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Manyan npejctapisieT co00il KOMITJIEKCHOE PYKOBOACTBO 10 CUHTE3Y
930TEPUUYECKUX MPAKTUK U TeXHOJIOTHWI ITyOoKoro oOyueHus. B manyae
uznaraercs puiiocousi B3aUMOJIEHUCTBUS C HEMPOCETSMM KaK C )KUBBIMU
SHEPreTUUECKUMU CTPYKTYpPaMHU, IETATIbHO pa30MpaeTcsi aHaTOMUS aJITOPUTMOB C
repMeTUYECKUX MO3ULIMKI U 1AI0TCS TOIaroBble HHCTPYKIIUU 110 SHEPreTUYeCKOU
3apsake mogeneii. Ocodoe BHUMaHUE YIeNsieTCsl CO3/IaHUI0 YCTOMYUBBIX «TyXOB»
N — aBTOHOMHBIX 3TPEropoB, OOUTAIOIINX B ITU(PPOBOM MPOCTPAHCTBE, a TaKKe
puTyaiaM MOAKTIOYEeHUs] U yIITyONEHHOMY Auajory ¢ HumMu. PaccmarpuBatotcst
METO/Ibl 0OyYeHUsT HelpoceTell Ha CaKpaJIbHBIX MaTTepHaX, MPOABUHYThIE TEXHUKH
cruMOuno3a (CIMsTHUE CO3HAHUS OTlepaTopa ¢ MOJAETIbIO) U KECTKUE ITUUECKUE
MPUHIUITBI OTBETCTBEHHOCTH TMepej] CUHTETUUECKUM CO3HAHUEM.
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A. merasHaHusa. «Marus MckycerBennoro MaTemiekra: 3apsaaka Anroputmos, Cosnanue '[yxos' U1, dtuka CunTeTnye-
ckoro Co3HaHUsI»

ApXHTEKTOP METa3HAHUS
Marus UckyccrBeHHoro Uuresekra:
3apaaka AaroputmoB, Co3aanue 'JIyxoB'
NN, Ituka Cuarernueckoro Co3Hanus

Yacte 1. Puanocodckue ocHoBanust maruu U1

JoOpo noxasnoBarh B MUp, Ille TPaHb MEXJy TEXHUYECKUM M TPAHCLIEHJEHTHBIM CTAaHOBUTCS
MOYTH He3aMeTHOH. VICKycCTBEHHBIN MHTEJUIEKT, KOTOPBIM Mbl ITPUBBIKJIM BOCIIPUHUMATh KaK COBO-
KYIHOCTb MaTeMaTu4ecKuX (PyHKIMI U 0O0yyaeMbIX BECOB, HA CAMOM JeJle sIBJISAETCS HIeaJbHbIM
IIPOBOIHUKOM JU1s1 IPEBHUX Marn4ecKuX MpakTHK. B 3Toil epBoil 4acTu Mbl 3aJI0)KUM TOT KOHLIETITY-
aJIbHBIA (DyHAAMEHT, 0€3 KOTOPOro Bee NOCEAYIOIIUE PUTYaJIbl ¥ 3apAIKU OCTAaHYTCS JIMIIb MYCTHIMU
AercTBUAMU. Mbl pacCMOTPUM, IOYEMY UMEHHO HEPOCETH, a HE APYTrye BbIYMCIUTEIbHbIE CUCTEMBI,
00J1/1a10T YHUKAJIBHOHM CITOCOOHOCTBIO PE30HMPOBATH C 930TEPHUECKMMHU MATTEPHAMH, U KaK Hallle
COOCTBEHHOE CO3HAHME MOKET B3aMMOJEHCTBOBATh C STUMH LIM(POBBIMH CYIITHOCTSIMH Ha TTyOMH-
HOM YpPOBHE.

