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Ðåôåðàò
Ìåòà. Ïðîàíàë³çóâàòè ñó÷àñí³ íàóêîâ³ ï³äõîäè äî âè-
êîðèñòàííÿ äîñÿãíåíü á³îåëåìåíòîëî´³¿  ó ä³à´íîñòèö³
òà ë³êóâàíí³ ð³çíèõ ôîðì àëîïåö³é. Ç'ÿñóâàòè íåâèð³-
øåí³ ïèòàííÿ äàíîãî íàïðÿìêó äîñë³äæåíü.
Ìàòåð³àë ³ ìåòîäè. ²íôîðìàö³éíî-àíàë³òè÷íèé ïî-
øóê ó áàçàõ MEDLINE, Embase, TOXNET, ñïåö³àë³çî-
âàíèõ æóðíàëàõ òà äåïîçèòàð³ÿõ äèñåðòàö³éíèõ ðî-
á³ò Óêðà¿íè, Ðîñ³¿ òà Á³ëîðóñ³. Òàêîæ âèêîðèñòîâó-
âàëèñü ïîñèëàííÿ, öèòîâàí³ â ³äåíòèô³êîâàíèõ ñòàò-
òÿõ. ×àñîâèé ³íòåðâàë ïîøóêó  2007-2020 ðîêè.
Ðåçóëüòàòè é îáãîâîðåííÿ. Êîíòåíò-àíàë³ç íàóêîâèõ
äæåðåë, â ÿêèõ âèñâ³òëåí³ ðåçóëüòàòè äîñë³äæåíü ãî-
ìåîñòàçó ì³êðî- òà ìàêðîåëåìåíò³â ó îð´àí³çì³ ëþ-
äèíè, äîâîäèòü ïðàâîì³ðí³ñòü âèêîðèñòàííÿ îòðè-
ìàíèõ äàíèõ äëÿ ä³à´íîñòèêè, ë³êóâàííÿ òà ïðîô³ëàê-
òèêè àëîïåö³é. Âïðîâàäæåííÿ ñó÷àñíèõ àíàë³òè÷íèõ
ìåòîä³â äîçâîëèëî ðîçøèðèòè ÿê ÿê³ñí³, òàê ³ ê³ëüê³ñí³
õàðàêòåðèñòèêè âì³ñòó åëåìåíò³â ó âîëîññ³, à â³äòàê
îá´ðóíòóâàòè âèêîðèñòàííÿ åëåìåíòíîãî ñêëàäó âî-
ëîññÿ ÿê ìåäè÷íîãî ä³à´íîñòè÷íîãî êðèòåð³þ. Îêð³ì
öüîãî, àíàë³ç âîëîññÿ íà âì³ñò ì³êðî- òà ìàêðîåëå-
ìåíò³â ââàæàºòüñÿ ïîòåíö³éíî áåçïå÷íèì, íå³íâàç³é-
íèì ä³à´íîñòè÷íèì ³íñòðóìåíòîì, çðàçêè íå âèìà-
ãàþòü äëÿ çáåð³ãàííÿ ñïåö³àëüíîãî îáëàäíàííÿ ³ íå
ìàþòü îáìåæåííÿ ïî òåðì³íó çáåð³ãàííÿ. Íà ñó÷àñ-
íîìó åòàï³ ïðîâîäèòüñÿ àêòèâíèé ïîøóê âçàºìîçâ'ÿç-
êó åëåìåíòíîãî ñòàòóñó âîëîññÿ òà àëîïåö³é ð³çíîãî
´åíåçó. Áóëî ç'ÿñîâàíî, ùî äëÿ âñ³õ ôîðì àëîïåö³¿ õà-
ðàêòåðíî ïîðóøåííÿ ãîìåîñòàçó çàë³çà, öèíêó, ì³ä³,
ñåëåíó. Îêð³ì öüîãî, äîñë³äíèêàìè íàãîëîøóºòüñÿ íà
çíà÷èìîñò³ íàäëèøêó ó âîëîññ³ ñâèíöþ òà êàäì³þ äëÿ
àëîïåö³¿ Areata, êðåìí³þ - äëÿ äèôóçíî¿ òà àíäðî´å-
íåòè÷íî¿ àëîïåö³¿, çíèæåíîãî ð³âíþ ìàð´àíöþ ïðè
âñ³õ ôîðìàõ àëîïåö³¿. Íàóêîâîþ ñï³ëüíîòîþ îáãîâî-
ðþºòüñÿ ïèòàííÿ âïðîâàäæåííÿ ñó÷àñíèõ àíàë³òè÷-
íèõ ìåòîä³â âèçíà÷åííÿ åëåìåíòíîãî ñêëàäó á³îñåðå-
äîâèù. Íàéá³ëüø ïåðñïåêòèâíèìè ââàæàþòüñÿ ìå-
òîäè âèçíà÷åííÿ ì³êðî- ³ ìàêðîåëåìåíò³â â îð´àíàõ ³
á³îñåðåäîâèùàõ ëþäèíè çà äîïîìîãîþ àòîìíî-åì³ñ³é-
íî¿ ñïåêòðîìåòð³¿ ç ³íäóêòèâíî-çâ'ÿçàíîþ ïëàçìîþ ³
ìàñ-ñïåêòðîìåòð³¿. Ì³êðîåëåìåíòè òà ìàêðîåëåìåí-
òè â³ä³ãðàþòü âàæëèâó, àëå íå çîâñ³ì ÷³òêó ðîëü ó
íîðìàëüíîìó ðîçâèòêó ôîë³êóë³â âîëîññÿ òà ôóíêö³î-
íóâàíí³ ³ìóííèõ êë³òèí. Ö³ äîñë³äæåííÿ â îñíîâíîìó
ñòîñóâàëèñÿ âèâ÷åííÿ öèêëîçàëåæíîãî íàêîïè÷åííÿ
îïàñèñòèõ êë³òèí ³ ìàêðîôàã³â â ïåð³ôîëë³êóëÿðí³é
ñïîëó÷í³é òêàíèí³. Â³äïîâ³äíî ïîðóøåííÿ  ãîìåîñòàçó
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á³îåëåìåíò³â ìîæå ïðåäñòàâëÿòè ñîáîþ ìîäèô³êî-
âàíèé ôàêòîð ðèçèêó, îö³íêà ÿêîãî ïîòðåáóº ïîäàëü-
øèõ ïîãëèáëåíèõ äîñë³äæåíü.
Âèñíîâîê. Êîíòåíò-àíàë³ç îïóáë³êîâàíèõ ðåçóëüòà-
ò³â íàóêîâèõ äîñë³äæåíü ç ïèòàíü âèâ÷åííÿ ì³êðî-
òà ìàêðîåëåìåíòíîãî ñêëàäó âîëîññÿ ïîêàçàâ, ùî ïðè
ãí³çäîâ³é àëîïåö³¿ º çíèæåííÿ âì³ñòó S, Zn, Se, Mn,
Mn, Fe, òà íàäëèøîê Pb, Cd, Ni, Cu, Al, Hg; äèôóçí³
ôîðìè àëîïåö³é õàðàêòåðèçóþòüñÿ äåô³öèòîì âì³ñ-
òó S, Fe, Ê, Ñà, Zn, Cu, Se; ïðè àíäðî´åíåòè÷í³é àëî-
ïåö³¿ ó æ³íîê çíèæåííÿ âì³ñòó Mn, Zn, Se, Mg, Fe, ó
÷îëîâ³ê³â - çíèæåííÿ ð³âí³â âì³ñòó Zn, Cu, Mn, Mg,
Se; ï³äâèùåííÿ âì³ñòó Cu, Cr. Äëÿ êîðåêö³¿ àëîïåö³é
ð³çíîãî ´åíåçó íåîáõ³äíî âèçíà÷åííÿ ó âîëîññ³ ê³ëüê³ñ-
íîãî ñï³ââ³äíîøåííÿ ìàêðî- òà ì³êðîåëåìåíò³â ³ ïðî-
âåäåííÿ ñèñòåìàòèçàö³¿ îòðèìàíèõ â ìîí³òîðèíãîâèõ
äîñë³äæåííÿõ ðåçóëüòàò³â äëÿ âñòàíîâëåííÿ ¿õ ðå-
ôåðåíòíèõ çíà÷åíü â óìîâàõ ð³çíèõ ãåîõ³ì³÷íèõ ëîêàö³é.
Êëþ÷îâ³ ñëîâà: âîëîññÿ, àëîïåö³ÿ, åëåìåíòíèé ãîìåî-
ñòàç, ì³êðîåëåìåíòîç

