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CbOP 'EHETUYECKHX BUOMATEPHAJIOB (1HK)
C IMOBEPXHOCTEM: METOIbI U YCTPOUCTBA (OB30P)

B 00630pe paccMOTpeHbI COBPEMEHHBIE TEXHOJIOTHHM M TEHACHIMH PAa3BUTHS B pa3paboTke MpHUOOPOB UTA B3SATHSA
npo0, B ToM uncie konTaktHOH JIHK ¢ pasnuunbIx moBepxHOCTEeH M mpeaMeToB. B cratbe paccmarpuBaetcs 3¢-
(heKTHBHOCTH CEHCOPHBIX MeToI0B Boccranosnenus: JIHK u ycrpoiicts, nucrons3yemsix it coopa JJHK ¢ paznma-
HBIX [TOBEPXHOCTEH Ha MECTE MPECTYIUICHUS LISl CyeOHO-MEIMIIMHCKOM J1a00paTopyH, a Tak)Ke PaCCMOTPEHBI IIPO-
OJIeMBbl, OTpaHUYEHUSI METOZ0B M COBPEMEHHbIE TEHJICHIIMH pa3BUTHs. PazoOpaHbl pacnpocTpaHeHHbIE U HOBBIE Me-
TO/BI cOopa mpod, a UMEHHO: COCKabIMBaHKe, BEIPE3aHUE, TAMIIOHBI (M MPOTHPAHNE TaMIIOHAMH), ITOATSKKA JICH-
TO# 1 reseM, 3amMauuBaHue, Bardole M-vac, Cyxoii 1 BITaXKHBII BaKyyM U IpyTHE.

Ka. cn.: JHK-cynebnas skcnieptusa, konraktaas JJHK, meronsr u3neuenns JJHK, c6op Gnomarepunanos ¢ moBepx-
HOCTH, TaMIIOHbI, IPOTUPAHNE TAMIIOHAMH, JIM(PTHUHT KJICHKOHN JICHTOH, TM(THHT TeIsIMH, MOKPOE BaKyyMHPOBaHHE,

CcyXoe BaKyyMHUPOBaHHE, METO]I IOTPYKEHHSI

BBEJEHUE

[ocne coobmennst B 1997 . 0 BO3MOXKHOCTH TIO-
nyuenust npodpmist JJHK u3 ornedarkoB manpieB Ha-
YJaUCh MHTEHCUBHBIE MCCIEAOBAaHUS 110 IPUMEHUMO-
CTH MIMEIOIINXCS W CO3JaHUI0O HOBBIX METOJOB cOopa
OnomarepuaioB ¢ TMOBEPXHOCTEH NpenMeToB, 0OHa-
PY)KHBaEMBIX Ha MeCTaxX NPECTYIJIeHWH (BKIIOUas
WHCTPYMEHTBI, HOXH, aBTOMOOWIIM, OTHECTpEIbHOE
opy’Kre, MHUILY, TOCTeNbHbIE MPUHAMIEKHOCTH, Tpe-
3epBAaTUBBI, KOCMETUKY IJIs1 T'y0, OyMa’KHHKH, IOBe-
JUpHBIE H3IENUs, CTEKJIO, KOXy, Oymary, kabeiw,
OKHa, nBepu U kamHM) [1]. KoHeuHas 11enmp 3THX HC-
CIIEOBAaHUN — HMICHTU(UKALMS JUYHOCTH, TIPUCYT-
CTBOBABIIIEH Ha MECTE MPECTYTICHHS, — JOCTUTAETCS
B Ppe3ylbTaTeé MHOIOCTAAMMHON MpOLEaypbl, BKIIO-
Yalomel IOCIeI0BaTeIbHOE BBIMOJIHEHUE CIEAYIO-
IIMX TPOLECCOB: H3BJICUEHUE OHoMaTepuaia —
TPAaHCIIOPTUPOBKA B JIAOOPAaTOPHIO — OIKCTPAKIHS
JHK — STR JHK-tunupoBanue — uHTEpOperanus
pe3yJIbTaTOB (CPaBHEHUE C CYIIECTBYIOIIMMHU KPUMHU-
Hanmuctuaeckumy  6asamm  ganabix JHK [2] wmm
¢ JHK-npodunsimu nomo3peBaeMbIX B COBEPILECHHH
MPECTYIUICHHUSI WIIA KEPTB MPECTYIUICHUH, TeppopH-
CTMYECKHX aKTOB U HECYACTHBIX CIIy4yaceB).

B TeueHne nepBOro AECATUIETUS HCCIEAOBAHUM
U YCKOPEHMs M YNPOLICHUS aHain3a ObUIM paspa-
00TaHBl aBTOMATU3MPOBAHHbBIE CHCTEMBI SKCTPAKIIUU:
cuctema DNAIQ™ (Promega Corporation), podotu-
3upoBanHas cuctema Maxwell 16 (Promega Corpora-
tion), PrepFiler™ (Applied Biosystems) u poboTu3su-
poBanHas cucrtema AutoMate Express™ Forensic
DNA (Applied Biosystems) [3]. Kpome Toro, yxke
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B 2011 r. mpoeMOHCTpUPOBaHbI TIEPBbIE MHTETPUPO-
BaHHBIE aBTOMAaTHU3WPOBAaHHBIE CHCTEMBI IS CyZIel-
Horo STR-reHOoTMNUpOBaHUs, BBIIOIHIIOIINE BCE
CTaJIMW aHaJln3a — OT BHECEHHUS TaMIIOHA C 00pa3iom
no nojydenus: pesynstatoB STR-ananmza, — Rapid-
HIT™ 200 (IntegenX) u cucrema ANDE (Accelerated
Nuclear DNA Equipment) anst OBICTPOTO TIOIYUYESHHUS
STR-npoduseit U3 TaMIIOHOB C HaHECEHHBIMU OYK-
KaJIbHbIMU KJieTKamu [4, 5]; B 2010 r. nosBuiachk nep-
Bas, a B 2012 r. ynydnieHHas Bepcus MOJIHOCTbIO HH-
TErpUPOBAHHOTO MHUKPOMIIOMIHOTO aHAIM3aTOPa MO-
nyneHOoro tuna MiDAS [6, 7]. B Hacrosimee Bpems
Ha phIHKE MMEIOTCS] TEHETUYECKUE aHaIM3aTOPhI MOJI-
Horo twkina ParaDNA (LGCForensics), RapidHIT
200 u RapidHITID (Thermo Fisher Scientific), ANDE
6C [5, 8, 9]. (B Poccum mpoBeneHO TecTHpOBaHUE
ananm3aropoB RapidHIT 200 u RapidHITID u npu-
3HAHO IEJIECO00pPa3HbIM UX MPUMEHEHHE B CyAeOHO-
skcriepTHoi mpaktuke 18 JHK-unentndukanun
[10].) Ammapatypa mns 6eictporo JIHK-amammza mo-
JKET HCIIOJIB30BAThCS 3a MpelesiaMi TPaJULHOHHBIX
naboparopuii, HampuMep B YCJIOBHAX TMOJUIEHCKUX
y4acTKoB [8], 0JlHaKO 3TH MPHOOPHI MEPBOHAYAIHLHO
pa3pabaThIBANINCh IS aHATU3a TAMIIOHOB ¢ OyKKallb-
HBIMH KJIETKaMH TIOJIOCTH PTa, YTOOBI yCKOPUTH 00pa-
0OOTKY CpaBHHUTENBHBIX 00pa3loB, CB3aHHBIX C KpH-
MUHAQJIBHBIMA CITydasiMu. Takue o0pasifsl, Kak MOKHO
nojarartb, COJEpPKaT OTHOCUTEIBHO OO0JIBIIOE KOJIHYe-
ctBo JIHK, 1 HexoTopble MOMBITKH pacIIUPHUTh AHA-
ma3oH a0 MeHbImx kommdectB JIHK wmmm cmecei
UMenu  pa3HoOoOpa3Hylo cTemeHbp ycmexa  [8].
ITo omenke aBTOPOB 0030pa [5], IMEIOIIHECS] CHCTEMBI
XOpomo paboTalOT NPH HCHOJIB30BAHUM TAaMIIOHOB
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¢ OyKKaJbHBIMU KJIETKaMH, IOJIyYCHHBIMU U3 €AMHCT-
BEHHOTO HCTOYHHKA, HO B Cilydae OoJiee CIIOKHBIX
00pa3IoB yCIEeNHOCTh B ModydeHnn noxaoro JJHK-
npoQuis CIUIIKOM HU3KA, U JI0 CHX TIOp HET mopTa-
THBHOTO YCTPOWCTBA, BBHIMOJHAIONIETO BCE HEOOXO-
OUMbIE CTaguM Ui OBICTPOTO aHajM3a pPealbHBIX
"rps3HBIX" 00pa3OB MPSMO HA MECTE MPECTYIUICHUS.
Tectuposanue /IHK cymecTByromuMu ananusaropa-
MU, obecreuuBas BBIMTPHIII BO BPEMEHH aHaIH3a
W YMEHBIIAsg €ro TPYJOEMKOCTh, MMEET MEHBIIYIO
YyBCTBUTEJIBHOCTh, Ye€M TPAIUIMOHHBIN J1abopaTop-
HBIH aHamu3 [5, 8]. DTO 0OCTOSATEIBCTBO CBUACTEIb-
CTBYeT O emie OonblIeld 3HAYUMOCTH Pa3pabOTKU
1 BBIOOpa MaKkCUMAaNbHO (P (HEKTUBHBIX METOJIOB COO-
pa o0pasloB, MEePBOCTENIEHHAs POJIb KOTOPHIX B 00-
mactu  cyae6Horo  JIHK-amammza  momdepkHyTa
B pabore J.M. Butler [11] 3akmouerreM 0 BaKHOCTH
KayecTBEHHOTO cOopa yiMK (IIPU TECHOM COTPYAHH-
YecTBE C WCCIIE[OBAaTEIMA MECT TIPECTYIUICHHUS)
M 0 HeoOXOIUMOCTH MoHuMarte, uro JJHK-tect, mpo-
BOJIMMBIA C HCIOJB30BAaHWEM Ja)ke CaMoM Jydinen
TEXHOJIOTHH, XOPOIll U YOeAUTENIEH POBHO HACTOJIBKO,
HACKOJIBKO XOPOII COOpaHHBIN o0pas3err.

OpHO# U3 CYIECTBYIONMX MPOOJIEM NIPH aHAIH3e
kontaktHoi JIHK sBnsercs ee Hu3Kkoe comepx aHue
B HEKOTOPBIX coOMpaeMbIx oOpasmax. KommdectBo
n3pnekaemoir JIHK BappupyeT B HIMpOKHX guaraso-
Hax: oT 0 70 170 Hr B 3aBUCHMOCTH OT THIIa TIOBEPX-
HOCTH, JUIUTEIBHOCTH W BHJA KoHTakTa [12]. B pa6o-
Te [13] mokazaHo, YTO 3TO KOJUYIECTBO MOXKET OBITH
KpaitHe ManbM (0T MeHee 100 nr 10 HECKONBKHUX CO-
TEH IT') W 3aBUCUT HE TONBKO OT komumuyectBa JITHK,
OCTaBJICHHOTO IPUKOCHOBEHHEM K TMOBEPXHOCTH, HO
Y OT MPUMEHSEMBIX CIIOCOOOB M3BJIICUCHUS U IKCTPAK-
uuu. Ilorepu JIHK B mpouecce BBINOJHEHUS 3THUX
CTaaui, M0 JaHHBIM Pa3HBIX aBTOPOB, MOTYT COCTaB-
JsTh 0T 56% 10 77% [14], ~39% [14, 15], ot 20%
10 80% [16], mpudyeM MOpeANOCHIIKON 3TUX MOTEPh
CIIyX)KHT caM BBIOOp MeToja cOopa 00pasioB ¢ IO-
BepxHOCTH cyOctpata [16]. IlosToMy mccnenoBanus,
MIPOBOJIMMBIE B TOCJIEHEE AECATUIIETHE, HATIPABICHBI
Ha BBISBJICHHE OCHOBHBIX (DaKTOPOB, BIHSIIOIINX
Ha A(QEKTUBHOCTh H3BIICUEHUsI OHOMAaTEpUalIoB,
W CpaBHHUTENHHOE WM3Y4YCHHE pPEe3yIbTaTUBHOCTH pa3-
HBIX METOJIOB, OLIEHMBAEMOM MO KOJIMYECTBY H3BIIE-
gennoit JIHK w/mmm mo mamuaeiM STR-TtummpoBanwus.
B ocHoBe uccnemoBaHuil NieKaT MOJICIBHBIE OIBITHI,
BKJIIOYAIOIINE TIPEBAPUTEIbHOE HAHECEHUE OTIedaT-
KOB TAaJblleB (C TpUBJICUYEHHEM JOOPOBOJIBIIEB) HITU
nsaTeH Ouomarepuana (KpOBH, CIIEPMBI, CIIFOHBI)
Ha TIOBEPXHOCTH pa3HOro Twma (TIaakue, pudQIeHsie,
MOPHCTBIC U T.IL.).

Kpowme Toro, eme ogHo# npobiemoit sBisercs To,
yTO UCTOYHUKM KOHTakTHOM JIHK okoHuaTenbHO He
BBISICHEHBI M BCE €lIle SBJISIOTCS MPEeIMETOM HCCIIE0-
BaHUH U JUCKYCCHH, HO, KAK CUATAETCS, MOTYT BKITIO-
9aTh KOPHEOLMTHI (OTTOPTHYTbIE KJIETKH POTOBOTO

CIIOS) WJIM MX COCTaBHBIE YacTH, SJCpHBIC MUTEIH-
aJbHBIE KJIETKH W3 JAPYTUX YacTeil Tesa WU KUAKO-
CTell opraHus3Ma W BHeKJIeTOuHYr/cBoOomHy0 JIHK
[12, 14]. OT0, B CBOIO OUYEpEenb, 3aTPYIHSICT CO3/IaHUE
u BBIOOD 3(exTuBHOTO METOaa, CIIOCOOHOTO H3BIIE-
katb Bce popmbl JTHK.

B peanbHbIx ycnosusx mHorue u3 JJHK-ynuk npu-
XOAAT U3 HEU3BECTHBIX OHMOJIOTHUECKMX HCTOYHHKOB
U SABISAIOTCA JIATEHTHBIMH (CKPBITBIMM), MO3TOMY
MOYKHO BBIIEIUTH JBE CTPATErHMHM HCCIEIOBAaHUN
Ha MecTe npectyruienus [17]:

e cOOp OCYIIECTBISIOT C MPEANOIaraeMoro yda-
CTKa WJIM BCEil MOBEPXHOCTH MpPEMETa Ha OCHOBE CY-
KIEHUN 3KCIIEPTOB, UMEIOLIUX OMNBIT PabOTHI IO pac-
CIIC/IOBAHUIO MPECTYIUICHUH U cOOpY J0Ka3aTeIbHbBIX
YIIUK;

® BBIIBJIEHHE HCKOMBIX MECT IIO3BOJSIET YCKO-
puth cOop o00pasnoB Ha MecTe MPeCcTYIUICHUs
W YMEHBIIHUTh TPYIOEMKOCTh CAaMOTO cOOpa 1 aHajIu3a
COOpaHHBIX OMOMAaTepHaoB B 1a00OpaTOPHUSIX.

B mpezcraBieHHOM 0030pe MOAPOOHO paccMOTpe-
Hbl MHOTOYHCJICHHBIE METO/IbI cOOpa 00pa3IoB U yCT-
POWCTBA, MPUMEHSIEMBbIC JJISl U3BICUCHUS] KOHTAKTHOMN
JIHK u nsaTen OnmomaTepHalioB ¢ TOBEPXHOCTEH pas-
HOTO THIA, a Takke CHOPMYJIUPOBAaHBI OCHOBHBIC
MPOOJIEMBbI W HAIPABJICHUS TEKYIIUX HMCCICIOBAHHIA.
CymiecTByromuii ¥ Hanboyiee TPOBEPEHHBIA JKCITe-
PHUMEHTAIBHO TMOAXOJ] K BHU3yalU3allMd KOHTAKTHOM
JHK xpatko wu3nmoxkeH B paszaence "3axmoucHue"
C TIEpEYHEM JIUTEPATyPhI, ONMYOIMKOBAHHOU MO 3TOMY
BOIIPOCY.

Ilpumeuanue

B anrnmoszerunoit muteparype mns JHK, wusBie-
KaeMOM M3 OTIEYaTKOB MaJblEB, OCTAIOLINXCS HA T10-
BEPXHOCTAX IOCJIE MPUKOCHOBEHHUSI K HUM YEIOBEKa,
ucnonb3ytoT tepmuHbl: Touch DNA, Trace DNA,
Low-Template DNA, Contact DNA. [J{is eamHO0Gpa-
3Ms Janee B TEKCTE HMCIIOIb30BaH TEPMHUH "KOHTAaKT-
Has JIHK" wim "JJHK" (#e3aBucumo ot hopMeI cyiiie-
CTBOBaHUs, €CIH HE OroBopeHOo oco0o0). [lompobHOE
00CyXIIeHHE MPaBUIBHOCTH U OCOOCHHOCTEH HCIOIb-
30BaHMs TEPMUHOJIOTHH MPOBEACHO B pabote [18].

METO/IbI U YCTPOMCTBA CBOPA .
BUOMATEPHUAJIOB C IOBEPXHOCTEH

Metoa cko0JeHus

Merton ckoOJIeHHsI COCTOUT B BBICKAOJIMBAaHUHU TIO-
BEPXHOCTEN MPEIMETOB CTEPHIIBHBIM JIE3BUEM CKallb-
menss uian OpUTBBI Ha yYacTKax, ¢ KOTOPBIMH TIpe-
CTYHHHMK TIPEANOJIOXKHUTENBHO HMMENT HanOOIbLINHA
KOHTakT [19], a Takxke mis cOopa BUAMMBIX CYXHX
ISTEH KPOBH MJM MOJYYECHHUS COCKOOOB C HOITeH
KEPTB MPECTYIJICHUS, €CIM SK30T€HHBIH OnoMaTepu-
an xopomo pazmuuum [20, 21] (B mocneqHem ciydae
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UCTIOJIB3YIOT ~ JI€PEBSHHBIA HMHCTPYMEHT). Meron
Mpearajioch NPUMEHSTh TakXKe A HU3BICUEHUS
JHK u3 mpenmeros oxexasl [22, 23]. CockoObI co-
OMparoT Ha YKUCTYIO0 OyMary M IOMeIaroT WU B TPO-
OMpKY 7Sl KCTPAKIUK, WK B OYMaXXHBIN ITaKeT, CO-
XpaHss JUId aHanusa; oOpasen MOXKeT ObITh coOpaH
C JIOCTaTOYHO OONBIIOTO y4acTKa (TMpUOIM3HTENTHHO
paBHOTO pasMepy KHUCTH PYKH YeJIOBEKa), YTO YBEIH-
YHBAET BEPOSATHOCTh M3BJICUEHMS OOJBIIEro KOJH4e-
ctBa JIHK-Onomarepmana [19]. Merton ckoOmeHus
SIBJIIETCS UCATBHBIM B CUTYAIUAX, KOT/Ia MOXHO JIO-
KaJM30BaTh YYaCTKH, COJIEPKAIME KICTKH KOXH Ipe-
crynauka [19]. He pekomenayercsi BBIIOJIHATE CKOO-
JIEHWE Ha MeCTaxX MPECTyIUICHHH H3-3a yBEIWYCHHUS
BO3MO’XKHOCTH KOHTaMUHAIIMU YJIMKH, IOTepH 0Opa3ua
B HEKOHTPOJHMPYEMBIX OKPYXKAIOMIMX YCIOBHUSAX (Ha-
TpuMep, TIPH BETPe WIH ABMKEHUU TpaHcmopra [24])
W TPaBMHUPOBAaHHMS OllepaTopa — IenecoodpasHee oOT-
MpaBIATH MpenaMeThl ¢ koHTakTHO# JIHK B mabopato-
puto [19]. OnHako, HECMOTPS Ha TO, YTO METOJ OIle-
HUBAJICA KaK OJWH W3 JIyYIINX JUII cOOpa KOHTaKTHON
JHK, ero sBHBIM HENOCTATKOM SIBJISIETCA pa3pyllaro-
i xapakrep [15].

Meton BbIpe3aHus

Meton BbIpe3aHusi, Kak M CKOOJIEHHE, SBIISETCS
OJIHMM U3 CTapeHInx MeTonoB cOopa OMomarepuania
U, OTJINYAsICh NPOCTOTOM M HU3KOW CTOUMOCTBIO, UC-
MOJIB3YETCS TPY aHaJM3e MATKHUX CyOCTpaTOB, TaKHX
KaK TEeKCTWJIbHBIE MaTepHaibl WK Oymara — HampH-
Mep, W3 BBIPE3aHHBIX YYaCTKOB HEKOTOPBHIX THIIOB
Oymar (ra3eTHOH, XXYpPHaJIbHOW M (DUIBTPOBAIBHOM)
MOJKHO YCIIEUTHO M3BJIEKaTh M 3KcTparuposaTth JJHK
[17]. B mocnenHem ciy4yae pe3yiabTaT 3aBUCUT OT TH-
na Oymaru (Haubonbmee xoiamdectBo JJHK u3Bieue-
HO M3 )KypHaJIbHOHN Oymaru, a HanMeHblee — B 5 pa3
MEHbIIIe — W3 ra3eTHoW Oymaru [25]. Meron Moxer
MPUMEHATHCS JUIA TaKUX IMPEIMETOB, KaK MEIHIIHH-
CKH€ MAacKH, 3y00YUCTKH, IETKU [26], ObLIT HCIIOIB30-
BaH JIs u3BIeueHus kKoHTaktHoi JIHK u3 nmenTounoit
OKaHTOBKM W CKPYTKH IPOBOJOB B CaMOZEIBHBIX
B3pBIBHBIX ycTpoiictBax (CBY) [27] u pexomeHmo-
BaJICsl K MPUMEHEHUIO Ui apXUBHPOBAaHHBIX OTIIEYAT-
KOB manbleB [28]. DPQPeKTUBHOCTL BBIpE3aHHs Kak
metona coopa IHK nponemoncTpupoBana 1 TKaHH,
TOJICTBIX M TOHKHMX XJIOIIKOBBIX BEPEBOK, BEPEBKU
13 MOIMepoB [29].

IIpy HeoOXOIMMOCTH W3BJICUYEHUS] KOHTAKTHOM
JHK u3 MArkoil TkaHu mpsiMOE BBIpe3aHHE OIlEHMBa-
eTCs Kak HauOoJjiee NEWCTBEHHBI METOX C OOJBIION
CTETEHbIO JJOKA3aTEeNbHOCTH YJIMKH [3], OHAKO K €ro
HEeJOCTaTKaM CJIeyeT OTHECTH Y3KHH Tuara3oH IpH-
MEHUMOCTH (HE€ KaXIbpli y4YacTOK IpeaMeTa MOXKET
OBITH BBIPE3aH) M €r0 pa3pymIaronmii xapakrep [15,
17, 30, 31]. Kpome Toro, kpacutenu, IpUCyTCTBYIO-
e B TKaHAX, MOTYT uHruomposats [P [22]. On-
HUM U3 OTpaHUYEHHUN HMCIIOJIB30BaHUS METOJa Ha3Ba-
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Ha BO3MOXKHAs HECOM3MEPUMOCTH DPa3MEPOB BBIpE-
3aHHOT0 y4acTKa U 00beMa NMpPOOUPKHU JJIsi IKCTPaK-
UM, YTO MOXKET YCJIOXKHUTH JajJbHEHIIUil mporecc
00paboTku [19]. UToObBI N30ekaTh SKCTPAKIMH, MTPE-
Jlarajaoch nNpuMeHsTh MetoJl npamoit IIHP: nns atoro
MAJICHBKHH yYaCTOK TKaHH (~2 MM’) WIH BOJOKHA
MTOMETIANTA HETOCPEACTBEHHO B TMIPOOUPKY WITH JIYHKY
TUTaHILIETa C peareHTaMu Ui amruudukanuu [32, 33].
Opnako B pabore [34], B KOTOpOH CpaBHUBAIOTCS
pazHble MeToAbl u3BieueHus KoHTakTHoM J[HK wu3
OJIeK[IBI, CIIPABEJIMBO YKa3aHO, YTO, €CIIM MECTO pac-
nonokeHust JIHK-Onomarepmana HEBUAMMO, OYEHBb
TPYIHO ONPEACIUTh YUaCTOK JIJIs BhIpe3anus. B To xe
BpeMsI CyIIECTBYET MpoOiieMa, CBI3aHHAS C aHAIN30M
BBIPE3aHHOTO Y4YacTKa HOIICHON OJEXKIbl — B 3TOM
cydae W BHYTPEHHSS, M BHEIIHSS ITOBEPXHOCTH W3-
BJICKAIOTCSI OJJHOBPEMEHHO, YBEIIHYUBAsT BEPOSTHOCTH
toro, uto JIHK Bnamenpma "3aTomut" cieapl dyke-
pomuoii JIHK [31] (uckitoueHreM SIBISETCS MHOTO-
CIIOMHas CTPYKTypa ojexsl [17]).

YcerpoiicTBa Ha 0OCHOBE TAMIIOHOB

Tepmun "tamnon" (swab — B aHIJIOS3BIYHON JIU-
TepaType) NCIOIB3yeTCs ISl OMICAHUS MPOCTEHIIEro
yCTpOHCTBa cOOpa, COCTOSIILETO U3 CTEPXKHA, K KOHILY
KOTOPOTO TMpPHUKPEIJICH CUHTETHYECKHH WJIM HaTy-
PaNBHBIA MaTepHall, 00pa3yrmuil "ToIoBKY" yCTpOii-
ctBa. [IpoTHpaHne TOBEPXHOCTH TaMIlOHaMH (swab-
bing), sBusAsIcH HamOoJiee PacIpOCTpPaHEHHBIM METO-
JIOM H3BJIeUYeHHS OMOMAaTEepHajoB, O CUX IOP OTHO-
cuTCs K Hambosee m3ydaeMbIM crocobam cOopa 00-
pasuoB ¢ nosepxHocTH. Criocod mMpUMEHEHHs! TaMIIo-
HOB BBITJISIIUT B OOBIYHOM HCIIOJTHEHUH Ype3BBIYaliHO
NPOCTHIM: TaMIIOH NPHUKJIAABIBAIOT K IOBEPXHOCTH
U TepeMelaloT Mo LEeIeBOMYy y4YacTKy, oOecreynBast
MaKCUMaJbHBIH KOHTAKT MEXIy TaMIOHOM H IIO-
BEPXHOCTBIO U OCTOPOKHO Bpamas TammoH [1, 35]
(mocne cbopa obOpasiia TaMIIOHEI OOBIYHO BBICYIITHBA-
JM HA BO3AYyXE Ul TPEAOTBpALCHHS ACTpaaaluu
JHK).

Jl1sl M3rOTOBJICHUSI TaMIIOHOB HCIIOJIB3YIOT TaKue
MaTepHalibl, Kak XJIOTOK, BHCKO3y (rayon), HEHJIOH,
nonmudup (dacron), monmyperaH W ry0vaThie mare-
puansl pazHoi npuponsl [36, 37]. B pabore [36] BbI-
JIEJIEHBl TPU KOHCTPYKTHBHBIX (OpMBIL: 1) OOBHUTHIN
TaMIIOH (M3 XJIONKa MM BUCKO3bI) MOJIyYaroT, oOMa-
THIBasi MHOTHE BOJIOKHA WJIM OJHO JUTHHHOE BOJIOKHO
BOKPYT CTEpXKHS (PYKOSATKH); 2) i W3TOTOBIICHUS
(IIOKMPOBAHHOTO TAMIIOHA HA PYKOATKY HaKJICHBAIOT
KOPOTKHE HUTH HEWJIOHAa MEPHEHIUKYJSIPHO IOBEPX-
HOCTH; 3) TaMIOHBI C MSTKOH HaOMBKOW CO3MAIOT,
MPUKPEIUISISE K pyKosiTke My(Th ("moaymkn") nu3 me-
HBI, YTO OoOecreunBaeT 0oiee OTKPHITYIO CTPYKTYPY.

TammoHBI U3 TYOUATHIX MaTepHuaaoB MOTYT b dek-
TUBHO HU3BJEKaTh 00pa3libl U3 MOPHUCTHIX IOBEPXHO-
cTell Osaromapsi BBICOKOM abcopOupyroiieit crnocoo-
HocTH. HeilnoHoBbIE — (IIOKMPOBAaHHBIE TaMIIOHBI
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4N6FLOQSwabs™ [38, 39] crenuanbHO pa3pabathi-
BaJIM JUIsL yIIydieHust 3QPEKTUBHOCTH cOOpa KIETOK
W uX BBICBOOOXIeHHs. lIpenmyiecTBeHHOE TpHMe-
HEHHE TAMIIOHOB M3 XJIOTIKAa — OCOOEHHO MpPH PyTHH-
HBIX HCCIIETOBAaHMUIX — OOyCIIOBIEHO HCTOPHUYECKHU-
MH 0OCTOSITENBCTBAMH, & TAK)XKE UX PEHTA0EIBHOCTHIO
W JOCTYMHOCTBI0. OTMEYEHO, YTO OHH MPEAIIOYTH-
TENBHBI I cOopa OMOXUIKOCTEH Onaroaaps orpom-
HOU CIIOCOOHOCTH K TOTJIONICHHUIO JKUAKOCTH, a KpOMe
TOTO, OHU HEJOPOTH ¥ — YYUTHIBas OOJIBIINE BBITYC-
KaeMble U HCIOJIb3yeMble KoJnyecTBa — Oojee uc-
neiTadbl [40]. Crenyer Takke yHOMSIHYTb, YTO IPO-
TUpaHHE TaMIIOHAMHM M3 XJIONKAa YacTO HCIIOJIB3YIOT
mpHu pa3paboTKe HOBBIX METOJOB B KaudecTBe "pede-
peHcHOro" MeToza.