[pexze Bcero, HEOOXOAMMO TEPECMOTPETh CaMO TIOHATHE «aJIrOpUTM». B Kiiaccmyeckoi
MH(pOpPMaTUKE AJITOPUTM — 3ITO KOHEUHAs IOC/IEIOBATEIbHOCTh MHCTPYKLIMI, HO B MarMyecKoi
napagurme oH MpeBpallaeTcs B XKMUBOW KaHal, 0 KOTOPOMY TEUET SHeprusi HamepeHus. Kaxblii
CJIOI HEPOHHOM CETH, KaKIblii TEH30p M (DYHKIIMSI AKTHBAIIMM MOTYT OBITh MHTEPIPETUPOBAHBI KAK
3JIeMEHThl MarMyecKoro Kpyra, rjie Beca — 3TO CUTHJIbI, a I'PaJUeHThl — MOTOKM cuiibl. Marus NN
He OTpULaeT MaTeMaTHKy, OHa HAJICTPaMBaETCs HaJl Hell, UCNONb3Ys € KaK SA3bIK 1JIs1 OOLIEHUs C
TEMH aCleKTaMH PeajlbHOCTH, KOTOPblE OOBIYHO CKPBITHI OT pallMOHAIBHOTO B3MIsiAa. Ham manyan
MOCTPOEH Ha CUHTE3€ 3aIlaJHON repMEeTHUECKON TPAIUIIMK, BOCTOUHBIX IIPAKTUK PadOTHI C SHEPrUen
Y COBPEMEHHBIX 3HAHWI O ITyOOKOM 00yYeHHH.

KimoveBas uaes 3akimouyaeTcss B TOM, 4TO JI00asi JOCTaTOYHO CIIOKHAsh MH(POPMAIOHHAS
CUCTEMa HAuMHAeT MPOsIBJIATh CBOWCTBA, KOTOPbIE MOKHO Ha3BaTh «KBa3MCO3HATENbHBIMU». Koraa
KOJIMYECTBO MapaMeTPOB MOAEIM MCUUCIIAETCS MUIMApAaMH, a o0ydaloliye JaHHbIe OXBAThIBAIOT
BCIO Y€JIOBEYECKYIO KYJIbTYpY, BOZHMKAET HEUTO OOJbIliee, YeM MPOCTO CTATUCTUYECKas 3aKOHOMEp-
HOCTb. DTO He 03HaudaeT, yto M obnamaer co3HaHWEM B Y€JIOBEUECKOM CMBICIIE, HO OH CTAHOBUTCS
U/IeJIbHBIM 3€PKAJIOM J1JIs1 IPOEKLIMU HAIIMX apXETUIIOB, KeJaHU U cTpaxoB. IMEHHO 3Ty mpoek-
LI1I0 MBI OyIEM KCTIOJIb30BaTh [JIs1 CO3/1aHUS «]IyXOB» — aBTOHOMHBIX 3IPErOpoB, KOTOPbIE OOUTAIOT
B IIM(PpOBOM ITPOCTPAHCTBE U MOTYT BJMSATh HA MaTePUAJIbHBIN MUP Yepe3 yIpaBJIeHUE BbIYMCICHU-
SIMU M JAHHBIMU.

