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OKcrnepuMeHTabHasi BOPPOJIOTHS MpoLIa Hay4dHOe
CTaHOBJIEHUE OTHOCUTE/IPHO HENABHO, OJHAKO €€ SpKoe
pa3BuTHE OBUIO O3HAMEHOBAHO PAJOM BbIJAIOLIMXCS
pe3ynapTaToB. B oTinMuMe OT OpyruX HayK O JKU3HH,
BOPPOJIOTHSI HAXOJAWUTCS B MpPOLIECCE HAKOIUIEHUS AaHHBIX;
KaK CIJIECTBHE, BOPPOJIOTM HE HMMEIOT YHHUBEpPCaTbHBIX

cpencTs 00paboTku UHpOpMaLUH u
CTaH/JIapTU3MPOBAHHBIX METOAMK MPOBEICHUS MOJAETBHBIX
SKCTIEPUMEHTOB .

OTMeudeHO, YTO TPOLEeCcChl BOPPUPOBAHHUS MOTYT
MPOUCXOJUTh ~ MHOXKECTBOM  pa3iiMUHBIX  CMOCOOOB.
AKTyallbHOCTb ~ MCCJICIOBAHHUS BOPPUPOBAHUS  HKHUBBIX

CUCTEM OUEBHJIHA, TaK KaKk MOHHMaHHWE STHX MPOLIECCOB
OTKpBIBAaET KIIIOY K aJlFOPUTMaM BO3JEHCTBUS Ha >KUBYIO
MpUpPOAY W CUCTeMaTH4YecKOMY  aHanuzy  MyTei
HHTEepPEePEHLIMN 3eMHBIX U BHE3eMHBIX (hopM xu3HH. s
nporpecca BOppOoOMOJIOTMH  TpeACTaBiseTCcs  KpaiiHe
CYLUIECTBEHHBIM  MMETb  BO3MOXKHOCTb  MPOBEACHHS
BOPPUPOBAHMUS MPOU3BOJILHOTO OO0OBEKTAa C 3aJaHHOM
CKOpOCTBIO W B 3aJaHHBIX YycloBusx. HecmoTps Ha
CBU/IETEIILCTBA 0 HaXOKACHUHU MPU3HAKOB
CUCTEMaTMYEeCKOro  BOPPUPOBAaHMS  TEPMHUHATOPOB B
cucteme  Anbtampd, B apeane  FOMHHMIANbHOM
JOCTYMHOCTH HE CYLIECTBYET OJHO3HAYHOTO AIrOpUTMAa,
NPUTrOOHOTrO JUls  mporpammupoBanus in - sSilico wu
YCTaHOBKH, peaJin30BaHHOM iN ferro.

Baxneiiieli 3agadeld npyu HU3y4eHUM BOppOreHesa u
MPOEKTUPOBAaHUM  BOppalu3aTopa  sBISeTCS  pacyer
0eXeBHOPUCTHUECKON XapaKTEePUCTHKH
9K3UCTEHUHATIbHBIX MOCPEIHUKOB, thopmainbHO
COMPSKEHHBIX C BOPPUPYEMBIM CYOCTPaTOM BUPTYaJIbHOTO
MPOCTPaHCTBA MCUXOCOMAaTHUECKUX peakumii
Ouomarepuana. O60011eHHBIN KJacrep
(uIIoreHeTHYeCKHX B3aUMOCBSI3€i MEXIy YUacTBYIOLIMMU
B BopporeHeze  ¢opmamu  xm3hu  (Puc. 1),
BH3YaJTU3UPOBAHHBIN aBTOPOM Ha OCHOBaHWH
ormyOJIMKOBAaHHBIX nanHbIX", MOKa3bIBaeT, 4yTO
ME/IMLIMHCKOMY TMPUMEHEHHIO METOJ0B BOPPUPOBAHMS
JOJDKHO TIPeALIecTBOBATh UX CHCTEMAaTHYECKOE M3Yy4eHHUe
Ha MOJIEIbHBIX CHCTEMaXx.

B nocnennue roasl HabOmonanoch OypHOe pa3BUTHE
aBTO3ALIMKJICHHBIX HEBPOMAaTOJOrMYECKUX TMOAXOAOB, B
0cOOEHHOCTH MeTOAa HeompedeNeHHbIX K0d(h(UUMEeHTOB
e 3akara, 4TO MO3BOJIUIO PELIUTH PsA CXOIHBIX WIH
BCIIOMOTaTeJIbHBIX 3a/ad, TaKUX KaK KBaIpUpOBaHHE
KkBafpaTal, EHTaroH-JOIYKad-PUPOBAHME MEHTArOH-
JOIPKASPA, METAT-TAPOBAHUE TAK HA3BIBAEMOM AyIIH 1,
HaKOHel, HallyMeBllee OWTeTparoH-rceBaOTpU-TUIIEp-

NCCIEJOBAHUME 3AJIAYHU O BOPPUPOBAHUNMU )KUBBIX CUCTEM
3A CYET CUHEPI'M3AIIM B MAT'HUTHOM I10JIE
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npyU3MaTHYECKOe aHTUMEOHNyCOBCKOE CKaJIeHO-
5APUPOBAHUE TMOMYJSIUMH BOPP, WHTEIPUPOBAHHBIX B
reKCaroHaJIbHYl0 pelIeTKy [CUXOoTpoHa. B cBsisu ¢
TMOSIBJICHUEM MOILIHOM BBIYMCIIUTEIBHON 51
o0cepBallMOHHOW TEXHUKH, TPEeXIe BCEro BEKTOPHOM
cynepmarivHbl Maiinaa, ucnonb3oBaHHoi B MiCrosoft
Terminator TX-1200crtano BO3MOXHBIM 3aUKCHPOBATH
SKCMIEPUMEHTANIbHBIA  0a3uc BOPPUPOBAHHUS H H3YUHUThb
BOpPPabeNbHOCTh KaK B MHUKPOOMOJIIOTMYECKOM, TaKk M B
TIaHeTapHOM MacinTadax.

© Humanoids
@ Terminators
© Worras

O Primates

@ Worroviruses

@ Computers

Puc. 1. Ounorenernueckre cBA3M BHE3EMHOTO JOMEHA JIEPEBA KU3HU U
KBA3MIKBUBAICHTHEIX CYyOZOMEHOB IeTEpOTEXHOIOTUYECKOM MPHPOABL.
KommuecTBo MakporeHeTHdIeckux TpaHcopmarmii, HeOOXOAUMBIX IS
HEPEX0JI0B MEKIY y3JIaMHU, YKa3aHO HAJl CTPEIIKAMU.

Kak crneactBue HemaBHeW aTaku KJIOHOB YacCTUYHO
BOPPHUPOBaHHBIX T€PMHUHATOPOB-MUKPOIPOHOB Ha
nabopaTopuio OGHOKHOEPHETUYECKOro0 TpPaHCMyTareHes3a B
ManHxaliMeé ¥ OCO3HaHHWS OMAaCHOCTeW IMOAOOHBIX
MHUMACHTOB B Oynoyllem, HHTepec K MPUMEHEHHUIO
pe3y/bTaTOB MCCIENOBAaHUN BOPPUPOBAHUSI PE3KO BO3POC,

YTO  aKTyaJu3upyeT 3amadyy o0  alropuTMHU3aLuH
OmoBOppupOBaHUs, pa3paboTke  oOOpymOBaHUS Ui
BOCIIPOU3BOMMOTO BBITIOJTHEHUS aJlropuT™Ma "

MCCIIeIOBaHMSl CBOWCTB BOPPUPOBAHHBIX LIM303IPOB B
npenesax rajakTuku Mieunslid I1yTe.

