MasBa 5.

MeauuuHckaa HeupouHcgpopmaTmka

JI.A.Poccuen

Otnen meaunuHCcKkon HeriponHpopmaTtuku, KpaclT' MA

BBenenue

B nocnennee BpeMsi CHIIbBHO BO3pacTaeT 3HaueHHe WH(GOpMAIMOHHOTO obecre-
YEHHUS] CaMbIX Pa3HbIX MEAMIMHCKUX TEXHOJIOTMH. OHO CTaHOBUTCS KPUTUYECKUM
(daxTOpOM pa3BUTHS MPAKTUYECKH BO BCEX OONACTSIX 3HAHUS, OAITOMY pa3pabOoTKa U
BHEApeHNe WH(POPMAIIMOHHBIX CUCTEM SBIISICTCS Ha CETOMHSALIHMNA JICHb OJHOW U3 ca-
MBIX aKTyaJbHBIX 3a/]a4.

AHanu3 NpuMeHEeHUsl NepcoHaIbHbIX OBM B MEOUIIMHCKUX YUYPEXKACHUIX IO-
Ka3bIBAET, YTO HAMOOJIbIIEE NCIOIB30BaHIE KOMITBIOTEPOB UAET Ui 0OpabOTKH TeK-
CTOBOI JOKyMEHTAIIUU, XpaHEHUsI U 00pabOTKU 0a3 JaHHBIX, BEJACHUS CTATUCTUKU U
¢uHaHCOBBIX pacdyeToB. OTaenbHBIN napk OBM ncnonb3yercsi COBMECTHO C pa3iny-
HBIMH JTUArHOCTUYECKUMHU U JIe4eOHBIMU PUOOpaMHu.

B GonbminHCcTBE 3THX OOnacTeil ucnosb3oBaHus DBM mpuUMEHSIOT cTaHIapT-
HOE IIPOrpPaMMHOE 00€CIIeUEeHUE - TEKCTOBBIE PEJAKTOPbI, CUCTEMBI yIIpaBiIeHUs 0aza-
MU JJaHHBIX, CTATUCTUYECKUE MAaKeThl U Ap. OJIHAKO HEKOTOPbIE U3 BAXKHEUIIUX ydacT-
KOB JIe4€OHO-TMarHOCTUYECKUX TEXHOJIOTMIA MPAKTUYECKU HE MCIOIb3YIOT BO3MOMKHO-
ctu OBM. Ilpexnae Bcero 3T0 OUArHOCTHKA, Ha3HAYEHHUE JICUEOHBIX MEPONPUSITHH,
IPOrHO3UPOBAaHUE TEUEHUs 3a00J€BaHUN M UX UCXOJ0B. [IpUUMHBI 3TOr0 HOCAT Ype3-
BbIYAWHO CIIOKHBIA XapaKTep U MOCTOSIHHO TUCKYTHPYIOTCS. OCHOBHBIE U3 HUX - HE-
JIOCTaTOYHO pa3BUTasl TEXHUUYECKas 0a3a, HU3Kasi KOMIbIOTEPHAs IPaMOTHOCTh y4acT-
HUKOB TE€XHOJIOTUI. boJblioe 3HaUEHHE UMEET MICUXOJOTHYECKUI aCIIEKT IPUMEHEHUS

OBM. OT10 cepbe3Has NpUUMHA, CBA3aHHASI C XapaKTepoM paboThl Bpaua. Bpau sBiis-



eTCsl MccieloBaTeNieM, U ero paboTa HOCUT TBOPUECKH XapaKTep, OJJHAKO OH HeceT

NpsIMYIO OTBETCTBEHHOCTD 3a Pe3y/bTaT CBOEH AesTenbHOCTH. [IpuHuMas pelieHue o

JMarHo3€ WM JICYCHUU, OH OMHUPAETCS Ha 3HAHUS U OIBIT, CBOM COOCTBEHHBIE U KOJI-

JIeT, SIBISIOIIMXCS AJIsi Hero aproputreroM. OueHb BaXKHO MPU 3TOM O0OOCHOBAHUE pe-

IICHUSI, €CIIM OHO TMOJCKA3bIBAETCSl CO CTOPOHBI. Pe3ynbTar, mojcka3aHHbI KOMIBIO-

TEPHOU MpOrpamMMoii, paboTawIel Mo aIrOpUTMY, CO3IaHHOMY JPYTHUM YEIOBEKOM,

KaK TOKa3bIBaeT MPAaKTHKA, BO MHOIOM JIMIIAET MCCIIEOBATENsl TBOPUECKOW MHMIIMA-

TuBbl. HaBsi3aHHOe TakuM 00pa3oM pelieHue, Jaxe Oyaydd JOCTOBEPHBIM, MCUXOJIO-

T'MYECKHU MO/IBEPraeTcsl CEpbe3HOMY COMHEHHUIO.

CylllecCTBEHHYIO pOJIb WUIPAIOT TaKKe OCOOEHHOCTH MEIUKO-OMOIOrHYecKon
uH(popMaluy. BOIbIIMHCTBO MEAUIIMHCKUX JAHHBIX UMEIOT OMUCATENIbHBIN XapakTep,
BBIPAXKAIOTCSA C TOMOIIBIO (DOPMANTM3MOB, MOABEPKEHHBIX KpaiHel BapraOeabHOCTH.
JlanHble, naxe BbIpa)kaeMble C MOMOUIBIO YMCEN, TaKKe B OOJILIIMHCTBE CIy4aeB HE
MOTYT OBITh XOPOILIO YIOPSAOYEHBI U KIIACCU(ULUPYEMBI, T.K. U3MEHSIOTCS B 3aBUCH-
MOCTH OT KJIMHUYECKUX TPAAMIIMKA Pa3IMYHBIX LIKOJI, F€OCOIUANBHBIX 0COOCHHOCTEH
PErHOHOB U JIaXKe OTIENIbHBIX YUPEXKIEHUH, a TAK)KE OT BPEMEHHU.

Bce 3amauu, pernraemble 4elIOBEKOM, € MO3ULMNA HEHPOMH(GOPMALIMOHHBIX TEX-
HOJIOTUN MOKHO YCJIOBHO KJIAaCCU(UIIMPOBATH HA JABE TPYIIIIHI.

1. 3amaumn, UMeErOUIMEe U3BECTHBIM W OMpelejeHHbIH Ha0Op YCIOBUN, Ha OCHOBAaHUU
KOTOPOr0 HEOOXOJUMO MOJYYUTh YETKHM, TOYHBIN, HEJABYCMBICIEHHBIM OTBET IO
U3BECTHOMY U OTIPEICIICHHOMY aIrOPUTMY.

2. 3ajauu, B KOTOPBIX HE MPEICTABISIETCS BO3MOXKHBIM YYECTh BCE pEalbHO MMEIO-
HIMECs YCIOBUS, OT KOTOPBIX 3aBUCUT OTBET, & MOXKHO JIMIIb BBIACTUTH MPUOIU3U-
TebHBIA HAOOp HanboJiee BaXKHBIX YCIOBUU. Tak Kak 4acTh YCIOBUM MpPU ITOM HE
YUUTBIBACTCS, OTBET HOCUT HETOYHBIN, MPUOIU3UTENBHBIN XapaKTep, a aJlfOPUTM
HAXO0XICHHsS OTBETA HE MOXKET ObITh BBIIUCAH TOYHO.

Jlnig pelieHust 3a7ad MepBOM TPyHIbl C OOJBIIMM YCIIEXOM MOXKHO HCIIONB30-
BaTh TPAJAUIIMOHHBIE KOMIBIOTEPHBIE MporpaMmbl. Kak Obl HU ObUT CIIOKEH alrOpUTM,
OTPaHUYEHHOCTHh HAbOpa yCIOBUH (BXOIHBIX IMAPaMETPOB) AET BOZMOXKHOCTb COCTaB-
JICHUS] aIrOpPUTMA PEIlIeHUs] U HAMHUCAaHUS KOHKPETHOM IMpOrpaMMbl, peliaroniei aaH-

HYIO 3aj/1a4y. Het HuKakoro cMmpicjia B MCHOJIb30BaHUU HCI\/'IpOI/IH(bOpMaHI/IOHHBIX TCX-



HOJIOTUW ISl PEIIeHUs TaKuX 3a]ad, TaK KaKk B ATOM cllydyae HeWpOCeTeBbIE METOJbI
OyayT anpuOPHO XYK€ pelllaTh Takue 3a/1a4i. EMHCTBEHHBIM UCKIIOYEHUEM SBIISIETCS
Cllydaid, KOTJla ajJrOpUTM BBIYMCIICHHS OTBETA CIMIIKOM OOJBIION M TPOMO3AKUN U
BpEMs Ha pellieHne KOHKPETHOW 3a/1a4u MO 3TOMY ajJrOpUTMY HE YAOBIETBOPSET MpaK-
TUYECKUM TpeOOBaHUSAM; KPOME TOTO, MPH MOJIYYEHUU OTBETa HE TpeOyeTcs: abCoI0T-
Hasi TOYHOCTb.

[Ipu pemienuu 3amay BTOPOUM TpyHIbl MPUMEHEHUE HEHMPOTEXHOJIIOTMH OIPAB-
IbIBaeT ce0s M0 BCEM MapaMeTpaM, MpH BBIMOJHEHUH, OJHAKO, JBYX YCJIOBUM: BO-
NEPBBIX, HAIMYUS YHUBEPCAIBHOTO TUIA aPXUTEKTYphl U €JUHOI0 YHUBEPCAIBHOIO
anroputMa o0ydeHus (OTCYTCTBHE HEOOXOAMMOCTH B X pa3pabOTKe AJIs KaxXJA0ro TH-
na 3ajayd), BO-BTOPBIX, HATMYMS MPUMEPOB (MPEABICTOPUH, (PUKCUPOBAHHOTO OIIBITA),
Ha OCHOBAHHMM KOTOPBIX MPOU3BOAUTCA OOydeHHE HEHpOHHBIX ceTel. [Ipu BhIMoNIHE-
HUU 3THUX YCJIOBHUI CKOPOCTb CO3/IaHUs SKCIIEPTHBIX CUCTEM BO3PACTAET B JECATKU pas,
Y COOTBETCTBEHHO CHUKAETCS X CTOMMOCTb.

[IpakTudeckn Bcsi MEOUIIMHCKAas M OMOJIOTHYEcKash Hayka COCTOMT MMEHHO W3
3a/1a4y, OTHOCAIIUXCS KO BTOPOM rpyImre, U B OOJBIIMHCTBE ATUX 3a/ad JIOCTaTOYHO
Jerko HabpaTh HEOOXOAMMOE KOJIMYECTBO MIPUMEPOB JIJISl BHIMOJIHEHHS] BTOPOTO YCIIO-
BUA. DTO 337a4d TMarHOCTUKH, TU(PpepeHlnaIbHON AMarHOCTUKA, TPOrHO3UPOBAHUS,
BbIOOpA CTpaTernuy M TAKTUKHU JICUeHUS U Ap. MeauIMHCKUe 3a/1a4u MPaKTUYECKU BCe-
I71a UMEIOT HECKOJIbKO CIIOCOOOB pEIIeHUs U “HEUETKUH’ XapaKTep OTBETa, COBIA-
JAIOUIUI CO CIOCOOOM BbIAUU pe3ybTaTa HEUPOHHBIMU CETSIMHU.

Pa3paboTka MaTeMaTUyecKUX METOJOB PELICHUSI MEIMKO-ONOIOTMYECKUX 3a1ad
BEJICTCS Y’K€ HE OJIHY COTHIO JIET. YUEHBIMH MPEAJI0KEHO OIPOMHOE KOJIMYECTBO CIO-
co0OB MPOBEPKHU TUIIOTE3 M MPOAYKIUHU BBIBOJOB. B 60-e¢ roasl OblIu pa3paboTaHb
METOJIbl aHaju3a, MOJyYMBIIUE HEKOTOPOE PACHpPOCTPAHEHHWE W BBI3BABILIKE BOJHY
nyOonukanuii. OGIKMM MPU3HAKOM, OOBEIUHSAIOIMIUM UX, SBJISETCS HAIMYUE SIBHBIX all-
TOPUTMOB MIPUHATHS pelIeHU. “J[MarHOCTUYECKU aJIfTOPUTM BKJIIOYAET B ce0s COBO-
KYITHOCTB TIPAaBUJI, OTIPEACIIAIOMINUX MOPSAIOK nmepepaboTKu MEAUIIMHCKON HHPOpMAITUU
C LIeTbI0 TocTaHOBKU auarHo3a” [1]. HecmoTpst Ha To, uTo Hanbosiee MOMyIsIpHBIE Me-
TOJIbI IO CUX MOP aKTUBHO MCIOJIB3YIOTCA B TEOPETUYECKON OMOJIOTUN U MEAUIIMHE, B

KIMHUYECKOM IIPAKTUKC OHHW HC HAIJIM HIUPOKOI'o IIPUMCHCHUA. 910 CBs3aHO, BO-



NEPBBIX, C TEM, YTO METO/bl, OPUECHTUPOBAHHbIE HA 00PaOOTKY TPYIIOBBIX JTaHHBIX,
c1abo MPUMEHUMBI K OTIEJIBbHBIM OOBEKTaM, a BO-BTOPHIX, C OCOOEHHOCTSIMH CaMOM
MeANKO-OMOoJIOTuYecKoil nHpopManuu. Perienuss B MEAUIIMHCKUX U OMOJIOTMYECKUX
3a/1ayax 3aBUCAT OT OOJILLIOTO KOJIMYECTBA HEOAMHAKOBBIX 10 3HAUUMOCTH (DaKTOPOB.
[ToaTOMYy, nake eciau yAaeTcsi BBICTPOUTH MPABUJIa BbIBOJA, CBA3BIBAIOIINE YCIOBHS
3a/layyl C pelIeHUuEM, METO/Jl, KaK MPaBHUIIO, XOPOIIO paboTaeT TOJIBKO Ha TOM Tpyrie
00BEKTOB, HA KOTOPOM MPOU3BOAMINCH Ucciea0BaHus. EcTecTBeHHO, cO3/1aTh YHUBED-
CaJIbHBIN aITOPUTM HEBO3MOXHO, U MPHU UCHOJIB30BAHUM METOAA AJSl APYroil moo6-
HOU TpyImIbl 00BEKTOB €ro MOYTH BCEr/la MPUXOAUTCS MOJHOCTBIO MEPEKOHCTPYHUPO-
BaTh MPAKTHYECKHU 3aHOBO.

MHoroneTHue HUcCleI0BaHUsI, IPOBOJUMBIE C CAMbIMU Pa3IUYHBIMU SBHBIMHU
aNropuTMaMu, MOKa3alau, 4TO MEIWLMHCKUE 3aJauyd, UMEIOLIME HESIBHBIM Xapakrep,
pelIarTCs IBHBIMH METOJaMHU C TOYHOCTBIO M YAOOCTBOM, COBEPILIEHHO HEI0CTaTOY-
HBIMU ISl IIUPOKOT'O MPAKTUYECKOT0 HCIIOJIb30BAHUS B KOHKPETHBIX 3aJa4ax JHArHo-
CTUKH, TPOTHO3UPOBAHUS U MPUHATHUS PEIICHUH [2].

[Toucku u n3y4yeHue HESBHBIX AITOPUTMOB, MMO3BOJIIOUIMX ABTOMATHYECKU Ha-
KaIlJIMBaTh U 3aTE€M MCIOJIb30BaTh OMBIT NMpU o0yueHuu [3], mpoaoixkaroTcs yxxe 6olee
100 net [4]. OgHako TepBbIE CEPhE3HBIE TOMBITKU CO3aHUS HEHPOHHBIX CETe OBLIN
caenanbl B 40-50-x ronax, korga Y.Makkanox U Y.IIuTTc BeIIBUHYJIM OCHOBHBIE IO-
JIO’KEHUs1 Teopur paboThl rosioBHOTO Mo3ra. C mosiBieHueM neuieBbix OBM mpowuso-
IIeJT Pe3KUid CKauoK B 3TOM 00s1acTH, KoTopast B Havyasie 80-X rogoB cpopmupoBanach B
eIy HayKy - HelipounHdopmatuky [5,6,7].

HesiBHble 3a1aun MeAUIIMHBI U OUOJIOTHH SIBUIUCH UICAIBHBIM TOJIEM IS TIPH-
MEHEHUSI HEHPOCETEBbIX TEXHOJIOTHIA, U UMEHHO B 3TOI o0nacTu HabI0aeTCsl Hanbo-
Jiee SIPKUM MPaKTUYECKUH ycrieX HeMpOUH(POPMAIMOHHBIX METOIOB.

PaccMoTpuM HeCKOJIBKO HamOoJiee MHTEPECHBIX HEHPOCETEBBIX MPHIIOKEHHIMA
JUTsl OMOJIOTUM U MEAMIIMHBI, CO3/IAHHBIX PAa3TUYHBIMU aBTOPAMH U IIKOJIAMHU.

HaubGonpmmii uHTEpEeC UIsi MPaKTUYECKOTO 3APAaBOOXPAHEHMS MPEACTABIISIOT
CUCTEMBI I TUATHOCTUKU U JAuddepeHnnansHoil TuarHoctuku 3aboneanuii. [Ipu
ATOM JJIsl IPUHATHS PEIIEHUH MOTYT MCIOIb30BaThCS caMble pa3HOOOpa3HbIE TaHHbBIE

- aHaMHC3, KJIWHUYECKUU OCMOTp (COSIlaIOTCH OKCIICPTHBIC CUCTCMbI AWMATrHOCTHKH,



OTpaHUYMBAIOIINECS TOJIBKO ATUM HabopoM [8]), pe3yibTaThl J1a00OPaTOPHBIX TECTOB U
CIIOXHBIX (DYHKIMOHAIBHBIX MeTOJ0B. CIUCOK obiiacTelt MEIUIIMHBI, B KOTOPHIX Ha-
YaJlid IPUMEHSTHCS HOBbIE TEXHOJIOTMH, YPE3BbIUAHHO OOIIUPEH U MPOIOJKAET PACTH.

OpnuM 13 HamboJiee MHTEHCUBHO PAa3BHUBAEMbIX HAIIPaBJICHUM SBISETCA MPH-
MEHEHHUE HelpoceTel B KapInOJIOTUH.

B HUranuu pa3paborana upe3BbIYAIHO MHTEpECHasi SKCIEpTHas CUCTeMa JUIs
JMarHOCTUKHU U JiedeHUs apTepuanbHoi runeptonuu [9]. Cucrema BKiIO4YaeT B cels
TPU HEUPOCETEBBIX MOMAYJS, MPUUYEM OTBETHI OJHUX SIBIISIOTCS BXOAHBIMU IaHHBIMU
Uit Apyrux. B Hauane uccienoBaHusi 00JbHOMY MPOBOJAT U3MEPEHHE CUCTOTUYECKO-
ro U AMACTOJIMYECKOTO JIABJICHUS KaXK]ble Mojiyaca B TeUeHHe CyTok. JlaHHbIe 3a Kak-
IbIiA yac ycpenHstoTcs. Takum oOpa3om, oOpasyercss MaccuB U3 48 BETUUHMH apTEpU-
anbHOTrO JaBjeHus (Mo 24 st CUCTOJIMYecKoro M auacronumdeckoro). Ilocie storo
MIePBbIN MOYNb, COCTOSIIITUN U3 JIBYX TPEXCIOWHBIX HEHpoceTel (B KaXXI0W M3 KOTO-
phIX 2 BXOAHBIX, 4 "CKpBHITHIX" U 24 BBIXOAHBIX HEHPOHA), HA OCHOBAaHWU JAHHBIX O
nojie U Bo3pacTe OOJIbHOTO PACCUMTHIBAECT aHAJOTHYHbIE "MOJKHBIE" BETUUYMHBI U
CpPaBHHUBAIOT UX € peanbHbIMH. [lapannenbHO BTOpON MOIyib (IBYXCJIOWHAas HEWpo-
ceTh ¢ 17 BXOAHBIMU U 4 BBIXOJHBIMU HEMpPOHAMH) HA OCHOBAaHUHU KIMHUYECKHUX JIaH-
HBIX (CUMITOMATHKa, aHAMHE3) PACCUMTHIBAET BO3MOXKHBIE COUYETAHUS TUIIOTEH3UB-
HBIX JIEKAPCTBEHHBIX CPEICTB, KOTOPHIE MOTYT OBITh MCIIOJIb30BAaHbI JIJIS JICUCHHUS J1aH-
HOTO 00JbHOTO. /laHHBIE, CHATBIE C BHIXOJIOB O0OMX MOJYJEH, BMECTE C KIMHUYECKU-
MU JIaHHBIMH TOJAIOTCS HAa BXOJ MOCIEAHET0, TPEThero MOAYIs (6-cloiiHasi HeWpo-
CeTh). DTOT MOAYJb ONEPUPYET 4 rpynnamMu TUIOTEH3UBHBIX MPENapaToB (IUYPETUKH,
0eTaa peHo0I0KaTOPbl, HHTMOUTOPHI AHTMOTEH3MHA, OJOKATOPHI KaJbIMEBHIX KaHa-
7oB). llenr - Ha3HAYUTH CYTOYHBIN (TIOUAcOBOM) rpaduk mpremMa OOJIBHBIM JICKAPCTB
Kaxaon (ecnu tpedyetcs) uz 4 rpynm. I[loaToMy 3TOT MOAyslb UMeeT 96 BBIXOTHBIX
HelpoHoB (4 npemnapara x 24 yaca). C Kaxa0ro BBIXOJIHOTO HEHpPOHAa CHUMAETCA /1034,
COOTBETCTBYIOIIAs OJIHOMY Tpernapary, Ha3Ha4aeMOMY Ha JIaHHbIN yac cyTok. Ectect-
BEHHO, YTO B pEaIbHON CUTyalluu OOJBIIMHCTBO BBIXOJHBIX JTAaHHBIX PABHBI HYJIIO.
Takum 006pa3om, co3maercs ONTUMaIbHAs 7S MAllMEHTa CXeMa JICUEHUs! TUIIEPTOHHUU.
Hy>XHO OTMETUTh, UTO CUCTEMa YYUTHIBAET HEKOTOpPbIE OCOOCHHOCTH IMpHeMa Iperna-

paToB OOJBHBIMU, HANPUMEP, 3aTPyIHEHUE MpUEMa MpernapaToB HOUbIO (Ha3HAYAET



HOYHOI MpueM TOJbKO B KpalHMX Cilydasx), 3alpeT Ha Ha3HAYyeHHEe MOYETOHHBIX Jie-
KapcTB Ha HOYb. OTIMYUTEIHLHON YEPTOM CUCTEMBI SIBISETCS BO3MOXKHOCTH MOJIb30Ba-
Tens (Bpaya) repeaaBaThb HEMPOHHOW CeTH CBOM OMBIT. /{151 3TOro co3garensMu Mpo-
rpaMMbI IPEYCMOTPEH CHEUANbHBIN OJIOK, KOTOPBIM BHIBOJUT HA 3KpaH KOMITbIOTEpa
CYTOUYHBbIE KPUBBIE apTEPUATHLHOTO JABIICHUS U MpeAJiaraeT Bpayy BBECTH B KOMIIBIO-
TEp CYTOUHYIO CXEMY MpHeMa TMIIOTEH3UBHBIX IMPEnapaToB B HEOOXOAUMBIX, MO €ro
MHEHUIO, J103aXx. BBeneHHbIN npumep nmomemiaercss B 0azy JaHHbIX. B 1r060e Bpems
MO>KHO MHUIIMUPOBATH JOYYHMBAHNE HEHPOHHBIX CETE ¢ HOBBIMH MPUMEPAMH.

B oano#t u3 paboT MPUBOIUTCS METOJI BBISIBICHUSI aTEPOCKIECPOTUUECKUX OJIsi-
mek B aprepusix [10]. Jns 3TOoro mpumeHsieTcss HEMpOCeTb, WHTEPIPETUpPYIOLIas
(aroopecieHTHBIE CIEKTPHI, MOTy4aeMble MPU UCCIET0BAHUN TKAaHEH ¢ TIOMOIIbIO Jia-
3epa.

AHanoru4HbpIM 00pa3oM MPOBOJUTCS AMArHOCTHKA 3a0osieBaHuil nepudepude-
ckux cocynoB [11], nanmpumep, onpeaenenue ¢popm aprepuuta [12].

[IpoBoaUTCS KOMIUIEKC HCCIEIOBAaHUM IO HCIOJB30BAHUIO HEWpoceTel s
TuarHocThky uHdapkra muokapaa [13,14,15]. ABTOp NIpUBOAMUT JaHHBIE TIO YYBCTBHU-
tenbHOCTH (77,7%) 1 cnieuuduunoctu (97,2%) nHelipocereBoro Tecta. B padote [16],
KpOME TOT'O, C TIOMOIIIbI0 HEHPOHHOM CETH YCTaHABIIMBAJIN JUATHOCTHUYECKYIO 3HAUM-
MOCTb KIIMHUYECKUX MMapaMeTpOB MPH IUAarHOCTUKE UH(apKTa MUOKap/a.

HeiipocereBoil aHanu3 aKyCTUYECKUX CUTHAJIOB MO3BOJIAET MPOBOAUTH AUATHO-
CTHKY KJIallaHHBIX IIyMOB cepaua [17], 1 olleHuBaTh CUCTOJIMYECKYIO U JUACTOJINYE-
CKyt0 (a3bl CepIeyHOro COKpAIllEHHs C MMOCTAHOBKOW MpPEIBAPUTEIBHOIO JAMArHO3a
[18].

HeiipoceTn ucnonbs3yroTcsi TepaneBTaMu AJid JUAarHOCTHKU 3a00JIeBaHUN Teye-
HU 10 Ja00paTOpHBIM JaHHBIM HcchefoBaHus QyHkiui nedeHu [19]; nuddepenin-
aJBbHOM TMAarHOCTUKH 3a0osieBanuit edeHu [20] u sxkemuHoro my3sips mo Y3U [21].

HeiiporporpaMmbl MOTYT ¢ ycriexoMm paboTaTh ¢ MEIUIIMHCKUMU JaHHBIMU, OT-
HOCSIIIIUMUCS K CYOBEKTHBHBIM KaTEropusM, Hampumep, B rncuxuarpuu [22]. Onenka
CYOBEKTUBHBIX JJAHHBIX JA€T BO3MOKHOCTh PACIIO3HABAHUS TICUXUYECKUX CUMITOMOB]

U JHATrHOCTUKHU U U3YUYCHUA HCKOTOPBIX IICUXUATPHUICCKUX CUMIITOMOKOMIIJIICKCOB.



AkTyanpHas mpoOiemMa JUArHOCTHKH 3JI0KAYeCTBEHHBIX HOBOOOpa3OBaHUM,
BO3MOYHO, TTOJIYYUT HOBBIM YPOBEHb OCMBICJIIEHHUS C Ha4yajioM NMPUMEHEHUSI HEeUpoa-
roputMoB. Tak, B paborte [23] nokazana 80%-s1 TOUHOCTh paHHEH TUArHOCTUKU MeJa-
HOM KOKH - OJTHOTO M3 CaMBIX 3JIOKAYE€CTBEHHBIX 3a00JICBaHUM.

OnHMM U3 CepbE3HBIX HANPaBICHHUN NMPUMEHEHUS] HEUPOHHBIX CETEH SIBIACTCS
WHTEpIpeTaluss MEIUIMHCKUX TaHHBIX. B mocinegHue roapl uaeT OypHOE pa3BUTHE
HOBBIX CPEJICTB JUArHOCTUKU M JiedeHus. IIpu sTom Habmromaercs "BTopas BosiHA"
W3Y4YCHUS U UCTIOIH30BaHMS APEBHUX, CTAPUHHBIX METOJIOB, U, HA0OOPOT, MPUMEHEHUE
MOCJIEHUX TEXHUUYECKUX HOBIIECTB. Hepelnko u Te U apyrue MeToAbl MPU MCIOJIb30-
BaHHH MPEIAOCTABISIIOT Bpady MacCy CaMbIX pa3HOOOpa3HbBIX JaHHBIX. [Ipu 3TOM BCTa-
€T mpobJieMa WX TPaMOTHOM U KOPPEKTHOUM mHTeprpeTanun. [Ionck riiyOMHHBIX 3aKO-
HOMEPHOCTEW MEXIy MOJy4aeMbIMU JAaHHBIMU W MATOJOTMYECKHMHM IMpOolieccaMy Ha-
YUHAET OTCTaBaTh OT Pa3paOOTKH BCE HOBBIX M HOBBIX METOJIOB, IOATOMY MPUMEHEHHUE
JUISL TOM LIeNTM HEMpPOCeTeEN MOKET 0KA3aThCsl YPE3BBIUANHO BHITOIHBIM.

B onHOWM M3 CTapuHHBIX METOAUK JMArHOCTHUKH MO IMYJIbCY MCHOJB3YIOTCS 14
XapaKTEPUCTUK MYyJIbCa, U3MEPAEMBIX C HECKOJIBKMX TOoueK. PacriozHaBaHue W UHTEp-
MpeTalus JaHHBIX TpeOyeT OrpOMHOIO OMbITa Bpada, MPAKTUYECKH HEBO3MOXKHOTO B
COBpPEMEHHBIX ycloBusax. HeipoceTs Oblia mpuMeHeHa miis "y3KOM" AMArHOCTHUKH
TOJIBKO T10 OJTHOM U3 TOoYeK [24], MO3BOJISAIOIIEH OlIEHUBATh COCTOSHHUE JIEBOM MOYKH.
[Tynbc cuuTHIBAETCS CIENUATBHBIM JATYMKOM, COBMEIICHHBIM ¢ MUKpodoHOoM. [Tomy-
YeHHas MyJbcoBas KpuBas (churmorpamma) rnepeaacTcs B KOMIbloTep. BHauane mpo-
rpaMMa aHaJIu3uPyeT HECKOIBKO MYJIbCOBBIX BOJIH M BBICTPAUBAET ''CPEAHION'" BOJIHY.
[Tocne 3TOro MO 5 TOYKaM 3TOM BOJIHBI HEUPOHHAS CETh OLICHUBAET COCTOSHUE JIEBOU
TTOYKH.

Kiaccnueckoit mpo06iemMoii B KapAUOJIOTUH SIBISETCS MHTEPIPETALUS dJICKTPO-
KapJuorpaMM, TpeOyroIas 3HaYuTeILHOTO OmnbiTa Bpadya. COTpyTHUKH YHHUBEPCUTETA
['masro (BenukoOputaHus) BeAyT HCCIEIOBAHMS MO NMPUMEHEHHUIO HEHpoceTeu s
OKI -nuarnoctuku nH(GApKTOB MUOKap/aa [25]. BXOAHBIMH JaHHBIMU JJIsi CETEH SIBIIS-
I0TCsI M30paHHbIC MapaMeTpbl 12-KaHATBHOUW DJIEKTPOKApIAUOTPaMMBI U 12-KaHaIbHOM
BEKTOpPKapIMOTpaMMBbI (JTTMHBI 3yOII0B, paccTOSIHUS Mexay 3yoramu). MccnenoBarenu

0o0yUYMIIM OrpOMHOE KOJMYeCTBO Helpoceteil (167 ceteil ans quarHoCTUKU MH(papKTa



MUOKap/a nepeaHeit crenku u 139 cereit 11 uH(apkTa HIKHEW CTEHKH) Ha MacCUBE
naHHbIX U3 360 snextpokapauorpamm. OOydeHHBIE CETH 3aT€M TECTHUPOBAIN OTIEINb-
HYIO BBIOOPKY C 3apaHee W3BeCTHbIMU OTBeTamH (493 ciydas). OgHOBpEMEHHO st
MOJIy4YeHUs! OTJEIbHOW CEpPUM OTBETOB HAa TECTHUPYEMOW BBIOOpKE ObLT MCIOIb30BaH
JIOTUYECKHUI MeTo/1 (C 3apaHee 3aJJaHHBIM AITOPUTMOM). 3aT€M CPAaBHUBAIUCH PE3YJib-
TaThl TECTUPOBAHMUS BBHIOOPKU JYYIIMMH HEHPOCETSIMU U C IOMOIIBIO JIOTHYECKOTO
anroputma. CpaBHEHHE M0Ka3aji0, YTO BO MHOTUX CJIy4asiX YyBCTBUTEIBHOCTb U CIIE-
U(UIHOCTh HEMPOCETEBOr0 TECTa OKA3aJIKCh BBIIIE, YEM Y JOTHUYECKOro MeToa. AB-
TOpPBI JI€JAI0T CHPABEUIMBBIN BBIBOJ, YTO B CIy4asiX, KOrJa JOTUYECKHH alrOpUTM
pelIeHus 3a/ladyl BCe-TaKh MOKHO BBICTPOUTH, Pa3yMHO KOMOMHHMpOBATh B JKCIEPT-
HBIX CUCTeMax 00a Mmoaxo/a.

Nuteprnperanusa OKI' ¢ moMornipio HeiipoceTei Oblla MPUMEHEHA i IHarHo-
CTUKHU 3JIOKAYECTBEHHBIX KEIyIOYKOBBIX aputmuii [26]. TpexcroiiHas cethb ¢ 230
BXOJHBIMU CHHarcamMu Obita oOyueHa Ha 190 maruenTtoB (114 ¢ xpoHuueckoi cep-
JICYHON HENOCTAaTOYHOCTHIO M 34 ¢ MUISATAIlMOHHOM MMOKapAHOIaTHEl) pa3indarh
Hanuuue (y 71 mauuenrta) u orcyrctBue (y 119 maiuieHTOB) KelyI0UKOBOM TaxHKap-
auu. Pe3ynbrarbl TECTUPOBAHUS CPABHUBAJINUCH C JOTUYECKUM METOJOM HHTEpIpETa-
1y naHHbiX. [lokazaHo, 4yTo HelpoceTeBoM TecT o0nanaeT O00bIIel YyBCTBUTEIBHO-
ctbio (73% mo cpaBHenuto ¢ 70 [ JOrMYECKOro MeTo/1a) U crenupuIHoCThIO (83 U
59%).

NuTepecnast paboTta onmuchIBaeT MOAEIMPOBAHUE TPUMEHEHHUS] HEMpoceTen st
paboThI IEKTPOKAPIUOCTUMYIIATOPOB (MCKYCCTBEHHBIX BoauTenel purma) [27]. Bei-
nycKaemble 3a pyOeKOoM 3JIEKTPOKAPAUOCTUMYISTOPHI 33/al0T PUTM HE KECTKO, a B
3aBUCHMOCTH OT MCXOJHOTO PUTMA, T€HEPUPYEMOr0 CHHYCOBBIM Y3JIoM cepaua. Ha-
npUMep, €ClIM CUHYCOBBIN y3€ll IPH KaKoW-TuO0 MaTOJIOTUU TeHEPUPYET HEeJ0CTaTOu-
HO€ KOJIMYECTBO UMITYJIHCOB, BOJUTENIb PUTMA KOMIICHCUPYET PUTM. TakuMm oOpa3oM,
AIEKTPOKAPAUOCTUMYIISTOD MpeACTaBIsAET co0oii CUCTEMY
BXOJI—>Ipeo0pa3zoBaHUE—>BbIXO/, TJI€ BXOJOM SIBJISIETCS PUTM CHHYCOBOTO Y3I]1a, BBI-
XOJIOM - COOCTBEHHBIN PUTM 3JIEKTPOKAPIUOCTUMYIIATOPA, a Mpeodpa3zoBaHue OCYIIIe-
CTBJISIETCA MO 33JaHHOMY JIOTHYECKOMY aJrOpuTMy. ABTOpPBI CMOJEIUPOBAINA 3aMEHY

JJOTN4YCCKOIro npe06pa3013aTeJ1;1 HeﬁpOHHOﬁ CCTbIO, TAK KaK B3aMMOOTHOIICHUA MCKIY



reHepaiueil UMIyJIb5COB B CHHYCOBOM Yy3JI€ U TPeOyeMbIM PUTMOM HE JTMHEHHBI U TIPU-
MeHsIEMble aJITOPUTMBbI Ha MpakTUKe He Bcerda >gdextuBHbl. HeitpoceTs, 00yueHHas
Ha 27 3[0pOBBIX JIOASX B CUTyalUsIX C pa3nyHON (pU3MUecKol Harpy3Koil, rmokasana
ropas3zio Jy4Illyl0 CIOCOOHOCTh 33/1aBaTh PUTM, YEM JIOTMYECKUW alrOpUTM, IpHUMeE-
HSIIOLIUICS B AJIEKTPOKAPAUOCTUMYIISTOPE.

OpHoM M3 caMbIX CIOKHBIX 3a]la4 JUIisl HelpoceTel B MPaKTHYECKON MeIUlInHE
ABIIsIeTCA 00paboTKa U pacno3HaBaHUE CIOXKHBIX 00pa30B, HAPUMEP PEHTIEHOTPAMM.
B paGote [28] omuckiBaeTcsi dKClepTHas CHUCTEMa WHTEpIIpPETalli PEHTTEHOTpaMM
IpyJx Y HOBOPOKJIEHHBIX C BEIOOPOM OJTHOTO M OoJiee AMarHo30B u3 12.

Coznanbl HEWpOCeTEeBbIE IKCIEPTHBIE CUCTEMBI IJI KJIacCU(UKAIIMKU OIyXoJieh
MOJIOUHOM KeJe3bl (OnpeeneH s, 100poKayecTBEHHAs! OMYyX0Jb, WIH 3JI0Ka4eCTBEH-
Hasl) M0 JaHHBIM MamMmorpaduu (ckaHorpamma MoJIOYHOH sxkene3bl) [29]. [1o qaHHbIM,
KOTOpBIE IPUBOJISAT aBTOPBI, TOYHOCTh TAKOT'O BHIBOJIA /10 MPUMEHEHUSI HEMPOCETH CO-
ctaBisuia He 6onee 75%. [Ipu TecTUpoOBaHUU CHCTEMBI, HEHPOCETh, aHAIU3UPYIOLIAs
CKaHOTpamMmy, naBajia npaBwibHbI oTBeT B 100% ciyuaes. [Ipu TecTupoBaHuUU H30-
OpaxkeHue, Moy4aeMoe B pe3ybTaTe METOAA, IPEACTABISETCS B BUI€ MAaTPHUIIbI TOUEK
pasmepom 1024x1024 nukcena ¢ 10-6utoBoii mikaioi spkoctu. M3o0pakeHue momaa-
€TCsl Ha HEeWpOCeThb, UMEIONTYI0 2 BXOAHBIX, 80 "CKpBITHIX" M 2 BBIXOJHBIX HEHpOHA.
[Tpu 5TOM OMH U3 BBIXOAHBIX HEMPOHOB "OTBeUaeT" 3a JOOPOKAUYECTBEHHYIO OITyXOJIb,
Jpyroi 3a 370KauecTBEHHYIO. JlMarHo3 ompenesnseTcss B 3aBUCUMOCTH OT BBIXOJHOTO
HEHpoHa, BBIAABIIETO OOJBIINHN MO BenuunHe OTBET. CTONb BBICOKHMM MPOLIEHT Mpa-
BUJILHOCTU PAClO3HABaHUS, BO3MOXKHO, CIy4aeH, U OOBSCHSAETCS HEAOCTATOUYHBIM KO-
JMYECTBOM IPUMEPOB, UCTIOIb30BABIINXCS MPU 00YYEHUU U TECTUPOBAHUU HEUPOCETH
(mo 10 mpumepoB). OHaKO Ja)ke TP TaKOW Majioil oOydaroiiei BHIOOpKe HEHPOCeTh
BBIMTPBIBAJIA 110 CPABHEHHUIO C TPAJAULIMOHHBIM METOJOM HMHTEPIpPETAlMU CKaHOTPaM-
MBI.