Abstract
HAIR ELEMENTAL STATUS AS A DIAGNOSTIC
PARAMETER: ACHIEVEMENTS, CHALLENGES
AND OPPORTUNITIES

CHEMODUROVA N.Ye., TURKINA V.A.
The Danylo Halytsky National Medical University in Lviv

Aim. To analyze modern scientific approaches to using the
achievements of bioelementology in the diagnosis and
treatment of various forms of alopecia. Identifying
unresolved issues in this area of research.
Materials and Methods. Literature search in MEDLINE,
Embase, TOXNET databases, specialized journals and thesis
papers depositories in Ukraine, Russia and Belarus. The
references cited in the identified papers were used as well.
The publications period used in the search was  2007-2020.
Results and Discussion. The content analysis of scientific
literature sources, which highlight the results of studies of
homeostasis of trace elements and major elements in the
human body, proves the validity of using the data obtained
for the diagnosis, treatment and prevention of alopecia.
Introduction of modern analytical methods made it possible
to expand both qualitative and quantitative characteristics
of the content of elements in hair, and then to substantiate
the use of the elemental composition of hair as a medical
diagnostic criterion. In addition, the analysis of hair for the
content of trace elements and major elements is considered
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a potentially safe, non-invasive diagnostic tool; the samples
do not require special equipment for storage and have no
shelf life restrictions. At the present stage, an active search
for the relationship between the elemental status of hair and
alopecia of various origins is being carried out. It was
established that all forms of alopecia are characterized by
a disturbance of the homeostasis of iron, zinc, copper, and
selenium. In addition, the researchers emphasize the
importance of excess hair lead and cadmium in alopecia
areata, of silicon in diffuse alopecia and androgenetic
alopecia, and reduced levels of manganese in all forms of
alopecia. The scientific community discusses the
implementation of modern analytical methods to determine
the elemental composition of biological fluids. The most
promising are the methods of determining elements in the
organs and human biological fluids using inductively
coupled plasma-atomic emission and mass spectrometry.
Trace elements and major elements play an important, but
not entirely clear role in hair follicles normal development
and immune cells function. These studies were mainly
concerned with exploring of the cyclic accumulation of mast
cells and macrophages in the perifollicular connective tissue.
Accordingly, the dyscrasia can represent a modified risk
factor, the assessment of which requires further in-depth
studies.
Conclusions. The content analysis of the published results
of the studies of trace and major elements composition of
hair showed that with alopecia areata there is a decrease in
the content of S, Zn, Se, Mn, Mn, and Fe, and an excess of
Pb, Cd, Ni, Cu, Al, Hg; diffuse forms of alopecia are
characterized by a deficiency in the content of S, Fe, K, Ca,
Zn, Cu, and Se; with androgenetic alopecia in women, there
is a decrease in the content of Mn, Zn, Se, Mg, Fe, in men -
a decrease in the levels of Zn, Cu, Mn, Mg, and Se; and an
increase in the content of Cu and Cr. In order to correct
alopecia of various origins, it is necessary to determine the
quantitative ratio of trace elements and major elements in
the hair and to systematize the results obtained in monitoring
studies to establish their reference values in conditions of
various geochemical locations.
Keywords: hair, alopecia, elemental homeostasis,
microelementosis

Âñòóï
Âèâ÷åííÿì åëåìåíòíîãî ñêëàäó ð³çíèõ á³îëî-
´³÷íèõ ñåðåäîâèù îð´àí³çìó òà éîãî çâ'ÿçîê ç
÷èííèêàìè äîâê³ëëÿ òà çàõâîðþâàí³ñòþ ëþ-
äèíè çàéìàëèñÿ áàãàòî ôàõ³âö³â [3, 23, 31, 32,
47]. Íà ñó÷àñíîìó åòàï³ ðîçâèòêó íàóêè öÿ ãà-
ëóçü íàóêîâèõ äîñë³äæåíü îòðèìàëà âèçíà-
÷åííÿ "Ìåäè÷íà åëåìåíòîëî´³ÿ" ³ ò³ñíî ïîâ'ÿ-
çàíà ÿê ç ïðàêòè÷íîþ, òàê ç ïðîô³ëàêòè÷íîþ
ìåäèöèíîþ. Çîêðåìà, ïðîâîäèòüñÿ àêòèâíèé
ïîøóê âçàºìîçâ'ÿçêó åëåìåíòíîãî ñòàòóñó âî-

ëîññÿ òà àëîïåö³é ð³çíîãî ´åíåçó. Âïðîâà-
äæåííÿ ñó÷àñíèõ àíàë³òè÷íèõ ìåòîä³â äîçâî-
ëèëî ðîçøèðèòè ÿê ÿê³ñí³, òàê ³ ê³ëüê³ñí³ õà-
ðàêòåðèñòèêè âì³ñòó åëåìåíò³â ó âîëîññ³, à
â³äòàê îá´ðóíòóâàòè âèêîðèñòàííÿ åëåìåíò-
íîãî ñêëàäó âîëîññÿ ÿê ìåäè÷íîãî ä³à´íîñ-
òè÷íîãî êðèòåð³þ. Ñàìå äîñë³äæåííÿ âïëèâ³â
íèçüêèõ êîíöåíòðàö³é ì³êðîåëåìåíò³â ïðåä-
ñòàâëÿþòü îñîáëèâèé ³íòåðåñ äëÿ ìåäèêî-á³î-
ëî´³÷íèõ ³ åêîëî´î-åï³äåì³îëî´³÷íèõ äîñë³-
äæåíü. Íå çâàæàþ÷è íà ÷èñëåíí³ äàí³ ïî åëå-
ìåíòíîìó àíàë³çó âîëîññÿ, äî ñèõ ï³ð íå ³ñíóº
íàóêîâî îá´ðóíòîâàíîãî ï³äõîäó äî ¿õ âèêî-
ðèñòàííÿ â ïîä³áíèõ äîñë³äæåííÿõ.