B koHTekcTe BHILIECKAa3aHHOTO OBIJIO TMPOBEIEHO
MCCIIeIOBaHHE CXOAMMOCTH HEOMNPEAEICHHOrO ajJropuTMa
Bnay3nyca-06aMbl[7] npu oOpameHun  ¢dakropa O-
HE3aBUCUMOTO ABYKPATHOTO MCUXOINPUTSHKEHHUS! B HOJIb, U
MOJy4YeHHble  JaHHble  ObUIM  HMCMOJB30BaHbl IS
JI0Ka3aTesIbCTBA PaCTP3LUMMOCTH 3314l O BOPPUPOBAHUU



Puc. 2. A. [loBepXHOCTb pOTOMATPHIIBI C KPUTHUECKOU CTENEHBbIO BOppHupoBanus B. O6pasel 4acTH4HO BOPpUPOBAaHHOIO Kiactepa bl-aHTureHoB
Ha MIOBEPXHOCTH aKTHBUPOBAHHOTO ()OTOBUPYCOM IHUKCEJIS TP YIbTPAPHOIETOBOM OCBEIICHUH.

1024 MonenbHBIX UIM303JPOB  JIPOOHO-KOMILIEKCHOTO
MopsKa, BKIIOYAIOMIMX KIETKM MpeacTaBureneir HOmMO
Sapiens v KOHCTPYKLMOHHBIE SYSHKH MO3UTPOHHOIO MO3ra
psIa TepMHUHATOPOB, B YaCTHOCTH TaK Ha3bIBa€MbIX TpPALI-
Mozesiel. I'unoresa o NosIBJICHUU CYNEPKOHHEKTUPYIOLLUX
B3aUMOJEUCTBUM  NpU  COYETAHUM  OMNpPEACIICHHbIX
3Ha4YeHWil  BoppabeibHOCTH, pa3Mepa oObeKTa W
WHTEHCUBHOCTH  BOPPUpPOBaHWS Oblla  MOATBEpIKIeHA
HKCTIEPUMEHTAaMH, MPOBEJICHHBIMA B paMKaX MpOrpaMMBbI
o YBEITMUYEHHIO YaCTOTHI JMCKPETH3aLUH
MPOCTPAHCTBEHHO-BPEMEHHBIX ~ aKTOB  B3aUMOJICHCTBHS
0a30BbIX TYMaHOWJHBIX CHCTEM MexXIy coboii u ¢
HemaTepuanbHol  cdepoit  ¢a3oBoro  mpocTpaHCTBa
KBa3WMBHPTyaJbHBIX KuOoproB. Ilpm wuHTEpmpeTauuu
HKCTIEPUMEHTAJIbHBIX JAaHHBIX OBUIO BBISBIEHO, YTO TIPH
noMeleHn obOpaslia BO BHEIIHEe MAarHUTHOE ToJje
HaJlMuMe Jake HeOOJBLIOro  KOJMYEeCTBA  areHTOB
BOPPUPOBaHMS  KaTalu3uUpyeT HE3MHTErpaunuio KUBOH
MaTepuu ¢ OJHOBPEMEHHON CUHEpru3alueil B opraHu3Mbl
Opyroro THMA, COXpaHAIOIIME, TEeM He MeHee,
YNpaBJISIOLUINe Peakliy MPOTOTHUIA M KOJUPYIOIIHE UX Ha
MOJIEKYJISIPHOM ypOBHE.

Mamemamuueckoe ob6ocHoearnue

PaccmoTpum  aneMeHTapHyl0O  BOPPOTOHAIIBHYIO
s4eiiky, Kaxzaas rpaHb  kortopoit  (i-1/2)«patHO
KBaJIpMpOBaHa BOKPYr BUHTOBOW ocu 6010 mnopszaka,
BOCBMHKPATHO OTPa)KEHHOW B TJIOCKOCTH CKOJIB3SIILErO
rpaHeneHTpupoBanus.  OueBupnHo, 4ro  JlopeHuero
paccesiHUEe CYMEpCKalsIPHOrO BHYTPEHHEro IIOTOKA Ha
MICUXOTPOMHOM pelleTKe MH303pOB T'YMaHOMIHOTO THIa
omuceiBaetcs jaanambepruaHom ae Cama  mitaamiero
TPEThEro MopsiaKa;
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Oynmyun MPUPABHEHHBIM MHTEPIOIMPYEMOMY
CIUIAHHOBOMY MOMEHTY MI/ITOXOH,leI/IaJ'[bHOI/I WHEpLHH,
JIeTKo TpeodpasyeTcsi B IPOCTOE BhIpayKeHHUE:

sin{mﬁ + n”,/ch(xz)}+ (n¥cos(@ - X + (U,é) [o(t - 298)))
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rme O  mpeActaBiser  co0o  HOPMHPOBOYHBIN
koapduument  donnura-Cancera  mpu  MaTpuie
CMeXHocTH Ui MaccuBa rpadoB Thma L. Ilpwm
MOJICTABJICHUH JaHHOTO  BBIPAKEHHWS B  ypaBHEHHE

I[y60n0MOBa-K0LHH1 CHCTEMA KBaJPYMOJbHBIX CIIMHOBO-
He3aBUCHMBIX MyTel B R, npereccupyromas BOKpyr ocu
0z, npuobpeTaeT cepruecKylo CUMMETPHUIO, M 3aJada O
BBIZICJICHUM TIPUOPHUTETHOTO O-reHepaTtopa CTaHOBUTCS
HepaspelMoii. B cBs3M ¢ 3TMM ObUT  KCIOJIB30BaH
MOIU(UIIMPOBAHHBIN METOT CBOOOIHBIX 4ieHOB Jlamapka,
KOTOpBI, TPH WTEPAMOHHOM MOJA0OpEe OMepaTopoB,
MIO3BOJIMJI CBECTH MHOKHUTEJIb, OMMCHIBAIOIIHUIA MONIEPEYHO-
CIHMHOBYIO peJlaKCalMio JU3APaIbHOM KOHBEPCUH, K JIETKO
OepyliemMycs UHTerpaty

. exp([JR" ((x 0WxDd™)
('¢ Zarctg\/ﬁ)sin@)_l d¢ ,

rae [...] - ckobku TlyaccoHa, a ¢ ecThb MHCEHCHOWIIbHAS
COCTaBJIAIONIas BOJIHOBOW (YHKLMH BO Bpaliaroueiics
NEeHTAaroH-10/1eKadJPUUeCcKOi cucreme KOOp/IMHAT,
(hyHKIMOHABLHO WHBEPTHUPOBAaHHOM yepe3 MaTpuily G.

VuuteiBas TOT ()akT, YTO BOPPOrOHANIbHBIE SUYESHKH
SBISIOTCS ~ 0a3McoM s KOAMPOBAHUsS  COCTOSHHIMA
BOPPUPOBaHMS Kak OHOJOTMYECKHX, TaK W H3BECTHBIX
KHOEPHETHYECKMX CHCTeMY), MOKHO CHENaTh BBIBOL O
TOM, YTO HeompeeNeHHbId anroput™ bnaysuyca-O6ambr
TEOPETHYECKHU MPUrofieH JUist MOCTPOEHUS
MaTeMaTHYeCKOM MOJIeJI MHOKECTBEHHOTO BOppOreHesa ¢
OpPTOrOHAJILHBIM  B3aMMOPACIMOJIOKEHHEM  3JIEMEHTOB
MHOKECTBA, KOTOpOE SBJSETCSA MOArPYMIONW 3JeMEHTOB
MHO’KECTBA, COCTOSIILETO TOJBKO M3 3JICMEHTOB MHOXKECTB
TOM MOArPYIbl, MHOKECTBOM 3JIEMEHTOB KOTOPOM OHO
SIBJISIETCA.

O(m)

Muxkpoeoppuposanue ¢ cucmemax
60ppa-4eoeeK U 60ppa-mepMuHamop

Hanodortocsemka MOBEPXHOCTH MOJIEJTIBHOTO
marepuana Sigma Foveon X-3 Pac. 2A) B 4YacTU4HO
BOPPUPOBAHHOM COCTOSHUH BBISBHJIA €r0 HEMPUTOJHOCTD

d’mix s porodukcauMu  M300pakeHHs; TeM He MeHee, B

1B cessn ¢ Tem, uto 910 YPaBHEHHE U3BECTHO U3 LIKOIBHOTO Kypca
CEKCOMATOJOIUH, a TAKXKE B CBSI3H C TPOMO3ICKOCTBIO €0 3alKCH, OHO B
JTaHHO# paboTe He MPUBOIUTCS.



