Problems of Forensic Sciences 2009, vol. LXXIX, 255-267

© by the Institute " 1 e,
of Forensic Research  *

ISSN 1230-7483

DETERMINATION OF OPTIMAL ORDER OF PERFORMANCE
OF FINGERPRINT AND SPEECH AND AUDIO ANALYSIS

ON MAGNETIC TAPES

Jerzy BRZOZOWSKI, Mateusz KAJSTURA

Institute of Forensic Research, Krakow, Poland

Abstract

If it is necessary to carry out fingerprint examination and speech and audio or video analysis on the same tape then a decision
should be made as to which procedure should be performed first in order to avoid a loss of important information. The following
experiments were performed within the presented research: analysis of efficiency of fingerprint development on a magnetic tape
by application of standard fingerprint development methods, analysis of the influence of application of these methods on mag-
netic tape features, analysis of effects of friction between reading heads and tape surface on left fingerprints. It was observed that
application of the cyanoacrylate method and contrast agent Ardrox to fingerprint development did not give better results than the
visual method and at the same time could make recording analysis impossible. Fingerprints of insufficient quality, if they are
fresh, can be enhanced by application of latent print powders. Performance of video and especially speech and audio analysis be-
fore fingerprint examination could cause degradation of fingerprints which were left on the magnetic surface of a tape, during
friction (rubbing) of video heads on the magnetic surface of a tape.
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1. Introduction

Magnetic, audio or video tapes are not touched in
general by users as they are enclosed in a cassette.
Nevertheless, there is a lack of established guidelines
concerning how to proceed and in what order if it is
necessary to carry out development and securing of
fingerprints and also speech and audio or video analy-
sis [2]. Methods employed in fingerprint analysis which
are used for smooth, non-absorptive and plastic sur-
faces require application of higher temperature and air
humidity (cyanoacrylate method), chemical agents
(solution of fluorescence dye), water (rinsing off the
dye) or dusts (latent print powders) [3]. These agents
could destroy the surface and make performance of

speech and audio or video analysis impossible [1, 4, 7].
On the other hand, audio and video reproduction appli-
ances are equipped with heads which have direct con-
tact with the magnetic surface of a tape. At the same
time, the non-magnetic surface is in contact with guide
and tension rolls, i.e. it rubs against rolls during move-
ment. Therefore, in theory, performing of speech and
audio or video analysis before fingerprints analysis
could cause wiping off of fingerprints from the tape
surface during rewind and playback. So it is necessary
to determine which analyses and should be performed
and in what sequence in order to avoid evidence de-
struction or at least reduce loss of information re-
corded on a tape.
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The main aim of the research was to establish the
order of analysis of magnetic tapes, i.e. should finger-
print analysis or speech and audio or video analysis be
carried out first. The research encompassed the fol-
lowing steps:

— analysis of efficiency of fingerprint development
agents on a magnetic tape by application of stan-
dard fingerprint development methods;

— analysis of influence of these methods on features
of a magnetic tape;

— analysis of effects of friction between reading
heads and tape surface on quality of left finger-
prints.

2. Materials and methods
2.1. Analysed magnetic tapes

VHS standard magnetic tapes were selected for
analysis because of their convenient width (12.7 mm),
mechanical durability and because it is possible to ana-
lyse changes of both audio and video signals on them.
EMTEC cassettes (model E-180 HOME TV MASTER)
and TDK cassettes (model E-180 TVED) were used in
experiments.

2.2. Evaluation of selection of material for
experiments

Audio tapes were not the subject of research as re-
sults of preliminary research showed that it was diffi-
cult to evaluate the quality of fingerprints left on such
a narrow (3.8 mm) surface as well as changes in their
legibility which occurred under the influence of exter-
nal factors and developing methods [4]. Moreover, it
was concluded that fingerprints with identification
value could only very rarely be found on these tapes,
except situations where such fingerprints were depos-
ited intentionally, i.e. during research. For the same
reasons, micro-cassettes were not the subject of analy-
sis. Moreover, these cassettes have the same width
(3.8 mm) and the same magnetic layer as tapes used in
compact cassettes. They also have a surface that is ap-
proximately half as thick (ca. 0.006 mm in micro-cas-
settes in comparison to ca. 0.012 mm in compact
cassettes). Therefore, they are more susceptible to being
mechanically destroyed, e.g. during planned research.

Use of video tapes in research also has the advan-
tage that recording and playback of sound on the men-
tioned tapes is made in the same way as on audio tapes.
Therefore, results of research carried out on video
tapes could be applied to audio tapes.

There is an important difference between audio and
video tapes from the point of view of (possibility of )
fingerprint analysis. This difference concerns the method
of data playback. An audio tape moves on the surface
of immobile reading heads, whose length is 5—10 mm,
and a typical speed of moving is up to 4.76 cm/s for
compact cassettes. VHS tape moves with a speed of
2.34 cm/s in video cassette recorders and it touches the
surface of immobile voice readings heads and frame
synchronisation heads, as well as three erasing heads.
Moreover, on a section of length approx. 97 mm, it
touches video and audio HiFi heads on a rotary drum.
This drum rotates with a speed of 25 revolutions per
second. Relative speed of movement between tape and
rotating heads is as high as 4.87 m/s [4].

2.3. Methods of fingerprints development applied
in research

A magnetic tape used for audio and video record-
ing is a typical smooth and nonporous surface (polyes-
ter foil coated with polymer lacquer [4]). Therefore,
standard procedures of fingerprint development used
for such surfaces were applied in the research, i.e. opti-
cal methods, cyanoacrylate method with additional ap-
plication of fluorescence dye, and powder method [3].

The optical method is based on the contrast be-
tween the fingerprint and surface, in this case, it is be-
tween matt sweat/grease substance and strongly gloss
smooth type surface.

The cyanoacrylate method supported by applica-
tion of fluorescence dye (Ardrox) for additional con-
trasting allows improvement of quality of left
fingerprints and enhancement of its contrast in relation
to the surface, especially if it is a dark surface. More-
over, the cyanoacrylate dulls the surface, partially
eliminating its gloss and making it easier to take
photos of fingerprints.

Powder methods of fingerprint development are
based on the phenomenon of adhesion observed on the
sticky surface of the substance forming the fingerprint.
Therefore, they are not useful for development of old
and dry fingerprints.

