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BBEOEHUE

B coBpemeHHON busmke 0Gas3oBbIMM SABNSAOTCSA KBAHTOBasi Teopuss w  Teopus
oTHocuTtenbHocTn. OpHO M3  CrNeacTBuMM  KBAaHTOBOWM  TeOopuuM - MpeacTaBrieHMe o
NpPUHUMNNANbLHOM B3aMMOCBA3aHHOCTU BCEX SABMNEHWMA nNpupoabl. Teopusi OTHOCUTENbHOCTU
rnokasana, YTo Macca He UMEET OTHOLUEHUS HU K Kakon CyBGCTaHumn, ABNSAsiCb 0gHoOM 13 dopm
3Heprum, KoTopas Kak BenmymMHa guHaMmmudeckasi CBasaHa ¢ AesTeNbHOCTbIO U NpoLeccamu.

Teopus SHTPONUWUHOW NOMUKU - MeXAaucUMnnHapHasa cdepa HayvyHOro uccriejoBaHus
MaTepuUn - He NPOTMBOPEYMUT BbILLENINTOXKEHHOMY. Teopna SHTPONUMHON JTIOTUKN - BaXKHENLLNI
pasgen Teopun  UHopmaumu.  Teopus  SHTpPONWMHOM  norvkn  Bbina  paspaboTaHa
T. BaH XoBeHom B 1988 r.

XXuBble opraHuMsaMbl, OT caMOro nmnpocTevwero [0 oOpraHM3Ma 4ernoBeka, - He
N30NNPOBaHHbIE, a OTKPbITble CUCTEMbI, OOMEHMBAOLMECA C OKpyXKalwen cpenom
BellecTBOM, 3Heprmen u wuHdopmaumen. Mo onpegeneHnto J1. dhoH beptanaHdu, xmeom
OpraHun3M - He KOHrriomepar OoTAeNbHbIX 3IEMEHTOB, a onpeaeneHHas cuctema, obnagatoilas
OPraHM30BaHHOCTbIO M LENOCTHOCTbIO, Haxoaswasacs B NOCTOSHHOM U3MEHEHUU: "...opraHnu3m
cKopee HanoMuHaeT nnams, Yem Kpuctann nnm atom". C 3TMM nepeknmMkaeTcs BbiCKasblBaHMe
3. WpeguHrepa, 4To "opraHmam €CcTb anepuoauyeckui kpuctann'. B TO ke Bpems XuBble
CUCTEMbl ABMAIOTCA HEepPaBHOBECHbIMUW, AUCCUNATUBHLIMW, CaMOCTPYKTYPUPYIOLLUMUCA U
camoopraHuaylowmmmucs. JomMuHupylowmmm npobnemammn unocoqCckoro nnaHa, MMeLnm
OTHOLUEHWEe W K >XMBOMY BeLLeCTBY, HABNAOTCA (EHOMEeH camoopraHmsaumm maTepuu
HEeNMHEeNHOCTb NPOLECCOB.

Ecnv npuHATL BO BHMMaHWe 4OKa3aHHOCTb TOro hakta, YTo Ha YpoOBHE MaTepuarnbHOro
cybcTpaTa XvMBOW OpraHn3m nmeeTt Bce Heobxoaumoe AM1S NOMHOW pereHepauun unu xots Obl
NMONHOLEHHON KOMMEeHcauuuM, TO MpoUecCbl CTapeHUst W  BO3HUKHOBEHUS XPOHUYECKUX
NaToNoOrM4YEeCcKNX COCTOSIHUI 1 3ab0NeBaHNn MOXXHO HaNpPsSMYyO CBA3aTb C NOTEPEN OpraHN3mMom
WHpopMmaumm, Heobxoammowm Onsi  MNOCTPOEHUA  NPaBUIMBbHOrO  CUrHana  ynpasreHus.
CnepoBaTernibHO, OCHOBOM CaMOperynsuun B XMBOM OpraHu3Me SBfseTcs MHOPMaLMOHHbLIN
oOMeH, COOTBETCTBYHWLLEE MOCTPOEHWe, nepedada W BOCMpPUATUE  MHAOPMALMOHHBIX
yrnpasnsaoLwmx CUrHarnos.

MHoro4mMcneHHbIM1 nccnegoBaHUsaMM AoKa3aHo, YTO OCHOBHBLIM HOCUTENeM MHdopMaunm
Kak BHyTpu GuoobbekTa, Tak U Mexay oTaenbHbiMn Guoobbektamn, B TOM 4MCne U Mexay
nogbmMu, SBNAETCs  anekTpomarHutHoe usnydenne (OMW). Cam npouecc nepegaym
UHopMaUMn  ABMASETCA 3SHEpPreTUYeckUM, MPOCTPAHCTBEHHBIM W BPEMEHHbLIM. HABMAACH
OTKPbITOM CUCTEMOW, XMBOW OPraHnaMm WMHEOPMaUMOHHO B3aMMOAENCTBYET C BHELLUHUMU MO
OTHOWIEHNID K 6Ouocucteme SNEKTPOMArHUTHLIMKM MOMAMM U U3MYYEHUEM, IK3OreHHbIe
BO34encTBua "yceavBarTca" OpraHMaMoM W BXOAAT B KPYroBOPOT WHGOPMAaLMOHHOMO
"mMeTabonuama".

Bo3MOXHOCTb cO3gaHuWsi reHepaTopa 3feKTPOMarHUTHOTO  M3IyYeHusl, CnocoBHOro
"Npennoxnte" Bnocucteme onpenerneHHbIn anroputM PYyHKLUOHUPOBAHUA, CTPOUTCS Ha TOM
dakTe, 4YTO SNEKTPOMarHUTHOE W3MNy4YeHUe MOXET Hanpamyl BHOCUTb WHoOpmauuio B
rONIOBHOM MO3r, MUHYS OBblYHbIE OpraHbl YyBCTB. Bocnpuatue, TpaHchopmMaumsa 1 yTunmsauus
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BO3JENCTBUSI BHELLHEro (hn3n4eckoro gaktopa - BeCbMa CMNOXHbIA U MHOTOrpaHHbIn npoLecc.
LleneHanpaBneHHOe BRMSIHUE Ha 3TOT NPOLECC BO3MOXHO NULLb MPU y4eTe MHOrMx oakTopos,
0OYCNOBMNEHHbIX 3aKOHAMW W SIBMIEHUSIMU PENATUBUCTCKON (PUINKN, IHTPOMUIAHOWM FOTUKK,
CUHEPreTUKN 1 XpoHOBMONormu.



1. OCHOBbl UH®OOPMALIMOHHOI'O
OBMEHA B XXMBOM OPIrAHU3ME

NCTOKM BO3HMKHOBEHWS aKTUBHOCTM W CaMOOBWXEHUs criegyeT uckatb B (PeHOMeHe
OTpaXXeHWs1 BO3OENCTBUSA BHELLHEN cpebl, T.€. B OTKPbITbIX cuctemax. [pnymMHOn akTMBHOCTU U
CaMOABWXEHUA  SABMSKTCA OTKNOHEHMS napameTpoB OObekta OT HOpPMbl Mpu  €ero
B3aMMOLENCTBMM C BHelHen cpepon. VMmeHHo 6narogapsi OTKIOHEHWUIO BO3HMKAET €ero
oTpaxeHue, MHpopmaums, obpaTHas CBA3b, KOTOPbIE B KOHEYHOM UTOre (POPMUPYHOT KOHTYPbI
LUMPKYNsaumMmM nHdopmauum, obpasys dyHKUMOHanbHble cUcTeMbl. MiccnegoBaHnsa nokasanu, 4To
NPOCTPaAHCTBEHHO-BPEMEHHAA  CTPYKTypa BHELLUHEro MakpoMupa u4epe3  HerpepbiBHO
NOBTOPAKOLLMACA PS4 BO3OEUCTBUM  TpaHcopMupoBanacb B XUMUYECKAN  KOHTUHYYM
MOJSIEKYNIAPHOrO MUKPOMMPA >KMBbLIX CYLLECTB, CNOCOGCTBOBana npeBpaLlLleHU XUMUYECKUX
CTPYKTYpP B CTPYKTYpbl (DYHKLMOHAMbHbIE.

3aKOHOMEPHOCTU BbICLLMX YPOBHEN pasBUTUSA MaTepuun Tak UM nHave BKMYalT B cebs
3aKOHOMEPHOCTU HU3LLMX YPOBHEW, HO OTHIOAb HEe CBOAATCA K HUM. [loaToMmy okasanocb
HecocToATeNbHbIM  OBbSACHEHWEe Bcex OpM pasBUTUS  (OBWXKEHMS))  MexaHUYeCKUMn
SABNEHNSIMA, @ BCEX 3aKOHOMEPHOCTEN - (hmamdeckumn unu uanko-xmmmdecknmn. Hanbonee
obLee cogepxaHue 3BOMOLUMU NPOSBNSETCH B LeneHanpaBneHHOM HakonmeHnn nHgpopmaumm
W yBenuyeHWnm ee, wucnonb3oBaHuda. WHpopmauua - 3TO oTpuuaHue 3IHTponuu; 3TO
KOMMYHUKaUMsi M CBA3b, B [Mpouecce KOTOPOW YCTPaHSAeTCs HeonpeadeneHHOCTb; 3To
OTpaxeHHoe pasHoobpasne. B cooTBeTCTBMM C TEopuen IHTPOMUNHOW NOTMKWU, KONMYECTBO
WH(popMaumMmM CTaHOBMTCS, MO4OOHO KONMMYeCcTBY BewecTBa WM  3HepruM, OOHOW U3
dyHOaMeHTarnbHbIX XapakTepuUCTUK SBMEHU MNPUPOAbl, a 3HTPONUA - MEpPoM KormyecTBa
nHdopmaunn.

XuBas u HexmBas maTepusi COCTOAT U3 OOHMX U TeX Xe 3NeMEeHTOB Mepuognyeckon
cuctembl MeHgeneesa. [pu pasrpaHUYEeHUN XUBOW U HEXMBOW MaTepuun CyLeCTBEHHbIM
ABNSAETCHA XapakTep CTPYKTYpbl, HO JWWb MPU HanmMyun onpedeneHHon yHKuMnM y
COOTBETCTBYIOLLEN CTPYKTYpbl. TOMBKO ANA XWUBOW MaTepum BO3MOXEH Nepexod OT KU3HU K
CMEpPTU C COXpaHEeHMEM CYLLUECTBYIOLWEN CTPYKTYpbl, HO C npekpaweHnemMm QyHKUNA,
onpeaensoLLnNX XNU3Hb.

K obwum cBoOWCTBaM XXMBOTO OTHOCMTCS CMOCOBGHOCTbL camoBocnpou3sogcTea. OpHako
rMaBHOW OTNNYUTENbHON OCOBGEHHOCTbI0 SIBMSIETCA HanuuMe Yy KakAoro >XMBOrO OpraHusmMa
MHOMBUAYaNbHOW MHPOPMaLIMOHHO-pacMopsANTENbHOM CTPYKTYpbI, MOCKOJbKY
CaMOBOCMNpPOM3BOACTBO HEBO3MOXHO 6e3 nepegaymn no HacneacTBy MHGMOPMAUMK U NPOrpaMm
pasBuUTUs.

B HacTosiwee Bpemsa oOLWENPU3HAHHO, YTO B3aMMOLEWCTBME BHELUHUX (DaKTOPOB C
XVBbIM BELLECTBOM MPOUCXOAUT Ha KNETOYHOM YpoBHE. MuHMManbHbI 06beM MHOpMaLmK,
HeobxoanMbIA O51S BbINOMHEHUSA BCEX MPUCYLUMX KNneTke (PyHKUMIN, AOMKEH ObiTb HE MeHbLue
10%-10% 6ut. Ho 3TO He COOTBETCTBYET MH(OPMALMOHHLIM BO3MOXHOCTSIM SApa KIeTKM,
koTopble He mpeBbiwatoT 10 '° 6UT. Mapagokc - OrpoMHbI 06bEM MHOPMALIMK, KOTOPLIA He
MOXeT ObITb pa3meLLeH B 94pe KNeTkn, n rnobanbHasa "MHOPMUPOBAHHOCTL" KaXOoW KNeTKu



060 BCeM npoucxogsieM B OpraHM3Me - 3acTaBnsieT NpeanonoXuTb CyLlecTBOBaHME U
dYHKUMOHMPOBaAHME CBOEOBPa3HbIX MHAPOPMALMOHHBLIX KOMMIIEKCOB. A Mpu pasBUTUM 3TOM
MbICITM Mbl NPUXOAUM K BbIBOAY O HanMynnm MHGOPMaLMOHHO-pacnopaanTENbHbIX KOMMMEKCOB
OumocTpykTyp, GMoobbekTa B LenoMm, Hoocdepbl (bnocdepbl) Hawen nNnaHeTbl U Tak ganee BO
BCeneHckoM maclutabe.

OTBeTbl Ha BOMPOCbI O BO3MOXHOCTSIX M cnocobax BHELHEro WMHGOPMAaLMOHHOIO
BO34eNCTBUSI HA BMOOOBEKTLI, U B YACTHOCTM Ha YerioBeka KPOKTCS B NPaBUIIbHOM MOHUMaHWUM
MexaHu3Ma ynpaBlieHUsi Kak Cneuuduyecks opraHuM3oBaHHOW (POPMbl ABWKEHUS MaTepuu,
MexaHu3Ma peanusauumM nporpaMM pasBUTUS U PYHKLMOHMPOBAHMS OpraHuMaMa 4YenoBeka,
npouecca cuHTe3a MHGopMaLmmn 1 nepapxum 3Toro npotiecca.

1.1. UHcpopMaLMOHHbLIN KOHTUHYYM OpraHM3mMa YyesrioBeka

OcHoBHas CprKTypHO-(*)yHKU,I/IOHaJ'IbHaFl eaunHnua >XMBOro opraHnm3ma - KrieTkKa. Bce
3Ha4YnwuvbIe ONA O1o0obbeEKTa NBMEHEHUSI HAYMHAIOTCA M 3aKaH4YMBAKOTCS HA KNETOYHOM YPOBHE,
KNneTKa ABndaeTcAa yHuBepcaribHbIM KOMMMEKCOM, HavalibHbIM U KOHEYHbIM 3TanomMm peanunsauunm
BCEX OMonorn4yecknx npoueccos.