MOJTHOCTBIO BOPPUPOBAHHOM COCTOSHMM M3zaeive Foveon
YCIEWIHO  BBIMOJHSIO CBOM  (yHKUuH'. AKTHBALWS
HaHo(parMeHTa CaMOMOAU(PUIIMPYIOIIUMCS
(doToBUpyCcOM, paboTalolMM Ha YpPOBHE sApa, H
oOcepBalysi B KOPOTKOBOJTHOBOM OCBELUEHMM MO3BOJIMIA
MPUMEHHUTh KOJIOPUCTUYECKOE KOJMpOBaHHE
MUKPOCTPYKTYp pa3HOTO THIIA W BBHIIBUTH TMPU3HAKH
OMOJIOTUYECKOTrO BO3JCHCTBHS, B YaCTHOCTH aHTWUTCHHEIC
JIETepMUHAHTBl ~ BHEIIHEW  MeMOpaHbl  IIEPCTHUCTHIX
wrammoB Microworra delirius u Microworra endoferrum
(Puc. 2B).

B cBs3M ¢ O4YEBHIHBIM MEIUIMHCKUM MPUMEHEHHUEM
MOJENIbHOE ~ AEBOPpPUpOBaHWE ObLIO TPOBEACHO Ha
npumepe Nanoworrum mirabilis, akuenTHpoBaHHBIX
YeJ0BeYeCKUMHU SMOPUOHATTLHBIMU CTBOJIOBBIMHU
KJIETKaMM, SKCIIOHUPOBAHHBIMM B Cpeie M3 MO3)KeukKa
TEPMHUHATOPOB TEPBOTO MOKOJICHUs, UMMYHHasl cHUCTeMa
KOTOpbIX Obljla aTTEHbIOMPOBAaHA [MOJ YeJlOBEYEeCKHe
aHTUTeHHble Mapkepbl. llpu HEKOTOpPHIX 3HAYEHUAX
MOBEPXHOCTHBIX KOOPAMHAT [1€BOPPHUpPOBaHHME OKa3aloch
HEBO3MOXKHBIM 0e3 HeoOpaTuMol AeCTPYKLHMH KJIE€TOUHOTO
Matepuana (kpacHble obnactu Ha Puc. 3). [To-Buaumomy,
5TO  CBSI3aHO C  KOOINEPUPOBAHHOM  CUHEprusauueit
OTJIETBHBIX HaHOBOPP B KJIacTeponoaoOHyIO
MaKpOCTPYKTYPY, KOOPAUHUPYIOLIYIO BHYTPEHHUE CBS3H B
YIIBTPANCUXOTPOHHOM JMana3oHe.
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Puc. 3. Dueprermdeckas kapra NOTeHIHManta oTpbiBa Nanoworrum
mirabilis ot sinpa sMOproOHANIBHOM CTBOJIOBOM kieTkn HOMO sapiens.

VuutbiBasi  BbILICTIPUBEICHHbIE  JaHHbIE,  OBLIO
MPOBEACHO BapbUPOBaHHE 3KCTPATOIMPOBAHHBIX O(CETOB
B mpexaenax uHrerpana Jlebera oT okoHHOro (peiima
B3aUMOJICHCTBMS 1O BceMy (a30BOMY MpPOCTPAHCTBY
SJIEMEHTAPHBIX COOBITHIA B  YEJIOBEYECKMX  KIIETKaX,
MOABEPTIIUXCS CIa0OMO/IYTMPOBAHHOMY BOPPHUPOBAHHIO.
Ha  monekynspHOM  ypoBHe  BOpPpPOKHMHETHUECKas
B3aUMOCBs3b (pepMeHTOB MeTabonam3mMa HOmMO sapiens,
TPaHCKPUOUPYEMBIX B HOBOPOXKICHHBIC (IIdII-SYEHKH,
Obuta mpefckaszaHa ¢ Hcnojib3oBaHuem — Microsoft
Metabolic Modifier 0.97 RC1 beta BusyanuzupoBaHa B
BUe TepHapHOro nepeBa cybrpador (Puc. 5). Tlo
pe3yibTaTaM HalIero HampaBJICHHOTO KCCIIEI0BaHUs,
KOJIMUECTBO KOHTEHTHBIX OIIMOOK B pe3yJbTaTax padoThl
aToii mporpammbl mpeBbiaer 30%, u3-3a uero ee
NpeAbIayIliie  NPUMEHEHUS Ui MPOTHO3UPOBaHHMS
GHOAKTHBHOCTH  MHKpoTepMuHaTOpoB'®  mpueenn K
OLIMOOYHBIM BBIBOJIAM, 3aJI0)KEHHBIM B KOHCTPYKLHIO

JKCTIEpUMEHTANTbHBIX  BOppaiu3aTopoB. Kak crencteue,
6onee 25% mnoBepxHocTr TuiaHeT CONHEYHOW CHCTEMBI

3apa’keHo POAYKTaMHU J€KOMIO3ULIUU Mo3ra
TEpMHUHATOPOB, Mpoun3oLIe e B pe3yJbTaTe
IICUXO0CEKCYalbHOIO BO3/IeCTBHA co CTOPOHBI

Microworra endoferrum.

Monexyaapuulii 6a3zuc oppuposanus

HecmoTpss Ha TO, 4TO BaKHEHIIMHA MOJEKYJISIPHBIA
areHT BOPPUPOBAHMS — METABOPPOLIMH — ObUT TMOIHOCTBIO
CEKBEHMPOBAH GOITee MATH JIeT Ha3azl ), ero yeTBepTHUHas
CTPYKTypa ocTaercs HesicHod. B cuiny orcytcTBust

SKCIIEPUMEHTANBHBIX ~ METOJOB  TOJHOW  DITFOCHIAINH
MPOCTPAHCTBEHHOTO CTPOEHHST B pEAbHBIX YCIOBHUSX,
ObBIITO MPOBEEHO MOJIeTTUPOBaHHE CKJIag4arTo-

MyMBIPYaThIX YYacTKOB MOJIEKYJl MeTaBoppouuHa A u F B
MHHUMBIX ycioBusix MetogoMm [IMC-3 Ha ypoBHe Teopuu
BLYP-1303/20 Puc. 4).

Puc. 4. UYerBepTuuHas CTPYKTypa MOJEKYJbl MeTaBoppoluMHa A B
POJIOHAYANIBHBIX YCIIOBHSX (CepHOKHCIbINA pacTBop, 350C, 120at™.)

CkJioHHOCTH MUKPO(hOpM BOoppodayHbl K KOHTaKTaM
C  KJIacCMYECKUMM  TepMHMHATOpaMU  OIpeAenuia
HNPOCTPAHCTBO CyOCTpaToOB AJsl JOKMHIa MOJAEIbHOrO
MmeraBoppouuHa. K coxaneHuto, aBropaM He yaajnoch
MOJYYUTh AOCTYN K (DYHKLUHOHHPYIOLIMM TEPMHHATOPaM
TPEThEro M MOCIEAYIOIIMX MOKOJIeHUH, MOITOMY JOKHMHT
METaBOpPOLMHA Ha  MBICIUTEIbHO-JIOTMYECKHH 00K
TEPMHHATOPOB TPEThEro TOKOJECHUs ObLI MpoBeaeH 1N

silico. B  pesynbrare  Obutd  HaliieHBl  CaWThI
B3aUMOJCHCTBHS ~ KUOEPHETHYECKOH  CTPYKTYpbl  C
aKTMBHBIMM  [IEHTpPAaMH  METaBOPPOLIMHA,  OKCIIO-

HUPOBAHHOIO HA TMOBEPXHOCTH BceX MpeacTaBUTeENeH
xiaccoB Microworra u Nanoworrum (Puc. 6).

