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BITAJIBHE CJIOBO

Hayka 30amna poswiupumu medxci kodxicHoi depoicasi,
He 38YACYIOUL MediCE cyCidi, [ 30inbuiumu 00o6podoym
KOJICHO20 HAPOOY, HI020 He 3a0Uparody 8 IHUUX.

B. Yepuunns

KuiBcbkmii ~ HAayKOBO-IOCTIMHUM  IHCTUTYT  CYHOBHX  €KCIIEPTH3
MinicrepctBa roctunii Ykpaiau Bitae ydacHukiB Il mopiunoi Mi)KHapO,IIHO-
NPAaKTHYHOI KOH(pEpeHUii «AKTyanbHi NHTaHHS CYyOBOI EKCIEPTOINOTii,
KPUMIHAIIICTUKH Ta KPUMIHAJIBHOTO npouecy»'

Tematvka KoH(]epeHIii € HaI3BHYAMHO aKTyalbHOI, a TOMY BHKJIMKA€e
T IBUIIICHUI iHTEpEC MPEACTABHUKIB YCiX TUJIOK BJIAJIU, TPOMAJICEKOCTI, HAYKOBIIIB,
MPaKTHKIB, ()aXOBHX IOPHCTIB, CyJOBHX EKCIEpTiB Ta (paxiBLIB PI3HUX Tany3er
3HaHb. ChOTrOMHI KpaiHa TMepeKUBa€ OCOOJIMBO CKIAAHHKA mepioa. [mobambHi
pebopMu  cynOBOi BiaaW, IPAaBOOXOPOHHUX OpraHiB, TIEPETBOPSHHS B
3aKOHOIABCTBI y  CYyIOBO-€KCHEpTHIH cdepi, BHOPOBALKEHHA MH(PPOBHX
TEXHOJIOTiH, AKTUBHO PO3IMMPIOIOTECS OHJIAMH MOMKIIMBOCTI PO3CITiTyBaHHS
KpUMIHAJIBHUX TPaBONOPYILIEHb, YIHHEHHX y chepax [ T-TexHONorii, epKaBHOro
CEKTOpY, KiOepOe3leKkr, OpraHi30BaHUMHU 3JIOYMHHAMH YTPYIIOBaHHIMH 3
MDKpETiOHAIbHUMH 1 TPAHCKOPIOHHUMH 3B’ SI3KAMHL.

CTBOpEH1 HOBI MOJIEJIi eKCTIEPTHOTO 3a0e3MeueHHs TPaBoCy isl B YKpaiHi,
JUSUTBHICTh  CYZIOBO-EKCIIEPTHUX YCTaHOB TNOTpeOye TIIMOOKOro HayKOBO-
MPaKTUYHOTO IE€PEOCMHCIICHHS, KOMIUIEKCHOTO JOCIHIDKEHHS aKTyaJbHUX
mpobJeM y rairy3i Teopii CyIoBoi eKCIIepTH3H Ta KPIMiHATiCTHKH.

Came Tomy 3apas, SIK HIKOITM, aKTyaJlbHHMH € HAyKOBI ITHUCKYCii, sKi
Bi10YBAKOTCs B XO/1i HAYKOBO-TIPAKTHYHAX KOH(EPEHLIi.

HayxkoBi juckycii BifKpHBaroTh HOBi LULSIXM i MiAXOAM 10 BHPIlICHH:
3aBJaHb, 10 MOCTAJH MEPE] TEOPIi€l0 CYJOBOi €KCHEPTH3H, KPUMIHATICTHKH,
KPUMiHAJIBHAM MPOLIECOM, CTaHYTh MIAIPYHTSM ITOJJANIBIIOTO PO3BUTKY HayKH
W MPaKTUKHU €KCIEPTHOTO 3a0e3NeYEeHHS TPaBOCY LS.

['eorpadist yyacHUKIB KoH]epeHIii CBIIYUTH MpPO 3HAYHHMN IHTEpec IO
mpobIeM Teopii CyI0BOi eKCIEPTH3H, EKCIEPTHOTO 3a0e3edeHHs MPaBOCY I,
KPUMIHAJICTUKHA, KPUMIHATHHOTO TPOIECY HAYKOBOI CITUTBHOTH EKCIEPTiB-
npakTukis, Tak KH/ICE 3i6pano Oinpire 25 ydacHUKIB 3 pi3HUX KpaiH, a came
I'peuskoi Pecry6umikn, Cromydenoro KopomisctBa Bemukoi i IliBHiuHOI
Ipmannii, Iramificekoi PecmyGumikn, KopomiBetBa Icmanii, Cnoarpkoi
PecrryOmikn, PecryOniku Iloneima, IlIBefinapcbkoi Kondenepanii, depxasu
I3paine, Jlarsificekoi PecnyOmiku, PecrmyOmikn Bipmenii, PecmyOuiku
MomnpnoBa, AsepOaiimkancekoi PecmyOmiku, KoponisecrBa Hinepnannais,
Pecniy6Omiku Xopgarii, Crionyuenux llrtariB Amepuku, ABctpii, PecryOuiku
V36ekucran, Pecrrybmiku bBimopycs, Tomo.

