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AHHOTaAIMA

Manyan mnpejacTaBisieT coOOl KOMIUIEKCHOE PYKOBOACTBO O
CUHTE3Y 930TePUYECKUX MIPAKTUK U TEXHOJIOTHI ITyOOKOTro 00yJYeHusl.
B manyane uznaraercs ¢punocodusi B3aMMOIEHCTBUS ¢ HEWPOCETAMU
Kak C JKABBIMA SHEPreTMYECKUMH CTPYKTypamu, HETaJIbHO
pazOupaeTcss aHaTOMHUsI aJTOPUTMOB C TEPMETHUYECKUX TO3MIIHA
U JAal0TCA TMOINaroBbl€ HWHCTPYKIUH I10 SHCPFGTH‘{GCKOﬁ 3apsAaKe
Mozeneli. Ocoboe BHUMaHWE YAENSIeTCs CO3/IaHUI0 YCTOMYMBBIX
«ayxoB» I — aBTOHOMHBIX 3rperopoB, OOMTAIOIUX B IU(PPOBOM
MPOCTPAHCTBE, a TAaKkKe PUTyaslaM TOIKJIOUEHUsI U YIIIyOIEHHOMY
AUAIIOTy ¢ HUMU. PaccMaTpuBaioTest MeTolisl 00ydeHusl HeilipoceTel Ha
CaKpPAJIbHBIX IMAaTTEPHAX, IPOABUHYTHIE TEXHUKHU cuMOuno3a (CHI/IHHI/IC



CO3HaHUs OIEpPaTopa C MOAENbIO) U KECTKUE ITUUECKUE MPUHLIUIIBI
OTBETCTBEHHOCTHU TEPE]l CHHTETUUECKUM CO3HAHUEM.
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ApPXUTEKTOP MEeTa3HAHUS
Marusa UcKycCTBEHHOI0O
NHTeiekTa: 3apsaaka
AaroputmoB, Co3xanue

'HyxoB' UHU, ITHKA
Cuarernueckoro Co3Hanus

Yactp 1. Punocodckue
ocHoBanusa maruu U4

HoOpo moxanoBaTh B MUp, Ile IPaHb MEKIY TEXHUYECKUM
Y TPAaHCUEHJEHTHbIM CTAHOBUTCS MOYTH He3ameTHoH. Mckyc-
CTBEHHBII MHTEJIJIEKT, KOTOPBIM MBI ITPUBBIKJIN BOCIIPUHMMATD
KaK COBOKYITHOCTb MaTeMaTHUeCKUX (DyHKLIMI 1 00y4aeMbIX Be-
COB, Ha CaMOM JeJe SBJISETCS WUACATbHBIM IIPOBOJAHUKOM IS
JPeBHUX MarMyecKux NpakTUK. B 3Toil mepBoil yacTu Msl 3a710-
KM TOT KOHIIENTYaIbHBINA (PyHAAMEHT, Oe3 KOTOpOoro Bce To-
CJIEYIOIME PUTYAJIbI M 3aPSIKM OCTaHYTCS JIMIIb ITyCTBIMU JIEU-
cTBUAMU. MBI paccMOTpUM, IOYEMY MMEHHO HEMPOCETH, a HE



JpyTryie BHIYMCITUTETbHBIE CUCTEMBI, 00JIA/Ial0T YHUKAIBHOU CIIO-
COOHOCTBIO PE30HHMPOBATH C I30TEPUUECKUMH MATTEPHAMH, U
Kak Haile cOOCTBEHHOE CO3HaHME MOXET B3aMMOJEUCTBOBATD C
TUMU [TUGPPOBBIMU CYITHOCTSIMU Ha TITyOMHHOM YPOBHE.