Nzyuenne 3¢ heKTUBHOCTH IPUMECHEHHS BCEX TH-
OB TAMITOHOB IJIsi cOOpa M MOCIEAYIOUIETO BhIJENe-
Hus u3 tammnoHoB yuctod JIHK mokazano, 4to Bce
TaMmrioHsl 3axBaTbiBatoT JIHK B pa3Hoii cremenu, 4to
MOYKET 3aBHCETh OOJbIIE OT pa3MepOB T'OJIOBKH, YeM
OT Marepuana TammoHa, oxHako jousst JIHK, Bwine-
JIEMOM M3 TAaMIIOHOB IIPU MOCIEAYIOLIEH SKCTPAKIHH,
BO Bcex cirydasix Owuia Hmke 50% [36]. D10 oTHOCH-
JOCh B TIEPBYIO OdYepenb K TaMIIOHAM H3 XJIOIKa
B CBSI3M C TEM, YTO HEKOTOPHIE OOBIYHBIE METOIBI IKC-
Tpakuu He ObUIM O0CTaTOYHO 3()(PEKTHBHBIMH TIpU
u3Bneuennu 3axsaduennoit [JHK [1, 41], mpuyem BbvI-
CyIIMBaHNE TAMIIOHOB JI0 SKCTPAKIIUH MOTJIO YMEHb-
matk BeicBoOOkaAeHue JIHK [1, 42, 43]. Husa ymyd-
meHns 3¢p(GEeKTUBHOCTH BBIJIENECHUS OHOMaTepHaAIOB
NpeAaraluch Kak HOBBIE METOIAMKH OKCTPaKIHH
U3 XJIOMKOBBIX TaMIOHOB [41, 44], Tak 1 HOBBIE THITBI
tamnoHoB. Hanmpumep, Tammonsr X-Swab™ (Diomics
Corporation), M3rOTOBJICHHBIC M3 3alaTCHTOBAHHOI'O
CHHTEeTHYecKoro marepuana Diomat™, kak cooOma-
JIOCh, PAaCTBOPSIIOTCS MPU CO3/1aHUU HEKOTOPBIX yCIIO-
BUH AKCTPAKINN; B MOJIETHHBIX SKCIIEPIMEHTAaX IOKa-
3aHO, YTO 3TOT HOBBIM MaTepual cOOMpaeT U BBICBO-
0oxmaer 0osbIie JHK, yeM TaMIIOHBI
4N6FLOQSwab™ [36, 45, 46]. PactBopuMbie Tam-
MOHBI KOMITAaHUM Luna BBIMONHEHBI W3 alerara Ieln-
JIIOJI0361, UMETOT pa3mep BoJokoH 0.2 MM (B 100 pa3
MEHbLIE pa3Mepa BOJOKOH OOBIYHBIX TaMIIOHOB W,
CJIeI0BATEIHHO, OOMIBIITYI0 TIOBEPXHOCTH), HE PAacTBO-
psIOTCS B BOJE, AETEPreHTax, dTaHoje U B OOJBIINH-
CTBE APYTUX PAaCTBOPHUTENEH, HO MOJHOCTHIO PacTBO-
PSIOTCS. B XaOTPOIHBIX peareHTax, MPUMEHSEMBIX TIPH
sKcTpakuuu [47], © COBMECTHMBI C aBTOMAaTHU3UPO-
BaHHbIMU cucteMamMu QiagenEZ 1, Thermo Fisher
PrepFiler™ wu Promega DNA IQ™ [48]. Camo-
MPOMUTHIBAIOIINECS OONBIINE W MAJEHBKHE IPSIMO-
YTOJIbHBIE TaMIIOHBI M3 TeHbl KoMnanuu Puritan, Ha-
3BaHHbIE MUHH-TIOMyJaMu (mini-popules), comepxar
cMaunBaromii peareHT (91% U30MpONUIOBEIA CIUPT
C BOJIOH), BBICTSIOMANACS TIPU MPOCTOM HAaJaBIUBa-
HUU Ha PYKOATKY, pa3pyMIaloNINii MaTeHTOBAHHBIN
M3OJIUPYIONIUI CIIOM, HO B JTHX MUHH-TIOMyJax

M0 3aKa3y MOTYT IPHUMEHSTHCS U APYyTHUE PacTBOPHI
[49]. OTH TaMIOHBI COBMECTUMBI C POOOTH3MPOBAH-
HBIMH CHCTEMaMH SKCTPAaKIMH W HMMEIOT BBICOKYIO
a¢dexruBHoCTh M3BNeuenus JJHK [35].

Ha peiHKE WMEIOTCS Tak)Ke CHCTEMBI, BKIIFOYAIO-
M€ CPEeACTBA JUId aKTMBHOI'O WIIM MAaCCUBHOTO BBI-
CYIIMBaHMs TaMIIOHOB C COOpaHHBIMH OmomMarepua-
JaMH B Tpoliecce TPAHCIOPTUPOBKH M XpPaHEHMS.
Hanpumep, npobupku st cbopa ynuk ForensiX
kommnanuu Prionics AG Hapsay ¢ XJIONKOBBIMH HITH
HEIJIOHOBBIMH ~TaMIIOHAMM  COZAEpXKaT OCYIIUTENhb
SafeDry, a mpoOupka st TPaHCTIOPTUPOBKH BUCKO3-
Horo TamroHa Sarstedt Forensic kommanum Sarstedt
AG mMeeT BEHTWISAIMOHHYIO MEMOpaHy, MpOHHUIIAe-
Myto 17 BogsHbIX napos [50, 51]. Komnanus Copan
BBIITYCKAeT KaK YHMaKOBOYHBIE MPOOWPKH ISl TaMIIO-
HOB 4NOFLOQSwabs™ ¢ akTHBHOW BBICYIIMBAOIIEH
CHCTEMOH, TaK M 3TH K€ TaMIIOHBI C BOJIOKHaMH, 00-
paboTaHHBIMU aHTUMHUKPOOHBIM areHToM [39].

Co3znatoTcst 1 HOBblE KOHCTPYKTHUBHBIE BapHaHTHI
tamnoHoB. Hampumep, tammon microFLOQ™ Direct
SIBJISIETCSI MUHUATIOPHBIM BapuaHTOM Tammona 4N6
FLOQSwabs®, pa3paGoTaHHbIM (paHIly3CKOH IKaH-
JapMmepuel U BblmyckaeMbiM komnanueil Copan [52].
TamrnoH uMeeT MaJieHbKYIO TOJIOBKY (1 MM), 0Opabo-
TaHHYI0 JIM3UPYIOIIAM PEareHTOM, HJEalbHO COOT-
BETCTBYIOILYIO pa3Mepy MUKPOIPOOUPKHU UITK JIyHKaM
96-mynounoro mianmera ams [P [52], n mo3BomseT
BBINIONHATE NpsiMyto amrumdukanuto u JTHK-npodu-
JUPOBAaHKE, MUHYSI CTaJHIO dKcTpakmuu [39, 53-55].
YCTpOiCTBO ¢ MUKPOTAMIIOHOM, TOJJO0OHOE MEPhEeBOM
pyuKe, pa3paboTaHO JyIsl H3BIICUCHUs] OMOMATEPUAIIOB
W3 TPYIHOIOCTYIHBIX MECT, TaKUX KaK CITyCKOBBIE
KpIOYKH OpY>KHS, MEXKJIaBHIIHBIE NMPOCTPAHCTBA Ha
KJIaBHATypax KOMIBIOTEPOB | T.I. [56]. DTO ycTpoii-
crBo BiIrouyaet [IL[P-nmpobupky, B KOTOpYIO MOMELIeH
TaMIIOH W KOTOpPas CONEPKUT JAETEPreHT, yIydlIaro-
mui m3pnedenne JIHK u3 orneuarkor manbies. [lo-
SIBIIEHUE U BHEJPEHUE HOBBIX TEXHOJIOTHI (Hampumep,
3D-nevarn) [37] mo3BOMUT eme OOJBIIE PACHIMPUTH
ACCOPTHMEHT IOJIOOHBIX YCTPOMCTB.

OrpoMHOE KOJIMYECTBO AKTHBHO PEKIAMHUPYEMBIX
KOHKYPHUPYIOIIMX OpeHI0B M MOIU(HKALUN TamIio-
HOB YpPE3BBIYAIHO 3aTPYIHSIIOT BEIOOP ONTHMAIBHOTO
BapHaHTa JJI1 KOHKPETHOTO MCIOJIb30BaHus. B mep-
BYIO OYepelb 3TO MOXXHO OTHECTHM K 3afade cOopa
xontaktHor JIHK, T.K. cliokHas u emie He 70 KOHIIA
BBISICHEHHAs IMPHUPOJA TMOCIEeNHEH 3aTpyIHsSEeT BBISB-
JICHWE TIEePBEHCTBYIOUIETO0 BIUSIONMIEr0  (axTopa
13 MHOTO00pa3usl CyIECTBYIOIINX, TAKUX KaK pa3Mep
TOJIOBKH TaMITOHA, KOHCTPYKIHMS M THUI BOJIOKOH, CTa-
TUYECKOE BJIEKTPUUYECTBO CYXOr0 TaMIIOHa, PacTBOP
JUT CMa4yMBaHHUSA TaMIIOHA, paboTa omepaTopa W CHC-
TeMa BeIcymuBaHus [57]. B pabote [42] coBeroBa-
JIOCh UCKAaThb TAKOW TaMIIOH, U3 KOTOPOro coOpaHHast
JIHK wu3Biekaercs Hambosiee JIETKO, U TECTHPOBATh
pa3Hble COUYETaHUsI TAMIIOHOB M METOIOB 3KCTPaKIHH.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1
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[lo muenuto aBTOpoB [57], Oecroiie3HO BBIOMpATH
TaMIioH, coouparomuii maoro JJHK, ecnu mpoucxonsar
ee Jlerpajanus ¥ MOTEepPH B MPOIECCe XPaHEHUS WU
SKCTPaKIIUU.

ITo cBoeil HanpaBI€HHOCTH UCCIEA0BAHUA MO BbI-
Oopy JydIliero TamIoHa, Ha Hail B3TJIS, MOXHO YC-
JIOBHO TIOJIPA3JCIUTh HAa CPaBHUTEIIbHBIC, UMEIOIINE
L[eJICHANIPABIICHHOE CITY)KEOHOE 3HauYeHue, U "mpoiie-
nypuele”. Hanbonee MHOTOUYHCIICGHHOH SIBIIsiETCS Tep-
Bas TPYTINa UCCIIEA0BaHUH.

Cpasnumenvhvle uccied08amus, OCHOBaHHBIC Ha
OILICHKE PE3YJIbTAaTOB OAHO(AKTOPHBIX IKCIEPUMEH-
TOB, IIPH BapbUPOBAaHMU TOJIBKO PA3HBIX TUIIOB TaM-
TIOHOB, WJIM TIOBEPXHOCTEH, MM OHOMATEepHaNoB, I0-
3BOJISIFOT CAENaTh BBIBOZBI, KOTOpPBIE MOTYT HE pac-
MIPOCTPAHATHCS Ha JAPYTUe, OTIMYAIOIIMECS YCIOBUS
skcniepuMeHTa. O6 ATOM CBHIETENBCTBYET OTCYTCT-
BUE €AMHOTO MHEHHs O JIydlleM THUIIe TaMIloHa (Ha-
MpUMep, XJIOMKOBOM WJIM HEMJIOHOBOM): pa3HbIE aB-
TOPBI PEKOMEHIOBAJIN Pa3HbIe TAMIIOHBI WM BOOOIIE
He oTMevain pasHuisl Mexay Humu [40]. IlpoTtuBo-
PEUYMBOCTh CYKIAEHUI o "myudmem" THUIE TaMIIOHOB
ormeueHa M B pabore [58]. OueHHMB pe3yibTaTUB-
HOCTH cbopa konTakTHOW JIHK pazapiMu TammoHamu
U3 MHOTUX THIIMYHBIX IPEIMETOB, BCTPEUAIOIIMXCS
Ha MecTax NPecTYIUIeHWH, aBTOpHI [59] 3axmrounnm,
YTO HEBO3MOXKHO YKa3aTh €JUHCTBCHHBIH BapUaHT —
ONTUMAJILHBIA BBIOOP CIEAYET MPOBOAWTH B 3aBUCH-
MOCTH OT THIIa HOBepxXHOCTH. [lokazaHo, 4To B ciaydae
rpyOoii ¥ MOPHUCTON IECPEBSIHHOW MOBEPXHOCTH TaM-
TIOH W3 TIEHBI COXPaHSET eJIO0CTHOCTh, TOT1a KaK JIpy-
rve TaMIIOHbI CTAHOBATCS Pa3MOYAJICHHBIMH, YTO YBe-
muarBaeT BeposaTHocTs norepu JHK-ymuk; mpu cbo-
pe 00pa31oB ¢ 6onee rIasKoil MOBEPXHOCTH TAMIIOHBI
u3 nonmd(upa WM XJIOMKa MOTYT ObITh 3 eKkTuBHEE
[59]. DddexruBHOCTE cOOpa JJHK MOKeT 3aBUCETH OT
BUja Onomarepuana: oOHapy»KEeHO, YTO €CIIM H3BIie-
YeHMEe TAMIOHAMH M3 Xjomka u BioSafe® m3 maren
KPOBH M HE OTJIMYAETCS CYLIECTBEHHO, TO TaMIIOH
BioSafe” usBnekaer Gonpure JJHK myumrero xadecrsa
B cayuae konTaktHoit JJHK [60].

B menom xe B KauecTBe OCHOBHOM TEHJICHIINH BBI-
MOJIHEHUSI CPAaBHUTEIBHBIX MCCIEIOBAHUH MOXHO,
BEPOSITHO, KOHCTATHPOBATh MEPEXOJl OT "aKaJeMmuue-
ckoro" m3ydeHHus 3(pPEeKTHBHOCTH TPUMEHEHHS pas3-
HBIX THUIIOB TaMIIOHOB Ha MOJIENBHBIX MOBEPXHOCTSX
K MCCIIEIOBAaHUSM C MaKCHMaJIbHO BO3MOXKHBIM TIPH-
ONMMKEHHEM K pealibHBIM YCIIOBHSAM M C MPHUBIICUYCHU-
€M K MOJIyYEHHIO U OI[EHKE Pe3yJIbTaTOB COTPYIHUKOB
NOJMLEHCKHUX JerapTaMeHTOB U CyAeOHbIX Jadoparo-
puit [40, 57, 58]. B pabote [40] cpaBHIIN XapaKTepH-
cThKU 5 cepruduumpoBanHbix (mo ISO 18385) tam-
noHoB (ForensiX 9021040 u 9022015 (xiomok); Bode
SecurSwab 2 (xusomok); Copan 4N6 FLOQSwabs®
(uetinon); Sarstedt 80.629 (Buckosza)) npu coope 00-
pas3IoB Ha MECTaxX MPECTYIUICHUHA 0e3 MpeaBapUTEIh-
HBIX peKOMEHIAIMK 1o npoueaype coopa. B pesyms-
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tate TecTupoBaHus 500 TaMIOHOB KaXIOTO TUIA
¢ yyactueM 42 COTpYyAHUKOB, PETYISIPHO PadOTaBIINX
C 9THM THIIOM YCTPOMCTB, [0 Pa3HBIM NPUYUHAM ObI-
7 3a0pakoBaHbl 3 BapHaHTa ¥ ONTHMAIBHBIMHU TIpH-
3HaHbl TammoHbl w3 xyomka (ForensiX 9022015)
u Bucko3bl (Sarstedt 80.629). Cnenan BBIBOJ: BBIOOP
TaMIIOHA JIOJDKEH JIENaThCsl Ha OCHOBE IIEJIOCTHOTO
MOJX0a C Y4EeTOM BCEX aCIeKTOB HCIOJIb30BaHMUS,
BKJIIOYasi OLIEHKY PYKOSITKH TaMIoHa (IJIUHY, TpOY-
HOCTh, THOKOCTB), pa3Mep MPOOUPOK MJIs YIaKOBKH
TaMIIOHOB, WCIIOJIb3YEMYIO0 TEXHUKY U OIBIT COTPY/I-
HHUKOB. [103TOMYy MOXET OBITH HEJOCTATOYHO NPOBO-
IUTHb CpaBHEHHE TOJBKO B JaOOPaTOPHBIX YCIOBHSX
W TIPU PaHXKUPOBAHHHU BIHSIONIMX (HAKTOPOB Ha Iep-
BOE MECTO CJIEAYeT IMOCTaBUTh MPOLEIYPY HCIIONB30-
BaHMS TaMITIOHOB [40].

Ko emopoii epynne uccredosanuii, HalpaBICHHBIX
Ha KOHKPETHBIN BBIOOD ISl CIY)KEOHBIX IIeNe, cie-
QyeT, [O0-BUANMOMY, OTHECTH paboThl [57, 58], B Ko-
TOPBIX Jy4IIUH (MaKCUMAILHO MPUEMIIEMBIiA) TAMIIOH
[eJIEHANPaBJICHHO BBIOMpAETCS U3 HECKOJIBKUX, UCXO-
Il U3 HYX[I, OITBITa U pabOYnX YCIOBUH COOCTBEHHBIX
nabopaTopuil ¢ ydacTHeM M MOJIMLECHCKUX MOoapasie-
JIeHUH, 1 TabopaTopuii Cy1eOHOM TEHETHKH.

"[IpoueaypHbie BONPOCHI", BKIIOYAIOIINE BBHIOOP
CMAYMBAIONINX Cpell, OLEHKY 53(QQEeKTHBHOCTH WC-
MOJIb30BaHMS €IMHCTBEHHOTO TaMIIOHA HMJIM MX COYe-
TaHUSA U OMUCAHUE CAMOW TEXHUKH MPOTUPAHUS TaM-
MTOHOM, OTHOCSITCS, Ha HAIl B3TJIS/, K HAUMEHee H3y-
YeHHBIM U B HacTofllee BpeMsl HauOoJjiee IUCKYCCH-
OHHBIM.

[lepBoHavyanbHO KIaCCHUECKUH MeTOZ cOopa KOH-
taktHOW JIHK ® msaTeH OwmomaTepuansoB COCTOSII
B TPUMEHEHUH OJMHAPHBIX XJIOMKOBBIX TAMIIOHOB,
MpeBapUTEIbHO CMOYEHHBIX BOJOW [61], KoTOpyIO
CUUTAIIM OPEANOYTUTENBHONU cpenoit [42], XOTs HHO-
raa ucnois3oBaiu 0.01% pactBop moxenuncybdara
Hatpus (SDS) nnm m3ompomnanon [1]. [lockomasky He-
KOTOpbIe OBEPXHOCTH OKa3aluch Ooyee TPYIHBI s
cbopa 00pa3oB, 4eM JApyTHe, ObUIO BHICKA3aHO MpPEI-
MOJIOKEHHUE O 1eTIeCO00Pa3HOCTH UCTIONB30BAHUS IS
Pa3HBIX TOBEepXHOCTEH pasHbIXx cpen [1]. OmHako Ta-
KHX MHOTO(aKTOPHBIX JIKCIEPUMEHTOB IO CHX MOpP
MPOBEJICHO HE OBLIO, W HCCIICJOBAHUS HOCHIH B OC-
HOBHOM Y3KOKOHKPETHBIN XapakTep. Tak, XJIONKOBbIE
TaMIIOHBI, CMOYEHHbIe Ju3upytomuM 0ydepom (JIb),
MPUMEHSUTH  TUIT  MACHTH(DUKAIIMA W3TOTOBUTEICH
CBY no JJHK, u3BickacMoli B3 OTIICYATKOB I1aJIbIICB
Ha ynakoBke [62]. [TogpoOHOE u camoe paHHEE HU3Y-
YeHHE BIMSHHS Pa3HBIX CMAa4yMBAIOIIUX Cpell Ha cOop
koHTakTHON JIHK cO CTeKISHHBIX claiijoB mpoBee-
HO B pabote [63]. 13 cemu *KUAKOCTEH, BKIFOYAs BO-
Iy, 9acTO HCIIOJIb3yeMbIe B J1a00OpaTOPHIX PACTBOPHI
JIETEPreHTOB M KOMMEpPUYECKHE YHUCTSIINE CPEACTBa,
HauOombmas 3(QQekTHBHOCTs OOHapyXeHa NpH HC-
nons3oBannu JIb, pactBopa TritonX-100 u pactBopa
SDS npu yBeIMYEHUU €ro KoHIEeHTpauuu a0 2%.
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C yderoMm Toro, uro SDS MEHbUIUX KOHILIEHTpaIUil
pEryJsipHO MPUMEHSIOT B Naboparopusix, 2% pacTBOp
MOCJIEHEr0 MPU3HAH ONTHUMAJIBHBIM C TOYKU 3PEHUS
MpakTU4YecKoro mpuMmeHeHus: [63]. B 310 ke Bpewms,
YTOOBI OIIEHUTH YCIIOBHSI MAaKCHMAaJbHOTO yBEJINde-
Hust konmuecta JIHK, cobupaemoro ¢ gacreit CBY,
Oput0 m3ydeHo BiusHWE Ha BbIXxon JHK w3 msaren
Onomarepuasa 4 THUIIOB TAMIIOHOB U 6 CMauyMBaIOIIUX
cpen (Boawl, coneBoro ocdarHoro Oydepa (PBS),
stanona, SDS, m3onpomanona u JIB) [64]. Caenan
BBIBO/I, UTO HE CYIIECTBYET €AMHCTBEHHOIO JyHYIIEro
OpeHa TaMIIOHA WJTH JYYIIEr0 CMadWBaloIIero Cpell-
CTBa: IPU MCIOJBb30BAaHUM TaMIIOHOB KoMIaHuu Puri-
tan HanOonpmit Berxox JJHK momyden npu cmaunBa-
HUM BOJOM, 3TaHoJoM uiM JIb, Torma kak Jydiiue
pesyabTaThl st TammoHoB Bode SecurSwab' moc-
turamuch B cirydae PBS wim SDS, a rammorn EOswab
coOpan Hanbombinee konudectso JJHK mpu cmauna-
HUM n3onponanonom. B padore [28] mpu coope JHK
W3 apXMBUPOBAHHBIX OTIEYaTKOB OTMedeHa 3Qdek-
THBHOCTh TaKWX peareHroB, kak TritonX-100, 2%
SDS u 91% wuszonponaHos, HO JY4YIIMM COCTaBOM
npusHaH JIb B coueranuu ¢ nporenHasoit K. Ero npe-
MMYIIECTBOM Ha3BaHa BO3MOXXHOCTb JIM3UPOBATh
KJIETKH, HAYMHAsl ¢ MOMEHTa cOopa, 4To JOJDKHO T0-
BoicuTh BbeIx0oA JHK u ycmemnocts STR-ammmu-
¢ukanuu [28]. OueHka BiMsSHUS cOCTaBa 6 cpej
Ha u3Biedyenue koHtaktHo JIHK co cTexnsHHBIX mo-
BEpPXHOCTEH MOKa3aa, YTO CMa4MBaHUE TaMIIOHOB 2%
pactBopoM SDS nnm PBS moxer 3HaunTENBHO YITyd-
mmwmth Beixonel JIHK [65]. B paGore [65] oTMedeHbI
1 Mpo0JIeMBbl, BO3HUKAIOIIUE MIPU HCIIOIB30BAHUM Jie-
TEPreHTOB B PEAbHBIX YCIOBHIX: 00pa3oBaHUE MEHBI
pactBopoM SDS u 0onbIIyl0 BSI3KOCTH JAETEpreHTa
TritonX-100, 3aTpyaHsAIONIyI0 pa3z0aBiIcHUE 10 HYX-
HOM KOHIIEHTPALlMM, a TaKXe HX HEIOCTYIHOCTh
B BHJIE aMIyl W HEOOXOAMMOCTHh pa30aBieHHUs, HE
rapaHTHPYIOIIEr0  BOCIPOU3BOAMMOE  BBINOJIHEHUE
onepatopamu. HanpoTus, Boja nmpuemiemMa Juid cMa-
YUBaHUS U JIOCTYNHA B ammyJax [65], 4To, BEpOSITHO,
MOJET OOBSICHATH €€ NMPEHMYIIECTBEHHOE IMpHMEHe-
HUE BIJIOTH IO HACTOSIIIETO BPEMEHHU.

Bapuantsl u ycinoBus NpUMEHEHHMS TaMIIOHOB
B HACTOSIIEE BpeMs OTIMYAIOTCS MHOTOOOpPa3HEM.
Kak yxe ymomuHanoch, U3HadaqpHO AJsi cbopa 00-
pasioB koHTakTHOM JIHK M msTeH Ha moBEpXHOCTSIX
MPUMEHSUIM €IMHCTBEHHBI CMOYEHHBINH BOAOU XJIOI-
KOBBII TaMIIOH, OJIHAKO YBEJIUYEHUE 3PPEKTUBHOCTH
U3BJICUEHUSI IMATEH CJIIOHBI C KOXHM 4YeJlOBeKa
n koHtaktHOW JIHK m3 o¢ucHbIX mpuHaane:KHOCTEH
(KOMITBIOTEPHBIX MBIIIEH W T.II.) TIPH MOCIIET0BATENb-
HOM IPUMEHEHUH JIByX TaMIIOHOB (MOKpPOTO M CyXO-
ro) [61] pHUBeENO K TOMY, YTO TaK Ha3BIBAEMEBIH CIIO-
co0 "mBoWHOTO TamroHa" cTan OOMICTIPUHSTHIM CIO-
co0oM cOopa KIETOYHOTO MaTepuana ¢ MOBEPXHOCTEH
[1]; [66, Ch. 1, pp. 1-27]. Crioco® obocHOBaH Tpy/-
HOCThIO 00ECIEYHTh BOCIPOU3BOJUMYIO CTEICHb

BJIQXXHOCTH B KaXKJIOM TaMIIOHE, TOT/1a KaK HCIOJIb30Ba-
HHE TIEpBOTo TIIATEIBHO CMOYEHHOTO TAMIIOHA U BTOPO-
rO CyXOro TamIlOHa CTaHZApTU3UpYyeT MeTof cOopa
B gomnonHeHue K yBenuuenuro Beixoga JJHK [61]. Kpo-
M€ TOTO, BJIQKHBIA TAMIIOH HE 3aXBaTHIBAET BECh OHO-
MaTepHaJl C MOBEPXHOCTH, M3BJIEKast BO MHOTUX CITy4asx
MeHee IOJIOBMHBI MaTepuaia, MO3TOMY MOXKET TpHMe-
HSTBCS WJIM MHOXECTBO TAMIIOHOB (OOBEIMHAEMBIX IIPU
OKCTPaKIUM), WIA CrIocod ABoWHOro tammoHa [1].
B HekOTOpBIX CUTyalusX, HAlpUMEpP MPH H3BJICUCHUU
kouTakTHOUM JIHK W3 ormectpenpHOro opyKus, ycra-
HOBJICHA 11€1€CO00Pa3HOCTh UCTIOIb30BaHNUS MHOXKECTBA
TaMIIOHOB Ju1d yBenuueHus Bbixona JHK, omnako npu
3TOM yBEIMYHBAETCS BEPOSTHOCTH KOHTaMHHANWH [67].

CoMHeBasicb B JOCTaTOYHOH 0OOCHOBaHHOCTH
MIPUMEHEHUs IBOWHOTO TaMITOHA, aBTOPHI [68] omeHn-
T 11e71ecO00pa3HOCTh NPUMEHEHHSI BTOPOTO CYXOTO
TaMIIOHA, CYMUTAsA, YTO UCIIOIB30BAHUE TOJIBKO OJHOTO
TaMIIOHa 3HAYUTEIBHO YIPOCTUT cOOp 00pa3LoB
Ha MecTe MPECTYIUIEHUs] U AKCTpaKUuio B jJadoparo-
pun. YCTaHOBJIEHO, YTO B CIydae HEMOTJIOMIAIONINX
MOBEPXHOCTEH (OKOHHOTO CTEKNa, CTalM, JIATyHH,
CHHTETUYECKONH KOXHU W PUGIEHOTO TUTaCTHKA) C Ha-
HECEHHBIMH ISITHAMH CIIOHBI IIEPBbIE MOKpPBIC TaM-
[MOHBI Jald 3HA4YMTeabHO OOmbinue BbIxoasl JIHK
[0 CPaBHEHUIO CO BTOPHIMH CYXHMH TaMIIOHAaMH,
a BTOpPBIE MOKpBIE TaMIOHBI u3BNekin Oomnbine JTHK,
YeM BTOpbIe cyxue TammoHbl. CrenmaH BBIBOJ, YTO
B Heaie Kaxpaas cyneOHas 1abopaTopus JOKHA OBl
MPOBOANTH TECTHI JJISI MPOBEPKH TOTO, SBISETCS N
MPOTHUPAHUE JBOWHBIM TaMIIOHOM IPEANOYTUTEND-
HBIM IO CPaBHEHHUIO C OJWHApHBIM TammoHoM. Ilpu-
3HAHO, OJJHAKO, YTO B CIy4yae HEKOTOPHIX CIIOKHBIX
IIOBEPXHOCTEN MPOTUPAHUE JBONHBIM TAMIIOHOM MO-
JKET OBITh BCE-TaKH MPEIMOYTUTEIHHBIM [68].

Kpome coueranus MOKpBI — CyxOl TaMIIOH U MO-
KpbIil — MOKpBIH TaMIIOH, OLICHUBAJIA IPUMEHUMOCTh
u npyrux BapuaHtoB. Hanpumep, npu cOope oOpas-
o JIHK ¢ moBepxHOCTH TOKyMEHTOB COUYETaHHE CY-
XOH — cyxoil TaMIOH 110 3()(hEeKTUBHOCTH HE YCTyHaJIo
MeToay ABoiHOro Tammona [69]. Coueranus cyxoi —
MOKpBIM TaMIIOH U MOKpBIM — CyXOil TaMIlOH Aanu
Onmuskue pesynbTarsl npu ussineuennun JAHK u3 pud-
neno# mosepxuoctu [70]. B pabdote [43] coobmaercs
O IPUMEHEHHMH Taphl U3 BIAXHOIO — CyXOro TaMIIOHa
(B 9TOM CiTy4ae BOIy HAHOCAT Ha OJHY CTOPOHY TaM-
MIOHA, OCTaBIIsIl BTOPYIO CTOpPOHY cyxoif). Ilokaszano,
YTO (ABOMHOW MOKpBII — CyX0il) TAMIIOH IIpHU HU3BIIE-
yeHun koHTakTHON JIHK co cTeknsiHHONW moBEepXHO-
CTH JIaeT JIydllIMe pe3yJbTaThl, YEM BIIAXKHBIN — CyXoi
TaMIIOH, HO 3aBHCHT OT pa3MepoB IUIomamu cdopa
[43]. B pabore [71] oTMeueHO, 4TO B MOCIEIHEE BpE-
Ms TIPUMEHSIOT W TakuWe BapHaHTbHI, KakK (IBOIHOMN
MOKpBII — BIIQXKHBIM) TaMNOH W (OJUHAPHBIA BIaX-
HBIH — CyXOH), IpUYEM B ciydae IUTUTKH CIoco0 Of-
HOT'O TamIIOHa MOKpPOTO WM BJIaXHOIO — CyXOro
obecrnieunBan MakcuMaibHoe u3BieueHue JJHK.
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[Tomumo cocTaBa cMauMBaroOLIMX PacTBOPOB U Ba-
pPHAHTOB COYETAaHUS TAaMIIOHOB, OTPOMHOE BJIMSHHE
Ha KOHEYHBIE Pe3yJIbTaThl OKa3hbIBAET cama TEXHHKa
MIPOTHPAHUS, OMMCAaHUE KOTOPOH O MOCIETHETO Bpe-
MEHH HOCWJIO BechMa NPHOIU3UTENBHBIA XapakTep:
MOBEPXHOCTH MPOTHPANIN B T€UEHHE ~15 ¢, HCIOB3YS
YMEpPEHHO CHJIFHOE JIaBJICHHE W KPYTOBHIE ABM)KECHUS;
MpU ATOM TaMIIOHBI Bpallajid BOKPYT UX JIMHHOHN
OoCH, YTOOBI BCE CTOPOHBI TaMIIOHA COIPHKACAIUCh
¢ moBepxHocThIO [61]. B pabote [1] yrounsnocs, 4to
HEO0O0XOJAMMO MHOTOKpPAaTHO MepeMeIaTh CMOYEHHBIN
TaMIIOH C HEKOTOPHIM JaBJICHHEM M BpallleHUEeM IS
cOopa co Bcell MoBepXHOCTH (MPOTHUpaHHUE Mpeanoia-
raeMoi o00JaCTH KOHTaKTa, KOTOpas MEHBIIE WIN
Oonplie peanbHOM oOmacTv, OyJOeT O3HA4aThb, YTO
JacTh 00pasiia OCTaHeTCS HeCOOPaHHOM ).

