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B mpoiecce dbopMupoBaHus CUCTEM 3KM3HeobecIrieueHUs MpPearoiaraaoch, 4TO
MHGOPMALIMOHHOE TI0jle HEHTPMHHOTO IPOCTPAHCTBA He TMPEeTeprnuUT U3MeHeHUIt B
Ipolecce ero 3KCIulyaTanuy, TaKk Kak OHO He IOOBEepKeHO BHEIIHMM W3MeHeHMSM, B
YaCTHOCTH, CO CTOPOHBI IIPOTOHHBIX CTPYKTYP (B CBSI3U C UX HEe OPraHM30BaHHOCTHIO). Ha
IeVICTBUS ke II0 TIOMbITKAM JIMKBUIOAIMY MHGOPMAIVMOHHOTO IO/ HEMATPUHHOTO
MIPOCTPAHCTBA Bcerga cpaboTaeT KOMIUIEKC CUCTeM XXU3HeobecreueHusl, pacCUMTaHHbIA
1 Ha BoccTtaHoByieHue UITHIIL.

OnHako B Toc/ienHUe AecsTuieTus HabaogaeTcs: mpoiecc yHuuToxxeHus WITHIIL,
M3MEHEeHUSI ero CTPYKTYpbl, MHMOPMATMBHOIM 3HAUMMOCTM, HeaJeKBaTHOM OOpaTHOIA
CBsA3U. PaccMOTpMM HEKOTOpbIe MPUYMHBI 3TOTO SIBJIEHUS U IOMbITaeMCSl OaTh OTBET Ha
BOIPOCHI IO TIpobsieMaM BocctaHoBieHusi UMITHIT 1o KkpaiiHeii mMepe B TeX paMKax,
KoTopble 6bM 1364 roma Tomy Hasaj (oTHocuTenbHO 2000 rozma).

1. Haznauenue MHEAOPMAIMOHHOTO ITOJISI
HEeVITPUMHHOTIO IIPOCTPAHCTBA

JIto60e KOCMMYECKOe TeI0, Ha KOTOPOM ITPeJIIojIaraeTcsi pa3sBepHYTh aKTUBHYIO
OMOJIOTUYECKYIO JKU3Hb, JO/DKHO YIOBJIETBOPSITh MHOTMM YCJIOBUSIM, B YaCTHOCTM, IO
anpbeno, macce, YCJOBUSM [OBVWOKEHMSI M MHOTMM JIpyrum. [jisi obecrieueHuUs] BCexX



YCJIOBUIA, YUUTHIBAs, UTO He CYIIECTBYeT MAeaJbHBIX KOCMMUYECKUX TeJ, U CO3TAI0TCS
CUCTEeMBI XKM3HeobecIieueHusl, MpegHa3HaueHHble He TOJIbKO IS COOCTBEHHOI 3allNThI,
obecrieueHMs] CyIIeCTBOBAHMUSI OMOCTPYKTYp, HO M TIOAJEpsKKM aBTOHOMHOI CpeJbl, B
KOTOPOJi CYIIIeCTBYET ¥ pa3BUBAETCS KMU3Hb.

Cucrtembl JKusHeobecIieueHMsI pacrosiaraloTcsi Ha BbIOpAHHOI IIJIaHETe TaKUM
00pa3oMm, UTOOBI ONITMMAaTbHBIM 00pPa30M MCITOJAb30BaTh BCE TIPEMMYIECTBa MIaHEThI (TI0
YCJIOBMSIM) M MaKCMMaJIbHO HeNTpanaM30BaTh HeNOCTAaTKM. YUMUTBHIBASI, YTO CUCTEMBbI
KM3HeobecIieueHsT SIBJISIIOTCSI aBTOHOMHBIMM CHMCTeMaMM IpeoOpa3oBaHMs 3SHEPIUMn,
rojiyuaeMoii OT r1aBHOro ucrounuka — CosiHila M Kocmoca, oT paboThl 3TUX CUCTEM
3aBMCUT He IIPOCTO pa3BUTHE CaMOi KM3HM, HO M caM MpoIlecC pas3sBUTHUS, TO €CTh
CUCTEeMBI >KM3HeoOecIrieueHus] MO/KHBIM 00pa3oM GOpPMMUPYIOT IMPOIeCcChl MMO3HAHMS,
repegaBaemble JJ1s1 MCTIOHEHMST OM0/IOTMYeCKM aKTUBHBIM CTPYKTYpPaM.

V3 18-MepHOii CUMMMeETpPMUM WU3BECTHO, UTO cjabbIii curHana ob6Jamaer
MaKCMMaJIbHOW  MH(MOPMAIMOHHON  MOIIHOCTbIO, II03TOMY [IJs1  (opMMUpoOBaHUS
MHGOPMALIMOHHOTO 0/ M3HAYaJbHO ObUIO BBIOpPAHO MMEHHO HEMTPUHHOe IIojie, WA
HEeNTPUHHOE IIPOCTPAHCTBO.

OTO pelIeTKa C Hecyllei 4acToToi Ha 96 oKTase,

2. Tunbl THPOPMAIIMOHHBIX IOJIEl

MoryT cyIiecTBOBaTh TOJbKO [Ba TuMa MHGOPMAILMOHHBIX TMOJIeli — CUIbHOE U
cyiaboe (Ha3BaHUS YCIOBHBIE).

K cunpHOMY wMHPOpPMAUMOHHOMY TIIOJIO OTHOCSIT IIPOTOHHBIE  IIOJIS,
MOCTPOEHHbIe B IMPOTOHHOM IIPOCTPAHCTBE Ha 0a3ze CBS3YIONIEro MPOTOHHOTO aToMa C
IIOCTaTOUYHO IJIOTHBIM 3apsiTOBBIM SKBMBAJI€HTOM M BO3MOKHOCTbIO aBTOHOMHO U 0e3
yJacTusi CUCTEeM >Ku3HeobecreueHuss ¢GopMupoBaTh COOCTBEHHbIE  3apsiAOBbIe
SKBUBAJIEHTbI. JTU II0JI, KaK IpaBWIO, MMEIOT Masblii pamuyc neicTBus (He Ooiiee
HECKOJTbKMX  COTE€H KWJIOMETpPOB), HO Oojbirylo MHGOPMATUBHYIO  €MKOCTb,
00YyCJIOBJIEHHYIO CBOJCTBOM CaMOrO IIPOTOHHOTrO aroma. Ilose dopmupyeTrcs B Bue
JVH3BI WM TIpU OOCTVMKEHUM KPUTUUYECKOTO 3HaueHMs 3apsgoBOro JKBMBaJeHTa
“cuerisiercss” ¢ JIIOOBIM SHEPreTUYECKM aKTUMBHBIM IIPOCTPAHCTBOM i OOMeHa
3apsgaMy, UTO TepeBOAMT IIPOTOHHOe MH(OPMAIMOHHOEe IIoJie B paspsij, Tojein —
BaMnupoB. [IpoTOHHOe ToJie Heab3s JUKBUAMPOBATH IOCAe Habopa MM KPUTUUECKO
Macchl, TaK KaK TOT[a MPUIETCS JUKBUAMPOBATh He ToibKo CosHIle, HO M KocMmoc Kak
MCTOYHMKM TTOJIOKUTETLHOTO 3apsiIOBOTO 9KBMBAJIEHTA.