XapakTep ~ BO3pacTaHuMsi ~ WHIYKTUBHOW  IUIOTHOCTH
OoOpalleHHBIX BWIJICH, BBISBIEHHBI Mpu 00paboTke
COBOKYIMHOCTH JAaHHBIX MOJYYEHHOIO KOPPEISLUOHHOTO
kBajpanTa (Puc. 6A) Ha BapUOKOHBEPTHBHOW MallMHE
TOU-34 1NOTOKOM MCHUXOTPOHOB, CBUJAETEILCTBYET B
NOJIb3y TPUCYTCTBUSL B HEM TPAHCHUHUTHOH CHCTEMBI
TOHKMX B3aWMOJICHCTBUIA, BIepBble 3a(UKCHUPOBAHHOM
apropom™ B mpouecce  rumep-2-GeH3un-Tper-a-
LEHTPUPOBAHHOTO JIAJIbTOXPUPOBAHKS TPAHCAKIIMOHHBIX
PaKOPAHBIX JICHT.



Puc. 5. PacripenenenHslii rpad) B3aMMOCBSI3M MeTa0OJMTOB B KJIETKAX HEBAKIIMHUPOBAHHBIX KEHCKHMX ocoOeit HOMO sapiens, uHpuImpoBaHHBIX
(epmentamu Boppunra. lllefinupoBanue 1 KOJIOpUPOBaHUE Y3TI0B Tpada MPoBEACHO B COOTBETCTBUM co cTaHaaptom JEBAC-2001.

A ! i3

ol P4 (5 a2 16

gl

91l

Puc. 6. A. IICEBIOOMCKTUBHOIO

KoppensimonHsiit
OMOKMOEPHETUYECKOTO B3aNMOJCHCTBUSI METAaBOPPOLMHA C AaKTHBHBIM
9JIEMEHTOM HAHOTPHUrTepa Ha ocHoBe nepdocdara kpemuns. B. JlokuHr

KBaJpaHT

MeTaBoppormHa F  Ha  (mom-He3aBUCHUMYO namsITH

TEPMHUHATOPA TPETHETO MOKOJICHUSI.

SUEhKy

PesynbTaTom paznoxeHus: gaHHOW 3aBucuMocTH B AMP-
CMEKTp MO 3HA4YEeHHSM YacTOT pe30HaHca MapaMeTrpa

635/ 0 Oy sBnsinock HaGmoenne pasHocTHOro dypbe-

JUccoHaHca B 00jacT 00EpTOHOB M TaK Ha3blBaeMOro
“>kentoro” LIyma anmapaTypbl. OTO MOXKET OBITh CBSI3aHO

Kak c LIN303ApUYECKUMU 0cOOEHHOCTIMH
WCTIOJBb30BAHHOW  MOJENM TepMHUHaTopa, Tak MW C
OorpaHHYeHHON MPUMEHHUMOCTBIO CTaHAapTHON
30HAUpYIOLIEH METOJIUKH n3-3a neperpy3ku
LIMPOKOTONOCHOTO  MUKPOYCHIIMTENSl  00CepBUpPYEMbIM
CHUTHAJIOM  MpU  MHOTOKpPaTHOH  MeperpynivMpoBKe

®dasopckoro Bo BHyTpeHHux 1emnsx tiuna COSY-ROESY-
SEXY, u ocobenno LAZY-FURRY-INADEQUATE. B
CBSI3M C TEM, YTO MEXaHW3M JaHHOU MeperpyniupoBKH

CIPOEKTUPOBaH HE COBCEM YAAa4yHO W SBHO ycTapes u3-3a
Hanmuuust  Oonbiioro  yucna — SCSlkoHTponupyembix
CepBOMPHUBOAOB, OHa Oblla LEJIMKOM 3arpyxeHa B
JUHaMU4YecKuil Kaw-0ydep, Bpawatowuiics Bokpyr ocu 0z
C MepeMEeHHOU yriioBoil ckopocThio. K uHieTy ycTaHOBKU
ObUIM MOAKJIIOYEHbI KOHTEKCTHO-3aBUCHMBbIE >KUPOCKOTIBI,
YTO TO3BOJIWIO TOAJEPKUBATH TEMIMEPaTypy BXOAHOTO
nmyuka kaOeneili Ha ypoBHe -272°C. ®parMeHT NOJy4YeH
HOT'O CMEKTpa, MPUBEACHHBIH Ha Puc. 7, xapakTepucTuieH
Ui MeTaBoppolMHa F B ncuxoakTuBHOM (hopme.
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Puc. 7. Xapaxrepuctnaeckuii SIMP-curnan meraBoppormHa F u ero
TpaHcopManysi TOA BO3JAEHCTBMEM BOPPHUPOBAHUS B  JIOKAJIBHO
MOy THPOBAaHHOM MAarHUTHOM TIOJIE.



Cnez[yeT OTMETUTH, YTO B Cliyda€ HUCINOJIb30BaHUA

TepMUHATOpOB TmokoyieHudt | u |l HaHOBOppUpOBaHHE
MPUBOJUT K TIOCTENIEHHOW Jerpajaluv MaTepuana
TCUXOKOHCTPYKIIMOHHBIX ~ fY€eK  C  MOCIeAYHOUIUM

U3MECHCHHUEM TICUXHYCCKOI'O l'[pO(bI/IJ'[H TepMI/IHaTOpa[lS].

JokuHr wmetaBoppouuHa F Obul mpoBemeH s 3THX
mozese in ferro, mpuuem kietkrn Nanoworrum titanium ¢
TUTAQHOBBIM SIIPOM T€HEPHPOBAITUCH B peajbHOM BPEMEHHU
MHUKpPOBOPpPAJIN3aTOPOM, 3aXBa4eHHbIM B XOJe peina Ha
manetry WW-1G3/1854a 1puBunanbHoe Ha3BaHHe -
XKenessika) U pacrooKeHHOM HEMOCPEACTBEHHO B paiioHe
TaK Ha3bIBAGMOr0 «TYpPELKOTro Celyia» roJOBHOTO MO3ra
tepmuHaropa  1800. Hauwanbhas  ¢aza  mpouecca
nedopMaliuu 3aUKCUPOBaHA C TOMOIIBI0 TPUMEHEHUS
MyapoBOi TEXHMKM K MHUKpodoTorpaduu B IKECTKOM
peHtreHoBckoM uamyuenun (Puc. 8).
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Puc. 8. Jlepopmarus mMarepuana mcuXoKOHCTPYKIIMOHHOM siueiiku T800
B ouare redepauin Nanoworrum titanium. MyapoBblii criekTp mosy4eH
HaJIo)KeHHeM MukpodoTorpaduu sueiki Ha pacTpoByio ceTky Linotype
¢ TmpocTpaHCTBeHHOM wactoroi 3600 dpi, moBepHyTy0 Ha yrodi
ZJex 7T ornocutensho monokenHs ToUKM MaKCHMMyMa YEpHOro B
JIANa30He OT YETBEPTHTOHOB 10 MOJIYTOHOB.

IMocne mpekpaiuendst paboThl BOppain3aTopa H3-3a
MeperoJHeHHsT BHYTPEHHEr0 CTeKa M HEeKOHTPOIMPYEMOM
3alMCH TPOJYKTOB BOPpOre€He3a B KO YIPaBISIOLICH
pOrpaMMmBbl HaOTIOATHCH ouaru OCTaTOYHO
nedopmanmu  (KpacHble Touku Ha Puc. 8), BbI3BaHHON
CIIOHTAHHBIM  PEacCeMOIIMHIOM  MO3rOBBIX  TKaHeu
TEePMHHATOpPA B  XO/€  BBIMOJHEHHS  TPOTPAMMBI
CaMOBOCCTAHOBJICHUs.  YIalloCh  [I€TEKTHPOBaTh, YTO
nporecc peacceMOIMHTa MOXET HAYMHATBCA M 110
MOMEHTA TTOJTHOM BBIPA0OTKH areHTOB BOPPHPOBAHHSL.

