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MODERN ATOMIC ABSORPTION SPECTROMETRY: ACHIEVEMENTS AND FUTURE PROSPECTS

Modern trends in development of various branches of atomic absorption spectrometry (AAS) are discussed. M ost
important direction seems to be further development of multi-element AAS and its wider introduction into practice.
Widespread of hydride generation AAS to the elements that does not form volatile hydrides (such as Rh, Mn,
Cd, etc) is of interest from viewpoint of development of extremely sensitive methods of analysis and of general
chemistry. Although basics of eectrothermal AAS are mostly formulated as well, further worksin chemical modifiers
and development of the methods of direct analysis of solids are still actually. Very important point of activity
of specialists in AAS is wider application of their achievements in the practice of service laboratories, via wider
introduction of the corresponding methods to international and national standards.

Atomic absorption spectrometry (AAS) has
a long history (for references, see [1]). Its first
analytical application was devoted to the deter-
mination of mercury by cold vapour technique as
early as in 1939 [2]. However, real ascent of AAS
started with appearance of flame atomization
AAS (FAAS) invented by Sir Alan Walsh in
1956 [3]. Three years later Boris L'vov made a dg-
nificant development of the method introducing
atomic absorption spectrometry with the graphi-
te atomizer [4], nowadays is usually called elect-
rothermal atomic absorption spectrometry (ETAAS).
The third principal development of the method
was introduction of hydride generation technique
(HG-AAS) in 1969 by Holak [5]. Nowadays one
may definitely say that all these four branches
of AAS successfully withstood the test of time.

In 1989, Hieftje [6] on the basis of function
of the number of publications devoted to AAS
on the year of therr publication predicted that al-
ready in 1997 no further articles in this field will
be published. These calculations were critically dis-
cused by L'vov and Slavin [7]. They correctly in-
dicated that FAAS and ETAAS (most widdy
used branches of AAS) have been developed in-
dependently. Therefore, the number of the corres-

© A.B. Volynsky, 2005

ISSN 0041-6045. YKP. XMM. XXYPH. 2005. T. 71, Ne 9

ponding publications has to be analyzed separa-
tely. That is why prognosis of Hieftje was not
realized, at least, on the quantitative level. Al-
though the number of the articles on AAS pub-
lished every year permanently shrinks, several di-
rections of research are till actually. In spite of
this, one may assume that the epoch of the funda-
mental developments in AAS is finished.

Actual directions of research for general AAS

AAS became very widespread method of ana-
lysis due to its high sensitivity, relative smplicity,
high speed and rather cheap equipment. Main
disadvantage of the method is its mono-element
character (e.g., [6]). This disadvantage became even
more important when powerful multi-element
techniques, such as ICP-AES and ICP-M S, beca-
me available.

About 15 years ago AA spectrometers from
Instrumentation Laboratory (USA) and Hitachi
(Japan) that allow the simultaneous determina-
tion of several analytes appeared on the market.
The same feature is characterized more recent AA
spectrometers from Perkin-Elmer (USA), models
SIMAA 6000 and SIMAA 6100. The principal
scheme of all these devicesis based on convergence
of the beams from several light sources (hollow
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cathode lamps or dectrodless discharge lamps) in
one beam before the atomizer, and registration
of the light intensity after monochromator at se-
veral wavelengths. However, the maximum num-
ber of simultaneously determined analytes using
this equipment did not enhance 6. This may be
enough for solution of sometasks, but for solution
of most environmental problems these possibili-
ties of the method are definitely insufficient. M o-
reover, the detection limits in multi-element regi-
me were worse compared those for one-dement
determinations.

In the 1990s, the specialists headed by Becker-
Ross [8, 9] from the Institute for Analytical Scien-
ces (Berlin) have developed really multi-element
AA spectrometer (HR-CS AAS) that uses conti-
nuous spectrum of a xenon short arc lamp as a
light source. | ought to mention that analogous
works were conducted already in 70th (e.g., [10]).
However, the detection limits reached were signi-
ficantly worse compared to those reached with
the sources of linear radiation. Re-vitalization of
the idea became possible after significant deve-
lopment in the corresponding hardware. The aut-
hors [8, 9] assert that the detection limits reached
with HR-CS AAS are close to those of modern
single-element devices.

