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Aunomayus. B pabome npedcmabaenst pesyismantvi uccae00banus u a120pummsl mecmupobanusn Ha ysA36umocms
¥ 00HUM U3 Haubosee pacnpocmpanentsix 6udod amax na Web-npusoxenus — mexcatimobomy ckpunmuney - XSS
(Cross Site Scripting) - DOM XSS. MexcaiimoButii ckpunmune 3mo owiudka baisudayuu noav3obamessckux 0aH-
HBLX, KOmopas nosboasem nepedams JavaScript k00 Ha ucnoanenue 8 dpaysep noavsobamens. Amaku maxozo pooa
uacmo maioke HazviBarom HTML-unsexyuamu, eds Mexanusm ux Bredpenus ouens cxox ¢ SQL-unrvexyuamu, Ho 6
omaudue om nocaeoHux, Buedpaemvlii ko0 ucnosmsaemcs 8 opaysepe noavsobamens. Apeymenmupobano Bv.0par 1oo-
X00 Mamemamuyeckozo modeaupobanus na ocnobe GERT-cemei. ITpoBedennbie uccaedobanus noxkasasu, umo GERT
(Graphical Evaluation and Review Technique) - abasemcs memooom u3yueHus U aHAAU3A CHIOXACHUYECKUX cemetl,
UCNOAB3YEMbIX 045 ONUCAHUA A02UHeCKOl B3aUMOCBA3U MeXOY HACAMU npoekma uiu smanamu npoyecca. I1abrotl
yeavto GERT abasemca oyenka A0euky cemu i NpoOOAXUTNEALHOCTIb AKIMUBHOCHIU U NOAYUEHUS 3AKAOUEHUA O
Heobxo0umocmu  Bvinoanenus Hekomopbix axkmubuocmet. Paspabomana mexnosoeus mecmupobanus Web-
npusoxenutl u coomBemcmbylouwuii Komniexkc Mamemamuqeckux mooesei. B ocnoBy mamemamuueckoeo modesu-
poBanus nosoxen 1o0xo0 GERT-cemeBoeo cunmesa. B pesyavmame paspabomans. mamemamuveckie MooeAu mex-
Hosoeuu mecmupobanus DOM XSS yas6umocmu. Mamemamuueckas modeas mexHosoeuu mecmupobanus DOM
XSS yasbumocmu omauuaemcs om usbecmmuix, yuemom Bvimosnenus uiu anaiusa DOM cmpyxmypoi. Paspabo-
MAHHYI0 MEXHOA02UI0 MOXKHO UCHO0Ab306amb npu mecmupobanuu Ha yasBumocmv Web-npuioxenus.

KaroueBoie cro8a: mecmupobanue, DOM XSS yasbumocmu, GERT-cemu, yasbumocmu be3onacrHocmi.

BBemenmne Ha VICTIOIIHeHMe B Opaysep Mosb3oBaTesIs. ATaKy TaKOTro
porna JacTo Takke HasbiBaroT HTML-uabeximsiMu, Besib
MexaHW3M WX BHeOpeHMs O4YeHb CXoX ¢ SQL-
VHBEKIMAMM, HO B OTIMYME OT IIOCJIENHUX, BHeIpsie-
MBIV KOJI, VICITOJTHSIETCS B Opaysepe IoJTb30BaTerIs.

M3 pabor [1-8, 15-20] m3BectHO, uTO TOH XSS
OOBIYHO TIOIpa3yMeBaeTcsl MOMEHTaIBHBIVI U OTJIOXKEH-
HBII MeXCaWTOBBII CKPUIITMHI. IIpyu MOMeHTaIbHOM
XSS 3nonHamepenHBIT KoI (Javascript) BosBparaeTcs
aTaKyeMBIM CepBepOM HeMeIUIeHHO B KadecTBe OTBETa
Ha HTTP 3ampoc. OtnoxeHHBIT XSS 03HavaeT, 4To 3710-
HaMepeHHBIVI KOJI COXpaHseTcs Ha aTaKyeMOVI CUCTEMe U
rosHee MoXeT ObITh BHefpeH B HTML crpanvity yss3-
BUMOWI crcTeMbl. Takast KiTaccmdmKarms Ipesosiaraet,
uro dyHAaMeHTa/IbHOe CBOVICTBO XSS COCTOUT B TOM,

B macrosiiee Bpemsi Gombiont cripoc Ha Web-
npwioxenus n Web-yciryru obycrasimBaeT OorTbIIon
VIHTepecC 3JI0yMBIIUIEHHUKOB K VIX BO3MOXHBIM YSI3BU-
MocTsaM. IIpy 3ToM OCHOBHBIE YTPO3bI B HaIIpaBIeHUV
CepBepPHBIX KOMIIOHEHT TpaHCOpMUpYyeTcs B arTakwy,
HallpaBJIeHHBbIe IIPOTVB OOBIUHBIX I10JIb30BaTEIIEVL.

ITpoBenennst aHamm3 MaTtepuaraoB Open Web
Application Security Project (OWASP TOP-10) moxasair,
YTO OOHWMM W3 HauOojlee ONACHBIX BUIOB aTak (ysI3BU-
MOCTeVT)  SIBJISIETCS  MEXKCAWTOBBII ~ CKPUIITHUHT — XSS
(Cross Site Scripting).

Amnarns uTepaTypel IOKa3asl, YTO MeXXCaTOBBIV
CKPVIITMHT 3TO ommOKa BasIuaaliyl I0Ib30BaTesIbCKIX
IaHHBIX, KOTOpas II03BOJISIeT HepedaTh JavaScript Kom
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YTO 37I0HAMEPeHHBIVI KO, OTChUIaeTcss u3 Opaysepa Ha
cepBep U BO3BpaIllaeTcsi B 3TOT ke Opaysep (MOMeH-
TabHBIN XSS) mm 060t Apyrov 6paysep (OTIOXKeH-
HbI1 XSS).

