A.P.llaBneHko

A==

-

Ondes de :okon gauche

i

D<H2

Ondes de torsion statique crées par le cylindre long

BVOBE3OINACHAA S3JNEKTPOHUKA

KUEB 2012



Cez00HswHUl Mup u, mem bornee, 3asmpawHuli mpyoHo rpedcmasumes 6e3 KOMIIbMmepos,
mernesu3opos, Opy2ol AeKMPOHHOU MEXHUKU, MPodyyupyouwux crabble anekmpudyeckue u
Maz2HUMHbIe EePeMEHHbIE oM 8 WUPOKOM Ouana3oHe Yacmom. Tak Kak amu rorsnsi
3Ha4YumersibHO criabee cmamu4yecKko2o Ma2HUMHO20 rosist 3eMru U ee arieKmpuYeckux rorned,
mpyOHO ObirI0 NPedrnonoXumb, 4mo OHU ornacHbl Orns 30oposebsi. [1o amod npuvuHe
uccriedoeaHusi 8 OaHHOM HarpaerieHuu He rosiyqanu rnodoepxKu U OOMKHO20 8HUMAaHUSI.

Ce200Hs1 HOoBasi apa - epeMmsi, kKoa0a (bU3UKU 3aHOB0 OMKpPbIearom peaslbHOCMb,
8peMsi Ho8bIX meopul, napaduam.

Ha nosepxHocmb 6bIX005IMm HEKOMopble BaXHble Memagbusudyeckue cucmembl, U,
B03MOXHO, HEKOMOPbIE YUmamersiu y»ke UCMOMb3yom UX 8 M08CeOHE8HOU XKU3HU.

UccnedosaHusi nocnedHuUx Jniem nokasanu, 4mo OMU ebiweynomsHymbix
3/1EKMPOHHbIX MPUbopos8 codepxkam MOPCUOHHYKD KOMIMOHEHMY, HECYU,Y0 UHGOopMayuro
0 rpoueccax, rnpomekKarowux 8 mMoM Usiu UHOM 3r1eKmpoHHOM rnpubope. Tl obnadarom
8bICOKOU rMpOHUKarwel crnocobHocmbo U He noddaromcss HUKakKoU 3KpaHUpPOBKe.
Bosodelicmeue ux Ha rnone3oeamerisi npubopos maum e cebe ornacHOCMkb.

KHuza npedHa3sHa4deHa O51d WUpoKo20 Kpyaa Yumamereu ¢ uernbro rnpedynpedums
nonb3osamened [1K, menesu3opos, MobuUIbHbIX MmenegoHo8, Opy20ol 31EeKMPOHHOU
MEeXHUKU, Ymo rpeHebpexXeHue yxe U38eCmHbIMU MPOoCMbIMU MemodamMu 3auwumsl om
He2amugHo20 81USIHUS 8bILEYNOMSIHymou MeXHUKU epo3um gecbma
HebnazonpusmHbeIMuU riocriedcmeausmu 05151 300pP08hSI.

B Hel docmyrnHO u3rnoxeHa KOHUernuus 3awumsbl Jodeli om He2amugHO20
8/1USIHUSI  ecmecmeeHHbIX MOPCUOHHbIX  roned, usriydaembix [T13, a makxe
UCKYCCMBEHHbIX UCMOYHUKO8 amux nonel:. moHumopos, 1K , menesusopos, 6a308bix
cmaHyul  MoburibHbIX merneghoHos8, Opyaol 3NEeKMPOHHOU MEXHUKU, pueedeHbl
peaynbmamsl ucrnbimaHut npubopos “©OPINOCT-1", “CIMMHOP”, "BEPHALA-IEQ",
'‘BEPHALA".

Uernoseueckasi agornoyusi xapakmepusyemcsi “omkpbimuem” cyujecmeosaHusi
“HoebIX” usmepeHul u cxeM DYHKUUOHUPOBaHUs Hawel 3Hepaemuyeckol OuHaMuKku U
6UO3HEP20UHOPMAUUOHHBIX 83aumodelicmaul.

Asmop oco3Haem, Ymo ps0 MosIoKeHUl umeem OUCKYCCUOHHbIU xapakmep, U Hadeemcs,
Ymo rosierieHuUe KHuau OOMKHO CMmUMYysuUpo8ame MEOPYECKYIO MbICTb, MPUHYXKOas
3a0yMbleambCsi O ripobrieme 3awumbl Yesio8eKa.

SUMMARY

Today’s world, and moreover, tomorrow’s, is difficult to imagine without computers, TV and
other electronic equipment. The above mentioned modem devices and equipment
produce weak Electrical and Magnetic variable fields in wide frequency range . As these
fields are considerably smaller than Static Magnetic field of Earth and it’'s Electrical field, it
was difficult to assume that these fields are harmful for health. Due to this reason, the
research in this field did not get much support.

Investigation in the last few years showed, that Electromagnetic Irradiation from above
mentioned Electronic devices are accompanied by the Torsion Component, carrying
information about the processes which have taken place in itself or in other electronic
device. Torsion fields possess high penetrating quality and cannot be stopped by any kind
of screening. Their influence on the users is dangerous for health and constant influence
can lead to various diseases. Accessible in the book is laid conception of protection from
negative influence of Geopathogenic Zones Natural Torsion Fields, Monitors of Personal
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Gonputers, Televisions, other electronic devices and also the results of tests and trials of
device “FORPOST-1". (BIOGUARD 1).

For wide circle of people with the aim of warning users of Personal Computers, Televisions
and other Electronic Technology, that ignorance of already known simple methods of
protection from negative influence of above mentioned technology threatens and is
nonbeneficial consequence for health.

Published Edition, Corrected and Updated.

B MoHoepathuu paccmampugaromcsi 80rpochl 3auiumel om 8pedHo20 Oris 300p08bs
yeroeeka enusHusi TI1 TI3 3emnu, moHumopos [1K, menesu3opos, Opy20l 3reKmpoHHOU
MEXHUKU U COBPEMEHHbIE ycmpolicmea 3auumbsl om makoao 8o30elicmeusi. 9mo 0cobeHHO
aKkmyaribHO Ce200Hsl, Koz20a neped 4Yesnoee4ecmeoM cmoum rpobrema ebhKueaHusl, 80
MHO20M c8s513aHHasi ¢ nompebHOCMb HEOMIIOXHOU 8bipabomku Hoeol rnapaduambl bbimusi,
CO3HaHusi U OesmernbHocmu. PeanbHocmb Hawux OHel makoea, 4Ymo Ha @hoHe
3KOHOMUYECKO20 Hebraezornony4usi U couyuasrbHO - MOoAumMu4Yeckol  HeorpederieHHOCmuU 8
YKkpauHe aKorosu4deckue rpobrieMbl OmMMeCHeHbl Ha emopol rnaH, Habrodaemcs
rnocmereHHoe rnpusbIKaHUe K 3KOrI02u4ecKol ornacHocmu.

Okonoeauyeckass 6e3onacHocmb cmpaHbl OO/MKHa cmpoumsbcsi Ha basze  Hay4yHo
0bBOCHOBaHHbIX [POEKMO8, pPacyemos, KOMMNemMEeHMHbIX 3KCrepmu3 U HOpMamueHoU
omeemcmeeHHoCMuU pykogodumernel U opaaHu3ayuli, HayuoHarbHbIX rpoapamm.

KHuea, e komopol ¢ eOuHbix no3uuyuli ¢pusuku TIT paccmampusaromesi 80rpPochl
3Kos102u4eCcKol 3awumael opeaHuU3Ma 4Yeriogeka om criabbix 8HEWHUX husudeckux ronet He
ariekKmpomMagHUmHoU rpupodbl, ocgewaem Yacme rpobriem 3Koo2uu, Komopble 8 Hale
8peMsi 8bIlWIU Oaneko 3a rpedesibl meopuu oxpaHbl okpyxarouel Cpedsbl.

KHueaa codepxxum MHO20 SIPKUX U CrIOPHbIX udel O MexaHu3Max He2amugeHO20 6rUSIHUS
3/1eKMPOHHOU MEeXHUKU Ha xueoe. MHozue pa3desnibi KHU2U Hecym 3HaK Hay4HOo20
meopyecmea camMo20 asmopa. A8mop YyB8EPEH, 4YMO MOJbKO 83paujusaHue roel ¢
OelicmeumesibHO WUPOKUM KPy2030pOM COXpaHum Ham Hadexody, 4ymo Mbl 8 bruxaduwem
6yOywem 8bip8EMCS U3 Kpy2a OonpKusuwux uded.

Muxaun Kypuk, npogheccop, okmop ¢hbu3. - Mam. Hayk,

HAupekmop YkpauHcko20 uHcmumyma akoso2uu Yemnoseka
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BBEOEHWUE

B HacTtoswen moHorpacgum A. P. TlaBrneHKo ¢ npuHUUNUanbHO HOBbLIX MO3ULMIA
paccmatpuBaeT BaKHeWWwy npobnemy 6Mo6Ge30nNacHOCTU JNEeKTPOHHbIX CPeacTB W
cucteMm. llogxod, NPUHATBIA aBTOPOM, OTIMYAETCH BbICOKMM YPOBHEM HOBU3HbI. [1ns
0ObSICHEHNST MEXaHM3Ma OENCTBUS 3aLUUTHBIX CPeACTB OT HEraTMBHOMO BIIMSIHUA MOMEn U
N3Ny4yeHnn wucnonb3yetcsa Teopuss dusmdeckoro Bakyyma. 3TO 0OCOBGEHHO LIEHHO,
MOCKOSIbKY B HacCTOslLlee BpeEMS elle He CrOXWUIIOCb HEeNnpoTUBOPEYMBOE MNOHUMaHWe
AaHHon npobnembl. A. P. laBneHKo yganocb OTOWTU OT TpaguUMOHHOrO nogxoga, npu
KOTOPOM OCHOBHbIM OMacHbIM BO3AENCTBMEM Ha 4eroBeKa CYUTaT 3HepreTn4ecKui
ypoBeHb OMW. B paboTte genaetcs akueHT Ha BMSHME HOBOro paktopa, Ha3blBaeMoro
NHOPMALNOHHBIM.

HoBoe noHnmaHue punsmnyeckoro Bakyyma Kak mMarepmarnibHOW cpefbl, OKpy>KatoLen
yenoBeka, YKasblBaeT Ha Cepbe3Hble MNOCMNeACcTBUS HacCbIWEHUA ero 3SHepruen
NCKYCCTBEHHbIX OMIT M UX TOPCMOHHOW KOMMOHEHTbI. BnusHue 3TOro MCKYCCTBEHHO
CO30AHHOIO «3IIEKTPOMArHUTHONO CMOra» Ha >KMBble OpPraHu3mMbl  MOXET OKa3aTbCA
HenpeackasyembIM.

Uernosek yxXe nocTaBreH B TakuMe YCMOBUSA, MPU  KOTOPbIX OH HaxoauTcs
3HauMTenbHOe BpeMs Nog  BO3AEWCTBMEM  WUCKYCCTBEHHbIX MNOMen, CO3OaHHbIX
9MNEKTPOHHbIMM CUCTEMAMM N cucTeMamm 3neKkTpocHabxeHna. OCoBEHHO WHTEHCUBHO
BXOASAT B HaWy XW3Hb KOMMbIOTEPLI W TENeBU3MOHHbIE cUCTeMbl. be3 Hux yxe
COBEPLLUEHHO HEBO3MOXHO NPEeACTaBUTb COBPEMEHHBIM MUP U Tem Bonee 3aBTpaluHMi. Ho
M 9TO MNPOrpeccuMBHOE SBMEHWEe Mpu LUMPOKOM €ro MCMofb30BaHMM MPOSIBUNOCH
HeoXuaaHHoOW CTopoHon. B MoHorpadum lMaeneHko A. P. packpbITO, Kakyl CepbesHyto
ONacHOCTb ANs 300pOBbS NOfb3oBaTenen NPeacTaBnsoT KOMMNbIOTEPbI, TENeBU3NOHHbIE
CUCTEMbl U Opyrve 3rekTpo - U pagumoycTporcTBa. MCKYCCTBEHHO CO3[aHHble Mons,
KOTOPbIMM OKpYXWn cebs 4YenoBek, OKasanuCb Ype3Bbl4aMHO OMNacCHbIMKM ANS  ero
300pOBbS. TpagMUMOHHO CYUTANOCh, YTO YPOBEHb 3HEPrUM MNOMen SBNSAETCS OCHOBHbLIM
AencTeyowmM paktopoM. OAHAKO BbISBUIOCH, YTO CUTYaLMs HAMHOIO CrOXHee.

NccnepoBanus, npoeegeHHble B CLUA un LBeuun, BbisBunn, 4to, gaxe ecnn IMI,
co3faBaeMble TEXHUYECKMMU CUCTEMaMu, B COTHW pa3 crnabee ecTeCTBEHHOro mnoss
3emnu, MoryT GbITb ONacHbIMK Ans 300poBbs. PaHee cunmTanoch, YTO HU3KO MHTEHCUBHbIE
Nonsi He MOHN3aLUNOHHOIO YPOBHSA ABMAOTCA 6e3BpegHbIMU.

MexaHn3aMm OencTBuUS HU3KO WHTEHCUMBHbIX OMW Ha ©Ouonormdeckue CuUCTEMBbI
COBPEMEHHOM HayKOW elle He pacKkpblT, HO MeauMKaMW YxXe BCKPbITbl  (paKTbl
CYLLIECTBOBaHNA cepbe3HenLlen onacHOCTMU.

Moatomy ybGatokuBaHue OOLECTBEHHOCTU pPacCyXOEHUAMU O HU3KOM YpOBHE
TEXHOrEHHbIX U3STy4EHU MO CPABHEHUIO C YPOBHAMMU €CTECTBEHHbIX NPUPOOHbLIX MOMNen u
06 nx skobbl 6esonacHOCTM BCNeACTBME OTCYTCTBMS MOHWU3ALMWU, HE MOXET OCTaBaTbCH
ybeanTenbHbIM, MOCKONbKY (akTbl [AoOKasbiBalOT obOpaTHoe. To, 4YTO WUCKYCCTBEHHO
co3fgaHHble QMW C MHTEHCMBHOCTBIO 3HAYUTENBHO MEHbLUEN, YeM NPUPOAHbIE MOMs, TaK
onacHbl ONn4 YyenoBeka, 3acTaBnsaeT caenartb BbiBOL, YTO MeXOY UCKYCCTBEHHbLIMW MOMSIMU
N eCTeCTBEHHbIMW NPUPOAHBIMW MOMASMWU CyLLECTBYET (yHAaMeHTarbHOe KavyeCTBEHHOe
pasnuuue. lNpupoay aToro pasnuuuns ewle NpeacTouT packpbiTb N U3YYNTb.

[NMpobnema ata o4yeHb rnybokasi, OHa 3aTparMBaeT OCHOBbI 3feKTpoMarHetTuama. B
OMIT ocTtalTca HeuccrneaoBaHHbIMU UX CTPYKTYPHble OCOBEHHOCTU. 3T OCOBEHHOCTM
HUKaK He cnegylT HWM U3 ypaBHeHun Makceenna, HU 13 kBaHToBOW Teopun. OHU He

7



CBSI3aHbl HANPSAMYO U C 3HepreTudecknmu nposisrieHnssmn SMI1. TopcuoHHble nons (TTT),
KOTOpble paccMmatpmBaeT B cBoen kHure A. P. [laBneHko, BOCMOMHAKT 3TOT npoben,
NMOCKOSIbKY BnepBble 3aTparnBatoT NPUHLUNNANIbHO HOBLIN acnekT nonen - 0COBEHHOCTHN UX
CTPYKTYpbI.

ToT BaXkHenwWnn hakt, 4To Ae3okcupudyHoknenHosasa kucrnota (OHK) yctpoeHa B
dopme cnupanu C TakonW NPUHLMMMANbHO BaXXHOW OCOBEHHOCTbID Kak NEeBOBUMHTOBAS
3aBMBKa [OBOWHOW cCnupanu, ykasblBaeT Ha MPUHUUNUANbHYK BaXXHOCTb COOTBETCTBUS
CTPYKTYPbl BHELUHUX WMCKYCCTBEHHbIX MOner OCOBEHHOCTSIM CTPYKTYpbl GUONOrM4eckmnx
CUCTEM.

C oammx nosvumn nogxog A. P. lNaBneHKo, OCHOBaHHbIA Ha rEOMETPUYECKUX
ocobeHHoCTAX dm3myeckoro Bakyyma u  TIl1, OTKpbIBaeT HOBOE, MepCcrnekTuBHoe
HanpasreHne nccnegoBaHNn.

B coctaB pasBuMBaeMoOM Hay4yHOM KOHLUEMUUW BXOAAT onpedeneHHble obnacTtu
HOBOW (PU3MKM, OCHOBaAHHble Ha Teopun U3NYECKOro Bakyyma. B MoHorpadum
NPUBOAATCA TeOpeTMYEeCKMe W IKCNepuMeHTanbHble CReacTBUs Teopun (OU3NYeCcKoro
Bakyyma u TIl1. bonblwoe BHMMaHue yaensdeTcss TeXHONOrvsaMm, BO3HUKLWMM OGnarogaps
HOBbIM TEOPETUYECKUM U IKCMEPUMEHTANbHbLIM pe3ynbraTtam.

Hactoswaa MoHorpadma 4aBnaetcs nepBo B MUPOBOW MNPaKTUKE MOMbITKOM
cucTeMaTMyeckn N3NoXnTb BrivsiHue Tl Ha YenoBeka U XXMBOTHbLIN MUp. CyLecTByeT noka
HEe W3BECTHbIN MEXaHU3M B3aUMOAEWCTBMSA Monen un OnMoobbEKTOB, MNpU  KOTOPOM
NPOUCXOANUT CYLLECTBEHHOE BO34eNCTBME Ha BUonornyeckne cuctemMbl gaxe npu HU3KUX
YPOBHAX HanpsKeHHOCTU nonen. [1o cux nop cynmTanochb, YTO YCNOBUEM 3HAYUTENBHOIO
BO3OAENCTBUSA MOMS SABMSIETCS Hanuune pe3OoHaHCHbIX sBfEeHUMW. Takon noaxon 4acto
NbITAlOTCA PacnpoCTpaHUTb U Ha Buonornyeckme cuctembl. HO NOCKOMbKY pe3oHaHCHbIe
SBNEHMS B OpraHmame 4eroBeka, OCOBEHHO Ha HU3KUX 4YacToTax, SBMSAKTCS
ManoBepoATHbIMWU, TO OTCloAa AenaeTcs HenpaBuilbHbI BbIBOL O AKOObI OTCYTCTBUM
B3aMMoOeNCTBNUA OOBLEKTOB C MCTOYHMKOM W3NYYeHUW, a, 3HauuT, n o6 OoTCyTCTBUM
ONACHOrO0 BIIUSAHUSA HU3KO WHTEHCUBHbIX M3nydyeHun. [lpu 3TOM cuMTanocb, 4TO
NPOCTPaHCTBO, OKpyXalollee yenoseka, - dM3MYECKUA BakyyM, BO B3aUMOAEWNCTBUM He
yyacTByeT.

NccnepoBaHna B obnactm Teopun Bakyyma 3acTaBrsiloT B KOPHE MepecMOTpeTb
CMNOXMBLUEECA MNOHUMAaHWE MexaHu3Ma MOrfoLWEeHNs JHeprum nonen Ouonornyecknmm
obbekTamu. HaumHatoT nposBnaTb cebs reomeTpmyeckme ocobeHHocTn nonen. MexaHnsm
BMUSIHUSA MCKYCCTBEHHbIX MNofen Ha Ouonornyeckme CUCTEMbl B KOpPHE OTNM4YaeTcs OT
MeXaHn3ma MOrfoLWEeHNa SHEpPrnun, KOTOpPbIN  OEMOHCTPUPYIOT HaM  CyllecTBylowme
TEXHUYECKME CUCTEMbI, UCNOMb3YIOLLME PEe30OHaHCHbIE sBNEHNa. buonornyeckne cuctemel,
obnagasa acummetpuen ctpykTypbl OHK, MoryT 6bITb Ype3BblMaHO YYBCTBUTENbHBLIMU K
reoMeTpuyecknm ocobeHHOCTSIM NOonen.

B 9TOM OTHOWeEHUN uCnonb3yeMblin B MoOHorpadmm noaxon, OCHOBAHHbLIA Ha
BNuaAHMM TI1, nMewmx reoMeTpuyecKkyto acMMMETPUIO, BeCbMa MepcrnekTnBeH. B
MoOHorpacmm aBTop HasBan 3Ty reOMETPUYECKYID acMMMETPUIO FfeBOM U npaBow
opuveHTaumen nonen. K BbiBOOYy O CyWeCTBOBaHUM NeEBbLIX W MpaBblX Mofnen asTopa
npuBenn uccregoBaHnsi B obnactn Teopumn Bakyyma n gusuku TI1. BecbMa BEpOSATHO, YTO
reHepupyemMmble TEXHUYECKUMU CUCTEMAMU UCKYCCTBEHHble MOMs WUMEKT, Kpome
9HEPreTUYEeCKUX XapakKTepUCTUK, €elle U He CBOWCTBEHHbIE MNpUpoAe reoMeTpuveckmne
0COB6EeHHOCTN. IMEHHO B 9TOM MOXET CKpbIBATbCA MPUYMHA UX YPE3BbIYaANHO BbICOKOM
OMacHOCTM A8 XMBbIX OPraHNM3MOB Adaxke B TOM Criyvae, Korga ux ypoBeHb 3HAYUTESbHO
HWXXe eCTEeCTBEHHbIX MPUPOOHbLIX NOMEN.

MoHorpadums A. P. NaBneHKo AdaeT KN4 K NpUHUMAMANbBHO HOBOMY pPELLEHUIO
npobnembl 6Mob6e30nNacHOCTM Ha COBEPLLUEHHO HOBLIX noaxogax. 3 Hee, B 4acTHOCTW,
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CrneayeT, YTO He TOMbKO M He CTOMbKO 3KPAHWMPOBKOM MOXHO 3aLUUTUTBCHA OT OMaCHbIX
N3IyYeHun.

Bonee nepcnekTnBHbIM SABNsieTcA M36aBneHWe OT OMnacHbIX W3Ny4YeHUn nyTem
NepecTpPOrKN CTPYKTYP UCKYCCTBEHHbIX NOSEN.

Teopus punsanyeckoro Bakyyma n HOBble MAEW, U3NOXEHHbIE B MOHOrpadun, gatoT
KN4 K pa3paboTke HOBOW KOHUENUun 6esonacHon anekTpoHukn. KoHuenums 6esonacHom
SNEKTPOHUKN OCHOBLIBAETCA HE TONMbKO Ha WAEAX 3KPAHMPOBAHUS WM OrpaxaeHus
yenoBeka OT onacHoro BnusHMS OMI1, HO M Ha npuMHUMNMaNbLHO HOBOM MoAxoae,
yunTbiBalOLEM reoMmeTpnyeckme oCob6eHHOCTU NOMen NCKYCCTBEHHOIO NPOUCXOXOEHUS.

CtaHoBuUTCA pearnbHbIM CO3[0aHME TaKMX TEXHUYECKUX CUCTEM, B KOTOpbIX IMI1
CBOEN CTPYKTYPHOW opraHusaumen ©OyayT rapMOHMYHO BMUCbIBATbCS B MNPUPOLHbIE
CUCTEMBI.

HeobxoaumocTb pa3paboTkn HOBOro Noaxoaa, CNocoOHOro NPMBECTUN K MOCTPOEHMUIO
BGe3onacHbIX TEXHUYECKMX W, B YACTHOCTWU, SMNEKTPOHHbLIX CUCTEM, CTOUT OYEHb OCTpPO.
HyXHbl HeTpuBManbHble peLlleHnsi, OCHOBaHHble Ha COBEPLUEHHO HOBOM MOAXoAe,
CrnocobHble KapanHanbHbIM 00pa3oM U3MEHNTb CUTYaLNIO.

B naHHOM KHMre ncnonb3oBaHa ynpoleHHasa mogens ®usnyeckoro Bakyyma B Buae
NNOTHOW YNaKOBKM OUTOHOB - KONbLIEBbLIX BOSTHOBbLIX NAKETOB 3M1IEKTPOHA M MNO3UTPOHA.
Mopenb umeeT M3BeCTHble HEAOCTaTKM N NPOTMBOPEYNS, OOHAKO OHa elle He ucdepnana
CBOEro KOHCTPYKTMBHOIO MNOTEHUuMana, u ee NpUMEHEHWE MOXET ObiTb onpaBAaHHbIM.
YnomsHyTas Mogernb C yCnexom Mcnornb3yeTtcs ans o6bacHeHus cBoncTts T 1 BO3MOXHbIX
X NposiBNeHMn B oeHOMEHaxX B3aMMOOENCTBUS OOBLEKTOB XMBOW M HEXMBOW MPUPOAbI,
Ans 00bAcHeHMs MexaHu3Ma Bo3gencTsus Tl Ha OBoOMHbIe anekTpuyeckme criom (O43C).

OTO OTKpbIBAeT MNyTW pelleHns npobnembl CO34aHUSA 3SKOMOMMYECKM YMUCTbIX
TEXHONOrMN TpeTbero ToicaveneTtus. WMrak:
1. WccnepoBaHua BbigBunu, Yto OMI1, co3gaBaemble TEXHUNYECKMMU CUCTEMAMK, Aaxe
B COTHM pa3 cnabee eCcTeCTBEHHOro Nosist 3emMnn, MoryT 6bITb ONAaCHLIMU AS151 300POBbS.
2. Ecnu He u3MEHUTb MPUHUUMBI MOCTPOEHUS SMEKTPOHHBLIX U PaAMOTEXHUYECKNX
CUCTEM, TO TEHAEHUUS UX pasBUTUS U HeraTMBHOE BO3OENCTBME Ha BUocUcTEMbl Ha
NoneBOM YPOBHE MOXET MPMBECTU K KaTacTpoPUYEeCKMM MO CBOUM MOCNEACTBUAM
BO3AENCTBUAM Ha Buoccepy 1 Ha Yyenoseka.
3. HoBbIn nogxon, W3nNoXeHHbln B MoHorpadpum A. P. lNaBneHKo, OCHOBaHHbIA Ha
reomeTpudeckmux OcOBeHHOCTAX dmandeckoro Bakyyma w TI1, OTKpbiBaeT HOBOeE,
NepcrnekTMBHOE HamnpaBfieHWEe WUCCNeaoBaHUN U 3aknagblBaeT HOBOE HanpaBneHue B
9NEKTPOHUKE - HanpaeneHme 6mobe3onacHoOn ANEKTPOHUKMN.

H. B. KocuHoB, KaHOuMAaT TEXHUYECKUX HayK,
akagemuk MexagyHapogHown akagemMum BMo3HEProTEXHONOIMI


http://www.second-physics.ru/node/23
http://www.second-physics.ru/node/23
http://www.second-physics.ru/node/23
http://www.second-physics.ru/node/23

" MMpeden Hayku — 6eCKOHeYHOCMb", MbICIIb,
Komopas eceada 6yoem Masikom

07151 UCMUHHO20 uccriedosamerisi.

BaHHasep byw

maea 1. Tl - BTOpOEe npuiecTBUE B HayKy.

1.1. TI1, yTO Ke Hac XKaeT B HUX?

«B yenoBeke ykopeHWNUCb HaTypanuMsm M mMaTepuanuam pasyma, Aornyckawlime
TONMbKO pearnbHO OWYyTUMble hakTbl. OTOT pasymM MOYUTAET TOMBbKO TO, YTO HasblBaeTCs
Haykon. CTOPOHHMKM 3TOr0 maona y3HawtTCa Mo NpeanoyTeHuto, OTAaBaeMoMy TePMUHY
«Hay4HbINY. JTloboe MHeHMe, C KOTOPbIM OHU HE COrfacHbl, HeMeaANeHHo OoTOpackiBaeTcH
Kak HeHay4Hoe. Bnpoyem, onga atoro y HUXx Hemano obbsacHeHunn. Hayka caenana 3a 300
neT Takme nopasuTeribHble CKayku, YTO y ee novmtarternen eCTb OTYEro NoTepsaTb rosfiosy.

Hawa Hayka - 37O BCero nuilb Kanmns BOAbl, Halle Xe He3HaHwe - okeaH. Ecnn y
Hac N ecTb B YeM-HUBYOb YBEPEHHOCTb, TaK TOMbKO B TOM, YTO MUP HaWKUX PU3NYECKUX
MO3HAHUN OKPYXEH ApPYrnM, HECpaBHEHHO Ooree WMPOKUM MUPOM, O KOTOPOM Mbl He
MOXEM B HacCTosllee BpeMsi COCTaBUTb HUKAKOro OMpeAdeneHHoro npeacraBrneHnsa»
(Bunbsam xenmc, 1895 r.).

UenoseyectBO OOnblUyd 4YacTb BpeMeHUM Xuno 6e3 Hayku, eMy HU4Yero He
yrpoxano, KpOMe BOMH, aNnaeMuin, HEKOTOPbIX MPUPOLHbIX (PaKTOPOB, HO C MOSIBNIEHNEM U
pasBUTUEM HayKM BO3HMKMA OMACHOCTb €r0 CaAMOYHUYTOXEHNS.

B apy Hay4yHo-TexHuueckon pesontoumn (HTP), koraa Hag BCEW XWU3HbBHO, MOXOXeE,
OO/MKHbI  LapuTb TEXHUKaA W Hayka, MoCrnedHaAs ycTpemuria CBOM  WUHTEpECHI
NPeMMyLLEeCTBEHHO Ha MO3HaHWEe BHelwHero mupa 6e3 n3yvyeHus acnekToB YenoBeka B
pamkax HTP, Buaa B Hem nubo Bcero nuub 6Guonorndyecknin obbekT, NMbO anemeHT
COLMONOrnyeckux mccrieqoBaHnii, NocTaBmBe, T.0., OCHOBHYIO LEHHOCTHYIO OpUEHTauuto -
Ha YernoBeKa - C HOr Ha rofnosy.

CoBpemeHHOe ob6uwectBo 6Gnarogapa HTP  gocturno  BbICOKOMO  YPOBHS
TEXHONOorm3aumMm OCHOBHbIX OTpacren 4YenoBe4vyecKoW OesATerbHOCTWU, B pesyrnbrare 4yero
BO3HUKIIO HOBOE COCTOSIHWE ObITUA, MO3HaHWE 3aKOHOMEPHOCTEW KOTOPOro, BKIOYas
npobnemMbl YenoBeka, SBNSETCA NepBooYEepeaHON 3a4a4en HayKu.

Mnoabl Hay4YHO-TEXHUYECKOro nporpecca, KOTopble Mpu3BaHbl CAYXWUTb Ha 6Gnaro
yenoseka, NpnobpeTatoT arpeccMBHOCTb MO OTHOLLEHMIO K CBOEMY Xe TBopLy. HekoTopble
YyYEHble CYUMTAKOT: IKOMOTMMYECKUA TEeXHOreHHbln aucbanaHc NpUHAN CToMb rNyOoKMN
XapakTtep, 4TO MOCTaBun nog Yrposy camMO CyLecTBOBaHME 4enoBeyecTBa npu
COXpaHEHUM UM TEMMOB Pa3BUTUS U UMEIOLLIUXCA TEXHOMOIUN.

lMokonHoro HbiHe akagemuka H.H.MowuceeBa nutepatypHoe HacnegcTtBo KOTOPOro
OFPOMHO, IOAM CTapllero MoKONeHns Xopowo noMHAT. OH YacTo nosaABnanca Ha
TENEeBU3NOHHbLIX 3KpaHax W MO ero MnoBedeHUID, MO OTHOLLUEHUIO K HEMY OKPYXXaloLmX,
BMAHO ObINo, YTO YenoBeK 3TOT aBTOPUTETEH W MOMb3YyeTCHA YBaXEHMEM HE TONbKO cpeau
Konsier — y4eHbIX, HO U Ha NpaBUTESNIbCTBEHHOM YPOBHE.

[MpuBnekna BHUMaHWe 1 Nnopasmna HeOObIYHOCTBIO CBOEIO COAePXXaHMsa ogHa U3 ero
ctatben (H.H.MownceeB «MunpoBo33peHne COBpeMEHHOro paunoHanuamay. CosHaHue n
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dmamyeckasa peanbHocTb, T.1, Ne3, 1996r.). [No3HakoMUMCSA C BblgepKKaMu U3 HEE:

«lMocTeneHHo Mbl HaYMHaAEM NOHMMAaTb, YTO OOLECTBO CTOMT cenyac Ha nopore
KatacTpodbl N 4YTOObl €€ unsbexarb, NoTpebyeTcs nepecTporka BCEX OCHOBAHWW €ero
nnaHetapHoro 6biTma. A agymar gaxe, 4TO Mbl HaxoauMMCA B NpenaBEPUN CMEHBI
Xapaktepa caMmon aBonoumm drnonornyeckoro Buaa homo sapiens. Moxet ObITb gaxe, Ha
nopore HOBOIO dTarna aHTpororeHesa..."

[ecTpyKTMBHass CTOpOHA Hay4YHO-TEXHUYECKOro Mporpecca, nposiBnsawowascs B
CO3daBLUENCHA 3KOMOrMYecKon cutyauum Ha 3emne, sBNsieTca OcHOBaHMeM Ans 6onee
KPUTUYECKOTO OTHOLLIEHUSA K HayKke, XOTS TpaauUMOHHbIE MpPaKTUYecKue YCTpeMIieHUst
HaYKN MHTEHCUBHO MOOLLPSOTCA.

Ho 4enoBeyecTBO He [JOOMKHO MNOrMOHYTb B CBA3M C 6e34yMHbIM  HayYHO-
TEXHUYECKNM NPOrpeccoM, CKosib Obl CTPEMUTENBbHBIM OH HE Bbin.

[Monck BbIxoga W3 CO34aBLUIENCS  KPUTMYECKOW  CUTyauun, CBSI3aHHOW C
9KOMNOrMYECKMM TEXHOrEHHbIM AMchanaHcoM, NPUBEN YYEHbIX - HALUMX COBPEMEHHUKOB K
BO3MOXHbIM MPUHUMNMANbHbIM pelleHnsaM 3Ton npobnemsbl. [losBunack nepcnektvea
npeoaosnieHnst YNoMsiHyTOro Bbille 3KONOrM4eckoro TexHoreHHoro ancbanaHca 6narogapsi
noesMm paHuysckoro matematvka 3. KaptaHna, ykasaswero B 1913 rogy Ha
CYLLLECTBOBAHME B MNPUPOAE MOMen, nopoXxaaeMbiX MMAOTHOCTbLIO YrIOBOr0O MOMEHTa
BpalleHna. 3To 6b10 nepBbiM ynoMuHaHuem o TI1, kotopoe M ObiNo MX NepBbiM
NPULLECTBUEM B HayKYy.

CywectBoBana KoHUenumsi, Kotopas B HacTosllee BpeMsi 6eCNOKOUT YyYeHbIX, - 3TO
He nosabbiTas maea o6 adupe, T.e. TOHKOW cpede, Yepe3 KOTOPYH pacnpoCTpaHsoTCA
9NEeKTPOMarHUTHble BOSHbI. B COOTBETCTBMM C 9TOM KOHUENUUEW OneKTpOMarHUTHbIe
BOMHbI OOMMKHblI NepegaBaTbCsl  MOCPEACTBOM  cCpedbl, KoTopasd 3anoriHsaeT  Bce
npoctpaHctBo. B Havane XIX B., kK TOMy BpemMeHu, korga Makceenn 3sanucan cBOu
3HaMEHUTbIE YpPaBHEHUS, TEOPETUKN fOMann ronoBy Hag TeM, Kak MOXET 3Heprus
nepegasatbCAa Yepes MycToTy, a notomy 6bina BBegeHa runotesa o6 adupe Kak cpege,
KOoTOopasi MPOHMKAET BCoAy, W, criegoBaTenbHO, cnocobHa nepegaBaTh 3TY SHEPIUIO.
Heobxogumo otmetutb, 4Yto akagemuk B.M.ImywkoB B ctatbe " O BO3MOXHbIX
ocobeHHoCTAX  dm3umdeckux nonen  Guocuctem  "(cm.  xkypHan AH  YPCP
"KibepHeTnka",1981p., Ne3, c1p.105-106) cosgan un3nMyYeckn MOTMBUPOBAHHLIE
npeacTaBneHns O CTPYKTYpe MpoLeccoB nepepayun cusmnyecknx nonem buocmcrtem u
€CTECTBEHHbIX YCNOBUN 3(PPEKTUBHOCTU ee BNUAHUA Ha Buonornyeckme npuUeMHUKM Ha
3HaYUTENbHbIX PACCTOAHUAX OT MCTOYHMKOB M3nydeHus. o cywecTsy, B cTaTbe pedb Lina
O TOPCUMOHHOW MHGOPMaLMK, KoTopas sBnsieTcs (as3oBbIM COCTOSAHMEM (PU3NYECKOTO
BakyymMa M OECKOHTAKTHO nepegaeTtcsa M BOCMPUMHMMAETCa 4acTamu GMOOpraHM3moB
(kneTkamu, TKaHAMW Tena, opraHamu), opraHusmamum B UENoM, npoxogs MNpuBbIYHbIE
OpraHbl YyBCTB U COOTBETCTBYIOLLNE MM PeLENTOPbl (MPUEMHMKK, "AaTUMKN") 3PUTENBHOTO,
CNYyXOBOro, BKYCOBOro, OBGOHATENbHOrO W TaKTUMBHOIO KaHanoB Bocnpusatus. WHade
roBopsi, peyb wna o6 mHdopmauumm, nepeaaHHon ¢ NOMOLLBLI MHGAOPMAaLMOHHbLIX NOMENn,
KoTopble “reHepupyloTcsa” BCEMW XUBbIMU OpraHuamamMu NMoHeBOSie N MOCTOAHHO B BuAe
N3MEHEHMN (Pa30BOro COCTOSHUA (PU3MYECKOro Bakyyma, a HEeKOTOpPbIMM NoAbMU - MO
CBOEW Bore.

B nepuog 1989-1991 rr, 6Gonbwon o06bemM dyHAaMEHTaNbHbIX WUCCNeaOBaHUN
BO3AENCTBUSA TOPCUOHHBIX MNOfierM Ha pacnnaB  MeTtanna Obin BbIMNOSHEH noa
pykoBOACTBOM Aupektopa WHctutyta npobnem matepuanoseaenns AH YCCP, Buue-
npesvgeHta AH YCCP, akagemuka B.U.Tpecdunnosa KonnekTMBoMm, BO3rfaBAsieMbiM Hau.
otgena, a.cp-m.H. B.lN.Manbopogon.

[MepBble 3KCNepuUMeHTasbHble MNOATBEPXKAEHUS U3MEHEHUS1 KpUCTanndeckux
CTPYKTYpP Npu OEWCTBUN TOPCUOHHOrO nonsa 6binu nonyyeHsl B UHctutyte domaumkm AH
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YCCP Aa.p-m.H., npodeccopom M.B.Kypukom B 19891 n onybnukoBaHbl B 1991 T
[A.E.AknmoB, M.B.Kypuk, B.A.TapaceHko. BnusHue CnMHOPHOro (TOPCUMOHHOrO) Nomnsa Ha
npouecc KpuUCcTannmMsauumnm MULENapHbIX CTPYKTyp. buotexHonorms. 1991, Ne3. c.69.]
O6bekToM unccnegoBaHnsa Obina B3siTa XenMYb, KOTOpPasi C XMMMYECKOW TOYKU 3pPEHUSA
npegcrasnseTr cobon cMecCb XONeCTePUKOB.

[anbHenwee passutne aTUX naen ocyuwecterneHo B paborax A. E. Akumosa, I. U.
LUnnoea, B. IN. KasHaueeBa [1, 2, 3, 33, 76]. Peub maget o TI1, cospaBaemblx NtobbIM
BpaLLalowmnmMmcs 06bekToM, NoAOOHO TOMY, Kak Kaxabli OOBEKT, MMEKLWMIA Maccy, co3gaet
rpaBUTaLMOHHOE Mnore.

Uto «kacaetca wmsmkn TIM u Teopum Lnnosa - AkumoBa, TO Haubonee
nocrnefoBaTtesibHyl0 OUEHKY Aanl el U3BEeCTHbI aMepuKaHO-BEHrepCKUn usnk SpBUH
Jlacno: «BceneHHasi, onucbiBaeMaa Teopuen C rnepegaden curHana rno BaKyymy,
3HaunTenbHO 6Goriee B3aMMOCBSI3aHa, YeM MUP TEOPUN OTHOCUTENBbHOCTU OWHLUTENHA.
OTKpbITWE 3TOro0 NONst 03Ha4YaeT pyHOaMEHTanbHbIN CABUT B KapTMHE Mupa» [132].

CnpaBegnMBocTM pagn Hago OTMETUTb, YTO HEKOTOpble Y4yeHble WMHTYUTUBHO
YyBCTBOBAsNM Hanuuue Takux nonen. BoT 4Tto nucan sBenuknin xupypr n yveHoin H. U.
[Muporos B cBoen kHuUre «Bonpocskl xu3Hu: Mon cnabbin ym, Npon3sBoas CBOW aHanus
BeLWecTBa, AeNna U pasnarag ero Ha aTtoMbl, HUKaK HEe MOXET Ha HUX OCTaHOBUTLCS U
HEe3aMeTHO, HEBOSIbHO MNepexoamT OT HMX, B KOHLE KOHLIOB, K 4Yemy-TO JpYyromy,
nmerLlemMy BCe oTpuLaTenbHble CBOMCTBA MaTepuu, MO YMCTBEHHbIV aHann3 poKOBbIM
obpasomM npuxoguT K HeobxogmmocTun NpuHATL BHE aToMoOB HEUTO npoHMLaemoe, 1 Bce U
BClOAY NpOHUKatoLLee, Heaenvmoe, 6ecopmMeHHoe, BEYHO OBUXKYLLEECH N UMEHHO 3TUMU
CBOMCTBaMM coobujatoliee OBWXEHME, CKOMMAsLee, packineuBawollee aTombl,
obpasylolwee TOT UM WHOW BMA, CMOTPS MO TOMY, B Kakyld U 4epe3 Kakyt dopmy
MaTepun OHO MPOHUKAET.

B Mupe ecTb MHOro nwogen, KOTopble CNOCOOHbI BU3yanuanmpoBaTb TO, O YeM nucan
H.A.Muporos.

O. . MeHpeneeB - CTOPOHHWUK 3admpa - roBOpwus, YTO OH MNpu3HaBan BeLLeCcTBO
ahmpa no crnocobHOCTM nNpPOHMKaTbL BO BCE BeLWECTBa, JMLWEHHBIM CNOCOBHOCTU
o6pasoBbiBaTb C OObIYHBIMW aTOMaMKn Kakme-nmbo CTOMKME XUMUYECKME COEOUHEHUS.
CnepoaTenbHO, MMPOBOM 3hUP MOXHO NpeacTaBuUTb, MOAOOHO renuio UM aproHy, He
CMOCOBHBIM K XMMUYeCKMM coeanHeHnsm. OH paxe ocTaBuil MecTo B Tabnuue ang
HYNneBoro anemMeHTa, aB eMy HasBaHuW— HbloToHuW. [lpyn aToM MeHgeneeB cTaBun
BMOSTHE KOHKPETHYIO LieNb - 3aMKHYTb pearnbHYyl0 NEPUOANYECKYI0 CUCTEMY ... Npeaenom
WS TPaHbIO HU3LLEro pa3Mmepa aToOMOB.

OTn nan BMAAT MHOXECTBO ¢uryp B BuAe BpaLLaloLLMXCA KOHYCOOOpa3HbIX
cnvpanen (Buxpen, BOPOHOK). Kak npasuno, nogn BblAensoT ABMKEHNE O4HOW cnvpanu
no obpasylllen KoHyca, Npuyem 3akpyTka cnupanu maet cHadana, Hanpumep, Mo
yacoBou cTpernke. 1o Mepe QOCTWXKeHME crnvpanblo BepLUMHbI KOHYCa B 3acCTbIBLUYKO Ha
MrHOBEHbE KOHYCOODOpasHylo cnupanb BNUBAKOTCH BUOAUMbIE MOTOKWU, Yepe3 HeKkoTopoe
BpeMs cnuparnb CTSArMBaeTcs , U nocne HebonbLlUIoW naysbl Ha4YMHaeTCcs POpMUpPOBaHMNE
crnvpanu C nNeBoKn 3aKpyTKOW, N 3TO MOBTOPSETCHA B Te4EHME BPEMEHN HabNoaeHNs.
MprBOANM HekoTopble doparMeHTbI n3 canta AHpgpest 3Bepornoenesa
(zverolovlev.narod.ru/eol_200.htm), XxygoxHuka, KOTOpbIA Tak yBugen «¢OTOHbI B
TOPCUOHHOM More:
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OTn cnupanesBuaHble 06pa3oBaHMA MOryT B3aMMOLENCTBOBaTb M B3aMMOOENCTBYIHOT
mMexay coboMn.

T.e., aTm nogn BUOAT "CTpyHbl aHeprun" , npoctuparowmecs (NPOTAHYTbIE ) OT
ceBepHoro reorpacuyeckoro nomtoca 3emnu (KOXKHbIM MarHUTHBIA nontc 3emnu) K
FO)KHOMY reorpacnyeckomMy nomncy B COBEPLUEHHO BECKOHEYHOM COCTOSIHUM, N "XMBbIE",
B Buae BUXPeW. YBMOETb UX NEerko Kaxaomy, ecrnv nbiTaTbCs UX BUAOETb B MOfymMpake
KOMHaTbl. bBonee Toro, ecnv NpoTsiHYTb BNeEped pPykW, CTOA CNUHOW B HanpasreHuu
CeBepHOro reorpacunyeckoro nostoca, To BUOHO, Kak U3 KOHYMKOB MarbLeB CTPyMTCS TO,
YTO, MOCTOSHHO MPOHM3bIBaeT (U3NYECKYIO peanbHOCTb.  Ecnu npucmoTtpeTbes, To
MOXHO YBWOETb, YTO B 3TOM MOTOKE €CTb W ApYyrne BuAabl OBWXKEHUS, MPUCYTCTBYIOLLNE
OOQHOBPEMEHHO C 3TUM - C OCHOBHbIM, T. €. Kakag-TO «3Heprusi» CcCTpyuTca B
HanpaBneHUn oT CeBEepHOro reorpadnyeckoro nofca K KXXHOMY C MIOTHOCTBIO JIMBHS
CBETSALLMXCH YacTuL.

CywiecTByeT MHEHMe, YTO B CBOEW OCHOBE BCE Mbl “HepaspbliBHO” CBA3aHbl 3TMMMU
CTPYALMUMMUCH NOTOKaMK,  HECMOTPS Ha WAN3UI0  pasgeneHns. 3Ta CBSA3AaHHOCTb
OXBaTblBaeT 0OLLUMPHOE MPOCTPAHCTBO HEBUOMMBIX aCMeKTOB Ype3Bbl4aHO CITIOXKHOW, HO
aPPEKTUBHON CTPYKTYpbl Hawen sungmmon BceneHHon. [lo-BugMmomy, B OCHOBE 3TOWM
BceneHHOn nexuT nayTuHa, Bpallalwascad Ha BCEM MNPOTSHXKEHUU 6eCHUCEHHbIX
N3MEepPEeHnn 1M B3aUMOLEMWCTBYIOLWAA CO BCEMW CBOMMW COCTaBnALWMMK (NNaHeTamu,
co3Be3ausAMN, TYMaHHOCTAMU M Ap.). OTa NayTuHa CBA3bIBAET BOEOWHO MHOrOMepHoe
NMOMNOTHO (Kak ©ECKOHEYHYK Lenb), NynbCUpys XXU3HEHHOW CUMOW BCEro CyLLECTOBaHUS.
970 getanbHO onucaHo bpansHom puHoOM B ero kHure 'OddekTnBHas BeceneHHasn".

MonoTHO Hawewn BceneHHoW, B3aMMOLENCTBYIOLWEE CO BCEMU OAYLUEBIIEHHBIMU U
HeogyLleBNEeHHbIMW O00bekTaM — 3TO WHTEHCUMBHO MNepensieTEHHbIN  MHOTOMEPHbIN
nabupuHT, B KOTOPOM CTpPyHbl BceneHHonm 6GecKOHEYHO cnreTalTca U BUOPUPYIOT,
PUTMUYECKN MYNbCUPYst COrMacHO 3akoHaMm Kocmoca, obpasyda cnupanu npasoun 1 neBou
3aKpyTku no obpasyrouien koHyca . [1onoTHO Halwen BceneHHon BEYHO CyLLECTBYHOLLEE,
BesrpaHn4HO cUnbHOE, BCOOY NPUCYTCTBYOLEE, U, MOXHO YTBEPXOaTb. - BCeBMasLLee.

To, 0 4em nucan BenUKUA XMpypr n ydyeHoln H. W. TuporoB B CBOEN KHUre
«Bonpocbl x1M3HM», YETKO KoppenupyeT ¢ apeBHUMu Bepamu, rge yTBepxganocb, 4TO
MUPOM  YNpPaBnsloT  BUXPW. T e., NofIOTHO Hawen BceneHHon saBnseTcs
MHPOPMALIMOHHBIM, U1 OHO ObecneymBaeT XWMBYIO CBSA3b, MOAOEPXKMBAIOLLYIO LIENTOCTHbIN
MUP 3aBEpPLUEHHBIM N CBALLEHHbIM!

NHdopmaums obecnedmBaeT BHYTPEHHIOW B3aMMOCBA3b MNEPENnSsIETEHHbIX KBAHTOBbLIX
COCTOSIHUN.

Y4yeHble nonaratT, 4TO noboe XMBOE CyLeCTBO MMeeT CBOe MNPOLOIKEeHue B
MHGOPMAaLMOHHOM MNofnoTHe BceneHHon, unu, gpyrumu cnosamun, ®rusmyeckoMm Bakyyme,
KOTOpOE ABMSIETCS TaM ynpasnstoLwen CTPYKTYPON.

Hannuve ynpaensawwmnx CTPYKTYp B peanbHbiX 6Guonornvyecknx obbekTax
no3BoOnsieT onucatb, B YaCTHOCTWU, MEXaHW3M AENCTBUS MONen He 3NeKTPOMarHUTHOW
NPUPOAbI Ha XMBOE.

1.2. O6uweHay4Has Kateropusi UHcpopmauun.

OcHoBononarawwMm MOHATMEM B paccMatpuBaemon npobrneme saBnseTcs
obweHay4yHas kateropuys WHgopMauun. bonee [f[Byx Tbicayenetun uHdopmaums
noHMManacb Kak nepegadya COOOLUEHWA, U TONbKO C BO3HWMKHOBEHMEM KUOEPHETMKM, a
3aTeM U WHoOpMaTMKM, WMHOPMaUMO CTann paccmaTpmBaTb KakK CaMOCTOATESbHYH
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dyHOaMeHTanbHylo KaTeropuio.

B HacTosiwee BpeMs MHOpMaUUA MbICIIUTCA Hapsidy C MOHATUMEM BewecTBa U
9HEPrMn Kak BaXHeWWas XapakTepucTuka 4ernoBeyeckon aAeaTenbHocTU. [loHaTue
NHpopMaLMM MHOFO3HA4YHO N UMEET MHOXECTBO OnpeaeneHuin, packpbiBalowWwmx Ty WUnu
WHYIO rpaHb 3TOrO MOHSATUS.

CambiM  LWUMPOKMM  SIBUNOCb  MOHWMaHWEe WHopMauun Kak OTPaXeHHOro
pasHoobpasus. [og nHgpopmaumen B LUMPOKOM CMbICIie NOHUMAETCA rnaBHasa 4YacTb Unu
CTOpOHa Takoro atpmbyta matepum Kak oTpaxeHne. Ee 0cobeHHOCTb 3akno4aeTcs B TOM,
YTO OHa MOXeT OObLEKTUBM3NPOBATLCS, ONpeaMeYnBaTbCd, nepefaBaTbCcs UM BoObOLUE
y4yacTBoBaTb B ApYyrux dopmax OBWXKEHUS, KOTOpble peanuayrTcs Kak B npupoge u
obuwectBe, Tak M B coO3gaBaeMon WHPOPMALMOHHO-KMOEPHETUYECKON TEXHUKEe, B
YaCTHOCTW 3NEKTPOHHO-BbIYNCANTENBHBIX MawmHax (3BM) [68].

Takoe NoOHWMMaHWe WHOPMaUUK MO3BOMNSET FOBOPUTb O TOM, YTO MHOpMaUUs
ABNAETCA CBOMCTBOM HE TONMbKO BbICLUMX (pOpM opraHvsaumMmM matepuu, HO U CaMoro
dyHaaMeHTa Mupo3gaHus (Hapsgy C BeLWeCTBOM N SHEPIrUEN).

CoBpeMeHHbI YpOBEHb Hay4yHOro no3HaHuMs Bce 6onee nO3BONAET CBA3aTb
pasBUTUE MaTEPUN OT HEXMBOIO K XXMBOMY C MpoueccaMy OTPaXKeHUst U C HaKomMmeHnem
LeHHon nHgopmaunn. Kak atpubyt marepum, nHdopmaumsi ydacTBoBana B npoLeccax ee
camoopraHu3aumMm ” BO3HUKHOBEHWSA KMBOrO. BOMbLIMHCTBO Y4YeHbIX MpU3HatoT
MHpopMaunio pyHgaMmeHTanbHON obLueHay4YHoOn (a MHorme n unocodCKomn) KaTteropmen.
NHdopmaums asnsieTcss (pakTopom pasBuUTUS OT HUBLLIErO K BbICLUEMY, OT MPOCTOro K
CNOXHOMY B npupoge u obuiectse, YTO NO3BOSISIET MPU MNO3HAHUU OOBLEKTMBHOIO MUpa
BblAenATb MHPOPMALMOHHbIN CNOW 3HaHUS, peanm3oBbiBaTb UHAOPMALMOHHLIN NOAX0S B
NMO3HaHUN NPUPOAHBIX ABIIEHUN.

B pasBuBaemon KoHUENUMN MH(OPMALMOHHO - SHEPreTUYEeCKOro NpOoCTpaHCcTBa U
OMO3HEPronHOpMaTMKM Mbl paccMmaTpuBaemM WHgopmMaumio Kak yHOaMEHTanbHoe
nposieneHne YHusepcyma (Pusndyeckoro Bakyyma) Hapsgy c matepuen - aHepruen. B
3aBMCUMOCTM OT 0BnacTy 3HaHUN NOSABUMNCH pa3Hble ONpeaeneHus: uHgopmayus - 3mo
KOMMYyHUKauusi U cesi3b, ycmpaHsitoujasi HeorpedesrieHHOCmb, UHgopmauyus - mepa
CMpyKmMypHO20 pa3Hoobpasusi, n T.4.

B coBpemeHHOV nuTepaType ycTaHOBWUIOCH orpedeneHue, npeanoxeHHoe A.[.
Ypcynom: uHghopmauyusi - 3mo ompaxeHHoe pa3Hoobpasue mupa. B aTom onpegeneHum
He aKUeHTUpyeTCs BHUMaHWe Ha OOBLEKTUBHO CyLLEN XapaKTepucTuke MHpopmaumm Kak
TaKoBOW.

KoHuenumss BuoaHepromHgopmatuki nossonuna npegnoxute B. H. BonueHko
CneaywlWnin BapuaHT onpefeneHns: uHgopmayuss - 3mo CMmpYKmMypHO - CMbICII080€
pasHoobpa3sue u e2o Mepa. JTO onpeneneHne nNno3BonsaeT YTOYHUTbL NOHATUE MHAOpMaUnn
B MfaHe ee NposiBlieHNs Ha BELLECTBEHHOM ypoBHe. [1pn 3TOM MCXOQAT M3 nocTynara, YTo
Ka)XOAOMY BELLECTBEHHOMY SIBIIEHUIO NpeLlecTBYyeT COOTBETCTBYKLWAa uHdopmaums o
HeM. O3TO He nposiBNeHHass WHdopmMaunda, Hanpumep, HEKUA 3aKoAUPOBAHHbIN
Mbicneobpas, MNpoeKT, MHpopmMaumsa «B noTeHumane», kKak O6bl «4o BocTpeboBaHUS»,
CMbICJT KOTOPOW CKPbIT OT 4YesIloBEYEeCKOro Co3HaHuda. He nposiBneHHy uHdopmMauuio B
TOHKOM Mupe (B Pusmyeckom Bakyyme) ons Habnwogatenss U3 BeLLECTBEHHOrO Mupa
MOXHO Ha3BaTb «MHUMOW MHOPMaLMEN». YMECTHO HANOMHUTb, YTO MOHATME MHMMOCTU
B (PM3MKe NPUMEHUTENBHO K SHEPruM 1 macce 6bino NpeanoXxeHo paHee, a 3ateM pasBuUTo
A. 1. Tepneukum (1973 r.) u pganee . U. Wunosbim (1996 r.). PacwmpeHne noHATUA
MHUMOCTU TMNPUMEHUTENBHO K WH(opMaumm KaxeTtcs npuemnembiM. [lposBrneHHomn
MHGOPMaUMEn cUYMTaKT WMHGOPMaUMo, MPUCYLWylo BceM ¢opmamMm martepmanbHOro
CYyLLIeCTBOBaAHWS.

OTtobpaxeHHass  uwHdopMauus  npegnonaraetr  obbEeKT  BOCMPUATUS,  T.e.
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ocywiecTBrieHMe  MHMOPMALMOHHOIO  MAW  MHMOPMALMOHHO -  3HEPreTU4ecKoro
B3anmopencTensd. OHa MOXET pacCMaTpUBATLCS YXKE KaK SNIEMEHT CO3HaHUS, B TOM 4ncne
N CO3HaHNS YeroBeka.

Teopsiwaa wHoOpMauus CTUMYNUPYET npoLecc TBOpPYECTBAa BO BCEX €ro
NposBAeHNaxX B npupode. ATO - Bbicwasa opma UHGoOpMauumn, ee MOXHO NpeacTaBUTb
KaK CMOCOOHOCTb CROXHbIX CUCTEM K MHGOPMALMOHHBIM WU MHEAOPMALMOHHO -
9HEepreTMY4eCcKMM B3anMMOOEeNCTBUSM. TakoW Noaxod - WHAOPMAUWOHHBLIM - CTAaHOBUTCS
0COBEHHO aKTyarnbHbIM U B MpPOLECCE U3YYEHUA BO3MOXHbBIX MEXaHW3MOB HEraTMBHOIO
BNUSHMSA NCTOYHMKOB TI1 Ha YenoBeka.

[MoHsATME MHOPMaLMK, KaK OTMEYEHO BbllLe, MHOrO3Ha4HO. [Mybokoe ocMbicrieHne
MHdOpMaLNKM NO3BONSAET NPeacTaBUTb ee Kak BCceobLlimin, 6EeCKOHEYHO eanHbIN npouecc
dyHOaMeHTanbHbIX OTHOLUEHWW, CBSA3eW, B3auUMOOEWCTBMMA U B3aMMO3aBUCUMOCTEN
3HEepruun, OBMXEHUs!, Maccbl U aHTUMACChl BCEX BCTpeYaroLwmxcs Bo BceneHHoOM MUKPO - U
MaKpOCTPYKTyp. Becb Haw mMup wnH@opmaumoHeH. B paccmaTtpMBaeMOM KOHKPETHOM
cnyyae nopg vHdopmaumen crnegyet noHMMaTb CTENEHb UCKaXXEHUS CUMMETPUN OUTOHOB
MO CPaBHEHUIO C HEMOMNAPU3OBAHHBLIM COCTOSIHMEM PU3NYECKOro Bakyyma B COOTBETCTBUMU
Kak ¢ moaenbto AKMMOBA, Tak M C MOAenblo, NpeasioxkeHHon B kHure P. lNMeHpoyaa.
CTeneHb WCKaXeHusi CUMMETPUM (PUTOHOB XapakTepusyeT uandeckme npoLecchl,
npotekatowme B MoHuTope [K, 1 3aBUCUT OT BENUYMHBI NPUITOXEHHOIO Ha NEepPBOM aHoge
OJIT BbICOKOrO HanpsikeHusi, NMPOLECCOB, NPOTEKALWMX NPU OTKITOHEHUN 3NEKTPOHHOMO
nyya; npoLeccos, NpoTekarLwmx B noMmHodope, B MOBMnbHOM TenedoHe u ap.

Pooxep [leHpoys3, oguvH M3 KpynHEMWMX MaTemMaTUKOB U (PU3NKOB-TEOPETMKOB
COBpPEMEHHOCTU, NUweT o nHpopmaumm "obbldHon " n "kBaHToBOM" (Pomxep lMeHpoys
"lNyTb K peanbHOCTU U 3aKOHbI, yrnpasnswwme scerneHHon" - M.- MKeBCK: MHCTUTYT
KOMMNbIOTEPHBbIX nccrnegoBaHmin, 2007.- 912 c.)

O6blyHas nHdopMaLmMst HE MOXET pacnpoCTpaHATLCS ObICTpee CKOPOCTU CBETA,

Yyero Hermnb3s ckasaTb 0 "kBaHTOBOW" MHopmaumn. OH NULWET, YTo anuTeT "kBaHToBas"
HegoCTaToOueH Ans Toro, Ytobbl CMArYMTL accouuaumio ¢ obblbyHOM "MHGOpMaumen" u
npeanaraet HOBbI Tepmun : KBAHITIEMEHLMA - ot QUANtum mechanics

and entanGLEMENT (3anyTaHHOCTb, CnyTaHHblE COCTOSIHUS). OTO OObIYHBIA MPUEM
CO3[aHNA Hay4YHbIX WM OKONOHAYYHbIX TEPMUHOB B aHIIMACKOM £3blke. OTOT TEPMUH
accouumpyeTcs co crioBamm "KBaHToBasi MexaHuka " 1 "nepenyTtbiBaHWe, 3anyTaHHOCTbL",
N Kak Obl BblpaXaeT CyTb NOHATUSA. KBaHrmemeHumMss uUMeeT MHOro obuiero ¢ obbli4YHOM
MHopMaumnen, Ho 3TO He uHpopmaumsa. "OTO O4YeHb TOHKMA BOMPOC,- NMpoporkKaeT
[MeHpoy3.- 1 B HEKOTOPM  CMbICfie KBaHTOBas Tenenoprauus  KpuTuyeckum obpasom
3aBUCUT OT CBOWCTB 3TOM KBAHIMEMEHUUM U €€ CBA3KN C 0Obl4HOM MHopMaUmen.

B cnaBsAHCKUX A3blkax HET NOKa afeKBaTHOro CroBOCOYETAHUS OIS BbipaXXeHUSA NOHATUA
"kBaHTOBasi WHQopmauma ", N, cKkopee BCEro, HaMm MpPUOETCA MCNOoSb30BaTb TEPMUH
"kBaHrnemeHuma". B ganbHenwem nog TepMuHOM " MHpopMauusa " cnegyeTt noHMMaTb
"kBaHTOBast MHopmauma".

B ocHoBy pasBMBaemMoro B [JaHHOW KHUre HanpasfeHusi MNOSIOKEH Te3nc O
rmaBeHcTBe B [lpypoge oOwmx reomeTpuyecknx Hadan. KoHkpeTHble dum3nyeckme
o0bekTbl BCerga WMMEKT peanbHO cyulecTByowme dopmbl. B dusndeckom cmbicne
NOHATNE «(POPMbI» MOXET ObiTb UHTEPNPETUPOBAHO KAk MHGOPMaLMOHHAs CTPYKTypa,
rpaHuLbl, 4ENCTBUS KOTOPOW 3aBUCAT OT NPOCTPAHCTBEHHbLIX OCODEHHOCTEN KOHKPETHOrO
obbekTa.

A NocKonbKy MHopMauusa He msnyeckas, TO MOXHO paccyXaaTb O nepefadye ee
c nobor CKOpOCTbIO M Ha ntobble paccTosiHusA. BmecTe ¢ Tem, paccmatpmBasl ee Kak
CBOMCTBO KOHTUHYyasibHOM CTPYKTypbl Mupa, Ha cerogHsilUHMW AeHb MoKa HEBO3MOXHO
cKkasaTb, Kakmm o06pa3oM MpoOUCXOAUT YYET BIUSHUS W3MEHEHUSI TEOMETPUYECKUX
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OTHOLWUEHUN B foKanbHOW obnactv oOLiero KOHTUMHyyMa Ha YCroBWUSA reoMeTpUYeCKnX
CBSI3eN B ApYron nokanbHon obnacru.

Ncxons m3 aToro, MOXXHO rOBOPUTL, YTO U3MEHEHUE reOMETPUYECKUX OTHOLLEHUI U
npasur, NO KOTOPbIM CTPOATCA OTHOLIEHUS (MHpOpMaLUUOHHAA Mepa), MOXET NPUBECTU K
9HEpPreTM4eCcKMM U3MeHeHuaM. [log 3HepreTM4ecKUMM U3MEHEHUSIMU  MOHMMAKOTCS
N3MEeHeHNsa reoMeTpun MHoroobpasusi, BOCNpUHMMaeMble HaMu Kak BELeCTBO W More BO
BCEX WX pPas3HOBUOHOCTSAX M KOMOMHauusax. T. 0., uMHopmauuss MOXET MopoxaaTb
n3meHeHna sHepretTukn. OgHako, MHOPMaLMS He TOMbKO Lenb, HO U NpaBusia urpbl, no
KOTOPbIM NPOUCXOOUT pacnpegeneHme aHeprum B cucteme. Urpa 6e3 npasun - He urpa, Ho
n npasuna 6e3 urpbl - HUYTO. BOT B 4YeM MNpOSIBNAETCS B3aMMOCBA3b WHOpMauun wm
3Heprun. Ecnu 3Heprust - CBOMCTBA reOMETPUYECKOro KOHTMHYyyMa, TO MHdopmauus -
npasuna U3MeHeHMs U TPaHCIALMM CBONCTB C LIESbio NOoMy4YeHUs HOBOM MHGOpMaLnK.

ABTopbl nybnukaumn [15, 16], wccnegosaBluMe BNUSHUME OPM  3aMKHYTbIX
NPOCTPAHCTB pas3HOM reoMeTpuM Ha U3NOMNOrMYECcKoe COCTOSIHME pacTUTENbHbIX
OpraHuM3MoB, npocneaunu nyTb OPMUPOBAHNA, QYHKLMOHUPOBAHUS WU MNPOLECCHI
nepenayu MOpP{OoreHeTn4eCcKon nHdopMaLun. Ncecnepys NPOCTPaHCTBEHHOE
dopMUPOBAHMNE B XXMBOW U HEXMBOW NpUPoAE, OHU OBHaPYXUIK, YTO CKOPOCTb M Ka4yecTBO
npoueccoB MeTabonuama CyLLECTBEHHO 3aBUCUT OT (OPMbl BHELLUHEro 3KpaHa,
cosgaroLero «3addekT opmM». ITO HABENO UX HA MbICIb O BO3MOXHOCTU HaXOXAEHUN
NCTOYHMKA MoporeHeTn4eckon MHdopmMauum BHe opraHmama. Mimeetcsa HacTosiTenbHasd
HeobXo4MMOCTb OMMCaHUS MPOLIECCOB nepefadn, XpaHeHuss M obmMeHa TOPCUMOHHOWM
UHopmaunen mexay nonb3osatenem K n MoHUTOpOM, Mexay SOPOM KIETKUM W
UMTONMIa3MoOn B TepMUMHAX M TMOHATUSX Teopun uHGOPMaLMK, T.K. M3BECTHO, YTO
O[HOBPEMEHHO Kaxasi KneTka yerioBeka «nutaetcsa» MHgopmaumen Tl okpyxarowero
NpoCTpaHCTBa. YCBOEHWE WHMOPMALMOHHbBIX MOTOKOB MOAAEPXMBAET B KNETOYHOM
NPOCTPAHCTBE  YenoBeka  YCTOMYMBYIO  WH(POPMAUMOHHO -  3HEpreTU4ecKyto
HepaBHOBECHOCTb.

OKcnepuMeHTbl, NpoBeaeHHble B Poccun n YkpauHe, nokasanu, 4to Tl BO3HMKAOT
He TONbKO 3a CYET Monspu3auun Bakyyma M ClmMHa drieMeHTapHbIX YacTul, HO Takke U B
pesynbTate BpalleHMs MacCuMBHbIX Ten. Ecnu Teno paBHOMEPHO BpallaeTcsi BOKPYr
cobCcTBEHHON OCK, Be3 HyTauuu K npeueccun, To BO3HUKaeT cTaTudeckoe TI1, rpaHuua
KOTOPOro NeXUT 3a npeaenamMmu rpaHuny, Tena - UCtodHuka TT1.

Ecnn ocb BpalweHuss uCNbITbiIBAE€T OTKMNOHEHUs,, TO NPOUCXOOAUT reHepaums
TOPCMOHHbIX BOJH.

TOPCMOHHBIE BOJSHbI PACNPOCTPAHAKTCA BOOSMb AMAaMETPanbHO MPOTMBOMNOSTOXHbBIX
TPAEKTOPUI, HO UX MHTEHCMBHOCTb He ocnabnsaercs 3aMeTHbIM 06pa3oM C pacCTOSTHUEM.
Mo cnoBam AkMmoBa, OOBACHUTL 3TOT 3APGEKT TPYAHO. BO3ZMOXHO, YTO MHTEHCUBHOCTb
nonsi He 3aBWCUT OT PacCTOsSHUSA, NIMBO OHO He pacnpocTpaHsieTcs, NMnMbo MowHocTb TI1
OvYeHb Mana, nubo 3aecb OeNCTBYET TPUITEPHbIA MexaHw3M, NogoOHbIM KBAaHTOBO -
MEXaHN4YEeCKNM Nepexodam Tuna «BCe MUnn HMYeroy. B obuem, NocKomnbKy MCTOYHMKOM TT1
CNYXWUT KIaCCUYEeCKUA CMNUH WU YrnoBOW MOMEHT, OHO OyaeT BO34enCTBOBaTb Ha
00bekTbl, obnagatoLme CnMHOBOW CTPYKTYPON NTMOO MEXaHUYECKMM MOMEHTOM.

Apyras ocobeHHocTb TI1 aHanornyHa ceBoncTBaMm peppoMarHeTukoB, KOTOpPble
COXPaHSAT OCTaTOMHble MarHUTHbIE  XapakTEPUCTUKM NOCNe  OTKIOYEeHUs  ToKa,
BbI3blBAOLEro MarHMTHoe none. AHanorMyHbiIM obpa3oM, Kak YCTaHOBIIEHO, noche
OTKITHOMEHUSI TOPCMOHHOIO MCTOYMHMKA COXPaHSAETCS «OCTaTouHasa nonapusauuns», KOTopyro
MOXHO 3aperucTpupoBaTb KakK KnacCU4eCKUMW CNUH B BeLlecTBe, a Takke B (PU3N4eCckom
BakyymMe. OTO O3Ha4yaeT, u4To reHepartopbl TI[1 obGnagawT CBOWCTBOM OCTaBNATb
COBCTBEHHbIN crnef B CTPYKType TBepAbIX Tes, Haxoadawmxca nobnunaoctu. AcHo oTcroaa,
4YTO NOCKOSNbKY Ntobble BUAbI BELECTBA COAepXaT CNMHUPYOLWMe YacTuubl, opbuTtanbHble
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9NEKTPOHbI N MOSIEKYMbI, Y HUX €CTb BHYTPeHHWe TI1, KoTopble NONAPU3YHOT BOKPYr HUX
csBoboagHoe npocTpaHcTBO. Kak OyoeTr nokasaHo, 3T (paHTOMHble nons 6Gonblue Ans
OopraHM4yeckux Mosnekyn. B HeKoTopbIX cryyasx aTu BHYTPeHHWE (PaHTOMHbIE MOt MOXHO
3apernctpupoBatb Ha oTtorpadmyecknx amynbcusax. OTO HeoOblMHOE noBedeHue
doTorpadunyecknx nneHoK Bnepsbie ObINo oTMeveHo okono 50 net Haszag A. Abpamcom
(Abrams) [109]. CBeTo4yBCTBUTENBbHBIE 3MYILCUN U XUOKOCTU NPOSABNSAT TEHAEHLUMIO
obpas3oBbIBaTh CNNHOBbLIE KNacTepbl U MPOCTPAHCTBEHHYIO NONSPU3aLmIo.

PnNTOHHaAss MoAenb KBAHTOBOro Bakyyma, npeanoxeHHass A.E.AKMMOBbIM, He
NPOTUBOPEYNT COBPEMEHHON napagurme qyHaamMeHTasnbHbIX B3aMMOLENCTBUN, HO
Nno3BoOSIiET BbLINTM 3a €€ rpaHulbl, BBOAA HOBbIA, NATbIA TUM (yHOAAMEHTamNbHbIX
B3anmopgencTesun - Tl. B pamkax 3aTon Mogenu ygaetcs C eAuMHbIX KBaHTOBO-BaKyyMHbIX
no3numm npeanoxnTb YHUPULMPOBaHHYO NHTEpNpeTaLnto rPaBUTALNOHHBIX,
9NEKTPOMArHUTHbIX WU TOPCUOHHBLIX B3aumogencTBuin. Bonpoc o cnabblX M CUNbHbBIX
B3aMMOOENCTBUAX OCTaeTcs Mnoka OTKpbITbIM. PUTOHHas Mogenb O3Hayaer, T. O.,
NPUHUMNWANBbHO HOBLIM MOAXOA4 K pPeleHuto 3agadn  OWHWTENHa - CcOo34aHuio
obbeguHeHHOW  TeopuuM  dPyHOAMEHTamnbHbIX  B3aUMOAEWNCTBUMN. OTnnumntenbHas
BO3MOXHOCTb 3TOro noaxoga COCTOMT B TOM, 4YTO OH [MO3BOMSAET Npeasioxutb
OpraHM4yecknin cnHTe3 0b6enx TeOpPETUHECKNX MOAENEN - FeOMETPUYECKON 1 noneson [36].

B panbHenwem Mbl UICNOMb3yeM TOPCUOHHYIO Mogerib Pnanyeckoro Bakyyma ons
obbsicHeHMs1 ocoboro Tuna B3aMMOOENCTBUA MeXay OObekTaMn XUBOWM U HEXUBOW
npvpoabl.

C nposiBneHnem pasnuyHbiXx cBoUcTB TI1 Hayka cTtankmBanacb AOBOSbHO 4acTo, a
Habnogatoweecss MHoroobpasune noaxoaoB K NOCTpoeHuto Teopumn Tl roBopuT 0 TOM, YTO
Teopus elle ganeka OT COBEpLUEHCTBA.

NHutepec k TI1 ocobeHHO BO3pOoC B nocrnegHee BpPeMsl, O YEeM CBUOETEMNbCTBYIOT
MHOrovncreHHble nyénmkauumn, KoHepeHuun n nyénuyHele nekumn. B 1-on gekage vong
1998 r. npowen lMepBbii MexXayHaApPOaHbIN KOHrpecc «buoaHepronHgopmatmka (MfopHbIN
Antan, Poccns)», rge 6binm 3acnywaHsl Joknagbl U coobueHns no gusmke, TeXHUKE U
npumeHeHnto TI1.  MexgyHapooHaa Hay4YHO-MpakTudeckas KOHdepeHumst "OcHoBbl
¢1M3M4eCcKoro B3anMoLencTBns : Teopus 1 npaktuka" 6eina nposeaeHa B Kuese B anpene
2008 r. (http://www.spinor.kievua) , a B aBrycte 2009 r. B . Coun cocrosanacb
MexayHapoaHaa HaydyHas KoHgepeHums  "TOpCUMOHHbIE Monst U MHPOPMAaLMOHHbIE
B3anmopencTena",nocesilieHHasn namatu A.E.AkmmoBa (http://www.second-physics.ru/node/23 ).
lll-a  mMexgyHapogHas HaydYHO-MpakTuyeckas KoHepeHuus "TOPCUOHHbIE MONs U
MHPOPMAaLMOHHbIE B3ammogencTeusa” Tobina nposegeHa B MockBe B ceHTabpe 2012
(http://www.second-physics.ru/node/29 )

3a pybexom Bbiwna kHura The field of rotating masses by Vincent Reddish, npodeccop
acTpoHOMUWN YyHUMBepcuTeTa JaumHbypra, kHura [lerm ®enukc [Labpo - OneraHTHoe
obpeTeHmne cunbl. ABonNUUa co3HaHna ( www.auracom.com/~dpl)

OueBungHoO, 4TO BMepBble NonyyYyeHHble Ha pybexe 80-90-x rogos pesynbraTbl U UX
3Ha4YeHune eLé NorHOCTbI0 HEe OCMbICNEHbI . OHK XAyT AanbHenwen pa3paboTkm 1 UMeoT
BonbLWon NoTeHUWan asns co3aaHus Lesnoro cnekTpa TEXHONOMMM HOBOIO NOKOSIEHUS.

TOpPCMOHHBIE TEXHONOIMK - TexHorormm XXI| B. - OCHOBLIBAKOTCA Ha UCMNOSIb30BaHUN
Tl Kpy4eHunsa - HOBOro, XOTS BCErda CyLeCTBYHOLEro B Npupoae, HO ManouccregoBaHHOro
TMNa NHPOPMAaLMOHHBIX MOMEN.

Bce 06beKkThbl XXMBOW M HEXMBOW NPUPOAbl MHOYLMPYIOT B (OM3MYECKOM Bakyyme U
Kak Obl BblpaxaeT CyTb MNOHATMSA. KBaHrnemeHumss mmeetr MHOro obuwero ¢ obbl4HON
WHOpMaunen, Ho 3TO He uHpopmaums. "OTO O4YEeHb TOHKMMA BOMPOC,- NMPOAOIKaeT
[MeHpoy3.- 1 B HEKOTOPM  CMbICIie KBaHTOBas Ternenopraumst  Kputudeckum obpasom
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3aBUCUT OT CBOWCTB 3TOM KBaHIMEMEHUUN U ee CBA3KN C 0ObIYHOM MHPOopMaLmEN.

B cnaBsHCKUX si3blkax HET NOKa afeKBaTHOrO CrOBOCOYETAHUSA ANSA BblPaXXEHUSA NOHATUSA
"kBaHTOBasi uMHopmaums ", n, ckopee BCEro, Ham MPUAETCA MCMNONb30BaTb TEPMWH
"kBaHrmemeHuus". B ganbHenwem nog tepMuHoM " MHopmaumsa " criegyeT noHMMaTb
"kBaHTOBasi MHopmaums".

TI nepeHocAaT nHpopmMaunio 0 Npoueccax, NpoTekarLwmx B drU3myecknx odbekTax.
Tl He nornowakTca cpefamu, Tak Kak MMEKT He 3reKTPOMarHUTHYI NpUpOoAy, XOTS
BO3HMKAIOT, Hanpumep, opHoBpemeHHo JMI1. Cpegun 6Gasupyrowmxca Ha Teopum T
nporpamMm, Kotopble MoOryT ObITb peann3oBaHbl B Heganekom Oyayuiem, ecTb nporpammbl
NO WCCNEedoBaHUIO MyTen CO34aHUs JKOMOTMMYECKM YMUCTbIX, pecypcocbeperaroLmx
TEXHOMOMN, cuctem n CpeacTs HeTpaauLMOHHOIo BbICOKO3(P(PEKTUBHOIO
3HeproobecneveHns, nNo m3y4yeHuto Bosgenctems Tl Ha cBonMcTBa MarepuanosB C LENbIo
pa3paboTkn TexXHONorMm npou3BOACTBA MaTepuarnoB C 3afdaHHbIMWM  CBOWCTBaMW,
Npon3BOACTBY TOPCMOHHOIO 0BopyaoBaHWS ANs APYrnx oTpacren HapO4HOro XO3SNCTBa,
MOBBLILEHUID  YPOXAMHOCTU  CENIbCKOXO3ANCTBEHHbIX  KYyNbTyp UM NPOAYKTUBHOCTMU
XMBOTHOBOACTBA, YBENMNYEHMIO CPOKOB XpaHEHUsi MPOOOBOSIbCTBEHHbIX TOBAapOB M psana
APYrux TEXHOSOMMA N CUCTEM, CPeACTB, obecnednBaroLLmnx CoOXpaHeHne cpeabl 0butaHus m
paunoHanbHoOe UCMorb30BaHNe NPUPOAHBIX PECYPCOB.

[locToBepHble pe3ynbTaThl 3KCNEPUMEHTarbHbIX UCCIIeA0BaHUM U UX peanuiaums B
HEKOTOPbIX 0BnacTsxX TEXHUKM U NMPOU3BOACTBA (Hanpumep, 3KCNepUMEHTbI, NokasasLune
cyliectBeHHoe BnvsiHue Tl Ha NoBbIWEHWE MPOYHOCTM U NAACTUYHOCTU CTanun, CUNyMmnHa
n Oop.) NOATBEPXKAAKT BO3MOXHOCTb 3P(PEKTMBHOIO NPUMEHEHNS TOPCUOHHBIX TEXHONOMNI
B pasnun4yHbIX 0bBnacTax npakTudeckon gearenbHocTyn [3].

CosgaHue reHepatopoB TI1 (nonen, nNOpoXOaeMblX KIACCUYECKMM CMUHOM) U
3KCnepuMeHTanbLHoe NoaTBepXAeHWe CMMHOBOW nonspusaumm Bellectsa npu OencTBUK
Ha BELWEeCTBO TOPCWUOHHbLIX MOMer MO3BOMWUMAO CO34aTb OCHOBbI MeToda W3MEeHeHWUs
XapaKTepuCTUK MaTtepuanoB MpU MUCMNONb30BaHUM TOPCUOHHLIX BO3O4EWUCTBUMA Ha HuX. B
3TOM CriyYae W3MEeHeHue CMNUHOBOW CTPYKTYpbl BellecTBa peanusyetcs 4Yepes
WHPOPMALMOHHOE BO3AENCTBME, a He JHepretTmyeckoe. JKcnepumeHTanbHO Obina
nokasaHa BO3MOXHOCTb MPW UCMOMb30BaHUM XapaKTEPUCTUYECKUX TOPCUOHHBIX CMEKTPOB
N3MEHSTb TUMN KPUCTanM4YeCcKon pelleTku ChnaBoB, noryvyatb aMmopdHble meTansbl 6e3
NCNONb30BaHNS CBEPXObLICTPOro OXSaXAEHUs, U3BMEHATb CTENeHb ANCNEePCHOCTU CMiaBoB
N, B pesynbrate, U3MEHATb UX MPOYHOCTb, MIIACTUYHOCTb, KOPPO3UMHYKD CTOWKOCTb W
apyrme  U3NKO-XMMUYECKNEe XapakTepucTuknU. [lonydeHHble pesynbTaTthl NO3BONSAIOT
0DOOCHOBaAHHO NPeanosioKNTb BO3MOXHOCTb M3MEHEHUS (PU3NKO-XUMUYECKUX CBOWCTB
KEpaMWnKn, CUHTETUYECKUX W ApYrMx matepuanoB npu OEWCTBMM Ha HUX TOPCUOHHbLIX
nonewn.

OgHako ogHMM M3 [MaBHbIX HanpaeneHuri wuccrnegosaHust TI ecTb meguko-
buonornyeckoe, Tak Kak TOPCUMOHHbIE TEXHOMOMMU MNPOSIBNSAIOT OMNpedeneHHy CTeneHb
arpecCcMBHOCTM MO OTHOLLEHUIO K YESTOBEKY.

O6waga koHuenuna B3auMoaencTems CNMHOPHO-TTT € XXnBbIM BELLECTBOM, BKOYas
3pbbekTbl XMpanbHOCTU (CTEPEONPOCTPAHCTBEHHOM CTPYKTYPbl OPraHUYecKnx MOreKyn),
renIMoKOCMNYECKOro MMMPUHTUPOBaHNA nNpuBeaeHa B pabote [33].

MoHaTHe «TIMM» UMeeT WNMPOKNA CREKTP MPUMEHEHUS: NO4 HAM MOHUMAOT U NoNs,
obycrnoBneHHble reomeTpudeckon oopmon Ten (nosne BHyTpM npegmeta, obbekta n gap.), u
nanyyenms [T13, n TOPCUOHHbIE KOMMNOHEHTbl 3OMW TeneBM3opoB, MOHUTOPOB
nepcoHanbHbIX KoMmnbioTepos ([MK) 1 apyron anekTPOHHON TEXHUKM.
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1.3 OcHoBHble nonoxeHusa KoHuenuuun TI B o0630pe Hay4yHOM
nutepartypbl.

B. ne Cabbata u K. BueapaH B XxypHanax «Hyoso YumeHTto» (1989 r) u
«UHTepHewHn [xopHan odp Teopetmkan dusmke» (1990 r.) coobwatotr o HabniogeHum
CUMbHBLIX CMWH - TOPCUOHHLIX B3aUMOOEWCTBUMA MPU  pacCedaHUn MonApu3oBaHHbIX
NPOTOHHbIX NMYYKOB 1 06 0OHAPY>XEHUN TOPCUOHHbLIX B3aMOLENCTBUN KakK NATON CUTbI.

B 1976 r. A. Tam n B. Xannep oO6GHapyXunu, 4TO NpU MNPOXOXAEHUN ABYX
NoNsApu3oBaHHbIX Nas3epHbIX MNYYKOB 4Yepe3 napbl aTOMOB HaTpUs  3TU  MNy4YKU
NPUTArMBAKOTCA, €CfnM  OHW  MONSAPM30BaHbl  OOMHAKOBO, W  OTTaNKMBawTCA Npwu
NPOTUBOMOSIOXHON NONApU3aLmn.

M. Hank n T. NpagaH o6bsacHUAM 3TOT ahpekT akcmanbHO-BEKTOPHLIM TOPCUOHHBLIM
B3aMOOENCTBUEM.

CnuHOpHOE B3aMMoOOeEWCTBME SOep aToOMOB B KBAHTOBOM  XXMAKOCTU -
nonspusoBaHHoM renuu - Habnganu M. Jlegiok n b. KactaH («J1a Peyepu», 1988 r.). X.
Xanacaka un C. Takeyunm oOHapyxunm M3MEHEHME BecCa BpaLLalLMXCA TMPOCKOMOB
(«dPunsunkan Pesbto Jlettepc», 1989 r.). MNMpunuem adpbcbekT Habnoganca ToONbKO B criydae
NpaBoro BpaLleHNss TMPOCKOMNOB. OTOT rMpocKonuyeckmui acbdekT Habnoganca n apyrmmm
asTopamu (H. A. Kosblpes, C. M. n O. C. lNonskosbl, V. Akupa v ap.).

lMepeyeHb aKcnepuMMeHTanbHbIX pPaboT, B KOTOPbLIX MOMyYeHbl ybeauTenbHble
AoKasaTenbCTBa CYLECTBOBAHUA MATOro (pyHOaMEHTaNbHOMO B3aUMOAENCTBUS, MOXHO
NPOLOIMKUTD.

B WHctutyTe npobnem matepmanoseneHus (r. KmeB, YkpawHa) npoBOaUnMCb
nccnefoBaHUs BO3OEUCTBUS CMUMHOPHLIX U3MNYYEHUM Ha MNpouecc Kpuctannusauuui npu
OCTbIBaHMM pacnnaBa MeTanna, KOTopble MoKasann YeTKO BblpaXXeHHble CTPYKTYpHble
N3MEHEHNs MeTanmoB, N3MeHeHne X PU3NYeCKMx CBOUCTB.

B otyete ['ocynapcTBeHHOro YHmMBepcuTeTa TenekoMMyHukaunm nmexHn npod. M. A.
Bonu-bpyeBnya (. Cankt - [letepbypr, Poccusi) ykasaHo, 4TO OOHapyXeH OTKUK
dopmoobpasoBaHNa MUKPOKpUCTanna B CUITbHOM 3NEKTPUYECKOM norne Ha TWU.

B UYepHoBuukom [ocynapctBeHHOM YHuBepcutete (YKpauHa) wuccrenosanucb
npobnembl cosgaHus peructpatopoB TU n BnvsiHMe 3TUX M3NyYEHUN Ha OOBLEKTbI C
N3MEHSIOLLMMUCA COCTOSIHUSIMW MarHUTHOW nogcucteMbl. Bo Bcex criydasdx nonyveHsbl
NONOXMUTESbHbIE pe3ynbTaThl.

N ewe oanH ot4eT - 0 paboTe, BbINOMHEHHOW B VIHCTUTYTE MeanUMHCKMX npobnem
Cesepa (r. KpacHosipck, Poccus).

ABTOpbI OTHETa NPULLNU K CrneayoLwmnM BbiBOgAM:

«YcTaHoBrneHo, 4to Bosgencteue Tl Ha opraHu3m 4venoBeka W B3BeCb NMMEOUNTOB
nepndeprny4eckon KpoBM Bbi3bIBAET U3MEHEHUSA BHYTPUKIETOYHbIX OOMEHHbIX NMPOLIECCOB,
3aBuUcsLLME OT MHOMBMAYASbHbIX OCOOEHHOCTEN perynduun opraHuamay. B pabote [33]
OonucaH psi 3KCMepUMEHTOB, MPOBOAMBLUMXCA nog pykoBoactBoM B. [1. KasHayeeBa B
TeueHne 40 net B IHCTUTYTE KNMHUYECKOMN 1 aKcnepumeHTaneHon megmuniel CO PAMH u
MexagyHapogHom HWW  kocmuyeckon aHTpornonormm Mo U3yv4eHUo B3avMoOenCTBUA
dmamyeckmx, B ToMm yucne u TI1, ¢ Buonornyecknmmn obbektamu: Knetkamm, baktepmsaMmmn um
Ap.

YKa3blBaeTcsl, YTO CKOHCTPyMpOBaH reHepaTtop, OnucaHHbin B pabotax A. E.
Aknmosa, I L. WUnnoBa n gp., KOTOpbIN n3rnyvyaeT apupHoO-guHamudeckune notokm TI1.
Ecnn Takon reHepatop paboTaet B pexume «nesbix» Tl (3dmpHbIA NOTOK 3aKpydnBaeTca
BNEeBO - MNPOTUB 4YacOBOW CTPEerku), TO TKaHeBble KyrnbTypbl (3TO KNETKN 4YenoBeka)
HaYMHAOT aKTMBHO Pa3MHOXaTbCH, B TO BPeEMS Kak CMHTe3 6enka v nonucaxapmgos naet
HOpMarbHbIM MOPSAKOM.
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[Mpn N3MEHEHMM peXnMa reHepaunm Ha NPOTMBOMOSOXHbBIA MUTO30B HET, HO CUHTE3
Genka B KneTkax, akTMBHOCTb MX FEHOMOB HEODObIYaNHO BbICOKM BO BCEX Cry4vasiX.

OTMeyeHo, 4TO uccregoBaTenu CTOMKHYNUCL C 3P(EeKToM CyLeCTBOBaHUSA B
opraHusame 4ernoBeka Heu3BeCTHbIX WM OGapbepHbIX MeXaHU3MOB, MPENSTCTBYHOLNX
BHEOPEHUIO HOBOM WHGopMauum nocpegctesom TI. Pedb uoetr o0  «TOPCUMOHHOM
UMMYHUTETEY» OpraHn3mMa.

Casenun Cassa (USA, California, Monterey Institute for the Study of Alternative
Healing Arts (MISANA) Carmel), B cBoen pabote [77], nocesiweHHoM npobrneme
BGuonormyeckoro nons, CYMTaeT, 4YTO (PMU3MYECKMM HOCUTENEeM €ero AOMKHO ObITb, NO
MEHbLLEN Mepe, OOHO HEM3BECTHOE B HacTosLlee BpeMda pyHOaMeHTanbHoe omsnyeckoe
nomne, KOTOpoe MOXET B3aMMOLENCTBOBATb C M3BECTHbIMU (byHAAMEHTaNbHbIMU NOMSMMN:
rpaBUTaLMOHHBIM U NEKTPOMAarHUTHbIM.

3aBucmmocTb MopganbHocTM TW  OT nopsigka codveTaHuss MPOCTPaHCTBEHHO
pasfeneHHbIX BeLlecTB MH(OPMaLMOHHOM MaTpuubl, pacnpocTpaHeHne TOPCUOHHOWN
KOMMOHEHTbI N3NYyYeHNs KBAHTOBbIX reHepaTopoB NpuBeaeHbl B [3].

1.4 Mogenu nonsipusoBaHHbIX cocToAHUN Pusndeckoro Bakyyma n TI1.

B coBpemeHHOM husmnke ucnonb3yotca pasHble mogenn dusmyeckoro Bakyyma
(Hanpumep, Bakyym YpHy, Bakyym bynbBapa v Ap.) M KOHUENuuW, CBsI3aHHbIE C €ro
nonspusaumen. mMnNotes ovYeHb MHOro, W Kaxgass M3 ruMnotes MMeeT npaBoO Ha
CyLLeCTBOBaHME, TaK KaK MbiTAeTCA BbICBETUTb €CNU He BCKO Npobremy, TO XOTS KaKyto-
HMOYQb ee 4YacTb. B 3TOM M COCTOUT LUEHHOCTb HayyHOro noucka. Tak, B pabote [71]
paccMOTpeHbl BOMpochkl nonspusauun dusmdeckoro Bakyyma npu BO3OeCTBUM BOJSTH C
NpPOAOSIbHON KOMMOHEHTON 3MEeKTPMYECKOro Mofis M BO3HMKHOBEHME 3TUX BOSIH MpuW Tak
Ha3blBaeMOM MNIia3MeHHO-BaKyyMHOM 3pdekTe.

Henb3sa He ynomMsHyTb O wMogenu npoctpaHcTBa (Pusmyeckoro Bakyyma),
npeanoxeHHon Bnagumuvpom JleoHOBbLIM, KaHOMAATOM TEXHUYECKUX Hayk (K. T. H.),
naypeaTtom npemuun npasutensctea P® B 06rnactn Haykn 1 TEXHUKN.

Ecnu mbl roBopuM 0 CTPYKTYpe Kakoro - nnbo cpuanyeckoro obbekra, 0 TOM, Kak OH
YCTPOEH, TO QOMKHbI AaTb ONpeaeneHne ero aneMeHTapHon a4venke. [ns marepmanbHblX
Ten - 370 aToM, Mernbyaunlas YacTuua BelwecTBa, COXpaHsawwas ero csouctea. [Ans
9NIeMEHTApPHON  A4YerKM MNPOCTPAHCTBA MNOKa  OOLWENPUHATOrO  Has3BaHWA  HET.
MaTtemaTuyeckas Monenb afieMeHTapHoON SAYENKN npocCTpaHcTBa JleoHoBa
XapaKkTepmnsyeTcs 4YeTblipbMsa (PU3MYECKMMWU 3apsigamMu - OBa JreKTpuyYecknx (nnwc -
MUHYC), U OBa MarHUTHbIX (CeBep - tor). TN 3apaabl pacronoXeHsl B hopme TeTpasgpa,
e areKTpUYEeCKne N MarHuTHble OCU NepPneHaVKYNAPHbI ApYyr OPYrY.

T. 0., MOAEenNb BKNOYaET Kak (PU3NYECKNn, TaK N reOMEeTPMUYECKUI acnekTbl. JleoHoB
Ha3Ban ero reoMeTpu4ecKnin KBagpynorsib, rae 3feKTPUYEeCTBO U MarHETU3M COEANHEHDbI B
eaunHyto vyactuuy. CnegyeT OroBOpuUTbLCS: MateMaTtuyeckoe MoaenmpoBaHne Kakoro - nmbo
SIBNEHNS BOBCE HE rapaHTUPYET, YTO Takoe siBfieHne OeNCTBUTENbHO MMEET MECTO, HO OHO
3acTaBndeT OpYyrux muccrniegoBaTenen Mckatb OOBOAbI «3a» W «NPOTUB» U OOBEKTUBHO
paclmpsieT rpaHuubl no3HaHHoro. Kak rosopmn Kanuua, onbiTHbIE 3KCNepMMeHTaTopbl He
AOBEPSIOT TeopeTMKam

Mo JleoHOBY, nNpwW CTOMKHOBEHUM [ABYX 3feMEHTapHbIX YacTuy, MWMeRLmMX
NPOTUBOMONOXHbIE 3apsidbl, HANPUMEpP, ANEKTPOHa N NO3UTPOHA, NPOUCXOOUT He TOJSIbKO
aHTUIMNSAUNOHHBLIN B3pbIB, Nopoxaawwun ¢(oToH, HO M obpasdyeTcs HoBasi 4yacTuua,
KoTopas, Oyaydnm 3atem «OonnodoTBOPEHHOM» nobon fpyron 4Yactuuen ¢ 6onbLiown
3Hepruen, BocrnpomsseneT (MaTtepmannayeT) aNeKTPOH U NO3UTPOH.
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MoOXHO NpeanonoXuTb, YTO NPW CTONKHOBEHUM [OBYX 3N€MEHTapHbIX 4YacTu,
MMEeLWNX NpPOTUBOMONOXHbIE 3apsaabl, o0pa3yeTcda HoBas uvactvua, 4Bnsiolaacs
«NflaHOMY», «MaTpuueny martepuanu3aumm u3 Bakyyma (T.e. cofepawasica Tenepb
WHpopMaumnio B He MNPOSABMEHHOM BMAe, 9TO WHOpPMauUMa «B MOTeHuuane», B
3aKogMpPOBaHHOM BUMAE, CMbICIT KOTOPOW CKPbIT OT 4esioBe4eCcKoro co3HaHusd). JleoHos
paccmaTtpuBaeT ee (MHopmMaumnio) Kak 3HEProMHAPOPMAaLMOHHBIN BUT. OTa nHpopmaums
npucyla a priori Bcem anemeHTam Mupa kak ero pasBopavmBaoLMncs NoTeHumanbHbIN
YPOBEHb.

WccnepoBaHnd, cBsidaHHblE C U3YyYEeHMEM efuHOro u3nyeckoro NpocTpaHcTBa -
BPEMEHM MUKPO - 1 Makpomupa nossonunu B. C. CmupHoBy (r. CaHkT-lNeTepbypr, Poccus)
BbIABUHYTb MMNOTE3Y, COrfacHO KOTOPOW OTOH npeacTaBnsaeT cobor SneKTPOHHO-
NMO3UTPOHHYIO Napy, 06beaUHEHHYIO B eQMHOEe MPOCTPAHCTBO (Tak Kak )OTOH BO3HMKaEeT
NpY  aHHUTUASUMW  3EKTPOHa U No3uTpoHa). Mexay OneKTpOHOM U NO3UTPOHOM
NMOCTOSIHHO MPOUCXOASAT KPYroBble BO30OHOBMSieMble npouecchl. PacyeTbl NokasbiBatoT, YTO
KOMMNTOHOBCKasi AfIMHA BOSIHbI 3fEeKTpOHa paBHa AfiMHEe BOSHbl (DOTOHA, MOCKOMbKY
3NEKTPOH ABNSAETCS NONOBMHOWN e4MHON YacTulbl - OTOHA.

BosHukHoBeHMe TI1 MOXHO OObACHUTE nNpu nomowu mMogenn Dduan4eckoro
Bakyyma, npegnoxeHHon A. E. AKMMOBbIM, KOTOpasi ABNSETCS 3NeKTPOHHO-MO3NTPOHHOWN
mogenbto dunsndeckoro Bakyyma I1. Inpaka B HECKOMBbKO U3MEHEHHOW uHTepnpeTaumm [1].

MpepBapuTenbHO paccmoTpum «BakyymHoe mope» [upaka.

B 1930r. aHrnunckmn comsmk . Oupak obobwun ypaBHEHUS KBAHTOBOW MEXaHWKW, U3
KOTOpbIX CnegoBasno, YTO 3MeKTPOH MoXeT obnagate He TOMbKO MONOXUTESNbHOW, HO
TaKke W oTpuuaTtenbHon aHepruen. CnegoBano OAHAKO OOBACHUTb, MNOYEMY TaKux
9MNEeKTPOHOB HUKTO He HabntoaaeT [36].

[unpak oTBeTUN Ha 3TOT BOMPOC, BOCMNOMb30BaBLUNCE NPUHLMMNOM 3anpeTa, KOTOPbIN
B 1925 r. cchopmynupoBan Hemeukmn omsmk B. Maynn. MNpuHuyun MMaynu rmacuTt, 4to B
KBaHTOBOW cUCTEME [Be TOXAECTBEHHbIE YacTuubl, obnagatowmne nonyuesbiM CrMHOM, He
MOryT OAHOBPEMEHHO HaxoAUTbCA Ha OOHOM 3HepreTudeckoMm ypoBHe. Heobxoammo
HaANOMHUTb, YTO CMWH (YTO MO-aHIMIMNCKM O3HAYaeT «KPyYeHUEe», «BOSYOK») — 3TO
dyHOaMeHTanbHOe KBAHTOBOE YMCMO, KOTOPbIM XapaKTepusyloTCH BCE 3fieMeHTapHble
yactuubl. YNCNEHHO CNWH paBeH COOCTBEHHOMY MOMEHTY KOSMMYECTBa ABMXEHUA 3TUX
yacTtuy, Ho, Byoyum KBaHTOBOW BEMUYMHOWN, MOXET MMETb TOSNIbKO (PUKCMPOBAHHLIE LEenble
nnu nonyuensle 3HavyeHus. [1ns anekTpoHa, Hanpumep, CNvH paBeH 72 NnMbo -V .

N3 Teopun [Oupaka cnepoano, 4To Mexay o6nactaMy MNOMOXUTENbHBIX U
oTpuuaTenbHbIX 3HEepPrMi [[OrKHa CywecTBOBaTb 3anpelieHHasi 30Ha, B KOTOPOW
9MNEKTPOHbl HaxoAuUTbCA He MOryT. Mcnonb3ys 3TOT pesynbraT CBOeW Teopun BMeCTe C
npuHumnom [aynu, [HOupak npegnonoxun, 4to B obnactu oTpuuatenbHbIX 3HEprum
9MNEKTPOHOB BCE 3HEepreTMyeckne YpPOBHU 3aHATbl, CBOOOAHLIX MecT HeT. W,
cnefoBaTenbHO, 9MNEKTPOHbI, Haxogswmeca B 3TOM 0bnacTu, HUKaK He Moryt cebs
NPOsiIBUTb, OHW NPUHUUNMANBHO He Habniogaemble. Bnocneactesumn atoT oeHOMEH cTanu
Has3blBaTb «BaKyyMHbIM Mopemy» [upaka: Mbl BOCMPUHMMAEM €ero Kak MycTtoTy, T.K. OH
HMn4yeM He obHapyxuaeT cebs [36].

[dunpak npegnoxun crnegyroLlyo CXemy dKCnepuMeHTa.

Hdonyctum, paccyxgamn OH, YTO Ha 3TO «MOpe» HanpaBfeH MOLHbIA UMMYNbC
raMmMa-usnyyeHns, 3Heprus KOTOPOro AocTaTouvHa, 4YTobbl NpeofoneTb 3anpeLueHHbIn
9HepreTMyeckMn NPoOMeXyToK. Toraa OOWH U3 SNEeKTPOHOB, MOMYYMBLUMX 3Ty SHEPTUIO,
BbINIETUT U3 30HbI OTPULATENbHBIX 3HEPTUA B OObIYHBLIN MUP, @ Ha ero MecTte OCTaHeTCs
«OblpKa» - HEe3aHATbIN 3HEepreTUYecKNin ypoBeHb. «3JTa Ablpka, - yTBepxaan Adupak, -
AO0MMKHa ObITb HOBBIM TUMOM YacTuULbl, HEM3BECTHOWM eLle B dKCNepuMeHTanbHon uamke:
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y Hee [ofmkHa OblTb Ta Xe Macca, YTO U Yy 3MeKTPOoHa, a 3apsig - NPOTUBOMOMOXKHbLIN
3apsagy anektpoHay. NMOoHATb 3TO HEeTPYAHO: MOCKOSIbKY 3NEKTPOH, MOKUHYBLUMIA «MOpPEe,
yHeCc ¢ cobon cBOM COBGCTBEHHbIN OTpuUaTeNbHbLIN 3apsid, TO U3 3aKOHA COXpaHeHus
3apsga crnegosano, YTO Y OCTaBLUEMCA Ha ero MecTe «Ablpku» 3apsg AormkKeH 6biTb
nonoXxuTesnbHbIM [36].

B 1932 r. weeackun usmk K. AHOEpCOoH, nccnenys KOCMUYecKne ry4vm, oTKpbIn aTy
YacTuuy M Hassan ee No3nTpoHOM. AHOEpPCOH Mosyyun 3a cBoe OTKpbliTMe HobeneBckyto

npemuio, a [lnpak - bnecrsuiee NOATBEPXKOEHME CBOEN TEOPUN.
Coenaewm psag npeaBapuTenbHbIX 3aMeYaHni.

B aKkcnepuMMeHTanbHbIX SAEPHbIX YCTAHOBKaX BbICOKO 3QHEPreTUYHbLIN (DOTOH,
npoxoast BONuan TsKenoro atToMHOro siapa, OCTaBnsieT Ha POTONNEHKE OTNEYaToK - TPEK, -
T. 0., Kak ecnu Obl OH CMOHTAHHO CTAHOBUIICS Napon «4acTuua-aHTMyacTmuay (SNeKTPoH U
MO3UTPOH), T. €. POTOH TpaHCOPMMPYETCA B napy 3epKasnbHblX YacTuly. OTOT npouecc
NPOTUBOMONOXEH MNPOLECCY aHHUMMNAUMK, Korga 4Yactvua W aHTudactuua  npu
B3aMMOLENCTBUN «YHUUTOXAKT» Opyr Jpyra, BbicBOOOXOas 6onbluoe KONMMYecTBO
3Hepruum.

B pesynbrate aHHUMUMAUMW  3NEKTPOH - MO3UTPOHHOW napbl Macca MNoKos
npespawaetcas B OMW, conpoBoxaarouieecsi TOPCUOHHOM KOMMOHEHTOW. 3BECTHO, 4TO
9MNEKTPOH WM NO3UTPOH obnagaltT CNMHOM ‘S, a Takke 3NEeKTPUYECKMM U AUMNOMbHbIM
MomeHTamm ‘M un ‘D, onpegeneHHbIM 06pa3oM OpUEHTUPOBAHHBIMU OTHOCUTENBHO OpYr
apyra; Tam, rge npousoluna aHHUrMNSaUnA, OCTaeTcs dreMeHT MarepuanbHOW cpefbl CO
CTpykTypon ®dusmyeckoro Bakyyma, Bknovarowmin B cebs napy BMOXEHHbIX Apyr B Apyra
BOMHOBbIX MNAKETOB 4acTuly C MNPOTMBOMOMIOXKHO HaMpaBfi€HHbIMW  ChMHaMK. JTa
MaTepuanbHasi cpefa npeactaBnsieT coOOM HEeKyl MaTpuuy BO3MOXHOIMO POXOEHUS U3
dusmyeckoro Bakyyma onekTpoHa W MO3UTPOHA B Criydae B3auMMOOEUCTBUSA ee C
yacTvuamu, uMeroWwmnmMm bonbline aHeprun. MNpu 3aToOM NPOUCXOANUT POXOEHME pearibHOM
MaTepum n3 dusmyeckoro Bakyyma, T.e. MaTepusa nepexoguT U3 BUPTyasribHOrO COCTOAHUSA
B peanbHoe. BO3MOXHO, NpoOUCXOXOEHWE MaTpul, CBS3aHO C siBrieHMem obpasoBaHust
dOpM U3 NEPBUYHBLIX ABMXEHUW M MPOLECCOM CaMOCOXpPaHeHWa co3faHHbIXx dopm. B
YNOMSHYTOM MaTpuue COAEPXKUTCA WMHAPOPMaLUMOHHAS KOMMOHeHTa, obecneyvBatoLlas
COOTBETCTBYHOLLME  XapaKTepPUCTUKN  OreKTpoHa U Mo3uTpoHa B Crydae  uX
MaTepuanmsauuu.

B cootBetctBUM C [28] Tam, rge npouvsoLwina aHHUMMNAUMA, OCTaeTcs euwe U
HenTpanbHoe OMI1, umelowee pasMepHOCTb MAOTHOCTM MOTOKa JHEPruKn, YTO XOPOLUO
cornacyeTcs C BblenpuBeaeHHbIM.

OTNU ” HekoTopble Apyrve akTbl NO3BONAKT B KadyectBe 6GasoBoW Mogenu
dunaunyeckoro Bakyyma Bbibpatb mogens A. E. Aknmosa.

B cootBeTcTBMM C mcnonb3yemon mopenbto duamyeckmn Bakyym onpegeneH kak
mMaTepuanbHas cpeda, W30TPOMHO 3anofiHALWas BCe MPOCTPaHCTBO (M BELLECTBO U
cBoOOAHOE nMpOCTpPaHCTBO), He Habnwgaemass (B cpegHeM MO BPEMEHWU) B
HEBO3MYLLLEHHOM COCTOSIHUW. YMOMSAHYTas maTtepuarnbHas cpefa COCTOUT U3 3IEMEHTOB,
KoTopble obpasoBaHbl Mapamu Yactuy, M aHtudactuy (no 1. [dupaky, 3neKTpoHHO-
NMO3UTPOHHbIMK Napamu). C NOMOLLbLI0 3TOrO0 NOCHEeLOBaTENbHOMO psida MOXHO Ha3BaTb
Luenoe CeMencTBO NeNTOHOB U BapMOHOB, KOTOpoe obpa3syeT Habop ahemMepHbIX YacTul,
BO3HMKAKOLWNX MNPU BbICOKOSHEPreTUYeCKUX CTONKHOBeHUsX. MOXHO Tenepb COCTaBUTb
MOMHYK KapTUHY Bakyyma, 3arnofIHEHHOro OOLWMPHBIM CEMEWNCTBOM, HECOMHEHHO,
CYLLIECTBYIOLLMM NO Ty CTOPOHY rpaHuLbl peanbHOCTH.

HeCOMHEHHO - NOTOMY YTO CaMa KBaHTOBasi MeEXaHUKa AUKTYEeT COOTBETCTBYHOLLME
ycrnosusi. Hanpumep, OBmxeHne cBOOOAHOM 4YacTuubl BOONMb OCM X OMUCLIBAETCA B
KBAaHTOBOMN MeXaHMKe C TMOMOLLb (YHKUMK sinx?. OTO BoOMHa BepOATHOCTH,
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nameHsiowasaca ot 1 (onpedeneHHocTb) A0 Hyns (HEBO3MOXHOCTb) BAOMb TpaeKkTopum
ABUWXeHus. Ecnn BmecTo ABYX YacTul, o6beanHEHHbIX B OUTOH, 3anncatb UX BOMHOBYHO
bYHKLMIO BOOMb UX TPAEKTOPUM, TO NonydnTca sinx>+cosx?=1. JTa rmagkas BEpOATHOCTb
NpenaTcTBYeT perucTpaumm Takoro obbekTa B KadecTBe YacTtuubl. OUTOHbI MULLEHBI
WHOMBUAYANbHOCTU B KayeCcTBe aBTOHOMHbIX BUPTYasnbHbIX YacTuy W MpeacTaBnsawoT
coboW LIeNnOoCTHYI0 BaKyyMHYK CUCTEMY BECbMa BbICOKOW CIIOXHOCTH.

Ncxoos w13 edMHCTBEHHOro  TpeboBaHus - (akta  «HeHabniogaemoctu»
dusmyeckoro Bakyyma B HEBO3MYLLEHHOM COCTOSIHUM - CUCTEMa YacTuua-aHTMyacTmua
AOMMKHa yOOBNETBOPSATbL CnegylowmnM  yecroBusaM: ecnvm  obbemHoe pacnpegerneHve
3apsdoB B 4acTuLe M COOTBETCTBYHOLLEN el aHTM4acTuue TOXAECTBEHHO, TO UCTUHHaS
3apsgHas HenTpanbHoOCTb Byaet obecneveHa nNulb Torga, KOrga Yactvua n aHtmyactmua
B [JaHHOW cucTteme OydyT BroXeHbl ofgHa B Apyrylo, a cucrtema 6yaoeT WCTUHHO
3NEKTPOHEeUTpasribHON.

Hn wmogene [upaka, HM Mogenb AKMMOBA He WUCYEepnbiBalOT COBPEMEHHbIX
npeacTaBrieHnin O CTPYKTYpe 1 cBoncTBax dPusmyeckoro Bakyyma. CyliecTByeT Lenbin pss
N Opyrnx ero pasHoBUOHOCTEN — BO30HHbLIN BakyyMm, Bakyym Xurrca u gp.

1.5. KBaHTOBas cTpyktypa (oMTOHOB.

®UTOH, T. 0., XapaKTepm3yeTCs HyNeBbIMU 3HAYEHMAMM MaccChl, 3apsga U CnvHa, a
Takke NEenTOHHOro0 u4ucra, KOTOpoe BBOAUTCHA, YTOObI pasnuuatb Takue YacTuubl U
aHTU4aCTULbI, KaK 3NEKTPOH M NO3UTPOH. HO 03HayaeT nun 3710, YTO OH HE MMEET TaKxKe U
BHYTPEHHEN CTPYKTypbl? Mogenb AKMMoBa Ha 3TOT BOMPOC OTBETA HE JaeT.