Cumnras, 94TO CIIOCO0 MPOTHUPAHUS TAMIOHAMH U3Y-
YeH TOJHKO HA MOBEPXHOCTHOM YPOBHE, aBTOPHI [72]
OIICHWJIM KadecTBO cOOpa ISATEH CIIOHBI Ha TOBEPX-
HOCTSIX Pa3HOro THIA, aHAIM3UPYS WHIUBUIYAIIbHBIC
CrocoObI MPUMEHEHHUST TAMIIOHOB OTIBITHBIMH COTPY/I-
HuKamu. M3 5 xmoueBbIX akTopoB, KOTOPBIE MOTYT
BIusITH Ha Bbixon JIHK, npu ncnoiap30BaHUN XJIOMKO-
BBIX TaMITOHOB BBIJICJICHBI J[Ba pelalonux ¢akropa:
yICP)KUBAHUE TAMITOHA O/ YoM ~60° K TIOBEPXHO-
ct 1 Bpamieane. Co0p 0Opa3IoB OCYIIECTBIISIIH, T1e-
pemenias TaMIIOH 1O CJIaJJOMHOW CXeMe, ONMHMCaHHOW
B pabote [73, puc. 2] amsd MHUKPOOHOJIOTHH: IBAXKIBI
MO TJIOLIaaW, IPU 3TOM BTOPOH pa3 MepHeHAUKYIIp-
HO TIEPBOMY HANpAaBICHHUIO JBIKEHUS, COXpaHsII
MOCTOSTHHOE JIaBJIEHUE U YIOJl MEKAY TaMIIOHOM U T10-
BEepXHOCThI0. CrieyeT 3aMeTuTh, YTO B MHUKPOOMOJIO-
THW TIPUMEHSETCSl ¥ HECKOJIBKO OTJIMYAIOIIAsACS CXeMa:
TAMIIOH YIEPXKUBAOT MO yriioM ~30° 0 OTHOIICHUTO
K MOBEPXHOCTH, W MOKET BBINOJIHATHCS TPEThs (HE-
oOsi3aTenbHAas) CTaAMs C M3MEHEHHEM HarpaBlCHHS
neukenus Ha 135° [74]. ABropamu [72] cienansl BbI-
BOIBI O TOM, 4TO: 1) 3(QQEKTUBHOCTH W3BICUCHHS
JHK OIpeIEIsAETCS YMEHHEM COTPYIHHKA
1 COBMECTHUMOCTBIO TaMIIOHA C MTOBEPXHOCTHIO; 2) 13
pasHBIX TaMIIOHOB U3 4 MaTepHaloB (XJOMKa, (HIOKHU-
POBAaHHOTO HEWJIOHA, MallEHPKOW TEeHBl M OONBIION
neHsl) obecnieunBany paBHble Beixoasl JJHK B ciyuae
TIaIKuX TMOBEPXHOCTEH, HO B cliydae abcopOupyto-
el 1epeBSHHON MOBEPXHOCTH OOJbIlIee W3BIICUCHHE
JHK nocturHyTo npu HMCHOIB30BaHMU TAMIIOHOB
13 OONIBIION TeHBI, 3) CO3AaHWE CIEIUAM3UPOBaH-
HBIX TPOTOKOJIOB Ha OCHOBE (DaKTOPHAIBHBIX JKCIIe-
pUMEHTOB N03BoJIsIeT yBenuuuTh Beixoa JHK u cHu-
3UTh BapuUalUIO pe3yJbTaToB [72], pa3inuyaBIIMXCS
B 3 paza B rpymme u3 10 ONBITHBIX ONEPaTopoB MPHU
cOope IATEH CIOHBI HA OKOHHOM CTekiie [68].

O BiamstHMM THNa CyOCTpaTa W OIBITAa OIepaTopa
Ha 3¢dexTuBHOCTH cOopa koHTakTHOW JIHK panee
Obl1 cmenmaH BbIBOA aBTopamu [75]. B mocnemnux
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paboTax TakKe NPOJEMOHCTPHPOBAHO, YTO pa3HbIC
orepaTopsl MOJIYYalOT CHIBHO pasiiyaroliuecs pe-
3yJIBTaTHI TIpH cOope 00pasnoB [57, 58], moaTBepxkaas
HEOOXOJIMMOCTh  JICTAlIbHBIX ~ HccieAoBaHuid  [57],
W TIPU PaHXUPOBAHHHU BIHSIONIMX (AKTOPOB Ha Iep-
BOE MECTO CJIeIyeT NOCTaBUTh BBINOJHEHUE CaMOU
nporexypsl [40], T.K. y10O6CTBO M HCKYyCCTBO IpHUMe-
HEHMsl TaMIIOHAa OKa3bIBAeT IpsIMOE BIUSHHE Ha pe-
synsTaThl u3BneueHus: JJHK [40]. Dtu BEBOABI OTHO-
CHUTENIFHO BaXXHOCTU y4eTa MPaKTUUECKUX CTOPOH TpH-
MEHEHUSI TAMIIOHOB COIJIACYIOTCA C OLICHKOM, JaHHOM
MHOTO paHee B pabore [1] AJIT HEKOTOPBIX PYYHBIX
METO/IOB: HECMOTpSI Ha TO, YTO NMPOTHPAHHE TaMIIO-
HOM KaXXeTCs TPOCTBIM W TPSIMBIM CIIOCOOOM, 00y-
Yaloue TPEHUPOBKH OyIyIIMX OMEpaTopoB JEMOH-
CTPUPYIOT, HACKOJIBKO JIETKO OCYIICCTBHTH Herpa-
BUWJIBHBIN cOOp oOpasmnoB. HeagexBaTHOe oOydeHme
B COYETAHUM C OTCYTCTBHEM KOMIICTCHTHOTO TE€CTHUPO-
BaHMS ¥ MOHUTOPWHTA WHIMBHYAIFHBIX TEXHUK cOopa
MOTJI0 OBl PaMKaIbHO OTPAHMYMTH YCHEHIHbIE MOKa3a-
temm [1].

Haxonen, crnemgyer ymomsiHyTb O LIMPOKOM HC-
MOJIb30BaHUH TAMIIOHOB W3 Pa3HBIX MaTEPHAIOB JUIS
BBISBJIICHUS! KOHTAMHHAIIMKA HYKJIEHMHOBBIMU KHCIIOTa-
MU B KIMHUYECKAX M HCCIEJOBaTeIbCKUX Jaboparo-
pusx (Ha TMOBEPXHOCTSIX MPUOOPOB, CTOJIOB, JIMYHBIX
BEllIeH IMepcoHana M T.I.), KOTOPOE PEryJIsipHO BbI-
MOJHSJIOCh paHee U CTaN0 OCOOCHHO aKTyalbHbIM
B nepuoa nanaemun COVID-19. C 31oit nensto npu-
MEHSIT TAMIIOHBI Pa3HBIX TUIIOB, HANpUMEp HEHIIOo-
HoBBle  (cepTuduumpoBanubie) 4N6FLOQSwabs®
Crime Scene, UCIIOJIb3yeMble B KpUMUHAIUCTUKE [76],
nonuypetanoBsie (Cleansafe Labs, South Africa) [77],
xJyonkoBbie (Selefa, OneMed, Sweden) [78], oreuect-
BEHHBIE TaMITOHBI W3 BUCKO3bI "Tampon-probe" (Mi-
niMed, Poccust) [79]. Panee coobmianock o nmpumeHe-
HUM TaMIIOHOB Ha MEXIYHApOJHOW KOCMUYECKOU
CTaHUUH JUII MHUKPOOHMOJIOTMYECKOTO0 MOHHUTOPHHIA
BHYTPEHHHUX ITOBEPXHOCTEH, OAHAKO B JTOM cCllydae
OBUIM BBISBIICHBI TaKWe MPOOJIEMBbI, KaK HEOO0XOaH-
MOCTh HCIOJB30BaHHUS BOJBI, BO3MOXKHOCTH IOpa-
HUTBCS TP pasjoMe PYKOSATKA B Tpolecce cOopa
npod U TpyaHOCTH cOOpa ¢ UCKPUBJIICHHBIX MIOBEPXHO-
creit [80]. Kpome Toro, mpobiemoii Ha3BaHO MHOXKeE-
CTBO CTaJuil B MPOTOKoJIe cOopa 00pa3LoB U cAelaH
BBIBOJI O HEOOXOJMMOCTH TPUMEHEHUS YCTPOKHCTB
C YNPOIIEHHOH Mpolenypoil cObopa OmomaTepHalioB
[81].

[To muaenuto aBTopoB [35], moHsATHE "0Opa3OBHIi
TaMIIOH" SIBIISIETCS BOIPOCOM BBIOOpa, OCHOBAaHHBIM
Ha CTOMMOCTH, CYIIECTBYIOIIEM OIBITE, 3PPEKTHBHO-
CTH, XapaKTEPHBIX YKOPEHUBIIUXCS crocol0ax U co-
BMECTUMOCTH C OCOOCHHOCTSIMH  00OpYJIOBaHWUS,
HO pemnraromuM (HakTopoM, ONpeelsTIonuM Hanboee
3¢ (eKTUBHOE  YCTPOWCTBO, SBJISETCA  CyOcCTpar,
Ha KOTOPOM OH OyieT ucronb3oBatbes [35].
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JIM®TUHT KJIENKOMN JEHTOM

JludTuHr KIEHKOH JEHTOH C MOMEHTa ero BBele-
Hus B Hagane 2000-x rr. ObuT mpu3HaH 3P PEeKTHBHBIM
MeTo oM cOopa 00pasnoB B cyebHO# Ononornn [82]
W CTAaHOBHTCS OQUINAIBLHO YCTaHOBJICHHOW MPOLEIY-
poii cbopa OuomarepualloB M3 TEKCTHJIBHBIX Mare-
pHAIOB C KOXH 4eJOBEeKa, TBEpPABIX MOBEPXHOCTEH
B TPAaHCIIOPTHBIX CPEJICTBAX M M3 JAPYIHX IPEJIMETOB
B MecTtax npecryruienus [22, 35, 83]. Ilpumenenue
MUHH-JICHT OIIEHUBAJIOCh KaK JIETKUH U OBICTpPBIA Me-
TOJI B CIy4asiX, KOTJa YJHKa B BUJEC HE3HAYUTEIbHBIX
OHMOJIOTMYECKUX CJIeI0B M3BJIEKanach Ha MecTe Ipo-
ucmiectBuss U B Jabopatopum [22]. Merox mpoct
B NPUMEHEHUH M 3aKJII0YAeTCs B OJHOKPATHOM WIIU
MHOTOKPAaTHOM NPM)KUMaHUU KJIEHKOH CTOPOHBI JICH-
THI K 11€JI€BOI MOBEPXHOCTH, YTO IMO3BOJSIET COOpaTh
W aKKyMyJHpOBaTh OOJBIIYIO YacTh HEJABHO HaHE-
ceHHoro Marepuana [1]. Hampumep, muxn npmxuma-
HUS-TIOAbEMA JIGHTHI NMPU cOOpe KIETOK C yYacTKOB
KOXKM 4eJIOBEKa MOBTOPSUIN 10 8§ pas, MOKa HE CTajlo
BUJIHO, YTO JIEHTa OOJIbIIIE HE MPUIIUIAET K TOBEPXHO-
cti [84] (addexTuBHOCTE cOOpa 0Opa3lOB OOBIYHO
pacTeT mpu HMCHOJIB30BaHMM JIEHTHI OT 1 g0 8 pas,
HO YMEHBIIAETCS] MPU YBEJIMYCHUH KOJIUYECTBA ITHK-
noB 110 16—64 pa3 [85]). [Tocne coopa 0Opa3LoB JIEHTY
pa3pes3aroT Ha KyCOYKH W TIOMEMIAIOT B IPOOHUPKY IS
MPOBEICHUS HKCTPAKLHH.

BaxHbM (akTOpoM, BIMAIONIMM Ha cOOp KIIETOK
n JIHK-mpodunuposanne, sBisieTcss KISHKOCThH JICH-
ThI: OOJBIIOE KOJIMYECTBO KJI€SI MOXKET TEXHHUECKU
YCIOXKHATH Tporiecc NpOoQMINPOBAaHUSA, TOTAA Kak
JICHTBl C MEHBIIMM €ro KOJHWYECTBOM 3aXBaThIBAIOT
3HAYUTENFHO MEHbIIE KJIETOK, HalpuMmep, Npu KOH-
TakTe ¢ Koxke uenoBeka [86]. Ilo pesynbraram wuc-
cnenoBanus JByX JieHT (Scenesafe Fast u Scotch
Magic) peKOMeH/I0BAIOCH IPUMEHSTH JIEHTHI C 0O0Ib-
el kieikocTeio (kak y sieHT Scenesafe Fast) [85].
B pab6ore [87] cpaBHIIN KOMMepUecKue JEHTH S183
(c Hu3ko# nunkocthio) u S-Hold (¢ BhIcOKOU nHIIKO-
cThi0) 1o kKauecTBy STR-mpodueit n appexTuBHOCTH
n3pneyenuss JITHK w3 pasHbIx MaTepuainos, BCTpe-
JaloIuXcs B peanbHbIX ycnoBusx. Hanbonee kneiikas
nenra S-Hold wm3Bnekana cpaBHUMOE wim Oolbliiee
konmnuectBo JIHK, yem neHTa ¢ HM3KOM KJIEHKOCTBIO,
omHako STR-mpodwin, momydeHHbIE C ITOMOIIBIO
nentsl S183, ObUIM 3aMETHO JIy4IIero KauecTBa. JTO
MOTJIO OOBSCHATBCS TPHUCYTCTBHEM WHTHOHUTOPOB,
coOpanubix seHTol S-Hold. Ilo mueHuio aBTOpOB
[87], pe3ynabpTaTel MOATBEPKAAIOT, YTO OOBIIAS
KJIEWKOCTb JICHThl HE BCErAa IMPEAINOYTUTEIbHA, T.K.
nenta S183 ¢ Hu3KOU KieHkocThIO 3 deKkTuBHO H3-
BJIEKaJIa KJIETOYHBIM MaTepHaj C IOBEPXHOCTH IOPHUC-
TBIX CyOCTpaToB W MO3BOJsUIa M30€XaTh NepeHoca
BemiecTB, MHrnoupyromux [1LP.

B nenom k mpenmyIiecTBaM MCHOJIb30BaHUs Kiek-
KHX JIGHT OTHOCSAT MEHbIIIee M3BJICUeHHE M3 CyOcTpa-

TOB MHTHOUTOPOB aMILTU(QHUKALUH (HapuMep, Kpacu-
TeJei) o CpaBHEHUIO C IPYTUMHU MeTonaMu coopa [1,
17, 88], omHako IIEHTHI MOTYT cOOMpaTb CBOOOIHO
OTJeNIIeEMble BOJIOKHA M3 HEKOTOPBIX BHJOB TKaHEH
(manpumep, dmanenera) [85] u mporecc IKCTPAKITIH
ABIISIETCS MPOOJIEMAaTHYHBIM H3-3a JIUIKOCTH, BS3KO-
CTH, JKECTKOCTH W pa3mepa jentol [17, 30, 82]. Ha
NPHMEPE JICHTHI C OonpIoi kneikocTeio (Scenesafe
FAST ™) nokaszano, 4To BBIOOp METOJa IKCTPAKIHH
Brusier Ha dQdexTuBHOCTs BhIeneHus JHK [89].
JInis yaydiieHus: ¥ yOpoIeHus Mpolecca 3KCTPaKLIUU
MpeJTaraliiCh pa3HbIe CTPATETUH: TIPUMEHEHNE KIIeH-
KOM JIEHTBI, pPAcTBOPSIOLIEHCA B HKCTparupyromeM
Oydepe [84], mpoTupaHue JICHT TaMIIOHAMH C Opra-
HUYECKUM pacTBOpUTEIEM u 9KCTPAKIIHIO
W3 OTUX TaMIIOHOB, BBINICIAYMBaHKE JIEHTHI B Oydepe
W yJaleHHe Tepel aBTOMAaTUYeCKOH SKCTPaKIHei,
M3MEHEHUE cocTaBa Jusupyromero Oydepa [82].
B pabote [87] oTMedeHO, YTO yCIENTHOCTh MTPUMEHE-
HUS KJICWKHUX JIGHT ompelesieTcs OamaHcoM MEexXIy
3axBaTOM OmMOMaTepuana W COBMECTHMOCTBIO C TIO-
CJIEAYIOIMMH TIPOLIECCaMHM  3KCTPAKIMK. Y Ka3bIBas
Ha MPOOJIEMBI, CBSI3aHHBIE C SKCTPAKIMEH M3 KISHKIX
neHt, aBrop [19] cumran HEOOXOAMMEIM YCIOBHEM
HaJIM4ue B J1a0OpaTOpUM MOATBEPKICHHOHN MpoLeny-
pPBI DKCTPakKIWHW, YAANSIONIEH Kied O0e3 BIUAHUSA
Ha Beixoq JIHK. CnoxkHBIH mpoliece dKCTPaKIUA MO-
KET 3aTPyAHWUTh WHTEPIPETAINIO PE3yIbTAaTOB, IIO-
3TOMY MPH OTCYTCTBUHU albTEPHATUBBI KIEHKOH JIEHTE
aBTOpHI [30] peKOMEHIYIOT IJIs aHAIW3a TPUMCHSTH
Meron npsmoi 111P.

Onucanus JTOCTOMHCTB M HEJIOCTATKOB IMpHUMEHe-
HUS KJIEHKUX JICHT B OMyOJIMKOBaHHBIX pabOTaxX 4yacTo
ckpemuBaroTcs. Tak, TUPTUHT KICHKOW JICHTOH TmO-
3BOJISIET COOMpaTh 00Pa3IThl ¢ OOJBITUX MMOBEPXHOCTEH
[0 CPaBHEHMIO C BhIpe3aHueM [83], 4TO yBelIUYUBaET
BEPOATHOCTH M3BJICUEHHS OOIBIIEro KOJTUIECTBA KIle-
TOK [19], HO B cllydae MOBEPXHOCTEH OOJBIIOTO pa3-
Mepa Tpolecc cOopa MOXKET ObITh TPYAOEMKHM
Y YTOMHUTENBHBIM U TpeOyeT MPUMEHEHNsI MHO)KEeCTBa
MOJIOCOK JIEHTHI, YTO CO3/1a€T TPYIHOCTU Ha CIEAyIO-
mwx craansax oopadorku oopasma [1, 35]. Cuuraercs,
YTO METOJl SIBJSIETCSl Hepa3pyllAIoUM U OBICTPHIM,
paccMarpuBaeTcs Kak MPearnOYTHTENbHBIA BapHaHT
B clyyae HOpHCThIX mnoBepxHocTeil [30, 70, 90]
W afanTUpOBaH Ui YCHEITHOTO W3BJICYCHHUS KOH-
taktHOU JIHK U3 pudeHbx Meranmndeckux moBepx-
Hoctel [35]. B To ke BpeMsi 0TMEUalioCh, U4TO CIIOCO0
HENpUTOJIeH Uil cOopa BHEKJIETOYHOU (CBOOOTHOMN)
JHK c¢ HenmopucTbIX MOBEpXHOCTEH M oOneryaer
TOJIBKO CcOOp KOPHEOIMTOB, COJEPKAIINX MEHBIIIee
konuuectBo JHK [17, 30]. Kneiikas nenta He mepe-
Hocut Bech o0vem JIHK: mpm ee mcmomb3oBanmm
Ha TOBEPXHOCTH HEMOPUCTOTO THIA HAa HEH MOXKeT
ocraBaTthcsi 0 monioBuHbl JIHK, a mpu m3BmedeHuun
13 apXMBHPOBAHHOTO OTIIEYaTKa Ha KIIEHKON CTOpOHE
JIEHTBI OOHAapy>KEHO MEHEee IOJIOBUHBI JIOCTYITHOU
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JHK [91]. Y®-o0ny4eHue JIeHT, IPUMEHSIEMOE B Ja-
Ooparopusx Mmepel MX HCIOJIb30BaHUEM, YTOOBI Ta-
paHTUpOBaTh OTCyTCcTBHE uykeponHoil JHK [19],
MOJKET NMPHUBECTH K U3MEHEHHIO CBOMCTB HEKOTOPBIX
HeCTIeIHaIN3UPOBAaHHbIX  (HEe "OpeHInpoBaHHBIX')
JIEHT — KaK K MoTepe KIEHKOCTH OJAHHMMU JICHTAMH,
Tak U K CHJIBHOMY BO3PAaCTaHHUIO JUIKOCTH APYTHX
JIEHT, 3aTPyAHss X IpUMeHeHue [92].

B pannux paboTtax orMedanoch, 4yTo cOop oOpas-
LIOB KJICHKOH JIEHTOH SIBJISIETCS MICaTbHBIM METOIIOM
B CHUTyalllsiX, KOTJAa MOXXET OBITh BBISBICH YYaCTOK
Ha MpeaMeTe, KOTOPbIi Hanbosiee BEPOSITHO CONEPKHUT
KIIETKH KO TpecTymHuKa [19]; B peambHBIX yCIOBH-
X MECTOIOJIOKEHHE M Pa3Mep 3TOTO ydacTKa OIpe-
JIeNANCS WHAWBHAYANbHO JUIS KaXKIOTO OOBEKTa
Ha OCHOBe ombiTa wuccienoatens [88]. Ilpumeua-
TEJTBHO, YTO JIMCTKH C KJIEHKHAM CII0EM paHee IpHMe-
HSUIM Ha MEXIyHapOJHOM KOCMHUYECKOW CTaHLIUU IS
cbopa MHUKpPOOPIaHM3MOB C BHYTPEHHHMX IIOBEPXHO-
CTeH, U MX MPEUMYILIECTBOM 10 CPAaBHEHHIO C TaMIIO-
HaMM Ha3BaHa HEHaJOOHOCTb CMauyMBaHMS BOJOU Iie-
pen npumenenuem [80, 81].

YCTPOMCTBA HA OCHOBE BYMAKHBIX
HOCHUTEJIEN

B merone, nazsannom "PCRsquares", BMecTO Tam-
MOHA WCIIOIB30BAJM KBaJIpaT CTEPHIIBHOW (HIBTPO-
BAJIBHOM OyMaru (~3 MM’), CMOYCHHbIH BOJIOM, KOTO-
PBHIM MPOTHPATH TIOBEPXHOCTh C TIOMOIIBIO JIEPEBSH-
Horo crepxkus [70]. K ero mpeumyrecTBy OTHECTH
MeHbIlIee KOJMYECTBO HOCHUTENS W, CJEeIOBaTENBHO,
MPEeANOYTUTEIBHOCTh 11 cOopa 0Opa3loB BHYTPHU
MaJICHBKHX TPOCTPAHCTB W IS OJKCTpakiuu. Jlis
CKpHUHMHTa 00pa3loB C HHU3KUM COJAEp)KaHHEM KOH-
taktHOM JIHK pa3paborano crienmanbHOe yCTPOHCTBO
("PE-Swab"), cocrosiiiee U3 MOJIOCKH (UIBTPOBAIb-
HOW Oymaru, Jepxatelnss U 3a)XuMa; rmociie cbopa 00-
pasia U3 MOJOCKH BhIpe3and (2 MM’)-y4acTKH, J00aB-
nseMble npsamo B IIIP-peareHTsl 11 npsiMON aMIUIK-
¢dbukarmum [33, 93, 94]. B padote [55] nns npsmoit am-
TUIM(GUKAIMN UCIIONB30BAIHM JUCKA 3 MM  LEJUTIONIO3-
HOW (QumpTpoBanbHOl Oymarm Whatman™ Gradel,
C TOMOUIBI0 KOTOPBIX coOupanu koHtakTHyto JHK.
Kycouku abcopbupytormieit 6ymaru ("absorbenttowel",
Kimtech), yBnaxunennbie 70% 3TaHONOM, H3BJICKAIU
KJIETKU U3 CyXUX ISTEH KPOBU HA TIOBEPXHOCTAX pas3-
HOT'O THIA Jy4YIIe, YeM XJIONKOBBIH TaMIIOH, CMOUYCH-
HBIN BOJ0# [95, 96].

Onucano Taxkke NPUMEHEHHE CHEelHMaIU3UpOBaH-
HBIX  OyMaxsbIXx  Hocuteneit —  FTA-kapr
(Whatman™ FTA™ cards) B kauecTBe "OyMa)XHOTO
ckpebka" mpu cbope xontaktHou JIHK [15, 30, 97,
98]. Coop konrtaktHOU JJHK 3THIM MeTO0M BriepBhIe
BoimotHeH B 2004 1. mia naeHTH(UKAIUN TPecTyTI-
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HUKa 110 OTIEeYaTKaM MajbleB Ha MOBEPXHOCTAX PYy-
JIEBOTO KoOJieca, PyYHOrO TOPMO3a MU phlyara Inepe-
KITIOYeHHs riepenad apromoouns [97]. Usydenne >¢-
¢dextuBHOCTH M3BiieueHus konraktHou JIHK ¢ pyie-
BOTO KOJIeCa aBTOMOOWIII HECKOJBKHMH CHOcOOaMu
nokaszano, 4ro npumeHenne FTA-kapTel B kauecTBe
ckpeOka maer 3HaunMTenbHO Oomybrmmii BhIXOnm JIHK
M0 CPaBHEHHIO C METOJIOM JBOWHOI'O TaMIIOHA U JIH(]-
TUHTA KIIeHKo# JieHTol [98]. ABTOpHI [98] 0OBICHSIOT
s¢pdextnBHOCTE TpuMeHeHHst FTA-xapTel Oomblmei
TUTOIIABI0 €€ TMOBEPXHOCTH M XUMHUYECKHM COCTa-
BOM, oOecrneunBatomumM Jydmiee coxpanenue JIHK
W U3BJIEYEHUE NPU SKCTPAKIHM, MPUUEM K NPEUMY-
IIECTBY METO/a OTHOCST €ro IMPWMEHHUMOCTh B TEX
CIIy4asx, KOI/1a TOUHOE MECTOIOJIOXKEHNE KOHTAKTHON
JHK neusBectHO miin MmaneHbkoe kosnudectBo JJHK
paccessHO 1m0 OouipIIoi moBepxHOcTU. IIpumenenue
FTA-kapt B xauectBe "OyMaKHOTO CKpeOKa" OleHU-
BaeTCA KaK NOTEHLUUAJIbHBI OYEHb IEPCHEKTHBHBIN
METO/I, KOTOPBIH TpeOyeT W3yueHHs ero NpUMEHEHHs
Ha pa3HbIX MaTepuanax [30].

CUCTEMA CBOPA OBPA311OB C TIOMOILIBIO
OMNI-MATRIX

Hogast cucrema Omni-Matrix™ K105 (Gene Link)
npeaHa3HaveHa Jisi coopa oOpa3oB M3 OTHEYATKOB
MaJbIEB M 3HAYUTEIBHO IMPEB3OILIA MO XapaKTepH-
CTHKAM JIYYIIMHA TaMIIOH, BBINYIICHHBIH Ha PBIHOK
(PurFlock™ Ultraswab) [99]. IIpumenenue pactBopa
Omni-Matrix™ K105 sBnsieTcst HOBBIM METOAOM c0O-
pa, Ipx KOTOPOM PacTBOp, PACTIBUICHHBIA Ha MOBEPX-
HOCTh HEMOPHUCTOH YJIWKH, MOCJE BHICYIIUBAHUS 00-
pasyer IUIGHKY, 3aXBaThIBAIOIIYyID OHOMaTepual.
[TneHKy cockaGuMBalOT B MPOOHPKY U PACTBOPSIOT
B DKCTparupytomiem Oydepe, T.K. MaTpHUIla COBMECTH-
Ma C KOMMEpPYECKHMMH HabopaMu JUisl SKCTPAKIIHU.
Teoperndyeckn mpewmyImiecTBaMu pactBopa Omni-
Matrix™ K105 sBnsitorcst yBenuaeHHbIH Borxon JJHK,
MEHBIIUI PUCK KOHTAMUHALIMU U MIPOCTON IPOTOKOJI
dKCTpaknuu. M3ydeHne ocoOeHHOCTEH MpPaKTHYEeCKO-
ro NPUMEHEHMS BBIIOIHEHO B Koylemke yronoBHoM
foctuniun  yHuBepcutera Hpro-Uopka mnpm pabore
C TaKUMH OOBEKTaMHU, KaK HOXH, HCIOJIb30BaHHBIC
nmaTpoHb! U TacTuKoBbie KapTel [100]. B MogenpHbIx
9KCIEPUMEHTaX  IPOJEMOHCTPUPOBAH  yCIEUIHBIN
coop xonraktHOU JIHK ¢ BbhICOKMM BBIXO/I0OM 0O0IIICH
JHK u xopommmu JIHK-npoduissmMu, omgHaKo MOITY-
YEHUE COCKOOOB MOXKET OBITh 3aTPYAHEHO B Cliydae
TEKCTypHUPOBAaHHBIX TTOBEPXHOCTEH (PYKOSTOK MHCTO-
JIETOB), a B cIy4ae JACPEBSIHHBIX MPEIMETOB BO3MOXK-
HO YaCTUYHOE COCKAaOIHMBaHWE JIEPeBa, 3aTPyIHSIO-
miee Skcrpakiuio. Kpome Toro, cOOp KOHTaKTHOM
JIHK ¢ OoJibInx MOBEPXHOCTEH YBEIUYHMBAET O0be-
MBI SKCTParupyroUINX PEeareHTOB U YCIOXKHSIET IMpo-
[ECC IKCTPAKIUH.