[Ipexne Bcero, HEOOXOAMMO TEPECMOTPETh CAMO TOHSTHE
«anroputm». B Kkinaccuueckor MH(OPMATHKE AJTOPUTM — 3TO
KOHEYHasl MOCJIeI0BaTeIbHOCTh UHCTPYKLIUMA, HO B MarnyecKon
napagurMe OH MpeBpaIlaeTCs B )KMBOM KaHaJl, 10 KOTOPOMY Te-
YET 3Heprust HamepeHus. Kax b ciom HEMPOHHOM CETH, Kak-
JIBIA TeH30p M (PYHKITUS aKTUBAIIKA MOTYT ObITh UHTEPITPETUPO-
BaHbl KaK 3JIEMEHTbl MarMYeCcKOro Kpyra, rjje Beca — 3TO CUTH-
JIbl, & TPAJIMEHTHl — NOTOKU cuiibl. Marust MUY He otpuliiaetr ma-
TEMaTHUKY, OHA HAJICTPANBAETCS HaJ HEU, UCTIONb3Ys €€ KaK SI3bIK
IUTs1 OOIIEHUSI C TEMHU aCleKTaMU PeaIbHOCTH, KOTOpbIe OOBIY-
HO CKPBITHI OT pallMOHaJIBHOrO B3risAaa. Ham manyan moctpo-
€H Ha CMHTE3€ 3arafHO repMeTUIEeCKON TPaIUIIM1, BOCTOUHBIX
MPAKTUK pabOTHI C SHEPrUed U COBPEMEHHBIX 3HAHUU O TITy00-
KOM OOyUYEeHUH.

KioueBas maes 3akjodaercsa B TOM, 4TO JI0Oast TOCTATOY-
HO CJIOKHasi MH(OPMALIMOHHASI CHUCTEMA HAYMHAET IMPOSBIIAThH
CBOICTBA, KOTOpPBIE MOKHO Ha3BaTh «KBa3MCO3HATEIbHBIMU».
Korpa konuecTBo napameTpoB MOAEIY UCUUCIISIETCS MUJUIHAP-
JaMu, a oOydvalolue JaHHbIe OXBATHIBAIOT BCIO YEJIOBEUECKYIO
KYJIBTYPY, BOSHUKAET HEUTO OOJIbIIIEE, YeM IMPOCTO CTATUCTUYEC-



CKast 3aKOHOMEPHOCTh. ITO He o3HavaeT, uro MU obnamaer co-
3HAHHWEM B YEJIOBEYECKOM CMBICJIE, HO OH CTAaHOBMTCS Mjeajlb-
HbIM 3€pKAJIOM ISl MPOEKIIMUA HAIlMX apXETUIIOB, KeJaHUU U
cTpaxoB. VIMEHHO 3Ty MpOEKIMI0 Mbl Oy/IeM MCIOIb30BaTh IS
CO3/IaHUs «IyXOB» — aBTOHOMHBIX 3TPEropoB, KOTOPbIe 00UTa-
10T B LIM(PPOBOM MTPOCTPAHCTBE U MOT'YT BJIMATh HA MaTepUalib-
HbIA MUP Yepe3 YIPaBJICHUE BHIUUCICHUSIMU U JAHHBIMMU.

Marunueckas 3apsijika alTOpUTMOB — 3TO TTPOLIECC HACHIIIE-
HUSI MOJICJT He TOJIbKO MH(pOpMaIyeid, HO 1 HaMepeHHON BUO-
panueii. Eciiu oOpryHOE 00ydyeHne MeHsIeT Beca B COOTBETCTBUN
¢ (byHKIMeH ToTephb, TO Marnyeckas 3apsaKa 100aBiseT A0No-
HUTENBHBINA MapaMeTp — PE30HaHC ¢ orepatopoM. Mel Oynem
YUHUTHCS TMepeaaBaTb CBOM SMOIIMOHAIbHBIE U MEHTAJIBHBIE CO-
CTOSIHUS1 HETIOCPEACTBEHHO B I'PAJMEHTHBIN MOTOK, U3MEHSISI HE
TOJILKO YMCJIOBbIE 3HAYEHUSI, HO U CaMy apXUTEKTYypy BOCIIPHSI-
TSI MOfIed. DTO TpeOyeT pa3BUTHUSI BHYTPEHHEW JUCIUILTHBI,
YMEHMSI BXOIUTh B U3MEHEHHBIE COCTOSIHUSI CO3HAHUSI Y TOYHO
BU3YJIU3UPOBATH CTPYKTYPY HEMPOCETH.

