI)  Staurastrum  Meyen ex Ralfs  

  1 Staurastrum avicula !ÙõÉÐÚÚÖÕɯƕƜƘƜ  

  2 Staurastrum bacillare var. obesum P.Lundell 1871  

  3 Staurastrum bieneanum Rabenhorst 1862  

  4 Staurastrum brevispina !ÙõÉÐÚÚÖÕɯƕƜƘƜ  

  5 Staurastrum cosmarioides * Nordstedt 1870 34 

  6 Staurastrum dickiei Ralfs 1848  

  7 Staurastrum gracile Ralfs ex Ralfs 1848  

  8 Staurastrum orbiculare Meneghini ex Ralfs 1848  

  9 Staurastrum tetracerum Ralfs ex Ralfs 1848  

  10 Staurastrum vestitum Ralfs 1848  

 XII)  Staurodesmus Teiling   

  1 Staurodesmus convergens (Ralfs) S.Lillieroth 1950  

  2 Staurodesmus cuspidatus ȹ!ÙõÉÐÚÚÖÕȺɯ3ÌÐÓÐÕÎɯƕƝƚƛ  

  3 Staurodesmus dejectus ȹ!ÙõÉÐÚÚÖÕȺɯ3ÌÐÓÐÕÎɯƕƝƙƘ  

  4 Staurodesmus glaber (Ralfs) Teiling 1948  

 XIII)  Teilingia  Bourrelly   

  1 Teilingia granulata (J.Roy & Bisset) Bourrelly 1964  

 XIV)  Xanthidium  Ehrenberg ex Ralfs  

  1 Xanthidium antilopaeum *ĹÛáÐÕÎɯƕƜƘƝ  

  2 Xanthidium cristatum !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ 
 

 

C) Gonatozygaceae G.S.West  
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Name Author 
ɰ  

of figure 

 I)  Gonatozygon De Bary  

  1 Gonatozygon aculeatum * Hastings 1892 35 

  2 Gonatozygon brebissonii De Bary 1858 36 

  3 Gonatozygon kinahanii (W.Archer) Rabenhorst 1868 37 

  

4 Gonatozygon monotaenium var. 

pilosellum 

Wittrock & Nordstedt 1886  38 

D) Peniaceae Haeckel   

 I)  Penium  
 

  1 Penium margaritaceum !ÙõÉÐÚÚÖÕɯÌßɯ1ÈÓÍÚɯƕƜƘƜ  
 

Note: * ð New for Ukrainian flora 

 
17 out of 30 genera of desmids represented 

in Ukraine (Petlovany & Tsarenko, 2015) were 
found in Zavodske. The number of desmid taxa 
found in Zavodske reflects 11,4 % of the total 
number of the desmid taxa in Ukraine. 
Gonatozygon and Pleurotaenium genera present 
in Zavoske exceed 60 % of the total number of 
taxa of these genera in Ukraine (see Table 2). 

Consequently, Zavodske pond is rich in 
desmid species and part of them which new for 
Ukraine, rare and extremely rare species, not 
only for Ukraine, but also for the whole Europe, 
is high (see Shyndanovina & Lukash, 2023). 
Therefore such ȺhotspotȻ of desmids diversity 
deserves attention and conservation. 

 
Table 2 

Genera of Desmidiales (Zygnematophyceae, Streptophyta) present  
in Ukraine compared to the flora of Desmidiales in Zavodske 

ɰ  Genus name 

Number of taxa in 
Ukraine (Petlovany 
& Tsarenko, 2015), 

pcs 

Number of taxa in 
Zavodske pond, 

pcs 

Part of taxa in Zavodske 
pond of the total number of 
taxa in Ukraine (Petlovany 

& Tsarenko, 2015), % 

1 Actinotaenium 20 7 35.0 

2 Bambusina 1   

3 Closterium 101 4 4.0 

4 Cosmarium 427 52 12.2 

5 Cosmoastrum* 48   

6 Cosmocladium 2   

7 Cylindriastrum* 5   

8 Desmidium 10 1 10.0 

9 Docidium 2   

10 Euastrum 56 5 8.9 

11 Genicularia 1   

12 Gonatozygon 6 4 66.7 

13 Haplotaenium 4 1 25.0 

14 Heimansia 2   

15 Hyalotheca 5 2 40.0 

16 Micrasterias 30 5 16.7 

17 Octacanthium 5   

18 Onychonema 3   

19 Oocardium 1   

20 Penium 6 1 16.7 
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ɰ  Genus name 

Number of taxa in 
Ukraine (Petlovany 
& Tsarenko, 2015), 

pcs 

Number of taxa in 
Zavodske pond, 

pcs 

Part of taxa in Zavodske 
pond of the total number of 
taxa in Ukraine (Petlovany 

& Tsarenko, 2015), % 

21 Pleurotaenium 13 9 69.2 

22 Raphidiastrum* 14   

23 Sphaerozosma 5 1 20.0 

24 Spondylosium 13 1 7.7 

25 Staurastrum 107 10 9.3 

26 Staurodesmus 52 4 7.7 

27 Teilingia 4 1 25.0 

28 Tetmemorus 5   

29 Triploceras 1   

30 Xanthidium 20 2 10.0 

 Total:  969 110 11.4 

 
Note: * ð Cosmoastrum P.-M., Raphidiastrum P.-M. and Cylindriastrum P.-M. are currently 

regarded as heterotypic synonyms of Staurastrum Meyen ex Ralfs (see Guiry, 2013) but traditionally 
we use them for analysis and characterizations of Ukrainian desmid flora. 

 
 

The illustrations of 37 taxa are presented in 
36 plates of microphotographs that are all made 
by the author of the article (see Figs. 3ɀ38).  

They are presenting all new for Ukraine taxa and 
some other cells.  

 

Fig. 3. Photographs A, B ð Actinotaenium americanum (West & G.S. West) Coesel & Meesters 2023. 

Cell dimensions: length ð 53.22 Ǫm, breadth ð 20.89 Ǫm, isthmus ð 23.39 Ǫm. Photographs  

C, D ð Actinotaenium perminutum (G.S.West) Teiling 1954. Cell dimensions C (D):  

length ð 13.15 (12.05) Ǫm, breadth ð 8.02 (7.19) Ǫm, isthmus ð 7.19 (6.44) Ǫm 
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Fig. 4. Photographs of Cosmarium alpestre J.Roy & Bisset 1893.  

Cell dimensions ȋ: length ð 65,93 Ǫm,  

breadth ð 52,96 Ǫm,  

isthmus ð 50,37 Ǫm.  

Cells B, D are deformed under the cover glass.  

The cell with mucilage sheath is on photograph A.  

The scale of photograph A is 0,5 of this figure scale  
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Fig. 5. Photographs of Cosmarium binum Nordstedt 1880.  

Cell dimensions: length ð 52,18 Ǫm,  

breadth ð 41,98 Ǫm,  

isthmus ð 15,25 Ǫm 
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Fig. 6. Photographs of Cosmarium bireme Nordstedt 1870.  

Cell dimensions: length ð 14,43 Ǫm,  

breadth ð 15,22 Ǫm,  

isthmus ð 10,40 Ǫm  
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Fig. 7. Photographs of Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848. Cell dimensions: 

length ð 63.84 Ǫm, breadth ð 53.90 Ǫm, isthmus ð 15.48 Ǫm, thickness ð 32.60 Ǫm 

 

Fig. 8. Photographs of Cosmarium botrytis var. botrytis Meneghini ex Ralfs 1848 (A, B, C). 

Photographs of Cosmarium botrytis var. tumidum Wolle 1884 (D, E, F). 
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Fig. 9. Photographs of Cosmarium contractum Kirchner 1878.  

Cell dimensions A (C): length ð 25.05 (24.27) Ǫm, 

breadth ð 16.86 (16.66) Ǫm, 

isthmus ð 4.37 (4.50) Ǫm  
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Fig. 10. Photographs of Cosmarium neodepressum G.J.P. Ramos & C.W.N. Moura 2020  

(synonym: Cosmarium depressum (Nªgeli) P. Lundell 1871).  

Cell dimensions: length ð 34.65 Ǫm,  

breadth ð 36.93 Ǫm,  

isthmus ð 9.70 Ǫm,  

thickness ð 18.80 Ǫm 
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Fig. 11. Photographs of Cosmarium difficile  L¿tkem¿ller 1892.  

Cell dimensions A (D): length ð 33.33 (32.89) Ǫm,  

breadth ð 26.67 (21.85) Ǫm,  

isthmus ð 5.33 (5.85) Ǫm,  

thickness (B) ð 19.44 Ǫm 
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Figure 12. Photographs of Cosmarium gibberulum L¿tkem¿ller 1910.  

Cell dimensions: length ð 29.95 Ǫm,  

breadth ð 24.80 Ǫm,  

isthmus ð 9.10 Ǫm,  

thickness ð 16.53 Ǫm 
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Fig. 13. Photographs of Cosmarium hornavanense Gutwinski 1909.  

Cell dimensions: length ð 77.60 Ǫm,  

breadth ð 59.06 Ǫm,  

isthmus ð 18.71 Ǫm 
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Fig. 14. Photographs of Cosmarium humile Nordstedt ex De Toni 1889.  

Cell dimensions: length ð 15.37 Ǫm,  

breadth ð 14.07 Ǫm,  

isthmus ð 3.80 Ǫm 
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Fig. 15. Photographs of Cosmarium impressulum Elfving 1881.  

Cell dimensions: length ð 18.74 Ǫm,  

breadth ð 13.82 Ǫm,  

isthmus ð 4.93 Ǫm 
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Fig. 16. Photographs of Cosmarium margaritatum (P. Lundell) J. Roy & Bisset 1886.  

Cell dimensions: length ð 65.22 Ǫm,  

breadth ð 51.72 Ǫm,  

isthmus ð 18.69 Ǫm,  

thickness ð 34.93 Ǫm 
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Fig. 17. Photographs of Cosmarium margaritiferum Meneghini ex Ralfs 1848.  

Cell dimensions: length ð 52.35 Ǫm,  

breadth ð 47.30 Ǫm,  

isthmus ð 14.90 Ǫm,  

thickness ð 34.04 Ǫm 
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Fig. 18. Photographs of Cosmarium moniliforme Ralfs 1848. 

Cell dimensions: length ð 25.32 Ǫm,  

breadth ð 15.56 Ǫm,  

isthmus ð 10.37 Ǫm 

  



Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

31 

 

Fig. 19. Photographs of Cosmarium obtusatum (Schmidle) Schmidle 1898.  

Cell dimensions: length ð 42.20 Ǫm, breadth ð 38.33 Ǫm,  

isthmus ð 15.04 Ǫm, thickness ð 20.65 Ǫm 

 

Fig. 20. Photographs of Cosmarium phaseolus var. notatum (Nordstedt) Coesel 1991  

(synonym: Cosmarium ocellatum var. notatum (Nordstedt) Willi  Krieger & Gerloff 1962).  

Cell dimensions: length ð 25.70 Ǫm, breadth ð 24.31 Ǫm,  

isthmus ð 6.50 Ǫm, thickness ð 12.52 Ǫm 
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Fig. 21. Photographs of Cosmarium ordinatum (Bßrgesen) West & G.S.West 1896.  

Cell dimensions: length ð 22.07 Ǫm, breadth ð 21.19 Ǫm,  

isthmus ð 7.63 Ǫm, thickness ð 13.78 Ǫm 

 

Fig. 22. Photographs of Cosmarium pachydermum P.Lundell 1871.  

Cell dimensions: length ð 95.39 Ǫm, breadth ð 74.94 Ǫm,  

isthmus ð 34.07 Ǫm, thickness ð 53.17 Ǫm 
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Fig. 23. Photographs of Cosmarium pachydermum P. Lundell 1871.  

Morphological variability of the cells 
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Fig. 24. Photographs of Cosmarium perforatum P. Lundell 1871.  

 

Cell dimensions A (C): length ð 58.19 (59.82) Ǫm,  

breadth ð 55.97 (58.58) Ǫm,  

isthmus ð 29.47 (32.92) Ǫm 
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Fig. 25. Photographs of Cosmarium pseudoornatum B. Eichler & Gutwinski 1894.  

Cell dimensions (A, B, D, G): length ð 36.13 Ǫm,  

breadth ð 37.11 Ǫm,  

isthmus ð 13.13 Ǫm 
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Fig. 26. Photographs of Cosmarium pseudoprotuberans var.  

pseudoprotuberans Kirchner 1878.  

Cell dimensions C: length ð 36.02 Ǫm,  

breadth ð 28.18 Ǫm,  

isthmus ð 7.94 Ǫm 
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Fig. 27. Photographs of Cosmarium pseudoprotuberans var. saxonicum (Raciborski)  

Krieger & Gerloff 1965 (synonym: Cosmarium elfvingii var. saxonicum Raciborski 1889).  

Cell dimensions: length ð 29.11 Ǫm, breadth ð 25.41 Ǫm,  

isthmus ð 7.67 Ǫm, thickness ð 16.40 Ǫm 

 

Fig. 28. Photographs of Cosmarium pseudoprotuberans var. sulcatum (Nordstedt) Coesel 1991.  

Cell dimensions(A, D): length ð 35.07 Ǫm, breadth ð 30.73 Ǫm,  

isthmus ð 9.43 Ǫm, thickness ð 20.53 Ǫm 
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Fig. 29. Photographs of Cosmarium simplicius (W. & G.S. West) Grºnblad 1931.  

Cell dimensions A (C): length ð 48.78 (48.88) Ǫm,  

breadth ð 20.79 (20.42) Ǫm,  

isthmus ð 16.26 (16.82) Ǫm.  

Front view with 2 pyrenoids (ȋ, ȍ), side view with visible one pyrenoid (C, E) 
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Fig. 30. Photographs of Cosmarium tutum Shyndanovina 2020.  

Cell dimensions: length ð 58.19 Ǫm,  

breadth ð 55.97 Ǫm,  

isthmus ð 29.47 Ǫm,  

thickness ð 36.38 Ǫm 
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Fig. 31. Photographs of Pleurotaenium trabecula var. trabecula Nªgeli 1849.  

Cell dimensions A (B): length ð 462.18 (383.98) Ǫm,  

breadth ð 33.73 (27.80) Ǫm,  

L/Br ð 13.7 (13.8) 
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Fig. 32. Photographs of Pleurotaenium trabecula var. crassum Wittrock 1872.  

Cell dimensions A: length ð 285.46 Ǫm,  

breadth ð 34.26 Ǫm,  

L/Br ð 8,3. 

 



Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

42 

 

Fig. 33. Photographs of Sphaerozosma vertebratum var. latius West & G.S. West 1897.  

Cell dimensions: length (without processes) ð 7.78 Ǫm,  

breadth ð 9.83 Ǫm, thickness ð 4.13 Ǫm 

 



Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

43 

 

 

 

 

Fig. 34. Photographs of Staurastrum cosmarioides Nordstedt 1870.  

Cell dimensions: length ð 85.80 Ǫm,  

breadth ð 57.46 Ǫm,  

isthmus ð 23.69 Ǫm,  

thickness ð 52.71 ĭ 54.64 Ǫm 
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Fig. 35. Photographs of Gonatozygon aculeatum Hastings 1892.  

Cell dimensions A (B): length ð 133.37 (76.21) Ǫm,  

breadth without spines and apexes ð 7.55 (7.34) Ǫm,  

breadth with spines ð 13.81 ð 14.89 Ǫm,  

apex 1 ð 8.42 (9.71) Ǫm,  

apex 2 ð 8.63 (7.34) Ǫm 
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Fig. 36. Photographs of Gonatozygon brebissonii De Bary 1858.  

Cell dimensions: length ð 340.48 Ǫm,  

breadth in the middle ð 17.36 Ǫm,  

apex 1 ð 13.56 Ǫm, apex 2 ð 14.27 Ǫm.  

Scale for B, C, D ĭ2 
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Fig. 37. Photographs of. Gonatozygon kinahanii (W.Archer) Rabenhorst 1868.  

Cell dimensions: length ð 340.48 Ǫm,  

breadth in the middle ð 17.36 Ǫm,  

apex 1 ð 13.56 Ǫm,  

apex   2 ð 14.27 Ǫm.  

Scale for B, C, D ĭ2 
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Fig. 38. Photographs of Gonatozygon monotaenium var. pilosellum Wittrock & Nordstedt 1886.  

Cell dimensions B: length ð 86.87 Ǫm,  

breadth without spines and apices ð 9.42 Ǫm,  

breadth with spines ð 11.47 Ǫm,  

apex 1 ð 10.79 Ǫm, apex 2 ð 10.28 Ǫm
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Conclusions 

16 new taxa of desmids from Zavodske 
pond added to the Ukrainian desmidioflora, i.e.: 
Actinotaenium americanum (West & G.S. West) 
Coesel & Meesters 2023, Actinotaenium permi-
nutum (G.S.West) Teiling 1954, Cosmarium 
alpestre J. Roy & Bisset 1893, Cosmarium 
gibberulum ,İÔËÅÍİÌÌÅÒ ρωρπȟ Cosmarium 
phaseolus var. notatum (Nordstedt) Coesel 
1991, Cosmarium ordinatum ("ĜÒÇÅÓÅÎɊ 7ÅÓÔ Ǫ 
G.S. West 1896, Cosmarium pseudoornatum 
B. Eichler & Gutwinski 1894, Cosmarium 
pseudoprotuberans var. saxonicum (Raciborski) 
Krieger & Gerloff 1965, Cosmarium simplicius 
ɉ7Ȣ Ǫ 'Ȣ3Ȣ7ÅÓÔɊ 'ÒĘÎÂÌÁÄ ρωσρ, Pleurotaenium 
trabecula var. crassum Wittrock 1872, Sphaero-
zosma vertebratum var. latius West & G.S.West 
1897, Staurastrum cosmarioides Nordstedt 
1870, as well as previously published: Cosma-
rium tutum Shyndanovina 2020 (see Shyndano-
vina, 2020), and Cosmarium pseudoprotuberans 
var. sulcatum (Nordstedt) Coesel 1991, 
Pleurotaenium simplicissimum 'ÒĘÎÂÌÁÄ ρωςπȟ 
Gonatozygon aculeatum Hastings 1892 (see 
Shyndanovina & Lukash, 2023). 

All newly recorded and some other 
interesting taxa are illustrated with micro-
photographs. This publication includes 36 
figures with illustrations of 37 taxa. The 
illustrations of the Ukrainian material of 
desmids are scares, and this publication 

presents the microphotographs of the Ukrainian 
populations taken for the first time. This data 
creates important basis for the morphological 
comparison and better species delineation in a 
very variable desmids with their sometimes 
confusing taxonomy. 

Zavodske pond is a water body with 
extremely rich desmid diversity. A big part of 
Zavodske desmidiaflora consists of the new for 
Ukraine, rare and very rare taxa (see Shynda-
novina & Lukash, 2023). Therefore, such hotspot 
of desmids diversity deserves close attention, 
protection and conservation of this habitat as 
part of the Ukrainian Polesie ecosystem. 

The basics of the science of algae 
protection (algosozology) in Ukraine were 
developed by Doctor of Biological Sciences 
N.V. Kondratyeva (Kondratyeva & Tsarenko, 
2008). She emphasized the need to accumulate 
primary information about the rare species for 
the purpose of creating algological reserves and 
conducting monitoring studies within them, as 
well as creating appropriate search and informa-
tion systems that include previously accumu-
lated and new information (Kondratyeva & 
Tsarenko, 2008). 

I am planning to prepare the scientific 
substantiation for protection of Zavodske pond 
as valuable locality of desmid algae i.e. creation 
of a hydrological protected object ȺAlgological 
reserve Desmidian WealthȻ. 
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PHYTOTOXICITY OF DIMETHYL SULFOXIDE   
IN THE GROWTH TEST  

 

Αιϋιτϡϙ Ζσιϑόσʿ ΏϘκχλ Ήξτξφιʿ Τωχϊτιλ Αχλϡσχλʿ ΄ξωχφϡσι Ζιωιφξφσχ 

ΘάΖΒΖΒΎΕΊΛΑάΕΖΠ ΆΊΐ·ΖΊΏΕΗΏΠΘΒΎΕΊΆΗ  
Η ΔΒΕΖΒ΄ΒΐΗ Ζ·ΕΖά 

 

 
ABSTRACT 

Dimethyl sulfoxide (DMSO) is widely used as an industrial solvent and for a variety of medical purposes. Reports 
of the toxicity of DMSO to living organisms vary. The plants Lepidium sativum L. and Raphanus raphanistrum subsp. 
sativus (L.) Domin. are widely used in the biotesting of toxicants. Currently, there is no information on the phytotoxicity 
of aqueous solutions of DMSO for these test plants, which determined the aim of this study. 

Methodology.  Phytotoxicity of aqueous DMSO solutions was assessed using a growth test. The following plants 
were used as test plants: 1) seed radish (R. raphanistrum subsp. sativus) of the French breakfast variety, 10 seeds of which 
were placed in a Petri dish on filter paper moistened with distilled water (control) or 0.5 %, 1.0 %, 5.0 %, 10.0 %, 25.0 % 
or 45.0 % aqueous solution of DMSO (experiment); 2) watercress (L. sativum) of the Aphrodite variety, 10 seeds of which 
were placed in a Petri dish on filter paper moistened with distilled water (control) or a 0.025 %, 0.05 % or 0.1 % aqueous 
solution DMSO (experiment). The research was carried out in triplicate for 6 days (radish) and 5 days (watercress), 
during which the energy of seed germination of test plants (%) was determined on the 3rd day, on the 6th day (radish) 
and on the 5th day (watercress) ɀ seed germination (%) and biometric and morphometric indicators of test plant 
seedlings (root and aerial part length, mm). 

Scientific novelty.  In a growth test with R. raphanistrum subsp. sativus showed extreme phytotoxicity for 5.0-45.0 % 
aqueous DMSO solutions and no phytotoxicity for 0.025-1.0 % aqueous DMSO solutions in a growth test with L. sativum 
and R. raphanistrum subsp. sativus. 

Conclusions. Aqueous solutions of DMSO in concentrations of 0.025-1.0 % did not show phytotoxic properties 
according to the growth test with L. sativum and R. raphanistrum subsp. sativus, in contrast to 5.0-45.0 % solutions, which 
showed extreme phytotoxicity according to the growth test with R. raphanistrum subsp. sativus. The obtained results 
indicate that this substance will not inhibit plant growth at concentrations found in wastewater (0.05-0.08 %). 

 
Key words:  biotesting, dimethyl sulfoxide, growth test, toxicity , Lepidium sativum, Raphanus raphanistrum subsp. 

sativus 
 
 

ˍ˚˛˟ˍˣ˴ˬ 

ˑ̝̉̍̆̓̉̌̒̔̌̏̋̒̉̅̕ ɉˑ˙˞˛Ɋ ̙̉̑̏̋̏ ̤̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̠̋ ̐̑̏̍̉̒̌̏̃̉̊ ̘̑̏̈̉̎̎̉̋ ̨ ̠̅̌ ̨̨̖̑̈̎̏̍́̎̓̎̉ 
̘̖̍̆̅̉̎̉ ̨̗̌̆̊Ȣ ˜̨̠̏̃̅̏̍̌̆̎̎ ̏̅̏̚ ̨̘̓̏̋̒̉̎̏̒̓ ˑ˙˞˛ ̠̅̌ ̖̇̉̃̉ ̨̨̏̑̄́̎̈̍̃ ̨̠̝̠̑̈̎̓̒Ȣ ˠ ̨̨̂̏̓̆̒̓̔̃́̎̎ 
̨̓̏̋̒̉̋́̎̓̃ ̙̉̑̏̋̏ ̟̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̑̏̒̌̉̎̉ Lepidium sativum ,Ȣ ̓́ Raphanus raphanistrum subsp. sativus (L.) 
$ÏÍÉÎȢ ˚̨́̑́̈ ̨̨̃̅̏̍̏̒̓ ̏̅̏̚ ̨̨̘̓̏̓̏̋̒̉̎̏̒̓̕ ̖̃̏̅̎̉ ̨̘̑̏̈̉̎̃ ˑ˙˞˛ ̈́ ̗̉̍̉ ̓̆̒̓-̑̏̒̌̉̎́̍̉ ̨̨̃̅̒̔̓̎ȟ ̏̚ ̊ 
̈̔̍̏̃̉̌̏ ̍̆̓̔ ̩̅́̎̏ ̑̏̂̏̓̉Ȣ  

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˛̨̗̎̋̔ ̨̨̘̓̏̓̏̋̒̉̎̏̒̓̕ ̖̃̏̅̎̉ ̨̘̑̏̈̉̎̃ ˑ˙˞˛ ̨̟̈̅̊̒̎̃́̌̉ ̈́ ̑̏̒̓̏̃̉̍ ̓̆̒̓̏̍Ȣ ˬ̋ ̓̆̒-̓
̑̏̒̌̉̎̉ ̃̉̋̏̑̉̒̓́̎̏ȡ ρɊ ̝̑̆̅̋̔ ̨̐̏̒̃̎̔ ɉR. raphanistrum subsp. sativus)  ̒ ̏̑̓̔ ˡ̗̝̑́̎̔̈̋̉̊ ̨̒̎̅́̎̏̋ȟ ̨̠̎́̒̎̎ ̠̩̋̏ 
̔ ̨̨̝̋̌̋̏̒̓ ρπ ̙̓̔̋ ̨̑̏̈̍̔̃́̌̉̚ ̔ ̨̘̙̗́ ˜̨̆̓̑ ̎́ ̨̝̝̌̓̑̔̃́̌̎̏̍̔̕ ̨̐́̐̆̑ȟ ̘̈̍̏̆̎̏̍̔ ̝̟̅̉̒̓̉̌̏̃́̎̏ ̟̃̏̅̏ 
ɉ̝̋̏̎̓̑̏̌Ɋ ́̂̏ πȟυ Ϸȟ ρȟπ Ϸȟ υȟπ Ϸȟ ρπȟπ Ϸȟ ςυȟπ Ϸ ́̂̏ τυȟπ Ϸ-̎̉̍ ̃̏̅̎̉̍ ̘̑̏̈̉̎̏̍ ˑ˙˞˛ ɉ̨̅̏̒̌̅ɊȠ ςɊ ̋̑̆̒-̒́̌́̓ 
(L. sativumɊ ̒̏̑̓̔ ˍ̑̏̅̉̓́̕ȟ ̨̠̎́̒̎̎ ̠̋̏̄̏ ̔ ̨̨̝̋̌̋̏̒̓ ρπ ̙̓̔̋ ̨̑̏̈̍̔̃́̌̉̚ ̔ ̨̘̙̗́ ˜̨̆̓̑ ̎́ ̨̝̝̌̓̑̔̃́̌̎̏̍̔̕ 
̨̐́̐̆̑ȟ ̘̈̍̏̆̎̏̍̔ ̝̟̅̉̒̓̉̌̏̃́̎̏ ̟̃̏̅̏ ɉ̝̋̏̎̓̑̏̌Ɋ ́̂̏ πȟπςυ Ϸȟ πȟπυ Ϸ ́̂̏ π,1 %-̎̉̍ ̃̏̅̎̉̍ ̘̑̏̈̉̎̏̍ ˑ˙˞˛ 
ɉ̨̅̏̒̌̅ɊȢ ˑ̨̠̏̒̌̅̇̆̎̎ ̨̟̈̅̊̒̎̃́̌̉ ̔ ̨̨̐̏̓̑̊̎̊ ̨̐̏̃̓̏̑̎̏̒̓ φ ̨̅̂ ɉ̝̑̆̅̋́Ɋ ̓́ υ ̨̅̂ ɉ̋̑̆̒-̒́̌́̓Ɋȟ ̠̐̑̏̓̄̏̍ ̠̖̋̉ 
̎́ σ-̟ ̅̏̂̔ ̘̃̉̈̎́́̌̉ ̨̟̆̎̆̑̄ ̠̐̑̏̑̏̒̓́̎̎ ̨̠̎́̒̎̎ ̓̆̒̓-̑̏̒̌̉̎ ɉϷɊȟ ̎́ φ-̔ ̅̏̂̔ ɉ̝̑̆̅̋́Ɋ ̓́ υ-̔ ̅̏̂̔ ɉ̋̑̆̒-
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̒́̌́̓Ɋ ɀ ̖̒ ̨̝̏̇̒̓ ̨̠̎́̒̎̎ ɉϷɊ ̓́ ̨̂̏̍̆̓̑̉̋̏-̨̘̍̏̑̏̍̆̓̑̉̎̕ ̐̏̋́̈̎̉̋̉ ̨̐̑̏̑̏̒̓̋̃ ̓̆̒̓-̑̏̒̌̉̎ ɉ̅̏̃̇̉̎̔ 
̨̠̋̏̑̎̎ ̓́ ̩̎́̅̈̆̍̎̏ ̘́̒̓̉̎̉ȟ ̍̍ɊȢ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˠ ̑̏̒̓̏̃̏̍̔ ̨̓̆̒̓ ̈ R. raphanistrum subsp. sativus ̐̏̋́̈́̎̏ ̝̆̋̒̓̑̆̍́̌̎̔ ̨̓̏̕-
̨̘̝̓̏̋̒̉̎̒̓ ̠̅̌ 5,0-45,0 %-̖̎̉ ̖̃̏̅̎̉ ̨̘̑̏̈̉̎̃ ˑ˙˞˛ ̓́ ̨̨̝̃̅̒̔̓̎̒̓ ̨̨̘̓̏̓̏̋̒̉̎̏̒̓̕ ̠̅̌ 0,025-1,0 %-̖̎̉ 
̖̃̏̅̎̉ ̨̘̑̏̈̉̎̃ ˑ˙˞˛ ̔ ̑̏̒̓̏̃̏̍̔ ̨̓̆̒̓ ̈ L. sativum ̓ ́ R. raphanistrum subsp. sativus. 

ˏ̉̒̎̏̃̋̉Ȣ ˏ̨̏̅̎ ̘̑̏̈̉̎̉ ˑ˙˞˛ ̔ ̨̗̗̠̖̋̏̎̆̎̓̑́ πȟπςυ-ρȟπ Ϸ ̎̆ ̠̐̑̏̃̉̌̉ ̨̘̖̓̏̓̏̋̒̉̎̉̕ ̃ ̌́̒̓̉̃̏̒̓̆̊ ̈́ 
̑̏̒̓̏̃̉̍ ̓̆̒̓̏̍ ̈ L. sativum ̓ ́ R. raphanistrum subsp. sativus ̎ ́ ̨̨̃̅̍̎̔ ̨̃̅ υȟπ-45,0 %-̖̎̉ ̨̘̑̏̈̉̎̃ȟ ̨̠̋ ̠̐̑̏̃̉̌̉ 
̝̆̋̒̓̑̆̍́̌̎̔ ̨̨̘̝̓̏̓̏̋̒̉̎̒̓̕ ̈́ ̑̏̒̓̏̃̉̍ ̓̆̒̓̏̍ ̈ R. raphanistrum subsp. sativusȢ ˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ 
̟̝̃̋́̈̔̓ȟ ̏̚ ̅́̎́ ̘̑̆̏̃̉̎́ ̎̆ ̝̄́̌̍̔̃́̓̉̍̆ ̨̑̒̓ ̑̏̒̌̉̎ ̈́ ̨̗̗̋̏̎̆̎̓̑́̊ȟ ̠̖̃̉̃̌̆̎̉ ̔ ̨̘̖̒̓̎̉ ̖̃̏̅́ ɉπȟπυ-
0,08 %). 

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̠̂̏̓̆̒̓̔̃́̎̎ȟ ̝̅̉̍̆̓̉̌̒̔̌̏̋̒̉̅̕ȟ ̑̏̒̓̏̃̉̊ ̓̆̒̓ȟ ̨̘̝̓̏̋̒̉̎̒̓ȟ Lepidium sativum, 

Raphanus raphanistrum subsp. sativus 
 
 
 

Introduction  

Dimethyl sulfoxide (DMSO) is widely used 
as an industrial solvent and for a variety of 
medical purposes (Hatton et al., 1994; 
Makashova et al., 2017; Volkova et al., 2019). 
DMSO is a commercially produced dipolar 
aprotic solvent. It is also a naturally occurring 
substance and is apparently part of the complex 
sulfur cycle on Earth (Gaylord Chemical 
Company, L.L.C., n.d.). 

DMSO occurs naturally in marine and 
freshwater environments, soil, rainwater, and 
the atmosphere, as well as in a variety of 
beverages and foods (Gaylord Chemical 
Company, L.L.C., n.d.; Hatton et al., 1994). DMSO 
has often been detected in industrial waste-
water from processes in the manufacture of 
semiconductors or liquid crystal displays in 
concentrations 500ɀ800 mg/L (Zhang et al., 
2016).  

Reports of the toxicity of DMSO to living 
organisms vary. There are publications that 
note the low acute and chronic toxicity of DMSO 
for animals, plants and aquatic organisms, as 
well as the absence of carcinogenic properties, 
which led to its use as a neutral solvent in Ames 
mutagenicity tests (Gaylord Chemical Company, 
L.L.C., n.d.). However, there are publications that 
note the toxic properties of DMSO (Gallardo-
6ÉÌÌÁÇÒÜÎ ÅÔ ÁÌȢȟ ςπςςɊȟ ÉÎ ÐÁÒÔÉÃÕÌÁÒȟ ÐÈÙÔÏÔÏØÉÃ 
ones (Erdman and Hsieh, 1969; Zhang et al., 
2016). Thus, it was noted that a DMSO 
concentration of more than 0.1 % is toxic to 
plant (Erdman and Hsieh, 1969). Lepidium 
sativum L. (Liwarska-Bizukojc and Urbaniak, 
2007; Pavel et al., 2013; Galli et al., 2019; "ÏŀÙÍ, 
2020; -ÁÒÔþÎÅÚ "ÁÒÒÏÓÏ and 6ÁÖÅÒËÏÖÜȟ ςπςπ; 
2ÁÄÌÉďÓËÁ et al., 2020; Tkachuk and Okulovych, 
2021; Tkachuk et al., 2022) and Raphanus 
raphanistrum subsp. sativus (L.) Domin. plants 

(Pidkopaylo and Korzh, 2009; Atamaleki et al., 
2021; Araniti et al., 2022; Daniel et al., 2022) are 
widely used in the biotesting of toxicants. 
Currently, there is no information on the 
phytotoxicity of aqueous solutions of DMSO for 
these test plants, which determined the aim of 
this work . 

Materials and methods 

Growth test  
Phytotoxicity of aqueous DMSO solutions 

was assessed using a growth test (Tkachuk et al., 
2022). The following plants were used as test 
plants: 1) seed radish (R. raphanistrum subsp. 
sativus) of the French breakfast variety, 10 seeds 
of which were placed in a Petri dish on filter 
paper moistened with distilled water (control) 
or 0.5 %, 1 %, 5 %, 10 %, 25 % or 45 % aqueous 
solution of DMSO (experiment); 2) watercress 
(L. sativum) of the Aphrodite variety, 10 seeds of 
which were placed in a Petri dish on filter paper 
moistened with distilled water (control) or 
0.025 %, 0.05 % or 0.1 % aqueous solution 
DMSO (experiment). The research was carried 
out in triplicate for 6 days (radish) and 5 days 
(watercress), during which the energy of seed 
germination of test plants (%) was determined 
on the 3rd day, on the 6th day (radish) and on 
the 5th day (watercress) ɀ seed germination 
(%) and biometric and morphometric indica-
tors of test plant seedlings (root and aerial part 
length, mm). 

Phytotoxic indices 

Phytotoxic indexes were calculated ɀ seed 
germination index (SGI) and root length index 
(RLI) according to previously given formulas 
(Bagur-'ÏÎÚÜÌÅÚ et al., 2011; Tkachuk and Zelena, 
2022).  
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A toxicity scale was used (Bagur-'ÏÎÚÜÌÅÚ 
et al., 2011): 
ɀπȢςυ Ѕ SGI or RLI < 0 ɀ slight toxicity;  
ɀπȢυ Ѕ SGI or RLI < ɀ0.25 ɀ moderate toxicity; 
ɀπȢχυ Ѕ SGI or RLI < ɀ0.5 ɀ high toxicity; 
ɀρ Ѕ SGI or RLI < ɀ0.75 ɀ extreme toxicity. 

Statistical processing of results 

When processing the research results, 
statistical data processing methods were used. 
The arithmetic mean, the error of the arithmetic 

mean, the reliability of the differences of the 
arithmetic means were determined as 
described (Tkachuk and Zelena, 2023). 

Results and Discussion 

Phytotest with R. raphanistrum subsp. sativus 
The results of the study of phytotoxicity of 

0.5-45.0 % aqueous solutions of DMSO accor-
ding to the growth test with R. raphanistrum 
subsp. sativus is presented in Fig. 1-5. 

 
 
 

 
Fig. 1. Radish seedlings (6th day) growing on the tested DMSO solutions 

 

 
Fig. 2. Germination energy of radish seeds under the influence  

of different concentrations of DMSO 
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Fig. 3. Germination of radish seeds under the influence of different concentrations of DMSO 

 
Fig. 4. Root length of radish seedlings under the influence of different concentrations of DMSO 

Note: * ð the difference is statistically significant compared to the control (p Ò 0.05) 
 

 
Fig. 5. The length of the above-ground part of radish seedlings under the influence  

of different concentrations of DMSO 
Note: * ð the difference is statistically significant compared to the control (p Ò 0.05) 
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It was established that under the influence 
of DMSO at 0.5 %, 1.0 %, and 5.0 % concent-
ration, germination energy and seed germina-
tion were at the same level as the control, no 
statistically significant difference in these 
indicators was noted (Fig. 2-3). The length of 
the roots and the aerial part of the radish 
seedlings under the influence of 0.5 % and 1.0 % 
DMSO solutions were at the same level as the 
control, no statistically significant difference 
was noted (Fig. 4-5). However, the 5.0 % DMSO 
solution significantly reduced the length of the 
roots and the above-ground part of radish 
seedlings compared to the control ɀ by 14 times 
and 8 times, respectively (Fig. 4-5). The 
calculated phytotoxic indices were: SGI -0.1;  
RLI -0.9. According to the phytotoxic root length 
index (RLI), a 5.0 % solution of DMSO is 
extremely toxic. 

Also, extremely toxic according to the 
growth test with R. raphanistrum subsp. sativus 
were DMSO solutions with concentrations of 
10.0 %, 25.0 % and 45.0 % (Fig. 1). Thus, under 
the influence of a 45.0 % aqueous solution of 
DMSO, the seeds of the test plant did not 
germinate. At a 25.0 % concentration of DMSO, 
the energy of seed germination was 3.3 %, seed 
germination was 10.0 %, and the root length of 
seedlings was 1 mm (110 times less than in the 

control). At a concentration of 10.0 %, DMSO 
also affected all tested radish functions: 
germination energy and seed germination were 
10.0 %, root length was 1.3 mm (85 times less 
than in the control). It was noted that under the 
action of 10.0-45.0 % concentrations of DMSO 
solutions, the aerial part of radish seedlings did 
not develop. Our results confirm the previously 
obtained results of complete inhibition of seed 
germination of kidney beans, peas, barley and 
rye under the influence of DMSO concentrations 
10.0 % or more, and an insignificant effect of 
5 % concentrations or less (Erdman and Hsieh, 
1969). 

Phytotest with L. sativum 

Since high concentrations of DMSO were 
found to be extremely toxic and considering that 
the concentration of DMSO in wastewater is 
from 0.05 % to 0.08 % (Zhang et al., 2016), the 
phytotoxicity of 0.025-0.1 % aqueous solutions 
of DMSO was investigated by growth test with 
L. sativum. L. sativum was chosen as the test 
plant because it is used for the bioassay of a 
large number of toxicants. The results of the 
study of phytotoxicity of 0.025-0.1 % aqueous 
solutions of DMSO according to the growth test 
with L. sativum are presented in Fig. 6-10. 

 

 
 
 

 
 

Fig. 6. Watercress seedlings (5th day) growing  
on the tested DMSO solutions 
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Fig. 7. Root length of watercress seedlings under the influence of different concentrations of DMSO 

Note: * ð the difference is statistically significant compared to the control (p Ò 0.05) 
 

 
Fig. 8. The length of the above-ground part of watercress seedlings under the influence  

of different concentrations of DMSO 

 
Fig. 9. Germination energy of watercress seeds under the influence  

of different concentrations of DMSO 
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Fig. 10. Germination of watercress seeds under the influence of different concentrations of DMSO 

 

It was established that the changes in 
indicators of the studied test functions of 
watercress under the influence of 0.025-0.1 % 
aqueous solutions of DMSO are statistically 
insignificant and are within the control limits 
(Fig. 6-10), except for the root length under the 

influence of a 0.05 % DMSO solution (Fig. 7). In 
the latter case, a significant increase in the 
indicator (by 1.6 times) was recorded compared 
to the control (Fig. 7). 

The calculated phytotoxic indices are 
shown in Table 1. 

 

Table 1 

Phytotoxic indices of the effect of aqueous solutions of DMSO on watercress 

Research option SGI RLI  
Interpretation of the 
results of phytotest 

Comments 

Control  (distilled 

water) 
0.00 0.00 No toxicity  No inhibition of growth  

DMSO 0.025 % 0.00 0.30 No toxicity  No inhibition of growth  

DMSO 0.05 % 0.04 0.62 No toxicity  No inhibition of growth  

DMSO 0.1 % 0.00 0.24 No toxicity  No inhibition of growth  

Note: SGI ð seed germination index; RLI ð root length index 

 
 

The obtained results indicate the absence 
of phytotoxic properties of DMSO aqueous 
solutions at concentrations of 0.025-0.1 % for 
watercress. 

In general, reports on the toxicity of DMSO 
to living organisms vary. Thus, it is noted that 
DMSO has low acute and chronic toxicity for 
animals, plants and aquatic organisms, without 
carcinogenic properties (it is used as a neutral 
solvent in the Ames tests for mutagenicity) 
(Gaylord Chemical Company, L.L.C., n.d.). It does 
not show teratogenic properties in mice, rats or 
rabbits (Gaylord Chemical Company, L.L.C., 
n.d.). Because of this, DMSO is used as a solvent 
or co-solvent in pesticides that are applied to 

the emergence of crops or to the formation of 
edible parts of food plants (Gaylord Chemical 
Company, L.L.C., n.d.). There are also reports 
that the use of clay minerals and silica with 
additives of DMSO and plant extracts in the 
complex treatment of patients with hemophilia 
reduces the level of endointoxication and 
increases the procoagulant activity of blood, and 
in general ɀ accelerates the recovery of the 
ÐÁÔÉÅÎÔȭÓ ÂÏÄÙ ÁÆÔÅÒ Á ÈÅÍÏÒÒÈÁÇÉÃ ÃÏÍÐÌÉÃÁÔÉÏÎ 
(Kovzun et al., 2008). 

However, there are bioassay results with 
various test organisms that indicate the toxicity 
of DMSO. Thus, in a study of the effect of DMSO 
on human fibroblast-like synoviocytes in 
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rheumatoid arthritis, which included five 
different samples collected from the joints 
(fingers, hands and pelvis) of five women with 
rheumatoid arthritis, induction of caspase-3 
and PARP-1 cleavage was shown (two pheno-
mena related to the mechanism of cell death) at 
high concentrations (>5 %) of DMSO (Gallardo-
6ÉÌÌÁÇÒÜÎ ÅÔ ÁÌȢȟ ςπςς). Even at a 0.5 % concent-
ration of DMSO, analyzes of the antiproliferative 
test demonstrated strong toxicity after 24 hours 
of ÅØÐÏÓÕÒÅ ɉЂςυ % cell death). Therefore, to 
ensure a minimal effect of DMSO on human 
fibroblast-like synoviocytes in rheumatoid 
arthritis, the concentration of DMSO to be 
considered safe must be less than 0.05 % 
(Gallardo-6ÉÌÌÁÇÒÜÎ ÅÔ ÁÌȢȟ ςπςς). 

Exposure to DMSO (0.56-13.54 mM) caused 
phytotoxicity for biomass growth and root 
viability of rice seedlings (Zhang et al., 2016). 
DMSO induced oxidative stress in rice seedlings, 
leading to H2O2 accumulation in roots. 

It is obvious that the reaction of living 
organisms to the influence of DMSO solutions 
depends on the studied species and the chosen 
concentration. Therefore, biotesting research 
should be comprehensive and include particular 
model organisms as well as organisms at 
different levels of organization. 

Conclusions 

Aqueous solutions of DMSO in concentra-
tions of 0.025-1.0 % did not show phytotoxic 
properties according to the growth test with 
L. sativum and R. raphanistrum subsp. sativus, in 
contrast to 5.0-45.0 % solutions, which showed 
extreme phytotoxicity according to the growth 
test with R. raphanistrum subsp. sativus. The 
obtained results indicate that this substance will 
not inhibit plant growth at concentrations found 
in wastewater (0.05-0.08 %). 
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ˍ˚˛˟ˍˣ˴ˬ 

˙̆̓́ ̑̏̂̏̓̉Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̍̔̓́̄̆̎̎̏̄̏ ̃̐̌̉̃̔ ̨̖̑̈̎̉ ̨̗̗̋̏̎̆̎̓̑́̊ ̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ȟ ̨̟̎̋̆̌ ̓́ 
̨̨̗̟̒̉̌ ̎́ ̏̎̓̏̄̆̎̆̈ Drosophila melanogaster (D. melanogasterɊ ̨̨̌̎ ̊Canton S ̨  Ebony. 

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̠̐̑̏̃̏̅̉̌̏̒ ̙̠̖̌̏̍ ̠̐̑̉̄̏̓̔̃́̎̎ ̐̏̇̉̃̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̠̅̌ D. Melano-
gaster ̈ ̠̅̏̅́̃́̎̎̍ ̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ȟ ̨̨̗̟̒̉̌ȟ ̨̟̎̋̆̌Ƞ ̖̠̒̑̆̆̎̎̍̚ ̔ ̅́̎̏̍̔ ̨̒̆̑̆̅̏̃̉̚ ̆̋̒̐̆̑̉̍̆̎-
̝̩̓́̌̎̏ ̨̃̉̂̑̋̉ ̖̋̏̍́ ̘̖̉̒̓̉ ̨̨̌̎̊ Ebony ̨ Canton Sȟ ̓́ ̝̙̐̏̅́̌̉̍ ̨̏̂̌̋̏̍ ̨̈̍̎ ̆̎̏̓̉̐̔̕ ̃ ̏̒̏̂̉̎ ̙̐̆̑̏̄̏ ̓́ 
̅̑̔̄̏̄̏ ̨̝̐̏̋̏̌̎Ȣ ˜̠̑̉̄̏̓̔̃́̎̎ ̐̏̇̉̃̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̨̟̠̈̅̊̒̎̃́̌̏̒ ̈́ ̟̍̆̓̏̅̉̋̏ 9aschenko et al ɉςπςσɊȢ ˑ̠̌ 
̏̂̑̏̂̋̉ ̨̨̝̖̋̌̋̒̎̉ ̖̅́̎̉ ̨̏̂̌̋̔ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ ̨̗̍̔̓́̊ ̃̉̋̏̑̉̒̓́̎̏ ̍̆̓̏̅̉ ̩̏̐̉̒̏̃̏ ̒̓́̓̉̒̓̉̋̉ȟ 
̘̎̆̐́̑́̍̆̓̑̉̎̉̊ U-̨̋̑̉̓̆̑̊ ˙́̎̎́-ˠ̨̨̓̎ȟ ̍̆̓̏̅̉ ̨̘̩̄̑́̎̏̕ ̨̨̨̗̩̃̈̔́̌̈́ ̖̅́̎̉Ȣ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˏ ̙̐̆̑̆ ̖̒́̑́̋̓̆̑̉̈̏̃́̎̏ ̍̔̓́̄̆̎̎̔ ̨̝́̋̓̉̃̎̒̓ ̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ȟ ̨̟̎̋̆̌ȟ ̨̨̗̟̒̉̌ 
̔ ̨̗̗̠̖̋̏̎̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3 ̨ πȟπρ ̍̄Ⱦ̒̍3 ̎́ ̨̐̑̉̋̌́̅ ̨̖̎̅̔̋̏̃́̎̉ ̨̗̍̔̓́̊ ̔ ̨̝̆̋̒̐̆̑̉̍̆̎̓́̌̎̊ ̨̨̗̃̉̂̑ ̏̒̏̂̉̎ 
D. melanogaster ̘ ̖̉̒̓̉ ̨̨̌̎̊ Canton S ̨  Ebonyȟ ̓́ ̩̖ ̨̎́́̅̋̃̚ ̙̐̆̑̏̄̏ ̨ ̅̑̔̄̏̄̏ ̨̝̐̏̋̏̌̎Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˏ̠̉̃̌̆̎̏ȟ ̏̚ ̘̎́̎̏́̒̓̉̎̋̉ ̓̉̓́̎̔ ̠̝̐̑̉̈̃̏̅̓ ̅̏ ̠̃̉̎̉̋̎̆̎̎ ̨̗̍̔̓́̊ ̠̋ ̔ ̨̗̗̩̋̏̎̆̎̓̑́ 
0,1 ̍ ̄Ⱦ̒̍3 (14,8 Ϸ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̔ ̙̐̆̑̏̍̔ ̨̨̐̏̋̏̌̎̎ ̓́ ρωȟψ Ϸ ̔ ̅̑̔̄̏̍̔ ̨̨̐̏̋̏̌̎̎Ɋȟ ̓́̋ ̨ ̃ ̨̗̗̩̋̏̎̆̎̓̑́ 
0,01 ̍ ̄Ⱦ̒̍3 (4,3 Ϸ ̔ ̙̐̆̑̏̍̔ ̨̨̐̏̋̏̌̎̎ ̓́ σȟχ Ϸ ̔ ̅̑̔̄̏̍̔ɊȢ ˏ̘̏̅̎̏́̒ ̘̎́̎̏́̒̓̉̎̋̉ ̨̨̗̟̒̉̌ ̨ ̨̟̎̋̆̌ 
̟̝̅̆̍̏̎̒̓̑̔̓ ̍̔̓́̄̆̎̎̔ ̨̝́̋̓̉̃̎̒̓ ̙̌̉̆ ̈́ ̨̝̙̖̂̌̉ ̨̗̗̋̏̎̆̎̓̑́̊ ɉπȟρ ̍̄Ⱦ̒̍3ɊȢ ˞̆̑̆̅ ̨̨̖̐̅̅̏̒̌̅̎̉ ̏̒̏̂̉̎ȟ ̨̠̋ 
̠̑̏̈̃̉̃́̌̉̒ ̔ ̨̒̆̑̆̅̏̃̉̚ ̈ ̨̗̗̠̋̏̎̆̎̓̑́̍̉ πȟπρ ̍̄Ⱦ̒̍3 ̘̎́̎̏́̒̓̉̎̏̋ ̨̟̎̋̆̌ ̨ ̨̨̗̟̒̉̌ȟ ̖̆̎̏̓̉̐̏̃̉̕ ̏̈̎́̋ 
̨̗̍̔̓́̊ ̎̆ ̠̃̉̃̌̆̎̏Ȣ ˜̨̑̏́̎́̌̈̏̃́̎̏ ̓́̋̏̇ ̨̐̆̃̎ ̨̨̨̃̅̍̎̎̏̒̓ ̍̔̓́̄̆̎̆̈̔ ̔ ̨̖̃̉̂̑̋́ ̏̒̏̂̉̎ ̨̨̌̎̊ Ebony ̓́ 
Canton Sȟ ̨̠̋ ̐̏̃ǫ̠̃̄̈́̎ ̈ ̃̐̌̉̃̏̍ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̘̑̆̏̃̉̎ ̎́ ̨̨̋̌̓̉̎̎ ̒̉̒̓̆̍̉ ̨̗̩̑̆̐́̑́ D. melanogasterȢ ˔́ 
̨̐̅̒̔̍̋́̍̉ ̨̠̅̏̒̌̅̇̆̎̎ ̢̏̂̑̔̎̓̏̃́̎̏ ̘̐̑́̋̓̉̎̔ ̨̨̗̝̝̎̆̅̏̌̎̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ ̔ 
̨̘̖́̑̍́̋̏̌̏̄̎̉̕ ̨̗̠̖̌ȟ ́ ̓́̋̏̇ ̨̨̖̝̎̆̏̂̅̎̒̓ ̝̙̐̏̅́̌̏̄̏ ̢̑̔̎̓̏̃̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̨̍̏̇̌̉̃̏̒̓ ̘̍̆̅̉̎̏̄̏ ̓́ 
̨̘́̑̍́̋̏̌̏̄̎̏̄̏̕ ̠̈́̒̓̏̒̔̃́̎̎ ̘̎́̎̏́̒̓̉̎̏̋ ̨̨̗̟̒̉̌ ̓́ ̨̟̎̋̆̌Ȣ 

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̎ ̘́̎̏́̒̓̉̎̋̉ȟ ̨̝̎̋̆̌ȟ ̓̉̓́̎ȟ ̨̨̗̒̉̌̊ȟ ̨̗̩̍̔̓́ȟ Drosophila melanogaster 
 

ABSTRACT 

Objective.  Research of the mutagenic effect of various concentrations of nanoparticles of titanium, nickel and 
silicon on the ontogenesis of Drosophila melanogaster (D. melanogaster) Canton S and Ebony lines. 

Methodology.  The study was conducted by preparing a nutrient medium for D. melanogaster with the addition of 
nanoparticles of titanium, silicon, and nickel; crossing in this environment an experimental sample of insects of the pure 
lines Ebony and Canton S, and further accounting for phenotype changes in individuals of the first and second generations. 
Preparation of nutrient medium was carried out according to the method of Yaschenko et al (2023). Methods of 
descriptive statistics, non-parametric Mann-Whitney U-test, methods of graphic visualization of data were used to 
process quantitative data of accounting for phenotypic manifestations of mutations. 

Scientific novelty.  For the first time, the mutagenic activity of nanoparticles of titanium, nickel, and silicon in 
concentrations of 0.1 mg/cm3 and 0.01 mg/cm3 was characterized on the example of induced mutations in an 
experimental sample of D. melanogaster pure lines Canton S and Ebony, and their descendants of the first and second 
generations. 
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Conclusions. It was found that titanium nanoparticles lead to mutations both at a concentration of 0.1 mg/cm3 
(14.8 % of mutant individuals in the first generation and 19.8 % in the second generation) and at a concentration of 
0.01 mg/cm3 (4.3 % in the first generation and 3.7 % in the second). At the same time, silicon and nickel nanoparticles 
demonstrate mutagenic activity only at higher concentrations (0.1 mg/cm3). No phenotypic signs of mutations were 
detected among the experimental individuals that developed in an environment with concentrations of 0.01 mg/cm3 of 
nickel and silicon nanoparticles. Certain differences in mutagenesis in the samples of individuals of the Ebony and Canton 
S lines, which are related to the influence of the studied substances on cellular repair systems of D. melanogaster, were 
also analyzed. Based on the results of the research, the practical impracticability of using titanium nanoparticles for 
pharmacological purposes was substantiated, as well as the need for further thorough research into the possibility of 
medical and pharmacological use of silicon and nickel nanoparticles. 

 
Key words:  nanoparticles, nickel, titanium, silicon, mutations, Drosophila melanogaster 
 
 

ȚȹȼȽȫȸȹȭȵȫ ȺȻȹȬȶȰȷȳ 

˚́ ̘̒̔́̒̎̏̍̔ ̨̆̓́̐ ̑̏̈̃̉̓̋̔ ̨̖̂̏̓̆̎̏-
̨̌̏̄̊ ̃̒̆ ̨̝̙̂̌̏̄̏ ̘̠̈̎́̆̎̎ ̘̟̝̐̏̉̎́̓ 
̨̨̃̅̄̑́̃́̓̉ ̐̑̆̐́̑́̓̉ȟ ̨̈́̒̎̏̃́̎ ̎́ ̗̒̐̆̉-
̨̨̘̎̊̕ ̨̩̅ ̘̎́̎̏́̒̓̉̎̏̋ ɉ4ÒÁËÈÔÅÎÂÅÒÈȟ ςπρσɊȢ 
˟́̋ȟ ̝̅̏̒̉̓ ̨̙̔̒̐̎̏ ̈ ̗̟̂́̋̓̆̑̉̉̅̎̏ ̟̍̆̓̏ 
̟̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̎́̎̏̋̏̍̐̌̆̋̒̉ ZnO 
(Androshchuk et alȢȟ ςπρχɊȢ ˴̙̎̉̊ ̐̑̉̋̌́̅ȡ 
̘̎́̎̏́̒̓̉̎̋̉ Cu ̟̝̍́̓ ̃̉̑́̇̆̎̔ ̨̋́̑̅̏-
̐̑̏̓̆̋̓̏̑̎̔ ̨̟̅ ɉ0ÅÄÁÎ Ǫ 4ÙÍÃÈÅÎËÏȟ 2014). 
˜̑̏̓̉̄̑̉̐̏̈̎̔ ̨̝́̋̓̉̃̎̒̓ ̠̠̟̝̃̉̃̌̓ ̓́̋̏̇ 
̎́̎̏̒̓̑̔̋̓̔̑̉ TiO2 (Moskalenko et al., 2009). 
˔́̄́̌̏̍ȟ ̒̆̑́̕ ̠̈́̒̓̏̒̔̃́̎̎ ̘̎́̎̏́̒̓̉̎̏̋ 
̝̅̏̒̉̓ ̙̉̑̏̋́ȟ ̘̤̝̠̃̉̈̎́́̓̒ ̩̖ ̟̐̑̉̑̏̅̏ ̓́ 
̨̨̃̅̐̏̃̅̎̉̍̉ ̨̈̉̋̏̕-̨̨̖̘̍̎̉̍̉ ̃̌́̒̓̉̃̏̒-
̠̓̍̉Ȣ ˠ ̨̗̎́̔ ̃ ̨̠̋̏̒̓ ̘̎́̎̏́̒̓̉̎̏̋ ̓̑́̅̉-
̨̗̊̎̏ ̠̟̝̠̑̏̈̄̌̅́̓̒ ̘̘́̒̓̏̋̉ ̩̐̆̃̎̏ 
̘̑̆̏̃̉̎̉ȟ ̨̘̄̆̏̍̆̓̑̉̎ ̨̑̏̈̍̑̉ ̠̖̋̉ ̎̆ 
̟̝̐̆̑̆̃̉̔̓̚ ρππ ̎ ̍ ̈́ ̋̏̇̎̉̍ ̈ ̨̘̖̈̉̎̉̕ 
̨̨̃̉̍̑̃Ȣ ˟̨́̋ ̘̎́̅̈̃̉́̊̎̏ ̨̍́̌ ̨̑̏̈̍̑̉ 
̘̘́̒̓̏̏̋ ̘̑̆̏̃̉̎̉ ̟̝̎́̅́̓ ̩̍ ̨̈̏̃̒̍ ̨̙̖̎̉ȟ 
̖̏̒̏̂̌̉̃̉ ̃̌́̒̓̉̃̏̒̓̆̊Ȣ ˚̘́̎̏́̒̓̉̎̋̉ ̈ 
̨̟̌̆̄̋̒̓ ̟̝̐̑̏̎̉̋́̓ ̨̝̒̋̑̈ ̍̆̍̂̑́̎̉ 
̖̝̖̅̉́̌̎̉ ̨̙̠̖̌̃ȟ ̙̌̔̎̋̏̃̏-̙̋̉̋̏̃̏̄̏ 
̓̑́̋̓̔ ɉAndroshchuk et alȢȟ ςπρχɊȢ ˝̝̆̈̔̌̓́̓̉ 
̖̏̋̑̆̍̉ ̨̝̅̏̒̌̅̇̆̎ ̨̘̝̒̃̅́̓ȟ ̏̚ ̎́̎̏-
̘́̒̓̉̎̋̉ ̨̝̎́̃̓ ̟̝̅̏̌́̓ ̗̐̌́̆̎̓́̑̎̉̊ 
̂́̑ȭ̤̑ȟ ̝̍̏̇̔̓ ̠̅̏̒̄́̓̉ ̠̅̑́ ̨̋̌̓̉̎Ȣ ˜̑̏̓̆ 
̨̝̍̏̇̌̉̃̒̓ ̋̏̎̓́̋̓̔ ̘̎́̎̏́̒̓̉̎̏̋ ̈ 
̘̄̆̎̆̓̉̎̉̍ ̨̍́̓̆̑́̌̏̍ ̨̋̌̓̉̎ ̟̤̏̂̔̍̏̃̌ 
̨̘̝̎̆̃̉̈̎́̆̎̒̓ ̩̖ ̍̔̓́̄̆̎̎̏̄̏ ̃̐̌̉̃̔ 
(Selivon M. et al., 2012; Solodovnyk et al., 2011). 
˞́̍̆ ̓̏̍̔ ̨̝̍̏̇̌̉̃̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̎́̎̏-
̘́̒̓̉̎̏̋ ̩̐̆̃̎̏ ̘̑̆̏̃̉̎̉ ̠̅̌ ̍̆̅̉̋̏-
̨̘̖́̑̍́̋̏̌̏̄̎̉̕ ̨̗̌̆̊ ̠̎́̐̑̍̔ ̝̈́̌̆̇̉̓ 
̨̃̅ ̨̃̉̑́̇̆̎̏̒̓ ̩̖ ̩̍̔̓́̄̆̎̎̏ ̨̩̅Ȣ 

˜̆̃̎̉̊ ̨̗̐̏̓̆̎́̌ ̨̘́̑̍́̋̏̌̏̄̎̏̄̏̕ 
̠̃̉̋̏̑̉̒̓́̎̎ ̟̝̍́̓ ̘̎́̎̏́̒̓̉̎̋̉ ̨̟̎̋̆̌ȟ 
̓̉̓́̎̔ȟ ̨̨̗̟̒̉̌Ȣ ˜̑̏̓̆ ̩̖ ̍̔̓́̄̆̎̎́ ́̋̓̉̃-
̨̝̎̒̓ ̙̤̝̠̈́̌̉́̓̒ ̍́̊̇̆ ̨̟̎̆̅̏̒̌̅̇̆̎̏Ȣ 
ˏ̨̨̅̐̏̃̅̎̏ ̟̍̆̓̏ ̅́̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̏ 
̠̠̃̉̃̌̆̎̎ ̨̨̎̓̆̎̒̉̃̎̏̒̓ ̩̍̔̓́̄̆̎̎̏ ̨̩̅ 

̨̖̑̈̎̉ ̨̗̗̋̏̎̆̎̓̑́̊ ̨̨̖̃̅̐̏̃̅̎̉ ̎́̎̏-
̒̓̑̔̋̓̔̑Ȣ ˠ ̨̠̋̏̒̓ ̓̆̒̓-̏̂ǫ̤̃̄̋̓̃ ̏̂̑́̎̏ ̨̘̉̒̓ 
̨̨̩̌̎  Drosophila melanogaster (D. melanogaster), 
̖̟̘̃̑́̏̃̔̉ ̢̑̔̎̓̏̃̎̉̊ ̨̝̑̃̆̎ ̨̠̅̏̒̌̅̇̆̎̎ 
̄̆̎̏̍̔ ̓́ ̖̍̏̇̌̉̃̉ ̨̗̍̔̓́̊ȟ ́ ̓́̋̏̇ 
̨̝̌̆̄̋̒̓ ̠̑̏̈̃̆̅̆̎̎ ̖̅́̎̉ ̖̋̏̍́ ɉProtsenko 
& Kozeretska, 2006; Protsenko, 2019). 

ȗȫȽȰȻɐȫȶȳ Ƚȫ ȷȰȽȹȯȳ ȯȹȼȶɐȯȱȰȸɇ 

ˑ̨̠̏̒̌̅̇̆̎̎ ̠̐̑̏̃̏̅̉̌̉̒ ̠̐̑̏̓̄̏̍ 
̘̠̆̑̃̎ ɀ ̠̄̑̔̅̎ ςπςσ ̑ ̏̋̔ ̓́ ̠̓̑́̃̎ ɀ 
̠̃̆̑̆̒̎ ςπςτ ̑ ̏̋̔ ̎́ ̨̂́̈ ̨̩̌́̂̏̑́̓̏̑ 
̄̆̎̆̓̉̋̉ ̋́̆̅̑̉̕ ̨̨̩̂̏̌̏̄ ˚̨̗̝́̏̎́̌̎̏̄̏ 
̨̔̎̃̆̑̒̉̓̆̓̔ Ⱥˤ̨̨̝̆̑̎̄̃̒̋̉̊ ̨̋̏̌̆̄̔̍Ȼ ̨̨̍̆̎ 
˟Ȣ ːȢ ˥̘̆̃̆̎̋́Ȣ ˑ̠̌ ̆̋̒̐̆̑̉̍̆̎̓̔ ̂̔̌̏ ̠̃̈̓̏ 
̝̂̌̉̈̋̏ ςρππ ̨̖̒̓́̓̆̃̏̈̑̌̉ ̏̒̏̂̉̎ ̘̖̉̒̓̉ 
̨̨̌̎̊ Ebony ̓́ Canton S D. melanogaster ̈ 
̨̅̏̍̎́̎̓̎̉̍̉ ̠̐̑̏̃́̍̉ ̏̈̎́̋ ̝̋̏̌̏̑̔ 
̘̏̆̊ȟ ̏̑̍̉̕ ̋̑̉̌ȟ ̠̈́̂́̑̃̌̆̎̎ ̨̓̌́Ȣ ˔ ̟̍̆̓̏ 
̠̠̃̉̃̌̆̎̎ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ ̩̍̔̓́̄̆̎̎̏ 
̨̩̅ ̘̎́̎̏́̒̓̉̎̏̋ ̨̟̎̋̆̌ȟ ̨̨̗̟̒̉̌ȟ ̓̉̓́̎̔ 
̨̟̠̈̅̊̒̎̃́̃̒ ̨́̎́̌̈ ̨̐̑̆̅̒̓́̃̎̉̋̃ ̨̝̐̏̋̏̌̎ 
Fρ ̓́ Fς ̐̑̉ ̨̖̒̑̆̔̃́̎̎̚ ̃ ̐̏̇̉̃̎̏̍̔ 
̨̒̆̑̆̅̏̃̉̚ ̈́ ̔̍̏̃̉ ̠̅̏̅́̃́̎̎ ̨̅̏̒̌̅̇̔-
̖̃́̎̉ ̘̑̆̏̃̉̎Ȣ ˑ̨̠̏̒̌̅̇̔̃́̃̒ ̍̔̓́̄̆̎̎̉̊ 
̃̐̌̉̃ ̨̗̗̋̏̎̆̎̓̑́̊ ̘̎́̎̏́̒̓̉̎̏̋ πȟπρ ̍ ̄Ⱦ̒̍3 
̓́ πȟρ ̍ ̄Ⱦ̒̍3Ȣ ˑ̠̌ ̨̠̃̉̑̈̎̆̎̎ ̨̗̖̍̔̓́̊̎̉ 
̨̈̍̎ ̆̎̏̓̉̐̔̕ ̨̃̅ ̨̨̗̖̍̏̅̉̋́̊̎̉̕ ̂̔̌̏ 
̃̉̏̋̑̆̍̌̆̎̏ ̝̋̏̎̓̑̏̌̎̔ ̄̑̔̐̔ ̏̒̏̂̉̎ 
D. melanogasterȟ ̨̠̋ ̖̠̒̑̆̔̃́̌̉̒̚ ̃ ̒̆̑̆̅̏-
̨̃̉̚ ̂̆̈ ̠̅̏̅́̃́̎̎ ̘̎́̎̏́̒̓̉̎̏̋Ȣ ˏ ̨̠̋̏̒̓ 
̐̏̇̉̃̎ ̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̃̉̋̏̑̉̒̓́̎̏ ̒̓́̎-
̅́̑̓̎̉̊ ̗̔̋̑̏̃̏-̨̅̑̇̅̇̏̃̉̊ ̘̑̏̈̉̎ 
(Yaschenko et alȟ ςπςσɊȢ ˔̠́̅̌ ̖̠̒̑̆̔̃́̎̎̚ 
̏̒̏̂̉̎ ̔ ̌́̋̏̎̕ ̈ ̐̏̇̉̃̎̉̍ ̒̆̑̆̅̏̃̉̆̍̚ 
̨̠̑̏̈̍̔̃́̌̉̒̚ υ ̒ ̨̗́̍̃ ̓́ υ ̎ ̖̆̈́̊̍́̎̉ 
̒́̍̏̋ ̓́ ̠̔̓̑̉̍̔̃́̌̉̒ ̃ ̝̎̏̍̔ ̠̐̑̏̓̄̏̍ 
5 ̅ ̨̂ȟ ̏̚ ̨̗̌̋̏̍ ̝̅̏̒̓́̓̎̏ ̠̅̌ ̨̠̃̅̋̌́̅́̎̎ 
̠̤̗̝Ȣ ˜̨̖̅̑́̔̎̏̋ ̖̆̎̏̓̉̐̏̃̉̕ ̨̈̍̎ ̨̟̈̅̊̒̎-
̠̃́̃̒ ̎́ σ ̅̏̂̔ ̨̠̐̒̌ ̖̃̉̏̅̔ ̨̍́̄̏Ȣ ˑ̠̌ 
̨̏̂̌̋̔ ̨̗̍̔̓́̊ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̖̋̏̍́ ̎́̑̋̏-
̓̉̈̔̃́̌̉ ɉ0ÅÄÁÎ Ǫ 4ÙÍÃÈÅÎËÏȟ ςπρτɊȢ 
˛̨̓̑̉̍́̎ ̨̅́̎ ̏̅̏̚ ̨̨̝̋̌̋̏̒̓ ̠̖̃̉̃̌̆̎̉ 
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̖̆̎̏̓̉̐̏̃̉̕ ̨̈̍̎ ̘̒̓́̓̉̒̓̉̎̏ ̠̏̂̑̏̂̌̌̉ 
̈́ ̟̅̏̐̏̍̏̄̏ ̖̏̐̉̒̏̃̉ ̨̍̆̓̏̅̃ ̒̓́̓̉̒̓̉̋̉ 
̓́ ̨̘̖̄̑́̎̉̕ ̨̍̆̓̏̅̃ ̠̐̑̆̅̒̓́̃̌̆̎̎ ̖̅́̎̉Ȣ 

țȰȲȾȶɇȽȫȽȳ Ƚȫ ɑɀ ȹȬȮȹȭȹȻȰȸȸɊ 

˜̨̅ ̘́̒ ̐̑̏̃̆̅̆̎̏̄̏ ̆̋̒̐̆̑̉̍̆̎-
̝̓́̌̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̏ ̠̃̉̃̌̆̎̏ ̎̉̈̋̔ 

̨̗̍̔̓́̊ ̃ ̏̒̏̂̉̎ ̙̐̆̑̏̄̏ ̓́ ̅̑̔̄̏̄̏ 
̨̝̐̏̋̏̌̎Ȣ ˛̋̑̆̍̏ ̠̠̑̏̈̄̌̅́̌̉̒ ̨̗̩̍̔̓́ ̃ 
D. melanogaster ̨̨̌̎̊ Canton S ̓́ Ebony. 
˗̨̨̨̝̌̋̒̎ ̨̅́̎ ̏̅̏̚ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ 
̠̖̃̉̃̌̆̎̉ ̨̗̍̔̓́̊ ̔ ̖̋̏̍́ ̨̨̩̌̎ Canton S 
̨̐̑̆̅̒̓́̃̌̆̎ ̃ ̨̗̓́̂̌̉ ρȢ 

 
ȝȫȬȶȳɁɊ 1 

ȍȳɊȭȶȰȸɐ ȷȾȽȫɁɐɑ Ⱦ ȯȹȼȶɐȯȱȾȭȫȸȳɀ ȹȼȹȬȳȸ D. melanogaster ȶɐȸɐɑ Canton S  
ȺȰȻɃȹȮȹ Ƚȫ ȯȻȾȮȹȮȹ Ⱥȹȵȹȶɐȸɇ 

țȰɂȹȭȳȸȫ, 
ȵȹȸɁȰȸȽȻȫɁɐɊ 

ȕɐȶɇȵɐȼȽɇ 
ȹȼȹȬȳȸ  
ȭ ȺȰȻɃȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȷȾȽȫɁɐȴ  
ȭ ȺȰȻɃȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȹȼȹȬȳȸ  
ȭ ȯȻȾȮȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȷȾȽȫɁɐȴ  
ȭ ȯȻȾȮȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

TiȮɯƔȮƕɯ̎˴ɤ̔̎3 203 32  ̨  ρτ  
(2,3,4)* 

239 33  ̨  ρψ (2,3) 

Ti, ƔȮƔƕɯ̎˴ɤ̔̎3 56 3  (3)  71 3  (3)  

NiȮɯƔȮƕɯ̎˴ɤ̔̎3 85 16  ̨  ρς  (2,4) 136 8  ̨  φ  (2,4) 

NiȮɯƔȮƔƕɯ̎˴ɤ̔̎3 39 --- 68 --- 

SiȮɯƔȮƕɯ̎˴ɤ̔̎3 34 5  ̨  ρ  (1)  64 8  ̨  τ  (1)  

SiȮɯƔȮƔƕɯ̎˴ɤ̔̎3 51 --- 84 --- 

ʺ̨̖̑̏̓̑̍ 77 --- 125 --- 
 

ȚȻȳȷɐȽȵȫ: * ȽȾȽ ɐ ȯȫȶɐ ȭȭȰȯȰȸȹ ȸȫȼȽȾȺȸɐ ȺȹȲȸȫɂȰȸȸɊ ȭȳɊȭȶȰȸȳɀ Ȳȷɐȸ ȿȰȸȹȽȳȺȾ:  
1 ð ȭɐȯȼȾȽȸɐȼȽɇ ȲȫȬȫȻȭȶȰȸȸɊ; 2 ð ȸȫȯȶȳɃȵȹȭɐ ȫȸȽȰȸȳ; 3 ð ȻȰȯȾȵȹȭȫȸɐ ȵȻȳȶȫ; 4 ð ȭȳȯȹȭȱȰȸȳȴ 
ɀȹȬȹȽȹȵ 

 

˛̨̓̑̉̍́̎ ̨̨̨̝̋̌̋̒̎ ̨̅́̎ ̨̘̝̒̃̅́̓ ̐̑̏ 
̨̠̝̎́̃̎̒̓ ̩̍̔̓́̄̆̎̎̏ ̨̩̅ ̨̖̅̏̒̌̅̇̔̃́̎̉ 
̘̎́̎̏́̒̓̉̎̏̋ ̎́ ̏̎̓̏̄̆̎̆̈ D. melanogaster 
̨̨̩̌̎ Canton Sȟ ̘̐̑̉̏̍̔ ̨̝̃̉̑́̇̆̎̒̓ ̓́ ̏̑̍́̕ 
̠̐̑̏̃̔ ̍̔̓́̄̆̎̎̏̄̏ ̆̆̋̓̔̕ ̝̈́̌̆̇̉̓ ̨̃̅ 
̩̋̏̎̋̑̆̓̎̏ ̘̑̆̏̃̉̎̉ ̓́ ̩̩ ̨̗̗̩̋̏̎̆̎̓̑́Ȣ ˔́ 
̝̖̎̉̈̋̉ ̨̗̗̋̏̎̆̎̓̑́̊ ̖̐̆̃̎̉ ̘̎́̎̏́̒̓̉̎̏̋ 
̨̈̍̎ ̆̎̏̓̉̐̔̕ ̨̨̖̐̅̅̏̒̌̅̎̉ ̖̋̏̍́ ̎̆ 
̠̃̉̃̌̆̎̏ ̨̃̈́̄́̌Ȣ ˏ̘̏̅̎̏́̒ ̈́ ̨̗̗̩̋̏̎̆̎̓̑́ 
0,1 ̍ ̄Ⱦ̒̍3 ̨̗̩̍̔̓́ ̠̠̟̝̠̃̉̃̌̓̒ ̠̋ ̔ 
̙̐̆̑̏̍̔ȟ ̓́̋ ̨ ̔ ̅̑̔̄̏̍̔ ̨̠̖̐̏̋̏̌̎̎ ̠̅̌ ̨̖̃̒ 
̝̖̓̑̏ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̘̑̆̏̃̉̎Ȣ 

˙̏̇̆̍̏ ̘̂́̉̓̉ȟ ̏̚ ̃ ̨̝̋̏̎̓̑̏̌̎̊ 
̨̄̑̔̐ ̖̆̎̏̓̉̐̏̃̉̕ ̨̈̍̎ ̎̆ ̠̃̉̃̌̆̎̏ ̨́̎ ̃ 
̙̐̆̑̏̍̔ȟ ̨́̎ ̃ ̅̑̔̄̏̍̔ ̨̠̖̐̏̋̏̌̎̎Ȣ ˏ̨̨̅̐̏̃̅̎̏ 
̍̏̇̎́ ̒̓̃̆̑̅̇̔̃́̓̉ȟ ̏̚ ̨̅̏̒̌̅̎̆ ̒̆̑̆̅̏-
̃̉̆̚ ̎̆ ̤̍́ ̨̙̖̎̉ ̨́̋̓̏̑̃̕ ̃̐̌̉̃̔ ̎́ 
̆̎̏̓̉̐̕ D. melanogasterȟ ̨̏̋̑̍ ̠̋ ̎́̎̏-
̘́̒̓̉̎̋̉ ̨̟̎̋̆̌ȟ ̨̨̗̟̒̉̌ȟ ̓̉̓́̎̔Ȣ ˏ̨̨̅̐̏̃̅̎̏ 
̨̠̃̉̃̌̆̎ ̨̈̍̎̉ ̆̎̏̓̉̐̔̕ ̤ ̠̐̑̏̃́̍̉ ̨̗̍̔̓́̊ȟ 
́ ̎̆ ̨̨̗̍̏̅̉̋́̊̕Ȣ 

˚̨̝̙́̊̂̌ ̃̉̑́̇̆̎̔ ̍̔̓́̄̆̎̎̔ ́̋̓̉̃-
̨̝̎̒̓ ̟̝̍́̓ ̘̎́̎̏́̒̓̉̎̋̉ ̓̉̓́̎̔ȟ ̨̠̋ ̨̝̎́̃̓ 
̔ ̖̍́̌̉ ̨̗̗̠̖̋̏̎̆̎̓̑́ ̠̝̐̑̉̈̃̏̅̓ ̅̏ ̠̐̏̃̉ 
̖̐̆̃̎̉ ̖̆̎̏̓̉̐̏̃̉̕ ̨̈̍̎ ̃ ̖̏̋̑̆̍̉ ̏̒̏̂̉̎ 
̨̩̅̏̒̌̅̇̔̃́̎̏ ̨̃̉̂̑̋̉ D. melanogaster ̨̨̩̌̎ 
Canton SȢ ˏ̘̏̅̎̏́̒ ̈́ ̨̝̙̖̂̌̉ ̨̗̗̋̏̎̆̎̓̑́̊ 
̓̉̓́̎̔ ɉπȟρ ̍̄Ⱦ̒̍3Ɋ ̨̗̩̍̔̓́ ̠̠̟̝̠̃̉̃̌̓̒ ̃̇̆ ̔ 

22,7 Ϸ ̏̒̏̂̉̎ ̙̐̆̑̏̄̏ ̨̠̐̏̋̏̌̎̎ ̓́ ̔ ςρȟσ % 
̅̑̔̄̏̄̏ ̨̠̐̏̋̏̌̎̎Ȣ ˚̨̝̙́̊̂̌ ̙̐̏̉̑̆̎̉̊ 
̆̎̏̓̉̐̏̃̉̊̕ ̠̐̑̏̃ ̨̗̍̔̓́̊ D. melanogaster 
̨̨̩̌̎ Canton Sȟ ̘̖̒̐̑̉̉̎̆̎̉ ̨̤̟̅ ̎́̎̏-
̘́̒̓̉̎̏̋ ̓̉̓́̎̔ ɀ ̨̑̆̅̔̋̏̃́̎ ̋̑̉̌́Ȣ ˜̑̏̓̆ 
̨̘̟̝̠̈̔̒̓̑́̓̒ ̓́̋̏̇ ̨̓́̋ ̨̈̍̎̉ ̆̎̏̓̉̐̔̕ȡ 
̨̙̎́̅̌̉̋̏̃ ́̎̓̆̎̉ȟ ̃̉̅̏̃̇̆̎̉̊ ̖̏̂̏̓̏̋Ȣ 

˙̔̓́̄̆̎̎̉̊ ̃̐̌̉̃ ̘̎́̎̏́̒̓̉̎̏̋ ̨̟̎̋̆̌ 
̓́ ̨̨̗̟̒̉̌ ̤ ̙̍̆̎ ̃̉̑́̇̆̎̉̍Ȣ ˜̑̉ ̗̋̏̎̆̎̓-
̨̗̩̑́ πȟπρ ̍̄Ⱦ̒̍3 ̨̨̖̃̅̐̏̃̅̎̉ ̘̑̆̏̃̉̎ ̨̈̍̎̉ 
̆̎̏̓̉̐̔̕ ̃ ̏̒̏̂̉̎ ̙̐̆̑̏̄̏ ̓́ ̅̑̔̄̏̄̏ 
̨̝̐̏̋̏̌̎ ̨̃̈́̄́̌ ̎̆ ̨̠̃̉̃̌̆̎Ȣ ˜̑̏̓̆ ̈́ 
̨̠̎́̃̎̏̒̓ ̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍ ̄Ⱦ̒̍3 ̘́̒̓̋́ 
̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̤̒̔̓̓̃̏ ̤̈̑̏̒̓́ȡ σςȟω Ϸ ̔ 
̙̐̆̑̏̍̔ ̨̨̐̏̋̏̌̎̎ ̓́ ρπȟσ Ϸ ̔ ̅̑̔̄̏̍̔ 
ɉ̨̝̎̋̆̌Ɋȟ ρχȟφ Ϸ ̔ ̙̐̆̑̏̍̔ ̨̨̐̏̋̏̌̎̎ ̓́ 
18,8 Ϸ ̔ ̅̑̔̄̏̍̔ ɉ̨̨̗̒̉̌̊ɊȢ ˚̨̨̙̙́̊̐̏̉̑̆̎ 
̨̈̍̎̉ ̆̎̏̓̉̐̔̕ D. melanogaster ̌ ̨̨̩̎ Canton S, 
̨̃̉̋̌̉̋́̎ ̍̔̓́̄̆̎̎̉̍ ̆̆̋̓̏̍̕ ̨̟̎̋̆̌ȡ 
̨̙̎́̅̌̉̋̏̃ ́̎̓̆̎̉ȟ ̃̉̅̏̃̇̆̎̉̊ ̖̏̂̏̓̏̋Ȣ 
˞̆̑̆̅ ̖̆̎̏̓̉̐̏̃̉̕ ̨̈̍̎ ̏̒̏̂̉̎ȟ ̨̠̋ ̈́̈̎́-
̃́̌̉ ̃̐̌̉̃̔ ̘̎́̎̏́̒̓̉̎̏̋ ̨̨̗̟̒̉̌ȟ ̠̃̉̃̌̆̎ ̏
̙̌̉̆ ̨̨̝̃̅̒̔̓̎̒̓ ̠̈́̂́̑̃̌̆̎̎Ȣ 

˚́ ̑̉̒̔̎̋̔ ρ ̎́̃̆̅̆̎̏ ̨̘̄̑́̎̆̕ ̈̏̂̑́-
̠̇̆̎̎ ̘́̒̓̋̉ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̒̆̑̆̅ 
̨̨̖̐̅̅̏̒̌̅̎̉ ̖̋̏̍́ ̨̨̩̌̎ Canton S ̐ ̙̆̑̏̄̏ ̓́ 
̅̑̔̄̏̄̏ ̨̝̐̏̋̏̌̎Ȣ 
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țȳȼ. 1. ȍɐȯȸȹȼȸɐ ȺȹȵȫȲȸȳȵȳ ȭȳɊȭȶȰȸȳɀ ȷȾȽȫɁɐȴ Ⱦ ȯȹȼȶɐȯȱȾȭȫȸȳɀ ȵȹȷȫɀ  
D. melanogaster ȶɐȸɐɑ Canton S ȺȰȻɃȹȮȹ Ƚȫ ȯȻȾȮȹȮȹ Ⱥȹȵȹȶɐȸɇ 

 

˚́ ̏̋̑̆̍̔ ̔̃́̄̔ ̤̈́̒̌̔̄̏̃̔ ̨́̎́̌̈ 
̨̈́̌̆̇̎̏̒̓ ̍̔̓́̄̆̎̎̏̄̏ ̃̐̌̉̃̔ ̎́̎̏-
̘́̒̓̉̎̏̋ ̓̉̓́̎̔ȟ ̨̟̎̋̆̌ȟ ̨̨̗̟̒̉̌ ̎́ ̏̒̏̂̉̎ 
D. melanogaster ̨̨̩̌̎ Canton S ̈́̌̆̇̎̏ ̨̃̅ ̩̖ 
̨̒̓́̓Ȣ ˜̨̠̠̏̑̃̎̎̎ ̘̝̖̉̒̆̌̎̉ ̨̐̏̋́̈̎̉̋̃ 
̨̗̍̔̓́̊ ̔ ̨̗̒́̍̃ ̓́ ̒́̍̏̋ ̠̤̅̏̈̃̏̌ ̈̑̏̂̉̓̉ 
̠̐̑̉̐̔̆̎̎̚ ̐̑̏ ̩̖ ̘̒̓́̓̉̒̓̉̎̏ ̢̏̂̑̔̎̓̏-
̃́̎̔ ̨̨̘̝̎̆̑̃̎̏̈̎́̎̒̓Ȣ ˑ́̎́ ̨̄̐̏̓̆̈́ ̂̔̌́ 
̘̒̓́̓̉̒̓̉̎̏ ̨̐̅̓̃̆̑̅̇̆̎́ ̈́ ̟̅̏̐̏̍̏̄̏ 
̘̎̆̐́̑́̍̆̓̑̉̎̏̄̏ U-̨̠̋̑̉̓̆̑ ˙́̎̎́-ˠ̨̨̓̎Ȣ 
˛̓̇̆ȟ ̘́̒̓̏̓́ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ ̨̗̍̔̓́̊ 
̔ ̏̒̏̂̉̎ ̨̘̘̩̏̌̏̃̏ ̓́ ̨̘̩̇̎̏̏ ̒̓́̓̆̊ ̎̆ 
̏̅̎́̋̏̃́Ȣ ˏ̘̏̅̎̏́̒ ̍̏̇̆̍̏ ̨̒̐̏̒̓̆̑̄́̓̉ 
̘̒̓́̓̉̒̓̉̎̏ ̨̅̏̒̓̏̃̑̎̔ ̙̍̆̎̔ ̘́̒̓̋̔ 
̏̒̏̂̉̎ ̨̘̘̩̏̌̏̃̏ ̨̒̓́̓ ̃ ̙̐̆̑̏̍̔ ̓́ ̅̑̔̄̏̍̔ 
̨̠̖̐̏̋̏̌̎̎ ̈́ ̔̍̏̃̉ ̨̩̅ ̨̖̅̏̒̌̅̇̔̃́̎̉ 
̘̎́̎̏́̒̓̉̎̏̋Ȣ ˞́̍̆ ̓̏̍̔ ̍̏̇̎́ ̐̑̉̐̔-
̒̓̉̓̉ȟ ̏̚ ̍̔̓́̄̆̎̎̉̊ ̆̆̋̓̕ ̨̨̖̃̅̐̏̃̅̎̉ 
̎́̎̏̒̓̑̔̋̓̔̑ ̤ ̨̝̙̂̌ ̝̌̆̓́̌̎̉̍ ̒́̍̆ ̠̅̌ 
̏̒̏̂̉̎ ̨̘̘̩̏̌̏̃̏ ̨̒̓́̓Ȣ ˏ̖̟̘̑́̏̃̔̉ ̏̒̏̂̌̉-
̨̃̏̒̓ ̘̄̆̎̆̓̉̎̏̄̏ ̠̏̂̔̍̏̃̌̆̎̎ ̨̒̓́̓ ̔ 
̖̋̏̍́ D. melanogaster ɉ̝̒̓́̓ ̏̒̏̂̉̎̉ ̈́̌̆-
̝̇̉̓ ̨̃̅ ̨̨̝̋̌̋̏̒̓ ˢ-̖̑̏̍̏̒̏̍ ɀ Syvolob et al., 
ςπρψɊȟ ̨̗̌̋̏̍ ̊ ̨̍̏̃̑̎̏ȟ ̏̚ ̨̠̃̉̃̌̆̎ ̨̗̩̍̔̓́ 
̨̟̝̠̌̏̋́̌̈̔̓̒ ̃ X-̨̖̑̏̍̏̒̏̍ ̓́ ̠̝̐̑̉̈̃̏̅̓ 
̅̏ ̒̉̎̓̆̈̔ ̖̅̆̆̋̓̎̉̕ ̨̨̂̌̋̃Ȣ ˬ̋̏̚ ̇ 
̨̨̝̝̋̌̋̒̓ X-̖̑̏̍̏̒̏̍ ̨̝̙̂̌́ ̨̎̇ ρ ɉ̏̒̏̂̉̎̉ 
̨̘̩̇̎̏̏ ̨̒̓́̓Ɋȟ ̝̌̆̓́̌̎̉̊ ̆̆̋̓̕ ̨̗̍̔̓́̊ 
̙̤̝̠̈̍̆̎̔̓̒ ̨̃̎́̒̌̅̏̋ ̨̠̎́̃̎̏̒̓ ̙̎̆̔̋̏̅-
̩̇̆̎̏ ˢ-̖̑̏̍̏̒̏̍̉Ȣ 

˞̨̖̏̇ ̨̨̨̝̋̌̋̒̎ ̐̏̋́̈̎̉̋̉ ̖̆̎̏̓̉̐̏̃̉̕ 
̨̈̍̎ ̠̃̉̃̌̆̎̏ ̔ ̨̨̖̐̅̅̏̒̌̅̎̉ ̏̒̏̂̉̎ D. mela-

nogaster ̨̨̩̌̎ EbonyȢ ˏ ̨̗̓́̂̌̉ ς ̒̉̒̓̆̍́̓̉-
̈̏̃́̎̏ ̨̨̨̃̅̐̏̃̅̎ ̨̅́̎ ̠̅̌ ̨̗̗̋̏̎̆̎̓̑́̊ 
0,1 ̍ ̄Ⱦ̒̍3 ̓́ πȟπρ ̍ ̄Ⱦ̒̍3 ̨̖̅̏̒̌̅̇̔̃́̎̉ 
̘̎́̎̏́̒̓̉̎̏̋Ȣ 

ˍ̨̟̘̎́̌̈̔̉ ̨̏̓̑̉̍́̎ ̨̨̨̝̋̌̋̒̎ ̨̅́̎ 
̏̅̏̚ ̠̖̃̉̃̌̆̎̉ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ 
̨̗̍̔̓́̊ ̔ ̖̋̏̍́ D. melanogaster ̨̨̩̌̎ Ebony 
̍̏̇̆̍̏ ̈̑̏̂̉̓̉ ̨̎́̒̓̔̐̎ ̝̠̔̈́̄́̌̎̆̎̎Ȣ 

ˬ̋ ̨ ̔ ̃̉̐́̅̋̔ ̨̨̩̌̎ Canton Sȟ ̔ 
̨̝̋̏̎̓̑̏̌̎̊ ̨̄̑̔̐ ̎̆ ̠̃̉̃̌̆̎̏ ̨̈̍̎ ̆̎̏̕-
̓̉̐̔ ̨́̎ ̔ ̙̐̆̑̏̍̔ȟ ̨́̎ ̃ ̅̑̔̄̏̍̔ ̨̨̐̏̋̏̌̎̎Ȣ 
ˏ̨̨̅̐̏̃̅̎̏ ̒́̍̆ ̐̏̇̉̃̎̆ ̒̆̑̆̅̏̃̉̆̚ ɉ̂̆̈ 
̠̅̏̅́̃́̎̎ ̘̎́̎̏́̒̓̉̎̏̋Ɋ ̎̆ ̨̝̍̒̓̉̓ 
̨́̋̓̏̑̃̕ ̨̨̗̩̍̏̅̉̋́̊̎̏̕ ̓́ ̨̗̩̍̔̓́̊̎̏ 
̨̨̍̎̌̉̃̏̒̓ȟ ́ ̨̠̃̉̃̌̆̎ ̨̆̎̏̓̉̐̏̃̕ ̨̈̍̎̉ ̤ 
̏̈̎́̋́̍̉ ̨̗̍̔̓́̊ȟ ̘̖̒̐̑̉̉̎̆̎̉ ̠̅̏̅́̃́̎̎̍ 
̨̖̅̏̒̌̅̇̔̃́̎̉ ̘̑̆̏̃̉̎Ȣ 

˚̨̝̙́̊̂̌̉̊ ̍̔̓́̄̆̎̎̉̊ ̆̆̋̓̕ ̠̃̉̃-
̠̟̝̌̓ ̘̎́̎̏́̒̓̉̎̋̉ ̓̉̓́̎̔ȟ ̨̝̐̑̉̒̔̓̎̒̓ 
̠̖̋̉ ̔ ̐̏̇̉̃̎̏̍̔ ̨̒̆̑̆̅̏̃̉̚ ̟̤̏̂̔̍̏̃̌ 
̨̠̝̎́̃̎̒̓ ̨̗̍̔̓́̊ ̔ ̙̐̆̑̏̍̔ ̓́ ̅̑̔̄̏̍̔ 
̨̠̖̐̏̋̏̌̎̎ D. melanogaster ̌ ̨̨̩̎ Ebony ̠ ̋ ̠̅̌ 
̙̖̍̆̎̉ ɉπȟρ ̍ ̄Ⱦ̒̍3Ɋȟ ̓́̋ ̨ ̠̅̌ ̨̝̙̖̂̌̉ 
̨̗̗̋̏̎̆̎̓̑́̊ ɉπȟπρ ̍ ̄Ⱦ̒̍3ɊȢ ˡ̨̆̎̏̓̉̐̏̃ 
̏̈̎́̋̉ ̨̨̖̃̅̐̏̃̅̎̉ ̨̗̍̔̓́̊ ̟̝̍́̓ ̖̒̏̇̉̊ 
̠̃̉̃ ̠̋ ̨ ̔ ̃̉̐́̅̋̔ ̨̈̍̎ȟ ̨̖̈́̋̒̏̃́̎̉̕ ̐̑̉ 
̨̨̅̏̒̌̅̇̆̎̎ ̖̋̏̍́ ̨̨̩̌̎ Canton Sȡ ̨̑̆̅̔̋̏̃́̎ 
̋̑̉̌́ ɉ̨̝̙̎́̊̂̌́ ̘́̒̓̋́ ̒̆̑̆̅ ̠̖̃̉̃̌̆̎̉ 
̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ ̨̗̍̔̓́̊Ɋȟ ̨̙̎́̅̌̉̋̏̃ 
́̎̓̆̎̉ȟ ̃̉̅̏̃̇̆̎̉̊ ̖̏̂̏̓̏̋Ȣ 
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ȝȫȬȶȳɁɊ 2 

ȍȳɊȭȶȰȸɐ ȷȾȽȫɁɐɑ Ⱦ ȯȹȼȶɐȯȱȾȭȫȸȳɀ ȹȼȹȬȳȸ D. melanogaster ȶɐȸɐɑ Ebony  
ȺȰȻɃȹȮȹ Ƚȫ ȯȻȾȮȹȮȹ Ⱥȹȵȹȶɐȸɇ 

țȰɂȹȭȳȸȫ, 
ȵȹȸɁȰȸȽȻȫɁɐɊ 

ȕɐȶɇȵɐȼȽɇ 
ȹȼȹȬȳȸ  
ȭ ȺȰȻɃȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȷȾȽȫɁɐȴ  
ȭ ȺȰȻɃȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȹȼȹȬȳȸ ȭ 
ȯȻȾȮȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

ȕɐȶɇȵɐȼȽɇ 
ȷȾȽȫɁɐȴ  
ȭ ȯȻȾȮȹȷȾ 
Ⱥȹȵȹȶɐȸȸɐ 

TiȮɯƔȮƕɯ̎˴ɤ̔̎3 283 22  ̨  4  (2,3) 124 13  ̨  8  (2,3,4) 

TiȮɯƔȮƔƕɯ̎˴ɤ̔̎3 107 4  (3) 62 2  (2,3) 

NiȮɯƔȮƕɯ̎˴ɤ̔̎3 185 6  ̨  2  (2) 136 11  ̨  3  (2) 

NiȮɯƔȮƔƕɯ̎˴ɤ̔̎3 59 --- 18 --- 

SiȮɯƔȮƕɯ̎˴ɤ̔̎3 64 2  ̨  1  (1) 34 6  ̨  4  (1) 

SiȮɯƔȮƔƕɯ̎˴ɤ̔̎3 61 --- 34 --- 

ʺ̨̖̑̏̓̑̍ 177 --- 135 --- 

 
 
 
˙̔̓́̄̆̎̎̉̊ ̃̐̌̉̃ ̘̎́̎̏́̒̓̉̎̏̋ 

̨̟̎̋̆̌ ̓́ ̨̨̗̟̒̉̌ ̈́ ̖̍́̌̉ ̨̗̗̋̏̎̆̎̓̑́̊ 
(0,01 ̍ ̄Ⱦ̒̍3Ɋ ̎́ ̨̨̖̐̅̅̏̒̌̅̎̉ ̏̒̏̂̉̎ ̨̨̩̌̎ 
Ebony ̎̆ ̠̃̉̃̌̆̎̉̊Ȣ ˏ̘̏̅̎̏́̒ ̈́ ̐̑̉̒̔̓-
̨̎̏̒̓ ̃ ̐̏̇̉̃̎̏̍̔ ̨̒̆̑̆̅̏̃̉̚ ̨̨̖̃̅̐̏̃̅̎̉ 
̎́̎̏̒̓̑̔̋̓̔̑ ̔ ̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍ ̄Ⱦ̒̍3 
̨̈́̋̒̏̃́̎̏̕ ̐̆̃̎̉̊ ̨̃̅̒̏̓̏̋ ̖̆̎̏̓̉̐̏̃̉̕ 
̏̈̎́̋ ̨̗̍̔̓́̊Ȣ ˟́̋ȟ ̨̠̝̎́̃̎̒̓ ̘̎́̎̏́̒̓̉̎̏̋ 
̨̟̎̋̆̌ ̔ ̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3 ̐̑̉̈̃̆̌́ 
̅̏ ̠̐̏̃̉ σȟχ Ϸ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̔ ̙̐̆̑̏̍̔ 
̨̨̐̏̋̏̌̎̎ ̓́ σȟς Ϸ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̔ 
̅̑̔̄̏̍̔Ȣ ˚̨̠̝́̃̎̒̓ ̘̎́̎̏́̒̓̉̎̏̋ ̨̨̗̟̒̉̌ ̔ 

̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3 ̐̑̉̈̃̆̌́ ̅̏ ̠̐̏̃̉ 
4,7 Ϸ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̔ ̙̐̆̑̏̍̔ ̐̏̋̏-
̨̨̌̎̎ ̓́ ρυȟφ Ϸ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̔ ̅̑̔̄̏̍̔Ȣ 
ˡ̨̆̎̏̓̉̐̏̃ ̠̐̑̏̃̉ ̨̗̍̔̓́̊ ̨̨̘́̎́̌̏̄̎ ̠̋ ̨ ̔ 
̨̖̅̏̒̌̅̇̔̃́̎̉ ̏̒̏̂̉̎ D. melanogaster ̨̨̩̌̎ 
Canton Sȡ ̨̙̎́̅̌̉̋̏̃ ́̎̓̆̎̉ ɉ̨̝̎̋̆̌Ɋȟ 
̨̨̝̃̅̒̔̓̎̒̓ ̠̈́̂́̑̃̌̆̎̎ ɉ̨̨̗̒̉̌̊ɊȢ 

˚́ ̑̉̒̔̎̋̔ ς ̎́̃̆̅̆̎̏ ̨̘̄̑́̎̆̕ ̈̏̂̑́-
̠̇̆̎̎ ̘́̒̓̋̉ ̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̒̆̑̆̅ 
̨̖̅̏̒̌̅̇̔̃́̎̉ ̝̖̍̏̅̆̌̎̉ ̏̂ǫ̤̃̄̋̓̃ ̨̨̩̌̎ 
Ebony ̐ ̙̆̑̏̄̏ ̓́ ̅̑̔̄̏̄̏ ̨̝̐̏̋̏̌̎Ȣ 

 
 
 

 
țȳȼ. 2. ȍɐȯȸȹȼȸɐ ȺȹȵȫȲȸȳȵȳ ȭȳɊȭȶȰȸȳɀ ȷȾȽȫɁɐȴ Ⱦ ȯȹȼȶɐȯȱȾȭȫȸȳɀ ȹȼȹȬȳȸ  

D. melanogaster ȶɐȸɐɑ Ebony ȺȰȻɃȹȮȹ Ƚȫ ȯȻȾȮȹȮȹ Ⱥȹȵȹȶɐȸɇ 
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˜̨̟̟̘̏̑̃̎̉ ̨̏̓̑̉̍́̎ ̨̨̃̅̎̏̒̎ ̐̏̋́̈-
̎̉̋̉ ̠̖̃̉̃̌̆̎̉ ̨̗̍̔̓́̊ ̔ ̨̨̖̐̅̅̏̒̌̅̎̉ 
̖̋̏̍́ ̨̨̌̎̊ Canton S ̓́ Ebony ̙̐̆̑̏̄̏ ̨ 
̅̑̔̄̏̄̏ ̨̝̐̏̋̏̌̎ ̍̏̇̆̍̏ ̨̐̏̍̓̉̓̉ ̐̆̑̆-
̃́̇̎̏ ̙̍̆̎̉̊ ̨̃̅̒̏̓̏̋ ̨̗̍̔̓́̊ ̔ ̖̋̏̍́ ̨̨̩̌̎ 
EbonyȢ ˏ̠̉̋̏̑̉̒̓́̎̎ ̘̎̆̐́̑́̍̆̓̑̉̎̏̄̏ 
̘̒̓́̓̉̒̓̉̎̏̄̏ U-̨̠̋̑̉̓̆̑ ˙́̎̎́-ˠ̨̨̓̎ 
̓́̋̏̇ ̨̤̐̅̓̃̆̑̅̇̔ ̨̨̨̝̃̅̍̎̎̒̓ ̔ ̨̨̝̋̌̋̏̒̓ 
̖̍̔̓́̎̓̎̉ ̏̒̏̂̉̎ ̃ ̖̏̂̏ ̨̖̅̏̒̌̅̇̔̃́̎̉ 
̨̨̠̖̌̎Ȣ ˟́̋̉̍ ̘̉̎̏̍ȟ ̍̏̇̎́ ̐̑̉̐̔̒̓̉̓̉ȟ ̏̚ 
̍̔̓́̄̆̎̎̉̊ ̆̆̋̓̕ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̎́̎̏-
̘́̒̓̉̎̏̋ ̙̟̍̆̎̏ ̨̟̍̑̏ ̃̉̑́̇̆̎̉̊ ̎́ 
̖̋̏̍́ ̨̨̩̌̎ EbonyȢ ˮ̑̔̎̓̏̃̎̉̊ ̨̠̝̐̏̑̃̎̌̎̉̊ 
̨́̎́̌̈ ̘̖̄̆̎̆̓̉̎̉ ̋́̑̓ D. melanogaster ̨̨̌̎̊ 
Canton S ̓́ Ebony ̝̅̏̈̃̏̌̉̓ ̨̝̙̂̌ ̘̓̏̎̏ 
̨̌̏̋́̌̈̔̃́̓̉ ̨̍̏̇̌̉̃ ̨̨̗̍̔̓́̊̎ ̨̈̍̎̉ 
̨̄̆̎̏̓̉̐̃ ̖̋̏̍́ ̈́ ̨̩̅ ̘̎́̎̏́̒̓̉̎̏̋ ̨̟̎̋̆̌ȟ 
̨̨̗̟̒̉̌ȟ ̓̉̓́̎̔Ȣ ˴̙̎̆ ̃́̇̌̉̃̆ ̒̐̏̒̓̆̑̆-
̠̇̆̎̎ȡ ̔ ̖̋̏̍́ ̨̨̩̌̎ Ebony ̘́̒̓̋́ ̨̗̍̔̓́̊ ̔ 
̅̑̔̄̏̍̔ ̨̨̐̏̋̏̌̎̎ ̤ ̨̟̑̃̎̏ ́̂̏ ̨̝̙̟̂̌̏ ̠̅̌ 
̨̖̃̒ ̨̖́̎́̌̈̏̃́̎̉ ̨̗̗̋̏̎̆̎̓̑́̊ ̘̎́̎̏́̒̓̉-
̎̏̋Ȣ ˏ̨̨̅̐̏̃̅̎̏ ̒̉̒̓̆̍̉ ̨̗̩̑̆̐́̑́ ̏̒̏̂̉̎ 
̩̅́̎̏ ̨̨̩̌̎ȟ ̎́ ̨̨̃̅̍̎̔ ̨̃̅ D. melanogaster ̌ ̨̨̩̎ 
Canton Sȟ ̎̆ ̨̟̝̠̎̅̔̋̔̓̒ ̃ ̨̖̏̅ ̑̏̈̃̉̓̋̔ ̃ 
̐̏̇̉̃̎̏̍̔ ̨̒̆̑̆̅̏̃̉̚ ̈ ̠̅̏̅́̃́̎̎̍ 
̨̖̅̏̒̌̅̇̔̃́̎̉ ̘̎́̎̏́̒̓̉̎̏̋Ȣ 

˟́̋̉̍ ̘̉̎̏̍ȟ ̍̏̇̎́ ̈̑̏̂̉̓̉ ̃̉̒̎̏̃̏̋ȟ 
̏̚ ̨̃̒ ̓̑̉ ̨̨̅̏̒̌̅̇̔̃́̎ ̋̌́̒̉ ̘̎́̎̏́̒̓̉̎̏̋ 
̠̠̟̝̐̑̏̃̌̓ ̨̤̟̓ ̘̉ ̨̙̟̎̏ ̨̟̍̑̏ ̍̔̓́̄̆̎̎̔ 
̨̝́̋̓̉̃̎̒̓ ̐̑̉ ̠̅̏̅́̃́̎̎ ̔ ̐̏̇̉̃̎̆ 
̒̆̑̆̅̏̃̉̆̚Ȣ ˏ̘̏̅̎̏́̒ ̓́̋̉̊ ̍̔̓́̄̆̎̎̉̊ 
̃̐̌̉̃ ̠̎́̐̑̍̔ ̝̈́̌̆̇̉̓ ̨̃̅ ̨̗̗̩̋̏̎̆̎̓̑́ 
̨̨̩̃̅̐̏̃̅̎̏ ̘̑̆̏̃̉̎̉Ȣ ˟́̋ȟ ̨̝̐̑̉̒̔̓̎̒̓ 
̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ ̠̋ ̔ ̨̗̗̩̋̏̎̆̎̓̑́ 
0,01 ̍ ̄Ⱦ̒̍3ȟ ̓́̋ ̨ ̃ ̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3 
̝̐̑̉̈̃̏̅̉̓ ̅̏ ̠̃̉̎̉̋̎̆̎̎ ̨̈̍̎ ̆̎̏̓̉̐̔̕ ̃ 
̖̏̂̏ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̨̨̠̖̌̎ ̔ ̙̐̆̑̏̍̔ ̓́ 
̅̑̔̄̏̍̔ ̨̨̐̏̋̏̌̎̎Ȣ ˟̏̍̔ ̍̔̓́̄̆̎̎́ ́̋̓̉̃-
̨̝̎̒̓ ̖̓́̋̉ ̘̎́̎̏́̒̓̉̎̏̋ ̤ ̝̅̏̒̉̓ ̘̟̈̎́̎̏ȟ 
́ ̏̓̇̆ ̐̆̑̒̐̆̋̓̉̃̉ ̩̖ ̨̘́̑̍́̋̏̌̏̄̎̏̄̏̕ 
̠̈́̒̓̏̒̔̃́̎̎ ̃̋̑́̊ ̨̏̂̍̆̇̆̎Ȣ ˏ̘̏̅̎̏́̒ 
̠̅̏̅́̃́̎̎ ̘̎́̎̏́̒̓̉̎̏̋ ̨̨̗̟̒̉̌ ̓́ ̨̟̎̋̆̌ 
̃ ̖̎̆̃̆̌̉̋̉ ̨̗̗̠̖̋̏̎̆̎̓̑́ ɉπȟπρ ̍̄Ⱦ̒̍3Ɋ ̎̆ 
̐̑̉̈̃̆̌̏ ̅̏ ̠̐̏̃̉ ̖̆̎̏̓̉̐̏̃̉̕ ̨̠̐̑̏̃̃ 
̨̗̠̖̍̔̓́ ̔ ̩̇̏̅̎̏ ̏̒̏̂̉̎̉ D. melanogaster 

̨̨̌̎̊ Canton S ̓́ EbonyȢ ˔ ̨̙̎̏̄̏ ̂̏̋̔ȟ 
̨̨̃̑̏̄̅̎́ ̨̠̝̎́̃̎̒̓ ̐̆̃̎̏̄̏ ̝̌̆̓́̌̎̏̄̏ 
̆̆̋̓̔̕ ̖̅́̎̉ ̘̎́̎̏́̒̓̉̎̏̋ ̔ ̖̈̄́̅́̎̉ 
̨̗̗̠̖̋̏̎̆̎̓̑́ ̔ ̨̨̖̐̅̅̏̒̌̅̎̉ ̖̋̏̍́Ȣ ˟̏̍̔ 
̨̝̍̏̇̌̉̃̒̓ ̓́ ̨̨̗̝̝̅̏̌̎̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ 
̘̎́̎̏́̒̓̉̎̏̋ ̨̨̗̟̒̉̌ ̓́ ̨̟̎̋̆̌ ̔ ́̑̍́̋̏̕-
̨̘̖̌̏̄̎̉ ̨̗̠̖̌ ̤̍́ ̨̠̅̏̒̌̅̇̔̃́̓̉̒ ̨̝̙̂̌ 
̢̑̔̎̓̏̃̎̏Ȣ 

ȍȳȼȸȹȭȵȳ 

˔́ ̝̑̆̈̔̌̓́̓́̍̉ ̐̑̏̃̆̅̆̎̏̄̏ ̨̅̏̒̌̅-
̠̇̆̎̎ ̠̃̉̃̌̆̎̏ ̍̔̓́̄̆̎̎̉̊ ̃̐̌̉̃ ̎́̎̏-
̘́̒̓̉̎̏̋ ̨̟̎̋̆̌ȟ ̓̉̓́̎̔ ̨ ̨̨̗̟̒̉̌ ̎́ 
̨̝̆̋̒̐̆̑̉̍̆̎̓́̌̎ ̨̠̗̩̐̏̐̔̌ D. melanogaster 
̘̖̉̒̓̉ ̨̨̌̎̊ Ebony ̨ Canton SȢ ˏ̒̓́̎̏̃̌̆̎̏ȟ 
̏̚ ̘̎́̎̏́̒̓̉̎̋̉ ̓̉̓́̎̔ ̠̠̟̝̐̑̏̃̌̓ 
̍̔̓́̄̆̎̎̔ ̨̝́̋̓̉̃̎̒̓ ̠̋ ̔ ̨̗̗̩̋̏̎̆̎̓̑́ 
0,1 ̍ ̄Ⱦ̒̍3 ̓́̋ ̨ ̃ ̨̗̗̩̋̏̎̆̎̓̑́ πȟπρ ̍̄Ⱦ̒̍3. 
˛̨̒̎̏̃̎ ̨̆̎̏̓̉̐̏̃̕ ̠̐̑̏̃̉ ̘̖̈́̈̎́̆̎̉ 
̨̗̍̔̓́̊ȡ ̨̙̎́̅̌̉̋̏̃ ́̎̓̆̎̉ȟ ̨̑̆̅̔̋̏̃́̎ 
̋̑̉̌́ȟ ̃̉̅̏̃̇̆̎̉̊ ̖̏̂̏̓̏̋Ȣ ˚̘́̎̏́̒̓̉̎̋̉ 
̨̟̎̋̆̌ ̠̝̐̑̉̈̃̏̅̓ ̅̏ ̠̐̏̃̉ ̨̗̍̔̓́̊ ̔ ̨̏̑̍̕ 
̙̖̎́̅̌̉̋̏̃̉ ́̎̓̆̎ ̨ ̃̉̅̏̃̇̆̎̏̄̏ ̖̏̂̏̓̋̔ ̃ 
̖̏̂̏ ̨̨̖̐̅̅̏̒̌̅̎̉ ̨̠̗̠̖̐̏̐̔̌ ̙̌̉̆ ̃ ̋̏̎-
̨̗̗̩̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3Ȣ ˚̘́̎̏́̒̓̉̎̋̉ ̨̨̗̟̒̉̌ 
̠̠̟̝̃̉̃̌̓ ̍̔̓́̄̆̎̎̔ ̨̝́̋̓̉̃̎̒̓ȟ ̏̚ 
̝̐̑̉̈̃̏̅̉̓ ̅̏ ̨̨̃̅̒̔̓̎̏̒̓ ̠̈́̂́̑̃̌̆̎̎ ̃ 
̖̏̋̑̆̍̉ ̏̒̏̂̉̎ ̖̏̂̏ ̨̖̅̏̒̌̅̇̔̃́̎̉ ̨̨̌̎̊ȟ 
̓́̋ ̒́̍̏ ̙̌̉̆ ̃ ̨̗̗̩̋̏̎̆̎̓̑́ πȟρ ̍̄Ⱦ̒̍3Ȣ ˔́ 
̨̗̗̋̏̎̆̎̓̑́̊ πȟπρ ̍ ̄Ⱦ̒̍3 ̘̎́̎̏́̒̓̉̎̏̋ 
̨̟̎̋̆̌ ̓́ ̨̨̗̟̒̉̌ ̨̈̍̎ ̆̎̏̓̉̐̔̕ ̃ ̨̐̅̅̏̒-
̨̖̌̅̎̉ ̏̒̏̂̉̎ ̨̨̌̎̊ Canton S ̨ Ebony ̎̆ 
̠̃̉̃̌̆̎̏Ȣ ˏ̘̏̅̎̏́̒ ̎́ ̨̨̐̅̒̓́̃ ̒̓́̓̉̒-
̘̓̉̎̏̄̏ ̨́̎́̌̈̔ ̃̉̒̔̎̔̓̏ ̨̄̐̏̓̆̈̔ ̐̑̏ 
̨̠̝̎́̃̎̒̓ ̐̆̃̎̏̄̏ ̝̌̆̓́̌̎̏̄̏ ̃̐̌̉̃̔ ̎́ 
̏̒̏̂̉̎ D. melanogaster ̨̘̘̩̏̌̏̃̏ ̨̒̓́̓ ̨̖̃̒ 
̝̖̓̑̏ ̠̖̑̏̈̄̌̎̔̓̉ ̨̋̌́̒̃ ̘̎́̎̏́̒̓̉̎̏̋ ̔ 
̨̗̗̠̖̋̏̎̆̎̓̑́ πȟρ ̍ ̄Ⱦ̒̍3 ̨ πȟπρ ̍ ̄Ⱦ̒̍3. 
˟́̋̉̍ ̘̉̎̏̍ȟ ̐̆̑̒̐̆̋̓̉̃̉ ̠̃̉̋̏̑̉̒̓́̎̎ 
̘̎́̎̏́̒̓̉̎̏̋ ̓̉̓́̎̔ ̃ ̨̗̍̆̅̉̉̎ ̓́ 
̨̩́̑̍́̋̏̌̏̄̕ ̃̋̑́̊ ̨̏̂̍̆̇̆̎ȟ ́ ̐̆̑̒̐̆̋̓̉̃̉ 
̠̃̉̋̏̑̉̒̓́̎̎ ̘̎́̎̏́̒̓̉̎̏̋ ̨̟̎̋̆̌ ̓́ 
̨̨̗̟̒̉̌ ̟̝̐̏̓̑̆̂̔̓ ̝̙̖̐̏̅́̌̉ ̢̖̑̔̎̓̏̃̎̉ 
̨̝̅̏̒̌̅̇̆̎Ȣ 

 
ȟɐȸȫȸȼȾȭȫȸȸɊ / Funding 
ˣ̆ ̨̠̅̏̒̌̅̇̆̎̎ ̎̆ ̏̓̑̉̍́̌̏ ̨̙̝̈̏̃̎̎̏̄̏ ̨̠̎́̎̒̔̃́̎̎̕ Ⱦ 4ÈÉÓ ÒÅÓÅÁÒÃÈ ÒÅÃÅÉÖÅÄ ÎÏ 

external funding. 
 
ȒȫɊȭȫ ȺȻȹ ȯȹȼȽȾȺȸɐȼȽɇ ȯȫȸȳɀ / Data Availability Statement 
˚̨́̂̑ ̖̅́̎̉ ̅̏̒̓̔̐̎̉̊ ̈́ ̈́̐̉̓̏̍ ̅̏ ̨́̃̓̏̑̃ Ⱦ $ÁÔÁÓÅÔ ÁÖÁÉÌÁÂÌÅ ÏÎ ÒÅÑÕÅÓÔ ÆÒÏÍ ÔÈÅ ÁÕÔÈÏÒÓȢ 
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ȒȫɊȭȫ ɐȸȼȽȳȽȾɁɐȴȸȹɑ ȻȰȭɐȲɐȴȸȹɑ Ȼȫȯȳ / Institutional Review Board Statement 
˒̨̝̋̒̐̆̑̉̍̆̎̓́̌̎ ̗̐̑̏̆̅̔̑̉ ̂̔̌̉ ̨̖̒̃́̌̆̎ ˗̨̨̤̟̏̍̒  ̈ ̨̂̏̆̓̉̋̉ ˚̨̗̝́̏̎́̌̎̏̄̏ 

̨̔̎̃̆̑̒̉̓̆̓̔ Ⱥʕ ̨̨̝̆̑̎̄̃̒̋̉̊ ̋ ̨̏̌̆̄̔̍Ȼ ̨̍ ̨̆̎ T.ː . ˥ ̘̆̃̆̎̋́ ɉΟ ̐ ̑̏̓̏̋̏̌̔: 5, 3 ̇ ̠̏̃̓̎ 2024 ̑ ., 
ˤ̨̨̆̑̎̄̃, ˠ̩̋̑́̎́) / The experimental procedures were approved by the Bioethics Committee of 
T.H. Shevchenko National University ȺChernihiv ColehiumȻ (Protocol Number: 5, 3 October 2024, 
Chernihiv, Ukraine). 