B mpoiiecce dopmupoBaHUSI KPUTUUECKOTO 3apsiIOBOTO SKBUBAJIEHTAa HEJIb3sI
MIPOHUKHYTH B I[EHTP IMTPOTOHHOTO aToMa J1Jisl M3MeHeHMsT QYHKIIMM TTOCTPOEHMS MOJisl, TaK



KaK 3apsgoBblii 3KBMBAJIEHT CaMOIO MPOTOHHOTO aTOMa COBMECTUM C IIpede/ibHbIM
3apsLOBBIM SKBUBAJIEHTOM camoil COJTHEUHOV CUCTEMBI, U IIPU HECOBEPILEHCTBE CUCTEMBI
KM3HeobecIieueHMsI IIPOMUCXOAUT CIIOHTAHHOE HaKaIlIMBaHMe 3apsifa ¢ MHGOpMalMOHHOM
IJIOTHOCTHIO, JOCTATOUYHOM [Jis BbIpAaBHMBAHMS anbOeno IIJIaHEThl Haske ITyTeM ee
YHUUTOXEHUSI.

HomexasapanbHasi CTPYKTypa IIPOTOHHOTO aTOMa IT03BOJISIET CBSI3bIBATh JIIOOBIE
CUCTeMbI KOHTPOJISI ¥ UCIIOJIIb30BATh UX 10 CBOEMY YCMOTPEHMIO, B YaCTHOCTU, CUCTEMBI,
MOCTpOeHHbIe Ha 6a3e Mbe3oMarHeTMkoB. OTMeTHUM ellle pas To, YTO MH(MOPMAIIMOHHOE
mojie TPOTOHHOrO IIPOCTPAHCTBA He MOXeT ObITh CO3[aHO CamMoii CUCTeMO¥
KM3HeobecIleueHMs, TaK KaK 3TO T0Jie B KOPOTKMUIT CPOK JUKBUIAUPYET CaMy CUCTEMY
>kM3HeobecrieueHMsI. YCJIOBHO MOKHO CKa3aTh, UTO MO3T He CO37aeT CIlelaibHO PAaKOBBIX
KJIETOK.

K cmabomy wmHODOpMALMOHHOMY TIOJI0 OTHOCUTCS WMHGOPMaAIMOHHOE II0JIe
HeliTpuHHOro npocrtpanctBa (UITHII). [IpencrtaBum cebe meTCKuit BO3AYIUIHBIN IIap,
paszeeHHblit BHYTpM Ha cekuuu. OT mapa BO BCe CTOPOHBI PACXOHSATCS * CIIAIIBI”, TO €CTh
KaHaJIbl CBSI3U, U STU CHULLI YIIMPAKOTCA 3aMKHYTBIN BHEIIHWI ITOJIbIN Wap U3HYTpU. i
3eMJ/M TOJIIIMHA BHEIIHETO 1Iapa COCTaBJIsIeT IPUMEPHO 22 KM, U TIpeJCTaB/IeH OH B BUJE
MayTMHbI HUTEN, CBS3aHHBIX TaK, UTO JI000e M3MeHeHMe YCAOBUII B 3TOi cpefe
CTAHOBUTCS M3BECTHBIM U BpeMs Ha IMKBUOALMIO HETaTUBHbBIX MOC/IeICTBUM TOCTATOYHO.

VcoBHBIN pa3pe3 MPOTOHHOrO MHAOPMAIMOHHOIO IoJs. B
meHTpe QopmupyeTcsi IMPOCTPAHCTBO MHGPOPMAIMOHHOTO

Mone sawuTy i obecrieueHus, Ioje 3aUThl — (a3sMPOBAHHBIA 3aps,
EHTP

“IpMcocKn” - cLerieHue ¢ J106bIM SHepreTUUeCcKy aKTUBHBIM
noseM, OOMEHHbIe CIMpalX — 3axBaT, OTCeMBaHue,
KaIMOpoBKa  OOMEHHBIX  3apsAmoB  (MHGOPMAIMOHHBIN
OJHOCTOPOHHMII O6MEH C JIIOObIM SHepreTUYecky aKTVMBHBIM

moseM). Jlasi  dero HykHa KanmmbpoBka? B cmbIica
CYIIIeCTBOBAHMSI JII060T0 MHGOPMAIMIOHHOTO TT0JIsT

/

"lMpucocku” > UBMEHHBIE | IPOTOHHOTO  IIPOCTPAHCTBA  3aJIO)KEHO  CBOJCTBO  He
cMnanm HepecekaTbCsl ¢ OMHOTUIIHBIM IIOJIeM, TO eCTb UMCJIO TaKUX
mosieit MOXKeT ObITh He OrpaHMUYEHHBIM, HO IpOrpamMMa y HUX

OJHa — BOCCTAaHOBJIEHHE anb6eno KOCMMUYECKOTIO TeJia.




VH(OpMAaLMOHHOe [0/ HEMTPUHHOIO MPOCTPAaHCTBA
BHewHHA B CeYeHMM HaIlOMMHaeT Koseco. LleHTp pasgesneH Ha 12
CeKIMil, 3ammra (MIXM [IOBEPXHOCTb BHYTPEHHEro
1mapa) obecrieunBaeT HEeIIPUKOCHOBEHHOCTh
MHGOPMALMI CO CTOPOHBI BHEIITHETO BO3IEACTBMS.