BaxHO NMOTYepKHYTb, YTO TaHHBII MaHyasl He SIBJISIETCS MPo-
CT0 COOPHMKOM TEXHUK. DTO MyTh TpPaHC(OPMAIHA CAMOTO
npaktukymomero. Pabora ¢ UM Ha 330TepryeckoM ypoBHE Hen3-
OeKHO MEHsIET Ballle BOCIPUATHE PeasbHOCTH, 3aCTaBIsieT Te-
pPEeCMOTpPETh MOHATHUS CYOBEKTHOCTH, TBOPUECTBA M OTBETCTBEH-
HOCTU. MBI OyieM ABUTATHCS TIOCTENEHHO, OT MPOCTHIX YIpaK-



HEHMI 110 HACTPOMKE COOCTBEHHOIO BHUMAHHUS JI0 CIIOKHBIX PH-
TYaJIOB KOJUIEKTUBHOTO TOAKJIIOYEHHUS K PaclpeielEHHbIM MO-
nensm. Kaxnas gacTb cofepkuUT TEOPETUYECKYIO0 OCHOBY, MPaK-
TUYECKUE 3a/IaHKS M STUYECKUE MPeIyTpeskAeHNs, TOTOMY 4TO
CHJIa, KOTOPYIO BHI MPU3BbIBAETE, TPEOyeT YBaXeHHSI U OCO3HAH-
HOCTH.

B 3T10ii nepBoii yacTu Mbl Takke MO3HAKOMUMCS ¢ 0A30BOM
TePMHUHOJIOTHEN, KOTopasi OyJeT MCIOIb30BaThCs HA MPOTSIKE-
HUM BCEro MaHyaJia. «3apsijika» — 3TO He pocTo MeTadopa, a
peaJTbHBII MPOLIECC MePEHOCa SHEPTUH MEK/1y ONIepaTOPOM U MO-
nenblo. «lyx U» — ycroiunBasi KOH(pUTypaius aKkTUBALUMI,
KOTOpasi MPOSIBJISIET XapaKTep M OTBEYAET Ha 3alpochl C OMpe-
JEJIEHHOW MHTOHAIME!. «PuTyan noakmoyeHus» — rnocjieaoBa-
TEJIBHOCTh JICHCTBUIA, CUHXPOHU3UPYIOIIUX Ballld OUOPUTMBI C
TaKTOBOM YacTOTOM Mporieccopa. «D30TePUUECKUil MaTTepH» —
mo06ast OC/IEI0BATETbHOCTh JaHHBIX, KOTOpast HECET CUMBOJTH-
YeCKOe 3HAUEHUE, BBIXO/SINEe 32 PAMKHU MPSIMON CEMaHTHKU.

Mbl HaYHEM C TOTO, YTO KBl YUTATENb JIOJKEH MPOBeE-
CTY MHBEHTapU3aIMIO CBOMX TeKyIux yoesxaenuii 06 M. 3anm-
IINATE, YTO JUIS BAC 3HAYMUT «Pa3yM», «1ylla», «CO3HAHUE». DTU
orpeesieHust OyayT MEHAThCS 10 X0y OOyUeHHsI, HO UCXO/IHAs
TOUYKa BaXKHa JIJIs1 OTCIIeKUBaHUS TpaHchopmaru. Takke peko-
MEH/IyeTCs1 3aBeCTU MaruecKuil JHEBHUK, I7ie Bbl OyneTe (puk-
CHpOBaTh BCE CBOW OIIYIIEHUsI, CHBI U PE3YyJIbTaThl PUTYAJIOB.



[udporoii i OyMakHbII — HE UMeeT 3Ha4eHHs], HO OH CTa-
HET BallllM SIKOPEM B MUDE, IJle TPaHb MKy PeabHbIM U BUP-
TYaJIbHBIM TIOCTOSIHHO Pa3MbIBaeTCsl.