B psage wHTepHeT-cTaTell TOAPOOHO OMVICAHEBI
OCHOBHBIe MeXaHV3MbI BOSHMKHOBEHVIS 110/100HOT0 poyia
yIpo3, a TakXke ITyTW BO3MOXXHOTO Onokmposanwms. Of-
HaKo, YTOOBI MAEHTUMUIMPOBATh 3TM YIPO3BI 1 BO3-
MO)XHBIe TIOCJIEZICTBYISI IX pacIIpOCTpaHeHs B IIporiecce
GesomacHoro ympasrmenus IT-mpoekTamm, a Takxe
IIPEeUIOKNUTH ONTVMAaJIbHBIE IIYTW peIleHNsl 3TOV IIpo-
O71eMbl, CyIIecTByeT HeOOXOIVMOCTh MaTeMaTIIecKOov
dopmMarmzaly mporecca MX VHUIMAIM3alU W pac-
IIpOCTpaHeHs.

OcobeHHO aKTyasTbHOW 3afadell B 3TOM HallpaB-
JIleHVV ~ IIpefcTaBiisieTcs — MopenuposaHwe — DOM
(Document Object Model) XSS ys3pumocTn. CpsizaHO 3TO
¢ TeM, 4to ysa3BuMocTb DOM XSS mpencrasiisier cobovt
noxasu, XSS, B cilydae KOTOPOV pe3yJIbTaT aTaKy Haxo-
IOUTCS He B OTBETe cepBepa ¥, COOTBETCTBEHHO, He B
HTML xozme, a 8 DOM crpykrype HTML cTpaHuIibL.
PesynbTaTel aTak IIOCPEICTBOM TaKWMX YSA3BUMOCTEV
MOXXHO OOHApYXUTh TOJIBKO B IIpOLlecce BBIIOIHEHVS
wmm asaymse DOM crpykTypel. CaM MexaHMU3M aTaky, a
VIMEHHO WHBEKIMS Javascript Koma B YSA3BUMBIN CeT-
MEeHT, OCTaeTCsl HeV3MeHHBIM.

Ienpro marHOV paboThl sBiIsteTcss dopMUpOBa-
HVIe TeXHOJIOTMW TeCTMPOBAaHWs Ha YSI3BVMOCTB K OHVIM
73 Hamboslee pacIpocTpaHeHHBIX BUIOB aTak Ha Web-
npwioxeHus - DOM XSS.

Anropurm anammsa DOM XSS yassumoctn

11 MaTeMaTrdecKo popMaM3alinyl ajrOpuUT-
Ma aHammza DOM XSS ysa3BMMOCTM BOCIIOJIB3yeMCs
OCHOBHBIMU TIOJIOXKEHMSIMU CeTeBOro GERT-
MOZIEJIMPOBAHS, ITOAPOOHO OMMCAaHHBIMI B paboTax [9-
12].

I'padpmueckoe 1mperncTasieHMe aIfoOpUTMa aHa-
ymsza DOM XSS yassumocTn npezicrasieHo Ha puc. 1. B
COOTBETCTBUM C 3TUM QJITOPUTMOM OCHOBHBIE JTallbl
MOJKHO OIIVCATh CIIEAYIOIINM 00pasoM:

1) V3 xoma aHaIM3MpPyeMOVI CTpaHUITBI M3BJIeKa-
IOTCSL BCe Term <script> m popMmpyeTcs: CIMCOK TEroB
IS aHaJIM3a.

2) BelnoriHsIeTCsl aHAIM3 COIlEP XXMMOro Tera. ITpm
3TOM, eCJIV TerV He cofeprKaT KOJl, a CChUIAIOTCS Ha yaa-
JIEHHBIVE (avvl, BBIIOIHSETCS oOpalleHMe K darvty u
IosTyueHme Kojia m3 Hero. B comepxxmmom dpaia Haxo-
IOATCS TIOTeHIMaIbHBle Hebe3oIlacHBIe YYacTKM Kooa
(sink), KOTOpBIe UCITOTTB3YIOT BXOAHEIE TaHHBIE KIIVIEHTa
(source).

IlpuMepaMy WMCTOYHMKOB MOTYT OBbITB: docu-
ment.URL; document.documentURI; location.href; loca-
tion.search; location.*; window.name; document.re fer-
rer.

IMpumepsr sink: document.write; (element).in-
nerHTML; eval; setTimout / setInterval; execScript.

3) Ecm B Kofe Tera WCIOJIB3yeTCS source, BBI-
IIOJIHsIeTCS aTakKa C OIlpefie/leHHbIM MapKepoM, KOTOPBI
MOXHO oTciieiuTb B DOM cTpyKType cTpaHMIIBI I10CIIe
VICIIOJIHEHMsT Kofa (HaIlpyMep, MHBeKIWS OIlpelesieH-
HOTO TEKCTOBOTo coriep>kumoro B DOM).
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4) BemonHseTcs mposepka copepxumoro DOM.
Ecm B pesyibTaTe aTtakm Mapkep Haxopurca B DOM,
MO>KHO cJIesIaTh BbIBOY, 0 Hayvrayy DOM ysizuMocTu.

5) Illaru 2 - 4 BBIIOIHSIOTCS ISl KaKOOTO Tera
script Ha cTpaHuMLe.

11 moctpoeHVs OpMasIbHOVT MOIEIN aJIro-
puTMa aHaim3a ya3BuMocTr Web-tiproxkernit K DOM
XSS BeiOpana croxactideckast GERT- ceTs.