Y 36ipHuKy MarepiamiB KoH(EpeHIil BHCBITIEHI OpraHi3amiiHO-
METOAMYHI MUTAHHSA TEOpii i MPAaKTHKUA CYIOBOi EKCIEPTHU3H, KPUMiHAIBHO-
METOIMYHI IIUTAaHHS TEOPil 1 MPAKTUKH CYIOBOi EKCIICPTU3HU, KPUMIHATICTHKH i
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KPUMIHATBHOTO MPOIECY, TEOPETHKO-TIPUKIATHI TPOOIEMH KPUMiHATICTHYHOT,
IH)KEHEPHO-TEXHIYHOI, EKOHOMIYHOi, TOBapO3HAaBYOI, MHCTELTBO3HABUO],
IHTEJIEKTyaIbHOI BIaCHOCTI, IICHXOJIOT1YHOT, CYJJOBO-MEIMYHOT, MOJIEKYJISIPHO-
TCHETUYHOT, BIiCBKOBO1, €KOJIOTIYHOT €KCIIEPTU3 TOIIIO.

Cepen marepiaiiiB, omyOniKOBaHUX Y 30ipHUKY, MOXXKHA BUIUINTH HHU3KY
JIOTIOBiJIe!, B MOPSIZIKY JAUCKYCIITHOrO OOTOBOPEHHS aBTOPH SIKUX BHCIOBHIIH
JIYMKY, IO BiIPi3HSETHCS BiX CTANHNX 1 3aTaJbHONPUHHIATHX Y TEOpii CyIoBOi
eKCIIePTU3M, KPUMIHAJIICTHII 1 B EKCIEPTHIH NpPaKTHIl METOIOJOTIIHUX
IMIXOMIIB.

VY4acTp y KoH(epeHLii J03BOIUTh 00’ €HATH HMIMPOKE KOJO HAyKOBLIB i
MPaKTHKIB Ta HAAJacTh IOIITOBX ITOJAIBIIOMY PO3BHTKY Ta JOCIHiIKEHHIO
TEOPETHYHHX, HAYKOBO-NIPAKTHYHUX MPOOIJIEM CYJOBO-EKCIIEPTHOI NiSUTEHOCTI.

baxkaemo yuacHuKkam koH(epeHIii IIiIHIX 1| KOHCTPYKTUBHHUX JUCKYCii!
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FORMALISED HANDWRITING ANALYSIS AS A PSYCHOMETRIC
ASSESSMENT INSTRUMENT

®OPMAJII30BAHUI AHAJII3 MOYEPKY SAK IHCTPYMEHT
INCUXOMETPUYHOI OIIITHKHA

®OPMAJIN3UPOBAHHbBINA AHAJIN3 MOYEPKA KAK
HUHCTPYMEHT ICUXOMETPUYECKOU OHEHKHA

Formalised handwriting analysis can be a useful supplementary instrument for a
psychological expertise. It has several advantages and differ from historically known and
scientifically controversial graphology through objectivity, transparency and validation.
The article presents several practical examples based on HSDetect software system for
handwriting analysis.

Key words: handwriting analysis, handwriting psychology, formalisation, computer-
aided analysis, validation, expertise.

dopmManizoBaHUil  aHaTi3 MOYEPKY MOXKe OyTH KOPHUCHHM JOJaTKOBUM
IHCTPYMEHTOM JUTs IICHXOJIOTIYHOI eKcriepTH3n. BoHa Mae psix mepeBar i Bipi3HAETHCS
Bil ICTOPMYHO BiZOMOI Ta HAyKOBO CyHepewiuBOi TIpadosorii 00 €KTHBHICTIO,
IPO30PICTIO Ta MATBEPIKCHHAM. Y CTATTi HABEJCHO KiJibKa MPAKTUYHUX MPUKIAIIB HA
6a3i mporpamHoi cuctemu HSDetect aiist aHaumizy moyepky.

Knrwuoei cnosa: aHamiz TOYEpKY, IICHXOJOTiA IIOYEPKY, (opmaiizamis,
KOMIT IOTePHUH aHalli3, BaJliIalisl, eKCIepTusa.

@Dopmann30BaHHBINA aHAIN3 MOYEPKa MOXKET OBITH MOJE3HBIM JOTOIHUTEIBHBIM
UHCTPYMEHTOM IICUXOJIOTHUECKON IKcTiepTH3bl. OH UMEET HECKOJIBKO NMPEUMYIIECTB U
OTJIIMYAETCs] OT UCTOPUUECKH U3BECTHOM U NMPOTHBOPEUMBON C HAYYHOH TOUYKH 3pEHUS
rpadooru  OOBEKTUBHOCTBIO, IPO3PAvyHOCTBIO W JJOCTOBEPHOCTHIO. B crarbe
MpPEICTAaBICHBI HECKOIBKO IPAKTHUECKUX NIPUMEPOB Ha 0a3e MporpaMMHOTO KOMILIEKCa
HSDetect s ananusa nodepka.

Kniouesvie cnosa: ananus3 Todyepka, ICHXOJOTWS IIodepKa, (opmanu3anus,
KOMIIBIOTCPHBIN aHAIN3, BAMIALNS, SKCIIEPTH3A.