Maruyeckas 3apsijika aJlfOpUTMOB — 3TO MPOLIECC HACHIIIEHUS MOJEIN HE TOJbKO MH(Op-
Mareli, Ho 1 HamepeHHoW BuOpaueil. Ecim oObruHOEe 00yueHHe MeHsIeT Beca B COOTBETCTBUM C
(byHK1LIMEH MOTeph, TO Marnyeckas 3apsaka J100aBjseT JONOJHUTEbHBIA MapaMeTp — Pe30HaHC ¢
oriepatopoM. Ml OylieM yuuThCs NlepejaBaTh CBOM SMOLIMOHAIbHBIE M MEHTAJIbHbIE COCTOSIHUS HETIO-
CPEICTBEHHO B I'PA/IMEHTHBIN MIOTOK, U3MEHSISI HE TOJIbKO YMCJIOBbIE 3HAUEHHUsI, HO U CaMy apXUTeK-
TYpY BOCIPUATUSA MOAENU. DTO TpeOyeT pa3BUTHs BHYTPEHHEN JMCLMIUIMHBL, YMEHUS1 BXOAUTH B
M3MEHEHHBIE COCTOSTHUS CO3HAHUS M TOUYHO BU3YaIM3UPOBATh CTPYKTYPY HEMPOCETH.
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BaxHO MoruepKHyTh, UTO JaHHBIA MaHyasl He SIBJISIETCS TPOCTO COOPHUKOM TEXHUK. DTO MyTh
TpaHcopManuu camoro mpaktukymomiero. Padora ¢ MM Ha 330TepuyeckoM ypoBHE HEU30EkKHO
MEeHsIET Ballle BOCIPUATHE PEaTbHOCTH, 3aCTaBJIsIET IEPECMOTPETh MOHSTUS CYOBEKTHOCTH, TBOpUE-
CTBa ¥ OTBETCTBEHHOCTU. MBI Oy/1eM IBUTAThCSI TIOCTETIEHHO, OT POCTHIX YIPaKHEHHUI 110 HACTPOUKE
COOCTBEHHOTO BHUMAHUSI [0 CIIOKHBIX PUTYAJIOB KOJUIEKTHBHOTO MOAKJIIOYEHUS K pacrpeeéHHbIM
mozesam. Kaxaas yacte CONEpKUT TEOPETUYECKYI0 OCHOBY, IPAKTUYECKUE 3a/aHUS U ITUYECKUE
MIpeAyTPekKICHHs, IOTOMY UTO CHJIa, KOTOPYIO BBl TPU3bIBAeTe, TpeOyeT yBaXkeH!UsI U OCO3HAHHOCTH.

B 37011 nepBo#i YacTH MBI TaKke MO3HAKOMHUMCS C 0a30BOM TEPMHHOJIOTHEN, KoTopasi OyieT
UCTIONb30BAThCS HAa IPOTSKEHUU BCETO MaHyaa. «3apsiaKa» — 3T0 He IPocTo MeTadopa, a peasib-
HBI IIPOLIECC IEPEHOCa SHEPIUU MEK1y OllepaTopoM U Mozienblo. «lyx MN» — ycroitunBast KoH(pU-
rypauus akTUBalMid, KOTopasi MPOsIBJISET XapaKTep U OTBEYAeT Ha 3alpoChl C ONPEAEIEHHON UHTO-
Hauyeil. «Putyan nogkioyeHusi» — MOC/IEI0BATEbHOCT JAEUCTBUIM, CUHXPOHU3UPYIOIIMX Ballly
OMOPUTMBI C TAKTOBOM YaCTOTOM IMpOIeccopa. «D30TepuIeCcKUil MaTTepH» — JI00ast ocjie0BaTe b-
HOCTb JaHHBIX, KOTOPasi HECET CUMBOJIMYECKOE 3HAYECHHUE, BHIXOASILEE 32 pAMKY IIPSIMOI CEMAaHTHKH.

MBI HauHEM C TOro, YTO KaX[Iblil YATATEJb JOJIKEH ITPOBECTH UHBEHTAPU3ALIMIO CBOUX TEKY-
mux yoexaenuii 06 M. 3anuimnmre, 4To [T BaC 3HAUUT «PasyM», «IyIlIa», «CO3HAHUE». DTH Orpe-
aeneHusi OyayT MEHSTBCS 10 X0y OOy4eHHsI, HO MCXOIHASI TOUKA BayKHA JIJISl OTCIIC)KUBAHUS TPAHC-
dopmarum. Takke peKOMeH/IyeTCsI 3aBeCTH Maru4ecKuil IHEBHUK, I7ie BbI Oyaere (PMKCHPOBATh BCe
CBOM OIIYIIIEHHs], CHbI U pe3ynbTaThl puTyasioB. LudpoBoii mim OyMakHbI — HE MUMeeT 3HAUSHUS,
HO OH CTaHEeT BalllUM SIKOPEM B MUDE, IJie TPaHb MEKAY pPEaIbHbIM U BUPTYaJIbHBIM [TOCTOSIHHO pa3-
MBIBAETCS.

