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Y'l{,e'lf.'btu ce?qJemap'b auccepmaV,UO'H.'H.020 COBema 
aor;mop rJjU3U'Y:O-Mame.tvtamU'l{,eCY:UX 'H.ayr;;, 

/npo¢eccop 

tit-~ I1BaHqeHKO Hoclicp MonceeBIIq 

06IIJ;asr xapaKTepMCTMKa · pa60Tbl 

B ,n;lfccepmiJ,lfii pa3pa6omH~I 3¢cpeKTIIBHbie MO,ll;licpuKaiJ,IIII MeTo,n;a ,D;Iicpcpe

peHn.nanhHOii 3BOJIIOIJ,IIU1 ()1,9) - O,ll;HOro H3 qacro rrpiiMeH.HeMbiX anropiiTMOB 

rJI06aJibHOfi MIIHIIMII3aiJ,IIU cpyHK~liii ,n;efiCTBIITeJibHbiX rrepeMeHHbiX. 9TO Me

TO,ll; acHHXpOHHOfi )J;lfcPcPepeHIJ,lfaJihHOfi 3BOJI!Oli,IIII (A)J,9) (7,8], MeTO,n;.A)J,9 

C pecTapTOM II a)J;arrTlfBHOH.KOppeJI.HIJ,HOHHOfi MaTpliiJ,efi (A)J,9-AKM) (9, lOj. 
C IIX rroMOIIJ,hiO npoBe,n;eHo qiiCJieHHoe ncCJie,n;oBaHue MHororrapaMeTpnqecKlfX 

MO,ll;eJiefi ,ll;BYX cPII3U"IeCKIIX ClfCTeM (1-6, 11-211, IlepBa.H - 3TO,MO,ll;eJib IIHOH

.H,ll;epHOrO pacce.HHH.H Ha OCHOBe MIIKpOCKOIIIIqecKOrO OIITUqecKoro.IIoTeHli,IIaJia 

n pen.HTIIBlfCTCKoro BOJIHOBoro ypaBHeHH.H. BTopa5! ClfCTeMa - 3To o6o6~eHHa.H 

MO,ll;eJib pa3,n;eJieHIIb!X <}JopM<}JaKTOpoB, a,n;aiiT1ipOBaHHa5! ,ll;Jl.H aHaJIII3a CTpyKTy

pbl 2 Be3IIKYJIHpHbiX ClfCTeMIIO ,n;aHHbiM ManoyrJIOBOro cimxpOTpOHHOrO peHTre

HOBCKOro paCCe.HHHR. Ilpe,n;JIO)KeHHbie HOBbie MeTO,ll;bl MlfHIIMII3ali,Hll II03BOJiliJIII 

ycrreUIHO rrpOBeCTlf lfCCJie,ll;OBaHIIe 3a,n;aq, paCCMOTpeHHbiX B ,ll;lfCCepTaiJ,IIlf, OHII 

MOryT TaK)Ke IICIIO.iJb30BaTbC.H B ,n;pyrnX HayqHbiX lfCCJie,n;oBaHII.HX. 

1. AKTYaJibHOCTb 

AKTYaJihHOCTh TeMbi .n;ncc;epTali,IIlf o6ycJIOBJieHa KaK Heo6xo,n;nMOCThiO rro

BhillieHlf.H. 3cpcpeKTIIBHOcTH MeTO,ll;OB rJI06aJibHOfi · MIIHHMlf3ali,IIII, TaK II Ba)KHQ

CTbiO paCCMOTpeHHbiX B pa6oTe MHOrorrapaMeTpliqecKlfX MO,ll;eJiefi cpH31fqecKlfX 

ClfCTeM. PaccMoTpeHHbie Mo,n;enlf Tpe6yiOT Ha,n;e)KHOro II 6hiCTporo onpe.n;ene

HII.H Ha6opoB rrapaMeTpon, o6ecneqnnaiO~ux cornacue qncJieHHb6c Pe3YJibTaTOB 

C 3KCIIepnMeHTaJibHbiMH ,n;aHHbiMH. 

AKTYa.n:bHOCT~ MuKpocKmmqecKoii Mo,u.eJIH nHoH-H,LJ;epHoro pacce.H:

HH.H o6ycJIOBJieHa Heo6xo,n;nMOCTbiO rrocrpoeHlf.H peanlfcTnqHoro, TeopeTuqe

CKlf o60CHOBaHHOro IIlfOH-.H,D;epHOro IIOTeHIJ,IIaJia, IICIIOJib3YeMoro ,ll;JI.H MO,ll;e-. . ~· . . .. ~ 

JIIIpOBaHlf.H KaK yrrpyroro pacce.HHU.H IIIIOHOB, . TaK If 6onee CJIO)KHbiX IIlfOii-

.H,ll;epHbiX B3alfMO,ll;efiCTBIIfi. . . . . . 

BoJihlliiiHCTBo lf3BecTHhiX pa6oT no pacqeTaM rr~oH-.H~~pHbiX ,n;IicpcpepeH

IJ,lfaJihHhiX ceqeHlffi OCHOBaHO Ha IIpiiMeHeHIIlf Tex·IIJIII lfHbiX <}JeHOMeHOJIOrlfqe:. 

CKlfX <}JopM IIOTeHIJ,IIaJia Jilf60 'Ha IICIIOJib30BaHlllf MliKpOCKOIIIIqecKOrO IIOTeH

li,IIaJia KnCJIIIHrepa3, r.n;e yqnTh!BaeTC.H BKJia,n; B IIHOH~.H,n;epHOe pacce.HHHe s~; p
II d-BOJIH 7rN-aMIIJIIITY,ll;hi. Bee OHII liMeiOT 6.lf 6onee cno6o,D;HhiX rrapaMeTpon. 

1 Price,K. V., Storn,R. V., II J. of Global Optimization, 1997, v.ll, pp.341-359; Storn,R., Price,K. 
I I Technical Report TR-95-012, ICSI, March 1995; Das, S., Suganthan, P. N. I I IEEE Trans. Evol. Com put., 
2011, v. 15, pp. 4-31. . • 

2B ,D.rumoil pa&rre no,11. nronKyJiaMn nonnMaiOTC>l 6ntl3Kne K c¢epn'IecKnM nanoc¢ephl c o6ono'IKol!:, 
npe,D.CTaBJUIIOII\el!: co6on JIHnH,D.HyiO MeM6pany. 

3Kisslinger,L.S. I I Phys. Rev., 1955, v.98(3), pp. 761-765; Krell,M., Ericson,T.E.O. II Nucl. Phys., 1969, 
v.11{3), pp.521-550. 
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B ~IIccepTaiJ.IIII IIcnoJih3yeTC51 rii6pii~Hhiii no,rr,xo,IJ,4 , CO'IeTaiOIIJ.IIii Tpexna

paMeTpn'IeCKYIO MO,IJ,eJib MIIK{)OCKppiJ:<r~CKOrO on:r:;t'IeCKOI;O n~TeHIJ.HaJia (MOil) 

na 6a3e BhiCOK03nepreTII'IeCKoro npii6JIIIMeHn51 II pac'IeT na6JIIO,IJ,aeMbiX xapaK-

. TepiiCTIIK Ha OCHOBe 'IIICJieHHOro'perneHII51 peJI5ITIIBIICTCKOrO BOJIHOBOrO ypaB.He

HI151 [2,4,'14]: KaK noKa3hiBaiOT paCiieThi, Ka'Iecr:Bo onncanii51 3KcnepiiMeHTaJih~ 
HbiX ,IJ,aHHhiX' Ii' paMKax TpexiiapaMeTpii'IeCKOfi MO~eJIII conocTaBIIMO c pe3yJih

iaTaMII66nee c.iioMHbiX MO,IJ,eJieii C 66JihiiiiiM 'IIICJiOM napaMeTpOB [4]. IJpii3TOM 

napaMeTphf -~IIipOCKOIIII'IeCKOii MO,IJ,eJIII IlMeiOT npOCTOll CMbiCJI II xapaKTepn-

3YIOT ,ll,IIHa~n1Kyi II3MeneHII51 aMnJIIITY,IJ,bl pacce5IHH51 IIIIOHOB na BHYTPII5I,IJ,epHbiX 

HYKJIOHaX' B '3aBIICIIMOCTII OT: ~neprHII nHOHOB [4]. cho no3BOJI5IeT liCCJie~oBli.Tb 
3cpqieKT Iimi.HH:II51 5I,IJ,epnofi cpe,IJ,i.i'na npoiJ.ecc pacce5IHii51. 

A.K.Tya:rrhHOCTb MO)J.eJIIIpoBamur CTPYKTYPhi Be3IIKYJI.HpHbiX ciicTeM 

H~ 'ocHOBe cpoccpOJIIIIIII,ll,OB o6ycJIOBJieHa npaKTII'IeCKIIMll npiiJIOJKeHII5IMH B o6-

JiaCTII cpapMaKOJIOrHll II KOCMeTOJIOriiii, r,IJ,e Be3IIKYJibl (ftanoccpepbl) HCIIOJ!b-
,, !Z ' , 

3YIOTC51 B Ka'IeCTBe nepeHOC'Il!KOB JieKapCTB II ,IJ,pyriiX aKTIIBHbiX KOMnOHeHT. 

Kp~Me' Toro; IICCJie,IJ,OB~HIIe. 6IICJI051 o6oJIO'IKII Be3IIKYJI urpaeT BaMnyro poJib 

B CTpyKTypHOll 6IIOJ!OrHII II 6IIocpii3IIKe, IIOCKO~bKY n03BOJI5IeT noJiy'IIITh HQ

BYIO IIncpopMaiJ.IIIO o CTPYKType II cBoficTBax 6IIoJiomqecKIIX MeM6paii.'· 

, .Il;JI51 aHaJIII3a ,CTpyKTypbl nOJIII,IJ,IICnepcHhiX Be3HKYJI5IpHblX CHCTeM pa3-

BIIT, II ycneiiiHO ·IICnOJih3yeTC51 MeTO,ll, pa3~eJieHHbiX cpopMcpaKTOpQB . (P<.D<.D). 

Parree 3TOT MeTO,IJ, npiiMeH5IJIC51 ,IJ,JI51 anaJIII3a ,IJ,aHHhiX ManoyrJioBoro pacce5IHII51 

~~It~pOHOB5 . B ,IJ,IIccepTalJ.IIH MeTO,IJ, pa3,IJ,eJieHHhiX . ¢opMcpaKiopo~ a,IJ,anTIIpo

BaH ,IJ,JI~ MO,IJ,eJIIIpoBaHII51 cTpyKTYPhi noJIII,ll,IICnepcrrofi nonyJI511J.IIII OAHOcJiofi

HhiX Be3IIKYJI no ,IJ,aHHhiM MaJioyrJIOJ3oro penTreHOBCKoro · pacce5IHII51 (MYPP) 

[3, 5, 11, 19, 20]. Ilpe,IJ,JIOJKenna51 B pa6oTe MO,IJ,IIcpiiKaiJ.II51 P<.D<.D-rro,IJ,XO,IJ,a ,IJ,JI51 

o6pa6oTKH MYPP~cneKTpOB Y'IIITbiBaeT tPJIYKTyail.IIII ~apa~eTJ>ClB MO~e~H 6H'

c.ITo5r 'o6oJio'IKH Be3IIKYJI II ucrroJih3yeT 6oJiee cJioMHhifi, no cpaBnerrnid c Iieii

TpoHHhiM pacce5IIIHeM, npocpiiJib pacnpeieneHIIE rrnoniocTII ~~IIH~i pacce5IHI151 

nbnepeK: ~eM6paHbl. 9To: n03BOJIIIJIO ,ll,OCTII~b ny'IIllero COOTBeTCTBII.ii Te~peTII-. . . 
'IeCKOll MO,IJ,eJill 3KCnepiiMeHTaJibHbiM ,IJ,aHHbiM. 

! '' i, : ~ • t'' 

AKTYaJibHOCTb IIOBbiiiieHII.H 3<P<PeKTIIBHOCTII MeTO)J.OB rJio6aJibHoii 

MIIHIIMII3ai.J.IIII o6yCJIOBJieHa TeM, .'ITO onTIIMII3aiJ.IIOHHbie 3a,IJ,ij.'III eCTeCTBeH

HO B03HHKaiOT, B pa3JIII'IHblX o6JiaCTRX nayKII, KOr,IJ,a He06XO,IJ,IIMO OIIpe,IJ,eJIIITb 

BeK;rop napaMeTpOB {j•, MIIHIIMII3IIpyiOIIJ.IIH6 IJ.eJieByiO cpyHKIJ.HIO f ( fi.): 
:.•JiyKb>rHOB, D.K., 3eMJUIHa>r, E.D., JI)'Kb>IHOB; K.D:, .XaHHa, K.M. I I .H,!\epHa>I ¢n3nKa, 2010, ·T. 73, 

c.1489-1496. i , , 1 
5Kiselev, M.A., Zemlyanaya, E. V., Aswal, V. K., Neubert, R. H. H. I/ Euro~ean Biophysics Journal, 

2006, v •. 35, No.6, pp. 477-493; Zemlyanaya, E. V., Kiselev, M.A., Zbytovska; J.; Almasy, L., Aswal, V. K., 
Strunz, P.; Wartevig, S., Neubert, R. H. H. I I Crystallography.reports, 2006, v. 51, Suppl: 1, pp. S22-S26.· 

....-.: · 6ECJiu ncKOl',!hlll orrTnMyM n 38,1\aqe coOTnercrnyer HaJCO>K)J.eHHIO MaKCnMyMa n:eneaoll ¢ymru,rni g( II), 
TO OllTHMII3a.n,HOHHa>I 38,1\a'Ia CBO,!\UTC>I K MHHHMII3aU:HH n;eJieBOil ¢yHKI.\IIH j(ll) = -g(ll). · 

' : ; ~ ':- ·, ,.. ' .. 

