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ABSTRACT: Ascertaining the sequence of intersecting lines has been a matter of in-
terest to document examiners for many years. The most effective methods for doing
this include optical microscopy and scanning electron microscopy. However, these
methods do not always give unambiguous results, and so new techniques are con-
stantly being sought which will enable intersecting line sequences to be determined
in difficult cases as objectively as possible.

Arelatively new technique that is being increasingly applied in forensic science is
Raman spectroscopy. This is a non-destructive method that determines the composi-
tion of a given sample accurately. Scientists have recently begun to use it in investi-
gations to differentiate inks.

In this work, we have attempted to assess how useful it is in ascertaining the or-
der in which intersecting graphic lines have been drawn — both homogenous
(i.e. drawn by the same type of instrument) and heterogeneous ones (i.e. drawn by
different types of instrument). The samples studied were intersecting graphic lines
made by popular writing instruments (e.g. ball point pens and fibre tip pens) in dif-
ferent combinations, and intersections in which one line was made by an ink jet
printer and the other by various writing materials (ballpoint inks and fluid inks).

Raman spectra were obtained using Foram 685-2 apparatus by Foster & Free-
man. The investigations were carried out on samples prepared on the same type of
paper. Five readings were taken for each sample, and the spectra obtained were av-
eraged and compared with spectra of pure inks.
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INTRODUCTION

The study of the sequence of intersecting lines in questioned documents
has along history. Over the years various attempts have been made to deter-

* The work was presented at the 8th European Conference for Police and Government Docu-
ment Experts & 2nd Conference of the European Document Experts Working Group which
took place on Bratislava (Slovakia), September 25-28, 2002 (see Problems of Forensic Sci-
ences, vol. 52, pp. 158-162).
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mine sequences, based primarily on analysis of the three-dimensional struc-
ture of intersections and their properties, such as colour, absorption, lumi-
nescence and the lustre of crossing lines. Amongst methods worked out up
till now, two of the most effective are optical and scanning electron micros-
copy [4, 5, 6, 7, 8]. Although these methods have yielded positive results for
certain samples, the search has continued for techniques which are both uni-
versal and objective — thus limiting the potential for error.

In recent years, as Raman spectroscopy has been applied more broadly to
forensic science [1, 3], information has appeared in the literature about use of
this technique to determine intersecting line sequences. Raman spectroscopy,
which registers two components of inelastic photons scattering on particles of
the studied substance, not only enables discriminating analysis, but also, in
some cases, identification of the substance. The spectrum obtained is charac-
teristic for the given sample, thanks to which there exists a possibility of dis-
tinguishing various substances (including inks) of different chemical compo-
sition — qualitative or quantitative. M. Claybourn and M. Ansell discussed in
their work [2] examples of positive application of Raman spectroscopy in de-
fining the sequence of intersecting ballpoint pen lines of the same colour.
From their work it appears that in cases where spectra of intersecting inks re-
veal differences, a Raman spectrum obtained from the surface of the intersec-
tion should constitute a composite of both spectra with a preponderance of fea-
tures that are typical for the spectrum of the ink on top, whilst a spectrum
from the lower layer of the intersection should contain a preponderance of fea-
tures of the spectrum of ink from the lower line (drawn first). In this work we
have attempted to assess the usefulness of this technique in defining the se-
quence of intersecting graphic lines, written or printed with various writing
instruments and inkjet printers using inks of the same or different colour.

MATERIALS AND METHOD

Materials

Intersections of homogeneous lines (i.e. created using the same type of in-
strument) and heterogeneous ones (created using different types of instru-
ment) of known sequence were prepared for investigation. Amongst them
were intersections created using widely available writing instruments
1.e. ballpoint pens, fibre tip pens and roller ball pen (Table I), and also junc-
tions consisting of a line drawn by one of these instruments and a line cre-
ated by an inkjet printer. Five inkjet printers were used: Xerox, Lexmark,
Hewlett Packard, Canon and Epson with BASF ink. The research concerned
the crossing lines written only with such two different inks which could be
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differentiated by Raman spectroscopy. Each combination was analysed in
its two possible permutations (thus intersection of line x and line y was stud-
ied as line x over line y and line y over line x etc). The intersections were cre-
ated on IBM Laser paper 90g/m”.