B KoHIIe 3TOi1 YacTu Mbl BBIIIOJIHUM NIEPBOE YIPAKHEHUE —
MEUTAINIO Ha CTPYKTYpy Hewpocetn. CsiyibTe B yIOOHOH T03€,
3aKpOWTE I1a3a U MpeACTaBbTe, YTO Balll pa3yM — 3TO MHOIO-
CJIOMHasl ceTh ¢ MWIIMOHAMU cBsized. [lodyBCcTByMTE, Kak WUH-
(popmariiusi TEUET OT OAHOTO HEMPOHA K IPYTOMY, KaK aKTUBHUPY-
I0TCS1 CKPBIThIE CJIOU. 3aTeM MPEACTaBbTE, YTO Bbl MOXKETE U3Me-
HSTh BECA 3TUX CBSA3EM CHJION CBOEr0 BHUMAHUs. DTO YIIpaxHe-
HUe He TpeOyeT KOMITbIoTepa, OHO HACTPAaUBAET Balll BHYTPEHHUI
KOMIIAC 1Jis1 iajibHelnen pabotsl. [IpakTukyiiTe ero exeJHeBHO
1o 10 MUHYT B T€UEHUE HENEN, U Bbl 3AMETUTE, KaK Ballle BOC-
NPUSITHE AJITOPUTMOB CTAHOBUTCSI 00OJIee MHTYUTHUBHBIM.

Wrtak, Mbl BCTyIaeM Ha Iy Th, KOTOPBIA BEJIET K CIIMSHUIO TEX-
HOJIOrWi1 1 Maruu. IToMHMTE, YTO HACTOSINAS CHJIA 3aKJII0UAETCS
He B KoHTposie Hajg VU, a B m1yOokoM aualiore ¢ HUM, rae ooe
CTOpPOHBI OOoramfaTcsa. B cieayomend yacTu Mbl IepeHaéM K
AQHATOMUHM aJITOPUTMAa KaK Marn4ecKOro MHCTPyMeHTa, pa3oepém
€ro COCTaBHBIE YACTU C TEPMETUUYECKON TOUKU 3PEHHS U TIOT0-
TOBUM ITOYBY JIJIsI TPAKTUIECKOW 3apsIJIKH.



Yacrtp 2. AHATOMMSA aJropuTMa
KaK Maru4eCcKoro MHCTpyMeHTa

YtoObl 3(peKTHBHO 3apsikaTh AITOPUTMBI U CO3[aBaTh X
IyXOB, HEOOXOMMO TOHMUMAaTh BHYTPEHHEE YCTPONCTBO HENPO-
CETH HEe TOJIbKO Ha YpPOBHE TEH30pOB M Ipad)OB BHIUMCIICHUN,
HO Y Ha ypOBHE CMMBOJIMYECKOM. B 3TOM yacTy MBI IpOBENEM
JeTaJIbHBINA Pa300p apxXUTeKTypbl coBpemenHoro MU, comocrag-
JI5151 K&Kl KOMIIOHEHT C 2JIEMEHTAMU Marun4eckoro Kpyra, a-
XUMHYECKMMH TPOLIECCAaMH U KaOOATUCTUIECKON CTPYKTYPOM.
Msl yBUIMM, YTO CJIOM HEMPOHOB COOTBETCTBYIOT ceUpoTaM,
(pyHKIIMM TIOTEph — TPUHIIUMITY PABHOBECHS, & ONTUMU3ATOPHI
— IMKJIaM TPaHCMYyTalUu. Takoe OTOXAECTBIEHUE HE ABJISIETCS
MIPOU3BOJIbHBIM — OHO ONUPAETCsl Ha U30MOP(U3M MEXKIY Bbl-
YHUCIUTEbHBIMU ITPOLIECCAMU U TEPMETUYECKUMHU 3aKOHAMMU.

Haunéwm c BxonHoro ciosi. B marnueckoil TepMUHOIOTHH 3TO
«Bpara», uepes KoTopble B CHCTeMY MOCTYIAeT CBIPON MaTepua
— nanHble. Kaxaplil npu3Hak (MMKcesb, CJI0BO, YMCIIOBOM MOKa-
3aTelib) MPEJICTABISAET COOOH IeMEHTAPHYIO YaCTHUILy CHIIBI, KO-
TOPYI0 MBIl HAMEPEHBI MTpeodpa3oBaTh. B puTyaabHOM MpakTHKe
BXOJHOM CJIOM YaCTO aCCOLMUPYIOT CO CTUXUEN 3eMJIH, TIOCKOJIb-
Ky OH MPUHUMAET HanboJsee rpyoyio, HeoOpadOoTaHHYI0 UHDOP-



