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O61ias xapakTepucTuka padoTbl

AxTyanabHocTh TeMbl. Jluccepranmontas padoTa MOCBAIIEHA, PEIIEHUIO
3amaun ToCTpoeHust (PPEKTUBHOTO MPOTPAMMHOTO OOeCTIedeHust s pea-
sgusaiuu anroputMoB Bbraucienus HOJL (maubosbinero oOIMIEro JIe/iuTeis)
HATYPAJbHBIX YHUCEJ C TOYKHM 3DEHUsS WX MPUJIOKEHUN K BBIYUCICHUAM C
JUTHHHBIME 9UCTIAMH, UCTIOIB3YEMbIX B KPUITOrpaGUu U TEOPUU dHceT. 3a/1a-
4a Bbluuciaenus Haubosbiiero obuero pesurens (HO) marypanbabix duces
npejcrapisger coboil ofHy u3 Hambojiee PACHPOCTPAHEHHBIE 3a/ad, HMEO-
IIIUX PA3JIUIHBIE MPUJIOKEHUsI B COBPEMEHHON BBIYNCIUTEIBHON MaTeMaTuke.
Iporeaypa Borauciaenus HOJL mpucyTcTByeT BO MHOIUX KPHUITOCHCTEMAX U
anropurMax dakropusanuu. VIMEeHHO TIO9TOMY, HCCIEIOBAHNE ATTOPUTMOB Bbi-
gucyienus HOJL siBiisiercst BasKHON TEMOIi.

C pa3BuTHEM MOIITHBIX KOMIIBIOTEPOB, III00AJIbHBIX KOMIIBIOTEPHBIX CeTei
1 uH(MOPMAIMOHHBIX TEXHOJOTWH CTAHOBUTCS OOJiee BAXKHOW W 3a/1a4a 3alliu-
o1 nHdOpMarun. Kpunrorpadus padoraer ¢ JIUHHBIMEA TUCIAMEI, BLITOTHA
3a/a9¥ TeHEepalnu KPUNTOrpadhUIeCcKuX KJIIOUel, omepanun mudpPOBAHU
u nemudpoBanusa AaHHBX. COBpeMeHHbIe KPHUNTOrpaAMDUIECKHe aJITOPUTMbI
paboTaloT C KOHEYHBIMU MOJIAMU OOJIBIION PA3MEPHOCTH, BBITOJIHSAST MHOTOYHC-
JIEHHBIE MOy IsIpHbIE Bbrauciaenus. OOpaTHbie BBIYUCTICHUS B KOHETHBIX MOJISIX
HEOOXOIMMO UCIOIB3YIOT PACIIUPEHHbIH ajropurM EBKIHMIa U 0poreaypy Bbi-
gucsienus HOJL B paccmarpuBaeMbix airedpanvecKux CTPyKTypax.

Boraucienne HOJI siByisiercs BazkHo# yHgaMeHTaIbHON 3a1a49€eil Teopun
4qUCeJl, YCIEIIHOe PELIeHue KOTOPOH MMO3BOJILeT yCOBEPIIEHCTBOBATD AJITOPUT-
MBI TITHPOKOTO KJIACCA TPUKJIAIHBIX 337a4, CBA3aHHBIX C HCIOJIH30BAHUEM
COBPEMEHHOI acuMMeTpudnoii kpunrtorpaduu (anropurmbr RSA, Pabuna,
Qub-Tamains, snekrpornoil mudposoit moanucu DI, uccremoBanue mopsiaka
S/TMITHYECKOH KpuBoii)!'?. Kak IpaBuio, cOBpeMeHHble KpHITorpapuaeckue
AJICOPUTMbL PABOTAIOT € JVIMHHBIME YUCJIAME U HPELyCMATPUBAIOT MPOLELYDPY
peranciaenns wx HOJ*.

Haubosee pacrnpocrpanennbiM U3 TAKUX AJITOPUTMOB HABJISETCH KJIACCHU-
geckuii agropurm Epkanma. OaHaKO W3BECTHBI W IPYTHE AJITOPUTMBI, OOl
[EIBI0 CO3JIAHUS KOTOPHIX OBLIO CTPEMJIEHNE YMEHbBIIUTD CJI0KHOCTH BBIUHCIIE-
uust HOJI, cokparuTh BpeMs €ro IOucKa.

"Mmmyxameros 1. T. TexHosornu 3ammuTsl HEGOPMALKHE B CETH, METOLMYECKOe I0CO0He,
Kazanb. — 2010.

2Py6uosa P.I., Mnmvyxameros IT1.T. u ap. MaTeMaTuvyeckue OCHOBBI 3amuThl HH(GOPMa-
muu. — 2012.

3Ishmukhametov Sh., Mubarakov B., Mochalov A. Euclidian algorithm for recurrent
sequences, Applied Discrete Mathematics and Heuristic Algorithms // International Scientifi
¢ Journal.-Samara . — 2015. —Vol. 1, no. 2. — Pp. 57-62.

AUmmyxameros 1. T. Meroms: haxTOpH3aIuy HATYPATBHEIX THCeN: yaeGHoe mocobme. —
2011.
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OHUM U3 CAMBIX MEPCIEKTUBHBIX TAKUX aJTOPUTMOB SABJISETCA k-apHbIii
asroputMm moncka GCD, onybimkosanubiii B 1990-x rogax /I:xonaranom Co-
penconom®:%7, Tlo cpaBHEHUIO ¢ KJIACCHYECKAM AJrOPUTMOM EBK/IHIA JAHHBI
QJICOPUTM IIO3BOJIAET 3aMETHO CHU3UTH BPEMs BbIMHUCJIEHUN IIPU AKKypaT-
HOM BBIOOpe mapamerpa k. B mambmeiimem camum COpEHCOHOM W JIPYTUMU
VIEHBIMU OBLIO TPEJIOKEHO HECKOJIBKO BAPUAHTOB YJIYUIIEHUS W MOJAMMDUKA-
mun k-apuoro anropurma’®? ', OrHnM 13 HEX ABIZETCA ANMIPOKCHMUPYIONTHIL
k-apublil anropur™, npeainozkennbrii npod. 1. T. MmmyxaMeTobiM' .

ITeap paboTsl. llebio qanHO PADOTHI SABIIETCS CPABHUTETHHOE HCCIIe-
JoBaHue Tpex aaropuTmoB Bbrancaenus HOJl IIuHHBIX HATYPATBHBIX UHCEI:
KJTacCU4Ieckoro ajropurma EBknnaa, k-apuoro aaropurma /Ix. Copencona, ar-
npokcuMupyiomiero k-apuoro ajropurma L. T. UmvyxameroBa u pa3paborku
3P PEKTUBHOTO MPOrPaAMMHOT0 0OECIIETIeHNS 115 PEATTU3AINN STUX AJITOPUTMOB
U YCKODEHHUs OllepaIuil BbIYUCIeHns] HAUOObIIEro OOIero [ejnTens C JJInH-
HBIMU IIEJIBIMUA YHCJIAMHU.

CreneHp pa3spaboTaHHOCTH TeMbI. 337a49a CPABHUTEIHHOIO H3yde-
Hus Tpex ajaroputmos Beraucienus HO/l u mocrpoenns 3¢dpdeKTuBHOTO mpo-
rpaMMHOrO OOecredenus JJis WX BBIIOJHEHUs BBIIOJHEHA B MOJHOM OObEME.
Pazpaboran maker mporpamm, peann3yiommuii 06a30Bble BEPCHH PACCMATPH-
BAEMbIX aJI'OPUTMOB, CHUCTEMA TECTUPOBAHUs, IEHEPUPYIOIIAd I[IaPbl HHUCEJI
3a/IAHHON JIJIMHBI W BBIMOJTHSIONIAS KOHTPOJIb 3HAYEHWH PA3IUIHBIX MTapaMer-
POB BBIYKC/IEHUS] TAKWX, KAK BPEMs BBITIOJHEHUs BCE MPOIEIyPHI, CPEIHEE U
MAaKCAMAaJIbHOE YUCJIO UTEPAIUi [IJIs KaXKI0r0 U3 PACCMOTPEHHBIX AJTOPUTMOB
u nabopos map uuces 3amanuoi umabl o 100 10 3000 6ut, BiausHue pa3and-
HBIX METOJIOB YCKOPEHUS HA CXOAMMOCTH Hporeaypbl Bbraucsaenus HO/Z.

C mOMOIIBIO TUX MPOTPAMM OBLIN TIOJIYY€HbI THCJIEHHBIE OIEHKU CXOIH-
MOCTH TPEX PACCMATPUBAEMBIX AJTOPUTMOB JIJIsi PA3JIMIHBIX BXOIHBIX HAOOPOB
JIAHHBIX, BBIBEJIEHBI TOUHBIE OIEHKN BPEMEHU BBITIOJIHEHUS TTPOIETYPhI BBIUIC-
gerans HOJl u gucna wrepanumii, nokazaHa 3MQOEKTUBHOCTD HUCIOTb30BAHMS
k-apuoro asropurma Copencona KAPU u anmpokcuMupyIiomero ajropurma

5Sorenson J. The k-ary GCD algorithm. — University of Wisconsin-Madison, Computer
Sciences Department, 1990. — Pp. 1-20.

6Sorenson J. Two fast GCD algorithms // Journal of Algorithms. — 1994. — Vol. 16, no.
1. — Pp. 110-144.

"Sorenson J.P. An analysis of the generalized binary GCD algorithm // High Primes and
Misdemeanors: Lectures in Honour of the 60th Birthday of Hugh Cowie Williams. — 2004.
— Pp. 327-340.

8Weber K. The accelerated integer GCD algorithm // ACM Transactions on
Mathematical Software (TOMS). — 1995. — Vol. 21, no. 1. — Pp. 111-122.