·. 

-,;· 

J(tf*) ~ f(O) E lR, 

IIJIII 

- . v (j:._ {e:}l , ve E n c JR , -: 1 j=o •... ,D-1 , 

0* = Argmin. f(O). 
IIEOcRD 

(1) 

(2) 

3,IJ,eCb JR- MHOMecrso Bcex BeiiJ.eCTBeHH~;X 'IHCM; JRD- BeiiJ.eCTBeHHO~ BeKTOp

HOe npocTpaHCTBO pa3Mepno~TII D; n- Be~eCTBeHnoe npocTpaHCTBO no~cKa 
perneHII51' pa3MepiiocTII D. . 

Haxo~eHl!e rJio6aJibHOrO MIIHIIMyMa7 MHorm.tep~oii MHOro3Kcrp~MaJib
HOii IIjllJill HerJia,IJ,KOfi 11,eJieBoii cpyHKIJ.llll Tpe6y~T 60~b~OrO o6b~~a_''~bltJIICJie
HIIii. '9ro :.i\enae'l' aKTYaJihHhi~ pa3B.IITlle M~o~os; o6ecne'IIIBaiorriii~:.3¢cpeK-

• ,- . . . . ' ' ' . . • . ~ " • ' • - ' • 1 i. ; 

TIIBHYIO napaJIJieJihHYIO peaJIII3aiJ.IIIO. 

JJ:IIcpcpepeHIJ.llaJibH~ 3BOJIIOIJ.II51 (JJ:9) - aJirOpliTM np5IMOPO nol!CJ<:a pe

IIIeHII51 3a,IJ,a'Ill (1) __..:. OTHOCH~C51 K KJiaccy 3BOJII011,liOHHbiX anropl!TM~~8 II 

no,IJ,XO,IJ,IIT; ~JI51 MIIHHMII3al.J.IIII ne,IJ,IIcp¢epeniJ.IIpyeMhix, rreJIIIHefinhlx, MYJihTII

Mo,IJ,aJihHhiX <f>yHKIJ.IIii OT MHOPIIX nepeM:eHHbiX. J1HMeHepbl II IICCJie,IJ,OB~T~II 
ycneiiiHO iipiiMeH5IIOT ~9. ,IJ,JI51 pemeHH51 on;IIMH3alJ.IIOHHbiX 3~a-q B pa3nii~
HbiX o6nacTHX nayKu9 .. B 3BOJII011,liOHHbiX anropiiT'Max IITe{ntiJ.~O~IHblii npOIJ.ecc 

onepiipyeT 'na60pOM areHTdB, IIJIII ~eKTOpOB B npOCTpaHCTBe n6li~K~ fl, KOTO

pb!fi npuli5ITO ila3biB~Tb iionyJI5I~IIeii. KaM,IJ,OMY a~e1riy COOTBeTCT~Y~T 3Ha'Ie-
' ·" . . . • ·, • ; ) ! • , . i1 • , I , " . ', . . t • . " ~ : • • , _ . . , • ~ ~ i , . ' 

HIIe ero npiiPO,ll,HOCTII B OKpyMaiOIIJ.eii Cpe,IJ,e,paB,HOe COOTBeTCTBYIOIIJ.eMy 3~a'Ie-

HIIIO lJ.MeBofi ¢YHKIJ.HII f. HoBbie areHTbl' nopo~aiOTC51 rrocpe,iicTBOM MYTa~IIII 
II peKoM6ll'Ii~i1,IIII (Kpoc~o~epa)~'B pe3yJihTaTe oT6opa M~~ee nprrro,IJ,Hhie areHThi 

OT6paCbiBaiOTC5I.TaKIIM o6p83oM, nonyn5111,II51 3BOiiiOIJ.IIOHIIpye~ BCOOTBeTCT~IIII 
C npaBIIJia~ll 0~6~p~ HIJ.eJie~oii cpyHKIJ.IIeii, ~~aBa:eMoi1 OKpy~aiOIIJ.efi cp~,IJ,otl.' 

BoJibluiiH~TBO .3BOII~lJ.IIOHHbiX anropnnmB ~wryT 6b!Tb ,pa3,IJ,eJie~bl H~ 
,IJ,Be 6~Jii.rnue rpynnhi: · nonyJi.Rv,uoHitt-bte {genenition~l) aJiropiiT~hi, i<oT~phie 
o6HoBJi5IroT BciO n~nyJIHIJ.~IO ~a KaJK,IJ,~ii IITepaJ.tiiii,: II x:eailu~mati,u~~~p'Hibte 
(steady-state) anrolmTMbi10, KoTdp'bH3 o,IJ,no~p~Meimo o6rroB.imiOT TOJibKo 'Iacfh 

areHTOB. Tpa,IJ,IIlJ.HOftno MeTO,ll, JJ:9 peaJIII3YIDT ~ Bll~e nonyJI5I~IIOHHOro anr~ 
piiTMa. B',IJ,anrroiipa6o'l'e BnepBhie onepal.J.HH ~YraiJ.IIII, peK:oM6IIrriuiiin (Kpoc

coBepa) II oT6opa, xapakiepnhie ~JI51 KJia~Cir'IecKoii ',n:9', 3~en:'cr8o~aHbi B npe:. 

,IJ,eJibHOtl: ¢opMe KBa3IICT~IJ.IIOH~pH:oro anropiiT~a: TalmM o6pa3o~, ccpopMynll:~ 
--::-------------'-·-. ' ' ·'" ' • • • . t 

7Hecrepoa,l0. E. Dae,n;eHne B BhlnyKJiyro OIITHM113~ I I M11,HMO, 2010, 280 c. 
8Holland,J.H. · II University of Michigan Press, Ann·Arbor. 1975; Kennedy,J. and Eberhart,R.C. 

I I Proc. of IEEE Intern. Conference on Neural Networks IV, 1995, pp. 1942-1948; Colorni, A., Dorigo, M. et 
Maniezzo, V. I I Paris, France, Elsevier Publishing, 1991, pp.l34-142. 

~IIOCJie,zume ,n;oCTn)l{eHn>r no p83BIITHIO n ycoaepmeHCTBOnamuo :noro MeTO,n;a IIpe,!ICTa.BJieHhl n KHnc' 
re Price,K. V., Storn,R.M., Lampinen,J.A. Differential Evolution: A Practical Approach 'to''Global 
Optimization I I Springer-Verlag, Berlin, Heidelberg, 2005. •. : 

108 IIO,n;K.nacce SBOJIIO~OHHbiX: anropHTMOB - reHerH'IecKIDC a.rrropnTMax ·- aJlbTepHaTHBOII Tpa,!(~·. 
OHHOMY UOKOJieH'IecKOMY UO)I,XO.IIY >IBJUierC>I HCIIOJib30BaHHe KB83H~OHapHOI'O (steady-state) no.n;i<o.i\a, 
n KOTOpoM nonymu~un o6HoBJI>IerC>I 'IaCT>IMII, a He BC>I cp83y. 9roT nO)I,Xo,n; 6biJI p83BIIT B pa6are Whitley,\ 
and Kauth, J. I I GENITOR: Technical Report CS-88-101, Colorado State University, 1988: ,; · 
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poBaHbi MeTO~bi acnnxponnofi ~n¢¢epem~IIaJJbHofi 3Bomo~uu [8], A,ll.9 c pe-

crapToM u MaiiTIIBHbiM KpoccoBepoM [9, 10]. . . . 

IJpe~JJO:>KeHHbJe aJJrOpliTMbi 06JJa~aiOT pH~OM rrpenMyrn;eCTB IIO cpaBHe

HHIO c ~pyriiMII II3BeCTHbiMII no~o~aMII. Onu (i) H:e Tpe6yiOT BbJlliiCJJeHHH rrpo

II3BO~HbiX; (ii) II03BOJJHIOT IIOJJY'IHTb cpaBHHMbie CO CTaH~apTHOfi ,ll.9 CKOpOCTb 

n 'miposiTHOCTb cxo~nMocru11 K rJJo6aJJbHOMY MIIHIIMYMY [7, 8] u B pH~e cJJy<ia

eB yiJyqJJIHTb 3TH IIOKa3aTeJJII (9, 10]; (iii) II03BOJJHIOT JJerKO II 3¢¢eKTIIBm) pac-
.; . ' . 

rrapaJJJJeJJliTb Bbi'IIICJJemm 3a cqeT paBHOMepnofi n IIOJJHOH .3arpY3KII ~ocryrr-

H~IX Bbi'I~CJJIITeJJbHbiX Y3JJOB npu paC'!eTax B rrapaJJ.JieJJbHOM pe:>KIIMe [8, 17]. 

· HoBbie MeTo~bi aKTYaJihHhl. ,z:t;Jia 3a.n;aq, pemeHHhiX B .n;liccepTa~ 
~MH, TaK :>Ke KaK n ~JJH Mnorux ~pyrux · ¢n3II'IecKnx 3a~a'I, ~rccJJe~oBanue 
KOTOpbiX Tpe6yeT rJJo6aJJbHOfi MHHHMII3~~uu.'B.caMoM ~eJJe, mi.pa~eTp~~ MHK

pocKo'IIII'!ecKoro OIITU'IeCKOro IIOTeH~HaJJa ~JJH MO~eJJII IIliOH-H~epnoro pac

CeHH~H ~ rrapaMeTpbi MO~eJJII pa3~eJJeHH~IX ¢bpM .. ¢?KTqpoB, OJI~Cb!BaiOrn;efi 
~Ii¢¢epeH~IIaJibHbie Ce'!eHHH MaJJOyrJJOBOrO peH'ITeHOBCKOrO paCCeHHHH 1 O~e

HHJlaiDTCH rryTeM MIIIIH~U3a~nii B3BeJJieiinofi KBa~aTH'IHOfi HeBH3Kll Me:>K~ 
rrp~~b~a3aHIIRMII TeopeTII<iecKott MO~eJJ~, H 3KCIIepHMeHTaJJbHbH._lii ~aHHbiMII. 
3aBHCH~OCTb 3TOfi HeBH3Kli OT BeKTOpa liCKOMbiX rrapaMeTi:)QB 3a~aeT ~eJJeByiO 
¢YHKrwro. Pacc'IHTbiBaeMbie ~eJJeBbie qiyiiK~IIII o6Jia.,n;aioT cJIO:>KH~r:M' np~ 
qniJieM II' MMe~T H~CKOJihKO JIOKMhHhiX MMfiHMYMC>B .. 9TO . rrpliBO~~;r 
K To:My, '!.TO rrpu ncrroJJb3o~a8uu MeTO~OB · JJOKaJJhHOro rroncKa 12 BepOHTHOCTb 

orrpe~eJJeHHH rJJo6aJJbHoro MHHIIMyMa B o6JJacTii ~orrycTHMbD~ 3Ha~enufi rrapa-. 
' '- :· ' ' ' 

MeTpOB CHCTeM HH3KaH, B TO BpeMH KaK BepOHTHOCTb HaxO:>K~eHHH OJITliMaJJbHQ

ro pellH:!H~H Me~o~aMH ,ll.9 3Ha'IHTeJJbHO BbiJJie(6,20]. C ~pyrotleTOpOHbi,OIIpe-
-~~JJeHne rrapaMeTpoB, OTBe'IaiOrn;nx 3a CTPYKTYPY rroJJH,[\HCIIepcnotl rrorryJJH~nu 
BEBHKYJJ ,ll.McDX; rro ~aHHbiM ManoyrJJoBoro cunxpoTpoimoro pacceHHHH B Mo

.rr.~.iiu pa3~e~eHHhiX ¢opM¢aKTOpOB Tpe6y~T rJJo6aJJbHOll MIIHtJMU3a~UH MHQ

r'o3'iccTp~MaJJbHOfi ¢yHK~HH. C, 9 .f~CTH'IHO-KOppeJJHP.OBaHHbi~H nep~MeHH~IMH. 
9~a 3Maqa Tpe6yeT cyrn;eCTB~HHbiX otS'heMOB. Bbi'IUCJieHntl, li oco6oe 3Ha'Ienue 

rrpuo6pe-iaeT pa3BHTHe ~ropriT~OB, o6~cne~nBaiOUJ;liX liX 3¢¢eKTliBHYIO II~
paJIJJeJJ?HYID, pearrn3a~niO na. MHororipo~eccopnbl}{ c~c;e_M~. Peann3oBannbrfi _ 

na 6a3e A,ll.9..:MnmiMn3a~nn KoMnJJeKc rrporpaMM no3BOJJHeT 3¢¢eKTHBHo. pac

rrapanmmnTb Bbi'IliCJJeHHH, 6oJJee qeM B 50'pa3 yMeHblllliB BpeMH paC'IeTOB. 