Heckonbko paboT mocBsilieHbl HelpoceTeBoil 00paboTke TabopaTOpPHBIX aHa-
JIU30B U TecToB. [IpMBOAMTCS HEMpOCETEeBOM METOJ MHTEpIpETAINK J1abOpaTOPHBIX
JMaHHBIX Onoxumuueckoro aHanuza kposu [30]. B pabGore mokaszaHbl mpeuMyllecTBa
HEHUPOHHBIX ceTell B CPABHEHUU C JIMHEHHBIM JUCKPUMHUHAHTHBIM aHAJIU30M, KOTOPBIM

mapaujicJIbHO 06pa6aTBIBaHI/ICB JaHHBIC.
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Oco0oe MecTo cpefr HEWPOCETEBBIX AKCIEPTHBIX CHCTEM 3aHMMAIOT MPOTHO-
CTHUYECKHE MOJIENH, TPUMEHsIeMble, HalIpUMep, JJisi TPOrHO3UPOBAHHUS UCXO0B 3a00-
JICBaHUU.

B 1990 rony amepukanckas ¢upma "Anaun Menukn Cuctems MHk." ycTaHOBH-
Ja B peaHUMAIMOHHOM OTJIEJICHUH OJHOM M3 OOJIbHHUII ITaTa MUYHUraH SKCIEPTHYIO
cucreMy "Amauu - III" [31]. Ee nenp - mporHo3upoBaHue ucxonaa 3abojeBaHUS Y
OOJBbHBIX, HAXOSIIUXCS B TSHKEJIOM COCTOSIHUU. JIJ1si IPOrHO3a B KOMITBIOTEP HEOOXO-
JUMO BBecTH 27 mapameTpoB OOJBHOTO: MEPBUYHBIA TUArHO3, CUMIITOMBI, CTENEHb
yTpathl co3HaHus, Hamuuue win otcyrctBue CIIM/ m apyrux 3aboneBanmii. [Tocie
ATOrO CHUCTEMa BBIJAET BEPOSTHOCTH BBIKMBaHUS O0JbHOrO B quana3zone ot 0 go 100
npoLeHTOB. L[eHHOCTh MPUMEHEHHS CUCTEMbI 3aKJII0YaeTCsl B TOM, YTO OHA MO3BOJISET
OUYeHb OBICTPO OLICHUTh AUHAMHUKY U3MEHEHUSI COCTOSIHUS OOJIbHOTO, HE3aMETHYIO "Ha
rina3". Hanpumep, MOXKHO MOJIYYUTh OTBET y CUCTEMBI JI0 M MOCJE BBEAEHHUS KaKOTrO-
nu0o0 JeKapCcTBa, M, CPAaBHUB OTBETHI, IOCMOTPETh, OyIeT 1 HaOmoAaThCs IPHEKT OT
Tepanuu. be3 nmporpamMMbl ke U3BMEHEHHUE COCTOSHUS MHOTJA HE yJIaeTcsl OOHApYKUTh
B TeUEHHUE HECKOIbKUX AHeH. TectupoBaHue nokasasno, 4To 95% MporHo3oB, KOTOpbIE
JIeNIaeT mporpamma, cObIBalOTCSI ¢ TOYHOCTBIO 10 3%, YTO 3HAUUTEIHLHO TOYHEE, YEM Y
ayqimux Bpaued. HeoOxoaqumo oTMETHTD, yTO cucTeMa Oblia oOyueHa Ha JaHHbBIX, B3S-
TBIX U3 UCTOpui Oosie3Hel 17448 manueHToB, JeunBmuxcsa B 40 60IpHUIIAX IITaTa B
1989 romy. O4eBHIHO, YTO €CIM KauecTBO pabOThl CUCTEMbI 0OECIIEUMBAETCS TAKUM
001bIIUM 00BEMOM BBIOOPKH, BO3MOXHOCTU MEPEHACTPOMKU CHUCTEMBbI HE CIIHUIIKOM
BeJMKU. Maeonorusi aBTOpoB, CO3AABIIMX ATY CUCTEMY, 3aKIIOYAETCS B KaK MOXKHO
OoJBIIIEM OXBaTe PA3IUYHBIX MPUMEPOB U BapHaHTOB (cOOp maHHBIX B 40 60IBHUIIAX),
a HE B BO3MOXXHOCTH MHJMBHIYyaJIM3allMU CUCTEMBI K KOHKpETHOU KiuHuKke. [losTomy
JTaHHasi CUCTeMa He CIocoOHa K MOAYYMBAHHIO B Ipoliecce paboThl, OMbIT "3amuT" B
HEe KECTKO. ITO MOXKET OBbITh CYIIIECTBEHHBIM HEJJOCTATKOM MPU YCTAaHOBKE MPOrpPaM-
MBI B PETHOHBI, PE3KO OTIMYAIOIIMECS MO COIUAIbHO-TeOrpaUyecKuM YCIOBUSM OT
TeX, e IPoBOAMIOCH o0yueHue. Kpome Toro, orpoMHbIi MacCUB MPUMEPOB Il 00Y-
YEeHHUSI OBBIIIAET CTOUMOCTh MPOTPAMMBI.

[IporHoctuyeckue HelpoceTeBble MOJAEIN MOTYT UCIOJB30BAaThCA B JIeMOTrpa-

(bI/II/I U OpraHH3allvuH 3APaBOOXPAHCHUA. CoszxaHa OKCIICPTHAd CHUCTEMA, IPCACKA3bI-
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BaloIllasi, yMpET JIM YesloBeK (B Bo3pacTe 55 set u crapiie) B ompkaimue 10 sner. [Ipo-
THO3 JIeJlaeTcsl 0 pe3ysibTaTaM OTBETOB Ha 18 BONpPOCOB aHKETHl. B aHKeTy BKIIIOUEHBI
TaKhe BONPOCHI, KaK paca, MoJj, BO3pacT, BPEeIHbIE MPUBBIYKH, CEMEMHOE MOJI0KEHUE,
ceMelHbIi 10X0. 4 u3 18 BONpoCOB BBIABIAIOT MHACKC Macchl Tena (body mass index)
B pa3JIMyHbIe MEPUO/bI )KU3HU pecroHAeHTa. NHIeKC pacCUuThIBAETCs KaK OTHOILLIEHUE
Beca K KBajJpary pocrta (MHAeKc Oosiee 27 Kr/M cuuTaeTcsl Ty4HOCThIO). [loBbIIeHHOE
BHUMaHHUE K 3TOMY IOKa3aTeJlt0 TOBOPUT O €ro 3HAYMMOCTH I IPOTHO3a KU3HU.

Pa3BuTne HelpoceTeBbIX METO/J0B JAa€T BO3MOXKHOCTh MX HMCIOJb30BaHUS KaK
MHCTPYMEHTA HAay4YHBIX UCCIIEJAOBAHUMN, C TOMOIIBIO KOTOPOT'O MOKHO HM3y4aTh 0OBEK-
ThI U SIBJICHUSI.

Cyns no autepaTypHbIM JIaHHBIM, UMEHHO OMOJIOTMYECKHUE HAYYHBIE UCCIEJO-
BaHUs SIBIISIIOTCS HanboJiee pa3BUBaEeMOil 00s1acThio MpuMeHeHus Heilpoceteit [32]. B
nociyie/iHee Bpemsi OMOJIOTH, 3HAKOMbIE C MCCIIEJOBAaHUSIMU B 00JacTH HeilponHpopma-
TUKU, IPUXOJAT K BBIBOJY, YTO MHOTME CUCTEMBI B )KHUBBIX OpraHu3Max paboTaroT Mo
NPUHIIMIIAM, CXOJIHBIM C aIrOpUTMaMU HEMPOHHBIX ceTell (M Ha0OOpOT, HEUPOHHBIE
ceTH paboTaroT Mo MpUHIHMIY O6nocucteMm). Takum 0Opa3om, MOKHO HaOIOAaTh "B3a-
UMHOE CTUMYJIHpOBaHUE" HAy4HBIX pa3paboTok B OMOJ0ruU U HeliponHpopmaTuke. B
pabote [33] SHAOKpUHHAs CHCTEMa YeJOBEKa paccMaTpUBAETCA Kak HEHMpOHHas CeTb
u3 30 3JeMEeHTOB, KOTOpbIE MPEACTABICHBI PAa3IMYHBIMU TOPMOHAMH, B3aUMOJAEHCT-
BYIOIIIMMHU JAPYT C APYTOM C MOMOIIBIO IPSIMBIX U 00paTHBIX cBsizeil. [Toxoxkue uccie-
JIOBAHUSI MPOBOJATCS JJIs UMMYHHOU CUCTEMBI [34].

[IpuMeHnenne HeWpoceTe mJIs UCCIeAOBaHUN B 00JacCTH HEUPODU3UOIOTHH
CTPOUTCS Ha TMOXOXHUX NPUHLHUINAX (DYHKIMOHUPOBAHUS HEWpoceTed M HEPBHBIX
CTPYKTYp >KHUBBIX opranu3mMoB [35]. C moMoIbio HEHPOCETH OCYIIECTBICHA MOMbITKA
MOJICTTMPOBAHMS TPOCTEUIIICH HEPBHOM CUCTEMBI [36].

Cnenana monsITKa MPUMEHEHHUs HEUPOCETH Uil KiIacCU(PHUKAIMU KUBBIX Opra-
HU3MOB [37]: Hepenko O6uonoram, OTKPBIBAIOIIUM HOBBIE BUIbI OPraHU3MOB, TpeOyeT-
Csl OTpEJIeNIUTh, K KaKOMY BUAY (KJIacCy, TUIY) OTHOCUTCSI TOT WJIM MHOW TMpeICTaBU-
Tenb (opsl WK GayHbl (Kak IPaBUIIO, ITO KACAETCsl MUKPOOPTaHU3MOB U PACTEHUI).

Cucrema cnoco6Ha pa6OTaTI> IMpHU OTCYTCTBHUU HCKOTOPLIX BXOAHBIX JAHHBIX. 910 5B-
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JSI€TCS CYLIECTBEHHBIM MPEUMYILIECTBOM, TaK KaK 4acTO MPU W3YYEHHUHU >KUBBIX 00BEK-
TOB HE BCErJja BO3MOKHO MOJIYYUTh BCIO HEOOXOUMYIO HHPOPMAIHIO.

Heiipocetn ucnonb30BaHbl Al UACHTHU(PUKALMK YeIOBEYECKUX XpoMocoM. B
OMOJOrMYECKUX HCCIIEOBAaHUAX, @ TaKK€ B KPUMHHAIUCTUKE, YacTO ObIBAET HYKHO
ONpEeNIENUTh, K KaKOH U3 23 MMEIONIMXCS Yy YEJIOBEKa Iap XpOMOCOM OTHOCUTCS BbIJE-
J€HHas XpoMocoMa. TOYHOCTh CyIIECTBYIOIMX METOAOB Aocturana 75 - 85%. Heipo-
KJaccupuKaTop, Ha BX0JA KoToporo noaaerca 30 mpu3HaKOB M300pa’keHUsT XPOMOCO-
MBI, OTIPEIEISIET OTBET C TOYHOCTHIO, TpubmKatomeics k 100% [38].

AHanu3 myOauKanuii 0 MPUMEHEHUH HEHPOCETEBbIX TEXHOJIOTHM B MEAMIIMHE
MOKA3bIBAET, YTO MPAKTUYECKH OTCYTCTBYIOT Kakue-THOO METOMOJIOTMH DPa3pabOTKH
HEHUPOCETEBbIX MEAUIIMHCKUX CHCTEM, O Ye€M CBHUICTEIHCTBYET KaK OTCYTCTBHE padboOT
Takoro npo¢uisi, TaKk ¥ OrpOMHOE pazHOooOpa3ue MOJAXO0JI0B K HEHPOCETEBBIM allro-
puTMaM OOy4YeHHUS M apXUTEKTypaM HEHPOHHBIX ceTed. DTO MOATBEPKIAeT TO, YTO
MeAUIMHCKas: HeHporuH(popMaThKa Kak HayKa HaXOJUTCS €llle, B OCHOBHOM, Ha CTaJ U1
HAKOIUIEHUsI (PaKTUYECKOT0 MaTepHaia.

HyXHO OTMETUTBH, UTO BCE MEAULMHCKHUE MPUIOKEHHUSI HEUPOHHBIX CETE IS
MPAKTUYECKOI0 3/IpaBOOXPAHEHUs (IMArHOCTHKA, JIEYeHHE, TPOTHO3UPOBAHUE) CO3/1a-
HbI 3apyOCKHBIMU aBTOPAMH. BOJIBIIMHCTBO OTEUECTBEHHBIX pa0bOT HAMpaBlEHO Ha
UCCJIEA0BaHUE CAMUX HEMPOHHBIX CETEH U MOJAEIIUPOBAHUE C UX TOMOILBIO HEKOTOPBIX
OMOJIOTHYECKUX MPOIECCOB (B OCHOBHOM, (DYHKITUN HEPBHOW CHCTEMBI).

Ob6mmas yepra, 00ObeUHSIONAs TPUBEICHHBIE MMPUMEPHI - OTCYTCTBUE €AMHON
YHHUBEpPCAJIbHOW TEXHOJOTMHM CO3JaHUsl TaKUX MPWIOKeHW. B myOnukyembix paspa-
00TKaxX MCIOJIb3YIOTCA CaMble Pa3HOOOpPA3HbIE APXUTEKTYPHl U aITOPUTMBI (HYHKITHO-
HUPOBAHUS HEMPOHHBIX CE€TE€W. DTO MPUBOAUT K TOMY, YTO ISl ITOYTH ISl KOXKJIOHM 3a-
nadu pa3padaThIBaeTCsl CBOSL COOCTBEHHAs! apXUTEKTYpa, U YacTO - YHUKAIbHBIN aJlro-
PUTM WJIM YHUKaJIbHasg MoJuduUKaius yxe cymectByromniero. C TOYKM 3peHUs MPaKTH-
YECKOI'0 NMPUMEHEHUS TaKUE HKCIIEPTHBIE CUCTEMbl NIOUYTH HE OTIMYAIOTCSA OT TPAJU-
[IUOHHBIX MPOrPaMM MPUHATUS PELIECHUMN; MPEUIoKEHBI Jake METObl Mpeodpa3oBa-
HUS TPAJULIMOHHBIX HKCIIEPTHBIX CHCTEM B HeilpoceTeBsie [39]. Ux pa3pabotka Tpely-
€T y4acTHsl CIEIUAINCTOB M0 HeHporuH(popMaTHKe, a BO3SMOKHOCTU KOHCTPYUPOBAHUS

MMOJIB30BATCJICM IIPAKTUYCCKH OTCYTCTBYIOT. 210 JCJ1aCT TaKUC CUCTCMbI LIpe3BI)I‘I€lI‘/’IH0
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JIOPOTUMHU U HE OYEHb YAOOHBIMU ISl IPAKTHUECKOrO MPUMEHEHUS, TIOITOMY B ITy0-
JMKAIUAX aBTOPbl B OCHOBHOM CPAaBHUBAIOT KayeCTBO pabOThl HEMPOCETEBBIX aJro-
PUTMOB U TPAJAUIIMOHHBIX CUCTEM, paOOTAIOLIUX 10 MPaBUiaM BbIBOJIA.

UYro xe MOXKHO Tpe/IokuTh B3aMmeH? OO0 3ToM u moiaeT peub Hike. Ha mpo-
TSOKCHMHM HECKOJIBKUX JIET KpacHosipckas HayuyHas rpymnmna «HetipoKomm» [40], o6be-
JTUHAIOIIAas ydeHbIX-MaTeMaTukoB U MeaukoB (Kpacuosipckuii B CO PAH, KI'TY,
KpacHosipckast Menuuunckas AkaneMus W psiji KIMHUYECKUX YUPEXKIEHUN ropoja),
pa3pabaTbiBaeT TEXHOJIOTUU CO3JaHMSI HEUPOCETEBBIX SKCIEPTHBIX CHCTEM, KOTOPBIE
MPUMEHSAIOTCS B TPAKTUYECKOW MEIUIMHE W OHoJormu Ha OObYHBIX [BM-
COBMECTUMBIX KoMIbloTepax [41,42,43].

Haubonee BaXXHbIM OTJIMUKEM TIPEAIAraeéMoro Mmojaxo/ia sABjsgeTcs BO3MOKHOCTb
KOHCTPYUPOBAHHUS HKCIIEPTHBIX CUCTEM CaMUM BPadOM-CIELHAIUCTOM, KOTOPBIM MO-
JKET NepeaaTb HEMPOHHOW CEeTU CBOW WMHIMBHUAYaJbHBIM OIBIT, OMBIT CBOUX KOJUIET,
Wik 00y4aTh CeTh HA PEaNbHBIX JaHHBIX, MOJYYEHHBIX MyTeM HabmroneHuit. [Ipu uc-
MOJIb30BaHUM pa3pabOTaHHOTO HaMHu makeTa mporpamM MultiNeuron 2.0 [44] mist KOH-
CTPYMpPOBaHHUsI OSKCHEPTHOM CUCTEMBI He TpeOyeTrcs ydyacTHe CIElUaTlCTOB-
MaTEeMaTHUKOB U MPOrPaMMHUCTOB, YTO JIEJAET CO3/laBa€Mble CUCTEMBbI OoJiee JIeIIeBbI-
MU, a TJIABHOE, aJalITUPOBAHHBIMU K KOHEUHOMY I10JIb30BATEIIIO.

Jlariee MBI PacCMOTPUM OCHOBHBIE NMPUHIUIBI U OCOOEHHOCTH 3THUX TEXHOJIO-

TUN.

Bce neanroputmMupyembie WM TPYAHOAITOPUTMHUPYEMBIE 3aJladyM, pellaeMble
HEHUPOHHBIMHM CETSIMH, MOXHO KJIacCU(PHUIMPOBATh Ha JBa NPUHIMIIMAIBLHO pPAa3JIH-
YaIOUIMXCs TUMA B 3aBUCUMOCTH OT XapakTepa OTBETa - 3a/1au Kiaccu(ukaum u 3a-
JTa4d MPEAUKIUH.

3amaun KjacCU(pUKAlMKM - OCHOBHAs M OYEHb OOIIMpHas TpyIIa MeEIUKO-
O6uonoruueckux 3anad. OTBETOM B HHUX SIBIISIETCS KJIAcC - BHIOOP OAHOTO BapuaHTa U3
3apaHee M3BeCTHOro HaOopa BapuaHToB. Kiaccudukauuss Moxer ObITh OWHApHOU
(amemeHTapHas Kiaccudukalys) - B 3TOM ciiydae Habop BO3MOKHBIX OTBETOB COCTOUT
U3 IByX BapHaHTOB (KJIACCOB), U N-apHOM, TJIe YUCIIO KilaccoB Oonee nByx. [Ipumepamu

OMHapHOI KiIacCU(pUKALUKA MOTYT CIYKUTh KaK OObEKTHBHBIE KAaTErOpuH (IOJ Yesio-
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BEKa - MY)KCKOW WJIM KEHCKHUH; XapaKTep OMyXOJu - J0OPOKAYECTBEHHBIN MU 3JI0Ka-
YEeCTBEHHbIN ), TaK U CYOBEKTUBHBIE KATETOpUH (3J0POB UEIOBEK UM OOJIEH; HAIUYUE
WIH OTCYTCTBHE CKJIOHHOCTH K IPOCTYIHBIM 3a0oJieBaHUsAM). B HEKOTOpBIX ciydasx
HE MPEACTABIIACTCS BO3MOKHBIM OTHECEHUE OTBETA 3a/1a4yil K 0ObEKTUBHOW WU CYO'b-
€KTUBHOM KAaTEeropuu, U 3TO HE MMEET NMPUHIMUIMHUAIBHOIO 3HAYCHUSI JJI OOy4YeHUs U
paboThl HEUPOCETEBOM IKCIEPTHOM CUCTEMBI.

Baxxnoil yepToii 3aaun Kinaccu(pUKay Mo ONPEAENICHUIO SBISETCS BO3MOXK-
HOCTb BbIOOpA OJIHOTO M TOJBKO OAHOIO BapuaHTa peuieHus (kmacca). [loatomy mo-
CTaHOBKA JIMarHo3a He MOYKET CUMTAThCS OJHOM KiIacCU(PUKAIMOHHOW 3a1adei, T.K. y
OJIHOTO YeJIOBEKa MOXET OJHOBPEMEHHO MPHUCYTCTBOBATh HECKOJIBKO marosioruii. B
Clly4ae HEBO3MOXKHOCTH BBIOMPATh OJIMH BapUaHT OTBETa (MHOXKECTBEHHOCTH BHIOOpA)
3a/laya TmoJpa3fensercd Ha TOoJ3aJadyd, KaXaas M3 KOTOPBIX MPEACTaBISIET cOOOU
KJ1acCU(UKALIMOHHYIO 33/1a4Yy.

Hpyroil Bua 3amay juis HelpoceTel - 3a1auu MpeauKINK, WIH MpeacKa3aHusl.
OnHu noapasnensioTcs Ha NpefcKa3aHue 4ucia (OAHOMEpHas MPEeAMKIUSA) U BEeKTopa
(BekTOpHasi MpeauKIus, Oojiee oOumi ciydait). OTiaudre OT KiaacCu(DHUKAIMOHHBIX
3a/1a4y 3aKJI0YaeTcs B TOM, YTO OTBET B 3aJa4ax MPEJUKLUNUN MOXET ObITh IPOOHBIM U
NPUHUMATH JI00bIE 3HAUCHUS Ha KaKOM-I1100 MHTepBale.

BexTopHas npeauMkius mpeanosiaraeT, YTo OTBET MOXKET ObITh MPEICTaBIEH B
BUJIE HECKOJBKUX HE3aBUCHUMBIX JPYT OT Apyra 4uces, 00pa3yroluX TOUKY (MU BEK-
TOpP) B MHOTOMEPHOM MPOCTPAHCTBE, Pa3MEPHOCTh KOTOPOI'O PaBHO KOJUYECTBY IMpE/-
CKa3bIBa€MbIX uncel. Yucao KOOpAUHAT BEKTOPA Ha3bIBAECTCA MPU 3TOM Pa3MEPHOCTHIO
BEKTOpa OTBETA.

[Ipu pemieHnn peanbHBIX 3a7a4 BO3MOXKHBI Pa3IMyHble KOMOMHALIMM TPEIUK-
MU U KJaccuUKalUU, U TIOCTAHOBKA 3a/1ayMl AOJDKHA ObITh CAeNlaHa CaMUM IMPEAMET-

HBIM CIICTTHAJIUCTOM.

ApXUTEKTYypa HEHPOHHOI ceTH

OcHoBoli paboOThl CaMOOOYYAIOIIUXCS HEHPOINPOrpaMM SIBJISIETCS HEHpOHHAas
CeTh, MPEACTaBIAIONIAsl COOOM COBOKYMHOCTh HEHPOHOB - MPOCTHIX JIEMEHTOB, CBS-

3aHHBIX MEXIy co00il ompeneneHHbIM 00pa3oM. HellpoHbl U MexXHEHpOHHBIE CBS3U
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3aJJal0TCS TPOrPAMMHO Ha OOBIYHOM KOMIBIOTEPE MM MOTYT UMETh "'MaTepHaIbHyI0"
OCHOBY - 0COOYIO MHKpOCXeMy (HEHpOUHIT), KOTOphIE MPUMEHSIOTCS B CIHEIHATHLHO
CO3/IaHHBIX HelipokommbroTepax. CTpyKTypa B3aMMOCBSI3EH MEX1y HEHpOHAMHU B HEH-
POKOMITBIOTEPE WM HEWPOMpOrpaMMe aHAIOTUYHA TAaKOBOW B OMOJIOTHYECKUX OOBEK-
TaX. VICKyCCTBEHHBII HEWPOH MMEET KOMMYHHUKAIMH C APYTUMH HEHMpOHAMHU uepes
CHHAIICHI, TIEPEIAIOIIUE CUTHAIBI OT IPYTUX HEMPOHOB K NTAaHHOMY (ICHIIPHUTHI) WU OT
JAHHOTO HelpoHa K ApyruM (akcoH). KpoMe Toro, HEHpOH MOXKET OBITh CBSI3aH CaM C
co0Ooii. Heckosibko HEHPOHOB, CBSI3aHHBIX MEXIY COOOH OompeeneHHbIM 00pa3oM, 00-
pa3yroT HEHPOHHYIO CETh.

HeiipoceTp, Takke Kak W OMOJOTHUYECKUIN aHAJIOT, JOJDKHA UMETh KaHAJBI IS
CBsI3M ¢ BHEIHUM MHUpOM. OIHU KaHaibl 00eCIeunBaloOT MOCTYIUICHUE WH(POPMAIUU
U3 BHEIIHETO MUpPa HAa HEMPOCETh, APYrue BHIBOIAT WHPOPMAIMIO U3 HEHPOCETH BO
BHemrHUN Mup. [1o3TOMyY OJTHU HEHPOHBI CETH PacCMaTPUBACTCS KaK BXOIHBIC, IPYTHE
ke - KaK BBIXOAHbIC. YacTh HEHPOHOB MOXET HE COOOIIATHCS C BHEITHHUM MHPOM, a
B3aMMOJICHCTBOBATh C BXOJHBIMH, BEIXOJHBIMH U TaKUMH k€ HelpoHaMu ("'CKpBIThIC"
HEHUPOHBHI).

O4eBHIHO, YTO CYIIECTBYET OTPOMHOE KOJIMYECTBO CITIOCOOOB COCTMHEHHMSI HEM-
POHOB, pacTyillee ¢ YBEJIMYCHUEM YuCiia HEHpoHOB B ceTn. Hambonee ynorpeOuTens-
HOW SIBIIICTCS CIIOMCTAst ApXUTEKTypa, B KOTOPOH HEHPOHBI PaCIIONararTcs “CIosMu’.
B nambosiee o0memM ciydae akCOHBI KaKIOTO HEMpPOHA OJHOTO CIIOS HAINPaBJICHBI K
HEepoHaM clieayromiero cios. Takum 00pa3oM, HEHpPOHBI MEPBOTO CIIOS SIBIISIOTCS
BXOJHBIMU (TIPUHUMAIOIIUMU WH(GOPMAIIMIO U3 BHEITHETO MHPA), HSUPOHBI TIOCIICTHE-
TO CIIOSI - BEIXOJHBIMH (BBIIAIONIMME HH(DOpMaIMo BO BHEIIHUN Mup). Cxema Tpex-

CJIOMHOM ceTH n300pakeHa Ha pucyHke 1.
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Pucynok 1. Tpexcnoiinas cetb ¢ 6 HelipoHaMH

Jpyroi BUJ apXUTEKTYPHI - MOJHOCBA3HASA, KOT1a Ka)KAblii HEUPOH COECIUHEH C
KaX]IbIM, B TOM 4Hclie caM ¢ coboil. [Ipumep npocreiimeid HelipoceTy U3 3 HEUPOHOB
MoKa3zaH Ha pucyHke 2. [{ns ynoO6cTBa n3o00paxeHus U3 Kaxa0ro HeiipoHa BBIXOAUT HE
OJIMH, a HECKOJIbKO aKCOHOB, HAIIPABJICHHBIX HA JIPYTHE€ HEMPOHBI WJIM BO BHEIIHHUN
MHp, YTO AHAJIIOTUYHO MPUCOCIUHEHHBIM K OJJHOMY aKCOHY Y€pe3 CHHAIChl HECKOJIb-
KHUM JICHJIPUTaM.

Cnouctele ceTH SIBISIOTCS YACTHBIMU CITy4assMH MOJTHOCBSI3HBIX.

JI1si OCTpOEHUsI SKCHEPTHBIX CUCTEM MBI BBIOpAId MMEHHO MOJHOCBSI3HBIE
HEHUPOCETH, UCXO/IS U3 CIEAYIOIINX cOo0pakeHuil. Bo-nepBbIX, mpu 0IMHAKOBOM YHC-
Jie HEUPOHOB TOJIHOCBSI3HBIC CETH MMEIOT OOJIbIIIee KOJMYECTBO MEKHEHPOHHBIX CBSI-
3eil, 4TO yBenMunBaeT MHPOPMAIMOHHYI0O €MKOCTh CETH. BO-BTOPBIX, MOTHOCBSI3HAS
aApXUTEKTYypa SIBISIETCSI HAMHOTO 00Jiee YHUBEPCAIBHOMN, YTO HE TpeOyeT IKCIEPUMEH-
TOB C BapUalMsIMH CXEMbl COCAMHEHMM Ui KaXJOW 3agauu. B-TpeTeux, B ciyyae
AMYJISIUU CETH Ha 00bIdHOM DBM MOTHOCBSI3HBIE CeTH 00JIAAI0T CePhE3HBIMU TIPe-
UMYIIECTBAMH, MPEXKIEC BCETO B CKOPOCTH (PYHKIIMOHUPOBAHHUS WU TPOCTOTE IPO-

rpaMMHOU peanu3anuu 0e3 yiiep0a KauecTBy 00y4aeMOCTH.
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[Topaua curnana u3 BriBox curnana Bo
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Pucynok 2. Cxema npocreiinieil HeiipoHHOU ceTh u3 3 HelipoHOB. CeTb UMEET
13 cunancos, 4 U3 KOTOPBIX CIYKAaT Ul CBSI3U C BHELIHUM MHPOM, @ OCTAJIbHBIE CO-

EUHSIOT HEUPOHBI MEXKAYy COO0M

DOYyHKIMOHUPOBAHME HEHPOHA

PaccmoTrpuM ycTpoiicTBO M (PYHKIIMOHUPOBAHUE OTIACIBHOTO HelipoHa. Kaxmoe
COEJIMHEHUE OT HEeHpOHa K HEHMpOHY HasbiBaeTcs cuHancoM. Ha pucynke 3 mpencras-
JIEH HEHUPOH ¢ TPYIION CHHAICOB, COSAUHSIOMNX HEUPOH MO0 C APYTUMH HEMpoHa-
MU, MO0 C BHEIIHUM MUpPOM. s paccMOTpeHus paboThl HEMPOHA HEBAXXHO, MPUXO-
JUT JIM CUTHAJ K HEMpPOHY M3 BHEUIHETO MUpa WIM C APYroro HeMpoHa, U HEBAXHO,
Ky/la OTIPABJISIETCA CUTHAJ ¢ HEMpOHA. B MOTHOCBI3HBIX CETSIX BBIXOJIHOM CUTHAJ Ha-
IPABJISIETCS BCEM OCTAJIbHBIM HEHpOHaM.

Heiipon cocrout u3 nByX (yHKIMOHAIBHBIX OJOKOB: BXOJHOTO CyMMAaropa H

coOCTBEHHO HEWMpOHa, UM NpeodpazoBaTesl.



18

—»

v

CuHanc 1

Cymmartop |[lpeobpasoBaTtenb [

v

—* CuHanc 2

v

* CuHanc 3

Pucynok 3. Cxema HelipoHa

OYHKIMOHUPOBAHNE HEHPOHA IPOUCXOJUT CIAEAYIOLIUM 00pa3oM.

B texymuii MOMEHT BpeMEHHU 4Yepe3 BXOJHbIE CHMHAICHI (Ha PUCYHKE MX 3) Ha
HEHPOH HANPABISAIOTCS CUTHAJBI OT APYTMX HEWPOHOB W/WJIM W3 BHeHIHero mupa. Ka-
JKIBIM CHUHAIIC MMEET IapaMeTp, Ha3bIBAEMBbIM BECOM CHHAICA, W NPEICTABIIAIOLIINI
Kakoe-mu0o uucno. CUrHali, IpoXOoAsIIuii Yyepe3 CHUHAIC, YMHOXAETCS Ha BEC 3TOr0
cuHarnca. B 3aBucumocTu oT Beca, CUTHaJI MOKET ObITh yCHIIEH (MOyJb Beca > 1) unu
ocnadiieH (Moayinb Beca < 1) mo amruintyne. CUrHaibl OT BCEX CHHAIICOB, BEAYIIMX K
JTAHHOMY HEUpOHY, IPUHUMAET CyMMaTop.

Cymmarop npou3BOJUT CyMMHPOBAHUE BCEX MPUIIEIUIMX CUTHAJIOB U MOAAET
Ha COOCTBEHHO HEHPOH (MpeoOpa3oBaTeNb) OJHO YUCIIO - MOJIYyYEHHYIO cymMmy. Benu-
YUHA TOro 4yucia OyJIeT 3aBUCETh KaK OT BEJIMYMH UCXOJHBIX CUTHAJIOB, TaK U OT Be-
COB cHMHAICOB. HelpoH, MoMyduBIIMN 3TO YHCIO, IPEOOpa3yeT ero COTJIacHO CBOEH
$yHKIIMH, B pe3yabTaTe KOTOPOH MOTYYaeTCsl APYroe YHCII0, U OTIPABISET €ro 1Mo "aK-
COHY" BCEM OCTaJIbHBIM HEHPOHaM uYepe3 COOTBETCTBYIOLIME cuHAIChl. [locnenyromue
HEUPOHBI MPOU3BOJAT C MOJYYEHHBIMH CUTHAJIaMM TAKUE )K€ OIepalyu, JIUIb C TEM
pa3anyuueM, YTO BO-IIEPBBIX, BECA UX CHHAIICOB MOTYT OBITh YK€ IPYTMMH, BO-BTOPBIX,
Jpyrue HEWPOHBI MOTYT UMETh JIpYrod BUJ (QyHKUMU npeoOpa3zoBaHus. B koHCTpyH-
pPYEMBIX HaMU HEHPOHHBIX CETSAX BCE HEHPOHBI UMEIOT OJHY U Ty ke (pyHKIHI0. OTa
byHKIMSA, Ha3pIBaEMasi XapaKTEePUCTHUECKOM, UMEET BUJI:

£(X) = X/(C+| X ]) (1)
rae X - CUrHaji, noctynaemslii ¢ cymmaropa, C - KOHCTaHTa, Ha3blBaeMasi XapakTepHu-
CTUKOI HEHpOoHAa. DKCIEPUMEHTAIbHBIM IyTEM MBI ITOJIYYUJIU, YTO ONTUMAJIbHBIN AHa-
NA30H XapaKTEPUCTUKH UISl PELIEHHS NTOIABIISIOIEro OOJIIIMHCTBA 33/1a4 COCTABIISAET

or 0,1 no 0,8. I'paduk xapakTepucTudeckoil (PyHKIIMU MPEICTaBIEH Ha PUCYHKE 4.
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Pucynoxk 4. I'paduk xapakrepucTHIecKoi QpyHKINHI
Br16op ¢yHKnnu Takoro Buaa OOYCIIOBIIEH TE€M, YTO OHA IJIAKas, HENpephIBHAS HA

BCCM MAIla30HC IICPEMCHHBIX X, JAUaria3oH 3HAUCHUH BCCTJIda OIr'paHUYCH.

DYHKUMOHUPOBAHME HellpoceTH

B ciydae smynsnuu HeipoceTd Ha OOBIYHOM KOMITBIOTEPE BCE MaTEMAaTUYECKHE
oTiepanyy OCYIIECTBIISIET porpamma. HelipoHHas ceTh IpH 3TOM MPEICTaBIIET COOOM
MaCCHB CHHANTUYECKHX BECOB. DTOT MAaCCHB MOXKET HaXOJUThCS JIMOO Ha JUCKE KOM-
neloTepa B BUje (aitna onpeaeneHHoro gopmara (Ipu XpaHEeHUH HEUPOCETH) JTUOO0 B
OTIePaTUBHOM MaMsATH KOMITbIOTepa (KOTJa HelpoceTh (PYHKIIMOHUPYET).

[Tpu cozmaHny HOBOM HEHPOCETH B AMSITH KOMITBIOTEPA OTBOJAUTCS MECTO IO/
MaCCHB CHUHANTUYECKHX BECOB, HA3BIBAEMBIH KapTOW. DTOT MACCHB 3aIllOJIHAETCS CO-
BEPIIEHHO CIyYallHBIMHA YHUCIIAMHU W3 OMNpeIesieHHOro nuamna3ona. [losromy kaxmas
CO3/IaHHAs CETh JIaXKe MPH OJTHUX U TeX XKe MapaMerpax (Yucio HEHPOHOB, MX Xapak-
TEPUCTHUKA) SBIIICTCS YHUKAIBHON. Y HUKAIBHOCTD CETEH MPOSIBIISETCS B TOM, UTO CETH
C OJIMHAKOBBIMHU TIapaMeTpaMu, oOyJaroIluecss Ha OJMHAKOBBIX 3ajadax, BeayT ceOs
HEOJJMHAKOBO. DTO KacaeTcsl BpeMEeHH OOyueHWMsI, KayecTBa 00y4YCHHsI, yBEPCHHOCTH B
BBIJIABAEMBIX OTBETaX IMPH TECTUPOBAHUH. B 3TOM elre oHO CXOICTBO ceTeil ¢ Ouo-
00BEKTaMHU.

