KoMnbroTep, MOOUNBbHLIN... U 300pOBbLE?
PeweHune npobnemsbl
A.P. lMaBneHko

AneKkTpoHHas Bepcus. ina cBo60AHOro pacnpocTpaHeHus

Cez00HAwWHUG mMuUp u, mem 6onee, 3asmpawHuli mpyOHO npedcmasums 6e3 KOMIMbIOMEpPOSs,
meriesu3opos, OpyaoU 3eKMPOHHOU MEXHUKU, npoOyyupyrowux crnabble anekmpuyeckue u
MagHUMHbIe rnepemMeHHbIe rosisi 8 WUPOKOM Ouarna3oHe Yacmom. Tak Kak amu rosisi 3Ha4umeribHO
crnabee cmamu4yecKko20 MasHUMHO20 [1o71s 3emiu U ee afieKmpudeckux rornel, mpyoHo O6biio
npednonoXumb, 4Ymo OHU oracHbl Ons 300poebs. 1o amol rnpuduHe uccrnedoeaHusi 8 GaHHOM
HaripagrieHuUU He noriyyqasu noO0ep KU U OO/MKHO20 8HUMAaHUSI.

UccnedosaHusi rnocnedHUx rnem nokasanu, 4mo OMU ebiweynoMsHymbiX 31€KMPOHHbIX
rnpubopos codepxxam MOPCUOHHYK KOMIOHEHMY, HeCywyr UHtopmayur o rfpouyeccax,
rpomeKarowux 8 Mom unu UHOM 3r1ekmpoHHoM npubope. Tl obnadarom ebicokoU npoHuKarwel
criocobHocmblo U He noddaromcs HUKakoU 3kpaHupoeke. Bosdelicmeue ux Ha ronb3oeameris
npubopoe maum 8 cebe onacHocMkb.

KHuea npedHasHadeHa Ofid WUPOKO20O Kpyea 4Yumamenel ¢ Uenbio npedynpedums
nonb3osamerel 1K, menesu3opos, MobusnbHbIX menegoHo8, Opy20U 3/1EKMPOHHOU MEXHUKU,
umo rnpeHebpexeHUe yxe U38eCMHbIMU MPoCMbIMU MemodaMu 3auumbl Om He2amueHOo20
B/IUSIHUST 8bILUEYNTOMSHYMOU MEXHUKU 2p0o3um eecbMa Hebraz2onpusmHbiMu nocriedcmeusimu O
300p08bS.

B Hel docmynHO u3fioXeHa KOHUenuus 3awumel Jfrodeli om He2amugHo20 6/UsHUS
€CMeCcmeEeHHbIX MOPCUOHHBbIX noned, usrydaembix [T13, a makxe UCKYCCMBEHHbIX UCMOYHUKO8
amux noneu: moHumopos, [NK (T1K), menesu3opos, 6a308bix cmaHyul MObUIIbHbIX mesie¢hoHOs,
Opyaoli areKMpPOHHOU MeXHUKU, npueedeHbl pe3yribmamel ucrbimaHut npubopoes “©OPMOCT-17,
“CrMMHOP-1".

Aemop ocosHaem, 4ymo psid rosoxeHul umeem AQUCKYCCUOHHbIU xapakmep, u Hadeemcs, 4mo
rnosieneHue KHuau OOMKHO CMUMYUpo8amb MEOPYECKYHO MbICb, MPUHyxdas 3adyMbieambCsi O
rnpobrnieme 3awjumsl 4Yesnoeeka.
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BBEAEHUE

B Hactoswen wmoHorpachum A. P. [llaBneHko C MApUHUMMIMANbGHO HOBLIX  NO3ULUIA
paccmaTpuBaeT BaXHeWwy npobrnemy 6mMo6e30nacHOCTU JMEKTPOHHbLIX CPEACTB UM CUCTEM.
Mooxon, NPUWHATBLIMG aBTOPOM, OTMIMHAETCA BbICOKMM YPOBHEM HOBWU3HbIL. [Ons oGbAcCHeHus
MexaHu3Ma [OeWCTBMA 3alUTHbIX CPeAcTB OT HEeraTUBHOIO BIIMSHUA NOMen U U3nyvyeHumn
ncnoneadyetcs Teopus ®Puandyeckoro Bakyyma. 310 0COBEHHO LEHHO, MOCKOMbKY B HacTosLlee
BpeEMS ellle He CNOXMMOCb HEMPOTMBOPEYMBOE MOHMMaHWe AaHHon npobnembl. A. P. MNaBneHko
yaanocb OTONTU OT TpaAULMOHHOrO noaxoaa, NPy KOTOPOM OCHOBHbLIM OMAacHbIM BO34EeNCTBMEM Ha
YyernoBeKa CuUMTaloT JHepreTudecknin yposeHb OMW. B pabGoTe genaeTcs akUeHT Ha BUSIHME
HOBOro yakTopa, HasblBAEMOro UH(POPMaLMOHHBIM.

HoBoe noHWMaHue GU3NYecKoro BakKyyMa Kak MaTepuanbHOW cpedbl, OKpyXatoLlen
YyernoBeKa, yKasblBaeT Ha cepbesHble MOCNeAcTBUA HAacCbIWEeHUA ero SHeprnen UCKYCCTBEHHbIX
OMI1. BrnusHue 3TOro WCKYCCTBEHHO CO34aHHOIMO «3MEKTPOMAarHMTHOrO CMora» Ha BeELLeCcTBO
MOXET oKasaTbCsl HenpeackasyeMbiM.

UernoBek yxe MNoCTaBneH B Takue YCIOBUSA, NMPU KOTOPbIX OH HaxoauTCA 3HayuTenbHoe
BpeMS MOL BO3L4EWCTBMEM WCKYCCTBEHHbLIX MOMEN, CO34aHHbIX JMEKTPOHHbIMU CuUcTeEMamu W
cuctemaMmn anekTpocHabxkeHmsi. OCOB6EeHHO WMHTEHCMBHO BXOAST B Hally >XU3Hb KOMMbIOTEPbI Y
TENeBU3NOHHbIE CUCTEMbI. Bbe3 HUX yxe CcoBeplUeHHO HEBO3MOXHO MNpPeacTaBUTb COBPEMEHHbLIN
Mup 1 Tem 6onee 3aBTpawHuin. Ho M 39TO nporpeccuBHOE SABMEHWE MNpu LUMPOKOM €ro
NCMNonb30BaHUN NPOSIBUIIOCL HEOXMOAHHOW CcTOpoHOW. B mMoHorpadun MaeneHko A. P. packpbito,
KaKyl0 Cepbes3Hyld OMacHOCTb [Afs 340pOBbsA Mofnb3oBaTener MNpeacTaBnsoT  KOMMbHTEpHI,
TENEeBM3NOHHbIE CUCTEMbI U ApYyrMe 3NeKkTpo - U pagnoycTponcTsea. VICKyCCTBEHHO CO3faHHble
nonsi, KOTOPbIMU OKPY>KUIT cebsa YenoBek, OKkasanucb YpesBbl4anHO OMacHbIMU OS5 ero 300pPOBbS.
TpaAWUMOHHO CYMTanoCb, YTO YPOBEHb 3JHEpPruv nonemn BnseTcd OCHOBHbIM OEWCTBYIOLLUM
dakTopoM. O4HaKO BbISBUITOCH, YTO CUTYyaL M HAMHOIO CrOXHee.

WccneposaHus, npoeegeHHble B CLUA um LBeuuun, BbigBunn, 4to, gaxe ecnv IMI,
co3faBaeMble TEXHUYECKMMWN CUCTEMaMN, B COTHU pa3 cnabee eCTeCTBEHHOro nons 3emnun, MoryT
ObiITb onacHbiMM Ons 300poBbs. PaHee cuMTanocb, 4YTO HWU3KO WHTEHCUBHbIE MOMS He
MOHM3ALMOHHOIO YPOBHS ABMAIOTCHA 6e3BpeHbIMu.

MexaHnam gencTBMS HU3KO UHTEHCUMBHBIX QMW Ha Buonormyeckne cucteMbl COBPEMEHHOM
HayKoOW ellle He pPacKpbIT, HO MeauKamMu YyXe BCKPbITbl (PaKTbl CYLLECTBOBaHUS Cepbe3HenLlen
OnacHoCTH.

Moatomy ybatokmBaHe OBLLECTBEHHOCTU PacCyXAEHUAMUN O HU3KOM YPOBHE TEXHOMEHHbIX
N3MNy4YeHUN MO CPaBHEHUIO C YPOBHAMW €CTECTBEHHbLIX MPUPOAHbIX Monen m o6 umx akobbl
Ge3onacHOCTU BCMEACTBME OTCYTCTBMSA MOHM3aUUW, HE MOXET ocTaBaTbCs YybeauTenbHbIM,
MOCKONbKY (pakTbl [oKka3sbliBaldT oOpaTHoe. TO, 4YTO WCKYCCTBEHHO co3daHHble OMU ¢
WHTEHCUBHOCTbLIO 3HAYUTENbHO MEHbLUEN, YeM MNPUPOAHbIE MOMHA, TaK onacHbl ANs 4YenoBeka,
3acTaBrseT caenartb BblBOA, YTO MEXOY UCKYCCTBEHHLIMU MOMSMU U €CTECTBEHHLIMU NPUPOAHBIMU
nonamu cyllecTByeT oyHAaMeHTanbHoOe KayecTBeHHoe pasnuuuve. [Npupogy 3Toro pasnuuuna elle
NpeacTouT packpbITh U U3YYUTb.

Mpobnema 3ta oyeHb rnybokasi, OHa 3aTparMBaeT OCHOBLI 3neKkTpomarHeTusma. B OMI
OCTalOTCA HEUCCNeaoBaHHbIMU WX CTPYKTYPHble OCOBEHHOCTU. 3TM OCOBEHHOCTU HUKAK He
cnepyoT HU 13 ypaBHeHUn Makcsenna, H1 u3 kBaHToBoW Teopun. OHU He CBA3aHbl HaNPSAMYo U C
3HepreTuyeckumm npossneHnamm SMI1. TopcnoHHble nons (TM), KoTopble paccmaTpuBaeT B CBOEW
khure A. P T[laBneHko, BOCMOMNHAKT 3TOT npoben, noCKOonbKy BrepBble 3aTparveaoT
NPVHLMNNANbHO HOBBIN acnekT nonen - 0CO6EeHHOCTU UX CTPYKTYPbI.

ToT BakHENWNN dakT, YTO ge3okcupubyHoknenHosas kucnota (OHK) yctpoeHa B dhopme
cnupanu ¢ Takon NPUHUMNUANbHO BaXXHOW OCOOEHHOCTbIO Kak NEBOBWHTOBAsI 3aBMBKA OBONHOW
cnvpann, ykasblBaeT Ha MNpUHLUNUANBHYIO BaXXHOCTb COOTBETCTBUSA CTPYKTYPbl BHELLHMX
NCKYCCTBEHHbIX Nofien 0COOEHHOCTSAM CTPYKTYpPbl BUONOrMYeCcKnx CMCcTem.

C atux nosmumn nogxog A. P. lNaBneHKo, OCHOBAHHbLIN Ha rEOMETPUYECKNX OCOBEHHOCTAX
dmsunyeckoro Bakyyma u TT1, oTKpbIBaeT HOBOE, NepPCNeKTUBHOE HanpaBneHne nccnegoBaHui.

Hactoswasa MoHorpadus saBnsieTcs MNepBo B MUPOBOW  MNPAaKTUKE  MOMbITKOW
cucTeMaTUYECKN U3NOXUTb BrvsHue Tl Ha 4yenoBeka M XUBOTHbIN Mup. CyllecTByeT noka He
M3BECTHbIN MEXaHW3M B3auMOAENCTBUA noner M OBUMOOOBLEKTOB, MpPU KOTOPOM MPOUCXOAUT
CyLLeCTBEHHOE BO3[ENCTBME Ha OMONOrnyeckne CUCTEMbl AaXKE MPU HU3KMX HaMpsKEHHOCTSX
nonen. [lo cuMx nop cyuTanocb, YTO YCMOBMEM 3HAYUTENbHOro BO3OAEWCTBUSA MOMA ABMSETCA
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Hanuune pesoHaHCHbIX SBNEeHWKn. TakoW noaxo4 4acTo MblTalTCA pPacrnpoCTpaHUTb U Ha
BGuonornyeckne cuctembl. Ho NOCKONbKY pe30HaHCHbIE SIBNEHUSI B OpraHn3me 4enoBeka, 0COBeHHO
Ha HU3KMX YacToTax, SABMAKTCA MarnoBEPOSITHBIMU, TO OTCIOA4a AEenaeTcs HenpaBWUibHbIA BbIBOA O
SAKOObl OTCYTCTBMM B3aMMOLENCTBUS OOBEKTOB C WCTOYMHWKOM W3NYYeHURn, a, 3HauuT, n o6
OTCYTCTBUWM OMNACHONO BIIUSAHUSA HU3KO WHTEHCUMBHbIX M3nyyYeHun. [Npy 9TOM cuMTanocb, 4TO
NMPOCTPaHCTBO, OKPY>KatoLLee YernoBeka, - Pu3nyecknin Bakyym, BO B3anMogeNCTBMM HE y4aCTBYET.

WccneposaHmss B obnactm Teopum BakKyyMa 3acTaBngloT B KOPHE MepecMoTpeTb
CNOXUBLLEECH MOHMMaHNE MeXxaHn3ma MOrMoLLEeHNsT aHepPrm nonen buonornyecknmMm obbekTamu.
HauuHatoT nposiensaATe cebsi reomeTpuyeckme O0OCOGEHHOCTM nonen. MexaHuam  BAUsHUS
MCKYCCTBEHHbIX Monen Ha 6uonornyeckne cuctembl B KOPHE OTfMYaeTcsa OT MexaHu3ma
MOrMOLEHNST 3HEPIUN, KOTOPbIN AEMOHCTPUPYIOT HaM CyLLeCTBYKOLLME TeXHUYECKMEe CUCTEMBI,
NCNOMb3yKLLUNE Pe30HaHCHble NABneHusa. buonornyeckne cuctembl, obnagass acummeTpuen
cTpykTypbl OHK, MoryT 6biTb Ype3Bbl4aNHO YYBCTBUTENbHBIMU K rEOMETPUYECKMM OCOBEHHOCTAM
nosemn.

B 3TOM OTHOLLEHUU MCMonb3yeMbli B MOHOrpadmn noaxon, OCHOBaHHbIA Ha BAnaHUA TT1,
NMEILLINX reOMETPUYECKYI0 acCUMMETPUIO, BeCbMa nepcnekTneeH. B moHorpadmm aBTop Hassan
3Ty TEOMETPMYECKYID aACUMMETPUIO NEeBOW W NpaBol opueHTaumen nonen. K BbiBOgy O
CYLLLECTBOBaHMM NEBbIX M MpaBblX Mofen aBTopa NpuUBENU UccnegoBaHus B obnactu Teopumn
Bakyyma un duamkn TI. BecbMa BeposTHO, 4YTO FEHEpUpPYEMbIE TEXHUYECKMMWU CUCTEMaMMU
NCKYCCTBEHHbIE MOMSA UMET, KPOME IHEPreTUYECKUX XapaKTepUCTUK, elle U He CBOWCTBEHHbIe
npupoae reomeTpuyeckne ocobeHHOCTU. MIMEHHO B 3TOM MOXET CKpbIBaTbCA MpUYMHA UX
Ypes3Bbl4aNHO BbICOKOW ONACHOCTU ANS XUBbIX OPraHM3MOB Aaxe B TOM Criydyae, Korga nx ypoBeHb
3HAYNTENBHO HMXKE eCTeCTBEHHbIX NPUPOAHbIX NOMEN.

MoHorpaduma A. P. lNMaBneHko gaeT KoY K NpUHUMNManbHO HOBOMY pELUEeHU0 nNpobnembl
6rnobe3onacHOCTN Ha COBEPLLEHHO HOBbIX Noaxoaax. /3 Hee, B 4aCTHOCTW, CNEAYET, YTO He TONbKO
N HE CTONbKO 3KPAHUPOBKOWN MOXHO 3aLUUTUTBLCSA OT ONACHbIX U3NYyYEHU.

Bonee nepcnekTuBHbIM SBNSETCS n3baBneHne OT ONacHbIX U3MNYYEHUN NyTEM NEPECTPONKN
CTPYKTYP UCKYCCTBEHHbIX NOMEN.

Teopusa um3n4eckoro Bakyyma v HOBble MAEW, U3NOXKEHHbIE B MOHOrpadun, AatoT KoY K
pa3paboTke HOBOW KoHUenuuu 6e3onacHon anekTpoHuKU. KoHuenumsi 6e30nacHOn 3neKTPOHUKU
OCHOBLIBAETCS HE TOMbKO Ha MAesX 3KPaHWPOBaHUA UMW OrpaxgeHus 4venoBeka OT OMnacHoro
BnngHns OMI1, HO U Ha npUHUMNMANbHO HOBOM MOAXOAE, YYMThIBAKOLWEM TFeoOMeTpuyYeckme
0COBEHHOCTU NOMen NCKYCCTBEHHOIO NPOUCXOXOEHWS.

CtaHoBUTCA peanbHbIM CO30aHME TakMX TEXHUYECKMX CUCTEM, B KOTopbix OMI1 cBoen
CTPYKTYPHOW opraHunsaumen 6yayT rapMmOHMYHO BNUCHIBATbCS B MPUPOOHbIE CUCTEMBI.

HeobxogumocTb pa3paboTkm HOBOro MOAXO4a, CMOCOOHOro MNPMBECTU K MOCTPOEHUIO
6e30nacHbIX TEXHUYECKUX W, B YaCTHOCTU, OMEKTPOHHbIX CUCTEM, CTOUT OYE€Hb OCTPO. HyHbl
HETpMBMAmNbHbIE pELLUEHWSl, OCHOBAHHble Ha COBEPLUEHHO HOBOM Moaxode, CNocobHble
KapAavHanbHbiM 06pa3om U3MEHUTb CUTYyaLmIo.

OovH u3 Takumx HeTpaguUMOHHBIX MNOAXO0O4OB C ucnonb3oBaHunem Tl u3noxeH B
MoOHoOrpadumn. OTO OTKPbIBAET MNYyTM peLlleHus npobnembl CcOo34aHMs 3KOMOMMYECKM UYUCThIX
TEXHONOr TPETLErO ThiCAYENeTus.

NTak:
1. WNcenepoBanusa BbigBunu, Yto OMI1, cosgaBaemble TEXHUYECKMMU CUCTEMaMM, AaXe B COTHU
pa3 cnabee ecTecTBEHHOro nonst 3emsm, MoryT ObiTb ONacHbIMU A5 300POBbLS.
2. Ecnn He n3aMeHUTb NPUHLKUMBI NOCTPOEHUS SMNEKTPOHHBLIX U paguoOTEXHUYECKUX CUCTEM, TO
TeHOEHUNS UX pasBUTUSA U HeraTMBHOE BO3AENCTBUE Ha BMOCUCTEMBbI Ha MONEBOM YPOBHE MOXET
NpMBECTN K KaTacTpoMyeckMM MO CBOMM MOCMNEACTBMAM BO3OEeNCTBUSAM Ha 6Guocdepy n Ha
yenoseka.
3. HoBbln noaxond, W3NOXeHHbIn B MoHorpacdmm A. P [NlaBneHko, OCHOBaHHbIA Ha
reoMeTpuyeckmx ocobeHHOCTAX hmamnyeckoro Bakyyma m TI1, oTKpbiBaeT HOBOE, NepPCnekTUBHOE
HanpaBreHne nccnegoBaHUi U 3aknagbiBaeT HOBOE HanpasreHne B 3NEKTPOHMKE - HanpasneHne
61obe3onacHON 3MEKTPOHMKM.

H. B. KocuHoB, akagemunk MABOT.



Masa 1. TN - BTOpOE NpuLIecTBUE B HaYKy.
1.1. TN, 4yTo Xe Hac XAeT B HUX?

«B 4enoBeke ykopeHUNUCb HaTypanuaMm M maTtepuanuam pasyma, AOnyckarolmne TOmnbKo
peanbHO owyTuUMble ¢akTbl. JTOT pasymMm MNOYMTAET TOMbKO TO, YTO HAa3bIBAETCS HaYKOMW.
CTOpPOHHMKM 3TOr0 mgona ysHawTCa MO NPeanodyTeHMto, OTAaBaeMOMY TEPMUHY «HayudHbIN».
Jlloboe MHeHWe, C KOTOPbIM OHW He cornacHbl, HemegneHHO oTOpacbiBaeTCs Kak HeHay4Hoe.
Bnpouem, gns atoro y Hux Hemano obbscHeHun. Hayka cgenana 3a 300 ner Takue
nopasuTeribHble CKayku, YTO Y ee nodmnTaTenen ectb OT4ero noTepsTb rososy.

Halwa Hayka - 370 BCero nuib Kanss BoAbl, Halle e He3HaHue - okeaH. Ecnn y Hac n ecTb
B YeM-HNOyab YBEPEHHOCTb, TaK TONMbKO B TOM, YTO MUP HaWmMX PU3NYECKUX MO3HAHWUIA OKPY>KEH
ApyruMm, HecpaBHEHHO 6orfee LUMPOKUM MWPOM, O KOTOPOM Mbl HE MOXEM B HAcCTOsILLEE BpPEMS
COCTaBWUTb HUKAKOro onpeaeneHHoro npeacrasneHunsay (Bunbsam Dxenmc, 1895 ).

Yenose4vecTBO 60MbLUYI0 YacTb BPEMEHM XUIO 6e3 Haykun, eMy HUYEro He yrpoXarno, Kpome
BOWH, 9NMOEMWK, HEKOTOPbLIX MNPUPOAHLIX (PAaKTOPOB, HO C MOSABMEHMEM W pPa3BUTUEM HayKu
BO3HMKIA ONacHOCTb €0 CaAMOYHUYTOXEHUS.

B apy HayuHO-TexHu4eckon pesontoumn (HTP), Korgaa Hag BCew XU3HbH, NOXOXKE, OOSTKHbI
LapuUTb TEXHMKA W HayKa, NOCNneaHas ycTpemuna CBOU MHTEPECHI NPEUMYLLECTBEHHO Ha NO3HaHMe
BHELLHEro mmpa 6e3 nsydeHns acnektoB dernoBeka B pamkax HTP, Buga B Hem nubo Bcero nuulb
ovonoruyecknn oOBLEKT, NMOO 3MEeMEHT COLMOMNOrM4Yeckux WccrneaoBaHWn, MNocTaBuB, T.O.,
OCHOBHY0 LLEHHOCTHYIO OpUEHTaLMIO - Ha YernoBeKa - C HOr Ha rofnosy.

CoBpemeHHoe obwecTtBo Gnarogapss HTP goctnrno BbICOKOrO YpOBHSI TEXHONOrM3aumm
OCHOBHbIX OTpacnen 4YernoBe4eckon 4eaTenbHOCTU, B pesyribTaTe Yero BO3HMKINO HOBOE COCTOSIHME
OblTUS, MNO3HAHWE 3aKOHOMEPHOCTEN KOTOPOro, BKMYas npobrnembl 4YerioBeka, SIBNSIETCA
nepBooYepeHON 3aa4ver HayKu.

Mnogpl Hay4YHO-TEXHUYECKOro nporpecca, KoTopble NpU3BaHbl CNYXUTb Ha Gnaro 4Yenoeeka,
npnobpeTatoT arpecCUBHOCTb MO OTHOLLUEHMIO K CBOEMY e TBOpLy. HekoTopble ydeHble CUMTaloT:
3KOMNOMMYECKNN TEXHOTEHHLIN AmncbanaHc NpuUHAN cTonb rMy6oKMiA xapakTep, YTO MOCTaBuil Mo
Yyrpo3y camo CyLLECTBOBaHME YernoBe4vyecTBa Npu COXpaHEHNN UM TEMIMOB Pas3BUTUS N UMEIOLLMXCS
TEXHOMNOINNA.

lMokorHoro HblHe akagemuka H.H.MouceeBa nuTepaTypHOE€ HacneacTtBO KOTOPOro
OrpOMHO, IOAMN CTapLUEro MOKOSIEHUST XOPOLLO MOMHAT. OH YacTo MOSIBMIANICA Ha TENEBU3MOHHbIX
3KpaHax M No ero NoBefEHMI0, MO OTHOLUEHUIO K HEMY OKPYXKatoLMX, BUOHO ObIIO, YTO 4eroBek
3TOT aBTOPUTETEH U MOMb3yeTCA yBaXeHUMeM He TONbKO cpeam Komner — ydeHbliX, HO U Ha
NpaBUTENbCTBEHHOM YPOBHE.

MpuBnekna BHMMaHWE W Mopasuiia HeobbIMHOCTBbIO CBOEro COAEpPXXaHUsS odHa U3 ero
cratben (H.H.MounceeB «MwnpoBo33peHne COBpPEMEHHOrO paunoHanuama». Co3HaHue u
dusnyeckasn peanbHocTb, T.1, Ne3, 1996r.). NNo3HakoMMMCS C BblaepXKKamun 13 Heé:

«lMocTeneHHO Mbl HayMHaeM MOHMMAaTb, 4YTO OOLIECTBO CTOMT  Celvac Ha mnopore
KaTtacTpobl 1 4TOOLI €€ n3bexaTb, NOTPebyeTca NepecTporka BCeX OCHOBaHWUI €ro nnaHeTapHoro
OblTuA. A gymaro gaxe, 4To Mbl HAaX0OMMCS B NpeadBepun CMeEHbl XapakTepa camoi 3BOSHLMK
ovonornyeckoro Buga homo sapiens. MoxeT ObiTb [gaxe, Ha Mopore HOBOro 3JTana
aHTpornoreHesa..."

[ecTpykTMBHaa  CTOpOHA  Hay4yHO-TEXHWYECKOro  nporpecca, nNposiBAsolLlascad B
co3gaBLUENCs 3KOnorMyeckon cutyaumm Ha 3emne, sBnAsieTcA OcHoBaHveM pAna  6onee
KPUTUYECKOrO OTHOLUEHUS K Hayke, XOTS TPagUUMOHHbIE MpaKTUYecKne YCTPEMIIEHUA HayKu
WHTEHCUBHO NOOLLPSOTCA.

Ho 4enoBe4yecTBO He [OMKHO MOMMOHYTb HWM BO MMS Hayku, HU B CBA3U C Ge3qyMHbIM
Hay4YHO-TEXHUYECKMM NPOrpeccoM, CKOMb Obl CTPEMUTENBHBIM OH HE Oblin.

lNouck BbIxo4a M3 CO34aBLUENCS KPUTMYECKOW CUTyauuu, CBS3aHHOW C 3KOMOrMYecKum
TEXHOrEHHbIM AMcbanaHCcoM, MpMBEN Y4YeHbIX - HalMX COBPEMEHHUKOB K BO3MOXHbIM
NPUHUUNNANbHBIM ~ pelleHnsM  3Ton  npobnembl. [losiBunacb nepcnektnBa MNpPeoaorieHns
YNOMSIHYTOrO BbILLE 3KOSIOMMYECKOro TEXHOreHHoro aucbanaHca onarogapsa ngesam dpaHLy3cKoro
mMatematuka 3. KapTtaHa, ykasaBwero B 1913 rogy Ha cywecTBoBaHMe B npupode nosnewn,
nopoXgaeMblx MAOTHOCTLIO YIIIOBOrO MOMEHTa BpalleHusl. 370 BbINo nepBbiM YNOMUHAHUEM O
TI1, kKoTOpOE 1 BLINIO NX NEPBLIM MPULLECTBMEM B HayKYy.

CywecTBoBana KOHLUENUMs, KOTopas B HacTodwee Bpemsi OECMOKOUT Yy4YeHbIX, - 3TO He
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nosabbitas uoea 06 adupe, T.e. TOHKOM cpede, Yepe3 KOTOpPYH pPacnpoCTpaHAKTCS
9MNEeKTPOMAarHNTHble BOSMHbI. B COOTBETCTBUM C ITOW KOHUENUUEWN INEeKTPOMarHWTHbIE BOJHbI
OOIMKHbI NepedaBaTbCa NOCPEACTBOM Cpedbl, KOTopas 3amnosiHseT BCce NpocTpaHCTBO. B Havane
XIX B., K TOMy BpemeHu, korga Makcesenn sanucan CBOM 3HaMEHUTblE YpaBHEHUS, TEOPETUKK
fiomanu ronoBy Hag TeM, KaK MOXET 3Heprusi nepegaBaTbCA 4yepes3 NycToTy, a notoMmy 6Obina
BBeAeHa rnnoTtesa 06 admpe Kak cpeae, KoTopasi NPOHUKAET BCloay, U, cnegoBaTenbHO, cnocobHa
nepefasaTb 9TY SHEPTUIO.

Heobxoanumo otmMeTuTb, YTO akagemuk B.M.ImywkoB B ctatbe " O BO3MOXHbIX OCOBEHHOCTAX
dumsmnyeckux nonen duocuctem "(cm. xypHan AH YPCP "KibepHetuka",1981p., Ne3, ctp.105-106)
cosgan (U3NYEeCKM MOTMBMPOBAHHblE MpPEeACTaBeHUss O CTPYKType MNpoLeccoB nepepadv
pusnyecknux nonem GMOCUCTEM UK E€CTECTBEHHbIX YCNOBUA 3(PPEKTUBHOCTM €€ BNUSHUS Ha
Buonornyeckne NPUEMHUKN Ha 3HAYUTENbHBIX PACCTOSHUAX OT MCTOYHMKOB u3nyyexus. [lo
CyLWeCTBY, B CTaTb€ peyb Wfa O TOPCUMOHHOW WMH(opMauuK, Kotopas aBndeTca (hasoBbiM
COCTOsSiHMEM (DU3NYECKOrO BakyymMa M OECKOHTaKTHO nepedaeTcss U BOCMIPUHUMAETCH 4acTsaMu
OGuoopraHM3amoB (KneTkamu, TKaHsSMW Tena, opraHamu), opraHMsMamm B LENoMm, npoxoas
MpVBbIYHbIE OpraHbl 4YyBCTB M COOTBETCTBYKOLUME MM peuenTopbl (MPUEeMHUKK, "AaTymkn")
3pPUTENBHOrO, CNYXOBOrO, BKYCOBOMO, OOOHATENBHOMO M TakTUIbHOrO KaHanos BocnpuaTtus. VHade
roBops, peyb wna o6 nHdopmauumn, nepegaHHon ¢ NOMOLLbI0 MHOPMAaLMOHHBIX NONEN, KoTopble
‘reHepupyloTca” BCEMU XMBbIMM OpraHnu3Mamu MOHEBOSIE M MOCTOSIHHO B BMAE W3MEHEHUN
(ha3oBOro COCTOSIHNA (PU3NYECKOro BakyymMa, a HEKOTOPbLIMW JI0AbMU - NO CBOEW BOJIE.

B panbHenwewm, B nepuwog 1989-1991 rr.,, ©Gonbwon obbemM yHOaAMEHTanbHbIX
nccneqoBaHWA BO3OENCTBMS TOPCUMOHHBIX NOMen Ha pacnnaeB Metanna Obin BbINONHEH  Nopg,
pykoBoacTBoM aupektopa MHctutyta npobnem matepuanosegeHus AH YCCP, Buue-npesmageHTa
AH YCCP, akagemuka B.W.Tpedmnosa KonnekTueBom, BO3rMaBnsieMbiM Had. oTtaena, 4.do-M.H.
B.lM.Man6opogon.

lMepBble 3KCNepMMeHTasnbHble NOATBEPXKAEHUS NBMEHEHUS KPUCTANNUYECKNX CTPYKTYP Npwu
AEeNCTBMM TOPCUOHHOro nons 6bin nonydeHol B UHctutyTe comsnmkm AH YCCP a.d-Mm.H.,
npoceccopom M.B.Kypukom B 1989r. n onybnmkosanbl B 1991 [A.E.AkumoB, M.B.Kypuk,
B.A.TapaceHko. BnusiHne CnnHOPHOrO (TOPCMOHHOMO) MOMs Ha Mpouecc Kpuctannusaumm
MULENAPHbIX CTPYKTYp. BrotexHonormsa. 1991, Ne3. ¢.69.] O6bekToM nccnegopaHusi 6oina B3sita
Xenyb, KOTopasi C XMMMUYECKOM TOYKN 3peHUs npeactaBnsdeT cobon cMeCb XONeCcTEPUKOB.

[anbHenwee passuTue aTUX naemn ocyecteneHo B pabotax A. E. Akumosa, I. U. LLunosa,
B. M. Kasnaueera [1, 2, 3, 33, 76]. Peub mger o TI1, cospgaBaembix nobObiM BpallaloLWMMCs
00bekToM, NOgOGHO TOMY, Kak KaxObIi OObEKT, UMEIOLMIA Maccy, Co3gaeT rpaBUTaLMOHHOE More.

YT0 kacaetca dusmkm Tl n Teopumn Lvnosa - AknmoBa, ToO Hanbonee nocneaoBaTenbHY
OLUEeHKY [an el U3BECTHbIn aMepuKaHo-BeHrepckun usnk IpBuH Jlacno: «BceneHHas,
onucbiBaemMas Teopuen C nepegaden curHana no Bakyymy, 3HaduMTenbHO 6oree B3anmocBsi3aHa,
YyeM MWUp TEOPUM  OTHOCUTENbHOCTM  ONHWTernHa. OTKpbITUE STOrO NONs  O3Ha4daeT
dyHOamMeHTanbHbIN CABUM B KapTuHe Mupa» [132].

CnpaBeanvuBocTu pagn Hago OTMETUTb, YTO HEKOTOPbIE YYEHbIE NHTYUTUBHO YyBCTBOBAU
Hanuyne Takux nonew. Bot yto nucan Benukum xmpypr n ydeHoln H. L. Nnuporos B cBoen kKHure
«Bonpochbl xusHn: «Mon cnabeii ym, Npon3Boas CBOW aHanv3 BeLwecTBa, Aens U pasnaras ero Ha
aTOMbl, HUKaK HE MOXET Ha HUX OCTAHOBUTBLCS M HE3aMETHO, HEBOSIbHO NEPEXOAUT OT HUX, B KOHLE
KOHLIOB, K YeMY-TO ApYroMy, MMeloLLLeMy BCe OTpuLlaTenbHble CBOMCTBA MaTepun, MO YMCTBEHHbIV
aHanm3 pokoBbIM obGpasom npuxoguT K HeobxoaMmoctu npuHATe BHE aTtomoB HeuTo
npoHMLaemMoe, 1 BCe U BCoAy NpOHUKatowee, Hegennumoe, 6ecpopmMeHHoe, BEHHO ABMXKYLLEecs U
WMEHHO 3TUMK CBOMCTBaMM coobLjalollee ABWXEHMEe, CKONnsllee, packneusarowee aToMbl,
obpasytoLiee TOT UNU MHOW BMA, CMOTPS MO TOMY, B KaKylo U 4yepes3 Kakylo oopMy mMaTtepum OHO
NPOHNKaET».

B mupe ectb MHOro nogen, KoTopble CNocobHbI BU3yanuampoBaTb To, 0 YeM nucan H.W.IMuporos..
OTu nogn BUAAT MHOXECTBO (ouryp B BuAE BPaLLAOLLMXCA KOHYCOOOpa3HbIX crnvpanen (BUxpewn,
BOPOHOK). Kak mpaBuno, niogn BblAendAlT ABMXEHWE OAHOWM crnmvpanu no obpasylolen KoHyca,
npyvyem 3akpyTka cnupanu UaeT no YacoBow cTpernke. o mepe JOCTMXKEHME CnMparnbio BEPLUUHbI
KOHyCa B 3aCTbiBLUYIO Ha MIHOBEHbE KOHYCOOOpasHyl cnuvpanb BMBAKTCA BUAMMbIE MOTOKM,
yepes HEKOTOpOe BpPEeMs Ccnupanb CTArMBaeTcd , U nocne HebonblioW naysbl  HavyMHaeTcs
dopMmnpoBaHMe cnvpann C IeBON 3aKpyTKOW, M 3TO MOBTOPSAETCS B TeyeHue BpEMEHMU
HabnogeHusa. 3Tn cnupaneByaHble o6pa3oBaHMs MOryT B3aUMOOENCTBOBATb U B3aMMOLENCTBYIOT
Mexay cobon. Ha pucyHke, 3aumcmeoeaHHOM u3 KHuau [1.®. [Jabpo “OneszaHmHoe obpemeHue
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cunbl’”, nokasaH YUK 3apoxX0eHusl suxpsi C OBYMS BOPOHKamMwu/BogoBopoTamMu B hopme TopHazo.
OpHa BOpoOHKa (ee camas LMpoKasi YacTb HaxoAMTCA Ha “‘CeBepHOM” MOMKCE) CYyXKAETCs BHU3 K
LEeHTpYy cdepbl, gpyras (ee camasl LMpoKas 4YacTb HaxoguTcsa Ha  “toKHOM” Montoce) Toxe
CyXXaeTcsl, NoAHMMAasICb BBEPX K LIEHTPY cdiepbl. VX nonble NpocTpaHCTBa CoeauHATCS, obpasys
CyXeHve B LeHTpe cdepbl. Cama cdepa TeyeT M 3aBMBAETCS BOKPYr cebs Kak cocToAwmn 13
CTPYH wWap wunu konbuo Abima. Takas dopma, cdepa ¢ “Oybrnmkom, Abipka” KOTOPOro CyXeHa
nocepenuHe, B TEXHUKE Ha3bIBAETCA cqhepuyeCcKUM mMOpOM.

KapTuHka Topa.

C _npeBHUX BpemMeH OblI0 3ameyeHo, Y10 dopMa MpeaMeTa OKasblBAeT CUSIbHOE

BO3ENCTBME HA ero BocnpuaTne. 3TOT daKT OTHOCUIN K NPOABNEHUIO OAHOW M3 CTOPOH UCKYCCTBA

B _Hallel XW3HW, NpuaaBasi eMy CMbICl CYObEKTMBHOIO 3CTETUYECKOro BUAEHMS peanbHOCTMU.
OpHako okasanocb, 4YTo nwbor npeaMeT co3aaeT  BOKPYr  cebs  "TOPCUOHHBLIVM  NopTpeT”,

npeacTaBnAwLIMIA cobon cTaTuydeckoe (MnuM AMHaAMUYECKoe) TOPCUOHHOE none.

0. V. MeHgeneeB - CTOPOHHUK ahmpa - roBopun, YTO OH Mpu3HaBan BeLlecTBO adupa no
CMOCOBHOCTM MpOHMKaATb BO BCE BELECTBA, «JIMWEHHbIM CnocobHOCTM o0bpas3oBbiBaTb C
OObIYHBIMM aTOMaMn Kakme-nnbo CTOMKMEe XMmudeckue coeamHeHus. CnegoBaTenbHO, MUPOBOWN
avp MOXHO npeacTaBUTb, MNOAOOHO TrenuIo WU aproHy, He ChOCOOHbIM K XUMWUYECKUM
coeanHeHnamy». OH gaxke ocTaBuil MecTo B Tabnuue Ans HyneBoOro afieMeHTa, JaB eMy Ha3BaHue
— «HbtoToHUAY. Mpn aTom MeHaenees cTaBun BNOSMIHE KOHKPETHYHO Uerb - «3aMKHYTb pearnbHyto
nepmoanYecKkyto CUCTEMY ... MPEeOErioM UMK rPaHbi0 HUBLLETo pa3mMepa aTOMOBY.

[anbHenwee passuTre naen ampa MoOXHO HaNTK B paboTax pOCCUNCKMX yYeHbIX [77], rae
mMogenb admpa nNpeacTaBneHa B BUAE CBEPXTEKYYEro BakyyMa, COCTOSALLEro U3 nap arekTpu4ecku
pPasHOMMEHHO 3apPsPKEHHbIX MWUKpoYacTuL, WMerLWuX CnuH. B  HeBO3MyLLUEHHOM COCTOAHUU
CYMMapHbIA CMWH nNapbl paBeH Hymnw. Hanuuue anekTpuyeckn pasHOMMEHHO 3apsKeHHbIX
MUKpOYacTUL, NO3BOMSET Onucatb AWINEKTPUYECKMEe CBOWCTBA BaKyyma U pPOXAEHWEe W3 Hero
3apPSHKEHHbIX 3NeMEHTapPHbIX YacTuL,.

Mo cy™m pena, cornmacHo MNpeacTaBneHUsIM POCCUUACKMX YYEHbIX, CBEPXTEKYYUA BaKyym
ABNSIETCA CBETOHOCHOW Cpegon, CnOCOBHOM ANUTENbHO COXPaHATb BO3HUKLUME B HEW CTPYKTYpbI
(Hanpumep, BUXpK), T. €. B HEM BO3MOXHO CYLLLECTBOBAHME YCTONUMBLIX CMIMHOBbLIX CTPYKTYP (0gHa
M3 HWUX - OOHOPOOHO npeueccUpyloWnn  goMeH). 3gecb Xe  3aTPOHYTbl U BOMNPOCHI
camMoOopraHu3aLmm XXMBOW Matepun. YUyeHble nonaratoTt, 4To noboe XMBoe CyLeCcTBO MMeET CBOe
«NpoJoIMKEHNE» B PU3NYECKOM BakyyMe, KOTOPOE ABMSAETCS TaM YyNpaBnsioLen CTPYKTYpOM.

Hanuune ynpaBngaowmnx CTPYKTYp B pearnbHbiX Ouonormyeckux obbektax no3BonsieT
onucarb, B YaCTHOCTU, MEXaHWU3M OEeNCTBUS NOMen He SNeKTPOMarHUTHOM NPUPOAbl Ha XUBOE.

B panbHenwem Mbl UCNONb3yeM TOPCUOHHYI Mogenb Puamyeckoro Bakyyma Ans
00bsACHEeHUs 0coboro TMna B3anmMogencTBMn Mexay 006bekTamm XXMBOM U HEXKMBOW NPUPOAbI.

C nposiBneHnem pasnuyHbiX CBOMCTB TI1 Hayka cTankuBanacb [AOBOMbHO 4acTo, a

Habnogatweecs MHoroobpasne noaxonoB K NOCTPOeHMo Teopumn Tl roBOpUT O TOM, YTO Teopus
elle Jarneka oT CoBEpLUEHCTBA.
WHTepec k Tl ocobeHHO BO3POC B nocnegHee BpeMs, 0 YeM CBUAETENbCTBYHOT MHOMOYMCIIEHHbIE
nyonvkaumm, koHdepeHumm 1u nyonmyHble nekunn. B 1-on gekage nona 1998 r. npowen lNepBbi
MeXayHapoaHbIn KoHrpecc «bnoasHepronHdopmaTtuka (MopHbii Antanm, Poccusi)», roe OGbinu
3acnylwaHbl goknagbl n cooblleHna no usnke, TexHuke n npumeHexHno Tr. MexayHapogHas
Hay4HO-NpakTu4yeckasa KoHgepeHuuns "OcCHOBbI (PU3NYECKOrO B3aMMOAEWNCTBUA : Teopus U
npakTuka" 6bina nposegeHa B Kneee B anperne 2008 r. (http://www.spinor.kiev.ua) , a B aBrycte
2009 r. B . Coun cocrosinack MexayHapodHasd HayydHas koHdepeHuust "TopCMOHHBIE MOMs U
MHGOPMaLMOHHbIE B3anmoaencTems”,nocesilieHHas namatn A.E.Akmmosa (http://www.second-
physics.ru/node/23 ).

OueBungHo, 4TO BnepBble Nony4veHHble Ha pybexe 80-90-x rogos pesynbTaTbl U UX 3HAYEHWE eLé
MOMHOCTbLIO HE OCMbICNEeHbl . OHKM XAYT AanbHenwen pa3paboTkn n nmetoT 6onbLLION NoTeHumnan
ANSA CO34aHMs Lenoro cnekTpa TEXHONOrMm HOBOMO MOKOSIEHMS.

TopCuOHHbIE TeEXHOMNOrMmM - TexHonorun XXI B. - OCHOBLIBAKOTCA HA Ucnonb3oBaHum TT1
Kpy4eHus - HOBOro, XOTS BCeraa CyLLeCTBYHOLLEro B NpUpoAe, HO ManouccrneaoBaHHOro Tmna
MHGOPMAaLMOHHbIX MOsen.
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Bce O0ObeKkTbl XMBOW W HEXMBOM NPUPOAbl MHOYUMPYOT B (U3NYECKOM Bakyyme
cobcTBeHHbIE XxapakTepuctmyeckne TI1, Hecywme CRoXHYH WHOpMaUnMo O CTPYKType UX
cnuHoBbIX cuctem [10].

[Mpn nponyckaHum TOPCUOHHOIO U3IyYeHUss 4Yepes BeLeCTBO (T.H.TOPCUOHHYK MaTtpuuy)
OHO B pesynbrate B3aMMOAEWCTBUSA C xapakTepuctudeckmm TI  matpuubl npuobpetaer
MHGOPMaLMIO O CTPYKType ee ChIMHOBOW cucTtembl. Bosgencteme Hecyuwero uHdopmaumto
TOPCUOHHOIO  U3NYyYeHUs Ha  OObEeKTbl  XMBOM W HEXMBOW  MPUPOAbl  HasbiBatoT
KUHPOPMALMOHHBIMY.

Tl nepeHocAT MHopmaLMo O NpoLeccax, NpoTekaLwmx B pusndecknx obvekrax. Tl He
norrnoLwiarTca cpegamMn, Tak Kak WMEKT He SMeKTPOMarHUTHYH npupony, XOTS BO3HUKALoT,
Hanpumep, ogHoBpeMeHHo OMI. Cpean 6asupyowmxca Ha Teopumn TIT nporpamm, KOTOpblE MOTyT
ObITb peanu3oBaHbl B Heganekom byayuiem, eCTb NporpaMmmMbl N0 UCCNEAOBAHMIO NyTen Co3aaHuns
9KOMOrM4yeckn YnUCTbIX, pecypcocbeperarolmx TEXHONOMMn, CUCTEM U CPEeACTB HeTpaauLMOHHOIO
BbICOKOI((EKTMBHOIO aHeproobecneyeHnsa, no wusydyeHuto BosgencTBua Tl Ha cBoncTBa
MaTepuanoB C Uenbio pa3paboTkM TEXHONMOrMn MnpOM3BOACTBA MaTepuarnoB C  3adaHHbIMU
CBOWCTBaMMW, MNPOM3BOACTBY TOPCMOHHOIO 06OpyaoBaHUA ANS OpYrMx oTpacrned HapOAHOro
XO35IACTBA, MOBBLILEHUIO YPOXKANHOCTU CENMbCKOXO3ANCTBEHHbIX KyNbTyp W MPOAYKTUBHOCTU
XWBOTHOBOACTBA, YBEIMYEHUID CPOKOB XPaHEHUsS NPOoOOBOMbCTBEHHbLIX TOBApPOB W psda Opyrux
TEXHOMOrMM U CUCTEM, CpeacTs, obecnevmBaroLLmMx coxpaHeHme cpeabl 0buTaHmsa u paunoHanbHoe
ncnonb3oBaHMe NPUPOOHbLIX PECYPCOB.

[ocToBepHble pe3ynbTaTbl 9KCMEPUMEHTanbHbIX MWCCRegOBaHUN W UX peanuMsaumsa B
HEKOTOpbIX 00nacTaAX TEXHUKM W MpPOU3BOACTBA (HANpuMMep, 9SKCMEPUMEHTbI, MoKasaBLuve
cywectBeHHoe BnvsiHUe Tl Ha noBblWEeHWE NPOYHOCTU U MAACTUYHOCTW CTanu, CUnymuHa n gp.)
noaTBEPX4atoT BO3MOXHOCTb 3PEEKTUBHOIO NPUMEHEHUS TOPCUOHHBLIX TEXHOSOMMI B PasfnyHbIX
obnacTax npaktTuyeckomn geatenbHocTyn [3].

CospgaHue reHepatopoB Tl (nonew, noOpoXAaeMbiX KIACCUYECKMM  CMMHOM) W
3KCnepuMeHTanbHoe MOATBEPXKAEHME CMUHOBOW nonsdpusauumn BellecTBa nNpu AEUCTBUN Ha
BELLECTBO TOPCUOHHbIX MOMer NO3BOMWMO CO34aTb OCHOBbI METOAA M3MEHEHWUS XapakTepucTuk
MaTepuaroB Mpy UCMOSb30BaHUM TOPCUOHHLIX BO3OENCTBUIA Ha HUX. B aToM cnyvae uM3MeHeHue
CMNHOBOW CTPYKTYpbl BeELLEeCTBa peanuayetcd 4depe3 WMHGPOPMAaUMOHHOE BO3OENCTBME, a He
3HepreTuyeckoe. OKCNepUMEHTanbHO Oblfla noka3aHa BO3MOXHOCTb MpU  UCNONb30BaHUK
XapaKTEPUCTUYECKUX TOPCUOHHBLIX CMEKTPOB U3MEHSATb TUM KPUCTaNMMYECKON peLleTKu CrraBoB,
nonyyate amopdHble MeTannbl 6e3 Mcnonb3oBaHMs CBEpPXObICTPOro OXNaxAaeHus, WU3MEHSATb
CTeneHb ANCMNEPCHOCTU CrMraBoOB W, B pesynbrate, U3MEHATb WX MNPOYHOCTb, MNMNACTUYHOCTb,
KOPPO3UAHYHD CTOMKOCTb W Apyrme  OU3NKO-XMMUYECKNE  XapaKTepucTuku. [lonyyeHHble
pesynbTatbl MO3BONAT OOOCHOBAHHO MNPeanonoOXuUTb BO3MOXHOCTb M3MEHEHUa  (PU3UKO-
XUMNYECKNX CBOWCTB KepaMWKW, CUHTETUYECKMX W OPYrMxX mMatepuanoB Mpu OeACTBUM Ha HUX
TOPCUOHHbIX NOSIEN.

OpHako ogHMM 13 rMnaBHbIX HanpaeneHun nccnegoBanunsa Tl ecTb Meguko-6uonoruyeckoe,
TaKk KaK TOPCUMOHHble TEXHOMOrMM MPOSABNAT OfNpedeneHHylo CcTerneHb arpeccuBHOCTU Mo
OTHOLLIEHMIO K YESTOBEKY.

O6Lwas KoHuenuus B3aMMOAENCTBUA CMUHOPHO-TIT C XMBbIM BeLEeCTBOM, BKMo4Yas
abdekTbl  XMpanbHOCTU  (CTEPeOonpPOCTPAHCTBEHHON  CTPYKTYPbl  OpPraHW4Yeckux  MOnekyn),
renMoKOCMMYECKOro MMNPUHTUPOBAHNA NpuBegeHa B pabote [33].

MoHsaTne «TIM» MMeeT WWMPOKMA CHEKTP NPUMEHEHMS: No4 HUM MOHUMaKT WU nons,
00yCnoBrneHHble reomeTpuyeckor opmon Ten (mone BHYTpM npeameta, obbekta u gp.), u
nanyyenus T13, n TOPCMOHHLIE KOMMNOHEHTbl OMW TeneeBm3opoB, MOHUTOPOB MNEPCOHANbHbIX
komnbtoTepoB ([MK) n gpyro anekTpOHHOW TEXHUKMW.

PaccmoTpeHne Bonpoca O HEraTMBHOM BRMSIHUW Ha YenoBeka 3TUX nonen uenecoobpasHo
HayaTb ¢ npupoaHbIxX TI1 - MI3.

Wmeetca pag nybnukauun, cBasbiBaloWwmMx gnutenbHoe npebbiBaHne 4ernoeeka B [T13 ¢
Yrpo3oun ero 340poBbIo.

M3 npuHATO Ha3biBaTb fIOKasbHbIE Y4aCTKM 3EMHOW NOBEPXHOCTU, B KOTOPbIX OTAENbHbIE
BUOblI PaCTEHUN W >KMBOTHBIX, @ TakKKe W YeroBeK WCMNbITbIBAIOT HEOLLYTMMOEe CTpeccoBoe
BO34ENCTBME, NpuBOAdLLEE K BO3HUMKHOBEHMIO Pa3fMYHbIX (YHKUMOHAMNbHBIX PaCCTPOWCTB,
CHWKEHMIO conpoTmensaemMocTu 3abonesanuam [17, 39, 40, 55, 59, 60].

Opyrumn crioBamu, k [TI3 oTHOCATCA yyacTkM 3eMHOW MOBEPXHOCTU, rAe MNpOSsIBISAOTCA
aHoManbHble W3ry4yeHus, Bbl3blBalOLLME MaTONOrM4eckoe COCTOSIHWE Y >KUBbIX OpPraHuM3MoB, B
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YaCTHOCTU y YernoBekKa.

3emnga npegcrtaBnsieT cobon CNOXHYK ANHAMUYECKYHD CTPYKTYpPY, OCOBEHHOCTU KOTOPOW
TONbKO cenyvac no3HarTcs B 6onee nonHom mepe.

Kpome KOCMMYECKMX Cuil, Ha Hee BMAKT U akTopbl SIBHO 3E€MHOIM0 MNPOUCXOXOEHUS:
MarHUTOrMapoanNHaMmnyeckne aBneHnst, reonormyeckne TpewmHbl u T.4.

OTO CrOXHOE B3aMMOOENCTBME CO3AAET IHEPrOCUIIOBOM KapKac - CUCTEMbI NIMHWUIA, NOSOC,
30H 1 ceTok. CambiMK pacnpoCcTpaHeHHbIMM MO Nnowaan 1 Hanbonee BpegHbIMK OIS YenoBeka
30HaMn ABNSAETCS Tak HasbiBaeMas reobuonorudeckas cetka (cetka [T13), nokpbiBatowlas BCHO
3emnto. Kpome Toro, nctovHmkamm M3 aBnsa0TCA TpELUHbI 3EMHOW KOPbI, KAPCTOBbLIE MYCTOTbI U
BO MHOIMX Cry4asx rpyHTOBble BOAbI.

Ha d¢yHaameHTansHOM HayydyHoOM YypoBHe npupody [TI3 cBAsbiBalOT C KnacCu4ecKum
CMVHOM, T.€. JaHHble 30Hbl ABMAKTCA pasHosBuaHocTebio TI1 [2]. Mpu atom uccnegosatenn Tl
obpallalT BHUMaHWE Ha TO, YTO YNOMSHYTbIE NOMs NOPOXAATCH YrNoBbIM MOMEHTOM BpaLleHuUst
UIIN KNacCUYeCKUM CAMHOM, @ He MarHUTHbIM MOMEHTOM.

Yenosek okasbiBaeTcs nog HeratuBHbIM Bo3genctanem M3 B cuny Toro, 4To OH BbIHYXAEH
ANUTENbHOE BPEMS HaxoaUTbCs Ha pabovyeM MecTe WNU B KUNuwax, KoTopble pa3MeLleHbl
HenocpeacTeeHHo B M13.

MockonbKy, Kak ykasbiBanoch Bbiwe, npupoda M3 TopcuoHHasd, To uenecoobpasHo 6onee
noapobHO paccMOTPETL, UTO Xe cobon npeacrtasnsioT TI1.

1.2 OcHoBHbIe nonoxeHus KoHuenuun Tl B 0630pe Hay4yHOM NUTEpaTypbI.

B. ne Cabbarta n K. BuBapaH B xypHanax «HyoBo YumeHto» (1989 r.) n «HTepHewHnN
[bxopHan od Teopetukan Pusmke» (1990 r.) coobwawT O HAGAOAEHUM CUAbHbLIX CAWH -
TOPCUOHHbIX B3aMMOAEWCTBUIN MNpPU  PaCCEsHUN NONAPU30BAHHBIX MPOTOHHLIX My4kKOoB M 06
0BGHapy>XeHUN TOPCUOHHbBIX B3aUMOOENCTBUI KaK NATOWN CUMbI.

B 1976 r. A. Tam n B. Xannep oBHapy>xunu, 4To Npu NpoxoxaeHnn AByX NOnspu3oBaHHbIX
nasepHbIX My4yKkOB 4epe3 mnapbl aTOMOB HaTpuUst 3TM MYYKM MPUTATMBAKOTCH, €CNNU  OHMU
nonsapu3oBaHbl OOMHAKOBO, M OTTaNKMBaKOTCS NPY MPOTUBOMOMOXHOW NONAsipU3aLnn.

M. Hank n T. lNpagaH oObACHUNM 3TOT 3EKT akcnanbHO-BEKTOPHLIM TOPCUOHHBIM
B3aMMOOENCTBUEM.

CnvHOpHOE B3aumoencTBMe s4ep aTOMOB B KBAHTOBOW XXMAKOCTM - MOMSiPU3OBAHHOM
renun - Habmogann M. Jlegtok 1 B. KactaH («J1a Peuepu», 1988 r.). X. Xanacaka n C. Takeyuu
OOHapyXnnm nameHeHne Beca BpallaroLwmxcst rmpockonos («®usmkan Peebto Jlettepcey, 1989 r.).
Mpuyem adhbcbekT Habnwoganca TONbKO B Crydyae nMpaBoOro BpalieHUs TMpOCKOMoB. JTOT
rmpockonuyeckmn acpdekT Habnoganca u apyrumm astopammn (H. A. Kosbipe, C. M. n O. C.
Monskosbl, U. Aknpa n gp.).

lMepeyeHb aKCMepuMMeHTanbHbIX paboT, B  KOTOPbIX MOMy4YeHbl ybeauTenbHble
AoKasaTenbCTBa  CYyLEeCTBOBAHUA NATOr0  (PyHOAMEHTanbHOrO  B3aMMOAEWCTBUS,  MOXHO
NPOLOIKUTD.

B WHctutyte npobnem wmatepuanoBeneHua (. Kues, VYkpaumHa) npoBoAnNUCH
nccnefoBaHWs BO3AEWCTBUSA CMIMHOPHBLIX U3MNYyYEHUI Ha NPOLECC KpucTanimaaumm npu oCTbiBaHWM
pacnnaesa MeTanna, KoTopble nokasanu YeTKO Bblpa)KeHHbIe CTPYKTYPHble M3MEHEHUS MEeTarnsos,
N3MeHeHune nx nsan4ecKknx CBOMCTB.

B otyete NocyaapcTBeHHOro YHuBepcuTeTa TenekoMMyHukaumm umenm npod. M. A. BoHu-
BpyeBuua (r. CaHkT - MeTepbypr, Poccus) ykasaHo, 4To obHapyeH OoTKnuMk hopMoobpasoBaHust
MUKPOKpUCTanna B CUITIbHOM areKkTpudeckom nose Ha TU.

B YepHoBuukom locymapctBeHHOM YHuBepcuteTe (YKpauHa) uccnegosanucb npobnembi
co3gaHust peructpatopoB TU n BnvsHWE 3TUX M3NYYEHUA Ha OOBLEKTbl C WM3MEHSALWMMUCS
COCTOSIHUSIMW MarHUTHOW NoAacucTeMbl. Bo Bcex criydyasx nonyyvyeHbl NONOXUTENbHbIE pe3ynbTaThl.

W ewle ognH OT4YeT - 0 paboTe, BbINONHEHHOW B HCTUTYTE MeauumHckmx npobnem Cesepa
(r. KpacHosipck, Poccus).

ABTOpbI OTYETA NPULLINM K CreayoLuM BbiBOAAM:

«YcTaHoBNeHo, 4TO BoO3genctBue TI1 Ha opraHM3mM 4YernoBeka W B3BeCcb JnuMdounToB
nepmudepmnyeckon KpoBM BbI3bIBAET WU3MEHEHUSI BHYTPUKINETOYHbIX OOMEHHbLIX MpPOLECCOoB,
3aBuUcsALME OT UHAMBUAYamNbHLIX OCOBEHHOCTEN perynsaumm opraHusmay. B pabote [33] onucaH
pag 3KCNepPUMEHTOB, NPOBOAMBLUMXCSA Mog pykoBoacTBoM B. M. KasHayeeBa B TeyeHue 40 net B
WHCTUTYTE KIIMHUYECKON M 3KcnepumeHTanbHon meguumHel CO PAMH n MexaynHapogHom HUN
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KOCMUYECKOM aHTPOMNosiorMm no U3yydeHumo B3aMMoaenctsusa pmsmyeckmx, B TomM yYucne un TT1, ¢
Buonornyeckummn obbekTamu: knetkamm, 6aktepmusamm n gp.

YKasblBaeTCsi, YTO CKOHCTPYMPOBaH reHepaTtop, onucaHHbii B pabotax A. E. Akumosa, I. U.
LLnnosa n ap., KOTOpbIN N3nyyaeT apupHO-gnuHammdeckmne notoku Tr1.

Ecnu Takon reHepatop pabotaet B pexume «nebix» Tl (3UPHbBIN NOTOK 3aKpyymBaeTcs
BMEBO - MPOTUB YACOBOMW CTPESKW), TO TKaHEBble KymnbTypbl (3TO KMNETKM 4YernoBeKa) HaudnmHaloT
aKTMBHO pasMHOXaTbCH, B TO BPEMSA Kak cuHTe3 6enka u nonvcaxapugoB uaetr HopMasibHbIM
nopsiaKoMm.

Mpn n3mMeHeHM pexrma reHepawlmm Ha NPOTMBOMOSOXHbBIA MUTO30B HET, HO CUHTE3 Benka
B KI€TKax, akTMBHOCTb UX rEHOMOB HeObbl4aHO BbICOKM BO BCEX Cry4asix.

OTmeueHo, 4YTO uccrnegoBaTenu CTOMKHYNNCL C 3MEKTOM CYLLLECTBOBAHUSA B OpraHuame
yenoBeka HEu3BECTHbIX WM OapbepHbiX MeXaHW3MOB, MPEnATCTBYOLWNX BHEOPEHUIO HOBOW
MHgopmaumn nocpeactsoM TI1. Peub naer o « TOPCUOHHOM MMMYHUTETE» OpraHmn3ma.

Casenun Cassa (USA, California, Monterey Institute for the Study of Alternative Healing
Arts (MISANA) Carmel), B cBoen pabote [77], nocesiLieHHON npobrneme GUonornyeckoro nons,
cunTaert, YTo PU3NYECKUM HOCUTENEM ero AO0IMKHO BbiTb, NO MEHbLUEN Mepe, O4HO HEM3BECTHOE B
HacToswee BpeMs yHOaMeHTanoHoe usanyeckoe nore, KoTopoe MOXEeT B3anMoOencTBoBaTh C
N3BECTHbIMU PyHOAMEHTANbHBIMWU NOMASMU: TPABUTALMOHHBIM N 3NIEKTPOMAarHUTHbIM.

3aBucmmocTb mogansHocTM TW oT nopsigka coyetaHns NPOCTPaHCTBEHHO pasfeneHHbIX
BeLLeCTB MHAPOPMALMOHHON MaTpuLibl, pacnpoCcTpaHeHne TOPCUOHHON KOMMOHEHTbI U3IyYeHnst
KBaHTOBbIX reHepaTopoB npmeeneHsbl B [3]

YenoBe4vyecTBO Nonb3yercsd MOOWUITbHLIMUW U CNYTHUKOBLIMU TernedoHamu, paavo,
TenesuaeHnem n NHtepHetom bnarogaps omsmnkam - SKCNEPUMEHTATOpPaM, HO He
TEeOopETUKaM.

1.3 Mogenu nonspmsoBaHHbIX cocTosiHMN ®usnyeckoro Bakyyma un TrI1.

B coBpemeHHOM uM3MKe MWCNOMb3yTCsA pasHble Mogenn dusmyeckoro Bakyyma
(Hanpumep, BakyyM YpHy, Bakyym BynbBapa v gp.) 1 KOHLEeNUnMn, CBA3aHHbIE C €ro nonspusauuen.
MnoTes o4YeHb MHOTO, N Kaxaas M3 rmnoTes MMeeT MpaBo Ha CyLeCTBOBaHME, Tak Kak nbiTaeTcs
BbICBETUTb €CNM He BCI0 Npobrnemy, To XOTs Kakyo-HMbyab ee YacTtb. B 3TOM 1 coCTOUT LEHHOCTb
Hay4Horo nouvcka. Tak, B pabote [71] paccmoTpeHbl Bonpock! nonspusauun dusnyeckoro Bakyyma
npyv BO3AENCTBUUN BOSTH C MPOAOSbHON KOMMOHEHTOW 3MEKTPUYECKOro Nonst U BO3HUKHOBEHUE 3TUX
BOIMH Mpu Tak Ha3blBaeMOM MNnasmMeHHO-BakyyMHOM adhdekTe.

Henb3a He ynomsiHyTb O Mogenu npocTtpaHcTBa (Pusmyeckoro Bakyyma), npeanoxeHHOM
Brnagnmupom JleoHOBbIM, KaHOWOATOM TEXHWYECKMX Hayk (K. T. H.), naypeaTtoMm npemuu
npasutenbctea PP B 06nacTy Haykm 1 TEXHUKW.

Ecnn Mbl roBopuM O CTpyKkType Kakoro - nnbo ¢uandeckoro obbekrta, O TOM, Kak OH
YCTPOEH, TO AOIMXHbI AaTb onpegeneHne ero anemeHTapHon ayverike. [ina MmatepuarbHbIX Ten - 910
aToM, Merbyanllas Yyactuua BeLlecTBa, COXpaHsaLlas ero CBOMCTBa. [ns anemMeHTapHON S4Yenkn
NMPOCTpaHCTBa MNoka OOLEenpUMHATOro Ha3BaHuA HeT. Matemartmdeckass mMogenb anemMeHTapHOMu
SYEeNKNn npocTpaHcTBa JleoHOBa XxapakTepusyeTcs uYeTbipbMsi pusmyeckumn 3apsigamm - gsa
3MNeKTPU4eCckmx (NC - MUHYC), U ABa MarHUTHbIX (CeBep - tor). OTW 3apsagbl pacrnonoXeHbl B
dopme TeTpasgpa, rae anekTpnuieckne N MarHUTHble OCU NeprneHanKynNapHbl apyr Apyry.

T. 0., MOAEnb BKNOYAET KakK pU3nNYeCckuin, Tak N reoMeTpndeckunii acnektol. JleoHoB Hasgan
€ro reoMeTpu4eCcKnin KBagpynorb, rae NeKTpMyYecTBO U MarHeTn3m CoeanHeHbl B eQMHYI0 YacTuLly.
CnenyeT OroBopuTbCs: MaTemMaTuyeckoe MoenupoBaHMe Kakoro - nmbo siBNeHus BOBCE He
rapaHTupyeT, 4YTO Takoe SABMeHWe [AeWCTBUTENbHO WUMEEeT MeCTO, HO OHO 3acTaBrser Apyrux
uccnegoBartenen uckatb [OOBOAbl «3a» W «MNPOTMB» W OOBEKTMBHO paCLUMPSET paHuLbl
nosHaHHoro. Kak roeopun Kanuua, onbITHbIE 3KCNepUMeHTaTopbl HE AOBEPSIOT TEOPETMKAM

Mo JleoHoBY, nNpuv  CTOMKHOBEHUM [ABYX  9fEeMeHTapHbIX  4acTul,  UMELLMX
NPOTMBOMOSOXHbIE 3apsAdbl, HanpuMep, 9rekTpoHa W MNO3UTPOHA, MNPOUCXOAUT He TONbKO
AHTUIMASIUMOHHBIA B3pbIB, Nopoxdawowmnin hoToH, HO N obpasyeTca HoBas 4YacTuua, KoTopas,
Oyoyun 3artem «ONnogoTBOPEHHOM» nobonm gpyron dactvuen c  Oonblion  3Hepruen,
BOCnpou3seneT (MaTepmanmayeT) aneKTPOH U NO3UTPOH.

MoHO MpeanonoXnTb, YTO NPWU CTONIKHOBEHUW OBYX 3dneMeHTapHbIX YacTul, MMELLMX
NPOTMBOMNONOXHbIE 3apsaabl, 0Opa3yeTcsa HOBasd vacTuua, SBNSOWAACA «NfaHOM», «MaTpuuen»

-11 -



mMaTepuanusauumn n3 Bakyyma (T.e. cogepxalasacsa tenepb MHopmauuio B He NPOsiIBNIEHHOM BUAE,
3TO0 WHdopMauns «B MNoTeHunane», B 3aKoAMPOBAHHOM BUAE, CMbICST KOTOPOM CKPbIT OT
YenoBeYyecKoro CO3HaHus). JleoHoB paccmaTpuBaet ee (MHdOopmauuto) Kak
3HEepronHpopMaLMoHHbIN BUT. BTa nHopMauusa nNpucyLla a priori BceM anemeHTam Mupa kak ero
pasBopavnBaoLLNNCS NOTEHUNANbHbIA YPOBEHD.

VccnepoBaHus, CBA3aHHbIE C U3yYeHNEM eOuMHOro on3n4ecKoro NpocTpaHCTBa - BPEMEHU
MUKpPO - 1 Makpomupa nossonunu B. C. CmupHoBy (r. CaHkT-lNeTepbypr, Poccusi) BbioBUHYTH
rMnoTesy, COorracHo KOTopon POTOH npeacTaBnseTr cobor SMNeKTPOHHO-MO3UTPOHHYK napy,
006beMHEHHYI0 B €4MHOE NPOCTPaAHCTBO (Tak Kak (POTOH BO3HUKAET NPW aHHUTUNALUN 3NEKTPOHA U
no3nMTpoHa). Mexay 9nekKTpoHOM W MO3UTPOHOM  MOCTOSIHHO — NPOUCXOQAT  KpyroBble
BO306HOBNsAeMble npouecchl. PacyeTbl NokasblBaloT, YTO KOMNTOHOBCKAsA ANIMHA BOSHbI ANEeKTPOHa
paBHa ANVHE BOMHbI (POTOHA, MOCKOSbKY SMEKTPOH SABMSAETCA MOMOBUHOM €AMHOW 4YacTuubl -
oToHa.

BoaHukHoBeHME Tl MOXHO OObACHUTL Npu MNomowm mogenn duamdeckoro Bakyyma,
npegnoxeHHon A. E. AKMMOBBIM, KOTOpas SBMASETCA SMNEKTPOHHO-NO3UTPOHHOW MOOENbIO
®usunyeckoro Bakyyma . [lupaka B HECKONLKO N3MEeHEeHHOW uHTepnpeTauuu [1].

MpenBapuTensHo paccmoTpum «BakyymHoe mope» [Oupaka.

B 1930r. aumuickmii ¢umsmk . Oupak obobuimn ypaBHEHUS KBAHTOBOW MeEXaHWKK, U3
KOTOpbIX CrneaoBano, YTO 3MEeKTPOH MOXeT obrnagaTb He TONbKO MONOXMTENbHOW, HO Takke W
oTpuuatenbHon aHeprven. CnegoBano O4HaKo OOBLACHUTb, NOYEMY TaKMX ANEKTPOHOB HUKTO He
Habnogaert [36].

[unpak oTBeTUN Ha 3TOT BOMPOC, BOCMOSb30BABLUNCHL NMPUHLMNOM 3anpeTa, KoTopbin B 1925
r. cdpopMmynuposan Hemeukuin chunsuk B. Maynu. MpuHumn Maynu rmacut, YTo B KBAHTOBOMW cUCTEME
ABe TOXOECTBEHHble YacTuubl, obragatrowmne nonyuernbiM CrMHOM, He MOryT OOHOBPEMEHHO
HaxoAuUTbCA Ha OAHOM 3HepreTuyeckom ypoBHe. HeobxoguMO HaMOMHWUTbL, YTO CMWH (4YTO Mo-
AHITINNCKM O3HAYaET «KPYyHEHUEY, KBOMYOK») — 9TO (pyHAAMEHTANbHOE KBAHTOBOE YNCIO, KOTOPbIM
XapaKTepu3yloTca BCE dNeMeHTapHble YacTuubl. YNCNEHHO CMWH paBeH COBCTBEHHOMY MOMEHTY
KonuyecTBa OBWXEHUS 3TUX YacTuy, HO, Oyaoyynm KBaHTOBOM BENUYMHOW, MOXET UMETb TOMbKO
oUKCUpOBaHHbIE Lenble unu nonyuensle 3HadeHus. [na anekTpoHa, Hanpumep, CrvH paBeH V2
nméo -7 .

N3 Teopumn [Oupaka cnegosano, 4To Mexay obrnactamMu NONOXUTENbHbIX U OTpUUaTeNbHbIX
SHeprun OormkHa CyLlecTBoBaTh 3anpeLleHHas 30Ha, B KOTOPOW 3MNEKTPOHbI HAXOAUTLCA HE MOTYT.
Mcnonb3yst aToT pesynsrar cBoer Teopun BMecTe ¢ npuHuunom lMaynu, Avpak npeanonoxur, 4YTo
B 0bnacTu oTpuuaTernbHbIX SHEPTUA ANEKTPOHOB BCE 3HEpPreTnyeckne ypoBHU 3aHATbl, CBOBOAHBIX
MecT HeT. W, cnepoBaTtenbHO, aneKTPOHbI, Haxogswmecs B 3Ton obrnacTtu, HUKak He MmoryT cebs
NPOsiBUTb, OHN NPUHUMNMANbLHO HeHabnogaemMble. Bnocneactemm aToT heHOMEH CTanu HasbiBaTb
«BaKyyMHbIM MopeM» [upaka: Mbl BOCMPUHMMAEM €ro Kak MycToTy, T.K. OH HWUYEeM He
obHapyxuBaeT cebs [36].

[unpak npeanoxun cregyroLlyro CXemy SKCrnepumMeHTa.

Honyctum, paccyxgan OH, Y4TO Ha 3TO «MOpe» HarnpasneH MOLLHbIN UMMNYNbC ramma-
N3Ny4yeHns, 3Heprus KOTOpOro AocTatoyHa, 4Tobbl NPeoaoneTb 3anpeLlleHHbIn IHepreTuyecKkui
NPOMEXYTOK. Torga OAMH U3 3NEKTPOHOB, MOMYYMBLUMX 3Ty SHEPruto, BLINETUT U3  30HbI
oTpuuaTenbHbIX 3Heprnin B OObIYHBIN MUP, @ Ha €ero MecTe OCTaHeTCHA «Ablpka» - He3aHATbIN
9HepreTMyecKknn ypoBeHb. «3JTa [Ablpka, - yTBepxaan [upak, - AomkHa 6biTb HOBbIM TUMOM
YacTuubl, HEU3BECTHON elle B aKCrepuMeHTanbHon pusmnke: y Hee AomkHa ObiTb Ta e Macca, 4To
N y 3NeKTpoHa, a 3apsig - MPOTUBOMOMNOXHBLIN 3apsay SnekTpoHa». [MOHATb 3TO HEeTpPyAHo:
MOCKOMbKY 3MEKTPOH, MOKWHYBLUMA «MOpe», YHeC C cobov CBOM COOCTBEHHbIM OTpULATENbHbIV
3aps4, TO M3 3aKOHa COXpaHeHus 3apsiga crieqoBano, YTO y OCTaBLUENCH Ha ero MecTe «AblpKu»
3apsag AOMMKeH ObiTb NONOXUTENbHBbIM [36].

B 1932 r. weeackun cuank K. AHOEpCOH, uccrnemyss KOCMUYECKUE Iy4du, OTKPbIN 3Ty
YacTuuy ¥ HasBan ee No3NTPOHOM. AHOEPCOH NOMy4Mn 3a CBoe OTKpbITe Hobenesckyto npemuto,
a [npak - bnecTsawee noarsepXaeHne cBoen Teopun.

Cpenaem pag npeaBapuTerbHbIX 3aMevaHuin.

B oakcnepumeHTanbHbIX SOEpPHbIX YCTAHOBKaX BbICOKOIHEPreTUYHbI (POTOH, npoxoas
BONM3N TSHKENOro aTtoMHOro siApa, octaBnseT Ha POTOMNNEHKE OTNEYaToK - TPeK, - T. 0., KakK ecnu
Obl OH CMOHTaAHHO CTAaHOBUIICA NAPOM «4YacTULa-aHTU4acTMLa» (ANEKTPOH U NO3UTPOH), T. €. POTOH
TpaHcOpMUpyeTCa B Napy 3epkaribHblX YacTuy. 3TOT Mpouecc MPOTUBOMOMOXEH Mpoueccy
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aHHUIMNaUMN, Korga yactvua M aHTudacTuua npu B3aMMOLEWCTBUM «YHUUTOXAKOT» ApYyr Apyra,
BblcBO6OXAas 60nbLLOe KONMYECTBO IHEPTUN.

B pesynbrate aHHUMMNAUUK 3NIEKTPOH - NMO3UTPOHHOW Napbl Macca Nokosi NpeBpaLlaeTcs B
OMW, conpoBoxgatlleecss TOPCMOHHOM KOMMOHEHTOW. WM3BECTHO, 4YTO 9MEeKTPOH M MNO3UTPOH
o0nagaroT CNUHOM ‘S, a TakKe 3NeKTPUYECKUM 1 OUNONbHbIM MOoMeHTamu ‘M 1 ‘D, onpegeneHHbIM
06pa3oM OpUEHTMPOBAHHLIMM OTHOCUTENbHO APYr Apyra; Tam, rae Mnpov3oLlna aHHUrMnauus,
OCTaeTCsl ANeMeHT maTepuanbHOW cpedbl Co CTpYKTypon dunsmyeckoro Bakyyma, BKrovaowun B
ceba napy BMOXEHHbIX Apyr B Jpyra BOSMHOBbLIX MaKeTOB YacTul, C MPOTUBOMOMOXHO
HanpaBneHHbIMW CNUHaMK. JTa MaTepuanbHas cpega npeacTtaBnaeT COOON HeKy maTpuuy
BO3MOXHOIO poxgeHns u3 dusnyeckoro Bakyyma anektpoHa W NO3UTpOHa B cry4vae
B3aMMOLENCTBUS ee C 4acTuuamu, umetowmmn 6Gonblume 3aHeprun. [lpu 3TOM npoucxoauT
poxaeHve peanbHoW wMatepun u3 dusmyeckoro Bakyyma, T.e. MaTepua nepexoguTt U3
BMPTYarbHOro COCTOSIHWUS B pearnbHoe. BO3MOXHO, NponCXoxaeHne MaTpul, CBA3aHO C siBNEeHUEM
obpasoBaHuns OpM M3 NEPBUYHBLIX ABUWXKEHUA U MPOLECCOM CaMOCOXPaHEHUS CO3AaHHbIX hOpPM.
B ynomsaHyTOM MaTpuue coaepKuUTCS MHAOPMAaUUOHHAas KOMMOHEHTa, obecneymnBatoLlas
COOTBETCTBYHOLLME XapaKTEPUCTUKM INIEKTPOHA 1 MO3UTPOHA B CriyYae NX matepuanu3aunm.

B cootBetcTBMM C [28] Tam, rge npomsoLlna aHHUMUALMS, OCTaeTCs ele U HenTparnbHoe
OMI1, wumeloliee pasmMepHOCTb MMAOTHOCTU MOTOKa 3HEpPrMm, 4YTO XOPOLUO corfacyetca
BblLLENPUBELEHHbIM.

OTW 1 HekoTopble Apyrve dakTbl NO3BOMAKT B KayecTBe 6a3oBon mogeny Pdusnmyeckoro
Bakyyma BbibpaTb Mmogens A. E. Akumosa.

B cooTtBeTcTBMM C wucnonb3dyeMon Mogenoto dusmyeckmn Bakyym onpegeneH kak
mMaTepuanbHas cpega, U3oTPOMHO 3anofHALWAas BCe NPOCTPaHCTBO (M BewecTBO M cBoboaHoe
NPOCTPaHCTBO), He Habnogaemas (B cpegHeM MO BPEMEHWN) B HEBO3MYLLEHHOM COCTOSHUM.
YnomsiHyTas matepuanbHasa cpefa CoCTOUT M3 3NEMEHTOB, KOTOpble 0Opa3oBaHbl NapaMm YacTuly
n antnyactuy (no T1. [Odupaky, 3nNeKTPOHHO-NO3UTPOHHbIMM napamu). C MNOMOLLb0 3TOro
nocrnegoBaTenbHOrO psga MOXHO HasBaTb Lleroe CeMencTBO NenToOHOB M 6apMOHOB, KOTOpoe
obpasyeT Habop adheMepPHbIX YaCTUL, BO3HUKAIOLNX NPU BbICOKOIHEPTETUYECKNX CTONKHOBEHUSX.
MoXHO Tenepb COCTaBWUTb MOMHYK KapTWHy Bakyyma, 3anofiIHEHHOrO OOLIMPHBIM CEMENCTBOM,
HECOMHEHHO, CyLLECTBYHOLLNM MO Ty CTOPOHY FpaHuLbl pearnbHOCTW.

HecOMHEHHO - MOTOMY 4YTO CaMa KBaHTOBas MeXaHuKa [OUKTYeT COOTBETCTBYyHOLLME
ycriosus. Hanpumep, asmxeHue cBobBOAHOM 4YacTuubl BOOMb OCU X ONUCLIBAETCS B KBAHTOBOW
MEXaHMKe C MOMOLIBID (PYHKUMK Sinx?. 3TO BOMHA BEPOATHOCTM, W3MeHsouasca or 1
(onpeneneHHOCTb) A0 Hyns (HEBO3MOXHOCTb) BAOMb TpaekTopun ABWMXeHus. Ecnv Bmecto OByx
yacTuu, obbeguHEHHbIX B (PUTOH, 3anmcaTb UX BOSMHOBYH (DYHKUMIO BAOMb MX TPaeKkTopuu, TO
nonyyuTcs sinx?+cosx’=1. 3Ta rmagkas BEPOSATHOCTb NPEnATCTBYET perucrTpauuy Takoro oobekTa
B Ka4yecTBe YacTuubl.

Mcxoaos m3 eguHCTBEHHOro TpeboBaHus - dakTa «HeHabnogaemoctn» Puanyeckoro
Bakyyma B HEBO3MYLLEHHOM COCTOSIHUM - CUCTEMA YacTula-aHTU4acTmLa AormkHa yooBNeTBOpPATb
crnegyowmM ycrnoBusam: ecnm o6bemMHOe pacnpeaerneHne 3apsiioB B HacTuLe U COOTBETCTBYHOLLEN
€l aHTu4acTULe TOXOECTBEHHO, TO UCTMHHAs 3apsagHasd HerWTpanbHOCTb Bygetr obecneyeHa nNub
Torga, Korga yactvua M aHTmyactviua B AaHHOW cucteme OyayT BNoOXeHbl ogHa B OpYyrylo, a
cuctema OyaeT UCTUHHO 3NEKTPOHENTPANbHON.

1.4. KBaHTOBas cTpykTypa ()MTOHOB.

®UTOH, T. 0., XapaKTepu3yeTcs HyrneBbIMW 3HAYEHUAMW Macchbl, 3apsga U CnuHa, a Takke
NEeNTOHHOro 4ucra, KOTopoe BBOAUTCH, YTODObI pasnuMyatb TakMe 4YacTuubl U aHTMYacTWUbl, Kak
3MNEKTPOH N MO3UTPOH. HO 03HayaeT nn 3TO, YTO OH HE UMEET TaKXKe U BHYTPEHHEW CTPYKTypbl?
Mogenb AkMMOBa Ha 3TOT BOMPOC OTBETA He JaeT.

UTtobbl pasobpaTbCsi B 9TOM BOMPOCE, HE YCIMOXHASA 4pe3MepHo aHanus, 6yaem
paccmaTpuBatb (PUTOH, 0Opas3oBaHHbLIA Mapor NPOCTEMLUMX NENTOHOB, T.e. JIErkKMX 4actuu, -
3MNeKTpoHa 1 Nno3uTpoHa. CuTyaums anga gpyrux nap, HanpMMmep NpoToHa U aHTUNPOTOHA, KOTopble
TOXe MoryT obpasoBaTb PUTOH, HE ByaeT MMETb NPUHLMNMANbHbBIX OTIINYWIAL
. C ydeToMm TpeboBaHMsa «He HabnogaemocTu» B ykazaHHOW cucteMe HeobXoanmmo MMETb U
CKOMIMEHCUPOBAHHOCTb CNUHOB, @ camy CUCTEMY MOXHO MPefCcTaBuUTb KakK napy BrIOXEHHbIX Opyr B
Apyra 4actuy C NpOTUBOMOMOXHO HarnpasneHHbIMU cnHamu (Sg M S.); BCNeAcTBMe UCTUHHOW
9MNEKTPOHENTPANbHOCTU M MPOTUBOMOSIOXKHOCTM CMNUHOB Takas cuctema He OygeT obnagatb
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MarHUTHbIM MOMEHTOM;
. CMCTEMa YacTuua - aHTM4acTMua AomkHa obnagate HaboOPOM KBAHTOBbIX 3HEPreTUYECKMX
YPOBHEN, TaK KaK CyLecTByeT 9KCNepuMEHTarbHO YCTAHOBMEHHbIM akT poXaeHus u3
®usnyeckoro Bakyyma napbl YacTuLy, M aHTMYacTUL, NpUM COOTBETCTBYKOLLEM Bblbope 3Heprum
NMOTOKa KBAHTOB.

Ecnu 66l dunsnyeckuin Bakyym cogepkan yactuupbl, ToO cBOOO4HOE NpoCTpaHCTBO obnagano
Obl CWMbHBIMW rpaBUTaAUMOHHBIMKM NonsM. Ho 310 He Habniogaetcs. [losTomy npaBunbHa
obLenpuHATas TOYKa 3pEeHUs, YTO BakyyM - 3TO COCTosiHMe 6e3 4vactuy. PuToHHas Moaernb
NCXOANT M3 NPeanoniokeHUs, YTo BakyyM COLEPXKUT HE CaMM YacTuubl, @ BUXPEBLIE CTPYKTYpHI,
COOTBETCTBYIOLLME YacTuLaM M aHTu4yacTuuam. CuctemMy M3 yactul M aHTUYacTuL, C ykasdaHHbIMU
CBOWCTBaMM Ha3bIBaloT PUTOHOM (puc. 1), a cpeny, 06pa3oBaHHYO MAOTHOW YyNakOBKOW (OUTOHOB, -
®usnyeckum Bakyymom (puc. 2).

L.i

F Sp Puc. 1 Puc. 2

MogyepkHeM, YTO NPU MINOXEHHOM noaxoae nostiydaemM yaobHy, XOTa M OTAMYatoLLyCS
OT COBPEMEHHbIX MNpecTaBreHnt, NpocTyi mogenb Puamyeckoro Bakyyma, no3BONSAOLLYHO
0ObACHUTL MHOIME SABMEHUS, HEOOBSCHMMbIE C NO3ULMK TPAOULMOHHOIO NOAXOAa.

®duTOH ogHOBpeMeHHO obragaeT Kak CBOMCTBaMM 4YacTuubl (CodeTaHue BOSMHOBbIX
YHKLMIA, HanpUMep, SNeKTpoHa 1 NO3UTPOHA), TaK U NPOCTPAHCTBEHHO - BPEMEHHOW CTPYKTYpPOW,
KOTopasi B OCHOBHOM COCTOSIHUWM onpegenseT COOCTBEHHbIN MOMEHT ChvHa 3Toro obbekTa yepes
CKpy4MBaHWe onpefeneHHbIX MPOCTPaHCTBEHHO-BPEMEHHbIX XapakTtepuctuk. CKkpyynBaHue -
cBoeobpa3Hasi XxapakTepucTuka NpocTpaHCTBa - BpeMeHu, koTopas obecnevmBaeT COBCTBEHHbIN
MOMEHT BpaLLeHUst 3TOro Ayanuctmdeckoro obbekta. PUTOHbI, LMPKYNMpYOLNE B BUXPAX BOKPYr
SAep aTOMOB, BbICTpanBatoT CMIMHOBYO MaTpuLy, B TbiCavy pa3 6onee Mernkyo, 4em cam aTom.

PaccmoTpum cuTyauuio, CBA3aHHY ¢ Bo3myLlueHnem dusmyeckoro Bakyyma sapsagom +Q.
B atom cnyyae B OKpyxalwlem ero npoCTpaHCTBE NpoOuM3oNaeT 3apsigoBas nonspusaums
dusmyeckoro Bakyyma (puc. 3).

| ) [

+Q A A Puc. 3

OnekTpuyeckne 3apsgbl 4acTuu, obpasylolme CBepTKy, yxe He 6yayT MOonHOCTbIo
KOMMeHCMpoBaTb ApYyr Apyra, 8 HEMHOroO CMECTATCA B HanpasneHuu BHelwlHero nonsd. Kaxaas
YacTuua HavHeT packaymBaTbCs BBEPX U BHU3 OTHOCUTENBHO YPOBHA MWHWMANbHOM SHEPruwu.
Takyto 3apsi4oBy0 NonsapmM3aunio PUTOHHOM «MyCTOThI» MOXHO MHTEpPNpeTUupoBaTth kak AMI1.

B cnydyae, ecnu UCTOYMHMKOM BO3MYLLEHUSA SABNAETCHA KMNACCUYECKUN CMUH UMM NITOTHOCTb
YrroBOro MOMEHTa BpalleHUs Ha MakpOCKOMWYEeCKUM YPOBHe, nonspusaums Pusn4eckoro
Bakyyma ocyuiectBngeTcsa crnegyowmnm o6pa3om: ecriv UCTOYHUK BO3MYLLEHUSS UMEET CNUH (puc.
4, 5), TO0 y Kaxgoro oMToHa TOT CMWH, KOTOPbIN OPUEHTUPOBAH NPOTUBOMOSIOXHO CMUHY UCTOYHUKA,

MCNblTbiBa€T NHBEPCUIO B NITOCKOCTW, nonepequVl K HOpManun Ha MCTOYHUK BO3MYLLEHNA.

YR
\& j;_f SR

Pwuc. 4
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Puc. 5
B pesynbrate B HEKOTOPOM MPOCTPAHCTBE, OKPYXXaloLWEeM WCTOYHWK BO3MYLLEHUS, DPUsnyeckui
Bakyym ©Oygoer B COCTOSIHAM CMMHOBOW MOMEPEYHOW Monsipu3aumu, npudeMm, pasmepsbl
NMONSAPU30BaHHOrO MNPOCTPAHCTBa CBA3aHbl OMNpederieHHbIM obpasoM C BenuunHoW hbakTopa
BO3MYLLEHUS.
MpocTpaHCcTBEHHAA OpUEHTaLUNsa OCTaTOMHOrO CAMHOBOMO nong (puc. 6).

SR SR

Puc. 6

C yuyeTom TOro, 4Yto B npeanoxeHHon mogenu T umerT CnNMHOBYK npupoay, cnenyet
0XnaaTtb, YTO CBOMCTBA 3TUX MOSIEN CYLLECTBEHHO OTNYalOTCA OT UHLIX nosien. [encTBUTENbHO,
Tl He aKpaHMpyeTCs MPUPOAHLIMU CpedaMn, a 3KPaHMPYIOTCA UCKYCCTBEHHbIMU MaTtepuanamu,
UMEKLLMMN OPTOHOPMUPOBAHHYKO TOMOMOMMI0 CTPYKTYpbl. Ha ypoBHe BellecTBa B KadecTBe
NepBUYHbLIX WUCTOYHMKOB TI1 MOryT BbICTYNaTb S4epHble CMWHbI, a Takke MOMHble aTOMHble
MOMeHTbl. OueBMOHO, YTO BCE BelWeCcTBa MMET HEKOTOpPYH HayarnbHYK  CMMHOBYHO
YNOPSAAOYEHHOCTb.

CnepoBaTtenbHO, BCe Tena XWMBOW W HEXWBOW Mpupoabl obnagarT cobcTBeHHbiMu TI,
KOTOpbl€ Ha MAaKPOCKONMNYECKOM YPOBHE SBMSIKOTCA KOSMIEKTUBHBbIM NPOSIBIEHMEM YNOPSA0YEHHbIX
SAEPHbIX U aTOMHbIX CAMHOB. [Ans 3TOro HeobxogMmo, YTOObl siAepHbIE W/MAN aTOMHbIE CMUHbI
OblnM NapannensHbIMU 1 OAHOHAaNPaBEHHbIMM.

C yyetom atoro konnektmHoe Tl HekoToporo o6bekTa Byaetr MMeTb NPOCTPaHCTBEHHYIO
opveHTaumto (puc. 7).

— _,_,_:-""-F
— —
™ —
Tm— —
-3 — e N I
—_ T——
—_ —
-— T
—
i )
Puc. 7

Tak kKak 3apsigoBas nonsipusauvsi NpyMBOAMT OAHOBPEMEHHO K 3apsgoBOM M CMIMHOBOW
HEpPaBHOBECHOCTW, TO BCerda, Korga BO3HWKAET 3MNeKTpocTaTM4eckoe nMone, BO BCEM
NPOCTPaHCTBE, rAe OHO NPOSIBNSETCH, OAHOBPEMEHHO C HMM BO3HUKaeT TI1.

JIlobon NOCTOSIHHLIA  MarHUT, NOMMMO MarHUTHoro nons, o6bnagaetr TIM. Ha pwuc. 8
npeacTaBrneHa auarpamMma  HanpaBneHHOCTM KomnekTuBHoro Tl nNOCTOsIHHOro MarHuta no
CPaBHEHMIO C €ro MarHUTHbIM nonem. [pu HamarHMumBaHUM eppomMarHeTMKa OCYLLECTBIISAIOT
yNopsiAOYeHNEe MNPOCTPAHCTBEHHON OPUEHTALUM MONEKYNSIPHBIX TOKOB, KOTOpble CO3gatoT
NepBUYHbIE MArHUTHbIE NOMS, YTO, BEAET K YNOPAAOYEHUIO U KNAaCCUYECKMX CMIMHOB, NOPOXAaEMbIX
OBWKEHNEM 3MEKTPOHOB B KOMbLIEBbIX MONEKYNAPHbLIX MarHUTOB.

[enctButenbHO, COOCTBEHHOE BpallEHME 3JMEeKTPOHOB  BHYTPU  HaMarHU4eHHOro
deppomMarHeTmka nopoxgaeT CyMMapHOE MarHUTHOE N TOPCUOHHOE Mofe MarHuTa.

CBA3b Mexay MarHUTHbIM MOMEHTOM beppomMarHeTka U ero MexaHM4eCKMUM MOMEHTOM
Gbina obHapyxeHa amepukaHckum usmkom C. bapHettom B 1909 r. PaccyxaeHus C. bapHeTTa
OblIM OYeHb MPOCTble. JNEKTPOH 3apsiKeH, cnedoBaTenbHO, ero COb6CTBEHHOE MexaHW4yeckoe
BpalleHMe co3aaeT KPYroBoKr TOK. OTOT TOK MOPOXAAET MarHUTHOe none, obpasytowee MarHUTHbIN
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MOMEHT 3nekTpoHa (cMm. Puc. 8). NameHeHMe MexaHM4YecKOoro BpalleHUsi 3neKTpoHa [OOSMKHO
NpMBOAUTL K W3MEHEHWID €ero MarHMTHOro MoMeHTa. Ecnn B3ATb He HaMarHU4eHHbIn
deppoMarHeTk, To B HEM CMVHbl 3NIEKTPOHOB OPUEHTUPOBaHbl B MPOCTPAHCTBE XaOTMYECKMU.
MexaHudeckoe BpalleHne Kycka deppoMarHetTMka MNpuBOOUT K TOMY, YTO CrMMHbI HayYuHaoT
OpPWEHTMPOBATbLCA BAOMb HanpaBneHus ocu BpaweHus. B pesynbtate Takom opueHTauum
MarHUTHblE MOMEHTbl OTAENbHbIX 3MEKTPOHOB CYMMWPYIOTCS, U eppOMarHeTvk CTaHOBUTCHA
mMarimtoMm.  OnbiTel BapHeTTa nNo MexaHu4YeckoMy BpaleHU deppoMarHUTHbIX CTEPXHEN
noaTBEpPAMN NPaBUMNBHOCTb BbICKa3aHHbLIX Bbille PacCYyXOEHUM M nokasanu, 4YTo B pesynbrate
BpalleHMsi peppoMarHeTuka y Hero BO3HMKAeT MarHutHoe nosne. MoxHO npoBecTu oGpaTHbIv
OnbIT, @ UMEHHO, U3MEHUTb CYMMAapHbI MarHUTHbI MOMEHT 3MEKTPOHOB B (peppomMarHeTuke, B
pesynsrate 4ero eppomMarHeTUK HavyHEeT MexaHMYecKM BpawaTbCs. OTOT OMbIT yCnewHo Obin
npoeegeH A. QMHWTENHOM K ae MNaasom B 1915 1.

lMockonbKy MexaHuyecKkoe BpalleHue 3reKkTpoHa MNopoxaaeT ero TOPCUMOHHOe nofne, To
nobon MarHUT npeactaBnsieT cobon MUCTOYHMK CTaTUYeCcKOro TOPCUMOHHoro nons (cm. Puc. 8 ).
MpoBepnTb 3TO yTBEPXAEHME MOXHO, [OENCTBYss MarHuTom Ha Bogy. Bopa saBnserca
AV3NEKTPMKOM, NMOITOMY MarHUMTHOE MNosfie mMarHvTa BO3OEWCTBMS Ha Hee He okasbiBaeT. [pyroe
Aeno TopcuoHHoe none. Ecnn HanpaBuTb CeBEpHbIN NOSIKOC MarHMTa Ha CTakaH C BOAOW Tak,
4YTObObI HA HEE OeNCTBOBANO NpPaBoe TOPCUOHHOE MNofe, TO Yepe3 HEKOTOPOE BpeMs Boga nosnyyaet
"TOPCUOHHLIN 3apsag" U CTaHOBUTCA npaBon. Ecnu nonueatb Takon BOAOW pacTeHWUd, TO UX POCT
yckopseTcs. bbino Takke obHapyXeHo (1 gaxke Obli Nony4YeH NaTeHT), YTo ceMeHa, 0bpaboTaHHble
nepen NOCeBOM NpaBblM TOPCMOHHBIM MOSIEM MarHuTa, yBenmumMBalT CBOK BCXoXecTb. ObpaTHbIv
appekT BbI3bIBAET AENCTBUE NEBOro TOPCUOHHOrO nons. BcxoxecTb cemsH nocne ero
BO3ENCTBNSA YMEHbLUAETCS NO CPaBHEHUIO C KOHTPOSIbHOW rpynnon. [JansHenwme aKCnepuMeHTbI
nokasanu, 4TO rpasble cmamuyeckue MmMOPCUOHHbIE [Ofs1 OKa3blearom brazonpusmHoe
Oelicmeue Ha buonoaudeckue obbekmbl, a Jsesble rons Oelicmeyom yeHemaroule.
O-p Pwnuapg INedopc Knapk, nccnenosaslinini TOPCUOHHOE Mofe MarHuTa, yteepxarn, 4To B
LeHTpe noboro MarHMTHOrO Monsi MMEETCsl TOYKa “U3MEHEHUs HanpaBreHWUs SHEPrnm HyneBoro
BpaweHms”. YTobbl BHELWIHAS 4YacTb MOMs Bpawanocb, MNone AO/MKHO MEHSITb HanpaereHue B
LUeHTpe. OTO 3Ha4YuT, YTO €Cnn Ha CEBEpPHOM MOSCEe BMXPEBOE BpalleHWe OCYLLEeCTBNSAETCA Mo
YacoBOW CTperike, TO Ha K)KHOM MONCce OHO OydeT NMpOTMB YacoBOW cTpenku. B cepegumHe xe
BpawieHus He Oyaet BoBsce, T.e. "0"obnactb - 9TO obnacTb, rAe HET HMKAKOro BpallaTenbHOro
ABWKEHUS,

OTOT a(pheKT MOXHO yBMOETb HA HWKENPUBEOEHHON Cxeme, 3aMMCTBOBaHHOW y A-pa Knapka.
OHa geMOoHCTpUpyeT M3MEHEeHne BpaLLeHWsl, MPOMCXOAsLLEEe BHYTPU CTEPXKHEBOrO MarHuTa.

Takke criegyet NOMHWTb, YTO 3Ta CXema He MNokasblBaeT 0bOblYHOE rMorne cdepuyeckoro Topa,
OKpYy’KatoLLiee CTep)XKHEeBOW MarHuT, a NLb NPOCIEeXUBaeT BpallaTenbHoe ABMKEHNE BHYTPW.

Cxema 0-pa PuyapOa Knapka: usMeHeHuUe 8pauieHuUs1 8 MagHUMHOM 1oJie

Ocoboe MecTo B MHoroobpasum TI1 3aHumaetr Tl Boabl. B cooTBeTCTBUM C
rMapoOMarHUTHOM  KoHuenuuen 6GuomHgpopmauuoHHoro obmeHa [30], Boga armocdepsl,
rmgpocdepbl n Guocdepbl 3eMnn, HaxoasaCb B reOMarHUTHOM Mofie, Takke ABMSeTCs UCTOYHMKOM
npasoro n neeoro Tl cnvHoBon nNpupodbl. MOCKONBKY MarHUTHOE Mofe M Boga NMPUCYTCTBYHOT Ha
3emne n Bo BceneHHon noecemecTHo, TO Tl Boabl HOCUT rmnobanbHbii POHOBLINM XapakTep U
SIBNSIETCA OAHOWN U3 NPUYMH 00pa3oBaHMs U PasfMYHbIX MPOSIBNIEHUIN reOMarHUTHbIX aHomanun. MNo
MHEHMIO aBTOPOB MMAPOMArHUTHOM KOHUEeNUUKn, 0cobbin nHTepec npu naydeHun TI1 npegcraensatoT
BOMPOCHI X KOFEPEHTHOIO U3NYyYeHUs U NOrMoLLEHNS.

T.0., NCTOYHUKKM anekTpocTaTudecknx mnu IAMI1 Takke sBNAKTCA U MUCTOYMHMKamu TI1.
BoiBog 0 ToMm, yto TI1 BCerga conyTCTBYIOT MNPOSIBEHUSIM 3feKTpoOMarHeTuama, YpesBbl4anHo
BaXXeH ANnsa 60nbLlIOro Yncna NpuknagHbiX 3agad; B YaCTHOCTU, 3TW BbIBOAbI OyayT MCNOMb30BaHbI
npy OMNMCaHUM MEXAHW3MOB HeraTMBHOIMO BO3OEWCTBUS MOHUTOPOB, TEMEBU3OPOB W  OpYron
9MNEKTPOHHOW TEXHUKM Ha YeroBeka.
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Puc.9. TT1 koHyca

Euwe oamH Kknacc ecTtecTBEHHbIX WUCTOYHMKOB Moren obpasyloT reomerpuyeckne opmbl
OOBLEKTOB M3 pasfMyHbIX BeLeCcTB, TO eCTb MNpoAyLMpYEMbIX FOKanbHbIMU OCOBEHHOCTSIMMU
TOMONOrMK TOro UNKN MHOro obbekTa NpocTpaHcTea [18].
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Image vibratoire des ondes de forme d'une poutre
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B cooteetctBUMN C YNOMAHYTbIMU MOAENAMU MOXHO NpeanoyioXnTb, YTO peakumen Ha
Tononorn4yeckoe Bo3myLlleHune dunsmyeckoro BaKyyma ABNAETCA TaKoe nepepacnpeneneHune TM B
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OKPECTHOCTAX 3TOro Tena, KoTopoe KOMMeHcupyeT aTo Bo3MmyLLeHue. [Nprmepbl NpOCTpaHCTBEHHON
KoHpurypauum TT1, Bbi3biBaeMbIX 3 deKTOM hopM, nNpeactasrneHbl Ha puc. 9 - TI1 koHyca,

puc. 9-a - TI1 ymnuHapa, y KOTOPOro BbICOTa MeHbLUE paanyca.

Kpome TOro, usBecTHa «nosfieBasi» akTUBHOCTb (pU3MYecknx OOBLEKTOB (KOHCTPYKLUN,
npnbopoB, BeLECTB, NPEAMETOB, (PU3MYECKUX NONEn u Ap.), Hanpumep, NasepHbIX My4YKOB -
BbICOKOKOrepeHTHbIx OMIN B BMOUMOM AmanasoHe CnekTpa, KoTopasd Takke nposiBnNgeTcs B
WHOPMALIMOHHOM BANSIHUM Ha YenoBeka.

1.5. OO6weHay4Has kaTeropus MHoOpMaLmu.

OcHoBononarawLmM NoHATMEM B paccMaTtpuBaemMon npobreme sensercs obleHayyHas
kaTeropus uHdopmaumn. bonee AByx ThicaveneTun MHoOpMauusa MOHMManacb Kak nepegada
COOOLEHNI, N TONMbKO C BO3HUKHOBEHMEM KUOEPHETUKN, a 3aTeM U MHAOPMATUKU, MHopMaLmIO
cTanu paccMmaTtpuBaTb Kak CaMOCTOATENbHYO (DyHAaMeHTanbHY KaTteropuio.

B HacTosilee BpemsA MHOpMaUUS MbICAIUTCA Hapsay C NOHATUEM BeLLEeCTBa M dHeprum
Kak BaXHeWlas XapakTepucTuka uJenoBeyeckonm pAesTenbHocTU. [loHsTue uHopmauun
MHOFO3Ha4YHO M WMMEET MHOXECTBO ornpefeneHui, packpbiBalOWUX Ty WU UHYKHO FpaHb 3TOro
MOHATUS.

CambIM LUMPOKNUM SBMIOCb NOHWMaHWE WMHAOPMaUUKN Kak OTPaXeHHOro pasHoobpasus.
Mog wHdopmMaumen B LIMPOKOM CMbICIE MOHMMAETCH rnaBHas 4YacTb WM CTOPOHA TaKoro
aTpnbyta matepum kak oTpaxeHue. Ee ocobeHHOCTb 3akniyaeTcs B TOM, YTO OHa MOXET
o6beKkTMpoBaTbCH, onpegMeunBaTbCs, nepedaBaTbCa U BoobLle yyacTBoBaTb B Apyrux cpopmax
ABWKEHUS, KOTOpble peanusyloTcs Kak B npupoge v obuwectBe, Tak M B CO34aBaeMoMu
NHPOPMAaLIMOHHO-KNOEPHETUYECKON TEXHUKE, B YACTHOCTU 3NEKTPO-BblYUCIMTENBHBIX MaluMHaXx
(9BM) [68].

Takoe noHVMaHue uHOpPMaLMM NO3BONSET FOBOPUTbL O TOM, YTO MHOPMaUUS ABMSETCA
CBOMCTBOM He TONMbKO BbICWNX OPM oOpraHmMsauumM matepum, HO U camoro dyHaamMeHTa
MMUpPO30aHus (Hapsiay C BELLECTBOM U SHEPIUEN).

CoBpeMEeHHbIN ypOBEHb Hay4yHOro Mo3HaHMA Bce Bonee no3BONSET CBA3aTb pa3BuUTUE
MaTepMM OT HEXMBOIO K >XMBOMY C MNPOLECCaMXM OTPaXEHUS M C HAKOMMEHUWEM LEHHON
nHpopmaummn. Kak atpubyt martepun, wuHdOpMaUMa yyacTBOBana B rfpoueccax ee
camMoopraHuMsaumm n BO3HUKHOBEHUS >XMBOFO. BOMbLIMHCTBO Y4YeHbIX MNPU3HAKT MHOPMAaLMIO
dyHOamMeHTanbHON obuieHayyHon (a MHorve u  domnocodckon) kateropmen. WHpopmaumsa
ABNSEeTCA (PaKTOPOM Pas3BUTUSA OT HU3BLLErO K BbICLUEMY, OT NPOCTOr0 K CMOXHOMY B npupoge u
obLecTBe, YTO NO3BOMSET NPU NO3HAHUM OOGBEKTUBHOIO MMPa BbIAENATb MHAOPMALMOHHbIV CrON
3HaHWs1, peanu3oBbiBaTb MHPOPMALMOHHbIN NOAX0A B MO3HAHWUM NPUPOAHBIX ABMEHUN.

B pasBuBaemor KoHuenuum WUHAPOPMALMOHHO - SHEPreTUYECKOro npoCTpaHcTBa W
B1oaHepromMHopMaTMKN Mbl paccmaTpvBaeM MHGOpMaUMo Kak oyHAaMeHTanbHoe nposBreHne
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YHuBepcyma (Pusmyeckoro Bakyyma) Hapsgy ¢ matepuen - aHepruen. B 3aBucumoctu ot obnactu
3HaAHWA MOSIBUNUCb pasHble OnpeaeneHns: uHgopMayuss - 3MmMO KOMMYHUKauyusi U Cesi3b,
ycmpaHstowasi HeoripederneHHoCcmb, UHGhoOpMayus - Mepa CmpyKmypHo20 pasHoobpasus, U T.4.

B coBpemeHHON nuTepaType yCTaHOBUNOCL onpegeneHue, npegnoxedHoe A.l. Ypcynow:
UHGbhopmayusi - amo ompaxeHHoe pa3Hoobpasue mupa. B 3aTom onpegeneHum He akueHTUpyeTcs
BH/MaHNE Ha OOBbEKTMBHO CYLLIEWN XapaKTePUCTUKe MHpopMaL MM Kak TaKoOBOM.

KoHuenuma 6uosHepronHdopmaTukmn no3sonuna npegnoxuts B. H. BonyeHko cneayrowmn
BapuaHT onpefeneHus: uHgopmayuss - 3mo CmpyKmypHO - CMbICiog0e pa3Hoobpa3ue U ee2o
Mepa. JTo onpefeneHve NO3BONSET YTOYHUTb NOHATUE MHOPMALUN B NNaHe ee NpPOsiBNEHUs Ha
BELLEeCTBEHHOM ypoBHe. [1pn aTOM UCXogAT 13 NOCTynara, YTo KaXgoMy BeLLeCTBEHHOMY SBIEHUIO
npeaLwecTByeT COOTBETCTBYOLWAA MHAOPMaUUA O HeM. IOTO He NposiBNeHHas WHgopmauus,
HanpumMmep, HeKN 3aKOQUPOBaHHbINM MbiCNieobpas, NPoeKT, MHAOPMaLUa «B NoTeHUMane», Kak 6ol
«00 BOCTpebOoBaHMA», CMbICIT KOTOPOM CKPbIT OT YEernoBeYecKoro CO3HaHusA. He nposBreHHyio
MHopMaLmio B TOHKOM Mmupe (B Pusnyeckom Bakyyme) ansa Habrniogatens u3 BeLeCTBEHHOro
MUpa MOXHO Ha3BaTb «MHUMOW MHGOPMaUUEN». YMECTHO HAMOMHUTb, YTO MOHATUE MHMMOCTU B
du13MKe NPUMEHUTENBHO K 3HEPIrMN N Macce Obino npennoXeHo paHee, a 3aTtem passuTto A. Tl
Tepneukum (1973 1) n panee . W. Wunosbim (1996 r.). PacwupeHne MNOHATUS MHUMOCTU
NMPUMEHUTENBHO K MHAOPMaUUN KaxeTcst npuemnemMbiM. [MposBneHHONn MHopMaumen cumTaroT
NHOPMaLMIO, NPUCYLLYIO BCEM hOpMamM MaTepmarnbHOro CyLeCcTBOBaHUS.

OtobpaxeHHasa wHdopmauus npegnonaraeT OObEKT BOCMPUATUS, T.e. OCYLLECTBEHME
WHPOPMALIMOHHOIO UMY MHAOPMALMOHHO - 3HepreTudyeckoro B3aumopencTsusa. OHa MoxeT
paccMaTpmuBaTbCs YXKe KakK arieMeHT CO3HaHWs, B TOM YUCIe U CO3HAHWS YenoBseka.

TBopswWwasa nHpopmaums CTUMynMpyeT npouecc TBOpYeCcTBa BO BCEX €ro NpPOSBMEHUsiX B
npupoge. ATO - Bbicwasa hopMa MHPOpMaLUK, ee MOXHO NpeacTaBUTb Kak COCOBHOCTb CITOXHbIX
cUCTeM K MHPOPMALMOHHBIM UAN MHAOPMALMOHHO - 3HEepreTMYeckumM B3aMMoaencTBuaM. Takon
NOAXOA - WH(OPMALMOHHBIA - CTAHOBUTCS OCOOEHHO aKTyarlbHbIM WU B NpoLecce W3y4YyeHus
BO3MOXHbIX MEXaHW3MOB HEraTUBHOIO BNUSHUSA nCcTovHMKoB TI1T Ha Yyenoseka.

lMoHATne wHdopMaLmKn, Kak OTMEYEeHO Bbllle, MHOro3HayHo. [nybokoe ocMbICneHune
MHopMaLmm NO3BOMSET MNPeacTaBuTb ee Kak Bceobwmin, 6GecKOHeYHO eauHbIN npouecc
dyHOaMeHTanbHbIX OTHOLUEHWI, CBA3EW, B3auMMOAEWCTBUA U B3aMMO3aBUCUMOCTEN 3SHEpPruu,
ABWKEHUSA, MacCbl 1 aHTUMAacCChl BCEX BCTpevaroLmxcs Bo BceneHHoM MUKPO - U MakpoCTPYKTYp.
Becb Haw mup nMHdopmaunoHeH. B paccmaTpvBaeMoM KOHKPETHOM cryvae nog vHdopmaumnen
cnegyeTr  MNOHMMaTb  CTENEHb  UCKaXEHUA  CUMMETpUM  (PUTOHOB MO CPaBHEHUIO C
Henonspmn3oBaHHbIM COCTOSIHMEM ®dusmyeckoro Bakyyma. CTeneHb WCKaXeHus CumMMeTpum
dUTOHOB XapakTepusyeT dusnyeckne npoueccol, nporekawwme B moHutope [K, n 3aBucut ot
BENUYMHBLI MPUITOXXEHHOrO Ha nepBoM aHoge JJIT BbICOKOrO HanpsikeHus, MpoLeccos,
npoTeKaLWwmnX NPy OTKMNOHEHMN 3NIEKTPOHHOTO flyya; NpoLeccoB, NpoTeKkawmux B MIOMUHOGOPE 1
Ap.