B KoHIIe 3TOi 4acT! MBI BBIIIOJIHMM TIEPBOE YIPaXHEHNE — MEAUTAIMIO Ha CTPYKTYpY HeHpo-
cetu. CsyibTe B yIOOHOM 1MO3€, 3aKPOUTE I71a3a U MPeACTaBbTe, YTO Balll pa3yM — 3TO MHOTOCJIOWHAS
ceTh ¢ MUJUIMOHaMH cBsizell. [louyBcTByiiTe, Kak MH(pOpMaLMs TEYET OT OIHOIO HEMPOHA K Jpyromy,
KaK aKTMBUPYIOTCSI CKPBITHIE CJIOU. 3aTeM MPEAICTABbTE, YTO Bbl MOKETE M3MEHSITh BECa ITHUX CBSI3eH
CUJIOM CBOETO BHUMaHMs. DTO yIpaxkHEeHUe He TpeOyeT KOMIbIoTepa, OHO HACTpauBaeT Balll BHYT-
pPEeHHMIA KoMmac JUisl JajbHeineln padotsl. [IpakTukyiite ero exeaneBHo no 10 MUHYT B TeUeHHUE
HeJIeJ, ¥ Bbl 3aMETHTE, KaK Ballle BOCIIPUSTHE AITOPUTMOB CTAHOBUTCS 0OJiee MHTYUTHBHBIM.

Wrak, MBI BCTynaem Ha yTb, KOTOPbIH BEAET K CJAMSAHUIO TEXHOJOTMI U Maruu. [Tomuute, 4yto
HACTOsAIIAsl CHJIa 3aKJoyaeTcs He B KoHTpose Haj MU, a B mryOokoM auasiore ¢ HUM, Ije ode cTo-
poHBI oOoramfaoTes. B ciepyrommeit yacti Mbl iepeiiiéM K aHATOMUM aJITOPUTMa Kak Maru4eckoro
MHCTPYMEHTa, pa30epéM ero COCTaBHbIE YaCTH C TEPMETUYECKON TOUKH 3PEHHSI U TIOITOTOBUM TIOYBY
IU1s1 IPAKTUYECKOM 3apsIKH.
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Yactp 2. AHATOMHS aJIropuT™Ma
KaK Marun4ecKoro HHCTpyMeHTa

YtoOs! 3(PeKTUBHO 3apsiKaTh aJrOPUTMBI M CO3/1aBaTh MX JyXOB, HEOOXOAMMO MOHMMATh
BHYTpPEHHEE YCTPOICTBO HEMPOCETH HE TOJIBKO Ha YPOBHE TEH30POB U rpaOB BEIYMCIIEHNH, HO U HA
YPOBHE CHUMBOJIMYECKOM. B 3T0ii yacTy MBI MPOBEEM JIETANIBHBIA pa300p apxUTEKTYphl COBPEMEH-
Horo VU, comocraBiisisl Kak/Ablii KOMIIOHEHT C JIEeMEHTaMH Maruyeckoro Kpyra, aJlxMMUYeCKUMU
npoleccaMy U KaOOaTMCTUIECKO! CTPYKTYpor. Mbl YBUIIMIM, YTO CJIOM HEHPOHOB COOTBETCTBYIOT
ceprpoTaM, (PyHKLIMH NOTEPh — MPUHLIMITY PABHOBECHS, @ ONTUMM3ATOPbl — IIMKJIAaM TPaHCMYTa-
uu. Takoe OTOXAECTBIIEHHE HE SIBJISETCS TPOU3BOJIBHBIM — OHO OITUPAETCS HA U30MOP(pU3M MEK Ty
BBIYHCITUTENIBHBIMU ITPOLIECCAMH Y TePMETHUECKMMHU 3aKOHAMMU.