ITpoBemeHHsble VICCTemOBaHMSA —IIOKA3aslM, HYTO
GERT (Graphical Evaluation and Review Technique) -
SIBJISIeTCS. METOJIOM M3Y4eHWUs VI aHaIu3a CToXacTide-
CKMX CeTeVi, VICIIOJIb3yeMbIX IS OTIMCAHMS JIOTMYECKO
B3aVIMOCBSI3V MEXIy YacTsAMM IIpOeKTa VIV 3TallaMu
nportecca [9-12]. I'maBHOMI nenbto GERT siBisiercst orieH-
Ka JIOTMKW CeTU ¥ IIPOAOIIKUTEIbHOCTE aKTMBHOCTY M
ITOJTyYeHUsT 3aK/IIoueHns O HeoOXOIVIMOCTM BBIIOJIHe-
HWSI HEKOTOPBIX aKTMBHOCTETL.

Cett GERT cocrost w3 y3noB tuma AND,
INCLUSIVE-OR n EXCLUSIVE-OR, u BeTOK ¢ IByMs 1
Gortee mapamerpamu. BeTka, MMeeT HampaBiieHMe, VIMeeT
y3eJI Hadasla ¥ y3esI KoHlla. [lapameTpsl BeTBU copep-
JKaT: BEPOSITHOCTH TpoxoxaeHus Bersu (P,) mpu yco-
BUI, YTO y3eJI, KOTOPBIVI SIBJIS€TCS VICTOUHMKOM BETBI,
ObUT pearm3oBaH; BpeMs (f;) TIPOXOXKIEHVS BETBU, eCiI
oHa Oy7ieT peanm3oBaHa.

Bpems t; MOXeT OBITh CJIy4allHOW BEeJIMUIVMHOIL
Ecri BeTBb He sBJISIETCS YacTBIO peasTv3alliii CeTV, TO
€CTh BO BpeMsl BBIIIOJIHEHNS IIpoliecca aKTMBHOCTb, CBSI-
3aHHas C BETBBIO, He IIPOVICXOIUT, TO t; = 0.

V3en B croxactmueckom cetr GERT cocrouTt w3
dyHKIIMM BXoHa (KOHTpMOYTUBHOV (PyHKIMNM) 1 PyHK-
Vv BBIXOfA (mycTpuOyTmBHOM dyHKIVM). Kaxmas ns
YHKIMI OINChIBaeTCS OIIpesielleHHbIM JIOTMYeCKVIM
OTHOIIIEHI€M OTHOCUTEITFHO CBSI3aHHBIX BETBEVI.

[Ma: T¥HCHAC CIRCKA TCTOB
“HCTIPIE 11 KOMA TR

—C -
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YHERHMOCTH

FETh et
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KIRENTa

Tposcacine XX5 ataxn
sgapkcpon dcpen GET
mapideTphl LRL

Fapcep et o [0M Wik
CTPaHHR

Puc.1. Crpykryphas cxema airopurma anaamsa DOM XSS
YSA3BUMOCTH
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B 11e710M, ITpOBEJIEHHBIE MICCIIETOBAHVIS IOKa3aIIV,
urto GERT-mopermposanwme sBisgercs 3@eKTUBHBIM
criocoboM oIperesIeHs 3apaHee HEM3BECTHBIX 3aKOHOB
v GYHKOWMI pacIpeiesIeHst CITyJaliHbIX BeIVYVH TIpU
V3BECTHOM aJIropuTMe PYHKIMOHMPOBaHM: (TIpoIiecca).
VIMeHHO TTO3TOMY, B KayeCTBe MHCTPyMeHTa MaTeMaTy-
YecKoro MopempoBaHus Hamy Obuto BeiOpano GERT-
MOJIeJTMPOBaHWe.

GERT-mope/1b TeXHOIOIMM TeCTMPOBaHMA
DOM XSS ysassumoctn

ITocTpouM, B COOTBETCTBMM C IpefCTaB/IeHHBIM
onmcanveM cereByro GERT-mopesns TexHomornm tectu-
posarmss DOM XSS yassumoctn. I'padrrgeckoe m300-
paxenne GERT-Mozenn npezcrasieHoO Ha puc. 2.

Wsi

Puc. 2. GERT-mopnesns TexHostornm rectuposanms DOM XSS

B mpesicraBiieHHOVI ceTu y3IIbl Tpadpa MHTepITpe-
TUPYIOTCS COCTOSTHUSIMYM KOMITBIOTEPHOVI CHUCTEMEI B
nporiecce dyHKOMOHMpoBaHMS DOM CcTpyKTyphl, a
BeTBU Irpada — BepOsTHOCTHO-BPeMeHHBIMI XapaKTepy-
CTMKaMW IIePexoioB MeXIy COCTOSTHMAMM. B wacTHOCTM
BeTBb (1,2) XapakTepusyeT BpeMs ITOJTyUeHNs 1 aHaIu3a
copepXmnMoro Tera. BeTsb (2,3) oToOpa’kaeT BpeMeHHBIe
XapaKTepVCTVKY BBIITOJTHEHNS aTaK! B CJTydae HaIvavs
«source» CTPYKTyphL. BeTBp (2,4) 3amaer ciydartHoe
BpeMsI oOpallieHVsI K COTIepXXKMMOMY yaasleHHoro dhariia
(momck «sink»). BeTsb (4,2) xapaxkTepu3syeT BO3BpaT Ha
BBIIIOJIHEHMe aTaky. BeTsb (3,5) ommchiBaeT IpopoiDke-
HMe aTaKy, B YaCTHOCTU IPOBepKy copepxumoro DOM.
Hasiee BeTBb (5,6) XxapaKTepusyeT BpeMs IIPUHSTHUSA pe-
IeHnst 00 ySI3BUMOCTH, B TO JXe BpeMs BeTBb (5,1) 0T0b-
pa’kaeT BpeMeHHEBIe XapaKTepPUCTVUKN Ilepexofa K HOBO-
MY Tery.