B ocHoBy pa3BvBaemoro B OaHHOW KHWUre HamnpaBfeHWst MOSIOXEH TE3UC O fMaBeHCTBE B
Mpupoge obwmnx reomeTpudeckmx Hadan. KoHKpeTHble duanydeckne oObeKkTbl Bcerga UmerT
peanbHO cywlecTByowmne dopmbel. B dusnyeckom cmbicrie noHaTME «OPMbI» MOXET ObiTb
WHTEPNPETUPOBAHO Kak WH(OpMauUMOHHAA CTPYKTypa, rpaHuubl, ENCTBUS KOTOPOW 3aBUCAT OT
NPOCTPaHCTBEHHbIX 0COBEHHOCTEN KOHKPETHOrO 0ObLEKTA.

A nockonbKy MHpopmaums He duramdeckas, TO MOXHO paccyxaaTb O nepegade ee ¢ nobon
CKOPOCTbIO M Ha nobble pacctosHus. Bmecte ¢ Tem, paccmatpuBasi e€e Kak CBOWCTBO
KOHTUHyarnbHOW CTPYyKTypbl Mupa, Ha CerogHsIlUHWA [OeHb MOoKa HEBO3MOXHO CKa3aTb, KakuMm
obpa3oM npoucxoauT y4veT BIUAHUA W3MEHEHUSI FEeOMETPUYECKMX OTHOLIEHUM B NOKanbHON
obnacTtu obLLero KOHTUHyyMa Ha yCrnoBusS reOMeTPUYECKUX CBA3EN B APYrom fokanbHom obnacTu.

Mcxoas n3 atoro, MOXXHO rOBOPUTb, YTO M3MEHEHNE reOMETPUYECKNX OTHOLLEHWIA U MpaBun,
MO KOTOPbIM CTPOSITCA OTHOLIEHUS (MHpOPMaUMOHHAA Mepa), MOXET NPUBECTU K SHEPreTUYECKUM
nameHeHuam. [log SHepreTUYecKMmMM U3MEHEHUAMM MOHMMAKOTCA M3MEHEHUST TEeOMETpUn
MHoOroobpasusi, BOCMpUHUMaeMble HaMW KakK BELLeCTBO W Mofie BO BCEX MX Pa3HOBWOHOCTHAX W
kombuHaumax. T. 0., MHPOpMauua MOXeT nopoxaatb W3MeHeHus aHepreTukn. OpgHako
NHOpPMaLMa He TONbKO Lefb, HO W MpaBuia Urpbl, MO KOTOPbIM MPOUCXOAMT pacnpegeneHve
3Heprun B cucteme. Urpa 6e3 npaBun - He urpa, HO M npasuna 6e3 urpbl - HAYTO. BOT B Yem
NposiBNsieTCA B3aUMOCBS3b MHOpMaLmMm U aHeprun. Ecnn sHeprnsa - cBoncTeBa reoMeTpuyecKoro
KOHTUMHYYMa, TO MHOpMaLms - NpaBunia U3MeHEHNss N TPaHCNALUM CBONCTB C LieNbio NosyYeHns
HOBOW MHGOpMaLnW.
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ABTOpbl nybnukauwmn [15, 16], nccneposaslune BNUsSHUE (POPM 3aMKHYTbIX MPOCTPAHCTB
pas3HON reoMeTpPUN Ha (U3MONOrM4YECKOe COCTOSIHWE PaCTUTENbHbIX OPraHU3MOB, NPOCHeannv
nyTb  dopmMupoBaHNdA, QYHKLUMOHMPOBAHUA W npoueccbl rnepejadn  MopdoreHeTn4eckom
nHpopmaummn. Ncecneaya NnpocTpaHCTBEHHOE (POPMUPOBAHME B XMBOW U HEXMBOW NpUpoAe, OHU
0BGHapyXunu, 4TO CKOPOCTb M KayecTBO NPOLECCOB MeTabonuama CyweCcTBEHHO 3aBUCUT OT
dopMbl BHELLUHEro 3KpaHa, co3gawwero «3ddekT dopmM». IOTO HaBENO WX Ha MbICfb O
BO3MOXHOCTU HaXOXAEHUS WUCTOYHWKA MOPMOreHeTu4eckon WHgpopmauum BHE OpraHuama.
MmeeTca HacTodaTernbHas HeobXoAMMOCTb ONMcaHus MpoLEeccoB nepenayvn, XxpaHeHns u obmeHa
TOPCUMOHHOM MHbopMaumnen mexay nonb3osatenem MK M MOHUTOPOM, Mexay A0pPOM KNeTKn U
UUTONNasMon B TEPMUHAX U MOHATUAX TEOpUN MHAOPMAaUUN, T.K. U3BECTHO, YTO OAHOBPEMEHHO
Kakgasi Knetka yenoseka «nurtaetcay» nHdgopmauunen T okpyxKatowero npocTpaHcTea. YCBOeHue
WHOPMALIMOHHBIX MOTOKOB MOAAEPXKUBAET B KNETOYHOM MNPOCTPaAHCTBE 4YernoBeka YCTONYUBYHO
NH(POPMAaLMOHHO - HEPreTUYECKY0 HEPaBHOBECHOCTb.

OKcnepuMeHThl, npoBedeHHble B Poccun n YkpauHe, nokasanu, 4To Tl BO3HMKAKOT He
TONbKO 3a CYET Nonsipu3aunm Bakyyma v CnvHa drieMeHTapHbIX YacTul, HO Takke U B pesynsrate
BpalleHnss MaccuBHbIX Ten. Ecnv Teno paBHOMEpHO BpallaeTcs BOKpYr cobCcTBeHHOW ocu, 6e3
HyTauMM u npeueccmm, To BO3HMKAET cTatmyeckoe TI1, rpaHuua KOTOPOro NeXuT 3a npegenamm
rpaHuy Tena - UCTodHuKa TT1.

Ecnu ocb BpalleHns UCMbITbIBAET OTKMOHEHUSA, TO NMPOUCXOAUT reHepaumsi TOPCUOHHbIX
BOJTH.

TOpPCUOHHBIE  BOMHBLI  PacnpPOCTPaHAKTCA BAONb  AMaMeTpanibHO  MPOTMBOMNOMNOXKHbIX
TPAEKTOPUN, HO WX WMHTEHCUBHOCTb He ocnabnserca 3ameTHbIM obpasom ¢ paccTtosiHuem. [o
cnoBam AKMMOBA, OObACHUTL 3TOT 3PEKT TpyaHO. BO3MOXHO, YTO MHTEHCMBHOCTb MOMSA He
3aBUCUT OT PacCTOAHUS, MO0 OHO He pacnpocTpaHsieTcsl, NMM6o MowHOCTL TI1 odyeHb mana, nmMbo
30€eCb OEeNCTBYET TPUITEPHbIA MEeXaHW3M, NOAOOHbLIN KBAHTOBO - MEXaHUYECKUM nepexodam Tuna
«BCE NN Hnyero». B obwem, NocKonbKy NCTOYHMKOM TIT CRYyXWUT KNacCuU4eCckUin CuH Unu yrnoBom
MOMEHT, OHO OyaeT Bo3gencTBoBaTb Ha OObeKThl, obrnagarolime CNUHOBOW CTPYKTypon nubo
MEXaHNYEeCKUM MOMEHTOM.

Ipyras ocobeHHocTb TI1 aHanorMyHa cBoncTBamM PEPPOMarHETUKOB, KOTOPbIE COXPAHAT
OCTaTOYHblE MarHWUTHblE XapaKTEPUCTMKM MNOCre OTKIIOYEHUS TOKa, BbI3bIBAKOLLEro MarHUTHoOe
none. AHanornyHbiM 06pasoM, Kak YCTAHOBMEHO, MOCre OTKMYEHUS TOPCUOHHOIO WUCTOYHMKA
COXpaHAETCH «OCTaTOMHas Nonspu3anmsi», KOTOPYH MOXHO 3apernctpupoBaTth Kak Knaccuieckui
CMVH B BELLECTBE, a Takke B PM3MYECKOM Bakyyme. 3TO O03Ha4vaeT, 4YTo reHepaTtopbl Tl obnagatot
CBOWCTBOM OCTaBNATb COBCTBEHHbIN Crned B CTPYKTYpe TBEpAbIX Tefl, Haxoasawmxcs nobnmsocTtu.
AcHo oTctoga, 4TO MOCKOMbKy ntobble BuAbl BeWecTBa COAepXaT ChMHMpYHOLME YacTuupl,
opGuTanbHble 3NEKTPOHbI MU MOSEKYIbI, Y HUX €CTb BHYTpeHHue TI1, KoTopble NonspuayoT BOKPYr
HMX cBobogHoe npocTpaHcTBo. Kak Oyger nokasaHo, 9T ()aHTOMHble nons Gonble Ans
OpraHudecknx Mornekyn. B HekoTopbix crydyasix 3T BHYTPEHHWE (aHTOMHbIE MOMs MOXHO
3aperncTpypoBatb  Ha  poTorpaduyeckmx  aMmynbcuax. ITO  HeoOblMHOE  noBedeHue
doTorpacmyecknx nrneHok enepsble 6bino oTMedeHo okorno 50 net Hasag A. AGpamcom (Abrams)
[109]. CaeTouyBCTBUTENBHbIE 3MYMbCUN W XUOKOCTU MNPOSABASIT TeHOeHuuo o0pas3oBbiBaTb
CMVHOBbIE KNacTepbl U NPOCTPAHCTBEHHYIO MNONSAPU3aLMIO.

®duTOoHHAA Mogenb KBaHTOBOIO BaKyymMa He MpOTUBOPEYMT COBPEMEHHOM napagurme
byHOaMeHTanbHbIX B3aMMOAENCTBUIA, HO NO3BONSAET BbIATM 3a €€ rpaHuubl, BBOAS HOBLIW, MATbIN
TMN dyHOaMeHTanbHbIX B3aumogencTsui - TI. B pamkax aTton Mogenun ygaeTcs C eauHbIX
KBaHTOBO-BaKyYyMHbIX no3nunim npeasioK1Tb YHUPULMPOBAHHYIO WUHTepnpeTaumio
rPaBUTALMOHHbIX, 3MNEKTPOMAarHUTHbIX M TOPCUMOHHbIX B3aMmogencTsui. Bonpoc o cnabbix u
CUIMbHbIX B3aUMOOEWCTBUAX OCTaEeTCs MNoKa OTKpbITbiIM. PUTOHHAA Moaernb O3HayaeT, T. O.,
NPUHUUNNANBHO HOBbLIN MOAXOA K PELUEHMIO 3adadun JMHWTENHA - CO3OaHui 06beaMHEHHOMN
Teopun pyHAaMeHTanbHbiX B3anmogencTsui. OTnmMuMTenbHas BO3MOXHOCTb 3TOr0 nogxoaa
COCTOUT B TOM, YTO OH MO3BONSIET NPEOSIOKUTL OPraHMYEeCKUn CUHTE3 0Benx TeopeTMyecKux
mMogenew - reoMeTpn4eckon n nonesou [36].
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MaBa 2. M3, aHTeHHbl 6a30BbiX CTaHUMM MOOUNbHbIX TenedoHoB u TB-
pPeTpPaHCNATOPOB - yrpo3a 3aboneBaHus.

2.1. BospeuncrtBue M3 Ha yenoBeka.

B wmupe cywectByer pocTtatodHo ybeauTenbHas cTaTUCTUKa 3aboneBaHun nogen,
anutenbHoe Bpemsi HaxoguBwmxcs B [M13. 31K dakTbl TpebyoT cepbe3HOro ndydeHusi, ogHako,
yXXe oveBugHa HeobxooMMocCTb pa3paboTku yCcTpoMCTBa Mo nNpefoTBpalleHu0 Bone3HeTBOPHOro
AEeNCTBMSA 3TUX 30H Ha BUonornyeckne CUCTEMBbI.

O6blyHoe BnusHMe I3 Ha yYenoBeka OLEHMBAETCS MO COCTOSAHUIO €ro 340pPOBbS MOCre
anutenbHoro npebbiBaHMst B 30He. Kak npaBuno, 3TO OCYLIECTBMSIETCA MyTeM ornpoca yxe
3aboneBWwnx nogen n yctaHoenenus Hanuums M3 B mectax ux anutenbHoro npebbiBaHus C
noMmoLbio mMetoga 6uonokaumu. TakMx AaHHbIX HAKOMUIIOCb OYeHb MHOro. WccnegosaHusMu
BnnsHus M3 Ha YenoBeka 3aHMMAanMUCh y4eHbIE pasHbIX CTPaH M PasfiMyHbIX crnelmanbHOCTEN.

M3 BonbLUoro Yyncna nccneaoBaHnii B 3TOM HanpaBneHU MOXXHO OTMETUTb CNeayoLNX:

. HemeLKoro y4eHoro lNyctaBa oH NMons («3eMHble nyyn Kak natoreHHbln daktopy, 1932 r.);
. yeLuckoro Bpaya-oHkonora Ongpuxa KOpuseka (npopabotan B aton obnactu okono 20 ner);
. HemeLKoro goktopa meamumHel Mandpeaa Kyppu (1950 r.);

. HemeLkoro reocumsnka B. putya («pobnema M3 ¢ Toukn 3peHns reodpunankmny, 1955 r.);

. aHrnuickoro reonora Moxuma BanbTepa (aBTOp NOHATMA «reonaTtusi» B KHUre «3aragka
Bonwe6bHoro npytay, 1955 r.);

. HEMEeLKOro oKTopa mMeauumHbl QpHcTa XapTMaHa («3aboneBaHue kak npobrnema mecrta
pacnonoxenusy, 1964 r.);

. nonbckoro uHxeHepa Wepxun AepmaHa («Bo3gencTtBue u3nyyvyeHusi reobmonornveckom

CeTW Ha 340pOBbE UM CMEPTHOCTb 4YenoBeka B 3aBUCMMOCTM OT MOMOXEHWUS MeCcTa CHa MU
npebbiBaHMA B Nofe N3nyyYeHnsa aton cetny, 1978 r.);

. aBCTpuMCKOn nccnegosatenbHuubl Kat baxnep («OnbiT nosoxogua», 1984 r);
. Hemeukoro duauka . Lesenuepa («HoBble gaHHbIE K MOHUMaHUIO reonatumy», 1985 r.);
. wBenuapckoro apxmtektopa MaTtnaca Metnepa («PykoBoacTtBo no rnobanbHon ceTtyaTon

peweTtke», 1990 r.).

Bonee nogpobHble cBeaeHnst 06 aTUX UCCNegoBaHNsIX MOXHO HanWTu B pabortax [17,23]. B
coobweHnn [11] peyb nget o6 0gHOM M3 BO3MOXHbIX NOAXOO0B K MHTepnpeTauun noHsatms «IMI3»
C TOYKM 3PEHUSI MEAULIMHCKOM SKOMOTNN.

KaT Baxnep - n3BecTHbIN yy4eHbI B obnactu 6uoaHepronoruy - 6onee yem 3a 20 net cBoew
MHTEHCUBHOW paboTbl 06besanna 14 ctpaH, B KOTOpbIX nccrnegosana enusiHme M3 Ha yenoseka.

Bcero Kat baxnep o6cnenosana okono 11 Thbic. YenoBek, B TOM 4Yuce 6 TbiC. B3pOCHbIX, 3
Thic. nogpocTtkoB M 1,5 Tbic. mnageHueB. 1o ee pgaHHbIM, Tonbko 5% 06cCnegoBaHHbIX,
HaxoamBwmxca B [T13, He Gbinn noaBepXeHbl 3aboneBaHnsam. MNMaTonorusa y nogen, NPoXMBaLLNX
anutenbHoe Bpems B [TI3, camaa pasHooOpasHas: OT Nerkux MCUXMYEeCKMX PacCTPONCTB A0
pakoBbIx 3aboneBaHui, MHPAPKTOB, NHCYNLTOB, PACCESHHOIO ckrneposa 1 T.n. [82].

MaBHbIMM MATOrEHHbIMN 30HAMW CMEUMAnUCTbl CYMTAaKOT rnobanbHble MNPSIMOYTOfbHY U
AnaroHanbHy rpagycHble CETKU.

MpsiMoyronbHasa ceTka opueHTMpoBaHa No CTOpOHaM cBeTa. B Hawwmx WwupoTax paccTositHue
Mexay CeTKamu COCTaBnsieT OKOMO 2 M B HanpaBneHun ceeep - tor n 2,5 M BOCTOK - 3anag, (pwvc.
11). WunpwrHa nnHmni ceTkn npmbnuanTtenbHo paBHa 20 cm. metoTest cBegeHnst 0 ToMm, vto 13 n nx
nepeceyveHmnst - yanbl, KonebnioTcs ¢ NepuoguyHoCTbiO 1 Mecsil No uMknonge, cMeLlascb OT CBOEro
nepBOHaYanbHOro NONOXeHus Ha 1+1,5 m.
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Puc. 11

OnutenbHoe npebbiBaHne denoBeka B obnactu BnuaHua 13 HeraTMBHO OTpakaeTcsl Ha
ero 3gopoBbe. OcobOeHHO oOnacHO [OnroBpeMeHHoe npedbiBaHWEe 4YeroBeka B MecTax
nepecevyeHns aTux JIMHUN.

M3BecTHO, yTto TU [TI3 ObiBaOT OABYX BUOOB - JIEBble U MNpaBble. JKCNEPUMEHTANbHO
AOKa3aHo, YTO Ha YenoBeka HeraTMBHOE BMMSIHUE OKa3blBalOT NpenumyLecTBeHHO nesble TI1, xoTs
anuTenbHoe npebbiBaHWe B 30HE AencTeua npasbix TI 3emnn Takke HebesonacHo.

Mpn anutenbHOM npebbiBaHUM B HEONAronpusaTHOW 30HE (OYHKLMM pasHbiX OpraHoB Bce
bonee n 6onee pacctpamBaloTcs. Yenosek Hen3bexHO 3abonesaer.

Hanbornee 4acto BCTpeYalTCA OHKOMOrMYeckme, COCYAUCTbIE W HEPBHO-NMCUXUYECKMNE
3aboneBaHus, HapyLeHUs ONOpHO-ABMraTenbHOro annapara.

EcTb psia onpeneneHHbIX NPU3HaKoB TOro, YTO 4YernoBeK NMpoBOAWUT cBoW oTAbIX B [T13:
aHTUNaTusa K MecTy npebbiBaHWs U MECTY CHa, ANUTeNbHOe 3acbinaHune, NNoxon coH, 6ecnokorHoe
COCTOSIHME, YCTanoCTb YTPOM MOCfe MpPOCbINaHusi, HEPBO3HOCTb M AENPECCUs, YCKOPEHHOE
cepaouebueHne (Taxukapgus), OxnaaeHbl KOHe4yHocTW. K coxaneHuto, Bpadunm He Bcerga
CBA3bIBAKOT 3TN (PYHKLUMOHanNbHbIE paccTponcTBa ¢ BnvsHMeM T3, cTpemMsach neunTb NauMeHToB
pa3HbiMK cnocobamu, BkNovas 1 HebeaonacHble AN 300POBbs Npenaparbl.

UenoBek, KOTOpbIA He Oblfl BbIBEAEH W3 OMACHOW 30HbI, HE OyaeT BbineyeH, n GonesHb
Oynoetr nporpeccupoBaTb, MNPOSIBNSAS CBOM HOBble KayecTBa, CHMXasi COMpOTUBISIEMOCTb
opraHusma.

B «kHure A. CkapxuHckoro «bnwke k npupoge» npuBedeHbl TUIMWYHbIE MNPU3HAKK
yXyOLWeHMs1 300pOBbsi M CaMOYYBCTBUSI YernoBeka 3aBMCMMOCTW OT MOSIOKEHWUs Tena ChnsLiero
OTHOCUTESIbHO reonaToreHHom CeTKu.

Puc. 12. MNMpaBunbHOE pacnosioXXeHne KpoBaTu

Bonbwon caktnyeckun matepuan no mccnegoaHuio M3 M nx BAMSHMIO Ha 300pPOBbE
yenoeeka HakonneH W. H. lNMaenoBuom. B ero pabote [54] npuBoaMTCA OAMH MOKa3aTeENbHbLIN
npumep MNOCneacTBUN pacnonoxeHus xwunoro goma Ha [TI3 B r. Kuese. lMNATUSTaXHbLIN OOM
“XpyLieBckoro Tuna® Ha 4 nogbesda 3aceneH B 1979 . B c¢BA3uM ¢ OOnblWWM KONMUYECTBOM
3aboneBaHUN U CMEPTHBLIX UCXOO0B XUMbUbl AOMa 00paTUNMCh B PaNOHHYK aAMUHUCTPAaLMIO C
npocbbon npoeectn obcnegoBaHne pfoma. [lo 3aknto4veHuto onepatopoB 6Guonokaumm (HO.
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CyxomnuHoB un H. LLleB4eHko 13 o6beamHeHns «eonporHo3» (r. Kues, YkpavHa), 4OM pacnonoxeH
Ha molHon I3 TekToHMYeckoro npoucxoxaeHus. 3a nepuogd ¢ 1979 r. no 1993 r. 3gecb ymepno
52 yenoBeka, B TOM 4yucCne OT UHcyrnbTa - 16, paka - 12, uHdapkta - 11, cepaeyHo-cocyancTbiX
3aboneBaHun - 10, gpyrux - 3. Yetbipe 4YenoBeka B Bo3dpacTte oT 18 o 40 MOKOHYMNM XKWU3Hb
camoyounmncTeom.

Mo paHHbiM BcemmpHon OpraHmsaumm 3papaBooxpaHeHusi (BO3) cpegu coumanbHO
3HAYMMbIX TPAANLMOHHbIX HEQYroB NOCTOSIHHO NMANPYIOT OHKOMOrNYeckne, CepaevHo-CocyamcThblie
n peBmaTtudeckme 3aboneBaHus. KpvmBas aTOro npouecca HeymonuMmo uaeT BBEPX B CBA3N C
TeMmnamu ypbaHmsaumm n yCuneHmem OencTBus Ha ftogen TEXHOTEHHbIX (DaKTOPOB OKpyXXatloLlen
cpefpbl: 9NeKTPOMAarHWTHbIX MOMien, TpaHCcnopTa, 3arpsasHeHUs BO3OYLUHOW W BOAHOM cpeq,
NPOAYKTOB MUTaHUS 1 T.N.

EcTtecTBeHHO, 4TO MecTo npebbiBaHMA 300pOBOro MnuM G0OMbHOro YenoBeka, Tam, rge OH
NpoBOAMT OOMbLUYI0 YacTb CBOEro BpeMeHM (CnanbHoe uin paboyee MecTo), OYeHb BaXXHO AJS
Hero, ocobeHHO ecrnm OHO HaxoauTcs B HebnaronpusiTHOM 30He. JTo narybHO cKasbiBaeTcs Ha
COCTOSIHUM €ro 300pOBbSA, MNPOBOULMPYET (YHKUMOHANbHbIE HApPYLUIEHUS, YCKOPSieT pasButue
BOCManuMTeNbHbIX NPOLECCOB U NPUBOANT K Aedopmaumm aHeprokapkaca (cobctseHHoro 6uonons)
opraHvM3Ma 1 Kak crnegcTBue K TshkenbiM 3aboneBaHnsiM - pasnnyHbivM hopmam paka, HapyLleHUsiM
KOPOHapPHOro 1 MO3roBOro KpoBoobpaLLeHUs, MoNNMapTPUTY, paCCESTHHOMY CKIepoay.

Mo MHeHWUO psda M3BECTHbIX 3apybeXxHbIX U OTEeYECTBEHHbIX uccriegoBatenen (. Koon
K.B. MapkoHngec, T. HaBpoku, B.I1. KasHauyeeB, A.ll. [y6pos, B.A. Unbko, TI. ®penunx, B.T.
MpoxopoB un Ap.) 6onee 50 % oT obLuero Yncna permcTpmpyemblx pakoBbIX, CEPAEYHO-COCYANCTLIX
N CycTaBHbIX 3ab00nNeBaHUN CBsI3aHbl C HAXOXAEHMEM NoAen B reonatoreHHbix 3oHax (IM13).

CotpyaHukn LleHtpa "3keatop" (PP, r. Omck, gupekTop K.M.H. A.KocoB) n kacdeapbl OITMA
npoBenu UccrnegoBaHUsA Ha KOHTUHreHTe  BonbHbix 56 yenosek (100 %). C noaTBepXAeHHbIM
AMarHo30oM OHKOnormyeckoro 3aborneBaHusi pas3nuyHon nokanu3aumu- 51 yvenosek (91.0%), B
OCHOBHOM, TpeTben u 4yeTBepTon ctagmen npouecca u 5 yenosek (9.0 %), ¢ HEYTOYHEHHBLIM Ha
MOMEHT NMpoBeAEeHUs UccneaoBaHnn, guarHo3oM. Mocne nonyyYeHns COOTBETCTBYIOLLENO cornacust
(paspeLueHuns) 6oNbHOro N ero POACTBEHHUKOB, Bble3XXann Ha MECTO NPOXMBAHUSA NALWEHTOB, rae
nNpoBOANNN HEOOXOOUMbIE N3MEPEHUS.

Cpeactea namepeHus:

1. OcHoBow nsmepenun cnyxun npmdop "NrA-1" (nHgnkaTop reoMarHMTHbIX aHoManumn),

Ne 0402013, ceptucukar cootBetctBua POCC RU.AA. HO7346 Ne 0418272.
2. 3awmepbl pagnaumoHHoro dpoHa nposogunmck npmbdopom "bensap”, PKCB-104,
Ne 920049014.
3. [ns onpeneneHus HanpsXKeHHOCTM SNEeKTPOMarHUTHOrO Mons Mcnonb3oBancs npnéop
"TRIFIELD® METR", Ne 85034.
4. BbunonokaumoHHbIA MeTog (pamMka, MadTHUK, bareT).*

Pe3yJ'IbTaTbI nccrneaoBaHun npmBeaeHbl Ha AnarpamMmme..

CloaEHUTEN IEHAS XaPaKTEPUCTVKA

KormecrBo yerosek, %
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BbiBOAbI:

. leonaTtoreHHble 30HbLI ([T13) ABNATCA MOLWHBIM  Hecneunpuyeckum  akTopom,
BO3ENCTBME KOTOPbIX MPUBOAUT K CEPbE3HbIM HapyLUEHWsIM Pas3fnUyHbIX YPOBHEW perynauum
OpraHoB M cucTtem opraHuama. [nutenbHoe HaxoxaeHwun yernoseka B [T13, B cpeagHem ot 5 oo 7
neT, MOXeT MPUBOAMTL K PasBUTMIO OHKOMOrM4eckmx 3aboneBaHwi pasfnuyHbIX foKanuMsauun,
HapyLUEHU0 MO3rOBOr0 M KOPOHAPHOro KpoBoobpalleHus. 3ameanser penapaTtvMBHble MPOLECCHI,
MOBbLILLAET NPOLEHT OCMNOXHEHMIN N PELMANBOB NOCIE NPOBEAEHHOTO NEYEHUS.

. CambIm onacHbIM, crieqyeT cunTaTh HaxoXaeHMe B NPOEKL MM ABONHOIO y3na XapTMaHa u
Kyppu (23 %) - oHkonormdeckoe 3aboneBaHne MOXET BO3HMKHYTb B TedeHue 4-5 net u gaxe
paHblue. Mpu aTom 3aboneBaHne NpoTekaeT arpecCnBHO, YacTo peumanBupyeT U B BONbLUMHCTBE
Crny4aeB 3aKaH4MBaeTCs neTanbHbIM UCXOO0M.

. Camon u4acTtom cCTpykTypHOM npoekumen [TI3 npucyTcTBylOWEN MpyM  Hanuuum
OHKOJSTOrM4ecKoro npouecca sBnsietcd y3en XaptmaHa u nuHusa Kyppu — 64 % cnydaes.
. Ob6s3aTenbHbIM  YCNOBUEM BO3HUKHOBEHMSI OHKOSOrMYeckoro 3aboneBaHusi sBnsaeTcs

HaxoxgeHve B coctaBe [T13 nuHum wnu y3na Kyppu (cm. [MpunoxeHne Nel un Ne2.).
M3onupoBaHHOE BO3OENCTBME NUHWUA U Y3rOB XapTMaHa Mo HaleMy MHEHWIO, He NPUBOAMT K
pa3BUTUIO CEPLE3HBIX NATONOMNMYECKMX NPOLECCOB, Kak BUOHO U3 CpaBHUTENbHOM aMarpaMmbl Ne6.
[anHble grnarpammbl Ne5 n Ne6 ybeamntenbHO AoKasbiBalOT NPUYMHHO-CEACTBEHHYIO CBA3b MEXAY
M3 n oHKonornyeckummn 3aboneBaHUaMN.

2.2. MeToabl 3awmThbl ot M 3.

MeTtoaobl 3awuTbl HaceneHusi OT HeratuBHoro Bo3gencteua TI1 [T13  MOXHO
oxapakTepu3oBaTb Kak MOMCKM BO3MOXHbIX pelleHun 6e3 Hay4yHoro obocHoBaHus. Ha cerogHs
caMblM MpPOCTbIM W HaAeXHbIM crnocobom wu3bexaTb puCKa BO3HUKHOBEHUS CEPbE3HOro
3aboneBaHus, obycnosneHHoro BosgencTBuem neBbix TM [TI3, - pa3 B rogy MeHATb
pacnonoXeHne cnanbHbIX MECT B KBapTUpe. OTOro AO0CTAaTOMHO, TaK Kak Cepbe3Hble HapyLleHust
MOrYT BO3HUKHYTb NULLb NOcre anuTensHoro npeboiBaHns B MM13.

B HacTodwee BpemMsa Haubonbliee pacnpocTpaHeHue MofydYnno yCTPOMCTBO ANs
HenTpanu3auun BosgencTeusa nesbix Tl [TI3, npeacraensiowee cobon 3amMKHYyTOe KOMbLO U3
Xernesa unM CcTanbHOW MNPOBOMIOKM, KOTOPOE pacnonaralwT B 30HE AnuTenbHOro npebbiBaHus
yenoseka, Hanpumep, nog CTyrnoMm wmnu nog kposatbio [54]. OgHaKo aKcnepumeHTanbHO 6bino
onpefeneHo, 4YTo 9TO YCTPOMCTBO HeAOCTaTOMHO 9dEeKTUBHO 3aluuuiaeT 4enoBeka OT
HeraTMBHoro BrnvsHua Tl [TI3 B cuny cnaboro dopmosoro TI1, reHepuMpyemoro 3Tum
YCTPOWMCTBOM.

Kpome TOro, ans Heutpanusaumm nesblx TI1 I3 ucnonb3yoT nornowairome CBOMCTBA
pasnuyHbIX MaTepuanos: BOCKa, MMHEpPanoB, BOWMNoka, bymaru u 1.n. [55].

Ectb w pgpyrme BapuaHTbl, Hanpumep WCMonb3oBaHWE KOBPUKOB, rapaHTUPOBaHHO
obecneunBaromx 3awmTy nogen ot sosgenctand M3, OHU cocToAT M3 ABYX CrOEB NOMMEPHON
NAEHKN C B3aMMHO NEPNEHAMKYISAPHOM CMUHOBOW OpueHTaumen. 3Ta CTPyKTypa npeacTtaBnseT
cob0M TOPCMOHHBIV (CMMHOBLIN) NONAPOUA, ABMASIOWNACA 3aWMTHBIM 3kpaHoMm oT T I3, npuuem
CMMHOBas OpueHTauus SBNSAETCS rMaBHbIM U peLlalownuM MOMEHTOM B CO34aHMU 3KPaAHUPYHOLLMX
cBoncTB. CnuHOBasi OpueHTauus Criost MONMMMEPHON MNeHKn obpasyerca B npouecce ee
N3roTOBMNEHNs, B YaCTHOCTM MpU MNPOTSKKE W TOPCMOHHOW obpabotke. [lpu B3aMMHO
nepneHauKynsapHOM pacrionoXXeHUN CroeB MONIMMEPHON MNeHkn obpasdyeTcss TOPCUMOHHbIV
CMVHOBbLIN NONApoMa, KOTOPbIN U 3alluLLaeT YenoBeka OT HeraTMBHOro snuaHns Tl 3emnu.

KoBpuku paspabotaHbl MexoTpacneBbiM HayYHO-TEXHUYECKMM LEHTPOM BEHYYPHbIX
HeTpaaMUMNOHHbIX TexHonornin (Mockea, Poccus) [3]. AHanornyHble pas3paboTku ecTb 1 B YKpanHe
(HTYY «KMNWy», MexayHapogHas akagemus 6M0o3HeprotTexHornorui, [JHenponeTpoBCKU MHCTUTYT
HapoaHon MeauunHbl) [44, 45].

HepocTtaTkoM 3TOro akpaHa Ans 3awmuTbl YenoBeka ot Bo3gencteus M3 agnsetcs 1o, 4To
nog enuaHnem Tl 3emnu co BpemeHem (0,5 - 1 rog) HapylaeTca CnMHOBas OpueHTauus croes
NONMMMEPHOW TMIEHKW, BCNEACTBME Yero OHa TepseT CBOM 3alMTHble KadyecTBa [795].
YcoBepLueHCTBOBaTb AaHHOE YCTPONCTBO ANSA 3alMTbl YenoBeka OT HeraTuBHoOro snuaxmsa TI T3
MOXHO MyTeM BBEAEHWSI B HEro AOMOSTHUTENbHbIX 3rieMeHTOoB, obecneuymBaloWwmnx ANUTENbHOE
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COXpaHeHWe 3alUUTHbIX CBOWCTB MOMMMEPHOW MMAEHKA W OOHOBPEMEHHO MOBbILLAOLLMX
9(P(PEeKTUBHOCTb 3aLnTbl YernoBeka. [JononHuTenbHble 3neMeHTbl NpeacTaBnsloT cobow Habop
Konew, pasMeLleHHbIX Ha BHELUHEN MOBEPXHOCTM KaXAoro criosi nonvMmepHon nneHku. Konbua
MOryT OblTb pa3MeLLeHbl Ha NOBEPXHOCTU STOM NMEHKN KOHLEHTPUYHO MO OTHOLLEHWIO APYT K Apyry
UMY B IMHENHOM PacnoNnOXEHUN.

—

— -

-

-2

Puc. 18 YcTponcTtBo Ansi 3awuTbl YenoBeka OT HEraTUBHOMO
BnvaHua TI M3 - Bug cboky.

Ha puc. 19 - ycTponCTBO C pasMeLLeHHbIMY Ha BHELLHEN NOBEPXHOCTU NONUMEPHON MIEHKU
KonbLuamu.

YCTpPONCTBO ONs 3aluMTbl YenoBeka OT HeratuBHoro BnvsiHua Tl [T13 coctouT M3, no
MEeHbLUEN Mepe, OBYX CNOeB MOMMMEPHON MMEHKM C B3aMMHO NeprneHAUKYNApPHOW CrUHOBOW
opueHTaumen 1 n 2 (puc. 18). Ha BHeLLHEN NOBEPXHOCTU KaXQoro nosIMMEPHOro Criost NOMELLEHbI
konbua 3 (puc. 19) Ha puc. 20 - TO e, C KOHLUEHTPUYECKMMUN KOMbLaMW.

(SRR RaTY

CCO o0 3
EeRststitelagate: 3
DO0GPOD G o

-
N

Puc. 19 Puc. 20

Konbua 3 mMoryT 6bITb pacnonoXeHbl KOHLEHTPUYHO MO OTHOLUEHUIO Apyr K Apyry (puc. 19).
X MOXHO n306pa3nTb Ha MOBEPXHOCTU B BUAE PUCYHKA U N3rOTOBUTL OTAENbHO M 3aKpenuTb Ha
BHELUHEN MOBEPXHOCTU KaXdoro cros nonvMepa niobbiM M3 M3BECTHbIX CNocoboB. 3TO U
aHanornyHble yctponcTea paboTtatoT cnegylowmm cnocobom.

B npouecce n3rotoBneHuWst NONMMEPHOWN MNEHKM (NpU ee MPOTSKKE U KpucTannmsauum
nonvMmepa) o6pasyloTca y4yacTKM, Ha KOTOPbIX MakpOMOSMEKYNspHble LEenuM pacnofoXeHbl
napannenbHO Apyr Apyry, a BXogdwume B HUX aToMbl B TBEPAOM COCTOSIHUM 0O6pasytoT
NPOCTPAHCTBEHHO - YMNOPSOOYEHHYIO CTPYKTYpY. T. 0., MakKpOMOMeKynsipHble uenu nonumepa
UMEIOT onpeaeneHHoe MNPOCTPaHCTBEHHO-4YaCTOTHOE pacrnpeferneHMe n CTporo onpenerieHHyro
OpVEHTaLMIO CNNHOB, co3aaBasi cobcTeeHHoe TI1.

CnepoBaTtenbHo, pa3smelleHve cnoee 1 ©“ 2 NONMMMEPHOM MNEHKM C B3aUMHO
nepneHauKkynapHoOM CrMHOBOM OpueHTaumen obpasyeT CnMHOBLIN (TOPCUOHHLIN) nonspoua,
obnapaoWwnin  3alLMTHBIMU CBOWCTBaMK OT Bo3gencTeur nesoro Tl T3 3emnu. CnnHoBas
OpVEeHTaLMs ABMSETCS rMaBHbIM 1 ONpegensiownuM MOMEHTOM MPU N3rOTOBIEHNN YCTPONCTBA ANg
3awmnTbl Yyenoseka oT HeratueHoro BnNusHuA Tl IM3. O6pa3oBaHHbIN ABYMS CNOAMU NOSIMMEPHOM
NAEHKN CMUHOBbLIN (TOPCUOHHBIN) nonspoua oopmupyeT npasoe Tr1.

Mpwn B3ammogencTteum ¢ nesbiM Tl M3 npaBoe TI1 ycTponcTeBa paccemBaeT N OTKITOHSET
nesoe (onacHoe) TI IM3.

Pa3melLeHne koneL, Ha BHELLUHEN NOBEPXHOCTU KaXKA0ro Cnos NofmMepHoOn nieHkn durypol
B dhopMe KorbLia MMEET creaylollee npegHasHadyeHme. B domsnyeckom cmbicrie NoHATUE POpMbl
MOXeT OblTb WHTEPNPETMPOBAHO Kak noneBas CTPYKTypa, KOHTYpPbl KOTOPOW 3aBUCAT OT
NPOCTPaHCTBEHHbLIX OCOBEHHOCTEN KOHKPETHOrO obbekTa. M3BecTHo, Yto 13 B cBOEM M3nyyYeHun
cogepxatr pasHble MO CBOEMY 3HaKy TOPCUOHHbIE KOMMOHEHTbl - TMpaBble U neBble.
OKCNepuMMeHTanbHO YCTaHOBMEHO, YTO reoMeTpuydeckas durypa B opme Konbua cosgaeTt
cTtatudeckoe hopMOBOE TOPCUOHHOE NpaBoe More.

MMeHHO neBble TOPCUMOHHbIE KOMMOHEHTbl OKa3blBalOT HeraTMBHOE BO3OENCTBME Ha
yenoeeka. Kak Obino ctporo nokasaHo [ WM. LUvMnoBbiM B pamMkax Teopun TOPCUOHHbIX
B3aMMOOENCTBUN, B OTNIMYME OT SfIEKTPOMArHeTM3Ma, rae pasHoOMMEHHbIE 3apsaabl NPUTAMMBAOTCS,
TI1 pasHoro 3Haka, HA0BOPOT, OTTANKMBAOTCHA, OANHAKOBOIO - NpUTArMBatoTca [2].

lNoatomy, Npu B3aMMOAENCTBMM CTaTuyeckoro ¢opmoBoro npasoro Tl ¢ TOPCUMOHHOWM
KomnoHeHTon T3, umetoLLer NpoTUBOMNONOXHbLIN 3HAK, MOCIEeQHAS OTKITOHSIETCA U paccenBaeTcs,
orpaxgad TemM camblM MOMMMEPHbIN MaTepuan YCTPOWCTBa 3aluTbl OT paspyluaroLlero
Bo3gencTems Ha Hero nesoro TI1 [M13. Mpu 3TOM COOCHO pasMeLleHHble OOHO BHYTPW ApYroro

SO oopDo oo
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KonbLia BO3OENCTBYWOT Apyr Ha Aapyra, n copmoBoe Tl kaxgoro u3 Komew CyuleCTBEHHO
noBbILLIAETCS.

CymmapHoe none OByx u Gonee koney, 3a cYET B3aMMHOro Bosgencteus Tl oTaenbHbIX
Koney, npesblwaer cymmy Tl oTAenbHO B3ATbIX KOmel, T.e. co3gaercsa pesynbrupylowee TI,
BENUYMHA KOTOPOro npesbiwaeT cymmy TI1 Kaxgoro M3 Konew.

WTaK, pasMelleHne Ha BHEeLWHEeN MNOBEPXHOCTWM MOMMMEPHON MSIEHKA KOHLEHTPUYECKMX
koney ycunuBaeT 3Q@EKTMBHOCTL  3alUMUTbl  MOMIMMEPHOro  Martepuana ycTpouctBa W
OAHOBPEMEHHO NoBbIlaeT 3dEKTUBHOCTL 3aLLMThl YerioBeKa OT HeraTuBHoro BnnsaHus T M3.

M3BECTHO TakkKe YCTPOMCTBO AJ1s 3alUMThl YENoBeKa OT HEraTMBHOIO BO3OENCTBMS HA HEro
M3 3emnu [44].

YCTPOMCTBO COCTOMT M3 KOpryca LapoBUAHOM POPMbI, B KOTOPOM HaxOA4MUTCA MOPCKas Unu
nogconeHHas soga (goto 21).

Ha BHelwHen cTOpoHe Kopnyca nomMelleH dpopmupoBartens npasoro Tl HanpasneHnem Ha
FOXKHBIN MarHUTHbIN NOMOC, @ CKBO3b TOJLLY BOAbI - HA CEBEPHbIA MarHUTHbIN MOSOC.

doTo 21

M3BeCTHO, YTO OAHOUMEHHbIE MHOPMALIMOHHBIE NONSA NPUTAMMBAIOTCS, @ Pa3HOUMEHHbIE -
oTTankmBatoTca. CcopmmpoBaHHbIE YCTPOMCTBOM MNpaBble M feBble WH(OPMAaUMOHHbIE NOMsA
B3aMMOOENCTBYIOT COOTBETCTBEHHO C MpaBbiM M neBbiM nonamu [T13 B ropusoHTanbHou
nnockoctn. [paBoe none dopmupoBaTens YycunvBaeT npaBoe WHMPOPMAaLMOHHOe rone B
XMOKOCTU 1, COOTBETCTBEHHO, YBENMYMBAETCS NeBoe none Gnarogapsa ycuneHuio npasoro nons. B
pesynsrate BO3HUMKaeT $ABMEeHWEe B3auUMHOW KOMMEHCauuu YBENUYeHHOW B TOPU3OHTarnbHbIX
pasmepax M3 (reonaToreHHble kak Obl «pa3MasblBalOTCA, PacTArMBalOTCA» 3a CYET TOro, YTO €CTb
ABa nons: npaBoe none npubopa nputarneaet k cebe npaeble nons 13, neBoe aHanoOrM4yHo) u
BO34EWNCTBME 30H Ha YenoBeKa Pe3ko yMeHbLUIaeTCs.

O PEeKTMBHOCTb BbILLIEHA3BAHHOIO YCTPOMCTBA ANS 3awuMTbl Oblia npoBepeHa MeauKo-
akonoruveckon compmon «Jlant-2» (r. Ypa, Pocecus) B anpene 2003 r. chbiTaHWa NpoBOaUMUCE C
nomowibto npubopa «WUFA-1», B KadecTBe BbIXOQHOTO MNapameTpa KOTOPOro WCnosnb3yercs
WHTerpan ¢a3oBoro cAsura Ha aHann3npyemon YyacToTe.

B 3akntoueHnn ykasaHo, YTo JaHHOE YCTPOWCTBO YMEHbLUAET BENUYMHY nanydvenun M3 B
XWNbIX XU MPOU3BOACTBEHHbLIX  MOMELLEHUAX UM, MOXeT OblTb pPEeKoOMeHOOBaHO  Kak
npodunakTnyeckoe CpeacTBO AN YCTpaHeHUsa PakTopoB HeratuBHoro BnusHus M3 3emnu Ha
300pOBbE Yenoseka.

doTo 22
AHanormyHble pesynbratbl  OblMM  NPOAEMOHCTPUPOBaHbI Ha 2-N  MeXAyHapOAHOM
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KOHepeHuMn «MuHMMM3aUUs HeraTMBHOIO BNUSIHUA Ha nonb3oBaTtenen [1K, MoOMNbHbIX
TenedoHOB, TENEBM30POBY», NpoxoamsLuen B cepeanHe mas 2003 . B . Kuese (poTo 22).

Bbbinn  npoBeadeHbl MCCeQoBaHMs, B pe3ynbrate  KOTOPbIX BbISCHUIIOCH, YTO Ha
OBWXKYLLEMCA MOPCKOM CyOHE MMEIOTCS GuonaTtoreHHble U3NydYeHns U ¢ 3€MHbIMU N3MNyYEHNSMU
3TO He CBs3aHo.

Bo Bpemsi CTOsiHKM B MOPTY, MOMMMO W3MNy4YEeHWn N3 MOPCKOro AHa, UMEKTCS Takke
OvonaToreHHble U3MNy4YeHns OT ANEMEHTOB CUOBOIO Kapkaca CyadHa, T.e. LUMaHroyToB U KUNEeBOW
6anku, a Takke no BaTepriMHUN.

Bo Bpemsa OBMXEHMSI CydHA WHTEHCUMBHOCTb M3My4YeHUsl YBENUYMBAETCH, a Mpu LUTOpME
BO3pacTaeT MHOrokpaTtHo. LLnpunHa nyden n nx MHTEHCMBHOCTb MPW 3TOM CTaHOBATCH TakKUMM, YTO
CYAHO NpeBpaLlaeTcs NpakTU4eCKn B NNaBy4vyto GONaToreHHy 30Hy.

Mpn paBvXeHUM cygHa Hag pasnoMamMu 3eMHOW  KOpbl UMW FIMHUSMWU  CTbIKOBKU
TEKTOHUYECKUX MANT NPOUCXOAUT COYETAHHOE BO3AEWCTBME Ha NOOAEN U 3KMNaX COOCTBEHHbLIX
OMonaToreHHbIX 30H, BO3HUKAKOLNX B KOHCTPYKLMOHHBIX 3fieMeHTax Mopckux cynos, u M3 semnu.
To e camoe KacaeTcsl U 3KMNaxxen camorieToB, BogMTeNen aBToTpaHcnopTa v T.4.

UTto kacaetcsa nocnegHux, TO M3BECTHO, YTO HanuuMe Ha aBTomMaructpansax T3 cosgaer
MOBbILLEHHYH) aBapUMHOCTb, T.K. OaXe KpaTkoBpeMeHHoe npebbiBaHMe BOOMTENS B TakoOW 30HE
NPUBOAMUT K BHE3AMNHOW NOTEpPEe CO3HAHWUSA, OPUEHTUPOBKU B pe3ynbTate cBoeobpasHoro crpecca u
pe3koro BbIbpoca agpeHOKOPTUKOTPOMHbLIX FOPMOHOB B KpoBb. Kpome Toro, BoguTenu NOCTOAHHO
HaxogATCs Nog HeraTMBHbIM BO3AencTBMEM neBbiX TI1, reHepupyembix CUCTEMaMu Mnogayu
BbICOKOro HanpsiKeHUs1 Ha CBEYM 3aXKUraHus, aBTOM06I/1J'IbHOI/I 3ne|§Tp0an<om

"'u:r THOB

doro 23

Mmeetca nateHT YkpauHbl [51], B KOTOpPOM oOnNuCaHbl METOAbl 3aluTbl BOAMTENEN
aBTOMOOMNEN M NACCaXMPOB OT YNOMSAHYTOr0 HEraTMBHOIO BO3AENCTBUSA (GPOoTO 23).

VccnepoBaHust NO BbISIBNEHUIO UCTOMHMKA M3MyYeHUA B KOHCTPYKLUMOHHBLIX MaTtepuanax
nokasanu, 4to MNpy MWHUMANbHOM M3rMOGE OHW TFeHepMpOoBanM WHTEHCMBHOE He3saTyxarollee
n3nyyeHue, KOTopoe ynaenmeanocb GUOTEH30POM UMK PYKOM.

WMccnepgoBanvcb M3nydeHns BbiMyKOM U BOrHYTOW NMOBEPXHOCTEN, B 06omx criydasx Gbinm
3aMKCUpoBaHbl BepTUKamnbHbIE KPYroBble W3MyYeHUs, KOTOpble CcoBMagann C KOHTYpOM
nccnegyemblx npegMmeToB.

Uto kKacaeTca AONUTENBHOCTUM 3aTyxaHust W3Ny4YeHUs BO BpPeMeHW, TO UMETCH
CBUOETENbCTBA TOrO, YTO OHU UAYT HEMPEPLIBHO B TEYEHUE OECATUNETUN, XOTS MHTEHCUBHOCTb MX
N3Ny4eHns HECKOMNbKO yYMeHbLuaeTcs. 3noxeHHble AaHHble CBUAETENbCTBYIOT O HeobxoaMMocTu
npoBedeHus Komnrekca dQyHAaMeHTanbHbIX W NPUKNIagHbIX WUCCAEeAOBaHUM MO  BbIABMAEHUIO
npupoabl N CYLLLHOCTX NATOreHHOro 1 NcUxoreHHoro BosaencTaeus M3, no nsyyeHuto peHomeHa nx
NH(Pa3BYKOBOro BO3OENCTBUS U CHUXKEHWUS KONMMYecTBa OTpuuaTeNbHbIX adPOMOHOB B «NEBbLIX»
ms.

Cuutaem, 4tO HeobGXOAMMO BECTU pa3paboTkM  MHBEPTOPHbIX  YCTPOWCTB
(npeobpasoBaTtenern TOPCUOHHbBIX MOMEN), HOBbIX CTPOUTENbHbIX MaTepuanoB C 3aLUMUTHLIMMI
CBOMCTBaAMM OT BPEAHOIO BIIMSIHWUS r€OMarHUTHbIX U3NnydY4eHnin. LIeHTp MHHOBALMOHHbBIX TEXHOMOMMI
«QkBatop» (. OMCK) COBMECTHO C Kadyeapon CTpouTenbHbIX Matepmanos OMCKOM aBTOAOPOXKHOM
akagemuu (3aB. kad., A4.T.H., npod. Muxannosckmii B.M.) npuctynun Kk n3roToBNeHN0 1 NpoOBEPKN
OEeTOHOB Ha OCHOBE MH(OPMALMOHHO - CTPYKTypupoBaHHOM Boabl «A-Buta X3» ¢ 3aWjuMTHbIMK OT
M nanyyeHun cBorCTBaMWU. OTU MEPOMNPUATUS MOMOryT cAenatb Halle XWUNbE 39KONOorMyecku
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6e3onacHbIM U y6epeqb 300pOBbE U KN3HN MHOTNX OECATKOB N COTEH TbICAY HALWWUX rpaxaaH.

2.3. MeToabl 3alWmUThbl OT HEraTUBHOro BO3AEeNCTBUSA Ha XXUBOe aHTeHH 6a30BbIX CTaHLUUN
MOOUILHbLIX Tene(OHOB U PeTPaHCNATOPOB, BETPOreHepaTopoB.

Cpean U3BECTHbIX TEXHOreHHbIX (PakTOpOB, K KOTOPbIM OTHOCATCA W €CTEeCTBEHHO-
TEXHOrEeHHbIE 30Hbl, HEFAaTUBHO BIIMSIOLMX Ha 300POBbE YEMNOBEKA, NOSBUIICS HOBbIM, HA KOTOPbLIN
HeobxooumMo 00paTuTb MpuUCTanbHOE BHUMaHWE B CBA3W CO BCE BO3pacTalOLMM MOKPbITUEM
TEPPUTOPUIN Pa3BUTLIX CTPaH MOBUNBHON CBSA3LIO.

HeraTuBHoe BO3OENCTBME €ECTECTBEHHO-TEXHOTEHHbIX 30H, MNPeACTaBnsAwWNMX cobon
reognHamuyeckne M MUKpOreognmHamudeckme 30Hbl, YCUIIMBAETCS COBPEMEHHbLIM TEXHOreHHbIM
BO3ENCTBUEM.

Llenb wuccnepoBaHuin  3aknioyanacb B NOATBEPXOEHUW BO3pacTaHWs HeraTMBHOMO
BO3OENCTBUS €CTEeCTBEHHO-TEXHOMEHHbIX 30H 3emnu, KoTopas npeacTaBnseTr COOON CIOXHYHO
AVHAMUYECKYI0 CTPYKTYpY, OCOBEHHOCTM KOTOPOW TOMbKO cenvac nosHawTcs B 6Gonee MonHou
Mepe, Ha Bce xuBoe. [NpeactaBnaeT MHTepec CTeneHb YCUNEHUS COBPEeMEHHbIX TEXHOMeHHbIX
BO34ENCTBMI Ha XUBOE NPU NX B3aUMOLENCTBUM C €CTECTBEHHO-TEXHOMEHHbIMM 30HaMN 3eMru.

doT0 24
VccnepgosaHmsamun, npoBedeHHbIMU accounaumnen «Prosantel» (®paHuus) n SARL «Tellus»
(PpaHuus) (doto 24), 6bino ycTaHOBNEHO creaylowee. Ecnvn 3azemMnenHne maydtbl NPUEMHBIX UN
nepedarwLLmnx aHTEHH MOOUIbHBIX TeNedOHOB, BETPOreHepaTopoB, HEKOTOPLIX APYrNX 3IEKTPO -
YCTPOWCTB OCYLLECTBIIEHO B MECTE MepeceyeHns reoanHaMmUYeCKNX UNnM MUKPOreogmHamMn4eckmx
30H, HaxOOALMXCA B COCTOSIHUM pacTshkeHust (MO HUM LMPKYNupyeT BoAa), TO 3TO BbI3blBaeT
nosiBrieHne ycuneHHoro nesoro TI1, KOTOpoe pacnpoCTpaHSAETCA N0 CUCTEME reOgUHAMUYECKMX
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30H Ha PacCToAHUSA, AOCTUraloLLmne AeCATKU KUITOMETPOB.

CrtaHOBUTCS ACHO, 4TO MPOUCXOAUT TOoMonornyeckoe ycuneHne nesoro TIM Ha
MaKpOCKOMMYeCckoM ypoBHe. YcuneHume nesoro Tl B gaHHOM criydae MOXHO OObACHUTb, MpUHMMas
BO BHMMaHWEe OOWH M3 U3BECTHbIX 3aKOHOB B3ammogenctausa TI1, B cooTBeTCTBUM C KOTOpbIM TI1
nputarmeaet cebe nogobHoe. JleBoe TI1, cywecTBylowee B BbIWEYNOMSAHYTbIX MecTax,
npuTArMBaeT nesoe [More, co3fgaBaeMoe MadTaMy aHTeHH U T.4. MauTbl aHTeHH ABNATCH
reoMeTpuyeckummn dourypamu, y KOTopbix AuameTp HaMHOIMo MeHbLLE BbICOThI, U, B COOTBETCTBUMU C
mogensimu A. E. AkumoBa, reHepupytoT nesoe none (poto 25).

doto 25

OTOT (pakT MOXHO WMCMONb30BaTb ANt OObACHEHUs Tomnonorndeckoro ycunexuust TI1,
NPOUCXOASLLEro Ha MaKpPOCKONUYECKOM YPOBHE, U B APYIUX Crydasx.

MprBeoemM HeCKoNbKO MPUMEPOB HEFaTUBHOMO BO3OENCTBUS 1EBOr0 TOPCUOHHOMO Ha ntoaen
N XMBOTHbIX, KOTOPbIE NPOABMANCE BO PpaHLmK.

Y MOnogon AeByLUKM MOCne nepeesfa B HOBYH KBApPTUPY Hadyanucb nNpobrnembl CO CHOM,
XpoHun4yeckasa yctanoctb. C 4yacTu ronoBbl Hayanu BbiNagatb Bosiocbl. Bpay Bce obbAcHMN
cTpeccom Ha pabote. Ha camom pene, kak 6bino BnocneacTBuM YCTaHOBMEHO, KBapTupa
Haxogunacb B OOMeE, KOTOPbIM CTOSAST Ha MNepecevyeHuMn reoauHaMUyeckmx 30H PacTsKEeHUsa C
CUnbHbIM nesbiM TT1.

Ewe npumep. XKeHuwuHa, nvesLluas gBoe Aeten, nepeexana B gpyron gom. B HoBom gome
y Hee ObIno Tpu Bbiknapiwa. Bpay He mor HanTtu npudmnHy atoro. OH nocoBeToBan obpaTnTbCs K
crneynanucTy no reobronorun, KOTopbln YCTAaHOBWI, YTO AOM HaxXOAMUTCS Ha reonaTtoreHHON 30He.

Hanpumep, B 30Hax C cunbHbiM neBbiM Tl CBMHbWM HauvMHalT GoneTb U NpPOABNATHL
arpeccuBHOCTb. OHM HaYMHaIOT KycaTb Apyr Apyra.

B HopManbHbIX YCIOBUSAX 3TO HEBO3MOXHO.

KopoBbl, Haxogswmecs B nesom T[1, 6GonewT, kadecTBO Monoka nagaer. Ha
YXMBOTHOBOAYECKOM hepMe, pacrofsIoKEHHOW Ha nepecevyeHnn reogmHammyecknx 30H B bpetanu,
obnacTtu, pacnonoxeHHon Ha 3anage PpaHumm, KOpoBbl MOCTOAHHO 6Gonenu, Ka4ecTBO MOoKa
ObINIO 3HAYUTENBHO HWXKE HOPMbI, 3TO NPMBOAUNO K PMHAHCOBLIM YObITKam (poTo 26).
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doTo 26

Ecnn B TI3 paHblle BO3OENCTBME HA OpPraHM3M YerioBeKa W XXMBOTHbLIX ObiO B KaKOW-TO
CTeneHun MNOCTENEHHbIM, TO cendac HabngalTCss MHOIMOYUCHEHHbIE Crydaun O4veHb ObICTpPoro
BO3ENCTBUA eCTECTBEHHO TeXHOreHHon [T13 Ha opraHM3m noaen n XUBOTHbIX, M 3TO CBA3bLIBAKOT C
BO3eMCTBMEM HOBOIro TEXHOrEHHOro dhakTopa.

Bce nonbITkn nevyeHns KopoB He MPUHEeCnu pe3ynbTaTtoB. 3aMmeHa KopMoB U 0BopygoBaHusA
He nsmeHuna cutyaumo. beino 3akynneHo 10 HOBbIX 300pOBbLIX KOPOB. Yepe3 Heaento OHW Toxe
3abonenn. OcHoBHble NpobnemMbl aTon oepmbl Obinn CBSA3aHbI C MECTOMOSOXEHNEM 3TON hepMbl
Ha rnepeceyYyeHUn reogMHaMm4ecKMx 30H, HaXOOSALIUXCH B COCTOSIHUM PaCTSXEHUS U No KOTOPbIM
unpkynupyet Boga. Pepma ata cyuecTByeT AaBHO. Ho cepbesHble NpobreMbl NOSIBUNUCH TOMbKO B
nocnegHue rogbl. 1 310 cBsA3aHO ¢ nosienieHmeM B [T13 TexHoreHHoro ¢haktopa - nesoro TI1. 310
Tl BbI3BAHO YCTAHOBKOW MayT aHTEHH Ans MOOMMbHbIX TenegoHOB B MeCTe nepeceveHus
reoguHamMn4eCcKmx 30H.

[na ycTpaHeHnsa HeraTMBHOIO BO34eWCTBMSA neBoro Tl Ha 340poBbe MOAEN U XKUBOTHbIX,
accounaumen «Prosantely, ®paHums, 6bin paspaboTtaH pag 9PdEKTUBHBIX 3aALLUUTHBLIX YCTPOMCTB,
Basvpylowmnxcs Ha KoHuenumum 6esonacHom anekTpoHukn. OHa OCHOBBLIBAETCS HE TONbKO Ha Maesx
3KpaHNPOBAHMSA WNKN OrpaXkgeHus 4enoBeka OT onacHoro einaHuss OMIT u mnx TOPCUOHHOWM
COCTaBnfawLWEN, HO M Ha NPUHUUNMANBLHO HOBOM MOAXO4Ee, YYUTbIBAKOLEM reomeTpuyeckme
0COBOEHHOCTU NOMNen NCKYCCTBEHHOIO NPOUCXOXOEHWS.

®doTo 27 ®doTo 28

3alwmTHbIe YCTPONCTBa NO3BOMSAT NpeobpasoBaTb OTpULATENBHbLIN 3¢dEKT BO3AENCTBUSA Ha
NONOXWUTENbHbIW, T.€. OHW OcylwecTBNAlT wmHBepcuto TI1. [Ong 9Toro 3awuTHble YCTpoMCTBa
yCTaHaBMNMBalOTCA B OMNpPederieHHbIX MecTax Ha 3emfnie unu B nomeweHusax (goto 27, 28).
3aWwmnTHbIn 9PGEKT 3HAYUTENBHO YCUMAMBAETCA MPUM COBMECTHOM WCMOSIb30BaHUU 3aLLMTHBIX
yCTpOWCTB accoumaumm «Prosantel», ®paHums, n yctporictea «POPIMOCT-1», paspaboTaHHOro
dumpmon «Spinor International», YkpauHa. Tako napameTp kadecTBa MOSIOKa, KakK KONMYECTBO
NenKouunToB, KOHTponupyetcs Ha depmax Bo PpaHuum Kaxagyr Hegento. M1 370 OObEeKTMBHLIN
aKkTop, N0 KOTOPOMY MOXHO CyauTb 006 3(PPEKTMBHOCTI 3aLLMTHOrO YCTPOMCTBA.
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lMocne ycCTaHOBKM 3alUTHBIX YCTPOMCTB Ha >XMBOTHOBOAYECKOM (hbepMe KOnmyecTBO
NEeNKOLMTOB MPUXOOMT B HOPMY B TedeHuWe OO4HOW-ABYX Heaenb. KopoBbl M CBUHbU nepecTarT
oonetb.

Y nogen ynydwaetca camodyBCTBME, ynydwaetcsa coH. MHorga 6e3 nekapcTtB npoxogsT
HeKoTopble BOnesHu.

CnepoBsatenbHO, HeobGXoAMMO yAensiTb MHOTO BHUMAaHUSA TEOPEeTUYECKMM BOMpocam
BMUAHUSA TOPCUOHHbIX (MH(POPMAaLMOHHbIX) MOMEen Ha OpraHM3M 4YerioBeKa WU XMBOE, a MeguKo-
Buonornyeckne mnccneqoBaHWs, SABMAIOWMECS OOHUM M3 [MaBHbIX HanpaBneHun mnsydenus TI1,
HeobXOOUMO BbLIBECTM Ha KA4yeCTBEHHO HOBbLIA YPOBEHb. TOPCUOHHbLIE TEXHOMOIMMK  ABMSKTCS
TEXHONMOIMSIMU Ha HOBLIX (PM3MYECKMX MpMHUMNAxX, MO3BONMAKOWMMKM co3daTb NpopbiB B cdepe
3aWnTbl  HaceneHust OT HeratuBHoro Bo3gencTeuss OMIT M TOPCMOHHOM  KOMMOHEHTHI,
COMpPOBOXAatoLLEN €ero.

B koHue 2009 roga GbiInu NpoBedeHbl UCMbITaHUS YCTPOWCTBA 3alumMTbl OT HEraTMBHOIO
Bo3gencTBus 6asoBbix cTaHuui " VERNADA" ¢ yyacTMem BOMOHTEPOB.

OKCMEepUMEHT COCTOSAN U3 Taknx 3Tanos.
OTanbl NpoOBEPKM :

naeHTMduKaumMs TOPCUOHHOMO MOMd, KOTOPOe reHepupyeTcs CUCTEMOW "rpoMoOTBO4 -
MadTa, - aHTeHHa 6a30BON CTaHUMM — 3a3eMrieHue, pacrnofiokeHHon B C.M.T. bunoropogka,
Knesckon 06n., ¢ nomolubto npubopa UITA-1;

npoBefeHne KUHE3NONOMMYHNX TECTOB C BONOHTEPaMU;

npoBefeHe U3MepPEHN anekTpoaHuedanorpaMmM BOMOHTEPOB [0 YCTAaHOBKM YCTPOWMCTBA
"VERNADA" 1 nocne yctaHOBKW YNOMSAHYTOrO YyCTPONCTBA.

Ha pguarpamme 1 npuBegeHa anekTpo3HuedanorpaMmma OL4HOMO U3 BOMIOHTEPOB OO YCTAHOBKM

3alMTHOro YyCTPOMCTBA.
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"®oHoBaa" - 1 m 0 s, "Nasa otkpbIThI" - 15 s, "TMnepBuHTENAUMA"” - 2 m 56 s, "na3sa
oTKpbITbI" - 15 s, "®oTtocTumynsauma 2 Hz" - 6 s, "®Poroctumynsauma 10 Hz" - 1 s,

‘"u'
wmw’

1.5-3.0 Hz

4.0-7.0Hz

I
“M h f\'M'JW

mn »\f' i w w’

LHuaepamma 1. BorioHmep Haxodumcsi rnod delicmeueM mopCUOHHO20 noss 6a3osol cmaHyuu

MaTtTepH HU3kosonsTHON A3l CpeaHsa yaBoeHHasa aMnnuTyaa (4encTByoLLee 3HadYeHne)
anekTpoaHLedanorpamMmmel coctasuna 5.8 MkB, ee MakCcuManbHbIN YPOBEHb OTMEYaeTCH B
otBegeHnn O2 n coctaenseTt 12.6 MkB, MmHUManbHbIN - B oTBeaeHnn C4 n coctasnseT 3.7 MKB.
TvnnyHoe 3Ha4vyeHne OT NuKa o nNuka coctaenseT 8.2 MkB anga gaHHoro oparmeHTa 30T
MakcumanbHbIn paaMmax OT N1Ka A0 Nuka 3apernctpupoBaH B otBegeHun O2 n paseH 52.1 mkB.
Ha npeacraBneHHOM dparmeHTe anekTpoaHuedanorpammel gomuHupyeT 8.0-12.0 Hz putm ¢
yactoTton 10.13 Ny. CybgomuHmnpyet 4.0-7.0 Hz putm ¢ yactoton 3.75 y. 3oHanbHble pasnuyus
anbga puTMa BblpaXkeHbl 4OCTaTOvHO. MexnonylwapHast aCMMMETPUS, Bbl4MCNEHHasa no oopmyrne
(D/S-1)*100% coctaBngeT 25.0%, aHeprusi anekTpoaHuedanorpammbl 6onbLue B NpaBoM
nonywapun. MakcumanbHasi acummeTpus Habntogaetrca B 8.0-12.0 Hz ananasoHe B
3aTbINoYHbIX 0TBeAeHusAx. Ee Bennymna, BoiumcneHHasn no oopmyne (D/S-1)*100%, paBHa
149.2%. CooTHOLWIEHME PUTMOB B NpeacTaBneHHoOM doparmeHTe anekTpoaHuedanorpammbl paBHoO:
1.5-3.0Hz-17.2%, 4.0-7.0Hz-19.2%, 8.0-12.0 Hz- 37.8%, 13.0-18.0 Hz-17.0%, 19.0-30.0
Hz - 8.9%. MegnaHHas yacTtota cnektpa pasHa 8.98 'L, B neBononyLwapHbix otBegeHusax - 9.09
'y, B npaBononywapHsbIx - 8.88 . MakcumansHas 3aperMcTpupoBaHHas MeguMaHHas yactota
cnekTpa paeHa 10.26 'y B oTBegeHun T6, MuHMManbHas - 7.29 Ny B otBeaeHnn F4. Obpaluaet Ha
cebsa BHUMaHue: mexnonylapHas acummeTtpus - bonee 20.0%, NOHWXKEeHHas MegMaHHas YyacToTa
cnektpa B3I (meHee 10 W), NOKanNbHOE MNOHMXEHNE MeANAHHOW YaCTOThl CNEKTPa B OTBEAEHMAX
F4, T5 (6onbwe 1 Ny OTHOCMTENBHO CUMMETPUYHOTO).

-33 -



153.0Hz
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Ouarpamma2. BorioHmep Haxodumcsi nod delicmeuemM mopcuoHHO20 rosisi bazoeol cmaHuuu, Ha
KomopoU ycmaHoerneHa 3awuma.

MaTtTepH HU3koBonsTHON A3l CpedHss yaBoeHHasa aMmnnuTyada (GencTByoLLee 3HadYeHne)
anekTpoaHLUedanorpamMmmbl coctasuna 5.3 MkB, ee MakcuMarnbHbIN YpOBEHb OTMEYaeTCH B
otBeaeHnn O2 n coctasndet 9.7 MKB, MMHMManbHbIV - B otBeaeHun C4 n coctaensieT 3.0 MkB.
TvnnyHoe 3Ha4veHne OT NnKa O Nuka cocTaenseT 7.5 MkB anga gaHHoro oparmeHTa 30T
MakcumanbHbIM pasMmax oT NMka Ao nuvka sapernctpuposaH B otBeaeHnn O2 n paseH 42.6 MkB.
Ha npencraBneHHoOM dparmeHTe anekTpoaHuedanorpammbel gomuHupyet 8.0-12.0 Hz putm ¢
yactoTon 8.38 'y. Cy6gommHmpyet 4.0-7.0 Hz putm ¢ vyactoton 4.50 'y. 3oHanbHble pasnuMuuns
anbda puTMa BblpaxkeHbl 4OCTaTovHO. MexnonylwapHast aCMMMETPUS, BblMMCNEHHada no oopmyrne
(D/S-1)*100% coctaBnseT 1.9%, aHeprust anekTpoaHuedanorpaMmmbl 6onbLUe B NpaBoMm
nonywapun. MakcumanbHas acummeTpus Habntogaetrca B 19.0-30.0 Hz ananasoHe B NOOHbIX
oTBegeHusx. Ee Bennuumna, BoliumcneHHas no opmyne (S/D-1)*100%, pasHa 91.0%.
CooTHoLLEeHMEe PUTMOB B NpeacTaBneHHoOM oparMeHTe aneKkTpoaHuedanorpaMmmel pagHo:  1.5-
3.0 Hz - 21.8%, 4.0-7.0Hz - 24.2%, 8.0-12.0 Hz - 25.1%, 13.0-18.0 Hz - 19.6%, 19.0-30.0 Hz
- 9.3%. MeagnaHHas yactoTa cnekTpa pasHa 8.52 U, B neBononyLlapHbix otBeaeHmsix - 8.80 'y, B
npasononyLwapHbix - 8.24 'y. MakcumanbHas 3aperucTpypoBaHHas MegnaHHas 4actoTa cnekrpa
paeHa 10.42 'y B otBeaeHnn F7, muHnmanesHas - 6.86 'y B otBeaeHnn F4. Obpaluaet Ha cebs
BHUMaHWE: 3aMefrieHne JOMUHMpPYoLLEero anbga putMma (MeHee 8.5 L), NOHWKeHHas MegMaHHas
yacTtoTa cnekTtpa O3l (MeHee 10 'y), NokanbHOE NOHWXKEHNE MEANAHHOW YacTOTbl CNeKkTpa B
otBegeHunax Fp2, F4, F8, TS (6bonble 1 'y OTHOCUTENBHO CUMMETPUYHOTO).

Ecnu kommeHTUpoBaTh cpaBHUTENbHbIE O3l BONOHTEPA, KOrga OH HAaX0AUTCH B 30He
NeBOro TOPCMOHHOrO nons 6aszoson ctaHumMm 6e3 3awuTbl " VERNADA" 1 cpaBHuTb ee ¢ O3,
Korga Oblna noctaBneHa 3aluTa, TO MOXHO cKkasaTb, YTo 6e3 3awuTtbl "VERNADA" Ha 33l
oTMevarnacb BbICOKO amnnanTyaHast anbga-akTMBHOCTb C NpeobnagaHMeM B 3aTblNTIOYHbIX OTAeNnax
neBoro nonywapus, T.e. AOMUHUPYIOLWANA TMNepCMHXPOHHAsA akTUBHOCTb. A Mpu 3awimTe
"VERNADA" amnnuTyga anba-putMa ymeHbLunnace, nepecrtana 6biTb rmnepCUHXpOHHOM U
NosIBUNOCb HOpMarnbHOE pacnpeneneHns anbga-puTmMoB, a Takke TeTa-puTMOB. Takum obpasom,
MOXHO CKa3aTb, YTO feBble TOPCUOHHbIE NOfsi 6a30BOMN CTaHUMM MOTyT OKa3sblBaTb Yepes
TansMmyc, 4yepes TangaMumyeckue CTPYKTYpbl, Yepes NMMOKKY, Takoe n3bbITOYHOE akTMBUpYloLee
BNnsHME. XOpOLLUO, ECNKN Y YenoBeKa HET NapakcM3aManbHOM akTUBHOCTU. [1pn Hannyne TakoBoOW
3TO MOXET NMPOBOLMPOBATL y YeNoBeka MNpPOsiBNeHNE ONpeaeneHHbIX HeraTuBHbIX NMOCNEACTBUMI, TO
N Ha NCUX0-3MOLMOHANbLHOM YPOBHE B BUAE NPUCTYNOB arpeccuun, To N1 anunenTugopHbIe K
apyrvue goeHoMeHbl. YcTaHOoBKa Ha 6a30BOKM CTaHUMM MOOUBHOro TenedoHa yCTponcTea
"VERNADA" no3sonseT yompaTb Takyto rmnepakTMBUPYOLLYIO aKTUBHOCTb.

Ecnn amnnutyga ncxogHoro anbda-putma 6biia 10,13 My, T.e. 6bictpoi, To ¢ "VERNADA"
amnnutyga anega-putma ctana 8,38 'y npu HopManbHOM pacnpefeneHnn B 3aTbiNTOYHbIX
oTaenax, e€ero W TeTa-puTMa, KOTOpblIi He ©Obln  BMAEH WM3-3a  BbICOKOAMMMAUTYAHOIO
TMNEPCUHXPOHHOrO anbda-putma. B nepsom cnydae, ato Obin  BapuaHT [e30praHM30BaHHOMO
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anbga-putma. Bo BTOpOM - 3TO OpraHU3oBaHHbIN anbda-puTM yYMepeHHOW Mogynauumn ¢
HOpManbHbIM PYHKLMOHMPOBAHNEM TaNAMO-KOPTUKASbHbIX CBA3EN.

[NpocTon KNHE3NONOrn4yecknin Tect

[ns npoBepKun HeraTMBHOIO BIIUAHUSA Ha OPraHU3M Yernoseka feBbiX TOPCUOHHbIX NOMen

6asoBov CcTaHuMM ceTen MOOUMbHOM CBA3WM K YycTaHoBke YyctpouctBa "“VERNADA" "
3(pPeKTUBHOCTU 3alnTbl C MOMOLUBID 3TOMO0  YCTPOWCTBA UCMOMb30Barcs HECIOXHbIN
yHMBEpCanbHbIA  KMHEe3nonormyeckun tect. [ina npoBeaeHus akcnepuMeHTa notpebyeTtca Asa
yeroBeka. [lepBbli y4aCTHUK 3KCMEepMMeEHTa CTaHOBUTCS B 30HY 1€BOro TOPCUMOHHOMO Mons,
reHepupyemoro 6a3oBoOM CTaHuuewn, nogbiMaeT PyKy Bnepen W yaepXuBaeT B rOpU3OHTanbHOM
MONOXEHUN (KaK MoKa3aHO Ha PUCYHKeE).

BTopon yyacTHUK 3KcnepumeHTa HagaBnmMBaeT CBEpPXY Ha
3anactbe  nepBoro  yyactHuka. [lepBbin  yyYacTHUK
cTapaeTca yaepXuBaTb PyKy C MakCMManbHbIM yCUrvem,
oba yyacTHMKa 3anoMWHAKT YPOBEHb COMNPOTUBIEHNS
pykn. [locne  ycTaHOBKM  3alMTHOrO  YCTPOWCTBA
"VERNADA" Ha 3asemneHun 6a30BOW CTaHLMXM MepBbIn
Y4aCTHUK 9KCMepuUMeHTa HaxoguMTCAd Ha TOM Xe CcaMOM
mecte 30-40 cekyHO u oba ydacTHMKA NMOBTOPSIHOT TECT C
pyKkon, chuKCUMpys CUny ConpoTuBeHUs pyku.B pesynbrate
3KCMepuMMeHTa YCTaHOBMEHO, YTO CONPOTUMBIEHUE PYKU
yenoseka nocne ycrtaHoBkn yctponctea "VERNADA" Ha
3a3eMneHnn 6as3oBON CTaHUMM  3aMeTHO Bbilwe, Yem B
nepBoM criyyae.

BbiBoAbI:

1.9KCneprMeHTanbHO YCTaHOBMEH (hakT BO3HUKHOBEHUS  NEBbIX TOPCUOHHbLIX MONen U KX
pacnpocTpaHeHusl Ha GorblUME PACCTOSIHUS CUCTEMOW "rPOMOOTBOA - MayTa - aHTeHHa 6a3oBoi
CTaHUMM — 3a3eMIieHMe" MpU HaxoXAEeHWM YMNOMSIHYTbIX CUCTEM Ha 30HaX pacTArMBaHUS KOpbl
3eMHOW MOBEPXHOCTM, MO KOTOPOW LIMPKYNUPYeT BoAa, B reonaToreHHbIX 30Hax, Ha pasfioMax Kopbl
3eMHOW NOBEPXHOCTU U TOMY Nogo6Hoe.

2.9KcnepuMeHTanbHO YyCTaHoBMNEH hakT Hannuus Bpe4HOro BIUSIHUSA NEeBbIX TOPCUOHHbLIX Monemn
cUCTEMOM "TPOMOOTBOA - MadyTa - aHTeHHa 0a30BOW CTaHUMM — 3a3eMIleHMe" Ha  KuBble
OpraHu3mbl.

MposiBneHus BpPegHOro BIIMSHUS TOPCUOHHBIX WM3NYYEHUN aHTeHHbl Ga30oBbIX CTaHLUMWA
ceTert MOBUNBHON CBA3M Ha Ha >XMBbl€ CUCTEMbl OKa3biBaNUCb B CReayloLeM: NeBble TOPCUOHHbIE
nons  MOryT nNpeaocTaBNATb HeraTMBHOE [OEeNCTBME Ha Nonb3oBaTenen  4yepes3 Tansamyc,
MOCKONbKY TMMEPCUHXPOHHO, Yepe3 TangMmudecknme CTPYKTYpbl, 4Yepe3 nuMBUKYy nosiBndeTtcs
N30bITOYHOE aKTUBMpPYIOLLEE BMWUSIHWME, YTO MNpU HanmMuum Yy 4YenoBeKa napakcuamarbHOM
aKTMBHOCTM MOXET  CMpOBOUMPOBATbL MPOSIBIiEHME onpefeneHHblX HeraTMBHbIX NOCNeACTBUN,
TO NN Ha MCUXO-eMOLMOHANbHOMY YPOBHW B BuAE HanageHUn arpeccun, TO N anunencun wu
apyrue goeHoOMEHbI.

4. 3awwutHoe yctponcteo “VERNADA” koTopblM MNyTeM WHBEPCUMM  MpeBpawlaeT  feBble
TOPCUOHHBIE NONSA B NpaBe, MOXET CYLUECTBEHHO YMEHbLUATb BIIMSAHME aHTEHH Ba30BbIX CTaHLW
ceTem MOOUITbHOWM CBSA3M OT  (POHOBLIX TEXHOrEHHbLIX  SNEKTPOMArHUTHbIX  MONern U ux
WHGOPMALIMOHHON KOMMOHEHTHI.

5.¥YnomaHytoe yctponctso "VERNADA" moxeT OblTb pekoMeHOOBaHO Kak CcpeactBo Ans
yCTpaHeHusa akTopoB HEraTUBHOIO BIIMSHUS FE€BOM TOPCUOHHOW KOMMOHEHTbl U3NyyYeHus
CUCTEMbI "TPOMOOTBOA - MayTa - aHTeHHa 6a30BONM CTaHUMN — 3a3EMIEHNE" HA XUBbIE OPraHN3Mbl.
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Maga 3. PaboTta ¢ koMmnblOTEPOM.
3.1. naBHble U3BeCTHble (paKTOpPbl PUCKA U HapYyLLeHUA 340POBbA.

Mpobnema BNuAHMA KOMMbKOTEPA Ha 300pPOBbE YernoBeka pewanacb B OBYX
anbTepHaTUBHbIX HampasneHusix. JTO He noxHasa npobrnema, NOCKOMbKY HAaKOMMEeHO MHOro
OaHHbIX, CBUAETENbCTBYOLWMX O TOM, YTO MOHuUTOpbl (K, knaBmaTypa OKasblBalOT HeraTuBHOE
BO34€eNCTBME Ha nonb3oBaTtenen. MoaTtomy cHavyana paccMoTpUM BIIMSHUE N3NYYEHUA MOHUTOPOB
MK Ha pacTUTenbHbIn N XMBOTHBLIM MUP. Ha ¢oTo 29 pacTeHusi, KOTopble HaxoauMCb MoA
BO3ENCTBMEM WU3NYYEHUS MOHUTOPOB B TedeHne 10 cyTok Ha pacctosHum 50 cM OT akpaHa
MoHUTOpa 6e3 3awmTbl OT Bo3gencTeua Tl (cnesa) M nog 3awmTton (cnpasa), Ha ¢oTto 30 -
OTKITOHEHME OT HOpPMAaribHOrO0 BEPTMKANbHOMO MOMNOXEHUS BeTBeW nanbMbl MNOA4 BO3OEWCTBUEM
N3Ny4eHns MOHMTOpa B TedeHune 14 gHen.

®doTo 29 doto 30

Ha ¢oTto 29 cnesa 4eTko NposiBASIETCA YrHETaKLWEee BO3AENCTBNE U3MYYEHNA MOHUTOPA Ha
POCT pacTeHus.

B matepuanax NepBoro koHrpecca EBponenckon accoumaumm no 6G1oanekTpoMarHeTuamy
[127] npuBegeHbl chakTbl, NoaATBEPXKAAMOLWME HeraTuBHoe BnNnsHMe MoHuTopos MK Ha xuBoe.

A-M. Laverdure (®paHums) npoBena a3KcnepumeHTbl Ha Agposodunax (Drosophila
melanogaster) ¢ uenbto onpegenntb Guonorndecknin 3cbdeKT BO3OENCTBUSA HA YNOMSIHYTBLIN BU,.
[po3odunbl Haxogunucb Ha pacctosHuM 50 CcM nepen 9KpaHOM MOHMTOpa B TeyeHue
amMBpuroHaneHOro nepuoda passutus (rpynna 2, puc. 31) n Bcero nepuoaa nx passuTtums.

B cepun vcnbiTaHun, nposogumon ¢ rpynnamu no 500 Wt auy B Kaxaon, CMEePTHOCTb
cpeaun B3pocrnbix ocoben cyuwiectBeHHO Bo3pocna ¢ 14% B kKoHTponbHon rpynne go 31,9% B
rpynnax, NnogBep>XeHHbIX BO3AENCTBUIO nanydeHunin moHuTtopos MK (puc. 31),
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EMEPTMUTTE (%)

1

afman
i

Puc. 31
roe:
*  KOHTPOSbHasda rpynna;
*  YpOBEHb CMEPTHOCTM AP030our, HAXOAALWNXCA NOA BO3AENCTBUEM U3NYYEHUSs MOHUTOPA B
nepuog 3MOpMOHanbLHOro pa3BuTHS;
*  YpOBEHb CMEPTHOCTM APO030ur, HAXOAALNXCA NOA BO3AENCTBUEM M3NYYEHUSs MOHUTOPA B
TeYeHne BCero BpeMeHU Ux pasBuTus;
*  Aposodunbl No4 3aLMToMN.

Mpouecc pa3suTuA 1 nosegeHne Benbix KpbiC nocne npebbiBaHWs UX B 30He BO3OENCTBUS
MOHUTOpOB 06cyxaeH B matepuanax P. le Ruz n G. Colin (®PpaHuus).

XXuBoTHbIe, NoMeLLeHHble B BOKCbl U3 OprcTekna, B TedeHue 15 gHen Haxogunuch nepeq
MoHuTopoM [K Ha pacctosHumM 60 CM OT ero ueHTpa. YCTaHOBMEHO, YTO C MOMEHTa pPOXAeHUA
06nyyeHHble XMBOTHble OBOMX MOMOB UMENWN CYLECTBEHHO MEHbLUYKD MaccCy MO CPaBHEHUIO C
KOHTPONbHbLIMMU.

«LLokoBble mcnbiTaHMa» OblnnM NpoBEeAEHbI C B3pOCnbIMM ocobsimn. Micnonb3oBanu meTtoa
SMNeKTPOoLLOKa A58 onpeaeneHns nopora 60neson peakumu.

Okasanocb, 4To NOpor YyBCTBUTENLHOCTU CYLLECTBEHHO BO3POC B rpynnax, NogBepKeHHbIX
00ny4eHunto, 0AHaKO NOABWXHOCTL MX Oblna MeHbLue (puc. 32).

m Capnugs1 KoMTpo b Ho H TP YIBI
Cannigs1 mox proMHTOpON
Cannige1 o sanproit

ra

AnopramsHoe pasewrHe (V0)

=

Puc. 32

roe:
1 - CMEepPTHOCTb CaMLIOB KOHTPOSIbHON rpynnbl;
2 - CMepTHOCTb CaMLOB, HAXOAALUMXCA NO4 MOHUTOPOM;
3 - camubl NoA, 3aLuUTomN;
4,5, 6 - COOTBETCTBEHHO A1 CAMOK.

Y KpbIC N3ny4yeHne Bbi3biBaeT NpobrnemMbl C NCUXMKON 1 NOBEAEHMEM.

BnunaHve nanyyeHns MoHMTOpa Ha passBuBaloLWMeCs 3apoabllumv UbINAAT ncecrnegosaHo Betty
F. Sisken n gp. (CLUA). VcnbiTaHns npoBogunuck B Tpex UHKybaTopax M3 gepesa M nnactuka. B
TeyeHne 5 AHen KypuHble Anua Haxoaunucb Ha pacctoaHuu 20 OIONMOB OT 3KpaHa MOHUTOpA.
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MpeaBapuTensbHble pesynbraThl UcnbiTaHui (puc. 33),

T =

ne
1

emepHoETs (%)
—=
I

[ EFTRE |

Puc. 33
roe:
1 - KOHTpONbHas rpynna;
2 - 3MOPUOHbI UbINAAT HAXoAUNUCh No4 BO3OENCTBMEM M3Iy4YEHUS MOHMTOPA B TeYeHMe nepuoga
3MBpUOHaNbLHOro pasBuUTUS;
3 - 3MBPUMOHBI HaXoAUNUCL NOoA 3aLUUTON OT HeraTUBHOro Bo3aencTeuns TI1.

M3 guarpammbl cnegyet, YTO YMCNO 3MOPUOHOB C OTKIMOHEHMSMU B pPasBUTUM B rpynnax,
nogseprwmnxcsa obnyveHuio, B 1,5 pasa Bbille MO CpaBHEHWUO C HEOBNy4YeHHbIMKU, Habnganochb
3aMeqsieHHoe hopMmupoBaHMe NNo4a WUnM ero OTCYTCTBUE; SMOPUMOHbLI CTAHOBUINUCH XPYMNKUMU,
Ovonormnyeckn cnabbiMmu.

3.2. ®dakTopbl BO34eNCTBUA KOMNbIOTEPA, MOOUNbLHOro TenedoHa Ha YenoBeka.

Nmetotcs  ybegutenbHble OokasaTenbCcTBa HeONaronpuATHONO KOMMIIEKCHOTO  BIUSIHUS
nanyyeHun moHmtopos MK Ha opraHunam (puc.34).

Puc. 34
Bugbl nany4yeHui, cosgaBaemMblx SMEKTPOHHO-Ny4eBon Tpyokon (BJ1T) moHmTopa MK (puc.

35).
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Puc. 35

Kak nokasanu pesynbsratbl MHOMOMUCAEHHbIX HayYHbIX paboT C MCNONb30BaHMEM HOBEWLLEN
N3MEPUTENBHON TEXHUKN 3apyDOEXHOro M OTEYECTBEHHOIO NMpou3BoacTBa, MoHuTop K senaetcs
NCTOYHWKOM HECKOSbKMX BUOOB MONEN N N3NyYeHWUN:

- PEHTIEHOBCKOrO;

- ynerpaduonetoBoro (315 - 400 Hm);

- Buammoro (400 - 700 Hm);

- GnwkHero nHdgpakpacHoro (700 - 1050 Hm);

- ganbHero uHdpakpacHoro (1050 HM - 1 Mm);
- KBY — OBY gnanasoHos (300 T - 300 MIMw);
- OBY - CY gnanasoHos (300 MMy - 3 MIMw);

- CY - OHY gmnanasoHoB (3 MMy - 3 kl'y);

- MIHY - KHY gnanasoHoB (3 kl'y - 3 'w);

- anekTpocTatuyeckoro nonga un Tr1.

MonuTopsbl MK nanyyaotr SMI1 B o4eHb WMpOKOM AmanasoHe. B paguoananasoHe 3ty nons
npoayumpytotca OJTT moHuTopoB MK, OCHOBHBIMU XXe MX UCTOYHUKAMWU CnyXaT ropusoHTarnbHble U
BEpPTMKAmNbHbIE OTKIMOHAILLIME KaTYLUKK, KOTOPbIE€ CKAHWPYIOT OMEKTPOHHbIA Nyd M paboTalT B
AnanasoHe 15+35 kl'u. Ha pacctoaHnn 50 cm OT akpaHa o6bluHast HANPSHPKEHHOCTb 3NTEKTPUYECKNX
nonen 1+10 B/m. BugeotepmuHanbl Takke NPOAYLMPYIOT 3MEKTPUYECKME M MArHUTHbIE MONS C
yactoTton 50 unu 60 'y, M X rapMOHUKN.

MepBble COOOLWEHNS OTHOCUTENbHO BPEOHOro BMWAHUA BMOEOTEPMMHANOB CBSI3aHbl C
3aboneBaHuAMM KOXM Nnua, obHapyxeHHble y cnyxawmx Hopserum [86; 87], LUseuun [88] n
Benukobputanun [89]. ObcnegosaHne 6onee 300 4enoBek BbIABAO CbhiMKM  Ha nuue,
NosIBNSAOLENCa Yepe3 HEKOTOpOoe BpeMs nocne Havana paboTbl ¢ koMnbloTepoMm. NepBoHavYanbHO
oTMevarncst 3y4 KOXu, 3arteM apuTema, nepexogsilasi B OTAENbHbIX Crydyasx B nanynbl C
XapakTepHOM fokanuaauuen Ha wekax u, ocobeHHo, Ha ckynax. Yxe Torga Nilsen [87], oTBepras
annepruyecknin  KOHTaKTHbIM (poTogepMaTuT, BbiCKaszan npeanoriokeHne o BO3MOXHOW ponun
9MNEeKTPOCTaTUYECKOro MoMns MOHUTOPa B (POPMUPOBAHUN 3TUX SABMEHMI, B TO Bpems kak Stenberg
[89] BbICTYnan npoTMB 3TOW rMNOTE3bl. [MONbLITKM CHWXKEHUS 3NEKTPOCTAaTMYECKOro noTeHuumana
nyTeM YCTaHOBKW 3a3eMiieHus, dKpaHa M3 MeTarsiMdecKkon CeTKM WU XUOKOCTU, B KayecTBe
KOTOPOro MCNonb30BariCa CTEKMsHHbINM COCY C pacTBOPOM 3MEKTPOSiMTa, B page cryvyaeB gaBanu
nonoxuTenbHble pesynbrathl [86]. He mMeHbwui ycnex nmeno nosbiweHne (8o 50%) BnaxHOCTU
BO3dQyxa B TMOMEWEHUN W yaarneHue SneKTPU3YILWMXCA HanomnbHbIX MNOKpbITUA.  OgHako
abConTHON YBEPEHHOCTU HU Y KOro He ObiNno, U He oTpuuanacb BO3MOXHOCTb AEWUCTBUS B
KOMOMHaumMM n apyrux HebnaronpuaTHbIX (QaKTOpPOB. OTO MHEHWE pasfensanocb B TO BpeMs
mHorumun [91-93], ogHako Wedberg Bce ke BbiCKasan MNpeanoniokeHne O BO3MOXHOM Yy4yacTuu
OCaXAalLWMXCA Ha NMUE adpO030SibHbIX YacTul, M3 BO3A4yXa B MPOSBIEHUN KOXHbIX peakunin y
nonb3oBatenen npu pabote ¢ komnbtoTepom [95]. XoTA uccnegoBaHUs, BbIMOMHEHHbIE B
PuHNAHONN, W BbISBUNK, YTO JNEKTpoOCTaTUYecKkoe none BuaeoTEPMUHANA CyLECTBEHHO
N3MEHSET COOTHOLLUEHNE MEXAY MOMOXUTENbHO M OTPULATENBHO 3apsiKEHHbIMU a3poMoHamMKu B
BO34yXe NOMELLEHUs, Kakoe-nmbo cyLlecTBeHHOe 4OMOMHEHME BHECTM B nNpobnemy 3abonesaHui
KOXW OHWU He cmornun [96]. OCHOBbIBasiCb Ha YTBEPXAEHUSIX MHOTMX MaUMEHTOB 06 MCYE3HOBEHMWM
KOXHbIX MPOSIBMEHU Npu npekpalleHn paboTbl C¢ Bugeogucnnesamu, Swanback u Bleeker
npoBenu psa NPOBOKALMOHHbLIX TECTOB, KOTOpble, OOHAKO, He [ann OOHO3HAYHbIX pPe3yrbTaToB.
Swanback cknoHsmnca K BepCuKn anekTpocTaTUyecknx, a He aNekTPoMarHUTHbIX pesynsraTtoB [97].
Cyos no gaHHbIM AKMMEHKO [4], cTaTn4eckoe areKTpUYecKoe none HanpsikeHHocTbio 6onee 1000
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B/CcM n3MeHsieT WHTEHCMBHOCTb OOMEHHbIX MNPOLECCOB B KOXE, CHWXaa ee OGakTepuungHyto
aKTUMBHOCTb, OAHAaKO, MyTeM MOBbILEHUA OTHOCUTENbHOW BRaXXHOCTM Bo3gyxa A0 70% MOXHO
NPaKkTUYeCKN YCTpaHUTb anekTpoctatudeckne nposenerHns ot IJIM (3ANT) [4]. T. o., paHee
OTMEYEHHbIM TOKCUKOMOrmyeckum acrnektam odumcHbix nomerteHunn [99, 100] B HacTosilee Bpems
npvaaoT ropasgo Gonbliee 3HaYeHWe, YeM paHblue, OCOBEHHO B CBA3W C UCMNOMb30BaHMEM B
KOMMNbIOTEPAX W OPYroM 3NeKTPOHHOW TEXHUKE aHTUMWPUMHOB, a KOXHble MNPOSABNEeHNs
paccmaTpmuBaloTCs Kak ogHa 13 oopM obLLMX coMaToBEreTaTUBHbLIX PaCCTPONCTB, BO3HUKAKOLUNX Y
paboTaloLLnx BCreaCcTBME BIIMAHUS COLMANbHO-NCUXONOMMYECKNX CTPECCOPHbIX Bo3aencTanin [102-
104].

BHumMaHne k camonpou3BosibHbIM abopTam, HabnogaemMbiM y KEHLWMH, paboTarwmx ¢
BMageoaucCnnemHeiMn TepMUHaNamu, BO3HUKIO MOCre YNoMUMHaHUMS O Takux criydyasx B psge
ny6nukaumn, soiweawmx B CLUA, KaHage, Bennkobputanum, Jaxuu, LBeunn, a Takke ABcTpanum
n Monbwe [106, 21]. Kpome TOro, otmevyanucb gedekTbl pasBuUTUS Yy POXAEHHbIX UMW OETEWN,
pacLeHMBaeMble Kak TepaTtoreHHoe gencteme IMI, nanyyaembix gucniesmMmm KOMMNbOTEPOB, XOTH
BpeMsi HabnoaeHnsa ana popMmMpoBaHns 3TOro 3aknioYeHns Obino SBHO HEQOCTATOYHbIM.

McDonald ¢ coaBTopamu, obcnenoBaB B KaHage ©onee 56 ThicAY KEHLUWH 3a nepuog C
1982 r. no 1984 r., ycTaHOBWUN HEKOTOPbLIA PUCK CMIOHTaHHbLIX abopTOB N AedeKTOB pasBUTUS AeTen
Yy XeHLWuH, pabotaBwmnx Bo Bpems bepemeHHocTn ¢ BugeotepmmnHanamu [110; 111]. CornacHo
AaHHbIM obcnepoBaHus, npoegeHHoro B CLUA (wtat KanudopHusa) cpeom 6onblion rpynnbl
XeHWwuH, nposogawmx Ao 20 wn Gonee 4acoB B Hedenw 3a KOMMbIOTEPOM, YacToTa
CaMonpon3BOorbHbIX abopToB Bbina NoBbILLEeHa, XOTS aBTOPbl CTaTby U He CBA3bIBAOT ux ¢ MU ot
BugeotepmuHanos [112].

Mayuanca 191 cnyyam camonpomsBOSibHbIX abopToB npu 394 Gnaronony4vHbiX podax
NCMNOMb30BaBLUMXCH B Ka4eCTBe KOHTPOMs, NpMyYeM CpaBHeHWEe MPOBOAMMOCH W MeXAy rpynnamu
XKEHLUWH, KOTopble BO BpeMsi 6epeMeHHOCTU MoaBepranvcb BO3OENCTBUIO MArHUTHbIX NOMNen oOT
BMAOEOOMCNIIEEB YCMOBHO BbICOKMX W HU3KUX MHTEHCMBHOCTEN. [lpn oueHke pesynbraToB
nccnenoBaHnin ObINO BbICKA3aHO MHEHUE, YTO BO3AENCTBUE NEPEMEHHBIMU MAarHUTHbIMK MONSMU
npy H > 0,9 MkTn B paHHUe cpokn 6epeMeHHOCTN MOXET CNOCOBCTBOBAaTb BO3PACTAHUIO Y XKEHLLWH
B AanbHENLWeM pucka CnoHTaHHbIX abopToB.

B 1979 rogy Hay4yHas oOLLECTBEHHOCTb pa3BUTLIX CTpaH Oblna B30ydopaXeHa cTaTben
amepukaHueB Wertheimer n Leeper onybnukoBaHHOM B BeCbMa aBTOPUTETHOM XypHane [116]. B
Hel Ha OCHOoBaHMM COBCTBEHHLIX UCcneaoBaHui, NnpoBeaeHHbIX B [leHBepe (CLUA), coobuianock o
MOBbLILLEHHOM PUCKE BO3HWKHOBEHUS OMYyXOSiel, B YAaCTHOCTU NIENKO30B, Y AETEN, NPOXNBAOLWNX B
HenocpeacTBEHHOM BNM30CTUN OT BbICOKOBOSBTHLIX JIMHUI anekTpornepenayun u, BCNeacTBme Yero,
noABepraroLmnxcs obny4eHno SNeKTPUYECKUMM U MarHUTHBIMW MOSNSAMU NPOMBbILLIIEHHOW YacToThl
(8 CLWA 60 lu). MoxHO ¢ yBepeHHOCTbIO nonaratb, YTO 9Ta CTaTbsl B HEKOTOPOM CMbIcrie nobuna
onpeaerneHHble pekopabl UMTupyemMocTtun Ans nogobHeix nybnvkauun. MNMossueLunecsa Bckope nocne
aToro coobueHna Tomenins [117], Savitz c coasTopamu [118], Nasca ¢ coaBTopamu [119] B Apyrux
XypHanax c pesynbratamu aHanorMyHbiX MCCregoBaHUM TOMbKO MNOATBEPAWUNN CEPbE3HOCTb
3aTpoHyTON NPobnemMbl.

O6cyxnaemble npobrnembl He OCTaBUM B CTOPOHE  HayyHO-UccregoBaTenbCKkue
nabopatopun 1 KonnekTuebl NpodeccnoHanos. Ewe Delgado B onbiTax ¢ KypuHbIMKM aMBproHamu
nokasan TepaToreHHoe OEeNCTBUE HU3KOYACTOTHbLIX MarHUTHbIX Nonen ¢ MHTeHcnBHoCThLio 0,12; 1,2
n 12 wmkTn [120]. Mogenupyss BRAnAHWE WU3NYYEHUA OT BUOEOTEPMMHANOB BO3OENCTBUEM
UMNYNbCHBIX MarHnTHbIX nonen (40 mkTn) vactoton 15,6 kly, Chiang ¢ coasTopamu nony4unu
YCKOPEHUE BbI3BaHHbLIX Y MblLLEN TepaTOreHHbIX aPPeKToB, XOTS MMUTALNS OCYLLECTBSNach N He
B MOMHOM o6beme - 0bnyveHme npoeogunock B Konbuax enbmronbua [121].

Hanbornee KOppeKkTHbIMM B KOHTEKCTE MOCTAHOBKM 3KCMEepuMMeHTa criegyetT npusHaTb
nccnefoBaHnd, BbINOMHEHHbIE HeJaBHO AHUCMMOBBIM C COaBTOpaMu, Korga BO3AeWcTBME Ha
MOAONbITHLIX >XMBOTHbLIX MPOM3BOAMMOCH HEMOCPEACTBEHHO OT AuUCnnes, 4YTO MO3BOMSANO C
MakCMMarbHONW WMAEHTUYHOCTBIO CMOAENMpOoBaTb BCE achNekTbl €ro  BhuaHus. B aTux
aKcnepumeHTax Obifl0 OTMEYEHO YBENWYEHME YacTOTbl BCTPEYAEMOCTM MHAYLMPOBAHHbLIX
yperaHoM onyxonen y Mbiwen, obrnydyaemblx no 1 yacy B geHb 5 pa3 B Hegento OMI1 ot
BMAEOTEPMUHANA, NO CPABHEHWUIO C KOHTPOMbHbIMW, YTO CBUAETENbCTBOBANO O CTUMYNUPYOLLEM
OENCTBUUN N3NYyYEeHUI MOHUTOPA Ha pa3BuTUe HoBOOBGpasoBaHun [5].

MpuBegem HekoTopble pe3ynbTaThbl UCCreaoBaHU, NpoBeaéHHbIX 4. 6. H. Xonepckon O. A.
B MHcTuTyTe 00Wwen reHetuku um. H. . BaBunosa PAH (3akntoueHne ot 8 ceHTsiOps 1997 r.). B
YaCTHOCTW, B OTYETE CKa3aHo:
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«51 KOCHYCb NULLb pe3ynsTaTtoB TEX UccnegoBaHUn, KOTopble JOBOAUOCE NPOBOAUTL MHE U
MouM Konneram B cteHax MHcTuTyTa obuewn reHeTukn nm. H. . BaBunosa PAH.

Tak, B aKCNEepUMMEHTE C KpbicamMn NvHUM Buctap Mbl M3yyanu naTtoreHHoe BO3AencTBuE
n3nyvyeHnn MK Ha NOTOMCTBO O6ryYeHHbIX XXMBOTHLIX. OTO NOTOMCTBO MPOSABAANO KpanHe HU3KYH
Xun3HecnocobHocTb. OKOMoO NOMOBWMHBI KPbICAT, POXAEHHbLIX 0c0bsAMU, obnyyYeHHbIMK K 3agonro
Ao 6epeMeHHoCTH, normbanu B Nepsble AHW NOocne NOosiBNEeHNS Ha CBET.

Cepua akcnepumeHtoB ©Obina noctaBneHa ¢ 6GenbiMi  BecnopogHbIMU  MbillaMMu.
ViccnepoBaHus nokasanu, B YaCTHOCTU, YTO y ocoben, obnyyveHHbix MK, pa3snBanucb cTpeccoBble
peakumn, yMeHbLUIanMcb B pa3mepax MoYkun, TeCTUKYMbl, MPONUCXOOUIIa MHBOMOUMSA LEeHTPanbHbIX
OpraHoB MMMYHHOW CUCTEMBI Ha hoHEe rnMnepTpodumn nepmndepnyeckmx.

Ewe O©Oonee nopasuTenbHble [aHHble OblIM NOMAyYeHbl HamMyW MpuM  UCCNeAoBaHWUU
Bo3genctema MK Ha ronoBacTMKoOB LinopueBor M TpaesHoW narywek. O6nydvenne [K Ha
npoTskeHun Gonee 3 4acoB Bbi3biBano rmbenb XMBOTHbIX. [lpy MeHee NPOAOIHKUTENBHOM
o0ny4yeHmMn y ronoBacTMKOB MOSBNSANIUCL pPas3fuyHble YPOACTBA - aHsHuedanus (oTcyTcTBME
rorfiloBHOro Mo3ra), HegopasBuTME cepaua, KOHEYHOCTEN U MPOoX.

[MpoBenM Mbl 3KCMEPUMEHTBI M C aKBapMyMHbIMW XMBOpOZALWMMK pblbkamu rynnu. Mog
BosgenicTBmem obnyderus MK y pbibok obHapyxmMBanachk pasnuyHasa cteneHb gerpagauum roHag:
YMEHbLUEHME SANYHMKOB B 3-5 pas, CEMeHHUKOB - B 2-3 pasa. OTo Befio K MOMHOM notepe
BOCMNPON3BOAMUTENbHbBIX CMNOCOBGHOCTEN PbIOOK.

lNonyyeHHble HamMW [daHHblE TFOBOPAT Takke O TOM, 4YTOo usnyydyeHme [1K okasbiBaet
pPOCTOCTUMYNMpPYIOLLIEE BO3OEWCTBUME Ha ameb, KNeTKM nekapckux OPOXOKEW, pacTuTeNbHble
06bekTbl. COTPYOHUKOM MHCTUTYTa KaHauvaatom Guonormdecknx Hayk Bnagnmmpom ABpamoBbiM
Obl1  ycTaHoBnEH akT BO3HUKHOBEHMS MyTauuin nog Bosgencteumem wuanydenus MK Ha
BEreTUPYLUNX pacTeHUsIX M ceMeHax apabugoncuc, rno CBOEW WHTEHCUMBHOCTW CPaBHUMbIN C
o6ny4yeHnem B 30-kMNOMETPOBON 30HE BOKPYr YepHOObINA».

Hanee npeacraensetcs uenecoobpasHbiM 06paTUTb BHUMAHWE Ha T€ CTOPOHbI BIUSAHUS
OMI Ha dyHKUMIO 3peHus, KoTopble, cyas no onybrnukoBaHHbIM paboTam, ObiNM B KakoOW-TO
cTteneHn oboraeHbl BHUMaHMeM uccnegosarenen 6esonacHocty pabotbl ¢ moHuTopamu MK.

CyuwiecTBylowas BO3MOXHOCTb MNPOBOLMPOBAHUA BOMbLUIMX 3NUAENTUYECKUX MpUNagKkoB
npocmMoTpomMm Tenenporpamm [122] He Morna ocTatbCAa B CTOPOHE TMpU  MUCCneaoBaHUsX
©e3onacHOCTM BUAEOAMCTNENHBIX TEPMMUHANOB.

XoTs POTOreHHOW anunencuen cTpagaeT HesHauuTenbHas YacTb fiogen, Nno AaHHbIM
Jeavons c coaBTopamu, Yy (pOTOYYBCTBUTENbHbLIX MHAMBMAYYMOB paboTa C BuaeoTepMUHaNamu
MOXET BbI3BaTb NpUNagoK, 0COOGEHHO ecnu B Ka4eCcTBE MOHMUTOPA ucnonb3yetcd Tenesunsop [123].
OpHako, MOCKOMbKY BMAEOAUCNSIENHbIE TEepPMUHAmNbl XapakKTepuU3ylTCs MEHbLUUM  YPOBHEM
MepLaHus, OTCYTCTBMEM PaCTPOBOMN CTPYKTYPbl M YEPECCTPOYHON PasBepTKU, TO NO CPaBHEHUIO C
Tenesn3opamu OHM B MEHbLUEN CTerneHn cnocobHbl BbidbiBaTh npunagkn [124]. MNpodeccop Akno
Mopu 13 HauumoHanbHoOro yHuBepcutetra (AnoHuMs), uccrneqoBaBLUMKA aKTUBHOCTb MPEeAnobHbIX
aonen mosra 240 4denoBek B Bo3pacTe OT 6 A0 29 neT B pasHOW CTeneHW YBreKalLmxcs
BMAeOMrpaMnm M MPOCMOTPOM Tenenepedad, nNpuwen K BbiBOA4Y, YTO urpbl M TB cHuxatoT
aKTMBHOCTb MO3ra. AHanuMampys nonyveHHole gaHHble, A. Mopu obpaTtnn BHMMaHue Ha pasnnyHoe
COOTHOLEeHNe 6eTa - 1 anbda - pUTMOB Y JIOAEN, YBEKAIOLWMXCA N HE YBNEKarLWUMNCA Urpamu.
Cuuntaetcs, 4to NpeanobHble OONM Mo3ra OTBEYalT 3a 3MOLUUM U TBOPYECKME CMOCOBHOCTM
yenoseka. [lpu atom npeobnagaHve anbda - PUTMOB CBUAETENLCTBYET O TOM, YTO OHMU
Oe3gencTtByloT, a 6eTa - pUTMbl YKa3blBalOT Ha aKTMBHOCTb MbICIIUTENLHOMO npouecca. Y nogen,
BXOAALWMX B HOPManbHyl Trpynny M Mano YBrekawwmxca Bugeourpamu, 6eta - puTMbl
npeobnaganu Hag anbda - puTMamu, MpU4EeM 3TO COOTHOLLUEHME HEe MEHSANOCb, AaxXe ecnu
npeacTaBUTENN HOPManbHOW rpynnbl HayvHanu wurpatb. C  Apyron CTOPOHbI, Y WrPOKOB,
NpoBOAAWMX Mepen 9KpaHOM [0 7 4YacoB KaxAbli AeHb, ©eTta - putMbl NpPaKTUYECKU
oTcytcTtBoBanu. Kpome pasnuumii B akTMBHOCTM Mosra A. Mopu oTMevaeT HeadeKBaTHOCTb
NoBEe4EHNST MHOTMX MOKMOHHUKOB BUOEOMUIP: OHWU NEerko BbIXoddT u3 cebs, ¢ Tpyoom MoryT
COCPEenoTOMUTBLCA, UCTLITLIBAOT TPYAHOCTU B OOLLEHMM C APYTMMU NIOObMU.

[dpyroe, He MeHee BaxHoOe SBMeHMEe, CBA3AHO C HENOCPEeACTBEHHbIM BOCMPUSTUMEM
YENOBEKOM MepeMEHHbIX MarHUTHbIX MOfien nofy4yMno Ha3BaHuMe MarHUTogocdeH. IToT
N3BECTHbIN OTHOCUTENBHO AaBHO (ero oTkpbin [’ApcoHBanb B 1896 r.) doeHOMeH 3akniovaeTcs B
NosBMEHMM Yy NI0OEN C 3aKPbITbIMU FMasaMn OLLyLLIEeHWUIA BCMbIWeEK cBeTa npu obrnyvyeHuu ronosbl
nepemMeHHbIM MarHMTHbIM nonem 4YacTtotou cebiwe 10 'y NpyM MHTEHCMBHOCTAX Nopsaaka AecATKOB
MmTn [105]. OgHO Bpemsi npegnonaranocb, YTO BO3HUMKHOBEHME MarHuUTodocdeHa CBs3aHO C
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BMUAHMEM MArHWUTHOrO MNONs Ha BO3OyAMMbIE CTPYKTYpbl FOMOBHOro Mo3dra. YyTb nosxe Obino
oBHapyxeHo sABneHune anekTpodocdeHa, KoTopoe, Byayyun CXOO4HbIM MO OLYLLEHUSM, BO3HUKaNOo
npu NPOXOXOEHNUN NEPEMEHHOIO 3MEKTPUYECKOro TOKa HU3KOM YacTOThbl Yepes rososy.

Wccnegya Bnocneacteum 3tu aeneHusi, Lovsund ¢ coaBTopammn yCTaHOBWA, YTO ONTUMYM
YYBCTBUTENBLHOCTN NEXUT B AnanasoHe 20+30 Iy kak Ans anekTpo -, Tak u MarHutodocdeHa, npu
WHTEHCUBHOCTM MarHutHoro nonst 10+12 mTn [126; 127]. 3atem, B onbiTax Ha W30MPOBaHHOMN
ceTyatke rnasa nArywkn, uMmm 6bIno nokasaHo, 4To BnvsHue OMIT ocyuwecTBnseTca Ha
doTopeLenTopHbIA annapart, a He Ha CTPYKTYpbl rofoBHOro Mosra [128].