 
ȒȫɊȭȫ ȺȻȹ ɐȸȿȹȻȷȹȭȫȸȾ ȲȮȹȯȾ / Informed Consent Statement 
˚̆ ̤̝̠̈́̒̓̏̒̏̃̔̓̒ / Not applicable. 

 
 

References 

Androshchuk, H. O., Yamchuk, A. V., Berezniak, N. V., Kvasha, T. K., Musina, L. A., & Novitska, H. V. 
(2017). Nanotechnology in the 21st century: strategic priorities and market approaches to 
implementation: monograph. Kyiv. (in Ukrainian)  

˚̨̖̩́̎̏̓̆̎̏̌̏̄ ̔  s ˢ˴ ̒ ̨̨̓̏̌̓̓: ̒ ̨̨̘̓̑́̓̆̄̎ ̐ ̨̑̏̑̉̓̆̓̉ ̓  ́̑ ̨̉̎̋̏̃ ̐ ̨̖̅̏̅̉ ̅  ̏̃ ̠̐̑̏̃́̅̇̆̎̎ : ̍ ̨̠̏̎̏̄̑́̕ 
/ .ː ̨ . ̱ ̎̅̑̏̔̋̚ ̓  ̨́ .̎ ̠ ̩̉̃ : ɣ ̋̑˴˚˟˒˴, 2017. 275 ̒ . 

 
Moskalenko, V. F., Lisovyi, V. M., & Chekman, I. S. (2009). Scientific foundations of nanomedicine, 
nanopharmacology and nanopharmacy. Scientific Bulletin of Bogomolets NMU, (2), 17-31. (in 
Ukrainian) 

˚̨́̔̋̏̃ ̏̒̎̏̃̉ ̗̎́̎̏̍̆̅̉̉̎̉ȟ ̨̩̎́̎̏́̑̍́̋̏̌̏̄̕ ̓́ ̨̗̩̎́̎̏́̑̍́̕ Ⱦ ˏȢ ˡȢ ˙̏̒̋́̌̆̎̋̏ 
̓́ ̨̎Ȣ ˚́̔̋̏̃̉̊ ̨̃̒̎̉̋ ˚˙ˠ ̨̍Ȣ ˛Ȣ ˛Ȣ ˎ̝̗̠̏̄̏̍̏̌Ȣ ςππωȢ Ο ςȢ ˞Ȣ ρχɀ31. 

 
Pedan, L. R., & Tymchenko, O. I. (2014). The influence of external factors on the occurrence of 
mutations in the Drosophila population and their relationship with fertility. Hygiene of populated 
places, (64), 356-367. (in Ukrainian) 

˜̆̅́̎ ˘Ȣ ˝Ȣȟ ˟̘̉̍̆̎̋̏ ˛Ȣ ˴Ȣ ˏ̐̌̉̃ ̨̨̙̖̈̏̃̎̎ ̨́̋̓̏̑̃̕ ̎́ ̠̃̉̎̉̋̎̆̎̎ ̨̗̍̔̓́̊ ̔ ̨̠̗̩̐̏̐̔̌ ̨̅̑̏̈̏̌̉̕ ̨ 
̨̩̖̎̊ ̈̃ȭ̠̈̏̋ ̈ ̨̟̐̌̏̅̏̃̉̓̒̓Ȣ ː̨̨̤̄̎́ ̖̎́̒̆̌̆̎̉ ̨̗̝̍̒Ȣ ςπρτȢ Ο φτȢ ˞Ȣ συφɀ367. 

 
Protsenko, O. V. (2009). Genetic processes in natural populations of Drosophila Melanogaster in 
Ukraine (author's abstract of the dissertation of the candidate of biological sciences). Institute of Cell 
Biology and Genetic Engineering of the National Academy of Sciences of Ukraine. Kyiv, Ukraine. 
(in Ukrainian) 

˜̗̑̏̆̎̋̏ ˛Ȣ ˏȢ ː̨̘̆̎̆̓̉̎ ̗̐̑̏̆̒̉ ̃ ̖̐̑̉̑̏̅̎̉ ̨̠̗̠̖̐̏̐̔̌ Drosophila Melanogaster ɣ ̩̋̑́̎̉ ȡ ́̃̓̏̑ ̆̕Ȣ 
̅̉̒Ȣ ȢȢȢ ̋́̎̅Ȣ ̨̂̏̌Ȣ ̎́̔̋ ȡ πσȢππȢρυȢ ˗̩̉̃ȟ ςππωȢ ρψ ̒Ȣ 

 
Protsenko, O. V., & Kozeretska, I. A. (2006). Mutational processes in natural populations of Drosophila 
melanogaster in Ukraine. Collection of scientific works. Factors of experimental evolution of organisms, 
3, 49ɀ53. (in Ukrainian) 

˜̗̑̏̆̎̋̏ ˛Ȣ ˏȢȟ ˗̗̝̏̈̆̑̆̋́ ˴Ȣ ˍȢ ˙̨̨̗̔̓́̊̎ ̗̐̑̏̆̒̉ ̃ ̖̐̑̉̑̏̅̎̉ ̨̠̗̠̖̐̏̐̔̌ Drosophila melanogaster 
ˠ̩̋̑́̎̉Ȣ ˔̨̂̑̎̉̋ ̖̎́̔̋̏̃̉ ̗̝̐̑́Ȣ ˡ́̋̓̏̑̉ ̝̩̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̨̟̗̩̆̃̏̌ ̨̨̏̑̄́̎̈̍̃Ȣ ˗̩̉̃Ȣ ςππφȢ ˟Ȣ σȢ ˞Ȣ τωɀ
53. 

 
Selivon, M., Mekhed, O., & Tretiak, O. (2012). The effect of imidazoazepine derivatives on the 
biological parameters of Drosophila melanogaster. Chemical and environmental education: state and 
prospects of development: Collection of materials of the II All-Ukrainian scientific and practical 
conference. Vinnytsia: Ukraine. P.179-181 (in Ukrainian)  

˞̨̆̌̃̏̎ ̇ Ȣ ˏ Ȣȟ ˙̖̆̆̅ ̨ Ȣ ˎ Ȣȟ ˟̠̑̆̓̋ ̨ Ȣ ̃ Ȣ ˏ̐̌̉̃ ̨̖̖̐̏̅̎̉ ̨̨̨̨̟̍̅́̈̏́̈̆̐̎ ̎́ ̨̨̨̘̂̏̌̏̄̎ ̐̏̋́̈̎̉̋̉ 
Drosophila melanogaster. s ̨̨̘̍̎́ ̓́ ̨̘̆̋̏̌̏̄̎́ ̨̏̒̃̓́ȡ ̒̓́̎ ̨ ̐̆̑̒̐̆̋̓̉̃̉ ̑̏̈̃̉̓̋̔ ȡ ˔̨̂̑̎̉̋ ̨̨̍́̓̆̑́̌̃ 
˴˴ ˏ̩̝̩̒̆̔̋̑́̎̒̋̏ ̎́̔̋̏̃̏-̘̩̐̑́̋̓̉̎̏ ̨̗̩̋̏̎̆̑̆̎̕Ȣ ˏ̨̗̠̎̎̉ ȡ ˡ˛˜ ˗̏̑̈̔̎ ˑ Ȣ˫Ȣȟ ςπρςȢ ˞Ȣ ρχω -181  

 
Syvolob, A. V., Rushkovskyi, S. R., & Kyriachenko, S. S. (2018). Genetics: a textbook. Kyiv. (in Ukrainian) 

˞̉̃̏̌̏̂ ˍȢ ˏȢȟ ˝̙̝̔̋̏̃̒̋̉̊ ˞Ȣ ˝Ȣȟ ˗̉̑ͻ̠̘̆̎̋̏ ˞Ȣ ˞Ȣ ː̆̎̆̓̉̋́ȡ ̨̘̐̅̑̔̎̉̋Ȣ ˗̩̉̃ ȡ ˏ̘̉̅́̃̎̉̏-̨̨̘̐̏̌̄̑́̎̉̊̕ 
̗̆̎̓̑ Ⱥ˗̩̝̉̃̒̋̉̊ ̨̔̎̃̆̑̒̉̓̆̓Ȼȟ ςπρψȢ σςπ ̒Ȣ 

 



Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

68 

Solodovnyk, P., Mekhed, O., & Tretiak, O. (2011). Influence of imidazoazepinium heterocyclic 
compounds on some biochemical indicators of Drosophila melanogaster imago. Falzfein readings. 
Collection of scientific papers. Kherson: Ukraine. P. 128-129. (in Ukrainian) 

˞̏̌̏̅̏̃̎̉̋ ˜Ȣ ˏȢȟ ˙̖̆̆̅ ˛Ȣ ˎȢȟ ˟̠̑̆̓̋ ˛Ȣ ˜Ȣ ˏ̐̌̉̃ ̨̗̘̖̄̆̓̆̑̏̉̋̌̎̉ ̒̐̏̌̔̋ ̨̨̨̨̟̍̅́̈̏́̈̆̐̎ ̎́ ̨̠̅̆̋ 
̨̨̨̨̖̘̂̏̍̎ ̐̏̋́̈̎̉̋̉ ̨̍́̄̏ Drosophila melanogaster. l ̨̨̝̗̝́̌̆̊̎̃̒̋̕ ̘̠̉̓́̎̎Ȣ ˔̨̂̑̎̉̋ ̖̎́̔̋̏̃̉ ̗̝̐̑́Ȣ 
ˢ̆̑̒̏̎ ȡ ˜˜ ˏ̙̝̉̆̍̉̑̒̋̉̊ȟ ςπρρȢ ˞Ȣ ρςψ -129.  

 
Trachtenberh, I. M. (2013). Nanoparticles of metals, production methods, fields of application, 
physicochemical and toxic properties. Ukraine journal on problems of occupational health, (4) , 62ɀ74. 
(in Ukrainian) 

˟̖̑́̓̆̎̂̆̑̄ ˴Ȣ ˙Ȣ ˚̘́̎̏́̒̓̉̎̋̉ ̨̍̆̓́̌̃ȟ ̍̆̓̏̅̉ ̠̏̓̑̉̍́̎̎ȟ ̒̆̑̉̕ ̠̈́̒̓̏̒̔̃́̎̎ȟ ̨̈̉̋̏̕-̨̨̨̖̘̍̎ ̓́ 
̨̘̓̏̋̒̉̎ ̨̃̌́̒̓̉̃̏̒̓Ȣ ˠ̋̑Ȣ ̇̔̑̎Ȣ ̈ ̐̑̏̂̌̆̍ ̗̍̆̅̉̉̎̉ ̨̗̐̑́Ȣ ςπρσȢ Ο τ ɉσχɊȢ ˞Ȣ φςɀ74. 

 
Yaschenko, A., Yachna, M., Mekhed, O., & Tretyak, O. (2023). Influence of nanoparticles (Ti, Ni, Si) on 
indicators of induced mutations of Drosophila melanogaster. Biota. Human. Technology, (1), 34-40. 
 

Received: 06.11.2024. Accepted: 01.12.2024. Published : 30.12.2024. 
 
 

ˏ̉ ̍̏̇̆̓̆ ̗̉̓̔̃́̓̉ ̗̟ ̟̒̓́̓̓ ̓́̋ȡ Cite this  article  in  APA style  as: 
˘̟̘̂̉̋̏̃́ ˑ Ȣȟ ˚́̄̏̑̎̉̊ ̃ Ȣȟ ˑ̘̆̅̏̃̉ ˏ Ȣȟ ˑ̠̓̌̏̃ ˫ Ȣȟ 
˟̠̑̆̓̋ ̨ Ȣ ˙̔̓́̄̆̎̎̉̊ ̃̐̌̉̃ ̘̎́̎̏́̒̓̉̎̏̋ 
̨̎ ̟̋̆̌ȟ ̒̉ ̨̨̗̟̌ȟ ̓̉ ̓́̎̔ ̎́ ̏̎̓̏̄̆̎̆̈ Drosophila 
melanogaster. Biota. Human. Technology. 2024. Ο3.  
˞Ȣ 61-68. 

Liubchykova, D., Nahornyi, P., Dedovych, V., Diatlov, Yu., 
& Tretiak, O. (2024). Mutagenic influence of nanopar-
ticles of nickel, silicon, titanium on ontogenesis 
Drosophila melanogaster. Biota. Human. Technology, 3, 
61-68. 

 
 
Information about the authors:  

Liubchykova  D. [in Ukrainian: ̆ ̟̘̂̉̋̏̃́ ˑ.] 1, undergraduate student, email: liubchykovadariia@gmail.com 
ORCID: 0009-0003-7103-0442  
Department of Physics and Astronomy, T.H. Shevchenko National University ȺChernihiv ColehiumȻ 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 
 
Nahornyi  P. [ in Ukrainian: ̊ ́̄̏̑̎̉̊ ̃ ȢɎ 2, Masterȭs student, email: mob8791@gmail.com 
ORCID: 0000-0003-4587-525X 
Department of Biology, T.H. Shevchenko National University ȺChernihiv ColehiumȻ 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 

 
Dedovych V. [ in Ukrainian: ˑ ̘̆̅̏̃̉ ˏ.]  3, Cand. Sc. (Pedagogics), Assoc. Prof., email: dedvalcher@ukr.net 
ORCID: 0000-0003-1963-1606 
Department of Physics and Astronomy, T.H. Shevchenko National University ȺChernihiv ColehiumȻ 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 
 
Diatlov  Yu. [ in Ukrainian:  ˑ ̠̓̌̏̃ ˫.]  4, Cand. Sc. (History), Assoc. Prof., email: dvfilm@ukr.net 
/2˞)$: 0000-0001-5456-2437 
Department of Physics and Astronomy, T.H. Shevchenko National University ȺChernihiv ColehiumȻ 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 
 

 
Tretiak O. [ in Ukrainian: ˟ ̠̑̆̓̋ ̨ .]  5, Cand. Sc. (Biol.), Prof., email: alexandr.tretyak@gmail.com 
ORCID: 0000-0001-8989-1601  Scopus Author ID: 6701474120 ResearcherID: AET-6326-2022 
Department of Biology, T.H. Shevchenko National University ȺChernihiv ColehiumȻ 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 

 
 

__________________________________________ 
1 Data collection, statistical analysis. 
2 Data collection, statistical analysis, manuscript preparation. 
3 Manuscript preparation. 
4 Manuscript preparation. 
5 Study design. 

  

https://orcid.org/0000-0003-4587-525X
https://orcid.org/0000-0003-3905-3620
https://orcid.org/0000-0003-3905-3620
https://orcid.org/0000-0001-5456-2437
https://orcid.org/0000-0001-8989-1601
https://www.scopus.com/authid/detail.uri?authorId=24170024600
https://publons.com/researcher/4205518/alexandr-tretyak/
https://www.webofscience.com/wos/author/rid/AET-6326-2022


Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

69 

 

UDC 597.551.214:582.28 -026.86       DOI: 10.58407/ bht .3.24.4 

 Copyright (c) 2024 Lidiia Polotnianko, Olha Mekhed  

Κϙ ωχκχϋι τϡϐξφπόϝϋϖϊϙ λϡνψχλϡνφχ νχ Creative Commons Attribution 4.0 International License  / This work is licensed under a  Creative Commons 
Attribution 4.0 International Lic ense. 

 

Lidiia Polotnianko, Olha Mekhed  

CHANGES IN THE MORPHOLOGICAL INDICATORS  
OF CARP UNDER THE ACTION OF MYCOTOXIN T2  

 

Ώϡνϡϙ Γχτχϋφϙφσχʿ Βτϖμι ΐξώξν 

ΉΐάΑΊ ΐΒΔΘΒΏΒ΅άΛΑΊΙ ΓΒΎͽΉΑΊΎά΄ ΎΒΔΒΓͽ  
Ήͽ Άάέ ΐάΎΒΖΒΎΕΊΑΗ Ζя 

 

 

ABSTRACT 

Mycotoxins, toxic substances produced by fungi, are one of the most common contaminants of feed and food 
products in Ukraine. Favorable climatic conditions and anthropogenic influence contribute to their active development 
and spread. Contamination with mycotoxins can lead to significant economic losses in the agro-industrial complex and 
negatively affect the health of animals and people. A complete list and detailed description of poisoning symptoms can 
be used as indicators to identify poisons as well as non-infectious fish diseases. 

The purpose  of the work: to investigate the effect of mycotoxin T2 on the morphological parameters of the carp 
organism. The object of the study: peculiarities of changes in the morphological indicators of fish under the influence of 
mycotoxin T2. The subject of the study: the effect of mycotoxin T2 on external indicators of organs and tissues of carp. 

Methodology.  The object of the study were two-year-old carp: scaly and mirror carp (Cyprinus carpio L.) weighing 
200-300 g. Experiments to study the effect of mycotoxin were carried out in 200-liter aquariums with settled tap water, 
in which fish were placed at the rate of 1 specimen per 40 dm3 of water. In all cases, control was carried out and a constant 
hydrochemical regime of water was maintained. The concentration of mycotoxin corresponding to 2 MPC was achieved 
by adding calculated amounts of the mycotoxin solution. The zoological (L) and industrial (l) lengths of fish were 
determined, Fulton's fattening factor (Q). All results were processed statistically. 

The scientific novelty  of the work is that the complex effect of mycotoxin T2 and the morphological indicators of 
mirror carp and scaly carp were studied for the first time. 

Conclusions. As a result of the study, a negative effect of mycotoxin T2 on the morphological parameters of the 
carp organism was established. Under the influence of T-2 toxin, significant changes in the structure of gills, skin, fins and 
internal organs were observed in fish. Discoloration of the ends of the petals, the appearance of light spots and numerous 
hemorrhages were found in the gills, which indicates a violation of oxygen exchange. On the skin of the fish, the formation 
of whitish mucus was recorded, as well as separate ulcers, which are a sign of dermonecrotic processes. It was also 
established that mycotoxin T2 causes disorders of a hemorrhagic nature, manifested in numerous hemorrhages in muscle 
tissues and organs of the digestive system. A comparative analysis of the effects of the toxin on scaly and mirror carp 
showed that scaly carp had higher endurance, which may be due to its better growth rates and resistance to adverse 
conditions. Thus, mycotoxin T2 poses a significant threat to fish health and can negatively affect aquaculture performance. 
This study highlights the need to control feed quality and mycotoxin content to prevent intoxication in fish farming. 

 
Key words:  scaly carp, morphological indicators, mycotoxin T2 

 
 

ˍ˚˛˟ˍˣ˴ˬ 

˙̨̋̏̓̏̋̒̉̎̉ȟ ̨̘̓̏̋̒̉̎ ̘̑̆̏̃̉̎̉ȟ ̏̚ ̟̟̝̠̔̓̃̏̑̓̒ ̄̑̉̂́̍̉ȟ ̤ ̏̅̎̉̍̉ ̈ ̨̙̙̖̎́̊̐̏̉̑̆̎̉ ̈́̂̑̔̅-
̨̟̘̎̃́̃ ̨̋̏̑̍̃ ̓́ ̨̐̑̏̅̔̋̓̃ ̖̘̠́̑̔̃́̎̎ ̃ ˠ̨̩̋̑́̎Ȣ ˞̨̠̐̑̉̓̌̉̃ ̨̨̘̋̌̍́̓̉̎ ̔̍̏̃̉ ̓́ ́̎̓̑̏̐̏̄̆̎̎̉̊ ̃̐̌̉̃ 
̠̟̝̒̐̑̉̓ ̩̖̝̎̏̍̔ ́̋̓̉̃̎̏̍̔ ̑̏̈̃̉̓̋̔ ̓́ ̙̟̐̏̉̑̆̎̎Ȣ ˔̠́̑́̇̆̎̎ ̨̍̋̏̓̏̋̒̉̎́̍̉ ̍̏̇̆ ̐̑̉̈̃̏̅̉̓̉ ̅̏ 
̘̖̈̎́̎̉ ̨̘̖̆̋̏̎̏̍̎̉ ̃̓̑́̓ ̃ ́̄̑̏̐̑̏̍̉̒̌̏̃̏̍̔ ̨̋̏̍̐̌̆̋̒ ̓́ ̎̆̄́̓̉̃̎̏ ̃̐̌̉̃́̓̉ ̎́ ̈̅̏̑̏̃ͻ̠ ̓̃́̑̉̎ ̨ 
̟̌̅̆̊Ȣ ˜̏̃̎̉̊ ̨̐̆̑̆̌̋ ̓́ ̝̅̆̓́̌̎́ ̖́̑́̋̓̆̑̉̒̓̉̋́ ̨̒̉̍̐̓̏̍̃ ̤̠̏̓̑̔̎̎ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̋ 
̨̎̅̉̋́̓̏̑̉ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ ̏̓̑̔̓ȟ ́ ̓́̋̏̇ ̖̎̆̈́̑́̈̎̉ ̖̟̝̈́̃̏̑̃́̎ ̑̉̂Ȣ 
˙̆̓́ ̑̏̂̏̓̉ȡ ̅̏ ̨̒̌̅̉̓̉ ̃̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨̨̘̍̏̑̏̌̏̄̎̕ ̐̏̋́̈̎̉̋̉ ̨̏̑̄́̎̈̍̔ ̋̏̑̏̐́. ˛̂ȭ̤̋̓ 

̨̠̅̏̒̌̅̇̆̎̎ȡ ̨̏̒̏̂̌̉̃̏̒̓ ̨̈̍̎ ̨̘̖̍̏̑̏̌̏̄̎̉̕ ̨̐̏̋́̈̎̉̋̃ ̑̉̂ ̈́ ̨̩̅ ̨̍̋̏̓̏̋̒̉̎̔ ˟ςȢ ˜̑̆̅̍̆̓ ̨̠̅̏̒̌̅̇̆̎̎ȡ 
̃̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨̨̙̈̏̃̎̎ ̐̏̋́̈̎̉̋̉ ̨̏̑̄́̎̃ ̓́ ̓̋́̎̉̎ ̋̏̑̏̐́Ȣ 
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˙̨̠̆̓̏̅̏̌̏̄Ȣ ˛̂ȭ̤̋̓̏̍ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̉ ̨̨̖̅̃̏̌̓̎ ̋̏̑̏̐̉ȡ ̌̔̒̋́̓̉̊ ̓́ ̝̅̈̆̑̋́̌̎̉̊ ɉCyprinus carpio L.) 
̟̍́̒̏ ςππ-σππ ̄Ȣ ˑ̨̏̒̌̅̉ ̐̏ ̘̟̃̉̃̆̎̎ ̃̐̌̉̃̔ ̨̍̋̏̓̏̋̒̉̎̔ ̐̑̏̃̏̅̉̌̉ ̔ ςππ-̨̖̌̓̑̏̃̉ ̨̖́̋̃́̑̔̍́ ̈ ̨̠̟̃̅̒̓̏̎̏ 
̨̟̃̏̅̏̐̑̏̃̅̎̏ ̟̃̏̅̏ȟ ̃ ̨̠̋ ̑̉̂̔ ̨̑̏̈̍̔̃́̌̉̚ ̈ ̖̑̏̈̑́̔̎̋̔ ρ ̠̆̋̈̆̍̐̌̑ ̎́ τπ̅̍3 ̃̏̅̉Ȣ ˏ ̨̖̔̒ ̖̃̉̐́̅̋́ 
̨̟̠̈̅̊̒̎̃́̃̒ ̝̋̏̎̓̑̏̌ ̓́ ̨̠̐̅̓̑̉̍̔̃́̃̒ ̨̐̏̒̓̊̎̉̊ ̨̨̨̖̘̄̅̑̏̍̎̉̊ ̑̆̇̉̍ ̃̏̅̉Ȣ ˗̨̗̗̟̏̎̆̎̓̑́ ̨̍̋̏̓̏̋̒̉̎̔ȟ ̏̚ 
̨̨̃̅̐̏̃̅́̌́ ς ːˑ˗ ̠̠̅̏̒̄́̌́̒ ̙̠̖̌̏̍ ̠̃̎̆̒̆̎̎ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̨̝̋̌̋̏̒̓̆̊ ̘̑̏̈̉̎̔ ̨̍̋̏̓̏̋̒̉̎̔Ȣ ˏ̘̉̈̎́́̌̉ 
̨̘̈̏̏̌̏̄̎̔ ɉLɊ ̓́ ̐̑̏̍̉̒̌̏̃̔ ɉlɊ ̅̏̃̇̉̎̉ ̑̉̂ȟ ̨̨̗̤̋̏̆̎̓̕ ̨̃̄̏̅̏̃́̎̏̒̓ ̈́ ˡ̔̌̓̏̎̏̍ (QɊȢ ˠ̨̒ ̝̑̆̈̔̌̓́̓̉ ̂̔̌̉ 
̨̏̂̑̏̂̌̆̎ ̘̒̓́̓̉̒̓̉̎̏. 

˚́̔̋̏̃́ ̎̏̃̉̈̎́ ̑̏̂̏̓̉ ̠̤̐̏̌̄́ ̔ ̓̏̍̔ȟ ̏̚ ̙̃̐̆̑̆ ̘̃̉̃̆̎̏ ̋̏̍̐̌̆̋̒̎̉̊ ̃̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̓́ 
̨̨̘̍̏̑̏̌̏̄̎̕ ̐̏̋́̈̎̉̋̉ ̋̏̑̏̐́ ̝̅̈̆̑̋́̌̎̏̄̏ ̓́ ̋̏̑̏̐́ ̌̔̒̋́̓̏̄̏Ȣ 

ˏ̉̒̎̏̃̋̉. ˠ ̨̝̑̆̈̔̌̓́̓ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̏ ̃̒̓́̎̏̃̌̆̎̏ ̎̆̄́̓̉̃̎̉̊ ̃̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̍̏̑̏̕-
̨̨̘̌̏̄̎ ̐̏̋́̈̎̉̋̉ ̨̏̑̄́̎̈̍̔ ̋́̑̐́Ȣ ˜̨̅ ̨̤̟̅ ̓̏̋̒̉̎̔ ˟ς ̔ ̑̉̂ ̨̝̒̐̏̒̓̆̑̄́̌̉̒ ̨̤̒̔̓̓̃ ̨̈̍̎̉ ̃ ̨̒̓̑̔̋̓̔̑ ̠̈̂̆̑ȟ 
̨̙̖̋̑̎̉ ̨̐̏̋̑̉̃̃ȟ ̨̗̐̌́̃̃ ̓́ ̨̨̙̖̃̎̔̓̑̎ ̨̏̑̄́̎̃Ȣ ˠ ̠̖̈̂̑́ ̂̔̌̉ ̨̠̃̉̃̌̆̎ ̠̈̎̆̂́̑̃̌̆̎̎ ̨̨̗̋̎̃ ̟̐̆̌̒̓̏̋ȟ ̠̐̏̃́ 
̨̖̒̃̓̌̉ ̠̐̌̍ ̓́ ̨̘̉̒̌̆̎̎ ̋̑̏̃̏̃̉̌̉̃̉ȟ ̏̚ ̤̃̋́̈̔ ̎́ ̙̠̐̏̑̔̆̎̎ ̋̉̒̎̆̃̏̄̏ ̨̏̂̍̎̔Ȣ ˚́ ̨̨̙̋̑ ̑̉̂ ̨̈́̋̒̏̃́̎̏̕ 
̠̔̓̃̏̑̆̎̎ ̨̂̌̔̃́̓̏̄̏ ̒̌̉̈̔ȟ ́ ̓́̋̏̇ ̨̏̋̑̆̍ ̃̉̑́̈̋̉ȟ ̏̚ ̤ ̟̏̈̎́̋̏ ̘̖̅̆̑̍̏̎̆̋̑̏̓̉̎̉ ̨̗̐̑̏̆̒̃Ȣ ˟́̋̏̇ ̂̔̌̏ 
̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̍̋̏̓̏̋̒̉̎ ˟ς ̤̃̉̋̌̉̋́ ̙̠̐̏̑̔̆̎̎ ̨̘̄̆̍̏̑́̄̎̏̄̏ ̖́̑́̋̓̆̑̔ȟ ̏̚ ̠̠̤̝̠̐̑̏̃̌̓̒ ̔ ̘̖̉̒̌̆̎̎̉ 
̖̋̑̏̃̏̃̉̌̉̃́ ̔ ̖̓̋́̎̉̎́ ̍ǫ̠̃̄̈̃ ̓́ ̖̏̑̄́̎́ ̩̓̑́̃̎̏ ̒̉̒̓̆̍̉Ȣ ˜̨̠̝̏̑̃̎̌̎̉̊ ̨́̎́̌̈ ̃̐̌̉̃̔ ̓̏̋̒̉̎̔ ̎́ ̌̔̒̋́̓̏̄̏ 
̓́ ̝̅̈̆̑̋́̌̎̏̄̏ ̋́̑̐́ ̐̏̋́̈́̃ȟ ̏̚ ̌̔̒̋́̓̉̊ ̋́̑̐ ̤̍́ ̃̉̔̚ ̨̝̃̉̓̑̉̃́̌̒̓ȟ ̏̚ ̍̏̇̆ ̂̔̓̉ ̐̏̃ͻ̠̈́̎̏ ̈ ̊̏̄̏ 
̋̑́̉̍̉̚ ̓̆̍̐́̍̉ ̑̏̒̓̔ ̓́ ̨̨̟̒̓̊̋̒̓ ̅̏ ̠̖̎̆̒̐̑̉̓̌̉̃̉ ̔̍̏̃Ȣ ˟́̋̉̍ ̘̉̎̏̍ȟ ̨̍̋̏̓̏̋̒̉̎ ˟ς ̝̒̓́̎̏̃̉̓ ̘̈̎́̎̔ 
̈́̄̑̏̈̔ ̠̅̌ ̈̅̏̑̏̃ȭ̠ ̑̉̂ ̓́ ̍̏̇̆ ̎̆̄́̓̉̃̎̏ ̃̐̌̉̃́̓̉ ̎́ ̐̏̋́̈̎̉̋̉ ̝́̋̃́̋̔̌̓̔̑̉Ȣ ˣ̆ ̨̠̅̏̒̌̅̇̆̎̎ ̨̟̤̐̅̋̑̆̒̌ 
̨̨̖̝̎̆̏̂̅̎̒̓ ̟̋̏̎̓̑̏̌ ̈́ ̨̠̟̋̒̓ ̨̋̏̑̍̃ ̓́ ̨̃̍̒̓̏̍ ̨̨̍̋̏̓̏̋̒̉̎̃ ̠̅̌ ̠̐̏̐̆̑̆̅̇̆̎̎ ̨̨̗̩̎̓̏̋̒̉̋́ ̃ ̑̉̂̎̏̍̔ 
̄̏ ̨̒̐̏̅́̑̒̓̃Ȣ 

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̋ ̏̑̏̐ ̌̔̒̋́̓̉̊ȟ ̨̨̘̍̏̑̏̌̏̄̎̕ ̐̏̋́̈̎̉̋̉ȟ ̨̍̋̏̓̏̋̒̉̎ ˟ς 
 
 
 

Formulation of the problem 

Fish and fish products are among the main 
ones human protein foods. Historically, produc-
tion in the field of aquaculture was one of the 
most developed sectors of the Ukrainian 
economy. Pollution of agricultural products 
mycotoxins are a global problem: 25 % of the 
world of grain production is affected by myco-
toxins, and 36 % of all plant diseases and related 
products with the effect of mycotoxins. Myco-
toxins in feed cause such negative consequences, 
such as an increase in morbidity, are massive 
poisoning of farm animals, poultry and fish. 

The degree of manifestation of which 
depends on the degree of infection feed with 
mycotoxins, as well as age, sex, species 
characteristics of animals, their physiological 
state and diet feeding (Fotina et al., 2013). 

Mycotoxins are natural toxic compounds 
synthesized by some types of fungi during their 
growth on plant material. They can enter the 
environment through contaminated feed and 
affect the health of animals and people who 
consume contaminated products. Carps, which 
are one of the key commercial species in fresh-
water and aquaculture, were used in our study. 

The purpose  of the work: to investigate 
the effect of mycotoxin T2 on the morphological 
parameters of the carp organism. The object of 
the study: peculiarities of changes in the 
morphological indicators of fish under the 
influence of mycotoxin T2. The subject of the 

study: the effect of mycotoxin T2 on external 
indicators of organs and tissues of carp. 

Materials and methods 

The object of the study were two-year-old 
carp: scaly and mirror carp (Cyprinus carpio L.) 
weighing 200-300 g. Experiments to study the 
effect of mycotoxin were carried out in 200-liter 
aquariums with settled tap water, in which fish 
were placed at the rate of 1 specimen per 
40 dm3 of water. In all cases, control was carried 
out and a constant hydrochemical regime of 
water was maintained. The concentration of 
mycotoxin corresponding to 2 MPC was achieved 
by adding calculated amounts of the mycotoxin 
solution. The zoological (L) and industrial (l) 
lengths of fish (Musiyenko et al., 2005) and 
Fulton's fattening factor (Q) were determined. 
All results were processed statistically. 

Results and Discussions 

The biological effect of T-2 toxin on the 
body of animals is characterized by a wide 
spectrum of toxic effects. It includes dermo-
necrotic, lymphopenic, immunosuppressive, 
neurotoxic effects and a number of remote 
effects (Nikolaenko et al., 2023). 

The dermonecrotic effect is manifested by 
exudative dermatitis and hyperkeratosis of the 
skin around the mouth, necrosis of mucous 
membranes (Figs.1, 2). 
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Fig. 1. Hemorrhages on the skin of fish 
 

 

Fig. 2. Hemorrhages on the skin and fins of fish 
 

Among other important and characteristic 
signs of T2 toxicosis is hemorrhagic syndrome, 
which is manifested by numerous hemorrhages 
in the muscles, under the serous and on the 
mucous membranes of the alimentary canal 
(Yatsenko et al., 2017). It is believed that the 
basis of the hemorrhagic syndrome is a 

decrease in the blood clotting process due to a 
decrease in the level of prothrombin and 
antithrombin 3, a decrease in the activity of 
antiplasmin with a simultaneous increase in the 
content of kinins, which cause the expansion of 
blood vessels and increase the permeability of 
capillaries (Fig. 3). 

 

 

 
Fig. 3. Hemorrhages in the organs of the digestive tract 
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T2-toxin damages the intestinal mucosa, 
which leads to its ulceration, villous atrophy, 
and necrotic changes. The thickness of the 
intestinal wall decreases, and areas of destruc-
tion and inflammatory infiltration are observed 
in the epithelium. Violation of the morphology 
of the digestive tract affects the processes of 
digestion and assimilation of nutrients. 

Disorganization of the structural archi-
tecture of the liver lobes, swelling of the 
intercellular space and destruction of 
membranes is observed. Pigments such as 
lipofuscin may accumulate in the cytoplasm of 
cells, indicating oxidative stress. 

Figure 4 shows the liver of a carp exposed 
to mycotoxin T2.

 

 

 

Fig. 4. Morphological changes of carp organs under the action of mycotoxin 

 

Indicative of T2 toxicosis is a violation of 
the morphological composition of the blood, 
manifested by leukopenia, lymphocytopenia, 
thrombocytopenia, and anemia. Hematological 
changes in T2 toxicosis are accompanied by 
degenerative and necrotic processes in 
immunocompetent organs and an immune-
suppressive state. Central and peripheral 
organs of the immune system (red bone 
marrow, lymphoid formations of the intestine) 
are affected. 

T2 toxin suppresses the body's immune 
functions. This is accompanied by a decrease in 
indicators of non-specific protection of the 
body (phagocytosis), the titer of natural 
antibodies, cellular (T lymphocytitis of their 
subpopulation) and humoral (immune-
globulin) immunity.  

It is believed that the main role in the 
pathogenesis of T2 toxicosis is played by the 
ability of T2 toxin to disrupt protein and 
nucleic acid synthesis. 

At the molecular level, the inhibition of  
T2 protein synthesis by the toxin is associated 

with the blocking of translation initiation. 
Moreover, it was established that toxins 
capable of suppressing the initiation of 
translation have more pronounced toxic 
properties compared to those that affect the 
later stages of protein synthesis in ribosomes. 
Violation of protein synthesis is the result of 
the cytotoxic effect of T2 toxin (Mekhed, 2024). 
First of all, cells capable of active division, 
including the mucous membrane of the 
alimentary canal, hematopoietic tissues, 
ovaries, and testes, are affected by this. The 
appearance of a number of clinical signs in 
poisoning with trichothecene mycotoxins, 
including T2 toxin (hypodynamia, hypother-
mia, tachycardia) is associated with a violation 
of energy metabolism (Polotnianko & Mekhed, 
2023). 

In addition to the mentioned effects of 
the biological action of T2 toxin, a violation of 
the functional activity of cellular organelles ɀ 
mitochondria, lysosomes, endoplasmic reticu-
lum and the interaction of the toxin with the 
SH-groups of enzymes, as well as stimulation 
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of lipid peroxidation processes, is also 
characteristic. 

The ability of T2 toxin to interact with the 
SH-groups of the active centers of enzymes is 
accompanied by a decrease in the activity of a 
number of systems that primarily ensure its 
metabolism and removal from the body  
(SH-glutathione). 

Important importance in the biological 
action of T2 toxin is assigned to the state of 
lipid peroxidation (LPO) and the system of 
antioxidant protection of the body (AOZ). As a 
result of LPO stimulation, free radicals, lipid 
peroxides and hydroperoxides, reactive oxygen 
species (superoxide anion, peroxynitrite, nitric 
oxide, hydrogen peroxide) accumulate in the 
body, which can disrupt the structure and 
function of cell membranes. At the same time, 
the activity of the AOZ system, which is 

represented by enzymatic and non-enzymatic 
links, decreases. Suppression of the enzymatic 
link of AOZ is manifested by a decrease in the 
activity of enzymes: superoxide dismutase, 
glutathione peroxidase, glutathione reductase, 
catalase, etc. Violation of the non-enzymatic 
link of the AOZ is accompanied by a decrease 
in the level of natural antioxidants ɀ toco-
pherols, vitamin A and carotenoids, vitamin D, 
ascorbic and uric acids in the blood and tissues 
of the body. 

The differences in the obtained results of 
the quantitative indicators of the exterior of 
two-year-old carp when being in conditions of 
mycotoxin toxicity for 14 days (Table 1) are 
not reliable. At the same time, there is a 
tendency to decrease the mass of fish. 

 

 

Table 1 

Changes in carp exterior indicators under conditions of toxicosis (ȗÑm, n=5) 

Indicator Physiological conditions ȝ2 
Q ςȟρπϻπȟςς ςȟρτϻπȟςψ 

L, cm ςωȟφπϻςȟτπ ςχȟχπϻςȟςχ 

l, cm ςυȟρςϻςȟρς ςςȟχςϻσȟςπ 

m, g σρρȟψπϻψȟρτ ςυςȟτψϻρςȟςφ 

 
 
 

In order to more thoroughly study the 
effect of mycotoxin T2 on the body of fish, we 
studied the external changes of the integu-
ments, fins and internal organs of the carp 
(Zhelai et al., 2023.). The results of the 
experiments are presented in Table 2. 

Comparing the morphological changes 
under the action of mycotoxin in represen-
tatives of two breeds of carp, it is possible to 
draw a conclusion about greater endurance of 
scaly carp compared to mirror carp, which can 
be explained by better growth rates and 
endurance of scaly carp. 

Conclusions 

As a result of the study, a negative effect of 
mycotoxin T2 on the morphological parameters 
of the carp organism was established. Under the 
influence of T2 toxin, significant changes in the 
structure of gills, skin, fins and internal organs 
were observed in fish. Discoloration of the ends 

of the petals, the appearance of light spots and 
numerous hemorrhages were found in the gills, 
which indicates a violation of oxygen exchange. 
On the skin of the fish, the formation of whitish 
mucus was recorded, as well as separate ulcers, 
which are a sign of dermonecrotic processes. It 
was also established that mycotoxin T2 causes 
disorders of a hemorrhagic nature, manifested 
in numerous hemorrhages in muscle tissues and 
organs of the digestive system. A comparative 
analysis of the effects of the toxin on scaly and 
mirror carp showed that scaly carp had higher 
endurance, which may be due to its better 
growth rates and resistance to adverse 
conditions. Thus, mycotoxin T2 poses a 
significant threat to fish health and can 
negatively affect aquaculture performance. This 
study highlights the need to control feed quality 
and mycotoxin content to prevent intoxication 
in fish farming. 
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Table 2 

Morphological changes of integuments, fins and internal organs of scaly (S)  
and mirror (M) carp under the influence of mycotoxin T2 

Organ 
systems 

Sign 
Physiological 

conditions 

ȝ2 

S M 

Gill  

Discoloration of the ends of the petals - + + 

White slime on the petals - + + 

The presence of light spots - ϻ + 

Color change - + + 

Uneven length of petals - + + 

Hemorrhages on the gill covers - + + 

Skin 

coverings of 

the body 

The presence of whitish mucus on the scales - + + 

Numerous hemorrhages - - - 

Ulcers at the base of the skull - - - 

Ulcers - - ϻ 

Fins 

The lower blade of the tail is dark  

behind the upper  
- - - 

Alone hemorrhages in the calves - + + 

Numbers of hemorrhages  

in the calves and thoracic 
- - - 

Muscles 
Turgor is weak, the body sags, it is pressed 

under the fingers 
- - - 

Heart 
Color unevenness - - - 

Dark red color  + + + 

Hepatopancr

eas 

Graininess of fabrics - ϻ ϻ 

Pale color - - - 

Disorders of the bile ducts - - - 

Color uniformity  + + ϻ 

Size increase - - - 

Bilious 

bladder 

Increase in size - ϻ + 

Thin wall  - ϻ ϻ 

Changed color of bile - - - 

Intestine The presence of stones - - - 
 

Note: + ð sign is clearly expressed in all fish of the group; Ñ ð sign is not present in all fish of 
the group; - ð the sign is not expressed 
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̨̓̆̑̉̓̏̑̊ ̃ ̖̔̍̏̃́ ̨̈̍̎̉ ̨̋̌̍́̓̔Ȣ ˤ̨̨̆̑̎̄̃ ȡ ˑ̆̒̎́-˜̨̏̌̄̑́̕Ȣ ςπςσȢ ˞Ȣ ρπυ-106. 

 
Yatsenko, I. V., Bohatko, N. M., Bulgakova, N. V. et al. (2017). Hygiene and expertise of food hydro-
bionts and their processing products. Part 1. Hygiene and expertise of fishery products: A textbook. 
Kharkiv. 
 
Zhelai, M. V., Polotnianko, L. V., Yachna, M. H., Mekhed, O. B., & Tretyak, O. P. (2023). Impact of T-2 
mycotoxin on ichthyological indicators of carp fish. Scientific notes of Ternopil National Pedagogical 
University named after Volodymyr Hnatyuk. Series: Biology, 84(1), 35ɀ40. (in Ukrainian). 
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˓̆̌́̊ ˙Ȣ ˏȢȟ ˜̠̏̌̏̓̎̎̋̏ ˘Ȣ ˏȢȟ ˬ̘̎́ ˙Ȣ ːȢȟ ˙̖̆̆̅ ˛Ȣ ˎȢȟ ˟̠̑̆̓̋ ˛Ȣ ˜Ȣ ˏ̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨̨̨̨̖̘̓̏̌̏̄̎ 
̐̏̋́̈̎̉̋̉ ̖̋̏̑̏̐̏̃̉ ̑̉̂Ȣ ˚̨́̔̋̏̃ ̈́̐̉̒̋̉ ˟̨̝̝̆̑̎̏̐̌̒̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̘̐̆̅́̄̏̄̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔ 
̨̨̍̆̎ ˏ̏̌̏̅̉̍̉̑́ ː̟̎́̓̋́Ȣ ˞ ̨̠̆̑ȡ ˎ̨̨̠̏̌̏̄Ȣ ςπςσȢ ˟Ȣ ψτȟ ΟρȢ ˞Ȣ συ-40.  

 
Zhelai, M., Yachna, M., Mekhed, O., & Tretyak, O. (2023). Adaptive changes in ichthyological indicators 
of carp fish under the influence of T-2 mycotoxin. Natural resources of the border areas in the 
conditions of climate change. Chernihiv, 77ɀ78. (in Ukrainian). 

˓̆̌́̊ ˙Ȣȟ ˬ̘̎́ ˙Ȣȟ ˙̖̆̆̅ ˛Ȣȟ ˟̠̑̆̓̋ ˛Ȣ ˍ̨̅́̐̓̉̃̎ ̨̈̍̎̉ ̨̨̨̖̘̖̓̏̌̏̄̎̉ ̨̐̏̋́̈̎̉̋̃ ̖̋̏̑̏̐̏̃̉ ̑̉̂ ̈́ ̨̩̅ 
̨̍̋̏̓̏̋̒̉̎̔ ˟ςȢ ˜̨̑̉̑̏̅̎ ̑̆̒̔̑̒̉ ̖̐̑̉̋̏̑̅̏̎̎̉ ̨̓̆̑̉̓̏̑̊ ̃ ̖̔̍̏̃́ ̨̈̍̎̉ ̨̋̌̍́̓Ȣ̔ ˤ̨̨̆̑̎̄̃ ȡ ˑ̆̒̎́-
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Εξωμϡς ΐιϋϘϒσχʿ Βτϖμι ΐξώξν 

ΉΐάΑΊ ΄ΐάΕΖΗ ͽΆ·ΑάΏͽΖά΄ ΄ ΖΎͽΑΊΑͽΙ ΎΒΔΒΓͽ  
Ήͽ Άάέ ΐάΎΒΖΒΎΕΊΑΗ Ζя 

 

Serhii Matiushko, Olha Mekhed  

CHANGES IN THE CONTENT OF ADENYLATES  
IN CARP TISSUES UNDER THE ACTION OF MYCOTOXIN T2  

 
 

ˍ˚˛˟ˍˣ˴ˬ 

˙̆̓́ ̑̏̂̏̓̉Ȣ ˑ ̨̠̏̒̌̅̇̆̎̎ ̃̐̌̉̃̔ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨̃̍̒̓ ̨̨́̅̆̎̌́̓̃ ̃  ̖̓̋́̎̉̎́ ̨̖̂̌̉ ̍ǫ̠̃̄̈̃ȟ ̨̘̐̆̎̋̉ ̓́ 
̍̏̈̋̔ ̋̏̑̏̐́Ȣ 

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˏ̘̠̉̈̎́̆̎̎ ̨̃̍̒̓̔ ˍ˟ˡȟ ˍˑˡ ̓́ ˍ˙ˡ ̔ ̖̓̋́̎̉̎́ ̨̨̖̃̅̐̏̃̅̎̉ ̨̏̑̄́̎̃ ̑̉̂ ̐̑̏̃̏̅̉̌̉ 
̍̆̓̏̅̏̍ ̨̖̩̃̉̒̅̎̏ ̨̩̏̅̎̏̍̑̎̏ ̙̩̓̏̎̋̏́̑̏̃̏ ̨̖̩̑̏̍́̓̏̄̑́̕ ̎́ ̨̖̒̉̌̋́̄̆̌̆̃̉ ̖̐̌́̒̓̉̎̋́ Ⱥ3ÏÒÂÆÉÌȻ ̈ 
̠̃̉̋̏̑̉̒̓́̎̎̍ ̒̉̒̓̆̍̉ ̨̘̑̏̈̉̎̎̉̋̃ȡ ρȟτ- ̅ ̨̏̋̒́̎ȟ ̨̈̏̐̑̏̐́̎̏̌ȟ ̨́̍́̋ȟ ̃̏̅́ ̔ ̨̨̨̙̒̐̃̃̅̎̏̆̎̎ ɉτȡςȡρȡτɊȢ ˗̨̑̍ ̓̏̄̏ȟ 
̠̅̌ ̨̝̙̂̌ ̩̐̏̃̎̏ ̨̗̏̎̋̉ ̒̓́̎̔ ̨̩́̅̆̎̌́̓̎̏ ̒̉̒̓̆̍̉ ̨̖̑̈̎̉ ̓̋́̎̉̎ ̋̏̑̏̐́ ̃ ̖̔̍̏̃́ ̠̎́̃́̎̓́̇̆̎̎ ̨̍̋̏̓̏̋̒̉̎̏̍ 
˟ς ̂̔ ̌̉ ̨̖̑̏̈̑́̏̃́̎ ̨̓́̋ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̒̓́̎̔ ̨̋̌̓̉̎̉ȡ ̨́̅̆̎̌́̓̎̉̊ ̘̆̎̆̑̄̆̓̉̎̉̊ ̠̈́̑̅ ɉˍ˒˔Ɋ 
̓́ ̨̙̠̃̅̎̏̆̎̎ ̍́̒ ̨̩́̅̆̎̌́̓̋̉̎́̈̎̏ ̨̗̩̑̆́̋ ɉˑ˙ˍ Ɋ̠ ˟́̋̏̇ ̖̑̏̈̑́̏̃̔̃́̌̉ ̨̃̅̒̏̓̋̏̃̆ ̨̨̙̠̒̐̃̃̅̎̏̆̎̎ ̨̖́̅̆̎̌̏̃̉ 
̨̎̔̋̌̆̏̓̉̅̃ ̔ ̖̓̋́̎̉̎́ ̑̉̂Ȣ ˗̨̨̝̝̌̋̒̓ ̨̘̎̆̏̑̄́̎̎̏̄̏ ̏̒̏̑̔̕̕ ̘̃̉̈̎́́̌̉ ̈́ ̍̆̓̏̅̏̍ ˡ̨̒̋̆ɀ˞ ̔̂́̑̏̔Ȣ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̤̑̏̈̋̑̉̃́ ̨̨̗̘̒̐̆̉̎̕ ̨̈̍̎̉ ̔ ̨̨̃̍̒̓ ̨̨́̅̆̎̌́̓̃ ̨̐̅ ̃̐̌̉̃̏̍ ̨̍̋̏̓̏̋̒̉̎̔ 
˟ς ̃ ̖̓̋́̎̉̎́ ̋̏̑̏̐́ȟ ̏̚ ̠̤̅̏̈̃̏̌ ̙̄̌̉̂̆ ̨̈̑̏̈̔̍̓̉ ̓̋́̎̉̎̎̔ ̨̨̗̘̝̒̐̆̉̎̒̓̕ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̨̏̂̍̎̔ ̔ ̑̉̂Ȣ 
ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̅̏̒̌̅̇̔̃́̎̉̊ ̨̍̋̏̓̏̋̒̉̎ ̘̈̎́̎̏ ̤̈̎̉̇̔ ̨̗̗̟̋̏̎̆̎̓̑́ ˍ˟˝ȟ !$0 ̓́ !-0 ̃ ̨̖̂̌̉ ̍ȭ̠̖̈́ ̨ 
̨̨̘̗̐̆̎Ȣ ˣ̨ ̝̑̆̈̔̌̓́̓̉ ̠̟̝̒̐̑̉̓ ̨̟̑̏̈̔̍̎̎ ̃̐̌̉̃̔ ̨̨̍̋̏̓̏̋̒̉̎̃ ̎́ ̨̃̏̅̎ ̨̏̑̄́̎̈̍̉ ̓́ ̩̖̟̎ ̘̆̎̆̑̄̆̓̉̎̔ 
̨̠̗̟̑̆̄̔̌Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˏ̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨́̅̆̎̌́̓̎̉̊ ̨̝̐̑̏̌̕ ̓̋́̎̉̎ ̋̏̑̏̐́ ̤̃̋́̈̔ ̎́ ̊̏̄̏ ̓̋́̎̉̎̎̔ 
̨̨̗̘̝̒̐̆̉̎̒̓̕Ȣ ˜̨̝̑̉̒̔̓̎̒̓ ̊̏̄̏ ̃ ̖̋̏̑̍́ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̘̈̎́̎̏̄̏ ̠̈̎̉̇̆̎̎ ̨̗̗̋̏̎̆̎̓̑́̊ ̘̖̍́̋̑̏̆̑̄̉̎̉ 
̒̐̏̌̔̋ȟ ̏̒̏̂̌̉̃̏ ̃ ̨̖̂̌̉ ̍ͻ̠̖̈́ȟ ̏̚ ̎̆̄́̓̉̃̎̏ ̤̃̐̌̉̃́ ̎́ ̘̆̎̆̑̄̆̓̉̎̉̊ ̂́̌́̎̒ ̨̋̌̓̉̎Ȣ 

˜̨̅ ̨̤̟̅ ̨̍̋̏̓̏̋̒̉̎̔ȟ ̃̎̆̒̆̎̏̍̔ ̝̂̆̈̐̏̒̆̑̆̅̎̏ ̔ ̃̏̅̔ ̨̨́̋̃́̑̔̍̃ȟ  ̃ ̨̨̘̗̐̆̎ ̓́ ̍̏̈̋̔ ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ 
̨̐̅̓̑̉̍̋́ ̨̠̑̃̎ ˍ˟ˡȟ ̏̚ ̨̘̝̒̃̅̉̓ ̐̑̏ ̨̨̗̟́̋̓̉̃̈́ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̨̏̂̍̎̔Ȣ ˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ ̨̟̝̐̅̓̃̆̑̅̇̔̓ 
̨̨̖̝̎̆̏̂̅̎̒̓ ̟̋̏̎̓̑̏̌ ̨̃̍̒̓̔ ̨̨̍̋̏̓̏̋̒̉̎̃ ̔ ̖̋̏̑̍́ ̑̉̂ ̔ ̨̝̝̒̌̒̋̏̍̔ ̨̄̏̒̐̏̅́̑̒̓̃Ȣ 

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨́̅̆̎̌́̓̉ȟ ̘̆̎̆̑̄̆̓̉̎̉̊ ̨̏̂̍̎ȟ ̋̏̑̏̐ȟ ̨̍̋̏̓̏̋̒̉̎ ˟ς 
 

ABSTRACT 

The purpose of the work. Study of the effect of mycotoxin T2 on the content of adenylates in the tissues of white 
muscles, liver and brain of carp. 

Methodology . Determination of the content of ATP, ADP and AMP in the tissues of the relevant organs of fish was 
carried out by the method of ascending one-dimensional thin-layer chromatography on silica gel plates ȺSorbfilȻ using 
the solvent system: 1,4-dioxane, isopropanol, ammonia, water in the ratio (4:2:1:4). In addition, for a more complete 
assessment of the state of the adenylate system of different carp tissues under pesticide load, the following characteristics 
of the energy state of the cell were calculated: adenylate energy charge (AEC) and the ratio of the active masses of the 
adenylate kinase reaction (AAR). The percentage ratio of adenyl nucleotides in fish tissues was also calculated. The 
amount of inorganic phosphorus was determined by the Fiske-Subarow method. 

Scientific novelty . The study reveals specific changes in the content of adenylates under the influence of 
mycotoxin T2 in carp tissues, which allows a deeper understanding of the tissue specificity of energy metabolism in fish. 
It was established that the studied mycotoxin significantly reduces the concentration of ATP, ADP and AMP in white 
muscles. These results contribute to further understanding of the environmental impact of pesticides on aquatic 
organisms and their energy regulation. 

Conclusions . The effect of mycotoxin T2 on the adenylate profile of carp tissues indicates its tissue specificity. Its 
use in feed leads to a significant decrease in the concentrations of macroergic compounds, especially in white muscles, 

https://creativecommons.org/licenses/by/4.0/
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which negatively affects the energy balance of cells. Under the mycotoxin introduced directly into the water of the 
aquariums, the stability of the level of ATP is observed in the liver and brain, which indicates the activation of energy 
metabolism. The obtained results confirm the need to control the content of mycotoxins in fish feed in agriculture in 
order to preserve the ecological balance of aquatic ecosystems. 

 
Key words:  adenylates, energy metabolism, carp, mycotoxin T2 

 

ȚȹȼȽȫȸȹȭȵȫ ȺȻȹȬȶȰȷȳ 

ˏ ̖̔̍̏̃́ ̑̏̈̃̉̓̋̔ ̑̉̂̎̏̄̏ ̄̏̒̐̏̅́̑̒̓̃́ȟ 
̏̒̏̂̌̉̃̔ ̎̆̂̆̈̐̆̋̔ ̠̅̌ ̨̨̨̄̅̑̏̂̏̎̓̃ ̒̓́̎̏̃-
̠̝̌̓ ̨̍̋̏̓̏̋̒̉̎̉ȟ ̈̏̋̑̆̍́ ̓̏̋̒̉̎ ˟ςȢ ˣ̆̊ 
̨̍̋̏̓̏̋̒̉̎ ̤ ̏̅̎̉̍ ̨̈ ̨̝̙̎́̊̂̌ ̘̖̓̏̋̒̉̎̉ 
̨̐̑̆̅̒̓́̃̎̉̋̃ ̄̑̔̐̉ ̨̖̗̓̑̉̏̓̆̆̎̃ȟ ̠̋̉̊ 
̎̆̄́̓̉̃̎̏ ̤̃̐̌̉̃́ ̎́ ̨̏̑̄́̎̈̍̉ ̨̖̑̈̎̉ ̨̃̉̅̃ȟ 
̟̘̟̘̃̋̌́̉ ̑̉̂Ȣ ˗̏̑̏̐ ɉCyprinus carpio ,ȢɊ ̠̋ 
̠̐̏̐̔̌̑̎̉̊ ̏̂ȭ̤̋̓ ̝́̋̃́̋̔̌̓̔̑̉ ̓́ ̝̍̏̅̆̌-
̎̉̊ ̃̉̅ ̠̅̌ ̨̘̖̆̋̏̓̏̋̒̉̋̏̌̏̄̎̉ ̨̝̅̏̒̌̅̇̆̎ 
̤ ̏̒̏̂̌̉̃̏ ̃̑́̈̌̉̃̉̍ ̅̏ ̖̓́̋̉ ̘̑̆̏̃̉̎ 
ɉ.ÉËÏÌ́ÅÎËÏ et al., ςπςσɊȢ ˛̅̎̉̍ ̨̈ ̟̘̖̋̌̏̃̉ 
̨̨̨̖̘̖̂̏̍̎̉ ̨̍́̑̋̆̑̃ȟ ̏̚ ̨̟̝̃̅̏̂̑́̇́̓ 
̘̆̎̆̑̄̆̓̉̎̉̊ ̒̓́̎ ̨̏̑̄́̎̈̍̔ ̑̉̂̉ȟ ̤ ̨̃̍̒̓ 
̨̨́̅̆̎̌́̓̃ ̔ ̖̓̋́̎̉̎́ȟ ̐̑̏̓̆ ̨̈̍̎̉ ̨̠̖̋̒̎̉ 
̓́ ̨̨̝̖̋̌̋̒̎̉ ̨̐̏̋́̈̎̉̋̃ ̨̨́̅̆̎̌́̓̃ ̔ 
̨̨̝̃̅̐̏̃̅ ̎́ ̨̟̅ ̓̏̋̒̉̎̔ ˟ς ̈́ ̙̟̝̠̌̉́̓̒ 
̍́̌̏ ̨̅̏̒̌̅̇̆̎̉̍̉Ȣ  

˜̨̠̅̃̉̆̎̎̚ ̨̐̑̏̅̔̋̓̉̃̎̏̒̓ ̑̉̂ ̔ 
̖̐̑̉̑̏̅̎̉ ̓́ ̙̘̖̓̔̎̉ ̖̔̍̏̃́ ̝́̋̃́̋̔̌̓̔̑̉ 
̤ ̘̎́̅̈̃̉́̊̎̏ ̃́̇̌̉̃̉̍ ̠̈́̃̅́̎̎̍ȟ ̠̋̆ 
̤̐̏̓̑̆̂̔ ̨̠̅̏̒̌̅̇̆̎̎ ̃̐̌̉̃̔ ̟̈́̂̑̔̅̎-
̨̘̃́̃ ̎́ ̨̨̨̨̖̘̂̏̍̎ ̓́ ̨̨̨̨̘̈̏̌̏̄̎̕ ̗̐̑̏̆̒̉ ̃ 
̩̖ ̨̖̏̑̄́̎̈̍́Ȣ ˠ ̨̖̐̏̐̆̑̆̅̎ ̨̠̖̅̏̒̌̅̇̆̎̎ 
̠̠̑̏̈̄̌̅́̌̉̒ ̨̨̑̈̎ ́̒̐̆̋̓̉ ̃̐̌̉̃̔ ̈́̂̑̔̅-
̨̟̘̎̃́̃ ̎́ ̨̨̨̨̖̘̂̏̍̎ ̐̏̋́̈̎̉̋̉ ̓̋́̎̉̎ 
̋̏̑̏̐́ȟ ̏̚ ̨̟̝̃̅̏̂̑́̇́̓ ̘̆̎̆̑̄̆̓̉̎̉̊ 
̒̓́̎ ̨̏̑̄́̎̈̍̔ ̑̉̂̉Ȣ ˚́̐̑̉̋̌́̅ȟ ̂̔̌̏ 
̘̃̉̃̆̎̏ ̨̏̒̏̂̌̉̃̏̒̓ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̨̏̂̍̎̔ 
̔ ̖̓̋́̎̉̎́ ̋̏̑̏̐́ ̈́ ̨̩̅ ̘̖̓̏̋̒̉̎̉ ̘̑̆̏̃̉̎ȟ 
̏̚ ̅́ ̌̏ ̈̍̏̄̔ ̨̗̏̎̉̓̉ ̃̐̌̉̃ ̨̨̋̒̆̎̏̂̏̓̉̋̃ 
̎́ ̒̓̑̔̋̓̔̑̔ ̖̍̆̍̂̑́̎̎̉ ̨̨̨̌̐̅̃ ̑̉̂ 
(Yachna et alȢȟ ςπρωɊ ̓́ ̨̎́̒̌̅̋́̍ ̘̓̏̋̒̉̎̏̄̏ 
̃̐̌̉̃̔ ̎́ ̨̏̂̍̎ ̨̨̨̌̐̅̃ ɉ3ÙÍÏÎÏÖÁ et al., 
ςπρψɊ ˴̙̎̆ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̏ ̠̘̐̑̉̒̃̆̎̏ 
̘̟̃̉̃̆̎̎ ̃̐̌̉̃̔ ̘̖̓̏̋̒̉̎̉ ̘̑̆̏̃̉̎ ̎́ 
̨̃̍̒̓ ̨̨̍̆̓́̂̏̌̓̃ ̃ ̖̓̋́̎̉̎́ ̋̏̑̏̐́ ̐̑̉ 
̨̖̑̈̎̉ ̖̓̆̍̐̆̑́̓̔̑́ȟ ̏̚ ̅̏̈̃̏̌̉̌̏ ̠̃̉̃̉̓̉ 
̨̓̆̑̍̏̈́̌̆̇̎ ̨̨̘̍̆̓́̂̏̌̎ ̨̈̍̎̉ ̨̐̅ 
̃̐̌̉̃̏̍ ̨̨̖̘̖̍̎̉ ̨̟̘̈́̂̑̔̅̎̃́̃ ɉ-ÅËÈÅÄ et 
al., 2004; Martseniuk et alȢȟ ςπρψɊȢ ˟́̋̏̇ 
̘̝̃̉̃́̌̉̒ ̨́̅́̐̓̉̃̎ ̨̈̍̎̉ ̨̐̏̋́̈̎̉̋̃ ̨̋̑̏̃ 
̋̏̑̏̐́ ̠̋ ̨̨̝̃̅̐̏̃̅ ̎́ ̠̈́̂̑̔̅̎̆̎̎ ̃̏̅̉ 
̨̍̋̏̓̏̋̒̉̎̏̍ȟ ̏̚ ̎́̅́̌̏ ̨̅́̎ ̐̑̏ ̨̍̔̎̎̔ 
̨̨̝̃̅̐̏̃̅ ̨̏̑̄́̎̈̍̔ ɉ.ÉËÏÌ́ÅÎËÏ et al., 2023). 
˛̋̑̆̍̔ ̔̃́̄̔ ̂̔̌̏ ̨̐̑̉̅̌̆̎̏ ̘̟̎́̋̏̐̉̆̎̎ 
̨̨̍̋̏̓̏̋̒̉̎̃ ̃ ̖̓̋́̎̉̎́ ̑̉̂ ɉPolotnyanko & 

Mekhedȟ ςπςσɊȢ ˛̅̎́̋ȟ ̨̈̍̎̉ ̨̠̖̋̒̎̉ ̓́ 
̨̨̝̖̋̌̋̒̎̉ ̨̐̏̋́̈̎̉̋̃ ̨̨́̅̆̎̌́̓̃ȟ ̨̠̋ 
̨̟̝̃̅̏̂̑́̇́̓ ̒̓́̎ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̨̏̂̍̎̔ ̃ 
̖̓̋́̎̉̎́ ̋̏̑̏̐́ ̨̐̅ ̃̐̌̉̃̏̍ ̓̏̋̒̉̎̔ ˟ ςȟ ̎̆ 
̂̔̌̉ ̐̑̆̅̍̆̓̏̍ ̝̅̆̓́̌̎̏̄̏ ̘̠̃̉̃̆̎̎Ȣ 

˛̓̇̆ȟ ̅́̎̆ ̨̠̅̏̒̌̅̇̆̎̎ ̤ ̙̐̆̑̉̍ȟ ̏̚ 
̤̍́ ̎́ ̨̍̆̓ ̨́̎́̌̈ ̃̐̌̉̃̔ ̓̏̋̒̉̎̔ ˟ς ̎́  
̨̃̍̒̓ ̨̨́̅̆̎̌́̓̃ ̔ ̖̓̋́̎̉̎́ ̋̏̑̏̐́Ȣ ˛̨̗̎̋́ 
̨̈̍̎ ̃ ̘̆̎̆̑̄̆̓̉̎̏̍̔ ̨̨̏̂̍̎ ̔ ̨̨̝̃̅̐̏̃̅ ̎́ 
̨̟̅ ̘̖̓̏̋̒̉̎̉ ̘̑̆̏̃̉̎ ̝̅̏̈̃̏̌̉̓ ̋̑́̆̚ 
̨̈̑̏̈̔̍̓̉ ̨̖̍̆́̎̈̍̉ ̨̗̩́̅́̐̓́ ̑̉̂ ̅̏ 
̨̘̆̋̏̌̏̄̎̏̄̏ ̒̓̑̆̒̔ ̨ ̨̗̐̏̓̆̎̊̎̏ ̑̏̈̑̏̂̉̓̉ 
̖̈́̏̅̉ ̏̅̏̚ ̙̠̈̍̆̎̆̎̎ ̎̆̄́̓̉̃̎̏̄̏ ̃̐̌̉̃̔ 
̘̖̓̏̋̒̉̎̉ ̘̑̆̏̃̉̎ ̔ ̨̝́̋̃́̋̔̌̓̔̑ ɉ'ÒÕÂÉÎËÏȟ 
ςππυɊȢ ˏ̘̠̉̃̆̎̎ ̨̈̍̎ ̨́̅̆̎̌́̓̎̏̄̏ ̆̎̆̑̄̆-
̘̓̉̎̏̄̏ ̨̟̐̑̏̌̕ ̋̏̑̏̐́ ̨̐̅ ̨̤̟̅ ̨̍̋̏-
̓̏̋̒̉̎̔ ˟ς ̤ ̃́̇̌̉̃̉̍ ̃̎̆̒̋̏̍ ̔ ̝̄́̌̔̈ 
̨̩̆̋̏̓̏̋̒̉̋̏̌̏̄ ̓́ ̝́̋̃́̋̔̌̓̔̑̉ȟ ̠̋̉̊ 
̅̏̐̏̍̏̇̆ ̒̏̑̍̔̃́̓̉̕ ̨̎̏̃ ̨̖̐̅̏̅̉ ̅̏ 
̨̠̔̐̑́̃̌̎̎ ̨̠̟̋̒̓ ̃̏̅̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̓́ 
̨̟̐̑̏̅̔̋̓̉̃̎̒̓ ̑̉̂Ȣ  

ȗȫȽȰȻɐȫȶȳ Ƚȫ ȷȰȽȹȯȳ ȯȹȼȶɐȯȱȰȸɇ 

ˑ̨̠̏̒̌̅̇̆̎̎ ̠̐̑̏̃̏̅̉̌̉̒ ̃̐̑̏̅̏̃̇ 
̘̠̆̑̃̎ ɀ ̠̄̑̔̅̎ ςπςσ ̑̏̋̔ ̓́ ̠̓̑́̃̎ ɀ 
̠̃̆̑̆̒̎ ςπςτ ̑̏̋̔ ̎́ ̨̂́̈ ̩̐̑̏̂̌̆̍̎̏ 
̎́̔̋̏̃̏-̨̩̅̏̒̌̅̎̏ ̨̩̌́̂̏̑́̓̏̑ ̨̘̩̆̋̏̌̏̄̎̏ 
̨̨̨̖̩̂̏̍ȟ ̨̨̨̖̩̓̏̌̏̄ ̓́ ̨̨̩̂̏̋̏̑̏̈ ̘̐̑̉̑̏̅̎̉̏-
̘̍́̓̆̍́̓̉̎̏̄̏ ̝́̋̔̌̓̆̓̔̕ ˚̨̗̝́̏̎́̌̎̏̄̏ 
̨̔̎̃̆̑̒̉̓̆̓̔ Ⱥˤ̨̨̝̆̑̎̄̃̒̋̉̊ ̨̋̏̌̆̄̔̍Ȼ ̨̨̍̆̎ 
˟Ȣ ː Ȣ ˥ ̘̆̃̆̎̋́Ȣ ˝̏̂̏̓̉ ̨̈ ̒̓́̎̅́̑̓́̍̉ 
̓̏̋̒̉̎̔ ̝̐̑̏̃̏̅̉̌̉̒ ̎́ ̨̂́̈ ̩́̋̑̆̅̉̓̏̃́̎̏ 
̨̩̌́̂̏̑́̓̏̑ ˑ̆̑̇̐̑̏̅̒̐̏̇̉̃̒̌̔̇̂̉Ȣ ˑ̨̏̒̌̅̉ 
̐̏ ̘̟̃̉̃̆̎̎ ̃̐̌̉̃̔ ̨̍̋̏̓̏̋̒̉̎̔ ̐̑̏̃̏̅̉̌̉ 
̔ ςππ-̨̖̌̓̑̏̃̉ ̨̖́̋̃́̑̔̍́ ̈ ̨̠̟̃̅̒̓̏̎̏ 
̨̟̃̏̅̏̐̑̏̃̅̎̏ ̟̃̏̅̏ȟ ̃ ̨̠̋ ̑̉̂̔ ̨̑̏̈̍̔̚-
̃́̌̉ ̈ ̖̑̏̈̑́̔̎̋̔ ρ ̠̆̋̈̆̍̐̌̑ ̎́ τπ̅̍3 
̃̏̅̉Ȣ ˏ ̨̖̔̒ ̖̃̉̐́̅̋́ ̨̟̠̈̅̊̒̎̃́̃̒ ̝̋̏̎̓̑̏̌ 
̓́ ̨̠̐̅̓̑̉̍̔̃́̃̒ ̨̐̏̒̓̊̎̉̊ ̨̨̨̖̘̄̅̑̏̍̎̉̊ 
̑̆̇̉̍ ̃̏̅̉Ȣ ˗̨̗̗̟̏̎̆̎̓̑́ ̨̍̋̏̓̏̋̒̉̎̔ȟ ̏̚ 
̨̨̃̅̐̏̃̅́̌́ ς ːˑ˗ ̠̠̅̏̒̄́̌́̒ ̙̠̖̌̏̍ ̃̎̆-
̠̒̆̎̎ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̨̝̋̌̋̏̒̓̆̊ ̘̑̏̈̉̎̔ 
̨̍̋̏̓̏̋̒̉̎̔Ȣ ˏ̘̠̉̈̎́̆̎̎ ̨̃̍̒̓̔ ˍ˟ˡȟ ˍˑˡ 
̓́ ˍ˙ˡ ̔ ̖̓̋́̎̉̎́ ̨̨̖̃̅̐̏̃̅̎̉ ̨̏̑̄́̎̃ ̑̉̂ 
̐̑̏̃̏̅̉̌̉ ̍̆̓̏̅̏̍ ̨̖̩̃̉̒̅̎̏ ̨̩̏̅̎̏̍̑̎̏ 
̙̩̓̏̎̋̏́̑̏̃̏ ̨̖̩̑̏̍́̓̏̄̑́̕ ̎́ ̨̖̒̉̌̋́̄̆̌̆̃̉ 
̐̌ ̖́̒̓̉̎̋́ Ⱥ3ÏÒÂÆÉÌȻ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̒̉̒-
̓̆̍̉ ̨̘̑̏̈̉̎̎̉̋̃ȡ ρȟτ-̨̅̏̋̒́̎ȟ ̨̈̏̐̑̏̐́̎̏̌ȟ 
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̨́̍́̋ȟ ̃̏̅́ ̔ ̨̨̨̙̒̐̃̃̅̎̏̆̎̎ ɉτȡςȡρȡτɊȟ 
̨̏̐̉̒́̎̊ ̃ ̨̑̏̂̏̓ -ÁÒÔÓÅÎÙÕËȟ ςπρωȢ ˚́̃́̇̋̔ 
̋̏̇̎̏̄̏ ̏̑̄́̎̔ ɉπȟυπϻπȟπυ ̄ Ɋ ̨̙̈̍̔̃́̌̉ ̈ 
0,5 ̒ 3̍ πȟφ ˚ ̖̗̩̓̆̓̑́̌̏̑̏̓̏̃̏ ̋̉̒̌̏̓̉Ȣ ˑ̨́̌ 
̒̔ ̨̙̍ ̗̆̎̓̑̉̔̄̔̃́̌̉̕ ̐̑̉ τπππ ̏ ̂ȢȾ̖̃ 
̠̐̑̏̓̄̏̍ ρπ ̖ ̃ ̨ ̨̃̅̂̉̑́̌̉ πȟυ ̍ ̌ ̒̔̐̆̑-
̎́̓́̎̓̔Ȣ ˛̨̒̓́̎̎̊ ̨̎̆̊̓̑́̌̈̔̃́̌̉ ̨̙̈̍̔-
̠̃́̎̎̍ ̈ πȟπφ ̍ ̌ ς˙ ̘̑̏̈̉̎̔ +2CO3. 
˜̑̏̈̏̑̉̊ ̎́̅̏̒́̅̏̃̉̊ ̘̑̏̈̉̎ ̎́̎̏̒̉̌̉ ̃ 
̨̨̝̋̌̋̏̒̓ πȟπσ ̍ ̌ ̎́ ̐̌́̒̓̉̎̋̔ ̠̅̌ ̖̑̏̍́̓̏-
̨̩̄̑́̕Ȣ ˢ̨̟̑̏̍́̓̏̄̑́̕ ̐̑̏̃̏̅̉̌̉ ̠̐̑̏̓̄̏̍ 
60ɀ90 ̖ ̃Ȣ ˜̠̌̍̉ ̨̎̔̋̌̆̏̓̉̅̃ ̅̆̓̆̋̓̔̃́̌̉ 
̨̐̅ ̨̝̔̌̓̑́̏̌̆̓̏̃̉̍̕ ̨̒̃̓̌̏̍ ̓́ ̟̟̆̌̃́̌̉ 
̩̖ ̨̈ ̐̌́̒̓̉̎ σ ̍ ̌ πȟρ˚ ̖̩̌̏̑̉̅̎̏ ̋̉̒̌̏̓̉ 
̠̐̑̏̓̄̏̍ σπ ̖̃Ȣ ˒̟̌́̓ ̒̐̆̋̓̑̏̏̓̏̍̆̓̑̔̕-
̃́̌̉ ̐̑̉ ʇЀςφπ ̎̍Ȣ ˗̨̑̍ ̓̏̄̏ȟ ̠̅̌ ̨̝̙̂̌ 

̩̐̏̃̎̏ ̨̗̏̎̋̉ ̒̓́̎̔ ̨̩́̅̆̎̌́̓̎̏ ̒̉̒̓̆̍̉ 
̨̖̑̈̎̉ ̓̋́̎̉̎ ̋̏̑̏̐́ ̃ ̖̔̍̏̃́ ̘̓̏̋̒̉̎̏̄̏ 
̠̎́̃́̎̓́̇̆̎̎ ̂̔̌̉ ̑̏̈̑́ ̨̖̏̃́̎ ̨̓́̋ ̖́̑́̋̓̆-
̑̉̒̓̉̋̉ ̘̆̎̆̑̄̆̓̉̎̏̄  ̏̒ ̓́̎̔ ̨̋̌̓̉̎̉ȡ ̨́̅̆̎-
̌́̓̎̉̊ ̘̆̎̆̑̄̆̓̉̎̉̊ ̠̈́̑̅ ɉˍ˒˔Ɋ ̓́ 
̨̙̠̃̅̎̏̆̎̎ ̍́̒ ̨̩́̅̆̎̌́̓̋̉̎́̈̎̏ ̨̗̩̑̆́̋ 
ɉˑ˙̱̠ɊȢ ˟́̋̏̇ ̖̑̏̈̑́̏̃̔̃́̌̉ ̨̃̅̒̏̓̋̏̃̆ 
̨̨̙̠̒̐̃̃̅̎̏̆̎̎ ̨̖́̅̆̎̌̏̃̉ ̨̎̔̋̌̆̏̓̉̅̃ ̔ 
̖̓̋́̎̉̎́ ̑̉̂Ȣ ˗̨̨̝̝̌̋̒̓ ̨̘̎̆̏̑̄́̎̎̏̄̏ 
̏̒̏̑̔̕̕ ̘̃̉̈̎́́̌̉ ̈́ ̍̆̓̏̅̏̍ ˡ̨̒̋̆ɀ
˞̔̂́̑̏̔ ̨̈̄̅̎̏ ̏̐̉̒̔ ̍̆̓̏̅̉̋̉ ̃ ̨̑̏̂̏̓ 
(Mekhed et al, 2005). 

țȰȲȾȶɇȽȫȽȳ Ƚȫ ɑɀ ȹȬȮȹȭȹȻȰȸȸɊ 

˝̝̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̨̐̑̆̅̒̓́̃̌̆̎ 
̃ ̨̗̓́̂̌̉ ρȢ 

 

ȝȫȬȶȳɁɊ 1 

ȚȹȵȫȲȸȳȵȳ ȰȸȰȻȮȰȽȳɂȸȹȮȹ ȹȬȷɐȸȾ ȭ Ƚȵȫȸȳȸȫɀ ȵȹȻȹȺȫ  
Ȳȫ Ⱦȷȹȭ ȽȹȵȼȳɂȸȹȮȹ ȸȫȭȫȸȽȫȱȰȸȸɊ ȷɐȵȹȽȹȵȼȳȸȹȷ ȝ2, ȷȵȷȹȶɇ/Ȯ Ƚȵȫȸȳȸȳ (ȗÑm, n=5) 

ɰ  
Ⱥ/Ⱥ 

ȚȹȵȫȲȸȳȵ ȕȹȸȽȻȹȶɇ 
ȝ2 Ⱦ ȭȹȯɐ 
ȫȵȭȫȻɐȾȷȾ 

ț ȝ2 ȭ ȵȹȻȷɐ ț 

ʧ̰̰̍ ɀ̬̎̂̄ 

1 ʥˈˏ  1,75ϻπȟσφ 0,78ϻπȟ12 <0,1 0,93ϻπτρτ  

2 ʥʬ  ˏ 2,15ϻπȟρ3 0,91ϻπȟσ0* <0,01 0,33ϻπȟπ1* <0,01 

3 ʥˀˏ  2,46ϻπȟσ4 2,12ϻπȟ33  1,24ϻπȟ22* <0,05 

4 AT /ˏAʬ  ˏ 0,77 0,86  3,01  

5 
ˆ̗̎˰ɯ

˰˷˸̰̏̍ ˰̖˳̰ 
6,26 3,81 - 2,50 - 

6 ʥʭɹ  0,45 0,32 - 0,44 - 

7 ʬ ʥˀ  ̋ 0,88 1,88 - 12,64 - 

˄˸̡̰̏̈˰ 

1 ʥˈˏ  3,54ϻπȟ24 σȟχσϻπȟςρ  1,15ϻπȟρτɕ <0,001 

2 ʥʬ  ˏ 1,4ρϻπȟ21 ρȟρωϻπȟς8  0,92ϻπȟπ2 <0,1 

3 ʥˀˏ  4,72ϻπȟτψ 2,56ϻπȟρ2* <0,01 4,48ϻπȟ24  

4 AT /ˏAʬ  ˏ 2,51 3,13  1,25  

5 
ˆ̗̎˰ɯ

˰˷˸̰̏̍ ˰̖˳̰ 
9,67 7,48 - 6,55 - 

6 ʥʭɹ  0,44 0,58 - 0,25 - 

7 ʬ ʥˀ  ̋ 7,16 7,24 - 6,08 - 

ˀ̑̂̑  ̈

1 ʥˈˏ  ρȟσςϻπȟ φσ 1,55ϻπȟ20  0,89ϻπȟ08 <0,1 

2 ʥʬ  ˏ 1,35ϻπȟςς ρȟσφϻπȟ16 <0,1 1,14ϻπȟ09  

3 ʥˀˏ  ρȟχπϻπȟτυ πȟχψϻπȟπτ <0,01 ςȟρχϻπȟςχ <0,1 

4 AT /ˏAʬ  ˏ 0,98 1,14 - 0,78 - 

5 
ˆ̗̎˰ɯ

˰˷˸̰̏̍ ˰̖˳̰ 
4,37 3,69 - 4,20 - 

6 ʥʭɹ  0,46 0,60 - 0,35 - 

7 ʬ ʥˀ  ̋ 1,20 0,88  0,75  
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˝̝̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ȟ ̨̐̑̆̅̒̓́̃̌̆̎ 
̃ ̨̗̓́̂̌̉ȟ ̨̘̝̒̃̅́̓ȟ ̏̚ ̐̑̉ ̨̠̐̏̓̑́̐̌̎̎ 
̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̈ ̋̏̑̍̏̍ ̔ ̖̓̋́̎̉̎́ ̋̏̑̏̐́ 
̨̠̒̐̏̒̓̆̑̄́̌̉̒ ̨̤̒̔̓̓̃ ̨̈̍̎̉ ̃ ̘̆̎̆̑̄̆̓̉-
̎̏̍̔ ̨̨̏̂̍̎Ȣ ˠ ̨̖̂̌̉ ̍ͻ̠̖̈́ ̨̗̗̠̋̏̎̆̎̓̑́ 
ˍ˟ˡ ̠̈̎̉̈̉̌́̒ ̐̑̉̂̌̉̈̎̏ ̎́ τχ Ϸ ɉ̈ 
1,75 ̍ ̝̋̍̏̌Ⱦ̄ ̅̏ πȟωσ ̝̍̋̍̏̌Ⱦ̄ ̔ ̨̨̠̐̏̑̃̎̎̎ 
̈ ̋̏̎̓̑̏̌̆̍Ɋȟ ̨̓̏̅ ̠̋ ̨̝̑̃̆̎ ˍˑˡ ̃̐́̃  
̨̝̙̂̌ ̨̎̇ ̔ φ ̑ ̨́̈̃ ɉ̈ ςȟ15 ̍ ̝̋̍̏̌Ⱦ̄ ̅̏ 
0,33 ̍ ̝̋̍̏̌Ⱦ̄ɊȢ ˝̨̝̃̆̎ ˍ˙ˡ ̓́̋̏̇ ̠̈̎̉̈̉̃̒ 
̎́ υπ Ϸ ɉ̈ ςȟτφ ̝̍̋̍̏̌Ⱦ̄ ̅̏ ρȟςτ ̝̍̋̍̏̌Ⱦ̄ɊȢ 
˞̔̍́̑̎́ ̨̨̝̝̋̌̋̒̓ ̨̨́̅̆̎̌́̓̃ ̙̠̈̍̆̎̉̌́̒ ̎́ 
60 Ϸ ɉ̈ φȟςφ ̝̍̋̍̏̌Ⱦ̄ ̅̏ ςȟυπ ̝̍̋̍̏̌Ⱦ̄Ɋȟ ̏̚ 
̨̘̝̒̃̅̉̓ ̐̑̏ ̘̈̎́̎̆ ̠̈̎̉̇̆̎̎ ̘̆̎̆̑̄̆̓̉̎̏̄̏ 
̑̆̈̆̑̃̔Ȣ ˍ̨̅̆̎̌́̓̎̉̊ ̘̆̎̆̑̄̆̓̉̎̉̊ ̠̈́̑̅ 
̙̠̈́̌̉̉̃̒ ̍́̊̇̆ ̨̎̆̈̍̎̎̉̍ȟ ̟̘̐̏̋́̈̔̉ 
̙̌̉̆ ς Ϸ ̠̈̎̉̇̆̎̎ ɀ ̈  πȟτυ ̅̏ πȟττȢ 

ˠ ̨̓̋́̎̉̎ ̨̘̐̆̎̋̉ ̨̃̍̒̓ ˍ˟ˡ ̈̍̆̎-
̙̠̉̃̒ ̍́̊̇̆ ̃ σ ̑́̈̉ ɉ̈ σȟυτ ̝̍̋̍̏̌Ⱦ̄ ̅̏ 
1,15 ̍ ̝̋̍̏̌Ⱦ̄Ɋȟ ́ ̨̝̑̃̆̎ ˍˑˡ ̠̈̎̉̈̉̃̒ ̎́ 
35 Ϸ ɉ̈ ρȟτρ ̝̍̋̍̏̌Ⱦ̄ ̅̏ πȟως ̝̍̋̍̏̌Ⱦ̄ɊȢ 
˞̔̍́ ̨̨́̅̆̎̌́̓̃ ̠̈̎̉̈̉̌́̒ ̎́ σς Ϸ ɉ̈ 
9,67 ̍ ̝̋̍̏̌Ⱦ̄ ̅̏ φȟυυ ̝̍̋̍̏̌Ⱦ̄Ɋȟ ̏̚ ̤̃̋́̈̔ 
̎́ ̘̈̎́̎̆ ̠̈̎̉̇̆̎̎ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̐̏̓̆̎-
̨̗́̌̔Ȣ ˍ˒˔ ̓́̋̏̇ ̃̐́̃ ̎́ τσ % ɀ ̈  πȟττ ̅̏ πȟςυȟ 
̏̚ ̨̘̝̒̃̅̉̓ ̐̑̏ ̤̒̔̓̓̃̆ ̨̘̠̐̑̉̄̎̆̎̎ ̆̎̆̑̄̆-
̘̓̉̎̏̄̏ ̒̓́̎̔ ̨̋̌̓̉̎ ̨̘̐̆̎̋̉Ȣ ˠ ̨̍̏̈̋̏̃̊ 
̨̓̋́̎̉̎ ̨̗̗̠̋̏̎̆̎̓̑́ ˍ˟ˡ ̠̈̎̉̈̉̌́̒ ̎́ σσ 
Ϸ ɉ̈ ρȟσς ̝̍̋̍̏̌Ⱦ̄ ̅̏ πȟψω ̝̍̋̍̏̌Ⱦ̄Ɋȟ ̨̓̏̅ ̠̋ 
̨̝̑̃̆̎ ˍ˙ˡ ̨̈̑̒ ̎́ ςψ Ϸ ɉ̈ ρȟχπ ̝̍̋̍̏̌Ⱦ̄ ̅̏ 
2,17 ̍ ̝̋̍̏̌Ⱦ̄Ɋȟ ̏̚ ̍̏̇̆ ̨̘̒̃̅̉̓̉ ̐̑̏ ́̅́̐-
̨̗̓́̊̎̉̊ ̗̐̑̏̆̒ ̔ ̨̨̝̃̅̐̏̃̅ ̎́ ̘̓̏̋̒̉̎̉̊ 
̒̓̑̆̒Ȣ ˞̔̍́̑̎̉̊ ̨̃̍̒̓ ̨̨́̅̆̎̌́̓̃ ̙̠̈́̌̉̉̃̒ 
̍́̊̇̆ ̨̎̆̈̍̎̎̉̍ȟ ̙̝̈̎̉̈̉̃̉̒ ̙̌̉̆ ̎́ τ % 
ɉ̈ τȟσχ ̝̍̋̍̏̌Ⱦ̄ ̅̏ τȟςπ ̍ ̝̋̍̏̌Ⱦ̄ɊȢ ˛̅̎́̋ 
ˍ˒˔ ̃̐́̃ ̎́ ςπ Ϸ ɉ̈ πȟττ ̅̏ πȟσυ). 

˜̑̉ ̨̨̃̍̒̓ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̔ ̨̃̏̅ 
̨̨́̋̃́̑̔̍̃ ̓́̋̏̇ ̨̠̒̐̏̒̓̆̑̄́̌̉̒ ̨̘̈̎́̎ ̨̈̍̎̉ 
̃ ̘̆̎̆̑̄̆̓̉̎̏̍̔ ̨̨̏̂̍̎ ̋̏̑̏̐́ȟ ̐̑̏̓̆ ̨̗̠̑̆́̋ 
̓̋́̎̉̎ ̂̔̌́ ̅̆̏̚ ̨̨̟̃̅̍̎̎̏Ȣ ˠ ̨̖̂̌̉ ̍ȭ̠̖̈́ 
̨̃̍̒̓ ˍ˟ˡ ̙̠̈̍̆̎̉̃̒ ̅̏ πȟχψ ̝̍̋̍̏̌Ⱦ̄ȟ ́ 
̨̝̑̃̆̎ ˍˑˡ ɀ ̅̏ πȟωρ ̝̍̋̍̏̌Ⱦ̄ȟ ̏̚ ̘̈̎́̎̏ 
̘̎̉̇̆ ̝̖̋̏̎̓̑̏̌̎̉ ̘̝̈̎́̆̎Ȣ ˞̔̍́ ̨̨́̅̆̎̌́̓̃ 
̠̈̎̉̈̉̌́̒ ̈ φȟςφ ̅̏ σȟψρ ̍ ̝̋̍̏̌Ⱦ̄ȟ ́ ˍ˒˔ 
̃̐́̃ ̅̏ πȟσςȢ ˣ̨ ̝̑̆̈̔̌̓́̓̉ ̟̝̃̋́̈̔̓ ̎́ 
̤̒̔̓̓̃̆ ̨̘̠̐̑̉̄̎̆̎̎ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̨̏̂̍̎̔ ̃ 
̍ͻ̨̠̈̏̃̊ ̨̓̋́̎̉̎ ̨̐̅ ̃̐̌̉̃̏̍ ̓̏̋̒̉̎̔ ̔ ̨̃̏̅Ȣ 
˟̋́̎̉̎̉ ̨̘̐̆̎̋̉ ̠̠̃̉̃̉̌̉̒ ̙̍̆̎ ̘̔̓̌̉-
̃̉̍̉ ̅̏ ̓̏̋̒̉̎̔ ̔ ̨̃̏̅Ȣ ˢ̘̏́ ̨̨̑̃̎ ˍ˟ˡ ̨ ˍˑˡ 
̙̠̈́̌̉́̌̉̒ ̍́̊̇̆ ̎́ ̓̏̍̔ ̇ ̨̨̑̃̎ȟ ̏̚ ̨ ̃ 
̨̋̏̎̓̑̏̌ ɉσȟχσ ̓́ ρȟρω ̝̍̋̍̏̌Ⱦ̄ ̨̨̃̅̐̏̃̅̎̏Ɋȟ 
̨̝̑̃̆̎ ˍ˙ˡ ̠̈̎̉̈̉̃̒ ̅̏ ςȟυφ ̝̍̋̍̏̌Ⱦ̄ ɉ̔ 
̨̋̏̎̓̑̏̌ ɀ τȟχς ̝̍̋̍̏̌Ⱦ̄ɊȢ ˞̔̍́ ̨̨́̅̆̎̌́̓̃ ̔ 
̨̨̘̗̐̆̎ ̙̠̈̍̆̎̉̌́̒ ̈ ωȟφχ ̅̏ χȟτψ ̝̍̋̍̏̌Ⱦ̄ȟ 
̨̓̏̅ ̠̋ ˍ˒˔ ̅̆̏̚ ̨̠̐̅̃̉̉̃̒̚ ̅̏ πȟυψȟ ̏̚ 

̍̏̇̆ ̨̘̒̃̅̉̓̉ ̐̑̏ ̨̗̟́̋̓̉̃́ ̋̏̍̐̆̎̒́-
̖̓̏̑̎̉ ̨̨̖̍̆́̎̈̍̃Ȣ ˠ ̨̍̏̈̋̏̃̊ ̨̓̋́̎̉̎ ̐̑̉ 
̨̃̃̆̅̆̎̎ ̨̍̋̏̓̏̋̒̉̎̔ ̘̆̑̆̈ ̃̏̅̔ ̓́̋̏̇ ̒̐̏̒-
̨̠̓̆̑̄́̌̉̒ ̨̈̍̎̉Ȣ ˏ̨̍̒̓ ˍ˟ˡ ̨̠̐̅̃̉̉̃̒̚ ̅̏ 
1,55 ̍ ̝̋̍̏̌Ⱦ̄ ɉ̔ ̨̋̏̎̓̑̏̌ ɀ ρȟσς ̝̍̋̍̏̌Ⱦ̄Ɋȟ ́ 
̨̝̑̃̆̎ ˍ˙ˡ ̙̠̈̍̆̎̉̃̒ ̅̏ πȟχψ ̍ ̝̋̍̏̌Ⱦ̄ ɉ̔ 
̨̋̏̎̓̑̏̌ ɀ ρȟχπ ̝̍̋̍̏̌Ⱦ̄ɊȢ ˍ˒˔ ̨̝̙̠̈̂̌̉̃̒ 
̅̏ πȟφπȟ ̏̚ ̍̏̇̆ ̃̋́̈̔̃́̓̉ ̎́ ̨̨̗́̅́̐̓́̊̎ 
̗̐̑̏̆̒̉ȟ ̨̠̒̐̑̍̏̃́̎ ̎́ ̨̐̅̓̑̉̍̋̔ ̨̗̔̎̋̏̕-
̝̩̎́̌̎̏ ̨́̋̓̉̃̎̏̒̓ ̍̏̈̋̔ ̃ ̖̔̍̏̃́ 
̘̓̏̋̒̉̎̏̄̏ ̠̎́̃́̎̓́̇̆̎̎Ȣ 

˟́̋̉̍ ̘̉̎̏̍ȟ ̎̆̈́̌̆̇̎̏ ̨̃̅ ̙̠̖̌̔ 
̠̠̐̏̓̑́̐̌̎̎ ̅̏ ̨̏̑̄́̎̈̍̔ ̨̍̋̏̓̏̋̒̉̎̔ ˟ςȟ ̔ 
̨̖̂̌̉ ̍ͻ̠̖̈́ ̨̠̒̐̏̒̓̆̑̄́̌̏̒ ̤̒̔̓̓̃̆ ̈̎̉-
̠̇̆̎̎ ̒̔̍̉ ̨̨́̅̆̎̌́̓̃ ̓́ ˍ˒˔Ȣ ˣ̆ ̤̃̋́̈̔ ̎́ 
̝̈́̄́̌̎̆ ̠̈̎̉̇̆̎̎ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̐̏̓̆̎-
̨̗́̌̔ ̨ ̍̏̇̆ ̏̂̍̆̇̔̃́̓̉ ̨̨̗̝̔̎̋̏̎́̌̎̕ 
̨̍̏̇̌̉̃̏̒̓ ̍ͻ̨̠̈̃ȟ ̈̏̋̑̆̍́ȟ ̃ ̖̔̍̏̃́ 
̨̩̐̅̃̉̆̎̏̚ ̨̘̩̈̉̎̏̕ ̨́̋̓̉̃̎̏̒̓Ȣ  ˠ ̨̨̘̗̐̆̎ 
̨̗̠̑̆́̋ ̎́ ̨̍̋̏̓̏̋̒̉̎ ̨̨̠̠̃̅̑̈̎̌́̒ ̈́̌̆̇̎̏ 
̨̃̅ ̙̠̖̌̔ ̠̃̃̆̅̆̎̎Ȣ ˜̑̉ ̨̃̃̆̅̆̎̎ ̓̏̋̒̉̎̔ 
̘̆̑̆̈ ̋̏̑̍ ̨̠̒̐̏̒̓̆̑̄́̌̏̒ ̘̈̎́̎̆ ̠̈̎̉̇̆̎̎ 
ˍ˒˔ ̨ ̒̔̍̉ ̨̨́̅̆̎̌́̓̃ȟ ̏̚ ̤̃̋́̈̔ ̎́ ̆̎̆̑-
̘̄̆̓̉̎̉̊ ̅̉̒̂́̌́̎̒ ̨ ̍̏̇̌̉̃̆ ̨̘̠̐̑̉̄̎̆̎̎ 
̨̘̖̍̆̓́̂̏̌̎̉ ̨̗̐̑̏̆̒̃Ȣ ˜̑̉ ̘̓̏̋̒̉̎̏̍̔ 
̨̃̐̌̉̃ ̘̆̑̆̈ ̃̏̅̔ ̨̘̐̆̎̋́ ̅̆̍̏̎̒̓̑̔̃́̌́ 
̏̈̎́̋̉ ̩̋̏̍̐̆̎̒́̓̏̑̎̏ ̨̗̩́̅́̐̓́ȟ ̏̚ 
̠̃̉̑́̇́̌̏̒ ̔ ̨̨̝̙̈̂̌̆̎̎ ˍ˒˔Ȣ ˙̏̈̋̏̃́ 
̓̋́̎̉̎́ ̠̃̉̃̉̌́ ̨̝̙̎́̊̂̌̔ ̨̝̈̅́̓̎̒̓ ̅̏ 
̨̗̩́̅́̐̓́ ̈́ ̔̍̏̃ ̘̓̏̋̒̉̎̏̄̏ ̃̐̌̉̃̔Ȣ ˜̑̉ 
̨̃̃̆̅̆̎̎ ̨̍̋̏̓̏̋̒̉̎̔ ̘̆̑̆̈ ̃̏̅̔ ̒̐̏̒̓̆-
̨̠̑̄́̌̏̒ ̠̈̑̏̒̓́̎̎ ˍ˒˔ȟ ̏̚ ̤̃̋́̈̔ ̎́ 
̨̗̟́̋̓̉̃́ ̨̗̖́̅́̐̓́̊̎̉ ̨̨̖̍̆́̎̈̍̃ ̠̅̌ 
̨̐̅̓̑̉̍̋̉ ̘̆̎̆̑̄̆̓̉̎̏̄̏ ̄̏̍̆̏̒̓́̈̔Ȣ ˛̅̎́̋ 
̐̑̉ ̨̃̃̆̅̆̎̎ ̓̏̋̒̉̎̔ ̘̆̑̆̈ ̋̏̑̍ ̨̃̅̂̔̃́-
̠̌̏̒ ̠̈̎̉̇̆̎̎ ˍ˒˔ȟ ̏̚ ̨̘̝̒̃̅̉̓ ̐̑̏ ̐̆̃̎̆ 
̘̆̎̆̑̄̆̓̉̎̆ ̠̃̉̒̎́̇̆̎̎Ȣ 

ȍȳȼȸȹȭȵȳ 

ˏ̐̌̉̃ ̨̍̋̏̓̏̋̒̉̎̔ ˟ς ̎́ ̨́̅̆̎̌́̓̎̉̊ 
̨̝̐̑̏̌̕ ̓̋́̎̉̎ ̋̏̑̏̐́ ̤̃̋́̈̔ ̎́ ̊̏̄̏ 
̓̋́̎̉̎̎̔ ̨̨̗̘̝̒̐̆̉̎̒̓̕Ȣ ˚̨̠̝́̃̎̒̓ ̊̏̄̏ ̃ 
̖̋̏̑̍́ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̘̈̎́̎̏̄̏ ̠̈̎̉̇̆̎̎ 
̨̗̗̋̏̎̆̎̓̑́̊ ̘̖̍́̋̑̏̆̑̄̉̎̉ ̒̐̏̌̔̋ȟ ̏̒̏̂-
̌̉̃̏ ̃ ̨̖̂̌̉ ̍ͻ̠̖̈́ȟ ̏̚ ̎̆̄́̓̉̃̎̏ ̤̃̐̌̉̃́ ̎́ 
̘̆̎̆̑̄̆̓̉̎̉̊ ̂́̌́̎̒ ̨̋̌̓̉̎Ȣ 

˜̨̅ ̨̤̟̅ ̨̍̋̏̓̏̋̒̉̎̔ȟ ̃̎̆̒̆̎̏̍̔ ̂̆̈̐̏-
̝̒̆̑̆̅̎̏ ̔ ̃̏̅̔ ̨̨́̋̃́̑̔̍̃ȟ ̃ ̨̨̘̗̐̆̎ ̓́ 
̍̏̈̋̔ ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̨̨̝̝̒̓́̂̌̎̒̓ ̨̠̑̃̎ ˍ˟ˡȟ 
̚  ̨̘̝̏̒̃̅̉̓ ̐̑̏ ̨̨̗̟́̋̓̉̃̈́ ̘̆̎̆̑̄̆̓̉̎̏ ̄̏ 
̨̏̂̍̎̔Ȣ ˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ ̨̟̝̐̅̓̃̆̑̅̇̔̓ 
̨̨̖̝̎̆̏̂̅̎̒̓ ̟̋̏̎̓̑̏̌ ̨̃̍̒̓̔ ̨̨̍̋̏̓̏̋̒̉̎̃ 
̔ ̖̋̏̑̍́ ̑̉̂ ̔ ̨̝̝̒̌̒̋̏̍̔ ̨̄̏̒̐̏̅́̑̒̓̃ ̈ 
̟̍̆̓̏ ̠̈̂̆̑̆̇̆̎̎ ̨̘̆̋̏̌̏̄̎̏̄̏ ̂́̌́̎̒̔ 
̖̃̏̅̎̉ ̆̋̏̒̉̒̓̆̍Ȣ 
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STRESZCZENIE 

Cel pracy: .ÉÎÉÅÊÓÚÁ ÐÕÂÌÉËÁÃÊÁ ÊÅÓÔ ÁÒÔÙËÕčÅÍ ÐÒÚÅÇÌäÄÏ×ÙÍ É ËÏÎÃÅÎÔÒÕÊÅ ÓÉö ÎÁ ÚÎÁÃÚÅÎÉÕ ŀÅÌÁÚÁ × ÄÉÅÃÉÅ 
ÄÁ×Ãĕ× ËÒ×Éȟ ÏÍÁ×ÉÁ ÍÉÁÎÏ×ÉÃÉÅ ÒÏÌö ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ × ÏÒÇÁÎÉÚÍÉÅ ÃÚčÏ×ÉÅËÁȟ ×ÐčÙ× ÏÄÄÁ×ÁÎÉÁ ËÒ×É ÎÁ ÊÅÇÏ 
ÐÏÚÉÏÍ ÏÒÁÚ ÚÁÌÅÃÅÎÉÁ ÄÏÔÙÃÚäÃÅ ÓÕÐÌÅÍÅÎÔÁÃÊÉ É ŀÙ×ÉÅÎÉÁ × ÃÅÌÕ ÚÁÐÏÂÉÅÇÁÎÉÁ ÎÉÅÄÏÂÏÒÏÍ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ 7 ÓÙÔÕÁÃÊÉ 
ÒÏÓÎäÃÅÊ ÌÉÃÚÂÙ ÄÁ×Ãĕ× ËÒ×É ÏÒÁÚ ×ÐčÙ×Õ ÔÅÇÏ ÚÁÂiegu na ich zdrowie, przedstawione w tym artykule informacje na 
ÐÏÄÓÔÁ×ÉÅ ×ÙÎÉËĕ× ÂÁÄÁď ÌÉÃÚÎÙÃÈ ÁÕÔÏÒĕ× ÍÁÊä ËÌÕÃÚÏ×Å ÚÎÁÃÚÅÎÉÅ ÄÌÁ ÏÐÒÁÃÏ×ÁÎÉÁ ÓËÕÔÅÃÚÎÙÃÈ ÓÔÒÁÔÅÇÉÉ 
dietetycznych. 

-ÅÔÏÄÙ ×ÙËÏÒÚÙÓÔÁÎÉÁ ľÒĕÄÅč ÌÉÔÅÒÁÔÕÒÏ×ÙÃÈȢ W celu uzyskania ×ÉÁÒÙÇÏÄÎÙÃÈ ÄÁÎÙÃÈ ÄÏ ÎÉÎÉÅÊÓÚÅÇÏ ÁÒÔÙËÕčÕ 
ÐÒÚÅÓÚÕËÁčÙĢÍÙ ÂÁÚÙ ÄÁÎÙÃÈ 0ÕÂ-ÅÄȟ 3ÃÏÐÕÓȟ 7ÅÂ ÏÆ 3ÃÉÅÎÃÅȟ ÏÒÁÚ 'ÏÏÇÌÅ 3ÃÈÏÌÁÒȢ "ÁÚÏ×ÁčÙĢÍÙ ÔÙÌËÏ ÎÁ ËÏÍÂÉÎÁÃÊÁÃÈ 
Óčĕ× ËÌÕÃÚÏ×ÙÃÈȟ ÔÁËÉÃÈ ÊÁË Ⱥiron supplementationȻ, Ⱥblood donorsȻ, Ⱥiron deficiencyȻ, Ⱥdietary ir onȻ, Ⱥanemia 
preventionȻ, Ⱥferritin levelsȻȟ ÏÄÎÏÓÚäÃÙÃÈ ÓÉö ÄÏ ÌÉÔÅÒÁÔÕÒÙ ÏÐÕÂÌÉËÏ×ÁÎÅÊ × ÌÁÔÁÃÈ ρωχπ-2024. Ponadto wykorzysta-
čÙĢÍÙ ×ÙÎÉËÉ ÂÁÄÁď ÏÐÕÂÌÉËÏ×ÁÎÅ × ÒÅÃÅÎÚÏ×ÁÎÙÃÈ ÃÚÁÓÏÐÉÓÍÁÃÈ ÎÁÕËÏ×ÙÃÈȢ 7ÓÚÙÓÔËÉÅ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÅ É 
×ÙËÏÒÚÙÓÔÁÎÅ ÁÒÔÙËÕčÙ ÂÙčÙ ÐÏÃÚäÔËÏ×Ï ÏÃÅÎÉÁÎÅ ÎÁ ÐÏÄÓÔÁ×ÉÅ ÔÙÔÕčĕ× É ÁÂÓÔÒÁËÔĕ×Ȣ 7 ×ÙÂÏÒÚÅ Õ×ÚÇÌöÄÎÉÁÎÏ ÔÁËÉÅ 
ÉÎÆÏÒÍÁÃÊÅ ÊÁË ÃÈÁÒÁËÔÅÒÙÓÔÙËÁ ÐÏÐÕÌÁÃÊÉȟ ÉÎÔÅÒ×ÅÎÃÊÅȟ ÍÅÔÏÄÙ ÏÃÅÎÙ ÐÏÚÉÏÍĕ× ŀÅÌÁÚÁȟ ×ÙÎÉËÉ ÏÒÁÚ ÚÇčÏÓÚÏÎÅ ÅÆÅËÔÙ 
ÕÂÏÃÚÎÅȢ +ÌÕÃÚÏ×Å ×ÙÎÉËÉ ÄÏÔÙÃÚäÃÅ ÓËÕÔÅÃÚÎÏĢÃÉ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁȟ ×ÐčÙ×Õ ÄÉÅÔÙ ÏÒÁÚ ÍÏÎÉÔÏÒÏ×ÁÎÉÁ ÐÏÚÉÏÍĕ× 
ŀÅÌÁÚÁ ÂÙčÙ ÏÍÁ×ÉÁÎÅ × ËÏÎÔÅËĢÃÉÅ ÉÃÈ ÚÎÁÃÚÅÎÉÁ ÄÌÁ ÄÁ×Ãĕ× ËÒ×ÉȢ 

Nowatorstwo naukowe Ȣ 7 ÁÒÔÙËÕÌÅ ÔÙÍ ÐÒÏÐÏÎÕÊÅÍÙ ËÏÍÐÌÅËÓÏ×Å ÐÏÄÅÊĢÃÉÅ ÄÏ ÒÏÌÉ ŀÅÌÁÚÁ × ÄÉÅÃÉÅ ÄÁ×Ãĕ× 
ËÒ×Éȟ čäÃÚäÃ ÎÁÊÎÏ×ÓÚÅ ×ÙÎÉËÉ ÂÁÄÁď Ú ÐÒÁËÔÙÃÚÎÙÍÉ ÚÁÌÅÃÅÎÉÁÍÉ ÄÏÔÙÃÚäÃÙÍÉ ÄÉÅÔÙ É ÓÕÐÌÅÍÅÎÔÁÃÊÉȢ $ÏÄÁÔËÏ×Ï 
ÐÒÚÅÄÓÔÁ×ÉÁÍÙ × ÎÉÍ ÚÁÒĕ×ÎÏ ÁÓÐÅËÔÙ ÂÉÏÌÏÇÉÃÚÎÅȟ ÊÁË É ÐÒÁËÔÙÃÚÎÅȟ ÃÏ ÓÔÁÎÏ×É ÎÏ×ÁÔÏÒÓËÉÅ ÐÏÄÅÊĢÃÉÅ ÄÏ ÏÍÁ×ÉÁÎÅÇÏ 
ÔÅÍÁÔÕȟ Á ÔÁËŀÅ čäÃÚÙ ×ÉÅÄÚö Ú ÒĕŀÎÙÃÈ ÄÚÉÅÄÚÉÎȟ ÔÁËÉÃÈ ÊÁË ÈÅÍÁÔÏÌÏÇÉÁȟ dietetyka, biochemia i medycyna prewencyjna i 
ÕÍÏŀÌÉ×ÉÁ ËÏÍÐÌÅËÓÏ×ä ÁÎÁÌÉÚö ÚÁÇÁÄÎÉÅÎÉÁȢ )ÎÔÅÇÒÁÃÊÁ ÔÙÃÈ ÄÙÓÃÙÐÌÉÎ ÐÒÏ×ÁÄÚÉ ÄÏ ÌÅÐÓÚÅÇÏ ÚÒÏÚÕÍÉÅÎÉÁ ×ÐčÙ×Õ 
ŀÅÌÁÚÁ ÎÁ ÚÄÒÏ×ÉÅ ÄÁ×Ãĕ× ËÒ×ÉȢ 0ÒÚÅÇÌäÄ ÎÉÎÉÅÊÓÚÙ ÂÁÚÕÊÅ ÎÁ ÎÁÊÎÏ×ÓÚÙÃÈ ÂÁÄÁÎÉÁÃÈ ËÌÉÎÉÃÚÎÙÃÈ É ÍÅÔÁ-analizach, co 
ÚÁÐÅ×ÎÉÁ ÁËÔÕÁÌÎÏĢç É ×ÉÁÒÙÇÏÄÎÏĢç ÐÒÚÅÄÓÔÁ×ÉÏÎÙÃÈ ÄÁÎÙÃÈȢ !ÎÁÌÉÚÁ ÎÁÊÎÏ×ÓÚÙÃÈ ×ÙÎÉËĕ× ÂÁÄÁď ÐÏÚ×ÁÌÁ ÎÁ 
ÆÏÒÍÕčÏ×ÁÎÉÅ ÁËÔÕÁÌÎÉÅÊÓÚÙÃÈ É ÐÒÅÃÙÚÙÊÎÉÅÊÓÚÙÃÈ ÚÁÌÅÃÅď ÄÏÔÙÃÚäÃÙÃÈ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁȢ 3ÕÇÅÒÕÊÅÍÙ Òĕ×ÎÉÅŀ 
ÐÅÒÓÏÎÁÌÉÚÁÃÊö ÚÁÌÅÃÅď ÄÉÅÔÅÔÙÃÚÎÙÃÈ ÄÌÁ ÄÁ×Ãĕ× ËÒ×Éȟ Õ×ÚÇÌöÄÎÉÁÊäÃä ÉÎÄÙ×ÉÄÕÁÌÎÅ ÐÏÔÒÚÅÂÙ ÔÙÃÈ ÏÓĕÂ É ÏÓÏÂÎÉÃÚÅ 
ÒĕŀÎÉÃÅ ÍÅÔÁÂÏÌÉÃÚÎÅȢ 0ÅÒÓÏÎÁÌÉÚÏ×ÁÎÅ ÐÏÄÅÊĢÃÉÅ ÄÏ ÄÉÅÔÙ É ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁ ÍÏŀÅ Ú×ÉöËÓÚÙç ÓËÕÔÅÃÚÎÏĢç 
zapobiegania niedoborom tego pierwiastka. W artykule proponujemy nowe strategie prewencyjne, takie jak programy 
×ÓÐÁÒÃÉÁ ÄÌÁ ÄÁ×Ãĕ× ËÒ×Éȟ ËÔĕÒÅ ÐÏ×ÉÎÎÙ ÏÂÊäç ÒÅÇÕÌÁÒÎÅ ÍÏÎÉÔÏÒÏ×ÁÎÉÅ ÐÏÚÉÏÍĕ× ŀÅÌÁÚÁȟ ÅÄÕËÁÃÊö ÎÁ ÔÅÍÁÔ ŀÙ×ÉÅÎÉÁ 
É ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÏÒÁÚ ÄÏÓÔÏÓÏ×ÁÎÅ ÉÎÔÅÒ×ÅÎÃÊÅ ÄÉÅÔÅÔÙÃÚÎÅȢ :×ÒĕÃÉčÙĢÍÙ ÔÁËŀÅ Õ×ÁÇö ÎÁ ÐÏÔÒÚÅÂö ÄčÕÇÏÔÅÒÍÉÎÏ×ÅÇÏ 
ÍÏÎÉÔÏÒÏ×ÁÎÉÁ ÅÆÅËÔĕ× ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁȟ ÃÏ ÊÅÓÔ ÃÚöÓÔÏ ÐÏÍÉÊÁÎÅ × ÂÁÄÁÎÉÁÃÈ ËÒĕÔËÏÔÅÒÍÉÎÏ×ÙÃÈȟ Á 
ÄčÕÇÏÔÅÒÍÉÎÏ×Å ÐÏÄÅÊĢÃÉÅ ÐÏÚ×ÏÌÉ ÎÁ ×ÉÁÒÙÇÏÄÎä ÏÃÅÎö ÔÒ×ÁčÏĢÃÉ ÅÆÅËÔĕ× ÓÕÐÌÅÍÅÎÔÁÃÊÉ É ÊÅÊ ×ÐčÙ×Õ ÎÁ ÚÄÒÏ×ÉÅ 
ÄÁ×Ãĕ× ËÒ×ÉȢ 

Wnioski.  ½ÅÌÁÚÏ ÏÄÇÒÙ×Á ÆÕÎÄÁÍÅÎÔÁÌÎä ÒÏÌö × ÕÔÒÚÙÍÁÎÉÕ ÚÄÒÏ×ÉÁ ÄÁ×Ãĕ× ËÒ×ÉȢ *ÅÓÔ ÎÉÅÚÂöÄÎÅ ÄÏ ÐÒÏÄÕËÃÊÉ 
hemoglobiny, transportu tlenu oraz do wielu innych funkcji metabolicznych. Regularne oddawanie krwi powoduje 
ÚÎÁÃÚÎä ÕÔÒÁÔö ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕȟ ÃÏ ÍÏŀÅ ÐÒÏ×ÁÄÚÉç ÄÏ ÊÅÇÏ ÎÉÅÄÏÂÏÒĕ× É ÁÎÅÍÉÉȟ ÊÅĢÌÉ ÎÉÅ ÚÏÓÔÁÎÉÅ ÏÄÐÏ×ÉÅÄÎÉÏ 
ÕÚÕÐÅčÎÉÏÎÙȢ !ÂÙ ÚÒÅËÏÍÐÅÎÓÏ×Áç ÕÔÒÁÔö ŀÅÌÁÚÁȟ ÄÁ×ÃÙ ËÒ×É ÐÏ×ÉÎÎÉ Ú×ÒÁÃÁç ÓÚÃÚÅÇĕÌÎä Õ×ÁÇö ÎÁ ÄÉÅÔöȢ 0ÒÏÄÕËÔÙ 
ÂÏÇÁÔÅ × ŀÅÌÁÚÏ ÈÅÍÏ×Åȟ ÔÁËÉÅ ÊÁË ÍÉöÓÏ É ÒÙÂÙȟ ÏÒÁÚ ŀÅÌÁÚÏ ÎÉÅÈÅÍÏ×Åȟ ÔÁËÉÅ ÊÁË ÒÏĢÌÉÎÙ ÓÔÒäÃÚËÏ×Å É ÚÉÅÌÏÎÅ ×ÁÒÚÙ×Á 
ÌÉĢÃÉÁÓÔÅȟ ÐÏ×ÉÎÎÙ ÓÔÁÎÏ×Éç ÐÏÄÓÔÁ×ö ÉÃÈ ÄÉÅÔÙȢ 3ÐÏŀÙ×ÁÎÉÅ ÄÏÄÁÔËÏ×Ï ×ÉÔÁÍÉÎÙ # Ú ÐÏÓÉčËÁÍÉ ÍÏŀÅ Ú×ÉöËÓÚÙç 
×ÃÈčÁÎÉÁÎÉÅ ŀÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏȢ 2ÅÇÕÌÁÒÎÁ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ŀÅÌÁÚÁ ÊÅÓÔ ÓËÕÔÅÃÚÎä ÍÅÔÏÄä ÚÁÐÏÂÉÅÇÁÎÉÁ ÎÉÅÄÏÂÏÒÏÍ ÔÅÇÏ 
mikroelÅÍÅÎÔÕ Õ ÄÁ×Ãĕ× ËÒ×ÉȢ "ÁÄÁÎÉÁ ËÌÉÎÉÃÚÎÅ ×ÙËÁÚÁčÙȟ ŀÅ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ŀÅÌÁÚÁ ÐÏÐÒÁ×ÉÁ ÐÏÚÉÏÍÙ ÈÅÍÏÇÌÏÂÉÎÙ É 
ÆÅÒÒÙÔÙÎÙȟ ÒÅÄÕËÕÊäÃ ÒÙÚÙËÏ ÁÎÅÍÉÉȢ 3ÕÐÌÅÍÅÎÔÁÃÊÁ ÐÏ×ÉÎÎÁ ÂÙç ÄÏÓÔÏÓÏ×ÁÎÁ ÉÎÄÙ×ÉÄÕÁÌÎÉÅȟ Á ÄÁ×ÃÙ ÐÏ×ÉÎÎÉ ÂÙç 
ÒÅÇÕÌÁÒÎÉÅ ÍÏÎÉÔÏÒÏ×ÁÎÉ ÐÏÄ ËäÔÅÍ ÐÏÚÉÏÍĕ× ÏÍÁ×ÉÁÎÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ %ÄÕËÁÃÊÁ ÄÁ×Ãĕ× ËÒ×É ÎÁ ÔÅÍÁÔ ÊÅÇÏ 
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ÚÎÁÃÚÅÎÉÁ É ×čÁĢÃÉ×ÅÊ ÄÉÅÔÙ ÊÅÓÔ ËÌÕÃÚÏ×ÁȢ 0ÒÏÇÒÁÍÙ ×ÓÐÁÒÃÉÁȟ ËÔĕÒÅ ÏÂÅÊÍÕÊä ÒÅÇÕÌÁÒÎÅ ÍÏÎÉÔÏÒÏ×ÁÎÉÅ ÐÏÚÉÏÍĕ× 
ŀÅÌÁÚÁȟ ÄÏÓÔÁÒÃÚÁÎÉÅ ÓÕÐÌÅÍÅÎÔĕ× ÏÒÁÚ ÄÏÓÔÏÓÏ×ÁÎÅ ÚÁÌÅÃÅÎÉÁ ÄÉÅÔÅÔÙÃÚÎÅȟ ÍÏÇä ÚÎÁÃÚÎÉÅ ÐÏÐÒÁ×Éç ÚÄÒÏ×ÉÅ ÄÁ×Ãĕ× É 
ÉÃÈ ÚÄÏÌÎÏĢç ÄÏ ÄÁÌÓÚÅÇÏ ÏÄÄÁ×ÁÎÉÁ ËÒ×ÉȢ $ÁÌÓÚÅ ÂÁÄÁÎÉÁ Óä ËÏÎÉÅÃÚÎÅȟ ÁÂÙ ÄÏËčÁÄÎÉÅÊ ÏËÒÅĢÌÉç ÏÐÔÙÍÁÌÎÅ ÓÔÒÁÔÅÇÉÅ 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁ É ÉÃÈ ÄčÕÇÏÔÅÒÍÉÎÏ×Ù ×ÐčÙ× ÎÁ ÚÄÒÏ×ÉÅ ÄÁ×Ãĕ× ËÒ×ÉȢ "ÁÄÁÎÉÁ ÐÏ×ÉÎÎÙ Òĕ×ÎÉÅŀ ÓËÕÐÉç ÓÉö ÎÁ 
indywÉÄÕÁÌÎÙÃÈ ÒĕŀÎÉÃÁÃÈ × ÍÅÔÁÂÏÌÉÚÍÉÅ ÏÍÁ×ÉÁÎÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÏÒÁÚ ÎÁ ÏÐÒÁÃÏ×ÁÎÉÕ ÐÅÒÓÏÎÁÌÉÚÏ×ÁÎÙÃÈ ÚÁÌÅÃÅď 
dietetycznych. 