UTtobbl pa3obpartbCsi B 3TOM BOMPOCE, HE YCIOXHSAS 4Ype3aMepHO aHanui, byaem
paccmartpuBatb OUTOH, 06pa30BaHHbIN NApPON NPOCTENLLMX NENTOHOB, T.€. NErkMx YacTtuu,
- 9neKTpoHa u no3ntpoHa. Cutyaums ansa gpyrux nap, HanpMMmep NpoToHa U aHTUNPOTOHA,
KOTopble TOXe MoryT obpasoBaTtb OUTOH, He ByaeT MMETb NPUHLUMNMANbHBIX OTANYUA:

. Cc yyetom TpeboBaHMA «He HabnogaemocTu» B yKa3aHHOW cucteme Heobxogmmo
MMETb N CKOMMEHCUPOBAHHOCTb CMMHOB, @ CaMy CUCTEMY MOXHO MpeacTaBUTb Kak napy
BMOXEHHbIX APYr B Apyra 4acTuy, C NPOTMBOMNOSIOXHO HanpaBfeHHbIMU cnnHamm (Sg 1 Sy);
BCNeACTBME WCTUHHOW SNEKTPOHENTPanbHOCTU U NPOTUBOMOSMOXHOCTM CMNUHOB Takas
cuctema He byaet obnagaTb MarHUTHbIM MOMEHTOM,;

. cMcTeMa 4acTuua - aHTMyacTuua [JofbkHa obnagatb HabopoM  KBAHTOBbIX
9HEpreTMYeckmx ypoBHEN, TaK Kak CYLLECTBYET 3KCNEPUMEHTANbHO YCTAHOBIEHHbIN haKT
poxaeHunsa ns dusnyeckoro Bakyyma napbl 4acTul M aHTUYACTUL NPU COOTBETCTBYIOLLEM
BblOOpe SHeprum NoToka KBaHTOB.

Ecnn Gbl omsmnyecknin Bakyym cogepxkan yactuubl, TO cBo60AHOE MPOCTPaHCTBO
obnagano Obl CUNbHBIMK rpaBUTauMOHHLIMKU NonsaMm. Ho ato He Habntogaetcs. MNoaTtomy
npaBunbHa OOLWENPUHATAs TOYKa 3PEeHUd, YTO Bakyym - 3TO cocTosiHue 6e3 yvactuu,.
®PUTOHHaAsE MoAenNb UCXOAUT U3 NPEeanoSIoXKEHNS, YTO BaKyyM COOEPXKUT HE caMu YacTuubl,
a BUXpeBble CTPYKTYpbl, COOTBETCTBYKOLME YacTuuam W aHTndactmuam. Cuctemy u3
4YacTUL, M aHTUYaCTUL, C YKa3aHHbIMM CBOMCTBaMM HasbiBaloT pmutoHOM (puc. 1), a cpeny,
00Opa3oBaHHy NSIOTHOM YNAKOBKOW (PUTOHOB, - dnsnyecknm Bakyymom (puc. 2).
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Puc. 2

MNooyepkHeM, 4YTO NpPWU  U3MOXEHHOM noaxode norydyaeMm yoobHyk, XoTa u
OTNMYAIOLLYIOCA OT COBPEMEHHbIX MNpecTaBneHun, npocTylo Mogenb dusmyeckoro
Bakyyma, nosBongwLytd O0ObACHUTL MHOrMMe $BMeHWUsl, HEeOObSACHWMbIE C NO3ULUK
TpaganLMOHHOIO Noaxoaa.

®dUTOH 0gHOBPEMEHHO OBnagaeT Kak CBOMCTBaMM YacTuubl (COMETaHME BOSTHOBbLIX
OYHKUMI, HanpuMmep, 3MNeKTPoHa W MO3UTPOHa), Tak U NPOCTPaHCTBEHHO - BPEMEHHOW
CTPYKTYPOW, KOTOpasi B OCHOBHOM COCTOSIHUM onpefensieT COOCTBEHHbI MOMEHT CruHa
aToro obbekTa 4epe3 CKpyyMBaHue onpedeneHHbIX MPOCTPaAHCTBEHHO-BPEMEHHbIX
xapaktepuctuk. CKkpyumBaHue - cBoeobpasHas XxapakTepucTnka NpoCTPaHCTBa - BPEMEHM,
koTopass obecneynBaeT COOCTBEHHbI MOMEHT BpaleHUs 3TOro  AyanucTUYecKoro
obbekTa. DUTOHbI, LMPKYNUpYOLLME B BUXPSX BOKPYr saep aTtoMoB, BbiCTpauBarloT
CNUHOBYIO MaTpuLy, B TbiCa4y pa3 bornee Mernkyo, 4em cam aToM.

PaccmoTpuM cuTyauumio, CBSI3aHHYK0 C BoO3MylleHnem Pdusmyeckoro Bakyyma
3apsigoMm +Q. B aTOM cnydae B OKpyXaroLwem ero NpocTpaHCcTBe NpousonaeTt 3apsgoBas
nonspusaums dusndeckoro Bakyyma (puc. 3). lMogpobHee  npouecc nonspusaumm
dusunyeckoro Bakyyma paccmoTpeH ans cnyyasa Bo3mylleHus ero  3apsagom  (-E)
SMNeKTpoHa.
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Puc. 3

OneKkTpuyeckne 3apsagbl Yactuy, obpasyolime CBepTKy, Yxe He OyayT MofHOCTbIo
KOMMeHcupoBaTb Opyr Apyra, a HEMHOro CMECTATCA B HanpaBlieHUM BHELLHEro Mons.
Kaxgas dactmua HayHeT packadmBaTbCA BBEPX W BHU3  OTHOCUTENBHO YPOBHSA
MUHMMaIbHOW 3Hepruu. Takyl 3apagoBylo nondpusaumio PUTOHHOW «MyCTOTbI» MOXHO
MHTepnpeTnpoBatb Kak AMIT.

B cnyvae, ecrnM MCTOYHWKOM BO3MYLLEHUS SBMSETCHA KNACCUYECKUN CrUH Unu
NAOTHOCTb YIMOBOr0 MOMEHTa BpalLeHUs Ha MaKpPOCKOMUYECKUM YpPOBHE, nonspusauus
dusnyeckoro Bakyyma ocywlecteBnsierca crnegylowum  0obpasom:  ecrnM UCTOYHUK
BO3MYLLUEHUSS MMeeT cnuH (puc. 4, 5), TO y Kaxgoro UTOHa TOT CMWH, KOTOPbIN
OPVEHTUPOBAaH NMPOTUBOMOSOXHO CMUHY UCTOYHWUKA, UCMbITbIBAET MHBEPCUIO B MNITOCKOCTMH,
nornepevyHomn K Hopmarnu Ha UCTOYHUK BO3MYLLEHUS.

Puc. 4

Puc. 5
B pesynbtate B HEKOTOPOM MNPOCTPAHCTBE, OKPYXKAKLWEM WCTOMHUK BO3MYLLEHUS,
®usnyeckmn Bakyym OygeT B COCTOSHUM CMIMHOBOM MOMNepeYHon nondpusauuu, npuyem,
pasmMepbl MOMSIPU30BAHHOIMO MNPOCTPAHCTBA CBS3aHbl onpedeneHHbiM  obpasom ¢
BENMMYMHOM (pakTopa BO3MYLLEHUS.
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Puc. 6

lMpocTpaHCTBEHHAsA OpMeHTauusa OCTaToOMHOrO CMHOBOMO Nong (puc. 6).
C yyeTom TOro, 4to B npegnoxeHHon mogenu Tl MMelT CnMHOBYKD Npupoay, crneayet
oXuaaTtb, 4YTO CBOWCTBA 3TUX MOMEN CYyLECTBEHHO OTANYaKTCA OT WHbIX ONen.
HenctButenbHo, TI1 He 3kpaHWpyeTCcs nNPUPOAHLIMW cpefamMu, a JKpaHUpPYHTCS
NCKYCCTBEHHbIMWU MaTepuanamu, UMerLMn OPpTOHOPMUPOBAHHYIO TOMOSMOIMIO CTPYKTYpPbI.
Ha ypoBHe BellecTBa B KayecTBe NepPBUYHbIX MCTOYHUKOB TI1 MOryT BbICTYnaTbh SOepHble
CMVHbI, @ TakXKe MNOfHble aTOMHble MOMeHTbl. O4eBMOHO, YTO BCe BellecTBa UMeEIT
HEKOTOPYHO HayarnbHYK CMMHOBYHO YNOPSA4OYEHHOCTb.

CnepoBatenbHO, BCe Tena >XUBOW U HEXMBOW Npupoabl obnagatoT cOBCTBEHHbIMU
TI1, KoTOpble Ha MaKpPOCKOMMYECKOM YPOBHE HABMAKTCA KOMMEKTUBHbIM MPOSiBIEHNEM
yrnopsgoYeHHbIX SOEPHbIX U aTOMHbIX CNMHOB. [ns 3Toro Heobxoammo, 4ToObl siAepHbIe
n/MNn aTtoMHbI€ CMYHBI BbINW NapanenbHbIMU 1 O4HOHaNPaBNEeHHbIMMU.

C ydetom aTOro komnnektmBHoe Tl HekoToporo obbekta Oyaer uMeTb

NPOCTPaHCTBEHHYIO OpueHTauuo (puc. 7).
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Puc. 7

Tak kak 3apsagoBas nonsgpusauusi NpyMBOAUT OOHOBPEMEHHO K 3apsgoBOA U
CMMHOBOW HEpaBHOBECHOCTU, TO Bcerga, Koraa BO3HUKaeT anekTpocTaTuyeckoe rorse, Bo
BCEM NPOCTPaHCTBE, IAe OHO NPOSABIAETCHA, OAHOBPEMEHHO C HUM BO3HMKaeT TIT.

PaccmoTpum cuTyaumio, CBSA3aHHYO C BO3MYyLLeHneM (nonsipusaunen) dnsmnyeckoro
Bakyyma 3apsagom (-E) — 3apsigom anektpoHa. Takaa nonspusauust  PU3N4ecKoro
Bakyyma npucylia BCEM 3rEeKTPOHHbBIM U 3NEKTPOTEXHUYECKUM YCTPOMUCTBaM, B KOTOPbIX
NpoTeKaeT ANEKTPUYECKNI TOK.

B atom cnyyae B oOkpyxawwem ero npocTpaHCTBe MNpou3onaeT 3apsgoBas
nonapusaums dmsnyeckoro Bakyyma (puc. 7a). Puc. 7-a B3aT  u3 kHurn  (Pomxkep
MeHpoy3 "lNMyTb K peanbHOCTU UMW 3aKOHbI, yrpasnswwme BcereHHon" - M.- WkeBck:
WMHCTUTYT KOMMbIOTEPHbIX nccnegosanunn, 2007.- 912 c.).
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Puc. 7a
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Byaoem cuntatb anekTpoH E ToveYHbIM 3apsiaioM, HAaXoOAWMMCSA B HEKOTOPOM TOYKe
npocTpaHcTBa. B aTom cnyyae adpekT nonspmsaumm dusndeckoro Bakyyma MOXHO
npeacTaBuTb criegyowmm obpasom. NMycTb B HEKOTOPOM TOYKE NPOCTPaHCTBA,
Haxogswenca nobnunaoctn anekTpoHa E, nponcxoant poxaeHne BUpTyanbHOW napbl
4YacTUL, — 3NEeKTPOHa N NO3UTPOHA, KOTOPbIe, CNYCTS O4eHb KOPOTKOE BPeMS,
AHHUTUNNPYIOT MeXay cOBOoN, T. e. poXaeHUe u nocregyoLas aHHUIMNAUUA napbl AOMKHbI
NPOMCXOAUTb BO BHELLHEM 3f1EKTPUYECKOM Morie, co3faBaeMoM anekTpoHoM E. [encreue
3TOro BHELUHErO Mosisi COCTOUT B TOM, YTO POAMBLUMACS 3NEKTPOH Crierka oTTankmBaeTcs
aneKkTpoHoM E, Toraa Kak poauBLUMACA MO3UTPOH Crierka NpuTsarMBaeTcs UM, Tak YTo
nMeeT MecTo punsnyeckoe pasgeneHne aTnx 3apsaoB BO BPEMSA UX KpaTKOBPEMEHHOIO
cyllecTBOBaHUA. Takoe SBNeHne NpoucxoanT BCe BpeMs U NOBCIOQY BOKPYr anekTpoHa E,
YTO BeLET pe3ynbTMpyroLemMy addekTy, Ha3biBaemMoMy nosnspusaumen Prnsndeckoro
Bakyyma. Heobxoaumo nogvyepkHyTb, YTO 3Ta Mogesnb JaeT YeTKoe NpeacTaBneHne o ToMm,
Kakum obpasom npovcxoaut nonspusauma  PdPusmnyeckoro Bakyyma pasnuyHbiMu
9NEKTPOHHbLIMU YCTpOMUCTBaMU. Hanpumep, aneKTpoHHO-ny4YeBasa Tpyodka npu HanMyuum B
HeW 3NEeKTPOHHOrOo fnyya, ABUXKYyLLEerocs K noMmHodopy, nonspusyet dmnsnyecknin Bakyym
Takum obpasom, 4YTO B HaNpaBieHUM ABMKEHUS SNEKTPOHHOrO ny4a hopMuUpyeTcs nesoe
TOPCUMOHHOE Nofe, T. K. POOUBLUMECS BUPTYyalbHbl€ 3MNEKTPOHbLI 3a npeaenamu
SMNEKTPOHHO-NY4YeBOM TPYOKM OTTanNkMBarTCA arekTpoHamu fiyda camon Tpybku. Co
CTOPOHbI Katoga BO3HMKAET, COOTBETCTBEHHO, NPaBOe TOPCUOHHOE nosne. B MoGunbHOM
TenedoHe CUTyauUnsa UHas: SNeKTPUYECKUn TOK, MPOTEKALWNA BHYTPU MOBUIBHOIO
TenedoHa, NpUTArMBaeT PoaAUBLLMECS BUPTYaslbHbIE NO3UTPOHbI, B pe3yrbTaTe Yero BOKpYr
MOBUIbHOrO TenedoHa CyLecTByeT TOMMbKO f1eBoe none.

[Mpwn BbIkNtoYeHUM MoHuTopa MK, Tenesnsopa n pyrnx aHanorn4Hblx Nnpubopos
NPOCTPAHCTBEHHO - pacLllenneHHble YacTuua u aHTu4acTuua B oUTOHax
aBTOMAaTM4YECKN BO3BpALLATCA B CUMMETPUYHOE BIIOXXEHHOE COCTOSIHME (CM. puC.
1), TaK Kak nc4esarT paCCMOTPEHHbIE BblLLEe UCTOYHMKM BO3MYLLEHUS, T.€.
NPOCTPAHCTBEHHO - pacLlenfieHHoe COCTOSIHUE ABIISETCA HEYCTONYNBBLIM U MOXET
yaepXXmeaTbCa NLLb NPU HAaNNYUM UCTOYHUKOB BO3MYLLIEHUA.

HeobxogMmo noavyepkHyTb: NpUbnmnanTenbHO AecATb NET Hasag Obino
oBHapyXeHo, YTO XPOHUYECKMEe 3aboneBaHns BO3HMKAIOT B pesyrnbraTe
BOCMNaneHusi, KoTopomy cnocobeTByOT cBOBOAHbIE paaukanbl. CBo6oaHbIE
pagukanbl — 3TO MOMEKYIbl AN aTOMbl, UMeloLmne CBOOOAHbBIE 3NEKTPOHbI Ha
BHeluHen obonoyvke. OHM UMPKYNUPYIOT B OpraHn3mMe, BblKpaabiBasi ANeKTPOHbI 13
3[00POBbIX TKAHEW.

B pesynbrate 3Toro BO3HUKAaOT XPOHMYECKNE 3aboneBaHust, oT 3abonesaHunm
AéceH fo paka. Unpkynaums cnuwkom 60mnbLoro konmyectsa cBOOOAHbIX
pagnKanoB HasblBaeTCH OKMCITUTENbHBLIM CTPECCOM, KOTOPLIW UIPaeT rMaBHYO POfb
B MpoLecce CTapeHns 1 Bbl3blBaeT BO3pacTHble 3aboneBaHus.
onekTpomarHutHbole nons (OMI1), ucxogawme oOT aneKTpoHHoro obopyaoBaHUA U
3NEeKTpPoNnpoOBOAKM B HaWKMX Aomax, YCUNMBAKT BoOcnanuteribHbie Mpouecchbl U
ocnabnsaT UMMyHUTET. AMIT TaKke yMeHbLaT KONMYEeCTBO MENaATOHNHA — rOPMOHa,
perynmpyroLlero CoH.

CBobogHble BUPTYalribHblE 3J1EKTPOHbI dunsunyeckoro BaKyymMa D,GVICTBleT Ha
yenoseka TakK Xe, Kak u cBobogHble paaukKarnbl B ero opraHmn3me.
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1.6. MoHuTtopbl [1K, TeneBu3opbl, MOOUNbHbLIE TenedoHbLI,
Apyrasi aNeKTPOHUKa - reHepaTopbl INEeKTPOMarHMTHbIX u TI1.

MmetoTca ybeauTtenbHble [okasartenbcTBa HebnaronpuAaTHOro  KOMIMIIEKCHOro
BMUSHUSA ONEKTPOMAarHUTHbIX M TOPCUMOHHbLIX  U3ry4yeHun MoHutopoB 1K Ha opraHuam
nonb3osatens (puc.8).

PaccmoTpuMm Buabl M3ny4YeHun, co3aaBaeMblX ANEeKTPOHHO-Ny4YeBon Tpybkon (OJ1T)
MOHUTOpPA, MMNasMeHHbIMU NaHensaMu 1 NaHenbl gUCnnes Ha XXUOKUX Kpuctannax.

Buabl M3nydeHun, cosgaBaeMblX SMEKTPOHHO-nydeBon Tpyokon (BJ1T) moHuTOpa
MK (puc. 9).

Kak nokasanu pesynbraTbl MHOIMOYMCIIEHHbLIX Hay4yHbIX paboT C MCNonb3oBaHWEM
HOBEWLLIEN WU3MEPUTENBHOM TEXHUKM 3apybexxHOro M OTeYyeCTBEHHOro MPOU3BOACTBA,
MoHuTOp [NMK aBNAeTCS NCTOYHMKOM HECKOSbKMUX BUAOB NOSIEN N U3NyYEeHUN:

“-il‘%iff‘?‘% CraTiriecKoe SMeKTPHHECKO!
R g i‘-.;,.._ :

TIOgne
", [R~e HudpaxpacHoe roumyerme

wos TV - ¥Ymrpadmoneropoe
FETy eI e

_f:& FermreHOBCKO e FEUTYHEHITE
v_ P afpotsacTOTEI

—— | OPCHOHHOE
POy LE HILE

Pwuc. 9

- PEHTTEHOBCKOrO;
- ynbTpaduonetosoro (315 - 400 Hm);
- Bugumoro (400 - 700 Hm);
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- BnwxkHero nHgppakpacHoro (700 - 1050 Hm);

- panbHero nHdpakpacHoro (1050 HM - 1 Mm);
- KBY — OBY gnanasoHos (300 My - 300 MIw);
- OBY - CH gmanasoHos (300 MlMy - 3 MI'w);

- CY - OH4 gnanasoHos (3 MINy, - 3 kl'y);

- HY - KHY gmnanasoHos (3 kl'y - 3 My);

- 9nekTpocTaTuyeckoro nons un Tr1.

MonuTopsl K nanyyator Ml B o4eHb WMPOKOM Auana3oHe. B pagnoananasoHe
atn nonsa npogyuunpytotca AJTT moHuTopoB K. OCHOBHBIMUM XXe UX UCTOYMHWKaAMK Cryxat
rOPU3OHTanbHbIE W BEPTUKANbHbIE OTKMOHAKLWINE KAaTYLWKW, KOTOPbIE CKaHUpPYT
9NEKTPOHHbIN Ny4 K paboTatoT B gnanasoHe 15+35 kl'y. Ha pacctosiHum 50 cm oT akpaHa
00blYHas HanpsXKeHHOCTb anekTpuyeckmux nonen 1+10 B/m. BupgeotepmuHanbl Takke
NpoaYUMPYIOT 3MEeKTPUYEeCcKMe W MarHuTHble nond ¢ 4Yactotom 50 wnm 60 My m ux
rapMOHMKM.

Kaxxgas cocTtaBnsiowassi CyMMapHOro 9reKTpoOMarHUTHOrO M3fyyYeHus MoHuTopa
Ha OJIT BHOCUT BKNag B CyMMapHOe TOPCUOHHOE More.

. Hanpumep, anekTpoHHo-ny4YeBas Tpybka Npu Hanu4mm B HeN aNeKTPOHHOTO fy4a,
ABVXKyLLEeroca kK niommHodopy, nonsapudyetr dusmnyecknin Bakyym Takum obpasom, 4TO B
HanpaBneHnn ABMXEHNSA NEKTPOHHOro nyya qoopMupyeTcs feBoe TOPCUOHHOE nore, T. K.
poaVBLUMECS BUPTYarnbHbIE 3NEKTPOHbLI 3a Npeaenamun 3NeKTPOHHO-NTy4eBON TPYOKn
OTTarkMBalTCS ANeKTpoHaMu nyya npegensl camon Tpyoku. Co CTOPOHbI KaToaa
BO3HMKAET, COOTBETCTBEHHO, NPABOE TOPCUOHHOE MNone.

YCTpoMCTBO IJI1a3MEeHHbIX NMaHe el

MpuHUUN gencTeua nnasmeHHown naHenn (puc.10)ocHoBaH Ha cBeYeHUU cneynanbHbIX
NIOMUHOGOPOB NPU BO3AENCTBUN Ha HUX YNbTpadmnoneTosoro nsnyyeHnd. B ceowo
ovepeqb 3TO U3riyvyeHne BO3HUKAET Mpu 3NeKTPUYeCcKoM paspsage B cpeae CUMbHO
paspexxeHHoro rasa. pu Takom paspsige Mexay anekTpogamun ¢ ynpasnsatoLwmnm
HanpsbkeHnemM obpasyeTcsa NpoBOAALLMIA "LLUHYP", COCTOALMNN U3 NOHN3NPOBAHHbBIX MOSEKY
rasa (nnasmobl). [o3TOMy-TO rasopaspsgHble naHenu, pabortarolme Ha 3TOM NpUHUMNeE, u
Nnony4Ynnu HassaHue "rasopaspagHbiX” Unu, YTo ToXe camoe - "nnasmMeHHbIX" naHenen.
lMopaBas ynpasnsaoLwmne curHasnbl Ha BepTUKasbHbIE U TOPU3OHTAaSbHbIE NPOBOAHMKN,
HaHeCeHHble Ha BHYTPEHHME MOBEPXHOCTM CTEKON NaHenu, cxema ynpaenenuns PDP (PDP

- plasma display panel) ocywiecTBnsieT COOTBETCTBEHHO "CTPOYHYH" 1 "KaapoByH"
pa3BepTKy pacTpa TENEBU3NOHHOIO n306paxeHuns. Npn 3TOM APKOCTb KaXKAOro anemMeHTa
n3obpaxxeHnsa onpeaenseTca BpeMEHEM CBEYEHNSI COOTBETCTBYIOLLIEN AYENKM NNa3MeHHOMN
NaHenn: camble SPKNe arnemMeHTbl "ropaT” NOCTOSAHHO, a B HaMbonee TEMHbLIX MEeCTax OHU
BOBCe He "nomkuratotca”. CeeTnble y4acTku nsodbpaxeHus Ha PDP cBeTAaTCs pOBHbLIM
CBETOM, N NO3TOMY M300pakeHne abConTHO HE MepPLaET, YeM BbIFOAHO OTNINYAETCS OT
KapTUHKMN Ha 3KpaHe TpaanLMOHHbIX KUHECKOMOB.

[MoyeMy nnasmeHHble naHenu nyywe?

Bo-nepsbix, nnasmeHHble naHenu ropasao 6e3onacHee KMHECKOMHbIX Ternesn3opos. OHK
MMEIT MEHBbLUNIN YPOBEHb BPEeAHbIX MarHUTHbLIX W 3NEKTPUYECKUX MONEN, TaK Kak B HUX
OTCYTCTBYIOT YCTPOWCTBA Pa3BEPTKN U BbICOKOBOSLTHbBIA MCTOYHNK aHOAHOIO HanpsXXeHus
KnHeckona. [1nasmeHHasa naHernb okasblBaeT MeHbLUEE BIIUAHUA Ha YenoBeka Mo
3rMeKTPOMarHMTHOM KOMMNOHEHTE W HE NPUTAMMBAET Mbliflb K MOBEPXHOCTU 3KpaHa (6onbLuom
NOC C TOYKM 3peHnsa Jomoxo3ssiek!).
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3 MNonapyzaupoHHei draETp

Crpykrypa TFT LCD

Cnofi ceeTodMNETPOR

5 MonapusauMoHHBIR fnAsTp
Ani dyHappyrowpe nnacTuHel

CeeToBOg,

OtpakaTens

Puc. 10

Kpome Toro, 4To 04eHb BaXXHO, OHN HE UMEIOT MSATKOrO PEHTIEHOBCKOIo W3MydYeHus,
OOHaKO NO TOPCUOHHOW KOMMOHEHTE U3IYyYeHNsT OHa MPaKTUYECKN He YCTyrnaeT MOHUTOPY
Ha JT. dusmyeckun Bakyym nonspusyerca TakuMm Takum obpas3om, Y4TO B HanpasreHum
nepeaHen NnocKOCTM NNasMeHHOM NaHenn  OpMUpPYyeTCs nieBoe TOPCUOHHOE Mnore, T. K.
poAMBLUMECA BUPTYasbHblE SNEKTPOHbI 3a npegenamu naHenn otrtankueatTes . C
NMPOTUBOMOSOXHOW CTOPOHbI MaHenn BO3HMKAET, COOTBETCTBEHHO, NPaBoe TOPCUOHHOE
norne.

Manenb aucnnea Ha xunaknx kpuctannax (LCD - ot Liquid Crystal Display -
aucnnen Ha Xugkmx kpuctannax) (puc.11) uMeeT Tpyu OCHOBHbIX CNos - ABe
Npo3payHble NNACTMHbI U CNOW XUOKNX KPUCTanNNoB Mexay HUMn. M BepxHsis, 1
HWXHSAS1 MNAacTUHbI UMEKOT CBOMCTBO NONSPU30BaTh CBET, TO eCTb NponycKkaTb
CBETOBbLIE [y4n TOMBKO C onpeaenéHHbIMK yrinammn nongpusauuun. Npun nameHeHnm
ANEKTPMUYECKOro Nosns onTuyecKas opueHTaumns Xnakux KpUcTansioB MeHsieTcs, TO
€eCTb MeHsieTcs yron nonsipusaunn. Ecnn yron nonsapusauum XmaKoCTHbIX
KpuctannoB 6ygeT coBnagaTb C YoM Nosnisipusauum BepXHEN CTEKNSAHHOM
NnacTuHbl, TO Yepes 3Ty cucteMy ByaeT NPOXoauTb BECb CBETOBOW MOTOK U
co3faBaTb Ha 9KpaHe TOYKY MakCcuMasibHOM SiPKOCTU. B cnyyae pacxoxaeHuns yrros
nonapusaunn (yron mexay Bekropamu nonsipusaumm 6onbue 0°, Ho meHee 90°) -
yepes BEPXHIOK nnacTuHy OyaeT NpoXoauTb TOMbKO YacTb CBETOBOMO NOTOKA,
MHTEHCUBHOCTb KOTOPOro o6paTHO nponopumMoHanbHa BenNnuynHe atoro yrna. Ecnu
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BEKTOPbI MONSAPM3aLIMKN CIOS XXUOKUX KPUCTANOB U BEPXHEN CTEKNSAHHOW NNacTWHbI
OyayT CTporo neprneHAnKynsipHbl - CBETOBOM MOTOK, cornacHo 3akoHy Marntoca,

PacceneaTent MOpK30OHTANEHaA NMHMA LaHHBX
CTekno

= Form BepTHkaneHaa
L CEET K

nKHKA
A8HHBIX

MonapuszaTop

ToHKD-
MAEHOYHEIA
TREHIMCTop

MpospE4HBR
ANEKRTROA

25 i
MPO3REYHE
ANEKTRO,

MonapursaTtop :
UgeTHOM

PUnETR

CTeKno

Pnc.11

NPOXoauTb Yepes cuctemy He ByaeT, M Ha akpaHe obpasyeTcs TEMHas Todka.

CTpoeHune akpaHHbIX naHenen TFT-gucnneeB NoxXoXe Ha y)Xe pacCMOTPEHHYIO TeMY
CTpOEeHus gucnnees ¢ naccusHon matpuuen. OCHOBHOE OTNUYME - B 3aMEHE ABYX
CTEKIISIHHbIX NMACTUH C MONIOCKaMU 3MeKTPoOO0B Ha OAHY CTEKNAHHYIO NMacTUHY CO
ChOpPMMNPOBAHHBIMU HA HEWN B CNoe aMopdHOro KpeMHUS HabopoM TPaH3UCTOPOB.
Kaxabl TpaH3UCTOp «OTBEYaeT» 3a OOMH NUKCeNb U300paxxeHns MoHUTopa.

Tokn ynpaBneHus TpaHauctopamu nonapusyet duanyecknin Bakyym Takmum o6pas3om, 4To B
HanpasneHun nepegHen NocKoCTU NNa3smMeHHON NaHenu  opmMupyeTcs nesoe
TOPCMOHHOE MNofe, T. K. POOUBLLMECS BUPTYyalibHbI€ 3NEKTPOHbLI 3a NpeaenaMmm naHenm
oTTankmsatTcs . C NpoTUBONONOXHOW CTOPOHbI MAHEN BO3HUKAaET, COOTBETCTBEHHO,
npaBoe TOPCUOHHOE More.

MoHUTOpbI Ha XMaknx kpuctannax (TFT-MOHUTOPbLI) UMEOT HECPABHEHHO HU3KNN YPOBEHb
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OMMW, Ho no ypoBHO TW oHM cpaBHUMbI C MOHMTOpPaMu Ha JJ1T. B 3aBMCMMOCTM OT TUNa
MOHMTOpa B Hem HaxoauTcsa 1+1.5x10° nukcenel, umerowmnx opmy MNonbiX LMMUHOPOB, B
KOTOpPbIX BbiCcOTa bornblle gnameTtpa. I3BeCTHO, YTO Takme CTPYKTYpPbl FEHEpPUPYHOT C
TopuoB nesble TI1.

Tonorpadguyeckne adpdekTbl ctatnudeckoro Tl cBsidaHbl C NOMAbIMK  LUNUMHAPAMM,
KOTOpbIE NEPEHOCAT 3TOT TUN KoHdUrypauunm Ha Gonblion macwTab, B pesynbrate 4vero
TW TFT-moHuTOpOB cpaBHUMbI ¢ TV MoHUTOpOB Ha JAJ1T.

Takum 06pa3om, UCTOYHMKM anekTpocTaTudecknx unm SMIM aBnaTCA M MCTOYHUKaMK
TIM. BeiBOA 0 TOM, YTO TI1 BCEraa conyTCTBYHOT NPOSBNEHUAM 3NEKTPOMarHeT3ma,
4ypesBblYarHO BaXXeH A58 6oNbLUIOro YMcna npuknagHblx 3agad; B YaCTHOCTU, 3T BblBOAbI
OyaoyT Ucnonb3oBaHbl NPY ONUCAHUN MEXaHU3MOB HEraTUBHOIO BO3ENCTBUS MOHUTOPOB,
TENEeBU30OPOB M OPYrOoN SNEKTPOHHOW TEXHUKM Ha YenoBeka.
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Puc.12
CxemaTnyeckoe n3obpaxeHne TOPCUOHHBIX Noser MnrasMeHHbIX NaHenen u anucnnees Ha
XMOKNX KpUcTanmnax: nepea MOHUTOPOM -NEBOE Morie, 3a MOHUTOPOM - NpaBoe

aBa 2.

JKcnepuMeHTanbHoe W3y4YeHUe nNpPoOSABIEHUA HeraTMBHOro
BnusaHua TIl moHutopoB [lK, TeneBusopoB Ha OpraHusm

yeroBekKa.

N3NOXeHHbIN HWXKe MaTepuan HOCUT [OUCKYCCUOHHbIA Xapaktep W npu3BaH
NPEMMYLLECTBEHHO K TOMY, YTOOblI MOMbITATLCA BbINTU M3 MPUBbIYHLIX PAMOK MOHUMaHUS
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MexaHu3MOB BO3AenCTBUSA MoHuTOpoB (1K, Apyron 3MnekTpOHHOW TEXHUKW Ha
nonb3oBaTens.

Jllobon opraHMsm saBnsaeTcA nepapxmyeckn opraHnm3oBaHHOW cUCTEMOWN,
BKMNtoYawoLen B cebsa  CnoxHbid Habop npsMbIX M oGpaTHbIX cBsA3en. BHewHee
BO34eNCTBUE, HaunHatoweecs ¢ Bzanmogenctauns ¢ TI, nepBoHayanbHO NposiBsieT cebs
Ha MOMNEKYNAPHO-KIIETOMHOM YPOBHE UM 3aTeM CIOXHbIM, HeNWHerHbIM 06pa3om
peanuayetcsa Ha 6onee BbICOKMX YPOBHSX OpraHu3auuMm BnSfOTb A0 LENOro opraHuama.
[MoaTomy uccnegoBaHne MexaHn3mMoB BNUSHUA Tl Ha XunBble CUCTEMbl pa3HbIX YPOBHEN
opraHm3aumm M KX COOTHOLWIEHUS B (POPMUPOBAHUN OTBETHLIX peakuun opraHu3mMa B
HacTosiLee BpeMs SABMSETCS akTyanbHON u3nonornyeckomn npobnemon.

AHanua peakumm XuBbIX CUCTEM Ha OENCTBME PasnuUYHbIX (PaKTOPOB OKpyKatoLLemn
cpefnbl NOKa3bIBaeT, YTO Hapsay C U3BECTHbIMU KOHTAKTHbIMM (Cneundgunyeckumm) Bugamm
peuenumMm umeetcs obWMKA, Hecneunduyeckui BUA BOCAPUSATUS U CBS3U B XKMBbIX
opraHumamax, HasBaHHbii A. [l. [1y6poBbIM pe3oHAHCHO-NOMNEBbLIM B3aMMOOENCTBUEM
(PMB). YkasaHHbI BMA B3auMOAEWNCTBUS U CBA3WM MPOCNEXUBAETCA Ha BCEX YPOBHSAX
Nepapxm4ecKoro NOCTPOEHUS XMBbIX CTPYKTYP U KUBbIX CUCTEM B LIENIOM, OT NOMNyNAuun
OpraHM3MoB [0  OOMHOYHbIX  KNEeToK,  SABNsAsAcb, T.0.,  00webunonornyeckon
3aKkoHoMepHoCTb. OgHako Bce 310 TpebyeT CTPornx Aoka3aTenbCTB.

OcHoBown Pl1B saBnsietcs MexaHn3m pe3oHAaHCHbIX SIBNEHUN, CBA3aHHbLIN TOSbKO C
noneBbIM B3anMOOENCTBUEM, T.e. C NPUEMOM U Nepedadyen BONHOBLIX UH(POPMALMOHHbIX
XapaKTepuCTUK MOMdA, a He MepeHoC U B3aMMoOencTBue OM3MYeckux CTPYKTYp B Buae
MOSIEKYI, MOHOB, MPOTOHOB, ANEKTPOHOB. [one, Kak TakoBoe, ABNSETCA HAOCTPYKTYPHbIM
obpasoBaHMeEM XMBOM MaTepum CO CBOMMU XapakTepHbIMU 0COBEHHOCTSIMKU. B yacTHOCTH,
npu PIB npoucxogut B3aMMOCBA3b MOMEN CTPYKTYp M obpas3oBaHM pelenTopHbIX Mn
aKLEenTOPHbIX MOSMEKYN KMNEeTOK, TKaHeW, opraHoB. 3T B3aMMOCBA3WN 3aTeM OnocpeayrTcs
B BUAE BOMHOBbLIX U3MEHEHWUN CTPYKTYP, B3aMMOAEWUCTBYIOLLMX C MOMEBbIMU CUrHanamm.
MIMEHHO 3TOT MexaHu3M SIBfSieTCs rmaBHbIM NpyU AeNcTBMM cnabbix n ceepxcnabdbix SMI,
N3ny4eHun n o3 paguauum, conposoxgarowmxcs TU, Ha XXnBble OpraHnU3Mbl.

Kneasi cuctema, KoTOopowm sBRsieTCS 4enoBek, Bcerga obnagaeTr BRonHe
onpedeneHHon, ynopsiaodeHHOM CTPYKTYPHOM oOpraHusaumMen MHOXecTBa 4acTen,
KOTOpble, B CBOK o4yepedb, TakkKe CTPYKTYPUPOBaHbI.

Coenaem HecKonNbKO npeaBapuUTeribHbIX 3aMeYaHni.

NHopMaLMOHHO-3HepreTu4eckne MNOTOKM  COCTaBnsalT  Haubonee rnybokoe
dyHOaMeHTanbHoe CBOWCTBO XMBOroO BellecTBa Ha 3emrne. B pabote [33] oTmeyeHo, 4TO
CTEpPEeonpoCTPaHCTBEHHAs! CTPYKTYpa OpraHMYeckux MOSEeKyn - XMparnbHOCTb, BO3MOXHO,
obycnoBneHa He TOMbKO XUMUYECKMMU U BUODUNYECKMMWU CBOMCTBaMW, OHa €eCTb
BblpaXXeHne HeoOHOPOoAHbIX BaKyyMHbIX noTtokoB TI1. Korga cosgatloT  ChMHOPHO-
TOPCUMOHHbIE MOTOKM B TOPCUMOHHbLIX TEXHOMNOornsax, TO, MO-BUAUMOMY, rnybuHHOe
dyHOamMeHTanbHOe BO34ENCTBME pPacrpOCTPaHSETCs Ha MNpPOCTPaHCTBEHHO-BAKYyMHbIN
HEOAHOPOAHbIN MOTOK, B KOTOPOM NPUCYTCTBYET BECb HABOP MUKPO- MaAKPOMONEKYNAPHbIX
CTPYKTYpP. OTO NPUBOAUT K UX BTOPUYHBIM XUMUYECKUM, BUOPUINYECKUM N OpraHUYeCcKUm
N3MEHEHNAM.

Bcsikas reomeTpust CroXHOro obbekTa onpenensercs B3aMmopacrnonoXeHUeM ero
CTPYKTYPHbIX 31IEMEHTOB U UX B3aMMHbIMW MepeMeLLeHnaMM OPpYyr OTHOCUTENbHO Apyra.
HukTo He ByaeT ocnapuBaTtb TOT ¢akT, YTo Silo6on O6BLEKT XKMBOW NpUpoabl - OT BakTepun
A0 yenoBeka - MeeT cobcTBeHHy CcTpykTypy AOMI1, a, cnepoBatensHo, n TI1, koTopas
onpefensieTcs HanpasfeHHbIM ABMXEHWEM MOHOB B KNeTKax M KMETOYHbIX opraHennax,
OBWXEHMEM CaMUX KNETOK M MX BOonbLUMX CKOMMEHWA B BUAE, Hanpumep, KPOBWU WUIK
nMMdbl. ITO ABUXKEHME OCYLLIECTBNSETCS B YCIOBUSIX NOCTOSAHHOIO NPUCYTCTBUSA BHELUHNX
ANEKTPOMArHUTHbLIX U TOPCUOHHBLIX BO3AENCTBUN, a Takke Apyrux doakTopos. [MockonbKy B
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pesynsrate NPOUCXOAALLNX B3aUMOAENCTBUIN BO3HUKAKOT UBMEHEHNSA CKOPOCTEN OBUXKEHUS
3apsagoB, M camMu 3apagbl OBWXKYTCH BCe-TakM He XaoTMYecku, a B COOTBETCTBUWM C
UMELLNMCHA  YXKe [eOMEeTpU4eCKUM pPacnofioKEHUEM CUIMOBbLIX JWHWA, TO MOXHO
paccmaTtpuBaTh XuBble OObEKThI KaK CNOXHENLLNE NMPUEMHUKN U reHepaTopbl IMU n TU.

[dnarpamma HanpaBneHHOCTM TaKoro npueMHuka - J5boro obbekTa XuBowm
npypoabl M ero noACUCTEM - MMEET O4YeHb CROoXHyk ¢opmy. [na ee ToO4HOro
BOCMNPOU3BeAEHUS NOHAZOOUTCA NPOCTO MNOCTPOUTL APYron Takomn XxmBon o6bekT. OgHako
MOXHO YTBepXAaTb, UYTO HeKoTopble xapaktepuctukm T 61Mo06BLEKTOB, MMEKLLMNX
nepapxmio CBOEN reomeTpudeckon CTpyKTypbl, ByayT noBTopsiTbCs. Bce aTo npuBeget K
nogobuio  msnydenusa Tl pasnuyHbiMKM opraHamn u ux nogcucremamun. CnegoBaTteribHO,
Kaxgas KreTka 4yernoBeyvyeckoro opraHuama mmeet csoe TI1, a conpukacarowmecs gpyr ¢
Apyrom knetkn obpasytor obuwee TI, KOTOpoe OpUEHTUPYET WX B oOnpeaenieHHOM
NoOfNoXeHU B NPOCTPaHCTBE, co3faBasi HEMOBTOPUMYHO YCTOMYMBYHO KOMBUHALMIO KNETOK
nT.Aa.

Mpymem B kadecTBe Ga30BOr0 MOHATUS MAEK CHOXHOMO TOPCUMOHHOrO obpasa,
npyHuMmaa BO BHUMmaHue [38]. [llog cnoxHeiM o6pasom Mbl OygeM MOHMMAaTb
reoMeTpuyecKkyro Mofenb C orpegeneHHoOW MaccoBOW, 3apsaoBOM U TOPCUOHHOW
KOH(purypaumen, obnagaroLLlyo nepapxmen ¢ HacnegoBaHMEM reoMeTpudeckux opm u
yCIrOXXHeHneM cBOWCTB. [logyepkHeM elle pas, YTO MpuU YMEHbLUEHUN FeOMETPUYECKNX
pa3MepoB CUCTEMbI €€ CMOXHOCTb BO3pacTaeT, a cama OHa HacrnegyeTr BCe CBOMCTBaA
reoMeTpum cuctembl OoOnblKMX pa3MepoB. ITO He O03Ha4aeT, 4TO cuctema
9BOSIIOLMOHMPYET B CTOPOHY YMPOLEHNA CBOMCTB OObekToB OO0nblINX pasmepos.
CeowcTtBa 60onbLUero NOBTOPSAIOTCA B MEHbLUEM, UM CBOMCTBA MEHbLLUETO OTpaXKalTCH B
Bonbliem. Knaccnyeckorm MOLENbI0 Takoro OTHOLUEHUSI Cpean reoMeTpuyeckmx obpasos
cnyxat obbeKkTbl Tuna MTEepPauUMOHHBIX reoMeTpuyecknx obpasoB. VX Takke HasbiBarOT
NTepaumMoOHHbIMU reoMeTpUYECKUMN bpakTanamu.

Cdopmynupyem HeKOTOpble OCHOBHbIE MOHATUSA, KOTOPbIMM Byaem nonb3oBaTbCH B
JanbHenLem:

1. Bce 6uonormnyeckne obbekTbl obnagatoT CTPYKTYpOW, BNM3KON K reoMeTpudeckum
dpakTanam.
2. MeomeTpuss GuoobbekTa NO3BOMSET €My y4acTBOBaTb B CIIOXHbIX PE30HAHCHbIX

B3aMMOAENCTBUSAX C BHELLHUMM LLUMPOKOMOSTOCHBIMU 3MEKTPOMarHMTHbIMKU BO34ENCTBUAMM
N reHepupyemMbiM1 MU TOPCUOHHBIMW KOMMOHEHTaMM.

3. OCHOBHbIMK HOCUTENSIMU MHpopMaunn B BMoobbekTe n 0 BMoobbekTe ABNATCA
LUMPOKOMNOSIOCHbIE KonebaHus pasnMyHOW NpupoAbl, B TOM YUCME 3SMeKTPOMarHuTHble,
akycTtudeckue, Tl cnoxHenwen KoHUrypauuu.

4. ®akTbl pPE30HAHCHOIO MOrMOWEHUA WU/MNNU  U3NYYeHUa SHeprun, a Takxke
HacrnegyemocTb Pe30HAHCHbIX CBOWCTB MO3BOMSAT NPOU3BOAMTL aKTbl YNpaBreHus B
B6rnoobbekTe ManbiMu curHanamm unu mHgopmMaumoHHbiMu TI1. Tpn 3TOM BaXKHbIMM
ABNAOTCH CNEKTPbI N AnarpammMbl HAaNPaBEHHOCTU TakUX CUrHaNoB Unx Nnonemn.

5. KogunpoBaHve 1 cemMaHTuKa MHpopmMaumm - cyTb (PopMmnpoBaHUS orpenesieHHbIX
nocriegoBaTenNbHOCTEN BO3OENCTBUN B pasHbIX YACTOTHbIX JManasoHax C Lenbio BBogaA B
PE30HaHC TOWM MMM MHOM YacTu opraHmama wunum cuctembl. BosHukawowas peakuns
opraHusma, Jaxe oveHb CroXHasi U MeaneHHas!, - 3To NocneacTene ogHaXabl BO3HUKLLETO
pes3oHaHca.

Mpn ocCMbICNEHNN NPOLECCOB, MPOUCXOOALIMX B >KMBbIX OpraHuM3max, BO3HMWKMA
MeguumHckas romeocTtatuka. Kak nobas Hayka o6 ynpaBneHuMn CroXHbIMU cUcTEMamu,
romeocTtatvka OpMUPYETCA Ha CTblKe TakuUX OUCUMMNMWH, Kak GWonorns, CUCTEMHbIV
aHanus, meguuuHa, MCUXONOrUs, 3KOMOrusi, MCKYCCTBEHHbIN MHTENneKT, dunocodus,
couuonorus u ap.
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OnemMeHTapHOM eauHULEN CTPOEHUs ToMeoCTaTU4YeCKONn CUCTeMbl SIBMSieTCS
romeocTar [21, 58].

Cuctema ynpaBneHuss opraHuMaMa COCTOMT M3 (PYHKUMOHASbHBIX 3fieMeHTapHbIX
eanHuy, obpasylowmnx BbICOKOCNEUManmn3npoBaHHbIe CTPYKTYPbI YNpaBrneHus, KoTopble, B
CBOI ouvepenb, obecnevmBaloT 3aaHHbI YPOBEHb MOCTOAHCTBA OMTUMAaribHbIX YCIOBUIA
PYHKLNOHNPOBAHUS XXMBOW CUCTEMBI. [OMeocTaTbl pasnnyHbIX CUCTEM OpraHu3mMa B YacTu
nepepaboTkn WHGOPMaUUN MNPUHLMNMANBHO OLHOTUMHLI, XOTS MOPGOMOrM4Yeckn wu
9HepreTnyeckn MoryT CTPOUTBLCH U3 Pa3fINYHbIX TKaHEN U BUOXMMNYECKUX KOMMOHEHTOB.

Jllobylo  XMBYyHO CUCTEMY MOXHO paccMmaTtpuBaTb Kak LerneHanpaBreHHbIN
CorfacoBaHHbin  UHGOPMALMOHHO-3HEPIETUYECKUI MpPOoLECC, ynpaBndeMbln nepapxmen
roMeocTaTU4eCcKnx CUCTeEM. JTa COrMacoBaHHOCTb SPKO MNPOSABMASETCS NPU peakunn XXNBom
CUCTEMbI Ha BHELLHEEe BO3AENCTBME U UBMEHEHWNE BHYTPEHHUX YCIOBUNA.

PaccmoTpum BapuaHT anekTpoMarHUTHON moaenu xuson knetku [38]. TopcuoHHas
Modenb KNeTkn npuBegeHa B npunoxeHun Ne 2. HeTpyaHO 3amMeTuTb MNpOTMBOpEYMne
MeXOy OYEeHb OrpaHMYEHHbIM YUCIIOM UCXOOHbIX 3IEMEHTOB, U3 KOTOPbIX (POPMUPYOTCA
OopraHMyeckme MOoMeKynbl, Hanpumep, aMMHOKMUCAOT, U BGecKoHeYHbIM pasHoobpa3snem
0OBLEKTOB XMBOW MpUPOAbI, OTANYAOWNXCA APYr OT Apyra CTPYKTYPOW MaKpOMOSEKYI.
O6bACHUTL 3TO NPOTUBOPEYME MOXHO TeM, 4To dopma n cogepxaHne mnboro
Buonornyeckoro ob6bekTa 3aBUCAT OT CTPOro 3a4aHHOMO PUCYHKA UX INEKTPOMArHUTHbLIX U
TOPCUMOHHbIX (Ha puc. 13) He MNOKa3aHHbIX MOMnen, MEHSIWNXCA BO BPEMEHU MO
nporpaMmme, XxapakTepHOM TONbKO AN 4aHHOro obbekTa.

Puc. 13

OTUM obwmuM onga Bcex BUOOBBHLEKTOB ANEKTPOMArHUTHO - TOPCUOHHBLIM PUCYHKOM, C
OOHOWN CTOPOHbI, MOXXHO OBOBACHUTL CXOXECTb B CTPOEHUU, (PYHKLUMSX U COCTaBE MOSIEKYI
B KNeTkax, a C APYron CTOpPOHbI, NOKasaTb: YemM BGonblue MOMNekyn MnpuHUMaeT y4acTme B
OpraHM3aunn N XU3HeOeaTeNbHOCTU KNeTk, TeM 6orblue COYETaHUN SNEKTPOMarHUTHbIX
N TOPCUOHHBIX B3aMMOOEWCTBMI, nNporpaMm Habnwgaercss B apXUTEKTOHWUKE XMBbIX
OpraHuM3MoB. Takoe TMOCTOAHHOE YCNOXHEHWEe OreKTPOMarHUTHO - TOPCUOHHOM
NEepPBOOCHOBbI XXM3HU U €CTb OTPaXXEHUE ee ANEKTPOMArHNUTHO - TOPCUOHHOW 3BOSOLMMN.

BHyTpukneToyHOMY Martepuany npucyLimM CBOMCTBA XUOKUX KPUCTAnMoB, TO eCTb Y
CNOXHbIX MOMEKyN n G1nononMMepoB CyLLIECTBYHOT ynopsgodeHHas CTPYKTypa, U B TO Xe
BPEMSA OHM, KaK M >XMOKOCTU, MOryT Teub, obpasoBbiBaTb Kannu. A Bedb, Kak U3BECTHO,
dopMUpoBaHNE YNOPSAOYEHHBIX MEXATOMHbIX CBSA3EW Yy KPUCTansioB OOBbACHAT
9NEeKTPOMarHUTHO - TOPCUOHHBIM MEXaHU3MOM B3auMMOOEWCTBUS WX aTOMOB. Tak Xe
AOIMKHbI (POPMUPOBATLCS U BHYTPUKIETOYHbIE CTPYKTYPbI, MPUYEM Ha HUX CYLLECTBEHHOE
BO3OencTBue okasbiBaloT M BHewHue OMI1, n reHepupyemble nocnegHumun TI1. Jliobas
elle He pasgenuBLLIAsiCA XMBasl KneTka, nmerollas goctatodHo cunbHoe OMI n TI1, nog
COYETaAHHbIM OENCTBMEM MArHUTHOrO U TOPCUOHHOIO nonen 3emnu co3gaeT maTpuly Ans
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pasBUTUSA CIIOXKHOTO opraHmama. [1oaToMy, Kak Ham KaXeTcsl, Hemnb3s yTBepxaaTb, YTO
XM3Hb npou3owna wu3 OMOreHHoro martepvana nub OAdHaxAdbl, a cenyac nulb
«MNOBTOPSIETCA» Yepe3 Crnopbl, cemMeHa, Knetku. BnonHe BeposiTHO, YTO M B HacTosLiee
BpeMA B NpuUpoAe MPOUCXOAAT BCe Te XXe MpOLeCcChbl, KOTopble Koraa-To npuBenu K
BO3HVMKHOBEHUIO XWU3HW, OOHAKO WX TPYAHO BbISIBUTb W3-3a OFPOMHOrO pasHoobpasus
BruomMacchl Ha Hallen nnaHere.

KnBas knetka, B OTnn4Me OT MHOFOKIIETOYHbIX OOBHEKTOB, - acMMMeTpudHa. Ecnu
NPeanonoOXnTb, YTO CUMMETPUYHbIE OPraHM3Mbl YCTONYMBLI U3-3a CLIENNSAOLLEr0o 4eNCTBUA
YPaBHOBELLEHHOIO 3MEeKTPOMAarHUTHO - TOPCUMOHHONO Kapkaca, TO Y acCUMMETPUYHbIX
KNEeToK AEeneHuto OOMKHO npeawecTtBoBatb popMmpoBaHne cummetrpudHoro IMIM u ero
TOPCUOHHOW KOMMOHEHTLI. Kretka npu 3TOM pacTeT 3a CYET BHELWHeW MoAnUTKK
OpraHM4yeCckMMM MOreKyrnamu, Ho paBHOBECHME MEXAY ee MacCcou U cunamm cuenneHus B
KNEeTOYHOM siYenke HapyLLaeTcs - NPOUCXoaUT AeneHune.

N3 9nekTpOTEXHWKM U3BECTHO: €Cnu B 3NeKTpuyeckoe nofe MNoOMeCcTUTb
neperopogky w3 nposogsdiwiero matepvana (B KreTke ero pornb wurpatwt ©Oenku), To
HanpaBneHne CUMNoBbIX NIMHUA W3MEHUTCHA TaK, Kak ecnu Obl 3a 3TOM NEeperopoakoun
NOSIBUIICS  «3epKarnbHbI» 3apsig obpaTHoro 3Haka. Ecnm ke 310 neperopogka -
AN3NEKTPUK (B KNETKe TO NUnNunapbl), TO 3HaK 3apsga NoMeHseTcs.

N3BecTHO Takxke, 4To B pe3oHaTtopax CBY n KBY npnbopos, Takmx, Kak KIUCTPOHbI,

reHepupylowme afneKTpoMarHUTHble BOSfHbl OT Aonen OeuuMeTpoB A0 HEeCKOSbKMX
CaHTUMETPOB, a TakKkKe TreHepaTopoB Ha p-i-n-guogax Yy MOMOCKOBbIX  FIMHUNA,
anekTpuyeckne, MmarHutHole n Tl pacnpocTpaHATCsa No BCceMy 0ObeMY MOMOCTEN UX
pe3oHaTtopoB. B atome Habnogaetca NpUMeEpPHO Takas Xe KapTuHa. [1o3ToMy ero MoXXHO
paccmaTtpuBaTh Kak KpOLUEYHbIA pe30oHaTop, KOTOpbIA CnocobeH nsny4arb Unv normnoLatb
3NEeKTPOMarHUTHbIE BOSHbI, MPWY 3TOM NpoucxoauT nameHeHune TI1. PesoHaHCHasa cuctema
aTtoma, no-BMAMMOMY, CMOCOOHa «3anOMWHATb» MMEKLWYICS B HUX MHGOPMaLMIO,
KOTOpas MOXET 3anucbiBaTbCsl Kak U3MeHeHne hopMbl 3MeKTPOHHbIX opbutanen. Begb
OHa (popma) BNpsIMYIO 3aBUCUT OT TOrO, Kak pacrnpenenieHbl anekTpuydeckne n MarHuTHble
nonsa BHyTpW 1 BOKpYr atoma. Npn nameHeHnn popmbl MarHUTHbIX opbuTanen naMeHaeTcs
Tl atoma.
B kauyectBe npumepa paccmoTpum CTpykTypy OMI1 nunuaga - OCHOBHOMO CTPYKTYPHOrO
KOMMOHEHTa KneTtodHon mMembpaHbl - 6e3 ero TOPCMOHHOM KOMMOHeHTbl. Ha puc. 13
nokasaHo YyCTpOMCTBO 6uonornyeckon MembpaHbl, a Ha puc. 14 - ynpoLleHHas
9MNeKTpoMarHMTHas mMogenb ronioBkn monekynsl nunuaa (Tl He nokasaHbl, Heobxoanmo
HaNOMHUTb, YTO CEBEpPHbIM MOMKC MarHuTa opmupyeT npasoe TI1, KXHbIN - neBoe).
[OnoBka MMeET LWEeCTb NPOOOSIbHBIX ANEKTPOMAarHUTHbIX KOHTYPOB, CBA3aHHbIX B €4UHbIV
3NEKTPOMarHUTHbIN MEXaHN3M, a CTbIKOBKa MOJSIEKYN B MOHOMOSIEKYNSAPHbLIA CIIOM OOMKHA
npoucxoauTb [MaBHbIM 00pa3oM 3a CYeT MarHUTHbIX cBA3en. He npaBga nn, 9Tu
LECTUrPaHHMKM HanNoMUHAKT MYenuHble COTbl M3 BOCKa, MpeacTaBnsawowero cobon
pasHoBMaHoCTb nununga (puc. 15).

Ana apyrux KOHCTPYKUMKA BUOMOrMYecknx Mosekyn Takasi CTbIKOBKa MOXET ObliTb
obbemMHon, a camu OBuonornvyeckne Monekyrnbl MOryT UMETb Camble pa3HOoOobpasHble
MHPOPMALIMOHHO - COTOBbIE CTPYKTYPHbI.

N3BECTHO, YTO OpraHM4yeckne coeamHeHus ¢ BNU3KMMKU PEe30OHAHCHBIMW YacToTaMu
COBCTBEHHbIX KonebaHun B XMOKOW cpefe UMelT TeHAeHuu K conwmkenuto. Cyas no
BCEMY, MMEHHO M3-3a 3TOr0 BO3HMKAIOT accoumnaTbl MAEHTUYHBIX MOSEKYIT.
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Pnc.15

CnoxHasa CTpyKTypa arneKTpu4ecKoro nonsd BHYTPU KIeTKn hopMmnpyeT COOTBETCTBYIOLLEE
TI1, kOTOpOE BNUSET Ha TPAEKTOPUN ABUMXKEHUS BXOOSALLNX B €€ COCTaB MOSIEKYI.

Kak yxe ynomMuvHanocb, TOPCUOHHAs WHQOPMaUUA MOXET 3anucbiBaTbCA Ha
Buomonekyne B M3MEHEHUM POPMbl INEKTPOHHbLIX opbutanen. Npuyem, 4yem croxHee
Mosnekyna, Tem 6onblle y Hee 3NEeKTPOHHbIX opbuTtanen n Tem 6onblie nHpopMaumm oHa
MOXET «3anucaTb». ATOMbl pasfnMyHbIX 3fIEMEHTOB, a Takke Oonee CroXHble CUCTEMbI
00beAMHEHHbIX 3NEeMEHTaPHbIX YacTul, BKNHOYas XMBYKD MaTeputo, MOryT obMeHMBaTbCS
3TON WHdopMaumnen. Jlerye BCero Takom OOMEH NPOMCXOOUT MeEXAy WAEHTUYHbIMU
aToMamu 1 Monekyrnamu.

B okpyxatowen cpene Bcerga UMeKOTCS MaTtepuarnbHble 0ObeKTbl, COCTosLWMne U3
TakuUX UOEHTUYHBLIX CUCTEM, U HE WUCKIMYEHO, YTO Ha pasfnU4YHbIX Npeamerax OCTakTCs
«crnegbl» MHPOpPMaLnn OT XMBbIX OPraHM3MOB, B TOM Yuche 1 Bbiclumnx. [o-Bugmumomy, 3a
cyeT (pakTarnbHbIX CBOWCTB B reoMeTpuu nonen MOXeT CylecTBOBaTb Kak
KpaTKoBpeMeHHas (onepatmBHas), Tak U OONTOBPEMEHHasa NamsaTb. B 4acTHOCTH, Y XMBbIX
OpraHM3mMoB B KayecTBe HageXHblX GaHKOB AONrOBPEMEHHOW NamMsaTWU MOryT BbICTynaTb
Takne crabunbHble 0bpas3oBaHUA, Kak KOCTWU, copepxalive B AOCTaTOMHOM KONMu4ecTBe
BCe OMOreHHble 3areMeHTbl, KOTOpble CNOCOOHbLI BOCMPUHATL OnepaTUBHYO MHopmauuio,
nepegasaemyto Tl1, 0 xoge OMOXMMHUYECKMX MPOLIECCOB, MPOUCXOAALLMX, Hanpumep, B
mosre. [lepegaBaTb 39Ty MHGOPMaAUUIO BO BCE «YrOfKM» OpraHnamMa MOXET KpOBb,
cofepxallias B reMmax aTombl Kenesa.

B [38] paccMOTpeHbl pe30oHaHCHbIE 3JNEKTPOMAarHUTHbIE SIBMIEHUA B OpraHax u
TKaHAX.

Ewe B Hayane 60-x rogos A. . Tenernny npueniekna KoHUenumMsi OCHOBOMOMNOXHMKA
KocMunyeckon buonormn akagemuka B. B. MNapuHa - paspaboTtka NpuHUMNNANbHbIX CXeM
npoueccoB ynpasrieHns, NPOTEKaoLWNX B XXUBOW MPUPOAE, NO aHanormm ¢ TEXHUYECKUMU
ycTponctBamun. K Tomy BpeMeHn B Guonormm v puanonormm Hakonunocb YXXe Hemano
paboT, KOTOopble OAHO3HAYHO CBMAETENbCTBOBANM: Hapsgy C HEPBHOW WM ryMoOpanbHON
cucTeMamu nepegavv nHpopmauum Te xe PyHKLNN peanuayroTcs B XMBbIX OpraHmM3mMax u
npun nomoLum SMIT.

B okcnepumeHTax Obina obBHapyXeHa npuMedaTernbHas — 3aKOHOMEPHOCTb.
O deKkTbl, CBA3aHHbIE C nepuoaunyeckn wuameHsiowmmuca OMI, mMano 3aBucAT oOT
9Heprum msny4deHusi. bonee TOro, COOTBETCTBYIOLLUME 3AKOHOMEPHOCTU Hepeako HOCAT
napagoKcanbHbI XapakTep - BIMSHWE MNOMNSA C MEHbLUEN 3Hepruen okasbiBaeTcs Gonee
cunbHbIM!  [1O3TOMY BO3HMKNA@ MbIClb 06 OCTpo  m3bupaTenbHOM  XxapakTepe
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B3aMMOOENCTBUA. JTO O3HAYaeT, YTo B Tene 4verioBeka, ero XU3HEeHHO BaKHbIX Yy3nax
OOMKHbI  HAXOOUTbCA reHepaTopbl NEepUoaNYEcKM U3MEHSIIOWENCA 3JHepruM  BrOSHEe
onpefeneHHblX 4actoT. A C 4YacTOTHbIMW XapakTepUCTUKaMU CBA3aHO uandeckoe
SIBNEeHNe pesoHaHca - ycuneHuwe crnabbix konebaHun, Ha KOTOPOM MOCTPOEeHa
paguoTexHuKa.

Kakas e cuctema 4ernoBeyeckoro opraHuamMa MOXEeT NpeTeHOoBaTb Ha posb
paguoperynatopa opraHuaMa? Pewas atoT Bonpoc, TenervHa cgenana [gOBOSIbHO
HeoXnaaHHbI BblGOp: obpaTuna BHMMaHWE Ha [MAaBHYH CUCTEMY BCEX TEMSOKPOBHbIX
CYLLECTB - cepaeyHo-cocyancTyto. M noctasuna nepen cobon uenb - co3gatb ee MOoAerb,
NyCTb YMPOLLEHHYIO0, HO BbIAENSAOLWYO KaK pas paguMo CBOMCTBA 3TON cuctembl. Begb Mbl
NPUBBIKIN CMOTPETb Ha Hee KaK Ha HEKyl pasBETBIIEHHYK MOPaBNYECKYD CETb,
HanpuMmep, pacnpocTpaHeHHbIM METOOOM AMArHOCTUKM B KIUHUKE SIBNSIETCA U3MepeHue
AasneHuns. TpaHcnopTHas OYHKUMS KPOBEHOCHOM CUCTEMbl HaM XOPOLUO M3BECTHA - OHa
pPa3HOCUT MO BCEMY OPraHn3my XMBOTBOPHbIE aTOMbl KUCOPOAA, NUTaTeNbHbIE BELECTBa.
B HoBOM Mogenu mexaHumyeckne (PyHKUMM He OTpakeHbl, MOCKOSIbKY OHa «CrnensieHa»
COBCEM U3 ApPYrnx cywiHocTen. [na ee NOCTpOeHMs NoHagobunuce npeactaBneHus o
nonapu3auMoHHOM reHepaTope, BONIHOBOAAX U ANANEKTPUYECKON cpeae.

®unanonorn [aBHO YCTAHOBMMW, YTO TaK HasblBaeMbli aBTOMaTU3M cepgua -
npouecc He TOMbKO MeXaHUYEeCKU, HO 1 anekTpuyeckui. [NonepemeHHoe cokpalieHue n
paccnabneHve cepgoevyHonm  Mblllbl  COMPOBOXAAETCA  Ype3BbldaHO  ObICTPbIMK
YyepeaoBaHUAMM  MOSMOXMUTENbHLIX U OTpUUATENbHbIX 3apagoB B ero TkaHax. Ha
anekTpokapguorpamme (OKI) oTpaxarTca He caMn 3T BbICOKOYACTOTHbIE KonebaHus, a
nx ormbatowas: 3ybel P oTpaxaeT pacnpocTpaHeHue Bo3byxaeHusa (aenonapusauuio) no
npeacepanam, Q.R.S - no xenygodkam u T - npouecc yracaHus BO30yXaeHus
(penonspusauuio) B nocnegHux. MNpupoga nondpusauunmn, To eCcTb BbICTPLIX YepenoBaHum
NOMNOXUTENbHbBIX U OTPULATENBHbIX 3apAA0B, He BMNOfHe AcHa. MOXHO NpeanonoXuTb, YTo
ObICTpOE 4YepegoBaHME MOMNOXUTENbHBLIX W  OTpuUaTENbHbIX 3apsgoB, Bedyllee K
BO3HUKHOBEHUIO Yepeaylolmxca npaBoro M nesoro TI1, CAYXWUT HEKMMWU CcurHanamu
yrnpaBneHns OCHOBHbLIM MPOLIECCOM KITETOYHOW ajanTtauuu - NepekUcHbIM OKUCIIEHUEM
NMNUAOB, @ MMEHHO HeHacChbILWEHHbIX (ocdonMNUaoB, CNOCOBHbIX BBICTPO OKUCASATLCA MO
NX OBONHBIM CBA3SIM.

Kak 66l TO HM Obino, B Mogenu TenermHom cepgue npeacrano B Buae
nonspusaumMoHHoOro reHepatopa. Beab 6bIcTpo konebnowmecs 3apsgbl, Kak M3BECTHO,
cnyxart uctoyHmkamm SMI um Tr1.

KapTuHy pacnpocTpaHeHus 3nekTpoOMarHUTHOrO BO3OYXAEHUs B Terne 4eroBeka
MOXHO YCTaHOBUTb, YyYMTbiBas CBOWCTBA cpefbl, B KOTOPOM OHO npoucxoaumT. KpoBb,
MbILLLbI, HEPBbLI U OpYrMe CTPYKTYPbl - ONANEKTPUKN. A y TakMX BELLECTB 3IEKTPOHbI He
OTPbIBAOTCA OT MOMEKyn Tak ferko, Kak y npoBogHMKOB. Yactuubl, obnagatowime
3apsigamMu pasnnyHbIX 3HAKOB, B AMANEKTPUKAX «pasHEeceHbl», CBsA3aHbl Mexay cobon u
o6pasyloT Aumnonu, crnocobHble MNOBOpaYMBaTbCs BAOMb MOTOKA 3MNEKTPOMarHUTHOM
3Heprun. HemsbexHbIn CNyTHUK 3TOro npouecca - BO3HUMKHOBEHWE B MOMEKynax cul,
aHanornyHblx cunam TpeHusas. W yactb paboTbl, cosepwaemon O3MIT npu ero
pacrnpocTpaHeHun no OMINEKTPUKy, npeBpawaeTcs B Tenno, TO ecTb obpaujaetrcs B
AnanekTpuyeckme notepu. Hapsigy € OKUCNUTENbHO-BOCCTAHOBUTENBHBIMU pPeakumsiMu,
OHM CNOCOBCTBYHOT NoAAEPXKaHUIO TeMMepaTypbl Tena Ha 4OCTaTOMHO BbICOKOW OTMETKE.

TOPCHOHHbIE CUrHANbI PacCNPOCTPAHAIOTCS NPAKTUYECKN MIHOBEHHO.

N3yyeHne pasnunyHbix TkaHenh 4Yenoseka Ha CBY, npoBegeHHoe 3a nocregHee
BpeMS B psiae CTpaH, nokasasno, YTo Mo 3MeKTPOMarHMTHbIM CBOMCTBaAM TKaHW OenATCA Ha
aBe rpynnbl. [lepBasi, K KOTOPOM OTHOCATCA MblWLbl, MO3F, KPOBb MO CBOUM
xapaktepuctmkam (6onblimMM 3HAYEHUAM AUNINEKTPUYECKON NpoHnuaemoctn - 60+80 wu
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CUNBbHOMY 3aTyXaHUIO0 3NIEKTPOMAarHUTHbIX BOSTH) CXO4HA C hU3MOSIOrMYeCcKnmM pacTBOPOM.
Btopasa rpynna (K Hel OTHOCATCA XWPOBblE W KOCTHble TKaHW, WX OMINeKTpuyeckas
NPOHULAEMOCTb - 5+6, a 3aTyxaHne BOSIHbl B HUX MPOUCXOAUT 3HAYUTENbLHO crnabdee) no
CBOWCTBaAM HanoOMWHaeT AUCTUINNMPOBAHHYIO BOAy. 3aTyxXxaHwe BOSHbl XapakTepusyeTcs
TaKk HasblBAaeMoOW T[NyOUHON MPOHUKHOBEHUS, Ha KOTOPOW M3nyveHne ocnabnsercs
npuMmepHo B 2,73 pasa. MybuHy NpoHWKHOBEHMS OObIMHO M3MepsaT B nabopatopumn C
nomoLbio reHepartopa. pn 3ToM okasbIBaeTCs, YTO B MbILLEYHOWN TKaHW A5l BOSH KOpo4e
0,3 M oHa cocTaBndeT npumepHo 1/20, a B xunpoBon - 1/4 anuHbl BonHbl. MiccnegoBanus
TaKke MokKasanu, 4YTo YNoBUTb PaAMOBOSHBbI, WU3NyYaeMble BHYTPEHHMMUW OpraHamu,
MOXHO, MPUMOXMB K KOXe [OUINEKTPUK C TakUM Xe 3HaYeHUEM [OUINEKTPUYECKON
NPOHULAEMOCTU, YTO U Yy Tena. AHTEHHY MpW 3TOM pasMellarT BHYTPU AUINEKTPUKA.
[MOoCKONbKY aHTeHHa HaxoauTCA B OWANeKTpuke U LOIKHa pearnpoBaTb Ha BOSHY, B
HecKomnbko pa3 bonee KOpPOTKYl0, YeM B BO3AyXxe, pa3Mepbl aHTEHHbl YMEHbLUAKTCH BO
CTONbKO e pa3. MuHMManbHbIM NWHEWHbIN pa3mep obnactu (ero HasbiBalT
paspeLuatoLlen cnnon no NOBEPXHOCTKN), KOTOPYD MOXET 3aHSATb aHTEHHa U MO4 KOTOPOW
Haxo4MTCA UCTOYHUK pernctpupyemoro AMW, coctaBnsieT ana perMcTtpupyeMon BOmHbl L
= 30 cm Bcero 4 cm.
N3 ckaszaHHOro MOXHO caenaTb cnegyrowme BoiBobl:

1 yrnpaBneHne Ha BCeX YPOBHAX opraHusaumm ©OuoobbekTa ocyllecTBnsercs
cnabbimmn SMI 1 TT1, KOTOpblE aKTUBUPYIOT U AE€aKTUBUPYIOT T€ UM MHbIE NPOLECCHI;
2. OS5 BMeLLaTenbCTBa B NPOLECCHI YNpaBeHUsi MOXHO UCMOMb30BaTh uanyyartenu, B

TOM 4YUCe W MacCUMBHble C OnNpedeneHHoM reoMeTPUYEecKOM CTPYKTYpon U
COOTBETCTBYIWOLLUEN AMarpaMMON HanpaBfieHHOCTU, OEWCTBME KOTOPbIX OCHOBAHO  Ha
nanyyexum TT1.

Takoro poga usnydatenamu, opMupylowmMMn cnabble, HO AeTePMUHUPOBAHHbIE
TOPCUOHHbIE CUrHarIbl YNPaBeHUsl Ha YPOBHE OpraHoB, TKAHeW N KNeToK, MOryT SBNATLCSA
pasnMYHOro pofda CUMBOJIbl, HAHECEHHbIE HA MeTan UNn OUaneKTpuK.

JTiobble cumBornbl HecyT MHpopmaumo. OgHako NpakTUYECKN BO BCEX MPUPOOHbLIX
npoueccax MHOpPMaUna NPUCYTCTBYET C wymamu. [MpusHak MHGoOpMaLMM O XUBOM -
HanMyne CcUMMETpuU, npuyem C OONbLUMM YMCIIOM HamnpasBfieHUn ocerl CUMMETPUN.
CosHaTenbHble unu 6eccosHaTenbHble TBOPEHUS XMBbIX CYLLECTB Takke, Kak npasuro,
obnagatoT onpegeneHHon cummetrpuen. CUMMETpUS - HeoTbeMMemasi YacTb MoAenen
H6uoreometpuun. lNMpu 3TOM Manasd acMMMETPUSI - YCIIOBUE CYLLECTBOBAHWUSA CMOXHOrO, B
TOM YMCrie 1 XUBOrO, B ANHAMMUYECKOM paBHoBecuu [38].

BosgencTtBre cnabbix CUMMETPUYHBIX U Mano aCUMMETPUYHBIX MOMen Ha OpraHu3m
MOXET Bbl3BaTb B HEM Te WM MHble MNpouecChbl U n3MeHeHusi. Takne adpdekTol Bonee
BblpaXXE€Hbl MPW  OTHOCUTENbHO ANMTENBbHOM  BO3OENCTBUW, WNU  NPU  BBEOEHUU
BMOreoMeTpnYECKONn CeMaHTUKW, 3anevatrieHHOW Ha XWOKUX HOCUTENsIX, Hanpumep, Ha
BOAHbIX UM MHbIX accoLmaTax.

Byoem Ha3blBaTb 3NeKTPOMarHUTHble curHansl Manown MOLLLHOCTH,
COMpoBOXJaemble COOTBETCTBYIOLLMMN TOPCUOHHLIMKU KOMMOHEHTaMu, obnagarowmnmm
CUMMeETpUEN, BOnoreoMeTpu4eckuMn YnpaensoWMMM BO3AENCTBUAMU. Takue CcurHanbl
reHepupytoT moHuTopsl MK, Tenesmsopbl, CBY - neun n gp. PasnuyHoro poga pyHu4yeckne
CMMBOJfIbl MOXHO paccMaTpmBaTb Kak reHepaTopbl TOPCUMOHHbLIX BO3OEWCTBUA Manown
MowHocTn. Ecnm  dopma curHana Takoro reHepatopa WMeEeT XapakTePUCTUKW,
coBrnagawouine C xapakTepucTMkamu opraHmamMa WM ero 4yacterh Ha pasHbIX YPOBHSIX
CMOXHOCTK, TO BIMSIHWE TakKoro B3aMmopencTeus OyneT BecbMa M BeCcbMa owytumo. B
AAHHOM criydae 3ToT (PeHOMEH MOXHO paccMaTpuBaTtb Kak HeNIMHENHbIA OTBET OTKPbITOM
HepaBHOBECHOW CUCTEMbI Ha BHELLHEE Maroe TOPCUOHHOE BO3MYLLEHME.

[encteme Takmx GMOreoMeTpmuYeCcKnX reHepaTtopoB LOKA3aHO OMbITOM MOKOSIEHUMN.
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Ho He kaxablh 3HaK MM pyHa NoaxoAuT KOHKPETHOMY YerioBEKy BCNeAcTBME pasnmuyns
XapakTepUCTUK reHepaTopa M opraHuama. KayecTBO reHepatopa AOMKHO onpenenatbcs
NHONBMAOYaNbHO ON1S KaXK4oro YenoBeka.

B paccmatpuBaemMomM Hamu criydae U3 M3BECTHbIX CMOCOBOB OpraHusauunm
HocuTenen ynpaeneHusi B romeocTtartax [63] uenecoobpasHo BbigenMTb MHPOPMaLMOHHO -
9HepreTnyeckoe nonesoe obpas3oBaHMe (TOPCUMOHHO-CMMHOBOE), 3SHEPrUsa KOTOPOro
3HaA4YMMO Mana no OTHOLUEHUIO K 3Heprum npeobpasoBaHU B romeocTaTe, NPONCXOOALLNX
nog, BO34eNCTBMEM CaMOWn MHpopMaLmn.

HenocpenCcTBeHHbIM AETEKTOPOM WMHOpMaLMK B OpraHname sBNSAETCs CBsi3aHHas
BOOa, KoTopas nog BO3OAENCTBMEM  MPOCTPAHCTBEHHbIX KOMMSIEKCOB  HOCUTENS
MHopMaLUnn nepecTtpamBaeT CBOK CTPYKTYpPY, YTO B KOHEYHOM WUTOre MeHsIeT CBOMCTBA
MOSEKYS XMMUYECKOro BELLECTBA, OKPY>KEHHbIX BOAHOM «pybaLlKkomny.

Yactb MonekynsapHoro cybcTtpata >XMBbIX CUCTEM MNOCTOSSHHO HaxoguTcs B
BO30Y>XAEHHOM BbICOKO3HEPreTU4eCKOM HEPABHOBECHOM COCTOSHUMN.

Bnarogaps 3TOMy OHM MOCTOSHHO TrOTOBbI K paboTe W BLINOMHAKT €ee C
MakcumanbHON 3(PAEKTUBHOCTbID. YCTOMYMBOCTb WX HEPaBHOBECHOIO COCTOSIHUA
obecneymBaeTcsi, C OOHOW CTOPOHbI, Cneuuduyeckon CTPYKTypon U ¢opMon
NHOMBMAOYarnbHbIX MOMEKYN, C OPYron - B3aMMOAEWCTBMEM BO3DYXAEHHbIX MOMEKyn,
obpasywwmnx ceoeobpasHble aHcamMbnu. ITY SHEpPrnto HasblBalOT CTPYKTYPHOW WK
csoboagHon [18]. B3ammopenctBne aHcambnen un obpasoBaHHbIX B3aMMOCBA3AHHbLIX
HaACMCTEM NPEANnOSIOXUTENBHO TOPCUOHHOE.

B 30-e rogbl A. I. TypBnyeM 6bino obHapyxeHo, 4TO ntobble XunBble OpraHM3Mbl
CnocobHbl M3ny4atb OTOHbI B ynNbTpadMoneTtoBoM AuanasoHe cnektpa. PoToHbI
BbICTYNalT B POnnM Heobxoaumoro gaktopa MHAYKUMW KNETOYHOro AefeHUs, B CBA3U C
4YeMm 3TO u3nyyeHune 6bINo0 Ha3BaHO MUTOFEHETUYECKNM.

Kpome TOro, BCe XWBble CUCTEMbI CMOCOOHbI MCMyCKaTb 3HAYUTENbHbIA MOTOK
OTOHOB M B BMAMMOM 0Onactu crnektpa B BuAe BCNbIWeK. BChbIWKM MHULMMPYIOTCS
NHorga oveHb cnabbiMy MO AHEPreTUHECKOMY SKBMBANEHTY BO3AENCTBUSMU Ha KIETKU, YTO
cBuaeTenbcTByeT O npeobrnagjawowemM MHPOPMAUMOHHOM MeXaHu3Me 3anycka 3TUx
nanyyeHun (cm. Npunoxenue 1).

CnekTpanbHbli  aHanM3  CMNOHTAHHOrO M AerpagaumoHHOro  U3ryyYeHus
CBUAETENbCTBYET, YTO MOSIEKYNSAPHbIA CybCTpaT XMBbIX OpPraHM3MOB HaxoauTCca B
COCTOSIHMM, BECbMa AaniekoMm OT TEPMOANHAMUNYECKOrO paBHOBECUSI BCNEACTBUE BbICOKON
3acerieHHOCTUN BEPXHUX ANTEKTPOHHbLIX YpoBHEN [18].

CpoenaHHbIM  BbLIBOA, corfnacyetca C  pesynsratamu, MOfyYeHHbIMU  ApYrnMmu
mMetogamn. BbiacHseTca, 4TO B Xo4e MHOMMX (PepMeHTaTUBHbBIX OKUCIUTENbHbIX
npoueccoB obpasytoTca NpoaykTbl B BO30YXOEHHOM TPUMNMETHOM COCTOSIHUKW. B gaHHOM
crlydae 3Heprus He AUCCUMNUPYETCA 4Yepe3 TEnnoBOW KaHar, a 3aTpadmBaeTcsa Ha
ocyuiecTBrieHne buonorndecknx pyHkunn [18]. Bpems xunsHu Taknx COCTOsIHUA He Obino
Obl GonbwnMm, ecnu 6bl BO3OYXAEHHbIE MOMEKYNbl HEe OObeaAnHANUCb B aHcambnwu,
KOTOpble, B CBOK o4epedb, He obpasoBbiBanu Obl B3aMMOCBSA3aHHble HagcucTembl. B
TakKMx aHcambnsix OneKTPOHHble nepexodbl AOMMKHbI COBepLUaTbCA  KoonepaTUBHO.
HencTtButenbHo, Obino 0GHapYXeHO, YTO U3nydeHne OMoCUCTEM BbICOKOKOrEPEHTHO, T.€.
npeactaenser cobon SNeKTPOMarHUTHblE BOMHbI, asbl KOTOPbIX COrflacoBaHbl BO
BpeMeHu 1 npocTpaHcTee [18].

UenoBek £ABNSETCS CIIOXHOM TOPCUMOHHOM CUCTEMOW CTPOro WHAMBUAYaNbHOrO
TUNa, KOTopas XapaKTepu3yeTcsl YHUKarbHOM WHopMmauumen, onpegenstowen, B TOM
yucre CocTosiHMe ero 3gopoBbs. [log 300pOBbEM  MOXHO MOHMMATb — rapMOHMIO
NHPOPMALIMOHHO-3HEPreTUYECKUX  B3aMMOOTHOLUEHUA  MeXay WHOMBUOYYMOM n
Mpupogon (okpyxatwen cpenon). OTa rapMOHUS BblpaXkaeTcsl 4epe3 romeocTas
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opraHuama B (pn3n4eckomM, yMCTBEHHOM M AYXOBHOM MSiaHax.

OaHown n3 coctaenaowmx T yenoBeka ABNSETCS YacTb, co3gaBaemMasi NPUPOAHbLIM
pagmoakTueHbIM hoHoM (MP®), nog NOCTOAHHBIM BO34ENCTBMEM KOTOPOrO XXMBET YenoBeK
n BcA GMOTa Ha 3eMHOM Luape.

B pasHbIXx ToYKkax 3eMHOW NOBEPXHOCTU MHTEHCUBHOCTb 3TOM0 BO3OEMNCTBUS MOXET
BapbMpoOBaTb MOYTU HA MOPSAOK, HO BCtoay, rae 6bl HA HAXOAWUITUCH XMBbIE OPraHU3Mbl,
OHW NOCTOSAHHO MOrMNOLWLAT BbICOKOSHEPreTUYECKME KBAHTbI 3TON pagnaunm, MCTOYHUKaMM
KoTopon cnyxart pagunoHyknuabl U, Th, Ra n pagmoakTuBHble NpoayKTbl UX pacnaga,
pacCcesiHHble B 3eMHbIX Mopodax, noyeBe, BOAe M BO3Ayxe. OTO BHelHee o0b6ny4veHue
YCUINMBAETCS 3a CHET KOCMUYECKMX NTyYeNn, TakKe NMOCTOSHHO BO3OENCTBYHOLNX HA BUOTY.
PaguounsoTonsl pgga anemMeHToB, 00pasyowmnx Xusble opraHnambl, Hanpumep 14 C, 3 H,
40 K, cocTtaBnsoT MOCTOSHHbLIN UCTOYHMK BHYTPEHHEro OOny4YeHus >XMBbLIX OPraHnM3MoB,
AOMNONHAEeMOro paguounsoTonamMu, 3axBaTbiBaeMbiMU OMOTOM M3 OKpyXatollen cpegbl
(psabl U, Th n gp.). B cymme 3TO BHELWHee M BHYTPEHHee obnyyeHus ans npu3emMHoun
OMOTbI (MUKPOOPraHM3Mbl, pacTEHUS, XXMBOTHbIE) COCTaBASAOT Tak Ha3biBaembin [TPO. NP
cnaraetca Ha 49,5 % wn3 unanyyeHun pagoHa U NPOAYKTOB ero pacnaga, 15 % paér
paguounsoTton Kanus - 40K - OCHOBHas KOMMOHEHTa BHYTPEHHEro obyvyeHus opraHnama,
15,3% npuxogmntca Ha KOCMUYECKne manydenus, 12,2% BHOCUT paguveBbin psag ypaHa u
8% - TopueBbIn pag ypaHa. Cnegyer nogyepkHYTb, YTO 3TO 4Ype3BblHaWMHO Manas
MHTEHCMBHOCTb M3My4YeHUs, nexawasl, kak npasuno, Ha 4-5 nopsgkoB HWXe Tex
WHTEHCMBHOCTEN, MNPU  KOTOPbIX 39KCNEepUMeEHTanbHO OOHapyxuBaeTcs  BpedHoe,
nopaatowiee Bo3gencTBmne pagmoakTMBHOIO U3Ny4yeHnsa Ha GuoTy.

OKcnepuMeHTanbHO ObINo nokasaHo, 4YTo gobaBneHue K nulle XUMBOTHbIM B
n3bbITKE XMOPUCTOr0O Kanus ObICTPO  NPUBOAUT K BbITECHEHUIO K3 OpraHuM3ma
paguousoTona Kanusi, TeM caMbiM, CHWXasi BHYTpeHHee obnydeHue ot 40 K - aton
CyLLEeCTBEHHOM KOMMOHEHTLI BHYTpeHHero MNPd.

Bbin noctaBneH 3KCNepuMeEHT C MOnoAabiMKU, BbLICTPO pacTyWUMKU MbllaMn npu
OLOHOBPEMEHHOM CHWXEHUM CBMHLOBbLIM 3KpaHOM (9 CM TONWWHLI) BHewHero [1PO,
conpoBoxgatowerocs TW, ounctke BeHTUNIMPYEMOro Bo3ayxa OT pafoHa M NpoayKTOB ero
pacnaga n cHwkeHun cogepxaHmsa 40 K B Tene XUBOTHbIX, T.€. CHUKEHUM BHYTPEHHErO
obny4yeHuns ot MNPO.

KoHTponbHas rpynna Haxogunacb B KaMepe TaKOro e pasmepa, HO B YCIOBUSAX
obny4yeHnsa ot BHewHero MNMP®, BeHTUNMpyeMon BO34YXOM C HOPMarsibHbIM CoAepXXaHuem
pagoHa u ¢ gobaBneHMeM B MULLY TaKOro e KONMYecTBa XMOPUCTOro Kanusi, 4To 1M B
onbiTe, HO coaepxalero, Kak obbivyHO, paguounsoton 40 K. CkopocTb pocTa, npuBeca
Macchbl, U B CTPOroO OAMHAKOBLIX YCIOBUSIX NOABEPXKEHA 3HAYMTENbHBIM UHAMBMAYANbHbLIM
dnykTyaumsm, noaTomy aKkcnepumeHT 6bin npoBegéH Ha 11 napax mbiwar. Okasanocs,
4YTO 3@ BOCEMb CYTOK COAEPKaHUsl MbilaT B MOHMKEHHOM [1P® (BHELLIHMM N BHYTPEHHUM)
NpoucxoaunT KaTacTpodmyeckoe nameHeHme nx passutus (okono 50% KoHTpons).

AHarnornyHble OonbITbl C TPEMS BMAAMM BbICLUMX PaCTEHUW, pasBMBAOLLMXCS Ha
nuTaTenbHOW cpeae, B KOTOPOW OBbIYHbIN Kanui Obln 3aMeHEéH kanuem cBobogHbIiM oT 40
K, a BHewHun [NP® CHMXEH CBUHLOBbLIM 3KpPaHOM - Takke MoKasanu AByKpaTHoe
yrHeTEeHNe Nx pasBuUTuS.

T.0., Tonbko Kk 1994 rogy crtano 6eccnopHo AgokasaTenbHbiM 0bLebnonormyeckoe,
nonoXxuTenbHoe 3HadyeHne ana 6uoTbl (cnegoBatenibHO M Ana dvenoseka) - [1PO,
conpoBoxgatouwerocss TU, HeobxogumMoro onsi HOpMarnbHOro CyLLECTBOBAHUA U Pa3BUTUS
XM3HW Ha Hawewn nnaHete. CnoxHocTb Tl YenoBeka oBycrnoBnMBaETCs COrnacoBaHHbIM
B3aMMOOENCTBMEM TOPCUMOHHbLIX aHcambren opraHoB M CUCTEM OPraHoB, MWUNNMApAOB
cocTaBndaloWmMx ux knetok. Tl Kaxxgon KNeTkn, B CBOK ovepenb, OnpeaensieTcss CroXXHOm
opraHu3aumen MoneKynsapHo-6Monornyecknx n BUOXMMMNYECKNX NPOLIECCOB.
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B kayecTBe OCHOBHOM rmnotesbl 06 ynpaBnSAOLWMNX HEraTUBHLIX BO3OAENCTBUSX Ha
nonb3oBaTens U3ny4eHuin MOHUTOpPa Mbl Npeanaraem rmnotesy o nepegade TOPCUOHHOM
MHopMaumn kak 3a cyet cdopmbl AJIT (dhopmosoe ctatudeckoe Tl - Tpybka no dopme
HanoMMHaeT nupamuay, B KOTOPOW, KaK W3BECTHO, BO3HMKawT TI1), Tak n 3a cuyer
npoueccoB OPMUPOBAHNSA N30OPaXKEHUSA Ha AKpaHEe MOHUTOPA (BbICOKOE HanpsXXeHue Ha
aHoge JJ1T, BnusiHne oKycupytoLLiee - OTKNOHAKLWEN cuctemnl u ap.). Freometpusa 3J1MM, a
TOYHEE - WU3Ny4eHHoe I3TUM OOBLEKTOM Kak CroXHon cuctemon TIT - BOT KMOY K
yrpaBneHuio HeraTMBHbIMU npoweccamu B opraHusme nonb3oBarens.
[MepepacnpeneneHHoe B npocTpaHcTBe TW  aBRSETCS  «CMNYCKOBbIM  KPHOYKOMY,
3anyckarowmM HeraTMBHble NPOLECChbl HA YPOBHE CUCTEM, OPraHOB U KITETOYHbIX TKaHen
opraHmama. HecMmoTpsi Ha MU3EpPHY €ro UHTEHCUMBHOCTb, OHO, TEM He MeHee, UMeeT
yeTKoe NPOCTPaAHCTBEHHOe pacnpeeneHue. lNycTb o4YeHb crabbli, HO reoMeTpU4ecku
4yeTkMn noTok Tl NOCTOSIHHO NPOXOAUT CKBO3b TOJSILY YenoBeYyecKoro opraHuama.
MpoxoanT 6e3 3atyxaHus, B3ammoaenctys ¢ Tl opraHnama n BHELWHUMM nomexamu. [Npu
3TOM MNSIOTHOCTb U KOHpurypaumst pacnpegeneHust TI1 BHyTpM opraHMsama nosib3oBatess
noaBepraeTcsi NOCTOSAHHOW KOPPEKLMN CO CTOPOHbI MOHUTOpPA.

[Mpn 9TOM yaMBUTESNbHBIM SIBASIETCA TO, YTO MMEHHO 3TOT «TOPCUMOHHbIN LLIENOT» U
ABNAeTCA Hamboree MOHATHBIM U BOCNPUHUMAEMbIM CUTHANIOM NS KMEeTOK opraHu3ma.
YcTaHOBNEHo, 4To ogHMM U3 nyten nepegayvm Tl B opraHM3Me YenoBeka ABNAETCA uUenb
NenTUAHbIX CBA3EN — Uenb HacCbIWEHHbIX METUMEHOBbLIX rpynn. benkn — OCHOBHOEe
BELLEeCTBO MpoTOnfasmbl, U B NMPUPOAE UX YMEIKT co3gaBaTb TOMbKO XWUBbIE KMNETKU, XOTH
XUMUKWN YK€ Hayuyunucb CUHTE3MpoBaTb OEnkm WUCKYCCTBEHHO. TpaauUMOHHAs XUMUS
OenkoB He yaensieT 3TOM  YHUKarbHOW CTPYKTYPHOW KOMMOHEHTE Nbon hopme XnU3Hu
TOr0 BHMMaHuWs, KOTOpOe OHa 3acrnyxuaeT. [lonuvnenTugHble LenM MMEKT OrpoMHoe
3Ha4YeHne W  SBMSKTCA  YHWKANbHOWM  pe30HaHCHOW  CTpykTypon. Tl pgenator
NoNMNEeNTUAHYK Uenb BbICOKOMOMAPU3yeMOM M TeM camMblM MpeBpallatoT NenTUAHbIN
ocToB 6enka B rmaBHyt0 MHGPOPMALMOHHYIO TPACCy 3fieMEHTapHOW CTPYKTYPbI XXU3HWN.

Mpexpe Bcero, 6yoem cuuTaTb, YTO npouecc B3aummogencteus Tl mMoHuTOpa C
XMBbIM OpraHM3aMom BefeT K BblpaboTke MocnegHMM HEeKOTOPbIX — YNpaBAAoLWmMX
BO3AENCTBUN. IOTWM BO3AENCTBUA MMEKOT BHYTPEHHUA XapakTep W MpOSsIBMAKTCA B
N3MEHEHNN NPOLECCOB, NPOUCXOOALMNX HA YPOBHE KIETOYHbIX OpraHensi, KneTok, TKaHeun u
CUCTEM BCEro opraHusma.

JleBoe TT1, Topmo3ssLLee perynsTopHble NPOLECChI, HE MOXET paccMaTpuBaTbCA Kak
HEKOTOPbIA 3HEPreTU4ECKUA UCTOMHUK. Ero MHTEHCUMBHOCTb cnuwkom craba gns Toro,
4YTObOblI ObITb MCNONL30BAHHOM OpPraHM3MOM B KavyeCTBE 3HEepreTU4eckom nognuTKu.
HasHayeHne ero nHoe. B gaHHOM criydae yMeCcTHO roBOpuUTb O Nepefade ynpasndatoLen
MHpopMaumn. TOPCUOHHbIE MOTOKM FEBOro Monsi MOHUTOpPA BO3AEWCTBYKOT Ha
nonb3oBaTens, UMEKLEro CeTb Pa3BETBMEHHbIX aKTUBHbIX TOMEK KaK BHYTPW, Tak U Ha
NMOBEPXHOCTU OpraHuamMa, B pesyrnbrate 4vero obpasyrTtca gedektbl MHPOPMaLNOHHO-
OOMEHHbIX KOMMYHWUKaUWA, Ae3UHTerpaumnsa CTPYKTYPHbIX B3anMOOENCTBUN, M3HaYanbHO
NPUCYLLUMX  TEeHETMYeCcKOM Moaenn  Yenoseka. [pyrMmmn  crnoBamu,  rmnyOGuHHOE
dyHOameHTanbHoe BoO3gencTBMe neBblx Tl MOHMTOpa  pacnpoCcTpaHAeTcs  Ha
NPOCTPaHCTBO-BaKyyMHO-HEOAHOPOAHbBIM NOTOK Tl YenoBeka, Ha BeCb ero Habop MUKpPO-
MaKpOMOSEKYNAPHbIX CTPYKTYP, YTO MPMBOAUT, NO-BUOMMOMY, K BTOPUYHBIM (XUMUYECKUM,
B1Mom3nYeCcKNM, OpraHN4EeCKUM) N3MEHEHUSM YNOMSHYTbIX CTPYKTYpP. lNpouecc nepegayn
3TOM WH(OpPMaUMM MOXHO WHTEPNPETUPOBaTb Kak BBeAEHME B aHTUPE3OHaHCHOEe
COCTOSIHWE OTAESbHbIX MOSMEKyrn, MOMEKYNSAPHbIX CTPYKTYP, HanpuMmep, KIeTOYHbIX
MeMbpaH, a TakkKe KNEeTOK, Kak CTPYKTYp C MX cobCcTBeHHbiMM TI1. AHTMpPE3OoHaHC - 3TO
SIBNEeHMEe CUIbHOro OTKMMKa Npu B3aMMOLENCTBUN B3aMMOUCKIOYAKOLWMX CEMAHTUYECKNX
cucteMm (Cuctem C  OOMHAKOBOM MpPUPOAON 00pa3oB M MOHATUMWA, HO pasfnUYHbIM
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ceMaHTuyeckuMm HanonHeHuem) [38]. B paccmatpvBaemMom criydae npupoga nonen -
TOPCMOHHAasA, a CEMaHTUYECKOe HamnofIHEHWE pa3Hoe - fieBoe MNofie MOHUTOpa M npaBoe
none  MOMEKYNApHbIX  CTPYKTYyp  Tena. WM3-3a  reoMeTpuyeckon  CrOXHOCTU
paccmatpvMBaeMbIX MOMEW OHW UMEKT LUMPOKME WU CIOXHbIE CMEKTPbl TOPCUOHHbLIX
PE30HAHCHbIX 4YacToT. VX B3aumMogencTeMe C TOPCUMOHHBIMW KOMMOHEHTaMWU WU3fy4yeHun
opraHusama nonb3oBaTenss NpuMBoauT K BbipaboTke OGonbwnx HabopoB ynpaBnsOLMX
TOPCUOHHBIX BO3aencTeuin. Pesynbtupytowme Tl cnoxHon opMbl 3anyckatoT npouecchl
nepepacnpegeneHms 3Heprum B cCUCTeMax opraHuama. T.0., CTpOro onpegeneHHoe
TOPCUOHHOE BO34ENCTBUE HA OpraHM3M Mosib3oBartesis, UMetoLLee Masnyto MHTEHCUBHOCTD,
NPMBOOUT K 3arnyCcKy NpoLeccoB ¢ 60MbLUMMUN 3HAYEHUAMM SHEPrETUYECKOIO COAEPXKaHMS.

Mbl nonaraem, 4ToO ceMaHTUYECKN MOAYNIMPOBaHHOE TOPCMOHHOE Moflie MOHUTOpa
Bbl3blBAa€T aHTUPE3OHAHC TOPCWUOHHBLIX MNOMEeN CUCTEM OpraHnsama, 4YTO NpUBOOMUT, B
OCHOBHOM, K TOPMOXXEHUIO BHYTPEHHNX NpOoLeccoB 60MbLLO SHEPTETUKN.

Takne npoueccbl nepepacnpedeneHns 3SHeprum MOryT paccMaTpmBaTbCa  Kak
LUenHble peakuun, Bbl3BaHHble HayanbHbIM MHULUMPOBAHMEM B OnpeaesieHHOM TOuKe.
Pa3Hble yactn Bbuocuctemsl, BCNeacTBMe CBOEN pas3HOM TOPCUOHHO - BMOreoMeTpruYeCcKom
CTPYKTYpbI, 6yayT no-pasHOMY pearMpoBaTb Ha OAHO U TO € TOPCUMOHHOE BO3MYLLEHME.
OTO nNpuBeAET K BO3HUKHOBEHUIO aHTUPE30HAHCHbIX NPOLECCOB He Be3ae B OpraHuame, a
nsbupaTensHo.

Bce atM npegnonoxeHna npmBogAaT K HeoBXO4MMOCTM MOCTPOEHUS Moaenm
BO3HVMKHOBEHUSI TOPCUOHHBIX TEOMETPUYECKUX CTPYKTYpP B XUOKMX cpedax noA
BO3gencTenem cnabblx CUrHanoB, reHepupyeMblX TOPCUOHHBIMUK n3nydarensamu. Bosemem
B KayecTBe [OMyLLEeHUa TOT oakT, YTO B TaKMX XMAOKOCTAX, Kak Boda, a Takke B psae
KOMMONOHbIX PacTBOPOB, BO3HMKAKT HEKOTOPblE reoMeTpuyecKkue CTPYKTYpbl, HOCsLne
HasBaHMe accoumatoB. Teopusi BO3HMKHOBEHUSI accouMaToB OCHOBaHa Ha MOHATUU
BOLOPOOHON CBSA3W, BO3HMKAIOLLEN Mexay Morekynamm Bogbl. JOTa CBA3b NO3BOMNSET
Morekynam obbeanHATLECA B NOA06USA KpUCTanoB TeTpasapu4eckon CTPYKTYpbl, Tak Kak B
KaXgoM cryvyae accoumaTMBHOW CBA3WM MMEETCs OBa atoMa BOAOpOAa, CBA3aHHbIE C
aTOMOM KMCIiOpoAda KOBaneHTHO, M ewe [ABa, CBsA3aHHble BOAOPOOHLIMU CBA3SMW.
[MpocTpaHCTBEHHOE HanpaeBneHue BOAOPOAHbIX CBA3eW W onpegensier  dopmy
reomMeTpu4ecKomn CTPYKTYpbI U, Kak CrieacTemne, KoHgurypauuio BosHukatowero TI. Kak n B
nobom Kpuctanne, B rugpoaccoumaTe nNosSBASETCA BO3MOXHOCTb MNPOCTPAHCTBEHHOM
TpaHCNAUMM  reoMeTpuyeckon OopMbl  3apOabllLeBOro  MOHOKpucTanna. BenuuuHa
obpasytoLllerocs npuM 3TOM 3epHa HEBENuKa, Kak MokasbiBalT oueHku, nopsigka 100
mornekyn. OgHako, (hopmbl Takmx accoumatoB, MOCTPOEHHbIX M3 HabopoB TETPasapos,
pasHoobpa3Hbl. Ecnn Takke y4yeCcTb BO3MOXHOCTb reHepaumm 6onee CrnoXHbiXx ¢opmM,
00yCrnoBneHHbIX HanNM4Ynem Tex UM UHbIX MOHOB PasfiMyHbIX 3ANIEMEHTOB, PACTBOPEHHbIX B
BOA4E, TO CTaHOBUTCH SICHbIM OrpoMHOE pasHoobpasve reoMeTpUYecKUX KOHCTPYKLUUA,
BO3HMKAIOLLNX B XXUOKOCTMU.

MpoOooMmKUTENBHOCTE  CYLLECTBOBaHUSA rmgpoaccoumaTtoB  OrpaHu4MBaeTCs
TeMnepaTtypon >XuUAKOCTU U AUPEY3NOHHBIMM NpoLeccaMmun, MNPOUCXOAAWMMUM B HEWN.
EcTtectBEHHO, 4YTO NpY NOBLILIEHUN TeMNepaTypbl CKOPOCTb AN PY3NOHHBIX NPOLECCOB U
COBCTBEHHbIX KOMebaHuM MOMEKYS yBenMYMBatoTCs, YTO NPUBOOUT, B KOHEYHOM CYeTe, K
paspyLleHNI0 BOLOPOAHbLIX CBSA3EM W AeCTpyKuum reometpum accoumatoB. OpgHako,
cnenyeT yyecTb, YTO, B KOHEYHOM cyeTe, Mpouecc AECTPYKUMU HOCUT BEepPOSATHOCTHbIN
Xapaktep. OTUM OObBSCHSAETCA BO3MOXHOCTb COXPaHEHUS HEKOTOPOro KoruyecTtsa
accoumatoB M Mpu A0CTAaTOMHO BLICOKMX Temrnepartypax, M nocre MpoaoImKUTENbHbIX
Anddy3noHHbIX npoueccos [38].

[Mpogormkum  paccMoTpeHue npouecca B3auMOAEWCTBMS  NOSMb3oBaTtenss C
nanyyeHmsammn monutopa lNK. Konba 3J1T, anekTpoHbl NpOMOAYNMPOBAHHOIO 3MEKTPOHHOIO
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nyyka, OMW oOTKMoOHsOLWEN cucTeMbl TPYOKM co3galoT Tak HasbiBaemoe nesoe TI1, B
KOTOPOM HaxoguTcs nonb3oBaTternb. B ero none mmeerca nHdopmauus ob6 nameHeHum
CMVHa 9NEKTPOHOB, Mepexoda WX Ha MeHee 3JHepreTuyeckme opouTbl, YMEHbLUEHNE KX
CKOPOCTW, T.€. NPOUCXOOUT MUHMMU3AUMS SHEPrMM SNEKTPOHOB M atomoB. B Takom
nonsapu3oBaHHOM  WHPOPMALMOHHOM MPOCTPAHCTBE Yy BCEX XKMBbIX OpPraHM3MoB
npoucxoauT, NO-BMANMOMY, NOCTENEHHAs MWHUMMU3AUNA SHEPIUN SNEKTPOHOB, aTOMOB,
4YTO BedeT K 3ameasnieHnto BUOXMMUYECKMX MPOLEeCCOB, BCMEeACTBME YEro BO3HUKAKT Te
UM MHbI€ HapYLLUEHNSA B OpraHn3me, KOTopble 3aBUCAT OT MHTEHCUBHOCTM TI1 n BpemeHu
KOHTaKTa.

K coxaneHuto, HaKOMMeHHbIX K HaCTOSALWEMY BPEMEHM HAYYHbIX 3HaHWM
HegocTaTodHO  Ans 06bsCHeHMs  GonblMHCTBA  OOBLEKTUMBHO  CYLLECTBYHOLLMX
BGMonornyecknx sIBMEHNN, CBA3aHHbIX C Bo3gencTBmem TI1 Ha yenoBeka, NO3TOMY MOXHO
TOSbKO BbICKa3aTb psi NpeanonoXeHnn Ha eHOMEHONOMMYECKOM YPOBHE.

B cBeTe coBpeMEeHHbIX NpeacTaBfieHUN O BO3MOXHbIX MeXaHW3Max BO3L4eNCTBUS
Tl Ha yenoBeka MOXHO A0NYCTUTb, YTO NneBble TI1 oOKasbliBalOT HeNocpeacTBEHHOE
BMUAHNE Ha HEPBHbIE KIETKM MO3ra, WUX KIEeTo4YHble MeMOpaHbl, KX MNonspM3aunto
nocpeacTtsoM nondpmsaumm  utoHoB  dusmyeckoro Bakyyma. WHdopmauus 06
N3MEHEHNN TOMEeOoCTasa MOXET MNOCTynaTb B MO3r HENOCPEACTBEHHO 4epe3 Kakue-To
apyrve cpefoBble hakTopbl, NPUBOAA C TEYEHMEM BPEMEHU K CO34aHUK LOMWHAHTHOrO
ouvara Bo30yxaeHusi, obecnevmBaroLLiero Mobmnmsauunio 3amMTHbIX CU OpraHn3ma.

Kpome toro, B.A. Cokonoson B 1982 r. [25] 6bISI0 YCTAHOBNEHO CBOMWCTBO KIETOK
TKAHEN W3MEHATb NPOBOAMMOCTb MeMbpaH nog AeNcTBMEM  TOPCUMOHHOMO  MOns.
BO3MOXHOCTb AanbHUX OUCTaAHTHbIX BNUSHAA TOPCUOHHOIO MO Ha NPOBOAMMOCTb TKaHem
Bcrnen 3a pabotamm B.A. CokonoBon, HO Ha apyrom annapatypHon 6ase, 6bina
noaTesepxaeHa B Hadane 1986 r. B paboTax, BbIMNOMHEHHbIX Mo pykosoactesoMm W.B.
MewepsikoBa [27]. B 3Tux wuccnemoBaHusix BnepBble B 9BHOM Buae 6bino
aKcnepuMeHTanbHO NokKa3aHo, YTO NPU N3MEHEHUM 3HaKa TOPCMOHHOIO MO MEHSAETCS 3HaK
3NEKTPUYECKON NPOBOAMMOCTM TKAHEN OTHOCUTENBHO CPEAHErO YPOBHS.

He wuCKnoYeHo, 4YTO OTHOCUTENBHO YCTOMYMBOE BO BPEMEHU WH(OPMALUNOHHO-
9HEepreTMyeckoe, TOPCUOHHO-CMMHOBOE nonesoe obpasoBaHne, T.e. nesoe Tl kak
komnoHeHTa OMW moHuTopa K mnameHsieT xapakTepuUCTUKM CUrHarnoB YnpasrieHus B
CUCTEME TMOCPEACTBOM pPErynsaumMmM unm BXOAHbIX KO3(EMUMEHTOB, MNNM NapamMeTpoB
BXOOHbIX CUrHamoB, WU BO3OYyXAeHWe OOMONHUTENbHBIX KOHTYPOB YyhnpaBreHus
YHKUMEN, B YACTHOCTU 4Yepe3 XUOKOCTHble BHYTPEHHME cpeabl M CBSA3aHHYK BOAY
BbI3blBa€T KOrepeHTHble KorebaHuMsi B KNETOYHbIX 3remMeHTax opraHusama. [Opyrumu
cnoBamu, BO3MOXEH 4YacCTOTHO-OMOPE30HAHCHbIA, WU  POPMOBO-OMOPE3OHAHCHbIN
3(p(heKT HenocpeacTBEHHO B UeENsX ynpaBneHud. Tak Kak K HacTosilemMy BpeMeHW B
Hay4HbIX Kpyrax HET €OMHOr0 MHEHUst O TOM, YTO Takoe Omope3oHaHC, BOCMOSb3yemcs
onpegeneHnem, gaHHom B [38], koTopoe ByaeT npuBeLeHO HMXeE.

Buonornyeckum cuctemam, obnagaromM MHOMOYMUCIIEHHBIMWU LENSAMU BHYTPEHHUX
obpaTHbIX CcBdA3en, npucywa akTuBHas dopma noucka Haubornee ©Guonornyecku
uenecoobpasHbix coctosaHun. O6paTHble CBA3M  cnykaT uensam  MHdopmaumm
yNpaBnsoWmnX LLEHTPOB O KadecTBe NpUCcnocobneHns K yCroBmsiM BHYTPEHHEN U BHELUHEN
cpedbl, a TaKke MOonydYeHuss SHeprum ana ero peanusaumn. CTeneHb HaOEXHOCTU
YHKUMOHNPOBaAHNA 0BpaTHbIX CBA3eN OKa3blBaeT peluaroliee BrMsiHMe Ha YCTOMYUBOCTb
W agjanTuBHble CBOWCTBA oOpraHuama. MOXHO npeanosiokuTb, 4YTO NoL AeUCTBUEM
n3nyyeHmn MoHmtopa [K HapywaeTca kak OenCTBMEe anropUTMOB MYCKOBLIX hakToOpoB
cneundunyeckon OesTenbHOCTU, Tak U Mogynupylowmx ¢akTopos, nexawmx B OCHOBE
aganTauMOHHbIX NPOLIECCOB.

BO3MOXHOW CTPYKTYPOW rofilOBHOMO MO3ra, B3auMOLENCTBYIOLWEN C BHEWHUMK TT1,
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MOryT ObITb OBOWHbIE anekTpudeckne cnou (A3C), BO3HMKaKOLWME Ha rpaHuLe MexXay
Xngkon TBepaon gasamn. I3C aBnsaeTcs atpubyToM TKaHEN XKUBbIX OPraHN3MOB, Kaxkaasi
KneTka KOTOpbIX MpeactaBnsieT cobon CcrnoxHyt KonnougHyw cuctemy. Cneumduka
CTPOEHNA pasnuuHbIX KnetodHblx [O3C, peakuma nocnegHmx Ha Bo3sgenctsue TI1
paccmoTpeHa B [8]. OTMe4dyeHO, 4YTO HayanbHbIM 3BEHOM peakumnm Omnonornvyeckmx
obbekToB Ha Bo3gencteue Tl aBnsetca peakums OOC. BepoaTtHocTb yvactua OOC B
pexume «npuema» umHdopmMauum, T.e. Npu ee nepeHoce C ypoBHA T MoHuTOpa Ha
YPOBEHb MO3ra, onpeaensieTcsl COCTOSIHMEM CMMHOBLIX CUCTEM KNeTouHbIX J3C.
Mo-Bnanmomy, npu HanuuMmM BHewHero nesoro Tl MoHMTOpa B MoO3re

nonb3oBaTtenss BO3HMKAOT TOPCUMOHHble [OOC - CTPYKTypbl, KOTOpble MOBTOPSIOT
NPOCTPaHCTBEHHO-YACTOTHYIO CTPYKTYpy BO3deWcTByowero BHelHero TI1. 3Tu HoBble
TOPCUOHHbIE  CTPYKTYpbl - pe3ynbTaT  B3auMOOEWNCcTBUS  mHAMBMAyanoHoro  TI1

nonb3osatens n Tl MOHMUTOpPaA - OTpaXalTCs Kak CUrHanbl yrnpaBrneHns TeMU N UHbIMU
PU3NONOTNHECKUMIN PYHKLMSMWU, YTO NPUBOAUT K U3BECTHBIM HapPYLUEHUSIM B OpraHu3me.
Y HeKoTOpbIX Mnosib3oBarternen B3auMopencTBne YNOMSAHYTbIX Bblwe TI Hapsagy c
HapylweHusaMM B  OpraHu3mMe MOXeT BblpaxaTbCd B  HEMOTUBMPOBAHHLIX U
HenpeackasyemblX MOBEAEHYECKMX peakumnsx, MexaHusmaMum KOTOpbIX MpPaBOMEPHO
cUYNTaTb CKpbITble o4arn Bo30yxaeHus, hopmmpytoline Ha ypoBHE NOACO3HAHUS.