2.4. Equipment and reagents

Observation and photographing of fingerprints
were carried out by application of DCS-3 (Foster and
Freeman) equipped with a Fujifilm Finepix S2 Pro
camera with a Micro Nikkor 55 mm objective and a fo-
rensic light source CrimeLite 4 x 4. This equipment al-
lowed us to make observations in white, blue
(430-470 nm), blue-green (460-510 nm) and green
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(500-550 nm) light. Cyanoacrylate glues (Superglue),
fluorescence dye (Ardrox) and seven different finger-
print development powders were used to develop fin-
gerprints. Fingerprint development by the cyanoacry-
late method was performed in a conditioned chamber
KSX 213 (Stanimex). Moreover, two types of video
cassette recorder were used: Sony, model SLV-SE820
and Panasonic, model NV-HS830.

3. Fingerprints analysis

3.1. Influence of time elapsed on quality
of fingerprints left on magnetic tapes

Fingerprints left by four donors were used in the re-
search — two women and two men. One woman and
one man left fingerprints whose quality was low and
which dried easily. The others left fingerprints of good
quality, i.e. better saturated by sweat/grease substance.
Fingerprints were left on both types of tapes (EMTEC
and TDK) on magnetic and non-magnetic surfaces by
single touching of a tape surface by fingertips. Two
sets of such fingerprints were collected: fresh and after
10 weeks. This allowed us to directly compare fresh
and 10-week old fingerprints in the same conditions,
as well as to observe effects of application of the
cyanoacrylate and Ardrox method (Figure 1).

Fig. 1. Images obtained after fingerprint development on
a magnetic tape: A) fresh; B) developed by application of
cyanoacrylate method; C) developed by application of cyano-
acrylate method with additional contrasting by Ardrox.

A comparison of fingerprints which were not
treated by development methods showed that satura-
tion of fingerprint by sweat/grease substance has cru-

cial importance. Fingerprints left by “good” donors
were as legible after 10 weeks as fresh ones. Finger-
prints left by “bad” donors, which were poorly legible
from the beginning, did not change in a significant
way. The fingerprints survived equally well on both
sides of tape. Taking photos of the smooth magnetic
side caused some technical problems because of strong
reflections.

3.2. Effects of application of cyanoacrylate
method and Ardrox

Application of the cyanoacrylate method had the
same effect on all analysed fingerprints. Cyanoacry-
late matted the tape surfaces, which slightly reduced
the difference in gloss between the sweat/grease sub-
stance and the tape surface. The reagent which precipi-
tated on the fingerprints slightly improved their colour
contrast. The end result was no observed improvement
or deterioration in fingerprints quality.

No significant difference between fresh and
10-week fingerprints was observed at this step of re-
search either. Their starting condition was much more
significant, similarly to the case of fresh marks. The
texture of tapes was slightly changed after application
of cyanoacrylate. They became much rougher and
showed a lower tendency to longitudinal bending,
which made the photographing process easier.

Ardrox application as an additional contrasting
agent did not improve the quality of developed finger-
prints —in fact, it sometimes worsened it because of the
formation of dye stains. In general, fingerprints which
were highly visible and legible from the beginning re-
tained better clarity in comparison to fingerprints
whose quality was low from the beginning. Ardrox ad-
ditionally changed the physical features of magnetic
tapes by making them more flexible and rougher to the
touch.

It should be concluded that application of cyano-
acrylate and Ardrox in the case of magnetic tapes did
not give the required results. The effect of their action
is slight and magnetic tape could not be used after per-
forming of the development process because a cyano-
acrylate layer precipitated on its surface, whose
removal is difficult. Moreover, tape physical features
could be changed as a result of the action of high tem-
perature, humidity or chemical reactions together with
development agents. Possible improvement in quality
of the observed fingerprint can be obtained by photo-
graphing it with application of oblique illumination
with the aim of avoiding reflections, and at the same
time the tape should be taut as this reduces bending.
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3.3. Results obtained by application of fingerprint
powders

Latent print powders are recommended for fresh
fingerprints which retain theirs natural stickiness [6].
Preliminary research carried out on magnetic tapes al-
lowed us to conclude that application of powders
caused their destruction because a strong background
was obtained. That is why research on application of
powder methods in the contrasting of visible traces
was carried out using fresh fingerprints. In the experi-
ments, fingerprints deposited by a man who was
a “bad” donor of sweat/grease substance were used.
Thus, fingerprints left by him were characterised by
relatively low legibility. The following powders were
used in experiments:

— magnetic: black, white and silver;
— non-magnetic: gold, silver, black, Bichromatic and
fluorescent red (Redwop).

The results of the experiment are presented in Fig-
ure 2.

The best effects, in comparison to fresh finger-
prints, were obtained by application of magnetic pow-
ders — as they precipitate on the surface to a minimal

Fig. 2. Effects of application of latent print powders on magnetic tapes: A) silver magnetic; B) black magnetic;
C) white magnetic; D) silver non-magnetic; E) black non-magnetic; F) Bichromatic powder; G) Redwop powder;
H) gold non- magnetic, I) untreated mark.

degree and they very convey fingerprint features at the
same time. White magnetic powder gave the best con-
trast with dark tape surface, but even black powder,
which contrasted least with the tape surface, also gave
good results.

Non-magnetic powders contaminated the back-
ground to a higher degree. The best results were ob-
tained using non-magnetic black powder, but its
colour meant that developed fingerprints contrasted
quite weakly with the tape surface. The worst results
were obtained by application of gold and Redwop
powders. Application of these two powders signifi-
cantly reduced the quality of the developed finger-
prints. It also turned out that observation of
fingerprints developed by Redwop, with application of
fluorescence illumination, gave worse results than ob-
serving them in white light. This was due to the bright
shining of the fingerprints background.

It could be concluded that the effects of application
of powders to fingerprint development were signifi-
cantly better than the effects of application of the
cyanoacrylate method on condition that the studied
fingerprints were fresh.

|
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4. Interactions between fingerprint analysis
and audio or video analysis in the case
of magnetic tapes examination

4.1. Analysis of the influence of the heads
of a video cassette recorder on magnetic tape
surface contamination

Firstly, before performing the main experiments,
the spreading of contamination on a tape surface dur-
ing heads friction was studied. To this end, marks
made using two different permanent markers were left
on the magnetic surface of a TDK tape and a cycle of
playback and rewind of a tape was repeated five times.
The tape was photographed after each cycle with the
aim of documenting observed changes. Slanted and
parallel scratches on analysed traces, made by abra-
sion of covering material, were observed just after the
first cycle of playback and rewind of the tape. Their
angle in relation to the tape edge corresponded to the
direction of video heads movement, i.e. 6°. It was as-
certained that the intensity of observed scratches in-
creased after each successive cycle of playback and
rewind of tape and there was a movement of pigment
particles outside the area of tested marks (Figure 3).