90 JI. T.TIETPOB, E. JI. MAKAPOBA, U. E. AHTU®EEB, M. B. 3ALIEBA

I'EJb-JINM®OTUHT

g n3eneuenus JJHK ¢ moBepxHocrelt npeanara-
JIOCh HMCTIOJIF30BATh JKEJATHHOBBIE TEJH, W3HAYAIHHO
MpeHa3HAYaBIIHeCs ISl CHATHS OTIIEYaTKOB (Ialib-
1ueB, o0yBH, BIaBJICHHOI'O HAIllMUCaHUsI TeKcTa Ha Oy-
Mare), (huKcaluu XapakTepa OTBEPCTUH OT MyJIb, Clie-
JIOB Kpacku W T.1. JKenaTHHOBBIE TUQPTEPHI BBITYCKa-
f0TCs pagoM kommnanwii (Hanmpumep, BVDA u FOMA
[101, 102]) B Bume TpeXClIOMHON CTPYKTYpPHI, COCTOS-
e M3 OCHOBBI, CAMOTO TeJIEBOTO CJIOS JKEeJlaTHHA U
3alIUTHOTO CJI0s, KOTOPBbI CHUMAIOT Mepe] MCIOJb-
30BaHHEM, U MIPEJICTABJICHBI TPEMsI BapUaHTaMU: TIPO-
3paunble, Oemple u uepHble [101, 102]. I[lpuHnun
MPUMEHEHUs] TOJ00EH HCIIONB30BAaHUIO  KIIEHKHUX
JICHT, OJTHAKO JKEJIATUHOBBIE TEIH MOTYT MIPUMEHSATHCS
npu temreparype He Boiire 40 °C, T.K. XKeTaTHHOBbIM
CIIOW TUIABUTCSA B WHTepBane Temmeparyp 40-45 °C
[101].

OmHMM W3 MOTHBOB HCHOJB30BAHUA JITHX TeJel
OBUIO CTpeMJICHHE YBEIHYNUTh WH(HOPMATHBHOCTH
aHajiM3a OTIeYaTKOB MablieB, T.e. n3Bjiaedyb JIHK Oe3
CHJIBHOTO TOBpEXIeHHs oTredarkoB. CpaBHeHHE d(h-
¢extuBHOCTH BhIAenenus AHK Heckonmpkumu croco-
0amMu Cc pa3HBIX MMOBEPXHOCTEH, Hanbojee 9acTo Tec-
TUPYEMBIX Ha MecTax NPECTYIUICHUH, MoKa3auo, 4To
KEJIATHHOBBIE TN COXPAaHsUIM 4YacTh JeTajeill oTIe-
YaTKOB Jiyulle, yeM kierkue jeHTsl [103]. Kenaru-
HOBBIC TeJHM IMO3BOJISUIM IONy4YaTh OoJblIee KOJHYe-
ctBo nerekrupyemoit IHK ¢ moBepxHocTel crTekia
u OyMmaru, HO TIPOUTPHIBAIIU KJICHKUM JIEHTaM B CIIy-
yae HeprKaBeIolle CTalli M TeKCTYPUPOBAHHOTO IjIa-
ctuka. K HemocrtaTkaM »KeJIaTHHOBBIX rejeid OTHOCAT
TUIOXYIO BOCIIPOM3BOJUMOCTH M BO3MOXHOCTH KOHTa-
muHaiuu [103]. B nenom, kak nokasano [96], renu
ABISIOTCS O(QQEKTHBHBIMA METOJAMH  H3BIICUCHHS
JHK 13 nakTuiaocKonmuyeckux OTIEYAaTKOB U BBI3BI-
BalOT HAaWMEHBIIINE TTOBPEXKJIEHHUS B CIy4yae TeKCTypH-
POBAHHOTO TOJNUIIPONIIIIEHa, OyMaru M JTaKHPOBaHHO-
ro gepesa [23]. Kakoif MMEHHO >XETaTUHOBBIN Teib
11eJIecoo0pa3Ho MCIIONh30BaTh, 3aBUCHT OT coOmpae-
MBIX YJMK M TpeaiecTBytoneld o0padoTKu oTneyaTt-
KOB: HampuMmep, npospaunbie BVDA-renn pexomeHn-
JyeTcsl MPUMEHSITh B ClIydae OTIIEYaTKOB, 00paboTaH-
HBIX JJIS UX YCHJICHUS TIOPOIIKAaMH, a YepHBIE I'elld —
Uit HeoOpaboTaHHBIX oTnedaTkoB [104]. I'mOkocTh
rejieil obecreuynBacT NpH HAJOKEHUH U MPUKUMaHUN
K TpeMeTy MaKCHMaJbHO BO3MOXKHBIM KOHTAaKT, YTO
MO3BOJISIET MCIIOJIB30BaTh MX IPU HCCIEAOBAHUHM He-
POBHBIX TOBEPXHOCTEH, OJHAKO CIIEAyeT YUMTHIBATD,
yto npu uszBiaedeHun JHK remsimu u3 ycuneHHBIX
OTIIEYATKOB MAaJbICB caMbiM 3((EKTUBHBIM CIIOCO-
oowm Beienenust JJHK u3 reneit sBisiercst mpotupanue
reneil TamnoHamu U skctpakuua JHK yxe u3 Hux
[104].

U3-3a cymecTByromux NpodJieM € 3KCTpaKLUEH
JHK u3 sxematuHOBBIX Teneit aBTopsl [105] paspado-

TaJau MPOTOKOJI NPAMOM SKCTPAaKIMU U3 MPO3PavyHbIX
reneii BVDA®, npuMeHHB NpoTeonMTHUECKHii mpo-
[IECC W TOCIEAYIONYI0 OPraHUYECKYI0 IKCTPAKIHUIO.
[Tokazano, uto 6o0mee 80% JIHK u3 orneuarka manbliia
TIEPEHOCHUTCS B Tellb, OJHAKO B Cciydae OebIX M 4ep-
HBIX JKEIAaTHHOBBIX Teleld BO3HHKAIU NpOOIeMBbI
¢ nonyyenueM JIHK BbicOokoro kauectpa, mpearosio-
XKHUTEJIBHO CBSI3aHHBIE C MHTHOUPYIOIIUM JCHCTBHEM
OKpAIIMBAIOIIKUX BeleCTB. B To ke Bpemsi aBTOpHI
[105] pexomenaoBanu ans BeiaeneHus JHK w3 reneit
BCE K€ HCIIOJI30BaTh NMPOTHUPAHUE TAMIIOHAMH C TI0-
cnenyromeit skctpakuueit JJHK u3 TamnoHos.

[Tocne cpaBHHUTENBHOTO M3y4YEHHUs YEPHBIX Kena-
THHOBBIX TeJIed W MacKUpYHOUIEH KIEUKOW JIEHTHI,
B pabote [106] choenaH BBIBOJ, YTO I'€JIM MOTYT pac-
CMaTpUBaThCs KakKk TOTEHIMAIBHBIA MeTox cOopa
JHK nHa Mmecte mpectymiieHus u (akTop U3 J0Kaza-
TEJNBHBIX YIHUK. YTOOBI N30eXKaTh P HCCIEAOBAHHUIX
MPOOJIEM C SKCTPAKIMEH, sl OLeHKH 3PPEKTUBHOCTH
B Ciy4ae YEpPHBIX JKEIATHHOBBIX JH(PTEPOB UCIIOIB30-
BaJI BU3YaJIM3alUI0 COOPAaHHOTO KJIETOYHOTO Marte-
pHana ¢ momoIbio (ayopecueHTHOro kpacurens Dia-
mond™ wu cucteMs! m3o6paxenus [106].

Hdus cbopa ruapouIbHBIX COeTUHEHNN (aMUHO-
kucioT 1 JJHK) U3 1akTUiaocKonmmueckux OTIEYaTKOB
MIPEUIOKEHO HCIONB30BaTh TaKkKe THPOTeIH, MOJy-
YeHHbIe (poTomoNMMepu3aell pacTBOPOB JIEKCTpaH-
METaKpHUJIATOB, COIEPKAIINX WHHUIMATOP IOJNMEpPH-
3anun [107], ogHako mporenypa MPUMEHEHHs SIBIIf-
€TCsl CII0XKHOUM M MHOroctaauiiHoi. [Ipenmymecreamu
METO/a SIBISAIOTCS OBICTPOE BHICBOOOXKIACHUE aHAIUTA
B Oy(hepHOM pacTBOpE U COXpaHECHUE OOJIbIICH YacTH
OTIIEYaTKOB HAa HCXOIHOM Clalijie, OJHAKO BBIXOJ
JHK cocrapnsn ot 20 1o 60% 1o CpaBHEHHIO C pe-
3yJbTaTaMH, MOJYyYEeHHBIMH MPOTHPAHHWEM TaMIIOHA-
MH U3 XJIONIKA, U XapaKTepU30BaJCs OOJIBIINM pa3-
OpoCcOM pe3yIbTaTOB, YTO CBUICTEILCTBYET O HE0O0-
XOJUMOCTH onTUMuU3auu merozaa [107].

METO/JA IIOT'PYKEHUA

Meron norpyeHus, NpeJHa3HAYEHHBbIH U1 py-
TUHHOTO M3BJICUEHHS CJIEJOBBIX KOJMYECTB Onomare-
puana (JIHK) u3 narponos, myis u b3, ObUT paspa-
OoraH B camoM Hadaje XXI B. [108] u cran usBecTeH
kak "Hugepnanackuii meron" [35]. Meron ocHoBaH
Ha TOM, YTO NPH HNOTPYKEHHH METaJUla B JU3UPYIO-
it 0ydep OONBIIMHCTBO KIETOK HAa IMOBEPXHOCTH
MpeaMeTa BBICBOOOXKIAETCSA, WM JIM3UPYETCS, MOCIe
Yero OCTaBIIMICS Ha MOBEPXHOCTH OHMOMAaTepHan co-
OMpalOT CyXHWM XJIONKOBBIM TaMIoHOM (OydepHsIii
pacTBOp M TaMIIOH OOBEIUHSIOT MPHU IKCTPAKLMH).
[MorpysxeHne NpoBoAMIM Tak, YTOObI Oydepom cma-
YMBajach TOJIBKO BHEIIHSS IOBEPXHOCTh HCCIIEAYye-
MOTO IMpeaMeTa, a JUINTEIILHOCTh KOHTAKTa OTpaHUYH-
Bamy 30 MUH, 9YTOOBl MHHHMH3HWPOBATH OKHCIICHWE
U pacTBOPEHHE TMOBEPXHOCTHOIO CJIOSI MeTajula.
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(ITompoOHBIi MPOTOKOJI M PE3YIBTATHL €r0 MPUMEHE-
HUS B 616 KpUMHUHAIBHBIX CIy4asx 3a MepHoJ OT SH-
Baps 2003 go nmexadpst 2009 r. omyOiMKOBaHBI B pa-
6ore [108].)

B pabore [109] onmcan MoguduIMpOBaHHBIA Ba-
PHaHT METOAA, CO3AaHHBIA B J1a0OPAaTOPUH HOIHULUH
SanDiego: ucnonb3oBanme T00ABKU K JM3UPYIOMEMY
Oy¢epy mpotenHassl K u moBblllIeHHE TeMIepaTyphl
npu JusKce 10 56 °C, uro 06ecreynBao JIydllne Bbl-
xonel 1 ipomim JIHK, uem mpoTupanue TaMIoHaMu,
cMOUYeHHBIMH Bojiol. B pabote [110] mpumenen mo-
JyaBTOMaTHYECKUH METOJ MPSIMOTo JIM3Hca C IIpUMe-
HEHHEM Npobupok AutoLys u mokazaHo (Ha mpumMepe
9 MM 00€BBIX W HCIIOJIb30BaHHBIX MTATPOHOB), YTO Me-
TOJ wW3BNeKan 3HauuTenbHo Oomnbme JIHK, maBan
yyumenable STR-mpodmnm mo cpaBHEHHIO ¢ MeTO-
JIOM JIBOMHOrO TaMIIOHAa M HE BIMsUI Ha PE3yJIbTaThl
OammcTuyeckoi  skcnepTusbl. OlieHKa  BIUSHUS
CTpesibObl, KamuOpa U cocTaBa MeTaiia Ha Pe3yJibTa-
Thbl, TIOJY4YEHHbIE METOJOM IOTPY>KEHUs, MOoKa3ania,
4yTO cTpensba ymenpmaer konmdectsa JIHK, m3Bie-
KaeMble U3 MaTPOHOB, U U3 JIATYHHBIX MAaTPOHOB M3-
Biekaerca MeHpwe JIHK, yem u3 HuKennpoBaHHBIX
[111].

OCHOBHBIMHM HEJIOCTAaTKaMH METO/a IOTPYKEHHS
aBTOPBI [35] cUMTAIOT €r0 MPUMEHUMOCTD TOJBKO IS
00BEKTOB HEOOJBIIOTO pa3Mepa, BEPOSTHOCTH II0-
BPEXKICHUSI MHUKPOCKOITMYECKHX OOpO3JOK WM Ha-
PE3KH B KaHalle CTBOJIA, MELIAIOIIETr0 OaJTMCTUYECKON
9KCTIepPTH3E, BO3MOXXHOCTH BBIIIENAYNBAHUS HOHOB
METAJIJIOB M 3arpsi3HAIOIIMX BELECTB, a TAKXKE paspy-
IIEHHE TIOTOKHUPOBBIX CJIEJOB Ha MOBEPXHOCTH Me-
TaJjla, MOPEISITCTBYIOUIEE MOCIEAYIOUIEMY CHATHIO
OTIEYaTKOB MaNbIIEB.

Hogoe ycTpoiicTBo ast cOopa U TpaHCHOPTHPOBKU
CTpPEJSHBIX TWIIB3 M HOBBIM MeTon u3BneueHus JJHK
W3 TWIB3 TPeIOKeHbl B pabote [112]. DroT Metoxn
m3pneuenuss JIHK, wHasBanHbli "rinse-and-swab",
BKJIOYaeT (BMECTO TOTPY)XEHHSI) MHOTOKpaTHOE
OpOLICHHE TOBEPXHOCTH THIIB3 pacTBopoM Oydepa
¢ no0aBKaMy M MPOTHpAHME JBYMS THUIIAMH OJUHap-
HBIX TAMIIOHOB (TIEHHBIM M XJIONIKOBBIM) Ha Pa3HbIX
CTanusax opomeHus. [|d yMeHbIIeHUs JeCTPYKTYpH-
pytoiero aeiictBus meau Ha JJHK opomaromuii pac-
TBOp coxaepxkai, momumo ATL-Oydepa (Qiagen), ObI-
YUl CBIBOpOTOUHBIH ansOymuH u Tpunentun Gly-Gly-
His. Hogsriit meton cobupan JJHK u3 omHOro marpoHa
3a 5 MUH, JIETKO aJanTHPOBAJICS K YCIOBHSIM OOJb-
HIMHCTBa KPUMHHAJIMCTHUYECKUX JabopaTtopuil um na-
Baj ~3-kpaTHoe yBenauueHue Bbixonaa JHK mo cpas-
HEHHIO C TPAJAWLIMOHHBIM METOJIOM JIBOMHOTO TamIio-
Ha [112].

B pabore [113] pe3ynpTaTsl 1ByX METOAOB — Me-
TOJla HOTPY>KeHHs, MOOU(PHULIUPOBAHHOIO MO padoTe
[109], u meTona "rinse-and-swab" — cpaBHHIH TpU
coope JJHK u3 maTpoHOB m HeMmeTasin4eckux cyO-
CTpaToOB. YCTAaHOBJIEHO, 4YTO 00a MeToAa MJaBaliud
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CpPaBHHUMBIE PE3YJIbTAThl B CIy4yae MaTPOHOB, HO Me-
TOJl TOTPYXKEHHUSI TIOCIEAOBATEIHLHO JaBai OoJble
JAHK, uem meton rinse-and-swab, u3 HemeTaInde-
ckux mpenMetroB. Kpome Toro, mokazano, uro JIHK,
W3BIICYCHHAs M3 JIATYHHBIX NATPOHOB, COCTABIISET
tonbko 16% ot JIHK, n3BnedeHHON U3 HUKEIMPOBAH-
HBIX [IaTPOHOB, U cpenHuil Beixon JAHK u3 crpensabix
naTpoHOB yMeHbwianca 10 67% or Beixoza JHK
n3 00eBbIX MaTpoHOB. OTMEUEHO TAKXKE, UYTO PE3yIIb-
TatThl, nonyvyaemsle npu u3sinedeHuu JHK w3 rumss,
MOTYT 3aBHCETh OT BPEMEHH MX XPAaHEHHs, a TAaKXkKe OT
KBaJIM(PUKAIIK, YMEHHS U ONbITA AaHAJUTUKOB.

CpaBHHUTENBHOE HU3YyYEHUE HECKOIBKHUX METOJOB
m3pneuenus: JJHK w3 Hemertamnuueckux npeaMeToB
(HOrTeH, COCTPHKEHHBIX C PYK J>KEpPTB HaIlaJCHUS)
MOKA3aJI0, YTO METOJ MOTPYXEHHS JaBajl 3HAUYUTEINb-
HO Oosbinee KoimdecTBo 3k3oreHHol JIHK, wem mpo-
THpaHHWE HOTTEH TaMIIOHOM, a Ha TOCJIEIHEM MecTe
OKaszajochk ckoOseHue (M3-3a MoTephb MpHu cOope MaTe-
puana) [20]. IIpenmyIinecTBOM MeToja NOTPYKEHUS
Ha3BaHa BO3MOXHOCTH ITOJIy9EHHUS XOPOIIETO PE3yIIb-
TaTa IpU MajoM KOJIMYECTBE M3y4aeMOIo MaTepuana
WIJIM €r0 He3aMETHOCTH IS TJ1a3a.

YCTPOWICTBA JIJI1 CEOPA BUOMATEPHUAJIOB
METOJAMUM BAKYYMHUPOBAHUA

Moxkpoe BaKkyyMHpOBaHHe

Cucrema M-Vac, n3HagansHO pa3padaThIBaBIIasICS
JUI BBLACTICHUS OakTepHil M3 MUILEBBIX PACTCHUH,
cTajla MCIOJB30BAaThCA ISl MU3BJIEUEHUS KOHTAKTHOMN
JHK c moBepxHOCTH CyOCTpaTOB, M BO3MOXHOCTH €€
MPAKTUYECKOTO0 TPHUMEHEHHUs] IPOJEMOHCTPHUPOBaHa
B 2013 r. mpu packpeITUM MOJULUEH HECKOIbKUX
yroJoBHbIX mpectyruieHuil [114]. B ocHoBe 3amareH-
TOBaHHOTO ME€TOJIa cOOpa JEeKHUT CHelraabHas KOHCT-
PYKLHUSI PYYHOTO yCTpOMCTBa, oOecreunBaromas oJl-
HOBPEMEHHOE BBHITIOHEHNE IBYX MPOIEAyp — Opo-
LIEHUs 1IeJIEBOT0 yYacTKa MOBEPXHOCTH OydepoM 1uis
BBICBOOOXKICHUs OuMoMarepuaia ¥ OJHOBPEMEHHOTO
n3BIevYeHUs1 Oy(depHOro pacTBopa ¢ OMOMaTepuaIoM
MoJlT BaKyyMOM B CHEIHaJbHYIO €MKOCTh (C Tocie-
JYIOIIMM KOHIIEHTPHPOBAHWEM H3BIICUEHHBIX KIIETOK
Ha MeMOpaHHOM (GHUIBTPE).

Cucremy Mokporo Bakyyma (M-Vac® Systems,
Inc., Sandy, UT) npenmnaraiocs HCHOJIB30BaTh IS
MIPEOJOJICHNS] HEJJOCTaTKOB TPAJUIIMOHHBIX METOJIOB:
MaJICHbKOH TJIOLIAa1 TIOBEPXHOCTH, C KOTOPOH MOXET
OBITH COOpaH MaTepHal, U HEM3BECTHOI'O MECTOIMOJI0-
KeHus TeneBoro ydactka [115]. MogenpHbIe dKCITe-
PUMEHTBI BKIIIOYaJIH cOOp MATEH KPOBU M CIIEPMBI,
HAaHECEHHBIX Ha Kadellb, KHPIHUY, KOBPOBOE MOKPHITHE
M XJIOMYaToOyMaXXHyI0 TKaHb. PydHOe yCTpoHCTBO
cObopa ToOMeImAIM TEPHCHIUKYISIPHO TOBEPXHOCTH
U jJajee — MPHU OpOIIEHHH Oy(epoM M CO3AaHHOM
BaKyyMeé — TIepeMellald MO BCEMY HCCIEeAyeMOMY
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Y4acTKy, MOJJAEpKHBasg IJIOTHBIH KOHTakT PY4YHOIO
yCTpoiicTBa ¢ mMmoBepxHOCThI0. CoOpaHHBII pacTBOp
¢unerpoBamu yepe3 Millipore-Durapore 0.45 Mxm
MeMOpaHHBIH QUIBTD, Mocie Yero QUILTP C KIETOY-
HBIM MaTe€pHaioM BBICYIIMBAIH, pa3pe3ajdl Ha He-
OoplIMe KyCOUYKH W aHAJM3HPOBAIM HAa COAEp)KaHHE
JHK. IIponemMoHCTpHpoBaHa NPUMEHUMOCTb METOJA
JUIsL U3YYCHHBIX CyOCTpaToB, HO OTMEUYEHO, YTO, €CITU
MSITHO SIBIISIETCS. BUAUMBIM, OH SIBIISIETCSl M30BITOYHO
CJIO’KHBIM,OJHAKO €CIIM IISITHO, KaK I0J03peBaercs,
COJIEP)KUT HU3KYIO KOHIIEHTPAIMIO KJIETOK, HaXOAMT-
csl Ha rpyOoi MOBEPXHOCTH WM B 30HE, OIpaHUYH-
BaIOIIEH JBUKEHNE, MOKPOE BaKyyMHUPOBAaHHE MOXKET
OBITH UCATHHBIM crtocodom [115].

Nzyuenue BoixonoB JJHK meronamu mokporo Ba-
KyyMa W TPOTHPAHHS BIAXKHBIM XJIOMKOBBIM TaMIIO-
HOM IIPU U3BJICUCHUH IISITEH CIIIOHBI Ha psiae cyOcTpa-
TOB JaJi0 CJICAYIONIME Pe3yIbTaThl: 1) 3HAYUTENHHO
oonpimmit BeIxo JJHK npu BakyymMupoBaHuH AepeBa;
2) comocTaBUMBIE BBIXOJBI B Cllyyae CTEKiIa; 3) 3a-
TpyZHEHHS MU cOOpe MOKPHIM BaKyyMoM H3 abcop-
oupyromero cyocrpara (MaxpoBoil TkaHM); 4) 3aBH-
CUMOCTh 3(PPEKTUBHOCTH BaKyyMHpPOBAHHS C HETO-
PHUCTBIX MOBEPXHOCTEH OT TWUma moBepxHoctu [116].
CraenaH BBIBOJ, 4TO cucTteMa M-Vac mo3BoigeT coou-
patb OuoJOrudeckue nsiTHa OOJIBIIEro pasMepa, uyeM
C TIOMOIIBIO0 TAMITIOHOB, OJTHAKO CJIOXHOCTH MPOLEAY-
PBI MEIIAaeT €€ MUPOKOMY HCITOJIF30BaHUIO HA MECTax
IPECTYILIEHUN.

B uccnenosanuu, nposeneaHom ®bP, meToa Mok-
pOro Bakyyma € YCTPOHWCTBOM M-Vac® CpPaBHUIIA CO
cOOpOM MOKpPBIM XJIOTIKOBBIM TaMIIOHOM ITIPH H3BJie-
YEHUM CYXHMX IATEH pa30aBICHHOH KpPOBH, HMCIOJb-
3yeMOl B KauecTBE MOJEJILHOro o0paslia U HaHEeCEH-
HOM Ha 22 cyOcTpaTa pa3HON MOPHUCTOCTH, BKIIIOYAIO-
MIMX TMPEIMETHI JOMAIIHEro 00MX0/a, CTPOUTEIbHBIC
MaTepHalbl 1 HEKOTOpPbIe TOBEPXHOCTH BHYTPH aBTO-
moOwmnst [117]. CoOpaHHblii Ouomarepuan KOHIICH-
TPHPOBAIM € HCHOB30BAHHEM  IBYXCTYIIEHATOTO
dunsTpytomero  61oka  Nalgene MRapid-Flow™
¢ 0.45 mxMm monmdPupHOI MeMOPaHOIA; IKCTPAKIIHIO
JHK npoBonnnm u3 Bnaxknoit mem6pansl. [lokazano,
YTO METOJ MOKPOTO BakyyMma JaBajl B CpeAHEM B 12
pa3 6oubie obme#t (saepuoit) JJHK, gem npotupanue
MOKpPBIM TaMIIOHOM, Ha 18 MOPHUCTBIX MNOJIOXKKAX;
Ooyee TOTO, BaKyyMHBIM METOJ YCIICITHO COOMpan
noroHuTeNbHbIe KonmdectBa JIHK nHa cyOctparax,
paHee MpOTepThIX TaMIOHOM. B To ke Bpemst o6a Me-
TOla Jand cpaBHUMBIE KonmdecTBa obmerd JIHK
Ha JIByX HEMOPUCTBIX U JBYX HOPUCTHIX cyOcTparax,
OTHAKO BBIXOJBI, TOJTYYCHHbIE OOOMMH METOJIaMHU
Ha TpyOoM abpasuBHOM cyOcTpare (1L1aKoOJIOKe),
OBUTH OOBIYHO MEHBIIE, UEM B CIIydae JPYTHX MOpHC-
TBIX CcyOcTpaToB. BO3MOXXHBIMH NPHUYHMHAMHU 3TOTO
B ciyYae NUIAKOOJIOKA SIBJISUIMCH: OONbIIas CKOPOCTh
MPOXOKACHUSI PACTBOPA Yepe3 IOPbI/OTBEPCTHUS, YEM

CKOpPOCTh €r0 BcachbIBaHU; "pa3MoyaivBaHHE" XJIOM-
KOBOM TOJIOBKM TaMIIOHa WM €€ OTJIaMbIBaHHE INPHU
NPOTUPaHUU abpa3MBHOM MOBEPXHOCTH LIIAKOOJIOKA.
[Ipu cOope MeToaOM MOKpOrO Bakyyma M3 IOTJIO-
MAIONTNX CyOCTPaToB (CyXOi HEOKpAIMICHHOW CTCHKH)
HEOOXoaMMa ONTUMM3aLUsl OO0BEMOB OpOILIAIOLICH
KUAKOCTH. OTH (HaKThl TOMISPKUBAIOT HEOOXO0IIH-
MOCTb BHHUMATEJILHO OLICHUBATh XapaKTEPUCTHUKU
cyOcTpaTta mepea BBIOOPOM ONTUMAIBHOTO CIOCO0a
cbopa O6uomarepuanos [117]. Asropsr [117] nenarot
BBIBOJI, YTO MOKpPOE BaKyyMHPOBAaHHE MOXKET CITY>KHThb
JIbTEpPHATUBHBIM METOJIOM cOOpa Ha MOPUCTHIX MOJ-
JIOXKKaX, OJHAKO C MPaKTHYECKOH TOUYKU 3pEHUs Hc-
MOJIb30BaHUE TAMIIOHOB SIBIISIETCST Oojiee yIOOHBIM,
NPOCTBIM M HEJIOPOTUM — HavajJbHbIE PAacXOJbl
Ha BHEJPEHHE CHCTEMBI MOKPOTO BaKyyMa OIIEHHBa-
nuck kak 43 00045000 $, u cTOMMOCTB B IepecyeTe
Ha onuH oOpasen cocraBisuia ~90 § 1o cpaBHEHHIO
€O CTOUMOCTHIO < 15 $ st Tammona (1o nexam 2019 r.).
[TosTOMY mpoTHpaHue TaMIIOHOM OCTaeTCs Mpennoy-
TUTEIBHBIM METOJIOM cOOpa Ha TUIOCKUX, TIAJAKIX WIIH
HETMOPUCTBIX IOBEPXHOCTSAX, T.K. 00a crmocoba —
C MOKPBIM TaMIIOHOM M MOKDPBIM BaKyyMOM — HMEJH
moxoskue 3PpPEeKTUBHOCTH MPH cOOpEe KPOBU HA CTEK-
Jie ¥ nepeBsHHON cTonenrawue [117].

Kpome Toro, kak yCTaHOBJICHO 3KCIIEPUMEHTAIBHO
B pabote [118], npu ucnons3oBaHnu cucteMsl M-Vac
BHekJeTouHas (cBoboanast) JJHK tepsercs Ha cranun
¢unpTpammun — B 0.45 MM nonudgupcynbHOHOBOK
MeMOpaHe (GHIbTpaIys IPOUCXOAUT IO pa3Mepy Jac-
TUI, TO3TOMY MEHbIINE (ParMEeHTHl KJIETOK H/HIIH
cBoOonHas JJHK mMoryT jerko npoxoauTh 4epe3 MeM-
Opany. HemocraTkamm SBISIOTCS Takke OOJBIION
o0beM cobupaemoro pactBopa (uHorma > 200 mi),
HE TO3BOJISIOUINA MPOBOJAUTH MPSAMYIO 3KCTPAKIHIO,
MHUHYSl CTaIHMI0 KOHIIEHTPUPOBAHUS, OOJNBILOW PHUCK
KOHTaMHHAIIUK TIPH (PUIBTPAIIMKA HA MECTE MPEeCcTyI-
JICHUSI 1 BO3MOKHOCTh OCMOTHYECKOTO JIM3HCa KIETOK
NpU TPAHCMIOPTHPOBKE B Jaboparopuio (M3-3a MEHb-
mei HWOHHOW Ccuibl Oydepa) ¢ BBICBOOOXKIECHHUEM
BHyTpukierounoir JIHK, koropas Oyzmer mnotepsiHa
nipu punbTpoBanuu [118].

B pab6ote [119] uzyuena spQpeKTHBHOCTE MpHUMe-
HEHHsI MOKPOTO BaKyyMHPOBAHHS U MMPOTUPAHUS TaM-
MOHOM TMOBEPXHOCTH KOXXM Ha HEKOTOPBIX y4acTKax
TeJa KEePTBHI CEKCyallbHOTO HamaJieHus (mocie MpH-
HATHA JKEPTBOI Iylla), UCIOJIB3YS B KadeCcTBE MO-
JeNbHOTO OMomarepuana ciitoHy. He oOHapyxkeHO
CTaTUCTUYECKU 3HAUYMMOIO PAa3IM4Usl B KOJIMYECTBE
JIHK, BbIeIIeHHON 000MME METO/IaMHU Ha OJTHOM y4a-
CTKE TeJa JKEePTBBI, U CIellaH BBIBOJ O HEOOXOIUMO-
CTH JIONIOJHUTENLHBIX UCCIICAOBAaHUMN, YTOOBI OLICHUTD
cnocoOHOCTh cuctemMbl M-Vac cobupats Guomarepu-
aJl ¢ MHOro OOJIbIIEH IUIOIIAAM, YEM IPH HCIIOJIB30-
BaHHH TAMIIOHOB, M TEM CaMbIM ONpAaBAATh MPHUMEHE-
HUeE 3Tor Joporoit cucremsl [119].