Kpome TOro, He WCKMAKYEHO W HEKOTOPOE MCUXOreHHoe (MCUXOTPOMHOE)
Bo3genctene Ha nonb3oBatens K. OHO BbipaxaeTca B 3aTOPMOXEHHOCTU peakuuin, B
nosiBNEHNN YyBCTBA HEYBEPEHHOCTN, CTpaxa, BeCenocTu, 35obbl 1 T.4.

T.0., nog Bo3gencTsnemM nesoro TI1 BUOEOMOHUTOPA KIETKM OpraHuaMa u uernble
CUCTEMbl  NoABeprawTCa  OfNpedeneHHbIM  CTPYKTYPHbIM U (PU3NONOrMYeckum
nepecTpovkam, YTO BedeT K BO3HMKHOBEHMIO MCUXOFEHHOMO HamMpsiKEHUS, K CHWKEHWHO
CMOCOBHOCTN afeKBaTHO pearnpoBaTb Ha BHELWHWE BO3OEWCTBUSA, B TOM 4YUCMe U Ha
AENCTBUSA OKPY>KaIoLLUX JTHoOeN.

He wuckntoveHo, 4TO cywecTByeT npobnemMa nogaep)XaHusi TOPCUOHHO-MONEBOro
romMmeocTasa opraHu3ama 4yenoBeka 1 NobbiX XMBbIX OPraHN3mMoB.

BrnvsHne MHoroobpasHbix ¢paktopoB Bo3gencTsua [1K npuBoanT opraHuam K
POPMMPOBAHUID  CITIOXKHbLIX CUCTEMHbBIX OTBETHbIX peakuun, 4YTO B [OSIHOWM Mepe
cornacyeTtcs ¢ 3akrnodeHnemM akcneptoB BO3 o HeobxoanmMocTn paccmaTpusaTtb paboTy ¢
MK kak cTpecc-gakTop.

Beegem noHaTne GuopesoHaHca [38].

K coxaneHuio, B HacTosLLee BpeMSA B Hay4YHbIX Kpyrax HeT €4UHOr0 MHEHUSI O TOM,
4yTO Takoe 6uopesoHaHc. Mo3TOMy B Hayane WU3NOXEHUS Mbl XOTUM YETKO onpenenuTb
Halle NOHUMaHWe 3TOro TEPMUHA.

Bo-nepBbIx, Kak cnegyet U3 caMmoro HasBaHusi, BUOpPE3oHaHC, - 3TO Pe30HaHCHbIE
ABNeHus B buonornyecknx obbekTax.

Bo-BTOpbIX, pPE30HAHCHbLIE SIBMIEHUSI B >KMBOW W HEXMBOW MpUpoAe [LOIKHbI
onpedendatb CXoAHble npoueccbl. A NO3TOMY OnpefenuM OCHOBHblE  CBOWCTBA
PE30HAHCHbIX SIBIIEHWI Ha NpUMepax u3 uU3smnku.

B du3nke nog pesoHaHCOM MNPUHATO MOHMMAaTb SBMEHME PEe3KOro BO3pacTaHWud
aMmnnNuTyabl konebaHnn B Tex crnydasax, Korga yactoTa BHELWHeW cunbl Npubnuxkaetcs K
cobcTBEHHON YacToTe cucTteMbl. M3 3TOro onpegeneHus cnegyert, YTo Ans BO3HUKHOBEHUS
pe30oHaHCca AOMKHbI BbIMNOMHATCS criefyowme yCcnoBus:

. cucTemMa AofmkHa MMETb BO3MOXHOCTb COBepluaTb konebartenbHble ABMXKEeHWUS (B
HeWn JOIMKHbI CyLLLeCTBOBaTb BOSTHOBbLIE MPOLECCHI, MPUCYLLME el CaMON);

. obsa3aTenbHO CyLecTBOBaHME BHELLHEro UCTOYHMKA KonebaHwi (BomH), nogobHoro
Nno CBOMM NapaMeTpaM Pe3oHUPYIOLLEN CUCTEME;

. [AOMKHbI COBMafaTb XapakKTepUCTMKU BOJTHOBbLIX MPOLIECCOB CUCTEMbl U BHELLHEro
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NCTOYHMKA.
PaccmoTpum ykasaHHble YCNoBUS B NPUMEHEHUN K Bronornyeckum obbektam.

Kak n3BecTHO, GOMbLUMHCTBO M3 HUX MMEET KNEeTOYHOE CTPOEHWe, TO eCTb OHWU
COCTOSIT U3 OrpPOMHOr0 KonmnyectBa MNOAOGHbIX 3N1EMEHTOB, MOBTOPSIOWNX CTPOeHue (a
3HaYUT, U XapaKTEePUCTUKKN) OPYr ApYyra C BbICOKOW TOYHOCTb, @ BCE KOmnfareHol 1 MHOrme
Genkn nnasmbl KpOBU SABMASAKOTCS CNUpasnibHbIMUW BOSIOKHUCTBIMU CTPYKTYpamu, KOTOpble
CMOCOBHbI K MFHOBEHHOW nepegayvye WMH(POPMALMOHHON KOMMOHEHTbI 3NEKTPOMarHUTHbIX
konebaHun. MoXXHO NpPeanonoXuTb, YTO BHEKINETOYHbIE SM1IEMEHTbI COEAUHUTENBbHON TKaHM
BbIMOSMHSAOT HE CTOSMbKO OMOPHYK (OYHKLUMIO, CKOSTbKO MHM(OPMAaLMOHHYH, MOCKOSbKY
06pa3syloT cBoeobpa3Hble KaHasbl, CBA3bIBAlOLLME BCE OpraHbl U TKaHW ApYyr C OPYroMm, U
BbIXOASLWME Ha nepudeputo, BO3MOXHO, B BUAE aKYMyHKTYPHbIX Toyek. KneTouHble
9MNeMEHTbl COEAUHUTENbHON TKaAHW MOTYT CRYXWUTb PETPaHCNATOpaMu, YCUIUTENAMU
curHanos. [lpouecchbl XU3HeOeAaTEeNbHOCTM KINETOK Ha BCEX YPOBHAX (MexaHUYecKoMm,
9MNEKTPUYECKOM,  XMMUYECKOM, MHAOPMALMOHHOM) MOXHO  paccMaTpuBaTb  Kak
nepuoguyeckme, To eCcTb KonebaTenbHble UM BOMHOBbIE. B 4acTHOCTW, AoKasaHo, YTO
KneTka CnyXuT UCTOMHMKOM OMW B LUMPOKOM AuanasoHe 4acToT, a, crieqoBaTtenbHo, U
nctodHnkom TU. TTo3TOMy KNeTKM SBASAKTCS Kak MCTOMHMKaMu kornebaHun ans siBneHus
pe3oHaHca, Tak U pe3oHupyWmnMn cuctemamu. Npu aTom cneayet MMeTb B BUAY, YTO B
Buonornyecknx cuctemax aBtokonebarenbHble npouecchbl HAabNA4ATCA Ha BCEX YPOBHSX
opraHMsaumm XnBoW MaTepun U UrpaktT OYEeHb BaXKHYHK POSib B MpoLeccax KoaupoBaHus,
nepegayn u npeobpasoBaHus MHpopmaumn. Tak, OOMbLUMHCTBO PeLenTopHbIX KIeTOK
ABNAOTCA  aBTokonebaTenbHbIMM  CUCTEMaMW,  Koaupylwumn  nHdopmaumio 06
n3amepsieMblXx napameTpax cpegbl B dpopme aBTokonebaHui MemOpaHHOro noTeHuuana
COOTBETCTBYHOLLEN aMNIUTYAbl U YaCTOThbl.

Bce Bugbl aytoperynsaumm CnocobHbl BbINOMHATL CBOM  (PYHKUMM TONbKO B
onpegeneHHOM [uanasoHe MapaMeTpoB COCTOSHUSA, BbIXOA4 3a Mpedenibl KOTOpbIX nog
BMUAHNEM 9K30 - WKW 3HAOMEHHbIX (PAKTOPOB MOXET BbI3BaTb M3MEHEHUSI BHYTpeHHeMn
cpedbl, He KOMMEHCMpyeMble FOMeocTaTUdeckumMum MexaHusmamu. CMmelleHne cuctem
ayTtoperynaumm Moxet 6blTb HECOBMECTUMO C HOpMasibHbIM -~ OYHKLMOHUPOBAHNEM
opraHusma, 4YTo NPUBOAMUT K Pa3BUTUIO NATONOMMYECKOro COCTOSIHUS.

[MpyHUMNManbHOe  OTNMYME  PEe3oHMpPYLWKNX  Buonornyecknx OOBLEKTOB  OT
NpoCTeNLnX KonebaTernbHbIX CUCTEM, paccmaTpmBaeMbix B u3nke, onpegenseTcs
3HaYUTENBHOM CIOXHOCTLIO MX CTPOEHUSA (CIOXHbIE XMMUYECKNE COEAMHEHUSN, OBONHAs
cnvpanb OHK n 1.4.). lNoatomy ana HUX npasunbHee 6bino 6bl FOBOPUTL HE O COBMAAEHUM
COBCTBEHHbIX YacTOT (Y HUX UX NPOCTO HET, - OHM HUKOrAa He coBepLlatoT KonebaHun Kak
e0MHOoe XeCTKOe Liernoe), a 0 CNOXHOM pe3oHaHce, Korga CoBnagaloT CIOXHblEe BOMHOBbIE
npoLuecchl, COCTOSILLME U3 MHOXECTBA drieMeHTapHbIX KonebaHun ¢ pasHbiM1 YacToTamu m
aMnnuTygamu.

Bonee Toro, nockonbky Guonornyeckun ob6bLEKT HaxoouUTCH B pearibHOM MUpe, B
KOTOPOM OLHOBPEMEHHO MPUCYTCTBYET BECb CNEKTP BOMTHOBLIX BO34ENCTBUI (C pasnnyHom
WHTEHCMBHOCTbIO OS1I9  KaXOOW 4acToTbl), TO B HEeM HeNpepbiBHO MPOUCXOaUT
COOTBETCTBYHOLLMIA BOSIHOBOW MNpoOLECC, OTBevawwmun 3ToMy Habopy Bo3gencTsuin. B
3aBUCUMOCTM OT TOrO, KakMe BHELIHWEe BOSIHOBbIE MPOLECCHI YCUMEHbl B JAaHHbLIN MOMEHT,
OTKINUKaeTCsl COOTBETCTBYIOLLAs YacTb Buonormyeckoro obbekra, nmerLllas pe3oHaHC Ha
AaHHOW 4yacToTe (KOHEYHO, €eCniM TakoW 3JfieMEeHT npucyTcTByeT B OMONoOrn4yeckom
obbekTe). OTO gABneHne crnaboro BOMHOBOrO OTKMAMKA Ha BCEM CMNEKTPEe 4acToT MOXHO
Has3BaTb SBMEeHMEM cnaboro (POHOBOro pe3oHaHCa CTPYKTYPHbIX 3N1EMEHTOB CrOXHOMO
ouonornyeckoro oobekta. OHO TeM 3HaYUTENbHEE, YeM CUNTbHEE BHELLUHee BO3OencTBue
npubnuxaeTcss K MOMHOMY Habopy COOBCTBEHHbIX 4aCTOT BCEX 3JfIEMEHTOB CUCTEMBI.
Mpuvyem nopg anemMeHTamyM B OaHHOM Cllydae MNOHUMAKTCA HEe TOSbKO 3reMeHTapHble
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cocTaBnsoLme buonornyeckoro obbekTa, HO 1 Nobble NX CodeTaHWst BNOTb 40 06bekTa
Kak eguHoro uernoro! 9T1o onpeaensieTcss OrpOMHOM CIOXHOCTBIO BOSIHOBOIO Mpouecca B
nobom OGuonormdeckoM oObLEKTE MO CpaBHEHUIO C MNPOCTENLLMMKU KorebaTesribHbIMU
cucTemMamu, paccMmaTtpuBaembiMn B u3nke. B TO ke BpeMsi HAOEXHOCTb CUCTEM
ayToperynsuuu B opraHmame obecnedmBaeTcs criegyoLmnmMmn cocTaBnaoWmMu:

. MHOXECTBEHHOCTb (4ybnunpoBaHue) perynupyroLmnx CBA3en, KOHTPONMPYOLWMX OOHY
N Ty Xe PYHKUMIO;

. MHO>X€CTBEHHOCTb " OTHOCUTENbHAas aBTOHOMHOCTb napanneneHo
P YHKUMOHNPYHOLLMX SIIEMEHTOB;

. MHOrokpaTHOe pe3epBUpPOBaHNE NCTOYHUKOB SHEPIUN;

. 3amelLleHne Unn BOCCTaHOBIEHNE 3NIEMEHTOB N CBA3EN, BbllLeAWNX U3 CTPOS;

. CMOCOBHOCTb K CAMOOUULLIEHNIO OT YYXKEPOAHbIX 3f1IEMEHTOB;

. 3awmTa OT neperpysoKk 1 cnocobHOCTbL afanTUPOBaTLCS K YacTbiM Neperpy3kam.

Ha kakux ke yacTtoTax BO3MOXEH pearibHbli pe3oHaHC B cucteme, obnagarowen
CNOXHbIM BHYTPEHHUM CTpOoeHnemM? TonbKO Ha TeX, KOTOpble COOTBETCTBYHT ee
BHyTpeHHeMY cTpoeHuto! Begb Ons pesoHaHca HeoOXOAMMO YCUIEHWE BOSTHOBOTO
npouecca (TO €CTb YCUNEHWE BHELUHEro curHana). Ho Henb3s nony4ntb curHan
onpeneneHHon 4YacToTbl, ECIN B CUCTEME HET drieMeHTa, CNoCOBHOro ero creHepmnpoBathb!

Otctopa HeusbexxHo cnegyer BbIBOA O TOM, 4YTO OMOMOrM4ecknin obBLEKT,
obnagalowmnn  cobCTBEHHbIM HaAbOPOM BHYTPEHHMX YacCTOT BOJSIHOBbLIX MNPOLECCOB,
BO3MOXHbIX B HEM, MOXET ydacTBoBaTb B SABMEHUM OMOpe3oHaHCa TONbKO Ha 3TuX
yacToTax.

Ha ocHoBe BbILLEN3NTOXXEHHOTO MOXHO BBECTW MOHATME, aHaNOrM4yHOE MOHATUIO
COBCTBEHHOM 4acToTbl npocTtenwen duandeckon KonedatenbHOM CuUCTeMbl, [AOns
KonebatenbHbIX CUCTEM, oObnagalowmx CrOXHbIM  CTPYKTYPHbIM  CTPOEHMEM, -
COBCTBEHHbIN TOPCMOHHO - BOSTHOBOM MpoLiecc.

B Ouonornyecknx obbekTax sBneHust OGuope3oHaHCa MNPOUCXOAAT Ha caMbiX
Pa3nNYHbIX YPOBHAX U OMNPEAEnsoTCa npoueccamn camon pasHowm npupoabl. Moatomy, B
uensax o6o3HavyeHnss OBWHOCTM 3TUX SABNEeHun, Oyaem nonb3oBaTbCA MNOHATUEM
COBCTBEHHOIO MHMOPMaLMOHHOIO TOPCUMOHHO - BOMHOBOro npouecca. [ns obbAcHeHus
9TOr0 MOHATMS BOCMONb3YEMCHA CreAylLWen aHanorMen: Tak Xe, Kak konebaHuss c
COBCTBEHHOW 4acCTOTOM MOryT MNPOMCXOAUTb B MpocTenwen dusmyeckon cucteme 6es
BHELLUHEro UCTOYHMKA 3HEpPrumn, (To €CTb 3TO COCTOSIHNE €CTECTBEHHO AN PU3NYECKOM
CUCTEMbI), TaK U COBCTBEHHbI MHGOPMALMOHHbLIM TOPCUOHHO - BOSTHOBOM MPOLECC eCTb
€CTECTBEHHOE COCTOSAHME Omonormyeckoro obbekTa, COOTBETCTBYHOLLEE HOPMaribHON
XN3HeoeATeNbHOCTM U OTCYTCTBMIO BHELLHMX BO3OENCTBUNA.

Cam aToT npouecc MOXET BbITb CKOMb YroAgHO CIOXHbIM. Ero 4actn moryT 3atyxatb
M onAaATb ycunueaTtbCA. YMCNO COCTOSHWIA, 4epe3 KOTopble MpoXoauT Omonornyeckun
00BbEKT B 3TOM npouecce, MOXeT ObITb CKOMb YrOAHO BESIMKO, Tak YTO OHM MOryT BoobGLle
HMKoOrga He noBTOPATbLCA. [1o3TOMY npouecc konebaTenbHbIM NN NEPUOSNYECKUM MOXET
OblTb Ha3BaH O4YeHb YCNOBHO. B TO e BpemMsa OH obnagaetr onpeaeneHHbIMU
XapakTepuctukamm (Hanpumep, YeTKO MOBTOPSKOWMUMUCA OT KIMEeTKM K KIeTKe) WU
BblpakeHHON BonHoBow npupogon. OTcioga n npeanaraeMoe Ha3BaHue.

NTak, OOHO TONbKO KIIETOYHOE CTpOoeHue onpefensietr BbIMNOfHEHNE BCeX
HeobXxo4MMbIX YCMOBUA ANS CyLEeCcTBOBaHUS Ouopes3oHaHca. Ho aHanornyHo kneTtkam
MOXHO PacCMOTPETb B KayeCTBE YYaCTHWKOB PE3OHAHCHbIX SIBEHUW W Apyrne 4vactu
BGronornyecknx o6 LEKTOB.

OTO BO3MOXHO 6narogaps W3BECTHOMY CBOWCTBY CTPOEHUSA BMOnornvyeckmnx
obbekToB - camonogobuto. [axe npyv NOMHOM OTCYTCTBUM BHELUHUX BO3AEWCTBUMK (4TO B
peanbHOM MUpe, KOHEYHO, HEBO3MOXHO) pasfnnyHble YacTu XUBOFO OpraHM3mMa (OpraHbl,
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TKaHW, KNETKW, aneMeHTbl CTpoeHna knetok, [IHK, crnoxHble xumuyeckune coeguHeHus) Bce
paBHO NMOCTOSIHHO PE30OHUPYIOT Mexay cobon!

BbiBoA: 6GUOpe3oHaHC ecTb HEOTHLEMIIEMOE CBOMCTBO BCEX XXMBbIX OPraHnM3MoB, OH
NMOCTOSIHHO B HUX MPOUCXOANT N 0BEeCneYnBaET NX KU3HEAEATENbHOCTb.

B camom BrnonornyeckoMm obbEKTE OOHU €ro YacTu Pe3oHUPYIOT ¢ ApyruMmun. To ecTb
MOXHO rOBOPUTb O TOM, YTO B CITOXHbIX Buonormyeckmx obbekTax CyLecTBYyeT siBlieHME
BHyTpeHHero 6uopesoHaHca (aBTobuopesoHaHca). YTO, KOHEeYHO, He UCKMYaeT
BuopesoHaHca, onpeaenseMoro BHELLHMMWN BO3AENCTBUAMU.

Mpy 3TOM BHYTpPEHHUM OuMope3oHaHC onpefensieT BeCb WH(OPMaLUMOHHbLIN
TOPCMOHHO - BOSTHOBOW MPOLECC XMBOrO opraHnama. MoaTtomy OH NposBRsieTCsl ropasgo
yaile, YeM BHeLLUHMA. TodHee, OH MPOUCXOAUT MOCTOSIHHO U HenpepbiBHO. MoXeT ObiThb,
MMEHHO MO3TOMY OH E€CTECTBEHEH, U Mbl HE CYUTAEM €ro CYLIECTBEHHbLIM SBMEHUEM,
COMPOBOXAAKLWMM HEKOTOPbIE SBMIEHUSI BHELLHEro pe3oHaHca (Mbl He oulyllaeM ero, Kak
He owyllaemM, Hanpumep, NPoLEecCOoB AbiXxaHWs, XOTS npu Baoxe dopmupyetcs crnaboe
nesoe TI1, npu BbIQOXE - MpaBoe, €CNM Mbl ObIWNM BO34YXOM, cogepxalimm Bonblioe
KONMM4YEeCTBO a3pONOHOB 06enx NoNApHOCTEN).

B 710 Xe Bpemsi, BHELLHUA Pe30HaHC, XOTA OH U He UrpaeT Takon 3Ha4YMMOWN ponuv B
XN3HeOenaTenbHOCTM OpraHMama, MOXeT ObiTb MCNONb3oBaH Kak METOA ynpaBneHus
ouonornyecknm OOBLEKTOM, npoueccaMn ero XusHegesaTenbHoCTM (Hanpumep, Ans
neyeHns naTonorumn).

CuuTaloT, 4TO BCe BO3AENCTBUS Kak BHYTPU Buonorndyeckoro obvekta, Tak u U3BHe
MOXHO pa3aennTb Ha ABa Knacca: SHepreTmyeckme n MHPOPMaLUNOHHbIE.

3ameTuM, YTO yKasaHHble ABa Knacca Bo3gencTBui o4eHb Brnsku K obLenpuHAaTOn
Knaccuukaumm Ons  BHELWHUMX BO3OEWCTBUMMA Ha KMBOM OpraHuam. Tak, nog
NHPOPMALIMOHHBIM  YPOBHEM BO34enCTBUA (cnabble curHanbl) MOHUMAaEeTCsl YPOBEHb
CUrHanoB, He NPUBOOSLUMA K U3MEHEHUAM B OCHOBHbIX MPOLECCAX XU3HEAEATENbHOCTU
KNeTok, a nub ynpasnswowmm TedeHnem 3Tux npoueccoB. [log paspylarowmmm
(cunbHble curHanbl) MNOHUMAKTCA CUrHanbl, NPUBOAALLME K  pPaspyLUEHUO  Unu
NPUHUMNMANBHOMY W3MEHEHUIO MNPOLECCOB XXU3HEeOEeATEeNbHOCTU. JHepreTuyeckui wu
paspyLlalowmin  curHanbl  NPUHLMNMANbHO PasfUYHbl:  SHEPreTUYEeCcKU curHan ans
BropesoHaHCca He OTHOCUTCA K paspyLUatoLLnM, ero ypoBeHb brivke K MH(pOpPMaLNOHHOMY.

Ckopee Bcero, npupoga oOTBena COOTBETCTBYHOLIME ponn B OBUONMOrMYecknx
obbektax o060oMM 3TUM BO3OEUCTBMSM, OMNpeaensowmm Mnpouecc BO3HUKHOBEHUS
GuopesoHaHca. Ho, nockonbky B 6uonornyecknx obbekTax BCE IrEMEHTbl (KMeTKK)
nogobHbl Apyr apyry (To ectb obnagaroT NpUMEpPHO OAMHAKOBLIMU BO3MOXHOCTAMM MO
HaKOMMEHUIO N pacXxo4oBaHUIO SHEPTUN), TO MHPOPMALIMOHHBIN PEe30HAHC NpeaCcTaBnsaAeTCs
3HauuTenbHo 6onee adPdEKTUBHBIM MNPOLECCOM C TOYKM 3peHusa 3HeproobmeHa. OH
npegcraenserca Hanbonee BEPOSATHOM MOAENbK CUCTEMbI OBMeHa MHopMaLumen BHYTpU
Buonornyecknx cucTem, Tak Kak npmpoga obbIHHO BbIGMpaeT nyylumne peLleHus.

Ewe ogHMMm gosogom B Nonb3y MHGPOPMAaLNMOHHOW MOAENN ABNAETCA TOT (PaKT, YTo
pe3ynsrat buopesoHaHca B 9TOM cilyyae 3anoXxeH B caMmoM Buonormdeckom obbekTe. A
3Ha4UT, OH Nerko ynpaensem, 6onee npeackasyem, OrpaHNYeH Mo CBOMM napamMeTpam.
CnepgoBatenbHO, €ro npowe MWCnonb3oBaTb B AdanbHenwem npouecce obmMeHa
MHoOpPMaLMEN UNn ynNpasneHus NPoLEeCcCaMm XXM3HEOEATENbHOCTH.

Kpome ToOro, acppektmBHoCTb NOOGOro BO3AENCTBUS MOXHO paccmaTpuBaTb MO
BEenMYMHe OTKNMKa Ha Hero. B atomM cmbicne, kakon Obl BUA BO3AEUCTBUA Mbl He
paccmaTpuBanu, Ans Toro, YTobbl Bo3HMKan 6uopesoHaHc, HeobxoaMmo, YTOObl OTKINMK MO
BENUYNHE MpeBblan camo Bo3gencTene. B aToMm cmbicne MHGOPMAaUNOHHBIA pPe30HaHC
UMeEeT 3HaYUTENbHO BOoNbLUYI0 3PPEKTUBHOCTL, YEM IHEPreTUHECKUIN, a crefoBaTenbHO,
nepcnekTMBa MCNoNb3oBaHUsA  UHAPOPMALUMOHHBLIX  BO3AEWCTBUM  MNpU  PasnnyHbIX
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NaToNnoOrM4eCckKnMX COCTOSHUSAX 3HAYUTENbHO Bbile MO CPaABHEHUK C MPUHATBIMA HblHE
9HepreTM4yeCcKMMn BO34eNCTBUAMN B fNOOLIX X NPOSBMAEHMUSX.

T.0., BMOpE3OHAHC - 3TO SBMNEHUE YCUNEeHUs WMH(POPMALMOHHOMO TOPCUOHHO -
BOITHOBOrO Mpouecca, BO3AEWCTBYIOLLEro Ha OMOOOBLEKT, B Tex crnyyasax, korga aToT
npouecc NpubnuxaeTcs No napamMmeTpam K cO6CTBEHHOMY UHAOPMALVMOHHOMY TOPCUOHHO
- BOJTHOBOMY npoueccy bnoobbekTa.

Kpome TOro, 6uopesoHaHC MOXHO paccMmaTtpmBaTb Kak MHGOpPMaLMOHHO-BOSTHOBOE
ABMNeHue.

Jlobon BGuonormyeckmn OBBLEKT HACbIWEH WHMOPMALMOHHBIMX  MOTOKaMW,
COMPOBOXAAKLWNMUN €r0 XNU3HeOeATeNbHOCTb. [1OCKOMbKY M UCTOYHUKOM, U NPUEMHUKOM
MHPOPMALIMOHHBIX CUrHaNoB B OpraHuamMe sBNsAKTCA OGuornornyeckne o6bekTbl, TO,
O4YeBUAHO, YTO ABMeHMe BMope3oHaHca UrpaeT B NPOUCXOOSALLNX B OpraHn3me npoleccax
BaXXHEWLLYIO POrib.

NHdopMaLMOHHbIE NOTOKM B XMBbIX OpraHn3mMax MOXHO pa3genuTb Ha ABa Knacca.
K nepBomy knaccy otHeceM COBCTBEHHO NpoLEecc nepegadn ynpaensaolwmnx BO3AeNCTBUN.
Takne BO34ENCTBUS 3aCTaBnsaT NPUEMHUK MHCpOpMaLUKN SBHbIM 06pa3oM M3MEHUTbL CBOE
cocTosiHne. Hanpumep, ynpaensioWmMii UMNYNbC OT LEHTParibHOW HEPBHOW CUCTEMBbI
onpegensaeT Npouecc ABWKEHUSA (Mepuogudeckoe cokpalleHve n paccnabneHve Hy>XHbIX
MbILLL,), COOTBETCTBEHHO UAYT HENPEPbIBHbIE MPOLECCHI KPOBOOOpALLEHNS, ObIXaHUS U T.M.

Ko BTOpOMY Kknaccy oTHeceM MHPOPMALMOHHbIE MOTOKM, BO3HUKAOLNE MU3-3a TOrO,
YTO B €CTECTBEHHOM COCTOsIHMM fobon Buonorndyecknn obbekT M nwbas ero yactb
obnagatoT cobCTBEHHBIM MHOPMALMOHHBIM TOPCUOHHO - BOSIHOBLIM MPOLIECCOM, a,
cnefoBaTtenbHO, SBASKTCS MCTOMHUMKaMM (POHOBBLIX BOSIHOBBLIX npoueccoB. BosgencTtaue
3TMX NPOLECCOB Ha OCTasbHbIE YacTh MOXHO OnpeaenuTb Kak eCTECTBEHHbIN BHYTPEHHUN
MHOPMAaLIMOHHO-BOMHOBOW (POH Buonornyeckoro obvekTa.

[Mepengem Tenepb K pPacCMOTPEHUIO Kracca WMHMPOPMALMOHHBLIX TOPCUOHHO -
BOMHOBbLIX MOTOKOB B Bmonorndecknx obbekTax, CBA3aHHOro ¢ nepegadvyen nHgpopmaumm,
cogepawenca B COGCTBEHHbIX MHOPMaLMOHHO-BOSTHOBbLIX Mpoueccax, OT OAHUX YacTen
XMBOrO oOpraHmamMa K Apyrum. 3TU WHPOPMAUMOHHbLIE MOTOKM ABNSAKTCA Hambonee
€CTEeCTBEHHbIMU 111 BCEX CTPYKTYPHbIX YacTen GUonorm4yeckoro obbekta noToMy, YTO
KaXkgas M3 HUX HaxoguTCHa B COCTOAHUN COBCTBEHHOIO BOMHOBOrO npouecca. OHM (MOTOKK)
nogobHbl Apyr Opyry M BO3AEWCTBYIOT Ha CBOE OKpYXeHue (4epe3 MexaHudeckoe,
BOMHOBOE, 3feKTpuyeckoe, rasepHoe, XUMMWUYecKoe B3auMMOLENCTBUSA) B TOM Xe
YaCTOTHOM AnanasoHe, B KOTOPOM MPOUCXOANUT U BOSIHOBOM MPOLIECC 3TOMO OKPYXeHus. B
pesynerate OuopesoHaHca 3T MH(OPMAaLMOHHbIE MOTOKM Kak Obl nMoggepxueatoT Opyr
Apyra, cosgaBasi ycTondMBoe efuMHooOpasve TOPCMOHHO - BOSIHOBOIMO npouecca,
NMHOMBUAYAbHOIO AN 3TOr0 KOHKPETHOro BMonorn4eckoro oobekTa (Mnun ero 4acTin).

PaccmoTpum 6uope3oHaHCHble B3aUMOLENCTBUS B XXMBOM OpraHn3me B pasfinyHbIX
COCTOSIHMAX. EcnnM Bce 4vacTMm opraHMama HaxOASATCA B COCTOSIHAM HOPMbI, TO OHM
NoAAEPXKNBAIOT N YNPaBAOT COCTOAHMEM APYr Apyra TONbKO B paMKax 3TOr0 COCTOSHUSA.
Ecnn BennunHa BHeLIHEro BO3AENCTBUS, COOTBETCTBYIOLLIETO COCTOSAHWUIO MNaToONOrMm, HUXe
onpeaeneHHoro ypoBHS, TO OHO He MpPMBOAWUT K SIBNEHUIO Brnope3oHaHca U He MOXeT
nepeHacTpouTb BHYTPEHHEE COCTOsIHME 4YacTen buonornvyeckoro obbekta B COCTOsIHUE
natonormn. OTO MeEpBbIM YPOBEHb WHAPOPMALMOHHO-BOMTHOBOM 3aLLUTHON CUCTEMBbI
opraHuMaMa OT HeraTUBHbIX BHELWHWX BO34EeNCTBMK, paboTalowmn npu mManbix KX
BENMYnHaXx.

[MpeanonoXxum, 4To BHELUHeEe BO3AEeNCTBME NPEBLICUITIO NEPBbLIN YPOBEHb 3aLMUThl U
nepeBeno HEKOTOPYK HebOonblUyd YacTb CTPYKTYPHbIX 3feMEHTOB 6ronornyeckoro
obbekTa B COCTOsSIHME naTtonormu. B aToM crnydyae HauvHaeT pabotaTb BTOPOW YPOBEHb
3alNTbl, OCHOBAHHbIN YK€ Ha CaMOfeYeHnn opraHmama uUnu Ha npouecce ucnpasneHus
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MH(OPMALIMOHHOIO TOPCMOHHO - BOMIHOBOro npouecca. lpyu 3TOM 4YacTu opraHu3ma,
HaxoddwmMeca B COCTOSHMAX HOPMbl, BO3AEWCTBYIOT Ha MOpaXeHHble 4actu. W,
cneposaTternbHO, BygeT noaaepXuBarbca npouecc obpaTHOM NepeHacTPOMKN NOPaKEHHbIX
yacTen K HOpManbHOMY COCTOSHMIO.

Mpn aTOM cywecTtByeT U ob6paTHoe Bo3gencTBue. [lopaxeHHble 4acTu
BO30ENCTBYIOT HA HOpMasibHble HEraTMBHbIM MHAOPMAaLMOHHLIM TOPCUOHHO - BOSTHOBbLIM
nonem, HO, MOCKOMIbKY WX Marno, OHM He MOryT OKa3aTb CYLLECTBEHHOrO BIIMSHUSA W
NepeHacTpouTb CBOE OKPYXXEHWe B COCTOSHWE naTonornn. Takoe COCTOSIHME >XMBOTO
opraHu3ma He pacueHnBaeTcs Kak 3abonesaHue, a onpegensieTcs Kak 3aluTHasa peakuns
UMMYHHOW cucTeMbl Bronornyeckoro obbekta. B onpegeneHHon cteneHn atn nosoXxeHus
oTpakatoT [Ba OCHOBHbIX MPUHUMNA ayToperynsuum B OopraHM3aMe - 3TO perynsauus no
OTKINOHEHWNIO PEryNUpyemMon BeNUYMHbI U perynauus no Bo3MylleHuto. [lpsamon u
oGpaTHbIM nepexogbl CUCTEMbl M3 OLHOrMO0 YCTOMYMBOIO CTaLMOHAPHOIO COCTOSIHUS B
Apyroe CcoBepLalTCa Mpu Pasfn4YHbiX BO3MYLLEHUAX M Pas3HbIMW MNYTAMKU, MOITOMY
cMcTemMa B 3aBMCUMMOCTWM OT HayamnbHbIX YCIOBUIA MOXET OKas3aTbCs B OAHOM U3 ABYX
YCTOMUMUBBIX anbTepPHATUBHbLIX CTaLMOHAPHbIX COCTOSHUW. B 3ToM cnyyae cucrema
oKasblBaeTcs CrnocoOHOM COXpaHsATb MaMsiTb O TakMX U3MEHEeHUsX B cpefne, KoTopble
CnocobHbl NPUBOANTL K CMEHE €€ CTaLMOHaPHbIX COCTOSHUMN.

C yBenMyeHMeM 4YUCna MOPaKEHHbIX HeraTMBHbIM BO3OENCTBMEM  YacTen
opraHu3ama nonb3oBaTtenisa cuTyauus nameHsietca. Bo-nepsbix, HanMyne GoOnbLIOro Ynucna
3M1EMEHTOB C NoAOOHOM CTPYKTYPOW NPUBOAUT K sIBNEHUI0 BruopesoHaHca cpeaun Hux. Mpu
9TOM BO3HUMKaeT bonee ycTtonumBoe obpasoBaHue, HaxoasLweecs B COCTOSHUN NaTONOrmu.
OHO He TOMLKO nNoOAOEpPXMBAET CBOE COCTOSAHWE, HO W MOCTENEeHHO HavnHaeT
nepectpamBaTb cocegHuMe 4vacTu buonorundeckoro obbekta B nogobHoe emMy COoCTosiHMEe
natonorun. B aTOT MOMEHT MOXHO roBOpuUTb O 3aboneBaHuMM opraHuama. [na nepesoga
CUTyauun B HOpMaribHOE COCTOSIHME YXe HeJOCTaTO4HO OObIYHOW peakumMmM opraHu3ma.
TpebyloTca BHELLUHME BO3AEWCTBUS, OObIYHO Ha3biBaeMble MH(OPMALMOHHO - BOSTHOBOM
Tepanuen.

PaccmoTpeHHaa WHdoOpMaunoHHas TOPCUOHHO - BOMHOBasA MoAernb nepexopa ot
HOPMbl K MaTonorMu no3BosisieT nerko obbACHUTb, noyemMy TeyeHue 3aboneBaHus B
PasfnNyHbIX CTaausiX MPOUCXOAUT C PasfMYHON CKOPOCTbI0. Tak, B HadanbHOW CTagum
CyMMapHas BenuMuYMHa MHEMOPMALMOHHO-BOMHOBOIO  Mpouecca, COOTBETCTBYHOLLErO
naTonorun, mana Kak no 3aHMMaemon 4acTu opraHmama, Tak 1 No cBoen BenuuymHe. MNpu
9TOM OCTasfibHas 4acTb OpraHM3amMa B COCTOSHMM HOPMbl MOXET aKTMBHO MPOTMBOCTOATb
3TOMY M3MEHEHMUIO U3-3a TOro, 4YTo ee npocto bonble. Takoe cOCTosiHME MOXET 6bITb
ANUTENbHBIM M AOCTATOMHO YCTOMYMBBIM (MHOr4a MOXET ANuTbcAa rogamum). Ho Hanunuve
HeraTMBHO  BNUAKOLWEro  WH(OPMaLMOHHO-BOMIHOBOIO  Mpouecca, COXpaHsoLWwerocs
ANUTENbHOE BpeM4, BedeT K MNMOCTENEHHOM U HEYKITOHHOW MNepecTporKe ero B CTOPOHY
natonormn. 3TO0 MOXET Takke O0ObACHATb BO3HMKHOBEHME Pa3NUYHbIX MOBOYHbIX
NaTonornn BcrneacTanme NacCMBHOMO ASIMTENBHOMO NEYeHUs.

Bo3HMKHOBEHME HOBOW MacCOBOW cneumnanbHOCTU nonb3oBatenen MK BbidBano
CNOXHYy0 npobnemy, BKN4YawwWwyw B ceba paumoHanusauuio paboumx MecT,
ONTUMM3ALMIO NMPON3BOACTBEHHON AEATENbHOCTU NPOrpaMMUCTOB M PabOTHUKOB ApYrnx
creumanbHOCTEN, KOTOpble BbIMNOMHAKT paboTbl Ha [1K, OueHKy BRMAHUA KOMMnekca
NPOM3BOACTBEHHbLIX (QAKTOPOB Ha COCTOSIHUE WX 300pOBbsi C  LENbi  pa3paboTku
MEepOoNpUATUIA NpegoTBPaLLEHNA BO3HUKAKOLWNX B OpraHn3me paccTtporcTtB. C NoMOLbo
TMIMEHNYECcKnX, PU3NONOrMYECcKnX, opTanbMO-3pProHOMNUYECKNX N KIMHUYECKUX METOLOB
nccnenoBaHUM M3ydeHbl YCNOBUSA Tpyda U COCTOsIHME 340poBbsi nonb3oBatenen K (800
YernoBek), KOTopble BbINOMHANM paboTbl HA pa3HbIX TUNAX MOHUTOPaX OTEYECTBEHHOIO U
3apybexHoro npomssoacTtea [31].
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3HauuTenbHOe pacnpocTpaHeHne cpean nonb3oBaTerniel MOHUTOPOB 3aHUMaloT
pacCTPONCTBA, KOTOPble BO3HMKAKT B CBSA3N C peELUeHUEM Crneumunyecknx 3puUTenbHbIX
3agad npu paboTe 3a MOHUTOPOM. YCTaHOBSEHHbIE 3aKOHOMEPHOCTU KpaTKOBPEMEHHOMN U
AOMNrOBPEMEHHON agjanTtauun K OaHHOMY BMAY AEATENbHOCTU NPU pPasfiMyHbIX CpOKax
paboT C MOHUTOpaMU, IPGPEKT B3aUMOAOMNONMHEHUS HanpsKeHUss (PYHKUUMA HEKOTOPbIX
CUCTEM OpraHuama (cepae4Ho-CoCyanCcTon, LeHTPanbHOM HEPBHON CUCTEMBI, B TOM YUChe
N 3pUTENBHOrO aHanuaaTopa), a Takke onpegerieHHasi B3auMHas 3aBMCUMOCTb [BYX
afleKBaTHbIX MPOM3BOACTBEHHOMY npoueccy QYHKUUA: akKkomMoZauun M KOHTPacTHOW
YYBCTBUTENMBLHOCTY [Masa.

PesynbraTtbl yrnyb6neHHOro KnMHUKO-(PyHKLMOHANbHOMO N3y4YEeHUS COCTOSTHUSA OPYruxX
CUCTEM OpraHnamMa CBUAETENbCTBYOT O 3HAYUTENBbHOM PaCcnpPOCTPaHEHUU cpeau
nonb3oBaTenem MOHUTOPOB, OCOBEHHO NpPOrpamMMuUCTOB, BereTaTMBHO-COCYOAUCTOM
ANCTOHMM CO CKIMOHHOCTbIO K YBENMUYEHUIO apTepuarnbHOro [aBrieHusl, YTO CBSI3aHO C
ANUTENbHOCTBID  paboT ¢  MoHuTopamu. BbiHyXgeHHas nosa nonb3oBatenen [1K
conpoBoOXaaeTcs passuTnem paguKynapHbIX CUHOPOMOB, 00yCroBneHHbIX
OCTEOXOHAPO30M LUEMHOr0 UM MOSICHUYHO-6e4peHHOro oTaena MO3BOHOYHMKA, YacToTa
KOTOpPbIX MO nokasatensam 6bina 3Ha4yuTernbHO BbiWe, 4YeM B KOHTPOSIbHOW rpynne
obcnenoBaHHbIX paboOTHUMKOB TOro e Bo3pacta. [OBOMbHO 4acTto y nonb3oBaTenen
MOHUTOPOB OBOHApPYXMBanUCb XPOHUYECKUN XOMNEUUCTUT, XPOHUYECKUA TracTpuT, B
Pas3BUTUN KOTOPbIX MOXET MMETb MECTO BblHYXAeHHaa paboyas nosa, rMnokMHesnsi BO
Bpems paboThl.

MrneHncTrammn YkpaviHbl BbiSiBNEHbl psiA HapyLleHW y paboTatowmx ¢ MOHUTOpamMu
K.

Tak, Hanpumep, B paborte [72] nokaszaHO M3MEHEHME B WMMMYHHOW CUCTEME Y
paboTtalowmux ¢ MoHuTopamun. bbino obcnegoBaHo 295 4enoek, paboTalWwmMx C
MOHUTOpaMWU, B rpynny CpaBHEHUS BXoaunu 52 yenoseka. ViccnegoBaHus nNpoBOAUIIUCE C
MCNonb3oBaHMEM MeToda CMOHTAHHOro po3eTkoobpasoBaHus (KNeToYHas uenb) U
rnokasarenen rymopasnibHoro UMMyHuUTeTa - MMMyHHornodynuHoe (Ig) knacca A, M, G un
aHTUTESN K aHTUreHam LWNTOBUOHOW Xene3bl METOAOM UMMYHHO(EPMEHTHOrO aHanuaa.

Okasanocb, 4YTO W3MEHEHWS B KMETOYHOW LEenu MnpOSBSIOTCA B CHWKEHUN
konuyectsa T-numdountoB (T-n), B Gonbwon cteneHn aucbanaHca MX perynsitopHbIX
cybnonynaumn n aktusmsaumm B-cuctembl mmmyHuteTa. CTeneHb MX BblPa3UTENbHOCTU
BO3pacTaeT napanfesisHo ¢ pOCTOM TPyAOBOW Harpy3ku, AasBasd HanbonbLlume OTKITOHEHUS
Ha doHe nokasaTenen rpynnbl cpaBHEHUs, paboTtatowen 3a moHutopamu no 140-160
y/mec.

Tak, npu agnutenbHocTn pabotbl B 160 4y/mMec. konuyectBo B-numdoumtoB
Bo3pactaeT Ha 54,1%, Toraa Kak COOTHOLUEHMEe KonuyecTBa T-NMMAOLUTOB, KOTOpblE
UMEIT XenmnepHyl U CYMNpecCOpHY akTUBHOCTb, yBenuumaetrca Ha 84,1%. Takoe
3Ha4YUTENbHOE YBENUYEHNEe ITUX MoKasaTernen ykasblBaeT Ha akTUBMU3aLMO ryMopasibHOW
Lenu 1 ayTonpoLeccoB B OpraHu3mMe.

Bce 6onee wunpokoe wucnonb3oBaHne MoHuUTOpoB [1K B pasHbiX obnactax
AEATENbHOCTN YenoBeka MNpUBMEKaeT BHMMaHWE CNeumanucToB, M3yYalwLlmnxX BANSHUE
Komnnekca HebnaronpuaTHbiXx (PakTOpoB MNPOU3BOACTBEHHOM Cpedbl Ha OpraHu3m
paboTalLwmnx ¢ MOHMTOPaMK. Tak, Y HUX OBHapyXeHbl PyHKLUMOHarnbHbIE paccTPOMCTBa U
naTonornyeckne COCToSHUS.

YuntbiBasd, YTO WU3MEHEHWEe WHTEHCUBHOCTU MEPEKUCHOIO OKUCIEHUS NUMNUAOB
(MOJ1) gaBnsieTcss BakHbIM MaTOreHeTUYECKUM (PakTOPOM M CAYXUT OMarHOCTUYECKUM
TECTOM MHOMMX MaTONOMMYECKNX COCTOSAHUIA, ObINO NpoOBeAEeHO uccnegoBaHue 3TUX
NpOLECCOB KaK BO3MOXHbIX KpUTEPUEB HavasibHbIX MPOSABAEHUA AENCTBUS KOMMSeKca
BpeaHbIX pakTOpOB Ha opraHn3m paboTatoLmx C MOHUTOPaMM.
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B pe3ynbrate GUOXMMMYECKNX UCCEQOBaHNIA C MOMOLLBI XEMUITIOMUHECLLEHTHBIX U
CNeKTPOOTOMETPUYHBLIX METOAOB YCTAHOBMEHO 3HAYUTENbHOE yBenuyeHue (B 2+3 pasa)
nHTeHcmBHocTM npoueccoB [MOJT BcneactBne akTMBauuM MNEPBUYHBIX  (AMEHOBbLIE
KOHbIOraThbl), MPOMEXYTOYHbIX (rMApPONEepPeKNCcen nNUNUAOB) U KOHEYHbIX (ManoHOBbIV
ananbgerng) coctosiHmmn MOJI.

YcuneHne  cBobogHopaguKamnbHbIX — MPOLECCOB  OBYCMOBMEHO  CHWKEHWEM
aHTUpaguKarnbHbIX U aHTUOKUCIIUTENbHbLIX CUCTEM 3alUNTbl, O COCTOSAHUN KOTOPOW Cyaunu
Nno yBENWYEHM0 ObICTPOro BO3ropaHuMst M OOLEen CBETOCYMMbl XEMUITIOMUHECLEHLNN,
KoTopas nHayumpoBanacbk nepekucblo Bogopoaa.

Heobxoaumo nogyepkHyTb, YTO HapyweHusi cooTHoweHust npoueccoB [MOJ1 n
aHTUOKCUOAHTHON CUCTEMbI Yy paboTatolmx ¢ MOHUTOpPaMM HabnaaTes y)ke B Bo3pacTe
A0 25 neT, a Takke Ha paHHUX CTagusix KOHTakTa (CTax paboTbl 40 2 NET) U, YTO 0COBEHHO
BaXXHO, NPU MUHUManNbHOM cpoke paboTbl ¢ MOHUTOPOM (40 20 4 Ha Mecsiy,), YTO ABNAEeTCH
0060CHOBaHNMEM BO3MOXHOCTU MCMNOMb30BaHMA ITUX MOKasaTenem Kak 4YyBCTBUTENbHbIX
KPUTEPUEB  OLEHKM  paHHUX  MPOSIBNIEHUA  OEUCTBMS  KOMMMekca  (hakTopoBs
NPOV3BOACTBEHHOW Cpeabl Ha opraHn3m paboTtaroLmx ¢ MoHuTopamm [31].

LLinpokomacwitabHoe npUMeHeHne WH(POPMAaLNOHHO-BbIYMUCIINTENBHON TEXHWUKM
NpvBENo K CTPeMUTENbHOMY YBEMNUYEHUIO YMUCINEHHOCTU paboTalomnx C MOHUTOpaMM.
[MapannenbHo C WNPOKNM UCNOoNb30BaHMEM MOHUTOPOB BO3pacTaeT Yncrno coobueHnn od
MX HEeraTMBHOM BIUSIHWM Ha 340pOBbe Morib3oBatenen (NaTonorna 3puUTEnbHOro
aHanusartopa, paccTponcTBo HepBHoW, C-C, BbIKMObIWLM W BPOXAEHHbIE aHOManuu
pas3BuTUA nNnoaga).

Cneunannctamn XapbkoBa [7] y paboTalolmx C MOHUTOpPaMW BbISBIEHblI Takue
HapyLleHns: 3HaumMTenbHas akTMBHOCTb npoueccoB MOJ1, nporpeccupytoliee CHUXeHne
CUCTEMbl aHTMOKCMAAQHTOB, HapyLleHWEe T[OPMOHANbHO0 W WUMMYHHOIO CTaTyCcOB
(aytommmyHHble  npouecchbl). OTKMOHEHNMA B WUMMYHHOM  CcTaTyce, Takme Kak
NMMYyHOOEMUUNT 1 ayTOMMMYHHOCTb SIBMSIKOTCA OCHOBOMOSaratowWmMMmn B AUCKOOPANHALNK
NpoLeccoB, KOTOpble NOAAEPXKNBAOT rOMeOoCTa3 B OpraHM3me B LiENoM.

Pesynbratbl MHOroneTHMx mccrnegosanui MHCTutyTa no npobneme rurneHsl Tpyaa
npn pabote C MOHUTOpPaMX [OUKTYIOT HeOobXOAMMOCTb MpOBeAEeHUs  OarbHEWMLIMX
NccneaoBaHUN B Crieaylowmx HanpaBneHnsax:

. n3yvyeHme MexaHuM3MOB (OPMUPOBAHUS OOHAPYXEHHbIX HapyLUEHWA (COCTOsIHME
HemporymoparnbHOW perynaumm) MMMYHONOrMYECKON pPeakTUBHOCTU, OMOXMMUYECKNX
NpoLeccoB, TOPMOHAsbHbIX W TEHETUYECKUX (aKTOpoB C Uernbio  MMrmeHnYeckon
pernameHTaumm CyMmMmapHoOro BpeMeHu ang paboTbl C MOHUTOPaMU;

. pa3paboTkn 0BOCHOBAHWS MNPUMEHEHUST KOMMMEKca MNpPOMUNAKTUYECKNX U
ne4yebHbIX MeponpuUATUA Ons  HopManu3aumm WMMYHOSMOMMYECKUX W FOPMOHAsbHbIX
nokasarenemn y paboTtaloLmx ¢ MOHUTOpaMu.

Bonblwoe BnMsiHMe Ha TPy4OCNOCOBHOCTbL U 300pPOBbE MONb3oBaTeENe MOHUTOPOB
OKa3blBaeT MOHHbIM COCTaB Bo3Ayxa paboyen 30Hbl. MameHeHne aToro 6anaHca, KOTopbIn
oOycnoBrneH yBenUYEHMEM  KOnMYyecTBa  MONMOXUTENbHbIX  MOHOB, MNpUBOOUT K
oTpuuaTenbHbIM MOCNeaCcTBUSAM, B YaCTHOCTU, B AEATENbHOCTU CEpAeYHO - COCYyaAUCTON
cucTeMbl, BpPOHXONEro4YHOro annaparta, KPOBETBOPEHUS, BEreTaTMBHOW HEPBHOW CUCTEMBI.
YCTaHOBNEHO, 4TO (OOHOBbIA CMEKTP WOHOB B MNOMELUEHUAX C  MOHUTOpaMu
XapakTepuayetca M30bITKOM oTpuuaTtefibHbiX MOHOB. [1pyM 3TOM KOHUEHTpauusa nerkmx
oTpuuaTenbHbIX aspouoHoB cocTtaensAer 350+620 B 1 cm®. B npouecce pabGoThl
TepMuHana CTPyKTypa crekTpa WMOHHOro cocTaBa Bo3ayxa pabodent 30Hbl CyLeCTBEHHO
MeHsieTcs. B TeyeHne 5 MuH paboTbl MOHMTOPA KOHLUEHTpaUMs Nerknx otTpuuaTtenbHbIX
MOHOB YMeHbLUanachb B 8 pas, a yepes 3 4aca - CHM3MNacb 40 YPOBHS, GrM3KOro K Hyrto.
CyLLecTBEHHO NMOHU3NNOCH KONMYECTBO CPEAHMX U TSXKENbIX OTpUUaTeNnbHbIX YacTudek. B
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TO X€ BpeMs KOHLEHTpaumsa MonoXUTEmNbHbIX MOHOB Bo3pacTtana, n 4epe3 3 4 paboTbl
MOHMTOpPaA B BO3ayxe paboyeln 30HbI Npeobnagann MNOMNOXUTENbHbIE YaCTUYKM BCEX
pasmepos [14]. Heobxognmo otmeTutb, 4YTo M B [T13ax npmnbopbl Takke pernctpupyoTt
pPe3Koe YMEHbLUEHME OTPULATENBHO 3apPSKEHHbLIX MOHOB KUCIOPOoAa, YTO MOoAYepKuBaeT
dakT oguHakoBon dmamyeckon npupodbl TM 30H 3emnmn wn TI1, reHepupyembix
MOHUTOpPaMu, TeNeBU3OpPaMmn N OPYron INEKTPOHHOW TexHukon [40].

OKCNepUMEHTbI, NPOBEAEHHbIE AHIMUACKUMWU  yYEeHbIMWU, CBUAETENbCTBYOT O
GnaroTBOPHOM BMNUSIHUM HaXOASLLMXCA B BO34yXe OTpuLaTeNibHbIX MOHOB Ha 340POBbE
yenoseka. ATO NOATBEPXKAAET NOMOXEHWUS, BbIABUHYTbIE N3BECTHLIM OMOMNOroM, OAHUM U3
ocHoBartenen renuobuonormm A. J1. YmxkeBckMM. Y4deHble npeactaBuinn OOKasaTenbCTBa
TOro, YTO Manble KOnuMyecTBa OTpuuaTernbHbIX WMOHOB MPUMBOOAT K YCUIEHWUIO
Guonornyeckon peakunn. Cnegyowime warm B 3ToM HanpasneHun obinn caenansl B CLUA
C Uenbl MOHATb (U3NOMOINNYECKNE MEXaHU3Mbl, KOTOpble MOrfin Obl OBGBACHUTL
Bbl3BaHHbIE  MOHAaMW  UW3MEHEeHust B opraHuame. [lepBbiM ObINO  NPOBEPEHO
HEeMpPOXMMUNYECKOEe BELLECTBO CEPOTOHWUH, AncbanaHCc KOTOPOro, Kak nosiaratoT, CBA3aH C
rTMNEeppeakTUBHOCTLID M arpeccuMen. JKCNEePUMEHTbl  MokKasann, 4YTO  BblCOKas
KOHUEHTpaLumMsi MNOMOXUTENbHLIX WOHOB CHWXana YpPOBEHb CEpPOTOHMHA B KPOBM, YTO
COMpPOBOXAArnoCb rOMOBHbIMM BONsIMM Yy  UCNbITYEMbIX, OGECCOHHMLEN, MNOBbILEHNEM
KOnu4ecTBa Hec4YacTHbIX criydaeB v ap.

Mo gaHHbIM psiga 3apybeXxHbIX MCCNeaoBaHUN TakKKe YCTAHOBMEHO CYLLECTBEHHOE
yXyOleHne COCTOSHUSA 340pOBbsi Morfb3oBaTenen MOHUTOPOB. [pexae Bcero, cTpagaeT
mo3r. OnacHoOMy  BO3OEWCTBMIO  MOABEPrawTCA  SHAOKPUHHAA, UMMYHHas W
PENPOAYKTMBHAA CUCTEMbI YernoBeka. Bo3aMOXHbI oTpuuaTtenbHble reHeTUMBHas CUCTEMbI
yenoBeka. Bo3aMoxHbI oTpuLaTenbHble rEHETUYECKME MOCNEACTBUS.

Y XeHWuH, paboTalowmnx 3a MOHUTOpPaMn OT 2 00 6 Y B CYTKU, PYHKLMOHAsbHbIE
HapyLleHns B HEPBHOW cucTeMbl HabnogarTca B cpeaHem B 4,6 pasa vawe, 3aboneBaHus
C-C - B 2 pasa, 60ne3Hn BepxHUX AblxaTenbHblX NyTen B 1,9 yawe, 4eM B KOHTPOSbHbIX
rpynnax. OcoBeHHO oOnacHO W3Ny4YeHMEe MOHUTOPOB ANt GEepPEMEHHbIX XEHLWMH. Puck
nosiBNeHnsa OeTen C BPOXAEHHbIMM Mopokamu Bo3pactaeT B 25 pas, B 3,5 pasa Bbiwe
BEPOSATHOCTb BbIKMAbILLEMN.

YKkasaHHOe BbilLe NOATBEPXKAAETCSA UCCNEA0BAHUSAMU C UCMONb30BaHNEM METOANKN
donng [63], OKI, TennoBM3MOHHbLIX UCCNefOoBaHUIA, peoaHuedanorpammamMmm n ap.

MaBa 3. Bo3aMOXHble MexaHU3Mbl HeraTuBHOro BIIUAHUA
neBbix Tl Ha yenoBeka.

«4YTO Mbl 3HAaeM - HUYTOXHO MO CPaBHEHUIO C TEM, YEro Mbl HE 3HaeMy»,- nucarn
3HaMeHUTbIN dopaHLy3ckuin ydeHbln M.-C. Jlannac. 3Tu cnoea B NOSIHOM Mepe OTHOCATCA U
K MOHMMaHUI0 MeXaHM3MOB BO3enCTBUA NeBbiX TI1 Ha YenoBeka.

PaHee cuuntanu, 4TO OCHOBHOE HeraTMBHOE BO3OEWCTBME Ha 3PUTENbHbLIN
aHanusaTop 4ernoBeKka OKasblBaeT MepuaHue KagpoB Wu3obpaxeHus TenesBu3opa wunu
MoHuTopa [K c yactotom 50 [u. Tenepb ycCTaHOBNEHO, YTO CaMoe CyLeCTBEHHOoe
HeraTMBHOE BIUSIHME Ha MHAOPMAaLUNOHHOM YPOBHe ocylecTBnsoT nesble TI1. EcTb Bce
OCHOBaHWA YyTBepXaaTb, YTO B HacTosilLlee BpPeMS HaKOMMEHHbIX HayYHbIX 3HaHWK
HegocTatTodHO  Ana OObACHEHMA  BGONbLUMHCTBA  OOBEKTMBHO  CYLLECTBYHOLLNX
Buonornyecknx SBNEHWn, CBA3aHHbIX C Bo3genctBumeM TI1 Ha 4denoBeka, xoTa B [34]
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npeanioxeHa obwas KoHuenums B3ammonenctamst Tl ¢ XnBbIM BELLLECTBOM.

[okasaHo, 4yto y noboro OMI1 ecTb TOopcMoHHas cocTaensaowasn unu T, Hecywee
MHOPMaLMo, NOMNyYeHHyo, B obLemM crydae, npy B3anmogencTsumn ynomsiHytoro Tl ¢
OKpy)XaloLen cpeaon, MMEKLENn CBOK CNUHOBYHD CTPYKTypy. Okpyxawwas cpega
BbICTYNaeT KaK CroXHasi cuctemMa U3 CTPYKTYp W OBWKeHUN. [TOCKONbKY Kakablv
MaTepuanbHbIl  OOBbEKT MMEET  MaKpOCKOMMYeckyro  ¢opMy M yvacTByeT B
MaKpOCKOMNYECKOM ABWKEHUM MO OTHOLUEHUKO K APYrMM OObekTam, TO OH, OY4eBUOHO,
MMEET UM TOHKO-MOMEBYK «HAOCTPOWMKY», KOTOpasi SBMSeTCA B AaHHOM criyvyae
«MHOPMaLMOHHOM MaTpuLeny. YkasaHHas «HaacTponkay, No-BUANMOMY, HaXOAUTCA Kak
BHYTPM MaTtepuanbHoro o6bekta, Tak M 3a ero npegenaMmy, MpoOCTUPasiCb Ha
HeonpeaeneHHo 6onbLuoe paccTosiHue.

TI1, nonyyeHHoe B pesyrnbrarte B3auMOOEWCTBUS C XapaKTEPUCTUYECKMM MOfeM
«UHOPMALIMOHHON MaTpULbI», MOXET ObITb onpeaeneHo Kak « MH(POPMaLMOHHOE Y.

HeobxoguMo OTMETUTb, YTO HU MNPOAOSbHbIE, HW MNOMEPEYHbIEe CMWHOBbIE
KOH(pUrypaumm He SBASKOTCA OfHOHANpasfeHHbIMU. JTU BUPTYyasnbHble BUXPU MOTyT
BOCMPMHMMATbLCS, CITOBHO BOAOBOPOTHI, KpyTALLMECHA TO BOaneke, To BGnmaun, 1o, ncyesas,
TO, OCTaBnsAs crneg.

CdopmMynupoBaHHbIE HUXE NpeacTaBneHus TpedyoT yrnybneHHon npopaboTku u
MOryT paccMaTpuBaTbCs MUWb B MfaHe NOCTaHOBKM 3adayu, OCOBEHHO C y4eTOM TOro,
HACKOSbKO OrpaHn4eHbl MOAENN ONMcaHnsa MexaHn3moB paboTbl Mo3ra.

HecmoTps Ha onpegerneHHble AOCTWXKEHUSA COBpEMEHHOM HayKu,
dyHOaMeHTanbHble acnekTbl (PYHKUMOHUPOBAHUS XWUBbIX OPraHM3mMoB [O CUX MNOP He
nonyyYnnu ucyepnbliBaroLWero O6bsCHEHMS HA OCHOBE 3aKOHOB COBPEMEHHOWN (PU3NKN.
Haxe pencrene MolHoro reHepatopa TI1 - ConHua ele HeAoCTaTOYHO U3YYeHbl. TEM He
MeHee, MOXHO HagesaTbCs, 4YTO Takoe oObsAcHeHuMe 6yaeTr HamgeHo B Gnwkanwem
OyoyLiemM C NOMOLLbIO TEOPUN TOPCUOHHbBIX B3aMMOAENCTBUNA, KOTOpas HaxoaAUTCH MNoka B
Ha4ane popMmmnpoBaHus.

OgoHon wn3 obnacter nNepBOCTEMEHHOW BaXHOCTU SBNSAKOTCA WUCCNeqOoBaHUS
Bosgenctausa Tl moHuTopoB MK 1 3kpaHOB TENEBM30POB Ha YeroBeka.

MK, HenpeMeHHble CNYTHUKM OEenoBOro 4enoBeka, U TeneBuMAEHWE CTaHOBATCHA
4YaCTb NMOBCEAHEBHOWN XM3HU, B CBA3N C YeM orpomHas vactb (80%) HaceneHusa 3emnu
nonagaeT No4 HeratMBHOE BrMsiHWE NeBbiX Tl MOHUTOPOB M TENEBU3OPOB, MOBUITbHBIX
TenegoHoB.

XOTa npuMeHeHue crneumanbHbIX Mep, TakMX Kak BCEBO3MOXHble BCTPOEHHble
3aWMTHbIE CPeaCTBa, MCNOMb30BaHME 3alUNTHBIX (PUNBTPOB, MOHMXEHHOE Hanps>KeHne Ha
aHogax JJ1IN 1 gpyrne no3BonAT NPaKTUYECKN MOMHOCTBLIO 0CNabuTtb ynsTpadroneToBoe
N MSAKOe PEHTreHOBCKOE M3ny4veHud, anektpoctatmyeckme n MM (Ha 98-99%), Bce xe
Henb3s yTBepXOaTb, 4YTO CaMble COBPEMEHHbIE KOMMbIOTEPbI M TakK HasblBaeMble
BuoTeneBun3opsbl ABNATCA Bruonornyeckn 6esonacHbLIMM CUCTEMaMN.

[MonbITKM HAy4YHOro OOBACHEHUS MPUYMH TAKOro BO3AENCTBUSA Ha nonb3oBatens (1K,
OCHALLIEHHOTO0 COBPEMEHHbIMM  3alMTHBIMU YCTPOUCTBAMW, YYEHble CBSA3bIBAIOT, Kak
OTMeYanocb paHee, ¢ BosgencTeMem TI1 unu nonen KpyyeHusa, ToyHee, C TOPCUOHHOM
KoMnoHeHTon QMW BuaeotepMmuHana.

B pasButne oblien koHuenuumn B3ammopenctemna Tl ¢ xuBbiM BeliecTtBoMm [33] u
BO3MOXHbIX NyTeW peanu3aumm HeratMBHOIO BIUSHUSA FNEBbIX  MHGOPMALMOHHbIX
TOPCMOHHO - BOSIHOBLIX MOMEn, reHepupyeMbiX pasnnyHbIMKU YCTPONCTBAMU INEKTPOHHOM
TEXHMKM, Ha MOSib30BaTens - COXKHY BMONOrMYecKkyto CMCTeMy CO CBOMMM annapartamu
camoperynsauum, CNoCOBHOCTbIO K aganTauum, CMNOXHbIMMN BHYTPEHHUMN
3HEPronHoOpMaLNOHHbIMMU B3aNUMOLENCTBUAMM, BOCMNOSb3yeMcsl NOHATUEM
ceMaHTnyeckoro 6uopesoHaHca [38].
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OTOT TepMUH npegnaraeTcs ucnonb3oBaTb AN 0003HAYEHUA PE3OHAHCHbIX
MHGOPMAaLNOHHbBIX TOPCMOHHO - BOSTHOBbLIX B3aMOLAENCTBUIA B crnyyae, korga gomsnyeckas
UM XMMMUYEcKasl CYLLHOCTb MPOLECCOB YXe He urpaeT pellarwlwen ponum gna ux
BO3HMKHOBEHMSA W SABMSETCA JNMWb BCNOMOraTtenibHOM nepejatowen cpegon nns
NUCKMIOYUTESNTBHO MHAOPMAaLMOHHOM UX CYLLHOCTW.

CemaHTMyecknn OMOpPE30OHaAHC SABNSETCA HauBbiCcen OPMONM PE30HAHCHbIX
B3aMMogeNCTBUN B BUONOrMyecknx obbekTax.

Mpeonaraemoe nNOHATUE SBNSAETCS [JOCTAaTOMHO HOBbIM, MO3TOMY Ha4yHEM C
onpeneneHns ceMaHTU4YeCKun.

Mog cemaHTM4Yeckon WHpopmMaumen Mmbl Oygem noHMmMaTb Habop NOHATUR, a
TOuYHee, o0OpasoB, MNOCPEACTBOM KOTOPbIX Ouonornvyeckun o6bekT BOCNPUHUMAET
okpyxatowmn mup [38]. Ota cuctema obpasoB SBNAETCS OCHOBOM namaTn (unu, B
npocTenwemMm criydyae, CUCTEMbl MHCTUHKTOB) W Mo3BOMsieT 6Guonornyeckomy o6bekTy
Bonee «OCMbICNIEHHO» CYLLECTBOBATb B OKpYXKatoLwemM Mupe.

3ameTuMm, 4YTo ceMaHTuyeckas nHgopmaums oopMupyeTcs y Bcex Bruonornyeckmnx
00BLEKTOB B pas3nUYHON cTeNeHn (MpMyYemM, YacTo HEOCO3HAHHO U JaXKe HeynpaBsieMo), HO
Hanbornee BblpaXeH 3TOT MpPOUECcCC B BbICLLUEW HEPBHOW OEATENbHOCTU XMBOTHbLIX, B
nepByld oyepedb, Jernoseka. PaccmatpuBaa [panee 4BMEeHUS  CEMaHTUYECKOro
BuopesoHaHca Ha nNpuMepe YeroBeka, Mbl MOKaXeM, YTO U ANS XUBOTHbIX 3TN SBNEHUS
MOrYT uUrpatb 3aMeTHYH posib (CM. n. 2.3.).

NTak, cemaHTMyeckumn siBneHns GuopesoHaHca ns Hac OyayT nNoTOMY, YTO OHMU
3aTparmBaloT MHpopMaunio B BMAE MOHATMIA, 06pa3oB u MbicnedopM, OpMUPYEMBIX U
XpaHUMbIX B MO3ry 4erioBeka, a Takke WH(POPMALMOHHBLIX TOPCUOHHO - BOSHOBbIX
B3aMMOAENCTBMIA B OpraHM3mMe, UCNonb3yeMblx annaparamm camoperynauum, agantauum
n 7. o. CnegoBaTtenbHO, posfib  UHPOPMALMOHHO-BOSIHOBOIO Mnpouecca B CEMaHTUYECKOM
bGuopesoHaHce OygeTr wurpatb cemaHTuyeckass WHopMaumsa wunu  MHAPOPMaLMOHHOE
Bosgenctene. CMbICTT XKe ceMaHTU4eckon WHopmaumn, nepenaBaemMon MNpaKTU4EeCKn
MrHOBEHHO B Mnpeaenax BCero opraHnsama, COCTOUT B TOM, YTO OHa SIBNSAETCS KOMaHAamu
yrnpaBneHnsa pyHKUMOHMPOBaHUS B1oTkaHen n, crnegoBaTteribHO, BCEM OpraHM3MOM.

KayecTBeHHO npouecc BO3HMKHOBEHUSI pe3OHaHca CeMaHTU4eckon uHdopmMauuun
onucaH B [38].

PaccmoTpuM B pamkax HOBOW KOHLUENUMM CeMaHTUYeCcKoro aHTMbuopesoHaHca
BO3MOXHble MeXaHWU3Mbl HEraTMBHOIMO BO3AENCTBUS U3AENUA SMNEKTPOHHOW TEeXHUKM Ha
nonb3oBaTens.

CemaHTMyecknin aHTUBMOPE30OHAHC - 3TO NPOLECC MH(POPMALMOHHOMO TOPCUOHHO -
BOITHOBOrO BO34eNCTBUSA Ha Bronornyeckun obbeKT, korga ynoMsaHyToe MHAOpMaLMOHHOE
BO3AENCTBME CEMaHTUYECKM He nogobHO BHYTPEHHEW CeMaHTU4YeCKOW cucteme
6rnoobbekTa. ITO SABMEHME MPUCYLLE MCKIHOYUTENBHO BbICOKOPA3BUTLIM BUONMOrMYecknm
cMcteMaMm U XapakTepuayeTcsl  CUMbHbIM ~ OTKIAMKOM  MNpU  B3aMMOLENCTBUN
B3aMMOMCKINIOYaOLWMNX CEMAHTUYECKNX CUCTEM.

B kayecTBe UCTOYHMKA BHELUHEr0 MH(POPMALMOHHOIO BO3AENCTBUS MOXET CIYXUTb
MoHuTop ntoboro MK, nanyyarowmi B padouyto 30Hy nonb3oBarens nesoe TI1.

Ecnn ona  BO3HUMKHOBEHWA ceMaHTMYeckoro 6GuopesoHaHca, WMCMorb3yemMoro B
TPAOMLUMOHHON W  HETpaguLMOHHOM MeguumHe, TpebyeTcs nogobuwe curHanos
NHPOPMALIMOHHOTO TOPCUMOHHO- BOSTHOBOIO BO3AENCTBUS M BMONOrMYeckom CUCTEMBI, TO
SIBNEHNEe CeMaHTUYeCcKoro aHTMbuope3oHaHCca XapakTepudyeTca B3auMoOencTBUEM
B3aMMOMCKINIOYAOLLNX CEMAHTUYECKNX CUCTEM - KOMMbIOTEPA M NONb30BaTeNS.

MonpobyemM pacKpbiTb MEXaHW3M HEeraTMBHOIO BIIMSHUSA WU3MYYEeHUA MOHWUTOPA Ha
nonb3oBaTens, Ana 4ero nogpobHee paccMOTpMM MoOcCefoBaTeNbHOCTb COBLITUM Mpu
3TOM.
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CHayana Ha BHeELWIHENW CeMaHTMYeCKOM cucteme - MOHUTope - dopmupyeTcs
MHPOPMALIMOHHbBIN TOPCUOHHO - BONTHOBOM 06pas, ABNSLWNACA B3aMMOUCKIOYaOLWMM Mo
OTHOLLUEHUIO K APYrOon CEMaHTUYeCKon Brocucteme - Nonb3oBaTento.

[lanee cemMaHTUYECKMN WHMPOPMALMOHHBLIN TOPCMOHHO - BOSIHOBOW rnpouecc
MOHMUTOpPa B3aMMOLEWNCTBYET C BHYTPEHHUM WHAOPMALMNOHHO - BOSTHOBbLIM MPOLECCOM
nonb3oBaTens, KOPPEKTUpyst ero B HanpasfeHWM COCTOSHUS MNaTonorMm MnoCpeacTBOM
Ae3NHTEerpauum  CTPYKTYPHbIX B3aMMOCBSA3EW, W3Ha4yanbHO MPUCYLLUNX FEeHETUYECKOM
MoAenun YyernoBseka.

Paccmotpum 6onee nogpobHo npouecc opmupoBaHus  MoHuTopom K
CEMaHTMYECKOro MHPOPMALIMOHHOIO TOPCUOHHO - BOSTHOBOIO BO34ENCTBUS.

N3BecTHa «MHOPMaUMOHHO — roneBasi» akTUMBHOCTb (PU3MYECKUX OOBLEKTOB
(«3adpdhekT hopMbI» KOHCTPYKLMIA, NPpMOOPOB, BELWECTB, NPeaMeTOB, (ON3NYECKMX NOMEN n
Ap.), KoTopasi NPosIBSeTCA Kak MHOPMaLNOHHOE BIIMSIHUE Ha YeroBekKa.

KoHkpeTHble usmnyeckne o0OBLEKTbI BCerga WMeEKT peanbHO CyLIeCcTByloLme
dopMmbl, U B PU3NYECKOM CMbICIIE MOHATME (POPMbl MOXET OblTb MHTEPMNPETUPOBAHO Kak
NH(POPMaLMOHHAs ceMaHTu4eckasa CTPYKTypa, rpaHvubl, AENCTBUS KOTOPOW 3aBUCAT OT
NPOCTPaHCTBEHHbLIX OCOBEHHOCTEN KOHKPETHOIO OObLEKTA.

Tononornyeckne OpPMblI CO30alOT CTPOro onpefeneHHble  MH(OPMaLUMOHHbIE
CTPYKTYpbl, T. €. BOKPYr 3TuX (POPM CYyLECTBYOT 30Hbl, B KOTOPbIX BO3MOXEH
WHOPMALMOHHBIA  KOHTAKT, OCHOBaHHbIN HEe Ha BO3LENCTBUW pasgpaxuTtens Ha
N3BECTHbIE OpraHbl YyBCTB, @ Ha B3aMMOAENCTBMM C MHGOPMALMOHHBIMUA TOPCUOHHO -
BOJTHOBbIMU CTPYKTYpamu YerioBeka, ero MO3rom.

NHdopmaLmOHHbIE CeMaHTUYeCKMe CTPYKTYPbl, CO3[4aHHble TOMOMOrMYecKuMmn
dopmamu, HasbiBalOT POPMOBLIMKU cTaTudeckumm TT1.

MoHuTOop aBnsieTca  UHPOPMALMNOHHO-NONEBON  CTPYKTYpor, (OpMUPYEMON
rpaHvuamMn pasgena MartepuanbHbiX Ten  pasfnMyHOro BeELLEeCTBEHHOro COocCTaBa,
oCyLlecTBrsWmMA NpeobpasoBaHne MHOpPMaLUuK, 3akno4eHHOM B NPOMogyMpoOBaHHOM
9MNEKTPOHHOM MNYy4YKe, B BM3YyaribHYK UH(OPMaUUNIO. SNEKTPOHHbIA Ny4OK hopMupyeT CBOE
TI, koTOpoe B3aMMOAEWNCTBYET WH(OPMaUMOHHbIM nonem  kKonbbl JJIT. 3T0 none,
npoueccol, nportekatowme Ha nomuHodope IJIT u  dopmupyowme  onpeaeneHHyto
reoMeTpu4ecKkyto  CTPYKTYpy  CBOEro  WMH(POPMALUMOHHOINO  MNond, SABMAAKTCA B
paccmaTpuMBaeMoM criydae «uHOpMauuoHHoOW matpuuen». TIl1, nony4yeHHoe B
pesynsrate  B3auMMOLEWCTBUA  NPOMOAYNMPOBAHHOIO  3MIEKTPOHHOrO  MNydka C
XapaKTePUCTUYECKMM MOSIEM YNOMSHYTON «UMHAOPMALVOHHOMW MaTpuubl», MOXET ObiTb
onpeaeneHo Kak K MH(OpPMaLNOHHOEY .

Mpn  BBIKNIOYEHHOM  MOHMTOpPE, TeneBM3ope YacTmua UM aHTMyactuua
(MpOCTpPaHCTBEHHO-BOSIHOBLIE  MAKETbl  31eKTPOHA W MO3UTPOHA  COOTBETCTBEHHO)
HaxoOaTCA B CUMMETPUYHOM BIIOXXEHHOM COCTOSHUM, XOTA W CyllecTByeT ¢poHOBOe
ctatuyeckoe TI1, dopmmnpyemoe konbon IAJ1T.

[Mpwn BKNKOYEHMN MOHUTOPA NpouCXoauT nonspusauma dusmyeckoro Bakyyma, kak
OMMCaHO BbIlE, T.e. MOHWUTOP, MO CYTWU, ABRsieTCs reHepaTopoMm TI1 ¢ CUMMETPUYHBIM
MHOPMaLUNOHHBIM T B NPOTUBOMOMOXHbIE CTOPOHbLI (pUC. 62).

Puc. 62

Bbicokoe yckopsiollee HanpshkeHue, nogaBaemMoe Ha oauvH u3 aHogoB T,
9NEKTPOHbI MPOMOAYIMPOBAHHOIO 3MIEKTPOHHOrO nyyka, OMW OTKNoHsWen cucTembl
Tpybkn nonspusyor  Pdusnmyeckmn Bakyym, T. €. nNpuM  BKIOYEHUN  MOHUTOpA
ocywiectBnsieTca  nondpusaums  duamdeckoro Bakyyma Takum  obpasom, 4TO
npocTpaHCTBEHHAA KoHdurypaumsa Tl noBTOPSIET C HEKOTOPbLIM NpUGNMXKeHNnemM copmy
konbbl AJ1T, npuyeM NPOCTPaHCTBO nepes MOHUTOPOM MMEET fEeBYH Nonsipusaunto, 3a
MOHMUTOPOM - NpaByto (puc. 62).
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NTak, npu BKNHOYEHHOM MOHUTOPE B HEKOTOPOM OKpYXKaloLem ero npocTpaHCTBe
dunsnyecknn Bakyym GyoeT B COCTOSIHAM CMIMHOBOM MOMEPEYHOM nondpusauuu, Npuyem
30Hbl MONsPM3aUnn NPOCTPAHCTBEHHO cbanaHcupoBaHbl MO 3HaKy - Sg U S (NpaBoe U
neBoe nons  COOTBETCTBEHHO). [loHaTna  “neBoe” wn  “npaBoe”  aBNAKTCS
NPOTUBOMOMOXHBLIMU MPOSIBIIEHUSIMX CBOMCTBA CUMMETPUN.

N3BeCTHO, 4YTO B HOPMarbHbIX YCMOBUSIX MOJSEKYNSAPHbIA cybcTpaT 4YenoBeka
HaxXo4uTCHA B COCTOSIHUWN BbICOKOW 3aCENEHHOCTU BEPXHUX ANEKTPOHHLIX YPOBHEN.

BpemMsa XM3HM Taknx COCTOSIHUMA Obino Obl HeEGoNnbLUMM, ecnu 6bl BO3OYXXOAEHHbIE
MOreKynbl He 06beauHsaNncb B aHcambnu, obpasoBbiBas B3aMMOCBSA3aHHbIE HALCUCTEMBI
C onpeaeneHHoOM CrMHOBOW YMNOPSLOYEHHOCTbIO, T. €. YNOMSHYTble Bbllle HaACUCTEMbI
ABNSAKTCA MCTOYHMKOM COOGCTBEHHOrO CTporo mHamsugyansHoro TI1 XMBOWM cCUCTEMBbI C
onpegeneHHon ceMaHTU4Yeckon nHpopmaumen.

CnoxHocTb TI1 xMBOK cUCTEMBI - YeroBeKa - onpegensercs rpoMagHbiM Habopom
XMMUYECKNX BELLECTB B €r0 OpraHu3Me, CNOXHOW ANHAMWUKON MHOrMX oepMeHTaTUBHbIX
OKUCNUTENbHbBIX MPOLECcCOB M AUHAMWUKON BUOXMMUYECKMX MpeBpalieHuMr B npouecce
XN3HeOeATeNbHOCTU U APYrMMU dhakTopamu.

Heobxoaumo HanomMHuTb, 4TO Pusmnyecknn Bakyym onpeaeneH kak matepuanbHas
cpena, M30TPOMHO 3anofnHsLas ceobogHoe NPOCTPaAHCTBO U BELLECTBO.

B nesononspun3oBaHHOM NPOCTPaHCTBE, B KOTOPOM HaXOOMUTCH YenoBekK, Y Kaxaoro
PUTOHA, OPUEHTUPOBAHOIO MNPOTMBOMOMIOXKHO HanpaeneHuto nonapusaumm Puanyeckoro
Bakyyma, npoucxoauT MHBEPCUA CMvHA, YTO BedeT, MO-BUAMMOMY, K 3IIE€KTPOHHbLIM
nepexogaMm Ha opbuTbl C MeHbLUEN 3HEpPrMerl M CO CMOHTaHHbIM M AerpagaunoHHbIM
N3ny4yeHMeM B MOMEKYNSPHOM CybCcTpaTe XXMBbIX CUCTEM.

Opyrumn  cnoBamn, nog  Bo3genctBnem  nesoro Tl ocywwlecTBnsoTCA
KoonepaTuBHblE Mepexodbl NEKTPOHOB Ha OpbUTbl C MEHbLUEN 3Heprnen B aHcambnsax
BO30Y)XAEHHbIX MOMEKyr, - MHULMMPYETCA BbICOKOKOTEPEHTHOE U3My4YeHue, BMECTO TOro,
4YTOObI 3Ta 3Heprms wra Ha duonorndyeckne PyHKUMM perynsaunm romeocrasa opraHmsma
[79].

B Takom nonapu3oBaHHOM WHMOPMALMOHHOM TMPOCTPAHCTBE Yy BCEX XXUBbIX
OpraHn3moB, BEPOSATHO, NPOUCXOOMUT MOCTENEHHas MUHUMMU3ALMUS SHEPTUU INEKTPOHOB,
aToOMOB, YTO BefeT K 3aMefnrnieHnto Bcex BUoXMmmnyeckmx npoueccos, BCreAcTBUE 3TOro
BO3HUKAOT TE€ WM WHble W3BECTHble HapyleHMss B OpraHu3aMe, 3aBucswune oT
NMHTEHCMBHOCTW TIT 1 NPOAOIMKUTENBHOCTU KOHTAKTa C HAM.

Jllobble 06bEKTMBHO cyulecTBylOwmMe OuMoeHoMEHbI MO  MHGOPMALMOHHOMY
BO3AENCTBUIO CBOASATCA K HapyLlleHWto BMOYaCTOTHOMO U CEeMaHTUYEeCKOro TOPCUOHHOMO
romeoctasa opraHmama. Kak ykasaHo Bbllle, 3T BO3AENCTBUSA MOTYT HOCUTb PE30HAHCHbIN
XapakTtep B BUAe CEMaHTUYeCKOro aHTMbmnopesoHaHca, No3ToMy BUOTOrMYyeckn 3HaunMble
paccornacoBaHus B paboTe opraHMaMa BO3HMKAKOT MpuM BO3OENCTBUSAX, KOTOpPble MO
MHTEHCMBHOCTN HAMHOIO HWXXe YCTaHOBMEHHbIX TMIIMEHUYECKUX HOPM.

HeraTtuBHoe BO3OENCTBME HA OpraHM3M 4enoBeka TOPCUMOHHOW KOMMOHeHTbl MU
MOHMUTOPA MOXET OblTb CBS3@aHO C HapyLleHMEM XapaKTEPUCTUYECKMX 4acToT paboTbl
onpedeneHHbIX OpraHoB. W3BeCTHO, 4YTO KaXAbll oOpraH 4enoBeka paboTaeT Ha
onpegeneHHon 4actoTte, Hanpumep, cepaue - =700 'y, mo3r B coctosiHmm cHa - 10 Iu,
6oapcTtBoBaHus - 50 'y n gp. BuageocurHan, MoaynmpyoLwnin SNeKTPOHHbIN Ny4 KMHeCcKona
npu (OPMUPOBaHUN Kagpa U300paxeHud, SBNSETCA LUMPOKOMOMOCHbLIM, B €ro CrnekTpe
€CTb  aHanorMyHble WM  KpaTHble  4acTOTbl, COOTBETCTBYHOLIME  TOPCUOHHBLIM
XapaKTepuCTMYEeCKMM YacToTam paboTbl onpedeneHHbIX OpraHoB UM CUCTEM YerioBeka.
N3meHeHne HopManbHOW 4acToTbl paboTbl OpraHa B CTOPOHY YBENUYEHUS WU
YMEHbLUEHNHA, T.e. CUMHXPOHMU3auusi ero paboTbl BHELWHWM WCTOYHUKOM, BedeT K
HapyLIeHMI0 HopMarnbHON paboTbl opraHnama. Tak, yBenudeHne YactoTbl paboTbl cepaua
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B 1,5 pasa - 3TO yrpo3a BO3HMKHOBEHUSI CTeHokapauu, n ap. log Bo3gencTBUEM ITUX
CUrHanNoB MOXET TaKKe W3MEHATbCS YacTtoTa reHepaumm HEepBHbIX WUMMYbCOB,
nposaABnsAlTCA  3PdEeKTbl YACTOTHO-KOOUPOBAHHOIMO BO34EWCTBUSA, BO3MOXHO MpsiMOe
B3aMMOAENCTBME HEPBHbBIX UMMNYILCOB C U3My4YEHMEM MOHUTOPA.

Adpyrumn crnosamun, nopg BosgenctemMem nesoro TIT MOHWUTOpa KMNETKM opraHu3ama
noaBepratTCa  OonpefenieHHbIM  CTPYKTYPHbIM U PU3NOMNOrMYECKMM  NepecTporiKaMm.
TopcrnoHHasa Mmogenb KneTku, paspadotaHHas O. MaBpuwem, npyBeneHa B MPUNOXEHUN.

He wcknioveHo, 4To cyuwectByeT npobrnema nogaepaHus « TOPCUOHHO-MOMNEBOIO»
romMeocTtasa opraHmama 4enoseka u nobbixX XuBbiIX opraHnamMoB [42]. B [33] peyb nget o
«BaKyyMHO-TOPCMOHHOM» MMMYHUTETE, 3a CYET KOTOPOro MOAAEPXKMBAETCA «TOPCUOHHO-
noneBony» romeocTtas opraHmama. Npun nccnegoBaHUAX yYeHble CTOSMKHYNNCL C 3ddeKTOM
CYLLIEeCTBOBAHMS B OpraHM3Me Heu3BeCTHbIX 6apbepHbIX MEexXaHU3MOB, MPEnATCTBYHOLLMX
BHeApPEeHU0 HoBOW MHGOopMaLumn nocpeactsom TI1. Ecnn ucnbityembln 00BbEKT (4enoBek)
nomewltanca B nesoe wunu npasoe Tl ¢ BbICOKOM «UMHGOPMALNOHHOW MAOTHOCTBIOY», TO
3aMeTHOe Wu3MeHeHne JHuedanorpaMmmbl Habnwganocb nNUWb MNpU OAHOKPATHOM
npouecce. Takoro poga muccrnegoBaHnst AEMOHCTPUPOBaNMCb HEOLHOKPATHO.

B [20] aHanu3mpyloTCs HOBEWWIME YHUKasbHble 3KCNepUMEHTasnbHble AaHHble,
KacawLwmecs namaTn reHoma, obmeHa uHdopmaumen OuocucteM Ha MOMEKYNAPHOM
ypoBHe, pasroBopHoro sa3blka morekyn [OHK. O6ocHoBbiBaeTca  KOHUenuus
ronorpadguyeckoro MexaHu3ma XpaHeHus, nepegayn n BOCCTaHOBIIEHUSA
MopcboreHeTu4eckon MHpopmMaunmn. bruonornyecknin cMbicn naseponogobHbIX Npoueccos
B OpraHusame, COMNPOBOXAAILMXCA TOPCUOHHOW KOMMOHEHTOW - 3TO, Npexae BCero
BO3MOXHOCTb fanbHogencteus (ObICTpOro) opHuMx 4Yacten 6uocucTembl Ha gpyrue,
BO3MOXHOCTb CUHXPOHM3auunM BGnoxmmmndecknx cobbiTvii B Maclutabe Bcero opraHuama,
BO3MOXHOCTb  MHTepdepeHuMn Kak oOcCHoBbl Ouoronorpadun. CuuTbiBaemble -
3anucbiBaeMble C XPOMOCOM W Ha XPOMOCOMbl MoneBble 00pa3sbl  ABNSATCS
PerynsTopHbIMW, KNHOYEBBIMU 3rieMEeHTaMW MOMEBOM CaMOOpraHM3auun XUBbIX CUCTEM,
areMeHTaMK, KOTOpble ONpenensiTCa He TOMbKO >KUAKOKPUCTANNMYECKUMU, HO WU
ocobbiMM kKonebaTenbHbIMM U KBAHTOBO - MexaHuyeckummn csorctBamu OHK n gpyrmux
KNETOYHbIX KOMMOHEHTOB.

CywecTByowasa cBasb Mexay adpdektamn gaHToMoobpas3oBaHUst MoneKkynamu
AHK n TH. «aHTOMHbIM JMCTOBbIM 3PIEKTOM» BbI3bIBAET OXECTOYEHHbIE CrOpbI.
[Mpn3HaHWe ee kak hakTa paBHOCUITbHO, MO KpanHen mepe, Ansa opuumanbHOM reHETUKN U
amMOpuonorun cornacuio ¢ Tem, YTo MatepmanbHbIi reH - 3To0 pukums. YTobbl BbINTM 13
reHeTMyeckoro Tynuka, Ouonormnm Heobxoaum Liar, KOTOpbl caenana B CBOe BpeMs
KBaHTOBas 9nekTpoAMHaMuKa, Mpu3HaBLUasi, Kasanocb Obl, HECOBMECTUMOE - WAelo
COYEeTaHUs CBOWCTB BOSIHbI M YacTuubl, nons u matepumn. To xe n B Buonornn: rex
MaTepuarneH, HO OH >e MOXeT CylWecTBoBaTb W KaK BOfHA, MMelowasi CBOe
cooteeTcTBylowee TI1. M3BeCTHble ogHOMepHBbIe reHbl (oTpeskn OHK n nx nonvnentngHble
NpoayKTbl) MPOAYyUMPYHOT B nNpocTpaHcTBe cBoe dopmoBoe cTatudeckoe TI1. He
NCKMOYEHO, YTO npu B3ammogenctsum nesoro Tl moHuTopa u Tl reHoB Hapyliaetcs
YyNnoOMsHyTast CUHXPOHM3aLna Broxnmmyecknx cobblTuin B Mmaclutabe BCero opraHnsma.

PaccmoTpum ewe oguH noaxod, Mpu3BaHHbIM OOBACHUTL BO3MOXHYK MpPUpoay
Bo3aencTeusa nesbix TI1 Ha opraHn3am nocpencTBOM HEOObIYHBIX CBOMCTB BoAbl. M3BECTHO,
4YTO CTPYKTYypa BOAbl NpeacTaBnsaeT cobon JMHaMUYECKYO CETKY BOAOPOOHbIX CBA3EN, T. €.
anserca ncesgokpuctannom. OgHoM M3 OCOBEHHOCTEN TaKOW CTPYKTYpbl SIBMSieTCs
HanMyne CroHTaHHbIX NepexoqoB NPOTOHOB MeXAYy ABYMSI YCTONYMBBIMU MOSMOXEHUSIMU B
BOAOpOAHOM cBA3N. Kaxablh BapwaHT pacronioXeHns NnogyYMHSETCA onpeaeneHHbIM
YCIoBUsIM, B pesynbraTte Yero ABMXKeHne NpoTOHOB B npefenax nceBgoKpucTansimyeckoro
o6pa3oBaHMs B M3BECTHOM CMbICIEe CUMHXPOHMU3MpOBaHO. COCTOSHME MPOTOHOB B TaKOM
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ynopsiao4eHHOM 06nacTn MOXHO onucaTb e4MHOM BOMHOBOW (PyHKUMEN, NpeacTaBnsaiowen
cobori cyneprnosvumio BOSTHOBbLIX (PYHKLMIA, COOTBETCTBYIOLLMX PasfMyHbIM BapuaHTam
pacrnonoxeHus. [lepekpblTe BOSMHOBLIX (OYHKUWA COCEOHUX MCEBAOKPUCTaANINYECKUX
obpasoBaHMi NpMBOAMT K TPaAHCMOPTY MPOTOHOB M3 O4HOW obnactu B OpYryto, KOTOPbIN
peanusyetT MHEMPOPMALMOHHYIO (OYHKLMIO MO OTHOLUEHUIO K CTPYKType Boabl. C yyeToMm
TOro, YTO YEenoBeYeCcKnin opraHnam coctout Ha 60+70% wn3 BoAbl, pacCMOTPUM OAWNH U3
BO3MOXHbIX MeXaHU3MOB 00pa3oBaHus YNpaBnsOWMX HeratMBHbIX MHGOPMaLMOHHbIX
TOPCMOHHO - BOSTHOBbIX BO34ENCTBUIN HA OpraHnU3m Nnosib3oBaTerisi MOHUTOPOM.

Mpegnonaraem, 4YTO HOCUTENAMM YNPABMAAIOWENA CEMAHTUKM KMETOYHOIO W
TKAHEBOro YPOBHEW SBMSAOTCA YUMCTO BOAHblE accoumaTtbl UKW accoumaTtbl B BOOHbIX
pacTBopax C ApyrMMmun morekynamui. BoaHbIM accoumaTtoM HasbliBatOT CUCTEMY MOSEKY!,
00beaMHEHHbIX 3a CYET BOAOPOAHbLIX CBA3EN B HEKYH YCTOMYUBYID FE€OMETPUYECKYHD
dopmy, CO34atloly0  COOTBETCTBYIOLLYKD  MH(OPMALMOHHYHO  CTPYKTYpy. DopMmbl
accounaTtoB pasnuyHbl U 0ByCcnoBneHbl He TOMbKO MOfeKynamum npumecen, HO U
yCrioBusimn nx obpasoBaHus.

CemaHTM4YeCcKn [OeTepMMHMPOBaHHbIM B 0OWEM BuMae MOXHO HasBaTb ntoboe
aHTpOnoreHHoe BO3OenCTBumeE.

OcHoBHOM rMNOTE30M, OOBbACHAIOLEN OENCTBME CEMAHTUYECKUX MH(POPMALIMOHHO -
TOPCUOHHBIX BO3AENCTBMIA MOHUTOPA Ha OpPraHn3M Mornb3oBaTens, MOXEeT CHAYXWUTb
npusHaHue adpdpekta paspylleHns BOOHbIX acCouMaToB UM U3MEHEHUA UX reoMeTpun.
Mpn aTOM npegnonaraeTcs, YTO ynpaenswwen uHopmauuen, BOCNPUHMMAEMOM
KNeTkaMmy Unu KneTouHbIMW OpraHennamn, SBNAeTCs CroXHas reomeTpuydeckas dgopma
accoumarta. VIMeHHO cnoxHenwas ¢opma SABNAETCHS TeM CaMuUM 3BEHOM, KOTOpoe
onpegensieT CTPYKTypy WHdGopmMauunoHHblx TI1, npucywmx accouuaty. K3meHeHune
reoMeTpun accouumaToB Mog BosgencTevem nesoro Tl MOHUTOpa BedeT K U3MEHEHMIO
CTPYKTYpPbl yNpaBnsowen opraHennaMmm u Knetkamm nHgopmaumm, 41o, B CBOK ovepenb,
TOPMO3UT BHYTPUKITETOUHbIE MPOLIECCHI NN BAUSIET HA HUX TEM UITX UHBIM CMOCOOOM.

B kayecTtBe rmnotesbl Ans o6bACHEHUS O4HOW U3 BEPCUN MEXAHW3Ma HEraTUBHOMO
BO3OAENCTBUA Ha nonb3oBaTtenss MoHuTopoB 1K u gpyron 3nekTPOHHOW TEeXHUKUM MOXHO
MCNONb30BaTb $SBfIEHWE KBAHTOBOW Terenopraumn, NoaTBEPXAEHHOe ABYMs rpynnammu
dmamkoB n3 Asctpun n Utanuu.

ABTOpbl OTKPbITUS OaloT 3TOMY SBIIEHUIO Takoe onpegeneHve: «KBaHToBas
TenenopTauusi - MTHOBEHHas nepegaya n BOCCTaHOBIIEHNE Ha MPOU3BOSIbHOM PaCCTOSHUM
COCTOSIHUS1 KBAHTOBOMW CUCTEMbI». ABTOpPbI CHMTAIOT, YTO KBAHTOBAsl TENeEnopTaumst MOXeET
MUMETb MEeCTO W Mpu nepeHoce WHpopMaunmm m3 ObICTPO MCHE3ALWNX HOcUTEnNen
(Hanpumep, ¢OTOHOB) Ha YacTuubl, ©Oonee noaxogoswme Ans  OOATOBPEMEHHOrO
coxpaHeHus MHpopmaumn (Hanpumep, MoHbl). B npouecce Tenenoptauun HavasbHbIN
OTOH, nonaApu3aunsa KOTOporo [AofmkHa ObITb nepeHeceHa, W OAWH U3  Napbl
BCNomMoraTenbHbIX (POTOHOB MOABEPralTCA TakoOMy W3MEHEHWIO, YTO BTOPOM M3 napsbl
“cmeLwaHHbIX” (entangled) oToOHOB NpmnobpeTaeT NonsapM3aunio Ha4anbHOro.

TenenoptaumMsi HU B KOEW Mepe He OorpaHuyMBaeTCsl MepeHOCOM COCTOSIHUS
nonapusaumMmM OT ogHoro otoHa K apyromy. Kpome nap «CMellaHHbIX» (OOTOHOB WUIv
aToOMOB MOXHO npeactaBuTb cebe «cmewmnBaHue» (OTOHOB C atomamu, (POTOHOB C
noHamu u 1.4. Torga TenenopTauusa no3sonuna 6bl NeEpeHeCcTN COCTOSIHNE KPaTKO KUBYLLINX
yacTuu Ha gpyrue, 6onee ctabunbHble CUCTEMBI.

Mo-Bnanmomy, ycrnoBust Ofns1 KBAHTOBOW TenenopTauum MOryT co3gaBaTbCs M B
npouecce paboTbl MHOMMX 3NEKTPOHHbLIX MpubopoB, Hanpumep, MoHuTopoB [1K,
TENeBM30opOB, Namn [HeBHOro cseTta. PaccmoTtpum 6onee getanbHO OAHY M3 Bepcun
MexaHn3ma HeraTMBHOIO BANAHNA YNOMSIHYTbIX NPMBOPOB Ha Nonb3oBaTens.

Heobxoaumo elle pas HanoMHUTb, YTo Pmnsnyecknin Bakyym, cormacHo mogenu A.
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AknMoOBa, ecTb MatepuanbHasa Cpeaa, koTopas M30TPOMHO 3anOfHSAET U NPOCTPaHCTBO, U
BELLECTBO. 3a CYET KBAHTOBOW TemnenopraumMm COCTOSIHMS aTtomoB mtomuHodopa IJIM
MoHuTopa K MonekynsipHbIn cybcTpaTt nonb3oBaTens npeteprneBaeT OT CMOHTAHHOIMO M
AErpaumoHHOro U3ny4eHns B LLMPOKOM AnanasoHe 4acTor.

C hmsnyeckorn ToUKN 3peHns NIOMUHECLIEHLMS - 3TO CBeYeHue noMmnHodopa, koraa
ero BO30Oy)XAEHHblE aTOMbl M3My4altT KBaHTbl 3HEPrMM - (POTOHbLI, TOYHEe, (POTOHLI
N3Ny4arTCs, Koraa aNeKTpoHbl BO30YXAEHHbIX aTOMOB NIOMUHOGOPa NepexoaaT C OOHOW
paspeLlleHHon opbuTbl Ha apyryto. Ecnv anekTpoH nepexoauT vyepes OBe paspeLUEeHHble
op6uTbI, TO BO3HMKAKT TaK Ha3blBAEMble «CBSA3aHHbIE» (OOTOHbI, KOTOpPbIE€ MOTyT
NPUHUMATL y4acTue B KBAHTOBOW Tenenoprauum COCTOSHUSA aTOMOB ftoMuMHOdopa.

Adpyrmmun cnoBamu, NOCpencTBOM KBaHTOBOW TenenoprauuMuM COCTOSIHUS aTOMOB
nomMmHoopa Ha MONeKynsipHbli cybcTpaT nonb3oBaTensd B NocnegHeM WHULMUMPYHOTCS
KoonepaTuBHbIE Nepexobl SNEKTPOHOB HA OPOUTLI C MEHLLUMMW SHEPTUSIMU B aHCaMOnsix
BO30OY>XAEHHbIX MOMEKyn cybcTtpata, YTO BeOeT K BbICOKOKOFEPEHTHOMY W3MYyYEHMIO,
BMECTO TOro, YTobObl 3Ta 3Heprusi Gbina HanpaBneHa Ha NogaepXXaHue XXU3HEHHO BaXKHbIX
Bronornyecknx yHKUNN opraHn3mMa 1 ero romeocTasa.

Cenyac HeT onucaHusi TOYHbIX MEXaHU3MOB BO34ENCTBMA NneBbiX Tl Ha opraHMam
yenoBeka, WCCNegoBaHWs HaxogoAaTCcs B HayanbHOM  ctagun. HecmoTtpsa  Ha
MHOIOYUCEHHbIE 3KCMepUMeHTanbHble akTbl Bo3gencteus TI1, M un3nydyeHUn Ha
61MOo06BLEKTLI, YOOBNETBOPUTENBHOIO OOBACHEHUS B paMKax OOLENPUHATLIX U3NYECKUX
TEOpU He MOomy4vyeHo, Tak Kak TpaguuuoHHas dmauka ctpouniacb 6e3 yyeta peHOMeHa
yrnpaBneHus.

[MaBHbIA CMbICTT (PEHOMEHa ynpaBreHusi, KOTOPbIA 4aBHO WCMOMb3YeTCs B YMCTO
Onmonornyecknx cuctemax, 3akniovaeTcs B TOM, YTO NnoOble criabble BO3OenCcTBUS, B TOM
yucne un TI1, npnBoaAT K 60MbLLIMM N3MEHEHUSIM B yNpaBnsieMom obbekTe.

Moatomy Haspena Heob6XoOUMOCTb B MEPECMOTPE CTapbIX PU3NYECKNX TEHOEHL M
N paspaboTke HOBbIX, B KOTOPbIX (PEHOMEH yMnpaBreHusi BXOaun Obl OpraHu4ecku, rae
NpUCyTCTBOBaNM Obl HEKME YNpaBnsoLWNE CTPYKTYPbI.

Hannune ynomsaHyTbIX CTPYKTYp B pearnbHbiX Ouonormyecknx obbekTax
onpeaensieT, B YaCTHOCTU, MexaHn3m aenctsus Tl v nsnyyeHnn.

OpQHO3Ha4YHO YCTaHOBIEHO TONbKO HeraTnBHoe BrvsiHMe Tl Ha nonb3oBaTens aaxe
npu NPUMEHEHUN creumanbHbIX Mep, TakKMX Kak BCTPOEHHbIE 3alUMTHblE CpeacTea,
MCNONb30BaHNE 3aMTHBIX (OUNBTPOB, NOHWKEHHOE HaNpskeHne Ha aHogax OJII1.

CnepoBaTtenbHO, HeoGXOOMMO CpPOYHO HamnpaBuUTb OFPOMHbIE CpeacTBa Ha
KOMMMEKCHOe UccrefoBaHMe 4YenoBeka, ero pesepBHbIX CnocobHocTen, mMobunusaums
KOTOpbIX 0O6ecneyvnt BbDKMBaAHME B YCMOBUSAX MNobanbHOro 3KOMOrMYecKoro Kpuauca.
HayyHO - TexHu4yeckun nporpecc HeobXxoaMmo nepeopueHTUpoBaTb Ha  3aluTy
okpyxatowen Cpeabl U 4yenoseka, paspaboraTb HOBbLIE CUCTEMbI, KOTOPblE YCUNAT
pe3epBHble BO3MOXHOCTU U aganTtauuio 4denoseka. [lepBble warM B 3TOM HanpasneHun
yXXe caenaHsbl.
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maBa 4. PaboTa c KOMNbLIOTEPOM.
4.1. naBHble u3BecTHble PaKTOPbl PUCKa U HapyLUeHUS 300POBbSI.

Mpobrnema BnMSHUA KOMMNbKOTEPA Ha 300POBbE YenoBeka pewanacb B [OBYyX
anbTepHATMBHbIX HanpaBneHusiX. ATO He NoXHaa Nnpobnema, NOCKOSbKY HAKOMMEHO MHOMO
AaHHbIX, CBMAETENbCTBYKOWMX O TOM, 4TOo MOHuTOpbl [1K, knaBuaTypa okasbiBaloT
HeraTMBHOE BO3dencTBMe Ha nonb3oBaTteneun. [1oaToMmy cHavana paccMOTpuUM BRAUAHWE
nanydeHnn moHutopos K Ha pacTuTenbHbIn U XMUBOTHBIM MUP. Ha oTto 29 pacTteHus,
KOTOpble Haxo4uMNUCb MOA4 BO3AENCTBMEM U3MyYEHUA MOHUTOPOB B TedeHne 10 CyTOK Ha
paccTtosHnn 50 cm OT akpaHa MoHuTopa 6e3 3awmThl oT Bo3gencTeua Tl (cnesa) n nog
3awmTon (cnpasa), Ha ¢poTo 30 - OTKIIOHEHNE OT HOPMasibHOrO BEPTUKANbHOIO MOMOXeHUs
BETBEW NasibMbl N0, BO3AENCTBUEM U3ITYHEHUA MOHUTOpPA B TeveHune 14 gHen.

®doTo 16.

Ha ¢oto 16 cneBa 4eTKO NpoOSBNSETCA YrHeTawlwee BO3OAENUCTBME WU3MNYyYEeHUN
MOHMTOpPA Ha POCT pacTeHus.

B  wmarepuanax [lepsoro  KoHrpecca  EBponenckonm  accouuaumm  no
BuoanekTpomarHeTnamy [127] npuBegeHbl dakTbl, MOATBEPXAAKOWME HeraTmBHOE
BNnaHne MmoHnTopoB [NK Ha xuBoe.

A-M. Laverdure (®paHumsi) npoBena akcnepuMeHTbl Ha apo3odunax (Drosophila
melanogaster) Cc uenblo onpegenuTb Buonormyecknn  appekT BO3OENCTBUA Ha
ynoMaHyTbin BuA. [Opo3odunbl Haxogunucb Ha pacctosHum 50 cMm nepen aKpaHOM
MOHUTOpaA B TeyeHne aMbpuoHanbHOro nepvoga passutua (rpynna 2, puc. 31) n Bcero
nepuoga nx passutus.

B cepun wucnbitaHun, nposBogumon ¢ rpynnamm no 500 wWT. Auy B Kaxaow,
CMEPTHOCTb Cpeaun B3POChbiX 0coben cyllecTBeHHO Bo3pocna € 14% B KOHTPOSIbHOW
rpynne go 31,9% B rpynnax, nogBep>XeHHbIX BO3OEUCTBUIO U3NydeHurn MoHuTopoB [1K
(pnc. 17),
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Puc. 17
roe:
1-KOHTpOSbHas rpynna;
2-ypOBEHb CMEPTHOCTU Opo30ur, HaxogsawMxcs nog BO3OEWCTBUEM  U3NYYEHUS
MOHMTOpPA B nNepmoa aMO6pUoHanbLHOro passuTus;
3-ypOBEHb CMEPTHOCTM ApP030(husi, HaxodsAWMUXca nog BO3OEUCTBMEM  U3MyYeHUs
MOHMTOpPA B TEYEHNE BCEIO BPEMEHU NX PA3BUTUS;
4-Apo3odunbl NoA4 3alUUTON.
[Mpouecc pasBuTMs M noBegeHue OBenbix KpbiC nocrne npebbiBaHUs MX B 30HE
BO34eNCTBUA MOHUTOPOB 0bcyxaeH B matepuanax P. le Ruz n G. Colin (PpaHumns).
YKnBoTHbIE, NOMELLEHHbIE B BOKCLI M3 OprcTekna, B TedeHme 15 gHen Haxoaunucb
nepen moHutopom [NK Ha pacctosHum 60 cM OT ero ueHTpa. YCTaHOBMNEHO, YTO C MOMEHTA
poOXOeHNS 0BNYyYEHHbIE XNBOTHbIE 060UX MONOB UMENN CYLLLECTBEHHO MEHbLLYIO Maccy Mo
CPaBHEHUIO C KOHTPOSbHbLIMU.
«LWokoBble ucnbiTaHua» 6binn NpoBeaeHbl ¢ B3pOocibiMu ocobsamu. Vicnonb3oBanu
MEeTO[, 9NeKTpoLUOoKa Ans onpeaeneHnsa nopora 6oneson peakumn.
Okaszanocb, 4YTO MOpPOr 4yBCTBUTENBHOCTU CYLECTBEHHO BO3pPOC B rpynnax,

NnoABEPXKEHHbIX 06MYyYEHWNIO, O4HAKO MOABUMXHOCTb UX Bblna meHbLle (puc. 18).
m Uapnipl KOMTPOE HO H IPYTIBI
Capnusr mox pIOHHTOpOM
Canmups mon saummodt

L

AMopransHoe passHTHE (00)

Puc. 18

roe:
1 - CMEPTHOCTb CaMLIOB KOHTPOMbHOW rpynmbl;
2 - CMEPTHOCTb CaMLIOB, HAXo4ALWMXCA NO4 MOHUTOPOM;
3 - camubl noa 3aLWnToun;
4,5, 6 - COOTBETCTBEHHO A1 CaMOK.

Y KpbIC n3nyyeHne Bbi3biBaeT NpobremMbl C MCUXMKON U NOBEOEHUEM.

BnvaHne umsnyyeHMs MOHMTOpa Ha pasBMBalOLMECA 3apoabin  LbINAST
nccnegosaHo Betty F. Sisken n gp. (CLLA). AcnbiTaHna npoBogunuce B Tpex MHKybaTopax
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13 gepesa n nnactuka. B TedeHne 5 aHeN KypuHble anua Haxogunucb Ha pacctoaHumn 20
OOVIMOB OT 9KpaHa MoHUTopa. [peaBapuTenbHble pesynsTathl UCnbiTaHui (puc. 19),
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1Puc. 19

roe:

1 - KOHTpPOSbHas rpynna;

2 - 3MOPUOHBbI UbINAAT HAXOAUNUCb NMOL BO3OAENCTBUMEM M3IyYEHUS MOHUTOPA B TEYEHME
nepuoga aMOoprMoHanbLHOro pasBuUTUS;

3 - SMBPUOHBLI HAXOAUNUCL NMOA 3aLLMUTON OT HEraTMBHOro Bosaenctems TI1.

N3 guarpammbl cnegyet, YTo 4ncrno aMOPUMOHOB C OTKITIOHEHWAMM B PasBUTUMM B
rpynnax, nogseprimxcsa obnydeHuto, B 1,5 pasa Bbllie NO CPaBHEHWUIO C HEOBNYYEHHbIMU;
Habnganocb 3amenneHHoe OpMUPOBaHME MNiog4a WAM ero OTCYTCTBUE, 3MOPUOHBI
CTAHOBUNNCb XPYNKNMKU, BMONOrM4eckn crabbimu.