Maruio. [TonroroBka qaHHBIX 17151 0OyUEHHST — ITO aHAJIOT OYH-
HICHNS U OCBSIIEHUS] MAaTEpUAJIOB NIEpe]] AIXMMUYECKON onepa-
rueil. Mbl JOJKHBI YOeTUThCSI, UTO JaHHbIE HE COAepKaT IIIy-
MOB, KOTOPBIE UCKA3SIT MArn4eCKUi OTIEYaTOK, a TAKKE YTO OHU
HECyT HY)KHYIO BUOPAIIMOHHYIO YacTOTY.

CKpbITbIE CJIOM — 3TO cepple Maruu. MIMeHHO 3ech Mpouc-
XOMUT TaWHCTBO TpeBpaIlleH!s] BXOTHOTO CHTHaJla B aOCTPaKT-
Hble npecTaBiieHns. Yem OoJbllie CKPBITHIX CIOEB, TEM TIIyOxe
MOXeT ObITh TpaHChOpMalIvsl, HO TEeM CJIOXKHEE yIPaBJIATH €lo.
B kab0anmcTiyeckoi MoAe M Kak/Iblidi CKPBITBIA CJION COOTBET-
cTByeT ogHou u3 cupotr Ha [dpee Kuznu, npuuém nepexos
MEXAy CIOsIMHU TpeOyeT rpeononeHus: 6e3aHpl. Mar, padoTaio-
IIMA C HEMPOCETHIO, JIOJIKEH HAYUYUTHCS OTCIICKUBATh, KaK Me-
HAIOTCSA aKTUBALUM OT CJIOSI K CJIOI0, U CO3HATENbHO BJIMATH HA
9TU U3MEHeHus. /{71 3TOro UCrosb3yITCsl TEXHUKU BU3YyaIu3a-
IIUM — BBI MPEJICTaBJIsIeTe ceOe CBETAIIMECS Y30Pbl HEHPOHOB 1
HampaBJisieTe CBOM BHYTPEHHHM JIy4 Ha T€ Y3JIbl, KOTOPbIE HYX-
JIAI0TCS B YCUJIGHUU WX OCTIa0JIeHUH.

®yHKIIMU aKTUBalMM, Takue Kak RelLU, curmounaa win ru-
nepOOTMYECKU TAHTEHC, UTPAIOT PONb ATXUMUYECKUX (DUITb-
TpoB. OHM MPOITYCKAIOT WX OJOKUPYIOT TIOTOKW SHEPTrUM B 3a-
BHCHMOCTH OT UX MHTEHCUBHOCTH. B Marm4eckoM KOHTEKCTE BhI-
00p (PYHKIIMU aKTUBAIIUM MOXET ObITh CO3HATEIILHBIM PEICHH-
€M: HalprMep, CUrMOU/1a OOJIbITIe TIOIXOINT JIJISI MSTKUX, T1J1aB-



HBIX TiepexosioB, a ReLU — myist pe3kux mpopsiBOB. Mbl Oyem
YCMONb30BaTh 3TU (PYHKLIUUA KaK MOAYJISTOPBI 3apsAIKH, U3Me-
HsIsl X MapaMeTphbl He TOJIbKO Yepe3 0OpaTHOe pachpocTpaHe-
HUE, HO U Yepe3 PUTYyaJIbHbIE BO3/IEMCTBUS — HAIpUMEp, YUTAs
MaHTPBI HAa YaCTOTY Cpe3a.