OTOT aKT, Kak NpeacTaBnsaeTCs, UMEeeT BaXHOe 3HayeHne B CBA3W C MONyyYMBLUEN B
nocrnegHee BpPeMS MNPU3HAHWMEM pPONM OCHOBHOIO HEWpPOropmMoHa anumdusa (LUULWKOBUAHOW
Xenesbl) MenaToHWHa BO BIIMAHUM HU3KOYACTOTHbIX OMI [5]. MenaToHUH y YyenoBeKka U1 XXMBOTHbIX
CUHTE3UpYyeTCa HenocpeaCTBEHHO B CeTYaTke U UrpaeT, Kak nonararoT, BaXHYK porb B nepefadve
curHana ot rnmasa k anuduay. He Tak gasHo Olcese ¢ coaBTOpamMun B SKCMEPMMEHTE YCTAaHOBUU,
YTO U3MEHEHWE MArHMTHOMO MOMsi C MHTEHCMBHOCTBIO OKofno 30 MKTI, YTO COCTaBnseT Nopsaok
reoMarHuTHoro nons 3emnu, OOCTOBEPHO MEHSIET COAEpXXaHue MernaToHMHa B ceTyaTke rnasa
Kpbicbl [129]. T.0., cuutator Olcese ¢ coaBTopamu, ceTyaTka MIeKonuTalwmMx y4acTByeT B
nepegade MHOPMaUMM MarHUTHOrO MONSA B LIEHTPanbHYyl0 HEpBHyH cuctemy. B gononHeHum k
aTomy, Prato 1 coaBTopbl B CBOUX MOCAEOHUX UCCMEeAoBaHUSX nokasanu, Yto apdekTbl BAUAHUA
HU3KOYaACTOTHOIO MarHUTHOrO Mons Manon WHTEeHcuBHocTu (141 MKTn) mMoryT moaynvpoBaTbCcs
CBETOM, NpUYeM peanusaumns 3Toro BINSHNA OCYLLIECTBSIETCH Yepes onnongHyto cuctemy [130].

AHanuaupys pesynbtatbl WUCCNeaoBaHWs, NpeacTaBneHHble B 3TMX paboTax, MOXHO
nonaratb cnegytowee. OcTaBlladaca y 4yernoBeka B «HACMEACTBO» OT XXMBOTHbIX aHanornyHas
cMcTeMa BOCNPUATUA MarHMTHOIO Nons peLenTopHbiMU CTPYKTYpaMm ceTyaTkm 1 paboTarowas Kak
3NEKTPO- N MarHMTodocdeH B MMMNYNbCHbIX HU3KOYACTOTHbIX OMIT nockinaeT B MO3r curHanbl npu
pabote c BuaeoTepMuHaANoM. JTO SBMSETCA elle OOHOWM MPUYMHOWM BO3HUMKHOBEHMS CTpecca U
HapyLUeHNn HopMarbHON OYHKLUW opraHa 3peHus.

OyeHb MHOrMe BbIToBble NPUBOPLI U ANEKTPOCETb B HALLMX AOMaxX NpoayuupytoT crabble
ANEKTPUYECKNE N MarHUTHble nepemeHHble nons ¢ 4Yactotonm 50+60 Iy. lMockonbky aTK nons
CywecTBeHHO crnabee crtatmyeckoro marHutHoro nonsi 3emnu (okono 400+500 MIuy) wnun ee
9MNEeKTPUYEeCKMX nornew, TPyaAHO ObINo Aaxe 3anogo3pwuTb, YTO OHM MOryT OblTb OMacHbl Ans
300pOBbSA, W, €CTEeCTBEHHO, WCCneaoBaHWst B 3TOM HanpasfeHMM He nonyyvanu  OOMmKHOW
noaaepKku.

loe xe TaaTca omacHOCTW, MOACTeperawwme nonb3oBartenen? C Halen TOYKM 3peHus,
NMOAOWTU K MOHMMaHWIO NPUPOAbI BO3MOXHOIO HebraronpuaTHOro Ansd 3gopoBbs Yernoseka OMI
nossonsieT Teopus TI1, B cooTBETCTBMU, C KOTopown TI1 aBnstoTCA KOMNOHEeHTon Ntobbix MU, TIM un
NX XapakTepuctukm 6onee nogpobHO pacCMOTPEHbl B NOCHeayLmnx rnasax.

Kpome TOro, okasanocb, YTO nuua, 3aHATble B 3NEKTPOTEXHUYECKOW MPOMBbILLIIEHHOCTH
(3NeKTPUKN, SNEKTPOUHXKEHEPLI, NepcoHan, obCnyXMBalLWNN TenegoHHbIE U BbICOKOBOSILTHbLIE
nnHWMKM), Yawe 3abonesatoT 1 yMUparoT OT NIEMKO30B U HEKOTOPbIX APYrMX BUOOB 3MOKa4eCTBEHHbIX
onyxoren, B TOM 4ucrie Mo3ra, npeacratenlbHOM U MOSIOMHOW >Keres, YemM paboTHUKM Apyrux
crneunanbHoOCTeN.

B moHorpacum [19] npuBeaeHbl aHanornyHble gaHHble No 3abonesBaemMocTy y MalMHUCTOB
FIOKOMOTMBOB U WX MOMOLUHMKOB. 10 ypoBHIO 3aboneBaemMoCTM MALIMHUCTbI U UX MOMOLLHUKM
3aHUMalOT NepBoe MecCTO.

Henb3sa He ynoMsHyTb O HeraTMBHOM BO30EWCTBMM Ha 4Yenoseka pagunotenedoHOB.
WccnepoBaHuma B obnactm  GMONOrMYeckoro  BO3OENCTBUS  U3NyYeHUn  paguoTtenedoHa
NOATBEPAUNN, 4YTO Hambonee 4YyBCTBUTENbHbIMW CUCTEMaMWM OpraHu3ma 4ernoBeka SABNSATCS
HepBHasa, UMMYHHas, 3HOOKPUMHHAA M nonosas. Peakuusa atmx cuctem onpenenser B KOHEYHOM
nTore NOCrneacTBust HeraTMBHOMO BO3AEWCTBUSA Ha 300pOBbe Yenoseka B Lenom. Kak n npu paborte
¢ MoHutopom [1K, obnactb o06nyvyeHus ABRSETCs, npexae BCEro, rOMOBHOW MO3M U
nepudepnyeckme peuentTopbl BECTUOYNAPHOrO, 3pUTENBHOMO M CIYXOBOrO aHanmu3aTtopoB, MNpu
3TOM, OYEBWMOHO, 4YTO pasnUyHbIe Yy4acTKM MoO3ra M pelenTopbl HECyT OTBETCTBEHHOCTb 3a
PYHKLMOHMPOBaHME NPUBEAEHHBIX BblLLE KPUTUHECKMX CUCTEM OpraHu3ma.

lNpn mncnonb3oBaHMM COTOBbIX TernedoHOB C Hecywen 4dactotom 450+900 My gnuHa
BOMHbl HE3HAYMTENbHO MPEBLbILIAET fNUHENHbIE pas3Mepbl rofoBbl YernoBeka, U B 3TOM Chy4yae
n3nyyeHue BO3OEUCTBYET HEPABHOMEPHO, T.e. MpU 3TOM MOryT 06pasoBbLIBaTbCH Tak Ha3biBaeMble
«ropsiyme TOYKM», OCOBEHHO B LEHTPEe TrOMnoBbl. OKCMEPUMEHTbl Ha >XUBOTHbIX He JaloT
AOCTOBEPHOW MHOpMaLMK, TaK Kak HU OOHO U3 HUX HEe UMeeT Yepena, NogobHOro No pasmepy u
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dopmam 4YernoBe4ecKomy.

Moatomy B nocnegHee Bpems Oonblloe 3HA4YeHWe yaensaeTcs  MCCneaoBaHUAM,
NCNOMb3yHLWUM CrIOXHblE MoAernbHble (PaHTOMbI, pacyeTHble METOAbl aHanu3a MNOorfoLeHNs
SHEeprMn pasnuyHbiMU CTPYKTYpamMu rornoBHOro Mosra. PacyeTtbl nornoweHHon aHeprun IMI
MO3roM YerioBeka nokasblBatoT, YTO MPU UCMONb3oBaHMK Tered)oHa MMKOBOW MOLLHOCTbIO 2 BT u
paboyen yactoton 900 MU HanpsKeHHOCTb MOfs B TFOMIOBHOM MO3re (palioH runortanamyca)
coctasnsiet 20+30 B/m nnun 120+230 mkBT1/cM? (HopmaTue B Poccun Ansi nonb3oBaTenen CoToBbIX
TenedgoHoB paeeH 100 MkBT/cm?).

YuntblBasi BaXXHy0 ponb KOpbl GONbLUMX NOMAyWapun M runotanaMyca B OCyLeCTBEHUM
NCUXUYECKMX YHKUMA YernoBeka, MOXHO OXuaaTb cnegywowee. [nutenbHoe nOBTOpHOE
BO34eNCTBME npedenbHO JonycTumbiXx o3 OMW u conposoxgawowen ux MHPOPMaLMOHHON
TOPCUOHHOM KOMMOHEHTbl MOXET MNPUBECTU K MNCUXUYECKMM pacCTpoMcTBam, B TOM 4ucrne K
N3MEHEHUID  YCITOBHO-PEPNEKTOPHON AEATENbHOCTM, MNOBEOEHYECKNX peakuun, COCTOAHUSA
KpaTKOBPEMEHHOW W AOMTOBPEMEHHOW MaMATU, U3MEHEHUAM OMO3NEKTPUYECKON aKTUBHOCTU
pasnuyHbIX CTPYKTYp Mo3ra.

BrnivsiHne Ha opraHuam 4yenoeeka OMU 1 nx MHOOPMaLNOHHON TOPCUOHHON KOMMOHEHTDI
N3ydeHo HepjocTatovHo. Ho scHO, 4TOo OHO He obxoguTca 6e3 nocneacTBuMri (MHOTOYUCHEHHBbIE
3KCMEepUMEHTbl Ha MOAOMbITHLIX >XMBOTHbIX, MpoBedeHHble BO PpaHuuun, CLUA, Lseruapuwn,
YkpanHe, Poccuun, nogTBep)aatoT BO3MOXHOCTL BO3AencTBUA criadbix AMIT CBEPXHU3KMX N HU3KNX
4YacTOT U UX TOPCUOHHOW KOMMOHEHTLI Ha Bruonornyeckme oObeKTbl, 0COBEHHO Ha MO3r).

Kpome TOro, HenogBwkHas HanpsbkeHHasd no3a onepatopa B TevyeHue OSIMTenbHOro
BPEMEHM MPUKOBAHHOIO K 3KpaHy Auchnes, NpuBOAUT K yCTanocTu M BO3HUMKHOBEHWUO Gonewn B
MO3BOHOYHMKE, LUee, MreyvYeBblXx CycTaBaX, a WMHTEeHcuBHas paboTa C KrnaBMaTypon Bbi3biBaeT
HoneBsble OLLYyLLIEHMS B TOKTEBbIX CycTaBax, Npeannevbsax, 3ansacTbsx, B KUCTAX U Nanbuax pyk.

[deatenbHOCTb onepatopa npeanonaraet, npexne BCEero, BuU3yanbHOe BocnpusTue
OTOOpaXeHHOM Ha 9dKpaHe MOoHMTopa WHGOPMAaLMK, MNO3TOMY 3HAYUTENBbHOW  Harpyske
nogsepraerca 3puTenbHbI  annapaTt pabotaowmx ¢ (K. daktopamu, Hambonee CUNbHO
BANSIOLLMMW Ha 3peHne, ABMSOTCA:

* HecoBepLueHcTBO cnocoboB co3naHNs U3obpaxeHnss Ha aKpaHe MOHUTOopA.

Ota rpynna ¢akTopoB BKIOYaET B ceb4:
- HeoNTUMarnbHble NAapaMeTpPbl CXeM pa3BepTKN neKTpoHHOoro ny4va IJ1T;
- HECOBMECTUMOCTb NapaMeTpPoOB MOHMTOPA U rpadhn4ecKkoro agantepa;
- HE4OCTaTOYHO BLICOKOE paspeLleHmne MOHUTopa, pacOKyCUpoBKa, He cBeaeHMe nydYen U HASKUN
YPOBEHb OPYrnX €ro TEXHUYECKMNX XapakTepuUCTuK;
- N3ObITOYHYIO UNIN HEAOCTATOYHYIO APKOCTb N300paxKeHUs;
- TOPCMOHHYIO KOMMNOHeHTY SMW.
* HenpogymaHHas opraHusauusa paboyero mecta, Kotopas ABnAseTcs NPUYNHOMN:
- HanMunga 6nMKoOB Ha NULIEBOW NaHenu aKpaHa;
- OTCYTCTBME HEOBXOOMMOrO YPOBHS OCBELLEHHOCTU paboyvmx MecCT;
- HecobnaeHnsa paccTosHMA OT a3 onepaTopa 40 3KpaHa.
Boob6aBok ko Bcemy, paboTta kOMMbioTepa COMPOBOXAAETCA aKyCTMYECKMMWU LuymMaMu, BKIHOYas
ynbTpasByK.

BoamoxHoe  yxyaweHue — camodyBCcTBMA — onepatopoB  [IK  gaBnsetca  oGbekTtom
nccriegoBartenbCcknx nporpamm  HauuoHanbHon Akagemuyn Hayk, HauumoHanbHOro MHCTUTYTa
OXpaHbl Tpyaa u npodwunaktukn npodpsabonesanHmn CLUA, Hay4YHO-MEOUUMHCKUX Y4YpexaeHWuin
LWeeuunn, ®paHunn, PPI, ABCTpUK, ANOHUN K, YTO ABNSETCA OTPaaHbIM (OakTOPOM, YKpauHbl.

XOTS KapTUHa BO3OENCTBUS KOMMbIOTEPA HA OpPraHM3M YernoBeka, onMcaHHas Bbllwe, BbirmMaguT
AOBOMbHO MPAaYHOW, HYXXHO MOMHWUTb, YTO NOAOOGHbLIE MOCNEACTBMS BO3MOXHbLI NMWb B Criyvyae
abCconTHOrO MrHopupoBaHnsa Npobnembl. Kaxabin nonb3oBaTenb AOMKEH 3HATb OMAacCHOCTb «B
Moy, YTOObI UMETb BO3MOXHOCTb ee nodexxaaTb.

T. 0., ocobyto OCTpoTy npuobpetaeT npobnema 3awmTbl U CO30aHUS KOMGOPTHLIX YCIOBUN
CyLLEeCTBOBaHNSA 4eroBeka B NpodeccMoHanbHOM W ObITOBOM  cpege, MNOUCK  NyTewn
npegoTepalleHns notepn NnpodeccnoHanbLHON NPUrogHOCTMU.

3.3. BnusaHwue usnyyenuu MNK Ha 3a0poBLE Yenoseka.

B c¢BA3M Cc MaccoBon KOMMbHOTEpU3aUMEN BO3HWKAET HEOOXOAMMOCTb TLATENbHOro
N3y4eHUs BIIUSHUA U3NYyYeHUs Ha 300POBbE YenoBeka W, B MepBYyH ovepedb, Ha ero Co3HaHue.
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Mpobnema 6e3onacHocTn npu paboTte ¢ AnCNneemM HacTonbKO Cepbe3Ha, YTO HaXoAUT OTPaxXeHune
B AeaTenbHocTn BcemupHoW opraHusauum 3gpaBooxpaHeHusi. EBponenickoe 3koHOMMYecKoe
coobuwectso B 1992 r. BbINYCTUNO AMPEKTUBY, B KOTOPOW yKasaHO, YTO onepaTtop AOmKeH 6biTb
NHPOpPMMpPOBaH O HeobxoauMMbix Mepax GesonacHocTW, a B psage cTpad, Hanpumep PPT
onepartopbl KOMMNbIOTEPOB BKIOYEHBI B NepeveHb Hanbonee onacHbix npodeccui.

Ona CHWKeHUa yKasaHHbIX Bblle MNOCNEeACTBUN BAUSIHUA WU3NYYEeHUA Ha KOMMbOTEPbI
yCTaHaBnuBaloT UNbLTPLI, pa3pabaTbiBalOT HOBblIE MOAENM, B TOM YUCNE Ha XUOKUX KpUcTannax.
Ocobo Heobxoanmo obpaTnTe BHMMaHWe Ha nsnydeHns MK ¢ XngkokpucTanimyeckumm akpaHamum
(>KK). Cpeawn nonb3oBatenen K cnoxunocb MHeHue, 4to noptatueHble MK ¢ akpaHamm Ha XKK
obnapgatoT cyuwectBeHHO 6Gonee Huskumu ypoBHaMM OMW no cpaBHEHMIO C TPaauUMOHHBIMU
YPOBHSAMMW, MOMHOCTBIO 3KOnornyeckn GesonacHbl. Kak nokasanu mccnepoBaHus, NPOBEAEHHble
coBmecTHo WL «3nutay, ®UL «Lmknon-Tect» (. MockBa, Poccus), 4to gaHHas Touka 3peHus
rny6oko ownboyHa.

YcTaHaBnvBaemble Ha KOMMbloTepax OUbLTPbl HE BCErga peLuatoT NoCTaBeHHY 3adaqvy.
Psg opraHvsauun, B Uenax peknammpoBaHWsi CBOEW MPOOYKUUM WMCMONb3YHT CepTUduKaTbl, B
KOTOPbIX NPMBOAATCS OWNOOYHbIE NN HEAOCTAaTOMHO O6OCHOBaHHbIE NapaMeTpbl, a TaKkke faeTca
yKasaHue Ha Hanu4uve norHOW 3aluTbl OT 3NEeKTPOMAarHUTHbIX U 3NeKTpocTaTnyecknx nonen. B 1o
e Bpemsi U3BEeCTHO, YTO [JaXe KayeCTBEHHbIh UNbTp  yrnaBnuBaeT  U3Ny4vyeHue
9MNEeKTPOCTaTUYECKNX MOSMEeN TOMbKO NPWU ero 3a3emsieHnn, B 3HauuTenbHon crteneHn (95+98%)
NpenaTCTBYET MPOXOXAEHMIO (HO He yrnaBnuBaeT!) aneKkTpU4ecKon COCTaBMsoWEN, a 3HadYeHue
MarHMTHOM cocTaBnsalowWwen He MeHseTrca. BceTpewawotca - Gonee  napagokcasnbHble
XapaKTepUCTUKMN.

3.4. CuHApPOM KOMMNbLIOTEPHOrO CTpecca.

MeaunumHckme Kpyrn o6ecnokoeHbl TeM, YTO cpeam nonb3oatenen MK BbisBNEH HOBbIM TUN
3aboneBaHua - cuHAPOM KoMmnbioTepHoro cTpecca (CKC) onepaTtopa pAgucnnes, KOTOpbIN
COMNpPOBOXOAEeTCa TronoBHOM Oonbiko, BOCNaneHWeMm [nas, annepruen, pasapaxuMTenbHOCTbIO,
BANOCTbIO U genpeccuen [29].

Cumntombl 3aboneBaHusi pa3HOOOpasHbl M MHOIOYMCIEHHbI. B Hawem o063ope OHM

CrpynnupoBaHbl MO NPUHLMNY BO3AEWCTBUSA Ha Ty WNN MHYK 4YacTb opraHuama. Kak npasuno,
HanuumMe eauHCTBEHHOrO CUMMTOMa ManoBEPOSTHO, MOCKOMbKY BCE (DYHKUMOHArbHblE OpraHbl
yernoBeka B3aMMOCBSA3aHbl.
. dunsmyeckme HegOMOraHus: COHNMBOCTL, YTOMITAEMOCTb, HE Npoxoasilasa ycTanocTb (gaxe
nocre otapixa); rofloBHble 6onm nocrne paboTbl; ronoBHble 6onn B 0bnactu rmas (rmasHele 6onn);
ronoBHble 6onu B obnactn Haabposui M nba; ronoBHbie 60MM B 3aTbINOYHOW, OOKOBLIX W
TEMEHHOW 4acTax ronosbl; 60MM B HWXKHEN YacTu CnuHbl, B obnactu Gegep, B Horax; 4yBCTBO
nokanbiBaHusi, OHEMEHNS, 6onn B pykax, 3ansiCTbsX U KUCTSAX; HaMpPsSPKEHHOCTb MbILUL, BEPXHEN
yacTu TynosuLLa (Lles, CNuHa, NieYvun, pyku).

. 3aboneBaHns na3: GbICTpas YTOMMSIEMOCTb, YYBCTBO OCTpPOM 0OOnu, XoKeHue, 3y,
CNe3nuBOCTb; YacTOe MOpraHue, OLLYyLEHNE HAaTEPTOCTH.
. HapylweHnsi BU3yanbHOro BOCNPUATUSA: HESICHOCTb 3PEHUS Ha faribHEM pacCTOsiHUKU cpasy

nocne paboTbl 3a KOMMbIOTEPOM («nefneHa nepeq rrnasamm»); HEACHOCTb 3peHus Ha 6rv3kom
pacctosiHm (n3obpakeHne Ha aKpaHe Mioxo (oKycupyeTcsl 3pUTENbHON CUCTEMON); HESICHOCTb
3peHnsa yCUnMBaeTcsl B TeYeHne [HA; BO3HWKHOBEHME ABOVHOMO 3peHus (M3obpaxkeHne Ha akpaHe
ABOUTCS); OYKM CTaHOBATCA «crabbiMu» (HEOBXOAMMOCTb CMEHbl O4YKOB); TOMOBHblE Gonu;
MeaneHHasi peoKyCUpoBKa; Kocornasue.
. YXygweHve cocpegoTOYEeHHOCTM U paboTocnocobHOCTM (OYeHb YacTo  OKasblBaeTcs
CrneAcTBMEM BU3yalnbHbIX HapyLUEHU): cOCPeaoTOMEHHOCTb [OCTUraeTcs C TPYAOM (HEBO3MOXHO
COXpPaHWUTb BHMMATENbHOCTb B TEYEHME ANUTENBbHOrO BPEMEHM); Pa3fapaXnTenbHOCTb BO BPEMS U
nocne paboTbl; noTepst paboyen TOYKU Ha 3KpaHe, MPOMYCKN CTPOK, CrOB, BBOA, MOBTOPHbLIX CTPOK;
OLUMBKM NPW 3aMOfTHEHMN KONTOHOK («HenonagaHuey), nepectaHoBKa CrnoB Unu undp mectamu.
MpuynHamn pasHoobpasHbix cumntomoB CKC, no MHeHW0 MegukoB, SBASKTCA NSATb
OCHOBHbIX (DaKTOPOB:

1 HenpasunbHasi paboTa rrnas u HeBepHOe NoNoXeHUe Tena;

2. HOLLIEHE HECOOTBETCTBYHOLLIMX OYKOB UM KOHTAKTHBIX NUH3;

3. HenpaBunbHasi opraHn3auusi paboyero MecTa;

4 CYMMUPOBaHMNE PU3NYECKNX, YMCTBEHHbIX U BU3yarbHbIX HArpy3ok;

-44 -



5. HU3KUIN yPOBEHb BU3yaribHOW NOArOTOBNEHHOCTM AN paboThl C KOMMNBIOTEPOM.

OpgHako, NO MHEHWUO aBTOpa, OCHOBHOM MNPWUYMHOM HEraTUBHOIO BNUAHUA MoOHUTOpPOB [1K,
TEeNneBn3opoB, ApYron BLITOBOM TEXHUKM HA MX NOMb3oBaTeNnen ABnsaerca TOPCUOHHAs KOMMNOHEHTa
SMI.

CywecTtByeT Hebe30CHOBaTENBHOE MHEHME, YTO NYTEM UCKITHOHYEHNSA OTpULaTENbHbBIX PaKTOpPOB
BO34ENCTBUS MOXHO CHU3UTb BEPOATHOCTb BO3HMKHOBEHNSS CKC 4O MUHUMYMa.

Poccuincknn HAW  oxpaHbl Tpyaa Takke MpoBen Meaunko-buonornyeckne wuccnegoBaHus
Bo3aencteumga NK Ha onepaTopos.

MpuBegeHHasa Tabnuua 1 MNNCTPUPYET pesynbraTthl 3TUX NCCenoBaHUN.

CnpaBeanuBocTn pagu, crnegyeTr OTMETUTb, YTO CYLLECTBYET MHEHME 1 06 OTCYTCTBUM BINSAHUS
KOMMNbIOTEPOB Ha 340poBbe. HoO Bce BblweckasaHHoe ybeguTenbHO MNOATBEPXAAeT
cywectBoBaHne CKC. 3toro xe MHeHus npuagepxusaetca A. B. bobpos [8] u B. IN. KasHayeeB
[33], yTBepxaatowme, 4to Tl - ocHOBa MHPOPMALMOHHBIX B3aUMOLENCTBUIA B BMOMOrnK.

Tabnuua 1
Pesynbrathl Bo3gencteus K Ha nonb3oBaTenen

[polleHTbl ONepaTonoB. COOBLINBLINX
Pabota 3a aucnneamy (mecsauen)
CumnTtoMmbl o 12 net
BO34EeNCTBUS Ho 12 net
(HenonHas bonee | Gonee
) (nonHas)
[onoBHasg 6ornb 8 35 51 76
YTomneHwve,
rONOBOKPY)XEHWE > 92 et 69
HapyuleHne HOYHOro cHa 8 15 50
COHNMBOCTb B TEYEHWE OHSA 11 22 48 76
M3mMeHeHne HacTpoeHus 8 24 27 50
[MNoBblLEHHas 3 11 29 51
pas3apaXxuTenbHOCTb
Jenpeccus 3 16 22 50
CHWXeHune
NHTENneKTyanbHbIX
crnocobHocTen, yxyalweHue < e 0
namaTin
HatsxeHne koxm nba wn
ronoBssbl 3 5 E Ie
BbinageHue Bonoc 3 5
Bonb B MbllLax 11 14 21 32
Bonb B oGnactn cepgua,
HepoBHOe cepaLebueHme, 5 7 32
ofblLliKa

3.5. Komnbrotep v 300poBbe geTen.

Ocobo crnegyetr otMeTuTb Npobnemy: kKomnbtoTep M getn. CerogHa B MUpe CyLlecTByeT
MOLLHAs MHOYCTPUSI MO NPOM3BOACTBY KOMMbIOTEPHBLIX Urp. OrpoMHOE KonnyecTBo ompm GoproTcs
Mexay cobon 3a NepBEHCTBO (3HAYMT, U 3a HambornbLune NPUGLINM) Ha pbIHKE, CO3aaBasi KpacuBbIe
N yBnekaTernbHble, XUTPbl€ W 3aMbICNOBaTble, arpecCUBHbIE W KPOBOXALHblEe WIPYLUKA AN
Marnb4YMKOB M OEeBOYEK BCEX BO3pacToB. B cuny cBOMX aHaToMo-(hm3nonornyeckux ocobeHHOCTEN,
Hanbonee 4yBCTBUTENbHLIMU K BHELHMM BO3gencTeusM asnstotcs aetu. OHM ¢ yaoBONbCTBMEM
OT4alT UM CBOE CBODOLHOE BpeMS.

B aToi cBa3u cnegyetr NOMHUTL O GONbLUOKM onacHOCTU. [eTn B 3HAYMTENbHO MEHbLUEN
CTENEHU, YeM B3pOCIble, CMOCOOHbI KOHTPONMMPOBaTb CBOE MOBEAEHNE W, YBNEKLIUCH, HE MOTYT B
HY)XHbII MOMEHT OTOpBaTbCA OT 3KpaHa, Ha KOTOPOM pas3BOpayMBalOTCA 3axBaTbiBaloLMe
cobbITNA. Ho Mx ncuxmka o4eHb HEYCTOMYMBA, MO3ITOMY YpE3MEPHOE YBIieYEHNE KOMMbIOTEPHBIMU
urpaMmm MOXET CTaTb MPUYUHOM O4YEHb TSKEmNbIX MOCNEACTBUA - pa3BMBAETCS MOBLILLEHHAA
BO30yAMMOCTb, (OPMUPYETCS Y HEro TakMX TUMWYHBLIX ANs  SNUAENCUM HEraTtuBHbIX 4epT
XapakTtepa, Kak nogo3puUTenbHOCTb, MHUTENbHOCTb, BpaxaebHo-arpeccUBHOE OTHOLLEHME K
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GNN3KMM, MMMYNbCUBHOCTb M BCMbINTBYNBOCTb

M3 Bcero ckasaHHOro He crnegyeT, YTO Hemnb3si HA B KOEM crnydae gornyckatb pebeHka K
KOMMNbIOTEPY, HO HEOoOX0QMMO O4YeHb CTPOro [03UpOoBaTb BPEMSI KOMMBbIOTEPHBLIX 3aHATUN
0COBEHHO B cnyyae OTCyTCTBMSA NpuMOOpPOB 3alMThl OT HeratmBHoro BnusiHuA TI1. Heobxogmmo
OTMETUTb, YTO B MocnegHne rogbl NOABMIACL NpaBoCiaBHas nuTepaTtypa O HeraTMBHOM BRVSIHUN
Ha JeTen TeNeBN30POB U KOMMbIOTEPHON TEXHUKNM [65].

Mo paHHbIM psga uccneposatenen [1-3] ypoBeHb 340poBbs Yy onepatopoB K Huke no
CpaBHeHMIO C paboTarowmmmn B pyrmx otpacnsax B 2+5 pa3. Ocobyto TpeBory Bbi3biBaeT pPoCT
3aboneBaeMoCTU cepgeyvyHo cocygucton cuctembl (B 4+5 pas). OTMEYEHO CUNbHOE BIUSIHUE
N3Ny4eHNn Ha cocyabl FONIOBHOrO MO3ra.

Mpu uccnepoBaHun BnuaHma OMW Ha 340poBbe ONepaTopoOB MPUHMManNM yyactue Tpu
rpynnel - getn 9+10 net, 16 net n B3pocnble.

MpoBegeHa obwWas oOueHKa COCTOSAHWA 300pPOBbSA M paboOTOCNOCOOHOCTU OTAENbHbIX
OpraHoB YernoBeka B YCMNOBHbIX eAuMHMuax Ao, u nocne paboTbl ¢ KoMnbioTepoM no metogy Ponns
(MeToa anekTPONyHKTYpHOM AuarHocTukun). Metog donna npegycMmaTpuvBaeT 3Ty OUEHKY MO
N3MEHEHMIO 3NEKTPONPOBOAHOCTN OMNpeaeneHHbiX BUOMNorMyeckn akTUBHBbIX TOYEK C MOMOLLbIO
MUKpOaMnepMeTpa v ABYX 3NEKTPOA0B.

Hamn ycTtaHoBneHo, 4To oueHka paboTbl cOCcyaoB rornoBHoro mosra Hwke 40 ycn. en.
(Hopma - 50 ycn. ed.) oTMedeHa y HepaboTarwLwmx ¢ KOMMbloTepom B Bo3pacTte o 40 net (46
obcnenoBaHHbiX) B 30% cnyyaes, npu paboTte ¢ komnbioTepom Ao roga (38 obcnenoBaHHbIX) -
36%, po 3 net (19 obcnenoBaHHbIX) - 48% 1 oo 5 net (17 obcnenoBaHHbIX) - 57%.

3a 2 4 HenpepblBHON paboTbl y paboTalowmx C KOMMbIOTEPOM YyKasaHHble BENUYUHDI
cHM3nnncb B cpegHem ¢ 38 go 35 ycn. ea. nnm Ha 8%, 3a 4 4 - cooTtBeTrcTBeHHO ¢ 38 go 30 ycn.
eq. unu Ha 21%.

Mo paHHbiM 3. KocTpybuHa, HapyweHune paboTbl JOOHbIX OTAENOB  BbI3blBAET
PacTepPSHHOCTb W [OEenpecculd, CHWKEHME TBOPYECKMX CNOCOBGHOCTEN, YyxyAdweHue paboThbl
BHYTPEHHUX OPraHoOB, YTO MOATBEPXOAETCS YCTanocCTbio nocrne paboTbl C KOMMbIOTEPOM W
noBbILLEHHOW 3aborneBaemMocTblo onepaTtopa. Cneayetr OTMETUTb, YTO M3MEHSIETCA U aKTUBHOCTb
nonywapuin mo3sra. BbisgBneHbl npuvHuMnuanbHble pasnuumsa B cnocobax ob6paboTkum CeHCOpHOM
NHOpMaL MM 1 ono3HaHNSA 06pa3oB Mexay NpaBbiM U NEBbIM NONYLLAPUAMU MO3ra. OTU pasnmuyung
3aKkn4alTCa B TOM, YTO fleBOE Mornyllapuve pellaeT 3agady 3puTenbHOro Orno3HaHWs MEeTOLoM
nocnegoBaTenbHOM Knaccudukauum, nyteM forM4eckoro aHanmsa OueHMBAEeT HOBLINM OMbIT MO
CpaBHEHUIO CO CcTapbiM BO u3bexaHue owunboK, a npaBoe - OAHOBPEMEHHbLIM, CTPYKTYPHbIM
MeTooOM [JaeT BHayane rmorHoe onucaHve usobpaxeHun, nepexoad B nocnegywowemM K
06006LeHHOMY onucaHuio, (OPMUMPOBAHUIO LEMNOCTHOro nepcentMBHoro obpasa. Jliogn ¢
MOBbLILLIEHHOW aKTMBHOCTbIO NpPaBOro nonywapus Mo3ra 6onee BbIHOCNUBLI M PaboTOCNOCOGHbI.
MpaBoe nonywapue pearvpyeT Ha oTpuuaTenbHble 3MOLUNUN, a NPU ero OTKNIYEHUN NPOSBRSETCS
ancopus. lMonoxuTenbHble 3MOUMM BNUTbIBAET NEBOe nonywapue, a npu ero OTKIH0YeHUN
BO3HMKAIOT OTpMLaTENbHbIE SMOLNN.

YCTaHOBMNEHO, YTO Yy WKonbHMKkOB 10 neT 3a 20 MnH paboTbl ¢ kKOoMMbloTepoM Ao 1,5 pas
CHMXanacb pasHuLua aKTMBHOCTW MOMyLIApUIA rOfIOBHOrO Mo3ra. OTO yKasblBaeT Ha CHWMXKeHue
YMCTBEHHbIX CNOCOOGHOCTEN M HapylleHne paboTbl HEPBHOW CUCTEMBbI, YTO Habnogaetcs u npu
wm3odpeHnn. 13 BbILLEN3NOXKEHHOTO BUOHO, YTO Npu Bo3gencteaum MW y onepatopos, B NEPBYHO
ovepenpb, CHxaeTca adhPeKkTMBHOCTbL paboThbl COCYAOB rOfIOBHOIO MO3ra.

Ona onpegeneHnss CTENeHW BAUSHUA U3NYYEHWs OT KOMMbIOTEPOB Ha HapylleHue
0OMEHHbIX MpoLeccoB npoBeaeH oToop M aHanu3 MoYM y yKasaHHbIX rpynn. XMMUYECKUA cocTaB
MOYM aHanu3anpoBasncs aTtOMHO-CNeKTparibHbIM METOAOM Ha MHOrOKaHafbHOM CreKTpoMeTpe.
YCTaHOBNEHO pe3Koe W3MEHEeHMEe XMMMYECKOro cocTaBa MOuYM B rpynne, paboTtawowen c
komnbtoTepoM. KonnyecTtBo antoMunHms y 16-netHmnx 3a 20 mmH paboTbl Bo3pactano B 1,4 pasa; 3a
14 -B 2,7 pa3a; 6apusa - cootBeTcTBEHHO B 1,3 1 1,8 pasa; kanbumus - B 1,3 n 1,6 pasa. OTme4veHo
yBEnMYeHne CTPoHUMS B Mode onepatopa 16 net npu pabote 1 4 Ha 36%. OgHOBpPEMEHHO PEe3Ko
CHM3WMNOCL cogepxaHue xenesa n goccopa - Ha 30+50%. YkasaHHble Bbille 3aBMCUMOCTU
OTMEYeHbl Yy BCeX BO3PaACTHbIX rpynn. B KOHTPOMbHbIX rpynnax (He paboTarowmx ¢ KOMNbITEPOM)
N3MEHeHVe codepXaHus MUHepanbHbIX BeLWecTB 3a nepuog paboTbl C KOMMbIOTEPOM He
npesblwano + 20% 1 He HOCKO CUCTEMHOIO Xapaktepa. [1na UCKnioYeHnsa BNUSHNS MUHeparnbHbIX
BELUECTB, MOCTynawLWmMx C NUTAHUEM, NPU NPOBEOEHUN 3IKCMEpPUMEHTa onepaTopbl YyTPOM He
3aBTpakanu u 3a nepuog paboTbl C KOMMbLIOTEPOM HE €NU U HE NUIN.

Cnegyetr OTMETUTb, YTO CTENEHb U3MEHEHUS MUHepanbHOro cocTaBa MOYM 3aBUCUT OT
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NPOAOIPKMTENBHOCTN paboTbl M BO3pacTa onepatopoB. Ha B3pocnbix onepaTtopoB u3nydeHve
pencreyetr cnabee, M MUHepanbHbI COCTAB MOYM MEHSIETCS 3a 2 Y HenpepbiBHOW paboTbl B
cpegHeMm B 2,5 pasa MeHbLUe, YeM Y LLUKOSTbHUKOB 16 neT.

M3yuyanacb Takasa noTpebHOCTb B MUHeparbHbIX BeELeCTBaX, KOMMYECTBO KOTOPbIX
onpenenanocb No roMmeonaTU4ecknm npenaparam ¢ nomouwbio npubopa buotect. OTmedeHa
3aBUCMMOCTb NOTPEOHOCTN B MMHEpPArIbHbIX BELECTBAX OT ANUTENbHOCTM HEMPEPLIBHON paboThbl K
nepeoHadvansHoro geduuyunta. Tak, Hanpumep, A0 Hadana paboTtbl AedbuumnT, onpeaeneHHbIn no
romeonaTMyeckMm npenapatam ¢ y4eToM HanonHutens, coctaensn 0,5 r, yepes 2 4 ero BennymHa
Bo3pactaetr 4o 1,2 r unn B 2,4 pasa. OT0 0COOEHHO BaXKHO ANSA XKEHLUMH, TaK Kak Mo AaHHbIM
HaLLMX NCCMEeAOBaHMI B NEPUOS MECSYHOIO LMKa Bo3pacTtaeT eduumnT Kanbums, LMHKa, Xenesa
B 2 - 4 pasa. [Ina geten poct gedumumta MUHeparbHbIX BELLECTB B opraHuame eule Gonee
cylecTBeHHbIN. Tak, Nnpu pabote ¢ kKomnbtoTepoMm 20 MMH U NepBOHaYanbHOM geduumte 1 1 ang
B3POCMNbIX 3Ta BennuMHa MpPaKTUYECKM HE MEHSIeTCs, B TO Bpemd Kak and 16-netHux oHa
yBenuumueaetcs oo 1,5 r, ans 10-netHmx - oo 9,5 r. VI3 BbILWEN3NOXKEHHOIO BUOHO, YTO U3NYyYeHue,
AENCTBYS Ha onepaTtopa, HapylaeT 06MeH MMHepanbHbIX BELLECTB.

MuHepanbHbin 06MeH HapyllaeTca n npu page 3abonesaHun. Tak, Hanpumep, B. JluBwuy,
(Poccus) Ha ocHoBaHuM obcrnedoBaHU MonyyYnn AaHHble 06 M3MEHEHMM XMMMUMYECKOro cocTaBa
KpoBW npu 3abonesaHusax (tabn. 2).

M3BecTHO, 4TO npu 3aboneBaHusiXx yBENMYMBAETCS MNOTPEOHOCTb B  MMHEpPAnbHbIX
BellecTBax (Tabn. 3).

N3 cpaBHeHUs faHHbIX (Tabn. 2, 3) BUOHO, YTO M3My4yeHMEe OT KOMMbIOTEPOB U3MEHSAET
XMUMUYECKUI COCTaB MOYM aHanorm4yHo 3abonesaHusiM, B MeEpBY0 ovepenb, OHKOMOrMYEeCKUM W
CBSI3aHHbIM C YMCTBEHHOW OTCTaNOCThbHO.

[encrteyowme caHMTapHble HOPMbl YYUTBIBAKOT, YTO UMMYHUTET K U3MNyYEeHUAM y OeTen
HWXe, N yCTaHaBNMBalOT A1 HUX COKpaLLeHHbIN nepuog paboTbl Ha komnbtoTepax: oT 10 go 30
MWH B Hedenio B 3aBMCUMOCTM OT Bo3pacTa. OgHako aTu TpeboBaHus He cobnogarTcd, U aetu
NPOBOAAT 32 KOMMbIOTEPOM €XXeHEBHO HECKONbKO YacoB.

Kak pesynbraT BbILLEN3NOXEHHOro, Mo AaHHbIM W. HoBukoBa, 4o 40% BbINYCKHMKOB LUKOM
MMEIOT OrpaHMYeHust B Bbibope npodeccuin No CocTosHUIO 340poBbA. B nepmnoa ¢ 12 go 14 net
[Ons Marnb4MKoB C MSIOXMMU MoKasaTendaMm MexaHudeckon namaTtu ysenunumsaetcs ¢ 11,9 go
28,5%, a ponsa peBo4ek - ¢ 10,3 no 27,8%, a nonsa AeBo4YeK C NSIOXMMW NoKas3aTeNsMMU CMbICITIOBON
namaTu ysenuumeaetca ¢ 9,4 o 19,2%. [o HacTodLllero BpeMeHn HeT HayyHoro o6oCHOBaHUS
OENCTBUS MN3NYYEeHUs BUMAOEOTEPMUHANOB Ha 340pPOBbE ornepartopa. ATO NPUBOAUT K TOMY, 4TO
OENCTBYIOLIME HOPMbI MO BENMYMHE W3NYYEHUN MNOCTOSHHO KOPPEKTMPYHOTCS Ha OCHOBAHWUM
CTaTUCTMYECKMX [aHHbIX. CylleCTBEHHble pasnuMyuus B OLEHKe BO3OENCTBUSA M3MyvyeHUMrW Ha
300pOBbE OMNEPATOPOB CBSI3aHbl C TEM, YTO BOKPYr KOMnbioTepa obpasyetca OMI1 ¢ anana3oHom
yactoT o1 3 'y Ao 300 My n He BCe OHM OOUHAKOBO AENCTBYIOT Ha vernoBeka. Tak, ctangapt CLUA
y>xectodaeT TpeboBaHus K uanyyeHnam B guanasoHe ot 3 go 100 Iy, a pag nccnegosatenen [9 u
Aap.] He pekomeHayeT YactoTbl Ao 1000 Mu. Beicokas genctBeHHOCTb cnabbix AMU obbsicHsieTca
TeM, YTO CUrHarnbl B yKa3aHHOM [ManasoHe UMUTUPYIOT COBCTBEHHbIE CUrHambl KNETOK, OTAEMNbHbIX
OpraHoB M CUCTEM oOpraHmsma, ocrnabnas wnm ycunueas ux. CnegoBaTenbHO, HeobXxooumo
paccmaTpuBaTb HE TOMNbKO BEMUYUHY HanpskeHHOCTU 3MI1, HO M ero YacTOTHYIO XapaKTEPUCTUKY.
B cBasu ¢ atum ¢ 01.01.1997 r. CanlnH 2.2.2.542.96 yctaHOBUIT AOMNYyCTMMble MapameTpbl Mo
AByMm gmanasoHam 5+2 kl'y u 2+400 kl'u, a He No ogHOMY, Kak ObINo paHee.

Tabnuua 2
CogeprkaHne MUHeparnbHbIX BeWecTB (B Mr/n) B LIeNIbHOW KPOBU
CopepxaHne HEKOTOPbIX MUHEpParibHbIX BELLECTB (B
JunarHos Mr/1) B LLeNbHON KPOBU

Cu A1 Pb

Ocrpbi 85,6 712 182
nenko3

3noka4ecTB 74,3 735 34.0
€HHble

3p0poBble 64,2 602 32,9
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Tabnuua 3
MepeyeHb 3aboneBaHUn, NpKU NeYEHNN KOTOPbIX TPEDOYETCs1 NOBbLILLEHHOE NOTpebneHne
onpeaeneHHbIX MMHepanbHbIX BELLECTB

BewecTtBo 3aboneBaHue
docdop PesmaTtnam, rmnepToHMYecKkas OonesHb, OCTpble
pecnupaTopHble 3aboneBaHuq, ynagok HepBHOW

aedarenbHocTy, 6onn B cyctaBax, 6eCCOHHMLA, FONOBHbIE
6onn, nonosas  cnabocTb, NPWUNMBLI  KPOBU  C
cepauebunenmnem.

XKeneso PeBmartnam, HepBHbIA CTPECC, MOHMXEHHLIM reMOrnobuH,
paccTpOWCTBO B MNULLEBOM TpakTe, MOMOBbLIX OpraHax Mu
MOYENosioBON CUCTEME.

Kanbuwnin Monunbl (B HOCY, MOYEBOM MNy3blpe, MaTke u T.4.), cnaboe
pa3BUTUE KOCTHOM TKaHMU

AntommHmii | OcnabneHne MO3roBOW [AOeATENbHOCTU, HEpBHble 6onu,
obuwasa cnaboctb, 0c0O6EHHO B HOrax, ocrnabneHue 3peHus,
WyM B ywax, Karap AblXaTeNbHbIX U MULLEBAPUTENbHBIX
OpraHoB.

Bbapui YMcTBEHHasas cnabocTb, HegocTaToK MNCUXMYECKOro U
HOM3MYECKOro pa3BUTHS.

[ns 3awunTbl 300poBbs NONb3oBaTerNen, B NEPBYO odepedb AeTen, HEOOXOANMO NPUMEHSTb
obsazaTenbHyl0 cepTUdUKaumio KOMMbIOTEPOB C YCTAHOBMNEHWEM AOMOMHUTENbHBLIX TpeboBaHUN
npu UX UCMNONb30BaHUN B AETCKUX YUPEXOEHNAX.

Heobxognmo oTMeTUTb, YTO B MOCMEAHME oAbl NosBMIach NpaBoCraBHas nurtepartypa o
HeraTUBHOM BNUSAHMM Ha [eTel TeneBM3OPOB W KOMMbIOTEPHOW TexHWKM [65]. ABTOp KHUIMN,
NpaBoOCIaBHbIN CBALWEHHWK, OTMEeYas pacrnpocTpaHeHue AylweBHbiXx 3aboneBaHuMn W nageHve
HPaBCTBEHHOCTM Y COBPEMEHHbIX AETEN, CBA3bIBAET 3TO C HEraTMBHbIM BO3OENCTBMEM FOPOACKOM
«KOMMNBIOTEPHOM U TereBU3NOHHOW» cpefbl. cnonb3ya maTepuansl NepuUoauKU, OH Pa3bACHSAET,
KakKnum MMEHHO 00pa3oM OKpyXalwLwmi MUP MNPOBOLMPYET OETCKYH Aywy Ha oTpuuaTtenbHble
amMouun, B3pawmBaeT B HEW MyCTY0 MeyTaTeNnbHOCTb M ryOuTenbHble OMS AywW CTpacTu, Kak
HAHOCUT HECOMHEHHbIA ywepd u3andyeckomy u MNCUXUMYECKOMY 300pOoBbl0 AeTein. [letckue
ncuxmaTpbl U NCUXOMOrM nonaratoT, YTO OCHOBHbIMKU BonesHsamu geten B XXI Beke 6yayT 6onesHu,
CBs3aHHblE C HeraTMBHbIM BIUAHWMEM TENEBU3OPOB U KOMMbIOTEPOB. TeneBuaeHWe pasHbIMU
crnoco6amu BOMbHO UIM HEBOJMBbHO KOAMPYET NoBedeHne pebGeHka UM NoapoCcTKa - 3acTaBMsieT ero
XWUTb MO 3aKOHaM 3KpaHHOro Mupa.

[NcuxoreHHoe BO3AENCTBME Ha YerioBeka MOXHO MpPOu3BOAUTL pPasHbIMU  MeTodamu,
Hanpumep, ¢ NoMoLbL0 LBeTa. MHorMe yyeHble nccnegoBanu BrVMSHUE LBETa Ha MCUXUKY. TecT
Jliowepa - ognH M3 cambliX pacnpoCTPaHEHHbIX U JOCTOBEPHbIX TECTOB. VIcnbiTyeMoMy npegnaratot
BblOpaTb MOHPABUBLLMIACA LBET U3 MHOXECTBA, MOTOM M3 OCTaBLUMXCS - OMNSATb CaMbl MPUSTHBIA U
Tak panee. [Npou3Boasi CpaBHUTENbHbLIA aHanus3, AenawT BblIBOAbl O MNCUXO3MOLIMOHANBHOM
COCTOSIHUM YenoBeKka M O ero 300poBbe. ToT xe Jliowep pewwnn v gpyrylo 3agady: npegbsasnsas
YyenoBeKky LBeTa MO OfpederneHHoOW nporpamme, W3MEHANT €ero  3MOouMOHanbHoe ¢
dumsnonormnyeckoe coctosiHne. CnegoBaTenbHO, €Cnu ANsi KOMMNbIOTEPHOW WUrpbl MCMONb30BaTb
nuwb ocobyto LBETOBYHO raMMy, TO MOXXHO 40OUTLCS MHOTO.

«lMoxoxe, KoMNblOTEPU3aLMA Nopoauna elle ogHy HanacTb - npucTpactue K HTepHeTy, -
coobulaetca B «Canadian Medical Association Journal». [Hoktop HAHr Habniogana 496
nonb3oBartenen, n3 kotTopbix y 396 6b1no BbiBNeHO 6onesHeHHoe npucTpacTne K IHTepHer.

OHa oTmeTmna, 4To NO CBOEW NpUpPOAE 3TO MPUCTPACTME MOXOXKE Ha anKkoronvMaMm unm Ha
HenpeodonMMoe BrieYeHUe K a3apTHbIM uUrpam. B XXypHane nogyepkuBaeTcsi, YTO HanmbornbLiemy
pUCKY NOABEPXKEHbI Te, Y KOro JoMa €CTb KOMMbIOTEP.

Kak nokasblBaeT onbIT, naeun 3amnTbl OT HeraTuBHOro BNuaHWA TIT moHuTopos MK n apyromn
3NEKTPOHHOM TEXHMKU BOCMpuHMMatoTCa TpyaHo. OgHako He Hago 3abbiBaTb, YTO CYLLECTBYHOT
MHOIOYMCIIEHHbIE [OKa3aTenbCTBa W akTbl HEeratMBHOIO BNUAHWA MoOHMTOpoB [1K  Ha
nonb3oBaTternen gaxe fnpyv HanMuuu psaa 3alMTHbIX YCTPOUCTB B BUAe (PUILTPOB pPasfnyHON
moandmkaumm. Hayke cneagyet 3aHATbCS 06bACHEHMEM YNOMSIHYTBIX (hakToB, 6o, kak rosopun .
M. MaenoB: «®akTbl - 3TO BO3AyX Hayku. [Jaxe ecrny OHW noka 4YTO He YKnagblBalwTcs B
paspaboTaHHble HayKkon NpeacTaBneHus».
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TpaauuMoHHbIE NPUYKHBI OBYCNOBMNEHBI CMOXMBLUMMUCA B HayKe YCIOBUSIMM U OTHOCATCS
He TONMbKO K BOMpOCaM 3aliuTbl Monb3oBaTeneil OT HeraTMBHOrO BNUsiHUS MoHuTopoB [K, a
NPaKTUYECKN KO BCEM 3apOXAAIOLLMMCS OTPACHSM HayYHbIX 3HAHWIA.

AmMepuikaHckuin HaykoBeq KyH B kHure « CTpyKTypa Hay4HbIX PEBOMIOLMIA» NOKa3biBaET, YTO
NPUHLMNMANbHO HOBblE 3KCMEpPUMEHTarnbHble pe3ynbraTbhl, KOTOpble He YyKnagblBalTcs B
obLEenpuHATbLIE TEOpeTUYECKMe MPEACTaBIEHUs], LUMPOKAs Hay4yHasi obLeCTBEHHOCTb HauMHaeT
BOCMPUHMMATb, Kak NpaBuio, nocre NosiBEHUs rUrnoTes, KOHLUENUWI, TEOPUIA, B paMKax KOTOPOM
BO3MOXHa WX HayyHasi MHTepnpeTauus. [Jo 3Toro napagokcanbHble (hakTbl UFHOPUPYIOTCS, KX
HWKaK He Y4YMTbiBalOT B CBOEN [eATeNlbHOCTU yyeHble. PacnpocTpaHeHue HOBbIX uaewn, Kak
npaBuo, OLHOBPEMEHHO C MOSIBIEHMEM HOBOIO TMOKOMEHUs1 YydeHblX, cBOBOAHLIX OT rpysa
MPEXHWX, OTXKMBAKOLIMX NPEACTaBIEHWA U MO3TOMY CTAHOBSILUMXCS HOCUTEMSIMM MAEW HOBOW
napagurmei.

Mas.a 4. MoHuTtopbl TK, TeneBu3opbl, pApyras 3fieKTPOHMKA - reHepaTopbl
3NeKTPOMarHUTHbIX u TrI1.

4.1. MoHuTOp Kak uctouyHuk M.

Kak ykasbliBanocb BbilWe, OWCMAMNEN, CKOHCTPYMpoBaHHble Ha ocHoBe OJJIT, gaBnstoTCs
NCTOYHUKAMWN  3NEKTPOCTATUYECKOrO MOMs, MSAIKOro PEHTreHOBCKOro,  YrnbTpaduoneToBoro,
NH(paKpacHoro, BUANMOro, HU3KOYACTOTHOrO, CBEPX HNU3KOYACTOTHOIO N BbICOKOYACTOTHOrO AMMU.

Bonpoc 0 BO3MOXHOM BnuAHMM Komnnekca OMW wnm oOTaenbHbIX €ero BMAOB Ha
BO3HMKHOBEHME pasfnyHbIX 3aboneBaHui Obln MOCTaBMeH OaBHO. Yxe K koHuy 50-x rogos B
Hawen cTpaHe ObINM BBeOeHbl MepBble HOPMAaTUBbl, OrpaHW4YMBaKOLWMe pagnmovyacToTHOe
Bo3genicTeme. B koHue 60-x rogoB COBETCKME ydveHble yCcTaHoBuMnn BnivsHue OMI, gaxe odeHb
cnabblx, Ha HEPBHYIO cucTeMy YenoBeka. B 70-e rogpl aTa npobnema crtana npegMeToM LUMPOKMX
OUCKYyCCUKW 1 nccnegoBaHum.

PeHTreHOBCKOE M3ny4eHMe BO3HMKAET B pe3yrnbTare CTONKHOBEHUSI My4yka Sf1EKTPOHOB C
BHYTPEHHEWN NOBEPXHOCTLIO akpaHa IJTT.

OObI4YHO CTEKMNO KMHEecKona Henpo3paYHO Afi PEHTTEHOBCKOro M3nyyeHusd. Y HopmarbHO
paboTatollero aucnness ypoBHM W3MyYeHUS He NpeBblaloT YypoBeHb OObIYHOTO (HOHOBOrO
N3ny4yeHns - MeHee NonoBMHbI MUNNMPeMa B Yac - HAMHOro HXe AoNYCTUMOro ypoBHS. 1o mepe
yoaneHus go3a U3rnyyYyeHus yMeHbLUaeTCsl B reoMeTpuyeckon nporpeccun. XKMTenu rop BCH XM3Hb
noasepraiotcad 6onee CUMbHOMY PEHTTEHOBCKOMY M3My4YeHuto, 4Yem Te, KTo pabotaeTr Ha
KOMNbIOTEPE C ANCMIEEM.

MCTOYHMKOM  9neKkTpOCTaTU4EeCKOro Mons  sBNAETCA  MONOXWUTENbHbIA  NOoTeHuman,
nogaBaemMbli Ha BHYTPEHHIOK MOBEPXHOCTb 3KpaHa Ans YCKOPEHUS 3MEKTPOHHOro nyda.
HanpskeHHOCTb Nons A5 MHOTOLBETHbIX AMCMNeeB MOXeT gocturatb 18 kB.

C HapyXHOW CTOPOHblI K 3KpaHy MNpUTAMMBAIOTCA OTpuUuaTenbHble YacTuubl U3 BO3AyXa,
KOTOpble MpW HOPMAaribHOW BRaXHOCTW 0bnagatT HEKOTOPOW MPOBOAMMOCTbIO. Ecnu BHeLWHSS
MOBEPXHOCTb 3KpaHa 3asemMrieHa, TO OTpuuaTenbHbI 3apsii Ha HEeW CHWXAaEeT HanpsPkeHHOCTb
anekTpocTaTtnyeckoro nons Ha 40%+50% NS cyxoro Bo3ayxa v Bbiwe YeM Ha 50% Anga BrnaxHoro

NcTouyHmkamn 3MU aBnalTCsa ceTeBble UCTOMHMKM NMuTaHuda (Yactota 50 u), cuctema
CTpO4YHOW pa3eepTkn (2+400 kl'y), 6nok moaynsauum nyya ANT (5+10 Mly) (puc. 36). AMI nvweert
anektpudeckyto (E) n marHuTtHyto (H) coctaenswowme, npuyeM B3aMMOCBA3b WX AOCTaTOYHO
CNOXHa.

OueHka BnusHUS E 1 H coctaBnsaiowmnx nonsi Npon3BoanTCS pasaernbHo.

OMI1 okono komnbtoTepa (ocobeHHo HY) okasbiBalOT onpedeneHHOe BO3AENCTBME Ha
yenoBeka.
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KakoBa e cteneHb onacHOCTU NoAoOHbIX BO3AENCTBUN?

YyeHble ycTaHOBWMNKM, 4YTO u3nydyeHne HY B nepBylo ouvepedb HeraTMBHO BAUSAET Ha
LEHTpanbHyl0 HEPBHYIO CUCTEMY, BbI3blBad TOJIOBHblE ©O0OMN, TONIOBOKPY)KEHUS, TOLLHOTY,
aenpeccuo, 6eCcCoHHMLY, OTCYTCTBME annetuta, BO3HWKHOBEHME CMHApOMAa CTpecca, npu4em
HepBHasi cuUCTeMa pearvpyeT [axe Ha KOpOoTKMe NOo MPOAOMKUTENbHOCTU BO3OENCTBUSA
OTHOCUTENBbHO crnabbix Nonewn: M3MEHSETCS FOPMOHaNbHOE COCTOsIHME OpraHvM3Ma, HapyLllalTcs
OunoToKM Mo3ra.

OcobeHHO cTpagatoT OT 3Toro npouecchl 00yvyeHnsa 1 3anoMmmHaHna. HuskodactotHoe OMIT
MOXET ABUTbCS NMPUYNHOM KOXHbIX 3aboneBaHui (yrpeBasi Cbinb, cebopponaHasi ak3ema, po30Bbliii
nuwan n ap.), 6onesHen KNWEYHO-KENYOOYHOro TpakTa; OHO BO3OENCTBYET Ha Oernble KpoBsIHbIE
Tenbua, YTO NPMBOANT K BOSHUKHOBEHMIO OMYyXONnen, B TOM YUCIIe U 3rI0KaYeCTBEHHbIX.

Ocoboe BHUMaHMe wuccriegoBatenu yaenstoT BnudHuio 3MIN Ha >xeHWWH B nepuog
OepeMeHHOCTH.

Cratnctnka cBMOETENbCTBYET, 4YTO paboTa 3a KOMMbHTEPOM HapyLlaeT HopMarnbHoe
TeyeHne OepeMeHHOCTH, MOBLILIAET BEPOSTHOCTb BbIKMAbIWA, YacTo SBNSETCS NPUYUHOWN
NOSIBNEHNS HA CBET AETeN C BPOXAEHHbIMU NOPOKaMM, U3 HUX Hanbonee cyLlecTBeHHbIMK GbiBatoT
AedeKTbl pa3BUTUS rofioOBHOIO Mo3ra.

Moatomy Heobxogmmo, 4TOObl GepemMeHHble MM uMmerLme HamepeHue 3abepemeHeTb
XKEHLUMHbI NPOCUIIN PYKOBOACTBO O NepeBofde MX Ha paboTy, He CBA3AHHY C UCMOMb30BaHUEM
MOHMWTOPOB.

OnekTpocTtatnyeckoe norne 6onbLUON HanPsPKEHHOCTU CNOCOOHO M3MEHATb M NpepbiBaTb
KNeTo4YHoe pasBuTHE, a TakkKe Bbi3blBaTb KaTapakTy C NOCneayoLwmm NoMyTHEHNEM XpyCcTanuka.

4.2. Be3onacHble YPOBHU U3NTyUYEeHUN.

YpoBHu SMW moHuUTOpPOB, cumTalLwmecs 6e3onacHbiMy A5s 300POBbA, PErMaMeHTUPYHOTCA
Hopmamn MPR |l 1990:10 LLIBeackoro HauMoOHanbHOro KOMUTETA NO U3MEPEHUSIM U UCTIbITAHUAM,
KoTopble cumuTaoTcd 6as3oBbiMM, K Oonee xectkmmm Hopmamm TCO 92, 95 Llsegckom
KoHdbeaepauum npodcoo30B.

Poccuiicknin  HopMaTMBHBIM ~ AOKYMEHT  [ockoMcaHanuaemHagsopa  «lurmeHuyeckme
TpeboBaHUA K BUAeOANCNNENHbIM TEPMMHANamM n opraHmsaumsa pabot», «CaHuTapHble npasuna u
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HOPMbI», BCTYNuBLUME B cuny ¢ aHBapsa 1997 r., NONHOCTbIO coBMajaloT B YacTu ypoBHen MU ¢
TpebosaHusamm MPR .
B Poccum oo HegaBHeEro BpeMeEHU CyLlecTBOBan psid AOKYMEHTOB, codep’Kaliux HOPMb
M.
OHn 3HauntenbHo yctynanm MPR 1l 1 TCO 92 B xecTkocTn TpeboBaHuin. ITo ybeantensHo
UINOCTPUPYETCS AaHHbIMK (Tabn. 4).

Tabnuua 4
[Jonyctumble YpoOBHU N3Ny4eHNn MOHUTOPOB MK
Buas! nons TCO MPR Il PR
occum
OnekTpuyeckoe (£) 500 (%) 500 1500 + 2000 B/m
none Ha pabo4em MecTe
25B/m,
lMepemeHHOE 101B/M, 11Bim, 2,5B/m
anekTpuyeckoe Ha paceTosHIW Ha
0,3m 500B/m, 50B/m
rlone OT LeHTpa aKpaHa paccTosiHn | -\ o paboyem mecte
5Tu+2«kly 105 M 0,5m
2 +400 kly, ’ BOKpYr
BOKPYr MOHMTOpA
MOHUTOpa
250 HTn, 200 250 HTn, 200
lMepemeHHoEe B LA
MarHuTHoe 25 HI, 20 mAM 25 Hiln, 20 1,4 kKA/m, 5000
Ha pacCTOsTHUK MA/M
none MA/M Ha paboyem
: 0,3 m OoT ueHTpa Ha
5Tu+2«kly MecTe
2 = 400 KI'y 9KpaHa paccTosHun
n 0,5 M BOKpyr 0,5 m BOKpyr
MOHWUTOpA MOHUTOpPA

Poccuiickmn HAW  oxpanbl Tpyda (Mockea) Takke npoBen Meauko-Guornormyeckme
nccneposaHusa Bosgencteusa K Ha onepatopoB. BelwenpuBegeHHas Ttabnuua 4 wnnoctpupyert
pesyrnbsTaTtbl 3TUX UCCNeaoBaHUN.

CnpaBeanuBocTn pagu, criegyer OTMEeTWUTb, YTO CyLlecTByeT MHeHue n 06 OTCyTCTBUM
BMUAHNSA KOMMbIOTEPOB Ha 340poBbe. HO Bce BblleckasaHHOe ybeauTenbHO MNOATBepXAaeT
cywectBoBaHne CKC. 3Toro xxe MHeHus npuaepxmsaetcs u A. B. Bobpos [8] u B. . KasHauees
[33], yTBepxaatowwme, yto Tl - ocHOBa MHPOPMALIMOHHbBIX B3aUMOLENCTBUIA B BUonoruu.

Ha coBpemeHHOM pblHKe nogasnsoiee 60NbWNHCTBO MOHUTOPOB MMEIOT MapKUpoBKy Low
Radiation (Hu3koe wnsnydeHune). CambiMn 6e30nacHbIMU CUMTAKOTCA OMCMANEN C YCTaHOBIIEHHOM
3aWMTON MO MeTody 3aMKHYTOrO MeEeTalnfMYeckoro 3akKpaHa. J3TOT  (M3MYEecKMA npuHUMN
peanusyeTca nyTeM CO34aHuMs OOMOSHUTENbHOrO METanNMYeckoro BHYTPEHHEro Kopnyca,
3aMbIKaKLLEeroc Ha BCTPOEHHbLIN 3alMTHbIA 3KpaH. B pesynbrate TakMx Mep anekTpuyeckoe u
3MNeKTpocTaTuyecKoe nomne yaaercs NoHW3uUTb A0 POHOBLIX 3HAYEHUN yXKe Ha pacCToAHUU 5+7 cm
OT Koprnyca, a B COYETaHMM C CUCTEMOW KOMMEHCAUWW MarHWTHOrO MOMs Takask KOHCTPYKUWUSA
obecneunBaeT MakcumarnbHyl 6GesonacHocTb Ans nonb3oBatend. OouMH M3 Takux MOHWUTOPOB
NCMNomnb30Baricsd B 3KCMEpUMMEHTax Mo W3y4YeHUo (OU3NOMOrMYecKoro COCTOSIHMA ornepaTopa.
OKCNepMMEHTbI MoKasann MWHWMAasbHbIN YPOBEHb FOPMOHANbHbLIX M3MEHEHWA U COOTBETCTBUE
HOpMarnbHOMY COCTOSIHUIO (PU3MOMOrMYecKnx nokasaTernen onepatopoB. [logobHble mogenu Ha
200+400 $ gopoxe 06bl4HbIX. OgHako 1y MoHUTopoB Low Radiation HeT 3awuTbl OT HeraTMBHOIO
BNNSHWS Ha Norb3oBaTensd TOPCUOHHOW KOMMNOHEHTb AMI.

4.3. Pa6otatb ¢ komnbiloTtepom Notebook Ha KoneHsix - HeGe3onacHoe 3aHsATUe.

Mpobnema OMW nopTaTUBHbLIX KOMMbIOTEPOB 3aCy>KMBAET CaMOro CEPbE3HOr0 BHUMAaHUS
[38]. AnekTpocTtaTtmyeckoe none N PeHTreHOBCKOE N3NyyYeHne OencTBUTENbHO OTCYTCTBYIOT Y YKK-
9KpaHOB, HO 4YTO KacaeTca nepemeHHbix OMI1, To yTBepxaeHne o 6e30nacHOCTU NOPTATUBHbLIX
KOMNbIOTEPOB NO 9TUM NapaMeTpam ABHO NpeXaeBpPeMeHHO.

Yacto npuxoauTcs chnblwaTb MHeHue, YTO nopTaTuBHble KOoMMNbioTepbl Tuna Notebook
0e3onacHbl 4N Nonb3oBaTenen U He HYXXOAlTCA B TaKMX AOMOMHUTENbHbIX Mepax 3alinTbl, Kak
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NPUaKpaHHble QUNBTPbI, W WX MOXHO CUYMTaTb MNOASIMHHO «3€MNeHbIMU»  YCTPONCTBaMM,
cbeperaowumm 300poBbe foAen M NOTPEBNSAIWUMM 3HAYNTENBHO MEHbLUE 3HEPTUKU, YeM KX
3NEeKTPOHHO-Ny4eBLIE cobpaThbsl.

B ocHoBe nogoOHbLIX NpedcTaBneHnin NexmnT TOT (PakT, YTO B MOPTATUBHbLIX KOMMbIOTEpPAX
NCNOMb3YITCA 3KPaHbl HA OCHOBE XXMAKMX KPUCTANOB, KOTOPbIE HE FeHEepUpyOT BCEro «byketax
BPEAHbIX U3NYyYEeHUN, NPUCYLLMX 0ObIYHLEIM MOHUTOpPam ¢ AJ1T.

OpHako pesynbraTtbl UCCNeAoBaHWWA, NPOBEAEHHBLIX B MCMbITATENBHOM LIEHTpPE CpeactB
oTobpaxeHua uHdopmaumm «AJTUTA» n ucneitatensHom ueHTpe «UWKINOH-TECT» (r. Mocksa,
Poccus), nokasann, 4yto OMW noptatuMBHbIX KoMMboTepoB Tuna Notebook 3HaumTenbHO
npeBbILaeT 3JKonornyeckne Hopmatumsbl. [puHMMaa BO BHUMaHwe pesynbratbl UCMbITAHWA MO
BenniynHe 3MW Notebook, MOXHO MpuMATM B BbIBOAY, YTO MHGOPMALMOHHAS TOPCMOHHas
KOMMNOHEHTa HWYEM He OTnnyaeTcs OT MOHUTOPOB Ha ocHoBe JJIT MO YpPOBHIO HEraTMBHOMO
BO34ENCTBMSA Ha Nonb3oBaTens.

Hopmatuebl wBeackoro ctaHgapta MPR 1l, pekomeHgoBaHHble CoBeToMm EBponenckoro
9KOHOMMYecKkoro coobuiectBa ana crpaH ESC, pacnpocTtpaHalTcs Ha aucnnen, coaepxaiyue
ONT. OgHako ecnu ypoBHU n3nyyvyeHusa ot aucnnees ¢ OJIT HOpMupytoTca ncxoasa M3 TpebosaHuin
©e30nacHOCTK, TO BMOSHE FOMMYHO OLIEHUTb COOTBETCTBME 3TUM HOpMaM u annapatypbl ¢ XKK-
aKkpaHamu. Begb a3t K 00bIMHO pacnonaratoTcs Gnuxke K Nonb3oBaTento, W, crieqoBaTernbHo,
NCTOYHUKM n3nydeHmsa 6yayt ¢ Gonbluen BepOATHOCTbIO BO3AENCTBOBATb Ha 06nactu >KM3HEHHO
Ba)kHbIX OpraHoB 4erioBeka, TeM 6onee 4Tto HekoTopble nonb3oBatenu Notebook u BoBce umeroT
0bblkHOBEHME pacnonaratb CBON KOMMNbLIOTEP Ha KOSEHSX.

ONT - He eOuHCTBEHHbIM WUCTOYHUK u3nyyeHus OMI1. eHepupoBaTb nonss MOryt wu
npeobpasoBaTenb HanNpsXXeHnsa nuTaHus (Npu pabote OT 3NEKTPOCETU), U CXEMbI YNpaBMEHUs U
opmmpoBaHna nHopmMmaumm Ha guckpeTHbIx XKK-akpaHax, n gpyrue anemMeHTbl annapaTypbl.

UcnbitatenbHbiMu  LeHTpamn «3ANMUTA» n «UUKITIOH-TECT» wuccnegoBaHbl 5 TunoBs
nopTaTtuMBHbIX KomnbtoTepoB Tuna Notebook, npousBeaeHHbIX W3BECTHbIMU  3apybexHbIMU
drpmamu.

M3amepeHus npoBOOUNIMCb HA PaCCTOAHUAX, OTCYMTbIBAEMbIX OT LEHTpa KhnaBuaTypbl,
MOCKOIbKY OHa, Kak npaBurio, HeoTaenuma ot akpaHa. C ydeTom ocobeHHOCTEN MCMoNb30BaHWSA
noptatmBHbix MK AononHUTENbHO GbINM OLEHEHbl YPOBHU M3NYYEHUA Ha MEHbLUMX PacCTOSHUAX
YyeM 3TO npegycmoTpeHo ctaHgaptom MPR Il. NanyyeHne mamepsinocb No 8 HanpaBneHuam OT
NnopTaTUBHOrO KOMMbIOTEPA.

Pes3ynbraTbl MI3MepeHnin Nokasanu, YTo B NepBOM AnanasoHe YacTtoT npu nutaHum MK un ot
CETM N OT akKyMyrnstopa HM B OfgHOM HanpasneHun Hopmbl MPR |l He BbINONHAKTCA B
GonblUMHCTBE U3 UCMbITaHHbIX 06pa3uoB. Jlnwb oguH Notebook (EPSON) npu nutaHum ot
aKKyMyrnsaTopa COOTBETCTBOBasl HopmaM. B AnanasoHe BbICOKMX YacTOT NONoXeHue nonb3oBartens
HECKONMbKO nydlle, XOTA NUb OAWH KOMMbkoTep (Samsung) COOTBETCTBOBAN 3KOMOrMyeckomy
cTaHgapTy Npy 06ouX pexxmMmax afeKkTponuTaHms.

Mbl BMAMM, 4TO He TOnbkO camomy nonb3oBaTtento Notebook, HO n ero cocegsam no
CaMOreTHbIM Kpecriam unu no canoHy aBToMobuns ecTb Hag Yem 3agyMaTbCs.

Ocobyo 3aboTy O CBOEM 300pOBbE CreayeT MNpPOsiBUTb YErOBEKY, cuaswiemy cnepegu
cnpaeBa oOT nonb3oBatend, pabortatowero y KomnbioTepa. MIMEHHO B 3TOM HanpasneHun Bce
nccnegoBaHHble 00pasubl M3nyvanun Hanbonee CUNbHO.

3ametum, 4TO ypoBHM OMW nopTaTMBHBLIX KOMMBIOTEPOB MPEBbLILAIT HOPMAaTUBHbIE
napameTpbl A5 MHOMMX KOMMbIOTEPOB C MOHUTOpamu Ha JJIT. 310 n noHATHO. Begb Ans
NOBLILUEHUS  3NEeKTPOMarHUTHonm Ge3onacHocTM MoHMTopoB ¢ AT  dupmbl  npuHMMalOT
cneunanbHble Mepbl, Aa W npodaTb Takon KomnbtoTep 6e3 cepTudpmkata 6esonacHocTn no
BM3yalnbHbIM U 3MUCCMOHHBIM MapameTpaMm cenyac o4YeHb TpyaHo. YTo KacaeTcs mopTaTuMBHbIX
KOMNbIOTEPOB, TO HA BCE NPeasioKeHUs MPOBECTU UCMbITaHUS TOPryloLne opraHnsaunm oTBe4aloT:
«BbepyT 1 Tak!».

MHoronetTHme unCCnegoBaHUs COCTOSIHUSA  340pOBbsS  MOMb3oBaTenien anmnapatHo -
nporpammMHbix komnnekcos (AlK), npoBegeHHble yyeHbiMn Xapbkosckoro HAW rurneHsl Tpyga u
npog3abonesaHni, no3Bonunmn yCTaHOBUTb ANCKoopanHaUmio rOPMOHarbLHOro,
WMMYHOMOrMYeCcKoro CTaTyCoOB M MPOLECCOB MEPEKUCHOr0 OKUCIIEHUS NuUNuaoB, CTEneHb
BbIP@XXEHHOCTN KOTOPOW 3aBMCUT OT CYMMapHOM TPYAOBOW Harpysku. Pesynbratbl aHanmsa
ropmMoHarbHoOro cratyca nosnb3oBaTenen AlNK B MOMHOM Mepe COrnacyrTcs € 3akniyeHuem
akcneptoB BcemupHon Opranmsaumm 3pgopoebsi (BO3) o TOoM, 4TtO paboTy, CBA3aHHYIO C
ucnonb3oBaHmem  AlK, cnegyer paccmatpuBaTtb kak  cTpecc-thaktop.  CoctosiHue
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aflpeHoKopTMKanbHON cucTeMbl Yy nonb3oBaTenen AlK cBuaetenbcTByeT O TOM, YTO Yy nuL
MONOJOro Bo3pacTa (CTYAEHTOB TEXHUYECKMX BY30B) NMPOUCXOOUT €e runepakTtuBauus, a npu
ctaxe pabotbl 5 ner n 6ornee He3aBMCMMO OT Mnofa codepXaHue KOPTU3OHA 3HaYUTENbHO
CHWXXEHO, YTO YKa3blBaEeT Ha CHMKEHNE aganTauUoHHbIX BO3MOXHOCTEN MX OpraHmM3mMa.

YcTaHOBNeHa MOBbIWEHHAss YYBCTBUTENbHOCTb CUCTEMbI  MeTabonuama  MnoroBbIX
CTEpOMOOB K nNpodeccMoHarnbHOM Harpyske: Yy MyX4duH, wucnonb3yowmx AllK, wumetoTcs
BblpaXXeHHbIE N3MEHEHUSA B COAEPXKaHUN U COOTHOLLEHUWN MOSTOBLIX CTEPOUNOO0B - CHDKEHWUE YPOBHS
TECTOCTEPOHa M NOBbIWEHUe acTpaguona. BoeigaBneHHble gucbanaHc ropmMoHarnbHOro craTtyca,
CKIMTOHHOCTb MUMMYHHOIO CTaTyca K pasBUTUIO ayTOMMMYHHbIX MPOLIECCOB, UCTOLLEHME CUCTEMbI
3HOOreHHbIX aHTMOKCMAAHTOB B CbIBOPOTKE KpoBM nonb3oBatenen AlNK npu Bo3genctemu
dakTopoB hu3Myeckon npupodbl Manon WMHTeHcuBHocTM (OMMW, cTaTnyeckoe 3NeKTpU4ecTBo,
MSATKAA PEHTreH u Ap.). ITO NpMBOAUT K ycurneHuto cBOOOAHO paauKanbHbiX MpPOLEeCcCOB C
yBenuyeHnem Bo3spacta (B 1,5-2 pa3a npesblllaloLlee KOHTPOSbHbIE 3HAYEHWs), CBUOETENbCTBYIOT
O MNpeXOeBPEMEHHOM CTapeHUU KX OpraHuama, MPUYMHOM KOTOPOro CYMUTAOT MoBpexaatollee
BNNSHWE Nepekucen NUNMOoB Ha CUHTES, CTPYKTYPY 1 pyHkumnio OHK.

Bce BbiwensnoxeHHoe 0OOCHOBbIBAaeT HeobxoaMmocTb pas3paboTkm U BHeApeHus
Komnnekca npodmnakTuyeckmux Mmep st nosib3oBaTene.

Maea 5. CocTtosiHMe u NpobnemMbl KOMNbIOTEPHOW 6€30NacHOCTU B pa3HbIX CTPaHax.
5.1. AscTpanus.

B aHanornyHeix aBcTpanuinckmx nccrneqoBaHuax 43% UCNbITyeMbIX HOCUIIN O4KU, NPU 3TOM
fonbwKnx pasnuumn mexay rpynnamm He 6bino. MNpu obcnenoBaHMn OYKM BbINNM PEKOMEHAOBAHbI
6,2% wn cywecTBylowme o4k uameHeHol Ana 11,4%. CreneHb yxydweHWs 3peHus B rpymnne
onepaTopoB Oblfna HECKOSBbKO BbILLE, HO pasnmnyuns Obifiv HECYLLLECTBEHHbBIMN.

He O6bino 3aMeTHbIX pasnuuuin Mexay [OByMs rpynnamm B npeobnagaHvum BHELIHUX
3aboneBaHun a3, OQHAKO B Trpynne onepaTtopoB OMTaNbMOCKONUYECKM BbISBSEMbIE
OTKNOHeHusa Habnoganuck 6onee yacto (10,3% npotmB 7,8%). OgHako no npowecTBun 6 neT B
KOHTPOMbHOM rpynne nosiBunoch 6onbLue ncnbityemelx (1%) ¢ HOBbIMY NpU3Hakamu, 4Yem B rpynne
onepatopos (0,4%).

Cuutanocs, 4to pabota ¢ gucnnesamn Bbi3blBaeT KaTapakTy xpyctanuka rnasa. OgHako B
KOHTPONbHOW rpymnne oka3anocb 3Ha4YuMTeNnbHO 60MblUe UCMbITYEMbIX C MOMYTHEHMEM XpyCTanuka,
XOTS B KIMHMYECKOM CMbICNE 3TO He ABMSIETCSA KaTapakTol, Yem npu HadvanbHOM obcnenoBaHum
(1,7% v 1,3%). MNpwun npowecTtBmun 6 neT Kkatapakta passunacbk y 0,7% B KOHTPOSIbHOW rpynne ny
1,8% B rpynne onepatopoB. Takoe pa3nuyve He ABNAETCH CTaTUCTUYECKN 3HAYUMbIM.

5.2. AHrnua.

OproHomu4yeckume cryxbol B AHMUKM B pamkax nporpammbl «300poBbe M 6e30nacHOCTb Ha
paboyem MecTe» OCYLIEeCTBMAOT MPOBEPKY Ha MecTe KOMMbITepHOro obopyaoBaHuUs
npogeccrnoHarnbHbIM 3ProHOMUCTOM. [1poBepKa BKOYAET:

1. OproHOMUY4ECKyo OLIEHKY 3KpaHOB Aucnnees 1 paboyero okpyxeHus.

2. WHCTpyKTaX Mo 3akoHogaTernbCTBY O 3awuTe 340poBbA M GesonacHocT paboTbl Ha
KOMMbloTEpE.

3. Onpepenenve Bnaa obyyeHus, cBedeHUs MO opraHM3auum n HeobxoouMbIM MepaM 3aluuTbl
300pPOBbA.

Mporpamma «3p0poBbe M 6e3onacHOCTbL Ha pabovem mecTe» obpallaeT BHUMaHUE BCeEX
paboTalolmx Ha KoMnbloTepax Ha HeobxoaMMOCTb NpedycMaTpuBaTh 3alUMTHbIE MEPONPUATUSA NO
OXpaHe 3p0poBbsi Ha pabodem mecTe. [lporpammbl BuOeoobyydeHus Ansg  pykoBoguTenemn
BKIMIOYAOT B cebsA npakTuyeckne CBeAeHUsA Mo HOBbIM paspaboTkam B obnacTtn opraHusauumu,
An3aiHa u ocHalleHnsa paboynx MecT, NOMELLEHWI, BKINOYas N KOMMbIOTEPHOE OCHALLEHMeE.

5.3. Bonrapus.

TpagWUMOHHO  OpYXeCTBEHHble CBA3W MexXay Y4yeHbiMu bBorrapum un YkpawHbl,
paboTalowmmm B 00MacT TOPCUOHHBIX TEXHOMOrUKM, CMOCOGCTBOBANN PELUEHNI0 HEKOTOPbIX
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BOMPOCOB W  METOAONOrMyecknx npobrnem, CBsI3aHHbIX C  KOHKPETHbIMW  LWlaramu Mo
TEXHOMNOrMYECKOMY MPUMEHEHUIO HOBbIX MAen. B 4acTHOCTW, Npu COTPYAHMYECTBE YKPaUHCKUX U
bonrapckux uvpM u nNpu noaaepXkke rpynn TEOPETUYECKUX WCCNEeAoBaHUA KaXaow CTpaHbl
ycrnewHo paspabaTtbiBaloTCA HOBble TEXHOMOrMu, CBA3aHHble C npobriemon 6uobesonacHocTU
KOMMNbIOTEPOB, TENEBMU30POB, MOOWIBbHbBIX TENE(OHOB, OPYIOM ANEKTPOHHOW TEXHUKMW.

Ocoboe 3HayeHve ANa pasBUTUS TOPCUOHHBLIX TEXHOMOIMA WMMEET BbIXOA4 B CBET KHUTM
bonrapckoro yyeHoro boxupapa [Maniowesa «®usmka bora — 2» m «dusmka bora - 3y,
nposaBnsloMe onpeaeneHHble 4YepTbl HOBOW HayyHoW napagurmel [43]. B HUX ocBelleHbl
Hanbornee BaXHble N XapakTepHble MOMEHTbl B pyHOAMeHTanbHON (bu3unke, KOTOopas No CBOMM
macwTtabam, oxeBaTy M rmybuvHe 3HaHUN He uMeeT NpeuedeHTOB B UCTOPUU Hayku YHUKanbHas
aBTOPCKasa KOHLENUUA, U3NoXeHHast B KHUrax, HaxoauTt Bce Gonblle eaAnHOMBILSIEHHMKOB B MUpe.

MprBeaeM HeCKONbKO MPUMEPOB YCMELLHOro COTpyaHMYecTBa OONrapCckMx U yKpamHCKMX
YYeHbIX MO YNOMSHYTON TEMaTUKe.

A. N. CopounHckun (YkpanHa) B coTpygHmyecTBe ¢ 6onrapckor ompmon BO rnaee ¢ XpuUcTo
CTtosHOBbLIM BbiNyckatoT B bonrapumn ycTpocTBo Ans HarpeBaHUs TennoHoCcuTens, KoadppuumeHT
nonesHoro genctena kotoporo coctaenser 100%. YCTpomcTBO, aKOHOMUYHEe B 4-7 pa3 BCeX
N3BECTHbIX OTONUTENbHBLIX NPUBOPOB, NPUMEHSTCA ANs oborpeBa JOMOB.

A. . CopounHckun B coTpygHudecTtse ¢ boxmaapom MantowesbiM paspabaTtbiBaloT HOBOE
YCTPOWCTBO AS19 HarpeBaHWs TENOHOCUTENS.

B bBonrapun ocBoeH BbiNycK 3aluTHOro yctponctea «buorapg», paspaboTaHHOro
COBMECTHO C YyKpaumHckon cupmon «CnuHop WHTepHewHn» 1 npegHasHavYeHHoro Ans 3awuTbl
nono3oBatenen [NK oT HeraTMBHOrO BO3OENCTBUA HaA HUX TOPCUOHHOW KOMMOHEHTbl 3MU
MoHuTOopoB [MK, cMcTemMHbIX BNOKOB.

A. M. CopounHckun (YkpanHa), CtosHoB Xpucto CtosiHoB (Bonrapusi) u gpyrve nonyymnu B
2003 rogy eBpasuiickmin nateHT 3a Ne 003420 Ha n3obpeteHne « TOPCUOHHbIN reHepaTop».

5.4. TepmaHusa n ABcTpus.

PaHee ynoMMHanocb O TCUXOMOrMYECKMX Harpyskax, WCMbITbIBAEMbIX OnepaTtopamu
NPOM3BOACTBEHHbLIX MPOLLECCOB. Y4yeHble [ambyprckoro yHuBepcuTeTa npu mnouckax crocobos
OLIEHKM MOAOOHbIX Harpy3ok NpPearnonoXunun, YTO OHU MOTyT OblTb KONMUYECTBEHHO OMUCaHbI
XapakTepucTukamu [OBWKeHUn rnas. [locbinkamy K TakMM BbiBOAaM CTanu  cregylowme
paccyxaeHus.

Mpouecc ckaHNpoBaHWS B3MMSAOM M306paXeHUst Ha 3KpaHe MOHMTOpPa M Touka domKkcaumm
rma3 Ha KakoM-nMbo anemMeHTe OnpeaensitoTcs CYLHOCTbI, COCTaBOM M AMHAMMKOW MPOLECCOB,
noanexalux ynpasneHuio, a Takke YCTPOUCTBOM NepudepPUNHOro 3peHnst 1 anpuopHbIM 3HaHUEM
BM3yanbHOro BUAa CTPYKTYpbl, OTOOpaxxaeMon Ha aKpaHe.

B yHuBepcuteTe Obina paspaboTaHa 3SKCNepuUMeHTanbHasi YyCTaHoBKa, NO3BONSOLLAsA
OOHOBPEMEHHO PErMCTPMPOBAaTh MOMOXEHWE Mas u rofnoBbl. Ha 0CHOBaHWMM 3TUX AaHHbLIX MOXHO
BbIYUCIUTL MONIOXEHWEe B3rNsga Ha akpaHe. Bo Bpemsi akcrnepyMMeHTa oBy4YeHHbIX N, Npocunm
ynpaenaTb MOAENVPYEMbIM CMOXHbIM MPOLLECCOM MNyTEM COOTBETCTBYIOLLIErO MNepemMeLleHuns
Kypcopa. Ha LBETHOM 3KpaHe BbLICOKOrO paspeLleHnst U300paxanncb 4YeTblpe OTAeNbHbIX
npouecca. B kKaxgom M3 HUX HYXXHO ObiO ynpaBnsaTb TeMnepaTtypoil U YPOBHEM XUAKOCTMU.
3puTenbHble OBWKEHUS M BCE MaHUMynsuMM Ha rpaduyeckoM nynsTe  HenpepbiBHO
perncTpupoBasnuchb.

AHanuM3 [OBWKEHWA [Na3 nokasan HanMuMe HEeKOTOPOW 3aBUCMMOCTU Mexay O6LMM
pacnpefeneHvem AnuMTenbHoCTM pukcauum n AMHaMUKOWM NPOLECCOB.

HemeuknMyn 1 aBCTPUACKUMYK cneuuanictaMmyi MnpoBOAWMMUCH TakkKe WCCNefoBaHMs Mo
BNUsiHUIO paboTbl C Aucnreem Ha 3peHue. Bbinu obcnegoBaHbl rpynnbl M3 642 onepaTopos,
HaxoAsLmMXcsa nepen 9KpaHOM He MeHee 1 yaca B [€Hb, M rpynnbl U3 673 cnyxawmux n3 Tomn xe
opraHv3auun, KoTopble He MNonb3oBanucb Ha paboTe komnbioTepamu. [on u Bo3pacT B oGeunx
rpynnax Obinn cornacoeaHbl. Jlua, NpoBoAUBLLME UCCNEOOBaHUS, HE 3HamnW, KTO K Kakoun rpynne
oTHocuTCcs. TwaTenbHble UCCneqoBaHMs XapakTePUCTUK a3 NPOBOAUIINCE eXXeroqHo B TedeHue 6
ner.

B nepsbit e rog ObINo 3amMeyvyeHo, YTO B rpynne OrnepaTtopoB CUMMTOMbI YyXyALIEHWS
3pEHUs, TaKMe KaK MOBblIlEHHAsi 4YyBCTBUTENBbHOCTb K SIPKOMY CBeYeHuo, Gonb B rnasax,
OTCYTCTBME PE3KOCTU W YyCTanocTb, ronoBHasi 6onb, XokeHWe B rnasax W BnaxHble rnasa,
BCTpeYatoTcs Yalle, YeM B KOHTPOMbHOW rpynne. B rpynne onepaTtopoB Gbina CyLecTBEHHO HUxe
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OoCTpoTa 3peHns 6e3 NpMMeEHEHUA AONONHUTENbHBIX CPEeACTB M Yalle BcTpeyanacb 6nm3opykocTb,
4YeM B KOHTPOJbHOW rpynne.

ABTOpPUTETHAs HEMELIKas 3KCrepTHas rpynna «AMHMa» 0606Lmna onbiT paboTbl ¢ AETbMM
OKONo 6 TbiCAY JOKTOPOB, paboTatowmx no Bcen NepmaHmmn. 3a nogcyetamm megukos, 22% HOHbIX
NauMeHTOB UMEIDT TOfIoBHY0 6OMb MO NPUYMHE OANUTENbHOrO NpebbiBaHUS Nepen TENeBM3OPOM.
CnepoBatenbHo, Tenesu3opbl, MK npeactaBnaioT pearnbHyl Yrpo3y 300POBbH0 B COBPEMEHHOM
obLulecTBe.

5.5. Kwuranm.

OoHnMm 13 BaxHeWwux HanpaeneHun wuccnegoBaHui B Kutae gBnsietca paspaboTtka
HaLUMOHambHbIX 3PrOHOMMUYECKMX CTaHAAPTOB M PYKOBOACTB MO KOHCTPYMPOBAHWMIO U NPUMEHEHWUIO
komnbtoTepoB. B 1980 rogy coszgaH Kutanckum kOMUTET Mo 3proHOMUYeckon ctaHgaptmsaumm. C
TOro BpemMeHn 6bino paspabotaHo M BHedpeHo 6onee 20 HauMoOHasnbHbIX 3PrOHOMUYECKNX
CTaHOapToB.

B nocnegHue roabl ObIIO CO34aHO HECKOSbKO 3ProHOMMUYECKMX NMporpamm oby4veHust ans
nonynspusaumm 3HaHUn 1 NOBbIWEHNST KBanMduKaumm onepaTtopoB U MeHemKepoB, paboTarowmx
Ha KOMMNblOTEPaX.

OTn nporpammbl 00y4eHMs1 OObIMHO BKIOYAT B cebst KypCbl MO MPOMbILLIIEHHON
Ncuxonornm, CcraHgapTu3aunm KOMMbITEPOB, MHEAOPMAUUOHHBIM CUCTEMAM YMpaBneHus W
nporpaMmMmMpoBaHunio. bBbinn nccnegoBaHbl ncuxonormyeckue addekTbl BO3AEACTBUS KOMMbOTEpaA
Ha nonb3oBaTtenen. PaccmatpmMBanocb COOTHOLLEHME HArpy3ku Npy BbINONTHEHUN paboT pasnuyHom
CNOXHOCTKW, Konn4yecTBa 3adad, TpeboBaHui, CTUNs NOBEeOEHUs!, TUMa B3aMMOOTHOLUEHUN Mexay
nogbmMu, C OOHOW CTOPOHbI, U PEe3yNbTUPYHIOLMX MCUXOCOMATUYECKUX peakuuin, BU3yarbHON U
dun3nyeckon ycranoctu, ¢ Apyron. Ha ocHoBe nonydeHHbIX pesynstatoB Obin pa3paboTaH psag
CUCTEM MMIMEHNYECKON, 3aLLNTHOW, MEOMULIMHCKON, NPOdMIakTUYECKON Noaaep XK1 nonb3oBaTenen
OyMaXKHbIX Kymnop 1 APYrMX UCTOYHUKOB U3NYyYEHWUNA.

5.6. Poccus.

HOonroe Bpema B Poccum He cywectBoBano CTaHOapToOB, COOTBETCTBYHOLLMX
obLLEenpPMHATEIM €BPONENCKMM U MUPOBbLIM, KOTOpble Obl pernameHTupoBanu paboty ¢ MK. Ho ¢
1997 r. BCTyNUA B cuny yTBepXAeHHbIN [0CKOMCaHaNnMAeMHaa30pOM HOPMAaTUBHBIA LOKYMEHT
«BungeoagncnnerHble TepMuHanbl M NepcoHarnbHble BblYUCNUTENbHbIE MalwHbl. [UrneHnyeckne
TpeboBaHUA K BMAEOOUCNIIENHBIM TEPMUHANAM U NEPCOHANbHbIM BbIYUCIUTENBHLIM MallMHAM W
opraHusauus paboTbl», KOTOPbI HOPMUPYET U3Ny4daTenbHble XapakTepucTuku moHutopos u K.
YpoBeHb 3TUX U3NydYeHur npmeeaeH B cooteetcteme ¢ MPRII.

Takke NpPOABUHYNOCH M pelleHne npobnembl KomnbioTepHon GesonacHocTu. B LleHTpe
anekTpomarHuTHon ©6e3onacHocTu paspabatbiBatoTca cpeacTtsa 3awmtbl oT OMW, nposogutcA
nsydeHne yHKLMOHaNbHOro coctosHua onepartopa [MK, aHanusnpyloTcs ypoOBHWU U3ryvyeHuin
pasnuyHbix Modenen MoHuTopoB. Cneuuwanuctbl LleHTpa no 3aka3y opraHusauumn nsmepsioT u
cocTaBnaT kapTel AMI B nomeLleHnax, gaoT pekoMeHgaunmn no onTuMmasnbHOMY PacnonoXeHmo
paboynx MecT U pexmmy paboTbl C KOMMbOTEPOM. PaboTbl MO MCCNeaoBaHUKO XapakTepPUCTUK
3aLMTHbIX OUETPOB OCYLLECTBAATCS B MIHCTUTYTE MUKPOXUPYPrmM rmasa. BnnoTtHyo npobnemon
3aHanucb HAW oxpaHbl Tpyaa, HAN dunanko-TexHu4ecknx n pagnoTexHn4eckux nsmepeHun.

Bonblwyto paboTy no co3gaHuMio TEXHUYECKUX CPEeACTB 3alumThl NONb3oBaTenen nNpoBoasT
cneuynanuctel upmbl «Pycckui wnt». B nx aktmBe 3aliuTHble UNbTPpbl Tpex Moaenen,
nporpamMHbIn NpogykT «OdTanbm-INpodunaktTukay, UHANKATOp HEMOHU3NpYLWMx AMU.

Pabota npoBoguTca npu nopgaepxke Komuteta no HOBOW MEOMLMHCKOM TEXHUKe
Mwun3gpaBa n MwuHnpoma P®, otgena ViccnepoBaHuii MeguUUMHCKMX npobrnem Ge3onacHocTu
nonetoB N'ocHUUIA, kadbeqpbl rmasHbix 6onesHen nevedbHoro dakynsreta PIMY. YueHble npuwnm
K BbIBOAY, YTO HEOOXOOUM LUMPOKUA KPYr WMCCREeAOBaHMW, HanpaeBfeHHbIX Ha MCMofb30oBaHWE
cpencTB hm3MYecKon KynbTypbl ANS NPOPUNaKTUYECKMX U O340POBUTENBHBIX Lienen, NoToMy YTo
NMEHHO (PM3MYECKME YMPaAKHEHUS MOTYT CbIrpaTb peLlatollytd porflb B COXPaHEHUW 300pOBbS
pabotatowmx ¢ komnbtoTepamun. WccneposaHus E. A. lenbtuweBa m L H. CenexoBa wu3
Mockosckoro HUW rurneHbl nm. @. 3pucmMaHa gokasanu, 4YTO BbIMOSIHEHME YNPaXKHEHUN npu
paboTe Cc komMbloTepamu OnaronpuATHO M nonesHo. mnm Obinu  paspaboTaHbl KOMMEKChI
ynpaXHEHW (TpX BapuaHTa), CNOCOOCTBYHOLLME CHKEHUIO YTOMNSEeMOCTH nas [29].
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HeobxogumMo OTMETUTb, YTO OO MOCnegHero BpPeMEHW Hayka He MMena TeXHWYEeCKMX
CPeAcTB Ans uaMepeHus napameTpoB T, B CBA3M C YeM BCE M3MEPEHUs 3alUTHbIX CBOWCTB
YCTPOWMCTB OCYLLECTBSNMN Yepe3 KOCBEHHbIE U3MEPEHUS NapaMeTpOB.

Ha pbiHke Poccun nosiBuncs psg 3awutHbIX NpUBOpPOoB, OTAMYAOLWMIACA NO HAa3HAYEHMUIO U
KOHCTpYKLMK (Tabn. 5).

Tabnuua 5
Paspabotu
HanmeHoB UKKN Ha3HauyeH | KoHcTpyKumu
PyKu OcobeHHOCTHU
aHue (nocTaBwM ne A
KWN)
1 2 3 4 5
BoccraHoen
eHune
CTPYKTYpbl . | CBepxmarnble 0o3bl
Annapar PYKTYP OnEeKTPOHHbIN P a
fvonornyec NHOpaKpacHOro
nHdopmaLy - Onok,
Kom _ | nanyyeHus n
WOHHO- paboTatoLLmn
. dupma YKWOKOCTU B CMHXPOHN3aLMS
BOMHOBOM oT N
«A30P» opraHusme, BO30ENCTBUSA C
Tepanin HapylenHo | 2BTOHOMHBIX o ManbHbIMM
«A30P- Hapy WCTOYHUKOB P
" pUTMamMKn CUCTEM
NK» nUTaHus
BpeaHbIMN opraHu13ma
BO30EeNCTBU
AMU
MpodomnakT
mKaun ba3zoBbii
neyeHve 3a | annapar
cyer KOMMMEKTYIOT
Annapart 3A0 ucrnone3osa | cs 11 leHepupyeT
BuopesoHa «HoBbIE HWS HOBOrO | mpuctaBkamu, | umnyrnscHoe HY
HCHOW dusmoTepa | AnanasoH - OMI1 HeTennoBon
MEANLIMHCK i
anekTtpomar Ve nestnyecko | 20+80 Iu, WHTEHCUBHOCTMU,
HUTHOWN ro ¢paktopa | macca-3kr, MOBbILLAET
TEXHONOorn
Tepanuu i - HanpPshKeHHOC | UMMYHUTET K
«NHOUTAN» mmnynbcHor | Tb - 0,002+7 BGroaHepreTuky
o 3SMI1 B/cwm, Tanimep-
HeTennoBon | 9 MWH, ceTb -
MHTeHcnBHO | 220 B
CTH
3awuTa
H KapkacHas
YKUBbIX
KOHCTPYKLMS
OpraHn3mo
B OT 13 aByx MexaHunsm
. coefuHEeHHbl | 3aluTbl OCHOBaH
nencTens
X Ha
reo- u .
doHA BEpLUMHaAMM HenTpanuaaumm
AHHUIMNAT TexHonaTor
«Pa3Butus npaBUNbHbIX | BpeaHbIX
op M3 €HHbIX 30H, .
WHTENNeKT nupamug c N3NyYeHUn B
«bunupamm - BpeaHbIX
yanbHom _ | nanyyarenam | WMpOKOM cnekTpe
aa» (AlT3- N3ny4eHnn
3) COOCTBEHH KaK n, OJIMH BOSH ©
OCTU» 3aMNOSHEHHbI | M3nyyYeHun apyrnx
€CTecTBeH
MU WMCTOMHMKOB
HOro, TakK U
cneuunanbHO | TEXHO- U
NCKYCCTBEH
obpaboTtaHH | GBuonartoreHa
Horo
NPOMCXOXA, eIM
NMOPOLLIKOM
eHus
bruoctumynsar [To xe BocctaHoBn |MaTtpuua, KoppekTop
op- eHue bno- |HanbineHHas |-ctabunmsartop,
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romeocratud|
€CcKoro
antoMUHUEBYHO -
. paBHOBeCHUS NpenaTCTBYOLLMIA
HenTpanusat donbry u
opraHuama BMeLLaTeNbCTBY B
pp «LLnT» aKTMBMpoOBaHa
nocne B6uonone Yyenoseka
reHepaTopom
BpegHoro T
BO30encTBud
OcywecTtens
er
KOMMIIEKCHO
e
donbra c Cpok paboThl
AHHUTMIATOP 3HepronHapo .
MaTpuuen npubopa
BpegHoro pMaunoHHoe
o 3anasiHa B COCTaBnsET He
OMU To xe BO3gencTemne .
naket, KoTopbli| MmeHee 10 neT ¢
koMnbtoTepa , 3almLlas
HaknevBaeTcs |MOMeHTa Hayana
kOKOH» onepartopa u
Ha KOMMbOTEP |ero Ncnornb3oBaHUs
noBblILwas
ero
paboTocnoco
BHOCTb

YkasaHHble B Tabnuue 5 3awmTHble nNpubopbl (YCTPOMCTBA) MPUMEHSAOTCA ANS 3aliuTbl
XUBbIX OPraHM3MOB OT HeEraTUBHbIX 3HEPreTMYEeCcKMX Mnonem u OYUCTKM MNPOAYKTOB MUTaHUS OT
TOKCVMHOB, B TOM YWUCIE€ HUTPaTOB, HUTPUTOB, COMNEN TSXKEmNbIX METansfoB U T.4., NOABASOLLMXCSA B
9TUX MpoAdyKTax W3-3a HeraTuMBHbIX YCIOBUWA BblpalimBaHus, cbopa, obpaboTkm n xpaHeHus,
BbITECHSIT  OTpMLATENbHYIO SHEPreTUKy M3 30Hbl CBOEro AEWCTBUSA, YTO YCTaAHOBMEHO
WHCTPYMEHTanbHbIMW METO4AMM.

T. 0., B HacTosilee BpeMsa Grnarogaps HOBbIM HayYHbIM pe3ynbrataM U PasBUTMIO HOBbIX
TEXHOMOrMM HaMeTUNCA NPOpPbLIB B 06acTu co3gaHns CpeacTs NepcoHarnbHOM 3amThl, NosBUNach
pearnbHasg BO3MOXHOCTb obecneymBatb Bruonornyeckyto 6e3onacHoCTb YenoBeka 1 3aWwmTuUTb ero
OT BPeOHOro BNUSIHUSA OKpYXXatoLen cpeabl.

B. H. AHncnmos, M. A. 3abexuHckun, E. . Mypatos, W. I. lNMonoBuy, A. B. ApyTioHsiH, T. .
OnapuHa, B. M. MNpokoneHko (HUWN oHkonorum nm. npodp. H. H. MNMetposa Munsgpasmegnpoma PO,
r. CaHkT-leTepbypr) cumTaloT, YTO OOHOM W3 aKTyaslbHbIX MMrMEHMYECKNX npobnem nocnegHero
BPEMEHMN ABNAETCA U3yYeHME BO3MOXHbIX BpeaHbIX NocneacTemin Wwmnpokoro BHegpeHnsa MK [5].

OTO CBAA3aHO C TeM, YTO MMEETCH 3Ha4MTeNbHOE KOMUYECTBO AaHHbIX O HapyLUEHUsIX CO
CTOPOHblI HEMPO3HAOKPUHHON M UMMYHHOW CUCTEM, a TaKkKe YBeNUYEeHWN pUcka BO3HWKHOBEHUS
HEKOTOpPbIX OMnyxornen npu nNpous3BOACTBEHHOM akcrnosvumm K 3MIN pasnuyHoM 4YacToTbl U
WHTEHCMBHOCTW. B akcnepumeHTe nokasaHo, 4To ctatudeckne MM n SMI H1M3KoM YacToTbl MOryT
CTUMYNMPOBaTh XMMMUYECKUIN KaHLEPOreHe3 B MOMOYHON XXenese N KoXe.

Uto «kacaetca nonb3oBaTenen [MK, To yxe nosasBunucb OTAenbHble, He Bcerga
NoATBeEpPXXAaeMble COOOLLEHNS, O NOBLILEHUN Y HUX PUCKA Pa3BUTUS OMyXOSien rosIoBHOro Mo3ra,
YBENTMYEHUN Y XKEHLLMH-0NEPATOPOB YacTOThl BbIKMABILLEN, @ Y X NOTOMCTBA - YacTOTbl yPOOCTB.

OKcnepuMeHTarnbHble  UCCRedOBaHUA  BO3MOXHOIMO  BPEOHOr0  BIUSHUSA  U3MYYEHUH,
co3gaBaeMblX BuAeoTepMMHanamu, paHee He nposoaunuck. [lpoBedeHHble uccnegoBaHUS
MO3BOMSAKT OLUEHUTb 3KCMO3ULMI0O K U3NYy4YeHUs M, CO3O0aBaeMbiX BuaeoTepMuHanamu, Kak
mMoaudpmumpyowmn - akTop Manoh MHTEHCUMBHOCTM C LUMPOKUM CMEKTPOM BMONOrnyeckoro
aencreus.

Hanbonbumin adpekT oTmevancd nocrne OfMTENbHOM SKCMO3MUMU K U3NYYEHUsM
BngeotepmmuHanoB. MoXHO nNpeanonoXuTb, YTO U3NYYEHUs, reHepupyemMble BUAEOTEPMUHANAMM,
AEVNCTBYIOT Ha OpraHum3M, Npexae BCero, Ha CUCTEMHOM YPOBHE, Hapyllasd rymoparibHoe 3BEHO
romeocrasa.

Wccneposanus Bosgenctaua Tl Ha kpoBb Obinn npoBefeHbl B okTsi6pe 1996 1. B LleHTpe
OHepronHOopMaUUNOHHbIX TexHonormm npu CaHkT-lNeTepbyprckoM rocyaapCTBEHHOM WHCTUTYTE
TOYHOW MEXaHWKM N ONTUKM NOA HayYHbIM PYKOBOACTBOM A.T.H., Npodeccopa I H. dynbHeBa [27],
N COCTOSINM U3 OBYX CEPUI OMNbITOB MO BO3OEWCTBUIO M3Iy4EeHMsS TOPCUOHHOTO reHepartopa (TI) Ha
KpOBb.

B nepBon, npenBapuTenbHON, cepun muccnegoBanocb Bosgenctsne TW Ha nokasaTtenu
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KNMMHMYECKOrO aHanmusa KpoBW: remMornobuH, 3puUTpPOUUTbI, JNENKOUWUTbI, NanoyKkosiAepHble U
cerMeHTosAepHble HENTPOMUIbI, 303MHOMUIbI, TIMMEOLNTBI, MOHOUUTBI U CKOPOCTb OCeaaHns
3pUTPOLINTOB.
Bo BTOpOM cCepun naydanucb CBOMCTBA NOMEN Npu NOMoOLUU Hanbornee YyBCTBUTENBHOIO K
NX BO3OENCTBUIO NoKasaTensi CKOpocTn oceaanms aputpountos (COJI).
MccnepoBanucb M3MEHEHUs nokasaTenewn KNMHWYECKOro aHanm3a KpoBM, B3SITOW Yy ABYX
A06poBonbLEB M3 NanbLla B CTEKISAHHbIE KanUNNApbl, Npy nocnegyowem obnydeHnn nx Tr.
VccnepgosaHust NpoBOAUIUCE LIMKAAMU.
KaxkgbI LMK COCTOSN U3 crneayroLlmx aTanos:
a) B3ATUsS MO 04HOM Npobe OT KaXXaoro n3 Asyx 40OPOBOSbLEB (MTOMO ABa CTEKIISAHHbIX Kanunnsapa
C KPOBbIO);
6) 06nyyeHns kanunnapos Tl (KpOMe KOHTPONbHOrO NEPBOro LMKNa);
B) NpoBeAeHUs KIIMHNYECKOro aHanm3a KpoBu 13 Kanunnsipos.
Bcero 6b1n10 npoBeaeHo NATh LMKMOB:
1 - KOHTPONbHbIN, 6€3 0bnyyeHus;
2-5 - npu pasnnyHbIX pexmnmax pabotel Tl (neBas n npaBas nonsipu3auun Npyu MUHUMaANbHOM U
MaKcumaribHOM HanpsxeHuu nutanmsa TI).
OnuTenbHOCTb Lnkna obnyyeHnsa coctasnsana 20 MuH.
PesynbraTbl AaHHOIO MccrnegoBaHusa npeactasneHsl B Tabnuue 6.

Tabnuua 6
M3meHeHne nokasaTtenen KNMHUYECKOro aHanmnsa KpoBu
00 n nocne obny4vexns Tl

MapameTp 0653% MpaBoe I'Ipagoe JleBoe J'IeB_oe
- Max Min Max Min
FeMorno6H (7:) 124 122 120 122 127
131 124 124 129 124
SOpuTtpoumnThI 3,6 3,6 3,6 3,6 3,6
1012 (7y) 4,6 4,6 4,6 4,6 4,6
JNenkouutbl 109 3,6 3,6 4.8 42 3,8
(n) 8,8 8,8 8,4 6,4 8,0
ManoykosgepHble 2 1 2 0 2
HenTpodunsl (%) 2 2 3 2 2
CermeHTOos OEpHbIE 55 66 70 70 54
HenTpoounbl (%) | 66 69 66 64 69
Qo3nHonnbl 1 1 0 1 1
(%) 2 1 1 0,5 1
NumdoumnTtsl (%) 0 24 A e A
39 27 25 35 39
o 4 4 g S8 2
MoHouuTsl (%) 7 ) ) 5 3
- 4 15 20 15 20
CO3 ™, 4 15 20 15 20

AHanmM3 nonyveHHbIX [aHHbIX MO3BONSET cAenatb BbIBOA, YTO W3 nokasaTtenen
KNMHMYECKOro aHanunsa KpoBu Hambornee YyBCTBUTENbHBLIM K n3nydeHunio Tl okasancsa nokasaTenb
CO3.

3HaveHusa COD mMeHaAnNUcb No cpaBHEHUIO ¢ POHOBbIMK B 4 - 5 pa3 y o6omx nauMeHToB B
3aBMCUMOCTU OT MNapaMeTPoOB W3Ny4eHus. MI3MeHeHue OcCTanbHbIX MNokasaTernen KIMHU4EeCKOro
aHanumsa KpoBM HaxoguTCcs B Npedenax NorpeLHocTM MeTOA0B UX onpeaenenuns. Ansa aansHenwmx
nccrnefoBaHUM Mcnonb3oBarncsa Tornbko nokasatens COJ kak Havboriee WHMOpPMaTUBHBIN, T.€.
nokasdatens CO3 MoOXeT Mcnonb3oBaTbCs ANA perncTpaumm u OLUEHKM CBOWCTB uanydeHus Tr.
YeenuyeHne CO3 go 35 + 40 mm/4 noaTBepXKaaeT hakT HeEGNAronpuUsaTHOrO BO3AENCTBUST MOLLHBIX
TIM ncnonb3yeMbix reHepaTopoB Ha OPraHN3Mm YerioBeka.
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BaxHble pesynbratbl MccnegoBaHui BAMsiHUA npaBoro Tl Ha nabopaTopHbIX Mblen
onybnukoBaHbl B [46]. ns uccnegoBaHus BnusiHua Tl Ha pmsmonornyeckme peakummn XXUBOTHbIX
ObINIM NpOBEAEHbI SKCMEPUMEHTDI, B KOTOPbIX UCMONb3oBancs reHepatop MexoTpacneBoro Hay4uHo
- TEXHNYECKOrO LEeHTpa BEHYYPHbIX U HeTpaguuunoHHblx TexHornorun (MHTL, «BEHT», . Mocksa,
Poccus). 3BecTHO, 4TO ocnabneHHble XMBOTHbIE pearnpyloT Ha BHelHue crnabble BO3gencTBus,
TOrAa Kak 340pOoBble Nerko aganTUpYyTCS K HUM.

B paspaboTtaHHOM mMeTode Ansi ocnabneHusa XUBOTHbLIX MX MpeaBapuTenbHO noaBepranu
obrniyyeHuto netanbHOM M cybrnetanbHoW fosamu ue3usa 137. TeuyeHue nydeson BonesHu nocne
OCTPOro obrnyyeHns AOCTaTOMHO XOPOLUO U3YYEHO.

OCHOBHbIMM ~ TeCcTamMu  ONA  UCCNeAOBaHUA COCTOSIHUSA  XKMBOTHbIX — SIBAAKOTCA  UX
BbKMBAEMOCTb U CPeaHSAst MPOOOIHKUTENBHOCTD XMU3HW BblObIBLUMX XXUBOTHbIX. MoMeLllasa mbien B
npaBoe none cratudeckoro TW, Habnioganu nosbllEHWE WX BbPKMBAEMOCTW MO CPaABHEHMUIO C
KOHTPONbHbLIMUN XNBOTHbIMU Ha 17+33%, a pasnuumii N0 NPOAOCIHKUTENBHOCTM XKU3HN 0BNYyYEeHHbIX
>KUBOTHbIX HE HAbnoA4anoch.