The other advantage of the new device is its
unique background correction ability. As is known,
the systems of background correction actually
used possess some disadvantages. Deuterium cor-
rection is not effective towards the structurized
background, and application of Zeeman back-
ground correction results to about 30 % decrease
in sensitivity. Application of a continuous light
source in a tandem with high-resolution mono-
chromator allows conducting the correction very
near to the resonance line of the analyte used,
but without any losses in sensitivity. The impres-
sive example of practical application of this system
may be found in [11]. Using HR-CS AAS, Welz
et al. could directly determine thallium is suspen-
sions of marine sediment reference materials
without chemical modifiers (pure thallium solu-
tions were used for construction of the calibration
graph). Clear analytical signal of thallium was
obtained after subtraction of spectrum of main
interferent (SO,) from the total signal measured.
Recently the authors of new spectrometer pub-
lished a monograph completely devoted to descrip-
tion of its construction and possibilities [12].

Application of diode lasersis one more promi-
sing direction of development of AAS possessing
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a long history. Diode lasers were proposed to be
used as light sources instead of hollow cathode
lamps in 1988 [13]. As diode lasers are characte-
rized with high intensity and extremely low noise,
their application lowers the detection limits 10-
1000-fold depending on the analyte. The high spec-
tral purity of a diode laser in singlemode ope-
ration dramatically simplifies the spectral isola-
tion of the absorption signal. Therefore, there is
no need for a monochromator in this case. Then,
very narrow spectral lines of the diode laser enab-
les isotope sdective analysis for light and heavy
elements, such as Li and Pb or U, respectively,
which show reatively large isotope line shifts.
Finally, modern diode lasers are cheap and reliab-
le. That is why they seem to be quite prospective
for wider introduction in analytical practice [14].

From formal viewpoint, one more perma-
nently developed direction of AAS is its appli-
cation in speciation studies. However, in this case
AAS is used only as detector, and main efforts
are concentrated on the development of the reliab-
le separation techniques. Therefore, numerous
works of such a type contribute quite little to
devdopment of AAS itsdf.

Actual directions of research for HG-AAS

As is known, HG-AAS was proposed mainly
for improvement of the determination of Se and
As (sensitivity of their determination by FAAS
is quite low). HG-AAS is a typical hybrid method
of analysis [15] where pre-concentration of an
analyte is an integral part of its subsequent deter-
mination procedure. The method possesses nume-
rous advantages, first of all separation of analytes
forming volatile hydrides (mostly semi-metals)
from the matrix. Simultaneously absolute sensi-
tivity of the method is significantly increased as
rather large sample volume (up to 50 ml) may
be used for formation of the single analytical pe-
ak. M ethod is easily automatized using commercial
equipment, that is why it is quite widespread.
Peculiarities of the method are discussed in detail
in comprehensive monograph [16].

However, significant disadvantage of HG-
AAS is rather pronounced matrix interferences.
They are caused by the influence of the sample
matrices on the processes of formation of volatile
hydrides and by gas-phase interferences in low-
temperature quartz atomizers [16]. Then, wide in-
troduction of platinum metals as chemical modi-
fiers especially effective towards semi-metals made
their determination in complex samplesby ETAAS
a routine procedure. That is why namely ETAAS
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is often a method of choice nowadays for the de-
termination of hydride forming analytes in comp-
lex matrices.

Further development of HG-AAS is mostly
related to the works headed by Ralph Sturgeon
[17]. In 1995, Sanz-Medd et al. [18] observed vo-
latilization of cadmium during execution of the
standard HG-AAS determination procedure. Ho-
wever, according to modern chemistry cadmium
does not form volatile hydrides. Later analogous
data were obtained for Cu, Au, Ag, Zn, Rh,
Pd, In, Tl, Co, Cr, Fe, Os, Ru, Mn and Ni (for
references, see [17]). Till now nature of the vola-
tilized species is not completely clear. One hy-
pothesize that sodium borohydride reduces ana-
lyte compounds to tiny particles of elemental ana-
Iytes. In pure solutions, the generation efficiency
for the analytes listed above is in the range of
8—90 % depending on the experimental conditi-
ons [17]. Although nowadays this approach is not
competitive with ETAAS for solution of common
tasks, it may be very prospective for analysis of
extremely diluted solutions. In this case low re-
covery of the analytes will be compensated by
the possibility of their effective pre-concentration
with low values for blank experiments.