PaccmoTrpum paboTy cetn 6€30THOCHTEIBHO K MPOIIeCCy 00yUSHHS MITN BhIIaYH

PCUICHUA. [Tocne mHULIMaIU3aMK CETH BECa BCEX CHMHAIICOB cnyqaﬁHH. B HavanbHBIN
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MOMEHT BPEMEHU Ha BXOJ/IHbIC HEHPOHBI Yepe3 BXOIHbBIC CUHATICHI (OJIUH WU HECKOJIb-
KO) MOJIAETCSI U3 BHEUTHETO MUPA BEKTOP BXOJHBIX CHTHAJIOB, MPEICTABIISIFOIINN Habop
yucen (MU OIHO 4YMCio). Jlajee 3TOT CHrHall HaYMHAET PacIpPOCTPAHATHCS 1O BCEM
CBSI3SIM MEXy HEHpOHAMH, U3MEHSSCH MTPH TPOXOXKICHUH Yepe3 KaKIblii HEHPOH Co-
TJIaCHO cXeMe (YHKIIMOHUPOBAaHUS HEHpoHA. B KOHEUHOM MTOTE, MOCIEe OJHOTO MpO-
X0Ja BBIXOJIHbIC HEWPOHBI BBIAJYT BO BHEITHUI MHUp Kakue-TuO0 curHaibl. Best mpo-
1elypa OJHOKPATHOTO MPOXOXKICHUSI CUTHAJIOB TI0 HEMPOHHOM CETH SIBISIETCS TAaKTOM
(GYHKIIMOHUPOBAHUSI CETH. MOXHO HE CYHMTHIBATh CHTHAIIBI C BBIXOJIHBIX HEHPOHOB
10CJIe OJHOTO TaKTa (DYHKIIMOHUPOBAHUS, a MPOJOKATHE OOMEH CHTHAJIaMU eIlle He-
CKOJIbKO pa3, He Toj[aBasi CHTHAJIIOB Ha BX0J. OOBIYHO KOJMYECTBO TAKTOB (hYyHKIIHO-
HUPOBAHMS MEXKIY N0Jjaueii CUTHAJIOB Ha BXOJ U CHATHEM CHUTHAJIOB C BBIXOJa (PUKCH-
pOBaHO [Tl TaHHOU ceTr. Kak mpaBuiio, 3TOT mapameTp 3aaeTcs Py WHUIHATH3AIH
CeTH W XpaHWUTCA B (paiiyie ceTu BMeCTe ¢ MaTpuie Kod((GUIMEHTOB (KaKk U HEKOTO-
pBIe APYTHE MapaMeTphl - YUCI0 HEHPOHOB, XapaKTePUCTUKA HEHPOHOB U T.11.).

Takum oOpa3om, HEHPOHHAS CETh, MOJTy4YarolIas Ha BXOJEC HEKOTOPBIA CHUTHAI,
crioco0OHa Ioclie Mpoxo/ia ero Mo HEMpOHaM BhIJaBaTh HA BBIXOJE OMpEACICHHBIN OT-
BET, KOTOPBI 3aBUCUT OT BECOBBIX KO3()(PHUIIMEHTOB BCEX HEUPOHOB U OT CAMOTO CHT-
Hayia. OYeBUIHO, YTO MPH OCYIIECTBICHUH TaKUX MPOLEAYP Ha TOJIBKO YTO WHHUIIHAIH-
3MPOBAHHON CETH MBI OyJeM IMOJy4aTh Ha BBIXOJE CHUTHAJbBI, JIMIICHHBIC BCSIKOTO
cMbIciia (BecoBble KOX(DPUIIMEHTHI ciay4daiHbl). UTOOBI TOOUTHCS BBIIAYU CETHIO Tpe-

OyeMoro pe3ynbTara, He0OX0IUMO OOYUHUTH €e.

Ob6mas cxema 00y4eHUs HEHPOHHOM CeTH

Jlst oOydeHust HEHPOHHOW ceTH Heo0Xxo1uMa o0yJarolasi BHIOOpKa (3aJa4HHK),
cocrosimasi U3 mpuMepoB. Kaxkplii mpumep npencrasisieT co0oil 3aaqy 0JJHOTO U TO-
0 K€ TUMA C WHANBHUIYyaIbHBIM HAOOPOM YCIIOBHH (BXOJHBIX MTAPAMETPOB) M 3apaHee
U3BECTHBIM OTBETOM. Hampumep, B KauecTBE BXOJHBIX MapaMeTPOB B OJTHOM IpUMEPE
MOTYT UCTIOJIBh30BAThCS JTAaHHBIE 00CIeNOBaHMs OJHOTO OOJILHOTO, TOTJA 3apaHee H3-
BECTHBIM OTBETOM B 3TOM NpPUMEPE MOXKET ObITh nuarHo3. Heckoibko MpuMepoB ¢
pa3HBIMH OTBETaMHU OOpPAa3yIOT 3aJayHUK. 3aJauyHUK pacrojiaraercsi B 0a3e JaHHBIX,

KaxKJasa 3aIlluChb KOTOpOfI ABJIACTCA IIPUMCEPOM.
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He ocranaBnmBasch Ha MaTEMaTHYECKUX aJTOPUTMaX, MOAPOOHO OTMHMCAHHBIX B

MoHoTrpaduu [45], paccMOTpUM 001IyI0 CXeMy 00yUeHHS] HEUPOCETH.

1. U3 oOyuaromieii BBIOOpKH OepeTcst TeKyluil npuMep (M3HavalbHO, MEPBBIA) U €ro
BXOJIHBIE TIapaMeTphl (IIPECTABIISIONINE B COBOKYITHOCTH BEKTOP BXOJHBIX CHTHA-
JIOB) TIOJIAIOTCS €r0 Ha BXOJIHBIC CHHAICHI 00ydaeMoi HelipoceTn. OOBIYHO KaXKIbIi
BXOJIHOM TapameTp mpuMepa TMoJaeTcs Ha OJUH COOTBETCTBYIONIMIA BXOTHOW CH-
Haric.

2. HeiipoceTh MpOHM3BOIUT 3aJlaHHOE KOJUYECTBO TAKTOB (DYHKIIMOHUPOBAHHWS, MPHU
ITOM BEKTOP BXOJHBIX CUTHAJIOB PACIPOCTPAHSIETCS 10 CBS3SIM MEXIy HEHpOHAMHU
(mpsimoe (PYHKITMOHHPOBAHHE).

3. V3MmepsroTcs CUTHAIBI, BBIIAHHBIE TEMU HEHPOHAMHU, KOTOPBIE CUMTAIOTCS BBIXOJI-
HBIMHU.

4. [Ipou3BoAMTCS MHTEPIIPETALIMS BBIIAHHBIX CHUTHAJIOB, M BBIYUCIISETCS OIICHKA, Xa-
paKTepU3yIoIasl pa3indre MEXIy BBIIAHHBIM CEThIO OTBETOM U TpeOyeMbIM OTBe-
TOM, UMeromUMcsi B ipuMepe. OIleHKa BBIYUCISAETCS ¢ TMOMOIIBIO COOTBETCTBYIO-
mield QyHKIUU OLlEHKU. YeM MEeHbIIe OICHKa, TEM JIydllle PAaclio3HaH MpPUMEp, TeM
Onke BBITAHHBIA CEThIO OTBET K TpeOyemomy. OrnieHKa, paBHasl HYJIIO, O3HAYaeT
4T0 TpeOyeMOoe COOTBETCTBHE BBIYMCICHHOTO W M3BECTHOTO OTBETOB JOCTHUTHYTO.
3aMeTuM, 4TO TOJIBKO YTO MHUIIMAIM3UPOBAHHAS (HEOOyueHHas) HEHpPOCEeTh MOXKET
BBIJIATh MPABWJIBHBIN OTBET TOJIBKO COBEPIICHHO CITy4YaifHO.

5. Ecnu onieHka mpuMepa paBHa HYJI0, HUYETO HE MpeANpUHUMAaeTCs. B mpoTuBHOM
cllyyac Ha OCHOBAaHHMH OILICHKH BBIYHCIISIOTCS MOMPABOYHBIC KOADGUIIUSHTHI IS
Ka)/IOTO CHHANTUYECKOTO Beca MATPHIIbI CBSI3EH, MOCIE Yero MPOU3BOIUTCS TO-
CTpO¥Ka CHHANTHYECKUX BECOB (0OpaTHOE (YHKIIMOHMpOBaHHWE). B Koppekiuu Be-
COB CHHAIICOB U 3aKJIF0YaeTCs O0y4CHHE.

6. OcytecTBisieTcs epexo K CIeAyIIIeMy TpUMepy 3aJladHiKa W BBIIICIICPEUHC-
JICHHBIC OTIepaliy MOBTOpsOTCA. [Ipoxon mo Bcem mpumMepaM oOydaroliel BIOOp-
KM C TIEPBOTO IO MOCIEAHUNA CUUTACTCS OJHUM ITUKJIOM OOYydCHUSI.

[Tpu mpoX0XkKISHUM IHUKIIA KQXKIIBIH TPUMEP UMEET CBOIO OIICHKY. Brraucinsercs,

KpOME TOTO, CyMMapHas OIIeHKa MHO>KECTBa BCEX MPUMEPOB 00ydaroliel BBHIOOPKHU.
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Ecnu nocne npoxos1eHusi HECKOJIbKUX IIMKJIOB OHAa paBHA HYIIO, 00y4eHHE CUUTAETCS
3aKOHYEHHBIM, B IPOTUBHOM CJIy4ae LUKJIIbI TOBTOPSIFOTCS.

KonnuectBo nukiioB 00y4eHus!, TakxkKe Kak U Bpemsi, TpeOyrolieecs i MOJHO-
ro 00y4eHHus, 3aBUCAT OT MHOTUX (DAKTOPOB - BETUUMHBI 00y4arolield BEIOOPKH, KOJIH-
YyecTBa BXOJHBIX TApaMeTPOB, BUIA 33/1a4u, TUIIA U NTAPAMETPOB HEHPOCETH U JaxKe OT

cnyqaﬁHoro pacKiiaaa BECOB CHMHAIICOB IIPpY HHUIUAIIN3AllUNU CCTHU.

MeTono/10rn4ecKue acneKkTbl 00yueHusi HelpoceTei

WNuorpa (mpu penieHUM MeIMKO-OMOJIOTHYEeCKUX 3a/1ad - KpailHe peaKo) BCTpe-
YalOTCSl CUTYalluH, KOTJ]a CEeTh He MOXKET 00ydaThCs. ITO MPOUCXOAUT B TOM CiIydae,
KOTI'Jla Ha OTPEJIEICHHOM ATare 00y4eHHsI MICUEPIBIBAIOTCS JalIbHEUITNE BO3MOKHOCTH
MOKCKa 3aKOHOMEPHOCTEN MEXy 00ydalolmuMu napaMeTpamu U pesyiabratamu. [1po-
CTeillas cuTyalus - Korja JBa mpuMepa ¢ COBEpIICHHO OJJUHAKOBBIMH HabOpamu ma-
paMeTpoB MOJIAIOTCA CETH KakK MpHUHAJJIeKaIUe pa3InyHbIM KilaccaM (B Kiaccuuka-
TOpax) WIM UMEIOIKEe pa3INYHOE 3HaUeHUEe OTBeTa (B mpeaukropax). OueBuaHo, 00a
ATHX MpUMepa Bceraa OyAyT Momnaaath B OJHY U TY K€ TOUKY B MPOCTPAHCTBE, UX HE-
BO3MOXHO OyJIeT OTIEIUTh APYT OT JApyra, U mpouecc ooydeHust ocraHoButcs. [Ipo-
rpaMma, yrpasJsiolas HeMpOCEeTsIMH, CUTHAJTU3UPYET 00 OKOHYAHUU Mpoiiecca o0y-
YeHUsI, TPUUEM YKa3bIBaeT, UTO JajbHeiiiee o0ydyeHue HEBO3MOXKHO. 3a/iaya crenma-
JMCTa, 00YYarolIero HelpoceTH - n30exaTh TaKUX CUTYaAllUH, JJ Yero HY)KHbI YeTKas
MOCTAHOBKA 33/1a4U M TIIATEIbHBIA KOHTPOJIb 00Yy4aroliei BHIOOPKHU.

OO0yueHHas HepoceTh aBTOMATHUUECKH 3alTMChIBAETCS HA JUCK KOMIIBIOTEpA KaK
OOBIKHOBEHHBIN (pailyl 1 MOKET XpaHUTHCS TaM, CKOJbKO HeoOxoaumo. B moboit Mo-
MEHT BPEMEHU MOXKHO CUUTATh CETh C JUCKA U MPOJOJKUTH 00yUYeHHE PELICHUIO JIaH-
HOM 3a/1auu CO CTapoi WK HOBOM oOydarorieil Beioopkoi. OHa HeHpoceTh 00yJdaeTcs
pemiath TOJABKO OJHY 3ajady KiacCU(UKAIMKU WIM NPEIUKIHHU, OJHAKO MOXXET HC-
MOJIb30BATh JIsl O0y4YEeHUS pa3inyHble 00yJaronue BbIOopkr. OHU MOTYT pa3inyaThCs
M0 KOJIMYECTBY MPUMEPOB, HO JOJDKHBI COOTBETCTBOBATH JAPYT APYTy MO YHCIy 00Y-
YaloUMX MapaMeTpoB, YUCITY KJIaccoB (B KiaccU(UKAIIMOHHON 3a/1aye), a r1aBHOE, 10
CMBICITY.

['oBopst 06 oOyueHuu HelpoceTel, cleyeT PacCMOTPETh €lIe OJUH BaXKHBIM

aCIIEKT ATOM TeMbl. MBI YK€ 3HACM, UTO YCIICX O6Y‘I€HI/I}I BO MHOI'OM 3aBHCHUT OT 4HCJIa
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HEHPOHOB B CETH, WJIH, TOUYHEE, OT YMCIIa CHHATCOB. FIMEHHO BecoBbie KO3(PHUIIMEHTHI
CUHAICOB XpaHAT "ombIT" ceTH. TeopeTnyeckn, OECKOHEUHO YBEIWYHMBAsI YUCIO HEH-
POHOB M CHHAIICOB, BCETa MOKHO TOOUTHCS MMOJIHOTO OOYYEHUS CETH Ha JTAHHOM 3a-
JAYHUKE, OJIHAKO 3TO JIM SBIISETCS LEIbI0 CO3JATeNsl SKCIePTHON cuctembl? O4ueBu-
HO, HeT. [ TaBHOE, YTOOBI 00y4YEHHAsI CETh XOPOIIIO Paclo3HaBaia MPUMEPHI, KaK pa3 He
BXOJISIIIME B 33JaUHUK.

[Tpobnema 3akiar04aeTCss B TOM, YTO CE€Th C 3aBEAOMO OOJBIITUM (M30BITOUYHBIM)
YHCIIOM CHHANCOB (OTHOCHTEIBHO JaHHOTO 33JaYyHUKA) MOXKET XOPOIIO OOYYUTHCH,
NpoCTO "MEXaHWYECKU 3alIOMHHB'" MMEIONIMECs MpuUMephl. Takas ceTh 00yduTcst ObI-
CTpO (HET HEOOXOIMMOCTH KaK MOXKHO 00Jiee TOUHOW TMOACTPOWKH BECOB) 3a CYET KO-
JMYECTBA, 8 HE KauecTBa.

XOopomuM TMPaKTUYECKUM BBIXOJIOM W3 JAHHOW 3aTPYIHUTEILHOW CHUTYaIHH
ObUTH OBI CETH, CIIOCOOHBIC aBTOMATHYECKH HApalIMBATh YHUCIO HEUWPOHOB MPH HEBO3-
MOJKHOCTH JalbHEHINET0 00YUYEeHHUs, HE Tepsisi IPHU STOM yXKe UMeroIerocs onbita. [lo-
ClIeJTHEE yCJIOBHE BBI3BIBACT 3HAUMTENBbHBIC TPYAHOCTH. HelpoceTs mpeacTaBisieT co-
0ol emuHOE 1e0e, U J00aBIEHHUE HOBOT'O HEMpOHA K CEeTH, paboTaroliel B pamKax
UMEIOIIIEHCsl ceiiyac KOHIICTIIINH, MPUBEAET K HEOOXOJUMOCTH IOJIHOCTBIO TIEpeydH-
BaTh CE€Th. JTO TpeOyeT OOpalleHus K MepBOHAYAILHOMY 3a/Ia4HHUKY, YTO BO MHOTHX
CITydasiX HEMPUEMIIEMO.

[TosToMy co3maTento caMOOOyJaroIIUXCs CHUCTEM TMPUXOAUTCS HATH Ha KOM-
npoMHucc: JTHOO0 JeNaTh CeTh C HEKOTOPHIM H30BITKOM HEHPOHOB, MMEIOIIYI0 PE3epB
JUTI HaKOTUICHUS OIBITa, HO OO0JIAJAONIYyI0 OTHOCHUTEIILHO HHM3KOW CIIOCOOHOCTBIO K
AKCTPANIONSAINH, JTHO0 OOYYUTh CETh ¢ HEOOJBIINM YUCIOM HEWPOHOB, KOTOpask B
JIM CMO’KET HaOpaTh MOTOM JIOTIOJTHUTEIBHBIN OMBIT. Bee 3TO, KOHEYHO, 3aBUCHUT €IIE U
OT 3aJIaYHHMKA - HACKOJIbKO TECHBIC B3aMMOCBSI3H MMEIOTCS MEXIy OOyJaroluMH Ta-
pamMeTpamMH ¥ W3BECTHBIMH OTBETaMH NpUMEpOB. UeMm OoJbIe TaKuX B3aMMOCBSI3EH,
TEM MEHBIIIe HEOOXOIUMOCTh B "MEXaHUYECKOM 3amoMuHaHuu" npumepoB. [IpakTrka
MIOKa3bIBAET, YTO OOJIBIIMHCTBO OMOIIOTUYECKUX W METUITMHCKHX 3a/1a4 UMEIOT JJO0CTa-
TOYHO XOPOIINE B3aMMOCBSI3H, KOHEYHO, IPU TPAMOTHOHN MMOCTAHOBKE 3aJ1a4H M BHIOO-
pe oOydaromux mapamerpoB. OHAKO B paMKax IMpeiaraeMoi METOJOJIOTHH, C yde-

TOM BBICOKOW CKOpOCTH OOyueHusi HeipoceTeil pa3zpaboTaHbl CTpaTeruss U TaKTHKa
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O6y‘IeHI/I}I, ITO3BOJIAIOIIUC oboiTn BBIHIGYKaSaHHBIﬁ KOMIIpOMHUCC, 3a CUCT, IIpaBla,

OOJIBIIIETO BPEMEHH, HEOOXOUMOTO TSl O0OyUSHHUS.

TecTupoBanue NnpumMepoB

[Ipu TecTupoBaHUU MPUMEPOB HEOOXOIUMOCTH B CHUCTEME TMOJACTPONKH BECOB
CHHAIICOB OTMAJaeT, IO3TOMY IPH CO3JIaHHH JKCIEPTHBIX CUCTEM OJIOK MPOTrpaMMBI,
CoJIepIKaIuil alrOpUTMBl OOyUEHHUSI, MOKET HE BKJIIOYATHCS B MPOrpaMMy B Ciydae,
€CJIM He TIPEeAToJiaraeTcsl JOYYMBaTh CETH B Iporecce paboThl IKCIEPTHON CHCTEMBI.
TecTtupoBaHue MPUMEPOB HEHPOCETHIO MOXKET MPOBOAUTHLCS C PA3TUIHBIMU IEIISIMU:

1. IIpoBepka Toro, kak 0O0y4IHnIach HEUPOCETH;

2. Penrenne KOHKPETHBIX 3aa4.

3. MoaenupoBaHue.

B mepBom ciydae ocyiiecTBiIsIETCS TECTUPOBAHNE BBIOOPKHU C 3apaHee M3BECT-
HBIMU OTBETaMM IpUMepoB. TakuM oOpa3oM MOXKHO MPOBEPHUTH, MPABHIBHO JIU CETh
ompenesnsseT OTBEThl MPUMEPOB W HACKOJIBKO YBEPEHHO OHa 3TO JenaeT. OmpeesneH-
HBII CEThIO OTBET MPUMEpPA CPaBHUBAETCS C 3apaHee u3BecTHBIM. Kak mpaBuiio, cHava-
Ja TECTUPOBAHHUE TMPOBOJUTCA Ha TOW BBHIOOpPKE, Ha KOTOpPOM ceTh oOydanack. Ecim
ceTh O00yuYMJIach MOJHOCTHIO, TO MPU TECTUPOBAHUU TOM kK€ caMoil OOydaroiiel BbI-
OOpKM OTBETHI BCEX MPUMEPOB OYAYT OMpPENeNsAThbCs MpaBUIbHO. ['opa3fgo OombIImiA
HWHTEpEC MPEACTABIISET TECTUPOBAHUE aHAJIOTUYHOW BHIOOPKU C 3apaHee M3BECTHBIMHU
OTBETaMH, HO MPUMEPHI KOTOPOW HE Y4acTBOBAJIM B OOyueHHWU ceTu. HempaBuiabHOE
ompenesieHne OTBETOB HEKOTOPHIX MPUMEPOB MOXKET OBITh BBI3BAHO HECKOJIbLKHUMH
MpUYHMHAMU:

1. Beibopka, mo koTtopoi obydanach HEHPOCETh, HEIOCTATOYHO TOJIHO OTPakaeT Kap-
THHY COOTBETCTBUS OTBETOB OOYYaIOIIMM IMapaMeTpaM, WHa4Ye roBOps, B 00ydaro-
el BEIOOPKE CIUIITKOM Majio MPUMEPOB.

2. Beibopka, mo koTtopoii o0ydyansach HEUPOCETh, COCTaBICHA TEHJCHIIMO3HO. JTO 03-
HAYaeT, 4To JyIsl 0Oy4eHHs OAOUPaTUCh MPUMEPHI, KOTOPbIE, 0 MHCHHIO UCCIIEO-
BaTess, "SBISIOTCS CaMBIMH SPKHUMHU TPEACTaBUTEISIMU CBOETO Kilacca WU TPYII-
nel". OT0 cepbe3Has ommbOka. [Ipu Takoil BeIOOpKE, KOHEYHO, HEHpPOCETh OynaeT

06yanbc;1 HaMHOTI'O JIy4ylie, HO CITOCOOHOCTE €€ K TCCTUPOBAHUTIO APYI'UX IIPUMCPOB
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CYIIIECTBEHHO TajaeT. B JAeiCTBUTENTLHOCTH HEOOX0AUMO O0ydaTh CETh Ha peaib-
HBIX JaHHBIX, KAKUMU Obl OHU MPOTUBOPEYMBLIMU HU ObUIH. Ecnu ceTh HE cMOXeT
0OYYHTHCS TIOTHOCTHIO, MOKHO TTPUMEHUTHh HEKOTOPBIE MEPhI, KOTOPBIE OYIyT pac-
CMOTpPEHBI HUXKE.

3. OOGyuaromiasi BEIOOpKa UMEET HEIOCTAaTOUHOE KOJMUYECTBO OOYUYaIOIIMX apaMeTpOB
U CETh HE MOXXET HAMTH 3aKOHOMEPHOCTH MEXIy BXOJHBIMU CHUTHAJIaMH M OTBETa-
MH.

4. Ilpu co3naHuy CETH HE ONTUMAJIBHO OBLIM BHIOpaHBI HEKOTOPHIC CETEBHIE MapaMeT-
pBI, HAPUMEP, YUCIIO HEHPOHOB, YHUCIO TAaKTOB (YHKIIMOHUPOBAHUS WU XapaKTe-
puctrka ceTd. Huxke MbI mOApOOHO OCTAaHOBUMCS HAa METOJOJIOTHH ONTHMAJIbHOTO
BBIOOpA ATUX 3HAYCHUH.

5. 3agana HeBepHas KiaccH(UKalMOHHAS MoOAEHb (MpU OOyYeHUHM HEWpoceTe-
kiaccudukaropon). Bo3sMokHO, Ha caMOM JieJie IPUMEephI TPYIIUPYIOTCS B 3 Kiac-
ca, a ToJIb30BaTeNb 33/1aeT TOJbKO 2. Jlanee OyaeT pacCMOTPEH METOJl KOPPEKIIUH
KJIaCCU(PUKAIIMOHHON MOJICIIH.

[Ipu pemieHrr KOHKPETHBIX 3a7a4 CETH MOJAIOTCS MPUMEPBI, OTBET KOTOPHIX
Hen3BecTeH. B 7Toil cuTyaruu nporpaMMa He MOXKET MTPOBEPUTH MPABUILHOCTH pellie-
HHSL.

B xmaccudukaiimoHHbIx 3a1a4ax Mpu OTBETE HEUPOCETh HE TOIBKO BBIIACT pe-
3yJbTaT - KJIacC TECTUPYeMOro mpumepa. Kak yxe TOBOPHIOCH, B OTJIIMYHME OT OOJIb-
IIMHCTBA SKCIEPTHBIX CUCTEM, pabOTAIOUIUX MO YETKHUM IPaBHIIaM, PEIICHUE 3aTadu
Ha OCHOBE OIIbITA BCET/Ia MMEET “HeueTkuii” xapaktep. [loaToMy kpome Kitacca TeCTH-
pyeMoro mpumepa CeTh BBIUUCIACT KOIPPUIIMEHT YBEPEHHOCTH B JIAHHOM PCIICHUH.
KoadduimeHt yBepeHHOCTH 3aBUCHUT OT 33JIaHHOTO YPOBHS HAJEKHOCTH U PACCUUTHI-
BaeTcs mo popmyie:

KVY = (Max1-Max2) / R x 100%, (2)
rae Max1 - oTBEeT BBIXOAHOTO HEHPOHA, OTBEUAIOIIIETO 32 Kiiacc-"mobeaurens'", Max?2 -
OTBET BBIXOJHOTO HEHPOHA, BBIJABIIETO CISAYIOIIMN MO MaKCUMaIbHON BEITUYMHE
curHan, R - ypoBenp HamexHocTu. Cyns mo ¢opmyse sICHO, YTO YBEPEHHOCTh CETH
3aBHUCUT OT TOT'O, HACKOJIBKO HAMOOJBIINN M3 BBIXOJHBIX CUTHAJIOB MPEBHIIIAET BTO-

poii nmo BenuuuHe curHai. EcrectBenHo, ecnu KY nonyudaercs 6onee 100%, oH mpu-
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paBHHBaeTCA K 3ToMy umciy. M3 Toro, 4to B 3HaMeHaTesne MpaBoi 4acTH (OPMYIIbI
CTOUT YPOBEHb HAJCKHOCTHU, CJICAYET, Ha MEPBBIM B3I, MapagoOKCaIbHBINA BBIBOJ:
ceTh, o0yueHHas Jy4iie (ypoBeHb HaJAC)KHOCTH OOJIbIIE) TaCT MEHBIITYIO YBEPEHHOCTh
B OTBETE, YeM CeTh, OOydYeHHass Xyxe. OgHAKO NPH BHUMATEIHLHOM PACCMOTPEHUH
poOJIeMBI JIeNlaeTCs SICHO, YTO MPU TECTUPOBAHUHU MPUMEpa MEPBOM CEThIO, BhIpaXKe-
HUe, CTOsIIee B YUCIIHUTENE, Takke OyAeT OoibIine (OTBET OJHOTO HelpoHa OyJeT Ha-
MHOTO 0oOJIbIlIe OTBETa APYTroro) BcieacTBHe nydied ooydeHHoctn. Kpome toro, KY
BBIpa)XaeT BCE K€ YBEPEHHOCTh KOHKPETHOM CETH, KOTOpas BO MHOTOM 3aBHUCHUT OT
TOTO, HACKOJIBKO TECTUPYEeMbIH MpuUMep OJIM30K K MpHUMeEpaM, Ha KOTOPBHIX o0ydanach
9Ta CETh.

Ecau nmpumep oTiMuaeTcs 10CTaTOYHO CHIIBHO, Jy4lle oOydeHHas ceThb OyaeT u
COMHEBAThLCS OOJIBIIIE, YEM CETh C MEHBIIUM "OmIbITOM".

OnuH W3 ToKaszaTene kadecTBa OOyUeHHMs - OMpelesieHHe MPOTrHOCTHYECKOM
CIOCOOHOCTH HEMPOCETH - COCTOUT B MOJICUETE MPOICHTA MPABUIBLHO PaCIO3HAHHBIX
npumepoB. [Ipu cpaBHeHMH KauecTBa OOy4deHHUs JBYX HeHpoceTeil, B ciydae, Koraa
00€ ceTH Jar0T OJMHAKOBYIO MPOTHOCTUYECKYIO CIIOCOOHOCTH, MOYKHO IOJCYUTHIBAThH
CpPEeIHMI MPOLIEHT YBEPEHHOCTH MPU TECTUPOBAHUU BBIOOPKH. OH PacCUUTHIBACTCS KaK
cpensss apudMeTHIecKas MPOIEHTHBIX BETUYUH YBEPEHHOCTH, TIOJyUYSHHBIX TIPH TeC-
TUPOBAHUHU KaXKJIOTO NMPUMEpa 32 U3BECTHBIN PE3YINIbTAT.

NHorma HeoOxoauMo 3HATh, K KaKUM elle KilaccaM, KpoMe HalIeHHOT0, OJIM30K
TECTUPYEeMBIA MpUMEp. DTO MOXKHO CJlieJlaTh HECKOJBKHUMHU CIOCO0aMH, W3 KOTOPBIX
JIOCTAaTOYHO TPYAHO BBHIOpaTh HAWIYUIIMKA, OJHAKO CaMblid ONTHMAJbHBINA, Ha HAaIl
B3TJISAJI, 3aKJIFOYACTCS B TOM, YTOOBI TIPOCTO CPABHUTH CHUTHAJIBI, TTOJYYCHHBIE CO BCEX
BBIXOJIHBIX HEHPOHOB (MX MOXHO BBIPA3UTh B MPOILIEHTaX OT MaKCUMaJIbHO BO3MOXKHO-
ro). [IoHSITHO, 4TO KOTJIa BCE BBIXOJHBIC CUTHAJIBI OJU3KHU JIPYT K APYTY, CETh 3aTPy/-
HSIETCS J1aTh YBEPEHHBIN OTBET.

W3 BbIIECKAa3aHHOTO BBITEKAET OYEHBb IMOJIE3HBIN IS MPAKTHKU BBIBOI. M3Mme-
HSS B pa3IMYHBIX HANPaBJICHUSAX 3HAUYCHHS MapaMeTpPOB MpUMEpa U MOBTOPSS €0 Tec-
TUPOBAHWE, MOKHO BUJIETh, YTO M Ha CKOJbKO HY)KHO U3MEHHTH, YTOOBI TIPUMED CTaJl
MIPUHAICKATHh K TpeOyeMOMY KJIacCy. DTO MOXKET OBITh MOJIE3HBIM ISl METUIIMHCKOM

JTUArHOCTUKU M MporHo3upoBanus. [Ipenmnonoxum, 4to cetb oOydeHa auddepeHin-
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poBaTh OOJILHBIX M 3I0POBBIX JIOJEH M0 HA0OPY KIMHUYECKUX MapameTpoB. M3menss
Ha KOMIBIOTEPE 3TH MapaMeTpbl, MOXKHO TOOUTHCA, YTOOBI MPHUMEpP, ONpeAeIeMblit
Kak "OoJNbHOM", cTan MpUHAIeKaTh Kiaccy "3popoBelit”. Takum ob6pa3om, cTaHeT sic-
HO, KaKve KIMHUYECKHE MapaMeTphl MOJIeKaT U3MEHEHUIO IJIsl YIYULIEHUS] COCTOS-

HUS OOJIBHOTO.

Co:ma}me MECIUIMMHCKHX HCﬁpOCCTeBbIX IKCIEPTHBIX CUCTEM

JlroOast skcnepTHas cUCTEMa JOJKHA COCTOATHh YCIOBHO W3 YETHIPEX OJOKOB:
uHTepdelic ¢ mojb3oBaTeneM, 0a3a 3HAHWN, BBIYMCIUTEIbHBINA OJIOK, OJIOK OOBsICHE-
HUH, TIO3BOJISIONINNA TTOJIH30BATEIIO MIPOCICINUTD X0 PacCyKICHHU" CUCTEMBI B KOH-
KpeTHOM citydae. CBS3YIOIHUM 3JIEMEHTOM MEXKIY dTUMH OJIOKaMHU SIBJISIETCS METOJI, C
MOMOIIIbI0 KOTOPOTO AKCIIEPTHAs CHCTEMa B OTBET Ha 3amlpocC IOJIb30BaTEeNs BbIAACT
pe3ynbTaT (3aKmrodeHue). Takue METOIbl MOXKHO Pa3JeiuTh Ha TPU OCHOBHBIC TPYII-
TIBI:

1. MeTtoasl TOTHYECKUX MPaBWI “‘B YUCTOM BHUE™, KOraa gopManu3aliius MpaBuil Io-
Jy4eHUs pe3ynbTaTa OCYIIECTBISIETCS CIISIUATIMCTOM;

2. Te e MeToapl, ogHAKO (hopManu3alus MPABUI OCYIIECTBIISETCS UCCIEI0BATENEM,
HaOTI0JA0IIUM 32 PabOTOM CHEIMaINCcTa CO CTOPOHBI;

3. MeTo/bl, OCHOBaHHBIE HA MPUHITUIIE “‘CMOTPU U YUUCH .

Coznmanue qaxe MpOCThIX SKCMEPTHBIX CUCTEM, OCHOBAHHBIX Ha MeTonax 1 u 2,
MPEACTABISAET COOOM HEJETKYIO 3a7a4y, MPEeXkae BCEro MoTomMy, 4To TpedyeT COBMECT-
HOH paboOThHI CMEIUATKCTOB pa3auyHOro npoduis. TpaauliuoHHbIE SKCIIEPTHBIC CHUC-
TEeMbI, OCHOBaHHbIE Ha 0a3axX 3HaHWM W JOTUYECKUX MPaBHIIaX, TPEOYIOT JJIsi CO3TaHMS
JIOBOJIBHO OOJIBIIOTO BpeMeHHU U cpeacTB. Co3nanne TpaguilmOHHOW SKCIIEPTHOM CHC-
TEMBI MO’KHO YCJIOBHO Pa3eiuTh Ha HECKOJIBKO ATAIOB.

1. TToctaHoBKa 3amauu: ompeneieHue Ielied padoThl IKCIEPTHOM cHUCTeMbl, Habopa
BXOJIHBIX JaHHBIX U (DOPMBI MPEICTABIICHUS OTBETA.

2. Coop nmaHHBIX: HAOOp pPENMpPEe3eHTAaTUBHOTO MaTepuasia JJisi CTATUCTUHYECKUX HCCe-
JIOBAaHUU U €T0 CTPYKTYPHPOBAHKE - pa3IesieHHe Ha MOATPYIIIHI IO pa3HO0Opa3HbIM

IMPpU3HAKaM.
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3. Craructuveckass oOpaOOTKa: BBISIBICHUE 3aKOHOMEPHOCTEH, CBSA3BIBAIOIIUX BXO/I-
HbIC JJAaHHBIC C OTBETOM - PacyeT CPEAHMX U OTHOCHTEIIbHBIX BEJIUYHH, UX CpaBHE-
HUE, KOPPEIISAIMOHHBIA, PETPECCUOHHBIN, (aKTOPHBIN aHAJIU3BI U T.I.

4. Co3nanue 0a3bl 3HAHWK: 0QOPMIICHUE JIOTUYCCKUX IMPaBUII, MO KOTOPHIM JIOJDKHA
paboTaTh IKCIEPTHAS CUCTEMA.

5. [IporpaMMHupOBaHUE AJTOPUTMOB: MMEPESHECCHUE JIOTUYCCKUX MPABUI Ha SI3bIK TIPO-
IrpaMMHPOBaHMS.

6. Co3nanue uHTEep(erica CUCTeMbI: pa3padoTKa CPEICTB B3aUMOJICHCTBUS CUCTEMBI C
10JIb30BaTesieM - (POpMBI BBOJIa IAHHBIX, BEIBO/IA OTBETA M T.II.

7. OTnajaka U TECTUPOBAHME: MPOBEPKa pabOTHI MPOrPAMMBI U UCIIBITAHUE B pPeaIbHBIX
YCIIOBUSX.

[Tpu co3maHuM JTOTUYECKUX IKCIEPTHBIX CHCTEM HAWOOJBIIYIO YacTh BPEMCHH
3aHMMAIOT 3, 4 ¥ 5 3Tamnsl, TPEOYIOIIMEe COBMECTHON pabOThI KaK MPEJIMETHBIX CIIeIHa-
JUCTOB, TaK ¥ POrPaMMHUCTOB U MaTeMaTUKOB. HecMOTpsl Ha TOSIBJICHHE KOMIThIOTEP-
HBIX CPEACTB MPOSKTHPOBAHUS IKCIEPTHBIX CHCTEM, OCHOBHAs pabOTa BCE PaBHO BO3-
JOKeHa Ha creruayuctoB. [Ipu 3TOM BO3HHMKAIOT Cpa3y HECKOJBKO CEPbE3HBIX IMPO-
oneM.

[TepBast U3 HUX COCTOHMT B TOM, YTO IPH PEUICHUHU CIOXKHBIX pEalbHBIX 3aj]au
(9KOHOMHKA, TPOCKTUPOBAHHE, WHXKCHEPHS, OUOJIOTHS) YHCIO JIOTUYCCKUX IPABUI
3HAYUTENIBHO yBeIMUUBaeTCsA. YacTo BOZHUKACT HACTOJIBKO CJIOXHAs CHCTEMa B3aMMO-
CBSI3CH MEXIy HUMH, YTO €€ MIPOCTO HE yAaeTcs OCMBICINTD. Pa30nBKa 3amaun Ha 0J10-
KH Tak)Ke HE BCErja MOMOTaeT: BO-TIEPBBIX, 9TO TOXKE HE BCEr/a MPOCTO CleaTh, BO-
BTOPBIX, IPH pa30MBKE MHOTIa MOTYT TEPITHCS HEKOTOPBIC B3aMMOCBSI3H.

Bropas, eme 6oiiee cepbe3Has mpodiieMa COCTOUT B TOM, YTO JIaJICKO HE BCeria
yJIA€TCSl BBIPA3UTh BBIUMCIUTEIIBHBIN MPOIECC JTOTMUYSCKHUMH MPaBHJIaMU. ITO MOMKET
OBITH CBSI3aHO KaK CO CJIOXKHOCTBIO CaMOi 3a7a4M, TaK U ¢ OCOOEHHOCTIMU JIE€ATEIBLHO-
CTH TIPEJAMETHOTO crenuanucta. OCoOOCHHO SPKO 3TO MPOSBIISICTCS B MEIHIIMHE, T
MPOIIECC NPHUHATHS PEUICHHS] BO MHOTOM OITMPACTCS Ha MHTYMIMIO U OIBIT Bpauda, HE
SIBJISIOIIETOCS SKCIIEPTOM B 00JIACTH COOCTBEHHOTO MbIIIUICHHs. Bo Bcex 3THX cirydasix
TOBOPST, YTO 3aJiaya He MOJJIaeTCs alrOPUTMUPOBaHUI0. KpoMe Toro, maxke eciiu co3-

AaTCJIAM YAacTCA pa3pa60TaTb AJITOpUTM, HUKOr' Ia HCT JI0OCTaTOYHOU rapaHTHH, 4TO OH
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OyZeT KOPPEKTHO pabdoTaTh B PEaIbHBIX YCIOBHSX, & 3TO MOXKHO IPOBEPUTH TOJIHKO

MOCJIE OKOHYAHHUS BCEX padOT MO CO3JaHUI0 CUCTEMBI.