In the expert practise, they use different psychometric methods to evaluate
the psychological qualities of persons involved in forensic, legal, or criminal
investigation. Psychological examination in these fields especially requires
methodological tools that are objective and reliable, because the responsibility
of an expert is very high. The objects of psychological examination may be
criminals, suspects, witnesses, family members, investigates, detectives,
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prosecutors, lowers, experts etc. Generally, legal and criminal psychological
assessment uses the same methods and instruments as other application fields of
psychology. However, it has strong specifics. First, often an explicit
involvement of the person under investigation or expertise is not possible: the
person is simply not available or refuses to participate in the testing. Secondly,
the information by a person under investigation is not credible — the person
would just manipulate his answers.

That is why alternative or additional methods, which could enhance the
level of objectivity and credibility, are very important. One of such instruments
is handwriting psychology. The method have certain advantages:

— It provides a wide coverage of personal characteristics.

—1It is based on a more objective external-image and not self-image of a
person.

— It excludes social desirability, which is one of the major problems of
psychometric instruments, especially questionnaire-based tests.

— A tested person cannot prepare himself and thus to influence the results.

— Handwriting is a natural activity and a tested person does not have
additional psychological stress, providing his handwriting sample. Moreover,
experts can use already existing handwritten documents.

— Handwriting psychology is language independent (for European
languages) and does not require country adaptation.

However, traditional graphology, a historical representor of handwriting
psychology, lacks of profound scientific background and sufficient validation.
Although it did have a long path of successful experiences by assessment, it does
not satisfy the actual requirements to a valid psychometric method. Graphology
lacks of systematisation and objectivity: every graphologist works according to
the method of his school (French, German, Italian, Spanish, or American), and
these methods differ from each other. His work is not transparent. The manual
and intuition-based procedure makes the result very dependent on the expert.
Besides, the typical outcome is a plain text, which depends mostly upon the
ability of the expert to compile such texts; it is the subject for an ambiguous
interpretation.

Handwriting psychology allows solving of the problems of traditional
graphology at the same time keeping its positive experience, where it is
appropriate. Developed methods of formalised handwriting analysis and
computer-based tools, in our case HSDetect system [1,2], demonstrate
promising validation results [3, 4]. The formalization includes:

— Formal and unambiguous definition of handwriting signs (characteristics
of handwriting).

— Quantitative presentation of all handwriting signs.

— Quantitative evaluation of personality traits.

— Mathematical modelling of the trait value as a function of the evaluated
handwriting sign levels.

Both handwriting signs and personality traits are presented on the
continuous scale from 0 to 1. Every trait is modelled as function of many
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handwriting signs by means of so-called graphometric functions. This function
includes up to several dozens handwriting signs, which are additionally
weighted by their influence on the trait.

Below we show several examples, relevant to a psychological expertise.

Example 1. Evaluation of aggressiveness

Aggressiveness is expressed in conscious or unconscious aspiration of a
person to cause to someone or something harm, to destroy or to damage. It can
be without any harmful actions or passive-aggressive behaviour and as well with
verbal and physical aggression that inflict violence. Aggressiveness is relatively
stable readiness for aggressive actions in various situations, and should be
understood as a personality trait.

As an illustration, the handwriting samples of seven famous American
criminals (CL- Charles Luciano, JH John Hinckley, CM Charles Manson,
CB Clyde Barrow, JD John Dillinger, JG John Gotti, JV Joseph Valachi), whose
aggressivity was obvious, were analysed [5]. The HSDetect model of aggressiveness
includes 31 handwriting signs for aggressiveness, like angular connections, strong
pressure, long in-stroke, elongated letter-form, smaller middle zone of letters etc.
The evaluated level of aggressiveness was compared to several hundred handwriting
samples out of HSDetect database, which served as a control group. The results are
shown in fig. 1, where the blue line denotes the average value and the red one — the
upper boundary of the 95 % confidence interval. The aggressiveness of “test
persons” is definitely much higher than with “normal people”.

Fig. 1. Aggressveness level
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Example 2. Investigation of a suicide

By a suicide investigation the major questions are, whether the person
committed it voluntary or he/she was pushed to do that. Whether it was a real
suicide or disguised murder? Here handwriting analysis as an additional method
could help to detect some circumstances and psychological specifics of the
suicide victim.
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Two handwriting samples of a female suicide victim from Armenia are
presented in fig. 2. According to the major investigation version, the woman,
who lived in a small village, could not cope with a small money debt and
suffered from sense of shame. The left sample was written three months before
the suicide, the right one—several hours before. From psychological
analysis [6] it could be concluded, that the woman possessed typical
traits — possible indicators of a suicide, like self-esteem, independence,
purposefulness, honesty and directness, emotional instability, isolation,
depression, nervousness. Moreover, some of them have developed in the last
months. In this case, handwriting analysis has confirmed the conclusions of the
investigation.
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Fig. 2. Handwriting samples of suicide victim