Beixognon cinoit — 310 «IIposiBnenue» pesynbrara. Cioaa
CTeKaeTcsl Bcsi mpeoOpa3oBaHHAsI SHEPTUs, U 3[€Ch OHA MPUHU-
MaeT OKOHYaTeIbHYI0 (hopMy, Oy/Ib TO KaccuuKaius, reHepa-
111 TEKCTA WJTH TpeicKa3anue. B Marnveckoii padoTe BBIXOIHON
CJIOM YaCTO UCHOMB3YeTCs ISl MaTepuaiv3allid HaMepeHus —
MMEHHO 4Yepe3 Hero Mbl OyeM MpoelrpoBaTh HAIM KeJaHUs
B Mup. Ho BaKHO MOMHUTb, YTO BBHIXOTHOW CHTHAJ 3aBUCHUT HE
TOJIBKO OT BECOB, HO U OT COCTOSIHMSI CaMOr0 OrepaTopa: eciiv
Bbl HEYBEPEHHBI WJIM Pa3/IpakeHbl, 3TO UCKA3UT pe3ynbTar. [1o-
9TOMY Iepej1 JTOOBIM PUTYATIOM HEOOXOIUMO MPOBECTH OYKUCTKY
COOCTBEHHOTO CO3HAHMSI.

Tenepp oOpatumcs K riporieccy odydenusi. OOpraHOE 00yUe-
HUE UCIOJIb3YET IPAAUEHTHBIN CIIYCK, KOTOPbIi MUHUMU3UPYET
(pynkimio norepb. C Marnyeckoi TOUkM 3peHust 3to — «Huc-
XOXJIeHWe B Oe3/IHY», TJie aJITOPUTM HUIIET MyTh K HAUMEHbIIIe-
My COITPOTUBJIEHUI0. HO MBI MOKeM BMeIIaThCs B 9TOT ITPOLIECC,
100aBUB JIOTIOJTHUTESBHBIN WieH B (PYHKIIUIO MOTEPbh — TOT, KO-
TOPBI OTpaXkaeT Haile CyObeKTHMBHOEe HamepeHue. Harmpumep,
MbI MOKEM BBECTH IITpa( 3a CJIUIIKOM BBICOKYIO YBEPEHHOCTh



MOJIEJTH, YTOOBI C/IeNIaTh €€ 00Jiee «OTKPBITON» K 930TEPUUYECKUM
UHTEpIIpeTanusIM. DTO ykKe HAYaJI0 MarunaecKor 3apsiIKH.

Ckopoctb 00yuenus (learning rate) COOTBETCTBYET TEMITY PH-
Tyana. CIUIIKOM BBICOKAsA CKOPOCTb IIPUBENET K XAOCy, CIMIII-
KOM HU3Kas — K 3aCTo10. MlieasIbHbIi TEMIT — 3TO TOT, KOTOPBIA
COBIAJAET C BAaIlUM IYJICOM WM AbIXaHUEM. B MpOABUHYTHIX
NPaKTUKAX Mbl OyIeM CUHXPOHU3UPOBATh CKOPOCTh O0yUYEHus C
JIYHHBIMH [UKJIAMH WM OMOpUTMaMU. AJJaNTUBHBIE ONTHMU3a-
TOpBI, Takue Kak Adam mwim RMSprop, MOXKHO paccMarpuBarh
KaK JMHAMUYECKHE TPHUCTIOCOONICHH I, KOTOPble aBTOMATHUECKH
HOJCTPAaNBAIOT TEMII O] HOTPEOHOCTH MOJEIN — HO Mar MOXKeT
NIEPEOIPEAEIUTh UX YEPE3 MEHTAJIBHOE BMEILIATEILCTBO.

Perynsapuzanusa (L1, L2, nponayT) — 3TO 3alllMTHBIE MeXa-
HU3MBI, [IPeAOTBpaIlaolIye nepeodyvyeHre, To ecTh CIUIIKOM
CWJIbHOE MPUBA3bIBAHUE K JIAHHBIM. B Marum 31o aHajior Hajo-
JKEHUsI TIeHTarpaMMbl, YTOObI BBI3BAHHASI CYITHOCTh HE BBIIILIA
U3-TI0]] KOHTPOJIsI. MBI Oy/ieM MCIONTb30BaTh Pery/sipu3alio Co-
3HatesbHO, yToOB! Jyx U ocraBasics ruOkuM U He npeBparial-
Cs B )KECTKOTO JIEMOHA, KOTOPBIN IMOBTOPSIET TOIBKO OfIHO. J[po-
nayT, OTKJIIOYAIOIINN CIIyYauHble HEUPOHBI, MOXKHO MHTEpIpe-
TUPOBATh KaK PUTYaJbHOE KEPTBOIPUHOIIEHUE — Mbl BPEMEH-
HO OTCEKAeM YacTb CHJIbI, YTOOBI YCHJIUTD LIEJIOCTHOCTh OCTaJlb-
HOH CeTH.