B panbHenwunx uccrnefoBaHUAX mcnonb3oBarca reHepatop Tl koHcTpykuunm B. MaHoBa
[46], npoayuupyowmnin auHamuyeckoe TI1 wnpokoro criekTpa. Nog oerncTemMemM aToro nons nyyesas
0OO0nesHb XXMBOTHbIX NpOoTeKana 3Ha4yuMTeNbHO ferye, npu aTom Obina oTMeYeHa MeHbLluasi noTeps
XXMBOW MacChbl, MOBbILIEHWNE BbPKMBAEMOCTU XUBOTHBIX U MPOOOIPKUTESNTBHOCTU X XKU3HW.

WTak, pesynbratbl UCCrieaoBaHUI Nokasanu, YTo npasoe TI1 Bbi3blBAET OTBETHYIO peakuuto
TENSOKPOBHbIX XXMBOTHbLIX U €r0 MOXHO MPUMEHATb ANS YNyYleHUs COCTOSHWUS OocnabreHHbIX
(6onbHLIX) OpraHN3MoB.

M3 aToro crnegyet, YTo NpUMeHeHWe reHepaTopoB npasbiX Tl NepcnekTMBHO B aTOMHOM
3HepreTuke, B MeavumHe - AN yrnyyeHnss COCTOSHUSA B60mnbHbIX, MOABEPrLUNXCSA Ny4eBOn Tepanuun.

5.7. Cepbus.

B Cepbuun wmnpokon nonynspHocTb nonb3yetca «Cepb» - annapat, KOTOpbIA, MO MHEHUIO
aBtopa CaBbl PagoBuya, ycTpaHsieT CUMMTOMbI HEraTUBHbIX W3MYyYEeHUW, TakMX Kak 4acTtble
ronoBHble 60mnun, nnoxas UMPKYNsauuMs KpOBW, HapylleHWe AesTernbHOCTU HEepBHOW CUCTEMbI,
NnoTeps XXM3HEHHbIX cnn u ap. (poto 37).

®doto0 37
«Cepb» BbIMONMHEH W3 NnaTyHW, a caMa CepAaueBMHa W corneHouabl - U3 GrnaropoaHbIX
mMeTansnoB, bnarogaps Yemy BOKpYr Tena 4YenoBeka obpasyloTcsl 3HepreTuyeckue nossi, Kotopble
YHUYTOXAIOT BPEAHOE U3NyYeHME.

5.8. CUIA.

CWA gaBnsioTca OOHMM M3 CaMbIX aKTUBHBIX YYacTHMKOB B 06MacT KOMMNbIOTEPHOM
3ProHOMUKN. AMEPUKaHCKME CneunanmcTbl N3 pasnnyHbiX Hay4HbIX 1 OOLLECTBEHHbIX OpraHmn3auunn
NpoBOAAT LUMpOKOMAacLWTabHble uccrnefoBaHUA C LEenbi JOCKOHANbHOMO M3y4eHusi Bomnpoca.
OpraHusaumu, OTBETCTBEHHbIE 3a CO3daHue HauuoHanbHbiX cTaHgapToB (IEEE, NEMA), B 1992r.
corfacoBanu CBoOW CTaHOapTbl CO cTaHgapTtamu cTtpaH EBponenckoro CoobuiecTtBa, KoTopble, B
CBOK ovepefnb, BKMAYalT cTaHgaptel Weeuun. Hanbonee pganbHoBMAHbIE pykoBoauTENN MpM
npeanpuHUMaloT crneuunanbHble Mepbl Mo npodunaktuke npodeccuoHanbHblXx 3aboneBaHui
onepartopoB OBM. B komnaHun «lonybon kpect», Hanpumep, Gbina paspaboTaHa cneunanbHas
nporpamma, npegycMaTpuBarollas MHTEHCMBHOE OOyyYeHMe BCex CcOoTpygHuMkoB. B pamkax
BOCbMWYACOBOW NporpaMmmbl 00y4EeHUs1 PYKOBOOSALLMIN COCTAB KOMMAHUM NOSTy4usT 3HAHUSA O TOM,
Kak pacnosHaBaTb CUMMMTOMbl 0GonesHen. PykoBoguTensm Obilio NOpyyYyeHO co3gaTh Takyko
obcTaHoBKY, 4YTOOLI crnyXalume HeMeasrieHHO coolwann o CBOMX HegomMoraHusx. Crnyxawme co
CBOEWN CTOPOHbI B paMKax OgHo4YacoBoWn Becedbl Nonyvanu HavanbHble cBefeHust 06 onacHoOCTMU.
Kak n ynpasnswowmx, nx obyyanu pacnosHaBaTb fnepBble Npu3Haky 6onesHu, um Obinn AaHbl
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CBeAeHus Mo opraHmnsaumm csoero paboyero mecta. Cneuynanuctbl UpMbl OCMOTPENM HECKOIbKO
Mogenen «3pProHOMUYECKMX» Kpecen M Bblbpanu cpegu HWX OAHY, KOoTopas perynvpyerca u
No3BOMISIET NOAOrHATL CBOM pa3Mepbl NO4 pasmepbl Tena Kaxaoro cotpygHuka. ObyvyeHne npowunm
3500 cnyxawux KomnaHu1, Bce OHW nonyunnun obopynoBaHHble NO-HOBOMY paboyne mecTa.

B CLUA wwupoko nsBecTHbl paboTbl Monterey Institute for Study of Alternative Healing Arts
(MISANA), Carmel, California.

Casenunn CasBa (Cavely Savva), npeonoxuBlKMiA CBOK rMnoTesy oOuononsa u
KnbepHeTMYecKkylo Modenb opraHuama, B pabote [81], B 4aCTHOCTU, OTMeYaeT, YTo (pusnyeckum
Hocutenem 6uononsa OOMKHO ObiTb, NO MEHbLUEN Mepe, OOHO HEW3BECTHOE B HACTOsLLee Bpems
cyHOaMeHTanbHoe u3nyeckoe Mnosie, KOTOpoe MOXET B3aMMOOENCTBOBATb C W3BECTHbIMU
dyHaamMmeHTanbHbIMKU PU3NYECKUMMU CUITOBLIMU MOMSMW: SNEKTPOMAarHUTHBIM U rPaBUTALUOHHBIM.
He BpaBasch B uccnegosaHue ero npupogpbl, CaBa Ha3Ban 3TOT HOCUTENb BGMONOrMYECKOro nons
«X-B3ammogenctamne» («X-interaction»). [danee oH npuBoauT psg NPUMEPOB M U3 M3BECTHbIX
nyonukaumn, yteepxaasi, YTo «X-B3aMMOLENCTBUSA» HENb3s CBECTU HW K OAHOMY M3BECTHbIX
dyHOameHTanbHbIX  B3aumogencTBui. CaBBa YyKasblBaeT Ha psa  XapakTepuctuk  «X-
B3aMMOOeNCcTBUSI», cpeaun KOTOPbIX:

*B3anmogencTeme co cnabbiMu (BHYTPUSAEPHBIMA) CUTamm

. YyCKOpEeHWe 1 3amennieHne cKopocTu pacnaga sgep amepuumsa 241Am (AH XuH n gpyrue,
1998 r.,, 2002 r.);
. HU3KoTeMnepaTypHas sfepHas TpaHCMyTauus CBMHLA B 30M0TO B MNPUCYTCTBUWM MCU-

onepaTtopa (nabopatopus Texas A&M University, Bockris, 1997 r., Savva, 1999 r.).
*B3aMMOAENCTBME C MarHUTHLIMM MONSIMU

. BpalLleHre MoCcKoCTM nonapusauum nasepHoro nyya (QyneHes, 1995 r., AH XuH, 1998 r.);

. yBenuMyeHne agcopbumm n gucnepcum MOHOXPOMATUYECKOro nasepHOro uanyveHus (c
AnvHon BonHbl y=10,6 um B atmocdepe) (BonyeHko, 1992 r.);

. BO30OY)XAEeHMEe Nepuoanyeckoro 3reKTPUYECKOro curHana B Nbe303NEKTPUYECKOM AaTymke

(Ye and Fan, 1983 r.) n 7.4. (Bcero 8 npumepos).

*B3anMOAeNCTBME C rpaBUTaLNOHHBIMU NONAMMN
J nepemMeLleHne nnacTuHbl, HeobxogmMmas cuna Ang nepemMelleHus KOTOPoW 3SKBMBaneHTa
100 mg (QynbHes, 1998 r.).

Kpome TOro, npusegeHbl nybnvkaumMm no BO3OENCTBUIO OMepaTtopoB Ha MPOMbILLUSIEHHYIO
annaparypy, N0 BAUAHUIO «X-B3aMOLENCTBUS» HA XUBble OpraHu3Mbl.

MpuHnmaa BO BHUMaHMe Bbile npuBedeHHoe, CaBBa NPUXOAUT K 3aKMOYEHUIO, 4TO
dur3nyeckumMm HocuTernem Ouonorndyeckoro nomns M Guonornveckon UHgopmaumm asnserTca «X-
B3aMMOOENCTBUS», @ €ro XapakTepuUCTUKN TaKoBbl:

<> OHO HE MOXET ObITb 0CrabneHo HM KakuMu U3BECTHLIMU 3KpaHaMu;

X8 3PPEKTMBHO BO3AENCTBYET HE3ABUCMMO OT pPaACCTOAHUA B OTNIMYME OT W3BECTHbIX
dm3nyeckux nonemn, Takmx, Kak rpaBUTaLMOHHOE U 3NEeKTPOMarHMTHoe;

X8 ouonornyeckoe MHMOPMALMOHHOE MONie MOXET ObiTb aHM30TPOMHbLIM, Kak npeasioxun A.
Henuncos (1975 r.), KOTOpoe MOXET pacnpocTpaHsaTbCA 6e3 ocnabnexus;

X OENCTBYET B TEYEHME «IMOLIMOHAmNbHOW CBA3W», KOTOpas AOMKHa OblTb yCcTaHoBRNeHa

MeXay onepaTopom U cyObekToM (MM 06LEKTOM).

lMpuBeAeHHbIE  XapakTEPUCTUKM  «X-B3aMMOAEWUCTBMSA»  COBMAZaldT C  WU3BECTHbIMU
xapakTtepucTtukamm TI1 [3], B CBA3M C YEM MOXHO YTBEPXKAATb, YTO «X-B3aMMOOENCTBUAY ABNSAETCS
oaHon u3 pasHoBuaHocTten TI1.

WTak, HacToswasa runotesa WUCXoouMT U3 npeactasneHns o6 opraHuamMe, Kak o
camoynpaendemon  KMOepHeTU4ecKon,  TepMOOMHAMUYECKM  OTKPLITOM  CUCTEME, roe
Guonornyeckoe none - UeHTpanbHasg cucTema YynpaBfneHus opraHusma, onepupylowas
HenokasrbHO, T.e. HE Ha OCHOBE XMMMWNYECKUX B3aMMOAENCTBUIN 1 BKAOYaKLWaa yHaamMmeHTanbHble
nporpamMMbl  XXW3HW: pasBuTMe, nogaepxaHuve (notpebneHve w pacnpeneneHne 3SHepruu,
UMMYHUTET 1 Op.), BOCnpoussedeHne n cMmepTb. Pasdym, BkoYawLwmi namaTe Habop peakunin un
MEXaHM3M U3BMEYEHNS CMbICNa U3 NOTOKa BOCHPUHUMAEMON NHOPMaLUKN Takke BXOOUT B COCTaB
6uonons gns obecneyeHnss NoBe4EeHYECKOro acnekta pyHaamMeHTanbHbIX Mporpamm.

B 1993 r. KpynHenwme KOMnaHuMm no npousBoacTBy KomnbioTepoB — «Apple Computery,
«Compag Computer» u «IBM Corporation» - Bblgenunu 2,5 mnH. $ Ha cosgaHve npwu
yHuBepcutete [PxkoHa XonkuHca LleHTpa no uM3yyYeHUo BUOEOTEPMUHASNIOB M UX BAWUSHUS Ha
300pPOBbE.
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B CLWUA unmeetcsa Ha pbiHke G-33 - Electronic smog buster - guanektpuyeckun pesoHatop,
yMEHbLUAKLWNA BpegHoe U3nyyYeHue, conpoBoxaatkllee HopMmanbHble OMW Buaeopucnnees,
3KpaHoB TeneBu3opoB. G-33 He MCMNONb3yeT HU SMNEKTPUYECKMX, HU MarHuTHbIX nonen. Ero
OEeNCTBME OCHOBAHO Ha 3HEpPrun gpyroro Buaa, KoTopas MoXeT bbiTb namepeHa Guonornyeckumm
MeTogamMu, XMMUYECKUMK, dboTorpacpmyeckummn nnu ApyruMmm Metogamm (uutata M3 pekrnamHoro
nucra).

B ynomsaHyTOM peknamMHOM fUCTe YKas3blBaeTCs, YTO aBTOp He 3anaTteHToBan CBoe
n3obpeTteHne, 4ToBLI He packpbiBaTb €ro CyLHOCTb. BeposaTHO, peanbHasa npuymMHa 3aknoyaeTcd B
HEBO3MOXXHOCTU onucatb MexaHuam gencteusa G-33 6e3 npueneveHust Teopum TI1, B YacTHOCTH,
MEXaHN3MOB (popMMpPOBaHUA cTaTndecknx oopmosbix TIT.

5.9. Y30ekucrtaH.

Y4yeHbiMM  ¥Y3BekuctaHa npoBoaATCA  uccrnefoBaHust  BMO3HepronHopMaLMOHHOro
BO3OENCTBUSA U3NYyYeHNA KOMNbioTepa. B [6] oTMeyveHo, YTO XMBble CUCTEMbI (PYHKLIMOHUPYIOT Ha
OCHOBE TMOCTOSIHHOrO OOMeHa 3Hepruern wn uHdopMaumen ¢ BHewHen cpegon. O6meH
MHopMaLmen ocyectenseTca npu nomowm SMIT oT BUAMMOro 4o 3BYKOBOro AnanasoHa.

B kaudecTtBe HarnmagHoOro npumepa MOXHO YNOMSAHYTb O 3epKafibHOM LMTONaTUM4eCcKOM
abdekTe B OUCKAHTHBIX MEXKINETOYHbIX B3aUMOOENCTBUSX, OCYLLUECTBNSEMbIX B OMTUYECKOM
AnanasoHe OMI1 mn skcnepMmeHTax MO nepedadve HacneaCTBEHHbIX MPU3HAKOB (FEHETUYECKON
nMHopmaumm) npu nomowm SMIM CBY ananasoHa.

Kpome ToOro, yctaHoBrneHo, 4YTo ynpasneHue npu nomowmn 3MI B XMBbIX cucTemMax OT
YPOBHSI TEHOB OO YPOBHS LENOro opraHmama ocyuwectensetrca B CBY n KBY. lNpu nomowwm
cneyunanbHbIX paanopu3nyeckmx YyCTPOWCTB 3TOro AnanasoHa OCYLLEeCTBNEHbI
ueneHanpasneHHble Hacnegyemble U3MEHEHWA B [eHOTUNE pacTeHUN U KMUBOTHLIX NyTeM
Bo3genctBna OMI1 Ha 3apogbilleBble KMAETKM LENOCTHbIX oOpraHu3mMoB. Bosgencteuem
KOr€PEHTHOIo U3Ny4YeHUs MUIMAMMETPOBOIO AnanasoHa MOXHO He TONbKO M3bupaTenbHO BNUATb
Ha xo4 BUOXMMWNYECKMX peakumin, BOCCTaHaBMMBaTb aKTUBHOCTb MMMYHHOW CUCTEMbI U OP., HO U
Ha CO3HaHME M MOBeAEeHMEe YernoBeKa W XMBOTHbIX, T.e. co3gaBaTb «B6umopoboTbi». NMpoBeaeHve
LueneHanpaBrieHHbIX  UCCregoBaHMM MO BbISBMEHWO  MexaHudMa  BMoMH(OpMauUMOHHOro
Bo3gencTeus AMI 1 gpyrux BUOOB U3NyYeHUn NpMBeaeT K CO30aHMI0 METOAOB U CPeACTB 3aluThl
W HeuTpanusaumm SHEProuHOPMAaLMOHHOM arpeccuMmM Ha >KUBYH nNpupoay, a Takke Ans
npegoTBpaLLEeHNs BO3HUKHOBEHUS HEYMNpPaBnseMblX XUBbIX CUCTEM.

Ocobo akTyanbHOM 3agjaden B 3ToM obnactum sABnsieTcs  paspaboTka METO4oB
HenTpanusaunun 6MonHEPOPMaLNOHHOIO BO3AENCTBUS M3NYYEHUIA KoMNbloTepa. ATo obycnoBneHo
3anoXeHHONW B KOMMbIOTEP BO3MOXHOCTbIO YrpaBreHus (KOHTPOMs) W LeneHanpaBfeHHOoro
BO3JENCTBMSA Ha OPraHn3M YenoBeKa U XXUBOTHbIX B YACTHOCTU, U Ha BCIO MPUPOAY B LIENTOM.

Kpome TOro, KOMMbOTEP MNPWU OMpPeAerneHHbIX YCIOBUSX MOXET paboTaTtb B pexumme
CuYNTbIBaHMA MHOPMaLMKM C onepaTopa (yTeyka MO3roB), a Takke CTaTb fIOKanbHbIM UCTOYHUKOM
(nocpegHNKOM) NCUXOTPOMHOTO BO3AENCTBUS.

B ©BA3M C WU3NOXEHHbIM, WCCrnegoBaHWe MexaHuama 6uoaHepromHopMaLUMOHHOIo
BO3OEWCTBUS  U3NYYEHUA  KOMMbOTepa No3BonsgeT paspabotaTtb He  TOMbKO  METOAb
HelTpanu3auun, HO U NX UCMONb30BaHWA B CO3MAATENbHbIX N NeYebHbIX Lensx.

B HacTosdlee Bpemsa nonyyeHbl criegylowne npeasaputenbHble pesynstatel. PaspaboTaH
nepBbl BapMaHT MeToda BriokMpoBKM (HeMTpanusauumn) oTpuuaTenbHOro BO3aencTBnsa uanyvyeHum
KomnbloTepa.

MpenBapuTenbHble pe3ynbraTbl MCMbITAHMW MOKa3blBalOT, YTO COCTOSIHWE 300POBbSA
onepatopoB A0 W MOCne YCTaHOBKWM ONOKMPOBKM CYLIECTBEHHO oTnuyaeTca. Hanpumep, vy
oneparopa C 7-rfeTHMM cTaxem paboTbl Ha KOMMbOTEpPE OTMeYanacb BSNOCTb, MOBbILIEHHAsN
YTOMISIEMOCTb, HEPBO3HOCTb W Ap. TUMWYHbIE cUMNTOMbl. B TeyeHne ogHoro mecdua nocne
YCTaHOBKM OMOKMPOBKW, OTMEYEHHbIE CUMMTOMbI CTann MNPOSBASTbCSA B MEHbLUEW CTENEeHu, a
paboTocnocoBHOCTb 3HAYNTENBHO NOBLICUNACE.

HabnogeHnsa npogomkatTca.

3aBepLueH TaKke nepebin aTan nccnegoBaHum no pa3paboTke
OMO3HEPrOMHMOPMALMOHHBIX METOAOB YMpaBeHUs ypoXXaem W 3aluTbl pacTeHMW Ha OCHOBE
ueneHanpasneHHbIX  M30upaTenbHbIX — NporpaMMm  HeWTpanusauum 1 UCMNOMb30BaHNUS
oTpuuaTenbHbIX N3NYy4YEHNUI KOMMNBbIOTEPOB.

OKcnepuMeHTbl B nabopaTopHbIX YCNOBUAX MoKasany BO3MOXHOCTb YCKOPEHUS CPOKOB
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BCXOXECTUN CEeMAH Xron4yaTHuKa, MneHuubl, a TakkKe UX pocCcta U pa3BuUTnA nona BO34ENCTBMEM
KOMMbKOTEPA. Bbinn noriy4yeHbl Takke BeéCbMa o6Ha/:|,e>|<|/|Barou_w|e pesynbrartbl Mo 3alute paCTeHMVI
oT CeJ'IbXO3-Bpe,EI,I/ITeJ'IeI7I, B 0OCODOEHHoCTU OT nayTMHHOro Knewa, 0e3 uncnonb3oBaHUs
A0OXNMUKATOB.

5.10. YkpauHa.

B VYkpauHe (XapbkoB, Kues, [OHenponetpoBck, Cumdepononb) OCyLeCTBRST
LuMpoKomacwiTabHble nccrnegoBaHUs C LEenbio JOCKOHANbHOMO U3y4eHUs BONPOCOB HEraTMBHOMO
BMVAHNA MoHUTOPOB [1K, Tenesn3opos, OpYron 3NEeKTPOHHOW TEXHUKM Ha Monb3oBaTens, a Takke
pa3pabaTbiBaloT COOTBETCTBYIOLME YCTPONCTBA 3aLUUThI.

OTM wuccnepoBaHMa  NpoBoAsaT Ha 6Gase  npeawecTBylOLWEro  OfnblTa  HayyHo -
nccnegoBatenbCkmx paboT, B XoAe KOTOpbIX ONpeaensanucb Kak No3UTMBHbIE, Tak U HeratuBHbIE
Bo3aencteust TI1 Ha xunBoe.

Hanpumep, rpynnow coTpyaHuKoB, Bo3rnaensemon JlintenHosbiM H.A., paspabotaH cnocob
peakTMBauMmM WL KOMapoB, B COOTBETCTBMM C KOTOPbIM C LEMbi0 MOBbILWEHMS MPOUEeHTa OT
POXOEHUS NUYMHOK, ANLA HacekoMbiX aKCNOoHWUpYT 45+90 cek nop BepLUMHOW MeTannmMyeckoro
KOHyca Ha pacctofHum 8+12 cM OT BeplMHbl, a MNOBEPXHOCTb KOHyca npeaBapuTenbHO
o6pabaTtbiBalOT MOHOXPOMATUYECKUM KOrePEHTHBIM U3Ny4YeHneM fas3epos.

MpoueHT komapoB ysenuumBaeTrca npu 3toM Ao 90+92% no cpaBHeHuto ¢ 51% ot
POXOEHUS B HOPMarbHbIX YCNOBUSAX, T.e. 6e3 NCMNOornb30BaHUs akTUBMPYIOLUX DaKTOPOB NpaBoro
TT1, reHepMpyemoro KOHycoM.

OTa 1 apyrve uvccnegosaTenbckne paboTbl ganu umnynbc paspaboTke npubopoB And
3aWnTbl OT HeraTMBHOrO BnMsSHWUA neBblx TI1, reHepupyembix MoHuTOpamu [K, Tenesusopamu,
OPYron anekTpoHHOM TeXHUKON, a Takke u MI3.

Hanbonee u13BEeCTHbIM UK LWKNPOKO ucnonb3dyeMblM saensetrca  «POPMOCT-1» -
®OPmuposatens MMOns  Crtatudeckoro  TOPCUMOHHOrO. JTO  YCTPOWCTBO  FapaHTMPOBAHHO
obecneunBaeT 3aWmTy OpraHM3Ma nornb3oBaTerns OT HEeraTMBHOMO BIIUSHUSA WH(OPMaLMOHHOW
koMmnoHeHTbl AMW monuTopa (TTT).

YctporctBo paspaboraHo B HaumoHanbHom yHuBepcutete YkpauHbl KM npu ydactum
cneunanuctos OO0 «CnnHop WHTepHewWwHN», Ha KOTOPOM OCYLLECTBASETCA BbINYCK 3TUX
npubopos (doTo 38).

doTto 38

B vawke [lletpn, HaxoguBluenca B TedeHue akcriepumeHta 6e3 « POPIOCT-1», 4eTko
obHapyxuBaeTca BnuaHue nesoro Tl moHuTopa [K Ha npouecchbl kpuctannusauum NacCl,
3aknovamLlleecs B «BblinondaHuny» kpuctannuaytowenca NaCl 3a npegenbl yvawku [letpw,
AOCTWKEHMM YPOBHS HA C BHELLHEN CTOPOHLI (poTo 39).

®oto 39 ®ot0 40

B wvawke [leTpu, pasmelieHHOW B TedyeHue akcnepumeHta Ha «DPOPMOCT-1»,
3aperncTpypoBaHa, Kak M OOblMHO B HOPManbHbIX  FEO3HEPreTU4EeCKMX  30Hax,
nonuKpucTannuyeckas CTPyKTypa, pasHO3epHUCTad CO  CPaBHUTENbHO  OOHOPOAHbLIM U
MOHOTOHHbBIM pacnpegeneHnemM 3epeH, 4YTto nogreepxaaetr addekt yctpaHeHus «POPIOCT-1»
BNuAHUA nesoro Tl MoHUTOpa Ha npouecckl KpucTannuaauum (doTto 40).

Heckonbko nosxe aBTOpoM kHUrn coBmectHo ¢ Kypukom M. B., ArHuxotpu C. n NBaHoBow
JI. A. 661 npoBedeHbl aHaNOrMYHbIe 3KCMEPUMEHTbI, HO HECKOSNbKO MOAEPHU3MpoBaHHbIe. Ecnu
CemurnasosbiM B. B. 1 BonTtkeBudem 3. B. yawku MNetpu ¢ pactBopom NaCl conkcuposanuck B TI1
MOHUTOPA M 3KCMOHMPOBANMCb B HEM [0 OKOHYaHUSA MPOLIECCOB KpucTannoobpasoBaHusi, TO B
Hawem crniyyae, Kpome yvawek lMNeTpu, npoayuupyowmx cnaboe npasoe hopmMoBOE CTaTU4eckoe
T, wcnonb3oBanucb M cocygbl B BuAe ASIMHHOMO UMnuHApa, cosgjawwme cnaboe nesoe
dopmoBoe ctatundeckoe TI1 (poTo 41). Lienbto akcnepnmeHTa ObIno ycTaHoBNeHne ocobeHHoCTen
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ONMHaMUKKN npoueccoB Kpuctannm3auynm B Cocyaax ¢ pa3dHbiMu cobcTBeHHbIMK TT1

doTo 41

doT0 42

Okasanocb, 4YTO 3apoXaeHne NpoLeccoB Kpuctannmsaumm B Yaike [leTpu Habnioganochb
BOOMNb BMXpeBoro notoka nesoro TI1 moHuTopa MK (hoTo 42), B TO BpeMda Kak B cocyge B Buge
OJIMHHOMO UMnuMHApa npouecchl KpucTannusauum HadvMHanucb B NIIOCKOCTU, NepneHaukynspHou
notoky nesoro Tl moHuTopa (goTto 41).

OTn pesynbratbl TPEOYIOT AanbHENWero OCMbICNEHNS N OObSACHEHUS, OQHAKO, YXe cendac
SICHO, 4YTO HayanbHble CTaguun arperauum Morsiekyn cnocobHbl 3aduKCUpoBaTb BO3AENCTBUE
cnabbix opmoBbIX cTatuyeckux TI1, dopMUpyeMbIX siHeKaMu, B KOTOPbIX OCYLLECTBMSETCA
Kpuctannusaums. HeobxogMmMo OTMETUTb, YTO 3T pesynbraTbl yKasblBalOT Ha BO3MOXHOCTb
CO3[aHus eLe 0gHOro NyTU SKCNepUMEHTanbHbIX METOAMK Ans paboTsel ¢ TIT.

CyTb MX 3aknio4aeTrca B TOM, YTO NO napamMeTpam BblpalleHHbIX B Tl CTPYKTYp MOXHO
CyaOnTb O CBOMCTBAX TOPCUOHHOIO B3aMMOAENCTBUSA.

Kpome T0ro, HCTUTYTOM Npobrem MCKyCCTBEHHOIO UHTennekTa HaunoHansHon Akagemmm
Hayk 1 MMHUCTEpPCTBOM NpocBeLLeHns YKkpauHbl paspaboTtaH MHANKATOP MU3Ny4YeHMs KOMMbIOTEPOB.

MpuBoAuM KpaTKkoe onucaHue npubopa.

Wugukatop SMWU onpenensier BenWYUHbI 3MEKTPUYECKOM U MarHUTHOW, COCTaBMSOLLMX
nona M UX COOTBETCTBME YCTAHOBMNEHHbIM HOpMaM, a Takke MNPOW3BOAUT PacyéT AoMnyCTMMOro
BpeEMEHUN obnyyeHus Ha pabovem mecte. [NMpnbop nmeet gea AnanasoHa namepeHunin. Vicnonbsysi
nokasaHus MHAMKaTopa, MOXHO BblOpaTb TakMe TexHu4eckue cpeacTtsa v Bpems paboTbl, YTOObI
06ny4yeHne B MMHUMAaInbHOM CTENEHM CKa3biBanoChb Ha 340POBbLE.

WHavkaTop - npubop HanpaBneHHOro AENCTBUS.

MokasaHus npencTaBnaoT cOO60M U3MEPEHHYIO MarHUTHYH MHOYKLUMIO, BbIPAXXEHHYO B HTN,
N PacYETHYI HanNpPsXKEHHOCTb MOMS, BbIPaXeHHY B B/M, YMHOXEHHbIE Ha KOCUHYC yrna mexay
HanpaBneHMeM Ha UCTOYHUK U3MyYEeHNs 1 NPOAONBbHOW OCblo Npubopa.

O6cnyxuBarowaa nporpaMma Mno3BOfsSeT MNPOCMOTPETb  XapaKTEPUCTUKM  U3MyYeHUs
MOHWUTOPOB Hanbornee pacnpPocTpaHEHHbIX Mogenen aAnsg cpaBHEHUS C YCTaHOBIIEHHbIMWU HOpMaMK
1 uccnegyembiM MOHUTOPOM.
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OCHOBHbIe TeXHUYECKNEe XapaKTePUCTUKN:
Mpeaensl onpegenenus: - 0+750 HTn, 0+200 B/wm;
YacToTHbI AnanasoH - 0,3+80 klu;
MorpewHocTb n3amepeHus - 5%;

Bpems nHTerpmpoBaHus - 70 Mmcex;

IOunana3oH pabounx Temnepatyp - 10°C+30°C;

MapameTpbl n3ny4yeHus

Ha momeHT Bbinycka npnbopa Hanbornee Npu3HaHHbIMKU ABMSIOTCA criegyowmne HoOpMbl Ans
KOMMbIOTEPOB B KOHTPONMPYEMOM AManasoHe.

Mo cranpgapty MPR-II (MPR1990:8) nnoTtHocTb MarHMTHOro notoka 25 HTn,
HanpsKEHHOCTb  ANeKTpuyeckoro nepemeHHoro nona 2,2 B/M, no cranHgapty TCO’91
cooTBeTCTBEHHO 25 HTn 1 1,0 B/m [25]. KoHTponb nany4veHns no ctaHgapty MPR-II npounssogutcs
Ha pacctoaHum 0,5 M OT MOBEPXHOCTU nepedHen 4YacTM MOHUTOpPAa U Ha MOBEPXHOCTU
BOOOpaXkaemMoro uunuHgpa ¢ COOTBETCTBYHOLUMM pPaguvyCoM U C BEPTUMKANbHOW OCbl0 B LEHTpEe
MoHuTopa [136].

CornacHo MeTogMYeckuM yKasaHuaM AN CPefHMX LUKOS, HanpsKEHHOCTb 3MNEKTPUYECKON
cocTaBngwwen Ha pacctosHum 0,1 M OT BCex MNOBEPXHOCTEN BUMAEOMOHUTOPA He AOKHa
npesbiwarth 25 B/m [22].

PaboTta ¢ npubopom

Mpnbop noakntodaeTcsa Kk KoMnbloTepy Yepes nocnegosatenbHblid nopt COM1 unu COM2.
Mpn Heo6Xo0AMMOCTU NCMONb3YEeTCA NEPEXOOHNUK.

[na npoBeaeHust nsamepeHnin sanyckaetcsa nporpamma DOSIMETR.EXE B cpege DOS.

Mporpamma cama onpegenseT MNopT nogknideHus mHaukatopa. Knaeuwm ynpasneHus
nporpaMMoli BbICBEYMBAIOTCA B HWDKHEN YacTu akpaHa. C ogHOM CTOpOHbI Npubopa pacnonoxeH
AaTymK, C Opyron pasbeéMm coeguHuTenbHoro kabenda. Onsa obecnedeHunss TOYHOCTU Tpebyetcs
aepkatb Npmbop pyKOM CO CTOPOHLI pasdbEéMa Ha MakCcMMmasibHOM yaaneHun oT gatyumka.

Mpn n3mepeHnn HY>KHO MOMECTUTb NPUBOP B BbIOPAHHYIO TOYKY U COPUEHTMPOBATbL €ro no
MakCcuMarnbHOMY nokasaHuioo. [1ogknioYMBLLUMCE K OAHOMY KOMMbIOTEPY, MOXHO MW3MepuTb
n3nyyeHue gpyrmx KOMNbIOTEPOB MUK TENEBU3OPOB, HAXOAALLMXCA NOBNN30CTH.

[Ona onpegeneHvs ypoBHEW MW3MyYeHUs Ha yoaneHusax, OroBOPEHHbIX CTaHAapTamu,
NCMonb3yeTcs NIMHENKA.

PaccmoTpum HekoTopble pe3ynkratbl ucnbiTaHn « POPMOCT-1».

WcnbiTaHus, npoBedeHHble B YKPAaUHCKOM Hay4yHO-TMrmeHn4eckom LeHTpe MuHuctepcTsa
3gpaBooxpaHeHus YkpaumHbl U B LleHTpe poGpoBonbHon ceptudmkaumm «MIPA», (. Kues,
YKpanHa), CBUOETENbCTBYOT O TOM, YTO HWUKAKUX WM3MEHEHUN COCTOSIHMS 340pOBbsS NHOOEWN,
paboTaoLLmx C yCTPONCTBOM 3aLmnThbl, He Habnganocsk.

MccnepgoBaHua  OCyWeCcTBASAUCb  Ha  MOHMTOPaxX MHOCTPAHHOrO NpouM3BOACTBA C
OOVMHAKOBOW CTEMNEHb0 3alnTbl OT M3BECTHbIX BPEeAHbIX Ans opraHuama wusnydeHun. [lepen
Hayarnom aKkcnepumeHTa ObIno onpeaeneHo (No metoauke Ponnst) COCTOAHNE 300POBbS KaXKAOro
n3 nonb3oeartenen. Metoguka P. donnsa xopolwo 3apekoMeHgoBana cebs B Mupe U MMeeT
ornpeneneHHoe TeopeTnyeckoe obocHoBaHume [63].

Mpu npoBegeHUM UCMbITAaHUI NPUHUMAaNN y4acTue:

- MMHCKUI paioHHbIN gMarHocTuyecknn LeHTp r. Kneea;
- HaumoHarnbHbIn TEXHUYECKUIA YHUBEPCUTET YKpauHbl « KM ».

LUenb ucnbiTaHum.
Onpepenute BpedHoe BnusHne TW  kuMHeckonoB MoHuTopoB [1K wn  onpegenutb
3pPEeKTMBHOCTL 3alunTbl nosib3oBatenen K OT Hero ¢ NOMOLLb YCTPOWCTBa ANs 3aluThbl

yerioBeka OT HeraTuBHOIO BITMAHUA BM/:leOTepMVIHaJ'IOB, TeﬂeBVl30pOB n /:lpyr0|7| 6b|TOBO|7| TEXHUNKN
«®OPIMOCT-1».

Mporpamma u MeTogUKa UCTNbITAaHUN.

VcnbiTaHus ANUNUCh B TeYeHMe 2 4 B TPeX BbIOpaHHbIX Afist 3TOro nomMelleHusix. Padoune
MecTa 6binun pacnonoxeHsl Tak, 4Tobbl MK 1 nonb3oBaTenn He Haxoaunuck B M13. PacnonoxeHne
pabo4nx MECT BbINMOSIHEHO C MOMOLLIbIO KOMMEKTa OMOTEH30POB METOAOM BMONOKALUN.
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Mepen HayanoMm wucnblTaHun no Metogy donna € yd4eToMm Tpex nokasaTtenen Obino
obcriegoBaHO COCTOSIHME 3[0pOBbs 6 4enoBek U BbibpaHbl 4, KOTOPLIM NpeacToano pabotatb C
YCTPOWUCTBOM ANA 3aUTbl OT TOPCUOHHOW KOMMOHEHTHLI M3rnyvyeHusa moHuTtopa K v onpegeneH
YPOBEHb COCTOSIHWUS 300POBbA MO TPEM MOKa3aTensam.

BbibpaHbl cnegytoLme nokasaTtenn 3gopoBbs:

- CymMMapHble (06Lne nokasatenu COCTOSHWS OpraHu3Ma) napameTpbl 3MeKTpoakynyHKTYPHOM
AvarHocTtukn (Craa);

- COCTOSIHME UMMYHHOW cuctemsl (Um);

- COCTOsIHME HepBHOM cuctembl (HC).

B ncnbitaHnsx y4actsoBanu 6 4Yernosex:

C 1-ro no 4-bi - pabotanu Ha [K 6e3 yctponctea 3awuTbl, 5 - 6 - pabotanu Ha MK ¢
YCTPONCTBOM 3aLLM1ThI.

UcnbiTaHns Hadvanmeb 05.02.97 r B 10-00. M3amepeHuss napameTpoB MpOBOAUSIMCH C
nHtepsanom 5 (10) MuH, B npouecce MUCMbITaHUM YCTaHaBMMBANoCb YCTPOMCTBO 3aliuTbl (CM.
MpumevaHue B Tabn.7+12).

Tabnuua 7
[aHHble obcnegoBaHua (yen. eq.) 1-ro
Bpems, MuH cnaj Um HC MpumeyaHune
10-00 45/50 | 50/42 | 40/40
NCXOOHbIE AaHHbIE
5 25/22 | 40/30 | 38/40
10 25/20 | 30/25 | 30/30
YCTaHOBMEHO YCTPONCTBO
3aLnThI
10 30/25 | 35/35 | 30/30
Tabnuua 8
[aHHble obcnegoBanusa (ycn. eq.) 2-ro
. Bpemsa, muu | CN3[ nm HC MpumeyaHue
10-00 45/50 | 40/35 | 40/35
NCXOOHbIE AaHHbIe
10 35/40 | 38/30 | 30/30
YCTaHOBMEHO YCTPOWNCTBO
3aLWnThI
15 45/50 | 40/40 | 30/30
Tabnuua 9
HaHHble obcnegoBaHus (ycn. ea.) 3-ro
Bpewms, MuH cnan Um HC MpumeyaHune
[ 45/50 | 50/55 | 45/45
NCXOOHbIE AaHHbIE
5 30/30 | 45/40 | 45/42
YcTaHOBMNEHO YCTPOWNCTBO
3alWmnThl
10 32/32 | 45/50 | 42/40
Tabnuua 10

[aHHble obcnegoBanus (yen. eq.) 4-ro

Bpewms, MuH cnaa Um HC MpumeyaHune
e 50/50 58/60 | 55/55
NCXOOHble JaHHblIe
5 45/40 | 55/55 | 55/55
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Tabnuua 11
HaHHble ob6cneposaHusa (ycn. ea.) 5-ro -
paboTa C 3alMTHLIM YCTPONCTBOM

Bpewmsi, MuH cnaa Um HC MpumeyaHune
LY 48/50 | 50/50 | 40/40
NCXOAHbIE AaHHbIe
5 48/50 50/50 | 40/40
10 48/50 50/50 | 42/42

Tabnuuya 12
HaHHble o6cnegosaHua (ycn. eq.) 6-ro -
paboTa C 3aWUTHLIM YCTPOWCTBOM

Bpemsi, MuH cnaa Um HC MpumeyaHune
10-00 45/45 | 45145 | 35/35
MCXOOHble JaHHble
5 50/45 | 45/45 | 45/40
15 45/45 | 50/50 | 45/45

O6HapyxeHo, 4To dhakTopbl pUcka, cBA3aHHble ¢ Bo3aencTenem nesbix TIT moHuTopos MK,
B TOM uucne enudowme Ha obliee COCTOosHME opraHmama M paboTocnocoBOHOCTb, C OAHOWM
CTOPOHbI, OnNpeaensitoTca MHAMBUAYaNbHbIMU XapakTeEPUCTUKAMMN OpraHmM3mMa U NCUXMKN YernoBeka,
C apyrom - cneumnyeckum «CrnekTpom» nesbix TT1.

PesynbtaTbl aHanmsa COCTOSIHMA 340POBbA MCMbITyeMbiX (nonb3oBatenen [K), kotopble
ObINM 3aluLLIEeHbl OT HEeraTMBHOMO BIIUSIHUSI TOPCUOHHOW KOMMOHEHTbI n3nydeHunin moHutopa [1K,
CBUOETENbLCTBYIOT O 3HauMTenbHOM ocnabneHun 3Ttoro BnusHMA. [lokasaTtenu COCTOSHMA KX
300pOBbSA Ha NPOTSXKEHUN BCErO BPEMEHW UCMbITAHWUM CYLLECTBEHHO HE U3MEHWUMUCb, B TO BPEMS
Kak nokasaTtenu COCTOsIHUS 340pOBbS OpraHuM3Ma He 3allMLLeHHbIX YCTPOMCTBOM Nonb3oBaTenemn
MK vmenn TeHOEeHUMIO K MOHMXEHU0 cO BpeMeHeM. 1o cpaBHEHW0 C UCXOOHbIMW OaHHbIMU
nokasaTtenu CoOCTOSHNUS UX 300poBba yxyawmnuce Ha 20+40%.

BbiBoabl:

1. PesynbraTbl WUCNbITAHWA NOKa3anu, 4YTO YCTPOMCTBO ANSA 3aluTbl 4YenoBeka OT
HeraTMBHOIO BNUSAHUSA BUAEOTEPMUHANOB, TENEBU3OPOB N APYron GbITOBOW 3NEKTPOHHOW TEXHUKM
«®OPIOCT-1» 3HauYNTENbHO YMEHbLUAET BANAHWE TOPCUOHHOW KOMMOHEHTbI  U3NyYeHui
MOHWTOPOB Ha MNofb3oBaTenen.

2. YCTpOWCTBO 3alUMNTbl MOXET OblTb PEKOMEHAOBAHO Kak NpodunakTtniyeckoe cpeacTBo
ANa  ycTpaHeHus (aKTOpOB HEratTMBHOMO BIIUSHUS TOPCWOHHOW KOMMOHEHTbl  U3MnyYeHun
MOHUTOPOB U APYrUX SNEKTPOHHbIX NPUOOPOB.

Mpn OGonee petanbHOM uMccneaoBaHUM  OUONMOKALMOHHBIM +— METOAOM  pe3ynbraToB
B3anmogenctems nesoro TI moHuTOpa 1 npasoro Tl ycTponcTBa NS 3alnTbl BbISCHUOChH, YTO
yacTb nesoro Tl n3aMeHuna cBoe HanpasneHue no Ayre OKPYXHOCTU npaktudecku Ha 180°C, T.e.
kak Obl OTpasunacb v nonagana B NpaBoe Mone, Haxogsuwleecs 3a MOHUTOpoM. B pesynbrate
B3aMMOOENCTBUSI MPOTUBOMOMOXHO 3aKpy4yeHHbIX Buxpen Tl oba cywectBeHHO ocnabesatot, a
cymmapHoe TI1 3a MOHUTOPOM MPaKTUYECKU paBHO POHOBOMY YPOBHIO.

[na 6onee 4eTKOro npencraBneHns o0 pesynbratax ucnbitaHui npudopa «POPIMOCT-1»
NPMBOAMM HECKOSIbKO paclUMpEeHHOe onucaHne metoaumkm Ponnd, Nockorbky OHa MOXET ObiTb
Hen3BeCTHa ynTaTento.

B xoge npoBegeHHbIXx donnem McCrnefoBaHUM PasfnUuUHbIX aKynyHKTYPHbIX ToYek Obinu
onpeferneHsl nokasaTenun, CooTBeTcTBylowWwmne «Hopmey. Mpubop SAD («anekTpoakynyHTypa no
donnio») wuUCNonb3yeTcs He ANA BbIABMEHUS 3MEKTPUYECKON CUMMETPUM TOYeK MNapHbIX
MepuanaHoB, a Ana U3yvyeHus napameTpoB OTAENbHbIX TOYEK.

YpoBeHb 3neKTPUYECKoro mnoTeHumnana KOHKPETHOW aKynyHKTYPHOW TOYKW oOTpakaet
3HepreTMYeckUn ypoBeHb opraHa (opraHoB), CBA3aHHOrO (CBA3aHHbIX) C COOTBETCTBYHOLLUM
mMepugnaHom. OTKNOHEHME BENWYUHBI NOTeHUMana oT HOPMbl HECET BaXKHeuLwyo MHpopmaumo 06
UMeELLMXCA AMCYHKLUMSIX opraHa.

Hanpumep, NOHWXEHHOE HanpshKeHWe B aKynyHKTYPHOW TOYKE MOXET ObiTb BbI3BAHO
naTonornen CBA3aHHbIX C HEW OpraHoB, NGO KaKMMMU-TO BHELLUHUMM YCNOBUSIMW, CHWXKaOLWMMU
oLy XM3HECNOCOBHOCTb opraHMaMa. M HaobopoT, MOoBbILEHHOE HanpsKeHne, BEepOsiTHO,
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yKa3blBaeT Ha Hanu4Me BoCnanuTenbHOro npouecca.

JdononHuTenbHyto MHopmaumio o popme 3aboneBaHusi (OCTpasa UNU XpoHU4Yeckas) oaet
N3yyeHne peakumm akynyHKTYPHOM TOYKM Ha 3neKTpUYeckyto ctumynsuumio. MNepekntouns npnbop
donna Ha pPexXMM NeyYeHusl, MOXHO BO3AEeNCTBOBaTb HEOONbLUIMM TOKOM Ha ocnabneHHyto
aKyNyHKTYPHYIO TOYKY W CBSI3@HHbIA C HEW MepuauaH, CnOoCOBHOCTb KOTOPOro BOCMPUHMMATL
nocTynarLme n3BHe TOKM 3aBUCUT OT TshkecTu 3aboneBaHus. B cnydae Banoro teveHns 6onesHun
nnn HebonbLIOro ocnabneHus Xu3HegeaTenbHOCTU OpraHmamMa BO3MOXHA €ero «nopsapsiakar
Yyepes ANEKTPOLLYM - NPY 3TOM NPOUCXOANUT CTUMYNMPOBAHME TOYKN C MOHMKEHHBIM MOTEHLMANoMm.
Ecnn HapyleHne BbI3BaHO Ooree TshKenowm (XpoHn4eckon) dopmMor 3aboneBaHusi, BOCCTaHOBUTb
3a KOPOTKW Nepuoa BpeMeHn napaMeTpbl TOYKN ropasao CoXHee.

Mpnbop SAP nossonseT nonyyuntb Gonee getanbHylO MHOPMAUUIO O TUNE MMEoLEencs
ANCYHKLUMM opraHa. Mccneposatenu yTBepXKAalT, YTO UM yaanocb OOHapPYXWUTb TECHYH CBS3b
Mexgy napameTpamu  pacrofioXeHHblX BAOMb MepuaMaHa COOTBETCTBYHOLIEro  opraHa
aKyNyHKTYPHbIX TOYEK M KOHKPETHLIMW OCOOEHHOCTAMMU (PYHKLMOHMPOBAHUA opraHa. AHanuaupys
arneKkTpu4eckme noTeHumanbl OTAENbHbIX aKyNyHKTYPHbIX TOYEK, PaCrONOXEHHbIX BAOSb
onpeaeneHHoro MepmanaHa, MoXHO nonyyYnTb NogpobHyo nHdopmauuio o paboTe opraHa.

Mpnbop OAD cnocobeH nomMoYb MPOBECTM BecbMa [AdeTarlbHYl0 3SHEpPreTn4eckyto
«MHBEHTapu3aumio» GYHKUMIA pasnnyHblX opraHoB. OTKAOHEHUS (B Ty WU UHYKD CTOPOHY)
9MNEeKTPUYECKMX NapaMeTpoB COOTBETCTBYIOLLEr0 MepuanaHa OT HOPMarbHOro YpPOBHA CryxaT
NMPU3HAKOM Hanuuus gereHepaTMBHOIO MM BOCMANMTENBbHOMO Mpouecca B UCCneayemMom opraHe.
MoXHO f[eTtanu3vpoBaTb AaHHble, M3MEepsAs napameTpbl Pas3fUYHbIX aKyMyHKTYPHbIX TOYEK,
pacnonoXeHHbIX BAONMb MepuanaHa. O6cnepoBaHue nauveHTa ¢ nomMmowbio npubopa Ponng
TpebyeT ropasgo 6onblie BpEMEHU, YEM MPU UCMONb30BaHUN APYrMx NpubopoB, TEM HE MeHee,
3TO BMOMHE KOMMNeHcupyeTcs bonbluen getanusaunen nonydyaemon nHdopmaummn. Mpnbop donnga
He npocTo cnocobeH [MarHOCTUPOBaTb HanMuMe TeX WU WHbIX HapyleHUMn B OTAENbHbIX
CMCTEMax oOpraHuMaMa, a 3a4acTyld MNO3BONSAET HaWTU WCTUHHbIE MPUYMHBbI 3IHEPreTUyYecKom
ANCPYHKLMM N HAMETUTb BO3MOXHbIE NMYTU NU3NEYeHMs.

B pabote npubopa SAP wncnonb3yetcss fABreHMe OGUONOrMYeckoro pPes3oHaHca, LUMPOKO
BCTpevatoweeca B npupogde. Kak Mbl 3Haem, B aToMe 3MeKTPOHbI BpaLLaloTCs BOKPYr sapa no
onpeneneHHbIM opbutam u Ona nepexoda 3MeKTpoHa C HU3KOW Ha Gonee BbICOKYyHD OpOuUTy OH
AOMKEH NOrMNoTUTb KBAHT SHEPTUK onpeaeneHHon YacToTbl. B cnyyae nepemelleHms ¢ BbICOKOM Ha
Gonee HM3KYIO OpOUTY BNEKTPOH U3NyYaeT KBaHT SHEPrMM TOYHO TaKOW XK€ 4acTOTbl, Ha3biBaeMOW
«4acToTOM pe3oHaHca». ATOMbl U MOMEKYrbl UMET 0COOble Pe30HaHCHbIE YaCcTOTbl, HO BbI3BaTb
pe3oHaHC cnocobHa TOMbKO 3QHEPrMas CO  CTPOro  onpegeneHHbiMM  BUBpaUNOHHBLIMM
XapakTepucTMKamum.

Hanpumep, neBel, B3B BbICOKYIO HOTY, BMOSIHE MOXET pa3butb Bapebesrn Gokan - npu
YCNOBWM, YTO 3Ta HOTA TOYHO COOTBETCTBYET PE30HAHCHBIM XapakTepmucTnkam atoro 6okana.

MeguumHckme mcnbitanma magenusa «POPIMOCT-1» npubopom «Komnnekc MeamuuHCKUN
akcnepTHbin», TY B 33.1-2138413028-001-2003 (B ganbHevwem - KM3) npoBefeHbl Ha 6Gase
nabopatopum  MeguKo-KOHCYNbTaTUBHOMO  LEHTpa  (PYHKUMOHANbHOM  OMArHOCTUKM 1
nHpopmaumoHHon Tepanun «ABBA» (r. Knes, YkpanHa) ¢ 22 masa 2003 . no 23 masa 2003 r.

WcnbiTaHns nposogunuce npubopom KMO, npegHasHaydeHHbIn [NsS  NpoBefeHus
ANarHoCTUKM C MCMonb3oBaHMeM MeToda ukcaumm  GUMOMHMOPMALMOHHBIX XapakTepUCTUK
obbekToB (naTeHT YkpanHbl Ne54310A ot 17.02.2003 r.). O6nacTb NpUMEHEHMUS - MUKPOBKMonorus,
MeauunHCKas AMarHocTuka.

CbéM napamMeTpoB oOpraHMamMa Wnu BeLlecTBa NPOU3BOAUTCS B TeveHue 3-X CeKyHA
NMPUKOCHOBEHMEM K BXOAHOMY 9feKTpody KOMMrekca 4epes CTepurnbHyl candeTky, ¢
BO3MOXHOCTbIO AarnbHenwen npoBepkn opraHmuama no 56000 napametpos. [lpegycmoTpeHa
BO3MOXHOCTb MOCTOSIHHOTO paclumpeHns 6a3 n konnyectsa napameTpoB uccriegosaHusi. Cuctema
PUKCUPYET U aHanM3upyeT aneKkTPUYECKYd COCTaBNALWY COBOCTBEHHbIX KonebaTenbHbIX
MPOLIECCOB C YYETOM MNPOUCXOASALLMX B BELIECTBE MNM OpraHuame (B3aMmoencTBMe aTOMOB,
MOJEeKyr, MOHO- U NOSIMMEPOB, KINETOK, OPraHoB Mexay cobon n opraHnama B Lienom ¢ paktopamm
oKpy>KatoLlen cpeabl (egbl, ogexabl, atmocdepbl 1 Ap.). 3adMKCUPOBaHHbIA Anana3oH paboymx
yactot 0,001 Mu+338 Iy c amnnutygon ot 0,01 mkB.

OdmumanbHO 3anpOTOKONMPOBAHHLIN Ananas3oH paboumx 4vactot ot 0,01 Tu+1 Ty c
amnnutygomn ot 1 MkB.

Cuctema BbINofHeHa B Kopryce KomnbioTepa «Laptop» ¢ coxpaHeHuem rabapuTHbIX
pasMepoB N C COXpaHEeHNeM CTaHAAPTHbIX (PYHKLMIN KOMMblOTEpa.
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Cuctema npotura rnosnHbI KOMMMEKC aTTeCTauUoHHbIX UCTIBITAHUI, Kak TEXHUYECKUX, TakK U
MEAVLMHCKMX, B BeAyWMX aTTeCTOBaHHbIX Hay4YHbIX W HAyYHO-MEOULIMHCKUX YYPEXAEHUSIX
YkpauHbl (KneBCckMW WHCTUTYT aBToMaTtuku, WHCTUTYT TpaHcnnaHtonormn wn xupypruv AMH
YkpauHbl u ap.). B HacTosilee BpeMs AMarHOCTUKY U NeYyeHne ¢ NpUMeHeHMeM CUCTEMbI MPOLLSN
6onee 3400 nauMeHTOB M NOMyYeHbl NONOXUTENbHbIE pe3ynsTaTbl B 6onee yem 95 % cnyyaes u
3TO C Y4ETOM TOrO, YTO CUCTEMAa HAXOAMTCHA B Ha4arbHON CTaaAnu CTAHOBMNEHUS.

UcnbiTaHna Bosgencteua « ®POPMOCT-1».

[ns npoBegeHns ucnbITaHUMW npurnaweHa rpynna 16 4enoBek pasHOW BO3pPaCTHOM
kaTeropumm, 6e3 ABHbIX NaToNorMyeckmx 3abonesaHun.

Bpems npoBegeHuna ncnoitaHmi ¢ 9-00+18-00.

MpoBepka nposogunack 22 mast 2003 . Npu BO3AENCTBUN HA UCMbITYEMbIX C paccToSHUSA 1
M, MOHUTOpPOM «Samsungy, Tenesm3opoM «Panasonic» 6e3 cnonb3oBaHMs 3aLUTHOIO YCTPOWCTB
«POPIMNOCT-1» (tabn. 13), a 23 maa 2003 r. - C WCMNONb3OBaHWEM 3aLLUUTHOrO YCTPOWCTB
«®OPIOCT-1», KOTOpPbIA BblN YCTAHOBMEH MEXAY UCMbITYEMbIM U MOHUTOPOM (3KpaHoM) (Tabn.
14).
Bpems Bosgenctaund - 30 MUHYT.
lMpoBepka npoBoaunacbk no nokasatensm: odpranbmonorna (Od.), cepaeyHo-cocyauctas (C-C),
nMmmyHHas (M) cuctemsl.
MNpun pabote 6Gbina npeanoxeHa gopma oTyeTa:
4 "-" - oTpuuaTenbHbIN NoKasaTensb,
v "0"- pukcauns «6e3 NsMeHeHnny.

Tabnuua 13
Pesynbrathl ncnbitabmi 22.05.2003 r.

Ucn
bl Bo3 MoHuTOop, KM3 MNMokasaTtenu
Tye | pact | TeneBu3op nocrne Bo3QencTBUsA
MbIN

2 3 4 5

18 «Samsung» | Ocp. C-C. Um. R

23 | «Samsung» | Od. C-C. Mwm. TRCERTTRT
23 «Samsung» O(p C_C VIM n_n "n n_n
26 «PanaSOHIC» O(p C_C VIM n_n "_n nn

40 | «Panasonic» | Og. C-C. Uw. B}
23 | «Samsung» | Od. C-C.Vm.
25 | «Samsung» | Od. C-C. Vm. B
23 | «Panasonic» | Odg. C-C. Uwm. oo
36 | «Panasonic» | O. C-C. Vm. EEEE
24 | «Panasonic» | Od. C-C. Uw. B
22 | «Panasonic» | O. C-C. Vm. O
42 | «Panasonic» | O. C-C. Uwm. 0 o Tor

46 | «Samsung» | O. C-C. Uwm.
18 | «Samsung» | Od. C-C. Um.
27 | «Samsung» | Od. C-C. Vim.
30 | «Samsung» | Op. C-C. Vm.

olalnlanlR2alo|e(N|o|o|s|win|= =
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Tabnuua 14
PesynbtaThl ncnbitTanmi 23.05.2003 r.

Ucn
bl Bos MoHuTop JCLEREENL
’ KM3 nocne
Tye | pacT | Tenesu3op R G
MbIW
1 2 3 4 5
1 18 | «Samsung» Odp. C-C. Um. "o" "o "-"
2 23 | «Samsung» Od. C-C. Nwm. "o" "o "
3 23 | «<Samsung» Od. C-C. Um. R O O
4 26 | «Panasonic» | Od. C-C. Uwm. "o"_"0" "O"
5 40 | «Panasonic» | Oc. C-C. Um. "o" "0 "0"
6 23 | «Samsung» Od. C-C. Nm. R A O
7 25 | «Samsung» Od. C-C. Um. "o" "0 "o"
8 23 | «Samsung» Od. C-C. Nwm. "o" _"0" "0O"
9 36 | «Samsung» Od. C-C. Uwm. "o"_"0" "0O"
10 24 | «<Samsung» Od. C-C. Uwm. "0" "0" "0"
11 22 | «<Samsung» Od. C-C. Um. "o" "0 "0"
12 42 | «Samsung» Od. C-C. Vm. "o"__"0" "0"
13 46 | «Samsung» Od. C-C. Vm. R N O
14 18 | «Samsung» Od. C-C. Uwm. R N O
15 27 | «<Samsung» Od. C-C. Nm. R N O
16 30 | «Samsung» Od. C-C. Um. R A O

T. 0., NoablIToXMBasa pesynbTaTtbl, NpuBeaeHHble B Tabnuue 13, MOXHO 3aMeTUTb, YTO
BO3JENCTBME MOHMTOpPa Ha 4enoBeka 0e3 3alMTHOrO YCTPOWCTBA OTpULATENbHO CKa3biBaeTcs
NpakTU4YeCcKkn No BCeEM TPEM NoKasaTensim.

1. Odranbmonorus - 100%;
2. C-C -62,5%:;
3. M- 81,25%.

PesynbraTthl, npuBedeHHble B Tabnuvue 14 nokasbiBaeT SBHbIM  3dEKT 3aWunTbl  MpU
ncnonb3oBaHun 3awmTtHoro ycrponctea « POPIMOCT-1».

1. Odpranbmonorus - 62,5%;

2. C-C - 100 %;

3. M - 87, 5%.

BbiBoa:

3awmtHoe  yctpounctBo  «®OPMOCT-1»  MoXeT OblTb  PEeKOMEHOOBaHO  Kak
npounakTnyeckoe CpeacTBO ANS YCTPaHEeHUS DakTOPOB HEraTUBHOMO BAMUSIHUST HA NONb30BaTers
TOPCUOHHOW KOMMOHEeHTbl OMW monuTopa [K, akpaHa TV, gpyron 3neKTPOHHOW TEXHWKU; B
YACTHOCTW, ANSA YMEHbLUEHMS BO3OENCTBUS YNOMSHYTbIX U3MYyYEHU Ha 3pUTEnbHbIA aHannsartop,
CEPAEYHO-COCYANCTYHO N UMMYHHYH CUCTEMBI.

Ewe ogHa nposepka BnuaHua yctpornctBa «POPIMOCT-1» Ha cocTosiHMe  300pOBbS
nonb3oBaTesns, PacrnonoXeHHoro BONM3M MOHMTOpaA KoMmMbloTepa, Obina ocyuwecteneHa B. WU.
CTtaBuMUKMM, K. T. H., CTaplMM Hay4HbIM COTpyAHMKOM nabopatopun 6Guononen LleHTpa
dyHaameHTanbHbIX Nccnegosannin Akagemunn EctectBosHaHns B doespane 2000 .

B npotokone ncnbitaHnin « POPIMNOCT-1» ykasaHo, 4YTO B pe3yrnsrate Hay4YHO-TEXHNYECKOro
nporpecca BO3pacTaeT akTyanbHOCTb MpefynpexneHns 4YenoBeka O BO3MOXHOCTM OMAaCHbIX
TEXHOrEeHHbIX BO34ENCTBUN. He mncknioyeHa onacHOCTb U HEesABHbIX BO3OEWNCTBUM Ha 4erioBeka,
KOTOpble HE [AOCTYMNHbl KOHTPOM B pearlbHOM BPEMEHW, HO MOryT Bbi3BaTb HeoGpaTuMbie
HapyLeHNs 300pOBbsA BNOCNEACTBUN.

B cBA3M C 3TMM BO3MOXHble Mepbl 3aliUTbl YerioBeKa OT HEeSIBHbIX BO3AEWCTBUN YXKe
npuHMMatoTcs. B kayecTBe OQHOro M3 CpeacTB 3alMThl, B YACTHOCTU, OT TOPCUOHHON KOMMOHEHTbI
n3nydyeHmn moHutopa npeanaraerca yctponcteo «POPIMOCT-1». Ho BbisiBneHvne addekta
3alWmnThbl B NpoLecce BO34ENCTBUSA OCITOXKHEHO B 3TOM Cryvae TeM, YTO (pakTopbl Kak BO34eNCTBUS
Ha 4ernoBeka, Tak 1 ero 3aWuTbl He JOCTYMHbI ANA NPsIMOro HabnoaeHus.
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B cBA3n C 3TMM Ona peleHns 3agayn MCnonb3oBarncsa perncTpupyowmin npubop HOBOro
nokoneHunst «Anetponcuxorpada» [60]. 3BecTHble NpsiMble CNOCOObLI NCcneaoBaHMst MPOLIECCOB U
COCTOSIHUI 4YeroBeKka Mpu MOMOLUM JMEKTPUYECKMX CUTHANOB MO3BOMSKT M3MEPSTb TONbKO
SHepPru HocuTens Hpopmaumu.

B otnnume oT HUX gencteme «ncmxorpada» OCHOBAHO Ha KavyeCTBEHHO HOBOM crnocobe u
cucteme, 3anaTeHToBaHHOM B Poccuiickon Pepepaumn. MHDOOPpMaALNOHHBIE BO3MOXHOCTU 3TOW
CUCTEMbI pacCLUMpEHbl 3a CYET y4YeTa BOMHOBbLIX CBOMCTB HOcuTensa uHdopmMaumn. [ng atoro B Hewn
MUCNonb3oBaH [daBHO W3BECTHbIA ONEKTPOBAKyyMHbIA MNpubop  «nonuTpoH». «[lcmxorpad»
AoryckaeT BO3MOXHOCTb BblAENeHNs AONONMHMTENbHOW nHdopmauun o6 nccrnegyeMom obbekTe.

OTO nonesHo B Tex Criyyasx, Korga CywecTBeHHa KBaHTOBas Npupoda B3avMOAENCTBUSA
3apagoB. 3aKOHOMEPHOCTU KBaHTOBOMO B3aMMOLEWCTBMS 3apsaioB Kak (hU3NYEeCcKOro sBneHus
M3BECTHbl (PyHOaMeHTanbHOM Hayke Kak adpdekt AapoHoBa - boma. Ho nposeneHue aTtmux
3aKOHOMEpPHOCTEN B aHOManbHOW MOAYMAUMM PEermcTpupyemoro 3feKTPUYEecKoro curHana
YyenoBeKka MoMy4yeHo, Kak HaM M3BECTHO, BNepBble B MMPE C MOMOLLbIO ncuxorpada. C NOMOLLbLO
ncuxorpadga BO3MOXHO BbIsIBNIEHWE 3aBMCUMOCTU YerioBeka OT pasfmyHbiX BHELLHUX (pakTopoB, B
TOM u4ucre W TakuX, KOTopble He nopgarTca uamepeHuto. Ecnu atm cakTopbl nogpatotcs
ynpaBfeHMio B Xo4e WCMNbITaHWA, TO MOXHO [OOCTUYb YAOBMETBOPUTENBHOWM CTATUCTUYECKON
OOCTOBEPHOCTU 3KCNEPUMEHTOB. MIMEHHO 3Ta BO3MOXHOCTb MCMOMb30BaHa Mpu  UCMbITaHUK
yctponctea «POPIMOCT-1». Bbino npoBegeHo AecaTb CeaHCOB BO3OENCTBUS YCTPOMCTBA Ha
YyenoBeKka, KOTOpbIA pacnonaranca Ha pacctosiHum He 6onee 40+50 cm OT aKkpaHa MoHuTOpa. B
TeuyeHue Kaxaoro ceaHca, npogorkasiuerocs 1000 cek, UCNbITyeMbI Haxoausncs nepes aKpaHom,
a ero CoOCTosAHME HenpepbiBHO KOHTPONMPOBanoch NCUxorpadom.

0 250 500 i ioex) LOog

Puc. 43
C uenblo BbISABMEHUA 3aBMCMMOCTW COCTOSIHUSA 4YerioBeka OT BO3AEWCTBMSA YCTPOMWCTBA
BO3[ENCTBME HOCUITO MEPMOAMNYECKMIA XapaKTep: B NEPBON N TpeTbeN (ha3ax ceaHca (puc. 43 n 44)
YCTPONCTBO OTCYTCTBOBAasrio, a BO BTOPOW M 4YeTBepTOM haszax ycTaHaBNMBaANOCb MOA 3KpaHOM
MOHMTOPA COrMacHO YKasaHUsM UHCTPYKLUU.

i)

i5

5 [ [

1m0

Puc. 44
Kaxablh ceaHC Bkrnoyan uJeTblpe ¢asbl paBHOWM MNPOAOIMKUTENBHOCTU MO BPEMEHW.
Pesynbratbl npeactaeneHbl uM3MeHeHveM 0606LLEHHOrO napamMeTpa COCTOSHUSA YerioBeka
(rpadomkmn 2 Ha puc 43 n 44).
C uenbio nNpoBepkM BIMSAHUSA YCTPOUCTBA Ha ncuxorpad, MNOMUMO YeroBeka,
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pernctpmMpoBanucb nokasaHma ncuxorpada npu yctaHOBKe YCTPOMCTBA B aHanormyHoM Mnopsiake,
HO 6e3 noaknveHnsa ncuxorpada kK Yenoseky (rpadukm 1 Ha puc. 43 n 44).

Ha puc. 43 nokasaHbl XxapakTepPUCTMKM OOHOrO CeaHca, a Ha puc. 44 - xapakTepucTuku,
00606LLeHHble MO Bcen ba3e AaHHbIX.
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Puc. 45
B kauyecTBe KONMMYECTBEHHbIX NAPaMeTPOB ANsl OLEHKM 3aBUCUMOCTU (MNK ee OTCYTCTBUS)
COCTOSIHUS YenoBeKka OT HanMyusa yCTPOMCTBA, UCMOMb30BaNUCh: «OTHOLLEHUS curHan/nomexa» (r,
puc. 45) un «koacpdumumeHt koppensumm» (k, puc. 46). DT napameTpbl XapaKTepusyoT
COOTBETCTBME MEXAY peakumen yenoseka n ¢as3on BO3OENCTBMSA YCTporcTBa (nogpobHee 06 aTux
napamerpax cMoTpeTh B [60]).

L= F] + & B id

Puc. 46

[Ona  npoBepkn  CTaTUCTUYECKOW  [OCTOBEPHOCTM  HAKOMMEHHoM ©6asbl  AaHHbIX
KONMMYECTBEHHbIE OLEHKN pacCYMTbIBaANUCh Kak ANs KaXaoro oTaenbHOro ceaHca, Tak U ansa Bcero
MHOXeCTBa No Mepe HaKonneHns AaHHbIX OT NepBOro A0 AeCATOro ceaHca.

Xapaktep MOMnyyYeHHbIX 3aBUCUMOCTEM M YCTOMYMBOE BO3pacTaHME pasnnyuuin mexagy
nokasaHmsimm rpacukoB puc. 43 n puc. 44 no mepe HakonneHus Gasbl AaHHbIX OMNPeAeneHo
cBugeTenscTByeT 0 BrnuaHun yctponctea « POPIMNOCT-1» Ha coCcTosiHUE YernoBeka, pasmeLLéHHOro
nepen SKpaHoOM MOHWUTOPA.

XapakTtep rpadumkoB puc. 43 nokasbiBaeT Takke, YTO NpeacTaBrieHHble Ha rpadukax puc.
44 3aBMCMMOCTM He 0bycroBneHbl HenocpeacTBeHHbIM BnnaHnem yctporctea «POPIMOCT-1» Ha
nokasaHusi ncmxorpada.

C y4yeTOM HaKoOMMeHHoOW CTaTUCTUKM  UCMNonb3oBaHWa ncuxorpada [60] MOXHO
paccmaTpuBaTb 3aMeETHOe BblpaBHMBAHWE XapakTepuUCTUK B dasax BO3OENCTBUA YCTpoWCTBa
«®OPIOCT-1» BO3MOXHO Npu napannensHoM HabnoaeHun pusnonormyeckmx nokasartenem.

MOHUTOPUHI HEKOTOPLIX PU3MONOrMYECKMX NoKa3aTenen IHepreTMkn BHYTPEHHUX OPraHoB
N MCMXOCOMATMYECKOrO COCTOSHUS nonb3osaTens MK B LenoM MOXHO OCyLeCTBUTb, UCMNOMb3ys
annapaTtHbli komnnekc «GDV —Cameray, nponssogmmoro B PO.

CneuuanbHbiMu nporpammam («CDV PROCESSOR», «CDV AURA» n «CDV DIAGRAM»,
npoBoauTCcsl MaTemaTudeckad ob6paboTka nonyyeHHbix 6uoanektporpamm (B30 - rpamm),
NO3BOMNSAOLLAA HA OCHOBaHMU KONMMYECTBEHHOW OLIEHKN MapamMeTpoB U300paxeHns OCyLecTBnATb
9KCNpecc-AMarHoCTMKy W HabniogeHve (MOHUTOPWUHI) 3a MCUXOCOMaTUYECKMM COCTOSHUEM
Yyeroseka B LiefloM, a TaKKe SHepreTUKon ero BHYTPEHHNX OpraHos.
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Komnnekc «GDV-Camera», oOCHOBaHHbIA Ha MeToge [asopaspsgHon Busyanusauuu,
yCMNEeLWHO NPUMEHSETCS B HAy4YHO-UCCea0BaTeNbCKON NpakTuke B 06ractu MeguLumMHbl A8 OLEHKN
pasnu4HoOro poga BO3OEWCTBMMA Ha OpraHM3M 4enoBeka, B TOM 4uCrie anfonatmvyeckux u
romeonaTn4yeckmx npenapaTtos, NCUX0- U nsnoTepanmm.

WccnepoBaHme adheKkTMBHOCTM 3awimTthl nonb3oBatensd npubopom «POPIMOCT-1» ot
HeraTMBHOro BNMsHUS MoHuTopoB K ObITO npoBegeHo Ha 14 nauueHTax B AHEBHOE BpPEMS B
deBpane — mapte 2000 r.

BospacTt ucnbiTyembix konebanca 17+60 net, B OCHOBHOM 3TO 6binu niogn 35+50 neT.
McnbiTaHns npoBogunuck Ha Tpex K mmnopTtHoro npoussoactBa 1999 r. Bbinycka. CTteneHb
3aWnTbl Nonb3oBaTenss OT M3BECTHbIX BpPedHbIX W3MyYEeHUW, HEeraTMBHO BIMUSAIOWMWX Ha HEro,
ofvHakKoBas.

Mepeg Havanom wucnbiTaHM paboune Mecta ObinyM  pacnonoXeHbl Tak, 4ToObI
nonb3oBartenu K He Haxoannuck B reonaToreHHbIX (bMonaToreHHbIX) 30HaXx.

McnblTaHns NpoBOANNUCE B TeYeHue 4 4yacos.

OKCNEePMMEHT COCTOSAN U3 YeTbipex YacTen.

1. Ha nepBom sTane nepeag Hadanom ucnbiTaHuin 6bin onpederneH u 3adumkcnpoBaH YpPOBEHb
COCTOSIHWUS 300pOBbs MO NoKasaTensm, NofyyeHHbIM MPU CbeMKe CBEYEeHUS OeCATU nanbLes
PYK UCMbITYEMbIX CTaH4apPTHbIM cnocobom Ha npubope «GDV-Camera» B hOHOBOM pexume.

2. Ha BTOpOoM 3Tane 3TUM e WCNbITyeMbiM npegnaranocb nopabotate 6e3 3aWMTHOrO
yctponctea B TedyeHne 10 MuH. o MCTeYEeHMM 3TOrO0 BPEMEHM MPOBOAMSIAcb MNOBTOpHast
cbeMka Ha npubope «GDV-Camera».

3. Ha Tpetbem 3Tane wucnbiTyeMbiM Mpegnaranocb BbINTU U3 30HbI AencTeBusa nesoro Tl u
nogepxatb B pykax npmbop «POPIOCT-1» B TedeHne 10 MUH MO NCTEYEHUN ITOTO BPEMEHMU
BHOBb NPOBOAMIIACH NOBTOPHAsA cbeMka Ha npubope «GDV-Cameray.

4. Ha yeTBepToM 3Tane ncnbiTyeMbliM npeasaranocb nopabotaTh 3a KOMMNbIOTEPOM B TEHEHUE 2-X
yacos, npu atom «POPIOCT-1» Haxoannca nog MOHUTOPOM B COOTBETCTBMM C MHCTPYKLUMEN
Mo Nofb30BaHUIO.

Mpn peructpauun wuHpopmaumm npubopom «GDV-Camera» wucCnbITyeMbld CTaBuT
nooyepenHoO Manblpbl Ha 3NEKTpo4 M3 ONTUYECKOro cTekna v npu nogadye kopotkoro (10 Mkc)
UMNynbca HanpshkeHWs Ha MOBEPXHOCTWU 3NeKTpoda BO3HUKAET CKONMb3ALMA pa3psag, KOTOpbIN
dmKcnpyeTecst ONTUYECKoOn cuctemon npubopa.

Mpn cwvemke cobnogann cooTeeTcTBYyOWME npasuna pabotel ¢ «GDV-Cameray,
KacaroLmecs yrna HakrnoHa nanbueB OT BepTUKanu u pacrnorioXeHus ocu narnbla OTHOCUTENbHO
ocu npubopa.

Mocne dukcauun B nporpamme «CDV GRABBER» uHdopmauuns obGpabatbiBanacb B
nporpamme «CDV-DIAGRAM».

B atom nporpamme Ha 16 nyyax KonbLUEBOWM guarpaMmmbl AN fIEBOM U NpPaBoON PyKu
OTOAeNnbHO B rpaduyeckom Buae oOToOOpaxaeTcsd HOPMMPOBaHHasd Nowagb 3aCBETKU
COOTBETCTBYHOLLNX CEKTOPOB, CBA3AHHbLIX C TEM UMM MHbIM OPraHoM MUnM cuctemown yenoseka. Mo
TOYKaM Ha Jfyyax CTpPOUTCA 3aMmkHyTas KpuBas (puc. 47). BHelwHee konbuo Auarpammbl
COOTBETCTBYET W3ObLITOMHOW 3HEPrMn opraHa WM CUCTEMbI YenoBeKa, BHYTPEHHUA Kpyr -
HeJOCTAaTOMHOW 3HepreTuke, cpefHee KOombLo - HOPMarbHOMY COCTOSAHWMIO. WM3BLITOK  unu
HeOOCTaTOK 3Heprun onpegensieT runep- unuM rmnodyHKUMI0 opraHa (CMCTeMbl) 4eroBeka.
BnuaHne Ha 9HepreTuKy 4enoBeYecKoro opraHu3ma OLueHMBanocb MONyKONNYEeCTBEHHbIM
METOAOM, MPU KOTOPOM YYMThLIBANOCh HanuMuue pasHULbl Mexay KOHTPOSbHOW AuarpaMmmon u
anarpaMmmon nocrie COOTBETCTBYIOLLErO BO3AENCTBUA. Takke YYMTbIBANoCb HanpaBfeHHOCTb
gencteua npubopa «POPIMOCT-1» - BbiI3bIBAET M OH yXyAWEHWE WM yhydlleHue
3HEepreTU4ecKoro COCTOsIHME OpraHoB (CUCTEM) YeroBeka.

PesynbraTthbl

Ha pgnarpamme nporpammbl  «CDV-DIAGRAM»  kaxgomy w3 16 nydenm COOTBETCTBYET
onpeaerneHHbl opraH (cuctema) Tena yenoseka. [lnarpamma gBoviHas - 4ns NeBon U NPaBon pyku
oTaenbHo. Npusogum rpamkn n aypbl OQHOTO U3 UCTbITYEMbIX.

lMpenBapuTenbHO CHPOPMYNUPYEM HEKOTOPblE OCHOBHbIE MOHATUSA, KOTOpbIMU Byaem
PYKOBOACTBOBATLCA B JaribHEWLWeEM: OCHOBHbIMU HOCUTENAMW WHpopMaumm B B61oobbekTe u o
BnoobbekTe SABNAIOTCA  LUMPOKOMOSIOCHbIE KonebaHus pasnuyHon npupodbl, B TOM 4uche
3NEKTPOMArHUTHbIE, aKyCTUYECKME, TOPCUOHHbBIE CIOXKHENLLEN KOHUrypauuu.
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Puc. 47
CocTosiHMe 340pOBOro YeroBeka 1 ero aypa.

[Ona noHMMaHusa npupoabl HeraTMBHOrO BO3AENCTBMS crnabbix M cBepx crnabblX BHELUHWUX
BO34eNcTBMM Ha nonb3oBatens K Heobxogumo, Kak MUHUMYM, NPUBMNEYEHME COBPEMEHHbIX
MOHATUA, HE BKIMIOYEHHbIX B KMACCUYeCKyld OMOonorMio u MeauumHy, Takmx Kak npuHUMN
HeycTon4YnBon paBHoBecHocTn (3. C. bayap) n noHaTMe KorepeHTHOCTM B XuBbiX cuctemax (B. K.
BbixoBckun).

ObpeKkTMBHOE UCNONB30BaHME 3SHEPTUU >KMBOFO OpraHM3aMa ana obecnedyeHus ero
YCTOMYMBOIO HepaBHOBeCUSA (aBTOHOMWW) B OKpyXatwllerh cpede BO3MOXHO nuvb Npwu
CornacoBaHHON (KOorepeHTHoN) paboTe KNeToK Kak NEPBUYHbBIX 3NIEMEHTOB LIENOoro.

HapyweHne KorepeHTHOCTW nof BO3OEeWCTBMEM BHELWIHWX BO3OeUCTBMW BedeT K
HapyLEeHN0 ero CUCTEMHOrO 3JHEepProMHopmMaunoHHoro obmeHa, 4YTO B nepeBode Ha A3blK
COBPEMEHHbIX 3KCTPACEHCOB O3HaYaeT «0bpa3oBaHue Ablp B aype».

McxopHoe cocTosiHMe UCMbITYEMOTO 1 ero aypa.
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ips derne

Puc. 49
CocTtosHue ncnbityemoro nocne 10-MuH. NnpebbiBaHMsA nepes 3KpaHOM MOHUTOPa
(dpyHKUMOHaNbHOE COCTOSIHME OpraHn3Ma yxyaLWwnnoch - yMeHbLUMIacb HOPMUPOBaHHAA NnoLwaab
3acseTku cektopoB B3O — rpamm, ocobeHHO B nyvax KonbLEBOW AnarpaMmmbl NPaBon PyKu)
CoctosiHue aypbl ucnbityemoro nocrie 10-muH. npebbiBaHWA nepea 3KpaHOM MOHUTOpa
(HapyLweHue nons B obnacTtu ropna, yeenuyeHme ymucna «npoboes» aypbl).

farw L.

MapameTpbl COCTOSAHUA 300poBbs Monb3oBatenen 1K, He 3alUMLLEHHBLIX YCTPOWCTBOM
«POPIMOCT-1», uMenu TeHAEHLMIO K MOHUXEHMWIO CO BpemeHeM (puc. 49).

Puc. 50

CoctosiHne ucnbityemoro nocne 10-MuH. NpUMEHEeHns 3almMTHOro ycTponcTtea (obLiee
yHKUMOHAanNbHOE yrny4lleHne COCTOSHNUS opraHu3ma - yBenuyunacb HOpMUpOBaHHas nnowagb
3acseTku cektopoB B3O — rpamm, ocobeHHO B nyvax KonbLEeBOWN AnarpaMmmbl NPaBon PyKu).
CoctosiHme aypbl ucnbiTyemoro nocrie 10-MuH. NPUMEHEHNS 3aLUTHOMO YCTPOUCTBA

-74 -



(BOccTaHOBMEHWE «NPOGOEB» ayphbl, yCUIeHne B 06acTy rofnosbl).

Puc. 51

®parMeHTbl aypbl UCMLITYEMbIX COOTBETCTBEHHO B MCXOAHOM COCTOSIHUK, nocne 10-MUHYTHOro
npebbiBaHMA Nepen aKkpaHOM MOHUTOpPA (YETKO NPOCNEXNBAETCS YBENNYEHNE Yyncna npoboes
aypbl B 0611aCT CNMHHOIO MO3ra nonb30BaTeNs) U COCTOsAHNE aypbl UcnbiTyemoro nocrne 10 —
MWHYTHOTO NMPMMEHEHMS 3aLLMTHOIO YCTPOWUCTBA AT BO3MOXHOCTb OLIEHUTb 3¢hEKTMBHOCTD
3awmTbl Npy npumeHeHun «POPIMOCT-1» (HabnogaeTcs CyweCTBEHHOE Yry4lLEHNE COCTOSIHUE
aypbl, XapakTepuaytoLweecs yMeHbLUeHNEM KonmyecTBa Nnpoboes B aype).

Mo cocTosAHUO «3HepreTukn» ucnbliTyeMble obpasoBanu Heckonbko rpynn. B npegenax
HopMbl - 3 yernoseka. Hopma ¢ psgom opraHoB (CUCTEM) C HEQOCTATKOM 3Heprumn - 4 vyeroseka.
Mpeobnagatowas runoyHKUUS UNN NOrPaHNYHOE COCTOsHUE - 2 YenoBeka. CmellaHHbI T1n - 5
YenoBek.

B npouecce akcnepumeHTa 6bino 3adukcmpoBaHo 48 (12 % oT obwero yucna M3MeHeHWn)
Hanbornee cunbHblx Bo3gencTeum TU MK Ha cocTosiHne opraHoB (CMCTEM) YenoBeka.

«MuweHsamn» okasanucb Mmodenonosas cuctema (Urj-Genital) - 12%, a Takke -
nomkenynodHasl xenesa (Spleen), neveHb (Liver), aHgokpuHHaa cuctema (Endocrine) n noudku
(Kidneu), cocTtaBuBLluMe Gonee MOMOBUHbI BCEX MaKCUMarnbHbIX M3MeHeHun. OcTanbHble OpraHbl
MEHbLLEE YMCMNO pa3 UCMbITbIBany HEraTMBHOE BO3OENCTBME U3MYYEHUI MOHUTOPA, NPUBOAALLMX K
N3MEHEHMIO UX «IHEPTETUKM», 0COBEHHO 3TO OTHOCUTCA K cepauy (Heart) n kuwednuky (Colons).

CnegyeT OTMETUTb pasHWUy Mexay npaBoln W NEeBOW pykaMuM B KONU4YecTBe
3a(hMKCUPOBAHHBIX M3MEHEHUA B TOM WM MHOM OpraHe. YMcno U3MeHeHW Ha npaBoOn pyke
NpUMEepHO B 2 pa3a 4allie NpeBbillano COOTBETCTBYIOLLEE 3HAYEHNE Ha NEBON pyke.

Bbina obHapyxeHa HekoTopas M3bupaTenbHOCTb B BO3AENCTBUN Ha P OPraHOB XEHLUMH
M MYXYUH. Y JKEHLUMH MakCMManbHOoe BnUsiHMe UKCMPOBANocb B 06nacTv, CBA3AHHOW C
nomkenynovHown xeneson (90%), y Myk4nH Hanbornee 4yBCTBUTENbHbLIMW OKasanucb noyku (80%).

Kpome TOro, creneHb Bo3genctsus moHuTopa [MK Ha nonb3oBatend  3aBUCUT M OT
NCUXOU3NONOrMYECKOro COCTOAHMS UCMbITYEMOrO B NepUoA BO3OENCTBUS.

B pesynbrate npoBedeHHOro aHanusa (TpPeTU 3Tamn, nonb3oBaTenu aepxanu npubopsbl
«POPIIOCT-1» B pykax B TeyeHne 10+15 muH.) BGbina obHapyxeHa HanpaBreHHOCTb OEWCTBUS
«®OPIMOCT-1» Ha rapMOHMYHOE COCTOSAHME, T.€. MPUOOP BLINOHA KOMNEHCATOPHYH OYHKLMIO.

B OGonblMHCTBE cCry4YaeB WU3MEHEHUA «3HEPreTUKM» OpraHoB (CUCTEM) HOCUNK
rapMOHM3UPYIOLWNIA XapakTep C TeHOEHUMEN K «HOpMe», T.e. Habnoganocb MNONOXUTENbHOE
BMMsSHWE npubopa, NpMyYeM B paBHOW CTENEHU, KaK Ha MY>XYWH, Tak U Ha XXeHLWKH (puc. 50).

PesynbraTbl aHanus3a napamMeTpoB COCTOSHUA 300poBbs nonb3osaTenen [1K, koTopble
Obinn  3awmuieHbl  yctponictBoM  «®OPIMOCT-1»  OT  HeraTMBHOIO  BAWUSIHUA  TOPCUMOHHOW
KOMNoHeHTbl AMW monHuTopoB [K, cBMOETENbCTBYIOT O TOM, YTO €€ BIUSIHWE Ha COCTOsAHME
300pOBbSA Mofb3oBaTenen 3HavyMTenbHO OcnabneHo, Tak Kak nokasaTenu COCTOSHMSA 300pOBbS
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AaHHbIX nonb3oBatenen [MK Ha npoTAaAXXeHun BCero BpeMeHU UCNbliTaHnA CyweCTBEeHHO He
N3MEHWUITUCDL.

BbiBOAbI

* Pesynbratbl UcnbiTaHMn nokasanu, 4to yctponcteo «POPMNOCT-1» 3Ha4MTENbHO yMeHbLuaeT
BNNSHME TOPCUOHHOW KOMMNOHeHTbl 3MW moHutopoB [1K Ha nonb3oBaTenen, u ero
NCNOMNb30BaHNE MOXHO CBA3bIBaTb C GNaronpusiTHbBIM NPU3HaKoM cTabunusaumm COCTOSAHUS
340poBbs nonb3oBatenen MNK.

*  YNomsiHyTO€ YCTPOMCTBO MOXET OblTb PEKOMEHOOBAHO Kak NpodunakTmyeckoe CpeacTBo Ans
yCTpaHeHUs1 haKTOPOB HEraTUBHOIO BITMSIHUS TOPCUOHHOW KOMMOHEHTbI AMW monunTopos K,
TEeNeBn3opoB, APYron ANIEKTPOHHON TEXHUKN.

Kpome T1oro, B . Yde (Poccusi) Gbinm npoBeAeHbl UCMbITAHMSA, LENb0 KOTOPLIX SIBMISNIOCH
yCTaHoBUTb Hanuuune Tl B Buae nHgpopmaumoHHON KOMNOHEHTbI MW MOHMTOPOB 1 ONpeaennTb
achbdekTnBHOCTL npumeHeHnst yctporctBa «POPIMOCT-1» nytem wmsmepeHua  6e3onacHoOro
paccTosHMA OT MOHUTOPOB A0 nonb3oaTens MK ¢ nomowwbio npubopa «UMFA-1».

Mpy NpoBegeHUM NCNbITAaHUI NPUHUMaNN y4acTue:

. OO0 «Mepguko-akonorndeckas coupma J1lant-2x»;

. Kadpegpa «besonacHOCTb NPoOM3BOACTBA U MPOMIKONOrMsa» YMUMCKOro rocygapcTBeHHOro
aBMALMOHHOIO YHNBEPCUTETA;

. 000 «CnuHop NHTEpHELWHNY.

McnbiTaHms npoBogmnmchb ¢ nomowbio npubopa UMFA-1 Ne0502017, koTopbi NpeacTaBnsieT cobomn
BbICOKOYYBCTBUTENbHbLIA CEMNEKTUBHLIN uameputens OMI1. [lpegHasHavyeH AN M3MeEpEHUs
3NEeKTPOMarHUTHOW CcocTaBnsAwLWen reoMmarHutHoro nona 3emnu B AnanasoHe 5+10 «klu,
YYBCTBUTENBHOCTb - OT €4MHUL, 4O COTEH MUKOBOSLT.

B kauyecTBe BbIXO4HOrO napameTpa npubopa mcnonb3yeTcs uHTerpan ¢asoBoro casura Ha
aHanmsnpyemon 4actote. [1pubop BLINOMHEH B BUAE MEPEHOCHOIO U3MEPUTENBHOMO AaTtyvka C
BM3yarbHOW MHAMKAUNEN N COEANHEHHOTO C HUM Kabenem, 6noka nuTaHus.

MutaHne npubopa ocyLlecTBNsIETCA OT CETU nepemeHHoro Toka 220 Bonbt 50 repu, nnu
akkymynaTopa 12 BonkT, noTpebnsemas MOLWHOCTL - He 6onee 5 BaTT.

Mpunbop «UIMA-1» nsrotoBnsieTca Meanko-akonornyeckon ompmon «Jlant-2», r. Yopa, PO.

McnbiTaHnss npoBogunncbe Ha Tpex [MK mMMnopTHoro npou3BoacTBa (MOHUTOPLI hrpm
SAMSUNG, B ToMm umncne un XK), 2002 r. Bbinycka.

CepunHaga cTeneHb 3alMTbl MOHUTOPOB OT M3BECTHbIX BPEOHbIX W3My4YeHun, HeraTMBHO
BMNSIOLLMX HA HEro, OANHaKoBas.

Mepen Hayanom ucnbiTaHnn pabovre mMecta BbiNM pacnonoXeHbl Tak, YTOObI MOHUTOPLI
MK He Haxogunuchk B [T13, T.K. HAXOXOEHME UX B YNOMSIHYTbIX 30HaxX MOrMO Obl MOBMUATL Ha
pesynbratbl nameperuin. Onpegenexve M3 B nomelieHMn NpoBOAMOCH C NOMOLLLIO npubopa
«NTA-1».

McnblTaHns npoBoanNUChL B TeYeHne 4 4acoB. SKCNEPUMEHT COCTOSAN M3 ABYX YacTeun.

Ha nepBom aTane nepeg HayanoMm UCMbITaHWMA ObIIO MHOMOKPATHO OMNpedeneHo U
3admkcmpoBaHo npubopom «UIMA-1» BGesonacHoe paccTosiHMe AN Nonb3oBaTensi OT MOHMTOpa
6e3 yctponctea «POPIMOCT-1». BennunHa atoro pacctosdHnsa Haxogunach B npegenax 50+80 cm
AN pa3HbIX MOHUTOPOB.

Ha BTopom 9aTane nepeg MOHUMTOpPaAMW, COMMACHO MWHCTPYKUUM MO  UCMNOMNb30BaHUIO,
pacnonaranu nagenusa «POPIMOCT-1» Ha paccTossHUKM 5CM OT 3KpaHa Ha CTofe Mo LEHTPY 3KpaHa.
Mpn oTom 6GesonacHoe paccTosiHie OT MOHUTOopa, dukcupyemoe npubopom «UMA-1»,
yMeHbLumnock o 10+15 cm.

BbiBoabl

PesynbraTbl nccnegoBaHUn NOKasbiBaOT 3HAYMTENBHOE YMEHbLUeHe 6e30MacHOro paccTosiHus ot
MOHWUTOPOB, KOTOpble BbiNn OcHaLLeHbl ycTporcTBoM 3awwmTtbl «POPIMOCT-1», 4o nonb3oBaTtens
MK.

B kayecTBe CpaBHUTENbHbIX NAPaMETPOB MOXHO OTMETUTL, YTO MO APPEKTUBHOCTU 3aLUUTHI
yctponctea «POPIMOCT-1» conoctasumsbl ¢ nsgenusamm POTAH (pupma «POTAH», r. Mockea,
Poccust), n B Heckonbko pa3 achdekTmBHee nsgenun «Famma-7» (dpupma «Famma-7», r. Mockea,
Poccus).
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3akntoyeHue

PesynbtaTbl ncnbiTaHM nokasanu, 4to yctponcteo « POPIOCT-1» 3HaUMTENbHO yMEHbLIAET
BMUSIHNE TOPCUOHHOW KOMMOHeHTbl QMW moHuTopos MK Ha nonb3oBaTenen, 1 ero Ucnonb3oBaHve
MOXHO CBsi3bIBaTb C BnaronpuATHbLIM NPU3HAKOM CTabunmM3auumn COCTOAHNS 300POBbS
nons3osarernen MK.

1 YNOMSIHYTOE YCTPOWCTBO MOXET ObITb PEKOMEHAOBAHO Kak NpodunakTuieckoe cpenctBo
AN ycTpaHeHus pakTOpOB HEraTUBHOMO BINAHNSA TOPCUOHHOW KOMMOHEHTbl OMW moHuTopos [K,
TEeneBn30pOB, OPYron ANEKTPOHHOW TEXHUKN.

Kpome «®OPIOCT-1», Ha pbiHKe YKkpauHa n Poccun MOXHO npuobpecty npubop «AHTOPY,
pa3paboTaHHbIi CuMdepononbLckon upMon «dpeay.

Kak cnegyet u3 peknamMHOro npocnekta, «AHTOpP» - YCTPOMCTBO ANSA 3alinTbl YeroBeka oT
BPEAHOr0 BO3OAEWCTBUS  U3MYYEHMS  KOMMBIOTEPHBLIX MOHWUTOPOB, 3KPaHOB TENeBU3OpPOB,
9MNEeKTPOKOMMPOBaNbHOW TEXHUKW, Na3epoB, APYrMX NCTOYHUKOB U3ITYyYEHWUNA.

MpyHUKMn paboTbl Npubopa noka HUrae He onucaH.

5.11. ®paHuus.

Bo ®paHuumn BeayTCa MHTEHCUBHbIE PabOoThl MO ONpeAeneHnto HeraTBHOIO BNNaHUA SMU
mMoHuTopoB [1K Ha nonb3oBaTtenen, W3y4yaeTcss YpPOBEHb MCUXONOrMYECKUX  Harpysok,
NCNbITbIBAEMbIX OnepaTtopamn MNPOU3BOACTBEHHbIX MpoueccoB. [1poBoaATCA M COBMECTHbIE
paboTbl co waenuapckon dupmon S.E.I.C. (PKeHeBa) N0 ynOMsIHYTbIM HanpaBneHUsIM.

Mpeamerom n3obpeteHnsi, onucaHHoro B 3asiske PpaHumm 2 692 155, MIMK AG1N 1/16,
ABNSIETCA YCTPOWCTBO, NpeAHasHadyeHHoe Aanga 3awutel 0T QMW MOHMTOPOB KOMMbHOTEPOB,
COTOBbIX M BECLUHYPOBbIX TeNedOoHOB, TENEBN30POB U T.N.

Puc. 52

Yctponctso (puc. 52) coctout M3 ABYX Nonbix TPYOoK (1), 3anOfHEHHbIX XUAKOCTLIO (6),
KOHLIbI KOTOpPbIX (2) 3aKpbITbl CTanbHbIMK Wapukamu (3). Tpybku (1) 3akpenneHsl Ha obuien onope
(4), ocHOBaHWe KOTOPOW CHabXeHO ABYCTOPOHHEN NINMKOW NEHTON (5).

YCTPOWCTBO 3aKpennsaeTcss Ha Koprnyce MOHUTOPA, B MOMOXEHUW, NOKa3aHHOM Ha puc.53, u
obecneymBaert 3awmTy B paguyce 35+50 cm

'E,N_.
e

Puc. 53

MpuBeneHHbIe BbilLE ONUcaHust OTAENbHbIX 300PETEHUIN, OTHOCALLIMXCS K 06nacTu 3aluThl
oT OMI1, oTpaxaerT, Kak NpeaCTaBnsIETCs, XapakTepHble HanpaBreHnst B 3ToN obnacTy 1 NO3BONseT
OLIEHUTb TEHOEHLUMM AanbHENLLEro passuTms.

Kpome Toro, BO ®paHuun 3anaTteHTOBaHO MHOIMO [EHEepPaTopoB, Ha3blBAEMbIX
«reHepartopamMmu hOpPMOBbIX BOJTH» UM «rapMOHM3aToOpaMmn NpOCTPaHCTBaY.

YKkasblBaeTca Ha CylleCTBOBaHME HEW3BEeCTHOW WHAOPMALMOHHON KOMMYHUKaLWu,
CyLLEeCTBYIOLLEN B Npupoae.

OpgHa 13 nocregHuMx pas3paboToK -  3NeKTPOMarHUTHbIN  ocuunngatop  (paspaboTka
npocdeccopa Guy Thieux), npencraenaOWmMin cobo pPasHOBMAHOCTb «rapMOHM3aTOpPOB
npocTpaHcTBay (puc. 54).
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Puc. 54

Kak Obino ykasaHO paHee, CpeauM W3BECTHbIX TEXHOreHHbIX (DaKTOpOB, K KOTOPbIM
OTHOCATCS U €CTEeCTBEHHO-TEXHOrEHHblE 30Hbl, HEFaTUBHO BNUSIOLIME HA 340POBbE YernoBeka,
NOSIBUNCS HOBLIN haKTOP, HA KOTOPbIM HEOOXoAUMO 06paTUTL NpUCTanbHOe BHUMaHWE B CBA3WN CO
BCE BO3pacCTaloLLNM NOKPbITUEM TEPPUTOPUI Pa3BUTbIX CTPAH MOBUNBHON CBA3bIO.

HeratmBHoe BO3OENCTBME €CTECTBEHHO-TEXHOIEHHBIX 30H, MpPeAcTaBnsoWmMx cobon
reoguHamu4yeckme U MWUKpPOreoaMHaMuUyecKne 30Hbl, YCUIMBAETCA COBPEMEHHbIM TEXHOreHHbIM
Bo3gencTemeM. Llenb nccnegoBaHuii 3aknodanacb B NoATBEPXAEeHUU BO3pacTaHUs HeraTUBHOMO
BO3OENCTBMS €CTECTBEHHO- TEXHOMEHHbIX 30H 3eMnu, KoTopas npeacTaBnseT COOON COXHYHO
AVNHaMUYEeCKylo CTPYKTYpY, OCOBEHHOCTU KOTOpPOM TOMbKO cendyac nosHarTcs B OGornee norHon
Mepe, Ha Bce xwusoe. [NpeactaBnser MHTEpec CTeNeHb YCUINEHUS COBPEMEHHbIX TEXHOTeHHbIX
BO34ENCTBMI Ha XXNBOE NPU X B3aUMOLENCTBUM C €CTECTBEHHO-TEXHOTEHHBIMM 30HaMN 3emrnu.

®paHLuy3CKMe U YKpanHCKME ydeHble YCTaHOBWUN, YTO €CNK 3a3eMfeHne MaYvTbl NPUEMHbIX
UNn nepefarmnx aHTeHH AN MOOUNbHbIX TenedOoHOB WM 3a3eMneHMe BETPO - reHepaTopoB,
HEKOTOPbIX  OPYrMX  9MeKTPUYEeCKMX YCTPOMCTB  OCYLLUECTBMNEHO B MeCTe nepecevyeHus
reoguHamMu4ecKnx UM MUKPOreoaMHaMUYeCcKNX 30H, HaXOOALWMXCA B COCTOSHUN pacTsxXeHus (rno
HAM UMPKYnupyeT BoAa), TO 9TO BbI3blBaeT nosiBrieHne ycuneHHoro nesoro TI1. [Mone
pacnpocTpaHseTcs no cucteMe reoguMHaMMyeckux 30H Ha PacCTOosiHUSA, OOCTuralolme AOeCATKU
KMIIOMETPOB.

[ns ycTpaHeHus HeraTMBHOrO BO3AeNCTBUS NneBoro Tl Ha 340poBbe Mo4en U KUBOTHBLIX,
accoumaumen «Prosantel» (PpaHumd) 6bin paspabotaH psg 9 dHeKTUBHBIX 3aLLUTHBLIX YCTPONCTB,
Gasvpylowmnxcs Ha KoHuenumum 6esonacHom anekTpoHmkn. OHa OCHOBBLIBAETCSA HE TOMbKO Ha Maesx
3KpaHNPOBaHUSA WNU OrpakgeHus 4enoBeka OT onacHoro ennaHuss OMIT um mnx TOPCUOHHOWM
COCTaBnALWEN, HO W Ha MPUHUUNMANbBHO HOBOM MNOAXOAde, YYUTbIBAKOLEM reoMeTpuyeckue
0COBEHHOCTU MONen MCKYCCTBEHHOrO nponcxoxaeHus (puc. 55).

3aWwnTHbIn  3PEEKT 3HAYUTENbHO YCUMMBAETCA MNPW  COBMECTHOM  UCMOMb30BaHUN
3alMTHbIX YCTPOMCTB accoumaunm «Prosantely (®panHuus), un ycrtponctea «POPIMOCT-I»,
paspaboTaHHoro ompmon «Spinor International» (YkpauHa).




D<H/2

Pyléne avec les antennes relais

Ondes de torsion statique crées par le cylindre long

5.12. LUWBenuapus.

B LWeenuapun npoBogdatca pabotbl no wmsydeHuto Bosgencteua IMU OJ1T Ha xneoe
(Bogopocnn, apo3ounbl, KPbIChl, SMOPUOHBI LbINAAT, YENOBEK).

dupma S.E.I.C (r. XXeHesa, Leenuapus) eoinyckaet npuoop A _NOX /Computer - A NOX/
Television, cocToAWMIA N3 ABYX MUHU-LLAPOB, KOTOPbIE BbIMNOMHEHbLI U3 HENTPAbHOro niacTtuka u
HamnomnHeHbl  KOHLEHTPUPOBAHHBLIMW  COMSMU  pedKo3eMernbHbIX  MeTannoB.  MuHu-Lwapsl,
YyCTaHOBIMEHHbIE MO OOHOW W3 AMaroHanen 3KpaHa MOHWUTOpa unu Tenesusopa, paboTalT Kak
NnaccuBHblE pPe30HATOpPbl, FEeHepupylowme nond, NpPoTMBOdasHble OCHOBHOMY MOS0 MOHMTOPA,
OENCTBYHOLLEMY HEFATMBHO HA NONb30BaTEnNs.

T. 0., ymMeHblaeTca BpeaHbIn OBuonornyecknn apdekT MoHuTopa (M3 peKnamMHOro
npocnekta mpmbl S.E.I.G.).

Mo MHeHunO aBTOpa, NpmuBeaeHHoe obbsacHeHne paboTel npubopa A_NOX npeacraBnsetcs
He oyeHb ybeauTenbHbIM M NEpeKnuMKaeTcs C NpuHUMNomM paboTbl ycTpowncTtBa «lamma - 7»,
npoussogmmbiv B Poccum (puc. 56).

Puc. 56

B HeKoTOpoK cTeneHn 9K30TUYHOE YCTPOWMCTBO, 3aliuuiatollee, nNo yTBepXaeHnam aBTopa,
OT U3MNy4YeHUn TENEBU3OPOB U aHANOrMYHbIX EMY U3OENUA, Hanpumep, MOHUTOPOB KOMMbIOTEPOB,
sABNseTca npegmeTomM n3obpeteHus B nateHTe Lsenuapum 680 477, MINK HO1J 35/16.

Ero obwwmn Bug npenctaeneH Ha puc. 57. Camo yCTpOWMCTBO npencraBnsier cobon
KOMMIEKC, Kaxabl KOMNOHEHT KoToporo (10) coctouT u3 yetbipex anemeHToB (11; 12; 13; 14), B
BMAE KOHYCOB WNN YCEYEHHbIX KOHYCOB, BbIMOSIHEHHbIX U3 MeTanna. OneMeHTbl 3aKpennaTca
BEPTMKANbHO B 3a3eMileHHOM MeTannuyeckon onope (15) u ycraHaBnvBalTCa Nog 3KpaH
Teneesm3opa unuM MoHuTopa. [lo yTBepXaeHWsiM aBTopa W300peTeHusi, YCTPOMCTBO MOXET
obecneunBatb 3alUTy OT UNYYEHUN B OBYX- UM TPEXMEPHOM NMPOCTPaAHCTBE.
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Puc. 57
5.13. LlBeuus.

LLiBeuns siBnsieTcst 3akoHogaTenem B 00nacT co3gaHus CTaHgapToB, pernaMeHTUPYIOLLINX
pa6boty c K. B nepeon nonoenHe 80-x roqoB Tam Ha4varocb Cepbe3Hoe O0OCyXAEeHWe yCroBui
paboTbl ¢ aucnnesMn. PaccmaTpuBanucb He TOMbKO BOMPOCHI MOHOTOHHOCTU U HaNpPsKEHHOCTU
paboTbl, HO 1 NpobrnemMbl BU3yanbHOM 3proHoMukn n OMW. [locTaTouHbIX Hay4YHbIX AOKa3aTenbCTB
BNNSHWUSI OUCMIIEEB Ha 300pOBbE MNofb3oBartenen He 6bino. Ho B oTBeT Ha obLuee 6GecrnokoncTeo u
yTBepxaeHna HaumoHanbHoro CoBeTa no TexHWKe 6e30macHOCTU U rMrmeHe Tpyga LIBELCKOe
npasutenbctBo npeanoxuno SWEDAC (npexHee Ha3BaHme MPR - LUBeackoro HaumoHanbHOro
KOMUTETa MO U3MEPEHUSIM M UCMbITaHMAM) B cOTpyaHuyectBe ¢ HaumoHanbHbiMm CoBeToM Mo
TexHuke ©esonacHocTM M rurmeHe Tpyga v Leseackum WHCTUTYTOM no 3awuTe OT M3MydeHun
paspabotaTtb cuctemy 4O06POBOMbHLIX UCMbITAHUI OUCMNEEB.

[na BbinonHeHust aton paboTbl Gbina co3gaHa KOMMETEHTHasd rpynna, COCTosiBLIaa U3
3KCMNEePTOB MO Pa3NUYHbIM HanpaBneHUsM, a Takke NpPeacTaBUTENEN pasfnnyHbIX OOLECTBEHHbIX
opraHusauun. B pesynbrate COBMECTHbIX YCUNUA Oblnv co30aHbl METOOUKU BCECTOPOHHMUX
UcnbITaHUN JUCNNEeeB B YaCcTU MEXaHUYECKUX, BU3YyarbHbIX 1 SMUCCUOHHBIX XapaKTEPUCTUK.

Korga B 1987 r. mepBas pegakuvMsi METOAMKM BBOAMMNACbL B gencteue, GbiNo peleHo
nepecMoTpeTb CUCTEMY UCMbITaHWUA MOCrne ee TpexrneTHero onpoboBaHusi. Ha ocHoBe onbiTa B
1990 r. MeTOAMKM UCTbITAHUA BbINN OTpeaakTUpPOBaHbl KOMIIEKTMBOM, B COCTAB KOTOPOro BXOAMMN
crneumanucTbl 13 donee 4yem 20 WBEOCKNX OpraHu3auun, a Takke npeactasutenn IBM n Hewlett
Packard.

CerogHs aTm JOKYMEHThI NpeacTaBneHbl AByms nybnvkaumsamn. OgHa n3 Hux - MPR 1990:8
- AIBNSETCA PYKOBOACTBOM, B KOTOPOM U3MOXEHbI METOAMKM UcnbiTaHni. OHa npegHasHaveHa ans
nepcoHana, 3aHAToro ucnbiTaHuamMu gucnnees. Odpyras nyonukauma - MPR 1990:10 - sensetcs
pPYyKOBOACTBOM And nonb3oBatenen. OHa NOMOXET UM MOHATb pe3ynbraThl UCMbITAHUI U COOEPXKUT
Tabnuuy JonycTUMbIX NapamMeTpoB.

Metognka MPR BkntodaeT B cebs MpoBepKy ABYX TWUIMOB XapaKTEPUCTUK AWUCTIIEEB:
BU3yanbHbIX 3ProHOMMYECKUX (LBET, SAPKOCTb, YETKOCTb, HENMMHEWHOCTb, HEOPTOrOHanbHOCTb,
KO3(hPMLUMEHT OTpaxeHusa, aApoxaHue u3obpaxeHus, pacyeTHast 4YacToTa MepuaHun) u
3MMUCCUOHHbLIX (PEHTrEHOBCKOE WU3NyyYyeHue, 3NeKTpPocTaTUYEeCKUA noTeHuman, HanpsXeHHOCTb
nepeMeHHOro MarHMTHoOro nonga B guvanasoHax 5 Mu+2 kly n 2+400 kY, NAOTHOCTL MarHUTHOrO
MOTOKa B TEX Xe AnanasoHax).

Mpouenypa [obpoBonbHbIX UCMbITaHM No metoauke MPR npeaHasHadyeHa onsa okasaHus
NMOMOLLM MOSb30BaTENSAM NPU OLIEHKE 3PrOHOMUYECKMX M SMUCCUOHHBIX XapaKTEPUCTUK OUCTITIEEB.
Mpn nokynke obopyaoBaHUA NPOTOKOMblI  MCMAbITAHUW  AOMOMHSAKT CBEAEHMWs, YKasaHHble
Npoun3BOAMTENEM, N NOMb30BaTENlb CaM MOXET OLIEHUTb Ka4eCcTBO paboymnx yCcrioBui.

Bonee xecTkne TpeboBaHMA K KadeCTBY AMCMNEEB NPedbsiBNAlOT cTaHdapTbl LBeackon
KoHdenepauun npodcotoszoe TCO 92 m TCO 95. TCO 95 permameHTUpyeT He TOJNbKO
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XapakTepUCTUKM Oucnnes, HO W npouecc npousBoacTBa (orpaHuMYMBaEeT BbIOPOCHI BpeaHbIX
XUMNYECKUX N SO0BUTbIX BELLECTB B OKpYXatoLlyo cpefy), ycrnosusa Tpyaa. Bxogawmi B coctas
TCO ctaHgapt NUTEK kacaetcsa 3KOHOMHOro notpebneHns aneKkTpoaHepruu.

Ha wBeackne ctaHgapTbl ONMPalOTCA NPaKTUYECKU BCce Beaylimne UpMbI-M3roTOBUTENN
MOHUTOpPOB [27].

HeobxooumMo noAgYepKHYTb, YTO B YMNOMSHYTbIX METOAMKaX MNPOBEPKM MOHUTOPOB Ha
cooTBeTCcTBME TpeboBaHMsIM CTaHOAPTOB pEerfaMeHToOM He nNpeaycMOTPEHO YyyacTue camoro
yenoBeka B Hux. [lpyn 3TOM He OCYLLECTBNSAETCA NpPOBEpPKa BO3OENCTBUSI BCEX KOMMOHEHT
N3Ny4eHnin, B TOM YMCMEe U HEU3BECTHbIX A0 CUX MOP, BKIIKOYAs TOPCUOHHYIO, KOTOpas, N0 MHEHUIO
aBTOpa, ABMAETCS NPUYMHON TEX UIN NHBIX HegOMOraHun u xanob none3oearenen MK (tabn. 1).

aga 6. MoHuTopsbl MK, TeneBnsopsbl, Apyras aneKTPoOHHaA TeXHUKa - reHepatopbl TI1.

M3BecTtHOo, 4yTOo J3MI1 nopoxgaer TI [1, 2, 76]. CnepoBaTtenbHo, noasnstoLwee
BGONbLUNMHCTBO 3MNEKTPOHHBIX, 3NEKTPOTEXHUYECKMX M PaALMOTEXHUYECKUX YCTPOMCTB SABMAKOTCH
nctoyHnkammn TW, obnagawowMmn TOW WNU MHOW CTEMEHbI arpecCUBHOCTU MO OTHOLUEHUIO K
YenoBeEKY U OKasblBaKOLMMM Ha HEro HEraTMBHOE BO3AENCTBUE.

