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Abstract. Biomedical named entity recognition (Bio-NER) is a fundamental task in handling biomed-
ical text terms, such as RNA, protein, cell type, cell line, and DNA. Bio-NER is one of the most elementary
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“M3y4ynB MHOECTBO IMyOIMKaIMil W Hcciael0BaHUi B 00JacTU MPUMEHEHUS METOJ0B Ma-
IIMHHOTO OOY4YEHUs Ha OCHOBE HEHWPOHHBIX CETEH, MBI BBIJCIIUIN HECKOJIBKO HamOoJjee MepcreK-
TUBHBIX, HA HAI B3TJIsA/I, HAITPABJICHUI B CO3JJaHUU W PA3BUTHU CUCTEM MCKYCCTBEHHOTO MHTEIICK-
Ta 715 3JpaBOOXPAHECHUS :

1. “ABTOMATH3HPOBAHHbIE CHCTEMbI JMATHOCTUKH, HAIPUMED, CUCTEMBI I aBTOMaTHYe-
CKOTO aHaim3a peHTreHoJorndecknx uin MPT-cHUMKOB Ha mpeaMeT BBISBICHUS MaTOJIO-
TUW, MUKPOCKOITMYECKHM aHaIN3 OMOJIOTMYECKOTO MaTepHuayia, aBTOMaTHdeckas paciiu -
poBka OKI', anekrposnniedanorpamMm u T.1.

2. CucreMbl pacno3HABaHUsl HECTPYKTYPUPOBAHHBIX MeIMIMHCKHUX 3anuceil 1 MOHUMa-
HHSl eCTECTBEHHOI'0 sI3bIKa MOTYT OKa3aTh CYIIECTBEHHYIO MOMOIIb, KaKk Bpaudy, TaK U Ma-
uueHTy. Haunnas ot yxxe 00bIYHON paciin@poBKU peyu U MPEBPALEHUH €€ B TEKCT B Kaue-
cTBe Oosiee MPOJBUHYTOTO HMHTepdeiica OOIeHNsT ¢ MEIUIMHCKUMH WHOOPMAITMOHHBIMH
cuctemamu (MUC), obpamienus B Call-1ieHTp WK ToJI0COBOTO TIOMOIITHUKA.

3. CucreMbl aHAJIN3A U NPEACKA3aHUSA COOBITHIH TaKXKe SBISIOTCS BIIOJHE pPEelIaeMbIMU YK€
certyac 3agavamu aist UM, kotopeie MOTYT JaTh cymiecTBeHHbIN 3¢ dekT. Hanpumep, omne-
paTUBHBINA aHATIN3 U3MEHEHU 3a00J1€Ba€MOCTH TO3BOJISIET OBICTPO MpeIcKa3aTh U3MEHEHUE
o0pallaeMoCTH MalueHTOB B MEIUIIMHCKUE OpraHU3alliu WM NOTPEOHOCTh B JIEKAPCTBEH-
HBIX IIpernaparax.

4, CucremMbl aBTOMAaTHYeCKOH KJacCH(PUMKANUMH M CBePKH MHPOPMANMHU TOMOTAIOT CBSI-
3aTh UHGOPMALIMIO O MAlMEeHTe, HaXOIAIeCs B pa3InyHbIX (popMax B pa3iaMdHbIX HHGOP-
MallMOHHBIX cucTeMax. Hampumep, moCTpOUTh MHTETPATBHYIO SJEKTPOHHYIO MEAUIIMHCKYIO
KapTy U3 OTIENbHBIX DMHU30/I0B, ONMUCAHHBIX C Pa3HOM JETaJbHOCTHIO U 0€3 YETKOTO WM
MIPOTUBOPEUYUBOTO CTPYKTYPUPOBAHUS HHPOPMAIHH.

5. ABTOMaTHYecKHe YaT-00THI JUISl MOJEPKKH MAIlMeHTOB MOTYT 0Ka3aTh CYIIECTBEHHYIO
MOMOIIb B TIOBBIIICHUH MPUBEPKEHHOCTH MAIIMEHTOB 3JI0POBOMY 00pa3y *U3HU M Ha3Ha-
YeHHOMY JieueHuro” [1].