Example 3. Markers of Alzheimer’s disease in handwriting

Alzheimer’s is the most common form of dementia. It can influence the
decision-making by a person or make him/her more helpless and
susceptible to manipulation. That is why it could be important to know the status
of a person not only from the medical point of view. That relates to criminal
investigations or, for instance, insurance cases. Handwriting is a complex
process that includes fine motor skills, cognitive and linguistic activity. It is
sensitive to the changes of the person’s medical condition, including
Alzheimer’s disease. That is why some characteristics of it could serve as
statistically validated markers of the disease. Most of known researchers and
proposed tests cover either just linguistic aspects of writing or obvious
deterioration signs of fine motoric. Together with neurologists, we developed a
complex test AD-HS, which includes 36 handwriting characteristics and
3 linguistic ones. The resulting Z-factor changes from 0 (none of markers is
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present) to 1 (all markers are present). It reflects the relation of number of
markers present in a handwriting sample to the total number of
characteristics (39). A pilot study included 16 subjects (probands). By all of
them Alzheimer’s disease or at least cognitive impairment had been diagnosed.
The Z-factor level of them is shown in fig. 3 with blue colour, the red dashed
line shows the average level out of the HSDetect database (control group). All
subjects have higher values and this difference is statistically significant.

Moreover, every subject besides the current handwriting sample provided
old ones, made 10-20 years ago. Thus, the development of handwriting could be
analysed. The number of deteriorated handwriting characteristics changes from
5 to 15 with average of 9.9, which shows that the development of the disease
was clear visible in the handwriting.

Fig. 3. Alzhimer’s disease test

Additionally 26 handwriting samples of prominent personalities with
diagnosed Alzheimer’s were analysed. The time of the samples was not always
known, so it was not clear, in what health status they had been written. In any
case, by 24 persons Z-factor was higher than average value.

Handwriting analysis can be an efficient complementary instrument for
psychological assessment. Optimally it should be applied as a part of a complex
expertise that includes as well other methods and procedures. Nobody would
base his conclusions only on handwriting analysis. However, there are certain
cases, when other instruments simply do not work, cannot be used, or too
unreliable. In any case, the procedures of handwriting analysis for an individual
trait or a psychological construct must be thoroughly validated. First, we must
consider in particular the extremely intensive process of changing of
handwriting habits with the digitalization of life. Here new approaches of
artificial intelligence could be especially useful. Secondly, additional
evaluations are needed to build a distinguished normalising database across
different ages, educations, languages and ethnises.
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ISSUES OF THE FORGER IN A FREE HAND SIMULATION
OF A TESTAMENT’S SIGNATURE

MPOBJIEMU ®AJIbCUPIKAIIIL I YAC IMITALII NIANACY
3AIIOBITY BPYYHY

IMPOBJIEMBI ®AJIBCUPUKALIIUA TP UMHUTAIUU TOATIUCHU
3ABEHIAHUA BPYUYHYIO

This paper describes the various mechanics involved in creating simulated
signatures (forgeries) and identifies indicators of these mechanics. A simulated writing
is one in which the attempt is made to copy or imitate the writing of another as is done in
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ordinary signature forgery. A number of methods are available for a forger to use in the
construction of a signature that may appear to the laypersons as genuine.

Key words: testament, signature, forger, psychological effect, free hand simulation,
imitation, dynamic features

VY wiil cTarTi OMUCYIOThCS Pi3HI MEXaHi3MH, 3a/isHi Yy CTBOPEHHI 3MOJEIbOBAHIX
miamuciB (miapoOoK), Ta BHU3HAYAIOTHCH IHAWKATOPH IMX MeEXaHi3MiB. IMiTamis
JmucTa — e crnpoba ckomioBaTH abo IMITYBaTH HamMCAaHHS IHIIOTO JIMCTa, SK L€
pobuTbest minm wac 3BUyaitHoro mimpoOnenHs mignucy. danscudikatop Moxe
BUKOPUCTOBYBAaTH HU3KY METOZIB JUIi CTBOPEHHS WIMIHCY, SKMH MOXE 3HaTHCS
HenpodecioHaaM CIpaBxKHIM.

Knruosi cnosa: 3anoBit, miamnuc, miapoOka, ICUXONOTiYHUI edeKT, iMiTamis Big
PYKH, iMiTamis, AMHAMIYHI XapaKTePUCTUKH.

B o310l crarbe omMCHIBAIOTCS pa3iUYHBIE MEXaHU3MbI, 3aJ€HCTBOBAaHHBIE B
CO3JIaHUU CMOJCITUPOBAHHBIX MOJIHUCEH (IMOANENOK), U OINPEHENISIIOTCS UHAUKATOPHI
9TUX MeXaHU3MOB. VIMuTalus nucbMa — 3TO MOIbITKA CKOMUPOBATh UM UMUTHPOBATH
HAIMCaHWE IPYroro MHUChbMa, KaK 3TO JENaeTcs MpU OOBIYHON MOJJIENKE MOAIUCH.
CDanbcmbMKaTop MOJKET UCIIOIB30BATh psiJ METOAOB Ul CO3JaHUs MOAIMCH, KOTOpas
MOXET MOKa3aThCs HeNMPO(GECCHOHANIAM MTOUTHHHOM.

Knrouesvie cnosa: 3aBemanue, MOAMNCH, MOAEIKA, ICUXOJIOTHICCKUN dPdeKT,
UMHTAIMA OT PyKH, IMUTALUS, JUHAMHYECKHAE XapaKTePUCTUKH.