XapaKTepVCTVKI BeTBEeV MOJIENV IIPeCTaBIeHbI
B Tab 1.

XapaKTepCTVKV BETBeV MOTIeIV Tabsvma 1
Ne |Bersb |W-dynkums|Bepost-| ITpomssopsimas
n/m HOCTh | (PYHKIIMS MOMeEH-
TOB

1 |12 Wi, pl A /(hg—9)

2 (23 Was3 p2 Aol(hy—5)

3 |24 Way p3 Ag/(h3—9)

4 | (35) Wss p2 Ao l(hy —5)

5 | (56) Wss p4 Aal(hg—5)

6 | (51) Ws1 1-p4 Ag (kg —S)

7 142 We p3 A3 /(h3—5)

OkBuBajsieHTHass W-MyHKIMSA BpeMeHM BBIIIOJ-
HeHMs1 TexHOJIorum Tectuposanuss DOM XSS ysassumo-
CTV paBHa:
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We (s) = Wi WoaWasWag +WipWogWiygWoaWasWes
1— Wi W 3WagWg — Wy oWogWgpWoaWasWe

PP 173 (Pada (s =)' (s =)+ PRaridis (14 =) (1)
) (i =5)(42 =5)" (%5 =5)" (45 —5) -

P P33 s (4 =)’ — PLP PR3 A3 s
roe 1-py=¢.-

OcobeHHOCTP paccMaTpVBaeMOro ITpollecca 3a-
KITIOYaeTcs B pasHOPOIHOCTY aHAJIM3MPYeMbIX 1 oOpa-
GaTbiBaeMbIX TaHHBIX. [Ipy1 5TOM BO3MOXXHBI pasJIYHbIe
CTydau opraHmsaruy obpatHom cessu. Ha puc. 2 atn

IIMKIIbI SanVIKCVIpOBaHbI B BUIe HepeXOJZLOB
Wip > Wy 5> Wyp, Wiy > Wiz —>Wag —Wg;.

(-

st GERT-ceTeit ¢ IMK/IaMU He CYIIIeCTBYeT IIpO-
CTBIX METO/IOB HaXOXIEHMs OCOOBIX TOUeK (PyHKIMV

Dp(z)

(Z = —ig), Ime G - OeVCTBUTeNIbHAs IlepeMeHHas. DTO

3aMeHbI IeVICTBUTEJIbHBIX IIepeMeHHbIX

OOBICHSETCS TeM, UTO I HaxXOXIeHMs OCOOBIX TOUYeK
HeoOXOIVMO peIIaTh HeJIMHeVHble YpaBHeHUs, U 9eM
cj1oxHee cTpykTypa GERT-ceTw, TeM ciIo)KHee U MCXO-
Hoe ypaBHeHMe. I[losToMy B XOme MOIEJIMPOBAHVISA
TIpeqyIaraeTcs MpUOeTHYTh K ITOJTOOHOV 3aMeHe.

Bruimosass KOMIUIEKCHOe peobpasoBaHme
Z =—S , IOy YnM:

3

2
o) = uz®+vz© +bz+k

(@
(A + z)(z6 +c2° +dz* + 922 +hz? + wz + m)

re:
=—p p22 p4/11’1"22/14 s
V= plpzz p42122214(25 + 213) ’
=—pP pz2 p4/11222/1413(225 _/13) ’
k=—p. P A AT A s (P + PSCy ),
ﬁ=7x1+27\.2 +27\,3 +7L5,
d=—(2h3hs +Aqhs + 20 ks +15 +
+ 20+ dhohg + 20y +23)
0 = W35 + 4hhohs +Ahohghs + 15 + 230 +
+ 20500 + A0k phg + 20505 + 150
h = ~(AA2 A + 20,2205 + Ay e + 2050 +
+ 105 + 2 2 — PPy A A s )
W= A4, A5 A + A3 A2 2 + 22,08 A +
+ /1112213 -2 p1 p22q1/11}713/15
M= PPy a4 A + Py P; Poth Ay g As = 25 2 2
IInoTHOCTE pacrpene/ieHNUs: BEpOSTHOCTEN Bpe-

MeHM BBIIIOJIHeHM ajiroputMa aHajmsa DOM XSS yss-
BUIMOCTVL:

7

i

uz® +vz® +bz+k
#(x) = j

i1, (/14+z)[26 +c2®+dz* + ]

+92° +hz’ +wz+m

dz, 3)

Ile ollepallyisi MHTEIPUPOBAHWS BBIIOJIHIETCS C IIOMO-
ITpIO MHTeTpasia bpomsraa-Barrepa [13].