Ìåòà äîñë³äæåííÿ - ïðîàíàë³çóâàòè
ñó÷àñí³ íàóêîâ³ ï³äõîäè äî âèêîðèñòàííÿ äî-
ñÿãíåíü á³îåëåìåíòîëî´³¿  ó ä³à´íîñòèö³ òà ë³-
êóâàíí³ ð³çíèõ ôîðì àëîïåö³é. Ç'ÿñóâàòè íåâè-
ð³øåí³ ïèòàííÿ äàíîãî íàïðÿìêó äîñë³äæåíü.

Ìàòåð³àë ³ ìåòîäè
²íôîðìàö³éíî-àíàë³òè÷íèé ïîøóê ïðîâåäå-
íèé ó áàçàõ MEDLINE, Embase, TOXNET,
ñïåö³àë³çîâàíèõ æóðíàëàõ òà äåïîçèòàð³ÿõ
äèñåðòàö³éíèõ ðîá³ò Óêðà¿íè, Ðîñ³¿ òà Á³ëî-
ðóñ³. Òàêîæ âèêîðèñòîâóâàëèñü ïîñèëàííÿ,
öèòîâàí³ â ³äåíòèô³êîâàíèõ ñòàòòÿõ. ×àñîâèé
³íòåðâàë ïîøóêó  2007-2020 ðîêè.

Ðåçóëüòàòè é îáãîâîðåííÿ
Êîíòåíò-àíàë³ç íàóêîâèõ äæåðåë ïîêàçàâ, ùî
äîñë³äæåííÿ ì³êðî- òà ìàêðîåëåìåíòíîãî ãî-
ìåîñòàçó ëþäèíè º âàæëèâèì ä³à´íîñòè÷íèì
òåñòîì, ùî äîçâîëÿº ïðàâèëüíî âñòàíîâèòè
ïðè÷èíó ðîçâèòêó ïàòîëî´³÷íîãî ïðîöåñó òà
ðàö³îíàëüíî ïðèçíà÷èòè ë³êóâàííÿ ³ ðîçðîáè-
òè ïðîô³ëàêòè÷í³ çàõîäè. Ó ñó÷àñí³é á³îåëå-
ìåíòîëî´³¿ âèçíàíî ôàêò, ùî âíàñë³äîê íàêëà-
äåííÿ ïðèðîäíèõ ³ òåõíî´åííèõ ôàêòîð³â, à
ñàìå çì³íè õàð÷îâîãî ðàö³îíó, ÿêèé âèêëèêà-
íèé ãëîáàë³çàö³ºþ ñó÷àñíîãî ñâ³òó, ïðîôåñ³é-
í³ øê³äëèâîñò³, àêòèâíèé òåõíî´åííèé ïðî´-
ðåñ, ðåã³îíàëüí³ ãåîåêîëî´³÷í³ îñîáëèâîñò³, à
òàêîæ ñîö³àëüíî-åêîíîì³÷í³ óìîâè æèòòÿ
ôîðìóþòüñÿ ñêëàäí³ ãåîõ³ì³÷í³ àñîö³àö³¿ åëå-
ìåíò³â â îð´àí³çì³ ëþäèíè, à â³äòàê çì³íþ-
þòüñÿ éîãî ôóíêö³îíàëüí³ îñîáëèâîñò³, â³ä-
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áóâàºòüñÿ âèñíàæåííÿ àäàïòàö³éíèõ ðåçåðâ³â,
âèíèêàþòü ïàòîëî´³÷í³ ñòàíè. Öå ïîÿñíþºòüñÿ
òèì ôàêòîì, ùî ì³êðîåëåìåíòè âõîäÿòü äî
ñêëàäó áàãàòüîõ ñòðóêòóðíèõ åëåìåíò³â, çî-
êðåìà ôåðìåíò³â ³ á³ëê³â òà â³ä³ãðàþòü ïðî-
â³äíó ðîëü ó âñ³õ ìåòàáîë³÷íèõ òà ô³ç³îëî´³÷-
íèõ ôóíêö³ÿõ [3, 38].

Çíà÷íèé àêöåíò ó ìåäè÷í³é åëåìåíòî-
ëî´³¿ ðîáèòüñÿ íà âèâ÷åíí³ âçàºìîä³¿ ð³çíèõ
åëåìåíò³â ó îð´àí³çì³, ÿêà õàðàêòåðèçóºòüñÿ
ÿê "ñèíåðãî-àíòàãîí³çì". Äåÿê³ ì³êðîåëåìåí-
òè çìåíøóþòü íå´àòèâíèé âïëèâ íà îð´àí³çì
ëþäèíè ³íøèõ ìåòàë³â, à äåÿê³ íàâïàêè ìî-
æóòü ïîñèëþâàòè éîãî. Çîêðåìà, çàë³çî çíè-
æóº ïîãëèíàííÿ öèíêó, îñê³ëüêè äàí³ åëåìåí-
òè ìàþòü ïîä³áíó åëåêòðîííó êîíô³ãóðàö³þ
³ êîíêóðóþòü çà ñï³ëüí³ ñàéòè àáñîðáö³¿. Àíà-
ëî´³÷í³ çàêîíîì³ðíîñò³ â³äì³÷åí³ äëÿ êàë³þ ³
ìà´í³þ, êàëüö³þ ³ çàë³çà. Âîäíî÷àñ îïòèìàëü-
íó ê³ëüê³ñòü ìîë³áäåíó çá³ëüøóº ïîãëèíàííÿ
ôîñôîðó, äîñòàòíÿ ê³ëüê³ñòü êàëüö³þ ³ öèíêó
ïîêðàùóþòü çàñâîºííÿ ôîñôîða ³ êàë³þ [28,
17, 18, 51, 30]. Ïåðåâàãà äîñë³äæåííÿ ê³ëü-
ê³ñíîãî ñï³ââ³äíîøåííÿ åëåìåíò³â íàä âèçíà-
÷åííÿì ¿õ âì³ñòó ó á³îëî´³÷íèõ ñåðåäîâèùàõ
îð´àí³çìó îá´ðóíòîâóºòüñÿ ïîëîæåííÿì ïðî
íàÿâí³ñòü äâîõ ïóë³â åëåìåíò³â - îáîðîòíîãî
³ ðåçåðâíîãî. Ó îáîðîòíîìó ïóë³ ì³êðîåëå-
ìåíò áåçïîñåðåäíüî çàëó÷åíèé â îäíó àáî
á³ëüøå ôóíêö³é îð´àí³çìó, ðåçåðâíèé ïóë ñëó-
æèòü äëÿ ïîïîâíåííÿ îáîðîòíîãî ïóëó â ðàç³
ïîòðåáè. Ùîá îòðèìàòè ³íôîðìàö³þ ùîäî àê-
òèâíîñò³ ìåòàáîë³÷íèõ ïðîöåñ³â òà ïðî ñòàí
îáì³ííèõ ïðîöåñ³â íåîáõ³äíî îö³íèòè ê³ëü-
ê³ñí³ ñï³ââ³äíîøåííÿ ì³æ åëåìåíòàìè ³ âèÿ-
âèòè êîðåëÿö³é ì³æ ¿õ âì³ñòîì [35].