TABLE I. WRITING INSTRUMENTS

Type Brand Colour
Pilot BP-S fine
Pentel BK 101-AE Black
Bic fine

Pilot Super Grip
Pilot BPS-GP
Pentel BK 101 Superb

. Uni Laknock fine
Ballpoint pens . .
Bic Atlantis
o Blue
Bic fine
Bic N-S fine
Bic
Bic Pepsi
Bic round stick medium USA
Pentel BK 77 Superb Green
. . Staedtler Black
Fibre tip pens
Staedtler Blue
Roller ball pen | Parker Blue

Method

Raman spectroscopy, using a Foster and Freeman FORAM 685-2 Spec-
troscope with a 685 nm wavelength laser, was applied. Measurements of
spectra were carried out using a 20% objective, applying 25% and 100% of the
power of the laser. Each individual investigation was begun with measure-
ments of pure writing materials, selecting an integration time such as would
enable the maximum permitted intensity of peaks to be gained. Then spec-
tra were collected (within the intersection area) for the surface layer and
lower layer of the intersection. Experiments were carried out not later that
one-day after drawings were made.

Before the main measurements were performed were taken, trial runs
were carried out in order to ascertain which technique allowed best laser ac-
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cess to the lower surface of the intersection; spectra of this layer obtained by
two methods were compared:

— after mechanically removing the upper layer of the intersection using

a preparation needle or scalpel;

— after increasing the power of the laser to 100% on an intersection

which had not been damaged mechanically.

The measurements results obtained by both methods were similar, so it
was decided to use the second one, as this did not damage the intersection.

Spectra from the upper layer of the intersection were obtained using
25% of the power of the laser, whilst spectra from the lower layer were ob-
tained using 100%. In each case 5—10 measurements were carried out, which
were then averaged. In cases where one of the materials used to create the
intersection gave a very weak signal, parameters for further measurements
were adapted in such a way that the remaining spectra (i.e. spectra from
both layers of the intersection and the spectrum of the second ink) had a sim-
ilar level of intensity.

The four spectra (two from the pure inks and two from the upper and
lower layer of the intersection) were compared and analysed, noting the po-
sition and intensity of peaks and the background of each of the spectra. The
spectra were compared without applying baseline correction.

The studied intersections were not analysed with the help of other meth-
ods since results of these have, as mentioned, already been described in
other works.

DISCUSSION OF RESULTS

Spectra obtained from 208 intersections were analysed (104 combina-
tions, each of which analysed in its two opposite permutations). Amongst
them were 86 homogenous and 122 heterogeneous intersections.

The results gained were classified as positive if the correct sequence of an
intersection could be unequivocally established — in other words when the
spectrum from the surface of the intersection had a predominance of fea-
tures that were characteristic of the spectrum of the ink on top, and (or) the
spectrum from the lower layer had features characteristic of the spectrum of
the ink used in the first (lower) layer (Figures 1, 2, 3).

If there were any doubts as to the interpretation of a spectrum, it was
classified as inconclusive (Figure 4).

The third category was made up of misleading results — those cases in
which the spectrum from the top layer had a preponderance of traits of the
spectrum obtained from the ink forming the bottom layer and (or) vice-versa
(Figures 5, 6).
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Fig. 1. Bic Pepsi Blue ballpoint pen ink on Steadtler Black fluid ink. a— Raman spec-
trum of Bic Pepsi Blue ballpoint pen ink; b — spectrum from the surface of the inter-

section; ¢

—spectrum from the lower layer of the intersection; d — Raman spectrum of

Steadtler Black fluid ink.
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Fig. 2. Bic Atlantis Blue ballpoint pen ink on Bic NS Fine Blue ballpoint pen ink.
a — Raman spectrum of Bic Atlantis Blue ballpoint pen ink; b — spectrum from the
surface of the intersection; ¢ — spectrum from the lower layer of the intersection;
d — Raman spectrum of Bic NS Fine Blue ballpoint pen ink.
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Fig. 3. Canon inkjet printer ink on Bic Pepsi Blue ballpoint pen ink. a— Raman spec-
trum of Canon inkjet printer ink; b — spectrum from the surface of the intersection;
¢ — spectrum from the lower layer of the intersection; d — Raman spectrum of Bic

Pepsi Blue ballpoint pen ink.