u Ilo,l\ ou,enKoll cpe)IHell cKopoCTH CXO,!IHMOCTH nOHHMaeTC>I BMll'IHHa, o6paTHa.>I cpe;i.HeMy BpeMenn, 

neo6xO,liHMOMY .I1JUI .l\OCTIDKemm MHHHM)'Ma c 3a,~~annoll TO'lHOCThiO. -Tru< KaK pacqer u,enenol! <i>)'HKll,HH 
Tpe6yer :ina'lHTMhHO 66JihmHX 3a1'paT KOMIIhiOTepnoro BpeMenn; '!eM onepa.IJ,HH caMoro a.nropnTMa, OI\eHKa 
cpe)IHeJl CKOpDCTH CXO)IHMOCTH MO>KeT 6h!Th aiinpDKCHMHpDBa.Ha BMH'lHHOJl, o6paTHOJl cpe)IHeM)' KOJIH'leCTBy 
Bhl'lHCJieHHJl ll,MeBOJl <i>YHKIJ,IIH, HeOOXO)IHMOM)' )IJUI ,1\0CTIDKeHII>l MHHHM)'Ma C 3a,llaHH0Jl TO'lHOcThiO. JIO,I\ 
OU,eHKoll Bepo>ITHOCTII CXO)IHMOCTH llOHHMaeTC>I OTHOmeHHe 'lHCJia ycnemHhiX come,li,IIIHXcH K rJIOOaJihHOMY 

MHHHMyM)' llOllhiTOK K o6m;eMy 'lHCJIY llOllhiTOK MIIHIIMH3a.IJ,HH <i>YHKIJ,IIH npH UOMOIII,H )\aHHOI'O aJII'OpiiTMa. 
'~2HanpHMep, MeTO,I\a cHMIIJieKcon:.Nelder,J.A;, Mead,R I I Comput.J., 1965, v. 7, pp.308--313- rum 

KBa3mn,IOTOHOBCKoro MeTO,I\a c q,opM)'JIOll ,ll;aBIJ,liOHa-<I>nerqepa-IIa)'3JIJia: Davidon, W. C. I/ A. E. C. Res. 
and Develop. Report ANL-5990. Argonne National Laboratory. Argonne; Illinois, 1959, p. 21. 
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TaKIIM o6pa3oM, pa3pa6oTKa II rrporpaMMHaH peaJJII3a~IIH MeTO~OB A,ll.9 

aKTYaJJbHbi li BOCTpe6oBaHbi KaK ~JJH paCCMaTpliBaeMbiX B ~HCCepTa~Hli 3a~a'I, 

TaK H ~JJH MHOrHX ~pyrnx Hay'IHbiX H IIpiiKJJa~HbiX HCCJJe~OBaHIIfi. 

2. :u;e.IT~-n 3a.n;a~m .n;nccepTa~Monnoii pa6oThi 

IJ;eJJH ~HCCepTa~liH - 3TO pa3pa60TKa, o60CHOBaHHe, KOMIIbiOTepHaH 

peaJJH3a~IIH H TeCTIIpOBaHHe 3¢¢eKTliBHbiX Bbi'IHCJiliTeJJbHbiX MeTO~OB rJJo-

6aJJbHOfi MHHHMH3a~IIH, C03~aHHe mi. 3TOfi OCHOBe KOMJIJJeKCOB rrpo6JJ.eMHQ

OpHeHTHpOBaHHbiX rrporpaMM H 'IHCJJeHHOe HCCJJe~OBaHHe MliKpOCKOIIH'IeCKOtl 

MO~eJin IIHOH-H~~pHoro pacc~5mn51. H MO~eJJH pa3~eJJeHH~IX ¢op~¢aK;OpOB, 
orrncbmaiOrn;etl CTPYKTYPY Be3HKymipnoil cncreMbJ. 

3a~a'In· ~nccepTa~un: 

Pa3pa6oTaTb. H HCCJJe~OBaTb HOBbie 3¢¢eKTHBHbie aJJropHTMbi rJJ06aJJbHOfi MH

HIIMH3a~HH. 

Pa3pa6oTaTb na 6a3e MeTo~a ,ll.9 MeTo~ acnnxponnofi ~nqi¢epeH~IIaJJb
nofi 3BOJJIO~HH (A,ll.9), MeTO~ aCHHXpOHHOtl ~n¢¢epeH~Ha'.JibH~fi 3BOJJIO~HH 

• !' I' ; ' 

C peCTapTOM H KpOCCOBepoM, OIIpeAeJJHeMhiM a~aiiTHBHOfi KOppeJJH~HOHHOtl 
MaTpn~efi (A,ll.9-AKM). · · . -

AHaJJHTli'IeCKliMH MeTO~aM!f II~JJY'IllTb or{>afJH'IeHHH Ha yrrpaBJJHID~He rra

paMeTpbi aJJropnTMOB ,ll.9 n A,ll.9, neo6xo~HMbie ~JJH rrpe~rrpe:>K~eHHH 

rrpe:>K~eBpeMeHHOtl CXO~HMOCTH13 aJJrOpHTMa. 

IlyTeM MeTO~H'IeCKHX pac'IhoB )J,JJH pH)J,aT~CTOBbiX ¢ym{~utl o~eHHTb CKC>-; 

poCTh n BepoHTHOCTH cxo~IIMOCTH rrpe~JJo:ti<eimbiX MeTO~OB A,ll.9;' cpaBHliTb 

. C K;{a~C~~eCKH~ Bapii~HTO~ ,ll.9. H ~pyr~~.,m ~eTO~aMH MliHH~H3a~nH:' . 

IJpoBeCTII 'IHCJJeHHOe HCCJJe~oBaHHe MHKpOCKOIIH'IeCKOfi MO~eJJH IIHOH

H~epHOrO.YIIPYrOrO pacceHHHH .. 

Pa3pa6oTaTb KOMIIJJeKc "rrpo~paMM, peaJJn3yiOrn;ntl A,ll.9~rro~ronKy rrapa

MeTpoB MliKpOCKOIIH'IeCKOil MO~eJJli IIliOH-H~epHOrO yrrpyroro pacceHHliH 

JIO 3KCIIepHMeHTaJJbHbiM ~aHHbiM. 

Orrpe~eJJliTb napaMeTpbi MHKpOCKOIIli'IeCKOro OIITli'IeCKOro IIOTeH~IIaJJa 

IIO aKCIIepHMeHTaJJbHbiM ~n¢¢epeH~HaJJbHbiM ceqeHUHM yrrpyroro pacceH

HH5I II~OHOB Ha H~pax 28Si, 4°Ca, 54Ni li 208Pb B'~mtiia30He KliHeTH<iecKofi 

3Hepruil na.Tie'niiDrn;nx rrlionoB oi 130 ~o 291 M3B. 

IJpoBeCTli aHaJJII3 BJJmiHHH H~epnofi ~pe~hi Ha xap~KTepHCTII~~· IIHOH-
HYKJJOHHOH' a:~rr.rin~mbr. ' · • · '' · 
• ' ' •. , • , ' ! - • • '. '' • • '< : : . : .. !, • ; ~ '. ' .. ' '·: ~ .... 

IlpoBecTn 'IliCJJeuuoe nccJJe~oBanne CTPYKTYPbi Be3HKYJJHpHbiX cncreM. 
'• • • · • i ' • · ~ · ' :' • • A • 

13 IIpe>K)IenpeMennan CXO)IHMOCTh- 3TO nOTepn pa3Hoo6pa3II>l B nony.rum;mt, KOTopoll onepnpyer 3Bo.mo
ll,IIOHHhlll a.nropHTM. Eha nOTepn pa3noo6pa3HH npnno)IHT K ncKyccrnennoMy orpa.HH'lemno na npoCTJla.HCTBO 
llOHCKa B03MO>KHhiX pemennll, ,1\0CTYllHhiX a.nrop~ B UpDI\eCCe 3BOJIIOI1,liH. . , . ' 
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- Pa3pa6oTaTb Mo~n¢nKa~mo MO~eJm pa3~eJieHHbiX. ¢opM¢aKTopoB ~JIH 

yqeTa cPJIYKTya~llfi napaMeTpOB Jllliill~HOro 6HCJIOH B Be3llKYJIHpHbiX Cll

CTeMax. 

Pa3pa6oTaTb KOMIIJieKc nporpaMM, peann3yJOrn;nfi A,Il;9-no~ro~KY napa

MeTpOB MO~eJill Be3llKYJIHpHOfi CllCTeMbl IIO ~aHHbiM MMOyrJIOBOPOpeHTre

HOBCKOrO pacceHHllH B pe:lKHMe napMJieJibHbiX BblqllCJieHllfi. 

- Ilpoaecrn qncJieHHOe nccJie~oaaHne Mo_p;enn, onncbiBaJO:ru;efi cTpyKTYPY no

JIH~ncnepcHoii nonyJIH~nn Be3HKYJI ,Il;M<PX14 B 40% paCTBope caxapo3bi. 

O~eHH;b scp¢eKTHBHOCTb npnMeHeHmi pa3pa6oTaHHbiX MeTO~OB ~ll~HMH3a-
_,. : ' • ' > ' 

~llll. 

CpaBHHTb Ha npnMepe 3a~aqn o nnoH-H~epHoM pacceHHHH n 3a~aqn o6 nc

. CJie~OBaHllll napaMeTpOB Be3HKYJIHpHOH CllCTeMbl ScPcPeKTllBHOCTb HOBbiX 

anropHTMOB (BepO~THOCTb HaxO:lK~eHHH OIITIIMaJibHOrO pellleHHH) IIO cpaB-
ft . 

HeHlllO C~pyrHMll MeTO~aMH MllHHMll3a~Hll, llCIIOJib3YIOIIJ;llMllCH ~JIH pellle-
. . . . . 

. HUH aHanorn:HbiX 3a~aq. . 

__:. O~eHHTb ycKopeHne BhrqnCJieHnfi, ~ocTnrae11oe npn pellleHHII nepeqnCJieH

HbiX Bbiille 3~aq, IIpll pacqeTaX C IICIIOJib30BaHHeM pa3JillqHOrO KOJinqecTBa 

. :rapanJieJibHbiX BbrqncJinTeJibHbiX Y3JIOB. 

3.' ·" HayqHrui HOBH3Ha 

B pa6oTe BnepBbie onepa~un MyTa~nn, Kpoccoaepa u oT6opa, xapaKTep

ilble · ~JI~ • KJiaccnqecK~fi ,Il;9, 3a~eficTBcmaHbi B npe~eJibHOfi ¢opMe · KBa3IICTa

~noHapHoro anropnTMa. TaKnMo6p~oM, ccpopMyJinpoBaH MeTo,ii. acnHxpoHHofi 

~n¢¢epe~~nanbHofi sJ3oJIJO~nn [8], a KoropoM iia Ka:lK~oM Illare o6HOBJIHeTcH 

TOJibKO o~HH · II3 qJieHOB nonyJIH~nn. 

BnepBbie Ha OCHOBe IIpOBe~eHHOrO aHaJillTHqecKOrO HCCJie,ll;OBaHHH IIOJiy

qeHbl orpaHnqeHHH Ha ynpaBJIHJOrn;ne napaMeTpbi· ,n;JIH pH.n;a cTpaTemii A,Il;9 

ll ,1J;9 [7], KOTOpbie HBJIHIOTCH He06XO,ll;llMbiM yCJIOBlleM IIpe.n;ynpe~eHHH IIpe:lK

,n;eBpeMeHHOH CXO,ll;HMOCTll anropHTMOB. . 

IJpe,n;JIO:lKeHa HOBaH ~aiiTHBHaH CXeMa ,ll;JIH OIIepa~llH KpOCCOBepa [10], 
B _paMKax KOTOpOfi 3Ta onepa~HH MO,ll;IIcPH~llp<?BaHa H 3aBHCllT OT napHbiX KOp

peJIH~Hfi, Me:lK.n;y napaMeTpaMn 3a,n;aqn. AJiropnTM acnHxpoHHofi_ .n;n¢¢epeH~n
MbHofi SBOJIIO~llH C KpOCCOBepoM, 3~aBaeMbiM ~aiiTHBHOfi KOppeJIH~HOHHOfi 

~aTpll~efi (A,IJ;9-AKM), BCTpOeHHOfi a.n;anTHBHOfi cxeMOfi Bbi6opa Mll;ClliTa6n

pyJOrn;ero ¢ai<ropa [10]n npo~e.n;ypofi pecTapTa c ·aBTOMaTn~ecKnM yBennqeHn

eM Pa3Mepa nonyJIH~llH [9] He Tpe6yeT HaCTpofiKH napaMeTpoB IIOJib3o.miTeneM 

II IlpeBOCXO~llT wyrne ll3BeCTHbie B JIHTepil.Tyi)e ~allTllBHbie , BapllaHTbi ,1J;9 

DO CKOpOCTll H BepOHTHOCTH CXO,ll;llMOCTII. 