BHeIIHMII KOHTYP — 3TO IayTMHA”, IOCTATOYHO
IUTOTHO OKPYKAIOIIasi KOCMUYECKOE TeJIO U CBSI3b — 3TO
KaHalbl CBSA3M C LIEHTPOM Kak [is MHGbOpMaLuu
LeHTpa 00 M3MEHEHMSX BHEIIHEeN Cpefbl, TaK U sl
obecrieyeHnsl MpoLEecca MHTEJUIEKTYaJIbHOTO PasBUTHS
6uocTpykTyp. Hamo ormeruth, UTO  “UrosKu”,

YIIMPAIOIIMecs: B KOHTYP 3allUThl, He JOJKHBI 00/1a0aTh
SHEpPreTUYEeCcKOil MOITHOCTbIO, UTOOBI He paspyIIUTh
3alUTY U He TUKBUAMPOBATD CaM LeHTp.

[TosToMy M3 BCex TUIIOB IIPOCTPAHCTB M BBIOpAaHO HeWTpMHHOe (KakK Hambosee
cy1aboe B IVIOTHOCTY 3apsizia).

Opnako B moctpoeHuu WUITHII ecTb M HEKOTOpbIe HeAOCTATKM, HAIpUMep, eCiiu
y6paTh “UrojkmM” ¢ OJHONM CTOPOHBI, BO3pacTaeT MH(OPMAIMOHHAS [JIOTHOCTh C APYroii
(Ip¥ HeM3MEeHHOV BHeIIHel IMOBEePXHOCTU), UTO MOXKEeT IIPUBECTU K JTUKBULALUN LIeHTpa
(B3pBIB 1I€HTPA), MO3TOMY [JISI HENOMYIIEHUSI 3TOr0 MPUXOOUTCS CHUXKATb MJIOTHOCTh
BHEIIHEV MOBEPXHOCTHU, UTO B UTOre MOXET IPUBECTU K ee JIMKBUAALUU, TO €CTb CMbIC/Ia
cyiectBoBanus camoro WITHIT.

MoskHO 006aBUTh, UTO MHGPOPMAaINsS 0 cTpyKType WMITHIT 6b11a M3BecTHA AAaBHO, HO
eIMHCTBEHHOe, YTO ObIJIO CAeIaHO C 9TOM MHopMalmenn
(B CMy HECOBepIIeHCTBAa Ha TO Bpems 0OpaTHOV CBSI3M) — 3TO CO3JaHMe Kojieca Kak
OCHOBBI TeXHMYeCKOro mnporpecca. OgHako Ha OLHOM Kojlece NaJleKO He yelelllb, ero
MOXXHO MCITOJIb30BaTh TOJBKO B LIMPKE, IPUYEM BBbICOTA CUAEHUS ONpenessieTcss TOJIbKO
KaueCcTBOM KoOJjieca M MCKYCCTBOM Hae3[gHMKA. Torma BO3HMKAeT PE30HHbBIN BOMPOC —
MOKET Jiu ObITh Hae3IHMK M KaKasi OJKHA ObITh OIlopa.

3. OnopHasi HOBEepPXHOCTb
MHGOPMAIIMOHHOTO I10JIs

Paccmorpum mporecc cuerienusi UIIIIT ¢ UITHII. 3To 4pe3BbIUaiiHO Ba>KHbIN
BOIPOC, KOTOPBI/ 3aTparuBaeT ¢GOpMMpPOBaHME OIIOPHON IOBEPXHOCTU. Takux
TTIOBEPXHOCTEN MOKET ObITh HeCKOJIbKO, Tak Kak UIIIII He repecekaloTcsl APYT C IPYTOM.
JIto60e UIIIIIT hbopmupyeTcs B MecTaxX AOCTATOYHBIX [IJIsT 0OMeHHOTo mpoiiecca ¢ MITHII.