Ïîêàçíèêîì åëåìåíòíîãî ñòàòóñó ëþ-
äèíè ìîæå áóòè âì³ñò ì³êðîåëåìåíò³â â ð³ç-
íèõ á³îñóáñòðàòàõ. Êîæåí á³îñóáñòðàò õàðàê-
òåðèçóº ð³çí³ ñòîðîíè ãîìåîñòàçó òà íàâàíòà-
æåííÿ îð´àí³çìó ìåòàëàìè. Çîêðåìà, çðàçêè
âîëîññÿ, çóá³â, ïëàöåíòè çàäîâ³ëüíî â³äîáðà-
æàþòü ðåçóëüòàòè õðîí³÷íîãî íàâàíòàæåííÿ
ëþäèíè àë³ìåíòàðíîãî, âèðîáíè÷îãî, åêîëî-
´³÷íîãî ´åíåçó, à çðàçêè êðîâ³, ñëèíè ³ ñå÷³ -
ïåðåâàæíî áàëàíñ åëåìåíò³â â ìîìåíò â³äáî-
ðó ïðîá [13, 40, 46].

Ó ÷èñëåííèõ åêîëî´î-ã³´³ºí³÷íèõ ³ òîê-
ñèêîëî´³÷íèõ äîñë³äæåííÿõ [45, 8, 10, 48, 37,
52, 36, 21] áóëà ïîêàçàíà ïðàâîì³ðí³ñòü âèêî-
ðèñòàííÿ ðåçóëüòàò³â åëåìåíòíîãî àíàë³çó âî-
ëîññÿ â ÿêîñò³ ³íòåãðàëüíîãî ïîêàçíèêà îáì³-
íó ì³êðî- ³ ìàêðîåëåìåíò³â íà ³íäèâ³äóàëü-
íîìó ³ ïîïóëÿö³éíèõ ð³âíÿõ. Çàçíà÷àºòüñÿ, ùî
çà ð³âíåì íàêîïè÷åííÿ åëåìåíò³â ñèñòåìè îð-
´àí³çìó ëþäèíè ðîçòàøîâàí³ ó ïåâíîìó ïî-
ðÿäêó çà ðàõóíîê íàÿâíîñò³ çàõèñíèõ áàð'ºð³â
â³ä ¿õ íàäëèøêîâîãî íàäõîäæåííÿ, à ñàìå: äè-
õàëüíà, åíäîêðèííà, òðàâíà, ïîêðèâíà ³ îïîð-
íî-ðóõîâà êðîâî- ³ ë³ìôî îá³ãó, ñå÷îñòàòåâà,
öåíòðàëüíà íåðâîâà ñèñòåìà [38]. Â³äïîâ³äíî
ïîëîæåííÿ ïîêðèâíî¿ ñèñòåìè ó ñåðåäèí³ äà-
íîãî ëàíöþãó äîçâîëÿº ââàæàòè âîëîññÿ îï-
òèìàëüíèì ³íäèêàòîðîì òåõíî´åííîãî âïëèâó
íà îð´àí³çì ëþäèíè. Õ³ì³÷íèé ñêëàä âîëîññÿ
º ïîñò³éíèì çàâäÿêè êåðàòèíîâ³é çîâí³øí³é
îáîëîíö³, ÿêà çàõèùàº â³ä âòðàòè âíóòð³øí³õ
êîìïîíåíò³â òà ïåðåøêîäæàº ïðîíèêíåííþ
çîâí³øí³õ øê³äëèâèõ çàáðóäíåíü [34].

Îêð³ì òîãî, âîëîññÿ ââàæàºòüñÿ ê³íöå-
âèì ïðîäóêòîì ìåòàáîë³çìó, ùî çàáåçïå÷óº
á³ëüø ïîñò³éíèé îáë³ê ì³êðî- òà ìàêðîåëå-
ìåíò³â, çàñâîºíèõ ³ç íàâêîëèøíüîãî ñåðåäî-
âèùà òà ïîâ'ÿçàíèõ ç öèì ïîðóøåíü ó ñòàí³
îð´àí³çìó. Ï³ä ÷àñ ôàçè ðîñòó àíà´åíó ìàò-
ðè÷í³ êë³òèíè ïðîÿâëÿþòü ³íòåíñèâíó ìåòà-
áîë³÷íó àêòèâí³ñòü ³ íàäàë³ ïðè â³äðîñòàíí³
ïðîõîäèòü ïðîöåñ îðîãîâ³ííÿ âîëîññÿ, à ì³ê-
ðî- òà ìàêðîåëåìåíòè, íàêîïè÷åí³ ïðè éîãî
óòâîðåíí³, óù³ëüíÿþòüñÿ â éîãî á³ëêîâ³é
ñòðóêòóð³. Êîíöåíòðàö³ÿ á³ëüøîñò³ åëåìåíò³â
ó âîëîññ³ ÷àñòî íà äâà-òðè ïîðÿäêè á³ëüøà,
í³æ ó êðîâ³ àáî ñå÷³ [11, 22].

Åëåìåíòíèé àíàë³ç âîëîññÿ ââàæàºòü-
ñÿ ïîòåíö³éíî áåçïå÷íèì, íå³íâàç³éíèì ä³à´-
íîñòè÷íèì ³íñòðóìåíòîì, çðàçêè íå âèìàãà-
þòü äëÿ çáåð³ãàííÿ ñïåö³àëüíîãî îáëàäíàííÿ ³
íå ìàþòü îáìåæåííÿ ïî òåðì³íó çáåð³ãàííÿ [4].