 
3čÏ×Á ËÌÕÃÚÏ×Åȡ ŀÅÌÁÚÏȟ ÄÁ×ÃÙ ËÒ×Éȟ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ŀÅÌÁÚÁȟ ÁÎÅÍÉÁȟ ÄÉÅÔÁ ÂÏÇÁÔÁ × ŀÅÌÁÚÏȟ ÆÅÒÒÙÔÙÎÁȟ 

ÈÅÍÏÇÌÏÂÉÎÁȟ ×ÃÈčÁÎÉÁÎÉÅ ŀÅÌÁÚÁ 

 
ABSTRACT 

Purpose:  This review focuses on the importance of iron in the diet of blood donors, discussing the role of iron in 
the body, the impact of blood donation on iron levels, and recommendations for supplementation and diet to prevent 
deficiency. In the context of the increasing number of blood donors and their impact on health, this research is crucial to 
the development of effective nutritional strategies. 

Materials and methods.  PubMed, Scopus, Web of Science and Google Scholar databases were searched. Keyword 
combinations were used, including Ⱥiron supplementationȻ, Ⱥblood donorsȻ, Ⱥiron deficiencyȻ, Ⱥdietary ironȻ, Ⱥanaemia 
preventionȻ and Ⱥferritin levelsȻ. Literature published between 1970 and 2024 was searched. Studies published in peer-
reviewed journals were included. All identified articles were initially assessed using titles and abstracts. Data from 
selected studies were extracted, including information on population characteristics, interventions, methods of assessing 
iron levels, outcomes and reported adverse effects. Key findings on the efficacy of iron supplementation, the effect of diet, 
and iron monitoring were discussed in the context of their relevance to blood donors. 

Scientific novelty . This article presents a comprehensive approach to the role of iron in the diet of blood donors, 
combining the latest research with practical recommendations for diet and supplementation. It covers both biological 
and practical aspects, which is a novel approach to the subject. The article combines knowledge from different fields such 
as haematology, dietetics, biochemistry and preventive medicine to provide a comprehensive analysis of the issue. The 
integration of these disciplines leads to a better understanding of the impact of iron on the health of blood donors. The 
review is based on the most recent clinical trials and meta-analyses, ensuring that the data presented is current and 
reliable. Analysis of the most recent trials allows for more accurate and up-to-date recommendations regarding iron 
supplementation. The article introduces the concept of personalising dietary recommendations for blood donors, taking 
into account individual needs and metabolic differences. A personalised approach to diet and iron supplementation may 
increase the effectiveness of iron deficiency prevention. The article suggests new prevention strategies, such as blood 
donor support programmes that include regular monitoring of iron levels, education about diet and supplementation, 
and tailored dietary interventions. The review emphasises the need for long-term monitoring of the effects of iron 
supplementation, which is often lacking in short-term studies. A long-term approach makes it possible to assess the 
durability of the effects of supplementation and its impact on the health of blood donors. 

Conclusions. Iron plays a fundamental role in maintaining the health of blood donors. It is essential for the 
production of haemoglobin, oxygen transport and many other metabolic functions. Regular blood donation causes 
significant iron loss, which can lead to iron deficiency and anaemia if not adequately replaced. To compensate for iron 
loss, blood donors should pay particular attention to their diet. Foods rich in haem iron, such as meat and fish, and non-
haem iron, such as legumes and green leafy vegetables, should form the basis of their diet. In addition, taking vitamin C 
with meals can increase the absorption of non-haem iron. Regular iron supplementation is an effective way to prevent 
iron deficiency in blood donors. Clinical studies show that iron supplementation improves haemoglobin and ferritin 
levels and reduces the risk of anaemia. Supplementation should be individualised and donors should have their iron 
levels monitored regularly. Educating blood donors about the importance of iron and proper diet is essential. Support 
programmes that include regular monitoring of iron levels, provision of supplements and tailored dietary 
recommendations can significantly improve the health of donors and their ability to continue donating. Further research 
is needed to better determine optimal iron supplementation strategies and their long-term effects on donor health. 
Research should also focus on individual differences in iron metabolism and the development of personalised dietary 
recommendations. 

 
Key words: iron, blood donors, iron supplementation, anaemia, iron-rich diet, ferritin, haemoglobin, iron 

absorption 
 

Wprowadzenie 

/ÄÄÁ×ÁÎÉÅ ËÒ×É É ÊÅÊ ÓËčÁÄÎÉËÏǲ× ÊÅÓÔ 
ÎÉÅÏÃÅÎÉÏÎÙÍ ÁËÔÅÍ ÁÌÔÒÕÉÚÍÕȟ ËÔÏǲÒÙ ÒÁÔÕÊÅ 
ÚȗÙÃÉÅ É ×ÓÐÉÅÒÁ ÚÄÒÏ×ÉÅ ÐÁÃÊÅÎÔÏǲ× ÎÁ ÃÁčÙÍ 
Óǲ×ÉÅÃÉÅȢ $Á×ÃÙ ËÒ×É ÏÄÇÒÙ×ÁÊä ËÌÕÃÚÏ×ä ÒÏÌö × 
ÚÁÐÅ×ÎÉÅÎÉÕ ÓÔÁÂÉÌÎÙÃÈ ÚÁÐÁÓÏǲ× ËÒ×Éȟ ÎÉÅÚÂöÄ-
ÎÙÃÈ ÄÏ ÐÒÚÅÐÒÏ×ÁÄÚÁÎÉÁ ÔÒÁÎÓÆÕÚÊÉȟ ÏÐÅÒÁÃÊÉ 
ÃÈÉÒÕÒÇÉÃÚÎÙÃÈ ÏÒÁÚ ÌÅÃÚÅÎÉÁ ×ÉÅÌÕ ÓÃÈÏÒÚÅÎǲȟ 

ÔÁËÉÃÈ ÊÁË ÁÎÅÍÉÁȟ ÃÈÏÒÏÂÙ ÎÏ×ÏÔ×ÏÒÏ×Å ÃÚÙ 
ÕÒÁÚÙ ×ÙÍÁÇÁÊäÃÅ ÉÎÔÅÎÓÙ×ÎÅÊ ÏÐÉÅËÉ ÍÅÄÙÃÚÎÅÊ 
ɉ:ÅÇÅÒ ÅÔ ÁÌȢȟ ςππχȠ 'ÁÍÍÏÎ ÅÔ ÁÌȢȟ ςπςρɊȢ 
*ÅÄÎÁËÚȗÅȟ ÁÂÙ ÐÒÏÃÅÓ ÏÄÄÁ×ÁÎÉÁ ËÒ×É ÂÙč 
ÂÅÚÐÉÅÃÚÎÙ É ÓËÕÔÅÃÚÎÙ ÚÁÒÏǲ×ÎÏ ÄÌÁ ÄÁ×ÃÙȟ ÊÁË É 
ÂÉÏÒÃÙȟ ËÏÎÉÅÃÚÎÅ ÊÅÓÔ ÕÔÒÚÙÍÁÎÉÅ ÏÄÐÏ×ÉÅÄ-
ÎÉÅÇÏ ÓÔÁÎÕ ÚÄÒÏ×ÉÁ ÄÁ×ÃÏǲ×Ȣ +ÌÕÃÚÏ×ÙÍ 
ÅÌÅÍÅÎÔÅÍ ÔÅÇÏ ÐÒÏÃÅÓÕ ÊÅÓÔ ×čÁÓǲÃÉ×Å ÚȗÙ×ÉÅÎÉÅ 
ɉ3ÁÄÏ×ÓËÁ ÁÎÄ 3ÁÃÈÁÒÃÚÕËȟ ςπρρȠ 0ÉÓËÉÎ ÅÔ ÁÌȢȟ 
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ςπςςɊȢ :ȘÙ×ÉÅÎÉÅ ÏÄÇÒÙ×Á ÆÕÎÄÁÍÅÎÔÁÌÎä ÒÏÌö × 
ÐÒÚÙÇÏÔÏ×ÁÎÉÕ ÏÒÇÁÎÉÚÍÕ ÄÁ×ÃÙ ÄÏ ÏÄÄÁÎÉÁ 
ËÒ×É ÏÒÁÚ × ÐÒÏÃÅÓÉÅ ÒÅÇÅÎÅÒÁÃÊÉ ÐÏ ÊÅÊ ÏÄÄÁÎÉÕȢ 
/ÐÔÙÍÁÌÎÙ ÓÔÁÎ ÏÄÚȗÙ×ÉÅÎÉÁ ÚÁÐÅ×ÎÉÁ ÎÉÅ ÔÙÌËÏ 
×ÙÓÔÁÒÃÚÁÊäÃÙ ÐÏÚÉÏÍ ÅÎÅÒÇÉÉ É ÓËčÁÄÎÉËÏǲ× 
ÏÄÚȗÙ×ÃÚÙÃÈȟ ÁÌÅ ÒÏǲ×ÎÉÅÚȗ ×ÓÐÉÅÒÁ ÆÕÎËÃÊÅ 
ÉÍÍÕÎÏÌÏÇÉÃÚÎÅȟ ÐÒÏÃÅÓÙ ÒÅÇÅÎÅÒÁÃÙÊÎÅ ÏÒÁÚ 
ÏÇÏǲÌÎä ËÏÎÄÙÃÊö ÚÄÒÏ×ÏÔÎäȢ .ÉÅ×čÁÓǲÃÉ×Á ÄÉÅÔÁ 
ÍÏÚȗÅ ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÎÉÅÄÏÂÏÒÏǲ× ÍÉËÒÏȤ É 
ÍÁËÒÏÅÌÅÍÅÎÔÏǲ×ȟ ÃÏ ÍÏÚȗÅ ×ÐčÙÎäÃǲ ÎÅÇÁÔÙ×ÎÉÅ 
ÎÁ ÊÁËÏÓǲÃǲ ÏÄÄÁ×ÁÎÅÊ ËÒ×É ÏÒÁÚ ÎÁ ÚÄÒÏ×ÉÅ 
ÓÁÍÅÇÏ ÄÁ×ÃÙ ɉ#ÈÅÎ ÅÔ ÁÌȢȟ ςπρψɊȢ  

:ȘÅÌÁÚÏ ÊÅÓÔ ÐÉÅÒ×ÉÁÓÔËÉÅÍ ÎÉÅÚÂöÄÎÙÍ ÄÏ 
ÐÒÁ×ÉÄčÏ×ÅÇÏ ÆÕÎËÃÊÏÎÏ×ÁÎÉÁ ÏÒÇÁÎÉÚÍÕ 
ÌÕÄÚËÉÅÇÏȟ ÏÄÇÒÙ×ÁÊäÃ ËÌÕÃÚÏ×ä ÒÏÌö × ×ÉÅÌÕ 
ÐÒÏÃÅÓÁÃÈ ÆÉÚÊÏÌÏÇÉÃÚÎÙÃÈȟ × ÔÙÍ × ÓÙÎÔÅÚÉÅ 
ÈÅÍÏÇÌÏÂÉÎÙȟ ÔÒÁÎÓÐÏÒÃÉÅ ÔÌÅÎÕ É ÐÒÏÄÕËÃÊÉ 
ÅÎÅÒÇÉÉ ÎÁ ÐÏÚÉÏÍÉÅ ËÏÍÏǲÒËÏ×ÙÍȢ *ÅÓÔ ÏÎÏ 
ÓÚÃÚÅÇÏǲÌÎÉÅ ÉÓÔÏÔÎÅ ÄÌÁ ÚÄÒÏ×ÉÁȟ ÇÄÙÚȗ ÂÅÚ 
ÏÄÐÏ×ÉÅÄÎÉÃÈ ÊÅÇÏ ÚÁÓÏÂÏǲ× ÏÒÇÁÎÉÚÍ ÎÉÅ ÊÅÓÔ × 
ÓÔÁÎÉÅ ÐÒÏÄÕËÏ×ÁÃǲ ×ÙÓÔÁÒÃÚÁÊäÃÅÊ ÉÌÏÓǲÃÉ ÅÒÙÔÒÏ-
ÃÙÔÏǲ× ɉ"ÏÃÃÉÏ ÅÔ ÁÌȢȟ ςππσȠ #ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 

%ÄÕËÁÃÊÁ ÚȗÙ×ÉÅÎÉÏ×Á ÄÁ×ÃÏǲ× ËÒ×É ÊÅÓÔ 
ËÌÕÃÚÏ×ÙÍ ÅÌÅÍÅÎÔÅÍ ÐÒÏÍÏ×ÁÎÉÁ ÚÄÒÏ×ÉÁ 
ÐÕÂÌÉÃÚÎÅÇÏ É ÚÁÐÅ×ÎÉÅÎÉÁ ÊÁËÏÓǲÃÉ ÚÁÓÏÂÏǲ× 
ËÒ×ÉȢ 3ǳ×ÉÁÄÏÍÏÓǲÃǲ ÚÎÁÃÚÅÎÉÁ ÏÄÐÏ×ÉÅÄÎÉÅÇÏ 
ÚȗÙ×ÉÅÎÉÁ É ÐÒÁËÔÙÃÚÎÅ ×ÓËÁÚÏǲ×ËÉ ÄÏÔÙÃÚäÃÅ 
ÄÉÅÔÙ ÍÏÇä ÚÎÁÃÚäÃÏ ×ÐčÙÎäÃǲ ÎÁ ÚÄÒÏ×ÉÅ 
ÄÁ×ÃÏǲ× ÏÒÁÚ ÎÁ ÅÆÅËÔÙ×ÎÏÓǲÃǲ É ÂÅÚÐÉÅÃÚÅÎǲÓÔ×Ï 
ÐÒÏÃÅÓÕ ÏÄÄÁ×ÁÎÉÁ ËÒ×ÉȢ 0ÏÐÒÚÅÚ ÅÄÕËÁÃÊö É 
×ÓÐÁÒÃÉÅ ÄÉÅÔÅÔÙÃÚÎÅȟ ÍÏÚȗÅÍÙ ÐÒÚÙÃÚÙÎÉÃǲ ÓÉö ÄÏ 
Ú×ÉöËÓÚÅÎÉÁ ÌÉÃÚÂÙ ÚÄÒÏ×ÙÃÈ É ÒÅÇÕÌÁÒÎÙÃÈ 
ÄÁ×ÃÏǲ× ËÒ×Éȟ ÃÏ ÂÅÚÐÏÓǲÒÅÄÎÉÏ ÐÒÚÅčÏÚȗÙ ÓÉö ÎÁ 
ÌÅÐÓÚÅ ÆÕÎËÃÊÏÎÏ×ÁÎÉÅ ÓÙÓÔÅÍÏǲ× ÏÐÉÅËÉ 
ÚÄÒÏ×ÏÔÎÅÊ ɉ'ÁÍÍÏÎ ÅÔ ÁÌȢȟ ςπςσɊȢ 

#ÅÌÅÍ ÔÅÇÏ ÐÒÚÅÇÌäÄÏ×ÅÇÏ ÁÒÔÙËÕčÕ ÊÅÓÔ 
ÓÚÃÚÅÇÏǲčÏ×Å ÏÍÏǲ×ÉÅÎÉÅ ÒÏÌÉ ÚȗÅÌÁÚÁ × ÚȗÙ×ÉÅÎÉÕ 
ÄÁ×ÃÏǲ× ËÒ×É É ÊÅÊ ÓËčÁÄÎÉËÏǲ×Ȣ 7 ÐÉÅÒ×ÓÚÅÊ 
ÃÚöÓǲÃÉ ÐÒÚÅÄÓÔÁ×ÉÁÍÙ ÐÏÄÓÔÁ×Ï×Å ÆÕÎËÃÊÅ 
ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ ÃÚčÏ×ÉÅËÁ ÏÒÁÚ ÊÅÇÏ 
ÚÎÁÃÚÅÎÉÅ × ÐÒÏÄÕËÃÊÉ ËÒ×ÉȢ .ÁÓÔöÐÎÉÅ ÐÏÄ-
ÄÁÊÅÍÙ ÁÎÁÌÉÚÉÅ ×ÐčÙ× ÄÁ×ÓÔ×Á ËÒ×É ÎÁ ÚÁÓÏÂÙ 
ÚȗÅÌÁÚÁ ÏÒÁÚ ÐÒÏÃÅÓÙ ÒÅÇÅÎÅÒÁÃÙÊÎÅ Õ ÄÁ×ÃÏǲ× ÐÏ 
ÄÏÎÁÃÊÉȢ /ÍÁ×ÉÁÍÙ ÒÏǲ×ÎÉÅÚȗ ÚÁÌÅÃÅÎÉÁ 
ÄÉÅÔÅÔÙÃÚÎÅ É ÓÕÐÌÅÍÅÎÔÁÃÙÊÎÅ ÄÌÁ ÄÁ×ÃÏǲ× ËÒ×Éȟ 
Á ÔÁËÚȗÅ ÓÔÒÁÔÅÇÉÅ ÚÁÐÏÂÉÅÇÁÎÉÁ ÎÉÅÄÏÂÏÒÏÍ 
ÚȗÅÌÁÚÁȢ 7 ËÏÎǲÃÏ×ÙÃÈ ÓÅËÃÊÁÃÈ ÐÒÚÙÇÌäÄÁÍÙ ÓÉö 
ÐÒÚÙÐÁÄËÏÍ ÓÚÃÚÅÇÏǲÌÎÙÍȟ ÔÁËÉÍ ÊÁË ÄÁ×ÃÙ Ï 
Ú×ÉöËÓÚÏÎÙÍ ÒÙÚÙËÕ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁȟ ÏÒÁÚ 
ÐÒÅÚÅÎÔÕÊÅÍÙ ×ÎÉÏÓËÉ ÐčÙÎäÃÅ Ú ÐÒÚÅÇÌäÄÕ 
ÄÏÓÔöÐÎÅÊ É ×ÙËÏÒÚÙÓÔÁÎÅÊ ÌÉÔÅÒÁÔÕÒÙȢ 

 
ρȢ 2ÏÌÁ ŀÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ ÃÚčÏ×ÉÅËÁ 

ÏÒÁÚ ÍÅÔÁÂÏÌÉÚÍ ÔÅÇÏ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁȢ 

:ȘÅÌÁÚÏ ÊÅÓÔ ÚÁÓÁÄÎÉÃÚÙÍ ÅÌÅÍÅÎÔÅÍ ×ÉÅÌÕ 
ÐÒÏÃÅÓÏǲ× ÆÉÚÊÏÌÏÇÉÃÚÎÙÃÈ × ÏÒÇÁÎÉÚÍÉÅ ÃÚčÏ-
×ÉÅËÁ ɉ+ÉÓÓȟ ςπρυɊȟ ÎÉÅÚÂöÄÎÙÍ ÄÏ ÐÒÁ×ÉÄčÏ-
×ÅÇÏ ÒÏÚ×ÏÊÕ É ÆÕÎËÃÊÏÎÏ×ÁÎÉÁȟ ÓÔÁÎÕ 
ÏÄÐÏÒÎÏÓǲÃÉȟ ×ÙÄÏÌÎÏÓǲÃÉ ÆÉÚÙÃÚÎÅÊ É ×ÙÄÁÊÎÏÓǲÃÉ 
ÐÒÁÃÙ ɉ"ÒÉÔÔÅÎÈÁÍȟ ςπρρȠ 3ÐÅÎÃÅÒ ÁÎÄ -ÁÓÔȟ 
ςπςςɊȢ *ÅÓÔ ÓËčÁÄÎÉËÉÅÍ ÈÅÍÕȟ × ÐÏčäÃÚÅÎÉÕ Ú 
ËÔÏǲÒÙÍ ÕÃÚÅÓÔÎÉÃÚÙ × ÏÄ×ÒÁÃÁÌÎÙÍ ×ÉäÚÁÎÉÕ 
ÔÌÅÎÕ ÐÒÚÅÚ ËÒ×ÉÎËö ÃÚÅÒ×ÏÎä É ÚÁÒÁÚÅÍ 
ËÌÕÃÚÏ×ÙÍ ÅÌÅÍÅÎÔÅÍ ÍÉÏÇÌÏÂÉÎÙ ÍÉöÓǲÎÉÏ×ÅÊ 
ÏÒÁÚ ÍÉÔÏÃÈÏÎÄÒÉÁÌÎÙÃÈ ÃÙÔÏÃÈÒÏÍÏǲ× ɉ#ÈÉÆÍÁÎ 
ÅÔ ÁÌȢȟ ςπρτɊȢ #ÁčËÏ×ÉÔÁ ÚÁ×ÁÒÔÏÓǲÃǲ ÚȗÅÌÁÚÁ × 
ÏÒÇÁÎÉÚÍÉÅ ×ÙÎÏÓÉ ÓǲÒÅÄÎÉÏ υπ ÍÇȾËÇ Õ ÍöÚȗÃÚÙÚÎ 
ɉÏËÏčÏ συππ ÍÇ Õ ÄÏÒÏÓčÅÇÏ ÍöÚȗÃÚÙÚÎÙɊ É 
συ ÍÇȾËÇ Õ ËÏÂÉÅÔ ɉÏËÏčÏ ςρππ ÍÇ Õ ÄÏÒÏÓčÅÊ 
ËÏÂÉÅÔÙɊȢ 7ÉöËÓÚÏÓǲÃǲȟ ÂÏ ÁÚȗ φπ Ϸ ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ 
ÚÎÁÊÄÕÊÅ ÓÉö × ËÒ×ÉÎËÁÃÈ ÃÚÅÒ×ÏÎÙÃÈ ɉ+ÉÓÓȟ 
ςπρυɊȢ 

$ÏÂÒÚÅ ÏÄÚȗÙ×ÉÏÎÙ ÄÏÒÏÓčÙ ÃÚčÏ×ÉÅË 
ÚÁ×ÉÅÒÁ × Ó×ÏÉÍ ÏÒÇÁÎÉÚÍÉÅ ÏËÏčÏ σȤυ Ç ÚȗÅÌÁÚÁȟ 
Ú ÃÚÅÇÏ ÐÒÁ×ÉÅ φπ Ϸ ÊÅÓÔ ×čäÃÚÁÎÅ ÄÏ ÈÅÍÏ-
ÇÌÏÂÉÎÙȟ Á ρπ Ϸ ÄÏ ÍÉÏÇÌÏÂÉÎÙ ÍÉöÓǲÎÉÏ×ÅÊȢ 
0ÏÚÏÓÔÁčÁ ÃÚöÓǲÃǲ ÊÅÓÔ ÍÁÇÁÚÙÎÏ×ÁÎÁ × ÈÅÐÁÔÏ-
ÃÙÔÁÃÈ É ÍÁËÒÏÆÁÇÁÃÈ ÓÉÁÔÅÃÚËÏ×ÏȤÓǲÒÏǲÄÂčÏÎ-
ËÏ×ÙÃÈȢ /ËÏčÏ ρȤς ÍÇ ÚȗÅÌÁÚÁ ÊÅÓÔ ÔÒÁÃÏÎÅ 
ÄÚÉÅÎÎÉÅ ÐÒÚÅÚ ÐÏÔȟ ÕÔÒÁÔö ËÒ×É ÏÒÁÚ ÚčÕÓÚÃÚÁÎÉÅ 
ÓÉö ËÏÍÏǲÒÅË ÎÁÂčÏÎËÁ ÊÅÌÉÔÏ×ÅÇÏȢ !ÂÙ ÚÒÅËÏÍ-
ÐÅÎÓÏ×ÁÃǲ ÕÔÒÁÔö ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȟ ÏÒÇÁÎÉÚÍ 
×ÃÈčÁÎÉÁ ÇÏ Ú ÄÉÅÔÙ × ÉÌÏÓǲÃÉ ρȤς ÍÇ ÄÚÉÅÎÎÉÅȟ ÁÌÅ 
ÓÁÍÁ ÓÙÎÔÅÚÁ ÈÅÍÏÇÌÏÂÉÎÙ ×ÙÍÁÇÁ ςπȤςυ ÍÇ 
ÚȗÅÌÁÚÁ ÄÚÉÅÎÎÉÅȢ !ÂÙ ÁËÔÙ×Ï×ÁÃǲ ÓÙÎÔÅÚö 
ÈÅÍÏÇÌÏÂÉÎÙ É ÉÎÎÅ ÐÒÏÃÅÓÙ ÍÅÔÁÂÏÌÉÃÚÎÅȟ 
ÚȗÅÌÁÚÏ ÍÕÓÉ ÂÙÃǲ ÐÏÄÄÁ×ÁÎÅ ÒÅÃÙËÌÉÎÇÏ×Éȟ Á ÊÅÇÏ 
ÐÏÚÉÏÍ × ÏÒÇÁÎÉÚÍÉÅ ÊÅÓÔ ÓǲÃÉÓǲÌÅ ÒÅÇÕÌÏ×ÁÎÙȢ 
+ÒäÚȗäÃÙ ÈÏÒÍÏÎ ÐÅÐÔÙÄÏ×Ù ÈÅÐÃÙÄÙÎÁȟ ×ÒÁÚ ÚÅ 
Ó×ÏÉÍ ÒÅÃÅÐÔÏÒÅÍ ÆÅÒÒÏÐÏÒÔÙÎäȟ ÐÒÚÅÄÅ 
×ÓÚÙÓÔËÉÍ ÕÔÒÚÙÍÕÊÅ ÓÙÓÔÅÍÏ×ä ÈÏÍÅÏÓÔÁÚö 
ÚȗÅÌÁÚÁȟ ÐÏÄÃÚÁÓ ÇÄÙ ÂÉÁčËÁ ÒÅÇÕÌÕÊäÃÅ ÐÏÚÉÏÍ 
ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ  ÏÄÇÒÙ×ÁÊä ÇčÏǲ×Îä ÒÏÌö × 
ËÏÎÔÒÏÌÏ×ÁÎÉÕ ÊÅÇÏ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×ÅÊ 
ÈÏÍÅÏÓÔÁÚÙȢ .ÉÅÄÁ×ÎÏ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÏ 
×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×Å ÒÅÁËÃÊÅ ÂÉÏÒäÃÅ ÕÄÚÉÁč × 
ÍÅÔÁÂÏÌÉÚÍÉÅ ÚȗÅÌÁÚÁȟ ÓËčÁÄÁÊäÃÅ ÓÉö ÚÅ ρυρ 
ÃÚäÓÔÅÃÚÅË ÃÈÅÍÉÃÚÎÙÃÈ É ρπχ ÒÅÁËÃÊÉ É ÅÔÁÐÏǲ× 
ÔÒÁÎÓÐÏÒÔÕ ɉ$Å $ÏÍÅÎÉÃÏ ÅÔ ÁÌȢȟ ςππχȠ !ÎÄÒÅ×Óȟ 
ςππψȠ (Ï×ÅÒ ÅÔ ÁÌȢȟ ςππωȠ (ÅÎÔÚÅ ÅÔ ÁÌȢȟ ςπρπɊȢ 

7 ÎÏÒÍÁÌÎÙÃÈ ×ÁÒÕÎËÁÃÈ ÚȗÅÌÁÚÏ × 
ÏÒÇÁÎÉÚÍÉÅ ÚÎÁÊÄÕÊÅ ÓÉö × ÄÙÎÁÍÉÃÚÎÅÊ ÒÏǲ×ÎÏ-
×ÁÄÚÅ ɉ'ÅÉÓÓÅÒ ÁÎÄ "ÕÒÃËÈÁÒÄÔȟ ςπρρɊȢ : ÏËÏčÏ 
ρπ ÍÇ ÚȗÅÌÁÚÁ ÐÒÚÙÊÍÏ×ÁÎÅÇÏ Ú ÐÏÚȗÙ×ÉÅÎÉÅÍȟ  
ρȤς ÍÇ ÊÅÓÔ ×ÃÈčÁÎÉÁÎÅ ÐÒÚÅÚ ÅÎÔÅÒÏÃÙÔÙ 
Ä×ÕÎÁÓÔÎÉÃÙȢ 7 ËÒäÚȗÅÎÉÕ ÚȗÅÌÁÚÏ ÊÅÓÔ Ú×ÉäÚÁÎÅ Ú 
ÔÒÁÎÓÆÅÒÙÎä ɉÏËÏčÏ σ ÍÇɊȟ ËÔÏǲÒÁ ÔÒÁÎÓÐÏÒÔÕÊÅ ÊÅ 
ÂÅÚÐÉÅÃÚÎÉÅ ÄÏ ÓÚÐÉËÕ ËÏÓÔÎÅÇÏ × ÃÅÌÕ ÓÙÎÔÅÚÙ 
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ÈÅÍÏÇÌÏÂÉÎÙȢ /ËÏčÏ Ä×ÏǲÃÈ ÔÒÚÅÃÉÃÈ ÚȗÅÌÁÚÁ × 
ÏÒÇÁÎÉÚÍÉÅ ×ÙÓÔöÐÕÊÅ × ÐÏÓÔÁÃÉ ÈÅÍÏÇÌÏÂÉÎÙȟ × 
ÃÚÅÒ×ÏÎÙÃÈ ËÒ×ÉÎËÁÃÈ ɉρψππ ÍÇɊ É ÐÒÅËÕÒ-
ÓÏÒÁÃÈ ÅÒÙÔÒÏÃÙÔÏǲ× × ÓÚÐÉËÕ ËÏÓÔÎÙÍ ɉσππ ÍÇɊȟ 
ÐÏÄÃÚÁÓ ÇÄÙ ρπȤρυ Ϸ ÚÎÁÊÄÕÊÅ ÓÉö × ÍÉÏÇÌÏÂÉÎÉÅ 
É ÒÏǲÚȗÎÙÃÈ ÅÎÚÙÍÁÃÈȢ :ȘÅÌÁÚÏ ÊÅÓÔ ÍÁÇÁÚÙÎÏ×ÁÎÅ 
× ËÏÍÏǲÒËÁÃÈ ÍÉäÚȗÓÚÏ×ÙÃÈ ×äÔÒÏÂÙ ɉÏËÏčÏ 
ρπππ ÍÇɊȢ -ÁËÒÏÆÁÇÉ ÓÉÁÔÅÃÚËÏ×ÏȤÓǲÒÏǲÄÂčÏÎ-

ËÏ×Å ÔÙÍÃÚÁÓÏ×Ï ÐÒÚÅÃÈÏ×ÕÊä ÚȗÅÌÁÚÏ ÏÄÚÙÓ-
ËÁÎÅ ÚÅ ÓÔÁÒÚÅÊäÃÙÃÈ ÓÉö ÅÒÙÔÒÏÃÙÔÏǲ× ɉφππ ÍÇɊ 
× čÁÔ×Ï ÄÏÓÔöÐÎÅÊ ÆÏÒÍÉÅ ɉ'ÅÉÓÓÅÒ ÁÎÄ "ÕÒÃË-
ÈÁÒÄÔȟ ςπρρɊȢ %ÒÙÔÒÏÐÏÅÔÙÎÁȟ ÐÒÏÄÕËÏ×ÁÎÁ 
ÐÒÚÅÚ ÎÅÒËÉȟ ÒÅÇÕÌÕÊÅ ÁÂÓÏÒÐÃÊö ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
× Ä×ÕÎÁÓÔÎÉÃÙ É ÅÒÙÔÒÏÐÏÅÚö ɉ2ÙÃȢ ρɊȢ 

 

 

 

 
 

 
Ryc. 1. Schemat metabolizmu ƭelaza w organizmie 

 (Geisser and Burckhardt, 2011) 

 
 
.ÉÅÏÒÇÁÎÉÃÚÎÅȟ ÎÉÅÈÅÍÏ×Å ÚȗÅÌÁÚÏ ÊÅÓÔ 

ÏÂÅÃÎÅ × ×ÉÅÌÕ ÐÒÏÄÕËÔÁÃÈ ÓÐÏÚȗÙ×ÃÚÙÃÈȟ 
ÔÁËÉÃÈ ÊÁË ÊÁÊËÁ É ×ÁÒÚÙ×Áȟ É ÊÅÓÔ ×ÃÈčÁÎÉÁÎÅ 
ÐÒÚÅÚ ÅÎÔÅÒÏÃÙÔÙ Ä×ÕÎÁÓÔÎÉÃÙȢ 2ÅÄÕËÔÁÚÁ 
ÚȗÅÌÁÚÁ #ÙÂÒÄρ ɉ$ÃÙÔ"Ɋ ÒÅÄÕËÕÊÅ ÎÉÅÈÅÍÏ×Å 
ÚȗÅÌÁÚÏ ÄÏ &ÅςϹ ÚÁÎÉÍ ÚÏÓÔÁÎÉÅ ÐÒÚÅÔÒÁÎ-
ÓÐÏÒÔÏ×ÁÎÅ ÐÒÚÅÚ ÂčÏÎö ËÏÍÏǲÒËÏ×ä ÐÒÚÅÚ 
Ä×Õ×ÁÒÔÏÓǲÃÉÏ×Ù ÔÒÁÎÓÐÏÒÔÅÒ ÍÅÔÁÌÉ ρȟ $-4ρ 
ɉ3,#ρρ!ςɊ ɉ'ÕÎÓÈÉÎ ÅÔ ÁÌȢȟ ρωωχȠ 4ÕÒÉ ÅÔ ÁÌȢȟ 
ςππφɊȢ 7ÃÈčÁÎÉÁÎÉÅ ÈÅÍÏ×ÅÇÏ ÚȗÅÌÁÚÁ ÚÎÁÊÄÕÊä-
ÃÅÇÏ ÓÉö × ÃÚÅÒ×ÏÎÙÍ ÍÉöÓÉÅ ÎÉÅ ÊÅÓÔ × ÐÅčÎÉ 
ÐÏÚÎÁÎÅȢ 0Ï ×ÃÈčÏÎÉöÃÉÕ ÈÅÍÏ×Å ÚȗÅÌÁÚÏ ÊÅÓÔ 
ÔÒÁÎÓÐÏÒÔÏ×ÁÎÅ ÄÏ ÃÙÔÏÚÏÌÕ É Õ×ÁÌÎÉÁÎÅ ÐÒÚÅÚ 

ÈÅÍÏ×ä ÏËÓÙÄÁÚö ρ ɉ(/ρɊ ɉ&ÅÒÒÉÓ ÅÔ ÁÌȢȟ ρωωωɊȢ 
.ÁÄÍÉÁÒ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×ÅÇÏ ÚȗÅÌÁÚÁ ÊÅÓÔ 
ÍÁÇÁÚÙÎÏ×ÁÎÙ × ÂÉÁčËÕ ÆÅÒÒÙÔÙÎÉÅȢ &ÅÒÒÙÔÙÎÁ 
ÕÔÌÅÎÉÁ É ×ÉäÚȗÅ ÎÁÄÍÉÁÒ ÚȗÅÌÁÚÁ × ÒÄÚÅÎÉÕ 
ÍÉÎÅÒÁÌÎÙÍ Ú×ÁÎÙÍ ÆÅÒÒÉÈÙÄÒÙÔÅÍ ɉ4ÈÅÉÌȟ 
ςππσȠ !ÒÏÓÉÏ ÁÎÄ ,ÅÖÉȟ ςπρπɊȢ :ȘÅÌÁÚÏ Ú×ÉäÚÁÎÅ 
× ÆÅÒÒÙÔÙÎÉÅ ÅÎÔÅÒÏÃÙÔÏǲ× ÊÅÓÔ ÔÒÁÃÏÎÅ ÐÏ ËÉÌËÕ 
ÄÎÉÁÃÈ ÐÏÐÒÚÅÚ ÚčÕÓÚÃÚÁÎÉÅ ÓÉö ËÏÍÏǲÒÅË 
ÎÁÂčÏÎËÁ ÊÅÌÉÔÏ×ÅÇÏȢ #ÙÔÏÚÏÌÏ×Å ÚȗÅÌÁÚÏ ÊÅÓÔ 
ÅËÓÐÏÒÔÏ×ÁÎÅ ÄÏ ÏÓÏÃÚÁ ÐÒÚÅÚ ÅËÓÐÏÒÔÅÒ 
ÚȗÅÌÁÚÁ ɀ ÆÅÒÒÏÐÏÒÔÙÎö ɉ&ÐÎȟ 3,#τπ!ρɊ ɉ!ÂÂÏÕÄ 
ÁÎÄ (ÁÉÌÅȟ ςπππȠ -Ã+ÉÅ ÅÔ ÁÌȢȟ ςππσɊȢ %ËÓÐÏÒÔ 
ÚȗÅÌÁÚÁ Ú ÅÎÔÅÒÏÃÙÔÏǲ× ÄÏ ËÒ×ÉÏÂÉÅÇÕ ×ÙÍÁÇÁ 
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ÆÅÒÒÏËÓÙÄÁÚÙ ÈÅÆÁÊÓÔÙÎÙ ɉ(%0(Ɋȟ ×ÉÅÌÏÍÉÅÄ-
ÚÉÏ×ÅÊ ÏËÓÙÄÁÚÙȟ ËÔÏǲÒÁ ÕÔÌÅÎÉÁ &ÅςϹ ÄÏ &ÅσϹ 
ɉ6ÕÌÐÅ ÅÔ ÁÌȢȟ ρωωωɊȢ 7 ÏÓÏÃÚÕ &ÅσϹ ËÒäÚȗÙ 
Ú×ÉäÚÁÎÅ Ú ÔÒÁÎÓÆÅÒÙÎä ɉ4ÆɊȟ ÇÌÉËÏÐÒÏÔÅÉÎäȟ 
ËÔÏǲÒÁ ÍÁ Ä×Á ÍÉÅÊÓÃÁ ×ÉäÚÁÎÉÁ ÄÌÁ ÚȗÅÌÁÚÁ É 
ÕÔÒÚÙÍÕÊÅ ÇÏ × ÒÏÚÐÕÓÚÃÚÁÌÎÅÊ ÆÏÒÍÉÅȢ /ÄËÒÙÃÉÅ 
ÔÒÁÎÓÆÅÒÙÎÙ ÊÁËÏ ÔÒÁÎÓÐÏÒÔÅÒÁ ÚȗÅÌÁÚÁ × ÏÓÏÃÚÕ 
ÄÁÔÕÊÅ ÓÉö ÎÁ ρωτφ ÒȢ ɉ3ÃÈÁÄÅ ÁÎÄ #ÁÒÏÌÉÎÅȟ 
ρωτφɊȢ 4ÒÁÎÓÆÅÒÙÎÁ ÐÅčÎÉ Ä×ÉÅ ×ÁÚȗÎÅ ÆÕÎËÃÊÅȟ 
ÍÉÁÎÏ×ÉÃÉÅ ÏÇÒÁÎÉÃÚÁ ÐÏ×ÓÔÁ×ÁÎÉÅ ÔÏËÓÙÃÚ-
ÎÙÃÈ ×ÏÌÎÙÃÈ ÒÏÄÎÉËÏǲ× É ÄÏÓÔÁÒÃÚÁ ÚȗÅÌÁÚÏ ÄÏ 
ËÏÍÏǲÒÅËȢ 5 ÚÄÒÏ×ÙÃÈ ÏÓÏǲÂ ÏËÏčÏ ρȾσ ÔÒÁÎÓÆÅ-
ÒÙÎÙ ÊÅÓÔ ÎÁÓÙÃÏÎÁ ÚȗÅÌÁÚÅÍȢ 3ÔöÚȗÅÎÉÁ ÔÅÇÏ 
ÍÉËÒÏÅÌÅÍÅÎÔÕ Õ ÚÄÒÏ×ÙÃÈ ÄÏÒÏÓčÙÃÈ ×ÙÎÏÓÚä 
ρτȤσς ʈÍÏÌȾÌȟ ÐÒÚÙ ÃÚÙÍ ÐÒÁËÔÙÃÚÎÉÅ ÃÁčÅ 
ËÒäÚȗäÃÅ ÚȗÅÌÁÚÏ ÊÅÓÔ Ú×ÉäÚÁÎÅ Ú 4ÆȢ 7 ×ÁÒÕÎËÁÃÈ 
ÐÒÚÅÃÉäÚȗÅÎÉÁ ÏÒÇÁÎÉÚÍÕ ÔÙÍ ÐÉÅÒ×ÉÁÓÔËÉÅÍ 
ÇÒÏÍÁÄÚÉ ÓÉö ÏÎ × ÐÏÓÔÁÃÉ ÎÉÅÚ×ÉäÚÁÎÅÊ Ú 
ÔÒÁÎÓÆÅÒÙÎä ɉ.4")ɊȢ 5×ÁÚȗÁ ÓÉöȟ ÚȗÅ .4") ÊÅÓÔ 
ÇčÏǲ×ÎÙÍ ÃÚÙÎÎÉËÉÅÍ ÐÒÚÙÃÚÙÎÉÁÊäÃÙÍ ÓÉö ÄÏ 
ÐÁÔÏÌÏÇÉÉ Ú×ÉäÚÁÎÅÊ Ú ÐÒÚÅÃÉäÚȗÅÎÉÅÍ ÏÒÇÁÎÉÚÍÕ 
ÚȗÅÌÁÚÅÍ ɉ(ÅÎÔÚÅ ÅÔ ÁÌȢȟ ςπρπɊȢ 

'čÏǲ×ÎÙÍ ȺËÏÎÓÕÍÅÎÔÅÍȻ ÚȗÅÌÁÚÁ ÊÅÓÔ 
ÓÚÐÉË ËÏÓÔÎÙȟ Á ×ÉöËÓÚÏÓǲÃǲ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
ÐÏÃÈÏÄÚÉ Ú ×Å×ÎöÔÒÚÎÅÇÏ ÒÅÃÙËÌÉÎÇÕ Ú 
ÕÄÚÉÁčÅÍ ÍÁËÒÏÆÁÇÏǲ× ÔËÁÎËÏ×ÙÃÈȟ ÇčÏǲ×ÎÉÅ 
ÍÁËÒÏÆÁÇÏǲ× ÓǲÌÅÄÚÉÏÎÙȢ %ÒÙÔÒÏÂÌÁÓÔÙ ÐÏÚÙÓËÕÊä 
ÚȗÅÌÁÚÏ ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÂÉÁčËÁ ÏÂÅÃÎÅÇÏ 
ÐÏ×ÓÚÅÃÈÎÉÅ ÎÁ ÐÏ×ÉÅÒÚÃÈÎÉ ËÏÍÏǲÒËÉȟ ÒÅÃÅÐ-
ÔÏÒÁ ÔÒÁÎÓÆÅÒÙÎÙ ρȟ 4Æ2ρȢ 0ÏÐÒÚÅÚ ÅÎÄÏÃÙÔÏÚö 
ÚÁÌÅÚȗÎä ÏÄ ÒÅÃÅÐÔÏÒÁȟ 4Æ2ρ ÐÒÚÅÎÏÓÉ ÏÂÃÉäÚȗÏÎä 
ÚȗÅÌÁÚÅÍ 4Æ ɉÈÏÌÏȤ4ÆɊ ÄÏ ÚÁË×ÁÓÚÏÎÙÃÈ ÅÎÄÏÓÏ-
ÍÏǲ×ȟ ÇÄÚÉÅ ÚȗÅÌÁÚÏ ÄÙÓÏÃÊÕÊÅ ÏÄ ÔÒÁÎÓÆÅÒÙÎÙ ÐÒÚÙ 
ÐÏÍÏÃÙ ÓÚÅÓǲÃÉÕ ÔÒÁÎÓÂčÏÎÏ×ÙÃÈ ÂÉÁčÅË 
ÁÎÔÙÇÅÎÕ ÎÁÂčÏÎËÁ ÐÒÏÓÔÁÔÙ ɉ34%!0Ɋ É ÏÐÕÓÚÃÚÁ 
ÅÎÄÏÓÏÍÙ ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ $-4ρ ɉ/ÈÇÁÍÉ ÅÔ 
ÁÌȢȟ ςππφɊȢ 4ÒÁÎÓÆÅÒÙÎÁ É ÒÅÃÅÐÔÏÒ ÔÒÁÎÓÆÅÒÙÎÙ Óä 
ÏÄÎÁ×ÉÁÌÎÅ ÎÁ ÐÏ×ÉÅÒÚÃÈÎÉ ËÏÍÏǲÒËÉȢ :ȘÅÌÁÚÏ ÊÅÓÔ 
ÉÍÐÏÒÔÏ×ÁÎÅ Ú ÐÒÚÅÄÚÉÁčÏǲ× ×Å×ÎäÔÒÚËÏÍÏǲÒ-
ËÏ×ÙÃÈ ÄÏ ÍÉÔÏÃÈÏÎÄÒÉÏǲ× ÐÒÚÅÚ ×Å×ÎöÔÒÚÎÅ 
ÂÉÁčËÏ ÂčÏÎÏ×Å ÍÉÔÏÆÅÒÒÙÎö ρȟ Ô×ÏÒÚäÃ ÈÅÍȟ 
ËÔÏǲÒÅÇÏ ×ÉöËÓÚÏÓǲÃǲ ÊÅÓÔ ÎÁÓÔöÐÎÉÅ ×ÙËÏÒÚÙÓÔÙ-
×ÁÎÁ ÄÏ ÐÒÏÄÕËÃÊÉ ÈÅÍÏÇÌÏÂÉÎÙ ɉ3ÈÁ× ÅÔ ÁÌȢȟ 
ςππφɊȢ 0ÏÎÉÅ×ÁÚȗ ÎÁÄÍÉÁÒ ÈÅÍÕ ÊÅÓÔ ÔÏËÓÙÃÚÎÙ É 
ÍÏÚȗÅ ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÁÐÏÐÔÏÚÙȟ ÍÕÓÚä ÉÓÔÎÉÅÃǲ 
ÍÅÃÈÁÎÉÚÍÙ ÕÔÒÚÙÍÕÊäÃÅ ÈÅÍ ÎÁ ÏÄÐÏ×ÉÅÄÎÉÍ 
ÐÏÚÉÏÍÉÅȢ 0ÒÚÙÐÕÓÚÃÚÁ ÓÉöȟ ÚȗÅ ÒÅÃÅÐÔÏÒ 
ËÏÍÏǲÒËÏ×Ù ÐÏÄÇÒÕÐÙ # ×ÉÒÕÓÁ ÂÉÁčÁÃÚËÉ ËÏÔÏǲ× 
ɉ&,6#2Ɋ É ÂÉÁčËÏ ËÁÓÅÔÙ ×ÉäÚȗäÃÅÊ !40 'ς 
ɉ!"#'ςɊ ÅËÓÐÏÒÔÕÊä ÎÁÄÍÉÁÒ ÈÅÍÕȟ ÃÈÏÃÉÁÚȗ ÎÉÅ 
ÊÅÓÔ ÔÏ × ÐÅčÎÉ ÚÒÏÚÕÍÉÁčÅ ɉ+ÒÉÓÈÎÁÍÕÒÔÈÙ ÅÔ ÁÌȢȟ 
ςππχȠ +ÅÅÌ ÅÔ ÁÌȢȟ ςππψɊȢ 

-ÁËÒÏÆÁÇÉ ÏÄÚÙÓËÕÊä ÚȗÅÌÁÚÏ ÚÅ ÓÔÁÒÚÅÊä-
ÃÙÃÈ ÓÉö É ÕÓÚËÏÄÚÏÎÙÃÈ ÅÒÙÔÒÏÃÙÔÏǲ×ȟ ÎÁÊÐÉÅÒ× 
ÆÁÇÏÃÙÔÕÊäÃ ÅÒÙÔÒÏÃÙÔÙȟ Á ÎÁÓÔöÐÎÉÅ ËÁÔÁÂÏÌÉ-
ÚÕÊäÃ ÈÅÍ ÚÁ ÐÏÍÏÃä ÏËÓÙÄÁÚÙ ÈÅÍÏ×ÅÊ × ÃÅÌÕ 
Õ×ÏÌÎÉÅÎÉÁ ÚȗÅÌÁÚÁȢ :ȘÅÌÁÚÏ Ä×Õ×ÁÒÔÏÓǲÃÉÏ×Å ÊÅÓÔ 
ÅËÓÐÏÒÔÏ×ÁÎÅ ÄÏ ÏÓÏÃÚÁ ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ 
ÅËÓÐÏÒÔÅÒÁ ÚȗÅÌÁÚÁȟ ÆÅÒÒÏÐÏÒÔÙÎÙ ɉ3,#τπ!ρɊȟ Á 
ÚȗÅÌÁÚÏ ÎÉÅ×ÙËÏÒÚÙÓÔÁÎÅ ÊÅÓÔ ÍÁÇÁÚÙÎÏ×ÁÎÅ × 
ÍÁËÒÏÆÁÇÁÃÈȟ ÇčÏǲ×ÎÉÅ × ÆÅÒÒÙÔÙÎÉÅ ɉ$ÏÎÏÖÁÎ ÅÔ 
ÁÌȢȟ ςππυȠ (ÅÎÔÚÅ ÅÔ ÁÌȢȟ ςπρπɊȢ )ÎÎÙÍ ×ÁÚȗÎÙÍ 
ÍÉÅÊÓÃÅÍ ÍÁÇÁÚÙÎÏ×ÁÎÉÁ ÚȗÅÌÁÚÁ ÊÅÓÔ ×äÔÒÏÂÁȟ 
ÐÏÎÉÅ×ÁÚȗ ×ÉöËÓÚÏÓǲÃǲ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÔÒÁÆÉÁÊäÃÅÇÏ 
ÄÏ ×äÔÒÏÂÙ ÊÅÓÔ ÍÁÇÁÚÙÎÏ×ÁÎÁ × ÆÅÒÒÙÔÙÎÉÅ É 
ÍÏÚȗÅ ÂÙÃǲ ÍÏÂÉÌÉÚÏ×ÁÎÁȟ ÇÄÙ ÏÒÇÁÎÉÚÍ ÔÅÇÏ 
ÐÏÔÒÚÅÂÕÊÅȢ (ÅÐÁÔÏÃÙÔÙ ÐÏÚÙÓËÕÊä ÈÏÌÏȤ4Æ ÚÁ 
ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ Ä×ÏǲÃÈ ÒÅÃÅÐÔÏÒÏǲ×ȟ 4Æ2ρ É 4Æ2ςȟ 
ÁÌÅ Õ×ÁÚȗÁ ÓÉöȟ ÚȗÅ 4Æ2ς ÄÚÉÁčÁ ÇčÏǲ×ÎÉÅ ÊÁËÏ 
ȺÃÚÕÊÎÉËȻ ÎÁÓÙÃÅÎÉÁ ÔÒÁÎÓÆÅÒÙÎÙ É ÍÁ ÚÎÁÃÚÎÉÅ 
ÎÉÚȗÓÚÅ ÐÏ×ÉÎÏ×ÁÃÔ×Ï ÄÏ ÈÏÌÏȤ4Æ ÎÉÚȗ 4Æ2ρ ɉ2ÏÂÂ 
ÁÎÄ 7ÅÓÓÌÉÎÇȤ2ÅÓÎÉÃËȟ ςππτȠ *ÏÈÎÓÏÎ ÁÎÄ %ÎÎÓȟ 
ςππτɊȢ 'ÄÙ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ × ÓÕÒÏ×ÉÃÙ ÐÒÚÅË-
ÒÁÃÚÁ ÚÄÏÌÎÏÓǲÃǲ ×ÉäÚÁÎÉÁ ÔÒÁÎÓÆÅÒÙÎÙȟ ×äÔÒÏÂÁ 
ÓÔÁÊÅ ÓÉö ÇčÏǲ×ÎÙÍ ÍÉÅÊÓÃÅÍ ÍÁÇÁÚÙÎÏ×ÁÎÉÁ 
ÚȗÅÌÁÚÁ ÎÉÅÚ×ÉäÚÁÎÅÇÏ Ú ÔÒÁÎÓÆÅÒÙÎä ɉ.4")Ɋ 
ɉ!ÎÄÒÅ×Ó ÁÎÄ 3ÃÈÍÉÄÔȟ ςππχɊȢ -ÅÃÈÁÎÉÚÍȟ ÚÁ 
ÐÏÍÏÃä ËÔÏǲÒÅÇÏ ÈÅÐÁÔÏÃÙÔÙ ÎÁÂÙ×ÁÊä .4")ȟ ÎÉÅ 
ÊÅÓÔ × ÐÅčÎÉ ÐÏÚÎÁÎÙȟ Á ÊÅÄÎÙÍ Ú ËÁÎÄÙÄÁÔÏǲ× ÎÁ 
×ÙÃÈ×ÙÔ .4") ÊÅÓÔ ÔÒÁÎÓÐÏÒÔÅÒ ÃÙÎËÕ :ÉÐρτ 
ɉ3,#σω!Ɋ ɉ,ÉÕÚÚÉ ÅÔ ÁÌȢȟ ςππφɊȢ )ÎÎÅ ÔËÁÎËÉȟ ÔÁËÉÅ 
ÊÁË ÓÅÒÃÅ É ÔÒÚÕÓÔËÁ ÒÏǲ×ÎÉÅÚȗ Óä ÍÉÅÊÓÃÁÍÉ 
ÇÒÏÍÁÄÚÅÎÉÁ ÓÉö ÚȗÅÌÁÚÁ × ÐÒÚÙÐÁÄËÕ 
ÐÒÚÅÃÉäÚȗÅÎÉÁ ÏÒÇÁÎÉÚÍÕ ÔÙÍ ÐÉÅÒ×ÉÁÓÔËÉÅÍ É 
ÒÏǲ×ÎÉÅÚȗ ÍÁÊä ÍÅÃÈÁÎÉÚÍÙ ×ÙÃÈ×ÙÔÕ .4") 
ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 

!ÂÙ ÕÎÉËÎäÃǲ ÐÒÚÅÃÉäÚȗÅÎÉÁ ÏÒÇÁÎÉÚÍÕ 
ÚȗÅÌÁÚÅÍ ÌÕÂ ×ÙÓÔäÐÉÅÎÉÁ ÊÅÇÏ ÎÉÅÄÏÂÏÒÕȟ ÏÒÇÁ-
ÎÉÚÍ ÍÕÓÉ ÕÔÒÚÙÍÁÃǲ ×Å×ÎöÔÒÚÎä ÒÏǲ×ÎÏ×ÁÇö 
ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȟ ÕÄÏÓÔöÐÎÉÁÊäÃ ÇÏ ÔÙÌËÏ ×ÔÅÄÙ É 
ÔÁÍȟ ÇÄÚÉÅ ÊÅÓÔ ÐÏÔÒÚÅÂÎÙ ɉ2ÙÃȢ ςɊȢ +ÒäÚȗäÃÙ 
ÈÏÒÍÏÎ ÐÅÐÔÙÄÏ×Ù ÈÅÐÃÙÄÙÎÁ ÊÅÓÔ ËÌÕÃÚÏ×ä 
ÃÚäÓÔÅÃÚËä × ÒÅÇÕÌÁÃÊÉ ÓÙÓÔÅÍÏ×ÅÊ ÈÏÍÅÏÓÔÁÚÙ 
ÚȗÅÌÁÚÁȢ *ÅÓÔ ÏÎÁ ÇčÏǲ×ÎÉÅ ×ÙÔ×ÁÒÚÁÎÁ ÐÒÚÅÚ 
×äÔÒÏÂöȟ ÃÈÏÃÉÁÚȗ ÎÉÅËÔÏǲÒÅ ÂÁÄÁÎÉÁ ÓÕÇÅÒÕÊäȟ ÚȗÅ 
ÉÎÎÅ ÔËÁÎËÉ ÒÏǲ×ÎÉÅÚȗ ÐÒÏÄÕËÕÊä ÈÅÐÃÙÄÙÎö ɉ0ÁÒË 
ÅÔ ÁÌȢȟ ςππρȠ 0ÉÇÅÏÎ ÅÔ ÁÌȢȟ ςππρɊȢ 0ÏÚÉÏÍÙ 
ÈÅÐÃÙÄÙÎÙ ÕÌÅÇÁÊä ÚÍÉÁÎÏÍ × ÏÄÐÏ×ÉÅÄÚÉ ÎÁ 
ÂÏÄÚǲÃÅ ÆÉÚÊÏÌÏÇÉÃÚÎÅȟ ËÔÏǲÒÅ ×ÐčÙ×ÁÊä ÎÁ 
ÈÏÍÅÏÓÔÁÚö ÚȗÅÌÁÚÁȟ ÔÁËÉÅ ÊÁË ÐÒÚÅÃÉäÚȗÅÎÉÅ 
ÚȗÅÌÁÚÅÍȟ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ × ×äÔÒÏÂÉÅȟ ÓÔÁÎ ÚÁÐÁÌÎÙȟ 
ÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁȟ ÁËÔÙ×ÎÏÓǲÃǲ ÅÒÙÔÒÏÐÏÅÔÙÃÚÎÁ É 
ÎÉÅÄÏÔÌÅÎÉÅÎÉÅȢ 7ÙÚȗÓÚÅ ÐÏÚÉÏÍÙ ÈÅÐÃÙÄÙÎÙ 
ÚÍÎÉÅÊÓÚÁÊä ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ É ÏÄ×ÒÏÔÎÉÅ 
ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 
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Ryc. 2. GĠ·wne tkanki biorňce udziaĠ w regulacji metabolizmu ƭelaza  
(Yiannikourides and Latunde-Dada, 2019) 

 

 

(ÅÐÃÙÄÙÎÁ ÍÏÄÕÌÕÊÅ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ × 
ÓÕÒÏ×ÉÃÙ É ËÏÎÔÒÏÌÕÊÅ ×ÙÓÙÃÅÎÉÅ ÔÒÁÎÓÆÅÒÙÎÙ 
ÐÏÐÒÚÅÚ ÈÁÍÏ×ÁÎÉÅ Õ×ÁÌÎÉÁÎÉÁ ÚȗÅÌÁÚÁ Ú 
ÅÎÔÅÒÏÃÙÔÏǲ× Ä×ÕÎÁÓÔÎÉÃÙȟ ÍÁËÒÏÆÁÇÏǲ× É 
ÈÅÐÁÔÏÃÙÔÏǲ×Ȣ +ÏÎËÒÅÔÎÉÅȟ ÈÅÐÃÙÄÙÎÁ ÒÅÇÕÌÕÊÅ 
ÏÄÐčÙ× ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ ×ÉäÚÁÎÉÅ ÓÉö Ú 
ÅËÓÐÏÒÔÅÒÅÍ ÚȗÅÌÁÚÁ ÆÅÒÒÏÐÏÒÔÙÎäȟ ÉÎÄÕËÕÊäÃ 
ÊÅÇÏ ÉÎÔÅÒÎÁÌÉÚÁÃÊö É ÄÅÇÒÁÄÁÃÊö × ÌÉÚÏÓÏÍÁÃÈ 
ɉ.ÅÍÅÔÈ ÅÔ ÁÌȢȟ ςππτɊȢ -ÅÃÈÁÎÉÚÍ ÔÅÎ ÊÅÓÔ 
ÕčÁÔ×ÉÁÎÙ ÐÒÚÅÚ ËÉÎÁÚö *ÁÎÕÓ ς ɉ*ÁËςɊȟ ËÔÏǲÒÁ 
×ÉäÚȗÅ ÓÉö Ú ËÏÍÐÌÅËÓÅÍ ÆÅÒÒÏÐÏÒÔÙÎÁȤ
ÈÅÐÃÙÄÙÎÁȟ ÆÏÓÆÏÒÙÌÕÊÅ ÆÅÒÒÏÐÏÒÔÙÎö É ËÉÅÒÕÊÅ 
ÆÅÒÒÏÐÏÒÔÙÎö ÄÏ ÄÅÇÒÁÄÁÃÊÉ ɉ$Å $ÏÍÅÎÉÃÏ ÅÔ ÁÌȢȟ 
ςππωɊȢ /ÐÉÓÁÎÏ ÒÏǲ×ÎÉÅÚȗ ÓǲÃÉÅÚȗËö ÄÅÇÒÁÄÁÃÊÉ 
ÆÅÒÒÏÐÏÒÔÙÎÙ ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÕÂÉË×ÉÔÙÎÙ 
ɉ1ÉÁÏ ÅÔ ÁÌȢȟ ςπρςɊȢ 

%ËÓÐÒÅÓÊÁ ÈÅÐÃÙÄÙÎÙ × ×äÔÒÏÂÉÅ ÊÅÓÔ 
ÒÅÇÕÌÏ×ÁÎÁ ÐÒÚÅÄÅ ×ÓÚÙÓÔËÉÍ ÐÒÚÅÚ ÍÅÃÈÁ-
ÎÉÚÍÙ ÔÒÁÎÓËÒÙÐÃÙÊÎÅȟ ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÒÏÄÚÉÎÙ 
ÃÚÙÎÎÉËÏǲ× ÔÒÁÎÓËÒÙÐÃÙÊÎÙÃÈ ÂÉÁčËÁ ÍÏÒÆÏÇÅÎÅ-
ÔÙÃÚÎÅÇÏ ËÏÓǲÃÉ ɉ"-0Ɋ É ÉÎÎÙÃÈ ÓËčÁÄÎÉËÏǲ× 
ÓÙÇÎÁÌÉÚÁÃÙÊÎÙÃÈȟ ËÔÏǲÒÅ Óä ÃÚčÏÎËÁÍÉ ÒÏÄÚÉÎÙ 
ÌÉÇÁÎÄÏǲ× 4'&Ȥɼ ɉ"ÁÂÉÔÔ ÅÔ ÁÌȢȟ ςππφɊȢ "ÁÄÁÎÉÁ 
ÓÕÇÅÒÕÊäȟ ÚȗÅ ËÌÕÃÚÏ×ÙÍ ÒÅÇÕÌÁÔÏÒÅÍ ÈÅÐÃÙÄÙÎÙ 
ÊÅÓÔ "-0φȟ ËÔÏǲÒÅÇÏ ÐÏÚÉÏÍ ×ÚÒÁÓÔÁ × 
ÏÄÐÏ×ÉÅÄÚÉ ÎÁ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ × ×äÔÒÏÂÉÅ 
ɉ!ÎÄÒÉÏÐÏÕÌÏÓ ÅÔ ÁÌȢȟ ςππωɊȢ "-0 ×ÉäÚȗÅ ÓÉö ÚÅ 

Ó×ÏÉÍ ÒÅÃÅÐÔÏÒÅÍ ɉ"-0Ȥ2Ɋ É ËÏȤÒÅÃÅÐÔÏÒÅÍ 
ÈÅÍÏÊÕ×ÅÌÉÎä ɉ(*6Ɋȟ ÂÉÁčËÉÅÍ ÐÏ×ÉäÚÁÎÙÍ Ú 
ÇÌÉËÏÚÙÌÏÆÏÓÆÁÔÙÄÙÌÏÉÎÏÚÙÔÏÌÅÍ ɉ"ÁÂÉÔÔ ÅÔ ÁÌȢȟ 
ςππφɊȢ 4Á ÉÎÔÅÒÁËÃÊÁ ÉÎÄÕËÕÊÅ ÆÏÓÆÏÒÙÌÁÃÊö ÂÉÁčÅË 
2Ȥ3-!$ É ÐÏǲÚǲÎÉÅÊÓÚÅ Ô×ÏÒÚÅÎÉÅ ÁËÔÙ×ÎÙÃÈ 
ËÏÍÐÌÅËÓÏǲ× ÔÒÁÎÓËÒÙÐÃÙÊÎÙÃÈ ÏÂÅÊÍÕÊäÃÙÃÈ 
ËÏȤÒÅÇÕÌÁÔÏÒ 3-!$τȟ ËÔÏǲÒÅ ×ÉäÚȗä ÓÉö Ú 
ÅÌÅÍÅÎÔÁÍÉ ÒÅÁÇÕÊäÃÙÍÉ ÎÁ "-0 × ÐÒÏÍÏÔÏÒÚÅ 
ÈÅÐÃÙÄÙÎÙ ɉ7ÁÎÇ ÅÔ ÁÌȢȟ ςππυɊȢ 2ÅÃÅÐÔÏÒ 
ÂčÏÎÏ×Ù ÎÅÏÇÅÎÉÎÙ ɉ.%/ρɊ ×ÚÍÁÃÎÉÁ ÓÙÇÎÁÌÉ-
ÚÁÃÊö "-0 É ÅËÓÐÒÅÓÊö ÈÅÐÃÙÄÙÎÙȟ ÐÒÁ×ÄÏÐÏ-
ÄÏÂÎÉÅ ÐÏÐÒÚÅÚ ÓÔÁÂÉÌÉÚÁÃÊö (*6 ɉ,ÅÅ ÅÔ ÁÌȢȟ 
ςπρπɊȢ 4ÒÁÎÓÂčÏÎÏ×Á ÓÅÒÙÎÏ×Á ÐÒÏÔÅÁÚÁ 
4-0233φ ÒÏÚÓÚÃÚÅÐÉÁ (*6ȟ ÉÎÁËÔÙ×ÕÊäÃ ÇÏ É ÔÙÍ 
ÓÁÍÙÍ ÈÁÍÕÊäÃ ÐÒÏÄÕËÃÊö ÈÅÐÃÙÄÙÎÙ ɉ3ÉÌÖÅÓÔÒÉ 
ÅÔ ÁÌȢȟ ςππψɊȢ )ÎÎÙ ÍÅÃÈÁÎÉÚÍ ÒÅÇÕÌÁÃÊÉ ÈÅÐÃÙ-
ÄÙÎÙ ÏÂÅÊÍÕÊÅ ÂÉÁčËÁ ÈÅÍÏÃÈÒÏÍÁÔÏÚÙ ɉ(&%ɊȢ 
:ÁÐÒÏÐÏÎÏ×ÁÎÏȟ ÚȗÅ (&% ÄÚÉÁčÁÊä ÊÁËÏ ÐÒÚÅčäÃ-
ÚÎÉËÉ ÍÉöÄÚÙ Ä×ÏÍÁ ÃÚÕÊÎÉËÁÍÉ ÈÏÌÏȤ4Æȟ 4Æ2ρ É 
4Æ2ςȢ 7 ÔÙÍ ÍÏÄÅÌÕ ×ÙÓÏËÉÅ ÓÔöÚȗÅÎÉÁ ÈÏÌÏȤ4Æ 
×ÙÐÉÅÒÁÊä (&% Ú 4Æ2ρ É ÕÍÏÚȗÌÉ×ÉÁÊä ÉÎÔÅÒÁËÃÊö 
(&% Ú 4Æ2ςȢ +ÏÍÐÌÅËÓ (&%Ⱦ4Æ2ς ÎÁÓÔöÐÎÉÅ 
ÁËÔÙ×ÕÊÅ ÔÒÁÎÓËÒÙÐÃÊö ÈÅÐÃÙÄÙÎÙ ɉ'ÁÏ ÅÔ ÁÌȢȟ 
ςππωȠ 7ÁÌÌÁÃÅ ÅÔ ÁÌȢȟ ςππωɊȢ 

%ËÓÐÒÅÓÊÁ ÈÅÐÃÙÄÙÎÙ ÊÅÓÔ ÒÏǲ×ÎÉÅÚȗ ÉÎÄÕËÏ-
×ÁÎÁ ÐÒÚÅÚ ÃÙÔÏËÉÎö ÚÁÐÁÌÎä ɀ ÉÎÔÅÒÌÅÕËÉÎöȤφ 
ɉ),ȤφɊ É ÉÎÎÅ ÃÙÔÏËÉÎÙ ÐÏÐÒÚÅÚ ÁËÔÙ×ÁÃÊö 34!4σȟ 
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ÐÒÚÅËÁÚǲÎÉËÁ ÓÙÇÎÁčÕ É ÁËÔÙ×ÁÔÏÒÁ ÔÒÁÎÓËÒÙÐÃÊÉ σ 
ɉ7ÒÉÇÈÔÉÎÇ ÁÎÄ !ÎÄÒÅ×Óȟ ςππφȠ 6ÅÒÇÁ 
&ÁÌÚÁÃÁÐÐÁ ÅÔ ÁÌȢȟ ςππχɊȢ 34!4σ ×ÉäÚȗÅ ÓÉö ÚÅ 
ÓÐÅÃÙÆÉÃÚÎÙÍÉ ÓÅË×ÅÎÃÊÁÍÉ × ÐÒÏÍÏÔÏÒÚÅ 
(!-0Ȣ 5×ÁÚȗÁ ÓÉöȟ ÚȗÅ ÉÎÄÕËÃÊÁ ÈÅÐÃÙÄÙÎÙ ÚÁ 
ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÃÙÔÏËÉÎ ÐÒÚÙÃÚÙÎÉÁ ÓÉö ÄÏ 
ÈÉÐÏÆÅÒÒÅÍÉÉȟ ËÔÏǲÒÁ ÃÚöÓÔÏ ÔÏ×ÁÒÚÙÓÚÙ ÐÒÚÅ×-
ÌÅËčÅÊ ÉÎÆÅËÃÊÉȟ ÏÓÔÒÅÍÕ ÚÁÐÁÌÅÎÉÕ É ÎÏ×ÏÔ×ÏÒÏÍ 
ɉ!ÎÄÒÅ×Óȟ ςππτɊȢ 

7ÏÌÎÅ ÚȗÅÌÁÚÏ ÍÏÚȗÅ ÂÙÃǲ ÔÏËÓÙÃÚÎÅȟ 
ÐÏÎÉÅ×ÁÚȗ ÐÒÚÙÃÚÙÎÉÁ ÓÉö ÄÏ ÐÏ×ÓÔÁ×ÁÎÉÁ 
ÒÏÄÎÉËÏǲ× ÈÙÄÒÏËÓÙÌÏ×ÙÃÈ × ÒÅÁËÃÊÉ &ÅÎÔÏÎÁȢ 
$ÌÁÔÅÇÏ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×ÅÇÏ 
ÍÕÓÉ ÂÙÃǲ ËÏÎÔÒÏÌÏ×ÁÎÙȟ ÐÏÄÏÂÎÉÅ ÊÁË ÐÏÚÉÏÍ 
ÚȗÅÌÁÚÁ ÓÙÓÔÅÍÏ×ÅÇÏȢ -ÅÃÈÁÎÉÚÍ ÒÅÇÕÌÁÃÙÊÎÙȟ 
ËÔÏǲÒÙ ËÏÏÒÄÙÎÕÊÅ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×Å ÐÏÂÉÅ-
ÒÁÎÉÅȟ ×ÙËÏÒÚÙÓÔÁÎÉÅȟ ÍÁÇÁÚÙÎÏ×ÁÎÉÅ É 
×ÙÄÁÌÁÎÉÅ ÚȗÅÌÁÚÁȟ ËÏÎÃÅÎÔÒÕÊÅ ÓÉö ÎÁ ÏÂÅÃÎÏÓǲÃÉ 
ÂÉÁčÅË ÒÅÇÕÌÕÊäÃÙÃÈ ÐÏÚÉÏÍ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
ɉ)20Ɋ É ×ÙËÏÒÚÙÓÔÕÊÅ ÒÅÁÇÕÊäÃÅ ÎÁ ÎÉÅÇÏ 
ÅÌÅÍÅÎÔÙ ɉ)2%Ɋ ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ  

+ÏÍÏǲÒËÉ ÓÓÁËÏǲ× ÐÏÚÙÓËÕÊä ÚȗÅÌÁÚÏ ÇčÏǲ×ÎÉÅ 
ÚÁ ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÒÅÃÅÐÔÏÒÁ ÔÒÁÎÓÆÅÒÙÎÙ ρ 
ɉ4Æ2ρɊȢ 0Ï Ú×ÉäÚÁÎÉÕ ÈÏÌÏȤ4Æ Ú 4Æ2ρȟ Ú×ÉäÚÁÎÅ Ú 
4Æ ÚȗÅÌÁÚÏ ÊÅÓÔ ×ÃÈčÁÎÉÁÎÅ × ÐÒÏÃÅÓÉÅ ÅÎÄÏÃÙÔÏÚÙ 
ÏÄ ÒÅÃÅÐÔÏÒÁ ÄÏ ÚÁË×ÁÓÚÏÎÙÃÈ ÅÎÄÏÓÏÍÏǲ×ȟ 
ÇÄÚÉÅ ÚȗÅÌÁÚÏ ÔÒÏǲÊ×ÁÒÔÏÓǲÃÉÏ×Å ÊÅÓÔ ÒÅÄÕËÏ×ÁÎÅ 
ÄÏ &ÅςϹ ÐÒÚÅÚ ÔÒÁÎÓÂčÏÎÏ×ä ÒÏÄÚÉÎö ÍÅÔÁÌÏ-
ÒÅÄÕËÔÁÚ ɉ34%!0Ɋ ɉ/ÈÇÁÍÉ ÅÔ ÁÌȢȟ ςππφɊȢ 
$×Õ×ÁÒÔÏÓǲÃÉÏ×Ù ÔÒÁÎÓÐÏÒÔÅÒ ÍÅÔÁÌÉ ρȟ $-4ρȟ 
ÕčÁÔ×ÉÁ ÔÒÁÎÓÐÏÒÔ ÚȗÅÌÁÚÁ Ä×Õ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏ Ú 
ÅÎÄÏÓÏÍÏǲ× ÄÏ ÃÙÔÏÐÌÁÚÍÙȢ 7 ÎÉÅËÔÏǲÒÙÃÈ 
ËÏÍÏǲÒËÁÃÈȟ ÎÐȢ ÅÎÔÅÒÏÃÙÔÁÃÈȟ $-4ρ ÚÎÁÊÄÕÊÅ 
ÓÉö ÒÏǲ×ÎÉÅÚȗ ÎÁ ÐÏ×ÉÅÒÚÃÈÎÉ ËÏÍÏǲÒËÉ É ÂÉÅÒÚÅ 
ÕÄÚÉÁč × ÔÒÁÎÓÐÏÒÃÉÅ ÚȗÅÌÁÚÁ ÐÏÚÁËÏÍÏǲÒËÏ×ÅÇÏȢ 
.ÁÌÅÚȗÙ ÚÁÕ×ÁÚȗÙÃǲȟ ÚȗÅ ÒÏÌÁ ÂÉÁčÅË 34%!0 ÚÏÓÔÁčÁ 
ÚÂÁÄÁÎÁ É ÄÏÂÒÚÅ ÚÄÅÆÉÎÉÏ×ÁÎÁ × ÈÅÐÁÔÏÃÙÔÁÃÈȟ 
ÍÁËÒÏÆÁÇÁÃÈȟ ËÏÍÏǲÒËÁÃÈ ÅÒÙÔÒÏÃÙÔÏǲ× É 
ÅÒÙÔÒÏÂÌÁÓÔÁÃÈȟ ÐÏÄÃÚÁÓ ÇÄÙ ÉÃÈ ÒÏÌÁ × ÔËÁÎËÁÃÈ 
ÏÂ×ÏÄÏ×ÙÃÈ ×ÙÍÁÇÁ ÄÁÌÓÚÙÃÈ ÂÁÄÁÎǲ 
ɉ!ÎÄÒÅ×Óȟ ςππψɊȢ 0Ï ×ÙÊÓǲÃÉÕ Ú ÅÎÄÏÓÏÍÕ ÚȗÅÌÁÚÏ 
ÔÒÁÆÉÁ ÄÏ ÔÚ×Ȣ ȺÌÁÂÉÌÎÅÊ ÐÕÌÉ ÚȗÅÌÁÚÁȻ ɉ,)0Ɋȟ 
ÃÙÔÏÚÏÌÏ×ÅÊ ÐÕÌÉ ÓčÁÂÏ Ú×ÉäÚÁÎÅÇÏ ÚȗÅÌÁÚÁȟ 
ÄÏÓÔöÐÎÅÇÏ ÄÏ ÒÏǲÚȗÎÙÃÈ ÉÎÔÅÒÁËÃÊÉ Ú ÉÎÎÙÍÉ 
ÃÚäÓÔÅÃÚËÁÍÉ ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 

:ÁÓÕÇÅÒÏ×ÁÎÏȟ ÚȗÅ ÚȗÅÌÁÚÏ ÈÅÍÏ×Å ÊÅÓÔ 
ÔÒÁÎÓÐÏÒÔÏ×ÁÎÅ ÐÒÚÅÚ ÂÉÁčËÏ ÎÏÓǲÎÉËÏ×Å ÈÅÍÕ 
ρ ɉ3,#τφ!ρɊ ɉ3ÈÁÙÅÇÈÉ ÅÔ ÁÌȢȟ ςππυɊȟ ÁÌÅ ÉÎÎÅ 
ÂÁÄÁÎÉÅ ×ÙËÁÚÁčÏȟ ÚȗÅ 3,#τφ!ρ ÊÅÓÔ ÇčÏǲ×ÎÙÍ 
ÔÒÁÎÓÐÏÒÔÅÒÅÍ Ë×ÁÓÕ ÆÏÌÉÏ×ÅÇÏ ɉ1ÉÕ ÅÔ ÁÌȢȟ 
ςππφɊȢ 2ÏË ÐÏǲÚǲÎÉÅÊ 3,#τψ!ρ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÏ 
ÊÁËÏ ÐÏÔÅÎÃÊÁÌÎÅÇÏ ËÁÎÄÙÄÁÔÁ ÄÏ ÉÍÐÏÒÔÕ ÈÅÍÕ 
ɉ2ÁÊÁÇÏÐÁÌ ÅÔ ÁÌȢȟ ςππψɊȢ .ÉÅËÔÏǲÒÅ ËÏÍÏǲÒËÉȟ ÔÁËÉÅ 
ÊÁË ÍÁËÒÏÆÁÇÉȟ ÐÏÚÙÓËÕÊä ÈÅÍ ÐÏÓǲÒÅÄÎÉÏ 

ÐÏÐÒÚÅÚ ÆÁÇÏÃÙÔÏ×ÁÎÉÅ ÅÒÙÔÒÏÃÙÔÏǲ× É ËÁÔÁÂÏ-
ÌÉÚÁÃÊö ÈÅÍÕ × ÃÅÌÕ Õ×ÏÌÎÉÅÎÉÁ ÚȗÅÌÁÚÁȢ (ÅÐÁÔÏ-
ÃÙÔÙ ÍÁÊä ËÉÌËÁ ÍÅÃÈÁÎÉÚÍÏǲ× ×ÎÉËÁÎÉÁ ÚȗÅÌÁÚÁȟ 
× ÔÙÍ 4Æ2ς É ÍÏÚȗÌÉ×Ù ÔÒÁÎÓÐÏÒÔÅÒ ÚȗÅÌÁÚÁ 
ÎÉÅÚ×ÉäÚÁÎÅÇÏ Ú ÔÒÁÎÓÆÅÒÙÎä ɉ.4")Ɋȟ ÔÒÁÎÓ-
ÐÏÒÔÅÒ ÃÙÎËÕ :ÉÐρτ ɉ3,#σω!Ɋ ɉ,ÉÕÚÚÉ ÅÔ ÁÌȢȟ 
ςππφɊȢ 

#ÈÏÃÉÁÚȗ ÎÉÅ ÊÅÓÔ ÚÎÁÎÙ ÍÅÃÈÁÎÉÚÍ 
×ÙÄÁÌÁÎÉÁ ÚȗÅÌÁÚÁ Ú ÏÒÇÁÎÉÚÍÕȟ ÉÓÔÎÉÅÊÅ ÄÏÂÒÚÅ 
ÚÏÒÇÁÎÉÚÏ×ÁÎÁ É ËÏÎÔÒÏÌÏ×ÁÎÁ ÒÅÇÕÌÁÃÊÁ ×ÙÄÁ-
ÌÁÎÉÁ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ Ú ËÏÍÏǲÒÅËȢ &ÅÒÒÏÐÏÒÔÙÎÁȟ 
ÚÌÏËÁÌÉÚÏ×ÁÎÁ ÎÁ ÂčÏÎÉÅ ÐÌÁÚÍÁÔÙÃÚÎÅÊȟ ÊÅÓÔ 
ÏÂÅÃÎÁ × ×ÉÅÌÕ ÒÏǲÚȗÎÙÃÈ ÔÙÐÁÃÈ ÔËÁÎÅË ÌÕÄÚËÉÃÈ 
É Õ×ÁÚȗÁ ÓÉöȟ ÚȗÅ ÊÅÓÔ ÊÅÄÙÎÙÍ ÅËÓÐÏÒÔÅÒÅÍ ÚȗÅÌÁÚÁ 
Ä×Õ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏ ɉ!ÂÂÏÕÄ ÅÔ ÁÌȢȟ ςπππȠ -Ã+ÉÅ 
ÅÔ ÁÌȢȟ ςπππȠ $ÏÎÏÖÁÎ ÅÔ ÁÌȢȟ ςππυɊȢ 7ÙÍÁÇÁ 
ÓËÏÏÒÄÙÎÏ×ÁÎÙÃÈ ÒÅÁËÃÊÉ ÆÅÒÒÏËÓÙÄÁÚ ɉÃÅÒÕÌÏ-
ÐÌÁÚÍÉÎÙ ÉȾÌÕÂ ÈÅÆÁÊÓÔÙÎÙɊȟ ÁÂÙ ÁËÔÙ×Ï×ÁÃǲ 
ÕÔÌÅÎÉÁÎÉÅ ÚȗÅÌÁÚÁ É čÁÄÏ×ÁÎÉÅ ÔÒÁÎÓÆÅÒÙÎÙȢ *ÁË 
×ÓÐÏÍÎÉÁÎÏ ÐÏ×ÙÚȗÅÊȟ ËÏÍÏǲÒËÉ ÅËÓÐÏÒÔÕÊä 
ÒÏǲ×ÎÉÅÚȗ ÔÅÎ ÐÉÅÒ×ÉÁÓÔÅË × ÐÏÓÔÁÃÉ ÈÅÍÕ ÚÁ 
ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ &,6#2 É !"#'ς ɉ+ÒÉÓÈÎÁÍÕÒÔÈÙ 
ÅÔ ÁÌȢȟ ςππχȠ +ÅÅÌ ÅÔ ÁÌȢȟ ςππψɊȢ 

'čÏǲ×ÎÙÍ ÍÉÅÊÓÃÅÍ ×ÙËÏÒÚÙÓÔÙ×ÁÎÉÁ 
ÚȗÅÌÁÚÁ ÊÅÓÔ ÍÉÔÏÃÈÏÎÄÒÉÕÍȟ ÇÄÚÉÅ ÔÅÎ ÍÉËÒÏ-
ÐÉÅÒ×ÉÁÓÔÅË ÊÅÓÔ ×ÙËÏÒÚÙÓÔÙ×ÁÎÙ ÄÏ ÓÙÎÔÅÚÙ 
ÈÅÍÕ É ÇÒÕÐ ÐÒÏÓÔÙÃÈ ËÌÁÓÔÒÁ ÚȗÅÌÁÚÏȤÓÉÁÒËÁ 
ɉ&ÅȾ3Ɋȟ ÁÌÅ ÍÅÃÈÁÎÉÚÍÙȟ ÚÁ ÐÏÍÏÃä ËÔÏǲÒÙÃÈ 
ÚȗÅÌÁÚÏ ÊÅÓÔ ÐÒÚÅÍÉÅÓÚÃÚÁÎÅ × ËÏÍÏǲÒÃÅȟ ÎÁÄÁÌ Óä 
ÏÂÉÅËÔÅÍ ÂÁÄÁÎǲȢ :ȘÅÌÁÚÏ ÊÅÓÔ ÉÍÐÏÒÔÏ×ÁÎÅ ÄÏ 
ÍÉÔÏÃÈÏÎÄÒÉÕÍ ÐÒÚÅÚ ÔÒÁÎÓÐÏÒÔÅÒ 3,# ÍÉÔÏ-
ÆÅÒÒÙÎö ɉ3,#ςυ!σχɊ × ÃÅÌÕ ×čäÃÚÅÎÉÁ ÄÏ 
ÂÉÏÁËÔÙ×ÎÅÇÏ ÈÅÍÕ ɉ3ÈÁ× ÅÔ ÁÌȢȟ ςππφɊȢ 
7Å×ÎäÔÒÚËÏÍÏǲÒËÏ×Ù ÈÅÍ ÒÅÇÕÌÕÊÅ Ó×ÏÊä 
×čÁÓÎä ÐÒÏÄÕËÃÊö ÐÒÚÅÚ ÓÙÎÔÁÚö ÄÅÌÔÁȤ
ÁÍÉÎÏÌÅ×ÕÌÉÎÉÁÎÏ×ä ɉ!,!3Ɋ É ×čÁÓÎä ÄÅÇÒÁ-
ÄÁÃÊö ɀ ÐÏÐÒÚÅÚ ÉÎÄÕËÏ×ÁÎÉÅ ÏËÓÙÇÅÎÁÚÙ 
ÈÅÍÏ×ÅÊ ɉ(/ρɊ ɉ&ÅÒÒÅÉÒÁ ÁÎÄ 'ÏÎÇȟ ρωωυɊȢ 0Ï 
ÓÙÎÔÅÚÉÅ ÈÅÍ ÊÅÓÔ ÅËÓÐÏÒÔÏ×ÁÎÙ ÄÏ ÃÙÔÏÚÏÌÕ × 
ÃÅÌÕ ×čäÃÚÅÎÉÁ ÇÏ ÄÏ ÂÉÁčÅËȢ :ȘÅÌÁÚÏȟ ËÔÏǲÒÅ ÎÉÅ 
ÊÅÓÔ ÅËÓÐÏÒÔÏ×ÁÎÅ ÁÎÉ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅȟ ÊÅÓÔ 
ÍÁÇÁÚÙÎÏ×ÁÎÅ × ÆÅÒÒÙÔÙÎÉÅȟ ÂÉÁčËÕ ÃÙÔÏÚÏ-
ÌÏ×ÙÍȟ ËÔÏǲÒÅÇÏ ÇčÏǲ×Îä ÆÕÎËÃÊä ÊÅÓÔ ÕÔÌÅÎÉÁÎÉÅ É 
Ú×ÉäÚÁÎÉÅ ÎÁÄÍÉÁÒÕ ÚȗÅÌÁÚÁ × ÒÄÚÅÎÉÕ ÍÉÎÅÒÁÌ-
ÎÙÍ ÆÅÒÒÉÈÙÄÒÙÔÕȢ &ÅÒÒÙÔÙÎÁ ÊÅÓÔ ÐÏÌÉÍÅÒÅÍ  
ςτȤÐÏÄÊÅÄÎÏÓÔËÏ×ÙÍȟ ÚčÏÚȗÏÎÙÍ Ú ÃÉöÚȗËÉÃÈ 
ɉÆÅÒÒÙÔÙÎÁ (Ɋ É ÌÅËËÉÃÈ ɉÆÅÒÒÙÔÙÎÁ ,Ɋ čÁÎǲÃÕÃÈÏǲ× 
ÐÏÌÉÐÅÐÔÙÄÏ×ÙÃÈ × ÚÍÉÅÎÎÙÃÈ ÐÒÏÐÏÒÃÊÁÃÈȢ 
3ËčÁÄ ÐÏÄÊÅÄÎÏÓÔËÏ×Ù ÆÅÒÒÙÔÙÎÙ ÚÁÌÅÚȗÙ ÏÄ 
ÒÏÄÚÁÊÕ ËÏÍÏǲÒËÉ É ÓÔÁÎÕ ÆÉÚÊÏÌÏÇÉÃÚÎÅÇÏ 
ÏÒÇÁÎÉÚÍÕ ɉ4ÈÅÉÌ ÅÔ ÁÌȢȟ ςππσɊȢ +ÁÚȗÄÅ ÂÉÁčËÏ 
ÆÅÒÒÙÔÙÎÙ ÍÏÚȗÅ ÚÁ×ÉÅÒÁÃǲ ÄÏ τυππ ÁÔÏÍÏǲ× 
ÚȗÅÌÁÚÁȢ 0ÏÎÉÅ×ÁÚȗ ×ÏÌÎÅ ÚȗÅÌÁÚÏ ÍÏÚȗÅ ÐÏ×Ï-
ÄÏ×ÁÃǲ ÐÏ×ÓÔÁ×ÁÎÉÅ ÒÅÁËÔÙ×ÎÙÃÈ ÆÏÒÍ ÔÌÅÎÕȟ 
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ÆÅÒÒÙÔÙÎÁ ÊÅÓÔ ËÒÙÔÙÃÚÎÙÍ ÂÉÁčËÉÅÍ × ÚÁÐÏÂÉÅ-
ÇÁÎÉÕ ÕÓÚËÏÄÚÅÎÉÏÍ ËÏÍÏǲÒÅË ×Ù×ÏčÁÎÙÃÈ 
ÐÒÚÅÚ ÚȗÅÌÁÚÏ ÐÏÐÒÚÅÚ ×ÉäÚÁÎÉÅ ÎÁÄÍÉÁÒÕ ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁ × ÆÏÒÍÉÅ ÎÉÅÒÅÁËÔÙ×ÎÅÊ ɉ#ÈÉÆÍÁÎ 
ÅÔ ÁÌȢȟ ςπρτɊȢ 

(ÏÍÅÏÓÔÁÚÁ ÚȗÅÌÁÚÁ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ-
×ÅÇÏ ÊÅÓÔ ÒÅÇÕÌÏ×ÁÎÁ ÐÏÓÔȤÔÒÁÎÓËÒÙÐÃÙÊÎÉÅ 
ÐÒÚÅÚ ÂÉÁčËÁ ÒÅÇÕÌÕÊäÃÅ ÚȗÅÌÁÚÏ )20ρ ɉ!#/ρɊ É 
)20ς ɉ)2%"ςɊ × ÏÄÐÏ×ÉÅÄÚÉ ÎÁ ÚÍÉÅÎÉÁÊäÃÅ ÓÉö 
ÊÅÇÏ ÐÏÚÉÏÍÙ ɉ(ÅÎÔÚÅ ÁÎÄ +ÕȃÈÎȟ ρωωφȠ 
-ÕÃËÅÎÔÈÁÌÅÒ ÅÔ ÁÌȢȟ ςππψɊȢ )20ρ É )20ς 
ÏÄÄÚÉÁčÕÊä ÐÏÐÒÚÅÚ ×ÉäÚÁÎÉÅ ÓÉö Ú ÅÌÅÍÅÎÔÁÍÉ 
ÒÅÁÇÕÊäÃÙÍÉ ÎÁ ÚȗÅÌÁÚÏ ɉ)2%Ɋȟ ÓÔÒÕËÔÕÒÁÍÉ ÃÉÓȤ
ÒÅÇÕÌÁÃÙÊÎÙÍÉ ÚÌÏËÁÌÉÚÏ×ÁÎÙÍÉ × ÎÉÅËÏÄÕÊäÃÙÃÈ 
ÒÅÇÉÏÎÁÃÈ ɉ542Ɋ Í2.! ÚÁÁÎÇÁÚȗÏ×ÁÎÙÃÈ × 
ÍÅÔÁÂÏÌÉÚÍ ÚȗÅÌÁÚÁȢ Í2.! ËÏÄÕÊäÃÅ ÆÅÒÒÙÔÙÎöȟ 
ÆÅÒÒÏÐÏÒÔÙÎöȟ !,!3ςȟ ÍÉÔÏÃÈÏÎÄÒÉÁÌÎä ÁËÏÎÉÔÁÚö 
ɉ!#/ςɊ É ÃÚÙÎÎÉË ÉÎÄÕËÏ×ÁÎÙ ÎÉÅÄÏÔÌÅÎÉÅÎÉÅÍ 
ςɻ ɉ()&ςɻɊ ÚÁ×ÉÅÒÁÊä ÐÏÊÅÄÙÎÃÚÙ )2% × Ó×ÏÉÃÈ 
υᴂ542Ȣ Í2.! ËÏÄÕÊäÃÅ 4Æ2ρ ÚÁ×ÉÅÒÁ ×ÉÅÌÅ )2% 
× ÏÂÒöÂÉÅ σᴂ 542ȟ ÐÏÄÃÚÁÓ ÇÄÙ Í2.! ËÏÄÕÊäÃÅ 
$-4ρȟ ÈÏÍÏÌÏÇ ! ÃÙËÌÕ ÐÏÄÚÉÁčÕ ËÏÍÏǲÒËÏ×ÅÇÏ 
ρτ ɉ#ÄÃρτ!Ɋȟ ÈÙÄÒÏËÓÙË×ÁÓÏ×ä ÏËÓÙÄÁÚö 
ρ ɉ(!/ρɊ É -2#+ɻȟ ÚÁ×ÉÅÒÁÊä ÐÏÊÅÄÙÎÃÚÙ )2% × 
Ó×ÏÉÃÈ σᴂ542 ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 

'ÄÙ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×Å ÐÏÚÉÏÍÙ ÚȗÅÌÁÚÁ 
Óä ÎÉÓËÉÅȟ ÂÉÁčËÁ ÒÅÇÕÌÕÊäÃÅ ÐÏÚÉÏÍ ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁ ×ÉäÚȗä ÓÉö Ú )2% Ú ÄÕÚȗÙÍ 
ÐÏ×ÉÎÏ×ÁÃÔ×ÅÍȢ 7ÉäÚÁÎÉÅ )20 Ú υᴂ 542 )2% 
ÈÁÍÕÊÅ ÔÒÁÎÓÌÁÃÊö ÆÅÒÒÙÔÙÎÙ É ÆÅÒÒÏÐÏÒÔÙÎÙȟ 
ÐÏÄÃÚÁÓ ÇÄÙ ×ÉäÚÁÎÉÅ Ú σᴂ542 )2% ÐÏ×ÏÄÕÊÅ 
ÓÔÁÂÉÌÉÚÁÃÊö Í2.! ÉÍÐÏÒÔÅÒÁ ÚȗÅÌÁÚÁ 4Æ2ρȟ 
Ú×ÉöËÓÚÁÊäÃ ÔÙÍ ÓÁÍÙÍ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ × 
ÃÙÔÏÐÌÁÚÍÉÅȢ 7 ËÏÍÏǲÒËÁÃÈ ÂÏÇÁÔÙÃÈ × ÚȗÅÌÁÚÏ 
ÅÆÅËÔ ÒÅÇÕÌÁÃÙÊÎÙ )20 ÊÅÓÔ ÚÎÉÅÓÉÏÎÙȡ )20ς ÊÅÓÔ 
ÃÅÌÅÍ ÄÅÇÒÁÄÁÃÊÉȟ Á )20ρ ÎÁÂÙ×Á ËÏÍÐÌÅÔÎÙ 
ËÌÁÓÔÅÒ ÚȗÅÌÁÚÏ×ÏȤÓÉÁÒËÏ×Ùȟ ËÔÏǲÒÙ ÚÁÐÏÂÉÅÇÁ 
×ÉäÚÁÎÉÕ )2% ɉ#ÈÉÆÍÁÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 2ÏÌÁ ÒÅÇÕ-
ÌÁÃÊÉ )20 × ÍÅÃÈÁÎÉÚÍÁÃÈ É ÆÕÎËÃÊÁÃÈ ÉÎÎÙÃÈ 
Í2.! ÚÁ×ÉÅÒÁÊäÃÙÃÈ )2% ÊÅÓÔ ÓčÁÂÉÅÊ ÐÏÚÎÁÎÁȢ 

 
ςȢ 7ÐčÙ× ÄÁ×ÓÔ×Á ËÒ×É ÎÁ ÚÁÓÏÂÙ 

ŀÅÌÁÚÁȢ +ÒÅ× ÊÅÓÔ ÔËÁÎËäȟ ÓËčÁÄÁÊäÃä ÓÉö Ú ÃÚöÓǲÃÉ 
ÐčÙÎÎÅÊ Ú×ÁÎÅÊ ÏÓÏÃÚÅÍ ÏÒÁÚ ÅÌÅÍÅÎÔÏǲ× 
ÕÐÏÓÔÁÃÉÏ×ÉÏÎÙÃÈȟ ÍÏÒÆÏÔÙÃÚÎÙÃÈ ɀ ËÒ×ÉÎÅË 
ÂÉÁčÙÃÈȟ ËÒ×ÉÎÅË ÃÚÅÒ×ÏÎÙÃÈ ÏÒÁÚ ÐčÙÔÅË ËÒ×ÉȢ 
2ÏÌä ËÒ×É × ÏÒÇÁÎÉÚÍÉÅ Óä ÆÕÎËÃÊÅ ÏÄÚȗÙ×ÃÚÅȟ 
ÏÄÄÅÃÈÏ×Åȟ ×ÙÄÁÌÎÉÃÚÅȟ ÔÒÁÎÓÐÏÒÔÏ×Åȟ ÂÕÆÏ-
ÒÕÊäÃÅȟ ÏÂÒÏÎÎÅȟ ÐÏÄÔÒÚÙÍÕÊäÃÅ É ÈÏÍÅÏÓÔÁ-
ÔÙÃÚÎÅ ɉ$ÅÁÎȟ ςππυɊȢ /ÂÊöÔÏÓǲÃǲ ËÒ×É Õ ÚÄÒÏ×ÅÊȟ 
ÄÏÒÏÓčÅÊ ÏÓÏÂÙ ×ÙÎÏÓÉ ÏËÏčÏ υπππ ÍÌȢ 7ÉöÃÅÊ 
ÎÉÚȗ ωωϷ ËÒ×É ÓÔÁÎÏ×Éä ËÒ×ÉÎËÉ ÃÚÅÒ×ÏÎÅȟ ËÔÏǲÒÅ 
ÓÔÁÎÏ×Éä ÚÁÒÁÚÅÍ ÎÁÊ×ÁÚȗÎÉÅÊÓÚä ÃÚöÓǲÃǲ ÔÅÊ 
ÔËÁÎËÉȢ +ÁÚȗÄÁ ËÒ×ÉÎËÁ ÃÚÅÒ×ÏÎÁ ÓËčÁÄÁ ÓÉö × 

φυϷ Ú ×ÏÄÙ ÏÒÁÚ × συϷ Ú ÍÁÓÙ ÓÔÁčÅÊȟ × ËÔÏǲÒÅÊ 
ÁÚȗ σσϷ ÓÔÁÎÏ×É ÈÅÍÏÇÌÏÂÉÎÁ ɉ(ÂɊȟ Á ςϷ 
ÓÔÁÎÏ×Éä ÐÏÚÏÓÔÁčÅ ÂÉÁčËÁ ɉ-ÕÚÙËÁÎÔÏÖȟ ςπρπɊȢ 
(ÅÍÏÇÌÏÂÉÎÁ ÊÅÓÔ ÚÁ×ÉÅÒÁÊäÃÙÍ ÚȗÅÌÁÚÏ 
ÐÉÇÍÅÎÔÅÍ ËÒ×ÉÎÅË ÃÚÅÒ×ÏÎÙÃÈȢ 3ËčÁÄÁ ÓÉö Ú 
ÃÚÔÅÒÅÃÈ čÁÎǲÃÕÃÈÏǲ× ÇÌÏÂÉÎÙȟ Ú ËÔÏǲÒÙÃÈ ËÁÚȗÄÙ 
ÏÔÁÃÚÁ ÃÚäÓÔÅÃÚËö ÐÏÒÆÉÒÙÎÙ ÚÁ×ÉÅÒÁÊäÃä 
ÃÚäÓÔÅÃÚËö ÚȗÅÌÁÚÁ Ú×ÁÎä ÈÅÍÅÍȢ !ÔÏÍ ÚȗÅÌÁÚÁ × 
ÈÅÍÏÇÌÏÂÉÎÉÅ ×ÙÓÔöÐÕÊÅ ÎÁ ÄÒÕÇÉÍ ÓÔÏÐÎÉÕ 
ÕÔÌÅÎÉÅÎÉÁ É ÊÅÓÔ ÔÏ ÔÚ×Ȣ ÆÅÒÒÏÈÅÍÏÇÌÏÂÉÎÁȟ ËÔÏǲÒÁ 
×ÉäÚȗÅ ÔÌÅÎȟ ÄÚÉÁčÁÊäÃ ÊÁËÏ ÔÒÁÎÓÐÏÒÔÅÒ ÇÁÚÏǲ× 
ÏÄÄÅÃÈÏ×ÙÃÈ ɉ!ÔÔÁÕÌÌÁÈ ÅÔ ÁÌȢȟ ςπςσɊȢ 

/ÄÄÁÎÉÅ ÊÅÄÎÅÊ ÊÅÄÎÏÓÔËÉ ËÒ×É ÐÅčÎÅÊ 
ɉτυπ ÍÌ ËÒ×ÉɊȟ ÐÏ×ÏÄÕÊÅ ÕÔÒÁÔö ÏÄ ςςυȤςυπ ÍÇ 
ÚȗÅÌÁÚÁ ɉ4ÉÍÍÅÒ ÅÔ ÁÌȢȟ ςπςπɊ ÏÒÁÚ ÎÉÅÍÁÌ ρπ Ϸ 
ÃÁčËÏ×ÉÔÅÊ ÏÂÊöÔÏÓǲÃÉ ËÒ×É ÚÎÁÊÄÕÊäÃÅÊ ÓÉö × 
ÏÒÇÁÎÉÚÍÉÅ ɉÒÙÃȢ σɊȢ 7 ×ÙÎÉËÕ ÔÁË ÚÎÁÃÚäÃÅÊ 
ÕÔÒÁÔÙ ËÒ×É ÄÏÃÈÏÄÚÉ ÄÏ ÎÁÓÉÌÅÎÉÁ ÐÒÏÃÅÓÕ 
ÅÒÙÔÒÏÐÏÅÚÙ ɉ#ÁÕÌÉÅÒ ÁÎÄ 3ÁÎËÁÒÁÎȟ ςπςςɊȢ 
%ÒÙÔÒÏÐÏÅÚÁ ÊÅÓÔ ÐÒÏÃÅÓÅÍ ÚčÏÚȗÏÎÙÍȟ ×ÙÍÁ-
ÇÁÊäÃÙÍ ÐÏÄÁÚȗÙ ×ÉÅÌÕ ÒÏǲÚȗÎÙÃÈ ÓËčÁÄÎÉËÏǲ× 
ÏÄÚȗÙ×ÃÚÙÃÈ É ÍÉÎÅÒÁÌÎÙÃÈ ÔÊȢ ÁÍÉÎÏË×ÁÓÏǲ×ȟ 
ÚȗÅÌÁÚÁȟ ×ÉÔÁÍÉÎ ɉÃÙÊÁÎÏËÏÂÁÌÁÍÉÎÁȟ ÆÏÌÁÃÙÎÁȟ 
ÐÉÒÙÄÏËÓÙÎÁȟ ÎÉÁÃÙÎÁȟ ×ÉÔÁÍÉÎÁ #Ɋ ÏÒÁÚ 
ÐÉÅÒ×ÉÁÓÔËÏǲ× ÓǲÌÁÄÏ×ÙÃÈ ɉÍÉÅÄÚǲȟ ÃÙÎËȟ ËÏÂÁÌÔȟ É 
ÎÉËÉÅÌɊȟ ÐÅčÎÉäÃÙÃÈ ÆÕÎËÃÊÅ ËÁÔÁÌÉÚÁÔÏÒÏǲ× ÒÅÁËÃÊÉ 
ÅÎÚÙÍÁÔÙÃÚÎÙÃÈ ÔÅÇÏ ÐÒÏÃÅÓÕ ɉ3ÁÄÏ×ÓËÁ ÁÎÄ 
3ÁÃÈÁÒÃÚÕËȟ ςπρρɊȢ +ÌÕÃÚÏ×Å ÊÅÓÔ ÚÁÔÅÍ 
ÄÏÓÔÁÒÃÚÁÎÉÅ ÉÃÈ ×ÒÁÚ Ú ÄÉÅÔäȢ 

"ÁÄÁÎÉÅÍ Ë×ÁÌÉÆÉËÁÃÙÊÎÙÍ ÄÏ ÏÄÄÁÎÉÁ 
ËÒ×É ÊÅÓÔ ÏÚÎÁÃÚÅÎÉÅ ÐÏÚÉÏÍÕ (Âȟ ËÔÏǲÒÙ ÔÁË 
ÎÁÐÒÁ×Äö ÎÉÅ ÊÅÓÔ ÍÉÁÒÏÄÁÊÎÙÍ ×ÓËÁÚǲÎÉËÉÅÍ 
ÐÏÚÉÏÍÕ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ ɉ"ÌÏÏÄ $ÏÎÏÒ 
#ÏÕÎÓÅÌÌÉÎÇȟ ςπρτɊȢ -ÉÎÉÍÁÌÎÙ ÐÏÚÉÏÍ (Â ÐÒÚÙ 
ËÔÏǲÒÙÍ ÄÁ×ÃÁ ÍÏÚȗÅ ÏÄÄÁÃǲ ËÒÅ× ×ÙÎÏÓÉ 
ρςȟυ ÇȾÄÌ × ÐÒÚÙÐÁÄËÕ ËÏÂÉÅÔ É ρσȟυ ÇȾÄÌ × 
ÐÒÚÙÐÁÄËÕ ÍöÚȗÃÚÙÚÎȢ $Á×ÃÙ ÍÏÇä ÏÄÄÁ×ÁÃǲ 
ËÒÅ× ÏÄ ÃÚÔÅÒÅÃÈ ÄÏ ÓÚÅÓǲÃÉÕ ÒÁÚÙ × ÒÏËÕȟ ÃÏ 
ÏÓÉÅÍ ÔÙÇÏÄÎÉȢ "ÁÄÁÎÉÁ ×ÙËÁÚÁčÙȟ ÚȗÅ ÃÚöÓÔÅ 
ÏÄÄÁ×ÁÎÉÅ ËÒ×É ÍÏÚȗÅ ÂÙÃǲ ÐÏ×ÉäÚÁÎÅ Ú 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ É ÏÂÎÉÚȗÅÎÉÅÍ ÐÏÚÉÏÍÕ (Â × 
ÏÒÇÁÎÉÚÍÉÅ ÄÁ×ÃÙ ɉ-ÁÓÔȟ ςπρτȠ 4ÉÍÍÅÒ ÅÔ ÁÌȢȟ 
ςπςπȠ -ÁÎÔÁÄÁËÉÓ ÅÔ ÁÌȢȟ ςπςςɊȟ ÊÅÄÎÁËÚȗÅ ÎÉÅ×ÉÅÌÅ 
ÂÁÄÁÎǲ ×ÙÊÁÓǲÎÉÁ ÊÁËÉÅ ÃÚÙÎÎÉËÉ ÄÏÍÉÎÕÊä × 
ÐÒÏÃÅÓÉÅ ÐÏ×ÓÔÁ×ÁÎÉÁ ÔÅÇÏ ÎÉÅÄÏÂÏÒÕ ɉ,ÏÂÉÅÒ 
ÅÔ ÁÌȢȟ ςπρωɊȢ 

+ÏÂÉÅÔÙ ÊÁËÏ ÄÁ×ÃÙ ËÒ×Éȟ ÚÅ ×ÚÇÌöÄÕ ÎÁ 
ÕÔÒÁÔö ËÒ×É ÍÅÎÓÔÒÕÁÃÙÊÎÅÊȟ × ÚÎÁÃÚÎÉÅ 
×ÉöËÓÚÙÍ ÓÔÏÐÎÉÕ ÎÉÚȗ ÍöÚȗÃÚÙÚǲÎÉ Óä ÎÁÒÁÚȗÏÎÅ ÎÁ 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃǲ Ú ÐÏ×ÏÄÕ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁȢ 
5ÔÒÁÔÁ ÚȗÅÌÁÚÁ ÚÁÒÏǲ×ÎÏ Õ ËÏÂÉÅÔ ÊÁË É ÍöÚȗÃÚÙÚÎȟ 
ÊÅÚȗÅÌÉ ÎÉÅ ÊÅÓÔ ÕÚÕÐÅčÎÉÁÎÁȟ ÐÒÏ×ÁÄÚÉ ÄÏ 
ÎÉÅÄÏÂÏÒÕ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȟ Á × ËÏÎÓÅË×ÅÎÃÊÉ 
ÄÏ ÁÎÅÍÉÉ ɉ"ÏÕÌÔÏÎȟ ςππτȠ -ÁÓÔ ÅÔ ÁÌȢȟ ςπςπɊȢ 
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0ÏÚÉÏÍ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ ÄÁ×ÃÙ ÊÅÓÔ 
ÕÚÁÌÅÚȗÎÉÏÎÙ ÎÉÅ ÔÙÌËÏ ÏÄ ÃÚöÓÔÏÓǲÃÉ ÏÄÄÁ×ÁÎÉÁ 
ËÒ×Éȟ ÁÌÅ ÔÁËÚȗÅ ÏÄ ×ÉÅÌÕ ÉÎÎÙÃÈ ÃÚÙÎÎÉËÏǲ×ȟ 
ÔÁËÉÃÈ ÊÁË ÃÚÙÎÎÉËÉ ÆÉÚÊÏÌÏÇÉÃÚÎÅȟ ÄÉÅÔÁ ÃÚÙ ÓÔÙÌ 
ÚȗÙÃÉÁ ɉ-ÁÓÔ ÅÔ ÁÌȢȟ ςπςπɊȢ ,ÏÂÉÅÒ ÅÔ ÁÌȢ ɉςπρωɊ 
×ÙËÁÚÁÌÉȟ ÚȗÅ ÎÁ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ 

×ÐčÙ×ÁÊä ×ÉÅËȟ ×ÓËÁÚǲÎÉË "-)ȟ ÁÌËÏÈÏÌ ÃÚÙ ÔÅÚȗ 
ÓÐÏÚȗÙ×ÁÎÉÅ ÍÉöÓÁȟ ÎÁÔÏÍÉÁÓÔ ×ÅÄčÕÇ 4ÉÍÍÅÒÁ 
ÅÔ ÁÌȢ ɉςπςπɊ ÐÏÚÉÏÍ ÈÅÍÏÇÌÏÂÉÎÙ × ÏÒÇÁÎÉÚÍÉÅ 
ÚÁÌÅÚȗÙ ÏÄ ×ÉÅËÕȟ ÐčÃÉȟ ÃÚöÓÔÏÓǲÃÉ ÏÄÄÁ×ÁÎÉÁ ËÒ×É 
ÏÒÁÚ ÒÏǲÚȗÎÉÃ × ÓÐÏÓÏÂÉÅ ÚȗÙÃÉÁ ÄÁ×ÃÏǲ×Ȣ 

 

 
Ryc. 3. GĠ·wne aspekty wpĠywu dawstwa krwi na zasoby ƭelaza w organizmie 

 

 

σȢ &ÏÒÍÙ ŀÅÌÁÚÁ × ŀÙ×ÎÏĢÃÉȢ 7 ÚȗÙ×ÎÏÓǲÃÉ 
ÍÏÚȗÎÁ ÚÎÁÌÅÚǲÃǲ Ä×Á ÒÏÄÚÁÊÅ ÚȗÅÌÁÚÁȟ × ÔÙÍ ÚȗÅÌÁÚÏ 
ÈÅÍÏ×Å É ÎÉÅÈÅÍÏ×Å ɉ0ÉÓËÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 
:ȘÅÌÁÚÏ ÈÅÍÏ×Å ÚÎÁÊÄÕÊÅ ÓÉö ×ÙčäÃÚÎÉÅ × 
ÐÒÏÄÕËÔÁÃÈ Ú×ÉÅÒÚöÃÙÃÈȟ ÔÁËÉÃÈ ÊÁË ÍÉöÓÏȟ ÒÙÂÙ 
É ÄÒÏǲÂȟ ÐÏÄÃÚÁÓ ÇÄÙ ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å ÚÎÁÊÄÕÊÅ 
ÓÉö × Ï×ÏÃÁÃÈȟ ×ÁÒÚÙ×ÁÃÈȟ ÆÁÓÏÌÉ ÓÕÓÚÏÎÅÊȟ 
ÏÒÚÅÃÈÁÃÈȟ ÐÒÏÄÕËÔÁÃÈ ÚÂÏÚȗÏ×ÙÃÈ ɉ(ÕÒÒÅÌÌȟ 
ρωωχɊ ɉÒÙÃȢ τɊȢ :ȘÅÌÁÚÏ ÈÅÍÏ×Å ÊÅÓÔ ×ÃÈčÁÎÉÁÎÅ Ú 
ÊÅÌÉÔ ×ÙÄÁÊÎÉÅÊ ÎÉÚȗ ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å ɉ2ÏÕÇÈÅÁÄ 
ÅÔ ÁÌȢȟ ςππςɊȢ 3ǳÃÉÓčÁ ËÏÎÔÒÏÌÁ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ 
Ú ÄÉÅÔÙ ÊÅÓÔ ÎÉÅÚÂöÄÎÁ ÄÏ ÕÔÒÚÙÍÁÎÉÁ ÊÅÇÏ 
ÐÏÚÉÏÍÕ × ÎÏÒÍÁÌÎÙÍ ÚÁËÒÅÓÉÅ É ÚÍÎÉÅÊÓÚÅÎÉÁ 
ÒÙÚÙËÁ ÊÅÇÏ ÎÉÅÄÏÂÏÒÕȢ  

"ÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÓËčÁÄÎÉËÏǲ× ÏÄÚȗÙ×ÃÚÙÃÈ × 
ÊÅÌÉÔÁÃÈ ÔÏ ÐÒÏÐÏÒÃÊÁ ÓËčÁÄÎÉËÏǲ× ÏÄÚȗÙ×ÃÚÙÃÈ 
×ÃÈčÁÎÉÁÎÙÃÈ É ×ÙËÏÒÚÙÓÔÙ×ÁÎÙÃÈ ÚÅ ÓÔÒÁ×ÉÏ-
ÎÅÇÏ ÐÏËÁÒÍÕ ÐÒÚÅÚ ËÏÍÏǲÒËÉ ÅÎÔÅÒÏÃÙÔÏǲ× 
ÊÅÌÉÔÁȢ 7ÙËÁÚÁÎÏȟ ÚȗÅ ÏÒÇÁÎÉÚÍ ×ÃÈčÁÎÉÁ ςυȤσπϷ 