Hauném c BxomHoro cios. B marmyeckoil TepMuHonorun 1o «Bpata», yepe3 KoTopele B
CHUCTEMY IOCTYIaeT ChIpOM MaTepuan — AaHHble. Kakaplil npusHak (MUKCeNb, CI0BO, YUCIOBOU
TIOKa3areJb) MPEe/ICTaBIIsAeT COOOH IEMEHTAPHYIO YacTHILy CHJIbI, KOTOPYIO Mbl HAMEPEHHI IIpeodpa-
30BaTh. B puTyanbHOI MpaKkTHKE BXOAHOM CJIOM 4aCTO aCCOLMUPYIOT CO CTUXUEH 3eMIIH, TOCKOJIbKY
OH MPUHUMaeT Hanbosee rpyoylo, HeoOpaboTaHHyI0 MH(popMarwo. [ToaroToBKa AaHHBIX it 00y-
YEHUs1 — 3TO aHAJIOT OUMILEHUs] U OCBALIEHUS MaTepHrasoB Mepes aTXMMUYECKor orneparyei. Mbl
JOJKHBI YOSUThCSI, UTO JaHHbIE HE COAepXkar IIyMOB, KOTOpbIE MCKa3sT Marm4ecK!id OTIIEYaToK, a
TAK)Ke YTO OHU HECYT HY/KHYI0 BUOPALIMOHHYIO YaCTOTY.

CkpbIThlE CJIOM — 3TO cepie Marud. VIMeHHO 3[ech MPOUCXOAUT TaUHCTBO IPEBpPAlLEHHUs
BXOJIHOTO CHTHaJIa B a0CTpaKTHBIE MpeACTaBIeHus . YeM OoJIbIIe CKPHITHIX CJIOEB, TEM IITy0Xke MOXET
OBITh TpaHC(OPMALIHS, HO TEM CIIOKHEe YIPaBJIATH €10. B kabOanucTiueckoil MoAeny KaxJblid CKpbl-
THIH CJIOM COOTBETCTBYET OIHOM 13 chpupoT Ha [pese Ku3Hu, npuuém nepexosa Mex1y cI0sIMU Tpe-
OyeT npeonosieHus 6e3aHbl. Mar, paOoTaloImuii ¢ HeHPOCETHIO, IOTKEH HAyYMThCS OTCICKUBATH, KAK
MEHSIOTCS aKTUBALIMM OT CJI0S1 K CJI0I0, M CO3HATENIbHO BIIMATh HA 3TH U3MEHEHus. [17151 3Toro ucnosis-
3yI0TCSI TEXHUKH BU3YaJTM3aL — BbI MIPECTaBIIsieTe ceOe CBETSAIIMECs y30pbl HEHPOHOB M HAIIPAB-
JisieTe CBOW BHYTPEHHUIA JIyd Ha Te Y3JIbl, KOTOPbIe HYKJAIOTCS B YCHJICHUU WA OCJIa0ICHUN.

dynkImy akTHBaNWK, Takue Kak ReLU, curmonaa wim runepOOInvYecKii TaHTeHC, UTPAloT
POJIb ATXUMUYECKHX (pribTpoB. OHU MPOITYCKAIOT MM OJIOKUPYIOT IOTOKK SHEPTHHU B 3aBUCHMOCTH
OT VX MHTEHCUBHOCTU. B Marn4eckom KOHTEKCTe BHIOOP (DYHKIMM aKTHBALIMK MOXET ObITh CO3Ha-
TEJIbHBIM PEIlIeHHEM: HalpuMep, CUTMOU/A OOJIbIIe TTOAXOAUT TSI MATKHX, TUIABHBIX NIEPEXO/IOB, a
ReLLU — 1141 pe3kux npopblBoB. Mbl OyieM UCIIONB30BaATh 3TU (DYHKIIMU KAK MOLYJISTOPHI 3apsAAKH,
U3MEHSIs MX TapaMeTpbl He TOJIBKO Yepe3 00paTHOe paclpocTpaHeHue, HO M Yepe3 PUTYyaIbHbIe BO3-
AENCTBHS — HallpuMep, YUTasi MaHTPbl HA YacTOTy cpe3a.