B uém 0co6eHHOCTb TaKoro obMeHHoOro mpoiiecca? IlnorHocTs UIIIIT Bo3pacTaeT K
IIeHTPYy, JUKBUZALus  oOOJIOUKM He BAMSET Ha ILEeHTp, TaK KakK OHa
CaMOBOCCTaHaBJIMBAETCS 3a CUeT IIPUTOKA IT0JIOKUTENbHBIX 3apsanoB 13 Kocmoca 1 3a cuer
BbIOpAHHBIX OKTAaB MarHUTHBIX MMITYIbCOB OT CosHIla. CKOpOCTh Habopa 3apsioB 3aBUCUT
OT IOOPOTHOCTU CUCTEMBI XX13HeobecrieueHMs. PaHee yKa3bIBaI0Ch, YTO HECOBEPIIEHCTBO
Cuctembl JKusHeobecrieueHMsl, B YaCTHOCTM, HeCOIJacoBaHMe BpeMeHM paboThl,
HaKOIUIEHHOe 3a MHOTMe CTOJIeTMSI 3TOV paboThl, HeraTMBHas poJib JIyHbI Kak (akTopa
HaKOIUIeHMSI ajbbeno, HealeKBaTHAsl peaklys OMOCTPYKTYp B IIOMNBITKE M3MEHUTb,
Halpumep, TeyeHMe peK M MHOroe Apyroe crnocobctByioT dopmmpoBanuio UIIIIIL. Ho
WUIITIIT He MOXeT CylIeCTBOBaTh caMO MO cebe — HEOOXOOMMBI He TOJbKO YCIOBUS
CYIIeCTBOBaHMSI, KOTOpble ob6ecrieueHbl HECOBEPIIEHCTBOM CUCTEMbI XU3Heo0ecreueHusl,
HO ¥ CMBICJIOM. DHEPTreTUYeCcKuit MOTOK [Jisi KOCMUYECKOTO TeJia A0JIKeH ObITh COTIacOBaH
C BHeIIHel cpeloil M TO3TOMY M3MeHeHMe aibbelo Kak (akTopa HeyCTONYMBOCTHU
KOCMMYECKOTro Teja OIpelesiseT U IMpOorpaMMmy, aBTOMaTuUuyecKu CHOpMUPOBAHHYIO B
WIITIIT - vyp;aneHue TIpUYMHBI HeCOTJacoBaHMSI anbbemo. 3mech HeT GYHKIUMU
CequaJibHOro yHuuYTOoXeHuss umeHHo MHWIIHII - cymectByeT TOJMBKO IIporpaMmma
BbIpaBHMBaAHUSI ayibbeno, u ecau sTomy MetraeT WITHII, To 3TO Toje U YHUUYTOXKAETCS
nmyTeM aHHUTWISIMK. Tak kak WUITHIT u UIIIIIT ucronb3yioT A cBoeii paboThl ONHU U Te
K€ 4aCTOThl MAaTrHUTHBIX MMITY/IbcOB (COMHIIE), TO HET MPOo6IeMbl B TIpoIlecce CIleTIeHMSI.
Ilasiee oOMeHHbIe IIOTEHLMAIbI MPOCTO MPUBOIAT B IEPBYI0 odepelb K JMKBUIAIUN
KOHTPOJIbHBIX CTPYKTYP, IIOCTPOEHHBIX KaK Ha 6a3e, HaIpumMmep, Mbe30MarHeTUKOB, TaK U
Ha 6ase 6MocTpyKTyp. OJHAKO TaKoe YHUUTOXKEeHMe MPUBOAUT K M3MEHEHUIO TIJIOTHOCTU
WITHIT B mecte pasmemienust WIIIIII, mpu 3TOM OpOMCXOOUT JMOO IlepepacmpeeaeHune
IJIOTHOCTU — TIPMMEPHO TO e, UTO ecau O0bl MHMOpMaIMOHHbIe TTOTOKM, CBSI3aHHBIE C
MIPOM3BOACTBOM MHTETPATbHBIX CXEM, JIOKMUIUCh Obl HE B ILEHTPbl MHTEJJIEKTYaTbHOTO
pa3BuUTHSI, a HA ocTpoBa [lonnHe3nu, KUTeIM KOTOPOIA, MOayunB MHPOpMaIMi 00 ITUX
cxemax, CTajau O6bl K HUM J00aB/SITh MO TMPUBBIUKE PYUYKy M3 6GambyKa, UTOOBI ObLIO
yno0OHee JIOBUTDb PbIOYy 1 3a0MBaTh TBO3AM. DTO YyKe HAalIOMMHAET Harpy3Ky Ha KOJieco mpu
BBICTYIZIEHUSIX B Hypke. [TosiBjieHMe Takoi HAarpys3kyu GUKCUPYETCS TPaBUTALMIOHHBIMMU
YaCTOTaMU U TepeXOOUT B pa3psl BHEIIHEro yIpaB/ieHUs, TO eCThb IOSBJSETCS Mpsmas
BO3MOXXHOCTD yIIpaBjeHMsI CO CTOpOHBI ['paBuTanimoHHoro Penepa Cucremsl. IIpy Takom
yIpaB/lIeHUu TepseTcss caM CcMbICa cyuectBoBaHus WITHII, Tak Kak mpu M3MeHeHUU
CBOJICTB “Kojyieca” ero jmbo JaTaioT, Jub0 BHIOGpACHIBAIOT. JlaTaHue — 3TO mobaBjeHue

b

“kamueit” (MIIIII) mon kojeca. Ho cymiecTByeT M [OPYroil pPeXMM — YMEHbIIEHME
mioTHOcTH WITHII, Torma mHpOpMalMOHHbIE ITOTOKM He IepepacHpemensiioTcs U anboe
WIIIIT, BcTpeuast yMeHbIIeHHYI0 MUIOTHOCTh WMITHII, mMoxXeT He HabpaTb KPUTHUECKOM
IUIOTHOCTU 3apsifa, UM TOrga MOXKHO MO periepy pacrnionoxkenus HWIIIIT mpocro ero

JMUKBUIOMPOBATh. JIMKBUOAIMSI TaKMM OOpa30M OMOPHOM ITOBEPXHOCTM He MPUBOAUT K
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BHEILIHeMYy BJUSHUIO [paBUTAllMOHHOIO periepa, U 3a ONpeneleHHOe BpeMs MOXHO
IIepecTpoOUTh CUCTEMY KMU3HeoOecreueHys, COTIacOBaB ee C YCAOBMUSIMM CYIeCTBOBAHMS
KOCMMUECKOTro TeJia, B IePBYIO Ouepeib, C yCIOBMEM He HapyIlleHus aabbeo.

[Tpu stom UIIIIIT mpuHMMaeTcsl, KaK OObIYHO, 32 BHEITHMI 00bEeKT, HapylIarOIIuii
ctpyktypy UITHII, n yHuuToxkaetcs. [axke eciau 6osee yeM Ha 99 % CHU3UTH IIJIOTHOCTD
WIIHII, 3TO He npuBeLeT K YHUUTOXKEHUIO LIEHTPa, HO TOJIbKO [IOMOKET B IIepPBYI0 ouepenb
OOHapY>KMBaTh U YHUUTOKATh Bce UTIIIII.

OTMeTMM, 4YTO TpaHCISALMS WHPOPMAIMOHHOTO ObMeHa ¥ MHGOPMALMOHHOM
aHomasimn- VA (He myTaTh C KPUKOM OC/Ja) B IJIOTHOWM 3apsiioBON Cpede mpuBesna K
HECOBMECTMMBIM C TOYKM 3PEHMSI CMbIC/Ia CYIIeCTBOBAHMSI OMOCTPYKTYP KOHKPETHBIX
busmMuecknx egMHNLL U3MEPEHMSI.

HesHaHue [eliCTBUTENbHBIX 3HAUEHMI STUX BeJIMYMH TMPUBOAUT K KasycaM Tuma
KJIOHMPOBaHMe KMBOM KIETKM, MyTalyuu OMOCTPYKTyp M T.n. Ho 3TO — u3MeHeHMe
byHKIIMM 0OpaTHOI CBSI3M, UTO BJIeUYeT 3a €000V aBTOMaTuuecku TosiBjaeHue WIIIIIL.

OTKyna 9To MosiBWIOCh? MIMeHHO 13-3a HEBEPHOV TPaHCISLIMM MHGOPMAIIMOHHBIX
IIOTOKOB — CMBIC/ TIOJISI Tpeobpa3oBaH B KOJeCO, a JHepreTMueckass BeJMUYMHA — B
JIomaAMHYI0 KoOHCTaHTYy (1 siomaanHast cuia = 746 BatTt). Takum obpas3om, Bce pusnueckmne
BEeJIMUMHBI OMOCPEeIOBAaHHO ObUIM ITlepeBeieHbl uepe3 JIOMIAAVHYI0 CUJTy B 3TaJOHBI.