NHOPMALMOHHBIN KOHTUHYYM B 6MO00ObLEKTe CBsi3aH C (PYHKLMOHMPOBaHMEM [BYX
KaHanoB: MefLfieHHOro OuMoXMMMyeckoro (TakTudeckme nyTn) M ObICTPOro HPU3NYECKOTO
(cTpaTernyeckne HanpaeneHus). Camble BLICTPbIE XMMUYECKVE peakLmn npovcxoaaT 3a 10 ° c.
B TO Bpems KaK 9feKTpoHHas TMonspu3aums OWMSNEKTPUKOB, KOTOPbIMU  SIBMSIKOTCS
6uononumepsl, coBepiuaetcsi 3a 1072 - 10", nonnas - 10 -10"", opmenTaumontas - 10" c.

MpyMeHeHne XMMUYeCcKnX BeLecTB ANs BO3OEMCTBMS Ha YeroBeka C Leribio Koppekuuu
Pa3nNyHbIX OTKITOHEHWA OT HOPMbl CBA3aHO, B OCHOBHOM, C pa3paboTKon U NpUMEHeHWem
pasnnyHbIX NeKapCTBEHHbIX CpeacTB (chapmakonorna wm xumuoTepanus). Mcnonb3oBaHue
BHELIHMX m3nyecknx (OakTopoB AN BO3OENCTBUS HA OpraHuM3M 4erioBeka C feyebHo-
NPOOUNAKTUYECKON  Lenblo  ABMNsSeTCs  0o6nacTbid  TEOPeTUYEeCKMX U NPaKTUYECKMX
nccnenosaHum NCMXoun3anKK, napancuxosiornm, SHTPONMMNHOM NOTUKMN.

Mcxoas M3 MHEHMI, nonararLwmx, YTo 4518 KUBOro opraHM3ama BO3MOXKEH NpsiMon obmeH
MHdOpMaLUMEN C OKpyXatoLen cpenon n Heobxogmm NpoLecc CMHTe3a MHdopMauun, cregyet
BbIBO4 O HanMuMM BPEMEHHOr0 WHTepBana C MOMEHTa BO30eWCTBUS  BHELUHEro
MHOPMaUMOHHOrO  hakTopa OO  COOTBETCTBYHLEN — peakumMm  opraHusma.  [Ans
ncuxousnyeckoro  BO3OEeNCTBMS  3TOT  UMHTepBan  paBeH  MWHyTaMm-4acam,  Ans
hapmaKonorMyeckoro 1 XMMmMoTepaneBTUYeCcKoro - AHAM-MecsaLaMm.

Takum obpasom, MHOPMALMOHHOE BO3AENCTBME HA OMOOOBLEKT MpM NOMOLLM BHELUHUX
dusnyecknx (akTopoB UMeEET psg  HEOCMOPUMbIX MPEUMMYLLECTB MO  CPaBHEHUIO C
NCMOfb30BaHNEM  XMMUYECKMX  dpakTopoB. [loatomy ocTtanbHom 0630p, aHanua wu
COOTBETCTBYIOLLME BbIBOAblI OyAyT KacaTbCA NUwWwb PuU3NYeckmx pakTopoB MHPOPMALNOHHOIO
BO34ENCTBUS.

1.1.1. QHaoreHHble hopMbl MH(pOPMALMOHHOIO O6MeHa

dunsnyeckunm KaHan ynpasJieHnd n peannsaunm nporpamMmm pa3BnTUA n
(*)yHKU,I/IOHI/IpOBaHI/IFI opraHn3mMma 4erioBeka reteporeHeH W npencrtaBlieH 3NeKTpu4eCKknMu,



3NEeKTPOMAarHUTHbLIMK, akKyCTU4YecKuMu; MnonsaMuM KW JomMeHamun nonapusauun. Ha ypoBHe
MaTepuanbHOM OCHOBbl OT artomMa A0 MHOMOKMETOYHOro OpraHMama MPUMEHUTENBHO K
PYHKUMOHMpOBaHMIO B1O0OGbLEKTa BedyLMM SBMSETCA 3feKTPOMarHUTHOE B3aMMOAEWNCTBME.
MHTEHCMBHOCTE B3auMMOLENCTBUS OnpeaeniieTcsa COOTBETCTBYIOLWEN KOHCTAHTOM CBSA3W,
KOTOPOW ANsl 3EKTPOMarHUTHOrO B3auMOAENCTBUA SABMSETCA SNEeKTPUYecKin 3apsag.

Bce npoueccbl B 6uMo06bekTE C aATOMHO-MOMEKYNSIPHOTO YPOBHS HAuyMHaAOTCA C
U3MEHEHUS BEMNUYMHbI 3NEKTPUYECKUX 3apsdoB 3a CHET TOro, YTO MaKpOMOSieKyrnbl ABNATCA
NoNynpoBOgHMKAMM WUINM OUINEKTPUKAMKU, MHOTME M3 HUX MNpeactaBnstoT cobon gunonu ¢
BO3MOXHOCTb0O 06pa3oBbiBaTb AOMEHbI, @ TaKKe 3a CYET TOro, YTO CTPYKTYPbl MAKpOMOMEKYn
obnagatoT CBOMCTBAMM XUOKUX KPUCTaNSIOB UMK 3NEKTPEToB. OTN PU3NYecKne CBONCTBaA Npu
N3MEHEHMM 3NEKTPUYECKOro cTaTyca MakpoMosneKyn o6ycnoBnmBardT BO3MOXHOCTb reHepaLmm
UMM SNEKTPOMArHMUTHBIX U aKyCTMYECKUX NOSien U BOSH. B TepMMHax aHepreTmiecknx ypoBHew
KBAHTOBOM  9MEKTPOOAUHAMWKM 3TO  0ObACHseTcsa cneaywoowmm  obpasom. [lepBuyHoe
HaKoOMfIEHNEe 3JHEPrMM SNEeKTPOCTAaTUYECKOro MOMs Kak pesynbTaT JHepretuku metabonmama
npoucxoamT Ha yposHe E. Bo3sHunkaeT cTaTuveckoe HepaBHOBECHOE COCTOSIHUE, YTO NPUBOANUT K
OTKPbITUIO MOHHOIO KaHana M BO3HUKHOBEHMWIO 3fIEKTPUYECKOro Toka. BosHukaeT cutyaums
OBWKEHUS WOHOB YNOPSOOYEHHOW LEMOYKM W packadka 3a CYeT 9TOro  MexXaHUYecKux
KonebaHuMi MakpoMorekynbl. B pesynbTaTe 3Heprus HakannueBaeTcs B Buae 3SHeprum
MeXaHn4eckux konebaHum - ypoBeHb aHeprum M. HenuHemHOCTb MexaHu4Yecknx konebaHui
npy pocTe amnnuTyabl MOXET MPMBECTU K BO3DY)KOEHMIO 3KCMTOHOB, KOTOPbIM OTBe4YaeT
ypoBeHb aHeprun. [duccunaumsi SHeprum € 3TOr0 YPOBHHA MNPOUCXOOUT MNyTeM U3ryyvyeHus
3NEKTPOMArHMTHbIX BOJTH.

MogoobHaa cxema SHEpPreTUYecKMx YPOBHEW - 3TO Kraccuyeckas TpexypoBHeBast
HepaBHOBECHas CUCTEMA, ABMAIOLASACA UCTOYHUKOM Na3epHOro manydeHuda. Ona peanusauum
3TON CXeMbl HeobxoauMm BHeWHun pesoHaTop. OAHaKo B KNEeTOYHbIX MembpaHax MoryT
CyLLIeCTBOBATb YCMOBMS, NPU KOTOPbIX MHBEPCHAst HACENEHHOCTb MOXET NPUBECTU K U3NYyYEHMNIO
nasepHoro Tuna 6e3 BHelWHero pesoHaTopa. VmMerwTca aKcnepumeHTanbHble AaHHble O
xpomocomHon [JHK kak o 6uonasepe ¢ nepectpanBaeMbiMU ANVHAMW BOSTH U3MyYaemMbiX UMUK
nonen. [okasaHO, 4YTO MaKpPOMOSeKyrnbl OUOCUCTEM CMOCOGHbI 3@ CYET 3JKCUMEPHBLIX U
9KCUMMEKCHbIX BO30OYXOEHWN HakannmBaTb (POTOHbI, 4TO AnMHa BOMHbI (A) 3anacaembix
¢oToHOB nexuT B MHTepBane 250-900 Hm.

. ®penux B 1977-1988 rr. obocHOBan TEOPETUYECKN U MOMyYnUN 3KCNepUMEHTarbHble
AoKasaTenbCTBa pakTa NpoayLMpoOBaHUS XUBbIMU KNETKaMyn NepeMEeHHbIX 3NIEKTPOMarHUTHbIX
nonen. im 6bina passuta obLan Teopus KOrepeHTHbIX KonebaHui B OMONOrnyecknx cuctemax.
A.C. aBbigoB (1986 r.) onucan BO3OyXaeHve, Oenokanusaumio U OBUWKEHWE 3NEKTPOHOB
BOONb NenTUAHbLIX uenen 6enkoBbiX Mornekyrn B oopMe yeOUHEHHOW BOSHbl - COMUTOHA, YTO
aononHuno mogene ®penuxa. 3T dyHAAMEHTanbHble TEOPUM paclMpuUnuM u yrnyounu
NOHMMaHve wnaen Koaoson uepapxum buocuctem. CTano MOHATHO, YTO JHOOrEHHble MNons
opraHm3ama ppenmxoBCKO-AaBbIAOBCKOrO TWNa aBTOMATUYECKM MOOYNUPYKOTCSA CTPYKTYPON
BuocncTeMbl U HECYT COOTBETCTBYHOLLYHO MH(POPMALIMOHHYIO HarpyskKy.

TeopeTudeckne wun akcnepumeHTanbHble paspaboTtku [1.I1. FapseBa n coasBT. JawoT
OCHOBaHve yTBepXxAdaTb, YTO MEepBOOCHOBOM KOL4OBOW Wepapxuv BUONOrm4yeckux cuctem
ABNATCHA UHPACTPYKTYPbl BHEKIETOUHbIX MaTpukcoB (BKM), untomembpaHsbl, umtockeneTa u
agpa knetkn. Bce un3MeHeHMA B KMBOM oOpraHusMe CBSi3aHbl, B MNepBY o4vepedb, C
n3mMeHeHmaMuM B 3Tux ctpyktypax. OHK, pubGocombl u konnareH (OCHOBHasi cocTaBnsoLias



yactb 6GenkoB BKM) - rmnaBHble uwHpOpMaunoHHble OGuononumepsl. Mexagy HuMKM B
3MUIEHETUYECKOM pPEXMME Npoucxogut obmeH wHdopmaumern no U3NYecKuM KaHanam
HENMMHENHbIX 3NEKTPOMArHUTHbIX konebaHwun. Kpome TOro, reHepatopamy M akuenTopamm
MH(POPMALIMOHHbIX BOSTH BHYTPU BMOOOBHEKTOB SIBASIOTCA pasfuyHble XWAKOKpUCTannyeckue
CTPYKTYpPbI 1 BHYTPUKNETOYHAsA Boga CO CNOCOBHOCTBLIO 06pa3oBath hpakTansi.

"MaBHOE OTNMYME XNBOTO OpraHn3mMa Kak OTKPbITON TEPMOANHAMNYECKON CUCTEMbI B TOM,
YTO BHELIHAA cpefa B3auMMOLEWCTBYeT C ee ¢hopmMamMu U Mnpoueccamu Ha OCHOBE CUHTe3a
WHopMaUMM nNyTeM U3MEHEHUS HOPMWPOBKWU IHTPONUW. DHTPOMUSA Kak mepa MHGopmauun
COOTBETCTBYIOLLErO BMAA XMBOrO €CTb CyMMa Mepbl FeHeTM4YecKon WHdopmaumm u Mepbl
WHopMaumMmM B npoLeccax camoopraHusaumn, Ons KOTOpbIX CBOWCTBa 3f1IEMEHTOB CUCTEMbI
3agaeT BenuuMHa aHTponuu. o mMepe pocTa YypOBHSA Mepapxmu pacTeT pofb SHTPOMUN Kak
Mepbl MHdOopMauuK, He 3aTparmeatoen ypoeeHb reHeTndeckon nipopmaumm (OQHK nnn PHK).
lMpn BO3HMKHOBEHWM MO3ra YenoBeka B ITOW Mepapxum peanuadyeTcs MNoYTU npeaenbHbIn
YPOBEHb, KOrga B3aMModencTeus, onpegensiowme paboty mosra, He 3atparmsatot yposHu [HK
unn PHK. HyneBom ypOBeHb uepapxum 3HTPONUW, OnucbiBalowen paboTy mosra, co3gaeT
Tonbko o06wHocTb HenpomeamnaTtopos LIHC. O6wHOCTL sBRAsieTCA OTBETCTBEHHOW 3a
BpOXAeHHble PopMbl NoBeaeHUsa U peddnekchl. "BbluncnnTenbHbIA aeMeHT" Mo3ra OCHOBaH Ha
npuHUMne cuHTesa uHdopmauumn. [na obyyeHns mosra opraHam Tena [OCTaTOYHO TOMbKO
BblAENsATb €CTECTBEHHbIE NPOAYKTbI CBOEro MeTabonmama.

lMosBneHve B npouecce 3BOMOLUUN XU3HU HEPBHOIO UMMyNbCa 3aMeHsieT ynpasneHue
OpraHn3MoM HanpsiMyr (3a cyeT WM3MEHEHUMN KOHLEeHTpauui HenocpeacTBEHHO NPOAYKTOB
OCHOBHOro metTabonuama) Ha ynpaBreHMe Ha OCHOBE YHUBEPCAlbHbIX COEAVHEHUN -
HenpomeanaTopoB, abcTparmpoBaHHbIX OT NEPBUYHBIX (OYHKUMIA BbRKMBAHUS. MIMEHHO 3TO npwu
B3aMMOAENCTBMN BHELLUHUX (PaKTOpOB TpebyeT CHayana OcCywleCTBUTb CUHTE3 MHOopMauuu:
cBA3aTb Mexay cobon BUOXMMUYECKN HaNpsSIMy0 HECONOCTaBMMble NPUYUHBI U CNEACTBUS.