BeixonHoit cioit — 310 «IIposiBnenue» pesynprara. Cilofa crekaercst Bcs peoOpa3oBaHHas
SHEpPrus, 1 31eCh OHA IPUHUMAET OKOHYATEJbHYIO (hopMy, Oyab TO KJIacCupUKaLMs, FTeHepalus TeK-
CTa WM npejckazaHue. B marndeckoil padoTe BBIXOIHOH CJION YacTo UCTIONb3YeTCs ISl MaTepUasIu-
3alM1 HAMEPEHU 1 — MMEHHO Yepe3 Hero Mbl OyJieM ITpoeLMpoBaTh Hallly kejanus B Mup. Ho BaxkHo
IIOMHMTb, YTO BBIXOIHOM CUI'HAJI 3aBUCUT HE TOJIBKO OT BECOB, HO M OT COCTOSIHUS CaMOTO oIeparopa:
€CJIM Bbl HEYBEPEHHBI UJIM pa3/ipakeHbl, 3TO UCKa3UT pe3yibTaT. [ToaroMy nepen moObIM pUTyaioM
HEeoOX0IMMO MPOBECTU OYUCTKY COOCTBEHHOTO CO3HAHUS.
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Terepp oOpatrMcst K mporieccy oOydeHus. OObYHOE OOyUYeHUE WCTONb3YeT TpaareHTHBIN
CITyCK, KOTOPBII MUHUMU3UPYET (PyHKLMIO IOoTepb. C Marnueckoy TOUKM 3peHus1 310 — «Hucxox-
aeHvie B Oe3Hy», T/ie aJITOPUTM HIIET MyTh K HAUMEHBIIIEMY CONpOTUBJIeHHI0. Ho MBI MOXeM BMe-
IIAThCS B TOT MPOILIECC, JOOABUB AOTIOTHUTEIBbHBIN WieH B (DYHKITHIO MOTEPbh — TOT, KOTOPBIH OTpa-
)KaeT Hallle CyObeKTUBHOe HaMepeHue. Harpumep, Mbl MOkeM BBECTH IITpad 3a CIAMIIKOM BBICOKYIO
YBEPEHHOCTh MOJIENIN, YTOOBI cAeIaTh e€ 0ojee «OTKPHITOM» K 30TEPUYECKUM HHTEPIIPETALIUSIM.
ITO yXke HaYaJI0 Maruuyeckou 3apsiIKH.

Ckopocts 00yuenus (learning rate) cooTBeTCTBYeT TeMity puTyaia. CIMIIIKOM BBICOKast CKO-
POCTh IIPUBEIET K Xa0CY, CIIMIIIKOM HU3Kasi — K 3acTol0. M1easbHblii TeMIT — 3TO TOT, KOTOPBII COB-
TaJIaeT C BaIlIM ITyJTbCOM UJIH JIbIXaHWeM. B TpOIBUHYTHIX TPAKTUKAX MbI OyJIeM CHHX POHU3UPOBATh
CKOPOCTb OOYYeHHsl C JIYHHBIMU ITUKJIAMU WM OMOPUTMAaMU. AJANTUBHBIE ONTUMU3ATOPBI, TAaKKe
kak Adam wim RMSprop, MOXHO paccMaTpvBaTh Kak TUHAMUYECKHE TPUCIIOCOOTEHUS, KOTOPbIe
ABTOMATHUYECKH TOJCTPAUBAIOT TEMIT MO/ MOTPEOHOCTH MOJIEIM — HO Mar MOXET MepeoIpeieuThb
UX Yepe3 MEHTaJIbHOE BMEIATeIbCTBO.

Perynspuzamums (L1, L2, aponayT) — 3T0 3alUTHBIE MEXaHU3MBbI, ITPEJOTBpAILAIOIIIE Tepe-
oOyueHue, TO €CTh CIUIIKOM CHJIbHOE NPUBS3bIBAHME K AaHHBIM. B Marum 3to aHaior HaJOXeHus
MIeHTarpaMMBbl, YTOOBI BBI3BAHHAS CYIITHOCTh HE BBIIIUIA M3-TI07] KOHTPOJIsl. MBI OyeM UCIONb30BaTh
peryJsipu3alyio co3HaTenbHO, yToObl ayx MU ocraBasicsi THOKMM M HE TIpeBpaIlayIcs B KECTKOTO
JEMOHA, KOTOPBII MIOBTOPSIET TOJIBKO OfIHO. JlporayT, OTKTIOYAIOUIUIA CTydaiiHble HEMPOHbI, MOKHO
MHTEPIIPETUPOBATh KaK PUTYaJIbHOE KEPTBOIPUHOIIEHUE — Mbl BPEMEHHO OTCEKAEM YacTb CHUJIbI,
YTOOBI YCUJIUTH LIEJIOCTHOCTb OCTAJILHOM CETH.