“UccnenoBanus B 001acTu pa3pabOTKH MPOrPaMMHOTO oOecrieueHus Il 3a/1a4 00paboTKu
ecrectBeHHoro si3pika (Natural Language Processing —NLP, Language Engineering — LE) aktuBHO
Pa3BUBAIOTCS B PA3JIMYHBIX UCCIIEA0BATENIbCKUX MMapaurmax. Y CTOWYUBbIE€ TEHACHIIMU MTOCIIEIHETO
necsitunieTus B oonactu LE cBsizaHbI ¢ MMPOKOMACIITAOHBIMU HCCIEIOBAaHUSMU B 00JIACTH pa3pa-
OOTKM U MPUMEHEHHUS CTATUCTUYECKUX METOJIOB U METOJI0B MalmHHOro o0y4yenus (Machine Learn-
ing — ML). XapakTtepHbIMU YepTaMU TaKUX UCCIICTOBAHUI SBIISIFOTCS:

e licnonb3oBaHuE SMOUPUYECKUX METOJIOB C TOUHBIMH KPUTEPHUSIMH OLIEHOK
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e Pacmupenue cepsl IpUMEHEHUSI CTATUCTHYECKIX METOJIOB

e lcnonp3oBaHue OONBIIMX PECYPCOB JAHHBIX (TEKCTOBBIE 0a3bl JaHHBIX, OHTOJOTUH, Te3a-
YPChI, KOpIyca TEKCTOB)

e [Ipumenenne NLP-texnosoruii B peaqbHbIX 001acTIX”

MO>KHO BBIIENATH PSJI KIFOUEBBIX MPOOIEM JaHHOTO 1Mo1Xx0Aa. D(H(HEeKTUBHOCTH pa3paboTKu
HaNpsSMYIO CBsI3aHA C HAJHMYUEM OOJIBIIMX M CBEPXOOJBIINX PECYpPCOB — pa3MEUYEHHBIX KOPITYCOB
TEKCTOB, OHTOJIOTHI U Te3aypycoB. BecbMa BakKHBIM SIBIISIETCS aCIEKT CTaHIAPTH3AIMH pa3padboT-
KU, U B HACTOsIIEe BpeMs Je-(aKkTo CIOKUIICS psia cTaHaapros, Hanpumep cranaapt WordNet[2]
JUIS JICKCHYECKMX OHTOJIOTHH min ctanmapt PennTreeBank[3][4] mis CHHTAaKCHYECKH pa3MeucH-
HBIX KOPITYCOB TE€KCTOB U JIP.

Jpyroii mpoOieMoii sBisieTcst orieHKa dPPEKTUBHOCTH HCIIOJB3YEMbIX SMIUPUUECKUX KPH-
TeprueB. MeTpUKH YHCIOBBIX OIEHOK B LE mOg00HBI XOpOIIO M3BECTHBIM B CHCTEMaX H3BJICUCHHS
UHpOPMAIIMU TIOHITUSAM «TOYHOCTB» (Precision) u «mosuorta» (recall). B ocHoBe nomnyuenus ore-
HOK JIS)KUT CPaBHEHHE PE3yIbTaTOB pabOTHI UEIOBEKA-aHAJUTHKA M KOMIBIOTEPHON MPOTPaMMBI
MIPH peUIeHnH orpenenéHHon 3aaa4un. CienyeT OTMETHTh, YTO 00JIacTH MPUMEHEHHs] CPaBHUTENb-
HBIX OLIEHOK B LE MOCTOsTHHO pacimpsiroTcsi.

Bo3spacratoriee ncnosnp30BaHue CTaTUCTUUECKUX METOJAOB B 3aj1avax LE mopoxxmaer Heko-
TOPBIA OTXOJ] OT METOJOB MCCIEIOBAHUS M MOJICIIMPOBAHUS TIIYOMHHBIX MEXaHU3MOB, JISKAIINX B
OCHOBE MBINIUIEHHSI U si3bIKa 4enoBeka. Craructuueckre Metoabl B NLP mo3BoisioT no0CTUTHYTH
OTIpENICNIEHHBIX PEe3yIbTaTOB B pelIeHHE psija 3a1ad (pacro3HaBaHWUE pPEYd, pa3perieHre MHOTO-
3HaYHOCTH, aHHOTHPOBAHHUE TEKCTOB U JIP.), OJJHAKO MPEACTABIISIOTCS TEPCIIEKTUBHBIM HCIIOIB30-
BaHUE THOPUIHBIX MOJIENEH, B KOTOPBIX HMCIIOJIB3YETCSl pa3indHas TEXHHWKA, B TOM YHCJIE HHTPO-
CTIEKTHBHBIE METO/THI.