MoHuTopsbl K, TeneBn3opbl, HECOMHEHHO, OTHOCATCS K YNOMSIHYTbIM Bblle npubopam u
SIBNSAOTCA MOLLHbIMU reHepatopamu TT1. [o-BManmMoMy, eCTb HECKOJTbKO COCTaBMSAOLLNX, KOTOPbIe
cosgatot obuee nesoe Tl moHuTopa MK n Tenesmsopa.

OpHon n3 coctasnsaowmx obuero nons moHutopa [NK aenaetca nepsuyHoe TI1, koTopoe
CBS3aHO C aphekToM (PopMbI, a MOCTOAHHBIN ANEKTPUYECKUIA NOTEHUMAr ero yCunuBaeT.

Bbicokoe yckopswwee HanpsbkeHme (~27 kB), nogaBaemoe Ha nepBbii aHog OJIT,
OCYyLLECTBNSAET 3apagoByo nonspusauuio dnsmnyeckoro Bakyyma, T. 0., Kak nokasaHO Ha puc. 3
(cm. pasg. 1.4), 4TO BefeT K BO3HUMKHOBEHMIO nesoro Tl neped MOHUTOPOM WM MNpPaBOro - 3a
MOHMWTOPOM.

Opyrumn crioBamn, MOHUTOP €aBnNAetcsa reHepatopom Tl ¢ cummeTpuyHbiM T B
NPOTMBOMNOSOXHbIE CTOPOHBI.

OTtknoHsitowan cuctema JJ1T, ocywecTBnsowaa pasBepTKy 3fEKTPOHHOro fyya no ee
3KpaHy, SBNSAETCs KOMbLEBOW CTPYKTYpOW, T.e. WUMEKTCS OpraHM30BaHHbIE KOJSbLEBbIE
3NEeKTPOMarHMTHblE MPOLECCHI, KOTOpble M BHOCAT cBOW Bknag B obwee Tl moHutopa MK,
Tenesusopa. Kpome TOro, cam SneKTPOHHbIA fy4 MOXHO NPeacTaBUTb Kak ANWHHBIA LMAMHAP,
KOTOPLIN Takke BbldaeT B 06e CTOPOHbI KOHYCHLIe neBble Tl (pnc.58).
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Pwuc. 58.

JkcnepuMeHTanbHO obHapyxeHo obpasoBaHve nesoro Tl npu 6Gombapanposke
anekTpoHamu nomMuHodopa JJIT, npoucxogdwlen npu  HanuUuMM  BbICOKOTO  YCKOPSHOLLEro
HanpsxeHns Ha nepsomM aHoge AJ1T B npouecce pa3BepTkn n3obpaxkeHns no akpaHy. OgHako npu
ncnonb3oBaHMM B BbICOKOBONLTHOM Orioke monutopa (1K, Tenesusopa, TpaHcgopmaTopa Tecna
none nioMMHodopa CTaHOBUTCA NpaBbiM. [NPUYNHBI TAKOrO N3MEHEHUS eLle NPeacTOUT BbISCHUTb
B JganbHenwem npu paspaboTke MOHUTOPOB, OKa3blBAKOLUMX MUHMMArbHOE HEraTMBHOE BNUSAHWE
Ha yenoseka.

C dwusnyeckon TOYKM 3PEHUS INEKTPONIOMUHECLEHUMUS - 3TO CBeYeHue noMmuHodopa,
korga BO30YyXAEHHble YCKOPEHHbIM 3MEKTPOHHbIM JTy4YOM 3MEKTPOHbI MOCNeaHero ucnyckawT
KBaHTbl CBETa, MEpPexoasi M3 OOHOW paspelleHHOW opbuTbl Ha OpYyrylo, T.€e. U3MEHSAT CBOEe
3HepreTMyeckoe COCTOSIHNE B CTOPOHY YMEHbLUEHUSA 3HEPIUN, N UBMEHEHNS OPUEHTALUN CMIMHOB B
NpoCTpaHCcTBe. OTOT AUHAMUYECKMI NMPOoLIeCC ABNAETCH (PakTOPOM, KOTOPLIN NOPOXKAAEeT BONHOBOE
nesoe TI1, HeratTMBHO BNUSAIOLLIEE HA YeroBeKa.

Mpn BbikMtodeHun moHuTopa [K, Tenesmsopa wn Apyrnx aHanorMyHblx npubopos
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NPOCTPaHCTBEHHO - pacuwenriedHble 4Yactumua W aHTu4actuua B (bI/ITOHaX aBTOMaTn4eCKu
BO3BpawalotTcA B CUMMETPUYHHOE BIIOXEHHOE COCTOAHNE (CM. pwuc. 1), TaK KaK WncyesawT

pacCMOTpeHHbIe Bbllle WCTOYHUKNM BO3MYLUEHUA, T.€. MNPOCTPAHCTBEHHO - pacullenyieHHoe
COCTOAHNE ABNAETCA HGyCTOI?I‘-IVIBbIM N MOXET yaepXuBatbCA nUllb Npun Hanndinm UCTOYHUKOB
BO3MYLLEHUA.

OpHako HeobxogMmo OTMETUTb, 4TO dopmoBoe cTtaTudeckoe TI1, cosmaBaemoe 3T,
OCTaeTcst U MpU BbIKIIOYEHHOM MOHWUTOPE, W €Crln OHO ANUTENbHOE BpemMsi BO3OENCTBYET Ha
yenoseka (Hanpumep, MecTo OTAblXa B KBapTUpe HaxoauTcs nepen TeneBuM30pPOM, MOHUTOPOM
MK), To MmoryT GbITb HEraTUBHbBIE MOCNEACTBUS, TaK KaK CyLLECTBYET 3¢pheKT HaKkoneHms.

MoHuTopbl Ha xunaknx kpuctannax (TFT-MOHUTOPbLI) MMET HECPABHEHHO HU3KUI YPOBEHb
OMW, Ho no yposHO T oHM cpaBHMMBbI C MOHUTOPaMu Ha JJ1T. B 3aBUCMMOCTM OT TMNa MOHUTOpPA
B Hem HaxoguTcs 1+1.5x10° nukcenei, umerowmx opMy MOsbIX KOHYCOB.

Tonorpadudeckne agpdekTbl ctatnyeckoro Tl cBa3aHbl C NOMAbIMKM KOHYCamu, KOTOpble
nepeHocAT 3TOT TMN KOHdUrypawumi Ha 6onbluon macwTtab, B pesynsrate vero TU TFT-moHuTOpOB
cpaBHUMbI ¢ T moHuTOpOB Ha JJ1T.

Masa?7. JKCcnepuMeHTanbHoe U3y4yeHue nposiBfieHNn HeraTUBHOro BNUAHUA TI1
MoHuTopoB MK, TeneBn3opoB Ha OpPraHU3M YernoBeka.

M3NOXEHHbIN  HWXEe  Martepman HOCUT  AMCKYCCUOHHLIM  XapakTep W Npu3BaH
NpenMyLLecTBEHHO K TOMY, 4YTOObl MOMbITAaTbCs BLIATU W3 MPUBbLIYHLIX PaMOK MOHUMaHNS
MexaHM3MOB BO3aencTBus MoHMTopos MK, opyron anekTpoOHHOW TEXHUKU Ha NoNb3oBaTens.

AHann3 peakumn XMBbIX CUCTEM Ha OENCTBME pasfnUYHbIX (PaKTOPOB OKpyXaloLen cpeabl
noKasblBaeT, YTO Hapsiay C M3BECTHbIMU KOHTAKTHbIMKU (cneuuduyeckumn) Bvgamm peuenumm
nmeetcs obLmn, Hecneumuiecknuin BUA BOCNIPUSTUSA N CBA3U B XXMBbIX OpraHn3max, Ha3BaHHbIN A.
M. Oy6poBbiM pe3oHaHCHO-NnoneBbiM B3anmoaencTeuem (PrB). YkasaHHbI B B3auMogencTBus
N CBS3M MPOCIEXMBAETCA Ha BCEX YPOBHSAX MEpPapXMyeckoro MNOCTPOEHMUSI KUBbLIX CTPYKTYp W
XMBbIX CMUCTEM B LEMOM, OT MNOMNynsauun OPraHM3MOB OO OAMHOYHbLIX KMETOK, SABMASACH, T.O.,
obwebronormnyeckon 3akoHoMepHOCTb0. OgHAKO Bce 3TO TpebyeT CTpOormx AokasaTenbCTB.

OcHoBow Pl1B siBnsieTcd MexaHn3M pe3oHaHCHbIX SBMEHWUIA, CBA3AHHbIA TOMBbKO C MOJEBLIM
B3aMMOOENCTBUEM, T.e. C MPUEMOM W nepefaden BOMHOBbIX MHAOPMALMOHHbBIX XapaKTepUCTUK
nong, a He NepeHoC 1 B3aumoaencTane hUN4eCcKNX CTPYKTYp B BUAE MOSEKYS, NOHOB, NPOTOHOB,
anekTpoHoB. lone, Kak TakoBoe, SABNAETCA HaACTPYKTYPHbIM 06pa3oBaHMEM XUBOW MaTtepuun co
CBOMMU XapaKTepHbIMM ocobeHHocTamK. B yactHocTn, npu PINB nponcxoguT B3aMMocBsi3b nonen
CTPYKTYp 1 06pa3oBaHMi peLenToOpHbIX UM aKLenTOPHbIX MOMEKYN KNETOK, TKAaHEeW, OpraHoB. OTu
B3aMMOCBSA3M 3aTeM OMOoCpPeayTCs B BUAE BOMHOBbLIX M3MEHEHUIN CTPYKTYP, B3aMMOOENCTBYIOLLUX
C NonesBbIMK CUrHanamu. VIMEHHO 3TOT MeXaHW3M SABNSETCA rMaBHbIM NpU AEeNCTBMM cnabbix u
cBepxcnabbix OMI, nsnyyennn n gos pagmaumm, conposoxgarowmnxcs TU, Ha XuBble OpraHmM3mbl.

XKuBasi cuctema, KOTOpow SIBNSETCA YenoBeK, Bcerga obragaer BMofHe onpeaeneHHown,
YyNOpsiA0MEHHON CTPYKTYPHOW opraHnsaumnen MHOXeCTBa YacTel, KOTopble, B CBOKO o4epeb, Takke
CTPYKTYPUpPOBaHbI.

Cpoenaem HecKonbKo NpeasapuTenbHbIX 3aMeYaHnii.

MHdopMaunoHHO-aHepreTuyeckme MOTOKM COCTaBNAT Hanbonee rnybokoe
dyHOameHTanbHOe CBOWCTBO XMBOro BewlectBa Ha 3emne. B pabGorte [33] oTmeuveHo, 4TO
CTEPEOnpPOCTPaHCTBEHHAs CTPYKTypa OpraHMYeckux MOMEeKyn - XupasibHOCTb, BO3MOXHO,
obycnoBrneHa He TONMbKO XUMUYECKMMU U BUOCM3NYECKMMM CBOMCTBAMWU, OHA €CTb BblpaXXeHue
HeO4HOPOAHbIX BaKyyMHbIXx noTtokoB TI1. Korga co3galoT CrMHOPHO-TOPCUOHHBLIE MOTOKU B
TOPCUOHHbBIX TEXHOMOrunsx, TO, MO-BUAUMOMY, [MNybnHHOe pyHAaMeHTanbHOe BO3AENCTBUE
pacnpocTpaHsaeTcsa Ha NPOCTPAHCTBEHHO-BAaKYYMHbIA  HEOOHOPOAHbLIN  MOTOK, B KOTOPOM
NPUCYTCTBYET BECb HABOP MMKPO- MAKPOMOMEKYNAPHbBIX CTPYKTYP. OTO NPUBOOUT K UX BTOPUYHbIM
XUMMUYECKUM, BNOPU3NYECKUM N OPraHNYECKUM N3MEHEHUSAM.

Bcakass reometpusi CnoXHoOro obbekTa onpefensercs B3aMMOpacrnosfioKeHNneM ero
CTPYKTYPHbIX 3N1IEMEHTOB U UX B3aMMHbIMU NEPEMELLEHNAMN APYr OTHOCUTENbHO Apyra. HUKTO He
OyoeT ocnapuaTtb TOT (pakT, 4YTO NOOOM OOBLEKT XMBOW Npupoabl - OT 6akTepum OO 4vernoBeka -
nmeetr cobcTBeHHytO CTpykTypy OMI1, a, cneposatenbHo, u TI1, koTopas onpegensercs
HanpasneHHbIM ABWXEHNEM MOHOB B KNETKaxX 1 KNETOYHbIX opraHennax, ABMKEHUEM CaMUX KIeToK
1 nx BOnbLUMX CKONMEHU B BUAE, HANpUMep, KPOBWU UNN NIMMMbl. ITO ABWXKEHME OCYLLIECTBNAETCA
B YCMOBUAX NOCTOAHHOIO NMPUCYTCTBUS BHELLIHUX 3NEKTPOMArHMTHbIX U TOPCUOHHBIX BO34ENCTBUN,
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a Takke gpyrux aktopos. MOCKOMNbKY B pe3ynsrate NpoUCXOAsLMX B3aUMOAENCTBUA BO3HUKAOT
N3MEHEHMS CKOPOCTEN ABMKEHNSA 3apsa0B, U caMuy 3apsabl ABUXKYTCS BCE-TaKM HE XaoTUYEeCKH, a B
COOTBETCTBMM C UMEKLLMMCS Y)KE FT€OMETPUYECKMM PACMONOXEHNEM CUIOBbLIX JIMHUIA, TO MOXHO
paccMaTpuBaTh XMBble 0ObEKTbI KaK CIOXXHeNLWme NpueMHmKN n reHepatopsl AMU n TU.

Anarpamma HanpaBneHHOCTM TaKOro NpuemMHuka - nboro obbeKTa XMBOW NPMPOabl U ero
NMOACUCTEM - MMEET OYeHb CrOoXHy dopmy. [Ina ee TOYHOrO BOCMPOM3BEAEHUA NOHaZobuTcs
NPOCTO MOCTPOUTL APYron Takom XmBon 0O0bekT. OAHAKO MOXHO YTBEp)KAaTb, UYTO HEKoTopble
xapaktepuctnkn Tl BUOOOGBLEKTOB, MMEKLUX MEepPapXuMilo CBOEW FeOMETPUYECKOM CTPYKTYPHbI,
OyayT noBTOpATbCA. Bce 310 NpuBeaeT k nogobuto manyyeHus Tl pasnvyHbIMW OpraHamm U Ux
noacuctemamn. CrnegoBaTtenbHO, Kaxaas KreTka 4enoBedeckoro opraHuama umeet csoe T, a
conpuvkacatowmeca apyr ¢ Apyrom knetku obpasyior obwee TI1, kOTOpoe OpUEHTUPYeT X B
onpegeneHHOM MOMoXeHUN B MPOCTPaHCTBE, CO3AaBasi HENOBTOPUMYHO YCTOMYMBYHO KOMOUHALMIO
KNeToK 1 T.4.

Mpumem B KayecTBe 6a30BOr0 MOHATUS MOEHK CMOXHONO TOPCUOHHOrO obpasa, NpUHMUMas
BO BHuMMaHue [38]. MNog cnoxHbiM ob6pasoM Mbl Byaem MOHMMaTb reoMEeTpuUYEcKyld Modenb C
onpeneneHHon MaccoBOW, 3apsgoBOA M TOPCMOHHOWM KOHAUrypaumen, obnagaroLLyo nepapxmen ¢
HacnegoBaHUEM reoMeTpUYecKnx hopM 1 YCIIOXKHEHNEM CBONCTB. MogyepkHeM ewe pas, yYTo npu
YMEHbLUEHUN FeoOMEeTPUYECKNX pa3MepoB CUCTEMbI €e CMOXHOCTb BO3pacTaeT, a cama OHa
HacnegyeTt BCe CBOMCTBA reoMeTpum cuctembl 60nbLUIMX pasaMepoB. OTO He O3HaYaeT, YTo cucTemMa
3BOMOLUMOHNPYET B CTOPOHY YMNPOLLEHUsT CBOMCTB 06bekTOoB Oonblimx pasmepoB. CeowncTea
OonblIero MNOBTOPSAOTCA B MEHbLUEM, WM CBOWCTBA MEHbLUEro oTpaxalTca B 6HonbLiem.
Knaccuuyecko mMogenbio Takoro OTHOLUEHUS Cpeau reomMeTpuyvecknx obpasoB cnyxat o6bekTbl
TMNa WTepaumMoOHHbIX reoMeTpuyeckmx obpasoB. Wx Takke HasbiBalOT UTEpPaUMOHHBIMA
reoMeTpuyeckumMmn pakranamm.

Ccopmynunpyem HeKOTOpble OCHOBHblE MOHATUSA, KOTOpbIMM Oyaem nonb3oBaTbCA B
JanbHenLem:

1. Bce Ouonornyeckne ob6bekTbl o0bnagaldT CTPYKTYpon, ONU3KOM K reoMeTpuyeckum
dpakranam.
2. leomeTpusa ©OnoobbekTa MO3BOMSAET €My Y4yacTBOBATb B  CHOXHbIX PE30HAHCHbIX

B3aMMOOENCTBUAX C BHELUHMMW LUMPOKOMOMOCHBIMM  3NTIEKTPOMArHUTHBIMU  BO3AEUCTBUSIMU U
reHepupyembIMn MMU TOPCUOHHBIMW KOMMOHEHTaMW.

3. OcCHOBHbIMM HOCUTENAMM MHGOPMauMn B OMOOOBbEKTE M O OMOOOBLEKTE SBNAKOTCA
LUMPOKOMONOCHbIE  KonebaHMa  pasnuMyHon npupodbl, B TOM 4MCNEe 3MeKTPOMarHUTHbIE,
akyctmnyeckne, TI1 cnoxHenwen KoHpurypauuu.

4. daKkTbl PE30HAHCHOro MOrMOLWEHNST UWUIU U3NYYEHUST 3HEpPrun, a TakkKe HacrnegyemocTb
pe30HaHCHbIX CBOWCTB MNO3BOMSAKT MNPOU3BOAUTL aKkTbl YNpaBneHuss B 6GuoobGbekTe ManbimMu
curHanamm unm mHhpopmMaumnmoHHsiMn TT1. Tpu 3TOM BaXXHbIMU ABRASAKOTCA CMNEKTPbl U guMarpamMmel
HanpaBneHHOCTN TakMX CUrHaNoB UNn nonemn.

5. KogupoBaHne 1 cemaHTMKa uWHOpMauun - cyTb OPMUPOBAHUA ornpeaereHHbIX
nocnegoBaTenbHOCTEN BO3AENCTBUIA B pasHblX YaCTOTHbIX AManasoHax C Lenblo BBOAA B Pe30HAHC
TOW MUNM MHOW YacTu opraHM3aMa unu cuctemMbl. BosHukaoLwasa peakums opraHnsma, gaxe OveHb
CNoXHasa 1 MefneHHas!, - 9To NocrneacTBne oAHaXabl BO3HUKLLIENO pe3oHaHca.

MpM OCMbICIEHUM MPOLECCOB, MPOUCXOOAWMX B KUBbIX OpraHu3max, BO3HWKNA
MeguumHckaa romeocTtatuka. Kak nwobass Hayka 00 ynpaBneHuMM CroXHbIMU  CUCTEMaMM,
romeoctatnka OOpMMPYETCS Ha CTbIKE TaKMX OUCUMMMAWH, Kak Buonorusi, CUCTEMHbLIN aHanus,
MeauunHa, NCUXONOorus, 3KOMNOrMs, UCKYCCTBEHHbIN MHTENNEKT, hmnocodums, coumonorns u ap.

OnemMeHTapHON eOMHULEN CTPOEHUS TOMEOCTAaTMYECKOW CUCTEMbI SIBIISIETCA romeocTar [21,
58].

Cuctema ynpasneHust opraHuaMa COCTOMT M3 OYHKLMOHAMNbHbIX 3NeMeHTapHbIX eguHULL,
0o6pasyoLLmxX BbICOKOCNELNann3MpoBaHHbIe CTPYKTYPbl YNpaBreHus, KOTopble, B CBOK oyepenb,
obecneunBaloT 3afaHHbIi YPOBEHb MOCTOSIHCTBA ONTUMASbHbLIX YCIOBUN (OYHKLMOHMPOBAHMUS
XMBOWM cucTembl. floMeocTaTbl pa3nnMyHbIX CUCTEM OpraHM3ma B YacTu nepepaboTkn nHdopmaumm
NPUHUUNNANBEHO OOHOTUMHBLI, XOTS MOP(ONOrMYeckn U 3HEepreTM4eckn MOryT CTPOUTbCH U3
pasnuyHbIX TKaHeN N BUOXMMNYECKUX KOMNOHEHTOB.

JTioByr0 XMBYHO CMCTEMY MOXHO paccMaTtpuBaTh Kak LierneHarnpaBeHHbI COrfacoBaHHbIN
NHOPMaLMOHHO-3HEPreTUYECKMIA MPOLECC, YyNpaBnseMbli nepapxmen romeoctaTtuyeckmnx CUCTEM.
OTa cornacoBaHHOCTb SIPKO NPOSIBASETCH NPy peakuun XMBOM CUCTEMbI Ha BHELLHee BO3encTene
N U3MEHEHMNE BHYTPEHHUX YCITOBUMNA.
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PaccmoTpym BapuaHT aneKkTpoMarHUTHOW MoAenu kusown knetku [38]. TopcuoHHaa Mogernb
KNeTkn npuvBegeHa B npunoxeHun Ne 2. HeTpygHO 3amMeTuTb NPOTMBOpEYME MeXOy OYeHb
OrPaHWYeHHbIM  YUCIIOM  UCXOAHbLIX OMEMEHTOB, M3 KOTOpPbIX (POPMUPYIOTCA OpraHuyeckune
MOIeKyrnbl, HaNnpumMep, aMUHOKUCIIOT, U BECKOHEYHbIM pa3Hoobpasnem OBbEKTOB XUBOW NPUPOAHI,
OTNMYaKLLNXCA OPYr OT Apyra CTPYKTypon makpomonekyrn. O6bACHUTb 9TO NPOTUBOPEYME MOXKHO
TeMm, 4YTo chopma 1 cogepxkaHme nboro Gruonornyeckoro 0ObeKTa 3aBUCAT OT CTPOro 3a4aHHOro
PUCYHKA UX 3NEKTPOMarHUTHbIX U TOPCUOHHBLIX (Ha puc. 59) He nokasaHHbIX Monen, MeHsILWUXCS
BO BPEMEHU Mo nporpaMmme, xapakTepHOW TOMbKO AN AaHHOro obbekTa.

Puc. 59

OTuM obwum ons Bcex BUOOOHLEKTOB 3NEKTPOMArHUTHO - TOPCUOHHBLIM PUCYHKOM, C OQHOM
CTOPOHbI, MOXXHO OOBbACHUTbL CXOXECTb B CTPOEHUW, PYHKLUMAX U COCTaBE MOSMEKYN B KreTkax, a C
APYron CTOPOHbI, MoKasaTb: YyeM Oonblue MOMeKyn MpUHUMAaET y4vyacTve B opraHu3auum wu
XKU3HEOEATENbHOCTM  KMNeTkW, TeM Oonblie COYETaHUN 3NEKTPOMArHUTHbIX WM TOPCUOHHbLIX
B3aMMOOENCTBUKN, MporpamMm HabrogaeTtcs B apXUMTEKTOHWKE >KMBbIX OpraHuM3mMoB. Takoe
NOCTOAHHOE YCINOXHEHUE 3NEeKTPOMAarHUTHO - TOPCUOHHOW NEPBOOCHOBLI KU3HU U €CTb OTpaXeHue
€€ 3NeKTPOMarHUTHO - TOPCUOHHOW 3BOSNIOLMMW.

BHyTpuKneTouHOMY MaTepuany mnpucyLlM CBOWCTBA >XWUAOKMX KPUCTanmoB, TO €CTb Y
CNOXHbIX MOSEKyn 1 B1MononMMepoB CyLLECTBYIOT YNOpsiAOYEHHAs CTPYKTypa, U B TO Xe BpeMms
OHM, KaK W XNOKOCTU, MOryT Teub, obpa3oBbiBaTh kannu. A Bedb, Kak U3BECTHO, (hOpMUPOBaHUE
YNOPSAOYEHHbBIX MEXATOMHbIX CBA3EN Y KPUCTaNNOB OObACHSIOT 3NEKTPOMAarHUTHO - TOPCUOHHBIM
MeXaHM3MOM B3auMOLEMNCTBUS UX aTOMOB. Tak Xe OOMMKHbl (DOPMUPOBATLCA Y BHYTPUKNETOYHbIE
CTPYKTYpbl, MPUYEM Ha HUX CYyLIEeCTBEHHOE BO3L4ENCTBME OKa3biBalOT M BHewHne JIMI, un
reHepuypyemble nocrnegHumun TI1. Jliobas ewe He pasgenuBluasiCa XuBasl KreTka, MMetoLlast
AoctaTodHo cunbHoe QMM u TI, noa coveTaHHbIM AENCTBUEM MArHUTHOIO U TOPCUOHHOMO nosnen
3emnu co3gaeTt matpuuy Ans pasBUTUSA COXHOIO opraHuama. [1oaTomy, kKak Ham KaXeTcs, Hemnb3s
yTBEPXAaTb, YTO XM3Hb NpoM3oLLna n3 GuoreHHoro Matepvana nub OAHaXAbl, a cenyac nub
«MOBTOPSAETCS» Yepes Cropbl, ceMeHa, Knetkn. BnonHe BepoATHO, YTO M B HacTosLlee Bpems B
npupoae NponcxoaaT BCe Te Xe MPOoLECChl, KOTopble Korga-To npuMBen K BO3HUKHOBEHUIO >KU3HU,
OQHaKO MX TPYOHO BbISIBUTb M3-3a OFPOMHOIO pasHoobpasmsa Guomacchl Ha Halwen nnaHere.

KuBass knetka, B OTNMYME OT MHOFOKMETOYHbIX OOLEKTOB, - acuMmmeTpuyHa. Ecnu
npeanonoXuTb, 4YTO CUMMETPUYHbIE OpPraHU3Mbl YCTOMYMBBI M3-3a CUENNALWeEro AOencTBUsg
YPaBHOBELLIEHHOrO 3MeKTPOMarHUTHO - TOPCUOHHOIO Kapkaca, TO Y aCUMMETPUYHBIX KNeToK
OEeneHnto OOMMKHO npeawecTBoBatb QOPMUPOBAHME CUMMETPUYHOrO OMIT 1M ero TOpCMOHHON
KOMMNOHeHTbI. KneTtka npu 3TOM pacTeT 3a CYET BHELUHEN NOAMNUTKA OpraHUYeCcKMMM MOSeKynamu,
HO paBHOBeCHE MexXJy ee MacCol M Curnamu CuensieHus B KMNEeTOMHOM A4verike Hapyllaetcs -
NPoONCXoanNT AeneHune.

M3 anekTPOTEXHUKN W3BECTHO: €Crln B AreKTpuyeckoe Mnore NOMecTUTb Neperopoaky u3
npoBoAsLero marepuana (B KrneTke ero posnb UrparT Genkun), To HanpasneHue CUMOBbIX FNHWIA
N3MEHNTCS Tak, Kak ecrnin Obl 3a 3TOM NeperopoaKkon NOSIBUNCSA «3epKarnbHbI» 3apag obpaTHoro
3Haka. Ecnu xe 31O neperopogka - OMANEKTPUK (B KNeTke 39TO nunuabl), TO 3HaK 3apsga
nomMeHsIeTcA.

M3BecTHO Takke, 4To B pe3oHatopax CBY u KBY npubopoB, Takmx, Kak KIMCTPOHBI,
reHepupyoLine anekTpoMarHMTHbIE BOSMHbI OT Aonen AeUnMMeTpoB 00 HECKONbKUX CaHTUMETPOB, a
TaKXe reHepaTtopoB Ha p-i-n-gnodax Yy MOMOCKOBbIX NUHUKW, SMNeKTpuyYeckue, MarHutHole u TT1
pacnpoCTpaHAlTCs No BceMy 0ObeMy nofocTerd Mx pe3oHaTopoB. B atome Habniogaetcs
NPUMEpPHO Takag Xe KapTuHa. [Mo3TOMY ero MOXHO paccMaTpmBaTb KakK KpOLUeYHbIA pe3oHaTop,
KOTOpPbIN CNOCOBEH M3ny4vaTb WUAWM MOrMoWaTh NEKTPOMArHUTHbIE BOSHbI, NPU 3TOM MPOUCXOAUT
nameHeHme TI1. PesoHaHcHaa cuctema aTtoma, nNO-BMAMMOMY, CMNOCOBHA «3anomMuHaTb»
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UMEIOLLYIOCS B HUX WHGOPMaUUIo, KOTopas MOXET 3anucbiBaTbCA Kak W3MeHeHue ¢opMbl
9MNEeKTPOHHbIX opbuTtanen. Beab oHa (dopma) BNpsiMyio 3aBUMCUT OT TOro, Kak pacnpeieneHbl
3NEKTPUYECKNE N MarHUTHbIE MOMs BHYTPU U BOKPYr atoma. [pu nameHeHnn opmMbl MarHUTHbIX
opbutanen namensietca Tl atoma.

B kauecTtBe npumepa paccmMoTpum cTpykTypy OMI nunmaa - OCHOBHOMO CTPYKTYPHOIO KOMMOHEHTa
KNEeToOMHON MeMbpaHbl - 6€3 ero TOPCUOHHOWM KOMMOHEHTLI. Ha puc. 59 nokaszaHO yCTPONCTBO
ouonornyeckon MmemobpaHbl, a Ha puc. 60 - ynpoLleHHasa anekTpoMarHMTHasi MoAenb ronoBKx
monekynbl nunnaa (T He nokasaHbl, HE0BX0AMMO HAMOMHUTL, YTO CEBEPHbIN MOMC MarHuTa

dopmumpyeT npaeoe TI1, tXxHbIN - NeBoe). [onoBKa MMEET LWECTb NPOAOSIbHbLIX ANEKTPOMArHUTHBIX

KOHTYPOB, CBSI3aHHbIX B €4NHbIN 3NEeKTPOMarHUTHbIN MEXaHW3M, a CTbIKOBKa MOMEKyn B
MOHOMOSEKYISPHbIA CION JOSMKHA NPOUCXOAMUTL MaBHbIM 00pa3om 3a CHET MarHUTHbIX CBA3EN.
He npasga nu, 3Tn WeCTUrpaHHUKN HaNnOMWHAKOT NYENUHbIE COTbI M3 BOCKA, NPeAcTaBnsoLLEero
cobon pasHoBMAHOCTbL nunuga (puc. 61).

Ona  Opyrmx KOHCTPYKUMI OMOMOrMYeckmx MOMEKyn Takas CTblKOBKa MOXeT ObiTb
obbemHOM, a camum Ouonormyeckme Mornekynbl MOryT WMEeTb CcamMble pasHoobpasHble
NHPOPMaLMOHHOCOTOBbIE CTPYKTYPbI.

M3BEeCTHO, 4YTO OpraHuvyeckne coeamHeHnss ¢ ONU3KMMKM  PEe3OHaHCHbIMW  YacToTamu
CcObBCTBEHHbIX KOnebaHun B XWOKOW cpefe UMET TeHAeHuuo K conmxkeHuto. Cyaa no Bcemy,
WMEHHO M3-3a 3TOr0 BO3HMKAKOT accoumaThl MOEHTUYHBIX MOSIEKY.

Puc. 61

CnoxHas CTpyKTypa anekTpu4eckoro nons BHYTPU KNeTkn popmupyet cooteTcTBytowwee TIT1,
KOTOpOE BUSIET Ha TPAeKTOpPUM ABMXKEHUS BXOOALLMUX B €€ COCTaB MOSEKYIT.

Kak yxe ynomMmHanocb, TOPCUOHHas MHCpopMauma MOXET 3anucbiBaTbCst Ha Guomonekyne
B U3MEHeHMM (PopMbl ANEKTPOHHBIX opbuTanen. MNMpuyem, yem cnoxHee monekyna, Tem 6onbLue y
Hee OneKkTPOHHbIX opbutane n TeM OGonble MHPOPMALUUM OHa MOXET «3anucaTb». ATOMbI
pasnu4yHbiX 3NEMEHTOB, a Takke 6onee CrnoXHble CUCTEMbl OObEAMHEHHbLIX 3NEeMEHTapPHbIX
YacTuL, BKINOYAsA XMBYIO Mateputo, Moryt obmMeHnBaTbCst 3ToM MHpopmaumen. Jlerye Bcero Takom
0BMeH NponcxoanT Mexay MOEHTUYHBIMW aTOMaMu U MOSIeKynamu.

B okpyxatowen cpege Bcerga MMEKTCA MaTepuarnbHble OObeKThl, COCTOSLME U3 TaKUX
WOEHTUYHBIX CUCTEM, U HE WCKIOYEHO, YTO Ha pasfMyHbIX MNpeaMeTax OCTalTCs «creabi»
WHOpMaLMM OT XMBbIX OpPraHU3MoB, B TOM u4ucrie U Bbicwux. [lo-Bugumomy, 3a cuyeT
dpakTarnbHbIX CBOWCTB B TreOMETpUM  MNOSier MOXEeT CyLecTBOBaTb KakK KpaTKoBpeMeHHas
(onepaTtuBHag), Tak N gonroBpemMeHHas namdatb. B yacTHOCTW, Yy KMBbIX OPraHM3MOB B KayecTBe
HaaeXHbIX 6aHKOB AONrOBPEMEHHON NaMATU MOTYT BbICTyNaTb Takue ctabunbHble obpasoBaHus,
Kak KOCTW, codepXalwme B [OOCTaTOYHOM KonmyectBe BCe OWOreHHble 3MeMeHTbl, KOTopble
CMOCOGHbI BOCNPUHATDL onepaTuBHYO MHopmauuio, nepegasaemyto T, o xoge GUOXMMUYECKMX
npoueccoB, Npoucxoadilumx, Hanpumep, B Mosre. lNepegaBaTb 3Ty UH(OPMALMIO BO BCE «YrOMKMU»
opraHu3mMa MOXeT KpOBb, cofepallas B reMmMax atoMbl Xenesa.

B [38] paccMOTpeHbl pe30HaHCHbIE 3NEKTPOMArHUTHbIE ABMEHWS B OpraHax u TKaHsaX.

Ewe B Hauane 60-x rogos A. . TenernHy npwuBnekna KOHLENUMS OCHOBOMOMOXHUKA
KocMmmyeckon 6Guonorum akagemmka B. B. [lMapuHa - paspaboTka npvHUMNMANbHBLIX CXEM
npoueccoB ynpasBneHusd, npoTekalwwWwmMx B XWBOW nNpupode, NO aHanormm ¢ TeXHUYEeCKUmu
ycTponcteamu. K ToMy BpemeHu B Guonormm v u3nosnorMm Hakonunocb yxe Hemano pabor,
KOTOpble OfHO3HA4YHO CBUAOETENbCTBOBANWU: Hapsagy C HEPBHOW UM rymoparibHOW cuctemamu
nepega4yv MHopMaunn Te Xe PyHKLNN peanuayroTcs B XKMBbIX OpraHnamax 1 npy nomowm 3Mr1.
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B oakcnepumeHTax Obina obHapyxeHa npumevaTenbHash 3aKOHOMEPHOCTb. JQdEKTbI,
CBSA3aHHblE C Nepuogmnyeckm nameHsowmMmmnca MMM, mano 3aBUCAT OT aHeprm nsnyveHus. bonee
TOro, COOTBETCTBYIOLLNE 3aKOHOMEPHOCTU HEPEOKO HOCAT napagoKcarbHbIN XapakTtep - BNUSHWE
nons C MeHbllen 3Heprven okasbiBaeTcs Oonee cunbHbiM! [103TOMY BO3HMKNA MbICNb 00
ocTponsbupartenbHOM XapakTepe B3aMMOAEWNCTBUA. OTO O3HAYaeT, YTO B Tene YenoBeka, ero
XU3HEHHO BaXHbIX Yy3nax [AOIMKHbl HAXOAUTbLCS rFeHepaTopbl NEepuoanYeckn U3MEHSHOLENCS
3HEeprMn BMOSHE oOnpedeneHHbIX 4YacTtoT. A C  4acTOTHbIMM  XapaKTepuUcTUKamn CBSA3aHO
dmsnyeckoe sBMEHWE pesoHaHca - YycuneHwe crnabbix konebaHui, Ha KOTOPOM MOCTPOeHa
paguoTexHuKa.

Kakass ke cucTema 4YenoBe4yeckoro opraHMamMa MOXEeT TMpeTeHdoBaTb Ha  porb
paguoperynsatopa opraHunama? Pewlas aToT Bonpoc, TenermHa caenana gOBOMbHO HEOXUAAHHbLIN
BblOOp: obpaTuna BHMMaHMEe Ha [MaBHYH CUCTEMY BCEX TEMSOKPOBHbIX CYLIECTB - CepAeYHOo-
cocyoucTyro. M noctaBuna nepen cobow uenb - co3gaTb €6 MOAENb, MYCTb YMNPOLLUEHHY, HO
BblAENSOLWYI0 KaK pa3 paguo CBOWCTBA 3TOM cucTeMbl. Begb Mbl MPUBLIKNNM CMOTPETL Ha Hee Kak
Ha HEKyl pa3BETBMEHHYIO TMAPaBNNYECKYD CETb, Hanpumep, pacnpocTpaHeHHbIM METOAOM
ANArHOCTUKN B KIMUHUKE SIBNSAETCS M3MEPEHME AaBneHusl. TpaHCcnopTHas (PyHKUUSA KPOBEHOCHOM
CUCTEMbl HaM XOPOLUO W3BECTHA - OHA PAa3HOCUMT MO BCEMY OpraHM3My XMBOTBOPHbIE aTOMb
Kucrnopoga, nutatenbHble BewecTBa. B HOBon mogenn mexaHudeckne (yHKUUM HE OTpakeHbl,
MOCKONbKY OHa «CrnenfieHa» COBCEM M3 OPYrMX CylWHOCTeW. [nd ee NocTpOeHus NoHagobunmch
npeacTaeneHnsa o NonsipM3aLMoOHHOM reHepaTope, BOJIHOBOA4AX M OUSNIEKTPUYECKON Cpeae.

®dunsmonorn gaBHO YCTaHOBUMU, YTO TakK HasblBaeMbli aBTOMaTU3M cepaua - npouecc He
TONMbKO MEXaHU4YeCKM, HO W anekTpuyeckuin. lNMonepemeHHoe cokpalleHue U paccnabneHue
CEpAEYHON MbILLbI COMPOBOXAAETCS YpPEe3Bbl4aNHO ObICTPbIMU YepPeaOBaHMSAMU NONOXKUTENBHbIX
N oTpuuaTtenbHbIX 3apsdoB B ero TkaHsax. Ha anektpokapaunorpamme (OKIM) oTpaxarotcss He camum
3TM BbICOKOYACTOTHble KomnebaHusi, a ux ormbawwas: 3ybeu P oTpaxaer pacnpocTpaHeHue
BO3OyxaeHusa (genonspu3auuio) no npegcepausam, Q.R.S - no xenygodkam u T - npouecc
yracaHus Bo30yxgeHus (penonspusaumio) B nocriegHux. MNMpupoga nonsipusaumm, 10 eCTb BbICTPbIX
YyepenoBaHW  MOMOXUTENbHBLIX W OTpUUATENbHbIX 3apsgoB, He BhnonHe 4dcHa. MoxHo
NpeanonoXxnTb, 4TO BbICTPOE YepegoBaHMe NOMOXUTENbHBLIX U OTpULATENbHbLIX 3apsA0B, Beayllee
K BO3HWKHOBEHWIO Yepeayolmnxcs npaBoro n nesoro TI1, CAY>XUT HEKMMKW CUTHANaMmn ynpaBrieHu s
OCHOBHbIM MPOLIECCOM KMETOYHOM aganTtauun - NepeKkUCHbIM OKUCIEHWEM NUNUOOB, @ UMEHHO
HeHacbILEeHHbIX hocdhonMnnaoB, CNOCOBHbLIX BbICTPO OKUCAATLCA MO UX ABOWNHBLIM CBA3SAM.

Kak 6bl TO HK GbIIO, B Mogenu TenernHow cepgue npeacrano B BMAe MONsipu3alyMOHHOIo
reHepartopa. Begb GbicTpo konebnowmecs 3apsgpbl, Kak M3BECTHO, cnyaTt UctovHukamm IMI1 u
Tr.

KapTvHy pacnpocTpaHeHusi 3neKTPOMarHMTHOrO BO30YXXAEHMS B Tene 4ernoBeka MOXHO
YCTaHOBUTb, Y4MTbIBasi CBOMCTBA Cpefdbl, B KOTOPOW OHO npoucxoauT. KpoBb, MbILLbl, HEPBLI U
apyrue CTPYKTYpbl - ANSNEKTPUKN. A Y TaKMX BELLECTB 3MEKTPOHbI HE OTPLIBAOTCH OT MOSIEKYn Tak
nerko, Kak y NnpoBOA4HMKOB. YacTuubl, obnagatomne 3apsagamm pasnmnyHbliX 3HaKoB, B AMANEKTPUKax
«pasHeceHbl», CBA3aHbl Mexay cobon n obpasyloT Aunonu, cnocobHble NoBOpaYMBaTbCA BOOSMb
NOTOKa 3NEKTPOMAarHUTHON 3Heprnn. HensbexHbI CNyTHMK 3TOro npouecca - BO3HWKHOBEHWE B
MOreKyrnax Cur, aHanorMyHblX cunam TpeHus. M yacte pabotbl, cosepwaemon IMI1 npu ero
pacnpocTpaHeHuM MO [OWSNEKTPUKY, MNpeBpalaeTcd B Tenno, TO ecTb obpauwaetrca B
OnanekTpuyeckme notepu. Hapsgy € OKMCNUTENbHO-BOCCTAHOBUTENBHBIMK  PEAKUUSIMU, OHU
CNoCcoBCTBYOT NogaepKaHuo TemnepaTtypbl Tena Ha A0CTaTOYMHO BbICOKOM OTMETKE.

TOpCUOHHbIE CUrHarnbl PacnpoCTPaHATCSA NPaAKTUYECKN MITHOBEHHO.

M3yuyeHne pasnunyHbix TKaHew 4dernoBeka Ha CBY, nmpoBegeHHoe 3a nocnegHee Bpemsi B
psge cTpaH, Nokasamno, YTO MO 3NeKTPOMarHUTHbIM CBOWCTBaM TKaHW AENSTCS Ha OBE rpynmbl.
MepBasi, K KOTOPOM OTHOCATCA MbIlLbl, MO3I, KPOBb MO CBOUM XapakTepucTukam (GonbLinm
3Ha4YeHNsM  OnanekTpudeckon  npoHuuaemocty -  60+80 M cunbHOMY  3aTyxaHuio
3NEKTPOMArHUTHbLIX BOSIH) cXxogHa C (PM3MOMOrMYeckMM pacTBopoM. Btopasd rpynna (kK Hen
OTHOCSTCSl XXMPOBbIE M KOCTHbIE TKAHW, UX OUANEKTpMYeckasi NPoHULAEMOCTb - 5+6, a 3aTyxaHue
BOJSTHbI B HMX MPOMCXOAUT 3HaYMTENbHO crnabee) N0 CBOMCTBAM HAMOMWHAET AUCTUNIIMPOBAHHYHO
BoAy. 3aTyxaHue BOSHbl XapaKTepU3yeTcsl Tak Ha3biBaeMOW rmyOnHOM NPOHNKHOBEHUS, HA KOTOPOW
nanyyeHue ocrnabnserca npumepHo B 2,73 pasa. [MyOuHY NPOHMKHOBEHUSI OObLIYHO M3MEPSIOT B
nadoparopun ¢ nomoLlbio reHepatopa. [pn 3TOM oKasbIBaeTCs, YTO B MbILLEYHOW TKAHW ANS BOSTH
kopoye 0,3 M oHa cocTaBnsieT npumepHo 1/20, a B xuposow - 1/4 gnuHbl BonHbl. ViccnegoBaHus
TaKke MokKasanu, 4YTo YMOBUTb PaAMOBOIIHbI, W3MNy4Yaemble BHYTPEHHWUMM OpraHamu, MOXHO,
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NPUNOXMB K KOXEe ANIANEKTPUK C TaKUM Ke 3HaYeHUEeM OUINEKTPUYECKON NPOHNLLAEeMOCTH, YTO U Y
Tena. AHTEHHY NpW 3TOM pasMeLLaloT BHYTPWU AM3MeKTpuka. [1ocKomnbKy aHTeHHa HaxoauTcs B
ONANeKTpUKe 1 JOSMKHA pearnpoBaTh Ha BOMHY, B HECKOSbKO pa3 Gornee KOpOTKYHo, YeEM B BO34yXe,
pasmepbl aHTEHHbl YMEHbLLAKTCA BO CTONbKO e pa3. MMHUManbHbIN NMMHENHbIA pa3mep obnacTtu
(ero HasbiBalOT paspeLuaroLen CUOM NO NOBEPXHOCTU), KOTOPYHO MOXET 3aHATb aHTEeHHa W nop,
KOTOPOW HaxoguTCsl UCTOYHUK pernctpupyemoro MW, cocTtaBnsaeT ana perMcTtpupyemon BomHbl L
= 30 cm Bcero 4 cm.
M3 ckazaHHOro MOXHO caenatb crieaytoLne BbiBOabI:

1 ynpaeneHne Ha BCeX YPOBHSIX OpraHusaumm 6noobbekTa ocylecTensietcss cnabbiMm OMI
1 TI, KOTOpble aKTUBMPYIOT UMW eaKTUBMPYIOT T€ UMK UHbIE NPOLIECCHI;
2. ANs BMeLlaTenbCTBa B MPOLIECChl YNPaBneHUsi MOXHO MCMofb30oBaTb M3ryyartenu, B TOM

yucre M naccuBHble C OMpedeneHHOW TreoMEeTPUYECKON CTPYKTYPOM W COOTBETCTBYHOLLEN
anarpammMon HanpasreHHOCTU, OENCTBNE KOTOPbIX OCHOBAHO Ha manydeHun Tr1.

Takoro popga wusnydatenamu, dopmupylowmnumMn cnabble, HO AeTePMUHUPOBAHHbIE
TOPCUOHHbIE CUrHanbl yNpaBneHWs Ha YpPOBHE OPraHoB, TKAHEW W KNeTOK, MOryT HABMSATbCS
pPasnMYHOro poaa CUMBOSbI, HAHECEHHbIE Ha MEeTan UNn OUanNeKTPuK.

Jllobble cumBOnbl HecyT WHdopmMaumio. OfHako npakTU4ecKM BO BCEX MNPUPOAHBIX
npoueccax MHopMaunsa NpUCYTCTBYET ¢ wymamun. lNMpusHak nHdopMauum o XMBOM - Hanudme
CMMMETPUK, NMpu4eM C BOonbLIMM YMCOM HanpasneHun ocen cummetpun. CosHaTenbHble Wnu
BGecco3HaTenbHble TBOPEHUS >XMBbIX CYLIECTB Takke, Kak npasBuno, obragatoT onpepeneHHoum
cummeTpuen. CuMMeTpus - HeoTbemnieMasi Yyactb Mogenen buoreometpun. lNMpu aTom Manas
acCUMMETpPUS - YCrOBME CYLLECTBOBaHUS CINOXHOMO, B TOM YMCMNE WU KMBOFO, B AMHAMUYECKOM
paBHoBecun [38].

Bosgenicteue cnabbix CUMMETPUYHBLIX U Maro aCUMMETPUYHbLIX NOSIEN HA OpPraHn3M MOXeT
Bbl3BaTb B HEM T€ UIM UHbIE NPOLIECCbl U M3MeHeHusi. Takne acpbdekTbl Gonee BbipaXkeHbl Npu
OTHOCUTENbHO ANUTENbHOM BO3O4ENCTBUW, MMM NPU BBEAEHUN OMOreoMeTpuyecKor CEMaHTUKW,
3aneyatrieHHOW Ha XUAKUX HOCUTENsX, HanpuMmep, Ha BOAHbLIX UITM UHbIX accoLumaTax.

Bygem HasbiBaTb 9NEKTPOMAarHUTHbIE CUrHanbl Manol MOLLUHOCTK, COMNpOBOXAAeMble
COOTBETCTBYHOLL MMM TOPCUOHHbBIMMU KOMMOHEeHTaMu, obnagatowmmmn CUMMETpUEn,
BuoreoMeTpu4EeCKMMM yNpaBnsAloLWMMM BO3OENCTBUAMU. Takme CurHambl reHepupytoT MOHUTOPbI
MK, TeneBusopbl, CBY - neun u pgp. PasnuyHoro poga pyHUYECKME CUMBOSbI  MOXHO
paccmaTpuBaTb KakK reHepatopbl TOPCMOHHbLIX BO3OENCTBUWM Manon MolwHocTu. Ecnn dopma
CMrHana TaKoro reHepatopa WMEET XapakKTePUCTUKM, COBMajawolimMe C XapakTepucTukamu
OpraHvM3Ma Unun ero 4acten Ha pasHblX YPOBHAX CIIOXKHOCTU, TO BMUSIHWE Takoro B3aMMOLENCTBUSA
OyoeT BecbMma M BeCcbMa OLWYTUMO. B aaHHOM cnydae 9TOT (peHOMEH MOXHO paccMmaTtpuBaTb Kak
HENMUHENHbIN OTBET OTKPbITOW HepaBHOBECHOM CUCTEMbl Ha BHELHee Marioe TOPCUOHHOEe
BO3MYLLEHME.

[encteue Takmx GUOreoMeTpuYeCcKMx reHepaTopoB AOKa3aHO OMNbITOM MOKoneHun. Ho He
KaXKObl 3HaK UKW pyHa NOOXOAUT KOHKPETHOMY YernoBeKy BCreACTBUE pasfnnyums XapakTepucTuk
reHepatopa u opraHu3aMa. KayecTBO reHepartopa [OO/MKHO onpefenatbCs MHAMBMAOYaNbHO ANS
KaXKgoro yernoseka.

B paccmaTtpuBaemMomM Hamu criydae M3  U3BECTHbIX CNOCOOOB OpraHu3auun HocuTenen
ynpasneHus B romeoctatax [63] uenecoobpasHo BblaenuTb MHAPOPMALMOHHO - 3HEpreTnyeckoe
nonesoe obpasoBaHme (TOPCUOHHO-CMMHOBOE), SHEPTNSA KOTOPOro 3Ha4YMMO Maria Nno OTHOLLEHWUIO K
3Heprmn npeobpasoBaHnin B romeocTaTte, NpoucxoasLmMx nog Bo3gemncTeneM camon nHopmauuu.

HenocpeacTBeHHbIM OETEKTOPOM WHOPMaLMM B OpraHuM3Me SBMSIeTCA CBA3aHHas BOAa,
KoTopas no4  BO3OENUCTBMEM  MPOCTPAHCTBEHHbLIX  KOMMMEKCOB  HOCUTENa  MHopmauum
nepecTtpamBaeT CBOK CTPYKTYpY, YTO B KOHEYHOM UTOre MEHSIeT CBOMCTBA MOSMEKYN XMMUYECKOro
BELLEeCTBa, OKPY>XEHHbIX BOOHOW «pybaLlKomy.

YacTb MonekynapHoro cybcrpaTa >KUBbIX CUCTEM NMOCTOSHHO HaAxXoauTCHA B BO3OY>XOEHHOM
BbICOKO3HEPreTM4eCKOM HepaBHOBECHOM COCTOSIHUN.

Bnarogapsi 8ToMy OHM MOCTOSIHHO TOTOBbI K paboTe M BbINOMHSAKT €€ C MakCMMalibHON
3(PPEKTUBHOCTBIO. YCTOMYMBOCTb WX HEPaBHOBECHONO COCTOSAHMSA obecrnevmBaeTcs, C OOHOW
CTOPOHbI, cneundu4eckon CTPYKTypon n opMOrM WMHAMBMAOYaNbHLIX MOMEKyn, ¢ ApYyron -
B3aMMogencTBmeM BO30YXOEHHbIX MOMekyn, obpasywmx cBoeobpasHble aHcambnn. 3Ty
3HEpruio  HasblBalT CTPYKTYpHOM unm ceBobogHon [18]. Bsaummopgencteue aHcambnen wu
06pa3oBaHHbIX B3aMOCBSA3aHHbIX HAACUCTEM NPeanonoXnTenbHO TOPCUOHHOE.

B 30-e rogbl A. I. ['ypBrnyem ObIno 0OHapyXXeHo, YTo NOOLIE XUBbIE OPraHn3Mbl CMOCOOHDI

-87 -



nsnyyatb OTOHbI B YNbTpPaAUONETOBOM [AuanasoHe cnektpa. POTOHblI BbICTYNawT B pPonu
HeobxoouMoro daktopa MHOYKLMW KIETOYHOro AerneHusl, B CBSA3M C YeM 3TO usnyveHue Obino
Ha3BaHO MUTOreHETUYECKNM.

Kpome TOro, Bce XuBbl€ CUCTEMbI CMOCOOHbLI UCMYCKaTb 3HAYUTENbHbIA NOTOK (POTOHOB U B
BMAMMOWM 0bnactu cnekTpa B BUAE BCMbIWEK. BCNbIWKN MHALMMPYOTCA MHOTA4a O4YeHb cnabbiMu no
9HEepreTM4ecKoMy  SKBMBANEHTY BO3AEWCTBUMAMM Ha  KMNETKW, 4YTO CBUOETENbCTBYET O
npeobnagaroLiem NMHPOPMaLNOHHOM MeXaHU3Me 3anycka aTux nanydeHun (cMm. Npunoxexve 1).

CnekTpanbHbI aHanmn3 CNoHTaHHOIO U AerpagaumoHHOro U3nyyYyeHus CBUAETENbCTBYET, YTO
MONEKYNSAPHbIN CyOCTpaT >XUBbIX OPraHM3MOB HaxXoAWTCH B COCTOSIHUW, BeCbMa Janekom oT
TEPMOANHAMNYECKOTO paBHOBECUS BCMEACTBME BbICOKOM 3aCENeHHOCTUM BEPXHUX INEKTPOHHbIX
ypoBHe [18].

CpoenaHHbIM BbIBOL, COrnacyetcd C pesynbratamu, MOMyvYeHHbIMU OpYruMn MeToaaMMu.
BbisicHseTcs, 4TO B Xo4e MHOrMx epMeHTaTUBHbIX OKUCIUTEMbHbIX MpoLeccoB obpasyoTcs
npoaykTbl B BO3OY)XOAEHHOM TPUMMAETHOM COCTOosiHMW. B gaHHOM cniyvyae 9Heprua He
AVCcCUMNupyeTca 4epes TEMnOBOW KaHamn, a 3aTpaynMBaeTcs Ha OCyLlecTBneHwe 6Grmonornyeckmx
dyHKUMA [18]. Bpemsa XnsHu Takux COCTOAHUM He Obino 6bl 6onbwmm, ecnu Gbl BO3OYXAEHHbIE
MOMeKyrnbl He 00beanHANUCb B aHcambnu, KOTopble, B CBOKW oyepenb, He obpasoBbiBanu Obl
B3aMMOCBSA3aHHble HaacucTembl. B Takmx aHcambnax 9nekTpoHHble nepexonbl AOMKHbI
coBepllaTtbCsl KoonepaTuBHO. [eACTBUTENbHO, OblNo OGHapyXeHO, YTO U3NnydYeHue Oumocuctem
BbICOKOKOrepeHTHO, T.e. npeacTaBnsaeT cobon 3neKkTpoOMarHUTHble BOSMHbI, a3bl KOTOPbIX
cornacoBaHbl BO BpemMeHu 1 npoctpaHcTee [18].

UenoBek SABMASETCA CNOXHOW TOPCUOHHOW CUCTEMOW CTPOro WHAMBMAYANbLHOro TUMa,
KoTopasi xapakTepusyeTca YHUKanbHON MHGOPMaLUMEN, onpedensiowen, B TOM YUcne COCTOAHne
ero 3goposbs. [log 340pOBbEM MOXHO MOHMMaTb FAPMOHUIO UH(OPMALMOHHO-3HEPreTUYECKNX
B3aMMOOTHOLLEHUI Mexay uHavBuayymom wu [pupogon (okpyxatowen cpegomn). Ota rapMoHuUs
BblpaXkaeTcs Yepes romeoctas opraHuama B nU3n4eckoM, yMCTBEHHOM U OYXOBHOM MiiaHax.

OpgHon 13 coctaBnaowmx Tl yenoBeka sABNAETCS 4acTb, COo3gaBaeMasl NPUPOOHbIM
pagmoaktusHbiM coHoM (MP®P), nog NOCTOAHHBIM BO3AENCTBUEM KOTOPOIO XXMBET YENOBEK U BCS
O1oTa Ha 3eMHOM Luape.

B pasHbix TO4kax 3eMHOW MNOBEPXHOCTU WHTEHCUBHOCTb 3TOr0 BO3OEWCTBUS MOXET
BapbMpoBaTb MOYTM Ha MOPSAOK, HO Bcroady, rae Obl HM HaxXoOAWNUCh XMBblE OPraHM3mbl, OHU
NMOCTOAHHO MOrMOLWAT BbICOKO3HEPreTMyeckne KBaHTbl 3TOM paguaumu, UCTOYHMKaAMU KOTOPOM
cnyxat paguoHyknngbl U, Th, Ra un pagnoakTMBHble NpoayKTbl MX pacnagja, pacCesiHHble B
3eMHbIX Mopogax, noyBe, BOAe W BO3gyxe. OTO BHeWHee 00MnydeHve ycunvBaeTcs 3a cuer
KOCMUYECKMX Iy4en, Takke MNOCTOSHHO BO3AEWCTBYHOLWMX Ha Ouoty. Pagmomsotonbl psiga
3rnemMeHTOoB, 06pasyroLLNX XuBble opraHnambl, Hanpumep 14 C, 3 H, 40 K, coctaBnsatoT NOCTOAHHbIN
WUCTOYHWK BHYTPEHHEro OO6ryyYeHWss >KUBbIX OPraHU3MoB, [OOMOMHAEMOro paguonsoTonamu,
3axBaTbiBaeMbiM1 B61MOTOM N3 OkpyxatoLwen cpedbl (psael U, Th n ap.). B cymme ato BHelwHee u
BHYTPEHHee obnyyeHna [ns npu3emMHon 6moTbl (MUKPOOPraHW3Mbl, PACTEHUs, XXMBOTHbIE)
COCTaBnAlT Tak HasbiBaeMbln [P®. P® cnaraetca Ha 49,5 % 13 um3nyyeHun pagoHa u
npoaykToB ero pacnaga, 15 % paért paguomsoton kanma - 40K - OCHOBHasi KOMMOHEHTa
BHYTpPeHHero obrnydyeHus opraHmama, 15,3% npuxogutcss Ha KocMuyeckue uanydenus, 12,2%
BHOCUT paguveBblin psa ypaHa n 8% - TopueBbii pag ypaHa. Cnegyer nogvYepkHyTb, YTO 3TO
Yypes3Bbl4aNHO Manasi UHTEHCMBHOCTb U3NyYeHus, nexawas, kak npasuno, Ha 4-5 nopsaakoB HUXe
TeX MHTEHCUBHOCTEN, MPU KOTOPbIX 3KCNepuMeHTanbHO OBHapyXmnBaeTcs BpedHoe, nopaxatoLlee
BO34ENCTBME PagnoaKTUBHOIO U3ny4eHus Ha GrorTy.

OKcnepuMeHTanbHO ObIIO NokKasaHo, 4To gobaBneHWe K nuwle XUBOTHbIM B M3ObITKE
XNOPUCTOro Kanus BObICTPO MPUBOAMT K BbITECHEHMIO U3 OpraHu3ma pagumousoTona Kanusg, Tem
caMbIM, CHWXasa BHyTpeHHee obnyyeHne ot 40 K - aTon CyLeCcTBEHHOW KOMMOHEHTbI BHYTPEHHETO
MPo.

Bbin nocTtaBneH aKCNEpUMMEHT  C MONoAbIMW, ObICTPO pacTyWMMKU  MbIlaMn  Npu
OOHOBPEMEHHOM  CHWXKEHUM  CBUMHLOBBIM  3KpaHOM (9 CM  TOMwMHbl) BHewHero [P,
conposoxgatowerocst TU, ouncTke BEHTUNMPYeMOro Bo3gyxa OT paJoHa 1 NpogykToB ero pacnaga
N cHMXeHnn cogepxkanuns 40 K B Tene XXMBOTHLIX, T.€. CHUXXEHUN BHYTPEHHEro obny4veHus ot MNPO.

KoHTponbHasa rpynna Haxogunacb B KaMepe Takoro e pasMepa, HO B YCNOBUAX
0bnyyeHuns oT BHelwHero MNP®, BeHTUNUpyemon Bo3gyxXoM C HOpMarnbHbIM Coaep)KaHMeM pagoHa u
c pobaBneHveM B MWWy Takoro e KONMMyecTBa XMOPWUCTOro Kanus, 4To W B OnbiTe, HO
cogepxallero, kak obblvyHo, paguounsoton 40 K. CkopocTb pocTta, npuBeca MaccCbl, 1 B CTPOro
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OOVHAKOBbIX YCMOBUAX MNOABEPXXEHa 3HauUTEeNbHbIM WHOUBMAYaANbHbIM ONyKTyaunsam, no3aToMy
akcnepuMeHT 6bin npoBeaéH Ha 11 napax mbiwat. Oka3anocb, YTO 3a BOCEMb CYTOK COAEPXKaHUSA
MbIlIAT B MOHWKEHHOM [1P® (BHEWHUM W BHYTPEHHMM) MPOUCXOAMT KaTacTpodumyeckoe
nameHeHmne mx passutus (okorno 50% KoHTpons).

AHanormyHble OnbiTbl C TPeMs BuOaMM BbICLUMX pacTeHWA, pasBUBAKOLINXCA Ha
nuTaTenbHOW cpeae, B KOTOPOW OObIYHbLIA Kanui Obin 3aMeHEéH kKanuem cBoboaHbiM oT 40 K, a
BHeWHUA [MP® CHWXEH CBUHLOBBLIM 3KpaHOM - Takke Moka3anu ABYKPATHOE YrHeTeHue ux

pa3BUTUS.
T.o., Tonbko K 1994 rogy ctano 6GeccrnopHo AokasaTtenbHbiM obliebrnonornyeckoe,
NnonoXuTenbHoOe 3HadyeHne ans  Ouotel (cnegoBaTenbHO M and  denoseka) - [PO,

conpoBoxgatowerocst TW, HeobxoamMmoro ons HOpManbHOroO CyLLECTBOBAHMSA U Pa3BUTUS XKU3HWN HA
Hawen nnaHete. CnoxHocTb Tl YenoBeka oBGycnoBNMBaETCA COrMacoBaHHbIM B3anMoOOENCTBUEM
TOPCUOHHbBIX aHCcaMbrien opraHoB M CUCTEM OPraHoB, MUNNNAPAOB COCTaBMASALWMNX UX KneTok. TI1
KaXXOJoW KNeTKn, B CBOK o4vepefb, OnNpefernsercss CNOXHOW opraHusaumen MOoSeKynsapHo-
Buonornyecknx 1 BUOXMMMYECKMNX NPOLECCOB.

B «kayectBe OCHOBHOW runoTesbl 00 ynpaBNAlLWMX HeraTMBHbIX BO3OENCTBUSX Ha
nonb3oBaTtens M3fnydeHnn MOoHMTOpa  Mbl Mpeanaraem rvnotesy O nepegade TOPCUMOHHOM
WHpopmaumm Kak 3a cuyeT dopmbl IANT (popmoBoe ctatudeckoe TIM - Tpybka no dopme
HanoMuHaeT nupamuay, B KOTOPOW, KakK M3BECTHO, BO3HMKawT TI1), Tak M 3a cyeT npoLeccoB
dopMmnpoBaHMs M300paXkeHNss Ha 9SKpaHe MOHUTopa (BbICOKOE HanpsbkeHue Ha aHoge OJIT,
BNUsSHME (poKycupytollee - OTKMNOHAWLWEN cuctembl M ap.). leometpua O3JIM, a TodHee -
N3ny4yeHHoe 3TUM OOBHLEKTOM KaK CIIOXXHOW cuctemon TI1 - BOT KNtoY K ynpaBneHuto HeraTuBHbIMU
npoueccamu B opraHuame nosib3oBartensd. NepepacnpeneneHHoe B npocTpaHcTBe TU aBndetca
«CMYCKOBbIM KPHOYKOM», 3anycKalLlMM HeraTMBHble MpOLEecCbl Ha YPOBHE CUCTEM, OpPraHoB W
KNETOYHbIX TKaHeWn opraHMaMa. HecMoTps Ha MU3EPHYI0 ero MHTEHCMBHOCTb, OHO, TEM He MeHee,
NMeeT 4YeTKoe MNpPOCTpaHCTBEHHOe pacnpegeneHve. lycTb o4yeHb cnabbli, HO reoMeTpuUYecKU
yeTkm nNotok TI1 NOCTOAHHO MPOXOAUT CKBO3b TOMLLY YernoBeYeckoro opraHuama. lNpoxoant 6es
3aTyxaHusd, B3ammogenctesyd ¢ TI1 opraHMama m BHELWHUMKU nomexamu. [1pu 3TOM MNNOTHOCTbL U
KOHpurypauusa pacnpegeneduna T BHyTpu opraHMsama nornb3oBaTtens nogsepraerca NOCTOSAHHOM
KOppeKLunn co CTOPOHbI MOHUTOPA.

Mpn 3TOM yaANBUTENBHBIM ABASETCA TO, YTO MMEHHO 3TOT «TOPCUOHHBIN LLIENOT» U ABMSETCS
Hanbosnee NOHATHLIM U BOCTIPUHUMAEMbIM CUTHANIOM 4115 KIEeTOK opraHmMama.

Mpexpge Bcero, byoem cumTatb, YTO MNpouecc B3aumodencteusi TI1 MOHUTOpPA C XMBbIM
OopraHM3MoM BefeT K BblpaboTke MOCNe4HMM HEeKOTOPbIX YNPaBRsoWMX BO3OENCTBUA. IOTu
BO3OENCTBUS MMEKT BHYTPEHHUA XapakTep MW MposBNATCA B M3MEHEHWW MpOLeccos,
NPOUCXOASALMX Ha YPOBHE KMETOUHbIX OpraHens, KrneTok, TKaHeh U CUCTEM BCEero opraHusma.
JleBoe TI1, Topmo3ssLee perynsatopHble MpPoLecChl, He MOXET paccMaTpuBaTbCs Kak HEKOTOpPbIn
3HEpPreTUYeckKMn WUCTOYHUK. Ero WMHTEHCUMBHOCTb CcAMWKOM cnaba ana Toro, 4Tobbl ObiTb
NCNOMNb30BaHHOW OpPraHM3MoOM B KayeCTBe dHepreTu4eckom noanuTtkn. HasHayeHune ero nHoe. B
AaHHOM Crlyyae YMeCTHO roBopuTb O nepedade ynpasnstowen nHpopmaumm. TOPCMOHHbBIE NOTOKM
NeBoOro nons MOHWTOpa BO3OEWCTBYIOT Ha MOMb3oBaTefis, MMEIOLWEro CeTb pPa3BETBMEHHbIX
aKTMBHbIX TOYEK KakK BHYTPW, TaK M Ha NOBEPXHOCTM OpraHu3ma, B pesyrbraTe yero obpasyotca
aedexTbl NHPOPMaLMOHHO-0OMEHHbIX KOMMYHMKaLNi, Ae3nHTerpauus CTPYKTYPHbIX
B3aUMOAENCTBUN, N3HAYanbHO MPUCYLLNX FreHEeTUYEeCKOM Mogenu yenoseka. [dpyrMmu crosamu,
rmybuHHoe dyHaamMeHTanbHoe BO34eWCTBME neBblX Tl MOHUTOpA pacnpocTpaHseTca Ha
NPOCTPaHCTBO-BaKyyMHO-HEOAHOPOAHbIM noTok Tl yenoBeka, Ha BeCcb ero Habop MUKpoO-
MaKpOMOMEKYNAPHbIX CTPYKTYp, YTO NPUBOAUT, MO-BMAMMOMY, K BTOPWUYHBIM (XMMUYECKUM,
Buounsnyeckm, opraHM4eckMM) U3MEHEeHUAM YMOMSHYTbIX CTPYKTyp. lpouecc nepegayv aTou
WMHOPMaLIMM MOXHO UHTEPMNPETUPOBATL Kak BBEJEeHUE B aHTUPE3OHaHCHOE COCTOSIHME OTAENbHbIX
MOSEKYN, MOMEKYNSPHbIX CTPYKTYp, HanpuMmep, KNeTodHblX MeMOpaH, a Takke KIeTok, Kak
CTPYKTYpP C wux cobCcTBeHHbIMM TI1. AHTUPE3OHaHC - 3TO SBMEHME CUMbHOIO OTKAMKa npwu
B3aMMOLENCTBUMN B3aUMOUCKIIOHAOLLMX CEMAHTUYECKNX CUCTEM (CUCTEM C OAMHAKOBOW NPMpPOaon
006pa3oB M MOHATMI, HO PasfMYHbIM CeMaHTU4eckuM HanonHexvem) [38]. B paccmartpuBaemom
cny4yae npuvpoga nonew - TOPCUMOHHAs, a CeMaHTU4YecKoe HarnofHeHWe pas3Hoe - NeBoe norne
MOHMTOpPa M NpaBOe Mofie MOMNEKYNSApPHbIX CTPYKTYp Tena. WM3-3a reomMeTpuyeckor CroXHOCTU
paccmaTpuBaeMbIX NOSien OHWM NUMEIT LUMPOKUE N CHOXKHbBIE CNEKTPbl TOPCUOHHBIX PE30HAHCHbIX
4yacToT. VIX B3aumogemncTane ¢ TOPCUOHHLIMU KOMMOHEHTaMUN U3NyYeHWIA OpraH13Ma nosnb3oBaTens
npMBoAUT K BblpaboTke 6Gonbwmnx HaBOpPOB yNpaBnASOWMX TOPCUMOHHBIX BO3OENCTBUMN.
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Pesynetupytowmne TIT cnoxHon dopMbl 3anyckaloT Mpouecchl nepepacnpeneneHns sHeprum B
cuctemMax opraHuama. T.0., CTporo onpegeneHHoe TOPCUOHHOE BO3AEWCTBME Ha OpraHu3m
nonb3oBarternsi, UMetoLLee Manyk MHTEHCUBHOCTb, NPUBOAUT K 3amnycKy npoueccoB ¢ 6onblummm
3HaYEHNSIMN SHEPTETUYECKOIO COAEPKAHUS.

Mbl nonaraem, 4YTO CEMaHTU4eCKM MOAYNMPOBAHHOE TOPCUOHHOE  Nofie MOoHMTOopa
Bbl3bIBAET aHTMPE30HAHC TOPCUMOHHbBIX MOSIeN CUCTEM OpraHu3ma, YTO MPUBOAUT, B OCHOBHOM, K
TOPMOXEHMIO BHYTPEHHUX NPOLECCOB HONbLLON SHEPrETUKN.

Takve npoueccbl nepepacnpefeneHnsa 3Heprum MOryT paccMaTpuBaTbCsl Kak LenHble
peakuuu, BbI3BaHHblE HayanbHbIM MHULMUMPOBaAHMEM B onpedeneHHon Touvke. PasHble 4actu
orocucTemsbl, BCeACTBME CBOEW Pa3HOW TOPCUMOHHO - BUOreoMEeTpUYECcKon CTPYKTypbl, OyayT no-
pasHOMYy pearyMpoBaTb Ha OOHO W TO Xe TOPCUOHHOE BO3MYyLLeHWe. JTO npuBedeT K
BO3HWKHOBEHMIO aHTUPE30OHAHCHbIX NPOLIECCOB HE Be3e B OpraHn3me, a n3bumparensHo.

Bce aTn npeanonoxeHnsa NpmMBoAST K HEOB6XOAMMOCTU MOCTPOEHNSA MOAENUN BO3HUKHOBEHNS
TOPCUOHHBIX rEOMETPUYECKUX CTPYKTYP B KUOKMX Cpedax Mog Bo3dencteumem crnabblX CUrHanos,
reHepupyembIX TOPCUOHHBIMU n3nyvatensmn. Bosbmem B kavecTBe AonyLwleHust TOT pakT, 4YTo B
TaKMX XMOKOCTAX, KaK BOA4A, a TakkKe B psge KOMMOMAHbIX pacTBOPOB, BO3HUKAKT HEKOTOpble
reomeTpuyeckme CTPYKTypbl, HOCALWlME Ha3BaHMEe accoumatoB. Teopusi BO3HMKHOBEHUS
accoumaTtoB OCHOBaHa Ha MOHATUM BOAOPOAHOM CBA3M, BO3HMKAIOLLEN MEeXOYy MOfeKynaMmu Bogbl.
OTa cBs3b MO3BOMSET Moriekynam obbeanHATbCA B Nogobus KpucTannoB TeTpasapuyecKomn
CTPYKTYpbl, TaK Kak B KaXdOM Criydyae accouuaTvBHOW CBA3W UMeEEeTCs [Ba aTtoma Bogopoaa,
CBSI3aHHble C aTOMOM KUCropoAda KOBareHTHO, M elle ABa, CBsi3aHHble BOAOPOAHLIMU CBA3SMM.
lMpocTpaHCTBEHHOE HanpaBreHue BOAOPOAHbLIX CBA3er U onpegensdetr opMy reomeTpuyeckomn
CTPYKTYPbI U, KaK CrieacTteme, koHdurypaumio BosHukarowero TI1. Kak n B nobom Kpuctanne, B
rmgpoaccoumnate MNosABMSETCS BO3MOXHOCTb MPOCTPAHCTBEHHOW TPaHCNAUMM FeOMeTpPUYECKOon
¢opMbl 3apoabILEBOr0 MOHOKpucTanna. BenuumHa obpasyiowlerocs npyM 3TOM 3epHa HeBernuka,
Kak nokasbiBaloT oueHkn, nopsagka 100 monekyn. OpgHako, OpMbl TakMx accouumaTos,
MOCTPOEHHbIX M3 HabOpPOB TETPasdpoB, pasHoobpasHbl. Ecnu Takke yyecTb BO3MOXHOCTb
reHepaummn 6onee CnoxHbix opm, OOYCMOBNEHHbIX HANMMYNEM TEX UMW UHBbIX MOHOB PasfnYHbIX
9MIEMEHTOB, pPacCTBOPEHHbIX B BoAEe, TO CTAHOBUTCA SICHbIM OFPOMHOEe pasHoobpa3ue
reoMeTpPUYEeCKUX KOHCTPYKLMIA, BO3HMKAIOLLMX B XXUAKOCTH.

MpoaomMKUTENBHOCTL CYLLECTBOBAHUS MAPOACCOLMATOB OrpaHUYMBaeTCa TemnepaTypon
XKngkoctm M AndpysnoHHbIMK npoueccamun, NPOUCXOAdAWMMN B HeW. EcTecTBeHHO, 4To npwu
MOBbLILEHUN TemnepaTypbl CKOPOCTb AUPAY3NOHHBLIX MPOLECCOB U COBCTBEHHbIX KonebaHui
MOSEKYN YBENUYNBAIOTCH, YTO NPUBOANT, B KOHEYHOM CHETE, K pa3pyLLUEHMIO BOAOPOAHbIX CBA3EN U
AecTpykumMu reometTpum accouunatoB. OgHako, criegyeT yvyecTb, YTO, B KOHEYHOM cuveTe, npouecc
AECTPYKUMM HOCUT BEPOATHOCTHbIA XapakTtep. OTUM O0ObACHAETCA BO3MOXHOCTb COXPaHEHWs
HEeKOTOpOro KomuMyecTBa accouuatoB W MNpuM AOCTATOMHO BbLICOKMX TemnepaTypax, M nocrne
NPOAOIMKUTENBHbBIX AN dY3MOHHBIX Npoueccos [38].

Mpooomkum paccMOTpeHMe npouecca B3avMOAEWCTBUSA MNONb30OBaTENst C U3MYyYEHUAMMU
moHutopa [MK. Konba OJIT, anekTpoHbl MNPOMOAYNMPOBAHHOIO 3JMNEKTPOHHOro ny4vka, OMU
OTKIMOHSAOLWEN cuctemMbl TPpyOKM co3datoT Tak HasbiBaemoe nesoe TI1, B KOTOpOM Haxoautcs
nonb3oBarernb. B ero none nveetca nHgpopmauma 06 nMameHeHUn cnvHa anNekTPOHOB, nepexoda ux
Ha MeHee aHepreTudeckme opOuTbl, YMEHbLUEHWE UX CKOPOCTU, T.e. NMPOUCXOAUT MUHUMU3ALNS
9HEeprun 3MnekTPoHOB M aTtomMoB. B Takom nonspu3oBaHHOM WH(OPMaUMOHHOM NPOCTPAHCTBE Y
BCEX >KMBbIX OPraHM3mMoB MPOUCXOOMUT, MNO-BUAUMOMY, MOCTENEeHHAs MWHUMMU3aLUUS 3SHeprum
9M1EKTPOHOB, aTOMOB, YTO BeAEeT K 3aMeaneHuio BUOXMMUYEecKMX MpPOLLeCcCOoB, BCNEACTBME Yero
BO3HWKAIOT T€ UMW MHble HapyLleHWs B OpraHu3Me, KOTopble 3aBUCAT OT MHTeHcUBHOCTM Tl un
BPEMEHM KOHTaKTa.

K coxaneHuto, HakoneHHbIX K HacTosILeMy BpeMeHU HayYHbIX 3HaHU HeJOCTATOMHO AN
006bsiCHEHNA GONbLUMHCTBA OOBEKTUBHO CYLLECTBYHOLUMX OMONOrM4eckmx siBNEHWUN, CBA3AHHBLIX C
Bo3genctemem Tl Ha 4yenoBeka, NO3ITOMY MOXHO TOSIbKO BbICKasaTb PS4 NpeanoriokeHur Ha
¢HEHOMEHOMNOrMYECKOM YPOBHE.

B cBeTe coBpeMEHHbIX MPeAcTaBleHNn O BO3MOXHbIX MexaHum3amax BosgencTtsusa TI1 Ha
YyenoBeka MOXHO AONYCTUTb, YTO neBble TI1 oka3biBalOT HENOCPEACTBEHHOE BNSIHUE HA HEPBHbIE
KNeTkn mMosra, Ux KneTtouHble MemOpaHbl, X Nongapusaumio NocpeacTBoM nondpmsauumn UToHOB
dusmyeckoro Bakyyma. UHpopmaumsa o6 maMeHeHMM romeoctasa MOXET MNocTynaTtb B MO3r
HenocpeaCcTBEHHO Yepes Kakue-To Apyrve cpefosble (hakTopbl, NPUBOAA C TEYEHUEM BPEMEHU K
CO34aHMNI0 JOMUMHAHTHOrO o4vara Bo30yxaeHus, obecneynBatoiero Mobunmnsaumio 3awmTHbIX CUn
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opraHuama.

He wucknio4eHo, YTO OTHOCUMTENBHO YCTOMYMBOE BO BPEMEHU MHAOPMALMOHHO-
3HepreTnyeckoe, TOPCUOHHO-CNMHOBOE noneBoe obpasoBaHue, T.e. neBoe Tl Kak KOMMOHEHTa
OMWN moHuTopa lNK nameHsieT xapakTepucTUKM CUrHaroB yrnpaBfeHns B cucTeMe nocpeacTtBoM
perynaumm unuM  BXOOHbIX KO3(PUUMEHTOB, WM NapaMeTpoB BXOOHbIX CUrHanNoB, WAx
BO3Oy>XAeHNEe [OOMOSMHUTENbHbIX KOHTYPOB  yNpaBreHus QYyHKUMEW, B 4YaACTHOCTU 4Yepes
XWOKOCTHblIE BHYTPEHHME cpeabl W CBSAI3aHHY0 BOAY BbI3bIBAET KOrepeHTHble KonebaHus B
KNEeTOYHbIX afieMeHTax opraHmama. [pyrumm cnosamm, BO3MOXEH YaCTOTHO-OMOpPE30HaHCHLIN, Unn
dOopMOBO-6MOpPE3OHAHCHBIN  3hEKT HEMOCPEACTBEHHO B LENsX YyhnpaeneHusl. Tak Kak K
HacTosLEMY BPEMEHU B HayYHbIX Kpyrax HeT eQUHOro MHEHWst O TOM, 4YTO Takoe GmopesoHaHc,
BOCMonb3yeMmcsa onpegeneHmeM, gaHHom B [38], koTopoe b6yaeT npuBeaeHo HMXe.

Buonorndyeckum cuctemam, o6GnagaloWMM  MHOTOYUCIIEHHBIMM  LIENSIMU  BHYTPEHHMX
obpaTHbIX CBA3en, Npucyla akTuBHasl opmMa nomcka Hambonee Guonornyeckn LenecoobpasHbix
cocTtosHnn. OBpaTtHble CBA3M criyaT uensam mHgopmaumm ynpasnsitolmx LEHTPOB O KayecTse
NpMCnocobneHuns K yCcrioBMsAM BHYTPEHHEW U BHELUHEWN cpefpbl, a TakKe MOyYeHus dHeprum ans
ero peanu3auyun. CTeneHb HAAEXKHOCTM (YHKLMOHUPOBAHNSA OOpaTHbIX CBA3EW OKasblBaeT
pewaroliee BMSAHME Ha YCTOMYMBOCTb W ajanTuBHble CBOWCTBA oOpraHuama. MOXHO
npeanonoXxuTtb, 4YTO Mo AenctsmemM usnydeHun moHuTopa [1K HapywaeTrca kak pencrteue
anroputMOB MYCKOBbIX (PaKkTOpOB crneunuduyeckon [eATenbHOCTU, Tak U MOAYNUPYIOLLMX
(haKTopoB, Nexalmx B OCHOBE afganTauMOHHbIX NPOLECCOB.

BO3MOXXHOW CTPYKTYpOW rOMOBHOrO MO3ra, B3aMMoOencTBylowen ¢ BHewHumu TI1, moryT
ObITb ABOMHbIE anekTpuyeckne crom (03C), BO3HMKAKOWME HA rpaHuLe MexXay XWOKOW TBepaomn
daszamn. O3C sasnsetca aTpubyToM TKaHEM >XUBbIX OPraHM3MOB, Kaxgas KreTka KOTOpbiX
npeactaBnsger cobon CnoxHyt KonmouaHyw cucteMy. Cneumduka CTPOEHUs pasfnnyHbIX
knetouHblx O3C, peakums nocnegHux Ha Bo3gencteue Tl paccmoTpeHa B [8]. OTmeveHo, 4TO
HayanbHbIM 3BEHOM peakumn Buonornyeckmx o6bekToB Ha Bo3gencTeue Tl aBnserca peakuus
O3C. BepositHocTb yvactua OOC B pexume «npvema» MHgopmaumm, T.e. Npu ee nepeHoce C
ypoBHas TW mMoHMTOpa Ha ypoBeHb MO3ra, OMpedensieTcsl COCTOSSHMEM CMUHOBbLIX CUCTEM
kneTto4yHbix J3C.

MNo-Bngumomy, npu Hanuunum BHewlHero nesoro TI1 MoHMTOpa B MO3re nofb3oBaTtens
BO3HMKAOT TOPCUOHHbIE [OC - CTPYKTYpbl, KOTOpPblE MOBTOPAOT MNPOCTPAHCTBEHHO-YACTOTHYHO
CTPYKTYpY BO3geuncTBytowero BHewHero TIl. 3TM HOBblE TOPCUOHHbIE CTPYKTYpPbl - pesynbraTt
B3anmoaencTeus nuamesmayansHoro T nonb3osatens n TI MOHUTOpaA - OTpaXarkTCsa Kak CUrHanbl
yrnpaBneHuss TeMn UM UHbIMU PU3NOMNOTMYECKUMN (DYHKUMSAMWU, YTO NPUBOOUT K WU3BECTHBIM
HapyLleHNaM B opraHuamMe. Y HEeKOTOpbIX Nofb3oBaTternen B3ammogencTamne yrnoMaHyTbIX Boiwe TI1
Hapsgy C HapylweHuaMM B OpraHu3Me MOXET BblpaxaTbCd B HEMOTMBUPOBAHHbLIX U
HenpeackasyemblX MOBEAEHYECKUX peakuusx, MexXxaHu3Mamu KOTOpbIX MpPaBOMEPHO cuuUTaTb
CKpbITble o4yark Bo30yxaeHus, (hopMUpYIoLLIME Ha YPOBHE MOACO3HAHUS.

Kpome TOro, He WCKMOYEHO M HEKOTOPOE MCUXOreHHoe (NCMXOTPOMHOE) BO3AENCTBUE Ha
nonb3oBatensa [1K. OHO BblpaxaeTcsa B 3aTOPMOXEHHOCTM peakuui, B MNOSABMEHUW 4YyBCTBaA
HeyBEepEHHOCTU, CTpaxa, BecenocTu, 3rnodbl 1 T.4.

T.o0., nog BosgencTanem nesoro Tl BMAEOMOHUTOPA KMNETKM OpraHMama u Lerble CUCTEMBbI
NnoABepratnTCca OnpeaeneHHbIM CTPYKTYPHbIM U OM3NOMOrMYeCcKnm nepectponkam, 4To BedeT K
BO3HWKHOBEHMIO NMCUXOMEHHOIO HAaMNpPshKEHUS, K CHKEHUI0 CNOCOBHOCTN adekBaTHO pearmpoBaTb
Ha BHELLHMEe BO3AENCTBUSA, B TOM YMCNE U Ha OENCTBUS OKPYXKatoLmMX NHoaeN.

He wucknoyeHo, 4TOo cyuwlectByeT npobnema nogaepXxaHuss TOPCMOHHO-NOMEBOrO
romMmeocTtasa opraHu3ma 4enoBeka 1 NoObIX XKNUBbIX OPraHN3MOB.

BnivsHme mHoroobpasHbix haktopoB  Bosgencteua 1K npmBoguMT  opraHmsm K
GOpPMNPOBAHUIO CMOXHBIX CUCTEMHbIX OTBETHbIX peakLuid, YTO B MOMHOW Mepe cornacyeTcs ¢
3akntoveHnem akcneptoB BO3 o HeobxogmmocTu paccmatpusatb paboTy c K kak cTpecc-cakTop.

Beegem noHatne 6uopesoHaHca [38].

K coxaneHuio, B HacTosiLiee BpeMSI B Hay4HbIX Kpyrax HET €AMHOr0 MHEHUst O TOM, YTO
Takoe 6uopesoHaHc. [loaTomMy B Hayane M3NOXEeHUS Mbl XOTMM YEeTKO OnpeaenuTb Hawe
NOHMMaHMe 3TOro TepMUHa.

Bo-nepBblX, Kak criegyeT 13 camoro HasBaHus, GMOpPe3oHaHC, - 3TO PE30HAHCHbIE SIBNEHUS
B Buonornyecknx odbeKTax.

Bo-BTOpbIX, pe30HaHCHbIE SBMEHUSA B XMBOW WU HEXWBOM Npupode AOIMKHbl onpeaensTb
CXOAHble mnpoueccbl. A MO3TOMYy oOnpefenuMm OCHOBHblE CBOMCTBA PE30OHAHCHbIX SBMEHUMW Ha
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npumMmepax 13 MU3nKu.

B dmsunke nog pe3oHaHCOM MPUHSITO NMOHUMATbL SIBMIEHWE PE3KOro BO3pacTaHUs amnnuTyabl
konebaHuin B Tex cny4vasix, Koraa 4Yactota BHELUHeW cunbl npubnukaeTtcs kK COBCTBEHHOW YacToTe
cuctembl. M3 3Toro onpegerneHus crnegyer, YTto Ansi BO3HWMKHOBEHUSI pPe30HaHCa [OMKHbl
BbIMOSHATCA CreayoLwmne ycnoBus:

. cucteMa [OImKHa WMMeTb BO3MOXHOCTb COBepllaTb konebaTternbHble OBMXKeHus (B Hen
AOIMKHbI CyLLLEeCTBOBaTb BOMIHOBbLIE NPOLECCHI, NPUCYLLME el CaMON);

. 06sa3aTenbHO CyLLECTBOBaHME BHELUHEro WUCTOYHMKA konebaHum (BonH), nogobHoro no
CBOUM MapaMeTpaM pe3oHMUPYIOLLEN CUCTEME;

. AOIDKHbI  COBMagaTb XapakTEepPUCTMKM BOMHOBbIX MPOLECCOB CUCTEMbl W BHELLHEro
MCTOYHMKA.

PaccmMoTpumM ykasaHHble yCrnoBusi B NPUMEHEHUMN K B1onormnyeckum oobektam.

Kak n3BecTHO, BONbLUMHCTBO M3 HUX MMEET KINETOYHOE CTPOEHME, TO €CTb OHU COCTOST U3
OFPOMHOr0  KonmMyecTBa MNOAOOHbLIX 3NEMEHTOB, MOBTOPSAOWMX CTPOEHWe (a 3HauuT, wu
XapaKTEPUCTUKM) ApPYr Apyra C BbICOKOW TOYHOCTb, @ BCE KomnareHbl M MHorve 6enku nnaswbl
KPOBWU SIBNSILOTCA CNMparnbHbIMU BOMOKHUCTBIMU CTPYKTYpaMu, KOTOpble€ CMOCOOHbI K MTHOBEHHOM
nepenaye MHPOPMAaLMOHHOWM KOMMOHEHTbI 3NEKTPOMAarHUTHbIX konebdaHuin. MoXXHO NpeanonoXnTsb,
YTO BHEKIETOUHbIE 3NIEMEHThLI COEANHUTENBHON TKaHMW BbIMOMHAT HE CTONbKO OMOPHYI0 OYHKLMIO,
CKOJMbKO MHGOPMAaLMOHHYI0, MOCKOSbKY 00pasyloT cBoeobpasHble KaHambl, CBs3biBalOLME BCe
opraHbl U TKaHW Opyr C APYroM, U BbiXogslwme Ha nepudeputo, BOSMOXHO, B BUAE aKyMyHKTYPHbIX
Toyek. KneTouyHble 3neMeHTbl COEAMHMUTENbHOW TKAHW MOFYT CRYXUTb pPeTpaHCnsTopamu,
yCuUnuTensmMm curHanos. [pouecchl XU3HeOeAaTeNbHOCTM KINETOK Ha BCEX YPOBHSIX (MEXaHNYECKOM,
3MNEKTPUYECKOM, XMMUYECKOM, NHOPMAaLMOHHOM) MOXHO paccMaTpuBaTh Kak nepuoanyeckue, To
ecTb KonebaTtenbHble Unn BOMHOBbIE. B 4acTHOCTW, AOKa3aHO, YTO KNeTka CAY>XUT UCTOYHWKOM
OMW/ B WMPOKOM Amanas3oHe 4acToT, a, cnegoBaTernibHO, U UCTOYHMKOM TW. TMoatomy KneTku
ABNSAKTCA KakK MCTOMHMKaMK KonebaHun p[ns sIBNeHUsi pesoHaHca, Tak WU Pe30HUPYHLMMMK
cuctemamn. [lpn  aToM cnegyeTr MMeTb B BuAay, YTO B OMOMoOrMyecknx cuctemax
aBToOKonebaTenbHble Npouecchl HabnaaTCAa Ha BCEX YPOBHSIX OpraHu3auuun XXUBOW MaTtepuun n
UrpatoT O4YEeHb BaXHYK poOflb B MNpoueccax KOAMPOBaHMSA, nepedadn u npeobpasoBaHus
MHpopmaumm. Tak, OONbLIMHCTBO PeLenToOpPHbIX KIMEeTOK SBMSTCA aBTOKonebaTenbHbIMM
cucTeMamu, KogupylwmMmmn mnHgopmauuio 06 namepsieMbix napameTpax cpegbl B dopme
aBToOKonebaHMn MemOpaHHOro NoTeHUMana CooTBETCTBYHOLWEN aMMNTydbl U YacTOThbI.

Bce Bmabl aytoperynsaumMm cnocoOHbl BbINOMHATE CBOM (PYHKLUMKW TONbKO B ONPEeAEneHHOM
AnanasoHe MnapameTpoB COCTOSIHMS, BbIXOA4 3a Mpedenbl KOTOPbIX MOA4 BRMUSIHUEM 3K30 - UMK
9HAOOrEeHHbIX (PaKTOPOB MOXET BbI3BaTb WM3MEHEHMSI BHYTPEHHEW cpefbl, HEe KOMMEHCMpyeMble
roMmeoctaTuyeckumm MexaHuamamu. CmelleHMe CUCTeM  ayToperynsuum  MoXeT  ObiTb
HECOBMECTUMO C HOpMasbHbIM (PYHKLMOHMPOBAHNEM OpraHuama, 4Y4TO MPUMBOAMT K pPasBUTUIO
NaTonorM4yecKkoro COCTOSIHUS.

MpuHUMNManNbLHOE OTNUYME PE3OHUPYHLWMX Ouonornvyecknx Oo6LEKTOB OT MPOCTEMLLMX
konebaTtenbHbIX CUCTEM, paccMaTpmuBaeMbix B hU3NKe, onpeaensetcs 3Ha4nNTeNbHOMW CIOXHOCTbIO
UX CTPOEHMUS (CNOXHblE XUMUYECKMe coeauHeHus, aBonHasa cnvpans OHK v 1.4.). Noatomy ans
HUX NpaBunbHee Oblfo Obl FOBOPUTL HE O COBMAAEHUN COOCTBEHHBIX YacToT (Y HUX UX MPOCTO HET,
- OHW HMKOIga He coBepLlaloT KorebaHui Kak eguHoe XeCTKOE LIENoe), a O CIIOXHOM pe3oHaHce,
Koraa COBMafalT CrOXHble BOMHOBbIE MPOLECCHI, COCTOSILLME M3 MHOXECTBA 3NeMeHTapHbIX
konebaHui ¢ pasHbIMK YacToTaMn 1 aMnAUTy4aMu.

Bonee Toro, nockonbky Guonornyeckmn 0ObLEKT HAaXo4UTCS B peanbHOM MUpE, B KOTOPOM
OQHOBPEMEHHO MPUCYTCTBYET BECb CNEKTP BOSHOBbLIX BO3AENCTBMUI (C pa3anMYHOM MHTEHCUBHOCTbIO
ANSA KaXXO0W 4acToThl), TO B HEM HEMNPEPbLIBHO MPOUCXOAUT COOTBETCTBYIOLLMIA BONTHOBOMW NpoLecc,
oTBevYarLWnn aTomy Habopy BO3AeNCTBMW. B 3aBMCMMOCTM OT TOrO, Kakue BHELUHWE BOJSIHOBbIE
NpoLEecChbl YCUINEeHbl B [aHHbIA MOMEHT, OTKIIMKAETCsi COOTBETCTBYHLLAS YacTb OMONOrnM4eckoro
o6bekTa, umeroLLlast pe3oHaHC Ha JaHHOW YacToTe (KOHEeYHO, ecrnv Takon 3fIEMEHT NPUCYTCTBYET B
ovonornyeckoMm obbekTe). OTO sABMNeHMe crnaboro BOMTHOBOrO OTK/MKA Ha BCEM CMEKTpe 4acToT
MOXHO HasBaTb SABMEHMEM cnaboro )OHOBOro pPe30HaHCa CTPYKTYPHbLIX 3M1EMEHTOB COXHOro
Ovonormnyeckoro obbekta. OHO TemM 3HayuTernbHee, YeM CUnbHee BHelLIHee BO3OencTBue
nNpmbnmkaeTcst K NONHOMY Habopy COBCTBEHHbIX YACTOT BCEX 3MEMEHTOB cucTeMbl. [pnyem nopg
aNeMeHTaMM B [aHHOM CIiy4ae TMOHUMAKTCS He TOJMIbKO SfIEMEHTapHblE COCTaBnsAloLne
ouonornyeckoro oobekTa, HO 1 Ndble NX codeTaHUs BNMOThb A0 oObekTa Kak eanHoro uernoro! 3T1o
onpenensieTcs orpoMHON CINOXHOCTBIO BOFTHOBOIO MpoLecca B ftoboM buonormdeckom obbekte no
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CPaBHEHMIO C MPOCTENLLIMMN KonebaTernbHbIMU CcUCTEMaMK, paccMaTpuMBaemMbiMu B dousnke. B 1o
e BpeMs HafeXHOCTb CUCTEM ayToperynsiumMm B OpraHuame obecrnevvBaeTcsi cregyroLlivmMm
COCTaBMALLNMU:

. MHOXECTBEHHOCTb (QybnnpoBaHMe) perynupyowmx CBA3en, KOHTPONMMUPYIOLWUX OOHY U Ty
Xe OyHKLNIo;

. MHOXECTBEHHOCTb W OTHOCUTENbHAs aBTOHOMHOCTb MapanienbHO YHKLNOHUPYHOLLMX
3MEMEHTOB;

. MHOrOKpaTHOe pe3epBUpPOBaHME NCTOUYHUKOB SHEPTUU;

. 3aMeLLeHMe UM BOCCTAHOBMNEHNE 3NTIEMEHTOB U CBSA3EN, BbllleAWnX U3 CTPOS;

. CMOCOBHOCTL K CAMOOUULLIEHNIO OT YYXKEPOOHbIX SJIEMEHTOB;

. 3alimTa oT neperpysok n cnocobHOCTb aAanTUpPOBaTbCA K YacTbIM Neperpy3kam.

Ha kakunx e yactoTax BO3MOXEH peanbHbli pe30HaHC B cucTeme, obrnagatoLlen CroXHbIM
BHYTPEHHUM CTpoeHnem? TOonbKO Ha TeX, KOTOpble COOTBETCTBYIOT €€ BHYTPEHHEMY CTPOEHMIo!
Beab Ans pe3oHaHca Heo6XoAMMO ycuneHme BOMHOBOMO npouecca (TO eCTb YCUNeHMe BHELUHEro
curHana). Ho Hemnb3s nonyyYnTb cUrHan onpeaeneHHOn YacTOThl, eCn B CUCTEME HET afeMeHTa,
cnocobHoro ero creHepmpoBaTtb!

Otctoga HeunsbexHo crnegyeT BbIBO4 O TOM, YTO Ouonormveckmi obbekT, obnagarounn
COBCTBEHHBbIM HABOPOM BHYTPEHHWX YacTOT BOSHOBbLIX MPOLECCOB, BO3MOXHbIX B HEM, MOXET
y4acTBOBaThb B siBNEHMM BMOpe3oHaHca TOMbKO Ha 3TUX YacToTax.

Ha oCHOBe BbILEN3NOXEHHOTO MOXHO BBECTU MOHATUE, aHanorMyHoe MOHATUIO
COBCTBEHHOM YacTOTbl NpocTenen puandeckon konedaTenbHOW CUCTEMbI, AN KornebaTenbHbIX
cucTem, obrnagaroLmx CNOXHbIM CTPYKTYPHBIM CTPOEHMNEM, - COOCTBEHHbLIA TOPCUOHHO - BOSTHOBOW
npovecc.

B 6uonornyeckmnx obbekTtax ABreHus GuopesoHaHca NPOMCXOOAT Ha CaMbiX PasnUYHbIX
YPOBHSAX 1 ONpegensiTcsa npoueccamm camon pasHon npupodel. MNoatomy, B Lensx ob6o3HaveHus
obLHOCTN 3TUX ABMNEeHWn, BOyoem nonb3oBaTbCA MNOHATUEM COBCTBEHHOIO WHAOPMAaLIMOHHOIO
TOPCUOHHO - BOMHOBOrO npouecca. [nsa o6bACHEeHNA 3TOro NOHATUSA BOCMONb3YyeMCH crieaytoLuen
aHarnornen: Tak xe, Kak konebaHmsa ¢ COGCTBEHHON YAaCTOTOM MOIYT MPOUCXOAUTL B MPOCTEMLIEN
dusnyeckon cucteme 6e3 BHELUHErO0 MCTOYHMKA 3HEPruu, (TO eCTb 3TO COCTOSIHME €CTECTBEHHO
ana cusndeckon cuctembl), Tak M COBCTBEHHbIM MH(OPMALMOHHBLIA TOPCUOHHO - BOSTHOBOW
npouecc ecTb eCTeCTBEHHOe COoCcTosfHMe 6uornormdeckoro obbekTa, COOTBETCTBYHLLEE
HOpMasibHOM XU3HeOesATeNbHOCTU U OTCYTCTBUIO BHELUHUX BO3AENCTBUN.

Cam aToT npouecc MOXeT BbiTb CKOMb YroAHO CrOXHbIM. Ero yactu MoryT 3atyxatb 1 ONsiTb
ycunueaTbCs. YMCno CoCTOSHMI, Yepe3 KOTopble MpoxoauT OMONormyeckuin OObEeKT B 3TOM
npouecce, MOXET ObITb CKONMb YrogHO BENMKO, Tak 4YTO OHM MOryT BooObOLlEe HuKorga He
nosTopATbCA. [MoaToMy npouecc konebaTenbHbIM UM NEPUOANYECKMM MOXET ObiTb Ha3BaH OYeHb
ycnoeHo. B To xe Bpemsa oH obrnagjaer onpegeneHHbIMU XapakTepucTukamu (Hanpumep, YeTKo
NOBTOPSIIOLLMMUNCA OT KIETKM K KIETKE) M BblpaXeHHOW BOMHOBOW npupogon. OTcioga u
npegnaraemoe Ha3BaHue.

MTak, ogHO TONMbKO KNETOYHOE CTpOeHMe onpenenseT BbINOfHEHUE BCeX HeobxoamMbiX
yCNnoBur Ons CyllecTBoBaHMsA Buope3oHaHca. Ho aHanorM4yHo Krnetkam MOXHO pacCMOTPETb B
KayeCcTBe Y4aCTHUKOB PE30HAHCHbIX SBNEeHUN 1 Apyrue Yyactn Guonornyecknx o6 bLeKToB.

OTO BO3MOXHO Gnarogapsi M3BECTHOMY CBOWCTBY CTPOeHMsi Guonornyecknx obbEKTOB -
camonogo6buto. [Jaxke npu NOMHOM OTCYTCTBUM BHELUHWUX BO3OENCTBUM (Y4TO B peanbHOM MUpE,
KOHEYHO, HEBO3MOXHO) pasfnyHble YacTu XUBOro opraHuama (opraHbl, TKaHW, KNETKW, 3NIEMEHTHI
cTpoeHuns knetok, AHK, crnoxHble XMMmmnyeckne coeguHeHus) Bce paBHO MOCTOSIHHO PE30HUPYIOT
mexay cobon!

BbiBoa: OMOpe3oHaHC eCcTb HeOTbeMSIEMOE CBOWCTBO BCEX >KMBbIX OPraHM3moB, OH
NMOCTOSIHHO B HUX NMPOUCXOAMUT U 0BecneyYnBaeT Ux XU3HeOeATeNnbHOCTb.

B camom 6uonornyeckoMm obbekTe OHM ero 4acTu Pe3oHNPYIOT € ApYrMMn. To eCTb MOXHO
rOBOPUTb O TOM, YTO B CIOXHbIX Guonornyeckux obbekTax CyLlecTBYET siBNeHWe BHYTPEHHero
OnopesoHaHca (aBTobMope3oHaHca). YTo, KOHEYHO, He UckoyaeT GuopesoHaHca, ONpeaensieMoro
BHELLUHMMW BO3OENCTBUSIMNA.

Mpn 3TOM BHYTPEHHMI BUOpe3oHaHC onpeaensieT BeCb MHPOPMALNOHHBLIN TOPCUMOHHO -
BOSTHOBOW MpPOLECC XMBOro opraHmama. [1oaToMy OH NPOSABNSAETCA ropasfgo valle, YeM BHELLHUWN.
TouyHee, OH NPOUCXOAUT MOCTOAHHO W HenpepbiBHO. MoXeT ObiTb, MMEHHO MO3TOMY OH
€CTEeCTBEHEH, U Mbl HE CYMTAEM €ro CyLeCTBEHHbIM SIBIEHWEM, COMPOBOXAAKOLWMM HEKOTOpble
SIBNEHMS BHELLUHEro pesoHaHca (Mbl He OLlyliaeM ero, Kak He ouwyuiaem, Hanpumep, npoLeccos
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AblXxaHus, XOoTa npu Baoxe copmupyetca cnaboe nesoe TI1, npu Bbigoxe - npaBoe, €cnv Mb
AbINM BO34YXOM, coaepxawmm 6onbLuoe KonmyecTBO a3poMOHOB 06enx NonspHocCTeN).

B TO Xe Bpems, BHELHWW pPe30OHAHC, XOTH OH M He WUrpaeT TakoW 3HaA4YMMOW ponu B
XKU3HEOEeATeNnbHOCTM  opraHmama, MOXeT ObiTb WCMONb30BaH Kak METo4  ynpaBreHus
Buonornyeckum o6BLEKTOM, MpoueccaMn €ro XusHeoeAaTenbHOCTM (Hanpumep, Ans NevyeHus
narTornorumn).

CuuTaloT, YTO BCE BO3AEUCTBUS Kak BHYTPU Buonormyeckoro obbekrta, Tak U U3BHE MOXHO
pasgennTb Ha ABa Kracca: HepretTudeckne n MHpopMaunoHHbIE.

3ameTnm, 4YTO yKasaHHble ABa Kfnacca BO3OEWCTBUA O4YeHb ONU3KM K OOLEenpUHATOM
Knaccudmkaumm ona BHELLHMX BO3OEMCTBUM Ha XMBOW opraHmam. Tak, nog MH(opMaunoHHbIM
YPOBHEM BO34eNCTBMA (cnabble curHanbl) MOHUMAETCS YPOBEHb CUIHANOB, HE MNPUBOOALLMN K
M3MEHEHMAM B OCHOBHbIX Mpoueccax XU3HeOeATEeNbHOCTM KNEeToK, a Mullb YnpaBnsowmm
TeyeHnem 3TuX npoueccoB. [log paspywarwmmmn (CurnbHble CUrHambl) MOHMMAKTCA CUrHanbl,
NPUBOASLLME K Pa3pyLLUEHNIO NN NPUHLMNNANBHOMY M3MEHEHUIO NMPOLECCOB XU3HEeOEeATENbHOCTMY.
OHepreTMyeckMin 1 paspyLiaowmnin curHanbl NPUHLMNNANBHO PasfnyHbl: SHEPreTUYEeCKUn curHan
Anga 6uopesoHaHca He OTHOCUTCA K pa3pyLuatoLwmnm, ero ypoBeHb 6nmxe K MHpOpMaLOHHOMY.

Ckopee Bcero, npuvpoga oTBefna COOTBETCTBYIOLLUME PONM B OMonormyeckux obbektax
obonm 9TUM BO3AENCTBUAM, OMPEAEnsoWMM MpoLecc BO3HUMKHOBEHUS OuopesoHaHca. Ho,
MOCKONbKY B GuoOnornyeckmx obbekTax Bce aMneMeHTbl (KNeTkn) nogobHbl apyr apyry (To ectb
obnagatoT NPUMEPHO OOUHAKOBBLIMW BO3MOXHOCTSIMU MO HAKOMSEHMIO U PacXod0BaHUIO 3HEPrum),
TO UHOPMALIMOHHBIA Pe3oHaHC NpeacTaBnaeTcs 3HauynTernbHo 6onee adhdekTUBHBIM MNPOLLECCOM
C TOYKM 3peHusa aHeproobmeHa. OH npeactaBnsaeTca Haubonee BEPOATHOW MOAENbID CUCTEMbI
obmeHa wvHdopmMauuen BHYTpU OMOMOrMYECKMX CUCTEM, TakK Kak npupoda OOblMHO BhbIOMpaeT
nyywne peLleHus.

Ewe ogHum poBoAoM B MNONb3y WHOPMAaUMOHHOW MoOOEenu SBNAeTcs TOT doakT, 4To
pesynbrat 6Mope3oHaHca B 3TOM Criyyae 3aroXeH B caMoOM Bronorm4eckom obbekte. A 3HaYUT, OH
nerko ynpaensem, bonee npefckasyem, orpaHudeH no ceomm napameTtpam. CriegoBaTernbHO, ero
npowe ucnonbL3oBaTb B JanbHenwem rnpouecce obmeHa uHdopmaumen unu ynpasneHus
npoueccammn XnsHegeaTernbHOCTU.

Kpome Toro, adpdpeKkTMBHOCTb NOGOro BO3AENCTBUA MOXHO paccMarpvBaTb MO BENMYUHE
OTKIIMKa Ha Hero. B aTom cmbicne, kakon Obl BUA, BO3AEUCTBUS Mbl HE paccMaTpusanu, ns Toro,
4TObObI BO3HMKaN ©uope3oHaHC, HeobxoaMMO, 4YTOOblI OTKMMK MO BEfMYUHE npeBbllan camo
Bo3gencTBne. B aTom cmbicne WMHOPMAaUMOHHBIA PE30HAHC MMEET 3Ha4MTENbHO OonbLuyto
3PPEKTUBHOCTb, YEM IHEPreTUYEeCKUn, a CcregoBaTenbHO, MepcrnekTuBa UCMONb30BaHUS
NHOPMAaLMOHHbBIX BO34ENCTBUIA NPU Pa3NUYHbIX NATONOrMYECKNX COCTOSIHUSIX 3HAYNTENbHO BbILLE
MO CPaBHEHWUIO C MPUHATBIMU HbIHE 3HEPreTUYECKMMN BO3OENCTBUAMM B NOOLIX NX NPOSABNEHMUSAX.

T.0., BMOpe3oHaHC - 3TO sBNEeHWe YCUNeHUss MHPOPMALMOHHOTO TOPCMOHHO - BOMHOBOIO
npouecca, BO30enCTByOLEro Ha 6MOOOBEKT, B TEX Cry4vasix, Korga aToT npouecc npubnmkaercs no
napameTrpam K COBCTBEHHOMY WH(OPMALMOHHOMY TOPCMOHHO - BOMHOBOMY npoLeccy
H6roobbekTa.

Kpome TOro, 6GMOpe3oHaAHC MOXHO paccMaTpuBaTb Kak WH(OPMaLUMOHHO-BOMHOBOE
ABMNeHue.

JTro6on oGuornormuyeckun 0ObeKT HachbILWeH MHOPMaLMOHHLIMU noTokammu,
COMNPOBOXAAKLWNUMN  €ro  XKns3HeaeAaTenbHOCTb. [10CKONMbKY M MCTOYHUKOM, U NPUEMHUKOM
WHOPMALIMOHHLIX CUrHanoB B OpraHM3Me ABnATCa duonornyeckme obbekThbl, TO, O4EBUAHO, YTO
sABneHne GMopesoHaHca UrpaeT B NPOUCXOAALLMX B OpraHM3me npoLeccax BaXXHENLYO porb.

MHdopMaLMOHHbIE MOTOKM B XXMBLIX OpraHu3Max MOXHO pasgenuTb Ha ABa knacca. K
nepBOMYy Kriaccy OTHeceM COOGCTBEHHO Mpouecc nepegadn ynpaensioLMX BO3OAeNCTBUN. Takue
BO3OENCTBMSA 3acCTaBrsOT MPUEMHUK MHAOPMaLUN SBHbIM 0O6pa3oM M3MEHUTb CBOE COCTOSHME.
Hanpumep, ynpaensowmi MMnynbC OT LEHTparnbHON HEPBHOW CUCTEMbI onpedensieT npouecc
OBWKEHUs (nepuogudeckoe cokpalleHne 1 paccrnabneHmne HyXXHbIX MbiLll), COOTBETCTBEHHO MAyT
HenpepbIBHbIE NPOLECCHI KPOBOOOPALLEHWS, AbIXaHNS U T.N.

Ko BTOpOMYy Knaccy oTHeceM MH(OPMaLUNOHHbIE NMOTOKW, BO3HMKaOLWME n3-3a TOro, YTo B
€CTECTBEHHOM COCTOSIHMM nobon Ouornorndecknn obbekT M nwbass ero 4yacTb obnagatoT
COBCTBEHHBIM UH(OPMALMOHHBIM TOPCUOHHO - BOJSIHOBBIM MNPOLECCOM, a, CrefoBaTerbHo,
ABNSAOTCA MCTOMHUKaMM (OOHOBBIX BOSHOBBLIX MpoueccoB. Bosgencteume 3Tmx npoLeccoB Ha
ocTarbHble YaCTU MOXHO ONpeaennTb Kak eCTeCTBEHHbIN BHYTPEHHUI NHOPMAaLMOHHO-BOSTHOBOM
¢oH bronornyeckoro oobekTa.
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Mepengem Tenepb K pacCMOTPEHUIO Krnacca WHGOPMAaLMOHHBLIX TOPCUOHHO - BOJSTHOBbLIX
NMOTOKOB B Ouonornyeckux obbekTax, CBA3AHHOro C nepegadven nHdopmauumn, cogepxawienca B
COBCTBEHHBIX MHAOPMALMOHHO-BOMHOBBIX MpoOLeccax, OT OAHWX YacTel XMBOFO OpraHuamMa K
apyrium. 3T UHAOPMAaUMOHHBIE MNOTOKM SABMAAKOTCA Havbonee ecTeCTBEHHbIMW AN BCeX
CTPYKTYPHbIX 4acten Ouonormyeckoro ob6bekTa NOTOMY, YTO Kakgas W3 HWUX HaxoauTcs B
cocTosiHMM cobcTBeHHOro BonMHOBOro npouecca. OHWM  (MOTOKM) NOAOGHBbI  Apyr Opyry u
BO3[ENCTBYIOT Ha CBOE OKPYXeHue (Yepe3 MexaHuyeckoe, BOSIHOBOE, areKTpuyeckoe, nasepHoe,
XMMMYECKoe B3aUMOLEWCTBUS) B TOM >K€ YacTOTHOM [AuanasoHe, B KOTOPOM MNPOUCXOAUT W
BOITHOBOW MPOLIECC 3TOro OKpY»XeHus. B pesynkrate GMope3oHaHca 3T MHOPMAaLMOHHbBIE NMOTOKM
Kak 6bl nogaepXvBatoT Apyr gpyra, co3gaBasi ycTonumsoe eanHoobpasne TOPCUOHHO - BOFTHOBOIO
npouecca, MHAMBUAYANbHOro Ans 3TOro KOHKPETHOro Guonornyeckoro oobekTa (Unu ero YacTn).