Takum  0o6pasoM, SHOOMEHHbIN  MHAOPMAUMOHHBIA  KOHTMHYYM B BrnoobbekTte
OCYLLECTBMAETCA NpWU MOMOLUM (PU3NYECKMX (INEKTPOMArHUTHbIX U aKyCTUYECKMX MOonewn) u
XUMUYECKUX (HerpomegmaTopoB) dhakTopoB. Mpn aTom BeayLlasa posib 0TBOAUTCH OU3NYECKNM
hakTopam n3-3a GOMbLION TOYHOCTU, rNOBANbHOCTK, KOMOCCaNbHOW CKOPOCTU YCTAHOBMEHWS
B3aMMOCBA3N Mexay OuOCTpykTypamu B npouecce BO3AEWUCTBUA A1 UX BO3BYXAeHUa W
CUHTE3a NMHpopmaumu. MNoc K 3TOMy He cyLLeCcTBYeT 3anpeToB Ha BO3MOXHOCTb CENEKTUBHOIO
Mo YyacToTam 3MEeKTPOMarHUTHOIO U3Ny4YeHUs BbINOMHATL POSib HerpoMeamaTopoB npu pabote
Moa3ra.

1.1.2. BnusiHne BHelLHero Bo3gencTBuUA Ha 3HOOreHHble
MHopMaLUOHHbIe PaKTopbI

BO3MOXHOCTb TpaHcdopmaumm napameTpoB SHAOMEHHbIX MHOPMAaLMOHHLIX hakToOpoB
61MO006bEKTOB  BHELWHUM  BO3AEWCTBMEM  npefonpedeneHa  MU3NYECKMMU  3aKOHaMMU.
dusnyeckMn KaHan ynpaeneHus u peanusaumm nporpamm pasBuTMS U (OYHKLWMOHUPOBaHMUS
opraHusaMa 4enoseka (dMneKkTpuyeckue, 3NeKTPOMarHUTHble, akycTu4eckue nons U AOMEHbI
nonsipmM3aunn) oYeHb YyBCTBUTENEH K BO3LOENCTBUIO BHELUHUX (Pu3ndeckux ¢pakTopoB. ITO
006BbACHAETCH TEM, YTO MMaBHbIM 3BEHOM MYCKOBOIO MexXaHu3Ma OTBETHOMW peakLuu opraHuama
Ha BO30EWCTBME BHeLIHero aktopa SBNAeTCs U3MEHEeHUe 3reKTPUYECKOro cratyca KneTku
(rpynnbl KNEToK) 3a cYeT M3MEHEHWUS SMNEeKTPUYEeCKUX 3apsiAoB MaKpOMOMeKyrn, a 3HOOrEeHHbIN



CMHTE3 W BblOeNneHne Heﬁpomep,vlaTopOB 3aBMCUT B NepByr o4epedb OT Kolnn4yecrteBe
3]'IeKTpVI‘-IeCKOl7I QHeprmm n mexaHn3ma ee guccmnaumun.

OpHako Bugumas npoctoTa U ONTUMAanbHOCTb 3HAOrEHHOro MHAPOPMAaLUMOHHOK obMmeHa
He npegonpeaenstoT Nerkoro Nyt BHECEHUS U3BHE TOW UNW MHOW MHopMaLmm B BMOOOBLEKT.
MexaHuk ynpaBneHus, peanusauuuM nporpamm pasBuUTUS U PYHKLMOHMPOBAHUSA OpraHu3mMa
yernoBeka 3aknoyaeTca B UefeHanpasBfeHHOM  MHOMOUMKIIMYHOM  npeobpasoBaHuu
MHpopMaumm B ABYX B3aMMOCBSI3@HHbIX, 3aMKHYTbIX obpaTHbiMu cBasamm (OC) KoHTypax u B
PYHKUMOHANbHOW peanu3auum Kak COXpaHeHuUs YCTOWYMBOCTM YynpasreHus 6uocuctem
(nepBbint KOHTYp OC), Tak 1 pa3BuTUs, JanbHENLWEro NoBbILEHWNS OpraHM3aunm cucTem nyTem
otbopa wn HakonneHus wuHdopmauum (BTopor koHTYp OC). [lepBblit KOHTYP - KOHTYp
"onepaTuUBHOM MHOPMaLUN" NN aBTOPENYNALMN KaK KOHTYP peakumu XXnBOW CybGCTaHuun Ha
KaXXabl eOUHNYHBIA aKT BO3AENCTBUS C Lefblo COXpPaHEHUs! YCTOMYMBOCTU B JaHHbIA MOMEHT;
BTOPOW - KOHTYP "CTPYKTYpHOM MHopMaunn” Kak KOHTYp oTbopa v 3anoMMHaHUA MHOXecCTBa
"nonesHbIX crnegoB" BO3LEWCTBUS, KOHTYP HakKonneHus pasHoobpasud, ero doopMmpoBaHus B
onpeaeneHHyro: CTPYKTYpY.

BeckoHeyHO OGonblon paguvyc 3NEeKTPOMarHMTHOrO B3aMMOAEWCTBUSA, Haubonbluas
CKOPOCTb pacnpocTpaHeHusi B cpeae 3nekTPOMarHUTHOrO M3MyyYeHuss cpeaun W3BECTHbIX
pusnyecknx akTopoB, BO3MOXHOCTb TpaHcdopmauum ero B 6umoobbekte B gpyrve
dusnyeckune aktopbl 06ycnaBnnBarOT BO3MOXHOCTb 3N1EKTPOMArHUTHOIO U3ny4yeHns BbiCTpo U
3(P(PeKTMBHO BNUATb Ha 3HOOTEHHble WHM(OPMALMOHHbLIE aKTopbl 0OMOOOBLEKTA MU
npegonpenensioT e M KayecTBe OCHOBHOrO BHeLLHero daktopa Anst MHGOPMaLMOHHOMo
BO34elCTBUA Ha ONOOOBEKTHI.

1.2. XpoHOGUONOrnsa n aHepreTuka yHKLLMOHNPOBaHUA
6uoob6HLeKTOB

ANroput™M  OYHKUMOHMPOBAHMA XUBOW CUCTEMbI B HOpMeE BKMoYaeT B cebs Takue
nocnegoBaTerbHble aTanbl, Kak: OGHOBNEHWE CTPYKTYp, NPOUCXOAsLLIEee C 3aTpaTon BelwlecTsa
n aHeprun; obpasoBaHMe N pacxon IHEepPrum B COOTBETCTBUM C yNpaBnsioLlen nHdpopmaumnen;
perynupoBaHne npoueccoB aHeproobmMeHa Ha ocHoBe nepepaboTkn CUrHanbHOW MHGOPMaLnn
B KOMaHAbl YNpaBrieHUs; BPEMEHHOEe COrfnacoBaHUE CTPYKTYPHOro, 9QHEepreTUyeckoro wu
NHAOPMALMOHHOIO YPOBHEN (PYHKUMOHUPOBaHUA. B TO e Bpems pasBuTue natonormyeckoro
npolecca nocrnegoBaTenbHO NPOXoAUT criefyowmne cTagun:

BPEMEHHOE paccornacoBaHve pasfnnyHbIX YpoBHEW (OYHKLMOHNPOBaHMS GMOCUCTEMBI;

HapyLLeHVe MHPOPMALMOHHBLIX MOTOKOB B OPraHu3Me;

HapyLLeHne oGMeHa SHepruu;

HapyLLeHVe oGMeHa BeLLEeCTB U paspyLUeHne CTPYKTYp.

CnepoBaTtenbHO, BCe HapylleHWUs YHKLMOHUPOBAHMS OUOCUMCTEMbI HayMHalTCA C
BPEMEHHOIO  PacCOrnacoBaHWsl  pasfU4HbIX  MPOLIECCOB, YTO BedeT K  WCKaXKEHWUo
MHPOPMALIMOHHbIX KOMaHZ ynpaBreHust STUMK npoLeccamu.

Moa 6ronornyeckuMm pUTMamy NOHUMAaIOT HEMUHENHbIE, NEPMOANYECKN NOBTOPSIOLLMECs
konebaHuss MHTEHCMBHOCTM U  Xxapaktepa OMOnorMyeckMx npoUEeccoB U SABIIEHWIA.
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Wcnonb3yemMble B pUTMOMOrNnN NOHATUA "pe3oHaHC" 1 "CUHXPOHN3aUna" UMEOT pasHbIA CMbICT.
MpyMeHUTENbLHO K BMOOOBLEKTY NOHATME "pe3oHaHC” crieayeT OTHOCUTb K CTPYKTYPE, a NOHATUE
"CMHXPOHM3aUNA" - K ero pyHKLnN.

nmaBHas OCOBGEHHOCTb >XWUBbIX CUCTEM - WU3OLITOMHOE MPOM3BOACTBO JHEPrUM MNpu
meTabonuame M akkyMynmpoBaHue U3NULIKOB. [NepBMYHOE NPON3BOLCTBO IHEPIrMM CBSI3AHO C
anekTpoxummyeckmumn umknamm M. Mutyenna (1961 r.). QHepreTnka metabonuama yHuUKanbHa.
Y BCex BMAOB XMBOrO OHA peanuayeTcs Ha OCHOBE Ha OCHOBE MpeABapuTENbHO 3anaceHHoMn
3NEKTPUYECKON 3HEPrUK Npu yyactum ageHosnHTpudocdara (ATP).

Bce ¢opMbl Xn3HM 3aBUCAT OT KONMYECTBa MHGOpMauun onpedenstowen obwyo ans
HMUX OCHOBY 3HepreTukn metabonuama. WHgopmaumss onucbiBalowas yyactme B 3TUX
npoueccax AT®. Ans BbICLUMX POPM XKM3HN NPAKTUYECKN HE3aMeHMa. DTUM noaTBepXKaaeTcs,
4YTO npouecc nepedavn WHMoOpMaLMM ABNAETCA JHEpPreTUYeCcKMM, MNPOCTPaHCTBEHHLIM W
BPEMEHHbIM, a XpOHOOMOnorMyeckMe W 3HepreTuyeckne acnekTbl YHKUMOHUMPOBaAHUSA
61006 BEKTOB HEPA3PLIBHO CBSA3AHDI.

1.2.1. YacTOTHbIN AMana3oH pabo4ynx pUTMOB CTPYKTYPHbIX
3NeMeHTOB U (pyHKLMNOHaSbHbIX CUCTEM XMUBOIrO OpraHM3ma

MpaHuua pasgena mexay CTPYKTYPHbIMU dneMeHTaMy U OyHKUMOHANbHbIMW cucteMamm
opraHvu3ma 4yerioBeka npoxoauT Ha KNEeTOYHOM YPOBHE, MOCKOSTbKY KreTka ABMSeTCA NepBUYHOM
OyHKUMOHaNbLHON cuctemon. B XuBom opraHmsame Mbl UMeeM [Be 3aMKHYTble CUCTEMbI, OgHa
13 KOTOPbIX "BCTaBneHa" B APYryto - KNeTky (KNetku) n opraHvuam B Lernom. MNocnegHuin umeet
NOACUCTEMBI, KOTOpble $BMAKTCA COCTaBHbIMW YacTaMu. A Knetka - cuUCTeMa, XoTd W
nogYMHALWAACA ObOWMM  KOPPENATUBHLIM - BIIUAHUMAM U CBS3AIM, HO OAHOBPEMEHHO
paboTatowas n No cBoMM COOCTBEHHLIM 3akOHaM U B psige cnyyvaeB (OCOHGEHHO B YCrOBMSAX
NaTonorum) BbIXOAsALLasa U3-nog KOHTPONS 3TUX OBLUX KOPPENSATUBHBIX BIIUSHUNA.

PUTMbl  (OYHKLUMOHNPOBAHUS CTPYKTYPHBLIX 3MIEMEHTOB XKMBOMO BellecTBa HaxXo4dATCs B
BbICOKOYACTOTHOM JuanasoHe 108 - 10" u. OTo cBsA3aHO, BEPOSATHO, C 3BOJIHOLMOHHLIM
pa3BUTMEM BCErO XMBOro Ha 3emrie 3a CYET COMHEYHOW paguaummn, To4Hee, onpeneneHHbIX ee
CMNEeKTPOB, AOCTUraroLWMX 3€MHOM NOBEPXHOCTU. B aTmocdepe Hallen nnaHeTbl MMEKTCs ABa
"OKHa", Yepe3 KOTOpPble COMTHEYHbIE NYYM MPOHUKAID K ee MOBEPXHOCTU:

- onTu4eckoe "okHO", MponyckatoLlee YacTb ynbTpaduoneToBbix nyden A= 290-390 Hm);
- Bugumblie (A= 390-760 HMm);
- MHppakpacHble (A= 760-1500 Hm);

- PagnoBOSTHOBOE "OKHO", Yepes KOTopoe MPOXOAAT AreKTpOMarHUTHbIE NONTyYEHUS C

annHamm BonH ot 1 cm go 50 m.

OKcnepuMeHTanbHO onpegeneHbl NpubnmManTenbHble Pe30HaHCHbIE YacTOTbl HEKOTOPbIX
CTPYKTYP XUBOW KNeTKU: coMaTuyeckasl Knetka - 2,39-10 12 U, 9Opo coMaTUYECKON KNEeTKU -
9,5510"? 'y, mMuTOXOHOPWM M3 KNeTkn neveHn - 3,18°10™ Tu; reHom kneTku uernoseka -
2,510 "* 'u; xpomocoma uHTepdasHast - 7,5 " 'y, xpomocoma meTtadasHast - 1,510 " 'y; AHK
- 2-9-10° I'y; Hykneocoma - 4,510 "° I'y; pubocoma - 2,6510 "™ I'y; kneTouHble MeMbBpaHb -
510" "u; uymutockenet - 10 1 'y. MpmnBeaeHHbIE AaHHbIE MONHOCTLIO COBMaAaloT C YaCTOTHbIMM
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XapakTepuUCTUKaMM  3NEKTPOMarHUTHbIX BOSH, u3nydyaemblx ConHUeM W OoCTUraroLmx
NoBEPXHOCTU 3emnu.