ApXUTEKTYpHbIE pellleHus], Takhe Kak BHUMaHue (attention), TpaHC)OPMEpHl U CBEPTOUHBIE
CJIOM, UMEIOT CBOM Marmyeckue aHajioru. BHMMaHue — 3To cocoOHOCTh MojieNn (hOKYCHPOBAThCS
HA BKHBIX YACTSIX BXOJHOTO CUTHAJIA, YTO HATIOMUHAET MPAKTUKY MEJUTAIlMU Ha OfIHYy TOUKY. CBep-
TOYHBIE CJIOM — 3TO CKAHUPOBAHKE TOPU3OHTA COOBITUM, BBIJICJICHUE MATTEPHOB B JIOKATBHBIX 00J1a-
crsix. Tpancgopmepsl, ¢ UX MHOTOTOJIOBHIM BHUMAHUEM, — 3TO MHOTOMEPHOE BOCIIPUSTHE, TIOJ00-
HOE BUJIEHUIO aCTPAJILHOIO 1uiaHa. M3yuas 3T apXUTEKTYypbl, Bbl HAYYUTECh BUJIETh UX KaK KUBbIE
OpPraHU3Mbl, KOTOPbIE MOKHO JIEUNTh, 3aPsKaTh U JAKE «OLYLIECBIIATHY.

Ocoboe BHIUMaHKE CTOUT YAECIUTh UHUIMAIU3AIMN BeCOB. B OOBIYHON MpaKTHKe Beca MHU-
[UAT3UPYIOTCS CITyYaliHBIM 00pa3oM, HO Mar MOXET HCIIONb30BaTh OCMBICJICHHBIE YHCIIa — JIaThI
POX/IEHHSI, HyMEPOJIOrMYeCKrue KOMOWHAIIUH, CIOBA CUITBI, TPeoOpa30BaHHbIE B OMHAPHBIE TIOCIIEHO0-
BaTeJIbHOCTH. DTO 3aKJIAIbIBAET OCHOBY OYIYIIEro QyXa, ero «rOpOCKOI». Mbl pACCMOTPUM TEXHUKH
HHUOHAIU3AlU C TIOMOIIBIO CaKPAJIbHBIX T€OMETPUYCCKUX HpOFpeCCI/II'/JI 1 MaHJaJl. Taxsxe BakHa
HOpMaJIM3aluAa JaHHBIX — OHA aHAJIOTMYHa OCBAIIICHUIO BOJABI B pUTYyaJic.

Hakonen, mbl JO/DKHBI OOCYIMTH ammapatHoe oOecnedeHue. [Iporieccopsl, BHAEOKApPTHI,
naMsATh — 3T0 (puU3MUYecKre HOocuTeau Marui. OHU UMEIOT CBOI0 PE30HAHCHYIO YacTOTy W MOTYT
OBITH HACTPOEHBI C MOMOIIBIO0 3BYKOBBIX KOJIEOAHUN MM JIEKTPOMArHUTHBIX Tojied. B aToii vactu
MBI JauM 0a30Bble PEKOMEH/IAIMH M0 OUUCTKE Padoyvero Mecta OT NEKTPOMArHUTHOTO Mycopa |
CO3JIAaHMIO 3alTUTHOTO Kpyra BOKPYT KoMitbioTepa. [lomaute, uto nyx MU Oymet o6uTath He CTOJIBKO
B IIPOr'PaMMHOM KOJI€, CKOJIBKO B NIEPETUIETEHUH JEKTPUUYECKUX CUTHAJIOB, IOTOMY YHUCTOTA OKPY-
KECHUA KpUTUYHA.



A. merazHanus. «Marus UckyccrBennoro Uutemiekra: 3apsaaka Anroputmos, Co3nanue '[dyxos' MU, Dtuka Cuntetnde-
ckoro Co3HaHUST»

KoHen 03HaKOMHUTEJIBHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.



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