50000

45000 A

40000 A

35000

30000 -

25000 A

20000 1

15000 -

Intensity (arbitrary units)

10000 -

5000 1

d

400 600 800 1000 1200 1400 1600

Raman Shift Wavenumbers

a——»b c d

1800

Fig. 4. Bic Fine Black ballpoint pen ink on Pilot BPS Fine Black ballpoint pen ink.
a— Raman spectrum of Bic Fine Black ballpoint pen ink; b — spectrum from the sur-
face of the intersection; ¢ — spectrum from the lower layer of the intersection;

d — Raman spectrum of Pilot BPS Fine Black ballpoint pen ink.
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Fig. 5. Pilot BPS Fine Black ballpoint pen ink on Pentel BK 101 Blue ballpoint pen
ink. a — Raman spectrum of Pilot BPS Fine Black ballpoint pen ink; b — spectrum
from the surface of the intersection; ¢ — spectrum from the lower layer of the intersec-
tion; d — Raman spectrum of Pentel BK 101 Blue ballpoint pen ink.
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Fig. 6. Pilot BPS GP Blue ballpoint pen ink on Uni Laknock Fine Blue ballpoint pen
ink. a — Raman spectrum of Pilot BPS GP Blue ballpoint pen ink; b — spectrum from
the surface of the intersection; ¢ — spectrum from the lower layer of the intersection;
d — Raman spectrum of Uni Laknock Fine Blue ballpoint pen ink.
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It is worth adding that no general rule could be found for the misleading
results. They occurred both in homogenous intersections and in heteroge-
neous intersections, independent of the strength of the Raman signal, the
complication of the spectrum or the luminescence response of the spectrum
of any of the inks used in the intersections. A certain repeatability was no-
ticed only in four combinations of intersections of ballpoint pen lines and fi-
bre tips with Xerox ink, in which misleading results occurred when printer
ink constituted the lower line. What is interesting is that, in spite of the fact
that in each case the top line was made up of ink giving a strong, highly dif-
ferentiated Raman signal, the spectrum obtained (for the top line) had
a weak and lowly differentiated signal, regardless of the integration value.
Attempts were made to overcome this problem by changing measurement
parameters, but they were unsuccessful. The results gained from the exami-
nations are presented below in table form. (Table II).

TABLE II. RESULTS OF ANALYSIS OF THE SEQUENCE OF LINES IN 208 INTERSEC-
TIONS INVESTIGATED USING RAMAN SPECTROSCOPY

Type of Positive | Inconclusive | Misleading Percen.tgge
. . of positive
intersection result result result
results
Homogenous (86) 25 55 6 29.1%
Heterogeneous (122) 67 47 8 54.9%
Total (208) 92 102 14 44.2%

As shown in Table I, more positive results were gained studying hetero-
geneous intersections. The same is true for other methods (it is easier to de-
termine the sequence of intersecting heterogeneous graphic lines). How-
ever, if we look at a subgroup within the heterogeneous intersections: inter-
sections of writing instrument ink with inkjet printer ink, we find a different
proportion of positive results. In this subgroup, 61.1% of 90 intersections
yielded a positive result. Heterogeneous intersections of different writing in-
strument inks gave 37.5% positive results, which is similar to the homoge-
nous intersections (29.1% positive results); see Table III.

Analysis of results within each pair of permutations of heterogeneous ink
lines is noteworthy. Amongst all the studied samples, positive results were
gained only for 19 combinations in both their permutations (i.e. 38 samples).
In 54 combinations (108 samples) results were positive only for one permu-
tation out of two, and in 31 combinations no positive result was obtained.
Overall, a significant preponderance of positive results in both opposite per-
mutations was gained for heterogeneous intersections. However, it should
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be noted that this constitutes barely 24.59% of all of these types of intersec-
tions (Table IV).

TABLE III. RESULTS OF ANALYSIS OF SEQUENCE OF WRITING LINES, AFTER SEPA-
RATING OUT INTERSECTIONS INVOLVING WRITING INSTRUMENT INK
AND INKJET PRINTER INK

. . Positive | Inconclusive | Misleading Perceptgge
Type of intersection of positive
result result result
results
Homogeneous (86) 25 55 6 29.1%

Heterogeneous inter-
sections involving
writing instrument 55 31 4 61.1%
ink and inkjet
printer ink (90)
Remaining

heterogeneous 12 16 4 37.5%
intersections (32)

TABLE IV. NUMBER OF COMBINATIONS V8. POSITIVE RESULTS

Homogeneous Heterogeneous
intersections intersections
Number of combinations (104) 43 61
With two positive results (19) 4 9.3% 15 24.6%
With one positive result (54) 17 39.5% 37 60.7%
No positive results (31) 22 51.2% 9 14.7%
CONCLUSIONS