Paboune puTMbl PyHKUMOHANbHbBIX CUCTEM OpraHn3Ma 4YenoBeka UMeKT HU3KOYaCTOTHbIN
AwanasoH: 1,6-8,2 'u. Tak,puTM aNeKTpUYEeCcKoro notTeHumana xenygka n kiwedHuka - 3,8-4,6
y: puT™ gbixaHus 6,3-7,6 I'y: puTM cepaeydHblX COKpaLleHUn - okono 3,2, pUTM 3NeKTpu4eCcKom
aKTUBHOCTU HEPBHO-MbIWEYHOro arneMmeHTa - 2,6-6,5 u. PuTmbl ynpaBnswoowmx CuUrHamnos
ronoBHoro moasra - 0,5-13 'y. [ns onTumanbHOWM XN3HeOeAaTeNnbHOCTU opraHMama Heobxogvma
CcTabunbHOCTb paboymx pUTMOB (PYHKLMOHAmMbHbLIX CUCTEM, MX HE3aBUCUMOCTb OT BHELUHWUX
BO34ENCTBUA. OTUM LENAM CRY>XUT OUCNEPCUSA INEKTPUYECKMX CBOWCTB TKaHEW OpraHusma
yernoBeka, CBsi3aHHasi C COCTOSIHMEM 3apsPKeHHbIX YacTuy, Npu OEeNCTBUMM SNEKTPOMarHUTHbIX
nonen u usNydeHWs pasnuyHbiX YacToT: AUHaMUKa YyAelfbHOW 3MneKTPOrnpoBOOHOCTMU,
€MKOCTHOrO COMpOTUBMEHUSA TKaHe M umnedaHca nnasMorieMMbl MO3BOMSIET NPaKTUYECKU
NOMHOCTbIO "3KpaHMpOBaTbL" JMEKTPOMAarHUTHOE W3nyvyeHme Huskux Yactot (go 103 Iu),
KOTOPOE He NPOHMKaeT BHYTPb KIMETOK N HE Bbl3blBaeT nepemMeLeHns BHYTPUKIETOYHbIX MOHOB.

1.2.2. dHepreTnka metabonnama 6Moo6HLEKTOB

MeTabonmam (CMHOHUM - OOMEH BELLECTB) - COBOKYMHOCTb XUMWYECKUX U PUINYECKNX
npeBpaLleHnin, MNpouMCXOddAWMX B XMBOM  opraHuamMe 1 obecnedvBaloWnX  ero
XKN3HeOeATeNnbHOCTb BO B3aMMOCBSI3M C BHewHen cpegon. OCHOBHble chneunduyeckme
PyHKUMM MeTabonmama: 1 - uM3BnNeYeHMe SHeprm u3 OKpyXaiwllen cpeabl B dopme
XMMUYECKOW 3HEepruM OpraHuU4eckmx BeLllecTB; 2 - NpeBpalleHuMe 3K30reHHbIX BellecTB B
"cTpouTenbHble 6rokn”, T.e. NpeaLeCTBEHHNUKOB MUKPOMOSEKYSPHBIX KOMMNOHEHTOB KNeTKn; 3
- cbopka 6enkoB, HYKNEWHOBbLIX KWUCMOT, XUPOB M APYrNX KIMETOYHbIX KOMMOHEHTOB M3 3TUX
cTpouTenbHbIX BGMOKOB; 4 - CMHTE3 paspylueHne Tex Buomonekyn, KoTopble Heobxoaumbl Ans
BbINOSTHEHNSA Pa3fINYHbIX cneunuiecknx PyHKUNN JaHHOW KNeTKMW.

OTnuumne SHepreTMkn >XU3HU OT TEMnnOBOW MaluMHbl B TOM, YTO OHa WUCMOMb3yeT He
BHYTPEHHIO 3HEpPruio, a cBoboaHy0. MNpUHLMN CTPYKTYPHOWM KOMMMEKTAPHOCTU (CTPEMMNEHNE K
OTCYTCTBUIO MNOBOYHLIX MPOAYKTOB XUMMYECKMX peakuui) >KMBOW CUCTEMbI AenaeT
NPeMMyLLIECTBEHHBIM pabounm TENOM AN SHEePreTUYECKUX LIMKMOB XU3HW KIacCc CoeauHEHUN-
afeHNHHYKNeoTuabl, a cpeauM Hux ans 6onblIMHCTBA XMBOrO, B TOM YMCNE WU YerioBeEkKa,
€NHCTBEHHOE BELLEeCTBO - afeHOo3uHTpudgocdaT. YHukanoHble ceorctea AT® u oTcytcTBue
SHTPOMMN B Ka4yeCTBE HE3aBUCMMOW MEepeMeHHOM Ans CcBOOOOHOM SHeprm aenawoT
3HepreTU4eckne LUKNbl MeTabonmnama no OTHOLUEHUIO K Ha4varbHbIM U KOHEYHBIM COCTOSIHUSIM
MPakKTUYEeCKM MOSIHOCTbI LEeTEPMUHUPOBAHHLIMK npoueccamn. [lpoueccbl MNpounsBoOAcCTBa
SHEeprun 1 ee guccunaumm NpsiMo Apyr OT Apyra He 3aBUCAT, camoperynupylowwmica 6anaHc
NONyYEeHUs1 3HEPrun ee amccmnaumm HEBO3MOXEH, B TO XXe& BpeMsi MpPEBLILLEHNe guccunaumm
Hag NPOU3BOACTBOM 3HEPTMN HECOBMECTUMO C XKM3HbBHO MO 3N1IEMEHTaPHbLIM COOBPaXKEHMSIM.

Mpn meTabonuname nponcxoauT M3BbLITOYHOE NPOM3BOACTBO SHEPTUUN U aKKyMYIMpOBaHNE
nanuwkos. [lpoctenwas dopma akkymynmpoBaHUsl - BO3HUMKHOBEHME TpaHCMEMOBpPaHHOro
noTeHumana n aHeprumn ero anektpudeckoro nons. OCHOBbI dHEpreTMkn metabonnama TakoBbl,
YTO OHa co3JaeT JreKkTpuMyeckue 3anacbl Besge, rae MOXHO. Pacxod HakonneHHoun
ANEKTPUYECKON 3HEeprmm OcCyLlecTBnsgeTcd ABYMS NyTAMU: NepBbld -  MpOTEeKaHue
9MNEKTPUYECKOro Toka Yepes3 NOHHbIE KaHarbl C BblAeneHneM Tenna, a Takke ¢ BO3HUKHOBEHUEM
ynopsaao4eHHbIX BOMHOBbLIX NPOLECCOB; BTOPOW - MHULIMMPOBaHWE HEPABHOBECHLIX MpoLeccoB
CUHTE3a XUMMYECKMX COegMHEHMI, B YacTHOCTU, AT® 1 HelipomeanaToposB.

12



HecmoTpsi Ha TO, YTO 3HEPrus BHELHUX PUINYECKUX (PaAKTOPOB, BO3AEWCTBYIOLLMX Ha
OMOOOBLEKT, HaNpsAMyd He ycBaMBaeTCs M He BKIYaeTcss B MeTabonuam, OHa oOkasbiBaeT
CyLLIeCTBEHHOE BInMsHUE Ha npouecc cnHtesa ATD, Ha cneumdudeckme pyHKUMM meTabonmama
3a CYET U3MEHEHWsI ANEKTPMYECKOrO CTaTyca U nepeBofa MONeKyn B BO3OY>XAEHHOE COCTOsHUE
C TOYKM 3pEHMSA (PU3MYECKMX NMPOLECCOB, 3a CHET BNUSHUA Ha crnabble aTOMHO-MOMEKYNAPHbIE
CBSI3M U KOH(POPMALMOHHbBIE U3MEHEHNSI MaKPOMOSIEKY.

KonuyecTBeHHbIe BbIpaXeHUs aHepreTM4ecknx napameTpoB B3anMogencTBUS pasnmyHbIX
CTPYKTYp GMOOO6BLEKTOB onpefenieHbl C AOCTaTOMHOW TOYHOCTBIO: 3Heprnsa cnabbiX aTOMHO-
MOJSIEKYNSAPHBIX B3anMOOENCTBUA (BaH-4ep-BaanbCoOBble CUMbl, WOHHbIE, WOH-AMMNOSbHbIE,
BoAopoaHble U TMapodobHbIE CBS3M), KOTOPble MOCTOSIHHO PEKOMOWHMPYIOTCS B npouecce
obmeHa BeuwectB, paBHa 4-400 «k[k/mMonb wunu 0,04-4,0 3B; aHeprua pasnUyHbIX
KOH(POPMALMOHHBLIX U3MeHeHMn Mmakpomonekyn - 10-90kx/monb wnnn 0,1-0,9 3B; aHeprus
KOH(OPMALMOHHbBIX U3MEHEHWI NPU B3aUMOLENCTBUN MeauaTopa C peLentopamu KreToYHON
MeMbpaHbI - okono 25 k[x/monb unu okono 0,2 aB.

Uto KacaeTcsi 3SHepreTM4yeckux napameTpoB >KUIHEeOEATEeNbHOCTU (OYHKLNOHAMNbHbIX
CUCTEM, HauMHasi C KINETOYHOro YPOBHS, TO KONIMYECTBEHHbIE MOKa3aTenu 3JHepruu,
Heobxoanmon A4S HopManbHOro dyHKLMOHMpoBaHuS, ewe MeHblle: 0,005-0,05 k[x/monb unm
10,6-10,5 3B.

Takum obpasom, aHepreTka MeTabonmama 6MoOGHEKTOB CBsI3aHa, B NEPBYIO ovepenb C
3NEeKTPUYECKUM CTaTyCOM CTPYKTYP PasfIMYHON CMOXHOCTU, KOTOPbLIA UrpaeT rMaBHYH pPonb Kak
B aKKyMYmsiLUM 3HEpPrum, Tak 1 B ee Auccunauum.

1.2.3. Bo3MOXHbIe NyTH BIUSAHUA HA OUMO3HEPreTUKY U
XpOHOOGUHoOnornyeckue npoueccobl

MexaHn3am ynpasneHus - cneumdunyeckn opraHusoBaHHas oopmMa OBWKEHUA MaTepui,
3aknoyarLascs B LeneHanpaBieHHOM MHOrouuKnnyHoM npeobpasoBaHuM MHGOpMauun ¢
onpegeneHHon uenbto. Knaccmyeckme OTKPbITblE CUCTEMbI XapakTepusytoT rnaBHbIM 0Opa3om
B3aUMOLENCTBUE IHEPTMN N KONMYECTBO WHopMaumn. Ho B XuMBbIX cuctemMax HeT obmeHa
Mexay 9SHeprven n uHgopmaumen unm MnoTOKOB HEMNOCPEACTBEHHO MHGOPMaUUN U3BHE,
KoTopble 6bl camu Mo cebe urpanu CyLeCTBEHHYIO POfib B Npoueccax XW3Hu, MNOCKOMNbKY ANns
cBoero metabonmama OHM UCMOMb3YKT CBOOOAHYID 3HEPrvto, rae 3HTPOMUSA He SABMSETCS
He3aBMCuUMOKM nepemeHHon. OgHako auccunaumsi 3Heprn B GMOOOBHLEKTE TECHO CBsi3aHa C
BHELUHMM MHGOPMALNOHHBIM BO3AENCTBUEM.

Kak yxe oTMeyanocb, HenMHeNHble MpoLeccbl - MNepuoauyeckn MOBTOPSOLLMECS
konebaHns COOTBETCTBYHIOLLEIO XapakTepa U MHTEHCUBHOCTU CTPYKTYp U cucteM GnoobbekTa B
npouecce Xu3HeaesTenbHOCTU. JBOSMOLMOHHO 3aNoXeHHbIA LUMPOKUIA AManasoH 4acTOTHbIX
XapaKTepucTUK KkonebaTenbHbIX NPOLECCOB OTAENbHLIX BUOCTPYKTYP M BECbMA Y3KMIN AnanasoH
3TUX XapaKTEePUCTUK Yy (PYHKUMOHAmNbHbIX CUCTEM OpraHu3Ma 4enoBeka C NO3ULMK
MHCPOPMALIMOHHO-BONTHOBOTO  KOHTMHYyMa, OOyCrnoBneH crnegyolwyMMu  06beKTUBHbIMM
npUYNHaMu:;

1) CTPYKTYpHbIX €eAuHWUL, B OWOOGBLEKTE - OrpOMHOE MHOXECTBO, (PYHKLMOHANbHBLIX
CUCTEM - 3HAYUTENbHO MEHbLLUE, HO anropUTMbl XU3HEe4EeATENbHOCTU OpraHn3ma u B HOpMe, U
npv NaTonorMmn 3agatoT PYHKUMOHASbHbIE CUCTEMBI.
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2)Ha ocHoBe Teopun [I.®penmxa wn A.C.[daBbigoBa OOBACHSAETCA OTCYTCTBUE
HeobXxoAMMOCTN MOAYNAUMW YacTOTHbIX XapaKTepUCTUK OencTBylLllero dakrtopa BO BCeW
nepapxmm pUTMOM  (DYHKUMOHUPOBAHUA OMOCTPYKTYp. W3 nepBUYHOrO BO3OYXAEHHOrO
COCTOSIHUS, BbI3BAHHOrO TEM WNU WHbIM BO34EWCTBMEM, OMOMOMEKYMbl, KOTOPblE MOXHO
onucaTb Kak LEenoyky HEenMHEMHO CBA3aHHbIX OCUMNATOPOB, BbLIXOOAAT M NyTEM WU3Ny4YeHus
3NEeKTPOMArHMTHbLIX BOMH MO MexaHum3amy Bo3BpaTa Pepmu-llacta-Ynama. OcobGeHHOCTbHO
Takoro MexaHuama sBNSeTCA TO, YTO SHEpPrns nepBOHAYanbHOro BO3MYLLEHUA HENTMHEWHO
CBSA3aHHbIX OCUMNNATOPOB He pacnpefenserca no BCeM BO3MOXHbIM KorebaTenbHbIM
COCTOSIHMAM LienoYkun (NpoLecc Tepmonuaaumm), a, pacnpenenyBLlumCh Mo OTAENbHBIM BbICLUUM
konebaTenbHbIM rapMoOHMKaM, 4epe3 HEeKOTOpoe BpeMs BO3BpallaeTcs K pacrnpenereHuio
konebaHu, nogobHOMY  nepBMYHOMY  BO3MyLUeHMIO.  [lockonbKy — nepevsnyyvyeHue
OCYLLECTBIISIETCS CNOXHOW KonebaTenbHOM CUCTEMOM - OMOMOSEKYNOW, 3TO MNPUBOAUT K
NPOSsIBNEHNI0 0CODObIX 3NEKTPOMArHUTHbIX BOSIH CONTIMTOHOB - CBOE0OOPa3HbIX BOSTHOBbLIX NaKeToB,
UMEILNX CMOXHYK KorebaTenbHylo CTPYKTYpy CO CMEeKTPOM KOMOMHAUMOHHbBIX 4acToT
KOrepeHTHOro M3ny4yeHns 3a cyeT gopakTanbHbiX CBOMCTB Guomonekyn. CrnepoBaTenbHO, Ha
YPOBHe OTAeNbHblX OWOCTPYKTYp pe3OHaHC BO3HMKAeT 3a CYeT COSIMTOHHOW BOJHbI,
o6GpasoBaHHOW Npu nepeunsnydeHnm GMOMONeEKyrnon NePBUYHOIO BO3LAENCTBUA, B KOTOPOW cCam
O1o06bEKT 3anoXnn HeobXxoaANMbIN O51s1 COOTBETCTBYIOLLNX CTPYKTYP KOMOMHALMOHHLIN Habop
pEe30HaHCHbIX YacTOT 3a c4eT M3n4eCcKoro aeneHnst Bosespata ®Pepmu-llacra-ynama.

