Mamemamuxa u ungopmamuxa  Volume 60, Number 2, 2017 Mathematics and Informatics

Educational Matters
Hayuno-memoouuecku cmamuu

N3KYCTBEHA UMYHHA CUCTEMA

HNoanna Wianesa, Cennn Illemcuena,

Cgaetriiana BbiueBa, Crozan ®eumMoBa
1IMTI",, baba Tonxa* — Pyce

Pe3rome. Hacrosimara pa3pa0oTka OMUCBA CHITHOCTTA W MPUIOKCHUETO HA
M3KYCTBEHUTE UMYHHH CHCTEMH KaTO KJIac OT H3UNCIUTEITHN CUCTEMH, BIIbXHOBE-
HU OT NPUHIMIIATE U IPOIECUTE HAa UMyHHATa CHCTEMa ITPU IrPbOHAYHUTE KHBOT-
Hu. Pasmiexaar ce yeTupu OCHOBHH Mojeiia. Pa3paboTeH ¢ ajJropuThM 3a BCEKH
OT TSIX Bb3 OCHOBA Ha KOHIICTIIIUUTE 32 U3yUyaBaHe, pa3o3HaBaHe U 3aTIOMHSIHE HA
YyXKJAUTE Tella B TAJCH OPTaHU3bM C [IeJ pelllaBaHe Ha ONpeJIelicHa IpyTia 3a/1auu.
Pa3paboTkara e kimacupaHa Ha IbPBO MACTO B HammoHamHus Kpbr Ha MexayHa-
pomaus koukypc MITE: ,Mertomonorus n nHOPMAIIMOHHN TEXHOJIOTHH B 00pa-
30BaHUETO".

Keywords: algorithms, immune system, clonal selection, negative selection,
dendritic cell

YBona. M3kycrBenara umyHHa cuctema (Artificial Immune System — AIS) npen-
CTaBJIIBA MOJIENI 32 M3CIICABAHE HA CTPYKTypara ¥ (PyHKIUUTE HA OMOJIOTHYHA
MMyHHa CHCTEMa W M3IMOJI3BAHETO UM 3a pelllaBaHe Ha 3aJa4d B MaTeMaTHKara,
WH)KEHEepCTBOTO U nHpopmaTukata. [loctpossanero Ha AIS m3nmon3sa meTonu Ha
W3KYCTBEHHsI HHTEJIEKT, UMYHOJIOTHATA M TeopeTuuHara ouonorus. B Hactosimara
pa3paboTKa ce pa3miekaaT IMEHHO TaKHBa aJITOPUTMH.

H3noa3Banu TepMUHU. AHTHTCH — 9Y)KJ0 TAJIO0. AHTHTSIIO — OENTHK, KOWTO
OTroBaps 3a YHUIIIOKAaBaHETO Ha OIpeJiesieHa rpyna anTureHu. B- u T-mumdonuntu
— UMYHHH KJIETKH Ha opranu3ma. AQUHUTETHO 3peeHe — Mpolrec Ha MoAo0psBaHe
Ha CXOCTBOTO Ha aHTUTeNaTa Ha B-KIIeTKUTE C aHTUIeHa. ATIONTO3a — €CTECTBEHA
CMBPT Ha KJeTkuTe. Hexkpo3a — HacCHIICTBEHA CMBPT Ha KICTKUTE.

Metoan. OCHOBHUTE TEXHUKU Cca 3aUMCTBAaHH OT MMYHOJOTHYHHTE TECOPHH,
KOUTO OOSICHSBAT TOBEIECHHETO HAa WMYyHHara cuUcTema mpu OozaiiHuuure. AIS
npeanara 4 GyHAaMEHTaIHHA alrOpUTHhMa, KOUTO HAMHUPAT MPUIIOKESHUE B Pa3Iny-
HU O0IIeCTBEHU Cepu.

I. Meton Ha orpunaresHust nmoadop (Negative Selection Algorithm). Tosa e
€/IMH OT MEXaHU3MHUTE B €CTECTBEHATa NMYHHA CHCTEMa, KOWTO BJ/bXHOBSIBA Pa3BU-
THETO Ha MHOTO OT CHILECTBYBALIUTE U3KYCTBEHH HMYHHHU CUCTEMHU.