14 ,IUJ q> X - p,mmpncroWI<Poc<Pam,n;wncomm. · 
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II 

BnepBbre HaocHoBe TeCTOBbiX pacqeTOB noJiyqeHbi o~eHKH ,ll;JIH·cKopocrn 

n BepoHTHocrn cxo~HMOCTH MeTO~OB A,l1,9 [7], A,l1,9 c pecTapTOM (9] n A,Il;9-

AKM· (10j ~JIH-TecTOBbiX ¢YHK~nt!: ll3 Ha6opoii'TeCTOBbiX 3~aq CEC-200515 [6] 

n BBOB~201216 ; (10]"npn ·pa3JinqHbiX 3HaqeHHHX' ynpaBJIHIOIIJ;IIX- napaMeTpOB 
anropiiTMOB1

• ·.; -· : • r.· 

Bnepabre MeTo.n; A,Il;9 npuMeHeH ,lVIH qiienimHoro IICCJie~oBaHitH MIIKpo

CKOniiqecKofii~o.n;eJIII nuoH-H~epHoro pacceHHIIH' [2, 12, 13, 18]. ·BnepBbre Tpex

napaMeTpiiqecKaH MO~eJib Ha OCHOBe MIIKpOCKOIIIIqecKOrO OIITIIqecKOrO. IIOTeH~ 

~IIMa'II penHTIIBIICTCKoro BOJIHOBoroypaBHeHIIH lllpe,n;IIHrepaiiCIIOJib30BaHa 

,lVIH pacqeTa ~Ii¢¢epeH~IIMbHbiX ceqeHIIfi ynpyroro pacceHHIIH IIIIOHOB Ha H~
pax 28Si, 4°Ca, 58Ni, 208Pb B .n;uana3oHe KIIHeTuqecKofi s~epmu HMeTarorn;IIx 

nnoHoB oT 130 .n;o 291 MsB [4, 14]. Ha sTofi ocHOBe noJiyqeHbi H npoaHMII3II

poaaHbi xapaKTepiiCTIIKII IIHOH-HYKJIO,HHOtt aMIIJIIITy,n;~;· B H~epHOft cpe,ri~, Bb~: 
IIOJIHeHO IIX cpaBHeiiiie C COOTBeTCTBYIOIIJ;HMII napaMeTpaMII pacceHHllH IIIIOHOB 

Ha cBo6o,n;HbiX HYKJIOHax (4]. 

Bnepabre- MeTo.n; A,Il;9 npiiMeHeH ,n;JIH aHMII3a CTPJKTypbr Be3IIKYJIHp

HbiX CIICTeM ·[11].' YqTeHbi cPJIYKTya~IIII napaMeTpOB MO,ll;eJIII 6IICJIOH, 'II03BQ

JIIIBiliiie npiiMeHIITb Mero.n; pa3.n;eneHHbiX cpopMcpaKTopoB ,lVIH aHMII3a' .n;aHHbiX 

MYPP [3, 5;'6; 19,20]: BnepBbie Ha sTofi ocHoBe noJiyqeHbi napaMeTpbr, xapaK

Tepu3yiOrn;IIe CTPYKTYPY IIOJIII,ll;IICDepcHofi IIOIIYJIH~IIII o.n;m)CJiofiribiX Be3IIKYJI 

,1J;M<PXB40% paCTBOpe caxap03bi (5, 19]. 

4. TeopeTnqecKaH 3m1~ifMoCTb H. npaKTH~ecKrui u;eHHOCTb pa6oTbi 
• > \ • > -. • ·' ' ' • ' ' • I > 

. IloKa3aHo, qro MeTO,ll;bi A,Il;9 II A,Il;9-AKM MoryT 6hiTb s¢¢eKTIIBHo 

IICIIOJib30BaHbl ,ll;JIH HaxO:lK,ll;eHIIH' rJI06aJibHOrO ·MIIHIIMyMa cpyHKriiiii ,n;efiCTBH

TeJibHbiX, IIepeMeHHbiX (1-3, 6-10]. 

IlOKa3aHO, qTo· TeOpeTIIqecKIIfi IIOMO,ll; Ha' OCHOBe TpexnapaMeTpiiqeCKOfi 

MIIKpOCKOIIIIqecKOt!: MO~eJIII o6ectJeqiiJI 'COrJiacyiOIIJ;IIeCH C SKCIIepiiMeHTaJibHbi

MII .n;aHHbiMII · ~u¢¢epeH~IIMbHbre ceqeHII~ ynpyroro nuoH-H,n;epHoro · pacceH

HIIH II II03BOJIIIJI npoaHaJIII3IIpOBaTb xapaKTepiiCTHKH IIUOH-HJKJIOHHOfi aMIIJIII

TY,ll;bi B H,n;epHofi cpe~e [4; 14]. ·-

IlOKa3aHO, qTQ MO,ll;IIcPII~IIpOBaHHaH MO.U:eJib pa3~eJieHHbiX cPOPMcPaKTQ

pOB C yqeTQM,cPJIYKTya~IIfi 6UCJI05I•IIpiiMeHIIMa ~JIH IICCJie,ll;OBaHIIH CTpyKTypbi 

noJIII,n;IIcnepcHbiX Be3IIKYJI5IpHbiX cuCTeM Ha ocHoBe .n;aHHbiX MYPP [5,20]. 

• C03~aHbi npo6JieMHo-opueHTIIpoaaHHbre· · KOMIIJieKCbi nporpaMM 

(.lVIH O~eHKII napaMeTpOB MO,ll;eJIII IIIIOii-H,n;epHOrO pacce5IHIIH •'. II '· napaMeT

pOB Be3IIKYJI5IpHbiX CIICTeM), KOTOpbre B HaCToH:ru;ee speMHUCIIOJib3YJOTCH ,lVIH 
.n;anbHefilliiiX quCJieHHbiX IICCJie.n;oaaH.IIR [2; 3, 6;l4]. ·- • ' · ' · 

• ~ '11"\ 

15Suganthan, P.N. et al. I I Tech. Rep., Nanyang Technologicai University: Slngapore, 2005. 
16Hansen, N., FinCk, s.; Ros, R.' and Auger, A. I I In: Technical Report; INRlA, 2012. 

'9 



Ha ocHoBe npoBe,IJ,eHHoro nccne,IJ,oBamm nony'IeHhi '-IHCJieHHbie pe3yJih

TaThi, KOTOpbie llBJilliOTCll ¢H3H"\IeCKH 3Ha'IHMI?IMH,B o6JiaCTH MO)J,eJIHpOBaHHll 

TIHOH-ll)J,epHOPO paccellHlfll (4, 14j.n )J,Jill HCCJie)J,OBaHHll Be3HKYJillpHblX CH~TeM 
(5, 20]. B 'laCTHOCTH, 3Ha'{emm napaMeTpoB, nony'leHHhie B (4], ncnoJib3YIOT~ 
ca )],Jill MO,IJ,ennpoBaHna Heynpyroro nnoH-B,IJ,epHoro pacceaHna17

. TiapaMeTph!, 

onpe,IJ,eJilllO~He crpyKTypy ,lJ,M<l>X, TI03BOJIHJIH Ha_OCHOBe cpaBHHTeJihHOPO aHa

JI~I3a C)J,eJiaTh 3aKJIIO'IeHHe OBe3HKYJillpHOti qTPYKType ¢oc¢oJIHTIH)J,HOti TpaH<;-

nopTHOti HaHOCHCTeMhi18. ,.; 

Pa3pa6oTaHHhie MeTO)J,hi vno6~hHOti MHHHMH3al!HH A,LJ,9 n A,LJ,9-AKM 

MOPYJ: 6b!Th HCTIOJib30BaHhl B pa3JIH'IHhlX 06JiaCTllX HayKH, a TaK)Ke )J,Jill npH

KJia)J,HhiX HCCJie)J,OBaHHti. 

5~~ , IloJIO)KeHH.H, BbiHOCHMbie Ha 3a1IJ,HTY 

Pa3pa6oTaHa MO,IJ,n¢nKal!Hll 8.!lropnTMa ,LJ,9 - ~eTO)J, acnnx~onnoti ,IJ,n¢¢epeH-

1!HaJihHOii 3BOJII01!HH (A,LJ,9) (8). • . 

AcnHxpoHn3al!Hll no3BOJIIIJia noBbiCHTh 3¢¢eKTHBHOCTh napanneJihHOti pe

ann3al!HH H TeM GaMhlM YCKOpHTh. TIOHC.K PJI06aJibHOPO MHHHMyMa nponop

l!liOHaJibHO KOJIH'IecTBy. 3a,IJ,eiicTBoBaHHhiX Y3JIOB npn pac'leTax Ha napan

JieJibHhiX CHCTeMaX, HCTI0Jib3YIO~HX .HeCKOJibKO )J,eCllTKOB Bbl'IHCJIHTeJibHblX 

J3JIOB (1; 6, 8,15, 17]. 

Tiony'leHhi anannTn'lecKne orpann'lenna na ynpaBJIBIO~ne napaMeTphi an

ropnTMa )J,JIB Ha6opa cTpaTernii A,LJ,9 n ,LJ,9 (7]. 

·- Pa3pa6c>Tan 'Me'io,IJ, A,LJ,9 c nosi,xM: TnnoM ··a,IJ,aiiTHBHbro Kpocco!3epa y'ln

'/ ·. TbiBaiO~HM napHbie , KOppeJI511!HH Me)K.zi.Y apryMeHTaMH l!eJieBOti, ¢YHK

···l!H11 (10). Tipe)J,JIO)KeHHblti HOBblti aJIPOpHTM cnoco6en H)J,eHTH¢Hl!HJ>OBaTh 

KoppennpoBaHHhie rpynnhi nepeMeHHhiX n 6naro,IJ,apa. 3TOMY 3¢¢eKTHB

:<;. HO pernaTb MHHHMH3al!HOHHbie 3a)J,a'IH C pa3)J,eJIBeMblMH, Hepa3)J,eJI51eMblMH 

H 'laCTH'IHD-pa3)J,eJI51eMbiMH nepeMeHHblMH .. 

A,LJ,9 c a,IJ,anTHBHhiM KpoccosepoM;·.a,IJ,aTITHBHOti cxeMoii. Bhi6opa !MacrnTa

" .. 6npyro~ero ¢aKTopa (10] n aBToMaTn'lecKHM ysenn'lenneM pa3Mepa nony

Jilll!HH TIOCpe)J,CTBOM pecTapTa (9) He Tpe6yeT TIO)J,POHKH napaMeTJ>OB aJIPQ

pHTMa TIOJih30BaTeJieM (10). 

'·- .A)J,9. C · KpOCCOBepoM, 3a)J,aBaeMblM a)J,aTITHBHOti KOppeJI5il!liOHHOti MaT

J>Hl!eti npeBOCXO)J,HT ,IJ,pyrne a)J,aTITIIBHbie BapnaHTbl ,lJ,9 TIO CKOpOCTH 

u BepoaTHOCTH cxo,IJ,HMOCTH na. na6opax TecTOBhiX 3a)J,a'l CEC-2005 

H BBOB-2012 (10]. 

17Lukyanov, V. K., Zemlyanaya, E. V., Lukyanov, K. V., Abd;u-Magead, I. A.M.' I I Pr~c. of XXIi Baldin 
ISHEPP (JINR, Dubna, Russia), PoS SISSA, 2015, p.124(1-10):· 

18Kiselev; M.A., . .. Zhabitskaya, E. I. et a!. Application of Small-Angle X-ray Scattering to 
the Characterization , and :Quantification of . the . Drug 'l'ransport. · Nanosystem · Based on the Soyi>ean 
Phosphatidylcholine I I Journal of Pharmaceutical and Biomedical Analysis, 2015, v.114, pp. 288-291. 
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·'' 

C IICI10Jib30BamieM A,LJ,9 pa3pa6oTaH rrpo6neMHo-:op_HeHTIIpOBaHHhiti KOMnJieKc npo

rpaMM, npoBe)J,eH 'IIICJieHHblH aHaJIH3 )J,aHHhlX no ,IJ,II¢¢epeH1!IIaJibHbiM ce'leHHllM 

ynpyroro · p~cce51Hna. 3apa)KeHHhiX nnonm3.: na a,IJ,p~ 28Si, 4°Ca, 5.8Ni, ~08P.b 
npn p~JIH'IHhiX KHHeTH'IeCKHX 3~eprnax nnonoB T = 130-:-290 M3B B ~6na~. 
crn 3Hep~nn Bo36Y,)K)J,e~na nnoH~.n:y~onHoro L\(1232)P33-pe3onaHca (2, i4, 18). 

Onpe,IJ,eneHhi napaMeTphi nnoH-HYKJIOHHOti aMnJIHJ:Y)J,hi.B TpexnapaMeTpn

'leCKOM MHKpOCKOTIH'IeCKOM OTITH'IeCKOM TIOTeHl!HaJie, HCTIOJib3yeMOM ~ll 

pac'leTa ,IJ,n¢¢epeH1!HaJihHhiX ce'lennti nnoH-a,IJ,epnoro pacce.mina (4, 12-

14), xapaKTepn3yro~ne ,IJ,~mi.MnKy H3MeHeHna aMnJIHTY,IJ,hi pacceaHna uno

HOB Ha BHJTpH.H)J,epHbiX HYKJIOHax (HYKJIOHax <<ll)J,epHOti MaTepHH'>) B 3a-

BUCHMOCTH OT 3Heprun TIUOHOB (4]. . , ; , .··. 

l1cnoJib30BaHne A,lJ,9-MnHHMH31!HH no3Bonnno. yBeJIH'IHTh BepoBTHOCTh 

Onpe,IJ,eJieHUll PJI06aJibHOPO MHHHMyMa• HeBll3KH Me)K,IJ,y npe)J,CKa3aHUllMH 

TeopeTU'IeCKOti MO)J,eJIH H 3KcnepnMeHTMhHhiMH ,IJ,aHHhiMU no cpaBIIElHHIO 

c MeTo,IJ,aMn SIMPLEX n MIGRAD19 , J:al) KaK neBB3Ka xapaKTepn3yeTca 

· 'mu~~'lneM HecKon~i<Iix noK~hnhxx ~.mH:iiMjMo~. TaKiiM · ?.6pa3o~, 66n~rna51 
'laCTb pac'leTOB, P)J,e panee Tpe60B8JIHCb TIOCTOllHHbiti KOHTpOJib U nepenpo-

BepKH, 6biJia aBTOMaTninpoBaHa.. . . . .. 
' 'j '. ,,;, : ,I' : ·,! • ,' ;; 

C ncrroJib30BanneM A,LJ,9 pa3pa6oTaH KOMTIJieKc nporpaMM . u ·. npoBe,IJ,eHo 

'IHCJieHHO~ HCCJie)J,OBaHUe MO)J,eJIH MaJIOYPJIOBOPO CUHXJ>OTJ>OHHOPO paccellHUll 

Ha l10JIH)J,HCI1epcHoti nonyJI.Hl!HH Be3HKYJI',lJ,M<l>X B 40% paCTBOpe caxap03bi. 