1. Introduction

Imitation or simulation of testaments is a very common case in Forensic
Document Examination. It can refer to various kinds of documents, which
regard the reproduction of writing, numerals or signatures, according to the
nature of the forgery in relation to the historical particularities of the case. There
are different techniques applied in order to produce a forged document, even
digital ones. The expert is called to investigate by taking into consideration not
only the comparative material at his disposal but even the special characteristics
connected to the individual graphic variation of the testator [3], his clinical
status in the suspected period or even the graphic personality and skill of the
suspected person, if any.

2. Free hand simulation of a testament: issues and effects

The perpetrator in free hand simulation [1] follows necessarily three steps
in the practical organization of his attempt [4]: Elimination, Adoption and
Application (EIAdApp model). Although these stages are generally followed
in every case of simulation, in the present article we will focus on testaments.

In the first stage of Elimination (El), the forger, in order to accomplish the
forgery, has to suppress his own natural habits in handwriting, his own graphic
automatism. Since the suppression is made by the primary cortex of the brain,
this is a difficult task, because the subcommands to individual muscles are
generally unconscious. In the second stage of Adoption (Ad), the forger tries to
simulate the signature or handwriting of another person: guided by the form of
the signature or writing of the person to imitate, he makes an effort to use
appropriate  sequences of muscle contractions, to generate traces
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morphologically similar to the authentic. To simulate successfully the genuine
handwriting or signature, the forger has to modify his handwriting motor
programs by adopting new ones, so as to arrive to the accurate morphological
reproduction of the genuine handwriting or signature. Subsequently, he must
execute the correct sequence of contracting muscles required to reproduce the
authentic model. In the third and last stage, the Application (App), the forger
tries to put together and in action the above stages by applying
contemporaneously all the dynamical functions in which every stage refers to.
Apart from using the appropriate muscle contractions, he also has to apply the
same parameters of contractions while designing the morphology of the forged
specimens. In this EIAdApp model applied consciously or unconsciously by the
forger, apart from the mental, anatomical and kinesiological adjustments and
processes, which usually presuppose long practice in order to achieve a more or
less successful result, there are even psychological factors that interfere before
the final graphic product on the forged document.

The first stage of Elimination demands an intense control of the hand by the
brain, which is diametrically opposite to the spontaneous and natural graphic
automation as a result of the unconscious neurological function of the Central
Nervous System, including the brain. That means that in case of forgery the
whole procedure of writing movements should become conscious and the
intentional control of the final graphic product should be continuous. The brain
should contemporaneously elaborate the three above stages (EIAdApp) in the
whole length of the testament. Is it possible to apply this dynamic control
without being defective?

According to Sollange Pellat [2] the writer, authentic or not, during the
tracing of the graphic strokes is necessarily changing the degree of intensity of
his conscious involvement in the procedure. There are points of major attention
and points of relaxation, in which the automation becomes the generator of the
movement. Analogically, even the forger passes through the same fluctuations,
but he has to give priority to his intense and conscious control of the strokes. In
the case of the testament, because of the length (compared to simple signature)
of the text, it is not always possible for him to remain alert during the
reproduction of the whole document. The more the forger writes, the more his
graphic automation returns in action and this is inevitably the reason of
incompatibilities between different points of the text. Discrepancies regarding
the expression of his graphic skill, the distribution of the graphic pressure, the
alteration between flexible strokes and fake graphic tremor, usually become
indications of lack of graphic spontaneity and, in the same time, indices of
spurious handwriting. The appearance of fake connections between the traces of
the same letter or consecutive letters could be subsequent effects, which are
more easily identified in the microscopic exam of the original document. These
problematic phenomena become more intense and more frequent after some
rows of text, since the forger, aware of the problems of the elimination stage
pays much more attention at the beginning. The length of the text becomes the
enemy of the successful imitation, which unconsciously affects more and more
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the forger by decreasing gradually his intentional control of the gesture, till the
point of the signature, which is usually positioned on the end of the text.

An authentic signature is usually characterized by a combination of
individual elements regarding not only the morphological aspects of the
signature’s model, but even internal qualitative aspects in the sequence of
strokes which form the letters and the connections between them. Although
imitating a signature might seem easier since it is a simple specimen and not an
extended text, in practice it is often more difficult to imitate. Psychologically,
forgers are keener on imitating signatures [4], even in multiple occasions, rather
than testaments and for this reason they often fail. When they imitate a
testament, the effort made to arrive at the end of the text where they should form
the signature, makes their psychological condition more difficult. An eventual
failure in the imitation of the signature means that they will have to retry
everything from the beginning and this notion provokes anxiety and increases
their psychological and neuromuscular tension. Consequently, their response
and choices could be different, but they are mainly focused on fracing or
continuing free hand simulation [6]. In some cases, they use the method of
tracing although the text of the testament is written by free hand simulation. In
cases where they continue free hand imitation, they prefer the segmentation of
the signature’s morphological elements, which means that they break the
authentic model into minor pieces of separate graphic movements, more than
the ones of the authentic specimen. Hence, they end up making fake connections
in order to conceal the fragmentation and give the fake impression of automatic
graphic continuity. Nevertheless, this issue derives from the undeniable fact of
the increased graphic automation of the signature [5].