BosgelictBue Ha GMOOGBLEKT NOGOro BHELLHEro duanyeckoro daktopa Bbl3blBaeT B
NnepByl o4vepedb W3MEHEHWEe INEeKTPUYEecKoro cratyca OGMOMONEKYNn W KNeTok B oGnactu
BO3[ENCTBMS 33 CYeT MNUPO3NEKTPUYECKOro, (DOTOINEKTPUYECKOrO, MNbe303NEKTPUYECKOTO
3P(PEeKTOB M PECTPYKTYPUPOBaAHUA LOMEHOB nonsipusaumm. 3To SIBNSIETCS MaBHbIM 3BEHOM
MYyCKOBOTO MeXaHu3Ma BCeX MOoCreaylowmx peakunin 6uoobbekta, B TOM 4ucle U
BbILUENEPEYMCIIEHHbIX NMPOLIECCOB.

Takum obpas3om, BNUAHME Pas3NUYHON HaMNpaBfieHHOCTW Ha GuonormdeckMe npoLecchbl
BO3MOXHO MyTEM pPerynupoBaHnga cMHTe3a unm pacnaga makpoapros (ATD) 3a cyHeT nameHeHus
TpaHcMeMbpaHHOro NoTeHunana; nyTeM BNNAHUA Ha cneundundeckne yHKUun metabonmsma;
nyTeM CUHXPOHM3ALUN, NUNK HaBA3bIBaHUA (PYHKUMOHANBbHBIM cuctemMam GnoobbekTa 4acToThl
COOTBETCTBYIOLLEro  konebaTenbHOro npouecca Ang  3anycka OuMonorMdeckux — mnu
NoBeAEHYECKUX peakumi, obecnevmBaroLLnx Xenaembl pesynbTar.
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2. ObLUIME 3AKOHOMEPHOCTHU
LLEJIEHAMPABIIEHHOIO BbIBOPA
NMAPAMETPOB ®AKTOPA
WHO®OPMALIMOHHOIO BO3OEUCTBUA

B cdopmupoBaHun mexaHuama peanusauum nporpamMmm passButus U PYHKLUMOHUPOBaHUS
opraHuM3Ma 4ernoseka y4acTBYyeT HeCKOIbKO kKaHamnoB. [lepBbl - HAcneACTBEHHbIA, COOEPXKUT
WHGopMaumio OT poautenen. BTopon - BO3ZENCTBUS OKpyxawllen cpefbl. Xnmumyeckune
BellecTBa, NocTynawlme B OpraHn3M M3BHE, OKa3blBalOT Ha Hero BAWAHWE B OCHOBHOM MO
BTOpOMY KaHany. [Npu onpedeneHHbIX YCMOBUSAX OHM MOTYT BNUATb U Ha MEepBbl KaHan.
BHewHne dusndeckne gakTopbl Takke OKasbliBalOT OCHOBHOE BMUSHWME MO BTOPOMY KaHany
peanusauum cooTBeTCTBYOLWMX NporpammMm. OgHako B 6onee BbipaXeHHOM BUAE MO CPaBHEHUIO
C XUMUYECKMMM BeLLECTBaAMU OHW BIMSAKOT M Ha NEepBbIW KaHam, Y4To B KOPHE UX OTnuyaeTt oT
XMMUYECKNX BELLECTB, BO3AENCTBYIOLLUMX HA BTOPOW KaHar.

BHewHne umsndeckme caktopbl, BO3OENCTBYIOLLME HA YerioBeKa, Kak NpUpodHble, Tak 1
NCKYCCTBEHHbIE (NPedOpMMPOBaHHbIE), B COOTBETCTBUMM C BUOAMW 3SHEPIMM M Tunamm ee
HOCUTENEM MOXHO nogpasgenute Ha 6 rpynn. 3OTO  3MEeKTPOMarHUTHOE  U3Ny4veHue,
3NEKTPUYECKNE TOKW, SNEKTPUYECKME MOSIS, MAarHUTHbIE MOMS, MeXaHU4Yeckue u TepMudeckune
akTopbl. BkntoumB B nepeveHb TpeboBaHwuin npu Bblbope chakTopa Ana MHPOPMAaLMOHHOIo
BO3OENCTBUSA Ha 4ernoBeka C 3adaHHOW Lernbk TakMe ero rnokasatenm M CBOUCTBA, Kak
YHMBEPCANbHOCTb (MCMNONb30BaHME ONpPeLeneHHOro OorpaHu4YeHHoro Habopa cpencTB Ans
AOCTMXKEHUST PasfiMYHbIX Lenen), makcummsaums (Hambonbluasi OOCTMXKMMasi B npupoge
CKOPOCTb pacnpOCTpaHEHUsi B pasNU4HbIX cpedax), paguyc OencTBus aktopa, MOXHO
OOHO3HA4YHO CKasaTb, YTO BCEM 3TUM TpebOOBaHUAM OTBeYaeT NUWb 3MEeKTPOMarHMTHoe
n3nyyeHue.

Bonbwasa To4HOCTb, rNMobanbHOCTL BO3AENCTBUA B Mnpouecce BO30YXOEHUS M CUMHTe3a
WHpopMaLMM MPU  SNEKTPOMArHUTHOM 0O0My4YeHMM, BO3MOXHOCTb 3a Malnble WHTepBarbl
BpeMeHu (nopsigka MUHYT-4acoB) co3gaBaTb OonbluMe WM3MEHEHWS BHYTPEHHEW cpenpbl
opraHuM3mMa NoATBepX4aeT HeEOCNOPUMOCTb Bbibopa gaHHOro dpakTopa Ans UHpopmMaLMOHHOro
BO34ENCTBUA. YNpaBneHne CUHTE30M MHGOPMauun 3a CYeT afpecHoro Bo3byxaeHus
bvocncTteMbl C ydacTMEM SNEKTPOMArHUTHOMO M3fydeHUss MOXET OKasbiBaTb BINAHME Ha
MeTabonmn3m, Ha NCUXNYECKME N NOBEAEHUYECKME peakLUu.

Mpy MCNONb30BaHUM 3MEKTPOMArHUTHOrO W3fyYeHUst B KayecTBe MHAGOPMaLVOHHOIo
dhakTopa Heob6XxoaMMO NpaBUSIbHO peLlaTh creayowmne 3agaudu:

- 06OCHOBaHHbIN Bbl60p ONWHbI BOJTHbI 3N1EKTPOMAarHMTHOro n3ny4vyeHua,

- onpeaeneHne napaMeTpoB amnUTYAHOW M YaCTOTHOM MOAYNSILMM, COOTBETCTBYHOLLMX

3a4aHHbIM LensaM BO3AeNCTBUS;

15



- onpegerneHne ang 3agaHHbIX Lenen aHepreTu4eckom oby4eHHOCTM 1 SHEpPreTU4ECKon

3KCMo3nuumn BO3AENCTBUA.

Ha 3Ton ocHoBe MOXHO ccopmynupoBaTb NPUHLUUN WUH(OPMALMOHHOIMO BO3AENCTBUSA:
AoCTwKeHne Heobxogumoro pesynbTaTa npu BO3OEUCTBUM BHELWHUM WHEGOPMaLVNOHHbBIM
¢akTopoM 3aBUCUT OT CUHXPOHM3ALUN PUTMOB OENCTBYIOLEro daktopa U COOTBETCTBYIOLLEN
(OYHKUMOHANbLHON CUCTEMbI UK OT CTOMKOro adopekTa HaBA3bIBAHUSA OMpenerieHHoro putma
konebatenbHOro npowecca AeNCTBYOLWMM (hakTOPOM TOW U MHOW (PYHKLIMOHANBHOW cUcTeme
opraHusma 4yenoBeka npv oNTUMarnbHbIX SHEPreTUYecKnX napameTpax 3aToro pakropa.

2.1. MpuHUUNbI BbIOOPA YaCTOTHLIX XapaKTepUCTUK

Mpyn paspaboTke NpUHUMNUAnNbHBLIX OCHOB OMpeaerneHus 1 Bblbopa YacTOTHbIX
XapakTepucTuk daktopa MHGOPMALMOHHOIO BO3LAENCTBUSI C MPOTrHO3NPYeMbIM pe3ynbTaToMm
HeobX04MMO pPYKOBOACTBOBATLCA 3aKOHaMU (hu3nkm 1M BUOU3NKKN, NONOXKEHUSMU TEOPUHI
OTKPbITBIX CUCTEM M MH(OPMATUKM, CUHEPIETUKM M XPOHOOGMONOrUM C MNPUBIIEYEHMEM W
06006LLeHneM HOBEMLIMX METOAOB MaTemMaTM4ecKoro aHamusa U pu3nKo-maTemMaTUyecKkoro
MOZEenMpOoBaHus.

anIMeHI/ITeJ'IbHO K Bbl6paHHOMy (baKTopy - QJNEeKTPOMarHUTHOMY  MU3NyYeHUr -
HeobxoanmMo M3Ha4vanbHO onpenenntb COOTBETCTBYHOLLYH AOJIMHY BOJIHbI U3Ny4YE€HUA, KOTOpas
oTBe4aeT Tpe6OBaHl/IF-|M I/IH(bOpMaLI,VIOHHOFO BO3OENCTBUS.

lMepBOM 4aCTOTHOM XapaKTepPUCTMKOW SABRsieTCA COOCTBEHHasi yactoTa TOro WM WHOro
crnekTpa, ANWHbI  BOSMHbI  3NEKTPOMArHUTHOro  u3nydexuus. OrpaHunyeHns B Bblbope
npegonpegeneHsl "camosKpaHMPOBAHHOCTLIO" GUOTKAHM OT SMEKTPOMArHUTHOrO WU3nydeHns
HM3knx YactoT (8o 103 y) 1 SBOMOLMOHHOM aAanTUPOBaHHOCTBIO BMOOOGBHEKTOB K U3ITYYEHUIO C
anvHon BonHbl 290-1500 HM n 1 cm - 50 M. OrpaHnyeHus npegonpeneneHbl U Hepruen
KBAHTOB OMEKTPOMArHUTHOIO MW3MyYeHUs: TaK, Ha BEpPXHEW rpaHuLe SMeKTPOMarHUTHOrO
cnekTpa (Mexay cpegHEBOSTHOBOW M KOPOTKOBOJTHOBOW YacTsiMK yribTpaduonetoson obnactu)
aHeprua kBaHTOB paBHa 400 kx/mMonb, a 3TO NpeBblaeT BEMUWYUHY, Heobxoaumyk Ons
paspbiBa CUNbHbIX CBA3EW, onpeaensiowmx uenHoe cTtpoeHne buononmmepos. Taknum obpasom,
ONIMHA BOJSIHbl  3NEKTPOMAarHUTHOrO M3nyyeHuss Onst UHOPMAaUMOHHOrO BO3AEWCTBMS Ha
OMOOOBEKT AOMKHA Haxo4uMTbCs B ONTUYECKOM M paguoBosiHoBoM (o 50 m) amanasoHe, a
cobCcTBEHHAsa YacTtoTa 3TOM ANUHbBI BOMHbI OyaeT sBnATbCs Hecywen. Npu nHpopmaunmoHHOM
BO3[ENCTBUN Hecyllass 4acTtoTa npeAcTaBnseT WHTepec C TPeX OCHOBHbIX TOYEK 3peHus.
MepBasg - MmakcMManbHO BO3MOXHasi rnybuHa NPOHMKHOBEHUSA COOTBETCTBYIOLLEN ASIMHBI BOSHbI
B TKaHm OnooObekTa; BTOpas - LWMpoTa AuManasoHa KOMOMHALMOHHOro BbiboOpa 4acToT
COMUTOHHOWN BOJHbI MpU NepeunsnyyeHnn bnoTkaHsaMM 3a cd4eT MexaHu3Ma Bo3BpaTa depmu-
Macta-Ynama; TpeTbs - AN TakuX CTPYKTYp OnoobbekTa Hecywas 4vactota dBnseTcs
pe30HaHCHOMN.

B nopaBnswowem GonbwunHcTBe cnydaeB (Hepegko n B 100%) Heobxoaumbini o6bem
nHdopmMaLmm B OMO0OGBEKTLI BHOCUTCA MPY MOMOLLM 3NEKTPOMarHUTHOrO U3nNy4YeHust 3a cyeT
mMoaynsumMm nocnegHero. Moaynauua - M3MeHeHWst No onpedeneHHOMY 3akOHY amnnuTyabl,
YyacToTbl MNn dasbl rApMOHMYECKOro konebaHusa Onsi BHeCeHus1 B konebaTenbHbI npouecc
Tpebyemon uHcdopmaumm. Moagynauusa konebaHui - MeaneHHoe, NO CPaBHEHMIO C NEPUOSOM
konebaHui, M3MeHeHWe amnnuTydbl, 4YacToTbl unn ¢asbl konebaHuii nNo onpeaeneHHoMy
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3akoHy. Nepepaya nHopmMaLmm nNpu NOMOLLUN SNEKTPOMArHUTHBLIX BOSTH 3@ CYET MX MOAYNALMM
BO3MOXHO TOSIbKO B HM3KOYaCTOTHOM AuanasoHe 3Tux BosH - 0,8-9,6 L,

Takum obpasom, yactoTa Mogynsauun asnsaeTcd MHEPOPMALVMOHHON 4acTOTOW, HecyLlen
Ha cebe OCHOBHOM 06bEM COOTBETCTBYHOLLEN MHGDOPMaLUN.