Fig. 3. Effects of rubbing of video cassette recorder heads on
the surface of a magnetic a tape: A) wearing away of marks
made by permanent markers after a first cycle of playback
and rewind of tape; B) wearing away of marks made by per-
manent markers after five cycles of playback and rewind of
a tape. White arrow shows direction of spread of marker sub-
stance beyond test mark area. Black arrows show course of
lines obtained during wearing away of marks made by per-
manent markers.

In the next stage of the performed research, the in-
fluence of video cassette recorder heads on durability
of un-developed fingerprints left on VHS tapes during
playback was analysed. EMTEC and TDK tapes were
used in the experiments. Two men left fingerprints of
all fingers by impressing each fingertip once on the
magnetic surface of tapes, i.e. the surface which is di-
rectly subject to contact with rolls and heads. During
experiments, a test recording with left fingerprints was
played back and then the tape was rewound to the be-
ginning. The review playback function was used.
Therefore, the tape had contact with all the video cas-
sette recorder rolls and heads during the playback and
rewinding process. The video cassette recorder heads
were cleaned after the end of each experiment with the
aim of removing their potential contaminations.

Tape was analysed after the first, fifth, tenth and
fifteenth performed cycle of playback and rewind of
the tape (Figure 4). It was observed that most of the
fingerprints were seriously damaged after five cycles.
Only individual fingerprints, probably those having
lots of grease substance, survived in a relatively un-
changed state till the end of the experiment. Moreover,
progressive destruction of the magnetic surface of the
tape was observed in the form of scratches made by
friction between the video cassette recorder heads and
the tape surface and bends caused by removing tapes
from a cassette with the aim of analysing them.

Therefore, in the second experiment, an analysis of
the state of fingerprints on the tape was made after per-
forming each of five cycles without removing the tape
from the cassette with the aim of taking photographs.
The cassette was only opened and the interlock was
blocked (Figure 5).

It was observed that most fingerprints were seri-
ously damaged after the first cycle and that most fin-
gerprints disappeared to a significant degree after five
cycles. Nevertheless, a fingerprint sporadically sur-
vived in a good condition after five cycles. No correla-
tion between initial fingerprints quality and their
resistance to the abrasion process was observed. More-
over, it was not observed that any of analysed tapes
had a better surface for leaving fingerprints. Oblique
illumination allowed obtaining of better quality of
photographs.

4.2. Analysis of the influence of the presence
of contamination on a tape surface on video
image quality

Analysis of the influence of tape contamination by
sweat/grease substance on test audio and video signal
recorded on it was the next stage of the performed re-
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Fig. 4. Effects of abrasion of non-developed fingerprint by
video cassette recorder reading and writing heads: A) finger-
print appearance before playback of recording; B) finger-
print appearance after five cycles of playback and rewind of
atape; C) fingerprint appearance after ten cycles of playback
and rewind of a tape; D) fingerprint appearance after fifteen
cycles of playback and rewind of a tape.

search. Preliminary research allowed us to conclude
that a fresh sweat/grease fingerprint left on audio mag-
netic tape caused limited distortion of recorded sound,
i.e. it was not outside the acceptable level of distortion
resulting from the structure of the tape and instability
of movement. Similar observations were made for
sound recorded along the edge of a VHS tape.

The test pattern in the form of eight vertical strips
in various colours was recorded on both analysed tapes
with the aim of making it possible to evaluate the influ-
ence of contamination on recorded video signal. Next,
two men left their fingerprints on the magnetic surface
of the tape and after several minutes a cycle of play-

Fig. 5. Effects of abrasion of non-developed fingerprint by
video cassette recorder reading and writing heads: A) finger-
print appearance before playback of recording; B) finger-
print appearance after first cycle of playback and rewind of
a tape; C) fingerprint appearance after five cycles of play-
back and rewind of a tape.

back and rewind (with the review playback function)
was performed. The cycle was performed five times.
At the same time, a digital copy of the playback video
was made. This allowed us to document the observed
interferences. It was observed that the sweat/grease
substance causes the occurrence of horizontal interfer-
ences which moved from the top to the bottom of the
picture. This was as expected, as it resulted from the
structure of the data record on the magnetic tape [4]. It
was also observed that the most serious interferences
occurred after the first cycle. An improvement of video
quality was observed after performing the next cycles.
This was an effect of the spread of contaminations by
heads.

Application of magnetic latent print powders
caused strong interferences on picture of test pattern,
sometimes including loss of synchronisation, after the
performing of the first cycle. The performing of suc-
cessive cycles of playback and rewind of a tape wiped
off excess powder from the tape. This caused, firstly,
cleaning of fingerprint background and next disap-
pearance of the fingerprint itself after three cycles

Problems of Forensic Sciences 2009, vol. LXXIX, 255-267
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A

Fig. 6. Effects of abrasion of contaminations from tape sur-
face by video cassette recorder reading and writing heads:
A) a control image from a tape without contamination;
B) a control image from a tape with left fingerprints, which
were developed using powder, after first playback of record-
ing; C) a control image from a tape covered with left finger-
prints, which were developed by powder, after the fourth
recording playback.

(Figure 6). After that, contaminations present on the
tape surface were removed by application of n-hexane
and the tape was dried. This procedure caused a signif-
icant improvement in recorded signal and observed in-
terferences were similar to these observed after the
fifth cycle of playback and rewind of tape on which
fresh fingerprints were left. No damage of signal re-
corded on the tape was observed when small amounts
of magnetic powder were applied with a magnetic
brush [5]. Washing off of powder with n-hexane
allowed us to almost completely restore the original
recording quality.

Serious damage to the magnetic recording was ob-
served only after application of a strong magnet in the

experiment. This magnet, much stronger than the mag-
net which forms part of the magnetic brush, was
moved directly on the magnetic surface of the tape.

The influence of using the cyanoacrylate method to
develop fingerprints on audio-visual quality was not
analysed, as due to application of this method, a layer
of cyanoacrylate is deposited on the tape surface, of
thickness comparable to that of the tape itself. This
layer is resistant to abrasion (wearing away), and may
damage video cassette recorder rolls and heads, espe-
cially those video heads mounted on a rotary drum.
Nevertheless, it should be concluded that in such
cases, significant so-called contact losses would be ob-
served and this could cause a total signal disappear-
ance. This is because of moving away of the magnetic
layer of the tape from heads caused by the presence of
the additional layer of cyanoacrylate.