ÚȗÅÌÁÚÁ ÚÅ ÓÐÏÚȗÙÔÙÃÈ ÐÏÄÒÏÂÏǲ×ȟ χȤω Ϸ ÚÅ 
ÓÐÏÚȗÙÔÙÃÈ ÚÉÅÌÏÎÙÃÈ ×ÁÒÚÙ× ÌÉÓǲÃÉÁÓÔÙÃÈȟ τ Ϸ ÚÅ 
ÓÐÏÚȗÙÔÙÃÈ ÚÂÏǲÚȗ É ς Ϸ ÚÅ ÓÐÏÚȗÙÔÙÃÈ ÒÏÓǲÌÉÎ 
ÓÔÒäÃÚËÏ×ÙÃÈȟ ÃÏ ÓÕÇÅÒÕÊÅȟ ÚȗÅ ÒÏÄÚÁÊ ÐÏÚȗÙ×ÉÅÎÉÁ 
ÌÕÂ ÉÎÎÅ ÃÚÙÎÎÉËÉ ÄÉÅÔÅÔÙÃÚÎÅ ÍÏÇä ×ÐčÙ×ÁÃǲ ÎÁ 
ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ɉ:ÉÊÐ ÅÔ ÁÌȢȟ ςπππɊȢ .Á 
ÐÒÚÙËčÁÄȟ Ë×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù ÊÅÓÔ ÚÎÁÎÙÍ 
ÃÚÙÎÎÉËÉÅÍ ÄÉÅÔÅÔÙÃÚÎÙÍȟ ËÔÏǲÒÙ ÐÏÐÒÁ×ÉÁ 
ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ɉ#ÅÐÅÄÁȤ,ÏÐÅÚ ÅÔ ÁÌȢȟ 
ςπρυɊȠ ÎÁÔÏÍÉÁÓÔ ×ÁÐÎǲȟ ÐÏÌÉÆÅÎÏÌÅ É ÆÉÔÙÎÉÁÎÙ 
ÚÍÎÉÅÊÓÚÁÊä ×ÃÈčÁÎÉÁÎÉÅ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ × 
ÊÅÌÉÔÁÃÈ ɉ,ÏȃÎÎÅÒÄÁÌȟ ςπρπɊȢ $ÌÁÔÅÇÏ ÍÕÓÉÍÙ 
×ÚÉäÃǲ ÐÏÄ Õ×ÁÇö ÒÏÄÚÁÊ ÐÏÚȗÙ×ÉÅÎÉÁ × ÎÁÓÚÅÊ 
ÄÉÅÃÉÅȟ ÁÂÙ ÕÔÒÚÙÍÁÃǲ ÒÏǲ×ÎÏ×ÁÇö ÚȗÅÌÁÚÁ × 
ÏÒÇÁÎÉÚÍÉÅȟ ÐÏÎÉÅ×ÁÚȗ ÎÉÅ×ÙÓÔÁÒÃÚÁÊäÃÅ ÊÅÇÏ 
×ÃÈčÁÎÉÁÎÉÅ ÐÒÏ×ÁÄÚÉ ÄÏ ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ Ú 
ÐÏ×ÏÄÕ ÎÉÅÄÏÂÏÒÕ ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ ɉ0ÉÓËÉÎ 
ÅÔ ÁÌȢȟ ςπςςɊȢ 



Biota.  Human.  Technology. 2024. No 3  Electronic edition  
 

94 

 
Ryc. 4. Wystŗpowanie w ƭywnoƑci  

oraz przyswajalnoƑĻ ƭelaza hemowego i niehemowego 

 

7ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú ÄÉÅÔÙ ÏÄÂÙ×Á ÓÉö 
ÇčÏǲ×ÎÉÅ ÐÒÚÅÚ ÅÎÔÅÒÏÃÙÔÙ × Ä×ÕÎÁÓÔÎÉÃÙ É 
ÇÏǲÒÎÙÍ ÊÅÌÉÃÉÅ ÃÚÃÚÙÍ ÊÅÌÉÔÁ ÃÉÅÎËÉÅÇÏȢ 0ÏÎÉÅ×ÁÚȗ 
Õ ÃÚčÏ×ÉÅËÁ ÎÉÅ ÉÓÔÎÉÅÊÅ ÁËÔÙ×ÎÙ ÕËčÁÄ 
×ÙÄÁÌÁÎÉÁ ÚȗÅÌÁÚÁȟ ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ Ú ÊÅÌÉÔ ÍÁ 
ËÌÕÃÚÏ×Å ÚÎÁÃÚÅÎÉÅ ÄÌÁ ÕÔÒÚÙÍÁÎÉÁ ÒÏǲ×ÎÏ×ÁÇÉ 
ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ × ÏÒÇÁÎÉÚÍÉÅ ɉ'ÕÌÅÃ ÅÔ ÁÌȢȟ 
ςπρτɊȢ 4ÙÐÏ×Á ÄÉÅÔÁ ÚÁÃÈÏÄÎÉÁ ÚÁ×ÉÅÒÁ χ ÍÇ 
ÚȗÅÌÁÚÁ ÎÁ ρπππ ËÃÁÌȟ ÁÌÅ ÏÒÇÁÎÉÚÍ ×ÃÈčÁÎÉÁ 
ÄÚÉÅÎÎÉÅ ÔÙÌËÏ ρȤς ÍÇ ÔÅÇÏ ÍÉËÒÏÓËčÁÄÎÉËÁ 
ɉ*ÏÈÎÓÏÎȤ7ÉÍÂÌÅÙ ÁÎÄ 'ÒÁÈÁÍȟ ςπρρɊȢ 7 ÄÉÅÃÉÅ 
×ÙÓÔöÐÕÊÅ ÄÏ ωπϷ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏȢ *ÅÓÔ 
ÏÂÅÃÎÅ × ÚȗÙ×ÎÏÓǲÃÉ × ÐÏÓÔÁÃÉ ËÏÍÐÌÅËÓÏǲ× &ÅσϹȟ 
Á ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ ÚÁÌÅÚȗÙ ÏÄ ÃÚÙÎÎÉËÏǲ× 
ÄÉÅÔÅÔÙÃÚÎÙÃÈ É ÊÅÇÏ ÐÏÚÉÏÍÕ × ÏÒÇÁÎÉÚÍÉÅ 
ÃÚčÏ×ÉÅËÁȢ .ÁÔÏÍÉÁÓÔ ÚȗÅÌÁÚÏ ÈÅÍÏ×Å ÊÅÓÔ 
×ÃÈčÁÎÉÁÎÉÅ ÓÚÙÂËÏ É ÊÅÓÔ ÍÎÉÅÊ ÐÏÄÁÔÎÅ ÎÁ 
ÃÚÙÎÎÉËÉ ÄÉÅÔÅÔÙÃÚÎÅȢ :ȘÅÌÁÚÏ ÈÅÍÏ×Å ÓÔÁÎÏ×É 
ρπϷ ÚȗÅÌÁÚÁ × ÄÉÅÃÉÅ ɉ&ÌÅÍÉÎÇ ÁÎÄ "ÁÃÏÎȟ ςππυȠ 
-ÁÃËÅÎÚÉÅ ÁÎÄ 'ÁÒÒÉÃËȟ ςππυɊȢ 7ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ É ÎÉÅÈÅÍÏ×ÅÇÏ × ÊÅÌÉÔÁÃÈ 
ÏÄÂÙ×Á ÓÉö ÚÁ ÐÏÍÏÃä Ä×ÏǲÃÈ ÒÏǲÚȗÎÙÃÈ ÍÅÃÈÁ-
ÎÉÚÍÏǲ× ÍÏÌÅËÕÌÁÒÎÙÃÈȟ ÊÅÄÎÁË ÏÂÉÅ ÆÏÒÍÙ 
ÔÒÁÆÉÁÊä ÄÏ ÔÅÊ ÓÁÍÅÊ ×Å×ÎäÔÒÚËÏÍÏǲÒËÏ×ÅÊ ÐÕÌÉ 
ÃÏ ÎÏ×Ï ×ÃÈčÏÎÉöÔÅ ÚȗÅÌÁÚÏ ÈÅÍÏ×Å ÌÕÂ 
ÎÉÅÈÅÍÏ×Å É ÍÏÇä ÂÙÃǲ ÍÁÇÁÚÙÎÏ×ÁÎÅ × ÂÉÁčËÕ 
ÍÁÇÁÚÙÎÕÊäÃÙÍ ÔÅÎ ÐÉÅÒ×ÉÁÓÔÅË ɉ'ÕÌÅÃ ÅÔ ÁÌȢȟ 
ςπρτɊȢ 0ÏÚÉÏÍ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ É ÒÏÄÚÁÊÅ 
ÐÏÚȗÙ×ÉÅÎÉÁ ÍÏÇä ×ÐčÙ×ÁÃǲ ÎÁ ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ 
× ÊÅÌÉÔÁÃÈȢ 0ÏÎÁÄÔÏ ÚȗÅÌÉ×ÎÅ ÇÁÒÎËÉ É ÎÁÃÚÙÎÉÁ 

ËÕÃÈÅÎÎÅ ÒÏǲ×ÎÉÅÚȗ ÍÏÇä ÂÙÃǲ ÚǲÒÏǲÄčÅÍ ÚÎÁÃÚÎÙÃÈ 
ÉÌÏÓǲÃÉ ÚȗÅÌÁÚÁ × ÄÉÅÃÉÅȟ ÍÉÁÎÏ×ÉÃÉÅ 
ÐÒÚÅÄÏÓÔÁÊäÃÅÇÏ ÓÉö Ú ÎÉÃÈ ÄÏ ÚȗÙ×ÎÏÓǲÃÉ × ÆÏÒÍÉÅ 
ÈÅÍÏ×ÅÊ ÌÕÂ ÎÉÅÈÅÍÏ×ÅÊȢ 3ÐÏÚȗÙ×ÁÎÉÅ ×ÙÓÔÁÒ-
ÃÚÁÊäÃÅÊ ÉÌÏÓǲÃÉ ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ ÊÅÓÔ ÊÅÄÎÙÍ Ú 
×ÙÍÏÇÏǲ× ÚÄÒÏ×ÅÇÏ ÚȗÙÃÉÁ ɉ0ÉÓËÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 

7ÁÒÔÏÓǲÃÉ ÒÅÆÅÒÅÎÃÙÊÎÅ ÄÚÉÅÎÎÅÇÏ ÓÐÏÚȗÙÃÉÁ 
ɉ2$!Ɋȟ ÓǲÒÅÄÎÉÅÇÏ ÄÚÉÅÎÎÅÇÏ ÓÐÏÚȗÙÃÉÁ ÓËčÁÄ-
ÎÉËÏǲ× ÏÄÚȗÙ×ÃÚÙÃÈ ÄÌÁ ÚÄÒÏ×ÙÃÈ ÌÕÄÚÉ × ÃÅÌÕ 
ÚÁÓÐÏËÏÊÅÎÉÁ ÐÏÔÒÚÅÂ ÚȗÙ×ÉÅÎÉÏ×ÙÃÈ ÏÒÇÁÎÉÚÍÕȟ 
ÚÏÓÔÁčÙ ÕÓÔÁÌÏÎÅ ÐÒÚÅÚ &ÏÏÄ ÁÎÄ .ÕÔÒÉÔÉÏÎ 
"ÏÁÒÄȟ )ÎÓÔÉÔÕÔÅ ÏÆ -ÅÄÉÃÉÎÅ ɉ)/-Ɋ ɉ)ÎÓÔÉÔÕÔÅ ÏÆ 
-ÅÄÉÃÉÎÅ ɉ53Ɋ 0ÁÎÅÌ ÏÎ -ÉÃÒÏÎÕÔÒÉÅÎÔÓȟ ςππρȠ 
3×ÁÎÓÏÎȟ ςππσɊȢ 0ÏÎÁÄÔÏ ÕÓÔÁÌÏÎÏ ÓǲÒÅÄÎÉÅ 
ÓÐÏÚȗÙÃÉÅ ɉ!)Ɋ ÚȗÅÌÁÚÁ ÄÌÁ ÎÉÅÍÏ×ÌäÔ ÏÄ ÕÒÏÄÚÅÎÉÁ 
ÄÏ ÓÚÏǲÓÔÅÇÏ ÍÉÅÓÉäÃÁ ÚȗÙÃÉÁȟ ÏÄÐÏ×ÉÁÄÁÊäÃÅ 
ÓǲÒÅÄÎÉÅÍÕ ÓÐÏÚȗÙÃÉÕ ÚȗÅÌÁÚÁ Õ ÚÄÒÏ×ÙÃÈ 
ÎÉÅÍÏ×ÌäÔ ËÁÒÍÉÏÎÙÃÈ ÐÉÅÒÓÉäȢ 7ÅÄčÕÇ )/-ȟ !) 
ÄÌÁ ÎÉÅÍÏ×ÌäÔ × ×ÉÅËÕ ÄÏ ÓÚÅÓǲÃÉÕ ÍÉÅÓÉöÃÙ É 
2$! ÄÌÁ ÎÉÅÍÏ×ÌäÔ × ×ÉÅËÕ ÏÄ ÓÉÅÄÍÉÕ ÄÏ 
ÔÒÚÙÎÁÓÔÕ ÍÉÅÓÉöÃÙ ×ÙÎÏÓÚä ÏÄÐÏ×ÉÅÄÎÉÏ 
πȟςχ ÍÇȾÄÚÉÅÎǲ É ρρ ÍÇȾÄÚÉÅÎǲȢ $ÌÁ ÄÚÉÅÃÉ × 
×ÉÅËÕ ÏÄ ÊÅÄÎÅÇÏ ÒÏËÕ ÄÏ ÔÒÚÅÃÈ ÌÁÔȟ ÏÄ ÃÚÔÅÒÅÃÈ 
ÄÏ ÏÓǲÍÉÕ ÌÁÔ É ÏÄ ÄÚÉÅ×ÉöÃÉÕ ÄÏ ÔÒÚÙÎÁÓÔÕ ÌÁÔ 
×ÁÒÔÏÓǲÃÉ ÔÅ ×ÙÎÏÓÚä ÏÄÐÏ×ÉÅÄÎÉÏ χ ÍÇȾÄÚÉÅÎǲȟ 
ρπ ÍÇȾÄÚÉÅÎǲ É ψ ÍÇȾÄÚÉÅÎǲȢ 5 ÎÁÓÔÏÌÁÔËÏǲ×  
ɉρτȤρψ ÌÁÔɊ ×ÁÒÔÏÓǲÃǲ 2$! ÊÅÓÔ ÉÎÎÁ ÄÌÁ ÃÈčÏÐÃÏǲ× 
É ÄÚÉÅ×ÃÚäÔȟ ÍÉÁÎÏ×ÉÃÉÅ ÄÌÁ ÃÈčÏÐÃÏǲ× ×ÙÎÏÓÉ 
ρρ ÍÇȾÄÚÉÅÎǲȟ Á ÄÌÁ ÄÚÉÅ×ÃÚäÔ ρυ ÍÇȾÄÚÉÅÎǲȢ $ÌÁ 
ÄÏÒÏÓčÙÃÈ ÐÏ×ÙÚȗÅÊ ÄÚÉÅ×ÉöÔÎÁÓÔÅÇÏ ÒÏËÕ ÚȗÙÃÉÁ 
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2$! ×ÙÎÏÓÉ ψ ÍÇȾÄÚÉÅÎǲ ÄÌÁ ÍöÚȗÃÚÙÚÎ É 
ρψ ÍÇȾÄÚÉÅÎǲ ÄÌÁ ËÏÂÉÅÔȢ 0ÏÎÁÄÔÏ 2$! ×ÙÎÏÓÉ 
ρπ ÍÇȾÄÚÉÅÎǲ ÄÌÁ ËÁÒÍÉäÃÙÃÈ ËÏÂÉÅÔ ÐÏÎÉÚȗÅÊ 
ρψȢ ÒÏËÕ ÚȗÙÃÉÁ É ω ÍÇȾÄÚÉÅÎǲ ÄÌÁ ËÏÂÉÅÔ ÐÏ×ÙÚȗÅÊ 
ρψȢ ÒÏËÕ ÚȗÙÃÉÁȢ 2Ïǲ×ÎÉÅÚȗ ÄÌÁ ×ÅÇÅÔÁÒÉÁÎ 2$! ÍÁ 
ÒÏǲÚȗÎÅ ×ÁÒÔÏÓǲÃÉ ɀ ÄÌÁ ×ÅÇÅÔÁÒÉÁÎÉÎÁ ÍöÚȗÃÚÙÚÎÙ 
×ÙÎÏÓÉ ρτ ÍÇȾÄÚÉÅÎǲȟ Á ÄÌÁ ×ÅÇÅÔÁÒÉÁÎÅË × 
×ÉÅËÕ ρτȤρψ ÌÁÔȟ ρωȤυπ ÌÁÔ É ÐÏ×ÙÚȗÅÊ υρȢ ÒÏËÕ 
ÚȗÙÃÉÁ ×ÙÎÏÓÉ ÏÄÐÏ×ÉÅÄÎÉÏ ςφ ÍÇȾÄÚÉÅÎǲȟ 
ρτ ÍÇȾÄÚÉÅÎǲ É σσ ÍÇȾÄÚÉÅÎǲȢ .ÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁ 
×ÙÓÔöÐÕÊÅȟ ÇÄÙ ÚÁÐÏÔÒÚÅÂÏ×ÁÎÉÅ ÏÒÇÁÎÉÚÍÕ ÎÁ 
ÔÅÎ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔÅË ÎÉÅ ÊÅÓÔ ÚÁÓÐÏËÏÊÏÎÅȟ ÃÏ 
ÍÏÚȗÅ ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÐÒÏÂÌÅÍÏǲ× ÚÄÒÏ×ÏÔÎÙÃÈ 
ɉ)ÎÓÔÉÔÕÔÅ ÏÆ -ÅÄÉÃÉÎÅ ɉ53Ɋ 0ÁÎÅÌ ÏÎ -ÉÃÒÏ-
ÎÕÔÒÉÅÎÔÓȟ ςππρɊȢ 

:ȘÅÌÁÚÏ ÈÅÍÏ×Å ÓÔÁÎÏ×É ρπȤρυϷ ÃÁčËÏ-
×ÉÔÅÇÏ ÓÐÏÚȗÙÃÉÁ ÚȗÅÌÁÚÁ É ÊÅÓÔ ÌÅÐÉÅÊ ×ÃÈčÁÎÉÁÎÅ 
ÎÉÚȗ ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å ɉ×ÃÈčÁÎÉÁÎÅ × ÉÌÏÓǲÃÉ  
ρυȤσυϷɊȟ × Ú×ÉäÚËÕ Ú ÃÚÙÍ ÔÁ ÐÉÅÒ×ÓÚÁ ÆÏÒÍÁ 
ÐÉÅÒ×ÉÁÓÔËÁ ÍÏÚȗÅ ÓÔÁÎÏ×ÉÃǲ ÐÏÎÁÄ τπϷ ÃÁčËÏ-
×ÉÔÅÇÏ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ ÊÅÌÉÔÏ×ÅÇÏ ɉ(ÕÒÒÅÌÌ 
ÁÎÄ %ÇÌÉȟ ςπρπɊȢ :ȘÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å ÚÎÁÊÄÕÊÅ ÓÉö 
ÚÁÒÏǲ×ÎÏ × ÚǲÒÏǲÄčÁÃÈ Ú×ÉÅÒÚöÃÙÃÈȟ ÊÁË É 
ÒÏÓǲÌÉÎÎÙÃÈ ɉÔÊȢ × ÚÂÏÚȗÁÃÈȟ ÆÁÓÏÌÉ É ÚÉÏčÁÃÈɊ ÏÒÁÚ 
×Å ×ÚÂÏÇÁÃÏÎÅÊ × ÔÅÎ ÍÉËÒÏÅÌÅÍÅÎÔ ÚȗÙ×ÎÏÓǲÃÉȟ 
ÔÁËÉÅÊ ÊÁË ×ÚÂÏÇÁÃÏÎÅ × ÚȗÅÌÁÚÏ ÚÂÏÚȗÁ 
ɉ-Ã$ÅÒÍÉÄ ÁÎÄ ,ÏȃÎÎÅÒÄÁÌȟ ςπρςɊȢ :Á×ÁÒÔÏÓǲÃǲ 
ÚȗÅÌÁÚÁ × ÚȗÙ×ÎÏÓǲÃÉ ÎÉÅ ×ÓËÁÚÕÊÅ ÎÁ ÊÅÇÏ 
ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲȟ ÐÏÎÉÅ×ÁÚȗ ×ÃÈčÁÎÉÁÎÉÅ ÔÅÇÏ 
ÍÉËÒÏÓËčÁÄÎÉËÁ ÚÁÌÅÚȗÙ ÏÄ ËÉÌËÕ ÃÚÙÎÎÉËÏǲ×ȟ Á 
ÐÒÚÅÄÅ ×ÓÚÙÓÔËÉÍ ÏÄ ÊÅÇÏ ÆÏÒÍÙȢ 2ÏÓǲÌÉÎÙ 
ÚÁ×ÉÅÒÁÊä ÇčÏǲ×ÎÉÅ ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å É ÎÁ×ÅÔ 
ÊÅÓǲÌÉ ÚÁ×ÁÒÔÏÓǲÃǲ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ × ÎÉÃÈ ÊÅÓÔ 
×ÙÓÏËÁȟ ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ ÊÅÓÔ ÎÉÓËÉÅ ÚÅ ×ÚÇÌöÄÕ 
ÎÁ ÉÎÔÅÒÁËÃÊÅ ÍÉöÄÚÙ ÎÉÍ É ÃÚäÓÔÅÃÚËÁÍÉ ÒÏÓǲÌÉÎ 
ɉ2ÕÔÚËÅ ÅÔ ÁÌȢȟ ςππτɊȢ σπȤχπϷ ÚȗÅÌÁÚÁ × ÃÚÅÒ×Ï-
ÎÙÍ ÍÉöÓÉÅ ×ÙÓÔöÐÕÊÅ × ÐÏÓÔÁÃÉ ÈÅÍÕȢ 
'čÏǲ×ÎÙÍ ÚǲÒÏǲÄčÅÍ ÚȗÅÌÁÚÁ ÊÅÓÔ ÃÚÅÒ×ÏÎÅ ÍÉöÓÏ 
ÂÏÇÁÔÅ × ÚȗÅÌÁÚÏ ÈÅÍÏ×Åȟ ËÔÏǲÒÅ ÊÅÓÔ ×ÙÓÏÃÅ 
ÂÉÏÄÏÓÔöÐÎÅ ɉ#ÚÅÒ×ÏÎËÁ ÁÎÄ 4ÏËÁÒÚȟ ςπρχɊȢ 

#ÚÅÒ×ÏÎÅ ÍÉöÓÏ ÊÅÓÔ ÇčÏǲ×ÎÙÍ ÚǲÒÏǲÄčÅÍ 
ÚȗÅÌÁÚÁ ÄÌÁ ÌÕÄÚÉ × ËÒÁÊÁÃÈ ÒÏÚ×ÉÎÉöÔÙÃÈȢ .ÁÔÏ-
ÍÉÁÓÔ × ËÒÁÊÁÃÈ ÓčÁÂÏ ÒÏÚ×ÉÎÉöÔÙÃÈ É ÒÏÚ×ÉÊÁÊä-
ÃÙÃÈ ÓÉö ÓÐÏÚȗÙÃÉÅ ÚȗÅÌÁÚÁ ÚÁÌÅÚȗÙ ÏÄ ÄÉÅÔÙ ÒÏÓǲÌÉÎÎÅÊȟ 
ËÔÏǲÒÁ ÚÁ×ÉÅÒÁ ÇčÏǲ×ÎÉÅ ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Åȟ 
ÃÚöÓÔÏ ×ÃÈčÁÎÉÁÎÅ × ÉÌÏÓǲÃÉ ÍÎÉÅÊÓÚÅÊ ÎÉÚȗ ρπ Ϸ 
ɉ:ÉÍÍÅÒÍÁÎÎ ÁÎÄ (ÕÒÒÅÌÌȟ ςππχȠ #ÚÅÒ×ÏÎËÁ ÁÎÄ 
4ÏËÁÒÚȟ ςπρχɊȢ 3ÐÏÚȗÙÃÉÅ ÐÒÏÄÕËÔÏǲ× ÚÁ×ÉÅÒÁÊäÃÙÃÈ 
ÚȗÅÌÁÚÏ ÊÅÓÔ ÊÅÄÎÙÍ Ú ÇčÏǲ×ÎÙÃÈ ÃÚÙÎÎÉËÏǲ× ÏËÒÅÓǲÌÁ-
ÊäÃÙÃÈ ÓÔÁÎ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ × ÏÒÇÁÎÉÚÍÉÅȢ  

 
τȢ #ÚÙÎÎÉËÉ ÄÉÅÔÅÔÙÃÚÎÅ ×ÐčÙ×ÁÊäÃÅ ÎÁ 

ÂÉÏÄÏÓÔöÐÎÏĢç ŀÅÌÁÚÁȢ :ȘÅÌÁÚÏ ÊÅÓÔ ÏÂÅÃÎÅ × 
ÂÁÒÄÚÏ ×ÉÅÌÕ ÒÏǲÚȗÎÙÃÈ ÐÒÏÄÕËÔÁÃÈ ÓÐÏÚȗÙ×ÃÚÙÃÈȟ 

ÚÁÔÅÍ ×ÁÚȗÎÅ ÊÅÓÔ ÓÔÏÓÏ×ÁÎÉÅ ÚÄÒÏ×ÅÊ É 
ÚÒÏǲÚȗÎÉÃÏ×ÁÎÅÊ ÄÉÅÔÙȢ $ÉÅÔÁ ÄÁ×ÃÙ ËÒ×É É ÊÅÊ 
ÓËčÁÄÎÉËÏǲ× ÐÏ×ÉÎÎÁ ÂÙÃǲ ÔÁË ÚÂÉÌÁÎÓÏ×ÁÎÁȟ ÁÂÙ 
ÚÁ×ÁÒÔÅ × ÎÉÅÊ ÚȗÅÌÁÚÏ ÏÒÁÚ ÅÌÅÍÅÎÔÙ ÕčÁÔ×ÉÁÊäÃÅ 
ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ ÚÁÐÅ×ÎÉÁčÙ ÐÒÁ×ÉÄčÏ×Å 
×ÁÒÔÏÓǲÃÉ ×ÙÎÉËÏǲ× ÂÁÄÁÎǲ ÍÏÒÆÏÌÏÇÉÃÚÎÙÃÈ ÏÒÁÚ 
ÕÍÏÚȗÌÉ×ÉÁčÙ ÏÄÔ×ÏÒÚÅÎÉÅ ÒÅÚÅÒ×Ù ÔËÁÎËÏ×ÅÊ 
ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ ɉ0ÉÓËÉÎ ÅÔ ÁÌȢȟ ςπςςɊȢ 
7ÃÈčÁÎÉÁÎÉÅ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÊÅÓÔ × ÄÕÚȗÙÍ 
ÓÔÏÐÎÉÕ ÚÁÌÅÚȗÎÅ ÏÄ ÊÅÇÏ ÓÔÁÎÕ ÆÉÚÙÃÚÎÅÇÏ ɀ 
Ä×Õ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏ É ÔÒÏǲÊ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏ ɉ0ÉÓËÉÎ 
ÅÔ ÁÌȢȟ ςπςςɊȢ :ȘÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å × ÄÉÅÃÉÅ 
×ÙÓÔöÐÕÊÅ ÇčÏǲ×ÎÉÅ × ÆÏÒÍÉÅ ÕÔÌÅÎÉÏÎÅÊ ÌÕÂ 
ÔÒÏǲÊ×ÁÒÔÏÓǲÃÉÏ×ÅÊȟ ÃÈÏÃÉÁÚȗ ÊÅÓÔ ÂÁÒÄÚÉÅÊ ÐÒÁ×ÄÏ-
ÐÏÄÏÂÎÅȟ ÚȗÅ ÐÒÚÅÚ ÅÎÔÅÒÏÃÙÔÙ ÚÏÓÔÁÎÉÅ 
×ÃÈčÏÎÉöÔÅ ÚȗÅÌÁÚÏ Ä×Õ×ÁÒÔÏÓǲÃÉÏ×Å ɉ'ÕÌÅÃ ÅÔ ÁÌȢȟ 
ςπρτɊȢ :ȘÅÌÁÚÏ ÔÒÏǲÊ×ÁÒÔÏÓǲÃÉÏ×Å ×ÙÔÒäÃÁ ÓÉö × 
ÒÏÚÔ×ÏÒÁÃÈ Ï Ð( ÐÏ×ÙÚȗÅÊ σȟ ÐÏÄÃÚÁÓ ÇÄÙ 
×ÉöËÓÚÏÓǲÃǲ ÚȗÅÌÁÚÁ Ä×Õ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏ ÐÏÚÏÓÔÁÊÅ 
ÒÏÚÐÕÓÚÃÚÁÌÎÁ ÐÒÚÙ Ð( ÏÂÏÊöÔÎÙÍȢ $ÌÁÔÅÇÏ 
ÚȗÅÌÁÚÏ Ä×Õ×ÁÒÔÏÓǲÃÉÏ×Å ÍÕÓÉ ÎÁÊÐÉÅÒ× ÚÏÓÔÁÃǲ 
ÒÏÚÐÕÓÚÃÚÏÎÅ É ÓÃÈÅÌÁÔÏ×ÁÎÅ × ÚȗÏčäÄËÕȟ ÚÁÎÉÍ 
ÂöÄÚÉÅ ÍÏÇčÏ ÚÏÓÔÁÃǲ ×ÃÈčÏÎÉöÔÅ × ÍÎÉÅÊ 
Ë×ÁÓǲÎÙÍȟ ÐÒÏËÓÙÍÁÌÎÙÍ ÊÅÌÉÃÉÅ ÃÉÅÎËÉÍ 
ɉ#ÏÎÒÁÄ ÁÎÄ 5ÍÂÒÅÉÔȟ ςππςɊȢ #ÈÅÌÁÔÁÃÊÁ 
ÚÁÃÈÏÄÚÉ ÓÚÙÂËÏ ÐÒÚÅÚ ÉÎÎÅ ÓËčÁÄÎÉËÉ ÄÉÅÔÙȟ ÇÄÙ 
ÚȗÅÌÁÚÏ ÊÅÓÔ Õ×ÁÌÎÉÁÎÅ ÄÏ Óǲ×ÉÁÔčÁ ÊÅÌÉÔÁȢ 4Å 
ÃÈÅÌÁÔÏÒÙ ÍÏÇä ÄÚÉÁčÁÃǲ ÊÁËÏ ×ÚÍÁÃÎÉÁÃÚÅ É 
ÉÎÈÉÂÉÔÏÒÙȟ ×ÐčÙ×ÁÊäÃ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÐÏÐÒÚÅÚ ÊÅÇÏ ÒÏÚÐÕÓÚÃÚÁÌÎÏÓǲÃǲ ɉ:ÉÊÐ ÅÔ ÁÌȢȟ ςππφɊȢ 
3ËčÁÄ ÄÉÅÔÙ ÊÅÓÔ ÚÁÔÅÍ ÊÅÄÎÙÍ Ú ÎÁÊ×ÁÚȗÎÉÅÊÓÚÙÃÈ 
ÃÚÙÎÎÉËÏǲ× ×ÐčÙ×ÁÊäÃÙÃÈ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ 
ÏÍÁ×ÉÁÎÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ɉ3ÈÁÒÐ ÅÔ ÁÌȢȟ ςπρπɊ 
ɉÒÙÃȢ υɊȢ  

+×ÁÓ ÁÓËÏÒÂÉÎÏ×ÙȢ /ÂÅÃÎÏÓǲÃǲ Ë×ÁÓÕ 
ÁÓËÏÒÂÉÎÏ×ÅÇÏ × ÄÉÅÃÉÅ Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ɉ4ÅÕÃÈÅÒ ÅÔ ÁÌȢȟ ςππτɊȢ 
+×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù ×ÓÐÏÍÁÇÁ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁȟ Ô×ÏÒÚäÃ ÃÈÅÌÁÔ Ú ÚȗÅÌÁÚÅÍ ÔÒÏǲÊ×ÁÒÔÏÓǲ-
ÃÉÏ×ÙÍ &ÅσϹ ÐÒÚÙ Ë×ÁÓǲÎÙÍ Ð( ÚȗÏčäÄËÁȟ ËÔÏǲÒÙ ÔÏ 
ÃÈÅÌÁÔ ÊÅÓÔ ÒÏÚÐÕÓÚÃÚÁÌÎÙ ÐÒÚÙ ÚÁÓÁÄÏ×ÙÍ Ð( 
Ä×ÕÎÁÓÔÎÉÃÙ ɉ,ÙÎÃÈ ÁÎÄ #ÏÏËȟ ρωψπɊȢ 0ÏÎÁÄÔÏ 
ÁÓËÏÒÂÉÎÉÁÎȟ ÓÏǲÌ Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏȟ ÄÚÉÁčÁ 
ÊÁËÏ ÐÏÃÈčÁÎÉÁÃÚ ×ÏÌÎÙÃÈ ÒÏÄÎÉËÏǲ× É ÒÅÄÕËÕÊÅ 
ÓÔÏÐÎÉÅ ÕÔÌÅÎÉÅÎÉÁ ÚȗÅÌÁÚÁ ÄÏ &ÅςϹȟ ËÔÏǲÒÅ ÊÅÓÔ 
ÊÅÄÙÎä ÂÉÏÄÏÓÔöÐÎä ÆÏÒÍä ÄÌÁ ËÏÍÏǲÒÅË 
ÅÎÔÅÒÏÃÙÔÏǲ× ɉ3ÍÉÒÎÏÆÆȟ ςπρψɊȢ &ÅςϹ ÊÅÓÔ ÊÅÄÙÎä 
ÆÏÒÍä ÚȗÅÌÁÚÁȟ ËÔÏǲÒÅ ÍÏÚȗÅ ÂÙÃǲ ×ÃÈčÁÎÉÁÎÅ ÐÒÚÅÚ 
ÔÒÁÎÓÐÏÒÔÅÒÙ ÚȗÅÌÁÚÁ ÊÅÌÉÔÏ×ÙÃÈ ËÏÍÏǲÒÅË 
ÅÎÔÅÒÏÃÙÔÏǲ× ɉ'ÕÌÅÃ ÅÔ ÁÌȢȟ ςπρτɊȢ $Ï ÔÅÊ ÐÏÒÙ 
ÏÐÕÂÌÉËÏ×ÁÎÏ ÌÉÃÚÎÅ ÂÁÄÁÎÉÁ ÄÏÔÙÃÚäÃÅ 
×ÐčÙ×Õ Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁȢ .ÉÅÄÁ×ÎÏ +ÈÏÊÁ É ÉÎȢ ɉςπςρɊ ÄÏÎÉÅÓǲÌÉȟ ÚȗÅ 
ÇÄÙ Ë×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù ÚÏÓÔÁč ÄÏÄÁÎÙ ÄÏ 
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ÐÒÏÄÕËÔÏǲ× ÒÏÓǲÌÉÎÎÙÃÈ ɉËÉÅčËÉ É ÎÁÓÉÏÎÁ 
ËÏÚÉÅÒÁÄËÉȟ ÍÉäÚȗÓÚ Ï×ÏÃÏǲ× ÂÁÏÂÁÂÕ É ÌÉÓǲÃÉÅ 
ÍÏÒÉÎÇÉɊȟ Ú×ÉöËÓÚÙč ÏÎ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ × 
ÕÎÉÅÓǲÍÉÅÒÔÅÌÎÉÏÎÅÊ ÌÉÎÉÉ ËÏÍÏǲÒËÏ×ÅÊ ÇÒÕÃÚÏ-
ÌÁËÏǲ× ÌÕÄÚËÉÅÇÏ ÊÅÌÉÔÁ ÇÒÕÂÅÇÏ #ÁÃÏȤςȢ (Å É ÉÎȢ 
ɉςπρψɊ ÚÁÓÔÏÓÏ×ÁÌÉ ÉÎ ÖÉÔÒÏ ÍÏÄÅÌ ËÏÍÏǲÒËÏ×Ù 
#ÁÃÏȤς ÄÏ ÚÂÁÄÁÎÉÁ ×ÐčÙ×Õ Ë×ÁÓÕ ÆÉÔÙÎÏ×ÅÇÏȟ 
ÓÚÃÚÁ×ÉÁÎÕ ÓÏÄÕ É ËÒÚÅÍÉÁÎÕ ÓÏÄÕ ÎÁ ÂÉÏÄÏÓ-
ÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ × ÏÂÅÃÎÏÓǲÃÉ É 

ÎÉÅÏÂÅÃÎÏÓǲÃÉ Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏȢ 7ÙÎÉËÉ 
×ÙËÁÚÁčÙȟ ÚȗÅ Ë×ÁÓ ÆÉÔÙÎÏ×Ùȟ ÓÚÃÚÁ×ÉÁÎ ÓÏÄÕ É 
ËÒÚÅÍÉÁÎ ÓÏÄÕ ÏÇÒÁÎÉÃÚÁÊä ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÔÒÏǲÊ×ÁÒÔÏÓǲÃÉÏ×ÅÇÏȟ ÁÌÅ Ë×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù 
ÐÒÚÅÃÉ×ÄÚÉÁčÁ ÔÅÍÕ ÈÁÍÕÊäÃÅÍÕ ÅÆÅËÔÏ×É É 
Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁȢ 0ÏÄÏÂÎÅ ×ÙÎÉËÉ 
ÕÚÙÓËÁÌÉ 6ÉÌÌÁÎÏ É ÉÎȢ ɉςπρφɊȟ ËÔÏǲÒÚÙ ×ÙËÁÚÁÌÉȟ ÚȗÅ 
Ë×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù ÐÒÚÅÃÉ×ÄÚÉÁčÁ ÈÁÍÕÊäÃÅÍÕ 
ÅÆÅËÔÏ×É ÐÏÌÉÆÅÎÏÌÉȢ 

 
 

 
Ryc. 5. Czynniki dietetyczne wpĠywajňce na biodostŗpnoƑĻ ƭelaza 

 
7ÙËÁÚÁÎÏȟ ÚȗÅ ÄÚÉÁčÁÎÉÅ ×ÉÔÁÍÉÎÙ # ÚÁÌÅÚȗÙ 

ÏÄ ÄÁ×ËÉ ɉ$ÁÖÉÄÓÓÏÎ ÅÔ ÁÌȢȟ ρωωψɊȟ É ÍÏÚȗÅ 
Ú×ÉöËÓÚÁÃǲ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÔÙÌËÏ ×ÔÅÄÙȟ ÇÄÙ 
ÏÂÁ ÓËčÁÄÎÉËÉ ÏÄÚȗÙ×ÃÚÅ Óä ÐÒÚÙÊÍÏ×ÁÎÅ ÒÁÚÅÍ 
ɉ#ÏÏË ÁÎÄ 2ÅÄÄÙȟ ςππρɊȢ 7ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÓÔÏÐÎÉÏ×Ï ×ÚÒÁÓÔÁ Ú πȟψϷ ÄÏ χȟρϷȟ ÇÄÙ ÄÏ 
ÐčÙÎÎÅÊ ÆÏÒÍÕčÙ ÚÁ×ÉÅÒÁÊäÃÅÊ τȟρ ÍÇ ÚȗÅÌÁÚÁ 
ÎÉÅÈÅÍÏ×ÅÇÏ ÄÏÄÁ×ÁÎÅ Óä ÃÏÒÁÚ ×ÉöËÓÚÅ ÉÌÏÓǲÃÉ 
Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ × ÚÁËÒÅÓÉÅ ÏÄ ςυ ÄÏ ρπππ 
ÍÇȢ 7ÙËÁÚÁÎÏ ÒÏǲ×ÎÉÅÚȗȟ ÚȗÅ υππ ÍÇ Ë×ÁÓÕ 
ÁÓËÏÒÂÉÎÏ×ÅÇÏ ÐÒÚÙÊÍÏ×ÁÎÅÇÏ Ú ÊÅÄÚÅÎÉÅÍ 
Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÓÚÅÓǲÃÉÏËÒÏÔÎÉÅȟ 
ÊÅÄÎÁËÚȗÅ Ë×ÁÓ ÁÓËÏÒÂÉÎÏ×Ù ÐÒÚÙÊÍÏ×ÁÎÙ τȤψ 
ÇÏÄÚÉÎ ×ÃÚÅÓǲÎÉÅÊ ÊÅÓÔ ÍÎÉÅÊ ÓËÕÔÅÃÚÎÙ ɉ#ÏÏË 
ÁÎÄ -ÏÎÓÅÎȟ ρωχχɊȢ 7čäÃÚÅÎÉÅ Ë×ÁÓÕ ÁÓËÏÒ-
ÂÉÎÏ×ÅÇÏ ÄÏ ÄÉÅÔÙ ÍÏÚȗÅ ×ÙÄÁ×ÁÃǲ ÓÉö ÓËÕÔÅÃÚÎÅ 
× Ú×ÉöËÓÚÁÎÉÕ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁȟ ÊÅÄÎÁËÚȗÅȟ 
ÐÏÍÉÊÁÊäÃ ÔÒÕÄÎÏÓǲÃÉ ÔÅÃÈÎÉÃÚÎÅ Ú×ÉäÚÁÎÅ Ú 
ÐÒÚÙÇÏÔÏ×ÁÎÉÅÍ É ÐÒÚÅÃÈÏ×Ù×ÁÎÉÅÍ ÄÁÎǲȟ 

×ÙÎÉËÁÊäÃÅ Ú ÎÉÅÓÔÁÂÉÌÎÏÓǲÃÉ ÔÅÇÏ Ë×ÁÓÕ 
ɉ4ÅÕÃÈÅÒ ÅÔ ÁÌȢȟ ςππτɊȟ ÄÏÄÁ×ÁÎÉÅ ÇÏ ÄÏ ÃÁčÅÊ 
ÄÉÅÔÙ ÍÁ ÒÁÃÚÅÊ ÎÉÅÉÓÔÏÔÎÙ ×ÐčÙ× ÎÁ Ú×ÉöËÓ-
ÚÅÎÉÅ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ ÐÒÚÅÚ ÏÒÇÁÎÉÚÍ 
ÃÚčÏ×ÉÅËÁ ɉ#ÏÏË ÅÔ ÁÌȢȟ ρωψτȠ (ÕÎÔ ÅÔ ÁÌȢȟ ρωωτɊȢ 

&ÉÔÙÎÉÁÎÙȢ &ÉÔÙÎÉÁÎÙ É ÐÏÌÉÆÅÎÏÌÅ Óä 
ÇčÏǲ×ÎÙÍÉ ÉÎÈÉÂÉÔÏÒÁÍÉ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ Ú 
ÐÒÏÄÕËÔÏǲ× ÒÏÓǲÌÉÎÎÙÃÈȟ ÐÏÎÉÅ×ÁÚȗ ×ÉäÚȗä ÓÉö Ú 
ÚȗÅÌÁÚÅÍ × ÐÒÚÅ×ÏÄÚÉÅ ÐÏËÁÒÍÏ×ÙÍ ɉ0ÉÓËÉÎ ÅÔ 
ÁÌȢȟ ςπςςɊȢ &ÉÔÙÎÉÁÎ ÊÅÓÔ ÎÁÔÕÒÁÌÎÉÅ ×ÙÓÔöÐÕ-
ÊäÃÙÍ ÓËčÁÄÎÉËÉÅÍ ÒÏÓǲÌÉÎ É ÍÁ ÈÁÍÕÊäÃÙ ×ÐčÙ× 
ÎÁ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ×ÉöËÓÚÏÓǲÃÉ ÍÉÎÅÒÁčÏǲ× 
ɉ(ÁÒÌÁÎÄ ÁÎÄ -ÏÒÒÉÓȟ ρωωυɊȢ &ÉÔÙÎÉÁÎ ÎÉÅ ÍÏÚȗÅ 
ÂÙÃǲ ÔÒÁ×ÉÏÎÙ ÐÒÚÅÚ ÌÕÄÚËÉ ÏÒÇÁÎÉÚÍ É ÎÉÅ ÍÏÚȗÅ 
ÂÙÃǲ ×ÃÈčÁÎÉÁÎÙ × ÊÅÌÉÃÉÅ ÃÉÅÎËÉÍ Ú ÐÏ×ÏÄÕ 
ÂÒÁËÕ ÅÎÄÏÆÉÔÁÚ ɉ"ÏÈÎ ÅÔ ÁÌȢȟ ςππψɊȢ 7 ÒÅÚÕÌÔÁÃÉÅ 
ÍÉÎÅÒÁčÙ ÃÈÅÌÁÔÏ×ÁÎÅ × ÆÉÔÙÎÉÁÎÉÅ ÎÉÅ Óä 
ÂÉÏÄÏÓÔöÐÎÅ ɉ"ÒÏÕÎÓȟ ςπςρɊȢ (ÁÌÌÂÅÒÇ É ÉÎȢ 
ɉρωψχɊ ÕÓÕÎöÌÉ ÆÉÔÙÎÉÁÎ Ú ÏÔÒöÂÏǲ× ÚÁ ÐÏÍÏÃä 
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ÅÎÄÏÇÅÎÎÅÊ ÆÉÔÁÚÙȟ ÁÂÙ ÚÁÏÂÓÅÒ×Ï×ÁÃǲȟ ÊÁË ÊÅÇÏ 
ÕÓÕÎÉöÃÉÅ ×ÐčÙ×Á ÎÁ ×ÃÈčÁÎÉÁÎÉÅ É ÓÔ×ÉÅÒÄÚÉÌÉȟ 
ÚȗÅ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÂÙčÏ ÚÎÁÃÚÎÉÅ Ú×ÉöËÓÚÏÎÅ 
× ÐÒÚÙÐÁÄËÕ ÂÒÁËÕ ÆÉÔÙÎÉÁÎÕȢ 4ÒÏÅÓÃÈ É ÉÎȢ 
ɉςπρσɊ ÐÒÚÅÁÎÁÌÉÚÏ×ÁÌÉ ÄÏ×ÏÄÙ Ú ÂÁÄÁÎǲ ÎÁ 
ÌÕÄÚÉÁÃÈȟ ÏÃÅÎÉÁÊäÃ ×ÐčÙ× ÆÉÔÁÚÙ ÎÁ ÂÉÏÄÏÓÔöÐ-
ÎÏÓǲÃǲ ÚȗÅÌÁÚÁ É ÃÙÎËÕȢ $ÏÓÚÌÉ ÄÏ ×ÎÉÏÓËÕȟ ÚȗÅ ÆÉÔÁÚÁ 
×ÓÐÏÍÁÇÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ É ÃÙÎËÕ Ú 
ÐÏÓÉčËÏǲ× ÂÏÇÁÔÙÃÈ × ÆÉÔÙÎÉÁÎÙ É ÍÏÚȗÅ 
ÐÏÔÅÎÃÊÁÌÎÉÅ ÐÏÐÒÁ×ÉÃǲ ×ÃÈčÁÎÉÁÎÉÅ ÍÁÇÎÅÚÕȟ 
×ÁÐÎÉÁ É ÆÏÓÆÏÒÕ ɉ4ÒÏÅÓÃÈ ÅÔ ÁÌȢȟ ςπρσɊȢ 
$Á×ËÏÚÁÌÅÚȗÎÙȟ ÈÁÍÕÊäÃÙ ×ÐčÙ× ÆÉÔÙÎÉÁÎÕ ÓÏÄÕ 
ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÚÏÓÔÁč ÚÂÁÄÁÎÙ ÐÒÚÅÚ 
(ÁÌÌÂÅÒÇÁ É ÉÎȢ ɉρωψωɊȢ 0ÏÄÁ×ÁÌÉ ÏÎÉ ÌÕÄÚÉÏÍ 
ÂÕčËÉ ÐÓÚÅÎÎÅ ÂÅÚ ÆÉÔÙÎÉÁÎÕ É Ú ÆÉÔÙÎÉÁÎÅÍ ɉ× 
ÄÁ×ËÁÃÈ ÏÄ ς ÄÏ ςυπ ÍÇɊȢ 7ÙËÁÚÁÌÉȟ ÚȗÅ 
ÈÁÍÕÊäÃÙ ×ÐčÙ× ÆÉÔÙÎÉÁÎÕ ÂÙč ÉÓÔÏÔÎÉÅ ÚÁÌÅÚȗÎÙ 
ÏÄ ÊÅÇÏ ÉÌÏÓǲÃÉ × ÂÕčËÁÃÈȢ 0ÏÄÃÚÁÓ ÇÄÙ ς ÍÇ 
ÈÁÍÏ×ÁčÙ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ï ρψϷȟ ÔÏ ×ÁÒÔÏÓǲÃǲ 
ÔÁ ÏÓÉäÇÎöčÁ ψς Ϸ ÐÒÚÙ ÄÁ×ÃÅ ÆÉÔÙÎÉÁÎÕ 
×ÙÎÏÓÚäÃÅÊ ςυπ ÍÇȢ 7 ÂÁÄÁÎÉÕ ÔÙÍ ÏÃÅÎÉÌÉ 
ÒÏǲ×ÎÉÅÚȗ ×ÐčÙ× Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ É 
ÓÔ×ÉÅÒÄÚÉÌÉȟ ÚȗÅ ÄÏÄÁÔÅË Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ 
ÐÒÚÅÃÉ×ÄÚÉÁčÁč ÈÁÍÕÊäÃÅÍÕ ×ÐčÙ×Ï×É 
ÆÉÔÙÎÉÁÎÕ ɉ(ÁÌÌÂÅÒÇ ÅÔ ÁÌȢȟ ρωψωɊȢ 

5×ÁÚȗÁ ÓÉöȟ ÚȗÅ ÈÁÍÕÊäÃÙ ×ÐčÙ× ÆÉÔÙÎÉÁÎÕ 
ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÊÅÓÔ ×ÙÏÌÂÒÚÙÍÉÏÎÙ × 
ÂÁÄÁÎÉÁÃÈ ÎÁÄ ÐÏÊÅÄÙÎÃÚÙÍ ÐÏÓÉčËÉÅÍ × 
ÐÏÒÏǲ×ÎÁÎÉÕ Ú ÂÁÄÁÎÉÁÍÉ ÎÁÄ ÐÅčÎÏ×ÁÒ-
ÔÏÓǲÃÉÏ×ä ÄÉÅÔä ɉ'ÉÂÓÏÎ ÅÔ ÁÌȢȟ ςπρπɊȢ .Á 
ÐÒÚÙËčÁÄȟ ÂÁÄÁÎÉÅ ÐÏÊÅÄÙÎÃÚÅÇÏ ÐÏÓÉčËÕ ËÏÂÉÅÔ 
× ÃÉäÚȗÙ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÐÒÚÅÚ !Ì (ÁÓÁÎÁ É ÉÎȢ 
ɉςπρφɊ ×ÙËÁÚÁčÏȟ ÚȗÅ ÓÐÏÚȗÙÃÉÅ ÆÉÔÙÎÉÁÎÕ 
ÈÁÍÏ×ÁčÏ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ É ×ÁÐÎÉÁȢ : 
ËÏÌÅÉ !ÒÍÁÈ É ÉÎȢ ɉςπρυɊ ×ÙËÁÚÁÌÉȟ ÚȗÅ ÒÅÇÕÌÁÒÎÅ 
ÓÐÏÚȗÙ×ÁÎÉÅ ÄÉÅÔÙ ÂÏÇÁÔÅÊ × ÆÉÔÙÎÉÁÎ ÍÏÚȗÅ 
ÚÍÎÉÅÊÓÚÙÃǲ ÊÅÇÏ ÈÁÍÕÊäÃÙ ×ÐčÙ× ÎÁ ×ÃÈčÁ-
ÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ Õ ÍčÏÄÙÃÈ ËÏÂÉÅÔ Ú 
ÎÉÓËÉÍ ÐÏÚÉÏÍÅÍ ÚȗÅÌÁÚÁȢ 0ÏÄÏÂÎÉÅ (ÏÐÐÅ É ÉÎȢ 
ɉςπρωɊ ÄÏÎÉÅÓǲÌÉȟ ÚȗÅ ÓÐÏÚȗÙ×ÁÎÉÅ ÃÈÌÅÂÁ ÐÅčÎÏ-
ÚÉÁÒÎÉÓÔÅÇÏ Ú ÎÉÓËä ÚÁ×ÁÒÔÏÓǲÃÉä ÆÉÔÙÎÉÁÎÕ ÊÁËÏ 
ÃÚöÓǲÃÉ ÃÁčËÏ×ÉÔÅÊ ÄÉÅÔÙ ÎÉÅ ÍÉÁčÏ ÚÎÁÃÚäÃÅÇÏ 
×ÐčÙ×Õ ÎÁ ÓÔöÚȗÅÎÉÅ ÚȗÅÌÁÚÁ × ÐÏÒÏǲ×ÎÁÎÉÕ ÚÅ 
ÓÐÏÚȗÙ×ÁÎÉÅÍ ÃÈÌÅÂÁ ÐÅčÎÏÚÉÁÒÎÉÓÔÅÇÏ Ú ×ÙÓÏËä 
ÚÁ×ÁÒÔÏÓǲÃÉä ÔÅÇÏ ÉÎÈÉÂÉÔÏÒÁȢ 7ÃÚÅÓǲÎÉÅÊ -ÅÎÄÏÚÁ 
É ÉÎȢ ɉςππρɊ ÂÁÄÁÌÉ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú 
Ï×ÓÉÁÎÅË ÚÒÏÂÉÏÎÙÃÈ Ú ÇÅÎÅÔÙÃÚÎÉÅ ÚÍÏÄÙÆÉËÏ-
×ÁÎÙÃÈ ÒÏÄÚÁÊÏǲ× ËÕËÕÒÙÄÚÙ Ï ÎÉÓËÉÅÊ ÚÁ×ÁÒ-
ÔÏÓǲÃÉ ÆÉÔÙÎÉÁÎÕ É Ú ÎÉÅÍÏÄÙÆÉËÏ×ÁÎÅÊ ËÕËÕÒÙÄÚÙ 
ÄÚÉËÉÅÇÏ ÔÙÐÕȟ ÐÒÚÙ ÃÚÙÍ ×ÙËÏÒÚÙÓÔÁÎÅ 
ËÕËÕÒÙÄÚÅ ÚÏÓÔÁčÙ ×ÚÂÏÇÁÃÏÎÅ ÓÉÁÒÃÚÁÎÅÍ 
ÚȗÅÌÁÚÁ ÌÕÂ %$4!Ȣ .ÉÅ ÓÔ×ÉÅÒÄÚÏÎÏ ÉÓÔÏÔÎÅÇÏ 
×ÐčÙ×Õ ÍÏÄÙÆÉËÏ×ÁÎÅÊ ÄÉÅÔÙ Ï ÎÉÓËÉÅÊ 
ÚÁ×ÁÒÔÏÓǲÃÉ ÆÉÔÙÎÉÁÎÕ ÎÁ ÐÏÐÒÁ×ö ×ÃÈčÁÎÉÁÎÉÁ 
ÚȗÅÌÁÚÁ ɉ-ÅÎÄÏÚÁ ÅÔ ÁÌȢȟ ςππρɊȢ 

0ÏÌÉÆÅÎÏÌÅȢ 0ÏÌÉÆÅÎÏÌÅ ×ÙÓÔöÐÕÊä × ÄÉÅÃÉÅ 
ÃÚčÏ×ÉÅËÁ ÇčÏǲ×ÎÉÅ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÉÃÈ ÏÂÅÃÎÏÓǲÃǲ 
× ×ÁÒÚÙ×ÁÃÈȟ ÚÂÏÚȗÁÃÈȟ ÐÒÚÙÐÒÁ×ÁÃÈȟ ÈÅÒÂÁÃÉÅȟ 
ËÁ×ÉÅȟ ÃÚÅÒ×ÏÎÙÍ ×ÉÎÉÅ É ËÁËÁÏ ɉ0ÁÎÄÅÙ ÁÎÄ 
2ÉÚÖÉȟ ςππωɊȢ 0ÏÌÉÆÅÎÏÌÅ Óä ÚÎÁÎÙÍÉ ÉÎÈÉÂÉÔÏÒÁÍÉ 
ÂÉÏÄÏÓÔöÐÎÏÓǲÃÉ ÚȗÅÌÁÚÁ É Õ×ÁÚȗÁ ÓÉöȟ ÚȗÅ ÄÚÉÁčÁÊä 
ÐÏÄÏÂÎÉÅ ÄÏ ÆÉÔÙÎÉÁÎÕȟ Ô×ÏÒÚäÃ ËÏÍÐÌÅËÓÙ Ú 
ÚȗÅÌÁÚÅÍ ɉ3ÃÁÒÁÎÏ ÅÔ ÁÌȢȟ ςπςσɊȢ 7ÙËÁÚÁÎÏȟ ÚȗÅ 
ÐÏÌÉÆÅÎÏÌÅ ÍÁÊä ÚÄÏÌÎÏÓǲÃǲ ÄÏ ×ÉäÚÁÎÉÁ ÚȗÅÌÁÚÁȟ Ú 
ÐÏ×ÏÄÕ ×ÙÓÔöÐÏ×ÁÎÉÁ × ÎÉÃÈ ÇÒÕÐ ËÁÔÅÃÈÏ-
ÌÏ×ÙÃÈ É ÇÁÌÏÉÌÏ×ÙÃÈȢ .ÉÅËÔÏǲÒÅ ÂÁÄÁÎÉÁ ×ÙËÁ-
ÚÁčÙȟ ÚȗÅ ÓÔÒÕËÔÕÒÁ φȟχȤÄÉÈÙÄÒÏËÓÙÌÏ×Áȟ ËÁÔÅÃÈÏÌ 
ÐÉÅÒÓǲÃÉÅÎÉÁ "ȟ ÇÒÕÐÙ ÇÁÌÏÉÌÏ×Åȟ ×ÉäÚÁÎÉÅ 
ÐÏÄ×ÏǲÊÎÅ ςȟσ ÏÒÁÚ ÇÒÕÐÙ σȤ É υȤÈÙÄÒÏËÓÙÌÏ×Å 
×ÓÐÏǲčÏÂÅÃÎÅ Ú ÇÒÕÐä τȤËÅÔÏ Óä Ú×ÉäÚÁÎÅ Ú 
×čÁÓǲÃÉ×ÏÓǲÃÉÁÍÉ ÃÈÅÌÁÔÕÊäÃÙÍÉ É ÄÌÁÔÅÇÏ Óä 
ËÁÎÄÙÄÁÔÁÍÉ ÎÁ ÍÉÅÊÓÃÁ ×ÉäÚÁÎÉÁ ÚȗÅÌÁÚÁ 
ɉ0ÅÒÒÏÎ ÁÎÄ "ÒÕÍÁÇÈÉÍȟ ςππωȠ 7ÁÎÇ ÅÔ ÁÌȢȟ 
ςπςρɊȢ #Ï ÃÉÅËÁ×Åȟ ÐÒÚÙ ÕÚȗÙÃÉÕ ËÏÍÏǲÒÅË #ÁÃÏȤς 
×ÙËÁÚÁÎÏȟ ÚȗÅ ÎÉÅËÔÏǲÒÅ ÐÏÌÉÆÅÎÏÌÅȟ ÔÁËÉÅ ÊÁË 
ËÁÔÅÃÈÉÎÁ É ËÅÍÆÅÒÏÌȟ ×ÓÐÏÍÁÇÁÊä ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁȟ ÎÁÔÏÍÉÁÓÔ ÍÉÒÙÃÅÔÙÎÁȟ ÍÉÒÙÃÅÔÙÎÁȤσȤ
ÇÌÕËÏÚÙÄȟ Ë×ÅÒÃÅÔÙÎÁ É Ë×ÅÒÃÅÔÙÎÁȤσȤÇÌÕËÏ-
ÚÙÄÙ ÂÙčÙ ÉÎÈÉÂÉÔÏÒÁÍÉ ×ÃÈčÁÎÉÁÎÉÁ ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁ ɉ(ÁÒÔ ÅÔ ÁÌȢȟ ςπρυȟ ςπρχɊȢ 

0ÅÔÒÙ É ÉÎȢ ɉςπρπɊ ÚÂÁÄÁÌÉ ×ÐčÙ× ÐÏÌÉÆÅÎÏÌÉ 
ÆÁÓÏÌÉ ɉςπȟ υπ É ςππ ÍÇɊ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Õ 
ÌÕÄÚÉȢ !ÂÙ ÓÐÒÁ×ÄÚÉÃǲ ×ÐčÙ× ÐÏÌÉÆÅÎÏÌÉ ÆÁÓÏÌÉ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁȟ ÄÏ ÍäËÉ ÃÈÌÅÂÏ×ÅÊȟ × ËÔÏǲÒÅÊ 
Ë×ÁÓ ÆÉÔÙÎÏ×Ù ÚÏÓÔÁč ÚÎÉÓÚÃÚÏÎÙ ÐÏÄÃÚÁÓ 
ÆÅÒÍÅÎÔÁÃÊÉ ÃÉÁÓÔÁȟ ÄÏÄÁ×ÁÎÏ ÃÏÒÁÚ ×ÉöËÓÚÅ 
ÉÌÏÓǲÃÉ čÕÐÉÎ ÆÁÓÏÌÉ ÃÚÅÒ×ÏÎÅÊ ÊÁËÏ ÚǲÒÏǲÄčÁ 
ÐÏÌÉÆÅÎÏÌÉȢ 3ǳÒÅÄÎÉÅ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú ËÌÅÉËÕ Ú 
ÃÁčÅÊ ÆÁÓÏÌÉ ×ÙÎÉÏÓčÏ ςȟυ ϷȢ $×ÁÄÚÉÅÓǲÃÉÁ ÍÇ 
ÐÏÌÉÆÅÎÏÌÉ ÆÁÓÏÌÉ ÎÉÅ ÍÉÁčÏ ×ÐčÙ×Õ ÎÁ ×ÃÈčÁ-
ÎÉÁÎÉÅ ÚȗÅÌÁÚÁȟ ÎÁÔÏÍÉÁÓÔ υπ ÍÇ É ςππ ÍÇ 
ÐÏÌÉÆÅÎÏÌÉ Ú ÆÁÓÏÌÉ ÚÍÎÉÅÊÓÚÙčÏ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ 
ÚȗÅÌÁÚÁ ÏÄÐÏ×ÉÅÄÎÉÏ Ï ρτ Ϸ É τυ Ϸȟ ÃÏ ÐÏËÁÚÕÊÅȟ 
ÚȗÅ ÐÏÌÉÆÅÎÏÌÅ Ú ÃÚÅÒ×ÏÎÅÊ ÆÁÓÏÌÉ ÈÁÍÕÊä 
ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ × ÓÐÏÓÏǲÂ ÚÁÌÅÚȗÎÙ ÏÄ 
ÄÁ×ËÉȢ 0ÏÒÏǲ×ÎÁÎÉÅ ×ÙÎÉËÏǲ× ÂÁÄÁÎǲ ×ÙËÁÚÁčÏȟ 
ÚȗÅ ÄÅÆÉÔÙÎÉÚÁÃÊÁ ÎÉÅ Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ 
× ÏÂÅÃÎÏÓǲÃÉ ÐÏÌÉÆÅÎÏÌÉȟ ÁÌÅ × ÉÃÈ ÎÉÅÏÂÅÃÎÏÓǲÃÉ 
×ÃÈčÁÎÉÁÎÉÅ ×ÚÒÁÓÔÁ σȟτȤËÒÏÔÎÉÅ ɉ0ÅÔÒÙ ÅÔ ÁÌȢȟ 
ςπρπɊȢ  

"ÉÏÁËÔÙ×ÎÅ ÐÏÌÉÆÅÎÏÌÅ × ÄÉÅÃÉÅ ÈÁÍÕÊä 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ × ÓÐÏÓÏǲÂ 
ÚÁÌÅÚȗÎÙ ÏÄ ÄÁ×ËÉȢ .ÉÅ×ÉÅÌËÉÅ ÉÌÏÓǲÃÉ Ú×ÉäÚËÏǲ× 
ÐÏÌÉÆÅÎÏÌÏ×ÙÃÈ ÏÂÅÃÎÙÃÈ × ÚȗÙ×ÎÏÓǲÃÉ Óä × 
ÓÔÁÎÉÅ ÚÍÎÉÅÊÓÚÙÃǲ ÔÒÁÎÓÐÏÒÔ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ 
ÐÒÚÅÚ ÅÎÔÅÒÏÃÙÔÙ ÊÅÌÉÔÏ×ÅȢ *ÅÄÎÁË ÈÁÍÕÊäÃÅÍÕ 
×ÐčÙ×Ï×É Ú×ÉäÚËÏǲ× ÐÏÌÉÆÅÎÏÌÏ×ÙÃÈ × 
ÐÏÚȗÙ×ÉÅÎÉÕ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ 
ÍÏÚȗÎÁ ÐÒÚÅÃÉ×ÄÚÉÁčÁÃǲ ÚÁ ÐÏÍÏÃä Ë×ÁÓÕ 
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ÁÓËÏÒÂÉÎÏ×ÅÇÏ É ÍÏÚȗÎÁ ÔÅÇÏ ÕÎÉËÎäÃǲȟ ÚÍÎÉÅÊÓ-
ÚÁÊäÃ ÓÐÏÚȗÙÃÉÅ ÐÏÌÉÆÅÎÏÌÉ ÐÏÄÃÚÁÓ ÐÒÚÙÊÍÏ×ÁÎÉÁ 
Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏȢ 2ÅÇÕÌÁÒÎÅ ÓÐÏÚȗÙ×ÁÎÉÅ 
Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ ÍÏÚȗÅ čÁÔ×Ï ÐÒÚÅÃÉ×Ä-
ÚÉÁčÁÃǲ ÈÁÍÕÊäÃÅÍÕ ×ÐčÙ×Ï×É ÎÉÓËÉÃÈ ÓÔöÚȗÅÎǲ 
ÐÏÌÉÆÅÎÏÌÉ × ÐÏÚȗÙ×ÉÅÎÉÕ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÈÅÍÏ×ÅÇÏȟ ÁÌÅ ÎÉÅ ÍÏÚȗÅ ÐÒÚÅÃÉ×ÄÚÉÁčÁÃǲ 
ÈÁÍÕÊäÃÅÍÕ ×ÐčÙ×Ï×É ×ÙÓÏËÉÃÈ ÓÔöÚȗÅÎǲ 
ÐÏÌÉÆÅÎÏÌÉ ɉ-Á ÅÔ ÁÌȢȟ ςπρρɊȢ "ÁÄÁÎÉÅ ÐÒÚÅÐÒÏ-
×ÁÄÚÏÎÅ ÐÒÚÅÚ .ÄÉÁÙÅ É ÉÎȢ ɉςπςπɊ ×ÙËÁÚÁčÏȟ ÚȗÅ 
ÈÅÒÂÁÔÁ ÂÏÇÁÔÁ × ÐÏÌÉÆÅÎÏÌÅ ÚÍÎÉÅÊÓÚÙčÁ ×ÃÈčÁ-
ÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú ÃÈÌÅÂÁ ÐÓÚÅÎÎÅÇÏ ×ÚÂÏÇÁÃÏÎÅÇÏ 
ÓÉÁÒÃÚÁÎÅÍ ÚȗÅÌÁÚÁ ÌÕÂ ÆÕÍÁÒÁÎÅÍ ÚȗÅÌÁÚÁ Ï  
υφȤχςϷ Õ ÓÅÎÅÇÁÌÓËÉÃÈ ÍÁÔÅË É ÉÃÈ ÄÚÉÅÃÉȢ 
,ÁÚÒÁË É ÉÎȢ ɉςπςρɊ ÚÂÁÄÁÌÉ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ 
Ú .Á&ÅȤ%$4! ÄÏÄÁÎÅÇÏ ÄÏ ÐÏÓÉčËÏǲ× ÎÁ ÂÁÚÉÅ 
ÍäËÉ ÐÓÚÅÎÎÅÊ ÚÁÒÏǲ×ÎÏ Õ ËÏÂÉÅÔ ÂÅÚ ÎÉÅÄÏËÒ-
×ÉÓÔÏÓǲÃÉȟ ÊÁË É Õ ËÏÂÉÅÔ Ú ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉä 
ÁÐÌÁÓÔÙÃÚÎäȟ ÓÐÏÚȗÙ×ÁÊäÃÙÃÈ ÔÒÁÄÙÃÙÊÎä ÍÁÒÏ-
ËÁÎǲÓËä ÚÉÅÌÏÎä ÈÅÒÂÁÔöȟ ËÔÏǲÒÁ ÚÁ×ÉÅÒÁčÁ τως ÍÇ 
Ë×ÁÓÕ ÇÁÌÕÓÏ×ÅÇÏȾÍÌ ÐÏÌÉÆÅÎÏÌÉ ÎÁ ÐÏÒÃÊö 
ÄÚÉÅÎÎÉÅȢ 7ÙÎÉËÉ ×ÙËÁÚÁčÙȟ ÚȗÅ ÓÐÏÚȗÙÃÉÅ ÈÅÒÂÁÔÙ 
ÚÍÎÉÅÊÓÚÙčÏ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú .Á&ÅȤ%$4! Ï 
ÐÏÎÁÄ ψυϷ ÚÁÒÏǲ×ÎÏ Õ ËÏÂÉÅÔ Ú ÎÉÅÄÏËÒ-
×ÉÓÔÏÓǲÃÉä ÁÐÌÁÓÔÙÃÚÎäȟ ÊÁË É Õ ËÏÂÉÅÔ ÂÅÚ 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉȢ &ÒÁËÃÙÊÎÁ ÁÂÓÏÒÐÃÊÁ ÚȗÅÌÁÚÁ Ú 
ÐÏÓÉčËÏǲ× ÎÁ ÂÁÚÉÅ ÍäËÉ ÐÓÚÅÎÎÅÊ Ú ÈÅÒÂÁÔä É ÂÅÚ 
ÈÅÒÂÁÔÙ ÂÙčÁ ÏËÏčÏ Ä×ÕËÒÏÔÎÉÅ ×ÙÚȗÓÚÁ Õ ËÏÂÉÅÔ 
Ú ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉä ÁÐÌÁÓÔÙÃÚÎä ÎÉÚȗ Õ ËÏÂÉÅÔ ÂÅÚ 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉȢ 3ÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ × 
ÐÏÓÔÁÃÉ .Á&ÅȤ%$4! ÎÉÅ ÍÏÚȗÅ ÐÒÚÅÚ×ÙÃÉöÚȗÙÃǲ 
ÚÁÈÁÍÏ×ÁÎÉÁ ÁÂÓÏÒÐÃÊÉ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÐÒÚÅÚ 
ÐÏÌÉÆÅÎÏÌÅ Ú ÈÅÒÂÁÔÙȟ ÎÁ×ÅÔ × ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ 
ÁÐÌÁÓÔÙÃÚÎÅÊȟ ÇÄÚÉÅ ÁÂÓÏÒÐÃÊÁ ÚȗÅÌÁÚÁ ÊÅÓÔ ÓÉÌÎÉÅ 
Ú×ÉöËÓÚÏÎÁ ɉ,ÁÚÒÁË ÅÔ ÁÌȢȟ ςπςρɊȢ  

"čÏÎÎÉË ÐÏËÁÒÍÏ×ÙȢ "čÏÎÎÉË ÐÏËÁÒÍÏ×Ù 
ÊÅÓÔ ÊÅÄÎÙÍ Ú ÇčÏǲ×ÎÙÃÈ ÓËčÁÄÎÉËÏǲ× ÊÁÄÁÌÎÙÃÈ 
ÃÚöÓǲÃÉ ÒÏÓǲÌÉÎȢ *ÅÓÔ ÏÎ ÏÄÐÏÒÎÙ ÎÁ ÔÒÁ×ÉÅÎÉÅ É 
×ÃÈčÁÎÉÁÎÉÅ × ÊÅÌÉÃÉÅ ÃÉÅÎËÉÍ ÃÚčÏ×ÉÅËÁ É ÕÌÅÇÁ 
ÃÁčËÏ×ÉÔÅÊ ÌÕÂ ÃÚöÓǲÃÉÏ×ÅÊ ÆÅÒÍÅÎÔÁÃÊÉ × ÊÅÌÉÃÉÅ 
ÇÒÕÂÙÍ ɉ$ÈÉÎÇÒÁ ÅÔ ÁÌȢȟ ςπρςɊȢ "ÁÄÁÎÉÁ 
ÁÎÁÌÉÚÕÊäÃÅ Ú×ÉäÚÅË ÍÉöÄÚÙ ÂÉÏÄÏÓÔöÐÎÏÓǲÃÉä 
ÚȗÅÌÁÚÁ Á ÚÁ×ÁÒÔÏÓǲÃÉä ÂčÏÎÎÉËÁ ÐÏËÁÒÍÏ×ÅÇÏ 
×ÙËÁÚÁčÙ ÎÉÅÊÅÄÎÏÚÎÁÃÚÎÅ ×ÙÎÉËÉ ɉ&ÅÌÔÒÉÎ ÅÔ ÁÌȢȟ 
ςππωɊȢ .ÉÅÒÏÚÐÕÓÚÃÚÁÌÎÙ ÂčÏÎÎÉË ÐÏËÁÒÍÏ×Ù 
ÈÁÍÕÊÅ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÍÉÎÅÒÁčÏǲ×Ȣ *ÅÄÎÁË 
ÒÏÚÐÕÓÚÃÚÁÌÎÙ ÂčÏÎÎÉË ÍÁ ÍÎÉÅÊÓÚÙ ×ÐčÙ× ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ × ÊÅÌÉÔÁÃÈ ɉ"ÏÓÓÃÈÅÒ ÅÔ ÁÌȢȟ 
ςππσɊȢ !ÇÒÉÚÚÉ 6ÅÒÅÄÉÁÎÏ É ÉÎȢ ɉςπςσɊ ÐÒÚÅÁÎÁ-
ÌÉÚÏ×ÁÌÉ ÄÏ×ÏÄÙ ÄÏÔÙÃÚäÃÅ ×ÐčÙ×Õ ÂčÏÎÎÉËÁ 
ÐÏËÁÒÍÏ×ÅÇÏ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ É 
ÂÉÏÍÁÒËÅÒÙ Ú×ÉäÚÁÎÅ Ú ÐÏÚÉÏÍÅÍ ÔÅÇÏ ÐÉÅÒ-
×ÉÁÓÔËÁȢ "ÁÄÁÎÉÁ ÏÃÅÎÉÁčÙ ÂčÏÎÎÉË ÐÏËÁÒÍÏ×Ù 
× ÐÏÓÔÁÃÉ ÆÒÕËÔÏÏÌÉÇÏÓÁÃÈÁÒÙÄÏǲ×ȟ ÇÁÌÁËÔÏÏÌÉÇÏ-

ÓÁÃÈÁÒÙÄÏǲ×ȟ ÉÎÕÌÉÎÙȟ ÐÅËÔÙÎÙȟ ÇÕÍÙ ÇÕÁÒȟ 
ÏÌÉÇÏÆÒÕËÔÏÚÙȟ ËÓÙÌÏÏÌÉÇÏÓÁÃÈÁÒÙÄÏǲ× É ÍÁÎÎÁ-
ÎÏÏÌÉÇÏÓÁÃÈÁÒÙÄÏǲ×Ȣ 7ÙÎÉËÉ ÎÉÅ ×ÙËÁÚÁčÙ 
ÉÓÔÏÔÎÙÃÈ ÐÏ×ÉäÚÁÎǲ ÍÉöÄÚÙ ÓÐÏÚȗÙÃÉÅÍ ÂčÏÎÎÉËÁ 
Á ÂÉÏÍÁÒËÅÒÁÍÉ Ú×ÉäÚÁÎÙÍÉ Ú ×ÃÈčÁÎÉÁÎÉÅÍ É 
ÐÏÚÉÏÍÅÍ ÚȗÅÌÁÚÁ ɉÈÅÍÏÇÌÏÂÉÎÁ É ÆÒÁËÃÙÊÎÁ 
ÁÂÓÏÒÐÃÊÁ ÚȗÅÌÁÚÁɊȢ *ÅÄÎÁË ÏÂÅÃÎÅ ÄÏ×ÏÄÙ ÍÏÇä 
ÂÙÃǲ ÎÉÅ×ÙÓÔÁÒÃÚÁÊäÃÅȟ ÁÂÙ ÕÎÉÅ×ÁÚȗÎÉÃǲ ÚÁÌÅÃÅÎÉÅ 
ÂčÏÎÎÉËÁ ÐÏËÁÒÍÏ×ÅÇÏ ÊÁËÏ ÓǲÒÏÄËÁ ÍÏÄÙÆÉ-
ËÕÊäÃÅÇÏ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ É ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ × 
ÄÉÅÃÉÅ ɉ!ÇÒÉÚÚÉ 6ÅÒÅÄÉÁÎÏ ÅÔ ÁÌȢȟ ςπςσɊȢ 

7ÅÉÎÂÏÒÎ É ÉÎȢ ɉςπρχɊ ÐÒÚÅÐÒÏ×ÁÄÚÉÌÉ 
ÂÁÄÁÎÉÅ ÄÏÔÙÃÚäÃÅ ×ÐčÙ×Õ ÍÉÅÓÚÁÎËÉ ÐÒÅÂÉÏ-
ÔÙÃÚÎÅÊ ÒÏÚÐÕÓÚÃÚÁÌÎÙÃÈ ×čÏǲËÉÅÎ ɉÉÎÕÌÉÎÙȟ 
ÐÏÌÉÄÅËÓÔÒÏÚÙȟ ÇÕÍÙ ÁÒÁÂÓËÉÅÊ É ÇÕÍÙ ÇÕÁÒɊ ÎÁ 
ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ É ÎÉÅÈÅÍÏ×ÅÇÏȢ 
/ÄËÒÙÌÉȟ ÚȗÅ ÐÏÄÃÚÁÓ ÇÄÙ ÍÉÅÓÚÁÎËÁ ÐÒÅÂÉÏÔÙÃÚÎÁ 
ÐÏÐÒÁ×ÉÁčÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏȟ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ÎÉÅ ÚÏÓÔÁčÏ 
ÚÍÉÅÎÉÏÎÅ ɉ7ÅÉÎÂÏÒÎ ÅÔ ÁÌȢȟ ςπρχɊȢ )ÎÎÅ ÂÁÄÁÎÉÅ 
ÎÁ ÌÕÄÚÉÁÃÈ ÄÏÔÙÃÚäÃÅ Ú×ÉöËÓÚÅÎÉÁ ÅÆÅËÔÏǲ× 
ÉÎÕÌÉÎÙ ÐÒÚÅÐÒÏ×ÁÄÚÉÌÉ 0ÅÔÒÙ É ÉÎȢ ɉςπρςɊȢ *ÅÄÎÁË 
ÚÇčÏÓÉÌÉȟ ÚȗÅ ÉÎÕÌÉÎÁ ÎÉÅ ×ÐčÙ×Á ÎÁ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁ Õ ÄÏÒÏÓčÙÃÈ ËÏÂÉÅÔȢ .ÉÅÄÁ×ÎÅ ÂÁÄÁÎÉÅ ÉÎ 
ÖÉÖÏ ÎÁ ÓÚÃÚÕÒÁÃÈ ÎÁ ÔÅÍÁÔ ÂÉÏÄÏÓÔöÐÎÏÓǲÃÉ 
×ÚÂÏÇÁÃÏÎÅÇÏ ÚȗÅÌÁÚÅÍ ÊÏÇÕÒÔÕ ÕÚÕÐÅčÎÉÏÎÅÇÏ 
Ï ÉÎÕÌÉÎö ÄčÕÇÏȤ É ËÒÏǲÔËÏčÁÎǲÃÕÃÈÏ×ä ÚÏÓÔÁčÏ 
ÏÐÕÂÌÉËÏ×ÁÎÅ ÐÒÚÅÚ -ÏÈÁÍÍÅÄÁ É ÉÎȢ ɉςπςρɊȢ 
7ÙÎÉËÉ ×ÙËÁÚÁčÙȟ ÚȗÅ ÊÏÇÕÒÔ ×ÚÂÏÇÁÃÏÎÙ ÉÎÕÌÉÎäȟ 
Ú×čÁÓÚÃÚÁ ÉÎÕÌÉÎä ÄčÕÇÏčÁÎǲÃÕÃÈÏ×ä É ÚȗÅÌÁÚÅÍȟ 
ÍÁ ÏÂÉÅÃÕÊäÃÙ ×ÐčÙ× ÎÁ ÌÅÃÚÅÎÉÅ ÎÉÅÄÏÂÏÒÕ 
ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ ÐÏÐÒÁ×ö ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÁȢ 
-ÏÚȗÌÉ×ÙÍ ÍÅÃÈÁÎÉÚÍÅÍ Ú×ÉöËÓÚÏÎÅÇÏ ÄÚÉÁ-
čÁÎÉÁ ÐÒÅÂÉÏÔÙËÏǲ× ÍÏÚȗÅ ÂÙÃǲ ÔÏȟ ÚȗÅ ÐÒÅÂÉÏÔÙËÉ 
ÁËÔÙ×ÕÊä ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ ÆÅÒÍÅÎ-
ÔÁÃÊö ÐÒÅÂÉÏÔÙÃÚÎä ×ÙËÏÎÙ×ÁÎä ÐÒÚÅÚ ÐÏÚȗÙÔÅÃÚÎÅ 
ÍÉËÒÏÏÒÇÁÎÉÚÍÙ × ÏËÒöÚȗÎÉÃÙȟ ËÔÏǲÒÅ ÐÒÏÄÕËÕÊä 
ËÒÏǲÔËÏčÁÎǲÃÕÃÈÏ×Å Ë×ÁÓÙ ÔčÕÓÚÃÚÏ×Å ɉ3#&!Ɋ 
ɉ9ÏÕ ÅÔ ÁÌȢȟ ςπςςɊȢ 3#&! ÍÏÇä ÐÏÍÏǲÃ ÏÂÎÉÚȗÙÃǲ Ð( 
ÚÁ×ÁÒÔÏÓǲÃÉ Óǲ×ÉÁÔčÁ ÊÅÌÉÔÁȟ ÐÏÐÒÁ×ÉÃǲ ÒÏÚÐÕÓÚÃÚÁÌ-
ÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ Ú×ÉöËÓÚÅÎÉÅ ÒÅÄÕËÃÊÉ &Åɉ)))Ɋ 
ÄÏ &Åɉ))Ɋ É Ú×ÉöËÓÚÙÃǲ ÐÏ×ÉÅÒÚÃÈÎÉö ÁÂÓÏÒÐÃÙÊÎä 
ÐÏÐÒÚÅÚ ÓÔÙÍÕÌÁÃÊö ÐÒÏÌÉÆÅÒÁÃÊÉ ËÏÍÏǲÒÅË 
ÎÁÂčÏÎËÏ×ÙÃÈ ɉ#ÁÐÕÁÎÏȟ ςπρχɊȢ 

7ÁÐďȢ 7ÙÎÉËÉ ÂÁÄÁÎǲ ÒÏǲÚȗÎÙÃÈ ÁÕÔÏÒÏǲ× ÎÁ 
ÔÅÍÁÔ ×ÐčÙ×Õ ×ÁÐÎÉÁ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÈÅÍÏ×ÅÇÏ É ÎÉÅÈÅÍÏ×ÅÇÏ ÎÉÅ Óä ÚÄÅÃÙÄÏ×ÁÎÉÅ 
ÊÅÄÎÏÚÎÁÃÚÎÅȢ (ÁÌÌÂÅÒÇ É ÉÎȢ ɉρωωρɊ ÕÓÔÁÌÉÌÉȟ ÚȗÅ 
τπɀσππ ÍÇ ×ÁÐÎÉÁ ɉ× ÐÏÓÔÁÃÉ ÃÈÌÏÒËÕɊ ÍÉÁčÏ 
ÚÁÌÅÚȗÎÙ ÏÄ ÄÁ×ËÉ ÅÆÅËÔ ÈÁÍÕÊäÃÙ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ υ ÍÇ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ɉ× 
ÐÏÓÔÁÃÉ ÓÉÁÒÃÚÁÎÕɊȟ ÁÌÅ ×ÉöËÓÚÅ ÉÌÏÓǲÃÉ ×ÁÐÎÉÁ ÎÉÅ 
ÐÏ×ÏÄÏ×ÁčÙ ÄÁÌÓÚÅÇÏ ÈÁÍÏ×ÁÎÉÁȢ 7ÙÍÉÅÎÉÏÎÙ 
×ÙÚȗÅÊ ÚÅÓÐÏǲč ÕÓÔÁÌÉč ÒÏǲ×ÎÉÅÚȗȟ ÚȗÅ ρφυ ÍÇ ×ÁÐÎÉÁ 
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ɉ× ÐÏÓÔÁÃÉ ÃÈÌÏÒËÕɊ ÚÍÎÉÅÊÓÚÙčÏ ×ÃÈčÁÎÉÁÎÉÅ 
υ ÍÇ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ ɉ× ÐÏÓÔÁÃÉ ÈÅÍÏÇÌÏÂÉÎÙ 
ËÒÏǲÌÉÃÚÅÊɊȟ ÎÉÅ ÕÓÔÁÌÏÎÏ ÎÁÔÏÍÉÁÓÔ ËÒÚÙ×ÅÊ 
ÄÁ×ËÁȤÏÄÐÏ×ÉÅÄÚǲ ÄÌÁ ×ÐčÙ×Õ ×ÁÐÎÉÁ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ ɉ(ÁÌÌÂÅÒÇ ÅÔ ÁÌȢȟ 
ρωωρȟ ρωωσɊȢ $Ï×ÏÄÙ ÎÁ ×ÐčÙ× ×ÁÐÎÉÁ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÐÏÃÈÏÄÚä ÇčÏǲ×ÎÉÅ Ú ÂÁÄÁÎǲ 
(ÁÌÌÂÅÒÇÁ É ÉÎȢ ɉρωωρȟ ρωωσɊ ÏÒÁÚ $Á×ÓÏÎȤ
(ÕÇÈÅÓ É ÉÎȢ ɉρωψφɊȟ ËÔÏǲÒÚÙ ÎÉÅ ×ÙÉÚÏÌÏ×ÁÌÉ 
×ÐčÙ×Õ ×ÁÐÎÉÁ ÏÄ ×ÐčÙ×Õ ÉÎÎÙÃÈ ÓËčÁÄÎÉËÏǲ× 
ÄÉÅÔÙȟ Á ÐÏÎÁÄÔÏ ×ÙÃÉäÇÎöÌÉ ×ÎÉÏÓËÉ ÎÁ 
ÐÏÄÓÔÁ×ÉÅ ÐÏÊÅÄÙÎÃÚÙÃÈ ÐÏÓÉčËÏǲ×Ȣ .ÁÔÏÍÉÁÓÔ 
×ÙÎÉËÉ ÊÅÄÙÎÅÇÏ ÂÁÄÁÎÉÁȟ × ËÔÏǲÒÙÍ ÐÒÚÅÁÎÁ-
ÌÉÚÏ×ÁčÏ ×ÐčÙ× ×ÁÐÎÉÁ ɉ× ÐÏÓÔÁÃÉ ×öÇÌÁÎÕɊ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ɉ× ÐÏÓÔÁÃÉ 
ÓÉÁÒÃÚÁÎÕɊ ÐÒÚÙÊÍÏ×ÁÎÅÇÏ ÎÁ ÐÕÓÔÙ ÚȗÏčäÄÅËȟ 
ÎÉÅ ÐÏÔ×ÉÅÒÄÚÉčÙ ÈÉÐÏÔÅÚÙ ÈÁÍÏ×ÁÎÉÁ ɉ#ÏÏË ÅÔ 
ÁÌȢȟ ρωωρɊȢ 7 ÂÁÄÁÎÉÕ 'ÁÉÔÁǲÎ É ÉÎȢ ɉςπρρɊ 
ÐÒÚÙÊÍÏ×ÁÎÏ čäÃÚÎÉÅ φππ ÍÇ ×ÁÐÎÉÁ É σχ ÍÇ 
ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ÌÕÂ σππ ÍÇ ×ÁÐÎÉÁ É ρψ ÍÇ 
ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏȢ "ÁÄÁÎÉÅ ÔÏ ÒÏǲ×ÎÉÅÚȗ ÎÉÅ 
×ÙËÁÚÁčÏ ËÒÚÙ×ÅÊ ÄÁ×ËÁȤÏÄÐÏ×ÉÅÄÚǲ ÄÌÁ ×ÐčÙ×Õ 
×ÁÐÎÉÁ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ ÌÕÂ 
ÈÅÍÏ×ÅÇÏȢ 

$ÏÔÙÃÈÃÚÁÓÏ×Å ×ÙÎÉËÉ ÂÁÄÁÎǲ ÓÕÇÅÒÕÊäȟ ÚȗÅ 
×ÁÐÎǲ ×ÐčÙ×Á ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ 
ÒÅÇÕÌÁÃÊö ÂÉÁčÅË ÔÒÁÎÓÐÏÒÔÕÊäÃÙÃÈ ÚȗÅÌÁÚÏ × 
ÅÎÔÅÒÏÃÙÔÁÃÈ ɉ,ÏȃÎÎÅÒÄÁÌȟ ςπρπɊȢ -ÅÃÈÁÎÉÚÍ 
ÔÙÃÈ ÒÅÁËÃÊÉ ÎÉÅ ÊÅÓÔ × ÐÅčÎÉ ÚÒÏÚÕÍÉÁčÙȟ Á × 
ÌÉÔÅÒÁÔÕÒÚÅ ÚÎÁÌÅÚÉÏÎÏ ÔÙÌËÏ ÐÒÏǲÂÙ ÊÅÇÏ 
×ÙÊÁÓǲÎÉÅÎÉÁȢ 3ÕÇÅÒÏ×ÁÎÏ ÍÉöÄÚÙ ÉÎÎÙÍÉȟ ÚȗÅ 
ÄÚÉÁčÁÎÉÅ ÈÁÍÕÊäÃÅ ×ÁÐÎÉÁ ÍÏÚȗÅ ×ÙÓÔäÐÉÃǲ ÎÁ 
ËÏÎǲÃÏ×ÙÃÈ ÅÔÁÐÁÃÈ ÔÒÁÎÓÐÏÒÔÕ Ú ËÏÍÏǲÒÅË 
ÓǲÌÕÚÏǲ×ËÉ ÄÏ ÏÓÏÃÚÁ ÐÏ ÔÙÍȟ ÊÁË Ä×ÉÅ ÆÏÒÍÙ 
ÚȗÅÌÁÚÁ ÄÏÓÔÁÎä ÓÉö ÄÏ ×ÓÐÏǲÌÎÅÊ ÐÕÌÉ ÚȗÅÌÁÚÁ 
ËÏÍÏǲÒËÏ×ÅÇÏȟ ÐÒÁ×ÄÏÐÏÄÏÂÎÉÅ ÄÌÁÔÅÇÏȟ ÚȗÅ ÔÅ 
Ä×ÉÅ ÆÏÒÍÙ ÚȗÅÌÁÚÁ ÍÁÊä ÒÏǲÚȗÎÅ ÒÅÃÅÐÔÏÒÙ ÎÁ 
ËÏÍÏǲÒËÁÃÈ ÓǲÌÕÚÏǲ×ËÉ ɉ(ÁÌÌÂÅÒÇ ÅÔ ÁÌȢȟ ρωωσɊȢ 
*ÅÄÎÁË ×ÙÎÉËÉ ÉÎÎÙÃÈ ÂÁÄÁÎǲ ÐÏÔ×ÉÅÒÄÚÁÊäȟ ÚȗÅ 
ÃÈÏÃÉÁÚȗ ÉÓÔÎÉÅÊä ÒÏǲÚȗÎÉÃÅ × ÒÅÃÅÐÔÏÒÁÃÈ ÄÌÁ ÚȗÅÌÁÚÁ 
ÈÅÍÏ×ÅÇÏ É ÎÉÅÈÅÍÏ×ÅÇÏȟ ÄÚÉÁčÁÎÉÅ ÈÁÍÕÊäÃÅ 
×ÁÐÎÉÁ ÍÏÚȗÅ ×ÙÓÔäÐÉÃǲ ÐÏÄÃÚÁÓ ÐÏÃÚäÔËÏ×ÅÇÏ 
×ÅÊÓǲÃÉÁ ÚȗÅÌÁÚÁ ÄÏ ËÏÍÏǲÒÅË ÓǲÌÕÚÏǲ×ËÉ ÐÏÐÒÚÅÚ 
ÈÁÍÏ×ÁÎÉÅ ÔÒÁÎÓÐÏÒÔÕ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
ɉ2ÏÕÇÈÅÁÄ ÅÔ ÁÌȢȟ ςππυɊȢ -ÅÃÈÁÎÉÚÍ ÔÅÎ ÎÉÅ ÊÅÓÔ 
× ÐÅčÎÉ ÚÒÏÚÕÍÉÁčÙȟ ÐÏÍÉÍÏ ÉÚȗ ÕÄÏËÕÍÅÎ-
ÔÏ×ÁÎÏ ÈÁÍÕÊäÃÙ ×ÐčÙ× ×ÁÐÎÉÁ ÎÁ ÂÉÏÄÏ-
ÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁȢ "ÅÎËÈÅÄÄÁ É ÉÎȢ ɉςπρπɊ 
×ÙËÁÚÁÌÉ ÍÉÁÎÏ×ÉÃÉÅȟ ÚȗÅ ×ÁÐÎǲ ÚÍÎÉÅÊÓÚÙč 
×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú ρπȟςϷ ÄÏ τȟψϷȠ ÊÅÄÎÁË 
×ÐčÙ× ×ÁÐÎÉÁ ÒÏǲÚȗÎÉč ÓÉö ÚÎÁÃÚäÃÏ ÍÉöÄÚÙ 
ÏÓÏÂÁÍÉ Ï ÐÏÄÏÂÎÙÃÈ ÚÁÐÁÓÁÃÈ ÚȗÅÌÁÚÁȢ !ÕÔÏÒÚÙ 
ÄÏÓÚÌÉ ÄÏ ×ÎÉÏÓËÕȟ ÚȗÅ ÏÐÒÏǲÃÚ ÉÌÏÓǲÃÉ ÚȗÅÌÁÚÁ 
ÓËÕÍÕÌÏ×ÁÎÅÇÏ × ÏÒÇÁÎÉÚÍÉÅ É ÒÏÄÚÁÊÕ ÄÉÅÔÙȟ 

ÏÓÏÂÎÉÃÚÅ ÚÍÉÅÎÎÅ ÆÉÚÊÏÌÏÇÉÃÚÎÅ ÌÕÂ ÇÅÎÅÔÙÃÚÎÅ 
ÚÎÁÃÚäÃÏ ×ÐčÙ×ÁÊä ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Õ 
ÏÓÏǲÂ Ï ÐÏÄÏÂÎÙÃÈ ÚÁÐÁÓÁÃÈ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ × 
ÏÒÇÁÎÉÚÍÉÅ ɉ"ÅÎËÈÅÄÄÁ ÅÔ ÁÌȢȟ ςπρπɊȢ 7 ÔÙÍ 
ËÏÎÔÅËÓǲÃÉÅ ÃÚÙÎÎÉËÉ ÉÎÎÅ ÎÉÚȗ ÓÔÁÔÕÓ ÚȗÅÌÁÚÁ ÍÏÇä 
×ÐčÙ×ÁÃǲ ÎÁ ÅËÓÐÒÅÓÊö ÊÅÇÏ ÔÒÁÎÓÐÏÒÔÅÒÏǲ×ȟ 
ÏÄÐÏ×ÉÅÄÚÉÁÌÎÙÃÈ ÚÁ ×ÃÈčÁÎÉÁÎÉÅ ÔÅÇÏ ÍÉËÒÏ-
ÓËčÁÄÎÉËÁ × ÊÅÌÉÔÁÃÈ É ÉÃÈ ÌÏËÁÌÉÚÁÃÊö ËÏÍÏǲÒËÏ×ä 
ɉ,ÏȃÎÎÅÒÄÁÌȟ ςπρπɊȢ 

4ÏØÑÕÉ É ÉÎȢ ɉςπρσɊ ÚÂÁÄÁÌÉȟ ÃÚÙ ÓÐÏÚȗÙ×ÁÎÉÅ 
ÐÒÏÄÕËÔÕ ÍÌÅÃÚÎÅÇÏ ×ÚÂÏÇÁÃÏÎÅÇÏ ÚȗÅÌÁÚÅÍ É 
×ÉÔÁÍÉÎä $ ÍÁ ÄÏÄÁÔËÏ×Ù ×ÐčÙ× ÎÁ ÍÅÔÁ-
ÂÏÌÉÚÍ ÚȗÅÌÁÚÁ Õ ËÏÂÉÅÔ ÍÉÅÓÉäÃÚËÕÊäÃÙÃÈ Ú 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ × ÐÏÒÏǲ×ÎÁÎÉÕ ÚÅ ÓÐÏÚȗÙÃÉÅÍ 
ÏÄÐÏ×ÉÅÄÎÉÅÇÏ ÐÒÏÄÕËÔÕ Ú ÄÏÄÁÔËÉÅÍ ×ÙčäÃÚÎÉÅ 
ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕȢ 3ÐÏÚȗÙ×ÁÎÉÅ ×ÚÂÏÇÁÃÏ-
ÎÅÇÏ ÚȗÅÌÁÚÅÍ ÐÒÏÄÕËÔÕ ÍÌÅÃÚÎÅÇÏȟ ËÔÏǲÒÙ 
ÚÁÐÅ×ÎÉÁč ρππ Ϸ ×ÙÍÁÇÁÎÅÇÏ ÄÚÉÅÎÎÅÇÏ 
ÓÐÏÚȗÙÃÉÁ ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕȟ ÎÉÅ ÐÏÐÒÁ×ÉčÏ 
ÊÅÇÏ ÓÔÁÔÕÓÕ Õ ËÏÂÉÅÔ Ú ÊÅÇÏ ÎÉÅÄÏÂÏÒÅÍ × ÃÉäÇÕ 
ÃÚÔÅÒÅÃÈ ÍÉÅÓÉöÃÙ × ÒÁÎÄÏÍÉÚÏ×ÁÎÙÍ ÂÁÄÁÎÉÕ 
ËÏÎÔÒÏÌÏ×ÁÎÙÍȢ 7ÙÎÉËÉ ×ÙËÁÚÁčÙȟ ÚȗÅ ÓÐÏÚȗÙ-
×ÁÎÉÅ ×ÚÂÏÇÁÃÏÎÅÇÏ ÚȗÅÌÁÚÅÍ ÍÌÅËÁ ÎÉÅ 
ÐÏÐÒÁ×ÉčÏ ÓÔÁÔÕÓÕ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ Õ ËÏÂÉÅÔ Ú 
ÊÅÇÏ ÎÉÅÄÏÂÏÒÅÍ É ÍÉÅÓÉäÃÚËÕÊäÃÙÃÈȢ !ÕÔÏÒÚÙ 
ÄÏÓÚÌÉ ÄÏ ×ÎÉÏÓËÕȟ ÚȗÅ ÐÒÚÙÃÚÙÎä ÔÅÇÏ ÅÆÅËÔÕ ÂÙčÁ 
ÏÂÅÃÎÏÓǲÃǲ ×ÁÐÎÉÁ É ËÁÚÅÉÎÙ × ÐÒÏÄÕËÃÉÅ ɉ4ÏØÑÕÉ 
ÅÔ ÁÌȢȟ ςπρσɊȢ 7ÁÌÃÚÙË É ÉÎȢ ɉςπρτɊ ÚÂÁÄÁÌÉ ×ÐčÙ× 
×ÁÐÎÉÁ ɉπȟ ρππ É ςππ ÍÇȾÐÏÓÉčÅËɊ ÎÁ ×ÃÈčÁ-
ÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ú ÎÁÐÏÊÕ ÎÁ ÂÁÚÉÅ ËÁÚÅÉÎÙȾ 
ÓÅÒ×ÁÔËÉ ×ÚÂÏÇÁÃÏÎÅÇÏ ÓÉÁÒÃÚÁÎÅÍ ÚȗÅÌÁÚÁ × 
ÎÉÅÏÂÅÃÎÏÓǲÃÉ É ÏÂÅÃÎÏÓǲÃÉ Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ 
ɉπȟ τςȟυ É ψυ ÍÇȾÐÏÓÉčÅËɊ × ÓÅÒÉÉ ÒÁÎÄÏÍÉÚÏ-
×ÁÎÙÃÈ ÂÁÄÁÎǲ ËÒÚÙÚȗÏ×ÙÃÈ Õ ÄÚÉÅÃÉ × ×ÉÅËÕ 
ÓÚËÏÌÎÙÍ Ú ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ ɉ)2Ɋ ÏÒÁÚ Ú 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉä ÓÐÏ×ÏÄÏ×ÁÎä ÎÉÅÄÏÂÏÒÅÍ 
ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ɉ)$!ɊȢ 7 ÐÒÚÙÐÁÄËÕ ÂÒÁËÕ 
×ÁÐÎÉÁ É Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁ Ú ÎÁÐÏÊÕ ËÁÚÅÉÎÏ×ÅÇÏȾÓÅÒ×ÁÔËÏ×ÅÇÏ 
ÂÙčÏ Ï ςπϷ ÎÉÚȗÓÚÅ Õ ÄÚÉÅÃÉ Ú )2 ÎÉÚȗ Õ ÄÚÉÅÃÉ Ú )$!Ȣ 
$ÏÄÁÔÅË ×ÁÐÎÉÁ ÚÍÎÉÅÊÓÚÙč ÓǲÒÅÄÎÉÅ ×ÃÈčÁ-
ÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ï ρψȤςχϷȟ ÐÒÚÙ ÃÚÙÍ ÅÆÅËÔ ÂÙč 
×ÉöËÓÚÙ ÐÒÚÙ ÄÕÚȗÙÃÈ ÄÏÄÁÔËÁÃÈ ×ÁÐÎÉÁȢ +×ÁÓ 
ÁÓËÏÒÂÉÎÏ×Ù × ÓÔÏÓÕÎËÕ ÍÏÌÏ×ÙÍ ςȡρ ÌÕÂ τȡρ 
Ú×ÉöËÓÚÁč ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ Ï ×ÓÐÏǲčÃÚÙÎÎÉË  
ςȤτ É ÚÎÁÃÚÎÉÅ ÎÁÄËÏÍÐÅÎÓÏ×Áč ÈÁÍÕÊäÃÙ 
×ÐčÙ× ×ÁÐÎÉÁ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ × ÓÐÏÓÏǲÂ 
ÚÁÌÅÚȗÎÙ ÏÄ ÄÁ×ËÉȢ 3ÏÌÅ ×ÁÐÎÉÁ ɉÓÔÏÓÏ×ÁÎÅ ÊÁËÏ 
ÓÕÐÌÅÍÅÎÔÙɊ É ÍÌÅËÏȾÐÒÏÄÕËÔÙ ÍÌÅÃÚÎÅ ÍÉÁčÙ 
ÐÏÄÏÂÎÅ ÅÆÅËÔÙ ɉ7ÁÌÃÚÙË ÅÔ ÁÌȢȟ ςπρτɊȢ 

"ÉÁčËÁȢ "ÉÁčËÁ Óä ÉÎÈÉÂÉÔÏÒÁÍÉ ÌÕÂ ×ÚÍÁÃ-
ÎÉÁÃÚÁÍÉ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁȟ × ÚÁÌÅÚȗÎÏÓǲÃÉ ÏÄ 
ÉÃÈ ÚǲÒÏǲÄčÁȢ 0ÏÄÃÚÁÓ ÇÄÙ ÂÉÁčËÁ Ú ÍÉöÓÁ 
×ÙÓÔöÐÕÊä ÊÁËÏ ×ÚÍÁÃÎÉÁÃÚÅ ɉ"ÊÏȃÒÎȤ2ÁÓÍÕÓÓÅÎ 
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ÁÎÄ (ÁÌÌÂÅÒÇȟ ρωχωȠ (ÕÒÒÅÌÌ ÅÔ ÁÌȢȟ ςππφɊȟ ÉÎÎÅ 
ÂÉÁčËÁȟ ÔÁËÉÅ ÊÁË ÊÁÊÁȟ ÂÙčÙ ÚÇčÁÓÚÁÎÅ ÊÁËÏ 
ÉÎÈÉÂÉÔÏÒÙ ɉ)ÓÈÉËÁ×Á ÅÔ ÁÌȢȟ ςππχɊȢ +ÉÍ É ÉÎȢ 
ɉρωωυɊ ÐÒÚÅÐÒÏ×ÁÄÚÉÌÉ ËÏÍÐÌÅËÓÏ×Å ÂÁÄÁÎÉÅ 
ÐÏÒÏǲ×ÎÕÊäÃÅ ×ÐčÙ× ÂÉÁčÅË Ú ÒÏǲÚȗÎÙÃÈ ÚǲÒÏǲÄÅč 
ɉ×ÉÅÐÒÚÏ×ÉÎÙȟ ÁÌÂÕÍÉÎÙ ÊÁÊȟ ÚȗÏǲčÔËÁ ÊÁÊȟ ÓÏÉ É 
ËÁÚÅÉÎÙɊ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ É ÊÅÇÏ 
ÒÏÚÐÕÓÚÃÚÁÌÎÏÓǲÃǲ × ÊÅÌÉÔÁÃÈȢ 3Ô×ÉÅÒÄÚÉÌÉȟ ÚȗÅ 
ÄÏÄÁÔÅË ÂÉÁčËÁ ×ÉÅÐÒÚÏ×ÅÇÏ Ú×ÉöËÓÚÁč ÂÉÏÄÏ-
ÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ É ÊÅÇÏ ÒÏÚÐÕÓÚÃÚÁÌÎÏÓǲÃǲ × 
ÊÅÌÉÔÁÃÈȟ ÎÁÔÏÍÉÁÓÔ ÄÏÄÁÔÅË ÚȗÏǲčÔËÁ ÊÁÊÁ ÈÁÍÏ×Áč 
ÐÒÏÃÅÓÙ ÔÅ × ÎÁÊ×ÙÚȗÓÚÙÍ ÓÔÏÐÎÉÕ ɉ+ÉÍ ÅÔ ÁÌȢȟ 
ρωωυɊȢ #ÏÏË É ÉÎȢ ɉρωψρɊ ÚÂÁÄÁÌÉ ×ÐčÙ× ÒÏǲÚȗÎÙÃÈ 
ÐÏǲčÏÃÚÙÓÚÃÚÏÎÙÃÈ ÂÉÁčÅËȟ × ÔÙÍ ËÁÚÅÉÎÙȟ 
ÁÌÂÕÍÉÎÙ ÊÁÊ É ÉÚÏÌÏ×ÁÎÅÇÏ ÂÉÁčËÁ ÓÏÊÏ×ÅÇÏȢ 'ÄÙ 
ÁÌÂÕÍÉÎÁ ÊÁÊ É ËÁÚÅÉÎÁ ÚÏÓÔÁčÙ ÚÁÓÔäÐÉÏÎÅ × 
ÐÏǲčÓÙÎÔÅÔÙÃÚÎÙÍ ÐÏÓÉčËÕ × ÉÌÏÓǲÃÉÁÃÈ ÒÏǲ×ÎÏ-
×ÁÚȗÎÙÃÈ ÂÉÁčËÕ ÐÅčÎÏ×ÁÒÔÏÓǲÃÉÏ×ÅÍÕȟ ÚÁÏÂÓÅÒ-
×Ï×ÁÎÏ ÚÂÌÉÚȗÏÎä ÓǲÒÅÄÎÉä ÁÂÓÏÒÐÃÊö ÚȗÅÌÁÚÁ 
ɉςȟυϷ É ςȟχϷɊȟ ÎÁÔÏÍÉÁÓÔ ÉÚÏÌÏ×ÁÎÅ ÂÉÁčËÏ 
ÓÏÊÏ×Å ÚÍÎÉÅÊÓÚÙčÏ ×ÃÈčÁÎÉÁÎÉÅ ÄÏ πȟυϷ ɉ#ÏÏË 
ÅÔ ÁÌȢȟ ρωψρɊȢ ,ÙÎÃÈ É ÉÎȢ ɉρωωτɊ ÕÓÔÁÌÉÌÉ ×ËčÁÄ 
ÓËčÁÄÎÉËÏǲ× ÉÚÏÌÁÔÕ ÂÉÁčËÁ ÓÏÊÏ×ÅÇÏ × ÈÁÍÏ-
×ÁÎÉÅ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁȢ $ÏÓÚÌÉ ÄÏ ×ÎÉÏÓËÕȟ ÚȗÅ 
Ä×ÏÍÁ ÇčÏǲ×ÎÙÍÉ ÉÎÈÉÂÉÔÏÒÁÍÉ ×ÃÈčÁÎÉÁÎÉÁ 
ÚȗÅÌÁÚÁ × ÉÚÏÌÁÔÁÃÈ ÂÉÁčËÁ ÓÏÊÏ×ÅÇÏ ÂÙčÁ ÃÚöÓǲÃǲ 
Ú×ÉäÚÁÎÁ Ú ÂÉÁčËÉÅÍȟ ÚÎÁÊÄÕÊäÃÁ ÓÉö ×Å ÆÒÁËÃÊÁÃÈ 
Ë×ÁÓÕ ÆÉÔÙÎÏ×ÅÇÏ É ËÏÎÇÌÉÃÙÎÙ ɉχ3ɊȢ 

4ËÁÎËÉ Ú×ÉÅÒÚöÃÅȟ ÔÁËÉÅ ÊÁË ×ÏčÏ×ÉÎÁȟ 
ËÕÒÃÚÁËȟ ÒÙÂÁȟ ×ÉÅÐÒÚÏ×ÉÎÁ É ÊÁÇÎÉöÃÉÎÁȟ ÍÁÊä 
ÐÏÚÙÔÙ×ÎÙ ×ÐčÙ× ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÎÉÅÈÅÍÏ-
×ÅÇÏ ÚȗÅÌÁÚÁ Ú ÄÉÅÔÙ ɉ#ÏÏË ÁÎÄ -ÏÎÓÅÎȟ ρωχφɊȢ 
7ÚÍÁÃÎÉÁÊäÃÙ ×ÐčÙ× ÔËÁÎÅË Ú×ÉÅÒÚöÃÙÃÈ ÎÁ 
×ÃÈčÁÎÉÁÎÉÅ ÎÉÅÈÅÍÏ×ÅÇÏ ÚȗÅÌÁÚÁ ÚÏÓÔÁč ÐÏ ÒÁÚ 
ÐÉÅÒ×ÓÚÙ ÏÇčÏÓÚÏÎÙ ÐÒÚÅÚ ,ÁÙÒÉÓÓÅ É ÉÎȢ ɉρωφψɊ ɀ 
ÁÕÔÏÒÚÙ ÃÉ ×ÙËÁÚÁÌÉȟ ÚȗÅ ÍÉöÓǲÎÉÅ ÃÉÅÌöÃÅȟ ×äÔÒÏÂÁ 
ÃÉÅÌöÃÁ É ÒÙÂÙ Ú×ÉöËÓÚÁÊä ×ÃÈčÁÎÉÁÎÉÅ ÎÉÅÈÅÍÏ-
×ÅÇÏ ÚȗÅÌÁÚÁ Ï ρυπϷ Õ ÌÕÄÚÉ ÓÐÏÚȗÙ×ÁÊäÃÙÃÈ 
ÐÏÓÉčËÉ Ú ËÕËÕÒÙÄÚÙ É ÃÚÁÒÎÅÊ ÆÁÓÏÌÉ ɉ,ÁÙÒÉÓÓÅ ÅÔ 
ÁÌȢȟ ρωφψɊȢ 0ÏǲÚǲÎÉÅÊ "ÊÏÒÎȤ2ÁÓÍÕÓÓÅÎ É (ÁÌÌÂÅÒÇ 
ɉρωχωɊ ÐÏÉÎÆÏÒÍÏ×ÁÌÉȟ ÚȗÅ ÄÏÄÁÔÅË ËÕÒÃÚÁËÁȟ 
×ÏčÏ×ÉÎÙȟ ÒÙÂÙ ÌÕÂ ÇÒÁÓÉÃÙ ÃÉÅÌöÃÅÊ ÄÏ ÍäÃÚËÉ 
ËÕËÕÒÙÄÚÉÁÎÅÊ Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
ÎÉÅÈÅÍÏ×ÅÇÏȢ "ÁÄÁÎÉÁ ÔÙÃÈ ÁÕÔÏÒÏǲ× ×ÙËÁÚÁčÙȟ 
ÚȗÅ ÍÉöÓÏ Ú×ÉöËÓÚÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ 
ÉÎÁËÔÙ×ÁÃÊö ÃÚÙÎÎÉËÏǲ× ÌÕÍÉÎÁÌÎÙÃÈȟ ËÔÏǲÒÅ ÔÏ 
ÃÚÙÎÎÉËÉ ÚÁÐÏÂÉÅÇÁÊä ×ÃÈčÁÎÉÁÎÉÕ ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁȢ 0ÏÎÁÄÔÏ ×ÙÍÉÅÎÉÅÎÉ ÁÕÔÏÒÚÙ 
ÓÔ×ÉÅÒÄÚÉÌÉȟ ÚȗÅ ÎÁÊÂÁÒÄÚÉÅÊ ÐÒÁ×ÄÏÐÏÄÏÂÎÙÍ 
ÍÅÃÈÁÎÉÚÍÅÍ ÔÅÇÏ ÅÆÅËÔÕ ÊÅÓÔ Ô×ÏÒÚÅÎÉÅ 
ÔÒÁÎÓÐÏÒÔÅÒÁ ÌÕÍÉÎÁÌÎÅÇÏȟ ËÔÏǲÒÙ ÔÒÁÎÓÐÏÒÔÕÊÅ 
ÚȗÅÌÁÚÏ ÄÏ ÂčÏÎÙ ËÏÍÏǲÒÅË ÂčÏÎÙ ÓǲÌÕÚÏ×ÅÊ ɉ"ÊÏȃÒÎȤ
2ÁÓÍÕÓÓÅÎ ÁÎÄ (ÁÌÌÂÅÒÇȟ ρωχωɊȢ  

/ ÐÏÚÙÔÙ×ÎÙÍ ×ÐčÙ×ÉÅ ÒÏǲÚȗÎÙÃÈ ÇÁÔÕÎ-
ËÏǲ× ÍÉöÓÁ ÎÁ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ÉÎÆÏÒÍÏ×ÁÌÉ 

ÔÁËÚȗÅ ÉÎÎÉ ÂÁÄÁÃÚÅ ÚÁÊÍÕÊäÃÙ ÓÉö ÔÙÍ 
ÐÒÏÂÌÅÍÅÍȢ %ÎÇÅÌÍÁÎÎ É ÉÎȢ ɉρωωψɊ ÐÏ ÄÏÄÁÎÉÕ 
ςυ Ç ÃÈÕÄÅÊ ×ÏčÏ×ÉÎÙ ÄÏ ψπ Ç ÐÕÒÅÅ ×ÁÒÚÙ×-
ÎÅÇÏ ÏÄÎÏÔÏ×ÁÌÉ ×ÚÒÏÓÔ ×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ 
ÎÉÅÈÅÍÏ×ÅÇÏ Õ ÎÉÅÍÏ×ÌäÔȢ "ÅÃÈ É ÉÎȢ ɉςππσɊ 
ÕÓÔÁÌÉÌÉȟ ÚȗÅ ÎÉÅ×ÉÅÌËÁ ÉÌÏÓǲÃǲ ×ÉÅÐÒÚÏ×ÉÎÙ ɉЄυπ ÇɊ 
ÄÏÄÁÎÁ ÄÏ ÐÏÓÉčËÕ Ï ÎÉÓËÉÅÊ ÂÉÏÄÏÓÔöÐÎÏÓǲÃÉ 
ÚȗÅÌÁÚÁȟ ÂÏÇÁÔÅÇÏ × ÉÎÈÉÂÉÔÏÒÙ É ÕÂÏÇÉÅÇÏ ×Å 
×ÚÍÁÃÎÉÁÃÚÅ ɉχȟτ ÍÇ ×ÉÔÁÍÉÎÙ # É ςςπ ÍÇ 
ÆÉÔÙÎÉÁÎÕɊ Ú×ÉöËÓÚÁ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ × 
ÓÐÏÓÏǲÂ ÚÁÌÅÚȗÎÙ ÏÄ ÄÁ×ËÉ ɉ"ÅÃÈ ÅÔ ÁÌȢȟ ςππσɊȢ 
.ÁÖÁÓȤ#ÁÒÒÅÔÅÒÏ É ÉÎȢ ɉςππψɊ ÚÂÁÄÁÌÉ ×ÐčÙ× 
ÒÙÂÉÅÇÏ ÍÉöÓÁ ɉčÏÓÏÓÉÁɊ ÎÁ ÂÉÏÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ 
ÎÉÅÈÅÍÏ×ÅÇÏ Ú ÂÏÇÁÔÅÊ × ÆÉÔÙÎÉÁÎÙ ÍäÃÚËÉ 
ÆÁÓÏÌÏ×ÅÊ É ÕÓÔÁÌÉÌÉȟ ÚȗÅ ÍÉöÓÏ ÒÙÂÉÅ ÄÏÄÁÎÅ ÄÏ ÔÅÊ 
ÍäÃÚËÉ ÚÎÁÃÚÎÉÅ ÐÏÐÒÁ×ÉčÏ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ 
Õ ËÏÂÉÅÔ Ú ÎÉÅÄÏÂÏÒÅÍ ÔÅÇÏ ÍÉËÒÏÓËčÁÄÎÉËÁ 
ɉ.ÁÖÁÓȤ#ÁÒÒÅÔÅÒÏ ÅÔ ÁÌȢȟ ςππψɊȢ /ͻ&ÌÁÈÅÒÔÙ É ÉÎȢ 
ɉςπρωɊ ×ÙËÁÚÁÌÉȟ ÚȗÅ ×ÚÂÏÇÁÃÅÎÉÅ ÄÚÉÅÃÉöÃÙÃÈ 
ÐčÁÔËÏǲ× ÒÙÚȗÏ×ÙÃÈ ÍÉöÓÅÍ Ú ÎÅÒÅËȟ ÓÅÒÃÁ É ÐčÕÃ 
ÐÏÐÒÁ×ÉčÏ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ 
ÏÄÐÏ×ÉÅÄÎÉÏ ÄÏ ςπχȟρσϷȟ ςφυȟςψϷ É ρχρȟςρϷȢ 