149



Hoanna Unuesa, Cenun Illemcuesa, Ceemnana Bvauesa, Ciozan Deumosa

Buosornuna odocuoBka. B nmpoueca Ha Bp3HMKBaHe Ha T-TMMQOINTH B THMYCA,
ako T-KkieTkara pasnosHae HAKOs COOCTBEHA KJIeTKa Ha OpraHu3Ma Karo 4yX[a, TS ce
CIIMMHUHUPA, PN Ja 3all0vYHe CBOSITa MIMYHHA (DYHKIIMOHATHOCT, TOGCT 32 KJIeTKara
HACTBIIBA KOHTPOJIMPaHA CMBPT (T.Hap. anonTo3a). Taka KJIeTKUTe, KOUTO MPEMHUHABAT
YCIELIHO TO3H IpolLiec, Ou TPsIOBaIo Jla ca HepeaKTUBHU KbM COOCTBEHHTE OpraHu3-
MOBH KJIeTKH. ToBa CBOMCTBO Ha IMMQOLUTUTE CE HAPUYA UMYHHA THPIHUMOCT.

AJropuTBHM. AJIITOPUTHMBT 32 HETATUBEH MOJ00p TeHepUpa JACTEKTOPH, KOUTO
Jla eNTMMUHUPAT HAKOM JIpyT IeTEeKTOp, KOWTO ce CBbp3Ba C rpymna OT JeKJIapHUpaHH
COOCTBEHH eJeMEHTH. Bceku neTekTtop cu o0rpaxaa mioul BbB GopMara Ha XH-

NepKyO, YUITO TOJEMHHA ONpeAeisiMe 10 cieaHara Gopmyna: (\Zl_nr_)n, KBJETO 7 €
BBHITHUAT pPaguyc.

B Hauasoto Ha anropuTbMa ce ch3zaBa rpyna or COOCTBEHH HH30BE — S, KOSITO OI-
pezens HOpMAJIHOTO ChCTOsIHME Ha cucteMara. CrenBaliara CThIKa € Jla ce TeHepupa
rpyIa oT JeTeKTop — D, KouTo fa ce cBbp3Bar U pasnos3Hasar S. Te3u gerekropu Morar
Jla ce TIPUIIOKAT 3a HoBa MH(OpMaIIusl, 3a 1a MOXKe Ja ce KIacH(UILIMPaT KaTo CBOU M Hec-
BOU. AJITOPUTBMBT Ch3/1aBa Ipyrara OT IETeKTOPH Ype3 OMHCAHMS M10-/I0JTy alITOPUTHM.

Bxon: S, = rpyna oT mo3HaTu COOCTBEHM €IEMEHTH.

W3xon: D = rpymna oT reHepupaHu AETEKTOpH.

OnucaHue Ha arOpUTHMa.

Hauauio

IHosTapsii

— Cp31ail 1eTeKTopy Ha ciIyyaeH NMPUHIMI U TM TIOCTaBU B Tpyna P,

— Ompeneny CXOACTBOTO HAa BCEKU €JIEMEHT OT P ¢ BCEKM €JIEMEHT OT rpyrnara
MO3HATH COOCTBEHH €IeMEHTH S.

— AKO MOHE €[TUH eJIEMEHT OT S pa3no3Hae ASTEKTOp OT P croper mpara Ha pas-
M03HaBaHe, TOraBa OTXBbPJIN AETEKTOpa.

— B mpotuBeH ciyuaii ro 7006aBH B Tpymnara Ha MO3BOJICHUTE J1a ChIIECTBYBAT
nerexkropu D.

Jlokarto ce U3IbIIHU KPUTEPHUSAT 3a Kpaid.

Kpaii

AJNTOpUTBMBT CE IpUIIara B pa3iuuHu cepu. Moxe a ce U3Moi3Ba 3a yCTaHO-
BsIBAaHE Ha aHOMAJIMK U 3aCHYaHe Ha 3J0yNoTpeda ¢ JaHHHU, IPUYMHEHA OT BUPYC B
KOMITIOThpHATa CUCTEMA.

