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AHAJII3 EOEKTUBHOCTI PEAJIIBALIIL APUOMETHYHUX
AJI'OPUTMIB HA MOBAX IIPOI'PAMYBAHHA C++ TA PYTHON

A.K. Hosoxuonoe

VY nmaniit po6oTi IpeAcTaBiIeH] pe3yabTaTH 0OUNCIIOBATEHOTO EKCIIEPUMEHTY, METOIO SKOTO € YTOYHEeHHS pealbHol MBUAKOIIT apudmerHd-
HUX QITOPHTMIB 3 BHKOPHUCTaHHAM apU(METHKH JOBITbHOI TOYHOCTI IpH peanizamnii Ha MoBax nporpamyBanHs C++ ta Python. SIk matema-
THYHY MOJENb /sl apu(pMETHIHHX aIrOPUTMIB 0OpaHa LiNOYHCeNIbHA «MalliHa, 0 CKIagae». «MallliHa, 0 CKIafae» — Ii¢ MaTeMaTHYHa
a0Octpakuisi, BBeieHa P. @noiinom ta . KHyTOM, CyTh SIKOT MOJISTae y TOMY, LIO JIMIIE 32 JOIOMOTOK Onepaiil 1o1aBaHHs, BiJHIMAHHS,
MOPiBHSHHS, IPUCBOIOBAHHS Ta 0OMEXEHOI KIIBKOCTI PEeTiCTpiB MOXKHA 3 HPHUHATHOIO OOYHCIIIOBANBHOIO €()eKTHBHICTIO BHPA3UTH OiNbII
CKJIaJIHI omepailii, Taki SK 3HaXO/PKEHHS JIMIIKY 332 MOJYJIEM, MHOKEHHSI, 3HAXODKCHHs HaHOIBIIOro CIUIBHOTO AUIBHUKA, MITHECCHHS 10
crenens 3a MoayaeM. OcoOMHUBICTIO 1aHOI peanianii € BUKOPUCTAHHS apU(METUKH JOBINEHOI TOYHOCTI, 10 MOXKe OYTH KOPUCHHM JUIS BH-
KOPUCTaHHS y KpUNITOTpadiuHUX aIropuT™MaXx.

Kirouosi cioa: C++, Python, GMP, noxaBanHs, BiiHIMaHHA, HAHOUIBIINK CIIUIBHUN TUIBHUK, MIAHECEHHS 10 cTeneHs, ynciaa OidoHayui.

B nanHo# pabote npeacTaBieHbl Pe3yJIbTaThl BBIYUCIUTEILHOTO SKCIIEPUMEHTA, 1IEIBI0 KOTOPOTO SIBISETCS YTOUHEHHE PEANIbHOM MPOU3BO-
JUTENIBHOCTH apu()METHUECKUX AITOPUTMOB C UCIOJIb30BAHUEM ApU(PMETHKU MPOU3BOJIBHON TOYHOCTH IPH pEATM3allMU Ha A3bIKAX IPO-
rpammupoBanusi C++ u Python. Kak maremaruueckas Mmonens Uit apu)METHYECKUX aJTOPUTMOB BBIOpaHa IETOUUCICHHAs «CKJIA/IbIBAIO-
mast MamuHay. «CKIaapIBaloIas MallMHA) — 3TO MareMaThdeckas aOctpakuus, BBenéHHas P. ®@noinom u JI. Kayrom, cyTe KOTOpO# 3a-
KJIIOYAETCs B TOM, YTO C TIOMOIIBIO TOJBKO ONEPALMHA CIIOKEHHs, BBIYUTAHUS, CPABHEHHMSI, IPUCBAMBAHKS U OTPAHHYEHHOT'O KOJINYECTBA pe-
THCTPOB MOYKHO C IPHEMJIEMOH BBIYUCIUTEIbHON 3P PEKTUBHOCTHIO BBIPA3UTh 0OJiee CI0KHBIE ONEPALHH, TAKHE KaK HAXOXJIEHUE OCTaTKa
[0 MOZYJIIO, YMHOXKEHHE, HAX0XKICHHE HAHOOJIbIIEro 00IIero IeUTEeNsl, BO3BEICHHE B CTEMEHb 110 MOIyI0. OCOOEHHOCTBIO JaHHOM peau-
3aLMH SIBIISIETCS HCIIOIb30BaHUE apH(IMETHKH HPOU3BOIBHOM TOUHOCTH, YTO MOXKET OBITh MOJIE3HBIM ISl HCIIOJIb30BAaHUs B KpUnTorpaduye-
CKHUX aJrOpPUTMAaX.