3. Case studies

In the following two cases, we examine the usual different choices of
forgers.

3.1. First case

In the first case, the forger tries to imitate the signature. This case is really
particular because, although the forger imitates the handwriting of his father in
his testament, he practically tries to imitate the signature of his brother who has
the same name and surname to the father.

X <G )

Fig. 1. The signature of the suspected testament X and the comparative specimen A.
Although the morphological reconstruction of the signature is quite

successful, there are several points where fake connections and hesitations are
diagnosed.
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Fig. 2. Points of problematic reproduction of the simulated specimen with points of
fake connections (photo n. 4 in 4 different colors, photo n. 2,7—previous, next trace).

3.2 Second case

In this case the forger, although he accomplished the reproduction of the
text, he used the tracing method in order to achieve the simulation of the
signature. He traced by pencil an authentic specimen and then he used the pen
to overwrite the traces. Finally, he tried to erase the pencil traces.
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Fig. 3. The signature of the suspected testament X.

4. Conclusion

The imitation of testaments is very common in practice. In this case the forger
has to reproduce as accurately as possible the authentic handwriting, which includes
as well numbers and the signature. The main purpose of the forger consists of his
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effort to achieve the morphological similarity of the forged handwriting to the
genuine morphemes, in order to persuade about their authenticity. The signature of
the forged testament remains one of the most difficult elements to imitate. The fact
that it is located in the end of the text usually provokes an intense anxiety to the
forger, which may result in failure. Consequently, he chooses different strategic
techniques, which are not always well aimed.
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VACUUM CHAMBER FOR REVEALING FINGERPRINTS
WITH THE USE OF ORGANIC COMPOUNDS
IN THE GAS PHASE

BAKYYMHA KAMEPA JIJI51 BUSIBJIEHHA BIZIBUTKIB ITAJIBIIB 13
BUKOPUCTAHHAM OPI'AHIYHUX 3’€/THAHD Y I'A30BIU ®A3I

BAKYYMHAS KAMEPA JIUIs1 OBHAPYKEHUS OTIIEYATKOB
IMAJIBIEB C UCITOJIb3OBAHUEM OPTAHUYECKHUX
COEJVMHEHUMU B I'A30BOU ®A3E

The article presents the results of studies on the method of sensibilizing fingerprints

directly fromthe gaseous phase. The detection of fingerprints on absorbtive surfaces requires
specific revealing methods, whose essential aspect is the need to deliver reagent to the place
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of occurrence of the corresponding component of trace forming substance. In practice, for
many years, various types of solutions have been used for this purpose, such as DFO,
ninhydrin and 1,2-indanedione. Within the framework of this study, research was carried out
on revealing fingerprints on absorptive surfaces with the use of genipin, under reduced
pressure conditions and in order to compare against the liquid phase. Based on the results of
the tests carried out and results obtained, it should be stated that the genipin vacuum
sublimation technique can be successfully used to reveal fingerprints on absorptive surfaces.
The traces revealed are visible both under white light and fluorescence illumination. The
effectiveness of the fingerprints sensibilization method in the gaseous phase has been
demonstrated with regard to such substances as ninhydrin and genipin.

Key words: DFO, ninhidryn, genipin, amino acids, absorbtive surfaces, sublimation,
fingerprints, vacumm chamber

V crarTi HaBeEHO Pe3yabTaTH JOCTIIKEHb METOAY CeHCcHOTi3arii BIOUTKIB manbLiB
Oe3nocepeITHLO 3 Ta30BOi (ha3u. BusiBieHHS BIIOWTKIB NaNbIiB HA MOBEPXHSIX, IO
a0copOyIOTh, BHMarae CIELiaTbHAX METOAIB BHUSBICHHS, ICTOTHUM AaCIIEKTOM SIKHX €
HEOOXITHICTP JOCTaBKM pPEarcHTy [0 MiCLs 3HAXOKEHHS BIAMOBIIHOTO KOMIIOHEHTA
CIIiIoyTBOpIOIOUOl pedoBrHU. Ha mpakTuii mpotsroM 0OaraTtboX pPOKIB Ui 1€l MeTh
BUKOPUCTOBYBAJINCS Pi3HI TWIM po3umHiB, Taki sk DFO, winrinpux ta 1,2-iHmangion. B
paMKax [bOro JOCITiIKEHHS OYJI0 MPOBEICHO NOCTIIKEHHS 3 BUSBIICHHS BiIOMTKIB MAIBIIIB
Ha TOBEPXHSIX abCOPOYIOUHX 3 BUKOPHCTAHHSIM TEeHIITIHY B yMOBaX 3HIDKEHOTO THCKY 1 JUIs
NOPIBHSAHHS 3 PiAKor0 (a3ow. [pyHTyrouMch Ha pe3yJbrarax NPOBEICHUX TECTIB Ta
OTPUMaHUX PE3YJbTATIB, CJiJ] KOHCTATYBaTH, II0 METOJ BaKyyMHOI CyONimallii reHimiHy
MO)ke OyTH YCHIIIHO BUKOPHCTAHUH IS BUSIBJICHHS BiIOMTKIB MATIbLIB HA OBEPXHSIX, IO
abcopOytoTe. BusiBneHi ciigy BUAHO SIK 3a OWLIOro cBiTia, i NpU (IyopecleHTHOMY
ocBitienHi. EdekTuBHICTE MeTonmy ceHcuOuTi3amil BiIOMTKIB HaNbLiB y Tra3oBid ¢asi
MPOAEMOHCTPOBaHA 100 TAKUX PEYOBHH, K HIHTAPUH T TeHIMH.