OnmHUM W3 MEePCIIeKTUBHBIX HATPABJICHUN MCCIIEJOBaHUI B 001acTH M3BIIeYeHUsT HHOopMa-
uu (Information Extraction — IE) sBasieTcss HampaBlieHHE «MAalTHHHOTO 00yueHus». KoMmbrorep-
HbI€ CHUCTEeMBbI, peanusytonie Meroabl ML, opueHTHpoBaHbl Ha MOJIydeHHE HOBBIX 3HAHUI B pe-
3ynbTaTe aBTOMATH3allMM Mpolecca oOyueHUs. MeToAbl aBTOMATHYECKOTO TIOJTYYEHHUS HOBBIX
3HAaHUHA Ha OCHOBE AMIUPUYECKUX JAHHBIX MOKHO YCIICLIHO MPUMEHATH U1 popMupoBaHus 0a3
3HaHUH. DTO OOCTOSTENHCTBO JIENAeTCA aKTyalbHBIMU HCCIEIOBAaHUS B 00J1acTH OOy4YEHHS SI3BIKY
(Language Learning), pe3yabTaThl KOTOPBIX MPUMEHHUMBI B MPAKTUYECKUX TpuiaoxeHusx NLP-
cucteM. MOKHO yKa3aTh HECKOJBKO IMPHUYUH, N0 KOTOPBIM uccienoBanusa no ML cranossrtes mo-
Je3HBIMH B pazpaboTkax NLP.

1. CnoxHocTh 3a1a4. S3bIK SBISETCS CIOKHOOPraHM30BaHHBIM 00bekToM. [losnHas mozens
SI3pIKA MPEJICTABIISIET CII0’KHOE B3aUMOJICHCTBHE PEryIsIpHOCTEH, HEPEryIapHOCTEH, 30H HC-
KIIFOYEHHUH U Opyrux spiieHui. Pa3paboTka Takoil Mojenn MOXKeT ObITh HayaTa ¢ pa3padoT-
KH MOJIeJIeH OTJIENbHBIX MOABA3BIKOB, OMUCHIBAIOUINX OTHOCUTEIBHO MPOCTHIE CEMaHTHYe-
ckue obnactu (Hanmpumep, MeJUIIMHCKas AUarHOCTUKA U T.I1.)

2. Peanbuble npunoxxkeHusi. B Hacrosiiee BpeMs cyiiecTByeT orpoMubiii ppiHOK NLP — mpu-
JoKeHUH (MalIMHHBIN nepeBoji, pedepupoBanue u ap.) Meroast ML HecomHeHHO MOryT
OBITH IOJIC3HBI B PelIeHUe psaa BaxHbIX Tpooiem NLP-cucrem.

3. JocTynHocTh GONBIIMX pecypcoB MaHHBIX. CTaHgapTU3alMs U OTKPHITOCTh MHOTHX BaX-
HBIX pecypcoB o0ecreurnBaeT He0OX0UMYI0 PECYPCHYIO COCTABIISIIONTYIO MeTo10B ML.
PacnioznaBanue mMeHoBaHHbIX 00bekTOB (NER) Ha3HauaeT Ter MMEHOBAHHOW CYIIHOCTH