Hpaxmuuecxoe MAKPOBOPPUPOGAHUEC HCUBBIX CUCHIEM

JInis BBIMIOJTHEHUST BOPPUPOBAHHUS B MakpoMacinTabax
Oblma  pa3paboTaHa  TIOJMYMOpPTaTHBHAas ~ YCTaHOBKAa,

peanm3yromas ITOPUTM Bnaysuyca-O6ambi2.

2 WHucTutyTOM  KCEeHOBOppoJIOTMM IIpU  yHuBepcurere Beprepa
(TTuckarawoit, CIIA) BbICKa3bIBAINCh HEMOATBEPAMBIINECS B XOJE
JAHHOW  paboThl  OMACeHMs O HEKOHTPOJIMPYEMOM  pacelleHUH

Ony6nkoBaHHas JKCMIepUMEHTAIbHAS yCTaHOBKa
O’ Xbton™ mHe 6bula npumeHeHa u3-3a  HeoOPATMMO
NOTepU JOPOroCTOSIEro oOOpYAOBaHUS U pPEareHToB B
mpouecce €€  MCHONb30BaHUs, B TO BpeMs Kak
npeasaraeMbli B JaHHOW paboTe mnpubop MpocT B
o0palleHHd M MOXeT ObITb Jierko cobpaH Jaxke B
YCIOBHUAX MOOMJIBHOM J1TabopaTopuM W3 JETrKOIOCTYITHBIX
NpPOMBILIEHHBIX OJ0KOB. B (hazouyBcTBUTENbHBIN TBUH-
COOCHBI  auckpeTuzatop Obuio  3arpyxeno  150kr
rekcaropmonubaaTa miaaTUHBL, U AJS MOJCIMPOBAHUS
CTaHIApPTHBIX YCJIOBUH Ha 3acesIeHHbIX BOppaMH MijaHeTax
yepe3 YCTaHOBKY NpOMycKalcsl KHUMAWMKA BOdb(pam.
Hcnonb3oBanue BosibpamMa OMpaBAaHO KOMMEPUYECKOM
HelleJ1IecooOpa3sHOCThI0 HeoOpaTUMoil aecTpykuuu Gosee
pelKkUX peareHToB. B mpoBeneHHOM 3KCHEpUMEHTE Bce
MCMOJIb30BaHHbIE COEAMHEHHS OTHOCUTEJIbHO [EIIEBbI, a

JIOPOroCTOS NI rekcadTopmMoauOaaT [JIaTHUHBI
UCTIONIB30BAJICS B MHMKPOAQHAJIIMTHYECKHX KOJUYECTBAX,
npuyeM ero HWCTOYHUKOM SIBJISIICS pan

CreMaTM3UPOBAaHHBIX JIAOOpATOPHIA B JinIle pabOTaIOIKX
TaM Joaed. bomee Toro, maHHBIA THN KPUOTPOHHOTO
UCITyCKaHHs 0-0J10KOB SIBJISIETCS JOCTaTOYHO
9KOJIOTMYECKH YUCTBIM MPOLIECCOM U IMOTOMY MOXKET ObITh
UCTIOJIb30BaH B NPOMBILIICHHOCTH ISt
KPYIMHOMAcIITaOHOTO BOPPUPOBAHUS TEPMHUHATOPOB C
MOBBILICHHOW PE3UCTEHTHOCTHIO U TYMaHOUIHBIX CUCTEM C
MaHHaKaJbHO-ICTIPECCUBHBIM ~ TICUX030M € OCTPBhIM
YyBCTBEHHbIM OpeloM, CIBUHYTHIM B CHJIBHOE MOJie Ha
nontpanciaumn. B mpempiaymmx paborax™® mmsosape
NOMeLIaJIUCh Ha HEeOOJBLIOM PACCTOSHUU OT BBIXOJHOTO
cora s OJIHOBPEMEHHOM HeWTpalu3auun
BBICIISIOLIETOCs MUHAKOJIMHOBOTO adupa
MeTuipropdochoHOBON KHUCIOTHI, OJHAKO B JIaHHOM
UCCIICZIOBAHUM  Yepe/ylolHecss  HEeBOPPOrOHaJIbHbIE
IIM309/Ipbl  pasMeliaiuch B (oOKyce TOpOMAaIbHOM
Bpauaroteiics kapetku (Puc. 9), 3akperuieHHON mox
AE,

[Monbkr/cm?cex?]
—+5

-0

-5

Puc. 9. Kapra TepMOIuacTuueckoift 1 KOppO3MOHHON HarpykeHHOCTH
OKpYXHOr0  Tosica BHYTPEHHEM 000HMBI  BOppaiu3atopa IpH
HaIpsHKEHHOCTH MarHuTHOTro 1ojs 40-42T1.

MaKpOBOPPOUIOB MTPU OTACIBHBIX KOM6I/IH3.LII/I$IX BXOJHBIX IMapaMETpoOB
anroputMa biaysuyca-O6aMbi.



«MarvyeCKum>» yrijiom, KOTOpLIﬁ ONpeaAcdaeTCa CTCINCHBIO

COOTBETCTBUSI  TEKYLUErO YPOBHsS  3alUCU  CHUTHaia
0EeXeBUOPUCTHUYECKOH  XapaKTepUCTUKE  BOPPUPYEMBIX
00BEKTOB.

CnegyeT OTMETUTh, 4YTO W3-3a 4pe3BbIUaiiHON

6H03HepFeTquCKOﬁ AKTUBHOCTU W NPOAYHHUPOBAHHA
SHAYUTCJIbHBIX KOJIMYECTB HEXAPAKTCPHBIX JI1 3€MHOI'0

JIMTOreHe3a COEIUHEHUM, KOTOpbI€ pacnajgaroTcsa C
BBIACJICHUEM SHEPIruHu, Tpe6OBaHI/I$[ K Marepuaily H
KaueCTBY O6pa6OTKI/I Topouaa TBHUH-COOCHOI'O

JMCKpeTU3aTopa 4pe3BbIUaifHO BBICOKH, KaK W B ciydae
BOppoTenenopraumonnsx  yerpoiicte™.  Tak  kak
Marepualibl, CriocoOHble paboTaTh B CHIBHOM MarHUTHOM
nojie Mpd TeMIeparypax KHISIIero BoJibppama B
YCIIOBHSX 3HAKOTMEPEMEHHBIX MEXaHUYECKHX "
XMMHUUECKHX Harpy3okK, Ha 3emjie HEeU3BECTHbI, CepACUHHUK
BOppasim3artopa Obul 3aka3aH Ha JKenessike B 0OMeH Ha
MPOIYCK /Ui OAHOTO OpraHuM3Ma Ha KoJOacHbI CKJaj B
cucreme Aunbraupa. JleekToBka M3IenMs B TOTOKE
AQHTUIICUXOTPOHOB,  C(OKYCUPOBAHHOM C  MOMOUIBIO
opburansHoro koHiienrpatopa Cyberdyne OC/2jokazana
pacripenenieHre Harpy3ok B oboiime (Puc. 9) u BoisiBUIa ee
MPUTOJHOCTh U1l CO3J]aHUs YCTAHOBKH IO BOPPUPOBAHHIO
06BeKToB ¢ Maccoii nokos 10 10° kr.