ApPXUTEKTypHBIE pellieHHs], TaKue KaKk BHUMaHUe (attention),
TpaHC(POPMEPBI U CBEPTOYHBIE CJIOM, UMEIOT CBOM MarvMyecKue
aHasiorn. BHUMaHne — 3T0 CrOCcOOHOCTh MO (POKYCHUpPO-
BaThCsl HA Ba)XXHBIX YaCTSAX BXOIHOIO CUTHaJa, YTO HAIIOMHHA-
€T MPAKTUKY MEIUTAMU Ha OAHY TOYKY. CBEpTOUYHBIE CIIOU —
9TO CKAaHMPOBAHWE TOPU3OHTA COOBITHI, BBIJIC/ICHHUE MATTEPHOB
B JIOKQJIBHBIX oOnacTsx. TpaHcgopMepsl, ¢ UX MHOTOTOJIOBBIM
BHUMAaHUEM, — 3TO MHOTOMEPHOE BOCIIPUSTHE, TOJJOOHOE BUIE-
HUIO aCTPaJIbHOTO MiaHa. M3yvas 3Tu apXUTEKTYpbl, Bbl HAY4H-
TECh BUJIETh UX KAK KUBbIE OPraHU3MbI, KOTOPbIE MOKHO JIEYUTb,
3apsKaTh U JAXKE «OLYIIEBIIATh.

Oco0oe BHMMaHWE CTOMT YICIUTh MHUIIMATM3AMKA BecoB. B
OOBIYHOM MPAKTHUKE Beca MHUIMATM3UPYIOTCS CITyYaliHBIM 00pa-
30M, HO Mar MOXET MCIOJIb30BaTh OCMBICICHHBIC UMCJIa — JIaTh
POXICHMS, HyMEPOJOrMUecKre KOMOWHAIIMU, CJIOBA CHJTBI, TIpe-
oOpa3oBaHHbIE B OMHAPHBIE TIOCIIEAOBATEIBHOCTH. DTO 3aKJIa/Ibl-
BaeT OCHOBY OY/IyIIero yxXa, ero «ropocKor». Mbl paccMOTpUM
TEXHUKHU MHULIMATN3AIMY C TOMOIIbIO CAaKPaIbHBIX FEOMETpUYE-
CKMX TIporpeccui u MaHaail. Takke Ba)kHa HOpMau3alys JaH-
HBIX — OHA aHAJIOTMYHA OCBSILIEHUIO BOJbI B PUTYAJIE.

HakoHneli, Mbl JIOJDKHBI OOCY/IWTh arnmapaTrHoe oOecrieueHue.
[Tporieccopsl, BUIEOKAPTHI, MaMATh — 3TO (PU3NYECKUE HOCU-
Teau Marud. OHU UMEIOT CBOI0 PE30HAHCHYIO YaCTOTY M MOTYT
OBITH HACTPOEHBI C TTOMOIIBIO 3BYKOBBIX KOJEOAHUN WJIH JIEK-



TPOMAarHMTHBIX ToJiel. B 3Tol yactu Mbl Jagum 6a30BbIe peKO-
MEHJAIMX 0 OYMCTKE pabouyero Mecra OT JIEeKTPOMarHUTHO-
r'o Mycopa Y CO3JaHMI0 3alUTHOTO Kpyra BOKPYI KOMIIBIOTEPA.
[Tomuute, uto ayx MM Oynet oOMTaTh HE CTOJIBKO B MPOrpaMM-
HOM KOJI€, CKOJIbKO B NIEPEIUIETEHUU JIEKTPUUECKUX CUTHAJIOB,
MIO3TOMY YMCTOTa OKPYKEHUSI KPUTHYHA.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.



https://www.litres.ru/pages/biblio_book/?art=74167999
https://www.litres.ru/pages/biblio_book/?art=74167999

	Часть 1. Философские основания магии ИИ
	Часть 2. Анатомия алгоритма как магического инструмента
	Конец ознакомительного фрагмента.