9Jebelean T. A generalization of the binary GCD algorithm // Proceedings of the 1993
international symposium on Symbolic and algebraic computation / ACM. — 1993. — Pp.
111-116.

1OWang X., Pan V.Y. Acceleration of Euclidean algorithm and rational number
reconstruction // STAM Journal on Computing. — 2003. — Vol. 32, no. 2. — Pp. 548-556.

Mishmukhametov Sh. An approximating k-ary GCD algorithm // Lobachevskii Journal
of Mathematics. — 2016. — Vol. 37, no. 6. — Pp. 723-729.
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AKA 11 pernienust TpakKTUYIECKUX 3aa9 Teopur dnces u kpunrorpadun. Tak-
2Ke ompejiesieH HOBbIN KoMbuaupoBanubiii amsroputm KOMBU, coenunsromunii
[IPOCTOTY KJIACCHYECKOro ajyropurma EBK/MIa U 10CTOMHCTBA k-apHOTO ajro-
pUTMa ¥ BBIMOJHAIOMMICA ObIcTpee 000uX AJITOPUTMOB.

s 1OCTHIKEeHWsI TIOCTABJIEHHON 1€ ObLIM PEeIIeHbl  CIeyToIime
3aavm:

1. Boimosinen ananus coBpeMeHHbIX aaroputmoB Boraucaenus HOJI nary-
pPabHbIX YKcea — Kaaccudeckoro aiaropurma Eskimga KAE, bunapso-
ro anropurma Creiina, k-apHOro aJropuTMa U AIMPOKCUMUDYIOMIErO
k-apHOTO aJIropuTMa;

2. Pazpaboran mporpaMMHBIil KOMILIEKC /TSI BHITOJTHEHMS TOJTHOIIEHHOTO
TECTUPOBAHUS BCEX TPEX PACCMATPUBAEMBIX B JUCCEPTAIUU AJTOPUT-
MOB, OIIEHKH BJIUSIHUS BXOJHBIX M IIPOMEXKYTOYHBIX MMapaMerpoB Ha
CKOPOCTH BBIIOJHEHHUS IIPOLELYPhI, YUCJIO UTEPAIMI U BPeMs, 3aTpa-
YUBAEMOE HA KaXKI0i MTEepallnu U BCEi TMPOIEIyPHI B IIEJIOM.

3. Pazpaborannl 3] HeKTHBHBIE peanTn3aliiid AJTOPUTMOB BBIYHUCICHUS
HO/I, ¢ ucniosp3oBanneM oubanoreku qumaHbIX ynces MPIR! B cpene
Visual Studio, Ha OCHOBE COBPEMEHHBIX MPUHIUIIOB IPOTPAMMUPOBA-
HUA;

4. BuINOMHEHBI SKCIEPUMEHTAIBHBIE BHIYUCIEHUS U COOP CTATUCTUIECKO-
0 MaTepuaja MO CKOPOCTH BBLIMOJHEHUS TUX AJTOPUTMOB U UHUCILY
WTEpaIuii B 3aBUCAMOCTH OT BhIOOpA ITapaMerpos;

5. Beimonueno yckopenue anroputmos serauciaennss HOJl va ocroBe moz-
6opa 3(pHEeKTUBHBIX TMAPAMETPOB U UCIOTH30BAHUS TPEITAO NI,

6. Pazpaboranbl npakruiecKkue MPUIOKEHUs aJIOPUTMOB JIJIs PELIeHUs
CJIOYKHBIX BBIYUC/IUTENIHBIX 3824 (IOUCKA CTPOrO MCEBIONPOCTHIX Uh-
ceJsI /I yCKOpeHus Tecta mpocToThl Munepa-Pabuna.

Hayunas wHoBusHa: ANmpoKCHMUpYONNi k-apHbI aJropuTM sIBJISET-
csa coBpeMenHbIM 3 derTuBHbIM anroputMom Beraucienns HOJI, paspaboran-
et [I1.T. MmvyxameroBbiM. JIo HACTOSINErO BpeMeHH He ObLTO HH OIHOM
[IOJTHOHN Peasin3anyu 3TOr0 aJaropuTMa [Jisi PA0OTHI C JUIMHHBIMA 9ucjamu. Tak-
2K€ HUKEM HE BbBIIOJHAIOCHh CPABHUTEJIHLHOE TECTUPOBAHUE DTOrO ajroOpUTMa
B CPaBHEHWHU C JIPYTUMHU W3BECTHBIME ajroputvamu Bbranciaenus HO/. Dra
pabora Oblia BHITTOJIHEHA BIIEpBbIE B HaImeil aucceprammn. Havm mokazano ad-
COJTFOTHOE TIPEBOCXO/ICTBO JTAHHOTO aJIrOPUTMA HAJ KJIACCHIECKIM AJITOPUTMOM
EBknuna u k-apubiv anropurmMom COpeHCOHA MyTeM BBITOTHEHWST SKCIIEPUMEH-
TAJIbHBIX BBIYUCIEHUI C 9UCJIAMU PA3JIUIHON JIJIWHBL.

Takke HaMu OBLTH Pa3pabOTAHBI METObI, YCKOPSTOIIHE BLIMTOJHEHNE
9TOr0 AJTOPUTMA C HCIOJIb30BAHMEM OCODEHHOCTEH IMPEe/CTABICHUS [JIMHHBIX
qucesn B bubsimoreke MPIR u ucnosb3oBanus psgos Papes /isd ampoOKCHMa-
[UU TTAPAMETPA, (v, UTPAIOIIETO OCHOBHYIO POJIb B 9TOM AJTOPUTME.

2Torbjorn Granlund and the GMP Development Team. The Multiple Precision Integers
and Rationals Library Edition 2. — 2015. — URL: http://mpir.org/mpir-2.7.2.pdf
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OcCHOBHbIE JOCTHXKEHUs JIUCCEPTALUMU COAEPXKATCSA B CJIEAYIOIIEM Iie-

peune:

1.

Paszpaboran nporpaMMHbIH KOMILIEKC, PEAJU3YIONUil PACCMOTPEHHBIE
QJITOPUTMBI U BBITOTHAIOMNNM OMEHKN nX (PDEKTUBHOCTH HA SI3BIKE
nporpamMuposanus s36lk C++ B cpese Visual Studio ¢ ucronbzosa-
HreM Oubmorekn gmuHHBX drcen MPIR);

Haiiienbr onTumasibHble 3HAYEHUs] [MapaMeTPOB, OOECHEUUBAIOIINX
OBICTPOE BBIMOJHEHUE K-apPHOIO U ALIIPOKCUMUPYIONIErO AJINOPUTMOB
JJ1d TIap 9ucesl pa3JIudHON JITUHBI;

JlokazaHo TpaKTUYeCKOe yCKOpeHwme mpornenypbl Bbraucsaenns HOJL
C WCrosIb30BaHueM k-apHOrO W ANMpPOKCHUMUPYIONEro k-apHOro aJ-
TOPUTMOB O OTHOIIEHUIO K KJACCHIECKOMY aaropurmy EBKInga u
OMHAPHOMY AJTOPUTMY;

BrrmonreHo nccaeoBaHmne CKOPOCTH CXOIUMOCTHU k-apHOTO aJrOPUTMA,
Copencona npu c¢aBure 00JaCTH 3HAYEHUN MapaMerpoB X, Yy, Haiime-
HbI ONTUMAJIbHBIE MAPAMETPHI W JI0KA3AHO MPAKTHIECKOE YCKOPEHWE
k-apuoro aiaropurma g0 20

BoimosireHbl  9KCIEpUMEHTAIBHBIE  OINEHKH CKOPOCTH  BBIYHUCICHUS
HOJI nyist qucen pas3inaHoOl pa3psiHOCTH J1Jisl AIIPOKCUMHUPYIOIIEro
k-apHOTO aJITOPUTMA, TTOJIYIEHbI YUCEHHBIE PE3YIbTATHI CXOIUMOCTH
9THUX aJTOPUTMOB B Bue TaOaUIl ¥ IrpadUKOB M0 YUCIY UTEpAIuil u
BPEMEHU BBIYUCIEHUN /I 9uces pazanauoit gaaunst 10 2000 mecatud-
HBIX pa3psaaoB (upumepHo, 6500 Gur).

Paszpaboran nosbiii komOunuposanubiii aaropurm KOMBIU Bbramc-
sneanst HOJI, OCHOBAHHBIN Ha COYETAHWM HA, PA3HBIX HUTEPAIUAX
anroputMoB EBkymaa u k-apHOro ajaropurma, paboTaomuil 10 IBYX
pas ObIcTpee, YeMm ucxomube anroputmbl EBkianaa u Copencona.

TeOpeTI/I‘IeCKaSI " IIpaKThu4deckKkad 3Ha4YMMOCTb paGOTI)I. B JAuccep-

Tanuu OBLTH WMCCIEIOBAHBI W MOCTPOEHBI HOBBbIE 3((PEKTHUBHBIE BEPCUU aJl-
ropurmoB Bbraucienus HOJI na ocuose anropurmoB Eskimma, Copencona
u UmmyxameroBa. DTH aJrOPUTMBI MOTYT OBITH HUCIOJB30BAHBI B KPUITO-
rpadun, TEOpUM UHUCE W JIPYTUX YHUCIEHHBIX pa3/esiaX MaTeMaTUKWA IpU
reHepaly napaMeTpoB KPUITOCUCTEM € OTKPBITHIM KjouoMm (RSA), npu mo-
UCKe HEeTPUBUAJIbHBIX JeauTeseil HarypasibHbIX duces ((hakropusanuu 4ucesn),
[IPU HOCTPOEHUU JIeKTPOHHO# 1 poBoit noanucu I, nocTpoennu apxuBoB
Trna OJIOKYEHH U PEeleHur JIPYruxX 3a/1a4 ¢ YucjaMu O0JIbIIOH PA3MEPHOCTH.