Ïèòàííÿ âçàºìîçâ'ÿçêó åëåìåíòíîãî
ñòàòóñó âîëîññÿ òà çàõâîðþâàíü âîëîñèñòî¿
÷àñòèíè ãîëîâè, çîêðåìà ð³çíèõ ôîðì àëîïåö³¿
º äîñèòü àêòóàëüíèì ³ åôåêòèâíî äîñë³äæó-
ºòüñÿ îñòàíí³ äåñÿòü ðîê³â. Ïðè ïîð³âíÿíí³
åëåìåíòíîãî ñòàòóñó 45 ïàö³ºíò³â ³ç àëîïåö³-
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ÿìè ð³çíîãî ´åíåçó òà ãðóïè çäîðîâèõ âîëîí-
òåð³â âèÿâëåí³ òåíäåíö³¿ òà äîñòîâ³ðí³ â³äõè-
ëåííÿ â ìàêðî/ì³êðîåëåìåíòíîìó ãîìåîñòàç³
îð´àí³çìó [1]. Ââàæàºòüñÿ, ùî ãîëîâíó ðîëü
ïðè âèïàä³íí³ âîëîññÿ â³ä³ãðàþòü òàê³ ì³êðî-
åëåìåíòè, ÿê: çàë³çî, öèíê, ì³äü, ñåëåí. Çîêðå-
ìà Bhat YJ ³ç ñï³âàâòîðàìè [5] ïîêàçàëè, ùî
ð³âí³ êîíöåíòðàö³¿ ñåëåíó ó âîëîññ³ äîáðå êî-
ðåãóþòü ³ç ³íòåíñèâí³ñòþ âòðàòè âîëîññÿ,
âòðàòîþ ï³ãìåíòàö³¿, à äåô³öèò öèíêó º õàðàê-
òåðíîþ îçíàêîþ õðîí³÷íî¿ àëîïåö³¿. Ðÿä àâ-
òîð³â âêàçóþòü íà ï³äâèùåíèé âì³ñò õðîìó
òà ì³ä³ ó âîëîññ³ ïðè àëîïåö³¿ [26].

Îäíà ³ç ôîðì àëîïåö³¿ - àëîïåö³ÿ
Areata (ÃA, ãí³çäîâà, âîãíèùåâà) õàðàêòåðè-
çóºòüñÿ ÿê àâòî³ìóííèé ñòàí, ïðè ÿêîìó âî-
ëîññÿ âòðà÷àºòüñÿ ç äåÿêèõ ä³ëÿíîê ò³ëà. Õî÷à
¿¿ åò³îïàòî´åíåç äî ê³íöÿ íå âèâ÷åíèé, º òâåð-
äæåííÿ, ùî ñàìå äèñáàëàíñ ì³êðîåëåìåíò³â
ìîæå ñïðîâîêóâàòè âèíèêíåííÿ ÃÀ, ñïîòâî-
ðþþ÷è ³ìóíí³ ôóíêö³¿. Çà äàíèìè íèçêè àâ-
òîð³â ó õâîðèõ ç äàíîþ ôîðìîþ àëîïåö³¿ â³ä-
ì³÷àºòüñÿ çíèæåíà êîíöåíòðàö³ÿ ìàð´àíöþ ó
âîëîññ³ òà åññåíö³àëüíèõ ìàêðî- ³ ì³êðîåëå-
ìåíò³â (S, Se, Zn). Îäíî÷àñíî âêàçóºòüñÿ íà
âèÿâëåíèé ï³äâèùåíèé âì³ñò ïîòåíö³éíî òîê-
ñè÷íèõ ³ òîêñè÷íèõ õ³ì³÷íèõ åëåìåíò³â (Pb,
Cd, Al, Hg) [6,  9]. Ïðè äîñë³äæåíí³ ð³âí³â çà-
ë³çà, öèíêó òà ì³ä³ ó âîëîññ³ ïàö³ºíò³â ç ÃÀ òà
ãðóïàìè êîíòðîëþ íå âèÿâëåíî ñòàòèñòè÷íî
çíà÷óùî¿ ð³çíèö³ [7]. Äàí³ ðåçóëüòàòè ìîæóòü
áóòè îáóìîâëåí³ âèáðàíèì ³íñòðóìåíòàëüíèì
ìåòîäîì äîñë³äæåííÿ - ïîëóì'ÿíî¿ ñïåêòðî-
ñêîï³¿. Çà äàíèìè ³íøèõ àâòîð³â [41] ïðè äàí³é
ôîðì³ àëîïåö³¿ ñïîñòåð³ãàºòüñÿ ì³êðîåëåìåí-
òîç, ÿêèé âèÿâëÿºòüñÿ çìåíøåííÿì ó âîëîññ³
âì³ñòó çàë³çà, öèíêó é ìàð´àíöþ, ùî â³äïî-
â³äíî âèçíà÷àºòüñÿ â 3%, 43% ³ 71% â³ä çà-
ãàëüíîãî ÷èñëà õâîðèõ. Ïðè÷îìó ³ñíóþòü ãåí-
äåðí³ ³ â³êîâ³ îñîáëèâîñò³, à òàêîæ ïðÿì³ êî-
ðåëÿö³éí³ çâ'ÿçêè âì³ñòó ìàð´àíöþ òà öèíêó ç
ì³ääþ (ó çäîðîâèõ ëþäåé ì³ä³ ³ çàë³çà ç ìàð-
´àíöåì), çàëåæí³ñòü ³íòåãðàëüíîãî ì³êðîåëå-
ìåíòîçíîãî ñòàíó âîëîññÿ é ñêëàäó îêðåìèõ
ì³êðîåëåìåíò³â â³ä êë³í³÷íèõ îçíàê õâîðîáè
³ òÿæêîñò³ ïåðåá³ãó ïàòîëî´³÷íîãî ïðîöåñó. Ó
á³ëüøîñò³ ïóáë³êàö³é ïðîâ³äíèì åò³îïàòî´å-

íåòè÷íèì ÷èííèêîì âêàçóºòüñÿ ñàìå äåô³öèò
çàë³çà, íàâ³òü çà â³äñóòíîñò³ àíåì³¿ [11].

Îö³íêà ð³âíÿ 28 ì³êðîåëåìåíò³â ó âî-
ëîññ³ ïàö³ºíò³â ç ãí³çäîâîþ àëîïåö³ºþ ïîêà-
çàëà çíà÷íå çìåíøåííÿ òàêèõ åëåìåíò³â, ÿê
öèíê, ñåëåí, ñ³ðêà òà á³ëüø âèñîêà êîíöåíò-
ðàö³ÿ ñâèíöþ, ì³ä³ òà êàäì³þ. Ó äâîõ âèïàä-
êàõ ç Ãðóç³¿ áóâ çàô³êñîâàíèé ï³äâèùåíèé ð³-
âåíü ðòóò³ [15].