- Tipe)J,JIO)KeHa MO,IJ,H¢nKal!Hll MeTO)J,a pa3)J,eJieHHbiX ¢opM¢il.KTOpOB; KOTQ

pa.H y'lnThiBaeT ¢nyKTYal!HH rrapaMeTpoB, onnchmaro~nx GTPYKTYPY 6n

cnoa' o6ono'leK Be3nKyn. Mo,IJ,n¢li1IHPOBaHHhiti MeTO)J, no3Bomm oiincaTh 

3KCnepnMeHTaJihHbie )J,aHHbH~ no pacce5mnro raMMa-KBaHTOB B )J,Hariil.3oHe 

BeKToims' pacceanna q OT 0.06r,IJ,o 4 HM-1· [3, 6). 

Onpe,IJ,eJieHhi napaMeTphi Be3~KynapHoti · cn~TeMhi, n na ocnose nx cono

cTaBnenna C pe3yJihTaTa~H aHaJIHJa CTieKTpOB HetiTpOHHOPO paccellHH5i C)J,e

JiaHbi BhiBO)J,hi o Bnna~nn KO~l!eiiTpa~nn :caxapo3hi. ila cipyKzypy Be3nKy-
JIHpHoti CHCTeMbi ,LJ,M<DX (5, 20). . . . ·• .· . • , " 

l1crroJib30Banne A,LJ,9-MJ1HHMH3al!n~ TI03BOJIHJIO 3¢¢eKTHBHO pacnapanne

JIHTh Bbi'IHCJieHHll, Tpe6yiO~He X:JI06aJibHO~ MHHHMH3al!Hli ... MHOP03KCTpe

MaJibHOti ¢YHK1!HH C 9 'laCTH'IHO KOppennpoBaHHbiMli nepeMeHHbiMH li 3Ha-
• "c •' '' •' • ' ' 0 ,,, 

'IIITeJibHbiX 3aTpaT KOMllbiOTepHOPO BpeMeHH, 6oJiee '!eM B 50 pa3 yMeHb-

IIIHB Bper.m paC'IeTOB, yBeJIH'IliB llpli 3TOM BepOllTHOCTb Onpe)J,eJieHHll PJIQ-

6aJibHOPO MnHiiMyMa: c · 45%' (c ilcnonh3o~aHiieM: Mn8lii,m31!u•II · ila' 'ocnoB~ 
KBa3liHbiOTOHOBCKOPO MeTO,IJ,a) )J,O 90% (20).: 

19MINUIT-peaim=H>l MeTO,!\a cHMnneKcoa·H ~a3nHh~oao~cKoro ;_.eTO,!\a, eM: cH~Y i2;' J~es, F., 
Winkler,M. MINUIT User's Guide I I CERN, Geneva: Jurie 16; 2004. . . . ..: ·;, 
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6. ,[I;OCTOBepHOCTh II anpo6aiJ;IIH pe3yJihTaTOB 

9q>¢eKTIIBHOCTh npe,IVIo:>i<:eHHhiX aJiropiiTMOB rno6aJihHot1 MIIHIIMH3al(IIn 
no,n;TBep)K.n;ena Bhi'IHCJieHHllMH Ha ocH:oBe TeCTOBhiX · na6opoB 3a,n;aq CEC-2005 
n · BBOB..:2012, ·a TaK)Ke cpasHIITeJihHhiMll pac~eraMu c npiiMeiieimeM .n;py
rnx qacTO liCIT<lJib3YeMbiX MeTO,li;OB MIIHIIMII3a~IIll~ ,[(ocT<)BepHOCTb II o6ocHo
BaHHOCTb aHaJIIITH'IeCKIIX OIJ;eHOK, KacaiOlil,IIXCll ·orpaHII'IeHIIfi Ha ynpaBJilliQ
IIJ;IIe napaMeTpbi A,[(9, no~TBep~eHhi T~.crOBhiMII pacqeTaMII;·,nocToBepnocTh 
II· o60CHOBaHHOCTb nonyqeHHbiX 'IliCJieHHbiX p'e3YJibTaTOB B paMKax IICCJie,n;o
BaHIIll MHOronapaMeTpH'leCKliX MO,ll;eJiefi cpll3II'IeCKIIX CIICTeM nO,li;TBep~eHbi 
IIX COrJiaClleM C 3KCnepnMeHTa.JibHbiMll ,n;aHHbiMII II TeopeTII'IeCKIIMll OIJ;eHKaMII. 
IJpe,n;CKa3aHIIll pa3pa60TaHHbiX MO,ll;eJieil:' HEi npOTIIBOpe'IaT ony6JIIIKOBaHHbiM 
pe3yJibTaTaM ,n;pyriiX aBTOpOB. 

Pe3yJihTaTbi npe,n;cTaBJieHbi aBTopoM na nay'IHhiX ceMIIHapax: 
- .Hay'IHhiti ceMIIHap PY.,[(H «MaTeMaTII'IecKoe Mo.n;emlpoBa~me>>, 18 anpeJIH 

2012 r. _ . , _ . 
- Hay'IHhifi ceMimap-JIHT OH51H <<CeMIIHap no Bhi'IHCJIIITeJibHofi ¢u3IIKe», 

'17 anpeJill 2014 r. ' ' .- ! 

Ha pOCCIIficKn'x' li Me)K.n;y~apO,li;HbiX nay'IHbiX KOHcpepeHIJ;II~x: 
- International Conference on Mathematical Modeling and Computational 

Physics (MMCP 2011), 2011, Stara Lesna, Slovakia. 
· ...:..:.• XIX Me)K,li;Ynapo.n;nrui Koii¢epeHIJ;IIll «MaTe'MaTIIKa;- KoMnhiOTep. 06pa3o

' BaHIIe>> (MK0-2012), 2012, OI151H, ,[(y6na, PbcCIIll. 
- XVI Kon¢epenu;IIH Mono.n;hrx yqenhrx II crreu;IIaJIIIcToB OMYC-2012; 2012, 

OI151H, ,[(y6na, PocciiH, 
- Fifth Conference on Numerical Analysisand Applications. (NAA-2012), 

2012, University of Rousse, Lozenetz, Bulgaria. 
- CoBpeMeHHhie npo6neMhi npuKna.n;nofi MaTeMaTIIKH II . IIHcpOpMaTHKII 
. (MPAMCS-2012), 2012, ,ni6na, PocciiH. . . , . , 

- Internatio~al Conference on Mathematical M~deling and ·Computational 
·.,Physics (MMCP 2013), 2013, JINR, Duhna, Russi~.. ' .. 
__:_'39th Meeting of the PAC for Condensed Matte'r Physics, 201{ Dubna, 

Russia. 
• :c._· XXI M:e~napo,n;HM Kon¢epenu;uH «MaTeMaTIIKa. KoMnhiOTep. 06pa3o-

Biunie» (MK0~2014), 2014, ,[(y6na, PocciiH. · 
CoBpeMemii,re npo6neMhi npHKJia,li;Hofi MaTeMa'riiKH u un¢opM:aTIIKII 

··•• (MPAMCS-:2014), 2014, ,[(y6na;Pocciill. 
~ t: ; 

, 7. .· ITy6JIIIKa,IJ;IIII 11, JIIIqHhiii BKJia)J; aBTOP8: B. pa6oTy 

OcHOBHbie Pe3YJibTaTbi .n;uccepTau;uu ony6nuKoBaHbi B 21 nayqnott 'pa6o
/Te. I13IIHX 6 pa6oT [1--Bjony6JIUKOBaHbi B pO_CCIIiicKIIX li 4 pa60Tbi [7-10j -
B liHOCTpaHHbiX peu;eH3IIpyeMbiX ll3,ll;aHHHX. '· 
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,[(IIccepTaHT B coTpy.n;nuqecTBe c KonneraMu u coaBTopaMII _H3 OI151H 
li ,n;pyriiX Hay'IHbiX u;eHTpOB yqacTBOBaJI B MaTeMaTR'IeCKOfi noCTaHOBKe •pac
CMOTpeHHbiX B pa6oTe 3a,n;aq, B npoBepKe n ynyqrneHIIH co~BeTC~BYIOlll.HX Ma
TeMaTH'Iecimx Mo.n;eneii; B pa3pa6oTKe MeTo~m~ ux 'IHCJieHnoro · iH:'CJie,n;oBaimH, 
B aHaJIII3e u HHTepnpeTaiJ;IIII nonyqaeMbiX 'IIICJieHHbiX p~yJihT~T~B. B pa3pa~ 
6oTKY npe,n;CTai3JieHHhiX B .n;liccepiatiiin Bhi'IIICJIHTeJihHhii cxeM u Ko~.nJI~KcoB 
nporpaMM, B noJiy'IeHIIe 'IIICJieHHbiX pe3yJibTaTOB, B aHaJill3 HX TO'IHOCTH II )J.b-

. . . . . . . 
CTOBepHOCTII aBTOpOM BHeCeH onpe,ll;eJIHIOlil,IIfi BKJia,n; .. 

Pa60Thi [7, 14, 20J no.n;roTOBJieHbi JIII'IHO aBTopoM. Pe3y'JihTaTbi pa6oT 
[1,8,9,15-17,21Jnony'I~Hbi'c oripe,n;eJIHIOlil,IIM BKJia,n;oM aBTopa. B pa6oTax [2,1SJ 
Bee paC'IeTbl BbiiiOJIHeHbl aBTOpOM •Ha OCHOBe pa3pa6oTaHHbiX liM aJirOpliTMOB 
u nporpaMM. B pa6oTax [4, 12, 13J aBTopo~·BhiiiOJIHeHbi Bee pac'IeThi napaMeT
poB TpexnapaMeTpH'leCKOfi MO,ll;eJIH MIIKpOCKOnii'IeCKOrO OnTH'IeCKOrO noTeH
IJ;IIaJia. B pa6oTe [3J aBTopoM npe,n;JIO)KeHa MO,li;IIcpiiKaiJ;IIH . M:eTo.n;a pa3.n;eneH
HbiX ¢opMcpaKTOpOB ,li;JIH yqeTa cpnyKTyau;IIii BHyTpeiniiiX napaMeTpOB CTpyK
Typbi 'JIHnii,li;HOrO 6IICJIOH Be3HKyJI, CIICTeMaTII3IIpOBaHbi aHaJIII3IIpyeMbie KOH~ 
cpiirypau;IIII, Bhmon~eHhi B'ce pacqeThi II npomi.n;elio cpaBnen~e · ~im¢IIrypau;IItt 
na npe,n;MEIT naiiJiy'Irnero cooTBeTCTBIIll 3KcnepiiMeHTaJihHhiM .n;aHHbiM. B pa6o
Tax [5, 11,19, 20j,n;JIH oniiCaHIIH 3KCnepli:MeHTaiThHblX,ri;aHHbiX CIIHXpOTpOHHOro 
pacceHHIIH HCnO.irb30Baiia npe,n;JIO)KeHHall aBTOpOM MO,ll;llcpiiiJ;IIpOBaHHall M.OAeJib 
pa3,11;eJieHHbiX cpOpMcpaKTOpOB, · aBTOp.OM BbiiiOJIHeHbi'BCe pac'IeThi,' KaCaiOlil,IIeCH 
aHaJIII3a ,ll;aHHbiX Ma.iroyrnoB'oro pernreHOBCKOro paCCeHHIIll. B. pa60Tax [l1,20j 
BCe paC'IeTbi BbiiiOJIHeHbl aBTOpOM. 

8. CTpyKTypa ii o6'he:M: pa6oThi' 

,[(IIccepTaiJ;IIOHHaH pa6oT~- COCTOHT II3 BBe.IT,eHIIH, Tpex rJiaB, 3aKJIIO'IeHIIH 
II Tpex np'u.rro)Kemitt. Cbii~OK u;~THpyeMott B ,li;IIccepTa~IIII JIHTei>azyp~I npe.v;-

'· . . \'. . . " ... ,. .· ' 
CTaBJieH 129 'IiauMeHOBaHIIHMII. Pa6oTa ll3JIO)KeHa Ha 139 CTpaHm~ax, co.n;ep)KIIT 
45 piiCYHKO~ li 19'Ta6~HIJ;. . . ... 