One more prospective direction of research in
HG-AAS is generation of hydrides by electro-
chemical reduction, not by using chemical reagents
[19, 20]. Main attraction of this approach is avoi-
ding of addition of large amounts of the reduc-
tants thus lowering significantly the detection
limits. Taking into account that main field of
application of HG-AAS shifts to its use for the
determination of ultra-traces of analytes, this is
a quite promising approach.

Actual directions of research for ETAAS

ETAAS has two main steps in its develop-
ment, namely before and after introduction of
the STPF concept proposed by Slavin et al. [21]
in 1981. High sensitivity reached using relatively
cheap equipment always was a key advantage of
the method. However, euphoria of the first publi-
cations was substituted rather fast with scepsis
towards perspectives of ETAAS because of pro-
nounced matrix interferences. Wide introducti-
on of the STPF concept into analytical practice
resulted to creation of "interference-free" ETAAS.
Although this definition is not quite correct, this
concept was a great step ahead in the development
of the method.

For better understanding of further reasoning,
the key positions of the STPF concept have to be
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reminded. These are [21]: evaporation of samples
from graphite platform; registration of peak are-
as, "gas-stop" mode at the atomization stage; ap-
plication of a pyrolytic graphite for graphite ato-
mizers, Zeeman background correction; fast eec-
tronics; application of chemical modifiers.

Nowadays qualified usage of modern equip-
ment "automatically" solves many problems pre-
venting successful determinations by ETAAS 20
years ago. However, successful solution of many
analytical tasks needs the adequate chemical mo-
difier to be chosen as well. This 71" point of the
concept cannot be realized in the construction of
the ETAAS equipment and must be chosen by the
analyst. That is why nowadays development of
ETAAS is mostly connected with perfection of
our knowledge concerning most effective appli-
cation of chemical modifiers.

Chemical modifiers. Reagents added into the
electrothermal atomizer for improvement of selec-
tivity of the method have been used in ETAAS
since 1971 [22]. In 1973, Ediger [23] systematized
this approach and formulated the concept of. Later
on it became a component part of the STPF
concept. Intensive investigations of chemical mo-
difiers resulted to invention of very effective mo-
difiers mostly belonging to one of the following
groups [24]: nitric and oxalic acid and their ammo-
nium salts; metal nitrates (except platinum me-
tals); ammonium phosphates; refractory carbides
(WC, ZrC, MoC, etc.); organic compounds (most-
ly ascorbic and citric acids and their salts); d-ele-
ments in high oxidation states (WO,*, VOg,
etc.); platinum metals (PMs), except Os.

Effectiveness of correctly chosen chemical mo-
difiers is very high. For example, application of
oxalic acid allows conducting direct determination
of Cd and Pb in sea water [25, 26]. The mog ac-
tual problem nowadays is not invention of new
modifiers, but formulation of clear rules for op-
timum application of well-known ones. Evidently
that one-by-one comparison of chemical modifiers
is a time-consuming procedure without any gu-
arantee in its happy final. Very attractive is a
choice of optimum modifier made on a paper,
on the basis of understanding of probable inter-
actions among modifier, analytes and sample mat-
rix. That is why many efforts have been spent
for researches of the corresponding mechanisms.

Sometimes such mechanisms are relatively
simple, and the corresponding investigations on-
ly support the quite evident interactions. For
example, this is true towards formation of refrac-
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tory analyte phosphates in the presence of am-
monium phosphates as the modifiers [27] or vo-
latilization of chloride-ion from inorganic chlo-
rides in the presence of nitric acid [28]. However,
mechanisms of the action of platinum metal mo-
difiers are still under discussion [29, 30]. In addi-
tion to complexity of the problem (one has to
analyze numerous interactions in the system Ana-
lyte—M odifier—M atrix—Graphite in the tempe-
rature range 20—2500 °C and to find out reacti-
ons that exert the decisive influence over on the
effectiveness of the modifier), there are some dif-
ficulties of a methodological nature as well [31].

Most important that modern methods of re-
search often do not allow receiving a ssimple ans-
wer to the nature of interactions between ng-
amounts of substances. M ethods of monitoring of
chemical transformations in systems like these
during their heating (mostly various X-ray tech-
niques) are of relatively low sensitivity. However,
interactions between clusters of substances may
differ significantly from those between their bulk
amounts. The data of indirect methods of research
(determination of activation energy of the corres-
ponding processes, mass-spectrometric analysis of
the gaseous phase or radiotracer technique) may
be interpreted in a different way.