Buonornyeckne cuctembl obwialTca Kak paguvoyCTaHOBKW, MNOCPEACTBOM  CO-
pe3oHaHca. O6lieHne CTaHOBUTCA O4YEeHb MOSEKYNSAPHO KOHKPETHbIM, W  Kaxgoe
B3aMMOLENCTBNE MPOUCXOQUT CO CKOPOCTbIO CBETAa M B BMAE OYEHb YHUKAIbHOMO
yacmomHo20 nammepHa. Boga vrpaeT 3HauYUTENbHYH PoOfb Kak NOCpegHUK ObLieHus.
BepsT, 4TO BOAa ycunuBaeT 1 NocbinaeT nepedaHHble curHansl. Boga obnagaet namaTtbio.
OHa MOXeT XpaHUTb MHPOPMALIMOHHbIE NATTEPHbI NPOLOIMKUTENBbHbBIE NEPUOOLI BPEMEHN.
OHa paccmaTtpuBaeTcs Kak Xuakui kpuctann. CnocobHOCTb BOAbl COXpaHATb MaTTEpH
MHOpMaUMN NPOUCTEKAET U3 BO3MOXHOCTU W3MEHEHUSI TeOMETPUM  MONEKYISAPHbIX
cBsA3en ee Monekyrnbl. BoamoxHO o6pazoBaHMe MHOIMMX pasfnnyHbIX CTPYKTYPHbIX (hOpM.

Yactota WHOPMAUUOHHBLIX MNATTEPHOB XPaHUTCA B CETEBOW CTPYKType
Boabl. EMKOCTb  XxpaHeHus uHGopmaumMm B Boge  BuUpTyanbHO  GeckoHeuvHa.
OneKkTpoMarHUTHble nons MoryT “BrnedartbiBaTh” natrepH B Bogy. OgHako, ecnu B Hee
BNeYaTbiBaeTCs NaTTepH OT CKansipHbIX (He-repueBCKMX) BOSIH, OH coxpaHsieTcs bonee
anuTtenbHoe BpeMsd. PenH coobuiaet, YTo ckansipHble He-repueBcKkue naTtTepHbl B BOAe
MOTYT XPaHUTbCA M YCMNELLHO “npourpbiBaTbCa” Ha3a gaxe nocne Tpex Hegenb. B obwem,
BOAA HaYMHAEeT MNPUHUMATbCHA KakK MNOCPEedHUK Mexay MarepuarnbHbiM U TOHKO
9HEepreTMyeckMMn Mumpamu. Takoe yTBepxaeHue OasupyeTcss Ha CnocobHOCTM BoOAbl
HakannueaTb, XpaHWUTb W nNepefaBaTb 3JHEPrUKD W CKandpHble WHAOPMAaUMOHHbIE
naTTepHbl.

Ceem obwaemcsi ¢ moHKo-sHepeemudyeckumu menamu! Kak obbscHaeT bupaeH, B
AENCTBUTENBbHOCTM CYLLECTBYIOT ABa Buaa 6uodotoHoB. OgHM Bug — OEWCTBUTENBHO
cKanspHbil ¢pomoH. OH He oBHapyXMBaeTca TpaguUMOHHbIMK cpeacTBamu. CkansapHbIN
dOTOH — TOHKOe siBrneHue. CkarnspHble ¢hOMOHbI NyTELWECTBYOT B a2uneprpocmpaHcmese
UM Bakyyme, KOTOPbIA, KOHEYHO, ABNAETCA JOMOM MOHKO-3Hepeemu4yeckux mes! Hapagy
C naTtTrepHamMu WHGopMauun, BUOGOTOHbI OKpaweHbl nnu, Bonee KOHKPETHO, MOryT
OKpawusambcsi NOCPeACTBOM MNporpaMMmpoBaHnsa nornem pasyma. CkansipHbli OOTOH
obecneumBaeTr akmugHyro uHgopmayuro. Kak TakoBOW, OH SABMASIETCS CUHTPOMUYECKUM
CTUMYOM AJ19 CaMOOPraHM3aUMOHHbIX U NePEeCTaHOBOYHbIX AENCTBUN KINETKU.
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CkanspHasi BoflHa MOXeT co3aaBaTbCA KonebaHusAMM, KOTOpble BO3HUKAKT
npy cxaTnum n paccnabneHnn BpallaloLWmMxXca aNeKTpoHoB. PacnpocTpaHeHne ckanspHbIX
BOJTH UCKPUBISIET NIOKanbHOE NpOCTpaHCTBO-BpeMs. Koraa aTo npoucxoauT, HapyluaeTcs
GanaHc noteHuMana Bakyyma, WU HaKOMMeHHas 30ecCb dHeprus MoXeT ObiTb BbIXBaveHa.
(MHorga aTO OTHOCUTCA K TOYKE HyneBowm 3Heprun. Korga cocTosHMe paBHOBECUS
HapylwaeTcs, BUpTyanbHble 4YacTuubl M3  (OU3MYECKOTO Bakyyma MNpOCTpaHCTBa
npeepawialotcd B  Habniogaemble  9feMeHTapHble  YacTuubl. 3OTUM  MOXHO
BOCMNONb30BaTLCS B ANIEKTPUYECKNX CXEMAX, MPOU3BOASALLMX CBOBOOHYIO SHEP2UIO.)

MHTepecHO, 4TO oguH cnocob Npom3BOACTBa CKanspHbIX BOSMIH — MCMNOMb30BaHMe
KagyueobpasHon cnupanu. Takas cnuvpaTb caenaHa W3 [ABYX NepensieTeHHbIX
NPOBOOHUKOB, CBEPHYTbIX B BMAe cnupanen. Tok nogaetrcsas B NPOTUBOMOMOXHbBIX
HanpaBneHnsax,  Bbi3blBas  B3aUMHOE  YHUYTOXEHME  BUAUMbBIX  KOMMOHEHTOB
9MNEKTPOMArHUTHON SHEPIMM U OCTaBNASA CKaNsPHYIHO.

Ecnn Takon natTepH wucnyckaetca u3 OOMbHOW KMETKW, TO naTTepH OGonesHu
TPaHCNMPYETCS U NepefaeTcs BCeM KneTkaM Tena. AQpo KNeTku MOXET 3apshkaTbCs Kak
koHaeHcaTop. Koraa aapo HakannmuBaeT CKanapHyt SHEPruto, OHO MOXET HEeOOHOKPaTHO
noaBepratbcs LMKy 3apsd-paspsidka, obecneynBaroeMy saHeprmen n anekTpuy4ecTBoMm
Ans pasHoobpasHbIX NPOLECCOB Ha 6U0/102UYECKOM U HEBUOTIO2UYECKOM YPOBHSIX.

Ha kneTo4yHOM ypOBHe cKamnsipHble BOSHbl 3apsiKakloT GuonoTeHuunanbl, KOTopble
ABNAOTCA OCHOBOM (OYHKLUMOHMPOBaHUA KNeTkn. Knetka otBevaer 6onee CUMbHbIMU
MarHUTHBIMW U 3MNEKTPUYECKMMUM BbipaBHUBaAHUAMU U 6osiee 8bicokuMm 3apsidom. Cenvac
OHa cnocobHa npeBpallatb 1 obpabartbiBaTh GOMnbLIE 3HEPTUM MULLN B CBETOBLIE 3HEPTUN
N HakannMBaTb UX B KNeTke B BUAe ynsrpadunonetoBoro ceeta. MmHumanbHbIA noTeHUmnan
unn 3apag gnsa aktmBauumn OHK Ong  KNeTtodHoro geneHnsa  CTaHoBUTCA  nerye
AOCTWKUMbIM. Bonee BbICOKMIA NOTeHuunan obecnevmBaeT 3MNEKTPUYECTBOM, KOTOpOEe
Tpebyetca PHK ana utenna [OHK. Korma PHK ckanupyetr OHK ¢ nonHbim ceemosbim
criekKmpom Yacmom (Hawa 380/1oyus), 3T0 co3gaeT ronorpaguyeckyto npoekuyuto OHK.
Korgpa PHK Tononormnyeckn yBsa3biBaeT 39Ty npoekumo, cosgaetca konuma OHK gna
Bocnpou3BoAacTBa. Kakass HEBEPOATHO CnoXHas M pasyMHasi obpaboTka NpoucxoauT B
3aTON MUKpo-BceneHHon!

CyLLecTBYIOT yKa3aHUs Ha TO, YTO TEXHOMOrMs TOPCUMOHHOIo nonsi 6onee ABaauUNTU
netr wuccneposanacb B Poccun, Ha YkpanHe. B 3anagHoMm mupe, bupgeH roBoput o
CKansipHO-BOSTHOBOW TeXHONormn. KaxeTtcsi, 4TO mOpCUOH W cKansip - CUHOHUMUWYHbIE
TEPMUHbI, CO3[aHHble Ha OTAENbHbIX MONyLwapuax MnaHeTbl. Tekywwue nydnukaumm
LUMPOKO WCMNONb3YT TEPMUH MOPCUOH. [pyrne CCbINKM TakkKe BKMAYAlOT TEePMUHbI
aKCUOHHble W criuHosble nons. BeposiTHO, B Gnvxkanwem Oyayuiem nosiBATCA Hekue
HanpaBnsALWMNE yKazaHusl, KOTOpble CMOryT 0ObeANHUTL BCE 3TN KOHLEMLMMW.

3a nocnegHve gecatunetns B Poccum 1 YKkpavHe HEeCcKONbKO MCCrenoBaTeribCKux
rpynn nposenu OOLWMPHOE u3ydyeHMe Mo4 Has3BaHWEM “TOPCUOHHbIE nons”. AKUMMOB
coobLlaer, 4ToO B MWPOBOW NEPUOOAMKE WMEKTCA Cccbinkn 6onee, yem Ha 10000
NCCNeaoBaHUN TOPCUOHHbIX nonen. OCHOBHble HayyHble Tpydbl NO 3TOM Teme
npuHagnexar nepy OKOMo CcTa y4yeHblX. [lonioBUMHA TEOpPETUKOB TOPCUMOHHLIX MOsien
pabotaer B Poccun. AKMMOB, Takxke, MOKa3blBAET, YTO MEPBLIN TOPCUOHHLIN reHepaTop
6bin noctpoeH B Poccumn B 1980 ropax. Co3gaHne TOPCUMOHHONO reHeparopa
NPeaoCTaBuMnO POCCUMUACKMM  YYE€HbIM OFPOMHbIE BO3MOXHOCTM, BbUIMBLUMECS KaK B
9KCMNepuMeHTarnbHble, Tak W B MpakTudeckne pesynbtatbl. CoOrmacHO HEeKoTOopbIM
POCCUIACKMM YYEeHbIM, TOPCUMOHHbIE TEeHepaTopbl CMOCOOHbI MOAENUPoBaTb HEOObIYHbIE
“TPtOKN”, BbINOMHEHHbIE (bm3nkamu. Takke, ObINO OBHapPY)XEHO, YTO OHM CMOCOOHBLI
co3aBaTb HOBble SIBMIEHUS, HE NpPeayCMOTPEHHble 3TUMKM xe dumamkamun [2]. CerogHs,
TOPCUOHHbIE NONst MOryT 6bITb 0BHapYXeHbl pa3HOObpasHbIMKM MeTogamm [3].
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OKcnepuMeHTanbHO [oKasaHo, 4yTO OTOHbI, Haxoaswmecss B  CMNUHOBbIX
COCTOSIHMSAAX C MPOEKLUMEN CNUHA Ha HanpaBreHuWe OBWXEHUS (CnupanbHoCTbio) -1 (nesas
nonsipmM3aums aNeKTPoOMarHMTHON BOMHbI) NPOAYLMPYIOT NeBble€ TOPCUOHHbIE MOSS.

4.2. dakTOopbl BO34EUCTBUA KOMNbIOTEpPa, MOOUNbLHOro tenecoHa Ha
yerioBeka.
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Cepoue v MO3r ABNAKTCA reHepatopamMu SrNeKTPOMarHUTHbIX UM TOPCUMOHHBbIX
nonen, a BCe Teno NPOU3BOAUT CBOE YHUKaNbHOE TOPCUMOHHOE nofe (Takke HasBaHHOe
BupaeHom ckanapHon aypown), KOTopoe ronorpadouyeckm CoOOepXuT eXeMUHYTHble geTanu
000 BCeEM XMBOM opraHuame. TOPCUMOHHOE nonie nepegaeT CBOK MPOCTPaHCTBEHHYHO
KOH(purypaumo B gpyrme TOpCUOHHbIE NOSIS U B3aUMOAENCTBYET C HUMM.

[MepBble COOBLEHNS OTHOCUTENBHO BPEAHOIO BIIMSIHUS BUAEOTEPMUHANOB CBA3AHbI
c 3aboneBaHMAMM KOXM nnua, obHapyXeHHble y cnyxawmx Hopsernn [86; 87], Lseuun
[88] n Benukobputanum [89]. ObcnenosaHme 6onee 300 yenoBek BbIIBUNO CbiNK Ha nuue,
MOSIBNSAIOLLENCA 4Yepe3 HEeKoTopoe BpeMsi nocrne Hayana paboTbl C KOMMbHTEPOM.
[MepBoHa4anbHO OTMeYancs 3y4 KOXW, 3aTeM JpuTema, nepexogswias B OTAENbHbIX
crny4vasix B nanysbl C XapakTepHOM Nnokanu3aumen Ha Lwekax u, 0CO6eHHO, Ha cKynax. Yxe
Ttoraa Nilsen [87], oTBepras annepruyeckMm KOHTaKTHbIM doTogepMaTuT, BbiCKasar
npegnonoXeHne O BO3MOXHOW  POMU  3NEKTPOCTaTMYeCKoro nofs MoHUMTOpa B
dopMUPOBaHUN ITUX SBMEHUK, B TO BpeMs Kak Stenberg [89] BbiCcTynan npoTMB 3TOW
rmnotesbl. [MONbITKM CHWXKEHUS JrekTpocTaTU4ecKoro mnoTeHuMana nyteM YCTaHOBKM
3a3eMfeHnsl, aKpaHa M3 MeTarfIM4ecKoOM CETKM WU KUOKOCTU, B KayecTBe KOTOPOro
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MCNONb30BasiCA CTEKMNAHHbBIA COCYA C pacTBOPOM 3reKTponuTa, B page criydaeB gasanu
nonoXxutenbHble pesynetatbl [86]. He meHbwun ycnex mmeno nosbiweHne (4o 50%)
BMaXXHOCTW BO34yxa B NOMELLEHUN N yaaneHue NeKTPU3YHLLMXCS HanosbHbIX NMOKPbITUN.
OpHako abcontoTHOM YBEPEHHOCTM HU Y KOO He 6bino, n He oTpuuanacb BO3MOXHOCTb
AEeNCcTBUsT B KOMOWHauum w©  apyrmx HebnaronpuaTHbiX akTopoB. 3TO  MHEHWe
pasgensanocs B TOo Bpems MHorumm [91-93], ogHako Wedberg Bce e Bbickasan
npeanosnioXXeHne 0 BO3MOXHOM y4acTMM OCaxXdaroLMXCs Ha Nuue aspo30sibHbIX YacTul, 13
BO34yxa B NPOSABMEHMM KOXHbIX peakuun y nonb3oBartenen npu pabote ¢ KOMMbIOTEPOM
[95]. XoTa wuccnemoBaHusi, BbINOMHEHHble B OUHAAHOMW, U BbIABUNK, 4TO
aMneKkTpocTaTu4yeckoe mnone BuAeOTEPMMHANA CYLWECTBEHHO MW3MEHSIET COOTHOLUEHME
MeXay MOMOXUTENbHO W OTpUUaTeNibHO  3apshKEHHbIMM  adpoMOHaMM B BO3AyXe
NoMeLLEHNs], Kakoe-NnMbo CyLLLECTBEHHOE AOMOSMIHEHME BHECTM B nNpobnemy 3abonesaHui
KOXN OHM He cmornn [96]. OcHOBbIBasiCb Ha YTBEPXOEHMSIX MHOMMX nauueHToB 06
NCYE3HOBEHMM KOXHbIX MNPOSABMEHUN MpU NpekpaweHun paboTbl C BuaeogucnnesMmu,
Swanback n Bleeker nposenu psg npoBoKaLMOHHbBIX TECTOB, KOTOPbIE, OAHAKO, HEe Aanu
OOHO3Ha4HbIX pe3ynbratoB. Swanback cKnMOHANCHA K BepCcUM anekTpoCTaTUYEeCKUX, a He
aneKkTpoMarHuTHblx pesynetatoB [97]. Cyas no AaHHbiM AkumeHko [4], cTaTuyeckoe
anekTpuyeckoe none HanpsbkeHHocTbio 6onee 1000 B/cM mM3MeHSET WMHTEHCUBHOCTb
OOMEHHbIX MPOLIECCOB B KOXE, CHMXasd ee BakTepuumaHyr akTUBHOCTb, OOHaKo, NyTem
MOBbILEHNS OTHOCUTENbHOWN BraXHOCTU Bo3ayxa 40 70% MOXHO NpakTU4eCcKn YCTpaHUTb
anekTpoctatuyeckme nposieneHnsa ot AJM (3NT) [4]. T. o., paHee OTMEYEHHbIM
TOKCUKOIOrM4YeckKnM acnektam odgucHbix nomeweHnn [99, 100] B HacToslee Bpems
npugatT ropasgo  Oonbllee  3HayeHMe, YeM  paHblle, OCOBEeHHO B CBA3U C
MCNONb30BaHNEM B KOMMbIOTEPAX W OPYron 3rEKTPOHHOW TEeXHUKe aHTUMMPUHOB, a
KOXXHble NPOSIBNEHUST paccMaTpmBaloTCa Kak ogHa n3 popm obLmnx comatoBeretaTmBHbIX
paccTPOMCTB, BO3HUKaWLWMX Yy paboTalowmnx BCNeaCTBME BAUSHUSA  CcOLMarnbHO-
NMCUXONOrM4YeCcKnX cTpeccopHbix Bosgenctanm [102-104].

BHumMaHMe Kk camonpou3BoribHbIM  abopTam, HabngaemMbiM Y KEHLLUWH,
paboTalLmnx ¢ BuaeognucnnenHbiMm TepMmmHanamMmm, BO3HMUKNO Nocsie YNOMUHAHNA O Takux
cnyyasx B psge nyonukauwmn, Bblweawmnx B CLA, KaHage, Benukobputanumn, OaHun,
LBeuun, a Takke Asctpanum u lMonbwe [106, 21]. Kpome Toro, otmevanucb gedekThbl
pasBUTUA Y POXOEHHbIX UMW OETEN, pacueHMBaeMble Kak TepaTtoreHHoe aencrtene OMI,
n3ny4yaembix gucnnesMm KOMMbIOTEPOB, XOTA BpeMsa HabnwogeHus ons opMmpoBaHns
3TOro 3aKntoyeHns 6bIno ABHO HEJOCTATOYHbIM.

McDonald ¢ coaBTtopamn, obcnegosae B KaHage Oonee 56 TbicAY XEHLWH 3a
nepuog ¢ 1982 r. no 1984 r., ycTaHOBMI HEKOTOPbIN PUCK CMOHTAHHbIX abopToB U
AedeKkToB pasBUTUA JeTen Yy KeHWWH, paboTaBwmx BO BpeMs OepeMeHHOCTU C
BngeotepmmHanamum [110; 111]. CornacHo gaHHbiM ob6cnegoBaHus, nposegeHHoro B CLUA
(wTaT KanudopHus) cpeam 6onbLlion rpynnbl XeHWwuH, nposogawmx o 20 n 6onee yacos
B HeZern 3a KOMMNbOTEPOM, YacToTa CaMONpon3BOSbHbIX abopToB Gbina NoBbILWEHA, XOTH
aBTOpbI CTaTbU N He cBA3bIBaOT nx ¢ AMU ot Buaeotepmunanos [112].

Nayyancsa 191 cnyyanm camonpousBosibHbiXx abopTtoB npu 394 6Gnaronony4vHbix
poaax, MCNoSib30BaBLUMXCA B KayecTBe KOHTPOSis, NpuUyYemM CpaBHEHWE MNPOBOAWMSIOCH U
Mexay rpynnamum KeHLWMH, KOTopble BO BpeMsa OepeMeHHOCTM NoABepranuch
BO3AENCTBUIO MarHUTHbIX Monen OT BuAeogucnfneeB YCAOBHO BbICOKMX W HU3KUX
NHTEHCUBHOCTEN. NMpn oueHKe pe3ynbTaTtoB UccrnefoBaHMin Obino BbICKA3aHO MHEHUE, YTO
BO30EeNCTBUE NMepeMeHHbIMU MarHUTHbIMK nonsamu npy H > 0,9 MKTn B paHHWE CPOKU
GepeMeHHOCTM MOXeT cnocobCTBOBATbL BO3PACTaHUIO Y XKEHLMH B JarnbHenweM pucka
CMOHTaHHbIX abopToB.

B 1979 rogy HaydyHas OOLLECTBEHHOCTb pa3BUTbIX CTpaH Obina B3bygopaxeHa
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ctatben amepukaHueB Wertheimer n Leeper onybnvkoBaHHOM B BeCbMa aBTOPUTETHOM
XypHane [116]. B Hem Ha OCHOBaHWM COBCTBEHHbLIX WCCNEeOOBaHUW, MPOBEAEHHbLIX B
HenBepe (CLUA), coobuanocb O MOBLIWEHHOM pPUCKE BO3HWKHOBEHUS OMyXonen, B
YaCTHOCTU IENKO30B, Y [EeTen, NPOXMBaKLWMX B HENOCPeaCTBEHHOW 6nmn3octn oOT
BbICOKOBOJSIbTHBIX JIMHUIA  3nekTponepenadn W, BCMeACTBME Yero, nogsepraroLnxca
00ny4YeHNo SNEKTPUYECKUMU N MArHUTHBIMKW NMONSIMU NPOMbILLNEHHON YacToTbl (B CLLUA 60
). MOXHO C yBEpeHHOCTbK nonaraTb, YTO 3Ta CTaTbs B HEKOTOPOM CMbicne nobuna
onpeeneHHble pekopabl UMTUPYeMoCcTM And nogobHbix nybnukauwin. [MosiBuBLUMECS
BCKOpe nocrne atoro coobuweHuss Tomenins [117], Savitz ¢ coaBtopamun [118], Nasca ¢
coaBTopamun [119] B OpyruMx XypHanax C pesynbraTaMy aHanornyHblX uccnegoBaHUn
TOSMbKO NOATBEPAUIIM CEPLE3HOCTbL 3aTPOHYTON NPOBemMsbl.

O6cyxnaemble npobnembl HE OCTaBUM B CTOPOHE Hay4yHO-UCCReaoBaTeNbCKMe
nabopaTtopun n Konnektuebl npodeccunoHanosB. Ewe Delgado B onbiTax ¢ KypUHbIMU
aMbpuoHamMun nokasan TepaToreHHoe AeWCTBME HU3KOYACTOTHbIX MarHuUTHbIX Mosfien ¢
nHTeHcmBHocTblo 0,12; 1,2 n 12 mkTn [120]. Moagenupys BnvsiHAE WU3NYyY4EHUA OT
BMOEOTEPMMHANOB BO3AENCTBMEM MMMYIbCHBIX MarHUTHbIX nonen (40 mkTn) yactotoun
15,6 kl'u, Chiang ¢ coaBTOpamMn NONYy4YNSIM YCKOPEHME BbI3BaHHbLIX Y MblLLEeN TepaToOreHHbIX
apbbeKkToB, XOTS MMUTaAUMs OCYyLLeCcTBMsnacb U He B MNOMHOM obbeme - obnyveHue
npoBoaMnochk B Konbuax Menbmronsua [121].

Hanbonee KOppeKkTHbIMM B KOHTEKCTE MOCTaHOBKW 3KCNepuMeHTa cnegyet
npu3HaTb WUCCNeaoBaHusl, BbINOMHEHHblE HegaBHO AHMCMMOBLIM C COaBTOpamMu, Korga
BO3OENCTBME HA NOAOMNbBITHLIX XMBOTHBIX NPON3BOAMMOCH HEMOCPEACTBEHHO OT AUChNes,
4YTO NO3BOMASIO C MaKCUMaNbHOW WOEHTUYHOCTBKD CMOAEenupoBaTb BCE acnekTbl ero
BNMsHUA. B 3TuUX akcnepmmeHTax 6biflo OTMEYEHO YBENMYEHME YacTOTbl BCTPEYaEeMOCTH
NHOYLMPOBAHHbBIX YPETAHOM ONyXomnewn y Mblwen, obnydaembix Nno 1 yacy B AeHb 5 pa3 B
Hegento OMIl oT BuaeoTepMuMHana, MO CPaBHEHWIO C  KOHTPOMbHbIMK, YTO
CBUAETENbCTBOBANO O CTUMYNUPYHOLEM OEUCTBUN U3SNTyYEHUA MOHUTOpPA Ha pasBuTue
HoBOOGpasoBaHui [5].

MprvBeaem HekoTopble pesynbTaTbl WCCNEe4OBaHWW, NPOBEAEHHbIX A. 6. H.
Xonepckon O. A. B IHcTUTyTE 06Wwen reHeTukmn um. H. . Basnnosa PAH (3akntoueHue ot
8 ceHTsa6pa 1997 r.). B yacTHOCTU, B OTYETE CKa3aHo:

«f1 KOCHYCb InuvWb pe3ynbTatoB TexX WCCrnefoBaHWW, KOTopble OOBOAWOCH
NpoBOAUTb MHE M MOMM Konsieram B cTeHax WHctuTyTa obwen reHetukn um. H. W.
Basurnosa PAH.

Tak, B 9KCNEpMMEHTE C KpbicamMu §nuMHMM Buctap Mbl u3yvyanu naToreHHoe
Bo3genctene umsnydeHun MK Ha NOTOMCTBO OOGMYyYEHHbIX >XUBOTHbIX. OTO MOTOMCTBO
NPOSABNSAN0 KpamHe HU3KYH >KM3HECNOCOOHOCTb. OKOO MOSMOBUHBI KPLICAT, POXOAEHHbIX
ocobsamu, obnyyeHHbiMu MK 3agonro oo 6epemeHHOCTU, normbann B nepeble AHW Nocne
NosIBNEHNSA Ha CBET.

Cepusa akcnepumeHToB Obinla noctaeneHa ¢ 6enbiMyv 6ecrnopoaHbIMM MblLLAMM.
WccnepoBaHna nokasanu, B 4YacTHOCTU, 4YTO Yy ocoben, obnydeHHbix K, passuBanucb
CTPEecCoBble peakuuu, yMeHblUanuCb B pasmepax MNoYvKM, TeCTUKymnbl, npoucxoauna
WHBOMIOLUMSA LEHTparnbHbIX OpraHoOB MMMYHHOW CUCTEMbl Ha OoHe runepTpodumn
nepudepunyecknx.

Ewe 6onee nopasutenbHble aHHble ObIIM NOMyYeHbl HAMWU NPU UCCregoBaHUU
Bo3aencTteusa K Ha ronoBacTukoB wwnopueBon n TpaesHon narywek. Obnyyenue MK Ha
NpoTskeHUn 6onee 3 YacoB BbI3bIBANoO rmbenb XMBOTHLIX. [pyM MeHee NpPogoMKUTENBHOM
obnyyYyeHUn y ronoBacTUKOB MOSBMASAMAUCH pasfuyHble YpPOACTBa - aHaHuedanus
(oTCyTCTBME rONIOBHOIMO MO3ra), Hegopa3BuTME cepaua, KOHEYHOCTEN U MPOoM.

[MpoBenn Mbl 9KCMNEPUMEHTbLI U C aKBapUyMHbIMU XUBOPOOALMMM pbibKamMu rynnu.
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Mog BosgencteueMm obnyyeHus (K y pblbok obHapyxmBanacb pasnuyHasi CTeneHb
aerpagaumm roHag: yMmeHblUEeHNe SUYHUKOB B 3-5 pa3, CEMEHHUKOB - B 2-3 pa3a. OT0 Beno
K MOSIHOW NoTepe BOCNPOU3BOAUTENbHbBIX CMOCOOHOCTEN PbIOOK.

[MonyyeHHble HaMW OJaHHbIE TOBOPAT Takke O ToM, 4To usnyyeHue K okasbiBaer
POCTOCTUMYNUpYIOLLIee  BO3AENCTBME Ha amebd, KNeTKM MEeKapCKuX  OpOXOKen,
pactTutenbHble 06bekTbl. COTPYAHWMKOM MWHCTUTYTa KaHAMAATOM OMONOrMyeckux Hayk
Bnagummpom AGpamoBbiM Oblnn yCTaHOBNEH (PakT BO3HWKHOBEHUSI MyTauun NoA
Bo3gencTenemM manydenus MK Ha BereTupyowmx pacteHmsix n ceMeHax apabugoncuc, no
CBOEN WHTEHCUBHOCTM CpaBHUMMbIA C 0bnydyeHnem B 30-KMSTOMETPOBOM 30HE BOKPYr
UepHobbinsay.

Hanee npegctaensieTcs uenecoobpasHbiM 06paTUTb BHMMAaHWE Ha Te CTOPOHBbI
BnAHNA OMI Ha yHKUMIO 3peHunst, KOTopble, cyast No onybnnkoBaHHbIM paboTtam, Gbinu
B KaKOM-TO cTeneHun obongeHbl BHUMaHWeM uccrnegoBatenen 6esonacHoctu paboTbl C
MoHuTopamu [K.

CywecTtByowasa BO3MOXHOCTb  MPOBOUMPOBaHUS  BONbLUMX  3NUNEenTUYECKUX
npunagkoB MNpPOCMOTPOM Tenenporpamm [122] He Morna ocTtatbCs B CTOPOHE Mpu
nccnegoBaHuax 6e3onacHoCTM BUAEOONCNIENHBLIX TEPMUHATIOB.

XoTa (POTOreHHOW anunerncuen cTpagaeTr Hes3HayuTenbHas YacTb JNgden, no
AaHHbIM Jeavons C coaBTopamu, Yy OOTOMYBCTBUTENbHLIX WHAMBMAYYMOB paboTta cC
BMAEOTEPMMHANaMN MOXET BbI3BaTb MpunNagok, 0COBEHHO ecnn B KadecTBe MOHMTOpa
ncnonbadyetcsa Ttenesmsop [123]. OgHako, MNOCKOMbKY BuaeogucnnenHble TepMuHanbl
XapaKTepU3yrTCA MEHbLUMM YPOBHEM MepLaHusi, OTCYTCTBMEM PaCcTPOBOW CTPYKTYpbl U
YepecCTPOYHON pa3BEPTKU, TO MO CPABHEHWUIO C TeNeBn3opamMm OHU B MEHbLUEN CTENeHU
cnocobHbl BbI3bIBaTL npunagkn [124]. TMpodeccop Akmo Mopu u3 HaumoHanbHoro
yHuBepcuteta (AnoHWA), uccrnefoBaBLUMA aKTUBHOCTb npeanobHbix gornen mosra 240
YyesrioBeK B Bo3pacTe OT 6 00 29 neT B pasHOM CTENeHU yBreKalLwWmnxca BngeonrpaMmmn m
NPOCMOTPOM Tenenepeaad, npuLesn K BbIBOAY, Y4TO Urpbl U TB CHWXaOT akTUBHOCTb Mo3ra.
AHanuampyss nonydeHHble pfaHHble, A. Mopu obpatun BHMMaHME Ha pasnnyHoe
COOTHoOLWEeHMe 6eTa - 1 anbda - pUTMOB Y NIOAEN, YBMNEKAKOLWMXCA U HE YBIeKalLWnMmcs
urpamun. Cumtaetcd, 4to npennobHble A4oNM Mo3ra OTBEeYalT 3a IMOUUM U TBOpYECKUE
crnocobHocTn venoseka. [py aTom npeobrnagaHuve anbda - pUTMOB CBUAETENLCTBYET O
TOM, YTO OHM 6e30enCTBYIOT, a 6eTa - PUTMbI YKa3bIBAOT HA aKTUBHOCTb MbICIIUTENBHOMO
npouecca. Y nogen, BXOOAWMX B HOPMarbHYK rpynny WM Mano YBrieKalLwmxcs
Bugeovrpamn, Geta - puTMbl npeobnagjann Hag anbda - puTMamu, MpuyemMm 3TO
COOTHOLLEHME HE MEHSSIOChb, AaXe ecrnv npeactaBuTeniv HopManbHOW rpynmnbl HaYMHanm
urpatb. C Opyron CTOPOHbI, Y UIPOKOB, NPOBOASALUNX NEPES 3KPAHOM A0 7 4acoB KaXKabl
AeHb, 6eTa - pUTMbI NPaKTUYECKN OTCYTCTBOBaNN. Kpome pasnuymim B akTUBHOCTU Mo3ra A.
Mopwu oTmeyaeT HeaeKBaTHOCTb NOBEAEHUS MHOMMX MOKMOHHUKOB BUAEOUIP: OHW Jerko
BbIXOOAT M3 cebsi, C TPyAOM MOryT COCpefoTOMUTLCH, UCMbIThIBAKOT TPYAHOCTM B OBLLEHNN
C APYrMMU NIO4bMMU.

[pyroe, He MeHee BaXXHOe siBfieHMe, CBA3aHO C HEeNnocpeacTBEHHbIM BOCNPUATUEM
4YernoBEeKOM MePEMEHHbIX MarHUTHbIX NOMEen MOornyyYnno HasBaHue MarHuTodocdeH. OToT
M3BECTHbIN OTHOCUTENbHO [fJaBHO (ero oTkpbin ['ApcoHBanb B 1896 1) dheHOMeH
3aKkn4aeTca B NOSABMEHUUN Y NIOAEN C 3aKPbITbIMU FMas3aMuy OLLYLEeHU BCMbILWEK CBETa
npu o6rnyd4eHUU ronoBbl NEPEMEHHbIM MarHUTHbIM Monem 4Yactoton csbiwe 10 'y npwm
MHTEHCMBHOCTAX nopsigka gecatkoB MTn [105]. OgHo Bpemsi npeanonaranocb, 4TO
BO3HMKHOBEHME MarHMTodoceHa CBA3aHO C BANAHNEM MarHUTHOIO Nosisi Ha Bo3byauMble
CTPYKTYpPbl rONOBHOIO Mo3ra. YyTb nodxe 6bino oGHapyeHo siBneHue anekTpodocdeHa,
KoTopoe, Oyaydn cXogHbIM MO OLWYLLEHUSIM, BO3HMKANOo Mpu NPOXOX4eHUU nepemMeHHOro
9MNEKTPMUYECKOrO TOKa HU3KOW YacTOTbl Yepes rorosy.
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Nccnenya Bnocneactsum atu siBneHusi, Lovsund ¢ coaBTOopamu yCTaHOBWSI, YTO
ONTUMYM YYBCTBUTENBHOCTU NexuT B amanasoHe 20+30 Iy kak ans anekTpo -, Tak u
mMarHutodocdeHa, Npyu UHTEHCUBHOCTU MarHuTHoro nonga 10+12 mTn [126; 127]. 3aTtem, B
OnbITax Ha M30NMPOBAHHOW ceTvaTke rnasa NAarywkun, My 6bino nokasaHo, YTo BNUSHWE
OMI1 ocywecTBnaetTca Ha ¢OTOpeLenTopHbIM annapaTt, a He Ha CTPYKTYpbl FOMIOBHOMO
Mo3sra [128].

OTOT (haKT, Kak NpeacTaBNAeTCs, UMEET BaXXHOE 3Ha4YeHne B CBA3M C NOSyYMBLUEN B
nocrniegHee BpeMs NPU3HAHUEM POSiIM OCHOBHOIO HEMPOropMoOHa annuduaa (LWMWKOBNOHOMN
Xenesbl) MenaTtoHMHa BO BIMSIHUM HU3KOYAcTOTHbIX OMI1 [5]. MenaToHuH y 4enoBeka u
XMBOTHbIX CUHTE3MPYETCA HEMOCPEACTBEHHO B CETYATKE U UrpaeT, Kak nonaratoT, BaXHYH0
ponb B nepefade curHana ot rnasa K anuguady. He Tak gasHo Olcese ¢ coaBTopamu B
9KCMNEepPUMEHTE YCTaHOBUIIN, YTO U3MEHEHME MArHUTHOrO MOMs C MHTEHCMBHOCTbLIO OKOSO
30 mKTn, 4yTo cocTaBnsieT MOPSAOK reoMarHUTHoro nons 3emsniv, JOCTOBEPHO MeHsieT
coaepXxaHuMe MenaTtoHmHa B cetyaTke masa Kpbicbl [129]. T.0., cuutaror Olcese ¢
cOaBTOpaMu, ceTyaTka MIIekonuTarLWwmMx y4acTByeT B nepegadye MHpopmMaunm MarHUTHOIO
nonsi B LEHTpanbHYy HeEpBHYK cuctemy. B gononHeHumn Kk atomy, Prato n coasTopbl B
CBOMX MOCIeAHNX UCCedoBaHUsX Mokasanu, YTo adpdekTbl BIUSHUS HU3KOYACTOTHOMO
MarHMTHOro nonsa Manon MHTeHcuBHocTM (141 MKTN) MOryt mMoaynuMpoBaTbCs CBETOM,
npuyem peanunsauus 3Toro BAMSHUS OCyLLEeCTBseTcs Yepes onnonaHyto cuctemy [130].

AHanunsnpys pesynstaTbl UCCrefoBaHWs, NPeACcTaBeHHbIe B aTUX paboTax, MOXHO
nonarate cnegywouwee. OcTaBwasca y 4enoBeka B «HacneacTBO» OT  XKUBOTHbIX
aHanormyHas cuctemMa BOCMPUATUA MarHUTHOrO MONs peuenTopHbIMU  CTPYKTypamu
ceTyaTkm 1 paboTaroLiasl Kak anekTpo- U MarHUTogoceH B UMMYNbCHBLIX HU3KOYACTOTHbIX
OMI1 nocbinaer B MO3r curHansl npu paboTe ¢ BMAEOTEPMUHANOM. OTO SABNSAETCA €lle
OLHOM MPUYNHOWN BO3HUKHOBEHUSA CTpecca W HapylleHUA HOopManbHOW (OYHKUMW opraHa
3peHus.

OuyeHb MHOrMe 6biToBblEe NMPUMBOPLI N BNEKTPOCETb B HaLIMX AOMax NpoayuupytoT
cnabble 9neKkTpu4eckne u MarHuTHble nepemMeHHble nonsa ¢ 4Yactotom 50+60 [u.
[MocKoNbKY 3T NOMs CyWeCTBEHHO criabee cTaTM4eckoro MarHMTHOro nons 3emnun (oKoso
400+500 Mly) unn ee anekTpUYECKNX nonewn, TpyaHo Obino gaxe 3anogo3puTb, YTO OHU
MoryT 6bITb onacHbl 49 340POBbS, U, ECTECTBEHHO, UCCEAOBaHNS B 3TOM HanpasfieHum
He nony4yanv AOMKHOW NOAAEPXKKM.

[Oe Xe TaaTcs oMacHOCTW, nogcteperatowme nosnb3oBartenen? C Hawen TOYKU
3peHns, NoJONTN K NOHUMAHUIO MPUPOLbI BO3MOXHOIMO HeGnaronpuaTHOro Ass 300pOBbS
yenoseka OMI1 nossonsietr Teopus TI1, B cooTBeTCcTBUM, C KoTopou TI1 saBnswoTcs
KomnoHeHTon nobbix AMU. Tl n nx xapaktepuctnkn 6onee nogpobHO pacCMOTPEHLI B
nocneayloLwmx rrnasax.

Kpome TOro, okasanocb, 4TO JNuMUa, 3aHATbIE B  3MEKTPOTEXHUYECKOM
NPOMbILLIIEHHOCTN  (ANEKTPUKN,  INEKTPOUHXKEHEpPbl, nepcoHas, obcnyxmeBaroLwwmm
TenegoHHbIE N BbICOKOBOSLTHbIE NMHMM), Yalle 3abonesatoT U ymMuUpawT OT FENKO30B U
HEeKOTOpbIX APYrMX BWOOB  3M0KAYEeCTBEHHbIX OMyxonew, B TOM 4Yucne Moa3ra,
npeacraTenbHON U MOMNIOYHOM Xenes, Yem pabOoTHMKM ApYrux cneumanbHOCTEN.

B MoHorpacdum [19] npuBedeHbl aHanornyHble faHHble no 3aboneBaemMocTn y
MaLUMHUCTOB FTOKOMOTMBOB M MX MOMOLLHMKOB. M0 ypOBHIO 3aboneBaemMocTy MaLUMHUCTbI
N UX MOMOLLHUKN 3aHMMatoT NepBOe MeCTO.

Henb3a He yNnOMsiHyTb O HEraTMBHOM BO34ENCTBMM Ha YenoBeka paguoTtenedoHos.
WccnepoBaHna B obnactm 6Uonornyeckoro BO3LEVCTBUSA U3NyvyeHUn paguotenedoHa
NnoaTBepaunv, 4YTo Haubornee 4yBCTBUTENbHBIMW CUCTEMaMW OpraHu3ma 4ernoseka
ABNSAKTCA HEpBHAd, WMMMYHHad, 3HOOKPUMHHast W nonosas. Peakuma 3Tnx cucrtem
onpegenseTr B KOHEYHOM WUTOre MOCNEeACTBUA HEraTMBHOrO BO3OENCTBUA Ha 300pPOBbe
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yenoseka B uenom. Kak n npun pabote ¢ moHuTopom [K, obnacte obny4yeHna ssnsaetcs,
npexae BCeEro, rOfIOBHOM MO3r W nepudepuyeckme peuenTopbl BeCcTUBYnapHOro,
3PUTENBHOIO M CNYXOBOro aHanM3aTopoB, MNP 3TOM, OY4EBUOHO, UYTO Pa3fiMyHble y4acCTKU
MO3ra 1 peLenTopbl HECYT OTBETCTBEHHOCTb 3a (PYHKUMOHMPOBAHWE NPUBEAEHHbIX Bbille
KPUTUYECKNUX CUCTEM OpraHuama.

Mpn mncnonb3oBaHUM COTOBbIX TernedoHoB ¢ Hecywen 4vactotom 450+900 Mly
AJSIMHa BOSHbI HE3HAYUTENbHO MNPEBbLILWAET NIMHENHbIE pa3Mepbl rofioBbl YenoBeka, N B
9TOM Cnyyae Wu3snyyYeHne BO3AEWCTBYET HepaBHOMEPHO, T.e. MNpu 3TOM  MOryT
obpa3oBbIiBaTbCA TaK HasblBaeMble «ropsvyme TOYKM», OCODEHHO B LEHTPE rofoBbI.
OKCNEepUMEHTbI Ha XWBOTHbIX He AalT JOCTOBEPHOW MHAOPMALMK, TakK Kak HU OAHO M3
HUX HE NMeeT Yepena, NogobHOro No pasmepy U opmam YennoBe4HECKOMY.

Moatomy B nocnegHee Bpemsi GonblIOEe 3HAYEHWE yOensieTcs UccnegoBaHusM,
NCMOMb3YIOLWNM  CMOXHbIE MofefibHble (PaHTOMbI, pacyeTHble MeTodbl aHanuaa
NOrMOLWEHNS  3HEeprMM  pasfnnyHbIMKM  CTPYKTypamu  [ONOBHOMO  Mo3ra. Pac4yeTtsl
nornoweHHon aHeprum 3MIT Mo3rom YernoBeka MOKasbiBalOT, YTO MPU MCMNONb30BaHUMU
TenedoHa NMKOBOM MOLLHOCTbIO 2 BT n paboyven yactoton 900 MIy, Hanps»KeHHOCTb Noss
B rOflOBHOM Mo3re (pavioH runotanamyca) coctaenset 20+30 B/m unm 120+230 mkBT/cm?
(HopmaTuB B Poccum ans nonb3oBaTtenei cotoBblx TenedoHoB paseH 100 MkBT/cm?).

YuuTblBag BaXHyl pofib KOpbl OOMbLIKMX nonywapuin W runotanamyca B
OCYLLIECTBMEHMM MCUXUYECKMX (PYHKUMIA 4YenoBeka, MOXHO OXuaaTb cregytollee.
AnuTensHoe NOBTOPHOE BO34eWCTBME npefernibHoO  gonycTuMbiX o3 3OMU  wu
conpoBoXxAarLlen Mx MHPOPMaLMOHHOM TOPCUOHHOM KOMMOHEHTbl MOXET MPUBECTU K
NCUXNYECKMM pacCTpoMCTBaM, B TOM YUCAE K W3MEHEHMUIO YCITOBHO-pedrieKTOPHOM
AEeATENbHOCTN, noBeaeHYeCKmX peakuun, COCTOSIHUS KpaTKOBpPEMEHHOM n
AONrOBPEMEHHOM NaMATU, U3MEHEHUSM OUO3NEKTPUYECKON aKTUBHOCTU  PasfiIMyHbIX
CTPYKTYp MO3ra.

BnunsHne Ha opraHuam 4enoseka OMU n ux uHMpOPMALMOHHON TOPCUOHHOM
KOMMOHEHTbI M3Yy4eHO HeJoCcTaToyHO. Ho AcHO, YTo OHO He obxoauTtca 6e3 nocneacTeun
(MHOrOYMCEHHbIE AKCMEPUMEHTbI Ha MOAOMbBITHBIX XXMBOTHbLIX, MpoBeAeHHbIe BO ®PpaHumn,
CUWA, Weenuapuu, YkpauHe, Poccun, noareepxgatoT BO3MOXHOCTb BO3AENCTBUSA criabbix
OMI1 CBEPXHU3KMX N HU3KUX YaCTOT M UX TOPCUOHHOM KOMMOHEHTbI Ha Guonorndeckue
00BbEeKTbI, 0COBEHHO Ha MO3r).

Kpome Toro, HenoaBwmkHas HanpsbkeHHasa rnosa onepaTtopa B TedyeHue ONUTENbHOro
BPEMEHN MPUKOBAHHOIO K 3KpaHy Aucnnesd, NpMBOAUT K yCTanoCTU U BO3HUKHOBEHWIO
bonen B NO3BOHOYHMKE, LUEE, NMeYeBbIX CycTaBax, a UHTEHCMBHas paboTa ¢ KnaBmaTypown
BbI3blBaeT OOneBble OLLYLIEHNS B JIOKTEBbLIX CyCTaBax, Npeanneydbsx, 3ansicTbsX, B KUCTSX
N nanbuax pyk.

HesatenbHOCTb onepaTtopa npegnonaraet, npexae BCero, BUdyasbHOE BOCMNPUSATUE
OTOOpaXXeHHOW Ha 3KpaHe MOoHUTOpa MHGOPMaLMK, MO3ITOMY 3HAYUTENBHOW Harpyske
noaBepraeTcs 3puTenbHbIM annapaT pabotatowmx ¢ K. ®aktopamu, Hanbonee CunbHO
BNNSAIOLLNUMUN Ha 3pEHNE, ABNAIOTCS:

HecoBepLueHCcTBO cnocoboB co3aaHnsa n3obpaxeHus Ha aKkpaHe MOHUTOopa.

OTa rpynna ghakTopoB BKNOYaAET B cebs:

- He onTMMarbHble NapamMeTpbl CXEM pa3BePTKN ANeKTpoHHOoro nyya IJ1T;

- HECOBMECTMMOCTb NapaMeTpoB MOHUTOPA U rpacnyeckoro agantepa;

- HEAOCTaTOYHO BbICOKOE paspeLleHne MOHMTopa, pacdOKyCcupoBKa, He CBeAeHne Nyven 1
HU3KNIN YPOBEHb OPYrNX €ro TEXHUYECKUX XapaKTEPUCTUK;

- N36bITOYHYIO NN HEAOCTATOYHYIO APKOCTb M300paXeHUs;

- TOPCUOHHYIO KOMNOHEHTY OMW.

HenpogymaHHas opraHnsaumsi pabodero mecra, Kotopas siBNAETCH NPUINHOMN:
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- HanM4usa BIMKOB Ha NNLEBOW NAHENN dKpaHa;

- OTCYTCTBME HEOBXOAMMOrO YPOBHS OCBELLEHHOCTU pabounx MecT;

- HecobnogeHns paccTosiHUA OT rnas onepaTopa 4O 3KpaHa.

BoobaBok ko Bcemy, paboTta KoMMbioTEpPa COMPOBOXAAETCA aKyCTUYECKMMU LUyMamu,
BKItoYasi ynsrpasByK.

BoamoxHoe yxyguweHune camodyBcTBMs onepatopoB [1K  saBnsetca o6bekTom
nccnegosaTenbCcknux nporpamm  HaumoHanbHonm Akagemum Hayk, HauwmoHanbHoro
MHCTUTYTa oOXpaHbl Tpyda W npodwunaktmkm npodsabonesaHnn CLUA, HayyHo-
MeOuLUMHCKMX ydpexaeHun Lseuun, ®paHummn, OPI, AscTpumn, ANoHUKM KN, 4TO ABNSETCS
OTpagHbIM hakTOPOM, YKpauHbI.

XOTs KapTMHa BO3OEWCTBUSA KOMMbIOTEPA Ha OpraHm3m 4YenoBeka, onucaHHasa Bbille,
BbIMMAAUT OOBOMbHO MPAYHOW, HY>XHO MOMHUTb, YTO NOAOOHbIE MOCNEeaCcTBUS BO3MOXHbI
nuwb B cnyyae abcontoTHOrO UrHopupoBaHus Npobnembl. Kaxabi nonb3oBaterb A0MKEH
3HaTb OMACHOCTb «B NNLOY, YTOObI UMETb BO3MOXHOCTb €€ nobexaaTb.

T. 0., ocobyo ocTpoTy npuobpeTaeT npobnema 3awmTbl U CO3A4AHUA KOMMOPTHbIX
YCITOBMI CYLLIECTBOBAHNA YernoBeka B NPodecCrnoHanbHom n GbITOBON cpeae, NOMCK NyTen
npegoTBpaLleHnsa notepu NnpogeccnoHanbHON NPUrogHOCTH.

4.3. BnuaHue unsnydyeHun MNK Ha 3gqopoBbe YesrioBekKa.

B cBA3n ¢ maccoBon koMnbloTepM3aumen BO3HUKAET HEOBXOOMMOCTb TLATENbHOMO
N3y4eHUs BNUAHUS M3IYYEeHUS Ha 340pOBbe YernoBeka W, B NEpBYD oyepedb, Ha ero
co3HaHue. [pobnema 6e3onacHocTM nNpu paboTe C AMUCMNNEEM HACTOMNbKO Cepbe3Ha, YTo
HaxoOWT OTpaxeHue B [AesATenbHOCTM BcemupHOW opraHusauumn 30paBOOXPaHEHUS.
EBponenckoe akoHoMuyeckoe coobuiectBo B 1992 . BbINyCTUNO AMPEKTUBY, B KOTOPOW
yKasaHo, 4TOo onepatop AomkeH OblTb MHPOPMUMPOBAH O HeOBXOAUMBIX Mepax
GesonacHoCcTn, a B page cTpaH, Hanpumep P, onepaTtopbl KOMMNbOTEPOB BKMOYEHbI B
nepeyeHb Hanbonee onacHbIX Npodeccuin.

[Ona  CHWKeHMs YyKal3aHHbIX BblWe MNOCMNEeACTBUMA  BUSHUSA  U3MYYEHUA Ha
KOMMbIOTEPbI YCTaHaBNUBAKT pUnbTpbl, paspabaTbiBaloT HOBblE MOAENU, B TOM YUCIie Ha
Xnakmx kpuctannax. Ocobo Heobxogumo obpatuTb BHUMaHue Ha wusnydeHus K c
xXngkokpuctannumyeckumn  akpaHamm  (XKK). Cpegn nonb3oatenen [1K cnoxunocb
MHeHue, 4to noptatmBHble MK ¢ akpaHamm Ha KK obnagatoT cyuecTBeHHO 6Gonee
HU3KUMWN YpOBHAMM 3MW NO CpaBHEHWO C TPaALUUMOHHBLIMU YPOBHSIMW, MOSTHOCTbIO
akonormnyeckn 6esonacHbl. Kak nokasanu uccrnegoBaHusi, NpoBedeHHble coBmecTHO WL
«nutay, UL, «LumknoH-TecTt» (r. MockBa, Poccus), 4To gaHHas Tovka 3peHust rmyoboko
owmnboyHa.

YcTaHaBnuBaemble Ha KoMMbloTEpPax PUILTPbI HE BCErga peLlaroT MOCTaBIeHHYH
3agadvy. Psag opraHmsaumi, B LENsiX peknaMmMpoBaHUSA CBOEW NPOAYKLUW UCMNOMb3YHT
cepTuuKaTtbl, B KOTOPbIX NPUBOAATCA OLWMOOYHbIE UNN HE4OCTAaTOMHO OBOCHOBaHHbLIE
napameTpbl, a Takke [JaeTca YyKa3aHMe Ha HanuumMe MOfHOM  3aWuTbl  OT
9MNEKTPOMAarHUTHbIX M 3MeKTpocTaTu4ecknx nonen. B TO e BpemMs U3BECTHO, YTO Jaxe
Ka4yeCTBEHHbIM (OUNLTP YNaBnMBaET M3My4YeHMEe 3MEKTPOCTaTUYECKMX MOMen TONMbKO Mpu
€ro 3asemrieHuu, B 3Ha4uTenoHomn ctenexu (95+98%) npenaTcTByeT NPOXOXOeHUo (HO He
ynaBnmneaeT!) anekTpn4yeckon coctaBnsawoLen, a 3HadyeHne MarHUTHOW COCTaBNALWEN He
MeHsieTcs. BeTpeyatotea n 6onee napagokcarnbHble XapaKTepUCTUKN.
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4.4. CvHOPOM KOMMNbIOTEPHOrO CTpecca.

MeguumHckne Kpyrm obGecrnokoeHbl TemM, 4TO cpeau nonb3oBatenen K BbisiBNeH
HOBbIN TWN 3aboneBaHus - cnHapomM koMnbtoTepHoro ctpecca (CKC) onepatopa gucnnes,
KOTOpbIA  COMPOBOXAAETCHA ronoBHOM 6Gonbito, BOCMNaneHnem rnas, annepruen,
pasgpaxMTernbHOCTbIO, BANOCTbLIO U Agenpeccuen [29].

CvmnTombl 3aboneBaHnsa pasHOOOpPa3Hbl U MHOTOYMCIIEHHbI. B Hawem o630pe oHu
CrpynnupoBaHbl NO MPUHUMMY BO3OENCTBUA Ha Ty WU WHYK 4YacTb opraHmama. Kak
npaBuno, Hanuune eauHCTBEHHOr0 CUMMTOMa  MarioBEPOSATHO, MOCKOMbKY — BCe
PYHKLMOHanNbHbIE OpraHbl YenoBeka B3anMoCBA3aHbl.
< PU3nyeckme HegoOMOraHus: COHMAMBOCTb, YTOMISIEMOCTb, He npoxoasdiias
yCcTanocTb (gaxe nocne oTabixa); ronoBHble Gonu nocne paboTbl; ronoBHble 6onu B
obnactu rnas (rnasHble 6onu); ronoBHble 6onu B obnactn Hagbposu 1 Nba; ronoBHbIE
6onu B 3aTbiNNOYHON, OOKOBLIX N TEMEHHOWN YaCTsIX ronoBbl; 60NN B HUXKHEN YacTh CMUHbI,
B obnacTtu 6egep, B Horax; YyBCTBO MOKasblBaHNA, OHEMEHUS, BOnn B pyKkax, 3anscTbsax u
KUCTSIX; HANPSPKEHHOCTb MbILLLL, BEPXHEN YacTu TynoBuLa (Les, CNnHa, nineyn, pykn).

Bah 3aboneBaHus rnas: bbicTpasi yTOMISIEMOCTb, YyBCTBO OCTpPOM 6onu, »okeHue, 3ya,
CNe3nUBOCTb; YacToe MopraHue, oLyLleHne HaTEPTOCTH.

g« HapyweHusa BusyanbHOro BOCNPUATUS: HESICHOCTb 3pEHUS Ha AanbHEM PacCTOSHUM
cpasy nocrne paboTbl 3a KOMMNLITEPOM («NeneHa Nepea rnasammy); HEACHOCTb 3PEeHNs Ha
Gnu3kom pacctosHuM (M3o6pakeHne Ha 3KpaHe nnoxo (OKYCUPYETCs 3pUTENbHON
CUCTEMOW); HESICHOCTb 3PEHUS YCUNMBAETCA B TeYEHME [OHS; BO3HWKHOBEHME [OBOWHOIO
3peHna  (n3obpaxeHne Ha 9KpaHe [OBOUTCH); OYKM  CTAHOBATCS  «CnabbiMu»
(HeobXxoOMMOCTb CMEHbl O4YKOB); TrOMNoBHble 60nKn; MeaneHHas pedoKyCUpOBKa;
Kocornasue.

g<n  YXyOlWweHne cocpedoTOMEHHOCTM U paboTocnocobHOCTM (04EeHb YacTO OKa3bliBaeTCs
CNeAcTBMEM  BU3yalbHbIX HapyLEeHURn): COCPefOTOMEHHOCTb [AOCTUraeTcss C TpyaoMm
(HEBO3MOXHO COXpPaHUTb BHUMATENbHOCTb B TEYEHWE ANUTENbHOTO  BPEMEHMW);
pasapaxuTenbHOCTb BO BpeMs U nocne paboTbl; noteps paboyen TOUKM Ha IKpaHe,
Nponyckn CTPOK, CroB, BBOA MNOBTOPHbIX CTPOK; OLWMOKM MNpu 3anofiHEHUU KOJTOHOK
(«HenonagaHue»), NnepecTaHoBKa CNOB Uy LMdp MecTamu.

MpnynHamm pasHoobpasHbix cumntomoB CKC, MO MHEHWO MeauKoB, SBMSOTCS

NSATb OCHOBHbIX (PaKTOPOB:

-HenpaBusibHasa paboTa rnas u HeBepHoeE MosiIoXKeHne Tena;

-HOLLEHNEe HECOOTBETCTBYIOLLMX OYKOB USTN KOHTAKTHbIX JINH3;

-HenpaBunbHasa opraHnsauusa paboyero mecta;

-CyMMUpoBaHue Pn3nNYeCKnx, YyMCTBEHHbIX U BU3yasibHbIX Harpy3sok;

-HU3KMI YPOBEHDb BU3yaribHOW NOArOTOBEHHOCTM AN paboThbl C KOMMbIOTEPOM.

OpgHako, N0 MHEHUIO aBTOpa, OCHOBHOW MPUYUHOW HEraTMBHOIO BIIUSIHUS MOHWUTOPOB
MK, TeneBn3opoB, Apyron GbITOBON TEXHMKN HA UX NONb3oBaTenen sIBNSETCS TOPCMOHHas
KomnoHeHTa OMW.

CyuwiecTtByeT Hebe30CHOBaTENbHOE MHEHME, YTO MYTEM WCKITYEHUS] OTpULATENbHbIX
(haKTOpPOB BO3AENCTBMS MOXHO CHU3UTb BEPOSATHOCTb BO3HUKHOBEHUA CKC 40 MuHMMYMa.

Poccuinckun HAWM oxpaHbl Tpyaa Takke npoBesi Megnko-bnonornyeckne nccneqoBaHus
Bosgeuncteua MK Ha onepaTtopos.

MpuBeaeHHast Tabnuua 1 UNNCTPUPYET pesynbTaThl ITUX UCCIEeLOBaHNN.

CnpaBennueocTu pagu, cregyeTt OTMETUTb, YTO CYLLECTBYET MHEHNE 1 00 OTCYTCTBUM
BMUSIHMS  KOMMbIOTEPOB Ha 3gopoBbe. HO Bce BbiweckasaHHoe ybeanTenbHo
noatesepxgaet cywectsoBaHme CKC. 3toro xxe MHeHus npuaepxusaetcs A. B. bobpos [8]
n B. T. KasHayeeB [33], yTtBepxgatowme, 4yto Tl - ocHoBa WHGOPMALMOHHbIX
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B3anMoOaencTBum B muonorun.

Tabnuua 1
PesynbraThl Bo3gencteus NK Ha nonb3oBatenen

[MpoueHTb onepaTopoB, COOBLUMBLUMX
CumMmnTOoMBI PaGorta 3a gucnnesmm (Mecsaues)
BO34encTBuA Oo 12 net [do 12 NeTeonee Gonee
(HenonHas) nornHas)
lonoBHas 6onb 8 35 51 76
YToMNeHne, ronoBOKpyXeHue 5 32 41 69
HapylieHre HoYHOro cHa 8 15 50
COHNMBOCTb B TEYEHME AHS 11 22 48 76
I3MeHeHne HacTpoeHUst 8 24 27 50
[NoBbiweHHas 1 29 51
pasgpaXuTenbHOCTb
Henpeccus 3 16 22 50
CHmxeHune WHTEMMEKTyanbHbIX
crnocobHocTen, yXygLieHve 3 12 40
namsiT
HatsikeHune koxu nba v ronosbl 3 5 13 19
BbinageHnune Bonoc 3 )
Bonb B MbiLLax 11 14 21 32
Bone B  obmactu  cepgua,
HepoBHOE cepouebneHrue, 5 7 32
ofblLKa

4.5. KomnbiloTep n 340poBbe AETEN.

Ocobo cneagyetr oTmeTuTb npobnemy: komnbtoTep M getn. CerogHa B Mupe
CyllecTByeT MOLLHass MHAOYCTPUA MO MNPOU3BOACTBY KOMMbKOTEPHbLIX uUrp. OrpomMHoe
Konuyectso cupm GoproTca mexay cobon 3a NepBEHCTBO (3HAYUT, U 3a HambonblLume
NpubbINM) Ha pblHKE, Co3daBasd KpacuBble U yBrieKaTesibHble, XUTPble U 3ambicnoBaTtble,
arpeccuBHblE U KpOBOXaAHble MIPYLUKA NS ManbyYMKOB U OEeBOYeK BceX Bo3pacToB. B
CUNy CBOMX aHaTOMO-PU3NOSIOrnyecknx ocobeHHocTen, Hambonee 4YyBCTBUTESbHbIMU K
BHELHUM BO34encTBMAM aBnstoTca getn. OHM C yOOBOSMbCTBMEM OTAAKT UM CBOE
cBobogHoe BpeMs.

B atonm cBA3n cnegyet NOMHUTL O OoOMbLOW onacHoCTU. [1eTn B 3HauYMTENbHO
MEHbLUEN CTeneHn, 4em B3POoCIible, CMOCOBHbI KOHTPONMPOBATb CBOE MOBEAEHUE MU,
YBIEKWNCb, HE MOryT B HYXHbIA MOMEHT OTOpBaTbCA OT 3KpaHa, Ha KOTOPOM
pa3BopayMBalOTCs 3axBaTblBalolme cobbliTusa. HO MX NCcuxmMka OYeHb HeycTonuumBea,
NO3TOMY Ype3MepHOe yBfeYeHNne KOMMNbITEPHBIMU UrpamMm MOXET CTaTb MPUYNHOM OYEHb
TSOKEnNbIX NOCNEACTBUN - pas3BMBaETCS NOBbIWEHHAass BO30OyaMMOCTb, (hOpPMUPYETCS Y HEro
TaKMX TUMUYHBIX NS SMUMENCUM HEraTUBHbBIX YepT XapakTtepa, Kak noao3puUTeNibHOCTb,
MHUTENMbHOCTb, BpaxaebHo-arpecCnBHOE OTHOLWEHWEe K Onn3knuMm, MMMNYNbCUBHOCTL U
BCMbINBYNBOCTb.

N3 Bcero ckasaHHOro He criegyeTt, YTO HeNnb3d HW B KOEM crydae [onyckatb
pebeHka K KOMMNbOTEPY, HO HEOBXOAMMO OYEHb CTPOro A03MPOBaTh BPEMSI KOMMbIOTEPHbIX
3aHATUI, OCOBEHHO B Crnyyae OTCYTCTBUS NPpUBOPOB 3aLlmThl OT HEFATUBHOIO BNMsHUS TT1.
HeobxogMmo OoTMEeTUTb, YTO B NOcneaHne rogbl NoABMnachk npaBocriaBHaa nurepartypa o
HeraTMBHOM BIIUSIHUN HA AEeTEN TENEBMU30POB U KOMMbIOTEPHOM TEXHUKM [65].

Mo naHHbIM paga uccnegosatenen [1-3] ypoBeHb 300poBbs y onepatopos MK Huxke
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Mo CpaBHEHUIO C paboTalowmmmn B Apyrnx otpacnsax B 2+5 pas. Ocobyto TpeBory Bbi3biBaeT
pocT 3aboneBaeMoCT CEpPAEYHO cocyaucTon cuctembl (B 4+5 pas). OTMevyeHO cunbHoe
BMMsIHME U3NYYEHUI Ha COCyAbl FOSIOBHOMO MO3ra.

Mpn nccnepoBaHnm BnusiHMa OMW Ha 300poBbE ONEPaTOPOB NPUHMMANU yvactme
Tpu rpynnbl - et 9+10 net, 16 net n B3pocnble.

lMpoBeaeHa obLias oueHKa COCTOSAHUA 300POoBbs N PaboToCNOCOOHOCTM OTAEMbHbIX
OpraHoB YenoBeKka B YCIOBHbIX eauHuLax 4o, 1 nocne paboTbl C KOMNLITEPOM NO METOAY
donna (MeTog aNeKTPOnyHKTYpHOW AnarHocTukn). Metog donna npegycmarpuBaeT aTy
OLEHKY MO M3MEHEHWUIO 3MeKTPONPOBOAHOCTM OMNpederieHHbIX OGUONormvyeckn akTUBHbIX
TOYEK C NOMOLLLIO MUKpOaMNepMeTpa 1 ABYX NeKTPOOOB.

Hamn yctaHoBneHo, 4To oueHka paboTbl COCydoB ronoBHOro moara Hwke 40 ycn.
en. (Hopma - 50 ycn. eg.) oTmeveHa y HepaboTarLwmx ¢ KoMnbioTeEPOM B Bo3pacTte o 40
net (46 obcnepoBaHHbIX) B 30% cnyyaes, npu pabote ¢ komnbkoTepoM Ao roga (38
obcnenoBaHHbiX) - 36%, oo 3 netr (19 obcnepoBaHHbIX) - 48% w po 5 netr (17
obcnenoBaHHbIX) - 57%.

3a 2 4 HenpepbIBHON paboThl y paboTaroLwmx C KOMMNBbIOTEPOM YKa3aHHbIE BENMUYMHDI
CHM3MNUckb B cpeaHem ¢ 38 go 35 ycn. eq. unu Ha 8%, 3a 4 4 - cooTBeTcTBEHHO ¢ 38 oo 30
ycn. ea. nnu Ha 21%.

Mo pgaHHbiIM 3. KocTpybuHa, HapyweHue paboTbl JIOBGHbIX OTAENOB Bbi3blBaET
pacTePSIHHOCTb U OEenpeccuto, CHMKEHNE TBOPYECKMX CNOCOBHOCTEN, yxyaweHne paboTsl
BHYTPEHHMX OpPraHoB, YTO NOATBEPXKAAETCSA YCTanocTbio nocrne paboTbl C KOMMNbIOTEPOM U
noBbIlWEeHHON 3aboneBaeMocTblo onepartopa. CrnegyeTr OTMETUTb, YTO U3MEHSETCH W
aKTMBHOCTb Nofywapui Mo3sra. BbisiBneHbl npuHUMnuanbHble pasnuums B crnocobax
006paboTkn ceHCopHOM MHGOPMaLMM U ONO3HAHUA O0O6pas3oB Mexay npaBbiM M FEBbIM
nonywapmsaMm Mo3ra. OTU pasnuMunsa 3akrovatoTcsl B TOM, YTO NeBOE Mnosylwapue peluaeT
3afaJvy 3puTenbHOro OMO3HaHWS METOAOM MNocrefoBaTeribHOW Kraccudukaumm, nytem
NIOrMYecKoro aHanu3a oLeHUBAET HOBbIA OMbIT NO CPaBHEHWUIO CO CTapbiM BO n3bexaHue
owmnboK, a npaBoe - O4HOBPEMEHHbIM, CTPYKTYPHbIM METOAOM [aeT BHadyane norHoe
onucaHue un3obpaxeHun, nepexogs B nocnegywwem K 0606LEeHHOMY OnucaHuio,
OpPMUPOBAHNIO LLENTOCTHOIO NepcenTmMBHOro obpasa. Jltoan ¢ NOBbLILLEHHON aKTUBHOCTLHO
npaBoro nonywapus mosra 6onee BbIHOCNMBLI M paboTocnocobHbl. [NMpaBoe nonywapue
pearMpyeTt Ha oTpuuaTtefibHble 3MOoUUK, a NPU ero OTKIIYEHMM NPOSABRASETCA 3Mdopus.
[MonoxuTenbHble 3MOLMM BNUTbIBAET IieBOe nofywapue, a npu ero OTKIYEeHUN
BO3HUKAIOT OTpULaTeNbHbIE AMOLIUN.

YcTaHoBneHo, 4to y wkonbHukoB 10 net 3a 20 MnH paboTbl ¢ KomMnboTEPOM A0 1,5
pa3 CHWxanacb pasHuLa akTMBHOCTU NONyLlapuin rofloBHOro Mosra. OTO yKasblBaeT Ha
CHMXXEHME YMCTBEHHbIX CNOCOOHOCTENM W HapyleHue paboTbl HEPBHOW CUCTEMbI, YTO
HabniogaeTcs u npy wunsodpeHnn. M3 BbILLEN3NOXEHHOrO BUAHO, YTO NMpU BO3AENCTBUMU
OMWU y onepaTopoB, B NepByk o4vepedb, CHMKaeTca 3¢peKTMBHOCTb paboTbl COCYAOB
rOrIOBHOMO MO3ra.

[na onpepeneHus cTeneHn BRUSIHUA MU3My4YeHUS OT KOMMbITEPOB Ha HapylueHue
0OMEHHbIX NPOLEeCcCOoB NPoOBeAEH OTOOP M aHanM3 MOYM y yKadaHHbIX rpynn. XMMU4ecKui
COCTaB MOYM aHanNM3npoBarncs aTroOMHO-CrekTpasnbHbiM METOAOM Ha MHOrOKaHanbHOM
CrnekTpomeTpe. YCTaHOBIEHO pPe3Koe M3MEHEHWE XMMUYECKOro cocTaBa MO4YM B rpynne,
paboTatowen ¢ komnboTepom. Konnyectso antoMuHusa y 16-netHux 3a 20 MyH paboTbl
Bo3pacTano B 1,4 pasa; 3a 1 4 - B 2,7 pasa; 6apusa - cootrBeTctBeHHO B 1,3 1 1,8 pasa;
kKanbumsa - B 1,3 1 1,6 pasza. OTMeYeHO yBenuyeHne CTpoHUMA B Modve onepartopa 16 net
npn pabote 1 4 Ha 36%. OOHOBPEMEHHO PE3KO CHU3WUMOCL CoAep)KaHue xenesa u
docopa - Ha 30+50%. YkasaHHble Bbllle 3aBMCUMOCTU OTMEYEHbl Y BCEX BO3PACTHbIX
rpynn. B KOHTpOmMbHbIX rpynnax (He paboTawwmnx C KOMMbLITEPOM) W3MEHEHME
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cogepXaHusi MMHeparbHbIX BELLECTB 3a nepuod padboTbl C KOMMNbIOTEPOM He NpeBbIano
+ 20% 1 He HOCMNO CUCTEMHOrO xapaktepa. [ns UCKMYeHUs BIUSIHUSE MUHEpPanbHbIX
BELLECTB, NOCTyNalLWmnX C NUTaHWEM, NpU NPOBEAEHUN IKCNEPUMEHTA onepaTopbl yTPOM
He 3aBTpakanu 1 3a nepmoa paboTbl C KOMMNBIOTEPOM HE eNn U HE MU,

CnepnyeTt oTMETUTb, YTO CTEMNEHb U3MEHEHNA MUHEPANbHOMo CocTaBa MOYU 3aBUCUT
OT NPOJOSKUTENBHOCTU paboTbl M BO3pacTa onepaTtopoB. Ha B3pocnbix onepaTopos
n3nyyeHve paAencteyer cnabee, M MUHepanbHbIM COCTAaB MOYM MeEHHAeTCA 3a 2 9
HenpepbIBHOM paboTbl B cpeaHEM B 2,5 pa3a MeHbLUE, YEM Y LIKONbHMKOB 16 nerT.

M3yyanacb Takad noTpebHOCTb B MUHEeparbHbIX BeELLeCTBaX, KONIMYECTBO KOTOPbIX
onpenensnocb Mo roMeonaTn4yecknm npenapatam C nomowbio npubopa buoTtecT.
OTmevyeHa 3aBUCUMOCTb MOTPEOGHOCTUM B MUHEpanbHbIX BewecTBax OT AfUTENbHOCTU
HenpepbIBHOM paboTbl N NepBoHa4YanbHoro gecduuyunta. Tak, Hanpumep, 4O Havyana paboTbl
AeuumnT, onpegerneHHbln No roMmeonaTtuyeckum npenaparam C y4eToM HarnonHUTENs,
coctaenan 0,5 r, yepes 2 4 ero BenuunHa Bo3pactaetr oo 1,2 r wnmn B 2,4 pasa. 310
OCODEHHO BaXHO ANS XKEHWMH, TaK Kak Mo AdaHHbIM HaluxX uccnegoBaHWn B nepuog
MECSYHOro UuKna Bo3pacTaeT geduumTt kanbums, LUMHKa, xenesa B 2 - 4 pasa. [Ans geten
poOCT Aeduumta MMHeparbHbIX BELWeCcTB B opraHuM3Me elle bonee cywecTBeHHbIN. Tak,
npu pabote ¢ komnboTepom 20 MUH M NepBOHaYanbHoM gedvunte 1 r ong B3pocrbixX 3Ta
BENMYMHa NpakTU4YECKN HEe MEHSIETCS, B TO BpeMsl Kak And 16-neTHMX oHa yBenuynBaeTcs
po 1,5 r, gna 10-netHux - 0o 9,5 r. N3 BbIWEU3NOXEHHONO BWOHO, YTO M3NyyeHue,
AEeNCcTBysa Ha oneparopa, HapywaeT 0bMeH MUHeparibHbIX BELLECTB.

MwuHepanbHbIn 0OMEH HapyllaeTca n npu psae 3abonesanuin. Tak, Hanpumep, B.
JinBwmy (Poccmnda) Ha ocHOBaHMM 0OcCnegoBaHUM NOyyYun AaHHble 06 M3MeHeHuu
XMMMYECKOro cocTaBa KpoBu npu 3abonesaHunsax (tabn. 2).

M3BeCTHO, 4TO npu 3aboneBaHusiX yBenuMyMBaeTcs NOTPEOHOCTb B MUHepanbHbIX
BewecTBax (Tabn. 3).

N3 cpaBHeHus AaHHbIX (Tabn. 2, 3) BMOHO, YTO W3Ny4YeHUEe OT KOMMbITEPOB
N3MEHSIET XMMUYECKUA COCTaB MOYM aHanormyHo 3aboneBaHwsM, B MEPBY o4vepenpb,
OHKOJTOrMYEeCKNUM 1 CBSA3aHHBIM C YMCTBEHHOW OTCTAasOCTbIO.

[encreyoline caHuUTapHble HOPMbl YYUTBIBAKOT, YTO UMMYHUTET K U3MYy4YEHUAM Y
AETEN HUXe, N YyCTaHaBNUBAOT AN HUX COKpaLLeHHbIM nepuod paboTbl Ha KOMNbOTEpPAX:
oT 10 po 30 MuH B Hegent B 3aBMCUMOCTU OT Bo3pacTta. OgHako 3T TpeboBaHUA He
cobrntogalTcs, U AeTU NPOBOASAT 3a KOMMbIOTEPOM EXXEAHEBHO HECKOSbKO 4YacoB.

Kak pesynbrar BbILLEN3MN0XEHHOro, No AaHHbIM M. HoBukoBa, 4o 40% BbINYCKHUKOB
LLKOM UMEIOT OrpaHnyeHns B Bblbope npodeccuin no CocTosiHMIo 340poBbs. B nepuog ¢ 12
no 14 ner ponsa ManbyYMKOB C  MMNOXMMW  MoKasaTendaMm MexaHUYecKon namaTu
yBenuymeaetcsa ¢ 11,9 no 28,5%, a gona gesovek - ¢ 10,3 go 27,8%, a gona geBoYeK C
NNOXMMK MOKasaTenssMm CMbICNOBON namaTtn yBenunumeaetrca ¢ 94 po 19,2%. Lo
HacCTOSALLEro  BPEMEHNU HET  Hay4yHoro  O6OCHOBaHMS  OENCTBUS  U3NyveHUs
BMOEOTEPMMHANOB Ha 300pPOBbE orneparopa. ATO NPUMBOAUT K TOMY, YTO AENCTBYHOLLNE
HOPMbl MO BEMWYMHE U3NYYEHUA TMOCTOSHHO KOPPEKTUPYKTCS HaA  OCHOBaHUMU
CTaTUCTUYECKNX OaHHbIX. CyLleCTBEHHbIE pas3NnUyns B OLIEHKE BO3OENCTBMS N3NYYEHUI Ha
300pOBbLE OMNEepaTopoB CBsA3aHbl C TeM, YTO BOKPYr KoMmnbkoTepa obpasyetca OMI1 c
AnanasoHom 4actot oT 3 Iy go 300 My n He BCe OHM OOMHAKOBO AEWCTBYHOT Ha
yenoseka. Tak, ctaHgapT CLUA yxecTtoyaeT TpeboBaHMNA K N3Ny4eHUsM B guanasoHe ot 3
no 100 lu, a pag wnccneposatenen [9 n gp.] He pekomeHayeT 4vactotel go 1000 Iu.
Bbicokas genctBeHHOCTb crabbix QMU obbsicHAETCA TeM, YTO CUrHanbl B yKa3aHHOM
AnanasoHe MMWUTUPYKOT COOCTBEHHbIE CUrHamnbl KIETOK, OTAENbHbIX OPraHoOB M CUCTEM
opraHuama, ocnabnasa unu ycunmeas mx. CrnegoBaTtenibHO, HEOOXOAMMO paccMmaTpuBaThb
He TONMbKO BENUYNHY HanpsikeHHocTn OMI1, HO 1 ero YacTOTHYK XapakTepucTuky. B cesasm
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c atum ¢ 01.01.1997 r. CaHllnH 2.2.2.542.96 yctaHoBWUN JONYCTUMbIE NapaMeTpbl MO ABYM
AananasoHam 5+2 k'u n 2+400 kl'y, a He No ogHOMY, Kak BbINno paHee.

Tabnuua 2

CopepxaHve MUHepanbHbIX BeLWeCTB (B Mr/1) B LIENbHON KPOBU

CoaepxaHne HEKOTOPbIX MUHEParbHbIX BELLECTB (B MI/11) B LIENIbHOW KDOBU
INnarHos
Cu A1 Pb
OcTpebiit nevikos 85,6 712 18,2
S:eoxaquTBeHH 743 735 4.0
BoopoBble 64,2 602 32,9
Tabnuua 3

MNMepeyeHb 3aboneBaHuii, NpPU JEYEHUUM KOTOPbIX TpPebyeTcs MOBbILEHHOE

n0Tpe6neHV|e onpegeneHHbIX MMHepalibHbIX BELLECTB

Beluectso 3aboneBaHve

doccop PeBmaTtnam, runeproHnyeckas 6omnesHb, OCTpble pecnupaTtopHble 3aboneBaHusi, ynagok
HEepBHOW [AesaTenbHOCTW, 6onn B cycTtaBax, 6eccoHHMuUa, rofnoBHble 6Gomnu, nonosas
cnabocTb, NpUNMBLI KPOBUM C cepalebreHrem.

XKeneso PeBmMaTn3M, HEpPBHbIN CTPECC, MOHWKEHHbI reMOornobuH, pacCcTPOMCTBO B MULLEBOM
TpakTe, MOMOBbIX OpraHax M MOYeNonoBOW CUCTEME.

Kanbuwnin Monunbl (B HOCy, MOYEBOM Ny3blpe, MaTKe U T.4.), cnaboe pa3BUTME KOCTHON TKaHMU

AntOMUHUI OcnabneHne Mo3roBol AesTenbHOCTU, HepBHble 6onu, oblas crnaboctb, 0Cco6eHHO B

Horax, ocrnabrieHne 3peHusi, LWyM B YLIax, Katap AblXaTellbHbIX W MULLIEBAPUTENbHBIX
OpraHos.
Bapwit YMcCTBEHHasi cnabocTb, HEAOCTATOK NMCMXMYECKOro 1 hM3NYECKOTO PasBUTHS.

[ns 3awuTbl 340p0OBbs Nonb3oBaTesnien, B NepByd odepenb Aeten, Heobxoaumo
NPUMEHATb  00sA3aTenbHyld  CepTMdUKaAUMIO  KOMMbIOTEPOB  C  YCTAHOBMEHWEM
AONONHUTENbHbBIX TPEOOBAHUI NMPU NX UCMNOMBb30BaHUM B AETCKUX YYPEXKOAEHUAX.

Heobxogumo oOTMETUTb, 4YTO B NOCNegHue rogbl NosiBUNacb npaBOCnaBHas
nutepatypa O HEratTMBHOM BIIMSIHUM Ha OEeTEN TENeBM3OPOB N KOMMbIOTEPHOW TEXHUKU
[65]. ABTOp KHUrM, MpPaBOCMaBHLIN CBSALEHHUK, OTMeYyasl pacnpocTpaHeHne OyLIeBHbIX
3aboneBaHnn N nNageHWe HPaBCTBEHHOCTU Y COBPEMEHHbIX [eTel, CBA3bIBAET 3TO C
HeraTVBHbIM BO3OENCTBUMEM TOPOACKOM «KOMMbIOTEPHOM W  TENEBU3NOHHOW» cpedbl.
Mcnonb3ya matepuanbsl NEPUOOUKN, OH Pa3bACHSET, KaKMM MMEHHO 06pa3oM OKpYyKatoLnK
MUP NpPOBOLUMPYET OETCKY AyLly Ha oTpuuaTtenbHble 3MOLUUKN, B3palLUMBaET B HEW NYCTYIO
MEeJTaTeNbHOCTb N rybuTenbHble Ans Aylwun CTPacTu, Kak HAHOCUT HECOMHEHHbIN yLepd
om3n4EeCKOMY M MNCUXMYECKOMY 300pOBblo feTen. [leTckue ncuxuaTpbl UM NCUXONOory
rnonararT, YTO OCHOBHbIMWU BonesHamu geten B XXI Beke OyayT 60nesHu, cBs3aHHble C
HeraTUBHbIM BUSIHUEM TENEBU3OPOB 1 KOMMbIOTEPOB. TenesnageHne pasHbiMu cnocobamm
BOMbHO WM HEBOSMBbHO KOAMPYET noBefeHune pebeHka unm nogpocTka - 3acTaBnsieT ero
XWUTb MO 3aKOHAM 3KPaHHOro Mupa.

[McuxoreHHoe BO3AENCTBME HA YenoBeKa MOXHO MPOU3BOANUTL pPasHbIMU MeTogaMu,
Hanpumep, ¢ NOMOLLbIO LBeTa. MHorve yyeHble nccnegosanuy BAnsHUE LBETA Ha MCUXUKY.
Tect Jliowepa - oguvH M3 caMblX pPacnNpPOCTPAHEHHbIX W OOCTOBEPHbIX TECTOB.
NcneiTyemomy npeanaratoT BbiOpaTb MOHPaBMBLUMWACA LBET M3 MHOXECTBA, MOTOM U3
OCTaBLUMXCS - ONATb CaMbll NPUATHBIA U Tak aanee. Npon3Boas CpaBHUTENbHbLIA aHanus,
AenatoT BbIBOAbI O MCUXO3MOLIMOHAITbHOM COCTOSIHUM YerioBeKa U O ero 300opoBbe. ToT Xe
Jliowep pewuvn n Apyrywo 3agadvy: NpeabsBnss 4enoBeky LBeTa Mo onpeaeneHHon
nporpaMmme, U3MEHAN ero 3MouumoHarbHoe U (PU3NOMNOrMYeckoe  COCTOSIHUE.
CnepoBaTenbHO, ecnu Ansi KOMMNbITEPHOW Urpbl UCMOMb30BaTh JMLUb OCOOYHO LIBETOBYIO
raMmmy, TO MOXXHO AOBUTBCHA MHOTO.

«lMoxoxe, KoMMblOTEpPU3aUMSA Mopoauna elwe OAHYy HanacTb - npucTpactue K
NHTepHeT», - coobwaetcs B «Canadian Medical Association Journal». [oktop AHr
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Habnogana 496 nonb3oBaTenen, M3 Kotopblx y 396 6b10 BbIsIBIEHO 6GonesHeHHoe
npucTtpactne K MHTepHer.

OHa oTmeTuna, 4TO NO CBOEW NPUPoAE 3TO NMPUCTpacTMe MOXOXe Ha ankorornvMsm
NN Ha HENpPeoaonMMoe BreYeHne K asapTHbIM urpam. B xypHane nogyepkuMBaeTcs, YTO
HanbornbLeMY PUCKY NOOBEPXKEHLI Te, Y KOro 0OMa €CTb KOMNbIOTEP.

Kak nokasbiBaeT onbIT, naen 3amnTbl OT HeraTuBHOIo BNuAHUS TI moHuTopos MK n
APYron 3NeKTPOHHOW TEXHUKM BOCMNpUHUMAatOTCA TpyaHo. OgHako He Haao 3abbiBaTb, YTO
CYLLEeCTBYIOT MHOIOYMCMEHHbIE [OKa3aTenbCTBa W  (pakTbl HEraTMBHOrO  BANAHUS
MoHuTOpoB NK Ha nonb3oBaTenen gaxe nNpu HanMuuU psaa 3almnTHbBIX YCTPOUCTB B BUAE
GunbTpoB  pasnuyHon Moamdmkaumm. Hayke cnegyer 3aHATbCA  OObACHEHWEM
yrnoMsiHyTbIX dpakToB, nbo, kak rosopun W. IN. Naenos: «®akTbl - 3T0 BO3ayx Hayku. Jaxe
€CNnN OHM MOKa YTO He YKNaabIBaloTCca B pa3paboTaHHble HayKon NpeacTaBneHns».

TpagnunoHHble NPUYNHBI OBYCHOBMEHbI CMOXMBLUMMWUCS B HayKe YCOBUAMU U
OTHOCATCA He TOMbKO K BOMpOCaM 3aluTbl NoNnb3oBaTerieM OT HEeratMBHOMO BIUSHUSA
MoHUTOpPOB (1K, a NpakTn4eckn Ko BCeM 3apOoXaatoLLMMCH OTPaCIIsIM HayYHbIX 3HAHUMN.

AmepukaHcknin HaykoBend KyH B kHure «CTpyKTypa HayyHbIX pPEBOMOLMINY»
nokasblBaeT, YTO MPUHLUUNNAITbHO HOBbIE AKCMEPUMEHTasbHble pe3yrnbTaThl, KOTOPble He
yKnaablBalOTCA B OOLIENPUHATLIE TEOpEeTMYECKMEe NPeAcTaBneHus, LUIMpoKas HayvHas
0OLLEeCTBEHHOCTb HayMHaeT BOCMPWUHMMATL, Kak MpaBuno, nocne MOsABMEHUS [unoTes,
KOHLEenuun, Teopun, B paMKax KOTOPOW BO3MOXHA MX HayyHast MHTepnpeTtaums. [Jo atoro
napagokcasnbHble (pakTbl UTHOPUPYIOTCS, UX HUKAK HE YYMTbIBaOT B CBOEW AEeSATEeNbHOCTU
yyeHble. PacnpocTtpaHeHne HOBbIX MAEeW, Kak NpaBuiio, OOHOBPEMEHHO C MOSsIBNIEHNEM
HOBOIO MOKOSEHUS Y4eHbIX, CBODOAHBIX OT rpy3a NPexXHUX, OTXXMBAOLWMX NpeacTaBneHni
1N NO3TOMY CTaHOBSALLMXCA HOCUTENAMU NOen HOBOW NapagurMbl.

4.6. Bbe3onacHble YPOBHU U3NYYEHUMN.

YpoBHn OMW  mMoOHMTOpOB, cumTawwmeca ©OesonacHbiMM AONs  3400POBbS,
pernameHTupytotcss Hopmamm MPR Il 1990:10 LUBeackoro HauMoOHanNbLHOrO KOMuTeTa Mo
N3MEPEHNAM N UCNbITAHUAM, KOTOpble cumTaloTca 6a3oBbIMK, 1 Bonee XecTKMMn HopMamm
TCO 92, 95 LlBeackon koHdeaepaunmn npodcor3os.

Poccunckun HopmaTmBHBLIM OOKYMEHT [ockomcaHanuaemHaasopa «lurneHuyeckue
TpeboBaHMs K BMOEOOUCMNENHBIM TEPMUHANam un opraHmsauus paboty», «CaHuTapHble
npasuna n HOpMbI», BCTYNMBLUME B cuny ¢ aHBapsa 1997 r., NONHOCTbIO coBnNagatoT B YacTu
ypoBHen AMW ¢ TpeboBaHuamn MPR 1.

B Poccun go HepgaBHero BpemeHu cylliecTBoBas psn AOKYMEHTOB, coAepalimx
HopMbl OMW.

OHu 3HaumTenbHo yctynannm MPR Il u1 TCO 92 B xectkoctn TpeboBaHun. ITO

ybeauTenbHO nnnicTpupyeTca gaHHbIMn (Tabn. 4).

Tabnuuya 4
Jonyctnmble ypOBHU N3ny4eHut MOHUTOpoB MK
Buabl nons TCO MPR Il Hopwmaruge!
Poccuu
OnekTpuyeckoe (£) 500 (£) 500 1500 + 2000 B/m
nosne Ha paboyem mecTe
EﬁgzMﬁzggfoe ;2 B;“(,:I;::oza\:l,w 0,3m S,

P P ’ Ha paccTosiHum 0,5 | 500B/m, 50B/m
none OT LieHTpa 3KpaHa " Ha paBoYeM MecTe
L 2 N BOKpPYr MOHUTOpa i
2 + 400 kl'y BOKPYr MOHUTOpA Py P
MNepemeHHoe 250 HTn, 200 MA/Mm, 250 HTn, 200 | 1,4 kA/mM, 5000 mA/M Ha pabGoyem
MarHuTHoe 25 HTn, 20 MA/m MA/M, MecTe
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Ha paccTosiHUM 25 HTn, 20 MA/m
0,3 M OT LieHTpa 3kpaHa | Ha paccTosHWUM
n 0,5 m BOKpyr 0,5 m BOKpyr
MOHMTOpA MOHMTOpA

none
5Ty +2«klMy
2 +400 kly

Poccuinckun HUAW oxpanbl Tpyaa (MockBa) Takke npoBen menuko-duonornyeckue
nccnegosaHms Bosgencteust K Ha onepatopoB. BeblwenpuBegeHHass Tabnuua 4
UNIIOCTPUPYET pesynbTaTbl 3TUX UCCNegoBaHUN.

CnpaBegnueoctn pagu, cregyet OTMETUTb, YTO CYLeCcTBYeT MHeHue u 06
OTCYTCTBMM BIIMSIHUSA KOMMbIOTEPOB Ha 340pOBbe. HO Bce BblweckazaHHOe ybeauTensHO
noaTeepxgaet cyuectsoBaHne CKC. 3Toro xxe MHeHna npuaepxueaetca n A. B. bobpos
[8] n B. Tl. KasnaueeB [33], yTtBepxgawwmwme, 4yto TI[l - ocHoBa WHIPOPMALNOHHLIX
B3anMoOaencTBum B bmonorun.

Ha coBpeMeHHOM pbiHKe nogasnswowee O0MbLWNMHCTBO MOHUTOPOB  UMEIT
mapkunpoBky Low Radiation (Hu3koe wuanyyeHue). CambiMn 6e3onacHbIMU CYMTAKOTCA
AUcnnen ¢ yCTaHOBIIEHHOW 3aluMTOM MO MeTody 3aMKHYTOro MeTansiMyeckoro aKpaHa.
OTOT  (pmM3nYecKMn npuMHUMN  peanu3yeTca nyTeM  co3faHus  OOMOSTHUTESbHOro
MeTanIM4eckoro BHYTPEHHEro Kopryca, 3aMblKaloWerocd Ha BCTPOEHHbIN 3aLLMTHbIN
9KpaH. B pesynbrate Takux Mep 3feKTpUYeCcKoe U 3NeKTpocTaTUyYecKoe rnorne yaaercs
NOHU3NTb 00 (POHOBbLIX 3HAYEHUWN Y>KEe Ha PAaCcCTOAHUM 5+7 CM OT Kopnyca, a B cOMeTaHum ¢
CUCTEMOM  KOMMEHCauMn MarHUTHOrO Mons  Takasi KOHCTpyKuust obecneyuBaet
MakcuMmanbeHyto 6esonacHocTb Ana  nonb3oBatensd. OOMH M3 TakMxX MOHUTOPOB
MCMOMb30BasiCd B  3KCMEpPUMEHTax Mo U3YYEeHUo  (PU3NONOrMYEeCcKoro COCTOSAHUSA
oneparopa. JKCNepPMMEHTbI NoKasanu MUHUMasbHbIA YPOBEHb TOPMOHANbHBIX U3MEHEHWN
N COOTBETCTBME HOPMAaribHOMY COCTOSIHUIO (PM3MOMOMMYECKUX NoKasaTenen onepaTtopos.
MonobHble mogenu Ha 200+400 $ popoxe 06blYHbIX. OgHako M Yy MOHUTOpoB Low
Radiation HeT 3awWwuTbl OT HeEraTMBHOMO BIMSHUSE Ha MNOMb3oBaTensi TOPCUOHHOM
KOMMOHEHTbI OMW.

4.6 Pab6ortatb ¢ kKomnbloTepoMm Notebook Ha koneHsax - HeGe3onacHoe
3aHATHe.

Mpobnema OMW nopTaTMBHBLIX KOMMBIOTEPOB 3aCNYXXMBAET CaMOro CEepbe3HOro
BHUMaHMs [38]. AnekTpocTaTtnyeckoe nore u peHTreHOBCKOEe WU3NyyYyeHue OEeNCTBUTENBbHO
otcytcTBytOT Y XKK-3KkpaHOB, HO 4YTO KacaeTca nepemeHHblx AMI1, TO yTBepxaeHwe o
6e30nacHOCT NOPTaATUBHbLIX KOMMbLIOTEPOB MO 3TUM NapameTpam SABHO NpexaeBpeMEHHO.

Yacto npuxogutca chnbllaTb MHEHWE, 4YTO MOpTaTUBHbIE KOMMbLIOTEPLI TUNA
Notebook GesonacHbl Ana nonb3oBaTene M He HYXXOATCA B TakuMX AOMOMHUTENbHbIX
Mepax 3aLlmTbl, Kak NPU3KpaHHble PUILTPLI, U UX MOXHO CYMTaTb NOASIMHHO «3eNeHbIMU»
ycTpoucTBamn, cbeperawowmmn 300poBbe noger M noTpedbnawwmMmmn  3Ha4YmMTeNnbHO
MEHbLLE SHEPIUM, YEM UX ANEKTPOHHO-NYyYEBbIE COBpaThA.

B ocHoBe nogoOHbIX NpeacTaBneHUn nNexut TOT akT, 4YTO B MNOPTaATUBHbLIX
KOMMbIOTEPAX WCNOSb3YKTCA 9KpaHbl Ha OCHOBE >XWOKUX KPWUCTanmoB, KOTOpble He
reHepupyroT Bcero «byketa» BpeaHbIX W3NYyYeHUr, NpUCYyLLMX OObIMHBIM MOHMTOpPaM C
IJT.

OpHako pesynbratbl UccnegoBaHuM, MNPOBEAEHHbIX B MUCMbITATENIbHOM  LiEHTpe
cpencts otobpaxeHna mHhopmaumm «ANMNTA» n ucnbitatensHom ueHTtpe «LIUKITOH-
TECT» (r. Mockea, Poccus), nokasanu, 4yto OMW nopTaTMBHbLIX KOMMbLIOTEPOB TUNa
Notebook 3HaunTenbHO npesbIWAET aKonorndyeckne HopmaTtusbl. [lpMHMMasa BO BHUMaHue
pesyneratbl ucnbitaHum no sennumHe OMW Notebook, MOXHO npunTM B BbIBOAY, YTO
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MHOPMALIMOHHAA TOPCUOHHAsi KOMMOHEHTa HUYEM He OTAMYaeTcsl OT MOHUTOPOB Ha
ocHoBe JJ1T No ypoBHIO HErAaTUBHOIO BO3AENCTBUSA HA NOMb30OBaTENS.

Hopmatmebl wBegckoro ctaHgapta MPR I, pekomeHgoBaHHble CoBETOM
EBponeinckoro akoHommudeckoro coobuiectsa ans ctpaH EOC, pacnpocTtpaHsioTca Ha
ancnnen, cogepxawue IJIT. OgHako ecnn ypoBHU u3nyveHua ot aucnnees ¢ OJIT
HOpMUpYIOTCA ucxoas u3 TpeboBaHM ©e3onacHOCTU, TO BMOSIHE JIOTMYHO OLIEHUTb
COOTBETCTBME 3TMM HopmaM M annapatypbl ¢ XKK-akpaHamn. Begb atn K 06bI4HO
pacnonaratTcs 6nuxe K nonb3oBaTento, U, cneaoBaTenbHO, UCTOYHUKU n3nydeHns oyoyT
c 6onbluenn BEpPOATHOCTLIO BO34EeNCTBOBaTb Ha 0BMAaCTU KM3HEHHO BaXKHbIX OPraHoB
yenoeeka, Tem Oonee 4TO HekoTopble nonb3oBatenn Notebook un BoBce uMMeRT
0OblKHOBEHWE pacnonaratb CBOM KOMMNbIOTEP HA KONEHSX.

OJ1T - He eQUHCTBEHHbIN UCTOYHUK nanyyeHus IMI1. eHepupoBaTb NoNsa MOryT U
npeobpasoBatenb HanpsikeHna nutaHna (Npy paboTe OT 3NEeKTPoCceTU), U CXEMbI
ynpasneHna n opMmnpoBaHus MHopMaumm Ha guckpeTHbix XKK-akpaHax, u gpyrue
3reMeHTbl annapartypbl.

NcnbiTatenbHbimy ueHTpamn «QJIUTA» n «UMKINOH-TECT» nccnepoBaHbl 5 TMnos
nopTaTMBHbIX kKoMnbloTepoB Tuna Notebook, NponsBeaeHHbIX N3BECTHBIMU 3apybeXHBIMK
drpmamu.

N3mepeHns npoBOAMMAMCH Ha  pPacCTOsHMAX, OTCYUTbIBAaeMbIX OT  LeHTpa
KnaBuaTypbl, MNOCKOMIbKY OHa, Kak npaBwuriio, Heotgenuma oOT 9kpaHa. C  yyeTom
ocobeHHocTen ncnonb3oBaHnsa noptatMeHbiX MK gononHUTENnsHO GbINM OLEHEHbBI YPOBHM
N3Ny4EHUN Ha MEHbLUMX PaCCTOAHUAX, YeM 3TO npegycmoTpeHo ctaHgaptom MPR I
N3nydyeHne namepsanock no 8 HanpaeneHnsiM OT NOpPTaTUBHOIO KOMMbOTEPA.

Pesynbratbl U3MepeHui nokasanu, 4To B NepBOM AuanasoHe 4acToT Npu nNUTaHum
MK n OoT cetm m OoT akkymynatopa HM B OgHOM HanpasrneHun Hopmbl MPR Il He
BbIMOMHSATCA B OOMbLUINMHCTBE U3 UCMbITaHHbIX 06pa3uoB. Jlnwbe oanH Notebook (EPSON)
npyu NUTaHUM OT akKyMynsitopa COOTBETCTBOBan HopmaM. B ananasoHe BbICOKMX 4acToT
NMONoXeHMe MNoSib30BaTENsl HECKOMbKO Nyylle, XOTA NUlb OguH KomnbioTep (Samsung)
COOTBETCTBOBAS IKONOMMYECKOMY CTaHAapTy Npy 060UX pexnmMax aneKkTponnuTaHns.

Mol BUgMm, 4TO He TONbKO camoMy nosnb3oBaTento Notebook, HO 1 ero cocegam no
CaMOoSiETHbIM Kpecnam 1num no canoHy aBToMmobunsa ecTb Hag YemM 3agymaTtbCs.

Ocobyo 3aboTy O CBOEM 300pOBbE CreayeT MNpoOsiBUTb YErNOBEKY, cuasawemy
cnepean cnpasa OT Morb3oBaTtend, pabortawwero y kKomnbtotepa. MMeHHO B 9TOM
HanpaBneHun Bce nccrnenoBaHHble obpasubl u3nyvyanu Hambonee CUNbHO.

3ameTum, 4to ypoBHN SMW nopTaTUBHbLIX KOMMBLIOTEPOB MPEBbLILLAKT HOPMATUBHbIE
napameTpbl 4511 MHOMMX KOMMNbIOTEPOB C MOHUTOpPamMu Ha JJ1T. BTo 1 nNoHsaTHO. Beab ang
NOBbILLIEHUST 3NEKTPOMarHMTHon 6e3onacHocT MoHuTopoB ¢ JJIT upmMbl NpUHUMaKOT
creumanbHble Mepbl, Aa 1 NpoaaTb Takon koMnbioTep 6e3 ceptudmkata 6e3onacHOCT No
BU3yasribHbIM W 3MUCCUMOHHLIM MNapaMeTpaMm cenvac O4YeHb TpygHo. YTo Kacaetcs
NOPTaTUBHbLIX KOMMbIOTEPOB, TO Ha BCE MpearioXXeHUs NPOBECTU UCMbITAHUSA TopryroLune
opraHusaumm oteevatoT: «bepyT n Tak!».

MHoroneTHne mnccnegoBaHUA COCTOSIHUS 300POBbS MOfb3oBaTesnien annapartHo -
nporpaMmmHbix kKomnnekcoB (AlK), npoBeaeHHble ydYeHbiMM XapbkoBckoro HUW rurneHsl
Tpyoa v npod3aboneBaHnin, NO3BOMUNN YCTAHOBUTb AMCKOOPAMHALMIO FOPMOHANbHOrO,
WMMYHOMOMMYECKOro CTaTyCoB U NPOLECCOB NEPEKUCHOrO OKUCIEHUS NUNUOO0B, CTENeHb
BbIPa@>XEHHOCTN KOTOPOW 3aBUCUT OT CyMMapHOW TpyaoBOW Harpysku. PesynbtaTbl aHanmsa
ropmoHanbHoro cratyca nonb3oBatenen AlK B nonHoM wMepe cornacylTca C
3akntoyeHnem akcneptoB BecemupHon Opranusaumm 3goposbs (BO3) o Tom, uto pabory,
CBSA3aHHY0 C wucnonb3oBaHnem AllK, crnegyet paccmaTpuBatTb KakK CTpecc-gakTop.
CocTtosiHMe agpeHoKopTUKanbHOM cuctemMbl y nonb3oBatenen AlMK cBuaoeTenscTByeT o
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TOM, 4YTO Yy NnvL Monogoro Bo3pacta (CTYAEeHTOB TeXHUMYECKMX BY30B) MPOMCXOOUT ee
rmnepakTuBaumsa, a npu ctaxe pabotbl 5 net n 6onee He3aBMCUMO OT Morna coaepXxaHve
KOPTU30HA 3HAYUTENbHO CHMXKEHO, 4YTO YKasblBaeT Ha CHWXeHWe adanTauuoHHbIX
BO3MOXXHOCTEWN MUX opraHu3ma.

YcTaHOBNeHa MOBbIWEHHas 4YyBCTBUTEMbHOCTb CUCTEMbl MeTabosiMama MnosioBbIX
CTEPOMAOB K MpodeccuoHarnbHOM Harpyske: y MyX4umH, ucnonbsyrowmx AllK, mmetrorca
BblpaXXE€HHblE U3BMEHEHNSA B COAEPXKaHUM U COOTHOLLEHUW MOJSIOBbLIX CTEPOUAOB - CHUXEHME
YPOBHA  TeCcTOCTepOHa W nMoBblleHWe acTpaguona. BbigaBneHHble  aucbanaHc
rOPMOHarnbHOro cTatyca, CKMOHHOCTb MMMYHHOIO cTatyca K pasBUTUIO ayTOMMMYHHbIX
npoueccoB, WUCTOLEHUE CUCTEMbl 3HOOrEHHbIX aHTUOKCUMOAAHTOB B CbIBOPOTKE KPOBU
nonb3oBatenen AlNK npu Bo3gencTtBun (PakTopoB PU3MYECKOM Mpupoabl  Mariowu
MHTEeHcMBHOCTM (BMW, cTatnyeckoe 9SNEeKTPU4ECTBO, MSATKUMA PEHTFEH WU Ap.). 3TO
NPUBOANT K yCUNeHuto cBOBOAHO pagukanbHbIX MPOLECCOB C yBenvyeHMem Bo3pacTta (B
1,5-2 pasa npeBbllalllee  KOHTPOSbHble  3HAYeHWs), CBUOETENbCTBYOT O
npexaneBpeMEHHOM  CTapeHuM  UX  OpraHu3Ma, MNpUYMHOW  KOTOPOro  cyMTaroT
nospexgatoLee BNusiHne nepekncemn NUnuaoB Ha CUHTE3, CTPYKTYPY 1 oyHKumo OHK.

Bce BbiwensnoxeHHoe 000OCHOBbLIBAET HEOBXOAMMOCTb pas3paboTkm U BHeOpeHUs
KoMnnekca npounakTnyeckux Mep ans nonb3oBarernen.

NmaBa 5. 3awumTa norib3oBarterniev MOHUTOPOB NK "
TEeNeBU3OpoOB OT HeratTMBHOrO BIIUAHUA  TOPCUOHHOW

KOMMNOHeHTbI OMMN.
3awmTHble YCTPOWUCTBA, pa3paboTaHHble B YKpauHe W pe3ynbraTthbl
npoBepoK nx appeKTMBHOCTU

B VYkpauHe (XapbkoB, Kue, [HenponeTpoBck, Cumdepononb) OCyLLEeCTBAAIOT
LUMpOKOMacLUTabHble uMccnegoBaHWst C  LENbK  JOCKOHANbHOrO U3y4YeHUsi BOMPOCOB
HeraTMBHOIro BNNAHUA MoHUTOpoB [1K, TeneBn3opoB, OPYron 3MEKTPOHHOM TEXHUKM Ha
nonb3oBaTens, a TaKkke paspabaTbiBaloT COOTBETCTBYHOLLME YCTPOMCTBA 3aLLUTHI.

OTN wuccnepoBaHus NpoBogAT Ha 6ase npeawecTBylOWEero onbiTa HayyHo -
nccnepoBaTenbCckMx paboT, B XO4e KOTOPbIX Onpeaensnucb Kak MNo3UTMBHbIE, Tak W
HeraTuBHble Bo3aencTeus TI1 Ha Xusoe.

Hanpumep, rpynnon coTpyaHuKoB, Bo3rnaensieMmon JintenHoBbiM H.A., paspabotaH
crnocob peakTuBauuMm AUL, KOMapoOB, B COOTBETCTBMM C KOTOPbIM C LEMbK MOBbILEHWS
nNpoueHTa OT pPOXOEHUS JIMYMHOK, Shla HacekoMblX 3JKCMoHupytT 45+90 cek noAa
BEPLUMHOM MeTann4eckoro KoHyca Ha paccTodaHum 8+12 cM OT BEpPLUUHBI, a NMOBEPXHOCTb
KOHyca npeasapuTenbHo obpabaTbiBatoT MOHOXPOMATUYECKUM KOTEPEHTHBLIM U3MyYeHNEM
nasepos.

[MpoueHT KomapoB yBenuymeaeTcsa npu atom 0o 90+92% no cpaBHeHuo ¢ 51% ot
POXOEHNA B HOpMasbHbIX YCNOBUAX, T.e. 6e3 MCMNOonb30BaHMSA akTUBUPYHOLLNX haKTOPOB
npasoro TI1, reHepMpyeMoro KOHycoM.

OTa n gpyrve uccnegosarenbckme paboTbl gann umnynbc paspaboTtke npubopos
AN 3alWnTbl OT HeratMBHOIO BAMsiHMA neBbiX TI1, reHepupyembix MoHuTopamu [1K,
TeneBn3opamMmm, Opyron aNeKTPOHHOM TEXHUKON, a Takke u M13.

5.1. UHpnBuayanbHas 3awmTa.
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Cneupanuctammn HaumoHanbHoro TtexHuveckoro yHusepcuteta «KMy», OO0
«CnuHop NHTepHeLwHny, MexayHapogHom aKkagemunu BMO3HEeProTeXHONOrnm
paspaboTaHbl NpMbopbl ANs YCTPAHEHUSI HEraTUBHOMO BIIMSIHUA TOPCUOHHOW KOMMOHEHTbI
OMWU MOHMTOPOB, TENEBU3OPOB U APYron ANIEKTPOHHON TEXHUKM.

B paspaboTkax yKpaumHCKMX YYeHbIX MCNOMb30BaHbl NAen YaCcTUYHOrO paccemBaHns
N OTKMOHeHMA neBbiXx TI1, reHepupyembliX MOHUTOpPaMu, TeneBuM3opamMn U Lpyrou
9NEKTPOHHOM TEXHWKOW MNpU MX B3aMMoLenCcTBMM C npaBbiMu Tl yCTPOMCTB 3alUUTbI.
AHanorMyHo TOMY, Kak B3auMMHO BNMUAOT coBCTBeHHble Tl 30aHMM M COOpPYXEHWn C
nmHnsaMmn 13, KoTopble U3MEHAT HanpasfieHne NOCMedHMX T.0., YTO OHW CTaHOBATCH
napannenbHbiIMWU  CTeHaM. O3TUM  akTbl OblIM  YCTAHOBMEHbI  cneuvanuctamm Mo
6uonokauuu 3 r. Purn [17].

MpuvHuun B3anmogencteua Tl MoHuTOpa, Tenesusopa W cobctBeHHoro Tr1
YyCTPOWCTBA 3aLnTbl MONOXEH B OCHOBY pa3paboTku.

YcTponcTtBo 3awwmtbl nonb3oBatend MK v TeneeBusopa OT HeratMBHOIO BRAUSAHUSA
TOPCMOHHON KOMMOHEHTbI QMW MoHMTOpa npeacTaBnsier cobon reHepaTop CTaTUYECKOro
dopmosoro TI1[47, 48].

OTOT reHepaTop MOXHO OTHECTU K TPETbEMY KNacCy eCTeCTBEHHbIX MCTOYHMKOB TT1
C LMPOKNUM CMEKTPOM pPasfnyHbIX reOMETPUYECKUX CTPYKTYP, O0BpasoBaHHbIX TEMU WMn
WHbIMM BelwlecTBamu [1]. Kaxgas M3 reomMeTpuyecKkmx CTPYKTYpP MMeeT NPUCYLLY en
HEKOTOPYIO CEMaHTMUYECKYIO HanoSTHEHHOCTb.

YTo Xe NoHMMatoT Nog 3TOM reOMETPUYECKON CTPYKTYpon? TOYHOro onpegeneHms B
HacTosiLee BpeMsS He CyllecTByeT, MU Mbl BOCMOMb3yeMcsi 00WMM onpegeneHuem,
npuBegeHHbiM B [38]: «reomeTpuyeckas CTpPyKTypa - 9TO NPOCTpaHCTBEHHadA
ANHaMmMyeckasa KoHdUrypaumsa B3auMOAENCTBYHOLWMX OOBLEKTOB € camonogobvem Ha
Pa3nNYHbIX YPOBHAX reOMETPUYECKUX MacluTaboBy.

O6beKTbl, U3 KOTOPbLIX COCTOUT MUP, BKMAYaAKT B cebs, N0 MeHblen mepe, OBe
OOMHAKOBO peasibHble COCTaBMnsoLWmne - BELLECTBO U reOMeTpUYeckyto opmy, bnarogaps
KOTOPbIM 4YacTb OnpeaeneHHoro BeLecTsa U CTaHOBUTCA OO bEKTOM.

B nocnegHee Bpems npobrnembl ¢OpMbl HadYanu npuenekatb npucTanbHoe
BHUMaHME Y4eHbIX, CBS3aHHbIX C uWCcnegoBaHWAMM Mo ronorpacgpun, PdPusmyeckomy
Bakyymy.

dopma MOXeT ObITb NPegMETOM KOHKPETHO-HAYYHOrO0 U3YyYEeHUs B CUITYy TOrO, YTO
KOHKpETHble MaTepuaribHble CTPYKTYpbl BCErda MMeKT peanibHO CyLecTByloLmne hopmbl.
B cumsmnyeckom cmbicrie NOHATUE POPMbl MOXET BbITb MHTEPNPETUPOBAHO KakK BOSTHOBas
(noneBasi) CTPyKTypa, KOHTYpbl KOTOPOW 3aBUCAT OT MPOCTPAHCTBEHHbIX OCOBEHHOCTEN
KOHKPETHOro oobekTa.