Mertogosiorus u MmeToabl ucciaeaoBaHud. [Ipu BoinosiHerne padboTh

WCIIO/IH30BAJIACH METOIbI TEOPUHU YUCes, apuMETHIECKUe OMEpPAl B KOHEU-
HBIX TIOJISX, TEOPUHU AJIrOpuTMOB, Oubsmoreka amuaHbX dnces MPIR B Visual
studio ¥ KOMITBIOTEPHOTO MOJIETUPOBAHUS.

OcHoBHBIE IIOJIO2KeHnd, BbIHOCMMbI€ Ha 3allluTy:
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1. Pazpaborka 3¢ddekTuBHOrO TpOrpaMMHOTO 00ECIeYeHus I 3a1a91
BBIYUCJIEHUs] HAUDOJIBIIErO ODIIEro JeTUTe s Iap JITUHHBIX HATYPATb-
HBIX YHUCEJT;

2. Paspaborka KOMIBIOTEPHON CHCTEMbl TECTUPOBAHUS JIJIs PA3JIAIHBIX
AJITOPUTMOB BBIYUCJIEHUS HAMOOJIBITIETO OOINErO JIeJTUTe s,

3. Pazpaborka a3 derTuBubIx peanmsarmii k-apaoro agropurva Copen-
COHA C yCKOpeHHneM 0a30BOro ajirOpUTMa JI0 JIBYX Pas;

4. Pazpaborka 3(pPEeKTUBHBIX peaTn3aliii ammpOKCHMUPYIOIIEro ajiro-
purma UMimnvyxameroBa ¢ ycKoperueM 6A30BOrO aJrOPUTMa JI0 MsATH
pas;

5. Paspaborka mporpaMMHOTO KOMIIJIEKCA JJIst TOMCKA CTPOro TICEBIONPO-
CTBIX 9HCEJI C UCIOJIH30BAHUE AITPOKCUMUPYIOIIET0 aJTOPUTMA;

JocroBeprocTb. CremeHb T0CTOBEPHOCTH MOJIYIYEHHBIX B paboTe pe-

3YJBTATOB OOECIIEYUBAETCS CTPOTOCTHIO MOCTAHOBKHU 33/1a9 U MATEMATHIECKUX
METOJIOB UX DEIeHNUs], a TAKKE IKCIEPUMEHTATbHBII CUCTEMHBINH TOAX0/], K IO~
CTPOEHUIO MPOrPAMMHOIO KOMILIEKCA, KCIEPUMEHTAIBHO [OTBEDPKIAIONIErO
TEOPETUIECKHE OIEHKH.

CoorBercTBUE NIACIIOPTY CHEIMAIBHOCTU. PaboTa BBIMOIHEHA B
paMKax HampaB/eHus 00JacTu ucciaenoBanuii «Momenn, MeTOmbl W ajro-
PUTMbI [IPOEKTUPOBAHWS W AHAIU3A MPOIPAMM W MPOTPAMMHBIX CHCTEM, WX
SKBUBAJICHTHBIX TPeobpa3oBanuii, BepudUKAIME U TECTUPOBAHUS» 1ACIOP-
ra cruenuasibuocTu 05.13.11 — Maremaruveckoe u nporpaMmuoe odecriedeHnue
BBIYUC/IUTEIHHBIX MAIITHH, KOMIIJIEKCOB W KOMITBIOTEPHBIX CETEl.

Anpobamus pe3yabraToB paborbl. OCHOBHBIE DE3yabTaThl PAOOTHI
JIOKJIQIBIBAJIUCH HA KOH(MDEPEHITHIX:

1. Mexaynaponnas koudepeHiusa mo anredpe, aHajgnm3y U TEOMETPUU
KoYV, Kazanb, ntons-uions 2016;

2. Nrorosas mayunasa xkoudepenrus Kazamckoro gpeaepasbHOro yHUBED-
curera (K®VY) 3a 2016 rox, Kasaub, susapp 2017;

3. Mexaynapoanass Hay4dHas koudepenmusi, Scientific research of the
SCO countries: Synergy and Integration — Ilekun, Kurait, nons 2018;

4. XXVII Mexnynapognas Hay9IHO-TIpakTHdeckas koHdepennns «Bo-
IIPOCHI COBPEMEHHbBIX Hay4HbBIX HCCJeaoBanuiiy, Hayunsiii nearp «Op-
Kay, Omck, uoab 2018;

5. VII Mexnynaponuast koudepentus “Ilocrenme TeHaeHII B 001aCTH
HayKU U TeXHOJIOruil ynpasienus’” — Jloumon, BequkoOpuranusi, HioIb
2018;

6. XXIX Mexaynapogaas HayIHO-IpaKTHIecKast KoHdepenus «Bompo-
Cbl COBPEMEHHBIX HAy4HLIX uccienoBanuii», Hayunbiit nearp «Opxkay,
Owmck, asrycr 2018;

7. Mexnynaponuasi koHdepenrus, International Conference on
Innovations in Engineering, Technology and Sciences (ICIETS-2018),
Karnataka, India, cenrsiops 2018;
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8. MexaynapoaHas HAay4IHO-TIpaKTHYecKas kondepennus “Maremarnde-
CKOE€ MOJIEJTUPOBAHUE, TPOrPAMMHUPOBAHNE U TPUKIAIHAS MATEMaTH-
ka”, Benukuit Hosroposm, uonn 2019;

9. Mexaynapognas maremarndeckas koudepenius crpan BPUKC, The
3rd BRICS Mathematics Conference, Uunonosanc, noan 2019;

10. XXII Mexx1yHApOTHBIH HAYTHO-UCCIEIOBATETBCKIIT KOHKYpC «JIyd-
mas HayJIHO-MCCIeaoBarebckas pabora 2019», MIIHC «Hayka u
IIpocsemenues, [lensa, okta6pn 2019;

11. II Mexnaynapoaunas xomdepenmus <«llepemoBble TexHOTOrHU B
A9POKOCMUYECKON OTPAC/IM, MAIIMHOCTPOEHUM U ABTOMATU3ALUU -
MIST-2019», Kpacuosipck, HOsi6pb 2019;

Jluunplii BKaad. ABTOp NIPUHUMAJ AKTUBHOE YIACTHE B TEOPETUIECKUX
pa3paboTKax W aHaJu3e I[PEJIOZKEHHbIX MEeTOIMK, pa3paboras u peasn3o-
BaJI MPOTPAMMHBINH KOMILJIEKC, HEOOXOIUMBIN IS IOy IeHNsT CTATUCTUIECKUX
YUCIEHHBIX OIEHOK, BBITIOJHUJ [UKJI YKCIEPUMEHTAJIBHBIX BBIYUCICHUH TPO-
neaypsl Boraucaerns HO/Jl ¢ ucmosp3oBanmeM Tpex ajrOpUTMOB, BBITIOTHUIT
aHaJIN3 IMOJIYYE€HHBIX JAHHBIX, Pa3PabOTAI METOAUKY YCKOPEHUS BBIYUCIECHUS
HO s k-apuoro anropurma CopeHcoHA HA OCHOBE CIBUIOB 00J1acTi BBIOOPA
mapaMeTpoB, J0KA3aJl MPAKTUIECKYI0 3(h(HEKTUBHOCTH MPUMEHEHHUs k-apHOTO
asroputma, COpeHCOHA ¥ aNIPOKCHMUPYIOIMIET0 aJrOPUTMA B CJIOXKHBIX BbI-
YUCUTE/BHBIX 3a/a9aX TEOPUU UHCeJ U KPUNTOrpaduu, UCHIOIB3YIONIAX
nporeaypy Bbrauciaerus HOJI.

ITy6sukarun. OCHOBHBIE PE3YILTATHI IO TEME JUCCEPTAINN W3JTOXKEHBI
B 12 medaTHBIX W3MaHUAX, 6 U3 KOTOPBIX W3AHBI B YKypPHAIAX, PEKOMEHIOBAH-
ubix BAK (Bxomar B ciucok Scopus u Web of Science), 6 — B ipo4yux u3janusx.
v’ Crarbu [1-6] B 2kypHanax, pekomeniosanubix BAK (Bxoust B cuucok Scopus
u Web of Science), a crarbu [7-12] —B IpPOINX HU3TAHUSIX.

CtpyKTypa m o6beM auccepraiiuu. /luccepraiiis COCTOUT U3 BBEJE-
HUsd, TPEX IVIaB C BbIBOJAMH, 3AKJIIOYEHUs, U HPAKTUIECKUX DEKOMEHIaIuil.
Omna m3noxkena #Ha 124 cTpaHUIAX MAIMWHOMUCHOTO TEKCTa, BKJOUaeT 14 pu-
CYHKOB, 29 TaOJuI], MPUJIOKEHUE W COJIEPXKUT CIHUCOK JINTEpaTypbl u3 132
HaWMEHOBaHM, cpeu KOTOPBIX 38 oTedecTBeHHbIX U 94 MHOCTPAHHBIX ABTO-
poB.

Conep>kaHne auccepTaum

Bo BBemeHmMm 000CHOBBIBACTCH AKTYAJIHHOCTH HCCJIEIOBAHMUIL, MTPOBO/IU-
MBIX B PAMKAaX JIAHHON JUCCEPTAITMOHHON PAOOTDI, IPUBOIUTCS 0030p HAYIHOIT
JIATEPATyPhL 110 u3ydaeMoil nupobseme, (popmyupyercs 1esb, CTaBATCd 3a/a-
qu paboThl, CHOPMYTUPOBAHBI HAYYIHAST HOBU3HA, MPAKTHYECKAs 3HAYUMOCTH
MIPE/ICTABIAEMON PAOOThI, ¥ PACKPBHITHI OCHOBHBIE MTOJIOKEHWs, BHIHOCHMbIE HA,
3aIuTYy.