Kurouessie cioBa: C++, Python, GMP, cnoxxenue, BelunuTanue, HanOOIbIIHI OOLHI AETUTeNb, BO3BEICHUE B CTENEHb, Yncia PuboHayyn.

This paper presents the results of the numerical experiment, which aims to clarify the actual performance of arithmetic algorithms imple-
mented in C ++ and Python programming languages using arbitrary precision arithmetic. "Addition machine" has been chosen as a mathe-
matical model for integer arithmetic algorithms. "Addition machine" is a mathematical abstraction, introduced by R. Floyd and D. Knuth.
The essence of "addition machine" is the following: using only operations of addition, subtraction, comparison, assignment and a limited
number of registers it is possible to calculate more complex operations such as finding the residue modulo, multiplication, finding the great-
est common divisor, exponentiation modulo with reasonable computational efficiency. One of the features of this implementation is the use
of arbitrary precision arithmetic, which may be useful in cryptographic algorithms.
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Beryn

CyuacHuii CBIT 32 YMOB BUCOKOTO PiBHSI PO3BUTKY KOMIT IOTEPHHX TEXHOJIOTiIH Ta BUCOKOT KOHKYpEHIIil cTa-
BUTH IEpe]] HayKOBLSIMU Ta PO3POOHMKaMH MPOrpaMHOro 3ale3redeHHs Bce OunbIl CKiagHi 3anmadi. BigmosigHo,
BHUHUKAE IMUTaHHA PO AOCIHIIPKEHHs €eKTHBHOCTI IHCTPYMEHTIB, SIKi MOXKYTh OyTH BUKOPHCTaHI JUIsl aBTOMATH3aLi]
pO3B’sI3aHHS TakuX 3agad. Y JaHii poOOTi Ay MOpiBHSHHSA Oynu BHOpaHi ABa jinepH, SKI BXOISATH JIO INEPLIOi
II’SITIPKK CBITOBOTO PEHTHHIY MOB mporpamyBanHs [1], — e yxe «kimacuyna» moa C++, mporpamu Ha sIKiii KomIti-
JIOIOTHCS, Ta MOBa Python, mporpaMu Ha AKiit IHTEPIPETYIOTHCA 1 sIKa HaOpaja HalOUIBIIY MOMYJSIPHICT 32 OCTaHHI
5 pokiB [2]. Sk TecToBi 3a7adi BuOpaHi apupMETHYIHI aNTOPUTMH, IO MOXKYTh OyTH MPOMOAEITHOBaHI 33 TOTIOMOTOI0
«MAIluHY, IO CKIAZaey», IKa Ma€ HACTYIIHI [iKaBi BIACTHBOCTI.

PosrisiHemMo oOMexeHuil HaOip omeparii: MPUCBOEHHS, OAaBaHHs, BiAHIMAHHS Ta MOPIBHSIHHS ABOX LIUIMX YH-
cen. BuHukae 3amada eeKTUBHOI peamizaiil iHIIUX, OUIbII CKJIAJHUX OIepaliif, BUKOPUCTOBYIOUH TUIbLKH HaBeAEHI
BHIIIE MPOCTI oneparii.

VY pob6orti [3] P. ®moiinom Ta JI. Kayrom Oyia 3amporoHoBaHa Taka MaTeMaTHIHA aOCTpaKIlis, sSIK «MaIIHHH, 10
cknanaoThy (anri. addition machines), 1 Oyso JoBeneHO, IO 3 TX TOMIOMOTOK MOXKJIMBA peai3allis CKIIQJHUX onepaiii
3 JIHIHHUM YHOBUTbHEHHSIM. J[0 TakMX CKJIaJHHUX OIEpaliil BIAHOCATH 3HAXOJKEHHs JIMIIKY 32 MOJYJIEM, MHOKEHHSI,
ITeHHs, 3HaXOMKEHHS HAOLIBIIIOro CIUTFHOTO AITPHHUKA Ta MITHECEHHs O CTeMeHs 3a MomylieM. Bapro 3a3HauuTw,
110 33 ZOTIOMOT'OI0 IIUX CKJIAJHHX ONepamiii BUpaKaeThcsl 3HaYHA YaCTHHA apU()PMETHUHUX aJITOPUTMIB, SKi BUKOPHCTO-
BYIOTBCSI y CY4aCHHMX KPHUNTOrpadiyHUX MPOTOKOJIAX.