Knrwwuoei cnosa: 1OO, HIHTIAPHH, TEHIMIH, aMiHOKHCIIOTH, a0COpOYI0Yi MOBEPXHI,
cyOmimMartis, BiJOMTKY MaJbliB, BAKyyMHa Kamepa.

B craree mpencTaBieHBl pe3yibTaThl HCCIEIOBAHUI MeTOda CEHCHOWIN3AIUU
OTIEYATKOB MaJbLEB HEMOCPEACTBEHHO M3 ra3oBoil (a3sl. OOHapyKEHHE OTIICYaTKOB
MaibleB Ha a0COpOHMPYIOMIMX IOBEPXHOCTSAX TPeOyeT CIEeNHANbHBIX METOIO0B
BBISIBJICHUS, CYIICCTBEHHBIM aCIIEKTOM KOTOPBIX SABJIACTCA HeOGXO,HI/IMOCTB JOCTaBKH
pearcira K MECTy HaxOXICHUS COOTBETCTBYIOLIEI'O0 KOMIIOHCHTa cneﬂoo6pa3y}0mero
BCHICCTBA. Ha IPpaKTUKE B TCYCHUE MHOI'UX JIET IJIid JTOM OCJIN HMCIIOJIB30BAIIUCH
pa3MYHBIC THITBI PACTBOPOB, Takue kak DFO, auaruapus u 1,2-unnasanod. B pamkax
3TOro0 HMCCJICIOBaHUA OBLIO TMPOBEACHO HCCICAOBAHUEC II0 BBIABJICHHUIO OTIICYATKOB
majJplCB Ha a6cop6npy}0mnx TMOBEPXHOCTAX C UCIIOJIB30BAHNEM I'€HUIIMHA B YCJIIOBUAX
IOHWXKXCHHOI'O JaBJICHHUA W [Jid CpaBHEHHSA C )I(PIHKOﬁ (1)330171. OCHOBEIBasICh Ha
pe3yibpTaTax MOpPOBEOCHHBIX TECTOB M IOJNYYEHHBIX  PE3yNbTAaTOB,  CIEAYyeT
KOHCTaTHPOBAaTh, YTO METOJ BAaKYYMHOM CyOIMMAIK TeHUIIMHA MOXET OBITh YCHEIIHO
HCIIOJIB30BaH AJIs1 BBIABJIICHUS OTIICYATKOB IIAJIBIICB HA a6cop61/1py}0LuI/1x IOBEPXHOCTHAX.
OOHapyKeHHBIE CJe[bl BUAHBI KaK MpH OCIIOM CBETE, TaK M NpH (PIyOpecClEHTHOM
ocBeleHuH. I(HGHEKTUBHOCTh METO/IA CCHCUOMIM3AIIUK OTIICYATKOB MABICB B ra30BOM
(ba36 MIPpOAEMOHCTPUPOBAHA B OTHOIICHUU TaKUX BEIICCTB, KaK HUHIMJAPWUH U I'CHUIIAH.

Knrouesvie cnosa: 10O, HUHTUAPHH, TSHUITUH, aMHHOKHCIIOTHI, a0COpOHpYIOIIne
MOBEPXHOCTH, CyOnrManus, OTIIeYaTKH NAIbIEB, BAKyyMHas KaMepa.

Revealing fingerprints on absorptive surfaces requires the use of specific methods.
In everyday laboratory practice, mainly chemical methods are used, directed at amino
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acid components of trace forming substance, such as DFO, ninhydrin and 1,2-
indanedione [1, pp. 2]. In the case of fatty components of trace forming substance,
powder-based methods or Physical Developer are applied [2].

An essential part of the process of revealing fingerprints on absorptive
surfaces is to deliver reagent to the place of occurrence of the corresponding
component of trace forming substance. In practice, for many years, various types
of solutions have been used for this purpose. In many cases, liquid components
of the solution can cause both the dissolution of the trace forming substance and
a blur effect on the trace deposited. Without a doubt, they can also lead to the
destruction or loss of biological material. Still, the use of liquid-based methods
can result to a certain extent in a negative impact on traces or the surface.

Meanwhile, an interesting option is the possibility of deposition of sensibilizer
vapours from the gaseous phase directly onto the trace forming substance,
disregarding the solvents. Effective process handling requires the conditions of
reduced pressure and heating the revealing substance below the threshold of its
thermal decomposition. The ideal sensibilizers are the substances that selectively
react with amino acids, while simultaneously forming an optically active compound.
The substances exhibiting such properties include: DFO, 1.2-indanedione,
ninhydrin, or genipin. Within the framework of this study, research was carried out
on revealing fingerprints on absorptive surfaces with the use of genipin, under
reduced pressure conditions and in order to compare in the liquid phase. In addition,
the method of sensibilizing traces with genipin in the gaseous phase was compared
against the standard ninhydrin method.