B co3ganuu caMooOydaromieiicss CUHCTeMbl TaKKe MOYKHO BBIICIUTHh HECKOJIBKO

ATAmOB, YaCTh U3 KOTOPHIX COBMAAACT C dTAllaMH CO3JaHUS TPAJAUIIMOHHBIX CUCTEM.

1. ITocranoBka 3amaun. To ke, 4TO W JJIs1 TPAJAUIMOHHBIX CUCTEM ILIIOC BHIOOP ONTH-
MaJbHOM CTPYKTYpPhl HEUPOHHOM CETH W METO/J0B 00y4YeHUs (11711 OOJBITUHCTBA 3a-
Ja4d CTPYKTypa U METOJIbl CTaHIAPTHBI).

2. Coop obyuaronux naHHbIX. Habop mpumepoB st oOydeHHs CeTH, KaXablid U3 KO-
TOPBIX MPEACTABIISIET MACCUB BXOJHBIX JaHHBIX U COOTBETCTBYIOLIUN €My 3apaHee
W3BECTHBIN OTBET.

3. Co3nganue u oOyueHue HeWpoceT. [laHHBIN 3Tam He TpeOyeT MPOBEACHUS CTaTH-
CTUYECKUX BBIYMCIICHUH, a €CJIM 3ajlaya yKJIaJbIBA€TCs B CTaHIAPTHYIO cXemy (B
OOJIBIITMHCTBE CITy4aeB), TO M IPOrpaMMHUCTCKOM paboThl. Ecnu 3a1avya HecTaHaapT-
Has, TpeOyeTcs ajanTaius CTPYKTYpbl HEHPOCETH W METO/Ja BBIYUCIICHUS OICHKU
npu o0ydeHuu. OOydeHne HeHpoceTH B OOJBITUHCTBE CTAHAAPTHBIX CIydaeB Mpe-
CTaBJisseT coOO0M aBTOMATUYECKUN MPOIIECC, KOTOPBIA TOJBKO MOCJE €r0 OKOHUYAHUS
TpeOyeT ydacTus CHeIuaanucTa Jyisl OIEHKH pe3yabTaToB. EcTecTBEeHHO, YacTo Mo-
KEeT TpeOOBaThCSA KOPPEKTHUPOBKA, CO3JaHUE JIOMOJHHUTEIBHBIX CETEH C JAPYrUMH
napamMeTpamMu U T.J., OJHAKO BCETJla €CThb BO3MOXHOCTh OIICHUTh PabOTy CHCTEMBI
Ha Jr000M 3Tare o0ydeHus!, TPOTeCTUPOBAB KOHTPOJbHYIO BRIOOPKY. PaspabartriBas
METOJOJIOTUIO CO3/IaHHUS HEMPOCETEBBIX SKCIEPTHBIX CHCTEM, Mbl HUCXOAMWIA U3
BO3MOKHOCTH pa3paboTku Hanbosee MHANBUAYATU3UPOBAHHBIX (PACCUUTAHHBIX Ha
OJTHOTO KOHKPETHOTO TOJIb30BATESA-CIICIIUATUCTA) CUCTEM CAMUM 3TUM CIICIHAIH-
ctoMm. KoHeuHO, HUYTO HE MeIIaeT O0ObEANHATh B OJTHOW CHCTEME WHIWBHUIYaTbHBIN
ONBIT HECKOJBKUX CIeUanucToB. OTCYyTCTBUE "MaTeMaTUUECKUX'" ITAMOB peaiu3y-
€T TaKkue BO3MOXKHOCTH. [IpeIMeTHBIN CIeNHUaTIUCT B COCTOSHUU CaMOCTOSITEIHHO
MOCTaBUTH 3aj7avy, 0oJjiee TOro, HUKTO, KpOME HETr0, HE CMOXKET CJIeNIaTh TO JIy4IIIe.
COop maTepuana Takke JOJDKEH OCYIIECTBISITh MPEAMETHBIN criennanuct. CXembl
MOCTAaHOBKHM 3aJ1a4, CIIOCOOBI MIPEACTABICHUS JaHHBIX M CIIOCOOBI TIPOTYKIIUN OTBE-
Ta HEHPOCEThIO pa3paboTaHbl TAKUM 00pa3OM, YTO OOJBIITMHCTBO 3a7a4 BO MHOTHX

obOnacTax YKIAABIBAIOTCA B 3TH CTAHAAPTHBIC CXCMBI. HOBTOMy IIpu HaAJIMYUH XO-
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pOIIO MPOAYMAaHHBIX WHCTPYMEHTAIBHBIX MPOTPAMMHBIX CPEACTB padOTHI C HEH-
POHHBIMH CETSIMHU U JOKYMEHTAIIMM K HUM OOJBIIMHCTBO CHEIUATHUCTOB CIIOCOOHBI
CaMOCTOSITEIFHO pa3padaThIiBaTh HE OYEHB CJIIOKHBIE HEHPOCETEBBIC MPUITOKECHUSI.

4. Coznanue unrepdeiica. To xe, 9TO U AN TPATUITMOHHBIX SKCIIEPTHBIX CUCTEM.

5. Otnagka U TECTUPOBAHHUE. DTall BKIIOYAET B OCHOBHOM OTJIAJKy pabOThI Mporpam-
MBI, T.K. TECTUPOBAHHE YaCTO MIPOBOJUTCS B MPOIecCce 00YUCHUS CeTEeH.

6. loyunBanue. JTarm, XapakTEepPHBIM TOJIBKO I oOydaromuxcsi cuctem. Ilpu co3na-
HUW HEUPOIKCIIEPTHBIX MPOTpaMM JOBOJIBHO PEAKO BO3MOXKHO cpaszy cobpaTh Jq0c-
TaTOYHOE KOJMYECTBO JAHHBIX NJIsi Xopoliero ooydeHus: cetu. [loatomy, co3naBas
HEHWPOCHUCTEMY, UCCIIEAOBATENH ONPEACISIIOT HAWTYUIINe TTapaMeTpbl ceTel U Mpo-
BOJISIT CTapTOBOE oOydeHue. B mocneayromniem moip30BaTeid T0yYuBalOT CUCTEMY B
YCIIOBUSIX pealibHOM paboThl U pealibHBIX JaHHBIX, IepeaaBas el onbIT. bonee Toro,
KOPEHHOE OTJIWYHE METOAOJOTUM CO3JaHUs HEHMPOCETEBBIX CUCTEM OT TPaJAMIIMOH-
HBIX COCTOUT UMEHHO B TOM, UYTO CHCTeMa HHKOTJIa HE CO3JaeTCs Cpa3y TOTOBOH, H
OoJee TOro, HUKOTa HE SBJISICTCS MOJHOCTBIO 3aKOHYCHHOM, MPOA0Kas HaKaIlIn-
BaTh OIBIT B IIPOIIECCE IKCIUTYaTaIlUH.

Pesromupyem nmeronuecs IperMyIiecTBa HEHPOCETEBBIX IKCIMEPTHBIX CUCTEM
nepea 0OBIYHBIMH, KOTOpPBIE, KaK Y€ TOBOPHUIIOCH, MPOSBISAIOTCS TOJBKO MPHU pelie-
HUU TPYTHOUITOPUTMHUPYEMBIX 3a/1a4.

1. HeiipoceT mpuHUMAIOT pEIICHUs] HA OCHOBE OIbBITA, MPUOOPETAEMOTO UMH CaMO-
crositesibHO. "CamMoCTOsITeNTbHO" B JAHHOM Cllydae O3HayaeT TO, YTO CO3AaTeNto
AKCIIEPTHON CUCTEMBI HE TPeOYEeTCsl yCTaHABIMBATh B3aMMOCBSI3H MEXKTY BXOTHBIMU
JAHHBIMU U HEOOXOAMMBIM peIlIeHHEeM, 3aTpaurBas BpeMsi Ha Pa3HOOOpPa3HYIO CTa-
TOOpaOOTKy, MOAOOP MaTeMaTHYECKOTO ammapara, CO3/JaHHe M MPOBEPKY MaTema-
THYECKUX MOJICIICH.

2. Pemienue, mpuHUMaeMoOe HEUPOCEThIO, HE SIBIAETCS KaTeropuyHbM. CeTh BbIAACT
pelieHrne BMECTE CO CTETICHBIO YBEPEHHOCTH B HEM, YTO OCTaBJISET MOJIh30BATEIIIO
BO3MOKHOCTh KPUTUUYECKH OLICHUBATH €€ OTBET.

3. HeﬁPOCeTL IIO3BOJIACT MOACIUPOBATDE CUTYAIUIO IIPUHATHUA PCIOCHUA.
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4. HeiipoceTu 1aroT OTBET OYEHb OBICTPO (JIOJM CEKYHJIbI), YTO MO3BOJISIET HUCIOJIb30-
BaTh WX B PA3IMYHBIX JUHAMHUYECKHX CHCTEMax, TPeOYIOIIUX HEe3aMeIUTEIbLHOTO
IPUHSATHS PELICHUS.

5. Bo3moxkHOCTH HelpoceTel (Koppekius KiacCu(UKAITMOHHON MOIEIN, MUHUMHU3A-
sl 00yJaronux mapaMeTpoB U Jp.) MO3BOJISIOT YIPOUIATh MPOLIECC CO3/IaHUs IKC-
NEPTHBIX CUCTEM, ONIPEAEIIATh HAIPABJICHUS HAYYHOTO [TIOUCKA.

['maBHBIM KpUTEpUEM pabOThl HEHPOCETEBBIX HIKCIIEPTHBIX CUCTEM JOJKHA OBbIThH

IIPaKTHUKa - MHOTOKPATHBIE UCTIBITAHUS U IPOBEPKH B CAMBIX PA3JINYHBIX YCIOBUSIX.

OnpeneneHHbIM TPENSTCTBUEM HCIIOIb30BAHUS HEUPOCETEH MOXKET SBISETCA

BCE JK€ HEKOTOpasi OrpaHUYEHHOCTD 3aJ1ay, peimaeMbix uMu. Horna B Oj0ke TpyaHO-

ANTOPUTMHUPYEMBIX 3aJ]a4, PEIIaeMbIX C MOMOIIBIO CaMOOOyUarolehcss IKCIEPTHON

CHUCTEMBI, MOTYT IPUCYTCTBOBATh 3JIEMEHTHI YETKUX IMpaBUi. B TakoMm ciaydyae coBep-

[IEHHO JIOTUYHO KOMOMHHPOBATH B OJHOM IKCIEPTHON CUCTEME HECKOJIbKO HeWpoce-

Tel WK Jake OObIYHbIE MaTeMaTHYECKUe METOJIbl U CTPOUTH U3 HUX HepapXUyecKue

OJIOKH, OJIHM U3 KOTOPBIX UCIONB3YIOT AJII CBOMX JACUCTBHI pe3yabTaThl paboThl JIpy-

rux. CnenyeTr NoA4epKHYTh, YTO IPUMEHEHHNE HESBHBIX aJTOPUTMOB HE IIPOTUBOPEUUT

U HE OTMEHSET UCIOJb30BaHHE (DOPMAIIbHBIX METOJOB, & MOXKET JTOMOJHATHCS UMHU

npu HeoOxoaumocTu. Hampumep, ecinu ¢ MOMOIIBI0 HEHPOCETH OMpeaesieTcs ONTH-

MaJibHasi KOMOWHALIMA JIEKapCTBEHHBIX MIPEMapaToOB /Jisl JICUCHHUS MMAalUEeHTa, U UMEETCS

COBEPIIEHHO YETKOE MPOTHUBOINOKA3aHUE K Ha3HAYEHUIO ONPEAEIICHHOIO IMpernapara, B

AKCIIEPTHYIO CUCTEMY MOKET ObITh BBEIECH MPOCTOM JTOTHYECKUi OJIOK, MPEnsITCTBYIO-

I HAa3HAYEHUIO TOTO JIEKApCTBA HE3aBUCUMO OT PELICHUSI HEUPOCETEN.

Huxe MBI paccMOTpUM MPUHIUIBI M1 OCOOEHHOCTH CO3JaHHSI HEUPOCETEBBIX

9KCIICPTHBIX CUCTCM IJIA OMOJIOTHHU H MCIUIIMHEI.

ITocTanoBka 3agauu

[TocTanoBKka 3amauu Bcerja SBJISICTCS MPEPOraTUBOM MPEIMETHBIX CIeIraIu-
CTOB.

[Tpexnae Bcero, HEOOXOIUMO OMPEACIUTD, UTO MPEACTABISIET COOON aKT pabOThI
AKCIIEPTHON CHCTEMbI, HAUMHAIOIIMICS CO BBOJIa TaHHBIX (YCIOBHUSA 3a7a4H) MOJIb30Ba-
TeJIEM U 3aKaHYMBAIOIIUICS BbIauel oTBeTa. HampumMep, B MEUITMHCKUX JUATHOCTHU-

YCCKHUX 3aJa4dax aKT pa6OTI>I CHUCTCMbI Yalll€ BCCIO HAYMHACTCA C BBCIACHHUA B 5BM
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JAHHBIX O MalMeHTe (CUMITOMATHKA, aHAMHE3, Pe3yJbTaThl AHAJIM30B U T.J.) U 3aKaH-
YHBAETCs BbIJa4eil BO3MOXKHOTO JAMArHo3a W/WiM MporHo3a. Yacto ogHa 3aqadya KOM-
MOHYETCSl U3 HECKOJIbKUX MoA3adad. B 3ToM ciydae kak1oil moj3agaye MOXKET COOT-
BETCTBOBATh OTJIENbHBIA aKT pabOThl CHCTEMBI, XOTS AJIs IMOJb30BATEN 3TO MOXKET
OBITh COBEPILIEHHO He3aMeTHbIM. Hampumep, 1o TaHHBIM O ManueHTe Tpedyercs ycra-
HOBUTb JIMarHO3 M Ha3HAUYUTh COOTBETCTBYIOIIEE JICUCHHUE. Y CTAHOBIIEHUE JMarHo3a Ha
0a3e BBEJIEHHBIX MapaMeTPOB - MepBast Mo/[3a/1a4a, Ha3HAYeHHE TepaIuu - BTOpas, Mpu
ATOM JIJIsl Ha3HAUEHHUS TepaIlluu HYKHbI HE TOJIBKO UCXOJHbIEC TaHHBIE, HO U PEe3yJIbTaT
pelieHust npeabIIyei 3a1auu - T1arHos.

[Tone3Ho cpasy ke Ansi KakI0¥W Moj3anadyu ONpeAesuTh ee Tul (kiaccuduka-
1sl, IPEIUKIINS, BEKTOPHAS MPEIUKIINA).

OObIYHO Kaxaasi Moj3ajaya penraercs OJHON HEeWpOCeThI0 WJIM HECKOJIbKUMU
HEHpoceTsIMU, OObETMHEHHBIMH B OJIMH (PYHKIIMOHAIBHBIA OJOK (Majble IKCHEPTHI
[46]). [Ipu >TOM BBEJIEHHBIE JaHHBIE TOJAIOTCS MOCIEA0BATEILHO HA KXYy HEHpo-
ceTh 0JIOKa U Kaxaas HelpoceTh BblaaeT OTBET. OTBEThI MOTYT paziuyaThCsi, TOITOMY
B TaKOW CUTyalluu TpedyeTcst pa3paboTarh crocod MoJydeHHs] eAMHCTBEHHOIO OTBETA.
3TO MOXHO CIeNaTh IBYMs CIIOCOOAMHU:

1. ITyrem normyeckux npasuia. Hampumep, eciu 5 HelipoceTeil BblAaIM OTBET "3/10-
poB", a 2 - "GoseH", To obiiee pemeHue - "370poB", T.K. 32 HETO MPOTOJI0COBAJIO
Oorbliee yucio Helpocerel-akcnepToB. Ecnu He ynaercs ¢hopmanu3oBaTh MpaBu-
J10, MOXXHO IPUHUMAThH PEIICHUE Ha OCHOBAHUU CTENEHEN YBEPEHHOCTH KaXI0H M3
ceTeu.

2. IlyreM HaACTpOWKH HaJ OJIOKOM MaJbIX KCIIEPTOB HEHPOCETH-"cylepBu3opa’, Ko-
Topas o0y4yeHa MPUHUMATh PElIeHHe MO pe3yibTaTaM padOThl ATUX MAaJIbIX dKCIEP-
TOB.

[Tocne onpenenenus akta paboThl CUCTEMBI U pa3OUBKHU (eciiu TpedyeTcs) 3a/1a-
Y Ha MOJ33/1a4y ClIeyeT pa3paboTka cXeMbl 00YYarOIIUX MPUMEPOB IS KaxaA0H U3
noj3anay. Cxema npumepa BKIFOYAET CIIUCOK BXOJHBIX M BBIXOJHBIX MMapamMeTpoB IS
JTAaHHOM Mo/A3aauu.

OnpeneneHre COucka BXOJHBIX JIAaHHBIX - KBaludUIMpoBaHHas pabora mpe-

MCTHOTI'O CIICIMaJIUCTA, Tpe6y10111a;1 3HaHUA H3yqaeM0171 obnact u OPHeHTI/IpOBO‘IHOﬁ
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BOKHOCTH T€X WJIM MHBIX MMapaMeTpOB, HEOOXOAUMBIX JIJIs MOTy4YeHHUs1 oTBeTa. JKema-
TEeJILHO B Haudajie pabOThl HaJl MPOEKTOM 3aJaTh HEKOTOPYIO H30BITOYHOCThH CIHCKA
BXOJIHBIX JaHHBIX. B manpHelmem “aumniaue” napaMmeTpbl MOKHO OyZIeT JIETKO MCKITIO-
YUTh U3 PabOThI CHUCTEMBI, 100aBUTH K€ HOBBIE HECKOJBKO TPYIHEE, MPEXKIE BCETO
MOTOMY, YTO MOTpeOyeTCss BHOBH OOpaIiaThCs 3a dTUMH MapaMeTpaMu K UCTOYHHUKAM

JaHHBIX.

RN

biok BXOaHBIX mapamMcTpoB

l

biok u3 5 Heipocereit-akcneptoB N1..N5

|

5 OTBETOB

|

Jlornyeckuii OJI0K rOJIOCOBAHHUSA

|

3aKIIYATEIBHOE PCUICHUC

Pucynok 5. Cxema nBrxeHHS MHPOPMAIMH ISl SKCTIEPTHOM CUCTEMBI C 5 HEl-
pOCETAMH-IKCIIEpTaMH, PEHIalOIMMKU OHY U TY K€ 3a/adyy U JIOTHYECKUM OJIOKOM,

OCYIICCTBIIAOINUM I'OJIOCOBAHUC IJISI BbIAAYHN 3aKIIFOUYHUTCIIbBHOTO PCIHICHHUA

Jlanee ’xenaTeNbHO COCTaBUTh HATJISAHYIO CXEMY ABWKEHHS HH(OpMAaIu B
DKCIIEPTHOM CHUCTEME HAuMHAsl CO BBOJAA JAHHBIX M3 BHEUIHEIO MHUpA U 3aKaHYMBAas
BBIBOJIOM OTBETa (OTBETOB) MOJb30BaTeNto. [IpuMep Takoi cxeMbl MPUBEICH Ha pHU-
CYHKE 3.

HeobOxonnMo omnpenenutb OpUEeHTUPOBOYHBIE pa3Mephbl 00ydYarolIuX BHIOOPOK.
Tak, B kiaccu(UKAIMOHHBIX 3aqavax (MoA3afaydax) KeJaTeabHO, YTOObI KaXIbIi

KJIacC OTBeTa OBLI npeacTaBJICH JOCTATOYHBIM KOJIHYCCTBOM IIPUMCPOB. Heo06s3a-
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TEJIBHO, HO JKEJIaTeIbHO, YTOOBI KOJIMYECTBA MPHUMEPOB KaXKIOTO Kilacca HE pa3jinya-
JIUCH CIIUIIKOM CHJIBHO (0oJiee, 4eM Ha TOPSJIOK).

[IpenBapurenbHOe OOyUEHUE W TECTUPOBAHHE HEHpOCEeTeld MOMXHO MPOBOIUTH
Ha HEOOJIBIIIOM KOJMYECTBE IPUMEPOB C IEIIbI0 OTpeeieHHs JalbHEHIIeH cTpaTeruu

U TaKTUKW 0OyuYeHUs, a TaKKe YTOYHEHHs 00IIero pazMepa o0yyarouieil BBIOOpKH.

IIpencraBieHue 00y4YarOIMX JAHHBIX

Crnenytouuii stan paboOThl HaJl MPOEKTOM - pa3pabOTKa MpeacTaBieHus 00y-
yaronmx JaHHeix. HeilpoceTu onepupyroT ¢ uHpopmaiuei, npecTaBIeHHON TOJIBKO B
BUJe yucen. Yucna nogaroTcs Ha BXOAHbIE CHHANCHI HEMPOCETH; OTBEThl, CHUMAEMbIE
C BBIXOJHBIX HEHWPOHOB, TAKXK€ MPEJCTABISIIOT COOOM YHMClIa, TMOSTOMY JUIsl OLICHKH
npuMepa 3apaHee U3BECTHBIN OTBET TaK)Ke JOJIKEH ObITh MpPEJCTaBJICH B BUJE YHCIA
(uucen). Undopmanus »xe, HA OCHOBAaHUHM KOTOPOM HEMpOCETh TOJIKHA JaBaTh OTBET,
MOKET OBITh CaMOro pPa3HOOOpPA3HOrO BUJA: TEPMUHBI, OMMCHIBAIOLINE KaKHUe-T100
CUTYalluH, YKCIa PAa3JIMYHOTO BU/Ia U BEJIMYMHBI, JMHAMUYECKUE PSAJIbI, MACCUBBI, IPa-
buky, TMHAMUYECKHE KpHUBbBIE, ABYX- U TpeXMepHble n300pakeHus u T.1. [losTomy
BO3HUKAET HEOOXOJIMMOCTh KOPPEKTHOI'O MpeACTaBlIeHUsI 3TOM MHPOpMaluud B BUJE
YHCell, COXPAHSIOIINX CMBICI U BHYTPEHHHE B3aUMOCBSI3H B JIAHHBIX.

CylecTByeT OrpoOMHOE KOJMYECTBO CIOCOOOB MpeiCTaBieHUs WHGOpMaLUu
JUISL pa3TIUYHbIX LIeTIeH.

s pabGoThl HEMPOHHBIX CETe C MEIUKO-OMOJIOTMYEeCKHMMH JaHHBIMU MBI
npejsaraeM o BO3MOXKHOCTH TMOJHYIO KJIacCHU(pHUKALUIO JaHHBIX, C KOTOPHIMUA MOKET
CTOJIKHYTBCSI CO3/1aTeJIb MEIUIIMHCKUX IKCIIEPTHBIX CUCTEM, M ONTUMAJIbHbIE CIIOCOObI
UX TPEJCTABICHUS B YHCIEHHOM BUJE, YUUThIBatoIue crenuuky padboTsl Helpoce-
TeBbIX cucTeM. OJTHAKO 3TO HE T'OTOBBIE PEIENTHI, TOITOMY B Ka)XJIOM KOHKPETHOM
cilydae Bce ke TpeOyeTcsl KBau(UIMPOBAHHOE PEIlIeHNE CIEI[UAINCTA.

1. Yucno ¢ "mnaBaromeid Toukoit". OAUMH U3 CaMbIX paclpOCTPAHEHHBIX THUIIOB
NaHHBIX. JlaHHBIE TAKOTO THUIIA MOTYT IPUHUMATH JIIOObIE 3HAYEHUSI, POOHBIE WU 11e-
able. Yarie Bcero OHU MOJIOKUTENbHBI, HO MOTYT OBITh U OTpHIaTenbHbIMU. Hemaro-
BaYKHO, UTO JIJIsl pabOThl HEMPOHHBIX CEeTel MPAKTHUYECKU HE UMEET 3HaueHUue, MOa4u-
HSIETCSl WJIM HET BapUallMOHHBINA Psii ATUX JAaHHBIX 3aKOHY HOPMAJIbHOIO pacrpesere-

Hus. Kak IIpaBHJIO, JaHHBIC TAKOI'O BH/ld pPACIIOIararoTCsa Ha KaKOM-JI100 HHTCPBAJIC C
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HEYETKMMH TIpaHuiaMu. [IppuMepoM MOXKET MOCIYKUTh OOJIBIIMHCTBO JAHHBIX J1a00-
paTopHBIX aHaK30B. JlaHHBIE B BUJIE YKceN C "MiaBarolell Toukoil" He TpeOyroT Ka-
KUX-JIHOO TMepepacyeToB W MOTYT UCIOJB30BaThCid B roToBOM BHjae. CiemayeT ocobo
OTMETHUTH, YTO CIIOCOOBI KOAMPOBAHUS TaKUX MOKa3aTesiel MmyTeM pa30MBKU Ha UHTEP-
BaJIbl U MIPUCBOCHHUS KaXKJOMY MHTEpPBAILy MOPSAKOBOTO HOMEpa HEXKEJIaTeIbHbI IS
HEUPOHHBIX CETEH.

2. Bzaumouckiouaroniye Bapuantbl. OIMH U3 Hanbosee CIOKHBIX THIOB JaH-
HBIX, TPEOYIOUIUX MPOJYMaHHOTO NpeacTaBieHus. MHpopmaius npu 3ToM MpeacTaB-
JIEHA B BUJE OAHOTO U TOJIBKO OJHOTO BApWAHTA U3 3apaHEe U3BECTHOI'O U OIPaHUYECH-
HOro Habopa BapHAHTOB M HE MOKET MPUHUMATH BUJ ApoOHOro uucia. [Ipocreimmm
IPUMEPOB MOXKET CIYXKHUTh MOJ YeJIOBEKa - MY>KCKOM HIIM >keHckuil. Takas uHpopma-
st TpeOyeT YMCICHHOTO KOAUpPOBaHus. B mpHuBeIeHHOM MpuMepe MOXKHO 3aKOJIUPO-
BaTh MY)KCKOM MOJI KaK 1, >KEHCKHI - Kak 2 uiau HaoOopoT. OHAKO JTaleKo He BCeraa
MOJKHO CJIeJIaTh TaKoe MPOCTOE U MPOU3BOJIbHOE KoaupoBaHue. s o0yueHus: Herlpo-
ceTeil mogo0Hy0 HHPOPMAIUIO JOTHYHO TOIPa3eiaTh Ha 3 OCHOBHBIX MOJTHUIIA.

A. HeynopsinoueHHbIE BapHaHThI - NIPUBEICHHBIA MPUMEP C IOJIOM YEJIOBEKa.
WX MOXHO KOJUPOBATh MPOU3BOJBHBIM criocoboM. HYacTo K 3TOMY THIY OTHOCSITCS
JaHHbIE, TIPE/ICTaBIsieMble BCETO JABYMsI BapMaHTaMH (Jla - HET, COIJIaceH - He CorJia-
ceH, OoJien - He 6oJien U T.1.).

b. Ynopsnouennsle BapuaHTbl. Takue JaHHbIE HAXOIATCS B ONPEAEIICHHBIX
B3aMMOCBSI3X APYr C IPYroM, KOTOpbIE MOTYT OBITh BBIPAQ)KEHBI OTHOILIECHUSIMU THUIIA
"Gonpmie", "mensbine". [IpuMepoM MOXKET CIY)XKUTh CTENEHb TSDKECTH 3a00JIeBaHUS
(LILIII). B mro6om ciiydae BapuaHTHI pacliojiararoTcs B OMPEIeTICHHOM TOPSJIKE - Kak
MPaBUJIO, BO3PACTAHUS WK YOBIBAHUS.

B. YactuyHo ynopsigoueHHble BapuaHThl. Cioco® ynmopsiiouuBaHusl HE O4YEBH-
JIEH, OJJHAKO €r0 MOYKHO HAaWTH, €CITU 3TO HEOOXOUMO IS pElIeHHs 3aa4u.

3. CoBmectumble BapuaHThl. UHpOpMaIms MoxxeT ObITh Ipe/cTaBiIeHa OJHUM
WIM OJHOBPEMEHHO HECKOJIbKMMM BapUAaHTaMM U3 MU3BECTHOTO M OIPAHMYEHHOIO Ha-
6opa BapuaHToB. [IpuMepoM MOXKET SBIATHCS HAJIUYUE y 0OCIIEIyeMOro Kakux-indo
3a0oseBaHuil WK 3a00JIeBaHUM, TIEPEHECEHHBIX B JIeTCTBE. B Takux ciyyasix uMmeercs

JABa Pa3/IMYHbIX ITOAXO0Ja K KOAUPOBAHUIO JAHHBIX.
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A. Ecniu BapraHTBI HEYIOPSIOUYEHHBIC, HAMITYy4Iui (HO, K COXaJICHHUIO, HE BCe-
r71a yaoOHBIH) crTocoO COCTOUT B TOM, UTOOBI pa30UTh MPU3HAK HA HECKOJILKO MPU3HA-
KOB, KOJMYECTBO KOTOPBIX PAaBHO KOJMYECTBY BAPHAHTOB M KKIBIH U3 HUX KOIUPO-
BaTh OTAENbHO. KaxIplii MoAnpu3HaKk B TaKOM Ciydae ACNAeTCs CaMOCTOSTEIbHBIM
TIPU3HAKOM M ITO/IA€TCS HAa OT/IEIBHBIN BXOJIHOW CHHAIC HEHPOCETH.

b. Ecnu BapuaHTBl yNoOpsIOYEHHBIE, MOKHO TPUMEHHUTHh MPUHIMI OUTOBOM
MAacKH.

4. Jlata, Bpemsi. O4eHb 4aCTO MEAWIIMHCKHE JAHHBIC COACPIKAT JaThl pa3iiny-
HBIX COOBITHH B XU3HU 0OciemyeMbix. J[s YMCICHHOTO MPEICTaBICHUS! BPEMEHHBIX
TOYEK HEOOXOMMO B KaXIOM MPH3HAKE BHIOMPATh COOTBETCTBYIOIIYIO TOYKY OTCUETA
¥, OTTAJIKUBAsACh OT Hee, BhIpAKaTh BPEMEHHOW MHTEpBaJ B yIOOHBIX eIMHUIAX (ce-
KYHJIbI, Yachl, CYyTKH, Tojpl). Hampumep, eciu y 60JIBHOTO yKa3aHa JaTa BOZHUKHOBE-
HUS Kakoro-aubo 3abosieBaHus, yI0OHEe TIEpPEeBECTH €€ B BO3PACT, KOTOPHIH COOTBET-
CTBOBAJI ATOMY COOBITHIO. ClieiaB 3ToO ISt BCeX 00CIIEyeMbIX, CIICIIHATICT TPUBEICT
nokaszatenb K eauHoi mkane. Eciu TpeOGyercss Apyrod moaxoa, MOKHO TOCYHUTATh,
CKOJIbKO BPEMEHH IPOIIIO C MOMEHTa BO3HUKHOBEHHUsS 3a00JICBaHUS 10 MOMEHTa Ha-
cTosimiero obcienoBaHus. B KaxaoM ciydae NMPeIMETHBIN CIEIUATUCT TOJKSH BbI-
OpaTh crmoco0 MpeIcTaBICHUs, HAan0O0JIee XOPOIIIO OTPAXKAIOIIUI CMBICIT TTapaMeTpa.

5. I'paduku. PazpaboTka cmocoba mpeactaBieHus rpagukoB yacTto Tpedyer
JIOBOJIBHO OOJTBIIIOrO BPEMEHHU.

A. Hauboitee mpocToii, HO HE BCEr/la BOBMOXKHBIN CrIOCO0 - TUCKPETHOE Pasiio-
xenue rpaduka. OqHaKo U MoJa4M Takod MHQPopMamuu norpedyercs OosbIiee Ko-
JMYECTBO BXOJHBIX CHHAIICOB HEHPOCETH.

b. MoxHO u3MepsaTh Ha rpaduKe CIENUalbHO BHIOpPAHHBIC BETUYMHBI, OTpa-
Karolye Hamboyiee BaKHBbIC XapaKTepuUCTHKHU siBieHus. Hampumep, mns OKI - aro
IIMPUHA W BBICOTA PA3IMYHBIX 3yOIIOB, HAJIMYUE OTPHUIIATSIBHBIX 3yOLIOB (Z1a, HET) U
T.1. Takoi cmoco0 MOXeT OKa3aThCs M SKOHOMHee, U AP PEeKTUBHEE, OJHAKO TpeOyeT
XOPOIIIETO 3HAHUSI U3y4aeMOro sBJIicHHs. Bo MHOTHX ciy4asx MPUXOJUTCS MPUOETaTh
K COBMEIICHHIO 000X METOJIOB, OCOOCHHO B IKCIIEPHUMEHTAIBHBIX padoTax MpH H3Y-

YEHUU HOBBIX SIBJIEHUM C IIOMOILBIO HEUPOCETEN.
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6. IIponzBonbHbIe H300pakenus. s mogaun n300paxkxeHusi Ha HEMPOCeTh OHO
NpeJICTaBIseTCS B BUJIe OOJBIIOTO MAacCUBa YKCeI (MHOTIa COCTOSIIETO U3 COTEH Thl-
csi4 ayeMeHTOB). Kaxxoe 4ucio mpu 3TOM OTpa)kaeT COOTBETCTBYIOIIYIO TOYKY H30-
OpaxkeHHsl, pa3/ieJIeHHOro Ha MajeHbkue (parmentsl. Yem Oosnblie pparMeHTOB, TEM
TOYHEE MPeACTABICHNE U300paXKEHUSI, HO TeM OOJIbIIUI MacCUB JJIsl 3TOTO TpeOyeTcs.
CranmaptHoe rpaduueckoe uzobpaxkenue komnbroTepoB IBM AT 286 umeet paszmep
640*350 Touek u MOkeT ObITh TIpeAcTaBiIeHO MaccuBoM u3 224000 uncen. Konuposka
KaXXI0W TOYKM MOKET ObITh paznuuHoi. Eciu n3o0pakeHrne MOHOXPOMHOE U HE J0-
MyCKaeT MOJYTOHOB, KaXJash TOYKa MOXET ObITh oTOoOpakeHa 3HaueHHsAMU (0 (Oemas)
win 1 (yepHas) unu HaoOopoT. Jlyis XpaHEeHUs] TaKOro 3Ha4yeHus AocTaToyHo 1 Outa
uH(popManuu, Mo3ITOMY Il MPEACTaBICHUs Bcero m3oopaxkeHus: morpedyercs 28000
0aiiT, yTo BHoJiHE mpuemiemMo. Ecnu ke n3o0pakeHne 1[BETHOE WJIM UMEET IMOJIyTOHA,
TO KaKJas TOYKa JOJDKHA BBIPAXKATHCS YHMCIOM, Pa3psiAHOCTh KOTOPOIro JOCTAaTOYHA
JUTSI TIPEACTABIICHUS JIIOOOTO 1IBETa WU MOJTYTOHA.

[Tocne pa3paboTku crrcka 00y4arIUX MapaMeTpoB I KaKI0W MoA3a1auu U
oTpeJiesieHns croco0a MpeCTaBIeHUs KaKI0ro MmapaMeTpa U OTBETa MOKHO MPHUCTY-
naTh K GOPMHPOBAHHUIO OOYUYaAIOIIHNX BBIOOPOK - cOopa mHGOPMAITUU U TTOMEIICHUS €€

B 0a3bl JaHHBIX.

Nuavnuanu3anus HEMPOHHOM ceTH

[Tocne ¢popmupoBanusi oOyuaroiieil BHIOOPKH MPOU3BOJIUTCS MHHUIIMATU3ALINS
HEHWPOHHOM ceTH (ceTei), IIsl KOTOPOH OmpeesatoTCs CTapTOBbIC MapaMeTphl. JlanHas
MOJIIJIaBa TOCBSIIIEHA BHIOOPY CTapTOBBIX MapaMeTPOB HEHPOCETH B 3aBUCUMOCTH OT
oOy4aroreit BRIOOPKH U 1€ 00yJIeHUSI.

Pa3pabGotranHas HaMH METOJUKA CO3/IaHUSI HEUPOCETEBBIX IKCIEPTHHIX CHUCTEM
BKJIIOUAeT (PMKCHUPOBAHHBIM HA0Op CTApPTOBBIX MAPAMETPOB, BHIOOP KOTOPBIX MOKET
OCYILIECTBISITHCS MPEIMETHBIM crienuanucToM. OAHaKo Jaxe 3TOT HeOONbIIoNW HAabop
MO’KET ObITh MUHUMHU3HPOBAH IyTeM aBTOMAaTH3al[MU YCTAHOBKHM JOCTATOYHO OYEBH/]I-
HBIX [1apaMeTPOB.

Crucok CTapTOBBIX MapaMeTpOB BKIIIOYAET CIEAYIOUIME MyHKTHI (IIapameTphl,
BBIOOP KOTOPBIX MOXKET ObITh aBTOMATU3UPOBAH, IOMEYEHBI 3BE€3/10YKaAMH ):

1*. BeiOop Tuma HEMPOHHOM CeTH;
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2.* Nms ¢aiina HEHPOHHOMU CeTH;

3. CxemMa mopauu OOy4YalOIIUX JaHHBIX, KOTOpas OMNpEIeNsieT KOJIUYECTBO
BXOJIHBIX CUTHAJIOB M COOTBETCTBYIOIIMX UM BXOJHBIX CHHAIICOB, & TAK)KE OTBET;

4*  BIIIOUEHHE WIH BBIKJIIOUEHUE HOPMUPOBAHUSI BXOJAHBIX CUTHAJIOB;

5*. KonudecTBO HEMPOHOB;

6*. TlapameTp MIOTHOCTH (KOJIMYECTBO HEMPOHOB, HA KOTOPBIEC MOJAETCS OJIUH
BXOJ/IHOM CHUTHAaN);

7*. Bpemst OTKJIMKa HEHPOCETH (YUCIIO TaKTOB (PYHKIIMOHUPOBAHUS HEUPOCETU
P IPOXOXKACHUH OJTHOTO MPUMEPA C MOMEHTA MOJIa4M BXOJHBIX CUTHAJIOB JI0 BbI/Ia-
YU OTBETA);

8*. BennunHa XxapakTepUCTUKN HEHPOHOB.