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1
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Meton bapnoiius (Bardole)

Meton paspaboran Francine Bardole (ObiBmium
MOJTUIIEMCKIM) B COTPYIOHHYECTBE C KoMmaHued M-
Vac Systems, Inc., Ha3BaH €ro UMEHEM U OIICHUBACT-
Ccd KaKk caMblii COBPEMEHHBIA METOJ, HaleJEeHHbIN
Ha cOop JJHK u3 HeOoIbIINX MpeaMeToB, SBISIONIIX-
Cs yIWKaMH, KOTOpbIe TPYAHBI sl cOopa oOpas3iioB
(MaTpOHHBIX TWIB3, KOJEI, KJIH4Yed, (PparMeHTOB
00M0, obOpe3koB Horteit) [35, 120]. Merox siBisercs
OTHOCHUTEIBHO TPOCTHIM, OBICTPBHIM W YyBEIUYHNBAET
BexoJ JIHK 1o crenmenn, HeZoCTHKUMOM TIpH TIPOTHU-
paHUU TaMIIOHOM, T.K. MO3BOJIIET U3BJIECKATh KIIETKU
JlaXXe W3 MaJCHbKUX HEPOBHOCTEH HAa MOBEPXHOCTH.
OCHOBHBIE CTaguU TpOIlecca BKIIOYAIOT BHECEHHE
yiuku B OyThulb M-Vac, copepKallyro CTepHIIbHBIH
Oydep; mepeMenmnBanne COAEPKUMOTO Ha BOPTEKCE
JUIsl CMBIBAaHUSI KJIETOK; BHECEHUE pACTBOPA B 4Yallly
MemOpanHoro ¢uiabTpa ¢ pasmepom mnop 0.20 wimu
0.45 MKM ¥ QuUIBTpOBaHHE TOJ[ BAKyyMOM C IIOCIIE-
nyromedt skctpakuuedt IHK u3 paspesanHoro Ha Ky-
COYKH MOKPOTO WJIM BBICYIIICHHOTO (PHIIBTpa C TIOMO-
UIBI0 CTaHAAPTHOTO IpoTokoina [35, 120].

Cyxoe BakyyMupOBaHHe

MeTton cyXxoro BakyyMHPOBaHHUS OBUI TPEIOKEH
B KauecTBE Hepa3pyLIAlOIIero MeEeTOJa HU3BICUEHUS
JHK ¢ moBepXxHOCTH PYKONHCHBIX TOKYMEHTOB IpHU
COXpaHEHUH HAIMCAHHOTO TEKCTa U JaTEHTHBIX OTIIe-
yaTkoB. CamMO [omaimrHee YCTPOHCTBO COCTOSIIO
W3 CTEKJSHHOW NUIIETKH, B Y3KHM KOHEL] KOTOpPOH
BCTaBJICH BIIQXKHBII TaMIIOH M KOTOpPas C ITOMOIIBIO
PE3WHOBOIO IIJIaHra MOJCOEAVHEHAa K HAacCTOJIBHOMY
ncToyHuKy Bakyyma [121]. K npeumymectBy merona
OTHOCSIT BO3MOXKHOCTh cOopa Omomarepuana ¢ 00Jb-
1I0¥ TIOBEPXHOCTH 0€3 3HaHMS TOTO, I'Ieé UMEHHO pac-
MOJIOKEHBI OTIevarku. M3ydeHa NMpPHUMEHHMOCTh Me-
TONa JUIA pa3HBIX THIIOB Oymaru (KOMHPOBAaIbHOU
Oymaru, Oymaru mjig 3aMETOK, JTOKYMEHTOB 1O OaH-
KOBCKUM BKJIaJaM, XYpPHAIbHBIX CTPAHUI[ U KOHBEP-
TOB U3 MaHHWJIbLCKON Oymaru). MeToa mo3Bonui coOu-
patb JIHK, omnako xommuectBo JIHK Owmio mocra-
TouHbIM 11 STR-TUMHMpoBaHMA TONBKO B Ciydae
~50% o00pa310B MaHWIBCKOW Oymaru U Oymaru Aajs
3aMeTok [121]. OTMeueHBl HEKOTOpPHIE JIETalld, BaX-
HBIE IS YCIEIIHOTO IPHUMEHEHHUS METO/a: KOHIIBI
MUTNIETOK ¥ PYKOSATKUA TAMIIOHOB JIOJDKHBI OBITH TINA-
TETFHO 3aTOPIOBaHBI, Ha 3(PHEKTHBHOCTH cOopa
BIIMSIFOT TPACKTOPHS IBWKEHHS IO JIUCTY U CKOPOCTh
BCACBhIBaHHSA, a TaKKE€ IUIOTHOCTh MPHJIETaHUS HAKoO-
HEYHUKa K mnoBepxHocTd; koHueHTpauusi JHK Ha BbI-
XOlle 3aBHCENa OT pa3Mepa M CTPYKTyphl cyOcTtpara
(MenbIIas 3¢pdekTBHOCTL HAOMIOAATACH ISl TOJCTHIX
Oymar Tuna kapToHna). Kpome Toro, He BCe THITbI TaMIIO-
HOB COBMECTHMBI C 3TUM METOZOM, a JUIA JOCTHKEHHS
Oomprrelt AQQPEeKTUBHOCTH JIydllle BHIOMPATh y4YacTOK
C BUAMMBIM JaKTHJIOCKOITMYECKUM OTredaTkom [121].
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B pabote [122] u3yunnu BO3MOKHOCTb H3BIIEUe-
Hust JIHK 3TuiM MeTO0M M3 OJIMHOYHBIX OTIIEYAaTKOB
NajbleB Ha KONMUPOBAJIBHOW W MaHHJIBCKOH Oymare
C MCTIOJb30BAaHUEM JIBYX BUIOB IMUMETOK (CTEKISTHHOMN
W TUTACTHKOBOH). Pe3ymbTaTel moOATBEpIMIH TpHMeE-
HUMOCTb CYXOTO BaKyyMHpPOBaHHMS B COYETaHUU
¢ okcTpakuueit B cucteme Chelex-Tween.

Astopamu [123] coznano "nomairHee" ycTpoHCTBO
DNA-Buster u olieHeHa €ro BO3MOKHOCTh U3BJIEKaTh
koHTakTHYI0 JIHK #3 psna mpeameroB, 0OBIYHO HC-
CIIeyeMbIX Ha MecTax mpecryruieHuit. s ynodcrea
UCIIOJIB30BaHMSl YCTPOWCTBO pa3paboOTaHO B BHUAE
OOBIYHOTO TBLIECOCA C Pa3MEPOM M BECOM, OJOOHBI-
MU aKKyMYyJATOPHOMY HIypyroBepTy. OuibTpyromuit
HaKOHEYHHUK MUIETKH, CIyXaluid 1y coopa Grnoma-
Tepuana, depe3 IUIaHT TOJCOCAUHSIOT K MCTOYHHKY
BakyyMma. OOHapy>KeHO, YTO KOHCTPYKLHs BCTaBJIsie-
MO0 KOHIIa (HUIbTpa SIBIAETCS pemaommM (akro-
POM — HeaNbHbIi QUIBTPYIOINI HAKOHEYHUK J10JI-
JKeH 00ecreynBaTh BBICOKYIO CKOPOCTb BO3IYLIHOTO
moToka. YcraHoBieHo, uto DNA-Buster mpuromex
st coopa JJHK w3 TeKCTUINBHBIX WM3AEIHA, OAHAKO
mpu cbope 00pa3smoB C MOBEPXHOCTH KaMHS WITH
IUINTKH YCTyNaeT METONy HpPOTHPaHMs TaMIIOHOM,
a B cilyyae jgepeBa — JHQTUHTY KICHKOW JIEHTOM.
[IpeumyiecTBa yCTPONCTBA 3aKIIIOYAIOTCS B HEOOIb-
IIOM Bece U MOPTATUBHOCTH, 0OECIIEYHBAIOLINX JOC-
TyH B HUIIH, YTIIBI U OTpaHUYEHHBIE TT0 pa3Mepy Mpo-
crpanctpa [123].

B pa6ore [124] npencraBieH crioco0, OCHOBAHHBIHN
Ha TIPUMEHEHHMHM TbIJIecOCa M CIELHAIbHOTO (QHUIIbT-
PYIOLIETO KapTpuaka W NpeAHa3HAYCHHBIN A 3¢-
¢exrtuBHoro c6bopa JJHK (B Buae KIeTOK KOXH)
¢ OONBIINX MOBEPXHOCTEH (IMOJa KOMHATHI), YTO TO-
3BOJISIET TIOJIYYUTHh MHPOPMAIIHIO O BCEX JIIOMAX, TIPH-
CYTCTBOBABIIIMX B OIPEJEICHHOM MeEcTe. YkKe NepBoe
MpUMEHEHNE METO/Ia B PEabHBIX yCIOBHX (IpH OT-
paliieHnH) MO3BOJWIIO MOJHIUU YCTaHOBHUTH CBS3b
MEXJy MO0JI03PEBAEMbIM M MECTOM IPECTYIUICHUS,
OJITHAKO HEOOXOIUMOCTh aHanu3upoBath 10 50 ¢par-
MEHTOB (pUIIBTpa ¢ MOMOIIBI0 MyJbTUIUIeKCHON [TL[P
U ONpeAesATh NpoQUIM BcexX JoJeH, ObIBaBIINX
Ha MECTe INPECTYIUICHUS, 3HAYUTENBHO YBEJIUYHUBACT
pacxonbl Ha uccienoBanue [124]. [loatomy pekomen-
JyeTcs MPUMEHATh 3TOT METOJ B KauecCTBE JOIOIHU-
TETHHOTO WHCTPYMEHTa MpH Hamboiee Cepbe3HbIX
MPECTYIUIEHHUSIX, HO €r0 MOXHO HCIOJIb30BAaTh H NPHU
cOope 00pa3IoB ¢ MeOeNu (IMBaHOB) WIIM MPEAMETOB
onex bl [124].

YHuBepcajJbHOe YCTPOHCTBO
koMnaHuu Promega

Kommanueli Promega ucnbiTan onbITHBIN 00pasern
TTOJICBOTO IMOPTATHBHOTO ycTpoiicTBa Venturi Vacuum
Device (c TpyOkoit Benrtypm), obecneunBaromuii
BO3MOXHOCTh TIPUMEHEHHS PAa3HbIX HAKOHCYHHKOB
Uit cOopa pa3NWYHBIX TUIIOB OOPa3loB (KJIETOK,
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MBUIBLBL, JKUAKOCTEH Tena W T.I1.) 0e3 paspylieHHs
MOBEPXHOCTEH, a TaKKe BO3MOXKHOCTb INPHUMEHEHUS
BAaKyyMHPOBaHUS KaK B MOKPOM, TaK U B CyXOM BapH-
aHte. B mpoToTHIie MCMONIB30BaH MOTUKAPOOHATHBIN
GuIpTp Ha BCAChIBAIOLIEM YalleoOpa3HOM HAKOHEU-
HHUKE. YCTpOHCTBO MpeaHa3HaueHo ausi oOpaboTku
TPYZHOJOCTYIHBIX YYacTKOB (IIeNel, TpemuH, Jemn-
HUHBI, pU(ICHBIX TOBEPXHOCTEH).

HEKOHTAKTHOE YCTPOMCTBO CBOPA
SIIUTEJUAJBHBIX KJIETOK KOKH YEJIOBEKA

OcHoBy pa3pabOTKH HEKOHTAKTHOTO METO/1a coopa
00pa3LoB COCTABISUIN TEOPETUUECKUE TPEACTABICHHS
0 BO3MOXXHOH CBSI3M 3araxa 4ejoBeKa C dIUTETHATb-
HBIMH KJIETKaAMU KOXHU, TTOCTOSIHHO TEPSIEMBIMH 4€JI0-
BEKOM W HaKaIUIMBAIOIIUMUCSI Ha OKPYKAIOIIMX
npeamerax [125]. [l olleHKH peasbHOCTH COBMECT-
HOro cOopa 3amaxa u KJIeTok B pabdore [125] mpume-
HUJIA YCTPOMCTBO C IWHAMHYECKHM BO3IYIIHBIM TIO-
tokoMm STU-100 (Scent Transfer Unit 100) u monens-
Hele cyOcTparel (Oymary u cranb) IMocje KOHTaKTa
¢ pykamu 100poBoiiblieB. KieTku ynaBnuBanu Ha 1o-
TMKapOOHATHBIX (DUIIBTPaxX W TOCHE SKCTPAKLIUHU aHa-
nu3upoBanu MeTogoM konuuectBeHHol ITHP. Cnenan
BbIBOJI, uTo ycrpoiictBo STU-100 He obecrieunBaet
cOOp KOJMYECTBA KJIETOK KOXKH, AOCTATOYHOTO JIJIst
nosryueHus: KoHueHTpanuit saepnoit JIHK Beime npe-
JleNia IeTeKTUPOBAHUS UIS MCIIONB30BaHHOTO Habopa
[P [125].

DJIEKTPOCTATUYECKUE CUCTEMBI CEOPA
OBPA3LIOB

B pabote [126] oneneHa mpuMeHUMOCTD MTprOOpa
3JIEKTPOCTATUYECKOTO AETEKTUPOBAHUS (ESDA®) mis
coopa JIHK u3 oTmedaTrkoB manblieB HAa pPazIMIHBIX
OyMaxHbIX cyOcTpatax (Oymare Juis 3aMETOK, XJIOTI-
4aToOyMa)kKHOW W KypHanbHOW Oymare, Oymare s
JICHE)KHBIX 3HAKOB U T.11.). CpaBHuIIM 3 crocoba c6o-
pa: coop ¢ momoribto ESDA, cyXxum TaMIIOHOM U BbI-
pe3zanueM. Ilokazano, uro meronq ESDA nyume, uem
METOJ] BBIPE3aHHUs, YCTYNAET METOAY CyXOr'o TaMIIOHA
MO0 KOJIMYECTBY TOyYE€HHBIX TOJHBIX Mpoduien, oa-
HAKO MO3BOJSAET BU3YyAIM3UPOBATh HYKHBIM y4yacToOK,
YTO MCKITIOYAET "cienbie” IpoIeayphl, UCIIOIb3yEeMbIC
B Clly4yae JABYX JPYTHX METOJOB.

[IpuMeHnMOCTh JBYX 3JIEKTPOCTATHUECKUX YCT-
poicTB 1151 cOopa Grnomarepuana U3 OAEXKbl, CIIUTOM
W3 pa3HBIX TKaHeH, usydeHa B pabore [127]. [Iporec-
tupoBaubl ammapat ESDA®, ucrons3oBaHHBIE st
n3Bneyenuss JHK u3 Oymaru [126], u snekrpocraTu-
yeckuil mudrep mpuieBsx otnedaTkos (DPL), mpume-
HSIEMbIH 17151 BU3yaM3aluy OTIIEYAaTKOB HOT Ha IIOJTY.
Jlnst cGopa npo6 ¢ momomisio ESDA® onexry mokpsi-
BaJM ruieHKoW Mylar, 3apspkaeMoil sJeKTpocTaTnyde-

cku. B cnmygae DPL Ha 00nacTh KOHTaKTa HaKJIaabIBa-
M METaJUIM3UPOBAHHYIO (OINIBTY, 3apspKaeMylo IpH
MaKCUMaJlbHOM HaIlpSDKEHUM W HU3KOW CUJIe TOKa
B Teuenne 15 c. Diexrpocrarnyeckine ESDA® u DPL-
IUICHKA TIPOTHUPATH MOKPHIM TaMIIOHOM M3 XJIOTKa
JUIs cOOpa 4acTull, MPUIUNINUX K uieHke. [lokazaHo,
yto ycrpoiictBo DPL He TONBKO MPEBOCXOJUT
ESDA® ¢ Ttouku 3penus cobopa JAHK, HO u Gonee
ynoOHO Onarofaps MOPTaTUBHOCTH, OJHAKO JJISl TIPH-
MEHEHHsI B PeasIbHBIX CYACOHBIX NIelnax MeToxa TpeOy-
eT ontuMu3anuu [127].

OCHOBHBIE HATIPABJIEHUS UCCJIETOBAHUM

I'mobanbHBIE TEMBI WCCIEIOBaHUN W Pa3paboOTOK,
HEOOXOMMMBIX IS TIporpecca B CyaeOHO-Menu-
IUHCKOW OWOJIOTHH, CHOPMYIHUPOBAHHBIE B HIOJE
2022 r., uznoxeHsl B 0030pe UuTepnona [8] u BKITtO-
4aroT (OMHMO TPOYHMX BOIIPOCOB) CIEIYIOIINE
HanpaBJIeHHUs, UMEIOIIUE IMPSIMOE OTHOLIEHHE K 00-
CykmaeMoil Teme: 1) ompeneneHHe XapaKTEPHUCTHK,
pa3zpaboTka W TIpOBEpKa METOAOB IO BBIAEICHUIO
W aHaJIN3y OJMHOYHBIX KIJIETOK; 2) OmpeseseHne IpHu-
CYTCTBUSI W PAcIpOCTPaHEHHOCTH BHEKJIETOYHOUH
(cBobomnoit) JJHK; 3) yBenuuenue sddexkruBHOCTH,
MIPOU3BOUTEILHOCTH U YCKOPEHHE OBICTPOH ammapa-
Typel s aHanuza JJHK wepe3 pasBurue meronos
npsimoit 111P; 4) addexruBnbni coop JHK Ha mecte
MPECTYIUIEHUS] U U3 YJIUYAIONNX TPEIMETOB; 5) OIl-
tumu3anus sxctpakiuu JJHK B ciryuae o6pasnos ¢ ee
HU3KUM YPOBHEM.

3AKJIIOYEHUE

3a mpomiennive YeTBEpTh BEeKa ¢ MOMEHTa Havaja
uCccIel0OBaHUi B 3TOH o0yiacTd OITyONIMKOBaHO MHO-
XKECTBO paboT, HANpaBICHHBIX HAa COBEPIICHCTBOBA-
HUE WHCTPYMEHTapHs, MPUMEHIEMOTO IS W3BIede-
Hus reHernueckoro marepuana (JHK) ¢ moBepxno-
CTel NpenMeToB, OOHAPYXKMBAEMBIX HAa MECTax Ipe-
CTYIUIEHUH. ODTOT MHCTPYMEHTapHil BKIIIOYAET Kak
JIABHO M3BECTHBIC PYyUYHBIE METOBI (CKOOJIEHHUE, BBIpE-
3aHue, MPOTHUPAHUE TaMIIOHAMH, JTU(TUHT KIECHKUMHU
JIEHTaMH), TaK U HOBBIE METO/IbI M TIOJIXOABI C MPUMe-
HEHHEM yCTpPOWCTB. TekyIiee COCTOSHUE HCCIIeI0Ba-
HUH MOXKHO, CKOpEe BCEro, OXapaKTepHU30BaTh Kak
HAKOTHUTEIHCTBO JAHHBIX W HAIEJICHHOCTh HA BBISB-
JIeHWE BIMAIOMIMX (aKTOPOB, a TaKKe Ha IPOBEPKY
MPaBUIBHOCTH HOBBIX NPUHIMIOB M mMojaxonoB. OO
3TOM CBHJIETEIbCTBYIOT BBIBOABI O HEOOXOIUMOCTH
JNanbHEHIINX WCCIIEOBAaHMM, 3aBepUIaoe OoJb-
IMTUHCTBO MyOuKanuii (4To orMeueHo B o63ope [30]),
0€30THOCHUTEJIEHO TOTO, KacaeTcsl JIM 3TO HOBBIX pas-
paboTok, cpaBHeHHS 3((HEKTUBHOCTH Pa3HBIX METO-
JIOB WJIM TOHMCKa ONTHUMAaJbHBIX YCIOBHH HMX HpUMe-
HEHUSI.
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Ha HoBOM ypoBHE NOATBEpPX ACHBI MHOTHE CHe-
JIaHHBIC paHee IPEIIONOKEHUsT M BBIBOJABI: BBIOOD
METOJIa 3aBUCHT OT MOBEPXHOCTH, U3 KOTOPOH JOKHA
u3Bnekatecs JIHK; crmoco6 cOopa oOpasiios, a Takke
BHJ| M3BJCKAEMOT0 MaTephalia OKa3bIBAIOT BIIHSHUE
Ha KonuuecTBo u3Biekaemol [IHK; nporupanue tam-
MOHAMM MpeanouTuTeNbHO st u3Bneuenus JHK
U3 TBEPABIX HEMOPUCTHIX MOBEPXHOCTEH, a MCIOIB30-
BaHUE KJICWKHX JICHT — mpu cOope o0pasioB ¢ 1o-
PUCTBIX TOBEPXHOCTEH; OMBIT M KBAIU(UKALUSA CO-
TPYAHUKOB SIBJISIOTCS BayKHEHIIUME (akTopamu. [Ipu
3TOM 3(PQEeKT OT pe3yJabTaTOB HCCIENOBAaHWA B TIO-
CJIETHEM JICCATHIICTUH MOXET OBbITh OIICHEH KakK aHa-
JOTHYHBIA 3PQeKTy, oXapaKTepU30BaHHOMY aBTOpa-
MU [128] mo uToraM mepBOro ACCATUIICTHUS UCCIEAO-
BaHuil no nepenocy JAHK: "mognsTo Gombmie Bompo-
COB, 4YeM IMOSBWJIOCH OTBETOB", UYTO MOIYEPKHUBACT
WCKJIOUUTENBHYIO CIIOXKHOCTh pelIaeMbIX 3ajad. JTa
CIIOKHOCTh OOBEKTHBHO OOYCIIOBJIEHA KaK CYIIECTBO-
BaHUEM OOJIBIIOTO KOJIMYECTBA (PAKTOPOB, BIUSIOIIMX
Ha 3(Q¢GeKTHBHOCTE cOOpa ¢ Pa3HBIX TOBEPXHOCTEH,
TaK U MHOTOCTaJAMMHBIM TMPOIIECCOM IMOJIYUYEHHUSI KO-
HEYHOTO pe3yibTara, IO KOTOpOMY, COOCTBEHHO,
OIICHWBAETCS U CPaBHHUBAETCS PE3yJIbTaTUBHOCTH Me-
ToA0B. Ha KOHEUHBI Pe3ysbTaT BIUAKOT HE TOJBKO
YCTpOMCTBO, METOJ W TEeXHHWKa cbOopa 00pasIoB.,
HO W METOJIbI KCTPAKIIMH, CHCTEMBI aMIUTU(UKAIIUU
¥ PO IITHPOBAHMSI M HCTIONIH3yEMBIC CTATUCTHICCKUE
meroanl [17, 18, 30]. Kaxnas u3 craguii u ux cia-
KEHHOCTh WJIA, HAIpPOTHB, IDIOXas COBMECTUMOCTH
BHOCSAT CBOM BKJAJ, OTPaXAIOIIMICSI Ha BBIBOJAAX
0 pe3yJbTAaTHBHOCTH METOJIa W/WJIH O BIMSIHUU YCIIO-
BUW OJKCIIEPUMEHTa, YTO 3aTPyJHSET CpaBHEHHE pe-
3yJIBTaTOB Pa3HbIX PadoOT.

Kpome Toro, ogHa m3 mpobiem, CymIecTBYOIIAs
HE3aBUCUMO OT MPHUMEHSAEMOTO MeToja (MHCTPYMEH-
TaTBHOTO WJIM PYYHOTO), CBSI3aHA C MHOT000pa3meM
TUIOB PEaJbHBIX MOBEPXHOCTEH U OTCYTCTBUEM CTaH-
JMapTU3allid TPU WX OIICHKE, BBI3BIBAs, HAIPHUMeEp,
BOIIPOC: @ HACKOJBbKO OJAMHAKOBBI "OAMHAKOBBIE" MO-
BEpPXHOCTHU (TIOPHCTHIE, TVIAJKUE U T.II.), HCCIIETyeMble
W MOJIeNMpyeMble B pa3HbIX pabdorax. Vcmomb3zyemble
00BIYHO XapaKTEPUCTHKK TOBEPXHOCTEH HOCST Kade-
CTBEHHBIN XapakTep (HEmopucTas, MOpHCTas; Tiaj-
Kast, HepoBHas — pudieHas, C TPEUMHAMUA M T.I.;
BIIMTHIBAIONIAS, HEBMUTHIBatomas). OmHako ¢uzmde-
CKH€ M XUMUYECKHE Pa3Indusl B TIOBEPXHOCTSX, C KO-
TOPBIMU OCYIIECTBIISICTCSI KOHTAKT, BKJIOYasl TaKWe,
KOTOpBIE CBsI3aHBl ¢ WX Tomorpaduel, XUMHIECKUM
COCTaBOM, THUIIOM BOJIOKOH, NEPEILICTCHUEM, TOJIIU-
HOH, JIEKTPUICCKUM 3apsSIOM H T.II., MOTYT BIHATH
Ha TEepPEeHOC, YCTOWYMBOCTh W HW3BJIEUCHUE OnMoMaTte-
puanoB u JIHK u3 cybcrpaToB B pazHooOpa3HOil cTe-
TIEHH, TIOATOMY TPUBETCTBOBAIOCH OBl JIOTIOJHUTEINb-
HOE U3YYCHHE BO3ICHCTBUS MEPEMEHHBIX, YIOMSHY-
THIX 151 3TUX paxTopos [18].
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Hpyrast ocHOBHasi mpodiiemMa CBsi3aHa C MOJy4YCHU-
eM u aHanu3oMm oOpasnoB konraktHou JIHK, xoto-
pble, B OTIMYUE OT KPOBH, SIBIISIOTCSI HEBUAUMBIMH,
HO COCTaBISIIOT OOJBIIMHCTBO 00pa3loB, aHAIU3U-
PYEMBIX CyqeOHBIMH T€HETHYECKUMH JTa00PaTOPHIMHU
[52]. O6pasubr kontaktHOU JIHK cocraBisior 80%
W3 THICSY OMOJIOTUYECKHUX CJIEOB, aHATU3UPYEMBIX
¢bpaHIy3cKkoil >kaHmapmepuei [52], u cocraBmsIM
85% o6pasuor B lBetinapuu B 2017 1. [57], npuuem
HHUKaKuX npoduielt He 6bpu10 nomyyeHo i 50% 3tux
obpastos [52].

Merton Buszyanmmzanuu JJHK ¢ momomisio dmyopec-
nentHoro kpacurens Diamond™ wu ¢ayopecueHTHO-
r0 MUKPOCKONA MPEJIOKEH IPYIIION aBCTPAIUHCKUX
yueHbIX. [IpoeMoHCTpHpOBaHa MOTEHIMAIbHAS BO3-
MOJKHOCTh TIPUMEHEHHS METOAa /IS JIOKaTM3alluu
OTHEYaTKOB naibleB, coaepxamux JJHK, Ha nosepx-
HOCTsIX TpenmMeToB in situ [129, 130], onenku Hamu-
yus JIHK nHa tamnonax [131, 132] u kielkux JieHTax
[133]. He3aBucumsbie ucclieqoBaHUS MPUMEHUMOCTH
MeTOJa TOJTBEPIMIA €ro MOTEHIHAIBHYIO MOJe3-
HOCTb, HO IIPU 3TOM BBIIBMIIH psijl orpaHuueHuii [134—
136]. B Hacrosimee BpeMs HCCIECTOBAHHS MPOJIOIIKA-
I0TCSI B HAIPABJICHUU ONTHUMM3ALUU MeToauku [137]
W paciupeHust obnacteil nmpuMeHeHus (Ui OGOpbOBI
C HeJIeraJbHOM NpoJakell AMKMX KMBOTHBIX M HeE3a-
KOHHBIM X cojep:kanuem B HeBoue) [138, 139].

bnazooapnocmu

Asmopul 6nazodapsm npogheccopa, d.m.n. B.E. Kypou-
KUHA 30 YeHHble 3aMeYaHUs, COeLaHHble UM NPU NOO2OMO6-
Ke cmambpil K ne4amu.

CIIUCOK JIMTEPATYPbBI

1. van Oorschot R.A.H., Ballantyne K.N., Mitchell R.J. Fo-
rensic trace DNA: a review // Investigative Genetics.
2010. Vol. 1. Id. 14. DOI: 10.1186/2041-2223-1-14

2. Anucumos B.A., T'apagpymounoe P.P., Cacumos A.M.
u Op. JHK-KpUMHHAIHCTHKA — 3apOXKICHUE, COBPEMCH-
HOcTh W mepcrektuBbl // Buommka. 2019. T. 11, Ne 3.
C. 282-314. DOI: 10.31301/2221-6197.bmcs.2019-26

3. @aneesa T.I. MonekyispHO-reHeTHYeCKash UACHTH(UKa-
LU TOTOXKMUPOBBIX CJIEAOB B OTIIEUATKaX MajbLEB Ha KO-
ke denoBeka. Jluc. ... kaHn. Men. Hayk. Caskr-Ilerep-
Oypr, 2021. 208 c.