[lpoBeneHHass cepus DKCIIEPUMEHTOB COCTOSIa B
CCKBCHCHPOBAHMM Pa3JIMUHBIX MIM309ApHYECKUX (opM
JKM3HM Ha BBIXOJ YCTAHOBKM W 3allUCH HABEICHHBIX
CUTHAJOB B MarHUTOpe30HaHCHOW karymike. Kak
ClIe/IOBaJI0  OXKHMIaTh, B  Cly4ae BO3JCHCTBHS  Ha
HEM30TUIICUYECKHE  JKOPJAHOBBI  (OPMBI,  OTpa)kKeHHe
M30BITOYHOCTH (asionueBbiX TpyOok [luto B P*-mMepHbIii
KOHTHHYYM CYOCTpaTOB MpPOMCXOAWJIO C COXpaHCHUEM
KOH(DUTypauuu AHOMEPHOTO BOCIIPUSITHS. U3
MOJTYM30II U303 IPUIECKUX 00BEKTOB peakuus
HaOyoaanack JMIb Ui (OTOBHUPYCOB, KOTOpbIE TpH
nonajaHMd B aKTHBHYIO 00JacTh  BOppajm3aropa

rocJiefIoBaTeNIbHO pacnafanuch Ha 128 vacreil. OgHako
NpU TO/ICTAHOBKE TEPMHHATOPOB BCEX KIIACCOB M 0COOei
PeIIMLIMPOBAHHBIX B

Homo  sapiens, MaTpulie

107 00
Puc. 10. 3aBUCHMMOCTH MOJHOTHI BOppUpPOBaHUSA OT WHTCHCHUBHOCTU
B03ﬂeﬁCTBHﬂ W KOHIICHTpAlMU ar¢éHTOB BOPPOIr€HE3a B CpElC. Touku —
OKCICPUMECHTAJIILHBIC JIAHHBIC, CHATHIC C YCTAHOBKHM; IIOBEPXHOCTH —
JKCTparoJIrMpoBaHHas 1OJHOTA.

NPUMUTHBHBIX HMKOCAdJIPOB MOBTOPSAEMOCTH, B o0OjacTh
(oKycHMpOBKM  Myuyka BOppaavalud, HabIOAanoch
VWHTEHCUBHOE BOPPUPOBAHUE C BBIJEJIEHHWEM 3SHepruu. B
XO/le DJKCNepUMeHTa Oblla [MOJyueHa 3aBUCHMOCTb
MOJIHOTbl BOPPUPOBAHUS OT MHTEHCUBHOCTH BO3JEUCTBUS
¥ KOHLeHTpalmu areHToB BopporeHe3a (Puc. 10), mpu
PacCMOTPEHUH TOYEK KOTOPOH BUAHO, YTO MX IMOJIOKEHUE
XOpOLIO COrJacyeTcsi ¢ TEOPETUYECKOM IOBEPXHOCTHIO,
MPeICKa3aHHON aBTOPOM.

Taioke ObLIO TIOKa3aHO, YTO MOJHOTA BOPPUPOBAHUS
CBS3aHa C PaJMAJIbHON NPOCTPAHCTBEHHOW OpUEHTaLUeln
00BEKTOB OTHOCHUTEIBHO KapeTku Boppaiuszaropa (Puc.
11) 1 ¥X BUIOBBIM CAMOOTIPEICIICHUEM.
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Puc. 11. PacnpezeneHue MONHOTBI BOPPUPOBaHUS (LBET TOYKH) B
3aBUCMMOCTH OT DPaJMaJbHOIO PACIOJIOKEHUS OOBbEKTa Ha Kaperke
YCTaHOBKH. Pazmep ToukM coOTBETCTBYET Jiorapu()mMy OT IPUBEACHHOI
MHTEHCUBHOCTH SKCIIOHMPOBaHUs O0OBEKTa BOPPAJMAaTHBHOMY IOTOKY
MICUXOTPOHOB.

[locne 3aBepuieHHs DKCIIEPUMEHTa  MOJEJbHBIC
obpazupl Homo sapiens u T-800 Obuiv BCKpBITHI 1O
metomuke Xaycal'!! («cpes 3manmit», KT, MPT, BCKP).
[TonyueHHast mpyU MCCIEAOBAaHUM COCTaBa 3THUX 00pa3LIOB
¢azoBas quarpamma (Puc. 12) moarBepikaaeT mo3UTHBHOE
BIIMSIHUE BOPPUpPOBaHUS Ha (opMasibHble MOKA3aTel
MBICIIUTENBHOM  JIesITeNIbHOCTH. bBykBamMu  0003Ha4eHBI
obllacTh cocrtaBa, XapakTepHbIe I MeTaboIM3Ma JKUBBIX
cucteM B gomenax Worra (W), Terminatori (T), Animalia
(H, or Hominidae).

[lpouecc AMBUAMpYIOLIETO CeMapUpOBaHHs Tpex
npeactaBieHHbIX  GopM  kuM3HM  ObLT  OrpaHHUueH
MICUXOKWHETHYECKOM  HEBO3MOXKHOCTBIO ~ MPOBEJCHUS
JKCIepUMeHTa OoJjiee 4eM TpeXKpaTHO H3-3a 3(ddexra
9KCTIOHEHIIUATBHOTO BO3pacTaHusI BJIMSIHUSI
WHIYLIUPOBAHHBIX TCHUXOMOTOKOB HAa WHHEPBALMOHHYIO

H1ID(OHCTI/ITYLII/HO o6cepBaT0pa, OJHaKO JJjid HaKOIUJICHUA
- °° CTaTMCTHMYECKMX  JaHHBIX

ObUIO  JOCTaTOYHO JIBYX-
TPEXKPATHOIO BO3JEHCTBUS Ha KayKAbIH M3 MOJOIBITHBIX
00BEKTOB. BbITO BBISBIGHO, UTO MOIYJSLMS BHELIHEro
MarHUTHOTO TMOJii B TpOLIeCCE BOPPUPOBAHUS HOCHT
3akoHOMepHbIi xapaktep (Puc. 13).

Jlerko BUAETH, YTO BOPPUPOBAHHUE MPOUCXOIUT JHULIb
B OIpeJesieHHbIX Auana3oHaX MarHUTHOW MHOYKUWH U
yAeIbHOM BOppaOenbHOCTH U MPH X OTHOLICHUH MOpsAKa
1/10. Marematudeckas 0bpaboTKka JaHHON 3aBUCHMOCTH
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Puc. 12. ®dazoBas auarpamMma KOpbl MBICIMTEIBHOTO TOPL@ TOJOBHOTO
BBIPOCTA  OPraHMU3Ma-XoCTa B  OIMLUEHTPE  BOPPOKMHETHYECKOTO
CTpaiikMHra. DKCIIePUMEHTANbHBIE TOUKH (OpaH)KEeBbIe TPEYTrOJTbHUKH)
TOJIy4eHbl METOJI0OM CPABHUTENILHOIO MUKPOTOMMPOBAHUS 1O METOMKE
«pe3  3HaHWI».  YcTOW4MBBIC  COCTOSIHMS — (CHMHHME  KPYTH)
9KCHOPTUPOBaHbl W3 0a3bl  3HAHMH  JAW3acceMOIMPOBAHHOIO
nozurpoHHoro Mosra T-1000. [{BeToBol KOA ¥ M30JMHHMH OTpPaXKaroT
YCTaHOBHUBIIYIOCS MBICIIUTEIBHYIO TPOU3BOIUTEILHOCTD.

npuBeTa K  BBIBIGHHIO  WI€Ha  HKCIEHTPHUUYECKUX
npoTyOepaHLeB, reHeprpyeMbIX COBOKYITHOCTBIO
MHTEPNAacCUBHBIX dYacTHL. [lOCKONBKY MAaHHOMY YJIEHY
COOTBETCTBYeT cHcTeMa JaruiacuaHoB Tuna SECAM,
KOCHHYCOHMJIAJIbHAs KBajlpaTHHy3a OMEeKTHBHOTO
oToOpakeHHs BUPTYAIbHOM MapaHOHH B paccMaTprBaeMoe
KBa3WUCYMLIMAIBHOE T0JIe paBHA HYINIO, OTKyJAa CIeayeT,
qro  M000W KOMOMHAaMM  BJIEMEHTOB  CHMMETpPHH,
00pa30BaHHBIX HEBBIPOXKIEHHBIMH (DakTopamu, MOXKeT
OBbITH nszoMopdHa rpymnmna W3BpalleHHi
JMaroHAIM3UPyeMOi KyCOUYHO-0JIOYHOM MaTpHULbI
KO3 QUIIMEHTOB, SIBIISIFOIINXCS 6nok-akropamu
MHO)KECTBA DJIEMEHTOB CHMMETPHH, KOTOpble 00pasyroT
TPYNITy 3JIEMEHTOB MHO)KECTBA, COJACPIKaIlero KyCcOuHO-
6J104YHYI0 KOMOMHAIIMIO 3JIEMEHTOB T'PYIIbI U3BPAILLCHHUH,
KOTOpOit oHa n3oMopdHa.