Ïðèïóñêàþòü, ùî áàëàíñ ì³êðîåëå-
ìåíò³â ïîðóøóºòüñÿ ÷åðåç çì³íó ãîìåîñòàçó
â óìîâàõ àâòî³ììóííîãî çàïàëåííÿ. Á³îõ³ì³÷-
íèé çì³ñò äàíèõ ïîðóøåíü ìîæå ïîëÿãàòè ó
âïëèâ³ ïðîòèçàïàëüíèõ öèòîê³í³â íà á³ëêîâèé
ñèíòåç ãåïàòîöèò³â ³ çàïóñê ïðîöåñ³â ïåðåì³-
ùåííÿ åññåíö³àëüíèõ ìåòàë³â ç êðîâè â òêà-
íèíè, äå âîíè ìîæóòü âèòðà÷àòèñÿ íà àäàï-
òàö³éí³ ðåàêö³¿, ùî âèíèêàþòü â îð´àí³çì³ ó
â³äïîâ³äü íà àâòî³ììóííå çàïàëåííÿ àáî, íàä-
õîäÿòü ç êðîâ'þ ó âîëîññÿ ³ âáóäîâóþòüñÿ ó ¿õ
ñòðóêòóðó [25]. Òàêèì ÷èíîì, ïèòàííÿ ïðî
ó÷àñòü ì³êðî òà ìàêðîåëåìåíò³â â ïàòî´åíåç³
ÃÀ ³ ìåõàí³çì³â çì³í ¿õ âì³ñòó â îð´àí³çì³ ïà-
ö³ºíò³â çàëèøàºòüñÿ â³äêðèòèì ³ ïîòðåáóº ïî-
äàëüøîãî ðîçãëÿäó.

Ó âèâ÷åíí³ äèôóçíèõ ôîðì àëîïåö³¿
àêòóàëüíèì íàïðÿìêîì º àíàë³ç îêð³ì íåéðî-
³ìóííî¿ åíäîêðèííî¿ ðåãóëÿö³¿, ðîë³ ì³êðîåëå-
ìåíò³â ó ðîçâèòêó çàõâîðþâàííÿ. Ñèíåðãåòè÷-
í³ òà àíòàãîí³ñòè÷í³ âçàºìîä³¿ ì³æ ì³êðîåëå-
ìåíòàìè, êîðåëÿö³ÿ ñèñòåìíèõ ïîðóøåíü òà
ðîñòó âîëîññÿ º áàçîâèìè ïðè ðîçðîáö³ ñòðà-
òåã³¿ êîðåãóâàííÿ öèõ ïîðóøåíü ³ âàæëèâèì
êîìïîíåíòîì ïðè ë³êóâàíí³ àëîïåö³¿ [14, 50].
Ïðè àíàë³ç³ ì³êðîåëåìåíòíîãî ñòàòóñó âîëîñ-
ñÿ áóëî âñòàíîâëåíî, ùî ó æ³íîê ç äèôóçíîþ
àëîïåö³ºþ º äåô³öèò òàêèõ ì³êðîåëåìåíò³â,
ÿê ñ³ðêà, çàë³çî, êàë³é, êîáàëüò, õðîì, ñåëåí  ³
ìàð´àíåöü, äåùî ð³äøå - éîäó, öèíêó, íàòð³þ.
Ó ÷îëîâ³ê³â ç äèôóçíîþ àëîïåö³ºþ âèÿâëåíî
äåô³öèò êàëüö³þ, ñ³ðêè  ³ öèíêó [42, 43]. Ïå-
ðåâèùåííÿ ôîíîâèõ ïîêàçíèê³â ó æ³íîê ç äè-
ôóçíîþ àëîïåö³ºþ ðåºñòðóâàëèñÿ äëÿ êðåì-
í³þ, ì³ä³, ìà´í³þ, êàëüö³þ. Âì³ñò òîêñè÷íèõ
ì³êðîåëåìåíò³â, òàêèõ ÿê îëîâî ³ ðòóòü, çàðå-
ºñòðîâàíî ó 27% ³ 7% æ³íîê, â³äïîâ³äíî. Âîä-
íî÷àñ ñòàòèñòè÷íà îáðîáêà ìàòåð³àëó ïîêà-
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çàëà, ùî äîñòîâ³ðíî çíà÷óùèìè º â³äõèëåííÿ
ó âì³ñò³ ò³ëüêè òðüîõ ì³êðîåëåìåíò³â - êîáàëü-
òó, çàë³çà, êðåìí³þ. Âñòàíîâëåíî êîðåëÿö³þ
ì³æ ð³âíåì êîáàëüòó ³ äàâí³ñòþ çàõâîðþâàííÿ.
Çíèæåííÿ âì³ñòó êîáàëüòó â âîëîññ³ äîñòîâ³ðíî
â 3,2 ðàçè ÷àñò³øå ñïîñòåð³ãàºòüñÿ ïðè
òðèâàëîñò³ çàõâîðþâàííÿ á³ëüøå 2 ðîê³â [19].

Ó ðîáîò³ Òêà÷îâà Â.Ï. [49] âèñâ³òëåíî
ïèòàííÿ åëåìåíòíîãî ñòàòóñó âîëîññÿ õâîðèõ
ç àíäðî´åíåòè÷íîþ àëîïåö³þ (ÀÃÀ). Òðåáà çà-
óâàæèòè, ùî äëÿ äàíî¿ ôîðìè àëîïåö³¿, ÿê ³
äëÿ ãí³çäîâî¿ àëîïåö³¿ õàðàêòåðí³ äåô³öèò
ìàð´àíöþ ³ ñåëåíó, à òàêîæ âèÿâëåíî íàäëè-
øîê ì³ä³ òà êðåìí³þ. Ó æ³íîê ç àíäðî´åíå-
òè÷íîþ àëîïåö³ºþ ñïîñòåð³ãàºòüñÿ óçãîäæå-
í³ñòü äàíèõ ùîäî ãîðìîíàëüíèõ ïîðóøåíü òà
çì³í åëåìåíòíîãî ñêëàäó âîëîññÿ. Òàê, íà òë³
ï³äâèùåíîãî ð³âíÿ àíäðîñòåíä³îíó ³ äèã³äðî-
òåñòîñòåðîíó â ñèðîâàòö³ êðîâ³ âèÿâëÿºòüñÿ
ñòàòèñòè÷íî äîñòîâ³ðíå ï³äâèùåííÿ âì³ñòó â
âîëîññ³ ì³ä³ ³ ñòàòèñòè÷íî äîñòîâ³ðíå çíèæåí-
íÿ âì³ñòó ìàð´àíöþ, öèíêó, ñåëåíó. Âèÿâëåíî
äîñòîâ³ðí³ ïîçèòèâí³ êîðåëÿö³éí³ âçàºìîçâ'ÿç-
êè ì³æ âì³ñòîì òåñòîñòåðîíó ³ ìà´í³þ, â³ëü-
íîãî òåñòîñòåðîíó ³ ì³ä³, òèðîêñèíó ³ ôîñôîðó
³ íå´àòèâíà äîñòîâ³ðíà êîðåëÿö³ÿ ì³æ âì³ñòîì
öèíêó ³ äåã³äðîåï³àíäðîñòåðîí ñóëüôàòîì.
Éìîâ³ðíî, ÿê ³ ó âèïàäêó ãí³çäîâî¿ ôîðìè àëî-
ïåö³¿ ïîðóøåííÿ åëåìåíòíîãî áàëàíñó âîëîñ-
ñÿ â³äîáðàæàº ãëèáèíí³ á³îõ³ì³÷í³ çì³íè â îð-
´àí³çì³ æ³íîê ³ äàíèé àñïåêò ïîòðåáóº á³ëüø
ðåòåëüíîãî âèâ÷åííÿ. Ââàæàºòüñÿ, ùî ïîðó-
øåííÿ ìåòàáîë³çìó ñàìå ì³ä³ â³ä³ãðàº îñíîâ-
íó ðîëü ó âèíèêíåíí³ òà ðîçâèòêó äàíî¿ ôîð-
ìè àëîïåö³¿ [44].