KpaTKOe co,n;epLKamm pa6oThi 

Bo BBe,IJ;eHIIII o6ocnoBa~a aKTY~bHocT~ IIcCJie.n;yeMhrx npo6neM II .c¢opMJ-:-
niipominhr ocnoBHhie u;enii · ~· 3a)iat!~ · ArrccepTau;IIoHH~fi pa6oihr. · . · ' 

. ., ·. ' ' ' ' . ;' . 

B pa3,11;eJie 11 nepBoii· I'JiaBhi c¢opMynupoBaH MeTo.n; acunxponnoii Aii¢¢e
penu;uaJibHOt13BOJIIOIJ;IIH (A,n9) [8j (eM. pnc.1), npe,li;Ha3Ha'IeHHblfi ,ri;JIH peiii&
HliH 3a,ll;a'III ( 1) Haxo)K,ll;eHIIH rno6aJihHoro MHHIIMyMa. B paMKax npe.n;Jro)KeH.:. 
noro MeTO.n;a c¢opMynuposaHbi HOBbie aciinxpoHHbie cTpaTeruu c-xopornefi nO
HCKOBofi cnoco6HOCTbiO li 6biCTpofi, no cpaBHeHHIO C Tpa,li;HIJ;HOHHO' ltcrioJib3ye-
MbiMII BapiiaHTaMH aJiropiiTMa ,lJ,9, CXO,ll;liMOCTbiO. . ' ,:._ 
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I II1HH~mum3a~IUI nonyJHI~HH: , 

II·Pe= {~}1. -· _'_, ~ = {()iJ}Ii=O,D-1 
. s=O,Nv-1 , 

do {. i=ChooseTargetVector(); I I BbJ6op ~eJiesoro BeKTopa ~ 
· . I IMymu;n~: 

. Vi . r:. Br + F ( Bv - ·~); I I MYTaHTHhift BeKTop; r =f p =f q - CJiy'I. 
HH~eKCbl 

'I IKpocconep (peKoM6nna~n~): 
for (j = 0; j < D; j = j + 1) 

.• J 

{
vii• ecJIII rand(O, 1):::; Cn II 

6 
.. 

Uj it- {) ' IIpO Hbln BeKTOp 
' i,j, IIHa'Ie . 

I IOT6op: 

. ~ +-{~.i. ecm1 (!(ui) < J(ii;)), 
. ()i IIHa'Ie 

} while (noKa He BbiiiOJIHeHhl KpiiTepJ1H BbiXO~a). 
~ 

Pnc. 1. AcnHXpOHHhlfi aJiropnTM .n.n<P<lJepeH~HaJihHofi 3BOJIIO~nu (7,8]. Np- pa:3Mep nony
JIH~nn, F - MaCIIITa6npyiO~Hfi <PaKTop, Cr - ypoBeHh KpoccoBepa 

~ ' ; . ' 

Bo ljTOpoM pa3~eJie c¢opMyJinponaH MaTeMaTII'IecKiitt · no)V<o~ K o~eHKe 
rpaHII~ ~onycTIIM~IX 3Ha'IeHIItl: ynpaBJI~IO~IIX napaMeTpon anropiiTMa. Bnep
Bbie noJiy'IeHbi orpaHII'IeHII~, HanaraeMhie Ha ynpaBJI~IO~IIe napaMeTpbi ~JI~ 

CTpa~~mn .A,n:9 II CTpaTemii bestl1lbin MeTo~a ,II;9. 9TII orpaHII'IeHmi ~BJI~
.IOTc~ Heo6xo~IIMhiMII ycJIOBII~MII npe~npe)K~eHII~ npe)K~enpeMeHHOft cxo~II

MOCTII anropiiTMOB. IJpoBe~eHO CKaHIIpOBaHIIe 06JiaCTII CXO~IIMOCTII3TIIX CTpa

Temft Ha npiiMepe IIOIICKa MIIHIIMyMa ~JI~ ¢YHK~IIft JI, !6, fg, fu Il3 CEC-2005. 
fiOKa3aHO, 'ITO aHaJIIITII'IeCKIIe O~eHKII He IIpOTIIBOpe'IaT 3MIIHpii'IeCKII Haft

~eHHbiM. o6iiacT~M cxo;rr.nMoCTII 17]: C~eJiaHhi aMmiJ:m<IecKIIe o~eHKII cpe~Hett 
CKOpOcTii II Bepo~THOCTII CXO~IIMOCTII M~T~~a A,II;9 ~JI~ 3TIIX cp'yHK~~n, npo'n; 
~eHo·cpaBHeHIIe rio.riy'IeHHhiX pe3yJihTaTOB c p~yJihTaTaMII ~JI~ KJiaccii'IecKoro 
BapiiaHTa ,ll,9 17]. · '" 

OniicaHa peanii3a~II~ MeTo~a A,ll,9 c pecrapTo:M:; KOTOpbift II03BOJIIIJI c6a
JiaHciipoBaTb XOpornyiO CKOpOCTb CXO~IIMOCTII C BbiCOKOft Bepo~THOCTbiO CXO~II

MOC'rii 11, 9]. I1oKa3aHo, 'ITO pecrapT yJiy~niaeT K~~eKopocrh, ~aK II s~po~T-
HOCTb CXO~IIMOCTII no cpaBHeHIIIO c ,ll,9 ll A,ll,9 6e3 pecrap:i~ 19]. r' • 

IJpoaHaJIII3I1pOBaHa 3aBIICIIMOCTb CKOpOCTII• II BepO~THOCTII CXO~IIMOCTII 
OT,BeJIII'IIIHhi napaMeTpoB pecTapm: KpiiTepiieB pecTapTa II MYJihTIIIIJIIIKaropa 

f!OIIyJI~~IIII; II paBIIJihHhift no~6op napaMeTpOB anropiiTMa. 17] II npiiMeHeHIIe 
MeTo~oB, ll03BOJI~IO~IIX npii Heo6xo~IIMOCTII B0306HOBIITh Bhi'IIICJieHII~ 115], 
CHI13HJIII Bepo~THOCTb npe~eBpeMeHHOft CXO~IIMOCTII anropiiTMa II llOBbiCHJIII 
Bepo~THOCTb CXO~IIMOCTII K rJI06aJibHOMY MIIHIIMyMy. 

14 

0. 250 
::l 

.····: speed-Up = Npfoc 

- randfrand/1/bin 

.... rand/1/bin 

140 0. 
::l 120 

~speed-up, 

·-o .. speed-upr .c, 200 
(j) ... 

.1l10o (j) 

g-150 
(j) 

g. 80 

100 

50 
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t20 

O·· 
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' 80 100 120 140 

Pnc. 2. YcKopeHne napa.JIJieJibHbiX Bbr'InCJie- Pnc. 3. YcKopeHn:e ~ 38.z:\aqn: o CTPYKTYPe 
Hnl!: ~ pa3JIH'IHbiX cTpaTenm )];9 .(ny~Tnp-. noJiwcnepcHol!: nony=n;nn ae3neyJI.' CnJiom-
HaH) n: A)J;9 (cnJIOIIIHaH) ~ )l;eCHTHMepHol!: ,HaH-:- pe3yJlhTHpyiOm;ee ycKopeHn:e., IlYHicrn:p-
3a)l;a'In: Po3eH6poKa Cfe H3 CEC-2005) a' '3aan:! ' ' l;aH _:_ ycKopeuiie B pac<leTe Ha' O)l;HO a'hi'I~CJie-
CIIMOCTll OT KOJlll'IeCTBa 3a,IJ;ei!:CTBOBaHHbiX Bbi
>iHCJillieJibHbiX Y3JIOB Nproc· P~Mep nonyJIHI\Hn· 
Np = 40 [8] 

Hne n;eneaol!: <I>YH~n:n. MeTo)l; A,ll;9, c peCTap
ToM:· Ha..JanbHOe ·3Ha.'reHne pa3Mepa nonyJIHn;n:n 
N~nit = 16 [3, 6] 

'!. 

IJpe,lJ;JIO)KeHa HOBM a~aiiTIIBHM, CXeMa; ~JI~ onepa~IIII KpOCCOBepa' 110] 

~II¢¢epeH~IIaJihHOft SBOJIIO~IIII. BMecro ¢IIKCI1ponaHHoro ypoBH~ Kpoccone
pa Cr onepa~II~ Kpocconepa MO~II¢II~IIponaHa II 3aBIICIIT OT napHbiX Koppe

JI~~IIft~ Me)K.rrY napaMeTp~MII 3a~a'III., ,A~a~TIIBHM KbppeJI~~IIOHHM · MaTpii~a 
Y'IIIThmaeT pe3yJihTaThi y~a'IH~Ix.rnaron B npo~ecce anoJIIO~IIH nonyJI~~IIH. C ee 
n~r:ro~biO MoryT; 6bi;b H~eHTII¢II~IIpOBaHhi rpynTibl, 3aBIICIIMbiX. nepeMeHH~IX 
II onepa~H KpOCCOBepa. TipOI13BO~~TC~ B, COOTBeTCTBYIO~eM llO~llpOCTpaHCTBe 
IICXO~H~tl: o6JiaCT.II llOIICK~ .f2. B,anropii~M. aCIIHXpO~H~fi ~II¢¢epeH~IIaJibHOil: 

\ - > ' ; (•, ' • • ,. ,, •• • •• ' •••• " •••• ·- • 

9BOJIIOil)IIII C KpOCCOBeP,OM, 3a,IJ;aBaeMbiM a~allTIIB:~IOfi KOppeJI~~IIOHHOfi Ma'I;'pii-
~eft_ (A~9-AKM), TalDKe BCTpoeHbi,~~allTIIBHM CXeMa Bhi6opaMacrnTa6IIpy7 

IO~ero ¢aKTopa 110] II npou;e~pa p~cTapTa.c aBTOM8:TH'IeCKIIM ysemi'IeHIIeM 

nonyJI~~IIH 19], Y'IIITbiBai,O~a~ orpaHII'Ie~~, noJiy~eHHhie B 17]. TioJiy'IeHHhifi 
anropiiTM He Tpe6yeT HaCTpOfiKII napaMeTpOB nonb3onaTeJieM II npeBOCXO~IIT 
~pyme I13BeCTHbie B JIIITepaType a~aiTTHBiihie BapnaiiTbi ,lJ,9_ nO CKOpOCT_H 'n 
nepo~THOCTH CXO,ll;IIMOCTII Ha Ha6opax 'TeCTOBbiJ{ 3a,ri.a'I CEC-2005 II BBOB:! 
2012 110]. . \ r. 

. OimcaHhl oco6eHH~CTII ·.KO~llbiOTepHott peanii3~~II MeTO~OB ·~ ~p~.rl.CTaB
JieHbl napanJI~JxbHb;e 'B'epCIIII. A,ll,9 .' ll~K!l3,aHo; ~T01 flCI1HXpO·H~3a~llii ycKcip~~ 
Bbi'IIICJieH~ npii pac'Ierax B napa.Ji:JieJibHOM pe)KIIMe, npii' 31-o'M coxprumiOT~ 
cpaBHIIMbJe C KJiaCCII'IeCKOft ,ll,9 BepO~THOCTb II CKOpcicTb ~O~HMOcTH [8( llpcr 

-~ -· ·~ •.. . -~·. 

ne~eHbi 'IIICJieHHbie o~eHKH ·o)KH,n;aeMoro ycKopeHII~ napanJieJihHhiX'Bhi'IIICJie-

HIIlt (eM. piic~ 2 I8J'n pile. 3 13, 6]). ija'npm.i:epe -TecroBbiX 3aAa'I :noK~aHo, ~To 
MeTO~hi A,ll,9. II A,ll,9~AKM 3aMeTHO ~pesocxo~~T ~o cKopo~~ :ima~cii~eCKJIO 
CIIHXpOHI13IIpOBIJ,HH)'IO ,ll,9: Ha 3a~a'Iax c, 'IaCTH'IIIO ?a3~ermeM~IMll nepeMeH
HbiMII I1]I1 o6ecne~IIBaiOT npii Bbi'IIICJieHH~X ~ napanJI~JibHOM p~)KIIMe.ycKope-
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Hne, nponop~noHaJibHoe KOJIH'JeCTBY 3a,LJ,efiCTBOBaHHbiX npo~eccopoB Nproc npn 

Nproc > 2Np (puc. 2). 
OcHOBHbie Pe3YJibTaTbi rJiaBbi ony6JIIIKOBaHbi B pa6oTax [1, 7-10, 15-17]. 