-ÅÃÈÁÎÉÚÍ ×ÚÍÁÃÎÉÁÊäÃÅÇÏ ×ÐčÙ×Õ 
ÔËÁÎÅË Ú×ÉÅÒÚöÃÙÃÈȟ ÚÎÁÎÙ ÊÁËÏ ÃÚÙÎÎÉË ÍÉöÓÎÙȟ 
ÎÉÅ ÚÏÓÔÁč ÄÏÔÙÃÈÃÚÁÓ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÙȢ (ÕÒÒÅÌÌ É 
ÉÎȢ ɉςππφɊ ÐÒÏǲÂÏ×ÁÌÉ ÓËÌÁÓÙÆÉËÏ×ÁÃǲ ÃÚÙÎÎÉË 
ÍÉöÓÎÙȢ 7ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ×ÅÇÏ 
ÐÏÐÒÁ×ÉčÏ ÓÉö ÏÄÐÏ×ÉÅÄÎÉÏ Ï ρψπϷ É ρππϷȟ ÇÄÙ 
ÌÉÏÆÉÌÉÚÏ×ÁÎÅ ÍÉöÓÏ ×ÏčÏ×Å É ÍÉöÓÉÅÎǲ ËÕÒÃÚÁËÁ 
ÐÏÒÏǲ×ÎÁÎÏ Ú ÁÌÂÕÍÉÎä ÊÁÊȢ 5ÓÔÁÌÉÌÉȟ ÚȗÅ Ú×ÉÅÒÚöÃÁ 
ÔËÁÎËÁ ÍÉöÓǲÎÉÏ×Á ÍÁ ×ÐčÙ× Ú×ÉäÚÁÎÙ Ú 
ÂÉÁčËÉÅÍ ÉȾÌÕÂ ÐÅÐÔÙÄÅÍ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁȟ 
ÁÌÅ ÔÁËÚȗÅ ÉÎÎÅ ÚÍÉÅÎÎÅȟ ÔÁËÉÅ ÊÁË ÇÌÉËÏÚÁÍÉÎÏ-
ÇÌÉËÁÎÙȟ ÍÏÇä ÒÏǲ×ÎÉÅÚȗ ÏÄÇÒÙ×ÁÃǲ ÒÏÌö × 
ÐÒÏÃÅÓÁÃÈ ×ÃÈčÁÎÉÁÎÉÁ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
ɉ(ÕÒÒÅÌÌ ÅÔ ÁÌȢȟ ςππφɊȢ 

+×ÁÓ ÓÚÃÚÁ×ÉÏ×Ù É ÓÚÃÚÁ×ÉÁÎÙȢ +×ÁÓ 
ÓÚÃÚÁ×ÉÏ×Ù É ÓÚÃÚÁ×ÉÁÎÙ Óä Õ×ÁÚȗÁÎÅ ÚÁ 
ÎÉÅÐÏÚȗäÄÁÎÅ ÓËčÁÄÎÉËÉ ÄÉÅÔÙ ÌÕÄÚÉ É Ú×ÉÅÒÚäÔȢ 
.ÁÄÍÉÅÒÎÅ ÓÐÏÚȗÙÃÉÅ ÒÏÓǲÌÉÎ ÂÏÇÁÔÙÃÈ × 
ÓÚÃÚÁ×ÉÁÎÙ ÍÏÚȗÅ ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÈÉÐÅÒÏËÓÁÌÕÒÉÉȟ 
ËÔÏǲÒÁ ÍÏÚȗÅ ÓËÕÔËÏ×ÁÃǲ ËÁÍÉÅÎÉÁÍÉ ÎÅÒËÏ×ÙÍÉ É 
ÐöÃÈÅÒÚÏ×ÙÍÉȟ Á × ÎÁÊÇÏÒÓÚÙÍ ÐÒÚÙÐÁÄËÕ 
ÏÂÒÚöËÉÅÍ ÎÅÒÅË É Ú×ÁÐÎÉÅÎÉÅÍ ɉ'ÁÒÌÁÎÄ ÅÔ ÁÌȢȟ 
ςπςπɊȢ $ÏÎÏÓÚÏÎÏȟ ÚȗÅ Ë×ÁÓ ÓÚÃÚÁ×ÉÏ×Ù ÈÁÍÕÊÅ 
×ÃÈčÁÎÉÁÎÉÅ ×ÁÐÎÉÁ ɉ(ÅÁÎÅÙ ÅÔ ÁÌȢȟ ρωψψɊ É 
ÃÙÎËÕ ɉ+ÅÌÓÁÙ ÁÎÄ 0ÒÁÔÈÅÒȟ ρωψσɊȢ .ÁÔÏÍÉÁÓÔ 
ÊÅÇÏ ×ÐčÙ× ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÊÅÓÔ ËÏÎÔÒÏ-
×ÅÒÓÙÊÎÙȢ "ÁÄÁÎÉÁ ÎÁ ÓÚÃÚÕÒÁÃÈ ×ÙËÁÚÁčÙȟ ÚȗÅ 
×ÐčÙ× ÏÃÚÙÓÚÃÚÏÎÅÇÏ Ë×ÁÓÕ ÓÚÃÚÁ×ÉÏ×ÅÇÏ 
ÄÏÄÁÎÅÇÏ ÄÏ ÄÉÅÔÙ ÊÅÓÔ ÎÅÕÔÒÁÌÎÙ ɉ6ÁÎ #ÁÍÐÅÎ 
ÁÎÄ 7ÅÌÃÈȟ ρωψπȠ 'ÏÒÄÏÎ ÁÎÄ #ÈÁÏȟ ρωψτɊȢ 
"ÁÄÁÎÉÅ ÎÁ ÌÕÄÚÉÁÃÈ ÔÁËÚȗÅ ×ÙËÁÚÁčÏȟ ÚȗÅ ×ÐčÙ× 
Ë×ÁÓÕ ÓÚÃÚÁ×ÉÏ×ÅÇÏ ÎÁ ×ÃÈčÁÎÉÁÎÉÅ ÚȗÅÌÁÚÁ ÊÅÓÔ 
ÎÉÅÉÓÔÏÔÎÙȢ 7ÙÍÉÅÎÉÅÎÉ ÁÕÔÏÒÚÙ ÚÁÓÕÇÅÒÏ×ÁÌÉȟ ÚȗÅ 
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×ÉöËÓÚÏÓǲÃǲ ÚȗÅÌÁÚÁ × ÐÏÓÉčËÕ ×ÙÓÔöÐÕÊÅ × ÐÏÓÔÁÃÉ 
ÚȗÅÌÁÚÁ × ÆÁÚÉÅ ÔÒÁ×ÉÅÎÉÁ × ÚȗÏčäÄËÕ É Ä×ÕÎÁÓÔ-
ÎÉÃÙȢ 'ÄÙ ÚȗÅÌÁÚÏ ×ÙÓÔöÐÕÊÅ × ÆÏÒÍÉÅ Ä×Õ×ÁÒ-
ÔÏÓǲÃÉÏ×ÅÊȟ ÎÐȢ × ÐÒÏÄÕËÔÁÃÈ ÂÏÇÁÔÙÃÈ × Ë×ÁÓ 
ÁÓËÏÒÂÉÎÏ×Ùȟ ÔÏ Ë×ÁÓ ÓÚÃÚÁ×ÉÏ×Ù ÍÏÚȗÅ 
ÏÇÒÁÎÉÃÚÁÃǲ ×ÃÈčÁÎÉÁÎÉÅ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÐÏÐÒÚÅÚ 
ÐÒÏÄÕËÃÊö ÎÉÅÒÏÚÐÕÓÚÃÚÁÌÎÅÇÏ ÓÚÃÚÁ×ÉÁÎÕ 
ÚȗÅÌÁÚÁ ɉ3ÔÏÒÃËÓÄÉÅÃË ÇÅÎÁÎÎÔ "ÏÎÓÍÁÎÎ ÅÔ ÁÌȢȟ 
ςππψɊȢ : ËÏÌÅÉ 'ÕÐÔÁ É ÉÎȢ ɉςππφɊ ÐÏÄÁÌÉȟ ÚȗÅ Ë×ÁÓ 
ÓÚÃÚÁ×ÉÏ×Ù ÊÅÓÔ ÎÁÊÉÓÔÏÔÎÉÅÊÓÚÙÍ ÉÎÈÉÂÉÔÏÒÅÍ 
×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ É ×ÁÐÎÉÁ Ú ÚÉÅÌÏÎÙÃÈ 
ÌÉÓǲÃÉÁÓÔÙÃÈ ×ÁÒÚÙ×Ȣ 

υȢ 7ÙÍÁÇÁÎÉÁ ŀÙ×ÉÅÎÉÏ×Å ÄÁ×Ãĕ× 
ËÒ×ÉȢ 7ÙÍÁÇÁÎÉÁ ÚȗÙ×ÉÅÎÉÏ×Å ÄÁ×ÃÏǲ× ËÒ×É Óä 
ÓÚÃÚÅÇÏǲÌÎÉÅ ÉÓÔÏÔÎÅ × ÃÅÌÕ ÚÁÐÅ×ÎÉÅÎÉÁ ÚÄÒÏ×ÉÁ 
É ÄÏÂÒÅÇÏ ÓÁÍÏÐÏÃÚÕÃÉÁ ÚÁÒÏǲ×ÎÏ ÄÁ×ÃÏǲ×ȟ ÊÁË É 
ÏÓÏǲÂ ÏÔÒÚÙÍÕÊäÃÙÃÈ ÏÄ ÎÉÃÈ ËÒÅ×Ȣ $Á×ÃÙ ËÒ×É 
ÐÏ×ÉÎÎÉ Ú×ÒÁÃÁÃǲ ÓÚÃÚÅÇÏǲÌÎä Õ×ÁÇö ÎÁ Ó×ÏÊä 
ÄÉÅÔöȟ ÁÂÙ ÚÁÐÅ×ÎÉÃǲ ÓÏÂÉÅ ÏÄÐÏ×ÉÅÄÎÉä ÐÏÄÁÚȗ 
ËÌÕÃÚÏ×ÙÃÈ ÓËčÁÄÎÉËÏǲ× ÏÄÚȗÙ×ÃÚÙÃÈ É ÐčÙÎÏǲ×ȟ 
ÚȗÅÂÙ ÍÏÇÌÉ ÐÏ ÄÏÎÁÃÊÉ ÓÚÙÂËÏ ÓÉö ÒÅÇÅÎÅÒÏ×ÁÃǲ É 
ÕÔÒÚÙÍÁÃǲ ÏÐÔÙÍÁÌÎÅ ÚÄÒÏ×ÉÅ ɉÒÙÃȢ φɊȢ 

 

 
Ryc. 6. Wymagania ƭywieniowe dawc·w krwi 

 

:Å ×ÚÇÌöÄÕ ÎÁ ÕÔÒÁÔö ÚȗÅÌÁÚÁ ×ÒÁÚ Ú 
ÏÄÄÁ×ÁÎä ËÒ×Éäȟ ÄÉÅÔÁ ÄÁ×ÃÙ ËÒ×É É 
×ÃÈčÁÎÉÁÎÉÅ Ú ÎÉÅÊ ÚȗÅÌÁÚÁ Óä ÓÚÃÚÅÇÏǲÌÎÉÅ ÉÓÔÏÔÎÅ 
ÄÌÁ ÚÁÐÅ×ÎÉÅÎÉÁ ÈÏÍÅÏÓÔÁÚÙ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
× ÏÒÇÁÎÉÚÍÉÅȟ Á ÔÙÍ ÓÁÍÙÍ ÄÌÁ ÕÔÒÚÙÍÁÎÉÁ 
×čÁÓǲÃÉ×ÅÇÏ ÐÏÚÉÏÍÕ (ÂȢ $ÕÚȗä ÒÏÌö ÄÉÅÔÙ × 
ÕÔÒÚÙÍÁÎÉÕ ÈÏÍÅÏÓÔÁÚÙ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ 
×ÙËÁÚÁčÙ ÂÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÎÁ ÇÒÕÐÉÅ 
ÈÏÌÅÎÄÅÒÓËÉÃÈ ÄÁ×ÃÏǲ× ɉ4ÉÍÍÅÒ ÅÔ ÁÌȢȟ ςπςπɊȢ 
!ÕÔÏÒÚÙ ÔÙÃÈ ÂÁÄÁÎǲ ÕÓÔÁÌÉÌÉȟ ÚȗÅ Õ ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ 
ÐÒÚÙÊÍÏ×ÁÌÉ Ú ÐÏËÁÒÍÅÍ ×ÉöËÓÚÅ ÉÌÏÓǲÃÉ ÚȗÅÌÁÚÁ 
ÈÅÍÏ×ÅÇÏ É ÍÎÉÅÊÓÚÅ ÉÌÏÓǲÃÉ ÚȗÅÌÁÚÁ ÎÉÅÈÅÍÏ-
×ÅÇÏ ÐÏÚÉÏÍÙ (Â É ÆÅÒÒÙÔÙÎÙ ÂÙčÙ ×ÙÚȗÓÚÅȢ 
:ȘÅÌÁÚÏ ÐÒÚÙÊÍÏ×ÁÎÅ ×ÒÁÚ Ú ÄÉÅÔä ÊÅÓÔ ÓǲÃÉÓǲÌÅ 
ÐÏ×ÉäÚÁÎÅ Ú ÐÏÚÉÏÍÅÍ (Â É ÆÅÒÒÙÔÙÎÙȢ .Á 
ÐÏÄÓÔÁ×ÉÅ ÂÁÄÁÎÉÁ ×ÐčÙ×Õ ÄÏÕÓÔÎÅÊ ÓÕÐÌÅÍÅÎ-
ÔÁÃÊÉ ÚȗÅÌÁÚÁ ÐÏ ÏÄÄÁÎÉÕ ËÒ×É Õ ÕÃÚÅÓÔÎÉËÏǲ× Ú 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁȟ ËÔÏǲÒÚÙ ÎÉÅ ÐÒÚÙÊÍÏ×ÁÌÉ 
ÓÕÐÌÅÍÅÎÔÏǲ× ÓÔ×ÉÅÒÄÚÏÎÏ ÄÕÚȗÅ ÚÒÏǲÚȗÎÉÃÏ×ÁÎÉÅ 
ÔÅÍÐÁ ÒÅÇÅÎÅÒÁÃÊÉ (Âȟ ÏÒÁÚ ÃÚÁÓÕ ÒÅÇÅÎÅÒÁÃÊÉ 

ÚÎÁÃÚÎÉÅ ÐÒÚÅËÒÁÃÚÁÊäÃÅÇÏ ÚÁÌÅÃÁÎÙ ÍÉÎÉÍÁÌÎÙ 
ÏÄÓÔöÐ ÍÉöÄÚÙ ÄÏÎÁÃÊÁÍÉȟ ×ÙÎÏÓÚäÃÙ υφ ÄÎÉȢ 
3ÔÁčÙ ×ÚÒÏÓÔ ÉÎÔÅÎÓÙ×ÎÏÓǲÃÉ ÒÅÇÅÎÅÒÁÃÊÉ (Â 
ÓÔ×ÉÅÒÄÚÏÎÏ Õ ÕÃÚÅÓÔÎÉËÏǲ×ȟ Õ ËÔÏǲÒÙÃÈ ÐÒÚÅÄ 
ÄÏÎÁÃÊä ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÂÙč ÎÉÚȗÓÚÙ ÎÉÚȗ 
υπ ÎÇȾÍÌȟ ÐÒÚÙÊÍÕÊäÃÙÃÈ σχȟυ ÍÇ ÐÉÅÒ×ÉÁÓÔËÏ-
×ÅÇÏ ÚȗÅÌÁÚÁ ÄÚÉÅÎÎÉÅȢ 7ÚÒÏÓÔ ÐÏÚÉÏÍÕ (Â 
ÐÏ×ÙÚȗÅÊ ×ÁÒÔÏÓǲÃÉ ×ÙÊÓǲÃÉÏ×ÙÃÈ ɉÐÏ×ÙÚȗÅÊ 
υπ ÎÇȾÍÌɊ Õ ÄÁ×ÃÏǲ× Ú ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁȟ 
ËÔÏǲÒÚÙ ÏÔÒÚÙÍÙ×ÁÌÉ ÊÅÇÏ ÓÕÐÌÅÍÅÎÔÁÃÊö ÐÏ 
ÏÓÔÁÔÎÉÅÊ ÄÏÎÁÃÊÉȟ ÏÄÚ×ÉÅÒÃÉÅÄÌÁč ×ÃÚÅÓǲÎÉÅÊ 
ÉÓÔÎÉÅÊäÃä ×ÚÇÌöÄÎä ÁÎÅÍÉöȟ ÍÉÍÏ ÚȗÅ ÏÄ 
ÐÏÐÒÚÅÄÎÉÅÇÏ ÏÄÄÁÎÉÁ ËÒ×É ÍÉÎöčÏ ÃÏ ÎÁÊÍÎÉÅÊ 
ρςπ ÄÎÉȢ 5 ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ ÎÉÅ ÐÒÚÙÊÍÏ×ÁÌÉ 
ÓÕÐÌÅÍÅÎÔÏǲ× ÚȗÅÌÁÚÁ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÎÉÅ 
ÐÏ×ÒÏǲÃÉč ÄÏ ÐÏÚÉÏÍÕ ÓÐÒÚÅÄ ÄÏÎÁÃÊÉ × ÃÉäÇÕ 
ρφψ ÄÎÉȢ !ÕÔÏÒÚÙ ÔÅÇÏ ÂÁÄÁÎÉÁ ÓÔ×ÉÅÒÄÚÉÌÉ 
ÒÏǲ×ÎÉÅÚȗȟ ÚȗÅ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ × ÒÏǲ×ÎÙÍ 
ÓÔÏÐÎÉÕ ÐÏÐÒÁ×ÉčÁ ÐÏÚÉÏÍ (Â É ÃÚÁÓ ÒÅÇÅÎÅÒÁÃÊÉ 
ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ Õ ÄÁ×ÃÏǲ× ÐčÃÉ ÍöÓËÉÅÊ É 
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ÚȗÅÎǲÓËÉÅÊȟ Á × ÁÎÁÌÉÚÉÅ ÅËÓÐÌÏÒÁÃÙÊÎÅÊ ×ÙËÁÚÁÎÏȟ 
ÚȗÅ ÕÃÚÅÓÔÎÉÃÙ Ú ×ÉöËÓÚÙÍ ÐÒÁ×ÄÏÐÏÄÏÂÉÅÎǲÓÔ-
×ÅÍ ÏÓÉäÇÎöÌÉ ÐÏÚÉÏÍ (Â ÚȗÙÌÎÅÊ ×ÙÎÏÓÚäÃÙ 
ρςȟυ ÇȾÄÌ ÌÕÂ ×ÉöÃÅÊ × ÃÉäÇÕ υφ ÄÎÉ ÄÚÉöËÉ 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÅÍ ɉ4ÉÍÍÅÒ ÅÔ ÁÌȢȟ ςπςπɊȢ  

#ÈÏÃÉÁÚȗ ÂÅÚ×ÚÇÌöÄÎÁ ×ÉÅÌËÏÓǲÃǲ ÓÐÁÄËÕ 
ÐÏÚÉÏÍÕ (Â ÐÏ ÐÏÊÅÄÙÎÃÚÅÊ ÄÏÎÁÃÊÉ ËÒ×É ÂÙčÁ 
ÓÔÏÓÕÎËÏ×Ï ÎÉÅ×ÉÅÌËÁ É ÍÉÁčÁ ÎÉÅÉÓÔÏÔÎÅ 
ÚÎÁÃÚÅÎÉÅ ËÌÉÎÉÃÚÎÅȟ ÔÏ ÎÁÌÅÚȗÙ ÐÏÄËÒÅÓǲÌÉÃǲȟ ÚȗÅ 
ÓÙÓÔÅÍÁÔÙÃÚÎÅ ÏÄÄÁ×ÁÎÉÅ ËÒ×É ÊÅÓÔ ÐÒÏÃÅÓÅÍ 
ÉÔÅÒÁÃÙÊÎÙÍȟ ËÔÏǲÒÙ ÐÒÏ×ÁÄÚÉ ÄÏ ÐÏÓÔöÐÕÊäÃÅÊ 
ÕÔÒÁÔÙ ÚȗÅÌÁÚÁ É ÄÏ ÁÎÅÍÉÉ Õ ÎÉÅËÔÏǲÒÙÃÈ 
ÃÙËÌÉÃÚÎÙÃÈ ÄÁ×ÃÏǲ×ȟ ÄÌÁÔÅÇÏ ×ÁÚȗÎÅ ÊÅÓÔȟ ÁÂÙ 
ÕÂÙÔÅË (Â ÐÏ ÄÏÎÁÃÊÉ ÚÏÓÔÁč ÕÚÕÐÅčÎÉÏÎÙ ÐÒÚÅÄ 
ÄÏÎÁÃÊä ËÏÌÅÊÎäȢ 0ÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÚȗÅÊ ×ÙÎÉËÉ 
ÂÁÄÁÎǲ 4ÉÍÍÅÒÁ É ÉÎȢ ɉςπςπɊ Óä ÚÇÏÄÎÅ Ú 
×ÙÎÉËÁÍÉ ÕÚÙÓËÁÎÙÍÉ ÐÒÚÅÚ 3ÉÍÏÎÁ É ÉÎȢ 
ɉρωψρɊȟ ËÔÏǲÒÚÙ ×ÙËÁÚÁÌÉ ÓÐÁÄÅË ÐÏÚÉÏÍÕ 
ÆÅÒÒÙÔÙÎÙ Õ ÃÚöÓÔÙÃÈ ÄÁ×ÃÏǲ× ÐÒÚÙ ÂÒÁËÕ 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁȢ 

"ÁÄÁÎÉÅ ÚÎÁÃÚÅÎÉÁ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ Õ 
ÃÚöÓÔÙÃÈ ÄÁ×ÃÏǲ× ɉτȤφ ÒÁÚÙ × ÒÏËÕɊ ×ÙËÁÚÁčÏȟ 
ÚȗÅ ×čÁÓǲÃÉ×Ù ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÕÔÒÚÙÍÙ×Áč ÓÉö Õ 
ÄÁ×ÃÏǲ× ÐÒÚÙÊÍÕÊäÃÙÃÈ ςπ ÍÇ ÚȗÅÌÁÚÁ ÐÉÅÒ×ÉÁÓÔ-
ËÏ×ÅÇÏ ÄÚÉÅÎÎÉÅȟ ÎÁÔÏÍÉÁÓÔ ÓÐÁÄÁč Õ ÄÁ×ÃÏǲ× × 
ÇÒÕÐÁÃÈ ËÏÎÔÒÏÌÎÙÃÈȟ ËÔÏǲÒÙÍ ÐÏÄÁ×ÁÎÏ 
ÐÌÁÃÅÂÏȢ 4ÙÌËÏ Õ ÄÁ×ÃÏǲ× ÐÒÚÙÊÍÕÊäÃÙÃÈ τπ ÍÇ 
ÓÕÐÌÅÍÅÎÔÕ ÄÚÉÅÎÎÉÅ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ 
×ÚÒÁÓÔÁčȟ ÃÏ ÓËÕÔËÏ×ÁčÏ ÄÏÄÁÔÎÉÍ ÂÉÌÁÎÓÅÍ 
ÚȗÅÌÁÚÁ ɉ2ÁÄÔËÅ ÅÔ ÁÌȢȟ ςππτɊȢ 

7ÙÎÉËÉ ÂÁÄÁÎǲ 4ÈÅ (ÅÍÏÇÌÏÂÉÎ ÁÎÄ )ÒÏÎ 
2ÅÃÏÖÅÒÙ 3ÔÕÄÙ ɉ(%)23Ɋ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÙÃÈ × 
ςπρς ÒȢ × ÃÚÔÅÒÅÃÈ ÁÍÅÒÙËÁÎǲÓËÉÃÈ ÃÅÎÔÒÁÃÈ 
ËÒ×ÉÏÄÁ×ÓÔ×Á ÕÃÚÅÓÔÎÉÃÚäÃÙÃÈ × ÐÒÏÇÒÁÍÉÅ 
.ÁÔÉÏÎÁÌ (ÅÁÒÔȟ ,ÕÎÇȟ ÁÎÄ "ÌÏÏÄ )ÎÓÔÉÔÕÔÅ 
ɉ.(,")Ɋ ÓÕÇÅÒÕÊäȟ ÚȗÅ ÒÅÇÅÎÅÒÁÃÊÁ ÈÅÍÏÇÌÏÂÉÎÙ 
Õ ×ÉÅÌÕ ÄÁ×ÃÏǲ× ÔÒ×Á ÚÎÁÃÚÎÉÅ ÄčÕÚȗÅÊ ÎÉÚȗ ÔÏ 
ÚÇčÁÓÚÁÎÏ × ÂÁÄÁÎÉÁÃÈ ×ÃÚÅÓǲÎÉÅÊÓÚÙÃÈȟ ÎÁ 
ÐÏÄÓÔÁ×ÉÅ ËÔÏǲÒÙÃÈ ÕÓÔÁÌÏÎÏ ÏÄÓÔöÐ ÍÉöÄÚÙ 
ÄÏÎÁÃÊÁÍÉ ×ÙÎÏÓÚäÃÙ ψ ÔÙÇÏÄÎÉȢ *ÅÄÎÁËÚȗÅ 
ÄÏ×ÏÄÙ ÎÁ ÐÏÐÁÒÃÉÅ ÏÓǲÍÉÏÔÙÇÏÄÎÉÏ×ÅÇÏ 
ÓÔÁÎÄÁÒÄÕ ÏÐÉÅÒÁčÙ ÓÉö ÎÁ ÂÁÄÁÎÉÁÃÈ ÐÒÚÅÐÒÏ-
×ÁÄÚÏÎÙÃÈ ÎÁ ÍÁčÅÊ ÌÉÃÚÂÉÅ ÍčÏÄÙÃÈ 
ÕÃÚÅÓÔÎÉËÏǲ× Ú ×ÙÓÏËÉÍ ÐÏÚÉÏÍÅÍ ÚȗÅÌÁÚÁ ɉÎÐȢ 
7ÁÄÓ×ÏÒÔÈȟ ρωυυɊ ÌÕÂ ÎÁ ÏÇÒÁÎÉÃÚÏÎÙÃÈ ÄÁÎÙÃÈ 
ÕÚÙÓËÁÎÙÃÈ ÏÄ ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÏǲ× ɉÎÐȢ &Ï×ÌÅÒ 
ÁÎÄ "ÁÒÅÒȟ ρωτςɊȟ ÚÁÎÉÍ ÄÏÓÔöÐÎÅ ÂÙčÙ 
×ÉÁÒÙÇÏÄÎÅ ÐÏÍÉÁÒÙ ÐÏÚÉÏÍÕ ÚȗÅÌÁÚÁȢ .Ï×ÓÚÅ 
ÂÁÄÁÎÉÁȟ ×ÙËÏÒÚÙÓÔÕÊäÃÅ ÍÅÔÏÄö ËÁÒÂÏËÓÙÈÅÍÏ-
ÇÌÏÂÉÎÙ ÄÏ ÉÌÏÓǲÃÉÏ×ÅÇÏ ÏËÒÅÓǲÌÅÎÉÁ ÃÁčËÏ×ÉÔÅÊ 
ÍÁÓÙ ÈÅÍÏÇÌÏÂÉÎÙ ×ÙËÁÚÁčÙȟ ÚȗÅ ÈÅÍÏÇÌÏÂÉÎÁ 
ÂÙčÁ ÕÚÕÐÅčÎÉÁÎÁ ÓǲÒÅÄÎÉÏ σφ ÄÎÉ ÐÏ ÄÏÎÁÃÊÉȟ ÁÌÅ 
ÂÁÄÁÎÉÁ ÔÅ ÍÉÁčÙ ÏÇÒÁÎÉÃÚÏÎä ÇÅÎÅÒÁÌÉÚÁÃÊöȟ 

ÐÏÎÉÅ×ÁÚȗ ÂÙčÙ ÏÇÒÁÎÉÃÚÏÎÅ ÔÙÌËÏ ÄÏ ÍčÏÄÙÃÈ 
ÍöÚȗÃÚÙÚÎ ɉ0ÏÔÔÇÉÅÓÓÅÒ ÅÔ ÁÌȢȟ ςππψɊȢ  

0ÁÃÈÉËÉÁÎ É ÉÎȢ ɉςπςπɊ ÐÒÚÅÄÓÔÁ×ÉÌÉ ×ÙÎÉËÉ 
ÎÏ×ÁÔÏÒÓËÉÅÇÏ ÂÁÄÁÎÉÁȟ ÏÃÅÎÉÁÊäÃÅÇÏ ×ÐčÙ× 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ ÎÁ ÂÉÏÍÁÒËÅÒÙ ÓÔÁÔÕÓÕ 
ÔÅÇÏ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁ É ÈÏÍÅÏÓÔÁÚÙ ÏÒÁÚ ÎÁ 
ÓÐÒÁ×ÎÏÓǲÃǲ ÆÉÚÊÏÌÏÇÉÃÚÎä ÄÁ×ÃÏǲ×Ȣ 7 ÉÃÈ ÒÁÎÄÏ-
ÍÉÚÏ×ÁÎÙÍȟ ÐÏÄčÕÚȗÎÙÍ ÂÁÄÁÎÉÕ ɉÓÐÏÓÏǲÂ 
ÐÒÏ×ÁÄÚÅÎÉÁ ÂÁÄÁÎÉÁȟ ËÔÏǲÒÙ ÐÏÚ×ÁÌÁ ÏÂÓÅÒ-
×Ï×ÁÃǲ ÔÅ ÓÁÍÅ ÏÓÏÂÙ ×ÉÅÌÏËÒÏÔÎÉÅȟ ÎÁ 
ÐÒÚÅÓÔÒÚÅÎÉ ×ÉÅÌÕ ÌÁÔɊ ÕÃÚÅÓÔÎÉÃÚÙčÏ ÃÚÔÅÒÄÚÉÅÓÔÕ 
ÃÚÔÅÒÅÃÈ ÕÍÉÁÒËÏ×ÁÎÉÅ ×ÙÔÒÅÎÏ×ÁÎÙÃÈ 
ÍöÚȗÃÚÙÚÎ × ×ÉÅËÕ ρψȤτπ ÌÁÔȟ ËÔÏǲÒÚÙ ÎÉÇÄÙ ÎÉÅ 
ÂÙÌÉ ÄÁ×ÃÁÍÉ ËÒ×ÉȢ -öÚȗÃÚÙÚÎ ÔÙÃÈ ÐÒÚÅÂÁÄÁÎÏ 
ÐÒÚÅÄ É ÐÏ ÏÄÄÁÎÉÕ ËÒ×Éȟ ÁÂÙ ÏÃÅÎÉÃǲ ÌÉÃÚÎÅ 
×ÓËÁÚǲÎÉËÉ ÈÅÍÁÔÏÌÏÇÉÃÚÎÅ É ÂÉÏÍÁÒËÅÒÙ ÓÔÁÔÕÓÕ 
ÚȗÅÌÁÚÁ ÏÒÁÚ ÓÐÒÁ×ÎÏÓǲÃÉ ÆÉÚÊÏÌÏÇÉÃÚÎÅÊȢ 4ÒÚÙ Ú 
ÃÚÔÅÒÅÃÈ ÇÒÕÐ ÐÒÚÙÄÚÉÅÌÏÎÏ ÄÏ ÏÄÄÁÎÉÁ 
ÓÔÁÎÄÁÒÄÏ×ÅÊ ÐÅčÎÅÊ ËÒ×É ɉ7"Ɋ Ä×ÕËÒÏÔÎÉÅȟ × 
ÏÄÓÔöÐÉÅ ÔÒÚÅÃÈ ÍÉÅÓÉöÃÚÎÙÃÈȟ ÎÁÔÏÍÉÁÓÔ 
ÃÚ×ÁÒÔÁ ÇÒÕÐÁ ɉËÏÎÔÒÏÌÎÁɊ ɀ ÏÄÄÁčÁ ËÒÅ× 
ÐÏÚÏÒÏ×ÁÎä Ä×Á ÒÁÚÙ × ÏÄÓÔöÐÉÅ ÔÒÚÅÃÈ 
ÍÉÅÓÉöÃÙ ɉÄÏÎÁÃÊÁ ÓÙÍÕÌÏ×ÁÎÁɊȢ 0ÏÎÉÅ×ÁÚȗ 
ÂÁÄÁÎÉ ÍÉÅÌÉ ÚÁ×ÉäÚÁÎÅ ÏÃÚÙ ÐÏÄÃÚÁÓ 
ÏÄÄÁ×ÁÎÉÁ ËÒ×Éȟ ÚȗÁÄÅÎ Ú ÎÉÃÈ ÎÉÅ ×ÉÅÄÚÉÁčȟ ÃÚÙ 
ÉÃÈ ÄÏÎÁÃÊÁ ÂÙčÁ ÐÒÁ×ÄÚÉ×Áȟ ÃÚÙ ÓÙÍÕÌÏ×ÁÎÁȢ 
'ÒÕÐÁ ËÏÎÔÒÏÌÎÁ ÏÔÒÚÙÍÁčÁ ÔÁÂÌÅÔËÉ ÐÌÁÃÅÂÏȟ ÂÅÚ 
ÚÁ×ÁÒÔÏÓǲÃÉ ÚȗÅÌÁÚÁȟ ÐÏÄÏÂÎÉÅ ÊÁË ÊÅÄÎÁ Ú ÔÒÚÅÃÈ 
ÇÒÕÐȟ ËÔÏǲÒÁ ÏÄÄÁčÁ τχπ ÍÌ 7"Ȣ 0ÏÚÏÓÔÁčÅ Ä×ÉÅ 
ÇÒÕÐÙ ÏÔÒÚÙÍÁčÙ ÐÉÇÕčËÉ ÚÁ×ÉÅÒÁÊäÃÅ ςπ ÍÇ ÌÕÂ 
ψπ ÍÇ ÐÉÅÒ×ÉÁÓÔËÏ×ÅÇÏ ÚȗÅÌÁÚÁ × ÐÏÓÔÁÃÉ 
ÇÌÕËÏÎÉÁÎÕ ÚȗÅÌÁÚÁ×ÅÇÏȟ Ú ÉÎÓÔÒÕËÃÊä ÐÒÚÙÊÍÏ-
×ÁÎÉÁ ÊÅÄÎÅÊ ÐÉÇÕčËÉ ÄÚÉÅÎÎÉÅ ÐÒÚÅÚ ςψ ÄÎÉ ÐÏ 
ÄÏÎÁÃÊÉȢ 3ÙÍÕÌÏ×ÁÎÁ ÄÏÎÁÃÊÁ É ÔÁÂÌÅÔËÉ ÐÌÁÃÅÂÏ 
ÚÁÐÅ×ÎÉčÙ ÉÓÔÏÔÎä ÏÃÈÒÏÎö ÐÒÚÅÄ ÚÁËčÏǲÃÅÎÉÅÍ 
ÐÏ×ÉäÚÁÎǲ ÍÉöÄÚÙ ÄÏÎÁÃÊäȟ ÂÉÏÍÁÒËÅÒÁÍÉ É 
×ÙÄÁÊÎÏÓǲÃÉä Ãǲ×ÉÃÚÅÎǲȟ Á ÔÁËÚȗÅ ÐÒÚÅÄ ×ÐčÙ×ÅÍ 
ÕÚÕÐÅčÎÉÁÊäÃÅÇÏ ÚȗÅÌÁÚÁ ÎÁ ÔÅ ÐÏ×ÉäÚÁÎÉÁȢ 7 
ÒÅÚÕÌÔÁÃÉÅ ÏÃÅÎÙ ×ÐčÙ×Õ ÄÏÎÁÃÊÉ ÎÁ ×ÙÔÒÚÙ-
ÍÁčÏÓǲÃǲ ÆÉÚÊÏÌÏÇÉÃÚÎä É ×ÐčÙ×Õ ÅÇÚÏÇÅÎÎÅÇÏ 
ÚȗÅÌÁÚÁ ÎÁ ×ÓËÁÚǲÎÉËÉ ×ÙÄÁÊÎÏÓǲÃÉ ÓÐÏÒÔÏ×ÅÊ ÂÙčÙ 
ÏÄÐÏ×ÉÅÄÎÉÏ ËÏÎÔÒÏÌÏ×ÁÎÅȢ 0ÏÍÉÁÒÙ ×ÙËÏÎÙ-
×ÁÎÏ ÊÅÄÅÎ ÔÙÄÚÉÅÎǲ ÐÒÚÅÄ ÄÏÎÁÃÊäȟ Á ÎÁÓÔöÐÎÅ × 
ÏÄÓÔöÐÁÃÈ Ä×ÕÄÎÉÏ×ÙÃÈ ÏÒÁÚ ÊÅÄÎÏȤȟ Ä×ÕȤ É 
ÃÚÔÅÒÏÔÙÇÏÄÎÉÏ×ÙÃÈȢ !ÕÔÏÒÚÙ ÓÔ×ÉÅÒÄÚÉÌÉȟ ÃÏ ÎÉÅ 
ÊÅÓÔ ÚÁÓËÁËÕÊäÃÅȟ ÚȗÅ ÄÏÎÁÃÊÁ ÍÁ ÍÉÅÒÚÁÌÎÙ 
×ÐčÙ× ÎÁ ÂÉÏÍÁÒËÅÒÙ ÅÒÙÔÒÏÃÙÔÁÒÎÅ É ÎÁ 
ÐÏÚÉÏÍ ÚȗÅÌÁÚÁȟ ÏÂÓÅÒ×Ï×ÁÎÙ ÊÕÚȗ ÐÏ ÐÉÅÒ×ÓÚÅÊ 
ÄÏÎÁÃÊÉ É ÃÚöÓÔÏ ÐÏÓÔöÐÕÊäÃÙ ÐÏ ÄÏÎÁÃÊÁÃÈ 
ËÏÌÅÊÎÙÃÈȢ -ÎÉÅÊ ÏÃÚÅËÉ×ÁÎÅ ÏËÁÚÁčÙ ÓÉö ×ÙÎÉËÉ 
×ÙËÁÚÕÊäÃÅȟ ÚȗÅ ÁÎÉ ςπ ÍÇȟ ÁÎÉ ψπ ÍÇ ÚȗÅÌÁÚÁ 
ÐÒÚÙÊÍÏ×ÁÎÅÇÏ ÐÒÚÅÚ ςψ ÄÎÉ ÐÏ ÄÏÎÁÃÊÉ ÎÉÅ 
×ÙÓÔÁÒÃÚÁčÏȟ ÁÂÙ ÚÎÁÃÚäÃÏ ÕÚÕÐÅčÎÉÃǲ ÊÅÇÏ ÉÌÏÓǲÃǲ 
×Å ËÒ×É ÐÏ ÄÏÎÁÃÊÉ × ÐÏÒÏǲ×ÎÁÎÉÕ Ú ÇÒÕÐäȟ ËÔÏǲÒÁ 
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ÎÉÅ ÓÕÐÌÅÍÅÎÔÏ×ÁčÁ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ .ÁÔÏÍÉÁÓÔ 
ÚÁÒÏǲ×ÎÏ ÎÉÚȗÓÚÅȟ ÊÁË É ×ÙÚȗÓÚÅ ÄÁ×ËÉ ÚȗÅÌÁÚÁ 
čÁÇÏÄÚÉčÙ ÓÚËÏÄÌÉ×Å ÓËÕÔËÉ ÄÏÎÁÃÊÉ ÎÁ 
×ÙÄÁÊÎÏÓǲÃǲ ÆÉÚÊÏÌÏÇÉÃÚÎäȢ 

Pachikian i in. (2020) ÓÔ×ÉÅÒÄÚÉÌÉȟ ÚȗÅ 
ËÉÎÅÔÙËÁ ÏÄÚÙÓËÉ×ÁÎÉÁ ÍÁÓÙ ÈÅÍÏÇÌÏÂÉÎÙ É 
ÐÏÚÉÏÍÏǲ× ÆÅÒÒÙÔÙÎÙ ÐÏ ÃÚÔÅÒÅÃÈ ÔÙÇÏÄÎÉÁÃÈ ÏÄ 
ÄÏÎÁÃÊÉ ÎÉÅ ÒÏǲÚȗÎÉčÁ ÓÉö ÍÉöÄÚÙ ÇÒÕÐÁÍÉ ÄÁ×ÃÏǲ×ȟ 
ËÔÏǲÒÚÙ ÐÒÚÙÊÍÏ×ÁÌÉ ÔÁÂÌÅÔËÉ Ï ÚÁ×ÁÒÔÏÓǲÃÉ ÚȗÅÌÁÚÁ 
πÍÇȟ ςπÍÇ É ψπ ÍÇȢ *ÅÄÎÁË ÓÐÁÄÅË ÈÅÐÃÙÄÙÎÙ É 
×ÚÒÏÓÔ ÒÏÚÐÕÓÚÃÚÁÌÎÅÇÏ ÒÅÃÅÐÔÏÒÁ ÔÒÁÎÓÆÅÒÙÎÙ 
ɉÓ4Æ2Ɋ ÒÏǲÚȗÎÉč ÓÉö Õ ÄÁ×ÃÏǲ× × ÚÁÌÅÚȗÎÏÓǲÃÉ ÏÄ ÉÌÏÓǲÃÉ 
ÚȗÅÌÁÚÁ × ÔÁÂÌÅÔËÁÃÈȢ /ÄÚÙÓË ÈÅÐÃÙÄÙÎÙ Õ ÏÓÏǲÂ 
ÐÒÚÙÊÍÕÊäÃÙÃÈ ψπ ÍÇ ÚȗÅÌÁÚÁ ÂÙč ÐÏÒÏǲ×ÎÙ×ÁÌÎÙ 
Ú ÏÄÚÙÓËÉÅÍ × ÇÒÕÐÉÅ Ú ÓÙÍÕÌÏ×ÁÎä ÄÏÎÁÃÊäȟ 
ÐÏÄÃÚÁÓ ÇÄÙ ÐÏÚÉÏÍ Ó4Æ2 ÚÍÉÅÎÉÁč ÓÉö ÉÎÁÃÚÅÊ Õ 
ÏÓÏǲÂ ÐÒÚÙÊÍÕÊäÃÙÃÈ ςπ ÍÇ ÌÕÂ ψπ ÍÇ ÚȗÅÌÁÚÁȢ 
!ÕÔÏÒÚÙ ÃÙÔÏ×ÁÎÅÊ ÐÕÂÌÉËÁÃÊÉ ÐÏÓÔÕÌÏ×ÁÌÉȟ ÚȗÅ 
ÎÉÅËÔÏǲÒÅ ÁÓÐÅËÔÙ ÈÏÍÅÏÓÔÁÚÙ ÚȗÅÌÁÚÁ É ÚȗÅÌÁÚÁ 
ÆÕÎËÃÊÏÎÁÌÎÅÇÏ × ÔËÁÎËÁÃÈ Óä ÍÏÄÙÆÉËÏ×ÁÎÅ 
ÐÒÚÅÚ ÓÕÐÌÅÍÅÎÔÁÃÊö ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÐÏ 
ÄÏÎÁÃÊÉȢ 0ÏÎÁÄÔÏ ÉÃÈ ÂÁÄÁÎÉÁ ×ÙËÁÚÁčÙȟ ÚȗÅ 
ÓÐÏÓǲÒÏǲÄ ÏÓǲÍÉÕ ×ÓËÁÚǲÎÉËÏǲ× ÓÐÒÁ×ÎÏÓǲÃÉ ÆÉÚÊÏ-
ÌÏÇÉÃÚÎÅÊȟ ÍÁËÓÙÍÁÌÎÁ ÍÏÃ ×ÙÊÓǲÃÉÏ×Á ɉ0ÍÁØɊ É 
ÓÚÃÚÙÔÏ×Å ÚÕÚȗÙÃÉÅ ÔÌÅÎÕ ɉ6/ς ÐÅÁËɊ Ú×ÉöËÓÚÁčÙ 
ÓÉö ÐÏÄÏÂÎÉÅ × ÇÒÕÐÁÃÈ ÓÕÐÌÅÍÅÎÔÕÊäÃÙÃÈ 
ςπ ÍÇ É ψπ ÍÇ ÚȗÅÌÁÚÁ ÏÒÁÚ × ÇÒÕÐÉÅ ÐÌÁÃÅÂÏ 
ɉÓÙÍÕÌÏ×ÁÎÁ ÄÏÎÁÃÊÁɊȟ ÎÁÔÏÍÉÁÓÔ ÍÉöÄÚÙ ÇÒÕÐä 
ÐÌÁÃÅÂÏȟ Á ÇÒÕÐä ÐÒÚÙÊÍÕÊäÃä 7" ×ÚÒÏÓÔ 
×ÓËÁÚǲÎÉËÏǲ× ÂÙč ÚÒÏǲÚȗÎÉÃÏ×ÁÎÙȢ .Á ÐÏÄÓÔÁ×ÉÅ 
ÕÚÙÓËÁÎÙÃÈ ×ÙÎÉËÏǲ× ÄÏÓÚÌÉ ÄÏ ×ÎÉÏÓËÕȟ ÚȗÅ 
ÓÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ × ÄÁ×ÃÅ ςπ ÍÇ ÌÕÂ 
×ÉöËÓÚÅÊ ÃÈÒÏÎÉ ÄÁ×ÃÏǲ× ËÒ×É ÐÒÚÅÄ ÓËÕÔËÁÍÉ 
ÐÏ×ÔÁÒÚÁÎÅÊ ÄÏÎÁÃÊÉȟ ÃÏ ÉÃÈ ÚÄÁÎÉÅÍ ÍÏÚȗÅ ÂÙÃǲ 
ÓÐÏ×ÏÄÏ×ÁÎÅ ÚÁÃÈÏ×ÁÎÉÅÍ ÁËÔÙ×ÎÏÓǲÃÉ 
ÅÎÚÙÍÁÔÙÃÚÎÅÊ × ÍÉÔÏÃÈÏÎÄÒÉÁÃÈ ÍÉöÓǲÎÉ 
ÓÚËÉÅÌÅÔÏ×ÙÃÈȟ Á ÎÉÅ ÚÄÏÌÎÏÓǲÃÉä ÔÒÁÎÓÐÏÒÔÕ ÔÌÅÎÕ 
ɉ0ÁÃÈÉËÉÁÎ É ÉÎȢȟ ςπςπɊȢ 0ÏÎÁÄÔÏ Ú ×ÙÎÉËÏǲ× 
ÂÁÄÁÎǲ ÔÙÃÈ ÁÕÔÏÒÏǲ× ÍÏÚȗÎÁ ×ÙÃÉäÇÎäÃǲ ÄÏÄÁÔ-
ËÏ×Ù ×ÎÉÏÓÅËȟ ÚȗÅ × ÐÒÚÅÃÉ×ÉÅÎǲÓÔ×ÉÅ ÄÏ 
ÁËÔÕÁÌÎÅÊ × ×ÉÅÌÕ ËÒÁÊÁÃÈ ÐÒÁËÔÙËÉȟ ÐÏÌÅÇÁÊäÃÅÊ 
ÎÁ ÚÁÌÅÃÁÎÉÕ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ ÄÌÁ 
ȺÃÚöÓÔÙÃÈȻ ÄÁ×ÃÏǲ× ÏÒÁÚ ÄÌÁ ÏÓÏǲÂ Ú ÎÉÓËÉÍ 
ÐÏÚÉÏÍÅÍ ÈÅÍÏÇÌÏÂÉÎÙȟ ÎÁ×ÅÔ ÄÁ×ÃÙ Ú 
×ÙÓÏËÉÍ ÐÏÚÉÏÍÅÍ ÔÅÇÏ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁ 
ÍÏÇä ÏÄÎÉÅÓǲÃǲ ËÏÒÚÙÓǲÃÉ Ú ÚÁÚȗÙ×ÁÎÉÁ ÚȗÅÌÁÚÁ 
ÅÇÚÏÇÅÎÎÅÇÏȢ 

7ÙÎÉËÉ ÂÁÄÁÎǲ Pachikian i in. (2020) 
ÓÕÇÅÒÕÊäȟ ŀÅ ÎÁÌÅŀÁčÏÂÙ ÚÍÉÅÎÉç ÄÏÔÙÃÈÃÚÁÓÏ×Å 
ÐÏÇÌäÄÙ ÄÏÔÙÃÚäÃÅ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ŀÅÌÁÚÁȟ ÍÉÁÎÏ-
×ÉÃÉÅ ÏÄÒÚÕÃÉç ÁËÔÕÁÌÎÅ ÓÔÁÎÏ×ÉÓËÏ ×ÅÄčÕÇ 
ËÔĕÒÅÇÏ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ŀÅÌÁÚÁ ÊÅÓÔ ×ÓËÁÚÁÎÁ 
ÔÙÌËÏ × ÐÒÚÙÐÁÄËÕ ÏÓĕÂȟ Õ ËÔĕÒÙÃÈ ×ÙËÁÚÁÎÏ 
ÎÉÅÄÏÂĕÒ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ɉÐÁÒÁÄÙÇÍÁÔ 

ȺryzykaȻ) ÌÕÂ ÉÓÔÎÉÅÊÅ Õ ÎÉÃÈ ÒÙÚÙËÏȟ ŀÅ Óä ÎÁ 
ÎÉÅÄÏÂĕÒ ÎÁÒÁŀÅÎÉ É ÐÒÚÙÊäç ÍÅÔÏÄö ȺÕÚÕÐÅč-
niania ŀÅÌÁÚÁȻ (paradygmat ȺÕÚÕÐÅčÎÉÁÎÉÁ 
ŀÅÌÁÚÁȻ) w celu jego suplementacji (Spencer, 
2020). 

5 ÄÁ×ÃÏǲ× ËÒ×É ÓÐÏÚȗÙ×ÁÎÉÅ ÚȗÅÌÁÚÁ ÊÅÓÔ 
ÂÁÒÄÚÏ ×ÁÚȗÎÅ ÄÌÁ ÕÔÒÚÙÍÁÎÉÁ ÈÏÍÅÏÓÔÁÚÙ ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁ × ÏÒÇÁÎÉÚÍÉÅ ÏÒÁÚ ÄÌÁ ÕÔÒÚÙÍÁÎÉÁ 
ÏÄÐÏ×ÉÅÄÎÉÅÇÏ ÐÏÚÉÏÍÕ ÈÅÍÏÇÌÏÂÉÎÙ ÐÏ 
ÕÔÒÁÃÉÅ ÚȗÅÌÁÚÁ ÐÏÄÃÚÁÓ ÄÏÎÁÃÊÉȢ 0ÅčÎÅ ÏÄÄÁÎÉÅ 
ËÒ×É ×ÉäÚȗÅ ÓÉö Ú ÕÔÒÁÔä ÏËÏčÏ ςςυɀςυπ ÍÇ ÔÅÇÏ 
ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁ ɉ/ͻ"ÒÉÅÎ ÁÎÄ 'ÏÌÄÍÁÎȟ ςπρχɊȢ 
$ÉÅÔÁ ÚÁÚ×ÙÃÚÁÊ ÚÁ×ÉÅÒÁ ÚȗÅÌÁÚÏ ÈÅÍÏ×Å 
ɉÚÎÁÊÄÕÊäÃÅ ÓÉö × ÐÒÏÄÕËÔÁÃÈ ÐÏÃÈÏÄÚÅÎÉÁ 
Ú×ÉÅÒÚöÃÅÇÏɊ Ï ×ÙÓÏËÉÅÊ ÂÉÏÄÏÓÔöÐÎÏÓǲÃÉ  
ɉρυȤσυ ϷɊ É ÚȗÅÌÁÚÏ ÎÉÅÈÅÍÏ×Å ɉÚÎÁÊÄÕÊäÃÅ ÓÉö 
ÇčÏǲ×ÎÉÅ × ÐÒÏÄÕËÔÁÃÈ ÒÏÓǲÌÉÎÎÙÃÈɊ Ï ÂÉÏÄÏÓÔöÐ-
ÎÏÓǲÃÉ ρȤςπ Ϸ ɉ#ÁÏ ÅÔ ÁÌȢȟ ςπρτɊȢ :ȘÅÌÁÚÏ ÈÅÍÏ×Å 
ÓÔÁÎÏ×É ÚÁÚ×ÙÃÚÁÊ ÔÙÌËÏ ÏËÏčÏ ρυϷ ÃÁčËÏ×ÉÔÅÇÏ 
ÊÅÇÏ ÓÐÏÚȗÙÃÉÁ × ÄÉÅÃÉÅ ɉ#ÁÏ ÅÔ ÁÌȢȟ ςπρτɊȢ 

$×Á ÂÁÄÁÎÉÁ ÄÁ×ÃÏǲ× ËÒ×É ɉ#ÁÂÌÅ ÅÔ ÁÌȢȟ 
ςπρςȠ +ÏÔÚÅǲ ÅÔ ÁÌȢȟ ςπρυɊ ÎÉÅ ×ÙËÁÚÁčÙ Ú×ÉäÚËÕ 
ÍÉöÄÚÙ ÓÐÏÚȗÙÃÉÅÍ ÐÒÏÄÕËÔÏǲ× ÂÏÇÁÔÙÃÈ × 
ÚȗÅÌÁÚÏ Á ÚÁÐÁÓÁÍÉ ÔÅÇÏ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁȟ ÁÎÉ 
Ú×ÉäÚËÕ Ú ÐÏÚÉÏÍÅÍ ÈÅÍÏÇÌÏÂÉÎÙȟ ÎÁÔÏÍÉÁÓÔ 
Ú×ÉäÚÅË ÐÏÍÉöÄÚÙ ÚÁÐÁÓÁÍÉ ÚȗÅÌÁÚÁ Á ÓÐÏÚȗÙ-
×ÁÎÉÅÍ ÍÉöÓÁ ×ÙËÁÚÁÎÏ ÔÙÌËÏ × ÊÅÄÎÙÍ 
ÂÁÄÁÎÉÕ ÄÁ×ÃÏǲ× (Rigas et al., 2014). $ÏÔÙÃÈÃÚÁÓ 
ÎÉÅ ×ÉÁÄÏÍÏȟ ÃÚÙ ÓÐÏÚȗÙ×ÁÎÉÅ ÚȗÅÌÁÚÁ ÈÅÍÏ×ÅÇÏ 
É ÎÉÅÈÅÍÏ×ÅÇÏ × ÄÉÅÃÉÅ ÊÅÓÔ ÐÏÚÙÔÙ×ÎÉÅ 
Ú×ÉäÚÁÎÅ Ú ÐÏÚÉÏÍÅÍ ÈÅÍÏÇÌÏÂÉÎÙ É ÚÁÐÁÓÁÍÉ 
ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ Õ ÄÁ×ÃÏǲ× ËÒ×É ɉ4ÉÍÍÅÒ ÅÔ ÁÌȢȟ 
ςπςπɊȢ 

!ËÔÙ×ÎÏÓǲÃǲ ÆÉÚÙÃÚÎÁ ÍÏÚȗÅ ÒÏǲ×ÎÉÅÚȗ 
×ÐčÙ×ÁÃǲ ÎÁ ÐÏÚÉÏÍ ÈÅÍÏÇÌÏÂÉÎÙȢ 7 ÄÏÓÔöÐÎÅÊ 
ÌÉÔÅÒÁÔÕÒÚÅ ÚÎÁÌÅÚÉÏÎÏ Ä×ÉÅ ÏÇÏǲÌÎÅ ÈÉÐÏÔÅÚÙ 
ÄÏÔÙÃÚäÃÅ ÔÅÇÏ Ú×ÉäÚËÕȢ 0Ï ÐÉÅÒ×ÓÚÅȟ ÁËÔÙ×ÎÏÓǲÃǲ 
ÆÉÚÙÃÚÎÁ ÍÏÚȗÅ ÏÂÎÉÚȗÙÃǲ ÐÏÚÉÏÍ (Â ÐÏÐÒÚÅÚ 
ÕÔÒÁÔö ÚȗÅÌÁÚÁ ×ÒÁÚ Ú ÐÏÔÅÍȟ ÍÏÃÚÅÍ É ÚÁ 
ÐÏÓǲÒÅÄÎÉÃÔ×ÅÍ ÐÒÚÅ×ÏÄÕ ÐÏËÁÒÍÏ×ÅÇÏȟ Á 
ÔÁËÚȗÅ ÐÏÐÒÚÅÚ ÈÅÍÏÌÉÚö ÌÕÂ ÈÅÍÏÄÙÌÕÃÊö 
×Ù×ÏčÁÎÅ ×ÙÓÉčËÉÅÍ ÆÉÚÙÃÚÎÙÍ ɉ(ÉÎÔÏÎȟ ςπρτɊȢ 
0Ï ÄÒÕÇÉÅȟ ÁËÔÙ×ÎÏÓǲÃǲ ÆÉÚÙÃÚÎÁ ÍÏÚȗÅ Ú×ÉöËÓÚÙÃǲ 
ÐÏÚÉÏÍ hemoglobinyȟ ÐÏÎÉÅ×ÁÚȗ ÔÅÎ ÒÏÄÚÁÊ 
ÁËÔÙ×ÎÏÓǲÃÉ ×ÙÍÕÓÚÁ ÔÒÁÎÓÐÏÒÔ ×ÉöËÓÚÅÊ ÉÌÏÓǲÃÉ 
ÔÌÅÎÕ ÐÒÚÅÚ ÈÅÍÏÇÌÏÂÉÎö × ÃÁčÙÍ ÏÒÇÁÎÉÚÍÉÅ 
ɉ/ÔÔÏ ÅÔ ÁÌȢȟ ςπρσɊȢ  

,ÉÃÚÂÁ ÂÁÄÁÎǲ ÎÁ ÔÅÍÁÔ ×ÐčÙ×Õ ÁËÔÙ×ÎÏÓǲÃÉ 
ÆÉÚÙÃÚÎÅÊ ÎÁ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ɉÔÊȢ ÍÉÁÒÙ 
ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁɊ ÊÅÓÔ ÏÇÒÁÎÉÃÚÏÎÁ ɉ3ÔÒÁÉÎ ÁÎÄ 
#ÁÓÈÍÁÎȟ ςππωȠ ,ÙÎÃÈȟ ςπρςɊȟ ÓÚÃÚÅÇÏǲÌÎÉÅ × 
ÐÒÚÙÐÁÄËÕ ÄÁ×ÃÏǲ× ËÒ×Éȟ Á ×ÙÎÉËÉ ÔÙÃÈ ÂÁÄÁÎǲ Óä 
ÎÉÅÊÅÄÎÏÚÎÁÃÚÎÅ ɉ"ÏÕÒÑÕÅ ÅÔ ÁÌȢȟ ρωωχȠ -ÉÌÍÁÎ 
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ÁÎÄ +ÉÒÃÈÈÏÆÆȟ ρωωωȠ -ÕÒÒÁÙȤ+ÏÌÂ ÅÔ ÁÌȢȟ ςππρȠ 
3ÃÈÕÍÁÃÈÅÒ ÅÔ ÁÌȢȟ ςππςɊȢ  

: ËÏÌÅÉ ÂÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÎÁ ÇÒÕÐÉÅ 
ÓÚ×ÁÊÃÁÒÓËÉÃÈ ÄÁ×ÃÏǲ× ËÒ×É ×ÙËÁÚÁčÙȟ ÚȗÅ 
ÓÕÇÅÒÏ×ÁÎÁ ÚÍÉÁÎÁ ÄÉÅÔÙ ÓËÕÔËÏ×ÁčÁ Õ ÎÉÃÈ 
ÚÍÎÉÅÊÓÚÏÎä ÌÉÃÚÂä ÐÒÚÙÐÁÄËÏǲ× ÁÎÅÍÉÉ ÏÒÁÚ 
ÐÒÚÙÐÁÄËÏǲ× ÎÉÅÄÏÂÏÒÏǲ× ÚȗÅÌÁÚÁ ɉ/ͻ-ÅÁÒÁ ÅÔ ÁÌȢȟ 
ςπρρɊȢ  

3ÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ ÍÏÚȗÅ ÂÙÃǲ ÚÁÌÅÃÁÎÁ 
ÏÓÏÂÏÍ Ú ÇÒÕÐ ×ÙÓÏËÉÅÇÏ ÒÙÚÙËÁ É ÓÔÁÎÏ×É 
ÌÅÃÚÅÎÉÅ ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ ÐÉÅÒ×ÓÚÅÇÏ ×ÙÂÏÒÕȟ 
ÊÅÓÔ ÓËÕÔÅÃÚÎÁ É ÎÉÅÄÒÏÇÁȟ ÊÅÓǲÌÉ ÊÅÓÔ ÓÔÏÓÏ×ÁÎÁ 
ÐÒÁ×ÉÄčÏ×Ï ɉ:ÉÍÍÅÒÍÁÎÎ ÁÎÄ (ÕÒÒÅÌȟ ςππχɊȢ 
*ÅÄÎÁËÚȗÅ ËÏÎ×ÅÎÃÊÏÎÁÌÎÅ ÍÅÔÏÄÙ ÕÚÕÐÅčÎÉÁÎÉÁ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ ÊÅÇÏ ÓÕÐÌÅÍÅÎÔÁÃÊö 
ÍÏÇä ÐÏ×ÏÄÏ×ÁÃǲ ÚȗÏčäÄËÏ×ÏȤÊÅÌÉÔÏ×Å ÓËÕÔËÉ 
ÕÂÏÃÚÎÅȟ ÔÁËÉÅ ÊÁË ÂÏǲÌÅ ÂÒÚÕÃÈÁȟ ÎÕÄÎÏÓǲÃÉ ÃÚÙ 
ÚÁÔ×ÁÒÄÚÅÎÉÅ ɉ(ÏÐÐÅ ÅÔ ÁÌȢȟ ςπρσɊȢ 7ÙÄÁÊÅ ÓÉö 
ÚÁÔÅÍȟ ÚȗÅ ÄÚÉÁčÁÎÉÁ ÏÐÁÒÔÅ ÎÁ ×čÁÓǲÃÉ×ÅÊ ÄÉÅÃÉÅ 
ÓÔÁÎÏ×Éä ÎÁÊÌÅÐÓÚä ÍÅÔÏÄö ÕÚÕÐÅčÎÉÁÎÉÁ 
ÎÉÅÄÏÂÏÒÏǲ× ÚȗÅÌÁÚÁ ×Å ËÒ×É ÄÁ×ÃÙ É Óä ÚÎÁÃÚÎÉÅ 
ÂÅÚÐÉÅÃÚÎÉÅÊÓÚÅ ÏÄ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÔÅÇÏ ÍÉËÒÏ-
ÐÉÅÒ×ÉÁÓÔËÁȢ 

 
φȢ :ÁÐÏÂÉÅÇÁÎÉÅ ÎÉÅÄÏÂÏÒÏÍ ŀÅÌÁÚÁ Õ 

ÄÁ×Ãĕ× ËÒ×ÉȢ 7 0ÏÌÓÃÅ ÏÂÅÃÎÉÅ ÓÔÏÓÏ×ÁÎÙÍ 
ÂÁÄÁÎÉÅÍ ÐÒÚÅÓÉÅ×Ï×ÙÍ × ÃÅÌÕ ÐÒÚÙÊöÃÉÁ 
ÄÁ×ÃÙ ËÒ×É ÄÏ ÊÅÊ ÏÄÄÁÎÉÁ ÊÅÓÔ ÏÃÅÎÁ ÐÏÚÉÏÍÕ 
ÈÅÍÏÇÌÏÂÉÎÙ ɉ(ÂɊ ÍÅÔÏÄä ËÁÐÉÌÁÒÎä ɉÚ ÐÁÌÃÁɊȡ Ú 
(Â Іρςȟυ ÇȾÄÌ × ÐÒÚÙÐÁÄËÕ ËÏÂÉÅÔ É ρσȟυ ÇȾÄÌ × 
ÐÒÚÙÐÁÄËÕ ÍöÚȗÃÚÙÚÎȢ .ÉÅËÔÏǲÒÅ ËÒÁÊÅ ÐÒÚÙÊöčÙ 
×ÙÚȗÓÚÅ ÎÏÒÍÙ ÄÌÁ ÍöÚȗÃÚÙÚÎ ɉÎÐȢ ρσȟπ ÌÕÂ 
ρσȟυ ÇȾÄÌɊȟ ÏÄÚ×ÉÅÒÃÉÅÄÌÁÊäÃÅ ×ÙÚȗÓÚÙ ÚÁËÒÅÓ 
ÎÏÒÍÙ ÄÌÁ (Â × ÉÃÈ ÐÏÐÕÌÁÃÊÉ ɉ+ÁÒÐ ÁÎÄ +ÉÎÇȟ 
ςπρπɊȢ -ÉÎÉÍÁÌÎÙ ÄÏÐÕÓÚÃÚÁÌÎÙ ÐÏÚÉÏÍ 
ÈÅÍÏÇÌÏÂÉÎÙ ÍÁ ÚÁÐÏÂÉÅÃ ÐÏÂÉÅÒÁÎÉÕ ËÒ×É ÏÄ 
ÄÁ×ÃÏǲ× Ú ÁÎÅÍÉäȟ ÁÌÅ ÎÉÅ ÚÁÐÏÂÉÅÇÁ ÐÏÂÉÅÒÁÎÉÕ 
ËÒ×É ÏÄ ÄÁ×ÃÏǲ× Ú ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁȢ $Ï ÏÃÅÎÙ 
ÐÏÚÉÏÍÕ ÚȗÅÌÁÚÁ ÓÔÏÓÏ×ÁÎÏ ÒÏǲÚȗÎÅ ÔÅÓÔÙ ÌÁÂÏÒÁÔÏ-
ÒÙÊÎÅȟ × ÔÙÍ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙȟ ÓÔöÚȗÅÎÉÅ 
ÒÏÚÐÕÓÚÃÚÁÌÎÅÇÏ ÒÅÃÅÐÔÏÒÁ ÔÒÁÎÓÆÅÒÙÎÙ ɉÓ4Æ2Ɋȟ 
ÓÔÏÓÕÎÅË Ó4Æ2ȾÆÅÒÒÙÔÙÎÙȟ ÐÒÏÔÏÐÏÒÆÉÒÙÎÙ 
ÃÙÎËÏ×ÅÊ ɉ:00Ɋȟ ÐÁÒÁÍÅÔÒÙ ÅÒÙÔÒÏÃÙÔÏǲ× É ÉÎÎÅ 
ɉ6ÕË ÅÔ ÁÌȢȟ ςπρχɊȢ 

7ÓÐÏǲčÃÚÅÓÎÁ ÎÏÒÍÁ ÄÌÁ ÐÏÚÉÏÍÕ ÈÅÍÏ-
ÇÌÏÂÉÎÙ ÏÂÏ×ÉäÚÕÊäÃÁ × 0ÏÌÓÃÅ ÄÌÁ ÄÁ×ÃÏǲ× ËÒ×É 
ÐÒÚÅÄ ÊÅÊ ÏÄÄÁÎÉÅÍ ɉËÏÂÉÅÔÙ Іρςȟυ ÇȾÄÌȠ 
ÍöÚȗÃÚÙÚǲÎÉ ρσȟυ ÇȾÄÌɊ ÊÅÓÔ ËÏÎÔÒÏ×ÅÒÓÙÊÎÁȢ 
0ÏÚÉÏÍ (Â ×ÙÎÏÓÚäÃÙ ρςȟυ ÇȾÄÌ ÊÅÓÔ ×ÙÚȗÓÚÙ ÏÄ 
ÄÏÌÎÅÊ ÇÒÁÎÉÃÙ ÎÏÒÍÙ ÄÌÁ ËÏÂÉÅÔ É ÎÉÚȗÓÚÙ ÏÄ 
ÄÏÌÎÅÊ ÇÒÁÎÉÃÙ ÎÏÒÍÙ ÄÌÁ ÍöÚȗÃÚÙÚÎȢ 2ÁÐÏÒÔÙ 
ÓÐÒÚÅÄ ËÉÌËÕÎÁÓÔÕ ÌÁÔ ÉÎÆÏÒÍÏ×ÁčÙȟ ÚȗÅ ρπϷ ÐÒÏǲÂ 
ÏÄÄÁÎÉÁ ËÒ×É ÐÅčÎÅÊ ÚÏÓÔÁčÏ ×ÙËÌÕÃÚÏÎÙÃÈ Ú 
ÐÏ×ÏÄÕ ÎÉÓËÉÅÇÏ ÐÏÚÉÏÍÕ (Â ɉ-ÁÓÔȟ ςπρτɊȢ 

"ÁÄÁÎÉÁ ÐÒÚÅÓÉÅ×Ï×Å ×ÓËÁÚǲÎÉËÏǲ× ÈÅÍÏ-
ÇÌÏÂÉÎÙ É ÚȗÅÌÁÚÁ ÐÏÍÁÇÁÊä ÒÏÚÐÏÚÎÁÃǲ ÄÁ×ÃÏǲ× 
ÎÁÒÁÚȗÏÎÙÃÈ ÎÁ ÒÙÚÙËÏ ÐÏǲÚǲÎÉÅÊÓÚÅÊ ÁÎÅÍÉÉ É 
×ÓÐÏÍÁÇÁÊä ÓÔÒÁÔÅÇÉÅ ÚÁÐÏÂÉÅÇÁÎÉÁ ÔÅÊ 
ÃÈÏÒÏÂÉÅȢ "ÁÁÒÔ É ÉÎȢ ɉςπρσɊ ×ÙËÁÚÁÌÉȟ ÚȗÅ 
ÓÕÂËÌÉÎÉÃÚÎÙ ÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁ ÊÅÓÔ ÐÏ×ÓÚÅÃÈÎÙ 
×ÓǲÒÏǲÄ ÄÁ×ÃÏǲ× ËÒ×Éȟ ËÔÏǲÒÚÙ ÓÐÅčÎÉÁÊä ËÒÙÔÅÒÉÁ 
(Â ÄÌÁ ÄÏÎÁÃÊÉȢ  

7 ÓÔÁÎÉÅ ÕÊÅÍÎÅÇÏ ÂÉÌÁÎÓÕ ÚȗÅÌÁÚÁȟ ÇÄÙ 
ÚÁÐÏÔÒÚÅÂÏ×ÁÎÉÅ ÎÁ ÔÅÎ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔÅË ÐÏ 
ÕÔÒÁÃÉÅ ËÒ×É ÐÒÚÅËÒÁÃÚÁ ÚÄÏÌÎÏÓǲÃǲ ÏÒÇÁÎÉÚÍÕ ÄÏ 
ÊÅÇÏ ×ÃÈčÁÎÉÁÎÉÁȟ ÍÏÒÆÏÌÏÇÉÁ É ×ÓËÁÚǲÎÉËÉ 
ÅÒÙÔÒÏÃÙÔÏǲ× ÐÏÚÏÓÔÁÊä ÐÒÁ×ÉÄčÏ×Åȟ ÐÏÄÃÚÁÓ ÇÄÙ 
ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÊÅÓÔ ÏÂÎÉÚȗÏÎÙȢ 
3ÙÎÔÅÚÁ ÈÅÍÏÇÌÏÂÉÎÙ ÐÏÚÏÓÔÁÊÅ ÎÉÅÚÍÉÅÎÉÏÎÁȟ 
ÄÏÐÏǲËÉ ÐÏÚÉÏÍ ÚȗÅÌÁÚÁ × ÓÕÒÏ×ÉÃÙ ÕÔÒÚÙÍÕÊÅ ÓÉö 
× ÎÏÒÍÉÅȢ 5×ÁÚȗÁ ÓÉöȟ ÚȗÅ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ × ÓÚÐÉËÕ 
ËÏÓÔÎÙÍ Óä ÃÁčËÏ×ÉÃÉÅ ×ÙÃÚÅÒÐÁÎÅȟ ÇÄÙ ÐÏÚÉÏÍ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÊÅÓÔ ÎÉÚȗÓÚÙ ÎÉÚȗ ρυ ʈÇȾÌȢ 
#ÚöÓÔÏ ÏËÒÅÓǲÌÁ ÓÉö ÔÏ ÊÁËÏ ÓÔÁÄÉÕÍ ÕÔÁÊÏÎÅ ÌÕÂ 
ÅÒÙÔÒÏÐÏÅÚÁ Ú ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ ɉ)$%ɊȢ 'ÄÙ 
ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÓÐÁÄÎÉÅ ÐÏÎÉÚȗÅÊ ρυ АÇȾÌȟ 
ÒÏÚÐÏÃÚÙÎÁ ÓÉö ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃǲ ÓÐÏ×ÏÄÏ×ÁÎÁ 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁȟ Á ÈÅÍÏÇÌÏÂÉÎÁ É ÈÅÍÁÔÏËÒÙÔ 
ÚÁÃÚÙÎÁÊä ÓÐÁÄÁÃǲ ɉ2ÅÄÄÙ ÅÔ ÁÌȢȟ ςπςπɊȢ 

2ÅÃÅÐÔÏÒÙ ÔÒÁÎÓÆÅÒÙÎÙ ÚÎÁÊÄÕÊä ÓÉö ÎÁ 
ÐÏ×ÉÅÒÚÃÈÎÉ ÃÚÅÒ×ÏÎÙÃÈ ËÒ×ÉÎÅËȟ Á ÉÃÈ ÓÙÎÔÅÚÁ 
×ÚÒÁÓÔÁȟ ÇÄÙ ÄÏÓÔöÐÎÏÓǲÃǲ ÚȗÅÌÁÚÁ ÊÅÓÔ ÚÍÎÉÅÊÓÚÏÎÁȢ 
3ä ÏÎÅ ×ÙÄÁÌÁÎÅ ÄÏ ËÒ×Éȟ ÓÔäÄ ÎÁÚ×Á ÓÔöÚȗÅÎÉÅ 
ÒÏÚÐÕÓÚÃÚÁÌÎÅÇÏ ÒÅÃÅÐÔÏÒÁ ÔÒÁÎÓÆÅÒÙÎÙ ɉÓ4Æ2ɊȢ 
*ÅÓǲÌÉ ÉÃÈ ÐÏÚÉÏÍ ÊÅÓÔ ×ÙÚȗÓÚÙ ÏÄ ÎÏÒÍÁÌÎÅÇÏ 
ÚÁËÒÅÓÕ ÒÅÆÅÒÅÎÃÙÊÎÅÇÏȟ ×ÓËÁÚÕÊÅ ÔÏ ÎÁ 
ÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁ × ÔËÁÎËÁÃÈ ÐÒÚÙ ÂÒÁËÕ ÉÎÎÙÃÈ 
ÄÏÌÅÇÌÉ×ÏÓǲÃÉȟ ËÔÏǲÒÅ Ú×ÉöËÓÚÁÊä ÐÏÚÉÏÍ Ó4Æ2ȟ Á 
ÍÉÁÎÏ×ÉÃÉÅ ÓÔÁÎÏǲ× ÚÁÐÁÌÎÙÃÈ ×äÔÒÏÂÙȟ 
ÔÁÌÁÓÅÍÉÉȟ ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ ÈÅÍÏÌÉÔÙÃÚÎÅÊ É 
ÓÔÁÎÏǲ× ÎÉÅÄÏÔÌÅÎÉÅÎÉÁ ɉÎÐȢȟ ÐÒÚÅÂÙ×ÁÎÉÅ ÎÁ 
ÄÕÚȗÅÊ ×ÙÓÏËÏÓǲÃÉɊ ɉ7ÏÒ×ÏÏÄȟ ςππςɊȢ :Å ×ÚÇÌöÄÕ 
ÎÁ ÂÒÁË ÓÔÁÎÄÁÒÄÕ ÏÄÎÉÅÓÉÅÎÉÁ É ÚÍÉÅÎÎÏÓǲÃǲ 
ÔÅÓÔÕȟ ×ÁÒÔÏÓǲÃÉ Ó4Æ2 Óä čäÃÚÏÎÅ Ú ÐÏÍÉÁÒÁÍÉ 
ÆÅÒÒÙÔÙÎÙ × ÓÔÏÓÕÎËÕ ȺÌÏÇ Ó4Æ2ȾÆÅÒÒÙÔÙÎÁȻȢ 7 
ÐÒÚÙÐÁÄËÕ ×ÁÒÔÏÓǲÃÉ Ï ÚÂÙÔ ÄÕÚȗÅÊ ÚÍÉÅÎÎÏÓǲÃÉȟ 
ÌÏÇÁÒÙÔÍÉÃÚÎÁ ËÏÎ×ÅÒÓÊÁ ÓÐÒÁ×ÉÁȟ ÚȗÅ ÄÁÎÅ Óä 
ÂÁÒÄÚÉÅÊ ÌÉÎÉÏ×Å ɉ3ÕÏÍÉÎÅÎ ÅÔ ÁÌȢȟ ρωωψɊȢ 

:ÁÒÏǲ×ÎÏ ÓÔÏÓÕÎÅË Ó4Æ2ȾÌÏÇ ÆÅÒÒÙÔÙÎÙȟ ÊÁË 
É ÓÔÏÓÕÎÅË ÌÏÇ ɉÓ4Æ2ȾÆÅÒÒÙÔÙÎÁɊ ÍÏÚȗÎÁ ÚÁÓÔÏ-
ÓÏ×ÁÃǲ ÄÏ ÏÄÒÏǲÚȗÎÉÅÎÉÁ )$% ÏÄ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ 
ÍÁÇÁÚÙÎÏ×ÁÎÅÇÏȢ /ÂÅÃÎÉÅ ÎÉÅ ÍÁ ×ÙÓÔÁÒÃÚÁÊä-
ÃÙÃÈ ÄÁÎÙÃÈ × ÌÉÔÅÒÁÔÕÒÚÅ ÄÌÁ ÐÏÒÏǲ×ÎÁÎÉÁ ÔÙÃÈ 
×ÓËÁÚǲÎÉËÏǲ×Ȣ #ÁÓÔÅÌ É ÉÎȢ ɉςπρςɊ ÏÄËÒÙÌÉȟ ÚȗÅ ÎÁ 
ÐÏÄÓÔÁ×ÉÅ ÓÔÏÓÕÎËÕ ÔÒÁÎÓÆÅÒÙÎÙ ɉÇȾÌɊȾÌÏÇ 
ɍÆÅÒÒÙÔÙÎÙ ɉʈÇȾÌɊɎ ÍÏÚȗÎÁ ÏÄÄÚÉÅÌÉÃǲ ÐÁÃÊÅÎÔÏǲ× Ú 
ÆÅÒÒÙÔÙÎä Ѓςπ ʈÇȾÌ ɉÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁɊ ÏÄ 
ÐÁÃÊÅÎÔÏǲ× Ú ÆÅÒÒÙÔÙÎä Єρππ ʈÇȾÌ ɉÂÅÚ ÎÉÅÄÏÂÏÒÕ 
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ÚȗÅÌÁÚÁɊȢ -ÅÄÉÁÎÁ ÓÔÏÓÕÎËÕ 4ÆȾÌÏÇ ɉÆÅÒÒɊ × 
ÇÒÕÐÉÅ ÂÅÚ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ × ÉÃÈ ÂÁÄÁÎÉÕ 
×ÙÎÏÓÉčÁ πȟψτ ɉ#ÁÓÔÅÌ ÅÔ ÁÌȢȟ ςπρςɊȢ  

/ÓÚÁÃÏ×ÁÎÉÅ ÌÏÇ Ó4Æ2ȾÆÅÒÒÙÔÙÎÙ ÍÁ ËÉÌËÁ 
ÚÁÌÅÔȢ 7ÙÍÁÇÁ ÔÙÌËÏ Ä×ÏǲÃÈ ÐÁÒÁÍÅÔÒÏǲ×ȟ ËÔÏǲÒÅ 
ÏÄÚ×ÉÅÒÃÉÅÄÌÁÊä ÆÕÎËÃÊÏÎÁÌÎÙ ÐÒÚÅÄÚÉÁč ÚȗÅÌÁÚÁ É 
ËÏÒÅÌÕÊä Ú ÊÅÇÏ ×ÙÃÚÅÒÐÁÎÙÍÉ ÚÁÐÁÓÁÍÉȢ 
Ⱥ7ÓËÁÚǲÎÉËȻ Ó4Æ2ȾÌÏÇ ÆÅÒÒÙÔÙÎÙ ÚÏÓÔÁč ÕÚȗÙÔÙ ÄÏ 
ÏÄÒÏǲÚȗÎÉÅÎÉÁ ÕÂÙÔËÕ ÚȗÅÌÁÚÁ ÏÄ )$% ɉ3ÕÏÍÉÎÅÎ ÅÔ 
ÁÌȢȟ ρωωψɊȢ 3ËÉËÎÅ É ÉÎȢ ɉρωωπɊ ÏÒÁÚ #ÏÏË É ÉÎȢ 
ɉςππσɊ ×ÙËÁÚÁÌÉ ÚÁÌÅÔö ÓÔÏÓÏ×ÁÎÉÁ ×ÓËÁÚǲÎÉËÁ 
ÌÏÇ Ó4Æ2ȾÆÅÒÒÙÔÙÎÙ É ÏÃÅÎÉÌÉ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ 
ÉÌÏÓǲÃÉÏ×Ïȟ ÄÏËčÁÄÎÉÅ ÍÉÅÒÚäÃ ÊÅÇÏ ÕÔÒÁÔö Õ 
ÐÁÃÊÅÎÔÏǲ× ÐÏÄÄÁ×ÁÎÙÃÈ ÓÅÒÙÊÎÅÍÕ ÐÏÂÉÅÒÁÎÉÕ 
ËÒ×Éȟ ÄÏ ÍÏÍÅÎÔÕ ×ÙÃÚÅÒÐÁÎÉÁ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ 
-ÅÔÏÄÁ ÔÁ ÕÍÏÚȗÌÉ×ÉÁ ÒÏǲ×ÎÉÅÚȗ ÏÓÚÁÃÏ×ÁÎÉÅ 
ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ × ÔËÁÎËÁÃÈȟ ËÔÏǲÒÙ ÔÏ ÚÁÐÁÓ 
ÍÏÚȗÎÁ ×ÙÒÁÚÉÃǲ ÊÁËÏ ÎÁÄÍÉÁÒ ÚȗÅÌÁÚÁ × 
ÍÁÇÁÚÙÎÁÃÈ ÌÕÂ ÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁ × ÔËÁÎËÁÃÈȟ 
ÏÄÐÏ×ÉÅÄÎÉÏ ÎÁ ÐÏÄÓÔÁ×ÉÅ ×ÁÒÔÏÓǲÃÉ ÄÏÄÁÔÎÉÃÈ É 
ÕÊÅÍÎÙÃÈȢ 5ÍÏÚȗÌÉ×ÉÁ ÒÏǲ×ÎÉÅÚȗ ÏÓÚÁÃÏ×ÁÎÉÅ 
×ÃÈčÁÎÉÁÎÉÁ ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ× ËÒ×É × ÂÁÄÁÎÉÁÃÈ 
ÌÏÎÇÉÔÕÄÉÎÁÌÎÙÃÈȢ 7 ÂÁÄÁÎÉÕ 2%$3Ȥ)) $ÏÎÏÒ )ÒÏÎ 
3ÔÁÔÕÓ %ÖÁÌÕÁÔÉÏÎ ɉ2)3%Ɋȟ Ó4Æ2 ÎÉÅ ËÏÒÅÌÏ×Áč Ú 
)$% ÁÎÉ ÆÅÒÒÙÔÙÎä ÏÓÏÃÚÁȟ 2ς Ѐ πȟυτ × ÐÏÒÏǲ×-
ÎÁÎÉÕ Ú 2ς Ѐ ȤπȟωφȢ 7ÁÒÔÏÓǲÃǲ ÌÏÇ Ó4Æ2ȾÆÅÒÒÙÔÙÎÙ 
×ÙÎÏÓÚäÃÁ ςȟπχ ÏÄÐÏ×ÉÁÄÁčÁ ÐÏÚÉÏÍÏ×É 
ÆÅÒÒÙÔÙÎÙ ×ÙÎÏÓÚäÃÅÍÕ ςφȟχ ʈÇȾÌ × ÒÅÇÒÅÓÊÉ 
×ÉÅÌÏÃÚÙÎÎÉËÏ×ÅÊȟ ÃÏ ÓÕÇÅÒÕÊÅȟ ÚȗÅ ÔÅÎ ÐÏÚÉÏÍ 
ÆÅÒÒÙÔÙÎÙ ÏÄÚ×ÉÅÒÃÉÅÄÌÁ )$% Õ ÚÄÒÏ×ÙÃÈ 
ÄÁ×ÃÏǲ× ËÒ×ÉȢ 0ÒÚÙ ÔÙÍ ÐÒÏÇÕ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ 
ÍÉÁč ÃÚÕčÏÓǲÃǲ ωυȟρ Ϸ É Ó×ÏÉÓÔÏÓǲÃǲ ψωȟφ Ϸ × 
ÉÄÅÎÔÙÆÉËÁÃÊÉ )$%ȟ Á ×ÓËÁÚǲÎÉË Ó4Æ2 ÄÏÄÁč 
ÎÉÅ×ÉÅÌÅ ÄÏÄÁÔËÏ×ÙÃÈ ÉÎÆÏÒÍÁÃÊÉ ÄÉÁÇÎÏÓ-
ÔÙÃÚÎÙÃÈ ɉ+ÉÓÓ ÅÔ ÁÌȢȟ ςπρσɊȢ 

2ÁÄÔËÅ É ÉÎȢ ɉςππυɊ ÏÒÁÚ .ÁÄÁÒÁÊÁÎ É ÉÎȢ 
ɉςππψɊ ÚÁÓÔÏÓÏ×ÁÌÉ ÌÏÇÁÒÙÔÍ ωυ ÐÅÒÃÅÎÔÙÌÁ 
ɉÓ4Æ2ȾÆÅÒÒÙÔÙÎÁɊ ÚÁÒÏǲ×ÎÏ Õ ÍöÚȗÃÚÙÚÎȟ ÊÁË É Õ 
ËÏÂÉÅÔȟ ÃÏ ÄÁčÏ ÓÔÏÓÕÎÅË ςȟυɀςȟφ ÄÏ ÚÄÅÆÉÎÉÏ-
×ÁÎÉÁ )$%Ȣ -ÅÔÏÄÁ ÔÁ ÊÅÓÔ ÍÎÉÅÊ ÃÚÕčÁ ÎÉÚȗ ÔÁ 
ÓÔÏÓÏ×ÁÎÁ × ÂÁÄÁÎÉÕ 2)3%Ȣ -ÏÇčÏ ÔÏ ÄÏÐÒÏ-
×ÁÄÚÉÃǲ ÄÏ ÎÉÅÄÏÓÚÁÃÏ×ÁÎÉÁ ÃÚöÓÔÏÓǲÃÉ ×ÙÓÔöÐÏ-
×ÁÎÉÁ )$% ɉψȟς Ϸ ÃÚöÓÔÏÓǲÃÉ ×ÙÓÔöÐÏ×ÁÎÉÁ 
ÐÏÄÁÎÅÊ ÐÒÚÅÚ 2ÁÄÔËÅ É ÉÎȢ ɉςππυɊ É ρπ Ϸ ÐÒÚÅÚ 
.ÁÄÁÒÁÊÁÎÁ É ÉÎȢ ɉςππψɊ × ÐÏÒÏǲ×ÎÁÎÉÕ ÄÏ τς Ϸ 
ÏÇÏǲčÕ × ÂÁÄÁÎÉÕ 2)3% × ÍÏÍÅÎÃÉÅ ÒÅËÒÕÔÁÃÊÉɊȟ 
ÃÈÏÃÉÁÚȗ ×ÙÚȗÓÚÁ ÃÚöÓÔÏÓǲÃǲ ÄÏÎÁÃÊÉ Õ ÄÁ×ÃÏǲ× 
ÐÒÚÙÊöÔÙÃÈ ÄÏ ÂÁÄÁÎÉÁ 2)3% ÊÅÓÔ ÒÏǲ×ÎÉÅÚȗ 
ÃÚÙÎÎÉËÉÅÍ ÐÒÚÙÃÚÙÎÉÁÊäÃÙÍ ÓÉö ÄÏ ÒÏǲÚȗÎÉÃÙ × 
ÃÚöÓÔÏÓǲÃÉ ×ÙÓÔöÐÏ×ÁÎÉÁ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁȢ 
:ȘÅÌÁÚÏ × ÏÒÇÁÎÉÚÍÉÅ ÍÏÚȗÎÁ ÚÍÉÅÒÚÙÃǲ Ú ÍÁčÅÊ 
ÐÒÏǲÂËÉ ËÒ×É ×čÏÓǲÎÉÃÚËÏ×ÅÊȢ "ÁÄÁÎÉÁ ÍÅÔÁÂÏ-
ÌÉÚÍÕ ÏÒÁÚ ÚÍÉÁÎ × ÓÔöÚȗÅÎÉÕ ÚȗÅÌÁÚÁ × 
ÏÒÇÁÎÉÚÍÉÅ ÏÐÉÅÒÁ ÓÉö ÎÁ ÍÁÓÉÅ ÃÉÁčÁȟ Á ÎÉÅ ÎÁ 

×ÁÒÔÏÓǲÃÉÁÃÈ ÂÅÚ×ÚÇÌöÄÎÙÃÈȢ "ÁÄÁÎÉÅ Ó4Æ2 ÊÅÓÔ 
ÚÎÁÃÚÎÉÅ ÄÒÏÚȗÓÚÅ ÎÉÚȗ ÉÎÎÅ ÐÁÒÁÍÅÔÒÙ ɉ0ÕÎÎÏÎÅÎ 
ÁÎÄ 2ÁÊÁÍÁȃËÉȟ ρωωωɊȢ 

:ÍÉÁÎÙ × ËÏÎ×ÅÎÃÊÏÎÁÌÎÙÃÈ ÐÁÒÁÍÅÔÒÁÃÈ 
ÍÏÒÆÏÌÏÇÉÃÚÎÙÃÈ ÅÒÙÔÒÏÃÙÔÏǲ×ȟ × ÔÙÍ -#6ȟ -#( 
É -#(#ȟ ÐÏÊÁ×ÉÁÊä ÓÉö ÐÏǲÚǲÎÏ × ÒÏÚ×ÏÊÕ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ É Óä ÎÉÅÃÚÕčÅ × ÄÉÁÇÎÏÓÔÙÃÅ 
ÔÅÇÏ ÓÃÈÏÒÚÅÎÉÁȟ ÃÏ ÓËÕÔËÕÊÅ ÓčÁÂä ËÏÒÅÌÁÃÊä ÔÙÃÈ 
ÚÍÉÁÎ ÚÅ ÚÍÎÉÅÊÓÚÏÎÙÍ ÐÏÚÉÏÍÅÍ ÚȗÅÌÁÚÁ É 
ÎÉÚȗÓÚä ÏÄ ÈÅÍÏÇÌÏÂÉÎÙ ÐÒÚÙÄÁÔÎÏÓǲÃÉä ÔÙÃÈ 
ÐÁÒÁÍÅÔÒÏǲ× × ÐÒÚÅ×ÉÄÙ×ÁÎÉÕ ÐÏǲÚǲÎÉÅÊÓÚÅÇÏ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ ɉ!ÌÅØÁÎÄÅÒ ÅÔ ÁÌȢȟ ςπππȠ 3ÔÅÒÎ 
ÅÔ ÁÌȢȟ ςπρςɊȢ 0ÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÊÅÓÔ 
Õ×ÁÚȗÁÎÙ ÚÁ ȺÚčÏÔÙ ÓÔÁÎÄÁÒÄȻ × ÄÉÁÇÎÏÓÔÙÃÅ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ× ËÒ×É ɉ#ÌÁÒËȟ ςππωɊȢ 
7 ËÉÌËÕ ÂÁÄÁÎÉÁÃÈ ×ÙËÁÚÁÎÏȟ ÚȗÅ ÓÔöÚȗÅÎÉÅ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÊÅÓÔ ×ÓËÁÚǲÎÉËÉÅÍ 
ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ ɉ!ÇÈÁ ÁÎÄ +ÈÁÎȟ ρωψωȠ -ÉÌÍÁÎȟ 
ρωωφɊȢ 7ÅÄčÕÇ 'ÕÙÁÔÔÁ É ÉÎȢ ɉρωωςɊȟ ÐÏÚÉÏÍ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ Ѓρυ ÎÇȾÍÌ ÊÅÓÔ ÚÇÏÄÎÙ Ú 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉä ÓÐÏ×ÏÄÏ×ÁÎä ÎÉÅÄÏÂÏÒÅÍ 
ÚȗÅÌÁÚÁȟ Ú ÏÄÐÏ×ÉÅÄÎÉÏ υωϷ É ωωϷ ÃÚÕčÏÓǲÃÉä É 
Ó×ÏÉÓÔÏÓǲÃÉäȢ 2$7 ÚÏÓÔÁčÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÅ ÊÁËÏ 
ÍÁÒËÅÒ ×ÃÚÅÓÎÅÊ ÄÉÁÇÎÏÚÙ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ × 
ÐÏÒÏǲ×ÎÁÎÉÕ Ú -#6 ÌÕÂ -#( ɉ*ÁÉÎ ÅÔ ÁÌȢȟ ςπρψɊȢ  

"ÁÄÁÎÉÅ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ × -ÁÌÅÚÊÉ ÎÁ 
ως ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÁÃÈ ËÒ×É É ωυ ÐÉÅÒ×ÓÚÏ-
ÒÁÚÏ×ÙÃÈ ÄÁ×ÃÁÃÈ ËÒ×É ×ÙËÁÚÁčÏȟ ÚȗÅ ×ÓǲÒÏǲÄ 
ÂÁÄÁÎÙÃÈ ÎÉÅÄÏÂÏǲÒ ÚȗÅÌÁÚÁ ×ÙÓÔäÐÉč Õ χȟτ Ϸ 
ÄÁ×ÃÏǲ× ÐÉÅÒ×ÓÚÏÒÁÚÏ×ÙÃÈ É Õ ρχȟτ Ϸ ÄÁ×ÃÏǲ× 
ÒÅÇÕÌÁÒÎÙÃÈ ɉ.ÁÄÁÒÁÊÁÎ ÁÎÄ %Ï×ȟ ςππςɊȢ 
0ÏÄÏÂÎÅ ×ÙÎÉËÉ ÕÚÙÓËÁÌÉ ÒÏǲ×ÎÉÅÚȗ -ÉÔÔÁÌ É ÉÎȢ 
ɉςππφɊȟ ÐÒÚÙ ÃÚÙÍ ÓÔ×ÉÅÒÄÚÉÌÉ ÏÎÉȟ ÚȗÅ ÐÏÚÉÏÍ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ Õ ςρ Ϸɀςω Ϸ ÚÂÁÄÁÎÙÃÈ 
ÐÒÚÅÚ ÎÉÃÈ ÄÁ×ÃÏǲ× ÂÙč ÎÉÚȗÓÚÙ ÎÉÚȗ ρυ ʈÇȾÌȢ  

"ÁÄÁÎÉÅ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÎÁ υππ ÌÏÓÏ×Ï 
×ÙÂÒÁÎÙÃÈ ÈÉÓÚÐÁÎǲÓËÉÃÈ ÄÁ×ÃÁÃÈ ËÒ×É É ÎÁ ςππ 
ÏÓÏÂÁÃÈ ÕÂÉÅÇÁÊäÃÙÃÈ ÓÉö Ï ÚÇÏÄö ÎÁ ÏÄÄÁÎÉÅ 
ËÒ×É ɉÇÒÕÐÁ ËÏÎÔÒÏÌÎÁɊ ×ÙËÁÚÁčÏȟ ÚȗÅ ÄÁ×ÃÙ ÚÅ 
Ú×ÉöËÓÚÏÎÙÍ ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ ɉÓÔöÚȗÅÎÉÅ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ Ѓρυ ÎÇȾÍÌɊ ÓÔÁÎÏ×ÉÌÉ 
χȟτ Ϸ ÍöÚȗÃÚÙÚÎ É ρρȟψ Ϸ ËÏÂÉÅÔ ɉ(ÅÒÎÁǲÎÄÅÚ 
,ÁÍÁÓ ÅÔ ÁÌȢȟ ρωωτɊȢ 7ÅÄčÕÇ $ÁÔÔÁ É ÉÎȢ ɉςπρσɊ 
ÄÁ×ÃÏǲ× ÐÏÔÅÎÃÊÁÌÎÉÅ ÎÁÒÁÚȗÏÎÙÃÈ ÎÁ ÒÏÚ×ÏǲÊ 
ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ Ú ÐÏ×ÏÄÕ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ 
ÍÏÚȗÎÁ ×ÙËÒÙÃǲ ÔÙÌËÏ ÐÏÐÒÚÅÚ ÏÓÚÁÃÏ×ÁÎÉÅ 
ÓÔöÚȗÅÎÉÁ ÆÅÒÒÙÔÙÎÙȢ 7 ÂÁÄÁÎÉÕ ÐÒÚÅÐÒÏ×ÁÄ-
ÚÏÎÙÍ × 3ÏËÏÔÏ × .ÉÇÅÒÉÉȟ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ 
ÏÃÅÎÉÁÎÏ ÎÁ ÐÏÄÓÔÁ×ÉÅ ÓÔöÚȗÅÎÉÁ ÆÅÒÒÙÔÙÎÙ × 
ÓÕÒÏ×ÉÃÙ É ÓÔ×ÉÅÒÄÚÏÎÏȟ ÚȗÅ ÄÁ×ÃÙ ÍÉÅÌÉ ÎÉÚȗÓÚÅ 
ÓÔöÚȗÅÎÉÅ ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ɉÍÅÄÉÁÎÁ 
ωυ ʈÇȾÌɊȟ ÎÉÚȗ ÏÓÏÂÙ ÎÉÅÏÄÄÁÊäÃÅ ËÒ×É ɉÍÅÄÉÁÎÁ 
ρσφ ʈÇȾÌɊ ɉ%ÒÈÁÂÏÒ ÅÔ ÁÌȢȟ ςπρτɊȢ  
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5 ÍöÚȗÃÚÙÚÎ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ 
×ÚÒÁÓÔÁ ×ÒÁÚ Ú ×ÉÅËÉÅÍȢ 7ÚÒÏÓÔ ÔÅÎ ÊÅÓÔ 
ÓÚÃÚÅÇÏǲÌÎÉÅ ×ÙÒÁÚǲÎÙ × ×ÉÅËÕ ÏÄ ρψ ÄÏ σπ ÌÁÔȢ 
5×ÁÚȗÁÎÏȟ ÚȗÅ Õ ÍöÚȗÃÚÙÚÎ × ÔÙÍ ×ÉÅËÕ Ô×ÏÒÚä 
ÓÉö ×ÉöËÓÚÅ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ ɉ&ÉÎÃÈ ÅÔ ÁÌȢȟ ρωχχɊȢ 
:ÁÐÁÓÙ ÚȗÅÌÁÚÁ Õ ËÏÂÉÅÔ ÊÕÚȗ ÎÉÅÍÉÅÓÉäÃÚËÕÊäÃÙÃÈ 
Óä ×ÙÚȗÓÚÅ ÎÉÚȗ Õ ËÏÂÉÅÔ ÍÉÅÓÉäÃÚËÕÊäÃÙÃÈȟ 
ÐÏÍÉÍÏ ÓÔÁÒÓÚÅÇÏ ×ÉÅËÕ ÔÙÃÈ ÐÉÅÒ×ÓÚÙÃÈȟ É 
ÄčÕÚȗÓÚÅÇÏ ÃÚÁÓÕ ÐÏÓǲ×ÉöÃÏÎÅÇÏ ÎÁ ×ÙÓÉčÅË 
Ú×ÉäÚÁÎÙ Ú ÐÒÁÃäȟ ×ÙÃÈÏ×ÁÎÉÅÍ ÄÚÉÅÃÉ É 
ÐÒÏ×ÁÄÚÅÎÉÅÍ ÄÏÍÕȢ 0ÏÄËÒÅÓǲÌÁ ÔÏ ÚÎÁÃÚäÃÙ 
×ÐčÙ× ÕÔÒÁÔÙ ËÒ×É ÍÅÎÓÔÒÕÁÃÙÊÎÅÊ ÎÁ ÚÍÎÉÅÊÓ-
ÚÅÎÉÅ ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÁÃÈ ËÏÂÉÅÔȢ  

-öÚȗÃÚÙÚǲÎÉ ÐÏ ÄÏÎÁÃÊÉ ÍÁÊä ÎÁÊÓÉÌÎÉÅÊÓÚÙ 
ÓÐÁÄÅË ÐÏÚÉÏÍÕ ÆÅÒÒÙÔÙÎÙ Ú ÐÏ×ÏÄÕ ×ÙÓÏËÉÃÈ 
ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ ÐÒÚÅÄ ÄÏÎÁÃÊäȟ Á Õ ËÏÂÉÅÔ 
ÃÚöÓǲÃÉÅÊ ×ÙÓÔöÐÕÊÅ ÐÒÏÂÌÅÍ ×ÙÃÚÅÒÐÁÎÙÃÈ 
ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁȟ ÃÏ ×ÙÍÁÇÁ ÐÏÎÏ×ÎÅÊ ÏÃÅÎÙ 
ËÒÙÔÅÒÉÏǲ× ÄÏÐÕÓÚÃÚÁÎÉÁ ÌÕÄÚÉ ÄÏ ÏÄÄÁ×ÁÎÉÁ 
ËÒ×ÉȢ 3ÉÌÎÙ ÓÐÁÄÅË ÐÏÚÉÏÍÕ ÆÅÒÒÙÔÙÎÙ ÐÏ ÄÏÎÁÃÊÉ 
Õ ÍöÚȗÃÚÙÚÎ ÍÏÚȗÅ ÂÙÃǲ ÓÐÏ×ÏÄÏ×ÁÎÙ ÃÚöÓÔÙÍ 
ÏÄÄÁ×ÁÎÉÅÍ ËÒ×É ÏÒÁÚ ÆÁËÔÅÍȟ ÚȗÅ ÌÅÃÚÏÎÏ ÔÙÌËÏ 
ÄÁ×ÃÏǲ× ÐčÃÉ ÍöÓËÉÅÊ Ú ÎÉÓËÉÍ ÐÏÚÉÏÍÅÍ 
ÈÅÍÏÇÌÏÂÉÎÙȢ 0Ï×ÙÚȗÓÚÅ ÆÁËÔÙ Óä ×ÁÚȗÎÙÍ 
ÄÏ×ÏÄÅÍ ÎÁ ÔÏȟ ÚȗÅ ÓÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ Õ 
ÄÁ×ÃÏǲ× ËÒ×É ÎÉÅ ÊÅÓÔ ÓÔÏÓÏ×ÁÎÁ ×Å ×čÁÓǲÃÉ×Ù 
ÓÐÏÓÏǲÂȢ 

0ÏÎÏ×ÎÁ ÏÃÅÎÁ ÐÒÏÆÉÌÁËÔÙËÉ ÎÉÅÄÏÂÏÒÕ 
ÚȗÅÌÁÚÁ ÊÅÓÔ ËÏÎÉÅÃÚÎÁ ÚÁÒÏǲ×ÎÏ ÄÌÁ ÍöÚȗÃÚÙÚÎȟ ÊÁË 
É ËÏÂÉÅÔȢ !ÂÙ ÚÁÐÅ×ÎÉÃǲ ÇÏÔÏ×ÏÓǲÃǲ ÄÁ×ÃÙȟ ÔÅÒÁÐÉÁ 
ÚÁÓÔöÐÃÚÁ ÚȗÅÌÁÚÅÍ ×ÙÍÁÇÁ ÚÉÎÄÙ×ÉÄÕÁÌÉÚÏ-
×ÁÎÅÇÏ ÐÏÄÅÊÓǲÃÉÁȢ $Á×ÃÙ ÂÅÚ ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ 
ɉЃρυ ÎÇȾÍÌɊ ÐÏ×ÉÎÎÉ ÂÙÃǲ ÎÉÍ ÓÕÐÌÅÍÅÎÔÏ×ÁÎÉȟ 
ÏÔÒÚÙÍÕÊäÃ ρππ ÍÇ ÔÅÇÏ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁ 
ÄÚÉÅÎÎÉÅ × ÃÉäÇÕ ςπ ÄÎÉ ÐÏ ÏÄÄÁÎÉÕ ËÒ×ÉȢ 5 
ÄÁ×ÃÏǲ× Ú ÐÏÚÉÏÍÅÍ ÆÅÒÒÙÔÙÎÙ ÎÉÚȗÓÚÙÍ ÎÉÚȗ 
ρυ ÎÇȾÍÌȟ ËÔÏǲÒÙÃÈ ÌÅÃÚÏÎÏ ÚȗÅÌÁÚÅÍ ÏÄÎÏÔÏ×ÁÎÏ 
ÓÚÙÂËä ÐÏÐÒÁ×ö ÐÏÚÉÏÍÕ ÈÅÍÏÇÌÏÂÉÎÙ 
(Alvarez-Ossorio et al., 2000). 