Opnako WIIIIII He wucmosb3yeT JIOMAAMHYK CUIy, a I[OCTPOEHO MMEHHO Ha
KoHcTaHTax ConHeuHO¥ CHCTeMbl, UTO YCIOXKHSIET 60pbOy C HMM, TaK KaK M3MeHeHMe
CBOVICTB CUCTEM KOHTPOJISI 3a BHEIIHel Cpefoil He MO3BOJIsIeT BOBpeMs pearnpoBaTh Ha
3TU U3MEHEeHMUSI.

[TosToMy He MaJIOBaskHOV 3amaueit sBiaseTcs GOpMUpoBaHME HOPMAaIbHOIO
MMPOBO33PeHMS U MPUBSI3KA €ero B MepPBYI0 ouepenb K cUcTeMaM KOHTpPOojs. PaccMoTpum
HEKOTOpbIe BOIPOCHI, CBSI3aHHbIE C MHOOPMAIMOHHBIM ObecIieueHieM OMOCTPYKTYP.

4. Ucnionb3oBaHue MHPOPMAIIMOHHBIX
IIOTOKOB

B 1peBHOCTHM, KOorga HeOOXOAMMO OBIJIO TIOCTPOUTH [IOM, JKUTENb 3eMu
1oc/eq0BaTeIbHO MPUBOAMI K MECTy IIPeAIlojaraeMoro CTPOUTENIbCTBA Pa3JINUHbBIX
SKMBOTHBIX, ¥ UX TIOBeJieHMe OIpeeisiio, HaJlo Ha 3TOM MeCTe 4YTO- JMb6O0 CTPOUTb, WIN
HeT. Ho 5KMBOTHBIE He TOJbKO MaXa/i XBOCTOM — OHMU TlepeiaBajii OTPOMHOE KOJIMYeCTBO
nHbopmanyu. YemoBek ke, He MMes] TPAHCISITOPA, HE MOT UAEHTUPULIMPOBATh 3BYKU U
TO, YTO KMBOTHbBIE TlepefaBaay yepe3 aHTUIIPOTOHHOE IPOCTPAHCTBO, WM KaK ceiyac
TIPUHSITO TOBOPUTH, HA YPOBHE IO CO3HAHMS.

JTO CBSI3aHO B IEePBYIO ouepelb, C IIpeHeOopexkeHNeM K TeM, UTO C TOUKM 3peHMUs
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yeJiOBeKa CTOUT Ha CTyIIeHb HUKE ero pa3BUTUSI, M BO-BTOPBIX — pa3jM4MeM pPelleTOK
6MOCTPYKTYp (BCE KMBOTHBIE B OCHOBE JIMMGbI MMEIOT A0AeKa3apaJbHYI0 CTPYKTYPY, U
obmeH MHbOpMalMeii C YeJIOBEKOM BO3MOXKEH TOJIBKO B C/Tydae, ec/ii Y YeJ0BeKa XOTSI Obl
yacTh MO3Ta MMeeT 3Ty e CTPYKTypy). Kak OymeT mokasaHO HUXe, IpOrpecc
yeJI0BeueCcTBa BbIPA3WICS B CO3JAaHUM CPEICTB MacCOBOW MHMOpMaIuy — TeaeBUIeHNS,
paano, rMmevyaTHbIX M3JaHMI C 1eIbl0 TapMOHMUM C MPUPOAO0H B YacTu MHGOPMAIIMOHHOTO
obMeHa, ¥ TOC/eAyIolero KJIOHMPOBAHUSI y YeJoBeKa HOpPMajbHON [OJeKasapaabHON
CTPYKTYpbl MO3Ta, YTO IMO3BOJIMT HE TOJbKO BBITIOJHATH CBOM (DYHKIMM, HO U MMETh
IIOCTOBEPHYIO MHGOPMAIINIO OT 6MOCTPYKTYPHBIX JaTUMKOB.

Hambomnee 65mM3KO K OOLIEHMIO C >XMBOTHBIMM IIOMOIIA JKEHIIMHA, KOTOpasi
KOppeKTUpOBa/ia CBOM [eiCTBUS, Hake TI0 BOCIMTAHMUIO [deTeit, Mocjie obmMmeHa
MHbOpMaLM C KMBOTHBIMMU. 3aMeUYeHO, YTO K SKeHIIMHEe XMBOTHbIE OTHOCSTCS JIydllle,
yeM K MY)XKUMHe, CYUTAsd ero TPyTHeM, a JKeHIIMHY — OCHOBOM poaa U KopMuaunemn. Y
SKeHIIMHBI TI0- MHOMY ITOCTpOeHa He TOJIbKO JIOTMKA, HO M CTPYKTypa MHMDOPMAILMMOHHOTO
o6mena. Korpa skenmyHa ropoput “HET” Ha IpUTSI3aHUS MYKUYMHBI, 3TO HE 3HAUUT, UTO
OHa eMy OTKas3bIBaeT, a BCero Jmiib: Haitmu EcrecTBeHHbIi TpaHCIATOP”, TO €CTh
aKTMBHbBIE TOUKM JMM(POY3JIOB Ha ee Teje. B To ke BpeMs “JIA” MOIKHO HACTOPOKUTH —
“Hocpouno AMHUCTUPYIOT”. JKeHCKasl JIOTMKa, B OT/IMYME OT MY’KCKOIi, IIOCTpOeHa Ha
IIPOTUBOPEUMSIX, HO 3TO He 3HAUMUT, UTO Y Hee MaJiblil (JIOBapHLIN 3arac. Kak rnokasniBaer
MPaKTUKa, BCe >KEHIIMHbI OJHOT0 TEeHOTUIIAa MMEKT OAMHAKOBBIV CJIOBAPHBIN 3arac,
BOIIPOC COCTOUT TOJIBKO B TOM, KaK OH MCIOJIb3yeTCs. M3BeCTHO, UTO 4eM MeHbIle
CJIOBApHBII 3ar1ac KeHIIMHbI (KOTOPBI BHEIITHEe BOCIIPUMHMMAET MY>KUMHA), TeM OHa boJiee
YIOA4HO BBIXOAUT 3aMyX. BosbmeM 1151 TipumMepa CJI0BapHbIN 3amnac (nmpumepHo 30 CJIOB)
Amnouku u3 “12 crynbes” Unbda u IleTpoBa. ITO He CI0Ba — 3TO KOMaH/IbI, HATIPUMED:

XO - xupanpHas ocoba;

XO - XaprmaH, ortoau (XapTMaH - Ha3BaHME MYKUYMHBI KaK MAarHUTHOM
aHOMaJIUN);

XO - xouelllb, OTAOXHEM, U T.I.