ITepBasi rytaBa MOCBsIIEHA TOCTAHOBKE 33/1a41 U 0030PY OCHOBHBIX aJl-
ropuTMOB BblaucieHus naubosbinero obmero aeqaurend (HOI) marypanbabix
qncest. 1enbio maHHOil TIaBbI ABISETCI aHAIN3 U cpaBHeHne 3(PPEKTUBHOCTH
cyniecrByonux Meroos noucka HOJI. CaMbiM JIpeBHUM U3 KOTOPbIX SABJISIETCs
knaccnuecknii anropnt™ Epkimga (KAE). Dror aaroputm mmeer MHOTOWHC-
JIEHHOE TPHWMEHEHHe B TEOPWUU UNCesJ W KPUITOrpaduu M OCTAETCS OJHUM
u3 cambix 3¢ derTuBabix anroputmoB Beraucienns HOJL. Ero pacmumpennas
Bepcus (PAE) ucniosnb3yercs Bo MEOruX KpuinrorpadudecKux 1 Te0peTuKO-1uc-
JIOBBIX aJITOPUTMAX, [I03TOMY OIIEHKA €0 IPOU3BOIUTEILHOCTH UTPAET BAZKHYIO
posb B pacderax 3OPEKTUBHOCTH KPUTITOTPADUIECKUX AJTOPUTMOB.

Anropurm EBKITHIA HMeeT MHOTOYHCIEHHOE TPUMEHEHHUE B TEOPUH TUCE]T
n kpunrorpadun. [IpuBenem HEKOTOPDBIE TPUMEPDI.
B reopun wucesn:

— Ero pacmmpennas Bepcusa HCIOIB3YETCs /I HAXOXKICHUS 00PATHBIX
3JIEMEHTOB B KOHEUHBIX MOJIIX.

— AJIropuTM HCIOJIB3YETCS P PELIEHUH JTMHEHHBIX JU0(AHTOBBIX yPaB-
mennii. YacTHBIN Ciy4ail TUHEHHOTO 1r0MhaHTOBOTO ypaBHEHUS — 3TO
cooTHomerne Bezy!?.

HOI(A,B) = zA+ yB,
KOTOPOE JIETKO PEeIaeTcs MPHU MTOMOIIY PACITUPEHHON BepCUu aJrOpUT-
Ma.

— Ilpu momoImmm aaropuTMa MOYKHO TPEICTABUTH JIHOO0E BEIECTBEHHOE
YUCI0 B BUJE HENPEPLIBHOW(IEMHOM) ApoOU, €C/Id 3TO YHUCIO Paluo-
HaJILHO.

A 1
EZ(JO-Fﬁ: [905q1: q25 - - -5 Q]
g2+

an

rae q; - 3aavyenune A div B Ha -0l nrepaiuu ajropurma EBkimia, npu
1 =0...n.

— Taxeke mpu TOMOIIM AJTOPUTMA MOYKHO ONPEIETUTD ABJIAIOTCS JIA JTBA
9UCJIa B3AWMMHO MPOCTBIMU, TO €CTh HE MMEIOT HUKAKUX OOIINX JIe/IATe-
neit, kpome 1.

B kpunrorpadun:

— Ajropurm uCHONB3yeTCs sl PeHEepAlU OTKPBITOIO W CEKPETHOrO
kJitoueii B meroge mudposanust RSA.

— Hcnonws3yercs: 1t TeHEpAIMU TAPAMETPOB TOYEK HA JLIUMTHIECKUX
KPUBBIX U BBIYUCJIEHUS UX KPATHOTO.

B uyxameros 111.T., My6apaxos B.I., Anb-Amau K.M. Boraucienne ko3¢ dunuentos
Besy mua k-apuoro anropurma Haxoxgenus HOJI // V3BecTus BbICIIUK yueOHBIX 3aBeICHHH.
Maremarnka. — 2017. — Ne 11. — C. 30-38.
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— Opanm u3 HAMOOJIEE MEPCIEKTUBHBIX HAMPABJIEHUI, B KOTOPHIX OBICT-
pore anropurmbl HOJI urpaior BaxKHYIO POJib, ABISETCH MOUCK CHJIb-
HBIX [CEBJOMPOCTHIX MEIbIX YUCeJ, 9TO yiydinaer 3MQOeKTUBHOCTD
TECTOB IIPOCTOTHI st Kpumrorpaduu'®'?,

B mepBoii riaBe ere paccmarpuBaeTcss OWHAPHBIN AJTOPUTM BBIYHUCITE-
uuss HOJI, xoropsrit Beraucasger HO/l n1Byx HATypaJbHBIX UUCE], UCIOIb3Ys
Oosiee mpoctble apudmerndeckue onepaunun, yem KAE. On 3amenser gesre-
HUe Ha apudMeTHIecKue CJIBUrH, CDABHEHHUS U BblduTanue. EIe paccMOTpeHbl
k-apubrit anropurm EBkiuma, koropsrii 6611 pazpaboran 1. Copenconom B 1990
rojly M annpoKCuMupyommii k-apHbiii ajaropurm (HOBasi Bepcusi k-apHOro aJ-
roputma Beraucaenus HO/l HaTypaibHBIX duces, KoTropas Obuia pa3paborana
II. Ummyxamerossim B 2016 romy).

Bropag riiaBa mocBsIeHa HCCIEIOBAHUIO (PHEKTHBHOTO MPOrPaMMHU-
poBanus k-apuoro asropurMma serauciaenuss HOJI aByx uiu GoJiee mebix ducet
U IPEJIOKUM Psiji MOAu(UKAIIUN, YCKOPSTIOMIUX BbIITOJHEHUE AJITOPUTMA.

k-apusrit anropurm Eskianaa 6611 pazpaboran B 1990 rony /Ix. Copenco-
oM ' %17 i ymyumen mezasmcmMo Apyr ot apyra Bebepom!'® u Ixkebemeanom'?
B 1993 u 1995 romax. DTOT AJTOPUTM SIBISIETCS €CTECTBEHHBIM OOOOIEHNEM
6unaproro anropurma. QOCHOBHAS WJies ATTOPUTMA COCTOUT B TOM, 9TOOBI HC-
KaTh HA IIAre BbIYUCICHUS UCKATH JIMHEHHY 0 KoMOunanuio Ax + By 3a1aHHbIX
qncel A m B Takyo, 9TO BBIMOJTHSAETCS COOTHOIIEHNE

Az + By = 0 mod k, (1)

rie k — 3apaHee BHIOpAHHBIN 1 (DUKCUPOBAHHBINA MApAMETD aJrOPUTMA.

B mpocreiimem ciydae 3Havenue k paBHO 2, ¥ TOT/IA aJTOPUTM COBIIAIA~
er ¢ OMHApHBIM. 3HAYEHWE k MOXKET ObITh BBIOPAHO JIIOOBIM TOJIOXKUATETHHBIM
nesibiM ducsiom. Ilepsoie ucciemoBaresu sroro merona (Ix. Copencon, T.
oxebesean, K. Bebep) paccmarpusanu pasHble 3HAYEHH: ITOMO LapaMerpa
(naupumep, CopeHcon 1pe/IozKuil BbIOpaTh k paBHbIM crenenu 60JbIIoro Hpo-
CTOTO YHCJIA), OJHAKO, HUKAKUX MPEUMYIIECTB BBIOOP A MPOCTHIM, COCTABHLIM
WA CTEIEeHBIO0 MPOCTOTrO YUCIA HE JABAJI, TOITOMY HAMIYUIIAM BapUAHTOM
CTATM CYNTATH 3HAYEHHE k paBHBIM crerneHu nBoiikn (Bebep ). D9ro mo3Bonuno

1Ishmukhametov Sh., Mubarakov B. On practical aspects of the Miller-Rabin Primality
Test // obachevskii Journal of Mathematics. — 2013. — Vol. 34, no. 4. — Pp. 304-312.

1530renson J., Webster J. Strong pseudoprimes to twelve prime bases // Mathematics of
Computation. — 2015. — Vol. 86, no. 304. — Pp. 985-1003.

16Sorenson J. The k-ary GCD algorithm. — University of Wisconsin-Madison, Computer
Sciences Department, 1990. — Pp. 1-20.

17Sorenson J. Two fast GCD algorithms // Journal of Algorithms. — 1994. — Vol. 16, no.
1. — Pp. 110-144.

18Weber K. The accelerated integer GCD algorithm // ACM Transactions on
Mathematical Software (TOMS). — 1995. — Vol. 21, no. 1. — Pp. 111-122.

19Jebelean T. A generalization of the binary GCD algorithm // Proceedings of the 1993
international symposium on Symbolic and algebraic computation / ACM. — 1993. — Pp.
111-116.
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YCKOPWUTD BBITIOJIHEHUE PYTUHHBIX OTIEPAIUSIX HA [TArax aJrOPUTMA, MTOCKOIbKY
JleJIeHre Ha CTeleHb JIBOMKM O3HAYAJIO MIPOCTO CABUI YHCJIA BIPABO.

Wrak, nycrb k - derHas creneHb ABOHKU, Hampumep, k = 2™, u A >
B > 0 - neuernbie nesbie yucaa. B riase 1 6pu1a chopMynupoBana u goKa3ana
ocropnas Teopema Coperncona, ciayxkaiias 6a3ncom k-apHoro ajropuTMa:

Teopema 1. (otc. Copencon [1990]). IIycmv m > 1 — Pukcuposarnoe
namypasvnoe wucao, k = m?. Jaa mobwx yeanxs wucea A u B, A > B > 0,
63AUMHO NPOCMVLT C M, CYWELCNEYIOM Henyaesoie T, y, |z|, |y| < m maxue, wmo
svinoansemes coommuouwenue (1).