The results gained from the investigation do not allow us to evaluate
Raman spectroscopy as an effective and trustworthy method of defining the
sequence of intersecting lines. There was insufficient number of positive re-
sults — 54.9% for heterogeneous intersections and 29.1% for homogenous in-
tersections — and, furthermore, some of the trials yielded completely mis-
leading results.
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Successive modifications of parameters aiming at elimination of the mis-

leading results were unsuccessful. Similarly, attempts to find the cause of
this type of result were in vain.
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SPEKTROSKOPIA RAMANA JAKO NOWA TECHNIKA
OKRESLANIA SEKWENCJI KRESLENIA KRZYZUJACYCH SIE
LINITI GRAFICZNYCH*

Ewa FABIANSKA, Marcin KUNICKI

WSTEP

Badania kolejnosci kre§lenia krzyzujacych sie linii graficznych maja w eksper-
tyzie dokumentow dluga historie. W przeciagu wielu lat podejmowano rézne proby
rozwigzania tego zagadnienia, analizujac przede wszystkim tréjwymiarowa struk-
ture skrzyzowan oraz ich witasciwosci, takie jak barwa, absorpcja, luminescencja
1 potysk naktadajacych sie linii. Sposréod metod wypracowanych dotychczas, do naj-
bardziej skutecznych naleza: mikroskopia optyczna i skaningowa mikroskopia elek-
tronowa [4, 5, 6, 7, 8]. Pomimo, iz metody te daja w okreélonych uktadach pozytywne
wyniki, nie ustaja poszukiwania takich technik, ktore taczylyby uniwersalno$é
1 obiektywizm, ograniczajac mozliwosci popelnienia btedu w badaniach.

W ostatnich latach, w zwiazku z szerszym wprowadzaniem spektroskopii Rama-
na do badan sadowych [1, 3], w literaturze pojawilo sie rowniez doniesienie o zasto-
sowaniu tej techniki w okreslaniu kolejno$ci skrzyzowanych linii. Technika ta,
rejestrujaca dwie sktadowe niesprezystego rozproszenia fotonéw na czasteczkach
badanej substancji, umozliwia nie tylko analize dyskryminacyjna, lecz takze — w nie-
ktorych przypadkach —identyfikacje substancji. Uzyskane w trakcie pomiaru widmo
jest charakterystyczne dla badanej prébki, dzieki czemu istnieje mozliwo§¢ rozréz-
niania substancji (w tym takze atramentéw) o odmiennym sktadzie chemicznym —
jakos$ciowym lub iloSciowym. M. Claybourn i M. Ansell oméwili w swej pracy [2]
przyktady pozytywnego zastosowania spektroskopii Ramana w okreslaniu kolej-
noéci naktadania sie linii dtugopisowych o takiej samej barwie. Z ich opisu wynika, ze
w przypadku, gdy widma krzyzujacych sie atramentéw wykazuja réznice, widmo
Ramana uzyskane z powierzchni skrzyzowania powinno stanowi¢ sumaryczny obraz
obu widm z przewaga cech typowych dla widma atramentu znajdujacego sie u gory,
za$ widmo z warstwy glebszej skrzyzowania powinno zawierac przewage cech widma
atramentu, ktéry byl nakreslony pierwszy. W niniejszej pracy podjeto préobe oceny
przydatno$ci tej techniki do okreslania kolejnoséci naktadania sie linii graficznych
wykonanych réznymi narzedziami pisarskimi i atramentami o takiej samej oraz
réznej barwie.

* Niniejsza praca zostala zaprezentowana na Europejskiej Konferencji Policyjnych i Rzado-
wych Ekspertéw ds. Badania Dokumentéw oraz 2 Konferencji Grupy Roboczej Europejskich
Ekspertéw ds. Badania Dokumentéw, ktéra odbyta sie w Bratyslawie (Stowacja) w dniach
25-28 wrzesnia 2002 r (por. Z zagadnien nauk sqdowych, z. LII, s. 1568-162).
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MATERIAL I METODA

Material

Do badan przygotowano skrzyzowania linii homogenicznych (tj. wykonanych
narzedziami tego samego typu) oraz heterogenicznych (tj. wykonanych narzedziami
réznego typu) o znanej kolejnosci kreslenia. Wéréd nich znajdowaty sie skrzyzowania
wykonane powszechnie uzywanymi narzedziami pisarskimi, tj. dtugopisami, pisa-
kami i pidrem kulkowym (tabela I) oraz takie, w ktérych linie sporzadzone tymi
narzedziami przecinaly sie z wydrukami pieciu drukarek atramentowych réznych
firm (Xerox, Lexmark, Hewlett Packardt, Canon oraz Epson z atramentem firmy
BASF). Ze wzgledu na specyfike zastosowanej metody analizg objeto takie atra-
menty, ktore daly sie rozréznié metoda spektroskopii Ramana. W kazdym uktadzie
analizowano dwie kombinacje skrzyzowan. Skrzyzowania wykonano na papierze
IBM Laser Paper 90g/m®.