II. Metoa na kionoBara cejiekuus (Clonal Selection Algorithm). Tosa e
KJIaC OT aJIFTOPUTMH, CBbP3aHH C U3TPAKAAHETO HA CEJIEKIIMOHEH MEXaHU3bM B J1a-
JIeH OpraHu3bM B MIPOABIKEHUE Ha OIIPEJIENIeH EPUO]] OT BpEMeE.

Buonoruyna odocHoBka. VimyHHara peakuusi npu 003aiiHUIUTE ce TPean3-
BHKBA 4Ype3 pPa3lo3HaBaHETO HA ,,CBOUTE' U ,,UyKIUTE" KIETKU B opranusma. [1pu
nosiBaTa Ha MOAXOJSIL aHTUTEH | CpelIaTa My ¢ JJUMQOLHT ce MPEIU3BUKBA M0sIBA
Ha KJIOHMHI'H Ha OsulaTa KpbBHA KieTKa. KIIOHWHTHTE TpoM3BeXIaT MICHTUYHU
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peuenTopy Ha KJIOHUpaHaTa KJIETKa, KOUTO c€ HACOYBAT KbM ,,BpeanTens‘. Cobet-
BEHUTE KJIETKH HE MPEAN3BUKBAT pa3pylIUTEIHA UMyHHA PEeakiysl, a ,,HeCBOUTE™
KJIETKH ([IaTOTeHN) ce YHULIOKABAT OT aHTHUTeNaTa (KJIOHUHTHTE), TPOU3BEXKIaHN
oT B- u T-mumdonutuTe. YHUIIOKABAT C€ OLIE U IMM(OLUTHTE, KOUTO UMAT aH-
TUTEHHHU PELEnTOpH KbM KJIETKUTE Ha caMusi opranu3bM. [1o Bpeme Ha KJIIOHOBOTO
pas3immMpeHne CXOACTBOTO Ha aHTUTENaTa Ha B-KJIeTKUTE ¢ aHTUTeHa ce MoAo0psiBa.
Tosa siBnenue ce Hapuya apuHUTETHO 3peeHe. [Ipu ciaeqBamara nossa Ha 1aACHUS
AQHTUTEH peaklusiTa Ha UMyHHAaTa CUCTeMa € Mmo-e(eKTHBHA OiarojapeHue Ha oc-
TaHAJUTE aHTHUTEJA OT MPEIUIIHUS IPEACTABUTEN.

N3uncauresnn ganau. B To3u anropuTbM MOAOOPHT CE€ OCHIICCTBSIBA Bb3
OCHOBA Ha CXOJICTBOTO MEXIYy aHTUIeH M aHTUTIO0. Bb3mpousBexIaHETO € Ha
MPUHIMIA HA KIETHYHOTO JIeJICHe, a BaprauusITa e nojgodHa Ha cOMaTHYHaTa XH-
nepMyTanus (azantanus KbM aHTUTeHuTe). [locieHo crnoMeHaToTo € CBbpP3aHo ¢
MIPOM3BOJIHA TPOMSIHA HA TEHUTE Ha MPOU3BEIEHUTE aHTUTENA, IPH KOETO CE 3ara3-
Ba MH(MOpMaLUATA 32 AJCHUS BPEAUTEI.

JleneneTo Ha B-KJIETKUTE € MPaBONPONOPLIMOHAIHO HAa CXOJICTBOTO MYy C aHTH-
reHa: KOJIKOTO MO-TOJIIMO € CXO/JICTBOTO, TOJIKOBA ITOBEUE KIIOHOBE CE MPOU3BEXK/IAT.
Bropara ocoGeHOCT Ha TO3UM MEXaHU3bM €, Y€ MyTalUHUTe, MPESAU3BUKAHU OT aH-
TUTEHA, ca 0OpPaTHOIPOTIOPLMOHAIHN Ha CXOACTBOTO ¢ Hero. Komkorto mo-roms-
MO € CXO/ICTBOTO, TOJIKOBA IT0-MaJIKa € MyTalusATa Ha reHa. M3non3sa ce B 3aiaun
3a CBbp3BaHe MO0 AaJcH madioH. To3n aXropuTbM THPCH ONTHMAIHO pEIleHHE Ha
KJIOHHUPAHETO U BUCOKOYECTOTHATa Bapyallusl HA UMYHHUTE KIETKH.