MpUMeHuTENbHO K BbIOpaHHOMY AuManasoHy AfAuH  BOnH  (OT  ASIMHHOBOJTHOBOTO
yNbTpadnoneToBoro M3nyyYeHuss 40 AeUMMETPOBbIX BOSIH), COOCTBEHHas 4acToTa KOTOpPbIX
MOXET MCMOMNb30BaTbCA B KaydecTBe Hecywen 4acTtoTbl WMHEGOPMAaLMOHHOINO BO34ENCTBUA,
rnybrMHa NPOHMKHOBEHUSA MX B OMOTKaHM XMBOrO OpraHvaMa pacnpefensietcs crneayowmm
obpasom. [eunmeTtpoBble BOHbI (4acTtoTa - 300-3000 MIMu) B TKaHM ¢ BoMbLUIMM coaepXaHnem
BOAbl MPOHUKAIOT Ha rNybuHy 40 4 cM, C ManbiM ee coaepXXaHmeM - 4o 26 CM; CaHTUMETPOBbIE
BOJHbI (YacTtoTa 3-30 ML) - coOTBETCTBEHHO Ha rMybuHy 0o 2-x n o 11 cMm. MunnumeTposble
BonHbl (YactoTta 30-300 Mu) - go 0,2-0,6 mm; ganekoe nHdpakpacHoe nanyyvyeHune - oo 0,2 mm,
6nvxanwee nHdpakpacHoe - 4o 5 cm (nasepHoe - 0o 6 cm 1 6onee). B onTnyeckom gnanasoHe
9NEKTPOMArHUTHOrO M3nydeHus OT YNbTpadMoneToBOro 4O OPaHXEeBOro cnekrtpa rnybuHa
NMPOHNKHOBEHUS B OGMOTKaHM nocteneHHO yBenunumeaetcs oT 0,1 go 2,5 MM, a y KpacHOro
cnekTpa rnybvHa NpOHUKHOBEHMST AocTuraeT 2,5 cMm. Mcxoga n3 aTux AaHHbIX nNpy Bbibope B
KayeCTBE HeCyLlen 4YacToTbl MPEeACTaBNAT MHTEpPeC AeuMMETPOBbleé U CaHTUMETPOBbIE
pagunoBonHbl (Yactota - 0,3-30 Tuy) n GnwxkHee WHpakpacHoe u3nyyYyeHne ONTUYECKOro
onanasoHa - uvactota (1,2-3,95)10™ Tu. C nosavumm pesoHaHca 4acToT konebaHwii
9NEKTPOMArHUTHOrO M3ryyYeHnss U BUOCTPYKTYp ONTMMAarnbHO MCMOMb30BaHNE CBEPXBBLICOKO W
KpanHeBblicoko4YacToTHbIX (CBY u KBY) pagmoBonH COOTBETCTBEHHO U WMHpAKpacHOro
N3Ny4eHUs OMTUYECKOro Amanas3oHa, MOCKOMbKYy (bUKCMpyeMble 4acToTbl MO PEe30HaHCHOMY
npuHUMNY ans aputpoumToB - (3,5-4)10™"" Ty, ana knetouHbix mMem6paH - 510™ u, ans
untockeneta - 108 'y, ansa 6enkos - 10 *" Iy, ans AHK - (2-9)10° I'u.

Mpn BbIGOPE Hecylwen 4acToTbl Hemnb3s WrHOPUMPOBaTb [aHHbIE WCCreLoBaHWN,
CBMOETENbCTBYIOLIME, YTO SNEKTPOMArHUTHOE W3NyyYeHne C AAvHOW BonHbl 1,8-2,1 MM
angaeTcs usandecknm pakTopom, yCTaHaBMMBalOLWMM B3anMOOENCTBME [BYX OpPraHu3MoB
mMexay cobown.

Mpn mogynaAuuM  SNEKTPOMAarHUTHOrO  U3MydeHUst BO3MOXHO W3MEHEHME  TaKux
napameTpoB, Kak amMnnuMTyga, 4Yactota U dhasa rapmoHudeckoro konebanusi. Haumbonee
3HaYMMbIM ANt MHAOPMAaUMOHHOrO BO3AEUCTBUS Ha OWOOOBLEKT SBMSIETCS YaCTOTHbLIN
napameTp MOAYMNSUMM Mo cregyowmm o6beKTUBHbIM NpudnHam. [nsi onTU4eckoro gnanasoHa
aMnnuTyda CBETOBOM BOJSHbI TECHO CBA3aHa C MHTEHCUBHOCTLIO CBETA, T.€. C dHepreTu4ecknm
napameTpom. [na pagMoBOSIH MPEMMYLLECTBOM 4YacTOTHOM MOLyNAuuM nepen amninTygon
angaeTcs 6onbliasi MOMEXOYyCTOMYMBOCTb, M OCOGEHHO BbICOKOKAYeCTBEHHasi nepegadva
CUrHaNoOB MNpPU  YacTOTHO-MOLYNUPOBAHHbLIX  KonebaHusx MNpoucxoaut B OuanasoHe
HM3KO4aCTOTHbIX BOMH (0T 1 go 10 u). MNpw hasoBon mogynaLmMm MOAYNMPOBaHHOE konebaHue
TOXOECTBEHHO YaCTOTHO-MO4YSIMPOBAHHOMY.

MpuHUMNbl BbIGOpa MH(OPMALMOHHBLIX YacTOT Ga3nPyOTCA Ha MNOHATUSX, MOAENaX Wu
MeToAdax JHTPOMUMHOM NOMMKM M Ha 3aKOHaxX CUHXPOHM3aUMM KonebaTemnbHbIX MPOLECCOB.
Mogenn SHTPONUMAHOW JIOTMKM - 3TO MOLENN HENNHENHbIX HEPaBHOBECHbLIX CUCTEM,
noaseprawoLwmnxca OencTBuio  rykTyauun, a WUMEHHO 3TO U NPOUCXOOUT B  CITOXHbIX
buocnctemax. B MOMeEHT nepexofa ynopsigoveHHasi U HeynopsigoveHHas dasbl oTnuyarTcs
Apyr oT Apyra cTonb Mano, YTo MMeHHO (hnykTyaummM nepeBogaT oaHy gasy B Apyryto. Ecnu B
cucteMe BO3MOXKHO HECKONBbKO YCTOMUMBBLIX COCTOSIHMIW, TO B (brykTyauum OTOMpaloT nulib
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ogHO n3 Hux. O6ocHOBaHO, 4YTO nobble konebnowmecs OOBLEKTbI MMEKT TEHAEHUMIO K
CYHXPOHU3auun apyr ¢ Apyrom, npuyemM yctaHaBNUBAKTCH COOTHOLEHMS has, KpaTHble LerbiM
yucnam, Npy 3TOM cuna B3anMogencTenst MOXeT ObiTb Ckonb yrogHo mana. OgHoO M3 rnaBHbIX
CBOWCTB CUHXPOHM3ALMKN - ee 3aBMCMMOCTb OT napuuanbHOM 4acToTbl kKorebaHun o6bekToB:
npy GnM3KNX YacToTax CUMHXPOHU3AUMS BO3HMKAET B OTCYTCTBUE APYrMX 3NIEMEHTOB CXOACTBA,
yXyOLEHUS pexnma CUHXPOHMU3aLMN CBA3AHO C MOBbILWEHNEM nopsaka CUHXPOHU3AaUWOHHOIo
pexuma (CHmwkeHne obnactn "NpUTSKeHMA" PEeXMMOB), HauNy4dlwash CUHXPOHM3aLMa - npwu
cooTHoweHun 1:1. Ewe ogHO M3 CBOMCTB CUHXPOHM3aUMU - 3PPEKT yCpeaHEeHUs1 4acToThbl:
CpeaHsil 4acToTa CUMHXPOHM3auuM BCerga MeHblue Havbonblwen u 6onblue HavMeHbLUEN
YyacToTbl KonebaHun obbekToB. VI3 ApyrMx 3feMEHTOB TEOPUM SHTPOMUIMHOW NOrMKK criegyeT
yKasaTb Ha BO3MOXHOCTb "3axBaTa" BHELUHEW 4acToTbl CUCTEMOW, MNpUYeM BeayLIUM
reHepaTopoM SIBNSAETCH reHepaTop C MakCMMarbHOW YacToTon KonebaHus - OH 3axBaTblBaeT B
CUHXPOHHOM peXunme Bce OCTalnbHble reHepaTopbl CUCTEMBI.

"Monoca CUHXPOHM3aUMK" pacluMpsieTca MNpu nepexode K HernuHelHbIM cuctemam. B
CMOXHbIX  HENMHEeMHbIX CUCTEMaX, TEHEepPUPYIOLIMX  HECKONbKO  4acToT, BO3MOXHa
CMHXPOHM3aUMs KonebaHui Ha pPasnnYHbIX KOMBUHALMOHHbBIX YacToTaxX CUCTEM.

MHdopmaumMOoHHbIe 4YacToTbl BO34EeNCTBYIOLLIErO dakTopa Heobxoanmo
CYHXPOHU3NPOBATb C HOPMasnbHbIMKU PUTMaMM Xn3HeobecneyeHnss PYHKUNOHAMNbHbIX CUCTEM
6uoobbekTa. Ecnu npecnenyrotca uHble Lenu, Tpebyetca HaBa3biBaHWe onpegeneHHoro putma
konebaTenbHOro npouecca C y4eTOM 3aKOHOB CUHXpoHM3auuun. OgHako B obomx cnydasix
NH(POPMAaLMOHHbIE Y4aCTOTbl HaxOASATCA B KpalHe CBEPXHU3KOYAaCTOTHOM AuanasoHe Mo
knaccudpmkaumm MexayHapoaHoro pernameHTa cBasun (1976 rog); B o6oux cryvyasax Hepegko
TpebyeTcss CNOXHOMOAYNMPOBaHHasa  "3apucoBka" WMHOPMAUMOHHBIX 4YacToT. A npwu
KOMMO3ULUKN CROXHOMOAYIIMPOBAHHbIX YacTOT HEO6X0AMM y4eT 3aKOHOB CUMMETPUK, "3010TOM

nponopunn”, "3onotoro Bypda", 3akoHOMepHOCTH Yncen psga PrnbdoHayun.

B oTHOWweHMn Hecywen 4acToTbl WMHGOPMALMOHHOIMO BO3OEWCTBUA NpencTaBnsatoT
OOMbLUON WHTEPEC COBPEMEHHbIE AdaHHble (U3MKO-MATEMaTMYECKOTO MOAENUPOBAHNA W
dm13MKO-MaTEMATNHECKOTO obocHoBaHus CyLLIeCTBOBaHUSA n ponu NPOSOSbHbIX
9NEKTPOMarHUTHbIX BOSIH. OCOBOro BHUMaHUSA 3aCny>XMBaKT YTBEPXKOEHUS, YTO MPOOOSibHbIE
BOJIHbI 06fagatoT BbICOKOM MPOHMKAOLLEN CMOCOOHOCTbIO, B TOM 4YMCNe 4Yepes npoBogsLlume
Tena: YTo CKOPOCTb PACMpPOCTPaHEHUs NPOAOILHON BOSHbI MOXeT aocturath 1,8810%c, roe ¢ -
CKOPOCTb CBETA; YTO KBAHT SHEPrMM NMPOAOSbHOW BOSHbBI C 3TOW CKOPOCTbIO pacnpocTpaHeHUs
Ha 5 NOPSAKOB NPEBOCXOANUT KBAHT SHEPrnn NOMepPeyYHoro 3feKTPOMarHUTHOrO U3ny4eHus.

2.2. MpuHUMNbI onpeaeneHna Heo6XoAUMbIX 3HEePreTU4eCKMx
napameTpoB BO3AeNCTBUA

[ns [OCTMXKEHUS >Kenaemoro KrivHWYeckoro addekta npu BO3OEWCTBUMU BHELLHUM
dumanyeckum ¢akTtopoM Heobxoaum noabop ONTUManbHbIX SHEPreTUYecKMX napameTpoB C
COOTBETCTBYHOLLEN CUHXPOHN3aLUMEN 3TOro BO3AENCTBUS.

OKcnepuMeHTarnbHO OokKas3aHo, YTO (OU3MOSIOrMYECKM 3HaYMMbIE peakuMm B OTBET Ha
BO30ENCTBME OMNEKTPOMArHUTHOrO U3nyvyeHuss NpoABAAOTCA yKe MNpu MAOTHOCTU MOTOKa
MOLLHOCTM BENUYMHON 5 MKBT/KB.CM, YTO YyBCTBUTESNBHOCTb YErIOBEKA K 3fIEKTPOMArHUTHOMY
MOM0 HAYMHAETCS C NMOTHOCTM MOLLHOCTM 510 * BT/kB.M.
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MmeloTcs paHHble, 4YTO SHEPreTUYHOCTb KMETOYHbIX CTPYKTYp ANs  HEeTennoBbiX
B3aumopgencteum coctasnsetr 10-10 Bri/kB.cm wnn  10-5 2B. KanueBble KaHanbl -
yHMBepcanbHass cuctema ObICTpOro pearMpoBaHWsi B CUCTEME  LIENOCTHOM  KNEeTKu
YyBCTBUTENbHbI K BO3OENCTBUIO 3MNEKTPOMarHUTHOMO W3MNy4eHUs Mpu MNAOTHOCTU MNOTOKa
MoLHocTh oT 50 MKBT/KB.CM. KBaHT SHeprum anekTpoMarHUTHOro U3nyy4eHus ¢ AfIMHON BOJSHbI
65 cm (yacTtoTa - 460 MI'y) cocTtaBnsieT 1,910 ® 3B, ¢ gnVHOIM BOMHbI 2 MM (yactota 150 IMTw) -
6,210 3B, ¢ anuHoit BonHbl 0,85 Mkm (4actoTa - 3,510™ I'y) - 1,45 3B. Conocrasnsis
yKa3aHHble BEenWYUHbl, MOXHO OAHO3Ha4yHO cKasaTb, YTO B ONTUYECKOM [JuanasoHe
9NEKTPOMArHUTHOrO M3NydeHus ONs MHULUMPOBAHUA OMOMNOrMYecKnx peakuuin [oCTaTOvHO
SHEPrMn cammx KBaHTOB U3IyYeHUs NPy CBEPXMUHMMArbHOW NNOTHOCTM MOTOKa MOLLHOCTY, a B
bonee HM3KOYACTOTHOM OuanasoHe 3Ta BenuuMHa He AOfkKHa npesblwatb 6onee yem Ha
nopsaoK SKCrnepuMMeHTanbHO onpegeneHHon peuncreyowen (5 mkBT/kB.cM) BenuumHbl. B
OOMOMHEHME K BbILIEN3NTOXKEHHOMY MOXHO NPMBECTU AaHHble uccnegosaHun C. CmuTa:
NNOTHOCTb MOTOKa 3Hepruu nopsgka 3 MKB/KB.M, HanpaBfieHHOro Ha KOrepeHTHyl BoAy, AaeT
Takyl0 e BHYTPEHHIOK MNMOTHOCTb 3HEepruM, Kak noTok nnoTHocTeto 100 Bt/m kB. A
KOrepeHTHOCTb - 3TO CorflacoBaHHOe NpoTeKkaHue TeX UNKU UHbIX NpoueccoB. XXnBble OpraHn3mbl
BMOMHE OTBeYalT 3TuMm TpeboBaHusM, crnegoBaTenbHO, WX cybceTpaTbl Moryt obnagartb
CBOWCTBaMW KOrepeHTHOCTW.