YctponctBO Ana  3awmtbl  4enoBeka (PoTo 21) OT HEraTMBHOIO BIUSIHUSA
TOPCUOHHON KOMMOHEHTbI AMW BMOEOMOHUTOPOB COCTOUT, MO MEHbLUEN Mepe, U3 ABYX
COOCHO pasMeLLeHHbIX ApYr B Apyre KOHUEHTPUYECKUX UUIIMHOAPOB OO4MHAKOBOW BbICOThI,
NPOCTPaHCTBO MEXAY KOTOPbIMM 3arnofHEHO nonnumMepom (puc. 22),
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Puc. 21

roe:
1 - BEpXHAS KpbILLKa YCTPOUCTBA;
2, 3 - KOHUEHTpUYEeCKMe UMNUHAPbI OOMHAKOBOW BbICOTbI;
4 - nonumep.

B nutepatype He onucaHbl MexaHu3mbl 06pasoBaHus opMoBOro ctatmyeckoro TT1
C CEeMaHTMYECKMM HanoSfIHEHMEM, OOHaKO, MOXHO MpPeaAnonoXuTb, YTO OAHUM U3 €ro
NCToYHMKOB siBnsieTcs [A3C, BO3HMKAOLWMIA NPU COMPUKOCHOBEHNN ABYX (has.

Puc. 22

Bo3HMKHOBEHME MeX@da3oBoM pPas3HOCTU MOTEHUManoB TEeCHO CBA3AHO C
obpasoBaHmem [O3C, T.e. HECMMMETPUYHOrO pacnpefeneHns 3apsikKeHHbIX 4YacTuy y
NMOBEPXHOCTU pasgena: U3bbITOK MOMNOXUTENbHbIX 3apsgoB CO CTOPOHbI OAHOWM hasbl
coobLiaeT en MNOonOXWUTENbHbIM 3apsd, a M3ObITOK OTpuuaTenbHbIX 3apsgoB C ApYron
CTOPOHbI coobuiaeT gpyron dase oTpuuatenbHbid 3apsag. [lo-Bnaumomy, mexdasHas
pas3HOCTb NOTEHUManoB, BO3HMKAKLWAA Ha rpaHvue OByX a3, u SBNseTcs UCTOYHUKOM
nonspusaumm dusmyeckoro Bakyyma, nnu nctoyHmkom cgopmosoro TI1, B pesynbsrate Yero
BO3HMKAKOT TOPCUOHHbIE (aHTOMbl. HekoTopble npouecchl, npoucxogswune rnpu
dopmupoBaHun OI3C, oo cux NOp OO0 KOHUA He MOHATbI, Tak Kak npu 3TOM AENCTBYIOT
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Bbonee TOHKME U CIOXHbIE MEXaHU3MBbI.

OKCNepMeHTanbHO YCTAHOBIIEHO, YTO LMNUHAPBLI HENTPANU3YIOLLEro anemMeHTa 2 1
3 (puc. 22) coBmecTHO ¢ Buononumepom 4 cosgatot npasoe Tl Sk (puc. 23), B TO Bpems
Kak TopCcMOHHasa KomnoHeHTa OMIT moHuTOopa siBnaeTcs nesbim TT1.

Mecto yeranoskn "POPIIOCT-1"

Puc. 23

MockonbKy TopcMoHHaa komnoHeHTa OMIT moHuTopa siBndetca nesbim TI1, a Tl
HEeNTpanu3yLlero arnemMeHTa ABnseTcs npasBbiM, TO OHWU NPU B3aUMOAENCTBUM HYaCTUYHO
KOMMNEHCUPYIOT ApYyr Apyra NocpeaCcTBOM CEMaHTUYECKOro pe3oHaHca.

MonumepHbIM MaTepuarn, pasMeLleHHbIn B MPOCTPAHCTBE MexXay UunuHapamu,
npeasapuTenbHO NoABeEpraeTcs BO3AENCTBUIO onpenerneHHoro reHepartopa Tl B TeyeHune
BPEMEHM ero nonumepusaunmn, 4To MO3BONHAET OCYLIECTBUTb CMNUHOBYK MNONApU3aLnto
nonvmMmepa. ATOT NpPoLEecC ABNSETCA peLlaowmnmMm MOMEHTOM NpUAaHUS 3aLUTHbIX CBONCTB
npnbopy, XOTS YaCTUYHO WCMOMb3YTCA U COBCTBEHHbIE MOMS COOCHO pPa3MeLLeHHbIX
UUIIMHAPOB.

Puc. 23 a

i
P

B pesynbrate dpopmoBoe ctatnyeckoe Tl ycTponcTBa 3almnTbl 3HAYUTESBHO
YyCUNUBAETCH, YTO NnoBblaeT aPPEKTUBHOCTb 3aLLMThl. YCTPOMUCTBO 3allinThl pasMeLlaroT
B 30He aenctBus nesoro T MOHUTOpaA, NpeanoYTUTENbHO Nepes NUMUEBON YacTbio
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MOHMTOpPA T. 0., YTOObI OAMH N3 TOPLOB YCTPONCTBA ObINT HanpaBneH NnepneHanKynsipHo K
onTtuyeckon ocn AT (puc. 23 a, 6).

Kak ObIfno ykasaHo Bbllle, feBoe nofne BMAEOMOHUTOPA U NpaBoe nose yCTPonCcTBa
3aWMTbl YAaCTUYHO KOMMEHCUPYIOT APYr Apyra, a HEKOMNEHCMpoBaHHast Yyactb nesoro TI1
BWOEOMOHNTOPA OTKMNOHSETCA npaktndeckn Ha 180°, 1. e. B obnactb npaBoro Tl Sg,
reHepupyemoro  MoHuTOopoM. B pesynstate B3aMmogencTBua  NPOTMBOMOSIOXHO
3aKpyyYeHHbIX BUXpen nesoro S 1 npaBoro Sg Tl oba cywecTBeHHO ocnabnsawTcs, a
CyMMapHoe norse, 3a MOHUTOPOM CTPEMUTCS K YPOBHKO (ODOHOBOIO.

Mpnbop oNda 3awmTbl Nonb3oBaTenen OT HeraTUBHOrO BAMAHWA MOHUTOPOB [1K,
APYron 9neKTPOHHOW TEXHWKM - MaTepuanbHbI NpegMeT, npeacTaBnawwmi cobon
COMMNacoBaHHbIN HAboOp nNpaBUSIbHBIX FEOMETPUYECcKUX ¢uUryp C COOTBETCTBYIOLLEN
reoMeTpnen MnOBEPXHOCTU, co3darwmn  ¢OPMOBYIHO  CTaTUYECKYy  Nnonspusaumio
dusmyeckoro Bakyyma, npuyeMm nocnegHas  3HaYMTENbHO  yBenuyeHa 3a  cyer
yNnopsiAO4YEHHOCTN CMWHOB YacTuy, NOMMEpa UM APYroro HamnosHUTENS, 3anofHAKLWEro
BHyTpeHHee cBOob6oagHOE NpOCTpaHCTBO npudopa.

Mpnbop onga 3awmTbl Nonb3oBaTenen OT HeraTUBHOMO BNUAHUA MoHUTOpOB [1K,
APYron 3neKTPOHHOW TEXHUKM CO3AdaeT ABa MpaBblX CTAaTUYECKUX (POPMOBLIX TOPCUOHHbBIX
nons, pacrnpoCTPaHSAIOLWMNXCA B BUAE CUMMETPUYHbBIX KOHYCOB HA HEKOTOPOE pacCTosHuE,
3aBucsLLlee OT KonMuyecTBa KpeaTUBHbIX MONMEOPM - KPUINTOPOB (MaTepuarbHbIX
NnpeaMeToB C COOTBETCTBYIOLLIEN FEOMETPUEN NOBEPXHOCTH).

JleBoe none npubopa Ana 3awmTbl nofnib3oBaTesien OT HeraTMBHOIMO BRAUSAHUSA
MoHuTOopoB [MK HaxoguTcss BHYTpM npubopa; aHanornyHble nons BO3HUKAKT, €cnuv
CMNOXWUTb OCHOBaHUAMW OPYr K ApYry ABa KOHyca Unn ABe nupaMmasbl.

doT0 24

Bimstnue 3ammtHOTO yerporcrsa @oproct-1 Ha Ipouecchl KpUCTAIU3ALNH.

B vawke leTpn, Haxoguslienca B TeveHne akcrnepumeHTa 6e3 « POPITOCT-1y,
yeTko obHapyxusaetcsa BnusiHne nesoro TI moHuTopa MK Ha npouecchl Kpuctannmsaumm
NaCl, 3akntovatoLieecs B «BbinonsaHnny kpuctannuayowencsa NaCl 3a npegenbl Yalkm
[MeTpun, AOCTMXEHNN YPOBHSA AHA C BHELUHEWN CTOPOHbI (oTo 25).

B vawke [lletpn, pasmeweHHon B TeyeHue akcnepumeHta Ha «POPIMOCT-1y,
3apernctpupoBaHa, Kak W OOblMHO B HOpPMamnbHbIX TFE€O3HEPreTUYECKNX 30HaXx,
nonuKpucTannnyeckass CTPyKTypa, pasHO3EepHUCTas CO CpPaBHUTENbHO OOHOPOAHBLIM W
MOHOTOHHbIM ~pacnpegeneHnemM 3epeH, 4TO MoAaTBepXxaaeT a3deKT ycTpaHeHus
«POPIMOCT-1» BnuaHua nesoro Tl MoHMTOpa Ha npouecchl kpuctannusauum (poTto 26).

Heckonbko no3xe aBTOpoM KHUrn coBMecTHO C¢ Kypukom M. B., ArHuxotpu C. u
MBaHoBon Jl. A. O6binuM npoBegeHbl aHanoOrm4yHble 3KCMEPUMEHTbI, HO HECKOSbKO
mMogepHusnpoBaHHble. Ecnun Cemurnasosbim B. B. n BonTtkeBuyem 3. B. yawku lNetpu ¢
pactBopoMm NaCl dwukcmpoBanuce B TI1 MOHMTOpaA M 3KCMNOHMPOBANMUCb B HEM [0
OKOHYaHUS NpoLeccoB KpuctannoobpasoBaHusa, TO B HaWeM cryyae, Kpome uvallek
MeTpu, npogoyuunpyowmnx cnaboe npasoe popmoBoe cratnyeckoe TI1, ncnonb3oBanucb u
cocyabl B BUAe ONMHHOMO UMNUHApPa, co3garwme cnaboe nesoe oopMOBOe cTaTndeckoe
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TM (dpoTo 27).

doTo 25 doTo 26

Llenbto akcnepumeHTa ObINO yCTaHOBNEHNE OCODEHHOCTEN AMHAMUKM NPOLECCOB
KpucTannusauumn B cocyaax ¢ pa3HbiMn cO6CTBEHHbIMU T

|

g "
= '-_'. f'r
®doT0 28

Okasanocb, 4TO 3apoXaeHue npoueccoB Kpuctannusaumm B yvawke [letpu
Habnoganocb BAonb BuxpeBoro notoka nesoro Tl moHutopa lNK (poto 28), B TO Bpems
Kak B cocyde B Buae ANUHHOMO UunmMHApa npouecchl KpucTannuv3aumm HavyvHanucb B
NAOCKOCTU, NePNEHANKYNAPHOM NOTOKy niesoro Tl moHuTopa (doto 27).

OTn pesynbratbl TPEOYOT AaNbHENLLEr0 OCMbICIIEHNS U OObSCHEHMWS, OOQHAKO, yXe
ceryac SCHO, YTO HauvanbHble CTaguMu arperauum Mosekyn crnocobHbl 3adumkcMpoBaTb
Bo3genctene cnabbix hopmoBbIx cTaTudeckmux TI1, doopMmpyembix siHerkaMn, B KOTOPbIX
ocyllecTBnserca Kpuctannmsauus. HeobxogumMo OTMETUTb, YTO 3TKM  pesynbraThl

86



yKa3blBalOT HA BO3MOXHOCTb CO34aHus ewe OOHOro MyTu SKCNepUMEHTasnbHbIX METOOUK
ansa padotsl ¢ TT1.

CyTb KX 3aknyaetrcs B TOM, YTO NO napameTrpam BblpawleHHblIX B TIT CTpyKTyp
MOXHO CyOUTb O CBOMCTBaxX TOPCUOHHOIO B3aMMOAENCTBUS.

PaccmoTpum HekoTopble pe3ynbratbhl UcnbiTaHun «POPMOCT-1».

NcnblTaHna, npoBedeHHble B YKPAWHCKOM  HAYYHO-TUTMEHUYECKOM  LEHTpe
MwuHucTepcTBa 3gpaBooxpaHeHust YkpaunHbl n B LleHTpe gobpoBonbHOM cepTudumkaumm
«MIPAY, (r. Knes, YkpanHa), cBUOETENLCTBYHOT O TOM, YTO HUKAKUX M3MEHEHUIN COCTOSIHUSA
30,0pOBbSA foAen, paboTaroLwmx ¢ YCTPOMCTBOM 3aliunTbl, He Habnganocs.

NccnenoBaHnst oCyLecTBAANUCE HA MOHUTOPax WHOCTPAHHOIO MNpOM3BOACTBA C
OLMHAKOBOM CTENEeHbl 3aluTbl OT M3BECTHbIX BPedHbIX Af1s1 OpraHu3ama M3nyYdeHun.
Mepen Havanom akcrnepumeHTa 6bino onpegeneHo (no metoaumke dPonns) CocTosiHME
300pOBbs Kaxaoro u3 nonb3oBatenen. Metoguka P. donna xopolwwo 3apekomeHgoBana
cebs B MUpe 1 nmeeT onpegeneHHoe teopetnyeckoe obocHoBaHue [63].

[Mpn npoBeaeHNN UCNbITAHUIW NPUHMMAK y4yacTue:

- MUHCKMI panoHHbIN guarHOCTUYECKUA LeHTp I. Knesa;
- HaunoHanbHbIM TexHnyecknin yHmuepcnuteT YkpanHbl « KM ».

Lenb ucnbitaHun.

Onpepenntb BpegHoe BnusiHne TUW kuHeckonoB MoHuTopoB (1K u onpegenutb
a(peKkTMBHOCTL 3awmTbl nonb3oBatenen MK oT Hero ¢ nomouwbi ycTpoucTBa Afis
3aWMThbl YenoBeka OT HEraTUBHOMO BIUSAHUSA BUOEOTEPMUHANOB, TEMEBM3OPOB M OPYron
obiToBon TexHUkn « POPIOCT-1».

Mporpamma n meToauka UCNbITaHUN.

NcnblTaHna onunucb B TedeHne 2 4 B Tpex BblIOpaHHbIX ANS 3TOro NOMELLEHUSX.
Paboune mecta Gbinn pacnonoxeHbl Tak, 4Tobbl MK 1 nonb3oBatenn He Haxoounuchb B
[M13. PacnonoxeHne paboymx MEeCT BbIMNOMHEHO C MOMOLLBID KOMMMekTa GuoTeH3opoB
MeToaoM buornokaumu.

[Mepea Hayanom mcnbiTaHun no metogy Ponnsa ¢ yd4eTom Tpex nokasarenen 6biro
obGcnenoBaHO COCTOsIHME 300pOoBbs 6 4ernoBek M BblbpaHbl 4, KOTOpPbIM NPeacTossio
paboTaTb C YCTPOMCTBOM ANA 3alUUTbl OT TOPCUMOHHOW KOMMOHEHTbI U3My4YeHUss MOHUTOpAa
MK n onpegeneH ypoBeHb COCTOSIHMSA 300POBbS MO TPEM NOKa3aTensiM.

BbibpaHbl cnegyroLwmne nokasatenn 340poBbA:

- cymmapHble  (obwme  nokasaTenn  COCTOsSIHMS  OpraHuama)  napameTpbl
3NEeKTPoaKkynyHKTypHou anarHoctukm (CM3);

- COCTOSiHUE UMMYHHOW cuctembl (Um);

- COCTOsiHNE HepBHON cuctembl (HC).

B ucnbiTaHusix yqactBoBanu 6 Yyernosexk:

C 1-ro no 4-binn - pabotanu Ha [NK 6e3 ycTponcTBa 3awmnTbl, 5 - 6 - pabotanu Ha MK
C YCTPOUCTBOM 3aLUMTHI.

Ncnbitanma Havanmnee 05.02.97 r 8 10-00. N3mepeHns napameTpoB NpoBOAUINCH C
nHtepsanomMm 5 (10) MuH, B NpoLecce UCMNbITaHUN yCTaHaBMMBANOCh YCTPOWNCTBO 3aLUUThI
(cm. NMpumeyaHme B Tabn.7+12).

Tabnwuua 7

[aHHble obcnegoBanus (ycn. eq.) 1-ro

Bpemsi, MUH cnaj Um HC MpumeyaHue
1E~08 45/50 50/42 40/40

ncxogHble AaHHbIe
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5 25/22 40/30 | 38/40
10 25/20 30125 [ 30/30
YCTaHOBMEHO YCTPONCTBO 3aLLMUThI
10 30/25 35/35 [ 30/30
Tabnuua 8
[aHHble obcnegoBaHus (ycn. eq.) 2-ro
. Bpemsi, MUH cnapg Um HC MpumeyaHue
1800 45/50 4035 | 40135
NCXogHble JaHHbIEe
10 35/40 38/30 | 30/30
YcTtaHoBNEeHo yCTpOVICTBO 3allUThbI
15 45/50 40/40 [ 30/30
Tabnuuya 9
HaHHble ob6cnegoBaHus (yen. eq.) 3-ro
Bpewms, MuH cnaa Nm HC MpumeyaHue
-0 45/50 50/55 | 45/45
ncxogHble JaHHbIe
5 30/30 45/40 | 45/42
YcTaHoBNeHo yCTpOﬁCTBO 3aLlUnThI
10 32/32 45/50 | 42/40
Tabnuua 10
[aHHble obcnenoBaHus (ycn. ea.) 4-ro
Bpemsi, MuH cnaa Um HC MpumeyaHue
e 50/50 58/60 | 55/55
NCXOOHble JaHHbIe
5 45/40 55/55 | 55/55
Tabnuua 11
HaHHble o6cnepoBaHus (ycn. eq.) 5-ro -
paboTa C 3aUTHBbIM YCTPONCTBOM
Bpemsi, MuH cnag Nm HC MpumevaHune
e 48/50 5050 | 40/40
MUCXOOHble AaHHble
5 48/50 50/50 | 40/40
10 48/50 50/50 | 42/42
Tabnuua 12
HaHHble o6cnepoBaHus (ycn. eq.) 6-ro -
paboTa C 3alMTHbIM YCTPONCTBOM
Bpemsi, MUH cnafj Um HC MpumeyaHue
L0 45/45 45/45 | 35/35
UCXOAHbIEe JaHHble
5 50/45 45/45 | 45/40
15 45/45 50/50 | 45/45

O6HapyXeHO, 4TO (paKTopbl puUCKa, CBsA3aHHble C Bo3gencTBMem nesbix T[1
MoHuTopoB [1K, B TOM uucne Bnusawwmne Ha obllee COCTOSHWME oOpraHuaMa u
paboToCnoCOBHOCTb, C  OAHOW  CTOPOHbI,  OMNpedensawTcs  UHAMBUAYaASTbHbIMU
XapakTepucTMkaMmy oOpraHuamMa u TMCUXWMKM YenoBeka, C Opyron - cneunguyeckum
«cnekTpomy» nesbix TI1.

Pesynbratbl aHanu3a COCTOSHUSA 300pOBbsA MCMbITyeMbix (nonb3osatenen [1K),
KOTOpble ObIfn 3aluLeHbl OT HEraTMBHOIO BIUMAHUSA TOPCUOHHOW KOMMOHEHTbI NU3Ny4YeHuin
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MoHuTOopa [1K, CcBMAETENLCTBYOT O 3HAYUTENbHOM OCnabneHun 3TOro  BIAUSAHUA.
[Moka3aTenu COCTOSIHMA WX 300pOBbS Ha MNPOTSHKEHWUM BCEro BPEeMEHM UCMbITaHWUi
CYLLECTBEHHO HEe MW3MEHWUNIUCb, B TO BPEMS KaK nokasaTenn COCTOSIHUS 300pOBbSA
opraHuama He 3alMuleHHbIX YCTPOMCTBOM nonb3oBatenen (MK vmenn TeHOeHUuo K
MOHWXXEHMIO CO BpeMEHeEM. 10 cpaBHEHMIO C MCXOAHBIMW JAHHBIMW NOKa3aTenn COCTOSHUSA
nx 300poBbs yxyawmnuce Ha 20+40%.

BbiBoAabI:

1. Pesyneratbl ucnblTaHW nokasanu, 4To YCTPOWMCTBO AN4A 3alMTbl Yenoseka oT
HEeraTMBHOIO BIIUMSIHUSA BUOEOTEPMUHANOB, TENEBM3OPOB U APYron GbITOBON 3NEKTPOHHON
TexHukn «POPIMOCT-1» 3Ha4YMTENBbHO YMEHbLUAET BIIUSAHUE TOPCUOHHOW KOMMOHEHThI
N3Ny4eHUn MOHMUTOPOB Ha Morib3oBaTenen.

2. YCTpOWMCTBO 3alunTbl MOXET ObiTb PEKOMEHAOBAHO Kak MNpodunakTmyeckoe
CPencTBO AN YCTpaHEeHWsA (PakTOpPOB HEraTUBHOMO BIIMSIHUA TOPCMOHHOW KOMMOHEHTbI
N3Ny4eHUn MOHUTOPOB U APYruX 3NEKTPOHHbIX NpMbopoB.

Mpn Gonee petanbHOM uccriegoBaHUM GUOMOKAUMOHHBIM METOAOM pPe3ynbTaToB
B3aumogencteus nesoro Tl MoHuTOpa M npaBoro T[Nl ycTponcTtBa Ana 3awmTbl
BbISICHUITOCb, YTO YacTb nesoro Tl nameHuna ceoe HanpasneHue Mo Ayre OKPYXHOCTU
npaktuyeckn Ha 180°C, Te. kak Obl oOTpasunacb WM nonagana B npasoe nore,
Haxogsweecda 3a MOHUTOpPOM. B pesynbrate B3aMMOLENCTBUS  MPOTMBOMOSIOXKHO
3aKkpyyeHHbIx Buxpen Tl oba cyuwiectBeHHO ocnabesatoT, a cymmapHoe Tl 3a MOHUTOpPOM
NPaKTUYECKN paBHO (OOHOBOMY YPOBHIO.

Ana 6onee 4eTkoro npeacTaBneHMss O pesynbsrtatax ucnbiTaHui npubopa
«®OPIMOCT-1» npuBOOMM HECKOMbKO pacliuMpeHHoe onucaHue wmetoaukm donng,
MOCKOSbKY OHa MOXET ObITb HEM3BECTHA YMTaTENHO.

B xome npoBeneHHbix donnem nccneaoBaHU pPasfMyHbIX aKynyHKTYPHbIX TO4Yek
ObINn  onpedeneHbl  nokasatenu, COOTBETCTByWOLWME  «Hopme». [lpubop JSAP
(«anekTpoakynyHTypa no donnt») UCNonb3yeTcsa He ONs BbISABMEHUSA 3NEeKTPUYECKOMn
CMMMETPUM TOYEK NapPHbIX MEPUAMAHOB, a 4SS U3y4eHUsi NapamMeTpoB OTAENbHbIX TOYEK.

YpOBEHb 3MNEKTPUYECKOro NoTeHuMana KOHKPETHON akynyHKTYPHOW TOYKN OTpaxaeT
SHEepreTMYeCKMn ypoBEHb OpraHa (OpraHoB), CBA3AaHHOMO (CBA3aHHbIX) C COOTBETCTBYHOLLMM
mepugmaHoMm. OTKMOHEHME BEeNWYUHBbI MNOoTeHUuMana OT HOPMbl HECeT BaXKHEeNLUyto
NHopMaunio 06 nmerowmxca AMcyHKLUMSAX opraHa.

Hanpumep, NOHWXEHHOE HanpsbkeHue B  aKyNyHKTYPHOM TOYKe MOXET ObiTb
BbI3BAHO NaToONorMen CBA3aHHbIX C HEeN OpraHoB, NMMBO KaKUMU-TO BHELLUHMMU YCIOBUAMM,
CHMXaLWMMN  OBLLYK  XM3HECNOCOBHOCTL opraHmama. WM HaobopoT, MoBbLILWEHHOE
HanpskeHne, BEpOSITHO, YKa3bIBaeT Ha HannymMe BocnanuTenbHOro npolecca.

[ononHuTtensHyo nHpopmaumo o opme 3aboneBaHus (ocTpasi UM XpoHn4yeckas)
[AeT U3yYeHue peakuun akynyHKTYPHOM TOYKM Ha 3SMEeKTPUYECKYH CTUMYMSLMIO.
MepekntoumB npudop Ponna Ha pexmm JNeYeHUs, MOXHO BO3AENCTBOBATb HEBOMbLUNM
TOKOM Ha OCrabneHHyr akynyHKTYpPHYHO TOYKY W CBS3aHHbIA C HEW MepuamaH,
CMOCOBHOCTb KOTOPOro BOCMPMHMMAaTb MOCTyMNallne U3BHE TOKM 3aBUCUT OT TSHXKECTU
3aboneBaHnsa. B cnyyae BaAnoro TeyeHuss 6onesHnm wunum Hebonblioro ocnabneHus
XN3HEeOEeATENbHOCTM OpraHn3ama BO3MOXHA ero «nogsapsaka» yepes afekTpoLyn - npu
9TOM MpPOMCXOAUT CTUMYNUPOBaHME TOYKM C MOHMXKEHHbIM noTeHumnanom. Ecnu
HapylweHne Bbi3BaHO ©Oonee Tskenonm  (XpoHuyeckon) copmon  3abonesaHus,
BOCCTaAHOBMWTb 3a KOPOTKWUIA NepMon BpeEMEHN NapameTpbl TOYKU ropasfo CroXHee.

Mpnbop SAP nosBonsdetr nonydnTb 6Gonee pAetanbHyl WHGOPMaUUK O Tune
nmetowenca gucyHkuum opraHa. KMccneposatenu yTBepXgawT, 4YTO MM yganocb
OOHapyXUTb TECHYI0 CBSA3b MexXay napameTrpamMu pacrofioXeHHbIX BAOMb MepuauaHa
COOTBETCTBYIOLLErO OpraHa akynyHKTYpPHbIX TOYEK W KOHKPETHbIMM OCOBEHHOCTAMMU
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PYHKLUMOHNPOBaAHUA oOpraHa. AHanuanpysa anekTpuyeckue noTeHumnansl OTAenbHbIX
aKyNyHKTYPHbIX TOYEK, PaCnoOfIOKEHHbIX BAOMb ONPEeAEneHHOro MepuavaHa, MOXHO
nonyyYnTb NoAPOOHY MHGOpMauuto o0 paboTe opraHa.

Mpnbop OAP cnocobeH NMOMOYbL NPOBECTM BeCbMa AeTallbHY 3HEPreTU4ecKyto
«MHBEHTapM3aLnio» PYHKLUUIN pasnmyHblix opraHoB. OTKNOHEHUS (B TY WU MHYKO CTOPOHY)
9MNEKTPUYECKNX MapamMeTpoB COOTBETCTBYIOLLEro MepuaMaHa OT HOPMarbHOMO YPOBHS
cnyxaT MpU3HaKoM Hanuuus OereHepaTtMBHOrO MMM  BOCManMTeNnbHOro mnpouecca B
nccnegyemom opraHe. MOXHO AeTanMsmpoBaTth AaHHbIE, U3MepPSAs napameTpbl pasfmnyHbIX
aKyNYHKTYPHbIX TOYEK, PacnofiOXEHHbIX BOONb MepuanaHa. ObcnegoBaHne nauueHTa c
nomoubto npmubopa donna Tpebyet ropazao Gonblle BPEMEHU, YEM NPU UCMNONb30BaHWUU
ApYyrux npubopos, TeEM He MeHee, 3TO BMNOSIHE KOMMEHcUpyeTcsa bonblien getanvsaunen
nonyyaemom wuHgopmauuun. lNpnbop donna He NpocTto cnocobeH amMarHoCTMpoBaTb
HanuuMe Tex WU WHbIX HapyLWeHWn B OTAENbHbIX CUCTEMAX OpraHu3ma, a 3a4acTylo
NMO3BONSAET HAWTU WUCTUMHHbIE TMPUYMHBI SHEPreTUYEeCKON AUCKYHKUMM U HaMETUTb
BO3MOXHbIE NMYTU U3NEYEeHUs.

B pabote npubopa IAD ucnonb3yetca sBneHMe OMONOrm4yecKkoro pesoHaHca,
LUMPOKO BCTpevatoweecss B npupoge. Kak Mbl 3Haem, B aTome 3MNeKTpOHbl BpallarTcs
BOKPYr s4pa rno onpeaerneHHbIM opbutam n anga nepexoga anekTpoHa ¢ HU3Kon Ha bonee
BbICOKYI0 OPOUTY OH JOSMKEH MOrNoTUTb KBAHT 3HEPrun onpeaeneHHon YactoTbl. B cnyyae
nepemMeLLeHnsa C BbICOKOW Ha Bornee HU3Kyr opbuTy SMEeKTPOH M3NydaeT KBaHT 3Heprum
TOYHO TaKOM K€ 4acToTbl, Ha3blBAEMOMW «4aCTOTOW pe3oHaHcay». ATOMbl U MOMEKynbl
NMeKT 0CcoOble pe30HaHCHbIE YacToThbl, HO BbI3BaTb PE30HAHC CMOCOOHA TOMbKO 3Heprus
CO CTpOro onpeaeneHHbIM1 BUOPaLMOHHLIMU XapakTepPUCTUKaMMU.

Hanpumep, neBeu, B3SIB BbICOKYIO HOTY, BNOSIHE MOXET pa3butb Bapedesrn 6okan -
npy yCrioBMM, YTO 3Ta HOTA TOYHO COOTBETCTBYET PE30HAHCHbLIM XapaKTepUCTUKaM 3TOro
6okana.

MeaonuuHckne wucnbitaHna  usgenus  «POPIMOCT-1»  npudopom  «Komnnekc
MEOVLUMHCKMIA aKcnepTHbIn», TY B 33.1-2138413028-001-2003 (B panbHenwem - KM3)
npoBegeHbl Ha 6ase nabopatopum MeauKo-KOHCYNbTaTUBHOIMO LeHTpa (PYHKLMOHANbHON
ANarHOCTUKM N MHpopMaunoHHon Tepanmm «ABBA» (r. Knes, YkpauHa) ¢ 22 mas 2003 r.
no 23 mast 2003 r.

NcnbiTaHna nposogunuck npubopom KMO, npeaHasHayeHHbIM Ans NpoBeneHUst
ANarHoCTUKM € UCMofb3oBaHMEM  MmeToda  dukcaumm BMOMHIOPMALMOHHbBIX
Xapaktepuctmk obbektoB (nateHT YkpauHbl Ne54310A ot 17.02.2003 r.). O6nacTtb
NPUMEHEHNS - MUKPOBUONOrns, MeguuMHCKas gMarHocTumka.

CbéM napameTpoB opraHM3mMa unu BeLlecTsa NpoM3BOAUTCS B TedeHue 3-X CeKyH[
NPUKOCHOBEHMEM K BXOAHOMY 3MeKTpody KOMMJekca 4epe3 CTepunbHyt candeTky, C
BO3MOXHOCTbIO  JdarnibHenwen nposepkn opraHmama no 56000 napameTpos.
MpenycmMoTpeHa BO3MOXHOCTb MOCTOSIHHOIO paclumpeHusi 6a3 1 konmyectesa napaMmeTpoB
nccnepoBaHus. Cuctema UKCUpPYeT M aHanuM3uMpyeT SMeKTPUYECKYHD COCTaBMSAOLLYIO
COOCTBEHHbIX KonebaTenbHbIX MPOLECCOB C YYETOM MPOUCXOOSALUMX B BELLECTBE UMK
opraHusme (B3aMMoOAenCcTBME aTOMOB, MOJSIEKYSl, MOHO- U MOSIMMEPOB, KMETOK, OpraHoB
mexgy cobon n opraHMaMa B LIEeNIOM € dpakTopaMu oKpyxatowen cpeabl (eabl, ogexapl,
aTmocdepbl 1 ap.). 3adukcmpoBaHHbIN Ananas3oH paboymx yactor 0,001 Mu+338 Ty ¢
amnnutygon ot 0,01 MkB.

OdmumanbHO 3anpoTOKONMPOBaHHbBIM ananasoH paboymx yactot ot 0,01 Mu+1 My
C amnnmTyaon ot 1 MkB.

Cuctema BbINOMHeHa B Kopryce KomnbtoTepa «Laptop» € coxpaHeHuem
rabapuTHbIX pa3mMepoB N C COXPaHEHMEM CTaHAAPTHbLIX YHKLUMI KOMNbOTEpa.

Cuctema npowna nMOMHbIA  KOMMMEKC aTTeCTauMOHHbIX — UCMbITaHUKW,  Kak
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TEXHUYECKNX, TaK U MEAUUMHCKNX, B BEAYLMX aTTeCTOBAHHbIX HAaY4YHbIX WU Hay4HO-
MEOVLMHCKMX ydpexaeHnsax YKpauHbl (KneBckun MHCTUTYT aBToMatukn, WHCTUTYT
TpaHcnnaHTonormm n xmpyprum AMH YkpauHel u gp.). B HacTosilwee BpeMa gUarHOCTUKY U
neyeHne C npuMeHeHmeM cuctembl npownu 6Gonee 3400 nauMeHTOB W MNOMYyYeHb
nonoXxuTesrnbHble pesynbtatbl B 6onee yem 95 % cnydyaeB M 9TO C Yy4ETOM TOro, YTO
cMcTeMa HaxoamuTCHa B Ha4arnbHOW CTauMu CTaHOBIEHUS.

UcnbiTaHua Bo3pgencteua «DOPIMOCT-1».

[ns npoBegeHns ncnelTaHMn npurnaweHa rpynna 16 4enosek pasHOM BO3pacTHOW
kateropumn, 6e3 ABHbIX NaToNnorn4yecknx sabonesaHuin.

Bpewms nposeaeHus ncnoitaHmin ¢ 9-00+18-00.

[Mpoeepka npoBogunacb 22 masa 2003 . nNpu BO3AENCTBMM HA UCMbLITYEMbIX C
paccToaHnsa 1 M, MOHUTOPOM «Samsungy, Teneesn3opom «Panasonic» 6e3 ncnonb3oBaHUA
3awmtHoro yctpouncte «POPIMOCT-1» (tabn. 13), a 23 masa 2003 r. - ¢ NCNonb3o0BaHNEM
3awmtHoro yctponctB « POPITOCT-1», KoTopbI Bbin YCTAHOBMNEH MEXAY UCNbITYEMbIM U
MOHUTOPOM (3KpaHoMm) (Tabn. 14).

Bpewms Bosgenctemsa - 30 MUHYT.

[MpoBepka npoBoamnack No nokasatenam: odpranbmonorus (Od.), cepaedHo-cocyaucTas
(C-C), nmmyHHasa (M) cuctemsil.

Mpwn pabote Obina npeanoxeHa popma oTyeTa:

v "-" - oTpULaTenbHbIN NokasaTers,

v "0"- dmkcaums «6e3 aMeHeHun».

Tabnuua 13

Pesynbratbl ucnoitaHui 22.05.2003 r.
Vicnes Bos MoHwuTop, MokasaTtenu
Tyem KM3 5
i pact | TeneBu3op nocne Bo3gencTBus
1 18 «Samsung» O¢p. C-C. Um. DT T
2 23 «Samsung» O¢p. C-C. Um. W mm
3 23 «Samsung» Od. C-C. Um. W W nw
4 26 «Panasonic» Od. C-C. Um. wn nn nu
5 40 «Panasonic» O¢p. C-C. Uwm. g
6 23 «Samsung» Od. C-C. Um. W nn ww
7 25 «Samsung» Od. C-C. V. nn mgr e
8 23 «Panasonic» Od. C-C. Um. wn own nu
9 36 «Panasonic» Od. C-C. Um. T T
10 24 «Panasonic» Og. C-C. Um. nn g v
1 22 «Panasonic» Od. C-C. Um. nnomgn e
12 42 «Panasonic» O¢p. C-C. Um. o mgr ge
13 46 «Samsung» O¢. C-C. Uwm. W nw nn
14 18 «Samsung» Og. C-C. Um. o own ww
15 27 «Samsung» ch C-C. Uwm. W o w_n
16 30 «Samsung» O¢p. C-C. Um. o oww

Tabnuuya 14

Pesynsratbl ucnoitadui 23.05.2003 r.
Ucnbl
Tyem — Monurop, KM3 Mokasatenu
BIVA pact | TeneBu3op nocre BO3Ae1CTBUSA
1 2 3 2 3
1 18 «Samsung» Od. C-C. Wwm. "o" "Q" "t
2 23 «Samsung» O¢. C-C. Um. ngrngr e
3 23 «Samsung» O¢. C-C. Um. o mgr gn
4 26 «Panasonic» Od. C-C. Um. "t Q" "o"
5 40 «Panasonic» Od. C-C. Um. "or Q" "Q"
6 23 «Samsung» O¢. C-C. Um. W g Q"
7 25 «Samsung» Og. C-C. Vm. T mor o
8 23 «Samsung» Od. C-C. Um. "t Q" "o"
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9 36 «Samsung» O. C-C. Um. "0 "0" "0"
10 24 «Samsung» Odp. C-C. Um. "g" "Q" Q"
1 22 «Samsung» O¢. C-C. Um. """ Q"
12 42 «Samsung» O¢. C-C. Um. """ Q"
13 46 «Samsung» Od. C-C. Um. wnoowge o g
14 18 «Samsung» Od. C-C. Um. w ngr Q"
15 27 «Samsung» O(jb C-C. m. unowge o wge
16 30 «Samsung» ch C-C. m. un o wgw o wge

T. 0., NnogbITOXMBaAA pe3ynbrartbl, NpMBeAeHHbIe B Tabnuue 13, MOXHO 3aMeTuTb,
4YTO BO3QENCTBME MOHMTOpPA Ha 4YenoBeka 6e3 3aLMTHOrO YCTPOMCTBA OTpULATESNBbHO
CKa3blBaeTCs NPakTUYECKM MO BCEM TPEM MoKasaTensam.

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

Pesynbtathl, npuBegeHHble B Tabnuue 14 nokasbiBaeT SBHbIM 3pdeKT 3awmTbl npu
ncnonb3oBaHun 3awmTHoro yctponctaa « POPIOCT-1».

1. Odbranbmonorus - 62,5%;

2. C-C-100 %;

3. M - 87, 5%.

BbiBoA:

3awmtHoe yctponctBo «POPIOCT-1» MOXeT OblTb pPEKOMEHAOBAHO Kak
npodunakTMmyeckoe cpeacTBo AN YCTpaHeHUs ()akTOpOB HEeratMBHONO BIIUSHUS Ha
nonb3oBaTenss TOPCUOHHOW KOMMOHeHTbl 3OMW monutopa [K, akpaHa TV, pgpyrou
SNEKTPOHHOW TEXHWKW; B YaCTHOCTU, AN YMEHbLUEHUS BO3AEUCTBUSA YNOMSHYTbIX
N3Ny4YeHU Ha 3pUTENbHbIM aHann3aTop, CEPAEYHO-COCYOUCTYIO N UMMYHHYIO CUCTEMBI.

Ewe ogHa nposepka BnuaHus ycTtponctea «POPMOCT-1» Ha cocTosHMe
300pOBbS  MOSb30BaTeNs, pPacnosioKeHHOro BOMAM3M  MOHUTOpa KoMMbloTepa, 6bina
ocyulecteneHa B. N. CtaBuukum, K. T. H., CTapLUMM Hay4YHbIM COTPYAHWKOM nabopatopum
ouononen LleHTpa ®yHaameHTanbHbix WccnepgoBaHun Akagemun ECTeCTBO3HaHUA B
doeBparne 2000 r.

B npotokone wucnbitanmn «POPIOCT-1» ykasaHO, 4TO B pe3ynbrate HayyHo-
TEXHMYECKOro nporpecca BoO3pacTaeT akTyanbHOCTb MpeaynpexaeHna 4YerioBeka o
BO3MOXHOCTW OMACHbIX TEXHOMEHHbIX BO3AENCTBMIA. He uckntoveHa onacHOCTb N HEABHbIX
BO3ENCTBUN Ha 4YeroBeKka, KOTOopble He OOCTYMHbl KOHTPOMIO B peasibHOM BPEMEHU, HO
MOryT Bbl3BaTb HEOBpaTUMbIE HapPYLLUEHNS 300POBbs BMOCNEACTBUN.

B cBSA3M C 9TMM BO3MOXHbl€ MepbI 3alLnTbI YeroBeKa OT HEABHbIX BO3AENCTBUN YXe
npuHumatotTca. B kayectBe OQHOrO M3 CpPeAcTB 3aluTbl, B YACTHOCTU, OT TOPCUMOHHOM
KOMMOHEHTbI U3fydYeHUn  MoHuTopa npeanaraetca yctponctso «POPIIOCT-1». Ho
BbisiBfieHMe adhdpekTa 3almnTbl B NpoLecce BO3AENCTBUS OCIIOXKHEHO B 3TOM Criydae Tew,
4YTO (paKTOpbl Kak BO3OEWCTBUA Ha 4YenoBeka, Tak U ero 3awuTbl He OOCTYMHbl Af1S
NPsSIMOro HabngeHus.

B cBs3M € aTMM AN pelleHus 3agadn UCnonb3oBascs pernctpupyrowmn npnbop
HOBOrO MOKoNeHust «3Onetponcuxorpada» [60]. W3BecTHble npsimMble CROCOOLI
nccnegoBaHUs NPoOLECCOB U COCTOAHUIN YeroBeKa rnpy NOMOLLM 3IIEKTPUYECKUX CUrHanoB
NO3BOMST U3MEPSATb TONbKO 3HEPru0 HOCUTENS NHOPMaLUW.

B otnuumne oT HuUX pencrteue «ncmxorpadpa» OCHOBAHO Ha KayeCTBEHHO HOBOM
cnocobe u cucteme, 3anateHToBaHHoM B Poccuiickon ®epepauunn. MHPopMaLNOHHbIE
BO3MOXHOCTW 3TOW CUCTEMbI paclUMpeHbl 3a CYEeT y4yeTa BOSIHOBbIX CBOWCTB HOCUTENS
WHopmauun. [na 3Toro B HEM UCMNOSb30BaH [aBHO W3BECTHLIN 31eKTPOBaKyyMHbIN
npnbop «TMONMUTPOHY. «lMcuxorpad» gonyckaet BO3MOXHOCTb BblOeneHusa
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AONONHUTENBHON MHOPMauuKn 0b nccnegyemom obbekTe.

OTO nones3HO B TeX Crnyyasix, Korga CylecTBEeHHa KBaHTOBas npupoaa
B3aUMOOEeNCTBUS 3apsaoB. 3aKOHOMEPHOCTU KBAHTOBOMO B3aMMOAENCTBUS 3apsioB Kak
om3n4eCcKoro sIBMEHUS M3BECTHbl PyHOAMeHTanbHOW Hayke Kak adpdekt AapoHoBa -
Boma. Ho nposiBneHnMe 3TUX 3aKOHOMEPHOCTEM B  aHOMasrbHOW  MOAYNAUMMK
PErMCTPUPYEMOIO 3MEKTPUYECKOIO CUrHama 4enoBeka MOfyyYeHo, Kak HaM M3BECTHO,
BNepBble B MUpe C nomowbio ncuxorpaga. C nomowbio ncmxorpada BO3MOXKHO
BbISIBIEHME 3aBMCUMOCTU YerioBeEKa OT PasfnMyHbIX BHELLUHMX PaKTOpOB, B TOM 4uCrE U
Takux, KOTOpble HE NOoAAAlTCA U3MepPEHUI0. Ecnn aTn hakTopbl NoAaanTCs YyNpaBneHuio B
XoO0e  UCMbITaHWW, TO  MOXHO  OOCTUYb  YOOBMNETBOPUTESNIbHOM  CTaTUCTUYECKOMU
AOCTOBEPHOCTN  3KCNEpPUMEHTOB. VIMEHHO 3Ta BO3MOXHOCTb WCMNOMb30BaHa npu
ncnoitaHum yctponcrtea «POPIMOCT-1». bbino npoBeaeHo gecAaTb ceaHCOB BO3OENCTBUSA
YCTPOMCTBA Ha YenoBeka, KOTOpbIM pacnonarasncsa Ha pacctosHum He 6onee 40+50 cm oT
9KpaHa MoHuTOopa. B TeuyeHme Kaxpgoro ceaHca, npogorkasweroca 1000 cek,
UCMbITYEMbIN  Haxogouncs nepeg  9KpaHOM, a €ero  COCTOSIHME  HenpepbiBHO
KOHTPONMpOBaroch ncuxorpacom.

n—.mmwwn—iﬂm"w“—ﬂrﬁf—"ﬂw
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C uenbio BbISIBNEHUS 3aBMCMMOCTM COCTOSIHUSA 4ernoBeka OT BO30eNcTBuS
YCTPOMCTBA BO34ENCTBUE HOCUMO NEepUOANYECKU XapaKTep: B NepBon U TpeTben dpasax
ceaHca (puc. 29 un -30) ycTpOMCTBO OTCYTCTBOBasio, a BO BTOPOM W 4eTBepToM dhasax
yCTaHaBnMBanoch nog 3KpaHoM MOHMTOpPA COrflacHO yKasaHUAM UHCTPYKLMK.
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Puc. 44

Kaxabln ceaHc Bkovan vetbipe dpasbl paBHOW NPOAOSTHKUTENBHOCTU NO BPEMEHMN.
Pesynbratel npeactaBneHbl U3MeHeHneM 0606LEHHOrO napameTpa COCTOSIHUS YenoBeka
(rpacbmkm 2 Ha puc 29 n 30).

C uenblo NpoBEpKM BNUAHUA YCTPOWMCTBA Ha ncuxorpad, MOMUMO 4YenoBeka,
permcTpmpoBanncb nokasaHust ncuxorpada npu ycTaHOBKE YCTPOMCTBA B aHaNOrMyHoM
nopsigke, Ho 6e3 nogkntodeHns ncmxorpada k Yenoseky (rpaduku 1 Ha puc. 29 n 30).

Ha puc. 29 nokasaHbl XapakTepuUCTUKM OOHOro ceaHca, a Ha pwuc. 30 -
XapakTepucTmkn, 0606LeHHbIe No Bcer 6ase AaHHbIX.
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* Puc. 31

B KkauyecTBe KONMMYECTBEHHbIX NapamMeTpoB ANA OLEHKM 3aBUCMMOCTU (Mnn ee
OTCYTCTBMS1) COCTOSIHUA YeroBeKa OT Hanm4ymsa yCTPOMCTBA, MCNOMb30BanCh: « OTHOLLIEHWS
curHan/nomexa» ( puc. 31) n «koadduumeHt koppenauum» (k, puc. 32). 3T napameTpbl
XapaKTepusyrT COOTBETCTBME MeXAy peakunen 4enoseka U ¢a3on BO3OENCTBUS
ycTpouncTtBa (nogpobHee 06 aTux napameTpax cMoTpeThb B [60]).

o ! : ) * Puc. 32

[Ana npoBepkn CTaTUCTUYECKONW [AOCTOBEPHOCTM HaKOMneHHon 6a3bl AaHHbIX
KONMMYECTBEHHbIE OLIEHKM pacCyYUTbIBaANMChb Kak ON1S KaXOoro OTAeNbHOro ceaHca, Tak U
AJ151 BCEro MHOXeCTBa No Mepe HaKomnsfieHUsl AaHHbIX OT NepBOro 4o AecATOro ceaHca.

Xapaktep MOMNy4YeHHbIX 3aBUCMMOCTEM U YCTOMYMBOE BO3pacTaHWe pasnnyunn
Mexay nokasaHuamu rpacpmkoB puc. 29 n puc. 30 no mepe HakonneHus 6asbl aHHbIX
onpegeneHo ceuaeTenscTByeT o0 BnusHUM yctponctBa «POPIMOCT-1» Ha cocTosiHue
yenoseka, pasMeLLEHHOro nepea 9KkpaHOM MOHUTOPA.

Xapaktep rpacukoB puc. 29 nokasblBaeT TaKKe, 4YTO NpeacraBneHHble Ha
rpacdomkax puc.30 3aBMCUMOCTM He O0OyCnoBneHbl HEMOCPEACTBEHHLIM BUAHUEM
yctponctea « POPIMOCT-1» Ha nokasaHus ncmxorpada.

C y4yeTOM HaKOMMNEHHOM CTaTUCTUKN UCNoNb3oBaHUSA ncuxorpada [60] MOXHO
paccmatpvBaTb 3aMeTHOE BblpaBHMBAHWE XapakKTEpUCTMK B dasax BO3LAENCTBUSA
yCTpoucTBa «POPIMOCT-1» BO3MOXHO npu napannensHoMm HabnoaeHun
dom3nonorn4yeckmx nokasarenen.

MOHUTOPUHI HEKOTOPbIX (PMU3MONOMMYECKUX MNOoKasaTenen 3HepreTUkU BHYTPEHHUX
OpraHoB WM MNCUXOCOMATUYECKOro COCTOsiHUA nonb3osatens [1K B uUenomM  MOXHO
OCYLEeCTBUTb, UCMNOMb3ysa annapaTtHbli komnneke « GDV —Camera», npoussogmmoro B P®.

CneuunanbHbiMn nporpammam («CDV PROCESSOR», «CDV AURA» n «CDV
DIAGRAM»y, npoBoauntca matemartmdeckas obpaboTka nonyveHHbIX OMoanekTporpamm
(B3O - rpamm), nossonsLlias Ha OCHOBaHMM KONMYECTBEHHOW OLIEHKM MapameTpoB
n306paxkeHnss OCyLLEeCTBNATb 3KCNPEecc-AMarHocTuky n HabnogeHne (MOHUTOPUHIK) 3a
NCUXOCOMATUYECKUM COCTOSIHUEM 4ernoBeka B LeNnoM, a TakkKe 3HEepreTUKom ero
BHYTPEHHMX OPraHoB.

Komnnekc «GDV-Camerav, OCHOBaHHbIN Ha mMeToae [asopaspsgHomn
BM3yanunsaumm, yCcnewHo NpMMEHSIETCA B HAay4YHO-UCCNe4oBaTeNbCKON NpakTuke B obnacTtu
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MeOVLMHBI ONA OUEHKM pasfiMyHOro pofda BO3AEWCTBMMA Ha OpraHuM3M 4erioBeka, B TOM

yucre annonaTtMyecknx u romeonaTMyeckux npenapartos, NCUXo- U pusmnoTepanuu.

NcecnepoBanne adhbpekTMBHOCTU 3awmThl nosnb3oBaTens npudopom « POPTMOCT-1»
OT HeratmBHOro BnmsiHust MoHuTopoB K 6bino npoBeaeHo Ha 14 nauweHTax B AHEBHOE
BpeMs B dpeBpane — mapte 2000 r.

BospacTt ucnbiTyembix konebanca 17+60 net, B OCHOBHOM 3TO 6binun ntogn 35+50
net. UcnbitaHua nposoamnuck Ha Tpex MK nmnopTtHoro npoussoacTtea 1999 r. Bbinycka.
CteneHb 3awmTbl MNonb3oBaTend OT W3BECTHbIX BPEAHbIX W3NYYEeHWN, HeraTtuBHO
BNNAIOLLNX HA HEro, OANHAKOBas.

Mepea HavyanoMm wucnbiTaHu paboune mecTa ObinM pacrnonoXeHbl Tak, 4YTobbI
nonb3osatenu MK He Haxoaunuce B reonaToreHHbIX (buonaToreHHbIX) 30Hax.

NcnbiTaHnsa npoBoannuce B TedyeHne 4 4acos.

OKCNepMMEHT COCTOSST U3 YETbIPEX YacTeMN.

1. Ha nepBom 3Tane nepea Hadanom WUCnbiTaHUM Obin onpegeneH u 3adukcMpoBaH
YPOBEHb COCTOSIHUS 340POBbsl MO NokasaTendm, NosiyYeHHbIM MPU CbEMKE CBEYEHUS
AECATM nNanbLEB PYK WUCMbITYEMbIX CTaHOApPTHbIM cnocobom Ha npubope «GDV-
Camera» B (pOHOBOM pexume.

2. Ha BTOpOM aTane 3aTMm Xe UCMNbITyeMblM npeanaranocb nopaboratb 6e3 3alwmTHOro
ycTpounctea B TedeHne 10 MuH. o ncrtevyeHnn aToro BpemMeHu npoBogmnacb NoBTOpHas
cbeMka Ha npubope «GDV-Cameray.

3. Ha TpeTbem aTane ucnbiTyeMbiM nNpegnaranocb BbINTU U3 30HbI AencTBus nesoro TI1 n
nogepxatb B pykax npubop «POPMOCT-1» B TeyeHne 10 MUH NO UCTEYEHUUN ITOrO
BpeMeHM BHOBb NPOBOAMNIACE NOBTOPHasa cbeMka Ha npubope «GDV-Cameray.

4. Ha 4yeTBepTOM 3Tane uCMNbITyeMbliM npegnaranocb nopabotaTb 3a KOMMbIOTEPOM B
TedyeHne 2-x 4acos, npu atom «POPMOCT-1» Haxoguncs nog MOHUTOPOM B
COOTBETCTBUWN C MHCTPYKLMEN MO NOSNb30BaHMUIO.

Mpn peructpauumn nHpopmaumm npubopom «GDV-Camera» mucnbITyembln CTaBUT
nooyepeaHo nanblbl HA ANEeKTPoad M3 ONTUYECKOro CTekna v npw nogadve kopotkoro (10
MKC) UMMyNbCa HanpsKeHUs Ha NOBEPXHOCTU ANEKTPOoLa BO3HUKAET CKONb3ALWMA paspsia,
KOTOpPbI (OMKCUPYETCA ONTUYECKOW cucTemon npubopa.

Mpn cbemke cobntoganu cooTBeTcTByOWME npasuna padotel ¢ «GDV-Cameray,
KacawLllmnecs yrna HaknoHa nanbueB OT BepTUKanuM K pacrosioKeHMs ocu nanbua
OTHOCUTENBHO OCK Npubdopa.

Mocne dukcaumm B nporpamme «CDV GRABBER» nHgpopmaunsa obpabartsiBanach
B nporpamme «CDV-DIAGRAM».

B aton nporpamme Ha 16 nyyax KonbueBOW AnarpaMmbl 45151 IEBOM U NMPaBON PYKK
OTAeNbHO B rpadmyeckomM Buae OTobpaxaeTcd HOpPMUpOBaHHas nsowadb 3aCBETKU
COOTBETCTBYIOLLUNX CEKTOPOB, CBA3AHHbIX C TEM WU WHbIM OPraHoM WM CUCTEMOM
yenoseka. 1o To4ykaM Ha nyyax CTpOUTCH 3aMKHYyTasa kpusas (puc. 47). BHelwHee Komnbuo
AnarpaMmmbl  COOTBETCTBYET M3ObITOYHOM SHEPrMM oOpraHa WK CUCTEMbl YenoBeKa,
BHYTPEHHUM KpYyr - HEOOCTAaTOYHOM 3JHepreTuke, cpedHee Konbuo - HOopManbHOMY
COCTOSIHMIO. M3BbITOK MM HEeQoCTaToK 3Heprun onpefendeTr runep- unu rmnogyHKUMI
opraHa (cuctembl) 4ernoBeka. BnusiHne Ha 3HepreTuky 4YeroBevyeckoro opraHusma
OLeHMBANocCb MNOMYyKONMYECTBEHHbIM METOAOM, MPUM KOTOPOM YYUTbIBANOCb Hanuuve
pasHULUbl MeXdy KOHTPONbHOM AMarpaMmMon U guarpamMon Mocfie COOTBETCTBYHOLLErO
BO3aAenNCcTBUSA. Takke y4ymTbiBanocb HanpaeneHHOCTb genctensa npmbopa « POPMNOCT-1» -
BbI3blBAa€T NN OH YyXygLeHue WUnu YyrydleHne 3HEepreTM4ecKoro COCTOSIHME OpraHoB
(cuctem) yenoseka.

PesynbraThl

Ha pawnarpamme nporpammbl «CDV-DIAGRAM» kaxgomy mn3 16 nyden cooTBETCTBYET
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onpegeneHHbl opraH (cuctema) Tena yenoseka. [uarpamma [BOWHASA - NS NEBOW U
npaBoun pykn otaeneHo. lNpueBognm rpaukn 1 aypbl OOHOMO U3 UCTbITYEMBbIX.

MpeoBaputenbHO COPMYNMPyeM HEKOTOPblE OCHOBHbIE MOHATUS, KOTOPbIMM
OyoeM pykoBOACTBOBaTbCA B [arbHENWEM: OCHOBHbIMW HOCUTENsMW uHOopMauum B
6noobbekte M 0 OBMOOOLEKTE SABNSAKTCA  LUMPOKOMOMOCHbIE KonebaHus pasnuyHon
npuvpoabl, B TOM YMCMe 3reKTPOMarHUTHble, aKyCTUYeCKMe, TOPCUOHHbIE CIOXHEeNLen
KOHpurypaumn.

Puc. 33
CocTosiHMe 300pOBOro Yernoseka 1 ero aypa.

[Ona noHumMaHus npupoabl HEraTMBHOIO BO3AENCTBUS crabbix u cBepx cnabblx
BHELWHMX BO3gencTBui Ha nonb3osBatens K Heobxoanmo, kak MUHMMYM, npuBReYeHve
COBPEMEHHbIX MOHATUN, HE BKIOYEHHbIX B KIacCCUYecKyto BMONMOorni U MeauumHy, Takmx
Kak NpuHUUN HeycTon4mBown paBHoBecHocTM (3. C. bayap) u noHATME KOrepeHTHOCTU B
XmBbIx cuctemax (B. K. BbixoBckui).

OpPEKTMBHOE MCMONb30BaHNE IHEPTUM XMBOFO opraHu3mMa ans obecneyeHunss ero
YCTOM4YMBOrO HepaBHOBECUsSI (aBTOHOMMM) B OKpYXaloLlen cpede BO3MOXHO Ivb Mpu
COrnacoBaHHON (KOrepeHTHOW) paboTe KNEeTOK Kak NePBUYHbBIX ANTIEMEHTOB LIeNoro.

HapylieHne KorepeHTHOCTW MO4 BO3LEWCTBMEM BHELUHMX BO3OEWUCTBUW BedeT K
HapyLUEHWIO0 ero CUCTEMHOIO 3HepPronHdopMaLnoHHOro obmeHa, 4YTo B nepeBofe Ha s3blK
COBPEMEHHbIX 3KCTPACEHCOB 03Ha4YaeT «0bpa3oBaHue Ablp B aypey.
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CoctosaHne wucnbityemoro nocne 10-mMuH. npebbiBaHMA nepeg  3KpaHOM  MOHUTOpa
(dyHKUMOHaNbHOE COCTOSIHME OpraHM3Ma yxyawurocb - YMeHbLUMacb HOPMUPOBaHHasNA
nnowaab 3acsetkn cektopoB BAO — rpamm, ocobeHHO B nyyax KonbLEBOW Anarpammbl
npaBon pPyKn)

CocTtosHume aypbl ucnbityemoro nocne 10-muH. npebbiBaHNA nepes 3KpaHOM MOHUTOpa
(HapyweHune nons B obnacTtu ropna, yBenuyeHne ynucna «npoboes» aypsbl).

MapameTpbl COCTOAHMA 340poBbs  nonb3oBatenen [1K, He  3awuueHHbIX
yctponcteoM «POPTIOCT-1», umenu TeHAEHLMIO K MOHUXXEHUIO CO BpeMeHeM (puc. 35).
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Puc. 36
CocTtosiHne ucnbityemoro nocrie 10-MuH. NPUMEHEHNSA 3alUMTHOrO ycTponcTBa (obLiee
PYHKLUMOHANbHOE YNny4ylleHNne COCTOSHMS OpraHusma - yBenuyunacb HOpMUPOBaHHas
nnowanb 3acseTkn cektopoB B3O — rpamm, ocobeHHO B nyyax KonbLEeBOW AuarpamMmbl
npaBou pyKw).
CoctoaHune aypbl ucnbiTyemoro nocne 10-MvH. NPUMEHEHWs 3alMTHOro YCTPOMCTBA
(BoccTaHOBNEHME «NpoboeB» aypbl, ycuneHne B obrnactv rornosbl).
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®dparmMeHTbl aypbl UCMbITYEMbIX COOTBETCTBEHHO B MCXOOQHOM COCTOsiHMM, nocne 10-
MUHYTHOrO nNpebbiBaHNA Nepea 9KpaHOM MOHUTOpPA (YETKO NPOCHEXMBAETCH yBENUYEHne
yucra npoboes aypbl B 0bractm CNUHHOIO MO3ra nonb3oBaTtens) M COCTOsiHME aypbl
ncnoityemoro nocne 10 — MWHYTHOTO MPUMEHEHUS 3aLUTHOMO YCTPOWCTBa AakoT
BO3MOXHOCTb OUEHUTb 3(PPEeKTUBHOCTL 3awuTbl npy npumMmeHeHun «POPMOCT-1»
(Habniogaetca CyleCTBEHHOE YryylleHWe COCTOsiHME aypbl, XapakTepuayroLieecs
yMeHbLUEeHneM konmnyecTtea npoboes B aype).

Mo COCTOSHWMIO «3HEepreTukn» ucnbiTyeMble 0Opa3oBann HeCcKonbko rpynn. B
npegernax Hopmbl - 3 4enoseka. Hopma c psigom opraHoB (CUCTEM) C HedoCTaTKOM
3Hepruu - 4 yenoeka. Npeobnagatowwas rMNOPYHKUMS NN NOrpaHNYHOE COCTOSAHME - 2
yenoseka. CMeLLaHHbIN TV - 5 YenoBek.

B npouecce akcnepumeHTa 6610 3adumkenpoBaHo 48 (12 % ot obLiero Yncna nsMeHeHun)
Hanbonee cunbHbix Bo3gencteun T MK Ha cocTosiHue opraHoB (cucTeM) Yenoseka.

«Muwenamm» okasanucb Modenonosas cuctema (Urj-Genital) - 12%, a Takke -
nomkenynoyHas xenesa (Spleen), nedeHb (Liver), angokpuHHas cuctema (Endocrine) u
noykn (Kidneu), coctaBuBwne 6onee mnONOBMHbI BCEX MaKCUMarbHbIX W3MEHEHUN.
OcTanbHble oOpraHbl MeHblUee YMCMAO pa3 WUCNbITbIBANM HeratMBHOE BO3OencTBue
N3Ny4eHUn MOHUTOPA, MNPUBOOALUMX K M3MEHEHUIO WX «3HEPreTuku», OCOBEHHO 3TO
oTHocuTCA K cepauy (Heart) n knweyHuky (Colons).

Cnegyer OTMETUTb pasHULy Mexay npaBoOM M fEBOW pykamu B KONM4yecTse
3a(pMKCMPOBaHHbIX M3MEHEHUA B TOM UMW MHOM oOpraHe. Yncno M3MeHeHu Ha npaBow
pyKe NpMMepPHO B 2 pasa Yalle NpeBbilano COOTBETCTBYIOLEE 3HAYEHNE Ha NIEBON pyKe.

Bbina obHapyxeHa HekoTopas u3bupaTenbHOCTb B BO3AEWCTBMM Ha ps OpraHoB
XEHLWMH N MYX4YMH. Y XXEHLMH MakcMManbHOe BIvsHWEe duKCcMpoBanocb B obrnactwy,
CBA3aHHOM C nomxenyao4dHon xeneson (90%), y MyX4uMH Haubonee 4yBCTBUTEMbHLIMU
okasanucb noykn (80%).

Kpome TOro, creneHb Bo3gencteus moHutopa K Ha nonb3oBaTenss 3aBUCUT U OT
NCUXOPU3NONOTMYECKOro COCTOSTHUSA UCTLITYEMOrO B NEPUOL BO3OENCTBUS.

B pesynstate npoBegeHHoro aHanusa (TpeTun aTan, nonb3oBaTenu Aepxanu
npubopbl «POPMOCT-1» B pykax B TedeHne 10+15 wmMuH.) 6Gbina oBHapyxeHa
HanpasneHHocTb Aencteus «POPIOCT-1» Ha rapMOHMYHOE COCTOsIHME, T.e. npubop
BbINOSHAN KOMMNEHCATOPHYO (PYHKLMIO.

B 6GonblUunMHCTBE Criy4aeB W3MEHEHUS «3HEpreTuku» OpraHoB (CUCTEM) HOCUMU
rapMOHM3MPYIOLWLMIA  XapakTep C TeHOeHUMeh K «Hopme», T.e. Habnoganocb
nonoXxuTenbHoe BNusiHne npubopa, NpuyemM B paBHOW CTEMEHW, KakK HA MYXYMH, Tak U Ha
XeHLWMH (puc. 36).

Pesynbratel aHanu3a napameTpoB COCTOSiHUS 3popoBbs  nonb3osartenen [1K,
KoTopble Obinun 3awmwieHbl yctponctBoM «POPMOCT-1» OT HeraTMBHOrO BRUSHUS
TOPCUOHHON KOMMNOHEHTbI AMW MoHuTOopoB (K, cBMAETENLCTBYOT O TOM, YTO ee BngHue
Ha COCTOsiHME 300pOBbs MONb30BaTenen 3HaYnTENbHO OcnabneHo, Tak Kak nokasarenu
COCTOSIHMS 300pOBbS AaHHbIX nonb3oBatenen 1K Ha npoTsikeHun BCero BpeMeHU
NCNbITaHUS CYLLLECTBEHHO HE N3MEHUSTUCh.

BbiBoAabI

e PesynbraTthl MChblITaHW nokasanu, 4to yctponctBo «POPIIOCT-1» 3HaYuTENnbHO
YMEHbLUAET BMMSHUE TOPCUMOHHOM  KOMMOHEHTbl OMW  moHuTopoB [1K  Ha
nonb3oBaTenen, M ero WCMNonb3oBaHME MOXHO CBA3biBaTb C GnaronpusaTHbIM
Npu3HaKom cTabunmsaunmn cocTosiHMSA 300poBbA nonb3osatenen MNK.

*  YNOMSHYTOE YCTPOMUCTBO MOXET ObITb PeKoMeHOOBaHO Kak npodunakTnieckoe
CPeACTBO Ans ycTpaHeHusi (0akTOpOB HEraTMBHOMO BUSIHUSE TOPCUOHHOW KOMMOHEHTbI
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OMWU moHuTopos MK, TeneBn3opoB, ApYron 3NeKTPOHHON TEXHUKMW.

Kpome ToOro, B . Yde (Poccusi) 6binnm npoBedeHbl UCMbITaHUSA, LENbi KOTOPbIX
ABNAMOCb YCTAHOBUTbL Hanuuue Tl B BMAE WH(POPMAUMOHHON KOMMOHEHTbI 3OMU
MOHUTOPOB W onpefenutb 3deKTUBHOCTL MNpumeHeHus yctponctea «POPMOCT-1»
nytem usMmepeHuss 6e30nacHOro paccTosiHus OT MOHUTOpPOB A0 nonb3oBatenda MK ¢
nomoubto npubopa «UMA-1».

[Mpn npoBeAeHMM UCMbITAHUA NPUHUManN y4acTue:

. 000 «Mepguko-akonormnyeckas dpupma Jlant-2»;

. kadpegpa «besonacHocTb npousBogcTBa UM Npomakonorus» - YPUMCKoro
rocygapCTBEHHOro aBMaLMOHHOIO YHUBEPCUTETA;

. OO0 «CnuHop NHTEepHELUHMY.

NcnbiTaHna npoBogunuce € nomowbio  npubopa  WIMA-1 Ne0502017, KoTopbin
npeactaenser coboM  BbICOKOYYBCTBUTEMbHLIN  CENEKTUBHbIM ~ nameputens M.
MpegHasHayeH ANns M3MepeHUs 3NeKTPOMarHUTHOW COCTaBMAOLWEN reOMarHUTHOrO nons
3emnun B agnanasoHe 5+10 kl'y, 4yBCTBUTESbHOCTb - OT €AUHUL, 0 COTEH NMUKOBOSLT.

B kauyecTBe BbIxO4HOro napamerpa npubopa MChonb3yeTcs uHTerpan ¢asoBoro
caBura Ha aHanusupyemon 4actote. [lpnbop BbINONHEH B BMAE MEPEHOCHOrO
N3MepUTENBbHOIO AaTynka C BU3yaribHOW WHAWKALUMEN N COEOUHEHHOro C HUM Kabenew,
Gnoka nuTaHus.

[MuTaHne npubopa OCyLLECTBNSETCA OT ceTn nepeMeHHoro Toka 220 Bonet 50 repu,
nUNn akkymynstopa 12 BonbT, noTpebnsaemas MOLWHOCTb - He Gonee 5 BaTT.

Mpnbop «WNFA-1» wn3rotoBnseTca MeguKo-akonorndyeckon dovpmon «Jlant-2», r.
Ya, PO.

NcnbiTaHna nposoamnuck Ha Tpex MK nmnopTHOro npomnssoacTea (MOHUTOPLI hUpM
SAMSUNG, B Tom yucne un XKK), 2002 r. Bbinycka.

CepuiiHas cTeneHb 3alnTbl MOHUTOPOB OT W3BECTHbIX BPEAHbIX  U3NYyYeHWUn,
HeraTMBHO BIIMSIIOLLMX HA Hero, ogMHaKkoBas.

Mepen HavyanoMm wucnbiTaHu paboune MecTa ObiM pacrnonoXeHbl Tak, 4YTobbI
MoHuTOopbl MK He Haxoaunuck B M3, T.K. HAXOXAEHME UX B YNOMSHYTbIX 30Hax MOrmo Obl
NnoBNMATb Ha pesynbTaTbl M3amepeHun. Onpegenexve M3 B nomelieHn NnpoBoanIoch ¢
nomoLubto npudopa «UMA-1».

NcnblTaHna npoBogunucb B TedeHve 4 4acoB. OKCMEPUMEHT COCTOSN U3 ABYX
yacTemn.

Ha nepsBom aTane nepen Havanom UCMNbITaHUW BblNO MHOrOKpaTHO OMpenerieHo u
3admkcmnpoBaHo npubopom «WUIMA-1» ©GesonacHoe paccTosiHue Ansi nonb3oBaTens oOT
MoHuTOopa 6e3 yctponctea «POPIMOCT-1». BennymHa 3TOro pacCTosiHua Haxogunacb B
npegenax 50+80 cm ons pasHbIX MOHUTOPOB.

Ha BTOpOM 3Tane nepen MOHUTOPaMW, COrMACHO WMHCTPYKLMU MO UCNOSMb30BaHUIO,

pacnonaranu nagenua « ®OPMNOCT-1» Ha pacCToSHUM 5CM OT 3KpaHa Ha CTore no LeHTpy
aKpaHa. Npun aTtom BesonacHoe pacCTosiHue OT MOHUTOpa, ukcnpyemoe npundopom «UA-
1», ymeHbwmnnocs oo 10+15 cwm.
B kKayecTBe CpaBHUTENbHLIX MapaMeTpPoB MOXHO OTMETUTb, YTO MO 3PFPEKTUBHOCTU
3awmtbl yctponctea «POPIIOCT-1» conoctaBumbl ¢ wusgenuamm POTAH (dupma
«POTAH», r. Mocksa, Poccus), 1 B HeCKonbko pa3 adpekTuBHee mnsgenun «Famma-7»
(dbvpma «lamma-7», r. Mockea, Poccus).

3akrntoyeHue
Pesyneratbl ucnbiTaHun nokasanu, 4to yctporctso «POPIIOCT-1»  3HauntenbHoO
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YMEHbLUAET BANSHNE TOPCUOHHON KOMMOHEHTbI QMW moHuTopoB MK Ha nonb3oBaTtenen, u
€ro MCnomnb30oBaHME MOXHO CBA3blBaTb C OnaronpusiTHbIM MpPUM3HAKOM CcTabunmsauyuu
COCTOSIHUA 300poBbs Nnonb3oBatenen MK.

1. YNOMsiHyTOE YCTPOMCTBO MOXET OblTb pPEKOMEHAOBaAHO Kak npodhmnaktnyeckoe
CPencTBO AN YCTpaHEeHWsa (PakTOpPOB HEraTUBHOMO BIIMSIHUA TOPCMOHHOW KOMMOHEHTbI
OMWU moHuTopos MK, TeneBn3opoB, ApYron aNeKTPOHHON TEXHUKM.

Kpome «POPTOCT-1», Ha pblHKe YKkpanHa u Poccum MOXHO npuobpectn npudop
«AHTOpPY», paspaboTaHHbli CuMdepononbckon upMon «3pBa.

Kak cnegyer m3 peknamHoOro npocrnekTta, «AHTOp» - YCTPOMCTBO ANsl 3aliuTbl
yeroBeka OT BPEOHOro BO3AENCTBUS U3NYYEHUS KOMMBbIOTEPHbIX MOHUTOPOB, 3KPAHOB
TENEeBM30POB, ANEKTPOKOMMPOBANbHOM TEXHUKK, NTAa3epoB, APYrMX UCTOYHMUKOB U3MNYYEHUN.

MpuHUKMN paboTbl Npubopa noka HUrae He onucaH.

maea 6. HeratnuBHoe Bo3gencTBue MoounbHoro tenedoHa Ha
OpraHM3Mm nosib3oBaTensi.

6.1. MNMpo6nema BO3AeNCTBUA MOGBUNBLHOro TernedoHa Ha OPraHU3M
nonb3oBaTens.

CTpemMuTenbHbIN POCT UCNOSb30BaHNA MOBUITbHBLIX TENE(OHOB M CTPOUTENLCTBO
6a3oBbIX CTaHUUMN CUCTEM COTOBOW CBSI3M Bbi3Bario 03abOYEHHOCTb CpPean HacerneHus
OTHOCUTENBbHO BO3MOXHbIX HeratMBHbIX BO3gencTBnax OMI1 cOToOBbIX TEXHOMOMMA Ha KX
300pOBLE, BKITOYAA HEBPONOrMYeCcKkMe paccTponcTBa, OHKo3abonesaHus 1 ap.

PasButne  TexHomormn, cBs3aHHbIX € OMI1, OomkHO  nogKpennaTbecA
COOTBETCTBYHOLMMUN  HAyYHbIMM  UCCNEOOBaHUAMW, LUefb  KOTOPbIX -  U3y4YeHue
ouonornyecknx aP@EKTOB M BO3MOXHBLIX PUCKOB AN 300POBbS, CBS3AHHbLIX C
BO3ENCTBMEM 3EKTPOMArHUTHOIO hakTopa OKpyxaroLlen cpeabl.

AHanua onybnukoBaHHbIX OaHHbIX YKa3blBAET Ha HanuMuvMe Kopennauun mexagy
pasBUTUEM NATONOrMYECKUX COCTOSAHUN N BO3OENCTBUS Ha opraHn3m nonb3osatens IMU
B 4acTtoTHoM AamanasoHe 450+1800 MIu. Pesynbratbl NpoOBeAEHHbIX WCCReaoBaHWmn
NOATBEPXAaT BMONOrMYecKyto 3Ha4MMOCTb PagNO4aCcTOTHOMO U3NYYEeHNs, NOITOMY Obinn
paspaboTtaHbl  cTaHgapTbl  MobunbHOM  GesonacHocTu. B cooTtBetctBUM €
MeXayHapoaHbIMM TpeboBaHUAMM M3nyvyaemMylo TeneoHOM MOLHOCTb ONpeaensioT B
BaTTax Ha Kunorpamm, T.e. 3TO ydenbHasi MoOWHOCTb nornoweHns, SAR (Specific
Absorbtion Rate).

SAR BblpaXaeT KONMMYeCTBO 3HEepruu, KOTOPYK MOrfoLwaeT Mo3r nosib3oBartens B
TevyeHne pasroBopa. B mupe noka He cyuwlecTByeT enuvHOW MeToauku unamepeHna SAR, B
cBA3n, C 4yeM BenuumHa SAR ans ogHom uM ToM Xe moaenu mobunbHoro TenedoHa,
nony4yeHHas B nabopartopusx No pasHble CTOPOHbI OKeaHa, MOXET OTnn4aTbCA OfgHa OT
APYron B HECKONbKO pa3. AMEPUKaHCKNA CTaHAapT cuntaeTcs bonee XXeCTKUM.

Mpobneme Bo3gencTBUA MOOUNbLHOrO TenedoHa Ha OpraHn3M Monb3oBaTens, B
OCHOBHOM, Ha roOfmoOBHOM MO3r, nocesilweHa kHura [xopoxka Kapno (George Carlo) u
MapTtuHa LWpama (Martin Schram) «CotoBble TenedgoHbl. HeBugumaa yrposa B
BecnpoBonoYHbIi Bek», magaHHas B Hbio-Mopke B 2001 rogy, B KOTOPOW W3MOXEHb
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pes3ynbTaThl LUECTUNETHUX UCCNEeaoBaHNN YNOMSAHYTLIX aBTOPOB COBMECTHO C Konsieramu.
NccnepoBaHna nokasanu, 4TO 4acToe WUCMonb3oBaHWe MOOUNbHOro TernedoHa MOXeT
NPUBECTU K OHKO3aboneBaHuo Mo3ara, ocrnabneHunto ero cocyaos.
OgHako rnaBHbIM BbIBOOOM MWCCREAOBaHWA CrieayeT CcuMTaTb CreayroLWun: HU3KUN
ypoBeHb SAR He rapaHTuMpyeT 6e30macHOCTb Mofb3oBaTend, YTO CBUAETENLCTBYET O
HanMuYnum HEM3BECTHOro bakTopa, BO34ENCTBYIOLLErO Ha YeroBeka.
OHeprus KBaHTa M3Ny4deHUs B YaCTOTHbIX [AuanasoHax, UCMNofb3yeMblX B MOBUITbHON
CBA3W, He3HauuTenbHa, MOBbLILEHNE TeMnepaTtypbl B MeCTe BO3OEUCTBUS He
npesbiwaeTr 0,1°C 1 He OHO ABNSIEeTCS MaBHbLIM PAaKTOPOM HeraTMBHOIO BO3AENCTBUS
Ha nonb3oBatens. B Takmx cnyyasax roBopAaT 00 ynpaenawowem  OeACcTBUM
3NEKTPOMArHUTHOrO U3My4eHUsT HU3KOW WHTEHCMBHOCTW, a OOCTUraemble nNpu 3TOM
Buonornyeckne adhpdekTbl MMEHYT 3addekTamn HeTennoBoro (MHPOPMALMOHHOIO)
BO3AENCTBUSA ANEKTPOMArHMTHOroO U3nyy4eHns MobunbHbIX TenedoHoB.
[ononNHUTENbHBIM, HO HE 00a3aTeNnbHbIM apryMeHTOM AN NPU3HAHUS TOrO U UHOTO
BO3AENCTBUS WUHPOPMALMOHHBLIM  SBMSIETCA  3HauMTenbHoOe (Ha MHOro nopsiaKoB)
NPEBbILLIEHNE SHEPTETMKN MHULMMPYEMbBIX NPOLIECCOB HaL SHEPreTUKOM WHULMMPYIOLLNX
BO3OENCTBUN, MOAYEPKMBAKOLLEE WX CUTHANbHOE 3Ha4yeHne AOns BOCMPUHMMAIOLLEN
CUCTEMBI.
Kak npeactaBnsetcsa C NO3MUMM TOPCUOHHBLIX TEXHOMOrMM, 3TUM akTopoMm W
ABNSETCA TOPCUOHHAA KoMNoHeHTa QMW MobunbHbIX TeNedoHOoB.
MobGunbHble TenedoHbl BO3OEWCTBYIOT TakKKe Ha KpOBb, MpuBOAsA K 6onesHwu,
Ha3bIBAEMYK0 MOHOHYKIEO30M.
MIMEHHO TOPCUOHHYKO KOMMOHEHTY OMW [ormkHbl OGnokupoBaTb, He AaBas
BO3MOXHOCTWN BO34ENCTBOBATb Ha rOfIOBHOM MO3I, 3alMTHbIE YCTPOWUCTB, 6asmpyowmecs
Ha TOPCUOHHbIX TEXHOSOMMSAX.

Induction of Chromosome
Aberrations and Micronuclei

Cytotoxicity

= -

Metaphase- Additional Cell Seare Micronucle:
Score Chromosome Division

®doTo 38

B cBsa3u ¢ pacTylienn 06eCnoKoOeHHOCTbI0 BpeaHbIM BO3OENCTBMEM Ha 340pOBbE,
KOTOpoe MoryT okasbiBaTb OMIT, 1 ¢ Tem, 4TO NOAN BO BCEM MUPE, KaK B Pa3BUTbIX, TaK U
B pasBMBalOLMXCS CTpaHax, UCMbITbIBAOT Ha cebe aTto Bosgencteme, BO3 B 1996 roagy
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ocHoBana MexayHapogHbin NpoekT no NsyyeHno BnvaHua OMI, ¢ uenbto BbiiBNEHUS
nocneacTBUN BbILLEYNOMSAHYTOrO BO34encTBus. [lpoekT Obin OCHOBaH B fIOMMYECKOM
COOTBETCTBUM C HAy4HbIMW [LEWCTBUMAMM, OTHOCALLUMMUCA K WCCNegoBaHWUKO [aHHON
npobnembl, KOTOpbIE CneayeT NpeanpuHAaTL B 0603prMmom byayuiem.

B pamkax co3gaHHOro npoekta OcCOObIM aKUeHT Aenasnca Ha npoBeaeHue
nccneaoBaHU MO OnNpeaeneHnuto rybuTenbHOro BRUSIHUSA PaguounsnyvyeHns MoOUIbHbIX
TENEKOMMYHUKAUMOHHBIX YCTPOWCTB (M NpW HarpeBaHWM) Ha 300pOBbE YenoBeka,
0COBEHHO YCTPOMCTB C Gornee HM3KOMW 4YacToTOW. Tak Ha3blBaeMble «HE TepMaribHble»
ahheKTbl nccnenyoTca yxke gaBHO. ATOT AoKNag npeacrtasnsier cobon kpaTtkmi o63op
[Mpoekta no MN3yuyeHuto BrimsaHmua SMI, nposoanmbin BO3, oH Takke AaeT npeacraBneHne
O TOM, YTO Ha AaHHbIN MOMEHT WM3BECTHO O BMUSIHUM PAAMOM3ITYYEHUSI HA 300POBbE
yernoBeka W NpMBOAUT pekoMeHdauun cTpaHam-drieHam BO3 no 3awwmte 300poBbS
rpaxgaH ot QMI.

O6 oTpuuaTenbHOM BNUSHMM Ha Ntogen MOBUnbHbIX TeNedOHOB yKa3aHo B OTYETE
yyeHbix EBponenckoro coto3a (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”

6.2.0630p cCywlecTBYHOWMUX CpeacTB 3aWuTbl OT HeraTMBHOro
BO34eNCTBUA MOOUNbHbLIX TenedgoHOoB.

YcTponcTtBa 3awmThl nogen oT otpuuatenbHoro BAnAHnAa OMW yCnoBHO MOXHO
noaenuTb Ha crneaylowme rpynnbl:

. aKpaHupyoLue,
. nornoLyaroLime;

. rapMOHU3YIoLLME;
. Apyrue.

M3BeCTHbIM YCTPOMCTBOM SKpPaHMPYKOLLEro Tuna, KOTOpoe HeKoTopoe Bpems
nonb30Banocb YCNexoM Ha pblHKE, €eCTb YCTPOWCTBO  3aluuTbl YenoBeka OT
oTpuuaTtenbHOro BAUAHUA Ha Hero OMW  (Npou3BOACTBO  UTANbSAHCKOW  (PUPMbI
«ZUCCARY» «Safety Butterfly»), koTopoe 3akpennsercsa cBepxy Ha MOBUIbHOM
TenedoHe. Yctponcteo pmpmbl «ZUCCARY» npeacrasnaet cobon YyeTbipe nonywapa m3
HEMarHUTHOro CTEKMNOBMAHOIO Martepuana, BbINOfIHEHHbIX B €4WHOM TeXHONOrM4Yeckom
npouecce, npuyemMm asa nonywapa MeHbllero gvametpa. B nonywape Haxogutca 12%
pacTBOp yrrepona, a HWXKHSS YacTb nonylapa KOHTaKTUPYeT C NOACTaBKOW, B KOTOPYHO
BXOAAT MegHas M anioMmuHueBas onbra. Kak yrBepxagatT pas3paboTymku, yCTPOMCTBO
yMeHblaeT BenuuuHy OMI1, usnydyaembix MOOUMbHbIMM TenedoHamn Ha 15+75% B
AananasoHe 15+200 Mlu, 4TO npMBOAMT K MbICIIM O [OEWUCTBEHHOCTU YCTPOMUCTBA.
[1eCTBEHHOCTb YCTPOMCTBA MPOBEPASIOCH MCKITIOYUTENBHO MO peakuuym 4enoBeveckoro
Tena Ha Hanuuve BnvsHus SMW. lNpoussBoguTenu yTBepXxaatoT, YTO 3TN 3KCMEPUMEHTDI
NOBTOPUTb HEBO3MOXHO, U OHU HE HEeCyT OTBETCTBEHHOCTW 3a NPOBEPKY, BbINOMHEHHYIO
Apyrnm cnocobom.

Ho maneHbkoe 3a pasmepamu u3genue He CMOXET 3SKpaHMpoBaTb W3NyyYeHUs
MOOUNbHBIX TenedoHOB, KoTopble paboTatoT B ananaszoHe 900+1800 MIy. HambonbLumi
pa3smep nagenus «Safety Butterfly» - 2,5 cm n pagnoBonHbl Takoe nagenve dyayT NpocTo
ormbatb. JTO MpuBENO K TOMY, 4YTO TakMe YCTPOMCTBA He MOMAyYMnn LUMPOKOro
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pacnpocTpaHeHus.

B Benukon bputaHun B gekabpe 2000 roga nosiBUNOCH YCTPOWCTBO, KOTOPOE, MO
MHEHMIO npousBoguTens - komnaHum Calgon Carbon, paspewaetr cywecTBeHHO
YMEHbLUNTb BNUAHWE U3My4YeHM MOOWMbHOro TernedoHa Ha MO3r nonb3oBaTens,
nornowas 99% MWUKPOBOSH, KOTOPble BIMAKOT Ha Hero. OTO YCTPOWCTBO MNpeacTaBnsier
cobon HacagKy Ha aHTeHHY MobunbHoro TenedoHa. Hacagka BbiNnofHEHA M3 YriepogHoro
mMatepunana u HasbiBaetcsa «WaveZorby». MNMpuHumn genctBua usgenuss WaveZorb 6bin
3aMmcTBOBaH KoHCTpykTopamu Calgon Carbon w3 BOeHHbIX paspaboTok. Huroe He
coobuianock, 4YTO 310 3a MaTtepmarn. OcTaeTcs NuUWb AoragbliBaTbCs, Kak paboTtaer aTa
Hacagka, KoTopas, MO MHEHMIO pas3paboTynKoB, [erniaeT Mofb3oBaHNME MOBUITbHBIM
TenedoHOM npakTuyeckn 6e3onacHbIM. Takke HEW3BEeCTHO MoAdaBnsieTcss Nv npu ee
MCNONb30BaHUN CUrHas, KOTOpbIM NepeaatroT, YTO MOXET MPUMBECTU K YMEHbLUEHMIO CpoKa
AENCTBUST  UCTOYHMKOB MNWUTaHMA MOOWMbHOro TenedoHa BCNEACTBME  YBENUYEHUS
BENMMYMHbI TOKa, KOTOpbIN NoTpebnsercsa TenedoHoM. Takme yCTPOWMCTBa He MNonyyunu
LUMPOKOro pacnpoCcTpaHeHnst BBUAY YNOMSAHYTbIX MPUYMH.

M3BECTHbIM YCTPOMCTBOM MOMMNOLLAKLWEro TUNa eCTb YCTPOUCTBO OMONOrnyeckomn
6esonacHocTn AP, paspabotaHHoe B Poccu. OHO npenctaensieT cobon aBToreHepaTop
CBY (cBEPXBBICOKMX 4YACTOT), KOTOPbIA rEHEPUPYET CUrHamnbl B NPOTMBOGA3e BHELLHEMY
M3NY4YEeHUIO, B CBSA3W, C YEeM CyYMMapHOe WusnyyeHne npubnuxkaetca K Hymw. B
COOTBETCTBUM C MHpOpMaLMeEN, AaHHOW pa3dpaboTunkamm, yctponcteo AP pabotaeT kak
GuneTp B AnanasoHe CBY.

Ho paspaboTtumku He yunu, 4yto MOOunbHble TenedoHbl paboTalT B AuManasoHe
900+1800 MI'd, a He B gnanasoHe 30+3000ru.

Bo BTOpbLIX, CO3a4aHNE YCTPOUCTB MHTEPEPEHLMOHHOIO TUNa npeacTasnsaeT cobon
CNOXHYI0 Hay4yHYI U NpakTUYECKY 3agady, TO eCTb cOo3faHune YCTpPoMCTBa C NoA0OHbLIM
KOMMEHCAUNOHHbIM  3ppekToM Ons MOBUIbHBIX TenedoHOB, XOTS TEOpPEeTUYECKN WU
BO3MOXHO, HO NPaKTUYECKN HENPUEMITEMO M3-3a BbICOKOM CTOMMOCTU TaKUX YCTPONCTB.

MpyHMMasa K BHMMaHUIO BblLENPUBEAEHHOE, CTAHOBUTCS SICHO, YTO YCTPOWCTBa
nornowjatowero Tuna €ectb Mano3dEKTUBHBIMA MM COBCEM HE WMEKT 3alUUTHbLIX
CBOWCTB.

N3BeCcTHO, 4YTO CcTeneHb Bpeaa OT BCEBO3MOXHbIX OTpULATENbHbIX BIUAHUA, B TOM
ynucre N ANEeKTPOMAarHUTHbIX, 3aBUCUT OT BENUYMHbI BIIUSHUS W CTENEHW COXPaHEHWUS
COOCTBEHHbIX 3aLUMNTHBIX CBOWCTB OpraHnama.

[Mo3ToMy, Ha OCHOBaHMM BbllE W3MNOXEHHOro, peanbHbIM CPeaCTBOM AN 3aLnTbl
yenoseka OT OTpuULATENbHOrO BANAHUA Ha Hero OMW MobBUnbHbLIX TenegoHOB ecCcTb
YyCTPOMCTBa rapMoHusunpytowero tmna. NpuHumMn OencTeusa Taknx yCTpoucTB GasumpyeTcs
He Ha nonbITKe NogaBuUTb PakTOp OTPMUATENBHOIO BINSAHMS, a HA CO34aHUKN YCITOBUI, Npu
KOTOPbIX YNOMSAHYTbIN dakTop BOOOLLE HE BO3HUKAET.

Cpoenaem psg npegwecTBylOWMX 3aMedaHuin, KoTtopble OyayT MCNOnb30BaHbl B
JanbHenLem.

HeobxogMMo noayvyepkHyTb, YTO HayyHas TEPMUHOMOrMs B 3TOM cdepe yxe
NpoOYHasa, HO Y4eHble NpPOAOIKalT OBOHapyXuBaTb U3NyYeHne «HeU3N4eckoro
Xapaktepa» u T.n.

Hanpumep, npu  BbINOSIHEHUM  PU3NYECKMX  IKCNEPUMEHTOB  POCCUNCKUE
nccrnegoBaTeny AMCTaHUMOHHbLIX BuoaHepreTudecknx enusiHini B. B. KBaptansHoB n H. .
[MNepeBO34NKOB OOHapyXunm W BblAENWAN B U3NYYEHUU OMTUYECKOrO KBAHTOBOO
reHepartopa (nasepa), kpome MU, n HekoTopoe nsnydeHne «Hepuan4ecKoro» xapakrepa
[45]. BTO M3ny4eHne yCnoOBHO Ha3Bannm «MCU-KBAHTOBbIM U3nydyeHnemy. Okasanocb, 4TO
3TO n3nyyeHne nmeet bonblloe BMoaHepreTndeckoe BNusHUE. Hanpmumep, okasanoch, 4To
aTa «Hedum3nyeckasi» KOMMOHEHTA NUMEET CYLLECTBEHHOE BNUSHNE Ha XU3HEAEeATEeNbHOCTb
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Bronornyecknx CTPYKTYp pPasHOro ypoBHS, OT CTUMYynupylowero K natoreHHomy. OHa 6e3
CYLLEeCTBEHHOro nocnabneHnss nNpoxoauT CKBO3b Martepuanbl, «Henpo3padHblie» ONs
3NEeKTPOMarHUTHbIX BOSIH. HO MEHHO BneyaTnswLwee 1o, YTO "Ncu-KBaHTOBOE MU3NnyyYeHue"
OTpaXaeTcs CTEKMNSHHbIM METanM3NPOBaHHbIM 3epKarioM Npu nageHUn cO CTOPOHbI
CTeKna n He oTpaXkaeTcsl MeTanIM4eCcKMMmn NOBEPXHOCTSIMMA.

B [33] onucaHbl pesynbtatbl paga 3KCNEepUMEHTOB, KOTOpble MpOBOAMMUCL MOop4
pykoBoAcTBOM akagemuka B. 1. KasHayeeBa Ha npoTsokeHun 40 neT B MHCTUTYTE
KNWHMYECKOM WM akcnepumeHTtanbHon meamuuHsl CO PAMH n MexayHapogHomy HOW
KOCMWYECKON aHTPOMOIKOSOrMN MO N3YHEHNIO B3aMMOOENCTBUS (PU3NYECKUX, B TOM YUCHE
BaKyyM-TOPCUOHHBIX, MNofnen Ha 6uonornvyeckne oObeKTbl: KneTkn, OGaktepum u  T.n.
BbisaBneHo, 4To xnmmyeckasa n buonormdeckas MHpopmaLmsi MoXeT ObITb nepeHeceHa oT
ogHoro Guoxumuyeckoro unu Guonormyeckoro obbekTa K APYromy C MCMONb30BaHMEM
cnnHopHo - TI1. TlpegnoxeHa oOwas koHuenuust B3anmmogencTems Tl € KMBbIM
BELLECTBOM, BKNtoYas apdeKTbl XMpanbHOCTU 1 FrefIMOKOCMUYECKOTO UMNPUHTUPOBAHUS.

B nybnukaumm nogyepkmBaeTcs, YTO CKOHCTPYMpPOBaH reHepaTtop, KOTopbiv
n3ny4yaeTt aUPHO-ANHAMUYECKME MOTOKN - HEOOHOPOAHOCTU adhmpa (Bakyyma), KOTopble
onucaHbl B pabotax B. J1. latnosa [1988], A. E. Akumosa, I. W. Wnnoea [1996], A. H.
Omutpresa [1997] v ap. Ecnn Takon reHepaTtop «3akpydnmBaeT» 3UPHbLIN (BaKyyMHbIN)
NMOTOK BMNEBO (MPOTMB YaCOBOW CTPESiKK, YTO npucyLle nesbiM TI1), TO TKaHEBbIE KYNbTYpbl
(3TO KNETKM YernoBeka), HaYMHAT akTMBHO Pa3MHOXaTbCs, B TO e BpeMsi CUHTe3 Bernka u
nonucaxapuaos MaeTt 06bl4HbIM MOPSAKOM.

Mpy n3ameHeHnn HanpaBneHust BpaweHna acmMpHOro (BakyymHOro) notoka BnpaBo
(npasble TI1) nposiBNAeTca cnegylowmn 3peKkT: MUTO30B HET, HO CUHTe3 Oenka B
KneTkax, akTMBHOCTU UX TEHOMOB Ype3Bbl4aHO BbICOKME BO BCEX CIyYasX.

MpuHumass k BHUMaHuO nybnukaumm [3, 76, 33], MOXHO yTBepXaaTb, 4TO
n3nyyeHne «Hedn3NYEeCKOro» xapakTtepa, BbISIBIEHHOE MNPU BbINOIHEHUN PUINYECKNX
9KCNEPUMEHTOB  PYCCKMMW  UccnegoBaTendamu  OUCTAHUWOHHBLIX  BMO3HepreTn4eckunx
BnnaHun B. B. KeaptanbHoBbiM 1 H.®.[lepeBo3umkoBbiM, npeactaendetr cobow TI1 -
npaBoe M neBoe, NpaBoe - CTUMYNUpYyloLlee, fNeBoe - natoreHHoe. JTO elle OAHO U3
nony4yeHHbIX B NocregHee Bpems JokasaTenbCTBO cyllectBoBaHus TI1.

B panbHenwem, Kak n paHee, Mbl 6ygem ucrnonb3oBatb TEPMUH « TTT».

XapakTepHbIM  YCTPOMCTBOM FAapMOHM3UPYIOLWEro Tuna 3TOW [pynnbl  ecTb
TOPCUOHHBIN HenTpanusatop «buotopH-PMc» (Poccus) paspaboTtka HayydHOro ueHTpa
Poccuinckon akagemum ecTtecTBEHHbIX HayK. 10 MHEeHUI0 pa3paboTyYMKOB, MEXaHM3M €ro
3aWmThl BasmpyeTcsl He Ha YCTPaHEHUN UCTOYHWMKA OTpuuaTeEmnbHbIX U3NYYEHUA UK €ero
9KpaHMpoBaHMW, a Ha co3gaHMm OpMOBLIX cTatmyecknx Tl no dopme 0O6LEKTOB,
KOTOpble BXOOAT B COCTaB TOPCMOHHOIO HenTpanuaatopa. YcTpouctBo «buotopH-PMc»
pa3paboTaHo Ha ocHoBe Teopuu TIT 1 MMEET Takyto KOMOMHALNIO FEOMETPUYECKNX POPM,
KOTOpas CyLEeCTBEHHO yMeHbLUaeT oTpulaTtensHoe BrvsiHue nesbix T IMU mobunbHoro
TenedoHa, noaaepxmeas, T.0., 00wme Hecneumdnyeckne 3alunTHbIE CBOMCTBA OpraHmM3ma
nonb3oBaTens. B peknaMHOM NpocnekTe Ha TOPCUOHHLIN HernTpanuaaTop «bunotopH-PMcy
(Poccusa) pa3paboTkm HayyHOro ueHtpa Poccuiickon AkageMmm eCTECTBEHHbIX HayK He
npuBEAEHO onucaHne KoMOuHauuM reoMeTpuyecknx opM, KOTOpoe WUCMNOoNb3yeTcs B
YCTPOWCTBE N HE NMPUBEAEH MPUHLUMM €ro ENCTBUS.

Mo Hawemy MHeHuto, «bunotopH-PMc» ecTb O0Obl4HBIM  NUKTOrpadnyecKum
pe3oHaToOPOM, KOTOPbLIN reHepupyeT npasoe TI1 1 npu npaBuUnbHOW yCTaHOBKE YCTPOUCTBA
Ha MOOUMbHbLIM TenegoH MOoHMXaeT oTpuuaTenbHoe BrMsHUME neBbiX TIT MOBGUIBLHOMO
TeneoHa Ha nonb3oBaTensd 3a CYeT TOro, YTO MpaBoe Morie OTTafkMBaeT IieBoe B
COOTBETCTBUM C 3aKOHOM B3ammopgenctsma TI1. OTUM M NOSACHAETCS He3HayuTerbHoe
3alnTHOE [OENCTBME YCTPOWCTBA, KOTOPOE MoOKasann npoBedeHHble C YCTPOWCTBOM
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9KCNEePUMEHTHI.

M3BecTHO yCTPONCTBO ANd 3awuTbl Yenoseka oT TU mobunbHbix TenedoHos [133].
YCTpOMCTBO BKMtoYaeT B cebst He MeHee OByX LLUApPOB M3 HEMArHUTHOrO CTEKTOBUAHOMO
mMaTepuana, npu4emMm B O4HOM LUape HaxoauTCsa pacTBOp yrnepoaa, a B ApYroM pasmeLleH
pacTBOp cornen pegko3eMernbHbIX METanNI0B 1 MarHNTOMYBCTBUTENbHbIN 3NIEMEHT, NpuyYemM
MarHMTOYYBCTBUTENMbHbIA 3MIEMEHT MMEET Ha CTOpPOHE, KoTopas B pabovyeM COCTOSAHWUU
HanpaBfneHa Ha HXXHbIN MarHUTHLIN nomnc 3emnun, opmuposatenes npasoro TI1. bonee
MOLLHbIE nons opMUPYIOTCA 3@ CYET TOro, YTO MarHUTOYYBCTBUTENbHbLIA 3MEMEHT
npuBoanT dopmmpoBatesnib npasoro Tl B COOTBETCTBME C MarHUTHbIM MepUanaHoM
3emnn.

YCTPONCTBO 3aKpensisitoT Ha NPOTMBOMONOXHON OT paboden CTOPOHbI MOBUITBEHOIO
TenegoHa OCHOBaHMEM K KOPMYCY.

YNoMsiHyTOEe YCTPOMCTBO AS1A 3awuTbl yernoseka oT TU MobunbHbIX TenedoHoB
obecneumBaeT hopmmpoBaHme 6onee MoLiHOro npasoro u nesoro TI1, koTopoe aenaet
ero 6onee apPeKTMBHLIM B CpPaBHEHUM C U3BECTHbIMWU YyCTpoMcTBamu. HO 3almnTHble
CBOMCTBA 3TOr0 YCTPOMUCTBA TaKKe MOXHO YIy4LlLNUTb.

CotpygHukamn  «CnunHop WHTepHewHn» (r. Kues, YkpavHa) Obino cosgaHo
YCTPOWCTBO ANA 3awuThl YenoBeka oT T MoOMNbHbIX TenedOoHOB NyTEM M3roTOBMNEHUSN
ANPaKLUNOHHOM peLLETKM KaK (ppakTanbHOM KOMMO3ULUK, KOTOpasi BbiNOSIHEHA B BUAe
Konew W ecTb MNMOCKOCTHbIM MepeceyeHneM CXembl NPOCTPAHCTBEHHbLIX B3aMMOCBS3EN
HeBo3MyLleHHOro Pusmyeckoro Bakyyma, KOTOpbI coO3gaeT YCroBusl, MNPU  KOTOPbIX
YNOMSHYTbIN bakTop BOOOLLE HE BO3HMKAET B NIOKaNbHON 30HE BOKPYr TenedoHa. MIMeHHo
oTcytcTBue nesoro Tl B nokanbHOM 30HEe BOKpYr TenedoHa BedeT K bonee aghdeKkTMBHON
3awnTe YyenoBeka OT OTPULLATESNbHONO BIIMSHUSA €ro U3nyyYyeHui.

[Ana obbAcHeHus npuHUMna paboTbl YCTpOUCTBa ANSA 3aluTbl vyenoBeka oT TU
MOOUMbHBIX TENegOHOB WUCMOMb3yeM WNMKCTpaumm, npmuBeneHHble B rnasel: puc.1 -
Mogenb «@utoHa»; puc.2 - mogenb HeBo3MyLleHHoro dusmyeckoro Bakyyma; puc.3 -
Mozenb Bo3MyLLeHHoro ®duanyeckoro Bakyyma 3apsgom Q;

L

o]

Puc. 39

Ha puc 39 mnsobpaxeHa gondpakumMoHHasa pelleTka, koTopas npeactaensetr cobomn
YCTPOWMCTBO ANA 3alMTbl YernoBeka oT oTpuLaTensHOro BANSHUS TOPCUMOHHON KOMMOHEHTHI
OMW mobunbHoro TenedoHa.

YCTpONCTBO paboTaeT Tak: ero 3akpennsawT Ha MoOunbHOM TenedgoHe nyTem
HaKnenBaHUs Ha BHYTPEHHEN WIIM BHELUHEW YacTu Kopryca.

Ana nydwero NOHMMaHUA NpuHUMNa OEWCTBUS YCTPOWCTBA 3alUUTbl YernoBeka OT
TW mobunbHbIx TenedoHOB caenaem pag npeasapuTenibHbiX 3aMeYaHni.

BoaHukHoBeHMe TIT MOXHO OBBACHUTL, UCNoNb3ys Moaens dPusnyeckoro Bakyyma,
npeanoxeHHyto A. E. AKMMOBMM, KOTOpasa NpeacTaBnseT CO60N aNeKTPOHHO-MO3UTPOHHYIO
mogenb dunsndeckoro Bakyyma IN. [lnpaka B nsameHeHHOM nHTepnpetauum [1].

B cootBeTcTBUMM C Mogenblo, KoTopas ucnonb3yetcs, dusmyecknin Bakyym ectb
MaTepuanbHasa cpefa, Kotopas U30TPOMNHO 3anoriHAEeT BCe NMPOCTPaHCTBO, B TOM Yuche u
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NposBreHHYD MaTeputo. Pusmyeckmn Bakyym wnmeeT KBaAHTOBYHO CTPYKTYPY, KOTOPYHO
HEBO3MOXHO HabniogaTtb B  HEBO3MYLUEHHOM cocTtosHum  (puc.1). Teopusa Tl
paccmaTtpuBaeTr dmsnyecknin Bakyym Kak CUCTEMY 3NEKTPOHHO-MO3UTPOHHbLIX BOJTHOBbIX
nakeToB, KoTopble BpawatTca (a He «mope [upaka» W3 3reKTPOHHO-MO3UTPOHHLIX
napoB). Tam, rae 9neKTPOHHO-MO3UTPOHHbIE BOMHOBbLIE MAaKETbl BIOXEHbl OAWH B OAWVH,
dusndeckmn Bakyym HenTpanbHbI C TOYKM 3PEHUS SNEeKTpUYecKkux sapagos. Ecnm xe
CMWHbl BMNOXEHHbIX OAMH B OAHWX MAKETOB WMEKT MNPOTUBOMOMOXHLIM 3HaK, cuctema
CKOMMEHCMPOBaHa He TOSbKO C TOYKU 3PEHUSA ANEKTPUYECKUX 3apsaoB, a Takke C TOYKM
3pEHUsT KNacCU4eckoro CnmuHa M MarHUTHOrO MOMeEHTa. Takasd cucTema npeacrasnsieT
cobon «dputoH» (puc. 1), rae Sk U S. - CMNUHbI BNOXEHHbLIX OAWH B OAHUX BOJSTHOBbLIX
NMakeToB, KOTOPble WMEKT MPOTUBOMOSIOXKHBIA 3HaK. AHCaMbrlb TakMX HEBO3MYLLEHHbIX
(PUTOHOB €CTb annpokcumaumen ynpoLeHHOW MOoAenu HeBO3MYyLLeHHoro Pusmyeckoro
Bakyyma, TO ecTb, B COOTBETCTBMM C Mogenbto, dPusmyecknn Bakyym ecTb cpepa,
CO3aHHOE NSIOTHOW YNakKoBKOW (PUTOHOB (puc. 2).

lMockonbKy BO BCeX MOOUMbHbIX TenedoHax B paboumx pexmmax npoTekaeT
SNEKTPUYECKUN TOK, KOTOpbIA npencTtaBndeTr cobor ynopsiAovYeHHOE  ABWXKEHUE
3MNEKTPOHOB, pacCMOTPUM nonsipusaumio PrU3myeckoro Bakyyma afekTpudeckumMm TOKOM.
PaccmoTpum npouecc nonspusaumm drusnyeckoro Bakyyma , paccmatpusas anekTpoH E
TOYEYHbIM 3apsiA0M, HAXOOSALWMNMCS B HEKOTOPOW TOYKe NpocTpaHcTBa. B aTtom cnyyae
adpdekT nonspusauum dusmyeckoro Bakyyma MOXHO NpeactaBUTb Criegytowmm
obpasom. NycTb B HEKOTOPOW TOYKE MPOCTPAHCTBA, Haxoaswencs nobrnms3ocTn aneKkTpoHa
E, nponcxoguT poxxaeHne BUpTyanbHOM Napbl YacTuL, — 3MEKTPOHa U NO3UTPOHA,
KOTOpble, CNYCTS O4EeHb KOPOTKOE BPEMS, aHHUTUINPYIOT MeXay cobon, T. e. poxaeHue u
nocrnegyowas aHHUIMNAUUA napbl JOMMKHbI NPOUCXOAUTb BO BHELLHEM 31EKTPUYECKOM
nosne, co3gaBaemMoM 3rekTpoHoM E. [lencTBMe 3TOro BHELLHEro Nosii COCTOUT B TOM, YTO
POOMBLLMINCS ANIEKTPOH Crierka oTTankmBaeTcs anekTpoHoMm E, Torga kak poamsLumnmncs
NO3UTPOH crerka NPUTArMBaeTCa UM, Tak YTO UMEEeT MeCTO hM3MYecKoe pasaeneHune aTnx
3apsgoB BO BPeEMS UX KPATKOBPEMEHHOIO CYLLECTBOBaHUS. Takoe siBfieHne nponcxoguT
BCe BpeMsi 1 MOBCIOAY BOKPYr afieKTpoHa E, 4To Beaet pesynstupytoemy addexTy,
HasblBaeMoMy nonsapusaumen dusmyeckoro Bakyyma. Heobxogmmo nogyepkHyTb, UTO
aTa Mofesnb JaeT YeTKoe NpeacTaBneHne O ToM, Kakum obpasom npomcxoguT
nonspusaums dusnyeckoro Bakyyma mobunbHbiM TenegoHomMm. B mobunbHom TenedoHe
3NEKTPUYECKUIN TOK, NPOTEKAIOLWNIN BHYTPU MOOUNBHOrO TenedoHa, NpuTarmBaeT
pOAMBLLNECS BUPTYasbHble NO3UTPOHbI U OTTANKMBAET BUPTYasibHblE€ 3MIEKTPOHbI, B
pesyrnbraTe Yyero BOKpyr MObunbHoro ternedoHa CyLecTBYeT TOMNbKO fieBOe Morie,
npogyumpyemoe BMpTyanbHbIMU 3f1IEKTPOHaMKU. Baanmogencreme gudpakyMOHHON
peLleTkn C BUPTyasibHbIMU 3NEKTPOHaMMN NPUBOANT K TOMY, 4YTO Tn BOKPYr MOBUIBHOro
TenedoHa kak bbl “3amopakmBaeTcsl ” U HEe OKa3blBAET HEraTMBHOIO BO3AENCTBUS Ha
nonb3oBaTens.

MpegnoxeHHasa npoctaa mogenb dusmyeckoro Bakyyma [aeT BO3MOXHOCTb
OOBACHUTL HEKOTOPbIE SABMEHWUSA, KOTOPbIE MMEKT MECTO Mpu Nofb30BaHUN MOOUBHBIM
TenegoHomMm.

®PyHKUMOHANbHas CXemMa BHYTPUCTPYKTYPHOW CXeMbl B3aMMOLAEWNCTBUS OPraHoB
YyenoBeka, B CBOK o4yepedb, €CTb YacTblo MraHTCKon dopakTanbHOW CTPYKTYpbI - 0bLero
nonsi BceneHHoW, YacTbio KOTOporo ectb dusmyecknin Bakyym. T. 0., pyHKUMOHMpPOBaHNE
opraHmMaMa Kak KOHKPEeTHOW OOWHOCTU oOpraHoB, B BuAe COOCTBEHHOW OPMbI
XN3HeaeaTenbHOCTU, BCeraa 3aBUCUT OT TOrO, Kak MPUHLUMNLI ee OpraHn3auun oTeBevaroT
CXEeME KOMIMOHOBKM (MOCTPOEHUI0) rnobarnbHbIX NPOCTPAHCTBEHHbIX Kateropui. Jlioboe
HEeCOOTBETCTBME MPUHLUUMNOB OpraHM3auum Cxeme KOMMOHOBKM u3MeHsieT opmy
BHYTPEHHErO CTPYKTYPHOrO pe3oHaHca, KOTOpbIM BbI3OBET Te WNW ApyrMe npouecchl B
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BMAe Tex unun gpyrnx yHKUMOHabHbIX COCTOSHUMN.

PeanbHOCTb CyLLEeCTBOBAHUS U XU3HEAEATENIbHOCTb KOHKPETHbIX KNETOYHbIX rpymn
Tena 4ernoBeka, Kak 04eHb CrOXHOro MH(POPMaLMOHHOIO KOMMeKca, Bcerga cBsidaHHas ¢
NPUCYTCTBMEM B3aUMHOIO MHAOPMAaLMOHHOIO 0bMeHa 1 B3aMMOLENCTBUSA C OKPYXKatoLLEN
cpepon. 1 ecnu no nwobon npuymHe cuctema B3aMMHOMO WUHAPOPMAUWOHHOMO obmeHa,
KoTopas obecneynBaeT CTabUNbHOCTb M ONTUMAanbHOCTb BHYTPUCTPYKTYPHbIX B3aWMHbIX
CBSI3eN, 3aTPOHYyTa, BO3HMKAET aucbanaHc, KOTopbIN NPUBOAUT K TOMY, YTO O4HU CUCTEMBI
Pe3Ko MOBbLILAKT CBOK aKTMBHOCTb, a ApyrMe HaobopoT, nonagatT B 30HY aTpodun co
cnegywuwlen gerpagauuen [33].