5. Summary of performed research

The results of the research may be summarised as
follows:

— legibility of fingerprints left on a magnetic tape de-
pends mainly on fingerprint saturation by
sweat/grease substance;

— durability of fingerprints left on a magnetic tape is
high. Fingerprints can survive several weeks with-
out significant changes;

— both fresh and old fingerprints should be developed
by application of optical (visual) methods. Finger-
prints should be observed with application of
oblique illumination because of strong tape gloss;

— the cyanoacrylate method is not as effective as
might be expected. Therefore, it is not proposed
that it should be used in practice, especially since
cyanoacrylate present on a tape surface could de-
stroy the heads of the video player;

— powder methods gave good results in the case of
fresh fingerprints, but they are not recommended in
the case of old fingerprints;

— fingerprints left on the magnetic side of a tape are
smudged and wiped by heads of a video/audio
player by the friction (abrasion) on the tape sur-
face;

— areduction of quality of most fingerprints was ob-
served after the first recording playback. Neverthe-
less, it was observed, in sporadic cases, that
fingerprints could survive up to fifteen playbacks;

— all surface contaminations cause local interference
to the audio/video signal. This concerns both
sweat/grease substance and latent print powders;
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— the latent print powders can be washed off by appli-
cation of n-hexane without damaging the record-
ing;

— frequent playback of a recording damages the tape
surface (scratches are made). Nevertheless, con-
tamination and bends of a tape have a much more
significant influence on signal quality. Therefore,
it is suggested that all contaminations are removed
before analysis of a recording and any handling of
the tape should be done very carefully in order not
to bend it.

6. Conclusions

Results of performed research suggest that if it is
necessary to perform fingerprints development and
speech and audio or video analysis on the same tape,
then fingerprint analysis should be performed first.
The following procedure is proposed:

— open cassette and make a visual analysis of the tape
when rewinding by hand with released interlock.
Observed fingerprints should be documented by
taking suitable photos with application of top or
oblique illumination (strong, white light);

— if a tape surface is not significantly scratched and
fingerprints do not reveal features of ageing then
they could be developed by application of develop-
ing powders. Developed and photographed finger-
prints could be copied onto fingerprints collection
foil;

— close the cassette;

— make a copy of the recording for future analysis
purposes;

— if contaminations made by sweat/grease substance
or latent print powder interfere with obtaining data
that is important for analysis of the recording, then
they should be removed from the tape surface.
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USTALANIE OPTYMALNEJ KOLEJNOSCI PROWADZENIA BADAN
DAKTYLOSKOPIJNYCH I ANALIZY NAGRANIA NA TASMACH

MAGNETYCZNYCH

1. Wstep

Tasma magnetyczna, magnetofonowa lub magneto-
widowa z reguty nie jest dotykana gotymi rekami, ponie-
waz jest zamknigta w kasecie. Niemniej w przypadku,
kiedy pojawia si¢ kwestia zbadania tasmy zaroéwno pod
katem ujawnienia i zabezpieczenia $ladow daktylosko-
pijnych, jak i analizy nagrania, powstaje problem
zwiazany z brakiem ustalonych procedur postgpowania
i kolejnosci wykonywania badan [2]. Uzywane w dakty-
loskopii metody ujawniajace, stosowane dla podlozy
gtadkich, niechtonnych, wykonanych z tworzywa sztucz-
nego, wymagaja poddawania podtoza dziataniu podwyz-
szonej temperatury 1 duzej wilgotnoSci powietrza
(metoda cyjanoakrylowa), $rodkow chemicznych (roz-
twor barwnika fluorescencyjnego), wody (splukiwanie
barwnika fluorescencyjnego) badz tez pytow (proszki
daktyloskopijne) [3]. Czynniki te groza zniszczeniem
podtoza i uniemozliwieniem wykonania w nast¢pne;j ko-
lejnosci badan fonoskopijnych [1, 4, 7]. Z drugiej strony
w urzadzeniach odtwarzajacych obraz i dzwigk pracuja
glowice majace bezposredni kontakt z powierzchnia ma-
gnetyczng ta§my, za$ strona niemagnetyczna styka si¢
w kasecie z rolkami napgdzajacymi oraz napinajacymi
i trze o nie podczas ruchu. Teoretycznie zatem wykona-
nie badan fonoskopijnych przed daktyloskopijnymi moze
spowodowaé starcie $ladéw linii papilarnych z po-
wierzchni odtwarzanej i przewijanej tasmy. Nalezy za-
tem rozstrzygna¢ kwestig, jakie badania i w jakiej ko-
lejnosci nalezy przeprowadzic¢, aby unikna¢ zniszczenia
dowodu albo przynajmniej ograniczy¢ straty informacji
na nim zapisane;j.

Gloéwnym celem byto ustalenie kolejnosci przepro-
wadzenia badan daktyloskopijnych i analizy nagrania na
jednym nos$niku. Realizacja tego celu sktadata si¢ z zadan
czastkowych:

— sprawdzenia skutecznosci ujawniania sladow dakty-
loskopijnych na tasmie magnetycznej przy uzyciu
standardowych metod daktyloskopijnych;

— ustalenia wplywu zastosowania tych metod na wtas-
ciwosci taSmy magnetycznej;

— zbadania efektow tarcia gtowic odtwarzajacych o po-
wierzchni¢ taSmy na naniesione $lady daktylosko-
pijne.

2. Materialy i metody
2.1. Materiat badawczy

Do badan wybrano tasmy magnetowidowe o stan-
dardzie VHS ze wzgledu na dogodna ich szeroko$¢
(12,7 mm), wytrzymato§¢ mechaniczng oraz mozliwos¢
obserwacji zmian sygnatu zaro6wno audio, jak i wideo.
W eksperymentach wykorzystano kasety marki EMTEC
model E-180 HOME TV MASTER oraz marki TDK
model E-180 TVED.