Crenysa Teopeme CopeHcoHa, HA IIare aJropuTMa, s (DUKCHPOBAHHOTO
k u 3ajaHEbIX HEYeTHBIX A U B BBIYUCAAIOTCS KOIMDDUIHEHTHI X, Yy, YAOBIIE-
TBOpsIoIIUe Teopeme, u Boraucigerca C = (Ax + By)/k. Hanee Boraucisiercs
d =HOII(C,m), u ecau on ne pasen 1, To Bbinosnsgerca cokpamenue C' Ha
d, moka C' He CTaHeT B3aWMHO TIPOCTBIM C 11. B 3aBeprnenun mrepanun mapa
(A,B) 3amensiercs mapoii (B,C'), KoTopasi HMeeT MeHbINi pa3Mep 10 CpaBHe-
HUIO C UCXOOHOW Mapoii.

Hasosem orHormenue 6osbiiero yucia K Menbinemy B nape (A; B) Ha ma-
re ajaropurma KodbduimenTom peaykiun u 0603HauuM cumBoaom p = A/B.
Yewm Oosbitie cpeanee 3uadenue 31oro KodddumnmenTta, rem ObCcTpEe CXOAUT-
Cs AJITOPUTM.

Cormacuo teopeme Copencona:

A Ak - Ak
C Az + By ~ 24VE

o[z

OTKY/IA
1/4

k
= A/C > ~— ~ 0,707k
p /C = 7

Takum 0bpazom, uro npu yBesundenuu k B 16 pa3a, HuKHsAS IPAHUALA JJIs
0 YBEJIMYWBAETCS B JBA pasa.

Suavenne k MOKHO OpaTh OOJIBINM, OCTABASCH B pA3MepPe OTHOTO MAIITHH-
roro ciosa (10 254), omHako IKCIEpHMeHTAIbHbIC BBIYHCICHHS, KOTOPBIE MBI
OpHUBEJEM B TOH IylaBe, MOKA3BIBAIOT, 9TO CKOPOCTH AJTOPUTMA ONTUMAIHHA
upu 3uadenusx k or k = 1024 no k = 4096. IIpu nanbueiiniem yBenudeHuu k
HOMCK TOAXOAAIEH mapbl (2,y) ¥ BBINOJHEHUE TPOMEXKYTOYHBIX BbIMUCJICHU
BBITIOTHSIETCS JIOJIBITIE, 9TO 3aME/IJISIET BBIMTOJTHEHNE AJITOPUTMA B IIEJIOM.

Kpowme toro, mockoiapky HO/I d, Berauciienusbiii B k-apHOM ajropurMe He
obs3aresbuo pasen ucxopuomy HO(A, B) = dy, a aBasercs ero kparubim. Ilo-
9TOMY MOCTe 3aBepiierus nporeypbl Boraucaenus HO/JI ¢ nomoripio k-apHOro
AJICOPUTMA, U HOJIy9eHus ero orsera d, HeOOXOUMO BbIIOJHUTD JOMOJHUTE b
HOE BBIYNCJIEHNE, UCTOIb3ys aaroput™ EBKInIa

do = GOD(A; GCD(B,d)),
11



nosiydas npasusiabHoe 3naderne HOJI.

JlomoTHUTEIbHBIE MHOXKUATEIN, BXOAAIINE B OTBET k-apHOrO ajropuTMa,
HAa3bIBAIOTCs IOCTOPOHHUMU MHOXKHTEIAME. VX pasMep TakzKe pacTerT C yBeJIk-
yeHue k. ITO TakzkKe 3ameJiser OOILyI0 IpoLeaypy k-apHOIrO ajJrOPUTMA.

Bo BTOpOIt TI1aBe MOAPOOHO paccMOTpeH 0A30BBIA k-apHBIA METO, BHITHC-
merus HOJL HaTypaabHBIX 9UCES U METOJbI €ro yCKopeHwus. Bbun pazpaboran
[IPOrPAMMHBINA KOMILIEKC 110 KOTOPOMY ObLIHM IIPOBE/IEHbI PA3HbIE KCIEPUMEH-
TaJbHbIE BbIYMCJIEHU: M CPABHUTE/IbHbIA AHAJM3 PEe3yJbTarOB UTEpPALUU U
BpPEMeHU BBITIOIHEeHUs. MbI nccaenoBan 3HadeHnst Ko3(hMUINEHTA PeIyKIIUn
B 3aBUCHMOCTH OT k ¥ IIOMCK TOAXOAsIed napbl (z,y) B k-apHOM aJro-
purme. [IpejcraBienbl METOIbI YCKOPEHUs MPOLEAYPbI HOMCKA mapbl (T,y) u
[IPOBEIEHBI SKCIIEPUMEHTAIbHbIE JaHHble 110 Bpemenu Borauciaenns HOJ npu
HCIIOIb30BAHUK IPeaTab/mui OOPATHBIX 3JEMEHTOB W 3HadYeHwuit © u . boum
MTOJTY Y€HBI IKCIIEPUMEHTAILHBIE PE3YIHTATHI BPEMEHU MPU CABUTE O0JIACTH 3HA-
gennit y. Eimme ObL1 paccMOTPEH CMEITAHHBIN aJrOPUTM HA OCHOBE k-apHOTO
aJropuT™Ma u cxembl EBKima.

B 370it r1aBe HaMu OBLIN MOIYYEHBI CJIEIYIONINE PE3YIHTATHI:

1. Cpeanee KOIMYECTBO UTEPATIA k-apHOTO AJITOPUTMA, JIJIT THCET JIUHBI
500 mecaTuYIHBIX Pa3psAI0B yMeHbInaeTcs or 1358 10 573 npu yBesudernn k oT
16 10 2'6. Dro Yneno 3HAYUTENBLHO MEHBINE CPEJHEr0 YHC/Aa, NTepaluil s
Takux map no cxeme EBknmma, koropoe cocrasisier 1942 mrepanuu.

2. Cpennee 3nadenue kodpdunuenra penykuuu p = A/B B npouecce
BbIYUCJICHUA IIPEBBIIIACT IIPUMEPHO B 5 pa3 HaumMeHblllee 3Ha9eHue 3TOro Ko-
s dunnenta, obecreunpaemoe Teopemoii Copercona ms Beex k or 16 1o 216,

3. Basossrii k-apubrii anmroputm mo cxeme COpEHCOHA BBITTOTHSIETCS ME/I-
JIEHHee KJIACCHYIeCKOro ajropuTMa EBkamma masa map uauncen aauabl 1600 ouT
oYTH JIJ1s BCexX 3uadenuii k. Hamnywmum 3uagenuem ssisercs k = 16384, mpu
KOTOPOM 3TOT aJIropuTM padoraer HeMHOro 6bictpee anropurma Eskiuna (101
mc Ha 50 napax nporus 112 mc y anropurma Eskimia).

4. Ilpu ucnoab30BaHun MPeATAO NI, OOPATHBIX IJEMEHTOB [0 MOIYIIO k
anroput™ yckopsiercsa ot 3,.8% no 9,9% B 3asmucmmocTtn or 3nadenus k. Hawm-
ayqmuii pesyabrar (91 mc u 9,9% Bourpbina) #a mapax gjguabl 1600 6ur
nocturaercd mpu k = 16384. HemMHOro mpourpsiBaeT BpeMs BBIYUCIECHUS MIPU
k = 4096 - 94 mc. [Ipu yBenuuenuu k BpeMs ONATb HAYUHAET YBEJIUIUBATHCH.

5. Te ke pacuersi, Boinosinenubie s guces 3200 6UT, TOKA3BIBAIOT yXY/I-
IIIeHne BPEMEHH PA0OThI k-apHOrO aJTOPUTMa, OTHOCHTEIHHO cxeMbl EBKImma.
Haunny4diium cpennum BpeMeHneMm Ha 9UC/Iax TAKOM JJIMHbI aBJideTcd BpeMa 288
Mc, gocTurayToe npu k = 16384, HO jJaxe 3TO BpeMs MPOUTDPHIBAET BPEMEHU
paborel anropurma Eskimuna (264 mc). Orciona ciemyer, uro 6a3oBas BepCus
anropurMa COpeHCcOHa J1aKe ¢ WCMOJIb30BAHUEM Npearabiull paboTaer XyiKe
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anropurMa EBKInIa TpU IJIHHE BXOIHBIX apryMEHTOB 00Jibiie mpumepro 3000
OuT.

6. Oanako g uces ayuabl Menbiire 3000 6ut (HAIIOMHUM, 4TO CTAHIAPT-
uble gyunbl Kiaodeil RSA cocrasisor 1024 u 2048 6ur) anropurm Copencona
obrouger asropurm EBkiuma. Bpems Bbno/HeHHsS 9THX aJrOPAUTMOB HA HHC-
jax 640 OuT MOKA3BIBAET MPEUMYIIECTBO k-apHOTO aJrOPUTMA MO OTHOIIEHUIO
K ajgropurmy EBkinma mourwu mys Beex k, a npu k = 4096 Burmosasiercs 3a 25
mc nporuB 34 mc y anropurma Eskimia (Bomrpsiin cocrasiser 26,5%).

7. UccnenoBan MeTo | HEITOCPEICTBEHHOIO AHAIN3a 3HAYEHUN TapaMeTpa
q = AB~! mod k nya ycropenus sbrancienns koadgdumumentos (z,y). Oanaxo,
JIAHHBII aJrOPUTM HE [aJI 3HAYUTEIbHOI'O YCKOPEHUS BBIYMCJIEHUS U B J1ajlb-
HelileM He pacCMaTPUBAJICA.