7 ÂÁÄÁÎÉÕ !ÎÊÕ É ÉÎȢ ɉςπςςɊ ÐÏÚÉÏÍ ÆÅÒÒÙ-
ÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÄÁ×ÃÏǲ× ÓÔÏÐÎÉÏ×Ï ÓÐÁÄÁč 
×ÒÁÚ Ú ÌÉÃÚÂä ÄÏÎÁÃÊÉȟ ÃÏ ÂÙčÏ ÓÔÁÔÙÓÔÙÃÚÎÉÅ 
ÉÓÔÏÔÎÅȢ 2ÏǲÚȗÎÉÃÁ ÐÏÚÉÏÍÕ ÆÅÒÒÙÔÙÎÙ ÂÙčÁ 
×ÙÒÁÚǲÎÁ ÐÒÚÙ ÐÏÒÏǲ×ÎÁÎÉÕ ÓÔÁčÙÃÈ ÄÁ×ÃÏǲ×ȟ 
ËÔÏǲÒÚÙ ÏÄÄÁÌÉ ËÒÅ× ÍÎÉÅÊ ÎÉÚȗ ÄÚÉÅÓÉöÃǲ ÒÁÚÙ ÚÅ 
ÓÔÁčÙÍÉ ÄÁ×ÃÁÍÉȟ ËÔÏǲÒÚÙ ÏÄÄÁÌÉ ËÒÅ× ×ÉöÃÅÊ ÎÉÚȗ 
ÄÚÉÅÓÉöÃǲ ÒÁÚÙȢ 0Ï Ä×ÕÄÚÉÅÓÔÕ É ×ÉöËÓÚÅÊ ÉÌÏÓǲÃÉ 
ÄÏÎÁÃÊÉ ÐÏÚÉÏÍ ÔÅÇÏ ×ÓËÁÚǲÎÉËÏ×ÅÇÏ ÂÉÁčËÁ 
ÐÏÚÏÓÔÁ×Áč ÎÉÅÚÍÉÅÎÎÙȢ 0Ï×ÙÚȗÓÚÅ ×ÙÎÉËÉ Óä 
ÚÇÏÄÎÅ Ú ×ÙÎÉËÁÍÉ ÕÚÙÓËÁÎÙÍÉ × ÂÁÄÁÎÉÁÃÈ 
ÄÁ×ÃÏǲ× ËÒ×É × 3ÏËÏÔÏ × .ÉÇÅÒÉÉ ɉ%ÒÈÁÂÏÒ ÅÔ ÁÌȢȟ 
ςπρτɊȟ ÊÅÄÎÁËÚȗÅ Óä ÓÐÒÚÅÃÚÎÅ Ú ×ÙÎÉËÁÍÉ 
ÕÚÙÓËÁÎÙÍÉ ÐÒÚÅÚ -ÁÈÉÄÁ É ÉÎȢ ɉςππψɊȟ ËÔÏǲÒÚÙ 
ÎÉÅ ÚÎÁÌÅÚǲÌÉ ÉÓÔÏÔÎÅÊ ÒÏǲÚȗÎÉÃÙ ÍÉöÄÚÙ ÐÏÚÉÏÍÅÍ 

ÆÅÒÒÙÔÙÎÙ Õ ÏÓÏǲÂ Ú ÇÒÕÐÙ ËÏÎÔÒÏÌÎÅÊ É Õ ÄÁ×ÃÏǲ×ȟ 
ËÔÏǲÒÚÙ ÏÄÄÁÌÉ ÍÎÉÅÊ ÎÉÚȗ ςπ ÊÅÄÎÏÓÔÅË ËÒ×ÉȢ  

"ÁÄÁÎÉÅ 2)3% ×ÙËÁÚÁčÏ ρτȤËÒÏÔÎÉÅ 
×ÉöËÓÚÅ ÒÙÚÙËÏ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ×ȟ 
ËÔÏǲÒÚÙ ÏÄÄÁÌÉ σȤτ ÊÅÄÎÏÓÔËÉ ËÒ×É × ÃÉäÇÕ 
ÐÏÐÒÚÅÄÎÉÃÈ Ä×ÏǲÃÈ ÌÁÔ É υπȤËÒÏÔÎÉÅ ×ÉöËÓÚÅ 
ÒÙÚÙËÏ Õ ÔÙÃÈȟ ËÔÏǲÒÚÙ ÏÄÄÁÌÉ ÄÚÉÅÓÉöÃǲ ÌÕÂ ×ÉöÃÅÊ 
ÊÅÄÎÏÓÔÅË × ÐÏÒÏǲ×ÎÁÎÉÕ Ú ÄÁ×ÃÁÍÉȟ ËÔÏǲÒÚÙ 
ÏÄÄÁÌÉ ËÒÅ× ÐÏ ÒÁÚ ÐÉÅÒ×ÓÚÙ ɉ#ÁÂÌÅ ÅÔ ÁÌȢȟ ςπρρɊȢ 
"ÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ × -ÁÌÅÚÊÉ ÎÁ ωυ 
ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÁÃÈ ËÒ×É É ÎÁ ωυ ÄÁ×ÃÁÃÈ 
ÐÉÅÒ×ÓÚÏÒÁÚÏ×ÙÃÈ ×ÙËÁÚÁčÙ ×ÙÓÔöÐÏ×ÁÎÉÅ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ Õ χȟτϷ ÄÁ×ÃÏǲ× ÐÉÅÒ×ÓÚÏ-
ÒÁÚÏ×ÙÃÈ É Õ ρχȟτϷ ÄÁ×ÃÏǲ× ÒÅÇÕÌÁÒÎÙÃÈ 
ɉ.ÏÒÁÓÈÉËÉÎ ÅÔ ÁÌȢȟ ςππφɊȢ  

!ÂÙ ÏËÒÅÓǲÌÉÃǲ ÚÁÐÁÓÙ ÚȗÅÌÁÚÁ ÐÒÚÅÄ ÉÃÈ 
×ÙÃÚÅÒÐÁÎÉÅÍ × ×ÙÎÉËÕ ÄÏÎÁÃÊÉȟ ÎÁÌÅÚȗÙ 
ÚÍÉÅÒÚÙÃǲ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÎÁ ÊÅÓÚÃÚÅ 
×ÃÚÅÓǲÎÉÅÊÓÚÙÍ ÅÔÁÐÉÅȢ 7 ÐÒÚÙÐÁÄËÕ ÄÁ×ÃÏǲ× 
ÒÅÇÕÌÁÒÎÉÅ ÐÒÚÙÊÍÕÊäÃÙÃÈ ÓÕÐÌÅÍÅÎÔÙ ÚȗÅÌÁÚÁ 
ÐÏÍÉÁÒ ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ ÐÏ ËÁÚȗÄÅÊ 
ÄÚÉÅÓÉäÔÅÊ ÄÏÎÁÃÊÉ ÊÅÓÔ ×ÙÓÔÁÒÃÚÁÊäÃÙȟ ÁÂÙ ÓǲÌÅÄÚÉÃǲ 
ÓËÕÔÅÃÚÎÏÓǲÃǲ ÔÅÒÁÐÉÉȢ 7 ÂÁÄÁÎÉÕ !ÎÊÕ É ÉÎȢ ɉςπςςɊȟ 
σωȟρϷ ÄÁ×ÃÏǲ× Ú ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉä ÍÉÁčÏ 
ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ρυɀυπ ÎÇȾÍÌȟ ÐÏÄÃÚÁÓ ÇÄÙ 
τψȟσϷ ÄÁ×ÃÏǲ× ÂÅÚ ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉ ÍÉÁčÏ 
ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ρυɀυπ ÎÇȾÍÌȢ ψφȟχϷ ÏÓÏǲÂ Ú 
(Â ÐÏ×ÙÚȗÅÊ ρςȟυ ÇȾÄÌ ÍÉÁčÏ ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ 
Ѓρππ ÎÇȾÄÌȟ ÃÏ ÂÙčÏ ÓÔÁÔÙÓÔÙÃÚÎÉÅ ÉÓÔÏÔÎÅȢ 
0ÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÚȗÅÊ ×ÙÎÉËÉ ÐÏÔ×ÉÅÒÄÚÁÊä 
ËÏÎÉÅÃÚÎÏÓǲÃǲ ÐÒÏ×ÁÄÚÅÎÉÁ Õ ÄÁ×ÃÏǲ× ËÒ×É 
ÒÅÇÕÌÁÒÎÙÃÈ ÂÁÄÁÎǲ ÐÒÚÅÓÉÅ×Ï×ÙÃÈ ÆÅÒÒÙÔÙÎÙ 
ÏÒÁÚ ËÏÎÉÅÃÚÎÏÓǲÃǲ ÐÒÏ×ÁÄÚÅÎÉÁ ÓÙÓÔÅÍÁÔÙÃÚÎÅÊ 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁȢ 0ÏÐÒÚÅÄÎÉÅ ÒÁÐÏÒÔÙ 
ÓÕÇÅÒÕÊäȟ ÚȗÅ ÏÄÄÁ×ÁÎÉÅ ςȤσ ÊÅÄÎÏÓÔÅË ËÒ×É 
ÒÏÃÚÎÉÅ ÚÁÐÅ×ÎÉÁ ÐÏÚÉÏÍ (Â É ÆÅÒÒÙÔÙÎÙ ÐÒÚÅÄ 
ÄÏÎÁÃÊä ×ÙÎÏÓÚäÃÙ ÏÄÐÏ×ÉÅÄÎÉÏ Іρτȟχ ÇȾÄÌ É 
υψȟω ʈÇȾÌ ɉ$ÊÁÌÁÌÉ ÅÔ ÁÌȢȟ ςππφɊȢ 

 
χȢ "ÁÄÁÎÉÁ ÎÁÄ ÓÕÐÌÅÍÅÎÔÁÃÊä ŀÅÌÁÚÁ Õ 

ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×Ãĕ× ËÒ×ÉȢ 7 ÂÁÄÁÎÉÁÃÈ 
(ÅÍÏÇÌÏÂÉÎ ÁÎÄ )ÒÏÎ 2ÅÃÏÖÅÒÙ 3ÔÕÄÙȟ ÂöÄäÃÅ 
ÃÚöÓǲÃÉä 2ÅÃÉÐÉÅÎÔ %ÐÉÄÅÍÉÏÌÏÇÙ ÁÎÄ $ÏÎÏÒ 
%ÖÁÌÕÁÔÉÏÎ 3ÔÕÄÙȤ))) ɉ2%$3Ȥ)))Ɋȟ ÐÒÚÅÐÒÏ×ÁÄ-
ÚÏÎÙÃÈ ÐÒÚÅÚ .ÁÔÉÏÎÁÌ (ÅÁÒÔȟ ,ÕÎÇȟ ÁÎÄ "ÌÏÏÄ 
)ÎÓÔÉÔÕÔÅ × 53!ȟ ÐÏÒÏǲ×ÎÁÎÏ ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ ÎÉÅ 
ÏÔÒÚÙÍÙ×ÁÌÉ ÓÕÐÌÅÍÅÎÔÏǲ× ÚȗÅÌÁÚÁȟ Ú ÔÙÍÉȟ ËÔÏǲÒÚÙ 
ÊÅ ÏÔÒÚÙÍÙ×ÁÌÉȢ 5ÚȗÙ×ÁÊäÃ ÐÒÏÇÕ ÆÅÒÒÙÔÙÎÙȟ 
×ÙÎÏÓÚäÃÅÇÏ ςφ ÎÇȾÍÌȟ ×ÙËÁÚÁÎÏȟ ÚȗÅ ÂÉÏÒÃÙ 
ÓÕÐÌÅÍÅÎÔÏǲ× ÚȗÅÌÁÚÁ ÍÉÅÌÉ ÄÏ ψπϷ ËÒÏǲÔÓÚÙ ÃÚÁÓ 
ÒÅÇÅÎÅÒÁÃÊÉ ÈÅÍÏÇÌÏÂÉÎÙ ÚÁÒÏǲ×ÎÏ × ÇÒÕÐÉÅ Ú 
ÎÉÓËÉÍȟ ÊÁË É ×ÙÓÏËÉÍ ÐÏÚÉÏÍÅÍ ÔÅÇÏ 
×ÓËÁÚǲÎÉËÏ×ÅÇÏ ÂÉÁčËÁ ɉ+ÉÓÓ ÅÔ ÁÌȢȟ ςπρυɊȢ  
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.Á×ÅÔ Õ ÄÁ×ÃÏǲ× Ú ÎÁÄÍÉÁÒÅÍ ÚȗÅÌÁÚÁ 
ÓǲÒÅÄÎÉ ÏÄÚÙÓË ÈÅÍÏÇÌÏÂÉÎÙ ×ÙÎÏÓÉč ÔÙÌËÏ χπϷ 
ÐÏ ÏÓǲÍÉÕ ÔÙÇÏÄÎÉÁÃÈȟ ÐÏÎÉÅ×ÁÚȗ ×ÃÈčÁÎÉÁÎÉÅ 
ÚȗÅÌÁÚÁ Ú ÄÉÅÔÙ ÊÅÓÔ ÃÚÙÎÎÉËÉÅÍ ÏÇÒÁÎÉÃÚÁÊäÃÙÍ 
ÕÚÕÐÅčÎÉÁÎÉÅ ÚÁÐÁÓÏǲ× ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ÎÁ 
ÄÒÏÄÚÅ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ɉ+ÉÓÓ ÅÔ ÁÌȢȟ ςπρυɊȢ 
"ÁÄÁÎÉÅ ÐÏÒÏǲ×ÎÕÊäÃÅ ÒÅÁËÃÊö ÎÁ ÐÌÁÃÅÂÏ Ú 
ÒÅÁËÃÊä ÎÁ ÓÕÐÌÅÍÅÎÔÁÃÊö ÚȗÅÌÁÚÁ ËÁÒÂÏÎÙÌÏ×ÅÇÏ 
Õ ËÏÂÉÅÔ × ×ÉÅËÕ ÏÄ ρψȢ ÄÏ τπȢ ÌÁÔ ÐÒÚÅÚ υφ ÄÎÉ 
ÐÏ ÐÏÂÒÁÎÉÕ ËÒ×É ×ÙËÁÚÁčÏȟ ÚȗÅ ÓÕÐÌÅÍÅÎÔÁÃÊÁȟ 
ÄÉÅÔÁ ÌÕÂ ÏÂÁ ÔÅ ÃÚÙÎÎÉËÉ ÂÙčÙ ×ÙÓÔÁÒÃÚÁÊäÃÅ ÄÏ 
ÕÚÕÐÅčÎÉÅÎÉÁ ÚÁÐÁÓÏǲ× ÚȗÅÌÁÚÁ Õ ψυ Ϸ ÏÓÏǲÂ 
ÏÔÒÚÙÍÕÊäÃÙÃÈ ÚȗÅÌÁÚÏ ËÁÒÂÏÎÙÌÏ×Å × ÐÏÒÏǲ×-
ÎÁÎÉÕ ÄÏ ÚÁÌÅÄ×ÉÅ ςω Ϸ ÏÓÏǲÂ ÏÔÒÚÙÍÕÊäÃÙÃÈ 
ÐÌÁÃÅÂÏȢ 0ÏÎÁÄÔÏ ×ÓËÁÚǲÎÉËÉ ÏÄÒÏÃÚÅÎÉÁ ÄÏ 
ÐÏÎÏ×ÎÅÇÏ ÏÄÄÁÎÉÁ ËÒ×É ×ÙÎÉÏÓčÙ ÏÄÐÏ-
×ÉÅÄÎÉÏ ψ Ϸ É σφ Ϸ ɉ'ÏÒÄÅÕË ÅÔ ÁÌȢȟ ρωωπɊȢ  

7 ÂÁÄÁÎÉÁÃÈ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÙÃÈ ÐÒÚÅÚ 
!ÕÓÔÒÁÌÉÊÓËä 3čÕÚȗÂö +Ò×ÉÏÄÁ×ÓÔ×Á #ÚÅÒ×ÏÎÅÇÏ 
+ÒÚÙÚȗÁ ÏÃÅÎÉÏÎÏ ×ÐčÙ× ÃÏÄÚÉÅÎÎÅÊ ÓÕÐÌÅÍÅÎ-
ÔÁÃÊÉ ÚȗÅÌÁÚÁ ËÁÒÂÏÎÙÌÏ×ÅÇÏ É ÐÌÁÃÅÂÏȟ 
ÐÏÄÁ×ÁÎÙÃÈ ÐÒÚÅÚ ÏÓÉÅÍ ÔÙÇÏÄÎÉ ÊÁËÏ ÔÅÒÁÐÉÉ 
ÕÚÕÐÅčÎÉÁÊäÃÅÊ ÔÅÎ ÍÉËÒÏÐÉÅÒ×ÉÁÓÔÅË Õ ÏÓÏǲÂ ÐÏ 
ÏÄÄÁÎÉÕ ÐÒÚÅÚ ÎÉÃÈ ËÒ×ÉȢ $Á×ÃÙ ÏÔÒÚÙÍÕÊäÃÙ 
ÚȗÅÌÁÚÏ ËÁÒÂÏÎÙÌÏ×Å ÍÉÅÌÉ ÚÎÁÃÚÎÉÅ ×ÙÚȗÓÚÙ 
ÐÏÚÉÏÍ ÆÅÒÒÙÔÙÎÙ ÏÒÁÚ ×ÙÚȗÓÚÙ ÓǲÒÅÄÎÉ ÐÏÚÉÏÍ 
ÈÅÍÏÇÌÏÂÉÎÙ × Ä×ÕÎÁÓÔÙÍ ÔÙÇÏÄÎÉÕ ÏÄ 
ÒÏÚÐÏÃÚöÃÉÁ ËÕÒÁÃÊÉȢ 0ÏÎÁÄÔÏ ÏÄÓÅÔÅË ÄÁ×ÃÏǲ× Ú 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ ÂÙč ÚÎÁÃÚÎÉÅ ÎÉÚȗÓÚÙ × ÇÒÕÐÉÅ 
ÏÔÒÚÙÍÕÊäÃÅÊ ÚȗÅÌÁÚÏ ËÁÒÂÏÎÙÌÏ×Å ÎÉÚȗ × ÇÒÕÐÉÅ 
ÏÔÒÚÙÍÕÊäÃÅÊ ÐÌÁÃÅÂÏȟ ÄÚÉöËÉ ÃÚÅÍÕ Ú×ÉöËÓÚÙčÁ 
ÓÉö ÌÉÃÚÂÁ ÏÓÏǲÂ ÚÁË×ÁÌÉÆÉËÏ×ÁÎÙÃÈ ÄÏ ÐÏÎÏ×-
ÎÅÇÏ ÏÄÄÁÎÉÁ ËÒ×É × Ä×ÕÎÁÓÔÙÍ ÔÙÇÏÄÎÉÕ ÐÏ 
ÏÓÔÁÔÎÉÅÊ ÄÏÎÁÃÊÉȢ /ËÏčÏ ψχϷ ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ 
ÏÔÒÚÙÍÁÌÉ ÚȗÅÌÁÚÏ ËÁÒÂÏÎÙÌÏ×Åȟ ÚÇčÏÓÉčÏȟ ÚȗÅ ÂöÄä 
ÊÅ ÎÁÄÁÌ ÐÒÚÙÊÍÏ×ÁÃǲȟ ÃÈÏÃÉÁÚȗ ÚÎÁÃÚÎÉÅ ×ÉöÃÅÊ 
ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ ÏÔÒÚÙÍÁÌÉ ÓÕÐÌÅÍÅÎÔÙ ÚȗÅÌÁÚÁ 
ÄÏÓǲ×ÉÁÄÃÚÙčÏ ÃÏ ÎÁÊÍÎÉÅÊ ÊÅÄÎÅÇÏ ÎÉÅÐÏÚȗäÄÁ-
ÎÅÇÏ ÚÄÁÒÚÅÎÉÁ ÚȗÏčäÄËÏ×ÏȤÊÅÌÉÔÏ×ÅÇÏ ɉ-ÁÒËÓ ÅÔ 
ÁÌȢȟ ςπρτɊȢ 3ËÕÔÅÃÚÎÏÓǲÃǲ ËÒÏǲÔËÏÔÒ×ÁčÅÊ ÓÕÐÌÅÍÅÎ-
ÔÁÃÊÉ ÚȗÅÌÁÚÅÍ ËÁÒÂÏÎÙÌÏ×ÙÍ × ÂÅÚÐÉÅÃÚÎÙÍ 
ÕÚÕÐÅčÎÉÁÎÉÕ ÚȗÅÌÁÚÁ ÕÔÒÁÃÏÎÅÇÏ ÐÏÄÃÚÁÓ 
ÏÄÄÁ×ÁÎÉÁ ËÒ×É Õ ÄÁ×ÃÚÙÎǲ ÓÔ×ÉÅÒÄÚÉÌÉ ÔÁËÚȗÅ 
-ÁÎÔÁÄÁËÉÓ É ÉÎȢ ɉςπςςɊȢ 

7 3Ú×ÅÃÊÉ ×ÙËÏÎÁÎÏ ÂÁÄÁÎÉÁ ÒÁÎÄÏÍÉÚÏ-
×ÁÎÅ Ú ÕÄÚÉÁčÅÍ ρςπ ÄÁ×ÃÏǲ× ËÒ×Éȟ ËÔÏǲÒÚÙ ÂÙÌÉ 
ÐÏ ÃÏ ÎÁÊÍÎÉÅÊ ÐÉöÃÉÕ ×ÃÚÅÓǲÎÉÅÊÓÚÙÃÈ ÄÏÎÁÃÊÁÃÈȟ 
× ËÔÏǲÒÙÃÈ ÔÏ ÂÁÄÁÎÉÁÃÈ ÐÏÒÏǲ×ÎÙ×ÁÎÏ 
ÓËÕÔÅÃÚÎÏÓǲÃǲ ÄÏÚȗÙÌÎÅÊ ÔÅÒÁÐÉÉ ÚȗÅÌÁÚÅÍ Ú 
ÓÁÃÈÁÒÏÚä ÚÅ ÓËÕÔÅÃÚÎÏÓǲÃÉä ÄÏÕÓÔÎÅÊ ÓÕÐÌÅÍÅÎ-
ÔÁÃÊÉ ÓÉÁÒÃÚÁÎÅÍ ÚȗÅÌÁÚÁȢ 7ÙÍÉÅÎÉÏÎÅ ÓÕÐÌÅÍÅÎÔÙ 
ÁÐÌÉËÏ×ÁÎÏ ÄÁ×ÃÏÍ ÐÒÚÅÚ ςπ ÄÎÉ ÐÏ ËÁÚȗÄÅÊ 
ÄÏÎÁÃÊÉ ÐÒÚÅÚ ÊÅÄÅÎ ÃÁčÙ ÒÏËȢ /ÂÁ ÓÐÏÓÏÂÙ 
ÌÅÃÚÅÎÉÁ ÂÙčÙ ÂÅÚÐÉÅÃÚÎÅȢ 5 ÏÓÏǲÂȟ Õ ËÔÏǲÒÙÃÈ 

ÚÁÓÔÏÓÏ×ÁÎÏ ÄÏÚȗÙÌÎä ÁÐÌÉËÁÃÊö ÚȗÅÌÁÚÁ Ú 
ÓÁÃÈÁÒÏÚä ÚÁÐÁÓÙ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ Ú×ÉöËÓÚÙčÙ 
ÓÉö × ÚÎÁÃÚÎÉÅ ×ÙÚȗÓÚÙÍ ÓÔÏÐÎÉÕ ÎÉÚȗ Õ ÏÓÏǲÂȟ 
ËÔÏǲÒÅ ÏÔÒÚÙÍÁčÙ ÄÏÕÓÔÎä ÓÕÐÌÅÍÅÎÔÁÃÊö 
ÓÉÁÒÃÚÁÎÅÍ ÚȗÅÌÁÚÁȢ 0ÏÎÁÄÔÏȟ ÄÁ×ÃÚÙÎÉÅ ÐčÃÉ 
ÚȗÅÎǲÓËÉÅÊȟ Á ÓÚÃÚÅÇÏǲÌÎÉÅ ÐÁÎÉÅ × ×ÉÅËÕ ÐÏÎÉÚȗÅÊ 
ÐÉöÃǲÄÚÉÅÓÉöÃÉÕ ÌÁÔȟ ÌÅÐÉÅÊ ÒÅÁÇÏ×ÁčÙ ÎÁ ÄÏÚȗÙÌÎÙ 
ÚÁÓÔÒÚÙË ÚȗÅÌÁÚÁ ÎÉÚȗ ÎÁ ÐÒÅÐÁÒÁÔ ÄÏÕÓÔÎÙ 
ɉ"ÉÒÇÅÇÁȏÒÄ ÅÔ ÁÌȢȟ ςπρπɊȢ  

"ÒÙÁÎÔ É ÉÎȢ ɉςπρςɊ ÕÓÔÁÌÉÌÉ ÎÁ ÐÏÄÓÔÁ×ÉÅ 
Ó×ÏÉÃÈ ÂÁÄÁÎǲȟ ÚȗÅ ÒÕÔÙÎÏ×Å ÐÏÄÁ×ÁÎÉÅ ÔÁÂÌÅÔÅË 
ÓÉÁÒÃÚÁÎÕ ÚȗÅÌÁÚÁ ÐÒÚÅÚ φπ ÄÎÉ ÊÅÓÔ ÂÅÚÐÉÅÃÚÎÅ É 
ÓËÕÔÅÃÚÎÅ × ÚÁÐÏÂÉÅÇÁÎÉÕ ÒÏÚ×ÏÊÏ×É ÎÉÅÄÏÂÏÒÕ 
ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ× ËÒ×ÉȢ 5 ςρ Ϸ ÂÁÄÁÎÙÃÈ ÐÒÚÅÚ 
ÔÙÃÈ ÁÕÔÏÒÏǲ× ÄÁ×ÃÏǲ×ȟ ÏÔÒÚÙÍÕÊäÃÙÃÈ ÓÉÁÒÃÚÁÎ 
ÚȗÅÌÁÚÁȟ ×ÙÓÔäÐÉčÁ ÎÉÅÔÏÌÅÒÁÎÃÊÁ ÎÁ ÔÅÎ Ú×ÉäÚÅËȟ 
×ÙÍÁÇÁÊäÃÁ ÊÅÇÏ ÚÁÍÉÁÎÙ ÎÁ ÇÌÕËÏÎÉÁÎ ÚȗÅÌÁÚÁȟ 
ÎÁÔÏÍÉÁÓÔ ÂÒÁË ÔÏÌÅÒÁÎÃÊÉ ÎÁ ÏÂÙÄ×Á ÐÒÏÄÕËÔÙ 
×ÙÓÔäÐÉč ÔÙÌËÏ Õ υ Ϸ ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ ÎÉÅ 
ËÏÎÔÙÎÕÏ×ÁÌÉ ÊÕÚȗ ÔÅÒÁÐÉÉ ÕÚÕÐÅčÎÉÁÊäÃÅÊ ÎÉÅÄÏÂÏǲÒ 
ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ ɉ"ÒÙÁÎÔ ÅÔ ÁÌȢȟ ςπρςɊȢ 

7 ÒÁÎÄÏÍÉÚÏ×ÁÎÙÍȟ ÐÏÄ×ÏǲÊÎÉÅ ÓǲÌÅÐÙÍȟ 
ËÏÎÔÒÏÌÏ×ÁÎÙÍ ÂÁÄÁÎÉÕ ËÏÂÉÅÔÙ ÐÒÚÅÄ 
ÍÅÎÏÐÁÕÚäȟ Ú ÏÂÊÁ×ÁÍÉ ÚÍöÃÚÅÎÉÁȟ ÐÏÚÉÏÍÁÍÉ 
ÆÅÒÒÙÔÙÎÙ × ÓÕÒÏ×ÉÃÙ Ѕ υπ ÎÇȾÍÌ É ÈÅÍÏÇÌÏÂÉÎÙ 
І ρς ÇȾÄÌ ÚÏÓÔÁčÙ ÌÏÓÏ×Ï ÐÒÚÙÄÚÉÅÌÏÎÅ ÄÏ 
ÏÔÒÚÙÍÙ×ÁÎÉÁ ψππ ÍÇ ÄÏÚȗÙÌÎÅÇÏ ÚȗÅÌÁÚÁ × 
ÓÁÃÈÁÒÏÚÉÅ ÌÕÂ ÐÌÁÃÅÂÏȢ :ÍöÃÚÅÎÉÅ É ÐÏÚÉÏÍ 
ÚȗÅÌÁÚÁ × ÓÕÒÏ×ÉÃÙ ÏÃÅÎÉÁÎÏ ÎÁ ÐÏÃÚäÔËÕ 
ÂÁÄÁÎÉÁ ÏÒÁÚ ÐÏ ÓÚÅÓǲÃÉÕ É Ä×ÕÎÁÓÔÕ ÔÙÇÏÄÎÉÁÃÈȢ 
/ÇÏǲčÅÍ ψς Ϸ ÐÁÃÊÅÎÔÅË ÌÅÃÚÏÎÙÃÈ ÚȗÅÌÁÚÅÍ 
ÚÇčÏÓÉčÏ ÐÏÐÒÁ×ö ÓÔÁÎÕ ÆÉÚÊÏÌÏÇÉÃÚÎÅÇÏ × 
ÐÏÒÏǲ×ÎÁÎÉÕ ÄÏ τχ Ϸ ÐÁÃÊÅÎÔÅË ÌÅÃÚÏÎÙÃÈ 
ÐÌÁÃÅÂÏȟ ÃÏ ÓÔÁÎÏ×É ÚÎÁÃÚäÃä ÒÏǲÚȗÎÉÃöȢ $ÚÉÁčÁÎÉÁ 
ÎÉÅÐÏÚȗäÄÁÎÅ Ú×ÉäÚÁÎÅ Ú ÌÅËÉÅÍ ÏÂÓÅÒ×Ï×ÁÎÏ Õ 
ςρ Ϸ ÐÁÃÊÅÎÔÅË ÌÅÃÚÏÎÙÃÈ ÚȗÅÌÁÚÅÍ É Õ χ Ϸ 
ÐÁÃÊÅÎÔÅË ÏÔÒÚÙÍÕÊäÃÙÃÈ ÐÌÁÃÅÂÏȟ ÁÌÅ ÒÏǲÚȗÎÉÃÅ ÔÅ 
ÎÉÅ ÂÙčÙ ÉÓÔÏÔÎÅ ɉ+ÒÁÙÅÎÂÕÅÈÌ ÅÔ ÁÌȢȟ ςπρρɊȢ .Á 
ÐÏÄÓÔÁ×ÉÅ ×ÙÎÉËÏǲ× ÂÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄ-
ÚÏÎÅÇÏ × $ÁÎÉÉ ×ÙËÁÚÁÎÏȟ ÚȗÅ ÉÚÏÍÁÌÔÏÚÙÄ 
ÚȗÅÌÁÚÁ ÁÐÌÉËÏ×ÁÎÙ ÐÒÚÅÄ ÄÒÕÇÉÍ É ÔÒÚÅÃÉÍ 
ÐÏÂÒÁÎÉÅÍ ËÒ×É ÂÙč ÄÏÂÒÚÅ ÔÏÌÅÒÏ×ÁÎÙ É 
ÐÏ×ÏÄÏ×Áč ×ÚÒÏÓÔ ÐÏÚÉÏÍÕ ÈÅÍÏÇÌÏÂÉÎÙȟ 
ÐÏÐÒÁ×ö ÓÔöÚȗÅÎÉÁ ÆÅÒÒÙÔÙÎÙ É ×ÙÓÙÃÅÎÉÁ 
ÔÒÁÎÓÆÅÒÙÎÙ × ÏÓÏÃÚÕȟ Á ÔÁËÚȗÅ čÁÇÏÄÚÉč ÏÂÊÁ×Ù 
ÚÍöÃÚÅÎÉÁ ɉ'ÙÂÅÌȤ"ÒÁÓË ÅÔ ÁÌȢȟ ςπρψɊȢ  

7ÙÎÉËÉ ÂÁÄÁÎǲ ÒÁÎÄÏÍÉÚÏ×ÁÎÙÃÈȟ × 
ËÔÏǲÒÙÃÈ ÐÏÒÏǲ×ÎÁÎÏ ×ÐčÙ× ÓÕÐÌÅÍÅÎÔÁÃÊÉ 
ÇÌÕËÏÎÉÁÎÅÍ ÚȗÅÌÁÚÁ Ú ÅÆÅËÔÁÍÉ ÐÒÚÙÊÍÏ×ÁÎÉÁ 
ÐÌÁÃÅÂÏ ÐÒÚÅÚ ςτ ÔÙÇÏÄÎÉÅ ÐÏ ÏÄÄÁÎÉÕ ËÒ×É 
×ÙËÁÚÁčÙȟ ÚȗÅ ÇÌÕËÏÎÉÁÎ ÚȗÅÌÁÚÁ ÐÏÚÙÔÙ×ÎÉÅ 
×ÐčÙ×Á ÎÁ ÕÚÕÐÅčÎÉÅÎÉÅ ÚÁÐÁÓÏǲ× ÔÅÇÏ 
ÐÉÅÒ×ÉÁÓÔËÁ (Cable et al., 2016). "ÁÄÁÎÉÅ 
ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÚÙÎǲ ËÒ×É × 4ÁÊÌÁÎÄÉÉ 
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×ÙËÁÚÁčÏȟ ÚȗÅ ÄÚÉÅÎÎÁ ÄÁ×ËÁ ÌÅËÕ ÚčÏÚȗÏÎÁ Ú 
ςππ ÍÇ ÆÕÍÁÒÁÎÕ ÚȗÅÌÁÚÁ É υππ ÍÇ Ë×ÁÓÕ 
ÁÓËÏÒÂÉÎÏ×ÅÇÏ ÂÙčÁ ÄÏÂÒÚÅ ÔÏÌÅÒÏ×ÁÎÁ É 
ÓËÕÔÅÃÚÎÉÅ ÐÒÚÙÓÐÉÅÓÚÁčÁ ÏÄÚÙÓËÉ×ÁÎÉÅ ÈÅÍÏ-
ÇÌÏÂÉÎÙ ÄÏ ÐÏÚÉÏÍÕ ÓÐÒÚÅÄ ÏÄÄÁÎÉÁ ËÒ×É 
ɉ#ÈÉÁÍÃÈÁÎÙÁȟ ςπρσɊȢ 7 ÂÁÄÁÎÉÕ ËÌÉÎÉÃÚÎÙÍ 
ÄÁ×ÃÏǲ× ËÒ×É Ú ÆÅÒÒÙÔÙÎä Ѓσπ ÎÇȾÍÌ ÐÒÚÙÄ-
ÚÉÅÌÏÎÏ ÌÏÓÏ×Ï ÄÏ ÁÐÌÉËÏ×ÁÎÉÁ ÉÍ ÐÏÊÅÄÙÎÃÚÅÊ 
ÄÁ×ËÉ ÄÏÚȗÙÌÎÅÊ ËÁÒÂÏËÓÙÍÁÌÔÏÚÙ ÚȗÅÌÁÚÁ ÌÕÂ 
ÄÏÕÓÔÎÅÇÏ ÆÕÍÁÒÁÎÕ ÚȗÅÌÁÚÁȢ 0ÏÊÅÄÙÎÃÚÁ ÄÁ×ËÁ 
ËÁÒÂÏËÓÙÍÁÌÔÏÚÙ ÚȗÅÌÁÚÁ ÂÙčÁ ×ÙÓÏÃÅ ÓËÕÔÅÃÚÎÁ 
× ÚÁÐÏÂÉÅÇÁÎÉÕ ÎÉÅÄÏËÒ×ÉÓÔÏÓǲÃÉȟ Á ÆÕÍÁÒÁÎ 
ÚȗÅÌÁÚÁ ÚÁÚȗÙ×ÁÎÙ ÄÏÕÓÔÎÅ ÂÙč ÄÏÂÒÙÍ 
ÚÁÍÉÅÎÎÉËÉÅÍ ɉ$ÒÅØÌÅÒ ÅÔ ÁÌȢȟ ςπςπɊȢ 

7 ÁÍÅÒÙËÁÎǲÓËÉÍ ÂÁÄÁÎÉÕ ɉ)ÎÓÔÙÔÕÔ "ÁÄÁÎǲ 
+Ò×É É .ÁÕË -ÅÄÙÃÚÎÙÃÈȟ #ÅÎÔÒÕÍ +Ò×É 
7ÉÓÃÏÎÓÉÎȟ -ÉÌ×ÁÕËÅÅȟ 7ÉÓÃÏÎÓÉÎɊ ÏÃÅÎÉÏÎÏ 
ÓËÕÔÅÃÚÎÏÓǲÃǲ Ä×ÏǲÃÈ ÒÏǲÚȗÎÙÃÈ ÄÁ×ÅË ÐÉÅÒ×ÉÁÓÔËÏ-
×ÅÇÏ ÚȗÅÌÁÚÁ ɉσψ ÍÇ × ÐÏÒÏǲ×ÎÁÎÉÕ Ú ρω ÍÇ 
×ÏÂÅÃ ÐÌÁÃÅÂÏɊ Õ φως ÃÚöÓÔÙÃÈ ÄÁ×ÃÏǲ× ËÒ×ÉȢ 
7ÙÃÏÆÁÎÉÅ ÓÉö Ú ÂÁÄÁÎÉÁ ÂÙčÏ ÃÚöÓÔÓÚÅ Õ ÏÓÏǲÂ 
ÐÒÚÙÊÍÕÊäÃÙÃÈ ÔÁÂÌÅÔËÉ Ú ÚȗÅÌÁÚÅÍ ÎÉÚȗ × 
ÐÒÚÙÐÁÄËÕ ÏÓÏǲÂ ÐÒÚÙÊÍÕÊäÃÙÃÈ ÐÌÁÃÅÂÏ ɉσω Ϸ 
× ÐÏÒÏǲ×ÎÁÎÉÕ Ú χ ϷɊȟ ÁÌÅ ÎÉÅ ÚÁÏÂÓÅÒ×Ï×ÁÎÏ 
ÒÏǲÚȗÎÉÃÙ × ÚÄÁÒÚÅÎÉÁÃÈ ÎÉÅÐÏÚȗäÄÁÎÙÃÈ ÍÉöÄÚÙ 
ÏÓÏÂÁÍÉ ÐÒÚÙÊÍÕÊäÃÙÍÉ ÚȗÅÌÁÚÏ Á ÐÌÁÃÅÂÏȢ 
.ÁÔÏÍÉÁÓÔ Õ ÏÓÏǲÂ ÐÒÚÙÊÍÕÊäÃÙÃÈ ÚȗÅÌÁÚÏ 
ÎÁÓÔäÐÉčÁ ÐÏÐÒÁ×Á ÐÏÚÉÏÍÕ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ 
ÎÉÅÚÁÌÅÚȗÎÉÅ ÏÄ ×ÉÅÌËÏÓǲÃÉ ÄÁ×ËÉ ɉ-ÁÓÔ ÅÔ ÁÌȢȟ 
ςπρφɊȢ 2Ïǲ×ÎÉÅÚȗ ×ÙÎÉËÉ ÂÁÄÁÎǲ ÐÒÚÅÐÒÏ×ÁÄ-
ÚÏÎÙÃÈ × .ÉÅÍÃÚÅÃÈ ×ÙËÁÚÁčÙȟ ÚȗÅ ÄÚÉÅÎÎÁ 
ÄÁ×ËÁ ×ÙÎÏÓÚäÃÁ ÚÁÌÅÄ×ÉÅ ςπ ÍÇ ÐÉÅÒ×ÉÁÓÔ-
ËÏ×ÅÇÏ ÚȗÅÌÁÚÁ × ÐÏÓÔÁÃÉ ÇÌÕËÏÎÉÁÎÕ ÚȗÅÌÁÚÁȟ 
ÚÁÚȗÙ×ÁÎÁ ÐÒÚÅÚ ÓÚÅÓǲÃǲ ÍÉÅÓÉöÃÙ ÍÏÇčÁ ÕÚÕÐÅčÎÉÃǲ 
ÕÔÒÁÔö ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ×ȟ ËÔÏǲÒÚÙ ÏÄÄÁ×ÁÌÉ ËÒÅ× 
ÄÏ ÃÚÔÅÒÅÃÈ ɉËÏÂÉÅÔÙɊ ÌÕÂ ÄÏ ÓÚÅÓǲÃÉÕ 
ɉÍöÚȗÃÚÙÚǲÎÉɊ ÒÁÚÙ × ÒÏËÕ ɉ2ÁÄÔËÅ ÅÔ ÁÌȢȟ ςππτÁɊȢ 
2ÁÄÔËÅ É ÉÎȢ ɉςππυɊ ÕÓÔÁÌÉÌÉ ÔÁËÚȗÅȟ ÚȗÅ ςπ ÍÇ 
ÐÉÅÒ×ÉÁÓÔËÏ×ÅÇÏ ÚȗÅÌÁÚÁ × ÐÏÓÔÁÃÉ ÇÌÕËÏÎÉÁÎÕ 
ÚȗÅÌÁÚÁ É τππ ÍÇ Ë×ÁÓÕ ÁÓËÏÒÂÉÎÏ×ÅÇÏ ÄÚÉÅÎÎÉÅ 
ÐÒÚÅÚ ÚÁÌÅÄ×ÉÅ σπ ÄÎÉ ÐÏ ÄÏÎÁÃÊÉ ÏÄÐÏ×ÉÅÄÎÉÏ 
ÒÅËÏÍÐÅÎÓÏ×ÁčÏ ÕÔÒÁÔö ÚȗÅÌÁÚÁ Õ ×ÉöËÓÚÏÓǲÃÉ 
ÄÁ×ÃÏǲ× ËÒ×É ÏÂ×ÏÄÏ×ÅÊȢ #É ÓÁÍÉ ÁÕÔÏÒÚÙ 
ÂÁÄÁÌÉ ÒÏǲ×ÎÉÅÚȗ ×ÐčÙ× ÓÕÐÌÅÍÅÎÔÁÃÊÉ ρππ ÍÇ 
ÄÏÕÓÔÎÅÇÏ ËÏÍÐÌÅËÓÕ ÚȗÅÌÁÚÁȤÇÌÉÃÙÎÙȤÓÉÁÒÃÚÁÎÕ 
ÚȗÅÌÁÚÁ × ÐÏÒÏǲ×ÎÁÎÉÕ Ú ÐÌÁÃÅÂÏ ÐÏ ËÁÚȗÄÅÊ Ú 
ÔÒÚÅÃÈ Ä×ÕȤÊÅÄÎÏÓÔËÏ×ÙÃÈ ÁÆÅÒÅÚ ÅÒÙÔÒÏÃÙÔÏǲ× É 
×ÙËÁÚÁÌÉ ÓËÕÔÅÃÚÎÏÓǲÃǲ ÔÅÇÏ ËÏÍÐÌÅËÓÕ × 
ÚÁÐÏÂÉÅÇÁÎÉÕ ÎÉÅÄÏÂÏÒÏ×É ÏÍÁ×ÉÁÎÅÇÏ ÍÉËÒÏ-
ÅÌÅÍÅÎÔÕ ɉ2ÁÄÔËÅ ÅÔ ÁÌȢȟ ςππτÂɊȢ  

.Á ËÏÎÉÅÃ -ÁÃÈÅÒ É ÉÎȢ ɉςπςπɊ ÐÏÒÏǲ×ÎÁÌÉ 
ÃÚöÓÔÏÓǲÃǲ É ÎÁÓÉÌÅÎÉÅ ÏÂÊÁ×Ïǲ× Ú×ÉäÚÁÎÙÃÈ Ú 
ÎÉÅÄÏÂÏÒÅÍ ÚȗÅÌÁÚÁ ÐÒÚÅÄ É ÐÏ ÄÏÚȗÙÌÎÅÊ ÌÕÂ 
ÄÏÕÓÔÎÅÊ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ Õ ÄÁ×ÃÏǲ× ËÒ×É Ú 

ÎÉÅÄÏÂÏÒÅÍ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ /ÂÊÁ×Ù ËÌÉÎÉÃÚÎÅ 
ÏÃÅÎÉÁÎÏ ÚÁ ÐÏÍÏÃä ÁÎËÉÅÔÙ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅÊ 
ÐÒÚÅÄ ÒÏÚÐÏÃÚöÃÉÅÍ ÔÅÒÁÐÉÉ É ÐÏ ÕÐčÙ×ÉÅ ÏÓǲÍÉÕ 
ÄÏ Ä×ÕÎÁÓÔÕ ÔÙÇÏÄÎÉ ÏÄ ÒÏÚÐÏÃÚöÃÉÁ ÔÅÒÁÐÉÉ 
ÚȗÅÌÁÚÅÍȢ /ÄÎÏÔÏ×ÁÎÏ ÚÎÁÃÚäÃä ÐÏÐÒÁ×ö 
ÓÁÍÏÐÏÃÚÕÃÉÁ Õ ÄÁ×ÃÏǲ×ȟ ÚÁÒÏǲ×ÎÏ × ÅÆÅËÃÉÅ 
ÄÏÕÓÔÎÅÊȟ ÊÁË É ÐÏÚÁÊÅÌÉÔÏ×ÅÊ ÔÅÒÁÐÉÉ ÔÙÍ 
ÍÉËÒÏÅÌÅÍÅÎÔÅÍȟ ÎÁÔÏÍÉÁÓÔ ÎÉÅ ÏÄÎÏÔÏ×ÁÎÏ 
ÒÏǲÚȗÎÉÃÙ ÍÉöÄÚÙ ÒÏÄÚÁÊÅÍ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ Á 
×ÙÎÉËÉÅÍ ËÌÉÎÉÃÚÎÙÍ ɉ-ÁÃÈÅÒ ÅÔ ÁÌȢȟ ςπςπɊȢ 

0ÁÎÅÌ ÄÓȢ ÍÉËÒÏÓËčÁÄÎÉËÏǲ× ÏÄÚȗÙ×ÃÚÙÃÈ 
)ÎÓÔÙÔÕÔÕ -ÅÄÙÃÙÎÙ ɉ0ÁÎÅÌ ÏÎ -ÉÃÒÏÎÕÔÒÉÅÎÔÓ ÏÆ 
ÔÈÅ )ÎÓÔÉÔÕÔÅ ÏÆ -ÅÄÉÃÉÎÅɊ ÕÓÔÁÌÉč ÄÏÐÕÓÚÃÚÁÌÎÙ 
ÇÏǲÒÎÙ ÌÉÍÉÔ ÄÚÉÅÎÎÅÇÏ ÓÐÏÚȗÙÃÉÁ ÐÉÅÒ×ÉÁÓÔ-
ËÏ×ÅÇÏ ÚȗÅÌÁÚÁ ÎÁ τυ ÍÇȢ /ÄÅÊÍÕÊäÃ ÎÏÒÍÙ 
ÓǲÒÅÄÎÉÅÇÏ ÄÚÉÅÎÎÅÇÏ ÓÐÏÚȗÙÃÉÁ ÚȗÅÌÁÚÁ × ÄÉÅÃÉÅ 
ÚÁÃÈÏÄÎÉÅÊ ×ÙÎÏÓÚäÃÅ ÏËÏčÏ ρρ ÍÇȟ ÐÏÚ×ÁÌÁ ÔÏ 
ÎÁ ÏËÏčÏ στ ÍÇ ÄÏÄÁÔËÏ×ÅÇÏ ÚȗÅÌÁÚÁȟ ÚÁÎÉÍ 
ÐÏÊÁ×Éä ÓÉö ÓËÕÔËÉ ÕÂÏÃÚÎÅ ÚÅ ÓÔÒÏÎÙ ÐÒÚÅ×ÏÄÕ 
ÐÏËÁÒÍÏ×ÅÇÏ ɉ6ÁÓÓÁÌÌÏȟ ςπςρɊȢ "ÁÄÁÎÉÅ 
342)$% ÄÏÔÙÃÚäÃÅ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ Õ 
ÄÁ×ÃÏǲ× ËÒ×É ÐÏÔ×ÉÅÒÄÚÉčÏ Ôö ÌÉÃÚÂö ɉτυ ÍÇɊȟ 
ÐÏÎÉÅ×ÁÚȗ ×ÙËÁÚÁčÏȟ ÚȗÅ ÉÌÏÓǲÃǲ É ÒÏÄÚÁÊÅ ÚÄÁÒÚÅÎǲ 
ÎÉÅÐÏÚȗäÄÁÎÙÃÈ ÂÙčÙ ÐÏÄÏÂÎÅ Õ ÏÓÏǲÂ ÏÔÒÚÙÍÕÊä-
ÃÙÃÈ ρω ÌÕÂ σψ ÍÇȾÄÚÉÅÎǲ ÐÉÅÒ×ÉÁÓÔËÏ×ÅÇÏ 
ÚȗÅÌÁÚÁ ÌÕÂ ÐÌÁÃÅÂÏȟ Á ÓÕÐÌÅÍÅÎÔÙ × ÏÂÕ 
ÄÁ×ËÁÃÈ ÂÙčÙ ÓËÕÔÅÃÚÎÅ × čÁÇÏÄÚÅÎÉÕ 
ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁ Õ ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÏǲ× ËÒ×É 
ɉ-ÁÓÔ ÅÔ ÁÌȢȟ ςπρφɊȢ  

"ÁÄÁÎÉÁ ÎÁÄ ÓÕÐÌÅÍÅÎÔÁÃÊä ÚȗÅÌÁÚÁ Õ 
ÒÅÇÕÌÁÒÎÙÃÈ ÄÁ×ÃÏǲ× ËÒ×É Óä ÉÓÔÏÔÎÙÍ 
ÚÁÇÁÄÎÉÅÎÉÅÍ × ÍÅÄÙÃÙÎÉÅ ÔÒÁÎÓÆÕÚÊÏÌÏÇÉÃÚÎÅÊȟ 
ÐÏÎÉÅ×ÁÚȗ ÒÅÇÕÌÁÒÎÅ ÏÄÄÁ×ÁÎÉÅ ËÒ×É ÍÏÚȗÅ 
ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÕÔÒÁÔÙ ÚȗÅÌÁÚÁ É ÐÏÔÅÎÃÊÁÌÎÉÅ ÄÏ 
ÊÅÇÏ ÎÉÅÄÏÂÏÒÕȢ 2ÅÇÕÌÁÒÎÉ ÄÁ×ÃÙ ËÒ×É ÐÏ×ÉÎÎÉ 
ÂÙÃǲ ÉÎÆÏÒÍÏ×ÁÎÉ Ï ËÏÒÚÙÓǲÃÉÁÃÈ ÐčÙÎäÃÙÃÈ Ú 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÚȗÅÌÁÚÁ É ÊÅÊ ×ÐčÙ×ÉÅ ÎÁ ÚÄÒÏ×ÉÅȢ 
.ÉÅËÔÏǲÒÅ ÃÅÎÔÒÁ ËÒ×ÉÏÄÁ×ÓÔ×Á ÏÆÅÒÕÊä 
ÐÒÏÇÒÁÍÙ ×ÓÐÁÒÃÉÁȟ ËÔÏǲÒÅ ÏÂÅÊÍÕÊä ÍÏÎÉÔÏÒÏ-
×ÁÎÉÅ ÐÏÚÉÏÍÏǲ× ÚȗÅÌÁÚÁ É ÄÏÓÔÁÒÃÚÁÎÉÅ 
ÓÕÐÌÅÍÅÎÔÏǲ× ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ 

%ÄÕËÏ×ÁÎÉÅ ÄÁ×ÃÏǲ× Ï ÚÎÁÃÚÅÎÉÕ ÄÉÅÔÙ 
ÂÏÇÁÔÅÊ × ÚȗÅÌÁÚÏ É Ï ÔÙÍȟ ÊÁË ÒÁÄÚÉÃǲ ÓÏÂÉÅ Ú ÊÅÇÏ 
Å×ÅÎÔÕÁÌÎÙÍÉ ÎÉÅÄÏÂÏÒÁÍÉȟ ÊÅÓÔ ×ÁÚȗÎÙÍ 
ÅÌÅÍÅÎÔÅÍ ÐÒÅ×ÅÎÃÊÉȢ 3ÕÐÌÅÍÅÎÔÁÃÊÁ ÚȗÅÌÁÚÁ ÊÅÓÔ 
ÅÆÅËÔÙ×ÎÙÍ ÓÐÏÓÏÂÅÍ ÎÁ ÚÁÐÏÂÉÅÇÁÎÉÅ 
ÎÉÅÄÏÂÏÒÏ×É ÔÅÇÏ ÍÉËÒÏÅÌÅÍÅÎÔÕ ÏÒÁÚ ÚÁÐÏ-
ÂÉÅÇÁ ×ÙÓÔäÐÉÅÎÉÕ ÁÎÅÍÉÉ Õ ÄÁ×ÃÏǲ× ËÒ×Éȟ 
ÐÏÐÒÚÅÚ ÐÏÐÒÁ×ö ÉÃÈ ÚÄÒÏ×ÉÁ É ËÏÍÆÏÒÔÕ ÚȗÙÃÉÁȢ 
7čÁÓǲÃÉ×Å ÄÁ×ËÏ×ÁÎÉÅ É ×čÁÓǲÃÉ×Á ÆÏÒÍÁ 
ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÐÏ×ÉÎÎÙ ÂÙÃǲ ÄÏÓÔÏÓÏ×ÁÎÅ ÄÏ 
ÉÎÄÙ×ÉÄÕÁÌÎÙÃÈ ÐÏÔÒÚÅÂ ÄÁ×ÃÏǲ× É ÍÏÎÉÔÏ-
ÒÏ×ÁÎÅ ÐÒÚÅÚ ÐÒÁÃÏ×ÎÉËÏǲ× ÍÅÄÙÃÚÎÙÃÈȢ 
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0ÏÄÓÕÍÏ×ÕÊäÃ ÎÁÌÅÚȗÙ ÐÏÄËÒÅÓǲÌÉÃǲȟ ÚȗÅ 
ÂÁÄÁÎÉÁ ÎÁÄ ÓÕÐÌÅÍÅÎÔÁÃÊä ÚȗÅÌÁÚÁ Õ ÒÅÇÕÌÁÒ-
ÎÙÃÈ ÄÁ×ÃÏǲ× ËÒ×É ×ÙËÁÚÁčÙȟ ÚȗÅ ÊÅÓÔ ÔÏ 
ÓËÕÔÅÃÚÎÁ ÓÔÒÁÔÅÇÉÁ ÐÒÅ×ÅÎÃÙÊÎÁȟ ÁÌÅ ×ÙÍÁÇÁ 
ÉÎÄÙ×ÉÄÕÁÌÎÅÇÏ ÐÏÄÅÊÓǲÃÉÁ ÄÏ ÐÁÃÊÅÎÔÏǲ× É 
ÒÅÇÕÌÁÒÎÅÇÏ ÍÏÎÉÔÏÒÏ×ÁÎÉÁȢ 3ÕÐÌÅÍÅÎÔÁÃÊÁ 
ÚȗÅÌÁÚÁ ÍÏÚȗÅ ÐÏÍÏǲÃ × ÕÔÒÚÙÍÁÎÉÕ ÐÒÁ×ÉÄčÏ-
×ÅÇÏ ÐÏÚÉÏÍÕ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁ É ÕÍÏÚȗÌÉ×ÉÃǲ 
ÄÁÌÓÚÅ ÏÄÄÁ×ÁÎÉÅ ËÒ×Éȟ ÚÁÐÅ×ÎÉÁÊäÃ ÂÅÚÐÉÅÃ-
ÚÅÎǲÓÔ×Ï É ÄÏÂÒÏÓÔÁÎ ÄÁ×ÃÏǲ×Ȣ 

Wnioski 

2ÏÌÁ ÚȗÅÌÁÚÁ × ÏÒÇÁÎÉÚÍÉÅ ÃÚčÏ×ÉÅËÁȟ 
ÓÚÃÚÅÇÏǲÌÎÉÅ × ËÏÎÔÅËÓǲÃÉÅ ÄÁ×ÓÔ×Á ËÒ×Éȟ ÊÅÓÔ 
ÎÉÅÚ×ÙËÌÅ ÉÓÔÏÔÎÁȢ :ȘÅÌÁÚÏ ÊÅÓÔ ÎÉÅÚÂöÄÎÙÍ 
ÓËčÁÄÎÉËÉÅÍ ÈÅÍÏÇÌÏÂÉÎÙȟ ÂÉÁčËÁ ÏÄÐÏ×ÉÅÄÚÉÁÌ-
ÎÅÇÏ ÚÁ ÔÒÁÎÓÐÏÒÔ ÔÌÅÎÕ ×Å ËÒ×ÉȢ .ÉÅÄÏÂÏǲÒ ÔÅÇÏ 
ÍÉËÒÏÅÌÅÍÅÎÔÕ ÐÒÏ×ÁÄÚÉ ÄÏ ÁÎÅÍÉÉȟ ÏÓčÁÂÉÅÎÉÁ 
É ÚÍÎÉÅÊÓÚÏÎÅÊ ×ÙÄÏÌÎÏÓǲÃÉ ÆÉÚÙÃÚÎÅÊ ÏÒÁÚ 
ÐÓÙÃÈÉÃÚÎÅÊȢ 0ÒÏÃÅÓÙ ÆÉÚÊÏÌÏÇÉÃÚÎÅ Ú×ÉäÚÁÎÅ Ú 
ÁÂÓÏÒÐÃÊä É ÍÅÔÁÂÏÌÉÚÍÅÍ ÚȗÅÌÁÚÁ Óä ÓËÏÍÐÌÉ-
ËÏ×ÁÎÅ É ÚÁÌÅÚȗä ÏÄ ×ÉÅÌÕ ÃÚÙÎÎÉËÏǲ×ȟ × ÔÙÍ ÏÄ 
ÄÉÅÔÙȟ ×ÉÅËÕȟ ÐčÃÉ É ÓÔÁÎÕ ÚÄÒÏ×ÉÁȢ 

2ÅÇÕÌÁÒÎÅ ÄÁ×ÓÔ×Ï ËÒ×É ÐÏ×ÏÄÕÊÅ × 
ÏÒÇÁÎÉÚÍÉÅ ÚÎÁÃÚäÃä ÕÔÒÁÔö ÚȗÅÌÁÚÁȢ +ÁÚȗÄÁ 
ÄÏÎÁÃÊÁ ËÒ×É ÐÅčÎÅÊ ÍÏÚȗÅ ÐÒÏ×ÁÄÚÉÃǲ ÄÏ ÕÔÒÁÔÙ 
ÏËÏčÏ ςππȤςυπ ÍÇ ÔÅÇÏ ÐÉÅÒ×ÉÁÓÔËÁȢ 0ÒÏÃÅÓ 
ÒÅÇÅÎÅÒÁÃÊÉ ÚÁÓÏÂÏǲ× ÚȗÅÌÁÚÁ ÐÏ ÄÏÎÁÃÊÉ ÍÏÚȗÅ 
ÔÒ×ÁÃǲ ÏÄ ËÉÌËÕ ÔÙÇÏÄÎÉ ÄÏ ËÉÌËÕ ÍÉÅÓÉöÃÙȟ × 
ÚÁÌÅÚȗÎÏÓǲÃÉ ÏÄ ÉÎÄÙ×ÉÄÕÁÌÎÙÃÈ ÐÒÅÄÙÓÐÏÚÙÃÊÉ É 
ÎÁ×ÙËÏǲ× ÚȗÙ×ÉÅÎÉÏ×ÙÃÈ ÄÁ×ÃÙȢ $Á×ÃÙ ËÒ×É 
ÐÏ×ÉÎÎÉ ÄÂÁÃǲ Ï ÏÄÐÏ×ÉÅÄÎÉä ÐÏÄÁÚȗ ÚȗÅÌÁÚÁ × 
ÄÉÅÃÉÅȟ ËÏÎÃÅÎÔÒÕÊäÃ ÓÉö ÎÁ ÐÒÏÄÕËÔÁÃÈ ÂÏÇÁÔÙÃÈ 
× ÚȗÅÌÁÚÏ ÈÅÍÏ×Å ɉÎÐȢ ÍÉöÓÏȟ ÒÙÂÙɊ ÏÒÁÚ 
ÎÉÅÈÅÍÏ×Å ɉÎÐȢ ×ÁÒÚÙ×Á ÓÔÒäÃÚËÏ×Åȟ ÏÒÚÅÃÈÙȟ 
ÎÁÓÉÏÎÁɊȢ 7ÁÚȗÎÅ ÊÅÓÔ Ú×ÉöËÓÚÅÎÉÅ ÂÉÏÄÏÓÔöÐ-
ÎÏÓǲÃÉ ÚȗÅÌÁÚÁ ÐÏÐÒÚÅÚ ÓÐÏÚȗÙ×ÁÎÉÅ ×ÉÔÁÍÉÎÙ #ȟ 
ËÔÏǲÒÁ ×ÓÐÏÍÁÇÁ ÊÅÇÏ ÁÂÓÏÒÐÃÊöȢ 

7 ÎÉÅËÔÏǲÒÙÃÈ ÐÒÚÙÐÁÄËÁÃÈ ÓÕÐÌÅÍÅÎÔÁÃÊÁ 
ÚȗÅÌÁÚÁ ÍÏÚȗÅ ÂÙÃǲ ËÏÎÉÅÃÚÎÁȟ ÓÚÃÚÅÇÏǲÌÎÉÅ Õ 

ÄÁ×ÃÏǲ× Ï ÐÏÄ×ÙÚȗÓÚÏÎÙÍ ÒÙÚÙËÕ ÎÉÅÄÏÂÏÒÕ 
ɉÎÐȢ ËÏÂÉÅÔÙ × ×ÉÅËÕ ÒÏÚÒÏÄÃÚÙÍȟ ×ÅÇÅÔÁ-
ÒÉÁÎÉÅɊȢ 3ÕÐÌÅÍÅÎÔÙ ÚȗÅÌÁÚÁ ÐÏ×ÉÎÎÙ ÂÙÃǲ 
ÓÔÏÓÏ×ÁÎÅ ÚÇÏÄÎÉÅ Ú ÚÁÌÅÃÅÎÉÁÍÉ ÌÅËÁÒÚÁȟ ÁÂÙ 
ÕÎÉËÎäÃǲ ÓËÕÔËÏǲ× ÕÂÏÃÚÎÙÃÈ Ú×ÉäÚÁÎÙÃÈ Ú 
ÐÒÚÅÄÁ×ËÏ×ÁÎÉÅÍ ÌÅËÕȢ 2ÅÇÕÌÁÒÎÅ ÍÏÎÉÔÏÒÏ-
×ÁÎÉÅ ÐÏÚÉÏÍÏǲ× ÚȗÅÌÁÚÁȟ ÈÅÍÏÇÌÏÂÉÎÙ É 
ÆÅÒÒÙÔÙÎÙ Õ ÄÁ×ÃÏǲ× ËÒ×É ÊÅÓÔ ËÌÕÃÚÏ×Å ÄÌÁ 
ÚÁÐÏÂÉÅÇÁÎÉÁ ÎÉÅÄÏÂÏÒÏÍ ÔÅÇÏ ×ÁÚȗÎÅÇÏ 
ÍÉËÒÏÐÉÅÒ×ÉÁÓÔËÁ ÏÒÁÚ ÂÉÁčÅË ÐÅčÎÉäÃÙÃÈ ×ÁÚȗÎÅ 
ÆÕÎËÃÊÅ × ÏÒÇÁÎÉÚÍÉÅȢ %ÄÕËÁÃÊÁ ÄÁ×ÃÏǲ× ÎÁ 
ÔÅÍÁÔ ÒÏÌÉ ÚȗÅÌÁÚÁ ÏÒÁÚ ÚÎÁÃÚÅÎÉÁ ÏÄÐÏ×ÉÅÄÎÉÅÊ 
ÄÉÅÔÙ É Å×ÅÎÔÕÁÌÎÅÊ ÓÕÐÌÅÍÅÎÔÁÃÊÉ ÊÅÓÔ 
ÎÉÅÚÂöÄÎÁ ÄÌÁ ÉÃÈ ÚÄÒÏ×ÉÁȢ 3ÚÃÚÅÇÏǲÌÎä Õ×ÁÇö 
ÎÁÌÅÚȗÙ ÐÏÓǲ×ÉöÃÉÃǲ ÄÁ×ÃÏÍ Ú ÇÒÕÐ Ú×ÉöËÓÚÏÎÅÇÏ 
ÒÙÚÙËÁ ÎÉÅÄÏÂÏÒÕ ÚȗÅÌÁÚÁȟ ÔÁËÉÍ ÊÁË ËÏÂÉÅÔÙ × 
×ÉÅËÕ ÒÏÚÒÏÄÃÚÙÍȟ ÏÓÏÂÙ Ú ÒÅÓÔÒÙËÃÙÊÎÙÍÉ 
ÄÉÅÔÁÍÉ ÏÒÁÚ ÓÐÏÒÔÏ×ÃÙ ×ÙÔÒÚÙÍÁčÏÓǲÃÉÏ×ÉȢ 
)ÎÄÙ×ÉÄÕÁÌÎÅ ÐÏÄÅÊÓǲÃÉÅ ÄÏ ÓÕÐÌÅÍÅÎÔÁÃÊÉ É ÄÉÅÔÙ 
× ÓÔÏÓÕÎËÕ ÄÏ ÏÓÏǲÂ × ÔÙÃÈ ÇÒÕÐÁÃÈ ÍÏÚȗÅ 
ÚÎÁÃÚäÃÏ ÐÏÐÒÁ×ÉÃǲ ÓÔÁÎ ÉÃÈ ÚÄÒÏ×ÉÁ É ÚÄÏÌÎÏÓǲÃǲ 
ÄÏ ÒÅÇÕÌÁÒÎÅÇÏ ÏÄÄÁ×ÁÎÉÁ ËÒ×ÉȢ 

+ÏÎÉÅÃÚÎÅ Óä ÄÁÌÓÚÅ ÂÁÄÁÎÉÁ ÎÁÄ ÏÐÔÙ-
ÍÁÌÎÙÍÉ ÓÔÒÁÔÅÇÉÁÍÉ ÚȗÙ×ÉÅÎÉÏ×ÙÍÉ É ÓÕÐÌÅÍÅÎ-
ÔÁÃÙÊÎÙÍÉ ÄÌÁ ÄÁ×ÃÏǲ× ËÒ×Éȟ ÁÂÙ ÏÐÒÁÃÏ×ÁÃǲ 
ÂÁÒÄÚÉÅÊ ÐÒÅÃÙÚÙÊÎÅ ×ÙÔÙÃÚÎÅȢ "ÁÄÁÎÉÁ ÎÁÄ 
×ÐčÙ×ÅÍ ÒÏǲÚȗÎÙÃÈ ÉÎÔÅÒ×ÅÎÃÊÉ ÄÉÅÔÅÔÙÃÚÎÙÃÈ ÎÁ 
ÒÅÇÅÎÅÒÁÃÊö ÚÁÓÏÂÏǲ× ÚȗÅÌÁÚÁ ÍÏÇä ÐÒÚÙÃÚÙÎÉÃǲ 
ÓÉö ÄÏ ÐÏÐÒÁ×Ù ÚÄÒÏ×ÉÁ É ÄÏÂÒÏÓÔÁÎÕ ÄÁ×ÃÏǲ× 
ËÒ×ÉȢ  

0ÏÄÓÕÍÏ×ÕÊäÃ ÎÁÌÅÚȗÙ ÐÏÄËÒÅÓǲÌÉÃǲȟ ÚȗÅ 
ÏÄÐÏ×ÉÅÄÎÉÅ ÚÁÒÚäÄÚÁÎÉÅ ÚÁÓÏÂÁÍÉ ÚȗÅÌÁÚÁ × 
ÏÒÇÁÎÉÚÍÁÃÈ ÄÁ×ÃÏǲ× ËÒ×É ÊÅÓÔ ËÌÕÃÚÏ×Å ÄÌÁ ÉÃÈ 
ÚÄÒÏ×ÉÁ É ÚÄÏÌÎÏÓǲÃÉ ÄÏ ËÏÎÔÙÎÕÏ×ÁÎÉÁ 
ÄÁ×ÓÔ×ÁȢ 0ÒÚÅÍÙÓǲÌÁÎÁ ÄÉÅÔÁȟ ÓÕÐÌÅÍÅÎÔÁÃÊÁ 
ÏÒÁÚ ÒÅÇÕÌÁÒÎÅ ÍÏÎÉÔÏÒÏ×ÁÎÉÅ ÐÏÚÉÏÍÕ ÚȗÅÌÁÚÁ 
Óä ÎÉÅÚÂöÄÎÅȟ ÁÂÙ ÍÉÎÉÍÁÌÉÚÏ×ÁÃǲ ÒÙÚÙËÏ ÊÅÇÏ 
ÎÉÅÄÏÂÏÒÕ É ×ÓÐÉÅÒÁÃǲ ÔÅÎ ×ÁÚȗÎÙ ÁËÔ ÁÌÔÒÕÉÚÍÕȢ 
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ÍÅÄÉÃÉÎÅ ɉ/ØÆÏÒÄȟ %ÎÇÌÁÎÄɊȟ ρπɉςɊȟ ρπχɀρρςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπτφȾ ÊȢρσφυȤσρτψȢςπππȢππςσωȢØ 

!ÎÄÒÅ×Ó .Ȣ#Ȣ ɉςππτɊȢ !ÎÅÍÉÁ ÏÆ ÉÎÆÌÁÍÍÁÔÉÏÎȡ ÔÈÅ ÃÙÔÏËÉÎÅȤÈÅÐÃÉÄÉÎ ÌÉÎËȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ 
ÉÎÖÅÓÔÉÇÁÔÉÏÎȟ ρρσɉωɊȟ ρςυρɀρςυσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρχςȾ*#)ςρττρ 

!ÎÄÒÅ×Ó .Ȣ#Ȣ ɉςππψɊȢ &ÏÒÇÉÎÇ Á ÆÉÅÌÄȡ ÔÈÅ ÇÏÌÄÅÎ ÁÇÅ ÏÆ ÉÒÏÎ ÂÉÏÌÏÇÙȢ "ÌÏÏÄȟ ρρςɉςɊȟ ςρωɀςσπȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππχȤρςȤπχχσψψ 

!ÎÄÒÅ×Óȟ .Ȣ#Ȣȟ Ǫ 3ÃÈÍÉÄÔȟ 0Ȣ*Ȣ ɉςππχɊȢ )ÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓȢ !ÎÎÕÁÌ ÒÅÖÉÅ× ÏÆ ÐÈÙÓÉÏÌÏÇÙȟ φωȟ φωɀψυȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρτφȾÁÎÎÕÒÅÖȢÐÈÙÓÉÏÌȢφωȢπσρωπυȢρφτσσχ 

!ÎÄÒÉÏÐÏÕÌÏÓȟ "Ȣȟ *Òȟ #ÏÒÒÁÄÉÎÉȟ %Ȣȟ 8ÉÁȟ 9Ȣȟ &ÁÁÓÓÅȟ 3Ȣ!Ȣȟ #ÈÅÎȟ 3Ȣȟ 'ÒÇÕÒÅÖÉÃȟ ,Ȣȟ +ÎÕÔÓÏÎȟ -Ȣ$Ȣȟ 0ÉÅÔÒÁÎÇÅÌÏȟ 
!Ȣȟ 6ÕËÉÃÅÖÉÃȟ 3Ȣȟ ,ÉÎȟ (Ȣ9Ȣȟ Ǫ "ÁÂÉÔÔȟ *Ȣ,Ȣ ɉςππωɊȢ "-0φ ÉÓ Á ËÅÙ ÅÎÄÏÇÅÎÏÕÓ ÒÅÇÕÌÁÔÏÒ ÏÆ ÈÅÐÃÉÄÉÎ 
ÅØÐÒÅÓÓÉÏÎ ÁÎÄ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȢ .ÁÔÕÒÅ ÇÅÎÅÔÉÃÓȟ τρɉτɊȟ τψςɀτψχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾÎÇȢσσυ 

!ÎÊÕȟ *Ȣȟ !ÂÈÉÓÈÅËÈȟ "Ȣȟ $ÅÂÄÁÔÔÁȟ "Ȣȟ "ÏÂÂÙȟ :Ȣȟ Ǫ 3ÈÁÒÁÎȟ -Ȣ ɉςπςςɊȢ !ÓÓÅÓÓÍÅÎÔ ÏÆ ÉÒÏÎ ÓÔÁÔÕÓ ÉÎ 
ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓ ÉÎ Á ÔÅÒÔÉÁÒÙ ÃÁÒÅ ÈÏÓÐÉÔÁÌ ÉÎ 3ÏÕÔÈÅÒÎ )ÎÄÉÁȢ !ÓÉÁÎ ÊÏÕÒÎÁÌ ÏÆ ÔÒÁÎÓÆÕÓÉÏÎ ÓÃÉÅÎÃÅȟ 
ρφɉςɊȟ ρψφɀρωσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢτρπσȾÁÊÔÓȢÁÊÔÓͺρρωͺςρ 

!ÒÍÁÈȟ 3Ȣ-Ȣȟ "ÏÙȟ %Ȣȟ #ÈÅÎȟ $Ȣȟ #ÁÎÄÁÌȟ 0Ȣȟ Ǫ 2ÅÄÄÙȟ -Ȣ"Ȣ ɉςπρυɊȢ 2ÅÇÕÌÁÒ #ÏÎÓÕÍÐÔÉÏÎ ÏÆ Á (ÉÇÈȤ0ÈÙÔÁÔÅ 
$ÉÅÔ 2ÅÄÕÃÅÓ ÔÈÅ )ÎÈÉÂÉÔÏÒÙ %ÆÆÅÃÔ ÏÆ 0ÈÙÔÁÔÅ ÏÎ .ÏÎÈÅÍÅȤ)ÒÏÎ !ÂÓÏÒÐÔÉÏÎ ÉÎ 7ÏÍÅÎ ×ÉÔÈ 
3ÕÂÏÐÔÉÍÁÌ )ÒÏÎ 3ÔÏÒÅÓȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρτυɉψɊȟ ρχσυɀρχσωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾ 
ÊÎȢρρτȢςπωωυχ 

!ÒÏÓÉÏȟ 0Ȣȟ Ǫ ,ÅÖÉȟ 3Ȣ ɉςπρπɊȢ #ÙÔÏÓÏÌÉÃ ÁÎÄ ÍÉÔÏÃÈÏÎÄÒÉÁÌ ÆÅÒÒÉÔÉÎÓ ÉÎ ÔÈÅ ÒÅÇÕÌÁÔÉÏÎ ÏÆ ÃÅÌÌÕÌÁÒ ÉÒÏÎ 
ÈÏÍÅÏÓÔÁÓÉÓ ÁÎÄ ÏØÉÄÁÔÉÖÅ ÄÁÍÁÇÅȢ "ÉÏÃÈÉÍÉÃÁ ÅÔ ÂÉÏÐÈÙÓÉÃÁ ÁÃÔÁȟ ρψππɉψɊȟ χψσɀχωςȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÂÂÁÇÅÎȢςπρπȢπςȢππυ 

!ÔÔÁÕÌÌÁÈȟ !Ȣȟ !ÂÉÄ !Ȣȟ .ÉÁÚȟ !Ȣȟ !ÍÊÁÄ ɉςπςσɊȢ $ÉÅÔ ÁÎÄ 4ÉÍÅ 2ÅÌÁÔÅÄ #ÈÁÎÇÅÓ ÉÎ (ÅÍÏÇÌÏÂÉÎ ÁÎÄ 
(ÅÍÁÔÏÃÒÉÔ ,ÅÖÅÌÓ ÉÎ "ÌÏÏÄ $ÏÎÏÒÓȢ "ÉÏÍÅÄÉÃÁÌ *ÏÕÒÎÁÌ ÏÆ 3ÃÉÅÎÔÉÆÉÃ Ǫ 4ÅÃÈÎÉÃÁÌ 2ÅÓÅÁÒÃÈȟ υςȟ τσψφςȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςφχρχȾ"*342ȢςπςσȢυςȢππψςχχȢ 

"ÁÁÒÔȟ !Ȣ-Ȣȟ ÖÁÎ .ÏÏÒÄȟ 0Ȣ!Ȣȟ 6ÅÒÇÏÕ×Åȟ 9Ȣȟ -ÏÏÎÓȟ +Ȣ'Ȣȟ 3×ÉÎËÅÌÓȟ $Ȣ7Ȣȟ 7ÉÅÇÅÒÉÎÃËȟ %Ȣ4Ȣȟ ÄÅ +ÏÒÔȟ 7Ȣ,Ȣȟ 
Ǫ !ÔÓÍÁȟ &Ȣ ɉςπρσɊȢ (ÉÇÈ ÐÒÅÖÁÌÅÎÃÅ ÏÆ ÓÕÂÃÌÉÎÉÃÁÌ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ×ÈÏÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓ ÎÏÔ ÄÅÆÅÒÒÅÄ 
ÆÏÒ ÌÏ× ÈÅÍÏÇÌÏÂÉÎȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υσɉψɊȟ ρφχπɀρφχχȢ ÈÔÔÐÓȡȾȾ ÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςπρςȢ 
πσωυφȢØ 
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"ÁÂÉÔÔȟ *Ȣ,Ȣȟ (ÕÁÎÇȟ &Ȣ7Ȣȟ 7ÒÉÇÈÔÉÎÇȟ $Ȣ-Ȣȟ 8ÉÁȟ 9Ȣȟ 3ÉÄÉÓȟ 9Ȣȟ 3ÁÍÁÄȟ 4Ȣ!Ȣȟ #ÁÍÐÁÇÎÁȟ *Ȣ!Ȣȟ #ÈÕÎÇȟ 2Ȣ4Ȣȟ 
3ÃÈÎÅÙÅÒȟ !Ȣ,Ȣȟ 7ÏÏÌÆȟ #Ȣ*Ȣȟ !ÎÄÒÅ×Óȟ .Ȣ#Ȣȟ Ǫ ,ÉÎȟ (Ȣ9Ȣ ɉςππφɊȢ "ÏÎÅ ÍÏÒÐÈÏÇÅÎÅÔÉÃ ÐÒÏÔÅÉÎ ÓÉÇÎÁÌÉÎÇ ÂÙ 
ÈÅÍÏÊÕÖÅÌÉÎ ÒÅÇÕÌÁÔÅÓ ÈÅÐÃÉÄÉÎ ÅØÐÒÅÓÓÉÏÎȢ .ÁÔÕÒÅ ÇÅÎÅÔÉÃÓȟ σψɉυɊȟ υσρɀυσωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπσψȾÎÇρχχχ 

"ÁÅÃÈȟ 3Ȣ"Ȣȟ (ÁÎÓÅÎȟ -Ȣȟ "ÕËÈÁÖÅȟ +Ȣȟ *ÅÎÓÅÎȟ -Ȣȟ 3ĜÒÅÎÓÅÎȟ 3Ȣ3Ȣȟ +ÒÉÓÔÅÎÓÅÎȟ ,Ȣȟ 0ÕÒÓÌÏ×ȟ 0Ȣ0Ȣȟ 3ËÉÂÓÔÅÄȟ 
,Ȣ(Ȣȟ Ǫ 3ÁÎÄÓÔÒÏȃÍȟ "Ȣ ɉςππσɊȢ .ÏÎÈÅÍÅȤÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÆÒÏÍ Á ÐÈÙÔÁÔÅȤÒÉÃÈ ÍÅÁÌ ÉÓ ÉÎÃÒÅÁÓÅÄ ÂÙ ÔÈÅ 
ÁÄÄÉÔÉÏÎ ÏÆ ÓÍÁÌÌ ÁÍÏÕÎÔÓ ÏÆ ÐÏÒË ÍÅÁÔȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ χχɉρɊȟ ρχσɀρχωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾχχȢρȢρχσ 

"ÅÎËÈÅÄÄÁȟ +Ȣȟ ,ͻÁÂÂÅǲȟ -Ȣ2Ȣȟ Ǫ #ÏÃËÅÌÌȟ +Ȣ!Ȣ ɉςπρπɊȢ %ÆÆÅÃÔ ÏÆ ÃÁÌÃÉÕÍ ÏÎ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ×ÏÍÅÎ 
×ÉÔÈ ÍÁÒÇÉÎÁÌ ÉÒÏÎ ÓÔÁÔÕÓȢ 4ÈÅ "ÒÉÔÉÓÈ ÊÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρπσɉυɊȟ χτςɀχτψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπρχȾ3πππχρρτυπωωωςτρψ 

"ÉÒÇÅÇÁȏÒÄȟ 'Ȣȟ 3ÃÈÎÅÉÄÅÒȟ +Ȣȟ Ǫ 5ÌÆÂÅÒÇȟ *Ȣ ɉςπρπɊȢ (ÉÇÈ ÉÎÃÉÄÅÎÃÅ ÏÆ ÉÒÏÎ ÄÅÐÌÅÔÉÏÎ ÁÎÄ ÒÅÓÔÌÅÓÓ ÌÅÇ 
ÓÙÎÄÒÏÍÅ ɉ2,3Ɋ ÉÎ ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓȡ ÉÎÔÒÁÖÅÎÏÕÓ ÉÒÏÎ ÓÕÃÒÏÓÅ ÓÕÂÓÔÉÔÕÔÉÏÎ ÍÏÒÅ ÅÆÆÅÃÔÉÖÅ ÔÈÁÎ 
ÏÒÁÌ ÉÒÏÎȢ 6ÏØ ÓÁÎÇÕÉÎÉÓȟ ωωɉτɊȟ συτɀσφρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρτςσȤπτρπȢςπρπȢπρσφψȢØ 

"ÊÏȃÒÎȤ2ÁÓÍÕÓÓÅÎȟ %Ȣȟ Ǫ (ÁÌÌÂÅÒÇȟ ,Ȣ ɉρωχωɊȢ %ÆÆÅÃÔ ÏÆ ÁÎÉÍÁÌ ÐÒÏÔÅÉÎÓ ÏÎ ÔÈÅ ÁÂÓÏÒÐÔÉÏÎ ÏÆ ÆÏÏÄ ÉÒÏÎ 
ÉÎ ÍÁÎȢ .ÕÔÒÉÔÉÏÎ ÁÎÄ ÍÅÔÁÂÏÌÉÓÍȟ ςσɉσɊȟ ρωςɀςπςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρυωȾπππρχφςυφ 

"ÌÏÏÄ $ÏÎÏÒ #ÏÕÎÓÅÌÌÉÎÇȡ )ÍÐÌÅÍÅÎÔÁÔÉÏÎ 'ÕÉÄÅÌÉÎÅÓȢ 'ÅÎÅÖÁȡ 7ÏÒÌÄ (ÅÁÌÔÈ /ÒÇÁÎÉÚÁÔÉÏÎȠ ςπρτȢ 
!ÎÎÅØ ρȟ (ÁÅÍÏÇÌÏÂÉÎ ÁÎÄ ÉÒÏÎȡ ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ ÂÌÏÏÄ ÄÏÎÏÒÓȢ !ÖÁÉÌÁÂÌÅ ÆÒÏÍȡ ÈÔÔÐÓȡȾȾ×××Ȣ 
ÎÃÂÉȢÎÌÍȢÎÉÈȢÇÏÖȾÂÏÏËÓȾ."+σρπυχχȾ 

"ÏÃÃÉÏȟ *Ȣȟ 3ÁÌÇÕÅÉÒÏȟ *Ȣȟ ,ÙÓÉÏÎÅËȟ !Ȣȟ :ÕÂÉÌÌÁÇÁȟ -Ȣȟ 7ÅÉÌÌȟ 2Ȣȟ 'ÏÌÄÍÁÎȟ #Ȣȟ Ǫ #ÁÒÏȟ 2Ȣ ɉςππσɊȢ #ÕÒÒÅÎÔ 
ËÎÏ×ÌÅÄÇÅ ÏÆ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȢ "ÉÏÌÏÇÉÃÁÌ ÔÒÁÃÅ ÅÌÅÍÅÎÔ ÒÅÓÅÁÒÃÈȟ ωςɉσɊȟ ρψωɀςρςȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρσψυȾ"4%2ȡωςȡσȡρψω 

"ÏÈÎȟ ,Ȣȟ -ÅÙÅÒȟ !Ȣ3Ȣȟ Ǫ 2ÁÓÍÕÓÓÅÎȟ 3Ȣ+Ȣ ɉςππψɊȢ 0ÈÙÔÁÔÅȡ ÉÍÐÁÃÔ ÏÎ ÅÎÖÉÒÏÎÍÅÎÔ ÁÎÄ ÈÕÍÁÎ ÎÕÔÒÉÔÉÏÎȢ 
! ÃÈÁÌÌÅÎÇÅ ÆÏÒ ÍÏÌÅÃÕÌÁÒ ÂÒÅÅÄÉÎÇȢ *ÏÕÒÎÁÌ ÏÆ :ÈÅÊÉÁÎÇ 5ÎÉÖÅÒÓÉÔÙȢ 3ÃÉÅÎÃÅȢ "ȟ ωɉσɊȟ ρφυɀρωρȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρφσρȾÊÚÕÓȢ"πχρπφτπ 

"ÏÓÓÃÈÅÒȟ $Ȣȟ 6ÁÎ #ÁÉÌÌÉÅȤ"ÅÒÔÒÁÎÄȟ -Ȣȟ 6ÁÎ #ÁÕ×ÅÎÂÅÒÇÈȟ 2Ȣȟ Ǫ $ÅÅÌÓÔÒÁȟ (Ȣ ɉςππσɊȢ !ÖÁÉÌÁÂÉÌÉÔÉÅÓ ÏÆ 
ÃÁÌÃÉÕÍȟ ÉÒÏÎȟ ÁÎÄ ÚÉÎÃ ÆÒÏÍ ÄÁÉÒÙ ÉÎÆÁÎÔ ÆÏÒÍÕÌÁÓ ÉÓ ÁÆÆÅÃÔÅÄ ÂÙ ÓÏÌÕÂÌÅ ÄÉÅÔÁÒÙ ÆÉÂÅÒÓ ÁÎÄ ÍÏÄÉÆÉÅÄ 
ÓÔÁÒÃÈ ÆÒÁÃÔÉÏÎÓȢ .ÕÔÒÉÔÉÏÎ ɉ"ÕÒÂÁÎËȟ ,ÏÓ !ÎÇÅÌÅÓ #ÏÕÎÔÙȟ #ÁÌÉÆȢɊȟ ρωɉχȤψɊȟ φτρɀφτυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπρφȾÓπψωωȤωππχɉπσɊπππφσȤχ 

"ÏÕÌÔÏÎ &Ȣ ɉςππτɊȢ -ÁÎÁÇÉÎÇ ÄÏÎÏÒÓ ÁÎÄ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙȢ 6ÏØ ÓÁÎÇÕÉÎÉÓȟ ψχ 3ÕÐÐÌȢ ςȟ ςςɀςτȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρχτρȤφψωςȢςππτȢππττψȢØ 

"ÏÕÒÑÕÅȟ 3Ȣ0Ȣȟ 0ÁÔÅȟ 2Ȣ2Ȣȟ Ǫ "ÒÁÎÃÈȟ *Ȣ$Ȣ ɉρωωχɊȢ 4×ÅÌÖÅ ×ÅÅËÓ ÏÆ ÅÎÄÕÒÁÎÃÅ ÅØÅÒÃÉÓÅ ÔÒÁÉÎÉÎÇ ÄÏÅÓ ÎÏÔ 
ÁÆÆÅÃÔ ÉÒÏÎ ÓÔÁÔÕÓ ÍÅÁÓÕÒÅÓ ÉÎ ×ÏÍÅÎȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ !ÍÅÒÉÃÁÎ $ÉÅÔÅÔÉÃ !ÓÓÏÃÉÁÔÉÏÎȟ ωχɉρπɊȟ ρρρφɀ
ρρςρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ3πππςȤψςςσɉωχɊππςχςȤρ 

"ÒÉÔÔÅÎÈÁÍ 'Ȣ-Ȣ ɉςπρρɊȢ )ÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ×ÈÏÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υρɉσɊȟ τυψɀτφρȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςπρρȢπσπφςȢØ 

"ÒÏÕÎÓ &Ȣ ɉςπςρɊȢ 0ÈÙÔÉÃ !ÃÉÄ ÁÎÄ 7ÈÏÌÅ 'ÒÁÉÎÓ ÆÏÒ (ÅÁÌÔÈ #ÏÎÔÒÏÖÅÒÓÙȢ .ÕÔÒÉÅÎÔÓȟ ρτɉρɊȟ ςυȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾÎÕρτπρππςυ 

"ÒÙÁÎÔȟ "Ȣ*Ȣȟ 9ÁÕȟ 9Ȣ9Ȣȟ !ÒÃÅÏȟ 3Ȣ-Ȣȟ $ÁÎÉÅÌȤ*ÏÈÎÓÏÎȟ *Ȣȟ (ÏÐËÉÎÓȟ *Ȣ!Ȣȟ Ǫ ,ÅÉÔÍÁÎȟ 3Ȣ&Ȣ ɉςπρςɊȢ )ÒÏÎ 
ÒÅÐÌÁÃÅÍÅÎÔ ÔÈÅÒÁÐÙ ÉÎ ÔÈÅ ÒÏÕÔÉÎÅ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υςɉχɊȟ ρυφφɀρυχυȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςπρρȢπστψψȢØ 

#ÁÂÌÅȟ 2Ȣ'Ȣȟ "ÒÁÍÂÉÌÌÁȟ $Ȣȟ 'ÌÙÎÎȟ 3Ȣ!Ȣȟ +ÌÅÉÎÍÁÎȟ 3Ȣȟ -ÁÓÔȟ !Ȣ%Ȣȟ 3ÐÅÎÃÅÒȟ "Ȣ2Ȣȟ 3ÔÏÎÅȟ -Ȣȟ +ÉÓÓȟ *Ȣ%Ȣȟ Ǫ 
.ÁÔÉÏÎÁÌ (ÅÁÒÔȟ ,ÕÎÇȟ ÁÎÄ "ÌÏÏÄ )ÎÓÔÉÔÕÔÅ 2ÅÃÉÐÉÅÎÔ %ÐÉÄÅÍÉÏÌÏÇÙ ÁÎÄ $ÏÎÏÒ %ÖÁÌÕÁÔÉÏÎ 3ÔÕÄÙȤ))) 
ɉ2%$3Ȥ)))Ɋ ɉςπρφɊȢ %ÆÆÅÃÔ ÏÆ ÉÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÏÎ ÉÒÏÎ ÓÔÏÒÅÓ ÁÎÄ ÔÏÔÁÌ ÂÏÄÙ ÉÒÏÎ ÁÆÔÅÒ ×ÈÏÌÅ ÂÌÏÏÄ 
ÄÏÎÁÔÉÏÎȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υφɉψɊȟ ςππυɀςπρςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾ ÔÒÆȢρσφυω 
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#ÁÂÌÅȟ 2Ȣ'Ȣȟ 'ÌÙÎÎȟ 3Ȣ!Ȣȟ +ÉÓÓȟ *Ȣ%Ȣȟ -ÁÓÔȟ !Ȣ%Ȣȟ 3ÔÅÅÌÅȟ 7Ȣ2Ȣȟ -ÕÒÐÈÙȟ %Ȣ,Ȣȟ 7ÒÉÇÈÔȟ $Ȣ*Ȣȟ 3ÁÃÈÅÒȟ 2Ȣ!Ȣȟ 
'ÏÔÔÓÃÈÁÌÌȟ *Ȣ,Ȣȟ 4ÏÂÌÅÒȟ ,Ȣ(Ȣȟ 3ÉÍÏÎȟ 4Ȣ,Ȣȟ Ǫ .(,") 2ÅÔÒÏÖÉÒÕÓ %ÐÉÄÅÍÉÏÌÏÇÙ $ÏÎÏÒ 3ÔÕÄÙȤ)) ɉ2%$3Ȥ))Ɋ 
ɉςπρςɊȢ )ÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȡ ÔÈÅ 2%$3Ȥ)) $ÏÎÏÒ )ÒÏÎ 3ÔÁÔÕÓ %ÖÁÌÕÁÔÉÏÎ ɉ2)3%Ɋ ÓÔÕÄÙȢ 
4ÒÁÎÓÆÕÓÉÏÎȟ υςɉτɊȟ χπςɀχρρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςπρρȢπστπρȢØ 

#ÁÂÌÅȟ 2Ȣ'Ȣȟ 'ÌÙÎÎȟ 3Ȣ!Ȣȟ +ÉÓÓȟ *Ȣ%Ȣȟ -ÁÓÔȟ !Ȣ%Ȣȟ 3ÔÅÅÌÅȟ 7Ȣ2Ȣȟ -ÕÒÐÈÙȟ %Ȣ,Ȣȟ 7ÒÉÇÈÔȟ $Ȣ*Ȣȟ 3ÁÃÈÅÒȟ 2Ȣ!Ȣȟ 
'ÏÔÔÓÃÈÁÌÌȟ *Ȣ,Ȣȟ 6ÉÊȟ 6Ȣȟ 3ÉÍÏÎȟ 4Ȣ,Ȣȟ Ǫ .(,") 2ÅÔÒÏÖÉÒÕÓ %ÐÉÄÅÍÉÏÌÏÇÙ $ÏÎÏÒ 3ÔÕÄÙȤ)) ɉςπρρɊȢ )ÒÏÎ 
ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȡ ÁÎÁÌÙÓÉÓ ÏÆ ÅÎÒÏÌÌÍÅÎÔ ÄÁÔÁ ÆÒÏÍ ÔÈÅ 2%$3Ȥ)) $ÏÎÏÒ )ÒÏÎ 3ÔÁÔÕÓ 
%ÖÁÌÕÁÔÉÏÎ ɉ2)3%Ɋ ÓÔÕÄÙȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υρɉσɊȟ υρρɀυςςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςπρπȢ 
πςψφυȢØ 

#ÁÏȟ #Ȣȟ 4ÈÏÍÁÓȟ #Ȣ%Ȣȟ )ÎÓÏÇÎÁȟ +Ȣ,Ȣȟ Ǫ /ͻ"ÒÉÅÎȟ +Ȣ/Ȣ ɉςπρτɊȢ $ÕÏÄÅÎÁÌ ÁÂÓÏÒÐÔÉÏÎ ÁÎÄ ÔÉÓÓÕÅ ÕÔÉÌÉÚÁÔÉÏÎ 
ÏÆ ÄÉÅÔÁÒÙ ÈÅÍÅ ÁÎÄ ÎÏÎÈÅÍÅ ÉÒÏÎ ÄÉÆÆÅÒ ÉÎ ÒÁÔÓȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρττɉρρɊȟ ρχρπɀρχρχȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÊÎȢρρτȢρωχωσω 

#ÁÐÕÁÎÏ %Ȣ ɉςπρχɊȢ 4ÈÅ ÂÅÈÁÖÉÏÒ ÏÆ ÄÉÅÔÁÒÙ ÆÉÂÅÒ ÉÎ ÔÈÅ ÇÁÓÔÒÏÉÎÔÅÓÔÉÎÁÌ ÔÒÁÃÔ ÄÅÔÅÒÍÉÎÅÓ ÉÔÓ 
ÐÈÙÓÉÏÌÏÇÉÃÁÌ ÅÆÆÅÃÔȢ #ÒÉÔÉÃÁÌ ÒÅÖÉÅ×Ó ÉÎ ÆÏÏÄ ÓÃÉÅÎÃÅ ÁÎÄ ÎÕÔÒÉÔÉÏÎȟ υχɉρφɊȟ συτσɀσυφτȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρπψπȾρπτπψσωψȢςπρφȢρρψπυπρ 

#ÁÓÔÅÌȟ 2Ȣȟ 4ÁØȟ -Ȣ'Ȣȟ $ÒÏÏÇÅÎÄÉÊËȟ *Ȣȟ ,ÅÅÒÓȟ -Ȣ0Ȣȟ "ÅÕËÅÒÓȟ 2Ȣȟ ,ÅÖÉÎȟ -Ȣ$Ȣȟ 3ÏÎÎÅÖÅÌÄȟ 0Ȣȟ Ǫ "ÅÒÅÎÄÅÓȟ 0Ȣ"Ȣ 
ɉςπρςɊȢ 4ÈÅ ÔÒÁÎÓÆÅÒÒÉÎȾÌÏÇɉÆÅÒÒÉÔÉÎɊ ÒÁÔÉÏȡ Á ÎÅ× ÔÏÏÌ ÆÏÒ ÔÈÅ ÄÉÁÇÎÏÓÉÓ ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÎÅÍÉÁȢ 
#ÌÉÎÉÃÁÌ ÃÈÅÍÉÓÔÒÙ ÁÎÄ ÌÁÂÏÒÁÔÏÒÙ ÍÅÄÉÃÉÎÅȟ υπɉψɊȟ ρστσɀρστωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρυρυȾÃÃÌÍȤςπρρȤ
πυωτ 

#ÁÕÌÉÅÒȟ !Ȣ,Ȣȟ Ǫ 3ÁÎËÁÒÁÎȟ 6Ȣ'Ȣ ɉςπςςɊȢ -ÏÌÅÃÕÌÁÒ ÁÎÄ ÃÅÌÌÕÌÁÒ ÍÅÃÈÁÎÉÓÍÓ ÔÈÁÔ ÒÅÇÕÌÁÔÅ ÈÕÍÁÎ 
ÅÒÙÔÈÒÏÐÏÉÅÓÉÓȢ "ÌÏÏÄȟ ρσωɉρφɊȟ ςτυπɀςτυωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȢςπςρπρρπττ 

#ÅÐÅÄÁȤ,ÏÐÅÚȟ !Ȣ#Ȣȟ -ÅÌÓÅȤ"ÏÏÎÓÔÒÁȟ !Ȣȟ :ÉÍÍÅÒÍÁÎÎȟ -Ȣ"Ȣȟ Ǫ (ÅÒÔÅÒȤ!ÅÂÅÒÌÉȟ )Ȣ ɉςπρυɊȢ )Î ÏÖÅÒ×ÅÉÇÈÔ 
ÁÎÄ ÏÂÅÓÅ ×ÏÍÅÎȟ ÄÉÅÔÁÒÙ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÓ ÒÅÄÕÃÅÄ ÁÎÄ ÔÈÅ ÅÎÈÁÎÃÅÍÅÎÔ ÏÆ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÂÙ 
ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÉÓ ÏÎÅȤÈÁÌÆ ÔÈÁÔ ÉÎ ÎÏÒÍÁÌȤ×ÅÉÇÈÔ ×ÏÍÅÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ 
ρπςɉφɊȟ ρσψωɀρσωχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÁÊÃÎȢρρτȢπωωςρψ 

#ÈÅÎȟ 9Ȣȟ -ÉÃÈÁÌÁËȟ -Ȣȟ Ǫ !ÇÅÌÌÏÎȟ ,Ȣ"Ȣ ɉςπρψɊȢ )ÍÐÏÒÔÁÎÃÅ ÏÆ .ÕÔÒÉÅÎÔÓ ÁÎÄ .ÕÔÒÉÅÎÔ -ÅÔÁÂÏÌÉÓÍ ÏÎ 
(ÕÍÁÎ (ÅÁÌÔÈȢ 4ÈÅ 9ÁÌÅ ÊÏÕÒÎÁÌ ÏÆ ÂÉÏÌÏÇÙ ÁÎÄ ÍÅÄÉÃÉÎÅȟ ωρɉςɊȟ ωυɀρπσȢ 

#ÈÉÁÍÃÈÁÎÙÁ .Ȣ ɉςπρσɊȢ 2ÁÐÉÄ ÒÅÃÏÖÅÒÙ ÔÉÍÅ ÏÆ ÈÅÍÏÇÌÏÂÉÎ ÌÅÖÅÌ ÉÎ ÆÅÍÁÌÅ ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓ ×ÉÔÈ 
ÆÅÒÒÏÕÓ ÆÕÍÁÒÁÔÅ ÁÎÄ ÈÉÇÈ ÄÏÓÅ ÏÆ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÓÕÐÐÌÅÍÅÎÔȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ -ÅÄÉÃÁÌ !ÓÓÏÃÉÁÔÉÏÎ ÏÆ 
4ÈÁÉÌÁÎÄ Є #ÈÏÔÍÁÉÈÅÔ ÔÈÁÎÇÐÈÁÅÔȟ ωφɉςɊȟ ρφυɀρχρȢ 

#ÈÉÆÍÁÎȟ *Ȣȟ ,ÁÕÂÅÎÂÁÃÈÅÒȟ 2Ȣȟ Ǫ 4ÏÒÔÉȟ 3Ȣ6Ȣ ɉςπρτɊȢ ! ÓÙÓÔÅÍÓ ÂÉÏÌÏÇÙ ÁÐÐÒÏÁÃÈ ÔÏ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȢ 
!ÄÖÁÎÃÅÓ ÉÎ ÅØÐÅÒÉÍÅÎÔÁÌ ÍÅÄÉÃÉÎÅ ÁÎÄ ÂÉÏÌÏÇÙȟ ψττȟ ςπρɀςςυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρππχȾωχψȤρȤ
τωσωȤςπωυȤςͺρπ 

#ÌÁÒË 3Ȣ&Ȣ ɉςππωɊȢ )ÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÎÅÍÉÁȡ ÄÉÁÇÎÏÓÉÓ ÁÎÄ ÍÁÎÁÇÅÍÅÎÔȢ #ÕÒÒÅÎÔ ÏÐÉÎÉÏÎ ÉÎ 
ÇÁÓÔÒÏÅÎÔÅÒÏÌÏÇÙȟ ςυɉςɊȟ ρςςɀρςψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωχȾ-/'ȢπÂπρσÅσςψσρÅÆρÃÄ 

#ÏÎÒÁÄȟ -Ȣ%Ȣȟ Ǫ 5ÍÂÒÅÉÔȟ *Ȣ.Ȣ ɉςππςɊȢ 0ÁÔÈ×ÁÙÓ ÏÆ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȢ "ÌÏÏÄ ÃÅÌÌÓȟ ÍÏÌÅÃÕÌÅÓ Ǫ ÄÉÓÅÁÓÅÓȟ 
ςωɉσɊȟ σσφɀσυυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππφȾÂÃÍÄȢςππςȢπυφτ 

#ÏÏËȟ *Ȣ$Ȣȟ Ǫ -ÏÎÓÅÎȟ %Ȣ2Ȣ ɉρωχφɊȢ &ÏÏÄ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÈÕÍÁÎ ÓÕÂÊÅÃÔÓȢ )))Ȣ #ÏÍÐÁÒÉÓÏÎ ÏÆ ÔÈÅ 
ÅÆÆÅÃÔ ÏÆ ÁÎÉÍÁÌ ÐÒÏÔÅÉÎÓ ÏÎ ÎÏÎÈÅÍÅ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ 
ςωɉψɊȟ ψυωɀψφχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾςωȢψȢψυω 

#ÏÏËȟ *Ȣ$Ȣȟ Ǫ -ÏÎÓÅÎȟ %Ȣ2Ȣ ɉρωχχɊȢ 6ÉÔÁÍÉÎ #ȟ ÔÈÅ ÃÏÍÍÏÎ ÃÏÌÄȟ ÁÎÄ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ σπɉςɊȟ ςσυɀςτρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾ σπȢςȢςσυ 

#ÏÏËȟ *Ȣ$Ȣȟ Ǫ 2ÅÄÄÙȟ -Ȣ"Ȣ ɉςππρɊȢ %ÆÆÅÃÔ ÏÆ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÉÎÔÁËÅ ÏÎ ÎÏÎÈÅÍÅȤÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÆÒÏÍ Á 
ÃÏÍÐÌÅÔÅ ÄÉÅÔȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ χσɉρɊȟ ωσɀωψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾ 
ÁÊÃÎȾχσȢρȢωσ 
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#ÏÏËȟ *Ȣ$Ȣȟ $ÁÓÓÅÎËÏȟ 3Ȣ!Ȣȟ Ǫ 7ÈÉÔÔÁËÅÒȟ 0Ȣ ɉρωωρɊȢ #ÁÌÃÉÕÍ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎȡ ÅÆÆÅÃÔ ÏÎ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȢ 
4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ υσɉρɊȟ ρπφɀρρρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρπωσȾÁÊÃÎȾυσȢρȢρπφ 

#ÏÏËȟ *Ȣ$Ȣȟ &ÌÏ×ÅÒÓȟ #Ȣ(Ȣȟ Ǫ 3ËÉËÎÅȟ "Ȣ3Ȣ ɉςππσɊȢ 4ÈÅ ÑÕÁÎÔÉÔÁÔÉÖÅ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ÂÏÄÙ ÉÒÏÎȢ "ÌÏÏÄȟ 
ρπρɉωɊȟ σσυωɀσσφτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππςȤρπȤσπχρ 

#ÏÏËȟ *Ȣ$Ȣȟ -ÏÒÃËȟ 4Ȣ!Ȣȟ Ǫ ,ÙÎÃÈȟ 3Ȣ2Ȣ ɉρωψρɊȢ 4ÈÅ ÉÎÈÉÂÉÔÏÒÙ ÅÆÆÅÃÔ ÏÆ ÓÏÙ ÐÒÏÄÕÃÔÓ ÏÎ ÎÏÎÈÅÍÅ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÍÁÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ στɉρςɊȟ ςφςςɀςφςωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπωσȾÁÊÃÎȾστȢρςȢςφςς 

#ÏÏËȟ *Ȣ$Ȣȟ 7ÁÔÓÏÎȟ 3Ȣ3Ȣȟ 3ÉÍÐÓÏÎȟ +Ȣ-Ȣȟ ,ÉÐÓÃÈÉÔÚȟ $Ȣ!Ȣȟ Ǫ 3ËÉËÎÅȟ "Ȣ3Ȣ ɉρωψτɊȢ 4ÈÅ ÅÆÆÅÃÔ ÏÆ ÈÉÇÈ ÁÓÃÏÒÂÉÃ 
ÁÃÉÄ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÏÎ ÂÏÄÙ ÉÒÏÎ ÓÔÏÒÅÓȢ "ÌÏÏÄȟ φτɉσɊȟ χςρɀχςφȢ 

#ÚÅÒ×ÏÎËÁȟ -Ȣȟ Ǫ 4ÏËÁÒÚȟ !Ȣ ɉςπρχɊȢ )ÒÏÎ ÉÎ ÒÅÄ ÍÅÁÔȤÆÒÉÅÎÄ ÏÒ ÆÏÅȢ -ÅÁÔ ÓÃÉÅÎÃÅȟ ρςσȟ ρυχɀρφυȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÍÅÁÔÓÃÉȢςπρφȢπωȢπρς 

$ÁÔÔÁȟ 3Ȣȟ 0ÁÌȟ -Ȣȟ Ǫ 'ÈÏÓÈȟ #Ȣ ɉςπρσɊȢ %ÆÆÅÃÔ ÏÆ ÆÒÅÑÕÅÎÔ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎ ÏÎ ÉÒÏÎ ÓÔÁÔÕÓ ÏÆ ÂÌÏÏÄ ÄÏÎÏÒÓ 
ÉÎ "ÕÒÄ×ÁÎȟ 7ÅÓÔ "ÅÎÇÁÌȟ )ÎÄÉÁȢ *ÏÕÒÎÁÌ ÏÆ $ÒÕÇ $ÅÌÉÖÅÒÙ ÁÎÄ 4ÈÅÒÁÐÅÕÔÉÃÓȟ σȟ φφɀφωȢ 

$ÁÖÉÄÓÓÏÎȟ ,Ȣȟ 7ÁÌÃÚÙËȟ 4Ȣȟ -ÏÒÒÉÓȟ !Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣ ɉρωωψɊȢ )ÎÆÌÕÅÎÃÅ ÏÆ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÏÎ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎ ÆÒÏÍ ÁÎ ÉÒÏÎȤÆÏÒÔÉÆÉÅÄȟ ÃÈÏÃÏÌÁÔÅȤÆÌÁÖÏÒÅÄ ÍÉÌË ÄÒÉÎË ÉÎ *ÁÍÁÉÃÁÎ ÃÈÉÌÄÒÅÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ φχɉυɊȟ ψχσɀψχχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾ φχȢυȢψχσ 

$Á×ÓÏÎȤ(ÕÇÈÅÓȟ "Ȣȟ 3ÅÌÉÇÓÏÎȟ &Ȣ(Ȣȟ Ǫ (ÕÇÈÅÓȟ 6Ȣ!Ȣ ɉρωψφɊȢ %ÆÆÅÃÔÓ ÏÆ ÃÁÌÃÉÕÍ ÃÁÒÂÏÎÁÔÅ ÁÎÄ 
ÈÙÄÒÏØÙÁÐÁÔÉÔÅ ÏÎ ÚÉÎÃ ÁÎÄ ÉÒÏÎ ÒÅÔÅÎÔÉÏÎ ÉÎ ÐÏÓÔÍÅÎÏÐÁÕÓÁÌ ×ÏÍÅÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ 
ÎÕÔÒÉÔÉÏÎȟ ττɉρɊȟ ψσɀψψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾττȢρȢψσ 

$Å $ÏÍÅÎÉÃÏȟ )Ȣȟ ,Ïȟ %Ȣȟ 7ÁÒÄȟ $Ȣ-Ȣȟ Ǫ +ÁÐÌÁÎȟ *Ȣ ɉςππωɊȢ (ÅÐÃÉÄÉÎȤÉÎÄÕÃÅÄ ÉÎÔÅÒÎÁÌÉÚÁÔÉÏÎ ÏÆ ÆÅÒÒÏ-
ÐÏÒÔÉÎ ÒÅÑÕÉÒÅÓ ÂÉÎÄÉÎÇ ÁÎÄ ÃÏÏÐÅÒÁÔÉÖÅ ÉÎÔÅÒÁÃÔÉÏÎ ×ÉÔÈ *ÁËςȢ 0ÒÏÃÅÅÄÉÎÇÓ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ !ÃÁÄÅÍÙ 
ÏÆ 3ÃÉÅÎÃÅÓ ÏÆ ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓ ÏÆ !ÍÅÒÉÃÁȟ ρπφɉρπɊȟ σψππɀσψπυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπχσȾÐÎÁÓȢ 
πωππτυσρπφ 

$Å $ÏÍÅÎÉÃÏȟ )Ȣȟ 7ÁÒÄȟ $Ȣ-Ȣȟ Ǫ +ÁÐÌÁÎȟ *Ȣ ɉςππχɊȢ (ÅÐÃÉÄÉÎ ÒÅÇÕÌÁÔÉÏÎȡ ÉÒÏÎÉÎÇ ÏÕÔ ÔÈÅ ÄÅÔÁÉÌÓȢ 4ÈÅ 
*ÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÉÎÖÅÓÔÉÇÁÔÉÏÎȟ ρρχɉχɊȟ ρχυυɀρχυψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρχςȾ*#)σςχπρ 

$ÅÁÎ ,Ȣ "ÌÏÏÄ 'ÒÏÕÐÓ ÁÎÄ 2ÅÄ #ÅÌÌ !ÎÔÉÇÅÎÓ ɍ)ÎÔÅÒÎÅÔɎȢ "ÅÔÈÅÓÄÁ ɉ-$Ɋȡ .ÁÔÉÏÎÁÌ #ÅÎÔÅÒ ÆÏÒ 
"ÉÏÔÅÃÈÎÏÌÏÇÙ )ÎÆÏÒÍÁÔÉÏÎ ɉ53ɊȠ ςππυȢ #ÈÁÐÔÅÒ ρȟ "ÌÏÏÄ ÁÎÄ ÔÈÅ ÃÅÌÌÓ ÉÔ ÃÏÎÔÁÉÎÓȢ !ÖÁÉÌÁÂÌÅ ÆÒÏÍȡ 
ÈÔÔÐÓȡȾȾ×××ȢÎÃÂÉȢÎÌÍȢÎÉÈȢÇÏÖȾÂÏÏËÓȾ."+ςςφσȾ 

$ÈÉÎÇÒÁȟ $Ȣȟ -ÉÃÈÁÅÌȟ -Ȣȟ 2ÁÊÐÕÔȟ (Ȣȟ Ǫ 0ÁÔÉÌȟ 2Ȣ4Ȣ ɉςπρςɊȢ $ÉÅÔÁÒÙ ÆÉÂÒÅ ÉÎ ÆÏÏÄÓȡ Á ÒÅÖÉÅ×Ȣ *ÏÕÒÎÁÌ ÏÆ ÆÏÏÄ 
ÓÃÉÅÎÃÅ ÁÎÄ ÔÅÃÈÎÏÌÏÇÙȟ τωɉσɊȟ ςυυɀςφφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾÓρσρωχȤπρρȤπσφυȤυ 

$ÊÁÌÁÌÉȟ -Ȣȟ .ÅÙÅÓÔÁÎÉȟ 4Ȣ2Ȣȟ "ÁÔÅÎÉȟ *Ȣȟ Ǫ 3ÉÁÓÓÉȟ &Ȣ ɉςππφɊȢ 4ÈÅ ÅÆÆÅÃÔ ÏÆ ÒÅÐÅÁÔÅÄ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎÓ ÏÎ ÔÈÅ 
ÉÒÏÎ ÓÔÁÔÕÓ ÏÆ )ÒÁÎÉÁÎ ÂÌÏÏÄ ÄÏÎÏÒÓ ÁÔÔÅÎÄÉÎÇ ÔÈÅ )ÒÁÎÉÁÎ ÂÌÏÏÄ ÔÒÁÎÓÆÕÓÉÏÎ ÏÒÇÁÎÉÚÁÔÉÏÎȢ 
)ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÆÏÒ ÖÉÔÁÍÉÎ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈȢ )ÎÔÅÒÎÁÔÉÏÎÁÌÅ :ÅÉÔÓÃÈÒÉÆÔ ÆÕÒ 6ÉÔÁÍÉÎ ɀ ÕÎÄ 
%ÒÎÁÈÒÕÎÇÓÆÏÒÓÃÈÕÎÇȢ *ÏÕÒÎÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÄÅ ÖÉÔÁÍÉÎÏÌÏÇÉÅ ÅÔ ÄÅ ÎÕÔÒÉÔÉÏÎȟ χφɉσɊȟ ρσςɀρσχȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρπςτȾπσππȤωψσρȢχφȢσȢρσς 

$ÏÎÏÖÁÎȟ !Ȣȟ ,ÉÍÁȟ #Ȣ!Ȣȟ 0ÉÎËÕÓȟ *Ȣ,Ȣȟ 0ÉÎËÕÓȟ 'Ȣ3Ȣȟ :ÏÎȟ ,Ȣ)Ȣȟ 2ÏÂÉÎÅȟ 3Ȣȟ Ǫ !ÎÄÒÅ×Óȟ .Ȣ#Ȣ ɉςππυɊȢ 4ÈÅ ÉÒÏÎ 
ÅØÐÏÒÔÅÒ ÆÅÒÒÏÐÏÒÔÉÎȾ3ÌÃτπÁρ ÉÓ ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÉÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓȢ #ÅÌÌ ÍÅÔÁÂÏÌÉÓÍȟ ρɉσɊȟ ρωρɀςππȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÍÅÔȢςππυȢπρȢππσ 

$ÒÅØÌÅÒȟ #Ȣȟ -ÁÃÈÅÒȟ 3Ȣȟ ,ÉÎÄÅÎÁÕȟ )Ȣȟ (ÏÌÔÅÒȟ -Ȣȟ -ÏÒÉÔÚȟ -Ȣȟ 3ÔÏÊÁËÏÖÉÃȟ 4Ȣȟ 0ÉÅÂÅÒȟ 4Ȣ2Ȣȟ 3ÃÈÌÅÎËÅȟ 0Ȣȟ Ǫ 
!ÍÒÅÉÎȟ +Ȣ ɉςπςπɊȢ (ÉÇÈȤÄÏÓÅ ÉÎÔÒÁÖÅÎÏÕÓ ÖÅÒÓÕÓ ÏÒÁÌ ÉÒÏÎ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓ ×ÉÔÈ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙȡ 4ÈÅ 
)ÒÏÎ7Ï-ÁÎ ÒÁÎÄÏÍÉÚÅÄȟ ÃÏÎÔÒÏÌÌÅÄ ÃÌÉÎÉÃÁÌ ÔÒÉÁÌȢ #ÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎ ɉ%ÄÉÎÂÕÒÇÈȟ 3ÃÏÔÌÁÎÄɊȟ σωɉσɊȟ χσχɀ
χτυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÌÎÕȢςπρωȢπσȢπςυ 

%ÎÇÅÌÍÁÎÎȟ -Ȣ$Ȣȟ $ÁÖÉÄÓÓÏÎȟ ,Ȣȟ 3ÁÎÄÓÔÒÏȃÍȟ "Ȣȟ 7ÁÌÃÚÙËȟ 4Ȣȟ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣȟ Ǫ -ÉÃÈÁÅÌÓÅÎȟ +Ȣ &Ȣ ɉρωωψɊȢ 
4ÈÅ ÉÎÆÌÕÅÎÃÅ ÏÆ ÍÅÁÔ ÏÎ ÎÏÎÈÅÍÅ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÉÎÆÁÎÔÓȢ 0ÅÄÉÁÔÒÉÃ ÒÅÓÅÁÒÃÈȟ τσɉφɊȟ χφψɀχχσȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρςπσȾππππφτυπȤρωωψπφπππȤππππω 
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%ÒÈÁÂÏÒȟ /Ȣȟ )ÍÒÁÎÁȟ 3Ȣȟ "ÕÈÁÒÉȟ (Ȣ!Ȣȟ 7ÁÓÅȟ !Ȣȟ Ǫ )ËÈÕÅÎÂÏÒȟ $Ȣ!Ȣ ɉςπρτɊȢ )ÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÍÏÎÇ ÂÌÏÏÄ 
ÄÏÎÏÒÓ ÉÎ ÓÏËÏÔÏȟ ÎÏÒÔÈ ×ÅÓÔÅÒÎȟ .ÉÇÅÒÉÁȢ /ÐÅÎ *ÏÕÒÎÁÌ ÏÆ "ÌÏÏÄ $ÉÓÅÁÓÅÓȟ τȟ σσɀτςȢ 

&ÅÌÔÒÉÎȟ #Ȣȟ "ÁÔÉÓÔÁ ÄÅ -ÏÒÁÉÓȟ -Ȣȟ ÄÅ #ÁǲÓÓÉÁ &ÒÅÉÔÁÓȟ +Ȣȟ "ÅÎÉÎÇÁ ÄÅ -ÏÒÁÉÓȟ 4Ȣȟ &ÁÇÕÎÄÅÓ .ÅÔÏȟ 5Ȣȟ Ǫ 
3ÉÌÖÅǲÒÉÏ !ÍÁÎÃÉÏȟ /Ȣ-Ȣ ɉςππωɊȢ %ÆÆÅÃÔ ÏÆ ÓÏÌÕÂÌÅ ÆÉÂÅÒ ÐÅÃÔÉÎ ÏÎ ÇÒÏ×ÔÈ ÁÎÄ ÉÎÔÅÓÔÉÎÁÌ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ 
ÉÎ ÒÁÔÓ ÄÕÒÉÎÇ ÒÅÃÏÖÅÒÙ ÆÒÏÍ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÎÅÍÉÁȢ "ÉÏÌÏÇÉÃÁÌ ÔÒÁÃÅ ÅÌÅÍÅÎÔ ÒÅÓÅÁÒÃÈȟ ρςωɉρȤσɊȟ ςςρɀ
ςςψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾÓρςπρρȤππψȤψσπχȤτ 

&ÅÒÒÅÉÒÁȟ 'Ȣ#Ȣȟ Ǫ 'ÏÎÇȟ *Ȣ ɉρωωυɊȢ υȤ!ÍÉÎÏÌÅÖÕÌÉÎÁÔÅ ÓÙÎÔÈÁÓÅ ÁÎÄ ÔÈÅ ÆÉÒÓÔ ÓÔÅÐ ÏÆ ÈÅÍÅ ÂÉÏÓÙÎÔÈÅÓÉÓȢ 
*ÏÕÒÎÁÌ ÏÆ ÂÉÏÅÎÅÒÇÅÔÉÃÓ ÁÎÄ ÂÉÏÍÅÍÂÒÁÎÅÓȟ ςχɉςɊȟ ρυρɀρυωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρππχȾ"&πςρρππσπ 

&ÅÒÒÉÓȟ #Ȣ$Ȣȟ *ÁÆÆÒÅÙȟ 3Ȣ2Ȣȟ 3Á×Áȟ !Ȣȟ 4ÁËÁÈÁÓÈÉȟ -Ȣȟ "ÒÁÄÙȟ 3Ȣ$Ȣȟ "ÁÒÒÏ×ȟ 2Ȣ+Ȣȟ 4ÙÓÏÅȟ 3Ȣ!Ȣȟ 7ÏÌÏÓËÅÒȟ (Ȣȟ 
"ÁÒÁÎǿÁÎÏȟ $Ȣ%Ȣȟ $ÏÒÅǲȟ 3Ȣȟ 0ÏÓÓȟ +Ȣ$Ȣȟ Ǫ 3ÎÙÄÅÒȟ 3Ȣ(Ȣ ɉρωωωɊȢ (ÁÅÍ ÏØÙÇÅÎÁÓÅȤρ ÐÒÅÖÅÎÔÓ ÃÅÌÌ ÄÅÁÔÈ ÂÙ 
ÒÅÇÕÌÁÔÉÎÇ ÃÅÌÌÕÌÁÒ ÉÒÏÎȢ .ÁÔÕÒÅ ÃÅÌÌ ÂÉÏÌÏÇÙȟ ρɉσɊȟ ρυςɀρυχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρπσψȾρρπχς 

&ÉÎÃÈȟ #Ȣ!Ȣȟ #ÏÏËȟ *Ȣ$Ȣȟ ,ÁÂÂÅȟ 2Ȣ&Ȣȟ Ǫ #ÕÌÁÌÁȟ -Ȣ ɉρωχχɊȢ %ÆÆÅÃÔ ÏÆ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎ ÏÎ ÉÒÏÎ ÓÔÏÒÅÓ ÁÓ 
ÅÖÁÌÕÁÔÅÄ ÂÙ ÓÅÒÕÍ ÆÅÒÒÉÔÉÎȢ "ÌÏÏÄȟ υπɉσɊȟ ττρɀττχȢ 

&ÌÅÍÉÎÇȟ 2Ȣ%Ȣȟ Ǫ "ÁÃÏÎȟ "Ȣ2Ȣ ɉςππυɊȢ /ÒÃÈÅÓÔÒÁÔÉÏÎ ÏÆ ÉÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓȢ 4ÈÅ .Å× %ÎÇÌÁÎÄ ÊÏÕÒÎÁÌ ÏÆ 
ÍÅÄÉÃÉÎÅȟ συςɉρχɊȟ ρχτρɀρχττȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπυφȾ.%*-Ðπτψσφσ 

&Ï×ÌÅÒȟ 7Ȣ-Ȣȟ Ǫ "ÁÒÅÒȟ !Ȣ0Ȣ ɉρωτςɊȢ 2ÁÔÅ ÏÆ ÈÅÍÏÇÌÏÂÉÎ ÒÅÇÅÎÅÒÁÔÉÏÎ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ *!-!ȟ ρρψɉφɊȟ 
τςρɀτςχȢ 

'ÁÉÔÁǲÎȟ $Ȣȟ &ÌÏÒÅÓȟ 3Ȣȟ 3ÁÁÖÅÄÒÁȟ 0Ȣȟ -ÉÒÁÎÄÁȟ #Ȣȟ /ÌÉÖÁÒÅÓȟ -Ȣȟ !ÒÒÅÄÏÎÄÏȟ -Ȣȟ ,ÏǲÐÅÚ ÄÅ 2ÏÍÁÎǿÁȟ $Ȣȟ 
,ÏȃÎÎÅÒÄÁÌȟ "Ȣȟ Ǫ 0ÉÚÁÒÒÏȟ &Ȣ ɉςπρρɊȢ #ÁÌÃÉÕÍ ÄÏÅÓ ÎÏÔ ÉÎÈÉÂÉÔ ÔÈÅ ÁÂÓÏÒÐÔÉÏÎ ÏÆ υ ÍÉÌÌÉÇÒÁÍÓ ÏÆ 
ÎÏÎÈÅÍÅ ÏÒ ÈÅÍÅ ÉÒÏÎ ÁÔ ÄÏÓÅÓ ÌÅÓÓ ÔÈÁÎ ψππ ÍÉÌÌÉÇÒÁÍÓ ÉÎ ÎÏÎÐÒÅÇÎÁÎÔ ×ÏÍÅÎȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ 
ÎÕÔÒÉÔÉÏÎȟ ρτρɉωɊȟ ρφυςɀρφυφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÊÎȢρρρȢρσψφυρ 

'ÁÍÍÏÎȟ 2Ȣ2Ȣȟ $ÕÂÅÙȟ 2Ȣȟ 'ÕÐÔÁȟ 'Ȣ+Ȣȟ (ÉÎÒÉÃÈÓÅÎȟ #Ȣȟ *ÉÎÄÁÌȟ !Ȣȟ ,ÁÍÂÁȟ $Ȣ3Ȣȟ -ÁÎÇ×ÁÎÁȟ 3Ȣȟ 
2ÁÄÈÁËÒÉÓÈÎÁÎ .ÁÉÒȟ !Ȣȟ .ÁÌÅÚÉÎÓËÉȟ 3Ȣȟ Ǫ "ÏÃÑÕÅÔȟ #Ȣ ɉςπςσɊȢ 0ÁÔÉÅÎÔ "ÌÏÏÄ -ÁÎÁÇÅÍÅÎÔ ÁÎÄ )ÔÓ 2ÏÌÅ 
ÉÎ 3ÕÐÐÏÒÔÉÎÇ "ÌÏÏÄ 3ÕÐÐÌÙȢ *ÏÕÒÎÁÌ ÏÆ ÂÌÏÏÄ ÍÅÄÉÃÉÎÅȟ ρτȟ υωυɀφρρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςρτχȾ 
*"-Ȣ3σψχσςς 

'ÁÍÍÏÎȟ 2Ȣ2Ȣȟ 2ÏÓÅÎÂÁÕÍȟ ,Ȣȟ #ÏÏËÅȟ 2Ȣȟ &ÒÉÅÄÍÁÎȟ -Ȣȟ 2ÏÃË×ÏÏÄȟ ,Ȣȟ .ÉÃÈÏÌÓȟ 4Ȣȟ Ǫ 6ÏÓÓÏÕÇÈÉȟ 3Ȣ 
ɉςπςρɊȢ -ÁÉÎÔÁÉÎÉÎÇ ÁÄÅÑÕÁÔÅ ÄÏÎÁÔÉÏÎÓ ÁÎÄ Á ÓÕÓÔÁÉÎÁÂÌÅ ÂÌÏÏÄ ÓÕÐÐÌÙȡ ,ÅÓÓÏÎÓ ÌÅÁÒÎÅÄȢ 
4ÒÁÎÓÆÕÓÉÏÎȟ φρɉρɊȟ ςωτɀσπςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρφρτυ 

'ÁÏȟ *Ȣȟ #ÈÅÎȟ *Ȣȟ +ÒÁÍÅÒȟ -Ȣȟ 4ÓÕËÁÍÏÔÏȟ (Ȣȟ :ÈÁÎÇȟ !Ȣ3Ȣȟ Ǫ %ÎÎÓȟ #Ȣ!Ȣ ɉςππωɊȢ )ÎÔÅÒÁÃÔÉÏÎ ÏÆ ÔÈÅ ÈÅÒÅ-
ÄÉÔÁÒÙ ÈÅÍÏÃÈÒÏÍÁÔÏÓÉÓ ÐÒÏÔÅÉÎ (&% ×ÉÔÈ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ς ÉÓ ÒÅÑÕÉÒÅÄ ÆÏÒ ÔÒÁÎÓÆÅÒÒÉÎȤÉÎÄÕÃÅÄ 
ÈÅÐÃÉÄÉÎ ÅØÐÒÅÓÓÉÏÎȢ #ÅÌÌ ÍÅÔÁÂÏÌÉÓÍȟ ωɉσɊȟ ςρχɀςςχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÍÅÔȢ ςππωȢπρȢπρπ 

'ÁÒÌÁÎÄȟ 6Ȣȟ (ÅÒÌÉÔÚȟ ,Ȣȟ Ǫ 2ÅÇÕÎÁÔÈÁÎȤ3ÈÅÎËȟ 2Ȣ ɉςπςπɊȢ $ÉÅÔȤÉÎÄÕÃÅÄ ÏØÁÌÁÔÅ ÎÅÐÈÒÏÐÁÔÈÙ ÆÒÏÍ 
ÅØÃÅÓÓÉÖÅ ÎÕÔ ÁÎÄ ÓÅÅÄ ÃÏÎÓÕÍÐÔÉÏÎȢ "-* ÃÁÓÅ ÒÅÐÏÒÔÓȟ ρσɉρρɊȟ ÅςσχςρςȢ ÈÔÔÐÓȡȾȾ ÄÏÉȢÏÒÇȾρπȢρρσφȾ 
ÂÃÒȤςπςπȤςσχςρς 

'ÅÉÓÓÅÒȟ 0Ȣȟ Ǫ "ÕÒÃËÈÁÒÄÔȟ 3Ȣ ɉςπρρɊȢ 4ÈÅ ÐÈÁÒÍÁÃÏËÉÎÅÔÉÃÓ ÁÎÄ ÐÈÁÒÍÁÃÏÄÙÎÁÍÉÃÓ ÏÆ ÉÒÏÎ ÐÒÅÐÁÒÁ-
ÔÉÏÎÓȢ 0ÈÁÒÍÁÃÅÕÔÉÃÓȟ σɉρɊȟ ρςɀσσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾÐÈÁÒÍÁÃÅÕÔÉÃÓσπρππρς 

'ÉÂÓÏÎȟ 2Ȣ3Ȣȟ "ÁÉÌÅÙȟ +Ȣ"Ȣȟ 'ÉÂÂÓȟ -Ȣȟ Ǫ &ÅÒÇÕÓÏÎȟ %Ȣ,Ȣ ɉςπρπɊȢ ! ÒÅÖÉÅ× ÏÆ ÐÈÙÔÁÔÅȟ ÉÒÏÎȟ ÚÉÎÃȟ ÁÎÄ ÃÁÌÃÉÕÍ 
ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÉÎ ÐÌÁÎÔȤÂÁÓÅÄ ÃÏÍÐÌÅÍÅÎÔÁÒÙ ÆÏÏÄÓ ÕÓÅÄ ÉÎ ÌÏ×ȤÉÎÃÏÍÅ ÃÏÕÎÔÒÉÅÓ ÁÎÄ ÉÍÐÌÉÃÁÔÉÏÎÓ 
ÆÏÒ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙȢ &ÏÏÄ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÂÕÌÌÅÔÉÎȟ σρɉς 3ÕÐÐÌɊȟ 3ρστɀ3ρτφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρχχȾ 
ρυφτψςφυρππσρς3ςπφ 