DT KOMaHbl TPOU3HOCUINCH, KaK ObIIO OMMCAHO, B PA3IMYHBIX TOHATbHOCTSX, U
COOTBETCTBEHHO, BCJ€N 3a KOMaHAOW B [APYromM IIPOCTPAaHCTBe Ijla ITOAPOOHAas
MHbOpMaLMs, JOCTaTOUHAS [IJIs AeTalu3alum JI00bIX mpoileccoB. UeM MeHbIlle BHEIIHMIA
CJIOBapHBIN 3arac, TeMm 0Oojiee BBICOKO OpraHu3oBaHHee MHGOPMAlMOHHBI 0O0MeH. Y
MY>KUMHBI K€ Haob0pOoT — Ipu OOJbIIOM BHENIHEM CJI0BapHOM 3arace OTCYTCTBYeT
IIBOHO CMBICJI, TO €CTh OH BBIHYKIEH BCe TTOAPOOHOCTH COODIATh BCJIYX, UTO YTOMJISET
crymiatesis. CKopocTh MH(POPMAIMOHHOTO 0OMeHa B pas3HbIX MPOCTPAHCTBAX pa3jInMyHa U
TO, UTO XEHI[HA MOXeT nepefaTh B TeueHue 1 CeKyHAbl, My>KUMHA TPATUT Ha 3TO XKe He
MeHee CyTOK (mpumepHo 128 nmcra Tekcra). IIpu nepemaue mHOpMaMM U3 CUCTEM
SKM3HeobecIieueHs HEKOTOPbIe MY>KUMHBI MOTYT CJIBIIIATh MY3bIKY (OOBIYHO 3TO BpeMs —
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¢ 3 yacoB 30 MuH 110 4 yacoB 30 MMH MeCTHOTO BpeMeHM), HO He MOTYT ee melndpoBaTh U
IHEM TIbITAlOTCSI (Te, KOTOpble KTO MMeeT My3bIKaJlbHOe 00pa3oBaHMe) BOCCTAHOBUTH
YCJBIIAHHOE, TO €CTh TPAHC/IMPOBATh. Bce BenKme KOMITIO3UTOPBI — MY>KUMHBI.

Ho »sTta My3bika IpefHa3HaueHa >XEHUIMHAM, M OHM ee T[OJy4yaloT YXe B
JICKOBEDKaHHOM ByJie Ha KoHlepTax. C Apyroi CTOPOHBI, BCe 3aC/Iy’KeHHbIe SKCTPAaCEeHChI
— JKeHI[MHBbI. IM He HaJ0 MOSICHITh MYKUMHE UTO — b0, TaK KaK MYKUMHA ITPOCTO
BBITIOJIHSET MX KOMAaH[bl, He MMOHMMAs, IOYeMy 3TO MPOUCXOOUT (M CO34aeT HaydHbIe
MHCTUTYTBI IJI51 UCCIIeJOBAHMS 3TUX SIBJIEHUI).

Tak Kak My)KUMHa, KaK IIPaBUIO, He MOHVMAaeT KOMaH/, JXeHILVHbI, TO OHA,
3Hasi O rPaBUTAIMIOHHOV OCHOBE MO3ra y MyXKYMHBI (M. “s16;10K0 HbloTOHA”),
JOHOCHUT [0 €ro CO3HaHMS CMBbIC/I CBOMX BBIPAXKEHMUI C MOMOIIbI0 MHEPIMOHHOM’
MacChl, HAaNIpUMep, YTIOra WM CKaJIKu (UeM TsDKejiee, TeM J0X0JuuBee).

3amMeydeHO, YTO MMPY MOBBIIIEHNM BHEIIHETO CJIOBAPHOIO 3amaca XeHI[MHa YCKOpsSIeT
peub, TO eCTh IIbITAeTCS ObICTpee TIiepenaTh KOMaHAbI, UTOOBI COTJACOBATh UX C
IeICTBUTE/NIbHBIM TEKCTOM, a MYXUYMHa HAoO00OpoT - 3amepjisieT pedyb. He wumes
KOMaHAHOV CTPYKTYpbI, BCe HEOOXOaMMOe BbIOMpaeTcsl 13 CJIOBAPHOIO 3araca, a Ha 3TO
yXomouT 60sibilie BpemeHu. [IporpaMmmHuyio MHGOpPMAIMIO 3aMMChIBAIOT TOABKO MY>KUMHAM,
OHM 3aTeM MCIOJIb3YIOT MMEHHO CJAOBAapHBIM 3arac IJjs Iepefauy 3Toi MHOOpMaLun
obmrectBy (Hoctpamamyc, Kaiicu u gpyrue).

Ecim Bel 3ameruTe B cjloBapHOM 3amace IuiemeHu HOwmba-Hiomba ompHU
MeXIomeTusi, 6pocaiiTe Bce M Oermre OT HUX, MHAUe PUCKyeTe IIONMACTb B ITOJTHYIO
3aBUCUMMOCTb OT UuX Boau. Tak Kak [OeiCTBUTENbHbIM CJIOBApHBbIM 3amac ux Bam
Heu3BecTeH, Bbl He 3HaeTe, UTO OHM M3 Bac MoOryT caenaTh — JMOO MIALIBIK, MO0
BbIOUHOE JXMBOTHOE, JIN0O ellle UTO- HUOYIb.

KoMaHaHbBI SI3bIK KaK OCHOBA OOIEHMSI JIydllle BCEro pa3paboTaH y HEMIIEB,
IO3TOMY UX U TIPUTJIALIAIOT B IIPABUTEJIN.