Bo . nTopoii rJiane : npose~eH aHaJIH3 MO~eJiu rriiOH-.H~epHoro pacce.HHII.H 

B paMKax TpexnapaMeTpii'IeCKOro MIIKpOCKOIIU'leCKOrO OIITII'!eCKOrO IIOTeH~II

aJia (MQIT) II peJI.HTIIBIICTCKOro BOJIHOBOro ypaBHeHII.H llipe~UHrepa. I.fcrrOJib-

3YeTC.H MOIT, noJiy'leHHbiit21 Ha ocHoBe T_!;)opuii BbiCOK03HepreTII'!ecKoro pac

c~.HHII.H. qaCTU~ Ha CJIO)KHbiX. CIICTeMax22 B. OIITII'!eCKOM npe~eJie. 
C y'leTOM II30TonuqecKoit CIIMMeTpiiii ~JI.H ·a~ep c 6JIII3KIIM '!IICJIOM npo" 

TO HOB II HefiTpOHOB IIOTeH~IIaJI IIpUHIIMaeT cne~IO~IIfi :Bu~21 : .. , ' 

j ~ • 00 

UH (r) = ...:.. (~~ra (i +a)[ jo(qr)p(q)f(q)q2dq, r~e f(q) = exp( -!¥-), (3) 

3~ecb k/ E- cKopoCTb; k- IIMIIYJihC nuoHa; E- 3Heprua;moHa; a- noJIHoe 

Ce'leHue; a - OTHOIIIeHIIe peaJibHOfi K MHUMOfi '!aCTII ·aMIIJIUTY~bl pacce.HHII.H 

Brrepe~; f3- napaMeTp HaKJIOHa B ¢opM¢aKTOpe aMIIJIIITY~bi IIHOH-HYKJIOHHOro 

pacce.HHII.H f ( q). 
B paC'!eTax IICIIOJib3yeTC.H .H~epHa.H IIJIOTHOCTb p(r) B BII~e CUMMeTpiT30-

BaHHOit ¢epMu-¢yHK~uu c napaMeTpaMu · pa,n.uyca R u ~II¢¢Y3HOCTII a, Ker 
TOpbie II3BeCTHbl II3 ·He3aBIICIIMbiX IICTO'IHIIKOB . U Ta6yJIIIpOBaHbl. ,lJ.JI.H TaKOfi 

IIJIOTHOCTII TaK)Ke II3BeCTHO'.HBHOe Bb!pa)KeHHe ¢opM¢aKTOpa23 • 

· ITpu pacqeTe ~u¢¢epeH~IIaJibHbiX ceiieHuit ynpyroro pacceHHII.H ucnoJib-

3yeTc.H no~o~; aHaJioru'!Hbiit pa3pa6oTaHHoMy24 ~JI.H paccealiua K-Me30HOB Ha 

a~pax; B 3TOM no~o~e ~II¢¢epeH~na.iJbHoe ceqemre ynpyroro pacce.HHII.H nu

OHOB .H~paMu pacc'!IITbiBaeTc.He noMO~biO nporpaMMbi DWUCK425 Ha ocHoBe 

peJI.HTIIBITCTCKoro BOJIHOBoro ypaBHeHII.H lllpe.ii,uHrepa24: 

(~ + k2
) 1/;(T) .= 2fl [UH (r) + Uc(r)]1/J(T),, (4) 

' l \ ' '' - • ' ,. 

r~e Uc(r) - KYJIOHOBCKIIfi noTeH~IIaJI paBHOMepHo 3ap.H)KeHHoit c¢epbr; fl =:= 

EJyfA/(E + MA) - pe~.HTIIBIICTCKa.H npiiBe~eHHa.H Macca niioHa B cucTeMe ~eH-
_Tpa Mace; M A - Macca a~pa. . _ 

Pac'!eT ceqeHIIit IIIIOH-.H~epHoro pacce~~u.H qepe3 BOJIHOBbie ¢YHK~IIII 
ypasHeHIISJ ( 4) rio3BOJI.HeT aBTOMaTH'!eCK~ y•:mcTb :KaK' 3¢¢eKTbi pemlmsn3a

~IIII, TaK II 3¢¢eKTbl KYJIOH~B~KOrO II .H~epH,OrO UCKa)K~H~.H BO BXO~HOM U Bbi-

XO~HOM KaHaJiax pacce.HH.rra.' • · 
. : l •; ' 

.. 
21 JI)'Kb>IHoB, B.K., 3eMJUIH8.>1, E.B.; JIYKJ>>IHOB, K.B. I I 54epH8.>1 ¢n3uxa, 2006, v. 69, c. 262-275. 
22Glauber, R. J. Lectures in Theoretical Physics I I New _York, Interscience, 1959, p. 315; CHTerum, A.r. 

I I YKp. ¢n3. :a<rilH.; 1959, T. 4, c.152; Czyz, W. and Maximon, L.C. I I Ann. Phys., 1969, v. 52, p. 59. 
23rpellneoc, M.E., KYTPynoc, x.r .• Jl)'Kb.IIHOB, B.K., llle6eKo, A.B. I I 'l>n3HKa 3JieMeHTapHblX "'lacTHn 

H aTOMHOI'O li,!IJ>a, 2001, T. 32, Bblll. 6, C.1494-1565. , .. 
24 Jlyxbmloa; B.K., 3eMmmas, E.B., Jiyn;.soa, K.B., XaHHa, K.M. 11 .H,n.~psas ¢H3u><a, 2010, T. 73, c. 1489-1496. 

c25~unz, P. D. and Rost, E. 11 Comp. Nucl. Phys., Springer-Verlag, 1993, v. 2, pp. 88-107. 
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ITo~roHKa napaMeTpOB MOIT ocy~eCTBJI.HeTc.H MUHUMII3a~uen: B3BeiiieH

Horo cpe~HeKBa~aTU'IHOrO OTKJIO,HeHII.H x2 = j (a, a, {3) TeOpeTU'!eCKIIX ceqe

HIIfi OT COOTBeTCTBYIO~IIX 3KCrieprrMeHTaiTbHbiX".ri,aHHbiX. 

B pa6oTe ~aHo oniicamm peaJIII30BaHHoro c IICIIOJib30BaHIIeM A,LI.9~ 
MIIHIIMII3a~IIII KOMnJieKCa npor.pii.MM . ~JI.H onpe~eJieHII.H napaMeTpOB ':«in

medium~· aMIIJIHTY~bi pacce.HHII.H 1r-Me30HOB Ha. BHyTpua~epHbiX HYKJIOHax 

no 3KcnepuMeHTaJibHbiM ~u¢¢epeH~HaJibHbiM ceqeHII.HM ynpyroro pacce.HHII.H 

niiOHOB Ha .H~pax. 

ITpose~eH aHaJIII3 ~aHHbiX no ~u¢¢epeH~IIaJibHbiM ce'leHII.HM ynpyroro 

pacce.HHII.H 3apR)KeHHbiX nnOHOB Ha .H~pax 28Sf, 4°Ca, 54Ni, 
208

Pb, np~ KIIHe~ 
TII'!ecKoi1 3Hepruu HaJieTaiO~nx nm5HoB T = 1307 290 · M3B, noKpbmaro~ux 
o6JiaCTb 3Hepriiii B036y~eHII.H ~(1232)P33-pe30HaHCa niiOH-HYKJIOHHOrO pac

Ce.HHII.H. 

Kaqecnio onucaliua 3KcnepnMeHTaJih

HbiX ~aHHbiX (p~c.4) ~ paMKax Tpexi1apa~eT- · 

puqecKOfi MO~eJIII cpaBHII~O C pe3yJibTaT~Mll 
6oJiee cJIO)KHbiX Mo~~Jieit 'c '66Jib~HM '.ilic

JIOM napaMeTpOB (4j. ITp~BeAeH~I ye3y.Jih~~
Tbi pacqeTOB, no KOTOpbiM C~e.riaH p.H~ BbiB!r · 

~OB 0 xapaKTepe pacce.HHII.H niiOHO,B Ha HyK-
l . . ' '., ' 

JIOHax, CB.H3aHHbiX B .H~pe. 

%;, M6·cp-l 

IT pe~cTas.ireHbi · pe3yJibTaTbi . MHorono-

TOims~rx A,li.9-pac'!eTOB Ha oclib~~ ~e)mo.ITo- •u 1
• · • 

1 
• • • 

1 
• • • 

1 
• • • ' • • ·_ 1 • • 

. . . ' . ' . . 20 40. ' 60 
rnu Open Multi-Processing (OpenMP): . . 

. IT 
0

; · '· ' ' · · · ~ : 6 · · Puc. 4. .LJ:u<!><J>epenniia.JihHhle ceq mimi 
0Ka3aH 1 'ITO B 3a~aHHOu 0 JiaCTU pacceHUHH ·11";--l!HOIIOB. na ll,lqla.x 28Si, 

MeTO~ A,lJ,9 Haxo~nT .MIIHIIMYM. c , 6oJib- 54Ni, 2ospb npu Tlab = 162 MsB [4], 

men: sepoRTHOCTbiD, qeM MeTO~bi SIMPLEX · pacc"'luTaiiiihle c napaMeTpaM~ ~N-aMn-
..• ·1 ': • ' . .' , .... _i; .' • "·"'· • ' ''" 

II MIGRAD. TaKIIM o6pa30M. no~Tiiep)K~eHa JIH~y,II,bl, no,n;omamiwMu K sKcnepuMen-
' , .. , .. · . . ', •· · · Ta.JibllbiM ,n;amiwM .u3 Geesaman, D. F. et 

3¢~eKTIIBHOCTb npnMeHeHII.H Me:o~a A)J.9 al.l 1 Phys. Rev., 1981, c. 23, 6, P·. 2635 
~JI.H pelrreHnanocTaBJieimon: Sa.z:\a'!n. ' · · · · · _ · · 

OcHoBHbie pe3JJibT~Tbi rJiaiihr'ony6JiiiKoB~Hbi B pa6oTax [1,2:4, 12-Fl)SJ~ 
' ' - ·, . ·, . ,( .··:. · .. ; 

TpeTMi'rJiana nocsa~emi <lucJieHHOMY ncCJie~oiiaHIIIO crpyKTYPbi noJin~nc
nepcHoit Be3IIKYJI.HpHoit cncTeMbi )J.M<PX c npnMeHemieM Me"To~os A)J.9. ITpe~~ 
CTaBJieHa MO~eJib pa3~eJieHHbiX ¢opM¢aKTOpOB, MO~IIcPII~IIpOBaHHa.H ~JI.H yqe

Ta ¢JIYKTYa~un: napaMeTpOB crpyKTyp6r 6uCJIO.H o6oJio'IKII Be3IIKyJI: 9Ta MO~II
¢uKa~n.H n03BOJIUJia y:ro<iuiiTb onucaliue. 3KCrrepn~mHTaJibHbiX cneK~pOB B ~ua-
na30He 3Ha'l~HIIfi BeKTOpa p~cCe.HHII.H q E (3; 4) HM""'1• . '~ .·· . 

· B nohxo~e, ocHosaHHOM Ha imTO~e pa3.ri,eJieHHbiX ¢opM<PaKropoB; MaK~ 
' • • _, • ' 1 ••• • •• ' • • - ·.' •• ' •• ' 

pOCKOnii'!eCKOe Ce'leHIIe CIIHXpOTpOHHOrO peHreHOBCKOrD pacce.HHII.H Ha IIOJIII-
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)J,HCllepCHOii nonyJI.HQIIH Be3UKYJI UMeeT CJie)J.yiOIQUil: BH)J, (5): 
d'L. A A 

0 

df2(q) = nioFsFbS(q), (?) 
r)J,e Io - IIHTeHCIIBHOCTh na)J,aiOI.Qero ny'IKa cpoToHon; n- KOJIII'IeCTno Be3IIKYJI 

n e)J,nHm~e o6'heMa; S(q) - CTPYKTYPHhiil: ¢aKTop26• C yqeroM nonn)J,ncnepc

HOCTII Be3neyn27 n ¢nyKTyaQutl: napaMeTpon BHYTpeHHetl: CTPYKTYPhi 6nCJio.H 

¢opMcpaKTOp noJin)J,ncnepcHoil: nonyJI.HQHII G¢epii'IeCKIIX ne3IIKYJI F8 II ¢opM

cpaKTOp 6IICJIO.H Fb IIMeiOT CJie)J.yiOIQIIil: BII.z{: 
Rmox 
I F.(q,R)G(R,(R))dR 

Rmin' F8 (q; (R); m) Rmax 
I G(R,(R))dR 

Rmin 

Fb (q, (8b), kH) = 

K 

I F.(q,e.((e.),ka.mt<~l~ 
K K ; (6) 

I t<~l~ 
-K 

3)J.eCh Fa(Q, R) = (4rrR2sin(qR)/qR) 2 
- ¢opMcpaKTop c¢epnqecKoil: nonepxHOCTII 

pa)J.nyca R; Fb(q, eb) = u~:/22 Pc(x) cos(qx.)dx)2 - ¢opMcpaKTOp 6IICJIO.H 6e3 yq~
Ta cpJiyKTyaQUil: ero napaMeTpOB. <l>yHKQli.H KOHTpaCTa p(X; 8b) OlliiCh!BaeTC.H 

napaMeTpaMn BHyTpeHHetl: CTPYKTYPhl. 6~cJio~28 : eb = { d, D, L, PH}. c yq~
TOM HeKorepeHTHoro cpoHa In n pa3penielin.H cneKTpoMeTpa pemcTpiipyeMoe 

3Ha'IeHne MaKpOCKOllii'IeCKOrO Ce'IeHH.H npiiHUMaeT BII)J, 

d'L. 1 2d2 ~~(q) 
I(q) = df2 (q) + 2~ d 2 +In, (7) 

. ·. ... ' ' . . q. . . ' 
r)J,e In- IIHTeHCIIBHOCTh HeKorepeHTHOrO cpOHa; ~2 - BTOpOi:t MOMeHT cpym(-

QUU pa3perneHII.H ClleKTpOMeTpa. IlO)J,rOHKa 9KCnepnME.iHTaJihHhiX )J,aHHhiX npo

Be)J,eHa nyTeM MliHIIMU3aQHII QeJieBOil: cpyHK~IIll, OllliChiBaiOI.Qei:t B3BeiiieHHYIO 