Therefore, a problem of criteria of correctness
of mechanisms developed is of great importance.
In the absence of a possibility to obtain a simple
answer, originality of the mechanisms proposed is
often evaluated as criterion of their scientific va-
lue. However, the best criterion of correctness of
the mechanisms of action of the modifiers propo-
sed is important improvement in their practical
applications reached as a result of theoretical re-
searches. Alas, usually theoretical researches of
chemical modifiers do not have a deal with their
practical applications, and this criterion is simply
ignored.

For example, in the first works devoted to in-
vestigations of the action of PM modifiers main
attention was paid to processes taking place du-
ring the atomization stage (e.g., [32]). No new
modifiers or any improvements for existing ones
were proposed on the basis of the concepts deve-
loped. Analysis of the problem proved that effec-
tiveness of PM modifiers is mostly determined by
the processes taking place during the pyrolysis
stage [33]. This approach proved to be rather
fruitful. It allowed to create step-by-step scheme
of interactions in the graphite atomizers in the
presence of PM modifiers [34] and to propose
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some new forms of them, namely complex ammo-
nium oxalatopaladate (NH ,),[Pd(C,0,),] and
colloidal palladium [35].

The point is that definite active form of PM
modifiers is elemental metal (probably, the corres-
ponding oxides possess the modifying properties
as wel). The lower temperature of formation of
elemental PM in the atomizer, the higher efficiency
of the modifier isreached. Under carefully optimi-
zed conditions, efficiencies of colloidal Pd and ot-
her Pd modifiers are smilar [35]. However, the for-
mer modifier is very robust and does not need this
careful optimization; when, it is not susceptible to
the negative influence of the sample matrices [36].

N owadays, huge amount of the experimental
data collected and numerous theoretical investiga-
tions create a solid basis for the possibility to
choose optimum modifier "in advance', on the ba-
sis of the data on the nature of analytes and
sample matrices. The problem is that the number
of researchers who may operate with these data is
rather small. Most researchers have to waste a lot
of time trying to apply the modifiers that are de-
finitely not effective for analysis of given samples.

Quite disappointing is that nowadays the data
obtained during the simplest optimization of the
determination conditions in the presence of diffe-
rent modifiers are often used for speculations on
mechanisms of their action. That is why the level
of modern works in this field is usually lower
compared to those made a decade ago. This situa-
tion looks illogical, but it has a quite realistic
basis. Many brilliant researchers who made their
names with deep laborious researches in ETAAS
either finished their scientific career (such as W.
Savin or D.L. Styris) or shifted their research in-
terests to other fields of science (B.V. L'vov to ki-
netics, W. Frech to speciation of mercury traces,
R. Sturgeon to ICP-M S and HG-AAS, J.A. Hol-
combe to ICP-MS). Then, nowadays ETAAS is
often evaluated as well-developed and not prospec-
tive direction of researches from viewpoint of
scientific career (and receiving the research grants,
too). That is why many investigations in ETAAS
are conducted by young researchers from deve-
loping countries who are not qualified enough
for real development of the method.

New atomizers. The possibilities of modern side-
heated graphite furnaces with integrated plat-
forms significantly exceed those of earlier end-hea-
ted atomizers. However, efforts to invent new mo-
re progressive constructions are still popular. Ma-
in efforts are concentrated on 2-step atomizers.
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This concept is not new. In practice, L’vov cuvette
[4] was the first atomizer of such a type. Possibi-
lity to govern independently by processes of va-
porization and atomization of the sample signi-
ficantly broadens of the analyst ability to analyze
complex samples. More than 15 years ago Frech
et al. [37] created very successful construction of
2-step atomizer. Using this atomizer, they could
analyze directly most samples using pure standard
solutions for calibration purposes. However, this
could not be done "automatically". Optimization
of the determination conditions was a tedious pro-
cedure that needed deep understanding of the
nature of the processes taking place in the atomi-
zer [38]. Therefore, the atomizer may be used effec-
tively only by the qualified analysts. This was
one of the reasons why the 2-step atomizer by
Frech did not become widespread (its second di-
sadvantage was relatively high price). The actual
serial atomizers suit quite well to the contradic-
tory demands of high efficiency, relative smplicity
and moderate price.

The recent achievements in the same directi-
on bedong to Nagulin & al. [39]. They proposed a
remake of the standard graphite atomizer that
transforms it to a 2-step atomizer. Relative simpli-
city of the construction is a definite advantage
of the new device. However, high demands to qua-
lification of the analyst are kept that may possess
negative influence on the future of the atomizer.