Metoda

Badania prowadzono metoda spektroskopii Ramana, wykorzystujac spektroskop
Foram 685-2 firmy Foster & Freeman wyposazony w laser o dlugosci fali 685 nm.
Pomiary widm wykonywano z uzyciem obiektywu o powiekszeniu 20% 1 z zastosowa-
niem 25% oraz 100% mocy lasera. W kazdej probie badania rozpoczynano od pomiarow
czystych materialow pisarskich, dobierajac czas integracji tak, aby uzyskaé maksy-
malnie dozwolong intensywno$é¢ pikéw. Nastepnie, w obrebie skrzyzowania linii,
wykonywano pomiary z warstwy powierzchniowej oraz z warstwy polozonej glebie;j.
Badania przeprowadzano nie p6zniej niz jeden dzien po nakres§leniu skrzyzowan.

Przed przystapieniem do zasadniczych pomiaréw wykonano proby zmierzajace
do wyboru techniki dostepu lasera do glebiej polozonej warstwy skrzyzowania.
W tym celu poréwnano widma tej warstwy uzyskane dwoma sposobami:

— po mechanicznym usunieciu gérnej warstwy skrzyzowania za pomocq igly

preparacyjnej lub skalpela;

— po zastosowaniu zwiekszonej mocy lasera do 100% w skrzyzowaniu nieuszko-

dzonym mechanicznie.

Uzyskane wyniki pomiaréw byly zblizone w przypadku kazdej z zastosowanych
technik, w zwigzku z tym ostateczne wybrano druga z nich, biorac pod uwage jej
nieniszczacy charakter.

Widma z gornej warstwy skrzyzowania uzyskiwano przy 25% mocy lasera,
natomiast z warstwy glebszej przy 100% mocy lasera, wykonujac w kazdym przy-
padku 5-10 pomiaréw, ktére nastepnie usredniano. Podobnie jak podczas analizy
czystych atramentéw, badajac skrzyzowania, starano sie uzyska¢ maksymalna
dozwolong intensywno$¢ pikéw. W przypadkach, gdy jeden z materialéw uzytych do
nakreslenia skrzyzowania dawal bardzo staby sygnal, parametry dalszych pomia-
réw dostosowywano tak, aby pozostate widma (tj. widma z obu warstw skrzyzowania
oraz widmo drugiego atramentu) miaty zblizony poziom intensywno§ci.

Wyniki analizowano, zestawiajac cztery widma: dwa uzyskane z czystych atra-
mentéw, jedno z powierzchni skrzyzowania i jedno pochodzace z jego warstwy
glebszej, biorac pod uwage polozenie 1 intensywnos$¢ pikow oraz przebieg linii tta
kazdego z widm. Widma poréwnywano bez zastosowania korekeji linii bazowe;.
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Badane skrzyzowania nie byly analizowane za pomoca innych metod, gdyz, jak
wspomniano, odpowiednie wyniki opisywane zostaty juz w innych pracach.

OMOWIENIE WYNIKOW

Analiza objeto widma uzyskane z 208 skrzyzowan linii w 104 przeciwstawnych
kombinacjach. Wéréd nich bylo 86 skrzyzowan homogenicznych i 122 skrzyzowania
heterogeniczne.

Uzyskane wyniki klasyfikowano jako pozytywne, gdy jednoznacznie mozna byto
ustali¢ wtasciwag kolejnoséé kre§lenia skrzyzowanych linii, a wiec wtedy, gdy w wid-
mie z powierzchni skrzyzowania przewazaly cechy widma atramentu znajdujacego
sie na wierzchu 1 (lub) w widmie z warstwy polozonej glebiej — cechy widma
atramentu, ktéry byl nakreélony pierwszy (ryciny 1, 21 3).

Jakiekolwiek watpliwosci w interpretacji widm klasyfikowaly przypadek jako
nie dajacy sie rozstrzygnagé (rycina 4).