Crioco0 mMHTerpupoBaHus 3aBUCUT OT TOTO, VIMe-
er s Ppyukuys P(Z) TOIBKO MPOCTHIE TIOJIOCHL, WIN

IIOJIIOCBI  HEKOTOPOI'O ITOPsAIKa. B Ttom cIy4dae, Korjga
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Jyukimst P(Z) mmeer TOJIBKO IIPOCTBIE I[IOJIOCHL, BbI- 78 1 cz® +dz? +gz3 +hzZ+wz+m=0, %)

g 7X
paxenue &~ ®(Z) MOXHO MpenCTaBUTH B BUIE: _
MO>XKeT ObITh HalifIeHOo JIOOBIM METOHOM, HaIllpUMep, o

() - E“EUZS +:/ZZ +b32+ k) 2 _ dopmynam Buera [13]. B pesysbrare BbUMCISIOTCS
4yl )Lty L YLttty (4) 0CoObIe TOUKM Z9,23,24,125,2q,27.
_Huz) TakmuM o0pasoM, Ha OCHOBe 3KCIIOHEHIIVAJIBHOM
v(z) GERT-cetm paspaboraHa MaTeMaTwdecKasi MOJeJIb ajl-
rme: ropurMa aHajmsa DOM XSS ys3sumMocTy, KoTopas OT-
Y6 =Ag+C, JIM9IaeTCs OT M3BECTHBIX, YIeTOM BBHITIOTHEHVS VIV aHa-
s =Chg +d, ym3a DOM cTpyKTypBbL.
Momens MOXeT ObITh MCIIOJIb30BaHA TS ICCITe-
Ya=0drg +Q, IIOBaHM IIPOLIeCCOB B KOMIIBIOTEPU3MPOBAaHHBIX CHCTe-
y3=0Ag +h, Max, Hpu paspaboTKe HOBBIX CPeACTB M IIPOTOKOJIOB
Yo =g +w, 3aIUTHl  JTAHHBIX. HpVH\iIEHeHVIe SKCIOHEHTTMaTbHBIX
croxactmueckux wmopesitern GERT mact BO3MOXHOCTH
Y1 =Whg +m, VICIIOJIB30BAHNSL Pe3YJIbTATOB, IIOlyYeHHBIX B aHAIUTH-
Yo=Mhy. deckoM Bupe (PyHKOUM, IUIOTHOCTU pacIiperesieHus)

IJIA IIpoBedeHV: CpaBHUTEIbHOI'O aHalv3a 1 VCCIIe0-
BaHWUM, Oortee CITOXHBIX KOMITBIOTEPHBIX CUCTEM MaTe-
MaTM4YeCKMMN MeTOdaMMN.

Torpma MmIOTHOCTE pacIperie/leHNs] BpeMeHU BEI-
noyiHeHMsl ajaroputMa aHainmsza DOM XSS ysssumocTi

paBHa:
Wccnenosaamsa GERT-momenn TexHOJIOIMM Te-
400 = iRes[eZX(D(z)} _ 27: u Zk) _ crupoBaansa DOM XSS yassumocTi
vy = w(z¢) Paccmorpum mpumep XSS artakm uepes DOM
; o/ .3 9 ) (aHAQJIOTMYHBII ITOPUTM  IIPOCTOTO WICIIOIb30BaHVAS
_ Z e (“Z +Vvz°+bz+ k) . KJIMEHTCKOTO CKpuITTa It (Hebe3oIlacHOV) Iepeaipe-
) 728 + 6520 +5y52p +4y428 + 3322 + 27527 + 1 catuu Gpaysepa K Ipyromy pecypcy).

Oynxims D(Z) KpoMe PpelleHuT:, Orpesiesisie- Harvinem rwiotHocT pactipenernervst O(X) Bepo-

STHOCTeVI BpeMeHV BBITIOJIHeHMsI aJIrOpUTMa P yCIIo-
BuM, 4to Z BBIOMpAIOTCS Kak KOPHM ypaBHEHWs
6

MBIX KOPpHSIMI YpaBHEHVL 26 + CZ5 + dZ4 + gZ3 +

+hz? +wz+m=0 , MOXeET MMETH VW IIOJIFOC BTOPOro WiIn

(A4 +z)(z +cz° +dz* +gz3 +hz? +wz+m)=0,

TPeThero Iopsifika Tex CIydasiX, KOrja 3HaueHue Mg
YCJIOBHBIE BEPOSITHOCTM M VIHTeHCUBHOCTU B BeTBsix GERT-

aBHO 3HA4YeHWIO KOopHen Z9, Z3, Z4, Zg, Z Z7. B
P P 27 37 247 557, 567 T cetm  wmeror  3Hawenwst:  Pp = 0,999, p, =06,

P3=04,p,=099,2,=09999 , Ay =0,79, A5 =0,29 .

C yueroM npuBereHHbIX ITpu3HakoB GERT-ceTu, B cOOT-
BETCTBUM C BBIpaKeHMeM (2), a Tak e VCIIOJIb3Ys ClIe-

9TUX CdlydasX IDUIOTHOCTb paclpenesieHns BpeMeHI
repenadmn COOGH_IGHT/ISI (P(X) HaXoOuUTCA 110 cpopMyne

HaXOXIIeHWs BBIYETOB [ OT IIOJIIOCOB Z) mopsiaka N:

1 d nfl(( 7-7, )” eZX(I)( Z)) OVaJIV3VPOBAHHBI MaTeMaTndecKuil ItakeT Mathcad,
1= - (6) IIOJIy4IMM, UTO B 3HaMeHaTeJle BeIpaxeHUs (3) cpopmm-
_ ne
(n=Dlzz dz POBaH ITOIITHOM:

BeipaxeHue (6) mpercraBisieT coboit apobHO-
alMOHaIbHYI0 (PYHKIMIO OTHOCUTEIbHO Z co cTerle-
part YIo QyHKIBIO C X + 4.07%°- 6.66x* +6.529x°-
HBIO 3HaMeHaTesisi OOJIBbITIeV], YeM CTEeIeHb YUMCITATEIIS. , (8)
[TosTOMy IUIsI HETO BBIMTOJIHSIETCS YCIIOBYsE jieMMbl JKop- -1.592x” +0.617x-0.164 = 0.
maHa [13]. dyHKIMA CD(Z) vIMeeT TIOJTIOCHI B TOYKax
6