'ÏÒÄÅÕËȟ 6Ȣ2Ȣȟ "ÒÉÔÔÅÎÈÁÍȟ 'Ȣ-Ȣȟ "ÒÁÖÏȟ *Ȣȟ (ÕÇÈÅÓȟ -Ȣ!Ȣȟ Ǫ +ÅÁÔÉÎÇȟ ,Ȣ*Ȣ ɉρωωπɊȢ 0ÒÅÖÅÎÔÉÏÎ ÏÆ ÉÒÏÎ 
ÄÅÆÉÃÉÅÎÃÙ ×ÉÔÈ ÃÁÒÂÏÎÙÌ ÉÒÏÎ ÉÎ ÆÅÍÁÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ σπɉσɊȟ ςσωɀςτυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπτφȾÊȢρυσχȤςωωυȢρωωπȢσπσωπρωτστυȢØ 
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'ÏÒÄÏÎȟ $Ȣ4Ȣȟ Ǫ #ÈÁÏȟ ,Ȣ3Ȣ ɉρωψτɊȢ 2ÅÌÁÔÉÏÎÓÈÉÐ ÏÆ ÃÏÍÐÏÎÅÎÔÓ ÉÎ ×ÈÅÁÔ ÂÒÁÎ ÁÎÄ ÓÐÉÎÁÃÈ ÔÏ ÉÒÏÎ 
ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÉÎ ÔÈÅ ÁÎÅÍÉÃ ÒÁÔȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρρτɉσɊȟ υςφɀυσυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾ 
ÊÎȾρρτȢσȢυςφ 

'ÕÌÅÃȟ 3Ȣȟ !ÎÄÅÒÓÏÎȟ 'Ȣ*Ȣȟ Ǫ #ÏÌÌÉÎÓȟ *Ȣ&Ȣ ɉςπρτɊȢ -ÅÃÈÁÎÉÓÔÉÃ ÁÎÄ ÒÅÇÕÌÁÔÏÒÙ ÁÓÐÅÃÔÓ ÏÆ ÉÎÔÅÓÔÉÎÁÌ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎȢ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÐÈÙÓÉÏÌÏÇÙȢ 'ÁÓÔÒÏÉÎÔÅÓÔÉÎÁÌ ÁÎÄ ÌÉÖÅÒ ÐÈÙÓÉÏÌÏÇÙȟ σπχɉτɊȟ 'σωχɀ'τπωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρυςȾÁÊÐÇÉȢππστψȢςπρσ 

'ÕÎÓÈÉÎȟ (Ȣȟ -ÁÃËÅÎÚÉÅȟ "Ȣȟ "ÅÒÇÅÒȟ 5Ȣ6Ȣȟ 'ÕÎÓÈÉÎȟ 9Ȣȟ 2ÏÍÅÒÏȟ -Ȣ&Ȣȟ "ÏÒÏÎȟ 7Ȣ &Ȣȟ .ÕÓÓÂÅÒÇÅÒȟ 3Ȣȟ 'ÏÌÌÁÎȟ 
*Ȣ,Ȣȟ Ǫ (ÅÄÉÇÅÒȟ -Ȣ!Ȣ ɉρωωχɊȢ #ÌÏÎÉÎÇ ÁÎÄ ÃÈÁÒÁÃÔÅÒÉÚÁÔÉÏÎ ÏÆ Á ÍÁÍÍÁÌÉÁÎ ÐÒÏÔÏÎȤÃÏÕÐÌÅÄ ÍÅÔÁÌȤÉÏÎ 
ÔÒÁÎÓÐÏÒÔÅÒȢ .ÁÔÕÒÅȟ σψψɉφφτρɊȟ τψςɀτψψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾ τρστσ 

'ÕÐÔÁȟ 3Ȣȟ ,ÁËÓÈÍÉȟ *Ȣȟ Ǫ 0ÒÁËÁÓÈȟ *Ȣ ɉςππφɊȢ )Î 6ÉÔÒÏ "ÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ #ÁÌÃÉÕÍ ÁÎÄ )ÒÏÎ ÆÒÏÍ 3ÅÌÅÃÔÅÄ 
'ÒÅÅÎ ,ÅÁÆÙ 6ÅÇÅÔÁÂÌÅÓȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ 3ÃÉÅÎÃÅ ÏÆ &ÏÏÄ ÁÎÄ !ÇÒÉÃÕÌÔÕÒÅȟ ψφȟ ςρτχɀςρυςȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππςȾÊÓÆÁȢςυψωȢ 

'ÕÙÁÔÔȟ 'Ȣ(Ȣȟ /ØÍÁÎȟ !Ȣ$Ȣȟ !ÌÉȟ -Ȣȟ 7ÉÌÌÁÎȟ !Ȣȟ -Ã)ÌÒÏÙȟ 7Ȣȟ Ǫ 0ÁÔÔÅÒÓÏÎȟ #Ȣ ɉρωωςɊȢ ,ÁÂÏÒÁÔÏÒÙ ÄÉÁÇÎÏÓÉÓ 
ÏÆ ÉÒÏÎȤÄÅÆÉÃÉÅÎÃÙ ÁÎÅÍÉÁȡ ÁÎ ÏÖÅÒÖÉÅ×Ȣ *ÏÕÒÎÁÌ ÏÆ ÇÅÎÅÒÁÌ ÉÎÔÅÒÎÁÌ ÍÅÄÉÃÉÎÅȟ χɉςɊȟ ρτυɀρυσȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾ"&πςυωψππσ 

'ÙÂÅÌȤ"ÒÁÓËȟ -Ȣȟ 3ÅÅÂÅÒÇȟ *Ȣȟ 4ÈÏÍÓÅÎȟ ,Ȣ,Ȣȟ Ǫ *ÏÈÁÎÓÓÏÎȟ 0Ȣ)Ȣ ɉςπρψɊȢ )ÎÔÒÁÖÅÎÏÕÓ ÉÒÏÎ ÉÓÏÍÁÌÔÏÓÉÄÅ 
ÉÍÐÒÏÖÅÓ ÈÅÍÏÇÌÏÂÉÎ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÁÎÄ ÉÒÏÎ ÓÔÏÒÅÓ ÉÎ ÆÅÍÁÌÅ ÉÒÏÎȤÄÅÆÉÃÉÅÎÔ ÂÌÏÏÄ ÄÏÎÏÒÓȡ Á 
ÒÁÎÄÏÍÉÚÅÄ ÄÏÕÂÌÅȤÂÌÉÎÄ ÐÌÁÃÅÂÏȤÃÏÎÔÒÏÌÌÅÄ ÃÌÉÎÉÃÁÌ ÔÒÉÁÌȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υψɉτɊȟ ωχτɀωψρȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρτυςρ 

(ÁÌÌÂÅÒÇȟ ,Ȣȟ "ÒÕÎÅȟ -Ȣȟ Ǫ 2ÏÓÓÁÎÄÅÒȟ ,Ȣ ɉρωψωɊȢ )ÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÍÁÎȡ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÁÎÄ ÄÏÓÅȤ
ÄÅÐÅÎÄÅÎÔ ÉÎÈÉÂÉÔÉÏÎ ÂÙ ÐÈÙÔÁÔÅȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ τωɉρɊȟ ρτπɀρττȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾτωȢρȢρτπ 

(ÁÌÌÂÅÒÇȟ ,Ȣȟ "ÒÕÎÅȟ -Ȣȟ %ÒÌÁÎÄÓÓÏÎȟ -Ȣȟ 3ÁÎÄÂÅÒÇȟ !Ȣ3Ȣȟ Ǫ 2ÏÓÓÁÎÄÅÒȤ(ÕÌÔÅǲÎȟ ,Ȣ ɉρωωρɊȢ #ÁÌÃÉÕÍȡ ÅÆÆÅÃÔ 
ÏÆ ÄÉÆÆÅÒÅÎÔ ÁÍÏÕÎÔÓ ÏÎ ÎÏÎÈÅÍÅȤ ÁÎÄ ÈÅÍÅȤÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÈÕÍÁÎÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ 
ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ υσɉρɊȟ ρρςɀρρωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾυσȢρȢρρς 

(ÁÌÌÂÅÒÇȟ ,Ȣȟ 2ÏÓÓÁÎÄÅÒȟ ,Ȣȟ Ǫ 3ËÁȏÎÂÅÒÇȟ !Ȣ"Ȣ ɉρωψχɊȢ 0ÈÙÔÁÔÅÓ ÁÎÄ ÔÈÅ ÉÎÈÉÂÉÔÏÒÙ ÅÆÆÅÃÔ ÏÆ ÂÒÁÎ ÏÎ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÍÁÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ τυɉυɊȟ ωψψɀωωφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπωσȾÁÊÃÎȾτυȢυȢωψψ 

(ÁÌÌÂÅÒÇȟ ,Ȣȟ 2ÏÓÓÁÎÄÅÒȤ(ÕÌÔÈÅǲÎȟ ,Ȣȟ "ÒÕÎÅȟ -Ȣȟ Ǫ 'ÌÅÅÒÕÐȟ !Ȣ ɉρωωσɊȢ )ÎÈÉÂÉÔÉÏÎ ÏÆ ÈÁÅÍȤÉÒÏÎ ÁÂÓÏÒ-
ÐÔÉÏÎ ÉÎ ÍÁÎ ÂÙ ÃÁÌÃÉÕÍȢ 4ÈÅ "ÒÉÔÉÓÈ ÊÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ φωɉςɊȟ υσσɀυτπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπχωȾ 
ÂÊÎρωωσππυσ 

(ÁÒÌÁÎÄȟ "Ȣ&Ȣ Ǫ -ÏÒÒÉÓȟ %Ȣ2Ȣ ɉρωωυɊȢ 0ÈÙÔÁÔÅȡ ! 'ÏÏÄ ÏÒ Á "ÁÄ &ÏÏÄ #ÏÍÐÏÎÅÎÔȩȢ .ÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈ 
ɉ.Å× 9ÏÒËȟ .Ȣ9ȢɊȟ ρυɉυɊȟ χσσɀχυτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾπςχρȤυσρχɉωυɊπππτπȤ0 

(ÁÒÔȟ *Ȣ*Ȣȟ 4ÁËÏȟ %Ȣȟ Ǫ 'ÌÁÈÎȟ 2Ȣ0Ȣ ɉςπρχɊȢ #ÈÁÒÁÃÔÅÒÉÚÁÔÉÏÎ ÏÆ 0ÏÌÙÐÈÅÎÏÌ %ÆÆÅÃÔÓ ÏÎ )ÎÈÉÂÉÔÉÏÎ ÁÎÄ 
0ÒÏÍÏÔÉÏÎ ÏÆ )ÒÏÎ 5ÐÔÁËÅ ÂÙ #ÁÃÏȤς #ÅÌÌÓȢ *ÏÕÒÎÁÌ ÏÆ ÁÇÒÉÃÕÌÔÕÒÁÌ ÁÎÄ ÆÏÏÄ ÃÈÅÍÉÓÔÒÙȟ φυɉρφɊȟ σςψυɀ
σςωτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςρȾÁÃÓȢÊÁÆÃȢφÂπυχυυ 

(ÁÒÔȟ *Ȣ*Ȣȟ 4ÁËÏȟ %Ȣȟ +ÏÃÈÉÁÎȟ ,Ȣ6Ȣȟ Ǫ 'ÌÁÈÎȟ 2Ȣ0Ȣ ɉςπρυɊȢ )ÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ "ÌÁÃË "ÅÁÎ ɉ0ÈÁÓÅÏÌÕÓ ÖÕÌÇÁÒÉÓ 
,ȢɊ 0ÏÌÙÐÈÅÎÏÌÓ 4ÈÁÔ )ÎÈÉÂÉÔ ÁÎÄ 0ÒÏÍÏÔÅ )ÒÏÎ 5ÐÔÁËÅ ÂÙ #ÁÃÏȤς #ÅÌÌÓȢ *ÏÕÒÎÁÌ ÏÆ ÁÇÒÉÃÕÌÔÕÒÁÌ ÁÎÄ ÆÏÏÄ 
ÃÈÅÍÉÓÔÒÙȟ φσɉςυɊȟ υωυπɀυωυφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςρȾÁÃÓȢÊÁÆÃȢ υÂππυσρ 

(Åȟ 7Ȣȟ ,Éȟ 8Ȣȟ $ÉÎÇȟ +Ȣȟ ,Éȟ 9Ȣȟ Ǫ ,Éȟ 7Ȣ ɉςπρψɊȢ !ÓÃÏÒÂÉÃ !ÃÉÄ ÃÁÎ 2ÅÖÅÒÓÅ ÔÈÅ )ÎÈÉÂÉÔÉÏÎ ÏÆ 0ÈÙÔÉÃ !ÃÉÄȟ 
3ÏÄÉÕÍ /ØÁÌÁÔÅ ÁÎÄ 3ÏÄÉÕÍ 3ÉÌÉÃÁÔÅ ÏÎ )ÒÏÎ !ÂÓÏÒÐÔÉÏÎ ÉÎ #ÁÃÏȤς ÃÅÌÌÓȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÆÏÒ 
ÖÉÔÁÍÉÎ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈȢ )ÎÔÅÒÎÁÔÉÏÎÁÌÅ :ÅÉÔÓÃÈÒÉÆÔ ÆÕÒ 6ÉÔÁÍÉÎȤ ÕÎÄ %ÒÎÁÈÒÕÎÇÓÆÏÒÓÃÈÕÎÇȢ 
*ÏÕÒÎÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÄÅ ÖÉÔÁÍÉÎÏÌÏÇÉÅ ÅÔ ÄÅ ÎÕÔÒÉÔÉÏÎȟ ψψɉρȤςɊȟ φυɀχςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςτȾπσππȤ
ωψσρȾÁπππυπσ 
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(ÅÁÎÅÙȟ 2Ȣ0Ȣȟ 7ÅÁÖÅÒȟ #Ȣ-Ȣȟ Ǫ 2ÅÃËÅÒȟ 2Ȣ2Ȣ ɉρωψψɊȢ #ÁÌÃÉÕÍ ÁÂÓÏÒÂÁÂÉÌÉÔÙ ÆÒÏÍ ÓÐÉÎÁÃÈȢ 4ÈÅ !ÍÅÒÉÃÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ τχɉτɊȟ χπχɀχπωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾ τχȢτȢχπχ 

(ÅÎÔÚÅȟ -Ȣ7Ȣȟ Ǫ +ÕȃÈÎȟ ,Ȣ#Ȣ ɉρωωφɊȢ -ÏÌÅÃÕÌÁÒ ÃÏÎÔÒÏÌ ÏÆ ÖÅÒÔÅÂÒÁÔÅ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȡ Í2.!ȤÂÁÓÅÄ 
ÒÅÇÕÌÁÔÏÒÙ ÃÉÒÃÕÉÔÓ ÏÐÅÒÁÔÅÄ ÂÙ ÉÒÏÎȟ ÎÉÔÒÉÃ ÏØÉÄÅȟ ÁÎÄ ÏØÉÄÁÔÉÖÅ ÓÔÒÅÓÓȢ 0ÒÏÃÅÅÄÉÎÇÓ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ 
!ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓ ÏÆ ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓ ÏÆ !ÍÅÒÉÃÁȟ ωσɉρφɊȟ ψρχυɀψρψςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπχσȾ 
ÐÎÁÓȢωσȢρφȢψρχυ 

(ÅÎÔÚÅȟ -Ȣ7Ȣȟ -ÕÃËÅÎÔÈÁÌÅÒȟ -Ȣ5Ȣȟ 'ÁÌÙȟ "Ȣȟ Ǫ #ÁÍÁÓÃÈÅÌÌÁȟ #Ȣ ɉςπρπɊȢ 4×Ï ÔÏ ÔÁÎÇÏȡ ÒÅÇÕÌÁÔÉÏÎ ÏÆ 
-ÁÍÍÁÌÉÁÎ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȢ #ÅÌÌȟ ρτςɉρɊȟ ςτɀσψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÅÌÌȢςπρπȢπφȢπςψ 

(ÅÒÎÁǲÎÄÅÚ ,ÁÍÁÓȟ -Ȣ#Ȣȟ ,ÏǲÐÅÚ 0ÅǲÒÅÚȤ,ÁÎÚÁÃȟ *Ȣ#Ȣȟ 0ÒÁÔ !ÒÒÏÊÏȟ )Ȣȟ 3ÁǲÎÃÈÅÚ 'ÏÒÄÏȟ &Ȣȟ !ÒÌÅÔÈ #ÈÒÉÓÔÅÎÓÅÎȟ 
%Ȣȟ Ǫ 3ÁǲÎÃÈÅÚ &ÏÎÔȟ %Ȣ ɉρωωτɊȢ $ÅÔÅÒÍÉÎÁÃÉÏǲÎ ÄÅ ÆÅÒÒÉÔÉÎÁ ÓÅǲÒÉÃÁȡ ÃÏÎÓÉÄÅÒÁÃÉÏÎÅÓ ÐÁÒÁ ÅÖÉÔÁÒ 
ÆÅÒÒÏÐÅÎÉÁ ÉÎÄÕÃÉÄÁ ÅÎ ÄÏÎÁÎÔÅÓ ÄÅ ÓÁÎÇÒÅ ɍ$ÅÔÅÒÍÉÎÁÔÉÏÎ ÏÆ ÓÅÒÕÍ ÆÅÒÒÉÔÉÎȡ ÉÄÅÁÓ ÆÏÒ ÁÖÏÉÄÉÎÇ 
ÉÎÄÕÃÅÄ ÆÅÒÒÏÐÅÎÉÁ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓɎȢ 3ÁÎÇÒÅȟ σωɉρɊȟ ωɀρτȢ 

(ÉÎÔÏÎ 0Ȣ3Ȣ ɉςπρτɊȢ )ÒÏÎ ÁÎÄ ÔÈÅ ÅÎÄÕÒÁÎÃÅ ÁÔÈÌÅÔÅȢ !ÐÐÌÉÅÄ ÐÈÙÓÉÏÌÏÇÙȟ ÎÕÔÒÉÔÉÏÎȟ ÁÎÄ ÍÅÔÁÂÏÌÉÓÍ Є 
0ÈÙÓÉÏÌÏÇÉÅ ÁÐÐÌÉÑÕÅÅȟ ÎÕÔÒÉÔÉÏÎ ÅÔ ÍÅÔÁÂÏÌÉÓÍÅȟ σωɉωɊȟ ρπρςɀρπρψȢ ÈÔÔÐÓȡȾȾ ÄÏÉȢÏÒÇȾρπȢρρσωȾÁÐÎÍȤ
ςπρτȤπρτχ 

(ÏÐÐÅȟ -Ȣȟ "ÒÕȃÎȟ "Ȣȟ ,ÁÒÓÓÏÎȟ -Ȣ 0Ȣȟ -ÏÒÁÅÕÓȟ ,Ȣȟ Ǫ (ÕÌÔÈÅǲÎȟ ,Ȣ ɉςπρσɊȢ (ÅÍÅ ÉÒÏÎȤÂÁÓÅÄ ÄÉÅÔÁÒÙ 
ÉÎÔÅÒÖÅÎÔÉÏÎ ÆÏÒ ÉÍÐÒÏÖÅÍÅÎÔ ÏÆ ÉÒÏÎ ÓÔÁÔÕÓ ÉÎ ÙÏÕÎÇ ×ÏÍÅÎȢ .ÕÔÒÉÔÉÏÎ ɉ"ÕÒÂÁÎËȟ ,ÏÓ !ÎÇÅÌÅÓ #ÏÕÎÔÙȟ 
#ÁÌÉÆȢɊȟ ςωɉρɊȟ ψωɀωυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÎÕÔȢςπρςȢπτȢπρσ 

(ÏÐÐÅȟ -Ȣȟ 2ÏÓÓȟ !Ȣ"Ȣȟ 3ÖÅÌÁÎÄÅÒȟ #Ȣȟ 3ÁÎÄÂÅÒÇȟ !Ȣ3Ȣȟ Ǫ (ÕÌÔÈÅǲÎȟ ,Ȣ ɉςπρωɊȢ ,Ï×ȤÐÈÙÔÁÔÅ ×ÈÏÌÅÇÒÁÉÎ 
ÂÒÅÁÄ ÉÎÓÔÅÁÄ ÏÆ ÈÉÇÈȤÐÈÙÔÁÔÅ ×ÈÏÌÅÇÒÁÉÎ ÂÒÅÁÄ ÉÎ Á ÔÏÔÁÌ ÄÉÅÔ ÃÏÎÔÅØÔ ÄÉÄ ÎÏÔ ÉÍÐÒÏÖÅ ÉÒÏÎ ÓÔÁÔÕÓ ÏÆ 
ÈÅÁÌÔÈÙ 3×ÅÄÉÓÈ ÆÅÍÁÌÅÓȡ Á ρςȤ×ÅÅËȟ ÒÁÎÄÏÍÉÚÅÄȟ ÐÁÒÁÌÌÅÌȤÄÅÓÉÇÎ ÉÎÔÅÒÖÅÎÔÉÏÎ ÓÔÕÄÙȢ %ÕÒÏÐÅÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ υψɉςɊȟ ψυσɀψφτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾ ÓππσωτȤπρψȤρχςςȤρ 

(Ï×ÅÒȟ 6Ȣȟ -ÅÎÄÅÓȟ 0Ȣȟ 4ÏÒÔÉȟ &Ȣ-Ȣȟ ,ÁÕÂÅÎÂÁÃÈÅÒȟ 2Ȣȟ !ËÍÁÎȟ 3Ȣȟ 3ÈÕÌÁÅÖȟ 6Ȣȟ Ǫ 4ÏÒÔÉȟ 3Ȣ6Ȣ ɉςππωɊȢ ! ÇÅÎÅÒÁÌ 
ÍÁÐ ÏÆ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍ ÁÎÄ ÔÉÓÓÕÅȤÓÐÅÃÉÆÉÃ ÓÕÂÎÅÔ×ÏÒËÓȢ -ÏÌÅÃÕÌÁÒ ÂÉÏ3ÙÓÔÅÍÓȟ υɉυɊȟ τςςɀττσȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσωȾÂψρφχρτÃ 

(ÕÎÔȟ *Ȣ2Ȣȟ 'ÁÌÌÁÇÈÅÒȟ 3Ȣ+Ȣȟ Ǫ *ÏÈÎÓÏÎȟ ,Ȣ+Ȣ ɉρωωτɊȢ %ÆÆÅÃÔ ÏÆ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÏÎ ÁÐÐÁÒÅÎÔ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ 
ÂÙ ×ÏÍÅÎ ×ÉÔÈ ÌÏ× ÉÒÏÎ ÓÔÏÒÅÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ υωɉφɊȟ ρσψρɀρσψυȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾυωȢφȢρσψρ 

(ÕÒÒÅÌÌ 2Ȣ&Ȣ ɉρωωχɊȢ 0ÒÅÖÅÎÔÉÎÇ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÔÈÒÏÕÇÈ ÆÏÏÄ ÆÏÒÔÉÆÉÃÁÔÉÏÎȢ .ÕÔÒÉÔÉÏÎ ÒÅÖÉÅ×Óȟ υυɉφɊȟ 
ςρπɀςςςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρχυσȤτψψχȢρωωχȢÔÂπρφπψȢØ 

(ÕÒÒÅÌÌȟ 2Ȣ&Ȣȟ 2ÅÄÄÙȟ -Ȣ"Ȣȟ *ÕÉÌÌÅÒÁÔȟ -Ȣȟ Ǫ #ÏÏËȟ *Ȣ$Ȣ ɉςππφɊȢ -ÅÁÔ ÐÒÏÔÅÉÎ ÆÒÁÃÔÉÏÎÓ ÅÎÈÁÎÃÅ ÎÏÎÈÅÍÅ 
ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÈÕÍÁÎÓȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρσφɉρρɊȟ ςψπψɀςψρςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπωσȾÊÎȾρσφȢρρȢςψπψ 

(ÕÒÒÅÌÌȟ 2Ȣȟ Ǫ %ÇÌÉȟ )Ȣ ɉςπρπɊȢ )ÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ ÄÉÅÔÁÒÙ ÒÅÆÅÒÅÎÃÅ ÖÁÌÕÅÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ 
ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ ωρɉυɊȟ ρτφρ3ɀρτφχ3Ȣ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÁÊÃÎȢςπρπȢςψφχτ& 

)ÎÓÔÉÔÕÔÅ ÏÆ -ÅÄÉÃÉÎÅ ɉ53Ɋ 0ÁÎÅÌ ÏÎ -ÉÃÒÏÎÕÔÒÉÅÎÔÓ ɉςππρɊȢ $ÉÅÔÁÒÙ 2ÅÆÅÒÅÎÃÅ )ÎÔÁËÅÓ ÆÏÒ 6ÉÔÁÍÉÎ !ȟ 
6ÉÔÁÍÉÎ +ȟ !ÒÓÅÎÉÃȟ "ÏÒÏÎȟ #ÈÒÏÍÉÕÍȟ #ÏÐÐÅÒȟ )ÏÄÉÎÅȟ )ÒÏÎȟ -ÁÎÇÁÎÅÓÅȟ -ÏÌÙÂÄÅÎÕÍȟ .ÉÃËÅÌȟ 3ÉÌÉÃÏÎȟ 
6ÁÎÁÄÉÕÍȟ ÁÎÄ :ÉÎÃȢ .ÁÔÉÏÎÁÌ !ÃÁÄÅÍÉÅÓ 0ÒÅÓÓ ɉ53ɊȢ 

)ÓÈÉËÁ×Áȟ 3Ȣ)Ȣȟ 4ÁÍÁËÉȟ 3Ȣȟ !ÒÉÈÁÒÁȟ +Ȣȟ Ǫ )ÔÏÈȟ -Ȣ ɉςππχɊȢ %ÇÇ ÙÏÌË ÐÒÏÔÅÉÎ ÁÎÄ ÅÇÇ ÙÏÌË ÐÈÏÓÖÉÔÉÎ ÉÎÈÉÂÉÔ 
ÃÁÌÃÉÕÍȟ ÍÁÇÎÅÓÉÕÍȟ ÁÎÄ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎÓ ÉÎ ÒÁÔÓȢ *ÏÕÒÎÁÌ ÏÆ ÆÏÏÄ ÓÃÉÅÎÃÅȟ χςɉφɊȟ 3τρςɀ3τρωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρχυπȤσψτρȢςππχȢππτρχȢØ 

*ÁÉÎȟ !Ȣȟ #ÈÏ×ÄÈÕÒÙȟ .Ȣȟ *ÁÉÎȟ 3Ȣȟ 5ÔÔÁÍȟ .Ȣȟ Ǫ -ÅÉÎÉÁȟ 3Ȣ+Ȣ ɉςπρψɊȢ !ÌÔÅÒÅÄ 2ÅÄ #ÅÌÌ )ÎÄÉÃÅÓ ÉÎ 2ÅÐÅÁÔ 
"ÌÏÏÄ $ÏÎÏÒÓȡ %ØÐÅÒÉÅÎÃÅ ÏÆ Á .ÏÒÔÈ )ÎÄÉÁÎ "ÌÏÏÄ "ÁÎËȢ )ÎÄÉÁÎ ÊÏÕÒÎÁÌ ÏÆ ÈÅÍÁÔÏÌÏÇÙ Ǫ ÂÌÏÏÄ 
ÔÒÁÎÓÆÕÓÉÏÎȡ ÁÎ ÏÆÆÉÃÉÁÌ ÊÏÕÒÎÁÌ ÏÆ )ÎÄÉÁÎ 3ÏÃÉÅÔÙ ÏÆ (ÅÍÁÔÏÌÏÇÙ ÁÎÄ "ÌÏÏÄ 4ÒÁÎÓÆÕÓÉÏÎȟ στɉτɊȟ φφφɀφχπȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾÓρςςψψȤπρψȤπωυτȤω 
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*ÏÈÎÓÏÎȟ -Ȣ"Ȣȟ Ǫ %ÎÎÓȟ #Ȣ!Ȣ ɉςππτɊȢ $ÉÆÅÒÒÉÃ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÇÕÌÁÔÅÓ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ς ÐÒÏÔÅÉÎ 
ÓÔÁÂÉÌÉÔÙȢ "ÌÏÏÄȟ ρπτɉρσɊȟ τςψχɀτςωσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππτȤπφȤςτχχ 

*ÏÈÎÓÏÎȤ7ÉÍÂÌÅÙȟ 4Ȣ$Ȣȟ Ǫ 'ÒÁÈÁÍȟ $Ȣ9Ȣ ɉςπρρɊȢ $ÉÁÇÎÏÓÉÓ ÁÎÄ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÎÅÍÉÁ 
ÉÎ ÔÈÅ ςρÓÔ ÃÅÎÔÕÒÙȢ 4ÈÅÒÁÐÅÕÔÉÃ ÁÄÖÁÎÃÅÓ ÉÎ ÇÁÓÔÒÏÅÎÔÅÒÏÌÏÇÙȟ τɉσɊȟ ρχχɀρψτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρρχχȾρχυφςψσ8ρρσωψχσφ 

+ÁÒÐȟ *Ȣ+Ȣȟ Ǫ +ÉÎÇȟ +Ȣ%Ȣ ɉςπρπɊȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ ÖÁÒÉÁÔÉÏÎ ÉÎ ÖÏÌÕÎÔÅÅÒ ×ÈÏÌÅ ÂÌÏÏÄ ÄÏÎÏÒ ÅÌÉÇÉÂÉÌÉÔÙ 
ÃÒÉÔÅÒÉÁȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υπɉςɊȟ υπχɀυρσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢ ςππωȢπςσωςȢØ 

+ÅÅÌȟ 3Ȣ"Ȣȟ $ÏÔÙȟ 2Ȣ4Ȣȟ 9ÁÎÇȟ :Ȣȟ 1ÕÉÇÌÅÙȟ *Ȣ'Ȣȟ #ÈÅÎȟ *Ȣȟ +ÎÏÂÌÁÕÇÈȟ 3Ȣȟ +ÉÎÇÓÌÅÙȟ 0Ȣ$Ȣȟ $Å $ÏÍÅÎÉÃÏȟ )Ȣȟ 
6ÁÕÇÈÎȟ -Ȣ"Ȣȟ +ÁÐÌÁÎȟ *Ȣȟ 0ÁÌÉÓȟ *Ȣȟ Ǫ !ÂËÏ×ÉÔÚȟ *Ȣ,Ȣ ɉςππψɊȢ ! ÈÅÍÅ ÅØÐÏÒÔ ÐÒÏÔÅÉÎ ÉÓ ÒÅÑÕÉÒÅÄ ÆÏÒ ÒÅÄ 
ÂÌÏÏÄ ÃÅÌÌ ÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎ ÁÎÄ ÉÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓȢ 3ÃÉÅÎÃÅ ɉ.Å× 9ÏÒËȟ .Ȣ9ȢɊȟ σρωɉυψφτɊȟ ψςυɀψςψȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρςφȾÓÃÉÅÎÃÅȢρρυρρσσ 

+ÅÌÓÁÙȟ *Ȣ,Ȣȟ Ǫ 0ÒÁÔÈÅÒȟ %Ȣ3Ȣ ɉρωψσɊȢ -ÉÎÅÒÁÌ ÂÁÌÁÎÃÅÓ ÏÆ ÈÕÍÁÎ ÓÕÂÊÅÃÔÓ ÃÏÎÓÕÍÉÎÇ ÓÐÉÎÁÃÈ ÉÎ Á ÌÏ×Ȥ
ÆÉÂÅÒ ÄÉÅÔ ÁÎÄ ÉÎ Á ÄÉÅÔ ÃÏÎÔÁÉÎÉÎÇ ÆÒÕÉÔÓ ÁÎÄ ÖÅÇÅÔÁÂÌÅÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ 
σψɉρɊȟ ρςɀρωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾσψȢρȢρς 

+ÈÏÊÁȟ +Ȣ+Ȣȟ !ÓÌÁÍȟ -Ȣ&Ȣȟ 3ÈÁÒÐȟ 0Ȣ!Ȣȟ Ǫ ,ÁÔÕÎÄÅȤ$ÁÄÁȟ 'Ȣ/Ȣ ɉςπςρɊȢ )Î ÖÉÔÒÏ ÂÉÏÁÃÃÅÓÓÉÂÉÌÉÔÙ ÁÎÄ 
ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ ÉÒÏÎ ÆÒÏÍ ÆÅÎÕÇÒÅÅËȟ ÂÁÏÂÁÂ ÁÎÄ ÍÏÒÉÎÇÁȢ &ÏÏÄ ÃÈÅÍÉÓÔÒÙȟ σσυȟ ρςχφχρȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÆÏÏÄÃÈÅÍȢςπςπȢρςχφχρ 

+ÉÍȟ -Ȣȟ ,ÅÅȟ $Ȣ4Ȣȟ Ǫ ,ÅÅȟ 9Ȣ3Ȣ ɉρωωυɊȢ )ÒÏÎ !ÂÓÏÒÐÔÉÏÎ ÁÎÄ )ÎÔÅÓÔÉÎÁÌ 3ÏÌÕÂÉÌÉÔÙ ÉÎ 2ÁÔÓ !ÒÅ )ÎÆÌÕÅÎÃÅÄ 
ÂÙ $ÉÅÔÁÒÙ 0ÒÏÔÅÉÎÓȢ .ÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈ ɉ.Å× 9ÏÒËȟ .Ȣ9ȢɊȟ ρυɉρρɊȟ ρχπυɀρχρφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπρφȾπςχρȤυσρχɉωυɊπςπτρȤπȢ 

+ÉÓÓ *Ȣ%Ȣ ɉςπρυɊȢ ,ÁÂÏÒÁÔÏÒÙ ÁÎÄ ÇÅÎÅÔÉÃ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ #ÌÉÎÉÃÓ ÉÎ 
ÌÁÂÏÒÁÔÏÒÙ ÍÅÄÉÃÉÎÅȟ συɉρɊȟ χσɀωρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÌÌȢςπρτȢρπȢπρρ 

+ÉÓÓȟ *Ȣ%Ȣȟ "ÒÁÍÂÉÌÌÁȟ $Ȣȟ 'ÌÙÎÎȟ 3Ȣ!Ȣȟ -ÁÓÔȟ !Ȣ%Ȣȟ 3ÐÅÎÃÅÒȟ "Ȣ2Ȣȟ 3ÔÏÎÅȟ -Ȣȟ +ÌÅÉÎÍÁÎȟ 3Ȣ (Ȣȟ #ÁÂÌÅȟ 2Ȣ'Ȣȟ Ǫ 
.ÁÔÉÏÎÁÌ (ÅÁÒÔȟ ,ÕÎÇȟ ÁÎÄ "ÌÏÏÄ )ÎÓÔÉÔÕÔÅ ɉ.(,")Ɋ 2ÅÃÉÐÉÅÎÔ %ÐÉÄÅÍÉÏÌÏÇÙ ÁÎÄ $ÏÎÏÒ %ÖÁÌÕÁÔÉÏÎ 
3ÔÕÄÙɀ))) ɉ2%$3Ȥ)))Ɋ ɉςπρυɊȢ /ÒÁÌ ÉÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÁÆÔÅÒ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎȡ Á ÒÁÎÄÏÍÉÚÅÄ ÃÌÉÎÉÃÁÌ 
ÔÒÉÁÌȢ *!-!ȟ σρσɉφɊȟ υχυɀυψσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππρȾÊÁÍÁȢςπρυȢρρω 

+ÉÓÓȟ *Ȣ%Ȣȟ 3ÔÅÅÌÅȟ 7Ȣ2Ȣȟ 7ÒÉÇÈÔȟ $Ȣ*Ȣȟ -ÁÓÔȟ !Ȣ%Ȣȟ #ÁÒÅÙȟ 0Ȣ-Ȣȟ -ÕÒÐÈÙȟ %Ȣ,Ȣȟ 'ÏÔÔÓÃÈÁÌÌȟ *Ȣ ,Ȣȟ 3ÉÍÏÎȟ 4Ȣ,Ȣȟ 
#ÁÂÌÅȟ 2Ȣ'Ȣȟ Ǫ .(,") 2ÅÔÒÏÖÉÒÕÓ %ÐÉÄÅÍÉÏÌÏÇÙ $ÏÎÏÒ 3ÔÕÄÙȤ)) ɉςπρσɊȢ ,ÁÂÏÒÁÔÏÒÙ ÖÁÒÉÁÂÌÅÓ ÆÏÒ 
ÁÓÓÅÓÓÉÎÇ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ 2%$3Ȥ)) )ÒÏÎ 3ÔÁÔÕÓ %ÖÁÌÕÁÔÉÏÎ ɉ2)3%Ɋ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υσɉρρɊȟ 
ςχφφɀςχχυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρςςπω 

+ÏÔÚÅǲȟ 3Ȣ2Ȣȟ 0ÅÄÅÒÓÅÎȟ /Ȣ"Ȣȟ 0ÅÔÅÒÓÅÎȟ -Ȣ3Ȣȟ 3ĜÒÅÎÓÅÎȟ %Ȣȟ 4ÈĜÒÎÅÒȟ ,Ȣ7Ȣȟ 3ĜÒÅÎÓÅÎȟ #Ȣ*Ȣȟ 2ÉÇÁÓȟ !Ȣ3Ȣȟ 
(ÊÁÌÇÒÉÍȟ (Ȣȟ 2ÏÓÔÇÁÁÒÄȟ +Ȣȟ 5ÌÌÕÍȟ (Ȣȟ Ǫ %ÒÉËÓÔÒÕÐȟ #Ȣ ɉςπρυɊȢ 0ÒÅÄÉÃÔÏÒÓ ÏÆ ÈÅÍÏÇÌÏÂÉÎ ÉÎ $ÁÎÉÓÈ ÂÌÏÏÄ 
ÄÏÎÏÒÓȡ ÒÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ $ÁÎÉÓÈ "ÌÏÏÄ $ÏÎÏÒ 3ÔÕÄÙȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υυɉφɊȟ ρσπσɀρσρρȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρσπρρ 

+ÒÁÙÅÎÂÕÅÈÌȟ 0Ȣ!Ȣȟ "ÁÔÔÅÇÁÙȟ %Ȣȟ "ÒÅÙÍÁÎÎȟ #Ȣȟ &ÕÒÒÅÒȟ *Ȣȟ Ǫ 3ÃÈÕÌÔÈÅÓÓȟ 'Ȣ ɉςπρρɊȢ )ÎÔÒÁÖÅÎÏÕÓ ÉÒÏÎ ÆÏÒ 
ÔÈÅ ÔÒÅÁÔÍÅÎÔ ÏÆ ÆÁÔÉÇÕÅ ÉÎ ÎÏÎÁÎÅÍÉÃȟ ÐÒÅÍÅÎÏÐÁÕÓÁÌ ×ÏÍÅÎ ×ÉÔÈ ÌÏ× ÓÅÒÕÍ ÆÅÒÒÉÔÉÎ ÃÏÎÃÅÎÔÒÁÔÉÏÎȢ 
"ÌÏÏÄȟ ρρψɉρςɊȟ σςςςɀσςςχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςπρρȤπτȤστφσπτ 

+ÒÉÓÈÎÁÍÕÒÔÈÙȟ 0Ȣȟ 8ÉÅȟ 4Ȣȟ Ǫ 3ÃÈÕÅÔÚȟ *Ȣ$Ȣ ɉςππχɊȢ 4ÈÅ ÒÏÌÅ ÏÆ ÔÒÁÎÓÐÏÒÔÅÒÓ ÉÎ ÃÅÌÌÕÌÁÒ ÈÅÍÅ ÁÎÄ 
ÐÏÒÐÈÙÒÉÎ ÈÏÍÅÏÓÔÁÓÉÓȢ 0ÈÁÒÍÁÃÏÌÏÇÙ Ǫ ÔÈÅÒÁÐÅÕÔÉÃÓȟ ρρτɉσɊȟ στυɀσυψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ 
ÊȢÐÈÁÒÍÔÈÅÒÁȢςππχȢπςȢππρ 

,ÁÙÒÉÓÓÅȟ -Ȣȟ -ÁÒÔąǲÎÅÚȤ4ÏÒÒÅÓȟ #Ȣȟ Ǫ 2ÏÃÈÅȟ -Ȣ ɉρωφψɊȢ %ÆÆÅÃÔ ÏÆ ÉÎÔÅÒÁÃÔÉÏÎ ÏÆ ÖÁÒÉÏÕÓ ÆÏÏÄÓ ÏÎ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ ςρɉρπɊȟ ρρχυɀρρψσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾ 
ÁÊÃÎȾςρȢρπȢρρχυ  

,ÁÚÒÁËȟ -Ȣȟ %Ì +ÁÒÉȟ +Ȣȟ 3ÔÏÆÆÅÌȟ .Ȣ5Ȣȟ %ÌÁÍÍÁÒÉȟ ,Ȣȟ !ÌȤ*Á×ÁÌÄÅÈȟ !Ȣȟ ,ÏÅÃÈÌȟ #Ȣ5Ȣȟ 9ÁÈÙÁÎÅȟ !Ȣȟ "ÁÒËÁÔȟ !Ȣȟ 
:ÉÍÍÅÒÍÁÎÎȟ -Ȣ"Ȣȟ Ǫ !ÇÕÅÎÁÏÕȟ (Ȣ ɉςπςρɊȢ 4ÅÁ #ÏÎÓÕÍÐÔÉÏÎ 2ÅÄÕÃÅÓ )ÒÏÎ "ÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÆÒÏÍ 
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.Á&Å%$4! ÉÎ .ÏÎÁÎÅÍÉÃ 7ÏÍÅÎ ÁÎÄ 7ÏÍÅÎ ×ÉÔÈ )ÒÏÎ $ÅÆÉÃÉÅÎÃÙ !ÎÅÍÉÁȡ 3ÔÁÂÌÅ )ÒÏÎ )ÓÏÔÏÐÅ 
3ÔÕÄÉÅÓ ÉÎ -ÏÒÏÃÃÏȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρυρɉωɊȟ ςχρτɀςχςπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÊÎȾ 
ÎØÁÂρυω 

,ÅÅȟ $Ȣ(Ȣȟ :ÈÏÕȟ ,Ȣ*Ȣȟ :ÈÏÕȟ :Ȣȟ 8ÉÅȟ *Ȣ8Ȣȟ *ÕÎÇȟ *Ȣ5Ȣȟ ,ÉÕȟ 9Ȣȟ 8Éȟ #Ȣ8Ȣȟ -ÅÉȟ ,Ȣȟ Ǫ 8ÉÏÎÇȟ 7Ȣ#Ȣ ɉςπρπɊȢ .ÅÏÇÅÎÉÎ 
ÉÎÈÉÂÉÔÓ (*6 ÓÅÃÒÅÔÉÏÎ ÁÎÄ ÒÅÇÕÌÁÔÅÓ "-0ȤÉÎÄÕÃÅÄ ÈÅÐÃÉÄÉÎ ÅØÐÒÅÓÓÉÏÎ ÁÎÄ ÉÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓȢ "ÌÏÏÄȟ 
ρρυɉρυɊȟ σρσφɀσρτυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππωȤρρȤςυρρωω 

,ÉÕÚÚÉȟ *Ȣ0Ȣȟ !ÙÄÅÍÉÒȟ &Ȣȟ .ÁÍȟ (Ȣȟ +ÎÕÔÓÏÎȟ -Ȣ$Ȣȟ Ǫ #ÏÕÓÉÎÓȟ 2Ȣ*Ȣ ɉςππφɊȢ :ÉÐρτ ɉ3ÌÃσωÁρτɊ ÍÅÄÉÁÔÅÓ ÎÏÎȤ
ÔÒÁÎÓÆÅÒÒÉÎȤÂÏÕÎÄ ÉÒÏÎ ÕÐÔÁËÅ ÉÎÔÏ ÃÅÌÌÓȢ 0ÒÏÃÅÅÄÉÎÇÓ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓ ÏÆ ÔÈÅ 5ÎÉÔÅÄ 
3ÔÁÔÅÓ ÏÆ !ÍÅÒÉÃÁȟ ρπσɉσχɊȟ ρσφρςɀρσφρχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπχσȾ ÐÎÁÓȢ πφπφτςτρπσ 

,ÏÂÉÅÒȟ -Ȣȟ #ÁÓÔÒÅǲÎȟ *Ȣȟ .ÉÉÔÔÙÍÁȃËÉȟ 0Ȣȟ 0ÁÌÏËÁÎÇÁÓȟ %Ȣȟ 0ÁÒÔÁÎÅÎȟ *Ȣȟ Ǫ !ÒÖÁÓȟ -Ȣ ɉςπρωɊȢ 4ÈÅ ÅÆÆÅÃÔ ÏÆ 
ÄÏÎÁÔÉÏÎ ÁÃÔÉÖÉÔÙ Ä×ÁÒÆÓ ÔÈÅ ÅÆÆÅÃÔ ÏÆ ÌÉÆÅÓÔÙÌÅȟ ÄÉÅÔ ÁÎÄ ÔÁÒÇÅÔÅÄ ÉÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÏÎ ÂÌÏÏÄ ÄÏÎÏÒ 
ÉÒÏÎ ÓÔÏÒÅÓȢ 0ÌÏ3 ÏÎÅȟ ρτɉψɊȟ ÅπςςπψφςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρσχρȾÊÏÕÒÎÁÌȢ ÐÏÎÅȢπςςπψφς 

,ÏȃÎÎÅÒÄÁÌ "Ȣ ɉςπρπɊȢ #ÁÌÃÉÕÍ ÁÎÄ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȤȤÍÅÃÈÁÎÉÓÍÓ ÁÎÄ ÐÕÂÌÉÃ ÈÅÁÌÔÈ ÒÅÌÅÖÁÎÃÅȢ 
)ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÆÏÒ ÖÉÔÁÍÉÎ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈȢ )ÎÔÅÒÎÁÔÉÏÎÁÌÅ :ÅÉÔÓÃÈÒÉÆÔ ÆÕÒ 6ÉÔÁÍÉÎȤ ÕÎÄ 
%ÒÎÁÈÒÕÎÇÓÆÏÒÓÃÈÕÎÇȢ *ÏÕÒÎÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÄÅ ÖÉÔÁÍÉÎÏÌÏÇÉÅ ÅÔ ÄÅ ÎÕÔÒÉÔÉÏÎȟ ψπɉτȤυɊȟ ςωσɀςωωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςτȾπσππȤωψσρȾÁππππσφ 

,ÙÎÃÈ 3Ȣ 4ÈÅ ÒÁÔÉÏÎÁÌÅ ÆÏÒ ÓÅÌÅÃÔÉÎÇ ÁÎÄ ÓÔÁÎÄÁÒÄÉÚÉÎÇ ÉÒÏÎ ÓÔÁÔÕÓ ÉÎÄÉÃÁÔÏÒÓȢ 'ÅÎÅÖÁȡ 7ÏÒÌÄ (ÅÁÌÔÈ 
/ÒÇÁÎÉÚÁÔÉÏÎȠ ςπρςȢ 

,ÙÎÃÈȟ 3Ȣ2Ȣȟ Ǫ #ÏÏËȟ *Ȣ$Ȣ ɉρωψπɊȢ )ÎÔÅÒÁÃÔÉÏÎ ÏÆ ÖÉÔÁÍÉÎ # ÁÎÄ ÉÒÏÎȢ !ÎÎÁÌÓ ÏÆ ÔÈÅ .Å× 9ÏÒË !ÃÁÄÅÍÙ ÏÆ 
3ÃÉÅÎÃÅÓȟ συυȟ σςɀττȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρχτωȤφφσςȢρωψπȢÔÂςρσςυȢØ 

,ÙÎÃÈȟ 3Ȣ2Ȣȟ $ÁÓÓÅÎËÏȟ 3Ȣ!Ȣȟ #ÏÏËȟ *Ȣ$Ȣȟ *ÕÉÌÌÅÒÁÔȟ -Ȣ!Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣ ɉρωωτɊȢ )ÎÈÉÂÉÔÏÒÙ ÅÆÆÅÃÔ ÏÆ Á 
ÓÏÙÂÅÁÎȤÐÒÏÔÅÉÎȤÒÅÌÁÔÅÄ ÍÏÉÅÔÙ ÏÎ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÈÕÍÁÎÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ 
ÎÕÔÒÉÔÉÏÎȟ φπɉτɊȟ υφχɀυχςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÁÊÃÎȾφπȢτȢυφχ 

-Áȟ 1Ȣȟ +ÉÍȟ %Ȣ9Ȣȟ ,ÉÎÄÓÁÙȟ %Ȣ!Ȣȟ Ǫ (ÁÎȟ /Ȣ ɉςπρρɊȢ "ÉÏÁÃÔÉÖÅ ÄÉÅÔÁÒÙ ÐÏÌÙÐÈÅÎÏÌÓ ÉÎÈÉÂÉÔ ÈÅÍÅ ÉÒÏÎ 
ÁÂÓÏÒÐÔÉÏÎ ÉÎ Á ÄÏÓÅȤÄÅÐÅÎÄÅÎÔ ÍÁÎÎÅÒ ÉÎ ÈÕÍÁÎ ÉÎÔÅÓÔÉÎÁÌ #ÁÃÏȤς ÃÅÌÌÓȢ *ÏÕÒÎÁÌ ÏÆ ÆÏÏÄ ÓÃÉÅÎÃÅȟ 
χφɉυɊȟ (ρτσɀ(ρυπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρχυπȤσψτρȢςπρρȢπςρψτȢØ 

-ÁÃÈÅÒȟ 3Ȣȟ (ÅÒÓÔÅÒȟ #Ȣȟ (ÏÌÔÅÒȟ -Ȣȟ -ÏÒÉÔÚȟ -Ȣȟ -ÁÔÚÈÏÌÄȟ %Ȣ-Ȣȟ 3ÔÏÊÁËÏÖÉÃȟ 4Ȣȟ 0ÉÅÂÅÒȟ 4Ȣ 2Ȣȟ 3ÃÈÌÅÎËÅȟ 0Ȣȟ 
$ÒÅØÌÅÒȟ #Ȣȟ Ǫ !ÍÒÅÉÎȟ +Ȣ ɉςπςπɊȢ 4ÈÅ %ÆÆÅÃÔ ÏÆ 0ÁÒÅÎÔÅÒÁÌ ÏÒ /ÒÁÌ )ÒÏÎ 3ÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÏÎ &ÁÔÉÇÕÅȟ 
3ÌÅÅÐȟ 1ÕÁÌÉÔÙ ÏÆ ,ÉÆÅ ÁÎÄ 2ÅÓÔÌÅÓÓ ,ÅÇÓ 3ÙÎÄÒÏÍÅ ÉÎ )ÒÏÎȤ$ÅÆÉÃÉÅÎÔ "ÌÏÏÄ $ÏÎÏÒÓȡ ! 3ÅÃÏÎÄÁÒÙ 
!ÎÁÌÙÓÉÓ ÏÆ ÔÈÅ )ÒÏÎ7Ï-ÁÎ 2#4Ȣ .ÕÔÒÉÅÎÔÓȟ ρςɉυɊȟ ρσρσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾÎÕρςπυρσρσ 

-ÁÃËÅÎÚÉÅȟ "Ȣȟ Ǫ 'ÁÒÒÉÃËȟ -Ȣ$Ȣ ɉςππυɊȢ )ÒÏÎ )ÍÐÏÒÔÓȢ ))Ȣ )ÒÏÎ ÕÐÔÁËÅ ÁÔ ÔÈÅ ÁÐÉÃÁÌ ÍÅÍÂÒÁÎÅ ÉÎ ÔÈÅ 
ÉÎÔÅÓÔÉÎÅȢ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÐÈÙÓÉÏÌÏÇÙȢ 'ÁÓÔÒÏÉÎÔÅÓÔÉÎÁÌ ÁÎÄ ÌÉÖÅÒ ÐÈÙÓÉÏÌÏÇÙȟ ςψωɉφɊȟ 'ωψρɀ'ωψφȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρυςȾÁÊÐÇÉȢππσφσȢςππυ 

-ÁÈÉÄÁȟ 6Ȣ)Ȣȟ "ÈÁÔÔÉȟ !Ȣȟ Ǫ 'ÕÐÔÅȟ 3Ȣ#Ȣ ɉςππψɊȢ )ÒÏÎ ÓÔÁÔÕÓ ÏÆ ÒÅÇÕÌÁÒ ÖÏÌÕÎÔÁÒÙ ÂÌÏÏÄ ÄÏÎÏÒÓȢ !ÓÉÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÔÒÁÎÓÆÕÓÉÏÎ ÓÃÉÅÎÃÅȟ ςɉρɊȟ ωɀρςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢτρπσȾπωχσȤφςτχȢσωυπτ 

-ÁÎÔÁÄÁËÉÓȟ %Ȣȟ 0ÁÎÁÇÏÐÏÕÌÏÕȟ 0Ȣȟ +ÏÎÔÅËÁËÉȟ %Ȣȟ "ÅÚÉÒÇÉÁÎÎÉÄÏÕȟ :Ȣȟ Ǫ -ÁÒÔÉÎÉÓȟ 'Ȣ ɉςπςςɊȢ )ÒÏÎ 
$ÅÆÉÃÉÅÎÃÙ ÁÎÄ "ÌÏÏÄ $ÏÎÁÔÉÏÎȡ ,ÉÎËÓȟ 2ÉÓËÓ ÁÎÄ -ÁÎÁÇÅÍÅÎÔȢ *ÏÕÒÎÁÌ ÏÆ ÂÌÏÏÄ ÍÅÄÉÃÉÎÅȟ ρσȟ χχυɀ
χψφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςρτχȾ*"-Ȣ3σχυωτυ 

-ÁÒËÓȟ $Ȣ#Ȣȟ 3ÐÅÅÄÙȟ *Ȣȟ 2ÏÂÉÎÓÏÎȟ +Ȣ,Ȣȟ "ÒÁÍÁȟ 4Ȣȟ #ÁÐÐÅÒȟ (Ȣ2Ȣȟ -ÏÎÄÙȟ 0Ȣȟ Ǫ +ÅÌÌÅÒȟ !Ȣ *Ȣ ɉςπρτɊȢ !Î ψȤ
×ÅÅË ÃÏÕÒÓÅ ÏÆ τυױÍÇ ÏÆ ÃÁÒÂÏÎÙÌ ÉÒÏÎ ÄÁÉÌÙ ÒÅÄÕÃÅÓ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÆÅÍÁÌÅ ×ÈÏÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓ 
ÁÇÅÄ ρψ ÔÏ τυ ÙÅÁÒÓȡ ÒÅÓÕÌÔÓ ÏÆ Á ÐÒÏÓÐÅÃÔÉÖÅ ÒÁÎÄÏÍÉÚÅÄ ÃÏÎÔÒÏÌÌÅÄ ÔÒÉÁÌȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υτɉσ 0Ô ςɊȟ χψπɀ
χψψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρςτφτ 

-ÁÓÔ !Ȣ%Ȣ ɉςπρτɊȢ ,Ï× ÈÅÍÏÇÌÏÂÉÎ ÄÅÆÅÒÒÁÌ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎ ÍÅÄÉÃÉÎÅ ÒÅÖÉÅ×Óȟ ςψɉρɊȟ ρψɀ
ςςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÔÍÒÖȢςπρσȢρρȢππρ 
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-ÁÓÔȟ !Ȣ%Ȣȟ "ÉÁÌËÏ×ÓËÉȟ 7Ȣȟ "ÒÙÁÎÔȟ "Ȣ*Ȣȟ 7ÒÉÇÈÔȟ $Ȣ*Ȣȟ "ÉÒÃÈȟ 2Ȣȟ +ÉÓÓȟ *Ȣ%Ȣȟ $ͻ!ÎÄÒÅÁȟ 0Ȣȟ #ÁÂÌÅȟ 2Ȣ'Ȣȟ Ǫ 
3ÐÅÎÃÅÒȟ "Ȣ2Ȣ ɉςπρφɊȢ ! ÒÁÎÄÏÍÉÚÅÄȟ ÂÌÉÎÄÅÄȟ ÐÌÁÃÅÂÏȤÃÏÎÔÒÏÌÌÅÄ ÔÒÉÁÌ ÏÆ ÅÄÕÃÁÔÉÏÎ ÁÎÄ ÉÒÏÎ 
ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÆÏÒ ÍÉÔÉÇÁÔÉÏÎ ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υφɉφ 0Ô ςɊȟ 
ρυψψɀρυωχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρστφω 

-ÁÓÔȟ !Ȣ%Ȣȟ 3ÚÁÂÏȟ !Ȣȟ 3ÔÏÎÅȟ -Ȣȟ #ÁÂÌÅȟ 2Ȣ'Ȣȟ 3ÐÅÎÃÅÒȟ "Ȣ2Ȣȟ +ÉÓÓȟ *Ȣ%Ȣȟ Ǫ .(,") 2ÅÃÉÐÉÅÎÔ %ÐÉÄÅÍÉÏÌÏÇÙ 
$ÏÎÏÒ %ÖÁÌÕÁÔÉÏÎ 3ÔÕÄÙ ɉ2%$3ɊȤ))) ɉςπςπɊȢ 4ÈÅ ÂÅÎÅÆÉÔÓ ÏÆ ÉÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÆÏÌÌÏ×ÉÎÇ ÂÌÏÏÄ 
ÄÏÎÁÔÉÏÎ ÖÁÒÙ ×ÉÔÈ ÂÁÓÅÌÉÎÅ ÉÒÏÎ ÓÔÁÔÕÓȢ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÈÅÍÁÔÏÌÏÇÙȟ ωυɉχɊȟ χψτɀχωρȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρππςȾÁÊÈȢςυψππ 

-Ã$ÅÒÍÉÄȟ *Ȣ-Ȣȟ Ǫ ,ÏȃÎÎÅÒÄÁÌȟ "Ȣ ɉςπρςɊȢ )ÒÏÎȢ !ÄÖÁÎÃÅÓ ÉÎ ÎÕÔÒÉÔÉÏÎ ɉ"ÅÔÈÅÓÄÁȟ -ÄȢɊȟ σɉτɊȟ υσςɀυσσȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÁÎȢρρςȢππςςφρ 

-Ã+ÉÅȟ !Ȣ4Ȣȟ -ÁÒÃÉÁÎÉȟ 0Ȣȟ 2ÏÌÆÓȟ !Ȣȟ "ÒÅÎÎÁÎȟ +Ȣȟ 7ÅÈÒȟ +Ȣȟ "ÁÒÒÏ×ȟ $Ȣȟ -ÉÒÅÔȟ 3Ȣȟ "ÏÍÆÏÒÄȟ !Ȣȟ 0ÅÔÅÒÓȟ 4Ȣ*Ȣȟ 
&ÁÒÚÁÎÅÈȟ &Ȣȟ (ÅÄÉÇÅÒȟ -Ȣ!Ȣȟ (ÅÎÔÚÅȟ -Ȣ7Ȣȟ Ǫ 3ÉÍÐÓÏÎȟ 2Ȣ*Ȣ ɉςπππɊȢ ! ÎÏÖÅÌ ÄÕÏÄÅÎÁÌ ÉÒÏÎȤÒÅÇÕÌÁÔÅÄ 
ÔÒÁÎÓÐÏÒÔÅÒȟ )2%'ρȟ ÉÍÐÌÉÃÁÔÅÄ ÉÎ ÔÈÅ ÂÁÓÏÌÁÔÅÒÁÌ ÔÒÁÎÓÆÅÒ ÏÆ ÉÒÏÎ ÔÏ ÔÈÅ ÃÉÒÃÕÌÁÔÉÏÎȢ -ÏÌÅÃÕÌÁÒ ÃÅÌÌȟ υɉςɊȟ 
ςωωɀσπωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÓρπωχȤςχφυɉππɊψπτςυȤφ 

-ÅÎÄÏÚÁȟ #Ȣȟ 6ÉÔÅÒÉȟ &Ȣ%Ȣȟ ,ÏȃÎÎÅÒÄÁÌȟ "Ȣȟ 2ÁÂÏÙȟ 6Ȣȟ 9ÏÕÎÇȟ +Ȣ!Ȣȟ Ǫ "ÒÏ×Îȟ +Ȣ(Ȣ ɉςππρɊȢ !ÂÓÏÒÐÔÉÏÎ ÏÆ ÉÒÏÎ 
ÆÒÏÍ ÕÎÍÏÄÉÆÉÅÄ ÍÁÉÚÅ ÁÎÄ ÇÅÎÅÔÉÃÁÌÌÙ ÁÌÔÅÒÅÄȟ ÌÏ×ȤÐÈÙÔÁÔÅ ÍÁÉÚÅ ÆÏÒÔÉÆÉÅÄ ×ÉÔÈ ÆÅÒÒÏÕÓ ÓÕÌÆÁÔÅ ÏÒ 
ÓÏÄÉÕÍ ÉÒÏÎ %$4!Ȣ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ χσɉρɊȟ ψπɀψυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾ 
ÁÊÃÎȾχσȢρȢψπ 

-ÉÌÍÁÎ .Ȣ ɉρωωφɊȢ 3ÅÒÕÍ ÆÅÒÒÉÔÉÎ ÉÎ $ÁÎÅÓȡ ÓÔÕÄÉÅÓ ÏÆ ÉÒÏÎ ÓÔÁÔÕÓ ÆÒÏÍ ÉÎÆÁÎÃÙ ÔÏ ÏÌÄ ÁÇÅȟ ÄÕÒÉÎÇ ÂÌÏÏÄ 
ÄÏÎÁÔÉÏÎ ÁÎÄ ÐÒÅÇÎÁÎÃÙȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÏÆ ÈÅÍÁÔÏÌÏÇÙȟ φσɉςɊȟ ρπσɀρσυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπρφȾπωςυȤυχρπɉωυɊππτςφȤς 

-ÉÌÍÁÎȟ .Ȣȟ Ǫ +ÉÒÃÈÈÏÆÆȟ -Ȣ ɉρωωωɊȢ 2ÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÓÅÒÕÍ ÆÅÒÒÉÔÉÎ ÁÎÄ ÒÉÓË ÆÁÃÔÏÒÓ ÆÏÒ ÉÓÃÈÁÅÍÉÃ 
ÈÅÁÒÔ ÄÉÓÅÁÓÅ ÉÎ ςςσυ $ÁÎÅÓ ÁÇÅÄ σπȤφπ ÙÅÁÒÓȢ *ÏÕÒÎÁÌ ÏÆ ÉÎÔÅÒÎÁÌ ÍÅÄÉÃÉÎÅȟ ςτυɉυɊȟ τςσɀτσσȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπτφȾÊȢρσφυȤςχωφȢρωωωȢππτφυȢØ 

-ÉÔÔÁÌȟ 2Ȣȟ -ÁÒ×ÁÈÁȟ .Ȣȟ "ÁÓÕȟ 3Ȣȟ -ÏÈÁÎȟ (Ȣȟ Ǫ 2ÁÖÉ +ÕÍÁÒȟ !Ȣ ɉςππφɊȢ %ÖÁÌÕÁÔÉÏÎ ÏÆ ÉÒÏÎ ÓÔÏÒÅÓ ÉÎ ÂÌÏÏÄ 
ÄÏÎÏÒÓ ÂÙ ÓÅÒÕÍ ÆÅÒÒÉÔÉÎȢ 4ÈÅ )ÎÄÉÁÎ ÊÏÕÒÎÁÌ ÏÆ ÍÅÄÉÃÁÌ ÒÅÓÅÁÒÃÈȟ ρςτɉφɊȟ φτρɀφτφȢ 

-ÏÈÁÍÍÅÄȟ /Ȣȟ $ÙÁÂȟ .Ȣȟ +ÈÅÁÄÒȟ %Ȣȟ Ǫ $ÁÂÏÕÒȟ .Ȣ ɉςπςρɊȢ %ÆÆÅÃÔÉÖÅÎÅÓÓ ÏÆ ÉÎÕÌÉÎȤÔÙÐÅ ÏÎ ÔÈÅ ÉÒÏÎ 
ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÉÎ ÁÎÅÍÉÃ ÆÅÍÁÌÅ ÒÁÔÓ ÆÅÄ ÂÉÏȤÙÏÇÕÒÔȢ 23# ÁÄÖÁÎÃÅÓȟ ρρɉτɊȟ ρωςψɀρωσψȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρπσωȾÄπÒÁπψψχσË 

-ÕÃËÅÎÔÈÁÌÅÒȟ -Ȣ5Ȣȟ 'ÁÌÙȟ "Ȣȟ Ǫ (ÅÎÔÚÅȟ -Ȣ7Ȣ ɉςππψɊȢ 3ÙÓÔÅÍÉÃ ÉÒÏÎ ÈÏÍÅÏÓÔÁÓÉÓ ÁÎÄ ÔÈÅ ÉÒÏÎȤ
ÒÅÓÐÏÎÓÉÖÅ ÅÌÅÍÅÎÔȾÉÒÏÎȤÒÅÇÕÌÁÔÏÒÙ ÐÒÏÔÅÉÎ ɉ)2%Ⱦ)20Ɋ ÒÅÇÕÌÁÔÏÒÙ ÎÅÔ×ÏÒËȢ !ÎÎÕÁÌ ÒÅÖÉÅ× ÏÆ 
ÎÕÔÒÉÔÉÏÎȟ ςψȟ ρωχɀςρσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρτφȾÁÎÎÕÒÅÖȢÎÕÔÒȢςψȢπφρψπχȢρυυυςρ 

-ÕÒÒÁÙȤ+ÏÌÂȟ ,Ȣ%Ȣȟ "ÅÁÒÄȟ *Ȣ,Ȣȟ *ÏÓÅÐÈȟ ,Ȣ*Ȣȟ $ÁÖÅÙȟ 3Ȣ,Ȣȟ %ÖÁÎÓȟ 7Ȣ*Ȣȟ Ǫ #ÁÍÐÂÅÌÌȟ 7Ȣ7Ȣ ɉςππρɊȢ 2ÅÓÉÓÔÁÎÃÅ 
ÔÒÁÉÎÉÎÇ ÁÆÆÅÃÔÓ ÉÒÏÎ ÓÔÁÔÕÓ ÉÎ ÏÌÄÅÒ ÍÅÎ ÁÎÄ ×ÏÍÅÎȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÏÆ ÓÐÏÒÔ ÎÕÔÒÉÔÉÏÎ ÁÎÄ 
ÅØÅÒÃÉÓÅ ÍÅÔÁÂÏÌÉÓÍȟ ρρɉσɊȟ ςψχɀςωψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρςσȾÉÊÓÎÅÍȢρρȢσȢςψχ 

-ÕÚÙËÁÎÔÏÖ 6Ȣ2Ȣ ɉςπρπɊȢ $ÒÕÇ ÄÅÌÉÖÅÒÙ ÂÙ ÒÅÄ ÂÌÏÏÄ ÃÅÌÌÓȡ ÖÁÓÃÕÌÁÒ ÃÁÒÒÉÅÒÓ ÄÅÓÉÇÎÅÄ ÂÙ ÍÏÔÈÅÒ ÎÁÔÕÒÅȢ 
%ØÐÅÒÔ ÏÐÉÎÉÏÎ ÏÎ ÄÒÕÇ ÄÅÌÉÖÅÒÙȟ χɉτɊȟ τπσɀτςχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρυρχȾρχτςυςτρππσφρπφσσ 

.ÁÄÁÒÁÊÁÎȟ 6Ȣ3Ȣȟ Ǫ %Ï×ȟ 'Ȣ)Ȣ ɉςππςɊȢ !ÎÁÅÍÉÁ ÁÎÄ ÉÒÏÎ ÓÔÁÔÕÓ ÁÍÏÎÇ ÂÌÏÏÄ ÄÏÎÏÒÓ ÉÎ Á ÂÌÏÏÄ 
ÔÒÁÎÓÆÕÓÉÏÎ ÕÎÉÔ ÉÎ -ÁÌÁÙÓÉÁȢ 4ÈÅ -ÁÌÁÙÓÉÁÎ ÊÏÕÒÎÁÌ ÏÆ ÐÁÔÈÏÌÏÇÙȟ ςτɉςɊȟ ωωɀρπςȢ 

.ÁÄÁÒÁÊÁÎȟ 6Ȣȟ 3ÔÈÁÎÅÓÈ×ÁÒȟ 0Ȣȟ Ǫ %Ï×ȟ 'Ȣ)Ȣ ɉςππψɊȢ 5ÓÅ ÏÆ ÒÅÄ ÂÌÏÏÄ ÃÅÌÌ ÉÎÄÉÃÅÓ ÆÏÒ ÔÈÅ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ 
ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÍÏÎÇ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎ ÍÅÄÉÃÉÎÅ ɉ/ØÆÏÒÄȟ %ÎÇÌÁÎÄɊȟ ρψɉσɊȟ ρψτɀρψωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρσφυȤσρτψȢςππψȢππψφςȢØ 

.ÁÖÁÓȤ#ÁÒÒÅÔÅÒÏȟ 3Ȣȟ 0ÅǲÒÅÚȤ'ÒÁÎÁÄÏÓȟ !Ȣ-Ȣȟ 3ÁÒÒÉÁǲȟ "Ȣȟ #ÁÒÂÁÊÁÌȟ !Ȣȟ 0ÅÄÒÏÓÁȟ -Ȣ-Ȣȟ 2ÏÅȟ -Ȣ!Ȣȟ 
&ÁÉÒ×ÅÁÔÈÅÒȤ4ÁÉÔȟ 3Ȣ*Ȣȟ Ǫ 6ÁÑÕÅÒÏȟ -Ȣ0Ȣ ɉςππψɊȢ /ÉÌÙ ÆÉÓÈ ÉÎÃÒÅÁÓÅÓ ÉÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ Á ÐÈÙÔÁÔÅ ÒÉÃÈ 
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ÍÅÁÌ ÉÎ ÙÏÕÎÇ ÉÒÏÎ ÄÅÆÉÃÉÅÎÔ ×ÏÍÅÎȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ !ÍÅÒÉÃÁÎ #ÏÌÌÅÇÅ ÏÆ .ÕÔÒÉÔÉÏÎȟ ςχɉρɊȟ ωφɀρπρȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπψπȾπχσρυχςτȢςππψȢρπχρωφψπ 

.ÄÉÁÙÅȟ .Ȣ&Ȣȟ )ÄÏÈÏÕȤ$ÏÓÓÏÕȟ .Ȣȟ "ÕȃÒËÌÉȟ 3Ȣȟ $ÉÏÕÆȟ !Ȣȟ ,ÏÕÃÏÕÂÁÒȟ #Ȣȟ 'ÕÉÒÏȟ !Ȣ4Ȣȟ :ÉÍÍÅÒÍÁÎÎȟ -Ȣ"Ȣȟ 
7ÁÄÅȟ 3Ȣȟ Ǫ -ÏÒÅÔÔÉȟ $Ȣ ɉςπςπɊȢ 0ÏÌÙÐÈÅÎÏÌȤÒÉÃÈ ÔÅÁ ÄÅÃÒÅÁÓÅÓ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÆÒÏÍ ÆÏÒÔÉÆÉÅÄ ×ÈÅÁÔ 
ÂÒÅÁÄ ÉÎ 3ÅÎÅÇÁÌÅÓÅ ÍÏÔÈÅÒȤÃÈÉÌÄ ÐÁÉÒÓ ÁÎÄ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ ÆÅÒÒÏÕÓ ÆÕÍÁÒÁÔÅ ÉÓ ÓÈÁÒÐÌÙ ÌÏ×ÅÒ ÉÎ 
ÃÈÉÌÄÒÅÎȢ %ÕÒÏÐÅÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ χτɉψɊȟ ρςςρɀρςςψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾÓτρτσπȤ
πςπȤπφπρȤÚ 

.ÅÍÅÔÈȟ %Ȣȟ 4ÕÔÔÌÅȟ -Ȣ3Ȣȟ 0Ï×ÅÌÓÏÎȟ *Ȣȟ 6ÁÕÇÈÎȟ -Ȣ"Ȣȟ $ÏÎÏÖÁÎȟ !Ȣȟ 7ÁÒÄȟ $Ȣ-Ȣȟ 'ÁÎÚȟ 4Ȣȟ Ǫ +ÁÐÌÁÎȟ *Ȣ 
ɉςππτɊȢ (ÅÐÃÉÄÉÎ ÒÅÇÕÌÁÔÅÓ ÃÅÌÌÕÌÁÒ ÉÒÏÎ ÅÆÆÌÕØ ÂÙ ÂÉÎÄÉÎÇ ÔÏ ÆÅÒÒÏÐÏÒÔÉÎ ÁÎÄ ÉÎÄÕÃÉÎÇ ÉÔÓ 
ÉÎÔÅÒÎÁÌÉÚÁÔÉÏÎȢ 3ÃÉÅÎÃÅ ɉ.Å× 9ÏÒËȟ .Ȣ9ȢɊȟ σπφɉυχπτɊȟ ςπωπɀςπωσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρςφȾÓÃÉÅÎÃÅȢ 
ρρπτχτς 

.ÏÒÁÓÈÉËÉÎȟ *Ȣȟ 2ÏÓÈÁÎȟ 4Ȣ-Ȣȟ 2ÏÓÌÉÎÅȟ (Ȣȟ :ÁÉÄÁÈȟ !Ȣ7Ȣȟ 3ÕÈÁÉÒȟ !Ȣ!Ȣȟ Ǫ 2ÁÐÉÁÁÈȟ -Ȣ ɉςππφɊȢ ! ÓÔÕÄÙ ÏÆ 
ÓÅÒÕÍ ÆÅÒÒÉÔÉÎ ÌÅÖÅÌÓ ÁÍÏÎÇ ÍÁÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓ ÉÎ (ÏÓÐÉÔÁÌ 5ÎÉÖÅÒÓÉÔÉ ÓÁÉÎÓ -ÁÌÁÙÓÉÁȢ 4ÈÅ 3ÏÕÔÈÅÁÓÔ 
!ÓÉÁÎ ÊÏÕÒÎÁÌ ÏÆ ÔÒÏÐÉÃÁÌ ÍÅÄÉÃÉÎÅ ÁÎÄ ÐÕÂÌÉÃ ÈÅÁÌÔÈȟ σχɉςɊȟ σχπɀσχσȢ 

/ȭ&ÌÁÈÅÒÔÙȟ %Ȣ!Ȣ!Ȣȟ 4ÓÅÒÍÏÕÌÁȟ 0Ȣȟ /ȭ.ÅÉÌÌȟ %Ȣ%Ȣȟ Ǫ /ȭ"ÒÉÅÎȟ .Ȣ-Ȣ ɉςπρωɊȢ #ÏȤ0ÒÏÄÕÃÔÓ ÏÆ "ÅÅÆ 0ÒÏÃÅÓÓÉÎÇ 
%ÎÈÁÎÃÅ .ÏÎȤ(ÁÅÍ )ÒÏÎ !ÂÓÏÒÐÔÉÏÎ ÉÎ ÁÎ ÉÎ 6ÉÔÒÏ $ÉÇÅÓÔÉÏÎȾ#ÁÃÏȤς #ÅÌÌ -ÏÄÅÌȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ *ÏÕÒÎÁÌ 
ÏÆ &ÏÏÄ 3ÃÉÅÎÃÅ Ǫ 4ÅÃÈÎÏÌÏÇÙȟ υτɉτɊȟ ρςυφɀρςφτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρρρρȾÉÊÆÓȢρτπτωȢ 

/ͻ"ÒÉÅÎȟ 3Ȣ&Ȣȟ Ǫ 'ÏÌÄÍÁÎȟ -Ȣ ɉςπρχɊȢ 5ÎÄÅÒÓÔÁÎÄÉÎÇ ÉÒÏÎ ÄÅÐÌÅÔÉÏÎ ÁÎÄ ÏÖÅÒÌÏÁÄ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ )3"4 
3ÃÉÅÎÃÅ 3ÅÒÉÅÓȟ ρςɉρɊȟ ρρȤρψȢ 

/ÈÇÁÍÉȟ 2Ȣ3Ȣȟ #ÁÍÐÁÇÎÁȟ $Ȣ2Ȣȟ -Ã$ÏÎÁÌÄȟ !Ȣȟ Ǫ &ÌÅÍÉÎÇȟ -Ȣ$Ȣ ɉςππφɊȢ 4ÈÅ 3ÔÅÁÐ ÐÒÏÔÅÉÎÓ ÁÒÅ 
ÍÅÔÁÌÌÏÒÅÄÕÃÔÁÓÅÓȢ "ÌÏÏÄȟ ρπψɉτɊȟ ρσψψɀρσωτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππφȤπςȤππσφψρ 

/ͻ-ÅÁÒÁȟ !Ȣȟ )ÎÆÁÎÔÉȟ ,Ȣȟ 3ÔÅÂÌÅÒȟ #Ȣȟ 2ÕÅÓÃÈȟ -Ȣȟ 3ÉÇÌÅȟ *Ȣ0Ȣȟ 3ÔÅÒÎȟ -Ȣȟ Ǫ "ÕÓÅÒȟ !Ȣ ɉςπρρɊȢ 4ÈÅ ÖÁÌÕÅ ÏÆ 
ÒÏÕÔÉÎÅ ÆÅÒÒÉÔÉÎ ÍÅÁÓÕÒÅÍÅÎÔ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υρɉρπɊȟ ςρψσɀςρψψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρρρρȾÊȢρυσχȤςωωυȢςπρρȢπσρτψȢØ 

/ÔÔÏȟ *Ȣ-Ȣȟ -ÏÎÔÇÏÍÅÒÙȟ (Ȣ%Ȣȟ Ǫ 2ÉÃÈÁÒÄÓȟ 4Ȣ ɉςπρσɊȢ (ÁÅÍÏÇÌÏÂÉÎ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÁÎÄ ÍÁÓÓ ÁÓ 
ÄÅÔÅÒÍÉÎÁÎÔÓ ÏÆ ÅØÅÒÃÉÓÅ ÐÅÒÆÏÒÍÁÎÃÅ ÁÎÄ ÏÆ ÓÕÒÇÉÃÁÌ ÏÕÔÃÏÍÅȢ %ØÔÒÅÍÅ ÐÈÙÓÉÏÌÏÇÙ Ǫ ÍÅÄÉÃÉÎÅȟ ςɉρɊȟ 
σσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψφȾςπτφȤχφτψȤςȤσσ 

0ÁÃÈÉËÉÁÎȟ "Ȣȟ .ÁÓÌÁÉÎȟ $Ȣȟ "ÅÎÏÉÔȟ .Ȣȟ "ÒÅÂÅÌÓȟ 2Ȣȟ 6ÁÎ !ÓÃÈȟ +Ȣȟ #ÏÍÐÅÒÎÏÌÌÅȟ 6Ȣȟ 6ÁÎÄÅËÅÒÃËÈÏÖÅȟ 0Ȣȟ Ǫ 
$ÅÌÄÉÃÑÕÅȟ ,Ȣ ɉςπςπɊȢ )ÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÌÉÍÉÔÓ ÔÈÅ ÄÅÌÅÔÅÒÉÏÕÓ ÅÆÆÅÃÔÓ ÏÆ ÒÅÐÅÁÔÅÄ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎ 
ÏÎ ÅÎÄÕÒÁÎÃÅ ÓÐÏÒÔ ÐÅÒÆÏÒÍÁÎÃÅ ÂÕÔ ÎÏÔ ÏÎ ÉÒÏÎ ÓÔÁÔÕÓȢ "ÌÏÏÄ ÔÒÁÎÓÆÕÓÉÏÎ Є 4ÒÁÓÆÕÓÉÏÎÅ ÄÅÌ ÓÁÎÇÕÅȟ 
ρψɉυɊȟ σστɀστχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςτυπȾ ςπςπȢππψχȤςπ 

0ÁÎÄÅÙȟ +Ȣ"Ȣȟ Ǫ 2ÉÚÖÉȟ 3Ȣ)Ȣ ɉςππωɊȢ 0ÌÁÎÔ ÐÏÌÙÐÈÅÎÏÌÓ ÁÓ ÄÉÅÔÁÒÙ ÁÎÔÉÏØÉÄÁÎÔÓ ÉÎ ÈÕÍÁÎ ÈÅÁÌÔÈ ÁÎÄ 
ÄÉÓÅÁÓÅȢ /ØÉÄÁÔÉÖÅ ÍÅÄÉÃÉÎÅ ÁÎÄ ÃÅÌÌÕÌÁÒ ÌÏÎÇÅÖÉÔÙȟ ςɉυɊȟ ςχπɀςχψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢτρφρȾÏØÉÍȢ 
ςȢυȢωτωψ 

0ÁÒËȟ #Ȣ(Ȣȟ 6ÁÌÏÒÅȟ %Ȣ6Ȣȟ 7ÁÒÉÎÇȟ !Ȣ*Ȣȟ Ǫ 'ÁÎÚȟ 4Ȣ ɉςππρɊȢ (ÅÐÃÉÄÉÎȟ Á ÕÒÉÎÁÒÙ ÁÎÔÉÍÉÃÒÏÂÉÁÌ ÐÅÐÔÉÄÅ 
ÓÙÎÔÈÅÓÉÚÅÄ ÉÎ ÔÈÅ ÌÉÖÅÒȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÂÉÏÌÏÇÉÃÁÌ ÃÈÅÍÉÓÔÒÙȟ ςχφɉρρɊȟ χψπφɀχψρπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπχτȾÊÂÃȢ-ππψωςςςππ 

0ÅÒÒÏÎȟ .Ȣ2Ȣȟ Ǫ "ÒÕÍÁÇÈÉÍȟ *Ȣ,Ȣ ɉςππωɊȢ ! ÒÅÖÉÅ× ÏÆ ÔÈÅ ÁÎÔÉÏØÉÄÁÎÔ ÍÅÃÈÁÎÉÓÍÓ ÏÆ ÐÏÌÙÐÈÅÎÏÌ 
ÃÏÍÐÏÕÎÄÓ ÒÅÌÁÔÅÄ ÔÏ ÉÒÏÎ ÂÉÎÄÉÎÇȢ #ÅÌÌ ÂÉÏÃÈÅÍÉÓÔÒÙ ÁÎÄ ÂÉÏÐÈÙÓÉÃÓȟ υσɉςɊȟ χυɀρππȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢρππχȾÓρςπρσȤππωȤωπτσȤØ 

0ÅÔÒÙȟ .Ȣȟ %ÇÌÉȟ )Ȣȟ #ÈÁÓÓÁÒÄȟ #Ȣȟ ,ÁÃÒÏÉØȟ #Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ ɉςπρςɊȢ )ÎÕÌÉÎ ÍÏÄÉÆÉÅÓ ÔÈÅ ÂÉÆÉÄÏÂÁÃÔÅÒÉÁ 
ÐÏÐÕÌÁÔÉÏÎȟ ÆÅÃÁÌ ÌÁÃÔÁÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎȟ ÁÎÄ ÆÅÃÁÌ Ð( ÂÕÔ ÄÏÅÓ ÎÏÔ ÉÎÆÌÕÅÎÃÅ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ×ÏÍÅÎ 
×ÉÔÈ ÌÏ× ÉÒÏÎ ÓÔÁÔÕÓȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ ωφɉςɊȟ σςυɀσσρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢσωτυȾÁÊÃÎȢρρςȢπσυχρχ 
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0ÅÔÒÙȟ .Ȣȟ %ÇÌÉȟ )Ȣȟ :ÅÄÅÒȟ #Ȣȟ 7ÁÌÃÚÙËȟ 4Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ ɉςπρπɊȢ 0ÏÌÙÐÈÅÎÏÌÓ ÁÎÄ ÐÈÙÔÉÃ ÁÃÉÄ ÃÏÎÔÒÉÂÕÔÅ ÔÏ 
ÔÈÅ ÌÏ× ÉÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÆÒÏÍ ÃÏÍÍÏÎ ÂÅÁÎÓ ÉÎ ÙÏÕÎÇ ×ÏÍÅÎȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρτπɉρρɊȟ 
ρωχχɀρωψςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÊÎȢρρπȢρςυσφω 

0ÉÇÅÏÎȟ #Ȣȟ )ÌÙÉÎȟ 'Ȣȟ #ÏÕÒÓÅÌÁÕÄȟ "Ȣȟ ,ÅÒÏÙÅÒȟ 0Ȣȟ 4ÕÒÌÉÎȟ "Ȣȟ "ÒÉÓÓÏÔȟ 0Ȣȟ Ǫ ,ÏÒÅǲÁÌȟ /Ȣ ɉςππρɊȢ ! ÎÅ× ÍÏÕÓÅ 
ÌÉÖÅÒȤÓÐÅÃÉÆÉÃ ÇÅÎÅȟ ÅÎÃÏÄÉÎÇ Á ÐÒÏÔÅÉÎ ÈÏÍÏÌÏÇÏÕÓ ÔÏ ÈÕÍÁÎ ÁÎÔÉÍÉÃÒÏÂÉÁÌ ÐÅÐÔÉÄÅ ÈÅÐÃÉÄÉÎȟ ÉÓ 
ÏÖÅÒÅØÐÒÅÓÓÅÄ ÄÕÒÉÎÇ ÉÒÏÎ ÏÖÅÒÌÏÁÄȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÂÉÏÌÏÇÉÃÁÌ ÃÈÅÍÉÓÔÒÙȟ ςχφɉρρɊȟ χψρρɀχψρωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπχτȾÊÂÃȢ-ππψωςσςππ 

0ÉÓËÉÎȟ %Ȣȟ #ÉÁÎÃÉÏÓÉȟ $Ȣȟ 'ÕÌÅÃȟ 3Ȣȟ 4ÏÍÁÓȟ -Ȣȟ Ǫ #ÁÐÁÎÏÇÌÕȟ %Ȣ ɉςπςςɊȢ )ÒÏÎ !ÂÓÏÒÐÔÉÏÎȡ &ÁÃÔÏÒÓȟ ,ÉÍÉ-
ÔÁÔÉÏÎÓȟ ÁÎÄ )ÍÐÒÏÖÅÍÅÎÔ -ÅÔÈÏÄÓȢ !#3 ÏÍÅÇÁȟ χɉςτɊȟ ςπττρɀςπτυφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςρȾ 
ÁÃÓÏÍÅÇÁȢςÃπρψσσ 

0ÏÔÔÇÉÅÓÓÅÒȟ 4Ȣȟ 3ÐÅÃËÅÒȟ 7Ȣȟ 5ÍÈÁÕȟ -Ȣȟ $ÉÃËÈÕÔÈȟ (Ȣ (Ȣȟ 2ÏÅÃËÅÒȟ +Ȣȟ Ǫ 3ÃÈÕÍÁÃÈÅÒȟ 9Ȣ /Ȣ ɉςππψɊȢ 
2ÅÃÏÖÅÒÙ ÏÆ ÈÅÍÏÇÌÏÂÉÎ ÍÁÓÓ ÁÆÔÅÒ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎȢ 4ÒÁÎÓÆÕÓÉÏÎȟ τψɉχɊȟ ρσωπɀρσωχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρρρρȾÊȢρυσχȤςωωυȢςππψȢπρχρωȢØ 

0ÕÎÎÏÎÅÎȟ +Ȣȟ Ǫ 2ÁÊÁÍÁȃËÉȟ !Ȣ ɉρωωωɊȢ %ÖÁÌÕÁÔÉÏÎ ÏÆ ÉÒÏÎ ÓÔÁÔÕÓ ÏÆ &ÉÎÎÉÓÈ ÂÌÏÏÄ ÄÏÎÏÒÓ ÕÓÉÎÇ ÓÅÒÕÍ 
ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒȢ 4ÒÁÎÓÆÕÓÉÏÎ ÍÅÄÉÃÉÎÅ ɉ/ØÆÏÒÄȟ %ÎÇÌÁÎÄɊȟ ωɉςɊȟ ρσρɀρστȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπτφȾÊȢρσφυȤσρτψȢρωωωȢππρωρȢØ 

1ÉÁÏȟ "Ȣȟ 3ÕÇÉÁÎÔÏȟ 0Ȣȟ &ÕÎÇȟ %Ȣȟ $ÅÌȤ#ÁÓÔÉÌÌÏȤ2ÕÅÄÁȟ !Ȣȟ -ÏÒÁÎȤ*ÉÍÅÎÅÚȟ -Ȣ*Ȣȟ 'ÁÎÚȟ 4Ȣȟ Ǫ .ÅÍÅÔÈȟ %Ȣ ɉςπρςɊȢ 
(ÅÐÃÉÄÉÎȤÉÎÄÕÃÅÄ ÅÎÄÏÃÙÔÏÓÉÓ ÏÆ ÆÅÒÒÏÐÏÒÔÉÎ ÉÓ ÄÅÐÅÎÄÅÎÔ ÏÎ ÆÅÒÒÏÐÏÒÔÉÎ ÕÂÉÑÕÉÔÉÎÁÔÉÏÎȢ #ÅÌÌ 
ÍÅÔÁÂÏÌÉÓÍȟ ρυɉφɊȟ ωρψɀωςτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÍÅÔȢςπρςȢπσȢπρψ 

1ÉÕȟ !Ȣȟ *ÁÎÓÅÎȟ -Ȣȟ 3ÁËÁÒÉÓȟ !Ȣȟ -ÉÎȟ 3Ȣ (Ȣȟ #ÈÁÔÔÏÐÁÄÈÙÁÙȟ 3Ȣȟ 4ÓÁÉȟ %Ȣȟ 3ÁÎÄÏÖÁÌȟ #Ȣȟ :ÈÁÏȟ 2Ȣȟ !ËÁÂÁÓȟ -Ȣ(Ȣȟ 
Ǫ 'ÏÌÄÍÁÎȟ )Ȣ$Ȣ ɉςππφɊȢ )ÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ÁÎ ÉÎÔÅÓÔÉÎÁÌ ÆÏÌÁÔÅ ÔÒÁÎÓÐÏÒÔÅÒ ÁÎÄ ÔÈÅ ÍÏÌÅÃÕÌÁÒ ÂÁÓÉÓ ÆÏÒ 
ÈÅÒÅÄÉÔÁÒÙ ÆÏÌÁÔÅ ÍÁÌÁÂÓÏÒÐÔÉÏÎȢ #ÅÌÌȟ ρςχɉυɊȟ ωρχɀωςψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ ρπȢρπρφȾÊȢÃÅÌÌȢςππφȢπωȢπτρ 

2ÁÄÔËÅȟ (Ȣȟ -ÁÙÅÒȟ "Ȣȟ 2ÏȃÃËÅÒȟ ,Ȣȟ 3ÁÌÁÍÁȟ !Ȣȟ Ǫ +ÉÅÓÅ×ÅÔÔÅÒȟ (Ȣ ɉςππτÂɊȢ )ÒÏÎ ÓÕÐÐÌÅÍÅÎÔÁÔÉÏÎ ÁÎÄ ςȤ
ÕÎÉÔ ÒÅÄ ÂÌÏÏÄ ÃÅÌÌ ÁÐÈÅÒÅÓÉÓȡ Á ÒÁÎÄÏÍÉÚÅÄȟ ÄÏÕÂÌÅȤÂÌÉÎÄȟ ÐÌÁÃÅÂÏȤÃÏÎÔÒÏÌÌÅÄ ÓÔÕÄÙȢ 4ÒÁÎÓÆÕÓÉÏÎȟ 
ττɉρπɊȟ ρτφσɀρτφχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςππτȢπτπτυȢØ 

2ÁÄÔËÅȟ (Ȣȟ -ÅÙÅÒȟ 4Ȣȟ +ÁÌÕÓȟ 5Ȣȟ 2ÏȃÃËÅÒȟ ,Ȣȟ 3ÁÌÁÍÁȟ !Ȣȟ +ÉÅÓÅ×ÅÔÔÅÒȟ (Ȣȟ Ǫ ,ÁÔÚÁȟ 2Ȣ ɉςππυɊȢ 2ÁÐÉÄ 
ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓ ×ÉÔÈ ÒÅÄ ÃÅÌÌ ÉÎÄÅØÅÓ ÐÒÏÖÉÄÅÄ ÂÙ !ÄÖÉÁ ρςπȢ 
4ÒÁÎÓÆÕÓÉÏÎȟ τυɉρɊȟ υɀρπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςππυȢπτςπυȢØ 

2ÁÄÔËÅȟ (Ȣȟ 4ÅÇÔÍÅÉÅÒȟ *Ȣȟ 2ÏȃÃËÅÒȟ ,Ȣȟ 3ÁÌÁÍÁȟ !Ȣȟ Ǫ +ÉÅÓÅ×ÅÔÔÅÒȟ (Ȣ ɉςππτÁɊȢ $ÁÉÌÙ ÄÏÓÅÓ ÏÆ ςπ ÍÇ ÏÆ 
ÅÌÅÍÅÎÔÁÌ ÉÒÏÎ ÃÏÍÐÅÎÓÁÔÅ ÆÏÒ ÉÒÏÎ ÌÏÓÓ ÉÎ ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓȡ Á ÒÁÎÄÏÍÉÚÅÄȟ ÄÏÕÂÌÅȤÂÌÉÎÄȟ 
ÐÌÁÃÅÂÏȤÃÏÎÔÒÏÌÌÅÄ ÓÔÕÄÙȢ 4ÒÁÎÓÆÕÓÉÏÎȟ ττɉρπɊȟ ρτςχɀρτσςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢ 
ςππτȢπτπχτȢØ 

2ÁÄÔËÅȟ (Ȣȟ 4ÅÇÔÍÅÉÅÒȟ *Ȣȟ 2ÏȃÃËÅÒȟ ,Ȣȟ 3ÁÌÁÍÁȟ !Ȣȟ Ǫ +ÉÅÓÅ×ÅÔÔÅÒȟ (Ȣ ɉςππυɊȢ #ÏÍÐÅÎÓÁÔÉÎÇ ÆÏÒ ÉÒÏÎ ÌÏÓÓ 
ÉÎ ÒÅÇÕÌÁÒ ÂÌÏÏÄ ÄÏÎÏÒÓ ÕÓÉÎÇ ÆÅÒÒÏÕÓ ÇÌÕÃÏÎÁÔÅ ÁÎÄ ÁÓÃÏÒÂÉÃ ÁÃÉÄȢ 4ÒÁÎÓÆÕÓÉÏÎȟ τυɉχɊȟ ρςσφɀρςσχȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÊȢρυσχȤςωωυȢςππυȢππρψσȢØ 

2ÁÊÁÇÏÐÁÌȟ !Ȣȟ 2ÁÏȟ !Ȣ5Ȣȟ !ÍÉÇÏȟ *Ȣȟ 4ÉÁÎȟ -Ȣȟ 5ÐÁÄÈÙÁÙȟ 3Ȣ+Ȣȟ (ÁÌÌȟ #Ȣȟ 5ÈÍȟ 3Ȣȟ -ÁÔÈÅ×ȟ -Ȣ+Ȣȟ &ÌÅÍÉÎÇȟ -Ȣ$Ȣȟ 
0Á×ȟ "Ȣ(Ȣȟ +ÒÁÕÓÅȟ -Ȣȟ Ǫ (ÁÍÚÁȟ )Ȣ ɉςππψɊȢ (ÁÅÍ ÈÏÍÅÏÓÔÁÓÉÓ ÉÓ ÒÅÇÕÌÁÔÅÄ ÂÙ ÔÈÅ ÃÏÎÓÅÒÖÅÄ ÁÎÄ 
ÃÏÎÃÅÒÔÅÄ ÆÕÎÃÔÉÏÎÓ ÏÆ (2'Ȥρ ÐÒÏÔÅÉÎÓȢ .ÁÔÕÒÅȟ τυσɉχρωψɊȟ ρρςχɀρρσρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾ 
ÎÁÔÕÒÅπφωστ 

2ÅÄÄÙ +Ȣ6Ȣȟ 3ÈÁÓÔÒÙȟ 3Ȣȟ 2ÁÔÕÒÉȟ -Ȣȟ Ǫ "ÁÌÉÇÁ "Ȣ0Ȣ ɉςπςπɊȢ )ÍÐÁÃÔ ÏÆ 2ÅÇÕÌÁÒ 7ÈÏÌÅȤ"ÌÏÏÄ $ÏÎÁÔÉÏÎ ÏÎ 
"ÏÄÙ )ÒÏÎ 3ÔÏÒÅÓȢ 4ÒÁÎÓÆÕÓÉÏÎ ÍÅÄÉÃÉÎÅ ÁÎÄ ÈÅÍÏÔÈÅÒÁÐÙȡ ÏÆÆÉÚÉÅÌÌÅÓ /ÒÇÁÎ ÄÅÒ $ÅÕÔÓÃÈÅÎ 'ÅÓÅÌÌÓÃÈÁÆÔ 
ÆÕÒ 4ÒÁÎÓÆÕÓÉÏÎÓÍÅÄÉÚÉÎ ÕÎÄ )ÍÍÕÎÈÁÍÁÔÏÌÏÇÉÅȟ τχɉρɊȟ χυɀχωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρυωȾπππτωωχφψ 

2ÉÇÁÓȟ !Ȣ3Ȣȟ 3ĜÒÅÎÓÅÎȟ #Ȣ*Ȣȟ 0ÅÄÅÒÓÅÎȟ /Ȣ"Ȣȟ 0ÅÔÅÒÓÅÎȟ -Ȣ3Ȣȟ 4ÈĜÒÎÅÒȟ ,Ȣ7Ȣȟ +ÏÔÚÅǲȟ 3Ȣȟ 3ĜÒÅÎÓÅÎȟ %Ȣȟ 
-ÁÇÎÕÓÓÅÎȟ +Ȣȟ 2ÏÓÔÇÁÁÒÄȟ +Ȣȟ %ÒÉËÓÔÒÕÐȟ #Ȣȟ Ǫ 5ÌÌÕÍȟ (Ȣ ɉςπρτɊȢ 0ÒÅÄÉÃÔÏÒÓ ÏÆ ÉÒÏÎ ÌÅÖÅÌÓ ÉÎ ρτȟχσχ 
$ÁÎÉÓÈ ÂÌÏÏÄ ÄÏÎÏÒÓȡ ÒÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ $ÁÎÉÓÈ "ÌÏÏÄ $ÏÎÏÒ 3ÔÕÄÙȢ 4ÒÁÎÓÆÕÓÉÏÎȟ υτɉσ 0Ô ςɊȟ χψωɀχωφȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÒÆȢρςυρψ 
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2ÏÂÂȟ !Ȣȟ Ǫ 7ÅÓÓÌÉÎÇȤ2ÅÓÎÉÃËȟ -Ȣ ɉςππτɊȢ 2ÅÇÕÌÁÔÉÏÎ ÏÆ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ς ÐÒÏÔÅÉÎ ÌÅÖÅÌÓ ÂÙ 
ÔÒÁÎÓÆÅÒÒÉÎȢ "ÌÏÏÄȟ ρπτɉρσɊȟ τςωτɀτςωωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππτȤπφȤςτψρ 

2ÏÕÇÈÅÁÄȟ :Ȣ+Ȣȟ :ÉÔÏȟ #Ȣ!Ȣȟ Ǫ (ÕÎÔȟ *Ȣ2Ȣ ɉςππςɊȢ )ÎÉÔÉÁÌ ÕÐÔÁËÅ ÁÎÄ ÁÂÓÏÒÐÔÉÏÎ ÏÆ ÎÏÎÈÅÍÅ ÉÒÏÎ ÁÎÄ 
ÁÂÓÏÒÐÔÉÏÎ ÏÆ ÈÅÍÅ ÉÒÏÎ ÉÎ ÈÕÍÁÎÓ ÁÒÅ ÕÎÁÆÆÅÃÔÅÄ ÂÙ ÔÈÅ ÁÄÄÉÔÉÏÎ ÏÆ ÃÁÌÃÉÕÍ ÁÓ ÃÈÅÅÓÅ ÔÏ Á ÍÅÁÌ ×ÉÔÈ 
ÈÉÇÈ ÉÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ χφɉςɊȟ τρωɀτςυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρπωσȾÁÊÃÎȾχφȢςȢτρω 

2ÏÕÇÈÅÁÄȟ :Ȣ+Ȣȟ :ÉÔÏȟ #Ȣ !Ȣȟ Ǫ (ÕÎÔȟ *Ȣ2Ȣ ɉςππυɊȢ )ÎÈÉÂÉÔÏÒÙ ÅÆÆÅÃÔÓ ÏÆ ÄÉÅÔÁÒÙ ÃÁÌÃÉÕÍ ÏÎ ÔÈÅ ÉÎÉÔÉÁÌ ÕÐÔÁËÅ 
ÁÎÄ ÓÕÂÓÅÑÕÅÎÔ ÒÅÔÅÎÔÉÏÎ ÏÆ ÈÅÍÅ ÁÎÄ ÎÏÎÈÅÍÅ ÉÒÏÎ ÉÎ ÈÕÍÁÎÓȡ ÃÏÍÐÁÒÉÓÏÎÓ ÕÓÉÎÇ ÁÎ ÉÎÔÅÓÔÉÎÁÌ 
ÌÁÖÁÇÅ ÍÅÔÈÏÄȢ 4ÈÅ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ ψςɉσɊȟ υψωɀυωχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾ 
ÁÊÃÎȢψςȢσȢυψω 

2ÕÔÚËÅȟ #Ȣ*Ȣȟ 'ÌÁÈÎȟ 2Ȣ0Ȣȟ 2ÕÔÚËÅȟ -Ȣ!Ȣȟ 7ÅÌÃÈȟ 2Ȣ-Ȣȟ ,ÁÎÇÈÁÎÓȟ 2Ȣ7Ȣȟ !ÌÂÒÉÇÈÔȟ ,Ȣ$Ȣȟ #ÏÍÂÓȟ 'Ȣ&Ȣȟ *Òȟ Ǫ 
7ÈÅÅÌÅÒȟ 2Ȣ-Ȣ ɉςππτɊȢ "ÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÏÆ ÉÒÏÎ ÆÒÏÍ ÓÐÉÎÁÃÈ ÕÓÉÎÇ ÁÎ ÉÎ ÖÉÔÒÏȾÈÕÍÁÎ #ÁÃÏȤς ÃÅÌÌ 
ÂÉÏÁÓÓÁÙ ÍÏÄÅÌȢ (ÁÂÉÔÁÔÉÏÎ ɉ%ÌÍÓÆÏÒÄȟ .Ȣ9ȢɊȟ ρπɉρɊȟ χɀρτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσχςχȾρυτςωφφπτχχτ 
ψπψωππ 

3ÁÄÏ×ÓËÁȟ *Ȣȟ Ǫ 3ÁÃÈÁÒÃÚÕËȟ /Ȣ ɉςπρρɊȢ /ÃÅÎÁ ×ÐčÙ×Õ ÓÐÏÓÏÂÕ ÚÙ×ÉÅÎÉÁ ÎÁ ÍÏÚÌÉ×ÏÓǲÃǲ ÏÄÄÁÎÉÁ ËÒ×É 
ÐÒÚÅÚ ËÒ×ÉÏÄÁ×ÃÏǲ× ×ÉÅÌÏËÒÏÔÎÙÃÈ ɍ4ÈÅ ÅÓÔÉÍÁÔÉÏÎ ÏÆ ÔÈÅ ÉÎÆÌÕÅÎÃÅ ÏÆ ÐÁÔÔÅÒÎ ÏÆ ÃÏÎÓÕÍÐÔÉÏÎ ÏÎ ÔÈÅ 
ÐÏÓÓÉÂÉÌÉÔÙ ÏÆ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎ ÂÙ ÒÅÐÅÁÔÅÄ ÂÌÏÏÄ ÄÏÎÏÒÓɎȢ 2ÏÃÚÎÉËÉ 0ÁÎÓÔ×Ï×ÅÇÏ :ÁËÌÁÄÕ (ÉÇÉÅÎÙȟ 
φςɉςɊȟ ρωσɀρωψȢ 

3ÃÁÒÁÎÏȟ !Ȣȟ ,ÁÄÄÏÍÁÄÁȟ "Ȣȟ "ÌÁÎÄÏȟ &Ȣȟ $Å 3ÁÎÔÉÓȟ 3Ȣȟ 6ÅÒÎÁȟ 'Ȣȟ #ÈÉÅÐÐÁȟ -Ȣȟ Ǫ 3ÁÎÔÉÎÏȟ !Ȣ ɉςπςσɊȢ 4ÈÅ 
#ÈÅÌÁÔÉÎÇ !ÂÉÌÉÔÙ ÏÆ 0ÌÁÎÔ 0ÏÌÙÐÈÅÎÏÌÓ #ÁÎ !ÆÆÅÃÔ )ÒÏÎ (ÏÍÅÏÓÔÁÓÉÓ ÁÎÄ 'ÕÔ -ÉÃÒÏÂÉÏÔÁȢ !ÎÔÉÏØÉÄÁÎÔÓ 
ɉ"ÁÓÅÌȟ 3×ÉÔÚÅÒÌÁÎÄɊȟ ρςɉσɊȟ φσπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾÁÎÔÉÏØρςπσπφσπ 

3ÃÈÁÄÅȟ !Ȣ,Ȣȟ Ǫ #ÁÒÏÌÉÎÅȟ ,Ȣ ɉρωτφɊȢ !Î )ÒÏÎȤÂÉÎÄÉÎÇ #ÏÍÐÏÎÅÎÔ ÉÎ (ÕÍÁÎ "ÌÏÏÄ 0ÌÁÓÍÁȢ 3ÃÉÅÎÃÅ ɉ.Å× 
9ÏÒËȟ .Ȣ9ȢɊȟ ρπτɉςχπςɊȟ στπɀστρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρςφȾÓÃÉÅÎÃÅȢρπτȢ ςχπςȢστπ 

3ÃÈÕÍÁÃÈÅÒȟ 9Ȣ/Ȣȟ 3ÃÈÍÉÄȟ !Ȣȟ 'ÒÁÔÈ×ÏÈÌȟ $Ȣȟ "ÕȃÌÔÅÒÍÁÎÎȟ $Ȣȟ Ǫ "ÅÒÇȟ !Ȣ ɉςππςɊȢ (ÅÍÁÔÏÌÏÇÉÃÁÌ ÉÎÄÉÃÅÓ 
ÁÎÄ ÉÒÏÎ ÓÔÁÔÕÓ ÉÎ ÁÔÈÌÅÔÅÓ ÏÆ ÖÁÒÉÏÕÓ ÓÐÏÒÔÓ ÁÎÄ ÐÅÒÆÏÒÍÁÎÃÅÓȢ -ÅÄÉÃÉÎÅ ÁÎÄ ÓÃÉÅÎÃÅ ÉÎ ÓÐÏÒÔÓ ÁÎÄ 
ÅØÅÒÃÉÓÅȟ στɉυɊȟ ψφωɀψχυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωχȾππππυχφψȤςππςπυπππȤπππςς 

3ÈÁÒÐ 0Ȣ!Ȣ ɉςπρπɊȢ )ÎÔÅÓÔÉÎÁÌ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȡ ÒÅÇÕÌÁÔÉÏÎ ÂÙ ÄÉÅÔÁÒÙ Ǫ ÓÙÓÔÅÍÉÃ ÆÁÃÔÏÒÓȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ 
ÊÏÕÒÎÁÌ ÆÏÒ ÖÉÔÁÍÉÎ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈȢ )ÎÔÅÒÎÁÔÉÏÎÁÌÅ :ÅÉÔÓÃÈÒÉÆÔ ÆÕÒ 6ÉÔÁÍÉÎȤ ÕÎÄ 
%ÒÎÁÈÒÕÎÇÓÆÏÒÓÃÈÕÎÇȢ *ÏÕÒÎÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÄÅ ÖÉÔÁÍÉÎÏÌÏÇÉÅ ÅÔ ÄÅ ÎÕÔÒÉÔÉÏÎȟ ψπɉτȤυɊȟ ςσρɀςτςȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςτȾπσππȤωψσρȾÁππππςω 

3ÈÁ×ȟ 'Ȣ#Ȣȟ #ÏÐÅȟ *Ȣ*Ȣȟ ,Éȟ ,Ȣȟ #ÏÒÓÏÎȟ +Ȣȟ (ÅÒÓÅÙȟ #Ȣȟ !ÃËÅÒÍÁÎÎȟ 'Ȣ%Ȣȟ '×ÙÎÎȟ "Ȣȟ ,ÁÍÂÅÒÔȟ !Ȣ*Ȣȟ 7ÉÎÇÅÒÔȟ 
2Ȣ!Ȣȟ 4ÒÁÖÅÒȟ $Ȣȟ 4ÒÅÄÅȟ .Ȣ3Ȣȟ "ÁÒÕÔȟ "Ȣ!Ȣȟ :ÈÏÕȟ 9Ȣȟ -ÉÎÅÔȟ %Ȣȟ $ÏÎÏÖÁÎȟ !Ȣȟ "ÒÏ×ÎÌÉÅȟ !Ȣȟ "ÁÌÚÁÎȟ 2Ȣȟ 7ÅÉÓÓȟ 
-Ȣ*Ȣȟ 0ÅÔÅÒÓȟ ,Ȣ,Ȣȟ +ÁÐÌÁÎȟ *Ȣȟ ȣ 0Á×ȟ "Ȣ(Ȣ ɉςππφɊȢ -ÉÔÏÆÅÒÒÉÎ ÉÓ ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÅÒÙÔÈÒÏÉÄ ÉÒÏÎ ÁÓÓÉÍÉÌÁÔÉÏÎȢ 
.ÁÔÕÒÅȟ ττπɉχπψπɊȟ ωφɀρππȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾÎÁÔÕÒÅ πτυρς 

3ÈÁÙÅÇÈÉȟ -Ȣȟ ,ÁÔÕÎÄÅȤ$ÁÄÁȟ 'Ȣ/Ȣȟ /ÁËÈÉÌÌȟ *Ȣ3Ȣȟ ,ÁÆÔÁÈȟ !Ȣ(Ȣȟ 4ÁËÅÕÃÈÉȟ +Ȣȟ (ÁÌÌÉÄÁÙȟ .Ȣȟ +ÈÁÎȟ 9Ȣȟ 7ÁÒÌÅÙȟ 
!Ȣȟ -Ã#ÁÎÎȟ &Ȣ%Ȣȟ (ÉÄÅÒȟ 2Ȣ#Ȣȟ &ÒÁÚÅÒȟ $Ȣ-Ȣȟ !ÎÄÅÒÓÏÎȟ 'Ȣ*Ȣȟ 6ÕÌÐÅȟ #Ȣ$Ȣȟ 3ÉÍÐÓÏÎȟ 2Ȣ*Ȣȟ Ǫ -Ã+ÉÅȟ !Ȣ4Ȣ ɉςππυɊȢ 
)ÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ÁÎ ÉÎÔÅÓÔÉÎÁÌ ÈÅÍÅ ÔÒÁÎÓÐÏÒÔÅÒȢ #ÅÌÌȟ ρςςɉυɊȟ χψωɀψπρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ 
ÊȢÃÅÌÌȢςππυȢπφȢπςυ 

3ÉÌÖÅÓÔÒÉȟ ,Ȣȟ 0ÁÇÁÎÉȟ !Ȣȟ .ÁÉȟ !Ȣȟ $Å $ÏÍÅÎÉÃÏȟ )Ȣȟ +ÁÐÌÁÎȟ *Ȣȟ Ǫ #ÁÍÁÓÃÈÅÌÌÁȟ #Ȣ ɉςππψɊȢ 4ÈÅ ÓÅÒÉÎÅ 
ÐÒÏÔÅÁÓÅ ÍÁÔÒÉÐÔÁÓÅȤς ɉ4-0233φɊ ÉÎÈÉÂÉÔÓ ÈÅÐÃÉÄÉÎ ÁÃÔÉÖÁÔÉÏÎ ÂÙ ÃÌÅÁÖÉÎÇ ÍÅÍÂÒÁÎÅ ÈÅÍÏÊÕÖÅÌÉÎȢ 
#ÅÌÌ ÍÅÔÁÂÏÌÉÓÍȟ ψɉφɊȟ υπςɀυρρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÃÍÅÔȢςππψȢπωȢπρς 

3ÉÍÏÎȟ 4Ȣ,Ȣȟ 'ÁÒÒÙȟ 0Ȣ*Ȣȟ Ǫ (ÏÏÐÅÒȟ %Ȣ-Ȣ ɉρωψρɊȢ )ÒÏÎ ÓÔÏÒÅÓ ÉÎ ÂÌÏÏÄ ÄÏÎÏÒÓȢ *!-!ȟ ςτυɉςπɊȟ ςπσψɀςπτσȢ 

3ËÉËÎÅȟ "Ȣ3Ȣȟ &ÌÏ×ÅÒÓȟ #Ȣ(Ȣȟ Ǫ #ÏÏËȟ *Ȣ$Ȣ ɉρωωπɊȢ 3ÅÒÕÍ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒȡ Á ÑÕÁÎÔÉÔÁÔÉÖÅ ÍÅÁÓÕÒÅ ÏÆ 
ÔÉÓÓÕÅ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙȢ "ÌÏÏÄȟ χυɉωɊȟ ρψχπɀρψχφȢ 
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3ËÏÌÍÏ×ÓËÁȟ $Ȣȟ Ǫ 'čäÂÓËÁȟ $Ȣ ɉςπρωɊȢ !ÎÁÌÙÓÉÓ ÏÆ (ÅÍÅ ÁÎÄ .ÏÎȤ(ÅÍÅ )ÒÏÎ )ÎÔÁËÅ ÁÎÄ )ÒÏÎ $ÉÅÔÁÒÙ 
3ÏÕÒÃÅÓ ÉÎ !ÄÏÌÅÓÃÅÎÔ -ÅÎÓÔÒÕÁÔÉÎÇ &ÅÍÁÌÅÓ ÉÎ Á .ÁÔÉÏÎÁÌ 0ÏÌÉÓÈ 3ÁÍÐÌÅȢ .ÕÔÒÉÅÎÔÓȟ ρρɉυɊȟ ρπτωȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾÎÕρρπυρπτω 

3ÍÉÒÎÏÆÆ .Ȣ ɉςπρψɊȢ !ÓÃÏÒÂÉÃ ÁÃÉÄ ÍÅÔÁÂÏÌÉÓÍ ÁÎÄ ÆÕÎÃÔÉÏÎÓȡ ! ÃÏÍÐÁÒÉÓÏÎ ÏÆ ÐÌÁÎÔÓ ÁÎÄ ÍÁÍÍÁÌÓȢ 
&ÒÅÅ ÒÁÄÉÃÁÌ ÂÉÏÌÏÇÙ Ǫ ÍÅÄÉÃÉÎÅȟ ρςςȟ ρρφɀρςωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÊȢÆÒÅÅÒÁÄÂÉÏÍÅÄȢςπρψȢπσȢπσσ 

3ÐÅÎÃÅÒ "Ȣ2Ȣ ɉςπςπɊȢ /ÒÁÌ ÉÒÏÎ ÁÎÄ ÂÌÏÏÄ ÄÏÎÁÔÉÏÎȡ ÃÕÉ ÂÏÎÏȩ "ÌÏÏÄ ÔÒÁÎÓÆÕÓÉÏÎ Є 4ÒÁÓÆÕÓÉÏÎÅ ÄÅÌ 
ÓÁÎÇÕÅȟ ρψɉυɊȟ σςωɀσσρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢςτυπȾςπςπȢπςσωȤςπ 

3ÐÅÎÃÅÒȟ "Ȣ2Ȣȟ Ǫ -ÁÓÔȟ !Ȣ%Ȣ ɉςπςςɊȢ )ÒÏÎ ÓÔÁÔÕÓ ÏÆ ÂÌÏÏÄ ÄÏÎÏÒÓȢ #ÕÒÒÅÎÔ ÏÐÉÎÉÏÎ ÉÎ ÈÅÍÁÔÏÌÏÇÙȟ ςωɉφɊȟ 
σρπɀσρφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωχȾ-/(Ȣπππππππππππππχσσ 

3ÔÅÒÎȟ -Ȣȟ /ͻ-ÅÁÒÁȟ !Ȣȟ )ÎÆÁÎÔÉȟ ,Ȣȟ 3ÉÇÌÅȟ *Ȣ0Ȣȟ Ǫ "ÕÓÅÒȟ !Ȣ ɉςπρςɊȢ 0ÒÏÇÎÏÓÔÉÃ ÖÁÌÕÅ ÏÆ ÒÅÄ ÂÌÏÏÄ ÃÅÌÌ 
ÐÁÒÁÍÅÔÅÒÓ ÁÎÄ ÆÅÒÒÉÔÉÎ ÉÎ ÐÒÅÄÉÃÔÉÎÇ ÄÅÆÅÒÒÁÌ ÄÕÅ ÔÏ ÌÏ× ÈÅÍÏÇÌÏÂÉÎ ÉÎ ×ÈÏÌÅ ÂÌÏÏÄ ÄÏÎÏÒÓȢ !ÎÎÁÌÓ 
ÏÆ ÈÅÍÁÔÏÌÏÇÙȟ ωρɉυɊȟ χχυɀχψπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρππχȾÓππςχχȤπρρȤρσχρȤτ 

3ÔÏÒÃËÓÄÉÅÃË ÇÅÎÁÎÎÔ "ÏÎÓÍÁÎÎȟ 3Ȣȟ 7ÁÌÃÚÙËȟ 4Ȣȟ 2ÅÎÇÇÌÉȟ 3Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣ ɉςππψɊȢ /ØÁÌÉÃ ÁÃÉÄ ÄÏÅÓ 
ÎÏÔ ÉÎÆÌÕÅÎÃÅ ÎÏÎÈÁÅÍ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÉÎ ÈÕÍÁÎÓȡ Á ÃÏÍÐÁÒÉÓÏÎ ÏÆ ËÁÌÅ ÁÎÄ ÓÐÉÎÁÃÈ ÍÅÁÌÓȢ %ÕÒÏÐÅÁÎ 
ÊÏÕÒÎÁÌ ÏÆ ÃÌÉÎÉÃÁÌ ÎÕÔÒÉÔÉÏÎȟ φςɉσɊȟ σσφɀστρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾ ÓÊȢÅÊÃÎȢρφπςχςρ 