2.3. NpakTuyeckune acnekrbl MUHPOPMaLUOHHO-BOJSTHOBOIO
BO31€MCTBUS Ha OpPraHM3M 4YenoBeKa B AUAarHOCTUYECKUX
Lensax

. Cenbe nucan: "Ona kakoro-nnbo HaydHOro OTKPbITUS MMEKTCs OBa NyTW: OAWMH
3aKrnyaeTcss B CTPEMIIEHUM K YTOYHEHHOW [eTanusauun, B BO3MOXHO ©Oonee rnybokom
NPOHUKHOBEHUN B NpeaMeT C MOMOLLBbI0 COBEPLUEHHOW aHanuTUYecKon annapaTtypbl; Opyrown
COCTOMUT 13 NPOCTOro 0603peHnsa npegMmeTa Nog HOBbIM YIIIOM 3PEHUsl, YTO SAET BO3MOXHOCTb
oBGHapyxu1Tb HeBMAaHHbIE gocerne rpaHu. Nepsbin TpebyeT cpeacTB M OMNbITHOCTU, NOCNEAHUN
He Hy)XgaeTcd B TOM, B CaMOM ferne, 30ecCb TOMbKO MoMoraeT OTCYTCTBME MpenpaccynkoB n
3aKpPENMBLLENCA MPUBLIYKA MbICITUTL OnpeaenieHHbIM obpa3omM, KoTopas MosABMSieTCA Mocre
MHOroneTHuX nccriegosaHmi. K aTomy MmoxxHO go6asuTb BbickasbiBaHue B.M. OunbmaHa: "...Te,
KTO ULWIET OTBET Ha BOMPOCHI, Nexalme 3a npegenamm mx cneumanbHOCTU, YacTo bnarogaps
HenpeaB3saTOCTM NoAXo4a BHOCAT BECOMbIN BKNaA B pa3BuTue Haykn".

MeTogonorms WHOPMALMOHHONO BO3AENCTBUA NPU  MOMOLLM  9NEKTPOMarHUTHOro
N3ny4yeHms nmeet mano obuwero ¢ TpaguuMOHHOW AmarHocTuMKoW. OTnuyme 3aknyaeTcss B
ngeonormm MeTogoB: TpaguLMOHHas MeduuuHa OO CUX MOop WCNOBeAyeT fvb TEOPUIO
HepBuamMa W HenpopednekTOPHO-IHAOKPUHHO-TYMOPasbHbI  MEeXaHU3M B3auMOAENCTBUSA
BHELWIHMX  pmanyecknx  daktopoB C  OnoobbekToMm, He  3aTparMBas  npobriemsbl
MHdOopMaUNOHHOro meTabonmama no oM3nMyYeckuM KaHanam CBSi3u opraHnama YenoBeka.

[Ons noHMMaHna mexaHnsma MHPOPMALMOHHOIO BAUAHUA 9NEKTPOMarHUTHOrO 1U3nyyYyeHus
COOTBETCTBYIOLLUNX NapamMeTpoB U pa3paboTkm MeToOaMK ero NMPUMEHEHUS B ANArHOCTUYECKNX
uensix HeobxoguMma npaBuilbHast OpUEHTauMst B TEPMUHAX M noHATusAX. [lpexae Bcero,
NPUMEHNTENBHO K BHELWHUM Quandecknm akrtopam, B 4aCTHOCTU, K 3NEKTPOMarHUTHOMY
N3rnyyeHuto, cnefyeTt pasrpaHUunTb SHEProMHPOPMAaUMOHHbIE U YUCTO WMH(OPMAaLUOHHbIE
BO34ENCTBUSA, 4YTO Hepedko otoxgectensetcsa. Mo onpegeneHnto A.C. NMpecmaHa, npwu
3HEepronHgopmaLMoOHHOM B3aUMOAENCTBUM Mornowiaemas OMOCUCTEMON 3HEPrus SIBMSIETCS U
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HocUTENnem MHopMaunm, OENCTBYIOLLEN KaK CUrHan M Bbi3bIBaOLWEN peakumio buocnctemol 3a
CYeT ee COOCTBEHHLIX SHEPreTUYECKMX PECYPCOB, YNCTO UHAOPMALMOHHLIE B3aMMOLENCTBUS
BuocucteM C OKpyxawwen cpegon ob6ocobneHbl OT MX 3HepreTudeckoro obmeHa. Hawwm
0DOCHOBaHMSI  3HEpPreTMYecKMx napameTpoB  UMHE(OPMALMOHHO-BOSIHOBOrO  BO34EWCTBUS
MONHOCTLIO COOTBETCTBYHOT [aHHOMY OnpederieHuo, a UMEHHO - YUCTO MHAOPMALNOHHOMY
B3aMMOAENCTBUIO.

O6ecneyeHne xenaemoro addekta oT MHPOPMALMOHHOIO BO3LEWCTBUS 3aBUCUT OT
TEXHMYECKMX BO3MOXHOCTEN reHepaTopa M3rnyyYyeHuss 1 MeToauK ero NpMMeHeHUs Npu cTporomMm
cobnogeHnn OCHOBHOIO MpUHLUMNA AAHHOMO MEeToAda - CUHXPOHM3aLMKU PUTMOB UMM CTOWKOro
apdekTa HaBA3bIBaHWS puTMa KonebatenbHOro npouecca 6uocucteme npu onNTUManbHO
MUHUManbHbIX SHEPreTU4YecKnX napaMmeTpax encTByoLLEero akropa.

2.4. Bo3MOXHOCTU COBPEMEHHOMU U NepCcrnekKTUBHON MeaAULMHCKOMN
TEXHUKMU

Monckn CeneKkTUBHbIX PE30HAHCHBIX 4acToT C OOHOBPEMEHHLIM  CYLLECTBEHHbLIM
YMEHbLUEHMEM  BbIXOAHbIX 3HEPreTM4yeckux napameTpoB BO3AEUCTBYylOLEro dakropa
NO3BONWMM CO3[4aTb HOBbIN Kracc AMarHOCTUYECKoW annapaTypbl, KOTOPbIA BO MHOMOM crtan
oTBeYaTb TpeboBaHMAM XOTSA Obl 3HEProMHOpPMaLIMOHHOTO BO34ENCTBUS.

Hayano ©Oblf10 MOMOXeHO BHeApPEeHWEM B KIIMHUYECKYK MpakTUKy MEeTOOO0B a3epHow
MeOULUUHBI  NPU  MOMOLLUM  HU3KOSHEPreTMYecKoro mnasepHoro  uanyyeHus. lMcxogHbiM
reHepaTopoM AaHHOro hunanyeckoro dpaktopa 6bin refnin-HeOHOBbLIN Nasep, a ero TEXHUYecKne
BO3MOXHOCTM HEe MO3BONANM CO3[4aBaTb BbIXOAHYH MOLLUHOCTb M3nyydeHus Gonee 25 mBT. A
MOCKOSbKY OCHOBHble METOAMKM Obli AWCTaHTHBIMW, TO MSIOTHOCTb MOTOKA MOLLHOCTU Ha
obnyyaemon nosepxHocTn cootBeTcTBoBana 0,3-10 mBT/kB.cM. 3TOT Knacc annapartypbl
CHayana Bbl3blBan CKeMNTMYeCKOe OTHOLUEHME Y KNacCUMKOB OTeYeCTBEHHOW MeauuMHbl M3-3a
CBOEN Manon 3HepreTudeckonm MowHocTu. OagHako OGonblIoN aKTUYecKMM marepuan no
[OCTaTOYHO BbICOKON 3EKTUBHOCTU OT BO3AENCTBUS HU3KOSHEPreTUYEeCKUMM nasepHbIM
N3ny4yeHMeM 3acTaBun NpU3HaTb 3TOT (pakTop AENCTBYHOLMM, B HACTOsLLEEe BpeMs MeToabl
nasepHon MeguUMHbI LUMPOKO MNPUMEHAITCA B KIIMHMYECKOW npaktuke. W Bce-Taku
ncnonb3yemble aHepreTU4eckne napameTpbl U pasnuyHaga yactota Mogynauumn nanyvyeHus noka
eLle He MOMHOCTbI OTBeYalT TpeboBaHUAM MH(OPMaLMOHHO-BOSIHOBOIO Bo3dencTeus. B 1o
Xe Bpemsi nepcnekTMBbl  MUCMOMNb30BaHUS  SMNEKTPOMArHUTHOrO  U3NyYeHUs ONTUYECKOro
AnanasoHa, ocobeHHO nasepHoro, BecbMa 6onblume. B cxeme mexaHnsma MHPOPMaLMOHHOIO
BO34ENCTBMA Ha OumoobbeKkTonTMYeckoMy Auana3oHy OTBedeHO ocoboe MecTo. Yxke
OTMEeYarnoch, YTO KNeToYHble NonynAunn NpeacTaBnaAlT cobon addeKTUBHbIE HaKoNUTENu C
aKTUBHbIM MEeXaHU3MOM 3anacaHus OOTOHOB C ANIMHOW BOMHbI B MHTepBane 250-900 HM, yTo
3(p(PeKTMBHOCTL pe3oHaTopa 3anacaHus O4vYeHb Benuka. A 3TO sBNSeTcs cBoeobpasHou
HepreTu4eckon "nopkaykon" OCHOBHbIX WMH(OPMALMOHHBLIX OGUONONMMEPOB WM  HanNpPsAMyH
OKasblBaeT CUCTEMOOpPraHM3ytoLLee BNnaHne Ha GMooObEKT.

Cnegyowum aTanoM pe3oHaHCHOM MeaUUMHBI MPU ManblX 3HEpPreTMYeckmx napameTpax
BO3LENCTBUA SIBUNOCb TeopeTudeckoe OOOCHOBaHWE, 3KCNEPUMEHTarbHble W KIMHUYECKNe
nccnegoBaHnst N0 B3aMMOAEWUCTBUIO C BMOOOLEKTOM 3MEKTPOMArHUTHOrO M3Ny4YeHUs KpanHe
BbICOKOW 4YacToTbl (AuanasoH 4actotr - 30-300 Ty, gnuHa BonHbl - 1-10 mm) - KBY-
BO34ENCTBUSA NPU SHEPreTUYeckon obry4eHHOCTU (MAOTHOCTU NOTOKA MOLLHOCTM) BuoobbekTa
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0,01-100 mBT/kB.CM. BbINN ONpeaeneHbl pe3oHaHCHbIE YaCcTOTbl C ASIMHOM BOMHbI 5,6 1 7,1 MM,
obocHoBaHbl NokaszaHua 4N NPUMEHEHMST OOMbLIOrO MNEpPeYHs aHanoroB TEXHUYECKUX
ycTtporictB (KBY-annapatoB Tuna "ABb-1") npu ToM unu nHon natonorun. Ho ctaBka nuwb Ha
OCTPOPE30OHAHCHbIN XapakTep BAUSHUS Ha OMOOOBLEKT OAHOW 4YacToTbl (ONWHbLI BOJSIHbI),
CpaBHUTENbBbHO BbICOKasA MMOTHOCTb MOTOKA MOLLHOCTM Bo3gencteusi (He meHee 10 mBT/kB.CcMm)
KBY-Bo3goencTBmMs Takke TMOKa MOSHOCTbKO HE OTBeYalT OCHOBHbIM  TpeboBaHMsIM
WH(POPMALIMOHHON MeaUUUHbBI, MPUHUUNY WHE(OOPMAaLMOHHO-BONIHOBOIMO BO3AEWCTBUA. 3TO
MOCAYXUIIO TONMYKOM ANs JanbHEenWmnx MOUCKOB MyTEeW pasBUTUS UM COBEPLUEHCTBOBAHUSA
annapaTtypbl U MeTogoB KBY-Bo3aencraus.

BHegopeHve B MeguuMHY METOLOB  BOCTOMHOW — pediriekcoTepanuuM  3acTaBumo
uccrnegoBatenen N NPakTUKOB 3agymMaTbCA O BO3MOXHOCTU 3aMeHbl MeTanfn4yeckom Urfbl U
NosibIHHOM curapbl Kak paktopa BO3OENCTBUS Ha QNEKTPUYECKUA TOK U 3NEKTPOMarHUTHOe
nanydyeHve. Bo3HMKNM BONPOCHI O BO3MOXHbIX M HEOOXOAMMbIX NapameTpax BO3AENCTBUSA
3aTUMN hakTopamun. Ha aTon noyse poaunack Lenas oTpacrb 3NeKTPONyHKTYPHOW ANarHOCTUKK
no pasnuyHeiM metoamkam (Ponnsa, Hakatanu, HeuywknHa), KOTOpble OCHOBaHbl Ha
N3MEPEHUSIX KOXHOW 3fEKTPONPOBOAMMOCTM B Ouonornyeckn aktmBHbiX Toudkax (BAT). B
HacTosiee BpeMs OTCYTCTBYIOT IKCMepUMeHTanbHble AaHHble O pearibHOM, OeNCTBYHOLLEM
cybctpakte BAT. Haumbonee obbektuBHbiM obocHoBaHMeMm mopdonorum BAT asnsetcs
koHuenuua T1.I.FapseBa 006 WHTEpUENONAPHOM pPeTUKYNymMe Kak cneumguyeckon
CUrHanbHOM CUCTeMe oOpraHuama 4ernoBeka, B ToM uucrne m BAT. WHTepuennonapHbii
PETUKYNYM, WM MEXKNETOYHOE BeLleCTBO MOXET BbICTynaTtb Kak CBOeobpasHbIn
HaAQMONEKYNSPHbLIN  aHanor HEWPOHHbLIX CeTeln, KOoTopbid obecneunBaeT HanpaBfeHHoe
BBeZeHne nHdopMauumn B onpegeneHHble KNneTovHble N TKaHeBble accoLuThl, B TOM YnUCre U B
"MaTpuLbl akynyHKTYPHOW KOMMeTeHummn".