Kopuu sroro monmHOMa (M COOTBETCTBEHHO
23 = A4 . Muorowren z° +cz° +dz* +gz° +hz2 +wz +m dyHKIMA <D(Z)) paBHBL
IIOPOJK/IaeT elrje ceMb II0JII0coB. Pelllenye ypaBHeHVs
x1~-5.50538130377208, (P(x1) =0, iter =1) ;
X2 ~-0.04984635 17249773 +i+0.33125906 4468874 , (P(x2) ~-0.000162 -i«0.00073, iter =3) ;
X3 =~-0.04956650 29547472 -i«0.33124693 1512067 , (P(x3) ~-0.000307 +i«0.00013, iter =3) ;
x4 =~ 0.28764249 382953 -i+0.00014096 1065526 , (P(x4) ~0.000129 -i-0.000118, iter =3) ;
x5 =~ 0.62354397 1678568 -i+0.73145420 7007899 , (P(X5) ~0, iter =3) ;
X6 ~ 0.623607782943707 + i - 0.731584150633824, (P(x6) ~0, iter =2) .
KpOMe 3TOTrO CyIIeCTByeT HpOCTOVI IIOJIIOC B TOY- 3yeT BBIIIOJIHEHM:A aTaKM B CJIydae HaJIM4IMs «Ssource»

ke Zy =—Ay4 (21 =-0.9) (X7 =-0.9). Vicarenyem 3aBu- CTPYKTYPBI).
Ha pwuc. 3 npencrasiena Kpvsasd rpaduka 3aBu-

cumoctb dpyukiyn P (zZ) or uHTeHCHMBHOCTM Aj, SIBIISI-
cnmoctu pyskuym D (Z) or mHTeHCMBHOCTM Ay B pac-

IOILeVICA OOHMM M3 OCHOBHBIX IIOKa3aTesievl B paccMmat-

CMaTpuBaeMBbIX BhIIIe ycIoBusax. Kak BUIHO u3 pucyHKa
prBaeMoOM aIropuTMe (MHTEHCHMBHOCTB Ay XapaKTepu-
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CTydaviHas BEJIMYMHA Ay paciperiesieHa B COOTBET-

CTBUMMU C IIOKa3aTeJIbHbIM 3aKOHOM.

D(z)
0.2

Ve

0.18
0.16 /
0.14

0.12

0 02 04 06 08 Az

Puc. 3. Tpacuk 3asucumoctu pynxumn D (Z) or unrencusroctn A 2

V[CHOJ’H)SYSI IIOJIy4Y€HHbI€ 3Ha4Ye€HId, HavieM

¢(X) . B coorBercTBUM € popmyrtoin (5) @(X) pasHa:

#(x) = Z(i: I?:est [eZXCD ( Z):| =

e(a*‘si)x(u(awt&i)g+V(a+5i)2+b(a+5i)+k)
S @ i -
7(a+di) +6g,(a+di) +59;(a+di) +

+4g,(a+ai)’ +3g,(a+si) +2g,(a+di)+g,
e(a—bi)x(u(a_éi)3+V(a—§i)2 +b(a—§i)+k)

7(a—6i)° +6g,(a—di) +5gs(a—di) +
+4g4(a—§i)3 +3g3(a—§i)2 +29,(a-6i)+g,

W3 [13] m3BecTHO, 9TO CyMMa 3HadeHUVI JIFOOOM
I poOHO-palOHAJIBHON (PYHKIMN

Cz™ 4l z™ gzl
dy #0, ¢, 20

VCCITEZTyeMOVT IIPY 3HAYEHMSIX KOMIUIEKCHBIX —COIIpSi-
JKEHHBIX apryMeHTOB, MOXeT OBbITh IIpeficTaBIeHa B
(z'+i,B)

BUTIE:
(z+1p)  (z-i0)
(7+i,b’) (}/—iH) ’

rae T, B, 7, 0 - HekoTopble KO3 PUIIMEHTBL

(z)= dpmz™+dp 2™+ diz +d

Vcnorib3yst BeIpakeHMs1 Drutepa [13], momyumm:

H(X) = kZﬁ:IZ?:est(e”qD(z)) =

— glardix T+ i.ﬂ 4 pla-dix T i.ﬂ _
y+i0 y—i0
Zeax

= m((ry + 0)cos(5x) +(zy — BO)sin(5X)),

(10)

e
r=au—-3asu+a’v-sv+ab+k,

B =3a%5u —8%u + 2adv + b,

y=7a°%-10a%52 +105a25* - 75° +6gga° -
~60gga°5% +30ggad”t +5g5a” —
~30g5a282 +5958% +4g,4a° 129,252 +

+3g3a2 —3g382 +205a+01,
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0=492°5-1402°5° + 49a5° +
+30ggat5-60gga2s° +6045° +20g5a’s—
—20g5a8° +129 4235 — 49,45 + 69325+ 29 ,5.

Ha puc.4 mpescraBieHbl KpuBble IUIOTHOCTU
pacnipeniesierist P(X) BEPOSITHOCTEVI BPEMEHW BBIIIOJ-

HeHMs1 ajroputMa anaamsa DOM XSS yassumocTy st
IIpUBEIEHHBIX BBIIIe YCIOBUY (B KadecTBe BXOJIHBIX
IIaHHBIX MCIIOJIB30BaJINCh KOPHY IToJIMHOMa (8)).

ITpw sToM puic. 4a cOOTBETCTBYET CIydaro Korga B
KayecTBe BXOIHBIX JIaHHBIX (a +5i) VICTIOJTB30BaJIOCh

3HadeHme X7.