AdaropurbM. Heka nmame rpyna oT mabaoHu S, KOUTO UTPAST PONIATA HA aHTH-
reHd. 3ajadara e Jja ce Cb3/ajie IpyIra OT 3aloMHIIIN aHTuTesa M, YUUTO eJIeMeH-
TH A2 ce cBbp3BaT ¢ Te3u B S. ToBa cTaBa 1o ciaeHus Ha4MH.

Bxox: § = rpyna ot Mojienu 3a pas3no3HaBaHe, 1 = OpOAT Ha Hali-JIoIIUTe ele-
MEHTH, U30paHu 3a mpeMaxBaHe.

Uzxon: M = rpyna oT 3aOMHSIIH JETEKTOPH, CIIOCOOHU J1a pa3Mo3HasT HElo3-
HaTH MOJIEJIH.

Onucanue Ha anropuTHMA.

Hauauio

— Cp3gaBaHe HAa Ha4YaJIeH IPOU3BOJICH HAOOP OT aHTHUTENA A.

3a BcHMYKH IAGJOHH OT S, KOUTO UTPAsT POJsATa HA aHTUT€HHU, U3IBJIHU:

— Onpenenu CXOACTBOTO C BCSKO aHTHUTAJIO B A.

— Cp3/11all KIIOHUHTHY Ha IpyTaTa Ha aHTUTeNara B A ¢ Hail-rosiMo CXOJ/ICTBO.

BposT Ha KJIOHMHTHTE Ha aHTHUTEJaTa TPsAOBa Jja € MPONOPIHOHAJIEH Ha CXO/I-
CTBOTO UM C aHTHUTEHa.

— M3MeHn xapakTepuCTHUKUTE Ha KIIOHUHTUTE OT A M KOMUpai To3M ¢ Hal-ro-
JIIMO CXOJICTBO B Tpymnara M OT 3allOMHSIIM JIETEKTOPH, CIIOCOOHHM J1a pa3no3HasAT
HEeMO3HaTH MOJIEIH.

Kpaii
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II1. Meton na umynnute Mpexku (Immune Network Algorithm). To3u anro-
PHUTBHM € TIOCTPOEH Ha OCHOBAaTa Ha TEOPUsTA 3a €CTECTBEHHSI OAOOP MPH aHTUTSI-
71000pa3yBaHeTo ¢ 1e Aa ce OOSCHSAT 3alla3eHUTE CIICIIHN PeaKlMy Ha OpraHu3Ma,
KaKTO ¥ UMYHHATa IaMeT.

Buosnoruuna odocHoBka. OCHOBHATa MpEANOCTaBKAa HA TO3M MEXaHU3IbM €
CBBp3aHa C TOBa, e BCEKHU JTMM(OLUTEH PEIENTOP B OpraHu3Ma Moxke Aa Ob/e paz-
MO3HAT OT rpymna peuentopu. [ pymnara, KosTo pa3no3HaBa JMM(OLUTHTE, MOXKE J1a
ObJie pa3no3HaTa OT APYTY PElenTopH U Taka HaTaThK. [1o To3M Ha4YMH ce u3rpax-
JaT IMYHHU MPEKH, B KOUTO KJIETKUTE CH B3auMozencTBar. ChIIHOCTTA HA Ta3H
TEOpHs €, ue HEeNUsIT Habop OT aHTHTENa B OpraHu3Ma ce MPOU3BEX/1a HePEeKbCHa-
TO ¥ B HUCKH KOJIMYECTBA OT TE3W TMM(OLUTH B Pe3yITaT Ha TOBA B3aUMOCHCTBHE
MeXIy KieTkute. Korato aHTUTeHbT MPOHUKHE B OPraHU3Ma, TOH Ce CBbP3Ba KbM
CBOTBETHOTO MY aHTHUTs10. ToBa BOAM /10 MPOU3BEXkAaHE HA €I3EMIUIIPH HA aHTH-
TAJIOTO.

AJITOpUTBM. ANTOPUTBEMBT 32 U3KYCTBEHH UMYHHH MPEKU UMa 2 CTBHIIKH.

1) 'enepupar ce onpeneseH Opoit aHTHUTENA, IPEACTABIABAIIN H3KYCTBEHA UMYH-
Ha Mpexa.