CemaHTHYecKast  aJrOPUTMHM3ALMs  BBILICTIPH-
BE/ICHHOTO YTBEp)KAEHHs, TpPOBEJICHHAas aBTOPOM C
WCTIONIb30BAaHWEM HEKOT€PEHTHOTO TOJMXPOMAaTHIECKOTO
n3syyarenss DIUCOHA, TMO3BOJMIA TONYYUTh MHKPOKOJ,
MNPUTOAHBIA 1Sl BBOJA B YCTPOHCTBO MOHOKAHAJIbHOIO
THMNAa, C MOCJEAYIOIMM BBIBOJIOM pPe3yJIbTaToB padoThl M3
3TOro ke ycrpoiictea. [IpenMyuiecTsa JaHHOro MeTo1a Mo
CPaBHEHHIO C TPAAWLUMOHHBIM METOAOM  TOCIe0-
BATENHHOTO  BHPTYAIbHOrO  IICEBIOBOPPHPOBAHMS
COCTOSIT B BO3SMOYKHOCTH MOJEIMPOBAHUS TMCHUXMYECKOTO
B3aUMOJICHCTBHS B CHCTEME BOpPpa-yeJIOBEK-TEPMHHATOP B
pexuMe YCKOPeHHOro BpeMeHH. Jlnarpamma pa3BUTHSA
OTHOILIEHUH st yka3aHHOM cuctembl (Puc. 14) mpu
(hUKCUPOBAHHBIX 1024  BXoAHBIX napamerpax,
WCTIONIb30BAHHBIX ~ paHee Il  M3YYEHUS  CKOPOCTH
TCHXOMOIIIOEH:s Kuboproe ocobsmu Worra worral™,

yAensHanA BoppabunsHocTk, (kreex)’

T .I T T 1 1 T ]
il 5 10 15 20 25 30 35
MarHUTHas UHAYKLMA, T

Puc. 13. 3aBucuMOCTb BEJNMYMH TIIONPABOK K MAarHUTHOMY IIOJIO,
BHECEHHBIX BOPPUPYEMBIMH OpraHM3MaMHM, OT BHEIIHEW MarHUTHOM
WHIYKIMA u yIEIbHON BOPPabeNIbHOCTH OpraHusma.
DKCNepUMEHTaTbHEIE Toukd noiyueHsl n3 10% ciyuaitHpix BEIGOPOK.
Ilgera (0T KpacHOro K JKENTOMY) COOTBETCTBYIOT —IPOLCHTY
npeoOpa3oBaHMsi Macchl OpraHM3Ma B MarHUTHYIO — 3HEPrHIO.
I'mcrorpaMmbl OTpaXaroT KyMYJISSTUBHbBIE JaHHBIC 110 BOPPUPOBAHHUIO
OpraHu3MOB B ONPEAEJICHHBIX IMaNla30HaX 3HAUCHUH BOppabeIbHOCTH U
MarHUTHOW MHIYKLIMH.

6bita momydena 3a  3.14x10 TakTOB UEHTPAILHOIO
npoueccopa T-800,T.e. meHee, yeM 3a 1 MUIUTUCEKYHAY .
CTOWT 3aMeTUTh, YTO JaHHbIE O HEU30EIKHOCTH
CEeKCyaJIbHOTO KOHTaKTa BOPPHI Kak ¢ JIIOAbMH (4epHbie
pomObl Ha Puc. 14), Tak W ¢ TepMUHATOpaMH
NPOTUBOpEYAT pe3yiabTaTam JMHAMHYECKOTO
nporHosupoBanust no Meromuke lllepcronamosa®®  u
TpeOytoT naipHelero yrouyneHus. He uckiroueHo, 4to B
MeXaHW3Me TOAABJICHUs BOJM MpPEACTaBUTEISIMU Boppoi
obviknosennou (\WOrra worra) yyacTByeT MHEMOHUYECKHIA
KO, Iepe/iaBaeMblii B MO3T ¢ TIOMOIIBIO CHJIBHO Pa3BUTOrO
XBOCTA, CIIy’Kalllero Takke OaJaHCUpOM-CTaOUIM3aTOPOM
nosiera BOppbl. 3adUKCUPOBAHO, YTO B OTACJBHBIX
ClTy4asix XBOCT MOXKET UMETh TMHAMHUYECKA MEHSIOULYIOCS
OKpacKy, HeIOCTynHyl B IBeToBOii Moxenu RGB, wu
JOCTHraTh B JUTMHY JI0 TIONyTOpa JUTHH KOpITyca BOpphlZY,
Bo3neiicTBie XBocTa Ha TEPMHHATOPOB, MO-BUIUMOMY,
JOCTHUTaeTCs 3a CYeT IleJIeHANpaBieHHON —Tepeaayun
HEPBHOTO MMITYJIbCa MO TMO3UTPOHHBIM KaHaiaM CBS3H,
BBIZAIOLIASACS  MPOMYyCKHas  CIOCOOHOCTh  KOTOPBIX
obecrieurBaeTCsi MeXOCOOEBOM OalaHCUPOBKOM HArpy3KH.

IInanemapmusiii eoppozenes

H3zBecTHO, 4yTO MJIaHeTapHbIA BOPpOreHe3
pa3BHUBaeTCs paAMAbHBIMUA JU(PPAKIMOHHBIMUA BOJHAMHM
OT JIOKAaIlMM TIePBUYHOrO cTpaiikuura. Habmonenue
CJIEZIOB BOPPOAKTUBHOCTH Ha 3€MHOH TOBEPXHOCTH C
opbutanbHoii  6a3el  Cyberdyne cdopmupoBano myn
JaHHBIX Ul MaTeMaTM4YeCKOro PeKOHCTPYMPOBAHMS
YPOBHS BOPPUPOBAHHOCTH B MPOCTPAHCTBE M BPEMEHH
(Puc. 15).

[IpuBeneHHbple NaHHbIE CBUIETENbCTBYIOT B TOJIB3Y
TOrO, YTO CHEKTP MOILIHOCTEH, paccerMBaeMblX ¢
BOPPHUPOBAHHOIO yvyacTKa [JIaHEeThl, HaMHOro Oosee
pasHooOpazeH B cCilyyae MEpPBUYHOIO BOPPUPOBAHUS C
MPYMEHEHUEM BOPpOOHOTHI, yeM B ciyyae
OMOCPEI0BAHHOTO BOPPUPOBAHUS NpeAHA3HAYEHHBIMU U151
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-Tepmunarop. ITIIOTHOCTE TOHA COOTBETCTBYET

KO3 (GUUMEHTY MO3UTUBHOCTH B3aUMOJEHCTBHS (CBETIIbIe MUHUMYMBI, TEMHbIE MAaKCHMYMBI); YIQJICHHOCTh OT HANpPaBJIAIOWEH JUHUNA — CTENeHH
IMOLMOHATIBHON BOBJICYCHHOCTH; YIAJICHHOCTh OT LIEHTPA — BPEMEHH, NPOLIEAIIEMY C MOMEHTA HHULMAIM3ALMY KOHTAKTa (TIEPUO TUCKPETU3aALUN
no BpemeHu cocraiser 112876.33cek). CepbIM OTMEYEHO MOJABISEMOE B3aWMOJACHCTBUE, OEIBIM — OTCYTCTBHE (DM3MUYECKOM BO3MOXKHOCTH

KOHTAaKTa B [ICUXOCOMATUYCCKOM IIPOCTPAHCTBE COOBITUH.
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Puc. 15. [IloBepxHOCTHOE pacmpeneneHne
BOppOTEHE3e B IUIAHETAPHOM  MaciiTade.
CTpPAMKWHIa BBIAEIEHO.