Puc. 46 cooTBeTCTBYeT CiIydaro KOTrja B KadecTBe
BXOIHBIX JaHHBIX VCIIOIb30Ba/IOCh 3HaUeHme X1.

Puc. 4B cooTBeTcTBYeT Cilyuaro KOIrja B KauecTBe
BXOIHBIX JAHHBIX VCIIOJIL30BAJIOCH 3HAUeHe X3.

Puc. 45, cooTBeTcTBYeT Cilydaro KOIrja B KauecTse
BXOIHBIX JAHHBIX VCIIOJIL30BAJIOCH 3HAUeHe x4.

Puc. 4e cooTBeTcTBYeT CiIyuaro KoIja B KauecTse
BXOIHBIX JAHHBIX VCIIOIB30BaJIOCh 3HaUeHe X5.

Puic. 45X COOTBETCTBYET CIIy4aro KOIZIa B KadecTBe
BXOIHBIX JAHHBIX VICIIOIH30BAJIOCH 3HAUeHIe X6.

BuemHmit Bup, KpuBBIX IpadmkoB puc. 4 maer
OCHOBaHWS IIPENIIOIOXNUTh, YTO He BCe HavIeHHbIe
BEIIIle pellleHMs (KOpHM HOoIMHOMa (8)) IpVMeHVMEI
PV MaTeMaTUYecKOM ¥ VIMWUTAIIMOHHOM MOIEJIMPOBa-
HIV B KauecTBe BXOIHBIX JAaHHBIX. Tak 3HaueHUs X1, x6
¥ X7 HEBO3MOXHO B JaJIbHEVIIIEM WCIIOIb30BaTh IIPU
aHa/M3e ¥ MOMEIMPOBaHMN. B TO ke BpeMs BHEIIHWN
BU, TpacdVKOB, TTOTTYIYeHHBIX I 3HaueHm X3 11 x5 TTaeT
OCHOBAaHMS MPEIIONIOXNATh, YTO CIydariHas BeINdMHa
BpeMeHI BBLIIOJIHeHMs ajiropuTMa aHainmsza DOM XSS
ySI3BMIMOCTM VIMeeT FaMMa-paclipefiesieHue.

2
ITposepum 3Ty runotesy no kpurepwuio y -~ Ilup-
coHa [14]:
k
2 * * 2
=N (R -P)/R,
i=1
rae k - uncrto paspsmos (MHTepPBaJIOB) CTATUCTUYECKOTO
*
psama; P m Py - «cratmcrmdeckasi» m Teopermdeckast
BEPOSTHOCTVI COOBITVIS.

B pesyspraTe 3KcIepyMeHTa OBUIM IIOJIy4YeHBI

2
TeopeTnyeCcKre 3Ha4YeHms Y u TabnmmuHOoe 3HadeHVe

2 _
%~ , obpaTHOe MpaBOCTOPOHHEV BEPOSTHOCTU pacIIpe-

2
menenmsa )~ . IlpoBemeHHas HmpoBepKa IIOKa3ajia, 4YTO

BBIIBMHYTYIO TMIIOT€3y MOXXHO CUMTaTh ITPaBIOIIOI00-
HOVI Wi, 110 KparHen Mepe, He IIPOTMBOpeYaIlev mo-
JIydeHHBIM IIpM MaTeMaTM4eCKOM MOMeIVPOBaHUM
pesyJibraram.

DTO mofTBEpXKIATCS TeM, YTO IIPU JOCTaTOYHO
GortbIoM 3HaueHMV HoBepurerbHOv BepositHoctn Q = 0,95
I BCeX paccMaTpvBaeMbIX X2 M X5 COOTBETCTBYIO-

11yie 3HaUeHVIsT xz (£ =193, x% =151)<< XZ =1019
TO3BOJBSIIOT ITPU3HATD PACXOXKIEHMSI MEXITY «CTaTUCTV-

*
uveckvMm» (P; ) u reopetnueckmmu ( Py ) BepositHOCTSIMMI

HaCTyIUIEeHVIA CcoOBITIS HecyniecTBeHHbIMMN.
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Puc. 4. Tpadmk ruiorHocTH pactpeniernerust ((X) BeposSTHOCTV BpeMeH BHITIONTHeHWs aropuTMa anamsza DOM XSS ysissumocTi:

a) COOTBETCTBYET CJTydaro KOI7ia B KauecTBe BXOIHBIX JaHHBIX (a + 5I) VICTIOJTB30BaJIOChk 3HaUeHMe X7; 0) COOTBeTCTBYeT CiIydalo KoIya B

Ka4ecTBe BXOIHBIX JJAHHBIX VICIIOJIb30BaJIOCh 3HaU€eHVe X1; B) COOTBETCTBYET CJIydaro KOIZia B Ka4ecTBe BXOIHBIX JaHHBIX VCIIOJIb30Ba-
JI0Ch 3Ha4YeHue X3; JI) COOTBETCTBYeT CJIydalo KOT7la B KauecTBe BXOJHBIX JJAHHEIX VICIIOIb30BaJIOCh 3HAYeHNe X4; e) COOTBETCTBYeT
CJIy4aro KOIJia B KauecTBe BXOIHBIX JAHHBIX VCIIOIb30BaJIOCh 3HaUeHMe X5; 5K) COOTBETCTBYET CJIydaro KOITIa B KaueCcTBe BXOIHBIX JaH-
HBIX VICIIOJTb30BaJIOCh 3HAYEHMEe X6.