Kak BUIHO, B MUHUMH3UPOBAHHOM BapHUaHTE CIHMCKA MapaMeTpOB CIIECUATUCT-
M0JIb30BaTENb JTOJKEH BCETO JIMIIb OCTaBUTh 3aJauy, HE 3ayMBIBasCh O BBIOOpE OC-
TaJbHBIX MTAPAMETPOB.

PaccMoTpuM MeTONMKY 3aJjaHusl KaXKIOro MmapaMeTpa, a TakkKe BapHaHT, KOTO-
PBIif IPUHUMAETCS MPYU aBTOMATHYECKON YCTaHOBKE.

CrnenyeT 3aMeTUTh, YTO B paMKax MPUHATOW HAMU HJICOJIOTHH CO3/1aHHE HEeHpo-
ceTeil JOMKHO OCYIIECTBISATHCS MPU HAJUYUMU CTAPTOBOM oOyyaromieil BHIOOPKU, Ha-
xoJsuieiicss B 0aze JaHHBIX, YTO 3HAYUTENIBHO O0JIer4aeT BHIOOP MapaMeTpoB IMOJIb30-
BaTeJeM U JAaeT BO3MOXKHOCTh aBTOMAaTH3allUK BEIOOpA MapaMeTpoB.

1. BriGop Tuma HelipoHHOH cetu. OmpenensieTcss TUNIOM 3ajaun (Kiaccuduka-
1usl, MIpeIuKLKs, BeKTOpHas npeaukius). [lepea BbiOopoM HEOOXOAUMO yOEIUTHCS B
COOTBETCTBUHU oOyuaroleil BEIOOpKH TUIly HelipoceTd. [Ipu aBToMaTuueckoM BbIOOpE
nporpaMma, IocJje OINpeAeNieHus Mojb3oBaTesieM Habopa oOyyarouux napaMeTpoB U
BbIOOpa moJsi 0a3bl JaHHBIX, B KOTOPOM COJEPIKHUTCS OTBET, OCYIIECTBISET aHAIMU3
sToro mojs. Eciu naHHble B HEM MpeACTaBleHbl LEIbIMU YUCIaMH HEOOJBIION pas-
MEPHOCTHU WM (PUKCUPOBAHHBIM HAOOPOM UHMceN ¢ “TiIaBarolleil TOUKOW, yCTaHABIIH-
BaeTcsl KiacCu(UKAIMOHHBIN THN HelpoHHOU ceTu. Ecnu ke naHHbIE MpeCcTaBIeHbI
qrcliaMu C “TiIaBarolleld TOYKON™ C JIOCTATOYHO IIMPOKUM BapbUPOBAHHMEM, YCTAHAB-

JINBAcCTCA Hpe,Z[I/IKI_II/IOHHHﬁ THII HeﬁPOCeTH.
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2. Umsa daiina HeliponHoit cetu. [Ipu aBTOMaTHYecKOl ycTaHOBKE MMs daiiia
CBS3BIBAETCS C YCTAHOBJICHHOM 3a/1a4eil.

3. Cxema nojaun o0y4aronux JaHHBIX U OTBETA HE MOXET ObITh aBTOMATU3H-
poBaHa, Tak KaKk M3HA4YaJIbHbII HAa0Op 0OydYalolIMX MapaMeTpoB U MapaMeTphbl, COlep-
JKallue OTBET, MOTYT OBbITh 3a/laHbl TOJBKO caMuUM crienranucToM. [Ipu Hamuuuu 6a3sl
JAHHBIX TMOJIb30BATEb YKa3bIBACT, KaKkue Mot 0a3bl paccMaTpUBAIOTCS Kak o0ydaro-
Me, U B KaKuX MOJSAX conepkarcs oTBeThl. Kaxknas 3amuch 0asbl ABISETCS TpUMeE-
pOM, eciu siueiika B MoJie, COJIepKallleM OTBET, HE MyCTa, U €CJIM MOJIb30BaTelb CIeIH-
albHO HE yKa3al, YyTO JaHHAs 3aluCh HE JOJKHA y4acTBOBAaTh B 0O0ydeHuH. Kaxmbrit
BXOJIHOM (0Oyuarouuii) mapamMeTp MOXHO IpH OOy4e€HUU U TECTHPOBAHUU IOJaBaTh
Ha OJMH (CTaHJAPTHO) MM HECKOJbKO (IIPU HEOOXOAMMOCTH) BXOJHBIX CHHAICOB
HelipoceTu. BTopoil BapuaHT MOKHO UCIIOJIB30BATh B TE€X CIIy4Yasix, €CIU MOJb30BaTEIh
3apaHee CUMTAeT, YTO KaKOH-IMOO MmapameTp JOJKEH UrpaTh 0coboe 3HayeHUe AJis
MOJly4YeHUE OTBETA M €ro BIMSHUE HEOOXOIUMO YCWIHTh. {5 mpumepa paccMOTpUM
nBe cxeMsl. [lepBas (Ta0. 1) 3agaeTcs mporpaMMoi 1Mo yMOJTYaHUIO (CTaHIapTHO) U HE
MEHSIETCS, €CJIM CO3/1aTeI0 HEMpPOCeTH HET HEOOXOIUMOCTH TMepeonpenesaTh Gopmy
nojayu JaHHbIX. BTopas cxema (Tab. 2) siBisieTcst pe3yIbTaTOM HaIlpaBICHHBIX JIEi-

CTBUU CO3/1aTeNsl HEUPOCETH.
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Taomuna 1.
Cxema mojiayv 0Oyd4aroniux IMapamMeTpOB W ONPECIICHUE OTBETAa, YCTaHABJIH-

BAaCMbIC CTAHAAPTHO

KonunuecTBo Bx0o- Homepa BxonnbIx
[Tons Ga3bl JaHHBIX HBIX CHHAICOB, Ha CHHAIICOB, Ha KOTO-

KOTOpbIE MTOAAETCS pBie oaaercs o0y-
oOyJaromuii mapa- YaroILUN TapameTp
METp

1. duarxos 1 - (OtBeT)

2. Bospact 1 1

3. Ilon 1 2

4. KonnuecTBO 3pUTPOLIUTOB 1 3

5. KonmnuecTBO JIEUKOIIUTOB 1 4

6. 'emornobun 1 5

B mepBoii cxemMe 0asza IaHHBIX COAEPXKUT 6 TOJEH, coAepKaluX JaHHbIE 00
obcnenyembix. [lepBoe mose CoAepKUT OTBET (AMArHO3), OCTAJIbHBIC MOJIS SBISIOTCS
obyuarorumu. Eciu mione, cojepikaiiiee OTBET, MepBoe B 0a3e JaHHBIX, HE TpeOyeTcs
nepeonpeesaTh OTBET. B mpuBeeHHOM mpuMepe 5 00yJaromux mojiek, JTaHHbIC Kax-
JIOTO M3 HUX OYIyT MOAaBaThCS Ha OJJMH COOTBETCTBYIOIINI BXOIHOM CHHAIIC.

Bo BTOpOM mpuMepe moe, coaepikaiiee OTBET, CTOUT MOCIEIHUM; KPOME TOTO,
UMEIOTCS TOJIs, CoAeprKalue Koa oocieayeMoro u ero gamunuto. B 310l cutyarum
M0JIB30BaTENb JOJIKEH yKa3aTh, YTO OTBETOM SIBJIIETCS MMEHHO ToJie “/narnos”.

[TogaBaTe Ha BXOJ HEHpPOCETH KOJ OOCIEAYEMOTO HE MMEET HUKAKOTO CMBICTIA,
MO3TOMY JaHHOE TI0JIC BBIKIIOYAETCS M3 CXEMBI MOJa4H BXOJIHBIX CUTHAJIOB, HECMOTPS
Ha TO, YTO OHO MOKET UMeTh uncioBoil Tut. [lome, comepxkariee pamunuio odcieaye-
MOI'0, TaK)KE€ BBIKJIIIOUAETCS M3 CXEMbI, T.K. OHO SBJISETCS HE YHMCIIOBBIM, & CHUMBOJIb-
HbeIM. [loJis, comepxaliee TaHHBIE O KOJMYECTBE SPUTPOLIMUTOB U TEMOTIIOOMHE, 1MO/a-
IOTCSI COOTBETCTBEHHO Ha 2 M 3 BXOJIHBIX CHHAIICA CO3/IaBaeMOM HEHpoceTH, 4To OyAeT

OIpCACIIATh UX OTHOCUTCIIbHO OoJibllice BIMSHUE Ha BblAa49y OTBCTA Y 06yquH0171 CcC-
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1. Takum o6pa30M, HCCMOTpA HAa TO, YTO YHCIIO O6y‘IaI-OIHI/IX IIapaMCTpoOB PABHO IIO

NPEKHEMY 5, UMCIIO BXOJIHBIX CHHAICOB Oy/IeT yBETUYEHO 10 8.

Taomuna 2.
Cxema mojayv OOyd4aroliux IapaMeTpOB W ONPEJCICHHE OTBETa, 3aJaHHbIC

CO31aTCJICM HeﬁpoceTI/I

KonunuecTBo Bxoa- Homepa BxoanbIx
[Tonsa 6a3b1 naHHBIX HBIX CHHAICOB, Ha CHHAIICOB, Ha KOTO-

KOTOpbIE MTOAAETCS pbie oaaercs o0y-
oOyJaromuii mapa- YaroLUN TapameTp
MeTp

1. Kog nanmenTa - -

2. ®.N.0. nanueura - -

3. Bospact 1 1

4. ITon 1 2

5. Konu4ecTBO 3puTpOIIUTOB 2 3,4

6. KonmnuecTBo JIEUKOIIUTOB 1 5

7. I'emoriioOuH 3 6,7,8

8. Jlmaruos - - (OtBeT)

[Tomauy HEKOTOPBIX BXOJHBIX MapaMETPOB HA HECKOJIBKO BXOIHBIX CHHAIICOB
MOKHO PEKOMEHJIOBaTh M B CJIydYasX, KOrja oOIee 4uciio oOydaromux IMapamMeTpoB
MaJjo (€IUHULIBI).

4. BxiroyeHHe WM BBIKJIFOUEHHE HOPMHPOBAHUS BXOJHBIX CHrHajioB. Hopmu-
pOBaHHUE BXOJIHBIX CHTHAJIOB MPEJCTABISICT COOOW OJIMH M3 BHJOB MPEA0OpabOTKU U
SIBJIICTCS MCKIIIOUMTEIBHO BaXKHBIM B METOIOJIOTHH CO3JaHHMS HEHPOCETEBBIX SKC-
NEPTHBIX cHcTeM. [Ipy HOPMHpPOBAHWM HA BXOJHOM CHHAIC MOJACTCS HE BEIMYMHA
napamerpa (JUisi JaHHOTO MPUMEpPA), a €¢ IKBUBAJICHT, MOJIYUCHHBIN IyTeM Iepecuera
0 OIpeIeJICHHOM cXeMe. MbI MpUMEHsIeM HOPMHUPOBAHNE BXOJIHBIX CHTHAJIOB Ha JHa-

na3oH [-1...1]. Cuctema HOpMHUpPOBAHUS MMEET JIBa ACMEKTa - METOJOJOTHYECKUN U
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TexHoJoruueckuii. [lepBoiif COCTOUT B TOM, YTO HOPMUPOBAHKE MO3BOJIAET YHUDUIIN-
poBaTh MpeAcTaBieHHEe MHPOPMAIMU BHYTPHU ‘‘UepHOTrO SIIHMKa” HEHpPOCETeBOM 3KC-
NEPTHON CHCTEMBI U TIO3TOMY OTMEHSET HEOOXOAUMOCTh CO3/1aTeI0 U/WIN TOJb30Ba-
TEJI0 SKCHEPTHOW CUCTEMBI KOHTPOJUPOBATh JUAIA30Hbl YMCIOBBIX 3HAYECHUN MEIU-
KO-OHMOJIOTMUECKUX AAHHBIX. TEXHOJOTHYECKHI aCMeKT 3aKI0YaeTcsl B CIIETYIOIIEM.
Pa3paGorannas TexHonorus 00y4eHus HEHPOHHBIX CETe MpelycMaTpUBAeT YHHUBEP-
CAJIbHYIO CTPYKTYPY U alITOPUTMbI OOYYEeHHs JUJIi MEIUKO-OMOJOTHYECKUX TaHHBIX
mroboro xapaktepa. OHAKO B pe3ylibTaTe MPOBOAMMBIX HAMH MHOTOYHMCIIEHHBIX JKC-
NEPUMEHTOB ObLIO YCTAaHOBJIEHO, YTO HambOoJjee yHHBEpcalbHas U ObICTpOooOyyaro-
mIasicsi apXUTEKTypa MOJHOCBSA3HOM CUTMOMJHON (MMEIOIEH XapaKTepUCTHUYECKYHO
GyHKIMIO HEHPOHOB) HEWPOCETH ONTUMAJIBLHO pabOTaeT MPU HAXOXKICHUH BXOIHBIX
CUTHAJIOB B AMana3oHe npuoausurensHo [-1...1]. [Ipu pacmmpenuun 3Toro nuanazoHa
NPOUCXOJUT CHayala MPaKTUYECKH He3aMeTHOe, IJIaBHOE, a 3aTeM OBICTPO Hapac-
Talollee CHWYKEHUE KauecTBa O0y4YeHUs, 0COOEHHO SIPKO MPOSIBIISIIOIIEECS MPU CUIIBHO
pa3IMyaIIMXCs IUana3oHax y pa3HbIX BXOAHBIX CUTHANAX.

Eme B Gonplieil crerneHn HOPMUPOBAHKE BIUSET HA DKCTPAIOJISIIMOHHBIE BO3-
MOXXHOCTH HelpoceTu. VMccnenoBanusi Mmokasaiav, 4TO IMPOLEHT MPAaBHIBHO pacro-
3HAHHBIX MPUMEPOB, HE BXOIALIUX B 00YYaIOIIyl0 BHIOOPKY, MAaKCUMAJIEH TaKXke Mpu
HOPMHUPOBAHUU BXOJHBIX JaHHBIX Ha Auanas3oH [-1...1].

VYuutbiBas pe3ysabTaThl 3KCIEPUMEHTOB, pa3pabOTaHHAs METOIOJIOTHUS Mpeay-
CMAaTpUBAET HOPMUPOBAHUE BCEX BXOJIHBIX MMapaMeTPOB Ha auanasoH [-1...1]. Kaxmsrit
BXOJIHOM CHUTHAJ Mepej Mojauel Ha CHHAIIC MePeCUUThIBaeTCs Mo (hopmyie

Y= 2 * (xj - min;) / (max; - min;) - 1 (3),
rJ€ X - MCXOAHBIM CHrHAN, Y- HOIy4aeMblii HOPMHUPOBAHHBIM CHIHAJI, Min U Max -

COOTBCTCTBCHHO MUHHUMAJIBHOC WU MAKCUMAJIIbBHOC 3HAUCHHA HHTCPBAJlda BXOJHBLIX IIa-
PaMCETpPOB B II0JIC, ITIOJaBACMOM Ha CHUHAIIC 1.

,Z[I/Ial'la?)OH BXOOHBIX IIApaMCTPOB PACCUHHUTBLIBACTCA IJIA KaXIO0T'0 II0JIA, IMoJa-
BaCMOI'O Ha CHMHAIICHI HeﬁpoceTI/I. Pacuer MPpOUCXOOUT IIPpU CO3OaHHUH HeﬁpOCCTH. ITo-
CJIC CO31aHuA HeﬁpoceTb XPaHUT MUHHUMYM U MAKCUMYM JIHAIIa30Ha B CBOCM (baﬁﬂe.
Pacuer nguama3oHOB MMPpOUCXOAUT aBTOMATHUYCCKU HCXOIA U3 3Ha‘IeHPII>i, 3aJlaHHBIX B

npumepax oOydarornieit BeIOopku. [ToaToMy xenaTenbHO, 4TOOBI 00yJaroias BHIOOpKa
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cojieprkaja MpUMephl C BO3MOKHBIMA KpaWHUMH 3HAYCHHUSIMHU BCEX O0YyJarolux rnapa-
MeTpoB. Eciu BrociencTBum, HampuMep Ipu J000YUYSHUH WU TECTUPOBAHUH, KaKoe-
au00 3HaYeHUEe OyJIeT HAXOAUTCS BHE MPOMEXKYTKA min..max, MepecyuTaHHOE 3Haue-
HUEe OyJeT COOTBETCTBEHHO JIeXKaTh 3a mpejeinamMu auanaszona [-1...1]. Ecnu "Beimane-
HUe" U3 UHTEepBasIa Oy/IeT HEOOIBIINM (JIECATHIC TOJIN), TO MPAKTUIECKH HE MOBIIMUSICT
Ha KaueCTBO JOOOYUYEHHUS ¥ TECTHPOBAHHE.

Tem He MeHee, peKOMEHAYETCS MOCTe CO3/IaHus HEHMpoceTH (/10 Hayayia BCAKOTO
00y4eHus1!) BHUMATEIHHO MPOCMOTPETh AUANa30Hbl 3HaUYE€HUM, COOTBETCTBYIOIINE Ka-
JKIIOMY BXOJHOMY CHHAIICY, M €CJTH B OyIyIlIeM IpeanosaraeTcs mojaada 3HauyeHuid BHE
JTAHHOTO JMana3oHa, BPYYHYIO U3MEHUTh €ro. Hu B KoeM cilyyae Hesb3si MEHSTh Jua-
Ma30HbBI MOCIe O0yUYeHUs] HEHPOCETH, T.K. 3TO MPHUBEIET K MOCISAYIOIIeH HEKOPPEKT-
HOI 00paboTKe BXOAHBIX CUTHAJIOB, COOIO MPHU JOOO0YyUYEHUH U HEKOPPEKTHOMY TECTH-
poBanuto. [Ipu aBTOMaTHYECKOM 3aaHUU MapaMETPOB CETH BCET/la YCTaHABIMBAECTCA
HOPMHPOBAHUE, aBTOMATUYECKUI MOJICUET IMUANa30HOB 3HAYECHHN M PACIIMPEHUE UX
Ha 33JJaHHYI0 OTHOCUTEJIbHYIO BeInunHy. OTMEHAa HOPMUPOBAHUS MPEAYCMATPUBACTCS
B OCHOBHOM JJIs IPOBEICHUS YKCIIEPUMEHTOB U MCCIIEA0BAaHMM, KaK BO3MOXHOCTH J10-
MOJIHUTEIbHON HACTPOMKH.

Kpome HOpMHpOBaHUS BXOJHBIX CHUTHAJIOB, YCTAaHABIMBAETCS HOPMHPOBAHUE
3HAYEHUN OTBETOB Yy HeMpoceTeh-NpeauKkTopoB. [IpoBeeHHbIE SKCIEPUMEHTHI MOKa-
3a O€3yCIIOBHOE MPEMMYIIECTBO TAKOTO MOaxoja. HopMupoBaHue 3Ha4YE€HHI OTBe-
TOB MPOBOJIUTCS IO CXEME, AaHATIOTUYHON HOPMHUPOBAHUIO BXOJIHBIX CUTHAJIOB.

5. KonnuecTBo HEMPOHOB. DTOT NapaMeTp OMpPEAEssieT CyMMapHOE KOJIMYECTBO
CUHAINTUYECKUX CBSI3€M HEUPOHHOW ceTH. JlJIsi MOTHOCBSA3HOW HEMPOCETH OHO PABHO
KBaJpaTy 4yMciia HEUpPOHOB. EciiM ceTh MCHONb3yeT aJanTUBHYIO MATPHUILY BXOJHBIX
CUTHAJIOB (B HaIlle METOJWKE 3TO JCNIaeTCsl BCEraa), 00IIee Yncao MoCTpauBaeMbIX
CBsI3€il paBHO KBaJpaTy YMCIIa HEUPOHOB TUTKOC TPOU3BEACHUE YMCIIa BXOIHBIX CHHAII-
COB Y IUIOTHOCTH TI0JIa4l BXOJHBIX CHTHAJIOB (Ha CKOJBKO HEHPOHOB MOJAETCS KaX-
JIBIA BXOJTHOM CUTHA).

OntumanbHOE KOJIMYECTBO HEMPOHOB BO MHOTOM 3aBHUCHUT OT peIIacMOM 3aja-
yu. bospliee 4MCI0 HEMPOHOB MOBBINIAET TAPAHTHIO YCIICITHOTO O0yUEHHUs, HO YBEIIHU-

YUBACT pa3sMep HeﬁpOCCTH, a 3HAa4YUT, BpCM:A €C Cpa6aTI>IBaHI/IH IIpu TCCTC U BPCMA €C



44

3arpy3Kd C IMCKa KOMITbIOTEpa B MaMATh. B o0ImieM cirydae, 4uciio HEWPOHOB MOXKET
OBITh paBHO YHCIy OOydaromMx TapameTpoB. B kiaccudukaTopax 0e3 amanTUBHOU
MaTPUIIBl BXOJHBIX CUTHAJIOB KOJTMYECTBO HEHPOHOB YCTAHABIMBAETCSI aBTOMAaTUYCCKU
¥ paBHO CyMMe YKciia 00yJaroIIuX MmapaMeTpoB U KOJIMYECTBA KIIACCOB B 3a1ade. Ecnu
Ha0Op BXOJHBIX IMApaMeTPOB M30BITOUYCH (TIPEAIOIaraeTcs, 4To Uisi 00y4SHHST MOYKHO
00OMTHCH JIUIIH YaCTHIO ATOr0 HabOpa) MOKHO 337aBaTh YKCIO HEHPOHOB MEHBIIINM.

He npencrasnisieTcss BO3MOXHBIM KOPPEKTHO HCCIIEAOBATh 3aBUCHMOCTH Kaue-
CTBa OOYYEHHUsI OT YHMCIIa HEHPOHOB, T.K. HEBO3MOXKHO CO3/IaTh CETH C OJMHAKOBBIMU
CTapTOBBIMH KapTaMH M Pa3HbIM YMCIOM HEHpOHOB. [Ipu cpaBHEeHHH ceTel C pa3iuy-
HBIMH KapTaMd Ha Ka4ecTBO OyJeT BIUATH (XOTS M HE CHIBHO) MHIWBUIYAILHOCTH
CeTH, oTpenessieMas CIy9alHbIMUA CTApTOBBIMH 3HAUCHUSIMH CHHANITHYECKUX BECOB.

[Ipu aBTOMATHYECKOM 3a/JlaHUU 4YHCIAa HEHPOHOB MpeajaraeTcsl CIEAYIomast
TexHoJoTus. HUIManm3upyercs u o0ydaercss HeHpOoCceTh ¢ HEOOIBIINM KOJINYECTBOM
HelpoHOB (Hampumep, 2). [Ipuy HeBO3MOKHOCTH OOy4YEeHHs, B 3aBUCUMOCTH OT CYyM-
MapHOM OIEHKU U KOJIMYECTBA BXOIHBIX CHHAIICOB PACCUUTHIBAETCS HOBOE, YBEIHUCH-
HOE KOJIMYEeCTBO HEeHpoHOB. VHUIMamu3upyeTcs U 00y4aeTcsi HOBasi CETh, MMOBTOPSIFO-
Iasi mapaMeTphl MPEABIAYIIEH, HO UMEIoIIasi 3aHOBO YCTAaHOBJIICHHOE OOJIbIIIEe YHCIIO
HeipoHoB. [Iporiecc mOBTOpsIETCS IO TEX MOp, MOKa Kakas-Iu0o U3 ceTed He 00ydIHuTCs
NOJTHOCTHIO. HemoctaTkoM MeToia sIBISICTCSl YBEIMYCHUE BPEMEHH, 3aTPadunBaeMoOro
Ha oOy4enue. [IpenMymecTBa - co3aaTesto SKCIEPTHOW CUCTEMBI HET HEOOXOAUMOCTH
IKCIIEPUMEHTHPOBATH C PA3IMYHBIM KOJIMYECTBOM HEHPOHOB, HA YTO B KOHEYHOM HTO-
re MOXET MOTpedoBaThCs ropasfo Oonblie BpeMeHH. Kpome TOro, mpemiaraeMblid
croco0 mo3BosisieT u30ekaTh CO3aHus 3apaHee CIUIIKOM H30BITOYHON CETH, KOTOpas
MOXXET OBICTPO M XOpOIIIO O0yUHThCS Ha oOydaromel BbIOOpKe, oqHako Oyaer oba-
JaTh HU3KOH SKCTPATOJISIIIMOHHON CIIOCOOHOCTHIO.

6. [Mapametp mnotHOCTH. [ITIOTHOCTh MOAAYN BXOJHBIX CHTHAJIOB OIPEACISICT,
Ha CKOJIbKO HEHPOHOB OyJIET OJTHOBPEMEHHO I0/IaBaThCSl CUTHAJ C KaXKIOTO BXOJIHOTO
cuHarca (He MyTaTh MoJady HEKOTOPHIX, OMPEICIIEMBIX CO3/IaTeNIEM CETH, CUTHAJIOB
Ha HECKOJIbKO BXOJIHBIX cuHArcoB). [Ipu 4ucie HEHpOHOB, paBHOM KOJIMYECTBY BXO/I-
HBIX TIAPaMETPOB, M TUIOTHOCTH, PABHOW €IMHMIIC, KaXKIbIi BXOJHON CUTHAJ TOJaeTCs

Ha OJUH COOTB@TCTBYIOHII/Iﬁ HeﬁpOH. Ecnu B aTOM XK€ CJlIydac IINIOTHOCTb 6yz[eT paBHa
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YHCITy HEHPOHOB, TO KaXK/IbI BXOJHOW CUTHAN OyAeT MOJaBaThCsi HAa BCE HEMPOHBHI.
Takoe "pa3ma3zbpiBaHHe" CUTHAJIOB MO HepoHaMm oOecreyuBaeT aJanTUBHAsS MaTpulla
BXO0JIOB. B 0o0miem ciyyae, 3To Bcerja MpUBOJUT K YIYUIIEHHIO KayecTBa OOydeHUs,
XOTA U 3aMelJIsieT cpadaThIBaHUE CETH U HE3HAUUTEIIHLHO YBEIMUMBAET ee pa3Mmep. [lpu
ABTOMATHYECKOM 3aJJaHUU TUIOTHOCTH OHA YCTAHABIIMBAETCS PABHOM YMCITY HEHPOHOB.

7. Bpems otkiuka. OnpenensieT Yucio TaKToB (PYHKIMOHUPOBAHUS CETH C MO-
MEHTa MOJa4i BXOJHBIX CUTHAJIOB IO MOMEHTA CHSITHSI BBIXOJIHBIX CHUTHAJIOB. DKCIIe-
PUMEHTHI MOKa3aJld, YTO B MOJABISIONIEM YHCIIe MEIUKO-OMOIOTrMYeCKUX 3a1au cie-
JyeT 3aJlaBaTh 3TOT MapaMeTp paBHBIM 2 (pelko 3). DTo CBSA3aHO ¢ OTHOCUTEIBHO TeC-
HBIMH B3aHMOCBS3SIMU (4acTO MPUOINKAIOUIMMUCS K JIMHEHHBIM), TPUCYTCTBYIOLUMHU
B MEJUIIMHCKUX JaHHBIX. boJblline 3HaueHus: BpeMEHU OTKJIMKA, KaK MPaBUIIO, TPUBO-
JSIT K 3aMeJIJICHUI0 O0y4YeHHs] U CHUKEHHIO MPOTHOCTHYECKON CIIOCOOHOCTH Helpoce-
Tu. Heckonbko Oonbllive 3Ha4€HHUS BPEMEHHM OTKIIMKA MOKHO MOPEKOMEH0BATh IS
CeTel-npeuKTOPOB.

DKCHepuMEHThI TIOKa3aJIH, YTO YBEMYEHHE BPEMEHH OTKJIMKA MPUBOJUT TAKKE
K YBEJIMYEHHIO OOUIEr0 Yuciia TaKTOB (YYHKIIMOHUPOBAHUS, HEOOXOAUMOTO IS TMOJI-
HOro OOy4YeHHs CeTell MpPaKTUYEeCKH Ha BCEX MEIUIIMHCKUX 3ajadax, oO0Cy>KIaeMbIX
Huxke. Kpome Toro, yBenuueHue peaibHOro BpeMeHH, TpedyeMoro Ha OJIMH TakT pado-
Thl HEHpOCeTH MpU OOJIBIIOM BPEMEHH OTKIIMKA, YBEJIMYUBAET €Ille U MAIIMHHOE Bpe-
Mms1, TpeOyemoe aiisi 00ydenus. [1oaToMy mpu aBTOMAaTUYECKOM 3aJJaHUU BPEMEHU OT-
KJIMKa OHO MIPUHUMAETCS PAaBHBIM 2.

8. BennunHa XapakTepucTUKH HelpoHOB. Kak yxe roBOpUiIOCh, MPU MPOXOK-
JICHUM CUTHAJIa Yyepe3 HeHpOHBI OH MEepecuuThIBaeTCA MO (QYHKIMU HEMpOHa, UMEIO-
e 3ajaHHbIA MapaMeTp XapakTepUCTUKU. B pe3ynbrare BelMyMHA CUTHAlla BCETa
YMEHBILIAETCs, MPUYEM YeM OOJIbIIE XapaKTEpUCTHKA HEWPOHA, TEM CYILECTBEHHEE
YMEHBILIEHUE OJTHOTO U TOTO ke curHaia (PucyHok 6).

Kpowme Toro, pasHOCTh JBYX MOJIaHHBIX CUTHAJIOB (y>K€ HOPMUPOBAHHBIX) MOCIIE
uX MpeoOpazoBaHus M0 XapaKTepUCTHUECKON (PyHKIIMU OyJIeT pa3iuyHON B 3aBUCUMO-
CTH OT XapaKTEPUCTUKU U 30H, B KOTOPBIX HAXOJATCS MOJaHHbIe CUTHAIbl. DYHKIHS C
MaJiol XapaKTepUCTHKON oOecreunBaeT OTHOCUTEIHHO OOJIBIIYI0O Pa3HOCTh MEXIY

Hp606pa30BaHHBIMI/I CUTHaJIaMH, KOTOPLIC 10 Hp606pa3OBaHI/IH HaxXoauJIMCh HJIM Ha
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3HAYUTEITHLHOM PACCTOSIHMM JPYr OT JIpyra, WIH TPYNIHAPOBAIKCH B 30HE HamOoiee
KpyToro y4yactka GpyHkmuu (oxosio Hyinst). HaoGopot, GyHKIHS ¢ G0NIBIIONH XapaKkTepu-
CTHKOU JIy4Ille pa3/ieisieT CUTHAJIBI, TIOMAJatolIne B KpailHUe 30HBI U HAXOASAIINECS Ha
HEOOJIBIIIOM PACCTOSIHMM JPYT OT Apyra. Tak Kak JOBOJLHO 3HAYMTENIbHAS 4acTh Me-
JTMKO-OMOJIOTMYECKUX MAapaMeTPOB MOTYHHSCTCS 3aKOHY HOPMAIILHOTO pacipeIeICHHs
WIN K€ HOCSIT JUCKPETHBIA XapakTep, HEMPOHHBIE CETH C Majod XapaKTepUCTHKOU
HelipoHa 00y4aroTCsl Ha 3THUX JIaHHBIX ropasfo ObICTpee, 0COOEHHO, eclii B 3ajauye,
HarpuMep, KIacCUPUKAIUK, KIacChl JOCTATOYHO JIETKO pa3[eIMMbl B TIPOCTPAHCTBE
BXOJHBIX mapameTpoB. OIHAKO CeTH ¢ OOJbIIeH XapaKTEepUCTHKOW 00J1aJaloT 3HAYH-

TCJIBHO JIYUYIOUMHU SKCTPAITOJIALINOHHBIMHA CHOCO6HOCTHMI/I, XOTA U XYXKC O6Y‘I&IOTC$[.

Pucynok 6. Cxema n3MeHeHHs CUTHAJIa IpU Tpo-
XOXKICHUH Yepe3 HEUPOH B 3aBUCUMOCTU OT BEITUYHMHBI

XApaKTCPUCTHUKHU

Ecnu xapakrepucTuka ycTaHaBIMBAeTCs MOJIb30BaTEIEM, PEKOMEHYeTCsl BHa-
yajsie 00y4aTh ceTh ¢ HEOOJIbIION XapaKTEPUCTUKOMN, a MPHU YCIIEUTHOM O0y4YeHUH T'eHe-
pupoBaTh U 00y4aTh HOBBIE CETH, YBEJIMUYMBAs ATOT mapameTp. Henb3st MeHITH xapak-

TEPUCTUKY Y oOydaroleics nin 0Oy4eHHOHM ceTH, T.K. 3TO MPUBENET K HEKOPPEKTHOU
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00paboTKe BXOJHBIX CHUTHAJIOB. MBI pEKOMEHIyEeM [Hama30H 3HAYCHUH XapaKTepu-
ctuku ot 0,1 10 0,8.

[Ipu aBTOMaTHYECKOM 3a/JaHMH 3TOTO MapaMeTpa XapaKTepucTUKa BHavaje yc-
TaHaBJIMBAETCSl HEOOJIBIIION, a 3aTeM, B CIy4yae YCIEUTHOTO OO0y4YeHHUs] HEHPOCETH, MO-

CTCIICHHO ITOBBIIIACTCA.

Crparerusi ¥ TAKTHKA 00y4eHUs HEHPOHHBIX ceTel

ITox cTtparerueii oOy4yeHuss HeMpoceTel MOHUMAaETCs OOIMi TIaH OoOydeHHS,
BKJIIOUAIOIIMI pa30MBKY 3aJlauM Ha M0J13a/1a4M, ONpEIe/ICHUE TUTIA U KOJIMYeCTBa HEeM-
poceteii, 00y4aeMbIX MO KaXJ0M U3 HUX, MpeABapUTEIbHbIC MapaMeTpbl ceTeH, IJia-
HUPOBAHUE JCHCTBUI B CIIydae BO3MOXKHBIX 3aTPyIHEHUI.

TakTuka npencraBisieT co00l BO3MOXKHOE BMEUIATENLCTBO OllepaTopa B IMpo-
1ecc 00y4eHHs € 1eJIbI0 €r0 YCKOPEHHS, MOACTPOUKN HEKOTOPBIX MMapaMeTpoB, a Tak-
e ONTUMAaJbHbIE JEHCTBUS IPU HEBO3ZMOXKHOCTHU JAJIbHEUIIEr0 O0yYEHUS CETH.

Chopmynupyem 1enb 00ydeHHsl, Ha TOCTHXKEHHE KOTOPOW HarmpaBJieHbl cTpaTe-
rust ¥ TakTuka. Llenpro OyneM cuuTaTh MOJHOE HA JAHHOM 3aJauHHKE OOydeHHe Heii-
pocetu (Habopa HEMpOCETeH-IKCIEePTOB) C MUHUMAIBHO BO3MOKHBIM YHUCIOM MOJ-
CTpauBa€MbIX CBSI3€l, MAKCUMAJIbHO BO3MOKHOW XapaKTEPUCTUKOM M MaKCHUMAaJIbHO
BO3MOYKHBIM YPOBHEM HAJIC)KHOCTH (MUHUMAJIBHBIM YPOBHEM OTKJIOHEHUs). JlomonHu-
TEJIbHBIM YCIOBHEM MOXET ObITh MUHHUMAJIbHOE (UJIU OTNpPEAESIEHHOE MOJIb30BATEIEM)
YHCIJIO BXOJAHBIX CUTHAJIOB.

Kputepuem noctrkenus nenu OyJeM cuuTaTh pe3yabTaT TECTUPOBaHUS Habopa
IPUMEPOB C U3BECTHBIMH OTBETAMH, HE BXOJSIIMX B 00y4arollyr BbIOOpKY. Tpelye-
MBI pe3yJbTaT ONPEAEIAETCS MOJIb30BATEIIEM.

PaccMoTpuM, Kak BIMSIIOT Ha Ka4eCTBO M JITUTENILHOCTh OOYyYEHUS! HEKOTOphIE
napameTpsl. B Tabnuiy 3 cBeleHbl 3aBUCMMOCTH MeEXIy oOydeHueM (TpeOyeMbIM
BPEMEHEM U KayeCTBOM) CETH, €€ MapaMeTpaMH, OCOOEHHOCTAMHM 3a/laydl U HCIIOJIb-

3yCMOT'0 KOMIIBOTCPA.
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Taomuna 3.
3aBUCUMOCTh BPEMEHHM W KadecTBa OOydeHUs HEHpOCEeTe OT MX IapaMeTpoB,

0COOCHHOCTEH 3ala4ui U IMPUMCHACMOI'O KOMIIBIOTECPA. CTpeJ'IKI/I B IBYX IIpaBbIX KO-
JIOHKaX IIOKa3bIBAIOT, KAK U3MCHAIOTCA HJIHNTCIBHOCTh M Ka4CCTBO O6y‘IeHI/I$[ IIpu n3-

MCHCHHH IIapaMCTpa, YKa3aHHOT'O CJICBA

[TapameTp JnurensHOCTH KauectBo

00yJeHHS oOyJeHUs
VYBennueHrne TaKTOBOM YaCTOThI KOMIIbIOTEPA J -
BriBoa undopmaruu B npoiecce 00ydeHus ) -

Ha DKpaH B rpaduueckoM pexrume
(M0 CpaBHEHMIO C TEKCTOBBIM PEKUMOM)

VYBeanueHne KoJaM4ecTBa IMpUMCPOB

VYBennueHue KoJanmuecTna
o0yyarolux napaMeTpoB

VYBenudeHne KoJIm4ecTBa KjIaccoB
(B kaccuduraTopax)

VYBenu4yeHne pa3sMepHOCTH BEKTOpa OTBETA
(B IpeTMKTOPax)

bnu3koe KoIM4ecTBO MpUMepoB
KaXJI0TO Kiacca (B Kiiaccupukaropax)

[ToBbIIeHNE YPOBHS HAICKHOCTH
(B kmaccudukaTopax)

[ToBbIIeHNE YPOBHS OTKJIOHECHUS
(B IpeTMKTOPax)

YBenruueHue 4ncia HeMpOHOB

YBeaudeHue ImapamMeTpa ImIOTHOCTHU

YBeaudeHue BPCMCHHU OTKJIMKA CCTU

>l | o | o o oo
S|l | o o | | o>

YBeaudeHue XaApaKTCPUCTHUKH

Pa3pabGotanHas MeTO10JIOTHS BKIIIOYAET JIBE CTPATETHH: C yYaCTHEM I10JIb30Ba-
Tesst U 6e3 Hero. ABTOMAaTU3MPOBAHHOE BBIMIOJIHEHUE CTPATETMH MOXET MPOBOIUTHCS
B JIByX BapHaHTaX - MOBTOPSATH MPUHIUIBI “PYydyHOI” CTpaTeruu, WU HCIOIb30BaTh
npyrue npasuia. KpoMe Toro, ctpateruu aBTOMaTu4eckoro o0yueHus moapas3aenstor-
csl eIlle Ha JIBa KJlacca - CTPAaTerny pelieH s Mo3ajauu U CTPATEruy pelIeHHs eTUHON
3a/layM, COCTOSIICH M3 B3aMMOCBSI3aHHBIX (MapajieIbHO WIM UEPAPXUUECKH) MOJ3a-
nad. Mbl 3apaHee OTKa3aJIuCh OT “pyYHON” CTPATETUU PEIICHUs €IUHON KOMIUIEKCHON
3a/layM, TaK KakK, BO-TIEPBBIX, OHU BCTPEUAIOTCS HE TaK YK YacCTO, BO-BTOPBIX, MPU HX

pPCUICHUN (OCO6€HHO npu aA0CTaTO4YHO OOJIBIIIOM KOJIMYECTBE CBI3aHHBIX HOI{SaI[a‘I)
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YKCIIO MOJACTPAauBAEMbIX TTAPaMETPOB, 32 KOTOPHIM HEOOXOIUMO CJICIHUTDH IOJIb30BaTE-
JIF0, MOYKET OYEHb CHJIBHO BBIPACTH.