2) 3a na ce OTKpUE MECTHO ONTHUMAIIHO PELIEHHE, CE OChIIECTBABA KJIOHOBA Ce-
JIEKIUS Ha BCAKO OT aHTUTENaTa B MpesKara.

[IpouechT mpoabIKaBa, JOKaTo CPeTHOTO 3PABOCIOBHO CHCTOSTHHE Ha KJIET-
KHTE € OJIM30 10 PENIIHOTO MTOKOJIEHHE (IIpey TosiBaTa Ha aHTureH). ToBa o3Ha-
YaBa, 4ye MpekaTa € CTadMInu3upana. AHTUTENIaTa B KJIIETKaTa CH B3aUMOACUCTBAT U
ce moTucka Mpexara. Hakpas ce reHepupar Ha cilydyaeH NPUHIUI HOBU aHTHUTENA.
[IpornecsT ce moBTapsi, J0KaToO HE Ca U3MBIHEHU YCIOBUATA 3a Kpail. AITOPUTHMBT
€ CIIeIHUAT.

Bxon: S =rpyna or Mozenu 3a paso3HaBaHe, n1f = IIpar Ha MPEKOBO CXOACTBO,
¢t = TIpar Ha Tpynara oT KJIOHHUHTH, /i = OpOi Ha KIIOHWHTH C Hali-TOJISIMO CXO/ICTBO,
a = Opoii Ha HOBUTE aHTUTEJNA, KOUTO 1€ CE Ch31aaar.

W3zxon: N = rpyna oT 3allOMHSIIHN JEeTEKTOPH, CIIOCOOHH J]a pa3lo3HasT Hero3-
HaTHU MOJIeJH.

Ornrcanue Ha alropuThma.

Hauauio

— Cb37aBaHe Ha HauaJIeH IPOU3BOJIEH HA0OP OT MPEKOBH aHTUTENA N.

IlosTapsii

3a BcHYKH IIAOJOHH OT TpyIiaTa MOJIENH 3a pa3no3HaBaHe S U3ITBJIHU.

— Onpezenu cXOACTBOTO € BCSKO aHTUTSIIO B V.

— Cp3aail KIIOHMHTH Ha TpyraTa Ha aHTuTenara B N ¢ Hali-rojsiMo CXOZCTBO.

— bposT Ha KJIOHWHTHUTE Ha aHTUTEIaTa TPAO0Ba J1a € MPOIMOPIIMOHAJIEH Ha CXOI-
CTBOTO UM C aHTHUTEHa.

— M3MeHn XxapakTepuCTUKNUTE Ha KIOHUHTHTE OT 4 ¥ ITOCTaBU & Ha OpOi aHTH-
Tena ¢ Hail-BucoK apuHUTET B C.
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— YHUIIOXKU BCeKH eteMeHT oT C, YMEeTO CXOACTBO C aHTUI€HA € MO-MaJKO OT
MIPEIBAPUTEITHO 3a/1aJICHUSI IIpar ct.

— Ormpenenu CXOJCTBOTO Cpejl BCHUKU aHTHTena B C M YHUIIOXKHU TE3U aHTH-
TeJa, YUETO CXOCTBO C BCEKH JPYT € MO-MaJIKO OT Ipara ct.

— Q0OenunH ocraBamure KIOHUHTH 0T C B V.

Kpaii

ANTOPUTHMBT MOJIBPKA PA3HOOOPA3UETO HA MOMYJAIUITa, HO UMa He-
JOCTaThIU, KaTO 0aBHO OTKPUBAaHE Ha CXOJCTBA M cllaba TOYHOCT Ha ThpCe-
HE.