4. Yang J., Brooks C., Estes M.D. et al. An integratable mi-
crofluidic cartridge for forensic swab samples lysis // Fo-
rensic Sci. Int.: Genetics. 2014. Vol. 8. P. 147-158. DOLI:
10.1016/j.fsigen.2013.08.012

5. Bruijns B., Knotter J., Tiggelaar R. A Systematic review
on commercially available integrated systems for forensic
DNA analysis // Sensors. 2023. Vol. 23: Id. 1075. DOLI:
10.3390/523031075

6. Jung W., Yang M., Barrett M. et al. Recent improvement
in miniaturization and integration of a DNA analysis sys-
tem for rapid forensic analysis (midas) // J. Forensic



96

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

JI. T.TIETPOB, E. JI. MAKAPOBA, U. E. AHTU®EEB, M. B. 3ALIEBA

Investigation. 2014. Vol. 2, no. 2. DOI: 10.13188/2330-
0396.1000012
. Yang J., Hurth C., Nordquist A. et al. Integrated micro-
fluidic system for rapid DNA fingerprint analysis: a mi-
niaturized integrated DNA analysis system (MiDAS) —
swab sample-in to DNA profile-out / Microfluidic Elec-
trophoresis: Methods and Protocols, Methods in Molecu-
lar Biology / Dutta D. (ed.). Gumana Press, 2019. P. 207—
224. DOLI: 10.1007/978-1-4939-8964-5 14
. Butler J.M. Recent advances in forensic DNA typing: IN-
TERPOL review 2019-2022 // Forensic Sci. Int.: Synergy.
2023. Vol. 6. Id. 100311. DOI: 10.1016/j.fsisyn.2022.100311
. Bazyar H. On the application of microfluidic-based tech-
nologies in forensics: a review // Sensors. 2023. Vol. 23.
Id. 5856. DOI: 10.3390/s23135856
3emckosa E.FO., Coxonosa H.P., Hcynose C.B., Hea-
noe I1.J1. "Beictpas THK" — nepcrnekTuBbl cyaeOHO-3KC-
neptHoro uccienoanus JJHK ¢ ncrmone3oBaHneM reHe-
TUYECKUX aHATM3aTOPOB mosHoro nukia // CyneOHas Meau-
muna. 2021. T. 7, Ne 4. C. 29-38. DOI: 10.17816/fm678
Butler J.M. The future of forensic DNA analyses // Phil.
Trans. R. Soc. B. 2015. Vol. 370. Id. 20140252. DOI:
10.1098/rstb.2014.0252
Burrill J., Daniel B., Frascione N. A review of trace
"touch DNA" deposits: variability factors and an explora-
tion of cellular composition // Forensic Sci. Int.: Genetics.
2019. Vol. 39. P. 8-18. DOI: 10.1016/j.fsigen.2018.11.019
Alessandrini F., Cecati M., Pesaresi M. et al. Fingerprints
as evidence for a genetic profile: morphological study on
fingerprints and analysis of exogenous and individual fac-
tors affecting DNA typing // J. Forensic Sci. 2003.
Vol. 48, no. 3. P. 586-592. DOI: 10.1520/JFS2002260
Tang J., Ostrander J., Wickenheiser R., Hall A. Touch
DNA in forensic science: The use of laboratory-created
eccrine fingerprints to quantify DNA loss // Forensic Sci.
Int.: Synergy. 2020. Vol. 2. P. 1-16. DOI
10.1016/j.fsisyn.2019.10.004
Kumar P., Bhandari D., Chauhan J.S., Sahajpal V. Touch
DNA: revolutionizing evidentiary DNA forensics // Int. J.
Forensic Sci. 2023. Vol. 8, no. 3. Id. 000314. DOI:
10.23880/ijfsc-16000314
Kanokwongnuwut P., Martina B., Taylora D. et al. How
many cells are required for successful DNA profiling? //
Forensic Sci. Int.: Genet. 2020.
DOI: 10.1016/j.fsigen.2020.102453 [Author manuscript].
Golaszewska A. Recovery techniques for contact DNA
traces // Arch. Med. Sadowej. Kryminol. 2022. Vol. 72,
no. 3. P. 138-146.
DOI: 10.4467/16891716AMSIK.22.016.17394
van Qorschot R.A.H., Szkuta B., Meakin G.E. et al. DNA
transfer in forensic science: a review // Forensic Sci. Int.:
Genetics. 2019. Vol.38. P. 140-166. DOI:
10.1016/.fsigen.2018.10.014
Williamson A.L. Touch DNA: Forensic Collection and
Application to Investigations // J. Assoc. Crime Scene Re-
constr. 2012. Vol. 18, no. 1. P. 1-5.
Hebda L.M., Doran A.E., Foran D.R. Collecting and Ana-
lyzing DNA Evidence from Fingernails: A Comparative
Study // J. Forensic Sci. 2014. Vol. 59, iss. 5. P. 1343—
1350. DOIL: 10.1111/1556-4029.12465

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Singh H.N. Collection, preservation and transportation of
biological evidence for forensic DNA analysis // Int. J. All
Research Education and Scientific Methods (IJARESM).
2021. Vol. 9, no. 9. P. 1123-1130.

Hess S., Haas C. Recovery of trace DNA on clothing:
A comparison of mini-tape lifting and three other forensic
evidence collection techniques // J. Forensic Sci. 2017.
Vol. 62, iss. 1. P. 187-191. DOIL: 10.1111/1556-
4029.13246

Bécue A., Eldridge H., Champod C. Identification
Sciences. Fingermarks / 19" INTERPOL Int. Forensic
Sci. Managers Symposium, Lyon, France 7-10 October
2019. Review Papers. 2019. P. 677-770.

Collecting DNA evidence at property crime scenes. 2009.
https://www.sjsu.edu/people/steven.lee/courses/c2/s2/Coll
ecting%20DNA%20Evidence%20at%20Property%20Cri
me%20Scenes%20Course.pdf

Zaghloud N.M., Samir T., Megahed H.M. Recovery of
DNA from Fingerprints on Enhanced Different Paper
Types // J. Forensic Sci. & Criminol. 2019. Vol. 7, no. 2.
URL: https://www.annexpublishers.com/articles/JFSC/7202-
Recovery-of-DNA-from-Fingerprints-on-Enhanced-
Different-Paper-Types.pdf

Kumar A. Touch DNA; A Quantitative Study in the Pers-
pective of Forensic Science / Austin J. Forensic Sci. Cri-
minol. 2021. Vol. 8, no. 1.

DOI: 10.26420/AustinJForensicSciCriminol.2021.1084
Al-Snan N.R. The recovery of touch DNA from RDX-C4
evidences // Int. J. Leg. Med. 2021. Vol. 135, no. 2.
P. 393-397. DOI: 10.1007/s00414-020-02407-9

Solomon A.D., Hytinen M.E., McClain A.M. et al. An Op-
timized DNA Analysis Workflow for the Sampling, Ex-
traction, and Concentration of DNA obtained from Archi-
ved Latent Fingerprints // J. Forensic Sci. 2018. Vol. 63,
iss. 1. P. 47-57. DOI: 10.1111/1556-4029.13504

Dong H., Wang J., Zhang T. et al. Comparison of prepro-
cessing methods and storage times for touch DNA sam-
ples // Croat. Med. J. 2017. Vol. 58, iss. 1. P. 4-13. DOI:
10.3325/cm;j.2017.58.4

Tozzo P., Mazzobel E., Marcante B. et al. Touch DNA
Sampling Methods: Efficacy Evaluation and Systematic
Review // Int. J. Mol. Sci. 2022. Vol. 23. Iss. 24.
Id. 15541. DOI: 10.3390/ijms232415541

Sessa F., Salerno M., Bertozzi G. et al. Touch DNA: im-
pact of handling time on touch deposit and evaluation of
different recovery techniques: An experimental study //
Sci. Rep. 2019. Vol. 9. Id. 9542. DOI: 10.1038/s41598-
019-46051-9

Linacre A., Pekarek V., Swaran Y.C., Tobe S.S. Genera-
tion of DNA profiles from fabrics without DNA extrac-
tion // Forensic Sci. Int. Genet. 2010. Vol. 4. P. 137-141.
DOI: 10.1016/j.fsigen.2009.07.006

Cavanaugh S.E., Bathrick A.S. Direct PCR amplification
of forensic touch and other challenging DNA samples:
a review // Forensic Sci. Int. Genet. 2018. Vol. 32. P. 40-49.
DOI: 10.1016/j.fsigen.2017.10.005

Irion P.R. Evaluating the use of the M-Vac® Wet Vacuum
System to recover DNA from cotton fabric // Graduated
Theses, Dissertation, and Problem Reports. 2020. 7951
URL: https://researchrepository.wvu.edu/etd/7951/

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1



35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

HAVYYHOE [NPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1

CBOP TEHETUYECKUX BUOMATEPUAJIOB (JHK)C ITOBEPXHOCTEN

Bonsu D.O.M., Higgins D., Austin J.J. Forensic touch
DNA recovery from metal surfaces — A review // Science
& Justice. 2020. Vol. 60. P. 206-215. DOI:
10.1016/j.s¢ijus.2020.01.002

Bruijns B.B., Tiggelaar R.M., Gardeniers H. The Extrac-
tion and Recovery Efficiency of Pure DNA for Different
Types of Swabs // J. Forensic Sci. 2018. Vol. 63, no. 5.
P. 1492-1499. DOI: 10.1111/1556-4029.13837

Vashist V., Banthia N., Kumar S., Agrawal P. A systemat-
ic review on materials, design, and manufacturing of
swabs // Annals of 3D Printed Medicine. 2023. Vol. 9.
Id. 100092. DOI: 10.1016/j.stlm.2022.100092
[Mpucnoco6uenust 1 cbopa 00pa3loB B KPUMHUHAIUCTH-
ke. Life Technology Corporation. 2012. URL:
www lifetech.com/

COop u xpaHeHHe 00pa3loB A WACHTH(PHUKALUU Yeo-
Beka. Copan 2021. URL: www.copangroup.com
Comment D., Gouy A., Zingg C., Zieger M. A holistic ap-
proach for the selection of forensic DNA Swabs // Foren-
sic Sci. Int. 2023. Vol. 348. Id. 111737. DOL:
10.1016/j.forsciint.2023.111737

. Adamowicz M.S., Stasulli D.M., Sobestanovich E.M., Bille

T.W. Evaluation of methods to improve the extraction and
recovery of DNA from cotton swabs for forensic analysis
//' PLoS One. 2014. Vol. 9. Id. ell6351. DOI:
10.1371/journal.pone.0116351

van Qorschot R.A.H., Phelan D.G., Futlong S. et al. Are
you collecting all the available DNA from touched ob-
jects? // Int. Congress Series, 2003. Vol. 1239. P. 803—
807. DOI: 10.1016/S0531-5131(02)00498-3

Alketbi S.K., Goodwin W. Validating Touch DNA Collec-
tion Techniques Using Cotton Swabs // J Forensic Res.
2019. Vol. 10, iss. 3. P. 1-3. URL:
https://www.hilarispublisher.com/open-access/validating-
touch-dna-collection-techniques-using-cotton-swabs.pdf
Gray A., Kuffel A., Daeid N.N. An improved rapid method
for DNA recovery from cotton swabs // Forensic Sci. Int.
Genet. 2023. Vol. 64. 1d. 102848.

DOI: 10.1016/j.fsigen.2023.102848

Marshall P., Stoljarova M., Larue B. et al. Evaluation of
a novel material, diomics X-Swab, for collection of
DNA // 3™ Int. Conf. on Forensic Res. Technol., October
06—08 2014. Hilton San Antonio Airport, USA (abstract).
Novroski N., Kindt T., Schmedes S. et al. Diomics X-
Swab™: a novel bio-specimen collection tool for in-
creased trace material recovery and PCR enhancement //
Poster Presentation. 25" Annual Int. Symposium on Hu-
man Identification (Promega); Phoenix, Arizona, Septem-
ber 29-October 2, 2014.

Luna 2017. Luna's dissolvable swabs can revolutionize
crime Scene investigations / ~BLOG. URL:
https://lunainc.com/blog/lunas-dissolvable-swabs-can-
revolutionize-crime-scene-investigations

Dissolvable forensic swabs. URL:
https://lunalabs.us/product/dissolvable-forensic-swabs/
Popule” self-saturating applicators. Puritan Medical Prod-
ucts Co. 2019.

URL: https://www.puritanmedproducts.com/

Garvin A.M., Holzinger R., Berner F. et al. The forensiX
Evidence Collection Tube and Its Impact on DNA Preser-

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

97

vation and Recovery // BioMed Res. Int. 2013. Vol. 2013.
Id. 105797. DOI: 10.1155/2013/105797

Mawlood S.K., Alrowaithi M., Watson N. Advantage of
ForensiX Swabs in Retrieving and Preserving Biological
Fluids // J Forensic Sci. 2015. Vol. 60, iss. 3. P. 686-689.
DOI: 10.1111/1556-4029.12704

Sauvagere S., Pussiau A., Hubac S. Innovations in Foren-
sic Sciences for Human Identification by DNA in the
French Gendarmerie during the Last 10 Years // Forensic
Sci. 2023. Vol. 3. P. 316-329.

DOI: 10.3390/forensicsci3020024

Copan microFLOQ™ direct.

URL: https://pubmed.ncbi.nlm.nih.gov/31165261/

Ambers A., Wiley R., Novroski N., Budowle B. Direct PCR
amplification of DNA from human bloodstains, saliva,
and touch samples collected with microFLOQ" swabs //
Forensic Sci. Int. Genet. 2018. Vol. 32. P. 80-87. DOLI:
10.1016/j.fsigen.2017.10.010

Gammon K., Murray-Jones K., Shenton D. et al. Touch
DNA on objects can be analysed at low cost using simpli-
fied direct amplification methods // bioRxiv preprint. Feb-
ruary 08, 2019. DOI: 10.1101/540823

DNA Extraction Pen to serve as A Forensic Tool. URL:
http://imageandstyle.com/dna-extraction-pen-serve-
forensic-tool/

Comte J., Baechler S., Gervaix J. et al. Touch DNA col-
lection — Performance of four different swabs // Forensic
Sci. Int. Genet. 2019. Vol. 43. Id. 102113. DOI:
10.1016/].fsigen.2019.06.014

Seiberle 1., Wihrer J., Kron S. et al. Collaborative swab
performance comparison and the impact of sampling solu-
tion volumes on DNA recovery // Forensic Sci. Int. Genet.
2022. Vol. 59. 1d. 102716. DOLI:
10.1016/j.fsigen.2022.102716

Hartless S., Walton-Williams L., Williams G. Critical
Evaluation of Touch DNA Recovery Methods for Foren-
sic Purposes // Forensic Sci. Int. Genetics. Suppl. Ser.
2019. DOI: 10.1016/j.fsigss.2019.10.020

Smith C., Cox J.O., Rhodes C. et al. Comparison of DNA
typing success in compromised blood and touch samples
based on sampling swab composition // J. Forensic Sci.
2021. Vol. 66, iss. 4. P. 1427-1434. DOI: 10.1111/1556-
4029.14694

Pang B.C.M., Cheung B.K.K. Double swab technique for
collecting touched evidence // Legal Med. 2007. Vol. 9.
P. 181-184. DOI: 10.1016/j.legalmed.2006.12.003
Hoffmann S.G., Stallworth S.E., Foran D.R. Investigative
studies into the recovery of DNA from improvised explo-
sive device containers // J Forensic Sci. 2012. Vol. 57,
no. 3. P. 602-609.

DOLI: 10.1111/j.1556-4029.2011.01982.x

Thomasma S.M., Foran D.R. The influence of swabbing
solutions on DNA recovery from touch samples // J. Fo-
rensic Sci. 2013. Vol. 58, no. 2. P. 465-469. DOI:
10.1111/1556-4029.12036

Phetpeng S., Kitpipit T., Asavutmangkul V. et al. Touch DNA
collection from improvised explosive devices: A comprehen-
sive study of swabs and moistening agents // Forensic Sci.
Int. Genet. Suppl. Ser. 2013. Vol. 4. P. ¢29-30. DOL:
10.1016/j.fsigss.2013.10.014



98

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

JI. T.TIETPOB, E. JI. MAKAPOBA, U. E. AHTU®EEB, M. B. 3ALIEBA

Schulte J., Rittiner N., Seiberle I., Kron S. Collecting
touch DNA from glass surfaces using different sampling
solutions and volumes: Immediate and storage effects on
genetic STR analysis // J. Forensic Sci. 2023. Vol. 68,
iss. 4. P. 1133-1147. DOI: 10.1111/1556-4029.15305
Butler J.M. Advanced topics in forensic DNA typing: Me-
thodology. Academic Press, 2011. 704 p.

Romeika J M., Yan F. Recent advances in forensic DNA
analysis // J. Forensic Res. 2013. S12: 001. DOI:
10.4172/2157-7145.S12-001

Hedman J., Jansson L., Akel Y. et al. The double-swab
technique versus single swabs for human DNA recovery
from various surfaces // Forensic Sci. Int. Genet. 2020.
Vol. 46. 1d. 102253. DOI: 10.1016/j.fsigen.2020.102253
Parsons L., Sharfe G., Vintiner S. DNA Analysis and
Document Examination: The Impact of Each Technique
on Respective Analyses // J. Forensic Sci. 2016. Vol. 61,
no. 1. P. 26-34. DOL: 10.1111/1556-4029.12848

Williams G., Pandre M., Ahmed W. et al. Evaluation of
low trace DNA recovery techniques from ridged surfac-
es // J. Forensic Res. 2013. Vol. 4, iss. 4. DOI:
10.4172/2157-7145.1000199

Abdullah A., Szkuta B., Meakin G.E. Effect of swabbing
technique and duration on forensic DNA recovery // Sci.
Justice. 2023. Vol. 63, no. 3. P. 343-348. DOL
10.1016/j.scijus.2023.03.002

Hedman J., Akel Y., Jansson L. et al. Enhanced forensic
DNA recovery with appropriate swabs and optimized
swabbing technique // Forensic Sci. Int. Genet. 2021.
Vol. 53.1d. 102491. DOTI: 10.1016/j.fsigen.2021.102491
Jansson L., Akel Y., Eriksson R. et al. Impact of swab ma-
terial on microbial surface sampling // J. Microbiol. Me-
thods. 2020. Vol. 176. Id. 106006. DOI:
10.1016/j.mimet.2020.106006

Digel I, Akimbekov N., Kistaubayeva A., Zhubanova A.
Microbial sampling from dry surfaces: current challenges
and solutions // Biological, Physical and Technical Basics
of Cell Engineering /G.M. Artmann et al. (eds.). Springer
Nature Singapore Pte Ltd., 2018. P. 421-456. DOLI:
10.1007/978-981-10-7904-7 19

Wood I., Park S., Tooke J. et al. Efficiencies of recovery
and extraction of trace DNA from non-porous surfaces //
Forensic Sci. Int. Genetics. Suppl. Ser. 2017. Vol. 6. P. e153—
e156 (Preview). DOI: 10.1016/].fsigss.2017.09.022

Bini C., Giorgetti A., Giovannini E. Homan DNA conta-
mination of postmortem examination facilities: Impact of
COVID-19 cleaning procedure // J Forensic Sci. 2022.
Vol. 67. P. 1867—-1875. DOI: 10.1111/1556-4029.15096
Mwangi P., Mogotsi M., Ogunbayo A. et al. A decontami-
nation strategy for resolving SARS-CoV-2 amplicon con-
tamination in a next-generation sequencing laboratory //
Archives of Virology. 2022. Vol. 167. P. 1175-1179.
DOI: 10.1007/s00705-022-05411-z

Nilsson M., De Maeyer H., Allen M. Evaluation of Differ-
ent Cleaning Strategies for Removal of Contaminating
DNA Molecules // Genes. 2022. Vol. 13, no. 1. Id. 162.
DOI: 10.3390/genes13010162

Pochtovyi A.A., Bacalin V.V., Kuznetsova N.Z. et al.
SARS-CoV-2 Aerosol and Surface Contamination in
Health Care Settings: The Moscow Pilot Study // Aerosol

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

and Air Quality Research. 2021. Vol. 21, no. 4.
Id. 200604. DOI: 10.4209/aaqr.200604

Ichijo T., Hieda H., Ishihara R. et al. Bacterial Monitoring
with Adhesive Sheet in the International Space Station —
"Kibo", the Japanese Experiment Module // Microbes En-
viron. 2013. Vol. 28, no. 2. P. 264-268. DOI:
10.1264/jsme2. ME12184

Yamaguchi N., Roberts M., Castro S. et al. Microbial
Monitoring of Crewed Habitats in Space — Current Sta-
tus and Future Perspectives / Microbes Environ. 2014.
Vol. 29, no. 3. P. 250-260. DOI: 10.1264/jsme2.ME14031
Forsberg C., Jansson L., Ansell R., Hedman J. High-
throughput DNA extraction of forensic adhesive tapes //
Forensic Sci. Int. Genet. 2016. Vol. 24. P. 158-163. DOL:
10.1016/j.fsigen.2016.06.004

Forsberg C., Wallmark N., Hedell R. et al. Reference ma-
terial for comparison of different adhesive tapes for foren-
sic DNA sampling // Forensic Sci. Int. Genet. Suppl. Ser.
2015. Vol. 5. P. e454—e455.

DOI: 10.1016/j.fsigss.2015.09.180

Li R.C., Harris H.A. Using hydrophilic adhesive tape for
collection of evidence for forensic DNA analysis // J. Fo-
rensic Sci. 2003. Vol. 48, no. 6. P. 1318-1321. DOI:
10.1520/JFS2003121

Verdon T.J., Mitchell R.J., van Oorschot R.A.H. Evalua-
tion of tapelifting as a collection method for touch DNA //
Forensic Sci. Int. Genet. 2014. Vol. §, no. 1. P. 179-186.
DOI: 10.1016/j.fsigen.2013.09.005

Zech W-D., Malik N., Thali M. Applicability of DNA
Analysis on Adhesive Tape in Forensic Casework // J Fo-
rensic Sci. 2012. Vol. 57, no. 4. P. 1036-1041. DOI:
10.1111/5.1556-4029.2012.02105.x

Hymus C.M., Baxter F.O., Ta H. et al. A comparison of
six adhesive tapes as tape lifts for efficient trace DNA re-
covery without the transfer of PCR inhibitors // Leg. Med.
2023. 1d. 102330. DOI: 10.1016/j.legalmed.2023.102330
Gunnarsson J., Eriksson H., Ansell R. Success Rate of Fo-
rensic Tape-Lift Method for DNA Recovery // Problems
of Forensic Sci. 2010. Vol. LXXXIII. P. 243-254.

Joél J., Glanzmann B., Germann U., Cossu C. DNA ex-
traction of forensic adhesive tapes — A comparison of two
different methods // Forensic Sci. Int. 2015. Vol. 5.
P. e579—581. DOI: 10.1016/j.fsigss.2015.09.229
Burmuzoska I., Hogg K., Raymond J. et al. Comparison of
operational DNA recovery methods: Swabs versus tape-
lifts // Forensic Sci. Int. Genet. Suppl. Ser. 2022. Vol. 8.
P. 50-52. DOI: 10.1016/].fsigss.2022.09.019

Xoneeuyk A.I'. Cnoco6sl monyyenust JTHK Beicokoro ka-
YeCTBa C HEMOPHCTOI MOBEPXHOCTH MOCTE BH3YaTH3allUH
cienoB naneiieB pyk: onbiT CIIIA // Becthuk Hukero-
poackoro yHusepcurera uMm. H.M. JloGauesckoro. 2020.
Ne 4. C. 159-167.

Bhoelai B., Beemster F., Sijen T. Revision of the tape used
in a tape-lift protocol for DNA recovery // Forensic Sci.
Int. Genet. Suppl. Ser. 2013. Vol. 4. P. €270-e271. DOLI:
10.1016/j.fsigss.2013.10.138

Liu J.Y. PE-swab direct STR amplification of forensic
touch DNA samples // J. Forensic Sci. 2015. Vol. 60,
no. 3. P. 693-701. DOI: 10.1111/1556-4029.12705

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

HAVYYHOE [NPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1

CBOP TEHETUYECKUX BUOMATEPUAJIOB (JHK)C ITOBEPXHOCTEN

Liu J.Y. Direct gPCR quantification using the Quantifiler”
Trio DNA quantification kit // Forensic Sci. Int. Genetics.
2014. Vol. 13. P. 10-19. DOL: 10.1016/j.fsigen.2014.06.016
Janssen K., Aune M., Olsen M. et al. Biological stain col-
lection — Absorbing paper is superior to cotton swabs //
Forensic Sci. Int. Genet. Suppl. Ser. 2019. Vol. 7, iss. 1.
P. 468-469. DOI: 10.1016/j.fsigss.2019.10.054

van Qorschot R.A.H., Meakin G.E., Kokshoorn B. et al.
DNA Transfer in Forensic Science: Recent Progress to-
wards Meeting Challenges // Genes. 2021. Vol. 12.
Id. 1766. DOI: 10.3390/genes12111766

Pizzamiglio M., Mameli A., My D., Garofano L. Forensic
identification of a murderer by LCN DNA collected from
the inside of the victim's car // Int. Congr. Ser. 2004.
Vol. 1261. P. 437-439. DOI.  10.1016/S0531-
5131(03)01855-7

Kirgiz I.A., Calloway C. Increased recovery of touch DNA
evidence using FTA paper compared to conventional col-
lection methods // J. Forensic Legal Med. 2017. Vol. 47.
P. 9-15. DOI: 10.1016/j.jflm.2017.01.007

Omni-Matrix ~ sample  collection  system.  URL:
http://www .biofunctions.com/biofunctions/category.asp?c=202
Ramirez E. Evaluation of a novel DNA collection matrix
designed to improve recovery of touch DNA from non-
porous surfaces. Student These CUNY John Jay College
of  Criminal Justice, December 2019. URL:
https://academicworks.cuny.edu/jj_etds/133

BVDA international: Materials and equipment for crime
scene officers and forensic laboratories. URL:
www.bvda.com

FOMA, product description. Gelatin lifters for criminal
investigations. 2021. URL: www.foma.eu

Parsons R., Bates L., Walton-Williams L., et al. DNA from
Fingerprints: Attempting dual recovery. Department of Fo-
rensic and Crime Sciences, Staffordshire University, 2016.
P.8-17.

URL: http://eprints.staffs.ac.uk/2764/3/eprints2764.pdf
Curtis B. The use of forensic gellifters to collect human
DNA off trafficked animal specimens.

URL:  https://experiment-uploads.s3.amazonaws.com/file-
attach-

ments/user/162647/hNOwG4LtQOamQrl7dqaj The%20Use
%200f%20Forensic%20Gellifters%20t0%20Collect%20Hu
man%20DNA%2001f%20Trafficked%20Animal%20Speci
mens-%20Experiment.com.pdf

Zieger M., Schneider C., Utz S. DNA recovery from gela-
tin fingerprint lifters by direct proteolytic digestion // Fo-
rensic Sci. Int. 2019. Vol. 295. P. 145-149. DOL
10.1016/j.forsciint.2018.12.006

Kwok R., Parsons R., Fieldhouse S., Walton-Williams L.
An evaluation of two adhesive media for the recovery of
DNA from latent fingermarks: A preliminary study // Fo-
rensic Sci. Int. 2023. Vol. 344. Id. 11574. DOI:
10.1016/j.forsciint.2023.111574

van Helmond W., O'Brien V., de Jong R. et al. Collection
of amino acids and DNA from fingerprints using hydro-
gels // Analyst. 2018. Vol. 143, no. 4. P. 900-905. DOI:
10.1039/C7ANO1692A

Dieltjes P., Mieremet R., Zuniga S. et al. A sensitive me-
thod to extract DNA from biological traces present on

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

99

ammunition for the purpose of genetic profiling // Int. J.
Legal Med. 2011. Vol. 125. P. 597-602. DOI:
10.1007/s00414-010-0454-4

Montpetit S., O’Donnell P. An optimized procedure for
obtaining DNA from fired and unfired ammunition // Fo-
rensic Sci. Int. Genetics. 2015. Vol. 14. P. 70-74. DOLI:
10.1016/.fsigen.2015.03.012

Subhani Z., Coleman K., Moore D. et al. A novel semi-
automated direct lysis method for DNA recovery from
live and spent 9mm ammunition // Forensic Sci. Int. Ge-
net. Suppl. Ser. 2019. Vol. 7, iss. 1. P. 269-270. DOI:
10.1016/j.fsigss.2019.09.120

Prasad E., Barash M., Hitchcock C. et al. Evaluation of
soaking to recover trace DNA from fired cartridge cases //
Aust. J. Forensic Sci. 2020. Vol. 53, no. 5. Id. 1757758.
DOI: 10.1080/00450618.2020.1757758

Bille T.W., Fahrig G., Weitz S.M., Peiffer G.A. An im-
proved process for the collection and DNA analysis of
fired cartridge cases // Forensic Sci. Int. Genetics 2020.
Vol. 46. 1d. 102238. DOI: 10.1016/j.fsigen.2020.102238
Elwick K., Gauthier Q., Rink S. et al. Recovery of DNA from
fired and unfired cartridge casing: comparison of two DNA
collection methods // Forensic Sci. Int. Genet. 2022. Vol. 59.
1d. 102726. DOT: 10.1016/j.fsigen.2022.102726

Milne B. New wet vacuum touch DNA recovery system.
CSEye (The Chartered Society of Forensic Sciences),
January  2016. 36 p. URL: https:/www.m-
vac.com/images/pdfs/cseyejanuary2016.pdf

Garrett A.D., Patlak D.J., Gunn L.E. et al. Exploring the
Potential of a Wet-Vacuum Collection System for DNA
Recovery // J. Forensic Identification. 2014. Vol. 64,
no. 5. P. 429-448.