HeB~3KY j ( 8) Me)K)J.y TeopeTII'IeC.KIIMII .. II 9KCIIepnMeHTaJihHhiMII 3Ha'IeHII.H

MII . IIHTeHCUBHOCTII pacce.HHII.H. Ha6op OIITliMU3IIpyeMhiX napaMeTpOB e = 

{R, in, (l}, (s}, (h), kfl, PH, nx,lo,ln, Vvfv }. 
' B pa6oTe )J.aHo o~IIcaHue peanii3onaHHoro Ha 6a3e A,r:r:3-MnHIIMu3aQIIn 

KoMnneH:ca nporpaMM )J,JI.H HaxmK)J,eHn.H napaMeTpOf:l nonn.liiicnepcHhiX nemiKy

JI.HpHbiX ciiCTeM no ~aHHhiM Manoyr.ITonoro cuHxpoTpOHHoro pacce.HHri.H: II pone-
"· ' • t • • ( (: •• 

)J,eHO 'IliCJieHHOe IICCJie)J,OBaHIIe 9KCIIepuMeHTaJibHhiX CIIeKTpOB CIIH~pOTpOHHQ

ro pacce.HHII.H Ha IIOJIII)J,IICIIepCHOil: IIOIIymiQIIll O)J,HOCJIOil:HhiX ne3nKyJI ,ll;M<l>X 

i3 4o% pabnope caxapo3hi. Ilony'IeHhi oQeHKII )J..i:m' napaMerpon MO)J.~cpiiQnpo
naHHotl: ll HeMO)J,llcpiiQllpOBaHHOft MO)J,eJIH pa3)J,eJieHHhiX cpopMcpaKTOpOB. Ilo-

, ••· !. ' - i • • • ' - ······' •' • : 

• 
26B 'tipn6niDKeHHn ,ll;e6a>I S(q,'R)=l:...~ (•inJ:kn'). r,11e Vv = 47rR3/3- ofueM ni<3nKyirhi; v = ijn-

• ofueM pacrnopnTeJI>I, npnxo)l>liiilli!cn na O)IHy Be3HKYJIY - Y'IHTbiBaeT Me:lKBeanKymipHoe roanMo)lellCTBne. 
27 

OnnCh!BaeTCH acHMMe"rpH'IHblM pacnpe,11enenneM lliynh~a G(R, (R)) = 1£( lJtf )m+l exp[- (m(kl)R], r,11e 
(R) - Cpe)IHHlt pi.z\nyc Be3HKYJI; m - Koo¢qm~eHT llOJlli,!IHCllepcHOCTH. ' 28

B paC'Ie-rax llpe,li,IIoi:mrB.e-rcn, 'ITO proinNne B BMH'IHHaX napaMerpoB BHJTpeHHett CTp)<KTypbl ooycnoB
JieHo P83JIH'IHblM pacCTmiHneM Me>K,!Iy JIIIllH.l\HblMH CJIO>IMH ( KOJie6aHH>IMH TO~HHbl ldeM6panbl). Tor ,~~a 
KOMn?HeHTbl 9b B HHTerpane {6) panHbl: d=(d){l+kfl e); D=(D){l+~kfle); L=(L){l;-ffikfl eJ; PH'=(PH), 
r,11e {d), (D)'n' (L) c:..· cpe)IHH~ 3Ha'IeHH>I napa.MerpoB.BHJTPeHHell CTpyKTYPhl 6nCJio>I; kfl- K03qi¢n~eHT 
q,Ji'yKTY~; f{e) .:_ ¢yH~ miOTHOCTII yce'!eHHOrD HOpMaJibHOrO pacnpe~eJieHH>I. j . .. 
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Ka3aHo, , 'ITO yqeT ¢nYKTYaQntl: II03BOJIIIJI. 3Ha'IIITeJihHO yny'IIIIHTh cornacMe 

Me)K)J.y npe)J.CKa3aHII.HMII Teopun n 9KcnepiiMeHTaJihHhiMII )J,aHHhiMII no MYPP 

Ha IIOIIYJI.HQIIII Be3IIKyJI. i. • · 

IlpOBe)J,eHO cpaBHeHIIe pa3JIU'IHhiX KOHcpiirypaQHil: MO)J,eJIII )J,JI.H OIIIICaHII.H 

crpyKTYPhi o6oJIO'IKII ne3nKyJI KaK: c yqeroM; TaK II 6e3 yqeTa ¢JIYKTYaQIIil: · 

napaMerpon CTPYKTYPhi 6IICJIO.H. Ha'tt)J,eHhi Han6onee peanncTII'IHhie KOHcpMry

paQnii. 'IlOKa3aHO, 'ITO IIOJiy'IeHHhie OQeHKII napaMeTpOB ,ll;M<l>X He IIpOTIIBQ

pe'IaT pe3yJihTaTaM aHiuiii3a )J,pyriiX 9KcnepuMeHTOB (puc. 5). 
Ilpe)J.cTanneHhi OQeHKn ycKopeHn.H na- ""-==--~;__.;__ ______ __, 

panJieJihHhiX Bhi'IIICJieHnii,. npone)J,ilHHhiX 

no TeXHOJIOriiii MPI29 Ha MHoronpo~eccop
HOM KJiacTepe.lJ,11BK(JU1T, 0115!11): Ilpo

Be)J,eHO cpaBHeHne 9cpcpeKTHBHOCTII HCllOJih- · 

30BaHn.H MeTO)J,a A,ll;9 n MeTO)J,OB SIMPLEX . 

u MIGRAD, peann3oBaHHhiX. B ·· ROOT, 

::i10" 
ol 

~104 
"' . 5 

,:S102 

100 

)J,JI.H HaxO)K)J,eHH.H napaMeTpOB Be3HKYJI.Hp- 10-2 .. . . . ,.. . . 10_, 1 

Hh!X CHCTeM. IloJiy'IeHO, 'ITO BepO.HTHOCTh . · ·· , . ·· . . q, ""_1 
' ,. · · · ' ·. Pnc. 5. 9KcnepnMeHTaJibllblii {TO'IKH) H 

onpe)J,eJieH?.H _QIITHMaJihHoro ... Ha6opa :napa-· TeopeTn'IecKne {nmmn) cneKTphi MYPP 

MeTpOB CIICTeMhl MeTO,ll;OM;, A,ll;9 ~Ha'In- n MYPH (Manoyrnonoe pacceaHne neii

TeJihHO IIpeBOCXO)J,UT . BepQ.HTHOCTb HaxO)K; TpOH?~) ,M>I P!l3JIH'IIIb!X . KOHIJ,eiiTpall,Hii 
pacTnopa caxapo3hi (5) 

)J,eHII.H Tex )Ke napaMeTpoB e TeMil .)Ke, I:la-: 

'IaJihHhiM? ycJIOBII.HMII MeTo)J,aMn SIMPLEX 

n.MIGRAD. . 

OcHOBHhie pe3yJihTaThi rnaBhi ony6nnKonaHhiB pa6oTax (3,5,6,11,19721]. 

3a~.inoqenHe 

B')J.uccepTaQHII p83pa6oTaHhi; o6ocHonaHhi; peann3oBaHhi n nn)J,e npo

rpaMMHoro KOimJieKCa n , 'I~CneH~O llCCJie)J,OBaHhl MeTO~hl aCIIHXpOHH~il: )J,llq;

cpepeHQUaJihHOti 9BOJIIO~nn (A,ll;9) wA,ll;9 c KpocconepoM.; 3a~anaeMhiM a.n;an

TIIBHotl: KOppeJI.H~IIOHHOti MaTpii~ett. C HCllOJih30~aHneM, nepe~HICJieHHhiX Me

TO)J,OB IIpOBe)J,eHO 'IHCJieHHOe UCCJie)J,OBaHIIe·)J,BYX MO)J,eJieil: MHOronapaMeTpii'Ie-

CKHX CIICTeM; 
,, 

1. Pa3pa6oTaHhi: (i) MeTO)J, A,ll;9 '(8], (ii) MeTO)J, A,ll;9 c', pecrapTOM (9, 15] 
II a)J,aiiTHBHOil: KOppeJIH~IIOHHOil: ~mTpHQ~il: (10), a Ta~e np~6.rieMHQ-

. - . ' ~ - , '' '. ' ' . ' . . ' l . : . . 

.opiieH-;rnponaHHhie KO~IIJI.eKChi ~porpaMM. 

2. Peanii30BaHHhiil: Ha 6a3e' A,ll;9 KOMllJieKC. nporpaMM )J,JI.H onpe)J,eJieHH.H na

. paMerpo:B imo!I-iiyKiloFiHoil: aMnJ1nry,n:i,I ynpyroro pacce.Hmia 3ap}i~eimhix 
' . • . f ' • • ' ' '. ' ' • : • ; . • , • '. : ·, ; .•• -·~: 

•• Message Passing Interface (MPI) http:// www.open-mpi.org/ 
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niiOHOB Ha HyKJioHax g.n,epHofi cpe.n,hi no3BOJIIIJI onncaTh sKcnepnMeHTaJih
HO H3MepeHHhie .n.n¢¢epeHIJ;HaJihHhie ceqeHH}l ynpyroro paccegHng nHOHOB 
Ha g.n,pax B paMK8.X TpexnapaMeTpii'IeCKOfi MO,ll.eJIII MIIKpOCKOnii'IeCKOI'O · 

::.onTII'IecKoro noTeHu;uana II pengTIIBIICTCKOI'O-BOJIHOBoro ypaBHeHng llipe
. .n,nHrepa. Tiony'leHHhifi Ha6op 3Ha'leHIIfi napaMeTpoB <<in-medium~ aMnJIH
. TY.D.hi paccegHJm 7r-Me30HOB Ha BHyTpiig.n,epHhiX HyKJioHax no3BOJIHJI c.n.~
.. naTh pg.n, TeopeTII'IeCKIIX BhiBO,ll.OB o xa~aKTepe paccegHng mmHoB BHYTPII. 

g.n.pa. ,II;aHHblfi Ha6op IICnOJih3YeTC}l ,ll.JIR'MO,ll.eJIIIpOBaHII}l Heynpyroro niiOH
g.n,epHOI'O paccegHII}l. 

3. Pe~H30BaHHhifi Ha 6a3e MPI-peaJIII3aiJ;IIII A,I1;9:KoMnJieKc nporpaMM .n,ng 
pac~eTa napaMeTpOB nOJIII,ll.IICnepCHhiX Be3IIKyJigpHbiX CliCTeM n03BOJIIIJI · 

. nony'IHTh 3Ha'!eHng cTpyKTYPHhiX napaMeTpos · se3IIKyngpHofi CIICTeMhi 
,r:t:M<f>X B 40% paCTBOpe caxap03hl TionyqeHHbie napaMeTpbi'BCOBOKynHo
CTII C .n,aHHhiMII HetiTpOHHOI'O paccegHIIH n03BOJIIIJIII c.n,e;aTh BhiBO,ll. 0 BJIII.; 

. }IHIIII caxap03hi Ha CTPYKTYPY Be3HKy.impHott ciicTeMhi. 

4 .. )\IianiiTII'IecKoe II 'IIICJieHHOe IIccne.n,oBaHne s¢¢eKTHBHOCTII MeTo.n,os A,r:t:9 
II OCHOBaHHhiX Ha HIIX KOMnJieKCOB·nporpaMM Bh!HBIIJIO OCHOBHbie npeiiMy-

. ·: · Iu;eCTBa MeTo.n,os A,n:9 no cpasueuiiro c .n.pyriiMII MeTo.n,aMH · MIIHHMII3au;nii: · 
9TH npeiiMyiu;eCTBa cocrogT (i) B yBeJIH'IeHHH cKopocTII II BepogTHOCTII 
cXO,ll.HMOCTH rio cpasueim10 c ,r:t:9; (ii) B ynyqilleHHH sepogTHOCTH cxo.n,n
MOCTH no cpaBHeHHIO C .n,pyi'IIM~ MeTO,ll.aMII MliHIIMH3aiJ;IIII, oco6eHHO ,ll.JIH 
MHOI'OSKCTpeMaJihHhiX 3a,n;aq C '!aCTII'IHO pa3,ll.eJI}IIOIIl;liMIIC}l nepeMeHHhiM 
II (iii) B B03MO)KHOCTII s¢¢eKTIIBHOI'O npHMeHeHII}l pa3pa60TaHHhi:X MeTO
,ll.OB B pe)KHMe napanJieJibHhiX Bhi'IIICJieHIIti. 

TioJiy'leHHhie pe3yJihTaTbl I'OBOpgT 0 nepcneKTIIBHOCTII IICnOJib30BaHII}l 
MeTO,ll.OB A,I1;9 II A,I1;9-AKM .n,m'r pac'leTOB KaK B noCJie.n,osaTeJihHOM pe)KHMe, 
TaK II Ha napanJieJibHhiX Bhi'IIICJIIITeJibHhiX CHCTeMax ,ll.JIR peilleHII}l IliHpOKOI'O 
Kpyra 3a,n;aq, B TOM. 'IHCJie 3a,n;aq, Bhixo.n,giu;Hx 3a paMKH .n,auuott' pa6oThi. 

' ; . . "<. ~ . < ; ' ' :- ' ' .. • 
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