TakuM YMHOM, «MaIIMHHM, 10 CKJIAJAI0Thy — LIe MaTeMaTudHa abCTpakuis, sKa siBIsiE 0000 0OUMCITIOBAIBHUM
TIPUCTPIiH 3 0OMEKEHOI0 KUIBKICTIO PEricTpiB, Haj SKUMH MOXKHA 3J[IICHIOBATH JIMILE TaKi omeparii:

1) BBeneHHs: read x;

2) BUBEIICHHS: Write X;

3) IPUCBOIOBAHHSA: X «— );

4) nomaBaHHS: X «— X + V;

5) BiZHIMAHHSA: X «— X — };

6) MOPIBHSHHS: X > V.
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«MatuHy, 10 CKJIAAI0Th» MOXYTh MPALIOBATH SK 3 LIIMMH YUCIAMH, TaK 1 3 AIUCHUMH. Y IaHiid poboTi yci
orepariii BB&XKa€EMO TaKHMH, 10 3JIHCHIOIOTHCS HaJl [UIMMH YHCIIaMH, TOMY OIHMCaHUM NPUCTPId Ha3MBAETHCS LIIOYH-
CEIIbHOI0 «MaIINHOIO, 10 CKIIAJIae.

MerToto 1aHOi poOOTH € TOCIiIKESHAS €(EKTHBHOCTI aJTOPUTMIB IIIOUYMNCENBHOI «MAIITIHH, M0 CKIaNae» MpH ii
peaizauii 3a normoMorot0 MoB nporpamyBanHHs C++ i Python, BukopucToByroun apuMeTHKy NOBUIBHOI TOYHOCTI.
BukopucranHs apuMETHKU IOBiIBHOT TOYHOCTI Oysio BHOpaHe y 3B'SI3KY i3 MOMNIIMBHM MOJAJBLUINM 3aCTOCYBaHHIM
pe3yIBTaTiB JAHOTO JOCITIHKEeHHS Y KpHurrorpadii.

MeToanka a0 KeHHS

VY naniit po6oTi 0OMEKHUMOCS PO3IJISIOM 1 MOPIBHIHHAM TaKHMX ONEPAIliil HAI [IIIMMH YHUCIIAMHE:

1) MHOKEHHS JJBOX YHCEIT;

2) miTHECEHHS 10 CTETIeHS 3a MOyJIEM;

3) 3HaXO/KEHHS JIMIIKY 32 MOIYJIEM;

4) 3HaxOKeHHS HaiOlIpmIoro crinsHoro autsHuka (HCII).

VY pobGori [3] Oynu HaBeqeHI HACTYIHI TEOPETHYHI OL[IHKK CKJIaJHOCTI OMepalliii, siki MOXyTh OyTH peaiizoBaHi
3a JJOMOMOTOI0 «MAIluHH, 1110 cKianae» (tadmuili). Takox JaHi OIIHKA MOYKHA 3HAUTH y poOOTi [4].

OCHOBHOIO 1JIEEI0 AITOPUTMY 3HAXOJKEHHSI JIUIIKY BiJl [[LJIOYUCEILHOTO JiIEHHSI, SIKUM OyB 3aPOMOHOBAHUIMA
P. ®@noitnom ta 1. Kayrom y [3], € BukopuctanHsa mnpenctaBieHHs PiOOHAYUI 3aMicTh TpamuIiifHOro OiHApHOTO
npeacraBieHHs. Binomo, 1o Oy/ab-sike HEeBiJl'€MHE LijIe YUCIIO MOXKe OyTH NpeacTaBieHe cymoro yucen Dibonaqui.
Jaini KIr040BHMHU MOMEHTAMU € Te, 110, MO-TepIIle, 3a JOMOMOTOI0 «MAIIHHH, IO CKJIAJAA€» MOXHA JIETKO MEPEeX0IH-
TH Bix napu uucen ®ibonauui < F,, F, | > no HactymHoi napu < F,,, F,,, > BUKOPUCTaHHAM JIMIIE OJHIi€] onepanii
JoAaBaHHA, a0 10 momnepenHboi mapu < F,_;, F, > nuime 3a J0IOMOToro ofHiel onepanii BinHiManHs. Yuciaa dDido-

Ha44i 3pOCTAI0Th EKCIIOHEHIIIHHO, a caMe TOMY MOXYTb OYyTH BUKOPHCTaHI SIK aHAJIOTH CTEIeHIB JABIHKH.