Direct analysis of solid samples. As indicated
above, the STPF concept solved the problem of
low selectivity of early ETAAS. The solution was
so effective that modern ETAAS belongs to few
methods suitable for direct analysis of solids [40].
This approach possesses numerous advantages,
such as sharp decrease in analyss time, eliminati-
on of analytes losses and contamination of samp-
les during their decomposition, significant decrea-
se in the determination limits, etc. No wonder,
that history of direct analysis of solids by ETAAS
exceeds 30 years (e.g., [41]). Nevertheless, this ap-
proach is still quite exotic. This is caused by its
disadvantages that are quite pronounced as wel.
These are more severe matrix interferences, prob-
lems with adequate calibrati on, high demands
to homogeneity of samples and necessity to app-
ly AA equipment suitable for operations with so-
lid samples.

First two problemsare similar to those known
for analysis of solutions and often may be solved
by careful optimization of the determination
conditions. Situation with homogeneity of samples
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is more specific and significant, especially taking
into account that only about 1 mg of sample is
used for one measurement. That is why reaching
high homogeneity of originally very inhomoge-
neous natural samplesturns up a serious problem.
However, this problem is less pronounces for
synthetic materials, such as high purity materials
[42] and pharmaceuticals [43]. Therefore, direct
determination of impurities in these materials
by ETAAS is expecially prospective. As for the de-
termination of metal traces in plastics, it looks
like nowadays their direct analysis by ETAAS
is one of the fastest, simplest and most effective
methods for solution of this task (e.g., [44]).

The last not the least drawback of direct
analysis of solids by ETAAS is impossibility to
conduct them using most of modern AA equip-
ment. The only firm that fills this niche up is Ana-
Iytik Jena (Germany). It produces an electrother-
mal atomizer suitable for direct analysis of solids
and an autosampler, which allows providing anal-
ysis in automatic regime [45]. The general level
of this equipment is high that makes prospects
in development of direct analysis of solids by
ETAAS quite firm.

Actual directions of research for FAAS
and mercury cold vapor method

Development of FAAS and mercury cold va-
por method seems to be mostly finished. In spite of
this, many application articles are still published
every year. Usually they describe dight improve-
ments of well-known approaches to analysis (for
references, see [46]). In FAASthis mostly concerns
its coupling with various flow injection pre-con-
centration methods. As for cold vapor technique,
this is application of exotic sorbents (such as Au-
treated carbonized nut shell) for pre-concentration
of mercury vapors.

Wider introduction of AAS
to routine analyses

In addition to the actual directions of re-
searches in modern AAS listed above, one more
important task is wider application of AAS in
service laboratories. First of all this concerns
ETAAS, as FAAS is already used there rather
intensively. The best way for evaluation of wides-
pread of analytical method for routine analysis
is evaluation of extent to which it has spread in
the corresponding standard methods of analysis
(international ASTM and 1SO, Russian GOST,
etc.). The total number of the methods having de-
al with "electrothermal AAS' or "graphite fur-
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nace AAS" found on the official ASTM page
(http://www.astm.org) is 33. The corresponding da-
ta for ICP-AES and ICP-MS are 78 and 47, re-
spectively. Evidently, that potential of ETAAS
is realized incompletely.

There are several reasons for situation like
this, and first of all this is a mono-element char-
acter of ETAAS. However, problems with quali-
fication of the analysts are significant as well.
Methods of analytical chemistry present quite
different demands to this point. For example, ave-
rage analyst may receive moderate results using
ICP-AES. Certainly, better analyst will obtain
better results, but possibilities of this method
towards solution of very difficult analytical tasks
are quite limited. As for ETAAS, good specialists
may solve unique tasks using this method (e.g.,
[47]). However, average analysts may fail even
with relatively easy problem, especially being
under time pressure. One may be surethat ETAAS
needs closer cooperation between its users and
the corresponding professionals.