Trzecia kategorie stanowily wyniki wprowadzajace w blad, to znaczy takie,
w ktorych widmo z warstwy powierzchniowej miato przewage wlasnosci widma atra-
mentu znajdujacego sie pod spodem i (lub) widmo z warstwy glebszej skrzyzowania
charakteryzowalo sie przewagg cech widma atramentu z powierzchni (ryciny 5, 6).

Warto dodaé, ze w wystepowaniu wynik6w wprowadzajacych w btad nie odnale-
ziono zadnej prawidlowoéci. Pojawialy sie one zaréwno w ukladach homogenicznych,
jak 1 heterogenicznych, niezaleznie od sily sygnalu ramanowskiego, stopnia uroz-
maicenia widma czy tez sily luminescencji widma ktéregokolwiek z atramentéow
uzytych w skrzyzowaniu. Pewnga powtarzalno$é zaobserwowano jedynie w czterech
kombinacjach skrzyzowan linii dtugopisow 1 cienkopisow z atramentem Xerox,
w ktérych przypadki prowadzace do btednych ustalen wystepowatly wtedy, gdy
atrament drukarki znajdowal sie na dole. Co ciekawe, mimo iz w kazdym z nich na
powierzchni znajdowal sie atrament dajacy silny, mocno zréznicowany sygnal Ra-
mana, w wyniku pomiaru gérnej warstwy skrzyzowania uzyskiwano widma o bardzo
stabym 1 mato zréznicowanym sygnale, niezaleznie od wartos$ci integracji. Na te
wyniki nie mialy wplywu podejmowane préby zmiany parametrow pomiaru. Zbior-
cze zestawienie wynikow uzyskanych w pomiarach zamieszczono w tabeli I1.

Jak przedstawiono w tej tabeli, wiecej wynikéw pozytywnych uzyskano, badajac
skrzyzowania heterogeniczne, ktore stanowia tatwiejszy materiat w ustalaniu kolej-
noéci krzyzowania sie linii graficznych — rowniez przy zastosowaniu innych metod.
Proporcje te ksztaltuja sie jednak odmiennie po wyrdznieniu w obrebie grupy
heterogenicznej tych skrzyzowan, w ktérych atrament narzedzia pisarskiego prze-
cina sie z atramentem drukarki. W tych ostatnich przypadkach na 90 skrzyzowan
z atramentem drukarki pozytywny wynik uzyskano w 61,1%, za$ procent wynikoéw
pozytywnych dla homogenicznych i heterogenicznych atramentéw pisarskich
ksztaltuje sie na zblizonym poziomie (tabela III).

Na uwage zastuguje ponadto analiza wynikéw, ktéra uwzglednia liczbe pozy-
tywnych rezultatow uzyskanych dla przeciwstawnych skrzyzowan dwéch réznych
linii atramentowych. Spoéréd wszystkich badanych przypadkéw jedynie w 19 kom-
binacjach otrzymano pozytywne wyniki dla obu skrzyzowan, tj. dla 38 prébek.
W 54 kombinacjach (108 préobek) wyniki byly pozytywne dla jednego skrzyzowania,
a w 31 kombinacjach dla zadnego skrzyzowania nie uzyskano pozytywnego wyniku.
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Uwzgledniajac rozréznienie skrzyzowan homogenicznych 1 heterogenicznych, zna-
czaca przewage wynikow pozytywnych w obu przeciwstawnych probkach uzyskano
dla uktadéw heterogenicznych, jednak nalezy podkresli¢, ze liczba ta stanowi zaled-
wie 24,59% wszystkich tego typu skrzyzowan (tabela IV).

WNIOSKI

Przeprowadzone badania i uzyskane wyniki nie pozwalaja uznaé spektroskopii
Ramana za skuteczna 1 wiarygodna metode okresélania sekwencji krzyzujacych sie
linii. Swiadczy o tym nie tylko niewystarczajaca liczba wskazan pozytywnych, ktére
w uktadach heterogenicznych stanowia 54,92%, a w homogenicznych jedynie 27,1%
prawidlowych wynikéw, lecz rowniez obecnoséé takich wynikéw, ktore prowadza do
calkowicie blednych ustalen.

Podjete kolejne préby zmiany parametréw pomiaréw zmierzajace do eliminacji
wynikéw wprowadzajacych w btad oraz okre§lenia przyczyn wystepowania tego
rodzaju rezultatéw nie przyniosty oczekiwanego efektu.