2.2. Uzasadnienie doboru materiatu do badan

Odstapiono od pierwotnie planowanych eksperymen-
tow na tasmach magnetofonowych, jako ze ze wstepnych
badan wynikato, iz trudno jest ocenié¢ jakos¢ sladow dak-
tyloskopijnych pozostawionych na tak waskim podtozu
(3,8 mm) oraz zmiany ich czytelnosci zachodzace pod
wplywem czynnikow zewngtrznych, jak rowniez metod
ujawniajacych [4]. Ponadto stwierdzono, ze w przypad-
kach nieintencjonalnego dotykania tasm magnetofono-
wych niezwykle rzadko zdarzaja si¢ $lady majace war-
to$¢ identyfikacyjna. Z tego samego powodu nie zajmo-
wano si¢ tasmami z mikrokaset, ktore maja taka sama
szerokos$¢ nosnika (3,8 mm) i analogiczng warstweg mag-
netyczna jak tasmy wykorzystywane w kasetach kom-
paktowych, natomiast maja w przyblizeniu dwukrotnie
ciensza warstwe podtoza (okoto 0,006 mm w poréwnaniu
do okoto 0,012 mm dla kaset kompaktowych). Sa tym sa-
mym bardziej narazone na mechaniczne uszkodzenia,
jakie mogtyby powstaé podczas planowanych badan.

Uzycie w doswiadczeniach tasSm magnetowidowych
mialo jeszcze t¢ zaletg, ze zapis i odtwarzanie dzwigku na
wspomnianych nosnikach wykonuje si¢ w podobny spo-
sob jak na tasmach magnetofonowych, a zatem wyniki
doswiadczen na tych pierwszych mozna przenies¢ na te
drugie.

Z punktu widzenia mozliwo$ci analizowania §ladéw
daktyloskopijnych istotna réznica pomigdzy tasmami
magnetofonowymi a magnetowidowymi wynika ze spo-
sobu odczytywania danych. W przypadku magnetofo-
néw tasma przesuwa si¢ po powierzchni nieruchome;j
glowicy odczytujacej, ktorej dlugos¢ wynosi 5—10 mm,
a typowa predko$é przesuwu dla kaset kompaktowych to
4,76 cm/s. W magnetowidach o standardzie VHS tasma
przesuwa si¢ z predkoscia 2,34 cm/s, dotykajac po-
wierzchni nieruchomych: glowicy odtwarzajacej dzwigk
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oraz glowicy kodu synchronizacji poszczegdlnych klatek
obrazu, a takze trzech gtowic kasujacych. Ponadto na od-
cinku okoto 97 mm styka si¢ z wirujacym bgbnem zes-
polu glowic odtwarzajacych obraz i ewentualnie
dodatkowo dzwigk hi-fi. Bgben ten obraca si¢ z predko-
$cia 25 obr./s. Wzgledna predkos¢ przesuwu pomigdzy
tadma a wirujacymi glowicami wynosi az 4,87 m/s [4].

2.3. Metody ujawniania §ladow linii papilarnych za-
stosowane w badaniach

Tasma magnetyczna uzywana do zapisu dzwieku
i obrazu jest typowym gladkim podtozem niechtonnym
(folia poliestrowa pokryta lakierem polimerowym [4]),
zatem do eksperymentow uzyto metod standardowo sto-
sowanych do badan takich podtozy, tj. metody optycznej,
metody cyjanoakrylowej z dodatkowym kontrastowa-
niem barwnikiem fluorescencyjnym oraz metody prosz-
kowej [3].

Metoda optyczna wykorzystuje kontrast pomigdzy
$ladem a podtozem, w tym przypadku pomigdzy matowa
substancja potowo-tluszczows a silnie potyskujaca, glad-
ka powierzchnia tasmy.

Metoda cyjanoakrylowa wspomagana kontrastowa-
niem z zastosowaniem barwnika fluorescencyjnego Ar-
drox pozwala poprawi¢ jako$¢ pozostawionych §ladow
i zwigkszy¢ ich kontrast z podtozem, zwlaszcza podto-
zem o ciemnej barwie. Dodatkowo cyjanoakrylan mato-
wi podloze, czgsciowo eliminujac jego potysk, co w nie-
ktorych przypadkach utatwia sfotografowanie §ladow.

W metodach z uzyciem proszkow daktyloskopijnych
wykorzystuje si¢ zjawisko adhezji na lepkiej powierzchni
substancji tworzacej §lad. Z tego powodu nie nadaja si¢
do one ujawniania $ladow starych i wyschnigtych.

2.4. Aparatura i odczynniki

Do obserwacji i utrwalania fotograficznego $ladow
linii papilarnych uzyto stacji roboczej DCS-3 firmy Fos-
ter and Freeman wyposazonej w aparat Fujifilm Finepix
S2 Pro z obiektywem Micro Nikkor 55 mm oraz o$wie-
tlacz diodowy CrimeLite 4 x 4 pozwalajacy na obserwacj¢
obiektow w $wietle biatym, niebieskim (430-470 nm),
niebieskozielonym (460-510 nm) i zielonym (500—
550 nm). Do ujawniania §ladéw daktyloskopijnych wy-
korzystano klej cyjanoakrylowy Superglue, barwnik fluo-
rescencyjny Ardrox oraz siedem roéznych proszkéw dak-
tyloskopijnych. Ujawnianie $ladoéw metoda cyjanoakry-
lowa prowadzone byto w komorze klimatyzowanej typu
KSX 213 firmy Stanimex. Ponadto korzystano z dwoch
rodzajéw magnetowidow: marki Sony, model SLV-SE820
oraz marki Panasonic, model NV-HS830.

3. Badania daktyloskopijne

3.1. Wplyw czasu na jako$¢ $ladow linii papilarnych
naniesionych na taSmy magnetyczne

W doswiadczeniu wykorzystano $lady pozostawione
przez czworo donoréw — dwie kobiety i dwoch mezczyzn.
Jedna kobieta i jeden mgzczyzna pozostawiali §lady gor-
szej jakosci 1 tatwo wysychajace, natomiast pozostate
dwie osoby pozostawiaty $lady dobrej jakosci, bardziej
wysycone substancja potowo-tluszczowa. Slady byty po-
zostawione na obu typach tasm (EMTEC i TDK) za-
roéwno po stronie magnetycznej, jak i niemagnetycznej
poprzez jednokrotne dotknigcie powierzchni opuszka
kazdego palca. Zebrano dwie serie takich $ladow w od-
stepie dziesigciu tygodni. Uzyskano w ten sposob mozli-
wos¢ bezposredniego poréwnania w tych samych
warunkach $ladow $wiezych i dziesigciotygodniowych,
jak rowniez mozliwos¢ obserwacji efektow stosowania
na nich metody cyjanoakrylowej oraz Ardroxu (rycina 1).