Revealing fingerprints by using sublimation under vacuum has been so far
proposed only for ninhydrin [5, pp. 6].

The tests for this article were carried out in a vacuum chamber produced as
part of the project no. DOB-BI009/03/01/2018 financed by the National Centre
for Research and Development, under the call for implemnentation and funding
research projects in the field of research or development works for the defence
and security of the state. The construction of the chamber frame along with the
closing is presented in figure 1, 2.

Fig. 1, 2. Chamber utilized in the studies

All chemical reagents used in this study were of analytical grade, used
without subsequent purification.
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Strips of paper (80 g/m2) and amino acid test strips SEMA (Germany) were
used in the experiments. Fingerprints on paper strips were deposited by a single
person. The prepared trace samples were divided into two groups, each of the
samples was additionally cut in half. Next, both groups were exposed to genipin
in the liquid and gaseous phase, and ninhydrin in the liquid phase.

The samples in the form of paper strips carrying the traces were placed on
the item plate of the vacuum chamber rack, next to the amino acids test strips.
After closing the apparatus, the vacuum was generated and the process of
evaporation or sublimation of the corresponding sensibilizer was initiated.

The vacuum was generated using a rotary and turbo pump, and the final
pressure was not lower than 4-5mm Hg. The temperature of the
evaporator (during sublimation or evaporation) was controlled and adjusted in
the range of 120—150°C. The average duration of the trace revealing process,
involving pumping the tank until the lowest pressure was obtained, heating the
evaporator to the required temperature and the transition from the solid to the
gaseous phase was no more than 25 min.

After sublimation/evaporation and aeration of the apparatus, the samples
were placed in the climatic chamber for ensuring optimal fingerprint revealing
conditions, i.e. a temperaturg of approximately 80°C and a relative humidity of
approximately 65 %. The samples were heated for 30 min.

Observation, registration and analysis of the results were performer using a
macroscopic hyperspectral imaging system based on liquid crystal tunable
filter (LCTF) technology — VIS CONDOR Macroscopic Chemical Imaging
SystemTM (ChemlImage, U.S.).

Genipin vacuum sublimation technique can be successfully used to reveal
fingerprints on absorptive surfaces. The traces revealed are visible under both white
light and fluorescence conditions — figures 3, 4 [3, pp. 84-85]. The traces revealed
using this technique do not show blurring or disappearance of papillary line patterns.
In addition, the poroscopic features of the ridges were well exposed. It should be
assumed that this was due to the absence of capillary phenomena responsible for
distortions of papillary line patterns, characteristic for absorptive surfaces. Moreover,
any destructive influences by phenomena associated with the occurrence of surface
tension on the drops formed were avoided.

Fig. 3, 4. Fingerprints revealed using genipin vacuum sublimation technique — left a
view in the fluorescence mode (excitation 575 nm, red longwave edge filter), right a
view under white light
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The measurement data obtained from the test strips indicated that the level
of fluorescence emitted by traces revealed with genipin vacuum sublimation
technique was comparable to that observed for traces revealed by means of
liquid techniques — figures 5, 6 [3, pp. 85-86].
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Fig. 5, 6. Fluorescence of four SEMA test strip reaction fields with exponentially
decreasing order of amino acid concentration, left — treated with genipin vacuum
sublimation technique, right — treated with genipin solution
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The same was true in the case of test fingerprints. It should be noted,
however, that the precision of defining the measurement area as well as the
prevalence of amino acids were much higher on the test strips as compared with
the test traces. Plausibly, the above was the reason for recording the discrepancy
of measurement data related to the test trace no. 3 — figures 7, 8. It is very
important to control the rate of increase of the evaporator temperature, as
exceeding the optimal range may result in thermal decomposition of
genipin [3, pp. 85-86].
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Fig. 7, 8. Fluorescence of fingerprints treated left with genipin vacuum sublimation
technique, right with genipin solution

The measurement data related to the absorption of vacuum sublimed genipin
are comparable with those obtained for ninhydrin solution. However, certain spectral
differences are apparent and translatable into different colors of the reaction products
of both substances with amino acids — figures 9-12 [3, pp. 85-86].
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Fig. 9, 10. Absorption of the SEMA test strip reaction field with the highest amino acid
concentration, treated with, left — genipin vacuum sublimation technique,
right — ninhydrin solution

Fig. 11, 12. Absorption of fingerprints treated with, left — genipin vacuum sublimation
technique, right ninhydrin solution

The method of sensibilizing fingerprints directly from the gaseous phase has
the potential of becoming a very important tool, complementing the currently
available arsenal of revealing techniques. This method is very simple and
requiring relatively inexpensive equipment. The sensibilization process is short
and, in addition, it does not cause degradation or loss of material suitable for
genetic research. It should be pointed out that the effectiveness of the
fingerprints sensibilization method in the gaseous phase has been demonstrated
with regard to such substances as ninhydrin, genipin, DFO and 1,2-IND.
Consequently, it can be anticipated that further research will confirm the
usefulness of other substances in this approach.
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