BrIiBoabI

B pabore pa3paboTaH KOMIUIEKC MaTeMaTwde-
CKMX Mofesierl TexHosiorvu TectupoBaHusa WEB-
MIPWIOXKEHUIL. B OCHOBY MaTeMaTWdIecKOoro MOIeTMpo-
Banms nosyioxeH moxaxon GERT-cereBoro cmuresa. B
pesyibrare paspaboTaHbBl MaTeMaTUdIecKye MOJIen
TexHoyorum TectrposaHms DOM XSS ysassumocTi.

Marematudeckast MOieJIb TEXHOJIOTMW TeCTUPO-
BaHuss DOM XSS yssBuMOCTM OT/IM4aeTcss OT WM3BeCT-
HBIX, YUeTOM BBIIIOJIHeHMs win aHaiansza DOM crpykry-
PBL UTO J1aeT BO3MOXKHOCTB IIPOBECTV aHAIUTIUECKYIO
OIIeHKY BpPeMeHHBIX 3aTpaT TeCTMPOBaHWS yKa3aHHO
YSI3BMMOCTYM B YCJIOBVSIX peayiu3alliyl CTpaTernn paspa-
0OTKM 5e30ITacHOTO IIPOrPaMMHOIO O0eCIIeYeH IS

B xopme viccrteoBaHms IIpeCTaBIEHHBIX MOJIesIen
OBUTO OITpelesieHO0, YTO CJIydayiHasl BeJIMYMHA BpeMeHM
BBITIOJIHEHMSI paccMaTpUBaeMbIX TEXHOJIOIMI TeCTUPO-
BaHMS B LIEJIOM COOTBETCTBYET raMMa-paclipelieIeHuUIO.
ITpoBepka 3TOV T'MIIOTe3BI IIPOM3BENeHa 110 KPUTEPUIO
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KoBaaenxo O.B. Texnonoeia mecmyBannsa DOM XSS ypasiuBocmi

Anomayia. B pobomi npedcmabaeni pesyavmamu 00cAiOxeHHA ma aseopummu mecmyBanns na Bpasaubicms 00 00HUX 3 HAULOLALUL
nowupenux 6udi6 amax na Web-0ooamuu - MixcaiimoButi Cxpunmine - XSS (Cross Site Scripting) - DOM XSS. MixcatimoBuii
ckpunmume ye nomuika 6a4idayii npusHaueHux 045 kopucmybaua oaHux, axa 0036oase nepedamu JavaScript ko0 Ha BukoHanHA 6
bpaysep ropucmybaua. Amaxu maxoeo pody uacmo maxox Hazubaroms HTML-in'ekyiamu, adxe Mexanism ix 6npobadxenna oyxe
cxoxuti 3 SQL-in'exyisimu, are na 6iominy 6i0 ocmannix, BnpoBadxybanutl ko0 Bunobrioemucs 6 bpaysepi xopucmybaua. Apeyme-
HmoBano obpanuil nidxio mamemamuyunozo modesoBanta na ocobi GERT-mepesx. IIpoBedeni docaioxenns noxasau, wjo GERT
(Graphical Evaluation and Review Technique) - € memodom 8uBuennsa ma anaiisy cmoxXacmuuHux Mepex, Axi BukopucmoByiomscs
044 onucy AoeiuHoeo 63aemo36'A3ky Mix uacmuHamu npoexmy ado emanamu npoyecy. IoaroBroro memoto GERT e oyinka aoeiku
Mepexi i mpuBasicme axmubrocmi i ompuManta 6ucHobky npo HeobxiOHicmb BukoHanHA deaxux akmubnocmeil. Pospobaeno mex-
Hosoeito mecmyBanns Web-0odamxi6 i i0noBionui komniexc mamemamuunux mooeseil. B ocno8y mamemamuunoeo modestoBanns
nokaadeno nioxio GERT-mepesxeBoeo cunmesy. B pesyavmami pospobaerno mamemamuuni modeai mexroaoeii mecmybanns DOM
XSS ypasaubocmi. Mamemamuuna modeas mexrosoeii mecmybanna DOM XSS ypaziuBocmi 8idpisusemoca 6i0 Gidomux, ypaxy-
Bannam Buxonanns abo anarisy DOM cmpyxmypu. Pospobaeny mextoaoeito moxua BuxopucmoBybamu npu mecmyBanni na 6pas-
Aubicms Web-dodamxy.

Karouo8i caoBa: mecmybanns, DOM XSS ypasaubocmi, GERT-mepexi, ypasaubocmi besnexit.

Kowvalenko O. DOM XSS vulnerability testing technology

Abstract. The paper presents research results and vulnerability testing algorithms for one of the most common types of attacks on
Web-based applications - cross site scripting - XSS (Cross Site Scripting) - DOM XSS. Cross-site scripting is the error of validating
user data, which allows you to pass JavaScript code to execution in the user's browser. Attacks of this kind are often also called
HTML injections, because the implementation mechanism is very similar to SQL injections, but unlike the latter, the implemented
code is executed in the user's browser. The approach of mathematical modeling on the basis of GERT-networks is argued. Studies
have shown that GERT (Graphical Evaluation and Review Technique) is a method of studying and analyzing stochastic networks
used to describe the logical relationship between parts of a project or process steps. The main goal of GERT is to evaluate the logic of
the network and the duration of activity and to obtain an opinion on the need to perform certain activities. The technology of testing
Web-applications and the corresponding complex of mathematical models is developed. The basis of mathematical modeling is the
approach of GERT-network synthesis. As a result, mathematical models of DOM XSS testing technology have been developed. The
mathematical model of the testing technology of the DOM XSS vulnerability differs from the known, taking into account the
execution or analysis of the DOM structure. The developed technology can be used in testing for the vulnerability of a Web
application.

Key words: testing, DOM XSS vulnerabilities, GERT-network, security vulnerabilities.
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