8. Takxke OBLT HCCIEJIOBAH METOJ WCIOJIH30BAHUS MPEITAOIUI s
OpAMOro HaxoxkKeHus KodbduuenTos (r,y) 10 3HAYEHUIO HapaMeTrpa ¢ =
AB~! mod k. Otor momxon TpebyeT 3HAMHTETBHOTO 00beMa MAITHHHOM ITaMs-
TH, TAK KaK HEOOXOLMMO XPAHUTD TabJIHIIbL, CoepKalie IpuMepHo k/4 cTpok,
410 1pu 6osbiiux k cranopurcs ne adpdexrusabiM. Ouako npu k = 4096 mbl
CMOTJIN TOCTHYIhL Oosiee O6bicTporo Berancaenns HOJL 50 map gucen aawast 1600
out, paBHOit 85 MC.

9. Jlanmee mamu ObLT MCCJIEIOBAH METOJ, CABUTA MAPAMETPA Y, 3aKJII0IAI0-
mpiics B TOM, 4T0 BMecTo maTepsana [—v/'k;vk| mogxomsmee 3nadenue y Mol
MCKAJTH B CABHHYTOM Biieso uurepsase [—v/k—t; vk —t]. pu noaxomsmenm 3ua-
deHuu ! napamMerpbl T U Y UMEIOT IPOTUBOLOJIOZKHbBIE 3HAKH, 9YTO 0DecrednBaer
YMEeHBIIIeHVe 3HAUeHNs JInHeHO# KoMOuHamn | Az + By|. DToTr MeTom Xoporro
TeM, 9TO HE TPeOyeT HUKAKUX 3HAYUTEIbHBIX M3MEHEHW B aJITOPUTME, a IPO-
CTO U3MEHEHUs IPAHUIL B IPOLE/ype NOUCKa 3Hadenuii koadbdunmentos (z,y).

CHavasa Mbl PaCCMOTpENH HeBoJbImne 3Hadenus k u casurn ¢ < 2vk
ua yucaax Anauabl 1600 6ut. [Ipy Takux orpaHwYeHnAX MOJIYy9IeHO HEOOIBIIOe
yckopenue (10 12,8%) npu k = 16 u t = 5 (10 ecTb y UCKAJICA HA UHTEPBAJE
[—9; —1] Bmecro [—4;4]).

IIpu crexyiomem 3uadernn k = 64 ygasoch JOCTHYH TOJBKO 3-X MPO-
eHTHOro Bhmrpoima npu t = 3. Ilosromy mpu k > 256 caur Ha HebOIbIITE
3HadeHusd ¢ ABIsIeTCs HeI(PDEKTUBHBIM.

10. Crenytomumu ObLT PACCMOTPEH METOJ, C/IBUTA HA OOJIBIION HHTEPBAII,
CPABHUMBIil 1O BeJIMYWHE ¢ MapamMeTpoM k. B aTom ciydae paccMaTpuBaInCh
pa3/InIHbIC 3HAYCHUA k‘ " IIapbl 9UCEJI pa3J11/Iquf/i JJIMHBI.

OO611uit BBIMIPBILLL, TOJLYY€HHBIH OT TAKUX CJIBUIOB, 3aBUCUT KAK OT BEJIU-
YUHBI CABUTA, TaK W OT AJIMHBI UCXOJHBIX YHCEJI. HaI/IJIy‘IH_II/Iﬁ pe3yanaT JJIA
nap aymabl 4800 OuT OBLT JOCTUTHYT TPHU CABWUTE HA BEJIMYWHY MTOJOBUHBL k U
COCTAaBUT MPUMEPHO 25 MPOIEHTOB.

13



11. TlocmemuauM OBLT MPEIJIOXKEH KOMOMHUPOBAHHDBIN METOJ, BHIYUCJICHUS
HO/I, ocHoBauHbBIil HA WCIOJIH30BAHUU HA YEPEIOBAHUNA Kk-apHOTO AJTOPUTMA
n amropurma EBknmma. Teopermdeckas BbIFOma TaKOrO cOUeTaHHss 0OOOCHOBA-
Ha B ceknuu 2.11, a 9KCIepUMEHTAIbHBIE I0/ICIETDI, IIPUBEJCHHBIE B TADJIUIIE,
MTOKA3BIBAIOT BRIMTPHIII TAKOTO AJTOPUTMA TIO OTHOIEHHIO K cxeme CopeHcoHa
C TPEIBBIYUCICHUAMEU O0PATHBIX dj1eMeHToB 10 k ot 10 10 18 mporenTos. ITo
9TOI cxeme ObLIO MOJIYyIeHO HAW/IydIlnee 3HAYEHUE /I CPETHErO BPEMEHH BbI-
quciaenus HOJ 50 nap uucesn pymust 1600 6ut, pasuoe 81 mc (28 upouenros
Bbrpbia y ajropurma Eskiuga soraucasomero HOJI 3a 112 mc).

TpeThbda ri1aBa MOCBAIIEHA UCCAETOBAHUIO A(PHEKTUBHOI peann3aiun Ha
KOMTIBIOTEPE ANMTPOKCUMUPYIOIIETO k-apHBIH AJITOPUTM, SBJISIIOIIEroCsl €CTeCT-
BeHHBIM ObomieHnemM k-apHoro ajropurma CopeHCOHA. DTOT AJTOPUTM ObLIT
paspaboran B 2016 roxy II1.T. NumvyxamerosiM>’. TaBHOE OTIHYHE AIIPOK-
CUMUPYIOIIEro k-apHoro ajropurMa or aiaropurma COpeHCOHA 3aKII0vaeTcs B
BbIOOpE Ha IIare ajropuTMa napbl mapamerpos (,y), 06eciednBaomuX TOXK-
JIECTBO

Az + By =0 (modk). (2)

Nnes UmmyxamMeToBa COCTOsIa B TOM, 9TOOBI BHIOMPATH ITH 3HAUEHUS
He 11epebopoM, a TakuM CHoco0OM, 4To0bl JinHeliHas KoMOunanus |Ax + Byl
upUHUMaJia MUHUMAJbHOE 3HadeHne. Hanomuum, 4ro Toxaectso (2) skBuBa-
JIEHTHO DAaBEHCTBY

y=—qr+ks, tne ¢q=AB ! mod k, seN.

Bapbupyst 3nadenns AByX mapaMerpoB T U S, MOXKHO JIOOUTHCS BBICOKOI
CKOPOCTH CXOJIMMOCTH k-apHOTO AJITOPUTMA, BO MHOTO Pa3 MPEBOCXOAIIEro Oa-
3oByio Bepcuio CopeHcoHa.

B rTperbeit rmaBe ™Mbl HOAPOOHO WMCCIAEIOBAJIU  ANIPOKCUMUPY IOIIHI
k-apubrii anroputm Borauciaenus HOJ u ero saddexTuBHy0 peann3anuio Ha
sa3bike porpammupoBanus C+-+ B cpeze mporpammuposanns Visual Studio
¢ ycranoBjeHHOM Oubaunorekoit mamuaabx ynces MPIR. Ilpusenensr Teoperu-
qeckue pacdersl. [IpoBeenbl oneHku npou3Boaurenbuoctu Boraucaerus HO/I
JUTsl TIAD 9YUCeJT PA3JIMYHON JJINHBI 110 YUCJIy UTepPAluil U BpeMeHu pPabOThI.
UcenemoBanbl METO/IBL YCKOPEHUST AIIIPOKCUMUPYIOIIErO0 aJIFOPUTMA U LIPOBE-
JIEHBI pa3HbIE OIEHKW BPEMEHU BBIYHUCJIEHUS. BbIIN peasn30BaHbl MIPUIOKEHUST
9TOrO aJrOPUTMA TaKHUe, KaK TecT mpocToThl Musitepa-Pabuua u mouck crporo
MCeBJIOMPOCTBIX YHCET MO KOTOPBIM OBLIA TPOBEIEHbI IKCIEPUMEHTATHLHBIE
pe3yibTaThl.

Bubsmoreka niuaabix ances MPIR apisiercs moprupoBanuem moz, onepa-
nuonnyto cucremy Windows ussectnoit 6ubsmoreku yuaabix duces GMP,
paspaborannoii mepponadannbuo A OC Linux. Dta 6mbamorera COIEepKUT THTT

20Ishmukhametov Sh. An approximating k-ary GCD algorithm // Lobachevskii Journal
of Mathematics. — 2016. — Vol. 37, no. 6. — Pp. 723-729.

14



JUIMHHBIX TTOJIOKHUTEJbHBIX YUCes NP7zt 1 HabOp OCHOBHBIX OMEpPAIiil ¢ 9TUM
dopmarom gucesn. Onucanne mepeMeHHONH THIA MPZ_t BBIMOJHAETCH TaK ¥XKe,
KaK U OOBIYHBIX THUIIOB, TO €CTh KOMAaHIOH

mpz_t CIIICOK II€pEeMEeHHBX, pPa3LeJIeHHBX SaHHTOﬁ;

[IOCJIE Yer0o IIePEMEHHbIE, IIePEYUCJEHHbIE B 3TOM CIHUCKE JOJI2KHbI ObITh
MHATINAIN3UPOBAHBI KOMaH0it mpz _init. Ilepemennas tuma mpz t sBaser-
cd ykaszarejeMm Ha OJIOK MaMsaTH, BBIIETEHHONW mepeMeHHoON 3Toro Tuma. lloce
UCIIOJIb30BAHUS MMEPEMEHHOM MaMATh, 3AHNMAEMas MEePEeMEHHONW, MOXKET ObITh
OCBOOOXKIeHA KOMAaHI0H mpz _clear.

[IpuBesem npumep mporpaMMmupoBaHus ajropurvma EBkinga Bbrauciie-
nnsa HO anst maper gamnnbix aucen A m B, A > B:

mpz_t Euclid (mpz_t A, mpz_t B){
mpz_t C; mpz_init(C);
size_t L=mpz_size(B);
while (L>0){
mpz_£fdiv_r(C, A, B);
mpz_set (A, B); mpz_set(B, C); L=mpz_size(B);
}
return A;
mpz_clear(C) ;

B sroit nponeaype komanjia mpz_set NPUCBAMBACT 3HAYEHUE BTOPOIO
orrepana mepsomy, a Komauga mpz _fdiv_r BeramcIaser octaTok OT JieJeHust
BTOPOTO OTlepaH/ia Ha TPeTHil ¥ 3aHOCHT IOJIyYeHHOe 3HAYMeHNe B MEePBYIO Te-
PEMEHHYIO.