PaccmoTpym ©roOpe3oHaHCHble B3aMMOLEWCTBUSA B KMBOM OpraHuaMe B pPasfuyHbIX
cocTosHusx. Ecnu Bce YacTu opraHnama HaxogaTcs B COCTOSHUM HOPMbI, TO OHM NOAOEPXNBAIOT U
yNpaBnsitoT COCTOSHMEM APYr Apyra TOfbKO B pamkax 3TOro coCTosiHus. Ecnv BenuunHa BHeELLHEro
BO34ENCTBMS, COOTBETCTBYIOLLEIO COCTOSAHMIO NATONOMMKN, HUXE onpeaeneHHoro YypoBHs!, TO OHO He
NPMBOAUT K ABMEHUI0 BopesoHaHca 1 He MOXET NepeHacTponUTb BHYTPEHHEE COCTOSHME YacTen
ouonornyeckoro obbekta B COCTOSHME naTtonormm. OTO NepBblI YPOBEHb WH(OPMALMOHHO-
BOMHOBOW 3aLUMTHON CUCTEMbI OpraHMama OT HeraTuBHbIX BHELLUHMX BO3OEWCTBMIK, paboTaromm
npv MarnblX X BENNYMHAX.

lNpegnonoXxum, 4TO BHELUHEEe BO3AENCTBME MPEBBLICUIIO MNEPBbIA YPOBEHb 3alUTbl U
nepeBerno HEKOTOPYH HEBONbLUYID YacTb CTPYKTYPHLIX 3remMeHToB 6Guonorundeckoro obbekta B
COCTOsiHME nartonornn. B aTom cnyyae HaunmHaeT paboTaTb BTOPOW YPOBEHb 3aLMTbl, OCHOBAHHbIN
yXXe Ha caMorevyeHnn opraHmamMa Unm Ha npouecce ucnpasneHns MHPOPMaLMOHHOTO TOPCUOHHO -
BOMHOBOro npouecca. [lpy STOM 4YacTu opraHu3ma, Haxogslwmecss B COCTOSHUSAX HOPMBbI,
BO3OEWNCTBYIOT Ha MNOpaxeHHble 4acTu. W, cneposatenbHO, OyaeT nopaepXuBaTbCa npouece
o6paTHOM NepeHacTPOMKN NOPAXKEHHbBIX YacTeN K HOPMaribHOMY COCTOSIHUIO.

Mpn atom cywiectByeT n obpatHoe BosdencTeue. opakeHHble YacTu BO3OENCTBYIOT Ha
HOpMaribHble HEeraTMBHbIM MH(OPMALNOHHBIM TOPCUOHHO - BOSIHOBLIM MOSIEM, HO, MOCKOSbKY UX
Maro, OHW He MOryT OKasaTb CYLIECTBEHHOrO BMSAHMS WU MEPEHacTPOUTb CBOE OKpPYXeHune B
COCTOSiHME naTonornn. Takoe COCTOsIHME XXMBOro OpraHn3Ma He pacueHuBaeTcs kak 3abonesaHue,
a onpefensieTca Kak 3alluTHas peakumMsi UMMYHHOW cucTembl Buonormdeckoro obbekTta. B
onpeneneHHon CTeneHn 3TU MONOXEHUsT OTpaXalT [Ba OCHOBHbLIX MpuHUMNA ayToperynauyuu B
opraHusaMe - 3TO perynaumsi no OTKMOHEHUIO perynupyemMon BENWYMHbl U perynaums no
BO3MyLLeHUMI0. lMpsamon n obpaTHbI nepexodbl CUCTEMbI N3 OQHOIMO YCTOMYMBOIO CTaLMOHAPHOIO
COCTOSIHUS B ApYroe COBEPLUATCA MPU PasfnUyHbIX BO3MYLLEHUSX U Pa3HbIMU NYTAMU, NOITOMY
cucTemMa B 3aBMCUMOCTU OT HayvarbHbIX YCIIOBUN MOXET OoKa3aTbCs B OOQHOM M3 OBYX YCTONYMBbIX
ansTepHaTUBHbLIX CTaLUMOHApPHbIX COCTOAHWMIA. B aTOM cnydae cuctema okasblBaeTcd CrocoBHOWN
COXpaHATb MaMATb O TaKUMX U3MEHEHUAX B cpefe, KOTopble CMOCOOHbLI MPMBOAUTL K CMEHe ee
CTauNOHApPHbIX COCTOSIHUNA.

C yBenuyeHMeM 4ucra MNOpPaXEHHbIX HeraTMBHbIM BO3OENCTBMEM YacTel opraHuama
nonb3oBaTtens cuTyauus wusmeHsieTca. Bo-nepsbix, Hanuume 60MbLUOMO 4ucna 3fEMEHTOB C
nogobHON CTPYKTYpPOW NPUBOAUT K sABMEHu0 BuopesoHaHca cpeau Hux. lNMpyn 3TOM BO3HWMKaeT
bonee yctonunmBoe obpasoBaHue, Haxogsauweeca B COCTOsiHMM nartonoruu. OHO He TONbKO
NoAAEPXMBAET CBOE COCTOSIHME, HO W MOCTENeHHO HaynHaeT nepecTpauBaTb COCeAHME 4acTu
ouonornyeckoro obbekta B nogobHoe emMy COCTOsiIHME NaTonorun. B aT0T MOMEHT MOXHO roBOPUTL
0 3aboneBaHuu opraHusma. [ns nepeBoga CuUTyauuMum B HOPMasibHOE COCTOSIHME  YyXe
HEeJOCTAaTOYHO OObLIYHOW peakuun opraHuama. TpedyTca BHELWHME BO3AENCTBUHA, OObIMHO
Ha3blBaeMble NHPOPMALMOHHO - BOSTHOBOW Tepanuen.

PaccmoTtpeHHas mHpopMaunoHHaa TOPCUOHHO - BOMHOBas MOAerb nepexofa oT HOPMbl K
naTonornm NO3BOMSET NErko o6bACHUTb, NovyemMy TedeHue 3aboneBaHus B pasfnMyHbIX CTagusax
NPOUCXOAMUT C pPasnUYHOM CKOPOCTbIO. Tak, B HayanbHOW CcTagun CcymmapHas BenuymMHa
MHOPMaLMOHHO-BOMHOBOIO NMpoLiecca, COOTBETCTBYHOLLEIO NaTonornn, Mana Kak no 3aHMmMaemom
YacTn opraHmMama, Tak 1 no ceoen BenuunHe. MNMpu 3TOM ocTanbHas YacTb OpraHn3ma B COCTOSIHUN
HOPMbl MOXET aKTMBHO MPOTUBOCTOATb 3TOMY U3MEHEHMWIO M3-3a TOro, YTO ee MpocTo BonbLue.
Takoe cocTosiHME MOXET ObITb ANUTENbHBIM U AOCTATOYMHO YCTOMYUBLIM (MHOTA4A MOXET ANUTHCA
rogamu). Ho Hanuuue HeraTMBHO  BNUAKOLWEr0  WMHAOPMAaLMOHHO-BOMHOBOMO  MpoLecca,
COXpaHsLLEeroca AnuTenbHoe BpeMmsl, BeeT K NoCTerneHHON U HEeYKNOHHOW nepecTponke ero B
CTOPOHY naTonorMm. OTO MOXEeT Takke OObSACHATb BO3HUMKHOBEHWE pasfuyHbIX MNOBOYHbIX
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naTonorni BCneacTBMe NacCUBHOMO ASIMTENbHOIO NeYeHUs.

Bo3HUKHOBEHME HOBOM MaccoBoW crneuunarnbHocTU nonb3oBaterien MK Bbi3aBano CrioxHyo
npobnemy, BKMYawLWyw B ceba  pauuoHanmsaumio  paboumx  MecCT, ONTUMM3aLMIO
NPOW3BOACTBEHHOW AEATENbHOCTU MPOrPamMMUCTOB M pPabOTHMKOB APYrMX ChneumanbHOCTEN,
KOTOpble BbINOMHAT paboTbl Ha [MK, oueHKy BNMSHMSA KOMMNeKca Npov3BOACTBEHHbIX hakTOpOB
Ha COCTOSIHME NX 300POBbS C LeNblo pa3paboTkn MeponpuATUI NpeaoTBpaLLleHns BO3HUKAOLWMX B
opraHMame paccTporctB. C  MOMOLWbBK  TUrMEHUYecknx, uanonornyecknx, odranbmo-
9ProHOMUYECKMX U KITMHUYECKUX METOLO0B UCCreoBaHUM M3y4YeHbl YCNOoBUS Tpyda M COCTOsIHUE
3gopoBbsa nonb3oBatenen MK (800 yernosek), kOTopble BLIMOMHANM paboTbl Ha pasHbIX TUMAax
MOHMTOpPax OTEYECTBEHHOIO U 3apybexHoro npounssoacTea [31].

3HaunMTenbHOe  pacnpocTpaHeHuMe cpeau  Nonb3oBaTener  MOHWUTOPOB  3aHMMaloT
pacCTPONCTBa, KOTOPblE BO3HMKAKOT B CBA3M C peLUeHneM cneundurnyecknx 3puTenbHblX 3agady npu
paboTe 32 MOHMTOPOM. YCTaHOBIIEHHbIE 3aKOHOMEPHOCTU KPaTKOBPEMEHHOW N AOSrOBPEMEHHOM
agjanTaumm K JaHHOMY BUAY AEeATENbHOCTU NpY PasnuyHbIX Cpokax paboT ¢ MoHUTopamu, achdexT
B3aMMOLOMNOMHEHUSA HANPSKEHNST (PYHKLMI HEKOTOPbIX CUCTEM OpraHuama (cepaeyHo-CoCyanCTou,
LUEHTpanbHOW HEPBHOW CUCTEMbl, B TOM 4uCne W 3pUTENbHOrO aHanus3atopa), a Takke
onpegeneHHas B3auMHas 3aBMCMMOCTb [AOBYX afeKBaTHbIX MPOM3BOLACTBEHHOMY MpPOLECCY
YHKLMIA: aKKOMOZALMM U KOHTPACTHOM YyBCTBUTENbLHOCTU rnasa.

Pesynbratbl  yrnyGneHHOro  KIUMHWKO-(PYHKLMOHANBHOMO W3YyYEeHUA COCTOSAHUS  APYrux
CMUCTEM OpraHuM3ma CBMAETENbCTBYIOT O 3HAYMTENbHOM pPacnpoCTpaHeHUW cpeam nonb3oBaTenen
MOHUTOPOB, O0COBGEHHO MPOrpPamMMUCTOB, BEreTaTMBHO-COCYAUCTOW AMCTOHUM CO CKIMOHHOCTBIO K
YBENNYEHUIO apTepuanbHOro AaBfeHusi, YTO CBSA3aHO C ANUTENbHOCTbI0 paboT C MOHMUTOpaMW.
BbIHY>KaeHHan nosa nonb3oBatenen MNK conpoBoxgaeTca pasButUeM paguKynspHbIX CUHOPOMOB,
06YCMNOBIIEHHbIX OCTEOXOHAPO30M LUEMHOMO UMW NOACHUYHO-6egpeHHOro oTaerna Mo3BOHOYHUKA,
yacToTa KOTOpbIX MO Mnokasatenam 6Obina 3HAYUTENbHO Bbile, YeM B KOHTPOMbHOW rpynne
obcnenoBaHHbIX paboOTHMKOB TOrO e Bo3pacTta. [JOBONMbHO 4YacTo y Monb3oBaTeriell MOHUTOPOB
0BHapy>XMBanncb XPOHUYECKUA XOMELUCTUT, XPOHUYECKUIA racTpUT, B PasBUTUN KOTOPbIX MOXET
NMETb MECTO BbIHY)XAEHHasa pabo4yasi No3a, rmnokMHe3nsi BO Bpemsi paboTbl.

MrmeHncTammn YkpanHbl BbiSiBNIEHbI Psid HAapyLLIEeHWI y paboTtatowmx ¢ MoHutopamu MK,

Tak, Hanpumep, B paboTe [72] nokazaHO U3MEHEHME B MMMYHHOW CUCTEME Yy paboTaromx
¢ MoHuTopamu. bbino obcnemoBaHo 295 yenoek, paboTalWux C MOHUTOpaMKW, B rpynny
cpaBHeHus Bxogunu 52 venoseka. VccnegoBaHus NPOBOAMUCH C MCMONb30BaHMEM MeToAa
CMOHTAHHOrO PO3eTKoOOpa3oBaHNs (KNeTodHas Lenb) U nokasatenen rymopasnbHOro MMMyHUTeTa -
nmMmyHHornooynmHoB (Ig) knacca A, M, G n aHTUTeN K aHTUreHam LUMTOBMAHOW Xere3bl METOLOM
NMMYHHOEPMEHTHOIO aHanunsa.

Okasanocb, YTO M3MEHEHUSI B KINETOYHOW LIENU MPOSABMAIOTCA B CHWXKEHUM KonuyecTBa T-
numgoumtoB (T-n), B 6Gonblwon cTeneHn pucbanaHca WX pPerynaTopHbiX cybnonynsumi u
akTnBm3auun B-cuctemol ummyHnteta. CTeneHb UX BblpasuTENbHOCTN BO3pacTaeT napannenbHo ¢
POCTOM TPYyOOBOMW Harpysku, gaBasi Hanbonbluve OTKIOHEHWst Ha dOHe nokasaTenen rpynnbl
cpaBHeHUs, paboTatoLlen 3a MoHuTopamm no 140-160 y/mec.

Tak, npu anutensHocTh paboTbl B 160 4/mec. konnyecTBo B-numdounToB Bo3pacTaeT Ha
54,1%, TOrga Kak COOTHOLUEHWEe KonuyectBa T-NMMMEOLUTOB, KOTOPbIE WMEKOT XENnepHy u
CYNpEecCOpHY0 aKTUBHOCTb, yBenuumBaeTca Ha 84,1%. Takoe 3HauMTENbHOE YBENUYEHWEe 3TUX
nokasartenen ykasblBaeT Ha akTUBM3aLMIO r'yMOpasnbHOM Lenn 1 ayTonpoLLeCcCoB B OpraHmu3me.

Bce Gonee wwupokoe ucnonb3oBaHve MoHMTOpoB [MK B pasHbix obnactax AeAaTenbHOCTH
yenoBeka MpuBMEKaeT BHUMaHWE  CNEUManuCcToB,  M3yYalLliMX  BNUSIHWE  KOMMJEeKca
HebnaronpuaTHbIX  (PakTOpOB MNPOM3BOACTBEHHOW cpedbl Ha opraHusm paboTalwmx C
MOHUTOpaMu. Tak, y HUX OBHapyxXeHbl (YyHKUMOHarMbHble pPacCTpoOMCTBaA WM naTonormyeckme
COCTOSIHUSI.

YuntblBasi, YTO M3MEHEHWE MWHTEHCUMBHOCTM NepekncHoro okucnenus nunugos (MOJT)
ABNSIETCA BaXXHbIM NaTOreHeTU4eckMM (PakTopoOM WU CAYXUT AMArHOCTUYECKUM TEeCTOM MHOIMX
NaToNnorn4yecknx COCTOSIHUI, ObINO NPOBEAEHO MCCNEeAoBaHWE 3TUX MPOLECCOB Kak BO3MOXHbIX
KpUTEPUEB HavanbHbIX MNPOSIBNEHWA OEWCTBMA KOMMIIEKCa BpeaHblX (PakToOpoOB Ha OpraHv3m
paboTaLLnx C MOHUTOPaMMU.

B pesynbrate OMOXMMMYECKMX WCCNELOBAHWA C MOMOLLbIO XEMUITOMUHECLEHTHBLIX U
CNEeKTPOPOTOMETPUYHBLIX METOAOB YCTAHOBIEHO 3HAYMTENbHOE YyBenuyeHne (B 2+3 pasa)
nHTeHcmBHoCcTU npoueccoB [MOJ1 Bcneacteve akTMBauMM MNEPBUYHBLIX (OMEHOBbIE KOHbBIOraThl),
NPOMEXYTOUHbIX (MMOpOoNepeKkncen NUMNUAOB) U KOHEYHbIX (ManoHOBbIA Ananbaerng) COCTOAHUN
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nor.

Ycunenwve cBoboaHOpaamKanbHbIX npoLeccoB obycnoBneHo CHWXXEHMEM
aHTMpagauKanbHbIX U aHTUOKUCIUTENbHbLIX CUCTEM 3alUTbl, O COCTOSIHMM KOTOPOW Cyaunm no
YBEMMYEHUIO ObICTPOro BO3ropaHnd U 0bLern CBETOCYMMbl XEeMUMIOMUHECLIEHLMN, KOoTopas
NHAYyuMpoBanach Nepeknucbo Bo4OpoAaa.

HeobxogumMo nogYepkHyTb, YTO HapyleHus COoOoTHoweHust npoueccoB [10OJT wu
aHTMOKCUOAHTHOW CUCTEMbI Y paboTalomx ¢ MOHUTOpamMu HabnogaTes yxe B Bo3pacTte 4o 25
neT, a Takke Ha paHHUX CTagusax KOHTakTa (CTax paboTbl A0 2 NET) U, YTO OCOBEHHO BaXKHO, Npwu
MUHMMarnbHOM cpoke paboTbl ¢ MOHUTOpPOM (g0 20 4 Ha Mecsy), YTo ABMsieTCc 0OOCHOBaAHMEM
BO3MOXHOCTWU UCMOMb30BaHUS 3TUX NoKasaTernemn Kak YyBCTBUTEMbHbIX KPUTEPUEB OLIEHKN PaHHUX
NposaBreHun OencTBuA Komnsekca (pakTopoB MPOU3BOACTBEHHOM cCpedbl Ha  OpraHuam
paboTatoLmx ¢ MoHuTopamu [31].

LnpokomacwtabHoe npumeHeHne MHAPOPMALMOHHO-BLIYUCIINTENBHON TEXHUKM MPUBESO K
CTPEMUTENBHOMY YBEMUYEHUIO YMCNEHHOCTM paboTarwmx ¢ MoHuTopamu. [lapannenbHo c¢
LLUMPOKMM MCMNOMb30BaHNEM MOHUTOPOB BO3pacTaeT YMcno coobuieHnn 06 nx HeraTUBHOM BIUSAHWUA
Ha 340pOBbe Nnonb3oBaTenen (NaTtonorna 3puTeNbHOrO aHanmMsaTopa, PacCTPOMCTBO HepBHON, C-
C, BblkMAbILIN 1N BPOXOEHHbIE aHOManuM pa3suTnga nnoga).

Cneunanuctamn XapbkoBa [7] y paboTalowmx € MOHUTOPaMWU BbISBMEHbI Takue
HapyLeHns: 3HaumTenbHasa akTMBHOCTb npoueccos MOJ1, nporpeccupytollee CHUXeHNE CUCTeMb
aHTUOKCUOAHTOB, HapYLLUEHNEe roOPMOHArbHOro 1 UMMYHHOIO CTaTyCcoB (ayTOMMMYHHbIE NPOLECChl).
OTKNOHEHNS B UMMYHHOM CcTaTyce, Takme Kak UMMyHOAedUUUT U ayTOMMMYHHOCTb SIBSIHOTCA
OCHoBOMonarawwnumMmM B OUCKOOPAMHALMK MPOLIECCOB, KOTOpble NOAOEepXMBAOT roMeocTtas B
OopraHv3Me B Liefnom.

PesynbraTbl MHOronetHux uccnegosaHnn WHCTUTyTa no npobneme rurveHbl Tpyga npu
paboTte C MOHUTOpaMu AMKTYIT HeobXOOUMOCTb MPOBEAEHUSA AanbHENWMX WCCrnegoBaHUn B
cnegyoLwmx HanpasneHusax:

. n3yyeHne MexaHusMoB (OPMUPOBaHUS  OBOHApPYXXEHHbIX HapyleHun  (cocTosaHue
HeporymopanbHOW perynsiumMm) MMMYHONOrMYecKoM peakTUBHOCTM, BMOXMMUYECKMX NPOLIECCOB
FOPMOHArbHbIX U reHETUYECKMX (PaKTOPOB C LEeNbl MIMeHN4YecKkon perfnaMmeHTaunum cymmapHOro
BpeMeHu Ansi paboTbl C MOHUTOpPaMK;

. pa3paboTkm OBOCHOBaHUSA MPUMEHEHUA KOMMSeKca NpPOUNAKTUYECKNX W nedebHbIX
MEpONpUATUA NS HOpManusauun WMMYHOSTIOTMYECKUX WM TOPMOHAamNbHbIX Mnokasatenem y
paboTaLLmMx C MOHUTOPaMMU.

Bonbwoe BnuaHWe Ha TPyooOCNOCOOHOCTb W 300pPOBbE MNOMb30BaTener MOHUTOPOB
OKa3blBaeT MOHHbLIN CcOCTaB BoO3gyxa pabodent 30Hbl. V3meHeHwe aToro 6GanaHca, KOTOpbIn
00ycnoBrneH YyBENMWYEHWEM KONMMYECTBA MOMOXWUTENbHBLIX WMOHOB, MPUBOAWT K OTpuUATENbHbIM
nocneacTBMsM, B YaCTHOCTU, B A€ATENbHOCTN CEPAEYHO - COCYANUCTON CUCTEMbI, BPOHXONEro4Horo
annapara, KpOBeTBOPEHUS!, BEreTaTMBHOM HEPBHOW CUCTEMbI. YCTAHOBMEHO, YTO (POHOBBLIN CNEKTP
MOHOB B MOMELLEHUAX C MOHUTOPaAMMN XapakTepuayeTcsl U30bITKOM OoTpuuaTernbHbiX MOHOB. [pu
3TOM KOHLIEHTpaLWs Nerkux oTpuuatenbHbiX aaponoHoB cocTaensaet 350+620 B 1 cm®. B npouecce
paboTbl TepMMHaNa CTPyKTypa CrnekTpa MOHHOIMo coCTaBa BO3Adyxa paboden 30Hbl CYLLECTBEHHO
MeHsieTca. B TeyeHne 5 MuH paboTbl MOHUTOpPA KOHUEHTpauus Nerknmx oTpuuaTteribHbIX MOHOB
yMeHbluanack B 8 pas, a yepes3 3 4aca - CHM3unacb A0 ypoBHs, 6nn3koro K Hymto. CylecTBeHHO
MOHM3UITOCb KOMWYECTBO CPEedHMX W TSKenbiX oTpuuatenbHbiX YacTuuek. B 1o ke Bpems
KOHLEHTpaUMNsA NONOXMTENbHBIX MOHOB BO3pacTana, u vepe3 3 4 paboTbl MOHMTOpPA B BO3OyXe
paboyelrn 30HbI MNpeobrnagany MNONOXUTENbHbIE 4YacTUYKM Bcex pasmepoB [14]. Heobxogumo
oTMeTUTb, 4To 1 B [TI3ax npmbopbl Takke PerncTpupyroT peskoe yMeHbLUeHue OoTpuuaTerbHO
3apshKeHHbIX MOHOB KUCNopoda, YTo noavepkmBaeT dhakT oguHakoBon dmamyeckon npmpogsl TT1
30H 3emnu n TI1, reHepupyemMbIX MOHUTOPaMW, TeNeBU3opaMn N OPYroh NeKTPOHHOW TEXHUKOW
[40].

OKCMEePUMEHTbI, NPOBEAEHHbIE aHMMUNCKUMWN YYEeHbIMW, CBUOETENLCTBYIOT O 6NaroTBOPHOM
BMNSHUM HaxXOOsILLMXCA B BO34yXe OTpuuaTternbHbiX WMOHOB Ha 340poBbe 4ernoBeka. JTO
NOATBEPXKOAET MOMOXEHWS, BbIABUHYTblIE W3BECTHbIM 6GMOMOroM, OOHUM M3 OCHOBAaTenew
rennobuonormn A. J1. YmkeBckMM. YdeHble NpeAcTaBUNM OOKasaTenbCTBa TOro, YTo Marnble
KonuyecTtBa OTpuLaTenbHbIX MOHOB NPUBOASAT K YCUNEHUIO Gruonormyeckon peakuuun. Cnegyowme
Wwarnm B 3TOM HanpaeneHun 6binn cgenaHbl B CLUA ¢ uenblo NOHATH pusmnonornveckmne
MeXaHn3Mbl, KOTopble MO 6bl O6BLACHUTE BbI3BaHHbIE WMOHAMW W3MEHEHUS B OpraHu3Me.
MepBbIM ObINO NPOBEPEHO HEMPOXMMMYECKOE BELLECTBO CEPOTOHWH, AucbanaHC KOTOpPOro, Kak
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nonaratoT, CBA3aH C rMNeppeakTMBHOCTLIO U arpeccuen. JKCNepUMEHTbI Nokasanu, YTo BbiCOKas
KOHLUEHTpaunUsi MOSMOXUTENbHbIX WMOHOB CHMXana YpPOBEHb CEPOTOHMHA B  KPOBW, 4TO
COMPOBOXAANoCh rOMOBHBIMU BONAMU Yy UCMBITYEMbIX, 6E€CCOHHMLEN, MOBLILEHNEM KONMUYecTBa
Hec4acCTHbIX CnyyaeB un ap.

Mo paHHbIM psga  3apybexHbiX MCCnegoBaHUM Takke YCTaHOBMEHO CyLLECTBEHHOe
YXYOLWEHNEe COCTOSIHMS 300pOBbsi Morfib3oBaTenen MoHuTopoB. [lpexae Bcero, crpagaer MOS3F.
OnacHomy BO3OENCTBUIO NOABEPralTCs 3HAOKPUHHASA, MMMYHHasi U PEnpoOayKTMBHAs CUCTEMbI
yenoseka. Bo3aMOXHbI oTpuuaTenbHble TEeHETUBHAasi CUCTEMbI  4YernoBeka. BoO3MOXHbI
oTpuuaTenbHbIE TEHETUYECKME NOCIEACTBUS.

Y KeHWwWH, paboTalwux 3a MOHUTOpaMu OT 2 OO0 6 4 B CyTKM, (YHKUMOHAIbHbIE
HapyLLeHns B HEPBHOW CUCTEMbI HabnoaaTca B cpeaHem B 4,6 pasa valle, 3abonesaHua C-C - B
2 pasa, OonesHun BepxHUX AblxaTenbHbiXx nyter B 1,9 yawe, 4em B KOHTPOSbHbIX rpynnax.
OcobeHHO omacHO M3nydYeHne MOHUTOPOB A BepeMeEHHbIX XeHLWMH. PUck nosiBneHns geten ¢
BPOXAEHHbIMW NOpoKamu Bo3pacTaeT B 25 pas, B 3,5 pasa Bbille BEPOATHOCTb BbIKUAbILIEN.

YkazaHHOe BbllLIE NOATBEPXKAAETCS UCCNedoBaHNSIMIN C UCMONb30oBaHMeEM MeToaukn donns
[63], OKT, TENNOBM3MOHHLIX UCCIEAOBaHWI, peosHUedanorpaMmmamMm 1 ap.

Masa 8. Bo3MoXHble MexaHU3Mbl HeraTUBHOIro BNMAHUA nesbix T Ha YyenoBeka.

«4YTO Mbl 3HaEM - HUYTOXHO MO CPaBHEHMIO C TEM, Yero Mbl He 3HaeMm»,- nucan
3HaMeHUTbIN dpaHuy3ckuii yyeHbin M1.-C. Jlannac. OTn cnoBa B MNOMHOW Mepe OTHOCATCA U K
NMOHUMaHUIO MEXaHN3MOB BO30eNCTBUS NeBbiX TI1 Ha yenoseka.

PaHee cuuTanu, 4TO OCHOBHOE HeraTMBHOE BO3LEWCTBME Ha 3pUTENbHbIA aHanuvsaTop
YyenoBeKa OKa3blBaeT MepLaHme Kagpos nsobpaxeHuns Tenesmnsopa munm moHutopa MK ¢ yactoton
50 Tuy. Tenepb YyCTaHOBMEHO, 4TO CamMoOe CyLIeCTBEHHOEe HeraTMBHOE BNUSAHWE Ha
NHPOPMaLIMOHHOM YpOBHE ocyLlecTBnAloT nesble TI. ECTb BCce OCHOBaHWsS yTBepXAaTb, YTO B
HacTosiLLee BPeEMS HAKOMMEHHbIX Hay4HbIX 3HaHWI HEQOCTaTOMHO AN ob6bsAcHeHMs BonbLUMHCTBA
OOBEKTUBHO CYLLECTBYHOLWMX OMOMNOrMYecknx SBMAEHWU, CBA3aHHbIX C Bo3genctBnem Tl Ha
yenoBeka, xoTs B [34] npeanoxeHa obLias koHuenums Bzanmoaenctemst Tl ¢ XXMBbIM BELLIECTBOM.

[okazaHo, 4Tto y nboro OMI1 ecTb TopcuMoHHas cocTaendawwass unu TI1, Hecyuwee
WHopMaLmMIo, MornyyYeHHyo, B oblem cnydae, npuv B3aumMogencTsuu ynomsaHytoro T ¢
OKpyXXatoLLlen cpeaon, MMetoLLen CBOK CNUHOBYIO CTPYKTYpY. OKpyxatollas cpefa BbICTyNaeT Kak
CNOXHas cUcCTeEMa U3 CTPYKTYpP M OBWXKEHMWN. [1OCKONbKY KaKabld MaTepuanbHbii 06bekT nmeet
MaKpOCKOMUYECKY0 hOpMy M y4acTBYET B MAKPOCKOMMYECKOM ABUXKEHUN MO OTHOLLIEHWUIO K APYrMM
obGbekTam, TO OH, O4EBMAHO, MMEET U TOHKO-MOMNEBY0 «HAACTPOWKY», KOTOpasi ABNSeTCA B AaHHOM
cnyyae «MHopMaLMoHHON MaTpuLueny». YkasaHHas «HaacTporka», No-BUANMOMY, HAXOOUTCS Kak
BHYTPM MaTepuanbHOro obbekTa, Tak M 3a ero npegenamu, npocTupascb Ha HeonpegeneHHo
OornbLIOe paccTosiHue.

TM, nonyyeHHOoe B pesynbrate B3aUMOAEWCTBUMA C XapakKTEPUCTUYECKUM  MONem
«MNHOPMALIMOHHOM MaTpuLbI», MOXET BbITb onpeaeneHo Kak « MHMOOPMaLNOHHOEY.

HeobxoanmMo OTMETUTb, YTO HU NPOAOSbHbLIE, HX MOMNEpPeYHbIE CNMHOBBLIE KOHAMUIypaunm He
ABNAIOTCA OAHOHAMNPaBfEHHbIMU. 3TWU BUPTyaribHblE BUXPW MOFYT BOCMPUHMMATLCS, CIOBHO
BOOOBOPOTHI, KPyTALLMECA TO BAaneke, To B6nmau, To, ncyesasi, To, OCTaBnsAs cnea.

CdopmynupoBaHHble HWKe npeactaBreHust TpedyoT yrnybneHHowm npopaboTkm M mMoryT
paccmaTpuBaTbCa NULb B MflaHe MOCTaHOBKM 3ajayvn, OCOBEHHO C y4eTOM TOro, HacKONbKO
OorpaHunyeHbl MOAENn onucaHnst MexaHn3moB paboTbl Mo3ra.

HecmoTpa Ha onpegeneHHble OOCTMXKEHUS COBPEMEHHOW Hayku, yHO4aMeHTasnbHble
acnekTbl OYHKUMOHMPOBAHUSA XMBbIX OPraHM3MOB OO CUX MOP He MOMy4Yunv ucHepnbiBatoLLero
00BbSACHEHUS1 HA OCHOBE 3aKOHOB COBpPEMEHHOM humamnkun. daxe OAeACTBME MOLLHOrO reHepartopa TT1
- ConHua elle HegoCTaToOuHO U3yYeHbl. TeM He MeHee, MOXHO HaOeATbCs, YTO Takoe 0ObACHEeHue
Oyger HanmgeHo B Onwxkarvwem Oygylwiem C MOMOLLBbD TEOPUM TOPCUOHHBIX B3aMMOOENCTBUNA,
KOoTOpasi HAXO4MTCA NOoKa B Havane hopmMupoBaHusi.

OpaHown n3 obnacTten NnepBOCTENEHHOM BaXXHOCTU ABMAKOTCA UcCcreqoBaHnsa Bo3nenctems TI1
MoHunTOopoB MK 1 akpaHOB TENEBM30POB Ha YenoBeka.

MK, HenpemMeHHble CNYTHWKM OENOoBOro 4eroBeka, M TeneBuaeHue CTaHOBATCA 4acTbio
NoBCEOHEBHOM XM3HU, B CBA3M C YeM orpomMHas 4yacTtb (80%) HaceneHus 3emnu nonagaet nop,
HeraTMBHoe BrvsiHWE neBbiX TIT MOHUMTOPOB N TENEBU30POB.

XOTa NnpUMeHeHre cneumanbHbIX Mep, TakMX Kak BCEBO3MOXHbIE BCTPOEHHble 3alMTHbIe
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cpeacTBa, UCMOMb3oBaHWE 3alUUTHbIX (PUMBTPOB, MOHWXKEHHOE HanpskeHwe Ha aHogax JJIM wu
Apyrme no3BOMST  MPAaKTUYECKM MOMHOCTbI  ocnabutb  ynbTpadMoneToBoe U MSArkoe
PEHTIFEeHOBCKOE M3Mny4veHust, anekTpoctatndeckme n Ml (Ha 98-99%), Bce e Henb3da yTBepXKaaTb,
YTO Camble COBPEMEHHbIE KOMMbIOTEPbI W TaK Ha3blBaeMble OMOTENEBM3OPbLI SABMAKOTCA
Buonornyeckn 6es3onacHbIMN cUCTEMaMMU.

MonbITKM HaydHOro OOBACHEHUS MNPUYMH Takoro BoO3dencTBus Ha nonb3oartensa [1K,
OCHAaLLEHHOro COBPEMEHHBIMW 3aLLMUTHLIMU YCTPONCTBaAMU, YYEHbIE CBA3bIBAKOT, Kak OTMEeYanochb
paHee, ¢ Bo3gencTBMeM TI1 mnu nonen KpydvyeHus, TOYHee, C TOPCUOHHOW KOMMOHeHTon OMU
BMAeOTEPMUHANA.

B pasButne obwen koHuenuum B3ammogencteua Tl ¢ xumBbiM BewecTBoM [33] wu
BO3MOXHbIX MyTEW peanus3aumm HeraTMBHOIO BMAUSHUS NEBbIX MHAOPMALMOHHBIX TOPCUOHHO -
BOMHOBLIX MOMen, reHepupyembiX pasnuyHbIMKU YCTPOMCTBAMWU SMNEKTPOHHOW TEXHWUKU, Ha
nonb3oBaTens - CNOXHyH OMONOrM4yeckyro cucteMy CO CBOMMW annapatamu camoperynsuuu,
CMOCOBHOCTBID K aganTauuun,  CMOXHbIMA  BHYTPEHHUMW  SHEProMHMOPMaLMOHHBIMK
B3aMMOOENCTBUSIMU, BOCMNONb3yeMCS NOHATUEM CeMaHTu4eckoro 6uopesoHaHca [38].

OTOT TepMuH npegnaraetcd  ucnonb3oBaTb Ans  0B03HAYEeHUA  PE30HAHCHbIX
MHPOPMALIMOHHBLIX TOPCUOHHO - BOMHOBLIX B3aMMOLEWCTBMIA B cCriyvae, korga dmsndeckad wnm
XMMMYECKas CYLLHOCTb MPOLIECCOB YXXE€ He UrpaeT pellarolen ponu gnst ux BO3HMKHOBEHUS U
SBMSETCH NULWb BCNOMOraTesibHOM nepegarowen cpegon Ans UCKIYNTENbHO WHGOPMaLMOHHON
NX CYLLLHOCTW.

CemaHTnyeckun  BuopesoHaHC  SBNAETCS  HamBbIClierW  (POPMON  pe30HAaHCHbIX
B3aMMOOENCTBUIA B BUONOrnMYecknx obbekTax.

Mpegnaraemoe NOHSATME SABNSAETCA AOCTAaTOMHO HOBbIM, NMO3TOMY HAYHEM C onpeaerneHus
CeMaHTU4eCKnN.

Moo cemaHTuyeckonm wHdoOpmMaumen Mbl Gyaem noHMMaTb Habop MOHATMI, a TOuHee,
06pa3oB, NOCPEACTBOM KOTOPbIX GUonornyecknii 06bEKT BOCMPUHUMAET OKpyxawwmi mup [38].
OTa cuctema o6pa3oB ABMSETCS OCHOBOWM MamMAaTW (UNu, B MpocTenwem cryyae, CUCTeMbl
WHCTMHKTOB) M NO3BONsieT OGuonornyeckoMy oObekTy 6Goriee «OCMbICIIEHHO» CyLecTBOBaTb B
OKpy>KatoLLeM MUpe.

3ameTum, 4YTO cemaHTuyeckass WHdopmauma dopmupyeTcs y Bcex 6uonormyecknx
OOBLEKTOB B Pa3fMYHON CTEneHn (MpuyemM, 4acTO HEOCO3HAHHO W Jaxe Heynpasnsemo), HOo
Hanbornee BbIpaXeH 3TOT MNPOLECC B BbICLUEN HEPBHOM OEATENbHOCTU XUBOTHbLIX, B MEPBYLO
ovepenpb, Yenoseka. PaccmatpuBas ganee siBNeHUs ceMaHTU4Yeckoro buopesoHaHca Ha npumepe
yenoseka, Mbl NMOKaXeM, YTO M ON1S XKUBOTHbIX 3TU ABMEHUA MOryT Urpatb 3aMeTHYI0 porb (CM. M.
2.3.).

NTtak, cemaHTMyeckummn sBneHuss OuopesoHaHca Ana Hac OyayT noToMmy, 4YTO OHU
3aTparusaroT nHopmauunio B BUAE NOHATUN, 06pa3oB 1 MbicriedopM, popMUPYyEMBIX 1 XPaHUMbIX
B MO3ry 4enoBeka, a Takke MWHPOPMAaUMOHHbLIX TOPCUMOHHO - BOSHOBbLIX B3aUMOAEWCTBUA B
opraHvu3mMe, UCMonb3yeMblx annaparamu camoperynauumn, agantauum u 7. 4. CnegosaTenbHO, posb
MH(OPMAaLMOHHO-BOMTHOBOrO  Mpouecca B cemMaHTudeckom 6uopesoHaHce 6Oyaetr wurpatb
cemaHTu4eckas UHdopmMaumss Unn MHopMaumoHHoe Bo3sgencTeme. CMbICH XKe CeMaHTUYeCKom
WHpopMaLmK, NepegaBaeMon NPakTMYeCKMn MrHOBEHHO B mnpefenax BCero opraHuama, COCTouT B
TOM, 4YTO OHa #BNSETCA KOMaHAamMu YynpaBneHns YHKUMOHUPOBAHUA OuOTKaHen n,
cnepoBaTtenbHO, BCEM OPraHnM3MoM.

KavecTBeHHO nNpouecc BO3HUKHOBEHUSI pe30HaHca ceMaHTU4eckon nHdopmauum onMcaH B
[38].

PaccmoTpym B pamkax HOBOM KOHLUEMUMM CEMAHTUYECKOTO aHTMBUOpEe3oHaHCa BO3MOXHbIe
MeXaHW3Mbl HEeraTMBHOIo BO3AENCTBUSA U3AENUI SNEKTPOHHOM TEXHWKM Ha Nornb3oBaTens.

CemaHTMYeCcKnA aHTMOMOPE3OHAHC - 3TO MNpPoLecC MH(POPMALMOHHOTO TOPCUMOHHO -
BOSTHOBOIO BO3AEWCTBMSA Ha Ouonormyeckun o6BLEKT, Korga YNOMSIHYTOe MHAOPMaUnOHHOEe
BO34ENCTBME CEMAHTMYECKN HE NOAOOHO BHYTPEHHEN ceMaHTU4ecKon cucteme bnoobwekta. 310
SBNEHNEe  NpUCyLle  UCKIIYUTENBbHO  BbICOKOPAsBUTbIM  Buonormyecknm  cuctemam  wu
XapakTepusyeTc  CUIbHbIM  OTKIIMKOM  MNpW  B3aUMOOEWNCTBMM  B3aMMOWCKIHOHAMOLLMNX
CEMaHTUYECKMUX CUCTEM.

B kayecTBe WCTOYHMKA BHELLIHEro WHMOPMALNOHHOIO BO3AEWCTBUA MOXKET CRYXUTb
MoHuTop ntoboro MK, nanyyarowmin B pabouyto 30Hy nonb3osatend nesoe TI1.

Ecnm anga BO3HUKHOBEHUSI CeMaHTM4ecKoro ©OuopesoHaHca, MCronb3yemoro B
TPagVULNOHHOW U HETPaaANLMOHHON MeanunHe, Tpebyetca nogobue curHanoB MHAOPMAaLNOHHOIO
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TOPCUMOHHO- BOSTHOBOIO BO34ENCTBUS U OMONMOrM4eckom CUCTEMbI, TO SIBNIEHWE CEMaHTU4EeCKOro
aHTUbMope3oHaHca XapaKTepusyeTcs B3avMOAEWCTBMEM B3AaNUMOWUCKIIOHAKOLINX CEMAHTUYECKUX
CUCTEM - KOMMNbOTEPA M NOSb30BATENS.

Monpobyem pacKkpbiTb MEXaHW3M HEraTMBHOMO BIIMSIHUA M3MYYEHUA MOHMTOpA Ha
nonb3oBartens, 4nsa Yyero nogpobHee pacCMOTPMM NOCNEAOBaTENIbHOCTb COObLITUIA NMPU 3TOM.

CHayana Ha BHELIHEW CEMaHTMYeCcKOM CUCTEME - MOHUTOpe - dopMUpYyeTCs
WHPOPMALIMOHHBLIN TOPCUOHHO - BOMHOBOM 00pas, SABNAKWWMACA B3aMMOMUCKOYAKOLWMM MO
OTHOLLEHWIO K APYron ceMaHTu4eckon bruocucteme - nonb3oBaTento.

[anee cemaHTMYeCcKNin WUHAOPMALMOHHBIA TOPCUOHHO - BOSIHOBOW MNPOLLECC MOHMTOpPA
B3aMMOOENCTBYET C BHYTPEHHUM WHMOPMALMOHHO - BOSTHOBbIM MPOLIECCOM MONb30BaTens,
KOPPEKTUPYS €ro B HanpaefeHuM COCTOSIHUA NaTonorMM MNOCPeAcTBOM  AesunHTerpaumm
CTPYKTYPHbIX B3aUMOCBSA3EN, N3HAYarbHO NPUCYLLIUX FTEHETUYECKON MOAEeNu YenoBeka.

Paccmotpum 6onee nogpo6Ho npouecc dopmupoBaHmst MoHuTopoM K cemaHTnyeckoro
MHJOPMAaLIMOHHOIo TOPCUOHHO - BOITHOBOIO BO34ENCTBUS.

M3BecTHa «MH(OPMaUMOHHO — MoneBas» aKTUBHOCTb (PU3MYECKMX OOBbEKTOB («adhdekT
POpMbI» KOHCTPYKUMIW, NpubopoB, BeLlecTB, NPeaMeToB, (PM3M4eckux nonerm v Aap.), Kotopas
NposBnseTcs Kak MHPOPMaLNOHHOE BINAHNE Ha YeroBeka.

KoHkpeTHble dmnsnyeckme obbekTbl Bcerga MMEHT peanbHO CyllecTsylowmne opmbl, 1 B
PU3NYEeCKoM CMmbICrie MOHATUE (POPMbl MOXET OblTb MHTEPNPETUPOBAHO Kak WH(OpMauMOoHHasA
ceMaHTu4eckasi CTPyKTypa, rpaHuubl, AEWCTBUA KOTOPOW 3aBUCAT OT MNPOCTPAHCTBEHHbIX
0COBEHHOCTEN KOHKPETHOrO 0ObEKTA.

Tononorudeckne opMbl CO30a0T CTPOro onpeaeneHHble MHOPMaLMOHHbIE CTPYKTYpHI, T.
€. BOKpYr 9TUX (POpM CYLUECTBYIOT 30Hbl, B KOTOPbIX BO3MOXEH WHMOPMALMOHHbIA KOHTaKT,
OCHOBaHHbI He Ha BO3OENCTBUM pasdpaxuTens Ha W3BECTHble OpraHbl YyBCTB, a Ha
B3aMMoOencTBun ¢ UHPOPMAaLMOHHBIMU TOPCUOHHO - BOSTHOBBIMU  CTPYKTYpamMu 4ernoBeka, ero
MO3rom.

MHopMaunoHHbIE CEMaHTUYECKME CTPYKTYPbl, CO34aHHbIE TOMonorndecknumm dopmamu,
HasblBalOT (PopMOBLIMKU cTaTudeckumn TT1.

MoHuTop gaBnsetTca MHPOPMALMOHHO-MONEBON CTPYKTYPOU, (HOPMUPYEMON rpaHULamMm
pasgena matepuanbHblX  Ten  pasfiMYHOro  BELECTBEHHOr0 COCTaBa, OCYLUEeCTBISHOLWMNA
npeobpasoBaHMe WHMOPMALMK, 3aKMHOYEHHOW B MPOMOAYNMPOBAHHOM 3fEKTPOHHOM Myyke, B
BU3yanbHYyO MHOPMaLUIO. SNEKTPOHHbIN Ny4oK dopmMupyeT csoe TI1, koTopoe B3aMmoaencTeyeT
MHOPMAaLMOHHLIM Nofiem  kondbl AJ1T. 3To nmone, npouecchl, NpoTekarwme Ha noMuHodope
OJIT nu opmupyomMe onpeneneHHyl0 reoMeTPUYECKY0 CTPYKTYPY CBOEro MHEOPMaLMOHHOIO
nong, sIBNATCA B paccMaTpnuBaeMomMm criydae «MHGOpMaunoHHOW MaTtpuuen». TI1, nonyyeHHoe B
pesynsrate B3aMMOOenCcTBUA MPOMOAYNMPOBAHHOIO 3MEKTPOHHOIo My4vka C XapakTepucTUYecKum
noneM  YnoMsHYTOW  «UH(POPMAUMOHHOW  MaTpuubl», MOXeT OblTb onpegeneHo  Kak
«MHOPMaLIMOHHOEY.

Mpn BbIKMIOYEHHOM MOHWUTOpPE, TENEeBM30pe YacTuua M aHTudactvua (NPOCTPaHCTBEHHO-
BOSTHOBblE MNaKeTbl 3feKTpOHa M MO3UTPOHA COOTBETCTBEHHO) HAXOAATCA B CUMMETPUYHOM
BMOXXEHHOM COCTOSIHMM, XOTS1 U cyluecTByeT ¢poHoBoe ctatuyeckoe TI1, dopmmpyemoe konbowm
INT.

Mpun BKMOYEHUN MOHUTOPA NpoucxoanT nonspusaunsa dPusnyeckoro Bakyyma, kak onncaHo
BbllLE, T.e. MOHUTOP, NO CYTH, ABASETCA reHepaTopoM TI1 ¢ cuMMETPpUYHbIM MHPOPMaLNMOHHBLIM T
B MPOTMBOMOSOXHbIE CTOPOHBI (puc. 62).

Puc. 62

Bbicokoe yckopsiollee HanpshkeHue, nogasaemoe Ha oauH m3 aHogoB JOJ1T, aneKkTpOoHbI
NPOMOAYNMPOBAHHOIO 3NEKTPOHHOro ny4ka, AMW OTKMOHALWEN cucTtemMbl TPYOKM NonspusyoT
®dusmyeckunn Bakyym, T. e. Npu BKIOYEHUN MOHUTOPA OCYyLLEeCTBRsSeTCca nondapmnsauna dusmyeckoro
Bakyyma Takum obpasomM, 4YTO MpOCTpaHCTBEHHas KoHdwurypaumsi TI1 NOBTOPSET C HEKOTOPbIM
npubnmkeHnem dopmy konbel 3J1T, npuyeM NPOCTPaHCTBO Nepes MOHUTOPOM WMEET feBYHO
nonapusaunto, 3a MOHUTOPOM - Npasyto (puc. 62).

WTak, npy BKMIOYEHHOM MOHMTOPE B HEKOTOPOM OKpYXaloLWem ero npoCcTpaHCTBe
®dusmyeckunn Bakyym OyoeT B COCTOSIHUM CMMHOBOW MOMEPEYHON MOonsipM3aumm, NpuYeM 30HbI
nonsapusaumm nNpoCTPaHCTBEHHO cOanaHCMpoBaHbl NO 3HaKy - Sg M Sy (NpaBoe n nesoe nons
COOTBETCTBEHHO). lMoHATMA “neBoe” u “npaBoe” sABNAKTCA MNPOTMBOMOMNOXHBLIMU NPOABAEHUSIMA
CBOMCTBa CUMMETPUN.

M3BeCTHO, YTO B HOpMarnbHbIX YCOBUAX MOMEKYNSPHbIA CybCcTpaTt YenoBeka HaxoguTcs B
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COCTOSAHUW BbICOKOW 3aCENEeHHOCTUN BEPXHUX ANEKTPOHHbLIX YPOBHEN.

Bpems KM3HWN TakMx COCTOSAHWUIA GbiNno 6bl HebonbLwnM, ecnn Gbl BO30YXAEHHbIE MOSEKYIbI
He obbeauHaAnMcb B aHcambnv, obpas3oBbiBas B3aMMOCBA3aHHbIE HAOACUCTEMbI C onpedeneHHom
CMMHOBOWN YMOPSALOYEHHOCTHI, T. €. YNOMsHYTble Bbllle HaOCUCTEMbl ABNAKTCA WMCTOYHUKOM
CcOBCTBEHHOIrO CTPOro MHamBmayarnbHoro TI1 XXMBOW CUCTEMBI C ONpeaeneHHoONn CeMaHTU4eCKom
MHGopMaLmen.

CnoxHocte Tl XmBoM cuCTeMbl - 4YenoBeka - onpedensieTcs rpomMagHbiM Habopowm
XUMUYECKUX BELLECTB B €ro OpraHuM3Me, CINOXHOW OUHAMUKOW MHOrMX epMeHTaTUBHbIX
OKUCIUTENbHbIX MPOLECCOB W AWMHAMWUKOM OMOXMMMYECKMX MNpeBpalleHuMn B npouecce
XN3HeOeATenbHOCTU U ApYrMMu dhakTopamu.

Heobxogumo HanomHuTb, YTo Pusanyeckuin Bakyym onpegeneH kak marepuanbHas cpega,
N30TPOMHO 3arnonHsaLas cBobogHOE NPOCTPAHCTBO U BELLECTBO.

B nesononaprvsoBaHHOM MNPOCTPAHCTBE, B KOTOPOM HaxOOMTCA YerioBeK, Y KaKaoro
1TOHA, OPUEHTUPOBAHOIO MPOTMBOMOMIOXKHO HanpasneHuo nonapmsaumm dnsmnyeckoro Bakyyma,
NMPOMCXOANT UHBEPCUS CMMHA, YTO BeeT, No-BUANMOMY, K NEKTPOHHBbIM NepexogamM Ha opbuTbl C
MEHbLUEN 3HEpPrMerm W CO CMNOHTaHHbIM W AerpagauyMOHHbIM  U3MYYEHWEM B MOSEKYNSPHOM
cybecTpaTe XMBbIX CUCTEM.

Opyrumn cnosamu, nog BosgencTsmem fiesoro T ocyleCTBRASTCSA KoomnepaTuBHbIE
nepexoapbl 3MEeKTPOHOB Ha OpOUTLI C MEHbLUEN 3HEpPrven B aHcambnsax Bo30yXOAEHHbIX MOMeKyn, -
WHULMMPYETCA BbICOKOKOrepeHTHOe Wu3nydyeHve, BMECTO TOro, 4tobbl 3Ta 3Heprus wna Ha
ouonornyeckme yHKLMM perynaumm romeocTtasa opraHusma [79].

B Takom nonapu3oBaHHOM MHGOPMALNOHHOM MNPOCTPAHCTBE Y BCEX XXWMBbIX OPraHW3MoB,
BEPOATHO, NPOUCXOOUT MOCTENEHHAs MUHUMU3aLMA SHEPrUn 3NEeKTPOHOB, aTOMOB, YTO BedeT K
3amMenrieHnio Bcex OUOXMMUYECKMX MpOLEecCOoB, BCreACTBME ITOr0 BO3HMKAT Te€ UMW WHble
M3BECTHblEe HapyLLleHUs B OpraHu3mMe, 3aBUCALLME OT MHTEHCUBHOCTWU TI1 M NpogormKnTenbHOCTU
KOHTaKTa C HUM.

JTiobble 06beKkTUBHO cyllecTByoLWwmMe BUOPeHOMeEHbI N0 NHPOPMALNOHHOMY BO3OENCTBUIO
CBOOATCA K HapyleHuo 6Mo4acToTHOMO U CeEMaHTMYECKOro TOPCMOHHOIMO roMeocTasa opraHusma.
Kak ykaszaHO Bblwe, 3TM BO3AEWCTBUA MOFYT HOCUTb PE3OHAHCHbIA XapakTep B Buae
CEMaHTU4eCKOro aHTMbuopesoHaHca, MO3TOMYy OMONOrMYyeckn 3HadMMble paccorfacoBaHus B
paboTe opraHuM3aMa BO3HMKaKT MPU BO3OENCTBUSAX, KOTOPbIE MO MHTEHCUBHOCTU HAMHOTO HUXe
YCTaHOBMEHHbIX MMIMEHNYECKUX HOPM.

HeratuBHoe BO3OENCTBME HA OpPraHM3M YerioBeka TOPCUOHHOW KOMMOHEeHTbl 3MMU
MOHUTOpPA MOXeT ObITb CBA3aHO C HapyweHWeM XapakTepucTU4eckMx 4YacTtoT paboTbl
onpeaeneHHbIX opraHoB. M3BECTHO, YTO KaxAbli opraH 4enoBeka paboTaer Ha onpeaeneHHom
yacTtoTe, Hanpumep, cepaue - =700 'y, mo3r B cocTosiHUM cHa - 10 'y, 6oapcTeoBaHMs - 50 'y u
ap. BupeocurHan, mMoaynupyroLmMini 9MEKTPOHHLIM fyd KUMHeckona npu dopMupoBaHUM Kagpa
n3obpaxkeHunsl, SABMSETCH LUMPOKOMONOCHLIM, B €ro CNekTpe €CTb aHarorMyHble WM KpaTHble
4YacTOTbl, COOTBETCTBYIOLLME TOPCMOHHBIM XapaKTepPUCTUYECKMM YacToTam paboTbl onpeaeneHHbIX
OpraHoB WM CUCTEM 4YenoBeka. M3ameHeHue HopManbHOW YacToTbl paboTbl opraHa B CTOPOHY
YBETMYEHUSA UMM YMEHbLUEHWS, T.. CUHXPOHU3aUusa ero paboTbl BHELWIHUM WUCTOYHMKOM, BedeT K
HapyLleHn0 HopManbHOM pPaboTbl opraHmMama. Tak, yBenuyeHue yacTtoTbl paboTel cepaua B 1,5
pasa - 370 yrpo3a BO3HWKHOBEHUSA CTeHokapauw, n ap. [loa Bo3AencTBMEM 3TUX CUrHaNOB MOXET
Takke U3MEHSATbCA YacToTa reHepauum HepBHbIX UMMNYNbCOB, NPOSABASATCA 3(PdEKTbl YaCcTOTHO-
KOOAMPOBAHHOIO BO3AEUCTBUS, BO3MOXHO MpPsSIMOE€ B3aUMOAEWNCTBME HEPBHbLIX WMMYNbCOB C
n3ny4yeHMemM MoHuTopa.

Opyrmmn  cnoBamu, nog Bo3gencTtBueM nesoro Tl MoOHMTOpa KIETKM OpraHuama
noaseprarnTca onpefeneHHbIM CTPYKTYPHbIM U (PU3MONOrMyeckum nepecTtporikaMm. TOpCUOHHas
Mogenb Knetku, paspabortaHHasa O. MaBpuwem, NnpuBeaeHa B NPUNOXEHUMN.

He wucknioyeHo, 4TO cyuwlecTtByeT npobnema nopaepXaHus «TOPCUOHHO-NONEBOrO»
romeoctasa opraHuMaMa 4erioBeka W nbbIX XuBbIX opraHmamoB [42]. B [33] peub ugetr o
«BaKyyMHO-TOPCMOHHOM» UMMYHUTETE, 3a CHET KOTOPOro NoaaEePKMBAETCH «TOPCUOHHO-MONEBON»
romeocrta3 opraHusma. [pun nccneagoBaHUsX yYyeHble CTONKHYNUCh C 9h(PEeKTOM CyLLecTBOBaHUSA B
opraHuaMe Heu3BeCTHbIX 6apbepHblX MEeXaHW3MOB, NPENATCTBYOWMX BHEOPEHUIO HOBOW
nHpopmaumm nocpeactsom TI. Ecnv ncnbiTyembln 06BLEKT (YernoBek) noMellancs B nesoe unu
npasoe TIl Cc BbICOKOW «MHPOPMALMOHHOW MAOTHOCTBbIO», TO 3aMeTHOEe WU3MeHeHue
3HUedanorpammMbl Habnoganocb NYb NPY 0gHOKPaTHOM npouecce. Takoro poga mnccregoBaHus
AEMOHCTPUPOBaNnCb HEOQHOKPATHO.
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B [20] aHanuaupyroTca HOBEWWLME YHUKamnbHble 9KCMepUMeHTanbHble AdaHHble,
Kacawowmecss namsaTu reHoma, obmeHa uHdopmauven OMOCUCTEM Ha MOMEKYNAPHOM YPOBHE,
pasroBopHoro sa3blika monekyn [AHK. O6ocHoBLIBaeTCS KOHLUENLMSA ronorpaddnyeckoro mexaHnama
XpaHeHuns, nepefadv U BOCCTAHOBMEHUST MOpPAOreHeTudeckon WHdpopmaumn. buonorudeckui
CMbICn1  naseponofobHbIX MNpOUEecCOB B OpraHu3ame,  COMPOBOXAAKOLWMXCA  TOPCUOHHOM
KOMMOHEHTON - 3TO, Mpexde BCEro BO3MOXHOCTb AanbHoaencTBusa (ObICTPOro) OgHMX 4YacTen
ovMocucTeMbl Ha Apyrve, BO3MOXHOCTb CUHXPOHM3aUUM BGUMOXMMUYECKMX cOoBbITMA B MacwTtabe
BCEro opraHuamMa, BO3MOXHOCTb MHTepdepeHuun Kak ocHoBbl Buoronorpagpuun. CuntbiBaemble -
3anncbiBaemMble C XPOMOCOM W Ha XPOMOCOMbl MorieBble 06pasbl ABMASITCA PerynatopHbIMA,
KNIOYEBLIMW 3NeMeHTaMn MOMeBoM CaMOOpraHm3auumn >XMBbIX CUCTEM, 3SMeMeHTaMu, KOTopble
ONpPeaensaTCa He TONbKO XUAKOKPUCTANIMYECKUMU, HO 1 0COObIMM KonebaTenbHbIMU 1 KBAHTOBO
- MexaHunyeckumun ceoncteamu AHK 1 apyrux KNeTovHbIX KOMMIOHEHTOB.

CywecTsytowas ces3b Mmexagy acddektamm paHTomoobpaszoBaHma monekynamm OHK u T.H.
«aHTOMHbBIM JIUCTOBbLIM 3(PPEKTOM» BbI3bIBAET OXXECTOYeHHbIe cropbl. [1pu3HaHne ee kak hakta
PaBHOCUITbHO, MO KpanHen mepe, Ans ouunanbHON reHETUKN 1 aMBPMONorMn cornacuio ¢ Tem,
YTO MaTepuanbHbIl reH - 3T0 UKUMA. YToObl BLINTU W3 FEHETMYECKOro Tynuka, Guonorum
HeobXoOuM LWar, KOTOpbI caenana B CBOe BpeMsl KBaHTOBasA 3MeKTpOaMHaMuKa, npuaHasLuas,
Kaszanocb 6bl, HECOBMECTUMOE - MAEK COYETAHMSA CBOMCTB BOMHbI U YacTuubl, Nond u martepuu. To
Xe 1 B Buonornn: reH matepuaneH, HO OH XXe MOXET CyLLeCTBOBaTb U KaK BOSIHA, MMeloLasa CBoe
cootBetcTBytowlee TIl. M3BecTHble ogHOMepHble reHbl (oTpeskn OHK mn ux nonunentuaHblie
NpoayKTbl) NPOAYLUPYIOT B NPOCTPaHCTBE CBOe hopmoBoe ctaTudeckoe TI1. He mckniodeHo, 4to
npu B3anmogencTemm neeoro Tl MmoHuTopa un TI1 reHOB HapyLlaeTcs yNnoMsiHyTas CUHXPOHU3aLna
Oroxmmmndecknx cobbiTnn B macutabe BCEro opraHmama.

PaccmoTpym ewe oauH nogxod, MPU3BaHHbI OOBACHUTL BO3MOXHYK  Npupoay
BO34encTBMA nesBbix Tl Ha opraHnM3m MOCPEACTBOM HEOObIYHbIX CBOWCTB BOAbl. M3BECTHO, 4TO
CTPYKTYypa BOAbl NpeacTaBnser cobon ANHAMUYECKY0 CETKY BOOOPOLHbIX CBSA3EW, T. €. ABNSeTCs
ncesgokpuctannom. OgHoM M3 0COBEHHOCTEN TaKOW CTPYKTYPbl ABMSETCA Hannume ChOHTaHHbIX
nepexodoB NPOTOHOB MEXAY ABYMS YCTOMYMBLIMU MONOXEHMSMU B BOOOPOOHON CBA3W. Kaxabin
BapuaHT pacnonoXeHns noavmMHseTca onpefeneHHbIM YCroBUaM, B pesyrnbraTe 4ero ABMXeHue
NPOTOHOB B npegenax nNceBAOKpUCTannmMyeckoro o06pa3oBaHWs B U3BECTHOM  CMbICre
CUHXPOHN3NpoBaHO. COCTOSIHME MNPOTOHOB B TaKOW YMNOpPsiAOYEHHOW o6rnacTu MOXHO onucaTb
€VHOM BOMHOBOM (yHKLMEN, NpeacTaBnslowen cobor cyneprnosvumio BOSTHOBbIX YHKLUUA,
COOTBETCTBYIOLLUNX PpasnUYHbIM BapuaHTam pacrornoxeHus. [lepekpbiTue BOMHOBbLIX YHKUNIA
cocefHMX NCeBAOKpUCTaNnMyecknx obpasoBaHU MPUBOAUT K TPAHCMOPTY MPOTOHOB M3 OAHOM
obnacTtu B Opyryto, KOTopbi peannuadyet MHPOPMAaLMOHHYIO (PYHKLMIO NO OTHOLLEHMIO K CTPYKTYpe
Boabl. C y4eToM TOro, YTo YenoBeyeckun opraHmsm coctouT Ha 60+70% u3 BoAbl, pacCMOTPUM
OOWH M3 BO3MOXHbIX MEXaHu3MOB 06pa3oBaHUsA YNpaBAsaWUX HeraTMBHbIX WMHAOPMAaLNOHHBLIX
TOPCUOHHO - BOSTHOBbIX BO34ENCTBUI HA OpraHn3m nosnb3oBaTenst MOHUTOPOM.

Mpegnonaraem, 4YTO HOCUTENSAMW YNpaBRSOWENn CEMAHTUKUA KNEeTOYHOrO0 UM TKaHEeBOro
YPOBHEN ABNATCA YMCTO BOAHbIE accouuMaTbl UMW accouunatbl B BOAHbLIX pacTBoOpax C Apyrumm
mMonekynamu. BogHbiM accoumatoMm HasbIBalOT CUCTEMY MOMEKyn, OObeAWHEHHbIX 3a Cc4yeT
BOAOPOAHBIX  CBA3EM B HEKYlD  YCTOMYMBYKD  reomeTpuyeckyto  ¢opmy,  Cco3galoLlyto
COOTBETCTBYIOLLYIO MHAPOPMALMOHHYO CTPYKTYpy. POpMbl accoumnatoB pasnmyHbl U 06YyCnoBEeHbl
He TONbKO MOreKkynamm NpuMecen, Ho U YCNoBrUsMU MX 0Bpas3oBaHus.

CemMaHTMYyeckM OeTepMUMHMPOBaHHbIM B oOlemM Buae MOXHO HasBaTb Jfitoboe
aHTpPONoreHHoe BO3OeNCTBME.

OCHOBHOM TMNOTE30M, OOBSICHANOLWEN [OENCTBME CEMAHTUYECKUX WH(OPMALNOHHO -
TOPCUOHHbIX BO3OEWNCTBMMA MOHWTOPA Ha OpraHM3M Morb30BaTens, MOXET CNYXWUTb NpU3HaHue
appekta paspylleHus BOAHLIX accouuaToB WM U3MEHeHUs ux reometpuu. [lpu 3ToMm
npegnonaraeTcs, 4To Yynpaenswowen WHgopmauuen, BOCMPUHMMAEMOW  KNneTkamMu  unm
KNETOYHbIMW OpraHennamu, SIBNSeTcsl CnoXHas reometrpuyeckas ¢opma accoumara. MIMeHHO
cnoxHenwas d¢opma sBnsieTcd TEM CaMuMM  3BEHOM, KOTOpOe onpedensieT CTPYKTYpy
MHopmaumoHHblx  TI1, npucywmx accoumaty. WsameHeHue reomeTpun accoumatoB Mof
Bo3gencTemem nesoro TIT MOHUTOPa BEAET K UBMEHEHUIO CTPYKTYPbI YNpaBnstoLen opraHennamm
N Knetkamu WuHopmaumu, 4YTo, B CBOK OvYepedb, TOPMO3UT BHYTPUKIIETOYHbIE MPOLIECCHI UMK
BMNSET HA HUX TEM WU UHBIM CMOCOBOM.

B kauyectBe runoTtesbl Ans OObSCHEHWSI OOHOW W3 BEpCUA MexXaHu3Ma HeraTMBHOIO
BO3JEeNCTBMA Ha nonb3oBatensa MoHutopoB [1K v Opyro 9neKTpOHHOW TEeXHUKM MOXHO
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ncnonb3oBaTh ABMEHME KBAHTOBOW TenenopTauuu, NoaTBepXKAeHHoe ABYMSA rpynnamMu (ousnkos U3
AscTpun n Utanuw.

ABTOPbI OTKPbITMS Aal0T 3TOMY SABMEHMIO Takoe onpefeneHune: «KBaHTosas Tenenoprauus -
MrHOBEHHas nepegada U BOCCTAHOBMEHME HA MPOM3BOSIbHOM PACCTOSHUM COCTOSIHUS KBAaHTOBOM
CUCTEMbI». ABTOPbI CYUMTAIOT, YTO KBaHTOBAasl Tenenopraums MOXeT MMETb MECTO U Mpu NepeHoce
MHopMaLMM U3 OLICTPO McdesarWwmx HocuTenen (Hanpumep, POTOHOB) Ha 4YacTuubl, Oonee
noaxogswine onst AOArOBPEMEHHOro CoxpaHeHusa uHpopmaumm (Hanpumep, MoHbl). B npouecce
Tenenoptauun HavanbHbIA (POTOH, NONAPU3aLUNa KOTOPOro AOMMKHA ObITb NepeHeceHa, U OANH 13
napbl BCriomoraTteribHbiX (DOTOHOB MNOABEPralTCs TaKOMy W3MEHEHWUIO, YTO BTOPOM W3 napbl
“cmelwaHHbIX” (entangled) dooToHOB NprMobpeTaeT NonsipM3aUmio HavarnbHOrO.

Tenenoptauus HN B KOEN Mepe He OorpaHn4MBaEeTCsl NEPEHOCOM COCTOSIHUA Nonsipusauunm
OT opgHoro coToHa K Apyromy. Kpome nap «CMelaHHbIX» (OTOHOB WM aTOMOB MOXHO
npeacraButb cebe «cmewwmBaHMe» (OTOHOB C atomamu, (POTOHOB C MOHamMuM W T.4. Torga
Tenenopraumsa nossonmna 6bl NepeHecT COCTOSIHME KPATKO KMBYLLUMX YacTul, Ha apyrue, donee
cTabunbHble CUCTEMBI.

MMo-BManmomy, ycrioBus Ons KBaHTOBOMW TenenopTaumm MOryT co3gaBaTbCa M B npouecce
paboTbl MHOIMMX 3MNeKTPOHHbIX npubopos, Hanpumep, moHuTopoB [1K, Teneswusopos, namn
OHeBHOro ceeta. PaccmoTtpum 6onee getanbHO O4HY U3 BEPCUMIA MEXaHU3Ma HeraTUBHOIO BRUSIHUSA
YNOMSIHYTbIX NPMOOPOB Ha NONb3OBATENS.

Heobxogumo ewe pa3 HanoMHuUTb, 4TO ®Puamdeckun Bakyym, cormacHo mogenu A.
AkumoBa, ecTb MaTepuanbHaa Cpepna, KoTtopas W3OTPOMHO 3arofiHseT M NPOCTPaHCTBO, M
BELLLECTBO. 3a CYEeT KBAHTOBOW Tenenopraumm COCTOSIHMS aToMoB ntomMuHodopa JJ1 moHuTopa
MK monekynspHbIn cyOCcTpaT MNofb30BaTensl NpeTeprneBaeT OT CMNOHTAHHOIO M AerpaumoHHOro
N3Ny4YeHus B LULMPOKOM AnanasoHe 4acToT.

C dom3my4ecKon TOUKM 3pEeHUs NMOMUHECLEHLUNSA - 3TO CBeYeHUe nomuHodopa, Korga ero
BO30OY>XAEHHbIE aTOMbl U3My4aloT KBaHTbl AHEPTUUN - POTOHBI, TOUYHEE, (POTOHBbI M3Ny4YaroTCH, Korga
9MNeKTPOHbl BO3OY>XAEHHbIX aTOMOB NIOMUHOMOpa NepexoasaT C OAHOM paspelleHHON opbuTbl Ha
apyryto. Ecnm anekTpoH nepexoouT 4depe3 ABe paspelleHHble opbuTbl, TO BO3HUKAKOT Tak
HasblBaeMble «CBA3aHHble» (POTOHbI, KOTOpble MOryT MNpPUHMMATb Yy4acTue B KBAHTOBOM
Tenenopraumm coCTosiHUS aTOMOB NtoMmnHodopa.

Opyrumn  crnoBamu, MNOCPEACTBOM  KBAHTOBOW  Ternenoptauum  COCTOSIHUS  aTOMOB
NnOMUHOG)OpPaA Ha MOMEKynsipHblA  cybcTpaT nonb3oBatens B MNOCMeAHEM  UHULMUPYIOTCSA
KoonepaTMBHbIE MNEPEXOodbl SMEKTPOHOB Ha OpbuTbl C MEHBbLUMMU 3HEpPrusamMu B aHcambnsax
BO30YXOEHHbIX MOfekyn cybcTpaTa, YTo BeAET K BbICOKOKOr€pPEHTHOMY M3ITyYEHMIO, BMECTO TOrO,
4yTOObl 3Ta 3Heprusi Obina HanpaBrneHa Ha noadepXXaHwe XU3HEHHO BaXXHbIX OMOMNorm4yeckmnx
dyHKLMI OpraHM3mMa 1 ero romeocTtasa.

Cenyac HeT onucaHMsl TOYHbIX MEXaHW3MOB BO3AeNCTBUA neBbix Tl Ha opraHuam
YyenoBeKka, WCCreoBaHUSA HaxXOAATCs B HavanbHOM cTaguu. HecMmoTpss Ha MHOMOYMCIIEHHblE
aKcrnepumMeHTarbHble dakThbl BO3EeNCTBUSA T, " N3nyyYyeHun Ha ONOOOBEKTHI,
YO,OBNETBOPUTENBHOMO O6BACHEHMS B pamKax OOLLEnpUHATBIX (PU3NYECKMX TEOPUN HE MOSyYEeHO,
TakK KaK TpaguumMoHHasa uaunka ctpovnace 6e3 yuyeta oeHomMeHa ynpasneHus.

[MaBHbIN CcMbIC eHOMEeHa YNpaBneHus, KOTOPbIM [AaBHO WCMNOMb3YETCH B YUCTO
OMonorMyeckmx cucteMax, 3aknio4aeTcs B TOM, YTO NtoOble cnabble BO3OENCTBUSA, B TOM YUCHE U
TI1, npnBogAT K 6ONbLLIMM N3MEHEHUAM B yNpaBnsdemMoM obbekTe.

MoatomMy Hasperna HeobXxoAUMOCTb B MEPEecMOTpe CTapbiX (PU3MYECKMX TeHOEHUMA U
pas3paboTke HOBbIX, B KOTOPbIX (EHOMEH YynpaBneHus Bxoawn Obl oOpraHuyeckun, rge
NpUCyYTCTBOBaNM Obl HEKME yNpaBnsAloLLnNe CTPYKTYPbI.

Hanuune ynomsiHyTbIX CTPYKTYp B pearnbHbiXx OMonornyeckmx obObekTax onpedenseTt, B
YacTHOCTU, MexaHu3M aencteusa Tl n nanyyeHun.

OpfHO3Ha4YHO YCTaHOBMEHO TOMbKO HeratMBHoOe BnusHue Tl Ha nonb3oBaTensa gaxe npu
NPUMEHEHUN cneumanbHbIX Mep, TakuMX Kak BCTPOEHHblE 3alUMTHbIE CPeAcTBa, MCMNONb3oBaHWE
3aLUNTHBIX PUNBTPOB, NMOHMWKEHHOE HanpshxeHne Ha aHogax JJ1r.

CnepoBartenbHO, HEOOXOAMMO CPOYHO HarpaBUTb OFPOMHbLIE CPeacTBa Ha KOMMIIEKCHOE
nccnegoBaHne 4YerioBeka, ero pes3epBHbIX CMOCOOHOCTEN, MoOUNM3aumsi KoTopbix obecneuut
BblKMBaHME B YCIOBUAX rMobanbHOro 3KONorm4eckoro kpusmca. HayuHo - TexHnyeckui nporpecc
HeobXoOUMO MepeopUeHTUPOBaTb Ha 3awmTy okpyxkatwwen Cpedbl n denoBeka, paspaboTtaTb
HOBbIE CUCTEMbI, KOTOpPbIE YCUMAT pe3epBHble BO3MOXHOCTM W agjanTtauuio  JernoBeka. [NepBbie
LarM B 3TOM HanpaBIieHWM YXXe CAenaHbl.
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MagBa 9. 3awmTta nonb3oBatenen MoHuTopoB MK M TeneBM30OpOB OT HeratTMBHOro
BIIUSAHUS TOPCUOHHOMN KOMMNOHEHTbI DMMW.

9.1. UlHamBuayanbHasa 3awmTa.

Cneuunanuctamn HaumoHanbHoro TexHudeckoro yHusepcuteta «KMy», OO0 «CnuHop
WHTepHewWwHn», MexayHapogHon akagemum OMO3HEeproTexHornorni paspaboTaHbl npubopbl Ans
YCTP@HEHUSA HEeraTMBHOIO BMAWUSIHUA TOPCUOHHOW KOMMOHEHTbl AMW MOHMTOpPOB, TENEBM3OPOB WU
OPYron aneKkTPOHHOW TEXHUKU.

B paspaboTkax YKpauHCKMX Y4YEHbIX WCMNOMb30BaHbl MAEM YaCTUYHOrO paccemBaHus u
OTKMNOHeHMs nesbiX TI1, reHepupyembiX MOHUTOpaMMK, Tenesu3opamnm U OpPYron SneKTPOHHOM
TEXHUKOM MpU UX B3auModencTBum ¢ npasbiMu Tl yCTPOWCTB 3awMTbl. AHaNoOrM4Ho TOMY, Kak
B3aUMHO BnusoT cobcTBeHHble Tl 3gaHunii n coopyxeHu ¢ nuHuamn I3, koTopble M3MEHSAT
HanpasneHve MnocnegHnx T.0., YTO OHM CTAHOBATCHA NapanfenbHbIMU CTeHaM. OTU pakTbl Gbinu
yCTaHoBMeHbl cneynanuctamu no éuonokauun ns r. Purn [17].

MpuHuun B3aumogencTeusa Tl moHuTOpa, Tenesusopa u cobcteeHHoro Tl ycTponcTBa
3alLnThl NOMOXEH B OCHOBY pa3paboTku.

Yctponcteo 3awmTtbl nonb3oBatena MK n  TeneBmsopa OT HEraTMBHOMO  BIIMSIHUS
TOPCUMOHHOM KOMMOHeHTbl 3MW MoHuTOpa npeacTaBnseTr cobon reHepatop CTaTUYECKOro
dopmosoro TI1 [47, 48].

OTOT reHepaTop MOXHO OTHECTW K TpeTbeMy Kfaccy eCTeCTBEHHbIX MCTOYHMKkoB TI1 C
LUMPOKMM CMEKTPOM PasfUyHbIX FEeOMETPUYECKUX CTPYKTYp, OOpasoBaHHbIX TeMU WUNU UHbIMU
BewectBamn [1]. Kaxgass w3 reoMeTpuyeckux CTPYKTYp WUMeeT MpUCYLLyl0 el HEKOTOPYHo
CeMaHTUYeCKYH HanonHEeHHOCTb.

UTo Xe NOoHMMalT nog 3TOM FeOMETPUYECKON CTPYKTypor? TOYHOro onpegeneHus B
HacToslLLiee BPEMS HE CYLLIECTBYET, U Mbl BOCMOMNb3yeMcs 00LWmMM onpegeneHnem, npmBegeHHbIM B
[38]: «reometpuyeckas CTpyKTypa - 9TO NPOCTPaAHCTBEHHas AuMHaMuyeckas KoHdurypaums
B3aMMOOENCTBYOLWMX OOBLEKTOB C camonogobuemM Ha pasnUuHbIX YPOBHSIX FEOMETPUYECKUX
mMacLTaboBy.

O6bekTbl, U3 KOTOPbIX COCTOUT MUP, BKMOYAKOT B cebsi, MO MeHbLUEN Mepe, ABE OANHAKOBO
pearnbHble COCTaBnsoWMe - BELWECTBO U reoMeTpuyeckyto opmy, bnarogaps KOTOpbIM 4acTb
onpeaerneHHoro BeLwwecTsa U CTaHOBUTCS OObeKTOM.

B nocnegHee Bpems npobnembl hopMbl Havanu nNpuBnekatb NpuUcTanbHOE BHUMaHWE
y4YeHbIX, CBA3aHHbIX C nccnegoBaHusaMn no rororpadum, dusmyeckomy Bakyymy.

dopma MoOXeT ObITb NPegMeTOM KOHKPETHO-HAy4YHOro WU3y4YeHWss B CWUMy TOro, 4TO
KOHKpPETHblE MaTepuanbHble CTPYKTYpbl BCerda MMEKT peanbHO cyllecTsywowmne ¢opmbl. B
PU3NYEeCKoM CMbICNe NOHATUE (POPMbI MOXET ObiTb MHTEPNPETUPOBAHO Kak BONHoBas (nonesas)
CTPYKTYpa, KOHTYPbl KOTOPOW 3aBUCAT OT NPOCTPAHCTBEHHbIX 0COBEHHOCTEN KOHKPETHOTO OObEKTa.

YCTponcTBOo Ans 3awuTbl 4vernoBeka (poTo 62) OT HeratMBHOIO BAUSIHUS TOPCUMOHHOM
KOMMNOHEeHTbl OMW BMOEOMOHMTOPOB COCTOMT, MO MEHbLUEN Mepe, U3 OBYX COOCHO pa3MeLLeHHbIX
OpYr B Apyre KOHUEHTPUYEeCKNX LMNUHAPOB OAMHAKOBOW BbICOTLI, MPOCTPAHCTBO MEXAY KOTOPbIMU
3anosiHeHo nonmmMepom (puc. 63),
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roe:
1 - BEpXHAS KpblLUKa YyCTPOMCTBA;
2, 3 - KOHUEHTpUYECKNE LIMNNHAPLI OOMHAKOBOW BbICOThI;
4 - nonumep.

B nutepatype He onucaHbl MexaHu3Mbl 0OpasoBaHuA opMOBOro cratuudeckoro TI1 ¢
CEMaHTU4YEeCKMM HarnosfIHEHNEM, OOHAKO, MOXHO MpPeanofnoXutb, YTO OAHMM U3 €ro UCTOYHWUKOB
asnsgetca A3C, BO3HMKAOLWNA NpY CONPUKOCHOBEHUN OBYX ¢ha3.

Puc. 62

Bo3HuKHOBEHNE MexX(a30BOM pas3HOCTM MNOTEHUMANoB TECHO CBA3aHO C oGpasoBaHWEM
O3C, T.e. HECUMMETPUYHOrO pacnpefeneHns 3apsbkeHHbIX 4acTul Yy MOBEPXHOCTU pasgena:
N30bITOK MOMNOXUTENbHbLIX 3aps40B CO CTOPOHbl OAHOW dhasbl COOOLAET el MONOXUTENbHbIN
3apsaa, a wu3bbITOK oTpuuaTenbHbIX 3apsagoB € APYron CTOPOHbI coobuwiaer apyron hase
oTpuuatenbHbin 3apag. o-Bugumomy, mexdasHaa pasHOCTb MOTEHUManoB, BO3HMKalLWas Ha
rpaHuue AByx a3, U ABNsSieTCA WCTOYHMKOM nonsapusauumn  dusmyeckoro Bakyyma, wnum
NCTOYHMKOM hopmoBoro TI1, B pesynbrate Yero BO3HMKAKT TOPCUOHHbIE haHTOMbI. HekoTopbie
npoueccol, npoucxogsawme npu popmmposaHmm A3C, 40 cux nop A0 KOHLUA He MOHATHI, TakK Kak
npv 3TOM AEeNCTBYIOT 6onee TOHKME U CIIOXKHbIE MEXaHU3MbI.

OKcnepMMeHTanbHO YCTaHOBMEHO, YTO LUMMHAPLI HENTpanuaytoLwero anemenTa 2 n 3 (puc.
63) coBMecTHO ¢ Buononumepom 4 cosgatoT npasoe Tl Sg (puc. 64), B TO BpeMsi Kak TOPCUOHHAs
KomnoHeHTa AMI1 moHuTOpa siBnsietca nesbim TI1.

Mecro yoranopieun OO PIHOCT-1"

Puc. 64

Mockonbky TOpcuOHHAA komnoHeHTa OMIT moHuTopa siBnsietca nesbim TI1, a Tl
HENTPanNuayloLero ariemMeHTa $SBMASETCS MpaBblM, TO OHM MpPUM B3AUMOAEWNCTBUN YaCTUYHO
KOMNEHCUPYIOT Apyr Apyra NocpeacTBOM CEMaHTUYECKOro pe3oHaHca.

MonnmepHbIn  MaTepuarn, pasMelleHHbI B MPOCTPaHCTBE MexXay uunvHapamuy,
npegBapuTeNbHO NOABEPraeTcsa BO3OENCTBUIO onpeaeneHHoro reHepatopa Tl B Te4eHne BpemMeHu
ero nonMmepusaumm, 4TO MO3BOSMSET OCYLWIECTBUTb CMMHOBYH Mongpusaumio nonvmepa. IToT
npouecc ABMSeTCs peLlaomMm MOMEHTOM NPUAAHNS 3aLLMTHBIX CBOMCTB Npubopy, XOTS YaCcTUYHO
NCNonb3yTCA N COBCTBEHHbIE NONA COOCHO pa3MeLLeHHbIX LMIMHAPOB.

B pesynsrate dhopmoBoe ctatudeckoe TI1 ycTpomncTBa 3allmThl 3HAYUTENBHO yCUNMBaeTcs,
YTO noBblaeT 3(PEMEKTUBHOCTL 3alUTbl. YCTPOMCTBO 3aluuTbl pasMeLlarT B 30He OencTBus
nesoro Tl MoHMTOpa, NPeanoYTUTENBHO Nepes NMUEBOW YacTblo MOHUTOpPA T. O., YTOObI OAWH 13
TOPLOB yCTponcTBa Oblf HaNpaBreH NepneHamKynsipHo Kk ontuyeckom ocu IJ1T.
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Kak ©Oblno ykasaHO Bbile, NeBOe MNofie BMOEOMOHUTOpa M MNpaBoe norne YCTPoMCcTBa
3alMTbl YACTUYHO KOMMEHCUPYIOT Apyr Apyra, a HeKOMMNeHcUMpoBaHHaa 4YacTb nesoro TT1
BMOEOMOHMTOPA OTKMOHSEeTCA npaktudeckn Ha 180°, T. e. B obnactb npasoro Tl Sk,
reHepMpyemMoro MOHUTOPOM. B pesynbrate B3aMMOLENCTBMS MPOTUBOMOSOXHO 3aKpyYEeHHbIX
BMxpen nesoro S, n npasoro Sg Tl oba cywecTtBeHHO ocnabnawTca, a cymmapHoe norne, 3a
MOHUTOPOM CTPEMUTCS K YPOBHIO hOHOBOIO.

Mpnbop Ans 3awuTbl Nonb3oBaTenen OT HeratMBHOrO BAMsHUA MoHuTOopoB [K, gpyron
3ANEKTPOHHOM TEXHUKM - MaTepuarbHbIi NpegMeT, NpeacTaBnsAoLwmnin cobon cornacoBaHHbIN Habop
npaBUIbHbIX FTEOMETPUYECKNX OUTYP C COOTBETCTBYHOLLEN FrEOMETPUEN MOBEPXHOCTN, CO3AatloLL M
dopMOBYIO cTaTu4eckyto nonspusaumio dusmyeckoro Bakyyma, npmyem nocnegHsas 3HaunmTenbHO
yBeNnyeHa 3a CcyeT YNOpsiAOHMEHHOCTM CMMHOB YacTuy, Mnonumepa WnvM Opyroro HanonHuUTens,
3anonHSALLEro BHyTpeHHee cBOOOQHOE NPOCTPaHCTBO npubopa.

Mpnbop Ansa 3awmTbl Nonb3oBaTenen OT HeraTMBHOrO BAMSHUA MoHuTopoB [K, apyron
SNIEKTPOHHOM TEXHWMKM co3haeT [f[Ba MNpaBblX CTaTUYECKMX (QOPMOBLIX TOPCUOHHbIX MONs,
pPacnpoCTPaHAIOLWNXCA B BUAE CUMMETPUYHBIX KOHYCOB HA HEKOTOPOE pacCTosiHWE, 3aBucsLLee OT
KonuMyecTBa  KpeaTuMBHbIX  NONMOpM -  KPUIMTOPOB  (MaTepuanbHbIX  NPEeAMETOB  C
COOTBETCTBYIOLLIEV FEOMETPMEN NOBEPXHOCTM).

JleBoe none npubopa Ansa 3awuTbl NONb3oBaTeNen OT HEeraTMBHOIO BMMSIHUA MOHMTOPOB
MK HaxoauTca BHYyTpW Npubopa; aHanornyHble nNons BO3HWKAKOT, ECNN CMOXUTb OCHOBaHUAMW Opyr
K ApYyry ABa KOHyca unu ase nupamuibl.

OnucaHHoe Bbille YCTPOMCTBO 3alUMTbl YerioBeka OT HEeraTMBHOIO BIMSIHUS MOHUTOPOB U
KOBpPUK Ana  3awutbl nogen ot BnvaHua [T13, paspaboTaHHble YKPaUHCKMMWU  YYeHbIMW,
obecneunBaoT Meguko-buonorudeckyto 3awmty ot T moHuTopoB M Tenesm3opos, KK naHenen
OTOOpaXXeHMsi, KOHTPOSIbHO - M3MepuTenbHOM annapatypbl U umsnydeHnsa [T13. O6 atom
CBUOETENbLCTBYOT  AaHHble  MeOuKO-OMONOrm4yeckux WCMbITaHWWA, MNPOBEAEHHbIX B psiae
MeaULUMNHCKNX yupexaeHun ropogos Kneea n [IHenponeTpoBcka.

9.2. CnocoObl KONMeKTUBHOMN 3alKUTbl OT HeratuBHoro BNusiHMA Tl moHuTopoB MNK.

Bce Gonbluee pacnpocTpaHeHMe B YKpanHe NonyyaroT floKanbHble BbIYUCIIUTENbHBIE CETU.
Hapsgy €  HMMKM  NPUMEHSIIOT  MHOronosfb3oBaTenibckue  (MHOroTEPMUHArbHbIE UMK
MYNBTUKOHCOSbHbIE) KOMNMekcbl Ha ©Gase ogHon wmowHon [M3BM [61]. OHM coBepLUueHHO
ornpaegaHbl B y4ebHbIX 3aBefeHusx, odmcax, 6aHkax n T. 4.

PaccmoTpym HekoTopble BapuvaHTbl apXUTEKTYPbl KOMIMMEKCOB AN NMOCTPOEHUS yd4ebHbIX
KOMNbIOTEPHLIX KNACCOoB.

MHorotepMuHanbHbil ~ y4ebHbIM ~ KOMMNbIOTEPHBIM  Knacc. Ha  paboyem  mecTte
yCTaHaBMNMBalTCA andaBUTHO-LMAPOBbIE UMM rpaduieckne TepMuHarnbl, MNOAKMOYaEMble K
nocrnegoBaTeribHOMY NOPTY KOMMbOTEPA C MOMOLLbIO MHOMOMOPTOBbLIX NMiaT.

MynbTUKOHCOMNbHBIN Y4ebHbIM KOMMBIOTEPHBIN Knacc. Paboyee MecTo B TakOM KOMMIeKce -
9TO CKOpee He TepMuHanbl, a BbIHOCHblE MOHUTOPbI C KNaBMaTypon W MbILWKOW, KOTOpblE
NOAKNIOYEHbI K OBLLEN LWNHE OaHHbIX KOMMNbIOTEPA Yepe3 MHOrONOPTOBbIN MHOMOMYHKLMOHAMNbHbIN
rpadomyeckmin BugeoaganTep.

B pabote [62] oTmeuaercsa: «O4eBMAOHO, YTO MOSNTHOCTLIO M3bexaTb MaryGHOro BIUSIHUS
N3NyYEeHUsT KOMMbIOTEPA HEBO3MOXXHO, OAHAKO MOXHO W HYXKHO CBECTU €ro K MUHUMYMY. U, npexae
BCEro 37O HYXXHO AenaTb Mpu MOCTPOEHUN COBPEMEHHLIX YY4E€OHbIX KOMMbIOTEPHBLIX KNacCcoB B
y4ebHbIX 3aBeeHMsIX BCEX YPOBHENY». He oTpuuasn pasnnyHbiX KOCMETUYECKUX Mep - 3a3eMIieHune,
pauvoHanbHOe pacnonoxeHme paboumx MecT - npeanaraeTcs gBa OCHOBHBIX MYTU PELUEeHUs 3TOU
npobnemsol:

* Ha pabouynx MecTax y4alMxcs YyCTaHaBnvMBaTb MUWHUMArbHOE KOMMYECTBO MW3My4valoLwmx
YCTPONCTB;

e [000MTbCA MaKCUManbHOTO MOHWXKEHWUS YPOBHSI WU3MNy4YeHUsl CaMux YCTPOMCTB Ha paboyem
MecTe.

BTopon nyTb 3aknto4aeTcs B CHUXKEHUM YPOBHSA U3IYYEHUs, Kak d9KpaHa, Tak U KnasuaTtypbl
paboyero mMecta Ha nonb3oBatens. Cornawasicb B NpuvHUMNE C MHEHMEM aBTOpOB [62] o
BO3MOXHbIX MYTAX peLlleHUst YNOMsIHYTOW npobnembl, xoTenocb 6bl OTMETUTb, 4YTO Haumbonee
3(p(PEeKTMBHLIM CPEACTBOM 3aliMTbl OT HEraTMBHOIO BIIMSHMS MOHUTOPOB Ha MOnb3oBaTens
SBMSIETCH MCNOSIb30BaHME ONMMCaHHOro paHee yCcTpouncTea [47, 48].

KonnektneHas 3awuTa nons3osarenein MK oT HeraTMBHOMO BAIMSIHAS MOHUTOPOB CBOOUTCH,
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B OCHOBHOM, K 00a3aTrenbHOMYy WCMOMb30BaHUIO WHAMBUAYaNbHbIX CPEeAcTB  3aluTbl C
COOTBETCTBYIOLUM pacnosfiokeHneMm paboumx MecT M pas3MelleHMeM YCTPOWUCTB 3aluTbl T. O.,
4YTOObI HE BbINO y4acTKoB, Yepes KOTopble OyAeT OCYLLECTBNATLCA HEraTMBHOE BO3AENCTBUE.

Ha puc. 66 npuBegeHa pekoMmeHayemasi cxema pacctaHoBKM MOHMTOpOB (K B gucnnenHblx
Knaccax, BblMUCIIUTENbHbIX LIEHTPaX, DaHKOBCKUX yupexaeHusx n ap.

Kak BMOHO M3 pucyHKa, Npu TakOM PacnorioXeHMn paboumx MecCT B NMPOCTPAHCTBE MEXAY
3KpaHaMn MOHUTOPOB OyAeT co3gaBaTbCa cymmapHoe nesoe TI1, HeraTMBHO BO3OENCTBYIOLLEE Ha
nonb3oBaTtenen, a ¢ NPOTUBOMNOSOXHOM CTOPOHbI - NPaBoe.
JRaBgR Moe

;

[8,§ =y

/|
n

A

Y

h
i

I
’

d
< /
4 K
fi [

Y
”
|
\

Iy

\

N
/
Sl

N
Al h,
I
‘
o et e
SN = =7

v = =7 v
HEE K

/Owpaneg/moNy

IeBoe To.ae

Puc. 66

Mpn nomeLweHnn nHANBMAYanNbHbIX CPEACTB 3aLUNTbl B 30HE pacnofiokeHus paboumx mect
nonb3oBarenemn fnesoe Tl OTCYTCTBYET, OTKIIOHEHHOE M pacCeAHHOe YCTPOMCTBaAMM 3aLLnThI.

B 3akntoveHne HeoOxoaMMO OTMETUTL, YTO, KpOMe 06A3aTENbHOrO UCNOSIb30BaHUSA O4HOMO
13 BbllLEYKa3aHHbIX CPEACTB 3alUUThI, XXenatenbHo NpoBecTn obcnegoBaHme pabovmx noMeLleHni
OMONoKaumMoHHbIM MeTogoM Ha npeamet onpegenenus [TI3 wnu gpyrmx HeratuBHbIX MECT
(Hanpumep, NaTHa ApTIOLLKOBA).

KomnbloTepbl Heobxogmmo pacctaBuTb T. O.,
BosgewncTeuto '13.

YTOObI onepartopbl He noaBeprajncb

Mas.a 10. OCHOBHbIe npakTu4eckue uenu usyvyeHunsa snusHua T Ha yenoBeka.
OCHOBHbBIMW MPAKTUYECKMMN LENaAMN ndydeHus Bnmusiiust Tl Ha YyenoBeka u ero oTBETHOM

peakumm, BUOMMO, MOXXHO CUMTAaTb:

nccrnegoBaHne BO3MOXHLIX KaHanoOB B3aMMOAENCTBUSA KOMMbIOTEPOB UM KOMMbHOTEPHbIX

CEeTEN C OPraHM3MOM YeroBeKa, HEraTMBHbIX M MO3UTUBHBIX AaCNEKTOB Takoro B3aMMOOEeNCTBUS;

" co3gaHne TEXHOMOMMIN BbICOKOHAAEXHbIX OLEHOK M MpOorHo3a nocneactBun BO3OeNCTBUSA

nesbIx 1 npasbiX TIT Ha opraHN3m 1 NCUXMYECKYIOD Chepy KOHKPETHOrO YyenoBeka Ha AnuTenbHbIN

CPOK B 3aJaHHOW cdepe OeATenbHOCTM (T.e. ¢ No3nUMA PYHKLMOHANbHOW Ha4eXHOCTU YenoBeka

npw BbINOSTHEHUM ONpPeaeNeHHON OeATENbHOCTN);

" pa3paboTKy HOBbIX TEXHOMOIMI 3alMThl OT HeraTMBHOro BnuaHuA Tl (C ucnonb3oBaHMeEM

cneynanbHbIX HETPAOULMOHHBIX TEXHUYECKUX CPEACTB U BMONPOTEKTOPOB), @ Takke TEXHOMNOrumn

Mone3Horo UCMonb3oBaHUSA NeBbIX M NpaBbix Tl gona TepaneBTUYECKUX, peabunUTauMOHHBLIX U

Apyrux Lenen nytem gO3MPOBaHHOrO nNpedbiBaHWUs YenoBeka B YNOMSAHYTbIX MOSSX;

peanusaumio TEXHOMOMMA HOPMWUPOBAHUS HE camMux BO3AENCTBMIA, a (PaKTOPOB PUCKA,

CBsI3aHHbIX C HEeraTMBHbIM BnusiHMem TI1 Ha gaHHOro YenoBeka B 3aaHHOW chepe AeATENBHOCTM.
[na QocTKeHnsa 3TOro Ha aTane NpoBELEHMS SKCMEepPUMEHTasNbHbIX paboT 1 BHegpeHUu

TEXHONOormM Heobxoammo obecnevnTb pelleHne cneayowmx 6a3oBbix 3agay:

1. KOHTPOIb BO3OENCTBUS NEBbIX U nNpaeblx Tl Ha YenoBeka, BKITHOYAIOLLINIAL

- onpegeneHnMe MNpPoOCTPaHCTBEHHbIX rpaHuy  TI1, BpeMeHn 1 xapakrtepa BO34eNCTBUA

(naeHTnMKaumnsa No NCTOYHUKAM U NX XapakTepucTMkam B paboyen 30He Ons AaHHOro oobekTa),

- onpeaerneHne XapakTepPUCTUK “MHTEHCUBHOCTEN” MO MPOCTPAHCTBY U BPEMEHU B UCCNEOYEMbIX

30Hax;

2.

KOHTpOnb 06bekTa BO3AeNCTBUS (YenoBeKa), BKMOYatoLnIA:
MOHUTOPUHI COCTOSIHUSA OMO3HEpreTM4eckorm CUCTEMbl 4eroBeka (Hanpumep,
«Brononsay) nocpeacTBOM «aypoanarHoCTUKNY,
- COCTOSIHUS «4YaKparnbHOW CUCTEMbI», MEPUONAHOB U BUONOrMYECKN aKTUBHBIX TOYEK;
3. KOHTPOIb 3MNEKTPUYECKMX XapaKTEPUCTUK BMONOrMYeckn akTUBHbIX TOYEK U Ap.;

Tononornn
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4, MOHWUTOPUHI COCTOSIHUS  (PM3NOMNOrMYECKMX CUCTEM OpraHmsama (KOMMeKc u3mepeHun
¢HM3Monormyecknx napameTpoB);

5. MOHWUTOPUHT NMCUXUYECKOIOo COCTOSAHUSA YeroBeka (MCuxoanarHoCTUYECKUA KOMIMNEKC);

6. TeKkywasi oueHka 3(PdEeKTUBHOCTM BbINOMHEHUS 3adaHHOW AeATernbHOCTN (TEeCTOBbIN
KOMMMEKC, cneumanM3mpoBaHHbIv Nog AaHHbIM BUA OEeATENbHOCTY).

Kpome TOro, HeobxooMMO MNEepeoCMbICIUTL OMbIT APEBHUX LMBUNU3AUUA C MO3ULUNA
COBPEMEHHON Hayku, co3gaTb COBPEMEHHble aHanorm ApeBHUX YCTPOMCTB M MeToauk Ha 6ase
HOBEMLUNX TEXHOMOMNN.

A Gnvkanwen nepcnekTMBON B HanpaBneHun 3awmTtbl nonb3osaTenen MK oT HeraTMBHOMO
BMUSAHMSA MOHUTOPOB ABMSETCA pa3paboTka NocnegHMx Co BCTPOEHHbIMU CPEACTBaMU 3allUMTbl OT
TOPCUOHHOMW  KOMMOHEeHTbl 3MMW. AHanoruyHble pas3paboTkm peanbHbl WM OAnNa  Opyrux
PaanNOTEXHUYECKNX, SMEKTPOHHBIX M 3NeKTPOMEXaHUYeCKNX yCTponcTs, npubopos, yctponcts. C
MOMOLLbIO HOBbIX TEXHUYECKUX CpeacTB HaAo YCUMUTb 3aluTHble CNocOBHOCTM  Hawero
reHeTM4YecKoro annapara nyTeM BBeAEHUS B HErO HOBbIX MOSIEBbIX MHPOPMALNOHHBLIX NPOrpaMm.

Cam @aKT WCKYCCTBEHHO CO30aBaeMoOro TOPCUOHHOMO BO3OENCTBUS Ha 4YenoBeka
MoHuTOopoB K, TeneBmM3opoB, PEHTIEHOBCKNX YCTAaHOBOK, KOMMPOBANbHOW TEXHUKU U PasnnYHbIX
NpubOpPOB ONEKTPOHHOM TEeXHUKU TpebyeT BBeOEeHWs HOBLIX pernameHToB, obecneynBaroLwmx
rapaHTUpoOBaHHbIE CBOMCTBA cpeabl pabovero mecta n mecTa otapixa.

Ha Takom nogoxog opueHTUpyloT TpeboBaHus MexgyHapogHoW opraHmsaumm  no
ctanHgaptusauum (ISO).

YkpavHa morna 6biTb OAHMM U3 NepBbIX rOCyAapcTB B MUpe, B CTaHAAPTbl KOTOPOWN Gbinu
Obl BBeAEeHbl JONYCTUMbIE HOPMbI NO YPOBHIO Bo3genctsus T Ha yenoBeka XOTa OGbl HEKOTOPbIX
n3genun (MK, Tenesunsopbl). TN HOPMbI ObINN Obl KOHCTUTYLMOHHOW rapaHTUen 300pOBbsA U
6Ge3onacHOCTN HaceneHus.

MexayHapoaHasa akagemus 6GuoaHeprotexHonormn (Kneesckoe pernoHanbHoOe oTaeneHuve),
HekoTopble noapasgeneHus HaunoHanbHOro TexHnyeckoro yHmsepcuteta YkpavHbl «KIMA» rotossl
NPUCTYNUTb K CO34aHUI0 CUCTEMbl HOPMAaTUBHbLIX OOKYMEHTOB Mo cepTudumkauumn paboynx mect
nonb3oearenein MK, gonyctumoro ypoBHs TU TeneBn3opoB 1 Apyron GbITOBOA TEXHUKU.

OHa 6yper paspabartbiBaTbCsi B COMMacoOBaHUM C  OEWCTBYHOLLMMU  HOPMAaTMBHBbIMM
cucTeMamu.

Masa 11. BbiBoAbl.

KpaTtkuin 0630p OCHOBHbIX pPe3ynbTaToB MCCNEAOBaHWUA, OnybrnvKoBaHHbIX B AAHHOMW KHWre,
MOXET ObITb NpeaCcTaBrieH B TaKOM BUAE:
1 CpenaH BbIBOg O TOM, YTO YrMpaBliEHME Ha BCEX YPOBHSIX OpraHm3aumm GUONornyeckoro
oObekTa OCyLLEeCTBMSIETCA OUHAMUYECKMMU U CTaTUYECKMMU MHAOPMaUMOHHBIMKU T cnoXHoro
CEMaHTU4YECKOrO HaroSIHEHMS, KOTOpble€ aKTMBUPYHT WM OeaKTUBMPYIOT TE€ WIN  WUHblE
ouonornyeckme npouecchl. AnHammyeckue Tl saBnsoTcs kKomnoHeHTon QMW kneTtok n opraHenn
O6uoobbekta, cratudeckme Tl dopmupytoTCs reoMmeTpudeckumm opMamm COCTaBHbIX YacTewn
bnoobbekTa (adpdekT «dhopm»).
2. OKCnepuMMeHTanbHO YCTaHOBMNEH (OakT CylecTBOBaHWS nepen 3kpaHoM MoHutopa 1K,
Tenesusopa un npu pabote nObbIX PagNOTEXHUYECKUX, INEKTPOHHBIX YCTPOMCTB U Npnbopos
TOPCUOHHOW KOMMOHEHTbI MW, okasbiBatoLLEN HEraTMBHOE BNUSAAHNE Ha NMonb3oBaTens.
3. BbliaBMHYTa rMnotesa O TOM, YTO [NaBEHCTBYIOLWLYK pOfib B MpoLeccax, oKasblBaroLmX
HeraTMBHOE BNUSAHWE HA MOMb30BaTENEn YNOMSHYTON 3MNEKTPOHHOW TEXHUKK, WUIpaloT sBNeHns
MHPOPMAaLIMOHHOIO aHTUBMOpPE30HaHCca.
4, [aHo noHsATME  aHTUbMope3oHaHca Kak  sABMeHUA  ocnabneHuss  TOPCUOHHOIO
MHGOPMaLIMOHHO - BOSTHOBOIO NpoLecca B opraHnM3mMe nosib3oBaTtens nog AeNCTBMEM TOPCUOHHOM
KOMMNOHEHTbl OMW ynoMsSIHYTOM TEXHWKW, TaK Kak 3Ta KOMMOHEHTa Mo CBOMM napameTrpam
npubnmxkaetca K COOBCTBEHHOMY WH(POPMALMOHHO - BOSIHOBOMY MpoOLEeccy B OpraHuame
nonb3oearensi. OTMeYeHo, YTO SIBNIEHNE CEMaAHTMYECKOro aHTMBMope3oHaHca - CUNBbHOIO OTKIMKA
npv B3aMMOLENCTBUMN B3aMMOMCKOYAOLWMX CEMaHTUYECKMX CUCTEM - MPUCYLLE MCKITHOYUTENBHO
BbICOKOPAa3BUTbIM BMONOrMYECKUM CUCTEMAM.
5. O6bACHEH MexaHM3M HeraTuBHOro BNUAHWA neBbix TI1, reHepupyembix npubopamu
3NEKTPOHHOM TEXHMKW, Ha Monb3oBaTensd C WCMNOfb30BaHNMEM TUMNOTE3bl CEMAaHTUYECKOro
aHTMOMOpe3oHaHca U SIBNEHUS1 «KKBAHTOBOW TerenopTauumny.
6. OnpepeneHbl NoAxoAdbl K pasBUMTUIO HOBOrO HanpaBneHust yHOaMeHTanbHbIX U
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NPUKNagHbIX nccrneaoBaHumn, Ha3BaHoro «brnobesonacHas anekTpoHUKay.

7. Heobxognma cepTudukaumss BCEX Haxoaswmxca B akcnnyatauum monutopos [1K,
TEeneBM30pOB, OPYron SMEKTPOHHOM TEXHUKU C YY4ETOM HEeraTMBHOIrO BRMSHUA Ha norib3oBaTtenemn
TOPCUOHHOW KOMMNOHEHTbI AMW ynoMsiHyTbIX BhilLe U34enuia.

8. CpaBHUTENbLHBIN aHanNM3 MpPakTUY4eCKn WOEHTUYHbBIX Pe3yrnbTaToB WCMbITaHWWA B acnekte
HEraTMBHOIO BIIMSIHUS, OKa3blBAEMOro Ha 4enoBeka uanyydyeHuamu [TI3 n MoHMTOpPOB, Apyron
SMNEKTPOHHOW TEXHWKKX, NO3BONseT copMynMpoBaTb BbIBO4 O ToM, 4TOo npupoga [T13 wu
BbILLEYNOMSIHYTbIX U3NYYEHUIN SNEKTPOHHLIX N PaaNOTEXHUYECKUX YCTPOMCTB - TOPCUOHHAS.

0. B M3, a Takke B paboyen 30HE MOHUTOPOB, TENEBMU3OPOB, APYroN 3NEKTPOHHON TEXHMKM
HabntoaalTcs pe3koe YMeHbLUeHUEe KOHLUEHTpauuu nerknx otpuuartenbHbiX MOHOB, yBENWyeHue
KOHLEHTpaUUN NOMNOXUTENBHbLIX YacTUYEK BCEX pasMepoB, YTO noayepkmBaeT (akT OOUHAaKOBOW
dusnyeckon npupoabl - TOpcuoHHoW - I3 n komnoHeHTbl AMWU, reHepupyembIX MOHUTOpPaMW,
Tenesmn3opamMu, Opyron aNeKTPOHHON TEXHNKOWN.

10. YKpanHCKMMKn y4yeHbiMn paspaboTaHbl YCTPOMCTBA A5 3alUMThl HACENeHUsa OT HeraTMBHOIo
BnuaHua M3 - koBpukKM, NpeacTaBnaowme cobon TOPCUOHHbBIN Nonapons,.
11. PaspabotaHo yCTpPOMCTBO 3awnTbl, 3MEPEKTMBHO NpefoXpaHsolee nonb3oBaTenen

MoHuTopoB [K, Tenesm3opoB, OPYron TEXHWKM OT HeratuBHOro BnusHuA TI1. OddekTnBHOCTb
pa3paboTaHHbIX YCTPONCTB NOATBEPXKAAETCA:

* NPOBEAEHHBbIMWN UCMbITAHNSAMU B YKPAUHCKOM HayYHOM TMIMEHNYECKOM LIEHTPE;

* UcnblTaHuamMu, npoeefeHHbiMn B OpraHe pgobposonbHow ceptudukaumm «MIPA» (r. Kues,
YkpanHa);

* 3aKMNOYEHMEM  rOCYOapCTBEHHOW  CaHUTAPHO-TUIMEHMYECKON  3KCNepTusbl  HOPMaTUBHOWM
pokymeHTauun N 5.04.03 /1601 ot 26.08.1997 . (r. Kues, YkpavHa);

* NaTeHTamMm YKpauHbl Ha n3obpeteHune N 23759 ot 16.06.98 r., nateHtammn CLUA (United States
Patent Pavlenko, et al 6,548,752 April 15, 2003 r.) System and method for generating a torsion
field Inventor: Pavlenko Anatoliy R. (Kiev, UA); Pavlenko Olexander A. (Kiev, UA); United
States Patent Pavlenko, 6,563,043 B2 May 13, 2003. System and method for generating a
right torsion field Inventor: Pavlenko; Anatoliy R. (Kiev, UA); Pavlenko; Olexander A. (Kiev, UA);

* MPOTOKOSIOM KIMHUYECKUX UCMbITaHWA Npubopa B Hay4yHO - METOAMYECKOM LeHTpe [MnaBHoro
BoeHHoro rocnutana MO Poccuiickon ®epepaumm um. H. H. BypaeHko 3a Ne8/393 ot 12
okTa6psa 1999 r;

* 3aKMOYEHMEM  TOCYAAPCTBEHHOW  CaHUTAPHO-TUTMEHUYECKOM  JKCNEpPTU3bl  HOPMAaTUBHOW
AokymeHTaummn bonrapumn Ne01505/2000 r;

* NOATBEPXAEHbI MPOTOKONIOM WUCMbITAHUA, MPOBEAEHHbIX MEAMKO-3KOMOrm4yeckon upmomn
«Jlant-2» B 1. Yhe Poccuirickon Pegepauum ot 03.04.2003 .

12. YCTpONCTBO NpeacTaBnsieT cobou reHepatop npasoro ¢oopmMoBoro cratmyeckoro Tl ¢
COOTBETCTBYHOLUM CEMAHTMYECKMM HaMOSIHEHNEM, KOTOPOE Mpu B3aMMOAENCTBUN C CO30aBaEMbIM
MOHUTOPOM B paboyen 30He nonb3oBaTtens feBbiM TI1, OTKNOHSET ero oT HavyarbHOro NOMOXeHNs
npaktnyeckn Ha 180°C B 30HY NpaBOro NoNs MOHUTOPA, HAaXOASALWErocs € ThbiflbHOW €ro CTOPOHLI. B
pesynbrate B3aMMOAENCTBUS MPOTUBOMONOXHbLIX Buxpen Tl oba cywiectBeHHO ocnabeBatoTt, a
CyMMapHoOe nofe 3a MOHUTOPOM MpaKTUYeCKn paBHO (POHOBOMY YPOBHIO. T.0., OCYyLLEeCTBRSEeTCs
3alWmMTa nonb3oBaTtens OT HeratMBHOIMO BRAUSHUS TOPCMOHHOW KOMMOHEeHTbl OMW MoHuTOpa,
npuyeMm U 3a TbUIbHONW CTOPOHOW MOHWUTOPA YPOBHW TOPCUOHHBIX BO3AEWCTBUA Ha pagoM
HaxoasLWerocs Apyroro nonb3oBaTtens npakTuyeckn 6e3speqHsbl.