[TpumMepoM MOKET CIIY)KMTh MHHMMHM3AIUs HaOopa o0ydaronux mapaMeTpoB B
CUCTEME U3 HECKOJIbKMX HMEpPapXWYCCKU CBSI3aHHBIX HEHPOCETEH, OJHU W3 KOTOPBIX
UCIOJIL3YIOT JUIS BBIJAUM pe3yJibTaTa OTBEThI IPYIMX KaK BXOJHBbIC mapamerphl. Ciie-
JyeT 3aMETUTh, YTO MOJIb30BaTEIb BOBCE HE JODKCH 00J1a/IaTh 3HAHUSAMH ITHX CTpaTe-
ruid. IMEHHO JJIsS Takoro ciydas W pa3pa0dOTaHbl aBTOMATH3WPOBAHHBIC CTPATETHU
oOyuenus. PaccMoTpuM BHaudajae NPUHIMIBI “PydyHOM”’ CTpaTEervy IS PEHICHUS
OJIHOM Mo3a1aun (CBEICHHOM K 3JICMEHTAPHOM - KJIaCCU(DUKAIIMK WU TIPETUKIINHN ).

Kak mpaBuiio, mepBelii CTPATErHYeCKUi MIar JjIs pelieHUs Mo/13a1auu - co3/a-
HUE HEHPOCETH ¢ MapaMeTpaMH, MAaKCUMAJIbHO BBITOJIHBIMH JUTSI TIOATBEPXKIACHUS (aK-
Ta MPUHIUITHAIBHON BO3MOXHOCTH 00y4YeHHs. B 3TOM ciydae 3amaeTcss Yuciio Helpo-
HOB M IUIOTHOCTh, PaBHBIC UCXOTHOMY KOJIMYECTBY OOYUaIOIINX MapaMeTpoB (B cliydae
KJIaCCU(UKAIIMOHHBIX 33J1a4 3TH HapaMeTPhbl MOYKHO €III¢ YBEJIMYUTh Ha YHCIIO KJIACCOB
B 3a/1aue). 3aal0TCs MUHUMAJIbHbIC 3HAYCHUS BPEMEHU OTKJIMKA HEHPOCETH, XapaKTe-
PUCTHKA U YPOBHS HAJICKHOCTHU (TSI IPEIUKTOPOB - TPEOYEMBIi YPOBEHb JIOMYyCTHMO-
ro OTKJIOHeHus). Ecnu Takas HedpoceTh 00ydaeTcsi yCIENIHO, MOKHO CYHMTATh, YTO
3aJlaya KIMEET 3aKOHOMEPHOCTH, CBA3BIBAIOIINE BXOJIHBIC TApAMETPhI U PE3YJIbTar.

Jlaniee sxenaTelbHO HAWTH MaKCUMAaJIbHBIH YPOBEHb HAJC)KHOCTH (B KiIaccH(U-
KaTopax) WM MUHUMAJIbHBIA YPOBCHb OTKIOHEHHS (U1 MPEIUKTOPOB), C KOTOPHIM
MOJKET O0YYUTHCS ceTh. [|Jisl 3TOro HET HeOOXOIMMOCTH T€HEPUPOBATh HOBYIO HEHPO-
ceTh. Pa3paboTaHHBIi HaMH TNPOTPAaMMHBIM  HMHCTPYMEHTapuii  (IIPOrpaMMbl
“MultiNeuron 1.0” u “MultiNeuron 2.0 Professional”) mo3BomsieT 3agaTh pexuM J0-
YYUBAHUS C aBTOMATHYECKUM CTYIICHYATHIM IOBBINICHUEM YPOBHS HAJICKHOCTH. DTO
03HAYAET, YTO TOCJEC KaKJOrO YCIEUTHOTO MOJHOTO OOYYEeHHsS YPOBEHb HAJC)KHOCTH
OyJeT aBTOMaTHYECKH IMOBBIIIATHCSA HA 33JJaHHYIO MOJIh30BATEIIEM BEJIWYMHY (IIar), U
oOyueHue OyJeT MpoA0KATHCS, IIOKA HE MepeCTaHeT ObITh BOBMOXHBIM. [locie oKoH-
YaHHUS TMpoIlecca NPEIbIIYIINA YPOBEHb HaJICKHOCTH, IIPH KOTOPOM CETh OOYYHIIach
MTOJTHOCTBIO, U SIBJISIETCS MAaKCHMAaIbHO BO3MOYKHBIM JIJIs1 JAHHOM CETH.

B cimyyae npeIuKTOpPOB HMCIONIB3YeTCs MOHATHE YPOBHS OTKJIOHEHUS, KOTOPBIH

oTpeieNiieT MaKCUMaIbHOE PacXOXKICHUE MeXAy TpeOyeMbIM (3apaHee U3BECTHBIM) U
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BBIUUCIIIEMBIM CEThIO OTBETaMM, IIPU KOTOPOM NPUMEP CUUTAETCS MPABUIBHO PacIo-
3HaHHBIM. [Ipy 3TOM KauecTBO 0Oy4eHUs TEM BBILIE, YEM MEHbIINN YPOBEHb OTKJIOHE-
HUS M103BOJISIET CETU TECTUPOBATh BCE NMPUMEPHI IPABUIIBHO, T.€. YBEJINYUBAETCS TOY-
HOCTb OTBETA CETU. ABTOMAaTUYECKUN PEKUM IPU ITOM CHHXKAET YPOBEHb OTKJIOHEHHUS
1oCJe KaKJOoro MOJIHOro 00ydeHusi. MUHUMaIbHO BO3MOXHBIH YPOBEHb OTKJIOHEHHUS
paBeH Hy:r0 (abCOJIFOTHOE COBIAJICHUE OTBETOB) U MPAKTUYECKH HE MOXKET ObITh J0C-
TUTHYT.

OnvH U3 NPUHIUIIOB CTPATEruH - CO3JaHUe U 00yUYEHUe s KaXI0M 1o13a1a4u
HE OJJHOM, a HECKOJIbKUX HelpoceTel. JXKenarenbHO cO3/1aTh HECKOJBKO CETEH ¢ pas-
HBIMU XapaKTEPUCTUKAMHU U IOC]IE UX 00y4EHUs] CPAaBHUTb UX MPOrHOCTHUYECKUE CIIO-
cobHocTH. BecbMa BepoOsITHO, UTO MPH TECTUPOBAHUM KOHTPOJIBHOM BBIOOPKHU pa3HbI-
MH HEHPOCETSIMH y KaXJI0M M3 HUX OyayT cBOM COOCTBEHHble omMOKu. Pemenue B
TaKOM CJy4ae NPUHUMAETCs Ha OCHOBAaHUM IOJIOCOBAHUS M CpaBHEHMs Kod(dduimeH-
TOB YBEPEHHOCTH KaXKJI0M U3 CETEM.

Kak npaBuio, kiaccupukaTopsl, paclo3HaOLINEe HECKOJIbKO KJIACCOB OJHOBpE-
MEHHO, 00y4aroTCsl HECKOJIBKO XYK€, 4YeM OMHapHble KiacCupUKaTopbl. B Hammx uc-
CJIEJIOBAHUSAX BCTPEUAINCh CUTYyallMy, KOTJa 3a/laya ¢ 5 KjlaccaMH He Morjia ObITh pe-
II€HA OJIHUM 5-KJIACCOBBIM KJIAcCU(UKATOPOM, & CUCTEMA M3 HECKOJIbKUX OMHApHBIX
KJIaccu(UKATOPOB MPEKPACHO pelaia 3aaady. B mogo0HbIX CUTyalusx eCTh HECKOJIb-
KO CITOCO0OO0B perieHus MpoOIeMBbl.

HN3meHnenne BeCcoOB KJIACCOB.

[Tpu oOyuennn kimaccuuraropa KaxaoMy KIAacCy 3aJadqd MOYHO MPHCBOUTH
BeC - "'cTeneHb BHUMaHUs'", KOTOpasi OyaeT yAensThCs HEHPOCEThIO MPUMEpaM JaHHO-
ro knacca. MlcxoHo Beca Bcex KJIaccoB paBHbI efAuHMIEe. [Ipy yBennueHnn Beca Kako-
ro-n1u0o Kjacca OLEHKa KaKIoro mnpuMmepa, NMpUHaAIekallero 3ToMy Kiaccy, Oyner
YMHOJKaThCs Ha ero Bec. Takum oOpa3om, HelipoceTh OyaeT npuiaraTb 0COOBIEC YCHITHS
JUIsl paclio3HaBaHUs MPUMEPOB 3TOro kiacca. [Ipu 3amaHuM HyJneBOro Beca OLEHKU
BCEX MPUMEPOB Kiacca OyIyT paBHBI HYIIO M 3TU MPUMEPHI OYAYT CUUTATHCS PaCIo-
3HaHHBIMU. [IpakTHUECKH 3TO 3KBUBAJIEHTHO MCKIIIOUEHUIO BCEX NMPUMEPOB Kilacca U3

00y4eHuUsl.
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M3MeHeHne BECOB KIIACCOB - DJIEMEHT KaK CTPATEruu, TaKk U TaKTHKU. B crpate-
ITMYECKOM IUIAHE MO>KHO CIIPOEKTHPOBAaTh CHUCTEMY ''MainbIX 3kcrneproB”. Ecnm 3amaua
BKJIIOYAET, HAIIPUMeEp, 3 KJIacca, MOKHO HCIIOJIb30BaTh 3 HEMPOCETH, KaXKaas U3 KOTO-
pBIX 00yuaeTcsl ¢ MOBBIIIEHHBIM BecoM "cBoero" kiacca. B urore Takass HelpoceTb
OyneT pa3nuyaTh Bce 3 Kiiacca, HO "cBoU" Kitace - ocooeHHo xopoio. [Ipu Tectupona-
HUM IpUMEpa pelIeHHe NMPUHUMAETCS ONSATh TaKu TOJIOCOBAaHHEM C YY4ETOM 0CO0O0Tro
MHEHUs "IKcnepToB".

Paszpnesienue 3agxaum.

Ecnu ogHa HelipoceTh HE MOKET 00YUUTBCS pa3IudyaTh HECKOJIBKO KJIACCOB WM
JIeJIaeT TO HEAOCTATOYHO XOPOILO, MOXHO Pa3[eNIUTh 3aJady MEX]Iy HECKOJIbKUMU
pa3HbIMM CETSAMU (IPUHLIMII, OCHOBAHHBIA HA TUXOTOMHHM). DTO JIENAeTCs CIETYIOINUM
oOpazom. IIpeanonoxum, 3anaya nmeet 4 knacca. Cozgaercst 3 OMHapHBIX Ki1accudu-
karopa. [lepBsiii oOyyaeTcs oTiMuaTe npuMepsl 1 kiacca ot npumepoB 2,3 u 4 knac-
COB, O0OBEIMHEHHBIX B OJUH Kiacc. Bropoii OmHapHbIi KitaccupukaTop o0ydaercs OT-
JAMYaTh MPUMEPHI 2 Kitacca OT mpuMepoB 3 u 4 Kiacca, Takke 00beTUHEHHBIX B OJUH
knacc. TpeTes ceTb 00yuaercs pasnnyaTh npuMmepsl 3 U 4 kiacca. TectupoBanue npu-
Mepa MpU 3TOM OCYILECTBISETCS TaK: IpUMEp Mojaaercs nepoi cetu. Eciy oHa oTHO-
cuT ero K 1 kiaccy, oTBeT M ecTh | Kiacc, TecTupoBaHue Npekpamaercs. Ecim ceth
OTHOCHUT NPUMEpP KO 2 KJIaccy, 3TO O3HAYa€eT, YTO HA CaMOM JIeJI€ OH MOKET MpHUHAa/-
nexatb 2,3 unu 4 knaccam. [loatomy npumep nopaercs BTopoil cetu. B 3aBucumoctu
OT €€ OTBETa TECT MOYKET OCTAHOBUTBLCS WM MPOJOJDKUTHCS TPEThEU CeThl0. B Takon
CUCTEME NPUMEP B KOHIIE KOHLIOB OKa3bIBAETCS PACIIO3HAHHBIM.

JUid IpeIMKIMOHHBIX 334ad MOAOOHBIM COCOO HEMpHEMIIEM MO MPUYUHE OT-
CYTCTBHUSI KJIACCOB, MO3TOMY MPOCTEUIINN CHOCOO - BBIYMCIEHHWE CPEIHEr0 OTBETA Y
HECKOJIbKUX HeWpoceTed. boree CIIOXKHBII METOH - MPUBICYCHUE KIACCU(PUKATOPOB
JUISL peLeHus IPEANKIMOHHBIX 3aJa4. B ciaydae oHOMEPHON NMPEeAUKIIMN MOKHO pa3-
OUTH MHTEPBAI 3HAYCHUN OTBETa Ha HECKOJIBKO YYacCTKOB (HE0Os3aTEIbHO PAaBHBIX) U
0o0y4uTh KIacCHU(PUKATOpP paclo3HaBaTh, K KAKOMY Yy4YacTKy HPHHAJJIEKUT HPUMEP.
Ecnu TOYHOCTH OTBETa HEAOCTATOYHO, /IS KAKIOTO ydacTKa co3faeTcs u oOydaercs
CBOI NPEIUKTOP, YMEIOUIMI OINpeAeNsiTh OTBET TOJbKO y NPHUMEPOB, OTHECEHHBIX

KJIACCU(UKATOPOM K 3TOMY Y4acTKy. 3JI€Ch Mbl Ha0JI0J1a€M UEPAPXUUECKYIO CUCTEMY
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HelpoceTell, B KOTOPOM MpeuKTOpbl MOIYMHEHBI "IIeHTpajdbHOMY" KiaccuduxaTopy.
[Tono6Hast cuctema MokeT paboTaTh U B 3aJja4ax Kiaccu(uKaum, Korjaa 4ucio Kiac-
COB CIIMIIKOM BEJIHKO.

[Tocne ycnemrHoro o0y4eHus MO BBIIIETIPUBEICHHBIM CXEMaM >KeIaTelbHO Tie-
peoOyUUTh CETH C MOBBIIIEHUEM XapaKTEPUCTUKU, OCOOEHHO B Cllyyae HEJIOCTaTOYHO
YIIOBJIETBOPUTENILHBIX PE3YJIHTATOB KOHTPOJIBLHOTO TECTUPOBAHUSI.

B oOuiem ciyvae, ymeHbIIeHHE KOJIMUYECTBA CBsi3el HeilpoceTH (IyTeM KOHTpa-
CTUPOBaHHUs CYUIECTBYIOIEH CETH WM OOY4YEeHUS HOBBIX CET€M C MEHBIIMM YHUCIOM
HEHPOHOB U IUIOTHOCTBIO) JIyYIlI€ BCETO MPOM3BOAUTH B MOCIEIHIO OYepe/b, ocie
TOT0, KaK OBbLIIM HACTPOEHBI MPEAbIAYIINE MapaMeTPhl U pe3yIbTaThl TECTUPOBAHUS T10-
npekHeMY BbICOKH. To ke KacaeTcsi ¥ MUHHUMH3AUU BXOAHBIX MapaMeTpoB, KOTOpas,
TaK e Kak U MPUHIIUIBI aBTOMAaTUYECKON CTpaTeruu, OyayT pacCMOTPEHBI HIKE.

TakTuka o0yuenus.

B nonaBnsitorieM OONBITUHCTBE CIydaeB Mpu 00ydeHUU ceTr He TpeOyercs HU-
KaKOro BMEIIATENhCTBA B 3TOT mporecc. OMHAKO Bce e ObIBAIOT CUTYyallud, KOTIa
CETh HE MOXeET 00ydaThCs. 31ech TPeOYIOTCSI HEKOTOPBIEC JIEUCTBHSI MTOJIB30BATENS, KO-
TOpbIE MBI Ha3bIBaeM "TakTHKOM 0OyueHus". Kak mpaBwmio, HelipoceTs mepectaet o0y-
4aTbCs HE Cpasy, a uepe3 HeKOTOpoe BpeMs mocie Havana mpouecca. [Ipu stom Heiipo-
ceTeBas MporpaMMa CUTHAIM3HPYET ONepaTopy O HEBO3MOXKHOCTH JallbHEHIIEro ooy-
YEHUS ¥ B MPOCTEHIIEM CITydae OCTAHABJIMBACT MPOIIECC.

[TepBoe, uTo HEOOXOIUMO CAENATH - MPOBEPUTH KOPPEKTHOCTH 3aJaHHBIX Iapa-
MeTpoB HelipoceTr. Camasi IpocTasi IPUYUHA - HETOCTATOYHOE KOJUYECTBO HEUPOHOB,
MaJasi TNIOTHOCTh WJIM CITMIIIKOM BBICOKAsi XapakTepuctuka. Ecim ke Bce mapameTpbl
3a/1aHbl ONTUMAJIBHO, MOYKHO IPUMEHUTH CIIEIUAIBHOE CPEACTBO, Ha3bIBaeMoe “ynap”.

VY aap MOkeT OMOYb B CUTYaIlUH, KOTJIa CETh MOMAIAeT B JIOKAJTbHBIA MUHIMYM
Py MUHUMU3AINAHA TeieBoi GyHKIMN o0ydueHus. Korma mpou3BoauTcs yuap, B KapTy
CUHANTUYECKNX BECOB BHOCUTCS CIIYYalHBIN BKJIAJl, MAKCUMAJIbHASI BEIMYMHA KOTOPO-
ro 3ajaercs 3apanee. HoBoe 3HaueHNE CHHANITHYECKOTO BeCa BBIUUCIAETCS 1O GopMy-
e

X=X, + B * (Random - 0,5) 4)
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IZI€ X - HOBOE 3HAUEHUE CHUHAITUYECKOrO BECa, Xo - MCXOJHOE 3HAUYCHHE CHUHAITUYe-
cKoro Beca, B - 3amaHHbIN ypoBeHb ynapa (B auamnaszone 0..1), Random - cioyuaiino
Cr€HEepUPOBAHHOE /ISl JAHHOT'O CHHANTHYECKOro Beca yucio (B auanaszone 0..1).

[Tocne ynapa oO6ydyenue mpogoixaetcs. [IpoBeneHHbIe SKCTIEPUMEHTHI TTOKa3bI-
BaJi, 4TO O0COOEHHO 3(P(EKTUBEH yAap y ceTedl ¢ aJanTUBHOW MaTpHIEH BXOIHBIX
CUTHAJIOB. 3aJJaHue ONTUMAJILHOTO YPOBHS yJapa BPYUYHYIO MOXKET MOTpebOBaTh HEKO-
TOpPOTO ONBITA MOJb30BaTeNs. i ATOro KenaTeNbHO HAOII0JaTh 32 TUHAMUKON CHHU-
YKEHHUs CPEIHEN OLIEHKHM Ha MPOTSKEHUU HECKOIBKUX JIECATKOB LIMKJIOB JO MOMEHTA
OoCcTaHOBKH 0oOyueHus. Ecnu 3a 3TOT meproj olleHKa CHUXKaiach OBICTPO, JIydlle 3a/1a-
BaTh ypoBeHb yaapa B npexaenax 0,1-0,2. Ecin oneHka Ha NPOTSHKEHUM MHOTHMX LIMK-
J0B "3aBHUCia" OKOJIO KaKOro-iuOo 3Ha4YeHUs, CIeIyeT 3a/JaTh HeOOJbUIOW YpOBEHb
yaapa (0,0001 - 0,001). 3aganue makcuManbHOTO ypoBHS yaapa (1,0) mpakTuuecku
MOJIHOCTHhIO OOHOBJISIET KApTy BECOB, YTO PABHO3HAYHO MHUIIMAIU3AIIUA HOBOU CETH.

Yacroe nmpuMeHeHUe yaapa HEOOJIBIIOTO YPOBHS MOKET ObITh MOJE3HBIM IS
CO3/1aHUs IOMEXOYCTOMYUBBIX HEUPOCETEM.

B pa3paboTaHHBIX HaMU HEHWPOCETEBBIX MpOTrpaMMax HCIOIb3YeTCSd Kak pyd-
HOH, TaK ¥ aBTOMATHUYECKUH PEXUMBI yaapa. B mocnenHem ciydae mociie OCTaHOBKH
oOyueHus mporpaMMa Mpou3BOAUT yaap U NpoAonkaeT o0ydeHue. TOJIbKO eciu mocie
Tpex (WM KOJMYECTBA, OMPECIICHHOTO I0JIb30BaTelIeM) MOMBITOK yaapa oOydeHue
NO-NPEKHEMY HEBO3MOKHO, IPOrpaMMa OCTaHaBIMBAET MPOIIECC.

Ecnu u npumenenue yaapa He npuHOCUT 3¢ dekTa, MPUYUHY HEBO3MOXKHOCTH
oOyueHus cienyer uckatb B oOyuatomeit BeiOopke. Kak yxe roBopusioch, camasi 4yac-
Tasi IPUYMHA - HAJIM4YKME B BEIOOPKE MICHTUYHBIX MO 00YYarOIIUM MapaMeTpaM IpHuMe-
POB, UMEIOLMX Pa3JIMYHbI OTBET. B mpuHuUIIE, 3TO MOYTH TYNHKOBAas CUTyalHus, U
€AMHCTBEHHBIM BBIXOJIOM U3 HEE SIBJISETCS YBEIMYEHUE KOJIMUYECTBAa OO0YYaroIIMX Ia-
pamMeTpoB, IpU KOTOPOM J100aBJICHHbIE TapaMeTphl OYIyT pa3IMYHBIMHU Yy TaKUX MPH-
MepoB. B camom nene, 04eBUIHO, YTO pa3IudyHbIe OTBETHI B TAKOW CUTYyallMU OIpeJe-
Jst0Tes (pakTopamu, He HalleAIIMMH OTpakeHHe B O00ydaromiux napameTpax. B mpo-
CTEHIIEM CITy4yae MOYKHO MCKIIIOUYHMTH OJHWH U3 UACHTUYHBIX MIPUMEPOB, OAHAKO B Ta-

KOM CJIY4acC B SKCIICPTHYIO CUCTCMY 3apaHCC 3aKJIIaAbIBACTCA BO3MOKHOCTD OIITNOKH.
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HeBo3moxHOCTh fanbHelero o0ydyeHus B KjiacCU(pUKaTOpax MHOTAA MOXKET
OBITH CIIPOBOLIMPOBaHA HEBEPHOM MOCTAaHOBKOM 3a7aud, TOUHEE, 3aJaHHON Kiaccudu-
KallMOHHOM Mojenbto. Hanpumep, npu OuHapHOM KiaccupUKaUU TPUMEPHI OJHOTO
U3 KJIACCOB MPEJACTABIIAIOT HA CAMOM JeJie JIBa Pa3jMYHbIX MOJAKIAcca, TPYHIUPYIO-
HIMXCS 110 TapaMeTpam "Mo pa3Hble CTOPOHBI" OT APYroro Kiacca 3ajnayu. B aTom ciy-
yae MO>KHO HCIOJIb30BAaTh HEHPOCETh JI KOPPEKIMH KIaCCUPUKAIMOHHONW MOJAETU
yTeM KJIacTepu3aliy MpuMepOoB.

CyliecTByeT HECKOJIbKO METOJIOB HEHpPOCeTeBOMl KiacTepu3aluu, Hauboiee
NPOCTOM M3 KOTOPBIX 3aKIIOYAETCS B MOCIEAOBATEILHOM MCKIIIOUEHHUH U3 Mpolecca
oOyueHusi HauOolsiee TPYIHBIX MPUMEPOB C MOMOIIBIO “cinalObix” HeWpoceTel, Ha-
CTpOIiKa MmapaMeTpoB KOTOPBIX 3apaHee He AaeT BO3MOKHOCTH AJIs MOJHOTO O0y4YeHUs
(HampuMmep, CIMIIKOM Majoe YMCIIO HeWpoHOB). B mporecce MpoxokaeHUsT KaxI0ro
UKJIa 00y4YeHHs porpamMma OTCJIEKUBAET CaMblii TPYAHBIN MPUMEP HA ATOM IUKJIE -
npumep ¢ HaubosbIel oneHkoil. [locie 3axoa ceTu B TYMUK MOKHO UCKITFOUUTH ATOT
npuMep U3 JanbHeiero oOyuyeHus, IOMETUB €ro, U MPOJOJDKUTh Ipolecc. B koHIe
KOHIIOB MOKET HAKOMUTHCS HEKOTOPOE KOJIMYECTBO MCKIFOYEHHBIX MPUMEPOB, MOCIE
Yero ceThb 00YUUTCS MOJHOCTHIO. YacTo mojgydyaercs, 4To BCe UCKIFOUEHHbIE TPUMEPDI
NPUHAJIEKAT TOJIBKO OJHOMY M3 KJIACCOB 3aJlauM, YTO SIBJISICTCS CBUAETEIHCTBOM HE-
OJIHOPOAHOCTH KJacca. DTO MOXKHO MPOBEPUTH MyTEM OOBIYHBIX CTATUCTUYECKUX MeE-
TOJIOB, CPaBHUB TPYMIY HCKIIOYEHHBIX MPUMEPOB KaK C OCTAaBUIMMUCS MpUMepaMu
ATOTO K€ KJlacca, TaK U ¢ MpUMEpaMH APYrux KiaccoB. Paznmuuus MOryT MOCITYKUTh
MOBOJIOM JIJIsl U3BMEHEHHUS KJIaCCU(DUKAIIMOHHON MOJIEIH.

OT0 He caMblil JIydIIui Coco0 KiIacTepu3allid, OJHAKO OH MOXET C YCIEeXOM
MPUMEHSITHCS KaK MPU CO3[JaHUU HKCIIEPTHBIX CUCTEM, TaK U B HAyUHBIX MCCIIEAOBAHU-
AX JUISl U3YYEHUsI pa3INyHbIX siBJeHUH. [1o cpaBHEHMIO ¢ MHOTOUYHUCIEHHBIMU CYIIECT-
BYIOIIIMMH CIIOCOOAMU KJIACTEpU3AllMK OH MMEET OIpe/elIeHHOE MPEUMYIIECTBO, 3a-
KJTFOYAIOIeecs] B BO3MOYKHOCTH “HaBEJICHHOW™ KIlacTepu3alliu, T.€. TaKOH, K KOTOpOi
MO0JIb30BaTENb “TIOATAIKUBACT MpPOTrpaMMy, HE 3Has 3apaHee TOYHBIX KPUTEPHUEB - Ia-
paMeTpoB, MO0 KOTOPBIM €€ CIIeyeT MPOBOAUTH, U UMesl JIMIb UHTYUTUBHOE MPECTaB-
JIeHMEe O BO3MOKHOM pe3yibTaTe. B mpakTuke Bpada-uccienoBaTelsi TaKoe MOXKET

BCTPCYATHCA JOBOJIBHO 4aCTO, HAIIPUMCP, KOr'la OH UHTYUTHBHO OTHOCHUT KaKHe-11u00
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2 mpuMepa K pa3HbIM Kjlaccam, OJIHaKO He MOXKeT (JOpMalii30BaTh MPHUHIIMIT pa3/elie-
Husl. [IpuMeHeHne HelpoceTH MOKET OMOYb B ATOM CIIy4ae HalTH 3aKOHOMEPHOCTh U
AKCTPANOIUPOBATH €€ Ha OOJIBIION HAOOP JAHHBIX.

Kak yxe roBopmioch, ©3MEHEHUE BECOB KJIACCOB MOXKET CUMTAThCA TaKTHUYe-
CKUM JCMCTBHEM, TaK KaK MOXET OCYIIECTBIIATHCA MpsiMO B Mpolecce oOyuenus. [lo-
BOJIOM JUJIsl U3MEHEHHMsI Beca Kjacca OOBIYHO CIYXKUT €ro CpeHss OLIeHKA, 3HAYUTEIb-

HO (B HCCKOJIBKO pa3) IpeBOCXOogAlIas OUCHKH OCTAJIbHBIX KJIACCOB.

JlonosHUTEIbHbIE BO3MOKHOCTH HepoceTeH U aBTOMATU3MPOBAHHbIE

CTpaTerud 1 TaKTHKa Oﬁy‘IeHI/IH

B sTom paznene OyayT paccMOTpPEHbI HECKOJIBKO JIONOJHUTENBHBIX BO3MOKHO-
cTeil HelipoceTel, pa3pabOTaHHBIX B paMKax MMOCTPOEHUS] TEOPUU U METOIOJIOTUHU CO3-
JTaHUSI HEWPOCETEBBIX AKCIEPTHBIX CUCTEM, U IMOJIE3HBIX [UISl MIPAKTUYECKOIO MpHUME-
HEHUS.

OOyueHHast HEHpOCEeTh HE TOJIBKO YMEET Paclo3HaBaTh MPUMEPHI, HO U XPAaHHUT
JOCTAaTOYHO BAXKHYIO MH()OPMALNIO, KOTOPYIO MOXHO TOIY4UTh, TPAMOTHO CPOpPMY-
JUPOBAB BOIPOC Ul CETH. BO3MOXKHOCTb HEHMPOCETEW COAEPIKATEIBHO OTBEYATh Ha
IIOCTABJIEHHBIE BOMNPOCHI MO3BOJISET HCIIOJIB30BaTh UX HE TOJBKO Kak '"pemraromue”
YCTPOMCTBA, HO U KaK MHCTPYMEHTBI JIJIs1 IPOBEECHUS HAyUHBIX HCCIIECJOBAHUI.

Bbruncienne HHPOPMATHBHOCTH 00y4YalIIUX NapaMeTPOB M MHMHHMMM3a-
uusi uxX Habopa.

Bpau, craBsmmii auarHo3 OOJIbHOMY, BCErJa CTapaeTcs aHAJIM3MpPOBaTh BECH
KOMIUIEKC CBEJICHUH O MAlMEHTE - KaJloObl, aHaMHEe3 OOJIE3HU M KU3HHU, JAHHBIE KIIH-
HUYECKOTO0 OCMOTpa U J1abopaTOpHBIX aHanu3oB. IIpu 3TOM OfHa yacTh mapameTpoB
UMeeT NPUHLMIHNAIBHOE 3HAaYEHUE JUIsl IPUHATHS PELIEHUs, pyras k€ HE CTOJIb BaK-
Ha U J1a)Ke€ MOXKET MPOCTO UTHOPUPOBATHCSI.

HeilipoceTs, npuHuMaromias peleHue Ha OCHOBE OIBITA, NOCTYNAET CXOJHBIM
oOpa3zom. [loaTomy uccneoBaTento OUeHb BaKHO 3HATh, KAKME U3 MAPAMETPOB Ba’KHbI
JUISL CETH, a Kakue - He o4eHb. CreayeT cKazaTh, YTO a0COJIOTHO HE3HAYMMBIX Hapa-
METPOB MPAKTUYECKU HE OBIBAET, U KaKIbIi BXOJHOW CUTHAN B OOJbIIEH WM MEHb-

1€ CTEIICHU BIUSIET HA MMPUHATHUC PCHICHUS.
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Pa3paGotanHbIil HAMH METO]I MO3BOJISIET BBISIBUTH OTHOCUTEIBHYIO 3HAYUMOCTD
BXOJIHBIX ITAPaMETPOB, KOTOPAsi MOKET MPEJCTABISITh CAMOCTOSTEIbHBIA HHTEPEC UITU
CITYXUTh JUTsI TIOCTIEAYIOIIe MUHUMHU3AIMK UX Habopa [47].

JUJis 3TOrO BKJIFOYAIOTCS HECKOJIBKO LMKIOB 00Y4YeHHs] HEHPOHHO ceTu ¢ 3apa-
Hee 3aBBIIICHHBIM YPOBHEM HAJIEXKHOCTU U BHECEHMEM B MATPUILy CHHAIICOB CITy4daii-
HOTO BKJIaJIa TMOCJIe MPOXOXKICHUS KaxaA0ro nukia. [Ipu mpoxokKIeHUU IMKIOB HC-
MOJIb3YETCSl METOJ TOJICYeTa TPAJUEeHTOB MO BXOJHBIM CUTHAllaM, MOJaBaeMbIM Ha
HEHUPOHHYIO CETh, U MOCIEAYIONIEr0 UX CPAaBHEHHUS, OCYILIECTBISIEMOTO IBYMsI pa3iny-
HBIMHM METO/IAMH I10 BBIOOPY MOJIH30BATEINS IPOTPAMMBI.

[lepBBIif METOJ HACUMTHIBAET 3HAYMMOCTH KaXKJOTO MapaMmeTrpa Kak MaKCH-
MaJbHOE 3HAYeHHE MOMAYJNS IpaJueHTa MO BCEM MpUMepaM. DTOT PEKUM TOJIE3HO
NPUMEHSTh B T€X CydasxX, Korja B o0y4aromieil BHIOOpKe UMEIOTCSl IPUMEPHI, "BbIOU-
Barotuecs" u3 olmiel Macchl, U KOTOPbIE MOTYT CYHIECTBEHHO BJIHSTH HA MPUHSATHE
pemienust 06 otete. JlaHHBIA MeTO OyIeT MpeXe BCEro YUUThIBATh HAJIMYUE TaKHX
IPUMEPOB.

Bropoii MeTosl HacUMTHIBAET 3HAYUMOCTh KaXKJIOTO MapaMmerpa Kak CpeaHIO0
BEJIMYMHY MOIYJsl TpaJiieHTa MO BCEM IMpuMepaM oOydaromiei BHIOOpKU. Pesynbrar
NPUMEHEHHSI ATOr0 METOJa MOKa3bIBaeT CPEAHIOI0 3HAYMMOCTh MapaMeTpoB MO Bcei
obyuarorieit Beioopke. Ecnu B oOyuaroiieli BBIOOpKE UMEIOTCSl IPUMEPHI, "BHIONBAIO-
muecs" U3 o01Iei Macchl, 1 KOTOPbIE MOTYT CYIIECTBEHHO BJIUATH HA MPUHATHE pEIlle-
HUsl 00 OTBETE, TO BIMSIHUE TAKUX MPUMEPOB Ha 3HAYMMOCTD IMapaMeTpoB OyJIeT HUBE-
JupoBaThecs. JlaHHBINM METOJ MOJIE3HO NMPUMEHSATh B TE€X Clydasx, Korja oOydaromias
BBIOOPKA IOCTATOYHO OJHOPOAHA U HEOOXOIUMO, YTOOBI BO3MOXHBIE "BHIOMBAIOIIINE-
cs" MpUMepBbl CYHIECTBEHHO HE BIIMSJIM Ha OLIEHKY 3HaYMMOCTHU MapameTpoB. Pe3yib-
TATOM MPUMEHEHHsI METO/1a SIBJIsieTCs HabOop 3HAUEHUH, KaXkI0€ U3 KOTOPBIX COOTBET-
CTBYET OIpEJICIICHHOMY BXOJIHOMY TTapaMeTpy U MOXKET CPaBHUBATHCS C OCTAILHBIMHU.

[IpumeHeHne MeToa UMEET IIEHHOCTh KaK JUIsl HAYyYHBbIX MCCIEeI0OBAaHUM, TaK U
IpU MPAKTUYECKOM MPUMEHEHUU HEeHpoceTeil ISl SKCIEePTHBIX CHCTEM, TaK Kak IO-
3BOJISIET YMEHbIIIATh HAOOP BXOJHBIX MapaMeTPOB, MOJAaBAEMbIX HEUPOCETH I MOJTY-
YeHHUsl oTBeTa. J[eHCTBUTENBHO, YacTO ISl AMATHOCTUKHU U MPOTHO3a OOJBLHOMY IPO-

BOJAT CJIOKHBIC 1 JOPOTOCTOAIINC METOABI UCCIICAOBAHNA, HOpOﬁ He663BpeI[HBIe JJIA
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310poBbs. OHAKO BO MHOTHX CIy4asiX IPEICTaBIISIETCS BO3MOMXHBIM MOJYyYUTh OTBET
u 6e3 HUX.

B HeiipoceTeBbIX IporpamMmax MpeayCMOTPEH KaK pydyHOM, TaK U aBTOMaTuye-
CKHMI PEXMMbl MUHUMHU3ALMN BXOJHBIX [TAPaMETPOB, MPUYEM MOCIECTHUN MOXKET MpU-
MEHATHCS KaK CAMOCTOSITEIbHO, TaK U B CIIy4ae 3aJaHusl aBTOMAaTHYECKOTO Ompeese-
HUs cTpareruu oOyuenus. Vcronp3oBanue “pydyHoil” MUHUMU3ALUN TAPAMETPOB UMeE-
€T CMBICII TOJIBKO TOCIIE€ TOTO, KaK HEHPOCeTh IOCTATOYHO XOPOIIO 00y4eHa, B IMpPO-
TUBHOM CJIy4ae MCKJIOYEHUE MMapaMEeTPOB MOXKET MPUBECTU K YXYIIIEHUIO 3KCTPAIO-
JSIUOHHBIX BO3MOKHOCTEH CETH U 3aTPYAHEHHIO MOCIEAYIOIIEro 00yYeHUsl.