MocTaBneHHaa 3agada pellaeTcsl 3a CYeT TOro, YTo B YCTPOWCTBE ANS 3allUThl
yenoseka oOT TW, koTopbin BMelwlaeT B cebe OMPPaKUMOHHYH peLLETKY, COrfacHo
N3006pETEHNIO, C LIEMNb YNy4lIEHNA 3alMTHbIX CBOWCTB YCTPOWCTBA, AMdpaKkUMOHHANA
pelleTka npeacTaBnser cobon pakTanbHY KOMNO3ULMIO, KOTOpas BbIMOSTHEHHASA B BUAe
Konew, KOTopble SABMSKTCA MNSIOCKOCTHBbIM MNepeceyeHneM CxXxemMbl MNPOCTPAHCTBEHHbIX
B3aMMOCBsi3e HeBO3MyLleHHOoro dusmyeckoro Bakyyma W HaHeCeHHasi Ha rnagkyto
NMOBEPXHOCTb MYTEM HamMbINEHUs METaNMYecKoro nokpbltvsa. dudpakumoHHasa pelueTka
MOXET ObITb NosilydeHa TaKkke nyTeM 3KCNo3uLmm CBETOYYBCTBUTENBHOM NIieHKW. [uameTtp
Konew - MWHUManbHbIA, KOTOPbIA paspellaer AOOCTUYb COBPEMEHHbIX METOLO0B
N3roToBEHNS ANPaKLNOHHON peLLETKN.

O6bsaAcHMM, Kakum  obpa3om  HekoTopasi rpadudeckasl  KOHCTpyKuust -
AndpakunoHHasa pewletka (puc. 68) - MOXeT BHeCTU rnybokue U3MeHeHUs B COCTOSIHUE
BO3MyLLeHHOro dusmyeckoro Bakyyma. [Ons noHMMaHus 3TOro sBneHuss HeobxogmMmo
paccmaTtpuBaTb CUTyauuto HaMHOro 6oree LMPOKO, YeM MPOCTO Kak rpadouyeckyto unm
NPOCTPAHCTBEHHYKO KOHCTPYKLMIO.

OTO0 - Mofenb Pe30oHaHCHOro B3aMMOLEWCTBUA, KOTopasd peanusyetca B Buae
ANPPaKLUMOHHbBIX PELLETOK, eCTb YaCTbl0 HOBOW Hay4yHOW NapagurMbl, U 3TU 3HAHWA AatoT
OCHOBaHWNA MNPUHLMMIMANbHO MO HOBOM paccMaTpuBaTb OTHOLUEHWE K YerioBeKy, K ero
OpraHu3Mmy, K OKpy><atoLLien cpeae.

OTU TEXHONOIMM 3alWmTbl YenoBeka 6as3npyroTCs Ha Pe30HaHCHOM B3aMMOLENCTBUN
ANPaKUNOHHBLIX  peweTtok ¢ neBbimu Tl mMobunbHoro TenedgoHa. MVmeHHo
AndpakunoHHas pelleTka onpeaenser OnTUMasribHbI PeXUM AUHAMUYECKUX peakuuin
KOHKPETHOro o6bekTa, 1, 3Ha4YUT, KAYECTBEHHbIN KOHEYHbIN pe3yrbTar.

AndpakuynoHHbIX peweTtka (puc. 68) - 3TO KOHTYPHbIA pe3oHaTop, KOTOPbIA eCTb
NAOCKOCTHbIM NEepeceyYeHneM CXeMbl MPOCTPAHCTBEHHbIX B3aUMOCBSA3EN, MPUCYLLNX
HeBO3MYyLLeHHOMY DusndeckoMmy Bakyymy (puc.2), TO ecTb, 3aKkpenndas AngpakunoHHYO
peleTky Ha kopnyce MoburnbHOro TtenedoHa, Mbl BOCCTaHaBNMBaeM YCrOBUS ANd
ONTMMasbHOIro AMHaMUYECKOro pe3oHaHca BCero crektpa éuonormyecknx mogmndukauumm,
N3MEHEHNA KOTOpbIX BedyT CBOE Hayano MMEHHO B 30HE W3MEHEHUs CTPYKTYpbl
dunsunyeckoro Bakyyma - B 30He U3nyyeHnin MobunbHoOro Tenedoxa.

O6HapyxunBaeTcs, 4YTO CTPYKTypHas cxema KOMMOHOBKM Pusmyeckoro Bakyyma
npegctaenser cobon dpakTanbHbIM KOMMSEKC, TO €eCTb KOHCTPYKLMIO, B KOTOPOW
BHYTPEHHME KOMMOHEHTbI ABNAOTCA noaobHble obwien dopme, a obwasa dopma -
NPOM3BOAHLIM aHanorom ceoen 6a3oBoON OCHOBBI.

MoHATMe cpakTana paspewaeT chopMmpoBaTb MOHUMAHUA TaKMX KaTeropun, Kak
MHPOPMAaLIMOHHOE COCTOsIHME, BUPTYyaribHOE MPOCTPAHCTBO M T.M., HO camoe rnaBHOEe TO,
YTO M3 3ITUX MO3VLUN CTAHOBUTCA BO3MOXHOW OCO3HaTb TOT (aKkT, 4YTO MMEHHO
BUPTYyarsibHble MOAENN - @ 3TO (PMU3NYECKMNE NOHATUSA - ABMSIOTCHA NPOTOTUNOM APYrnxX opMm
mMaTepuanusaumm (B OaHHOMY cryvasi - MpOsiBNEHWE OTpULaTENbHOro BIIMSAHUA Ha
yenoseka nNpU BO3MYLLUEHHOMY W3fly4eHUsIMU MOBUIbHOro TenedgoHa ®Pusnyeckom
Bakyywme).
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W, ecnn npyHUMNbI U 3aKOHbI (PYHKLMOHANbHOM CXeMbl agekBaTHO MPUHMMAOTCH K
BHMMaHWIO, MNOSABMSETCA peanbHas BO3MOXHOCTb LENEeYCTPEMIIEHHO PYKOBOAUTbL ee
NPOM3BOAHBbIMU NPOEKLMAMM - BCEMU 6E3 UCKMIOYEHUA ANHAMUYECKMMIN NpoLieccamMm, Kak
6a3oBbIMU AN CyLEeCTBOBaHUSA Buonormyeckon nepudepunn, To ectb 6€3 oTpruaTenbHOro
BMMSIHMA Ha YernoBeka.

Kaxgas coctaBHas AudpakumoHHOM pewetkn (puc. 68) reHepupyeT CBOW
WH(POPMALMOHHBIA  CUrHan, MNpPUHYXX4ast foKanbHO  M3MEHSTb  (PYHKUMOHanbHbIe
BO3MOXHOCTU 4acTun dusmyeckoro Bakyyma, rge pelueTka pacnornoxeHa, B pesynbrare
yero dpopmupyetca obnacte dmsnyeckoro Bakyyma, KoTopasi xapaktepusyercs CTPOrnm
CTPYKTYPUpPOBaHNEM, TO €CTb PUTOHbI Pusnyeckoro Bakyyma yxe He BO3MYyLLAKOTCA Nog
aencrtemem OMUN mobunbHoro TenedoHa, OHM OCTaKTCH TakKMMU, Kak M3obpakeHHble Ha
puc. 2, N 3TO rapaHTUpyeT Heobxoammas 3awmTa.

O6bAcHMM, 3a cyeT Yero aAndpakumoHHas peleTtka (puc. 68) BbiNOMHEHHasa B BUAE
Konew, KOTopble SABMSKTCA MNSIOCKOCTHBbIM MNepeceyeHneM CxXxemMbl MNPOCTPAHCTBEHHbIX
B3aMMOCBSI3e, MPUCYLUMX HEBO3MYLEeHHOMY ®dusnyeckomy Bakyymy, rapaHTupyet
3aLUNTHBIN 3P GEKT.

Pewatowmnm ¢akTopom, KOTOpbIA rapaHTUpyeT (yHKUMOHAasbHbIE 3alUUTHbIE
CBOMCTBA AUpaKUMOHHON pelleTkn (puc. 68), ecTtb GapbepHbii 3PdPEKT M3MEHEHUS
MNNOTHOCTU cpefabl, KOTOpasi pPe3Ko W3MEHSIeTCS Ha r[paHuMUe KOHTaKTUpPOBaHUS
06e300paxeHHoro (BoamyLlueHHoro) OMN mobunbHoro tenedoHa dusnyeckoro Bakyyma
(puc. 3) wn HeBo3MyweHHOro dusmyeckoro Bakyyma, KoTopbI npogyuupyeTcs
AndpakunmoHHON  peweTtkon.  [Opyrumn  cnosBamn,  ppakTanbHa  KOMMO3vuus -
AndpakumoHHasa pelleTtka (puc. 68), YTo BbINOMHEHHAsA B BMAE KOreL, KOTOpble SIBNSAOTCA
MMOCKOCTHbIM MepecedYeHneM CXeMbl MNPOCTPAHCTBEHHbLIX B3aUMOCBSA3eN (MMOTHON
yrnakoBku (PUTOHOB), opmMupyeT nokanbHbin 6Gapbep B BuAE HEBO3MYLLEHHOIMO
dunsnyeckoro Bakyyma 3a cyet cobCTBEHHbLIX cTatnyeckmux TI. To ecTb B HanpasneHuu,
nepneHaukynapHOM MNOCKOCTU aucnnea MobunbHoro TenedoHa, Pusmyecknin Bakyym
OCTaeTCA HEWU3MEHHbIM NpU B3aMMOAENCTBMM C TOPCUMOHHOW KOMMNOHeHTon JMU
MobunbHoro TtenecgoHa. T. 0., YCTPOMCTBO ANSA 3alWuTbl YeroBeka OT OTpuUaTeSibHOro
BnnaHna TIT mobunbHoro TenedoHa co3gaeT nokarnbHyt 06nacTb HEBO3MYLLEHHOMO
®usnyeckoro Bakyyma BOKpyr MoOunbHOro TenedoHa, TeM cambiM, 3alumuias
nosfib3oBaTens OT oTpuuaTenbHOro AencTBua Ha Hero nesoro TI1, KoTopoe npucyliee
MobunbHOMY TenedoHy 6e3 3aLMTHOro YyCTPOMCTBA.

MpoToKkon COBMECTHOIO UCMbITAHUS 3aLLMTHOrO YCTPOMCTBa Monib3oBaTenst MobGunbHoOro
TenecdoHa ronorpaduyeckun pesoHatop «SPINOR», npoussogctea OOO «CnmHop
NHTepHewHn» (r. Kues, YkpauHa).

r. Omck, Poccusa Le Conquet, France18 oktabps 2005 r.

Llenb ucnbitanus:

1. lMpoBepka 3PPEKTUBHOCTM 3aLLUNTbI OT TOPCUMOHHOW KOMMOHEHTbl OMU (BMW)
MobunbHoro TenedoHa ronorpaguyeckoro pesoHatopa «SPINOR» Ha cBepxaanbHUX
PacCTOAHUAX.

2. [lepegaya 3aWMTHbIX CBOWCTB ronorpacuyeckoro pesoHatopa OT MOOGUNbHOro
TenedgoHa ogHoro aboHeHTa (TenedoH C 3awmTon) Ha MOOUMbHBLIM TenedoH ApPYroro
aboHeHTa (TenedoH 6e3 3awuTol).

MpucyTtcTBOBaANMU:

Co ctopoHbl Poccumn: OO0 «LeHTp nHHOBaLMI 1 NOBbILLEHUS KBanudukaumm « AkBaTop».
[Mpn 3KkcnepumeHTe nNpPUCYTCTBOBaNW: TeppuTopuanbHoe ynpasneHne ®deneparnbHon
cnyx0Obl No Hag3opy B cdhepe 3awmTbl NpaB notpedutenen n dnaronony4ymsi Yenoseka no
Omckown obnacTu.
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Co ctopoHbl ®paHuun: SARL «Tellus», accounaums Prosantel

Co ctopoHbl YkpanHbl: OO0 «CnuHop NHTEepHELWHN».

YcnoBust UCNbITaHNUSA:

OKCNepMMeEHT NPOBOAWSCA OAOHOBpPEeMEeHHO B AByX ropogax: . Omck, Poccua u Le
Conquet, Place de Lochrist, ®paHuusi. PacctosHue - cBbiwe 9000 km.

C nomouwbto npubopa «UMA-1» (3aBogckon Ne 0402013, TY 4224-001-12704605-2001) B
COOTBETCTBUM C MHCTPYKUMEN MO aKcnnyataumm BblbpaHo MecTto, cBobogHoe ot TI3 un
TEXHOMATOrEeHHbIX 30H. [Na NCKoYeHus BNNAHNA Nobo4vHbiXx AMU, MobunbHbIN TenedoH
Obl1 pacnonoXeH Ha MeTannuanpoBaHHOM TkaHu Tuna «Bocxog» (ApT. 56041 «My,
ananasoH 1,8+53,2 [Tu, koappUUMEHT oTpaxeHust - He MeHee 99,6%, koadppuumeHT
NPOXoXaeHns - He meHee 24 ab.).

3amepbl npoBoaumnucek npudopom «UMA-1» (c obemx ctopoH). C PocCUMCKOM CTOPOHBI
nucnonb3oBanucb 2 MOOWNbHLIX TenedgoHa «Sony Ericsson T630». Ha ogHom
yctaHoBneHa 3awmta «SPINOR» (scnonb3oBancs Anst NOCTOAHHOW cBs3nM dpaHums -
Poccus), apyron TenedoH 6e3 3awuTbl (TECTOBbLIN).

Mopsapok ncnbiTaHUA:

Hauwano akcnepumeHTta B 15:55 mectHoro Bpemenu (09:55 no puHBu4y). OkoHYaHue
akcnepumeHTa B 16:55 no mectHomy BpemeHu (10:55 no MpuHemuy). Becero nposogunock
15 TecTOB METOLOM «CIenoro 30HANPOBaHUS.

Co CcTOpoHblI PpaHuuM NPOU3BOAUIICHA BbI3OB (3BOHOK) C MobunbHoro TenedoHa (6es
3aWMThl) Ha TecToBbIN TenedoH, anutenbHoCcTbL0 90 cekyHa. 3a 3TO BpeMS NPOBOAUINCH
3aMepbl MO HaNMYUK - OTCYTCTBUIO TOPCUOHHOM KOMMOHeHTbl QMW Ha MOOUNbHbIX
TenedgoHax (Ha obenx ctopoHax). Yepes 2 MUHYTLI NPOBOANUIICA CrieayoLwmnn Boi3oB. [pu
3TOM C PoccuUMCKOM CTOPOHbI 3aluTa ycTaHaBnuBanacb B 3apaHee YCTaHOBMEHHOM
nopsiake, HemsBeCTHOM PpaHLy3CKON CTOPOHE.

Mo OKOHYaHMIO 3KCNEPUMEHTA NMPOM3BENOCH CITMYEHNE PE3YNLTAaTOB.

3aknio4yeHue:

1. Nonorpadguyeckuii pesoHatop «SPINOR» HenTpanuayeT TOPCUOHHYHO KOMNOHEHTY M
MOBUNBbHBIX TeNedoHOB.

2. 3awuTHbIE CBOWCTBA NepefarTcsl OT 3alUMLLEHHOrO TernedoHa Ha He3awMWEHHbIN
TenedoH.

3. lNepenaya 3alNTHBIX CBOMCTB HE 3aBUCUT OT PaccTosiHUA Mexay aboHeHTaMun.

4. YNoMsaHYTbIN pe3oHaTop nocre npoBefeHUs OONOSTHUTENbHbLIX MeauKO-BMonornyeckmnx
MUCNbITaHUM MOXeT OblTb pPEeKoOMEeHAOBaH Kak npodunakTuyeckoe Ccpeactso  Ans
yCTpaHeHusi hakTOpOB HEraTUBHOIO BANAHUA TOPCUOHHOW KOMMOHEHTbI QMW MOBUnbHbIX
TernegoHoOB Ha Nonb3oBaTenemn.

CnepoaTenbHO, UCMOMb30BaHWE YCTPOMUCTBA rapaHTUPYeT NOSTHY HE3aBUCUMOCTb
OT TOPCUOHHOW KOMMOHEHTbI OMW mMobunbHoro TtenegoHa, TO eCTb YCTPONCTBO
Ka4eCTBEHHO  MoAUMUUMpPYeT COOCTBEHHYID  (OpakTanbHYld CUCTEMY  U3NYYEHUN
MobunbHoro tenedoHa n HPOPMaLNOHHO-OOMEHHbIE CBA3N.

Akagemnk AkumoB A. E., kommeHTMpya Ha V MexgyHapooHOM  HayyHO-
NPaKTU4YECKON KOH(epeHuMn «OHEepPronHopMaLnoHHOe €eOuHCTBO Mupa - HoBas
napagurma TexHornorndeckoro passutuna» (07+09.09.2005, r. [lHenponeTpoBCK, YKpauHa),
ckasan cnegyillee:

«A xoten Obl 0b6paTUTL Balwe BHMMaHWe Ha TO, YTO B Xo4e dKcnepumeHTta Obina
dakTnyeckn gemoHcTpauma Tpex addekToB: 1-n apdeKkT CBA3aH C TeM, YTO ucyesano
BpegHoe TW oT TOro annaparta, Ha KOTOpbIA CTaBWSCs HeuTpanusatop, 2-n ekt
3akniovanca B TOM, YTO OEeNCTBME ITOr0 HenTpanusatopa He pacrnpoCTPaHSanocb Ha
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annapatbl, KoTopble ObinNn psaoMm, T.e. OeUCTBME ero nHavsuayanbHo, n 3-n acpdekT
3aknio4arncsa B TOM, YTO NpU BXOXOEHUWN B CBA3b 3TOrO annapaTta ¢ annapaTtamu, KoTopble
HEe WMeKT HeuTpanus3aTop He3aBUCUMO OT CTeneHn YyaaneHHoCcTW, TOT annapart
OKa3bIBarcHa TOXe 3aLUULLEHHbIM.

Bot atn Tpu adpdpekTa s xoTen Obl C HAYYHON TOYKM 3PEHUSI MPOKOMMEHTUPOBATD.

[MepBoe: nOCKOMbKy 3TW ronorpadguyeckme pesoHaTopbl BbI3bIBAOT HEKYIO
CMMHOBYIO MoNsApu3aumio NpoCTpaHCTBa, TO MO3TOMY ecTeCcTBeHHO, 4To TI1 3a npegensl
30Hbl HENTPAnNM3aunm M3nyd4eHnn MobunbHOro TenedoHa BbLIXOAUTb HE MOXET. To ecTb
Mbl 3TO MPOCTPAHCTBO, 0Opa3HO roBopsi, Kak Bbl «3aMOPO3USIM», N OHO CTAHOBUTCS He
npoHnyaembim ansa cobecreeHHoro TI mobunbHoro TenedgoHa. Bropasa cutyaumsa cesasaHa
C TeM, YTO MOCKOSIbKY (PM3MYEecKM ITOT annapar C ApYyrMMmu annapataMmy He CBsi3aH, TO
nepenatb ekt nonsgpusaumm He BO3MOXKHO, NOTOMY YTO HET MOoCpedHuKa AOS1s1 Takoun
nepegayn. A paguyc [euctBust nNpu paboTe HeuTpanua3atopa BHYTpM annapara
aKTU4eCKM OrpaHMyYMBaEeTCs rpaHMuaMm camoro annapara, T.e. ero usnyeckumm
rpaHuuamn. TpeTun apekT - AUCTaHTHOW nepedaym CBOMCTB HEMTpanu3aumm ¢ Hay4yHou
TOYKN 3pEHUSI TOXe MOHATEH, HO Bonee cnoxeH. [leno B Tom, 4To B paboTtax, KoTopble
Obl Hamu onybnukoBaHbl NoYTU 15 neT Hasag, nokasaHo, 4Yto OMI1, B oTnuymne ot
rPaBUTALMOHHOIO M TOPCMOHHOrO, obnagaeT O4YeHb BakHOM cneumdukon: nobon Bug
OMIN wn cTatndeckne anekTpudeckme nona wu BonHoBble OMW B TOM obGnactm
NPOCTpaHCTBa, Qe KOTOPOM OHM HabnogarTcs, rae OHWM MPUCYTCTBYIOT, OHM Bcerga
NopOXAakT TOPCUOHHbBIE KOMMOHEHTBI. OTa TOYKa 3peHNd norny4vmna cenyac nogaepxky B
psge nybnukaumi u moHorpaduin, KoTopble UMEET MecCTo 3apybexxHoM. Ecnn ecTb Kakon-
TO npubop, KoTopbin cosgaetr OMU (310 He BaxHO: OMWU mnun nasepHoe wuanyyeHue -
CBETOBOM WCTOYHMK), TO BO BCEX Clyyasix BOONb Takoro nyvya OyaoeT Habnwogartbes
cywectBoBaHune TI. ECTb o4eHb BaXHbIN (paKTOp, CBA3AHHbLIA C TEeM, YTO KBaHTamu OMU
ABNSAKTCA 4acTuubl, KoTopble obnagatoT cnuHom. [loatomy, ecnu Mbl co3gaem T,
KOTOpO€e NONApuU3yHT NO CMHAM 3TU (POTOHbI, TO B 3TOM Clly4ae Mbl UMEEeM CUTyaLuun, 4YTO
9TW (POTOHbI NEPEHOCAT 3TY CNUHOBYID WMH(OPMALUIO MPU OBUKEHUN SNEKTPOMArHUTHOM
BOSHbI».

CnepoBaTenbHO, BaXHbIM (PakTOPOM  SABMSETCA TO, YTO KBAHTAMW 3NEKTPOMArHUTHOIO
n3nyyeHnss  ABRAOTCA (POTOHbI - YacTuubl, KOTOopble 0bGnagarT CNUHOM. JOTO XOPOLLO
N3BECTHbIN (PaKT M3 y4ebHMKOB. VI ecnu Mbl co3gaem mM3nyyeHue, KOTopoe nonsipusyet no
CMMHaM 3TN (POTOHbI, TO 3TU POTOHbI Kak Bbl NEePeHOCAT 3Ty CMMHOBYK MH(OPMaLNIO Npu
ABVXKEHUN 3NEKTPOMarHUTHOM BOSHbl. C 3TOW TOYKWM 3pEHUst HeyOMBUTENbHO, YTO Takas
nonsipu3oBaHHasa BOSiHA , JOCTUrast cnefylowmin annapar, Bbi3bIBAET B HEM Te Xe camble
cnnHoBble 3ddeKkTbl,kKak W B NepefawwemMm annapare. B gencTtBuTenbHOCTU, BCSA
9NEeKTPOHUKa, KOoTopas uMerna MeCcTo Ha Tpaduke Mexay 3TMMK OBYyMsS annapatamu,
HeoTBpaTUMO UCNbITana Ha cebe 310 BO3oeNCTBUE.

doToHOM (He nyTaTtb C (UTOHOM) Ha3BaHO NoOKanuM3oBaHHOE B MNPOCTPaHCTBE
anekTpomarHutHoe obpasoBaHue, W3 KOTOpPOro dopmupyeTcs 3NeKTpoOMarHnTHoe
na3nyyeHve, nepeHocswee B MNPOCTPAHCTBE 3JHEPrM0 U UHopMaunto. Mockonbky
9MNEeKTPOMarHUTHOE M3ry4vyeHune BbINONHAET (PyHKUMM nepefadn MHopMaumm n aHeprum, To
(POTOH ABNAETCA ANIEMEHTAPHbIM HOCUTENEM MHopMaLnn N SHEpPrnn.

NHouinckun ydeHbln Bose B 1924 rogy npennonoXxun, 4To anekTpoMarHUTHoe rnone
npegcrasnser cobon COBOKYMHOCTb POTOHOB, KOTOPYID OH Ha3Bas maeasnbHbIM  POTOHHbIM
rasom . JTa mges o4veHb MNoHpaBunacb A. OWMHWITEVHY U OH NEpeBen €ero cratbi C
aHITIMACKOrO Ha HEMELIKUM A3bIK M HanpaBui €€ B (PU3NYECKUN XXypHa.

PaguoBONHOBLIM gManasoH U3MyYeHUM - 3TO MNOTOK (POTOHOB, a MoAynNuMpoBaHHas
paguMoBOfiHa - NOTOK MMMYNbCOB (POTOHOB (puc. 1, C) pasHOW MMAOTHOCTM WM 4acToOTbl
(http://kanarev.inauka.ru http://kanarev.com ),
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T.€. B paMKaX KBAHTOBOW SNEKTPOAMHAMUKN MOXKHO paccmaTpmBaTb 3J1IEKTPOMArHUTHOE
n3nyyeHume KakK NOTOK g)OTOHOB. L‘|aCTl/ILl,eI‘/JI-I'IepeHOC‘-II/IKOM QIEKTPOMArHUTHOIO

B3aVMOOENCTBUS ABNSETCS, TakuM obpa3omM, pOTOH (YacTuua, KOTOPYH MOXHO NpeacTaBuUThb
Kak aneMeHTapHOe KBaHTOBOE BO30Y)XAEeHWNE 3MeKTPOMarHMTHOro nons).

Pwuc.40

®POTOHbI NONAPU3OBaHbI, MOTOMY, YTO OHW BpaWaKTCA B OAHOW MNIIOCKOCTU, WU
LEeHTPOBEXHbIE CUMbl MHEPLUUN, LEVACTBYIOLME HA LLEHTPbl MacC 3fEeKTPOMarHUTHbLIX MOnen
dooTOHa, yBenuyuearoT nx paguanbHble pasmepbl W YMEHbLUaKT  pa3Mepsbl,
nepneHaukynsapHble NOCKOCTM BpalleHus. 3a cyeT aToro (oToHblI npuobpeTtatoT opmy,
OTNIMYHYIO OT cchepuyeckor n Brmskyto Kk Nnockon. POTOHbI HE MMEKT 3apsiga,noTOMY, YTO
OHM COCTOSAT M3 YETHOro KONMUYeCcTBa pasHOHaMNpPaBfEHHbIX 3NEKTPUYECKUX U MarHUTHbIX
nonewn, KoTopble AenatT obwuin 3apsa POTOHA paBHbIM HYIIHO.

Adpyrumn cnosamu, cornacHo Tteopun A. AKMMOBa, pasneTtasicb, ABa CMMHOBO -
nonapu3oBaHHbIX POTOHA OCTaBMAKT BAOSMb TPAEKTOPUM CBOEro ABMXEHWUA CMUHOBO -
nonspusoBaHHble cregbl. JOTW  credbl, BOOMb  KOTOPbIX (PUTOHbI, BbIPaBHUBASCh,
NPUTArMBaKOTCA APYr K Apyry, OeWCTBYIT Kak KOMMYHWKAUWOHHbLIM KaHan Mexay
pasnetalowmmmca GotoHamun. K3mMeHeHus nonapu3auMoHHOro yrra ogHoro oToHa
nepegaroTcs C MNOMOLLLIO TOPCUMOHHOIO BO3MYLLEHUS OPYroMy 4Yepe3 9TOT CMMHOBO -
nonapu3oBaHHbli  KaHan. Ecnu  npegnonoxeHne O  CKOPOCTM  pacnpoCcTpaHeHust
TOPCMOHHOIO CuUrHana crnpaBeasiMBo, TO OH U SBIISIETCH «CKPbITbIM NapaMeTpoM», KOTOPbIN
nogobeH BpeMeHU U SABMSIETCS NPOCTPAHCTBEHHO-BPEMEHHbIM, Kak 3TO M yKa3blBasrioCb
BblLLE.

[na cpaBHEHWs, CKOPOCTb KOMMYHWMKauum Ha Tl 6GeckoHeyHo Benwuka. Ecnwn
ncnonb3oBatb 3TOT cnoco® Ana nepegaydn wHgopmauum B hopme MMMNyNbCOB, TO,
nocblfiast UX ¢ OFPOMHON YacCTOTOW, Mbl MOMy4YMM BO3MOXHOCTb MEpechifiaTb UX HaMHOrMo
Aanblle, 4YeMm Mpuy  UCMNONb3oBaHUM  LUGPOBON  WH(pOpMauun, nepegaBaemMoun
9NEKTPOMarHUTHbIMKU  BoNHaMn. Ho 3gecb HenpMMEeHUMMO KBaHTOBOE pPaCcCMOTPEHME
3NEeKTPOMarHUTHbIX CUrHaNoB.

Y TI1 HET HM BONMHOBOW CTPYKTYPbl C NUKaMM U BnaguMHamun, HU NakeToB SHEPruu.
BbicTpavBaembln  nonepevyHO CNUH UTOHaA CBSA3aH C €ro CcocedoM UM  MrHOBEHHO
OCYLLEeCTBMSET nepeaady nonydyarento. VIHepuus OTCYTCTBYET, MOCKOMbKY Y (OUTOHOB HET
MacCbl 1 BHa4arie OHU 3aKkpydeHbl HeynopsgoveHHo. Bce, 4To npoucxoguT, - 3TO nepexon
(PMTOHOB B COCTOSIHME C NONEPEYHON nonspusalmen, KOTopoe MOXET PacLUMPATLCA BAOSb
TpaeKkTopun Ha BClo BceneHHyto. 3Ta NMHMSA OCTaeTcs HEM3MEHHOMW B MPOCTPAHCTBE, MOKa
He HacTynaeT OTMeHa.

NccnegoBaHns B OaHHOM HanpaBneHUW €Lle HOCHAT HadanbHbI Xapaktep U
HykgawTcs B (U3MKO-MaTEMATUYECKOM OCMbICTIEHUM U pasBuUTMM. [1o3TOMy Mbl
ncnonb3yem  copmanu3oBaHHyld MoAdenb  (POTOHHO-PAAMOBOSHOBLIX  MPOLIECCOB,
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nopoXxgaembiX Mpuv B3aMMOOEeNCcTBUU ANEKTPOMArHUTHbIX U3fy4eHnn MOoOUNBHOro
TernegoHa n ero TOPCUOHHOWM KOMMOHEHTbI C BELLECTBOM rofiorpauyeckoro pesoHartopa.
[MpvBeAEeHHbIE  Bblle  3KCMEPUMMEHTbl MO JanbHEMY  «MNEPEHOCY»  COCTOSAHUSA
3alMLEHHOCTN OT MOOUMBHOrO TenedoHa C 3aWwmTon K MObunbHoMy TenedgoHy 6e3
3aWmThl, TO4HEE, MHGOPMALUUM O KOFEPEHTHOCTM TOPCUOHHBIX U3MYy4YEHUn MOBUMABHOro
TenepoHa C 3alUMTOM, MOXHO TOSKOBATb C MNO3ULUW HemnoKaribHbIX KOHTAKTOB MO
MeXaHn3My KBaHTOBOM Tenenoptaumm . B mobunbHOM TernecoHe C 3awumToun
dpakTU4eckn  OCyLLeCTBsIeTCA BOS/IHOBOM  «MEPEHOC»  pevYeBOn U UndpoBOKn
MHOPMaLMK, a Takke U WHBEPCUS NIEBOTO TOPCMOHHOMO MoSfisi B npaBoe. JTO eCTb
paHee Heu3BeCTHasd MonspusaunoHHass pagvoBOfHOBas  nepegadva peyeBon U
UMdpPOBON MHGOPMaLMM C MUCMNOMb30BaHMEM BpallaTenbHO-KonebaTenbHbIX KBaHTOBO-
MOJEKYNSAPHbIX XapakTEPUCTUK MOBUMbHOro TenedoHa ¢ 3awmTon. Tak Kak TOPCUOHHOE
nosne NopoXxaaeTcs KIacCUY4eCKUM CMMHOM, TO ero eNCTBUE MOXET NPOSIBUTLCS TOSbKO B
BMAE N3MEHEHUS X CMIMHOBOIO COCTOSIHUS.

3alwmnTHoe ycTponcteo «CnuHop» npeacTtaBnsaeT cobon nonsapusaumMoHHO-ANHAMUYECKYHO
ronorpaduyeckyro  CTPYKTypy , MNO3BOSISIOWY  CPOPMUPOBATbL  MasrionoABMXKHbIE
nonspu3aumoHHbIe KorbLa.

[na nonb3oBaTenen mMobunbHbIX TenedoHoB 6e3 3alWUTHbLIX YCTPONCTB MOXHO AaTb
Takune pekoMeHgaumm:

1.0rpaHuybTe TenedoHHbIE 3BOHKM A0 npeaena, kotopbih Bam abcontoTHO Heobxoanm, u
pasroBapveBanTe no TenedoHy B npegenax 6 MUHYT; 3a BpeMsa OO cregyloLulero
MCNoNb30BaHNSA MOBUNBLHOro TenedoHa Teno OMKHO YaCTUYHO BOCCTAHOBUTLCS.
2.Wcnonb3ynte komnnekt “hands-free” n yaoepxumsante TenedoOH Ha pacCTOsSHUU He
bonee u4yem 20/30cm oT Bawero Tena, 4Tob6bl OrpaHMyYMTbL BO3OENCTBME
3NEeKTPOMarHUTHOro n3nyyeHns Ha Bac HenocpeacTBEHHO.

3 He Hocute Baw TenedoH HenocpencTtBeHHO Ha Baiwem Tene, gaxe a pexume
OXMOaHUS, U He UCNOMb3YKT ero Ha pacCTOsiHAM MeHblUe OfHOro MeTpa OT Apyroro
yenoseka, YTobbl yMeHbLLNTL 3P EKT 'naccmMBHON' 0BNyyYeHus.
4.[letn oo 15 neT He OOMKHbI UCNONBb30BaTb MOOWIBbHLIM TenedoH BooOLLe, MOTOMY YTO
OHU Bce ele pactyT. C nx 6onee nerkom mMaccon Tena anekTPOMarHUTHbIE U3MNyYeHUs
bonee paspywutenbHbl, OCOBEHHO Ana  MO3ra, MW Oons  penpoayKTUBHbLIX
OpPraHoB/SANYHWKOB, U T. A.
5.NoxunbiM NOAsIM HEe peKkoMeHAyeTcsl  UCMorb3oBaTb MOOUITBbHLIN TenegoH, Tak Kak
9MNEeKTPOMarHMTHoe u3nyyeHne ocrnabnset ux opraHuam ganee. JTO e MOXHO cKkasaTb U
nobon OepemMeHHON XeHwuHe. MWKPOBOMHOBbLIE  3MNEKTPOMArHUTHOIO WU3fy4YeHuUss C
FOTOBHOCTbBIO MOIMOLLATCS OKONOMAOAHOM XXUAKOCTBIO,B KOTOPOW 3MBPUOH 1 3aTeM nnog
pa3BMBalOTCA.
6./cnonb3ynte TenedOH TOMNbKO B YCIIOBUAX ONTUMAsIbHOIrO Npuema: He UCNoNb3ynTe ero
B OrpaHWYeHHOM NPOCTPAHCTBE, TAaKOM Kak NUMT, NoA3emMHas CTaHuus, asTonpuuen, n T.4.
B atux cutyaumax wusnyvyeHme HamHOro MHTeHcuBHee. He mcnonb3ynte TenedoH, B TO
Bpems Kak Bbl HaxoguTecb B ABMXKYLLEMCS TPaHCMOPTHOM CpeacTBe, BKYasi noess,
aBTobYyC, 1 1.0, TaK Kak MOBUIbHbIN TenedoH B 3TOM cnyyae Oyaet NnocTosiHHO paboTtaTb C
MaKCMMarbHOW CUITON curHana.

7. He ucnonbaynte tenecoH B nobOM TpaHCNOPTHOM CPeacTBe, Aaxe Korda OH Ha
cTosiHke. MeTtannmMyeckmin Koprnyc TPaHCMNOPTHOMO CpeAcTBa OKa3blBaeT  BhAUSHUE,
aHanornyHoe "knetke ®apages”, roe paspywmnTeribHOe BO3AENCTBUE 3NEKTPOMArHUTHOMO
N3Ny4YeHUsT MakKCMMarsbHO, U BO3AENCTBYET OHO HEe TOSbKO Ha 3BOHSLLErO YernoBeka, HO U
Ha OpyrMx naccaxupoB, ocobeHHo aeten. Takmm obpasom, Heob6XoOUMO BbLINTU K3
TPaHCNOPTHOrO CpeacTBa Nepeq TEM, Kak 3BOHUTb.

8.He pepxnte MobunbHbIN TeNedOH BKITHOYEHHBIM OKOSIO KPOBAaTU HOYbLIO, MOTOMY YTO OH
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NMOCTOSIHHO HaxoOUTCS B KOHTakTe C camon 6nmskon 6Gas3oBOW CTaHUMEN U U3nyyaet
paBHOMEPHO.

9.[lante npegnoyTeHne TeneoHy C BHELIHEN aHTEHHOW, XOTS 9TO 3TO MeHee MOAHO, HO
TenedoHbl C BHELIHEN aHTEHHOW Mcnonb3yeT 6onee cnabbii curHan, Yem TenedoH Cco
BCTPOEHHON aHTEHHON. PakKTOp MOAbl MMEET MEHbLUE 3Ha4YeHne, YeM (hakTop 340POBbLS.
10. JltoGon yenoBek, y KOro ectb MeTannmM4ecknin oObEKT B yLUax MMM Ha ronoee, uim
MarHuUTHbIA , TAKOW Kak amarnbrambl, 3yOHble MOCTbI, MeTannnyeckne nnactuHbl, BUHTHI,
CKpPEnkKW, YyKpaweHus Tena, Cepexku wunm ornpasa OYKOB, [JOIMKeH wu3beratb
ncnonb3oBaHUst MoOOUNbHOro TenedgoHa . To Xe camoe BEepHO Ans  ngen c
WHBaNUOHbIMU Kpecrnamu unu MeTannnyeckumm onopamu, 4tobbl n3dbexarb yBenndeHus
3NEKTPOMarHUTHOrO U3fy4YEeHUs1 3a CYET SBMEHUM OTPaKeHUsl, pPe3oHaHca, NacCUBHOW
nepeamuccum, u T.4.

11./cnonb3ynTte 3alinTHble cpeactBa, 4ToObl orpaguTb cebs OT 9NeKTPOMarHUTHOro
N3NyyYyeHuss  ,Takue Kak  MeTannuyeckaa  TenedoHHaas  CyMKa,  3allMTHas
aHTUpagnaumoHHasi TkaHb W ap.

6.3. MeTtoAab! 3aWmTbl OT HEraTUBHOIO BO3AEMUCTBUA HA XXUBOE aHTEeHH
0a3oBbIX CTaHUMU MOOMIbHbLIX TenetoHOB U pPEeTPaHCIATOPOB,
BeTporeHepaTopoB.

Cpeoun n3BECTHbIX TEXHOFEHHbIX DAKTOPOB, K KOTOPbIM OTHOCATCS U €CTECTBEHHO-
TEXHOMEHHbIE 30Hbl, HEraTUBHO BNUSIOLLNX Ha 340POBbE YenoBeKka, NOsIBUNCS HOBLIW, Ha
KOTOpbI HeobxoaumMo obpaTuTb NpuUcCTanbHOE BHUMAaHWE B CBSA3WM CO BCE BO3pacTaloLum
NOKPbLITUEM TEPPUTOPUI Pa3BUTLIX CTPAH MOBMNBbHOW CBA3bIO.

HeratnBHoe BO30ENCTBNE €CTECTBEHHO-TEXHOMEHHbIX 30H, NPEACTaBNALWMX COBOoM
reoguHaMmuMyeckme ”  MUKporeoguHammyecknme 30Hbl, YCUNMBAETCS COBPEMEHHbLIM
TEXHOr€HHbIM BO3ENCTBUEM.

Llenb nccnegoBaHMi 3aknioyanacb B NoaTBEPXOEHUM BO3pacTaHUsSl HeraTUBHOIO
BO3OENCTBUSA E€CTECTBEHHO-TEXHOMEHHbLIX 30H 3emMnu, KoTopas npeacTtaBnser cobown
CNOXHYI0 ANHAMUYECKYHO CTPYKTYPY, OCOBEHHOCTU KOTOPOW TOSMbKO ceryac Mno3HalTCs B
bonee nomHOM Mepe, Ha Bce xuBoe. [lpeacrtaBnsieT WHTEpPec CTEeMNeHb YCUNeHus
COBPEMEHHbIX TEXHOFEHHbIX BO3OEWCTBUMMA Ha XUBOE MNpU MX B3aUMOAENCTBUN C
€CTECTBEHHO-TEXHOrE€HHbIMW 30HaMn 3eMnu.
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WccnepoBaHnamu, npoeBegeHHbIMKU accouunaumen «Prosantel» (®paHumsa) n SARL
«Tellusy» (PpaHums) (poto 41), GbiNo ycTaHOBNEHO criegytouwlee. Ecnu 3asemneHme maytbl
NPUEMHbIX WU NepedarWmnx aHTeHH MOOUNbHbLIX TenedgoHOB, BETPOreHepaTopoB,
HEeKOTOPbIX OPYrMx 3MeKTpo - YCTPOMUCTB OCYLLECTBIEHO B MeCTe nepeceyeHns
reogMHamMmMyeckux WnNu MUKPOreogMHaMUYECKMX 30H, HaxXOASAWMXCS B COCTOSIHUM
pacTsbkeHnsa (N0 HUM LMPKYNMPYeT Boda), TO 3TO BbI3bIBAET MOSIBIIEHME YCUITEHHOIO
nesoro TI1, KOTOpoe pacnpocTpaHseTcs MO CUCTEME T[eOAUMHAMUYECKUX 30H Ha
pPacCTOAHNSA, JOCTUraloLWmne ECATKA KUITOMETPOB.

CTaHoBUTCA SACHO, YTO MPOUCXOAWUT Tomnonormyeckoe ycuneHue nesoro Tl Ha
MaKpOCKOMNYECKOM ypOBHe. YcuneHue nesoro Tl B 4aHHOM crydae MOXHO OObSCHUTD,
npuHMMasi BO BHMMaHMe OAWMH W3 WU3BECTHbIX 3akKoOHOB B3ammogewncteus TIl1, B
cooTBeTcTBUM C KoTOpbIM TI1 nputarmeBaet cebe nogobHoe. Jlesoe TI1, cywecTytoulee B
BbILLEYNOMSHYTbIX MecCTax, NpUTArMBaeT fieBoe nosie, co3gaBaemMoe MadTaMu aHTEHH U
T.4. MayTbl aHTEHH SIBRSOTCS reOMETPUYECKMMIN burypammn, y KOTOpPbIX ANaMeTP HaMHOro
MeHbLUe BbICOTbl, U, B COOTBETCTBMM C Mogensamu A. E. AkMMOBa, reHepupylT reBoe
TOPCUOHHOE Mnore.
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MpBeoem HECKOMNbKO NPMMEPOB HEraTUBHOIO BO3OENCTBUA NEBOrO TOPCUOHHOIO Ha
noaen 1 XMBOTHLIX, KOTOPbIE NPOSIBUNUCL BO OpaHuumn.

Y mMonogon OeByLKW nocne nepeesga B HOBYK KBapTMPY Havanucb npobnemsl co
CHOM, XpOHM4Yeckasi yctanoctb. C 4acTu ronoBbl Hayanu BbiNagatb Bonockl. Bpay Bce
obbsicHMN cTpeccoM Ha pabote. Ha camom gene, kak 6b1n10 BNOCNEACTBUM YCTAHOBIEHO,
KBapTupa Haxogunacb B AOME, KOTOPbIA CTOSN Ha NepecevyeHnn reognHaMmuyeckmx 30H
pacTaXeHNda ¢ CunbHbIM nesbiM TTT.

Ewe npumep. XKeHwmHa, nmesLlas gBoe AeTeun, nepeexana B gpyron oM. B HoBom
Aome y Hee 6bIno Tpu Bbiknapbiwa. Bpad He mor HanTu npuumHy atoro. OH nocoBeToBarn
obpatnTbCa K cneumanucTty no reobruonornmn, KOTopbIN YCTaHOBWA, YTO JOM HaxoaAuTCs Ha
reonaTtoreHHom 30He.

Hanpumep, B 30Hax ¢ cunbHbIM NeBbiM Tl CBUHBbM HauYnHaOT 6oneTb U NPOABNATb
arpeccmBHOCTb. OHM Ha4YMHAOT KycaTb ApYr Apyra.

B HopManbHbIX YCIOBUSIX 3TO HEBO3MOXHO.

KopoBbl, Haxogsawwmeca B nesom TI1, GonewT, kayecTBO MOnoka nagaer. Ha
XMBOTHOBOAYECKON dhepme, pacrnosioKeHHOW Ha nepecevyeHnn reogMHamMmyeckux 30H B
BpetaHn, obnactu, pacnonoxeHHon Ha 3anage PpaHuMM, KOPOBbI MOCTOAHHO Gonenwu,
Ka4ecTBO MOJSioka OblNo 3HA4YMTENbHO HMXE HOPMbI, 3TO NPUBOAUIIO K (PUHAHCOBLIM
ybbiTKam (goTo 42).
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Ecnu B ITI3 paHblue BO3OENCTBME HA OpPraHM3M YenoBeKka U KUBOTHbIX Oblfio B
KaKOW-TO CTeneHW MOCTENEHHbIM, TO celvac HabngalTCcss MHOMOYMUCIIEHHbIE Cryyau
OYeHb ObICTPOro BO3OENCTBUSI €CTECTBEHHO TexHoreHHon [T13 Ha opraHuam nwgen wu
XMBOTHbIX, 1 3TO CBA3bIBAIOT C BO3AENCTBMEM HOBOIO TEXHONEHHOTO (hakTopa.

Bce nonbiTkKM neyeHust KOpPOB He MpUHECHN pes3ynbraTtoB. 3amMeHa KOPMOB WU
obopynoBaHna He M3MeHuna cutyauuto. beino 3akynneHo 10 HOBbIX 340POBbIX KOPOB.
Uepes Hegento oHn Toxe 3abonenu. OcHoBHble Npobnembl aTon doepMbl ObiNn CBs3aHbI C
MECTOMOSNOXEHMEM 3TON DEPMbI HA NEPECEYEHUN FTEOANHAMUYECKNX 30H, HAXOAALLNXCS B
COCTOSIHMM pacCTsDKEHNSA U MO KOTOPbIM LMPKYyNupyeT Boga. Pepma ata cyllecTsyeT 4aBHO.
Ho cepbesHbie npobnembl NOSIBUNUCL TOMbKO B nocrnegHue rogbl. W 3TO €BA3aHO C
nossneHnem B [TI3 TexHoreHHoro dakTopa - nesoro TI1. 310 Tl BbI3BAHO YCTaHOBKOW
MaJdT aHTEHH AN MOOWNbHbIX TENEOHOB B MECTE NEPECEYEHNSA FEOANHAMMUYECKNX 30H.

[na ycTpaHeHuss HeraTMBHOro Bo3gencTBusa nesoro Tl Ha 300poBbe noaen u
XMBOTHbIX, accoumaumen «Prosantel», ®paHuusa, Obin paspaboTaH psag 3PPEKTUBHBIX
3alMTHbIX YCTPOWUCTB, BasupylolmMxcss Ha KOHUenuun ©GesonacHom anekTpoHuku. OHa
OCHOBbIBAETCA HE TONMbKO Ha MAOEAX SKPaHMPOBaHUS WM OrpakAeHUs 4denoBeka OT
onacHoro BnusiHMs OMIT M nUx TOPCUMOHHOW COCTaBNSAKOWEN, HO U Ha NPUHLUNUANbHO
HOBOM MOAXOAE, YYMTbIBAKOLLEM FeoOMeTpuyeckne OCOBEHHOCTU MOfien UCKYCCTBEHHOMO
NPOUCXOXOEHUA.

doT10 43 doTo 44
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3alWnTHble YCTPOWCTBaA MO3BOMAKT npeobpasoBatb oTpuuaTtenbHbii  adekT
BO3AENCTBUSA Ha MNOSMOXUTENbHbLIW, T.e. OHW OCYLWecTBRsT uHBepcuto TI1. Ona atoro
3alNTHbIE YCTPOWCTBA YCTaHABMMBAKOTCA B OMNpPedeneHHbIX MecTax Ha 3emsie unu B
nomeweHnsx (poto 43, 44). 3awnTHbIN 3PREKT 3HAYMTENBHO YyCuUnMBaeTcs Mpu
COBMECTHOM UCMONb30BaHUM 3aLLMTHBIX YCTPOMUCTB accoumnaumn «Prosantel», ®paHums, n
yctponctea «®OPITOCT-1», paspabotaHHoro dupmon «Spinor International», YkpauHa.
Takon napameTp KadecTBa MOSIOKa, KakK KOMWYECTBO JIEMKOUMTOB, KOHTPONMPYeTCcA Ha
depmax Bo PpaHumnmn kaxayro Hegento. N aTo 06bekTUBHLIN (paKkTop, NO KOTOPOMY MOXHO
cyanTb 06 apPEKTUBHOCTI 3aLUTHOIO YCTPONCTBA.

Mocne ycTaHOBKM 3alUTHBLIX YCTPONCTB Ha XXMBOTHOBOAYECKON dhepMe KOSNMYeCcTBO
NENKOUMTOB NPUXoaUT B HOPMY B TeyeHue OoOHOW-ABYX Heaenb. KopoBbl M CBWHbBM
nepecrtatT 6oneTb.

Y nogen ynyywaetrcs camouvyBCTBME, ynydwaeTrcsa coH. WHorga ©e3 nekapcTs
NpoOXoaaT HEKOTOpble BonesHu.

CnepoBatenbHO, HEOBXOOMMO yAENATb MHOIO BHUMaHUS TEOPETMYECKUM BOMNpOCam
BMUAHNA TOPCUOHHBIX (MHAPOPMALMOHHLIX) MOSIE Ha OpraHM3M 4YerioBeka U Xumeoe, a
Meauko-brnonornyeckne MUccrnefoBaHnd, SBASOWMECS OOHUM U3 rMNaBHbIX HanpaBreHUn
naydeHuns TI1, HeoBxoAMMO BbIBECTUM HA KayeCTBEHHO HOBbIA YPOBEHb. TOPCUOHHbLIE
TEXHONOMNN ABMNSAKOTCS TEXHOMOMMAMM Ha HOBbIX (PU3NYECKMX NPUHLMNAX, NO3BOSISIOLLNMM
co3gatb MpopbiB B cdepe 3awuTbl HaceneHus OT HeratuBHoro Bo3genctaua OMI1 u
TOPCUMOHHOW KOMMOHEHTbI, CONPOBOXAaKoLLEN ero.

B koHue 2009 roga Obinn NpoBedeHbl UCMbITAHUA YCTPOWCTBA 3aliuTbl OT
HeraTMBHOro Bo3genctemst 6asoBbix ctaHuu " VERNADA" ¢ yyacTnem BOSIOHTEPOB.

OKCNepMMEHT COCTOAN U3 TaKUX 3Tanos

OTanbl NPOBEPKM :

noeHTUrKaLmna TOPCMOHHOIO MOrsi, KOTOPOE reHepUpPyeTCa CUCTEMOM "rpOMOOTBOL
- MauTa, - aHTeHHa 6a30BON CTaHUUK — 3a3EMIIEHME, PACMNOSTOXXEHHOW B C.M.T.
Bunoropogka, Knesckon 06n., ¢ nomouwbio npnbopa UMA-1;
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nposefeHne KNHE3NOoNorM4HUX TECTOB C BONOHTEpamu;
npoBeAeHne M3MepeHun anekTposHuedanorpaMMm  BOSMIOHTEPOB [0 YCTaHOBKM
yctponcTtea "VERNADA" 1 nocne ycTaHOBKM YNOMSIHYTOro YCTPOWCTBA.
Ha gwarpamme 1 npuBegeHa oanekTpoaHuedanorpamMma OAHOMO M3 BOJIOHTEPOB [0
YCTaHOBKW 3aLLMTHOIO YCTPOMCTBA.

"®oHoBas" - 1 m 0 s, "Ma3a oTkpbITbI" - 15 s, "MMnepBuHTENALMA" - 2 m 56 s, "Ma3a oTKpbITLI" - 15
s, "®otocTumynsuus 2 Hz" - 6 s, "®otoctumynsuusa 10 Hz" - 1 s, "Ctumynsauusa BM" - 24 s,
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Luazpamma 1. BorioHmep Haxodumcsi nod delicmeuemM mopCUOHHO20 rosisi 6ba3oeol cmaHyuu
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MatTepH HuskoBonstHOM J3I. CpenHAa yaBOeHHas amnnuTyga (OerCTBYHOLLEee 3HayveHue)
aneKkTpoaHLUedanorpammbl coctaBuna 5.8 MkB, ee MakcMManbHbIA YpOBEHb OTMeYaeTcs B
otBeaeHnn O2 u coctaBnset 12.6 MkB, MMHMManbHbIV - B oTBeaeHun C4 n coctaBndet 3.7 MKB.
TunnyHoe 3HayeHue OT MuMKa A0 nuka cocTtaendeTr 8.2 MkB ana gaHHoro dparmeHta I3l
MakcumanbHbIA pasmax OT NMuka A0 NuKa 3apernctpupoBaH B oTBeaeHun O2 u paBeH 52.1 mkB.
Ha npepgcraBneHHOM dparMeHTe anekTpoaHuedanorpammbel gommHupyetr 8.0-12.0 Hz putm ¢
yactoTton 10.13 Nu. Cy6gomuHmnpyet 4.0-7.0 Hz putm ¢ yactoton 3.75 Ny. 3oHanbHbIe pasnnyms
anbga puMTMa BblpaXeHbl 4OCTaTOMHO. MexnonylapHas acuMMeTpUs, Bbl4MCNeHHada no opmyne
(D/S-1)*100% coctaBnsier 25.0%, 3Heprua anekTpoaHuedanorpamMmmbl 6Gonblle B nNpaBoM
nonywapun. MakcumanbHass acuMMmeTpust Habniogaercs B 8.0-12.0 Hz pguanasoHe B
3aTblNOYHbIX OTBedeHusix. Ee BenunuuHa, BbiuucnenHasa no cdopmyne (D/S-1)*100%, pasha
149.2%. CooTHOLLEHME PUTMOB B NpeAcTaBneHHOM hparMeHTe aNeKTpoaHuedanorpaMmmbl paBHoO:
1.5-3.0 Hz - 17.2%, 4.0-7.0 Hz - 19.2%, 8.0-12.0 Hz - 37.8%, 13.0-18.0 Hz-17.0%, 19.0-30.0
Hz - 8.9%. MeanaHHas yactoTa cnekTpa pasHa 8.98 'y, B nneBononywapHbix oTBegeHusx - 9.09
'y, B npaBononywapHblx - 8.88 'u. MakcumanbHasa 3apernctpupoBaHHas MeauaHHasi yactoTa
cnekTpa paBHa 10.26 'y B otBegeHumn T6, MuHMManbHas - 7.29 'y B otBegeHumn F4. Obpallaet Ha
cebsa BHUMaHWe: mexnonyLlapHasa acummeTtpus - bonee 20.0%, NOHWKEHHas MeguaHHas YyactoTa
cnektpa 93l (meHee 10 W), NokanbHOE MNOHMXEHWE MEOMAHHOM YacTOoThl CEeKTpa B OTBEAEHMUSX
F4,T5 (6onbwe 1 'y OTHOCUTENBHO CUMMETPUYHOIO).
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Ouarpamma2. BoroHmep Haxodumcsi nod delicmaueM mMopCcuUOHHO20 nosisi 6ba3oeol crmaHyuu, Ha Komopou
ycmaHosrieHa 3auuma.

13.0-18.0 Hz

MatTepH HuskoBonbTHOW  JBOI.  CpegHAs  yABOeHHass  amnnuTyga  (OencTeylowee  3HauyeHue)
aneKkTpoaHuedganorpaMmmMbl coctasuna 5.3 MkB, ee MakcMmanbHbIN YpOBEHb OTMeYaeTcst B otBegeHun 02 n
coctaBnset 9.7 MkB, MMHUManbHbIV - B oTBeaeHun C4 n coctaendet 3.0 MkB. TunuyHoe 3HayYeHune oT nuka
0o nuka cocrtaensieT 7.5 MkB ana gaHHoro dpparmeHta I3 MakcumanbHbIM pasMax OT Nuka OO0 nuKa
3apernctpuposaH B oTtBegeHun O2 u paBeH 426 wMmkB. Ha npeacraBneHHom dparmeHTe
anekTpoaHuedanorpammbl goMmuHupyeT  8.0-12.0 Hz putm ¢ yactoton 8.38 Ny. Cyb6aomuHupyetr  4.0-7.0
Hz putm c¢ u4actotonm 4.50 TIu. 3oHanbHble pasnuuus anbga puUTMa BblpaXeHbl [O0CTaTO4YHO.
MexnonywapHasa acummeTpus, BbluucrieHHass no dgopmyne (D/S-1)*100% coctaBnsietr 1.9%, aHeprus
aneKkTpoaHuedanorpammbl 6onblwe B npasBom nonywapui. MakcumaneHas acummeTpust Habniogaercss B
19.0-30.0 Hz gnanasoHe B nobHbIX oTBeaeHusix. Ee BennunHa, BbiumcneHHast no dopmyne (S/D-1)*100%,
paBHa 91.0%. CooTHOLWeHMe pUTMOB B MpeacTaBrieHHOM (parMeHTe 3nekTpo3HuedanorpaMmmMbl PaBHO:
1.5-3.0 Hz - 21.8%, 4.0-7.0 Hz - 24.2%, 8.0-12.0 Hz - 25.1%, 13.0-18.0 Hz - 19.6%, 19.0-30.0 Hz -
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9.3%. MegmaHHaa 4yacToTa cnekTpa paBHa 8.52 U, B nesononywapHbix oTtBegeHusx - 8.80 lu, B
npasononywapHeix - 8.24 'y. MakcumanbHas 3aperMcTpupoBaHHas MeauaHHas 4YactoTa ChnekTpa paBHa
10.42 Ty B otBegeHwn F7, MuHMmanbHas - 6.86 My B otBegeHum F4. Obpawaer Ha cebs BHUMaHue:
3amegneHve OOMUHUpYOWero anbda putma (MeHee 8.5 'u), NOHWXEHHas MeduMaHHas 4actoTa cnektpa
33l (meHee 10 u), NokanbHOE MOHWXEHWE MeaMaHHOW YacToThl CriekTpa B oTBeaeHusax Fp2, F4, F8, T5
(6onbwe 1 'y OTHOCUTENBHO CUMMETPUYHOTO).

Ecnn kommeHTMpoBaTb cpaBHUTENbHble O3l BOMOHTEpa, Korga OH HaxoauTcs B
30HE NEBOro TOPCUOHHOrO nons 6asoson ctaHumMm 6e3 3awmnthbl " VERNADA" 1 cpaBHUTb
ee ¢ OOl korga ©Oblna noctaeneHa 3awuTa, TO MOXHO cCKasdaTb, 4YTO 6e3 3awuThbl
"VERNADA" Ha O3l oTMevanacb BbICOKO aMnnMTygHas anbda-akTMBHOCTb C
npeobnagjaHnemM B 3aTbifIOYHbLIX OTAEenax neBoro nonywapus, T.e. OOMUHMpYoLWas
rMNepcuHxXpoHHaa aktmBHoctb. A npu 3awmte "VERNADA" amnnutyga anbda-putma
yMeHbluMnacb, nepectana ObiTb [MNEPCUHXPOHHOW UM MOSIBUNOCH  HOpMaribHoe
pacnpegeneHnss anbda-puTMoB, a TaKkke TeTa-puTMoB. Takmm o6pa3om, MOXHO cKasaTb,
YTO feBble TOPCUOHHbIE Monsa 6a30BOM CTaHUMM MOryT OKasblBaTb Yepe3 Tanamyc,
yepes TansMUYeckue CTPYKTYpbl, Yyepe3 NMMOUKY, Takoe M3BbITOYHOE akTuBMpYyloLLee
BNUAHME. XOPOLLO, eCNU Y YenoBeka HET MapakcuamasibHOW akTUMBHOCTWU. [pun Hannyme
TaKOBOM 3TO MOXET NPOBOLMPOBAThL Y YeroBeka MposiBlieHne onpeaeneHHbIX HeraTuBHbIX
nocneacTBUN, TO NN Ha NCUXO-3MOLIMOHANbHOM YPOBHE B BuAe NPUCTYNOB arpeccuu, To
nn anunenTudgopHble N apyrme eHOMeEHbI. YCTaHOBKa Ha 6a3oBOWM CTaHLUMM MOBUIBHOrO
TeneoHa yctponctea "VERNADA" nossonser ybupatb Takyld rMnepakTUBUPYIOLLYHO
aKTUBHOCTb.

Ecnn amnnutyga ucxogHoro anbga-putma 6bina 10,13 Ty, T.e. BbICTpbIA, TO C
"VERNADA" amnnutyaa ans@a-putma crtana 8,38 'l npy HopmarnbHOM pacrnpegeneHnm B
3aTbIOMHBLIX  OTAenax, ero u TeTa-puTMa, KOTOopbIM He ©Obin BuOeH u3-3a
BbICOKOAMMNANTYOQHOIO MMNEPCUHXPOHHOIO anbda-putMa. B nepBom cnydae, 910 6bIn
BapuaHT Ae30praHM30oBaHHOro anbda-putma. Bo BTOPOM - 3TO opraHn3oBaHHbIA anbda-
PUTM  YMEPEHHOW  MOAYNAUMM C  HOpMasribHbIM  PYHKUMOHMPOBAHUEM  TansiMo-
KOPTUKarnbHbIX CBA3EMN.

[NpocTon KNHE3nonorndeckum Tect

[na npoBepkn HEraTMBHOIO BIIUSIHUSA Ha OpPraHW3M 4YeroBeKa NeBbIX TOPCUOHHbLIX Mornen

6a3oBon cTaHuun ceter MOBUNBLHOW CBA3KM K ycTaHoBke ycTponctea "VERNADA"
N 3P PEKTUBHOCTN 3aLLUNTBI C MOMOLLLIO 3TOr0 YCTPOWCTBA UCMOMb30BariCA HECITOXHbIN
yHMBEpCarnbHbIA  KMHE3NoNnorndyeckun tect. [ina nposegeHns akcnepumeHTa notpebyercs
ABa 4erioBeka. [lepBbli y4aCTHUK 3KCNEpPUMEHTa CTaHOBUTCSH B 30HY JIEBOrO TOPCUOHHOTO
nonsi, reHepupyemoro ©6a3oBoM CTaHuuMewn, noabiIMaeT pPyKy Brepen U yaepXuBaeT B
rOPM30OHTaNbHOM MOMOXEHUN (KaK MOKa3aHO Ha pUCYHKe 45).

BTopon yyacTHUK 3KcnepumeHTa HagaBnMBaeT CBEpXY Ha 3anscTbe NepBOro yyacTHUKa.
MepBbI y4acTHUK CTapaeTcs yaepxumBaTb PYyKYy C MakCumanbHbIM ycunvem, oba
yyacTHMKa 3arnoOMWHAKT YPOBEHb COMNPOTUMBIIEHUS pPyKW. [locrne ycTaHOBKM 3alUTHOro
yctponctea "VERNADA" Ha 3asemneHun 6a30BOW CTaHUUW NEPBbIA  y4aACTHUK
3KCNepvMeHTa HaxoguTcs Ha ToM xe camoM Mecte 30-40 cekyHO un oba yyacTHuka
NMOBTOPSAKOT TeCcT C PYyKOW, UKCUpYss Cuny conpoTtueneHus pyku. B pesynerate
9KCNepuMeHTa YCTaHOBMEHO, 4YTO COMPOTUBIIEHME PYKU
yenoseka nocne yctaHoBku ycTtpouctea "VERNADA" Ha
3a3emrneHmn 6a3oBOM CTaHUMW  3aMETHO Bbllle, Yem B
nepBoOM crny4yae.
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BbiBoAabl:

1.9KcnepuMeHTanbHO yCTaHOBMNEH (PakT BO3HMKHOBEHMUS NEBbIX TOPCUOHHbLIX MOMIEN U X

pacnpocTpaHeHusi Ha GonbluMe pacCTOSHUA CUCTEMOW "rPOMOOTBOA - MayTa - aHTeHHa
Ga3oBOM CTaHUMM — 3a3eMieHne" MNpu HaxXOXOAEHUN YNOMSAHYTbIX CUCTEM Ha 30Hax
pacTAarMBaHuUs KOpbl 3€MHOW MOBEPXHOCTU, MO KOTOPOW LMPKYNMpyeT Boda, B
reonaToreHHbIX 30Hax, Ha pasfnomMax Kopbl 3eMHOW MOBEPXHOCTU M TOMY NogobHoe.

2.9KcnepuMeHTanbHO yCTaHoBMEH hakT Hannynsa BPe4HOro BrUSIHUS NEBbIX TOPCUOHHbIX
nonen cuctemon "rpomMoOTBOA - MadTa - aHTEeHHa 6a30BOW CTaHUMM — 3a3emiieHne" Ha
XUBbl€ OpraHn3mbl.

MposiBNeHnss  BPeOHOro BIIUSIHUST TOPCUMOHHBLIX M3MNy4YeHWUd aHTeHHbl 6a30BblIx
CTaHUUN ceTeil MOBWUIbHOW CBSA3M Ha Ha KMBblE CUCTEMbl OKasblBanucb B CreayloLLem:
neBble TOPCWUOHHbIE MONS  MOryT  MpedocTaBnATb HeraTMBHOE [OeWcTBME — Ha
nonb3oBaTenien  Yepe3 TansiMyc, MOCKOSIbKY TFMMNEPCUHXPOHHO, Yepe3 TansMuyeckme
CTPYKTYPbl, Yepe3 NMUMOUKY MNOSsIBNSIETCS M3ObITOMHOE aKTUMBMPYOLLEE BIUSIHUE, YTO MpU
HanmMuMu Yy YerioBeka MapakcuMamarbHOW aKTUBHOCTU  MOXET CNpoBOLMPOBaTb
NposiBNeHne onpeaeneHHbIX HeraTUBHbIX NOCNEeACTBUA, TO NN Ha NCUXO-3MOLMOHANBHOM
YPOBHE B BMAE NPOSIBNEHMI arpeccun, 1 N anunencum u apyrme peHoMeHsb!.

4. 3awuTtHoe ycTtpouncteo “VERNADA” koTopbI NyTEM MHBEPCUM npeBpallaeT nesble
TOPCMOHHbIE MOMS B NMpaBe, MOXET CYLLEeCTBEHHO YMeHbLIaTb BNUSHWE aHTEeHH 6a3oBbIX
CcTaHUunin ceTen MOBUIbHOM CBS3U OT (POHOBBLIX TEXHOIEHHbIX 3NEKTPOMArHUTHLIX Moren
N X NHGPOPMALIMOHHOWN KOMMOHEHTHI.

5.¥YnomsHyToe yctponcteo "VERNADA" moxeT 6bITb pekoMeHOoBaHO Kak CpeacTBO Ans
yCTpaHeHUsi (hakTOPOB HEraTUBHOMO BIIUSAHUS JIEBOW TOPCMOHHOWN KOMMOHEHTbI N3MNy4YeHuUs
cucTeMbl "rpoMOOTBOf, - MayTa - aHTeHHa 6a30BOW CTaHUMW — 3a3eMfieHne" Ha XXuBble
OpraHu3Mmbi.

maBa 7. CocTtosiHMe n npooGnembl KOMMNbIOTEPHOMU
0e30nacHOCTM B pa3HbIX CTpaHax.

ABcTpanus.

B aHanornyHbix aBcTpanunckux mnccnenoBaHnax 43% UCMbITyEMbIX HOCUIN OYKM,
npun 3ToM BoMbLIMX pasnuumMn mexay rpynnamm He 6oino. MNpu obcnegoBaHnn o4kn Gbinm
pekomeHaoBaHbl 6,2% KW cywecTBylowmne O4YkM uaMeHeHol ana  11,4%. CreneHb
yXyOLWeHNs 3peHnst B rpynne onepatopoB Obifla HECKOMbKO BbIle, HO pasnuyns Obinu
HeCyLeCTBEHHbIMN.

He ObIno 3aMeTHbIX pasnuuuMin Mexay AByMsi rpynnamu B npeobnagaHum BHELLIHMX
3aboneBaHui rnas3, ogHako B rpynne onepartopoB OTanbMOCKONUYECKN BbISIBMSiEMbIE
OTKITOHEHNA Habntoganuck 6onee vacto (10,3% npotue 7,8%). OgHako No npowecTsmmn 6
neT B KOHTPOSbHOW rpynne nossmnock 6onblue ncnbiTyemMblx (1%) ¢ HoBbIMW NpU3Hakamu,
yem B rpynne onepatopos (0,4%).

Cuutanocb, 4to pabota C gucnnessMy Bbi3blBaeT KaTapakTy XpycTanuka rnasa.
OpHako B KOHTPOMbHOW rpynne okasanocb 3HayuTenbHO O6onblle WUCNbITYeMbIX C
NMOMYTHEHMEM XpyCTanuka, XOTS B KIMMHMYECKOM CMbICIE 3TO He SBMSETCA KaTapakTown,
4Yyem npu HavanbHoMm obcneposaHumn (1,7% n 1,3%). MNMpy npowecTBuM 6 neT katapakta
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passunace y 0,7% B KoHTponbHoW rpynne n y 1,8% B rpynne onepatopoB. Takoe
pasnuyne He ABNSAETCA CTaTUCTUYECKM 3HAYNUMbIM.

AHrnusa.

OproHoMmuyeckme cnyxobbl B AHMUM B pamkax nporpammbl  «300pOBbe U
6e3onacHOCTb Ha paboyeM MecTe» OCYLLEeCTBNAOT NPOBEPKY HAa MECTe KOMMbITEPHOro
o06opynoBaHns nNpodeccnoHanbHbIM 3proHoMUCcToM. NMpoBepka BKIOYaeT:

1. DProHOMNYECKYI0 OLEHKY SKpaHOB AUCNIieeB N paboyero OKpyXeHus.

2. NHCcTpyKkTaxk Mo 3akoHogaTenbCTBY O 3awuTe 300poBbs M 6esonacHocTn paboTbl Ha
KOMMbOTEpPE.

3. OnpeneneHne Buaa obyyeHusi, CBeAEHUSI MO OpraHu3aumMm n HeobxoauMbiM Mepam
3alWMThbl 300POBbLS.

Mporpamma «300poBbe 1M 6e3onacHOCTbL Ha pabodyem mecTe» obpallaeT BHUMaHWe
BCEX paboTallmx Ha KOMMbloTEpPax Ha HeobxoaMMOCTb npedycmaTpvBaTh 3alMTHbIE
MEepOonNpUATKS MO OXpaHe 340poBbsA Ha paboyem mecte. MporpamMmmbl BUAEOOOYyYeHNsa ans
pykoBoguTenen BKMoYaloT B cebsi npakTnyeckme cCBeAeHWs MO HOBbIM paspaboTkam B
obnactu opraHusauuun, gmMsanHa M OCHalleHust pabounmx MecCT, NOMELLEeHWUN, BKMNoYas U
KOMMbIOTEPHOE OCHALLIEHNME.

Bonrapwus.

TpaguMUMOHHO [OpYXXEeCTBEHHble CBA3W Mexay y4veHbiMu Bonrapym u YKpauvHbl,
pabotalowmmm B 00MacTM TOPCUMOHHBIX TEXHONOrMK, CnocoBCTBOBANM  pPELLUEHUIO
HEKOTOPbIX BONPOCOB U METOA0MNOMYEeCKUX Npobnem, CBA3aHHbIX C KOHKPETHBIMW Luaramm
No TEXHONOrM4YeckoMy MNPUMEHEHUIO HOBbLIX uaen. B 4acTHOCTW, npu COTpPyAHUYeCTBe
YKPauUHCKMX 1 Bonrapckux oMpMm 1 Npu nogaepxke rpynn TeopeTnyeckux uccnegoBaHum
KaXKgoWn CTpaHbl ycnewHo pa3pabaTbiBaloTCA HOBbIE TEXHOMOMNN, CBSA3aHHbIE C Npobrnemon
6mnobe3onacHOCTM  KOMMbKOTEPOB, TENEBU30OPOB, MOOUIbHBIX TenedoHOB, Apyrown
9MNEKTPOHHON TEXHUKMN.

Ocoboe 3HayeHne Ana pasBUTUS TOPCUOHHBLIX TEXHOMOMMA UMEET BbIXOA4 B CBET
kHur 6onrapckoro yyeHoro boxugapa MNantowesa «®usnka bora — 2» n «dmsmka bora -
3», NposBnsWNe onpeneneHHble 4YepTbl HOBOM HayydyHOW napagurmbl [43]. B Hux
ocBelleHbl Hanbonee BaXHble M XapaKTepHble MOMEHTbI B (pyHOAMEHTanbHON hU3nKe,
KoTopas no cBouM MacwTtabam, oxBaTy M rMybuHe 3HaHUMN He uMmeeT npeuefeHTOB B
NCTOPUN HayKM YHUKanbHasi aBTOPCKasi KOHUENUMs, U3MN0XEHHass B KHUrax, HaxoauT BCe
Bonblue eqUHOMBILLINIEHHNKOB B MUpeE.

MprvBEeaemM HECKONbKO NPUMEPOB YCMELLIHOMO COTpygHMYecTBa OGonrapckmx u
YKPaUHCKMX YY4EHbIX NO YNOMSIHYTOM TeMaTuke.

A. T1. CopouunHckuin (YkpanHa) B coTpygHu4ecTBe ¢ bonrapckon pmpmon Bo rnasee C
Xpucto CToSAHOBbBIM BbiNycKaoT B bonrapum ycTponcTBo Ans HarpeBaHus TeNnoHOCUTeNS,
KoappuumeHT nonesHoro gencteust  Kotoporo coctasnser 100%. YcTtpoucTso,
9KOHOMUYHee B 4-7 pa3 BCEX M3BECTHbIX OTOMUTENbHbIX NPUBOPOB, MPUMEHATCA AN
oborpeBa AOMOB.

A. IN. CopoumnHckuin B coTpyaHudectse ¢ boxuaapom MNantoweBbiM pa3pabaTbiBatoT
HOBOE YCTPOMCTBO A5 HarpeBaHWs TenoHOCUTENS.

B Bonrapum ocBoeH BbINyCK 3allMTHOro yctpouctea «buorapg», paspabotaHHoro
COBMECTHO C YKpamHckon cupmon «CrnvHop WIHTepHewHn» v npegHasHavyeHHoro Ans
3awmnTbl nonb3oBaTtenen [1K OT HeraTMBHOrO BO3AEUCTBUA HA HUX TOPCUOHHOW
KomMnoHeHTbl OMW moHnTopoB MK, cnctemMHbix 6noKoB.
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A. T1. CopouunHckun (YkpauHa), CtosiHoB Xpucto CtosiHoB (Bonrapusi) n gpyrue
nonyunnu B 2003 rogy espasunckmi nateHT 3a Ne 003420 Ha n3obpeteHne « TOPCUOHHbIN
reHeparop».

FepmaHusa n Asctpus.

PaHee ynomMmHanocb 0 NCUXONOrMYECKNX Harpy3kax, UCMbITbiIBAEMbIX OnepaTtopamu
NPOM3BOACTBEHHBIX MpoueccoB. YuyeHble [ambyprckoro yHuBepcuTeTa MpuM  MNOMCKax
CnocoboB OUEHKM MNOAOBHbLIX HArpy3ok nNpegnonoXusniv, 4YTo OHW  MOryT ObliTb
KONIMYECTBEHHO OMMCaHbl XapakTepucTUKamn AOBWXEHUW rnas. [locbikamm K Takum
BbIBOAAM CTanu crieaylowme paccyxgeHus.

[Mpouecc ckaHMpoBaHMs B3IMSAOM M300paXkeHUs Ha 3KpaHe MOHMTOpa M TouKa
duKkcauumn rna3 Ha KakoM-nmbo anemeHTe onpenensitoTCa CYLHOCTbI0, COCTaBOM WU
ANHAMUKOM  MNpOoLEecCOoB, Noanexawux YyhnpaeBrneHuto, a Takke  YCTPOMCTBOM
nepudepumnHoOro 3peHust 1 anpuopHbIM 3HaHWEM BU3yarbHOroO BuAa CTPYKTYpbI,
oTobpakaemMon Ha aKpaHe.

B  yHuBepcuteTe Obina paspaboTaHa  aKCnepuMeHTanbHasi  YCTaHOBKA,
no3BosnstoLLaa OgHOBPEMEHHO PErMCTPMpPoBaTh NONOXEHWE rnas u rofioBbl. Ha ocHoBaHWMK
3TUX AaHHbBIX MOXHO BbIYUCNUTL MOMOXEHNE B3rnsaa Ha akpaHe. Bo Bpemsi akcnepumMmeHTa
OOYyYeHHbIX nuL, NPOCUNN  YNpaBnATb MOLENUPYEMbIM CIOXHBIM MPOLECCOM NyTeM
COOTBETCTBYHLLEINO NepemeLleHnst Kypcopa. Ha LUBETHOM 3KpaHe BbICOKOro paspeLleHus
n3obpaxanucb YeTblpe oTAeNbHbIX Npouecca. B Kaxgom n3 HUX HyXXHO 6bino ynpaeBnsTb
TEMNepaTypon M YPOBHEM XMAOKOCTU. 3pUTENbHbIE OBWXKEHUS M BCE MaHUNyNsauMm Ha
rpadpu4eckomM nynsTe HenpepbIBHO PErMCTPUPOBasUChH.

AHanua OBMXEHW rna3 nokasan Hanmyne HeKOTOPOW 3aBUCMMOCTU MeXay obLmnm
pacnpegeneHnem OnuTenbHOCTU omKcaunum n gMHaMMKON NPOLIECCOB.

Hemeukumn n aBcTpuncknmMmn cneumanmctaMmm nNpoBOAUIINCE TakkKe UccrenoBaHus
no BnMaHUIO paboTbl C gucnneem Ha 3peHue. bbinn obcnemoBaHbl rpynnbl M3 642
onepaTopoB, HaxXoOALMXCA nepeq 3KpaHoOM He mMeHee 1 yaca B AeHb, U rpynnbl U3 673
cnyXalWux un3 TOW e opraHuMsaumu, KoTopble He nonb3oBanucb Ha pabote
KomnbtoTepamun. [lon u Bo3pact B 06eux rpynnax 6buiv cornacoBaHbl.  Jluua,
NPOBOAMBLLME UCCREOOBaHUA, HE 3Hamnu, KTO K KakoW rpyrnne OTHOCUTCA. TLiaTteribHble
nccrnegoBaHMs XxapakTepUCTUK rna3 NpoBOAUNNCE EXErogHo B TeYeHme 6 nerT.

B nepBbin xe rog ObIIO 3amMeyeHo, YTO B [pynne onepartopoB CUMMNTOMbI
YXYOLLEHUS 3PEHUS, TaKMe KaK MOBbILEHHAA YyBCTBUTENbHOCTL K SSPKOMY CBEYEHUI0, 60sb
B rfnasax, OTCYTCTBME PE3KOCTW W YCTanocTb, ronoBHas 60nb, XKeHue B rmasax wu
BMaXkHble rnasa, BCTpeYalTCsa Yalle, YeM B KOHTPOrnbHOM rpynne. B rpynne onepaTtopos
Oblna CyWeCcTBEHHO HWXKEe OCTpOoTa 3peHus 6e3 NnpuMeHeHUs OONONHUTENbHbIX CPEACTB U
Yalle BcTpevanacb 0rM30pyKoCTb, YEM B KOHTPOSIbHOW rpynne.

ABTOpUTETHAA HEMeLKKasa aKcnepTHasa rpynna «dMHMa» obobwmna onbiT paboThl C
AeTbMM OKONMo 6 ThbicAY OOKTOpoB, paboTawwwmx no Bcen epmaHun. 3a nogcvetamum
MeaukoB, 22% OHbIX MaUMEHTOB WMEIOT TOMOBHYH 60Mnb MO NpUYMHE AOSIMTENBbHOrO
npedbiBaHna nepen Ttenesusopom. CnepgosatenbHo, Tenesu3opbl, K npeacraBnsioT
peanbHy0 yrpo3y 300pOBbI0 B COBPEMEHHOM 06LLECTBE.

Kutan.
OaHnm 13 BaXKHENLWINX HanpaBneHnn nccnegoeaHnn B Kutae siensetca paspaborka

HaUMOHaNbHbIX 3PrOHOMUYECKMX CTaHAApPTOB W PYKOBOACTB MO KOHCTPYMPOBAHUIO W
npumeHeHno kKoMmnbtoTepos. B 1980 roay cosgaH Kutancknin KOMUTET NO 3ProOHOMUYECKOM
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ctaHgaptmsaumm. C TOro BpeMeHu 6Obifo paspabotaHo wn BHeapeHo ©Oonee 20
HaLMOHaNbHbIX 3PrOHOMNYECKUX CTaHOApPTOB.

B nocnegHue rogbl 66110 CO30aHO HECKOSBLKO 9PrOHOMUYECKUX Mporpamm obydeHuns
AN nonynapusauun 3HaHWM U NOBbIWEHUSA KBanudukauum onepaTtopoB U MeHeaXepos,
paboTaloLlmnx Ha KOMMNbITEpPaXx.

OTn nporpaMmmbl 00y4eHMsi 0ObIMHO BKIHOYAlOT B ce6s KypcCbl MO MPOMBbILLNIEHHON
NcCUXonoruun, ctaHgapTu3auumnm KOMNbTEPOB, MH(POPMALMOHHBIM CUCTEMAM YNpPaBeHns
nporpammupoBaHnio. bbinu  nccnegoBaHbl ncmuxonornyeckne adpdekTol BO3OENCTBUSA
KOMnbloTEpa Ha nonb3oBatenen. PaccmaTtpuBanocb COOTHOLUEHME Harpysku npu
BbINOMHEHUN paboT pasnNUYHOM CNOXHOCTM, KonuyecTBa 3agad, TpeboBaHwi, CTUNA
noBedeHnsd, TuNa B3aMMOOTHOLIEHUA Mexay JIoabMKW, C  O4HOW  CTOPOHbI, W
pPe3ynbTUPYIOLLNX NCUXOCOMATUYECKUX peakumin, BU3yanbHON U OM3NYECKON yCTanocTu, c
apyron. Ha ocHoBe nony4veHHbIX pes3ynbTatoB Obln  paspaboTaH psg  CUCTEM
TMrMeHNYeckom, 3alUUTHON, MeOULMHCKON, npodunakTnyeckomn Nnoaaep>Kkm
nonb3oBaTtenen GyMmaxkHbIX Kynop U APYrMX UCTOYHMKOB U3MYYEHUMA.

Poccus.

Honroe Bpemss B Poccum He cywectBoBasio CTaHOapToB, COOTBETCTBYHOLLUX
oOLLENpPUHATLIM €BPONENCKMM U MUPOBLIM, KOTOpbIE Bbl pernameHTupoBanu paboty c K.
Ho ¢ 1997 r. BcTynun B cuny yTBepXaeHHbI [ockoMcaHanngemMHag3opoM HOpMaTUBHbIN
AOKYMeHT «BugeoancnnenHble TepMmuHarnbl U NepcoHarnbHble BbIYUCANTENBbHbIE MALUUHBI.
MrneHnyeckne TpeboBaHMs K BUOAEOOAMCMNENHBIM TEepMUHANam W nepcoHasnbHbIM
BblMUCNUTENbHBIM ~ MallMHAM W opraHu3auust  paboTbl», KOTOpPbIA  HOpPMUpYET
n3nyyatenbHble XxapakTepucTukm MOHUTOPOB U K. YpoBeHb 3TUX U3Ny4yeHun NpuBedeH B
cootBeTcTBue ¢ MPR Il

Takke nNpoaBMHYNOCb M pelieHne npobnembl KoMMbTEpPHOM 6Ge3onacHocTu. B
LleHTpe anekTpomarHnTHON 6e3onacHocTh pa3pabatbiBaloTcs cpencTea 3awmTtbl o1 OMU,
NpPoOBOANTCA U3yveHne (YHKUMOHANbLHOro coctosHua oneparopa [1K, aHanuaupyoTtca
YPOBHU U3NyYEHUN PasfnuyHbIX Mogenen MoHuTopoB. Cneumanuctel LleHTpa no 3akasy
OopraHu3aumn N3mepsT 1 cocTtaBnsaoT KapTel AMIT B nomMeleHnsx, gaT pekoMmeHaaumnm
Nno OMNTUMANbHOMY PacrofioXXeHUD paboumx MeCT U pexumy paboTbl C KOMMbIOTEPOM.
PaboTbl no uccrneqoBaHWMo XapaKTEPUCTUK 3alUMTHbIX (PUABTPOB OCYLLECTBASIOTCA B
NHCTUTYTE MUKpOXmMpyprum rmasa. BnnotHyto npobnemon 3ansnuce HUAW oxpadbl Tpyaa,
HUWN dpn3nko-TeEXHUYECKUX N pagnOTEXHUYECKNX U3MEPEHNN.

Bonblyto paboTy No co3gaHM0 TEXHUYECKMX CPeacTB 3aliuTbl Morb3oBaTenemn
NPOBOAAT crneunannctel pupmMbl «Pycckun Wnt». B nx aktmBe 3awmTHble UNbTPbl TPEX
Moaeneu, nporpamMmMHbIn NPOAYKT «OdpTanbm-lNpodunaktmka, nHaukaTop
HenoHmsumpyowmx M.

Pabota nposogutcs npu nogaepxke Komutera no HOBOWM MEOUUMHCKOM TEXHWUKE
MwH3gpaBa u MwuHnpoma P®, otgena WccnegoBaHuin MeguumMHCKMX —npobnem
6esonacHocTn nonetoB NOCHUUIA, kadenpbl rmasHbix 6onesHen nedebHoro gakynsreta
PIMY. YueHble npuwnu K BbIBOAY, YTO HEOOXOAMM LUMPOKUA Kpyr WCCneaoBaHUn,
HanpaBMneHHbIX  Ha  WCNONb30oBaHWEe  CpPeactB  (hm3anveckonm  KynbTypbl  Ans
NPOUIIaKTUYECKUX W 0300POBUTESNbHLIX LUenen, MNOoTOMY YTO WMEHHO du3nyeckme
YNPaXXHEeHUS1 MOTYT CbIfpaTh peLUaroLLyto porlb B COXpaHEHUWN 300poBbsA paboTarowmx c
komnbtoTtepamun. Mccnegosanua E. A. Menstuwesa un I. H. Cenexoea 13 Mockosckoro HAU
rmrmeHsl um. ®©. JpucmaHa p[okasanu, YTO BbIMOMHEHWE YNpaXHeHWn npu paboTte C
KOMnbloTepamn GnaronpuaTHO u  nonesHo. WMmu  Gbinn  paspaboTaHbl  KOMMNEKCHI
yrnpaXHeHun (Tpu BapuaHTa), CnoCoBCTBYIOLLNE CHUXKEHWNIO YTOMIISIEMOCTHM rnas [29].
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Heobxoanmo oTMeTUTb, YTO 40 NOCEeAHEro BpeMeHN HayKa He nmeria TeXHNYEeCKUX

CPEACTB Ansi naMepeHusi napametpoB TI1, B CBSA3M C YeM BCe M3MEPEHUS 3aLUTHbIX
CBOWCTB YCTPOWCTB OCYLLIECTBMANN Yepe3 KOCBEHHbIE N3MEPEHMS NapaMeTPOB.

Ha pbiHke Poccun nosiBunca psig 3awmTHbIX npubopoB, OTnMyakoWwmmcs no

Has3Ha4YeHWIo N KOHCTPYKLUMKM (Tabn. 5).

Tabnuya 5
HaumeHoBaHun Paspabotunku
HasHauyeHue KoHcTpykuus Ocob6eHHOCTH
e (mocTaBLUMKK)
1 2 3 4 5
BoccraHoBnenn
e CTPYKTYpbl o
Annapat Py y‘,) ONEeKTPOHHbIN OOk,
Brionornyeckon . Ceepxmanble [03bl  MHppakpacHoro
MNH(OPMaLMOHH paboraroLmin or
. dupma XKUOKocTU B N3ryyYeHus " CUHXPOHM3aLWIS
0-BOJTHOBOW a@BTOHOMHbIX N
«A30P» opraHu3ame, BO3AEVICTBUSA C HOPMaribHbIMU pUTMamm
Tepanin HapyLLEHHON VICTOHHIKOB CYCTEM OpraHu13mMa
«A30P-UK» Py nuTaHnA P
BpeaHbLIMU
BO3AENCTBUAMU
MpodomnakTuka
N neveHve 3a .
BaszoBbin  annapar
cyer
komnnektytotea 11
Annapat MCronb30BaHNs
Brope3oHaHCHO HOBOMO e
i 3A0 «HoBble chuaMoTEpanesT ovanasoH - 20+80 | leHwepupyer wumnynbcHoe HY  3MI1
MeauLMHCKne P lu, mMacca-3Kr, | HeTennoBoW MHTEHCMBHOCTY, MOBbILLAET
3neKTpoMarHuT N4YeCKoro
o TEXHOMOrMU» HanpsPKeHHOCTb - | MMMYHUTET U BUO3HEpPreTUKY
HOM Tepanuu dhakTopa - )
0,002+7 Blcwm,
«VHOUTA» MMMNYnbCHOTO -
MM Tanmep-9 MuH, ceTb
. -220B
HETENOBON
WNHTEHCYBHOCTU
3almra XuBblx
KapkacHas
OpraHM3moB OT
o KOHCTpyKUMS 13
Oencteus  reo-
" OByX
®oHg COeAUHEHHbIX
TeXHOMaToreHH MexaHn3m 3awuTbl OCHOBaH Ha
AHHUTMNATOP «PasBuTus BepLUMHAMU 9 o
bIX 30H, HenTpanuaauum BpeaHbIX WU3Ny4YeHuin
m3 WHTENNeKTyanb nNpaBUMbHbIX
N BpEAHbIX B LUMPOKOM CMEKTPE [AMUH BOMH U
«bunupammnpa» | Hom . nupamung ¢ _
N3NYYEHUn  Kak N3NYyYEeHUN APYrMX NCTOYHUKOB TEXHO-
(ArT3-3) COBCTBEHHOCTH nanyyarensmm,
€CTEeCTBEHHOTO, 1 bronartoreHa
» 3aMoMHEHHbIMY
Tak "
cneumansHo
VNCKYCCTBEHHOTIO
obpaboTaHHbIM
MPOVCXOXAEHM
a NMOPOLLKOM
BoccTaHoBneHune Maipuna
6uo- ’
HanblneHHas HY
buocTumynsTop- romMeocTaTn4ecKor AIOMUHNEBVIO KoppekTtop -cTabunusartop
HeviTpanusatop  [To xe o paBHoBeCUS danir y NPensATCTBYIOWMIA  BMeLIaTeNnbCTBY H
«LLnT» opraHusmMa nocneg y 6uonone yenoseka
aKTUBMpOBaHa
BpEAHOro
o reHepatopom TTI1
BO3AEVCTBUS
Ocywectenser
KOMMIeKCcHoe
3HeprouHdopma N
P opmay donbra ¢ Matpuuei
AHHUIATOP VOHHOE
N 3anasHa B naket] Cpok paboTbl npnbopa COCTaBNSET H§
BpeaHoro OMA BO3encTeue, o
To xe KOTOpbIV MeHee 10 neT ¢ MOMeHTa Hayana erg
komnbloTepa 3awyas
HakneuBaetcs Hg ncnonb3oBaHKsA
KOKOH» onepartopa
KOMMboTEp
noBkblLLas erg
paboTocnocobHoC
Tb

YKkasaHHble B Tabnuue 5 3awumTHble Npubopbl (YCTPOMUCTBA) MPUMEHSOTCA ANs

3allNTbl XUBbIX OPraHN3mMoB OT HEraTUBHbIX SHEPreTU4eCKmNX nonen n O4YNCTKN npoayKToB
nMTaHNA OT TOKCUHOB, B TOM YUCII€ HUTPATOB, HUTPUTOB, conen TsKenblX MeTannos un T.4.,
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NOSIBNSAIOLNXCA B 3TUX MPOAYKTAX WU3-3a HeraTMBHbIX YCMOBWI BblpaluBaHus, cbopa,
06paboTKM U XpaHEHUS, BLITECHAS OTpuLaTENbHY SHEPTrETUKY U3 30HbI CBOErO AENCTBUS,
YTO YCTAHOBMEHO MHCTPYMEHTasIbHbIMU METOA4AMM.

T. 0., B HacTosiwee BpeMs Bnarogaps HOBbIM Hay4YHbIM pesyrnbrataMm U pasBUTUIo
HOBbIX TEXHOMOMMN HaMETUSICs MNpPopbiB B 0bnactn co3gaHust CpeacTB NepcoHarlbHOM
3aWwnTbl, NosiIBUNacb  pearnbHas  BO3MOXHOCTb  obecneymBatb  OMONOrMyeckyro
6e30nacHOCTb YenoBeka 1 3aLnTUTb ero 0T BPeQHOro BIIMSIHUA OKpY)KatoLLen cpeabl.

B. H. Anncumos, M. A. 3abexuHckun, E. L. Mypartos, W. I. lonoeu4y, A. B.
ApyTioHsH, T. . OnapuHa, B. M. MNpokoneHko (HUW oHkonorum um. npod. H. H. lMNMeTposa
Munsgpaemeanpoma PO, r. CaHkT-lNeTepOypr) cuyuTaloT, 4YTO OAHOW W3 aKTyarnbHbIX
rMrMeHnYecknx npobnem nocneaHero BpeMeHU SBMASETCA U3ydeHne BO3MOXHbIX BpPeOHbIX
nocnencTsnmn WMpokoro BHeapeHus MK [5].

OTO CBA3@HO C TeM, YTO WMMEETCA 3HauYuTernbHOe KOMMYEeCTBO [aHHbIX O
HapyLWeHMAX CO CTOPOHbI HEMPOIHAOKPMHHOM U UMMYHHOW CUCTEM, a TakKe yBernmyeHun
pucka BO3HWKHOBEHMSI HEKOTOPbLIX OMyXOrnen Npu NpoM3BOACTBEHHOM akcnodnuumn k SMr
pas3nnUYHON YacTOTbl U UHTEHCMBHOCTU. B akcnepumeHTe nokasaHo, 4To cratnyeckme OMI
n 3MI1 HU3KOM YacTOTbl MOTyT CTUMYNMPOBaTb XMMMWUYECKUIA KaHLEporeHe3 B MOSI0YHOWN
Xernese n Koxe.

Uto kacaetca nonb3oBatenen (K, TO yxe noaBunuCb OTAeNbHble, He Bcerga
NoAaTBepXX4aeMble COOOLLEHNSA, O NOBLILEHUN Y HUX PUCKa Pas3BUTUS OMyXOren rofioBHOIO
MO3ra, YBENUYEHMUM Y KEHLLUMH-ONEpPaToOpPOB YacTOTbl BbIKMAbIWENW, @ Y MX NOTOMCTBA -
4YacToTbl YPOACTB.

OKcnepuMeHTanbHble UccnegoBaHMs BO3MOXHOIO BPEOHOMO BMSIHUS U3NYYEHWUN,
co3fgaBaeMblX  BuaeoTepMuHanamu, paHee He  nposBogunucb.  [lpoBeaeHHble
NCCNeaoBaHUs  MO3BOMSAKT  OLUEHUTb  3KCMO3ULMIO K U3NYYEeHUsM, Cco3gaBaeMbiX
BMnaeoTepMmHanamm, Kak Moanduumpyowmnm gaktop Manon MHTEHCUBHOCTU C LLUMPOKUM
CMNeKTPoOM BMONOrMyeckoro AencTBumS.

Hanbonblwumn addekT oTMevancsa nocne AfUTENbHOM 3KCMNOo3uUMN K U3NYYEHUAM
BuaeotepMmHanoB.  MOXHO  npeanonoXutb, 4YTO  M3My4YeHusi, reHepupyemble
BMAEeOTEPMMHANaMn, OENCTBYIOT Ha OpraHu3Mm, npexne BCEero, Ha CUCTEMHOM YPOBHeE,
HapyLlas rymoparbHoe 3BeHO roMmeocTasa.

NccnepoBaHna Bosgencteust Tl Ha kpoBb Obinn npoBeaeHbl B okTsbpe 1996 . B
LleHTpe OHEePronHopMaLNOHHbIX TEXHONOorum npu CaHkT-lNeTepbyprckom
rocygapCTBEHHOM WHCTUTYTE TOYHOW MEXaHUKU W OMTUKW Mog HayYHbIM PYKOBOACTBOM
A.T.H., npocpeccopa I H. [ynbHeBa [27], n cocCTOAnNn U3 [OBYX Cepun ONbITOB MO
BO3AENCTBUIO U3Ny4YeHNS TOPCMOHHOro reHepatopa (TI) Ha KpoBb.

B nepBon, npegBapuTenbHoOW, cepunm uUccrefosanocb Bosgencteue TU Ha
nokasaTenn KIIMHUYECKOro aHanusa KpoBW: reMornobuH, 3puTpounTbl, JENKOUUTHI,
nano4ykosgepHble W CEerMeHTosiAepHble  HEeUTpodunbl, 303UHOMUNLI, NMMEOUKUTHI,
MOHOUMTBI N CKOPOCTb OCEAAHNS 3PUTPOLIUTOB.

Bo BTOpOoM cepum u3y4yanucb CBOWCTBaA Monen npu nomowm Haubonee
YYBCTBUTENBLHOMO K MX BO3OENCTBUIO NoKasaTensi CKopoctu oceganms aputpoumton (COJI).

NccnegoBanucb n3amMeHeHUs nokasaTenen KNMHMYECKOro aHanmsa KpoBW, B3SITON Y
ABYX 0O6GPOBOMbLEB U3 NanbLa B CTEKNSHHbIE Kanunnsapbl, NPy nocrneaywLwem obnydeHnm
nx TT.

NccnenoBaHus NpoBOAUIUCH LUKNaMM.

Kaxgbin LMKN COCTOSN M3 CneayroLmnx aTanos:

a) B3ATMS NO OAHOW Npobe OT Kaxaoro M3 AByX O0OpOBOMbLUEB (MTOro ABa CTEKMSHHbIX
Kanunnsipa ¢ KpoBblo);
6) obnyyeHus kanunnapos TIT (KpOMe KOHTPONbHOrO NEPBOro LMKMa);
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B) NpoBeaeHUs KIMMHNYECKOrO aHanmaa KpoBUu U3 Kanunnspos.
Bcero 6b1no npoBegeHo NATb LMKIIOB:
1 - KOHTPOSbHLIN, Be3 0bNyYeHus;
2-5 - npun pasnuuHbiX pexumax pabotbl Tl (neBas v npaBasd nonspusaunm npu
MUHMMAaITbHOM N MakCUMarbHOM HanpskeHuu nutauus TI).
AnuTenbHOCTb UmKna obnyyeHus coctaenana 20 MuyH.
PesynbTaThl JaHHOMO uccnegoBaHna npeacrasneHsl B Tabnuue 6.

Tabnuuya 6
M3meHeHne nokasateneun KNMHMYECKOro aHanusa KpoBsu
Ao v nocne obnyyenus TT1

MNapamer 0o MpaBoe MpaBoe JleBoe JleBoe
P P 0byyeHusn Max Min Max Min
FemornoBuH {7s) 124 122 120 122 127
" 131 124 124 129 124
3,6 3,6 3,6 3,6 3,6
Sputpountbl 1012 (/5) 46 46 46 46 46
TNenkountbl 109 (/5) gg gg gi gi gg
[[lanoykosigepHble 2 1 2 0 2
HeunTtpodunbl (%) 2 2 3 2 2
CefmeHTOSiAEPHbIE HenTpodUnshb 66 70 70 54
(% 66 69 66 64 69
So3uHounbl (%) ; 1 ? (1)5 1
30 24 28 32 26
TumcpounTel (%) 39 27 25 35 39
MoHouutel (%) j 2 i 2’5 g
- 4 15 20 15 20
Coe T 4 15 20 15 20

AHanu3 nonyyYeHHbIX AaHHbIX MO3BOMISIET cAenaTb BbIBOA, YTO W3 MoKasaTteneu
KIMUHNYECKOro aHanu3a KpoBu Hambonee 4yBCTBUTEMbHbIM K M3nydeHuto Tl okasancsa
nokasartens CO3.

3HaveHnss COD MeHsinucb NO cpaBHEHMO C GoHOBbIMM B 4 - 5 pa3 y obounx
nauneHToB B 3aBUCMMOCTM OT MNapamMeTpoB U3NydYeHusi. WM3meHeHne ocTanbHbIX
nokasartenenm KIMHMYECKOro aHanm3a KpoBM HaxoauTca B npegenax mnorpewHocTun
METOOOB MX onpegeneHvs. [Ons ganbHEWWuX WUCCrnegoBaHUMi UCMONb30Basica TOMbKO
nokasatens COQO kak Hambonee wuwHGOpPMaTMBHBLIA, T.e. nokasatens COJ Moxer
NCNonb30BaTbCA ANsl PEMMCTPaLMN U OLLEHKM CBONCTB mnanyyenus TI. YBenndenne CO3 go
35 + 40 mMm/M nogTeepxaaeT dakT HebnaronpuATHOrO BO3AENCTBUMS MOLWHbLIX TT1
NCNoNb3yeMbIX reHepPaTOPOB Ha OPraHN3M YesioBeka.

BaxHble pesynbTatbl McCCneaoBaHUn BAvsiHMA npasoro Tl Ha nabopaTopHbIxX
Mbiwen onybnukoBaHbl B [46]. [Ana uccnepoBaHusa BnvsiHus Tl Ha domaumonornyeckme
peakuun >KUBOTHbIX ObiNn npoBedeHbl 3KCMNEPUMEHTbI, B KOTOPbIX WCMOMb3oBarncs
reHepatop MexoTpacneBoro Hay4yHO - TEXHUYECKOrO0 LEeHTpa BEHYYPHbIX W
HeTpaguumoHHblx TexHonormn (MHTL, «BEHT», r. Mockea, Poccus). MN3BecTHO, 4TO
ocnabneHHble XMBOTHbIE pearvpyloT Ha BHelwHue crnabble BO3OeNCTBMA, Torga Kak
300pOBble NEerko aganTUPYTCH K HAM.

B paspabotaHHOM MeToge Ans ocnabneHust >KMBOTHBIX WX NpenBapuTesibHO
noaeseprann obnydeHuto netanbHoM K cybnetanbHom fo3amu uesus 137. TeyeHue
nyyeBon 60Me3HN Nocne ocTporo 06y4eHns JOCTaTOMHO XOPOLLO U3YYEHO.

OCHOBHbIMM TecTaMn [ONA WUCCREeAOoBaHUs COCTOSHUSI XMBOTHbLIX SIBISIKOTCA WX
BbIXXMBAEMOCTb N CPEAHAS NPOOOSKUTENBHOCTD XU3HU BbIOLIBLUMX XUBOTHbLIX. [MomMeluas
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MbiLEeN B NpaBoe none cratndeckoro TW, Habnoganu nosbllEHWE NX BbKMBAEMOCTU MO
CPaBHEHWIO C  KOHTPOMbHbIMW  XMBOTHbIMM  Ha  17+33%, a pasnuuun no
NPOOOSKUTENBHOCTM XKNU3HM OBMyYEHHbIX XXMBOTHbIX HE Habnoaanocs.

B panbHenwunx wmccnenoBaHusX ucnosib3oBancs reHepatop TIT koHCTpykuuun B.
MaHoBa [46], npoayumpytowmn guHamudeckoe Tl wwmpokoro cnektpa. log gencrsnem
3TOro nons ny4esas 6one3Hb XMBOTHBIX NpOTeKana 3Ha4YnMTeNbHO nerye, Npy 3Tom OGbina
OTMeYeHa MeHbllas MoTepsl XMBOW MacChbl, MOBbIWEHNE BbDPKMBAEMOCTU XMBOTHLIX U
NPOAOIKUTESNBHOCTU UX XXU3HM.

NTak, pesynbstatbl MccrnegoBaHnn nokasanu, 4Yto npasoe TI1 Bbi3blBaeT OTBETHYHO
peakumio TEMMOKPOBHbIX XXMBOTHbLIX U €r0 MOXHO NPUMEHATb ANS YNy4YlleHUs COCTOSHUSA
ocnabneHHbIX (60nbHbIX) OPraHM3MOoB.

N3 atoro cnepyet, 4TO NpUMEHEHMEe reHepaTtopoB npasBbix Tl nepcnekTmBHoO B
aTOMHOW 3HepreTuke, B MeAuUnHe - AN ynyylweHUs COCTOAHNA B0nbHbIX, NOABEPrLUMXCS
nyyeBoun Tepanuu.

CepOus.

B Cepbuun wmpokor nonynspHocTb nonb3yetcs «Cepb» - annapat, KOTOpbIA, NO
MHeHuto aBTopa Casbl PagoBuya, ycTpaHsSeT CMMMTOMbI HEraTMBHbIX M3MydYeHUIn, Takux
KaK 4acTble rofnioBHble 00nu, nnoxas UMPKYNAuMSa KPOBW, HapyLleHWe OeATenbHOCTU
HEPBHOW CUCTEMbI, NOTEPS XKMU3HEHHbLIX CU 1 Ap. (PoTo 46).

doT10 46
«Cepb» BbINOMHEH 13 NaTyHW, a caMma cepaueBmHa U coneHonapl - U3 rnaropoaHbix
mMeTannoB, Gnarogaps YemMy BOKpYr Tena 4yenoBeka obpasytoTcsa aHepreTuyeckue nons,
KOTOpblE YHNYTOXAIOT BPEAHOE MU3IyYeHMe.

CLUA.

CLWA gaBnawTCca O4HUM U3 CaMbIX aKTUBHbBIX Y4aCTHUKOB B 0611acTy KOMMbIOTEPHOM
9ProHOMMKN. AMEPUKAHCKME CMeumanuctbl M3 pPasnn4YHbIX Hay4YHbIX M OOLLECTBEHHbIX
opraHusaumin NPOBOAAT LUMPOKOMAacLUTabHble MccnegoBaHWA C LENbi OOCKOHANbHOro
n3ydeHns Bonpoca. OpraHuMsauun, OTBETCTBEHHbIE 3a CO34aHWE HauMOHambHbIX
ctaHgaptoB (IEEE, NEMA), B 1992r. cornmacoBanu CBOW CTaHOapTbl CO CTaHgapTamu
ctpaH EBponenckoro CoobuiectBa, KOTOpble, B CBOK oOyepenb, BKIOYAKT CTaHOapTbl
Lseunn. Hanbonee ganbHOBUAHbIE pyKOBOAUTENWN (brpM npeanpuHMMaroT cneumanbHble
Mepbl No npodunakTuke npodeccnoHanbHbiXx 3aboneBaHui onepatopos 3OBM. B
komnaHum «lonybon kpecT», Hanpumep, bbina paspabortaHa chneuunanbHas nporpamma,
npegycmaTpuBalLllas WHTEHCMBHOE OOyyeHMe BCeX COTpyAHukoB. B pamkax
BOCbMMYACOBOM MporpamMmbl 00y4eHUs PYKOBOASLLMA COCTaB KOMMaHUM NONyYusi 3HaHUA
0 TOM, Kak pacno3HaBaTb cMMNTOMbl 6onesHen. PykoBoantensm 6bino nopyyeHo co3natb
Takylo O0DCTaHOBKY, 4TOObI cryxalwime HemensieHHO coobuwiany O CBOUX HegOMOraHusX.
Cnyxawume co CBOEN CTOPOHbI B pamMKax ogHodacoBou Becefbl nomydanu HadanbHble
ceegeHnss o6 onacHoctn. Kak u ynpaBndawoowmx, ux obyyanu pacnosHaBaTb NepBble
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npu3Hakn 6onesHn, v BbINM JaHbl CBeOEeHUS MO opraHM3aumm cBoero paboyero mecra.
Cneumanuctbl (ypMbl OCMOTPENN HECKOSIbKO MOAENen «3ProHOMUYECKUX» Kpecen U
BblOpanu cpean HMUX ogHy, KOTopasi perynmpyetcsa n nNo3BosisieT nogorHate CBOM pasmepsbl
noa pasmMepsbl Tena kaxagoro cotpygHuka. ObyyeHune npownm 3500 cnyxawmux KoMnaHuu,
BCE OHM Mosnyyunnu obopyaoBaHHbIe NO-HOBOMY paboyve mecTa.

B CLWA wwupoko u3sBectHbl pabotbl Monterey Institute for Study of Alternative
Healing Arts (MISANA), Carmel, California.

Casenun CasBa (Cavely Savva), npeanoxuBLiMiA CBOK runoTesy OGuonons wu
KnbepHeTnyeckyro Moenb opraHusama, B pabote [81], B 4acTHOCTW, OTMeEYaeT, 4TO
PU3n4eckmum HocuTenem ronons AOMKHO ObITb, MO MEHbLUEN Mepe, OAHO HEN3BECTHOE B
HacToswee BpemMs  dyHOaMeHTanbHoe  U3n4eckoe norfe, KOTopoe  MOXEeT
B3aMMOAENCTBOBAaTb C W3BECTHbIMU yHOAMEHTaNbHbIMU  (PU3NYECKUMN  CUITOBBIMU
NonsMu: 3NEeKTPOMarHUTHbIM U rpaBuMTauMOHHbIM. He BoaBasicb B uccnegoBaHue ero
npupoabl, CaBBa HasBarn 3T0T HOCUTENb Bronornyeckoro nonga «X-e3anmopencrame» («X-
interaction»). [anee OH npuBOoAUT ps4 NPUMEPOB W U3 U3BECTHbIX Mybnukaummn,
yTBepxaasi, 410 «X-B3aUMOLEWCTBUSA» Henb3si CBECTU HWU K OAHOMY W3BECTHbIX
dyHaameHTanbHbIX B3aumogencTBuin. CaBBa yKasblBaeT Ha psf XapakTepucTuk «X-
B3aMMOAENCTBUSI», CPEAN KOTOPbIX:

*B3aMMogencTeue co cnabbiMu (BHYTPUSAEPHBIMU) CUNaMmm

. yCKOpeHVe U 3ameasnieHne ckopocTu pacnaga sgep amepuums 241Am (AH XuH n
apyrue, 1998 r., 2002 r.);
. HU3KoTemnepaTypHass fgepHas TpaHCMyTauusi CBUHUA B 30M10TO B MPUCYTCTBUU

ncu-onepartopa (nabopartopus Texas A&M University, Bockris, 1997 r., Savva, 1999 r.).

*B3anMOgEeNCcTBME C MarHUTHbIMU NONSIMM
. BpallleHWe MNNOCKOCTU nonspusaumm nasepHoro nyya (QyneHes, 1995 1., AH XuH,
1998 r.);

. yBenuyexHve agcopbuumn n aucnepcum MOHOXPOMAaTMYECKOrO Na3epHOro U3rnyyvyeHus
(c annHon BonHbl y=10,6 um B atmocdepe) (BonyeHko, 1992 r.);

. BO30Yy)XAEHNEe NepUOANYECcKOro 3MeKTPUYECKOro CurHana B Mbe303M1eKTPUYECKOM
natyuke (Ye and Fan, 1983 r.) u T.4. (BCero 8 npumepos).

*B3anMogencTeune ¢ rpaBuTalMoOHHbLIMK NONAMMU
. nepemMelleHMe nnacTuHbl, HeobxoaMmasa cuna Ans nepemMeLleHns KoTopoMu
akBmBaneHta 100 mg (OynbHes, 1998 r.).

Kpome TOro, npuBedeHbol nybnukaumm nO BO3OENCTBUIO OMNEPaTopoB Ha
NPOMBILLIEHHYIO annapaTtypy, No BAUSHUIO «X-B3aMMOAENCTBUSI» Ha >KMBbl€ OPraHU3Mbl.

MprMHMMas BO BHMMaHWe Bbllwe npuBegeHHoe, CaBBa NPUXOAUT K 3aKIMOYEHUIO, YTO
duanyeckmum Hocutenem Guonornyeckoro nons n Guonormyeckon MHPoOpMaunn SBNAETCS
«X-B3aMMOOENCTBUAY, @ Er0 XapaKTEPUCTMKN TaKOBbI:
< OHO HE MOXET ObITb OCNabNeHo HMU KaKUMN N3BECTHBIMU 3KPaHaMWU;
< 9(pbeKTUBHO BO34ENCTBYET HE3ABMCUMO OT PACCTOSIHUA B OTNNYME OT U3BECTHbIX
PU3NYECKMX NOoMen, Taknx, Kak rpaBUTaLMOHHOE N 3NeKTPOMarHUTHOE;
< buonornyeckoe WHGOOPMAUMOHHOE Mofne MOXeT OblTb aHU30TPOMHbIM, Kak
npeanoxun A. leHncos (1975 r.), KOTOpOEe MOXET pacnpocTpaHsaTbes 6e3 ocrnabneHus;
< AEeNCTBYeT B TEYEeHMEe «3MOLMOHANbLHOW CBSA3W», KoTopad [ofmkHa ObiTb
yCTaHOBMNEHa Mexay onepaTtopom U CyObLeKTOM (MM 06bEKTOM).

MprBeAeHHbIE XapaKTEPUCTUKM «X-B3aMMOAEWUCTBUSI» COBMNagalT C U3BECTHbIMMU
xapaktepuctnkamm TI1 [3], B CBA3K C YEM MOXHO YTBEpXAaTb, YTO «X-B3aMMOLENCTBUS»
ABNSAETCA ogHON n3 pasHosugHocten Tr1.