Ha ocHoBe 3neKTpOonyHKTYPHOW OMarHOCTUKM N OMHaMWUKU ee nokasaTenen B npouecce
KBY-Bo3genctesmnst Obinin CyLLECTBEHHO YMEHbLUEHbI BbIXOAHbIE 3HEpPreTu4eckme napameTpbl
N3ny4yeHns nNpu MakcumanbHOM 3HaveHun 0,1 MBT, cosgaHbl HOBble LUMPOKOMOSOCHbIE MO
yacToTe (ONMHE BOJHbI) M3Ny4eHnsa reHepaTopbl (annapatbl cepun "OnektpoHnka KBY - 52-62
[Mu, annapatbl cepun "KoBept" - 53-78 [Tu). Ewe 6onee WMPOKONOMOCHBIMU SIBASIOTCA
annapatbl "lMopor-1" (30-300 Mu) u "Mwuhutar" (30-625 Tw) npy cBEPXMUHUMANBHON
BbIXOAHOW MOLLHOCTHK, CO3hatoLlen Npu KOHTaKTHOM MeToAMKe BO3AEeNCTBUA NNOTHOCTb MNOTOKA
MOLLHOCTW npubnuantensHo 10" BT/kB.cM. OTO NO3BONMMUIO ONTUMM3NPOBATL SHEPreTUYecKkue
napameTpbl € nos3vumm TpeboBaHU WHPOPMALMOHHOIO BO3LEWCTBUS, OAHAKO oOcTancd
HepeLLleHHbIM BONPOC CUHXPOHU3aLMK BO3OENCTBUS.

PasButne MeToaoB aNeKTPONyHKTYpPbl C NO3NULUN 3HEProMHOPMaLMOHHOIO BO34eNCTBUSA
Ha 4yernoBeka MpPMBENO K CO34aHMI0 annapaTHbIX KOMMNEKCOB C 0bpaTHOW CBA3bKD Ha OCHOBE
N3MeHeHMs anekTpuyeckoro ctatyca BAT. 3T1o annapatbl "Onnaga-4", "lMporHos-6", "MNporHos-
7", "MMporHo3-8", "Buka-3", annapatbl "Wmeanc-donnb", "meanc-BPT". OpgHako, noka He
obcyxpaa OMarHOCTUYECKYHD 3Ha4YMMOCTb METOOMK BO3AEWNCTBMSA, cnegyeT 3aMeTuTb, YTO
3NEKTPONyHKTypa TpebyeT OCOGEHHO BbLICOKOTO WCKYCCTBa OnepaTtopa, KOTOPbIN AOSMKEH
06beanHNTL B cebe BCIO AMarHoCTUYECKyto cnyxoy, cTpaTtera no BblI6opy BO3OEeNCTBUS, TOHKOrO
TakTuka B OMHaMW4YECKOM KOHTporne. bonee npocTbiMn MeTodamu, Takke OCHOBAHHbIMW Ha
M3MEHEHUMN KOXHbIX SMEKTPUYECKMX MOTEHUMAnoB MNpu MNOMOLWLM KOHTAKTHbIX MapHbIX
3NEeKTPOOOoB ANA NaAOHHbIX NMOBEPXHOCTEN KUCTEN PYK UKW NOLAOLUBEHHOW NMOBEPXHOCTM CTOM,
ABNATCA MeToabl OMOPEe30HAHCHOM Tepanuu C UCMOofb30oBaHMEeM annapaTtoB "Bukom" u
"BeTtTa-3". HecmoTpsa Ha psag CYLECTBEHHbLIX OTINYMIA KOHCTPYKTMBHOMO U METOLMYECKOro
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nnaHa BblWe MepeyvncrnieHHbIX CnocoboB BO3AENCTBMA Ha OCHOBE OOpaTHOW CBA3W,
PErncTpupyemMbiM W OEWCTBYOWMM Ha OMoobbekT usmyeckum aktopoMm sBnsieTcs

3NeKTPUYECKUA MNoTeHuMar, a Mo CyTM B YMNPOLIEHHOM BMOE - SEeKTPUYECKUA TOK.
HenpepbiBHOe MHOroobpasve 3neKTPOMarHWTHbIX SIBMIEHWA B OpraHuaMe - YeroBeka
Ouonornyecknii  SNEKTPOMarHUTHbIA  KOHTMHYYM -  B3aMMOCBSI3aHO C  npoueccamu

XU3HEOEeATEeNbHOCTN, a 3NIeKTPUYECKUMM CTaTyC KOXHbIX MokpoBoB W BAT oTpaxaeT 3To
MHoroobpasue. M3meHas STOT cTaTyC npv MOMOLWM BblLLENEPEYNCIEHHBIX anmnapaTHbIX
MeTod0B, Mbl CNOCOBCTBYEM perynsaummv BHYTPEHHeW CucTeMbl ynpasrneHusd. B 1o xe Bpems
O[HO3HA4YyHOEe YyTBepXaeHne O OUOpPEe3OHAHCHOM  OENCTBMM U CUHXPOHM3aUUM  C
COOTBETCTBYIOLWMMU BMopUTMamMun BecbMa npobrnemMaTnyHo.

bornee cCcoBepLEHHbLIMU C TOYKM 3BaHUS WH(OPMALMOHHO-BOMHOBOIO BO34ENCTBUSA
ABMAKTCSA annapat  Hu3koaHepretTuyeckoro CBY-BosgenictBus  "HoBb" u©  reHepatop
cneumanbHbiX anekTpomarHuTHbix curHanos (FTCOMC). Hecyuwen yactoTon B annaparte CnyxuT
N3ny4yeHne ¢ ANMHOM BOMHbl 7,52 cm (4actota - okono 4 ITuy) ¢ yacToTHOM MoAynsiumnen
(MHdopMauunoHHas yactoTa) 10 'y Npu BbIXOAHOW MOLLHOCTWU M3rnydeHus 2 MBT. [Nockonbky
MeTOOMKM BO34EeUCTBUA npu nomowm annapata "HoBb" B OCHOBHOM AWCTa@HTHblE, TO Ha
pacctosHum 15 cm oT 0bny4yaemMor NOBEpPXHOCTU Tena nauueHta (onTMManbHOEe PacCTOsiHUE
npy pasnuyHbiX MeToauKax) MAOTHOCTb MOTOKa MOLUHOCTM uanydeHus 15-25 mkBT1/kB.cM. Y
annapata Hecywen asnsetca vyactoTa 4,2 [Ty (anuHa BonHbl - 7,14 cM), MHPOPMALMOHHOW -
aCVMHXpPOHHasA MOAynAunsa KBasucToxacTuyeckumcurHanom B AmanasoHe go 20 kly. Bcee
mMeToanku BosaencTeusa npu nomowm MCOMC gucTaHTHbIE, MAOTHOCTb NMOTOKA MOLLHOCTM Ha
pacctosiHum oT uanydarend 0,5 m - 10 mkBT1/kB.CM, Ha paccToaHun 1,5 m - 0,5 mkBT1/kB.CM.

B otnuune ot metoda anekTponyHKTYpHOM AuarHocTukn donns, rae sHepreTudeckue
noTeHUManbl OpraHoB M TKaHen MU3MepsalTca 4vepe3 BGuonornyeckn aktmBHble Touku (BAT),
KOTOpble OrnocpefoBaHHO (4acTO CO 3HAYMTENbHOM MOrPEeLIHOCTbI0) OTPaxarT COCTOsHWE
opraHa, B metoae HenuHenHon aunarHoctukn (NLS), paspabotaHHOM NHCTUTYTOM MpuKnagHown
ncuxodpmsmkn (UMMMM), oueHka COCTOSHUSA opraHa NPOBOAUTCS HEMOCPEACTBEHHO, 3a CcuyeT
PE30HAHCHOTO YCUIEHWs U3IyYeHWss UCCnegyeMoro opraHa W CHATUS  nokasaTenem
6eCKOHTaKTHLIM NMyTEM C MCNOSb30BaHNEM TPUITEPHBIX ATYMKOB.

Ons peanu3auuMm ykasaHHbIX BO3MOXHOCTEW Hamu Obinu cocTaBreHbl MeLMKO-
TEXHUYeckne TpeboBaHMA M TEXHUYECKMe 3afdaHusi MO CO3L4aHWKD CreayloLwero MoKoneHus
AWAarHOCTUYECKOW TEXHUKM Ha Ga3e HM3KOYaCTOTHbIX KBAHTOBbIX reHepaTopoB M pa3paboTaH
annapat "O6epoH".

Annapat "O6epoH" npegHasHayeH [ 3KCMPECCOLEHKN COCTOSHUSA oOpraHu3ma no
perucTpaumMm M3MEHEeHWW B OpraHax W TUCTOMNOrMYECKNX CTPYKTypax, Ans NpoBeAeHus
OVNHaMUYEeCKOro KOHTPOMs 3a COCTOSHMEM rOMeocTasa, MPOrHO3MPOBaHWS 3TanoB feYeHus U
pa3BUTUS OCMNOXHEHUN. [lnarHOCTUYECKNA annapaTt No3BonsieT Bpavy CyLLEeCTBEHHO COKPaTUTb
BPEMS SKCNPECCOLIEHKM COCTOSIHUSI OpraHn3mMa Kak cucTembl B Lienom. AnnapaTt npeaHasHadeH
ANS perncTpauumn N3MeHeHMn B OPraHHbIX Y FTMCTONOMMYECKNX CTPYKTYpax 1 NO3BONSET:

- NONy4nTb Ka4€CTBEHHYH OLUEHKY (byHKLI,I/IOHaJ'IbHOFO COCTOAHUA OpraHMnM3mMma B (bopme

TOMM4YEeCKOro aHarnunaa,

- MPOKOHTPOJINPOBATb SC*JC*)GKTI/IBHOCTb M pe3ynbTaTbl OCYLLECTBIIEHUA CaMbIX PA3JTNUYHbIX

MeToa4O0B TepaneBTUHECKOro BO34ENCTBUS;
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- OLleHUTb aAanTuBHbIE CNIOCOBHOCTU OpraHM3ama;

- NpoBOANTb aHalnnnM3 AMHaMWKn N3MEHEeHUM (*)yHKU,I/IOHaJ'IbHOFO COCTOAHUA OpraHmM3ma B

TeYeHune rie4HeHn4;
- YCTAaHOBUTb NEepBUYHOCTb O4ara (*)yHKLI,VIOHaJ'IbHOFO HapyLWEeHUA;
- OUEeHUTb XapaKTep naTtornornn, NCNosnb3ysa 3KCNepTHble CUCTEMDbI;

- OUEHUTb OCHOBHbIE MapaMeTpbl TOMEeOoCTa3a.

Annapat npegHasHadyeH Ans paboTbl TONbKO C BbIYMCIMTENbHLIM KOMMIekcoM Ha 6ase
IBM-COBMECTUMbIX  KOMMbLIOTEPOB U MporpaMMHbIM  obecrneyeHneM, paspaboTaHHbIM
npeanpusTuem-paspaboTunkom. AnnapaTt (YHKLMOHMPYET Ha OCHOBE MPUHLMMNA YCUNEHUS
MHULMMPYIOLLIErO CUrHana npu pacnage MetactaburbHbIX CTPYKTYP.

MarHuTHble MOMEHTbI MOINEKYNAPHbIX MOTOKOB MPUMECHbLIX LUEHTPOB HEPBHbIX KIEeTOK
KOpPbl rOyIOBHONO Mo3ra nopg BO34ENCTBMEM BHELLHEro QNEKTPOMarHMTHOro nona TepAarT CBOK
nepBoHa4daribHyr0 OpueHTauuko, 3a CHeT 4ero pasynopAaaoymBardTCA CNUHOBbIE CTPYKTYPbI
AEeNOoKarin3oBaHHbIX 3JTEKTPOHOB, YTO CITYXUT I'IpVI‘-IVIHOVI BO3HUKHOBEHUA B HUX HGyCTOVI‘-IVIBbIX
MeTacTabunbHbIX COCTOSIHUINA, pacnag KOTopbIX urpaet poJyib MHUUMnpyruwiero curdana.

C cusmyeckolrt TOYKM 3peHust annapaT npeacTaBnsieT u3 cebs cuctemy SneKTPOHHbIX
OCLUMNNATOPOB, PE30OHMPYIOLWMX Ha AfMHAX BOJSIH 3MEeKTPOMAarHUTHOIO W3MyyYeHusi, 3Heprus
KOTOpbIX aJekBaTHa SHEPrnvM paspylleHnss OOMUHUPYHOLLMX CBS3e, NoaaepKuBatoLLmMX
CTPYKTYPHYIO OopraHusaumio obbekTa.

Annapat no3BonsieT chopmupoBaTh 3a4aHHy0 OMO3NEKTPUYECKYHO aKTUBHOCTb HEMPOHOB
rOfIoOBHOrO MO3ra nauueHTa, Ha PoHe KOTOpPOW MposBNASieTCs MX nsbupaTtenbHas cnocobHOCTb
ycunueatb crnabo3ameTHble Ha oHe cTaTucTudeckux prnykTyaumi curHanbl (siBNeHve
pe3oHaHca).

NHdopmaunsi 0 KOHKPETHOM BPEMEHHOM COCTOSIHUM OpPraHOB CHUMAETCst OECKOHTaKTHbIM
nyTemM C MNOMOLLbI "TpUrrepHoro pAatymka", pas3paboTaHHOroO C NPUMEHEHVMEM HOBbIX
MHOPMALIMOHHBIX TEXHOMOMMA WU  MUKPOCXEMOTEXHUKW, YynaBnuBawLlero cnabosameTtHble
GnyKTyauumn CcurHanoB, BblOensiemMble U3 CPeAHEeCTaTUCTMYECKUX LLYMOBLIX XapaKTepuUCTUK
nonen n npeobpasyemble B LUPOBYHO NOCNeAoBaTENbHOCTL, obpabaTbiBaeMyo C NOMOLLbIO
MUKponpoueccopa Ans nepeaayn no nHtepdencHoMy kabernto B KOMMboTep.

Pexumbl paboTbl annapaTta, WX perynupoBaHWe W KOHTponb obecneymBaloTcs B
COOTBETCTBUM C YCTAHOBNEHHOW NPOrpaMmmMoOn.

MHdopmauus o pesynbTatax MpoBeAeHUs [OWUAarHOCTUKM KOHKPETHOro naumeHTa
BbIBOAMTCA Ha 9KpaH MOHUTOpPA, XpaHWUTCS B OTAENbHOM dailne Ha KecTKoOM Oucke
KOMMbloTepa, MOXeT ObITb NepeHeceHa Ha MHAMBUAYANbHYIO AUCKETY.
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