Porownanie $ladow niepoddanych dziataniom ujaw-
niajacym wykazato, ze kluczowe jest wysycenie §ladu
substancjami potowo-thuszczowymi. Slady pozostawiane
przez ,,dobrych” donoréw pozostawaly po dziesigciu ty-
godniach rownie czytelne, jak $wieze. Slady pozostawia-
ne przez ,,ztych” donoréw, od poczatku stabo czytelne,
nie zmienialy si¢ w wyrazny sposob. Na obu stronach
tasm §lady zachowywaty si¢ jednakowo dobrze. Foto-
grafowanie gladkiej, magnetycznej strony, nastrgczato
natomiast pewnych trudnosci technicznych z powodu
silnych odblaskow.

3.2. Efekty stosowania metody cyjanoakrylowej
1 Ardroxu

Zastosowanie metody cyjanoakrylowej w jednakowy
sposob wptyneto na wszystkie badane $lady. Cyjanoak-
rylan zmatowil powierzchnie tasm, przez co trochg zni-
welowana zostata roznica potyskliwosci pomigdzy sub-
stancja potowo-tluszczowa a podtozem. Odczynnik, osa-
dzajac si¢ na $ladach, poprawit nieznacznie ich kontrast
barwny. W efekcie koncowym nie zaobserwowano ani
poprawy, ani pogorszenia jakos$ci obserwowanych §la-
dow.

Réwniez na tym etapie do$wiadczenia nie stwier-
dzono istotnych roznic pomigdzy $ladami Swiezymi
i dziesigciotygodniowymi. O wiele istotniejsza byla ich
pierwotna jakos¢, podobnie jak w przypadku $ladow su-
rowych. W efekcie zastosowania cyjanoakrylanu zmie-
nita si¢ nieco faktura tasm. Staly si¢ one bardziej szorst-
kie i wykazywaty mniejsza tendencje¢ do podtuznego wy-
ginania sig, co ulatwito ich fotografowanie.

Zastosowanie Ardroxu jako dodatkowego srodka
kontrastujacego nie poprawito jakosci ujawnianych $la-
dow, a wrecz miejscami ja pogorszyto z powodu utwo-
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rzenia si¢ plam barwnika. Dodatkowo z powodu $wie-
cenia tta spadta kontrastowo$¢ §ladow. Generalnie $lady
uprzednio dobrze widoczne i czytelne zachowaty lepsza
wyrazistos¢ w pordwnaniu ze $ladami od poczatku sta-
bymi. Ardrox dodatkowo zmienit wlasciwosci fizyczne
tasm, czyniac je bardziej gigtkimi i bardziej szorstkimi
w dotyku.

Podsumowujac, nalezy stwierdzi¢, ze stosowanie cy-
janoakrylanu i Ardroxu w przypadku ta§m magnetycz-
nych nie daje pozadanych skutkow. Efekt dziatania jest
znikomy, za$ po wykonaniu badania ujawniajacego tas-
ma magnetyczna moze nie nadawac si¢ do uzytku z po-
wodu osadzenia na niej trudnej do usunigcia warstwy
cyjanoakrylanu lub tez zmian jej fizycznych wlasciwosci
w wyniku dziatania wysokiej temperatury, wilgoci lub
reakcji chemicznych ze Srodkami ujawniajacymi. Ewen-
tualna poprawe jakos$ci zaobserwowanego $ladu daktylo-
skopijnego mozna otrzymacé przede wszystkim przez sfo-
tografowanie go przy bocznym oswietleniu, aby uniknaé
odblaskow, przy czym ta§ma powinna by¢ napigta, aby
zniwelowacé jej wygigcie.

3.3. Wyniki uzyskane po zastosowaniu metod
proszkowych

Metody proszkowe sa zalecane do ujawniania $ladow
$wiezych, zachowujacych naturalng lepkos¢ [6]. We wstep-
nych badaniach taSm magnetycznych stwierdzono, ze
proby kontrastowania proszkami $ladow starych prowa-
dzity do ich zniszczenia w wyniku powstania silnego tta.
Dlatego badania nad efektami dziatania metod proszko-
wych celem skontrastowania widocznego $ladu zostaly
przeprowadzone na $ladach §wiezych. Do eksperymentu
wykorzystano §lady pozostawione przez jednego mez-
czyzng, ktory byl ,,ztym” donorem substancji potowo-
thuszczowej, a w zwiazku z tym pozostawiane przez nie-
go $lady charakteryzowaly sig relatywnie staba czytelnos-
cia. W doswiadczeniu zastosowano nastgpujace proszki:

— magnetyczne: czarny, bialy i srebrny;
— niemagnetyczne: zloty, srebrny, czarny, Bichromatic
oraz czerwony fluorescencyjny Redwop.

Rezultaty doswiadczenia przedstawiono na rycinie 2.

W poréwnaniu ze $ladami surowymi najlepsze efekty
uzyskano w wyniku zastosowania proszkéw magnetycz-
nych — w minimalnym stopniu osadzaty si¢ na podtozu,
za$ bardzo wiernie oddawaty cechy $ladu. Najlepiej kon-
trastowat z ciemna barwa podtoza bialy proszek magne-
tyczny, ale 1 czarny, najmniej odcinajacy si¢ od tta, dawat
dobre rezultaty.

Proszki niemagnetyczne w wigkszym stopniu zanie-
czyszczaty tto. Z nich najlepsze efekty dat czarny proszek
niemagnetyczny, cho¢ jego barwa powodowala, ze ujaw-
nione nim $lady dosy¢ stabo odcinaty si¢ od podioza.
Najgorsze byly wyniki uzyskane po zastosowaniu
proszku zlotego i Redwop. Uzycie tych dwoch proszkow

wrgez pogarszato jako$¢ ujawnianych nimi sladéw. Oka-
zalo si¢ przy tym, ze obserwacja fluorescencji $ladow
ujawnionych przy pomocy proszku Redwop daje jeszcze
gorsze efekty niz ogledziny w biatym $wietle z powodu
silnego $§wiecenia tta §sladow.

Podsumowujac, mozna stwierdzi¢, ze efekty stosowa-
nia proszkéw do ujawniania $ladow daktyloskopijnych
byly znacznie lepsze niz efekty stosowania metody cy-
janoakrylowej, pod warunkiem jednak, ze badane $lady
byly $wieze.