Tabmuns. Uuceno kKoMaH pericTpoBoi MaIlMHK IPH BUKOHAHHI apU(QMETHYHUX OTepariii

Onepaunist Yac BUKOHAHHSA
Jlumiok x mod y O(log(x/y))
MHOXEHHS Xy O(log(min(|x|,|y|))
Lina yactuna y/z O(log(|y/z|))
Haii6inpmmii cninsauit nineank HC/(x,y) O(log(max(x,y)/HC/](x,y)))
Excnonenta x* mod z O((log y)(log z)+log(x/z))

Y KOMaHZax pericTpoBoi «MaIllMHH, IO CKIAAAE» aITOPUTM 3HAXOIDKEHHS JIMIIKY BiJ LITOYMCENbHOTO ALICHHS
x mod y (P1) mae HactynHuid Bursig [3]:

PI: read x; read y; { BBaxkaerbcs, mo x>0,y >0}
if x >=y then

begin z «— y;

repeat <y, z> «— <z, y + x> until not x >=z;

repeat if x >=y then x < x - y;

<y, 7> «— <z -Y, y>;

untily >=z;

end;
write X.

Omneparis <y, z> <« <z y + x> [03HAYa€ OJHOYACHE TMPHCBOIOBAHHI y <« =z Ta
Z< ) +x.

AHasioriyHo anroput™ obuucienss x[y/z] (P2) y koMaHgax perictpoBoi «MalllMHH, IO CKJIAJA€E» € HACTYII-
HuM [3]:
P2: read x; read y; read z; { BBaxaeTpcs, moy >0,z> 0}

W w-w;
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if y >=z then
begin u «— x; v« z;
repeat <u, x> «— <x, u +x>; <y, z> <« <z, v + z>;
until noty >=z;
repeat if y >=v then <w, y> «— <w +u, y - v>;
<U, X> «— <x-u, u>; <y, z>«— <z-vy, y>;
until v>=z;
end;
write w.

Aunroputm obGunciienHs HaiOipmoro cnibHoro ainsbHrka HCJI(X,y) (P3) y koMaHIax pericTpoBoi MaliHU BH-
IJIs11a€ HACTYITHUM YMHOM [3]:

P3: read x; read y; { BBaxaerbcs, mox >0,y >0}
Z )Yz« z+z
while noty >=z do
begin while x >=z do <y, z> «— <z, y + z>
repeat if x >=y then x < x - y;
<y, Z> «— <Z-y, y>

untily >=z;
<X, Y>> — <Y, x>z ) 2zt 2z
end;

write X.

I, HapermITi, OCTaHHI# BaXXTMBHH aaroput™ obGuucieHHs X' mod z (P5) 3a JOMOMOTOK «MAIlHHH, 10 CKJIAIA€»
BHUKOHY€THCSI HACTYITHIM YHHOM, BPaXOBYIOUH JOTIOMDKHUH anroputM P4 [3]:
Plu—Lv—liwe—y {u=F,v=F.,1=1}
repeat <u, v> «— <v, u + v>untilnotw>=v;, {u=F,v=Fy,y>u}
re—Il;s—ILt—t-t; {u=F,v=F., 1=}
repeat if w >=u then

beginw —w-u; t —t+s;

end;

<u, v> «— <v-u, u>;

<r s>« <s,r+s> {l—1[-1}
until u >=v.

P5: read x; read y; read z;
<7, S, 1> <F), Fjyu, yR> {x=x,w=x51,1=1}
X<—xmodz, wex; u<I;
repeat if t >=r then
begin t «— t - r; u «— (uw) mod z;
end;
<r, §> «— <s-1,1r>;
<x, w> «— <w, (xw)modz>; {I=1+1}
untilr >=s;
write u.