Ecnu pexum MUHUMUH3AIMK BKIIOYEH, OH HAYMHAET paboTaTh MOCIE MOJIHOTO
oOyueHusi HelpoHHOM ceTH. [Ipr 3TOM OCyIIEeCTBISETCS BHIUUCICHINE OTHOCUTEIbHBIX
MOoKa3aTesel 3HaYMMOCTH U BXOJHOW CHHAIIC, UMEIOIINI MUHUMAIbHYIO 3HAYUMOCTb.
[Tocne 3TOro 3TOT CHHAIC OTKJIIOYAETCS OT MPUEMa CUTHAIIOB, U 00y4YeHHE MPOA0IIKA-
ercs. [Ipeanonaraercs, 4To HEHPOCETh CMOXKET OOY4YUThCS O€3 JaHHOTO MapameTpa.
Ecnu ceth BHOBb 00yumniIach, Mociie MOBTOPHOT'O BBIUMCICHHUS 3HAYMMOCTH BBIKJIFOYA-
eTcsl CIeAYIoLUi CUHANC U T.1. B utore cerb mepecraHer o0y4aThbcs, Korja Habop
BXOJIHBIX MapaMeTPOB OyJEeT CIMIIKOM Majl JyIsl HOJHOLIEHHOTo 00y4yeHus. [locne 3to-
ro MOYXHO IPOAHAIM3UPOBATH PA3TMYHbIC BAPUAHTHI UCKIKOYEHUS ITAPAMETPOB U BbI-
OpaTh UX ONTUMAJIbHBIA Ha0Op. DKCIEPUMEHTHI C CAMBIMU Pa3HBIMU MEAUIIMHCKUMU
3a/layaM¥ TIOKa3bIBaJIM, YTO BO MHOTHX CIy4asiX MPUOJIM3UTENHLHO YE€TBEPTh 00yUaro-
IIMX [apaMETPOB MOXKET ObITh MCKIIOYEHA COBEPIIEHHO 0€300JIe3HEHHO. DTO MOj-
TBEP>K/IaeT TUIMOTE3bl 00 anpUOPHON U30BITOYHOCTH JAHHBIX B 33Jja4aX MEIULMHCKON
JUArHOCTUKHU Y MTPOTHO3UPOBAHMUS, PELIIAEMBIX YEJIOBEKOM.

IHoacTpoiika mapaMeTpoB mpuMepa IJIs NMOJYy4YeHUs] TpeOyeMOro orsera
HelipoceTH.

[Tpu npumeHeHnrn 0OYYEHHOW HEUPOHHOM CETH MOXET BO3HMKHYTH OOpaTHas
3a/1aya, OTHOCSIIAsACA K 001acTU HEHPOCETEBOIO MOIETUPOBAHUS - BBISICHUTH, B KAKOM
HANPaBJICHUM M HA KAaKUE BEJTUYMHBI HEOOXOAMMO HM3MEHUTh IMapameTphbl MpuMepa,
4YTOOBI CETh BblAasia TpeOyeMblil oTBeT. [IpuBeaeM mpocToil TUMIOTETUUYECKUI TpUMED.
[Tpu TecTUpoBaHMU TpUMEpa CEThIO, pa3edrolIel OOJbHBIX U 3I0POBBIX, MOJyYeH

otBeT "OonpHON". Kak HY)KHO M3MEHUTh MapameTphl 3TOTO MpuMepa, yToObl OH 'me-
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peuren" B kiacc "310poBiil"? Kak y»e roBopuiioch, MOKHO BPYUHYIO U3MEHSTH Mapa-
METpBbI, KaXIbIH pa3 TeCTUPYs MPUMEP IMOcie TaKoro u3MeHeHus. OqHaKo 3TO He ca-
MBI OBICTPBINA U YIOOHBIN cIOCO0, 0OCOOEHHO, €CITU YMCIIO apaMeTPOB BEIUKO, a pe-
[IEHHE TMPUHUMAETCS HECKOJbKUMHU Helpocersmu. [losTomy Hamu Obu1 pa3zpaboTaH
CHeIUalbHbIA aBTOMATU3UPOBAHHBIN METO/ MOJCTPOUKH MapaMeTpOB AJIsl TIOTYyYEHUS
TpeOyeMoro oTBeTa HelpOCeTH.

[Ipu pemiennn naHHOM MPOOJIEMBI MPEXKIE BCEr0 HEOOXOAMMO pa3eiUTh BCeE
napaMeTpsl IpUMepa Ha MOJCTpauBaeMble M HemojcTpanBaemble. Hanpumep, HEBO3-
MOKHO HM3MEHHUTb BO3pPACT MAlMEHTAa, MO3TOMY TaKOW MapaMeTp SBJISETCS HEMoj-
ctpauBaembIM. [locne ompeznenenus Habopa MOJACTpaMBAEMBbIX MMapaMETPOB IS KaK-
JIOTO M3 HUX 33/1a€TCA MANa30H BO3MOXKHBIX U3MeHeHu. Heo6XoauMo MOMHUTE, YTO
B Cllyyae Ka)XJOro MmpuMepa 3TH JHUara3oHbl MOTYT JUKTOBATbCS KOHKPETHOM CHUTYa-
nuei (ogHOMYy OOJIbHOMY JOIMYCTHUMO CHU3UTH YacTOTY CEPJICYHBIX COKpAaILIEHUH 10
50, npyromy e - Toabko 10 70).

[Tocne sToro asns ka0 HelpoceTH (eciii UX HECKOJIbKO) HEOOXOAMMO 3a1aTh
TpeOyeMbIil OTBET - TOT, KOTOPOT'O JOJKHA JOOUTHCS 3Ta CeTh. BaXkKHO OTMETUTH, YTO
BBITIOJIHSIEMAsi 3aT€M aBTOMATHUYeCKas Mpoleaypa MOACTPOUKHU BBIMOIHIETCS OJHO-
BPEMEHHO HECKOJIbKUMHU HEMPOCETSIMH, TaK Kak IOJACTPOIKa, BBIMIOJHEHHAs OJHOMN
CEThIO, MOXKET PE3KO YXYALIUTh OTBET Apyrux. Takum o0pazoM, Kaxkaas ceTh, Kak
MPaBUIIO, UJIET HA HEKOTOPBIA KOMIIPOMHUCC.

B utore BbIpabaThiBaeTCsl ONTUMAIBHOE DPEILIEHUE, OJWHAKOBO XOPOIIO (MM
IUI0XO0) YIOBJIETBOPSIOLIEE BCE CETH, MPUHSBIINE ydyacTue B mpoueaype. Mccnenopa-
TeJIb MOKET MPOAHAJIU3UPOBATh PEIICHUE, CPABHUB OTBETHI KaXKJOM HEHpoceTH A0 U
1ocJje MoACTpoKU nmpumepa [48].

ABTOMATHYECKOE 3a/IaHHe CTPAaTerun 00y4eHus.

PaccMoTpuM MOMHOCTHIO aBTOMATU3UPOBAHHOE 33/IaHUE CTPATETUU MMOCTPOCHHUS
pemaromiero Omoka. [Ipexae Bcero ompenensercs CUCOK MOA3adad, IpUdeM B Kax-
JIOW ToJ3a7aue OIMpeNesieTCs CIUCOK OOyJalonuX mapaMeTpoB (OH MOXKET OBITh 00-
UM JIJIs1 BCEX MMOJ[3a/1a4y) U OTBETHI. 3aT€M 3a/1a€TCsl, CKOJIbKO HEUPOCETEH-IKCIIEPTOB
OyAyT pemaTh KaxJIyro 1oj3ajaavy (B mpocTeuiieM ciiydae - o ogHoMy). Jlanee ompe-

nensieTcs, Oy/eT JId MPOBOJUTCS MUHUMU3AIUs o0yJaromux mapametpoB. Ecnu na, To



59

MO3KHO 33/1aTh TPOU3BOJIbHYI0 MUHUMHU3ALMIO (HAaXO0KJIEHUE MUHUMAIBLHO BO3MOXHO-
ro JUIs pellieHus 3aJlayyl CIKCKa MapaMeTpoB) WM OmpenesseTcss Habop mapaMeTpoB,
KOTOPBIi JKeJaTelbHO OCTAaBUTh B CIIUCKE WM, HA0OOPOT, UCKIIOYUTh U3 CIUCKA. DTy
ONEPALMI0 MOXHO MPOBECTH OTAEIBHO JJIs KaXKI0M MOA3adauM, AJis TPYII MoA3a1a4y
WM JUJIS BCeH 3aauyM B 1esIoM. Kak JTOMOJHUTENbHBIN apaMeTp, MOKHO yKa3aTh JJIs
KaXXIOW MO0/3a/1a4u KOHTPOJIbHBIE BBIOOPKH, Ha KOTOPBIX OYAYT MPOBEPATHCS PE3yIib-
TaThl 00y4YeHUs U TpeOyemoe KauecTBO OO0y4deHHs (B MpPOLEHTaxX MPaBUIBHO Pacro-
3HAHHBIX MPUMEPOB (A KIACCU(PUKATOPOB) WIM MAKCUMAIBHO JIOMYCTUMOTO OTKJIO-
HEHUs (U1 MPEAUKTOPOB). DTO BCE, UTO JOJKEH CIIeNaTh MOJIb30BaTeNb MPU aBTOMa-
TU3UPOBAHHOM MOCTPOEHUH pelIaroniero 0Joka.

HenocpenctBenHo o0ydyeHHe MPOBOAMTCS MCXOAS U3 CIEAYIOLIEH CTpaTeruu.
OOydeHne KakJI0TO SKCIEepTa B KaXKIOW MoA3ajadye HayMHAETCsl C aBTOMATHYECKOM
WHUIMAIU3AIUUd HEUpPOCEeTH MUHUMAIbHOW KOHPUTYypauuu (YMUCIO HEHPOHOB - 2,
MJIOTHOCTS - 1, Xapaktepuctuka - 0,1, ypoBeHs HagexHoCcTH - 0,1 (1 kmaccudukaro-
POB), YPOBEHb OTKJIOHEHUS AJIsl IPEAUKTOPOB - TPEOyeMblii MU BBIUKUCICHHBIA UCXOIS
U3 XapakTepa 3HA4eHMI oTBeTa (B caMoM o0ieM ciaydae Oepercs 1/3 MUHUMalbHON
Pa3HOCTH MEX]y 3HAUCHHMSIMH OTBETa), Bpems oTkiuka - 2. [IpoBomutcsi oOydeHue
HelipoceTH. [lanpHelue AeHCTBUS ONPEACIIIOTCS pe3ybTaTtoM o0ydeHus. B cioydae
YCIIEITHOTO 00yYEHUS TPOBOAUTCS TECT YKA3aHHON KOHTPOJIBHOU BHIOOPKU U B CiIydae
HEYJIOBJIETBOPUTENIBHOTO pe3yibTaTa UHUIMAIU3UPYETCS HOBAsI CETh C YBEIMYEHHOMN
xapaktepuctukoil (mar ysenuuenus - 0,1). [Ipy HeBO3MOXXHOCTH 00OydeHUsT MHHUIIMA-
JM3UPYETCS HOBasi CETh C OOJIBIIMM YUCIOM HEHPOHOB U IIOTHOCTBIO.

Takum ciocoboM npoBoauTca 0OydeHue ceTeil mo BceM mnojazanayam. O0ydeH-
HBbIE CeTH 3anmoMuHaroTcs. Ecian 3a1ana MUHUMU3ALMS TApaMETPOB, CO3/AAI0TCs pado-
Yyie KOMUHU 00y4eHHBIX HEHpoceTeil M MPOBOAUTCS BHIYUCICHUE 3HAUMMOCTH MapaMeT-
POB ISl K&XKJI0M CETH, MOCJIE YEro CleayeT MUHUMU3AIUs MIApaMeTPOB Y KaXK0M Hel-
pocetu. Eciiu TpeOyercst cBsizaHHass MUHUMM3AIUs (711 HECKOJIBKUX HelpoceTei of-
HOBPEMEHHO), OKOHYATEJIbHOE OTKIIOYEHHE MUHHUMAJIbHO 3HAYMMOTO Ha JIaHHOM 3Ta-
ne oOydeHus mapameTpa MPOU3BOAUTCS TOJIBKO MOCIE TOTO, KaK BCe HEUPOCETU B CBS-

3aHHOU TpyNIE yCIeuHo o0yYMINCh C UCKIIFOUEHUEM JIaHHOTO napameTpa. B mporec-
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CcC O6yquHH MOT'YT aBTOMATUYCCKH MPUMCHATHCA TAKTHYCCKHUC MeTOﬂBI(YHap,HSMe-
HCHHUC BCCOB KHaCCOB).

Hcxons u3 MMPUBCACHHOI'O OIMMCAHUA, YIIPABJICHHUC CTpaTeFHeﬁ OCYHICCTBIACTCA
IO 3apaHCC 3aJJTaHHOMY aJII'OPUTMY. HpI/I H606XOI[I/IMOCTI/I IIOJIB30BATCJIb MOXKCT KOp-
PCKTHPOBATL CTPATCTUIO B IMPOLCCCC ITOCTPOCHHUA PCUIANOLICTO OJI0Ka Ha JIFOOOM €ro

oTarIc.

JKCMepTHbIE CHCTEMbI, CO3IaHHbIE HA OCHOBE HelipoceTeBOil TEXHOJIOTHHU

rpynnoi «HeipoKomm»

Coznanne kaxaoi OC MpoBOAWIOCH COTJIACHO Pa3pabOTaHHOW TEXHOJIOTHU U
BKJIIOUYAJIO: M3y4EHHE NPOOJIEMBI; TOCTAHOBKY 3a/layd; HaOOp OoOydaroluX AAHHBIX U
TECTUPYIOIINX MPUMEPOB; 00yUYeHHE HeMpoceTel; onpeAeieHHe ONTUMAIbHOU CXEMBbI
3C; nmpoBeAeHNE OTIONHUTENBHBIX 3KCIIEPHUMEHTOB; Pa3padOTKy M CO3JaHHE MHTEp-
detica mporpamMmbI; MOAKIIIOUYCHNE K HEW 00y4eHHBIX HEUPOCETE; UCIIBITAHUE CHUCTe-
MBI Ha TPUMEpPax, HE BXOMANIMX B OOyYArONIyI0 BBHIOOPKY; TOYYHBAHHE CHCTEMBI HA

ITUX NPUMEPAX.

IIpornosupoBanue ocjioxHeHNH MHpapKTa MUOKapaa.

[Torcku BO3MOKHOCTEHM MPOTHO3MPOBAHUS OCIOKHEHUH, KOTOPbIE MOTYT BO3-
HUKHYTb B TOCIUTAJILHBIN Mepro]l HH(papKTa MUOKApP/1a, OUYEHb aKTyaJbHbI U SBIISIOTCS
OJIHOM M3 Haubosee CIOXKHBIX 3a1ay Kapauosnoruu. [IporHozupoBaHne HEOOXOAUMO
OCYILECTBIISATH MPH MOCTYIJICHUH OOJBHOTO B CTAllMOHAP, CPA3y HKe MOCIe MPOBEACHUS
CTaHJApPTHBIX METOA0B oO0cienoBaHus. OHO NOJKHO OBITH OBICTPBIM, MPOBOIUTHCS
HEOJIHOKPATHO B Ipollecce HaONI0AeHUs 3a OOJIbHBIM 10 Mepe MOCTYIUIEHUS HOBBIX
JAHHBIX O €r0 COCTOSIHUU.

[TonyueHnue mporHo3a OCI0KHEHUI MO3BOJISIET Bpady leJeHapaBIeHHO MPOBO-
JTUTh TPO(UIAKTHKY, YCUIIUTh HAONIO/IeHHE 3a OOJIbHBIM, CKOPPEKTUPOBATH DPEKUM
¢dbu3nyeckoil akTUBHOCTHU MallMeHTa (0COOEHHO B IMpeArnoiaraéMble CPOKH BO3HUKHO-
BEHUs OcloKHEeHHUA). [IporHo3 Moxer ornpeaensTs 0oyee ATUTENbHOE U UHTEHCUBHOE
JIeYeHHUEe AHTUKOATyJISHTaMU TpPH Yrpo3e TPOMOOIMOOIUUYECKUX OCIOXKHEHUH, aHTU-

apUTMUYECKUMU TIpernapaTaMu - sl IPOPUIAKTUKY apUTMHUM.
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[Ipu coznanum 6azoBoro sypa IC MPOTrHO3UPOBAHUS OCIOXKHEHUN HH(papKTa
MHUOKap/ia BbIOpaHo 4 BHIa OCIOKHEHUM, JOCTATOYHO YaCThIX W/MIU JOBOJILHO OIac-
HbIX [49]. D10 PubpumIsAIMs npeacepauit, TpoMO0IMOOIMUECKHE OCIOKHEHHUS, TIePH-
KapAUT U BO3HUKHOBeHUe/ycyryonenue xponumdeckoit CH. Ilpu mocraHoBke 3amauu
MBI UCXOJWINA U3 HEOOXOAMMOCTH MPOTHO3UPOBATH BO3MOXXHOCTh BOZHUKHOBEHUS Ka-
KJO0T0 U3 YEThIPEX BHIOPAHHBIX OCIIOKHEHHUM B OTJEIHHOCTH U BO3MOXKHOI'O CPOKA €ro
MOSIBJICHMSI, CUMTass OT MOMEHTA IMOCTYIUICHUs] O0JbHOTO B cTaruoHap. Takum oOpa-
30M, 3ajJjaua pa30ouBaeTcs Ha 8 moj3a/ay, YeThlpe U3 KOTOPBIX PellaloTcs HeUpoceTs-
MU-KJIaccupuKaTopaMu (BO3ZHUKHOBEHHME OCJIOKHEHHUH), M YEThIpe - HEUPOCETIMHU-
IpeIUKTOpaMu (CPOKH BO3HUKHOBEHUS OCIIOKHEHU ).

boutn BeIOpanbl 32 00ydamImUX MapameTpa, OTpakarollue KIMHUYECKOE CO-
cTostHME OOJIBHOTO MH(APKTOM MHUOKap/Aa Ha MOMEHT MOCTYIUICHHS B KIMHUKY, JaH-
HbIE aHAMHE3a U Pe3yJIbTaThl JTA0OPAaTOPHBIX U (HYHKIIMOHAIBHBIX HCCIEIOBAHUI: BO3-
pact, moj, riIyOuHa W JoKajdu3anus uHdapkTa (Mo JaHHBIM 3JeKTpoKapauorpadun),
KOJIMUECTBO MH(PAPKTOB B aHAMHE3€, XapaKTEPUCTUKA MPEIIECTBYIOLIEH CTEHOKap-
JIUY, HAJIUYKEe U TSHKECTh TUIIEPTOHUYECKON OO0JIE3HH U CeplIeYHON HEAOCTAaTOYHOCTH,
HaJIMYMe B aHAMHE3€ HApYIIEHUN CepAeYHOr0 pUTMa U MPOBOJUMOCTH, SHIOKPUHHBIX
3a0osieBaHMi, TPOMOOIMOOIHI, XPOHMUYECKOTO0 OpPOHXUTA, KOHLIEHTPALMs KaJlusi U Ha-
TpHsl B KPOBH, YAaCTOTa CEPACUHBIX COKpAICHU, XapaKTepUCTHUKA BHIOPAHHBIX MOKa-
3areneit OKI', pazmepsl 0TAENOB cep/ia Mo JaHHBIM 3XOKapAUorpaduu.

Uccnenoranbl 300 knmuHnueckux npumepoB (Tad. 4). Jlng skcmepuMeHTOB U3
oOu1eil BBIOOPKU OTNIEIBHO I KaXKJOTO TUIA HelpoceTei OblIN BhIIEICHBI 00yUaro-
mras rpynmna (250 yenoBek) U KOHTposbHas (Tectupyroias) rpymnna (50 genosek). Pas-
JieJIeHne BBIOOPKHU MPOU3BOIMIOCH CIIydalHbIM 00pa3oM. JlJisi mpOrHO3UpOBaHUs BO3-
HUKHOBEHHUSI KaXKJOTO OCJIOXHEHHUS CO3/1aBaJIUCh HECKOJIBKO HeWpoceTel, cocTaB-
JSIOUMX KOHCWIMyM. Bce Helipocetn BHauasne oOydanuch Ha 250 manueHTtax oOy-
yaromieil BbIOOPKH, a 3aTeM TeCTUPOBAIMCH Ha KOHTPOJIbHOM rpyme. Pe3ynpTaThl Tec-
Ta OMPENEISUINCh TOJIOCOBAHMEM B KaXKJIOM KOHCHIMyMe. Pe3ynbTaThl TecTa KOH-
TPOJIBHOM BBIOOPKH JJIsi MPOTHO3UPOBAHMS (GUOPUIUISIIMKN TIPEICepAnid PUBEICHBI B

Tao. 5.
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Tabaua 4.
KonmdectBo 60mbHBIX HH(PAPKTOM MHOKap/a MOKJIACCaM B KaXKJIOH M3 YEThIPEX BBIJE-

JICHHBIX I1O OCJIOKHCHHUAM ITOATPYIIIT

OcJi0:kHeHuHe KoanyecTBo
00JIbHBIX

OubpumIAIns HET 217
npeacepaui napokcu3MaibHas popma 60

NoCTOsTHHAsA (hopMa 23
[lepukapaut HET 172

€CThb 128
TpoMO0IMOOTUYIECKHE  OCITIOXK- | HET 242
HEHUs €CTh 58
Bo3HukHoOBeHuE win ycyry0sie- | HeT 144
HUE CEPACYHON HEJOCTATOYHO- | €CTh 156
CTH

Ta0muna 5.

Pe3ynbTaThl TECTHPOBAaHUS KOHCWIIMYMa HEHPOCETEH, MPOrHO3UPYIOIINX BO3-
HUKHOBeHHE W (opmy ubpmmisaun npenacepanii (PII), mpoBeneHHbIE HA KOH-

TPOJBHOM BBIOOpKE K3 50 MpuMEpOB, HE YYACTBYIOIUX B O0YYEHHUH

N3BecTHBIN Brruucieno kax...
KJIacC Kmacc 1 Knacc 2 Kinacc 3
Het ®II - 30 npumepoB 28 2 -
IMapokcusmanbuas popma OII
- 12 npumepos - 11 1
IHocrosinnas popma PII
- 8 nmpumepoB - 1 7

[IpolieHT MpaBUIIBLHO pacro3HAHHBIX MPUMEPOB B TECTUPYIOLIEH BbIOOpKE MpH
MPOrHO3UPOBAHWN BO3HUKHOBEHUS MEpPUKApAUTA cOCTaBUI 76%, TpoMOOIMOOIui -
82%, BOSHUKHOBEHUS1/yCYT'yOJIeHUS CEPJIEYHON HEAOCTaTOUYHOCTH - 78%.

OtnenbHO ObUIM CO3JIaHBI M O0y4YeHBI HEHPOCETU-TIPEIUKTOPHI ISl MPOTHO3a
CPOKOB BO3HMKHOBEHHS OCJIOKHEHUN (HauMHAas ¢ MOMEHTa MOCTYIUIEHUsI OOJBHOTO B

KJIMHUKY).
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Cucrema Ha3HaYeHHMs ONTHMAJIBHON CTPATerwWu JiedyeHUsi 00JbHBIX 00/1H-
TePUPYHOIIUM TPOMOAHTHMTOM U NMPOTHO3MPOBAHMS €r0 HENOCPeACTBEHHbIX HC-
XO/10B.

O6murepupyrommii TpoMOanTuuT (6071€3Hb broprepa) - Tshkenoe BOCHaIUTEb-
HOE 3a00JIeBaHME COCYIOB MEJKOTO M CPEIHEro KaiauOpa, COMPOBOXKIAIOMIEECS TPOM-
0030M M HApPYLIEHUEM MX IPOXOJUMOCTU. DTHUOJIOTHS 3TOr0 3a00JI€BaHUS 10 HACTOS-
IIEr0 BPEMEHU OcTaeTcs Heus3BecTHOW. [lomaBisromiee OOIBIIMHCTBO OOJIBHBIX TPOM-
0aHTHUTOM - MY>KUYMHBI MOJIOZIOTO Bo3pacTa (18 - 45 ner).

Jleuenue o6MUTEPUPYIONIETO TPOMOAHTUUTA - TPYAHAS, JAJIEKO €Ill€ HE PEellICH-
Has 3a7ada. B HavanpHBIX cTaauax 3a0ojeBaHHs OOBIYHO OTPAHUYMBAIOTCS TEpaIeB-
TUYECKUMHU MEPONPUITHIMU - Ha3HAYEHUEM JI€3aIPEraHTOB, IPOTUBOBOCHIAIIUTEIbHBIX
Y aHTUTMCTaMUHHBIX mpenapartoB. OHAaKoO 3a00JeBaHUE YaCTO HOCHUT 3JI0Ka4€CTBEH-
HBIM XapakTep U OBICTPO NPUBOIUT K aMIIyTallUd KOHEYHOCTH.

B 1990 - 1994 rr. B oraenenun xupypruu cocynoB Kpaesoit Knunuueckoii
bonbuuist Ne 1 1. KpacHosipcka non HabmoaeHuemM Haxoaunaoch 130 00nbHBIX 00JH-
TEPUPYIOIIUM TpoMOaHrMUTOM. Ha Kakoro 0OJIbHOrO 3aloJIHAJIACh AHKETA, COCTOS-
mast u3 3 pas3zeos.

[lepBeiii pasgen (104 myHKTa) BKJIIOYAET BOIPOCHI, KacaroUIUecs aHaMHe3a
YKU3HU U TaHHOTO 3a00JIEBAHMSI, COITYTCTBYIOIINX 3a00J1€BaHUI; COCTOSIHUE OPraHoB U
CHCTEM, MOAPOOHOE OMMCAHUE UMEIOIIErocsl Y OOJIBHOrO TPOMOAHTUUTA C XapaKTepH-
CTHKOI COCTOSIHMSI COCYJJOB KOHEUHOCTEH, JaHHbIE J1a0OPATOPHBIX U MHCTPYMEHTAJIb-
HBIX METOJIOB UCCJIE0BAHUS, XapaAKTEPUCTUKY IPOBOAMBIIETOCS paHee JiedeHus. Jpy-
TUMH CJIOBaMH, 3TOT pa3lesl OTPa)KaeT MCXOJAHBIN cTaTyc OOJIbBHOTO Ha MOMEHT €ro
NOCTYIUIEHUS B CTallMOHAp.

Bropoii pazaen (11 myHKTOB) XapakTepu3yeT IPOBEIECHHOE B CTAllMOHAPE Jieye-
HUe (KOHCEPBATUBHOE W/WIIA OTIEPATUBHOE).

Tperuit paznen (4 nmyHKTa) CONEP>KUT CBEACHUS O HEMOCPEICTBEHHBIX UCXOaX
IPOBEJICHHOTO JICYEHMUSI.

Cy1iecTByomMe METOAbl JIEYEHHUs] TPOMOAHTMUTA 4YacTO Maod(pPEKTUBHBI U
IPOLIEHT BBIMNOJHIEMBIX aMITyTallMil ocTaeTcs BbICOKMM. llepen Bpauom cTouT 3amaua

noa00paTh ONTUMAIbHOE COYETAHUE METOJIOB JICUCHUS, JEHCTBYIOLIMX Ha BEAYIIUE
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3BEHbSl MATOr€He3a y KOHKPETHOro OosbHOro. Llenbio MpoBOAMMOro HCCieI0BaHUS
cTasio co3aanue HelipocereBoir DC A MPOTrHO3a HEMOCPEACTBEHHBIX UCXOJ0B 3a00-
JeBaHUs M BBHIOOpAa ONTHUMAJILHOTO COYETAHHS TEPANEBTUYECKUX U XUPYPrHUYECKHX
BozaeicTBuil. CooTBeTcTBEHHO 3TOMYy DC moapasfensercss Ha ABa (GyHKIIMOHATbHBIX
0JI0Ka, KaKJIBIH U3 KOTOPBIX pelIaeT CBou Kpyr 3aaad [50].

Onun 650k (61ok "U" - MCXOIBI) MPOTHO3UPYET HEMOCPEICTBEHHBIE HCXOIBI
3a00sieBaHMsl, KOTOpPbIE 3aBUCAT OT JBYX IpyII mapameTpoB. [lepBas rpymnmna - ucxo-
HBI cTatyc 00JIBHOTO, (PUKCHPOBAHHBIE MAapaMETPhI, OTPAXKAIOIINE COCTOSIHUE OO0JIb-
HOTO HA MOMEHT TMOCTYIUICHUS B KIIMHUKY, a TaKKe JaHHbIe aHaMHe3a. OHaKO UCXO/T
3a00JIeBaHMs 3aBUCUT HE TOJBKO OT UCXOIHBIX MapaMeTPOB, HO U OT MPOBOJAUMOIO B
KJIuHUKe JiedeHus. [loaromy BTOpas rpymmna napaMeTpoB, HEOOXOoauMasi sl TPOrHo3a
- MPUMEHEHHbIE METO/IbI JIEYEHHsI. DTU NapaMeTphbl HEU3BECTHBI MPU MOCTYIIJICHUH, Ha
TOT MOMEHT MX MOXXHO TOJIbKO mpeAanojarate. OgHako mpu oOydyeHUH HEHpOoceTH
UCIIOJIb3YIOTCSL YK€ TpOJIeueHHbIe OOJIbHbIE C U3BECTHBIM HA0OPOM TEparneBTHUECKUX
U XUPYprudeckux Bo3zaercTBuil. OOydnB HEHpPOCETH MPOTHO3UPOBATH HCXOBI TPOM-
OaHruuTa B 3aBUCHMOCTH OT MCXOJHOIO CTaTyca M NMPOBEACHHOIO JICUEHHUS, MOKHO
MOJIETTUPOBATh PE3yJbTaT, OCTAaBJssl HEU3MEHHBIMU (DMKCHUPOBAHHBIE MapaMETpbl U
MOJICTpaunBas Mpe/royiaraeMble METO/IbI JICUEHHUSI.

Hpyroii 610k DC obyuaercs nmpsMoMy BbIOOpPY Hanbosiee ONTHUMaTbHBIX METO-
noB JeueHus (6mok "JI"), ucmonb3yst TOJNBKO TEpBBIH, PUKCHUPOBAHHBIA HAOOp Mmapa-
meTpoB (Puc. 6).

C yueToM mocTaBiIeHHON 3a/1aydl ObUTH CPOPMUPOBAHBI MOATPYIIBI IPUMEPOB
I oOyueHust HeWpoceteit. J[nms pemienuws moazamad Onoka "M" mpumepbl ObLIH
CTPYIIIUPOBAHBI MO KJIaccaM 4eThIpbMs criocobamu (Tab. 6), s 6moka "JI" - 11 cmo-
cobamu (Tab. 7).

Jlnis TecTupoBaHMsl OOYyYEHHBIX HEHpoceTeil MCIOIb30BaIUCh 35 KIMHUYECKUX
IPUMEPOB 00CIIETOBAaHHBIX U MPOJECYEHHBIX OOJBHBIX C U3BECTHBIMH HMCXOJaMU 3a00-
JeBaHus. JTU MPUMEPBI HE BXOJIUIIN B 00YYarOIyI0 BEIOOPKY. Tect xaxzgoro
npuMepa MPOBOAUIICS cleAyrolmuM oopa3zoMm. CHayana TeCTHpOBalINCh 4 HeWpoceTH,
NPOTHO3UPYIOIIME MCXOJbl 3a00JIeBaHUs, MPUUEM B KauecTBE MapaMeTpOB JICUCHUS,

IMPOBCACHHOT'O B KIIMHHUKC, UCIIOJIB30BAJIINCH JAdHHBIC O PCAJIbHO HA3ZHAYCHHOM XHPYP-
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raMH JICYEHUHU. 3aTeM MpUMep TECTHPOBAJICS HEHPOCETSMHU, HA3HAYAIOIIUMU OITH-
MaJbHBI HAOOP METOOB JICUECHHUS.

[Tocnie 3TOr0 MPOBOAMIICS MOBTOPHBIA TECT HEHPOCETAMHU, MPOTHOUPYIOIIUMHU
UCXOJIbl, HO TEMEeph B MPUMEP MOACTABISIUCH MPEANoIaraéMble METO/Ibl JIeUeHUs, Ha-

3HAa4YCHHBIC HeﬁpOCGTﬂMH.

BosbHOM 00/ 1UTEPUPYIOIIUM TPOMOAHT UM TOM

v v

BBoj ¢pukcupoBaHHBIX napa- BBoa naHHBIX, XapaKTepU3YIOIIHNX
METPOB UCXOJIHOI'O COCTOSIHUS \_, MIPEANOIaracMoe JICUEHNE
OuiIbTPYHOUIAS

HeiipoceTu 0s10Kka

HeiipoceTh 0JI0Ka

Knaccudukarus 6015HOTO 110
IPEJIoJIaracMON yCIICITHOCTH
JIEYEHUS

[TporHo3upoBaHue UCX0O0B
IPEeJIIoJIaraeMoro JEYEHUs U €ro
KOPPEKLHUSI TPU HEOOXOJUMOCTH

OcHoBHBIE HeHpo-
cetu 0J10ka “JI”

Ecnu IpcanojIaracTca yCrieuHoeC JICYCHUC, OIIPCACIICHUC OIITUMAJIBHO-
I'o COUCTaHUA TCPAIICBTHYCCKUX U XUPYPIrHICCKUX MGPOHpI/I}ITI/Iﬁ

Pucynox 6. Cxema ¢pyakiuonupoanus IC
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Tao0muna 6.
[Togzanaum neproro (“1U’) 6moka DC
ITon3amaya Kitaccesr Yucno npu-
MEpOB
1. ITporuo3 AMHAMHMKU UIIEMUU 1. YMeHblIIEHUE UIIIEMUN &5
2. be3 usmenenuit 38
3. YcuneHue uieMun 7
2. lIporuo3 nuHamuku Tpoduye- |1. JluHaMuku HET 50
CKHX PacCTpOUCTB 2. YMmenbIeHue Tpoudeckux pac-
CTpOICTB 80
3. [Iporuno3s ucue3noBenus 6oneit | 1. boau ocranuch 57
B IIOKOE 2. boau ucues3nu 73
4. AMmyrauus 1. He nmpousBoauiace 123
2. [TpousBoauniiacek 7




[Toazamaum BTOporo (“JI””) 6moka DC
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Ta0muna 7.

ITonzamaya Kitacesr Yucno npume-
poB
[Iporno3supoBanue Bo3MOXk- | 1. bonbHBIE ¢ HEOIATONPHUAT-
HOCTH YCIICIITHOTO JICUCHUS HBIM MCXOJ0M IIOCJIE JICUCHHUS 24
(“dunbTpyromas’ HeipoceTs) |2. boibHbBIE ¢ OJIATONPUATHBIM
HCXOJIOM M OOJILHBIE CO CMO-
JICTTMPOBAHHBIM JICYEHUEM 106
1. Haznauenue Bazanpoctana |1. He HazHauath 122
2. Ha3nauatp 8
2. [Ina3zmodepes, UMMYHO- 1. He Ha3Hauatp 111
MIPOTEKTOPHI 2. Haznauatp 19
3. Ilynbctepanus 1. He nmpoBoauTh 126
2. [TpoBoanTH 4
4. CUMOaTIKTOMUS 1. He nmpoBoauTh 104
2. OgHOCTOPOHHSIA 21
3. IByXCTOpOHHSIS 5
5. Hdectpykuust Haanoueunu- | 1. He mpoBoauTh &4
KOB 2. OgHOCTOPOHHSIA 25
3. IByXCTOpOHHSIS 21
6. DMOoHU3anusa HAAMOYEY- 1. He mpoBoauThH 82
HUKOB 2. OgHOCTOPOHHSIA 41
3. IByXCTOpOHHSIS 7
7. Komnakroromusa win POT | 1. He npoBoauts 120
2. [TpoBoaNTH 10
8. PeBusus 1. He nmpoBoauTh 127
2. [TpoBoanTH 3
9. Amniyranus 1. He mpoBoauThH 125
2. [TpoBoanTH 5
10. PexonctpyktuBHas one- | 1. He npoBoauTh 126
panus 2. [TpoBoanTH 4
11. HexpakTomusi 1. He mpoBoauThH 125
2. [TpoBoanTH 5

PaccmotpumMm pesynbraThl nmepBoro tecra. Helipocers, mporso3upyromas JuHa-

MUKy MILEMUH, CAelana MpaBUIbHOE 3aKitoueHue B 29 ciyuasx u3 35 (82,9%). Per-

pecc TPOPUUECKUX PACCTPOMCTB MPOTHO3UPOBAICS MpaBUibHO B 14 u3 17 cmyuasx

UMEIOIINXCSI TPOYUIECKHX PACCTPONCTB (TONBKO y 17 OONBHBIX UMENUCh Tpoduye-

CKHE PAacCTPOMCTBA, MO3TOMY B OCTAJIbHBIX CIy4asx MPOTHO3 HE MMEN CMbICTa). JTO

coctaBuiio 82,4%. HeiipoceTb, NpOrHo3upyolias JUHAMUKY OOJEBOTr0 CHHJIPOMA,
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caenana ImpaBUIIbHOE Tpenacka3anue B 22 u3 25 ciayvaeB (88%). OTBeThl ceTH, OTBE-
Yaroliel 3a npeArnojaraeMyro aMmnyTaiuio, copnaiu B 33 ciyvasx u3 35 (94,3%).

Bcero B Tectupyromieil BbIOOpKE UMeENOCch 9 OOJIbHBIX, Y KOTOPBIX HE COBMA
XO0Ts Obl OJTMH MPOTHO3. Y OCTaJbHBIX MAIMEHTOB BCE MPOTHO3BI JIeJauch 4 Helpoce-
TSAMH MPaBWIbHO. M3 3TUX 9 GONBHBIX 7 OBUIM OTHECEHBI HEHPOCEThIO- " (QUIBLTPOM™ K
KaTEropuu “TpyaHbIX .

WNuTepec mpenctaBisioT 1Ba (GopMalibHO HEBEPHBIX pe3yibTara HeHpoceTH,
MPOTHO3UPYIONIECH aMIyTaluio. Y JaHHBIX OOJIBHBIX aMIyTallus He Oblila MPOBEICHA B
CPOKH T'OCIHUTAIN3AIMHU, OJHAKO OblJIa BHIMIOJHEHA B MEPBbIE 2 Mecsla MOCe BBIMHC-
ku. HelipoceTh npaBuiIbHO MpeAcKa3ana OTCPOYEHHBIE UCXO/IbI, TO3TOMY 3TH JIBA CIIy-
yasi HeJlb3s1 CUUTATh IBHBIMHU OLIMOKaMHU.