NTak, Hactosiwasa rmnotesa UCXOAWUT U3 npeacTaBneHus o6 opraHuame, Kak o
caMoynpaBnsemMon KuOepHeTU4eCcKon, TepMOANHAMUYECKN OTKPbITOW CUCTeme, rae
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buonornyeckoe none - LeHTparnbHasi cuctema ynpasrfieHusi opraHusma, onepupyrolas
HenokanbHO, T.e. HEe Ha OCHOBE XMMWYECKUX B3aMMOOENCTBUA U BKIOYaloLlasa
dyHaamMeHTanbHble MporpamMMbl  XXU3HW: pas3BuTue, nogaepxaHue (notpebneHne wu
pacnpegeneHve 3Heprun, UMMYHUTET W Op.), BocnpousBegeHue u cmepTb. Pasym,
BKMIOYAKOLWNA NaMATb Habop peakumn M MexaHu3M WU3BMEYEeHUs CMbicNa M3 MNoToKa
BOCMPMHMMaeMon WHopmauun Takke BXOOUT B cocTaB bBuonona ana obecneyeHus
noBeAeHYeCcKoro acnekta doyHaameHTanbHbIX NporpamMm.

B 1993 r. kpynHenwme KoOMnaHuUM NO NPOU3BOACTBY KOMMbOTEPOB — «Apple
Computer», «Compag Computer» n «IBM Corporation» - Bbigenunu 2,5 mnH. $ Ha
cosgaHue npu yHmsepcuteTe [koHa XonkuHca LleHTpa no nsy4yeHunio BuaeoTepmMmHarnos n
NX BIIMSIHUS Ha 340POBbE.

B CLWA umeetca Ha pbiHke G-33 - Electronic smog buster - gnanektpudeckui
pe3oHaTop, YMeHbLUALWmMn BpeaHoe M3nydeHne, conpoBoxaatlwee HopmanbHble MU
BMAeoancnnees, 3KpaHoB TeneBu3opoB. G-33 He UCMONb3yeT HU 3ANEKTPUYECKUX, HWU
MarHuTHbIX nonen. Ero gencrteMe OCHOBAHO Ha 3HEepruu Apyroro Buaa, Kotopasi MOXeT
ObITb M3MepeHa OMonorMyecknmMn MeTogamu, XUMUYEeCKUMU, GoTorpadoUyeckumMm unm
ApYyrumn Metogamm (Lumtata n3 peknamHoro nucra).

B ynomMsHyTOM peknamHOM NMcTe yKa3blBaeTCs, YTO aBTOp He 3anaTteHToBasn CBOe
n3obpeteHne, 4ToObl He packpbiBaTb €ro CyLWHOCTb. BeposaTHO, peanbHas npuymHa
3aKMYaeTcs B HEBO3MOXHOCTU onmncaTb MexaHusm gencteua G-33 6e3 npuBnedeHus
Teopuun TT1, B YaCTHOCTUN, MEXAHN3MOB (POPMUPOBAHNA CTaTUYECKUX popmoBbIX TT1.

Y30eKkucraH.

YyeHbiMn Y3bekucTtaHa npoBoaATCs uccnenoBaHust 6GUosHepronmHgpopmMaumoHHOro
BO3OENCTBUSA  U3NYy4eHUM KoMMbikoTepa. B [6] OTMeYeHO, 4YTO KMBble CUCTEMBI
PYHKLUNOHNPYIOT HA OCHOBE MOCTOSIHHOTO OBMeHa 3Heprnen n nHpopmaumnen C¢ BHELIHEN
cpepon. ObmMeH MHpopmaumen ocyuwecTenseTca npu nomowm OMI1 ot BMagumoro Ao
3BYKOBOrO AuanasoHa.

B kayectBe HarnagHoro npumepa  MOXHO  YMOMSIHYTb O  3epKarbHOM
yutonatudeckoM  adpdpekte B AUCKAHTHbIX  MEXKMNETOYHbIX  B3auMOOEWCTBUSIX,
OCYLLEeCTBMSIEMbIX B oOnTU4eckoM AuanasoHe OMI1 n akcnepumeHTax nNo nepepade
HacneaCcTBEHHbIX MNPU3HAKOB (reHeTnyeckonm uHgopmaumm) npu nomowm 3MIT CBY
AnanasoHa.

Kpome TOro, yctaHoBneHo, 4To ynpasneHune npu nomowm IMI B XuBbix cuctemax
OT YPOBHS1 FEHOB A0 YPOBHSA Uenoro opraHuama ocywectensercs B CBY n KBY. Mpu
NMOMOLLM crneuunanbHbIX Pagnodu3nyeckmx YCTPOWCTB 3TOro AuanasoHa OCYLLEeCTBIEHbI
LeneHanpasneHHble Hacnegyemble U3MEHEHUSI B reHOTUMNE PacTEHU U XKMBOTHbLIX NyTEM
Bo3gencteua OMI1 Ha 3apopabilleBble KMETKM LENOCTHbIX OpraHM3MoB. Bosgencteuem
KOFEPEHTHOrO M3My4YeHUs MUASIMMETPOBOIO Anana3oHa MOXHO He TOSbKo m3bupaTtenbHo
BMUATb Ha Xxo4 OMOXMMMYECKMX peakuui, BOCCTaHaBnMBaTb aKTUBHOCTb WMMMYHHOWM
CUCTEMbI U Op., HO N Ha CO3HaHWE W NMoBeJeHMEe YenoBeKa M XMBOTHbLIX, T.e. co3faBaTb
«bnopobotel». [lpoBegeHne UeneHanpaBfeHHbIX UCCNeoBaHWMA MO BbISIBNEHUIO
MexaHnama 6uomHdpopmaumoHHoro Bosgenctems OMIT n gpyrux BUAOB  U3NyYeHUN
npuBedeT K  CO34aHWIO  METOOOB WM CPeAcTB 3aWuTbl M HelTpanusaumm
9HEProMHOPMAaLIMOHHON arpeccum Ha XMBYKO NpUpoay, a Takke ANs npegoTBpaleHus
BO3HVKHOBEHUS HEYNpPaBrsieMbIX XUBbIX CUCTEM.

Ocobo akTyanbHOM 3agjayen B aToM obnactu saABndeTca paspaboTka MeTonoB
HenTpanusaumm 6GMONHEMOPMALIMOHHOIO BO3L4EWCTBMS U3NYYEHUA KOMMbOTEpA. ITO
00yCnoBneHo 3anoXeHHOW B KOMMbITEP BO3MOXHOCTbIO YrpaBneHUs (KOHTPONs) U
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LeneHanpaBneHHOro BO30enNCcTBUSA Ha OpraHM3M YernoBeka M KUMBOTHbIX B YaCTHOCTU, U Ha
BCHO NPUPOAY B LIENOM.

Kpome TOro, KomnbtoTep Npu onpeaeneHHbIX YCNoBUAX MoXeT paboTaTb B pexume
CYMTbIBAHUA WMHAOPMaUUK C onepartopa (yTedka MO3roB), a Takke CTaTb JIOKanbHbIM
NCTOYHUKOM (MOCPEAHNKOM) NCUXOTPOMNHOIO BO3AENCTBUS.

B cBSI3M C M3NOXEHHbIM, UCCNeaoBaHNEe MexaHu3ma GUMo3HepPronHopMaLMOHHOIO
BO3OENCTBUSA WU3MyYEeHUs KOMMblOTEpPA MNO3BONSET pa3paboTaTtb He TOMbKO MeToAbl
HerTpanusaumm, HO 1 X NCMONb30BaHWSA B CO3MAATENbHbIX U NTEYEOHbIX LiensX.

B HacTosiwee BpemMs nonydeHbl creaylolme npegsapuTenbHble pesynbTaTbl.
PaspaboTtaH nepBbii BapuMaHT MeToga OnoKMpoBKM (HEWTpanusauum) oTpuuaTenbHOro
BO30ENCTBUSA N3MNy4YEeHUI KOMMbIOTEpPA.

MNpenBaputenbHble pe3ynbraThl UCMNbITAHUIA MOKA3bIBAKOT, YTO COCTOSIHNE 300POBbSA
onepaTtopoB A0 W MNOcrne YCTaHOBKN BGNOKMPOBKN CYLLECTBEHHO OTnmMyaeTcs. Hanpuwmep, y
onepatopa C 7-NETHUM CTaxeM paboTbl Ha KOMMbIOTEPE OTMeYyanacb BAINOCTb,
NOBbILLIEHHAs YTOMNSEMOCTb, HEPBO3HOCTb M ApP. TUMWYHbIE CUMNTOMbI. B TeyeHne ogHoro
Mecsila Mocrne YCTaHOBKU OrOKMPOBKM, OTMEYEHHbIE CUMMTOMbI CTanu MNPOSIBNATLCA B
MEHbLLEN cTeneHn, a paboTocnocobHOCTb 3HAaYNTENBHO MOBbLICMMACS.

HabniogeHusa npogornxatoTrcs.

3aBepLueH Takxke nepBbIN aTan nccneaoBaHum no pa3paboTke
BUO3HEProMHPOPMALMOHHBIX METOAOB YNPAaBMEHUS YpPOXaeM M 3alnUTbl pacTeHWUA Ha
OCHOBE LieneHanpaBeHHbIX 3bupaTenbHbIX NPOrpamMmmM HEWTpanmM3aumm 1 NCnosib30BaHUS
oTpuUaTenbHbIX U3ITyYEHUIA KOMMBIOTEPOB.

OKcnepMeHTbl B nabopaTtopHbIX YCMOBUSIX MoKasanu BO3MOXHOCTb YCKOPEHUs
CPOKOB BCXOXECTW CEeMSIH XJION4YaTHMKA, MLWIEHUUbl, a Takke UX pocTa U pas3BUTUS MOA
BO3OENCTBMEM KOMMbiOTepa. bBbinnv  nonyyeHbl Takke BecbMa OOHagexuBarowme
pesynbraThl MO 3aWMTe pacTeEHMI OT CENbX03-BpeauTenen, B 0COOEHHOCTU OT NayTUHHOIO
knewia, 6e3 ncnonb3oBaHUA 900XUMUKaTOB.

PpaHuus.

Bo ®paHuuu 3anarteHToOBaHO MHOMO reHepaTtopoB, Ha3blBaeMbIX «reHepaTtopamu
POPMOBbIX BOMH» UMW «rapMOHM3aToOpamMun NpoCTpaHCTBay.

YKa3sblBaeTcsl Ha CyLecTBOBaHWE HEW3BECTHOW MH(OPMAaLMOHHON KOMMYHUKaLMN,
CyLLEeCTBYHOLLEN B Npupoae.

OpHa n3 nocnegHux pas3paboTok - 3MNEeKTPOMarHUTHbIN ocumnnaTop (paspaboTka
npogpeccopa Guy Thieux), npegcraBnsowmin cobon pasHOBUOHOCTb «rapMOHW3aTOpPOB
npocTtpaHcTBa» (puc. 48).

Kak 6bI5i0 ykasaHO paHee, cpegu U3BECTHbIX TEXHOTEHHbIX ()aKTOpPOB, K KOTOPbIM
OTHOCAATCA W €eCTeCTBEHHO-TEXHOreHHble 30Hbl, HEeraTMBHO BMUAKOWME Ha 300pOBbe
YyenoBeka, NMOsIBUNCA HOBbLbIM (PakTop, HAa KOTOPbIN HEOBXoaMMO obOpaTUTL NpucTanbHoe
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BHMMaHME B CBHA3M CO BCE BO3pacTalolMM MOKPbITUEM TEPPUTOPUNA Pas3BUTbLIX CTpaH
MOOUNBHON CBA3LIO.

HeraTtuBHOe BO30eNCTBME €CTECTBEHHO-TEXHOMEHHbIX 30H, NpeacTaBnsAwoLWwmx cobom
reoguHaMMyeckme ”  MUKPOreoguHaMum4yeckme 30Hbl, YCUNMBAETCS COBPEMEHHbLIM
TeXHOreHHbIM BO3gencTBMeM. Llenb wuccrnegoBaHui 3aknoyanacb B MNOATBEPXKOEHUMU
BO3pacTaHUsl HEraTMBHOIO BO3OENCTBUSA €CTECTBEHHO- TEXHOIEHHbIX 30H 3eMin, KoTopas
npeacrasnser cobon CNOXHY ANHAMUYECKYIO CTPYKTYPY, OCOBEHHOCTM KOTOPOM TOSbKO
cenvac nosHarTcs B 6onee NonHon mepe, Ha Bce xumBoe. [pencraBnsaeT MHTEpPEC CTENEHb
YCUIEHNS COBPEMEHHbIX TEXHOIEHHbIX BO34ENCTBUIN Ha XXMBOE MPU UX B3aMOLENCTBUN C
€CTECTBEHHO-TEXHOIEHHbIMM 30HaMN 3emnu.

®paHuy3CKkMe M YKpauvHCKME yYeHble YCTaHOBUMW, YTO €Cnn 3as3eMsieHMe MadThbl
NPUEMHbIX UNW NepegarLmMx aHTEHH Anst MOBUIbHBIX TeNedOoHOB U 3a3eMeHNe BETPO -
reHepaTopoB, HEKOTOPbIX APYrNX 3SMNeKTPUYECKMX YCTPOWCTB OCYLIECTBIEHO B MecTe
nepecevYeHns reogMHaMm4eckux WM MUKPOreogMHaMUYECKUX 30H, HaxoasalMxXcs B
COCTOSIHMM pacTsKeHna (M0 HUM  LUMPKYNUpyeT Boda), TO 9TO BbI3biBAET MNOSBIEHUE
ycuneHHoro rnesoro TT1. None pacnpocTpaHseTcs no cucteme reognHamMmmyeckmx 30H Ha
pPacCTOAHNA, JOCTUraloLWmne ECATKA KUITOMETPOB.

[ns ycTpaHeHus HeraTMBHOro BO3gencTBus nesoro Tl Ha 3gopoBbe noaen u
XMBOTHbIX, accouunaumen «Prosantely (PpaHums) 6bin paspabotaH psg 3PEKTUBHbBIX
3alUNTHBIX YCTPONCTB, BasupylolwmMxca Ha koHuenuuu Ges3onacHow 3nekTpoHuku. OHa
OCHOBbIBAETCA He TONMbKO Ha MOesX 9KpaHMPOBaHUS WM OrpakaeHUs 4denoBeka oOT
onacHoro BAusiHMA OMIT n X TOPCMOHHOW COCTaBMAIOWEN, HO M Ha MNPUHUMMNMANbHO
HOBOM MoAxode, Y4YuTbiBalOLEM reomeTpudeckme OCoOBEHHOCTU Mofier UCKYCCTBEHHOrO
npoucxoxaeHus (puc. 49).

3alWnTHbIN 3PPEKT 3HAYMTESNBHO YCUIMBAETCA MpPU COBMECTHOM WUCMOMb30BaHUK
3alWNTHBIX YCTPOUCTB accoumnauun «Prosantel» (®PpaHuns), n yctpornctea « POPIOCT-I»,
paspabotaHHoro compmon «Spinor International» (YkpauHa).
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Ondes de torsion gauche
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Pylone avec les antennes relais

Ondes de torsion statique crées par le cylindre long

LLBenuapus.

B Weenuapum nposoastcs paboTbl No nsyveHuto Bosaenctamns SMU 3T Ha xunsoe
(Bogopocnu, Apo30dusibl, KpbICbl, SMOPUOHBI LIbIMASAT, YEroBeK).

dupma S.E.I.C (r. )KeHeBa, LUsenuapua) soinyckaet npubop A_NOX /Computer -
A_NOX/ Television, cocToAWMA K3 [OBYX MMUHU-LLAPOB, KOTOPblE€ BbLIMNOMHEHbI U3
HEWTpanbHOro NnacTnka M HamnofiHeHbl KOHLEHTPUPOBAHHBIMU CONAMU PEeAKO3EeMESbHbIX
mMeTannoB. MUHK-LapbI, YCTaHOBMEHHbIE NO OQHOW U3 AnaroHanemn aKkpaHa MOHUTOpa Unn
Tenesmsopa, paboTalT KkaK naccuBHble  pPe30HaTopbl, reHepupylowme  nong,
NpoTMBO(pasHbLIeE  OCHOBHOMY MOS0  MOHWUTOpa, AEWCTBYIOLEMY HeratTMBHO Ha
nonb3oBaTens.

T. 0., yMeHbLUaeTCs BpeaHbIn Buonormyecknin acpekT MoHUTopa (U3 peknamHoro
npocnekta oupmbl S.E.1.G.).

Mo MHeHuo aBTOpa, npuBedeHHOe o0O0bAcHeHMe paboTtbl npubopa A NOX
NPeAcCTaBnseTca He o4veHb ybeauTenbHbIM W NEepeknuMkaeTcs C npuHUMnoM paboTbl
ycTpounctBa «llamma - 7», nponssoanmbeiMm B Poccum (puc. 50).
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Puc. 50

B HekoTOpoOM cTeneHu 9K30TUYHOEe YCTPOWCTBO, 3aluuuiarollee, no yreepXxaeHnam
aBTOpa, OT M3INy4YeHU TENEBN30POB M aHaNOMMYHbIX EMY U3LENUI, HanpuMep, MOHUTOPOB
KOMMNbIOTEPOB, ABNSETCS NpeameTom m3obpeteHus B nateHTte Lsenuapumn 680 477, MIK
HO1J 35/16.

Ero obwmi Bug npeacrtasneH Ha puc. 51. Camo ycTporCTBO npeactaBnsaeT cobou
KOMMMEKC, Kaxablh KOMNOHeHT koToporo (10) cocTtonT 13 YeTbipex anemeHToB (11; 12; 13;
14), B BUOE KOHYCOB WM YCEYEHHbIX KOHYCOB, BbINOSIHEHHbIX M3 MeTanna. OreMEHThI
3aKpennswTca BepTMKanbHO B 3a3eMSieHHOM  MeTannudeckon onope (15) wu
yCTaHaBNMBaKTCA MNO4 dKpaH Tenesusdopa unv MoHuTopa. o yTBepxaeHuam aBTopa
n300peTeHns, yCTPOMCTBO MOXeT obecnevmBaTb 3aluTy OT U3MYyYEHUA B OBYX- WK
TPEXMEPHOM NPOCTPAHCTBE.

Puc. 51

Weenuapckas dumpma FOSTAC International GmbH (info@fostac-international.com)
npeacrtaBsvna pag npubopos, NpeaHa3HavYeHHbIX A5 rapMOHM3aL MM OKpyKatoLen cpeapl,
CTPYKTYpu3aunn BoAbl, yNydLleHUss Ka4ecTBa BO3AYLWHOW cpeabl B JOMax 1 oducax.
MpocTtbie 0ObACHEHNST MpUMHUMNOB paboTbl YNOMSAHYTbIX YCTPOWCTB NpencTaBun
ocHoBatenb pupmbl rocnoaunH Seelhofer.

Mo yreepxaeHuto rocnogmHa Seelhofer, cucrema FOSTAC MAXIMUS® MOXeT yBennunTb
3(pPeKTUBHOCTb Mepenavn 3NeKTPUYECKOM IHEeprnm K noTpedbuTtensam 3a cYeT HeKoW
KOMMeHcauun notTepb Npu nepegade.

YyeHble mpmbl FOSTAC International GmbH cuuTaloT, 4TO 9MNEKTPOH cocTouT m3 T-
nntoca, T-Hona wn T-HeratmuBHoro TaxmoHa. B FOSTAC MAXIMUS®  ncnonbaytoT
aKKyMynsToOpbl, COCTOSALLUME M3 MEeOHOro CTepxHs (MegHon Tpybku), 3aBepHYToro B
maTtepuan u3 KpemHueBoro amokcupa (fibreglass). NoBepx MeaHOro CTepxHs HaBuTa
NEBOCTOPOHHAA cnuparnb U3 NpoBOAsLWEero Matepuana. dTa KOHCTPYKUUSA NomeLlaeTcs B
UUNMHAP, COCTOALWMA M3 cnnaea cunukata u 6opa. MeaHbli CTepXXeHb akKymynsTopa
BKIOYAIOT NOCrefoBaTelbHO B 3NEKTPUYECKYIO Liernb. AKKYMYMSATOp cO34aeT TaXMOHHoe
none C BbICOKOW HampsPKEHHOCTbIO, KOTOPOE MPUBMEKAET 3MNEKTPOHbI M3 OKpYXKatoLwen
cpedbl M HanpaBerseT UX B 3NEeKTPUYECKYH0 Lenb.
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Kpome ToOro, paspabotraH ToHuyanwmn YUIM FOSTAC, rapmoHusupylowun  BpegHoe
nanyyeHme ot MobunbHbix TenedoHoB, WLANS, nengxepoB, knasuaTypbl, paguo-
TernedoOHOB, aBapUMHOW CUrHanuMsauun, pagmo, nepeHocHbIXx TenedoHos, Bluetooth,
GPS ycTtponcTs.

B coctaB uuna BXxogaT yrnepoa v apyrue coctasnsawowme. Ymun mmeer ¢ ogHOM CTOPOHbI
NUNKY0 onbry, NMpy  NOMOLLM KOTOPOW €r0 MOXHO 3aKpenuTb Kak BHYTPU MOOUNBHOro
TenedoHa, Tak U CHapyxw.

[onyckaetcsa noBTOpHOE ncnonb3oBaHne. Paspabotumku ytBepxaatot, yto FOSTAC CHIP
YMEHbLUAET YPOBEHb ANEKTPOMArHUTHOIO U3nyyYyeHus B cpegHem Ao 51%.

LBeuus.

LBeuma saBnsetca 3akoHogatenem B obnactu  co3gaHua  CTaHOapToB,
pernameHTupytowmx paboty c K. B nepson nonosuHe 80-x rogoB Tam Hayanocb
cepbe3Hoe obcyxaeHue ycnosun paboTbl ¢ aucnneamu. PaccmartpuBanucb He TOMbKO
BOMNPOCbl MOHOTOHHOCTU W HanpshKeHHOCTU paboTbl, HO M nNpobrnembl BU3yarbHOW
SproHoMukn 1 OMW. [ocTaTOuHbIX Hay4HbIX [oKas3aTenbCTB BUAHUSA AWUCNNEEB Ha
300poBbe nornb3oBaTtenen He 6bio. Ho B oTBeT Ha obLyee 6eCnoKoMCTBO M yTBEPXAEHUS
HaunoHanbHoro CoBeTa no TexHuke ©e3onacHOCTM W TrUrnmeHe Tpyda LIBEACKoe
npasutensctBo npeanoxuno SWEDAC (npexHee HasBaHne MPR - Llseackoro
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HauMOHanNbHOro KoMUTETA MO W3MEPEHUSAM W  UCMbITAHUAM) B COTPYQHMYECTBE C
HaunoHanbHbiM CoBeTOM MO TexHuke 6e3onacHocTM M rurmeHe Tpyaa v Lseackum
MHCTUTYTOM NO 3awymte OT U3ny4vyeHun paspaboTtaTb cuCTeMy LOOPOBOSbHbLIX UCMbITAHWUI
JVCINeeBs.

[nsa BbINONHeHNA 3Ton paboTbl Oblna co3gaHa KOMMNETEHTHAas rpynna, cocTosBLUAas
M3 3KCMEPTOB MO pPasfNMYHbIM HamnpaBneHUsIM, a TakKe npeacTaBuUTENEN pPasfnyHbIX
oOLLeCTBEHHbIX OpraHu3auui. B pesynbrate COBMECTHbIX Yycunuinu Obinn  co3gaHbl
METOOUKN BCECTOPOHHMX WCMbITAHUN OUCMINEEB B YacTM MEXAHUYECKUX, BU3yarlbHbIX U
9MUCCUOHHbIX XapaKkTEPUCTUK.

Koraa B 1987 r. nepBasi pegakuns MeETOAMKM BBOAMMACL B AeNCTBUE, ObiNo peLleHo
nepecMoTpeTb CUCTEMY UCMbITAHUW MOCre ee TpexneTHero onpoboBaHusi. Ha ocHose
onbita B 1990 . METOANKM MCNbITaHUA ObINN OTPEAAKTUPOBAHbLI KOSMEKTUBOM, B COCTaB
KOTOporo BXogunu cneumanuctbl n3 6onee vem 20 LWBEACKMX OpraHuM3auuin, a Takke
npegcrasutenu IBM n Hewlett Packard.

CerogHa 9TKM OOKYMEHTbl npeacTaBneHbl AByMs nybnukaumamu. OgHa U3 Hux -
MPR 1990:8 - sBnsieTca pyKoBOACTBOM, B KOTOPOM W3IOXEHbI METOAMKM UCnbiTaHu. OHa
npegHasHavyeHa gnsi nepcoHana, 3aHAaToro ucnbelTaHuaMmn gucnnees. dpyraa nyénvkauus -
MPR 1990:10 - aBnsieTca pykoBoaCTBOM Anisi nonb3osaTtenen. OHa NOMOXET UM MOHATb
pes3ynsTathl UCNbITAHU U COAEPXUT Tabnuuy AONYCTUMbIX NapamMeTpoB.

MeTtoanka MPR BkntoyaeT B cebss NpoBepKy ABYX TUMOB XapaKTEPUCTUK OUCMIIEEB:
BU3yaribHbIX 3ProHOMUYECKNX (uBerT, SIPKOCTb, YETKOCTb, HENUHENHOCTb,
HEOPTOrOHaNbHOCTb, KO3IMMMUUMEHT OTPaXEHUHA, APOXKaHME WN300pakeHusi, pacdeTHas
yactoTa MepuaHuih) U OMUCCUOHHLIX (PEHTFEHOBCKOE W3fyvyeHue, 3neKTpoCcTaTUYeCcKun
noTeHumars, Hanps»KeHHOCTb NePeMEHHOr0 MarHMUTHOroO nosnst B AnanasoHax 5 MNy+2 klfu n
2+400 k'Y, NNOTHOCTb MarHUTHOIO MOTOKA B TeX e Ananas3oHax).

Mpouenypa AobpoBONbHLIX UchbiTaHMA No metoanke MPR npegHasHadeHa gns
OKasaHusi MNOMOLUM MOoNb30BaTeNsiM MNpu  OLUEHKE 3ProHOMUYECKMX U 3IMUCCUOHHBIX
xapaktepuctmk gucnnee. [lpu nokynke o6opyooBaHMS MPOTOKOMbI  UCMbITAHUN
AOMNONHSAIT CBEAEHWS, YKa3aHHble NPoM3BoaMTENEM, U MOMb3oBaTeNb CaM MOXET OLEHUTb
KayecTBO paboymx yCcroBuin.

Bonee >ecTkne TpeboBaHMA K KayecTBY AUCMNEEeB MNpeabsBrsioT cTaHOapTbl
LLIBenckon koHenepaumm npodcotoso TCO 92 n TCO 95. TCO 95 pernameHTUpyeT He
TOSNMbKO XapaKTepUCTUKU AUCMIEsS, HO M MpoLecc Npou3BoacTea (orpaHMyYmBaeT BblOpOCHI
BPEAHbIX XMMWYECKMX N SOO0BUTLIX BELLECTB B OKPYXAaOLWYH cpeny), ycnosus Tpyaa.
Bxogawmun B coctaB TCO craHgapt NUTEK kacaetca 9KOHOMHOro mnotpebneHus
3NEKTPOSHEPIUN.

Ha wBeackve craHgapTbl OMMparoTCA MNpakTU4eckn Bce Begywme upmbl-
N3roToBUTESNN MOHUTOPOB [27].

Heobxoaumo nogvepkHyTb, YTO B YNOMSIHYTbIX METOAMKAX MPOBEPKM MOHUTOPOB Ha
cooTBeTcTBME TpeboBaHWAM CTaHOAPTOB pErnaMeHTOM He npeayCMOTPEHO YyyacTue
camoro 4venoseka B HuX. [Npu 3TOM He OCyLLeCTBNAETCA MNpoBepKa BO3OEWUCTBUSA BCEX
KOMMOHEHT U3NYYEHUI, B TOM YMCIE N HEUIBECTHLIX OO CUX MOP, BKIOYAs TOPCUOHHYIO,
KoTopasi, N0 MHEHUIO aBTopa, SBMSETCHA MPUYMHON TEX UMM UHBLIX HEAOMOraHWn 1 xanob
nonb3osatenen MK (tabn. 1).

maBa 8. MoHuTopbl [K, TeneBu3opbl, Apyras 23reKTPOHHas
TeXHUKa - reHepatopbl TI1.
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N3BecTHO, yTo OMIT nopoxgaet Tl [1, 2, 76]. CnegoBaTtensHO, NodaenstoLlee
BONbLUMHCTBO  3MNEKTPOHHbIX, JNEKTPOTEXHUYECKMX W  PagNOTEXHUYECKMX YCTPONCTB
ABNAKTCA UCTOYHMKamu T, obnagarowmmm Ton UnNnm MHOM CTEMEHbK arpecCUBHOCTM MO
OTHOLLIEHMIO K YEITOBEKY U OKa3bIBalOLLMMWN HA HEFO HeraTMBHOE BO3OENCTBME.

MonuTopbl [K, Tenesu3opbl, HECOMHEHHO, OTHOCATCHA K YMNOMSAHYTbIM Bbille
npubopam M ABNAOTCA MOLUHbIMK reHepaTtopamu TIl1. [Mo-BuanmomMy, eCcTb HECKONbKO
cocTaBnsAwLWKX, KoTopble cosaatT obwee nesoe Tl moHuTopa MK 1 Tenesunsopa.

OoHon mn3 coctaensowmx obuwero nona moHutopa K aBnaetca nepsuyHoe T,
KOTOpOe CBs3aHO C 3(PpeKTOM (POpMbl, a MOCTOSAHHbIA 3MNEKTPUYECKUMI NOoTeHUmMan ero
yCUNunBaeT.

Bbicokoe yckopsiowee HanpskeHue (27-30 kB), nogaBaemoe Ha aHopg OJIT,
OCyLLeCTBNseT 3apagoBylo nonspusaumio dusndeckoro Bakyyma, T. 0., Kak NokasaHO Ha
puc. 3 (cm. pasg. 1.4), yto BedeT K BO3HUKHOBEHWO nesoro Tl nepeg MOHMTOPOM W
NpaBoro - 3a MOHUTOPOM.

Adpyrumn cnosamu, MoOHUTOP siBnsieTcs reHepatopoM Tl ¢ cummeTpuyHbeim T B
NPOTMBOMONOXHbIE CTOPOHBI.

OTknoHstowasn cucrema AT, ocywiecTnawoLWan pa3BepTKy ANEKTPOHHOro nyya no
ee 3KpaHy, ABNAETCA KOMbLUEBOW CTPYKTYPOM, T.€. MMEKTCH OpraHu3oBaHHbIE KOMbLEBbIE
3NEeKTPOMarHUTHbIE NPOLECCHI, KOTOpbIe U BHOCAT cBOW BKnazg B obwee Tl moHuTopa 1K,
Tenesmnsopa. Kpome TOro, cam 3reKTPOHHbIA Ny4 MOXHO NpPencTaBUTb KakK AJSIMHHbIN
UMAMHAOP, KOTOPbIN Takke BblaaeT B 06e CTOPOHbI KOHYCHbIe fneBble TI1 (puc.52).

~ o S _-
~ R _
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// \\
Puc.52.

OKcnepuMmeHTanbHoO obHapyxeHo obpasoBaHue nesoro TI1 npu 6ombGapaupoBke
anekTpoHamu nomMnHoopa AJ1T, npoucxogswen nNpu HanMymMm BbICOKOTO YCKOPSHOLLEro
HanpsbkeHns Ha nepBoM aHoge JJIT B npouecce pasBepTkM U306paXeHUs No IKpaHy.
OgHako npu Mcnonb3oBaHUM B BbICOKOBONLTHOM 6noke monuTopa [K, TenesBusopa,
TpaHccopmatopa Tecna nomne noMuUHOMOpa CTaHoOBUTCA MpaBbiM. [MpUYMHBLI Takoro
N3MEHEHNS elle MPeACTOUT BbISICHUTb B JanbHenwemM npu paspaboTke MOHUTOPOB,
0OKa3bIBaKOLNX MUHMMANbHOE HEraTMBHOE BNNAHME Ha YernoBeka.

C u3MyecKkoM TOYKM 3pPEHUS  INEKTPOSIOMUHECLUEHUMST - 3TO CBeYeHue
noMuHoopa, kKoraa BO3OYXXAEHHbIE YCKOPEHHbIM 3IEKTPOHHBIM  fTy4YOM  OIEKTPOHBI
nocrneaHero UCnyckarwT KBaHTbl CBETa, Nepexods U3 OfHOW paspelueHHOW opbuTbl Ha
APYrYI0, T.€. U3MEHSOT CBOE 3HEPreTU4eCcKoe COCTOSIHNE B CTOPOHY YMEHbLLEHUSI SHEPTUN,
N WU3MEHEHUs OpUEeHTauuM CNUHOB B MPOCTpPaHCTBE. JTOT AMHAMUYECKUMM Mpouecc
aBrsieTca oakTopoM, KOTOPbIN NopoxaaeT BoriHoBoe nesoe TI1, HeraTMBHO BRnsaoLWee Ha
yenoseka.

Mpn BbikNtoYeHUn moHuTopa K, TeneBmsopa M Opyrnx aHanornmyHbix npmbopos
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NPOCTPAHCTBEHHO - pacLWensieHHble YacTuua U aHTu4acTuua B (ontoHax aBToOMaTUYeCKn
BO3BpaLLAOTCA B CUMMETPUYHOE BITIOXXEHHOE COCTOsiHME (CM. puc. 1), Tak Kak ucyesatot
pPacCMOTPEHHbIE BbIlLE€ UCTOYHUKN BO3MYLLEHUS, T.e. NPOCTPAHCTBEHHO - pacLlensieHHoe
COCTOSIHME SIBNSETCA HEYCTOMYMBBIM U MOXET YOEPXKMBATLCA NUWb MPU  Hanuumm
NCTOYHNKOB BO3MYLLEHUS.

OpHako HeobxogMmo OTMETUTb, YTO dpopmMoBoe cTaTtudeckoe TI1, cosgaBaemoe
OJ1T, octaetcs M nNpU BbLIKIIIOYEHHOM MOHUTOPE, U €CNN OHO ANUTENbHOE BpPeMs
BO3AENCTBYET Ha 4enoBeka (Hanpumep, MECTO OTAblXxa B KBAPTUPE HaxoauTcs nepeq
Tenesn3opoM, MoHuTopomMm [1K), TO MoryT ObiTb HeraTMBHble MOCNEACTBUSA, TaK Kak
cywecTByeT a(pdeKkT HaKoNeHNA.

8.1.CnocoObl KONNeKTUBHOM 3alnTbl OT HeraTuBHoro BnusaHus TT1
moHuTopos lK.

Bce 6Gonbliee pacnpocTpaHeHne B YKpaumHe  nonyyarT  floKasbHble
BblMUCNUTENbHbIE CETU. Hapagy €  HUMW  NPUMEHSAOT  MHOrOMosfb3oBaTeNnbCKue
(MHOroTEpMUHArbHbIE UMW MYNBTUKOHCOSbHbLIE) KOMMMEKCbl Ha Gase OOHOW MOLLHOW
NM3BM [61]. OHKn coBepLueHHO onpaBaaHbl B y4ebHbIX 3aBegeHusax, odpucax, 6aHkax n T. 4.

PaccMmoTpuM HekoTopble BapuaHTbl apXUTEKTYpbl KOMMMEKCOB ANs NOCTPOEHUS
y4eBHbIX KOMMNbIOTEPHbIX KITACCOB.

MHorotepMuHanbHbI - y4EBHBLIM  KOMMNbIOTEPHBIA  Knacc. Ha paboyem mecte
yCTaHaBnNuBatTCs andaBnTHO-UNMpPOBbIE UK rpadudeckne TepMuHarnel, NoAKN4YaemMble
K nocnegoBaTenbHOMY NOPTY KOMMbOTEPA C NOMOLLBIO MHOIOMOPTOBLIX MAaT.

MynbTUKOHCOMbHbIA  Y4ebHbIN KOMMbIOTEPHbIW Kracc. Paboyee mecTto B TakoMm
KOMMMeKce - 3TO CKOopee He TepMuHalnbl, a BbIHOCHble MOHUTOPbLI C KNaBvaTypou U
MbILLIKOW, KOTOpble MOAKMYEeHbl K OOLWEen LWMHe [aHHbIX KOMMbkoTepa 4epes
MHOrONopPTOBbIN MHOTOQYHKLMOHASbHLIW rpaduyecknin Bugeoagantep.

B pabote [62] oTmevaeTcsa: «O4eBMAHO, YTO MNOMHOCTbI M3GexaTb narybHoro
BMUSIHUSA UN3MNYYEHUS] KOMMblOTEpPa HEBO3MOXHO, OAHAKO MOXHO W HY>XHO CBECTU ero K
MUHUMYMY. W, Npexae BCero 310 HY>XHO AenaTtb Npu MOCTPOEHMM COBPEMEHHbIX YYEOHbIX
KOMMbIOTEPHbIX KNaccoB B y4ebHbIX 3aBeeHnAX BCex ypoBHen». He oTpuuasa pasnuyHbix
KOCMETUYECKUX Mep - 3a3eMrieHue, paunoHanbHoe pacnonoxeHue paboynx mect -
npeanaraeTcsa Asa OCHOBHbIX MYTU peLleHns 3Ton Npobrnembi:

e Ha paboymx MecTax yvawuxcd ycTaHaenMBaTb MWHUMANbHOE  KONMUYECTBO
n3ny4aroLmx yCTPOMUCTB;

* [0OOMTbCA MaKCMMarnbHOMO MOHWXKEHUS YPOBHSA W3My4YeHMs CaMuX YCTPOWCTB Ha
paboyem mecTe.

BTtopon nyTb 3aknioyaeTcsa B CHWXKEHUW YPOBHSA W3MNyYEeHWs, KaK 9KpaHa, Tak u
KnaBmaTtypbl paboyero mecta Ha nonb3oBartens. Cornawascb B MpUHUMNE C MHEHWEM
aBTOpoB [62] O BO3MOXHbIX MNYTAX pPELUEHUS YNOMSHYTOM Mpobnembl, XOoTenocb Obl
OTMETUTb, YTO Hambonee apPEeKTUBHLIM CPEACTBOM 3alUMTbl OT HEraTMBHOMO BRUSHUSA
MOHUTOPOB Ha MONb30BaTeNs SABMSAETCH MCMNOMb30BaHME ONMUCAHHOIO paHee yCTPOMCTBa
[47, 48].

KonnektuBHag 3awwuta nonb3osatenen K oT HeraTMBHOro BfMSAHUSA MOHUTOPOB
CBOONTCS, B OCHOBHOM, K 00s3aTeribHOMY WCMOMb30BaHUIO MHAMBMAYANbHbIX CPEeaCTB
3alWnTbl C COOTBETCTBYIOLLUNM pacnonoxeHnem paboynx Mect u pasMeLleHnemM yCTponucTB
3aWwnTbl T. 0., YToBbl He ObINO Yy4yacTKoB, 4Yepe3 KoTopble OyaeT OCyLWecTBNATLCA
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HeraTMBHOE BO3OENCTBME.

Ha puc. 53 npuBegeHa pekomeHOyemasi cxema paccTtaHoBkM MoHuTopoB [1K B
ANCMNENHBIX Krlaccax, BblMUCIIUTESNbHbIX LIeHTPax, BaHKOBCKUX YYpEeXOEHUSIX U Op.

Kak BMAHO M3 pUCyHKa, NPU TakoM pacrnonoXxeHum pabodmx MecT B NpOCTpaHCTBE
MexXay aKpaHamMmn MOHUTOPOB OyaeT cosgaBaTbCsl CymMMapHoe rnesoe TI1, HeraTMBHO
BO3[EeNCTBYHOLLEE Ha MOfb30BaTenen, a C NPOTUBOMOSOXHOW CTOPOHbI - NMPaBoe.

,rmaﬂoe no,fl*t: .

JeBoe moJjae
e

Puc. 53

B 3akntoyeHne HeobxoanMmMo OTMETUTb, YTO, KpOMe 0653aTeNibHOro UCMNOoNb30BaHUSA
OQHOro0 U3 BbllWeyKasaHHbIX CPeacTB 3aliuTbl, XenatenbHO npoBecTu obcnegoBaHue
pabounx nomeLieHnn GUONoKaUMOHHBIM METOLOM Ha npeameT onpegenenus M3 mnnn
APYrNX HEeraTMBHbIX MECT (Hanpumep, NsTHa ApTIOLLKOBA).

KomnbioTepbl HEO6X0OMMO paccTaBuTb T. 0., YTOObI OnepaTopbl HE NOABEpPranuchb
Bo3genctauto M3.

maBa 9. OCHOBHbIe MNpaKTUYeCKue uenn U3yYeHUs BIUAHUSA
TIN Ha yenoBeka.

OCHOBHbIMUM MpaKTU4ECKUMU LensamMun udydeHus BnmaHua TIT Ha yenoseka M ero
OTBETHOW peakuunun, BUAMMO, MOXHO cyYnTaThb:
. nccrieqoBaHMe  BO3MOXHbIX — KaHanoB  B3aMMOOEWCTBUSI  KOMMbIOTEPOB U
KOMMbIOTEPHbIX CETEN C OPraHM3MOM YerioBeKa, HeratMBHbIX M MO3UTUBHbLIX aCMeKTOB
Takoro B3aMMoaencTBuUs;
. CO3daHMe TEXHOMOrMM BbICOKOHAAEXHbIX OLEHOK W MpOrHo3a nocneacTasni
BO3AeNCTBUA NeBblX M NpaBblx Tl Ha opraHM3M U MCUXMYECKYH Ccdepy KOHKPETHOro
yenoBeka Ha ANUTENbHbLIN CPOK B 3adaHHOW cdepe OesTenbHoCcTU (T.e. C MNOo3uuui
dYHKLMOHANbHON HageXHOCTM  YyenoBeka npu BbIMOSTHEHUN onpeaeneHHon
AEATENBHOCTN);
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. pa3paboTKy HOBbIX TEXHOSMOMMM 3awuTbl OT HeraTuBHoro BnvsHus Tl (c
MCNONb30BaHMEM  CneumanbHbiX  HETPAAWUMOHHBIX ~ TEXHUYECKUX  CPeactB MU
BMONPOTEKTOPOB), @ TakKKe TEXHOSOMMM MOSIe3HOro UCMONb30BaHUA NneBbIX U NpaBbix TI1
ANa  TepaneBTUYECKUX, peabunuTauuoHHbIX W Apyrux uenen nyteMm [[O3MpOBaHHOMO
npebbiBaHMS YyernoBeka B YNOMSAHYTbIX NONsX;

. peann3aumio TEXHOSNOMMN HOPMUPOBAHUS HE CaMUX BO3OEUCTBUMA, a (DaKTOpOB
pUcKa, CBA3aHHbIX C HeraTMBHbLIM BNusiHMEM TI1 Ha gaHHOro YenoBeka B 3agaHHOM cdepe
AEATENbHOCTN.

Ana [JocTKeHus 3TOoro Ha atane npoBedeHUst dKChepuMeHTanbHbIX paboT u
BHELPEHUN TEXHONOrNN Heobxoanmo obecneunTb pelLeHne cneaywmx 6a3oBbiX 3a4au:
1. KOHTPOMb BO34ENCTBUSA NEBbIX U NpaBblX Tl Ha yenoBeka, BKNIOYAKOLLMNA:

- ornpegeneHne npoCcTpaHCTBEHHbIX rpanuy TI1, BpemeHM U xapaktepa BO3LEWNCTBUSA
(MaeHTMdMUKaUMa NO UCTOMHUKAM U UX XapakTepucTukam B paboden 30He NS AaHHOro
obbekTa),

- onpegeneHne XapakTepuctuk “UHTEHCUBHOCTEW” NO MNPOCTPaHCTBY U BpeEMEHU B
nccnegyemblx 30Hax;

2. KOHTPONb 06beKTa BO3OENCTBUSA (YenoBeka), BKIOYAOLLNIA:

- MOHUTOPWHI COCTOSAHUSA BMO3HEPreTUYECKON CUCTEMbI YernoBeka (Hanpumep, TONonornuu
«Buonons») NOCpeacTBOM «aypoanarHoCTUKNY,

- COCTOSIHUA «YaKpanbHOW CUCTEMbI», MEPUOMAHOB U BNONOrMYECKN aKTUBHbIX TOYEK;

3. KOHTPOSb 3NEKTPUYECKNX XapaKTEPUCTUK BMONOrnMYeCcKn akTUBHbLIX TOYEK U Ap.;

4, MOHUTOPUHI  COCTOSIHMS  (PU3NOSMOrMYECKUX CUCTEM  OpraHmama  (KOMMSeKc
N3MepeHnin Pn3nonormyecknx napameTpoB);

5. MOHUTOPUHI  MCUXMYECKOrO0  COCTOSIHUS  4YenoBeka  (MCUXOAMArHOCTUYECKUM
KOMIIEKC);

6. TekyLwasn oueHka adEeKTUBHOCTM BbIMOMHEHUS 3a4aHHOWN AeATENbHOCTU (TECTOBLIN

KOMMIEeKC, crneumanm3ampoBaHHbIi Nog AaHHbIV BUA AEATENbHOCTH).

Kpome Toro, Heo6xoaumMo nepeocMbICIUTb ONbIT APEBHUX LMBUNU3ALMIA C NO3ULUIA
COBPEMEHHOWN HayKu, CO34aTb COBPEMEHHbIE aHanorM ApeBHUX YCTPOMCTB U METOAMK Ha
6a3e HOBENLUNX TEXHOMOMNA.

A Onuxkanwen nepcrnekTMBonM B HanpaBneHun 3awmTtbl nonb3oBaTtenen [1K ot
HeraTMBHOIrO BIUSIHUSE MOHUTOPOB SABMNSAETCA pa3paboTka MOoCAedHMX CO BCTPOEHHbIMU
cpeactBamMu 3alUMTbl OT TOPCMOHHOM KOMMOHEHTbl OMW. AHanorudHble paspaboTku
pearnbHbl M NS OPYrNMX paguoTEXHUYECKUX, ISNEKTPOHHbLIX WU 3NeKTPOMEXaHUYEeCKMX
yCTpoucTB, npubopos, ycTponcTB. C MOMOLLLIO HOBbIX TEXHWYECKUX CPeacTB Hago
YCUINUTb 3alUUTHbIE CNOCOBHOCTM Hallero reHeTU4Yeckoro annapata nyTem BBeLeHUS B
HEero HOBbIX NOMEBbIX MHPOPMAaLMOHHBIX NPOrpamMM.

Cam dhakT UCKYCCTBEHHO CO34aBaeMOro TOPCMOHHOIO BO3OENCTBUSA Ha 4YernoBeka
MoHuTopoB [1K, TeneBn30opoB, PEHTIEHOBCKMX YCTAHOBOK, KOMUPOBANIbHOW TEXHUKU W
pasnnUYHbIX NPUBOPOB 3NEKTPOHHOM TEXHUKUM TpebyeT BBeLEeHWSI HOBbIX PerflaMeHTOoB,
obecneyrBaloLLNX rapaHTUPOBaHHbIE CBOMCTBA cpefbl pabovero Mecta u MecTa oTabixa.

Ha Takon nogxond opueHTUpyloT TpeboBaHus MexgyHapogHOM opraHusauuu no
ctaHgaptmusauum (1ISO).

YKkpaunHa morna 6biTb OAHUM U3 NepBbIX rOCy4apcTB B MUpe, B CTaHOAPTbl KOTOPOW
6b1nn 6bl BBEOEHbI A0MYCTUMbIE HOPMbI MO YPOBHIO Bo3aenctaunsa Tl Ha yenoBeka xoTs Obl
HekoTopblx usgenun (MK, TeneBmsopbl). 3T HOPMbI OblMM  Obl  KOHCTUTYLWOHHOM
rapaHTuen 3gopoBbs 1 6e30NacHOCTU HaceneHus.

MexayHapogHass akagemuss 6GuoaHeprotexHonornn (Kuesckoe pervoHanbHoe
oTAeneHue), HekoTopble noapasgeneHMs HaumoHanbHOro TEeXHUYECKOro yHuMBepcuTeTa
YkpaunHbl «KIMA» roToBbl NPUCTYNUTL K CO30aHUI0 CUCTEMbI HOPMATUBHBIX JOKYMEHTOB MO
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ceptudmkauumn pabounx mect nonb3osatenen MK, gonyctnmoro yposHa T Tenesnsopos
N opyron 6bITOBOM TEXHUKN.

OHa bypet paspabaTbiBaTbCsl B COrflacoBaHUM C AEWCTBYHOLLMMU HOPMaTUBHBIMU
cuctemamu.

maBa 10. BbiBOoAbI.

KpaTknun 0630p OCHOBHbIX pe3ynbTaToB UCCNeaoBaHWM, OnybrmMKoBaHHbIX B AAHHOM
KHUre, MOXeT ObITb NpeacTaBeH B TakoM BUAE:
7 CpoenaH BblBOg4 O TOM, YTO YMpaBfeHMe Ha BCEX YPOBHSIX OpraHu3auuun
Buonornyeckoro obbekTa OcyLlecTBNseTcs ANHAMUYECKUMM U CTaTUYECKUMU
NHOPMaUMOHHbIMKU T CrIOXHOINO CeMaHTU4EeCKOro HamnofIHEHUS, KOTOPble aKTUBUPYIOT
U 0eakTUBUPYIOT Te U uHble Buonormnyeckme npoueccol. AuHamuyeckme Tl aBnatoTca
komnoHeHTon OMW kneTok u opraHenn 6uoobbekta, cTatnyeckume T dopmupytoTcs
reomeTpudeckumMmmn popmamm coctaBHbIX YacTen BnoobvekTa (acpekt «hopm»).
B@ JOkcnepMMeHTanbHO yCTaHOBMNEH (DaKT CyLLeCTBOBaHWUS nepep 3KpaHOM MoHMTopa
MK, TeneBmsopa n npu pabote nbbIX PagNOTEXHUYECKUX, INEKTPOHHbLIX YCTPOWCTB U
NpnbopoB TOPCUOHHOW KOMMOHEHTbl 3OMMW, okasbiBalOLWEN HeraTMBHOE BIUSAHWE Ha
nonb3oBaTens.
E<@® BblaBMHYTA ruMnote3a O TOM, YTO [/IaBEHCTBYWOLIYI0O ponb B npoueccax,
OKasblBalOLWMX HeraTMBHOE BIIUAHWE Ha nonb3oBaTernien YNOMSAHYTONW SMNEeKTPOHHOW
TEXHUKN, UrpatoT ABNEHUSE MHPOPMALMOHHOIO aHTUMBMOpe3oHaHca.
g« [JaHo noHATMEe aHTMOMope3oHaHca Kak sBMNeHus ocnabneHns TOPCUOHHOIro
MHPOPMALIMOHHO - BOSTHOBOrO MpoLuecca B OpraHuM3Me nornb3oBaTtend nog nencTBuem
TOPCUOHHON KOMMOHEHTbI AMW ynoMsiHyTON TEXHUKM, TaK Kak 3Ta KOMMOHEHTa No CBOUM
napameTpam npmbnmxaerca K cO6CTBEHHOMY MHOPMALMOHHO - BOSIHOBOMY MPOLECCY B
opraHuame nosnb3oBatens. OTMEYEHO, YTO SBfIEHME CEMAHTUYECKOro aHTMBMopesoHaHca -
CUMNBbHOIO OTKMWKa Npu B3aMMOOENCTBMM B3aMIMOMUCKNIOYAKOLWNX CEMaHTUYECKUX CUCTEM -
NPUCYLLIE NCKIOYUTENBHO BbICOKOPAa3BUTLIM BMONOrMYECKMM CUCTEMAM.
H#<@D  OObACHEH MExaHW3M HeraTMBHOMO BNUsIHUSA neBbix TI1, reHepupyeMbix npubopamm
9NEKTPOHHON TEXHWKW, Ha MONb30oBaTeNs C UCNOSMb30BaHMEM TMMOTE3bl CEMAHTUYECKOrO
aHTMbnope3oHaHca U SIBMEHUSI «KBAHTOBOW Tenenoptaunumny.
2@ OnpepgeneHbl NoAXodbl K PasBUTMIO HOBOIO HanpaBreHus yHOaMeHTarnbHbIX U
NpUKNagHbIX UccrnenoBaHum, HasBaHoro «brnobesonacHasa anekTpoHMKay.
@@ Heobxogmma cepTudmkaumsa BCEX HaxXoOsLMXCA B aKkcnnyaTaumm mMoHutopos MK,
TENeBnU3opOB, [OPYroh 3MNEeKTPOHHOM TEeXHWKM C YYEeTOM HeratMBHOMO BIUSHUA Ha
nonb3oBaTenen TOPCUOHHON KOMMOHEHTbI QMW ynoOMSAHYTbIX BbllLE U34ENUNA.
“B@) CpaBHUTENbHbIA aHanM3 nPakTUY4eCKM WAEHTUYHBLIX pe3ynbTaToB WUCMbiTaHU B
acrnekTe HeraTMBHOIO BfUSAHUA, OKasblBAaeMOro Ha 4enoseka wuanydyeHusmun [TI13 wu
MOHUTOPOB, APYron 3NeKTPOHHON TEXHUKU, NO3BONAET CHOPMYIIMPOBaTL BbIBOA O TOM, YTO
npupoga [T13 ©n BbIWEYNOMSAHYTbIX W3NYYEHUA ONEKTPOHHbIX WM PagNOTEXHUYECKMX
YCTPOWCTB - TOPCUOHHASA.
w@h B M3, a Takke B paboyeilt 30He MOHUTOPOB, TENEBU3OPOB, APYron 3NEKTPOHHOW
TEXHUKN HabNIOalTCA pe3Koe YMEHbLUEHME KOHLEHTpauuMmM nerknx oTpuuaTenbHbIX
MOHOB, YBENUYEHME KOHLEHTPALMUN MOMOXUTENbHBLIX YacTUYEK BCEX pa3MepoB, YTO
nogvyepkMBaeT (pakT OAMHAKOBOM (U3MYECKOW nNpupodbl - TOPCUOHHOM - [T13 un
KOMNoHeHTbl MW, reHepupyemMbiX MOHUTOpPaMu, TereBuM3opamu, OPYron 3NeKTPOHHOW
TEXHUKOWN.
=@ YKpanHCKUMK ydeHbIMU pa3paboTaHbl YCTPOWCTBA ANS 3alMTbl HaceneHus
OT HeraTusHoro BnuaHus M3 - koBpuKkK, NpeacTasnstowme cobor TOPCUOHHBIN NONAPOUA.
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r=r=ah PaspabotaHo yCTpOMCTBO  3awuTbl, 3PPEKTUBHO MpedoxpaHsiioee
nonb3oBaTtenen moHutopoB [K, TeneBnsopos, Opyrom TEXHUKN OT HeraTUBHOIO BIIUSIHUA
TM. 3phekTnBHOCTL paspaboTaHHbIX YCTPOMUCTB NOATBEPXOAETCS:

* NPOBEAEHHbIMU UCTIbITAHUSMW B YKPAaUHCKOM Hay4YHOM FMIMEHNYECKOM LIEHTPE;

* McnblTaHMsMK, NpoBedeHHbIMM B OpraHe gobposonbHon ceptudmkaumm «MIPA» (r.
Kues, YkpaunHa);

* 3aKITHOMEHMEM FOCYOapPCTBEHHON CaHUTaPHO-TUIMEHUYECKOWN 3KCNepTU3bl HOPMAaTUBHOM
nokymeHTauumn N 5.04.03 /1601 ot 26.08.1997 r. (r. Knes, YkpauHa);

* nateHTamm YKkpauHbl Ha nsobpeteHne N 23759 ot 16.06.98 r., nateHtamm 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);

* MPOTOKONOM KIMHUYECKUX WCMbITaHUW nNpubopa B HAy4yHO - METOOUYECKOM LEHTpe
[maBHoro BoeHHoro rocnutansa MO Poccuiickon ®epepauum um. H. H. BypaeHko 3a
Ne8/393 ot 12 oktabpa 1999 r;

* 3aKITH0O4EHMEM FOCYOapCTBEHHOW CaHUTaPHO-TUIMEHUYECKOWN 3KCNepTU3bl HOPMaTUBHOM
AokymeHTauumn bonrapmm Ne01505/2000 r;

* NOATBEPXAEHbI MPOTOKOSIOM  WUCMbITAHWUKW, MNPOBEAEHHbLIX  MEAMKO-IKOSTOrMYecKon
dupmon «Jlant-2» B 1. Ype Poccuickon ®eaepaumm ot 03.04.2003 r.

~Bah YCTponMCTBO npeacTtaenser cobon reHepatop npaBoro  (OpMOBOro
ctatnyeckoro Tl C COOTBETCTBYIOLUMM CEMAHTUYECKUM HarmofiHEHWEM, KOTOpOe Mpu
B3aMMOAENCTBMM C CO3aaBaeMbIM MOHUTOPOM B paboyen 30He nonb3oBaTens nesbim T,
OTKITOHSIET €ro OT HayarbHOro NonoXxeHust npakTudyeckn Ha 180°C B 30HY NpaBoOro noss
MOHUTOpPA, HaxXOAsLlerocd C TbUIbHOW €ero CTopoHbl. B pesynbsrate B3aMmogencTBus
NpOTUBONONOXHbIX Buxpen Tl oba cyuwectBeHHO ocrabeBaloT, a CymMapHoe none 3a
MOHUTOPOM MpaKTUYeCKn paBHO (POHOBOMY YpOBHIO. T.0., OCyLWlecTBRsieTcs 3awumTta
nonb3oBaTend OT HeraTMBHOMO BIIUAHUSA TOPCUOHHOW KOMMOHEeHTbl OMW moHuTOpa,
npu4yem 1 3a TbINIbHON CTOPOHOW MOHUTOPA YPOBHM TOPCUOHHbLIX BO3AENCTBUN HA PSOaoOM
HaxoasdLerocs Apyroro nonb3oBarens npaktndeckn 6e3speHsb.

B« MpoBeaeH aHanu3 pe3ynbTatoB HabMOAEHWIA, OCYLLECTBMNEHHbLIX B TeYeHue
10+12 net Hag niogbmu, paboTaBlMMKM CO cneuunanbHO pa3paboTaHHbIMU aKTUBHBIMU
reHepatopamu npasoro Tl B pexume Waaauwero BO3AencTeusa Manon MHTEHCMBHOCTN. o
pesynbraTtaM aHanM3oB MOXHO 3akflouuTb, 4YTO MocnegHee SABMASETCS  MOLHbIM
0300pOoBUTENbHBIM  (hakTopoM,  GasvpylowMMca  Ha  SBAEHUUM  CEMaHTU4eCKOro
B6uopesoHaHca. Jlioan, pabotaBlumMe C reHepaTtopamu, nNpakTudeckn He obpaiuanucb 3a
MOMOLLBID K BpavaMm, a MHGEKUMOHHbIE W CBA3aHHble C nepeoxnaxaeHnem O60nesHn
NnepeHoOCUNN 3HaYUTENBHO Nerye.

g YCTpOMUCTBO 3aWuTbl OKasblBaeT Ha 4enoBeka [OeWcTBue, aHanorndHoe
BNUAHNIO reHepaTtopa npasoro Tl B pexume wagsawero Bo3gencTend, T.e. npebbiBaHne
Yyenoseka B nNpaBoM hOpMOBOM cTaTtuyeckom TT1, hopMupyembiM YCTPOMCTBOM, SABISIETCS
0300pOoBUTESNbHBIM (hakTopoM. K TakoMy BbIBOAY MOXHO NPUNTKU, aHANU3npysa pesynbstaThl,
npvBegeHHble B Tabnuuax 7+12. OTn obwue npeacraeneHus TpebyloT aetanbHoro
N3y4yeHus, KOTOpoe MO3BOSMUT MOHATb (PU3MYECKYHD CYLUHOCTb HabrnogaeMblx SiIBNEHUA C
TOYKWN 3PEHNSI CEMAHTUYECKOro buopesoHaHca.

8@ YTBEpXOaeTcs, YTO CUMBOfbI, HAHECEHHblE Ha MeTans UnNu LUINEKTPUK,
naccuBHbIE NUKTOrpaduyeckne pesoHaTopbl, npoayumpytowme crnabble dopmosbie Tl ¢
onpegeneHHblIM CEMaHTUYECKUM Ccoaep)XaHuem, MOCPeacTBOM Ouopes3oHaHca unuv
aHTMbropesoHaHca MOryT COOTBETCTBEHHO aKTUBMPOBATb MMM A€aKTUBMPOBATb Te UMK
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NHble Buonornyeckne Npoueccsl.

8@ lMpnHMMas BO BHMMaHWe HeraTMBHOE BO3OENCTBME Ha YenoBeka TOPCUOHHOM
KomnoHeHTbl AMW moHuTopos (1K, Heobxoanmo OTMETUTb, YTO BCE AMarHOCTUYecKue
cuctembl ¢ ucnonb3oBaHuem [1K, galoT HETOYHbIM AnarHo3, 6onee OTAroOWEHHbIM Mo
CpaBHEHMIO C pearnbHO CyLLEeCTBYOLWMUM, YTO TpebyeT He3ameamMTenbHOM NPOBEPKU.

=t <@l HanaxeHo cepunHoOe npomnsBoACTBO YCTPOWMCTB 3aluTbl OT HEratTMBHOIO
BnnaHna [T13 30H W YyCTPOMUCTB 3aluUTbl OT HEraTMBHOIO BIMAHUA MOHUTOPOB,
TENEBM30POB N OPYrMx pagmotexHmdeckmx yctporctB - «POPIOCT-1», 3awwmiieHHbIX
nateHTamun YkpauvHbl, CLUA.

=@ MyHkTol 13, 14 nogTBepXaalTCcs pesynbratamy uUccrnegoBaHUn MOCKOBCKUX
y4€HbIX [46], B COOTBETCTBUKM, C KOTOpPbIMM MNpaBoe cnadoe TI1 BbI3bIBAET OTBETHYIO
peakumo TEMMOKPOBHbIX XXMBOTHbLIX U €r0 MOXHO NPUMEHATb ANS YNy4YlleHUs COCTOSHUSA
ocnabneHHbIX (60nbHbIX) OPraHM3MOoB.

CnepoBsatenbHo, npumeHeHne reHepatopoB npaBbix Tl Tuna «POPIMOCT-1»
NepcrnekTMBHO B aTOMHOM 3HepreTuke, B MeauuMHe - ONs  YyNyyweHus COCTOSAHUSA
BonbHbIX, NOABEPrINXCS Ny4yeBon Tepanuu. PelleHne ynoMsaHyTon npobnemsl B CBSA3M CO
CNOXHOCTbO M CNEeUMUKON MNOCTaBMNEHHbIX 3adad OOSMKHO  npegycMmatpuBath
NpyBreYeHne LUMPOKOro Kpyra CneunanuctoB - OT OHKOMOroB U oU3NKOB A0 GMONOroB u
NMHIBUCTOB C LENb CO34aHUs MPOrpaMMHO - annapaTtHOro KoMmmrekca, WMMeroLero
WHTENNEKTyanbHYyl0  KOMMOHEHTY  ANns  onpefeneHns  onTuMasibHbiX — BapyvaHTOB
NCMONb30BaHUA ABMeHUn OuopesoHaHca B Mpouecce YCTPaHEHUS HapyLleHun B
9HEProMHOPMaLNOHHbIX B3aMMOOTHOLLEHUSIX.

HekoTopble npakTuyeckme pekomeHgauum.

IMogun, ocobeHHo peTtn, Hanboree ys3BUMbI BO BpPEMS CHA, B CBHA3M C YeMm
HeobxoaMmo yoenuTb camoe MpucTanibHOe BHMMaHue cnanbHe. B ngeane B Hew He
AOIMKHO ObITb HMKAKNX UCTOYHMKOB OMMW, TOpCMOHHasi KOMMOHEHTA KOTOPbLIX OKasbiBana
Obl HEraTMBHOE BNUSAHWE Ha OTAbIXalOLLETO.

Tak Kak NofHOCTbI M30NMPOBATLCA OT JANEKTPOOLITOBLIX NMPMOOPOB HEBO3MOXHO,
TO, HeobxoamMmo xoTs Obl cobniogaTth creaylowme npocThle npasBuna, BbiTekawowme ua
N3NOXEHHOro maTtepuana:

. HA B KOEM cnyyae He YycTaHaBnueaTb B cnanbHe Tenesusop, [K, «basy»
paguoTtenedoHa, KOTOPbIN Ny4lle 3aMEHUTb Ha OObIYHbIN;
. Ha HoYb o0b6s3aTenbHO OTKMAKYaTb OT CeTU TeneBu3op, BUAEOMarHUTOGOH,

MYy3blKarbHbIA LEHTP, ApYyrue UCTodHukM OMW, koTopble MOryT HaxoOAUTbCS B AEXKYPHOM
peXnME;

. He CTaBUTb Y M3rofloBbsl ANIEKTPOHHbIE Yachkl - OYAUNBbHNK;

. He AaepXaTb B CnasibHe HUKaKUX YCTPOWCTB 4SS NoA3apsiaKy;

. NepuoaANYECKN KOHTPONMPOBaTb MOLLHOCTL u3nyyeHnsa CBY - neven;

. pasmellaTtb NO4 KpoBaTbk, AMBAHOM 3alUUTHblE YCTPOWCTBA - KOBPWKM,
obecneumBatowme otcytcteue 13 B mecTe oTabIXa;

. He ycTaHaBnuBaTb Hag KpoBaTbko Gpa, CBETUNMbHUKM C nnadoHammn, obpalLieHHbIMK
KHW3Y - CBET AOMMKEH ObITb HANpaBreH TONbKO BBEPX;

. He cnaTtb rofloBOM K yriy KOMHaTbI.

10.1. Be3onacHble YpOBHU U3Ny4YEHUMN.

YpoBHn OMWU  mMoHMTOpOB, cumuTawwmeca ©GesonacHbiMM ONs 3400POBbS,
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pernameHTupytotcss Hopmamm MPR Il 1990:10 LUBeackoro HauMoOHanNbLHOrO KoMuTeTa no
N3MEPEHNAM U UCMbITAHUAM, KOTOPbIE cYnTaloTca 6Ga3oBbIMU, U Bonee XeCTKMMM HopMmamm
TCO 92, 95 LlBeackon koHdeaepaunmn npodcor3os.

Poccunckun HopmMaTtmBHbIN SOKYMEHT [ockoMcaHanuaeMHaasopa «lurmeHnveckue
TpeboBaHMs K BMOEOOMCMNENHBIM TEPMUHANam n opraHmsauus paboty», «CaHuTapHble
npasuna v HOpMbI», BCTyNuBLLKE B cuny ¢ sHBaps 1997 r., NONHOCTbLIO coBNagatoT B YacTn
ypoBHen AMU ¢ TpeboBaHuamn MPR 1.

B Poccun oo HepgaBHero BpeMeHM CyllecTBoBar psig AOKYMEHTOB, COAEpXallmx
HopMbl OMW.

OHun 3HauutenbHo yctynanm MPR Il 1 TCO 92 B xecTkocTn TpebGoBaHuW. I3TO

ybeauTenbHO unnictTpupyeTca gaHHbiMu (Tabn. 4).

Tabnuua 4

[onycTumble YPOBHU N3Ty4eHUN MOHUTOPOB 1K

Buasi nons TCO MPR 1| Eggc“ﬁ”%'
dnekTpuyeckoe (£) 500 (£) 500 1500 + 2000 B/m
none - - Ha paboyem mecTe
MNepemeHHoe 10 B/m, 1 B/m, 25B/M. 2 5B/M
anekTpuyeckoe Ha pacctosiHumn 0,3 m ha pa(;CT’OﬂHVIVI 0.5 | 500B/m, 50B/m
20;' © 2 h OTOLlSe HTpa dKpana M Ha paboyem mecTe

u+2kly n0,5m

2 + 400 kl'y BOKPYr MOHUTOpA BOKPYT MOHUTOPA

MapemeHHos 250 HTr, 200 MA/M, 250 HTn, 200

MArHUTHOE 25 HTn, 20 MA/m MA/M,

Hone Ha paccTosiHUM 25 HTn, 20 MA/m 1,4 kA/M, 5000 MA/M Ha pabouem
& i 2 i 0,3 M OT LieHTpa 3kpaHa | Ha paccTosHWUM mecTe

2+ 400 Ky n 0,5 m BOKpyr 0,5 m BOKpyr

MOHMTOpA MOHUWTOpA

Poccuinckun HAW oxpanbl Tpyaa (Mockea) Takke npoBen menuko-duonornveckue
nccneposaHus Bo3gencteua MK Ha onepatopoB. BeblwenpuBeaeHHas Tabnuua 4
UNIIOCTPUPYET pesynsTaTbl 3TUX UCCNegoBaHUN.

CnpaBegnueocTn pagu, crnegyet OTMETUTb, YTO CywecTByeT MHeHne un o6
OTCYTCTBMM BIIMSIHUSA KOMMbIOTEPOB Ha 340poBbe. HO Bce Bblwecka3aHHOoe ybeauTensHO
noateepxgaeT cywectsoBaHne CKC. 3T1oro xxe MHeHus npuaepxusaetca n A. B. bo6pos
[8] n B. T. KasHauyeeB [33], ytBepxgatowme, 410 TIl - ocHOBa MHMPOPMALMOHHbLIX
B3aMMOAENCTBUIA B Ononormu.

Ha coBpeMeHHOM pblHKe nogasnswowee O0MbWNHCTBO MOHUTOPOB  UMET
mapkmpoBky Low Radiation (Hu3koe wusnyyeHune). CambiMn 6Ge3onacHbIMM CHMTAKOTCS
AUcnnen ¢ yCTaHOBIIEHHOW 3allMTOM MO MeTody 3aMKHYTOro MeTansfiMyeckoro aKpaHa.
OTOT  (pmM3ndeckMn npuHUMN  peanusyeTca nyTeM  co3fgaHus  OOMNOSTHUTESbHOro
MeTanIM4eckoro BHYTPEHHEro Kopryca, 3aMblKaloWerocd Ha BCTPOEHHbIN 3aLLUTHbIN
9KpaH. B pesynbrate Takux Mep 3reKTpUYecKoe U 3NeKTpoCcTaTU4YecKoe rnore yaaercs
NOHU3NTb 00 (POHOBbLIX 3HAYEHUWN YXKe Ha PAaCCTOAHUM 5+7 CM OT Kopnyca, a B COMeTaHum ¢
CUCTEMOW  KOMMEHCAUMW MarHUTHOroO MOnsi  Takas  KOHCTpyKuus obecneymBaeT
MakcuMmanbHyto 6esonacHocTb Ana  nonb3oBatensd. OOMH M3 TakMxX MOHUTOPOB
MCMOMb30BasiCd B  3KCMEPUMEHTax Mo  U3YYEeHUo  (PU3NONOrMYecKoro COCTOSHUSA
oneparopa. JKCNepMMeHTbI Nokasanu MUHUMasbHbIA YPOBEHb OPMOHAIbHBIX U3MEHEHWN
N COOTBETCTBME HOPMAaribHOMY COCTOSIHUIO (PM3MOMOrMYECKUX nokasaTenen onepaTtopos.
MonobHble mogenu Ha 200+400 $ popoxe 0OblYHbIX. OgHako My MOHUTOpoB Low
Radiation HeT 3awWwuTbl OT HeraTMBHOMO BIIMSIHUSE HaA NOMb3oBaTernii TOPCUOHHOM
KOMMNOHeHTbl QM.
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MNasa 11. HeratuBHoe BO34QeucTBue MOOUNLHOro
TenedoHa Ha opraHu3m nosfb3oBaTens.

11.1. NMpobnema BO3AEeNCTBUA MOOUNBLHOro TenecoHa Ha OpraHusm
nonb3oBaTens.

CTpemMuTenbHbIN POCT UCNOSb30BaHNA MOBUITbHBLIX TENE(OHOB M CTPOUTENLCTBO
6a3oBbIX CTaHUMA CUCTEM COTOBOW CBSA3W BbI3BaNo 03abO4EHHOCTb Cpeau HaceneHus
OTHOCUTENBbHO BO3MOXHbIX HeratMBHbIX BO3gencTBnax OMI1 cOTOBbIX TEXHOMOMMN Ha KX
300pOBbE, BKNOYas HEBPOMOrMyeckme paccTpomcTBa, OHKo3abonesaHusa u ap.

PasButne  TexHomormn, cBs3aHHbIX € OMI1, OomkHO  NogKpennaTbecA
COOTBETCTBYHOLMMN  HAyYHbIMM  WUCCNEOBaHUAMW, LUefb  KOTOPbIX -  U3Yy4eHue
ouonornyecknx aPMEKTOB M BO3MOXHbLIX PUCKOB AN 300POBbS, CBS3AHHbLIX C
BO3ENCTBMEM 3NEKTPOMArHUTHOIO hakTopa OKpyxaroLen cpeabl.

AHanua onybnukoBaHHbIX OaHHbIX YKa3blBAET Ha HanuMuvMe Kopennauun mexagy
pasBUTUEM NATONOrMYECKUX COCTOSAHUN N BO3OENCTBUS Ha opraHn3m nonb3osatensa IAMU
B 4acTtoTHoM AamanasoHe 450+1800 MIu. Pesynbratbl NpoOBeAEHHbIX WCCReaoBaHumn
NOATBEPXAAT BMONOrMYecKyto 3Ha4MMOCTb PagNO4aCcTOTHOMO U3NYYEeHNs, NOITOMY Obinn
paspaboTtaHbl  cTaHgapTbl  MobunbHOM  GesonacHocTu. B cooTtBetcTBUM €
MeXayHapoaHbIMM TpeboBaHUAMM M3ny4yaemMylo TeneoHOM MOLYHOCTb ONpeaensioT B
BaTTax Ha Kunorpamm, T.e. 3TO ydenbHasi MoWHOCTb nornoweHns, SAR (Specific
Absorbtion Rate).

SAR BblpaXaeT KONMMYECTBO 3HEepPruu, KOTOPYK MOrfoLwaeT Mo3r nosib3oBartens B
TevyeHne pasroBopa. B mupe noka He cyuwecTByeT eauvHOW MeToauku unamepeHna SAR, B
cBA3n, C 4yeM BenuumHa SAR ans ogHom uM ToW Xe moaenu mobunbHoro TenedoHa,
nony4yeHHas B nabopatopusx No pasHble CTOPOHbI OKeaHa, MOXET OTnnyaTbCA OfgHa OT
APYron B HECKONbKO pa3. AMEepPUKaHCKUA CTaHAapT cuntaeTcs bonee XXeCTKUM.

Mpobneme BO3gencTBUS MOBUNBLHOrO TernedoHa Ha OpraHM3M Mnofb3oBaTens, B
OCHOBHOM, Ha roOfmloOBHOM MO3r, nocesilweHa kHura [xopoxka Kapno (George Carlo) w
MapTtuHa LWpama (Martin Schram) «CoToBble TenedoHbl. Hesugumaa yrposa B
BecnpoBONoYHbI Bek», magaHHas B Hbio-Mopke B 2001 rogy, B KOTOPOW W3MOXEHb
pes3ynbrathl LUECTUNETHUX UCCNEeOBaHNN YNOMAHYTbIX aBTOPOB COBMECTHO C Komnseramu.
WccnepoBaHna nokasann, 4TO 4actoe WCnornb3oBaHWe MOOMNbHOro TernedoHa MOXeT
npvBecCTM K OHKo3aboneBaHUO Mo3ra, ocnabneHunto ero cocygoB (poto 68, Ha KOTOpOM
npuBeaeHa peHTreHorpaMmma rofioBbl O4HOIO U3 BOSIOHTEPOB, e YepPHbIM LIBETOM MOKa3aH
NopaXkeHHbIN y4acTok Mo3ra). OTMEYEHO, YTO BbICOKOYACTOTHbIE U3MYy4YEHUS MOBUITbHBIX
TenedoHOB MOryT HanpsiMyld BO30EeNCTBOBaTb Ha KIETKM TFOMOBHOMO MO3ra, Bbl3biBas
HapyLleHns MOMeHTarnbHou namaTun (poto 68).
doTo 68

OgHako rnmaBHbIM BbIBOOOM MWCCReAOBaHWA criedyeT cyuTaTb Crieaylowmnin: HU3KUN
ypoBeHb SAR He rapaHTuMpyeT 6e30macHOCTb MOfb30oBaTensd, YTO CBUAETENLCTBYET O
HanMyYum HeM3BeCTHOro pakTopa, BO3OENCTBYIOLEro Ha YernoBeka.

OHeprus KBaHTa M3NydeHUs B YACTOTHbIX Auanas3oHax, UCMNOofb3yeMblX B MOOUITbHON
CBA3W, He3HauyuTenbHa, MOBbIWEHWE TemnepaTtypbl B MeCTe BO3OeUCTBUS He
npesbiwaer 0,1°C n He OHO ABNHAETCHA rnaBHbIM (PAKTOPOM HEraTMBHOIO BO34ENCTBUS
Ha nonb3oBaTena. B Takux cnydasx roBopAT 006 ynpaenswowem OEeNCTBUM
3NEKTPOMArHUTHOrO W3My4eHUs HU3KOW WHTEHCMBHOCTW, a OOCTUraemble Npu 3TOM
BGuonorndeckne apdekTbl UMEHYT adekTaMmm HETENOBOro (MHAOPMAaLMOHHOIO)
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BO3AENCTBUSA SNEKTPOMArHMTHOro U3nyyYeHns MobunbHbIX TenedoHoB.
[oNonNHUTENbHBIM, HO HE 00a3aTeNbHbIM apryMeHTOM ANS NPU3HAHUS TOrO U UHOTO
BO3AENCTBUS WMHPOPMALMOHHBLIM  SBMSIETCA  3HauuTenbHoe (Ha MHOro nopsiaKoB)
NPEBbILLEHNE SHEPTETUKN MHULMMPYEMbBIX NPOLIECCOB HaL SHEPreTUKOM WHULMMPYIOLLNX
BO3OENCTBUN, MOAYEPKMBAKOLLEE WX CUTHANbHOE 3Ha4yeHWe AOns BOCMPUHMMAIOLLEN
CUCTEMBI.
Kak npeactaBnsetcsa C NO3UMUMM TOPCUOHHBLIX TEXHOMOrMM, 3TUM (OakTopoMm W
ABNSETCA TOPCUOHHAA KOMNoHeHTa QMW MobunbHbIX TeNedoHOoB.
MobGunbHble TenedoHbl BO3OEWCTBYOT TakKKe Ha KpOBb, MpuBOASA K 6onesHwu,
Ha3bIBAEMY0 MOHOHYKIEO30M.
MIMEHHO TOPCUOHHYKO KOMMOHEHTY OMW [ormkHbl OGnokupoBaTb, He AaBas
BO3MOXHOCTWN BO34ENCTBOBATb Ha rOfIOBHOM MO3I, 3alMTHbIE YCTPOWUCTB, 6asmpytowmecs
Ha TOPCUOHHbIX TEXHOSOMMNSAX.

" Chromosome
s and Micronuclei

Cytotoxicity

ted
. T

Metaphase- Additional Cell Score Micronuclei
Score Chromosome Division

doTo 54

B cBs3n ¢ pactywen o6ecrnokoeHHOCTbI0 BpeaHbIM BO3OENCTBMEM Ha 300POBbLE,
KOoTopoe MoryT okasbiBaTb OMI1, 1 ¢ Tem, 4TO NOAM BO BCEM MUPE, KaK B Pa3BUTLIX, TaK U
B pasBMBaKOLLMXCA CTpaHax, UCMbITbIBAOT Ha cebe ato Bosgencteme, BO3 B 1996 roagy
ocHoBana MexayHapogHbin NpoekT no Nsyyernnio BrnvaHua OMI, ¢ uenbio BbiBNeHUS
NocCrneacTBUN BbILLEYNOMSHYTOro BO3AeNcTBUSA. [MpoekT Obin OCHOBaH B fOMMYeCKOM
COOTBETCTBUM C HaAy4HbIMU [LEWNCTBUAMMU, OTHOCALLUMMUCA K WCCNegoBaHWUKO [aHHOM
npobnembl, KOTOpbIE CneayeT NpeanpuHATL B 0603prumom byayuiem.

B pamkax co3gaHHOro npoekta OcCOObIM akueHT Aenanca Ha npoBeaeHue
nccneqoBaHUM MO ONpedeneHuto rybuTenbHOro BAUSHUSA pPaavonsnyyvyeHns MoBUbHbIX
TENEeKOMMYHUKALMOHHBIX YCTPOMUCTB (U NpW HarpeBaHWW) Ha 300pOBbe YerioBeka,
0COBEHHO YyCTpPOMCTB C Boree HM3KOM 4YacToTOW. Tak Ha3blBaemMble «HE TepMaribHble»
ahbbekTbl MCCneayrTca yxe AaBHO. JTOT AOKNag npeactaBnseT cobow kpaTkmi ob63op
[Mpoekta no MN3yyeHuto BrimsaHmua SMI, nposoammbin BO3, oH Takke AaeT npeacraBneHve
O TOM, YTO Ha [OaHHbIN MOMEHT WM3BECTHO O BMUAHUW PaANOU3NTYYEHUS Ha 300POBbLE
yenoBeka W NPUBOAUT peKkomMeHaauuu cTpaHam-dneHam BO3 no 3awmte 340poBbS
rpaxgaH ot QMI.

O6 oTpuuaTenbHOM BRMSHUM Ha Ntogen MOBUnbHbIX TeNedOoHOB yKa3aHo B OT4ETE
y4yeHblx EBponenckoro coto3a (FINAL REPORT Risk Evaluation of Potential Environmental
Hazards From Low Frequency Electromagnetic Field Exposure Using Sensitive in vitro
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Methods). A project funded by the European Union under the programm Quality of Life and
Management of Living Resources Key Action 4 “Environment”

Cpean  MHOrOYMUCIIEHHbIX  CBUMAETENbCTB  HEraTMBHbIX  BO3O4EWCTBMM  Ha
Guonornyeckne obbekTbl ObiNMM OQHO3HAYHO AoKa3aHbl dakTbl noBpexaeHuss OHK ot
CUrHanoB  MOOMMbHbIX  TenegoHOB M YMEHbLUEHUS  KONMYecTBa  MOABWKHbIX
cnepmarto3onaoB y MyxunH Ha 30% 4yepes nontopa roga MOMb30BaHUS MOBUITbHBIM
TenedgoHom. UccnegosaHuamm 3MB UMTS (3G) 6bino ycTaHOBMNEHO, YTO pa3pbiBbl HUTK
AHK npoucxogunu yxe npu BennymHe obrnyyvyeHus Bcero 1/40 oT pekomeHOyemoro, 4Yto
ykasbiBaeT Ha 10, 4T0 UMTS (3G) MmeeT reHOTOKCMYHOCTb MPUMEPHO B LecATb pas
6onbwe, 4yem OMB GSM, 4TO onpedeneHHo NpUBOAUT K Bonee BbICOKOMY PUCKY paka.
Mpodeccop PpaHu Aanbkodep HasBanm TEXHOMNOrM MobunbHoro TenedoHa n ee
nonuTMYeckoe onpaBAaHUE TMraHTCKUM YerioBEeYECKUM IKCMEPUMEHTOM Ge3 KOHTpons u
nnaHa NpoBedeHns - C HenpeackasyembiMU NocneacTeMaMu B byayliem u npegynpeaunn
06 orpomHon npobneme co 300poBbEM B oOLlecTBe, KOTopoe Bce Oonee LUMPOKO U
6e3ayMHO Ucnonb3yeT MOOUNbHYO CBA3b.

11.2 O630p cywecTByOWUX CpeacTB 3aWwUTbl OT HeraTuBHOrO
BO34EeUCTBUA MOOUNbHLIX Tenec¢oHOB.

YcTponcTtBa 3awmThl Nnogen oT otpuuatensHoro BAnaHna OMW yCnoBHO MOXHO
noaenuTb Ha crneayoLwme rpynnbl:

. aKpaHupyoLue,
. nornowiatowime;

. rapMOHU3YHOLLVE;
. apyrve.

M3BeCTHbIM YCTPOMCTBOM 3SKpPaHMPYKOLLEro Tuna, KOTOpoe HEKoTopoe Bpemsi
Nnonb30Bafiocb YCNexoM Ha pblHKE, €eCTb YCTPOWCTBO 3aliuTbl YenoBeka OT
oTpuuaTenbHOro BAUAHUA Ha Hero OMW  (Npou3BOACTBO  UTANbSHCKOW  (PUPMbI
«ZUCCARY» «Safety Butterfly»), koTtopoe 3akpennsercsa cBepxy Ha MOOBUIbHOM
TenedoHe. Yctponcteo hmpmbl «ZUCCARY» npeacrasnaeTt cobon veTbipe nonywapa 13
HEMarHUTHOro CTEKMNOBMAHOrO Martepuana, BbINOSfIHEHHbIX B €4WHOM TeXHOOrM4Yeckom
npouecce, npuyemMm Asa nonywapa MeHblero gvamertpa. B nonywape Haxogutca 12%
pacTBOp yrrnepoaa, a HWXKHSS YacTb nonylapa KOHTaKTUPYeT C NOACTaBKOM, B KOTOPYHO
BXOAAT MegHas M anoMmuHueBast ponbra. Kak yrBepxagatoT pas3paboTymky, yCTPOMCTBO
yMeHblaeT BenuunHy OMI1, usnydyaembix MOOUMbHbIMKM TenedoHamn Ha 15+75% B
AananasoHe 15+200 Mlu, 4TO nNpPMBOAMT K MbICIIM O [OEWUCTBEHHOCTU YCTPOMUCTBA.
[1eMCTBEHHOCTb YCTPOMCTBA MPOBEPASIOCH MCKITIOYUTENBHO MO peakuuym 4enoBeveckoro
Tena Ha Hanunyue BnmsHua OMW. MNpousBoguTenn yTBepXKOatoT, YTO 3TU IKCNEPUMEHTHI
NOBTOPUTb HEBO3MOXHO, U OHM HE HEeCyT OTBETCTBEHHOCTWU 3a NPOBEPKY, BbINOMHEHHYIO
Apyrnm cnocobom.

Ho maneHbkoe 3a pasmepamu u3genue He CMOXET 3KpaHMpoBaTb W3NyyYeHUs
MOOUNbHbLIX TenedoHOB, KoTopble paboTatT B ananaszoHe 900+1800 MIy. HambonbLumi
pa3smep nagenus «Safety Butterfly» - 2,5 cm n pagnoBonHbl Takoe nagenve dyayT NpocTo
ormbatb. IJTO MpuBENO K TOMY, 4YTO TakMe YCTPOMCTBA HE MOMAyYMn  LUMPOKOro

pacnpoCcTpaHeHus.
B Benukon Bputanum B gekabpe 2000 roga nosiBMnoOCb YCTPOMCTBO, KOTOPOE, MO
MHEeHuo npoussoauTens - komnaHum Calgon Carbon, paspelwaetr CyLWeCTBEHHO
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YMEHbLWNTb BIIMSHUE U3NYYEeHUN MOoBUnbHOro TenedoHa Ha MO3r nonb3oBaTens,
nornowas 99% MWUKPOBOSH, KOTOpblE BIIMSAIOT Ha Hero. 3TO YCTPOWCTBO NpeacTaBnser
cobon HacagKy Ha aHTeHHYy MobunbHoro TenedoHa. Hacagka BbinosiHeEHa U3 yrinepogHoro
mMaTepuana u HasbiBaetca «WaveZorb». MNMpuHuun pencteua msgenuna WaveZorb 6bin
3aMmcTBOBaH KoHcTpykTopamu Calgon Carbon w3 BOeHHbIX paspaboTok. Hurgoe He
coobuianock, 4YTo 310 3a Martepman. OcTaeTcs Nulb AoragblBaTbCd, Kak paboTaer aTa
Hacagka, KoTopasi, MO MHEHUIO pa3paboTynKoB, AenaeTr Mofnb3oBaHME MOBUMbHLIM
TeneoHoOM npakTnyeckn 6esonacHbiM. Takke HEeW3BEeCTHO MNOAaBMseTca Nu npu ee
MCMNOMb30BaHUN CUrHAsI, KOTOPLIN NepeaaroT, YTO MOXET NPUBECTU K YMEHbLUEHMIO CpOKa
OENCTBUS  UCTOMHMKOB MNUTaHMA MOOWMbHOrO TenedoHa BCNeAcTBUE  YBENUYEHUs
BENMMYMHbI TOKa, KOTOpbIN MNoTpebnsercsa TenedoHOM. Takme yCTpOWMCTBa He MNonyyunu
LUMPOKOro pacnpoCcTpaHeHnst BBUAY YNOMSAHYTbIX MPUYMH.

M3BeCTHbIM YCTPOMCTBOM MOrMNoLWarowero Tmna ectb YCTPOUCTBO BMonornyeckom
6esonacHocTn [AP, paspabotaHHoe B Poccun. OHO npeactaenseTr cobon aBToreHepaTtop
CBY (cBEpXBbICOKMX 4YACTOT), KOTOPbIA reHepupyeT curHasnbl B NPOTMBOIa3e BHELLHEMY
N3Ny4eHnto, B CBA3W, C YeM CyMMapHoe u3snydyeHue npubnmxkaetcs K Hynwo. B
COOTBETCTBUM C MH(popMaLMEN, AaHHOW pa3dpaboTynkamu, yctponctso JAP paboTtaeT kak
GuneTp B AnanasoHe CBY.

Ho paspabotymku He y4dnu, 4to MOBunbHble TernedoHbl paboTalT B AuManasoHe
900+1800 MI'4, a He B gnanasoHe 30+3000ru.

Bo BTOpbLIX, CO3AaHNEe YyCTPOUCTB MHTEP(EPEHLUMOHHOIO TUNa npeacTasnsetT cobon
CMOXHYIO Hay4YHYI0 M NPaKTUYECKyo 3agadvy, TO eCTb CO3[aHue YyCTpoMcTBa C NoAo6HbIM
KOMMEHCAUNOHHLIM 3pekToM anst MOBUSbHBLIX TenegoHOB, XOTS TeopeTUdeckun wu
BO3MOXHO, HO NPaKTUYECKN HENPUEMITEMO M3-3a BbICOKOM CTOMMOCTU TaKUX YCTPONCTB.

MpuHUMasi K BHUMaHMUIO BblLENpUBEOEHHOE, CTAaHOBUTCS $CHO, YTO YCTPOMCTBA
nornowjatowero Tuna ectb Mano3@EKTUBHbIMA WUAW COBCEM HE WMEKT 3alUUTHbIX
CBOWCTB.

N3BeCTHO, 4YTO CTeneHb Bpeda OT BCEBO3MOXHbIX OTpULATENbHbIX BIUAHUA, B TOM
ynucrne M ANeKTPOMAarHUTHbIX, 3aBUCUT OT BESIMYUHBI BIIMSIHUS U CTEMEHU COXPaHEeHUs
COBCTBEHHbIX 3aLUUTHBIX CBOMCTB OpraHn3ma.

[Mo3TOMY, HA8 OCHOBaHWM Bbille U3MOXEHHOrO, peasibHbIM CPeACTBOM AS1S 3alUnTbl
yenoBeka OT OTpuLATENbHOrO BAUAHUA Ha Hero OMW MobunbHbIX TenedgoHOB ecTb
YCTPOMCTBaA rapMoHusmpytowero tmuna. lNpuHumMn 4encTBusa Takmx yCTPOUCTB BasupyeTcs
He Ha nonbITKe NogaBnTb PaKTOp OTPULATENBHOIO BIINSAHWS, @ HA CO30aHUKN YCITOBUR, NpU
KOTOPbIX YNOMAHYTbIN dakTop BOOOLLE HE BO3HUKAET.

Cpoenaem psa npeflwecTBYOWNX 3amMeyvyaHun, Kotopble OyayT MCNonb3oBaHbl B
JanbHenLemMm.

Heobxoaumo nogyepkHyTb, 4YTO HaydHas TEPMWUHONOrMs B 3TOM cdepe yxke
npoYyHasi, HO Yy4yeHble npoJormkalT OOHapyXmMBaTb U3NydYeHUEe «HeU3N4YeCKoro
XapakTtepay» 1 T.n.

Hanpymep, npu  BbINOMHEHUM  (PUBNYECKMX  OKCMEPUMEHTOB  POCCUNCKUE
nccnegoBaTenn ANCTaHUMOHHBIX BnoaHepreTudeckux enusiHum B. B. KeapTtanbHos 1 H. .
[MepeBO34YMKOB OBOHapyXMnM W BbIAENUIN B U3NYYEHUM ONTUYECKOrO KBAHTOBOIO
reHepaTopa (nasepa), kpome SMWU, n HekoTopoe M3nyyeHne «HedU3N4EeCKoro» xapakrepa
[45]. BTO M3nNy4yeHWe yCNOBHO HasBann «MCU-KBAHTOBbIM U3nydyeHnem». Okasanocb, 4YTO
3TO M3rnyyeHne nmeet BornbLlioe BroaHepreTU4eckoe BrnMsiHue. Hanprumep, okasanoch, YTo
aTa «Heuanyeckas» KOMMNOHEHTA UMEET CYLLEeCTBEHHOE BIIUSIHUE Ha XU3He4esaATeNTbHOCTb
B1onorM4ecknx CTpyKTyp pasHOro ypoBHS, OT CTUMYNupyoLero K natoreHHoMmy. OHa 6e3
CYLLLECTBEHHOro nocnabneHns npoxoauMT CKBO3b Martepuansbl, «Henpo3payHblie» aAns
ANEKTPOMArHUTHbIX BOSTH. HO MMeHHO BrevaTnstLlee To, 4To "Mcu-KkBaHToBOE n3ny4vyeHune"
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OTpaXkaeTcs CTeKNsHHbIM MeTanM3npoBaHHbIM 3epKanoM Mnpu nageHun cO CTOPOHbI
CTEeKSia U He oTpaXkaeTcs MeTanIMyeckuMm NOBEPXHOCTAMM.

B [33] onucaHbl pesynbratbhl psga 3KCMNEPUMEHTOB, KOTOpble MPOBOAMMNCL MOf
pykoBoacTBoM akagemuka B. 1. KasHayeeBa Ha npotsxeHun 40 netr B WHCTUTYTE
KNMHMYECKOM N akcnepumeHTtansHon meaumuuHsl CO PAMH w MexgyHapogHomy HOW
KOCMMYECKON aHTPOMOIKONOMMN MO U3YYEHUIO B3anMOgeNCcTBUA (OU3NYECKMX, B TOM YmcCne
BaKyyM-TOPCUOHHbIX, MNofie Ha 6uonornyeckne o6bekTbl: Knetkn, Oaktepum u T.0.
BbisiBneHo, 4to xummyeckasa n buonornyeckass UHpopmaums MoxeTt OblTb NepeHeceHa oT
OfHOro BGUMOXMMUYECKOrO MM BMONOrnM4yeckoro obbekTa K ApyroMy C MCMNOSib30BaHUEM
cnvHopHo - TI. lpeanoxeHa obwan KoHuenuusi B3aumogencteus Tl C KMBbIM
BELLECTBOM, BKIIto4asa appeKkTbl XMpasibHOCTU N FrefIMOKOCMUYECKOTO MMMPUHTUPOBAHMS.

B nybnvkaumm nogyepkmBaeTcs, 4YTO CKOHCTPYMpPOBAH reHepaTop, KOTOpPbIN
ns3nyyaeT apPuUpHO-gMHaAMUYECKME MOTOKM - HEOQHOPOAHOCTU admpa (Bakyyma), KoTopble
onucaHbl B pabotax B. J1. Iatnoea [1988], A. E. Akumosa, I. W. Wnnoea [1996], A. H.
Omutpresa [1997] v ap. Ecnn Takon reHepaTop «3akpyydnmBaeT» 3UPHLIN (BaKyyMHbIN)
MOTOK BNEBO (MPOTUB 4YaCOBOW CTPESKW, YTO npucylle nesbiM TI1), TO TKAHEBbIE KyNbTypbl
(3TO KNEeTKn YenoBeka), HAYMHAKOT aKTUBHO Pa3MHOXaTbCs, B TO e BpeMda cuHTe3 bernka u
nonucaxapnaos naet obbl4HbIM NOPSAKOM.

Mpn M3MeHeHun HanpaBneHus BpaweHus AUPHOro (BakyyMHOro) NoTtoka BrnpaBo
(npasble TI1) nposiBnAetca cnegywowmin 3deKT: MUTO30B HET, HO CUHTE3 Oenka B
KneTkax, akTMUBHOCTW UX rEHOMOB Ype3BblHaNHO BbICOKME BO BCEX CIy4asiX.

MpuHumas k BHUMMaHu nybnukaumm [3, 76, 33], MOXHO YyTBepXaaTb, 4TO
n3nyyvyeHne «Heu3N4EeCKoro» xapakTepa, BbISIBIEHHOE MpU BbINOMHEHUN U3NYECKMX
9KCMEPUMEHTOB  PYCCKMMK  UccnegoBaTendaMn  AUCTaAHUMOHHBIX — BMO3HEepreTnyeckmx
BnnaHun B. B. KeaptanbHoBbiM 1 H.®.[lepeBo3unkoBbiM, npeactasndetr cobown TI1 -
npaeBoe W nesoe, NMpaBoe - CTUMYNWpyloLLlee, feBoe - natoreHHoe. OTO elle O4HO U3
NOMyYeHHbIX B NocnegHee BpeMs goka3aTenbCTBO cylectBoBaHus TI1.

B manbHenwem, Kak n paHee, Mbl 6yaem ncnonb3oBatb TEPMUH « TT».

XapaKkTepHbIM  YCTPOMCTBOM FapMOHU3UPYIOLLIErO0 TuUMa 3STOM  Fpynnbl  ecTb
TOPCUOHHBIN HenTpanuaatop «buotopH-PMc» (Poccus) paspaboTtka HayydHOro LeHTpa
Poccuinckon akagemum ectecTBeHHbIX HayK. 10 MHeHUo pa3paboTyMKoB, MEXaHU3M €ero
3awmnTbl 6asnpyeTca He Ha YCTpPaHEHUM UCTOYHMKA OTpUUATENbHbIX U3NYYEHUA WU ero
3KpaHMpoOBaHUM, a Ha co3gaHMm opMOBbIX cTatmydeckux Tl no gopme 06LEKTOB,
KOTOpble BXOOSAT B COCTaB TOPCMOHHONO HeuTpanusatopa. YcTpouctso «buotopH-PMc»
pa3paboTaHo Ha ocHoBe Teopuu TIT 1 MMeeT Takyto KOMOMHALNIO FEOMETPUYECKNX POPM,
KOTOpas CYLLECTBEHHO YMEHbLUAET oTpuLaTensHoe BnmsiHue nesbix T IMW mobunsHoro
TenedoHa, nogaepxueas, T.0., 00Lme Hecneumpmyeckne 3allmnTHbIE CBOMCTBA OpraHmM3ma
nosnib3oBaTtens. B peknamMHOM npocnekTe Ha TOPCUOHHbIN HenTpanusaTtop «buotopH-PMc»
(Poccusa) paspaboTkm HayyHoro ueHTpa Poccuirckon AkageMmm eCTECTBEHHbIX HayK He
npvBegeHo onucaHne KOMOUHauUW reomeTpuyeckux ¢OopM, KOTOpPOe WUCNoNb3yeTcs B
YCTPOWCTBE U HE NpUBEAEH NPUHLMUN ero 4ENCTBUS.

Mo Hawemy MHeHuto, «bunotopH-PMc» ecTb OObl4HBIM NUKTOrpadnyeCcKUM
pe3oHaToOpPOM, KOTOPLIN reHepupyeT npasoe Tl 1 npyn npaBuibHOM YyCTaHOBKE YCTPOMUCTBA
Ha MOOWMbHLIM TenegoH MOHMXKAEeT oTpuuaTenbHoe BnMsHME neBbiX Tl MOGUNBLHOrO
TenedoHa Ha nonb3oBaTteniss 3a CYeT TOro, YTO MNpaBoOe Mofe OTTaflkKMBaeT fieBoe B
COOTBETCTBUM C 3aKOHOM B3ammogenctsusa TI1. OTMM M NOSCHSETCA He3HayuTenbHoe
3alWMTHOE [enCcTBMe YCTPOMCTBA, KOTOPOE MoKasanu npoBedeHHble C YCTPOMCTBOM
9KCMNEPUMEHTHI.

M3BeCTHO yCTPOMCTBO ANns 3awwmTthl Yenoseka oT T mobunbHblx TenedoHos [133].
YCTPOWCTBO BKIOYMAEeT B cebA He MeHee OByX LUIAPOB M3 HEMArHUTHOIO CTEKNOBWOHOMO
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MaTepuana, npuyemMm B O4HOM LUape HaxXOAUTCSA pacTBOp yriepoaa, a B ApPYroM pasmMeLleH
pacTBOp cornen peako3eMeribHbIX MeTasnnoB U MarHUTOYYBCTBUTENBHbIN 3IEMEHT, NPU4eM
MarHUTOYMYBCTBUTESbHbIA 3fIEMEHT MMEET Ha CTOpOoHe, KoTopas B paboyeM COCTOSIHUMU
HanpaBreHa Ha HXKHbIM MarHUTHbIN nontc 3emnun, dgopmuposartens npasoro TI1. bonee
MOLLHbIE NOMS POPMUPYIOTCS 3@ CYET TOro, YTO MAarHUTOYYBCTBUTENMbHbLIM 3NEMEHT
npueoguT dopmupoBaternb npasoro TI1 B COOTBETCTBME C MarHUTHbLIM MepUANAHOM
3emnn.

YCTPOWCTBO 3aKpennsitoT Ha MPOTMBOMOSIOXHOM OT pabovent CTOPOHbI MOBUIBHOIrO
TenedoHa OCHOBaHWEM K KOPMYyCY.

YNoMsiHyTOEe YCTPOMCTBO ANA 3awuTbl yernoeka oT T mMobunbHbIX TenedoHoB
obecneunBaeT popmmpoBaHue 6onee mMowHOro npaeoro u nesoro TI1, koTopoe Aenaet
ero 6onee apEKTMBHLIM B CPaBHEHUM C W3BECTHbIMWU YyCTpoMcTBamu. HO 3alumnTHble
CBOMCTBA 3TOr0 YCTPOMUCTBA TaKKe MOXHO yIy4LUnTb.

CotpygHukamn  «CnunHop WHTepHewHn» (r. KueB, YkpaumHa) Obino cosgaHo
YCTPOMCTBO AN4 3awuThbl YerioBeka oT T MoOOUNbHbIX TenedOHOB NyTEM MU3roTOBMEHUS
ANGPaKUMOHHON PELLETKM KaK (ppakTarnbHOW KOMMO3WLUUK, KOTOpasi BbiMNOfIHEHA B BuAe
Koneu, M ecTb MAOCKOCTHbIM MepecevyeHneM CXeMbl MPOCTPAHCTBEHHbLIX B3aMMOCBSA3EWN
HeBO3MyLLleHHOro ®usnyeckoro Bakyyma, KOTOpbIA CO34aeT YCroBUSl, NPU  KOTOPbIX
YNOMSHYTbIN (bakTop BOOOLLE HE BO3HMKAET B fIOKaNIbHOW 30HE BOKpYr TenedoHa. IMeHHo
oTcytcTBue nesoro Tl B nokanbHOM 30He BOKpYr TenedoHa BeaeT k 6bonee ageKkTMBHON
3alwmTe YyenoBeka OT OTPULATENBHOIO BIUSIHUS €r0 U3NYyYeHUN.

[Ana obbAcHeHMs npuHUMna paboTbl YCTPOWCTBA ANSA 3aluTbl vyenoBeka oT TU
MOBUNBbHBIX TenegoHOB MCNoNb3yemM unocTpauun, npmueedeHHole B rmasel: puc.1 -
Moaenb «(UToHa»; puc.2 - moaenb HeBo3MyLleHHoro dPusmyeckoro Bakyyma; puc.3 -
Mofenb Bo3MyLLeHHoro ®dusmnyeckoro Bakyyma 3apsgom Q;

o]

Puc. 55

Ha puc 68 nsobpaxxeHa AndpakunmoHHasa pelueTka, Kotopasd npeacraBndeTr cobom
YCTPOWCTBO AJ19 3aLMThbl YenoBeka OT OTpuLaTensbHOrO BANAHUSA TOPCUOHHOW KOMMOHEHTHI
OMW mobunbHoro TenedgoHa.

YctponctBo paboTaeT Tak: ero 3akpennaiT Ha MobunbHOM TenedoHe nyTem
HaKNenBaHUs Ha BHYTPEHHEN WIIM BHELUHEW YacTu Koprnyca.

[Ana nydwero noHMMaHusa NpuUHUMNa OencTBUS YCTPOWCTBA 3allMTbl YenoBeka OT
TW MmobunbHbIX TENedOHOB caenaem psg npeasapuTerbHbIX 3aMedaHuni.

BosHukHoBeHME TIT MOXHO 06BbACHUTL, MCNONb3ya Mogens dPusmyeckoro Bakyyma,
npeanoxeHHyto A. E. AkumoBum, KoTopas NpeacTaBnaeT cobon ANeKTPOHHO-NO3UTPOHHYIO
mogenb dunsndeckoro Bakyyma . [lnpaka B usmeHeHHoOM nHtepnpetauum [1].

B cootBeTcTBMM C MoAgenblo, KoTopasi ucnonb3yercs, dPusmyeckmn Bakyym ectb
MaTepuanbHas cpefa, Kotopas U3oTPOMHO 3arnofiHAEeT BCe NPOCTPaHCTBO, B TOM 4ucrie U
NposBreHHY0 MaTeputo. Puamyecknn Bakyym uMeeT KBaAHTOBYIO CTPYKTYPY, KOTOPYHO
HEeBO3MOXHO Habnwgate B  HEBO3MYyLIEHHOM coctodHum (puc.1). Teopua Tl
paccmaTtpuBaeTr dmsnyecknin Bakyym Kak CUCTEMY 3NEKTPOHHO-MO3UTPOHHbBIX BOJTHOBLIX
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nakeToB, KoTopble BpawawTca (a He «mope [upaka» U3 SNEeKTPOHHO-MO3UTPOHHbIX
napoB). Tam, rae SnNeKTPOHHO-MO3UTPOHHbLIE BOMHOBBLIE MAKETbl BIIOXEHbI OAWH B OAVH,
dusmyecknn Bakyym HenUTpanbHbIi C TOYKU 3pEeHUst JneKTpudeckux 3apsgos. Ecnu ke
CMWHbl BMNOXEHHbIX OOMH B OAHWX MAKETOB WMEKT MNPOTUBOMOMOXHLIM 3HaK, cuctema
CKOMMEHCMPOBaHa He TOMbKO C TOYKU 3PEHUS SNEKTPUYECKUX 3apsaoB, a TakkKe C TOYKM
3pEHMST KINAacCUYEeCcKoro CnmMHa M MarHUTHOrO MOMeEHTa. Takasa cucTema npeacraBnsieT
cobon «PuToH» (puc. 1), rae Sk U S. - CMUHbI BNOXEHHbIX OAWH B OAHUX BOJSHOBbLIX
MakeToB, KOTOPbIE WMEKT MNPOTMUBOMOSIOXKHBIA 3HaK. AHCaMbrlb TakMX HEBO3MYLLEHHbIX
PUTOHOB €eCTb annpokCUMaumen YNpoOLLEHHON Mogenu HeBO3MYLLEHHOro Puamyeckoro
Bakyyma, TO ecCcTb, B COOTBETCTBUM C Mogenbto, dusnmyecknn Bakyym ecTtb cpepa,
CO3[1aHHOE NSIOTHOMW YNaKOBKOW (PUTOHOB (pucC. 2).

MockonbKy BO BCeX MOOMMbHLIX TenedoHax B paboumx pexmmax npoTekaeT
SNEKTPUYECKUN TOK, KOTOpbIM npefcrtaBndeT cobor ynopsigovyeHHOe  ABWXKEHue
3MNEKTPOHOB, PaCCMOTPMM nonspusaumio Pruamyeckoro Bakyyma anekTpudeckumMm TOKOM.
PaccmoTpum npouecc nonspusaumm ®nandeckoro Bakyyma , paccMmatpuBasi anekTpoH E
TOYEYHbIM 3apsiA0M, HaXOOsALWMNMCS B HEKOTOPOM TOYKe NpOCTpaHcTBa. B atom cnyyae
ahekT nonapusaumm dunsndeckoro Bakyyma MOXHO NpeacTaBuTb CrieayroLwmm
obpaszom. NycTb B HEKOTOPOWM TOUKE NPOCTPAHCTBA, HaxoasLencs NnobrnmaocTn arneKkTpoHa
E, nponcxogut poxgeHue BUpTYyanbHOW Napbl YaCTUL, — 3MNEKTPOHa U NO3UTPOHA,
KOTOpbIE, CNYCTS O4EHb KOPOTKOE BPEMS, aHHUTUINNPYIOT Mexay cobon, T. e. poxxaeHue u
nocneayrowas aHHAMMNALMS napbl AOMKHbI MPOUCXOAUTL BO BHELLHEM 3NEKTPUYECKOM
nose, cosgaBaeMoMm 3rekTpoHoM E. [lencteme aToro BHELLHErO Nosii COCTOUT B TOM, YTO
POOUBLUNIACS SNEKTPOH Ccrerka oTTankuBaeTcs arekTpoHoM E, Torga kak poameLUnMncs
NMO3NTPOH Crerka NPUTArMBaeTCA UM, Tak YTO UMEET MECTO PM3MYECKOE pasaeneHne aTnx
3apsgoB BO BpeMs UX KPpaTKOBPEMEHHOIO CyLLEeCTBOBaHUS. Takoe siBfieHne NpoucxXoanT
BCe BPeEMS 1 NMOBCIOAY BOKPYr anekTpoHa E, 4To BeaeT pesyneTupytowemMy adhqexTy,
HasblBaeMoMy nonsapusaumen dusmyeckoro Bakyyma.

OpHako, 00 HaCTOSILLEro BPEMEHN HE CYLLIECTBYET OOLLENPUHATON MOAENN Nonspusaumm
dmamyeckoro Bakyyma mobunbHbIM TenedoHoM. Huxke npeanaraem nepsoe npubnmxkeHne
MO4enu, aarwen Ha Ka4eCcTBEHHOM YPOBHE OOBbACHEHNSS BO3HMKHOBEHUS NeBbIX TT1
BOKPYr MOBunbHoro tenedoHa.

Heobxoanumo noag4epkHyTb, YTO 3Ta MOAENb OAET YETKOE NPEACTABNEHME O TOM, KaK1UM
obpasom npoucxogut nonspusauna dPusmyeckoro Bakyyma MobunbHbeiM TenegoHom. B
MOOUNbHOM TenedoHe 3NEKTPUYECKUI TOK, MPOTEKAOWMIA BHYTPU MOBUITBHOTO
TenedoHa, NPUTArMBaEeT poaMBLUMECS BUPTYarbHblE NO3UTPOHbLI N OTTankneaet
BUPTYyaribHblE 3MEKTPOHBI, B pe3yrnbrare Yero BOKpyr MobunbHoro tenedoHa cyluiecrsyer
TONbLKO NeBoe nose, co3gaHHOEe 3TUMU BUPTYanbHbIMU 3NeKTpoHaMn.  (puc 56).

Puc. 56
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®yHKUMOHaNbHAsA cxema BHYTPUCTPYKTYPHOrO B3aMMOAENCTBUS OPraHoOB YenoBeka,
B CBOK oOyepedb, €CTb 4YacTbl TUraHTCKOW (ppakTanbHOW CTPYKTYpbl - obuwiero nons
BceneHHon, 4yacTtbio KoToporo ectb ®dusmyeckun Bakyym. T. 0., PYyHKUMOHMpOBaHME
opraHmMaMa Kak KOHKPEeTHOW OOLHOCTU opraHoB, B BuAe COOCTBEHHOW (OpPMbI
XN3HeOeATeNnbHOCTW, BCerga 3aBUCUT OT TOrO, Kak NPUHUMMbI €e opraHu3auun oTeevaroT
CXemMe KOMMOHOBKM (MOCTPOEHUI0) rnobarbHbIX NPOCTPAHCTBEHHbLIX KaTeropui. Jloboe
HEeCOOTBETCTBME MNPUHLMMNOB OpraHM3auunm CcxemMe KOMMOHOBKM U3MeHsieT  opMmy
BHYTPEHHEro CTPYKTYPHOro pes3oHaHca, KOTOpblA BbI30OBET Te WNW Apyrne npouecchbl B
BUAE TEX NN ApYrnx YHKLUNOHANbHbBIX COCTOSIHWIA.