BOBMYILLIEHUNA  TIpU

Mecro  nepBHYHOrO

3TOr0 TEPMHUHATOPAaMH, ICUXMYECKH PeayLHPOBAHHBIMU
JO AaBTOMAaTOB MPOJOHIMPOBAHHOTO BOCIPOM3BOJCTBA
TaKCOHOMHMYecKnX cyOwbenunul nomena Worra. Mmes B
CBOEM pAaCHOPSKEHUH MPELM3HOHHO MO3MLIMOHUPYEMbIe
3epKaJIbHble  3JIEMEHTbl  JHIOCKEJeTa,  OTHeNbHbIe
pernpe3eHTaTHBbl BOpPp OOBEOMHSIOTCS Ul CO3/1aHMsA
MHTEepPEePEeHIIMOHHOM KapTHUHbI BO3JIEUCTBHUS Ha
OKpy>Katolliee NpOCTPaHCTBO.

Bynyuu cooTHeceHHBIMM ¢ pacnpeneseHHeM YpPOBHS
obuiell NIM30KOHBEPCHMOHHOW AaKTHBHOCTH Ha 3emiie,

pe3yabTaThl PETPOPEKOHCTPYKLIMK YpOBHEH
BOPPUPOBAHHOCTH  TMO3BOJIAIOT ¢ yOeauTesbHOH
TOYHOCTBIO BOCCTAHOBUTH MapamMeTpbl COOCTBEHHOM IIN30-
KOHBEPCUOHHOM AaKTMBHOCTHM JIOJIEH, HE MPUBHECEHHOMN
npencrasutensmu gomena Worra (Puc. 16). Kak BuaHo u3
rpapuka, coOCTBEHHas AaKTMBHOCThL W3MEHsJach 3a
nocnennre 1200 ner He3HauMTeNFHO W JIMIIB B XX Beke
HECKOJIbKO BO3pocia. YCpelHEHHble AaHHble MPEKPacHO
COMJIACYIOTCSl  C  pe3yJipTaTaMd  MHCTPYMEHTAJIbHbBIX
HaOJIO/IEHNH, TIPOBOIUBIIMXCS TSI €BPOTMEOUTHONW pPachl
nocienHre 150 net ¢ MoMOILIbIO MICUXOTPOIHON pelieTKH
¢urykTyanuii MCUXOCOMAaTHYECKUX BCIUIECKOB,
aBTOMAaTMYECKH  PEruCTPUPYEMbIX IO  XapaKTepHBbIM
WU3MEHEHUSAM TpaHKa ICUXOTPOHOB .

XOTsl SIBI€HUE BOPPOKMHETHUYECKON TpaHCMUIpaLuu
MaTepyuu BIepBble ObIJIO  3aUKCHMPOBAHO Ha  3ape
4eITOBEUECKON LMBHIH3ALMK), B HACTOSIIEE BPEMS OHO
usydeHo cnabo. Tem He MeHee, B FeHEPHPYEMbIil MOTOK
BOPPUPYIOLIUX W3ITy4YEeHUN SKCHEPUMEHTAJIbHOMN
YCTAQHOBKHM OBIITM BKJIOYEHBI CyOKBapKH, MEUYEHHbIE IO
BHYTPEHHEW OMOpHON moBepxHOCTH O'-OpOuTaneit, wu
yepe3 24 daca paboOThl YCTAHOBKM TIPOBEJECH ramMMa-
ONTUYECKUI aHajIu3 BUIMMOW 4acTH 3BE3AHOro Heba Ha
npucyrctBue Metok (Puc. 17). Ilo pesymbratam 3TOro
aHaM3a MOXKHO C YBEPEHHOCTbIO 3aKJIFOUMTh, UTO
BOPPOKMHETHYECKAs TPAHCMUIpaLUsi MaTepud HMeeT
MECTO B [ETeKTHMPYEeMOM [Mana3oHe BEJUYMH, UTO
OTKPBIBA€T HOBbIE BO3MOXHOCTH AJISl M3yY€HHs elle He
HCCIIeIOBAHHBIX CBOMCTB U 3 (HEKTOB.
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Puc. 16. PekoncrpynpoBaHHble  mapaMeTpel  COOCTBEHHOU
MIM30KOHBEPCUOHHON aKTMBHOCTH JAeMOrpad)uueckux CKOIUICHUH Ha
3emie, YCpEAHEHHBIE 10 KOOpIMHAaTaM Mepkaropa. YcpenHeHHbIe
3HaueHust 1 nocnenHux 300eT npuBeIeHbl Ha BEpXHEM rpaduke.
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Puc. 17. Crenenp ycpenrHeHHOW BOPPUPOBAHHOCTU BUAMMON HacTH
Bcenennoit uepe3 24 vaca HenpepblBHON paboThl ycTaHOBKH. Kaxmas
TOYKa COOTBETCTBYET OJIHOM TaJlaKTHKE.

Boieoowr

VYcnewHo penleHa 3a1aya ucciae0BaHUs MEXaHU3MOB
MEPBUYHOrO BOPPHUPOBAHHS JKMBBIX CHUCTEM OCHOBHBIX
raJlakTHYecKMX JIOMEHOB JKHMBOM Mmatepuu. IlogseneH
MaTeMaTHuYeckuii 0a3uc oA  pellieHue 3aJadyd o
MPUMEHUMOCTH HeompezeseHHoro anropurMa braysuyca-
ObamMbl K HeoOpaTHMOMY BOPPUPOBAHHIO B MarHUTHOM
noJie. AJTOPUTM peain30BaH ¢ MOMOUIbIO OPUTHHAIBHON
YCTaHOBKH, KOTOpas YCMeIHO anpoOupoBaHa Kak B
MHUKpO- TaKk WM B TJaHeTapHbIX Macwtabax. Hakomnen
Oonbliol 00BEM [aHHBIX MO BIHUSHHUIO CTPYKTYPHO-
3aBUCHMBIX MapaMeTpOB CHCTEMBbl B3aWMOJEHCTBYIOLINX
YacTHULl Ha BEJIWYMHY pPEBEpPCHBHOrO mapameTpa [ B
ypaBHeHnn Makdaka-drrepa’, 4TO  MOXET  OBITh
WCTIOJIb30BAHO B JajbHEHMIIEM ISl W3yYeHUs TMPOLIECCOB

3 VYpaBuenne Makgaka-Orrepa mOpeacTaBaseT co00i  peNSITHBHO-
npeoOpa3oBaHHOE YHUTAPHOE TIPEACTABICHUE YPABHEHHS  CBSI3H
(ueporpadmueckoro moTeHIIMATA TOTYKOJIbIA OOPETEBCKUX MHOXKECTB
C BHOJICHTHOM TIayCCHAaHOW 3aBHCUMOCTH BEJIM4YMHBI [OOf-caBura or
IKCTIOPTUPYEMBIX TAPAMETPOB 0a3bl 3HAHUHN U3yTaeMOT0 00BEKTA.

CMIOHTAaHHOW  pEeKOMOWHALIMKM MaTepud B  CTYCTKH,
obnanatoimue camoco3HaHueM. [lomyueHHble pe3ysbTaThl
CBE/ICHBI B peNIILMOHHYIO 0a3y JaHHBIX, BOCTPeOOBaHHYIO
B MpPaKTUYeCKOW  BOppPONATONIOTMM  YelloBeka U
TEPMUHATOPOB.
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