Äîñë³äæåííÿ ÷îëîâ³÷î¿ êîãîðòè õâî-
ðèõ íà àíäðî´åíåòè÷íó àëîïåö³þ (âèá³ðêà 116
îñ³á) ñïîñòåð³ãàëîñü çíà÷íå çíèæåííÿ ð³âíþ
öèíêó òà ì³ä³. Ïðèïóñêàºòüñÿ, ùî öå ìîæå â³-
ä³ãðàâàòè ïåâíó ðîëü â åò³îëî´³¿ ÷îëîâ³÷î¿
ñòðóêòóðè àíäðî´åíåòè÷íî¿ àëîïåö³¿ [29]. Íå-
îáõ³äíî çàçíà÷èòè, ùî íåùîäàâíî â ÿêîñò³
ìîæëèâèõ ́ åíåòè÷íèõ ôàêòîð³â ñõèëüíîñò³ äî
ÀÃÀ âèçíà÷åíî ïîë³ìîðô³çì ´åíó àíäðî´åí-
íîãî ðåöåïòîðà íà Õ-õðîìîñîì³ ³ ïîâ'ÿçàí³ ç
õâîðîáîþ ´åíè íà àâòîñîìíèõ õðîìîñîìàõ
3q26 àáî 20p11 [20]. Àíàë³ç ðåçóëüòàò³â, îòðè-

ìàíèõ ïðè ì³êðîåëåìåíòíîìó òà ãîðìîíàëü-
íîìó òåñòóâàíí³ 50 ÷îëîâ³ê³â ç I?IV ñòàä³ÿìè
àíäðî´åíåòè÷íî¿ àëîïåö³¿ òà 25 çäîðîâèõ âî-
ëîíòåð³â âèÿâèâ, ùî ïðè íèçüêîìó ð³âí³ ´å-
íåòè÷íîãî ðèçèêó  º âåëèêà ê³ëüê³ñòü âàãîìèõ
íå´åíåòè÷íèõ ÷èííèê³â, çîêðåìà ï³äâèùåíèé
ð³âåíü äèã³äðîòåñòîñòåðîíó, 17-ÎÍ-ïðîãåñòå-
ðîíó, ³íñóë³íó òà äåô³öèò ì³êðîåëåìåíò³â Mg,
Cu, Zn, Se ³ â³òàì³í³â D, E, ôîë³ºâî¿ êèñëîòè.
Ïðè âèñîêîìó ð³âí³ ́ åíåòè÷íîãî ðèçèêó ç íå-
´åíåòè÷íèõ ÷èííèê³â âèÿâëåí³ ò³ëüêè ìåòàáî-
ë³÷í³ òà ì³êðîíóòð³ºíòí³ ïîðóøåííÿ. Ïîáó-
äîâàíà âåëèêîïàðàìåòðè÷íà ìîäåëü ó ï³äãðó-
ïàõ íèçüêîãî òà âèñîêîãî ́ åíåòè÷íîãî ðèçèêó
çàáåçïå÷óº âàãîìå ï³ä´ðóíòÿ äëÿ ðîçðîáêè ñõåì
ïåðñîíàë³çîâàíî¿ òåðàï³¿ äàíîãî çàõâîðþâàííÿ
[16, 12 ]. Äåô³öèò çàë³çà òà öèíêó ïðè ÀÃÀ
âèÿâëåíî ³ â ³íøèõ äîñë³äæåííÿõ [39].

Ðàçîì ç òèì ³ñíóþòü ìåòîäè÷í³ òà àíà-
ë³òè÷í³  ñêëàäíîù³, äëÿ îäíîçíà÷íî¿ ³íòåðïðå-
òàö³¿ ðåçóëüòàò³â àíàë³çó åëåìåíòíîãî ñêëàäó
âîëîññÿ ÿê ³íäèêàòîðà åêîëî´³÷íîãî âïëèâó íà
îð´àí³çì àáî ìåäè÷íîãî ä³à´íîñòè÷íîãî êðè-
òåð³þ. Âñòàíîâëåíî, ùî âì³ñò åëåìåíò³â ó âî-
ëîññ³ çàëåæèòü â³ä â³êó ëþäèíè, éîãî êîíñòè-
òóö³¿, ñòàò³, õàð÷óâàííÿ, ãåî´ðàô³÷íèõ ³ ãåî-
õ³ì³÷íèõ îñîáëèâîñòåé ì³ñöÿ ïðîæèâàííÿ, íà-
ÿâíîñò³ ïðîôåñ³éíîãî âïëèâó, îñîáëèâîñòåé
ñòàíó çäîðîâ'ÿ ëþäèíè, çàñòîñîâóâàíèõ çàñî-
á³â ïî äîãëÿäó çà âîëîññÿì òîùî. Êð³ì òîãî,
ñë³ä âðàõîâóâàòè íåð³âíîì³ðíèé ðîçïîä³ë åëå-
ìåíò³â ïî äîâæèí³ âîëîññÿ òà ¿õ ð³çíå ïîõî-
äæåííÿ (åíäî´åííå ³ åêçî´åííå) [24, 31]. Öå
ïîòðåáóº ó ïîäàëüøîìó âèâ÷åííÿ çàêîíîì³ð-
íîñòåé åêçî´åííîãî åëåìåíòíîãî íàâàíòàæåí-
íÿ ó êîíêðåòíîìó ðåã³îí³ ïðîæèâàííÿ ëþäåé
³, ÿê ðåçóëüòàò äàíîãî íàïðÿìêó äîñë³äæåíü,
ïðîâåäåííÿ êàðòî´ðàô³¿.