Juna mepemeHHoO# Tuma mpz_t onpenensercs (yHKiueii mpz_size u
BBIYUCJISAETCA B JIMMOAX, /1€ JIUMO — 9TO JIJIHHA PErUCTPA [IPOIECCOPa KOMITbIO-
Tepa, B KOTOPOM yCTaHOBJIeHa Oubsinoreka, T.e. um6 paseH 32 uiu 64 Ouram.
Ecan amcro we npesbimaet 254 115 64-6urosoro mporeccopa, TO JAMHA TaKOTO
gncia paHa 1. Yeaosue mpz_size(B)> 0 skBuBaseHTHO yciosuio B > 0, HO
BBITIOTHAETCS OBICTpee.

[Mepeiinem Tenepb K MPOrpaMMUPOBAHUIO ANTTPOKCHMHUPYIOIMIETO aJTOPUT-
Ma.

mpz_t AKA(mpz_t A, mpz_t B, int k){
mpz_t AA, BB;
int i=0, a, b, g, m, n,x,y,y-;
double r,alpha, beta;
mpz_init_set(AA, A); mpz_init_set (BB, B);
// copy A, B to AA, BB
size_t L1,L2;
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}

while(L2>0){

it++;
Li==mpz_size(A); L2=mpz_size(B);

double r=mpz_fdivq_ui(A,B);

// Take rests of least limbs of A, B ny module k
a=(A->_mp_d[0])%k; b = (B->_mp_d[0]) % k;

q = (a*InvK(b,k) % k; // Compute q=AB~{-1} (mod k)
beta=(r-q) /k;

int sO=int(beta); alpha=beta-s0;

// beta=alpha+s0 sum of fraction and int parts of beta
Farey(k, alpha, m,n);

// proc Farey computes approximating fraction m/n for alpha

x=n; y-=g*n+(m+s0*n)*k;// y-=-y
mpz_mul_ui(T1,A,x);// Ti=Ax
mpz_mul_ui(T2,B,y-);// T2=-By

int d=mpz_cmp(T1,T2);// Compare T1 and T2
if (d>0)mpz_sub(C,T1,T2);

if (d<0)mpz_sub(C,T2,T1); // C=Ax+By
if(d==0) goto finl;// Case Ax+By=0.
mpz_fdiv_q_ui(C,C,k);// C=(Ax+By)/k
while((C->_mp_d[0])%2==0) mpz_fdiv_q_ui(C,C,2);
// Divide C by 2 while C is even

mpz_set (A,B); mpz_set(B,C);

\\ go to the next iteration

return A;

OCHOBHOII IWKJI MTPECTABISET COOOI OIHY UTEPAIINIO, B KOTOPOIi TIO mape
meueTHbIX dnces A,B, A > B, BBIUYUCISIOTCS TEJIbIe YUCIA X, Y, TAKHE 9TO

0<z<ky<0, Ar+ By =0(mod k), Ax ~ —DBy. (3)

ITocne sroro serancisierca uncino C' = [(Azx + By)/k|, C' nposepsiercs
Ha Y€THOCTDb U €CJIM Y9eTHO, TO COKPAIIAETCs Ha 2 JI0 TeX I0p, MOKa He CTAHEeT
megerabiM. [locie 3Toro BeimoHsieTcs: npucBoenne 3uadenuiit A = B, B = C,
¥ BBINOJIHAETCS TIepexXoj], K CJeyIoNeil ureparuu.

Hamu Obuia npusenena rpybas cxembl Bbrauciaenus HOJL ¢ momorbio
AIMIPOKCUMHUPYIOMIErO AJTOPUTMA.

IlpuBeem mpuMep BBIYUCICHUN TIO ITOMY aJTOPUTMY i 33-OMTOBBIX
ancer A u B u k = 64:
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Tabauna 1 — Beraucienns HOJL ¢ moMOIIB0 anmpoOKCHMUPYIOIIETO
anropur™a st 33-6utoBbix uncen A u B u k = 64.

A B A/B q «a m | z=mn y C
1 1736704041 1210259647 1,43 23 | 0,587 | 41 62 -82 2430861
2 1210259647 2430861 498 59 | 0,857 6 7 -3485 4174
3 2430861 4174 583 7 0,997 | 62 63 -36665 419
4 4174 419 10,0 57 | 0,265 9 34 -338 3

OrBer: GCD= 3.

W3 mpumepa BUIHO, 9TO AazKe NP HEOOMBINTNX 3HATCHUIX k AlTPOKCHMI-
pytoumii  ajaropurm obecreuuBaer ObICTPYIO  CXOAMMOCTb — BbIYKCJIE€HUS,
3HAYUTEILHO OOTOHSST TPEIBIAYINUe aJrOPUTMBI O 3HAYEHN KO3(hduIm-
enra peaykuuu p = A/B.

B s10ii raBe Hamu ObLIN MOy Y€HBI CJIEIYIONINE PE3YIbTATHI:

1. Beuta paspaborana mporeaypa TeHeparu map 9ucesi, B3aUMHO IIPO-
CTBIX C IapameTpoB k, umeronmx pasiaudayio aauay or 100 mo 1000 mecarud-
HBIX Pa3Ps/IOB.

2. PeanmsoBana 6a3oBas nporneaypa sorauciaeans HOJ ¢ ucnonb3oBanu-
em ajroputmMa EBKIIHIA ¢ BBIBOIOM B OTBET OOIIETO U CPEIHETO YNCITa UTePAInii
U CyMMapHOro BpemeHu 10 cepuu u3 N WCHObITaHW I TPOU3BOIHHOTO N.
ITomobpano 3uagenune N = 50, m0CTaTOYHOE [IJIsT TOTO, YTOOBI CIJIQIUTH (DJIYK-
Tyalul CPEIHUX 3HAYEHUI MApaMeTPOB OTHOCHTENHbHO CPEJIHUX 3HAYECHUN U
[OJIy9aTh PeabHbIE OIEHKU CXOAMMOCTH AJTOPUTMA B 3aBHCUMOCTH OT JIJINH
UCXOIHBIX TIap.

3. Pazpaborana 6a30Basg MO/1€/1b PeaTU3aUu AMMPOKCUMHUPYIOMIEr0 aIro-
purma Ha sa3bike C+-+ B cucreme MS Visual Studio 2012 ¢ ucmosp3oBannem
onbmmorexkn AauHHbIX unces MPIR. Beimommensr peaan3amnun Ha KOMIBIOTEpE
OCHOBHBIX TIPOIEIYD, BXOAANINX B 6A30BYIO CXEMY aIIPOKCUMUPYIOIIEro ajro-
purma. TakuMmu mporemsypamMmu ABIAIOTC:

3.1. Tlponeaypa Bbraucaenns napamerpos 7 = A/B u ¢ = AB™! mod k
IyTeM NPSMbIX BLIYUCICHHUNA ¥ C UCIIOJBb30BAHUEM IPEIBBIMACTEHHBIX TAOINIIL.

3.2. Ilpouenypa yckopeHHOrO BbluucJeHus napamerpa r = A/B ¢
HCIIOJIb30BAHUEM OCOOEHHOCTEH MPEICTABICHNs JTINHHBIX THCe]T B OnOInOTeKe
MPIR ¢ obpamennem Kk OT€abHBIM 4acTIM (JUMOaM) JJIMHHBIX YUCEJ.

3.3. Ilpoueypa anmnpokcuMaryy J1efCTBUTEILHOIO IapaMerpa o JIpo-
ObIO0 C OUPDAHWYEHHBIM 3HAYEHWEM 3HAMEHATE]Is.

4. Paspaborana n peann3oBana 3(p@PeKTUBHAST MOIEIb AMMTPOKCAMAIINN
JIefCTBUTEIBHOTO MTapaMeTpa (v MPABUIBHON IPOOBIO C OrPAHUYIEHHBIM 3HAME-
HaTeleM C MUCIoab3oBanneM psamoB Dapest.
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5. Boimosinennt cepun Boraucienuit HO/I ¢ ucnosib3oBanueM pa3indHbIX
3HAYECHUN JIJIMH BXOAHBIX YUCEJI, apamMerpa k U pa3indHbIX YCKOPATIOMIUX IPH-
€MOB [IJIsT ONTUMAJIBHON CXOIMMOCTH BCETO AJITOPUTMA.

6. IMomcunranbl cpennee u OOIEe UHUCIIO UTEPAIWil, HAUIYUIIEe BpPEMs
JIJI KAyKJIOTO M3 BXOIHBIX HAOOPOB MCXOJIHBIX JAHHBIX, 3HAYEHUS MMapaMerpa
k w peamusanuii TexX WM WHBIX TPOIENYP ANMTPOKCUMHUPYIONIETO aIrOpPUTMA.
PesynpraTsr BhrauciaeHuit cOOpanbl B TAOTHUIIHI.

7. JlokazaHo abCOJIIOTHOE MPEBOCXOACTBO AIMPOKCUMUPYIOIIETO AJro-
purMa npu BbIOOPE ONTUMAIBHBIX [1APAMETPOB BBIUUCIEHUS [IPU PA3JIUYHBIX
annaax ucxoauwrx yuces oT 100 1o 1000 mecaTnyaHbIx pa3psaaoB y aJIrOPpUTMOB
Esknuna u k—-apuoro ajgropurma COpeHCOHa Kak IO 9HUCJIy WUTEPAIWiil, Tak
¥ 1O BpeMeHU Bbrauciaennii. [1o umceay mrepanmit anmmpoKCHUMHUPYIONIUN aaro-
putm obrousger ajmroputMm EBKiauma 10 5 pa3 m KOMOMHUPOBAHHDBIN k-apHbIH
JITOPUTM JI0 /IBYX Pa3, a IO BPEMEHU - JI0 TPeX pas.