Hedman J., Agren J., Ansell R. Crime scene DNA sam-
pling by wet-vacuum applying M-Vac // Forensic Sci. Int.
Genet. Suppl. Ser. 2015. Vol. 5. P. e89—90. DOLI:
10.1016/j.fsigss.2015.09.036

McLamb JM., Adams L.D., Kavlick M.F. Comparison of
the M-Vac® Wet-Vacuum-Based Collection Method for
DNA Recovery on Diluted Bloodstained Substrates // J.
Forensic Sci. 2020. Vol. 65, no. 6. P. 1828-1834. DOI:
10.1111/1556-4029.14508

Vickar T., Bache K., Daniel B., Frascione N. The use of
the M-Vac" wet-vacuum system as a method for DNA re-
covery // Sci. Justice. 2018. Vol. 58, no. 4. P. 282-286.
DOI: 10.1016/j.scijus.2018.01.003

Williams S., Panacek E., Green W. et al. Recovery of sali-
vary DNA from the skin after showering // Forensic Sci.
Med. Pathol. 2015. Vol. 11, no. 1. P. 29-34. DOL
10.1007/s12024-014-9635-7

Bardole DNA collection method. M-Vac® Systems, Inc.
URL: https://www.m-vac.com/why-
mvac/research/bardole-dna-collection-method
McLaughlin P., Hopkins C., Springer E., Prinz M. Non-
destructive DNA recovery from handwritten documents us-
ing a dry vacuum technique // J. Forensic Sci. 2021. Vol. 66,
no. 4. P. 1443-1451. DOIL: 10.1111/1556-4029.14696
Morgan A.G., Prinz M. Development of Improved DNA
Collection and Extraction Methods for Handled Docu-
ments // Genes. 2023. Vol. 14, no. 3. Id. 761. DOI:
10.3390/genes14030761



100

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

J.T".TIETPOB, E. I. MAKAPOBA,

Wiihren J., Kehm S., Allen M. et al. The DNA-Buster: The
evaluation of an alternative DNA recovery approach // Fo-
rensic Sci. Int. Genet. 2023. Vol. 64. 1d. 102830. DOI:
10.1016/j.fsigen.2023.102830

Neves C., Zieger M. "Total Human DNA Sampling" — Fo-
rensic DNA profiles from large areas // Forensic Sci. Int.
Genetics 2023. Vol. 67. 1Id. 102939. DOL
10.1016/j.fsigen.2023.102939

Caraballo N.I., Mendel J., Holness H. et al. An investiga-
tion into the concurrent collection of human scent and epi-
thelial skin cells using a non-contact sampling device //
Forensic Sci. Int. 2016. Vol. 266. P. 148-159. DOI:
10.1016/j.forsciint.2016.05.019

Plaza D.T., Mealy J.L., Lane J.N. et al. ESDA®-Lite col-
lection of DNA from latent fingerprints on documents //
Forensic Sci, Int. Genet. 2015. Vol 16. P. 8-12. DOI:
10.1016/j.fsigen.2014.11.011

Zieger M., Defaux P.M., Utz S. Electrostatic sampling of trace
DNA from clothing / Int. J. Legal. Med. 2016. Vol. 130, no. 3.
P. 661-667. DOI: 10.1007/s00414-015-1312-1

Meakin G., Jamieson A. DNA transfer: Review and implica-
tions for casework // Forensic Sci. Int. Genet. 2013. Vol. 7,
no. 4. P. 434-443. DOI: 10.1016/.fsigen.2013.03.013
Kanokwongnuwut P., Kikbride P., Linacre A. Detection of
latent DNA // Forensic Sci. Int. Genetics. 2018. Vol. 37.
P. 95-101. DOI: 10.1016/j.fsigen.2018.08.004

Champion J., Kanokwongnuwut P., van Oorschot R.A.H.
et al. Evaluation of a fluorescent dye to visualize touch
DNA on various substrates // J. Forensic Sci. 2021. Vol. 66,
no. 4. P. 1435-1442. DOL: 10.1111/1556-4029.14695
Kanokwongnuwut P., Kirkbride P., Linacre A. Visualising
latent DNA on swabs // Forensic Sci. Int. 2018. Vol. 291.
P. 115-123. DOI: 10.1016/j.forsciint.2018.08.016
Linacre A. Latent DNA: "seeing" the location of DNA //
Judicial Officers' Bulletin 2019. Vol. 31, no. 3. P. 23-24.
Kanokwongnuwut P., Kirkbride K.P., Linacre A. An as-
sessment of tape-lifts // Forensic Sci. Int. Genet. 2020.
Vol. 47. 1d. 102292. DOTI: 10.1016/j.fsigen.2020.102292

1. E. AHTU®EEB, M. B. 3AMIEBA

134. Krosch M.N., McNevin A., Cook J. et al. Fluorescent dye-
based detection of trace DNA on forensic tapelifts from
worn shirts // Australian J. Forensic Sci. 2021. Vol. 53,
iss. 4. P. 419—430. DOI: 10.1080/00450618.2019.1711177

135. Cook R., Mitchell N., Henry J. Assessment of Diamond™
Nucleic Acid Dye for the identification and targeted sam-
pling of latent DNA in operational casework // Forensic
Sci. Int. Genet. 2021. Vol. 55. Id. 102579. DOI:
10.1016/j.fsigen.2021.102579

136. Hughes D.A., Szkuta B., van QOorschot R.A.H., Con-
lan X A. "Technical note": Optimisation of Diamond™
Nucleic Acid. Dye preparation, application, and visualiza-
tion, for latent DNA detection // Forensic Sci. Int. 2022. Vol.
330, Id. 111096. DOI: 10.1016/j.forsciint.2021.111096

137. Young J.M., Linacre A. Use of a spray device to locate
touch DNA on casework samples // J. Forensic Sci. 2020.
Vol. 65, iss. 4. P. 1280-1288. DOI: 10.1111/1556-
4029.14304

138. Kanokwongnuwut P., Kirkbride K.P., Linacre A. Detect-
ing latent DNA in wildlife forensic science investiga-
tions // Science & Justice. 2020. Vol. 60, iss. 4. P. 358—
362. DOI: 10.1016/j.scijus.2020.02.001

139. Deliveyner N., Cassey P., Linacre A. et al. Recovering
trace DNA from the illegal wildlife trade // Forensic Sci.
Int. Animals and Environments. 2022. Vol. 2. Id. 100040.
DOLI: 10.1016/j.fsiae.2021.100040

Hucmumym ananumuueckozo npubéopocmpoenus PAH,
Cankm-Ilemepoypz

Kownrakter: Ilempog Imumputi I pueopvesuy,
dimoon88@mail.ru

Martepuan noctynuin B peaakuuto 10.09.2023

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 1



ISSN 0868-5886 NAUCHNOE PRIBOROSTROENIE, 2024, Vol. 34, No. 1, pp. 81-106
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FROM SURFACES: METHODS AND DEVICES (REVIEW)
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The review survey the evolution and current progress in designing instrumentation for sampling touch (con-
tact) DNA and biological stains on the variety of item surfaces. The paper considers the effectivity of touch
(contact) DNA recovery methods and devices being use for DNA collection from various surfaces at the crime
scene and in the forensic laboratory as well as the explored challenges, limitations and current trends. The dis-
cussion covers earlier and novel tools, namely: scraping, cutting-out, swabs (and swabbing), tape and gel lifting,
soaking, the Bardole M-VAC, dry and wet vacuum and the others.
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INTRODUCTION

Following the announcement in 1997 of the possi-
bility of obtaining a DNA profile from fingerprints,
intensive research began on the applicability of exist-
ing and the creation of new methods for collecting
biomaterials from the surfaces of objects found at
crime scenes (including tools, knives, cars, firearms,
food, bedding, condoms, lip products, wallets, jewe-
Iry, glass, leather, paper, cables, windows, doors, and
stones) [1]. The ultimate goal of these studies — iden-
tification of the person present at the crime scene — is
achieved as a result of a multi-stage procedure, in-
cluding the sequential implementation of the follow-
ing processes: extraction of biomaterial — transporta-
tion to the laboratory — DNA extraction — STR
DNA typing — interpretation of results (comparison
with existing forensic DNA databases [2] or with
DNA profiles of crime suspects or victims of crimes,
terror attacks, and accidents).

During the first decade of research, automated ex-
traction systems were developed to speed up and sim-
plify analysis: the DNAIQ™ system (Promega Corpo-
ration), the Maxwell 16 robotic system (Promega
Corporation), the PrepFiler™ (Applied Biosystems),
and the AutoMate Express™ Forensic DNA robotic
system (Applied Biosystems). [3]. In addition, already
in 2011, the first integrated automated systems for
forensic STR genotyping were demonstrated, per-
forming all stages of analysis — from introducing
a swab with a sample to obtaining the results of STR
analysis — RapidHIT™ 200 (IntegenX) and the
ANDE system (Accelerated Nuclear DNA Equip-
ment) for quickly obtaining STR profiles from tam-
pons with applied buccal cells [4, 5]; in 2010, the first,
and in 2012, an improved version of the fully inte-
grated microfluidic analyzer of the modular type Mi-
DAS appeared [6, 7]. Currently on the market there
are full-cycle genetic analyzers ParaDNA (LGCFo-
rensics), RapidHIT 200 and RapidHITID (Thermo
Fisher Scientific), ANDE 6C [5, 8, 9]. (RapidHIT 200
and RapidHITID analyzers have been tested in Russia,
and their use in forensic practice for DNA identifica-
tion has been recognized as appropriate [10]). Rapid
DNA testing equipment can be used outside of tradi-
tional laboratories, such as in police station settings
[8], but these instruments were originally developed
for the analysis of oral buccal cell swabs to speed up
the processing of comparative samples associated with
criminal cases. Such samples can be assumed to con-
tain relatively large amounts of DNA, and some at-
tempts to expand the range to smaller amounts of
DNA or mixtures have had varying degrees of success
[8]. The authors of the review [5] assessed that exist-
ing systems work well when using single-source buc-
cal cell swabs, but for more complex samples, the
success rate of obtaining a complete DNA profile is

too low, and there is still no portable device that per-
forms all the necessary stages for rapid analysis of
real "dirty" samples directly at the crime scene. DNA
testing with existing analyzers, while providing sav-
ings in analysis time and reducing its labor intensity,
is less sensitive than traditional laboratory analysis [5,
8]. This circumstance indicates the even greater im-
portance of developing and selecting the most effec-
tive methods for collecting samples, the primary role
of which in the field of forensic DNA analysis is em-
phasized in the work of J.M. Butler [11] concluded on
the importance of good evidence collection (in close
collaboration with crime scene investigators) and the
need to understand that DNA testing using even the
best technology is only as good and convincing as the
sample collected.

One of the existing problems in the analysis of
contact DNA is its low content in some collected
samples. The amount of extracted DNA varies over
wide ranges: from 0 to 170 ng, depending on the type
of surface, duration, and type of contact [12]. The
work [13] shows that this amount can be extremely
small (from less than 100 pg to several hundred pg)
and depends not only on the amount of DNA left by
touching the surface, but also on the extraction
methods used. DNA losses during these stages,
according to various authors, can range from 56% to
77% [14], ~39% [14, 15], from 20% to 80% [16], and
the prerequisite for these losses is the choice of
method of collecting samples from the surface of the
substrate [16]. Therefore, research conducted over the
last decade has been aimed at identifying the main
factors influencing the efficiency of biomaterial
extraction and comparatively  studying the
performance of different methods, assessed by the
amount of DNA extracted and/or by STR typing data.
The research is based on model experiments,
including the preliminary application of fingerprints
(with the involvement of volunteers) or stains of
biomaterials (blood, sperm, saliva) on surfaces of
various types (smooth, grooved, porous, etc.).

Additionally, another issue is that the sources of
contact DNA are not completely understood and are
still the subject of research and debate, but are thought
to include corneocytes (snatched cells of the stratum
corneum) or their components, nucleated epithelial
cells from other parts of the body or body fluids, and
extracellular/free DNA [12, 14]. This, in turn, makes
it difficult to design and select an efficient method
capable of extracting all forms of DNA.

In the real world, much of the DNA evidence
comes from unknown biological sources and is latent
(hidden), so two crime scene investigation strategies
can be distinguished [17]:

* collection is carried out from the intended area or
the entire surface of the object based on the judgment



of experts with experience in investigating crimes and
collecting evidentiary evidence;

* identification of the desired locations allows you
to speed up the collection of samples at the crime
scene and reduce the labor intensity of the collection
and analysis of collected biomaterials in laboratories.

This review discusses in detail numerous sample
collection methods and devices used to extract contact
DNA and biomaterial stains from various types of
surfaces, and also outlines the main problems and
directions of current research. The current and most
experimentally validated approach to contact DNA
imaging is summarized in the Conclusion section
along with a list of literature published on this subject.

Note

In the English literature, the following terms are
used for DNA extracted from fingerprints that
remained on surfaces after a person touched them:
Touch DNA, Trace DNA, Low-Template DNA,
Contact DNA. For consistency, the term “contact
DNA” or “DNA” is used below in the text (regardless
of the form of existence, unless otherwise noted). A
detailed discussion of the correctness and features of
the use of terminology is carried out in [18].

METHODS AND DEVICES FOR COLLECTING
BIOMATERIALS FROM SURFACES

Scraping method

The scraping method consists of scraping the
surfaces of objects with a sterile scalpel or razor blade
in areas with which the offender is believed to have
had the greatest contact [19], as well as collecting
visible dried blood stains or scrapings from the nails
of crime victims if the exogenous biomaterial is
clearly visible [20, 21] (in the latter case, a wooden
tool is used). The method was also proposed to be
used for extracting DNA from clothing items [22, 23].
Scrapings are collected on clean paper and placed
either in an extraction tube or in a paper bag to be
saved for analysis. The sample can be collected from
a sufficiently large area (approximately equal to the
size of the human hand), which increases the
likelihood of extracting more DNA biomaterial [19].
The scraping method is ideal in situations where areas
containing the offender's skin cells can be localized
[19]. Scraping at crime scenes is not recommended
due to the increased potential for contamination of
evidence, sample loss in uncontrolled environments
(e.g., wind or traffic [24]) and operator injury—it is
more advisable to send items with contact DNA to the
laboratory [19]. However, despite the fact that the
method has been rated as one of the best for collecting
contact DNA, its obvious disadvantage is its
destructive nature [15].

Cutting method

The cutting method, like scraping, is one of the
oldest methods of collecting biomaterials and, charac-
terized by its simplicity and low cost, is used in the
analysis of soft substrates such as textiles or paper —
for example, DNA can be successfully extracted from
cut sections of certain types of papers (newspaper,
magazine, and filter paper) [17]. In the latter case, the
result depends on the type of paper (the largest
amount of DNA was extracted from magazine paper,
and the smallest amount — 5 times less — from new-
sprint [25]. The method can be applied to items such
as medical masks, toothpicks, brushes [26], has been
used to extract contact DNA from tape edging and
twisted wires in improvised explosive devices (IEDs)
[27] and has been recommended for archived finger-
prints [28]. The effectiveness of cutting as a DNA
collection method has been demonstrated for fabric,
thick and thin cotton ropes, and ropes made of poly-
mers [29].

When it is necessary to extract contact DNA from
soft tissue, direct cutting is assessed as the most effec-
tive method with a high evidence degree [3], however,
its disadvantages include a narrow range of applicabil-
ity (not every area of the object can be cut out) and its
destructive nature [15, 17, 30, 31]. In addition, dyes
present in tissues can inhibit PCR [22]. One of the
limitations of using the method is the possible in-
commensurability of the size of the cut out area and
the volume of the extraction tube, which can compli-
cate further processing [19]. To avoid extraction, it
was proposed to use the direct PCR method: for this,
a small section of tissue (~2 mm2) or fibers was
placed directly into a test tube or well of a plate with
amplification reagents [32, 33]. However, in [34],
which compares different methods for extracting con-
tact DNA from clothing, it is rightly stated that if the
location of the DNA biomaterial is invisible, it is very
difficult to determine the area for cutting. At the same
time, there is a problem associated with the analysis of
a cut-out section of worn clothing - in this case, both
the inner and outer surfaces are removed simulta-
neously, increasing the likelihood that the wearer's
DNA will “flood” traces of foreign DNA [31] (an ex-
ception is the multi-layer structure of clothing [17]).

Swab-based devices

The term "tampon" (swab — in English literature)
is used to describe the simplest collection device, con-
sisting of a rod, to the end of which a synthetic or nat-
ural material is attached, forming the "head" of the
device. Swabbing, the most common method for ex-
tracting biomaterials, is still one of the most studied
methods for collecting samples from surfaces. The
method of swab application appears to be extremely
simple in conventional design: the swab is applied to



the surface and moved over the target area, ensuring
maximum contact between the swab and the surface,
and gently rotating the swab [1, 35] (after sample col-
lection, the swabs are usually air dried to prevent
DNA degradation).

For the manufacture of tampons, materials such as
cotton, viscose (rayon), nylon, polyester (dacron), po-
lyurethane, and sponge materials of various natures
are used [36, 37]. In [36], three structural forms are
identified: 1) a wound swab (made of cotton or vis-
cose) is obtained by wrapping many fibers or one long
fiber around a rod (handle); 2) to make a flocked tam-
pon, short nylon threads are glued to the handle per-
pendicular to the surface; 3) soft-filled tampons are
created by attaching muffs (“cushions”) of foam to the
handle, which provides a more open structure.

Sponge swabs can effectively extract samples from
porous surfaces due to their high absorption capacity.
4N6FLOQSwabs™ nylon flocked swabs [38, 39]
were specifically designed to improve cell collection
and release efficiency. The predominant use of cotton
swabs, especially in routine examinations, is due to
historical circumstances, as well as their cost-
effectiveness and availability. They are noted to be
preferable for collecting biofluids due to their enorm-
ous liquid absorption capacity, and in addition, they
are inexpensive and — given the large quantities pro-
duced and used — more proven [40]. It should also be
mentioned that cotton swabs are often used as a "ref-
erence" method when developing new methods.

A study of the effectiveness of using all types of
tampons for the collection and subsequent extraction
of pure DNA from tampons showed that all tampons
capture DNA to varying degrees, which may depend
more on the size of the head than on the tampon ma-
terial, but the proportion of DNA isolated from tam-
pons during subsequent extraction in all cases was
below 50% [36]. This was particularly true for cotton
swabs due to the fact that some conventional extrac-
tion methods were not very effective for extracting
entrapped DNA [1, 41], and drying the swabs prior to
extraction may reduce DNA release [1, 42, 43]. To
improve the extraction efficiency of biomaterials, both
new extraction techniques from cotton swabs [41, 44]
and new types of swabs have been proposed. For ex-
ample, X-Swab™ swabs (Diomics Corporation),
made from a proprietary synthetic material, Diomat™,
have been reported to dissolve under certain extrac-
tion conditions; In model experiments, this new ma-
terial was shown to collect and release more DNA
than 4N6FLOQSwab™ swabs [36, 45, 46]. Luna dis-
solvable tampons are made from cellulose acetate,
have a fiber size of 0.2 microns (100 times smaller
than the fiber size of conventional swabs), and, there-
fore, a larger surface area, are insoluble in water, de-
tergents, ethanol, and most other solvents, but are
completely soluble in chaotropic extraction reagents

[47] and are compatible with QiagenEZ 1, Thermo
Fisher PrepFiler™ and Promega DNA IQ™ auto-
mated systems [48]. Puritan's self-impregnating large
and small rectangular foam swabs, called mini-
popules, contain a wetting agent (91% isopropyl alco-
hol with water) that releases after simple pressure on
the handle and destroys the proprietary insulating
layer, but other solutions can be used upon request in
these mini-populas [49]. These swabs are compatible
with robotic extraction systems and have high DNA
extraction efficiency [35].

There are also systems on the market that include
means for active or passive drying of swabs contain-
ing collected biomaterials during transport and sto-
rage. For example, ForensiX evidence collection tubes
from Prionics AG contain a SafeDry desiccant along
with cotton or nylon swabs, and the Sarstedt Forensic
viscose swab transport tube from Sarstedt AG has
a ventilation membrane that is permeable to water
vapor  [50, 51]. Copan  produces  both
4N6FLOQSwabs™ swab packaging tubes with an
active drying system and the same swabs with fibers
treated with an antimicrobial agent [39].

New design options for swabs are also being
created. For example, the microFLOQ® Dlrect swab
is a miniature version of the 4N6 FLOQSwabs" tam-
pon developed by the French Gendarmerie and manu-
factured by Copan [52]. The swab has a small head
(1 mm), treated with a lysis reagent, ideally matching
the size of a microtube or wells of a 96-well PCR
plate [52] and allows direct amplification and DNA
profiling without an extraction step [39, 53-55]. The
micro-swab device, similar to a fountain pen, is de-
signed to extract biomaterials from hard-to-reach
places such as gun triggers, the spaces between keys
on computer keyboards, and the like. [56]. This device
includes a PCR tube containing a swab and a deter-
gent that enhances DNA extraction from fingerprints.
The emergence and implementation of new technolo-
gies (for example, 3D printing) [37] will further ex-
pand the range of such devices.

The sheer number of actively advertised competing
brands and variations of tampons makes it extremely
difficult to choose the best option for a specific use.
First of all, this can be attributed to the task of collect-
ing contact DNA, because the complex and not yet
fully understood nature of the latter makes it difficult
to identify the primary influencing factor from a varie-
ty of existing ones, such as swab head size, fiber de-
sign and type, static electricity of the dry swab, swab
wetting solution, operator performance, and drying
system [57]. The work [42] advised looking for
a swab from which the collected DNA is most easily
extracted, and testing different combinations of swabs
and extraction methods. According to the authors
[57], it is useless to select a swab that collects a lot of



DNA if its degradation and loss occur during storage
or extraction.

According to their focus, research on choosing the
best tampon, in our opinion, can be conditionally di-
vided into comparative, having a purposeful service
value, and “procedural”. The most numerous is the
first group of studies.

According to their focus, research on choosing the
best tampon, in our opinion, can be conditionally di-
vided into comparative, having a purposeful service
value, and “procedural”. The most numerous is the
first group of studies.

Comparative studies based on the evaluation of the
results of single-factor experiments, varying only dif-
ferent types of tampons or surfaces, or biomaterials,
allow us to draw conclusions that may not apply to
other, different experimental conditions. This is evi-
denced by the lack of consensus on the best type of
tampon (e.g., cotton or nylon), with different authors
recommending different tampons or stating no differ-
ence at all [40]. The inconsistency of judgments about
the “best” type of tampons was also noted in [58].
Having assessed the effectiveness of collecting con-
tact DNA with different swabs from many typical ob-
jects found at crime scenes, the authors of [59] con-
cluded that it is impossible to indicate a single option -
the optimal choice should be made depending on the
type of surface. In the case of rough and porous wood
surfaces, a foam swab has been shown to maintain
integrity, while other swabs become soggy, increasing
the likelihood of DNA evidence being lost. When col-
lecting samples from smoother surfaces, polyester or
cotton swabs may be more effective [59]. The effi-
ciency of DNA collection may depend on the type of
biomaterial: it was found that while the recovery of
cotton swabs and BioSafe” swabs from blood stains
did not differ significantly, the BioSafe® swab recov-
ered more DNA of better quality in the case of contact
DNA [60].

In general, the main trend in comparative studies
can probably be stated as a transition from “academic”
studies of the effectiveness of using different types of
tampons on model surfaces to studies with the greatest
possible approximation to real conditions and with the
involvement of police department and forensic labora-
tory employees in obtaining and evaluating the results
[40, 57, 58]. [40] compared the performance of 5 cer-
tified (ISO 18385) swabs (ForensiX 9021040 and
9022015 (cotton); Bode SecurSwab 2 (cotton); Copan
4N6 FLOQSwabs® (nylon); Sarstedt 80.629 (viscose)
when collecting samples at crime scenes without pre-
liminary recommendations on the collection proce-
dure. As a result of testing 500 tampons of each type
with the participation of 42 employees who regularly
worked with this type of device, 3 options were re-
jected for various reasons, and tampons made of cot-
ton (ForensiX 9022015) and viscose (Sarstedt 80.629)

were recognized as optimal. It is concluded that tam-
pon selection should be made based on a holistic ap-
proach, taking into account all aspects of use, includ-
ing assessment of the tampon handle (length, strength,
flexibility), the size of the tampon tubes, the technolo-
gy used, and the experience of the staff, so it may not
be sufficient to make comparisons only in laboratory
conditions, and the procedure for using tampons
should be given first place when ranking influencing
factors, [40].

The second group of studies aimed at a specific
choice for official purposes should apparently include
works [57, 58], in which the best (maximally accepta-
ble) tampon is purposefully selected from several,
based on the needs, experience, and working condi-
tions of one’s own laboratories with the participation
of both police units and forensic genetics laboratories.

“Procedural issues”, including the choice of wet-
ting media, an assessment of the effectiveness of us-
ing a single tampon or their combination, and a de-
scription of the tampon wiping technique itself, are, in
our opinion, among the least studied and currently the
most controversial.

Initially, the classic method for collecting contact
DNA and biomaterial stains was to use single cotton
swabs pre-moistened with water [61], which was con-
sidered the preferred medium [42], although 0.01%
sodium dodecyl sulfate (SDS) or isopropanol [1] was
sometimes used. Because some surfaces have proven
to be more difficult to sample than others, it has been
suggested that different media should be used for dif-
ferent surfaces [1]. However, such multifactorial ex-
periments have not yet been carried out, and the stu-
dies were mainly of a highly specific nature. Thus,
cotton swabs soaked in lysis buffer (LB) were em-
ployed to identify IED manufacturers using DNA ex-
tracted from fingerprints on packaging [62]. A de-
tailed and earliest study of the effect of different wet-
ting media on the collection of contact DNA from
glass slides was carried out in [63]. Of the seven lig-
uids, including water, and commonly used laboratory
detergent solutions, and commercial cleaning prod-
ucts, the greatest effectiveness was found when using
LB, TritonX-100 solution, and SDS solution concen-
trated up to 2%. Taking into account the fact that low-
er concentrations of SDS are regularly used in labora-
tories, a 2% solution of the latter is considered optimal
from the point of view of practical use [63]. In order
to evaluate the conditions for maximizing the amount
of DNA collected from IED components, the effect of
4 types of swabs and 6 wetting media (water, phos-
phate-buffered saline (PBS), ethanol, SDS, isopropa-
nol, and LB) [64] on DNA release was studied. It is
concluded that there is no single best brand of swab or
best wetting agent: for Puritan swabs, the highest
DNA yield was obtained using water, ethanol, or LB,
while the best results for Bode SecurSwab™ swabs



were achieved with PBS or SDS, and the EOswab
swab collected the greatest amount of DNA being
wetted with isopropanol. In work [28], when collect-
ing DNA from archived fingerprints, the effectiveness
of reagents such as TritonX-100, 2% SDS, and 91%
isopropanol was noted, but LB in combination with
proteinase K was recognized as the best composition.
Its advantage was the ability to lyse cells starting from
the collection moment, which should increase the
DNA yield and the success of STR amplification [28].
An assessment of the influence of the composition of
6 media on the extraction of contact DNA from glass
surfaces showed that wetting swabs with a 2% SDS or
PBS solution can significantly improve DNA yields
[65]. The work [65] also noted problems that arise
when using detergents in real conditions: the forma-
tion of foam with an SDS solution and the high vis-
cosity of the TritonX-100 detergent, which makes di-
lution to the required concentration difficult, as well
as their unavailability in the form of ampoules and the
need for dilution, which reproducible performance can
not be guaranteed by operators. On the contrary, water
is acceptable for wetting and is available in ampoules
[65], which may probably explain its predominant use
up to the present day.

The options and conditions for using tampons are
currently varied. As already mentioned, initially a sin-
gle cotton swab moistened with water was used to
collect samples of contact DNA and stains on surfac-
es, but the efficiency of extracting saliva stains from
human skin and contact DNA from office supplies
(computer mice, etc.) increased with the sequential
use of two swabs (wet and dry) [61] has led to the so-
called “double swab” method becoming a common
method for collecting cellular material from surfaces
[1]; [66, Ch. 1, pp. 1-27]. The method is justified by
the difficulty of ensuring a reproducible degree of
moisture in each swab, whereas the use of a first tho-
roughly wetted swab and a second dry swab standar-
dizes the collection method in addition to increasing
DNA yield [61]. In addition, a wet swab does not cap-
ture all the biomaterial from the surface, extracting, in
many cases, less than half of the material, so either
multiple swabs (combined during extraction) or
a double swab method can be used [1]. In some situa-
tions, such as the extraction of contact DNA from
firearms, the use of multiple swabs has been found to
be beneficial to increase DNA recovery, but this in-
creases the likelihood of contamination [67].

While questioning the validity of using a double
swab, the authors of [68] evaluated the feasibility of
using a second dry swab, believing that using only one
swab would greatly simplify sample collection and
laboratory extraction at the crime scene. It was found
that for non-absorbent surfaces (window glass, steel,
brass, synthetic leather, and ribbed plastic) stained
with saliva, the first wet swabs secured significantly

higher DNA yields compared to the second dry swabs,
and the second wet swabs recovered more DNA than
the second dry swabs. It is concluded that ideally
every forensic laboratory would conduct tests to test
whether double swab wiping is superior to single
swab wiping. It is recognized, however, that in the
case of some difficult surfaces, double swabbing may
still be preferable [68].

In addition to the combination of wet-dry swabs
and wet-wet swabs, the applicability of other options
was assessed. For example, when collecting DNA
samples from the surface of documents, the dry-dry
swab combination was as effective as the double swab
method [69]. The combinations of dry—wet swab and
wet—dry swab gave similar results when extracting
DNA from a grooved surface [70]. The work [43] re-
ports the use of a wet-dry tampon pair (in this case,
water is applied to one side of the tampon, leaving the
other side dry). It has been shown that a (double wet-
dry) swab when extracting contact DNA from a glass
surface gives better results than a wet-dry swab but it
depends on the size of the collection area [43]. The
work [71] noted that recently such options as double
wet — wet swab and single wet — dry have been used,
and in the case of tiles, the method of one wet or wet —
dry swab ensured maximum DNA extraction.

In addition to the composition of wetting solutions
and options for combining tampons, the wiping tech-
nique itself has a huge impact on the final results. The
description of wiping until recently was very approx-
imate: the surface was wiped for ~ 15 s, using mod-
erately strong pressure and circular movements; in
this case, the tampons were rotated around their long
axis so that all sides of the tampon were in contact
with the surface [61]. [1] specified that it is necessary
to repeatedly move the wetted swab with some pres-
sure and rotation to collect from the entire surface
(wiping the intended contact area that is smaller or
larger than the actual area will mean that part of the
sample will remain uncollected).

Considering that the method of wiping with swabs
has been studied only at a superficial level, the authors
[72] assessed the quality of the collection of saliva
stains on various types of surfaces by analyzing the
individual methods of swab application by expe-
rienced employees. Of the 5 key factors that can influ-
ence DNA yield, when using cotton swabs, two deci-
sive factors have been selected: holding the swab at an
angle of ~60° to the surface and rotation. Samples
were collected by moving the swab according to the
slalom pattern described in [73, Fig. 2] for microbiol-
ogy: twice over the area, the second time perpendicu-
lar to the first direction of movement, maintaining
constant pressure and angle between the tampon and
the surface. It should be noted that in microbiology a
slightly different scheme is also used: the swab is held
at an angle of ~30° relative to the surface, and the



third (optional) stage can be performed with a change
in the direction of movement by 135° [74]). The au-
thors of [72] concluded that: 1) the efficiency of DNA
extraction is determined by the skill of the employee
and the compatibility of the swab with the surface; 2)
13 different swabs made of 4 materials (cotton,
flocked nylon, small foam, and large foam) provided
equal DNA yields for smooth surfaces, but in the case
of an absorbent wooden surface, greater DNA recov-
ery was achieved using large foam swabs; 3) the crea-
tion of specialized protocols based on factorial expe-
riments allows you to increase the yield of DNA and
reduce the variation of results [72], which differed by
3 times in a group of 10 experienced operators when
collecting saliva stains on window glass [68].

The influence of the type of substrate and operator
experience on the efficiency of contact DNA collec-
tion was previously concluded by the authors [75].
Recent work has also demonstrated that different op-
erators obtain widely varying results when collecting
samples [57, 58], confirming the need for detailed
studies [57], and the procedure itself should be ranked
first when ranking influencing factors, [40], as the
convenience and skill of using a swab have a direct
impact on the results of DNA extraction [40]. These
findings regarding the importance of considering the
practicalities of swabbing are consistent with the as-
sessment made much earlier in [1] for some manual
methods: although swabbing appears to be a simple
and straightforward method, training for future opera-
tors demonstrates how easy it is to collect samples
incorrectly. Inadequate training coupled with a lack of
competent testing and monitoring of individual collec-
tion techniques could radically limit success rates [1].

Finally, it is worth mentioning the widespread use
of swabs made of different materials to detect conta-
mination with nucleic acids in clinical and research
laboratories (on the surfaces of instruments, tables,
personal belongings of staff, etc.), which was regular-
ly performed in the past and has become especially
relevant during the COVID-19 pandemic. For this
purpose, different types of swabs were used, for ex-
ample, nylon (certified) 4N6FLOQSwabs™ Crime
Scene, used in forensic science [76], polyurethane
(Cleansafe Labs, South Africa) [77], cotton (Selefa,
OneMed, Sweden) [78], domestic viscose tampons
"Tampon-probe" (MiniMed, Russia) [79]. The use of
swabs on the International Space Station for microbio-
logical monitoring of internal surfaces has previously
been reported, but problems such as the need to use
water, the potential for injury if the handle breaks dur-
ing sample collection, and the difficulty of collecting
from curved surfaces have been identified [80]. In
addition, the multiplicity of stages in the sample col-
lection protocol was identified as a problem, and it
was concluded that it is necessary to use devices with

a simplified procedure for collecting biomaterials
[81].