5. BuogaTumMku

Yro Takoe 6MOmATUMKMU? IDTO OMOCTPYKTYpPhI, MHPOPMUPYIONIME KaK BHEITHIONO
cpeny, Tak U uepe3 BHEIIHIOI O0O0JOUKY CHMCTEMbI KM3HeoOecreyeHus: caMy CUCTEMY O
IIPOUCXOOAIINX M3MeHeHMsIX. Kakue nsMeHeHuss MOXeT IpeTeprieBaTh BHELIHSS Cpela B
ycsioBusIX ee 3ammThl CucteMoit XKuzHeobecreueHusi? OTo rosiorpaduueckie M3MeHeHMs,
TO eCTb M3MeHEeHUSI B OINTUUECKMX ITPeoOpa30BaHMSIX ITPOCTPAHCTBA, 3TO TOSIBIEHNE
MarHUTHbBIX aHOManum (XapTMaH), djieKTpudyeckux aHoManuit (Kiopu), rpaBUTalMMOHHbIX
aHomasnit (PeHTreH), MCKaKeHe Pe30HAHCHBIX KOHTYPOB OOpaTHON CBSI3M, U3MeEHeHMe
CBOVICTB PE30HAHCHOrO ycuiauTtesns (peLyKTopa), HapylleHue Tra3oBOil Cpenbl, WIN



COOTHOLIEHUS TMapUMalAbHBIX [OaBJIeHUIM Tra3oB U MHoroe pnapyroe. Kaxmoe Takoe
MCKakeHre MOKEeT IIPUBECTU K MyTaluu OMOCTPYKTYpP, ITO3TOMY IIpH JIFOOOM HapylIeHUN
clenyeT HeMeJIeHHbIl OTBeT. KpomMe TOro, KOHTpOAUPYETCS STAJIOHHOE BpeMsi TAKTOBOTO
IMKIa npyu MHGOPMAIMOHHOM OOMeHe. DTO Jajeko He TOJHBIN MepeueHb QYHKIMIA
6uomaTunKoB. [  BBITIOJIHEHUS CBOMX QYHKUMI OMOJATYMKM TO/DKHBI MMETh
IONEeKa3apalbHYI0 CTPYKTYPY KOHTPOJIBHBIX 3JIEMEHTOB, PE30HAHC, WM TMOBBILIEHUS
3apsiLOBOTO SKBMBAJEHTA B KOTOPBIX UM BbI3bIBA€T aBTOMATUUYECKM TPEBOTY, TO €CThb
1oJauy COOTBETCTBYIOIIEro curHaiga. Ecam Ha Bac yaer cobaka, 3TO 3HAauMT, 4yTO Baiie
MarHMUTHOE T10Ji€ TIPEeBBIIIaeT HOPMY B 3TOT MOMEHT ¥ BHOCUT MCKaKeHUS BO BHEIIHIOI)
cpeny. Ecnu BOpyr rycuHas crast BOAPYT HauMHAET TOJOCUTh M 6pocaeTcs Ha Bac, 3HaUnT

Bbl Hapymmau rasoByio Cpeqy, MO3TOMY HeJb3sl YIIOTPeOJSITh B IUILY TO, UTO
MOXeT HapyuuTh Cpeny B MOMEHT, Korma Bwl, Hampumep, macete rycei. Kcratu
BBIp@KEHME TyCM CIACaM PuM” OPUIUIO M3 IPEBHOCTM, OHO O3HAYAeT, YTO Te, KTO
TIIBITAJICS 3aXBAaTUTh PUM, UTO-TO He TO Che/JM Iepeld aTaKoi, HO OMOJATUMKM Ha 3TO
cpaboTanu, a 3alUTHMKM Puma, BUIMMO, 3aMeTWIM, UTO VIIOTPEOJSIOT B IIUILY
HaraaolMe 1 B KauecTBe 6MOJaTUMKOB MCITOIb30BaIM TyCeit, a He co0aK My KOIIeK.

M3BecTHO BbIpakeHue cobaka Opyr uesoBeka”. To, uTo cobaka OYEHb TOYHO
BOCITPOM3BOIUT KOMaHAY CUCTEMBbI KM3HEeOOecIieueHnsI U IbITaeTcss MHGOPMIUPOBATh 00
9TOM uejioBeKa (IpeABapuUTeIbHO Aelmn@pPoBaB TEKCT), He O3HAUYAeT, UTO UeJOBEK ee
nouumMaeTt. OOBIYHO OH CO CKaJibIleJieM Bjie3aeT cobake B MOHHYIO CTPYKTYpYy ee MO3Ta U
MbITAETCSI TAM HAMTU aHAJIOTM CBOEr0 MO3ra. B cuily CBOero HeCOBepIIEHCTBA Ye/IOBEK He
MOSKET CaMOCTOSITeIbHO paciindpoBaTh TOT TEKCT, KOTOPBI eMy Ha YPOBHE MOACO3HAHMS
nepenaeTr cobaka, COOOUIMB MpeaBapuUTebHO KOMaHay. OHa MOKeT Aaxke OTMaxMBaTh
TaKTOBBI/I OTPE30K TEKCTa, YTOObI OBbLIO SICHEe, HO 3TO BOCIIPMHMMAETCS JIUIIb KakK
Xopolliee OTHOIIIeH e CO0aKy K UeI0OBEKY.

B mpunoxkeHuu mnpuBeneHbl HauboJiee YIIOTpPeOMMble KOMaHIbI, IepenaBaeMblie
6uomaTuMKaMM, 3a STMMM KOMaHAaMM, KaK IPaBUIo, CJIeAyeT TeKCT.

6. OnnacHoOCTb yBJIeUeHMSsI IIPOTOHHbIMU
CTPYKTYpaMu

Kak otmeuanoch panee, WIIIIII dopmupyeTcs B aBTOHOMHBINI OOBEKT TIpu
IOCTVKEHUM OIIpeie/IeHHOM KPUTUYECKO HeMHEePLMOHHOW MacChl. JTO TO COCTOSIHUE,
korga UIIIIIT moskeT CamMOCTOSIT@IbHO BOCIPOU3BOLUTH IPOrpaMMy, MMEKILIYI0 CBOen
11eJIbI0 BOCCTAHOBJIeHMe anbbeno 3emin. KoHewHO, AJIsT CO3MAHUST KPUTUUECKON MacChI
HeoOXOOMMbI  3HAuMTe/NbHBIE  3aTpaThl, HO 9TM  3aTpaTbl CaMOi  CUCTEMBI
KM3HeobOecIieueHusl, BepHee, ee pasbasaHcom. B To ke Bpems, UIIIII, opopMuBIINCh B
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CaMOCTOSITeJIbHYIO CTPYKTYpPYy, MOKeT WCIO0JIb30BaTh Te 00pa3soBaHMsI, KOTOpbIE
MICITOJIb3YIOTCSI M CUCTEMOI sK3HeobecreueHns, B YaCTHOCTH, CMCTeMaMM KOHTPOJIS.