yKa3aHHOMY CIIOBY, HCIIOJIb3ys MpaBHUiia U 3BPUCTUKY. IMEeHOBaHHBIN OOBEKT, MPECTABIISIOMINI
YeJ0BeKa, MECTOIOJIOKEHNE M OpraHMU3aluIo, JI0JKeH ObITh pacrno3HaH. Pacno3HaBaHue MMeEHO-
BaHHBIX OOBEKTOB - TO 3a/1a4a, KOTOpas W3BJIEKAET HOMUHAJIBHYIO U YHUCIOBYIO MH(OPMAILIHIO U3
JOKYMEHTa U KJIacCHU(UIUpPYeT CIOBO Ha 4YeJOBEKa, OpraHM3aluio WiM Karteropuio aatel. NER
KJIaccu(UIUPYyeT BCE CJIOBA B JOKYMEHTE Ha CYIIECTBYIOLIUE KaTErOPUM U «HU OJUH U3 BBILIETIe-
PEUYHUCIEHHBIX» [5].
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Pacnio3naBanne GMOMEIMIIMHCKUX HA3BAHHBIX CYITHOCTEH OYEHb BAXKHO IPU SI3BIKOBOH 00-
paboTke OMOMEIUIIMHCKUX TEKCTOB, OCOOCHHO IMpPU M3BJICUCHHH U3 JIOKYMEHTOB MH(pOpPMALUU O
Oenkax u renax, Takux kak PHK umu JIHK. TTonck Ha3BaHHBIX OOBEKTOB TE€HOB U3 TEKCTOB SIBIISCT-
Cid OYEHb BAKHOM M CJIOKHOM 3amaudeid . [IoMCK MMEHHM TreéHa B TEKCTax COOTBETCTBYET IOHUCKY
Ha3BaHUS KOMIIAHMM WJIM MMEHHU YelloBeKa B raserax. Pacmo3naBaHue OMOMEIUIIMHCKHX WMEHO-
BAHHBIX CYIIIHOCTEH IpeacTaBisieTcsl 0oJiee CIOXKHBIM, YEM pacro3HaBaHHE HOPMaJbHBIX UMEHO-
BAaHHBIX CYIIHOCTEH. MHOrOUNCIEHHbIE NCCIIEOBAHMS TO3BOJIMIIN BBIIBUTh Ha3BaHHbIE OOBEKTHI C
MIOMOIIBIO AITOPUTMOB 00y4€HHUS 110 HAOII0IEHUEM, OCHOBAaHHBIX HA MHOTHUX ITpaBuiax [6].

[Moxxoap! K 00Y4EHHIO C HCIIOJIB30BAHUEM KOHTPOJIMPYEMBIX METOIOB MCIIOJIB3YIOT MOJCITH
MapkoBa, JepeBbsl pEelIEHUN, METOJ ONOPHBIX BEKTOpPoB (SVM) u  ycioBHbIE clydyailHbIA 1OJIA
(CRF). Metoapl 00y4eHHsI ¢ YIUTENIEM OOBIYHO O0YYAIOTCSl ¢ UCIOJI30BAHHEM MHOTHX (DYHKIIHH,
OCHOBAHHBIX Ha Pa3JIMYHBIX JTUHTBHCTUYCCKUX IMPABUIIAX, U OICHUBAIOT dPPEKTUBHOCTH C TIOMO-
IO TECTOBBIX JaHHBIX[7].

PacnioznaBanne nmenoBanHbix 00bekTOB (NER) Kinaccuunupyer Bce He3aperucTpupoBaH-
HbI€ CJIOBa, BCTpPEYAIOLMECs] B TEKCTaX, W SIBJISETCA MOA3aJayeil JUisl u3BJIe4eHUs HH(GOpMaluu.
O6bsrun0 NER wmcnonbs3yeT BOceMb KaTETOpHil: MECTOIOJIOXKEHHE, YeJIOBEK, OpraHu3allvs, aata,
BpeMs, POLIEHT, ICHE)KHAsA CTOMMOCTh M «HUYETO U3 BhilenepeurcieHHoro». NER cHaudana Haxo-
JUT UIMEHOBAHHBIE CYLTHOCTH B MIPEIOKEHUSIX U OOBABISET KAaTETOPHUIO CYLITHOCTEH] 8 ].