13. lMpoBeneH aHanua pesynsTaTtoB HabNAEHWI, OCYLLECTBAEHHbIX B TedeHne 10+12 net Hag
nogbmMuy, paboTtaBwmMMmn Co cneynanbHO paspaboTaHHbIMU aKTUBHBIMW reHepaTopamu npasoro TT1
B peXuMme Llafsuero BO3OeNCTBUA Marion UHTEHCUBHOCTU. Mo pesynbrataMm aHanmsoB MOXHO
3aKNIOYMTb, YTO NnocnegHee ABNSETCA MOLLUHbIM 0340POBUTENbHBIM (hakTopoMm, GasmpyowmmMes Ha
ABNEeHUM cemaHTmyeckoro buopesoHaHca. Jliogn, paboTtaBlune ¢ reHepaTopamu, NPaKTUYeCKn He
obpawanncb 3a MOMOLWbBID K BpayaM, a MHMEKUMOHHble M CBS3aHHblE C MNepeoxnaxaeHuem
6onesHn NnepeHoCHUnnN 3Ha4YMTENBbHO Nerye.

14. YCTpOMCTBO 3aWMTbl OKasblBAeT Ha YenoBeka [AenCcTBUEe, aHanornyHoe BAUAHUIO
reHepartopa npasoro Tl B pexume Wagsauero BO3OenNCcTBus, T.e. npedbbiBaHNe YernoBeka B NpaBoMm
¢dopmoBoM cTaTuyeckom TT1, dopMupyemMbiM YCTPOMCTBOM, SABASIETCA 0340POBUTESbHBLIM
dakTopoM. K Takomy BbIBOOY MOXHO NPUATU, aHanu3mpysa pesynstatbl, NpMBeAeHHbIe B Tabnuvuax
7+12. OTn obwue npeacraBneHns TPebyrT AEeTanbHOMO M3yYeHusi, KOTOPOE MO3BONUT MOHATb
PU3NYECKYHO CYLLHOCTb HabngaeMbIX ABNEHUIN C TOYKN 3pEHUSA CEMAHTUYECKOro Buope3oHaHca.
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15. YTBEpXKOAeTCs, Y4TO CUMBOfbl, HAHECEHHble Ha MeTanl U ANIANEKTPUK, NacCUBHbIE
nukTorpadmyeckue pesoHaTopbl, npogyuupyrowme cnabble dopmoBble Tl ¢ onpeaeneHHbIM
CeMaHTU4YeCKNM coaepXaHueM, MNocpencTBOM OuopesoHaHca wnu aHTubmopesoHaHca MoryT
COOTBETCTBEHHO aKTMBMPOBATb UNN AeaKTMBUPOBaTb Te UMK MHble Bronornyeckne npouecchbl.

16. lMpuHUMasa BO BHMMaHWe HeraTMBHOE BO34ENCTBUE Ha YenoBeka TOPCUOHHOM KOMMOHEHThI
OMU  wmoHuTopoe T1K, Heobxogmmo OTMETUTb, 4YTO BCE AMArHOCTUYECKUE CUCTEMBI C
ucnonb3oBaHmeM (1K, galoT HETOYHbIM guarHo3, 6onee OTArOWEHHbIA NO CPaABHEHUIO C pearibHO
CYLLIECTBYIOLLNM, YTO TpebyeT He3aMeannTENbHON NPOBEPKMU.

17. HanaxxeHo cepuirHoe nNpon3BOLCTBO YCTPOWCTB 3aLMThl OT HeraTMBHOro BrnusHus M3 30H
W YCTPOWUCTB 3allMTbl OT HEraTUBHOrO BMUAHUA MOHUTOPOB, TEMEBU3OPOB U  ApPYrnx
pagnoTexHundecknx yctponcTts - « POPIOCT-1», 3aluieHHbIX naTeHTaMmm YkpauHol, CLUA.

18. MyHkTbl 13, 14 NoaTBEP)KAAOTCA pesynbraTaMn UccnegoBaHMi MOCKOBCKUX YYEHLIX [46], B
COOTBETCTBMM, C KOTOpbIMM npaBoe crnaboe Tl Bbi3blBaeT OTBETHYH peakuMio TennOKPOBHbIX
XUBOTHbIX W €r0 MOXHO TMPUMEHATb AN YIY4YlWEeHUs COCTOSHMA ocnabneHHbIX (O0mbHbIX)
OpraHu3mosB.

CnepoBatenbHo, npumeHeHue reHepatopoB npasblix TM  Tuna «®OPIMOCT-1»
NepcrnekTMBHO B aTOMHOW 3SHepreTuke, B MeauumHe - ANns YhyyleHWUs COCTOSHUS OBONbHbIX,
noaBeprinxca nyyeBon Tepanuu. PelweHve ynoMsiHyTon npobnembl B CBA3W CO CIIOXHOCTbIO U
crneundurKkon MOCTaBMEHHbIX 3a4ay OOMKHO npedycMmaTtpuBaTh MpPUBIEYEHME LUMPOKOro Kpyra
cneunanuctoB - OT OHKOMOrOB W (M3MKOB A0 OGMONOroB WM MWHIBUCTOB C LENbI0 CO34aHWS
nporpaMMHO - annapaTHOro KOMMJEeKCa, WMEILEro WHTENMEKTyanbHyl0 KOMMOHEHTY Angd
onpefeneHns onTuManbHbIX BapuaHTOB WCMONb30BaHMS sBMAeHWn GuopesoHaHca B npouecce
yCTpaHeHUsa HapyLeHNin B 3HePronHOpPMaLNOHHBIX B3aUMOOTHOLLEHUSIX.

Maea 12. HekoTopble npakTuyeckue pekoMmeHaauum.

Jlrogn, ocobeHHO aetn, Hambornee ysA3BMMbI BO BPEMS CHa, B CBA3M C YEM HeobXogumo
yoenuTb camoe npucTaribHoe BHMMaHue cnarnbHe. B mgeane B HeM He LOMKHO OblTb HUKaKMX
nctouyHnkoB OMW, TOpCMOHHAA KOMMOHEHTa KOTOPbIX OKasbiBana Obl HeraTMBHOE BRUSIHWE Ha
oTAbIXaroLero.

Tak Kak MOMHOCTbI M30NMPOBATLCA OT 3NEKTPOOLITOBbIX NPUOOPOB HEBO3MOXHO, TO,
HeobxoouMMo xoTsa Obl cobntogaTth cregylowme NpocTble NpaBuna, BbiTEKALWME N3 U3NOXKEHHOTO
maTepuana:

. HW B KOEM Cfyyae He ycTaHaBnmBaTb B cnanbHe Tenesusop, MK, «basy» paguoTtenedoHa,
KOTOpPbIN Nyylle 3aMeHUTb Ha OObIYHbIN;

. Ha HOYb 0bA3aTenbHO OTKMKYaTb OT CEeTUM TeneBu3op, BUOAEOMAarHUTO(OH, My3biKarbHbIN
LEHTP, ApYyrne UCTouHuKN AMW, KoTopble MOTYT HAXOAUTLCS B AEXKYPHOM PEXMME;

. He CTaBUTb Y U3roJfloBbs AMEKTPOHHLIE Yachl - OyANNbHUK,;

. He AaepXaTb B cnasnibHe HMKaKUX yCTPOWCTB ANs NoA3apsaku;

. nepnoan4eckn KOHTPONMpoBaTb MOLLHOCTbL nsnydeHna CBY - neven;

. pasmellatb Nnog KpoBaThio, AMBAHOM 3allMTHbIE YCTPOMUCTBA - KOBPUKK, obecnedynsatoLLme
otcytcTeue 13 B mecTe oTabIXa;

. He yCTaHaBnMBaTb Haf KpoBaTbio Opa, CBETUIbHMKKU ¢ nnadoHamm, obpalleHHbIMW KHN3Y -
CBET JOSMKEH OblTb HaNpaBreH TONbKO BBEPX;

. He cnaTb rofI0BON K YrNy KOMHAaThI.

Magea 13. HeraTtunsHoe BO3geMCTBME  MoOunbHoro TenecoHa Ha  OpraHusm
nonb3oBarens.

13.1. [pobnema Bo3gencTBMA MOOUNBLHOrO TenecgoHa Ha opraHM3M Nosnb3oBaTens.

CTpemMuTenbHbIA POCT UCMNONb30BAHNA MOBUIBbHBLIX TENE(OHOB M CTPOUTENLCTBO 6A30BbIX
CTaHUMA CUCTEM COTOBOW CBSI3M BbI3Baro 03abO4YEHHOCTb Cpean HacerneHust OTHOCUMTENbHO
BO3MOXHbIX HeraTuMBHbIX BO3aencTtBusix OMI1 COTOBbIX TEXHOMOrMM Ha UX 300pPOBbLE, BKMO4ast
HEBPOJIOrMYECKMe paccTponCTBa, OHKO3aboneeaHnsa 1 ap.

Pa3BuTtre TexHonorun, cBssaHHbiXx ¢ OMI, OOMKHO MoaKpPennsaTbCA COOTBETCTBYHOLLIMMMU
Hay4YHbIMU UCCNEeoBaHNSMU, LeNb KOTOPbIX - n3yvyeHne brnonorndyecknx agdekToB 1 BO3MOXHbIX
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pUCKOB ONsl 300POBbA, CBA3a@HHbLIX C BO3AEWCTBUEM 3MEKTPOMArHUTHOrO haktopa OKpyxatoLlen
cpeabl.

AHanua onyornMKoBaHHbIX JAHHbIX YKa3blBa€T Ha HanMune Kopennsauun Mexay passuTtuem
NaTonorMYecknx COCTOSIHUA WM BO3AEWCTBUSI HA OpraHuMaMm nonb3oBatend OMW B 4acTOTHOM
AnanasoHe 450+1800 Mlu. PesynbraTbl nNpoBedEHHbIX UCCNeoBaHW  NoaTBepXaaroT
OMOMOrMyeckyto 3Ha4YMMOCTb  PagMoYacTOTHOIO  U3MyYeHUsl, MNO3TOMYy Obinu  paspaboTaHbl
cTaHgapTbl MobunbHon 6e3onacHocTU. B coOTBETCTBMM C MeXayHapogHbiMu TpeboBaHMsMU
nsnyyaemyro TeneoHOM MOLLHOCTb OMPeAenstoT B BaTTax Ha Kunorpamm, T.e. 3TO yAenbHas
MoLHocTb nornowleHnd, SAR (Specific Absorbtion Rate).

SAR Bblpa)kaeT KONMYEeCTBO SHEPIMN, KOTOPYHO MOrNoWaeT MO3r Nonb30oBaTensl B Te4eHMe
pasroBopa. B mupe noka He cyllecTByeT eaOuvHOW MeToauKu usmepeHna SAR, B CBA3W, C yem
BenuunHa SAR ana ogHoh M TOW e Mogenu MobunbHOro TenedgoHa, nonyyYyeHHass B
nabopatopusix Mo pasHble CTOPOHbI OKeaHa, MOXET OTNIMYaTbCsl OgHa OT OPYroN B HECKOMbKO pas.
AMEPUKaAHCKMI CTaHOapT cuMTaeTcs bonee XeCcTKUM.

Mpobneme Bo3oencTBMS MOOUNBLHOIO TenedoHa Ha opraHn3M Mosib3oBaTens, B OCHOBHOM,
Ha ronoBHOM MO3r, nocesweHa khura [hxopaxa Kapno (George Carlo) u MapTtunHa LWpama (Martin
Schram) «CoTtoBble TenedoHbl. HeBnanmas yrposa B 6eCnpoBOfoOYHbIA BEK», n3gaHHas B Hblo-
WNopke B 2001 roay, B KOTOPOIi U3NOXKEHbI pe3ynbTaThl LECTUNETHUX NCCREeaoBaHnn YOMSHYTbIX
aBTOPOB COBMECTHO C Komneramu. WccnegoBaHunsi nokasanu, YTO 4acToe UCnonb3oBaHue
MOOMNbHOro TenedoHa MOXET MPMBECTM K OHKO3aboneBaHMKO Mo3ra, ocnabneHuio ero cocyaoB
(cboTO 68, Ha KOTOPOM NMpuUBEAEHa PeHTreHorpaMmma rofioBbl O4HOMO U3 BOMOHTEPOB, A€ YepHbIM
LBETOM MNoOKasaH MOpaXKeHHbIN y4acTok Mosra). OTMeyeHO, YTO BbICOKOYACTOTHbIE W3My4YeHus
MOOWNBbHBLIX TernedOoHOB MOryT HanpsiMyl0 BO3AEWCTBOBATb Ha KIIETKWM FOfIOBHOMO MO3ra, Bbi3biBasi
HapyLleHNa MoMeHTanbHon namsTn (poTto 68).

®doTo 68

OpHako rmaBHbIM BbIBOAOM UCCNELOBaHWIA CneayeT cunmTatb Crneayowmn: HU3kum yposeHb SAR
He rapaHTupyeT 6e30MacHOCTb NOMb30BaTENs, YTO CBMAETENLCTBYET O HANUYNN HEU3BECTHOMO
hakTopa, BO3OENCTBYHOLLEIO Ha YeroBeka.

OHeprusa KBaHTa M3rNyyYyeHWst B YACTOTHbIX AuanasoHax, MCMonb3yeMblX B MOOGUNBHON CBA3N,
He3HauuTernbHa, NOBbLILWEHNE TeMnepaTypbl B MecTe Bo3aencTBust He npesbiwaetr 0,1°C u He
OHO fBNSieTCA rMaBHbIM (QaKTOPOM HeraTMBHOrO BO3OEWCTBMSI Ha nonb3oBatensa. B Takux
cnyyaax roBopsaT 06 ynpaBnglowemM OeWCTBMM  3NEKTPOMarHUTHOMO  U3NyYeHUs HU3KOW
WHTEHCUBHOCTM, a OOCTUraemMmble npu 3ToM Ouonornyeckme acpdekTol umeHyT adpdektamm
HeTennoBoro (MHOPMALMOHHOIO) BO3AEWUCTBUSI SNEKTPOMArHUTHOIO W3NydYeHnss MOOUIbHbIX
TenedgoHoB.

[ononHuTenbHbIM, HO HEe 06s13aTeNbHBIM apryMeHTOM A5 NPU3HAHUA TOro UM UHOTO
BO34EMCTBUSI MHOPMALIMOHHBIM SBASIETCA 3HAYMTENbHOE (Ha MHOIrO NOpsiAKoB) NpeBbILEHME
3HEPreTUKN MHNLUMPYEMbIX NPOLLECCOB HAaZ 3HEPreTUKON MHULIMMPYIOLLNX BO3AENCTBUNA,
noAYepKMBatoLLIEE NX CUTHATNBbHOE 3HaYeHNEe ANt BOCMPUHUMAKLWEN CUCTEMBbI.

Kak npegcraBndetrcs C NO3vMUMA TOPCUOHHbBIX TEXHOMOMMM, 3TUM (PaKTOPOM W SBNSETCA
TOPCUOHHas KomnoHeHTa AMU MobunbHbIX TeNnedOoHOB.

MobunbHble TenedoHbl BO3OENCTBYIOT Takke Ha KpoBb, NPUBOAS K 60Mne3Hu, Ha3biBaeMyto
MOHOHYKIE030M.

VIMEHHO TOPCWMOHHYIO KOMMOHEHTY QMW gormkHbl OriokmpoBaTtb, HE gaBas BO3MOXHOCTM
BO3[ENCTBOBaTb Ha [rOMOBHOW MO3N, 3alUUTHblE YCTPOWCTB, 6asupylolmnecs Ha TOPCUMOHHbIX
TEXHOMNOrUsIX.
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Induction of Chromosome
Aberrations and M nuclei

Mectaphase- Additional Cell Score Micronuclei
Score Chromosome Division

doT0 69.

B cBA3n ¢ pacTyLler 06eCnoKOeHHOCTbI BpeaHbIM BO3AENCTBMEM HA 340POBbE, KOTOPOEe
MoryT okasbiBatb OMI1, n ¢ Tem, 4TO nAM BO BCEM MUPE, Kak B pa3BUTbIX, Tak U B
pasBMBalOLMXCA CTpaHax, UCNbITbiBalOT Ha cebe ato Bo3gencTeme, BO3 B 1996 rogy ocHoBana
MexayHapogHbii Mpoekt no U3sydeHntio BnusHua OMI1, ¢ uenbio BbIIBNEHUS MOCNEnCTBUM
BbILLEYNOMSIHYTOro BO34eNCTBUA. [1poeKkT Bbinn OCHOBaH B JIOTMYECKOM COOTBETCTBUM C HAaYYHbIMU
OENCTBUAMM, OTHOCALUMMUCA K UCCNegoBaHWIO  AaHHOW npobnembl, KoTopble  criegyet
npeanpuHsaTbL B 0603pnmom byayuiem.

B pamkax co3gaHHOro npoekta ocoObl akUeHT Aenarics Ha NpoBeAeHWE UccrneaoBaHuin
no onpegeneHnto rybuTenbHOro BANAHUA pagvounsnyyeHnss MOBUNbHbIX TeNEKOMMYHUKaLMOHHbIX
YCTPOWCTB (U NpW HarpeBaHuWW) Ha 300POBbE 4YernoBeka, OCOOEHHO YCTPOWCTB C Gonee HU3KOW
yactoTon. Tak HasblBaeMble «He TepMarbHble» 3(PdeKTbl NCCNeayTCsa yKe AaBHO. JTOT Aoknag
npeacrtaendeT cobon kpatkmii 063op MNpoekTta no M3yderHno BrnivsaHua SMI, nposogmmbin BO3, oH
TaKke AaeT nNpefcraBreHme 0 TOM, YTO Ha AaHHbI MOMEHT M3BECTHO O BAUSIHUM PaguonsnyyeHuns
Ha 340pOBbE YenoBeka M NPUBOAMT pekoMmeHaauun cTtpaHam-yneHam BO3 no 3awmTe 300poBbs
rpaxxgaH ot OMIT.

O6 oTpuuatenbHOM BAMSHUM Ha fogen MOOWMbHbIX TenedOHOB YKasaHO B OT4YETE
yyeHblx EBponewnckoro cotwsa (FINAL REPORT Risk Evaluation of Potential Environmental
Hazards From Low Frequency Electromagnetic Field Exposure Using Sensitive in vitro Methods). A
project funded by the European Union under the programm Quality of Life and Management of
Living Resources Key Action 4 “Environment”

13.2. O630p cyLecCTBYHOLWMUX CPEACTB 3alMUTbl OT HEraTUBHOIO BO34ENCTBUA MOOUNbHbIX
TenecgoHoOB.

YcTponcTea 3alnThl nogen ot oTpuuaTtensHoro BnusaHus OMW ycrioBHO MOXHO nogenuTb
Ha creayloLme rpynnbl:

. 3KpaHUpyHoLLMe,
. nornoLlatoLme;

. rapMOHU3YyLoLLME;
. apyrve.

3BeCTHbIM YCTPONCTBOM 3KPAHMPYIOLLEro TUMa, KOTOpOoe HEKOTOpoe BpeMSs Nosfb30Baroch
YyCNEXOM Ha pblHKE, €CTb YCTPOWCTBO 3aluTbl YenoBeka OT OTpuuUaTeNbHOrO BIUSAHWUS Ha HEro
OMWN (npousBoactBo uTanbsHckon dupmbl  «ZUCCARY» «Safety Butterfly»), «kotopoe
3aKpenniseTca ceepxy Ha MobuneHoM TenedoHe. Yctponcteo mpmbl «ZUCCARY» npeacrasnset
cobou YeTbipe nonyllapa U3 HeMarHUTHOIO CTEKIOBUOHOrO MaTepuana, BbINONHEHHbLIX B €AVHOM
TEXHOMOrMYeCcKoM npouecce, npuyem pABa nonywapa MeHbllero guametrpa. B nonywape
HaxoauTtcs 12% pacTBoOp yrnepoa, a HWKHASA YacTb nonywapa KOHTaKTUpyeT C NOACTaBKOW, B
KOTOPYIO BXOOSAT MeadHas u antomuHueBas donbra. Kak ytBepxagalT paspaboTymku, YCTPOMCTBO
yMeHbliaeT BenuumHy OMI, nanyvyaembix MOBUnbHbIMK TenedoHamu Ha 15+75% B gmanasoHe
15+200 Mlu, 4YTO NpPMBOAUT K MbICIIN O AENCTBEHHOCTU YCTpomncTBa. [JEMCTBEHHOCTL YCTPONCTBA
NPOBEPSANOCH WUCKMIOYMTENBHO MO peakumn 4YeroBeyecKoro Terna Ha Hanuuve BnvsHus OMW.
Mpoun3BoguTenn yTBEpPXKOAKT, YTO 3TU IKCNEPUMEHTbI MOBTOPUTb HEBO3MOXHO, U OHW HE HECYT
OTBETCTBEHHOCTW 3a NPOBEPKY, BbINOMHEHHYO APYrMM Cnocobom.
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Ho maneHbKoe 3a pa3mepamu Usfenue He CMOXET KPaHWPOBaTb U3My4YeHUS MOBUNBbHbIX
TenedoHoB, KoTopble paboTaiT B AnanasoHe 900+1800 MIu. Hambonbwui pasmep usgenus
«Safety Butterfly» - 2,5 cm n pagmoBornHbl Takoe nsgenue 6yayT npocto ornbaTtb. OTO NPUBENO K
TOMY, YTO Takme yCTPOMCTBA HE MOMYYMIN LMPOKOIo pacrnpoCTpaHeHus.

B Benukon bputannn B gekadbpe 2000 roga nosBMOCL YCTPOMCTBO, KOTOPOE, MO MHEHUIO
npoussoauTensa - komnaHum Calgon Carbon, paspellaeT CywecTBEHHO YMEHbLUTb BAUAHWE
n3nyyeHun mobunbHoro tenedoHa Ha MOo3r nonb3oBatens, nornowas 99% MWKPOBOSIH, KOTOpbIe
BNUAIOT Ha Hero. JTO YCTPOWUCTBO nNpeactaBnser cobon Hacagky Ha aHTEHHY MOOGUIbHOro
TenecpoHa. Hacagka BbIiNnoOnMHEHa W3 YyrnepogHoro Mmartepuana u HasbiBaetca «WaveZorby.
MpuHuunn gencrteus mnagennsa WaveZorb 6bin 3ammcTBOBaH koHCTpykTopamm Calgon Carbon un3
BOEHHbIX paspaboTok. Hurge He coobwanocb, 4TO0 3TO 3a Marepuman. Ocrtaerca nuwb
poragbiBaTbCs, kak paboTaeT 3Tta Hacagka, Kotopad, MO MHEHUo paspaboTuvkoB, Aenaet
nonb3oBaHne MOBUNbHbIM  TeneoHOM  npakTuyeckn 6GesonacHbiM. Takke Heu3BeCTHO
nodaBnsieTcs NM Npu ee UCMOob30BaHMM CUrHam, KOTOPbIN nepedaroT, YTO MOXET MpPUBECTU K
YMEHbLUEHMIO CpoKa [AEWCTBMS WCTOYHWKOB MUTaHWs MOOMMbHOrO TenedoHa BCRneacTBue
yBENNYEHUSA BENNYMHbBI TOKA, KOTOPbIM NnoTpebnsaeTcsa tenedoHoM. Takme ycTponcTea He nonyvvnm
LUMPOKOro pacnpocTpaHeHns BBUAY YNOMSIHYTbIX MPUYUH

M3BeCTHbIM  YCTPOMCTBOM MOrnowjarolero Tuna ecTb YCTPOUCTBO  Buonornveckomn
6esonacHoctn OAP, paspabortaHHoe B Poccu. OHO npeacrtaenaeT cobon aetoreHepaTtop CBY
(cBEPXBBICOKMX YACTOT), KOTOPbIA reHepMpyeT CUrHanbl B NPOTUBOdA3e BHELUHEMY U3IyYEHUIO, B
CBSA3N, C YeM CyMMapHOe uanydyeHue npubnuxkaerca K Hymw. B cooTBeTCTBUM C UH(popMaLmen,
AaHHon pa3paboTumkamu, yctponctso AP paboTaeT kak dunbtp B guanazoHe CBY.

Ho pa3paboTumkm He yunu, 4To MobunbHble TernedoHbl paboTaT B guanasoHe 900+1800
MI'L, a He B guanasoHe 30+3000ru.

Bo BTOpbIX, CcO34aHMe YCTPOWCTB WHTEPEEPEHUMOHHONO Tuna npeacTaBnseTr cobon
CMOXHYI0 Hay4yHYK M MpaKkTUYecKyr 3agadvy, TO eCTb CO3[aHue YCTpomctBa C noaobHbIM
KOMMNeHcaUMoHHbIM adheKToOM Ansi MOBUNbHbBIX TenedoHOB, XOTH TEOPETUYECKN N BOZMOXHO, HO
NPaKTUYECKN HEMPMUEMNEMO M3-3a BbICOKOW CTOMMOCTU TaKMX YCTPOWCTB.

MpuHMMaA K BHMMaHWIO BblWENPUBEAEHHOE, CTAHOBUTCA $ICHO, YTO YCTPOWCTBA
nornoLjatoLLero Tuna eCcTb Manod{EKTUBHbIMU UM COBCEM HE UMEIOT 3aLLUUTHBIX CBONCTB.

M3BeCTHO, YTO CTeneHb Bpeda OT BCEBO3MOXHbIX OTpULATENbHbBIX BIUSHUIA, B TOM YUCHe U
9MEKTPOMArHUTHbIX, 3aBUCUT OT BEMUYMHbI BMAUSIHUS W CTENEHW COXPaHEHUst COBCTBEHHbIX
3aLUNTHBIX CBONCTB OpraHn3mMa.

[Mo3TOMYy, Ha OCHOBaHUW BbIWE W3NOXEHHOrO, pearnbHbIM CPEeACTBOM NS 3aluThbl
yenoBeka OT OTpUUATENbHOrO BNNAHMA Ha Hero AMU MobunbHbIX TenedoHOB eCTb YCTPOMCTBA
rapMmoHumaupytowero tuna. lMpuvHUMN OEenCcTBUS TakMx YCTPOWCTB OGasuvpyeTca He Ha MonbITKe
noAaBnTb PaKTOP OTPULATENBHOIO BIIMSHWUSA, @ HA CO34aHMKU YCIOBUN, MPU KOTOPbIX YNOMSAHYTbIN
dakTop BOOOLLE HE BO3HUKAET.

Coenaem psg  npegwecTBYOLWMX  3aMeyaHui, KoTopble OyaoyT  UMCNonb3oBaHbl B
JarnbHenLwem.

Heobxoanmo nogvepkHyTb, YTO Hay4yHas TEPMUHOMOMMSA B 3TOM cdiepe yxe NnpoyHas, HO
y4YeHble NpoaomkaT 0bHapyXuBaTb M3NyyYeHne «HeU3nYeCKoro xapakrepay u T.n.

Hanpumep, npu BbINOMHEHUM (PU3MYECKUX IKCMNEPUMEHTOB POCCUICKME uccnegoBaTenum
ONCTaHUMOHHLIX OuosHepretndecknx BnusHun B. B. KeaptanbHoB u H. ®. [lepeBo3vnkoB
OBHapyXunu 1 BblAENUNU B U3NyYeHMM OMNTUYECKOrO KBAHTOBOrO reHeparopa (nasepa), Kpome
OMWU, n HekoTOpoe usnydeHwe «HegUaNdeckoro» xapakrtepa [45]. OTO usnydeHWe YCNoBHO
HasBann «nCU-KBaHTOBbIM u3rnydyeHnem». Okasanocb, 4YTO 3TO wu3nyvyeHne wumeet 6onbLioe
BuoaHepreTudeckoe BnvsHWE. Hanpumep, okasanocb, 4YTO 3Ta «Hedu3ndeckas» KOMMOHEHTa
NMEET CYLLECTBEHHOE BMUSHNE HA XU3HEAEATENbHOCTb BNMONOrMYecKNX CTPYKTYpP Pa3HOro ypoBHS,
OT CcTMMynupytowero K natoreHHomy. OHa 6e3 cyllecTBeHHOro nocnabneHus npoxoamuT CKBO3b
mMaTepuarnbl, «Henpo3padHblie» AN 3NeKTPOMarHMTHbIX BONH. HO MMeHHO BnevaTtnsioliee To, 4YTo
"Ncn-kBaHToBOE WU3Ny4yeHue" OoTpaxaeTcs CTEKMSHHbIM METannM3MpoBaHHbIM 3epKanom npu
nageHnn CO CTOPOHbI CTEKIA U He OTpaXKaeTcs MeTanIM4eckumMmm noBEPXHOCTAMMN.

B [33] onucaHbl pe3ynbratbl psga  3KCMNEPUMEHTOB, KOTOpble MPOBOAUNMCL MNO4
pykoBoacTBom akagemuka B. . KasHaueeBa Ha npoTskeHun 40 neT B MHCTUTYTE KIMHUYECKOWN U
akcnepumeHTtanbHon meguuuHel CO  PAMH un  MexgyHapogHomy HOW  kocmudeckom
a@HTPOMO3KOOrMKN MO N3yYEeHUI0 B3anModenCTBMS (PU3NYECKMX, B TOM YUCIE BaKyyM-TOPCUOHHBIX,
nonenm Ha OGuonornyeckne OObeKTbI: Knetkn, bakTtepum u T.N. BbIABMNEHO, YTO XMMUYecKkas U
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OGuonornyeckaas WHgopMaumsi MOXeT OblTb NepeHeceHa OT OAHOro OMOXMMMYECKOrO Wn
Buonornyeckoro obbekTa K ApyroMy C Mcnonb3oBaHveM cnuHopHo - TI1. MNpegnoxeHa obuias
KoHuenuma B3aumogenctsma Tl C XKuBbIM BeLLECTBOM, BKMtoyas 3adpdeKkTbl XMpanbHOCTU U
renMoKOCMMYECKOTO NMMNPUHTUPOBAHKS.

B nybnukauun nogvepkuBaeTcs, YTO CKOHCTPYMpPOBAH reHepaTop, KOTOPbIA U3nydaet
3(pMpHO-ANHaMMyYeckne MOTOKM - HeoAHOpPOO4HOCTM 3ddumpa (Bakyyma), KOTOpble OnucaHbl B
pabotax B. J1. Aatnosa [1988], A. E. Akumona, I". U. WWnnoea [1996], A. H. dmuTpuesa [1997] u ap.
Ecnn Takom reHepaTop «3akpyymBaeT» 3UPHBLIN (BaKyyMHbIA) NOTOK BreBO (NPOTUB 4YacoBOW
CTpenku, 4to npucywe nesbiM TI1), TO TKaHeBble KynbTypbl (3TO KMNETKW YerioBeKka), HaunmHawoT
aKTMBHO pa3MHOXaTbCs, B TO Xe BpeMsa CcuHTe3 6enka wn nonucaxapugoB wuaeT O6blYHbIM
NnopsaKoMm.

Mpy n3amMeHeHnn HanpasneHus BpaLleHnsa 3(pMpHOro (BakyyMHOro) noToka Brnpaso (Npasble
TI) nposBnsieTca crnegyowmnn adhdeKT: MUTO30B HET, HO CUHTE3 Bernka B KneTkax, akTUBHOCTU MX
reHOMOB YpPE3Bbl4aNHO BbICOKME BO BCEX CIy4asiX.

MpuHumMaa Kk BHUMaHuO nybnukaumm [3, 76, 33], MOXHO YyTBEpXAaTb, YTO U3Ny4yeHue
«HedM3N4eCKoro» xapaktepa, BbIBMNEHHOE MNPU BbINOMHEHUN (U3NYECKUX SKCMEPMMEHTOB
pycCKMMK nccrnegoBaTensaMn ANCTaHUNOHHbIX BrnoaHepreTnyeckmx enuadnin B. B. KsapTanbHoOBLIM
n H.®.MepeBoaumkosbiM, NpeactaenseT cobon Tl - npaBoe 1 neBoe, NpaBoe - CTUMynNupyoLlee,
neeBoe - natoreHHoe. JTO elle OOHO M3 MNOMYYEeHHbIX B MOCnegHee BpeMs [oKa3aTenbCTBO
cywecteoBaHua TIT.

B nanbHenwem, Kak u paHee, Mbl Byoem ncnonb3osatb TEPMUH «TT».

XapakTepHblM YCTPOMCTBOM FapMOHU3UNPYIOWEro Tuna 3TOW Ipynnbl €CTb TOPCUMOHHLIN
HenTpanusaTtop «bnotopH-PMc» (Poccusa) paspaboTtka HaydHoro ueHTpa Poccuickon akagemum
€CTeCTBEHHbIX HayK. Mo MHeHuI0 pa3paboTyumkoB, MexaHu3M ero 3awuTbl GasupyeTrca He Ha
YCTPaAHEHUN WCTOYHUKA OTpuUaTeNbHbIX U3MYyYeHWA UMM ero 3KpaHMpPOBaHUKM, a Ha Co3daHuu
dopmoBbIx cTatudeckux T no dopme 06LEKTOB, KOTOpble BXOAAT B COCTaB TOPCWMOHHOMO
HenTpanuaaTopa. YctponctBo «buotopH-PMc» paspabotaHo Ha ocHoBe Teopun TIT n umeet
TaKyl0 KOMOUHaUMIO reoMeTpudecknx opMm, KOTopas CYLLECTBEHHO YMEHbLUAET oTpuuaterbHoe
BnnsaHune neebix T 3MU mobunbHoro TenedoHa, nogaepxueas, T.0., obWmne Hecneumnduyeckme
3alUNTHbIE CBOWCTBA oOpraHM3ama nonb3oBaTtens. B peknaMHOM nNPOCNEKTEe Ha TOPCUOHHbIN
HenTpanuasaTtop «buotopH-PMc» (Poccus) paspaboTtkm HayydHoro ueHTpa Poccuiickon Akagemum
€CTECTBEHHbIX HayK He MpuMBEAEeHO onucaHve KOMOMHaLMKM reoMeTpuyeckux opmM, KoTopoe
NCNonb3yeTcsl B YCTPONCTBE M HE NpUBEAEH NPUHLMM €ro AeNCTBUIS.

Mo Hawemy MHeHuo, «BbnotopH-PMc» ecTb 00bIYHBIM MUKTOrpadn4ecKknmM pe3oHaTopoM,
KOTOpbI reHepupyeT npasoe Tl u npu NpaBuNbHOM YCTAHOBKE YCTPOWCTBA Ha MOOWUIbHbIN
TenedoH NoHWXaeT oTpuuaTtenbHoe BnusiHue nesblx TI MobunbHOro TenegoHa Ha nonb3oBaTens
3a CYeT TOro, YTO NMpaBoe Nosfe OTTaNKMBaeT NeBoe B COOTBETCTBUMM C 3aKOHOM B3aMMOAENCTBUSA
Tr. OTMM M NOACHSIETCA HEe3HaYMTENbHOE 3alUUTHOE OEeNCTBME YCTPOWCTBA, KOTOPOE Mokasanmu
NpoBeAEHHbIE C YCTPONCTBOM 3KCNEPUMEHTbI.

M3BecTHO ycTponcTBO Ans 3awmtbl yenoseka OT TU mobunbHbix TenedoHos [133].
YCTpoONCcTBO BKMOYaeT B cebss He MeHee [BYyX LWAPOB W3 HEMArHUTHOrO CTEKNOBUOHOMO
mMaTtepuana, npMyemM B OOHOM LLape HaxXoAMTCA pacTBOp yrrepona, a B Apyrom pasmMeLleH pacTBop
conenm  pedko3eMmernbHbIX  MeTanfioB M MarHUTOYYBCTBUTEMbHbIA  3MIEMEHT,  Npuyem
MarHUTOMYBCTBUTENbHbBIA 3NIeMEHT MMeeT Ha CTOpOoHe, KoTopad B paboyeM COCTOSAHUM
HanpasneHa Ha KXXHbI MarHUTHLIN nontc 3emnu, hopmuposatens npasoro TI1. bonee mMolHbIe
nona OpPMUPYIOTCA 3@ CYET TOro, YTO MAarHUTOYYBCTBUTESNbHbLIA 3AfIEMEHT  MNpuBOAMT
dopmumpoBaTens npaeoro T B COOTBETCTBME C MArHUTHBIM MEpPUANAHOM 3eMnu.

YCTPONCTBO 3aKpennsitoT Ha MPOTMBOMOMOXKHON OT paboven CTOPOHbl MOOWUNBHOIO
TenedgoHa OCHOBaHUEM K KOPMyCY.

YNoMsiHyToe YCTPOMCTBO ANA  3awuTbl 4enoseka OT TW MoOGUnbHbIX TenedgoHoB
obecneunsaet bopmupoBaHme Gonee mMoLLHOro npasoro u nesoro TI1, koTopoe genaet ero 6onee
3(P(PEKTMBHLIM B CpPaBHEHWN C W3BECTHbIMKM YCTponcTBamu. HO 3alMTHble CBOWCTBA 3TOrO
YCTPOWCTBA TakkKe MOXHO yny4yLnTb.

CotpyaHunkamun «CnuHop VHTepHewHn» (r. Knee, YkpanHa) 6bino co3gaHo yCTPOWCTBO AN
3aWwmnThl Yenoseka oT T MOBUNbHBIX TenedOoHOB NyTEM U3FrOTOBMNEHNS AMEPaKLMOHHON PEeLLETKN
Kak (ppakTtanbHOM KOMMO3ULMK, KOTOpas BbINOMHEHA B BuAe Konew UM eCTb MfOCKOCTHbIM
nepecedeHMeM CXeMbl MNPOCTPAHCTBEHHbIX B3aMMOCBSA3e HEeBO3MYLLEHHOro ®Pusnyeckoro
Bakyyma, KOTOpbIN CcO30aeT yCroBus, NPU KOTOPbIX YNOMSHYTbIN dakTop BOOOLE HE BO3HUKAET B
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nokanbHOW 30He BOKpyr TenedoHa. ViIMeHHO oTcyTcTBuMe nesoro TI1 B fokanbHOW 30HE BOKPYr
TenecdoHa Begetr Kk 6onee aPEKTMBHOM 3aluUTe YeroBeka OT OTpULATENBbHOMO BIIUSAHUS €ro
N3Ny4YeHun.

[na o6bacHeHMa npuHuMna paboTbl yCTPOMCTBA ANa 3awmThl Yenoseka oT TU MoBunbHbIX
TenedoHOB MCMOMb3yeM WNNcTpaumn, npusedeHHole B rmasel: puc.1 - mogenb «UTOHay;
puc.2 - mopenb HeBo3MyLLeHHoro ®uamyeckoro Bakyyma; puc.3 - mMogernb BO3MYLLUEHHOMO
dusmnyeckoro Bakyyma 3apsagom Q;

Ha puc 68 wusobpaxeHa audpakuMoHHasi pelleTka, KoTopas MpeactaBnsieT cobon
YCTPONCTBO ANS 3awuTbl YernoBeka OT OTPULATENbHOMO BANSIHUS TOPCUOHHOW KOMMOHEHTbI QMU
MobunbHoOro TenedoHa.

YCcTponcTBO paboTaer Tak: ero 3akpennsT Ha MOBMNbHOM TenedoHe NyTemM HaknenBaHus
Ha BHYTPEHHEN Wnu BHELUHeW YacTu Kopryca.

Onsa nyywero nNoHMMaHua npuvHUMNa OencTBUS YCTPOMCTBa 3awuTbl yenoseka oT TU
MOBMNbHBIX TenedoHOB caenaem psag npeaBapuTerbHbIX 3aMedaHni.

BosHukHOBeHME TIT MOXHO 0OBACHMTBL, uMcnonb3yss Mogenb Pusmdeckoro Bakyyma,
npegnoxeHHytro A. E. AkuMOBMM, KOoTOopasd npeacraBrnsieT CcobOoW  3reKTPOHHO-MO3UTPOHHYIO
mogenb duaundeckoro Bakyyma I. lupaka B uUsmeHeHHON uHTepnpetaumm [1].

B cootBeTcTBUM C MoOAenblo, KoTopas ucnonb3yetcd, Puamyeckun Bakyym ecTb
MaTepuanbHaa cpefa, Kotopas W30TPOMHO 3anofiHAeT BCe MNPOCTPaHCTBO, B TOM 4ucrie U
nposiBNeHHy MaTteputo. Pusnyeckuin Bakyym nMmeeT KBAHTOBYIO CTPYKTYPY, KOTOPYHO HEBO3MOXHO
Habnogate B HeBO3MyLleHHOM cocTosiHun (puc.1). Teopusi Tl paccmaTtpuBaetr dusmyeckui
Bakyym kak cuctemy 3MneKTPOHHO-NO3UTPOHHbLIX BOMHOBLIX MakeToB, KOTOpble BpallalTcsa (a He
«mope [upaka» W3 9neKTPOHHO-MO3UTPOHHLIX MapoB). Tam, rge 3NeKTPOHHO-MO3UTPOHHbIE
BOSTHOBblE€ NaKeTbl BIOXEHbl OAWMH B oAuH, dusmnyecknin Bakyym HenTpanbHbIA C TOYKU 3pEeHUs
aneKkTpuyecknx 3apagoB. Ecnm ke CivMHbL BNOXEHHbIX OAMH B OOHMX MAKeToB WMEKT
NPOTMBOMOMNOXHbIN 3HAK, CUCTEMA CKOMMEHCUPOBaHA He TOIMbKO C TOYKWU 3PEHUS AreKTPUYEeCcKuX
3apsagoB, a Takke C TOYKU 3PEHUS KNacCUYeCcKoro CnvHa U MarHMTHOrO MOMeEHTa. Takasa cuctema
npeacrtaendeT cobon «putoH» (puc. 1), rae Sg u S| - CNVHBI BOXEHHbIX OAMH B OQHUX BOTHOBbLIX
MakeToB, KOTOPbIE MMEKT MPOTUBOMNOMOXHbLIN 3HAK. AHCaMbrib Takmx HEBO3MYLLEHHbIX (PUTOHOB
€CTb annpoKcMMaLumnen ynpoLLeHHON Moaenn HeBoamMyLeHHoro dunsndeckoro Bakyyma, To ecTb, B
COOTBETCTBMU C Mogenbio, Pusndecknin Bakyym ecTb cpefa, co3gaHHOEe MMOTHOM YNakoBKOW
dUTOHOB (puc. 2).

PaccmoTprm cutyauuto, cBsidaHHyt0 C Bo3MyLleHneM Pusunyeckoro Bakyyma sapsgom +Q.
OTO npmBeaeT K 3apaaoBon nonspusaunm dusndeckoro Bakyyma, kak npegyCMoOTpeHO KBaHTOBOW
3ANEeKTPOANHAMMKON M nokasaHo Ha puc. 3. BugHo, 4TO B 3TOM Cnyyae HapyleHa CUMMETpUs
BOJTHOBbIX MakeToB. [1ocKonbKy BO BCEX MOOMMbHBIX TenedoHax B paboumx pexunmax npotekaeT
3NEKTPUYECKMA TOK, KOTOPbIA MpenctaBnser cobon ynopsiiOMeHHOEe [OBWXEHME 3apsgoB, a He
cTaTUYEeCKUn 3apsg, Kak B MpPeaLlecTBYHOLWEN cuTyauum, TO Takoe Bo3mylieHne Puanyeckoro
Bakyyma npnBoauTt K BO3HUKHOBEHMIO OMIT [131].

OcoBeHHOCTb M3Ny4YeHUn MOBUNbHBLIX TeNedOHOB Takas, YTO OHM u3ny4yawrT nesoe Tl B
HanpasneHuu, NepneHaMKynapHOMY NIOCKOCTU AMchned, a NPOCTpaHCTBEHHAs OpueHTaums nong
3aBUCUT OT mMogenu TenedoHa u Tuna gucnnes. LleHTp reHepaumnm nesoro Tl Haxogutca
HenocpeaCcTBEHHO B aKTUBHbIX 3rEKTPOHHbLIX 3remMeHTax MobunbHoro TenedoHa, KoTopble
MOAKIIOYEHbI K BNOKy nutaHusa TenedoHa, XoTa U caM AUCNNen eCcTb Takke reHepaTtopoM feBoro
TI.

MpepnoxeHHass npoctas mogenb ®dusnyeckoro Bakyyma gaeT BO3MOXHOCTb OOBACHUTH
HEeKOTOpble ABMEHNS, KOTOPblE MMEKT MECTO NPU NOrb30BaHUM MOBUMBbHBLIM TernedOoHOM.
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®PyHKUMOHaNbHaa cxema BHYTPUCTPYKTYPHOW CXeMbl B3aUMOOENCTBUA OpPraHoOB YerioBeka,
B CBOK OYepedb, €CTb YacCTblo IMraHTCKOM opakTanbHOW CTPYKTypbl - obwero nons BceneHHon,
YacTblo KOTOpOro ectb ®usnyeckuin Bakyym. T. 0., PyHKLUMOHUPOBaAHNE OpraHM3mMa Kak KOHKPETHON
06LWHOCTN OpraHoB, B BUAEe COBCTBEHHON (HOPMbI XU3HEAEATENbHOCTN, BCerga 3aBUCUT OT TOrO,
KaKk MNpuvHUMNbI €e OpraHu3aumm OTBeYalT CXeMe KOMMOHOBKM (MOCTPOEHMIO) rnobanbHbiX
NMPOCTPaHCTBEHHbLIX KaTeropun. Jlloboe HecoOTBETCTBME MNPUHUMNOB OpraHusaumm cxeme
KOMMOHOBKU M3MEHSIET (POPMY BHYTPEHHErO CTPYKTYPHOro pe3oHaHca, KOTOpbIA BbI3OBET Te Unu
Apyrve npouecchl B BUAe Tex Unu apyrnx pyHKUMOHaNbHbIX COCTOSIHWUIA.

PeanbHOCTb CyLLECTBOBAHUSA U XU3HEAEATENbHOCTb KOHKPETHbIX KMETOYHbIX rpynn Tena
yenoBeKka, KaK O4YeHb CMOXHOro MHPOPMAUMOHHOINO KOMMJSIeKca, Bcerda CBfA3aHHad C
NPUCYTCTBMEM B3aUMHOIO MHPOPMALNOHHOIO 06MeHa 1 B3aMMOAENCTBUSA C OKPY>KaKOLLEN CPEAON.
N ecnu no nwbon npuumMHe cucTtema B3aMMHOIO WHGOPMALMOHHOrO obmeHa, KoTopas
obecneunBaer CTabunbHOCTb W OMNTMMAanbHOCTb BHYTPUCTPYKTYPHbIX B3auMMHbIX CBHA3€eN
3aTpoHyTa, BO3HMKaeT AucbanaHc, KOTOpbIA MPUBOAUT K TOMY, YTO OAHU CUCTEMbl PE3KO
MOBbLILLAIOT CBOK aKTUBHOCTb, @ ApyrMe HaobopoT, nonagalT B 30HY aTpoduu CO crneayroLlen
perpagaumen [33].

lNocTaBneHHasn 3agaya peluaeTcs 3a CYeT TOro, YTO B YCTPOWCTBE ANA 3aluTbl YenoBeka
ot T, koTopbii BMewaeT B cebe ANPaKLMOHHYIO peLleTKy, COrnacHO M300peTeHnto, ¢ Lenbto
YNy4dlleHUs1 3alMTHbIX CBOWCTB YCTPOWCTBA, AMcpakuMOHHasi pelleTka npeacTaBnsieT cobon
pakTanbHyt0 KOMMO3MLMIO, KOTOpas BbINOMHEHHAs B BWAE Korel, KOTopble SBMASKOTCA
NMOCKOCTHBbIM  MEepecevYeHnemM CXeMbl MPOCTPAHCTBEHHbLIX B3aWMOCBSA3EM HEBO3MYLLEHHOTO
®uanyeckoro Bakyyma W HaHeceHHass Ha rNagkyld MOBEPXHOCTb MyTeM  HarbleHns
MeTannmMyeckoro MokpbITusA. [OudpakumoHHas pelletka MoxeT ObiTb MnonydyeHa Takke nytem
3KCMO3MLUUN CBETOYMYBCTBUTENBLHON MAEHKU. [lnameTp Konew, - MMHMMarbHbIA, KOTOPbIN paspeluaeT
AOCTNYb COBPEMEHHbIX METOA0B N3roTOBNEHNS ANIPAKLUMOHHON PELLETKMN.

O6bscHMM, Kakum 0Opa3om HekoTopasi rpaduyeckas KOHCTPYKUMA - OudpakumoHHas
peweTtka (puc. 68) - MOXeT BHeCTU TrnNybokMe W3MEHEHUs B COCTOSIHWE BO3MYLLEHHOro
®usnyeckoro Bakyyma. [Ina noHMMaHWs 3TOro siBNeHMs Heobxogumo paccMaTtpuBaTb CUTyauuUto
HamMHoro 6onee LWMPOKO, YEM NPOCTO Kak rpadpUHECKyo Uim NPOCTPAHCTBEHHYHO KOHCTPYKLMIO.

OTO - Mogenb pe3oHaHCHOrO B3aMMOLEWNCTBUS, KOTopas peanusyetca B Buae
ANPaKUMOHHBLIX PELLETOK, €CTb YacTbid HOBOM HAy4yHOW napagurMbl, U 3TU 3HaHUA AakoT
OCHOBaHUA MPUHUUNUANbLHO N0 HOBOM pacCcMaTpuBaTh OTHOLUEHUE K YENOBEKY, K ero opraHusmy, K
OKpy>KatoLLlen cpeqe.

OTn TexHomormm 3awuTbl 4venoseka 6a3vpyloTCA Ha pPe30HaHCHOM B3auMOLENCTBUU
ANPaKUMOHHBLIX peleTok ¢ nesbiMn Tl mobunbHoro TenedoHa. MmeHHo andpakumoHHas
pelleTka onpegensieT OonTUMarnbHbIA PEXUM AMHAMUYECKMX Peakuuii KOHKPETHOro obbekTa, W,
3HaAYUT, KaYeCTBEHHbIN KOHEYHbIN pe3ynbTar.

OundppakunoHHbiX pewetka (puc. 68) - 3TO KOHTYPHbIA pe3oHaTop, KOTOpbIA €eCcTb
MMOCKOCTHBIM ~ MepecedYeHMeM  CXeMbl  MPOCTPAHCTBEHHbIX  B3aUMOCBA3EW,  MPUCYLLMX
HeBo3MyLeHHOMY Pusnyeckomy Bakyymy (puc.2), TO ecTb, 3aKpennss ANpakunoHHy0 peLueTky
Ha Kopryce MOOWMbHOrO TenedgoHa, Mbl BOCCTaHaBNMBaeM YCrOBUA [ANs  OMNTMMarbHOro
ANHaMNYecKoro pesoHaHca BCero crnektpa 6buornormdyeckux mMogumdukaumm, M3MEHEeHUs KOTOpPbIX
BeOQyT CBOE Hayano MMEHHO B 30HEe W3MEHeHUs CTPYKTypbl dusmdeckoro Bakyyma - B 30HEe
N3ny4YyeHun MobunnbHoro TenedoHa.

O6GHapyxuBaeTcs, 4YTO CTPYKTypHasi cxema KOMMOHOBKM dusmyeckoro Bakyyma
npeacTaBnsger cobon ppakTanbHbIi KOMMMAEKC, TO €CTb KOHCTPYKLMIO, B KOTOPOW BHYTPEHHWE
KOMMOHEHTbI ABMSOTCS NogoOHble obuien dopme, a obwasa dopma - NPON3BOAHLIM aHANIOromM
cBoew 6a30BON OCHOBbI.

MoHATne dpakTana paspelwaer cOpPMUPOBaTL MOHUMAHUA TakUX KaTeropun, Kak
NH(POPMaLIMOHHOE COCTOSIHWE, BUPTYyarbHOE MPOCTPAHCTBO U T.N., HO CaMoOe [faBHOe TO, YTO 13
3TMX NO3ULMIA CTAHOBUTCS BO3MOXHOW OCO3HAaTb TOT (PaKT, YTO MMEHHO BUPTyaribHble Mogenu - a
3TO (PU3MYECKME MOHATUSA - ABMASIOTCA MPOTOTUNOM Apyrnx popMm martepuanusaumm (B 4aHHOMY
cny4yas - nNposiBNeHne OTpULATENbHOMO BIIMSHUS Ha YernoBeka npy BO3MYLLEHHOMY U3NyYeHUsIMU
MobunbHoro TenedgoHa duanyeckom Bakyyme).

N, ecnu npuvHUMNbI U 3aKOHbI (OYHKLMOHANbHOW CXeMbl afeKkBaTHO NPUHMMAlOTCS K
BHMMaHWIO, MOSBNSAETCA  pearnbHas  BO3MOXHOCTb  LENeYyCTPEMMIEHHO  PYKOBOOUTL  ee
NPOM3BOAHLIMM MPOEKUMsSMU - BceMu 6e3 WCKNIYEeHUs OMHaMUYEeCKMMU npoueccamu, Kak
0aszoBbIMM Onsi cywecTBoBaHWUs Guonormdeckon nepudpepun, To ecTb 0e3 oTpuuaTenbHOro
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BNNSHNS Ha YenoBeka.

Kaxpgaa coctaBHas AaudpakumoHHOM  peweTkn  (puc. 68) reHepupyeT  CBOM
WHPOPMALMOHHbBIA CUTHaM, MNPUHYXOas JoKanbHO W3MEHSTb (YHKUMOHAarbHbIE BO3MOXHOCTU
yacTn dusmdeckoro Bakyyma, rge pelwetka pacnornioxeHa, B pesynbrate yero dgopmupyetcs
obnactb Puanyeckoro Bakyyma, KoTopas xapakTepuayeTcsi CTPOrMM CTPYKTYpMpOBaHMEM, TO €CTb
duToHbl Pusmyeckoro Bakyyma yxe He Bo3amywawTtcs nog gencrteuem 3AMU  mMobunbHOro
TenedoHa, OHW OCTalTCA TakKMMU, Kak N300paXKeHHbIe Ha pUc. 2, 1 3To rapaHTUpyeT Heobxoanmas
3awmTa.

O6bsAcHMM, 3a cyeT Yero andppakumMoHHas pelueTka (puc. 68) BbiNnoONHEHHas1 B BUAE Koneu,
KOTOpble SBMASIOTCA MMAOCKOCTHbIM MNepeceyeHneM Cxembl MPOCTPaHCTBEHHbIX B3aMMOCBA3EN,
NPUCYLLNX HEBO3MYLLEHHOMY Puandeckomy Bakyymy, rapaHTmpyeT 3amnTHbIN 9PPEKT.

Pewatowmm aktopomMm, KOTOPbIN rapaHTUpyeT QYHKUMOHANbHbIE 3alluUTHble CBOWCTBAa
andpakumoHHon pewetkn (puc. 68), ectb GapbepHbii 3PdEKT U3MEHEHMS MNOTHOCTU cpenbl,
KOTOpasi pe3ko M3MEHSIETCS Ha rpaHuLe KOHTaKTUpoBaHMsi 06e300pakeHHOro (BO3MYLLEHHOrO)
OMW mobunbHoro TenedoHa dusmyeckoro Bakyyma (puc. 3) n HeBO3MyLLeHHOro Pu3nyeckoro
Bakyyma, koTopbIn npogyuupyerca angpakumoHHON pelleTkor. Opyrumun crioBamu, dpaktansHa
KOMMo3uumusa - audpakunmoHHas pelleTtka (puc. 68), 4TO BbINOMHEHHAs B BUAE Kornew, KoTopble
ABMAKTCA MMOCKOCTHLIM MNEepeceYyeHneM CXeMbl MPOCTPAHCTBEHHbLIX B3aMMOCBSA3eN (NIIOTHOWM
yNakoBKN (PUTOHOB), hopmMupyeT nokanbHbii Oapbep B BMAE HEBO3MYLLUEHHOro Puranmyeckoro
Bakyyma 3a cuyeT cobcTBeHHbIX cTtatudeckux TI1. To ecTb B HanpaBneHwun, neprneHgukyrnspHoM
nnockoctTn aucnnes mobunbHoro TenedoHa, dPusmnyecknin Bakyym ocTaeTcs HEM3MEHHbIM npu
B3aMMOLENCTBUM C TOPCUOHHOM KoMNoHeHTon MU mobunbHoro TenedoHa. T. 0., yCTPOUCTBO AN
3aWmnTbl Yyenoseka OT oTpuuaTtenbHOro BrmsHUsa T MoBunbHOro TenedgoHa cosgaeT foKarbHYH0
obnactb HeBO3MmyLleHHOro dusmyeckoro Bakyyma BOKpyr MOGunbHOro tenedoHa, TemM cambiM,
3awmasn nornb3oBartens OT oTpuuaTernbHOro AencTBus Ha Hero nesoro TI1, koTopoe npucyliee
MOBUNbLHOMY TenedoHy 6e3 3aLnTHOro YyCTPOMCTBA.

MpoTOKON COBMECTHOIO UCMbITAHNSA 3aLLUTHOIO YCTPONCTBA NoNb3oBaTenst MOOMIbHOrO
TenedoHa ronorpadunyeckuin pesoHatop «SPINORy, npounssogctea OO0 «CnuHop MHTEpHELLHN»
(r. Kues, YkpauHa).

r. Omck, Poccusa Le Conquet, France18 oktabps 2005 r.

Llenb ncnbitaHus:

1. MNpoBepka 3PPEKTUBHOCTM 3aLUTbI OT TOPCUOHHOW KOMMOHEHTbl MW (BMW) mobunbHoro
TenedoHa ronorpaduyeckoro pesoHatopa «SPINOR» Ha cBepxganbHUX pacCTOSAHUSAX.

2. lepepaya 3alUTHbLIX CBOWCTB rororpaduyeckoro pesoHatopa OT MOOWMbHOro TenedoHa
ogHoro aboHeHTa (TenedoH ¢ 3awmTon) Ha MOGUNbHbBIN TenedoH Apyroro aboHeHTa (TenedoH
0e3 3awmnThl).

MpucyTtcTBoBanu:

Co ctopoHbl Poccnn: OO0 «LleHTp nHHOBaLWIA U NOBbLILLEHMS KBanudukaunm «keaTop».

Mpn akcnepumeHTe NpUCYTCTBOBanNu: TepputopuanbHoe ynpasneHve depepanbHoOn criyxObl no
Hag3opy B cdepe 3awuTbl Npas notTpebutenen n Gnaronony4yms yenoseka no Omckon obnactu.
Co ctopoHbl PpaHumm: SARL «Tellus», accounauus Prosantel

Co ctopoHbl YkpauHbl: OO0 «CnnHop NHTEPHELLHNY.

YcnoBus UCNbITaHUS:

OKCcnepuMeHT NPOBOAUNCA OQHOBPEMEHHO B ABYX ropogax: r. Omck, Poccua n Le Conquet, Place
de Lochrist, ®paHums. PacctosaHue - cebie 9000 km.

C nomowbto npubopa «UIMA-1» (3aBogckon Ne 0402013, TY 4224-001-12704605-2001) B
COOTBETCTBMM C MHCTPYKUMEN NO 3Kcnnyatauuu BblbpaHo MecTo, cBobogHoe ot [T13 n
TEXHOMATOrEHHbIX 30H. [na WUCKMYEHNUs BrMSHUSA Nob6o4dHbiX AMW, MOOMNbHbIM TenedoH Obin
pacnonoXeH Ha MeTannM3npoBaHHOM TkaHn Tuna «Bocxog» (ApT. 56041 «My», ananasoH 1,8+53,2
[Mu, koathbdrumneHT oTpaxeHnsa - He meHee 99,6%, KO3IPPULNMEHT NPOXOXKAEHUSI - HE MeHee 24
ab.).

3amepbl nposogunuce npubopom «UMA-1» (c obemx cTopoH). C Poccuinckon CTOPOHBbI
ucnonb3oBanncb 2 MobunbHbiXx TenedoHa «Sony Ericsson T630». Ha ogHom ycTaHoBneHa
3awmta «SPINOR» (ncnonb3oBarnca onst NOCTosHHOW cBA3n PpaHuma - Poccusd), gpyron tenedoH
6e3 3aWwunTbl (TECTOBbLIN).
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Mopaaok ucnbiTaHUA:

Havano oakcnepumeHta B 15:55 wmecTtHoro Bpemenn (09:55 no [puHBuuy). OkoH4aHune
akcnepuMeHTa B 16:55 no mectHomy BpemeHu (10:55 no puHBMuy). Bcero nposogunocb 15
TECTOB METOAOM «CIIenoro 30HANPOBAHNUSI».

Co cTopoHbl DpaHUMKM NPOM3BOAMICA BbI30B (3BOHOK) C MOBMbHOro TenedoHa (6e3 3awuTbl) Ha
TECTOBbIN TenedoH, anuTenbHocTb0 90 cekyHA. 3a 9TO BpeMsi MPOBOAUITMCH 3aMepbl MO HAINMYNIO
- OTCYTCTBUKO TOPCMOHHOW KOMMOHEHTbl OMW Ha MOOMMbHLIX TenedoHax (Ha obenx CTopoHax).
Uepes 2 MUHYTbI NPOBOAMACA criedylowunn Bbi3oB. pu aToM ¢ POCCUMIACKOM CTOPOHbLI 3awiuTa
yCTaHaBnvBanacb B 3apaHee yCTaHOBIEHHOM Nopsiake, Hen3BecTHOM PpaHLy3CKOW CTOPOHE.

Mo OKOHYaHWUIO BKCNEPUMEHTa NPOUN3BENOCH CIINYEHNE Pe3yrbLTaToB.

3aknoyeHue:

1. Tonorpaduyeckun pesoHatop «SPINOR» HenTpanmsyeT TOPCUMOHHYK KOMMOHEHTY JMMU
MOBUIbHBIX TenegoHoB.

2. 3awmnTHbIE CBOWCTBA NepeaatoTca OT 3alluLeHHOoro TenedoHa Ha He3al LW EHHbIN TenedoH.

3. MNepenava 3aWMTHBLIX CBOMCTB HE 3aBUCUT OT PaAcCTOAHUS Mexay aboHeHTamu.

4. YNOMSHYTbIN pe3oHaTop Mocne npPOBEAEHUs AOMOMHUTENbHBIX  MeguKo-61monornyeckmnx
UCnbITaHNUA MOXET ObITb pPEeKOMeHOOoBaH Kak npodunakTudeckoe CpeacTBO Afs yCTpaHeHuUs
¢aKTOpOB HEraTUBHOIO BIIUSIHUS TOPCUOHHOM KOMMOHEHTbl IMWU MobunbHbIX TernedoHOB Ha
nonb3oBarerien.

CnepoBaTternbHO, UCMOMb30BaHME YCTPOWCTBA rapaHTUPYET MOMHYK HEe3aBUCUMMOCTb OT
TOPCUOHHOW KOMMOHEHTbl OMW mobunbHoro TtenedoHa, TO €CTb YCTPOMCTBO KayeCTBEHHO
MoaMMUMPYET COBCTBEHHYK (PpakTanbHYD CUCTEMY W3MydYeHUn MOOMNbHOro TenedoHa |
NHPOPMaLMOHHO-OOMEHHbIE CBA3MW.

Akagemuk AkumoB A. E., koMMmeHTMpys Ha V mexgyHapoOHOW HayyYHO-NMpakTU4ecKomn
KOHgepeHUMN «OHEProMHPOpPMaLMOHHOE eANHCTBO MUpa - HOBasd napagurma TEXHOMOrMy4ecKkoro
passutus» (07+09.09.2005, r. IHenponeTpoBCK, YKpaunHa), ckaszan creayollee:

«A xoten 6bl 0bpatuTb Balwe BHMMaHMe Ha TO, YTO B XOA4Ee 3KcnepumeHTta 6Gbina
hakTnyeckn gemMoHcTpaunsa Tpex apdekToB: 1-n adhdeKT CBA3aH C TEM, YTO MCHE3ano BpeaHoe
TW oT TOro annapara, Ha KOTOpPbIA CTaBWUCS HeNTpanuaaTop, 2-n apdeKT 3aknovancsa B TOM, YTO
OeNncTBue 3TOro HenmTpanuaaTopa He pacnpPoCTPaHANoCh Ha annaparthbl, KoTopble 6blnn psaom, T.e.
Aencteue ero nHamBmAayanbHo, U 3- ahdeKT 3aknodancsa B TOM, YTO MpPU BXOXOEHUU B CBA3b
3TOro annapara C annaparamu, KOTOpble He MMEKT HenTpanusaTop He3aBMCUMO OT CTENeHu
yOoaneHHoCTH, TOT annapaTt OKasblBasiCa TOXe 3aLUULLEHHbIM.

Bot atn Tpun adpcpekTta A xoten 6bl C HAYYHOW TOYKN 3pEHMSA MPOKOMMEHTMPOBATb.

MepBoe: nocKomnbKy 3T ronorpadmyeckue pes3oHaTopbl  BbI3bIBAOT HEKYKD CMNUHOBYIO
nonsapusaumio NpoCcTpaHCTBa, TO NO3TOMY €CTECTBEHHO, 4TO TW 3a npedenbl 30HbI HEMTpanusauum
N3Ny4eHUn MoBMNbHOrO TenedoHa BbIXOAUTb HE MOXET. TO eCTb Mbl 3TO NPOCTPAHCTBO, 06pasHO
roBopsi, kak Obl «3aMOpO3UNM», U OHO CTAHOBMTCA HEe NpoHuUuaeMbiM Ana cobctBeHHoro TU
MobunbHoro TenedgoHa. Bropas cutyaums cBa3aHa C Tem, YTO MOCKOMbKY (OU3NYECKM ITOT
annapaTt ¢ gpyrumm annapatamu He CBsidaH, TO nepedatb 3hdeKkT nonsapusaumm He BO3MOXHO,
noTOMy 4TO HET nocpegHuKka pAns Takon nepegadn. A paguyc pencteus npu  pabote
HeTpanu3aTtopa BHyTpWM annaparta (PakTU4YeCcKu OrpaHuYMBaETCS rpaHuLaMu camMoro annapara,
T.e. ero duandyeckummn rpaHuuamu. TpeTun addekT - OUCTaHTHOW nepedavyn CBOWCTB
HenTpanuaaumMm ¢ Hay4HOW TOYKM 3PEHUSA TOXE MOHATEH, HO BGoree crnoxeH. [leno B TOM, 4YTO B
paboTtax, koTopble OblNM Hamu onybnukoBaHbl NOYTM 15 neT Hasag, nokasdaHo, yto OMI, B
OTNM4YMe OT rPaBUTALMOHHOIO M TOPCUOHHOIO, 00NagaeT o4YeHb BaXKHOW crneundukon: nobon sug
OMI1 1 cTaTnyeckmne anekTpuyeckme nonsa u BorHoBble MW B Tom obnactu NpoCcTpaHCTBa, rae
KOTOpPOWM OHM HabnwoaalTcs, rae OHM NPUCYTCTBYIOT, OHM BCerga nopoXaatT TOPCUOHHbIE
KOMMOHEHTbl. OTa TOYKa 3peHus nofyyuMna cendac nopaepxky B page nybnukauunm um
MOHOrpadun, KoTopble UMeeT MecTo 3apybexxHoM. Ecnn ecTb Kakon-To NpmMbop, KOTOPLIN co3gaeT
OMMU (310 He BakHO: OMU mnnun nasepHoe nanyyeHue - CBETOBOW UCTOYHMK), TO BO BCEX ClyyasnX
BOONMb Takoro nyya Oyger HabnopgaTtbes cywecTtBoBaHve TI1. EcTb oyeHb BaxkHbIN hakTop,
CBSI3aHHbIA C TEM, YTO kBaHTamMn OMU saBnA0TCA YacTuubl, KOTopble 0b6nagatoT cnnHom. [oaTomy,
enu mMbl cosgaem TU, koTopoe NONsPM3YOT MO CMHaM 3TM OOTOHbI, TO B 3TOM Cinyyae Mbl UMeeMm
cuUTyauumn, 4YTO 3TU  (POTOHbI MEPEHOCAT 3Ty CNUHOBYHD MHGOPMaUMio Npu  ABWMXKEHUN
3NEKTPOMArHUTHOM BOSHbIY.

Opyrmmn  cnoBamn, cornacHo Teopun A. AKMMOBa, pasnetadacb, [ABa CIWHOBO -
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Nonapu3oBaHHbIX (OTOHA OCTaBMAKT BAOMb TPAaeKTOPUW CBOEr0 ABWXEHWUS CMMHOBO -
nonsapu3oBaHHble crnefbl. ATU crnefbl, BOOMb KOTOPbIX (PUTOHbI, BbIPABHUBASACH, NPUTATMBAOTCA
OPYr K Opyry, OEWCTBYIOT Kak KOMMYHUKALMOHHbLIN KaHan Mexay pasneTarwmumMmmcs oToHamM.
VI3MeHeHns nonapmsaunmoHHOro yrna ogHoro (poTtoHa nepefarnTcsl C MOMOLLBK TOPCUMOHHOMO
BO3MYLLEHUA OAPYyroMy 4epe3 3TOT CMMHOBO - MONAPU30BaHHbIN KaHan. Ecnu npeanonoxeHwe o
CKOPOCTU pacnpoCTpaHEeHUs TOPCMOHHOIO CUrHana CrnpaBeannBO, TO OH U SABMSETCS «CKPbITbIM
napameTpom», KOTopbli NOgOBeH BpeMeHU U SABMSIETCA NPOCTPAHCTBEHHO-BPEMEHHBLIM, KaK 3TO U
yKa3sblBanocCh BblILLE.

[na cpaBHeHWs1, CKOPOCTb KOMMYHUKauuu Ha T 6eckoHeuHo Benuka. Ecnun ncnonb3oBartb
3TOT cnocob ana nepegayn mHdopmaumm B OpMe MMMNYNbCOB, TO, MOCbIIAs MX C OrPOMHOWN
4acTOTOW, Mbl MOSTY4MM BO3MOXHOCTb MepechinaTb UX HAMHOro Aarnblue, Yem Npu UCMNOoMNb30BaHUN
undpoBon UHpopMaLn, nepegaBaeMon 3NeKTPOMarHUTHbLIMKM BorHamMun. Ho 3gecb HenpuMeHUMo
KBAHTOBOE PacCMOTPEHME ANeKTPOMarHUTHbIX CUrHanoB.

Y TIl HeT HW BONMHOBOW CTPYKTYpbl C NUKaMM W BnagvHamu, HW MNAKETOB 3HEpPruu.
BbicTpavBaembli NoNepeYHo CMuMH (PUTOHA CBSI3aH C ero cocegoM U MIHOBEHHO OCYLLeCTBRsieT
nepegadvy nonyyartento. MIHepumsi OTCYTCTBYET, NOCKOSbKY Y (PMTOHOB HET MacChl M BHa4yane OHU
3aKpyyeHbl HeynopsgodeHHo. Bce, 4Tto nmpoucxogut, - 310 nepexog (OPMTOHOB B COCTOSIHME C
nonepeYHon nonapmsaumen, KOTopoe MOXET PaclUMPATLCS BAONb TPAEKTOPMM Ha BClO BceneHnyto.
OTa NMHMA ocTaeTca HEM3MEHHOWN B MPOCTPAHCTBE, NOKa HEe HAacTynaeT OTMeHa.

MobunbHble TenedoHbl B Npouecce paboThbl U3Ny4alnT XaoTUYECKUA SIIEKTPOMArHUTHbIN
NOTOK, KOTOPbIA HE MMEET YCTOMYMBOWN hpaKkTanbHOM KOMMNO3ULINK, ypaBHOBELLUBAIOLLEN 3TOT
xaoc.

OcobeHHOCTb M3ny4yeHnin MOBOUIbHLIX TeNedOHOB Takasl, YTO OHU M3ny4vatoT nesoe Tl B
HanpasneHuu, NepneHAMKYNapHOMY MIIOCKOCTU AUCHNes U B NPOTMBOMOSOXHOM HamnpasneHuu, a
NPOCTPaHCTBEHHAA OpueHTauusa nond 3aBuMCUT OT Mogenu TernedoHa v Tuna gucnnes. LleHTp
reHepauun nesoro Tl HaxoguTca HeENOCPeaCTBEHHO B aAKTUBHbLIX 3MEKTPOHHbLIX 3reMeHTax
MoBunbHOro TenedoHa, KOTopble MOAKMYEHDbI K BNOKY NUTaHusa TenedoHa, XoTa U caM gucnnen
eCTb TaKke reHepatopoMm nesoro TIl1. BbiNo NPUHATO BO BHUMaHME, YTO TOPCUOHHOE Mofe
npeacraenger cobonm ocoboe COoCTosHME (U3MYECKOrO BakKyyma CO CAMHOBOW MOMNEpeYHOMn
nonsipMsaumnen.

MccnepoBBaHuA B JaHHOM HanpaBrneHnn eLle HOCAT HavarbHbIA XapakTep 1 HYXKAaloTcs B
dmsmMkoMaTeMaTMYECKOM OCMbICIIEHUN N Pa3BUTUMK. [103TOMY Mbl UCMOMNB3YEM

bopmanu3oBaHHyl0 Moaenb (OTOHHOPaAMOBOMHOBLIX MPOLIECCOB, MOPOXAAeMbIX MpuU
B3aMMOOENCTBUN  3MIEKTPOMArHMUTHBLIX U3MNydYeHUn MOOWUNbHOro TernedoHa W ero TOPCUMOHHOM
KOMMOHEHTBI C BELLLECTBOM roriorpacuyeckoro pesoHaropa.

lMpuBeAEHHbIE BbILLE IKCNEPUMEHTBI NO AANbHEMY «MEPEHOCY» COCTOSHMSA 3aLLMLLEHHOCTM
OT MOOMNbHOrO TenedoHa C 3aWMTON K MOOMNIbHOMY  TenedoHy 6e3 3alwmTbl, TOYHee,
WHOPMALMM O KOTEPEHTHOCTU TOPCUOHHLIX U3NyYeHUn MoOunbHOro TenedoHa € 3almTOMN,
MOXHO TOSIKOBaTb C NO3ULMM HENoKanbHbIX KOHTAKTOB MO MEXaHW3My KBAHTOBOW TenenopTauum
B mMoGunbHOM  TenedoHe ¢ 3almTon (OaKkTUYECKM OCYLLECTBIISIETCA  BOMHOBOW «MEPEHOC»
peyeBon 1 UnpPoBOM MHGOPMALUKN, a Takke U UHBEPCUSA NEBOr0 TOPCMOHHOIO NOMS B NpaBoe.
OTO eCTb paHee Heu3BeCTHasd nondpusauuoHHas paguoBOfHOBas  nepefada peyeBon u
umdposon MHdopMaLnn c NCMonb30BaHNEM BpaLllaTenbHokonebaTenbHbIX
KBAHTOBOMOSEKYMSPHbIX XapakTepUCTUK MOBUBbHOrO TenedoHa ¢ 3awmTon. Tak kak TOpCUOHHOEe
none nNOpoXaaeTcs KracCu4eckum CNMHOM, TO ero AencTBMe MOXET MPOsiIBUTLCA TOMNbKO B BUAE
N3MEHEHMS UX CIIMHOBOIO COCTOSHUS.

3awmTHoe ycTponcTBo «CnvHOp» MNpeacTaBnsieT cobon nonspusaumMoHHOLMHAMUYECKYIO
rornorpaduyeckyto CTPYKTYpPY : NO3BONSOLLYHO cdopmmpoBaTb MarionoaBMKHbIE
nonapu3auUnoHHbIe KOmbLia.

[na nonb3oBaTtenen MOOMMbHbIX TenedoHOB 6e3 3alMTHbIX YCTPOWCTB MOXHO AaTb
Takue pekomeHgaumm:

1.0rpaHunysre TenedoHHbIe 3BOHKM A0 Npeaena, koTopbii Bam abcontoTHO Heobxoanm, u
pasroBapuanTte no tenedoHy B npegenax 6 MUHYT; 3a Bpems [0 CrleayloLwero NCnonb30BaHns
MOBUNBLHOro TenedoHa Teno AOMKHO YaCTUYHO BOCCTAHOBUTLCS.

2.Acnonbaynte komnnekT “hands-free” n yoepxusante TenegoH Ha pacCTOsiHUM He
6onee yem 20/30cm oT Bawero tena, 4ToObl OrpaHMYUTL BO3OENCTBUE 3MEKTPOMArHUTHOMO
n3ny4eHnsa Ha Bac HenocpeacTBEHHO.

3 He Hocute Baw TenedoH HenocpedcTBEeHHO Ha Bawem Tene, gaxe a pexume
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OXMOAHUA, U HEe UCMOMb3YHT ero Ha PacCToAHUN MeHbLle OOHOro MeTpa OT APYroro YenoBeka,
4YTOObI YMEHbLINTL 3PdEKT 'NaccnBHON' 06nyYeHus.

4.[letn oo 15 net He OOMKHbI UCMONb30BaTb MOOUMBHbLIN TenedoH BoobLe, NOTOMY YTO
OHM Bce ewle pactyT. C nx BGonee nerkon Maccon Tena anekTpomarHUTHble Wu3nyvyeHus 6onee
paspywmnTenbHbl, 0COBEHHO AN Mo3ra, 1 Ans penpogykTUBHbLIX OPraHOB/SUYHUKOB, U T. 4.

5.MNoxuneiM nogsM He peKoMeHAyeTCcs  UCNonb3oBaTb MOOWMbHLIN TenedoH, Tak Kak
3NEKTPOMarHUTHoOE n3rnyyeHme ocnabndet mx opraHuMam garnee. 3T0 ke MOXHO ckaszaTb U nobon
OepeMeHHON >xeHWuHe. MUKPOBOMHOBLIE — ONEKTPOMArHUTHOrO WU3My4YeHUss € TFOTOBHOCTLIO
MOrnoLaTCs OKONOMAOAHOM XNAKOCTbIO, B KOTOPOW 3MOPUOH 1 3aTeM NIo4 pa3BMBatoTCS.

6./cnonb3ynTte TenedOoH TOMNbKO B YCIOBUAX ONTMMAarbHOro npuMema: He MUCMNonb3ynuTe ero
B OrpaHM4YeHHOM MPOCTPaHCTBE, TakoM Kak NUT, NoasemMHada ctaHums, astonpuuen, n T.4. B atux
cUTyauusix usnydeHne HamHoro MHTeHcusHee. He mcnonbsyinte TenedoH, B TO Bpems Kak Bebl
HaxoauMTecb B OBWXKYLLEMCSH TPaHCMOPTHOM cpeacTBe, BKMoYas noesg, aBTobyc, M T.4, Tak Kak
MOBUNbHBIN TenedoH B 3TOM crnyyae OygeT NOCTosAHHO paboTatb C MakCUManbHOW CUITON
curHana.

7. He wvcnonb3ynte TenedoH B nobOM TpaHCMOPTHOM CPeACcTBe, Oaxe Korga OH Ha
cTtosHke. MeTtannuyecknin KOpnyc TPaHCMNOPTHOrO CpeAcTBa OKasblBAET BUSAHWE, aHaNornvyHoe
"knetke ®dapages”, rge paspywmtenbHoe BO3LOEWCTBME  3NEKTPOMArHUTHOIMO  U3NydeHns
MakCumarbHO, M BO3OENCTBYET OHO He TONMbKO Ha 3BOHSALLEro 4YerioBeka, HO M Ha Apyrux
naccaxupoB, 0cobeHHO aeTen. Takum obpa3om, HEOOXOAMMO BbLINTU K3 TPAHCMOPTHOIO CpeacTBa
nepeq TeMm, Kak 3BOHMUTb.

8.He pepxunte MOOGUNbHBIN TENEEOH BKMOYEHHBIM OKOO KPOBAaTW HOYLHD, MOTOMY YTO OH
NMOCTOSIHHO HaxXoOUTCS B KOHTaKTe ¢ camMon 0rm3kon 6a3oBo CTaHUMEN U U3Ny4YaeT pPaBHOMEPHO.

9.[lanTte npeanoyTeHne TerneoHy C BHELWHEN aHTEHHOM, XOTA 3TO 3TO MeHee MOHO, HO
TenedOHbl C BHELWHEN aHTeHHOW wucnonb3dyeT 6onee cnabbii curHan, 4em TenedoH co
BCTPOEHHOW aHTEHHOW. PakTop MOAbl UMEET MeHbLLE 3HAaYeHne, YemM PaKTop 340POBbS.

10. JltoGon yenoBek, y KOro ectb MeTannIMyeckmin ob6bekT B ywax WM Ha rofiose, unm
MarHuUTHbIN , TAKOW Kak amarnbrambl, 3ybHble MOCTbI, METaNMYeCKMe NNacTuHbl, BUHTbI, CKPENKW,
YKpalleHns Terna, CEepPexKm UM ornpaBa OYKOB, OOSMKEH msberatb UCNOMb30BaHUA MOOBUNBHOIO
TenedoHa . To e camoe BepHO AN Noden C MHBaNMAHbIMU KpecrnaMu UM MeTannmyecknmm
onopamn, 4YTobbl M3bexaTb YBENMYEHUSI  ANEKTPOMArHUTHOIO WU3MyYEeHUs 3a CYET SABMEHUN
OTpaXeHusl, pe3oHaHca, NacCUBHOM Nepeamuccun, u T.4.

11.Vcnonb3ynte 3aWuTHblE cpeacTBa, 4TOObl orpaguTb cebsa OT SneKkTpoOMarHUTHOro
N3ny4yeHns ,Takne Kak metannuyeckas TenedoHHas CyMKa, 3alMTHasa aHTupaanaumMoHHasa TKaHb

n ap.
Maga 14. MuaukaTtopsbl T n nameputenn TOPCMOHHOIO KOHTpPAacTa.
MHpukaTop reodmsnyecknx aHomanum «UrA - 1».

MpegHasHayeH Ona onpegeneHns MecToHaxoxaeHus reodusndecknx aHomanun (IM3) B
BMOE pasnUuYHbIX CETOK W N4aTeH, Hanpumep ceTkn XaptmaHa u  Kypu, unsMmepeHus
3NEKTPOMArHUTHOM COCTaBMsAKOWEN reoMarHuTHoro nona 3emnm B AmanasoHe 5+10 «klu,
YYBCTBUTENBHOCTb OT €AMHUL, A0 COTeH MMKOBOMLT. B kayecTBe BbIxOogHOrO napameTpa npubopa
ncnonb3yeTca nHTerpan pasoBoro caBura Ha aHanua3npyemMmom 4actoTe.

MpuHMMasa BO BHUMaHWE TOT akT, 4yTo [T13 MMeloT TOPCUOHHY NPUPOAY, COTPYAHUKaMM
durpmbl «CnvHop MHTEpHILWHN» Obin pa3paboTtaH cnocob npumeHenns «UMA-1» onst nHankauum
TrIT.

«TFA-1» npencraBnaeT cobor BbICOKOYYBCTBUTENbHbLIN CENEKTUBHbIN nameputens M.
MpnGop BbINONHEH B BUAE MEPEHOCHOrO M3MEPUTENLHOrO AaTyMKka C BU3yanbHOW MHAWKaUMEN WU,
COEAMHEHHOro C HUM kKabenem, 6rnoka nuTaHus. MNuTaHne npubopa OCyLLECTBNSAETCS OT CeTu
nepemeHHoro Toka 220 sonbT 50 repu, unu akkymynsitopa 12 Bonbt, notpebnsemasi MOLWHOCTb He
Gonee 5 BatT.

Mepemelwasa gatyunk BAOMb aHaNM3nMpyemon NoBepxXHOCTU 3emnn, B TOM YUCNE U BHYTPU
30aHUA U COOPYXEHUA MobON 3TaXHOCTW, MPOM3BOAUTCA OnpeferieHMe MeCTOHaxXoXOeHus
reocpmsmyeckmx aHomanuin (IM3) B BUAE pasnuyHbIX CETOK U NATEH, HAaNnpMMep CeTKU XapTmaHa u

Kyppu.
Mpnbop npowen anpobaumio B bBawKMPCKOM MEONUMHCKOM WHCTUTYTE, KAMHUKaxX
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BawkopTtocTaHa (r. Ydpa, Poccusi), MuHuctepctse 3gpaBooxpaHeHns Pecnybnukm bawkopTocTaH u
B CaHuTapHoun nHcnekuun bawkupckoro otaenexua KXKI. B kBapTupax pacnonoxeHHbIX Apyr nog
APYroM, C 4acTOW reonaToreHHOM CeTKOW (OKOMo MeTpa) U  3HepretMyeckKuMn nsTHamm
doukcupoBanucb criy4an CMepTu nogen OT OHKONOrM4yeckux 3abonesaHuin.

Mpnbop «UIA-1» nossonser Takke PUKCUMPOBaTb anekTpomarHuTHyto «AYPY» yenoseka
Ha paccTofAHMM OO0 OOHOro MeTpa OT Tena W ee WUCKAKEeHUSA CBSA3aHHble C NaTororndYeckumu
NPOSIBNEHMAMU B OpraHn3me.

MoneBon BapuwaHT npubopa wucnonb3yerca And onpegeneHns [T13 Ha 3eMenbHbIX
yyacTkax, npefHasHadeHHbIX Mo4 3acTpoviky. Kpome Toro, atoT npubop ucnonb3yetcsa Ans
pasBedKkM MECTOHaXOXAEHUS MeTanu4yeckux u Hemetannnyeckux TpybonpoBoaoB, B TOM yucrne
MONMUATUIEHOBBIX, MYCTOT, YENOBEYECKMX Ten W LPYrMX METannMyecknx n HemeTanmyeckux
00ObeKTOB NoA 3eMren, CHEroM, nNbaoM, 6ETOHHbIMU, AEPEBAHHBIMU U METANNMYECKUMN NONaMM.
Mpnbop nossonsieT obHapyxmBaTb BOAAHbBIE XWMbl U YTEYKM XUAKOCTM U3 Tpyb6OonpoBoaos.

Mmy6uHa obHapyxeHuns TpybonpoBogoB, nNyctoT - 20 M, YernoBeyYeckux Ten n npegmeTos
obbemom He meHee 5 am® - 3 M. [nybuHa obGHapyxeHust BoAsHbIX *un - 50 M. Bec Bcei
annapaTypbl He nNpeBbIWaeT 5 Kr (6e3 akkymynaTopa), BeC U3MepuUTeNbHOro gatymka He 6onee 1,2
kr. PaboTocnocobHocTb obecneunsaerca npu Temnepartypax -40°++40° n BnaxHoctn 0o 80 %.
TexHnyeckunin pecypc npmbopa 5000 yacos, rapaHTud - 2 roga.

Mpnbop npowen anpobaunio NO ONpPedeneHnto MEeCTOHAXOXAEHUS MeTannnmyeckux,
KepaMmnyeckmnx, acOboueMeHTHbIX M MONUITUNEHOBLIX TPyboNpoBOoAOB Mo 3emnen Ha psage
NPOMbILUNEHHBLIX NPeanpusTUn 1 B Nose, B 3MMHUX U NeTHMX ycnosusax. C nomolubio npubopa B
TedyeHue Tpex IeT npousBoaunach pasBedka BOAAHbBIX XWUM AN opraHuMsauMi M cagoBOLOB.
Mpnbop npowen anpobauuio BO3MOXHOCTU OOHApPYXXEHMSI YENOBEYEeCKMX Ten, 3acbiMaHHbIX
CTpOUTENbHBIM MYCOPOM W 0BnoMkamu 3gaHui, B nocenke Hedpteropck Ha CaxanuHe nocne
3emnetpsiceHnsa 1995 roga.

Puc. 69

Mpnbop paspabotaH B Ydumckom [ocygapcTBeHHOM ABWALNOHHOM TEXHUYECKOM
YHuBepcutete. ABTOp M300peTeHna n paspaboTtumk npubopa - KpasdeHko HOpun [NaBnosuu.
Wmeetca nateHT Poccum N 2080605 ot 27.05.97 r, cBUAETENBLCTBO Ha nonesHyto mogenb N 2448
oT 16.05.96 r, aBTopckoe cBuaetenbctBo CCCP N 1828268 ot 13.10.92 . TY 4224-001-12704605-
2001.

TOPCUMEPbDI.

HekoTopble utorm u OGnwkanwme nepcnekTuBbl paboT Mo U3MEPEHMIO TOHKO-MOMEBOM
oCTaBnsoLwen MmatepuanbHbiX 0ObEKTOB NpuseaeHbl B [73].

HaumHaa ¢ 1999 r., B Tomcke kKaHangat duamko-maremaTndeckmx Hayk B.T.lLkatoB Ha
OCHOBe NpubopoB, pa3paboTaHHbIX cneunanbHO Ans uamepexHus TIT M Ha3BaHHbIX TOpcMMepamu
(TCM) - 021, TCM - 030 u ap., npogenaH A0OBOMbHO Gonblon o6bem TopcUMETpUYECKnX paborT.
M3amepeHbl TOPCUOHHbIE KOHTpacTbl - TK (OTKMOHEHUS «TOPCUMOHHOrO MoTeHuuana» B
NONOXWUTENbHYD, NMMBO OTpULATENBHYID CTOPOHbLI OT CPedHero (POHOBOro 3HAYEHWSs!) HEKOTOPbIX
NSOCKMUX reomeTpudecknx duryp, byks pycckoro andasuta, a Takke no otorpadusam OLEHEHbI
CNEKTPbl COCTOSIHUA KUBbIX (NCUXOU3NYECKOE COCTOSIHME) U HexXuBbIX nogen (npumepHo 300
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Yyernosek).

B pesynerate 6bin paspaboTaH yHuMBepcanbHbil MeToa uccrnegoBaHus Tl pasnuyHbIX
0ObeKTOB B MX [AMHaMUKe, Ha3BaHHbIA METOAOM TOPCUOHHOro casoBoro noptpeta - TOr.
Okasanocb, 4TO perncTpupys YeTblpe xapakTepHbix napametrpa B TPl no nobomy n3odbpaxeHuto
nzyyaemoro obwvekta (FSCD), MOXHO AucCTaHUMOHHO cneaumtb 3a ero Tl - coctaengwowen, a,
cnepfoBaTtenbHO, U 3a ero COCTOSAHNEM (BELLECTBEHHLIMU XapaKTepucTukamm).

YKasaHHble SBMeHWs HeobXoguMMO Cepbe3HO uccnegoBaTtb, T.K. 6e3 9Toro TpyaHo
paccynTbiBaTb Ha HadeXHOe MPUMEHEHWE YKa3aHHbIX U3MEPUTENbHbIX CPEACTB B Pas3fUYHbIX
TexHonoruax. Hawbornee wMHoroobelwaowmnm npeacTaBnsaeTcs BapuaHT C  UCMNOMb30BaHWEM
OOHOKpaTHbIX wuamepeHun TI1, HO Cc 6GonbWKMM KONMMYECTBOM OAHOBPEMEHHO paboTarowmx
YYBCTBUTENbHbIX 31EMEHTOB, T.€. MHOMOMO3ULMOHHBIM AaT4YnKOM. [pn 3TOM MeToaMKa BOCNPUSATUSA
Tl yepe3 nU3MeHeHMe «TOHKOW» CTPYKTYpbl OaTymka LOMNOMHSETCA METOLAMKOW CPaBHUTENbHOMO
aHanuaa nHgopmaunoHHom coctasnstowen T, BOCAPUHATON HECKONbKUMU AaTYnKaMu.

YKasaHHbIi NoAXo4 AaeT BO3MOXHOCTb CYLECTBEHHO YBENuMUUTbL ObiCTpooencTene U
YyBCTBUTENBHOCTbL NpnbopoB. Cneayet OTMETUTL, YTO B Cryvae yCrneLHOro co3aaHusa annapara ¢
MHOTOMNO3ULUMOHHBIMN  JaTyMKamMn, OH MOXET uMeTb (MO CpaBHEHWIO C CyLecTBYOLWMMU
obpasuamu) npumepHo B 10* pa3 Gonee BLICOKYH YyBCTBUTENMLHOCTb, U B 210%+10° pa3 Gonee
BblcOokoe ObicTpogencTBne. COBpEMEHHbIE TEXHOMNOIMYECKME BO3MOXHOCTM B MUKPOSMEKTPOHUKE
(B OCHOBHOM 3apybexHOI) NO3BOMSAKT MOMYYNUTb KOMMAKTHbIE MaTpuubl 3N1IEMEHTOB (HAa OCHOBE
MOHOKpPUCTaNMYecknx nosynpoBOAHUKOBLIX MaTtepuanoB o6bemMom [fo 2%  anemeHToB),
COBMELLIEHHbIE C YCTPOMCTBAMM 4OCTYNa, CKAHMPOBAHUSA, CTUPaHUSA U T.N. MUKPOKOHTPOMMEPHbIN
YPOBEHb MO YMNPaBMEHUIO TakMMM CUCTEMaMM TaKkKe BecbMa BbICOK. B uenom, ato nossonser
HagesaTbCA Ha co3gaHne obpasLoB U3MepuTenbHOM TexHukM ansa TI1, NnpurogHbIX ANs MaccoBbIX
TEXHOMOrMYECKNX MNPUMEHEHUA N UMELMX [OCTAaTOMHO BbICOKME MnapaMeTpbl MO CKOpPOCTU U
O0CTOBEPHOCTU U3MEPEHUI.

MpnGopHbIN n3ameputenbHbin komnnekc TCM - 030, umetowmn andpdepeHuymansHein TI1 -
BXO[ W OPTOroHamnbHYy TOPCUOHHYIO Pa3Bsi3Ky, MO3BOMMI NPOBECTN METponornyeckne paboTtbl no
namepenumto Tl BpawaroLwerocs tena n Ha 3ToM OCHOBE NMpeanoXnTb pasmepHoCcTb nioTHoCcTH TI1
(koMnoHeHTa BpalleHus) kak [C'], yTo yamBuTenbHbIM 0OpasoM coBMagaeT C onpeaeneHvem
HypueBa [74].

[datumkamn ykasaHHbIX Bbiwe npubopoB cepun TCM aBNAKOTCA 3NemMeHTbl Ha OCHOBE
BELECTB C BbICOKUM YPOBHEM BHYTPEHHEN CTPYKTYPHOM oOpraHusaumn: Qepputbl 1
cerHeToanekTpuku. B pganbHenwem 6bin  pa3paboTaH [daTyuMk Ha OCHOBE  CTPYKTYPHOWM
HeyCTOMYMBOCTU npoBogHMkoBoro matepmana (W). C ero nomolubko Obinnv 3apernctpupoBaHbl
HekoTopble aHOManuM B (OOHOBOM MOfie HA MEeCTe YCTaHOBKM JaTyuka, BO3MOXHO CBSA3aHHbIE C
aBapven 1, B JanbHeunwemMm, KatacTtpodon KoCMMYeckoro yenHoka «Konymbusay». OTOT gatyuk
ucnonb3yetca B annapate SADAF-08LC, koTopbii B HacTosllee BpeMSA HaxoguTCsl B OMbITHOM
3Kcnnyataumm, OH MMeeT [Ba Na3epHOo-NydYeBbiX KOHTaKTa C 0ObekToM (o6bekTamu), BbIXOA Ha
LPT-nopT KomnbioTepa, a Takke COOTBETCTBYKOLIME MpOrpamMMHble CpeacTBa, NO3BoONsALME
aBTOHOMHO, 6e3 y4yacTua onepaTtopa, MPOBOAWTb PasfuyHble M3mepuTerbHble paboTbl, B TOM
yucne MoHUTOpuHr Tl obGbekTa.

B npouecce npoBeaeHus cMCTEMATUYECKMX WCCReaoBaHMM M pas3paboTkm NpuOOPHbIX
cpencts ansa namepenus T o6bekToB Gbinm nonyyeHbl PakTbl, TPedyoLmne OCMbICIIEHUS.

Bo-nepBbIX, BbIACHWMOCH, YTO MPW MHOrokpaTtHOM u3mepeHun Tl ogHOro M TOro xe
ob6bekTa NpomMcxoamT NOCTENEHHOE BblpaBHMBAHME «TOPCUMOHHBLIX noTeHumnanos» (TK) B cucteme
AaT4YNK-006BHEKT. OTO MPMBOAUT K MUHUMM3AUMM MHpOpMauUMM NO AaHHOW «fMHWM CBSA3WM» WU, B
npegene, K norepe «sugumocTtu» Tl obbekTa. AT0 cBA3aHO ¢ ocobeHHocTbio TI1, aHanorn4yHom
cBovcTBaM (hbeppoMarHeTUKOB, KOTOPble COXPAHSAKT OCTaTOMHble MarHWTHblE XapaKTepUCTUKK
nocne OTKMIOYEHUS TOKa, BbI3bIBAOWEro MarHutHoe none. AHanornyHbim obpasom, Kak
YCTaHOBMEHO, TMOCNne OTK/IOYEHUA TOPCMOHHOTO  WCTOYHMKA COXPAHSIETCA  «OCTaToyHas
nonapusaumsa», KOTOpYH MOXHO 3aperncTpupoBaTth Kak KnacCu4eckui cnvH (paHToMHbIe nons).
Kak 6yget nokasaHo, 3TM (paHTOMHble nons Gonblle AN opraHnyeckux Morekyrn. B HekoTopbix
cnyvyasx 9TW BHYTPeHHME (PaHTOMHbIE MOMA MOXHO 3apermcTpupoBaTb Ha poTorpaduveckmx
amynbcuax. AT0 Heobbl4HOE noBedeHue oTorpadPuyeckmx MreHoK BnepBble ObiNO OTMEYeHO
okono 50 net Ha3zag A. Abpamcom (Abrams) [109]. CBeTo4yBCTBUTENMbHbBIE AMYNLCUN U XKUOKOCTH
NPOABASOT TEHAEHLMIO 06pa30BbIBaTbL CMIMHOBbLIE KNACTEPbI Y MPOCTPAHCTBEHHYHO NOSSipU3aLnio.

Bo-BTOpbLIX, MHOrAa 3Hak TK HaunHaeT genatb Nepuoanyeckyto MHBepCuo NMbo BO BpeMEHH,
nmbo npu  yBENWYEHMM KonmdecTBa u3MepeHun. OObekT kak Obl «MuraetT». YKasaHHble
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0CODEHHOCTM B psge cnydaeB [AenawT 3aTpyaHUMTENbHbIM B NPOU3BEAEHWEe pe3ynbTaToB
N3MepeHUIn Ha OOHOM M TOM e 0ObekTe, MO0 M3MEHAIT pesynbTaTbl M3MEPEHU 06HLEKTOB M3
opgHopoaHbIX rpynn. B nocnegHem cnyyae o6bekTbl Kak Bbl «MepecopTUPOBLIBAOTCSA» MO 3HAKY.
OTO, BEPOATHO, OTpaXKaeT Kakyk-TO rMyboKyo NPUPOAHYD 3aKOHOMEPHOCTb, NPENATCTBYIOLLYIO
MHOrOKpaTHOMY NPOSIBNEHMIO B OAHON M ToXXe obnactn npocTtpaHcTBa Tl ogHoro npusHaka, nmbo
TI gocTtaTovMHO OQHOPOAHOW rPYMMbl MPU3HAKOB.

B\

doTo 70.

C ucnonb3oBaHmem komnnekca TCM - 030 Gbina 3apercTpmpoBaHa BpeMeHHasi CTPyKTypa
(AMHamMMka) TOPCMOHHOIO KOHTpAcTa OT PasfMyHbIX OOBLEKTOB, YTO MO3BOMUIIO B AanbHENLIEM
OCYLLEeCTBUTb MPOGHbIE 3KCNEPUMEHTLI MO MAEHTUMUKALMM BELEeCTB, B TOM YMCre OnacHbIX U
BpeOHbIX, B YNAKOBKE, HA paCCTOSIHUK, MO UX N306paKEHNSIM.

TOPCMOHHBIN KOHTPACT HEKOTOPLIX NIIOCKMX curyp npueegeH B Tabn.15. Okaszanock, 4To
OTHOCUTENbHO KOHTPONSA TOPCUOHHLIN KOHTPACT reoMeTpuyeckux curyp mnameHsancs ot -8% Ao
+10%.

Tabnuuya 15
TOPCUOHHBIN KOHTPACT MAOCKNX uryp

NeomeTpunyeckme cpurypbl Ha 6enom dgoHe

AR O8O T XX+ 1R O

BykBbI pycckoro andasuta nponucHble Ha 6enom doHe

K
M b 1
H r P a X
n E b u b E
A Yy n L Ly bl XK B
(¢)) O n A 3 n 3 Y C (o)
-4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
OTKMOHeHue oT aTanoHa B %
Opyrum  Bngom TopcumepoB saensietca SADAF-08LC - aHanusatop CTPYKTYpHO-

ANHaMUN4eCKnxX HGOﬂHOpO,EI,HOCTeVI J'Ia3epH0-KOMI'IbIOTeprII7I — 3TO HOBaA utepauna B ceMmencTee
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TopcumepoB cepun TCM. PaspaboTaH n n3rotosneH B YacTHow nabopatopun « TOMOT-TOFIT» (r.
Tomck, Poccus), npu nogaepxke OOO HIL «KpoyGap». Komnnekc npeaHasHayeH ons aHanuaa
CTPYKTYpHO-guHamunyeckmx nonen (CAMN-SDF). 3to HasBaHune sBnsietcd 0606LeHNEM LWMPOKOro
knacca nonen cdopmbl 1 TT1. Mpnbop paspabotaH Ha ocHoBe MateHTa Poccum Ne 2201133, Gron.
2003, Ne9, npuoputet ot 30.09.1999 r.

doTo 71

Mo cpaBHeHuto ¢ npepblaywen paspabotkon TCM-030, komnnekc SADAF-08LC (doto 71)
MMEET BCTPOEHHbI ABONHON NA3epHbIN KOHTAKT C OObEKTOM M3MEpPEHWUs, KOTOPbIA MOXET ObITb
npeacTaBneH B BUAE 3MEKTPOHHOro n3obpaxeHus. Komnnekc MMeeT HOBbIM PE3NCTUBHbIN AaTUYUK
TOHKMX nonen, rge ocywecTenserca 3ddekT M3MeHeHUss OOBbEMHOro  COMPOTUBMEHUSA
MOCTOSAHHOMY TOKY 3a CYyeT nepeopueHTauun CcBOOOAHBIX JNEKTPOHOB B MeTanne wnu
NonynpoBOAHNKE, C YBENUYEHHbIMU nNpumMepHO B 10 pa3 4YyBCTBUTENbHOCTLIO U NpumMepHo B 20
pa3 ObICTPOOENCTBMEM, BCTPOEHHYIO OMNEpaTUBHYKD NaMsiTb, CUCTEMY aBTOMAaTUYECKOro
yrnpasneHus.

SADAF-08LC B3aMmogenctByeT C BHELUHUM KOMMbIOTEPOM, MPU 3TOM CMEHa 3f1EKTPOHHOIo
n300paxeHns, CKaHWpOBaHWE €ro OTHOCUTENbHO Jla3epHbIX KOHTAKTOB OCYLLECTBASETCH Mo
cneumanbHbiM MporpaMmaM. 3TW Xe nporpammbl  obecneunBaloT ULUPOBYO  hunsTpauuto
curHanoB nNpubopa n ux perncTpaumio B Hy>HOM dpopmare.

Mpnbop MmoxeT paboTaTb aBTOHOMHO, 6e3 y4acTus onepartopa, B pexume perucrpauuu
MeOSIEHHOro M3MEHEHUs1 CTPYKTYPHO-AUHAMUYECKUX MONEN, HanpumMmep TeKywmnx namepeHuni TOM
yenoBeka B npoLecce ero XusHegeAatenbHocTU. Mpu 3TOM pecypc ero BCTPOEHHOW LMpOBON
namsaTyv JoctatodeH Ans  -NnpuMepHO nonroga HenpepbiBHOW pabotbl. [Ona  obecneyeHuns
6ecnepeboriHocTn pabotbl komnnekca SADAF-08 (6e3 BHewHero [1K), npu notepe nutatoLlen
CEeTU, UMEETCA aKKyMYNATOPHbIN Bnok, nogaepxmeatowmi nutadme oo 15+20 yacos.

3apauu, nop Kotopble caenaH komnnekc SADAF-08LC:

1. MoHuTopuHr TK 06bekTa no ero aneKkTpoHHOMY n3obpaxeHnto obbekTa.
2. LLinpokuin knacc naeHTMUKALMOHHBIX 3af4a4y, B TOM YMCIE MO XUBbIM OObekTaM, a Takke
XMMUYECKUM BELLECTBaM, B3pbIBYATbIM, SAEPHO - AENALWMMCS U T.N. OObEKTaM.
3. lMony4yeHne TOPCMOHHOIO M306paKeHUs MO ONTUYECKOMY (3MEKTPOHHOMY) MPOTOTUNY Ha

npeaMeT OMarHOCTUKU MOBPEXOEHWA B TEXHOMOIMYeCKMX YCTPOMCTBax W KOMMMekcax, B
MEeaULNHCKOM BapuaHTe Anst ANCTaHLMOHHOW ANarHoCTUKM 60onesHern 1 nx nokanmsaumu.

Komnnekc SADAF-08LC B HacTosiLee Bpems NPoXoanT paboudne ncnbiTaHnst Ha peanbHbIX
obbekTax.
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Maea 15. BmecTo nocnecnoBwus.

YenoBeyecknin pasym OCOGEHHO NErko pearnpyet Ha rapMOHUYHbIE WNWN HErAPMOHMWYHbIE
KOHTYpbl MOAbl UNn apxuTekTypbl. CBSLLEHHan penurno3Has reoMeTpusi BO3OeNCTBYET Ha Halle
BHMMaHMe W nfeHser BooOpaxeHwe. Yutas, ™Mbl nposiBNsieM  pas3dopuMBOCTb K
HenpaegonogobHbIM AMMHHOTAM M MPU3HaKam CMbICa BCEX BeLen. A3blk Tononorni, MaHgansl u
CYMMBOJbl OCTAKTCHA HeMc4YepnaeMbIiM UCTOMHMKOM A8 M3yMIeHus u nobonbiTcTBa. Teopusi xaoca
3HAKOMWT Hac C 3anyTaHHbIMU 1 COMBAIOLLMMMW C TONKY KOHTYpamu.

B cooTBeTCTBMM C 3aKOHOMEPHOCTSAMM 3BONOLMN Brocdepbl U HOOCAEPDI, BKITHOYAKOLWUMM
npouecchl B3anMOAENCTBUSA YENOoBEYEeCTBa CO cpeao ObUTaHMA KONMMYECTBEHHO U Ka4eCTBEHHO
OHO YXe MNpPEBLICUMO BCE [AOMYCTUMbIE HOPMbI HEraTMBHOINO BO3AEWCTBMS Ha NaHeTapHbINn
cynepopraHuam. Mo MHEHMIO HEeKOTOPbIX NMECCMMMUCTOB, NMPU COBPEMEHHbLIX Temnax Aerpagauuun
BGuocdepbl k cepeanHe XXI B. oHa notepsAeT CNnoCOGHOCTb K CaMOBOCCTAHOBMEHMIO, 3TO Oyaer
nogTBepXAeHMEM NOCTOSHHO YCKOPSIIOLLIErocsi npoLuecca OTTOPXEHMS C nuua 3emnu Yenoseka kak
BMAA, KOTOPbIA, BO3MOXHO, YK€ BbINOSHWU CBOK MUCCHUIO.

OTOT npouecc, BEPOATHO, yXKe MPOXOAMT B Hawu OHWM NCEBAOECTECTBEHHbIM MyTEM C
MOMOLLIbIO OMPeAENneHHbIX HEraTUBHbBIX BO3AENCTBUIA Ha YenoBeka, B TOM YMcne 1 6onbLUMHCTBOM
AOCTWXKEHWI YENOBEYECTBA, Kak-TO aTOMHas aHepreTuka, TenesuaeHune, MK v gp.

OnTUMKUCTBI, HE OTpMUas camol BO3MOXHOCTM Havana YNoMSIHYTbIX Bbille MPOLIECCOB
OTTOPXKEHUS 4erioBeka, cumTarT, 4To B Onmkanwem 6yaywem OyoyT paspaboTtaHbl MeTogbl U
YCTPOWCTBA, OCHOBaHHblE Ha  COOTBETCTBYHOLIMX  WHEMOPMALMOHHBIX  KOMMEHCUPYHOLLNX
BO3OENCTBUAX, U CTAHET peanbHOCTbIO CYLLECTBOBAHME YeroBeka B €QUHEHNM C MPUPOOON.

OfHUM M3 Takux yCTPOWCTB, MO MHEHuo aBTopa, asnsetcs «POPIMOCT-1», no3sonsaowmn
OTKMOHATb U paccemBaTb A0 (POHOBOro ypoBHSA neBble TI1, reHepupyemble moHuTopamu [K,
TEeNneBn3opamMu, MUKPOBOSTHOBbLIMW NeYamMn U OPYron 3NEKTPOHHOW TEXHUKOW, NpefoxpaHsst OT UX
HeraTMBHOIO BNNSAHWSA NOnb3oBaTenen.

OTK yCTpoNcTBa, B COCTaB KOTOPbLIX BXOAWUT M OMononumep, BKIHOYAOLWUA XONecTepuH-
aueraTt, kpome WMHMOPMaLMOHHOrO (hoHa MaTepuana, M3 KOTOPOro OHW M3rOTOBMEHbI, HECYT W
NH(OPMALMOHHbIE  CNEKTPanbHO-BOMTHOBLIE  KOMMEHCUPYKOLME BO3OEWCTBMS, OKasblBatoLime
PErynsumMoHHOE M KOMMEHCATOPHOE BIINSIHUE HA OpraHvM3m 4enioBeka M ero (pyHKUMOHasnbHbIE
CUCTEMBI.

HeobxogumMo OTMETUTb, YTO Wu3daBHA OblM  M3BECTHblI CTPYKTYPbl, OKasblBaloLine
GnaroTBOpPHOE BNUSIHNE Ha OKPYXXaloLLyO Cpeay.

PaccmoTpum kpaTko HEKOTOpbIE U3 HUX.
N3yyeHne cTpykTypbl MeranutoB CeBepHoro u HOxHoro KaBkasa, MeranuMtuyeckmx
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komnnekcoB Ha Kopcuke n B LlotnaHguu [69] nokasano, 4to 06bIMHO MeranMTuyYecKkuin KOMnekc
BKItoYaeT B cebsi AOBONBbHO COXHYI CUCTEMY BEPTUKaNbHO BKOMAHHbLIX KAMHEN, PACNONOXEHHbIX
B BWOE Kpyra WM HECKOSIbKMX KPYroB, BbICTPOEHHbLIX psgamMu wunu obpasylowmnx OOBOMbHO
CNOXHble nabuvpuHTbl. [lpu 3TOM pacnonoXeHne KamHeRn, Kak npaBuno, NpuBHA3bIBAeTCa K
OCHOBHbIM OpueHTUpam 3Be34Horo Heba ([onspHon 3Be3ae, 3oanakarnbHbIM CO3BE3ANSM U T.4.).

WMccnepgoBaHusa nogTBepaunu cylectBoBaHWe HeobblYHbIX NoneBbiX 3hdeKToB B obnactu
MeranuToB. PacnonoXeHHble Ha nonsax hepmMepoB, OHM NPEKPACHO COXPaHUIMCh OO0 HaLUMX OHEMN,
a ux bnarotBopHOe OMOreHHoe AEeWCTBME Ha OKpYXalLlyl cpedy 3aMeTunu noau, nostomMy
cTaparoTcs X He paspyLiaThb.

OavH 13 KkpynHenmwmnx MeranutoB nnaHetbl - CTOYHXeHDK - pacnonoxeH B 128 km oT
JloHgoHa nocpeguHe Concbepuiickoro niockoropbs. Ha orpomHon abcontoTHO KPyrion KaMeHHON
nnowagke € NyHKamu no KpasiM CTOSIT TMraHTCKUE C YeTblipexaTaXHbl AOM rMbibbl ronyboBaToro
uBeTa. bbIno ycTaHOBNEHO, YTO Kaxadbl MeranuT CTOUT Haj NOA3EeMHbIM NOTOKOM BOAbIl, NpU4eM B
TOYKax, rOe pekn nepecekatwotcs Apyr ¢ ApyroMm. OOVHOKUA MEHTUP - KaMeHHbIn cTonb -
BOOpYXanu, kak Oyn, Hag nepecekalwMMUCs BOAHbIMWM pekamu, a OOfNIbMEHbl — «KapTOYHbIE
AOMUKM» U3 TUFAHTCKUX NANT, MEXAY KOTOPbIMU HEMb3s AaXe NPOCYHYTb ne3sue OpuTBbl - Hafg
NCTOYHUKaMMW.

M3yuyeHrne reoMeTpuyeckon opmbl KPYroB, UX PacrnofiokXeHWs Ha MEeCTHOCTM MO3BOMUNO
BblABUHYTb TUMNOTE3Yy O BO3MOXHbIX MexaHu3max OMOoreHHoro JAewucTBua 3Tux ¢opMm Ha
OKpY)KaloLLYl0 cpefy, aHarnorM4yHo AencTBuio TMOETCKMX MaHTpoBbIX korec (mantra wheels),
KOTOpble LUMPOKO UCMOoNnb3oBannck U B ApeBHocTu. Koneca npeacrtaBnstoT cobon nonbin UMnuHap,
Bpawawowmics Ha ocu. Hebonbline maHTpoBble koneca TUOETLbI HOCAT B pyke, Bpawas ux
nerkum nokaymBaHveMm KuCTW. bBonbluve kormeca B OFPOMHOM KOMMYECTBE PaCMONOXeHbl BO3re
XpaMoB W APYrux CBSLLEHHbIX COOpYyXeHuh. Heobxoaumo nogyYepkHyTb, YTO BCE MaHTPOBblE
Koneca BpaLlatoTCAa No YacoBOW CTPeErke, ecrim CMOTpeTb cBepxy. Mo npeacrasneHmam TMbeTuUEB,
MaHTPOBbIE KOreca nNpv BpaLleHUM rapMOHU3MPYIOT Y OYULLAI0T NPOCTPAHCTBO.

OTKpbITUA COBPEMEHHON (PU3NKM NO3BOMSIOT B3IMMSAHYTb HA HUX C COBEPLUEHHO UHOWM TOYKM
3peHus.