PaccMoTpuM pe3ynbTathl TeCcTa HeHpoceTel, Ha3HAYaIoUX JIeueHUue OOJIbHBIM.
VY 12 npumepoB u3 25 (35 npumMepoB MUHYC MPU3HAHHBIE “TPYIHBIMU HEHPOCETHIO-
”(unabTpoM’) JeYeHne, Ha3HaYeHHOE HEHWPOCETSMHU, MOJHOCTHhIO COBMANO C PEeallbHO
Ha3HA4YCHHBbIM XUPYpPraMH, U TOJIBKO B OJHOM CJIy4ae MPOTHO3 UCXOJO0B ONpaBHAJCs
JuIb B OoJiee mo3AHue Cpoku. PaccMoTpuM 3TOT ciydaii.

Bonwnoii C., 42 net, 607€H B T€UCHHE 5 JIET, MOCTYIUI C KPUTHUECKOU UIIIEMU-
eit (IV crenenu). bonbHOMYy Oblla Ha3HaYeHa KOHCEPBATHMBHAS Tepamus M Ba3arpo-
ctad. Ha ¢done Takoit tepanuu 3 u3 4 HelpoceTed MPOTHO3UPOBAIN YIYUIIEHHE CO-
ctostausi. OJIHAKO Ha MOMEHT BBIMUCKH 3P deKTa OT JiedeHUs] He Habo1anock. Tem He
MeHee, IIpU JlajbHeieM HaOI0eHIH 32 O0JIbHBIM OTMEUasCsl perpecc UILEMUH, Per-
pecc TpopUUYEeCKUX PacCTPOICTB U KyITMpoBaHKe 00Jiel B OKOE.

B ocranpHbIX ciydasx HaOIIOAIUCh HEKOTOPbIE pacxoxaenud. [Ipu stom y 10
OOJBHBIX HEHPOCETH Ha3HAYWIM JPYroe JieueHue, KOTopoe (1o pe3ylibTataM aHaiu3a
XUPYPIroB), MOKHO ObLIO JEHCTBUTEIBHO HA3HAYUTH JaHHBIM 00JIbHBIM. MICX0/bI, TIpO-
THO3MpYEMbIE TOCTIE TaKOro JICUeHHUs, ObLIIM TaKMMHU K€, KaKk U B ClIydae peajibHO Ha-
3HAUEHHBIX JeueOHbIX MeponpusiTuii. B 3 mpumepax jedeHue, Ha3HAUEHHOE HEUpPOo-
CeTsIMU, OBLJIO TIOXO0KE Ha PEeabHO HA3HAYEHHOE, OJTHAKO MPEBOCXOAUIIO €0 MO0 MOIII-
HOCTU. B 3THX ciydasiX mporHO3MpOBAJIUCh MCXOJbI, TOPa3/io JIydlIne, yeM HabIro-

JaBIIUCCA B PCAJIBHOCTH.
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Cucrema nuddepeHunaIbHOM THATHOCTUKH “OCTPOro KMBOTA” .

3amaya guddepeHIMaIbHON TUArHOCTUKK "OCTPOTO KUBOTA'", HECMOTpS Ha
OTPOMHOE KOJIMYECTBO pa3pabOTOK B 3TOM 00JIacTH, JIs MPAKTUYECKOH XUPYPIrUU OC-
TaeTcs OJHOM M3 CaMbIX aKTyaldbHBIX mpoOieM. Coimie 90% GOTBHBIX XUPYPTHUECKUX
CTallHOHAPOB - OOJBHBIE C OCTPHIMH XHUPYPTHYECKHMH 3a00JIEBaHUSMHU OpPraHOB
OpIOLIHOM MOJOCTH; ONEPATUBHBIE BMELIATEIbCTBA MIPU 3TOM NATOJOTUU COCTABIISIOT
o1 20 1o 40% Bcelt onepaTUBHOM ACATEIBHOCTH XUPYPIrUUECKUX CTAIMOHAPOB.

[Ipn mocTaHOBKE AMArHo3a M IUIAHUPOBAHMM JIEUEHMsI OT XHpypra TpeOyercs
NPUHATHE €JUHCTBEHHO NMPABWJIBHOIO PELIEHUS, OT KOTOPOrO YacTO 3aBUCUT >KU3Hb
OonpHOTO. Pemenue qOmKHO OBITh MPUHATO KaK MOXKHO B 0oJiee C)KaTble CPOKH, MPH-
YEeM B YCJIOBHSIX, 3a4aCTYIO HE [TO3BOJISIOLIUX MMOTYYUTh pa3BEPHYTHIE JaHHbIE Ja00pa-
TOPHBIX U UHCTPYMEHTAJIBHBIX UCCIIEIOBAaHUM.

OnpIT MpPaKkTUYECKOW XUPYPrUM MOKA3bIBAET, YTO HAMOOJEE YacTO BCTPEYAIO-
IMIMMHUCSL OCTPBIMH 3a00JIEBaHUSAMHU OPIONIHON TOJOCTH SIBISIOTCS CIETYIOIIUE: OCT-
peiii annenguuut (OA), octpsiid xoneuuctuT (OX), octpeiii mankpearur (OII), oc-
JIO’KHEHUs SI3BEHHOW OOJIE3HU KeJly/Ka U JBEHAALATUIIEPCTHOW KHILKH, OCTpas KH-
meyHast Henpoxonumocts (OKH), nuddepennmanbias nuarHocTuka KOTOPBIX Tpen-
CTaBIIIET B HEKOTOPBIX CIyYasx 3HAUUTENbHBIE CIIOKHOCTH, OCOOEHHO MPH MOCTYILIE-
HUU OOJBHBIX B KJIIMHUKY B OTJAJIEHHbIE CPOKM OT Hadajia 3a00jeBaHUs WM C U3HA-
YaJIbHO aTUIHYHBIM WJIN CTEPTHIM MPOLIECCOM.

N3yuens! 216 ucropuii Oosie3HeN U3 apXMBOB KIMHUYECKUX OonbHMI . Kpac-
HOSIPCKA, CIELMATM3UPYIOIIUXCS Ha PUEME SKCTPEHHOW XUPYPrUYECKO NaTOJOTUH -
I'Kb N 7, KKb N1, 'BCMII, uro no3Boymiao paboTaTh ¢ yke Bepu(UIIUPOBAHHBIMU
JMarHo3aMy, MOJATBEPKACHHBIMU KOMIUIEKCHBIMU KIIMHUKO-1a00paTOPHBIMU HCCIIE-
JOBaHUSIMH, JaHHBIMU THCTOJIOTUYECKOTO HUCCIEAOBAHUS U ONEPALMOHHBIX HaXOMOK.
Jaunnbie eme o 49 namueHTax ObUIM MOJY4YEHBI B pPe3yJbTaTe HEMOCPEICTBEHHOTO
KJIMHUYECKOr0 HAOIIOJEHUSI OT MOMEHTA IOCTYIUIEHUSI B XUPYPrUYECKUI CTAl[MOHAp U
710 TOCTAHOBKH OKOHYATEJIbHOT'O IMarHO3a.

Bcero npoananusupoBano 265 knuHuueckux npumepo (OA - 63, OX - 64, OI1

- 52, OKH - 27, KB - 37, TISIB - 22).
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[Ipu onpeneneHny BXOAHBIX TApaMETPOB, HEOOXOIUMBIX sl paboThl DC, mpo-
aHAJIM3UPOBAaHA CTPYKTYpa UCTOpUiA O0JIe3HEH pa3IMUHbIX KIMHUK, JaHHBIE JTUTEPaTY-
PBI, BOBMOXHOCTH J1a0OPATOPHO-UHCTPYMEHTANBHBIX 0a3 XUPYpPrU4eCKUX CTallMOHa-
poB. Takum 06pazoM, HAOOP BXOAHBIX MapPaMETPOB OTPAKAECT KIMHUUECKHUI MUHUMYM
oOcrnenoBaHus TalMeHTa, HWCHOJb3YEMbI BpauaMu XHUPYPIHMUECKHUX OTACNICHUH B
IPaKTUYECKON NeATEIbHOCTH.

Jlnis cOopa KIMHUYECKHX JAHHBIX Oblla pa3paboTaHa aHKETa, coJepsKalas Ha-
060p BXOJHBIX MapaMeTPOB U JUATHO3, ABISIOLIUICS OTBEeTOM (Bcero 131 mokasartens).

[Tpu nocranoBke 3aAauu st 00y4eHUs: HelpoceTel Mbl UCXOAMIIA U3 TOTO, YTO
OC nomkHa BBIOUPATh OAMH WIIM HECKOJIBKO MpPEANnoiaraeMbIX AUArH030B U3 3aJJaHHO-
ro Habopa (6 quarHo3oB) Ha ocHoBaHuM 131 mapamerpa manueHTa Mmpu NOCTYIJICHUU B
KIIMHUKY. J{J1 9KCIIEpUMEHTOB co37aBaliich HaOophl U3 7 Helpocerei. B kaxxaoM Ha-
O6ope o/Ha HEWpOCeTh MPEACTaBIsUIsI cOO0M IMIECTUKIACCOBBIN KiacCU(UKATOP, BBI-
JAIOIIMNA B KQUE€CTBE OTBETA OAWH JUArHO3 M3 IIECTH, a OCTaJIbHBIE IIECTh HEUPOCETEMN
- OuHapHble Kiaccu(UKATOPBI, OOydaromuecs OTJIMYaTh KaXKIbld M3 paccMaTpuBae-
MBIX TUarHO30B OT BCEX OCTaJIbHBIX.

Jliis 06yuenust HeiipoceTeid OblTn B3sTHI 216 MpUMeEpOB, TaHHbIE KOTOPBIX ObUTH
B3STHI U3 UCTOPU OOJIE3HU MALMEHTOB C YK€ MOATBEPKIACHHBIMU JUArHO3aMHU.

Octanbubie 49 npumMepoB OOJIBHBIX, HAOTIOAABIINXCS B KJIMHUKE, ObUIM OCTaB-
neHsbl 1 TectupoBanus OC.

Pe3ynbrarhl KIMHUYECKON IPOBEPKU MPUBEACHBI B TabmuIe 8.

[IporHoctuyeckas cnoco6HocTs DC Mocie CTapTOBOrO OO0Y4YEeHHs! COCTaBWia
83,7%. OpHako MbI MPOBENH TIHIATENBHBIN pa30op BceX CiaydyaeB OUIMOOK, KOTOPHIi
BBISIBWII CIIEAYIOIINE 3aKOHOMEPHOCTH.

OCHOBHOE KOJIMYECTBO OIIMOOK BO3HHMKAJIO MPHU TUATHOCTUKE OCTPOTO XOJEIH-
CTUTa U OCTPOr0 MAaHKpPEaTUTa, MPUYEM B ITUX CIIydasX HeMpocucrema myrajia 3TU Ju-
arHo3bl Mexay coOoil. Boiee Toro, mpu 3TOM NpaBUIIBHBIN JUArHo3 HaOUpan Bec
(cyMMy BBIXOAHBIX CHTHAJIOB HEWPOHOB HeWpoceTed, OTBETCTBEHHBIX 3a JaHHBIN
KJIaCC), HaXOSAIIMICS HA BTOPOM MecCTe. DTO O3HAuYaeT, YTO B Cilydae AMArHOCTHKHU
OCTPOT0 XOJeIHUCTUTa (HAaUOOJBIINI BeC) OCTPhIM MaHKPEATUT OKA3bIBAJICS HA BTOPOM

MecTe (CIIeIyrolInii o BeTUYHHE Bec) U Hao0opoT. Kak u3BecTHO, Mpu pa3BUTHH Ma-
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TOJIOTUYECKOTO Mpollecca B OJHOM W3 OPraHOB MaHKPEaTO-AyOJE€HAJIbHOU CUCTEMBI
Jpyrye OpraHbl, Kak MPaBHJIO, HE OCTAIOTCS MHTAKTHBIMU, U KIIMHUYECKU PELIUTh BO-
npoc o npeoOjaaaHuy NaTOJOTUU B OJIHOM M3 HUX 3a4acTyl0 HE MPEJCTaBISIETCS BO3-
MOKHBIM. B Takux ciydasx O0JbHOMY BBICTABIISI€TCS AMATHO3 XOJIELUCTOMAHKPEATHUT.
5 U3 6 NpuUMepoB, KOTOPbIE MPU TECTUPOBAHUU PACIO3HABAINCH OLIMOOYHO (OCTpPBIH
XOJIEUCTUT KaK MAHKPEATUT U Ha0000POT) OTHOCWINCH, CYIs MO aHAIU3y KIMHUYE-
CKUX JaHHBIX, KaK pa3 UMEHHO K Takoi rpymme. [loaToMy pe3ynbTarhbl, BbIIaHHbBIE
HEHUPOCUCTEMON MJii 3TUX NPUMEPOB, HE SIBISAIOTCS SBHBIMH JTMAarHOCTUYECKUMHU
omunOKaMu, Tak Kak B 3THUX Clydasx o0a JuarHosa 3aHuMajd MEepBbI€ JBa MECTa IO

Ha6paHHBIM BCCaM.

Taomuna &.
Pe3ynbTaThl TecTa 49 npumepoB KOHCUIIMYMOM U3 14 Helipocereit
Jlnarnos | Yucno npumepos Urciio npaBUIIbHO paclO3HAHHBIX TPUMEPOB
OA 19 19 (100%)
0X 7 4 (57%)
OIl 12 10 (84%)
OKH 2 1 (50%)
KAb 3 3 (100%)
I151b 6 4 (66%)
Bcero 49 41 (83,7%)

Jlyis HeWpocucTeMbl MPECTABIISIT ONPEEICeHHbIE TPYIHOCTH IuddepeHnanb-
HBI TUarHo3 MEXAy OCTPbIM MaHKpeaTHUTOM U mnepdopaTuBHOU s3BOM (2 omMOKH),
YTO UMEET MECTO U B KJIMHUYECKON MPAKTUKE - TP OCTPOM NAHKPEATUTE C BBIPAKEH-
HBIM OOJIEBBIM CHHIPOMOM B 4 ciiydasx W3 265 mpoaHaJIM3UPOBAHHBIX KIMHUYECKUX
NpPUMEPOB, BpauaMu MPUEMHOI0 MOKOS BHIHOCHIIMCH 00a JUarHo3a B KauecTBE IMpej-
BAPUTEIBHOTO U MPEANOYTEHNE OJTHOMY U3 HUX OTAABAJIOCh YK€ B MPOLECcce JUHAMU-
YECKOro HaOJIIO/ICHUS 32 COCTOSIHMEM MalueHTa. Takxke cleAyeT yYUThIBaTh, 4TO JJOC-
TATOYHO HEOOJBIIIOE KOJTHMUECTBO MPUMEPOB 6 Kiacca (nepdopartuBHas s3Ba - 22), Kak
MOKa3aju pe3yibTaThl TECTa, HECOMHEHHO, HEJIOCTATOYHO ISl KAYECTBEHHOT'O 00y4e-
HUSI HEUPOCETEM.

B onnom cinydae 9C pacnos3naBana npumep 4 kinacca (OKH) kak ocTpsriii an-

INCHIUIINT. HpI/I AaHaJIn3C IIPHUMCpPa BBIABJICHO, YTO oba AWario3a BBIHCCCHBI BpauoOM
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NPUEMHOI0 MOKOS B KaueCTBE MPEIBAPUTENIBHOIO U B JajbHEilIeM, MpU U3y4YeHUU
JAHHBIX UCTOPUU OOJIE3HU BBISCHUIIOCH, YTO OOJIbHAS MOCJIE€ NMPOBEIEHUS KOHCEpBa-
TUBHOM Tepanuu Obljla BBINKMCAHA C TUArHO30M "KHIleyHas konuka'. JlaHHas ommOka
JIOCTaTOYHO Cephe3Hasi U TOBOPUT O HEOOXOJIMMOCTH PaCIIUPEHUS CIIHCKA TUArHO30B,
onpexaensieMbix IC.

[Tpu cozpanuu DC MBI UCXOTWIH U3 HEOOXOIMMOCTH BBIBEACHHS TOJTHOW MH-
dbopMalmu 0 Becax BCEX JIMAarHO30B, BbIJIABAEMbBIX CHUCTEMOW B KaXKIOM ciydae. Tak
KaK JMarHo3bl XOJICLMCTONAHKpeaTHTa MOJPa3yMEBAIOT HAJIWYUE OJHOBPEMEHHO 2
OTBETOB (J[Ba KJlacca), Cliyuyau, KOTJla Beca 3TUX JBYX OTBETOB HAXOMASTCS DPSIOM, HE
MOTYT paccMaTpuBaThbCA Kak OMMOKUA pabOThl CUCTEMBI, PU ATOM HanboJiee BEpOsT-
HBI TuarHo3 gopmynupyercs kak xoneuucronaHkpeatur. C yueToMm 3TOM MOIMpaBKH,
MPOrHOCTUYECKasi CIOCOOHOCTh CUCTEMBI cocTaBisieT 93,9% (3 ommbku u3 49 npume-
pOB).

[IpoBeneHHbI aHATU3 3HAYUMOCTH OOYYAIOIIMX JTAHHBIX MOKa3aj, YTO TPeMs
HauboJIee 3HAYUMBIMU TTapaMeTpaMHu SBJISIOTCA 00Jb B MPABOM MoApedepbe, CUMIITOM
OpTHepa U HaMYMe KaMHEW B >KETUEBBIBOAAIIMX MyTsX. B uucino Haunbosnee 3Ha4U-
MBIX MapaMeTpPOB IMONAJIM OCHOBHBIE XapPaKTEPUCTUKH OOJIEBOIO CHHAPOMA, BaKHbBIE
nuarHoctudeckue npusHaku (cumntomel Koxepa, Illetkuna - birombepra, Pos3unra,
BockpeceHckoro) u OOJIBITMHCTBO OCHOBHBIX XapaKTEPUCTHK KIMHUYECKOTO COCTOS-
HUSl TanueHTa. MUHUMAaNbHO OMYCTUMBIM JUIsi pabotel DC sBusercss Habop u3 29
napaMeTpoB, MPU 3TOM HEOOXOAMMO YYUTHIBATH, YTO YBEJIMYEHHUE YHCIIAa BBOIUMBIX

MmapaMeTpoOB CYHICCTBCHHO IMOBLIMIACT JUATHOCTUUCCKYIO TOUYHOCTb CHUCTCMBI.

HeiipoceTu 111 u3y4eHnsi HMMYHOPEAKTUBHOCTH

HenocraTtok 4eTkux 1ab0paTOpHBIX KPUTEPUEB MMMYHOJOTMYECKOW HemocTa-
TOYHOCTH, OoJiblIasi BapraOeIbHOCTh PA3IMYHbIX MOKa3aTelleil COCTOSHUS UMMYHHOU
cuctembl [51], 0cOOEHHO MPHU pa3HBIX MATOJOTHUAX, ONPEAeIsieT HeOOX0IUMOCTh TTOHC-
Ka MpOCThIX U AP(HEKTUBHBIX METOJIOB, MO3BOJISIIOIINX (D (PepeHInpOBaTh COCTOSTHUS
UMMYyHOpeakTUBHOCTU. Haunbonbiield MHGOPMATUBHOCTHIO 00Jalal0T IMOKa3aTeIu
CyOnoMmyNISAIMOHHOTO COCTaBa JUMQOIUTOB KPOBH, a TaKXKe MapaMeTpbl UX BHYTpPHU-

KJIETOYHOT0 MeTabonusma [52]. OgHako TPYJAHO JeNaTh BBIBOJ O COCTOSIHUM WMMYH-
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HOM CHCTEMbI, OCHOBBIBASICh Ha BEJIMYMHAX OTAENIbHBIX MapameTpoB. HeoOxomuma
KOMIUIEKCHasl OIIEHKa, YYUTHIBAIOIIasi MHOT00oOpa3ue roMeoCTaTUYeCKUX COCTOSHUMN
UMMYHHOU CUCTEMBI.

MpbI noneITaINCh TPUMEHUTh HEMPOCETHU AJII JUATHOCTUKU BTOPUYHOM HMMY-
HOJIOTHYECKON HeaocTaTouHocTH - uMmyHoaedunmta (/1) [53]. [Ipuunnamu ero sB-
JSI0TCS MHOTHE (DAKTOpBI B Pa3IMYHOM cOueTaHuU (Apyrue 3aboJieBaHUs, BpeaHbIC
IIPUBBIYKHM, HACIEICTBEHHAS MPEAPACION0KEHHOCTb, YKOJIOTUYECKUE M COLUAJIbHbIE
yCIIOBUSI, TUTAaHUE, aBUTAMUHO3 U JIp.). B oTnuune ot nepsuunoro MJI, npuunHoit Ko-
TOPOTO SABIIAIOTCS SIBHBIE, JIETKO BBISIBIISIEMble T'€HETUUYECKUE Ne(PEeKThl, JUArHO3 BTO-
puuHoro MJI Becbma CiioxkeH.

[Ipy uMMyHOIOTHYECKOM 00CIIEIOBaHUH B KPOBU OOJIBHOTO OIpPEAEISIOT pas-
JIMYHBIE TOKa3aTeld, I1aBHbIe U3 KOTOPBIX - KOJIMYECTBO JTUM(OIUTOB (KJIETOK HM-
MYHHOUH CHUCTEMBI) U a0COIIOTHBIE U OTHOCUTENbHBIE (COOTHOIIEHHS) KOJIMYECTBA Pa3-
JIMYHBIX KiaccoB IuMporuToB. Kpome TOro, rmoie3Ho OoleHUTh aKTUBHOCTh OCHOBHBIX
BHYTPUKJIETOYHBIX (DEPMEHTOB JUMQOIMTOB U COJIEP)KaHUE B KPOBU MMMYHOTJIO0Y-
auHOB. Ha oCHOBaHMM NOJIyY€eHHOW MMMYHOTPAaMMBbI HY)KHO YCTAHOBHUTb, UMEETCS JIU
y obcnenyemoro M/I. CroskHOCTh 3aKJII04aeTCs B TOM, UYTO JaKe Y 3JI0pPOBOTO UeIOBe-
Ka MOTYT HaOJOJIaThCS CYIECTBEHHBIE CABUTHM OTIEJBbHBIX MapaMeTpoB, a SPKUM
00JBbHOM MOXET UMETh He3HAUUTENbHbIe U3MeHeHUs. Bce 3To cBS3aHO BO-IEPBBIX, C
WHAUBUAYAIbHBIMU OCOOCHHOCTSIMU MMMYHHOM CHCTEMBI, a BO-BTOPBIX, UMMYyHHas
CUCTEMa MOKET Ha KOPOTKOE BpeMs CpearupoBaTh Ha Kakue-JIn0o BHEIIHUE BO3ACHCT-
BUs (CTpecc, mepeoxyax/IeHue, nepeyroMiIeHrne) BechMa HelpecKa3yeMbIM 00pa3oM.
[ToaToMy HE0OX0AMMO OIIEHHBATh BECh KOMIUIEKC MapaMeTpoOB Cpa3y BO BCEX MMEIO-
IIMXCSl B3aUMOCBA35X, YTO Ha IJ1a3 CAENaTh JOBOJIBHO TPYAHO Ja)e JUIsl JOCTATOYHO
OMBITHOTO Bpaya.

[lepBoHauanbHO HeMpoceTw OblIa MOCTABJIEHA 3ajJadya HAYyYUThCS MO HabOpy
napaMeTpoB JaBaTh NpocToil oTBeT: umeercs M1 y 6onbpHOrO mim Het. boina chopmu-
poBaHa 00y4aroias BbIOOpKa, COCTOAIIAs U3 TIIATEIbHO 00CIeI0BaHHBIX JIOACH, qH-
arHo3 KOTOPHIM ObLT YCTAHOBJIEH HA OCHOBAHUU KIIMHUYECKOTO M UMMYHOJIOTHYECKOTO
aHanuza. OHa cocTosia U3 JBYX KJIACCOB; MEPBBINA - 3/10poBbie Joau (51 yenosek),

BTOpOI1 - ¢ quarnozom U/ (42 yenoBeka). Y oOciieryeMbIX U3ydyanach akTUBHOCTh OC-
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HOBHBIX BHYTPHUKIIETOUHBIX (PEPMEHTOB TUMGOIUTOB [54], MPOBOAUIUCH UMMYHOJIO-
TMYECKUE TECTHI NepBOro ypoBHs [55]. Onpenensiocs coaepkaHue B KPOBU JIEUKOIU-
TOB, UMMYHOTJIOOYIMHOB pa3inuvHbIX KiaccoB (IgA, IgM, IgG, IgE), uupkynupyromux
uMMyHHBIX KomiuiekcoB (LIUK), oTHocuTensHOE M aOCOTIOTHOE KOJIMYECTBO JTUMQO-
IUTOB U MX CYyOMOMYJNSIIHI: TOTAJIBHBIX po3eTKooOpasyromux kietok (T-POK), Teo-
bunmuape3ucteHTHRIX (TOP-POK), teodunmuuuyBctButensubix (TOY-POK), pan-
HuX (p-POK), u ctabmnpHbIX (c-POK) [56]. OTH mokazaTenu CIyXKuiu 00ydaroIuMu
napameTpamu.

HecmoTpss Ha Kaxyllyrocs NPOCTOTY 3aJaud M MHOTOYHUCIIEHHBIE IOMBITKH,
HelpoceTh He cMOorjla OOyYUThCS pelaTh 3a7ady B MMOCTABICHHOM Buie. Toraa Obuio
pEIICHO MOCTENEeHHO MCKIII0YaTh U3 O0y4YeHUs] caMble TPYyJHbIe MpUMEPHI (UMEOIINe
MaKCHUMAaJbHYIO OLIEHKY), YTOObI JOOUTHCS MOJHOTO OoOyueHus: Ha ocTaBimxcs. [Ipo-
rpammMa MN TRAIN pgenana 3T0 aBTOMAaTHYECKH, MCKIIOYash TPYAHEUIIMN TpuMep
Kb pa3, KOrJa HelpoceTh 3aX0/inja B JIOKAJbHBIM MUHUMYM M HE MOIJIa 00y4aThb-
cs nanee. EctecTBeHHO, B KOHIIE KOHIIOB CETh 00ydYMsIach MOJHOCTHIO, UCKIIOYUB U3
obyuarorieit Beioopku 30 mpumepos. [lociie oOydenus Ob10 0OHAPYKEHO, UTO BCE JI0
OJIHOTO MCKIIFOUEHHBIE MPUMEPBI OTHOCSTCS KO 2 kiaccy (6onbHbie ¢ M]JI). Takum 00-
pasoM, Irpynmna NpuMepoB 2 Kiacca OKa3ajaach pa3feleHHOW HEMpOCeThI0 Ha 2 MOJ-
rpymnnsl (MCKIIOYEHHYIO U ocTaBIytocs). Jlanee Oblia mpoBeJieHa cTaTUCTHYECKast 00-
paboTKa MOIyYEeHHBIX TPYIIIL.

OO6mas rpynmna WHIUBUIAYYMOB ¢ auarHo3oMm MJ[ gocrtoBepHO oTiuyanack Ot
IpyHnbl 3I0POBBIX TOJIBKO MO OJHOMY IOKa3aTelro KieToyHoro meradonu3ma (QpoH
HAJI®-M/T', Ta6. 9) u omHOMY TOKa3aTeNi0 KIETOYHOT0O UMMYHHUTETa (COOTHOIIICHUE
TOP-POK/T®Y-POK, Ta6. 10). Ocrapirascs e rpyIa JUIl J0CTOBEPHO OTINYanach
OT 37I0POBBIX JIIOJIEH YK€ MO § HcclieqyeMbIM NapaMerpaM (MpuyeM BCce OHU MPEBBI-

IIaJIM aHAJIOTMYHBIE MTApAMETPhI Y 3/I0POBBIX JIOACH).
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Taomuna 9.

AxtuHocts HAJI(®)-3aBUCUMBIX JIerHIporeHa3 JMMQOIMTOB KPOBU Yy 3710pO-

BBIX JIFOJICH, JIUIl ¢ UMMYHOJ€(UIIMTOM U B TPYIINAX, BbIACIEHHBIX HelipoceThio (MKE

+ m)
['pyninet iun ¢ U]
[TapameTpsl 310pOBBIE oOmras ocTaBLIAsICS HCKIIFOYEHHAas
n=51 n=42 n=12 n=30
1 2 3 4
®on I'6Q I 0,034+0,002 0,030,003 0,03+0,006 0,03+0,003
®on [3QI" 5,1520,71 5,12+0,78 7,49+2,32 4,17+0,59
@on JIAT 2,51+0,44 2,44+0,33 3,50+0,59 2,01+0,38
P5<0,05
®oun M/’ 5,10%0,77 4,51+0,69 6,97£1,65 3,52+0,66
P5<0,05
®on HAJ1D- 0,114+0,01 0,080,007 0,09+0,01 0,08+0,008
MAT P,<0,05 P5<0,05
®on HAJJO-T'AI' | 0,44+0,11 0,48+0,12 1,05+0,35 0,26+0,08
P<0,05 P5<0,01
®oun HAL-T'A 3,16+0,42 3,67+0,40 5,24+0,90 3,04+0,40
P<0,05 P5<0,05
reoaAr 4,75+1,05 5,731£0,90 9,75%£2,19 4,12+0,78
P<0,05 P5<0,01
340 6,38+1,09 6,38+1,22 11,65+3,15 4,27+1,00
P5<0,01
JIAr 8,06+1,03 8,29+0,85 9,33+1,43 7,87£1,05
MAT 14,77+1,59 14,53+1,40 17,0242 .80 13,53+1,64
HA®-MAT 0,9240,26 1,78+0,50 2,54+1,17 1,47+0,54
P<0,05
HAL®-I' AT’ 1,5340,51 1,75+0,57 2,53+1,02 1,44+0,69
HAJ-I'AT 6,68+0,68 7,1620,83 9,77£1,93 6,11+0,84
P5<0,05
O6parnas JIAI 38,90+9,10 35,60+9,80 75,30+28,40 19,69+6,9
P;<0,001
O6parnas MAI' | 151,00+£19,60 | 109,20+15,20 181,104+35,10 80,4+13,7
P5<0,01
I'P 6,384+0,86 6,55+0,86 8,53+1,13 5,76+0,87
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Taomuna 10.

I/IMMYHOHOI‘I/I‘IGCKI/IEE II0Ka3aTCJIin KPOBH Y 3JOPOBLIX J'IIOI[ef/’I, Jimgy ¢ UMMYHO/JIC-

buuTOM U B Ipynnax, BblI€JIEHHBIX HEHPOCETHIO

['pyninbr mun ¢ U/
[TapameTpsr 3nopossie (1) obmas (2) |ocraBmasics (3) | uckiroueHHas (4)
n=51 n=42 n=12 n=30
JIeKOIUTEI 5,97£0,34 6,38+0,42 7,72%+1,11 5,85+0,38
P,<0,05 P;<0,05
Jlumpouutsr % 44,7+1,2 43,5+1,5 41,843,2 44.2+1,7
JlumdponmTsr abde. 2,60+0,14 2,80+0,18 3,2840,37 2,60%+0,20
P,<0,05
1-POK % 62,6+2,0 68,1+1,9 69,5+4,0 67,523
T-POK a6c. 1,7440,12 1,9140,13 2,24+0,21 1,78+0,15
TOP-POK % 40,9+1,7 45,3+1,9 39,8434 47,3423
P,<0,05
TOP-POK abc. 1,11+0,09 1,2640,11 1,23+0,23 1,27+0,13
TOUY-POK % 24,0+1,5 24,6123 32,1455 21,7823
P,<0,05 P;<0,05
TPY-POK abc. 0,67+0,07 0,68+0,08 0,95+0,16 0,58+0,08
P;<0,05
p-POK % 46,3+1,5 45,3+1.8 44,7+3.8 45,612,1
p-POK a6c. 1,29+40,1 1,2840,10 1,49+0,22 1,1940,11
c-POK % 8,1+1,1 8,5+1,0 9,3£1,8 8,1+1,2
c-POK abc. 0,23+0,03 0,28+0,04 0,39+0,09 0,23+0,04
P,<0,05
TOY / TOP 2,07+0,17 2,94+0,4 1,68+0,38 3,4240,52
P,<0,05 P,<0,01,P5<0,05
IgA 2,17+0,45 1,54+0,08 1,56+0,13 1,54+0,10
IgM 0,57+0,04 0,67+0,09 0,92+0,26 0,57+0,06
P,<0,05
IgG 8,97+0,41 8,80%0,37 9,43+0,59 8,531+0,47
IgE 15,7643,03 15,3443,47 11,82+3,72 16,74%4,65
MUK 35,68+5,29 31,43+4,71 34,55£8,05 30,00£6,12
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Pucynok 7. Wnmoctpanusi CABUTOB KJIETOYHOTO MeTaboau3Ma JTUM(OIUTOB
(mpuBeeHBl CyMMapHble OTHOCUTEIbHbIE BETUUYHMHBI) Y OOIBHBIX C UMMYHOE(ULINT-
HBIMH COCTOSIHUSIMH B CPAaBHEHUHU CO 370POBBIMU JHOABMHU.

VYpoBeHb KJIETOUHOTO MeTaboIu3Ma JIMM(OITUTOB:

1. B rpynmne 3p0poBbix ntoneit (mpunar 3a 100%)

2. B rpynne 601bHBIX UMMYHOAECPUIIMTHBIMU COCTOSIHUSMHU (PACCUMTAHHBIM HA BCIO
TpyIILy)

3. B moarpymnmne 00JbHBIX, MPUMEPBI KOTOPHIX OCTAIUCH B Mpolecce o0ydyeHus: Heu-

pocetu

B noarpyrine 60abHBIX, MPUMEPBl KOTOPBIX OBUTH UCKIIIOYEHBI B MpoIiecce 00y-
yeHus Heripocetn M ckimtoueHHas rpynmna JJOCTOBEPHO OTJIWYalach OT TPYIIIBI 30PO-
BBIX 10 2 TIOKa3aTessiM UMMYHHOTO cTaTyca. OgHako HauOobIlIee KOJIUIECTBO JOCTO-
BEPHBIX pa3Inyuii HAOMIOATOCh MEXKIY MCKIIFOYEHHOW M OcTaBieics rpynmnamu - 10
M0 MapaMeTpaM KJIETOYHOTO MeTaboin3Ma U 4 1Mo napamerpaMm UMMYHHOTO CTaTyca.

AHau3 HanpaBJICHUH MapaMeTPOB B MOJTYUYECHHBIX MOATPYNNax MoKa3aja NpOTH-
BOIIOJIOKHYIO HANPaBJIEHHOCTh CABUIOB HEKOTOPBIX M3 HUX IO CPABHEHMIO C TPYNION
3n0poBeIX. Hanbonee sipkue mpoTHBOHANpPABICHHBIE CIBUTHA HAOIIOMANCh MOYTH T10
BCEM MapaMeTpaM aKTUBHOCTU BHYTpuiIuMporuTapubix ¢pepmenToB (Puc. 7). MuTepec
MPEJICTABIISIET TAKXKE JTOCTOBEPHBIM Pa3HOHAINPABICHHBIA CIBUT COOTHOLIEHUs TOP-
POK/T®UY-POK, yka3bIBaroIuii Ha pa3IuyHyH HAMpPaBJICHHOCTHh TUG(EpEeHITMPOBKU

J'II/IM(l)OI_II/ITOB B IIOATPYIIIIAX, BBIACIICHHBIX HeﬁpoceTL}o.
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AHanu3upysi mMpuUMepbl OOJIbHBIX, MOMABIIMX B pa3HbIC MOATPYIIHBI, MOXKXHO
MPEANOI0XHUTh, YTO HEUPOCETh, MCIOJb3Yys 3aJaHHbIC 00ydJarouue mapameTpsl, pas-
nenuia ooty BeIOOpKY nuil ¢ MJI Ha aBe Tpynmbl ¢ pa3IMUHBIMUA COCTOSIHUSIMUA M-
MYHOPEaKTHBHOCTH.

B ocraBmeiics rpynmne mpu AenpeccMd MMMYHHOTO OTBETa HaOJI01aeTCs KOM-
TIeHCAaTOPHAs PeaKIus UMMYHHOM CHCTEMBI, TIPOSBIISIIONIASACS MPEXKIAC BCETO yBeInUYe-
HUEM aKTUBHOCTH BHYTPHUKJIETOUYHBIX ()EPMEHTOB.

B ucknroueHHBIX puMepax OOJBIIMHCTBO METAOOIMYECKUX TOKa3aTenen Mmpu-
OIKaeTcsl K aHAJIOTMYHBIM IMapaMeTpaM 370POBbIX MHAUBUIYYMOB U, BEpOSTHO, Ha-
OJr0/TaeTCsl KOMIIEHCATOPHAs PeaKius, BhIPAKAIOIIASCA B aKTHBAlUM WMMYHOPEAK-
TUBHOCTH [57].

Taxkum oOpazoM, B JaHHOM ciy4yae HEWpOHHas CeTh, OOYYaBIIMCh HA HEBEPHO
3aIaHHOM KJIacCU(UKAIMOHHOW MOJienu (YTO CHavasia He ObLIO M3BECTHO HMCCIICIOBA-
TeJsIM), CTaJla ICTOYHUKOM THUIIOTE3bI O PAa3HOPOJIHOCTH OJHOTO M3 KJIACCOB.

C y4eToM CKOPPEKTUPOBAHHOM KIacCU(MUKAIMOHHON MO ObLITA MHHUITUATIH-
3upoBaHbl 10 HOBBIX HEHPOCETEH-IKCIIEPTOB ISl KiacCU(PUKAIMK TETeph yKe BCeX 3
MOJIy4eHHBIX Tpymnm. HelpoceTn umMenu mapaMeTphl, aHAIOTHYHBIC Mpeabiayieid. Bee
OHM TOJHOCTBIO 00YyYHIJIach pa3inyaTh 3aJlaHHbIe 3 HOBBIX Kiacca. [Ipu aHamuse 3Ha-
YUMOCTH O0YyYaroluX MapaMeTpoB CaMbIMU MH(OPMATUBHBIMU OKa3aJIMCh COOTHOIIIE-
Hue TOP-POK/T®Y-POK u akTUBHOCTH JAETHAPOTEHA3 TUMGOIUTOB.

Takum o00Opazom, HOBBIE 3-KJIaCCOBBIC HEHPOCETH HAKOIWJIU OIpPEACTCHHBIN
onbIT AUGHEPEHIMPOBKH TPEX COCTOSHUN UMMYHOPEAKTHBHOCTH - XapaKTEPHOTO IS
310poBeIX JroaeH (1 kmacc) u aBe ¢a3pl H3MEHEHHOM WMMYHOPEAKTUBHOCTH, Xapak-

TEPHOM JJI1 COCTOSIHUI BTOPUYHOTO UMMYHoieunuta (2 u 3 Kiacchl).
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