4. Interakcje pomiedzy badaniami
daktyloskopijnymi a analiza nagrania
w przypadku tasm magnetycznych

4.1. Badanie oddziatywania glowic magnetowidu
na zanieczyszczenia powierzchni tasmy
magnetycznej

Na wstepie, przed przystapieniem do wiasciwych eks-
perymentow, zbadano roznoszenie si¢ zanieczyszczen na
powierzchni taSmy w wyniku tarcia glowicy. W tym celu
na warstwie magnetycznej tasmy TDK wykonano $lady
dwoma réznymi pisakami do folii i pigciokrotnie po-
wtorzono cykl odtwarzania oraz przewijania tasmy, do-
kumentujac fotograficznie stan wykonanych pisakami
oznaczen po kazdym cyklu. Juz po pierwszym odtwo-
rzeniu i przewinigciu taSmy zaobserwowano pojawienie
si¢ ukos$nych, réwnolegtych zarysowan na testowych
znacznikach, wynikajacych ze $cierania si¢ materiatu
kryjacego. Kat ich nachylenia wzglgdem krawedzi tasmy
odpowiadat kierunkowi ruchu glowic wizyjnych (6°).
Stwierdzono, ze z kazdym powtorzeniem cyklu wzrastata
intensywno$¢ obserwowanych zarysowan i nast¢gpowato
przenoszenie czastek pigmentu poza obszar $ladow tes-
towych (rycina 3).

Kolejnym etapem badan byto ustalenie wptywu glo-
wic magnetowidu na trwato$¢ nieutrwalonych $ladow
daktyloskopijnych pozostawionych na tasmach VHS
podczas ich odtwarzania. W do$wiadczeniach wykorzy-
stano taSmy EMTEC i TDK. Na ich powierzchni magne-
tycznej, bezposrednio narazonej na kontakt z glowica,
dwoch mezczyzn pozostawito serie §ladow daktylosko-
pijnych poprzez jednorazowe odcisnigcie opuszek kaz-
dego palca po kolei. Podczas eksperymentow odtwarza-
no testowe nagranie z naniesionymi odciskami palcow,
a po jego zakonczeniu przewijano tasme¢ ponownie do
poczatku zapisu, wykorzystujac przy tym funkcj¢ pod-
gladu. Tym samym zaréwno podczas odtwarzania, jak
i przewijania, tasma miata ciagly kontakt z wszystkimi
glowicami magnetowidu. Po zakonczeniu kazdego eks-
perymentu czyszczono glowice magnetowidu, aby usu-
na¢ z nich ewentualne zanieczyszczenia.
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W pierwszym eksperymencie dokonywano przegladu
tasm natychmiast po pozostawieniu $ladow linii papilar-
nych oraz po pigciu, dziesigciu i pigtnastu cyklach od-
twarzania nagrania i przewijania taSmy wstecz (rycina 4).
Stwierdzono, ze wigkszo$¢ $ladow ulega szybkiej de-
strukcji juz po pigciu cyklach przewijania, za$ tylko po-
jedyncze, prawdopodobnie zawierajace duzo substancji
thuszczowych, przetrwaty w mato zmienionym stanie do
konca cyklu. W dodatku zauwazono postepujaca destruk-
cje nos$nika magnetycznego tasmy przejawiajaca si¢
W postaci zarysowan wywotanych przez tarcie glowicy
magnetowidu o powierzchnig tasmy i zataman spowodo-
wanych wyjmowaniem tasmy z kasety celem obserwacji.

W drugim eksperymencie prowadzono ogledziny sta-
nu $ladow daktyloskopijnych po kazdym przewinigciu
tasm przez pig¢ cykli, przy czym zaprzestano wyjmowa-
nia tasm z kasety celem sfotografowania, poprzestajac je-
dynie na jej otwarciu i zablokowaniu wieka (rycina 5).

Stwierdzono w efekcie, ze juz pierwsze przewinigcie
w wielu przypadkach mocno $cierato $lady, zas po pigciu
przewinigciach zdecydowana wigkszo$¢ sladow w znacz-
nym stopniu zanikata. Tym niemniej zdarzaty si¢ przy-
padki §ladoéw, ktore w dobrym stanie przetrwaty pigé cy-
kli przewijania. Nie zaobserwowano korelacji pomigdzy
poczatkowa jakoscia Sladow a ich odpornoscia na $ciera-
nie, nie stwierdzono tez, by ktéras z badanych tasm byla
lepszym podtozem dla $sladow. Podczas tworzenia do-
kumentacji fotograficznej najlepsza czytelnos¢ sladow
uzyskano, stosujac o§wietlenie boczne.

4.2. Badanie wptywu obecno$ci zanieczyszczen
powierzchni tasmy na jako$¢ obrazu wideo

Nastgpnym etapem badan byto ustalenie wptywu za-
nieczyszczen tasmy substancja potowo-tluszczowa na
zarejestrowany na niej testowy dzwigk 1 obraz. Na wsteg-
pie stwierdzono, ze §wiezy potowo-tluszczowy odcisk
palca pozostawiony na tasmie magnetofonowej powodu-
je znikome znieksztatcenia zarejestrowanego dzwigku,
ktére nie odbiegaja od dopuszczalnych znieksztalcen wy-
nikajacych z budowy tasmy i niestabilnosci jej przesuwu.
Podobnie byto z dzwigkiem zapisanym wzdtuz krawedzi
taSmy magnetowidowej VHS.

Aby moc obserwowa¢ wplyw zanieczyszczen na za-
rejestrowany obraz, na obydwu badanych ta§mach ma-
gnetowidowych nagrano obraz kontrolny w postaci 0$-
miu pionowych pasoéw o réznych barwach. Nastgpnie na
powierzchnig warstwy magnetycznej naniesiono odciski
palcow dwoch mezezyzn i po kilku minutach rozpoczgto
cykl odtwarzania i przewijania ta§my z powrotem do
poczatku nagrania z funkcja podgladu. Cykl ten powto-
rzono pigciokrotnie. Roéwnoczesnie wykonywano cyfro-
wa kopi¢ odtwarzanego obrazu, co pozwolito na udo-
kumentowanie obserwowanych zaklocen. Stwierdzono,
ze substancja potowo-tluszczowa powoduje powstawa-

nie poziomych zaklocen przemieszczajacych si¢ od gory
do dotu obrazu, co byto zgodne z oczekiwaniami wyni-
kajacymi ze struktury zapisu danych na tasmie magne-
towidowej [4]. Zaobserwowano réwniez, iz najwigksze
zaklocenia wystgpowaly przy pierwszym odtworzeniu.
W kolejnych cyklach nastgpowata poprawa jakos$ci obra-
Zu zwigzana z roznoszeniem zanieczyszczen przez glo-
wice.