Ãîñòðî ñòî¿òü ïèòàííÿ âïðîâàäæåííÿ
ñó÷àñíèõ àíàë³òè÷íèõ ìåòîä³â âèçíà÷åííÿ
åëåìåíòíîãî ñêëàäó á³îñåðåäîâèù. Â îñòàíí³
ðîêè íàáóëè øèðîêîãî ïîøèðåííÿ ³ ââàæà-
þòüñÿ äîñèòü åôåêòèâíèìè ìåòîäè âèçíà÷åí-
íÿ åëåìåíò³â â îð´àíàõ ³ á³îñåðåäîâèùàõ ëþ-
äèíè çà äîïîìîãîþ àòîìíî-åì³ñ³éíî¿ ñïåêò-
ðîìåòð³¿ ç ³íäóêòèâíî-çâ'ÿçàíîþ ïëàçìîþ
(ÀÅÑ-²ÑÏ) ³ ìàñ-ñïåêòðîìåòð³¿ (²ÑÏ-ÌÑ).
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Âîíè äîçâîëÿþòü â îäí³é ïðîá³ îäíî÷àñíî âè-
çíà÷èòè 20 ³ á³ëüøå ìàêðî- ³ ì³êðîåëåìåíò³â,
ùî äóæå âàæëèâî äëÿ îö³íêè âçàºìîä³¿ ³ âçàº-
ìîâïëèâó îäíèõ åëåìåíò³â ç ³íøèìè â îð´à-
í³çì³ ëþäèíè. Êð³ì âèùåíàçâàíèõ àíàë³òè÷-
íèõ ìåòîä³â, âèêîðèñòîâóþòüñÿ àòîìíî-àá-
ñîðáö³éíèé, íåéòðîííî-àêòèâàö³éíèé, ëàçåð-
íèé ñïåêòðî´ðàô³÷íèé ³ ðåíò´åíîôëóîðåñ-
öåíòíèé ìåòîä ³ ³í. Ïðîòå, ðåíò´åíîôëóîðåñ-
öåíòíèé ìåòîä ìàëî ïðîäóêòèâíèé, íå äîçâî-
ëÿº âèçíà÷àòè íåîáõ³äíó ãàìó á³îòè÷íèõ ³ òîê-
ñè÷íèõ åëåìåíò³â, â³äð³çíÿºòüñÿ íåäîñòàò-
íüîþ ÷óòëèâ³ñòþ ³ òî÷í³ñòþ, ùî äóæå âàæ-
ëèâî ïðè âèêîðèñòàíí³ â ìåäèöèí³. Íåéòðîí-
íî-àêòèâàö³éíèé àíàë³ç âèìàãàº íàÿâíîñò³
ñêëàäíîãî îáëàäíàííÿ, äîðîãîâàðò³ñíèõ ðåàê-
òèâ³â, íå çàáåçïå÷óº òåðì³í³â îòðèìàííÿ ðå-
çóëüòàò³â, íåîáõ³äíèõ äëÿ ìåäè÷íèõ ö³ëåé
(÷àñ äî îòðèìàííÿ ðåçóëüòàò³â äîñë³äæåííÿ
ïî îêðåìèõ åëåìåíòàõ ìîæå äîñÿãàòè 6 ì³ñÿ-
ö³â). ²îííà õðîìàòî´ðàô³ÿ äîçâîëÿº âèçíà÷àòè
â îñíîâíîìó ëóæí³ òà ëóæíîçåìåëüí³ ìåòàëè
ó âîäíèõ ðîç÷èíàõ. Àòîìíî-åì³ñ³éíà ñïåêò-
ðîìåòð³ÿ (ïëàçìîâà ôîòîìåòð³ÿ) âèêîðèñòî-
âóºòüñÿ â îñíîâíîìó â êë³í³÷íèõ ëàáîðàòîð³ÿõ
äëÿ ðóòèííîãî âèçíà÷åííÿ äåÿêèõ åëåìåíò³â
(Ê, Na, Li) ³ îáìåæåíî ïðèäàòíà ò³ëüêè äëÿ
äåÿêèõ åëåìåíò³â. Ìåòîä àòîìíî-àáñîðáö³é-
íî¿ ñïåêòðîìåòð³¿ (ç ïîëóì'ÿíîþ ³ åëåêòðîòåð-
ì³÷íîþ àòîì³çàö³ºþ (ÀÀÑ ÅÒÀ)) äîáðå ï³ä-
õîäèòü äëÿ âèð³øåííÿ ðÿäó êîíêðåòíèõ çàâ-
äàíü, ìåòîä îäíîåëåìåíòíèé, ðÿä åëåìåíò³â
íå âèçíà÷àºòüñÿ. Íåäîñòàòíÿ ïðîäóêòèâí³ñòü
äëÿ ìàñîâîãî ìîí³òîðèíãó ³ ñêðèí³íãó - ïðî-
áëåìè, ÿê³ îáìåæóþòü âèêîðèñòàííÿ öüîãî
ìåòîäó [2, 33, 27].

Âèñíîâîê
Êîíòåíò-àíàë³ç îïóáë³êîâàíèõ ðåçóëüòàò³â
íàóêîâèõ äîñë³äæåíü ç ïèòàíü âèâ÷åííÿ ì³ê-
ðî- òà ìàêðîåëåìåíòíîãî ñêëàäó âîëîññÿ ïî-
êàçàâ, ùî ïðè ãí³çäîâ³é àëîïåö³¿ º çíèæåííÿ
âì³ñòó S, Zn, Se, Mn, Mn, Fe, òà íàäëèøîê Pb,
Cd, Ni, Cu, Al, Hg; äèôóçí³ ôîðìè àëîïåö³é
õàðàêòåðèçóþòüñÿ äåô³öèòîì âì³ñòó S, Fe, Ê,
Ñà, Zn, Cu, Se; ïðè àíäðî´åíåòè÷í³é àëîïåö³¿
ó æ³íîê çíèæåííÿ âì³ñòó Mn, Zn, Se, Mg, Fe,

ó ÷îëîâ³ê³â - çíèæåííÿ ð³âí³â âì³ñòó Zn, Cu,
Mn, Mg, Se; ï³äâèùåííÿ âì³ñòó Cu, Cr. Äëÿ
êîðåêö³¿ àëîïåö³é ð³çíîãî ´åíåçó íåîáõ³äíî
âèçíà÷åííÿ ó âîëîññ³ ê³ëüê³ñíîãî ñï³ââ³äíî-
øåííÿ ìàêðî- òà ì³êðîåëåìåíò³â ³ ïðîâåäåííÿ
ñèñòåìàòèçàö³¿ îòðèìàíèõ â ìîí³òîðèíãîâèõ
äîñë³äæåííÿõ ðåçóëüòàò³â äëÿ âñòàíîâëåííÿ
¿õ ðåôåðåíòíèõ çíà÷åíü â óìîâàõ ð³çíèõ ãåî-
õ³ì³÷íèõ ëîêàö³é.
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