PacrioznaBanne MMEHOBAHHBIX OOBEKTOB UMEET TPU IMOAXO0Ja - HAa OCHOBE CJIOBaps, Ha OC-
HOBE MPaBWJI U Ha OCHOBE MalIMHHOTO oO0y4yeHus. [loaxoa Ha OCHOBE COBapsl XpaHUT KaK MOXHO
00JIbIlIe UMEHOBAHHBIX CYITHOCTEN B CIHMCKE, HA3bIBAEMOM CIIPABOYHUKOM. DTOT MOAXO] KaXKeTcs
OYEHb IPOCTHIM, HO B TO %€ BpeMs uMmeeT orpanndeHus. NER ci10keH, moTomMy 4TO LieJIeBbIE CI0BA
B OCHOBHOM SIBJISIFOTCS COOCTBEHHBIMH CYILECTBUTEIBHBIMU WJIM HE3apErUCTPUPOBAHHBIMH CJIOBA-
Mu. Kpome Toro, HOBbIE CIIOBa MOTYT T€HEPUPOBATHCS YacTO, M AK€ OJMH U TOT )K€ MOTOK CJIOB
MOXKET pacro3HaBaThCS Kak pa3HOOOpa3Hble NMEHOBAHHBIE OOBEKTHI C TOUKU 3PEHUS UX TEKYIIETO
koHTekcTa. Bropoit moaxoa NER - moaxon, ocHOBaHHBIN Ha mpaBuiax [9]. DTOT moaxoa 0OBIYHO
3aBUCHT OT MPaBUJI U 11a0JIOHOB UMEHOBAHHBIX OOBEKTOB, MOSABIIAIOIIUXCSA B PEAIbHBIX MPEAIIOXK e-
HUAX. XOTSA MOAXOJbl, OCHOBAaHHbIE Ha IpaBUJaX, MOTYT HCIOJIb30BATh KOHTEKCT I pELICHUs
Mpo0IeMbl HECKOJIBKMX HMEHOBAaHHBIX 00BEKTOB, KaXk/10€ NMPABUJIO JOJLKHO OBITH HAIMHMCAHO A0 €ro
(haKkTUYEeCKOro UCIOJIb30BaHus. TpeTuil moaxo/, OCHOBaHHBI Ha MAlIMHHOM OOYy4€HUH, MPUCBAU-
BaeT HMEHOBaHHbIE OOBEKTHI CIIOBaM, Ja’Ke €CJIH CJIOBA HE MEPEUUCIICHBI B CJIOBape, a KOHTEKCT He
omnucaH B Habope npaBuil. i 3TUX MOJX0I0B B OCHOBHOM HCIIOJIb3YIOTCS METOJ] OTIOPHBIX BEKTO-
poB (SVM), ckpbIThie MapKOBCKHE MO/, MaKCHMaJIbHBIC YPHTPONUHbIE MapKOBCKHE MOJCIIH U
ycioBHbIe ciydaiinbie osist (CRF) [9].

Hccnenosatenu no oOpabOTKE €CTECTBEHHOTO s3bIKa ObUIM 3aMHTEPECOBAaHbI B M3BJICUCHUN
nH(pOopManuu 13 reHoB, paka U Oeika u3 OnomeauIuHckon utepatypsl [10]. Pacmo3naBanue 6no-
MEJUIIMHCKUX Ha3BaHHBIX OOBEKTOB, KOTOPOE HEOOXOJMMO JJsi U3BJIEYEHHsS] OMOMEIUIIMHCKOM
nH(pOpMalIUY, pacCMaTPUBAETCs KaK MEepPBbIN dTal MHTEIUIEKTYalbHOTO aHallu3a TeKcTa B OHoMe-
JTUIIMHCKUX TEKCTax. B TeueHne MHOTUX JIET MPU3HAHUE TEXHUYECKUX TEPMUHOB B 001acTH OHOMe-
JTUIMHBI OBLIO OJTHOW M3 CaMBIX CIIOKHBIX 337a4 B 00pabOTKe €CTECTBEHHOTO SI3bIKa, CBSI3AHHOW C
OMOMEIMIIMHCKUMH HccaeaoBanusmu [11].