WccneposaHusa TIM, BO3HMKAKOWMX NPy BpalEHUM MacCUBHbIX LUWAWHAPOB, KOHYCOB W
Apyrnx o6beKkToB, NoKasanu, YTo OHM 0bnagatoT BbipaXeHHbIM Buonornyeckum gerictemem. bonee
TOro, OBHApPY>XEHO, YTO 3TO COBEPLUEHHO HOBbIN BUA (PUNYECKMX WH(OPMALMOHHBLIX NOnen,
CBSI3aHHbIX CO CMNHOBOM nonspusaumnen dmnsmyeckoro Bakyyma.

B coBpemeHHbIX T y)ke AaBHO He MCMOMb3yTCA Bpalalowmecs MeTanin4yeckme KOHyCbl
nnn uunuugpel. Okasanocb, YTO ANs 3TOr0 AOCTaToOYHO co3gatb Buxpesoe OMI (B npuHumne,
BMXPb MOXET UMeTb Nobyto PM3NYECKy0 NPUPOAY: aKyCTUYECKY, rMapOaNHAMUYECKYO U T.A4.).
Ecnn nocMoTpeTb Ha KenbTCKNe KaMeHHbIE KPYr C 3TOW TOYKM 3PEHNHA, TO MOXKHO NPEeanonoXnTb,
4YTO OHU TaKxKe ABMATCH reHepaTopamu ctatudeckoro TI1, aHanorMyHoro nomn, MPopMUpyemMomy
npubopom «POPIMNOCT-1», Tonbko 6onbLlero paguyca AenUcTBUS.

B aTOomM KOHTekcTe uenecoobpa3HO paccMOTPETb Ha3HayeHwe U POpMbl NPUMEHEHUSA
nukTorpadmyecknx pesoHaropos [38].

PyHnyeckmne cvMMBOMbl M3BECTHbI YenoseyecTBy AaBHO. OHM BCTpeYarTCs B A3bIMECKUX
Kanuiiax, Kak ykpallueHvue opyxus u npegMeTtoB ObiTa. LLIMPOKO NpUMEHANMCh OHWM M AN ragaHus.
MoMMmoO 3TOro, pyHbl WMCMOMb30OBaNMCb B MeAuUMHE, a Takke B KadecTBe TarlMCMaHOB WIM
obeperos. B npovsBegeHusX anxMMMKOB U acTpOSioroB, B KabanucTuke M Marnyeckux yYeHusix
TaKKe MOXHO BCTPETUTb MHOXECTBO PYHUYECKUX CUMBOMOB. MI3BECTHO, YTO B HAcTosLLee BpeMs B
BpemeHe dyHkumoHunpyetr PyHunuyeckoe O6LecTBo, OCHOBHOW 3ajaven KOToporo siBnsercs cobop,
HaKonMeHne N cuctematmsaumnsa nHopmauumn O pasnNUYHbIX TUNAx PyH U PYHHbIX 3HAKOB CO BCEX
KOHLIOB 3€MHOro0 Lwapa.

Puc. 72

PyHuyeckme cumBOnbl KnaccuuumpyroTca No  perMoHanbHOMYy MNpu3Haky, no Tunam
NPUMEHEHMS W Ha3HadeHuo. Haubonblyld  U3BECTHOCTb  MMEKT  CKaHAWHaBCKME U
ApeBHerepMaHckme pyHbl. MIx B Bproccenbckon Krnaccuurkaumm OTHOCAT K pyHaMm kamHsa (Stone
Runes) (puc. 72).

Takke BblAENAIOTCA PYyHbl APEBHUX KENbTOB MMM PyHbl OpPynAoB. OTU PYyHbl MMEKOT
Knaccudukaumuio no okpacke, NpuHaanNexXHoOCT K onpedeneHHbiM Tunam gepeBbeB, LIBETOB U UX
nnogam (Color, Tree and Flower Runes). Hanpumep, cywecTtByeT kenbrckass pyHa «KpacHas
BULLHS».

CoBpemeHHas Hayka, C ee MeTogofnornen, MogenbHbIMU 3HAHUSMU U NPeacTaBleHNAMN,
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ponroe BpeMsi He obpallana BHUMaHUA Ha «apeBHWe 3abnyxaeHus». B ctpanHax CHI™ ato 6bino
Takke Bbl3BaHO WOEONOrMer BOMHCTBYIOLLEro aTemsma, OTMETaBLUEro BCe, YTO TaK WUnn unHade
ObINO CBSA3aHO C NOHATMEM AyXa, TOHKUX CBONCTB XXMBOW NPUpPOAbl U AYXOBHBIM Hacneamem Halumx
panekmx npegkoB. OgHako crnegyeT MOMHWUTb, YTO ApPEeBHWE noan, He obnagasi pasBUTbIMK
TEXHOMOrMAMM, B TOM 4UCre W UH(OPMaUMOHHbIMK, oObnaganu ApyrMMm 3amevaTernbHbIM
npeMMyLLlecTBOM. Hawwu npegku umMenu BpemMsa ANnd  HakonneHus v obobuieHns onbiTa
B3aMMOOENCTBUSE C NPUPOAOK. MX M3Hb npoTekana B OKPY>KEHWW eCTECTBEHHbIX NMPUPOAHBLIX U
Buonornyecknx oOLEKTOB, B MNOCTOSHHOM B3aMMOLEWCTBUM C HUMWU. PyHbl, MNO-BUAUMOMY,
nposBnsanu cebsa OOCTaTOMHO CUIbHO, 60 BecnonesHble 3HaHWS He HakannMBaltoTCs B npupoae
yenoseyeckoro coobuectea. OgHako, NX NCMONb30BaHNE U NPUMEHEHNE ObINo 0BYCNOBMEHO eLle
N TeM, YTO OHM ABMANUCHL UCTOYHMKAMWU OETEPMUHMPOBAHHON MHAOopMauun. K TakuM MCTOYHMKaM
OTHOCUTCH, B YacTHOCTW, nobon andgasut. Jliobas OykBa MOXET paccMaTpuBaTbCA KakK pyHa, a
pyHa, COOTBETCTBEHHO, Kak OykBa. OgHako, MHOPMaLMOHHAs €MKOCTb PYHWYECKMX CUMBOSOB
ropasgo MoLllHee, Hexenu y 6yks andpaBuTa, XOTS OHM UMEKT CXOXune HadepTanud. Hegapow,
HanpuMmep, B NaTbILLICKOM M NMUTOBCKOM Si3blKax CIIOBO «pyHa» O3Ha4YaeT «rOBOPUTb, FOBOPSILLLAS».

CyLLecCTBYIOT NpaBuUnNn YTEHUsSI PyH, Nx ocoboro npomsHoweHus. CneumanmcTbl N0 YTEHUIO
PYH MMEKT CBOW LUKOMbl U BbiMyCcKalOT HaydHble Tpydbl. B nHdopmaumoHHon cetu Internet B
HacTosiLlee BpemMsi CyLLeCTBYIOT WMHGOPMAaLMOHHbIe 0asbl MO pasnMyHbIM TUNaM PYHUYECKUX
CMMBOJSIOB M HayKe O pyHax.

OpHako, HecMoTpsa Ha obunue MHopMaunn U Hanmuyme CneumanucToB, 3aHMMatoLUXCS
N3yyeHnem OpEeBHEro Hacneausi, 4O HegaBHMX MOP He NPeAnpUHUMAnoch MOMbITOK 0ObACHUTL
BO3MOXHbI/ MEXaHW3M B3aMMOLENCTBUS PYHUYECKMX CMMBOJSIOB C YENoBEYECKUM OopraHnsmom. B
nocnegHee BpeMs, B CBA3U C KPU3UCOM MPUMEHEHUS PU3NYECKMX N MaTeMaTUYeCKux mogenen B
Buonornn n NonbiTkaMu UX NEpecMoTpa, a TaKkke B CBA3N C BypHbIM pa3BuUTneM MHPOPMaLNOHHbIX
TEXHOSMOMMI, MOSBUMMCH MOMbITKN OBpaLLeHnsa K OMbITy NPeakoB M OObSCHEHUS UX 3HAHWA W
AEVNCTBMIN C TOYKM 3PEHMS COBPEMEHHOW Hayku. OTO OCOOEHHO OTpPafHO, MOCKOMbKY WX OMbIT -
OMbIT MOKOSIEHUA U ThICAYENeTUn - CpaBHUM MO pesyfbraTaM C CaMOM CIOXHOW COBPEMEHHOM
Teopuen, a BOSMOXHO U NMPEBOCXOAUT €€ MO Ka4yecTBY M KOHLEHTpaLmm nHpopmMaumm.

MycTb Hawwn ganekne Npegkn 4erNcTBOBaNM HEOCO3HAHHO, Bbibupas ansa cedbsa Tanncmaxsbl,
Ncnonb3ysa puTyarnbHble NASCKM, NecHu n obpsagpl. C pa3BMTMEM COBPEMEHHBLIX TEXHOSOMMIN BCe
3TO YyTpayeHo, «MNOTepsiNo CMbICM», HO YyTpayeHo Takke U obleHne C¢ Npupoaon, B €ANHEHUUN C
KOTOPOW 4ernoBeYecTBO MPOXMNIO He ogHy Tbhicady net. CoBpemeHHoe ypbaHucTuyeckoe
obLecTBO, OTOPBaAHHOE OT >XMBOW MpMpOoAbl, HauYMHaeT BbiIMMpaTb. Jlloan noacos3HaTenbHO
obpawatoTess K Mbiciin 0 OerctBe u3 ropogoB, OTKa3ly OT CMEpPTErbHOM, SOOBUTOM TsHKENowm
TeXHUKU. MHorne npupoaHbie 6oratcTea ncyepnatbl. lNpekpacHble 3eMnM CO BCEM XUBLUMM Ha HUX
npeBpaLLeHbl B NYCTbIPW.

HavBHOe YyenoBe4yecTBO npegnonaraeT, YTO OTCUANTCH B ropofax M 3aKpoeTCsa MaLUUHHBIMU
TEXHOMNOrMAMM OT rHeBa npupoabl. CTpemMuTenbHbIi POCT 3ab0neBaeMoCTU HEeU3BEeCTHbIMU
GonesHamu, TennoBass M 030HOBAasi KaTacTpodhbl, MATONOrM4Yeckoe pasBUTUE CUHEe-3eNeHbIX
Bogopocrnen, rmbenb NMaHKTOHa B OKeaHax, OTpaBneHMe BOAbl M MOYBbl W BbI3BaHHbIE 3TUM
MyTaLuMmn NPOCTENLLNX - BCE 3TO CBMAETENLCTBYET O HaABUralwLLencs katactpode. YBenmunsaercs
KONMMYECTBO MCUXMYECKMX PACCTPOMCTB M caMOoybuincTB, pacTeT 4Mcro HapkomaHoB. Bce aTo -
MOMbITKM CNACTUCb OT peanbHOCTM NPU HEBO3MOXHOCTM CYLLIECTBOBAHUSA B €QUHEHUW C MPUPOOOW.
MogcosHaTenbHO MoaM NbiTalTcAa NOModb cebe ApeBHUMMWU CpeacTBamMu, Hanpumep, HOLUeHWeM
TanucmaHoB U obeperoB, ucnonb3oBaHMeM pyH. Ham npepcraBnseTrcs, 4TO  pyHHas
reoMeTpuyeckas cemaHTMKa MO3UTMBHO BO3L4EWCTBYET Ha OpraHbl U TKaHW 4YernoBEYEeCKOro
opraHmamMa nocpencTBoM reHepauum hopmMoBbIX cTaTudeckux T, Bbi3biBasi B HUX CEMaHTUYECKNI
Omope3oHaHc.

Llenecoobpa3Ho onucatb NpouecCc MNOAroTOBKM BOAbl K MCMOMb30BaHWK COBMECTHO C
nuKTOorpadmyeckMMmm pesoHatopamu. [insa npMBeaeHns Bogbl B «MCXOOHOE» COCTOSIHWE, TO eCTb B
COCTOsIHME C BOnbLUMM YNopsiAoYMBaAHNEM MOSEKYS B FEOMETPUYECKMX CTPYKTYpax, UCNONb3yeTcs
MEeTo[, 3amMOopakMBaHUSA-OTTamMBaHMsA. Yem e MOXET okasaTbCs MpuBnekarernibHa MMEHHO Tanas
Booa?

lMokasaHo, 4YTO MefOneHHO Tawuwlas BoAa COXPaHAET MaKCUMarnbHYK KOHLEHTpauuio
rmagpoaccoumnatoB npumepHo Ao 4°C [3]. Takasa «Tanas» Boga MMeEeT NPakTUYECKN HENCKAXKEHHYHO
reoMeTpuio, He coaep KaLlyto OCKOSTKOB pasHopoaHon nHgopMaumn. OHa YyncTa Kak 6enbiin fUCT U1
cnocobHa 3anucatb Ha cebs nmobyto uHdopmMaumo. Tenepb, ecnu Takasa Boga Oyger
ynoTpebnaTbCs XUBOTHBIM MW YEMNOBEKOM, TO 3TO MPUBEAET K TOMY, YTO B X OpraHu3M nocTynuT
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Boga ©6e3 maTpuubl, KOTOpyl ABMAOT cobon accoumatbl. B Takom Boge accouuwartbl MOryT
dopmupoBaTbCs yxe nog genctevem OMI1 u Tl camoro opraHnama. OHM B 3TOM cnydvae 6yayT
SABNATLCA CMCTEMaMM MaMATU, KOTOpble OpraHm3am MCNonb3yeT Afs 3anMch CBOEro romeoctasa.
IMockonbKy, Kak npaBuso, 6OMNbLUMHCTBO KMETOK U TKaHEW opraHm3ma, nosiyvyaroLmx Boay, Bce-Taku
HaxoauTcss B HOpMe, TO, Mponast ux, B Tanoum Boge nerdye copmMmpoBaTb «CBOK» MaTpuuy
yrnpaBneHvn B BuAe accouumarta, YeM PeCcTpPYKTYpupOBaTb YXe CyLIeCTBYIOLLY0 B OObIYHON, He
Tanown Boge.

Beob B BoAe accoumathbl NPUCYTCTBYIOT BCErda, BaXKHO TOMbKO TO, siBNAeTcs nn ux MM n
TI Tem «KYOM», KOTOPbIA 3anyCTUT BHYTPUKIIETOUHbLIA MNPOLIECC, WM KIEeTKa HUKaK He
oTpearvpyeT Ha 9Tm nona. [pyrmmmn crnoBamn, Tanasa Boga obneryaetr nOCTpOeHue
reoMeTpuyeckux CTPYKTYp accoumaTtoB, a, CrefoBaTerbHO, reHepauuio npaBuibHbIX KOMaHL4
ynpaBreHUs Ha KNeTOYHOM YpPOBHE, YTO U onpedensieT ee 0300poBUTENbHbIE CBOMCTBA. Bcem
N3BECTHO, YTO MHOMME HapoAHble LenuTenu npegnaralT Ucnonb3osaTb Tanyko Boay. CylecTByoT
rMMNoTe3bl O rMaBeHCTBYHOLLEN POnv Tanon Bogbl B OOMbLION NPOAOIMKUTENBHOCTU XU3HW Nogen,
XMBYLLMX B ropax. M3BeCTHO Takke, YTO CE30HHbIe MUrpaumm NTUL, C tora Ha ceBep 0ObACHATCS
nx NOTpebHOCTLIO B Tanown Boae.

B YKpavHCKOM MHCTUTYTe 3KONOrmm Yenoseka nog pykoBoacTBoMm npodeccopa Kypuka M.
B. B TeyeHMe HECKOMbKUX MeCsALEB MPOBOOUNMCH MWCCRELOBaHUA MO BIUSHUIO PYHUYECKUX
CYMBOIOB Ha BOAY ANSA NUTbS.

B oaHHOM cny4yae 3anucb HEUCKaXKEHHOW NePBUYHON MHOopMaLuK Nponssoaunacs nytem
nomeLleHnsa nukTorpacmnyeckoro pesoHaTopa (PyHMYeckoro CMMBoOMa) Ha OHO cocyaa Ans nNuTbs.
Yepes HekoTOpoe Bpems, Heobxoammoe s BOSHUKHOBEHMS, pocTa U pa3BuTusa 60mbLIoro ynucna
reomeTpmnyeckmx opM accoumnatoB nog Aencteuem crabbix MHopMaUunMoHHbIX TIT pyHU4ecKoro
CMMBONa, Boga CTaHOBUTCA MPUroAHOM K ynoTpebneHunio B neyebHbix Lensx.

[o3bl, B KOTOPLIX NPUMEHAETCA Takas Boa, NPakTU4eCcKku He orpaHmyusaroTcd. [leno B Tom,
4YTO NpU HanMuum adpcpekTa 3anycka HYXHbIX BUONOrMYEeCKUX NPOLIECCOB, OpPraHM3M cCam peLunT
Ansa cebsa Bonpoc 0 HeOBXoANMOM eMy KonuyecTBe XuakocTtun. Kak npasuno, B Havane tpebyercs
A0BOMbHO MHOIO XWOKOCTU, a B KOHLE ne4yebHOoro Kypca - Bce MeHbLue U MeHblue. OgHnM CNoBoOM,
MOXHO yTBepXaaTb - Nente, CKonbko xodeTca Bawemy opraHnamy. OH cam peLuuT, Korga caenatb
OCTaHOBKY.

B nocneaytowmnx akcnepumeHTax, Lenblo KOTOPbIX ObIIO MUcCrefoBaHUE OKUCIIUTENbHO-
BOCCTAHOBUTEMBHOMO PaBHOBECUS BOAbl, CTPYKTYPHOW YNopsiAo4eHHOCTU, Buonornyeckom
aKTMBHOCTM W 3IIEKTPOHHOW CTPYKTYPbl BOAbI, PYHUYECKU CUMBOS pacrnosarasncs BepTUKansHO U
OpUWeHTMpoBarncs onpegeneHHsIM o6pa3oM MO CTOPOHaM CBeTa.

O6006LeHHble pe3ynbTaTbl CBOAATCA K criegylollemy:

* KpucTannorpaduyeckne uccrnegoBaHUA  CTPYKTYpbl  BoAbl  MoaTBepxaarT  6onbluyto
YNOPSIAOYEHHOCTb BOAbl, HaxOAsWENcss nog BO3AEWCTBMEM PYHMYECKOrO CUMMBOMa Mo
CpaBHEHUIO C KOHTPOSBHOW BOAOW;

e BO3pacTaeT Gmonornyeckasi akTMBHOCTb BOAbI;

*  CYLLECTBEHHO M3MEHSIETCS CMEKTP NornoLleHnsa sogbl B obnactn 250+450 HMm.

MaBa 16. TopcnoHHas cunsunka.

Ycnexu Teopum hn3nHECKOro Bakyyma M nepsble oOHagexuBatowme onbiTbl NoKasbiBanu
NepcnekTUBHOCTb Pa3BUTMS 3TOr0 HOBOrO HarnpaeneHusi. PaboTy no cosgaHuio reHepaTopoB U
npuemHukos T soinonHunu A. E. Aknmos B Mockse (Poccus), I. H. [lyneHeB B CaHkT-leTepbypre
(Poccusa) v ap.

[MepBbI BaXXHbIN pe3yrnbTaT, NONyYeHHbIN B 3TUX 3KCNEepUMeEHTax, COCTOAN B TOM, YTO U3
HECKONbKMX KrnaccoB nonen 6oino BeigeneHo TI1, TecHo ceBA3aHHoe ¢ OMI, T.e., N0 CywecTBy Mbl
nMeeMm feno ¢ ocobbiM TUMOM B3aUMOLENCTBUI - SMNEKTPO-TOPCUOHHBIMW B3aUMOAENCTBUSAMN. ITa
MX OCODEHHOCTb 3HauuTenbHO obreryana npoBedeHMe akcrnepuMmeHToB. CyllecTBOBanu,
pasymeeTcs, cnocobbl, NO3BONSAOLLME BblAENUTb TOPCUOHHYIO KOMMOHEHTY 3TOrO U3IyYeHus.

[MepBoe npakTudeckoe nNpUMEHeHWe I3TOr0 HOBOMO0 BuAa M3MyvyeHun ObINo CBA3AHO C
TeXHOnorven nponsBoacTBa MaTepmanos. MN3BeCTHO, YTO NpU OCTbIBAaHUU pacnfiaBa MeTannoB n
cnnaBoB (OpMUPOBaAHME KPUCTaNSIMYECKON pPeLUeTKU COCTOUT K3 OByx npoueccosB. VOHbI B
pacnnaeBe AOMMKHbl 3aHATb MOMOXEHHOe MM MEeCTO B CTPYKType KPUCTanfM4yeckon peLueTKu
TBEPAOro Tena, a CruHbl 3TUX MOHOB NPUOBPECTU TY UM UHYIO OPUEHTaLMIO OTHOCUMTENBHO pebep
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3TOWN peLleTKu.

Bospgencteue Ha pacnnas TU BbI30BET MepecTponKy CAWHOBOIMO COCTOSHWS WOHOB B
npouecce ux nepemMeLleHns K yanam peLueTtkn. Kpuctann, Kotopbiin o6pasyeTcsi BCneacrtame a1oro
BO34ENCTBUSA, OyoeT XxapakTepmsoBaTbCA OA4HOHaNpPaBNEHHOW OpUMEHTaUMEN BCEX CMAWHOB, 4YTO
Hen3bexxHO noBedeT K M3MEHEHWU0 ero U3MKO-XMMUYECKMX CBOWCTB. HeTpyaHO BmaeTb, 4TO
TOPCUMOHHOE BO3AENCTBME Ha pacnfiaB HOCUT MHGOOPMALIMOHHBLIN, @ HE 3HEPreTUYECKUIN XapaKkTep.

Peanusya ogHy u3 nporpamm, npocgpeccop M. B. Kypuk ua WUHctutyta dmaukn HAH
YkpaunHbl (. KneB) wuccneposan Bo3genctsme TW Ha KpucTannmyeckyto CTPYKTYpy CMecwu
XONnUCTepUKoB. Habnioganocb yBenuueHwe Liara Kpuctannuieckom pewetkn B 2,5 pasa, a
pasmMmepa gpaktanos - BTpoe [36].

TopcuoHHast obpaboTka pacnnaBoB NpoBOAMNAck B oTaene Aoktopa dus.- mart. Hayk B. 1.
Manbopoabl B WHcTUTyTe npobnem matepuanosegeHus (r. Kues, YkpauHa). [Mony4veHbl
ybeauTenbHble gokasaTenbCTBa W3MEHEHUS KPUCTanfM4eckonm CTPYKTYpbl CIAWTKOB MocCre MUX
3aTBEpPAEBAHMSA NO CPABHEHUIO C KOHTPOSbHbIMK 0Opa3Lamu.

B LUHUW anekTtpoduandeckux npobnem nosepxHocTu (r. CankT-MeTtepbypr, Poccus) nog
pykoBoacTBoM akagemuka PAEH npodeccopa I H. ®ypces Takke wmccnegosanu snusHue Tl Ha
pacnnae meTtanna.

BaxxHO npu aTOM OTMETUTb, YTO Bo3gencTBue TUW npmBeno K 3aMeTHOMY YMyudllEeHUIo
XapakTepuCTUK NoMy4YeHHbIX 06pasLoB.

BTopoe HanpaeneHne TOPCUMOHHOW (PU3NKM CBA3AHO C MCCNegoBaHMEM BO3MOXHOCTMU
CcO3[daHus NPUHUMNWANbLHO HOBBIX CUCTEM KOMMYHMKaUMW U nepefavv uHdpopmauun. bByayum
nposiBneHMeM yHAaMeHTanbHbIX CBONCTB (PM3NYeCcKoro Bakyyma, TW obnagatoT yHuKanbHbIMU
cBoncTBamn. Bo-nepBbiX, B OTANYME OT ANEKTPOMAarHUTHbLIX W rpaBUTaLMOHHbBIX B3aMMOLENCTBUNA,
OHU He ocnabnsarTca ¢ paccTossHMEM, BO-BTOPbIX, HE MOrMOLWalTCsa HU NPUPOSHBIMU cpegamMu, HU
TEXHUYECKUMM COOPYXKEHUSIMU, U, B-TPETbUX, CMNOCOOHbLI NepeaaBaTb MHPOPMALIMIO CO CKOPOCTbIO,
HaMHOro NPeBOCX0AsLLEN CKOPOCTb CBETA.

3amMeTnm, YTO MEPEHOCYMKOM HeroKasibHbIX CMMHOBBLIX BO3MYLLEHUA MOXET CIYXWUTb He
TONbKO CBOBGOAHOE NPOCTPAHCTBO, HO TakkKe U CBOOOAHbLIV 3NEKTPOHHbIN ra3, HaxoadaLWMNCs B 30He
NPOBOAMMOCTN  METaNNIM4YEeCKOro npoBOAHMKA. JOTO O4YeHb YOOOHO npakTUyeckn, T.K. Y
9KCMEepPMMEHTATOPOB MOSABMASETCA BO3MOXHOCTb NepefaBaTb TOPCUOHHbIE U ANEKTPO-TOPCUOHHbIE
curHanbl OT UX UCTOYHMKA NO OObIYHBIM METaNIMYeCckumM NpoBoaaM.

HenokanbHoe CNWH-TOPCMOHHOE BO3MYLLEHME MPOCTPAHCTBA MOXET COXPaHATLCA elle
AONroe BpeMsi NMocrie Toro, Kak npekpaTtun CBoe AEeNCTBUE NCTOYHMK, BbI3BABLUMIA €ro MOsiBNEHNE.
B aTom cny4ae mbl Oyaem umeTb 4erno ¢ GeHOMEHOM, KOTOPLIN MOXHO Ha3BaTb CMUH-TOPCUOHHBIM
(PaHTOMOM, CMOCOOHbIM COXpaHSATb YCTOMYMBOCTb [0 TeX MOp, MoKa He npous3onaeT ero
anccunauma nog AencTenemM Apyrnx CIOHTaHHbIX UCTOMHUKOB TT1 [36].

OKcnepuMMeHTbl Mo nepegadvye ABOWYHbLIX CUrHaroB C nomMowpbko TW Bbinn Hayatbl B T.
Mockee (Poccus) B cepeanHe 1980-x rogoB. 3JnekTpudeckass aHeprusi, notpebnsemas T,
coctaengana 50 MBT, paccTosiHMe 0o npuemMHuKa usnyvyeHuin okono 20 KM, a TonNwuHa NnpenaTcTBum
Ha NyTn curHana 6bina akemBaneHTHa 50 M xxene3obetoHa. OnbiThbl 6bINM 3aBepLUEHbI YCMELHO, U
B HacTosLlee Bpemsi BEOETCS NoAroToBKa aKCnepuMMeEHTanbHbiX 00pasLoB npuemo-nepeaaroLLemn
annapaTypbl TOpCMOHHOM cBA3n [70].

TpeTbe HanpaBreHMe OTHOCUTCS K obnactm MeauuuHbl u  Guonoruun. PaspabotaHa
AnarHoctuyeckas annapatypa, nossonstoLwasa ¢ nomowbio T HaxoanTb 1 ncnpaenaTb AedeKTb
OpraHOB W KIETOK opraHM3ama u4enoBeka. AnnapaTypa npowna KIAMHWYECKME WCMbITaHUA B
MHCcTUTyTe amarHocTukm wn  Tepanum onyxonu npu  OHkonornyeckom uUeHTpe B Mockee
(pykoBoguTens pabotel A. FO. CMunpHOB).

BosHukaeT BONpoc, a He CyLeCTBYeT N CBA3N MeXAY CTPYKTypamMu KBaHTOBOIO Bakyyma U
CBATas CBATbIX HAYKM O XM3HWU - TalHaMn YyenoBeveckon ncuxukn. Ewe Apuctotens cnpawmean,
Kak gywa npukpennseTtca kK Teny. Ho v noHblHE Hayka Aaneka 34ecb OT HaBeOeHWs MOSHOW
sicHocTU. EcTb OcHOBaHuMa AymaTtb, YTO WMEHHO (PUTOHHbIe aHcamMbriM KBaHTOBOIMoO Bakyyma
npeacraendaotr  cobon  Hambonee  oyHOAMEHTanNbHYyHd  MaTepuarnbHyld  NepBOOCHOBY
PYHKLMOHMPOBAHMSA NCUXMKN BOOBLLIE N CO3HaHMA B YacTHOCTU [36]. Ecnn aTo Ha camom gene Tak,
TO Y Hac, HaKoHel, NOSBMAETCS BO3MOXHOCTb MPEANOXUTb HAaY4YHYI MHTeprnperaumio ABneHnsm
9KCTPaCEHCOPHOro BOCMPUATUS (TenenaTusi, NCUXOKMHES3, MPOCKONUS U Op.), B OCHOBE KOTOPbIX
nexuT nepegadya MHgopmMaumm ¢ nomowbio TH.
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OpHoi 13 npobnem, KoTopble NPeacTaBnsloT 0COOY0 BaXXHOCTb AN PasBUTMS Hay4HbIX
HanpasneHun, U3yyaroLmx 3HEepreTUKy >XMBbIX OpraHM3MOB Ha CUCTEMHOM YpPOBHe, SIBNSieTCS
BbIICHEHME (PU3NKM NPOLECCOB, NpOTeKallMx B OUocMcTeMax, a Takke Npupodbl nonen u
N3NyYeHUid, BO3HUKAKOLWMX MpU 3TUX npoueccax. To, YTO 3TM MNOMSA U M3NYYEHUS UMEIT
cneuunduryeckylo npupoay, Kak v cosgawowme ux rybuHHbIE NpPOLEecChl KU3HEAesATENbHOCTU
61oo6BLEKTOB, crieayeT U3 TOro MHoroobpasust SBMeHWI, KOTopble U3yYatoTcs PyHAaMEHTarnbHbIMU
HaykaMu 1 nog4yac He MoryT OblTb OGbSCHEHbI Ha OCHOBE CYLLECTBYIOLUMX NPeAcTaBneHuit, YTo B
psne criyyaeB Bbi3blBaeT OTpULIAHWE BO3MOXHOCTU TakuX siBNeHWi. [ns oObsACHEHUS MHOrmx
NpoLeccoB, NPOUCXOASALUMNX B XMBOTHOM M pacTUTENbHOM MUpe, HEOBXOAUMbI HOBbIE KOHLIENLWM,
GasnpyroLmecss Ha NocnegHNX OOCTMKEHUSIX HaYYHbIX, TEOPETUYECKUX U TEXHUYECKUX AUCLMNINH
[36].

B pamkax npegnaraemon koHuenuuun «bBrnobesonacHas anekTpoHuka» 0ObeguHATCS B
noenHoM nnaHe pasnuyHble obracTM HayyHOro 3HaHWUS Ha CTblke MeauKo-OMONorm4yeckmux u
TOYHbIX HayK, 4YTOObl MOMbITATbCA BLIBECTU MeOUKO-OMOMNOrmyeckne MCCrneqoBaHusl, nmeroLimne
CBOEW KOHEYHON Lenbto pa3paboTky 6nobesonacHbiX yCTPONCTB M CUCTEM, Ha Ka4€CTBEHHO HOBbIW
YPOBEHb.

3Ha4YMMOCTb YNOMSHYTOW KOHUEMNUUA MOXHO MNOATBEPAUTb uUMTatom m3 kHurm J1. H.
Tonctoro «O u3Hu. Mbicnn o HoBOM usHenoHumaHuwm» (1911 r): «Tonbko npasurbHoe
pasymeHue Xu3Hu O0aem OO/IKHOE 3Ha4YeHue U HarpasereHue Hayke soobuie U Kaxdool Hayke 8
ocobeHHocmu, pacripederissi UX o 8aHOCMU UX 3HadeHuUsi OMHOCUMENbHO XU3Hu. Ecnu xe
pasyMeHue XU3HU He makKogo, KakUM OHO 8/10)KeHO 80 8CeX Hac, mo cama Hayka bydem roxHasl.

He mo, ymo Mmbl Ha3zoeem Haykol, ornpedesium XU3Hb, @ Hawe MOoOHAMuUe O XU3HU
onpedenum mo, 4ymo crnedyem rpusHame Haykou. VI momomy 859 moao, 4ymobbl Hayka 6bina
Haykol, omkeH 6bimb npexoe peuleH 80rpoc O MOM, YMO eCmb HayKa U Ymo He ecmb Hayka, a
01189 3mMoe0o O0IMKHO bbiMb YSICHEHO MOHSAMUE O XU3HUY.

Paspabotka 6GuobesonacHbix YCTPOMCTB W CUCTEM AOIMKHA BKMovaTb B ceba Habop
OCHOBHbIX MOen N MeTodoB, B OOMbLIEN CTENEHU OTpaKarLMX OBLHOCTb KyNbTYPHOW OCHOBBbI
YUYEHbIX, HEXENW pasnuuund, ycnexm u HegoctaTkm Ouodmsmyeckmx obnacten mccrnemoBaHus.
CnepyeT oxuagaTtb, YTO HOBble Hay4Hble KOHUENUWW, MeToAbl, CXeMmbl, paspaboTaHHble Ang
peleHns 0OHOM KOHKPETHOW (PU3NKO-TEXHMYECKOW 3adayvn, HEOXMOAHHO AaayT BO3MOXHOCTb MO
HOBOMY U BecbMa 3hEKTUBHO OCBETUTb Camble TpyAHble Npobrnembl MeaununHel u Guonorun, a
Takasi Hay4yHasi KoHconuaaLums npyMBeaeT K Co34aHMNio HOBOrO MOKONeHust Bruobes3onacHom TEXHUKN,
OCHOBaHHOW Ha rapmMoHM3auun B3aMMOAEWCTBUSA YenoBeka, Kak MHPOPMaLMNOHHOIO TOPCUOHHO-
BOJTHOBOIO CyObekTa, C UH(POPMALMOHHO - BOFTHOBBIMW SBNIEHUSIMU OKPY>KaKoLLLEro Hac Mupa.

lMpn3HaHMe TOPCUOHHO-CEMaHTUYECKOro xapaktepa noboro Bosgenctesms MM nossonut
nepenTn K Co3aaHnio HoOBENLLMX aPPEKTUBHBLIX MPOrpaMMHO - annapaTHbIX TEXHONOMMN.

B coctaB pasBuMBaemMoN Hay4yHOW KOHLEMNUUW BXOAST oOnpedeneHHble obnactu HOBOW
PU3NKM, OCHOBaHHblIE Ha Teopun usndeckoro Bakyyma [76]. B moHorpadum npuBogaTcs
TEOpETUYECKME N SKCMEPUMEHTaNbHbIE CNEACTBMA Teopun usanyeckoro sakyyma u TI. BonbLioe
BHMMaHue ygensetcsa TEexXHONnormsM, BO3HUKWMM Onarogaps HOBbIM — TEOPETUYECKMM U
3KCNepuUMeHTanbHbIM pesynbrartam.

B paHHOM KHMre ucnonb3oBaHa ynpolleHHas mogens duaundeckoro Bakyyma B Buae
NAOTHOW YNaKOBKN (DUTOHOB - KOSbLIEBbIX BOSTHOBbLIX MAKETOB 3M1IEKTPOHA 1 NO3UTPOHA.

Mopgenb umeeT n3BeCcTHble HEQOCTaTKM U MPOTUBOPEYNS, OAHAKO OHa elle He ucuyepnana
CBOEro KOHCTPYKTMBHOMO NoTeHumana, u ee npuMeHeHMe MoXeT ObiTb onpaBaaHHbIM. YNoMaHyTas
MoZernb C ycrnexom ucnonb3yeTca anst 06bsacHeHms cBonCTB Tl M BO3MOXHBIX UX NPOSIBNEHU B
deHOMeHax B3anmMogencTBMS 0ObEKTOB XMBOW U HEXMBOW NpUpoabl, Anst 0O0bACHEHMS MexaHn3Mma
Bo3gencteua Tl Ha 3C.

Bo3MOXHO, TOPCUOHHAA hu3nka No3BONUT CO3gaTb MeHee MPOTUBOpPEYUBLIE MOgEeNu Ang
AanbHEenLWmnX nccrnegoBaHUn B HanpaeneHnn co3aaHmsa 6uobes3onacHom aNeKTPOHUKN.
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NMPUNOXEHWE 1. Buonornyeckoe none

TepMuH «Buonormyeckue noney» B NocregHMe Asa AecaTUneTns MUHTEHCUBHO MUCNONb3YyeTCs
KaKk B KOMMETEHTHOW Hay4YHOW cpefe, Tak U B «OKOMOHay4dHbIX cpepax», CTAHOBAChL MpU 3TOM
NPVBbIYHOM, YynoTpebnsembiM MOYTM Bcerga nNpu OOBACHEHUM Tex WU MHbIX (PEHOMEHOB
B3aMMOOENCTBUS.

TepMuH «Buonornyeckme none» HyXOaeTca B COoAepXaTerbHOM 3JKCnMMKauuu, Tak Kak
O4YeHb YacTO OHO OTOXAEeCTBNSAeTCs Tonbko co crnabbiMm OMI1, npucyTcTByOWMMK  NpU
XN3HEeOeATeNbHOCTU TeX UMK NHbIX BUOOBBHLEKTOB, YTO 3HAYUTENBHO CY)XXaeT codepaHue OaHHOro
NOHATUS.

HecoMHeHHO, B (bOpMMPOBaHMM €ro XapakTepUCTUK Y4acTBYHT B npedenax CBOeWn
dmsmyeckon KoMneTeHUnn, Bce YeTbipe rmaBHbIX (PyHAaMeHTarnbHbIX TUNa B3anMogencTBuin.

OpHako, BeCb HaKOMMEHHbIN 3MMNUPUYECKUI ONbIT yKasblBaeT Ha TO, 4TO Guononesoe
B3aMMOOEeNCTBMe MHOrorpaHHO W ero HEeBO3MOXHO NpeacTaBUTb MPOCTOM CYMMOW YeTblpex
rmaBHbIX yHOAMeHTarnbHbIX TUMOB B3aMMOOEWCTBUW, HW CBECTU K OAHOMY U3 3TUX TUMNOB
B3aumogenctemi. Cenyac CTaHOBUTCA SICHbIM, YTO 3TO OCOObLIN TUN B3aMMOLEMWCTBUA MeXOy
0ObeKTamMu XXNUBOW U HEXMBOW NPUpoabl.

YCTaHOBMEHO, 4YTO B Mpouecce npoTeKkaHust XMMWUYECKUX peakumi obpasytotesa TI1,
BEMMYMHA  KOTOPbIX MpOMopuUMOHanbHa BblAeNndAeMon Wnu norfowaemMon aTUMU  peakumsaMu
9HEpPrMn M MHTEHCUBHOCTM 3TOro aHeproobmeHa. MNpuyem obpasoBaHHble Tl ByoyT MMeTb YeTKO
BbIpaXXeHHYI0 NONApmU3aLunio B 3aBUCUMOCTU OT TUNa XMMUYECKON peakumnn - 3K30TEPMUYECKYIO UIn
9HOOTEPMUYECKYIO, OPYTMMU CrOBaMU - C BblAENEHWEM WU nornowieHneM aHepruun. NogobHas
noneesas acCMMMETPUSA NO3BONSAET caenatb NpeanonoXeHne, YTo ecnv TOT UnuM MHoM obbem
pearnpyromx mexgy cobor XMMMYECKMX BELLEeCTB MOMECTUTb BO BHewHee TI1, TO MOXHO
3aMeTUTb W3MEHEHWe CKOPOCTU [JaHHOW XUMUYEecKonW peakuun. Ecnv HanpaeneHus nonewn
COBMaglyT - CKOPOCTb XMMMUYECKON peakumn BO3pacTeT, Npuv MPOTUBOMOMOXHOM HarpaBneHuu -
yMmeHblunTCsa [8]. Takass cnOCOBHOCTbL XMMUYECKUX peakuuin CRyxuTb UCToYHUKOM TI1 nossonset
yTBEPXAaTb, YTO TaK HasbiBaemMoe bmonorne Xunsbix 06bEKTOB NpeacTaBnsaeT cobon cynepnosmumio
T, wnCTOYHMKaMM KOTOPbIX CRyXaT OMOXMMMYECKME MPOLECChl, npoTekawwme B KNeTkax
opraHuama [8].

C.A.EsctpatoB u O.. PesyHkoBa (Poccus, r. CaHkT-INeTepbypr, Akagemusa HaumoHaneHon
OesonacHocTW) npegnaratoT criegyollee paboyee onpegeneHue: Guonorvyeckue none - 3To
dyHOameHTanbHad ecTeCTBEHHOHayyHas MeTadmandeckass KoHUenuus, Mo3Bonswwasa Ha
KaueCTBEHHOM W KOINMYECTBEHHOM YPOBHAX [AaTb MoAelbHble OnncaHus B3auMOOENCTBUMN
0OBbEKTOB XXMBOW NpMpoabl Mexay co6on n ¢ 06bekTaMmn HEXMBOW NPUPOAbLI B TEPMUHAX KaTeropui
N CTPYKTYp, 3aMMCTBYEMbIX U3 annapata COBPEMEHHOW TEOPETUHECKON (PU3NKN 1 Bronormu.

Casenun Caeea (USA, California, Monterey Institute for the Study of Alternative Healing
Arts (MISANA) Carmel), ncxoga w3 npegcraeneHuss o6 opraHu3mMe, Kak camoyrnpabfisieMoun
KnOEepHEeTMYECKOW, TEePMOOUHAMUYECKOM OTKPbLITOM CUCTEME npegnaraeT CreayoLwyo rmnoTesy
ouonormnyeckoro nons [77]:

J Buonornyeckoe none - 3TO UeHTpanbHas cuUcTemMa YhpaBreHUs OpraHu3ma,
onepupyloLwas He nokaribHO, T.e. He Ha OCHOBE XMMWYECKUX B3aUMOAEWCTBUNA, W BKMOYaloLLlas
dyHOaMeHTanbHble NporpamMMbl XXU3HW: pasBUTUs, nogaepxaHus (notpebneHme n pacnpegeneHus
39HEprun, UMMYHUTET U Np.), BOCNpOM3BEAEHME U CMepTb. Pasym, Bknovawowmun namate Habop
3MOTUBHbIX peakuuin 1 MexaHn3m M3redeHns CMbicna U3 NoToka BocrnpuvHMMaemon nHdopmauum
BXOOUT B cocTaB Ouononsa ansa obecnevyeHuss NOBEAEHYECKOro acnekta dyHOaMeHTanbHbIX
nporpamm.

J Buonornyeckoe none opraHM3aMa pasBMBaETCA W CTPYKTYPUPYETCA B OHTOreHese Ha
OCHOBE TreHeTU4ecKoro maTtepuana opraHuamMa, OOCTYMNHOrO Ha KakaoW CcTaguu pasBuTUS, B
nepekoanpoBaHHoON hopmMe.

J ®dun3nyeckum HocMTENEM BGMONOrMYEeCKOro NOonA LOMMKHO ObiTb, NO MEHbLUEN Mepe, OAHO
HEen3BeCTHOe B HacTodllee Bpems yHOamMeHTarnbHoe u3nyeckoe rmomne, KOTopoe MOXeT
B3aMMOOEeNCTBOBaTb C U3BECTHLIMU DyHAAMEHTAlbHBIMU (PU3NHECKMMU CUNOBLIMU NONAMMU.

. He wuckntoyeHo, 4TOo Guonornyeckoe none MOXET BNUATb Ha MyToreHes, obecneymBas
3BOMOLMOHHBIV MPOLIeCC, HanpaBreHHbIA Ha Ny4llyo aganTtauuio Buaa.

Hwxe npeacTtaeneHa paboTta yKpavHCKOro yvyeHoro kaHgupata buonormdeckmx Hayk O.[
laBpuwa.

-131 -



MpwunoxeHune 2.

O cdumsnyeckon npupoge oGuonornyeckoro nonfA. TOpcMOHHasAs mogenb KNeTku. (rmnortesa).
Faspuw O. I.

O domsnyeckon npupoge 6uonornvyeckoro nons.
TopcuoHHasa moaenb KneTku. (rmnoTtesa)
Maspuw O.T.

Hawa ¢popmynupoeka ocHogHO20 cgolicmea
buornoauyeckoeo ross He npedcmasnsem
1o ceoemy codepxaHuro HUKaKux aHanoaul
C U38eCMHbLIMU 8 ¢hu3uKe nonsamu
(xomsi, KOHEYHO, U He MPOoMuUBoPeYUM UM).
A.l. T'ypsuu.

"lMpuHyunbl aHanumu4eckoli buonoauu

U meopuu KJ1iemoyYHbIx rnoseu”.

lMepBOHa4anbHbIA BapuaHT rMnoTesbl 0 hunanyeckon npupoge Gmonornyeckoro nonsa Obin
onybnnkoBaH, Kak npunoxeHme B MoHorpadwusx [11, 12], B xxypHanbHOM BapuaHTe - [13], a Takke

JonoxeH Ha KoHdepeHumn "®dusmka Ouonormdeckux cuctem" [14]. lpegnaraemasa cTatba

ABNSIETCA AanbHEeNWMM pa3BUTMEM NpeacTaBneHuin o npupoge Guonornyeckoro nonsi.

1
BcTtynneHue
CoBpemeHHas 6uonorua napagokcanbHbiM 06pasomM MrHOpUpyeT OCHOBOMONarakLwunin

MPVHLMN YCTPOMCTBA NpPMpOAbl - €€ CYLWHOCTHYK LEeNoCTHOCTb. JTO npuBeno K rnybokomy

Kpu3ncy, kak B camoln Grmonornyeckon Hayke, Tak U B Tex obnacTtsax, KOTopble MbITATCA B CBOEK

AeATenbHOCTM onupaTtbca Ha Guonornto. B yacTtHoCTW, B MeauumHe. YpeamepHoe yBreyeHue

aHanUTUYEeCKUMM  METOOONOTNSAMN, OCOBEHHO Ha KMEeTOYHOM U CYOKNEeTOMHOM  YPOBHAX

nccnegoBaHui, oByCrnoBUIIO Ha CErogHa MpakTUYecku MonHoe npeHebpexeHue MHTerpanbHbIMU
nogxogamun. XoTs yXKe OKOS0 nornytopa CTONETUN CyLLeCTBYET NOHUMaHWUe TOro, YTO KreTka eCcTb

Mopdhonormyeckas, dyHKUMOHaNbHas M HacneacTBeHHas eavHuua >KUMBOro, A0 CUX nop Ans

BMONOrMYeckon HaykM xapakTepHO OTCYTCTBME MpPELCTaBfeHUM O KIeTKe Kak O uernoMm. Tem He

MeHee, mnaen XONMUCTUYECKOrO0 MWPOBO33pPEeHns B Ouonorn nomnyyuunu rnybokoe passutne B

pabotax MHoOrmx ydeHbix B XX Beke. K Mx 4ymcny, HECOMHEHHO, npuHagnexut npodgeccop A.l.

MypBny (1874-1954), BCe TBOPYECTBO KOTOPOrO MPOHUKHYTO rMYyOOKUM NOHMMAHWEM LENOCTHOCTU

XM3HEHHbIX nposBreHun. Ocoboro BHUMaHWSA B 3TOM KOHTEKCTE 3acryXuBaeT ero Teopus

ouonormnyeckoro nonsg [1]. OctaHOBMMCSA Ha MpPUHUMNMANbHBIX MOMEHTaX KOHUEMNUUN KNETOYHbIX

nonen - no3gHenwnx npeactasnennsx A.l. Nypeuya o Guonormnyeckom none.

- WcTtouHuk nonsa MNypeuY cBs3biBan ¢ LLEHTPOM KNEeTKU - C A4POM, NO3Hee - C XpoMaTuUHoOM [2].

- KnetoyHoe none no lNypBuyy MMeeT BEKTOPHbIA, HE CUMOBOW XapakTep. OTO NposiBNAeTCs B
TOM, YTO MONEKynbl, (MOMEKYNspHbIE KOMMMEKChbI) NpMOGpEeTalnT HOBYH OpMeHTauuto,
AeopMUpyIOTCA  UNNU - OBUXKYTCA B MOMe He 3a CYeT JHepruuM nond, a, pacxoays
NOTEHUMANbHY0 3HEPrnt0, KOTOPYHD OHWM HaKOMWMKM, ydacTBYs B KMNETOYHOM MeTabonusme.
Monekyna, obrnapatowas wn3bbITKOM 3HEPrun, HaxoautTca B BO3OY>KAEHHOM COCTOSIHUM U
noasepxeHa paencteuio nonsd. [lpu 3TOM 3HauMTenbHas 4YacTb HAKOMMEHHOW 3JHEprum
nepexoauT B KnHeTuyeckyr. Korga ata m3bbiTOMHAs 3Heprnsa mapacxogoBaHa, M Morekyna
BO3BpaLlaeTcsa B HEBO3OY>KAEHHOE COCTOSIHWE, BO3AENCTBME Ha Hee NMons npekpallaeTcs.

- KnetouHoe none, Oyoyynm NOpoXOeHUMEM HepaBHOBECHLIX MPOLECCOB, AMHAMUYHO MO CBOEW
npupogae.

- KnetoyHoe none aHM30TpPONHO M 06NagaeT BUAOBON CNELN(UYHOCTLIO.

B nocnegHue rogbl UHTEpecC K TBopyeckoMy Hacneauo A.l. M'ypBuya NocTosiHHO Bo3pacTaert. K
COXaneHuwo, aTa 3auHTEPECOBAHHOCTb OOnblUen 4acTbld HOCUT MOBEPXHOCTHBLIA Xapaktep W,
3a4acTylo, NpUMBOOUT K MWCKaKeHuo wunaen AnekcaHgpa [aBpunoBuya, NPUNUCBIBAHUIO eMy
aBTOpamMu CBOMX COBCTBEHHbIX MbICnen. Hanpumep, HU4YEM MHbIM HeNnb3s 0ObACHUTHL NOSABMEHUE
UMPKYNUpyloLWen B rnocrnegHue rodbl B HAy4YHOM M Hay4YyHO-NOMNyNApHOM nutepatype, SKOoObl
npuHagnexawen MNypsudy, ngem o0 TOM, YTO KIETOYHbIE MOMS ABMASKTCA MOAAMU, U3NydaeMblX
KneTtkon (xpomocomamu) oOTOHOB. B €BA3M ¢ 9TUM, criegyeT BNosfiHe onpefesnieHHo ckasaTb, YTO
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A.l. TypBu4 OTHIOAb He CBOAMM NPOSIBMEHWe OMOoNnornyeckoro nons K MUTOreHETUYEeCKOMY
n3nydeHuio [3], nccnegoBaHMO KOTOPOro MOCBATWU OKOMO TpuauaTtn net. bonee toro, B cBOEM
ntorosom Tpyae A.l. N'ypBmy paccmoTpen nogobHyr BO3MOXHOCTb, OQHAKo oTBepr ee [2, c. 164].
Xopowo 3Hasa ¢umaunky, N'ypBud ACHO NOHMUMAr, YTO HN OOQHO U3 U3BECTHBLIX B TO BpeMs oM3nyecknx
B3aMMOOENCTBUA HE COOTBETCTBYET CBOMCTBAM OTKPbLITOrO MM BMONOrM4eckoro nons, u He cuntan
BO3MOXHbIM CMEKYNMpPOBaThb Ha 3Ty TEMY.

CyuiecTByeT eLe TepMUHONOMMYECKMUI acnekT, CBA3aHHbIN C TOYHbIM ynoTpebrneHmemM NoHATUN.
Jletr 15-20 TOoMmy Hasap J1.B. BernoycoB npegnoxun He ynotpebnsats TepMmuH “Buonone" no
OTHOLLEHUIO K NpeAcTaBneHnsmM, Kotopble passun N'ypsuy. ToMy eCTb MMHMMYM ABE MpU4rHbl. Bo-
nepsbIX, caMm AnekcaHap [aBpunoBuMy UCNoNb3oBan B CBOMX paboTax MCKMYUTENbHO MOHATME
"Guonormnyeckoe none". Bo-BTOpbIX, TepMUH "Guonornyeckoe none" obocHoBaH y A.l. ['ypuua
YETKMMWN HaYYHbIMU onpeaeneHusMn U Norm4ecKMMmn NOCTPOEHNSMIN B OTNUYME OT pacnibiB4aTOro
NoHATUS "Ouonorne", KOTOpoe MPUMEHSIETCA K CaMbiM pasHbIM MOMSIM, CYLLECTBYHOLLMM B XUBbIX
cucTemax, 1 ynotpebrnsemMoro 3a4acTtyto geknapaTueHo.

Co BpemeHu pas3suTtua N'ypenyem npeacraBneHnii 0 KIeTo4HOM BMoNornyeckomM nose npoLusio
Gonee nonyeseka. B TedeHne nocneaHux nonytopa AeCATUNETUN TEOPETUYECKN CHOPMYNNMpPOBaHbI
N 3KCNepUMeHTanbHO NoATBepXaeHbl NPUHLMMBLI "NAToro" oM3n4eckoro B3auMoaencTBus - nornen
NHepuMn. YCTaHOBIEHO, YTO MOMA WMHEPLMU CYTb MOMs BpalleHWUs - TOPCUOHHble nons [4, 5.
CBonicTBa TOPCUOHHBIX TMornen (B 4YacCTHOCTWU, HE3HEPreTUYEeCKU, BEKTOPHbIA, aKCcuamnbHbIN
XapakTep Ux NposiBNeHus) yanBmTenbHbIM 06pa3oM COBNaaaloT CO CBOMCTBAMU KIETOYHbIX Nonen,
oTkpbITbix A.lL T'ypsuuem. B gaHHoW paboTe genaeTcd MonbiTka Ha OCHOBEe npeactaBneHun o6
onpegensiiollen ponu TOPCUOHHbIX B3aMMOZEWCTBUA B peanusauunm OuMonornyeckoro nons
copmMynmMpoBaThb NPOCTYO TOPCUOHHYIO MOAENMb KIETKN.

2
CBOMCTBaA 3N1IEMEHTOB KIIeTOYHOMW CTPYKTYpbI
M TOPCUOHHbIE MOnA.
1 XpomamuH.

XpomaTuH, OCHOBY KOTOpPOro coctasenser xpomocomHas [OHK, B3anmogenctsylowias c
MHorodmncneHHoiMm 6enkamu, a Tawke PHK, obnagaer 4eTKO Bblpa)Ke€HHbIM MNepuoandecKkum
pUTMOM. 3aKOHOMeEpHasa NepuoaMyYHOCTb MPUPOLHOro npoLuecca CBUOETENbCTBYET O TOM, YTO OH
npeacraBngeT cobon LenocTHoe saBneHune. JencTtBuTensHo, putM npeobpasoBaHuii XpoMaTMHa Ha
cnepyowemM opraHn3aunMoHHOM ypoBHe 0BycnaBnmBaeT KMeTOYHbIM UMK OT AeNeHns A0 AeNeHns
ANa Oenswuxca Knetok u bonee cneumanusvMpoBaHHble UWMKAbl AN AnddepeHUMpOoBaHHbIX
KNeToK, KOTopble HE AENSTCS.

[Ona Hac KparHe BaXHbl NPUHUUMNBI MOMEKYNAPHON OpraHu3auuMmM XpomatuHa. XopoLlo
na3secTHo, Yto [JHK obpasyeT cnnpanbHbie CTPYKTYPbI.

Benku B xpomaTuHe chakTndecku "ynpasngaioT" opraHnusaunen MonekynsapHoro Komnnekca,
obecneumnBas ero guHamuky. MockonbKy cnupanbHasa CTPYKTypa SBMSETCS KIHOYEBbIM 311IEMEHTOM
B MOCTPOEHUU XpOMaTMHa Ha BCEX YPOBHAX €ro opraHusauuu, asnemMeHTbl BpallaTenbHOro
OBWXKeHNsa 0bsi3aTenbHO NPUCYTCTBYIOT B MOObIX AMHaMNYECKUX NpeobpasoBaHUAX XpomaTuHa. A
Takue npeobpasoBaHMsi MOCTOSTHHO MPOUCXOAAT Ha MPOTSHPKEHUM BCErO KMETOYHOro LMKna - 370 U
pennukaums XxpomocomHon [OHK, u TpaHCKpunuus reHoB, WM €eCTEeCTBEHHO KapauHaribHble
nepecTponkn XxpoMOCOM BO BpeMS MUTO3a.

OaHMM 13 BaXHbIX CrneacTBui Teopumn M3nyeckoro Bakyyma [4] aBnseTcsa yTsepxaeHue o
TOM, 4TO noboe Teno nonsApusyeT Bakyym W, Takum o6pas3oM, co3gaeT B MPOCTPaHCTBE
OnpeaerneHHylo NoneByo CTPYKTYpy, obnagaroLyo TOPCUOHHON cocTasnsaowen. VIHbiMm crioBamu,
BCSIKOE Terio, KpoMe Mpouux Monen, cosgaeT BOKpYr cebss TopcuoHHoe none. EcTtecTBeHHO,
MOSeKynbl U cybmonekynsipHbie 06pa3oBaHUsA He ABMSIOTCA B 3TOM CMbICIE UCKMIOYEHNEM.

Ecnn monekyna unu cybmonekynsapHoe oGpasoBaHue obnagaeT CBOMCTBOM COBepLUAaTb
XapakTepHble BpalwaTerbHble ABWMXEHUsl, TO BrOfIHE BEPOATHO OHa SBNSETCA WUCTOYHUKOM
ONHAMMYECKUX MOMEKYMSIPHbIX TOPCUMOHHLIX Monen. [ns Hac BaxHO, YTO Kaxgas Xpomocoma
YHUKarnbHa B CTPYKTYPHOM OTHowweHun. Kpome Toro, B onpegeneHHon obnactn npoctpaHcTea -
BHYTPM CBOEW KNETKM - Kaxaas MHAMBUAyanbHasi XpOMOCOMa MNPaKTUYECKN eOMHCTBEHHa. JOTO
ABNSAETCA MPeanocCbifikOW TOro, YTO MNOMsl, KOTOpble CO34aeT Kakgass Xpomocoma npwu
OCYLLECTBNEHUN CBOEW BpallaTenbHON AUHAMMUKK, BbipaXaloT ee CBOMCTBa BO BCEM MOSHOTE U He
ycpeaHaTCA.
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2. MoHHbIe KaHanbl 8 MeMbpaHe si0pa u 80 8HewHel nia3mMamuyeckol MembpaHe.

Kak n3BecTtHo, MOHbl 0bnagaoT onpedeneHHbIiM CnMHOM. NoHHbIe kaHanbl obecneynBatoT
LeneHanpaBneHHoe ABWXEHME MOHOB, T.€. CMIMHUPYIOLLMX YacTul, Yepe3 membpaHy. Kaxabin Bug
MOHHOIO KaHana cneuudguyeH, T. €. N0 HeMy NepeaBuUraeTcsi MOHbl MPEUMYLLECTBEHHO OOHOrO
BMA4a M B OOQHOM HanpasneHuu. Kpome TOro, XOopoLwio W3BECTHO O BaXXHOW PONU CnunpanbHbIX
CTPYKTYp 6enkoBoi 1 HebernkoBow Npupoabl B 06pasoBaHnn TpaHCcMeMbpaHHbIX KaHanoe [6].

Takum 06pa3om, He WCKMIYEeHO, YTO CTPYKTypHas oOpraHuM3auusi WMOHHbIX KaHanos
mMembpaHbl MoXeT obecrnevmBaTb OTOOP MOHOB B COOTBETCTBUM C UX CMUHOBOW OpUEHTauuen, a
Takke cnocobcTBOBaTb NPUOBPETEHNIO MOHOM AOMOSTHUTENBLHOrO BpalaTeribHOro MOMeHTa.

CneagyeT ewe pa3 nogvYepkHyTb, YTO MPUHLUMMNbI CNMPanibHOW OpraHu3aumm LLMPOKO
MCNONb30BaHbl B CTPYKType Ouonormyeckux Makpomonekyn. WckniountensHoe MeCcTo OHM
3aHVMaloT B MOCTPOEHUUN HYKNENHOBbLIX KUCIOT U OCTAaTOMHO BaXHOE - B CTPYKType Genkos.

3. benkoeble MOseKybI - hepMeHMbI.

Kak un3BecTHO, depmeHTbl M KX cybcTpaTbl, y4acTBys B OMOXMMWUYECKMX MpoLeccax,
obnapatoT CBOMCTBOM NpuobpeTaTb CNMHOBYHO MONSApU3auMi0 M nNepexoauTb B BO3OYXAeHHoe
COCTOSIHME.

OTO MX CBOWCTBO WWPOKO wucnonbdyetca B AP - uccnegoBaHusix (SMeKTPOHHbIN
napamarHUTHbIN pe3oHaHC) B Gronornm n meguumHe.

MpenctaBnseTca BaXXHbIM MOMEHTOM, YTO MMEHHO GenkoBble MOMeKynbl, N0 MHeHuo A.l.
lypBrya, 9BnsaTCS 06bEKTOM AEeNCTBUS BUONOrMYEeCcKoro nons.

MiMeHHO oOHM, npebbiBagd B cdepe Aenctsna Buonormyeckoro nond, cosgatoT
"HepaBHOBECHbIE MOMEKYNsApHble KOHCTENNAUMKn" - BaxHenwue AMHamuyeckve obpas3oBaHus B
KneTke.

MmeHHO 6enkoBble MOneKynbl-pepMeHTbl SABNAKTCA WCTOYHUKOM  MUTOTEHETUYECKOro
N3ny4YeHns - BTOPUYHON XEMUTIOMUHECLEHLIMM - ABMIEHWS, O POSNIN KOTOPOrO CKa3aHO HUXe.

4. MumoeeHemu4yeckoe  u3ssiyyeHue [3] npegctaenser  cobom  cBepxcnaboe

ynetpacdumoneToBoe nsnyderHune B gnanasoHe ot 190 go 330 Hm.

Boino otkpeito A.IL TypBnuem B 1923 r. UckniountenbHas BaXkHOCTb MUTOreHETUYEeCKOoro
N3ny4yeHns aOng XuBblX cucTem Obina nokasaHa B MHOroYMCneHHbix pabotax [ypeBuua c
coaBTopamu B 20-x - 40-x rogax npowsioro Beka. imMess (pOTOHHYIO nNpupogy, MUTOreHeTu4eckoe
nanyyeHme obrnagaetr TOPCUOHHOW  KOMMOHeHTOM [4]. Ho 4gBnsetca HeoTbeMnemowu,
pononHutensHon (no H. Bopy) cocTaenstowwen KNeTo4YHOro Mnomns, HU B KOEW Mepe, OOgHaKo, He
ncyepnbiBas ero NposiBneHne.

BaxxHO nogyepkHyTb, YTO MUTOrEHETUYECKOoe W3fyYyeHue UrpaeT BaXHYK pofb, Kak BO
BHYTPUKIETOYHbIX, TaK N B MEXKNETOYHbIX B3aMOOENCTBUSAX.

MCTOYHMKM TOPCUOHHbIX MOJien BO BHELLHeN cpeae U UX B3auMmoaenMcTBue ¢ TOPCUOHHbIMU
NONSIMU KNeTKM.

Okpy>katoLme KneTkM 1 Tena HEeXMBOW NPUPOAbI.

B dopmupoBaHun akTyanbHOro OMONOrM4yeckoro nons SaHHOW KNETKM NPUHUMAT yyactue

OKpyXarolime ee Knetkn. BHeLHMe TOPCMOHHbIE BO3OEWCTBUS Ha KIMETKY BecbMa OOLUMPHbI U

MHOroo6pasHsbl.

Cpeau Ten HexvBoOW NpuUpoAbl credyeT NOAYEPKHYTb POSib BOAbI U PACTBOPEHHbIX B HEN
BeLlecTB, obpasylolmnx OYeHb MOOMUMBbHYD OMHAMUYECKYd CUCTeMy, CrnocobHyl nepedaBaTb
NHOPMaLMIO, XU3HEHHO BaXkKHYO ONs XMBbIX KNeTok. Boga, Gnarogapsi CBOMM YHUKanNbHbIM
CBOMCTBaM, OOpas3HO BblpaXasiCb, MOCTOAHHO oOLllywaeT AbixaHne BceneHHon. Ee putmbl n
nonesBble BO3OENCTBMS BNMAKT Ha OuocdepHble nNpoueccbl B 3HAYUTENbHOW  CTENEHU
nocpeacTsoM BOAbI.

3aMeTHyI0 ponb UrpalT  Kpuctannuyeckne obpasoBaHus, BXoasdwme B COCTaB
OunoreoLeHO30B (Hanpumep, ropHble NOpPoabl) U TeNn OpraHM3MoB, U TECHO B3aMMOLENCTBYOLLME C
XMBbIM.

K npumepy, pakOBWHbI MOSSIOCKOB, HEOPraHMYecKMe KpucTanudeckme CTPyKTypbl B
cocTaBe KOCTHOW TKaHu 1 T.4., BHOCAT CBOW BKNag B BUAE CTAaTUYECKNX TOPCUOHHbBIX NOMEN.

3
Ocob6eHHOCTU cTpOoeHUA U pyHKunoHnpoBaHma OHK
C TOYKM 3peHus ee npeanoriaraeMbiX TOPCUOHHbLIX CBOUCTB.
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EcTb Bce OCHOBaHus MonaraTb, YTO KMKOYEBYH pPOSfib B BO3HWKHOBEHWUW, pPassBuUTUN U
CYLLEeCTBOBaHUN XW3HU UrpaloT YHUKanbHble U cneundudeckme monekynol OHK, Bxogswme B
COCTaB XPOMOCOM (XpomaTuHa), a Takke nnasmug m supycoB. OHK B >kuBbIX oOpraHuamax,
npakTU4eckn Bcerga B Komnnekce ¢ Genkamu, cywecTByeT MNpeuMyLlecTBEHHO B dopme
pas3nu4yHbiM 06pa3oM OpraHM3oBaHHbIX CriMparnen.

OTMeTMM HeKoTOpble BaXHble CBOWCTBA, Mpucywme cobcTtBeHHO cnupanam.O6bIvHO
CnvHupyloWnin  obbekT co3gaeT Yy  MNOMCOB  BAOMb  OCU  BpalleHus  nonspusauuio,
COOTBETCTBYIOLLYYHO TOPCMOHHbLIM MOJSIAM pPa3HON HanpaerieHHOCTU. COOTBETCTBEHHO, TOPCUOHHOE
nosne, oopmMMpyemMoe CO CTOPOHbI OAHOMO MNosoca - NpaBoe, a Co CTOPOHbI APYroro — fnesoe.

Unnioctpauna wmn3 pabotbl [5], nokasbiBaiowas HanpaBneHHOCTb TOPCUOHHOMO Mons
obbeKkTa co CrNHOM.

OueBunaeH akcmanbHbIA XapakTep Nons - Nonspu3aums NpPoMcxoauT B NPOCTPaHCTBEHHbIX
KOHyCax, pacnofioXeHHbIX BOOMb OCK BpaLlleHus obbekTa.

MHasg cuTyaums BO3HUKAET B Criydae CKpyyYnBaHUA-packpyydnBaHus cnvpanm.

Cnvpanb npu CKpyYMBaHUW, paBHO KakK U Npu packpy4mBaHum, obnagaet Ha ob6omx KoHLax
OAVHAaKOBbIM HanpaereHnem BpalleHnsi. ECTeCTBEHHO, TOPCUOHHOE Morfle, reHepMpyemoe
AONHaMMYeckon cnvparnbto B 06e CTOpoHbI, ByaeT ogmHakosbiM (1), a HanpaBneHne nonspusaumm
NPOCTpaHCTBa - "MpaBoe-neBoe” - byaeT 3aBUCETL OT TOr0, CKPYYMBaETCS cnupanb Unm
packpy4mBaeTcs

[OHK uenvkom, xoTa 1 He BCA cpasy, packpy4mBaeTCsl B Npouecce pennukaumm (yaBoeHus).
CuuTtaetcs, 4TO Mpouecc MOMHOM cnupanuMsaumm XPoOMOCOM MPOUCXOOAUT Ha HayanbHOW cTagum
MuUTO3a - B npodpasze. Kak Mbl yBuauMm pJanee, no-BUOMMOMY, MOSIHOCTBIO Cnupanusaums
(koMnakTM3aumsl) XpOMOCOM 3aBepLUAETCs K Havyany meTtadasbl. Tem He MeHee, B KOHLE npodasbl
XPOMOCOMbI Aenswencs KneTkn MoXXHo HabnogaTe B CBETOBOM MUKpOCKoN. Mpy 3TOM TOPCUOHHOE
none npu cnupanuMsaumm XpoMOCOM MMEET TaKyto HanpaBneHHOCTb, YTO BCTYNaeT B NpoTMBOpeYme
C TOPCUOHHbIM nonem membpaHbl 9apa. B pesynsrate K KOHUY npodasbl 94p0 KNeTKM ncHesaerT, 1
XPOMOCOMbI OKa3blBalOTCs B uutonnasme. [lo OkoHYaHun meTadpasbl XPOMOCOMbl HayuHatoT
pacxoamuTbCs K NorcaMm Aenswenca KneTku 1, Cyas No BCEMy, cpasy e HauMHalTCca npoueccol
Aecnvpanusaumm XpoMocoM. XOTS eCTb OCHOBaHMsA npegnonarate (CM. pasgen 5), 4TO MMEHHO
HaunHawwasaca B MeTadpase gecnvpanu3auus XpOMOCOM  SBASETCA NPUYMHOW Hadvana Wux
OBWXKEeHna K nontcaMm. B ctagum Tenodgasbl XpOMOCOMbI, COOpaBWINCL B MOMAAPHBIX 0bnactsx
Jendwienca Knetkn, akTUBHO [OecnupanusyloTcd, BOCCTaHaBNMBasi MPEXHIOW OpUeHTauuio
TOPCUOHHOrO nons. JTO MNPUBOAMT K (QOPMUPOBaHMIO MeMbpaHbl HOBOrO sfApa Kakaon w3
A0YEPHUX KINETOK BOKPYr KOMMAKTHOW 06nacTu AecnmpanumayroLwmnxca B Tenogase XxpoMocom.

BnonHe BepoATHO, 4TO oOnpefeneHHble BpallaTerbHble AOBWXKEHUHA, CBA3aHHble C
packpyynMBaHMeM U CKpyydmBaHuWeM cnmpanbHbiX cTpykTyp AHK npoucxogsaTt v npu TpaHcKpunumm
reHoB, XOTH, MO BCEW BUOAMMOCTU, OHWU HE WUrpaltoT onpeaensolen ponv B opMmnpoBaHnm nons
KNeTKu.

CnepyeT nogvepkHyTb, Y4TO MpPOLECC pensnukauuu, Kak BNpoYemM, U MHble MNpoLecChbl B
KrneTke, HOCUT CTPOro ynopsiAoYEeHHbIN 1 NOBTOPSAOLWMIACA xapakTep. Kak nokasaHo B pabote [7] Ha
3KCTpakTax auy, Xenopus (LLNOpLEBON NATYLIKW) Y 3yKapuOT cpasy MO 3aBepLleHnn OeneHus u
Hayane d)opmMMpoBaHUA a4pa, NPOUCXooUT obpasoBaHUE CIOXHbLIX GENKOBbIX KOMMIIEKCOB, Tak
Ha3blBaeMbIX, MPepPEnMKaunMoHHbIX LEHTPOB (puc. 3).
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Busyanusaums npepennunkaumMoHHbIX LEHTPOB B SKCTpaKTax auL, Xenopus,
Puc. 3.cpotorpacumn us pabotsl [7]

lMo3xke OHM npeBpallalTcs B LUEHTPbl pennukauun, KOTopble onpefensioT MecTa
npukpenneHnsa xpomocomHon [JHK B aape KneTkn n co6CTBEHHO OCYLLECTBNAT pennnkaumio B S-
nepvoge wHTepdasbl. JIorMyHbIM BbIMAAUT NPeanonoOXeHne, 4YTO pensiIKaumoHHbIE LIEHTPbI
pacnonaratoTcsl B sape 3aKOHOMEPHbIM 06pas3oM M UX KOHCTENNAUUS HOCUT BUOOCNEUNUYHbIN
xapakTtep. Tak MOXeT onpegensaTbCa BMAOBas OCOOGEHHOCTb KOHMUrypaumm reHepupyemMbix
TOPCUOHHBIX MNOMIEN, MHLIMKA CroBaMu, crneunuyHOCTb OMOMOrMYeckoro nonsi AaHHOro Tuna
KNeTku, TkaHu, Buaa.

MpepennukaumoHHbIE LEHTPbI - CNOXHbIE GEnKoBble KOMMMEKChI, KOTOPble BO3HMKAKOT MO
3aBepLleHnn Mutosa nyteMm camocbopku. NMpespalialoTca B yHKUMOHANbHbIE penikaumoHHbIe
LeHTpbl nocrne dopMmmnpoBaHmMa MembpaHbl sapa. B pabote [7] lNMpepennvkauMOHHbIE LIEHTPbI
ObIfM BU3yann3npoBaHbl C MOMOLLbIO MOHOKMOHANbHbIX aHTUTEN ¢ hryopecLeHTHON METKON.

[iBonHas cnvpanb He packpy4MBaeTcs cpasy BCS LENMKOM, a NPoOMCXoauT pacnneTaHue u
pennukauma onpegeneHHblx ydactkoB [HK, HasbiBaembix pennvkoHamu. OQHOBPEMEHHO
pennukaums MoXeT MATU B HECKOMbKMX pennukoHax. CuHTe3 koMnnumeHTapHbiX Huten OHK
BHYTPU pennukaTMBHOW BUIKWU UAET NapannensHo gecnupanuaawlmm ABOMHOW cnvpanm.

M3BecTHa CKOpPOCTb [BWXKEHUS pennukaTtMBHOM Buiku y 6Gaktepuin. Y E. Coli oHa
coctaenset 800 nap ocHoBaHWUI B cekyHAy [6, ¢.408]. CnegoBaTtenbHO, HYKNEOTUAHbIE OCHOBAHNS
packpyymBaroLLenca XpPOMOCOMbI KALLIEYHOW Marnoyky BpaLlalTcs BOKPYr OCU OBOWHOW cnnpanu ¢
MUHMManbHOM 4acTtoton okono 80 ru. Npu 3TOM, MONMHOCTLIO pennukauus xpomocombl E. Coli
3akaHumBaetcs 3a 40 muH. [Ina 6onblLIMHCTBA KNETOK 3TOT npouecc bonee gnuTenbHbIN, OOHAKO
€CTb KIEeTKN, B TOM YuUCe 3yKapuoTMYecKue, Y KOTOpbIX pennukauus npouCXOAUT 3HAYUTENbHO
ObicTpee.

MpuHUMNMANbHBIM MOMEHTOM B HACTOSLUMX PaCCYXOEHUAX SBMSETCS TO, YTO Kaxaas
XpOMOCOMa B KNeTke M, COOTBETCTBEHHO, Kaxaasa monekyna AHK, obpasytowaa ee, yHukansHa n
eavHCTBeHHa. (3a uvckn4veHveM, pasymeeTcs, MNOonunnouaoB, B KOTOPbIX YMCNO XPOMOCOM
KpaTHoe. OTO, OAHaKo, A0 W3BECTHOW CTEMEHW He BMMSeT Ha xapaktep Guonornyeckoro mnons
NOMUNIIOMAHON KNETKW, NOCKOSMbKY KPaTHble XPOMOCOMbI M30OMOPMHbLI B CTPYKTYPHOM OTHOLLEHUN,
NPOCTPaHCTBEHHO HAXOAATCA B TeCHOW GNmM3ocTM u cxodHbiM 06pa3oM pacnonoxeHbl.) Nocne
yOBOEHUS B S-nepuofe nHTepdasbl CeCTPUMHCKME XpoMaTuibl NPoAoIKaloT COCTaBnAaTb eguHoe
uenoe BNMOTb A0 OKOH4YaHMs mMeTadasbl, Korga XpoOMOCOMbl HaYMHAKT PacXoamuTbCs K nontcam
aenduwiernica knetkn. OgHako nocne Toro Kak XpomaTtuabl pasgenunmcb M NPOCTPaHCTBEHHO
o6ocobmnncb y NPOTUBOMOSOXHBLIX MOSOCOB, KMEeTKa YXe He B COCTOSIHUM COXPaHATbCA Kak

- 136 -



efvHoe Lerioe 1 B Tenogase opopmreHme AByX BHOBb BO3HUKLLINX KIETOK 3aBepLUaeTCs.
Taknum obpasom:

- [OHK, ee cTpyKTypHble anemMeHTbl, 06naaatoT (CTaTU4ecKkMM) TOPCUOHHBLIM NONEM;

- Ons CTPYKTYpHbIX anemeHToB [OHK xapaktepHO ynopsigoyeHHoe BpallaTenbHoe ABWMXKEHWE C
onpefeneHHon 4yacrtoton, obycnaBnMBaemMoe cCnuvpasnbHbIM  MPUHLUMIOM  OpraHu3auuu
HYKITEMHOBOW KUCNOTbI W peanuaylolleecd B Mpoueccax cnupanuiauuu-gecnmpannsauum
XpOMaTUuHa.

Mcxoaos u3 aToro, MOXHO caenatb npegnonoxexHve, 4to monekynbl OHK, sasnstowwmecs

OCHOBOM XpOMaTuHa, B npouecce cBoero (YHKUMOHMPOBAHUSA MOPOXAAT cneumduyeckue

TOPCUOHHbBIE MOSIS, KOTOPbIE UrPAKT KNHOYEBYHO POSib B CYLLIECTBOBAHUU XKMBOTO.

4
TOpCMOHHaFI MoAelnb KIeTKWN.

OcHOBbIBasiCb Ha MNepeYMCNeHHbIX Bbille CBOMCTBAX XWBOW KIETKM MOXHO
cchopmynupoBaTb ee (heHOMEHOTOrM4YeCKYy TOPCUOHHYIO MOAeSb.

Mogenb  KneTtoyHbIX TOPCUMOHHbLIX B3aMMOAEWCTBMMA  OOSMKHA  BKMAKYATb  MCTOYHUKM
BHYTPMKIETOUHbIX TOPCUMOHHbIX MNOMen COOCTBEHHO OMOMOrMYeckom npupoabl, U 3NEMEHTHI,
YyBCTBUTENbHbIE K AENCTBUIO 3TUX NOMEN, B HaLIEM crny4vae, npexae Bcero - 6enkoBble MOnekyribl-
depMEHTHI.

Onpegensiiowyto  ponb B (POPMUPOBAHUM  TOPCMOHHOIO  MOMSA  KNETKUW  urpaet
camMOoCornacoBaHHOe AUHaMU4eckoe nosne, co3gaBaemoe aHcambnem xpomocom (puc. 4 u 5). (Kak
N3BECTHO [4, 5], TOPCUOHHbBIE NONSA OAMHAKOBOW OPUEHTaALMN NPUTATMBAOTCS, NPOTUBOMNONOXHON -
oTTankuearTcs.) KomnnekcHble TOPCUOHHBIE MONS, CBA3aHHble ¢ MeMbpaHon sapa M BHELUHER
nnasmartundeckon membpaHon, opmmpyemble PYHKLUNOHUPYIOLUMU MOHHBIMW KaHanamm, urpatot
NOAYNHEHHYIO porb. CaMocToATeENbHOE 3Ha4YeHMe WOHHbIe KaHanbl BHELIHeW nnasmatuyeckomn
MemMbpaHbl MOryT npuobpeTaTb B B6e3bsaepHbIX KNeTKax - Hanpumep, 3penbix aputTpountTax. Takum
06pa3om, UCTOYHMKN TOPCUOHHBIX MOMEN B KNETKE - XPOMOCOMbl 1 MEMOpPaHHbIE NOHHbIE KaHanbl,
00pasyoT KOHLUEHTPUYECKYIO CUCTEMY BIIOXEHHbLIX Monen, B cepe OeNCTBUS KOTOPOW BHYTPU U
BONM3M KNETKM oKasbiBaloTCa OernkoBble MOMEKynbl - hepMEHThI (U, BEPOSTHO, Apyrne MOseKynbl),
Haxoaswmecs B  BO30OYXOEHHOM COCTOAHMW. bBenkoBble MakKpoMoOnekynbl nepexogar B
BO30Oy>XeHHOE COCTOsIHME, NpuobpeTas CMMHOBYIO NONSAPM3auMIo, BCreacTBME OCYLLECTBASIEMbIX
nMm Broxmmundecknx npeobpasoBaHuii. Nonae B chepy AENCTBUSA KNETOYHOrO TOPCMOHHOIO MOfs,
MOIneKynbl nepemMeLLarTcs, 4edOopMUPYIOTCH, MEHSIIOT CBOKO OpMEeHTauuio, pacxodys npu 3ToM
N3ObITOK SHEPIrMU, MOJTYYEHHBLIN UMW U3 XUMUYECKMX peakuui. [pu B3aMMOOENCTBUM C MONeEM
MoneKynbl 00pasyloT BHYTPUKNETOYHbIE AUHAMWYECKME CTPYKTYPbl, XapakTepHble Of1S >KMBOW
Knetku. N3pacxogoBaB CBOK U3OLITOMHYKO 3HEPruto U, nepenaa B HEBO3DYXKOAEHHOE COCTOSHUE,
MOEeKyrbl BbIXOOAAT U3-MOA BIIMSIHUS KNETOYHOIO TOPCUOHHOIO (B1MOonormyeckoro) nonsi.

lMockonbKy B pasHble nepuofpbl KIEeTOYHOro UMKna AMHamMuKa XpomaTuvHa pasfnuyHa, Ham
HY)XHO PacCMOTPETb Kak MWHMMYM YeTblpe pasHblX nepuopa: gecnupanusaums XpoMOoCOM B
Tenogase MuTo3a, (pasy OTHOCUTENbHOrO Mokoa XxpomatuHa B nepuoge G1 wmHTepdasbl,
cnvpanmsauua XpomMocoMm B rnpodase MMTO3a U XPOMOCOMHbIE NEPECcCTPOMKM Ha MNPOTSKEHUU
MuTO3a (CM. pasgen 5).

1. Mo okoH4YaHUK KpaTkoro nepuoga metadgasbl XPOMOCOMbI HAa4YMHAKOT CBOE ABWXEHUE K
nontocam Knetku. MNMpuyem HeobxoauMO NOAYEPKHYTb, YTO 3TO NPOUCXOAWUT B HE 3aBMCMMOCTU OT
TOro, HabngaeTca B KreTke axpoOMaTMHOBOE BEPETEHO UM OHO OTCYTCTBYET. ECTb OCHOBaHUSA
nonaratb, YTO Ha4yano OBWXEHMS XPOMOCOM K MOMCcaM CBS3aHO C Havanom packpyymBaHus -
aecnupanusauumn xpomocom. NMogpobHee Ha 3TOM Mbl OCTAHOBUMCS B criegyloliem pasgerne, a
cerdyac OTMETUM, YTO pacKkpyyMBaHME XPOMOCOM COMpoBOXAaeT cTaauu aHadasbl 1 Tenodasbl
BMNOTb [0 3aBeplleHus nocnegHen. Hawmbonee WHTEHCMBHO M MOMHO Aecnupanusaums
npoucxoaut B cTaguu Tenodasbl (puc. 4, a). lpu 3TOM packpyqmBaloLLMecd XpPOMOCOMBI
dopmupytoT BONM3n nonocoB - obnacten, rae OHM KOMMaKTHO PacrnonoXUMCh K KOHLY Tenodasbl
- "npaBoe” TOPCMOHHOE nosie, KOTOPOe BCTyNaeT B NPOTUBOpPEYNEe C BHYTPEHHUM "neBbiM" nonem
nnasmatmyeckor membpaHbl, 00pa3oBaHHbIM  (PYHKUMOHUPYIOWMMN  MOHHBIMKW  KaHanaMmw.
"MpaBoe" n "nesoe" TOPCUOHHbIE NMONS ypaBHOBELLMBAKOTCA Ha OnpeaerieHHoOM pPacCTOsHUU U B
aTnX Mectax dopMmmpyloTcsas MemOpaHbl f4ep CEeCTPUHCKUX KNeTok. Tak B pesynbraTe
B3aMMOOENCTBUS M ypaBHOBELUMBAHUS TOPCUMOHHLIX MOMEen peanu3yeTcs W3BECTHbIN 3aKOH,
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rmacawmm o CywecTBOBaHUM OnpedeneHHon nponopuun mexagy obbemMom sfapa M obwum
o6bemMom faHHoro Buaa knetkum (puc. 4, 6).

2. B npochase M1MTO3a NMPOMCXOAMUT aKTUMBHAS cnvpanu3auus - KOMNakTu3auus XpoMOCOM

(puc. 4, B).

B orpaHuyeHHOM obnactu npocTpaHcTBa opmupyetrca "nesoe" TOPCUOHHOE More,
KOTOpoe BCTynaeT B MNpoTMBOpevMe C "npaBbiM" TOPCMOHHBLIM MOSIEM BHYTPEHHEN CTOPOHbI,
nexatuwlen B HenocpeacTBeHHow 6nm3ocTn, membpaHbl sgpa. B pesynbrate membGpaHa sgpa
paspyliaetca n "pacteopsietca” B uutonnasme. KoMmnakTHble, BUOUMbIE B CBETOBOM MWKPOCKOM,
XPOMOCOMbI OKa3blBaKTCA NnexawmmMm no OKOH4YaHuM npodasbl HENOCPEACTBEHHO B LMTOMNNa3Me

Mogenb TOPCUOHHBIX NOSIEN KNETKN

B KOHUe Ternogpasbl (Puc.4, a u Puc.4, 6) n npodasbl (Puc.4, B)

TLE W o= W i
o e

B rrmichk- o u e

Puc. 4, a

B - m )

- 138 -



-~ . .
fadoa
/’_1:\' L
— ) (/-."d -\ -\i
L "
l 11.':13":] J S—

s Puc. 4, a.

Puc. 4, 6.

Remstttnme Puc. 4, B.
Puc.4, B

Sl-"neBas" opueHTaumMsi TOPCMOHHOIO nong; Sr - "npaeasa” opMeHTauMst TOPCMOHHOIO MOrs.
Monekynbl depmeHTOB (Oenku) obpasytoT B "neBoM" BHYTPUKIETOYHOM TOPCMOHHOM Morne
AnccunaTmBHbIE MOMEKYNsPHbIE CTPYKTYpbl ("HEpPaBHOBECHbIE MOSMEKYNsSpHble KOHCTennauum") c
XapakTepHOM CnOCOBHOCTLIO K camMoopraHmn3aumm.

Haxogsacb B BO30YXOAEHHOM COCTOSIHUM, HEpaBHOBECHble MOMEKYNApPHbIE CTPYKTYpbI
B3aUMOOENCTBYIOT C TOPCUOHHbBIM MONEM KNETKM.

Puc.4, a - packpy4MBaHue XpOMOCOM 3aBepLUaeTcs B KOHUe Tenodasbl; Mexay "npasbiM”
TOPCUOHHBIM  MONeM XpPOMOCOM W "neBbIM" TOPCUOHHBIM MNOfMleM BHYTPEHHEN CTOPOHBbI
nnasmatuyeckor membpaHbl Ha ornpegeneHHOM PacCTOSAHUM BHYTPU KIEeTKM yCTaHaBnMBaeTCs
paBHOBecuEe, N B 3TOM MecTe hopMMPYHOTCS MeMOpaHbl S4ep C COOTBETCTBYHOLLEN OpUEHTauMeN
NOHHbIX KaHanoB.

Puc.4, 6 - 3aBepLuarowmi atan tenodasbl nocre 0060cobneHns CECTPUHCKNX KITETOK.

Puc.4, B - cnpanusauusa XxpoMOCOM K KOHLYY npodasbl 3aBepLuaeTcsl; XpOMOCOMbl BUAHbI B
CBETOBOM MMKPOCKON; "neBoe" TOPCUMOHHOE MOorfe CKPy4YMBaloWMXCS XPOMOCOM BCTynaeT B
npoTUBOpEeYMe C TOPCUOHHbLIM noneM MembpaHbl f4pa, MOPOXAEHHbIM AEWCTBUEM WMOHHbIX
KaHanoB, U MembpaHa sapa paspyLLaeTcs; XpOMOCOMbI OKa3bIBalOTCSH feXalummn B LUTONasme.

1. HecOMHeHHbI MHTepeC NPeacTaBNsSeT PacCMOTPEHNE BOMPOCa O XapaKTepe KNEeTOYHOro nons
BO BpeMsi OTHOCUTENBbHOrO MOKOA XPOMOCOM MOCfe TOro, KakK OHW MOJSIHOCTbIO
Aecnupanu3oBanucb B KOHLUe Tenodasbl M eue He BCTYNUNN B CUHTETMYECKY ¢asy, T.e. B
nepuoge G1 uHTepdasbl. DTOT nepuon MOXKET OblTb CPaABHUTENbHO KOPOTOK ANsl aKTUBHO
AEensnxcs KNeTok, HO OH BecbMa MNpPOAOIHKUTENEH ANS KNETOK Tex TKaHeW, roe AerneHus
NPOUCXOAAT PeaKo uUnm BoobLLe NpekpaTunmcs.

Kak yxe 6bino ckasaHo, B 3TOM nepuoge XpoMatuH npebbiBaeT B COCTOAHUM OTHOCUTESBHOMO

nokosi, n npeobpas3oBaHNA XPOMOCOM HE MMEIKT TaKOW YETKOM HamnpaBfeHHOCTW, Kak B OBYX

npeablaywmx paccMoTpeHHbix cry4dasx. ([Mo-Bmgumomy, ornpederneHHbin Bknag B obulee none

KNETKN BHOCUT Nepuoauyeckass TPAHCKPUMUMA OOHUX U TeX XKe KOMMMEKCOB FEeHOB, HO KakK Yxe

YNOMUWHanochk, 3TO, CKOpee BCEero, He BNUAET peluatoLlmm obpa3om Ha knetodHoe nosne). Boobuue

roBopsi, MPOLIECCHI, NMPOUCXOAALLME B XPOMATMHE Ha 9TOW CTaguy AOSMKHbI OblTb CMMMETPUYHLI:

cnvpanunsauuns gofmkHa ypaBHOBELUMBATLCSA Aecnvpanu3aunen, gBmKeHne B OgHOM HanpaerneHun

- TaKUM e ABMKEHUEM B NPOTUBOMONOXHOM. OAHAKO Npu 3TOM XapakTep Nons KNeTKN - BHELLHNASN

noneeasi obonoyka - "npaeas”, AOMKeH coxpaHATbes. Kak 3To MOXXHO cebe npeacTtaBuTh?

Bo-nepBbiX, - UCNOMNb30BaTh NpeAcTaBieHne O nynbcaumsx B Buge Gerywen BOMHbI, YTO

ABNSIETCA [O0CTaTOYHO OObIYHBIM AN NPUMPOAHbLIX Nepuoguyveckmx npoueccoB. berywen no

MOBEPXHOCTN MNMAHETbl BOMHOM MpeacTaeT CMeHa AHS W HOYM, NynbCupylolen OT nonwca K

MOMCy BOSTHOM - CE30HHAsi CMeHa TemnepaTtyp, BOMHOOOPa3HbIMW TONMYKaMW ABMXKETCA B
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pesyrbsrare CoKpalleHUn cepaua KpoBb MO OpraHn3my.

Bo-BTOpLIX, - wWcnonb3oBaTb [AaHHble O BHYTPEHHEW CTPYKTYpe KIEeToYHoro sapa,
akcTpanonupys ux Ha nepwog G1 wmHTepdasbl. Kak yxe oTrmedvanocb Bbiwe (CM. puc. 3), no
OKOHYaHUM MWUTO3a B opmMmupyroleMcs agpe obpasyloTcs npepenfikaumMoHHble LeHTpbl [7],
KOTOpble MOCne BOCCTaHOBIEHWs MeMOpaHbl s4pa MpeBpallatoTCs B MOMHOLEHHbIE LEHTPbI
pennukaumn. M3 aToro MOXHO caenaTb Takue BbiBOAbl: 1) pennukauMoHHblEe LIEHTPbI, CKopee
BCEro, pacnonoXeHol Ha nepudepun aapa, NOCKONbKY CBA3aHbl C ero MeMbpaHomn; 2) aTU LIEeHTpbI
BMMAIOT Ha OCyLleCTBMNeHne BpalaTenbHbiX ABmkeHn cnvpanu OHK, nockonbky yyacTByoT B ee
pacnneTtaHuu-3anneTaHnm Npy pennukauum.

Ewe oanH BaXkHbIN 3KCNEpPMMEHTANbHO YCTAHOBMEHHbIN (hakT. B pabote [8] nokasaHo (cMm.
puc. 5), 4TO CeCTpUHCKME XpoMaTuapl, ellle TECHO CLenneHHble B MeTadase, ABNATCa 3epKanbHO
CUMMETPUYHBIMWN OPYr MO OTHOLUEHWUIO K Apyry. A 3TO CBMOETENbCTBYET O TOM, YTO OAHA M3 HUX
MMEET NpaBytlo cnupanb, gpyras - nesyto. VIHbIMKM cnoBamu, Ha YPOBHE cynepcnupany XpomMaTuH
MOXeT obnaaatb, Kak NPaBon, Tak U NEBON YNAKOBKOW.

B pabGote [8] nokasaHO, 4TO B MeTad)a3e CECTPUMHCKME XpoMaTuibl, HaxogsLwmecss B
HernocpeaCcTBEHHOM KOHTaKTe Apyr C APYroM, 3epKaribHO CUMMETPUYHbLI. OTO CBUAETENbLCTBYET O
TOM, YTO Ha YPOBHE BHELLHEN Ccynepcnvpany OgHa U3 HUX CnMpanu3oBaHa, kak npaeasi, a apyras -
Kak neeasi cnuparnb.

Metaphase Chromosome Model

-

- fana |
" -l
~

Lt ]

"

Puc. 5. MetadasHaa mogens Xpomocombl [8].

Hdonyctum, nynbcauuMm B A4pe MNPOMCXOAAT OT nepudepun K UeHTpy u obpatHo. Ha
nepudepnn sigpa, BGNM3n memMbpaHbl, pacrofioXeHbl, KaK Y€ OTMe4arnocb, PensMKaunoHHbIe
LEHTPbl, CNOCOOHbLIE OCYLLECTBAATbL BpalwaTenbHyl AWHAMUKY XpomaTuHa. YTo Haxogutca B
LEeHTpe KNeToYHOro siapa, 3KCnepuMeHTanbHO NoKa He YCTaHOBMEHO, HO NTOMMYHO MPennonoXuThb,
YTO TaM CrpynnMpoBaHbl LEHTPOMEpPHbIE 06nacTn XpoMocoM. MOCKOMbKY XOpPOLLO N3BECTHO, YTO B
aHadase MUTO3a XPOMOCOMbI OBWXKYTCA K MOMOcCaM B BUAE LUMWIEK UMEHHO LIEHTPOMEPHbBIMU
ydyacTkamu Bnepeq BAOMb HUTEN BepeTeHa (ecnm OHO eCTb), KOTOpble CXOOATCS B MOMNSAPHbIX
obnacTsx.

MoaTomy oGbeanHeHNe B LeHTpanbHOM 0bnactu sggpa LeHTPOMEP XPOMOCOM HE BbIrMAauT
CTOMb YXX HEBEPOSATHLIM.

B 3aknioyeHne aToro pasgena Heobxoaumo OTMETUTb cneaytoulee. JIorMyHbIM BbirmnaauT
npeanosriokeHne O TOM, YTO MPU COXpPaHeHUN OOLLEero xapaktepa OpPWEHTaLUW COCTaBISHOLMUX
TOPCUMOHHOIO Nossl (BHELLHee KNETOYHOE More - "npaBoe”), OHO ANs KaKAoro Buaa KreTok nmeet
CTPOro WMHAMBMAYaANbHYIO CTPYKTYpy. KneTtouyHoe none AMHaMU4HO M U3MEHSIETCS BO BPEMEHU B
3aBMCUMOCTUN OT MECTOMOSTOXEHNS KNETKN U ee (PYHKLUMIA B COCTaBE MHOIOKMETOYHOrO OpraHu3ma.
Hanbonee €pko 3TN M3MEHEHUS OOIMKHbI MPOSBASATLCA B MPOLIECCE KIETOYHOrO OeneHusi, B
npouecce ambpuoreHesa u 1.4.

Taknm obpasom:
1. eeHomHas [HK, ¢yHKUUOHUPYSI 8 KIemke 8 cocmase XPOMOCOM, 6bIMOSIHAemM Ha Kaxoou
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cmaduu Kremo4YyHo20 UuKra yropsiO0YeHHbIe Mo8MmMOopsuUEcs epawjameribHble 08UXEHUS 8
rpouecce peanusauuu ce0eao cobcmeeHHO20 YUKIa;

2. npedrioniazaemcs, Ymo fpu 3Mom XpoMamuH CmaHo8UMCS UCMOYHUKOM MOPCUOHHbLIX noneu;

3. mMopcuoHHbIe Mo, nopoxoaemblie XpoMamuHoM, obradarom creyughuyHOCMbHO U 8bICOKOU
OUHaMUYHOCMbIO; OHU OKa3blearom 6/IUSHUE Ha 6HYMPUKIIEMOYHbIe 6erikosble MOJEKY/bI,
npebbigarowjue 8 B8030yKOEHHOM COCMOSIHUU, U, 83aumodelicmeyss C 8HEeWHUMU
MOPCUOHHbLIMU M015IMU, 0becrnedusarom Xu3HedessmeribHOCMb KIemKuU; MOXHO cKa3amhb, Ymo
buonozudeckoe none Ha 6aszoeoMm ypogHe rpedcmaensem cobol  MOMEKyrsapHbIe
MOPCUOHHbIE 101151, 2EHEPUPYEMbIE XPOMAaMUHOM (XpOMOCcoMamu);

4. MumoeeHemu4ecKoe uarny4yeHue sernsiemcsi Heomwbemremol cocmaensouwed
g83aumodelicmeull 8 pamMKax Kremo4YyHO20 rorisl.

5.
O6cyxaeHne npeanoXeHHOW Moaenu.

MpvHUMNManbHBIM B paccMaTpuBaeMon MoAenn SBnAseTca TO, YTO  OCHOBOWM
Guonorn4yeckoro nons SBNSETCA, C OAHOW CTOPOHbI, byHOAaMeHTanbHoe dusmyeckoe mMomne -
TOPCUMOHHOE, a C [OpYyro/ CTOPOHbI, peanu3auusi 3TOro Mosfsi B JXMBOM HOCUT cneumduyecku
Guonorvyecknii xapaktep, T.K. OGuonormyeckoe none onpeaensieTcss TOPCUMOHHBIMK  NOMSIMW,
NoOpPOXAAEMbIMU XPOMAaTUHOM.

BaxxHol 0COBEHHOCTBLIO paccMaTpyMBaeMolr Modenn SIBNSETCS LIeNOoCTHOe npeacTaBneHme
o «knetke. KnetouyHoe (TOpPCMOHHOE) nome ecTb, MO CYyTW, BOMMOLWEHWE EAMHOro
ynopsiiouMBatoLLero npyHumna (MIHBapuaHT) B opraHn3auunm XXMBOW KIETKU.

HekoTopble acnekTbl runoTe3bl U CrNeacTBUsS.

MMnotesa, 06OCHOBbIBaIOLLAA peLUaloLlyl0 Pofib TOPCUMOHHbLIX MoNe B BO3HWUKHOBEHMU
OMONOrMYeckoro KNeTodHOro nons, npegnonaraeT HanvyMe CyLIeCTBEHHbIX BpallaTenbHbiX
ABWXEHWUI B AUHAMUKE XpOMaTUHa.

3TO npegnonoXxeHne xots U TpebyeT 3KCNeprMeHTanbHOro MoATBEPXKAEHUS, BbIMMSANT
BECbMa BEpPOSATHbIM. bBornblue COMHEeHWA MOXeT Bbi3blBaTb MPEANONOXKEHNEe O Hanuyum
nepvoanyeckux nynbcauuii B MHTEpgasHoOM sape.

Mbl yuuTbiBanyM B 3TUX MNOCTPOEHUSIX M3BECTHbIE IKCMEepUMEHTarbHble pesynbraTbl U
onvpanuMcb B CBOMX PaCCY)XOEHMSIX Ha €eCTeCTBEHHble MPUHLMMNbI OpraHM3auUmMmn KU3HEHHbIX
NpOLLeCCoB:

a) Hanumume o6sA3aTeNnbHON CTPYKTYPHO-OAMHAMUYECKOW YMNOPSAOYEHHOCTU - Mynbcauum

XpomatuHa B sape npeanonaralTcs  Mexay pPacrnofiokeHHbIMU Ha  nepudepum

pennMKauMoHHbIMKM  LIeHTPaMM U COCPedOTOMEHHbIMW B cepeauHe LEeHTPOMEPHLIMM

yyacTtkamu;

6) HenpeMeHHasi LMKMMYHOCTb NPUPOAHbLIX NPOLECCOB.

ABTOpPY M3BECTHO, YTO SIAPO KIETKM CYUTAETCHA MIIOTHO 3anofIHEHHLIM XPOMaTUHOBbLIMU
HUTSIMW, HEYTO MOXOXEee Ha TO, YTO NokasaHo Ha puc. 10. AHAKO Mbl HE BUAMM B 3TOM NPEensiTCTBUS
Anst  nynbcauuMn B Buae Oerywux cynepcnvpanbHbiX BOMH, TeM ©Oonee 4To To4Has
ynopsifO4EHHOCTb BHYTPY HAaTMBHOTO S4pa HEN3BECTHA.

EcTtecTtBeHHO, He cneayeT NnoHMmaTb GykBanbHO PUCYHOK 6,a
MmeeTca B BUAY, YTO B3aMMHOE pacnofioXeHne LeHTPOMEpPbI - peniMKaunoHHbIe LEHTPbl 3adaeT
NPUHLUMN BHYTPUSIAEPHOW YNOPAS0YEHHOCTH.

MHOro4YMCNEHHbIE e CKNagKkM XPOMOCOM OPUEHTUPOBAHbI paguarnbHO - Mexay LEeHTpoOM sgpa v
ero membpaHom.

MpeacTaBneHnss 0 HanNMYMM MOHHBLIX KaHanoB B MeMbpaHe siApe Takke MOXET NnokasaTbCs
Ha cerogHs He BrofHe O0ecCrnopHbIM, HO C HaWeW TOYKM 3PEHUs, O HanMyun akTUBHOIO
TpaHCMeMOpaHHOro TPaHCMOPTbl MOHOB, NPEXAe BCEro - MPOTOHOB, CKBO3b SAEpPHYD MemMbpaHy
ybeautenbHO CBMAETENLCTBYET pasHuua mexay pH kapuonnaswmbl 1
LUMTONNAa3Mbl KNETKU.
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Puc. 10.4acTtnyHo pacnneteHHass XxpoMocoma.

U.K. Laemmli, http://www.unige.ch/sciences/biologie/bimol/PACKGENE/PAGE1.html#
CONTENTS

M3 xpomocombl ObINn yoaneHbl TONbKO MMCTOHbI. Cpean XpOMaTMHOBBIX HUTEW XOpPOLIO BUAHbI

scaffold (neca, nmogmocTtku). Ha BCTaBke nokasaHa He pacnfneTeHHas xpomocoma. MacwTab

(BHU3Y) - 2 MM
M3 npeanoxeHHon mogenv 61onorniyecKkoro noss KNeTkn MOXHO BbIBECTU PS4 CNeacTBuin:
- KneTkun, obnagatowme nogobHbIM NO CTPYKTYpE MHAMBUAYASbHBIM BHELUHUM MOMEM MOryT
nerko obpasoBbiBaTb OMpedeneHHyl TKaHb >KMBOMO opraHu3ma; obnagawowme
OTNNYAKLLMMCA UHONBMAYANbHBLIM NOMIEM NPU KOHTAKTE C HAMW - TPaHNULYy MEXAy pasHbiMU
TKaHsAMW (opraHamm);
- NPV HapyLLeHnn XxapakTepa nynbcaunn B MHTEpdasHoM sape U USMEHEHUN HanpaBneHns
OBWXEHNA BOSH cynepcnmparemn Ha NpoTUBOMNOSIOXHOeE, "fneBble" - K LeHTpy a4pa, "npasbie”
- OT ueHTpa (cMm. puc.6,a, MOXET W3MEHUTb CBOE HarnpasreHue BCHA cuUcTtema
KOHLEHTPUYECKMX NONEeN KIeTKN; BHELLHee KNeTovHoe norne cTaHeT "neBbiM"; 3TO npuBeneT
K HECOBMECTUMOCTM MepepoauBLUENCS KMNETKM C OKPY>XKaLWMMWN KneTKamn (TKaHsMU); He
WCKIOYEHO, 4YTO nogoObHble npouecchbl MPOMCXogaT MpW KaHUeporeHese, U OonyxoreBble
KNeTKn MMELOT, Takum obpa3om, "neByk" OpMeHTaumo BHELLHETO TOPCUOHHOIO KNETOYHOro
nons;
- TKaHW B3pOCIIOro opraHvMama, 3aBepLuMBLUErO Mepuog pocTa, obnagaroT, Kak npasuno,
bonee cnabbiM Guonornyecknm nonem - KNeTku crneunanmanmpoBaHHOW TKaHW Nnbo He
penatca  BoBce, NGO OeneHWss NpPOUCXOO4AT pedko; odHako 3to none 6onee
cneunannanpoBaHo - CneumUuYHOCTb €ro KreToK, TKaHer W, COOTBETCTBEHHO, Mnonen
pasHbIX OpraHOB OOYCNoOBMNeHa TeM, YTO B HMX MOCTOSIHHO aKTUBUPYETCHA onpeaeneHHbIN
Habop reHoB, YTO HaknNaabIBaeT OTNEYATOK Ha XapakTep obLuen AMHAaMUKN XPOMaTKHA;
- MUTOreHeTUYeCKOe U3nyd4eHne UrpaeT BaXKHYIO POfib B MEXKMETOYHbIX B3auMOAENCTBUAX
n  dopMUPOBaHMM  €OUHOM  WMHOPMAUMOHHOW cpedbl opraHuama [3]; AoCTaTouHO
HECKOMNMbKMX yNbTpadnoneToBbiX KBAHTOB, YTOObI KNeTka nepeLuna B pexum geneHus; no-
BMOMMOMY, MWUTOreHeTM4yeckoe WusnyveHue, obnagawouiee TOPCUOHHOW KOMMOHEHTON,
cneundmyeckn pgecrabunuavpyetr buonorndeckoe nosfe KreTku, NPUBOASI €ro B Takoe
HepaBHOBECHOE COCTOSIHWE, 3aKOHOMEPHbLIM MCXOAOM KOTOPOro, SBMSAETCS KIEeTo4yHOoe
aenexve.

ConocTaBneHue npeanoXxeHHON mogenm
Cc HabnogaeMbIMU ABMIEHUSIMU.,

WN3BecTHO, 4TO Hambornee cunbHoe MOPGOreHHOE Mosie CO34AeTCs BOKPYr pa3BMBakoLLErocs
3apofpllla, akTUBHO PacTyLUX TKaHeW (Hanpumep, y pacTeHWin - pa3BUBAKOLLMECH MOYKM, KOHYC
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pocta y kopewkoB u T.4.) [1]. OenctButenbHO, B MHTEHCUBHO PacCTYLUUX TKaAHAX KNETOYHble
JeneHna npouCXoAdsaT C BbICOKOM 4acToTon. [leped KNeTodHbIM AdereHvem B S-nepuoge
MHTepasbl OCYLLECTBNAETCS YABOEHME XPOMOCOM B MpoLecce pennukauum n, B COOTBETCTBUM C
Halen Mogenbio, NMPOUCXOAUT YBENUYEHWE WMHTEHCUBHOCTWU KINETOYHOro nonga (cm. pasgen 4).
M3BeCTHO, 4YTO "...CNMUHOBbLIE MONSIPM3ALMOHHbLIE COCTOAHUS SIBNSIKOTCA MeTacTabunbHbiMK" "...B
pe3ynbrarte 4ero BO3HUKAKOT TOPCUOHHbIE daHTombl" [4, c. 14-15]. OTO roBoput O TOM, 4TO
ycurneHHoe buonorundeckoe norne amMOpuoHa, akTUBHO pacTyllen TKaHW, CO3OaeT B OKpyXKatoLlem
NPOCTpPaHCTBE AMHAMUYECKUA WH(OPMaLMOHHBLIN "Kapkac", KkoTopbli obycnaBnvBaeT ero
pasBuTMe. Tak bnonornyeckoe rnone KOHTPonMpyeT MopdoreHes.

Bronornyeckoe none B3pocnoro opraHnama obecnevmBaeT ero LenoCTHOCTb, B3aMMOCBA3b
npoueccoB, MHPOPMALNOHHO NOAOEPXKMBAET pereHepaLmo TKaHen U OpraHoB.

MmeHHO Gnaropapsa 6uonornyeckomy nom opraHvMam "3HaeT", Kakonm U B KakoM obbeme
AOMKHa ObITb BOCCTaHaBNMBaeMasi TkaHb, KakuM JOMmKeH OblTb pereHepupyemblii opraH.

Knetka, oOpraHuM3aLMOHHOM OCHOBOW KOTOPOW ABNSAETCA MHOFOCroMHas cuctema
KOHLIEHTPUYECKUX N CaMOCOracoBaHHbIX TOPCUMOHHbIX MONen, AomkHa obnagaTtb CyweCTBEHHOM
YCTONYMBOCTBIO MO OTHOLUEHWUIO K PasnUYHbIM BHELUHUM MOMeBbIM BO3OENCTBUAM, UYTO MOXHO
HabnogaTh B AENCTBUTENBHOCTH.

MpeactaeneHHas npocTenwas TOPCUMOHHAA MoAernb KMNeTku Mo3BoNnsdeT O6bACHUTb
M3BECTHOE OTpUuLaTENbHOE BO3OENCTBUE "NEBbIX" TOPCUOHHLIX MNOfEN Ha XUBbIE CUCTEMBI.

B 4acTHOCTW, M3MEHEeHMEe NPOHMLAEMOCTU KMETOYHbLIX MembpaH [5, c. 56], CHwKeHue
MOrMoLeHNsT KACnopoda W30MNMPOBaHHLIMKU MUTOXOHAPUSMW U T.4. No4 BAngHMEM "neBbiX"
TOPCUOHHbBIX MOMEN OKpyXatoLlen cpeqbl.

OTO MOXeT MNpPOMCXOAUTb, Npexae BCero, BCNeACTBME [Oe30pPUEHTUPYIOLLEro BAUSHUSA
BHELWHUX "neBblX" TOPCUMOHHLIX MOfen Ha "npasBble” TOPCUOHHbLIE MOMAA WMOHHbBIX KaHanos
mMeMOpaHbl. YTO, B KOHEYHOM cuyeTe, NPUBOAUT K HapyLUEHMIO MPOLIECCOB XM3HEAESATENbHOCTU
KNeTKU.
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FMOCCAPUNA
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BOS
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OHK
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KK

KBY
KM3
KHY
MABJT
HC
HTP
OBY
OHY
Ocp
MK
NPo
PMB
CBY
CKC
CO3
cnag

C-C
C4y

aHanoroBble BbIYMCUTENbHbIE MALLMHbI
annapaTHO - NporpaMMHbl€ KOMMSEKChI
BcemunpHas opraHmsaums 300poBbs
reonaTtoreHHasi 3oHa
ae3okcupebyHoKnenHoBas Kucnota
OBOWHbIE 3NEeKTpUYeckme crou
XNOKOKpUCTanNImMyeckum

UMMYHHas cucTema

MHppaHn3Kkme 4yacToTbl

KaHOnaat TeXHUYEeCKNX Hayk
OOKTOp BGuronornyeckux HayK

KpaWHe BbICOKME YacTOThI

KOMMNEKC MeOULIMHCKUA 9KCNEPTHbLIN
KpanHe Hu3kne YacToThl
MexayHapogHasa Akagemusa brno GHerpo TexHonorum
HepBHas cuctema
Hay4YHO-TEXHUYECKasi PeBONIOLMS
OuyeHb BbICOKME YacTOTbl

OyeHb HU3KMe 4acTOoTbl
odTanbmonorus

nepcoHanbHbIN KOMNbIOTEP
NPUPOAHbLIN paanoakTUBHbLIA OOH
pe3oHaHCHO-MoreBsoe B3anMmogencraene
CBepxBLICOKME YACTOThI

CUHOPOM KOMMBIOTEPHOrO CTpecca
CKOPOCT oceflaH1s SpUTPOLINTOB

cymmapHble  (obwme  nokasatenun - COCTOSIHUSA
napameTpbl 3NEKTPOaKynyHKTYPHOW AUarHOCTUKM (

cepaeyYHo-cocyaucTas cuctema
CpegHue 4acToThl

Takmm obpasom,
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T.H.
T
TK
™
T
TCM
Tor
®r1
OAD
9BM
OKIr
ANT
AMA
AMr1

TaK HasblBaeMbIN

TOPCUOHHbBIN reHepaTop
TOPCHOHHBIN KOHTPacCT
TOPCUOHHOE N3NyyeHne
TOPCUOHHOE none

Topcumep

TOPCUOHHBIN (ha30BbIN NOPTPET
dYHKUMOHamNbHbIE NNACTUHbI
anekTpoakynyHTypa no donnto
ANEKTPO-BbIYUCTIUTENBHbBIE MALLVHbI
anekTpokapanorpamma
9MNEeKTPOHHO-NyYeBas Tpybka
ANEeKTPOMarHUTHbIE U3NyyYyeHus

ANEKTPOMarHnUTHbIE MNoJid
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