CehiecTByBa moj00peHa BepcHsl Ha TO3U aJITOPUTBM, KOSTO CJIEIU ChCTOS-
HUETO Ha KJIICTKUTE, BApHUPAIU BB BpeMeTo. To3u aJropuThM BhBEKA ThpCe-
1a npoueaypa, HapeueHa 3J1aTHa 00J1acT, U 2 onepaTopa 3a MyTallus: eTHOMEep-
Ha MyTalldsl U TeHHa JyOIuKaius. 3maTHata o0JacT ce M3IM0jI3Ba 3a u3dupaHe
Ha Hali-mo0para CThIIKa 3a pa3Mep Ha MyTanusara. EnHomepHaTa myTtanus e
nojoOHa Ha ['aycoBOTO pasmpejeseHue, HO € eaHONocouHO. B omeparopa 3a
nyOauKanys Ha TeHU Ha CJIy4YaeH MPUHIUII CE KOMHUPA SJIUH SJIEMEHT B JAPYT U
Taka ce CUMYJIMpa MOBEIICHUETO Ha XPOMO30MUTE B €BOJIFOIIMOHHOTO Pa3BUTHE
Ha OMOJIOTMYHUTE BUAOBE. TO3M MO00pEH alrOpUTHhM MUMa MO-TOJIsIMa TOYHOCT,
HO € mo-0OaBeH.

W3KkycTBEHUTE UMYHHH MPEKHU CE M3IOJI3BAT 3a NPEACTABSIHE Ha JIAHHU, KOH-
TPOJ U ONTUMU3AIIMS HA IOMEHHH, CIOJCISHE HA XapaKTePUCTUKU C U3KYCTBCHH
HEBPOHHU MPEXH, TPYIIUPAHE U JIPYTH.

IV. Metoa na nenaputHurte kiaeTku (Dendritic Cell Algorithm). Tosa e ain-
TOPUTHM, BIBXHOBEH OT TEOPHATA 3 ,,pONISITa HA CUTHAJINTE 3@ OMAcHOCT .

Buonornuna odocHoBka. TeopusiTa 3a pa3no3HaBaHe Ha ,,CBOE  OT ,,4y>KI0* HE
0Tpa3siBa MPOMEHUTE, KOUTO HACTHIIBAT MIPH PACTEKA U PA3BUTHUETO HA OPTaHU3MA.
Bb3HukBa BHIPOCHT KAaKBO €€ CIy4yBa, Koraro ,,cBoeTo™ ce mpomenu? Kak opra-
HU3MBT NIPEMHUHABA Mpe3 mydepTeTa, OPEMEHHOCTTa, OCTAPSIBAHETO U JIPYTHU MPO-
MeHH, 0e3 Jla aTaKyBa COOCTBEHUTE CU ThKaHU? Hampumep yakrupaimiara Miie4Ha
JKJIe3a MPOU3BEK 1A OCIATHIM, KOUTO HE ca OMJIU YacT OT MO-PaHHOTO ,,CBOE™, KAKTO
€ W IUIOBT Ha ellHa OpeMeHHOCT. B ChIIOTO Bpeme, 3aIl0 HE OTXBBPIISIME BCUYKU
TYMOPH, KOUTO MPOAYIUPAT HOBU WM MyTaHTHU Oenthin? ToBa e Taka, 3aIioTo
MMYyHHAaTa CUCTEMa pearupa He TOJKOBA KbM UYKIAH aHTUTCHH, KOJIKOTO KbM TaKH-
Ba, KOUTO CMSTA 3a OMACHHU.

[Ipemnara ce Mojen 3a UHAYKIUS Ha Pa3indHa UMYHHA PEAKTUBHOCT KbM aB-
TOAHTUTEHU, MPOU3XOK/IAINN OT KIETKU C Pa3JinyHa Chba0a. EMHUTE ca KIIEeTKH,
MIOMIJIOKEHU Ha MPOrpaMupaHa ,,6CTECTBEHA CMBPT™ (amomnTosa), mpu KOsITO HE ce
OTJICJIAT CTPECCUTHAIM U UMYHHATa CUCTEMa He Ce aKTHBHpa. J[pyrure ca KJIeTKH,
MOJVIO’KEHH Ha ,,HACWJICTBEHA CMBPT™ (HEKpo3a), MPUUNHEHa OT MUKPOOPTaHU3MH,
TpaBMa U JIp., IPU KOSTO CE OTACIAT CHeM(DUYHH NENTH/IU — CUTHAJIH 32 OMACHOCT
KbM UMYHHATa CUCTEMa U TS CE aKTUBUPA.
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OCHOBHU TTOJIOKEHUS:

1) 3a na ObJaT AaKTUBUPAHU HAUBHU T-KJICTKH, € HEOOXOIUMO Jla UMa KaKTO
cpellla ¢ aHTHIeHa, TPEACTaBeH OT aHTUTeH-TpeacTapsma kietka (AIIK), taka u
koctumynainus. AITK ce akTUBUpAT CHINO U OT ONACHH AJAPMHPAIIHA CUTHAIH OT
HApaHCHU KJICTKH (M3JI0KECHU HA ATOTCHH, TOKCHHU, MEXaHUYHU U JIPYTH YBPEK-
JTaHUA).