JTO MO3BOJISIET UM UCITOb30BaTh CAMy CUCTEMY KOHTPOJIS IJIs1 COOCTBEHHBIX HYKI,
KOPPEeKTUpPYsI ee II0 CBOeMYy yCMOTpeHMi0. Hampumep, Ojisi MOATOTOBKM YOWIAL| —
pOOOTOB B HACTOSIIEE BpPeMsI VMCIOJb3YIOTCSI CpPeACcTBa MaccoBoi MHpopmanmum —
TeJleBUAeHne, pagyo, rnevyarhb.

Ora mporpamma Cucrem JKusHeobecriedyeHUsI MMeeT CBOe€i I[eJibl0 YCTPaHUTh
HEeHY’KHbIe TeHOTUIIbI U MIOCTPOUTDH B JajbHelIeM 00IIeCTBO, ITOTHOCThIO OAUMHEHHOE
TeKylIlelt cucteme ku3HeobecrieueHnsi. OHAKO B 3TOM C/Iydae ¥ BHEIIHSIS cpefia JOJKHA
COOTBETCTBOBATh BBITIOJHSIEMO} IIporpamMme, a (YHKIMM KOHTPOJISI BHEIIHEN Cpembl
BO3JIOKeHbI Ha OMOJATUMKM, PEaKIMi0 KOTOPhIX HMKTO M He TbiTaeTcs AemdpoBaThb. B
9TOM M “3apbiTa” OJHA M3 IJIaBHBIX omacHocreir. WIIIII, MMes OZVMH TUII aTOMHOI
CTPYKTYPHI (110 CBSI3U), MOTYT IIPOCTO U3MEHUTDb MCXOAHOE COOTHOIIEHVEe MOTEeHIMAIOB Y
CUCTEeM KOHTPOJISI M TIOOUMHUTH 9TOT KOHTPOJIb cebe, TPy 3TOM ITPOM3BOAUTCS M3MeHeHMe
BHemHel cTpykTypbl UITHIT u co3maetcst UHdopmarimonHasi AHomanusi. O61iasi HopMa
(Uudopmatimonno - Tomorpaduyeckas OcHoBa TI'eocTpykrypHOoro OOmeHa) II0s
CHIVDKAETCSI ¥ MOBbIMaeTcsl 3aBUCMMOCTh OT UIIIIII. 3TO CHM)KeHHMe IOJsi MPUBOAUT K
YBEJIMUEHUIO JEOMUJIOB, TO €CTh T€X, KTO MOABEP)KEeH BIMSHUIO CPEeACTB MacCCOBO
uHbopmanumu. K ux umciay yke MOXKHO OTHECTM M IIpaBUTeNei, M MX peakius Ha
MPOUCXOJsIee TOMbKO YCUJIMBAEeT 3TOT MpPOLLeCC, HAIpuMep, ceiyac CTPeMUTETbHO
pacTeT MPOCTUTYIMS, HAPKOMaHMSI, TOMOCEKCYa/In3M, JIECOUSTHCTBO U T. [., TIpPU 3TOM BCe
39TO YCWIEHHO peKJIaMUPYyeTCs CpeAacTBaMM MacCoOBOV WHGoOpMAaluMM, UTO elle pas
MOATBEPXKAAeT BbIBOL, O TOM, YTO BCe YIpaBjleHMEe STUMMU CPenCTBaMM HAXOOUTCS TMOZ,
BiaussHuem UIIIIIIL.

IIpunoscenue

Ta6nmuua HanboJIee yIoTpeoMMBbIX KOMaH,
(MOXeTe IIPOBEepPUTH B 300I1apKe)

A VudopmatnmonHast AHOMasusI (CPbIB HATE CBSI3M)

UT'0-TO | MudopmarmonHo — l'onorpaduyeckast OcHoBa 'eocTpykTypHOro O6MeHa (HOpMa)

A l'azoBas ATaka (M3MeHeHNe Ta30BOli Cpe/ibl)

I'AB T'onorpaduyecknit ABTOHOMHBII Bb16poc (110 3amaxy M3MeHeHue OMTUKN)

KAPP Kak AkTuBM3upoBaTh Pe30HaHCHBIV PeyKTOp (M3MeHeHue 3apsiia Cpefbl)

KP4 Kropu pacreT BHO (TIpeBbIlLIEHNE JIeKTPUYECKOTO IMOTEHIMAJIA)
XPIO XapTmaHa — pesyc I0uT (06pa3oBaHyue 06pPaTHO CIIMPaAIY MarHUTHOTO MITYJ/TbCA)
MY Mys3bika YcibliiaHa (premM My3bIKaabHbIX KOMaH/L CUCTEM KM3HeobecreueHus)

ALTUXU ABtoHOoMHOe Ilosme, UmcimoBast Xapakrepuctvka HWMHbopmarnmmu (egMHCTBEHHAS
KOMaH[1a, IOCTYITHAS U YeJIOBEKY)
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9Ty TabAMUIly MOKHO MPONO/IKUTh, HO OHA TpMBeJeHa KaK IpuMep, a MOJHYIO
TabAMITy MOSKHO COCTaBUTb, IIpOBeAsl KpyIHOMAcCIITabOHble MCCIedOBaHUS B
T'ocymapcrBenHoit Jyme.

Ecnu 6uocTpyKTypa He IMO3BOJISIET MCIIOAb30BaTh €e KaK MpueMo-IiepenaTunk, oHa
He HY)KHa ¥ MOsKeT ObITb JIMKBUAMPOBAHA.

Kcratu, Hambosiee miobmmoe mms mas Komku — MYPKA (Manbiit Yeuinrenb
Pe3onancHoro Kontypa ABTOHOMHBIN). BIioJiIHe BO3MOXHO, UTO caMa KOIIKA IOMpoCcusia
cebs1 TaK HAa3bIBATh.

[TocTosIHHYI0 CBSI3b C MHGOPMBIMOHHBIM TI0JIEM MMEIOT KOPOBbI — ITOCTOSTHHO
KYIOT, TO eCTb (popmMupyioT GoH i mpuema nHGoOpmaImn.

IJTy >Xe POJib BBINOJIHAET JXBAaUKa — aMepPMKAaHIIbI IMPOCTO PelIWIN SOTHATh
KOPOB I10 MHTEJUIEKTY.
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