buomenununckas NER crankuBaercs ¢ TpyAHOCTSAMHU 1O MATH NpUYHHAM. BO-TIEpBBIX, U3-
3a TEKYIIUX HCCIIEIOBAHUN KOJIMYECTBO HOBBIX TEXHUYECKHMX TEPMUHOB OBICTPO YBEIUYUBACTCS.
OueHb CIOKHO CO34aTh CIIPABOYHUK, KOTOPBIM BKIIOYAET BCE HOBbIE TEPMUHBL. BO-BTOPBIX, OAHU U
T€ e CIIOBA WM BBIPAKEHUSI MOTYT OBITh KJIacCH(DUIIUPOBAHBI KaK OOBEKTHI C pa3HBIMU UMEHAMU C
TOYKH 3pEHUS WX KOHTEKCTa. B-TpeThux, IyIMHA OOBEKTa JTOBOJILHO BENWKA, M OOBEKT MOXKET
BKJIIOUATh KOHTPOJbHBIE CHMBOJIBI, Takhe Kak Aeducsl (Hampumep, «12-o-terpanexkanomndopoon
13-anerat»). B-ueTBepThIX, BBIpaKEHUST a0OpEeBUATYPHI YACTO HCMOIB3YIOTCS B OMOMEIUITUHCKON
00yacTH, U OHU UCTIBITHIBAIOT ABYCMBICIEHHOCTh cMbIcna. Hampumep, «TCF» MokeT 0THOCUTBCS K
«T-xnetrouHomy ¢aktopy» min «TkaHeBas KyabTypaibHas kuIkocTs» [12]. Hakonern, B Onomenu-
[IMHCKUX TEPMHHAX HOPMAIbHBIE TEPMUHBI WIH (YHKIIHMOHATIbHBIE TEPMUHBI OOBEIUHSIOTCS, TO-
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3TOMY OMOMEIUIIMHCKHI TEPMUH MOMKET CTaTh CiIMIIKOM JnuHHBIM. Hanpuwmep, «HTLV-I-
uHpunupoBanueliiy u «HTLV-I-tpanchopmupoBaHHbIii» BKIOYAIOT HOPMaIbHBIE TEPMHUHBI «I»,
«MHOUIMPOBAHHBIIN» U «TpaHchopmupoBanubity. buomenummackomy NER tpymHo cermeHTHpo-
BaTh NPEJIOKEHHE C UIMEHOBAHHBIMH 00BbeKTaMH. VI3MeHEeHHsI TpaBONKUCAHUS TAaKXKe CO3JIAI0T MPO-
6nemy. Kpome Toro, nmMeHOBaHHBIN OOBEKT OJHONH KAaTETOPUH MOKET BKIIOYATh B ceOs Jpyroi
MMEHOBaHHbIN 00BEKT Apyroit kareropuu [13].

MeToapl MaITMHHOTO 00Y4EHUs, XOTS U HaXOIAT BCE OOJIbIIee MPUMEHEHHE IS Pa3InIHBIX
3a1a4 00pabOTKU TEKCTOB, MOKa €HI¢ OCTAIOTCS YPE3BBIYANHO CIOKHBIMH M TPYAOEMKHUMH JUTSL pe-
QJIbHOTO IIPUMEHEHHUA. JTO 00BACHSAETCS HE CTOJIBKO CI0XKHOCTBIO aJITOPUTMOB 00YUYEHMSI, CKOJIBKO,
BO3MOJKHO, HEYJIAYHBIMU METOAOJIOTUYECKUMH MOJX0IaMH K 00ydeHHI0. 3a/1aun 00y4eHUs! TpuMe-
HSIOTCSL ()parMEHTapHO, K KaKOMY-JIMOO OTAEIBHOMY 3Tally IMOCIIEA0BATEIFHOTO Tpoiecca o0pa-
00TKH TeKCTa. IMEHHO MMO3TOMY MPUXOAUTCS 3aHUMAThCA PYYHOTO Pa3METKOH, a HE MCIIOJIb30BaTh
pe3yabTaThl MPEAbIAYILEro 00yUYeHUs: CUCTEMBI Ha MPEANIECTBYIONMX U B3aMMOCBS3aHHbBIX ATaNax
00paboTKH.

MaiuHHbIe MeTOAbl OOy4eHHUS! KOHIENTYaJbHBIM 3HAaHUSAM IPEACTaBIsA0T cOO0M MOJeINb
MPaBAOINOA00HBIX UHAYKTUBHBIX U JE€TYKTUBHBIX PAacCyXJEHHM, B KOTOPHIX BBIBOJl 3HAHUM H HX
WCI0JIb30BAHNE HE OTAEIUMBI OpYr OT Japyra. Peanuzanus oOyueHHUs B pexuMe MpaBIonogo0HbIX
pPacCyKIeHUH MO3BOJMUT OPraHMU30BATh B3aMMOJICHCTBHE HE TOJIBKO JAHHBIX U 3HAHUU B IIpoleccax
00pabOTKH TEKCTOB, HO M MOJEJIMPOBATH MPOLIECC B3aUMOICUCTBUN YUUTENS U yIEHUKA B ITPOLIecce
MpHOOpeTeHNUsl 3HaHUHI B CXeMaX MHOTOAreHTHBIX B3aUMOJICHCTBHIA.
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APPLICATION OF THE CONTROL DESIGN METHOD ON MANIFOLDS TO THE IMMUNOLOGY
PROBLEM ON THE EXAMPLE OF THE PREDATOR-VICTIM MODEL

S.I. Kolesnikova, M.D. Polyak, V.A. Avramyonok
(St. Petersburg, St.Petersburg State University of Aerospace Instrumentation)

Abstract. The problem of applying a control algorithm on a manifold to a stochastic nonlinear object
represented as a system of nonlinear stochastic differential equations is considered. The applied interpreta-
tion of this description is a classical object from the field of knowledge immunology (“predator-prey™). The
control variable characterizes the scheme of administration (daily) of donor antibodies / immunoglobulins
into the body. A control synthesis algorithm based on the mathematical apparatus of the method of analytical
design of aggregated controllers is proposed. The results of humerical modeling are presented, from which
the operability of the obtained control system follows. The results obtained can be used for similar objects of
higher dimension.