2) KoctumynatopHHST CHTHAJI TpsOBa Ja JOWJE OT ChIIara KJIEeTKa, KOSITO €
MpeCTaBUIIa aHTHTCHA.

3) T-xJeTkH, KOUTO UMaT CaMO aHTHICHHA CTHMYJAIWs, 03 JOIMbIHUTCIHU
CTUMYIIU, PETHPIISBAT arloNTO3a.

Xwunoresara ,,OnacHOCT mpejyiara O0sICHEHUE 3a UHYKIIUATA HA aBTOUMYHHU-
TET, KAKBOTO HUKOSl OT JPyTruUTe Teopuu He JaBa. Cropen Hes HSKOW aBTOUMYH-
HU 3200JIsIBaHUS Ca MPUYMHEHH OT TeHHU MYTAIlMH, CBbP3aHH ¢ (PU3HOJIOTUYHATA
CMBPT Ha KJICTKH U MPOIECUTE HAa OYUCTBAHE, a JIPYI'M — OT MAaTOTCHH M TOKCUHU
B OKOJIHATa Cpeja, KOMTO MPEU3BUKBAT HEKpo3a. BB Bropus ciyuali mMyHHara
CUCTEMa MPOCTO OTrOBapsi Ha ajapMupaliure (OMacHU) CUTHAJIM, KaTo YBPEXKIa
opraHmsma.

Huto kiteTkute Ha MPUIOOUTHUS UMYHHUTET, HUTO TE€3M Ha BPOJCHUS MPEIU3-
BHKBAaT UMYHHHS OTTOBOP — TOBa ca ThKaHUTE Ha opraHu3ma. Koraro cme 3/1paBu,
THKAaHUTE MH]YIUPAT TOJEPAHC, a KOraro T€ ca B JUCTPEC, IPOBOKUpAT e(eK-
TUBEH MMYHEH OTroBOp. B OoCHOBara Ha MMYHHHUs OTTOBOP CTOM cClielu(pUUCH
,»BBTPEILICH Pa3roBOp MKy KIIETKUTE Ha UMyHHATa CUCTEMAa U ThKaHUTE, KaTO
[0 TO3W HAYUH C€ IOJIy4yaBa Pa3ju4eH MOTIe] KbM IMpEACTaBUTE 3a ,,cBOC™ U
L, IYKII0®.

AaroputrbM. To3u aaropuTsM e 60a3upan Ha nonynanusta. iMame rpyna rena,
KOWUTO TIPUTEKABAT COOCTBEHA MaMET. AJITOPUTHMBT MTO3BOJISIBA M3IIOI3BAHETO HA
2 THIa YuClia — [eIu ¥ paruoHaidu. CUTHAIBT 332 OMACHOCT M CHUTHAIBT 3a 0e30-
MacHOCT ca yKcia ¢ peanHa yuciona ctoiHocT (0 — 100). Besiko oT TsX pacre mpo-
MOPIMOHATHO C aHOMAJIUTa I HOPMAJIHOCTTA Ha JajieHara cutyarus. Llenra e
CUTHAJIUTE 3a OMACHO U 0E30I1aCHO J1a HE ca PEIUIIPOYHH, 3a J]a MOXKE CHCTeMara Jia
B3eMa M0-JICCHO PEIICHHS [TPHU HAJTMYUETO Ha CrIoOpHA MH(OpMAITHs.

[TOTOKBT OT aHTUI'CHU CHIIO MPEICTABISBA CUTHAJ, KONTO UMa IIeJI0YUCieHa
cToitHOCT. M30posiBar ce 00EKTUTE U CHCTOSHUSITA B ITpodieMHara o01acT, KOUTO
Ca aHOMAJTHU WJIK HOPMaJTHH.