Po powtorzeniu eksperymentu ze $ladami ujawniony-
mi za pomoca magnetycznych proszkéw daktyloskopij-
nych juz przy pierwszym odtworzeniu stwierdzono
bardzo silne zaklocenia obrazu kontrolnego z zanikiem
synchronizacji wlacznie. W nastgpnych cyklach odtwa-
rzania i przewijania glowice magnetowidu $cieraty nad-
miar proszku z tasmy, co spowodowalo najpierw
oczyszczenie tla §ladu, a potem zanik samego $ladu juz
po trzech cyklach (rycina 6). Nastgpnie za pomoca n-hek-
sanu zmyto zanieczyszczenia z powierzchni tasmy i po
jej wysuszeniu oraz odtworzeniu stwierdzono, ze zare-
jestrowany sygnat poprawit si¢ znaczaco, a zaktocenia
byly porownywalne z tymi, jakie wystgpowaly przy
piatym odtworzeniu nagrania z naniesionymi $wiezymi
odciskami palcow. Ustalono réowniez, ze nanoszenie
proszku magnetycznego w niewielkich ilo$ciach za po-
moca pedzla magnetycznego nie powodowalo zniszcze-
nia zapisanego na tasmie sygnatu [5]. Zmycie proszku
n-heksanem pozwalato na niemal catkowite przywroce-
nie pierwotnej jakos$ci nagrania.

Uszkodzenie zapisu magnetycznego zaobserwowano
dopiero po eksperymentalnym uzyciu magnesu o wicle
silniejszego niz ten, ktory stanowi czg¢$¢ pedzla magne-
tycznego i jego przesuwie bezposrednio po powierzchni
magnetycznej strony tasmy.

Odstapiono od testowania wpltywu ujawniania §la-
dow metoda cyjanoakrylowa na jakos$¢ sygnatu audiowi-
zualnego, jako ze w wyniku stosowania tej metody na
powierzchni no$nika odktada si¢ warstwa cyjanoakry-
lanu o grubo$ci porownywalnej z grubo$cia samej tasmy,
odporna na $cieranie, ktéra moze uszkodzi¢ glowice mag-
netowidu, w szczeg6lnosci zamocowane na wirujacym
bebnie glowice wizyjne. Nalezy jednak stwierdzié, ze
w takim przypadku, ze wzgledu na znaczne odsunigcie
warstwy magnetycznej tasmy od gtowic wynikajace z do-
datkowej warstwy cyjanoakrylanu, nastapilyby bardzo
duze tzw. straty kontaktowe prowadzace do catkowitego
zaniku sygnatu.

5. Podsumowanie badan

Rezultaty przeprowadzonych badan mozna podsumo-
waé nastepujaco:
— Czytelnos¢ sladow daktyloskopijnych pozostawionych
na tasmie magnetycznej zalezy przede wszystkim od
nasycenia $ladu substancjami thuszczowymi;
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— trwalo$¢ $sladow daktyloskopijnych pozostawionych
na ta$mie magnetycznej jest wysoka. Slady moga
przetrwac bez wigkszych zmian przez wiele tygodni;

— do ujawniania zaré6wno §wiezych, jak i starych $la-
dow daktyloskopijnych, nalezy stosowaé metody op-

je proszkami daktyloskopijnymi. Ujawnione i sfoto-
grafowane $lady zdja¢ na foli¢ daktyloskopijna;

— zamkna¢ kasete;

— wykona¢ kopi¢ nagrania do celéw jego analizy;

— jezeli zanieczyszczenia substancja potowo-ttuszczo-

tyczne. Z uwagi na silny polysk tasm, najlepiej pro-
wadzi¢ obserwacj¢ $ladow przy oswietleniu bocz-
nym;

wa lub proszkami daktyloskopijnymi przeszkadzaja
w uzyskaniu istotnych dla analizy nagrania danych,
nalezy je usunac z powierzchni no$nika w catosci.

— metoda cyjanoakrylowa nie jest na tyle efektywna, by
warto ja stosowac, a potraktowane cyjanoakrylanem
taSmy moga uszkodzi¢ glowicg urzadzenia odtwa-
rzajacego;

— metody proszkowe przynosza dobre efekty w przy-
padku $wiezych $ladow, natomiast nie sa zalecane
w przypadku $ladow starych;

— $lady daktyloskopijne pozostawione na stronie mag-
netycznej tasmy sa rozmazywane i wycierane przez
glowice urzadzenia odtwarzajacego poprzez tarcie
o powierzchnig nosnika;

— dla wigkszosci $ladow pogorszenie ich jakosci za-
uwazalne jest juz po pierwszym odtworzeniu nagra-
nia, jednak w sporadycznych przypadkach §lady dak-
tyloskopijne sa w stanie przetrwa¢ nawet pigtnascie
odtworzen;

— wszelkie zanieczyszczenia powierzchni tasmy powo-
duja lokalne zaktocenia sygnatu audiowizyjnego. Do-
tyczy to substancji potowo-tluszczowej, jak tez prosz-
kéw daktyloskopijnych;

— proszki daktyloskopijne mozna zmy¢ n-heksanem
bez szkody dla nagrania;

— wielokrotne odtwarzanie nagrania uszkadza po-
wierzchni¢ nos$nika (powstaja zarysowania), jednak
na jako$¢ sygnatu o wiele wigkszy wptyw maja zanie-
czyszczenia 1 zalamania taSmy. Zalecane jest zatem
usunigcie zanieczyszczen przed dokonaniem analizy
nagrania i ostrozne obchodzenie si¢ z tasma, aby jej
nie pozatamywac.

6. Whnioski

Wyniki eksperymentéw wskazuja, ze w przypadku
konieczno$ci wykonania na danym no$niku badan dak-
tyloskopijnych i analizy zarejestrowanego na nim na-
grania nalezy najpierw przeprowadzi¢ badania daktylo-
skopijne, a nastepnie odtworzy¢ nagranie. Proponowana
jest nastepujaca procedura:

— otworzy¢ kaset¢ 1 przejrze¢ tasme, przewijajac ja
recznie przy zwolnionej blokadzie. Znalezione §lady
daktyloskopijne udokumentowa¢ (sfotografowac)
przy gornym lub sko$nym oswietleniu (silne, biate
Swiatlo);

— jesli nosnik nie jest silnie porysowany, a slady nie
wykazuja oznak starzenia, mozna probowac ujawniaé
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