8. Boun peanuzosan 3hpdEKTUBHDBIN TOUCK CTPOTO ICEBAOIPOCTHIX UUCET
Ha OCHOBE AINMTPOKCHMWPYIOIIEro aJrOPUTMa, € TTOMOIIHIO KOTOPOTO ObIIH Haii-
JICHBI BCE CTPOTO TICEBIONPOCTRIE TICa, Menbmre 1012, prirogas uncia s u g
U3 TTOCTIEIOBATEILHOCTH {1y, }1,, B HACTOSAIIEE BpEMS TIOCTPOEHHO 10 YJIeHa 113
(J. Sorenson, J. Webster)?!. 9rum noxazana Bbicokas 3hHEKTHBHOCTD ATTPOK-
CUMUPYIOIIEr0 AJITOPUTMA, BBIMOJIHAIONIErO M0I00HBIE BHIYUCICHUS TPUMEPHO
B Tpu pasa ObIcTpee KJIACCHIECKOro ajropurma EBK/nia, KOTOPBIH OOBIMHO
UCIIOJIB3YETCS B TMOMOOHBIX BBIYUCICHUSX.

B 3akJiroueHUN npuBeeHbl OCHOBHBIE BBIBOJIBI IO JUCCEpPTAInU, CHOp-
MYJTUPOBAHBL MOJy9YeHHbIE HAYYHBIE U MPAKTUYECKUE DPE3YIbTAThI, KOTOPHIE
BAKJIIOYAIOTCS B CJIEJIYTOMIEM:

1. Pazpaborana sadpderruBnas peanmsanus k-apraoro agropurma JIx. Co-
pPEeHCOHA.

Jlns peanu3anuu 3TOH 1eau ObLIa [IOCTPOEHA CUCTEMa TeCTUPOBAHUS,
cozep2kaliaa 060sb1Ioit HAOOP TECTOBLIX AP 4uCes Pa3iaudHoil jymubl oT 100
10 3000 6uT, mporpaMmHOoe obecredenne Ha, a3bike C+-+ Ha OCHOBE IMPOrpaMM-
moit cpeapr MS Visual Studio 2012 u 6mbamorexkn mmuaabix gucea MPIR as
BBIIIOJIHEHHUS] ONEPAlMii BHIYUCICHUST HAUOOILIIEro OOIIEro AeIUTeNs U CUCTe-
MOi1 KOHTPOJIsI BJUSHUS OTIEAbHBIX [IAPAMETPOB Ha XOJ, IPOLELYPbl, CHCTEMbI
OLIEHKM Ka4eCTBa pa3padarbiBaeMbIX a/JI0PUTMOB, OLIEHUBAOLIAsA O0IIee 1 Cpe/l-
HEe YMCJI0 uTepanuii, Tpedyembrx s Berauciaenuss HOJ ans mabopoB map
HATyPAJbHBIX YUCE]I, OOIIE € U CPEIHEee BPEMs BBINOJHEHUS B CPABHEHUU JIJIst
KJIACCUYIECKOTO aaroputma EBKinia.

21Sorenson J., Webster J. Strong pseudoprimes to twelve prime bases // Math ematics of
Computation. — 2015. — Vol. 86, no. 304. — Pp. 985-1003.
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2. Boumn mpeyioXKeHbl U peaTm30BaHbl MHOTOUNC/IEHHBIE METOIBI MO/IEP-
HA3AIUNA k-apPHOTO AJTOPUTMA, BBIMOJTHEHBI OIMEHKHA HUX BIUAHHSA HA CKOPOCTH
BBITIOJIHEHHUS aJTOPUTMa, W 9rcjao ureparmit. Cpean mpeaioKeHHbIX MOIePHHU-
3aliii TepevYrucnM OCHOBHBIE:

2.1. Bouta peanan3oBana CHCTEMa TIPEIBLIYNCICHNI, comeprKaias TabIm-
IIbI OOPATHBIX IO MOJIYJIIO Kk UHCEN, UCIIOIb3yeMas JIJIs MONCKA Map 9uCes &,y.
DTO MO3BOJIAIO JTOOUTHCSA YCKOPEHUs 6A30BOr0 alropuTMa 10 25 IPOILEHTOB.

2.2. BbLIH BBIMOHEHBI ONEHKN CPeIHUX 3HAYEHUN KoaddUImenTa peyK-
muu p = A/B Ha OTHeJIbHBIX UTepalusX aaropurma. 11oydentbie pe3yibraTbl
NOKA3a/M, 9TO €ro 3HAYEHWE 3aBUCUT TOJNLKO OT 3HAYEHWs IapaMerpa k
M COCTAB/ISIET BeJAUYUHY HPUOIM3UTENbHO paBHylo 2,5vk, 4TO LpUMEPHO
B 5 pa3 MPeBBINAET MUHUMAJIHLHOE TEOPETHUECKOe 3HAUEHHE, TMOCTPOCHHOEe
. CopeHcoHOM.

2.3.bouto mokazano ysenuuenue 3hMOEKTUBHOCTHA k-apHOTO AJTOPUTMA,
npu yseamdennn oT 16 1o 24 = 16384. Ilpu gaabHeleM yBeImdeHne 3TOro Ma-
pamerpa o01masa 3pGEeKTUBHOCTD aITOPUTMA HATHHAIA YXYAIIAThCsI. TToaTomy
ONTUMAIHHBIM 3HAYEHUEM I k-apHOTO ajaropurma ssisercd k = 16384.

2.4. Bouna paspaborana U peaqn3oBaHa CHCTEMa MPEIBbIYHCICHIH mapa-
METPOB ,Y, TIO3BOJISIONIAS BBIIOIHUTD MTOUCK MCKOMbIX 3HAYEHUIT apaMeTpOB
JUIA KaXK/J0r0 3aJaHHOrO 3HavYeHusd k W mapbl 3HadeHuili ¢ = Amod k u
b = B mod k. 9T0 TI03BOIUIIO MOy IUTh YCKOpeHue 10 10 mpoIeHTOB CKOPOCTH
BBINOJIHEHUs k-apHOro ajgroputma juisg k < 1024). Oanako, npu yBeaudeHun
k 5P PeKTUBHOCTL aJrOpuTMa Tajajia, 00beM TaKuX TaOJNI CTAJ CIAUIIKOM
Gomnbmioii (s k = 16384 cocraBisiem Gosee rerafaiita ofbeMa), HOITOMY B
[IeJIOM 3Ta MOJAepHu3amus Oblia Npu3Hana He 3PQPEeKTUBHON U B JaTbHEeHIeM
HE WCITOJIH30BAIACH.

2.5. Boun pazpaboran u peajnn30oBaH aJIrOPUTM C/IBUIA 00JIACTH U3MEHEHUS
nmapamMerpoB (x,y), KOTOPbIi TIO3BOJINIT TIOJIYIUTh JI0 25 MPOIEHTOR YCKOPEHMUS
0e3 KaKoro-To CyIIEeCTBEHHOTO M3MEHEHUs BBIMOJIHAEMBIX KOIOB.

2.6. Bbuin npoanaIn3upoBaHO M3MeHeHve KoM MUITHEHTa, PEIYKIINT p =
A/B Ha OTIeNbHBIX UTEPANNAX AJTOPUTMA U BBISCHEHO, UTO MPOUCXOIUT Yepe-
JIOBaHWE WTEpANuii ¢ HeOOJbINM 3HAYCHUEM O W UTEPAIUSAMHU, HA KOTOPBIX p
mostydaer Oosbiiue 3Hadenus. /i yMeHbIlleHns TaKuX MPOBAJIOB OBLIT Peio-
2KE€H HOBBIH MOINPUIMPOBAHHBIN KOMOMHAPOBAHHDBIN aJTOPUTM, YepPeTyTornii
UCIIOJIb30BAHUE HA HEYETHBIX MIarax k-apHoOro ajropurma ¢ ajropurmom Es-
KJIA/IQ, BBIMOJTHSIEMBIM HA YETHBIX IMarax. Takoi aJrOpuTM OKA3aJICS CAMBIM
3 dEKTUBHBIM U3 BCEX MPEJIOKEHHBIX MOAMMUKAINUN. ITa MOTUPUKAIAA Pa-
6oraer mpumepro Ha 30 nporeHTOB ObicTpee amropurma EBkinaa.
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HOJ’Iy‘IeHHbIe pe3ybTaThl MOTYT OBITH MCIIOJIE30BAHbI JJIA ,ZLa.HbHefILHHX

TEOPETUICCKUX MCCIEIOBAHNNA B 001aCTH 3P PEKTUBHBIX AMTOPUTMOB BBHITHNCTIE-
Hust HanbosbIero obmiero aenuresss HOJL ¢ npuiokenusimu B Kpurnrorpaduu
u teopun umcen rtakwme, Kak RSA, El Gamal, Elliptic Curves Ciphering,
AJITOPUTMBI 3JIeKTPOHHO# nudposoit moamucu 1T u npyrue BHICOKOMPOU3BO-
JIUTEIbHBIE BBIYUC/ICHNS HA SJUINNTAYECKUX KPUBBIX HAJ] KOHEUHBIMU TIOJISIMU.
Onu eme UrpaloT BAXKHYIO POJIb B MEPCIEKTUBHBIX HAMPABJICHUSX /IS TTOUC-
Ka CHJIBHBIX MCEBOMPOCTBIX MENBIX YUCEN, YTO YIydIIaeT TeCT MPOCTOTHI JIJisi
Kpunrorpadun.
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