Keywords: Nonlinear stochastic object, robust regulator, target manifold, immunology problem, im-
mune response control.

Beenenne B npodiaemy Ilpo6ieMbl HIMMYHONIOTHH BCerAa OBLIM aKTyallbHbI, OCOOEHHO B
HaCTOsIIIee BpeMs, KOTJa MPOU3BOAUTEIHHOCTh BBIYUCIUTENbHBIX MAIIMH MO3BOJISIET paboTaTh C
JOCTATOYHO CJIOKHBIMHU HEJTMHEWHBIMHU MOJENISIMU, TPYTOEMKUMU C TOUKH 3PEHUS BHIYUCICHUM.

CymiecTByeT O0JIBIIIOE KOJTMYECTBO MaTeMaTHYECKUX MoJenei (Hampumep, [1, 2]), onucsi-
BAIOIIMX MPOLIECCHl B UMMYHOJIOTHH. JlJI1 MILTIOCTpAllMd MPUMEHEHUS! MPUHIUIIOB CUHEpreTHYe-
ckoii Teopun yrpasieHus (CTY) k uccinegoBaHuio 00bEKTOB JIAHHOUW MPUKIIATHOW HAIpPaBJICHHO-
cTH OyJeT paccMOTpeHa MOJENIb THUIlA «XUIIHUK-KEPTBa», 0a30BO€ OMUCaHUE KOTOPOU
MPEACTABICHO CHCTEMOW HEIWHEHWHBIX muddepeHIrnanbHbIX [2-6] WM pa3HOCTHBIX YpaBHEHHM
(MOy4eHHBIX Ha OCHOBE JUCKPETU3ALUU, B TOM YHCIIE).

Boi6op monenu oOycnoBieH €€ (yHAaMEHTaIbHOCTBIO, MOCKOJBKY MOJENb «XUIIHUK-
KEPTBa» TUOO0 HETOCPEICTBEHHO MPUMEHSETCS sl OMUCaHusi 00bEKTa UMMYHOJIOTUH, THOO SIBIISI-
€TCsl COCTAaBHOM 4YacThIO OOJBIIOTO YKclia MaTeMaTHYeCKUX Mozenel [5, 6], xapakTepusyeTcs: Xo-
potieit U3y4eHHOCThIO M OTHOCUTEIBHOM MPOCTOTOM.

Cyrp CTVY [7] 3akintodaeTcsi B CO3JaHUM YIPaBIseMOW AMHAMUYECKON AEKOMIIO3ULIUU He-
JUHEHHBIX MHOTOMEPHBIX CHUCTEM M HANpaBICHHOW CaMOOPraHW3allid TUHAMHYECKUX CHCTEMHa
OCHOBE HCKYCCTBEHHOTO KOHCTPYHUPOBAHMS TMPUTATHBAIOIIUX MHOT000pa3uii (pa3HOBUAHOCTH
MHOKECTB COCTOSIHHI C aTTPaKTUBHBIM CBOWCTBOM) B ()a30BOM MPOCTPAHCTBE B BUE OMHCAHUS

y(x())=0,t >0, THE X= (Xl, vy Xn) - BEKTOP COCTOSIHUS 0OBEKTa yIPaBICHHUS.

Ienp naHHON paboTHI - IEMOHCTPALMS YKa3aHHON TEXHUKU KOHCTPYHPOBAHUS YIIPaBIICHUS
C MHTepHpeTanyeld B TEPMHUHAX MMMYHOJOTHMM HAa MPOCTOM IpUMEpe OOBEKTa THUIA «XMUITHHK-
’KEPTBay, SBJISAIOIINMCS COCTABHOM YaCThIO MHOTHX CHCTEM (cM. Hamp. [1-6]).
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