CurHagHUTE BXOJIOBE C€ KOMOMHUPAT C ONPEACICHN CTOMHOCTHU 33 TeHepUpaHe
Ha /1Ba MeXAUHHU curHana — CSM u K. CSM curHanbT e MsipKa 3a odmiara cToii-
HOCT Ha CHTHalla, Ha KOWTO JaJieHa KJETKa € MojuiokeHa. K curHambT € Mspka
3a MMOCTOSTHHATA Pa3JiiKa MEXly HOPMAaJIHOTO U aHOMAJIIHOTO Ha BbBEJICHATA MH-
¢dopmarmst. CTORHOCTUTE W HA JiBaTa CUTHAJA C€ IPOMEHAT BbB BpeMeTo. Korato
odopmenusaT CSM curHaj JOCTUTHE JIO ONPECICHN KICThYHU CHCIU(UKAIIMUA B
KJICTKaTa, Ce Ka3Ba, 4e KJIETKaTa ,,MUTpUpa‘“: TS CTaBa roToBa Ja KiacHU(UIMpa aH-
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Hakycmeeﬂa UMYHHA cucmema

TUTEHA, KOWTO € OTpeIeuiia 332 HOPMaJeH Wi aHoMalieH. HauynHbT Ha 0Opa3yBaHe
Ha JIBaTa MeKIMHHU CUTHAJA € TIPEACTaBEH Ype3 CICTHUTE (DOPMYIIH.

1) CSM = Sn + Dn; 2) K = Dn — 25n,
KbJIeTO Dn e TeKyIHUAT MpUMED 3a OMACEH CUTHAN, a Sn € TeKYIIUAT IpuMep 3a
0e3oImaceH CUrHai.

Onucanue Ha aJITOPUTHMA:

Hauauo

— Cp31aBaHe Ha HavyaJieH MPOU3BOJICH HA0OP OT YYX/IU KICTKH S.

3a BCHMYKH MIA0JI0HM OT S M3ITBIIHU:

Ornpenenu BUJa Ha CUTHAJIA.

AKO CUTHAJIBT € ONaceH:

— Ch3/1ail KJIOHMHTH Ha KJIETKaTa, KOsITO € 3aCsIKjla OIlaCeH CUTHAII,

— VHHII[OXKH aHTUTCHA;

— U3MEHU XapaKTePUCTUKHUTE Ha KIIOHMHTUTE OT A M KOTIUPAi TO3H C HAM-TOJIs-
MO CXOJICTBO B M.

HNuaue:

— VHHMII[OXKH KJIETKaTa, 0€3 J1a Ch3/1aBalll KIIOHUHTH.

Kpaii

3akarouenne. OnycaHuTe METOIU HaMMpAT IIUPOKO MPUIIOKEHNE B Pa3IMUHU
cdepu 1 ca OCHOBA 3a pelllaBaHe Ha peluila BaKHU npolieMu u 3aaauu. [peacra-
BCHUTC AJITOPUTMU CC U3IOJI3BAT 3a OIITUMU3ALINUA U PA3IIO3HABAHE HA HOMCﬁHH 10
ma0JioH, aHaIN3, TPyIUpaHe U KIIacu(pUKaIlKs Ha JaHHU. Te romarar 3a OTKpHBaHe
Ha aHOMaJIMH, 3aCUYaHC Ha I'PCIIKU U U3BJIMYAHC HAa JAHHU. Hsixon AHTUBHUPYCHU
mporpamMu ca u3rpa€Hu Ha T€3u IMPpUHIUIIN. HOCHG,HHI/ITG TCHACHIMU Ca CBbP3aHU
C HABIIM3aHETO UM B POOOTHKATA U MHXKEHEPCTBOTO. Ch3IaieHH ca OXPAaHUTETHH
CHCTEMH, KOUTO MPHJIarar Te3: MOJICITH.
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ARTIFICIAL IMMUNE SYSTEM

Abstract. This paper describes the basis and use of artificial immune systems
as a class of computing systems inspired by the principles and processes of the
immune system of the vertebrates. Four basic models are discussed. An algorithm
is developed for each of them based on the concepts of learning, recognition and
remembering foreign bodies in an organism in order to solve a specific group of
tasks.
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