Pe3yabTaTtu nociigkeHHs

Juis peamizarii anropuTMiB Oyiu BUKOPUCTaHI MOBH MporpamyBaHHs C++ 3 0i0i0TeK0I0 apuMeTHKH TOBIITb-
Hoi Tounocti GMP [5] ta Python 3 BOyn0BaHO MiATPUMKO apu(METHKH TOBUIbHOT TOYHOCTI. Jlesiki Oiibin riauboKi
pe3yJbTaTy MOpiBHIHHS eeKTHBHOCTI MOB nporpamyBanHs C++ ta Python mictsaTses y po6orTi [6].

XapaKkTepuCTHKU MEPCOHANIBHOTO KOMIT'TOTepa, Ha sIKOMY OyJIo IMPOBEAEHE TECTYBAaHHS Pealli30BaHUX aJITOPUT-
MiB, Taki: npouecop Intel Pentium Duo 2.8 I'Tu, 4 I'6 oneparusHoi nam’siti, OC Ubuntu 14.04 LTS x64. Bepcii npo-
rpamHoro 3a6esnedcHus: GCC 4.8.4, GMP 5.1.3, Python 2.7.6.

Ha puc. 1 moka3zaHO pe3ynmpTaTd MOPIBHSHHSA MIBHAKOAII amroputmy Pl (x mody) Ha mepcoHaIbHOMY
KOMII'FOTepi IpH peatizamii Horo 3a JomoMoror MoB nporpamyBanHas C++ ta Python.
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Puc. 1. IlopiBHSIHHS yacy BUKOHAHHS Ollepallii 3HaX0PKEHHS JIMIIKY Bij AIJICHHS MU peatti3amii Ha MOBaX Iporpamy-
BanHs C++ ta Python

Ha puc. 2 moka3aHo pe3yibTaTv NOPIBHSHHA MBUAKOI] anroputMmy P2 (x[)/z]) Ha nepcoHaIbHOMY KOMI I0TEpi
Ipy peadizamnii foro 3a gomoMoroo MoB nporpamysanHs C++ ta Python.
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Puc. 2. TTopiBHSIHHS yacy BUKOHAHHS oliepanlii MHOKEHHS JI0 CTEIeHs IIPH peatizarlii
Ha MoBax nporpamyBanHns C++ ta Python

Ha puc. 3 mokasaHo pe3ynbTaTH HOpIiBHAHHA MmBUAKonil amroputMmy P3 (HC/(x, y)) Ha mnepcoHaIbHOMY
KOMIT I0Tepi IpH peaizaiii Horo 3a I0MmoMoro MoB nporpamyBanas C++ ta Python.
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Puc. 3. TlopiBHAHHS Yacy BUKOHAHHS omeparlii 3HaX0KEHHsI HAalHOIBIIOT0 CIIUTEHOTO IiTFHUKA
IIpy pearizanii Ha MoBax nporpamysanHs C++ ta Python
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Ha puc. 4 mokasaHO pe3yJbTaTd MOPIBHSHHS MIBHAKOMII amroputmy PS5 (X’ modz) Ha TepcoHaIbHOMY
KOMIT IOTepi NP peatizawii Horo 3a 1onoMorow MoB nporpamyBanus C++ ta Python. [{is 3py4HOCTI TecTyBaHHS SIK
creninp y Oyina oOpaHa KoHCTaHTa 16.
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Puc. 4. TlopiBHAHHS Yacy BUKOHaHHS Omepauii MJHECeHHs JI0 CTENEHs IPH peatizarlii
Ha MoBax mporpamyBaHas C++ ta Python

BucHoBku

B pesynbrati pocnimkeHHs OynM OTpUMaHI YUCENIbHI XapaKTePUCTHKH e(EKTUBHOCTI aIrOPUTMIB «MAIIHHHU,
0 CKJIajae» Ta noOyJ0BaHi BiANOBIAHI rpadiku, 110 J03BOJIWIIO HA MPAKTHUI MIATBEPIUTH Ta YTOUYHUTH TEOPETHUHI
OLIIHKK CKJIQIHOCTI JaHUX ajropuTmiB, BuBeaeHi P. ®noiigom ta J[. Kayrom. OfHUM i3 MPaKTHYHUX 3aCTOCYBaHb
PO3TJISIHYTHX aJrOpUTMIB MOXe OyTH iX e(eKTHBHE BHUKOPUCTAHHS Ha CIELiaIbHO MOOYJIOBaHOMY anapaTHOMY
3a0e3neueHHi, HanpukiIaa, o cxemu RSA [3, 7], ocHOBOIO sKOi € omepailisi MiAHECEHHS 10 CTEMEHs 3a MOIyJIeM
(x” mod z), a TakoX 3acTOCYBaHHs y KpUOTOrpadivHUX MPOTOKOIAX AJIsI BUMIAIKIB, KOJIH HAGIp JOCTYIMHUX Oepariii
€ 0OMEXEeHHM.