PE3IOME. OO6cyxneHbl COBpeMEHHBIE TEHACHIHH
pasBUTHUS Pa3NUYHBIX 00JIACTeH aTOMHO-a0OCOpOIUOHHOMN
ciektpomerpun (AAC). Tlpennonaraercs, yto Hauboiee
Ba)KHBIM HAlpaBIICHUEM SIBIISETCS Pa3BHTHE MHOTO3JIEMEH-
tHOI AAC 1 ee Oojee MUPOKOE HCIOIH30BAHNE B IPAKTH-
ke. [Ipumenenne merononorun AAC c reHeparueil ruapu-
JIOB K DJIEMEHTaM, KOTOpbIe He 00pa3yloT JeTydne THAPH-
net (Rh, Mn, Cd, u T.1.), siBisieTcsi WHTEPECHBIM MPHU
pa3paboTke 4pe3BbIYAHHO YYBCTBUTEIBHBIX METOJOB aHa-
nu3a. OcrarpTcs aKTyalbHBIMH pPabOTBHl MO XHMHYECKUM
MoaudukaTopam u pa3paboTka METOJOB IPSIMOTO aHAIIN3a
TBEpABIX Np06. BaxxHbIM siBIsieTcst 60JIee MUPOKOE BHEAPE-
HHE 3THX JOCTHXXCHHH B NPAKTHKY paGOTBl CEPBHCHBIX
nabopaTopuii 3a cuer BBenmeHus MeroqoB AAC B MeKIy-
HApOJHBIC U HAI[OHAJbHBIC CTAHAAPTHI.

PE3IOME. O6roBopeHo cydacHi TEHIEHIII pO3BUTKY
pi3HUX rany3eil aToMHO-abcopOuiitHol criekTpockomil (AAC).
Haii6inpm BakIMBUM HAaNPSIMKOM € PO3BUTOK Oaratoeie-
MeHTHOT AAC Ta il OUIBIN MIMPOKE BUKOPUCTAHHS Y TpaK-
tuni. 3acrocyBaHHs MeronoJsorii AAC 3 renepamieo Tizg-
PUAIB IO €JIeMEeHTIB, IO HE YTBOPIOIOTH JIETIOUI TIAPUIH
(Rh, Mn, Cd Ta iH.), € uikaBuM 1npu po3poOLi HaAIYTIIU-
BHUX METOMIB aHaNi3y. AKTyaJdbHHUMH 3aJUIIAIOTHCI po0O-
TH 10 XIMIYHUM Moau¢ikaTopam i po3poOmi MeToxaiB mps-
MOTO aHaji3y TBepAux mpo6. BaxumBuM € OinpIn mupoxe
BIIPOBA/DKEHHS X IOCATHEHb y MPaKTHKy POOOTH cep-
BicHUX JlabopaTopiif 3a paxyHok BBexeHHS meroniB AAC
y MDKHapoJHi Ta HaIiOHaJIbHI CTaHJApTH.
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HNPOBOIMOATOTOBKA B PEHTTEHO®JYOPECHEHTHOM AHAJIM3E KUJAKHUX CPEJ

O600meHs! pe3ynbpTaThl COOCTBEHHBIX HCCIENOBAaHUN aBTOpa 1Mo mpobomoaroToske it PO A kuIKHX cpeq U Comoc-
TaBJICHBI C OOLIUM COCTOSIHHEM 3Toi# mpoGiemsl. [Toka3aHo, YTO HAWIYyYIIUMHE GOpMaMH H3NydaTenel JJs aHalin3a
BOJHBIX PACTBOPOB SIBJISIOTCS MOJIydaeMble M3 HUX B PE3yJbTaTe HECIOKHOW TepMOOOPaOOTKH KBAa3HTBEPbIC H3ITY-
JaTeld Ha OCHOBE TelleoOpasylolnero areHTa (KeIaTHHA WM arapa), IMOJIUMEPHBIE CTeKIa Ha OCHOBE CaXxapo3bl U
MoJINMepHBIe TUIeHKH. OpraHWYecKHe PacTBOPHI MOTYT OBITH MPEBPAIlCHbl B OPraHOTENU INPH MOMOIIH JKEIaTHHA
u ITAB uiu B TOHKHE IUICHKH Ha OCHOBE MOAXOjsmiero monumepa. OTMmedeHbl Hanbolee ymoOHBIE UM NPOCThIC
M3JydaTelld, KOTOPbIC JIETKO COYETAIOTCS C PA3HBIMHM BapHAaHTAMHU MPEIBAPHUTENBHOTO aHAJHUTHYECKOTO KOHICHTPH-
poBaHHs NMpUMeceil, B YaCTHOCTH, C HU3KOTEMIIEPaTYpPHON HaNpaBlICHHOI KpHCTaJlIM3alKeidl BOJAHOTO pacTBoOpa.