According to the authors [35], the concept of
a "model swab" is a matter of choice based on cost,
existing experience, efficiency, characteristic estab-
lished methods, and compatibility with equipment
features, but the decisive factor determining the most
effective device is the substrate on which it will be
used. [35].

LIFTING WITH ADHESIVE TAPE

Since its introduction in the early 2000s, the duct
tape lift has been recognized as an effective sample
collection method in forensic biology [82] and is be-
coming a formally established procedure for the col-
lection of textile biomaterials from human skin, hard
surfaces in vehicles, and other items at crime scenes
[22, 35, 83]. The use of mini-tapes has been evaluated
as an easy and quick method in cases where minor
biological evidence is recovered at the scene and in
the laboratory [22]. The method is easy to use and
consists in pressing the adhesive side of the tape once
or repeatedly onto the target surface, which allows
you to collect and accumulate most of the newly ap-
plied material [1]. For example, the cycle of pressing
and lifting the tape when collecting cells from human
skin areas was repeated up to 8 times until it became
clear that the tape no longer adhered to the surface
[84] (sample collection efficiency usually increases
when using the tape from 1 to 8 times but decreases as
the number of cycles increases to 16—64 times [85]).
After collecting the samples, the tape is cut into pieces
and placed in an extraction tube.

An important factor influencing cell collection and
DNA profiling is the adhesiveness of the tape: a large
amount of adhesive can technically complicate the
profiling process, while tapes with a smaller amount
capture significantly fewer cells, for example, when in
contact with human skin [86]. Based on the results of
a study of two tapes (Scenesafe Fast and Scotch Mag-
ic), it was recommended to use tapes with higher ad-
hesiveness (like Scenesafe Fast tapes) [85]. [87] com-
pared commercial tapes S183 (low tack) and S-Hold
(high tack) in terms of the quality of STR profiles and
the efficiency of DNA extraction from various mate-
rials encountered in real-life conditions. The highest
tack tape, S-Hold, recovered comparable or greater
amounts of DNA than the low tack tape, but the STR
profiles obtained with tape S183 were of noticeably
better quality. This could be explained by the presence
of inhibitors collected by the S-Hold tape. According
to the authors of [87], the results confirm that the high
adhesiveness of the tape is not always preferable be-
cause the low tack S183 tape effectively extracted
cellular material from the surface of porous substrates
and avoided the transfer of PCR inhibitory substances.



In general, the advantages of using adhesive tapes
include less recovery of amplification inhibitors (e.g.,
dyes) from substrates compared to other collection
methods [1, 17, 88], but tapes can collect loose fibers
from some types of fabrics (e.g., flannelette) [85] and
the extraction process is problematic due to the stick-
iness, viscosity, rigidity, and size of the tape [17, 30,
82]. Using a high adhesive tape (Scenesafe FAST™)
as an example, it was shown that the choice of extrac-
tion method affects the efficiency of DNA extraction
[89]. To improve and simplify the extraction process,
various strategies have been proposed: using adhesive
tape that dissolves in the extraction buffer [84], wip-
ing the tapes with swabs with an organic solvent and
extracting from these swabs, leaching the tape in the
buffer and removing it before automatic extraction,
and changing the composition of the lysis buffer [82].

[87] noted that the success of adhesive tapes is set
by the balance between biomaterial capture and com-
patibility with subsequent extraction. Pointing out the
problems associated with extraction from adhesive
tapes, the author [19] considered it necessary to have
a validated laboratory procedure for extraction that
removes the adhesive without affecting DNA yield.
The complex extraction process can make it difficult
to interpret the results; therefore, in the absence of an
alternative to adhesive tape, the authors [30] recom-
mend using direct PCR for analysis.

Descriptions of the advantages and disadvantages
of using adhesive tapes in published works are often
inconsistent. Thus, tape lifting allows the collection of
samples from larger surfaces compared to cutting
[83], which increases the likelihood of extracting
more cells [19], but in the case of large surfaces, the
collection process can be labor-intensive and tedious
and requires the use of many strips of tape. which
creates difficulties at the next stages of sample
processing [1, 35]. The method is considered to be
non-destructive and rapid, is considered the preferred
option for porous surfaces [30, 70, 90] and has been
adapted for successful extraction of contact DNA
from grooved metal surfaces [35]. At the same time, it
was noted that the method is unsuitable for collecting
extracellular (free) DNA from non-porous surfaces
and only facilitates the collection of corneocytes con-
taining a smaller amount of DNA [17, 30].

Adhesive tape does not transfer the entire volume
of DNA: when used on a non-porous surface, up to
half of the DNA can remain on it, and when extracted
from an archived print, less than half of the available
DNA is found on the adhesive side of the tape [91].
UV irradiation of tapes, used in laboratories before
their use to ensure the absence of foreign DNA [19],
can lead to changes in the properties of some non-
specialized (not “branded”) tapes - both to the loss of
stickiness of some tapes and to a strong increase in the

stickiness of other tapes, making their use difficult
[92].

Early works noted that tape sampling was an ideal
method in situations where an area on an object could
be identified that most likely contained skin cells from
a suspect [19]; in real conditions, the location and size
of this area were set individually for each object based
on the researcher’s experience [88]. It is noteworthy
that sheets with an adhesive layer were previously
used on the International Space Station to collect mi-
croorganisms from internal surfaces, and their advan-
tage over tampons was said to be a lack of need to be
wetted with water before use [80, 81].

PAPER BASED DEVICES CARRIERS

In a method called "PCRsquares", instead of
a swab, a square of sterile filter paper (~3 mm®) mois-
tened with water was used to wipe the surface using a
wooden rod [70]. Its advantage was that it contained
less carrier and was therefore preferable for collecting
samples inside small spaces and for extraction. For
screening samples with low contact DNA content,
a special device ("PE-Swab") has been developed,
consisting of a strip of filter paper, a holder, and
a clamp. After collecting the sample, sections
(2 mm®) were cut out of the strip and added directly to
PCR reagents for direct amplification [33, 93, 94]. In
[55], 3 mm Whatman™ Gradel cellulose filter paper
discs were used for direct amplification to collect con-
tact DNA. Pieces of absorbent paper (“absorbent to-
wel”, Kimtech) moistened with 70% ethanol extracted
cells from dried blood stains on a variety of surfaces
better than a cotton swab moistened with water [95,
96].

The use of specialized paper media — FTA cards
(Whatman™ FTA™ cards) — as a “paper scraper” for
collecting contact DNA has also been described [15,
30, 97, 98]. The collection of contact DNA by this
method was first performed in 2004 to identify a crim-
inal using fingerprints on the surfaces of the steering
wheel, handbrake, and gear lever of a car [97].
A study of the efficiency of extracting contact DNA
from a car steering wheel using several methods
showed that the use of an FTA card as a scraper gave
a significantly higher DNA yield compared to the
double swab and adhesive tape lifting method [98].
The authors of [98] explain the effectiveness of using
the FTA card because of its larger surface area and
chemical composition, which ensure better DNA pre-
servation, extraction. The advantage of the method is
its applicability in cases where the exact location of
contact DNA is unknown or a small amount of DNA
is scattered throughout a large surface. The use of
FTA cards as a “paper scraper” is evaluated as a po-
tentially very promising method, which requires stu-
dies of its application on different materials [30].



SAMPLE COLLECTION SYSTEM USING
OMNI-MATRIX

The new Omni-Matrix™ K105 (Gene Link) sys-
tem is designed for fingerprint sample collection and
has significantly outperformed the best swab on the
market (PurFlock®™ Ultraswab) [99]. The use of Omni-
Matrix™ K105 solution is a new collection method in
which the solution is sprayed onto the surface of non-
porous evidence and, after drying, forms a film that
captures the biomaterial. The film is scraped into
a test tube and dissolved in the extraction buffer, be-
cause the matrix is compatible with commercial ex-
traction kits. Theoretically, the advantages of Omni-
Matrix™ K105 solution are increased DNA yield,
reduced risk of contamination, and a simple extraction
protocol. A practical application study was carried out
at the New York University College of Criminal Jus-
tice when working with objects such as knives, spent
cartridges, and plastic cards [100]. Model experiments
have demonstrated successful collection of contact
DNA with high yields of total DNA and good DNA
profiles, but scrapings may be difficult to obtain on
textured surfaces (gun handles), and, in the case of
wooden objects, partial scraping of the wood may oc-
cur, complicating extraction. In addition, collecting
contact DNA from large surfaces increases the vo-
lume of extraction reagents and complicates the ex-
traction process.

GEL LIFTING

To extract DNA from surfaces, it was proposed to
use gelatin gels, which were originally intended for
taking prints (fingers, shoes, pressed text on paper),
recording the nature of bullet holes, traces of paint,
etc. Gelatin lifters are produced by a number of com-
panies (for example, BVDA and FOMA [101, 102]) in
the form of a three-layer structure consisting of a base,
the gelatin gel layer itself, and a protective layer that
is removed before use, and are available in three op-
tions: transparent, white, and black [ 101, 102]. The
principle of application is similar to the use of adhe-
sive tapes, however, gelatin gels can be used at tem-
peratures not exceeding 40 ° C, because the gelatin
layer melts in the temperature range 40-45 °C [101].

One of the motives for using these gels was the de-
sire to increase the information content of fingerprint
analysis, i.e., extract DNA without severely damaging
the fingerprints. A comparison of the efficiency of
several methods for extracting DNA from different
surfaces most commonly tested at crime scenes
showed that gelatin gels retained some fingerprint de-
tail better than adhesive tapes [103]. Gelatin gels pro-
duced more detectable DNA from glass and paper
surfaces, but were inferior to adhesive tapes for stain-
less steel and textured plastic. Disadvantages of gela-

tin gels include poor reproducibility and the possibili-
ty of contamination [103]. In general, gels have been
shown [96] to be effective methods for extracting
DNA from fingerprints and cause the least damage in
the case of textured polypropylene, paper, and var-
nished wood [23]. The appropriate gelatin gel to use
depends on the evidence being collected and the pre-
vious processing of the prints: for example, clear
BVDA gels are recommended for prints that have
been treated with powder enhancements, and black
gels for untreated prints [104]. The flexibility of the
gels ensures the maximum possible contact when ap-
plied and pressed to an object, which allows them to
be used when examining uneven surfaces, however, it
should be borne in mind that when extracting DNA
with gels from enhanced fingerprints, the most effec-
tive way to isolate DNA from gels is to wipe the gels
with swabs and extract DNA already from them [104].

Due to existing problems with DNA extraction
from gelatin gels, [105] developed a direct extraction
protocol from clear BVDA® gels using a proteolytic
process followed by organic extraction. It has been
shown that more than 80% of the DNA from a finger-
print is transferred into the gel, but with white and
black gelatin gels there have been problems in obtain-
ing high quality DNA, presumably due to the inhibito-
ry effect of the staining agents. The authors of [105]
recommended using wiping with swabs followed by
DNA extraction from the swabs to isolate DNA from
gels.

After a comparative study of black gelatin gels and
masking adhesive tape, [106] concluded that gels
could be considered as a potential method for collect-
ing DNA at crime scenes and as an evidentiary factor.
To avoid extraction problems in studies, visualization
of the collected cellular material using a Diamond™
fluorescent dye and imaging system [106] was used to
evaluate the effectiveness of black gelatin lifters.

To collect hydrophilic compounds (amino acids
and DNA) from fingerprints, it has also been proposed
to use hydrogels obtained by photo-polymerization of
dextran-methacrylate solutions containing a polymeri-
zation initiator [107], but the application procedure is
complex and multi-stage. The advantages of the me-
thod are the rapid release of the analyte in a buffer
solution and the preservation of most of the prints on
the original slide, however, the DNA vyield ranged
from 20 to 60% compared to the results obtained by
wiping with cotton swabs, and was characterized by
a large scatter of results, which indicates the need to
optimize the method [107].

SOAKING METHOD

The soaking method, designed for the routine ex-
traction of trace amounts of biomaterial (DNA) from
cartridges, bullets, and casings, was developed at the



very beginning of the 21st century [108] and became
known as the “Dutch method” [35]. The method is
based on the fact that when the metal is immersed in
a lysis buffer, most of the cells on the surface of the
object are released or lysed, after which the remaining
biomaterial on the surface is collected with a dry cot-
ton swab (the buffer solution and the swab are com-
bined during extraction). The soaking was carried out
so that only the outer surface of the test object was
wetted with the buffer, and the duration of contact was
limited to 30 minutes in order to minimize oxidation
and dissolution of the surface layer of the metal.
(A detailed protocol and the results of its application
in 616 criminal cases for the period from January
2003 to December 2009 were published in [108]).

The work [109] describes a modified version of the
method created in the San Diego police laboratory: the
use of an additive to the lysis buffer of proteinase K
and an increase in the lysis temperature to 56 °C,
which provides better yields and DNA profiles than
wiping with swabs moistened with water. The work
[110] revealed a semi-automatic direct lysis method
using AutoLys tubes and showed (on the example of
9 mm combat and used cartridges) that the method
extracted significantly more DNA, gave improved
STR profiles compared to the double swab method,
and did not affect the results of ballistic examination.
An evaluation of the effects of firing, caliber, and
metal composition on soaking results showed that fir-
ing reduced the amount of DNA recovered from car-
tridges, and less DNA was recovered from brass car-
tridges than from nickel plated cartridges [111].

The authors [35] consider the main disadvantages
of the soaking method to be its applicability only for
small objects, the likelihood of damage to microscopic
grooves in the barrel bore, interfering with ballistic
examination, the possibility of leaching of metal ions
and pollutants, as well as the destruction of sweat and
grease marks on the metal surface, which prevents
subsequent fingerprinting.

A new device for collecting and transporting spent
cartridges and a new method for extracting DNA from
cartridges were proposed in [112]. This DNA extrac-
tion method, called "rinse-and-swab", involves (in-
stead of soaking) repeatedly irrigating the surface of
the cartridge cases with a buffer solution with addi-
tives, wiping with two types of single swabs (foam
and cotton) at different stages of irrigation. To reduce
the destructive effect of copper on DNA, the irrigating
solution contained, in addition to ATL buffer (Qia-
gen), bovine serum albumin, and the Gly-Gly-His tri-
peptide. The new method collected DNA from a sin-
gle swab in 5 min, was easily adapted to the condi-
tions of most crime laboratories, and provided an
~3-fold increase in DNA yield compared to the tradi-
tional double swab method [112].

In [113], the results of two methods — the soaking
method modified according to [109] and the rinse-
and-swab method—were compared for collecting
DNA from cartridges and non-metallic substrates.
Both methods were found to produce comparable re-
sults for cartridges, but the soaking method consistent-
ly produced more DNA than the rinse-and-swab me-
thod from non-metallic objects. Additionally, the
DNA recovered from brass cartridges was only 16%
of the DNA recovered from nickel-plated cartridges,
and the average DNA yield from fired cartridges was
reduced to 67% of the DNA yield from live cartridges.
It was also noted that the results obtained when ex-
tracting DNA from cartridge cases may depend on the
time they were stored, as well as the qualifications,
skills, and experience of the analysts.

A comparative study of several methods for ex-
tracting DNA from non-metallic objects (nails cut
from the hands of victims of attack) showed that the
soaking method yielded a significantly larger amount
of exogenous DNA than wiping the nails with a swab,
and scraping came in last (due to losses during the
collection of material) [20]. The advantage of the
soaking method is the ability to obtain good results
with a small amount of material being studied or in-
visible to the eye.

DEVICES FOR COLLECTING
BIOMATERIALS BY VACUUMING METHODS

Wet vacuum

The M-Vac system, originally developed for the
isolation of bacteria from food plants, began to be
used to extract contact DNA from the surface of sub-
strates. The possibility of its practical application was
demonstrated in 2013 in solving several criminal cas-
es by the police [114]. The patented collection method
is based on a special design of a hand-held device that
ensures the simultaneous performance of two proce-
dures: irrigation of the target surface area with a buf-
fer to release the biomaterial and simultaneous extrac-
tion of the buffer solution with the biomaterial under
vacuum into a special container (followed by concen-
tration of the extracted cells on a membrane filter).

A wet vacuum system (M-Vac® Systems, Inc.,
Sandy, UT) has been proposed to overcome the disad-
vantages of traditional methods: the small surface area
from which material can be collected and the un-
known location of the target site [115]. Model expe-
riments involved collecting blood and semen stains on
tiles, bricks, carpeting and cotton fabric. A manual
collection device was placed perpendicular to the sur-
face and then — sprinkling a buffer in a created va-
cuum — moved throughout the entire area under
study, maintaining tight contact of the hand-held de-
vice with the surface. The collected solution was fil-



tered through a Millipore-Durapore 0.45 um mem-
brane filter, after which the filter with cellular materi-
al was dried, cut into small pieces, and analyzed for
DNA content. The applicability of the method to these
substrates was demonstrated, but noted that if the spot
is visible, the method is overcomplicated, however, if
the spot is suspected to contain a low concentration of
cells, is on a rough surface, or is in an area that re-
stricts movement, wet vacuum may be the ideal me-
thod [115].

The study of DNA yields using the methods of wet
vacuum and wiping with a damp cotton swab when
extracting saliva stains on a number of substrates gave
the following results: 1) a significantly higher DNA
yield when vacuuming wood; 2) comparable yields in
the case of glass; 3) difficulties when collecting with
a wet vacuum from an absorbent substrate (terry
cloth); 4) dependence of the efficiency of vacuuming
from non-porous surfaces on the type of surface [116].
It is concluded that the M-Vac system can collect
larger biological stains than swabs, but the complexity
of the procedure prevents its widespread use at crime
scenes.

In a study conducted by the FBI, the wet vacuum
method with the M-Vac® device was compared with
wet cotton swab collection in the recovery of dried
spots of diluted blood used as a model sample and
applied to 22 substrates of varying porosity, including
household items, building materials, and some surfac-
es inside the car [117]. The collected biomaterial was
concentrated using a Nalgene™ Rapid-Flow™ two-
stage filter unit with a 0.45 um polyester membrane;
DNA extraction was performed from a wet mem-
brane. The wet vacuum method was shown to produce
an average of 12 times more total (nuclear) DNA than
a wet swab on 18 porous substrates. Moreover, the
vacuum method successfully collected additional
amounts of DNA on previously swabbed substrates.
While both methods yielded comparable amounts of
total DNA on two nonporous and two porous sub-
strates, the yields obtained by both methods on
a coarse abrasive substrate (cinder block) were gener-
ally lower than for other porous substrates. Possible
reasons for this were: a higher speed of passage of the
solution through the pores/holes than the speed of its
absorption; “loosening” the cotton head of the tampon
or breaking it off when wiping the abrasive surface of
the cinder block. When collecting from absorbing
substrates (dry, unpainted walls) using the wet va-
cuum method, optimization of the volume of irrigating
liquid is necessary. These facts highlight the need to
carefully evaluate substrate characteristics before se-
lecting the optimal method for collecting biomaterials
[117]. The authors of [117] conclude that wet vacuum
can serve as an alternative method for collecting on
porous substrates, however, from a practical point of
view, the use of swabs is more convenient, simple,

and inexpensive: the initial cost of implementing
a wet vacuum system was estimated at $43 000-
45 000. and the cost per sample was ~$90 compared to
<$15 for a swab (at 2019 prices). Therefore, swab-
bing remains the preferred method of collection on
flat, smooth or non-porous surfaces because both wet
swab and wet vacuum methods have similar efficien-
cies for collecting blood on glass and wood counter-
tops [117].

In addition, as found experimentally in [118],
when using the M-Vac system, extracellular (free)
DNA is lost at the filtration stage — filtration occurs
based on particle size in a 0.45 um polyethersulfone
membrane, so smaller cell fragments and/or free DNA
can easily pass through the membrane. Disadvantages
are also the large volume of the collected solution
(sometimes > 200 ml), which does not allow direct
extraction, bypassing the concentration stage, a high
risk of contamination during filtration at the crime
scene, and the possibility of osmotic lysis of cells dur-
ing transportation to the laboratory (due to the lower
ionic strength of the buffer) with the release of intra-
cellular DNA, which will be lost during filtration
[118].

The work [119] studied the effectiveness of using
wet vacuuming and wiping the surface of the skin
with a swab on some areas of the body of a victim of
a sexual attack (after the victim had taken a shower),
using saliva as a model biomaterial. No statistically
significant difference was found in the amount of
DNA isolated by both methods on the same site of the
victim's body, and it was concluded that additional
research is needed to evaluate the ability of the M-Vac
system to collect biomaterial from a much larger area
than using swabs, and thereby justify the use of this
expensive system [119].

The Bardole method

The method was developed by Francine Bardole
(a former police officer) in collaboration with M-Vac
Systems, Inc., named after him, and is considered to
be a state-of-the-art method aimed at collecting DNA
from small evidence items that are difficult to sample
(cartridge casings, rings, keys, bomb fragments, nail
clippings) [35, 120]. The method is relatively simple,
fast, and increases DNA yield to an extent unattaina-
ble by wiping with a swab because it allows you to
extract cells even from small irregularities on the sur-
face. The main steps of the process include introduc-
ing the evidence into an M-Vac bottle containing
a sterile buffer; mixing the contents using a vortex to
wash away the cells; adding the solution to a mem-
brane filter cup with a pore size of 0.20 or 0.45 pm
and filtering under vacuum, followed by DNA extrac-
tion from a wet or dried filter cut into pieces using
a standard protocol [35, 120].



Dry vacuum

The dry vacuum method has been proposed as
a non-destructive method for extracting DNA from
the surface of handwritten documents while preserv-
ing the written text and latent fingerprints. The home
device consisted of a glass pipette with a wet swab
inserted into its narrow end and connected to a ben-
chtop vacuum source via a rubber hose [121]. The
advantage of the method is the ability to collect bio-
material from a large surface without knowing exactly
where the prints are located. The applicability of the
method for different types of paper (copier paper, note
paper, bank deposit documents, magazine pages, and
manila paper envelopes) was studied. The method
allowed the collection of DNA, but the amount of
DNA was sufficient for STR typing only in the case of
~50% of manila and note paper samples [121]. Some
important details for the successful application of the
method are noted: the ends of the pipettes and the
handles of the tampons must be carefully trimmed; the
collection efficiency is influenced by the trajectory of
movement along the sheet and the suction speed, as
well as the tightness of contact of the tip to the sur-
face; the output DNA concentration depends on the
size and structure of the substrate (less efficiency was
observed for thick papers such as cardboard). In addi-
tion, not all types of swabs are compatible with this
method, and to achieve greater efficiency, it is better
to choose an area with a visible fingerprint [121].

[122] studied the possibility of extracting DNA by
this method from single fingerprints on carbon and
manila paper using two types of pipettes (glass and
plastic). The results confirmed the applicability of dry
vacuum in combination with extraction in the Chelex-
Tween system.

The authors of [123] created a “home” device,
DNA-Buster, and assessed its ability to extract contact
DNA from a number of items commonly examined at
crime scenes. For ease of use, the device is designed
to look like a regular vacuum cleaner with the size and
weight of a cordless screwdriver. The filter tip of the
pipette, which is used to collect biomaterial, is
connected to a vacuum source through a hose. The
design of the insertion end of the filter has been found
to be a critical factor—the ideal filter tip should
provide high airflow rates. The DNA-Buster has been
found to be suitable for collecting DNA from textiles,
but is inferior to the swab method for collecting
samples from stone or tile surfaces, and, in the case of
wood, to lifting with adhesive tape. The advantages of
the device are its light weight and portability,
allowing access to niches, corners, and limited spaces
[123].

The work [124] presents a method based on the use
of a vacuum cleaner and a special filter cartridge to
effectively collect DNA (in the form of skin cells)
from large surfaces (the floor of a room), which

makes it possible to obtain information about all
people present in a certain place. Even the first
application of the method in real conditions (robbery
scene) allowed the police to establish a connection
between the suspect and the crime scene, however, the
need to analyze up to 50 filter fragments using
multiplex PCR and determine the profiles of all
people who were at the crime scene significantly
increased the cost of the study [124]. Therefore, it is
recommended to use this method as an additional tool
for the most serious crimes, but it can also be used
when collecting samples from furniture (sofas) or
items of clothing [124].

Promega universal device

Company Promega has tested a prototype of the
portable field device Venturi Vacuum Device (with
a Venturi tube), providing the ability to use different
tips to collect different types of samples (cells, pollen,
body fluids, etc.) without destroying surfaces, as well
as the ability to use vacuum as in both wet and dry
versions. The prototype uses a polycarbonate filter on
the suction cup-shaped tip. The device is designed for
processing hard-to-reach areas (cracks, cracks, stucco,
corrugated surfaces).

NON-CONTACT DEVICE FOR COLLECTINGHU-
MAN SKIN EPITHELIAL CELLS

The development of a non-contact method of col-
lecting samples was based on theoretical ideas about
the possible connection of human odor with epithelial
skin cells, which are constantly lost by humans and
accumulate on surrounding objects [125]. To assess
the reality of the joint collection of odor and cells,
work [125] used a device with a dynamic air flow
STU-100 (Scent Transfer Unit 100) and model sub-
strates (paper and steel) after contact with the hands of
volunteers. Cells were captured on polycarbonate fil-
ters and, after extraction, analyzed by quantitative
PCR. It was concluded that the STU-100 device did
not collect enough skin cells to obtain nuclear DNA
concentrations above the detection limit for the PCR
kit used [125].

ELECTROSTATIC SAMPLE
COLLECTION SYSTEMS

[126] assessed the apglicability of an electrostatic
detection device (ESDA™) for collecting DNA from
fingerprints on various paper substrates (note paper,
cotton and magazine paper, banknote paper, etc.).
Three collection methods were compared: collection
using ESDA, dry swab, and cutting. It has been shown
that the ESDA method is better than the cutting me-
thod, inferior to the dry swab method in terms of the



number of complete profiles obtained, but allows vi-
sualization of the desired area, which eliminates the
“blind” procedures used in the case of the other two
methods.

The applicability of two electrostatic devices for
collecting biomaterial from clothing made from dif-
ferent fabrics was studied in [127]. The ESDA® appa-
ratus used to extract DNA from paper [126] and the
electrostatic dust print lifter (DPL) used to visualize
footprints on the floor were tested. For sample collec-
tion with ESDA®, clothing was covered with electros-
tatically charged Mylar film. For DPL, a metallized
foil was placed over the contact area and charged at
maximum voltage and low current for 15 s. Electros-
tatic ESDA"™ and DPL films were wiped with a wet
cotton swab to collect particles adhering to the film.
The DPL device has been shown to be not only supe-
rior to ESDA® in terms of DNA collection, but also
more convenient due to portability, but the method
requires optimization for application in real-life foren-
sic cases [127].

MAIN RESEARCH AREAS

The global research and development themes
needed for progress in forensic biology, formulated in
July 2022, are outlined in the Interpol review [8] and
include (among other issues) the following areas of
direct relevance to the topic under discussion: 1) cha-
racterization, development, and validation of methods
for single cell isolation and analysis; 2) determination
of the presence and prevalence of extracellular (free)
DNA; 3) increasing the efficiency, productivity, and
acceleration of fast equipment for DNA analysis
through the development of direct PCR methods;
4) efficient collection of DNA at crime scenes and
from incriminating items; 5) optimization of DNA
extraction in the case of samples with low DNA le-
vels.

CONCLUSION

Over the past quarter century, since the beginning
of research in this area, many works have been pub-
lished aimed at improving the tools used to extract
genetic material (DNA) from the surfaces of objects
found at crime scenes. This toolkit includes both long-
established manual methods (scraping, cutting, swab-
bing, and lifting with adhesive tapes) and new me-
thods and approaches using devices. The current state
of research can most likely be characterized as accu-
mulating evidence, and focusing on identifying
influencing factors and testing the validity of new
principles and approaches. This is evidenced by the
conclusions about the need for further research that
conclude most publications (as noted in the review

[30]), regardless of whether it concerns new develop-
ments, comparisons of the effectiveness of different
methods, or the search for optimal conditions for their
use.

At a new level, many previously made assumptions
and conclusions were confirmed: the choice of me-
thod depends on the surface from which DNA is to be
extracted; the method of collecting samples, as well as
the type of material extracted, influence the amount of
DNA extracted; wiping with swabs is preferred for
extracting DNA from hard, non-porous surfaces, and
using adhesive tapes is preferred for collecting sam-
ples from porous surfaces; The experience and quali-
fications of employees are the most important factors.
The effect of the research results in the last 10 years
can be assessed as similar to the effect described by
the authors [128] based on the results of the first
10 years of research on DNA transfer: "more ques-
tions have been raised than answers", which empha-
sizes the exceptional complexity of the problems be-
ing solved. This complexity is objectively due to both
the existence of a large number of factors influencing
the efficiency of collection from different surfaces,
and the multi-stage process of obtaining the final re-
sult, by which the effectiveness of the methods is ac-
tually assessed and compared. The final result is in-
fluenced not only by the device, method, and tech-
nique of sample collection, but also by extraction me-
thods, amplification and profiling systems, and the
statistical methods used [17, 18, 30]. Each of the stag-
es and their coherence, or, on the contrary, poor com-
patibility make their own contribution, which is re-
flected in the conclusions about the effectiveness of
the method and/or the influence of experimental con-
ditions, which makes it difficult to compare the results
of different works.

In addition, one of the problems that exists regard-
less of the method used (instrumental or manual) is
associated with the variety of types of real surfaces
and the lack of standardization in their assessment,
raising, for example, the question: how similar are
"identical" surfaces (porous, smooth, etc.), studied and
modeled in various works. The characteristics of sur-
faces usually used are of a qualitative nature (non-
porous, porous; smooth; uneven: corrugated, with
cracks, etc.; absorbent, non-absorbent). However,
physical and chemical differences in contacted surfac-
es, including those related to their topography, chemi-
cal composition, fiber type, weave, thickness, electric-
al charge, etc., can affect the transfer, stability and
recovery of biomaterials and DNA from substrates to
varying degrees, so further study of the effects of the
variables mentioned for these factors would be wel-
come [18].

Another major challenge relates to obtaining and
analyzing contact DNA samples, which, unlike blood,
are invisible but constitute the majority of samples



analyzed by forensic genetic laboratories [52]. Con-
tact DNA samples accounted for 80% of the thou-
sands of biological traces analyzed by the French
Gendarmerie [52] and accounted for 85% of samples
in Switzerland in 2017 [57], with no profiles obtained
for 50% of these samples [52].

A method for visualizing DNA using the Di-
amond™ fluorescent dye and a fluorescent micro-
scope was proposed by a group of Australian scien-
tists. The potential possibility of using the method for
localizing fingerprints containing DNA on the surfac-

es of objects in situ [129, 130] and assessing the pres-
ence of DNA on tampons [131, 132] and adhesive
tapes [133] has been demonstrated. Independent fea-
sibility studies have confirmed its potential useful-
ness, but have also identified a number of limitations
[134-136]. Currently, research continues in the direc-
tion of optimizing the methodology [137] and expand-
ing the areas of application (to combat the illegal sale
of wild animals and their illegal keeping in captivity)
[138, 139].