EKCHCpI/IMCHTaJII)HI/IM HIJIAXOM 6yJ'H/I OTpI/IMaHi TaKi OCHOBHI pe3ysibTaTu:

o st C++/GMP cepenust BUAKOMAIS BOYIOBaHMX CKIAHHUX omnepawiii € y 47 pa3iB OIbIIO0, HIXK 1X aHAIIOTIB,
peasTi3oBaHKX 3a JOMOMOTOI0 «MAIMHH, 110 CKIAIae;

e i Python cepenHs mBuaKozis BOYJOBaHUX CKIIAIHUX orepamiil € y 228 pasiB OIBIIO0, HIX iX aHAJIOTIB,
peati3oBaHMX 3a JOMOMOTOK «MAIIUHH, 1[0 CKJIAIaE);

e pearnizauig Ha C++/GMP apumMeTHuHNX AITOPUTMIB «MaIIWHHM, IO CKJIaKae» € y 3,8 pasy HIBHIMION 3a
aHaJoOrivyHy peaizariro Ha Python.

ixaBum ¢akrom € Te, mo mBuakogis anroputmy HC/(x,y) Ha C++ € TOBHICTIO OJHAKOBOIO 5K s BOyIO0-
BaHoi onepanii mpz_ged() 3 6i6miorekn GMP [5], Tak i 1y fioro peamizalii 32 TOTIOMOTOI0 «MAIITMHU, IO CKIAIAEY.
Hns Python-peamizanii anroputmy HC/[(x,y) curyaris cxoxa: ctanmapTHa ¢pyrkmig fractions.ged() mume y 2 pasu
MIBU/IIA 33 PEaTi3aliio 3a JOIOMOT0K «MAIlHHI, 0 CKIATae.

OTxe, pe3ysIbTaTH eKCIIePUMEHTAJIBHOTO MOPIBHAHHA HAJalOTh MOKIUBICTH 3pOOMTH BHCHOBOK IIPO T€, IIO
pearizaiisi apupMETHUHNX AJITOPUTMIB HaJ LIUIMMH YHCIaMu AOBLIbHOT TouHOCTI HAa C++/GMP € B cepennboMy y
3,8 pa3 mBuamow0 3a Python-peanizariiro, ajie y To# e dac mpoiiec nporpamyBants Ha C++ € CKIaIHIIINM.

3aranioM, inTepnperarop Python mokazaB nocuTh BUCOKY HIBHIKOJIIO, IO pa3oM 3 BOYJIOBaHOIO apuU(MeTH-
KOO JIOBUJILHOT TOYHOCTI, 3pYYHICTIO IIPOrpaMyBaHHs Ta PI3HOMAHITTSM MPOrpaMHHUX MOJIYJIB poOuTh MOBY Python
OJTHUM 3 NEPCHEKTHBHUX IHCTPYMEHTIB JUIS JOCHIJHUKIB B 00jacTi iHpOpMaTHUKH Ta MareMaTHKH. Y TOH ke 4ac, €
KJIac 33714, sIKi MOXYTh OyTH e(DeKTUBHO BHpIlIEH] TUIBKU 3a JoroMororo MoB C/C++ (BiAmoBiiHO, i 3a JOTIOMOT0OI0
MoBU Assembler), HampuKkiIan, HaNWCAaHHA ApadBepiB MPUCTPOIB, MPOTpaMyBaHHSA MiKpPOKOHTposepiB. Tomy mms
KOXKHOTO KJIacy 3a/a4 HeoOXiTHO MpaBUILHO BUOUPATH IHCTPYMEHTH 3 ypaXyBaHHSM IMPIOPUTETIB Ta YHUKATH CYIIe-
PEYOK 3 IPUBOY «HAWKpAIIOi» abo «iealbHO» MOBHU IMPOTpaMyBaHHS.
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