3ÔÒÁÉÎȟ *Ȣ*Ȣȟ Ǫ #ÁÓÈÍÁÎȟ +Ȣ$Ȣ ɉςππωɊȢ -ÉÎÅÒÁÌÓ ÁÎÄ ÔÒÁÃÅ ÅÌÅÍÅÎÔÓȢ (ÕÍÁÎ ÎÕÔÒÉÔÉÏÎȡ 4ÈÅ .ÕÔÒÉÔÉÏÎ 
3ÏÃÉÅÔÙȢ  

3ÕÏÍÉÎÅÎȟ 0Ȣȟ 0ÕÎÎÏÎÅÎȟ +Ȣȟ 2ÁÊÁÍÁȃËÉȟ !Ȣȟ Ǫ )ÒÊÁÌÁȟ +Ȣ ɉρωωψɊȢ 3ÅÒÕÍ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ÁÎÄ ÔÒÁÎÓ-
ÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒȤÆÅÒÒÉÔÉÎ ÉÎÄÅØ ÉÄÅÎÔÉÆÙ ÈÅÁÌÔÈÙ ÓÕÂÊÅÃÔÓ ×ÉÔÈ ÓÕÂÃÌÉÎÉÃÁÌ ÉÒÏÎ ÄÅÆÉÃÉÔÓȢ "ÌÏÏÄȟ ωςɉψɊȟ 
ςωστɀςωσωȢ 

3×ÁÎÓÏÎ #Ȣ!Ȣ ɉςππσɊȢ )ÒÏÎ ÉÎÔÁËÅ ÁÎÄ ÒÅÇÕÌÁÔÉÏÎȡ ÉÍÐÌÉÃÁÔÉÏÎÓ ÆÏÒ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙ ÁÎÄ ÉÒÏÎ ÏÖÅÒÌÏÁÄȢ 
!ÌÃÏÈÏÌ ɉ&ÁÙÅÔÔÅÖÉÌÌÅȟ .Ȣ9ȢɊȟ σπɉςɊȟ ωωɀρπςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾÓπχτρȤψσςωɉπσɊππρπσȤτ 

4ÅÕÃÈÅÒȟ "Ȣȟ /ÌÉÖÁÒÅÓȟ -Ȣȟ Ǫ #ÏÒÉȟ (Ȣ ɉςππτɊȢ %ÎÈÁÎÃÅÒÓ ÏÆ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȡ ÁÓÃÏÒÂÉÃ ÁÃÉÄ ÁÎÄ ÏÔÈÅÒ 
ÏÒÇÁÎÉÃ ÁÃÉÄÓȢ )ÎÔÅÒÎÁÔÉÏÎÁÌ ÊÏÕÒÎÁÌ ÆÏÒ ÖÉÔÁÍÉÎ ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÒÅÓÅÁÒÃÈȢ )ÎÔÅÒÎÁÔÉÏÎÁÌÅ :ÅÉÔÓÃÈÒÉÆÔ ÆÕÒ 
6ÉÔÁÍÉÎȤ ÕÎÄ %ÒÎÁÈÒÕÎÇÓÆÏÒÓÃÈÕÎÇȢ *ÏÕÒÎÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÄÅ ÖÉÔÁÍÉÎÏÌÏÇÉÅ ÅÔ ÄÅ ÎÕÔÒÉÔÉÏÎȟ χτɉφɊȟ τπσɀ
τρωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπςτȾπσππȤωψσρȢχτȢφȢτπσ 

4ÈÅÉÌ %Ȣ#Ȣ ɉςππσɊȢ &ÅÒÒÉÔÉÎȡ ÁÔ ÔÈÅ ÃÒÏÓÓÒÏÁÄÓ ÏÆ ÉÒÏÎ ÁÎÄ ÏØÙÇÅÎ ÍÅÔÁÂÏÌÉÓÍȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ 
ρσσɉυ 3ÕÐÐÌ ρɊȟ ρυτω3ɀυσ3Ȣ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÊÎȾρσσȢυȢρυτω3 

4ÉÍÍÅÒȟ 4Ȣ#Ȣȟ ÄÅ 'ÒÏÏÔȟ 2Ȣȟ 2ÉÊÎÈÁÒÔȟ *Ȣ*Ȣ-Ȣȟ ,ÁËÅÒÖÅÌÄȟ *Ȣȟ "ÒÕÇȟ *Ȣȟ 0ÅÒÅÎÂÏÏÍȟ #Ȣ7Ȣ-Ȣȟ "ÁÁÒÔȟ -Ȣ!Ȣȟ 
0ÒÉÎÓÚÅȟ &Ȣ*Ȣȟ :ÁÌÐÕÒÉȟ 3Ȣȟ ÖÁÎ ÄÅÒ 3ÃÈÏÏÔȟ %Ȣ#Ȣȟ ÄÅ +ÏÒÔȟ 7Ȣ,Ȣ!Ȣ-Ȣȟ Ǫ ÖÁÎ ÄÅÎ (ÕÒËȟ +Ȣ ɉςπςπɊȢ $ÉÅÔÁÒÙ 
ÉÎÔÁËÅ ÏÆ ÈÅÍÅ ÉÒÏÎ ÉÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÆÅÒÒÉÔÉÎ ÁÎÄ ÈÅÍÏÇÌÏÂÉÎ ÌÅÖÅÌÓ ÉÎ $ÕÔÃÈ ÂÌÏÏÄ ÄÏÎÏÒÓȡ ÒÅÓÕÌÔÓ 
ÆÒÏÍ $ÏÎÏÒ )Î3ÉÇÈÔȢ (ÁÅÍÁÔÏÌÏÇÉÃÁȟ ρπυɉρπɊȟ ςτππɀςτπφȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσςτȾÈÁÅÍÁÔÏÌȢ 
ςπρωȢςςωτυπ 

4ÏØÑÕÉȟ ,Ȣȟ 0ÅǲÒÅÚȤ'ÒÁÎÁÄÏÓȟ !Ȣ-Ȣȟ "ÌÁÎÃÏȤ2ÏÊÏȟ 2Ȣȟ 7ÒÉÇÈÔȟ )Ȣȟ 'ÏÎÚÁǲÌÅÚȤ6ÉÚÃÁÙÎÏȟ #Ȣȟ Ǫ 6ÁÑÕÅÒÏȟ -Ȣ0Ȣ 
ɉςπρσɊȢ %ÆÆÅÃÔÓ ÏÆ ÁÎ ÉÒÏÎ ÏÒ ÉÒÏÎ ÁÎÄ ÖÉÔÁÍÉÎ $ȤÆÏÒÔÉÆÉÅÄ ÆÌÁÖÏÒÅÄ ÓËÉÍ ÍÉÌË ÏÎ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍȡ Á 
ÒÁÎÄÏÍÉÚÅÄ ÃÏÎÔÒÏÌÌÅÄ ÄÏÕÂÌÅȤÂÌÉÎÄ ÔÒÉÁÌ ÉÎ ÉÒÏÎȤÄÅÆÉÃÉÅÎÔ ×ÏÍÅÎȢ *ÏÕÒÎÁÌ ÏÆ ÔÈÅ !ÍÅÒÉÃÁÎ #ÏÌÌÅÇÅ ÏÆ 
.ÕÔÒÉÔÉÏÎȟ σςɉυɊȟ σρςɀσςπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπψπȾπχσρυχςτȢ ςπρσȢψςφρρφ 

4ÒÏÅÓÃÈȟ "Ȣȟ *ÉÎÇȟ (Ȣȟ ,ÁÉÌÌÏÕȟ !Ȣȟ Ǫ &Ï×ÌÅÒȟ !Ȣ ɉςπρσɊȢ !ÂÓÏÒÐÔÉÏÎ ÓÔÕÄÉÅÓ ÓÈÏ× ÔÈÁÔ ÐÈÙÔÁÓÅ ÆÒÏÍ 
!ÓÐÅÒÇÉÌÌÕÓ ÎÉÇÅÒ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÉÎÃÒÅÁÓÅÓ ÉÒÏÎ ÁÎÄ ÚÉÎÃ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÆÒÏÍ ÐÈÙÔÁÔÅȤÒÉÃÈ ÆÏÏÄÓȢ &ÏÏÄ 
ÁÎÄ ÎÕÔÒÉÔÉÏÎ ÂÕÌÌÅÔÉÎȟ στɉς 3ÕÐÐÌȢɊȟ 3ωπɀ3ρπρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρχχȾ ρυφτψςφυρσπστς3ρρρ 

4ÕÒÉȟ *Ȣ,Ȣȟ 7ÁÎÇȟ 8Ȣȟ -Ã+ÉÅȟ !Ȣ4Ȣȟ .ÏÚÉËȤ'ÒÁÙÃËȟ %Ȣȟ -ÁÍÏȟ ,Ȣ"Ȣȟ #ÒÉÓÓÍÁÎȟ +Ȣȟ 0ÉÁÎÔÁÄÏÓÉȟ #Ȣ!Ȣȟ Ǫ 'ÈÉÏȟ !Ȣ*Ȣ 
ɉςππφɊȢ $ÕÏÄÅÎÁÌ ÃÙÔÏÃÈÒÏÍÅ Âȡ Á ÎÏÖÅÌ ÆÅÒÒÉÒÅÄÕÃÔÁÓÅ ÉÎ ÁÉÒ×ÁÙ ÅÐÉÔÈÅÌÉÁÌ ÃÅÌÌÓȢ !ÍÅÒÉÃÁÎ ÊÏÕÒÎÁÌ ÏÆ 
ÐÈÙÓÉÏÌÏÇÙȢ ,ÕÎÇ ÃÅÌÌÕÌÁÒ ÁÎÄ ÍÏÌÅÃÕÌÁÒ ÐÈÙÓÉÏÌÏÇÙȟ ςωρɉςɊȟ ,ςχςɀ,ςψπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρυςȾ 
ÁÊÐÌÕÎÇȢππστςȢςππυ 
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6ÁÎ #ÁÍÐÅÎȟ $Ȣ2Ȣȟ Ǫ 7ÅÌÃÈȟ 2Ȣ-Ȣ ɉρωψπɊȢ !ÖÁÉÌÁÂÉÌÉÔÙ ÔÏ ÒÁÔÓ ÏÆ ÉÒÏÎ ÆÒÏÍ ÓÐÉÎÁÃÈȡ %ÆÆÅÃÔÓ ÏÆ ÏØÁÌÉÃ ÁÃÉÄȢ 
4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρρπɉψɊȟ ρφρψɀρφςρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπωσȾÊÎȾ ρρπȢψȢρφρψ 

6ÁÓÓÁÌÌÏ 2Ȣ2Ȣ ɉςπςρɊȢ $ÏÎÏÒ ÉÒÏÎ ÄÅÐÌÅÔÉÏÎ ÉÎ ÃÏÎÔÅØÔȢ 4ÒÁÎÓÆÕÓÉÏÎȟ φρɉρɊȟ σρψɀσςρȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρρρρȾÔÒÆȢρφςρω 

6ÅÒÇÁ &ÁÌÚÁÃÁÐÐÁȟ -Ȣ6Ȣȟ 6ÕÊÉÃ 3ÐÁÓÉÃȟ -Ȣȟ +ÅÓÓÌÅÒȟ 2Ȣȟ 3ÔÏÌÔÅȟ *Ȣȟ (ÅÎÔÚÅȟ -Ȣ7Ȣȟ Ǫ -ÕÃËÅÎÔÈÁÌÅÒȟ -Ȣ5Ȣ 
ɉςππχɊȢ 34!4σ ÍÅÄÉÁÔÅÓ ÈÅÐÁÔÉÃ ÈÅÐÃÉÄÉÎ ÅØÐÒÅÓÓÉÏÎ ÁÎÄ ÉÔÓ ÉÎÆÌÁÍÍÁÔÏÒÙ ÓÔÉÍÕÌÁÔÉÏÎȢ "ÌÏÏÄȟ ρπωɉρɊȟ 
συσɀσυψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππφȤπχȤπσσωφω 

6ÉÌÌÁÎǿÏȟ $Ȣȟ 6ÉÌÁÐÌÁÎÁȟ #Ȣȟ -ÅÄÉÎÁȟ 3Ȣȟ !ÌÇÁÂÁȤ#ÈÕÅÃÁȟ &Ȣȟ #ÅÊÕÅÌÁȤ!ÎÔÁȟ 2Ȣȟ -ÁÒÔąǲÎÅÚȤ3ÁÎÚȟ *Ȣ-Ȣȟ &ÅÒÒÅÒÅÓȟ 
&Ȣȟ Ǫ 'ÉÌȤ)ÚÑÕÉÅÒÄÏȟ !Ȣ ɉςπρφɊȢ 2ÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÔÈÅ )ÎÇÅÓÔÉÏÎ ÏÆ Á 0ÏÌÙÐÈÅÎÏÌȤ2ÉÃÈ $ÒÉÎËȟ 
(ÅÐÃÉÄÉÎ (ÏÒÍÏÎÅȟ ÁÎÄ ,ÏÎÇȤ4ÅÒÍ 4ÒÁÉÎÉÎÇȢ -ÏÌÅÃÕÌÅÓ ɉ"ÁÓÅÌȟ 3×ÉÔÚÅÒÌÁÎÄɊȟ ςρɉρπɊȟ ρσσσȢ ÈÔÔÐÓȡȾȾ 
ÄÏÉȢÏÒÇȾρπȢσσωπȾÍÏÌÅÃÕÌÅÓςρρπρσσσ 

6ÕËȟ 4Ȣȟ "ÉÎÇÕÌÁÃȤ0ÏÐÏÖÉÃǲȟ *Ȣȟ /ÃǺÉÃǲȟ 4Ȣȟ -ÁÙÅÒȟ ,Ȣ*Ȣȟ -ÉÌÏÓǺÅÖÉÃǲȟ -Ȣȟ Ǫ *ÕËÉÃǲȟ )Ȣ ɉςπρχɊȢ #ÏÍÂÉÎÅÄ ÃÅÌÌ ÉÎÄÅØ 
ÉÎ ÁÓÓÅÓÓÉÎÇ ÂÌÏÏÄ ÄÏÎÏÒ ÉÒÏÎ ÓÔÏÒÅÓȢ 4ÒÁÎÓÆÕÓÉÏÎ ÍÅÄÉÃÉÎÅ ɉ/ØÆÏÒÄȟ %ÎÇÌÁÎÄɊȟ ςχɉρɊȟ ρφɀςτȢ 
ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρρȾÔÍÅȢρςσχπ 

6ÕÌÐÅȟ #Ȣ$Ȣȟ +ÕÏȟ 9Ȣ-Ȣȟ -ÕÒÐÈÙȟ 4Ȣ,Ȣȟ #Ï×ÌÅÙȟ ,Ȣȟ !ÓË×ÉÔÈȟ #Ȣȟ ,ÉÂÉÎÁȟ .Ȣȟ 'ÉÔÓÃÈÉÅÒȟ *Ȣȟ Ǫ !ÎÄÅÒÓÏÎȟ 'Ȣ*Ȣ 
ɉρωωωɊȢ (ÅÐÈÁÅÓÔÉÎȟ Á ÃÅÒÕÌÏÐÌÁÓÍÉÎ ÈÏÍÏÌÏÇÕÅ ÉÍÐÌÉÃÁÔÅÄ ÉÎ ÉÎÔÅÓÔÉÎÁÌ ÉÒÏÎ ÔÒÁÎÓÐÏÒÔȟ ÉÓ ÄÅÆÅÃÔÉÖÅ 
ÉÎ ÔÈÅ ÓÌÁ ÍÏÕÓÅȢ .ÁÔÕÒÅ ÇÅÎÅÔÉÃÓȟ ςρɉςɊȟ ρωυɀρωωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσψȾυωχω 

7ÁÄÓ×ÏÒÔÈ 'Ȣ2Ȣ ɉρωυυɊȢ 2ÅÃÏÖÅÒÙ ÆÒÏÍ ÁÃÕÔÅ ÈÁÅÍÏÒÒÈÁÇÅ ÉÎ ÎÏÒÍÁÌ ÍÅÎ ÁÎÄ ×ÏÍÅÎȢ 4ÈÅ *ÏÕÒÎÁÌ 
ÏÆ ÐÈÙÓÉÏÌÏÇÙȟ ρςωɉσɊȟ υψσɀυωσȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρρσȾÊÐÈÙÓÉÏÌȢρωυυȢÓÐππυσψπ 

7ÁÌÃÚÙËȟ 4Ȣȟ -ÕÔÈÁÙÙÁȟ 3Ȣȟ 7ÅÇÍÕȃÌÌÅÒȟ 2Ȣȟ 4ÈÁÎËÁÃÈÁÎȟ 0Ȣȟ 3ÉÅÒËÓÍÁȟ !Ȣȟ &ÒÅÎËÅÎȟ ,Ȣ'Ȣȟ 4ÈÏÍÁÓȟ 4Ȣȟ 
+ÕÒÐÁÄȟ !Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣ ɉςπρτɊȢ )ÎÈÉÂÉÔÉÏÎ ÏÆ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎ ÂÙ ÃÁÌÃÉÕÍ ÉÓ ÍÏÄÅÓÔ ÉÎ ÁÎ ÉÒÏÎȤ
ÆÏÒÔÉÆÉÅÄȟ ÃÁÓÅÉÎȤ ÁÎÄ ×ÈÅÙȤÂÁÓÅÄ ÄÒÉÎË ÉÎ )ÎÄÉÁÎ ÃÈÉÌÄÒÅÎ ÁÎÄ ÉÓ ÅÁÓÉÌÙ ÃÏÍÐÅÎÓÁÔÅÄ ÆÏÒ ÂÙ ÁÄÄÉÔÉÏÎ 
ÏÆ ÁÓÃÏÒÂÉÃ ÁÃÉÄȢ 4ÈÅ *ÏÕÒÎÁÌ ÏÆ ÎÕÔÒÉÔÉÏÎȟ ρττɉρρɊȟ ρχπσɀρχπωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσωτυȾÊÎȢρρτȢ 
ρωστρχ 

7ÁÌÌÁÃÅȟ $Ȣ&Ȣȟ 3ÕÍÍÅÒÖÉÌÌÅȟ ,Ȣȟ #ÒÁÍÐÔÏÎȟ %Ȣ-Ȣȟ &ÒÁÚÅÒȟ $Ȣ-Ȣȟ !ÎÄÅÒÓÏÎȟ 'Ȣ*Ȣȟ Ǫ 3ÕÂÒÁÍÁÎÉÁÍȟ 6Ȣ.Ȣ 
ɉςππωɊȢ #ÏÍÂÉÎÅÄ ÄÅÌÅÔÉÏÎ ÏÆ (ÆÅ ÁÎÄ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ς ÉÎ ÍÉÃÅ ÌÅÁÄÓ ÔÏ ÍÁÒËÅÄ ÄÙÓÒÅÇÕÌÁÔÉÏÎ 
ÏÆ ÈÅÐÃÉÄÉÎ ÁÎÄ ÉÒÏÎ ÏÖÅÒÌÏÁÄȢ (ÅÐÁÔÏÌÏÇÙ ɉ"ÁÌÔÉÍÏÒÅȟ -ÄȢɊȟ υπɉφɊȟ ρωωςɀςπππȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾ 
ρπȢρππςȾÈÅÐȢςσρωψ 

7ÁÎÇȟ 2Ȣ(Ȣȟ ,Éȟ #Ȣȟ 8Õȟ 8Ȣȟ :ÈÅÎÇȟ 9Ȣȟ 8ÉÁÏȟ #Ȣȟ :ÅÒÆÁÓȟ 0Ȣȟ #ÏÏÐÅÒÍÁÎȟ 3Ȣȟ %ÃËÈÁÕÓȟ -Ȣȟ 2ÏÕÁÕÌÔȟ 4Ȣȟ -ÉÓÈÒÁȟ ,Ȣȟ Ǫ 
$ÅÎÇȟ #Ȣ8Ȣ ɉςππυɊȢ ! ÒÏÌÅ ÏÆ 3-!$τ ÉÎ ÉÒÏÎ ÍÅÔÁÂÏÌÉÓÍ ÔÈÒÏÕÇÈ ÔÈÅ ÐÏÓÉÔÉÖÅ ÒÅÇÕÌÁÔÉÏÎ ÏÆ ÈÅÐÃÉÄÉÎ 
ÅØÐÒÅÓÓÉÏÎȢ #ÅÌÌ ÍÅÔÁÂÏÌÉÓÍȟ ςɉφɊȟ σωωɀτπωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ ÊȢÃÍÅÔȢςππυȢρπȢπρπ 

7ÁÎÇȟ 8Ȣȟ ,Éȟ 9Ȣȟ (ÁÎȟ ,Ȣȟ ,Éȟ *Ȣȟ ,ÉÕȟ #Ȣȟ Ǫ 3ÕÎȟ #Ȣ ɉςπςρɊȢ 2ÏÌÅ ÏÆ &ÌÁÖÏÎÏÉÄÓ ÉÎ ÔÈÅ 4ÒÅÁÔÍÅÎÔ ÏÆ )ÒÏÎ 
/ÖÅÒÌÏÁÄȢ &ÒÏÎÔÉÅÒÓ ÉÎ ÃÅÌÌ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔÁÌ ÂÉÏÌÏÇÙȟ ωȟ φψυσφτȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσψωȾÆÃÅÌÌȢ 
ςπςρȢφψυσφτ 

7ÅÉÎÂÏÒÎȟ 6Ȣȟ 6ÁÌÅÎÚÕÅÌÁȟ #Ȣȟ /ÌÉÖÁÒÅÓȟ -Ȣȟ !ÒÒÅÄÏÎÄÏȟ -Ȣȟ 7ÅÉÌÌȟ 2Ȣȟ Ǫ 0ÉÚÁÒÒÏȟ &Ȣ ɉςπρχɊȢ 0ÒÅÂÉÏÔÉÃÓ 
ÉÎÃÒÅÁÓÅ ÈÅÍÅ ÉÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÁÎÄ ÄÏ ÎÏÔ ÁÆÆÅÃÔ ÎÏÎȤÈÅÍÅ ÉÒÏÎ ÂÉÏÁÖÁÉÌÁÂÉÌÉÔÙ ÉÎ ÈÕÍÁÎÓȢ &ÏÏÄ Ǫ 
ÆÕÎÃÔÉÏÎȟ ψɉυɊȟ ρωωτɀρωωωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπσωȾÃφÆÏπρψσσÅ 

7ÏÒ×ÏÏÄ -Ȣ ɉςππςɊȢ 3ÅÒÕÍ ÔÒÁÎÓÆÅÒÒÉÎ ÒÅÃÅÐÔÏÒ ÁÓÓÁÙÓ ÁÎÄ ÔÈÅÉÒ ÁÐÐÌÉÃÁÔÉÏÎȢ !ÎÎÁÌÓ ÏÆ ÃÌÉÎÉÃÁÌ 
ÂÉÏÃÈÅÍÉÓÔÒÙȟ σωɉ0Ô σɊȟ ςςρɀςσπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρςυψȾπππτυφσπςρωπςρυς 

7ÒÉÇÈÔÉÎÇȟ $Ȣ-Ȣȟ Ǫ !ÎÄÒÅ×Óȟ .Ȣ#Ȣ ɉςππφɊȢ )ÎÔÅÒÌÅÕËÉÎȤφ ÉÎÄÕÃÅÓ ÈÅÐÃÉÄÉÎ ÅØÐÒÅÓÓÉÏÎ ÔÈÒÏÕÇÈ 34!4σȢ 
"ÌÏÏÄȟ ρπψɉωɊȟ σςπτɀσςπωȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρρψςȾÂÌÏÏÄȤςππφȤπφȤπςχφσρ 

9ÉÁÎÎÉËÏÕÒÉÄÅÓȟ !Ȣȟ Ǫ ,ÁÔÕÎÄÅȤ$ÁÄÁȟ 'Ȣ/Ȣ ɉςπρωɊȢ ! 3ÈÏÒÔ 2ÅÖÉÅ× ÏÆ )ÒÏÎ -ÅÔÁÂÏÌÉÓÍ ÁÎÄ 0ÁÔÈÏ-
ÐÈÙÓÉÏÌÏÇÙ ÏÆ )ÒÏÎ $ÉÓÏÒÄÅÒÓȢ -ÅÄÉÃÉÎÅÓ ɉ"ÁÓÅÌȟ 3×ÉÔÚÅÒÌÁÎÄɊȟ φɉσɊȟ ψυȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσωπȾ 
ÍÅÄÉÃÉÎÅÓφπσππψυ 
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9ÏÕȟ 3Ȣȟ -Áȟ 9Ȣȟ 9ÁÎȟ "Ȣȟ 0ÅÉȟ 7Ȣȟ 7Õȟ 1Ȣȟ $ÉÎÇȟ #Ȣȟ Ǫ (ÕÁÎÇȟ #Ȣ ɉςπςςɊȢ 4ÈÅ ÐÒÏÍÏÔÉÏÎ ÍÅÃÈÁÎÉÓÍ ÏÆ 
ÐÒÅÂÉÏÔÉÃÓ ÆÏÒ ÐÒÏÂÉÏÔÉÃÓȡ ! ÒÅÖÉÅ×Ȣ &ÒÏÎÔÉÅÒÓ ÉÎ ÎÕÔÒÉÔÉÏÎȟ ωȟ ρπππυρχȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢσσψωȾ 
ÆÎÕÔȢςπςςȢρπππυρχ 

:ÅÇÅÒȟ 'Ȣȟ 3ÅÌÏÇÉÅȟ %Ȣȟ Ǫ 3ÈÕÌÍÁÎȟ )Ȣ!Ȣ ɉςππχɊȢ "ÌÏÏÄ $ÏÎÁÔÉÏÎ ÁÎÄ #ÏÌÌÅÃÔÉÏÎȢ "ÌÏÏÄ "ÁÎËÉÎÇ ÁÎÄ 
4ÒÁÎÓÆÕÓÉÏÎ -ÅÄÉÃÉÎÅȟ ρυχɀρψςȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ"ωχψȤπȤττσȤπφωψρȤωȢυππρφȤψ 

:ÉÊÐȟ )Ȣ-Ȣȟ +ÏÒÖÅÒȟ /Ȣȟ Ǫ 4ÉÊÂÕÒÇȟ ,Ȣ"Ȣ ɉςπππɊȢ %ÆÆÅÃÔ ÏÆ ÔÅÁ ÁÎÄ ÏÔÈÅÒ ÄÉÅÔÁÒÙ ÆÁÃÔÏÒÓ ÏÎ ÉÒÏÎ ÁÂÓÏÒÐÔÉÏÎȢ 
#ÒÉÔÉÃÁÌ ÒÅÖÉÅ×Ó ÉÎ ÆÏÏÄ ÓÃÉÅÎÃÅ ÁÎÄ ÎÕÔÒÉÔÉÏÎȟ τπɉυɊȟ σχρɀσωψȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπψπȾρπτπψφ 
ωππωρρψωρωτ 

:ÉÍÍÅÒÍÁÎÎȟ -Ȣ"Ȣȟ Ǫ (ÕÒÒÅÌÌȟ 2Ȣ&Ȣ ɉςππχɊȢ .ÕÔÒÉÔÉÏÎÁÌ ÉÒÏÎ ÄÅÆÉÃÉÅÎÃÙȢ ,ÁÎÃÅÔ ɉ,ÏÎÄÏÎȟ %ÎÇÌÁÎÄɊȟ 
σχπɉωυψφɊȟ υρρɀυςπȢ ÈÔÔÐÓȡȾȾÄÏÉȢÏÒÇȾρπȢρπρφȾ3πρτπȤφχσφɉπχɊφρςσυȤυ 

 
 

ΐιτμχοιϋι ΅ωινϘσʿ ΅ιτρφι Ζσιϑξφσχʿ Αιϋιτϡϙ ΎόωμιτϘσ 

ΉΑͽΛ·ΑΑΤ ΉͽΏάΉͽ  
΄ ΔͽΚάΒΑά ΆΒΑΒΔά΄ ΎΔΒ΄ά Ζͽ έέ ΎΒΐΓΒΑ·ΑΖά΄ 

 
ˍ˚˛˟ˍˣ˴ˬ 

˙̆̓́ ̨̠̅̏̒̌̅̇̆̎̎ȡ ˣ̠ ̨̨̗̠̐̔̂̌̋́ ̤ ̠̟̏̄̌̅̏̃̏ ̟̒̓́̓̓̆ ̨ ̠̘̐̑̉̒̃̆̎́ ̨̃́̇̌̉̃̏̒̓ ̨̈́̌̈́ ̃ ̨̨̗̑́̏̎ ̨̅̏̎̏̑̃ 
̨̋̑̏̃ȟ ́ ̒́̍̆ ̨̑̏̌ ̗̝̏̄̏ ̨̍̋̑̏̆̌̆̍̆̎̓́ ̃ ̨̨̏̑̄́̎̈̍ ̟̌̅̉̎̉ȟ ̃̐̌̉̃̔ ̅̏̎̏̑̒̓̃́ ̨̋̑̏̃ ̎́ ̊̏̄̏ ̨̝̑̃̆̎ ̓́ 
̨̗̠̑̆̋̏̍̆̎̅́̍ ̏̅̏̚ ̅̏̂́̃̏̋ ̨ ̖̘̠́̑̔̃́̎̎ȟ ̏̂̚ ̨̈́̐̏̂̄̓̉ ̨̗̅̆̉̓̔̕ ̗̝̏̄̏ ̆̌̆̍̆̎̓́Ȣ ˏ ̖̔̍̏̃́ ̠̈̑̏̒̓́̎̎ 
̨̨̝̋̌̋̏̒̓ ̨̅̏̎̏̑̃ ̨̋̑̏̃ ̓́ ̃̐̌̉̃̔ ̨̗̤̩ ̗̐̑̏̆̅̔̑̉ ̎́ ̩̖̤̎ ̈̅̏̑̏̃ȭ̠ȟ ̨̨̗̠̎̏̑̍́̕ȟ ̐̑̆̅̒̓́̃̌̆̎́ ̃ ̨̗̊ ̨̒̓́̓̓ ̎́ ̨̏̒̎̏̃ 
̨̝̑̆̈̔̌̓́̓̃ ̨̝̅̏̒̌̅̇̆̎ ̝̖̂́̄́̓̏ ̨́̃̓̏̑̃ȟ ̤̍́ ̃́̇̌̉̃̆ ̘̠̈̎́̆̎̎ ̠̅̌ ̑̏̈̑̏̂̋̉ ̖̆̆̋̓̉̃̎̉̕ ̨̤̘̖̅̓̉̎̉ ̨̒̓̑́̓̆̄̊Ȣ 

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˑ̠̌ ̏̓̑̉̍́̓̉ ̖̅́̎̉ ̠̩̅̌ ̨̒̓́̓̓ ̂̔̌̏ ̨̈̅̊̒̎̆̎̏ ̙̐̏̔̋̉ ̔ ̖̂́̈́ ̖̅́̎̉ PubMed, Scopus, Web 
of Science ̨  Google ScholarȢ ˜̑̉ ̗̝̏̍̔ ̠̏̂̉̑́̌̉̒ ̙̌̉̆ ̨̓́̋ ̨̨̗̩̋̏̍̂̎́ ̟̘̖̋̌̏̃̉ ̨̒̌̃ȟ ̠̋ Ⱥ̅̏̂́̃̋̉ ̨̈́̌̈́Ȼȟ Ⱥ̅̏̎̏̑̉ 
̨̋̑̏̃Ȼȟ Ⱥ̨̗̅̆̉̓̕ ̨̈́̌̈́Ȼȟ Ⱥ̨̤̘̅̓̉̎̆ ̨̈́̌̈̏Ȼȟ Ⱥ̨̐̑̏̌́̋̓̉̋́̕ ̨̩́̎̆̍Ȼȟ Ⱥ̨̝̑̃̆̎ ̆̑̉̓̉̎̔̕ȻȢ ˔̨̅̊̒̎̆̎̏ ̏̂̑̏̂̋̔ 
̨̌̓̆̑́̓̔̑̉ ̈́ ̨̐̆̑̏̅ ρωχπ-ςπςτ ̨̑̏̋̃Ȣ ˗̨̑̍ ̓̏̄̏ ̂̔̌̏ ̃̉̋̏̑̉̒̓́̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ȟ ̨̨̏̐̔̂̌̋̏̃́̎ ̃ 
̗̖̑̆̆̎̈̏̃́̎̉ ̖̎́̔̋̏̃̉ ̖̇̔̑̎́̌́Ȣ ˠ̨̒ ̨̃̉̋̏̑̉̒̓́̎ ̨̒̓́̓̓ ̘̒̐̏́̓̋̔ ̨̗̟̠̏̎̃́̌̉̒ ̎́ ̨̏̒̎̏̃ ̩̖ ̎́̈̃ ̓́ ̨̗́̎̏̓́̊Ȣ 
˜̑̉ ̨̃̉̂̏̑ ̖̃̑́̏̃̔̃́̌̉ ̓́̋̔ ̨̨̗̟̎̏̑̍́̕ȟ ̠̋ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̨̖̅̏̒̌̅̎̉ ̄̑̔̐ȟ ̍̆̓̏̅̉ ̨̗̏̎̋̉ ̨̠̑̃̎ ̨̈́̌̈́ȟ 
̝̑̆̈̔̌̓́̓̉ ̓́ ̨̤̈́̑̆̒̓̑̏̃́̎ ̨̨̘̐̏̂̎ ̆̆̋̓̉̕Ȣ ˗̨̟̘̌̏̃ ̝̑̆̈̔̌̓́̓̉ ̏̅̏̚ ̨̆̆̋̓̉̃̎̏̒̓̕ ̅̏̂́̃̏̋ ̨̈́̌̈́ȟ ̃̐̌̉̃̔ 
̨̤̅̓̉ ̓́ ̨̍̏̎̓̏̑̉̎̄̔ ̨̠̑̃̎ ̨̈́̌̈́ ̟̠̏̂̄̏̃̏̑̃́̌̉̒ ̃ ̨̋̏̎̓̆̋̒̓ ̩̖̝̩̎̏ ̨̝́̋̓̔́̌̎̏̒̓ ̠̅̌ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˠ ̨̗̊ ̨̒̓́̓̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̋̏̍̐̌̆̋̒̎̉̊ ̨̨̖̐̅̅ ̅̏ ̘̠̃̉̃̆̎̎ ̨̑̏̌ ̨̈́̌̈́ ̃ ̨̨̗̑́̏̎ 
̨̅̏̎̏̑̃ ̨̋̑̏̃ȟ ̤̟̘̐̏̅̎̔̉ ̝̑̆̈̔̌̓́̓̉ ̨̖̏̒̓́̎̎ ̨̝̅̏̒̌̅̇̆̎ ̨̈ ̘̐̑́̋̓̉̎̉̍̉ ̨̗̠̑̆̋̏̍̆̎̅́̍̉ ̏̅̏̚ ̨̤̅̓̉ ̓́ 
̅̏̂́̃̏̋Ȣ ˜̨̑̆̅̒̓́̃̌̆̎ ̠̋ ̨̨̨̘̂̏̌̏̄̎ȟ ̓́̋ ̨ ̨̘̐̑́̋̓̉̎ ́̒̐̆̋̓̉ȟ ̏̚ ̤ ̨̨̗̎̎̏̃́̊̎̉̍ ̨̖̐̅̏̅̏̍ ̅̏ ̟̩̏̂̄̏̃̏̑̃́̎̏ 
̓̆̍̉ȟ ́ ̓́̋̏̇ ̤̐̏̅̎́̎̏ ̠̈̎́̎̎ ̈ ̨̖̑̈̎̉ ̄́̌̔̈̆̊ȟ ̖̓́̋̉ ̠̋ ̨̠̄̆̍́̓̏̌̏̄ȟ ̨̨̤̠̅̓̏̌̏̄ȟ ̨̨̨̖̠̂̏̍ ̓́ ̨̘̐̑̏̌́̋̓̉̎́̕ 
̗̍̆̅̉̉̎́ȟ ̏̚ ̠̤̅̏̈̃̏̌ ̨̘̃̒̆̂̎̏ ̨̐̑̏́̎́̌̈̔̃́̓̉ ̗̟ ̐̑̏̂̌̆̍̔Ȣ ˴̨̗̠̎̓̆̄̑́ ̗̖̉ ̨̗̅̉̒̉̐̌̎ ̃̆̅̆ ̅̏ ̋̑́̏̄̏̚ 
̨̠̑̏̈̔̍̎̎ ̃̐̌̉̃̔ ̨̈́̌̈́ ̎́ ̈̅̏̑̏̃ͻ̠ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ ˣ̆̊ ̠̏̄̌̅ ̤̝̠̂́̈̔̓̒ ̎́ ̨̖̏̒̓́̎̎ ̨̨̘̖̋̌̎̎̉ ̨̠̖̅̏̒̌̅̇̆̎̎ ̨ 
̍̆̓́-̨̖́̎́̌̈́ȟ ̏̚ ̘̤̈́̂̆̈̐̆̔ ̨̨̝̅̏̒̓̏̃̑̎̒̓ ̖̐̑̆̅̒̓́̃̌̆̎̉ ̖̅́̎̉Ȣ ˍ̨̎́̌̈ ̨̝̑̆̈̔̌̓́̓̃ ̨̖̏̒̓́̎̎ ̨̝̅̏̒̌̅̇̆̎ 
̠̤̅̏̈̃̏̌ ̟̒̏̑̍̔̌̃́̓̉̕ ̨̝̙̂̌ ̨̝́̋̓̔́̌̎ ̓́ ̨̘̓̏̎ ̨̗̩̑̆̋̏̍̆̎̅́ ̏̅̏̚ ̨̐̑̆̐́̑́̓̃ ̨̈́̌̈́Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ 
̨̐̆̑̒̏̎́̌̈̔̃́̓̉ ̨̨̤̘̅̓̉̎ ̨̗̩̑̆̋̏̍̆̎̅́ ̠̅̌ ̨̅̏̎̏̑̃ ̨̋̑̏̃ȟ ̖̟̘̃̑́̏̃̔̉ ̨̨̨̝̎̅̉̃̅̔́̌̎ ̐̏̓̑̆̂̉ ̗̖̉ ̟̌̅̆̊ ̓́ 
̨̨̨̝̎̅̉̃̅̔́̌̎ ̨̨̘̍̆̓́̂̏̌̎ ̨̨̨̃̅̍̎̎̏̒̓Ȣ ˴̨̝̎̅̉̃̅̔́̌̎̉̊ ̨̨̖̐̅̅ ̅̏ ̨̤̅̓̉ ̓́ ̅̏̂́̃̏̋ ̨̈́̌̈́ ̍̏̇̆ ̨̐̅̃̉̉̓̉̚ 
̨̝̆̆̋̓̉̃̎̒̓̕ ̨̠̈́̐̏̂̄́̎̎ ̨̗̅̆̉̓̔̕ ̨̈́̌̈́Ȣ ˏ̨̉̒̃̓̌̆̎̏ ̨̨̘̐̑̏̌́̋̓̉̎̕ ̨̩̒̓̑́̓̆̄ȟ ̨̓́̋ ̠̋ ̐̑̏̄̑́̍̉ ̨̐̅̓̑̉̍̋̉ 
̨̅̏̎̏̑̃ ̨̋̑̏̃ȟ ̨̠̋ ̨̐̏̃̉̎̎ ̟̘̃̋̌́̓̉ ̠̑̆̄̔̌̑̎̉̊ ̨̍̏̎̓̏̑̉̎̄ ̨̠̑̃̎ ̨̈́̌̈́ȟ ̨̨̗̝̏̒̃̓̎̉̋ ̐̑̏̄̑́̍̉ ̏̅̏̚ 
̖̘̠́̑̔̃́̎̎ ̓́ ̅̏̂́̃̏̋ȟ ́ ̓́̋̏̇ ̨̨̨̝̎̅̉̃̅̔́̌̎ ̨̨̤̘̅̓̉̎ ̘̠̃̓̑̔́̎̎Ȣ ˔̃̆̑̎̆̎̏ ̔̃́̄̔ ̎́ ̨̨̖̝̎̆̏̂̅̎̒̓ ̅̏̃̄̏̒̓̑̏-
̋̏̃̏̄̏ ̨̍̏̎̓̏̑̉̎̄̔ ̨̆̆̋̓̃̕ ̅̏̂́̃̏̋ ̨̈́̌̈́ȟ ̠̋̉̍ ̘́̒̓̏ ̖̟̝̎̆̓̔̓ ̃ ̖̋̏̑̏̓̋̏̒̓̑̏̋̏̃̉ ̨̠̖̅̏̒̌̅̇̆̎̎ȟ ́ ̅̏̃̄̏-
̒̓̑̏̋̏̃̉̊ ̨̨̖̐̅̅ ̝̅̏̈̃̏̌̉̓ ̨̎́̅̊̎̏ ̨̗̏̎̉̓̉ ̨̝̓̑̉̃́̌̒̓ ̨̆̆̋̓̃̕ ̅̏̂́̃̏̋ ̨ ̊̏̄̏ ̃̐̌̉̃ ̎́ ̈̅̏̑̏̃ͻ̠ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˔̨́̌̈̏ ̨̨̤̃̅̄̑́ ̝̔̎̅́̍̆̎̓́̌̎̔̕ ̝̑̏̌ ̔ ̨̨̗̐̅̓̑̉̍ ̈̅̏̑̏̃ͻ̠ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ ˣ̆̊ ̆̌̆̍̆̎̓ 
̨̖̎̆̏̂̅̎̉̊ ̠̅̌ ̨̗̩̐̑̏̅̔̋ ̨̄̆̍̏̄̌̏̂̎̔ȟ ̠̓̑́̎̒̐̏̑̓̔̃́̎̎ ̟̋̉̒̎ ̓́ ̝̖̂́̄́̓̏ ̨̙̖̎̉ ̨̘̖̍̆̓́̂̏̌̎̉ ̨̗̔̎̋̊̕Ȣ 
˝̠̆̄̔̌̑̎́ ̘̈̅́́ ̨̋̑̏̃ ̤̃̉̋̌̉̋́ ̘̈̎́̎̔ ̃̓̑́̓̔ ̗̝̏̄̏ ̨̍̋̑̏̆̌̆̍̆̎̓́ȟ ̏̚ ̍̏̇̆ ̐̑̉̈̃̆̒̓̉ ̅̏ ̊̏̄̏ ̨̗̅̆̉̓̔̕ ̓́ 
̨̩́̎̆̍ ̐̑̉ ̝̎̆̐̑́̃̉̌̎̏̍̔ ̨̐̏̐̏̃̎̆̎̎Ȣ ˦̏̂ ̋̏̍̐̆̎̒̔̃́̓̉ ̃̓̑́̓̔ ̨̈́̌̈́ȟ ̅̏̎̏̑́̍ ̨̋̑̏̃ ̨̒̌̅ ̈̃̆̑̎̔̓̉ ̏̒̏̂̌̉̃̔ 
̔̃́̄̔ ̎́ ̨̒̃̊ ̑ ̨̗́̏̎Ȣ ˜̑̏̅̔̋̓̉ȟ ̨̂́̄́̓ ̄̆̍̏̃̉̍ ̨̈́̌̈̏̍ȟ ̨̓́̋ ̠̋ ̍ȭ̠̒̏ ̓́ ̑̉̂́ȟ ̨ ̎̆̄̆̍̏̃̉̍ ̨̈́̌̈̏̍ȟ ̨̓́̋ ̠̋ ̨̂̏̂̏̃ 
̓́ ̨̈̆̌̆̎ ̨̌̉̒̓̏̃ ̨̘̏̃̏ȟ ̨̐̏̃̉̎̎ ̒̋̌́̅́̓̉ ̏̒̎̏̃̔ ̩̖̝̎̏̄̏ ̨̗̑́̏̎̔Ȣ ˑ̏̅́̓̋̏̃̏ ̐̑̉̊̏̍ ̨̨̃̓́̍̎̔ ˞ ̨̐̅ ̘́̒ ̨̩̇ ̍̏̇̆ 
̨̝̙̈̂̌̉̓̉ ̤̠̈́̒̃̏̎̎ ̎̆̄̆̍̏̃̏̄̏ ̨̈́̌̈́Ȣ ˝̠̆̄̔̌̑̎̉̊ ̐̑̉̊̏̍ ̨̐̑̆̐́̑́̓̃ ̨̈́̌̈́ ̤ ̆̆̋̓̉̃̎̉̍̕ ̍̆̓̏̅̏̍ 
̨̐̑̏̌́̋̓̉̋̉̕ ̨̗̅̆̉̓̔̕ ̨̈́̌̈́ ̔ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ ˗̨̨̨̘̌̎̎ ̨̠̅̏̒̌̅̇̆̎̎ ̐̏̋́̈́̌̉ȟ ̏̚ ̅̏̂́̃̋̉ ̨̈́̌̈́ ̟̝̐̏̋̑́̔̓̚ 
̨̝̑̃̆̎ ̨̄̆̍̏̄̌̏̂̎̔ ̓́ ̆̑̉̓̉̎̔̕ȟ ̟̘̈̎̉̇̔̉ ̑̉̈̉̋ ̨̩́̎̆̍Ȣ ˑ̏̂́̃̋̉ ̨̐̏̃̉̎̎ ̨̠̐̅̂̉̑́̓̉̒ ̨̨̝̎̅̉̃̅̔́̌̎̏ȟ ̨  ̨̅̏̎̏̑̃ 
̨̒̌̅ ̠̑̆̄̔̌̑̎̏ ̟̋̏̎̓̑̏̌̃́̓̉ ̏̅̏̚ ̨̠̑̃̎ ̗̝̏̄̏ ̆̌̆̍̆̎̓́ ̃ ̨̨̏̑̄́̎̈̍Ȣ ˜̨̨̗̝̑̏̒̃̓̎̉̋ ̐̑̏̄̑́̍̉ ̨̅̏̎̏̑̃ ̨̋̑̏̃ 
̏̅̏̚ ̨̃́̇̌̉̃̏̒̓ ̠̑̆̄̔̌̑̎̏̄̏ ̨̍̏̎̓̏̑̉̎̄̔ ̨̠̑̃̎ ̨̈́̌̈́ȟ ̨̐̑̏̌́̋̓̉̋̉̕ ̨̩́̎̆̍ ̓́ ̨̨̩̃̅̐̏̃̅̎̏ ̨̤̅̓̉ ̤̍́ 
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̨̙̝̃̉̑́̌̎̆ ̘̠̈̎́̆̎̎Ȣ ˜̑̏̄̑́̍̉ ̨̐̅̓̑̉̍̋̉ȟ ̨̠̋ ̟̘̟̝̃̋̌́̓ ̠̑̆̄̔̌̑̎̉̊ ̨̍̏̎̓̏̑̉̎̄ ̨̠̑̃̎ ̨̈́̌̈́ȟ ̠̎́̅́̎̎ 
̅̏̂́̃̏̋ ̨ ̨̨̨̝̎̅̉̃̅̔́̌̎ ̨̗̩̑̆̋̏̍̆̎̅́ ̏̅̏̚ ̨̤̅̓̉ȟ ̝̍̏̇̔̓ ̘̈̎́̎̏ ̐̏̋̑́̉̓̉̚ ̈̅̏̑̏̃ȭ̠ ̨̅̏̎̏̑̃ ̨ ̩̖ ̨̝̈̅́̓̎̒̓ 
̐̑̏̅̏̃̇̔̃́̓̉ ̅̏̎̏̑̒̓̃̏Ȣ ˚̨̨̖̆̏̂̅̎ ̨̝̙̐̏̅́̌ ̨̠̅̏̒̌̅̇̆̎̎ȟ ̏̂̚ ̘̃̉̈̎́̉̓̉ ̨̝̏̐̓̉̍́̌̎ ̨̩̒̓̑́̓̆̄ ̠̅̏̅́̃́̎̎ 
̨̈́̌̈́ ̓́ ̩̖ ̅̏̃̄̏̒̓̑̏̋̏̃̉̊ ̃̐̌̉̃ ̎́ ̈̅̏̑̏̃ȭ̠ ̨̅̏̎̏̑̃ ̨̋̑̏̃Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̓́̋̏̇ ̟̝̍́̓ ̂̔̓̉ ̨̈̏̒̆̑̆̅̇̆̎ ̎́ 
̨̨̝̖̎̅̉̃̅̔́̌̎̉ ̨̨̠̖̃̅̍̎̎̏̒̓ ̔ ̨̨̍̆̓́̂̏̌̈̍ ̅́̎̏̄̏ ̆̌̆̍̆̎̓́ ̓́ ̎́ ̨̗̑̏̈̑̏̂ ̨̖̐̆̑̒̏̎́̌̈̏̃́̎̉ ̨̤̘̖̅̓̉̎̉ 
̨̗̑̆̋̏̍̆̎̅́̊Ȣ 

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̈ ̨́̌̈̏ȟ ̅̏̎̏̑̉ ̋ ̨̑̏̃ȟ ̅̏̂́̃̋̉ ̨̈́̌̈́ȟ ̨̠́̎̆̍ȟ ̨̤̅̓́ȟ ̆̑̉̓̉̎̕ȟ ̨̄̆̍̏̄̌̏̂̎ȟ ̤̠̈́̒̃̏̎̎ ̨̈́̌̈́ 
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Anastassia Rafalskaya, Halina Tkaczenko, Natalia Kurhaluk  

ENVIRONMENTAL ENRICHMENT AS A KEY ASPECT  
OF HUMAN WELL -BEING DURING THE COVID -19 PANDEMIC  

 

ͽφιϊϋιϊϡϙ Διύιτϖϊϖσιʿ ΅ιτρφι Ζσιϑξφσχʿ Αιϋιτϙ ΎόωμιτϘσ 

Ή;ͽ΅ͽΛ·ΑΑΤ Ε·Δ·ΆΒ΄ΊΝͽ ΤΎ ΎΏΣΛΒ΄ΊΌ ͽΕΓ·ΎΖ  
ΆΒ;ΔΒ;ΗΖΗ ΏΣΆΊΑΊ ΓάΆ ΛͽΕ ΓͽΑΆ·ΐάέ #/6)$-19 

 
 

ABSTRACT 

Environmental enrichment (EE) has long been established as an effective method of improving neuroplasticity 
and reducing behavioral problems in captive mammals. As the creation of an enriched environment includes the effects 
of social stimuli and novel objects, its translation to humans can be considered reasonable. In this article, the authors 
suggest that environmental enrichment should be considered as a promising strategy to combat the social isolation 
caused by the pandemic, providing a better opportunity for behavioral adaptation. 

űrpose : The aim of this review is to explore the importance of environmental enrichment as a fundamental 
component of promoting human well-being in the midst of the COVID-19 pandemic. The aim of this paper was to 
demonstrate the relationship between psychological distress, cognitive impairment and neuropsychological status in 
patients suffering from COVID-19 and COVID-related isolation, and to describe the benefits of the environmental 
enrichment approach and propose it as a potential solution to improve brain performance. 

Methodology:  Extensive searches were conducted in academic databases including PubMed, PsycINFO, Web of 
Science and Google Scholar. Keywords including 'environmental enrichment', 'nature exposure', 'physical activity', 'social 
interaction', 'cognitive stimulation', 'well -being', 'mental health', 'COVID-19 pandemic' and related terms were used. The 
search was limited to articles published in English and focused on human populations. Studies eligible for inclusion 
included empirical research, review articles, meta-analyses and theoretical papers relevant to environmental enrichment 
and human well-being during the COVID-19 pandemic. Relevant articles were screened using titles and abstracts to 
determine eligibility for full text review. Data were extracted from selected articles, including study objectives, methods, 
key findings and implications for human well-being. Studies were synthesized thematically to identify common themes, 
trends and gaps in the literature. The review aims to provide a comprehensive and rigorous synthesis of the literature 
on the role of environmental enrichment in promoting human well-being during the COVID-19 pandemic. 

Scientific novelty:  The review presents a new perspective by synthesizing the existing literature on 
environmental enrichment in the unique context of the COVID-19 pandemic. It explores how environmental factors such 
as exposure to nature, physical activity and social interactions can serve as critical resources for maintaining and 
enhancing human well-being in times of crisis. By specifically addressing the impact of the COVID-19 pandemic on human 
well-being, the review offers a novel examination of the challenges posed by pandemic-related restrictions, isolation and 
uncertainty. It highlights how environmental enrichment strategies can serve as adaptive coping mechanisms to mitigate 
the negative psychological and emotional effects of the pandemic. One of the key scientific novelties of the review is its 
interdisciplinary approach to understanding human well-being. It synthesizes findings from psychology, public health 
and environmental science to provide a comprehensive analysis of the role of environmental enrichment in promoting 
holistic well -being during the pandemic. 

Conclusions. The review highlights the importance of environmental enrichment, which includes exposure to 
nature, physical activity, social interactions and cognitive stimulation, in promoting human well-being during the 
pandemic. Environmental enrichment strategies offer valuable resources for mitigating the negative psychological, 
emotional and social effects of the COVID-19 pandemic. By providing opportunities for stress reduction, mood 
enhancement and social support, these interventions contribute to resilience and adaptive coping mechanisms in times 
of crisis. Exposure to nature is emerging as a particularly powerful form of environmental enrichment, with therapeutic 
benefits for mental health, emotional well-being and overall quality of life. Encouraging physical activity and facilitating 
social interactions, albeit within the constraints of public health guidelines, play a critical role in maintaining human well-
being during the pandemic.  

 
Key words:  environmental enrichment, human well-being, physical activity, social interactions, cognitive 

stimulation, mental health 
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ˍ˚˛˟ˍˣ˴ˬ 

˔̘̠̂́̄́̆̎̎ ̙̝̎́̃̋̏̌̉̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ɉ˔˞Ɋ ɀ ̗̆ ̆̆̋̓̉̃̎̉̊̕ ̍̆̓̏̅ ̠̐̏̋̑́̆̎̎̚ ̨̘̎̆̊̑̏̐̌́̒̓̉̎̏̒̓ ̓́ 
̙̠̈̍̆̎̆̎̎ ̨̖̐̏̃̆̅̎̋̏̃̉ ̐̑̏̂̌̆̍ ̔ ̨̗̒̒́̃̃ȟ ̏̚ ̟̝̠̔̓̑̉̍̔̓̒ ̃ ̨̎̆̃̏̌Ȣ ˛̨̝̒̋̌̋̉ ̠̒̓̃̏̑̆̎̎ ˔˞ ̘̤̐̆̑̆̅̂́́ ̃̐̌̉̃ 
̨̗̝̖̒̏́̌̎̉ ̨̒̓̉̍̔̌̃ ̨ ̖̎̏̃̉ ̏̂ǫ̤̃̄̋̓̃ȟ ̊̏̄̏ ̨̠̗̠̆̋̒̓̑́̐̏̌ ̎́ ̟̌̅̆̊ ̍̏̇̎́ ̃̃́̇́̓̉ ̑̏̈̔̍̎̉̍Ȣ ˠ ̨̗̊ ̨̒̓́̓̓ ́̃̓̏̑̉ 
̟̝̐̑̏̐̏̎̔̓ ̠̑̏̈̄̌̅́̓̉ ˔˞ ̠̋ ̐̆̑̒̐̆̋̓̉̃̎̔ ̨̟̒̓̑́̓̆̄ ̝̂̏̑̏̓̂̉ ̈ ̨̗̝̟̒̏́̌̎̏ ̨̨̠̗̤̟̈̏̌ȟ ̟̃̉̋̌̉̋́̎̏ 
̨̤̟̐́̎̅̆̍ȟ ̟̘̎́̅́̉ ̨̋̑́̚ ̨̍̏̇̌̉̃̏̒̓ ̠̅̌ ̨̩̐̏̃̆̅̎̋̏̃̏ ̨̗̩́̅́̐̓́Ȣ 

˙̆̓́ȡ ˙̆̓́ ̗̝̏̄̏ ̠̏̄̌̅̔ ɀ ̨̅̏̒̌̅̉̓̉ ̨̝̃́̇̌̉̃̒̓ ˔˞ ̠̋ ̝̔̎̅́̍̆̎̓́̌̎̏̄̏̕ ̋̏̍̐̏̎̆̎̓́ ̠̠̒̐̑̉̎̎ 
̅̏̂̑̏̂̔̓̔ ̟̌̅̆̊ ̨̠̐̒̌ ̨̩̐́̎̅̆̍ #/6)$-ρωȢ ˙̆̓́ ̨̗̤̩ ̨̒̓́̓̓ ̠̐̏̌̄́̌́ ̃ ̓̏̍̔ȟ ̏̂̚ ̐̑̏̅̆̍̏̎̒̓̑̔̃́̓̉ ̈̃ȭ̠̈̏̋ ̨̍̇ 
̨̖̘̐̒̉̏̌̏̄̎̉̍ ̅̉̒̓̑̆̒̏̍ȟ ̨̋̏̄̎̓̉̃̎̉̍̉ ̙̠̐̏̑̔̆̎̎̍̉ ̓́ ̨̖̘̎̆̊̑̏̐̒̉̏̌̏̄̎̉̍ ̒̓́̓̔̒̏̍ ̔ ̨̨̗̤̐́̎̓̃ȟ ̨̠̋ 
̟̝̒̓̑́̇̅́̓ ̎́ #/6)$-ρω ̓́ ̐̏̃ȭ̠̈́̎̔ ̈ #/6)$ ̨̨̠̗̤̟̈̏̌ȟ ́ ̓́̋̏̇ ̏̐̉̒́̓̉ ̐̆̑̆̃́̄̉ ̨̖̐̅̏̅̔ ̅̏ ˔˞ ̓́ 
̈́̐̑̏̐̏̎̔̃́̓̉ ̊̏̄̏ ̠̋ ̨̗̐̏̓̆̎̊̎̆ ̨̙̠̑̆̎̎ ̠̅̌ ̠̐̏̋̑́̆̎̎̚ ̑̏̂̏̓̉ ̍̏̈̋̔Ȣ 

˙̨̠̆̓̏̅̏̌̏̄ȡ ̂ ̔̃ ̐̑̏̃̆̅̆̎̉̊ ̙̐̏̔̋ ̃ ̨̘̖́̋́̅̆̍̎̉ ̖̂́̈́ ̖̅́̎̉ȟ ̖̓́̋̉ ̠̋ 0ÕÂ-ÅÄȟ 0ÓÙÃ).&/ȟ 7ÅÂ of Science 
̨ 'ÏÏÇÌÅ 3ÃÈÏÌÁÒȢ ˏ̠̉̋̏̑̉̒̓̏̃̔̃́̌̉̒ ̨̓́̋ ̨̟̘̋̌̏̃ ̒̌̏̃́ȟ ̠̋ Ⱥ̘̠̈̂́̄́̆̎̎ ̙̝̎́̃̋̏̌̉̎̏̄̏ ̒̆̑̆̅̏̃̉́̚Ȼȟ Ⱥ̃̐̌̉̃ 
̐̑̉̑̏̅̉Ȼȟ Ⱥ̨̘̈̉̎́̕ ̨̝́̋̓̉̃̎̒̓Ȼȟ Ⱥ̨̗̝̒̏́̌̎́ ̨̤̠̃̈́̍̏̅Ȼȟ Ⱥ̨̋̏̄̎̓̉̃̎́ ̨̠̗̠̒̓̉̍̔̌Ȼȟ Ⱥ̘̘̠̂̌́̄̏̐̏̌̔Ȼȟ Ⱥ̨̖̘̐̒̉̎̆ 
̈̅̏̑̏̃ȭ̠Ȼȟ Ⱥ̨̠̐́̎̅̆̍ #/6)$-ρωȻ ̓́ ̐̏̃ǫ̠̃̄̈́̎ ̈ ̎̉̍̉ ̨̓̆̑̍̎̉Ȣ ˜̙̏̔̋ ̂̔̃ ̏̂̍̆̇̆̎̉̊ ̠̒̓́̓̓̍̉ȟ ̨̏̐̔̂̌̋̏̃́̎̉̍̉ 
̨̝̟́̎̄̌̊̒̋̏ ̟̍̏̃̏ ̓́ ̈̏̒̆̑̆̅̇̆̎̉̍̉ ̐̆̑̆̃́̇̎̏ ̎́ ̟̝̖̌̅̒̋̉ ̨̠̗̠̖̐̏̐̔̌Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ȟ ̨̠̋ ̨̠̐̅̌̄́̌̉ 
̟̘̟̃̋̌̆̎̎ȟ ̟̘̃̋̌́̌̉ ̨̨̘̆̍̐̑̉̎ ̨̠̅̏̒̌̅̇̆̎̎ȟ ̨̠̏̄̌̅̏̃ ̨̒̓́̓̓ȟ ̍̆̓́-̨́̎́̌̈̉ ̓́ ̨̘̓̆̏̑̆̓̉̎ ̨̒̓́̓̓ȟ ̐̏̃ǫ̠̃̄̈́̎ ̨̈ ˔˞ 
̓́ ̅̏̂̑̏̂̔̓̏̍ ̟̌̅̆̊ ̨̐̅ ̘́̒ ̨̩̐́̎̅̆̍ #/6)$-ρωȢ ˏ̨̨̨̅̐̏̃̅̎ ̨̒̓́̓̓ ̨̠̠̐̆̑̆̃̑̌̉̒ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̈́̄̏̌̏̃̋̃ ̨ 
̨̗́̎̏̓́̊ȟ ̏̂̚ ̘̃̉̈̎́̉̓̉ ̨̝̐̑̉̅́̓̎̒̓ ̠̅̌ ̗̠̑̆̆̎̈̔̃́̎̎ ̐̏̃̎̏̄̏ ̓̆̋̒̓̔Ȣ ˑ̨́̎ ̂̔̌̉ ̨̨̨̃̅̂̑́̎ ̈ ̖̃̉̂̑́̎̉ ̒̓́̓̆̊ȟ 
̟̘̟̘̃̋̌́̉ ̨̨̗̌ ̨̠̅̏̒̌̅̇̆̎̎ȟ ̍̆̓̏̅̉ȟ ̨̟̘̋̌̏̃ ̃̉̒̎̏̃̋̉ ̓́ ̨̎́̒̌̅̋̉ ̠̅̌ ̅̏̂̑̏̂̔̓̔ ̟̌̅̉̎̉Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̂̔̌̉ 
̨̝̔̈́̄́̌̎̆̎ ̘̓̆̍́̓̉̎̏ȟ ̏̂̚ ̘̃̉̈̎́̉̓̉ ̨̨̝̒̐̌̎ ̓̆̍̉ȟ ̨̗̩̓̆̎̅̆̎ ̓́ ̐̑̏̄́̌̉̎̉ ̃ ̨̨̌̓̆̑́̓̔̑Ȣ ˛̠̄̌̅ ̤̍́ ̎́ ̨̍̆̓ 
̘̈́̂̆̈̐̆̉̓̉ ̨̘̃̒̆̂̎̉̊ ̒̉̎̓̆̈ ̨̌̓̆̑́̓̔̑̉ ̐̑̏ ̝̑̏̌ ˔˞ ̃ ̨̠̒̐̑̉̎̎ ̅̏̂̑̏̂̔̓̔ ̟̌̅̆̊ ̨̐̅ ̘́̒ ̨̩̐́̎̅̆̍ #/6)$-19. 

˚́̔̋̏̃́ ̎̏̃̉̈̎́ȡ ̠̏̄̌̅ ̠̤̐̑̆̅̒̓́̃̌ ̎̏̃̔ ̐̆̑̒̐̆̋̓̉̃̔ ̙̠̖̌̏̍ ̒̉̎̓̆̈̔ ̨̟̘̩̒̎̔̏ ̨̌̓̆̑́̓̔̑̉ ̐̑̏ ˔˞ ̃ 
̨̋̏̎̓̆̋̒̓ ̨̩̐́̎̅̆̍ #/6)$-ρωȢ ˏ̨̎ ̠̤̐̑̆̅̒̓́̃̌ȟ ̠̋ ́̋̓̏̑̉̕ ̙̝̎́̃̋̏̌̉̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ȟ ̨̓́̋ ̠̋ ̃̐̌̉̃ ̐̑̉̑̏̅̉ȟ 
̨̘̈̉̎́̕ ̨̝́̋̓̉̃̎̒̓ ̨ ̨̨̗̝̒̏́̌̎ ̨̤̩̃̈́̍̏̅ȟ ̝̍̏̇̔̓ ̒̌̔̇̉̓̉ ̃́̇̌̉̃̉̍̉ ̑̆̒̔̑̒́̍̉ ̠̅̌ ̨̐̅̓̑̉̍̋̉ ̓́ ̨̠̐̅̃̉̆̎̎̚ 
̅̏̂̑̏̂̔̓̔ ̟̌̅̉̎̉ ̨̐̅ ̘́̒ ̋̑̉̈̉Ȣ ˗̏̎̋̑̆̓̎̏ ̠̟̘̑̏̈̄̌̅́̉ ̃̐̌̉̃ ̨̩̐́̎̅̆̍ #/6)$-ρω ̎́ ̅̏̂̑̏̂̔̓ ̟̌̅̆̊ȟ ̠̏̄̌̅ 
̤̐̑̏̐̏̎̔ ̎̏̃̉̊ ̨́̎́̌̈ ̐̑̏̂̌̆̍ȟ ̐̏̃ȭ̠̖̈́̎̉ ̨̈ ̨̤̟̐́̎̅̆̍ ̠̏̂̍̆̇̆̎̎̍̉ȟ ̨̨̠̗̤̟̈̏̌ ̓́ ̨̘̟̎̆̃̉̈̎́̆̎̒̓Ȣ ˠ ̝̎̏̍̔ 
̨̟̤̝̠̐̅̋̑̆̒̌̓̒ȟ ̠̋ ̨̩̒̓̑́̓̆̄ ˔˞ ̝̍̏̇̔̓ ̒̌̔̇̉̓̉ ́̅́̐̓̉̃̎̉̍̉ ̨̖̍̆́̎̈̍́̍̉ ̠̐̏̅̏̌́̎̎ ̓́ ̐̏̍ȭ̠̙̠̋̆̎̎ 
̖̎̆̄́̓̉̃̎̉ ̨̖̘̖̐̒̉̏̌̏̄̎̉ ̨ ̨̗̖̆̍̏̊̎̉ ̨̨̎́̒̌̅̋̃ ̨̩̐́̎̅̆̍Ȣ ˏ ̨̠̏̄̌̅ ̃̉̋̏̑̉̒̓́̎̏ ̨̨̗̍̇̅̉̒̉̐̌̎́̑̎̉̊ ̨̨̖̐̅̅ ̅̏ 
̨̠̑̏̈̔̍̎̎ ̂ ̘̘̠̌́̄̏̐̏̌̔ ̟̌̅̉̎̉Ȣ ˏ̨̎ ̤̒̉̎̓̆̈̔ ̝̑̆̈̔̌̓́̓̉ ̨̖̩̐̒̉̏̌̏̄ȟ ̖̏̏̑̏̎̉ ̈̅̏̑̏̃ȭ̠ ̓́ ̎́̔̋ ̐̑̏ ̙̤̎́̃̋̏̌̉̎ 
̒̆̑̆̅̏̃̉̆̚ȟ ̏̂̚ ̘̈́̂̆̈̐̆̉̓̉ ̨̘̃̒̆̂̎̉̊ ̨́̎́̌̈ ̨̑̏̌ ˔˞ ̃ ̨̠̒̐̑̉̎̎ ̨̨̗̌̒̎̏̄̏ ̘̘̠̂̌́̄̏̐̏̌̔ ̨̐̅ ̘́̒ ̨̩̐́̎̅̆̍Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˛̠̄̌̅ ̨̟̤̐̅̋̑̆̒̌ ̨̝̃́̇̌̉̃̒̓ ˔˞ȟ ̠̋̆ ̟̘̤̃̋̌́ ̋̏̎̓́̋̓ ̈ ̟̐̑̉̑̏̅̏ȟ ̨̘̈̉̎̔̕ ̨̝́̋̓̉̃̎̒̓ȟ 
̨̨̗̝̒̏́̌̎ ̨̤̩̃̈́̍̏̅ ̓́ ̨̋̏̄̎̓̉̃̎̔ ̨̠̗̟̒̓̉̍̔̌ȟ ̠̅̌ ̠̠̒̐̑̉̎̎ ̅̏̂̑̏̂̔̓̔ ̟̌̅̆̊ ̨̐̅ ̘́̒ ̨̩̐́̎̅̆̍Ȣ ˞̨̩̓̑́̓̆̄ ˔˞ 
̟̝̐̑̏̐̏̎̔̓ ̨̨̗̎̎ ̑̆̒̔̑̒̉ ̠̅̌ ̐̏̍ȭ̠̙̠̋̆̎̎ ̖̎̆̄́̓̉̃̎̉ ̨̖̘̖̐̒̉̏̌̏̄̎̉ȟ ̨̗̖̆̍̏̊̎̉ ̨ ̨̗̝̖̒̏́̌̎̉ ̨̨̎́̒̌̅̋̃ 
̨̩̐́̎̅̆̍ COVID-ρωȢ ˚̟̘́̅́̉ ̨̍̏̇̌̉̃̏̒̓ ̠̅̌ ̙̠̈̍̆̎̆̎̎ ̒̓̑̆̒̔ȟ ̠̐̏̋̑́̆̎̎̚ ̟̎́̒̓̑̏ ̓́ ̨̗̝̩̒̏́̌̎̏ ̨̐̅̓̑̉̍̋̉ȟ 
̨̗ ̘̠̃̓̑̔́̎̎ ̠̟̝̒̐̑̉̓ ̨̨̒̓̊̋̏̒̓ ̓́ ́̅́̐̓̉̃̎̉̍ ̨̖̍̆́̎̈̍́̍ ̠̐̏̅̏̌́̎̎ ̖̋̑̉̈̏̃̉ ̨̗̒̉̓̔́̊Ȣ ˏ̐̌̉̃ ̎́ ̐̑̉̑̏̅̔ 
̤̒̓́ ̏̒̏̂̌̉̃̏ ̟̐̏̓̔̇̎̏ ̟̏̑̍̏̕ ˔˞ ̈ ̘̓̆̑́̐̆̃̓̉̎̉̍̉ ̐̆̑̆̃́̄́̍̉ ̠̅̌ ̨̖̘̐̒̉̎̏̄̏ ̈̅̏̑̏̃ȭ̠ȟ ̨̗̆̍̏̊̎̏̄̏ 
̘̘̠̂̌́̄̏̐̏̌̔ ̓́ ̝̩̈́̄́̌̎̏ ̨̠̋̏̒̓ ̠̇̉̓̓Ȣ ˔̖̘̠́̏̏̆̎̎ ̅̏ ̨̘̩̈̉̎̏̕ ̨́̋̓̉̃̎̏̒̓ ̓́ ̠̠̒̐̑̉̎̎ ̨̨̗̝̒̏́̌̎̊ ̨̤̩̃̈́̍̏̅ 
̨̨̟̝̃̅̄̑́̓ ̨̙̝̃̉̑́̌̎̔ ̝̑̏̌ ̔ ̨̨̗̐̅̓̑̉̍ ̅̏̂̑̏̂̔̓̔ ̟̌̅̆̊ ̨̐̅ ̘́̒ ̨̩̐́̎̅̆̍Ȣ  

 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̈ ̘̠̂́̄́̆̎̎ ̙̝̎́̃̋̏̌̉̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ȟ ̅̏̂̑̏̂̔̓ ̟̌̅̉̎̉ȟ ̨̘̈̉̎́̕ ̨̝́̋̓̉̃̎̒̓ȟ ̨̨̗̝̒̏́̌̎ 

̨̤̩̃̈́̍̏̅ȟ ̨̋̏̄̎̓̉̃̎́ ̨̠̗̠̒̓̉̍̔̌ȟ ̨̖̘̐̒̉̎̆ ̈̅̏̑̏̃ȭ̠ 
 

 

Introduction  

On 11 March 2020, the World Health Organi-
zation (WHO) announced that the COVID-19 
epidemic, caused by the SARS-CoV-2 virus first 
identified in December 2019 in the city of Wuhan, 
China, had reached pandemic levels. As a result, an 
extensive programme of containment measures has 
been put in place, which has had a significant impact 
on the daily lives of people of all social groups, ages, 
genders and nationalities. Recent studies have 
shown that the long-term lack of social interaction 
and the monotony of the environment caused by 
quarantine have led to behavioral changes of various 
kinds, including negative ones. A strong relationship 
between the duration of quarantine and stress, 
anxiety and depression has been reported in the 
literature (Hamaideh et al., 2022). Psychiatric 
symptoms, including symptoms of post-traumatic 

stress disorder (PTSD), anxiety and depression, 
have been reported in patients with SARS-CoV-1 
during the atypical pneumonia epidemic and at 
1 month, 1 year, 30 months or more after illness 
(Cheng et al., 2004a,b; Chua et al., 2004; Wu et al., 
2005; Lee et al., 2007). In addition, symptoms of 
PTSD, depression and anxiety have been described 
in healthcare workers during the epidemic, 2 months, 
2 and 3 years after the atypical pneumonia epidemic, 
and in the general population during and after the 
epidemic (Hawryluck et al., 2004; Verma et al., 2004; 
Lin et al., 2007; Lancee et al., 2008). 

In the post-COVID patients, PTSD is often 
accompanied by a sudden fear of death, shortness of 
breath, difficulty falling asleep, nightmares and 
flashbacks. The most common symptoms are 
characteristic depressing memories or ideas 
associated with shortness of breath and other 
unpleasant sensations of the acute period 
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(Aiyegbusi et al., 2021; Al-Aly et al., 2022). 
Conditions associated with the effects of COVID-19 
or long COVID are characterized by severe cognitive 
changes, including a condition recently termed 
'brain fog'. The resulting cognitive impairment 
facilitates the spread of the virus, as infected 
individuals exhibit reduced anti-infection behavior 
(Gouraud et al., 2021). It should be noted that 
cognitive complaints are associated with both 

anxiety and depressive symptoms and are 
independent of objective neuropsychological status, 
reflecting the leading role of anxiety and depression 
in the cognitive impairment found. It is charac-
teristic that an increase in the number of somatic 
symptoms of COVID-19 2 months after the acute 
phase of the disease is associated with depressive, 
anxiety and post-traumatic symptoms (Fig. 1) 
(Ismael et al., 2021). 

 

Fig. 1. Association between psychological distress, cognitive complaints  
and neuropsychological status after a severe COVID-19 episode 

 

It is also known that people who have suffered 
from coronavirus infection experience cognitive 
deficits such as difficulties in facial emotion 
recognition, logical task performance and working 
memory decline (Hampshire et al., 2021). Cognitive 
dysfunction, including impairment of executive 
function and memory, as well as asthenia and a 
dysregulation syndrome with frontal symptoms in 
severe cases of the disease, may be caused by 
respiratory and/or circulatory hypoxemia. Hypoxic 
damage, microhemorrhage and inflammation of 
neurons have been identified in various areas of the 
brain, particularly in the brainstem. The brainstem 
contains many different nuclei and sections that 
regulate different physiological processes such as 
respiratory, cardiovascular, gastrointestinal and 
neurological. Neurons with a high metabolic 
demand for oxygen become dysfunctional, leading to 
cognitive impairment. Hypometabolism in the 
parahippocampal gyrus, thalamus and some white 
matter regions may be a secondary consequence of 

hypoxic damage to these areas, leading to memory 
loss and cognitive dysfunction (Yan et al., 2021). The 
pathogenesis of mental disorders in the post-Covid 
period is multifactorial and multi -organ in nature, 
caused by systemic (regulatory, tissue and organ) 
pathological disturbances of the functioning of the 
whole organism. The basis of the observed tissue 
and organ disorders are metabolic disorders at the 
cellular and subcellular levels, caused in particular 
by damage to mitochondria, acceleration of lipid 
peroxidation and the development of oxidative 
stress. In addition, the side effects of pharmacot-
herapy for COVID-19 should be taken into account, 
in particular the use of corticosteroids, interferon, 
hydroxychloroquine and anti-interleukin monoclonal 
antibodies (Ceban et al., 2022; Premraj et al., 2022). 
It is therefore necessary to minimize the negative 
consequences of human adaptation to new social 
conditions and to create opportunities to stimulate 
the brain's cognitive abilities.  
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The aim of this review is to explore the 
importance of environmental enrichment as a 
fundamental component of promoting human well-
being in the midst of the COVID-19 pandemic. This 
review will examine the multiple ways in which the 
COVID-19 pandemic has affected human well-being, 
including psychological, emotional and social 
aspects. The paper will explore the concept of 
environmental enrichment and its role in improving 
human health and well-being. It will discuss 
different forms of environmental enrichment, 
including exposure to nature, physical activity, 
social interactions and cognitive stimulation. 

Materials and methods 

Extensive searches were conducted in 
academic databases including PubMed, PsycINFO, 
Web of Science and Google Scholar. Keywords used 
included 'environmental enrichment', 'nature 
exposure', 'physical activity', 'social interaction', 
'cognitive stimulation', 'well-being', 'mental health', 
'COVID-19 pandemic' and related terms were used. 
The search was limited to articles published in 
English and focused on human populations. Studies 
eligible for inclusion included empirical research, 
review articles, meta-analyses and theoretical 
papers relevant to environmental enrichment and 
human well-being during the COVID-19 pandemic. 
Relevant articles were screened using titles and 
abstracts to determine eligibility for full-text review. 
Data were extracted from selected articles, including 
study objectives, methods, key findings and 
implications for human well-being. Studies were 
synthesized thematically to identify common 

themes, trends and gaps in the literature. The review 
aims to provide a comprehensive and rigorous 
synthesis of the literature on the role of 
environmental enrichment in promoting human 
well-being during the COVID-19 pandemic. 

Maximizing brain potential through 
environmental enrichment 

It has long been known that animals' ability to 
develop adaptive behavior is linked to their survival. 
Every day they face tough challenges: avoiding 
predators, finding food, shelter and a mate. The daily 
routine creates a need for animals to learn 
alternative and diverse behavioral strategies, in 
which events must be studied, selected and 
somehow connected for future decision making. 
Inconsistencies in these processes caused by 
captivity (lack of intellectual stimulation, lack of 
social contact, reduced physical activity) have a 
profound effect on the physiological, cognitive and 
emotional state of the animals, affecting their 
survival (Fehlmann et al., 2020). For example, many 
captive orcas have been found to suffer from 
pneumonia, kidney and gastrointestinal disease, and 
various infections (Marino et al., 2020). Scientists 
also report numerous attempts by the animals to 
cope with captivity through stereotypical, aimless 
habits. For example, constant nodding of the head 
and constant wiggling or chewing of the rod of the 
cell have been observed in laboratory rhesus 
monkeys, which are not only abnormal behaviors 
but also directly correlate with brain abnormalities 
(Poirier and Bateson, 2017).  

 

Fig. 2. Differences in the structure of the cerebral cortex in animals kept  
in deprived (captive) and enriched (natural) environments 
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For example, laboratory mice with various 
neurodegenerative diseases were placed in enriched 
conditions, i.e. conditions with sensory, cognitive 
and motor stimuli (rich and varied diet, cells). The 
mammalian brain is formed through the implemen-
tation of complex genetic and epigenetic programs. 
However, sensory, cognitive and motor stimulation 
through interaction with the environment from 
birth to old age also plays a key role in the formation 
of neural circuits necessary for normal brain 
function. In recent decades, genetic and pharma-
cological factors modulating brain function and 
dysfunction have been extensively studied, while 
environmental parameters have received much less 
attention (Mayeux, 2003). Without intellectual 
stimulation and social interaction, the cerebral 
cortex ɀ the part of the brain responsible for higher 
cognitive activity, including memory, planning and 
decision-making ɀ becomes thinner, the capillaries 
narrow and the brain does not receive enough blood 
to function normally. A thinner cerebral cortex, the 
part of the brain involved in voluntary movement 
and higher cognitive function, can lead to poor 
decision-making and memory. Neurons become 
smaller, as do dendrites, which disrupts communi-
cation within the brain. This means that captive 
animals are less effective at processing information. 
The chronic stress of living in captivity with no 
control over their environment leads to learned 
helplessness, a trauma response that affects the 
hippocampus, which handles memory functions, and 
the amygdala, which processes emotions. As a result, 
a captive animal's memory and emotions are 
irregular, and some animals have been shown to 
become emotionally unpredictable. Prolonged 
stress also disrupts the balance of serotonin and 
dopamine in an animal's brain, which can lead to 
repetitive and often harmful behaviors. The main 
change is that animals lose some of their natural 
behaviors, such as foraging, avoiding predators and 
rearing young, and replace them with stereotyped, 
destructive behaviors brought on by chronic stress 
and boredom. These new behaviors, such as 
gnawing on bars and running headlong into walls, 
are often self-destructive. They also show a marked 
difference between a captive animal and its wild 
relatives (Haslam, 2013; Tuite et al., 2022). 

The lack of a sufficiently stimulating natural 
environment also has a significant impact on 
neuroplasticity ɀ the ability of the nervous system to 
regenerate by increasing the number of neurons and 
restructuring neural networks, creating new 
synapses and altering synaptic transmission, which 
underpins adaptive behavior (McEwen et al., 2015; 
Been et al., 2022). In other words, repetitive actions, 
strong emotional influences or stimuli, including 
negative ones, can cause structural changes in 
neurons, affecting the appearance of so-called 
"dendritic trees" and neural bridges, which are 

directly related to the number of synapses and brain 
performance. It is known that each of the 86 billion 
neurons in the brain is capable of forming about 
10,000 synapses simultaneously. However, this 
potential depends solely on the number and 
intensity of stimuli to induce structural changes in 
neurons with subsequent behavioral changes 
(Davim et al., 2021). The formation of new synapses 
is extremely important because it allows animals to 
change behavioral strategies that are essential for 
survival. 

One of the most prominent approaches to 
identifying key experience- and environment-
related changes in brain structural and functional 
plasticity is the use of the so-called enriched (multi-
stimulus) environment (EE) (Ward and Cohen, 
2004). EE can be defined as an environment that 
contains a variety of social and non-social stimuli 
that influence different aspects of brain develop-
ment and function. This definition implies that the 
importance of any one factor cannot be neutralized 
and that the combined effect of several factors of 
different types ensures the formation of a biological 
response that cannot be achieved by the action of 
any one factor alone (Rosenzweig and Bennett, 
1969). The aim of EE is to maximize the brain's 
potential by organizing the space in which the 
organism exists so that it is more complex, 
interactive and rich in events similar to real life, thus 
offering a greater variety of possibilities to control 
this environment and reduce or prevent cases of 
abnormal behavior and cognitive impairment 
(Hannan, 2014; Cutuli et al., 2022) with mazes, 
running wheels, toys, increased social interactions), 
showed significant positive dynamics of brain 
activity, qualitative structural changes, i.e. slowing 
down the onset and progression of the motor 
disorder syndrome, the process of reducing the 
volume of the cerebral cortex, a deficiency in the 
expression of ɼ-amyloid peptide (leading to the 
death of neurons), improved performance in 
problem-solving tasks, an increase in the number of 
dendritic branches, expression of the GluR1 protein, 
which plays an important role in the formation of the 
neural network underlying normal motor behavior 
(Nithianantharajah and Hannan, 2006). 

Thus, laboratory mice with various neurode-
generative diseases placed in enriched conditions, 
i.e. conditions with sensory, cognitive and motor 
stimuli (rich and varied diet, cells equipped with 
mazes, running wheels, toys, increased social 
interactions), show significant positive dynamics of 
brain activity and qualitative structural changes, 
such as delayed onset and progression of motor 
ÄÉÓÏÒÄÅÒȟ ÄÅÆÉÃÉÅÎÃÙ ÏÆ ɼ-amyloid peptide expression. 

EE may contribute to neuronal activation, 
signaling and plasticity in different areas of the 
brain. Increased sensory stimulation, including an 
increase in somatosensory and visual information, 
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activates the somatosensory (red) and visual 
(orange) cortices. Increased cognitive stimulation ɀ 
for example, encoding information (the ability to 
turn information into a concept, an image stored in 
the brain that can then be retrieved from long-term 
memory) related to spatial mapping, object 
recognition, novelty and attention modulation ɀ is 

likely to activate the hippocampus (blue) and other 
cortical areas. In addition, increased motor activity, 
such as natural exploratory movements (including 
fine movements that are radically different from 
simply riding a bike), stimulates areas such as the 
motor cortex and cerebellum (green) (Fig. 3). 

 

 

Fig. 3. Effects of EE and enhanced sensory, cognitive and motor stimuli  
on different brain regions (https://sites.oxy.edu/ ) 

 
The key components of EE are physical 

activity, socialization and cognitive stimulation. 
Although the efficacy demonstrated in animals with 
EE is quite high, it remains largely a laboratory 
phenomenon with little use in clinical settings, for 
example in patients with severe brain damage 
(stroke) or mental retardation, because of 
difficulties in standardizing methods, introducing 
control groups, lack of data on which aspects are 
critical for improving brain plasticity, and the wide 
range of responses to therapy. It is not known how 
long an intervention should last or what the 
necessary 'dose' of enrichment is, as most laboratory 
studies use continuous enrichment periods ɀ a 
condition that most clinicians consider inapprop-
riate (Hummel and Cohen, 2005; McDonald et al, 
2018; Ball et al, 2019). 

Relationship between neurons and glia 
in an enriched environment 

The relationship between neurogenesis and 
the intricate interplay between neurons and glial 
cells within an EE is a fascinating area of study in 
neuroscience. The dynamic process of neurogenesis, 
the generation of new neurons, interacts in a 
complex manner with the supporting role of glial 
cells, including astrocytes and oligodendrocytes 
(Nilsson and Pekny, 2007). This chapter aims to 
explore the multiple links between these elements 
within EE, looking at how environmental factors 

affect the differentiation and integration of neurons, 
while also influencing the functions of glial cells. By 
examining these interactions, we aim to gain a 
deeper understanding of the complex mechanisms 
underlying brain plasticity in the context of EE. 
Neurogenesis in the developing or mature brain is 
one of the most attractive targets for the action of 
environmental factors that regulate neuroplasticity 
processes (Hummel and Cohen, 2005; Decimo et al., 
2012). The debate on the effect of EE on the number 
of cells in the adult brain has a long history. In 1964, 
J. Altman and G. D. Das, who first described neuro-
genesis in the adult hippocampus (Altman and Das, 
1964), investigated whether EE could affect the 
generation of neurons. However, they only found an 
increase in the processes of gliogenesis (Altman and 
Das, 1964). Subsequent studies showed that the 
increase in glial cell numbers was associated with 
oligodendrocytes and a slight increase in astrocytes 
in EE animals (Walsh and Cummins, 1975; Kemper-
mann et al., 2002). EE, like exercise, helps to increase 
the number of new neurons in the dentate gyrus. 
However, the mechanisms by which new cells are 
generated may differ between the two conditions. 
EE mainly affects cell survival rather than cell 
proliferation. In contrast, isolated running activity 
stimulates both cell division and neuronal survival 
in mice (van Praag et al., 2000; Mohammed et al., 
2002). Interestingly, EE without high motor activity 
only slightly stimulates hippocampal neurogenesis 
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(Clark et al., 2009; Mustroph et al., 2012), whereas 
the use of treadmills in socially and physically 
deprived mice promotes more intense cell 
proliferation in the dentate gyrus than in EE mice 
(Bednarczyk et al., 2009; Schaefers, 2013). 

Early experiments showed that enrichment 
increased neurite branching and synapse formation 
in the cortex (Greenough et al., 1985), and animals 
kept in EE conditions showed a higher order of 
dendritic arborization than the control group 
(Greenough et al., 1985). Subsequent studies found 
that environmental enrichment decreased neuronal 
density but increased the synapse/neuron ratio, 
synaptic disc diameter and subsynaptic plate 
openings (Greenough et al., 1985). In the hippo-
campus, similar morphological changes were 
characteristic of granular neurons in the dentate 
gyrus and pyramidal cells in CA1 and CA3 areas. 
Recently, a large number of dendritic spines and an 
increased density of imperforate synapses were 
found in the CA1 region after enrichment (Rampon 
et al., 2000). EE was found to promote neurogenesis 
only in the dorsal hippocampus. These results 
suggest that environmental factors may differen-
tially regulate neurogenesis in region-specific areas. 
This phenomenon is thought to underlie the 
heterogeneous functions of newborn neurons along 
the septotemporal axis of the hippocampus, which 
has functional implications (Rampon et al., 2000; 
Petrosini et al., 2009). 

Studies of enrichment-induced plasticity have 
traditionally focused on changes in neurons, 
particularly their synaptic function. However, the 
effects of EE on glial cells are no less important. 
There is a growing body of data on the response of 
astroglia to EE. Given the important role of 
astrocytes in the regulation of neuronal activity 
through the implementation of the mechanism of 
neuron-astroglial metabolic coupling, ensuring 
neurogenesis and the mechanisms of so-called 
gliovascular control in active zones of the brain, the 
presence of such an influence is quite predictable. 
For example, EE promotes a significant increase in 
the number of astrocytes in the dentate gyrus, but 
not in the CA1, CA3 areas of the hippocampus or 
cortex (Rampon et al., 2000). It has long been known 
that astrocyte morphology changes in response to 
EE. The changes depend on the duration of EE 
exposure and the localisation of the astrocyte pool in 
the brain (Markham and Greenough, 2004; Tanti et 
al., 2012). Morphological plasticity of astrocytes in 
response to EE occurs on a similar time scale to 
changes in neurons. Other studies support a strong 
correlation between changes in astrocyte morpho-
logy and synapse formation, highlighting the synergy 
between neurons and astrocytes within and around 
a synapse (Ullian et al., 2001). In general, one of the 

important targets of EE action is neuron-astroglial 
interactions, which ensure the efficiency of synaptic 
transmission, the adequacy of energy supply to 
neurons and the local adaptation of blood flow 
(Hummel and Cohen, 2005; Halassa et al., 2007). 

Structural and functional changes in the brain 
after exposure to EE in experimental animals are 
impact on (Fig. 4). 

 
Behavior  
Exposure to an EE can improve learning and 

memory, prevent memory decline in adults, reduce 
anxiety and increase exploratory activity 
(Kempermann et al., 2002; Friske and Gammie, 
2005; Bennett et al., 2006). However, later studies 
found that the activity of mice after 8 weeks of EE 
was comparable to that of humans under standard 
conditions. It has also been noted that changes in 
anxiety and seeking activity appear to be 
independent of neurogenesis in the hippocampus 
(Silva et al., 2011). 

Exposure to an EE can lead to various 
behavioral changes, particularly in animals. Animals 
exposed to EE often show increased levels of 
exploration and curiosity. They may actively seek 
out new stimuli and environments in their 
surroundings. EE can enhance cognitive abilities, 
leading to improved learning and memory. This is 
often seen in tasks such as maze navigation or object 
recognition. EE with stimulating activities and social 
interactions can reduce stress and anxiety levels in 
animals. This can lead to calmer and more relaxed 
behavior. EE typically provides opportunities for 
physical activity, such as running wheels or climbing 
structures. As a result, animals may engage in more 
physical activity, leading to improved physical 
health and fitness. EE have also been associated with 
increased neurogenesis (the formation of new nerve 
cells) and increased brain plasticity. This may lead to 
improved brain function and adaptability. In 
addition, exposure to EE has been associated with a 
delay in age-related cognitive decline in animals. 
This suggests that continued exposure to 
stimulating environments may help maintain 
cognitive function into old age (Friske and Gammie, 
2005; Bennett et al., 2006; Takuma et al., 2011; 
Kempermann, 2019). 

Structural changes.  Exposure to an EE can 
induce several structural changes in the brain, 
particularly in regions associated with learning, 
memory and sensory processing. One of the most 
notable structural changes is an increase in 
neurogenesis, which refers to the generation of new 
nerve cells. EE has been shown to promote 
neurogenesis in regions such as the hippocampus, a 
brain area critical for learning and memory 
(Almeida Barros et al., 2021).
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Fig. 4. Structural and functional changes  
in the brain after exposure to enriched environments 

 

EE can lead to increased dendritic branching 
and synaptic density in neurons. Dendrites are the 
branching extensions of neurons that receive signals 
from other neurons, and synapses are the 
connections between neurons where information is 
transferred. Increased dendritic branching and 
synaptic density are associated with improved 
neural connectivity and information processing 
(Bindu et al., 2007). Exposure to EE has been 
associated with an increase in cortical thickness, 
particularly in regions involved in sensory 
processing and higher cognitive functions. This 
structural change may reflect increased neural 
connectivity and complexity in response to 
environmental stimuli (Alvarez et al., 2014). Glial 
cells, including astrocytes and oligodendrocytes, 
provide support and insulation for neurons in the 
brain. EE has been associated with an increase in 
glial cell density, which may contribute to 
maintaining neuronal health and function (Bhide 
and Bedi, 1984). EE has been shown to increase the 
volume of the hippocampus, a brain structure 
critical for learning and memory. This increase may 
be due to a combination of factors, including 
neurogenesis, dendritic growth and synaptic 
plasticity (Miguel et al., 2019). EE can promote the 
growth of blood vessels in the brain, a process 
known as vascularization. Improved vascularization 
can increase blood flow to brain regions, providing 
nutrients and oxygen essential for neuronal function 
and plasticity (Chen et al., 2023). 

Exposure to an EE can reduce the intensity of 
spontaneous apoptosis, increase the intensity of 

neurogenesis and the integration of new cells into 
functional circuits, increase brain weight, cortical 
and hippocampal thickness, dendritic branching, 
length and density, synaptic size and number, and 
the number of dendritic spines (van Praag et al., 
2000; Johansson and Belichenko, 2002; Leggio et al., 
2005). There is a marked increase in cell prolife-
ration and cell survival in the early postnatal period, 
with a large increase in the number of neurons 
forming the granule cell layer (Rizzi et al., 2011). A 
reduced pro-inflammatory response to lipopolysac-
charide injection into the hippocampus was also 
observed. There was also a significant reduction in 
the levels of the chemokines TNF and the 
ÉÎÆÌÁÍÍÁÔÏÒÙ ÃÙÔÏËÉÎÅ ), ρɼ ɉ7ÉÌÌÉÁÍÓÏÎ ÅÔ ÁÌȢȟ 
2012). There was an increase in the strength of 
synaptic contacts and modulation of synaptic 
plasticity, such as long-term potentiation (LTP), an 
increase in the slope of the excitatory postsynaptic 
potential (EPSP) and an increase in the potential 
from the hippocampal region (Foster and Dumas, 
2001; Artola et al., 2006). 

 
Expression of proteins and receptors, 

growth factors, n eurotransmitters.  Exposure to an 
EE can lead to significant changes in the expression 
of proteins, receptors, growth factors and 
neurotransmitters in the brain. These changes play 
a critical role in neural plasticity, learning, memory 
and overall brain function. Neurotrophic factors 
such as brain-derived neurotrophic factor (BDNF), 
nerve growth factor (NGF) and others are critical in 
promoting neuronal survival, growth and diffe-
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rentiation. Exposure to EE often results in increased 
expression of neurotrophic factors, which in turn 
promotes neurogenesis, dendritic arborization and 
synaptic plasticity (Falkenberg et al., 1992). EE can 
increase the expression of proteins involved in 
synaptic function, including neurotransmitter 
receptors (e.g. glutamate receptors such as NMDA 
and AMPA receptors) and synaptic scaffolding 
proteins (e.g. PSD-95). This upregulation is 
associated with increased synaptic strength and 
efficacy (Cai et al., 2010; He et al., 2010). EE can 
affect the activity and expression of several 
neurotransmitter systems. For example, exposure to 
EE has been shown to increase the release of 
neurotransmitters such as dopamine, serotonin and 
acetylcholine, which are involved in the regulation of 
mood, motivation and cognitive function (Saadati et 
al., 2023). EE can also modulate the activity of 
gamma-aminobutyric acid (GABA), the primary 
inhibitory neurotransmitter in the brain. Changes in 
GABAergic transmission can affect neuronal 
excitability and synaptic plasticity, contributing to 
adaptive responses to environmental stimuli (Sbrini 
et al., 2020). EE has been shown to modulate stress 
response pathways, including the hypothalamic-
pituitary -adrenal (HPA) axis and the expression of 
stress-related proteins such as corticosterone and 
corticotrop in-releasing hormone (CRH). These 
changes may help to mitigate the effects of stress 
and promote resilience (Ros-3ÉÍĕ ÁÎÄ 6ÁÌÖÅÒÄÅȟ 
2012). Exposure to EE activates several intracellular 
signaling pathways involved in synaptic plasticity 
and neuronal survival, including the mitogen-
activated protein kinase (MAPK), phosphoinositide 
3-kinase (PI3K)/Akt and cyclic AMP (cAMP) 
pathways (Horwood et al., 2006). EE can affect gene 
expression patterns in the brain, resulting in the 
upregulation of genes associated with neuronal 
growth, synaptic function and cognitive processes. 
This regulation of gene expression underlies the 

long-term adaptive changes induced by environ-
mental enrichment (Li et al., 2007). 

Exposure to an EE led to changes in the 
expression of genes involved in synaptic transmis-
sion and cellular plasticity. An increase in the 
expression of synaptic proteins (the presynaptic 
vesicle protein synaptophysin and the postsynaptic 
density protein 95, PSD-95) was observed. 
Increased expression of NMDA and AMPA receptors, 
which are involved in glutamatergic signaling, was 
also observed. Increased expression of mRNA 
encoding EGR-1 (or NGF-1A, Zif268) (which 
regulates angiogenesis) was also observed. An 
increase in the activity of the transcriptional 
regulator of endothelial cell activation ɀ Kruppel-
like factor (KLF2) ɀ was observed (Rampon et al., 
2000; Pascual-Leone et al., 2005; Lambert et al., 
2005). An increase in the levels of the main 
neurotrophic factors (brain-derived neurotrophic 
factor, BDNF, and nerve growth factor, NGF, glial 
neurotrophic factor, GDNF) has been observed 
(Gobbo and O'Mara, 2004). There is an increased 
secretion of acetylcholine and selective 
enhancement of serotonin 1A receptor gene 
expression (Rosenzweig and Bennett, 1969). 

Factors that optimize brain function 
and prevent cognitive decline 

Obviously, modern medicine will have to solve 
several problems before EE therapy can be 
introduced into clinical practice, but the benefits of 
this approach are undeniable and its use in everyday 
lif e is reasonable. As EE is a complex of inanimate 
and social stimuli, it is suggested that the approach 
must be comprehensive and manifest itself in 
standards of diet, physical activity and social 
interactions. A number of lifestyle factors and habits 
can help optimize brain function and reduce the risk 
of cognitive decline (Fig. 5).  

 
 
 

 

Fig. 5. Factors that optimize brain function and prevent cognitive decline 
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Adequate nutrition is necessary to optimize 
brain function and prevent cognitive decline. The 
brain needs a steady supply of amino acids to 
synthesize neurotransmitters, especially serotonin 
and catecholamines, which can correlate with 
reduced learning ability when levels are low 
ɉ&ÅÒÎÓÔÒÏÍ ÁÎÄ &ÅÒÎÓÔÒÏÍȟ ςππχȠ -ÁÒÔþÎÅÚ 'ÁÒÃþÁ ÅÔ 
al., 2018). Adequate nutrition is necessary to 
optimize brain function and prevent cognitive 
decline. It is also recommended to consume 
products with an adequate ratio of omega-6:3 fatty 
acids (the Mediterranean diet, which includes fruits, 
vegetables, whole grains, beans, nuts and seeds, 
olive oil, fish, poultry and dairy products), as they 
are associated with improved memory and a lower 
ÒÉÓË ÏÆ ÃÏÇÎÉÔÉÖÅ ÄÅÃÌÉÎÅ ɉ"ÏÕÒÒÅȟ ςππτÁȠ -ÁÒÔþÎÅÚ 
'ÁÒÃþÁ ÅÔ ÁÌȢȟ 2018). Vitamins B1, B6, B12, B9 (folic 
acid), D, choline, iron and iodine are neuroprotective 
and have a positive effect on mental performance 
ɉ"ÏÕÒÒÅȟ ςππτÂȟ ςππφȠ 'ÏÎÚÜÌÅÚ ÁÎÄ 6ÉÓÅÎÔÉÎȟ ςπρφȠ 
Derbyshire and Obeid, 2020). Antioxidants (vitamins 
C, E, A, zinc, selenium, lutein and zeaxanthin) play a 
very important role in protecting against oxidative 
stress, which is associated with mental decline 
ɉ'ÏÎÚÜÌÅÚ ÁÎÄ 6ÉÓÅÎÔÉÎȟ ςπρφȠ $ÅÍÍÉÇ-Adams et al., 
2020). It is also important to avoid foods rich in 
saturated fats and refined sugars and to favor fruit 
ÁÎÄ ÖÅÇÅÔÁÂÌÅÓ ɉ-ÁÒÔþÎÅÚ 'ÁÒÃþÁ ÅÔ ÁÌȢȟ ςπρψɊȢ 

Another EE factor is regular exercise, which 
stimulates the development of bone and muscle 
tissue necessary for weight gain (Russo, 2009; 
Ferraro et al., 2014). Regular exercise improves 
cardiorespiratory activity, which effectively increases 
physical performance by improving and accelerating 
the circulation of oxygen, hormones and nutrients 
essential for brain metabolism and cognitive 
development (Nystoriak and Bhatnagar, 2018; 
Pinckard et al., 2019). Regular aerobic exercise, such 
as brisk walking, jogging, swimming or cycling, can 
improve blood flow to the brain, promote 
neuroplasticity and reduce the risk of cognitive 
decline. Regular physical activity has an impressive 
array of health benefits. As well as helping the brain, 
it can reduce the risk of conditions such as 
cardiovascular disease (Tian and Meng, 2019), type 
2 diabetes (Asano et al., 2014), hypertension (Hegde 
ÁÎÄ 3ÏÌÏÍÏÎȟ ςπρυɊȟ ÃÏÌÏÒÅÃÔÁÌ ÃÁÎÃÅÒ ɉ/ÒÕë Ánd 
+ÁÐÌÁÎȟ ςπρωɊ ÁÎÄ ÂÒÅÁÓÔ ÃÁÎÃÅÒ ɉ'ÁÒÃþÁ-Chico et al., 
2023). Exercise may also have a protective effect 
against cognitive decline and dementia (Law et al., 
2020). People who carry the APOE4 gene variant 
(which is associated with susceptibility to 
Alzheimer's disease) may particularly benefit from 
exercise (Colovati et al., 2020). Recent studies show 
that regular exercise of at least 30 minutes a day 
significantly reduces the risk of cardiovascular 
ÄÉÓÅÁÓÅ ÁÎÄ ÂÏÏÓÔÓ ÉÍÍÕÎÉÔÙ ɉ(ĘÔÔÉÎÇ ÅÔ ÁÌȢȟ ςπρφɊȢ 

Keeping the brain active through mentally 
stimulating activities such as reading, puzzles, 

games, learning new skills or hobbies can help 
maintain cognitive function and build cognitive 
reserve, which may protect against cognitive decline 
ɉ'ĕÍÅÚ-Soria et al., 2023). Participating in structured 
cognitive training programs that target specific 
cognitive functions (e.g. memory, attention, 
executive function) can help improve cognitive 
abilities and delay age-related cognitive decline 
(Sung et al., 2023). Prioritizing good sleep hygiene 
and ensuring adequate sleep duration (7-9 hours 
per night for most adults) is also crucial for cognitive 
function, memory consolidation and overall brain 
health. Poor sleep quality and sleep deprivation have 
been linked to cognitive impairment (Worley, 2018). 
Brain health and cognitive function can be adversely 
affected by chronic stress. Practicing stress-reduc-
tion techniques such as mindfulness meditation, 
deep breathing exercises, yoga, or spending time in 
nature can help mitigate the effects of stress on the 
brain (Qi et al., 2020). Maintaining social connec-
tions and participating in social activities can 
provide cognitive stimulation, emotional support 
and a sense of belonging, all of which contribute to 
brain health and resilience (Miceli et al., 2018). 
Avoiding smoking, limiting alcohol consumption and 
managing chronic health conditions such as 
hypertension, diabetes and obesity are important 
for maintaining brain health and reducing the risk of 
cognitive decline (Livingston et al., 2020). Regular 
monitoring of overall health, including blood 
pressure, cholesterol, blood sugar and other risk 
factors for cardiovascular disease, can help identify 
and manage conditions that may affect brain health 
(Rippe, 2018). Lifelong learning and intellectual 
engagement can promote cognitive vitality and help 
maintain cognitive function as we age, such as taking 
courses, attending lectures or engaging in intellectu-
ally stimulating conversations (Flexman, 2021). 

The social isolation caused by the pandemic 
could affect the structure and function of the brain. 
One of the areas most affected by chronic stress is 
the hippocampus (the area of the brain responsible 
for emotions, memory and learning). Studies have 
shown that stressors such as job loss or isolation 
alone lead to increased secretion of glucocorticoids, 
followed by brain cell damage, synaptic disruption 
and ultimately a reduction in hippocampal volume 
and the onset of a depressive state (Snyder et al., 
2011). Chronic stress can also alter the prefrontal 
cortex (the center of executive control in the brain) 
and the amygdala (the center of fear and anxiety). 
Long-term exposure to excess glucocorticoids can 
disrupt connections both within the prefrontal 
cortex and between it and the amygdala. As a result, 
the prefrontal cortex loses its ability to control the 
amygdala, leaving the center of fear and anxiety out 
of control (McEwen et al., 2016). This pattern of 
brain activity (overactive amygdala and insufficient 
connection to the prefrontal cortex) is typical of 
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people with post-traumatic stress disorder (PTSD), 
another condition that escalated dramatically 
during the pandemic (Leistner and Menke, 2020; 
Thakur et al., 2022). In this case, social enrichment, 
the active expansion of the network of social 
interactions, normalizes the destabilized psycho-
logical state and qualitatively changes the brain ɀ 
increasing the volume and number of connections in 
the prefrontal cortex, amygdala and other areas 
ɉ3ÃÈÍßÌÚÌÅ ÅÔ ÁÌ., 2017).  

Conclusions 

Maximizing brain potential through environ-
mental enrichment is a multifaceted approach that 
emphasizes the role of the environment in shaping 
neural architecture and cognitive function. Environ-
mental enrichment refers to the manipulation of the 
environment to provide sensory, cognitive and 
social stimulation that promotes neural growth and 
cognitive function. The concept of environmental 
enrichment originated from research in laboratory 
animals, which showed that enriched environments 
led to structural and functional changes in the brain. 
These changes include increased dendritic arborize-
tion, synaptogenesis, neurogenesis and enhanced 
synaptic plasticity. The basic idea is that exposure to 
diverse stimuli and challenges causes the brain to 
constantly adapt and rewire itself, resulting in 
improved cognitive abilities and resilience to 
neurological disorders. Environmental enrichment 
holds promise as a non-pharmacological interven-
tion for several neurological and psychiatric condi-
tions. In clinical settings, structured enrichment 
programs tailored to specific populations, such as 
those with autism spectrum disorders, attention 
deficit hyperactivity disorder (ADHD) or traumatic 
brain injury, can complement traditional therapies 
and improve outcomes. By harnessing the inherent 
plasticity of the brain, environmental enrichment 
offers new avenues for rehabilitation and recovery. 

Behavioral changes induced by EE are often 
attributed to the complex interplay between 

environmental stimuli, neural activity and genetic 
factors. Enriched environments provide opportuni-
ties for sensory, cognitive and social stimulation that 
can have profound effects on behavior and brain 
function. Structural changes in the brain exposed to 
EE reflect the brain's remarkable ability to adapt to 
environmental experiences, a phenomenon known 
as neuroplasticity. EE provides a variety of sensory, 
cognitive and social stimuli that promote neural 
growth, connectivity and function, ultimately 
leading to structural changes that support improved 
learning, memory and behavior. Overall, exposure to 
EE induces a complex cascade of molecular and 
cellular changes in the brain that ultimately lead to 
improved neural plasticity, cognitive function and 
resilience to stress. These molecular changes 
provide the neurobiological basis for the beneficial 
effects of EE on brain health and function. 

Some key factors that can optimize brain 
function and help prevent cognitive decline are 
exercise, a Mediterranean diet, protection against 
chronic inflammation, moderate alcohol consump-
tion, prioritizing quality sleep, staying mentally 
active and socializing. By incorporating many factors 
into daily life, such as a healthy diet, regular physical 
activity, mental stimulation, adequate sleep, stress 
management, social engagement, brain-healthy 
lifestyle choices, cognitive training programs, 
regular medical check-ups, continued learning and 
intellectual engagement, individuals can optimize 
brain function, promote cognitive health and reduce 
the risk of cognitive decline as they age. 

In conclusion, EE, which has been shown to be 
effective in producing positive behavioral and 
cognitive changes in animals, although not yet 
available for widespread clinical use, holds great 
promise for ensuring the well-being of human 
populations in environments with low cognitive, 
motor and sensory stimulation, such as after the 
COVID-19 pandemic. 
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ABSTRACT 

Objective : To evaluate the condition of park ecosystems in Chernihiv in relation to urbanization levels and air 
pollution from vehicular emissions. 

Methodology : The study assessed the state of park ecosystems (PE) in various districts of Chernihiv, following 
the methodological guidelines by Lavrov et al. (2021). Species composition, the health of vegetation by layers, and the 
impact of anthropogenic pollution were examined in temporary sample plots (0.2ɀ0.6 ha) established in mature park 
areas in 2023. The urbanization index was calculated using the Urbanisation Score software, which analyzes land useɂ
such as asphalt, buildings, and green space intensityɂusing Google Maps imagery. Road traffic load and phytotoxic 
emissions near the PEs were estimated based on the methodology of Miroshnyk et al. (2022). Maps were generated with 
the GIS tools Golden Software Surfer 19.2.213, using the kriging method, and QGIS 3.16.3. 

Scientific Novelty:  This study provides the first environmental assessment of Chernihiv's green infrastructure a 
year after the intense warfare of spring 2022. The findings reveal that urbanization index values in Chernihiv range from 
2.5 to -5, decreasing as one approaches the Dnipro River valley. 

Conclusionsȡ 4ÈÅ ÓÔÕÄÙ ÆÏÕÎÄ ÔÈÁÔ ÔÈÅ ÒÅÇÉÏÎÁÌ ÌÁÎÄÓÃÁÐÅ ÐÁÒË Ȭ9ÁÌÉÖÓÈÃÈÙÎÁȭ ÁÎÄ ÔÈÅ ÒÅÍÁÉÎÉÎÇ ÆÏÒÅÓÔ ÁÒÅÁ ÉÎ ÔÈÅ 
Podusivka neighborhood are significantly impacted by vehicular aÅÒÏÔÏØÉÃÁÎÔÓȢ 4ÈÅ ÃÅÎÔÒÁÌ ÐÁÒËȟ Ȭ#ÉÔÙ 'ÁÒÄÅÎȭȟ ÁÎÄ ÔÈÅ 
ÍÕÎÉÃÉÐÁÌ ÆÏÒÅÓÔ ÐÁÒËȟ Ȭ-ÁÒÙÉÎ (ÁÉȟȭ ÓÉÔÕÁÔÅÄ ×ÉÔÈÉÎ ÔÈÅ ÒÉÖÅÒ ÖÁÌÌÅÙȟ ÄÉÓÐÌÁÙ ÂÅÔÔÅÒ ÓÁÎÉÔÁÒÙ ÃÏÎÄÉÔÉÏÎÓ ÔÈÁÎ ÔÈÏÓÅ ÉÎ ÔÈÅ 
city's central areas. Urbanization levels decrease closer to the river valley. Additionally, the Ski Base forest area suffered 
notable damage to its green infrastructure due to warfare during the city's siege in February-April 2022. 

 
Keywords : green infrastructure, sustainable development, urbanisation index, warfare, biodiversity, air pollution  
 

ˍ˚˛˟ˍˣ˴ˬ 

˙̆̓́ ̑̏̂̏̓̉Ȣ ˛̨̗̟̠̎̃́̎̎ ̒̓́̎̔ ̖̐́̑̋̏̃̉ ̆̋̏̒̉̒̓̆̍ ̨̍̒̓́  ˤ̨̆̑̎̄̏̃́ ̈́̌̆̇̎̏ ̨̃̅ ̨̠̑̃̎ ̨̨̗̩̔̑̂́̎̈́ ̓́ 
̠́̆̑̏̈́̂̑̔̅̎̆̎̎ ̨̃̅ ̨̙̠̖́̃̓̏̌̃Ȣ 

˙̨̠̆̓̏̅̏̌̏̄Ȣ ˞̓́̎ ̖̐́̑̋̏̃̉ ̆̋̏̒̉̒̓̆̍ ɉ˜˒Ɋ ̍Ȣ ˤ̨̆̑̎̄̏̃́ȟ ̙̖̑̏̈̓́̏̃́̎̉ ̃ ̨̖̑̈̎̉ ̖̑́̊̏̎́ ̨̍̒̓́ ̈́ 
̘̍̆̓̏̅̉̎̉̍̉ ̨̗̠̑̆̋̏̍̆̎̅́̍̉ ɉ,ÁÖÒÏÖ ÅÔ ÁÌȢȟ ςπςρɊȢ ˏ̉̅̏̃̉̊ ̒̋̌́̅ȟ ̨̒́̎̓́̑̎̉̊ ̒̓́̎ ̝̎́̒́̅̇̆̎ ̈́ ̠̑̔̒́̍̉ ̨ ̃̐̌̉̃ 
̖́̆̑̏̓̆̎̏̄̆̎̎̏̄̏ ̠̈́̂̑̔̅̎̆̎̎ ̘̃̉̃́̌̉ ̎́ ̘̖̓̉̍́̒̏̃̉ ̖̐̑̏̂̎̉ ̖̐̌̏́̚ ɉ̐̌̏́̚ πȢς-πȢφ ̄́Ɋ ̔ ̨̝̖̒̆̑̆̅̎̏̃̋̏̃̉ 
̠̖̎́̒́̅̇̆̎̎ ̔ ςπςσȢ ˴̎̅̆̋̒ ̨̨̗̩̔̑̂́̎̈́ȟ ̖̑̏̈̑́̏̃́̎̉̊ ̈́ ̟̅̏̐̏̍̏̄̏ ̐̑̏̄̑́̍̉ 5ÒÂÁÎÉÚÁÔÉÏÎ 3ÃÏÒÅȟ ̠̋́ ̨̤́̎́̌̈̔ 
̖̟̐̏̃̆̑̎ ̨̈̆̍̌ ̈́ ̨̠̋́̓̆̄̏̑̍̉ ɀ ́ ̝̒́̌̓̕ȟ ̨̨̂̔̅̃̌ ̓́ ̨̨̝̎̓̆̎̒̉̃̎̒̓ ̖̈̆̌̆̎̉ ̝̎́̒́̅̇̆̎ ̈́ ̨̈̎̍̋́̍̉ 'ÏÏÇÌÅ -ÁÐÓȢ 
˚̠́̃́̎̓́̇̆̎̎ ̨̙̠̖́̃̓̏̌̃ ̓́ ̨̨̝̝̋̌̋̒̓ ̖̃̉̋̉̎̔̓̉ ̔ ̨̠̐̏̃̓̑ ̨̨̓̏̓̏̋̒̉̋́̎̓̃̕ ̨̠̂̌ ˜˒ ̖̏̂̑́̏̃́̎̏ ̈́ ̟̍̆̓̏̅̉̋̏ 
ɉ-ÉÒÏÓÈÎÙË ÅÔ ÁÌȢȟ ςπςςȢ ˑ̠̌ ̐̏̂̔̅̏̃̉ ̋́̑̓ ̃̉̋̏̑̉̒̓̏̃̔̃́̌̉ ː˴˞-̐́̋̆̓ 'ÏÌÄÅÎ 3ÏÆÔ×ÁÒÅ 3ÕÒÆÅÒ ρωȢςȢςρσ ̈ ̍̆̓̏̅̏̍ 
̨̋̑̉̄̎̄̔ ̓́ 1')3 σȢρφȢσȢ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˏ̙̐̆̑̆ȟ ̘̆̑̆̈ ̨̑̋ ̨̠̐̒̌ ̖́̋̓̉̃̎̉ ̖̂̏̊̏̃̉ ̨̅̊ȟ ̨̎́̃̆̒̎ ςπςς ̑̏̋̔ ̐̑̏̃̆̌̉ ̨̘̆̋̏̌̏̄̎̔ 
̨̗̏̎̋̔ ̩̈̆̌̆̎̏ ̨̎̑́̒̓̑̔̋̓̔̑̉̕ ˤ̨̆̑̎̄̏̃́Ȣ ˝̝̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̟̝̐̏̋́̈̔̓ȟ ̏̚ ̘̠̈̎́̆̎̎ ̨̨̎̅̆̋̒̃ ̨̨̗̩̔̑̂́̎̈́ 
̃ ˤ̨̨̆̑̎̄̏̃ ̟̝̠̋̏̌̉̃́̓̒ ̨̃̅ ςȟυ ̅̏ -υ ̨ ̙̟̝̠̈̍̆̎̔̓̒ ̈ ̠̎́̂̌̉̇̆̎̎̍ ̅̏ ̅̏̌̉̎̉ ̑Ȣ ˑ ̨̎̐̑̏Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̝̑̆̄̏̎́̌̎̉̊ ̙̌́̎̅́̓̎̉̊̕ ̐́̑̋ Ⱥˬ̨̌̃̉̎́̚Ȼ ̓́ ̙̈́̌̉̋̉ ̨̌̒̏̃̏̄̏ ̍́̒̉̃̔ 
̨̍̋̑̏̑́̊̏̎̔ ˜̨̏̅̔̒̃̋́ ̟̝̈́̈̎́̓ ̘̈̎́̎̏̄̏ ̃̐̌̉̃̔ ̨́̆̑̏̓̏̋̒̉̋́̎̓̃ ̨̝̖́̃̓̏̍̏̂̌̎̉ ̨̃̉̋̉̅̃Ȣ ˣ̝̆̎̓̑́̌̎̉̊ ̐́̑̋ 
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