Pentrenonyopecientaeiii ananus (POA) yHu-
BEpcalieH N0 OTHOIIEHUIO K OMPEAEIsieMbIM dJIeMe-
HTaM, OTJINYaercad U30UpaTeNbHOCTbIO, UMEET yI0B-
JIETBOPUTENbHBIE METPOJIOTHYECKUE XapaKTEepPUCTU-
KM, 9)KOHOMHUYEH, JIETKO MOJaeTcsl aBTOMAaTU3aIHH,
B ClIy4yae NMOPTATUBHBIX CHEKTPOMETPOB CpaBHU-
TEJIBHO NMPOCT U HEAOPOT, PACCUUTAH HA MHOT03JIE-
MEHTHBIA KOHTPOJb IIHPOKOTO Kpyra OOBEKTOB.
B wactHOCTH, PO A MOXET IpUMEHSThCS AN KOH-
TPOJISL COCTOSIHUSI MPUPOJHBIX BOJX U JPYTUX KUJ-
kux cpen. [Ipocmorper okoso 700 ceputok o POA,
MOXHO CHIENaTh BBIBOJ, UTO CPEAM MHCTPYMEHTAJIb-
HBIX METOJIOB JUIsl aHajiu3a BOJ Yallle BCEro HC-
noJb3ytoTes (B mopsiake yOsIBaHHsI) CIEKTPOHOTO-
METPUYECKHE, >ICKTPOXHUMUUYECKUE, aTOMHO-a0copO-
LUOHHBIE, ATOMHO-3MHCCUOHHBIE METOJbl, B TOM
gucne |CP AES, macc-ciekrpomerpus, 1, HaKOHEII,
pEHTreHo (IyopecleHTHasT CHeKTpoMeTpusd. B Ha-
crosiuieit paboTe aBTOp crenan MomnbITKy 0000IHUTh
pe3yabTaThl CBOUX COOCTBEHHBIX UCCIECAOBAHUIT MO
npobomnoaroroske k PO A xuakocrei u comocra-
BUTh UX C OOIIUM COCTOSHHEM 3TOH MpOOIEeMBI.
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ITockoybKy JUIMHBI BOJIH PEHTTEHOBCKOTO H3-
JIy4€HUs COM3MEPUMBI C MEXATOMHBIMU PAaCcCTOSHU-
SIMU B KPHUCTAJUIMYECKUX PEUIETKaX, I0JIydyacMble
pe3yJIbTaThl U3-3a DKpaHUPOBAHMS WJIU pacceuBa-
HHUS U3JIyYEHUs] HEPOBHOCTSAMH MJIM LIEPOXOBATOC-
TSIMU NIOBEPXHOCTU MOTYT OBITh HCKaXXEHBI, 103-
TOMY OJHHM M3 OCHOBHBIX TpeboBaHuii POA sB-
JseTCs UCMOJIb30BaHUE aHAJIU3UPYEMbIX 00pa3LoB
(m3nydaTeseit) ¢ mpenenpHO rIagKoi paboueil moBepx-
HOCTBI0. CaMbIM OTBETCTBEHHBIM 3TANoOM JII000TO,
B TOM YHUCJE PEHTIeHO(IYyOPECIEHTHOT 0, aHAIN3a
sBisieTcs npobomoaroroska [1, 2]. Tak, MUHHMAB-
HOE€ OTHOCUTENbHOE CTaHAapTHOE OTKIOHEeHHE PO A,
paccuuranHoe u3 pacnpenenenus Ilyaccona, cocra-
BisieT okoso 1% [2]; Ho, Kak mpaBuIo, pealbHbIC
pe3yabTaTHl aHAIN3a OTATOIIEHBl HAMHOTO OOJbIIeH
norpemHocTeio. Kpome kadecTBa mpoOOMOATOTOB-
KM, Ha pe3ynbTarsl POA cymiecTBeHHOE BIMSHUE
OKa3bIBAIOT (PU3UUIECKOE COCTOSIHME 00pasia U B3a-
HMOJEUCTBUE KOMIIOHEHTOB aHAJIU3UPYEMOIO Be-
[IECTBA C PEHTTEHOBCKUM H3IyueHHeM (MaTpuu-
ueiit 3ddext) [3]. Crenenb TaKOTO B3aUMOJCHCT-
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