PeanbHOCTb CyLLeCTBOBaHUS U XU3HEOEeATENIbHOCTb KOHKPETHbIX KNETOYHbIX rpynn
Tena YenoBeka, Kak O4eHb CITIOXXHOMO MHAOPMALMOHHOIO KOMMMEKCca, Bceraa CBA3aHHasa ¢
NpUCyTCTBMEM B3aUMHOIO MHAOPMAaLMOHHOIo obMeHa 1 B3aMMOLENCTBUSA C OKpYKatoLLemn
cpepon. 1 ecnn no nobon npuynHe cuctema B3aMMHOIO WMHAOPMALMOHHOIO obMeHa,
KoTopas obecnevmBaeT CTabuNbHOCTb U ONTUMANbHOCTb BHYTPUCTPYKTYPHbLIX B3aUMMHbIX
CBSA3el, 3aTpOHyTa, BO3HMKAEeT agucbanaHc, KOTopbI NPUBOAMUT K TOMY, YTO OOHW CUCTEMbI
PEe3KO MOBbLILWAKT CBOK aKTUBHOCTb, a ApyrMe HaobopoT, nonagatT B 30HY aTtpodum co
cnepywouwen gerpagauunen [33].

lMocTaBneHHas 3agada peluaeTcss 3a CYeT TOro, YTo B YCTPOWCTBE LNA 3alMThl
yenoBeka OT TW, koTopbin BMelwlaeT B cebe OMPPaKUMOHHYHO pPELLETKY, COrfacHo
N306peTeHnto, C Lenblo ynydleHna 3aluTHbIX CBOWCTB YCTPOWCTBA, AMdpakuMOHHas
pelueTka npeacraBnser cobon gpakTanbHy0 KOMNO3MLUMIO, KOTOPas BbINOMHEHHAs B BUAE
Koney, KOTOpble SBASKOTCHA MSIOCKOCTHLIM MNepecedyeHneM CXeMbl MPOCTPaHCTBEHHbIX
B3aMMOCBS3e HeBo3MyLleHHoro ®dusmyeckoro Bakyyma u HaHeceHHad Ha rnagkyto
NMOBEPXHOCTb MyTEM HambIfIEHUS MeTanIMYeckoro NOKpbITUs. OudpakumoHHasa pelletka
MOXET ObITb NOMy4YeHa Takke nyTemM 9KCMO3nLMM CBETOYYBCTBUTENBHOW NNeHkW. JuameTp
Koneu, - MWHMMasnbHbIA, KOTOPbIA paspellaeTr [[OCTUYb COBPEMEHHBLIX METOAOB
N3roToBneHns oM pakuMoOHHON peLLeTKMN.

O6bsAcHMM, Kakum  obpa3om  HekoTopas  rpadudeckasi  KOHCTPyKuust -
AndpakunoHHasa pewetka (puc. 68) - MOXeT BHECTU rnybokme U3MEHEHNA B COCTOSIHUE
Bo3MyLleHHOro ®uamyeckoro Bakyyma. [Ans NOHMMaHMs 3TOro siBNeHust Heobxoaumo
paccmaTtpuBaTbh CUTyauUuMio HamHoro 6onee LIMPOKO, YeM MPOCTO Kak rpadpuyeckyto unm
NPOCTPaHCTBEHHYH KOHCTPYKUMIO.

OTO - MoAenb pPEe30HAHCHOrOo B3aMMOAEWCTBMUS, KOTOpas peanusyetcs B Buae
ANPaKUNOHHBIX PELLETOK, eCTb YaCTbio HOBOW Hay4YHOW napagurmbl, U 3TU 3HaAHUA atoT
OCHOBaHNA MNPUHLMNMANbHO MO HOBOM paccMaTpuBaTb OTHOLLUEHME K YEeroBeKY, K ero
OpraHu3Mmy, K okpy»atoLlen cpeae.

OTN TEXHONOMMN 3alNTbl YeroBeka 6asnpyoTca Ha Pe30HAHCHOM B3aUMOLENCTBUM
ANpPaKUMOHHBIX  peweTok ¢ neBbiMu Tl mobunbHoro TenedoHa. WMMeHHOo
AnpakumMoHHaa pelleTka onpeaensieT ONTUManbHbIN PEXUM OUHAMUYECKUX peakumi
KOHKPETHOro obbekTa, U, 3Ha4YnT, Ka4eCTBEHHbIN KOHEYHbIN pe3ynbTar.

AndpakynoHHbIX pewletka (puc. 68) - 3TO KOHTYPHbIA pPe3oHaTop, KOTOPbIA E€CTb
MMOCKOCTHLIM MepecevyeHneM CXeMbl MNPOCTPAHCTBEHHbLIX B3aMMOCBSA3EW, MNPUCYLLUX
HeBO3MyLLeHHOMY Dusnyeckomy Bakyymy (puc.2), To ecTb, 3aKkpennasa AndpakuNoHHYO
peweTky Ha Koprnyce MoOWNbHOro TenegoHa, Mbl BOCCTaHaBNMBaeM YCroBuUA [ON4
ONTUManbHOrO ANHAMUYECKOrO pe3oHaHca BCEro crnektpa buonornyecknx mMoamndukaLlmm,
N3MEHEHNS KOTOPbIX BedyT CBOE€ Hayano WMEHHO B 30HE W3MEHEHUs CTPYKTYpbl
dunsmnyeckoro Bakyyma - B 30HE n3ny4yeHnin MobunbHoro TenegoHa.

O6HapyxmnBaeTcsl, 4YTO CTPYKTypHas cxemMa KOMMOHOBKM ®dusmnyeckoro Bakyyma
npeacraenser cobon dpakTanbHbIM KOMMMEKC, TO €CTb KOHCTPYKLMIO, B KOTOpPOW
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BHYTPEHHME KOMMOHEHTbI SABMAOTCA nofobHble obwen dopme, a obwasa dopma -
NPON3BOAHLIM aHarnorom cBoen 6a3oBo OCHOBBI.

MoHaTne bpakTtana paspelsaer copmMupoBaTb NMOHUMAHUA TakUX KaTeropun, Kak
NH(POPMaLIMOHHOE COCTOSIHME, BUPTYanbHOE NMPOCTPaHCTBO U T.M., HO CaMoe [naBHoe TO,
YTO M3 3ITUX MO3ULUN CTAHOBUTCA BO3MOXHOW OCO3HaTb TOT (akT, 4YTO MMEHHO
BMPTYarbHble MOLENN - @ 3TO PU3NYECcKMne NOHATUS - ABMASKOTCA NPOTOTUNOM APYrnx hopm
MaTepuanmsauum (B OaHHOMY crydas - MpOsiBfieHMe OTPULATENbHOMO BIUSAHUSA Ha
yernoBeka npuv BO3MYLLEHHOMY W3MNydYeHUsMn MobunbHoro TenedoHa Pusmyeckom
Bakyyme).

W, ecnu NpyHUMNbI U 3aKOHbI (OYHKLMOHANbHOM CXeMbl agekBaTHO MPUHUMAOTCH K
BHUMaHUIO, MOSIBMSIETCA pearibHask BO3MOXHOCTb LENeyCTPEMSIEHHO PYKOBOAUTL €e
NPOV3BOAHBIMU MPOEKLMAMMU - BCEMU BE3 UCKMIOYEHUA ANHAMUYECKMMIN NpoLieccaMu, Kak
6a3oBbIMU AN CyLeCcTBOBaHUSA Buonormyeckon nepugepunn, To eCctb 6e3 oTpuuaTesibHoro
BMMSIHMSA Ha YeroBeka.

Kaxxgas coctaBHas AudpakumMoHHon peweTtkn (puc. 55) reHepupyeT cBOW
WH(POPMALMOHHBIA  CUrHan, MNpPUHYXXOash foKanbHO  U3MEHSTb  (PYHKUMOHamnbHble
BO3MOXHOCTN YacTn dusmnyeckoro Bakyyma, rge pellertka pacnosioxeHa, B pesynbrate
yero dpopmmpyetca obnactb dPmsnyeckoro Bakyyma, koTopasi xapaktepuayercs CTPOrnm
CTPYKTYpMpOBaHMEM, TO €CTb PUTOHbI Pusmnyeckoro Bakyyma yxe He BO3MyLLAKOTCS NOA
aencrteamem OMUN mobunbHoro tenedoHa, OHM OCTaKTCH TaKMMU, Kak M300pakeHHbIe Ha
puUc. 2, N 3TO rapaHTUpyeT Heobxoanmas 3awmTa.

O6bAcHMM, 3a cyeT Yero aAndpakumoHHas pelueTka (puc. 55) BbINoNHEHHasa B BUAE
Koney, KOTOpble SBASKOTCHA MSIOCKOCTHLIM MNepecedyeHneM CXeMbl MPOCTPaHCTBEHHbIX
B3aMMOCBS3€eN, MNPUCYLLNX HeBO3MyLeHHOMY ®dusmyeckomy Bakyymy, rapaHTupyet
3aWMTHbIN 3 EKT.

Pewatwwmm daktopom, KOTOpbIA rapaHTUpyeT QYHKUMOHASbHbIE 3alUTHbIE
CBOMCTBaA AUppakunMoHHON pewleTkn (puc. 55), ecTb GapbepHbIn APPEKT M3MEHEHUSN
NAOTHOCTU cpefbl, KOTOpasi pPe3KO0 W3MEHSEeTCs Ha rpaHuMue KOHTaKTUMpOBaHUSA
06e300paxeHHoro (Bo3amyLleHHoro) OMU mobunbHoro TtenedgoHa dusmndeckoro Bakyyma
(puc. 3) wn HeBo3MyweHHOro dusmyeckoro Bakyyma, KoOTOpbIM npogyumpyeTcs
AndpakuynoHHon  pewetkon.  [Opyrmmm  crnoBamu, dpaktarnbHa  KOMMosvums -
AndpakumoHHasa pelleTka (puc. 55), 4To BbINOMHEHHAsA B BUAE KOreL, KOTOpble SIBNAOTCA
NMOCKOCTHLIM MepecedeHnemM CXeMbl MPOCTPAHCTBEHHbLIX B3aMMOCBA3en (MMOTHOM
ynakoBku uTOHOB), opMUPYeT nokanbHbIM Gapbep B BUAE HEBO3MYLLEHHOIMO
dusmyeckoro Bakyyma 3a cyeT cobCTBEHHbIX cTatuyeckux TI1. To eCcTb B HanpasneHuu,
nepnenHgnukynapHOM MNOCKOCTK aucnnes MobunbHoro TenedoHa, dPusmyecknn Bakyym
OCTaeTCA HEU3MEHHbIM NpU B3aMMOOEWUCTBUM C TOPCUOHHOW KOMMNOHeHTon J3MU
MobunbHoro tenedoHa. T. 0., YCTPOMCTBO ANS 3aluTbl YerioBeka OT OTpuUATESNbHOro
BnnaHna TIT mobunbHoro TenedoHa co3gaeT nokanbHyt 06nacTb HEBO3MYLLEHHOMO
dusnyeckoro Bakyyma BOKpyr MobunbHoro TenedoHa, TeM caMbiM, 3awuuas
nonb3oBaTens OT oTpuuaTenbHOro OencTBUA Ha Hero nesoro TI1, koTopoe npucyllee
MobunbHoMy TenedoHy 6e3 3amMTHOro yCTPOonCTBA.

MpoToKon COBMECTHOIO UCMbITAHUSA 3alMTHOrO YCTPOMCTBa Morib3oBaTtenst MOGUNbLHOro
TenedoHa ronorpaduyeckunn pesoHatop «SPINORy», npowmssogctBa OOO «CnnHop
NHTepHewHny (r. Knes, YkpauHa).

r. Omck, Poccusi Le Conquet, France18 oktabps 2005 r.

Llenb ncnbitanus:

1. lMpoBepka 3PPEKTUBHOCTM 3alUUTBI OT TOPCUOHHOM KOMMOHeHTbl 3OMU (BMW)
MoGunbHOro TenedoHa ronorpadgudeckoro pesoHatopa «SPINOR» Ha cBepxganbHuUX
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PaCCTOAHUSAX.
2. [llepepaya 3alMTHbIX CBOWCTB ronorpaduyeckoro pesoHatopa OT MOOUITbHOrO
TenedgoHa ogHoro aboHeHTa (TeneoH C 3awmTon) Ha MOOUMbHbLIM TenedoH ApPYroro
aboHeHTa (TenedoH 6e3 3awunThl).

MpucyTcTBOBANM:

Co ctopoHbl Poccumn: OO0 «LleHTp MHHOBaLMIA 1 NOBbIWLEHUS KBaNnndukaumm « QkBaTopy.
Mpn 3KcnepumeHTe NPUCYTCTBOBaNW: TeppuTopuanbHoe ynpaeneHne ®egepanbHom
cnyx6bl N0 Haa3opy B chepe 3awwmTbl NpaB notpebutenen n Gnarononydnsa yenoseka no
Owmckon obnactu.

Co ctopoHbl PpaHumm: SARL «Tellusy», accoumnauus Prosantel

Co ctopoHbl YkpanHbl: OO0 «CnuHop NHTepHELHN».

YcnoBua ncnblTaHUs:

OKCnepMMeHT NpPoOBOAWSCA OOHOBPEMEHHO B AByXx ropogax: I Omck, Poccuss n Le
Conquet, Place de Lochrist, ®paHuunsa. PacctosaHue - cebiwe 9000 km.

C nomouwbto npubopa «NFA-1» (3aBogckon Ne 0402013, TY 4224-001-12704605-2001) B
COOTBETCTBUM C MHCTPYKUMEN MO 3SKcnnyataumm BblbpaHo mecTto, cBobogHoe ot [TI3 un
TeXHONaToreHHbIX 30H. [ns ucknoyeHnsa BAnsHMS nobo4vHbix MU, mobunbHbIn TenedgoH
Obln pacnonoxeH Ha MeTannManpoBaHHOM TKaHM Tuna «Bocxog» (ApT. 56041 «My,
ananasoH 1,8+53,2 Tu, KoahdPuuMeHT oTpaxeHuss - He mMeHee 99,6%, koaddUUMEHT
NPOXOXAeHNs - He meHee 24 ab.).

3amepbl nposogunucek npudopom «UMA-1» (c obemx ctopoH). C POCCUNCKOM CTOPOHBLI
nucrnonb3oBanucb 2 MobunbHbiXx TenedoHa «Sony Ericsson T630». Ha ogHom
yctaHoBneHa 3awmta «SPINOR» (ncnonb3oBancs Anst NOCTOAHHOW cBA3nM dpaHuus -
Poccus), opyron TenedoH 6e3 3awuTbl (TECTOBbIN).

Mopaaok ncnbiTaHuA:

Havano akcnepumeHTta B 15:55 mectHoro Bpemenu (09:55 no puHBu4y). OkoHYaHue
aKkcnepumeHTa B 16:55 no mectHomy BpemeHun (10:55 no MpuHBu4y). Becero nposogmnoch
15 TecToB METOOOM «Crenoro 30HANPOBAHNSAY .

Co cTopoHbl PpaHuuM NPOU3BOAUIICA BbI3OB (3BOHOK) ¢ MobunbHoro tenedoHa (6e3
3aWmThl) Ha TecToBbIN TenedoH, anutensHocTbio 90 cekyHA. 3a 31O BpeMSA NpPoOBOAUNCH
3aMepbl MO HanMuuK - OTCYTCTBUIO TOPCUMOHHOM KOMMOHEHTbl QMW Ha MoOUNbHbIX
TenedgoHax (Ha obenx ctopoHax). Hepes 2 MUHYTbLI NPOBOAUIICA CrieaytoLwmnin BoI3oB. [pu
3TOM Cc Poccuinckon CTOpOHbI 3awuTa ycTaHaeBnmMBanacb B 3apaHee YCTaHOBMIEHHOM
nopsake, Hem3BecTHOM PpaHLy3CKOM CTOPOHE.

Mo OKOHYaHMIO 3KCNEPUMEHTA NMPOM3BENOCH CIIMYEHNE PEe3yrbLTaToB.

3akntoyeHue:
1. Nonorpadguyeckuit pesoHatop «SPINOR» HenTpanuayeT TOPCUOHHYHO KOMNOHEHTY M
MOOUNbHBIX TENEdOHOB.
2. 3alWnTHbIE CBOWCTBa NepedarTcs OT 3aluuWeHHOro TenedoHa Ha He3awMLLEHHbIN
TenegoH.
3. Nepenaya 3alUTHBIX CBOMCTB HE 3aBUCUT OT PaccTosiHUS Mexay aboHeHTaMu.
4. YNOMSHYTbIN pe3oHaTop Mnocre NpoBeAeHNs OOMNOMHUTENbHbBIX MeaMKO-61MoNnornyeckmx
UCMbITAHUN MOXEeT OblTb peKkoMeHAOBaH Kak npodunakTuyeckoe cpeacTso Ans
yCTpaHeHusi akTOpPOB HErAaTUBHOIO BANAHNA TOPCUOHHOW KOMMOHEHTbI QMW MOBUNbHbIX
TenedoHOB Ha norb3oBaTenen.

CnepoBatenbHO, UCNOMb30BaHME YCTPONCTBA rapaHTUpyeT NOMHYI0 HE3aBUCUMOCTb
OT TOPCUOHHOW KOMMOHEeHTbl 3OMW MobunbHOro TenegoHa, TO eCcTb YCTPOWCTBO
Ka4eCTBEHHO  MoAMMUUMPYET COOCTBEHHYIO  OpakTanbHYl0 CUCTEMY  WU3NYYEHUN
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MobunbHoro TenedoHa n tHPOPMaLNOHHO-OOMEHHbIE CBA3N.

Akagemunk AkumoB A. E., KOMMeHTMpya Ha V MexXayHapOOHOWM HayyHo-
NPaKTU4ECKON KOH(pepeHUMn «OHEepronHopMaunoHHoe eguHCTBO Mupa - HoBasd
napagurma TexHornornyeckoro passutmnay (07+09.09.2005, r. [lHenponeTpoBCK, YKpauHa),
ckasan cnegyiollee:

«A xoten Obl 06paTuTbL Balwe BHMMaHMe Ha TO, YTO B XO4€e SKCnepumeHTta Obina
drakTMyeckn gemoHcTpauusa Tpex adpdekToB: 1-h adhdekT cBA3aH C TeM, YTO Mcdesano
BpegHoe TW oT TOro annapara, Ha KOTOPbIA CTaBWSCS HeuTpanusaTtop, 2-n ekt
3aknyanca B TOM, 4YTO AENCTBME 3TOro HenTpanmsatopa He pacnpoCTpPaHsnochb Ha
annapatbl, KOTopble Obinn psgoMm, T.e. OENUCTBME €ero nHameuayanbHo, n 3-n addekT
3aknyancsa B TOM, YTO NpU BXOXOEHUM B CBA3b 3TOrO annapara ¢ annaparaMmu, KoTopble
HEe WMEeT HEeWTpanusaTtop He3aBUCMMO OT CTeneHu YyAaaneHHoCTW, TOoT annapart
OKa3blBasiCa TOXe 3alLULLEHHbBIM.

Bot at1 Tpn adbdpekTa A xoTen 6bl C HAYYHON TOYKM 3PEHUSI TPOKOMMEHTMPOBATD.

[MepBoe: MNOCKOMbKY 3TU ronorpaduyeckme pesoHaTopbl BbI3bIBAKOT HEKYH
CMMHOBYIO MONSIPM3aLMI0 NPOCTPAHCTBA, TO MO3TOMY ecTecTBeHHO, 4To TI1 3a npeaensl
30Hbl HENTPanM3aunm MUsnyd4eHnn MobunbHOro TenedoHa BbIXOAUTb HE MOXET. To ecTb
Mbl 3TO NPOCTPAHCTBO, OOPa3HO roBops, Kak Obl «3aMOPO3UNN», U OHO CTAaHOBUTCS He
npoHuyaemblm gnsa cobecteeHHoro TIT mobunbHoro TenedgoHa. Bropasa cutyauma cessaHa
C TeM, YTO MOCKOMbKY (PU3NYECKM ITOT annapaTt ¢ ApYyrMMu annapatamu He CBSi3aH, TO
nepegatb apeKkT nonspmsaummn He BO3MOXHO, MOTOMY YTO HET MocpefHuKa ANns Takow
nepegaun. A pagnyc [OeunucTtBust npu paboTe HeuTpanusatopa BHYTpM annapara
drakTMyYeckn OorpaHMYMBaEeTCA rpaHvMLaMuM camoro annapara, T.e. ero uU3MyYecKuMmu
rpaHMuamMmn. Tpetumn apdekT - AUCTAaHTHOM Nepesadn CBOMCTB HeUTpanuMsauum ¢ Hay4yHou
TOYKW 3pEHUS TOXe MOHATEH, HO Bonee crnoxeH. [Jeno B ToM, 4To B paboTax, KOTopble
OblM Hamu onybnukoBaHbl Moyt 15 neT Hasag, nokasaHo, 4Yto OMI1, B oTnuume ot
rpaBUTaALMOHHOIO M TOPCUMOHHOIO, obnagjaeT O4YeHb BaXKHOM cneuudukon: nobon Bug
OMIT wn cratnyeckne anekTpudeckme nona wu BonHoBble OMW B TOM obGnactm
NPOCTPaHCTBA, r4e KOTOPOW OHM HabnwgarTcs, rge OHW NPUCYTCTBYIOT, OHU BcCerga
NopoOX4atoT TOPCUOHHBIE KOMMOHEHTbLI. OTa TOYKa 3peHUs nonyyuna cendac nogaepxky B
psge nyénukaumi u MoHorpaduin, Kotopble UMeeT MecTo 3apybexxHoM. Ecnun ecTb Kakon-
TO npubop, Kotopbin co3gaetr OMU (310 He BaxHO: OMWU mnu nasepHoe uanyyeHue -
CBETOBOM WCTOYHMK), TO BO BCEX Criydasix BOOMNb Takoro fiyda OyaeT Habnwogartbes
cywecteoBaHune TI. ECTb 04eHb BaXHbIN (haKTOp, CBA3AHHbLIA C TEM, YTO KBaHTamu MU
ABNSAKTCA YacTuubl, KoTopble obnagatoT cnuHom. [loatomy, ecnu Mbl co3gaem T,
KOTOpOe NOonsapu3ytoT Mo CMHaM 3T (POTOHbI, TO B 9TOM Cllydae Mbl UMEEM CUTYaL MK, YTO
3TN POTOHbI MNEPEHOCAT 3TY CAMHOBYIO MH(POPMaLMIO MPU ABMXKEHUN 3NEKTPOMarHUTHOM
BOJSTHbI».

CnepoBaTenbHO, BaXHbIM (akTOpPOM  SBSIETCA TO, YTO KBAHTAMMU 3NEKTPOMarHUTHOrO
N3Nyd4eHns  aBnAOTCA (POTOHbI - YacTUubl, KOTOpble 06nagatT CNMHOM. OTO XOPOLLO
N3BECTHbLIN (paKT M3 y4yebHMKOB. VI ecnu Mbl co3gaem msnyyeHue, KOTopoe nonsipusyeTt no
CrMHaM 3TN (POTOHBI, TO 3TN (POTOHbI KaK Obl NEPEHOCAT 3TY CMMHOBYH MHAOPMAaLMIO MpK
OBWKEHUW 3EKTPOMArHUTHOM BOSIHbl. C 3TOW TOYKM 3PEHUA HEeyauMBUTESbHO, YTO Takas
nonspu3oBaHHasi BOrHa , AOCTUrasi Cregyowmin annapar, BbI3blBAET B HEM Te Xe caMble
cnvHoBble adphekTbl,kak M B nepegawwemM annapate. B gencrButenbHoCcTW, BCA
9MNEeKTPOHMKA, KOTopas uMMena MecTo Ha Tpadmke Mexay 3TMMK OBYMSA annapatamu,
HeoTBpaTMMO UcCMbITana Ha cebe 3To BO3AeNCTBUE.

doToHOM (He nyTaTtb C (UTOHOM) Ha3BaHO JNoOKanM3oBaHHOE B MNPOCTPaHCTBE
ANeKTpoMarHnTHoe obpasoBaHMe, U3 KOTOpOoro hopmupyetca ANEeKTPOMarHMTHoe
n3nydyeHne, nepeHocsllee B MNPOCTPAHCTBE 3JHEPrU0 U MHAOPMALMIO. Mockonbky
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ANEKTPOMarHNTHOE U3rnyvyeHne BbINOMNHAET (PYHKUUKM nepefayn nHgopmaumm n aHeprum, To
POTOH ABNAETCSA ANeMeHTapHbIM HOCUTENEM WMHOPMaLUN N SHEPTUN.

NHannckmin ydeHbln Bose B 1924 rogy npegnonoXus, Y4TO areKTpoMarHMTHoe rnose
npeacTaensier cobon COBOKYNHOCTb (POTOHOB, KOTOPYIO OH HasBan maeasnbHbIM (OTOHHbLIM
rasom . JTa maes o4vyeHb MoHpaBuracb A. OMHWTEVHY W OH MepeBen ero cratbio C
aHIMMNCKOrO Ha HEMELIKMI A3bIK U HanpaBui €€ B (OU3NYECKNI KYPHA.

PagnoBonHoBbIN AnanasoH U3fy4eHun - 3TO NOTOK (POTOHOB, @ MOAYNMPOBaHHas
pagMoBOrfiHa - MOTOK MMMYNbCOB (POTOHOB (puC. 57, C) pa3HOM NMIOTHOCTU WUIIM YacTOTbl
(http://kanarev.inauka.ru http://kanarev.com ),

T.e. B paMKax KBaHTOBOW SMNEKTPOAMHAMWKA MOXHO paccMaTpuBaTtb 3SreKTpOMarHUTHoe
n3ny4yeHMe  Kak MnoTok  otoHoB. YacTuuen-nepeHoCYMKOM  9NeKTPOMAarHUTHOro

B3aMMOOENCTBUS SABNSIETCS, TakuMm obpas3omM, poToH (YacTuua, KOTOPYH MOXHO NpeacTaBUThb
Kak aneMeHTapHOe KBaHTOBOE BO30YXXAEeHWNE 3MeKTPOMarHMTHOro nons).

Punc.57

DOTOHbI NONAPU3OBAHbI, MOTOMY, YTO OHW BpaWAKTCA B OAHOW MNIIOCKOCTU, W
LEeHTPOOEXHbIE CUMbl MHEPLUUN, LEVACTBYIOLME HA LLEHTPbl MacC 3feKTPOMarHUTHbLIX Monen
¢OTOHa, yBenuMuYnBatoT nx paguanbHble pasmepbl M YMEHbLUAKT  pasMepbl,
nepneHaukynsapHble NOCKOCTM BpalleHust. 3a cyeT 3Toro (oToHblI npuobpeTtaroT opmy,
OTNIMYHYIO OT chepudeckomr n Brmskyto K NNockon. POTOHbI HE MMEKT 3apsiga,noTOMY, YTO
OHW COCTOSAT M3 YETHOr0 KONMMYecTBa pasHOHAaNpPaBMeHHbIX 3MNEKTPUYECKMX U MarHUTHbIX
nonen, Kotopble genatT obwmn 3apsag POTOHa paBHbIM HYMO.

Apyrumn cnosamu, cornacHo Teopun A. AKMMOBa, pasneTtasicb, ABa CMMHOBO -
nonspu3oBaHHbIX POTOHA OCTaBMSAKT BAOMb TPAEKTOPUM CBOEro ABMXKEHWUSA CMUMHOBO -
nonsipu3oBaHHble crnedbl. 3TW  cnegbl, BOOMb KOTOPbIX (OUTOHbLI, BblpaBHUBASICh,
NPUTArMBaKOTCA OPYr K Opyry, OEWUCTBYIT KaK KOMMYHMKALMOHHbIA KaHam mexay
pasnetalowmmmca  otoHamun. K3sMeHeHus nonapusauMoHHOro yrra ofHoro ¢oToHa
nepenarTcss C MOMOLLbIO TOPCUMOHHOMO BO3MYLLUEHUS APYroMy 4epe3 3TOT CMMHOBO -
Nnonsipu3oBaHHbIN - KaHan. Ecnn  npegnonoXxeHne o CKOPOCTU  pacnpocTpaHeHus
TOPCUMOHHOIO CUrHana cnpasegnmnBo, TO OH U SABMAAETCSA «CKPbITbIM NapameTpoM», KOTOPbIN
nogobeH BpeMeHU U SABMSIETCS NPOCTPAHCTBEHHO-BPEMEHHbIM, Kak 3TO M yKa3blBasioCb
BblLLE.

[na cpaBHEHWs, CKOPOCTb KOMMYHWKauum Ha TI1 6GeckoHeyHo Benwuka. Ecnu
ncnonb3oBatb 3TOT cnocob ans nepegadn wuHopmauum B OpME WMMMYMbCOB, TO,
nocblfiass UX ¢ OFPOMHON YacTOTOW, Mbl MOMy4YMM BO3MOXHOCTb MepechisiaTb UX HaMHOro
Aanblie, 4Yem py  UCMNONb30BaHMM  LMAGPOBOM  MHGOPMaUUK, nepenaBaemon
9NEKTPOMarHMTHbIMW BOfHamMuW. Ho 34ecb HEenpMMEHMMO KBaHTOBOE pPacCMOTPEHME
3NEKTPOMAarHUTHbIX CUrHANoB.
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Y TIT HET HM BOMHOBOW CTPYKTYpPbl C NUKaMn U BnaguMHamun, HA NakeToB SHEPruu.
BbicTpaMBaembli MoNepeyHo CnuH (uToHa CBA3aH C €ero coceaoM U MrHOBEHHO
OCYyLLEeCTBMSET nepedady nonydyarento. VIHepuus OTCYTCTBYET, MOCKOMbKY Y (OPUTOHOB HET
MaccCbl U BHa4ane OHM 3aKpyyeHbl HeynopsagoveHHo. Bee, 4To nponcxoauT, - 3TO nepexos
(PMTOHOB B COCTOSIHME C NONepevyHon nonspusamen, KOTopoe MOXET PacLUMPATLCA BAOSb
TpaeKkTopun Ha BClo BceneHHyto. 3Ta NMHMSA OocTaeTcs HEM3MEHHOMW B NPOCTPAHCTBE, MOKa
He HacTynaeT OTMeHa.

WccnenoBaHns B AaHHOM HanpaBieHUU elle HOCAT HayvarbHbI XapakTtep U
HyxgarTcs B (PU3MKO-MaTeEMaTUYECKOM OCMbICIIEHUM W pasBuTuK. [loaToMy Mbl
ncnonb3yem  opmManm3oBaHHyld  Mogenb  (POTOHHO-PALMOBOSIHOBbLIX  MPOLIECCOB,
nopoXxgaembiX Mpuv B3aMMOOENCTBUU ANEKTPOMArHUTHbIX U3ry4eHnn MOoOUNbHOro
TernegoHa n ero TOPCUOHHOWM KOMMOHEHTbI C BELLECTBOM rofiorpauyeckoro pesoHartopa.
[MpvBeneHHble  Bblle  3KCNEpPUMEHTbl MO AdafbHEMY  «MEPEeHOCY»  COCTOSIHUS
3alMLEHHOCTU OT MOOUMBHOrO TenedgoHa C 3awmTon K MObunbHoMy TenedgoHy 6e3
3aWmThl, TO4HEE, MHGOPMALUUM O KOFEPEHTHOCTM TOPCUOHHBIX U3MYyYEHUn MOBUMABHOro
TenepoHa C 3alIMTOM, MOXHO TOSKOBATb C MNO3ULUN HenoKasibHbIX KOHTAKTOB MO
MeXaHn3My KBaHTOBOM Tenenoptaumm . B mobunbHOM TernecoHe C 3awumToun
pakTU4yeckn  OCyLLeCTBrsIeTCA BOS/IHOBOM  «MEPEHOC»  pevYeBOn U UNdpoBOM
MHOPMaLMK, a Takke U  UHBEPCUS NIEBOTO TOPCMOHHOMO Mosfisi B npaBoe. JTO eCTb
paHee Heu3BeCTHasd nMonspusaunoHHass pagvoBOfHOBas  nepefadva peyeBon U
UMdpPOBON MHGOPMaLMM C MUCMNOMb30BaHMEM BpallaTenbHO-KonebaTenbHbIX KBaHTOBO-
MOJEKYNSAPHbIX XapakTEPUCTUK MOBUMBbHOro TenedoHa ¢ 3awmTon. Tak Kak TOPCUOHHOE
nosne NopoXxaaeTcs KIacCUY4eCKUM CMMHOM, TO €ro ENCTBUE MOXET NPOSIBUTLCS TOSbKO B
BMAE N3MEHEHUSI UX CMIMHOBOIO COCTOSIHUS.
3alwmnTHoe ycTponcteo «CnuHop» npeacTaBnsetr cobon nonsapusaumMoHHO-ANHAMUYECKYHO
ronorpaduUyeckyro  CTPYKTYpy , MNO3BOSISIIOWYH  CPOPMUPOBATbL  MasrionoOABMXKHbIE
nonspu3almoHHbIe KorbLa.
[na nonb3oBaTenen MobunbHbIX TenegoHoB 6e3 3aWUTHbLIX YCTPONMCTB MOXHO AaTb
Takune pekoMeHgaumu:
1.0rpaHuybTe TenedoHHbIE 3BOHKM A0 npeaena, kotopbih Bam abcontoTHO Heobxoanm, u
pasroBapvBanTe no TenedoHy B npegenax 6 MUHYT; 3a BpeMsa OO cregyloLulero
MCNoNb30BaHNA MOBUNBLHOro TenedoHa Teno OMKHO YaCTUYHO BOCCTAHOBUTLCS.
2.Wcnonb3ynte komnnekt “hands-free” n yaoepxueante TenedoOH Ha pacCTOSHUU He
bonee uyem 20/30cm oT Bawero Tena, 4tob6bl OrpaHMyYMTL BO3OENCTBME
3NEeKTPOMarHUTHOro n3nyyeHns Ha Bac HenocpeacTBEHHO.

3 He Hocute Baw TenedoH HenocpencTBeHHO Ha Baiwem Tene, gaxe a pexume
OXMOaHUS, U He UCNOSMb3YKT ero Ha pacCTOsiHAM MeHblUe OfHOro MeTpa OT Apyroro
yenoseka, YTobbl yMeHbLLNTL 3P EKT 'MaccmBHON' 0BNyyYeHus.
4.[letn oo 15 net He OOMKHbI UCNONb30BaTb MOOUIBbHBLIM TenedoH BooOLLe, MOTOMY YTO
OHU Bce ele pactyT. C nx 6onee nerkom mMaccon Tena anekTPOMarHUTHbIE U3MNYyYeHUs
bonee paspywutenbHbl, OCOBEHHO Ana  MO3ra, MW Oons  penpoayKTUBHbLIX
OpPraHoB/SANYHUKOB, U T. A.
5.MNoxunbiM NOAssIM He peKkoMeHAyeTcsl  UCNosib3oBaTb MOOWUIbHBIN TenedoH, Tak Kak
9MNeKTPOMarHMTHoe u3nyyeHne ocrnabnset mx opraHuam ganee. ATO e MOXHO cKkasaTb U
nobon OBepemMeHHON XeHwuHe. MWUKPOBOMHOBbLIE  3MNEKTPOMArHUTHOIO WU3fy4YeHuUss C
FOTOBHOCTbBIO MOMNOLWATCA OKONOMAOAHOW XUAKOCTbIO, B KOTOPON 3MOPUOH 1 3aTeM Nnog,
pa3BMBalOTCA.
6./cnonb3ynte TenedOH TOMNbKO B YCIIOBUAX ONTUMAsbHOro Npuema: He UCMNoNb3ynTe ero
B OrpaHW4YeHHOM NPOCTPAHCTBE, TAaKOM Kak NUMT, NoA3emMHas CTaHuus, asTonpuuen, n T.4.
B atux cutyaumax wusnyvyeHme HamHOro MHTeHcuBHee. He ncnonb3ynte TenedoH, B TO
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Bpems Kak Bbl HaxoguTecb B ABMXKYLLEMCS TPaHCMOPTHOM CpeacTBe, BKYasi noess,
aBTobYyC, 1 1.0, TaK Kak MOBUIbHbIN TenedoH B 3TOM cnyyae 6yaet NnocTosiHHO paboTtaTb C
MaKCUMarbHOW CUITON curHana.

7. He ucnonbaynte tenecoH B nobOM TpaHCNOPTHOM CPeacTBe, Aaxe Korda OH Ha
cTosiHke. MeTannuyeckum KOpryc TPaHCMNOPTHOIO CpeacTBa OKasblBaeT BrMSHUE,
aHanornyHoe "knetke ®apages”, roe paspywmnTeribHOe BO3AENCTBUE 3NEKTPOMArHUTHOMO
N3Ny4eHUsT MakKCUMarsnbHO, U BO3AENCTBYET OHO HEe TOSbKO Ha 3BOHSLLErO YernoBeka, HO U
Ha OpyrMx naccaxupoB, ocobeHHo aeten. Takmm obGpasom, Heo6XoOUMO BbLINTU K3
TPaHCNOPTHOrO CpeacTBa Nepeq TEM, Kak 3BOHUTb.

8.He pepxnte MobunbHbIA TeNedOH BKITHOYEHHBIM OKOSIO KPOBATW HOYbLIO, MOTOMY YTO OH
NMOCTOSIHHO HaxoAUTCS B KOHTakTe C camon 6nmskon Gas3oBOW CTaHUMEN U U3nyyaet
paBHOMEPHO.

9.[lante npegnoyTeHne TeneoHy C BHELIHEN aHTEHHOW, XOTS 9TO 3TO MeHee MOAHO, HO
TenedoHbl C BHELIHEN aHTEHHOW Mcnonb3yeT 6onee cnabbii curHan, Yem TenedoH Cco
BCTPOEHHON aHTEHHOW. PakTop MOAbl MMEET MeHbLUEe 3Ha4YeHne, Yem PakTop 300POBbS.
10. JltoGon yenoBek, y KOro ectb MeTannmMyecknin oObEKT B yLUAax UMM Ha ronoee, uimn
MarHuUTHbIA , TAKOW Kak amarnbrambl, 3yOHble MOCTbI, MeTannnyeckne nnactuHbl, BUHTHI,
CKpPEenku, YyKpalweHus Tena, Cepexkm unm onpasa OYKOB, [OOMmKkeH wu3beratb
ncnonb3oBaHUst MoOOUNbHOro TenedoHa . To Xe camoe BEepHO Ans  nogen c
WHBaNUOHbIMU Kpecrnamu unu MeTannn4yeckumm onopamu, 4tobbl n3dbexarb yBennyeHus
9NEKTPOMarHUTHOrO U3Sy4YeHUs1 3a CYET SBMIEHUM OTPaKeHUsl, pPe3oHaHca, NacCUBHOW
nepeamuccuu, u T.4.

11.Acnonb3ynTte 3alinTHble cpeactBa, 4ToObl orpaguTb cebsl OT ANeKTPOMarHUTHOro
N3NyyYyeHuss  ,Takue Kak MeTannuyeckaa  TenedoHHaas  CyMKa,  3alluMTHas
aHTUpaguauMoHHasa TKaHb W ap.

Mmaga 12. M3 - yrpo3a 3aboneBaHus.

NmeeTca pag nybnvkaumi, cBssbiBaloWMX OAMTeNbHOE npebbiBaHWe 4vernoBeka B
(reonaToreHHbIx 30Hax) [T13 ¢ yrpo3omn ero 340poBbHo.

M3 npuHATO Ha3bliBaTb fOKarnbHble Y4Y4aCTKM 3E€MHOW MOBEPXHOCTWU, B KOTOPbIX
OTAENbHbIE BUAbI PACTEHMIA U XMBOTHLIX, @ TAKXKE M YENOBEK UCMbITbIBAOT HEOLLYTUMOE
CTpeccoBOe BO3[ENCTBME, NPMBOASLLEE K BO3HUKHOBEHMIO PasfMYHbIX (PYHKLMOHANbHbIX
PacCTPONCTB, CHUKEHMIO CONPOTUBNAEMOCTU 3aboneBaHusm [17, 39, 40, 55, 59, 60].

AOpyrumn  cnosamun, Kk [T13 OTHOCATCSA ydacTkM 3eMHOM MOBEPXHOCTU, rae
NPOSABMAIOTCA aHOMarbHblE€ W3MNYYEeHUs!, Bbi3blBAlOLLIME MNATOMNOIMMYECKOE COCTOSIHME Y
XMBbIX OPraHnM3moB, B YaCTHOCTM Y YenoBekKa.

3emns npegcraBnseT cOBOOM COXHYH OMHAMUYECKYHD CTPYKTYPY, OCOOEHHOCTU
KOTOPOM TONbKO cenvac nosHarTca B 6boree nosHom mepe.

Kpome KOCMMYECKMX CWM, Ha Hee BAUAKT UM aKTopbl SBHO 3EMHOrO
NPOUCXOXOEHNS: MAarHUTOrMAPOANHAMUYECKNE ABMNEHNS, rEONOrm4yeckmne TpeLuHbl 1 T.40.

OTO CrNOXHOEe B3aMMOLENCTBME CO3L4AET SHEPrOCUIIOBOM Kapkac - CUCTEMbI NIMHUNA,
nonoc, 3oH n cetok. CaMmbiMn pacnpocTpaHeHHbIMKU NO nnowaan u Hambonee BpegHbLIMU
ANs YenoBeka 30HaMKU SBMSIETCA TakK HasdbliBaemas reobuonornyeckas cetka (cetka [T13),
nokpbliBatowasa Bcto 3emnto. Kpome toro, nctovyHmkamm M3 aBns0TCA TPELUUHbI 3€MHOMN
KOpbl, KApPCTOBbIE NYCTOTbl U1 BO MHOMMX CIly4asix rpPyHTOBbIE BOAbI.

Ha pyHoameHTanbHOM Hay4yHOM ypoBHe npupoay 13 cBa3biBatoT € Knaccu4eckum
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CMVHOM, T.€. AjaHHble 30Hbl ABNAKTCA pasHoBugHocTbio TI1 [2]. Mpn aToM uccnegosatenu
Tl o6pawatoT BHUMAHWE Ha TO, YTO YNOMSAHYTLIE NOSS NOPOXAAKTCS YrNOBbIM MOMEHTOM
BpaLeHMs U KNacCU4eCkUM CMHOM, @ HE MarHUTHbIM MOMEHTOM.

UenoBek okasblBaeTcsl nog HeraTuBHbIM Bo3genctemem [T13 B cuny Toro, 4to OH
BbIHY>KAEH ANUTENbHOE BPEMSI HAXOAUTbCHA Ha pabodeM MecTe UMK B Xunuuiax, Kotopble
pasmeLleHbl HenocpeacTeeHHo B [T13.

12.1 BospgeuctBue M3 Ha yenoBeka.

B mupe cyuwecTtByeT goctatodHo ybeautenbHaa ctatucTuka 3abonesaHui niogen,
anuTtenbHoe BpemMsa Haxoguslmnxca B [M13. 3Tn akTbl TpebytoT Cepbe3HOro M3y4yeHus,
OQHaKo, yxe oveBmagHa HeobxoanMMOCTb pa3paboTku yCTPOMCTBA NO NPefoTBpaLLEHUIO
©ONe3HeTBOPHOIro AENCTBUSA 3TUX 30H HA BMONOrnMYeckme CUCTEMBI.

O6bi4yHOe BnusHMe M3 Ha 4YenoBeka OUEHMBAETCA MO COCTOSAHUIO €ro 340pOBbSA
nocrne AnuTtenbHoro npebbiBaHus B 30He. Kak npaBusiio, 3TO OCYLLECTBSETCA NyTemM
onpoca yxe 3abonesLunx fnogen n yctaHosneHnss Hanmyusa M3 B mectax nx gnvtenbHoro
npedbiBaHMA C NOMOLLbID MeToaa buonokaumn. Taknmx AaHHbIX HAKOMUMOCb OYEHb MHOIO.
NccnepoBaHnamu BnusHua [T13 Ha 4enoBeka 3aHUManuUCb yYeHble pasHbIX CTpaH U
pas3nn4yHbIX cneumanbHOCTEN.

N3 Gonbworo umucna uccrneaoBaHWn B 3TOM  HanpaBNEHUM MOXHO OTMETUTb
cnegyoLwmx:

. HemeuKoro yyeHoro ['yctaBa goH Mong («3emMHble NyyYn Kak naTtoreHHbI dhakTopy,
1932 r.);

. yeluckoro Bpada-oHkonora Ongpuxa KOpuseka (npopabotan B aTon 06nacty oKono
20 ner);

. HeMeLKoro goktopa meamuunHel Mandgpena Kyppu (1950 r.);

. Hemeukoro reocumsmka B. Pputya («lMpobnema M3 ¢ Toukn 3peHns reopusnkm»,
1955 r.);

. aHrnunckoro reonora Moxmma Banbtepa (aBTOp MNOHATUA «reonatnsa» B KHUrE
«3aragka sonwebHoro npyta», 1955 r.);

. HemeLKoro JoKTopa MeavumHbl IpHcTa XapTmaHa («3aboneBaHune kak npobnema
MecTa pacrnonoxeHus», 1964 r.);

. nonbckoro  uHxeHepa  Wepxm  AsepmaHa  («BosgenctBue — mn3nyveHus

reobnonorMyeckon Ccetu Ha 300pOBbe M CMEPTHOCTb YeroBeka B 3aBMCUMOCTU OT
NONOXEHMS1 MecTa CHa U NnpebbiBaHNSA B NOe U3Ny4YyeHnst aTon cetuy, 1978 r.);

. aBcTpunckon nccnegosatenbHUubl Kat baxnep («OnbIT nnozoxoauay, 1984 r.);

. Hemeukoro dusuka . Lsenuepa («HoBble gaHHbIE K MOHUMaHMIO reonatumny, 1985
r);

. lwBenuapckoro apxutektopa Matmnaca Metnepa («PykoBogctBo no rnobanbHou

cetyaron pewetkey, 1990 r.).

Bonee nogpobHble cBeaeHuss 06 3TMX MCCreqoBaHUSAX MOXHO HanmTu B paboTax
[17,23]. B coobweHnn [11] peyb wmager 0O O0OHOM M3 BO3MOXHbIX MNOAXOAOB K
MHTepnpeTauumn NoHATUSA «IT13» C TOYKM 3peHnss MeQULMHCKOMN 3KONOM1MN.

Kot Baxnep - n3BecCTHbI yyeHbIn B obnactn GuoaHepronormm - 6onee 4yem 3a 20
neT CBOEW MHTEHCMBHOW paboTbl 06be3gmna 14 cTpaH, B KOTOPbIX UCcrneaoBana BnnsHue
M3 Ha YenoBeka.

Bcero Kat baxnep obcnepgoBana okono 11 TbiC. 4enoBek, B TOM 4ucne 6 TbiC.
B3pOoCnbIX, 3 ThbiC. nogpocTkoB U 1,5 Tbic. MnageHueB. 1o ee gaHHbIM, TONbko 5%
obcnenoBaHHbIX, HaxoamBwuxca B [T13, He Obinn nogBepXeHbl 3aboneBaHUAM.
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MaTonorusa y nogen, npoxusarLwmnx anutensHoe BpemMs B [T13, camasa pasHoobpasHas: oT
NErkmx MNCUXMYecknx paccTpoOMCTB A0 pakoBbiX 3aboneBaHUn, MHAAPKTOB, WHCYILTOB,
pacCcesHHOro ckreposa u T1.n. [82].

[MaBHbIMW  NATOreHHbIMW  30HAaMXM  CneuuanucTbl  cyMTaloT  rnobanbHble
NPSIMOYrOMbHYHO M AMaroHanbHyl rpagycHble CETKM.

MpsmMoyronbHas ceTka OpueHTUpOBaHa MO CTOpPOHaM cBeTa. B Hawwmx wwwmpoTtax
paccTosiHNE MeXady CeTKaMu COCTaBMSET OKOMo 2 M B HanpasBneHun cesep - tor u 2,5 m
BOCTOK - 3anap (puc. 58). lUnpuHa nuHui cetkn npnbnuantensHo paBHa 20 cMm. Mmetotcsa
cBegeHnsa o Tom, 4To I3 1 nx nepeceveHns - yanbl, KONEGNOTCA C NEPUOANYHOCTBIO 1
MecsL No UMKnouge, CMeLLascb OT CBOEro nepBoHavaribHoro nonoxeHunsa Ha 1+1,5 m.

Puc. 58

OnutenbHoe npebbiBaHMe 4YenoBeka B obnactm BnusHua [T13  HeratmBHO
oTpaxaeTca Ha ero 3gopoBbe. OcOOEHHO oOnacHO [ONroBpeEMEHHoEe npebbiBaHue
yenoBeka B MecTax nepeceyeHust aTux JNHNUN.

N3BecTHo, 4ytO0 TW [TI3 6blBalOT OByX BMAOB - neBble W Mpasble.
OKcnepuMMeHTanbHO [OKa3aHO, 4YTO Ha 4enoBeKka HeratTMBHOE BIMSIHME OKasblBalT
npevmyLecTBeHHo nesble TI1, xoTa anutenbHoe npebbiBaHne B 30HE AEWCTBUS MpaBbIX
TN 3emnu Takke HebesonacHo.

Mpu anutensHoM npebbiBaHMM B HEONAronpusiTHON 30He OYHKLUKN Pa3HbIX OpraHoB
Bce bonee n bonee paccrtpamnBatoTcd. Yenosek Hen3bexxHo 3aboneBaer.

Hanbonee 4acto BCTpe4valTCss OHKOMOrMYecKne, COCyaUCTble U HEPBHO-
ncmxmyeckune 3abonesaHusi, HapyLIEHNA ONOPHO-ABUraTENbHOro annapara.

Ectb pag onpeoeneHHbIX NPU3HaAKOB TOro, YTO YENOBEK NPOBOAUT CBOM OTAbLIX B
[MI3: aHTMnaTua K mecTy npebbiBaHMS U MECTY CHa, ANMTENbHOE 3acbinaHne, rnioxon CoH,
BGecnokonHoe COCTOsiHME, YCTanoCTb YTPOM MOCMe MNPOCbINaHUs, HEPBO3HOCTb U
Aenpeccus, YCKOpeHHoe cepauebueHne (Taxukapgusi), oxnaxaeHbl KoHevHocTu. K
COXareHuio, Bpayn He Bcerga CBA3bIBAKOT 3TM  (PYHKUMOHANbHbIE paccTpoOMCTBa C
BnnaHnem [T13, cTpemMsicb neyuTb nNauuMeHToOB pasHbiMM crnocobamu, BKNYaa U
Hebe3onacHble 4N 340pOBbs Npenaparbl.

Uenosek, KOTOpbIN He Obin BbIBEAEH M3 OMACHOM 30Hbl, HEe OyaeT BbIfIEYEH, U
bonesHb OygeT nporpeccuMpoBaTtb, MPOSBIAA CBOW HOBble KayecTBa, CHMXas
COMPOTMBISIEMOCTb OpraHM3ma.

B kHure A. CkapxuHckoro «bnwxe k npupoge» npueegeHbl TUMUYHbIE MPU3HAKU
yXyOLWEeHNUss 300pOBbS U CaMOYYBCTBMSI 4YeroBeka 3aBMCMMOCTM OT MOSIOXKEHUA Tena
cnawero B [T13.
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Puc. 59. lNpaBunbHoOe pacnonoxeHne KpoBatu

Bonblion caktnyecknin matepman no uccriegosaHuio M3 1M MX BAUAHUIO HA 340POBbE
yenoseka HakonneH W. H. TllasnoBuom. B ero pabote [54] npumBoguTCcs OOMH
rnokasaTenbHbI NpUMepP NOCNeaCcTBUA pacnonoXeHus xunoro goma Ha [T13 B . Kuese.
MaTnataxHbIn AOM “XpylieBckoro tmna’ Ha 4 nogbe3ga 3aceneH B 1979 r. B cBA3n ¢
BonbLlMM KOnmMyecTBOM 3aboneBaHUn U CMEPTHBIX MCXOL4OB XUMbLbl AoMa obpaTnnncs B
PanoHHY0 agMUHUCTPaLMIO ¢ Nnpocbbon npoBecTn obcnegoBaHme goma. 1o 3aknoyeHnto
onepatopoB 6uonokaumm (KO. CyxomnuHos u H.lLleB4yeHko 13 obbeanHeHnsa «eonporHos»
(r. Kues, YkpanHa), oom pacnosioxeH Ha mowHoun T3 TEKTOHNYECKOro NPOUCXOXAEHUS.
3a nepmog ¢ 1979 r. no 1993 r. 3gecb ymepno 52 yenoseka, B TOM YnUCne OT UHCYmbTa - 16,
paka - 12, nHdapkra - 11, cepgedHo-cocyaucTbix 3abonesanuni - 10, gpyrux - 3. YeTbipe
yenoseka B Bo3pacTe oT 18 0o 40 NOKOHYMIN KN3Hb CaMOYONNCTBOM.

Mo gaHHbIM BecemupHon OpraHmsaumnmn 3gpasooxpaHeHus (BO3) cpeau coumnanbHO
3HaYMMbIX TPaAMUMOHHBLIX HEeOyroB MOCTOSHHO NUAMPYIOT OHKOMOrnveckue, cepaedHo-
cocyaucTtble n peBmaTtudeckme 3abonesaHus. KpmBas aToro npouecca Heymonumo uaet
BBEPX B CBA3M C TeMnamu ypbaHusauum n ycuneHuem OencTBusa Ha nogen TEXHOreHHbIX
(PaKTOpPOB OKpyXatollen cpefdbl: 3NeKTPOMArHUTHbIX MOSien, TpaHCnopTa, 3arps3HeHust
BO3YLLHOW MU BOLHOW cpef, NPOAYKTOB NUTaHUSA U T.N.

EcTtectBeHHO, 4TO MecTo npebbiBaHNSA 300pOBOro unn 6ONbLHOro YenoBeka, Tam, rae
OH NpoBOAMT OOMbLUYD YacTb CBOEro BpemeHu (crnanbHoe unn pabodee MeCTO), OYEeHb
Ba)XXHO ANA Hero, 0CO6EeHHO ecrnv OHO HaxoauTcsa B HEGnaronpusaTHOM 30He. OTO narybHo
CKasblBaeTCa Ha COCTOSHUM ero 340pO0Bbs, NPOBOUMPYET (PYHKUMOHAmbHbIE HapyLLeHUs,
yCKOpSieT pasBuTME BOCManuTeNbHbIX MPOLECCOB UM  NpuMBOAUT K  Aedopmaumm
9Heprokapkaca (cobCcTBeHHOro 6uononsl) opraHM3amMa W Kak CneactBue K TSHKenbiM
3aboneBaHnsiM - pasnuMyHbIM (OpMaM paka, HapyleHUsM KOPOHApPHOro M MO3roBOro
KpoBoobpalleH s, NONNapTPUTy, pacCeaHHOMY CKNepoasy.

Mo MHeHMIO psifa U3BECTHbIX 3apybeXHbIX M OTeYeCTBEHHbIX uccrnepoBatenen ([.
Koon, X.b. MapkoHgec, T. HaBpoku, B.I1. Kasnauees, A.l1. ly6pos, B.A. Linbko, I1. ®pennx,
B.T. NMpoxopoB n ap.) 6onee 50 % oT obwero 4yncna perncTpupyemMbiX pakoBbIX, CEPAEYHO-
COCYAUCTbIX U CYCTaBHbIX 3aboneBaHWin CBA3aHbl C HAXOXAEHWEM FoAel B reonaTtoreHHbIX
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3oHax ([M13).

CotpyaHukn LeHTtpa "Okeatop" (PP, . Omck, aupektop K.M.H. A.KocoB) un kadegpsbl
OMA npoBenu  uccrnegoBaHUs Ha KOHTUHIEHTe 6onbHbIX 56 yenosek (100 %). C
NOATBEPXOEHHbIM OMarHO30M OHKOOrMyeckoro 3aboneBaHus pasnuyHoOW rnokanusauuun- 51
yenosek (91.0%), B OCHOBHOM, TpeTben 1 YeTBepTOM cTagmen npouecca n 5 yenosek (9.0 %),
C HEYTOYHEHHbIM Ha MOMEHT MNpOBedEeHUs uccrneaoBaHun, auvarHosom. [locne nonyveHus
COOTBETCTBYIOLLErO cornacus (paspeLueHuns) 60n1bHOro U ero poaCcTBEHHMKOB, Bble€3Xann Ha
MEeCTO NPOXMBaHUA NaLMeHTOB, rge NpoBoannu Heobxoarmble U3MEpPEHUs.

Cpencrea usmepeHus:

1. OcHoBOW wu3mMepeHun cnyxun npubop "WUIA-1" (MHAMKaATOp reoMarHUTHbIX

aHomanun),
Ne 0402013, ceptudukar coorsetrcteus POCC RU.AA. HO7346 Ne 0418272.
2. 3amepbl paguaumnoHHoro oHa nposogunuck npnbopom "bensap”, PKCB-104,
Ne 920049014.
3. Ona onpegeneHns HanpsXKeHHOCTU 3NEeKTPOMarHUTHOro Mons UCnonb3oBasncs
npnbop "TRIFIELD® METR", Ne 85034.
4. BuonokaunoHHbI MeToA (pamMKka, MasTHUK, bareT).”

Pe3y]'|bTaTbI nccnegoBaHumn npmBeaeHbl Ha anarpamMmme..

Hvarpamma

CpaBHUTeNbHas XxapakTepuct

KonuyectBo yenoBek, %.

BbiBOAbI:

eonaTtoreHHble 30HbI (IT13) aBNAKTCSA MOLLHbLIM

Hecrneundunyecknm  (pakTopom, BO3OEWUCTBUE  KOTOPbIX MPUBOAUT K  CEPbE3HbIM
HapyLWeHMAM pasnu4YHbIX YPOBHEN peryrsaumMm opraHoB U CUCTEM opraHusma. [AnutenbHoe
HaxoxaeHuun vernoseka B [T13, B cpeaHemM OT 5 0o 7 neT, MOXeT NpuBOAUTb K PasBUTUIO
OHKOMornyecknx 3aboneBaHUM pasfuyHbIX JlOKanuM3auui, HapyweHUIo MO3roBoro u
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KOpOHapHOro KpoBoobpalleHusi. 3ameanseT penapaTuBHbie MNPOLIECCHl, MNOBbILWAET
MPOLEHT OCNOXHEHUI N PELMAMBOB NOCIE NPOBEAEHHOIO NTEYEHNUS.

. CambiM onacHbIM, crnegyeT cuuMTaTb HaxoXAeHue B MpoeKuuM OBOMHOMo yana
XaptmaHa u Kyppu (23 %) - oHkonornyeckoe 3aboneBaHue MOXeET BO3HUKHYTb B TeYeHue
4-5 netr w paxe padbwe. lMpn aTtom 3aboneBaHWe MNpOTEKaeT arpeccuBHO, 4acTo
peumMamBupyeT n B BONbLUMHCTBE Cry4YyaeB 3aKaHYMBaETCS NeTanbHbIM UCXOA0M.

. Camon 4vacton CTpyKTypHOM npoekumen [T13 npucyTcTBylOLLEN NPU HaNU4nm
OHKOIIOrnM4yeckoro npouecca asngaetca y3en XaptMmaHa u nuHna Kyppu — 64 % cny4vaes.
. Obsna3aTenbHbIM  yCrOBMEM  BO3HUMKHOBEHWSI  OHKOMormyeckoro 3aboneBaHus

aBnsaeTca HaxoxaeHwe B coctase [T13 nuHuu nnu yana Kyppwu (cm. MNpunoxexnve Ne1 u
Ne2.). 3onnpoBaHHOE BO3AENCTBME NIMHUA U Y3M0B XapTMaHa Mo HaleMy MHEHUIO, He
NpvBOOUT K pPas3BUTUIO CEPbE3HbIX MNaTosfiorMyecknx rMpoueccoB, Kak BUAHO U3
cpaBHuTenobHon Aaunarpammbl Ne6. [aHHble pguarpammbl Ne5 u Ne6 ybeauTtenbHo
[OKa3blBAOT  NPUYMHHO-CNEACTBEHHYIO CBA3b  Mexay [TI3 wu  oHkonornyeckumu
3abonesaHnsIMW.

12.2. MeTopabl 3awuTthbl ot NM3.

MeTtoabl 3awWmTbl HaceneHuss OT HeratuBHoro Bo3gencteusa Tl [T13 moxHO
oxapakTepusoBaTb Kak MOWCKM BO3MOXHbIX pelueHun 6e3 HayyHoro obocHoBaHus. Ha
cerofHsi camblM MNPOCTbIM W HaAEXHbIM Cnocobom usbexarb pucka BO3HUKHOBEHUSA
cepbes3Horo 3abonesaHus, obycnoBneHHoro Bos3gencramem nesbix TI1 T13, - pa3 B roay
MEHSATb pacrnonoXeHne cnanbHblX MeCT B KBapTupe. JTOro [[OCTaTOMHO, TaK Kak
cepbe3Hble HapyLUeHWUss MOryT BO3HUKHYTb MWLLb Nocne gnutenbHoro npeboisaHus B [M13.

B HacToduwee Bpemsi Hanbonbllee pacnpocTpaHeHue MONy4Yusio YCTPOMCTBO Ans
HenTpanu3auun Bo3gencTeua nesbix T [TI3, npeacrtaenswowee cobon 3aMKHYTOE
KOMbLIO M3 Xenesa Unu ctanbHOW NPOBOSIOKM, KOTOPOE pacronaratT B 30He OSIUTENbHOro
npebbiBaHNSA 4YenoBeka, Hanpumep, nog CTynom wnu nog kpoeaTbio [54]. OpHako
3KCnepuMeHTanbHO 6bINo onpedeneHo, YTo 3TO YCTPOMUCTBO HEAOCTaTOMHO 3hdEKTUBHO
3awmuaeT yenoseka ot HeratmBHoro BnnaHua TI1 M3 B cuny cnaboro dopmosoro TT1,
reHepupyemMoro aTmm yCTPOMUCTBOM.

Kpome Toro, ana Heutpanmsauum nesbix Tl TI3 ncnonb3yloT nornouwatowime
CBOMCTBA pasnun4yHbIX MaTtepuarnos: BOCKa, MMHeparioB, BoOWnoka, bymarun u T.n. [55].

EcTb 1 gpyrve BapvaHTbl, HANpMMep MCMNOMb30BaHWE KOBPUKOB, rapaHTUPOBaHHO
obecneumBarowmx s3awmnty nogen ot Bosgencteus [T13. OHM cOCTOAT M3 OBYX CroeB
NONMMMEPHON MNEHKM C B3aMMHO MNEPNeHaMKYNApHON CMMHOBOWM OpUEHTaunen. JTa
CTPYKTypa npeacTtaBnser coborM TOPCUMOHHBLIM (CMWHOBBLIA) Nonapouns, SABASOLWMNACA
3aWmMTHbIM 3KpaHom oT TW [ITI3, npuyem cnvHOBasi opueHTauusi ABMASIETCS [MaBHbIM U
peLlarLwnM MOMEHTOM B CO34aHUM IKPaHUPYOLLNX cBOMCTB. CnNnUHOBasa opueHTaums Cros
nonMMepHoOW nneHkn obpasyeTca B Mpouecce ee W3roTOBMEHWs, B YaCTHOCTU npwu
NPOTSHKKE M TOPCUMOHHOM 00paboTtke. pu B3aMMHO NepneHAUKYNsipHOM pPacnosioXeHUN
CNnoeB MOMMMEPHON MNIEHKM 0Opa3yeTcsi TOPCUOHHBIA CMWHOBBLIA MONSPOMA, KOTOPLIN M
3awmulaeT YyenoBeka oT HeratuBHoOro BnuaHma T 3emnu.

KoBpuku  paspabortaHbl  MexoTpacneBbiM  Hay4YHO-TEXHUYECKMM  LIEHTPOM
BEHYYPHbIX HEeTpaauuMoHHbIX TexHonormn (MockBa, Poccusa) [3]. AHanormyHole
paspabotkm ectb u B YkpamHe (HTYY «KMW», MexayHapooHas akagemus
B1o3HeproTexHonorum, JHenponeTpOBCKNN UHCTUTYT HAPOAHOWN MeaULNHbI) [44, 45].

HepocTtaTkom aTOro akpaHa Ans 3awuTbl YyenoBeka oT Bo3gencTteus M3 aBnaetca
TO, YTOo nog BnusiHuem Tl 3emnu co BpemeHem (0,5 - 1 rog) HapywaeTtcs cnuHoBas
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OpUEeHTaUMsA CroeB NOSIMMEPHON MIEHKW, BCIIEACTBME YEro OHa TepseT CBOW 3alUTHbIE
KadectBa [75]. YcoBeplueHCTBOBaTb [JaHHOE YCTPOWMCTBO ANfS 3alluuTbl 4erioBeka oT
HeratuBHoro BnuaHma Tl [TI3 MOXHO nyTem BBeOeHUst B Hero [LOMONHUTENbHbIX
3NEeMEHTOB, 0b6ecneuYnBalLnX ANUTENbHOE COXPAHEHUE 3aLLUTHBIX CBOMCTB NOSIMMEPHON
NIEHKN U OOQHOBPEMEHHO MOBblWAWMX 3PEPEKTUBHOCTL  3alMTbl  YerioBeka.
[ononHuTenbHble 3NeMeHTbl NpPeacTaBnsalT cobon Habop Koneu, pasMeLleHHbIX Ha
BHELLUHEN MOBEPXHOCTU KaXAoro cnosi nonumepHon nneHkn. Konbua Moryt ObiTb
pasmMeLleHbl Ha MOBEPXHOCTU 3TOW MINEHKN KOHLEHTPUYHO MO OTHOLUEHUKO APYr K Apyry
NN B IMHENHOM PacnosioKeHUN.

— ]

— =

-

2

Puc. 60 YctpouctBo Ans 3awmTbl 4ernoBeka oOT
HeraTusHoro BnuaHus T 13 - Bug cooky.

Ha puc. 19 - ycTponCTBO C pasMmeLleHHbIMU Ha BHELLHEN NOBEPXHOCTU MNONIMMEPHOM
NAEHKN KonbLuamu.

YCTpPOWCTBO NS 3alnTbl YenoBeka oT HeratmBHoro BnvaHua Tl T3 coctouT us,
No MeHbLUeN Mepe, OBYX COEB MOMMEPHOW MSIEHKM C B3aMMHO MeprneHanKynsipHOm
cnmHoBou opueHTauunen 1 n 2 (puc. 60). Ha BHeLIHEN NOBEPXHOCTU KaXXA0ro nofIMMepHoro
cnosi nomelyeHbl konbua 3 (puc. 19) Ha puc. 20 - To e, C KOHLEHTPUYECKMMU KOSbLaMN.

QoooTCo o] 3
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Puc. 61 Puc. 62

Konbua 3 mMoryT 6bITb pacnonoXeHbl KOHLEHTPUYHO MO OTHOLUEHUIO APYr K Apyry
(puc. 61). IX MOXHO M3006pa3nTb Ha MOBEPXHOCTU B BMAE PUCYHKA WM WU3FOTOBMUTb
OTOENbHO U 3aKpPenuTb Ha BHELUHEW MOBEPXHOCTM KaXOoro Crnosi nonvmepa nobbiM un3
N3BECTHbIX CNOCOBOB. JTO M aHaNOrM4Hble YCTpoMCTBa paboTaloT criegyowmMm cnocobom.

B npouecce wu3rotoBneHWa MNOMIMMEPHON TMfEHKN (Npn ee MNpPOTSKKE U
KpucTannusauyun nonumepa) obpasyrTcs y4acTKM, Ha KOTOPbIX MaKpOMOMEKYNsipHble
Lenn pacnornoXeHbl napannenbHo Apyr Apyry, a BXogsuMe B HUX aTOMbl B TBEPOOM
COCTOSiHMM  0OpasyloT  MPOCTPaHCTBEHHO -  YNOPSAOYEHHYK  CTpPyKTypy. T. O,
MakpOMOMEKYnsipHble  Lenu nonuMepa WMEKT onpegerieHHoe  NPOCTPaHCTBEHHO-
YacTOTHOE pacnpegernieHMe M CTpPoro ornpederneHHyr OpUEeHTauuio CIMHOB, co3daBas
cobcTBeHHoe Tr1.

CnepoBatenbHo, pasmelleHne crnoeB 1 n 2 NONUMEPHOW MNIIEHKM C B3aMMHO
nepneHaukynapHoOn CNUHOBOW  OpueHTaunen obpasyeT ChMHOBLIA  (TOPCUMOHHbIN)
nonspounn, obnagawwmin 3aWwMTHBIMXU CBOMCTBaAMM OT Bo3genctsun nesoro TIM [TI3
3emnn. CnnHOBasi opuveHTauus SBNSIETCA MaBHbIM U ONpesensowmm MOMEHTOM Mpwu
N3roTOBIEHMM YCTPOWCTBA AN1S 3aliuTbl Yenoseka OT HeratmBHoro BnuaHua TIT [T13.
O6pasoBaHHbIM OBYMSI CNOSIMUA NOSIMMEPHON MAEHKN CMMHOBBLIA (TOPCUOHHLIN) nonsipovs
dopmupyet npasoe TI1.

Mpn B3aumopenctemum ¢ nesbim Tl TI3 npaBoe Tl ycTponctBa pacceuBaeT u
OTKIoHseT nesoe (onacHoe) TIM IMI3.

PasmelleHune Koney Ha BHELLUHEN MOBEPXHOCTU KaXaoro Crios nosIMMepPHOWN NIeHKU
durypbl B oopMe Korbla UMeeT crnegyrollee npegHasHadveHve. B usndeckom cmbicne

SCoOopDo oo
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NOHATNE OPMbl MOXET OblTb WHTEPNPETUPOBAHO KaK mnoresasi CTPYKTypa, KOHTYpbI
KOTOPOW 3aBUCAT OT NPOCTPAHCTBEHHbLIX OCOOEHHOCTEN KOHKPETHOro obwvekTta. 3BecTHo,
yto [TI3 B cBOEM wu3Ny4yeHUn cogepkar pasHble MO CBOEMY 3HaKy TOPCUOHHbIE
KOMMOHEHTbI - NpaBble N fieBble. JKCNEePUMEHTAlNbHO YCTAaHOBMNEHO, YTO reoMeTpuyeckas
durypa B hopme KonbLa co3gaeT ctatudeckoe (oopMoOBOE TOPCMOHHOE NpaBoe More.

MeHHO neBble TOPCUOHHbBIE KOMMOHEHTLI OKa3blBalOT HEraTUBHOE BO34ENCTBUE Ha
yenoseka. Kak ©bino crtporo nokasaHo I W. LUnnoBbiM B pamkax Teopun TOPCUOHHBLIX
B3aMMOAEWCTBUIA, B OTNUYME OT OfeKTpoMarHetTuama, rge pasHOMMEHHble 3apsgbl
nputarmeatotcd, Tl pasHOro 3Haka, HaobOopoT, OTTankuBawTCs, OAWHAKOBOMO -
nputsrmeatotcs [2].

[Moatomy, npwu B3aMMOAENCTBUM cTaTMyeckoro copmoBoro npasoro Tl ¢
TOPCUOHHON KommnoHeHTon [T13, wumewowen nNPOTUBOMOMOXHBIN 3HAK, MOCNenHss
OTKITOHSIETCS U paccenBaeTcs, orpaxagasa TeM cambiM NOSIMMEPHbIN MaTepuarn ycTpomncTea
3aWmMThl OT paspyLuatolero Bo3gencTena Ha Hero nesoro TI1 IT13. [Npu 3TOM COOCHO
pasMeLlleHHble OAHO BHYTPU OPYroro Korbla BO3AEWCTBYIOT APYr Ha gpyra, u ¢doopmoBoe
TT1 kaxkgoro M3 Kosew, CyLeCTBEHHO MOBbILLIAETCS.

CymmapHoe none gByx M 6Gornee komey 3a cyeT B3aumMmHOro Bosgencteust Tl
OTAEnNbHbIX Komew npesblwaer cymmy Tl oTAenbHO B3ATbIX Korel, T.e. COo3daeTcs
pesynstupytowiee TI1, BenuymnHa KoToporo npesbiwaeT cymmy Tl kaxgoro ns konew,

Ntak, pasmelieHne Ha  BHELWIHEN  MOBEPXHOCTU  MOMIMMEPHOWN  MIEHKU
KOHLUEHTPUYECKMX Konew, ycunmuBaeT addekTUBHOCTb 3alMTbl NOIMMEPHOro matepuana
YCTPOMCTBA W OAHOBPEMEHHO MOBbIWAET 3PPEKTUBHOCTL 3alUTbl YernoBeka oT
HeraTuBHoro BanaHus TI1 T13.

M3BeCTHO Takke YCTPOMCTBO AN1S 3alMThl YenoBeka OT HeraTMBHOIO BO3OENCTBUS
Ha Hero T3 3emnu [44].

YCTPONCTBO COCTOMT W3 KOpryca LWapoBMOHOM (POPMbl, B KOTOPOM Haxo4UTCS
MopcKas unu nogconeHHas soga (doto 63).

Ha BHewHen cTOpOHE Kopnyca nomelweH dopmupoBatens npasoro Tl
HanpaBneHNneM Ha HXKHbIN MarHUTHbIA MOMKOC, a CKBO3b TOSMLWY BOAbl - HA CEBEpPHbIV
MarHUTHbIMA NOMHOC.

®doT10 63

N3BeCcTHO, 4YTO OAHOMMEHHble WHAOPMAUUOHHbLIE MONA MPUTArMBalOTCsd, a
pasHOMMeHHble - oTTankuarTcsa. ChopmupoBaHHbIE YCTPOMCTBOM MpaBble UM fNeBble
MHPOPMAaLIMOHHbIE NONSA B3aUMOLAENCTBYIOT COOTBETCTBEHHO C MpaBbiM U fEBbIM NONSAMU
M3 B ropusoHTanbHOM nnockocTu. [paBoe none dopmupoBaTens ycunueaeT npasoe
MHOPMALMOHHOE MOore B XWOKOCTU W, COOTBETCTBEHHO, YBENUYMBAETCHA JleBoe Mone
Gnarogaps ycuneHuto npasoro nonsd. B pesynbrate BO3HMKaeT SBMEeHWE B3aUMHOM
KOMMEeHcauun yBenu4YeHHOW B ropu3oHTanbHbiX pasmepax [T13 (reonatoreHHble Kak Obl
«pa3masblBaloTCH, pacTarMBalroTCsa» 3a CHET TOro, YTO ecTb ABa Nond: npasoe none
npubopa nputarneaet k cebe npasble nons M3, neBoe aHanornM4yHo) 1 BO34ENCTBME 30H
Ha YyenoBeKka pe3ko yMeHbLUaeTcs.
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OPPEKTUBHOCTL BbILWEHA3BaHHOIO YCTPOWCTBA AN 3awWuTbl Oblna npoBepeHa
MeauKo-aKonorundeckon pupmon «Jlant-2» (r. Ypa, Poccus) B anpene 2003 r. cnbiTaHns
NpoBOANNUCE C NoMoLubto npubopa «MA-1», B KayecTBe BbIXOQHOIO nNapameTpa KOToOporo
ncnonb3yeTca uHTerpan pasoBoro capura Ha aHanM3npyemMmon YyacToTe.

B 3aknto4eHun ykasaHo, YTO AaHHOE YCTPOMCTBO YMEHbLUAET BENTMYUHY U3MYyYEHNUN
M3 B »XMnblX 1 NPON3BOACTBEHHbIX NMOMELLEHUAX U, MOXET ObITb PEKOMEHAOBAHO Kak
npogunakTmyeckoe cpeacTBo ANA ycTpaHeHus (PakTopoB HeraTMBHOro BnvsiHus [T13
3emnun Ha 300pOBbE YEroBeEKa.

AHanornyHble pesynbsratbl ObIIM NPOAEMOHCTPUPOBAHbLI Ha 2- MexXayHapOoLHON
KOH(pepeHumMn « MMHUMM3aUNA HEraTUBHOIO BNMsiHUS Ha nonb3oBatenen MK, MobunbHbIX
TernedoHOB, TENeBM30pOBy», NpoxoameLlen B cepeanHe masa 2003 r. B . Knese (¢oTo 64).

Bbinn npoBeaeHbl MccrneaoBaHWsa, B pesynbrate KOTOPbIX BbISCHUIIOCb, YTO Ha
ABVXYLLEMCS MOPCKOM CyAHe WMeoTcss buonatoreHHble W3nydYeHuss U C  3eMHbIMU
N3NYy4YEHUSIMU 3TO HE CBA3AHO.

Bo Bpemsi CTOsIHKM B MOPTY, MOMUMO U3Ny4EHUA U3 MOPCKOro AHa, UMEKTCA Takke
BGuonaToreHHble U3Ny4yeHnss OT ANIEMEHTOB CUMOBOrO Kapkaca CygHa, T.e. LUNaHroytoB U
Knneeow Garnku, a Takke no BaTePNINHUMN.

Bo Bpemsa OBWXEHUS CydHA WMHTEHCUBHOCTb W3MNy4YeHUs yBENUYMBAETCH, a MNpwu
LUTOPME BoO3pacTaeT MHoOrokpaTtHo. LWupuvHa nyyem M MX WHTEHCUBHOCTbL MNpU 3TOM
CTaHOBATCSA TakMMW, YTO CyOHO NpeBpallaeTcs npakTU4eckn B nnaBydyro BuonaTtoreHHyto
30HY.

Mpn OBWXeHUM cygHa Hah pasfnoMaMn 3eMHOM KOpbl WM JIMHUSIMU CTbIKOBKM
TEKTOHUYECKUX MIUT MPOUCXOOAUT COYETAHHOE BO3OEWCTBME Ha ngern U dKMnax
COBCTBEHHbIX OMONATOreHHbIX 30H, BO3HWUKAKOWMX B KOHCTPYKUMOHHbLIX 3rneMeHTax
MOpCKnx cynos, u M3 3emnu. To xe camoe KacaeTca 1 3Kunaxken caMmoneTos, BoauTenemn
aBTOTpaHcnopTa u T.4.

UTto KkacaeTcs nocrnegHux, TO M3BECTHO, YTO Hanuume Ha aBTomaructpansax [T13
CO34a€eT MOBbLILEHHYO aBapuUMHOCTb, T.K. AaXe KpaTKoBpeMeHHoe npebbiBaHne BoauTens
B TakOW 30He NPUBOAUT K BHE3arnHOW noTepe CO3HaHWUSA, OPUEHTUPOBKU B pesynbrate
cBoeobpa3Horo crtpecca n peskoro Bblibpoca agpeHOKOPTUKOTPOMNHbLIX FOPMOHOB B KPOBb.
Kpome Toro, BogmMTenn NOCTOAHHO HaxoAaTCs NMo4 HeraTMBHbIM BO3gencTBmMemM neBblx T,
reHepupyemMmbiXx CUCTEMaMM MO4AYM BbLICOKOIO HaMpshXKEHUs Ha CBEYM 3aXkuraHus,
aBTOMOOUNBHOW 3NEKTPOHMKOMN.
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doT0 65

Nmeetca nateHT YkpauvHbl [51], B KOTOPOM onmMcCaHbl METoAbl 3alinTbl BoguTENEn
aBTOMOBUNEN W NAacCaXMpoB OT YNOMSIHYTOrO HEraTMBHOIO BO3encTBus (¢oto 65).

NccnepgoBaHna MO BbISIBNEHUKO UCTOMHMKA M3MYYEHUA B KOHCTPYKLMOHHbIX
mMaTepuanax nokasanu, YTo Npu MMHUMaNbHOM M3rnbe OHW reHepupoBasniu MHTEHCUBHOE
HesaTyxarLlee n3ryyeHune, Kotopoe yrnasnueanocb GBUOTEH30POM UK PYKOMW.

NccnepgoBanuch n3nyyeHus BbINYKNOW U BOrHYTOW NOBEPXHOCTEN, B 060MX Cnyyasx
OblNMM  3aPUKCMpPOBaHbI BepPTUKASibHbIE KPYroBble W3My4yeHusl, KOTopble coBnaganu c
KOHTYPOM uccnegyemMbix NnpeameToB.

UTo KacaeTca ONUTENbHOCTU 3aTyXaHust U3MNYy4Y4eHUs BO BPEMEHU, TO MMEKTCS
cBuaeTenbcTBa TOrO, YTO OHM MAYT HENpepbiBHO B TeYeHue [eCATUNETUN, XOTA
WHTEHCMBHOCTb WX W3MyYEHUS] HECKOSbKO YyMeHbluaeTcsl. W3noXeHHble AaHHble
CBUAETENbCTBYT O HeobxooMMOCTM MpoBedeHna Kommnnekca (yHAaMeHTanbHbIX |
NPUKNagHbIX UCCNegoBaHUW MO  BbISBNEHUIO NPUPOAbl U CYLWHOCTM NaTOreHHOro U
ncmxoreHHoro Bo3gencteua [T13, no wu3ydeHuo deHomeHa ux UMHGPaA3BYKOBOrO
BO3AENCTBUSA U CHXKEHUS KONMYEeCcTBa OTpuLaTesibHbIX a3poMoHOB B «J1eBbix» [MT13.

Cuntaem, 41O HeobxoaMmo BecTU pa3paboTKn WHBEPTOPHbLIX YCTPOWCTB
(npeobpasoBatenen TOPCUOHHBIX MOMen), HOBbIX CTPOUTESbHbLIX MaTepuanoB C
3alWNTHBIMW CBOWCTBaMW OT BPEOHOr0 BMAWUSIHUA FEOMarHUTHbIX u3nydeHun. LleHTp
WHHOBALMNOHHbLIX TexHonornm «3ksatop» (r. OMCK) COBMECTHO C Kadheapomn CTPOUTENbHbIX
maTepuanoB OMCKOM aBTOAOPOXHOM akagemun (3aB. kad., A4.T.H., npod. Munxannosckui
B.M.) npucTtynun K M3roTOBMEHMIO N NPOBEPKN BETOHOB Ha OCHOBE WMH(OPMALMOHHO -
CTPYKTypupoBaHHoM Boabl «A-Buta X3» ¢ 3awmTtHbiMK OT [T1 n3nyyeHunin ceonctsammn. 9tu
MEpPOMNPUATUS MOMOryT caenatb Halwe XWMb€ aKororndyeckn 6esonacHbiIM UM ybepeudb
300POBbE M XXM3HNU MHOTUX AECATKOB M COTEH ThICAY HaLUMX rpakaaH.

MaBa 13. UHaukatopbl TIM #n wnameputenun TOPCUOHHOIO
KOHTpacTa.

Muaukatop reocdmsnyeckux aHomanum «UrA - 1».

I'Ipep,Ha3Haqu ana onpepgeneHnda MeCTOHaxoXaeHudA FeO(*)I/I3I/I‘-IeCKI/IX aHomMmanumn
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(FM3) B BUOE pasnuyHbIX CETOK U NATEH, HAaNpUMep ceTkn XapTmaHa u Kypu, nuamepenHus
3NEKTPOMarHUTHOW COCTaBMSOLWEN reoMarHMTHOro nonst 3emnu B guanasoHe 5+10 klu,
YYBCTBUTENMbHOCTb OT €AMHWL, OO COTeH NUKOBOMLT. B kadecTBe BbLIXOQHOrO napamertpa
npmnbopa ncnone3yerca nHTerpan ¢oasoBoro CABMra Ha aHanM3npyemon 4Yactore.

MpyHMMaa BO BHUMaHME TOT akT, 4To [T13 UMelT TOPCUMOHHYK Npupoay,
coTpyaHukamm cumpmbl «CnnHop WHTEpHIWHN» Obin paspaboTaH cnocob npuMeHeHus
«TA-1» ona nHgmkaumm TT1.

«UIMA-1» npenctaenseTr cobon BbICOKOYYBCTBUTENbHbLIA CENEKTUBHBLIN NU3MEPUTENDb
OMI1. MMpnbop BbINOMHEH B BUAE NEPEHOCHOrO U3MEPUTENBHONO AaTynka C BU3yarlbHOM
MHOMKaUMEN W, COEOUHEHHOro C HUM Kabenem, 6noka nutaHua. lNuTaHue npubopa
OCYLLEeCTBISIETCA OT ceTn nepemeHHoro Toka 220 BonbT 50 repu, nnu akkymynsatopa 12
BOJIbT, NOTpebnsaemasa MowHOCTb He 6onee 5 BaTT.

Mepemelwan gatymk BOOMb aHANM3MPyeMon MOBEPXHOCTM 3eMnu, B TOM 4ucne u
BHYTPU 30aHMA W COOPYXEHUA 1NHOOM 3TaXHOCTW, NPOU3BOAUTCS OnpeaeneHune
MeCTOHaxoxaeHus reocpumsndecknx aHomanun (IM3) B BUAE pasnUYHbIX CETOK U NATEH,
Hanpumep ceTkn XapTmaHa u Kyppw.

Mpnbop npowen anpobauunio B ballkMpckoM MeaNUUHCKOM MHCTUTYTE, KIMHUKaX
BawkoptoctaHa (. Yda, Poccusa), MuHuctepctBe 3apaBooxpaHeHusi Pecnybnuku
BawkopTtoctaH n B CaHutapHon nHcnekuun bawkupckoro otgenenus KXKI. B ksapTupax
pacrnonoXeHHbIX ApYyr nog APYromM, C 4YacTon reonaToreHHon ceTkon (OKono Metpa) u
SHepreTM4yeckMMn NsiTHaMM (PUMKCUPOBANMUCb CrnyyYam CMepPTU FoAen OT OHKOSTOrMYeCKnx
3abonesaHui.

Mpnbop «NFA-1» nosBondeT Takke (UKCUPOBATb JNEKTPOMArHUTHy0 «AYPY»
yeroBeka Ha pacCTOSAHUM OO0 OAHOr0 MeTpa OT Tena U ee WUCKAXKEHUSs1 CBA3aHHble C
NaToNorM4eckMMmn MNpPOSsIBNIEHNSMUN B OpraHn3me.

MoneBown BapuaHT npmubopa ucnonbdyetcs ona onpeaenerHnsa M3 Ha 3eMenbHbIX
yyacTkax, npegHasHavyeHHbIX nofd 3acTponky. Kpome Toro, aToT npnbop ncnonbayercsa Ans
pasBedkn MeCTOHaXOXOEeHUA MEeTaNMYeCckMx U HemeTannnyeckmx Tpybonposoaos, B TOM
yucne NONMATUIEHOBBLIX, MYCTOT, YEroBEYecCKUX Ten W APYrnx MeTaninvyeckux u
HemeTannnmyecknx o6bLEKTOB MoL 3emrier, CHerom, fnbaoM, 6eTOHHbIMU, AepeBAHHBIMU U
mMeTannuyeckummn nonamu. MNpnbop nossonseT obHapyXmBaTb BOOSHbLIE XWUMbl U YTEYKK
XnakocTtn ns TpybonpoBoaos.

mybuHa obHapyxeHua Tpybonposogos, nyctoT - 20 M, 4YenoBeyeckux Ten wu
npeamMeToB 06beMOM He MeHee 5 am® - 3 M. MybuHa oBHapyXeHMs BoasHbIX Xun - 50 M.
Bec Bcen annapatypbl He npeBbiwaeT 5 kr (6e3 akkymynsTopa), BeC U3MepUTENbHOro
patymka He 6onee 1,2 kr. PaboTtocnocobGHOCTb obecneuymBaeTca npu Temneparypax
-40%++40° n BnaxHoctn 0o 80 %. TexHu4eckuii pecypc npuéopa 5000 Yacos, rapaHTms - 2
roga.

Mpnbop npowen anpobauunio No onpeaeneHnto MeECTOHAXOXAEHNA METaNINYECKNX,
KepaMmnyeckmx, acboLeMeHTHbIX 1 NONNITUNEHOBBIX TPYOONPOBOAOB Mo, 3eMren Ha psaae
NPOMBILLIEHHbIX NPEANPUSATMA U B None, B 3MMHUX U NETHUX ycnosusax. C nomoLybto
npubopa B TedeHne Tpex NeT NpomM3Boauiacb pasBeaka BOASHbIX XU 4515 opraHn3auni n
cagoBoaos. [pnbop npowen anpobauunto BO3MOXKXHOCTN OBHapPYXeHNA YenoBevyecknx Ten,
3acbiNaHHbIX CTPOUTENbHBIM MYCOPOM M OBGnoMKamu 3gaHun, B nocenke Hedpreropck Ha
CaxanvHe nocne 3emnetpsaceHnsa 1995 roga.
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Puc. 66

Mpnbop paspabotaH B Ydmmckom ocyaapcTBeHHOM ABMAUMOHHOM TexHUYEeCKOM
YHuBepcutete. ABTOp un300peTeHnss n paspabotumk npubopa - KpaeueHko HOpun
Masnosuy. Nmeetca nateHT Poccum N 2080605 ot 27.05.97 1, cBMAOETENbCTBO HAa
nonesHyto mogernb N 2448 ot 16.05.96 r, aBTopckoe ceuaetensctBo CCCP N 1828268 ot
13.10.92 1. TY 4224-001-12704605-2001.

OKcnepuMeHTarnbHbIX AoKas3aTenbCTB TOrO, YTO 3NEKTPOMarHUTHOE W3rnyvyeHue SBnseTcs
(POTOHHBLIM U3fTy4EHMEM N UMEET CTPYKTYpPY, NPenCTaBrneHHyr Ha puc. 1, ¢, MHOro, HO
camoe [faBHOE U3 HUX — pe3yrbTaThl AKCNEePUMEHTA, NoNyYeHHbIe ¢ NomoLbio npubopa UTMA-
1. O10T NpMbop NPUHNUMAET €CTECTBEHHbIE MU3MyYeHUs ¢ YacToTom 5 Kl'l, 4TO COOTBETCTBYET
ANMHe BOSHbl 60 KM, Ha aHTEeHHY AnamMeTpoM okosio 30Mm

[KaHapés ®.M. Teopetunyeckne ocHoBbl HaHoTexHornornn. Kypc nekumin. KpacHogap, 2007.
514 c. ]

Masa 14.TOPCUMEPbI.

HekoTtopble uTOrM M OGnvkanwme nNepcnekTuBbl padboT MO M3MEPEHMID TOHKO-
noneBon ocTaBngaLLen MatepuasnbHbix 06beKTOB NpuBeaeHsb! B [73].
HaunHaa c¢ 1999 r, B Towmcke KaHgmaat (u3MKo-MaTteMaTU4ecknx Hayk

B.T.LLlkaToB Ha ocHoBe npu6opos, paspaboTaHHbIX crieumanbHo Ans nameperus T u
Ha3BaHHbIX Topcumepamn (TCM) - 021, TCM - 030 n gp., npoaenaH AoBONbHO 60MbLIOW
06bem TOpCUMETPUYECKMX paboT. MamepeHbl TOPCUOHHbIE KOHTpacTbl - TK (OTKNOHeHMs
«TOPCMOHHOIO MNOTeHunana» B MONOXUTENbHYD, NGO OTpuuaTenbHyl CTOPOHbI OT
cpenHero (OHOBOrO 3HAYeHWs) HEeKOTOPbIX MIOCKMX reomeTpuyeckmux duryp, OykB
pycckoro andasuta, a Takke no gotorpadmsM OLEHEHbl CNEKTPbl COCTOSIHUS JKMBbIX
(ncuxodmamyeckoe COCTOAHNE) N HeXuBbIX Ntogen (npumepHo 300 yenosek).

B pesynsrate 6bin paspaboTaH yHMBepcanbHblii MeTog wuccriegoBaHus T
pasnnyHbIX OOBLEKTOB B MX OWHAMMKE, Ha3BaHHbI METOOAOM TOPCUOHHOIMO ()a3oBOro
noptpeta - TOIN. Okasanocb, YTO PerncCTpupysa YeTbipe xapakTepHbix napametrpa B Tl
no nbomy msobpaxeHuto nydaemoro obvekta (FSCD), MOXHO ANCTAHUMOHHO CneauTb
3a ero Tl - cocTtaBnswLen, a, cregoBaTenbHO, U 33 ero COCTOSAHNEM (BeLLEeCTBEHHbIMU
XapakTepuctukamm).
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YKasaHHble 4BMeHUd HeobXxoouMMO Ccepbe3HO uccregoBatb, T.K. 6e3 3Toro TpyAaHo
paccunTbiBaTb Ha HaOeXHoe nMNPUMEHEeHWEe YKasaHHbIX W3MepUTEnNbHbIX CPeacTB B
pas3nuyHbiX TexHonornax. Hawmbonee MHoroobellarowmMM npeacTaBnaeTcss BapuaHT C
MCMONb30BaHNEM OOHOKPATHbIX wu3mMepeHun TI, HO Cc OGonbwWM  KONUYECTBOM
OLHOBPEMEHHO paboTalWmnX YYBCTBUTESbHbLIX 3fIEMEHTOB, T.€. MHOMOMO3MLUNOHHBIM
aatdmkoM. NMpu atom metoamka BocnpuaTus Tl Yepe3 U3MeHeHne «TOHKOM» CTPYKTYpPbI
Aatyvka  OOMONHAETCA  METOAMKOW  CPaBHUTENbHOIO  aHanu3a UWHGOpMauVoHHOM
coctasngatowen T, BOCNPUHATON HECKOSTbKUMW AaTYyMKaMU.

YKasaHHbIN noaxoq AaeT BO3MOXHOCTb CYLLECTBEHHO yBennuuTb BbicTpoaencTesue u
YYBCTBUTENbHOCTb NpuboposB. Crneayetr OTMETUTb, YTO B Criyyae YCMEeLHOro co3faHus
annapata C MHOMOMO3UUMOHHBIMM AaTyMKkamMu, OH MOXET MMeTb (M0 CpaBHEHU C
cyliecTByoWUMKN obpasuamm) npumepHo B 10* pas Gonee BbICOKYH YyBCTBUTENBHOCTb, U
B 210>+10° pa3 6Gonee Bbicokoe O6bicTpoaelncTBue. CoOBpEeMeEHHbIe TexHorormveckmne
BO3MOXHOCTU B MWKPOINEKTPOHMKE (B OCHOBHOM 3apyOekHOW) MNO3BOMSAT MNOMNyYnTb
KOMMNaKTHblEe MaTpuubl 3NeMeHTOB (Ha OCHoOBE MOHOKPUCTaNIM4eCcKnx
MONynpPOBOAHNKOBbLIX MaTepuanoB ob6bemMoM [0 2% 3neMeHTOB), COBMELLEHHble C
YyCTPOMUCTBaMWN O0CTYyMNa, CKaAHUPOBAHWUA, CTUPAHUA U T.N. MUKPOKOHTPOSNEPHbIA YPOBEHb
Nno ynpaereHuio TakMMW CUCTEMaMU TakKkKe BeCbMa BbICOK. B uenom, 3To nossongaer
HagesaTbCs Ha co3gaHue obpasuoB M3MepuTernbHoOWM TexHuku ana TI1, npurogHbix ons
MacCCOBbIX TEXHOMOMMYECKUX NPUMEHEHUN N UMEIOLLMX LOCTAaTOMHO BbICOKME MapamMeTpbl
MO CKOPOCTU U JOCTOBEPHOCTU U3MEPEHUM.

MpubopHbIN nameputenbHbii komnnekc TCM - 030, nmetowmin andepeHumaneHbIn
Tl - BXOA 1 OPTOroHanbHyH TOPCUOHHYIO pa3Bs3Ky, MO3BOSIUI NPOBECTU METPOSIOrnYeckne
paboTbl nNo wuamepeHuto Tl Bpawarwowleroca Tena U Ha 3TOM OCHOBE MNPeasioKUTb
pa3MepHoCcTb nnotHoctTn Tl (komnoHeHTa BpalleHus) kak [C'], 4To yaMBUTENbHLIM
obpasom coBnagaert ¢ onpeneneHnem Hypuesa [74].

[atumkamun ykasaHHbIX Bblile npubopos cepun TCM aBnaAwTCA anemMeHTbl Ha
OCHOBE BELLECTB C BbICOKMM YPOBHEM BHYTPEHHEW CTPYKTYPHOW OpraHnsaunn: eppuTbl 1
CErHeToanekTpukn. B panbHenwem 6bin1 pa3paboTaH gaTyMK Ha OCHOBE CTPYKTYPHOW
HEeycTOMYMBOCTM  npoBogHukoBoro maTtepuana (W). C ero nomowbio  Obinu
3aperncTpupoBaHbl HEKOTOPbIE aHOManuu B OHOBOM Mofie Ha MecTe YCTaHOBKU AaTyumka,
BO3MOXHO CBSA3aHHble C aBapuen 1, B JanbHenLweM, KatacTpopon KOCMUYECKOro YenHoKa
«Konymbus». JTOT patumMk wucnonb3yetrca B annapate SADAF-08LC, koTopbii B
HacTosLlee BpeMsi HaXoAUTCA B OMNbITHOW 3KCNsyaTauumn, OH UMEET ABa NasepHO-Iy4YeBbIX
KOHTakTa ¢ obbektoM (oObekTamu), Bbixog4 Ha LPT-nopT KomnbloTepa, a Takke
COOTBETCTBYIOLLUNE MpOrpaMMHble CpencTBa, MO3BOMALME aBTOHOMHO, 6e3 yyacTtus
onepartopa, NPOBOAUTb Pa3fiMyHble M3MepUTernbHble paboTbl, B TOM Yncie MOHUTOPUHE TT1
obbekTa.

B npouecce npoBedeHna cuctemaTU4eCcKMX uccrnegoBaHn u - pa3paboTku
npnbopHbIX cpeacTte anda nameperHna Tl obbekToB Obinn nony4veHbl akTbl, Tpebytowme
OCMBbICINEHUS.

Bo-nepBbix, BLIACHUIOCH, YTO NPU MHOTOKpaTHOM namepenumn TI ogHoOro n Toro xe
obbekTa NpPoMcxoauT MOCTENEHHOEe BblpaBHUBAHWE «TOPCUOHHLIX noTeHumanos» (TK) B
CUCTEME AAaTYMNK-0OBbEKT. DTO NPMBOANT K MUHUMU3ALUN MHDOPMALMN NO AAHHOW «ITUHUK
CBA3W» U, B nNpegene, K notepe «BuanmMmoctny» Tl obbekTa. 3TO CBA3aHO C OCOBEHHOCTbLIO
Tl1, aHanormdyHonm cBoMUCTBaM EPPOMArHETUKOB, KOTOPbIE COXPAHSAKT OCTaTOYHbIE
MarHUTHblE XapakKTEPUCTUKN MOCMe OTKMOYEHUS TOKa, BbI3blBAlOLWEr0 MarHUTHOe rore.
AHanornyHbiMm 0b6pa3oM, Kak YCTAHOBIIEHO, NMOCME OTKMYEHUS TOPCUOHHOIO MCTOYHMKA
COXpaHsieTCa «OoCTaToyHas nonspmsaumsi», KOTOPYHD MOXHO 3apermctpupoBaTtb Kak
Knaccudeckum cnuH (daHToMHble nons). Kak 6yger nokasaHo, 3TM (paHTOMHbIE Mons
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Bonblue Ans opraHn4ecknx Momnekyn. B HEKOTOpbIX criydyasx 3T BHYTPEHHUE PaHTOMHbIE
nons MOXHO 3aperMcTpupoBatb Ha oTtorpadmyecknx asmynbcusax. IATO HeobblYHOE
nosegeHne gotorpaduyecknx nneHok Brnepeble ObiNo oTmedeHo okono 50 neTt Hasag A.
Abpamcom (Abrams) [109]. CBeTO4YBCTBUTENbHbLIE 3MYINLCUN U KUAOKOCTU MNPOSABNSOT
TeHOeHUMIo 06pas3oBbiBaTh CMMHOBBLIE KNAcTepbl U NPOCTPAHCTBEHHYIO NOMSPU3aLMIO.

Bo-BTOpbIX, MHOrga 3Hak TK HayMHaeT genatb nepuogudeckyto MHBepcuio nmbo BO
BpeEMEHN, NGO npu yBenuyeHun konuyectBa mamepeHun. OObekT kak Obl «MuraeTy.
YKasaHHble 0COBEHHOCTU B psige cryvyaeB AenarwT 3aTpyaHUMTENbHbIM B NpPoOM3BeneHue
pe3ynsTaTtoB M3MEPEHUN Ha OAHOM M TOM Xe obbekTe, NMMBO M3MEHAIT pesynbraThbl
N3MepeHnn oObLEKTOB M3 ogHopoaHbIX rpynn. B nocnegHem cnyyae o6bekTbl kak Obl
«MNepecopTMPOBbLIBAKOTCA» MO 3HAKy. OTO, BEPOSAITHO, OTpaXaeT KaKyk-To rnyboKyto
NPUPOOHYI 3aKOHOMEPHOCTb, NPENATCTBYHOLLYIO MHOTOKPATHOMY MPOSABIEHUIO B OQHOW U
ToXXe obrnactu npocTtpaHcTtBa Tl ogHoro npusHaka, nmbo Tl gocTaTouHO O4HOPOLHOW
rpynnbl NPU3HAKOB.

N
AN Y
\"—

\

doTo 67.

C wucnonb3oBaHnem komnsiekca TCM - 030 6bina 3apernctpupoBaHa BpeMeHHas
CTPYKTYpa (AMHaMnKa) TOPCMOHHOMO KOHTpAcTa OT pasfnnyHbiX 06HLEKTOB, YTO MO3BOMNIIO B
AanbHenweM ocyLecTBUTb NPOBHbIE SKCNEPUMEHTbLI N0 MAEHTUdUKALUUN BELECTB, B TOM
ymncre onacHbIX U BpedHbIX, B yNaKOBKe, Ha pacCTOSHUN, NO UX N300pakeHnsiM.

TOPCUMOHHBIN  KOHTPACT HEKOTOpPbIX MNocknx dwuryp npueBegeH B Tabn.15.
Okasanocb, YTO OTHOCUTENTbHO KOHTPONSA TOPCUMOHHbIN KOHTPACT reoMeTpuyeckux curyp
nameHsancs ot -8% no +10%.

Tabnuuya 15
TOPCUMOHHBIV KOHTPACT NIIOCKMX churyp
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NeomeTpunyeckme purypbl Ha 6enom doHe

VAN =lbk¢ 38 11O
(O ® )
-8 -6 -1 -1 -0,5 0 1 3 5 6 10
BykBbl pycckoro andasuTta nponucHble Ha 6enom dgpoHe
K
M B T
H r P Ji| X
n E b L i =) E
A Y n LL L bl XK B
D O n A bC ) n 3 Y C (@)
-4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6

OTkINoHeHue oT aTanoHa B %

Opyrum Bugom Topcumepos aensetca SADAF-08LC - aHanusatop CTPYKTYpPHO-
ONHAMUYECKNX HEeOOHOPOOHOCTEN Ila3epHO-KOMMbIOTEPHBLIN — 3TO HOBas uTepauusa B
cemencTee TopcumepoB cepum TCM. PaspaboTtaH 1 n3rotoeneH B YacTHOM nabopartopum
«TOMOT-TOFIT» (r. Tomck, Poccus), npu nogaepxke OO0 HIML «Kpoybap». Komnnekc
npeaHasHavyeH aAng aHanmsa CTpyKTypHo-anHamudeckmnx nonewn (CAM-SDF). 310 Ha3BaHue
aBnsietca 06obLeHneM wmpokoro knacca nonen cgopmbl 1 TI1. MNpubop paspaboTtaH Ha
ocHoBe [MateHTa Poccumn Ne 2201133, 6ton. 2003, Ne9, npuoputet ot 30.09.1999 r.

doTo 68
Mo cpaBHeHuto ¢ npeabiaylen paspadboTtkon TCM-030, komnnekc SADAF-08LC (goTto
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68) MMeeT BCTPOEHHbIM [OBONHOM NA3epHbIN KOHTAKT C OOBbEKTOM M3MEPEHUs, KOTOPbIN
MOXeET ObITb NpeacTaBneH B BUAE 3MEKTPOHHOro nsobpaxeHus. Komnnekc nmeet HOBbLIN
PE3NCTMBHbLIN AaTYMK TOHKUX NOMEN, rae ocywecTBnseTcs adekT 3MeHeHnss 06 beMHOro
COMPOTUBMNEHNST NOCTOSHHOMY TOKY 3a CYET nepeopueHTaumMm CBOOOOHbIX 3MEKTPOHOB B
MeTanne WM nonynpoBOAHWKE, C  YBeNMYEeHHbIMU npumepHo B 10 pas
YYBCTBUTENbHOCTBIO U NpuMepHO B 20 pa3 bGbiCTpoaencTBMEM, BCTPOEHHYO ONepaTUBHYHO
namsiTb, CACTEMY aBTOMATUYECKOrO YNpaBsieHus.

SADAF-08LC B3anmogenctByeT C BHELUHUM KOMMbIOTEPOM, MNpW ISTOM CMeHa
9NEKTPOHHOIO0 M306paxkeHnsi, CKaHWMPOBaHWE €ero OTHOCWUTENBbHO fa3epHbIX KOHTAKTOB
OCYLLIeCTBMSETCA MO creunanbHbIM MNporpaMmam. JTU e nporpamMmmbl obecneynsatoT
UM poBYyHO hmnbTpauuio curHanoB npmubopa n nx pernctpaumio B Hy>XxHom dopmare.

Mpnbop moxeT pabotaTb aBTOHOMHO, 63 yyacTusi onepatopa, B pexmme perncrpaumnm
MELMNEHHON0  MU3MEHEHUS1  CTPYKTYPHO-AMHAMUYECKUX MOMen, Hanpumep  TeKyLiux
namepeHnn TPl yenoBeka B npoLecce ero XxusHegesrternbHocTU. [1pu aToM pecypc ero
BCTPOEHHON UMEPPOBOM NaMsATM AOoCTaTodeH ANd -NPUMEPHO Monroga HenpepbiBHOM
pabotbl. [Ona obecneyeHna 6GecnepebonHocTn pabotbl komnnekca SADAF-08 (6es
BHewHero [1K), npu notepe nuTaloWeENn CeTU, UMEETCA aKKyMYNATOPHbIA  BRoK,
nogaepxumsatowmm nntanne oo 15+20 yacos.

3apaun, noa kotopble caenaH komnnekc SADAF-08LC:

1. MoHuTopuHr TK o6bekTa no ero anekTpoHHOMY M306paxxeHnto obbekTa.

2. LWnpoknn knacc naeHTUMUKaLNOHHbIX 3a4ad, B TOM YMChe Mo XUBbIM 0ObekTam, a
TaKke XMMWYEeCKMM BeLLeCcTBaM, B3pblBYaTbIM, SAEPHO - AeNAWMMCA U T.M. OBbeKTaM.

3. lMonyyeHne TOPCUMOHHOIMO M300paeHMss MO  ONTUYECKOMY  (SNIEKTPOHHOMY)

NpoOTOTMNY Ha NpPegMeT OMArHOCTUKU MOBPEXOEHUN B TEXHONOMMYECKMX YCTPOMCTBAX M
KOMMnekcax, B MEOULIMHCKOM BapuaHTe ANsi AUCTaHLUMOHHOW OMAarHOCTUKN BonesHenm n nx
nokanusauuu.

Komnnekc SADAF-08LC B HacTosiiee Bpems npoxoaut paboyme ucnbiTaHus Ha
pearbHbIX O6beKTax.
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NaBa 15. BmecTo nocnecnoBus.

Uenoseyecknin pasym OCOBEHHO ferko pearvpyeTr Ha T[apMOHWYHbIE UMK
HErapMOHMYHbIE KOHTYPbl MOAbI UMM apXUTEKTYpbl. CBALLEHHAA penurmosHasi reomeTpus
BO3OENCTBYET Ha Halle BHMMaHuWe W nreHsieT BoobpakeHwe. Yutas, Mbl NposBNsSiEM
pa3bopymMBOCTb K HenpaBAonogoOHbIM ANMHHOTAM W MpU3Hakam CMbICra BCEX BeELLEMN.
A3blk TOMOMNOrMKM, MaHdanbl U CMMBOSIbI OCTaKOTCA HeucHepnaemMblM WMCTOYHUMKOM Ons
N3ymneHus n ndonbiTcTBa. Teopusa xaoca 3HaKOMUT HaC C 3anyTaHHbIMK 1 cOMBatOLLUMM
C TOMKY KOHTYpamu.

B cootBeTCcTBUM C 3aKOHOMEPHOCTSMM 3BonwoumMm Bunocdepbl 1 Hoocdepsl,
BKMOYAOLWMMN  NPOoLEeCcChl  B3aUMOLEWCTBMSA 4YernoBevectBa CO cpegon  obutaHus
KONMUYECTBEHHO M Ka4eCTBEHHO OHO YXXe MPEBbLICUIIO BCE 4OMYCTUMbIE HOPMbl HEFATUBHOMO
BO3ENCTBUA Ha NriaHeTapHbIN cynepopraHnam. 1o MHEHUIO HEKOTOPbIX MECCUMUCTOB, NMpu
COBPEMEHHbLIX Temnax pgerpagaumm 6uocdepbl Kk cepeamHe XXI B. oHa notepsieT
CMOCOBHOCTb K CaMOBOCCTAHOBMEHWIO, 3TO OyaeT noATBEPXOEHMEM  MOCTOSIHHO
YCKOPSIIOLLErocs npouecca OTTOPXEHUs ¢ nuua 3emnu 4yenoseka Kak Buaa, KOTOpbIn,
BO3MOXHO, Y€ BbINOHUIT CBOO MUCCUIO.

OTOT npoLecc, BEPOATHO, YXKe NPOXOAUT B HALUW OHW NCEBLOECTECTBEHHbLIM NyTEM
C NOMOLLbI onpedeneHHbIX HeraTMBHbIX BO3OEUCTBMMA Ha 4YenoBeka, B TOM 4ucre u
OONbLNHCTBOM OOCTMXKEHUIN YenoBeYvecTBa, Kak-TO aTOMHasd 3HepreTuka, TenesBugeHue,
MK v gp.

OnTMucTbl, He oOTpuuas camMoOM BO3MOXHOCTM Havana YMNOMSHYTbIX Bbille
MpOLIeCCOB OTTOPXEHWA 4enoBeka, CuyuTalT, 4YTo B Onwxkanwem Oygywem Oyoyt
paspaboTaHbl MeToabl M YCTPOMCTBA, OCHOBaHHble Ha  COOTBETCTBYHOLLMX
MHPOPMALIMOHHBLIX ~ KOMMEHCUPYIOLMX  BO3OEUCTBUSIX, W  CTaHeT  pearnbHOCTbIO
CyLLIECTBOBaHME YernoBeka B €ANHEHUN C NPUPOOON.

OoHMM M3 Takux YCTPOWMCTB, NO MHeHuto aBtopa, aBndetca «POPIOCT-1y»,
NO3BONSAKOLLNIA OTKITOHATL N paccemBaTtb 40 POHOBOro ypoBHS nesble TI1, reHepupyemblie
MoHuTopamu [1K, TenesBusopamn, MUKPOBOSIHOBBIMM NevYaMu W OPYron 3NeKTPOHHOMU
TEXHUKOW, NPeaoXpaHsist OT UX HEraTMBHOIO BNUSIHUS NOSb30BaTENEMN.

OTN yCTpPOMCTBa, B COCTaB KOTOPbIX BXOAMUT W 6Guononvmep, BKIOYAKOLLNIA
XOnecTepuH-aueTaTt, KpoMe WHGOopMaunoHHoro d¢oHa Martepuana, M3 KOTOPOro OHU
N3roTOBMIEHbl, HECYT U WH(OPMAaLMNOHHbIE CrEeKTparbHO-BOMHOBLIE KOMMEHCUpYoLLme
BO3AENCTBUSA, OKasblBaloLLME PEryrnsiuMOHHOE WU KOMMEHCATOPHOE BIUSAHWE Ha OpraHu3m
yenoseka U ero PyHKLUMOHasNbHbIEe CUCTEMBI.

Heobxoaumo oTMeTUTb, YTO u3gaBHa ObiNM M3BECTHbI CTPYKTYPbl, OKasbiBatoLLme
GnaroTBOPHOE BNUSIHNE HA OKPY)KatoLLLYIO cpeqy.

PaccmoTpuM KpaTKO HEKOTOPbIE U3 HUX.

N3yyeHne ctpykTypbl MeranutoB CesepHoro u KOxHoro KaBkasa, Meranntnyeckmx
komnnekcoB Ha Kopcuke n B LoTtnaHguun [69] nokasano, 4YTo OBObIMHO MeranuTuU4eckui
KOMMNeKc BKMw4YaeT B cebsi [OOBOMbHO CrOXHYH CUCTEMY BEpPTUKanbHO BKOMAaHHbIX
KaMHeWn, pacrnonoXXeHHbIX B BMAE Kpyra UM HECKOSbKUX KPYroB, BbICTPOEHHbIX psigamu
nnu obpasyoLmx JOBOMBHO CIIOXHble NabUpUHTLI. [1pK 3TOM pacnonoXeHue KamHen, Kak
npaBuno, NpMBA3bIBAETCA K OCHOBHbIM OpueHTupam 3BesaHoro Heba (MonapHon 3Besae,
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3o04MaKanbHbIM CO3BE3UAM U T.4.).

NccnepoBaHna noaTBEpAUNIM CyLLECTBOBaHME HEOObIYHbLIX NOMEBbIX 3PdEKTOB B
obnacTtn meranuToB. PacnonoxeHHble Ha Nonsx hepmMepoB, OHN NPEKPACHO COXPaHUINCH
A0 Hawux OHen, a mx GnaroTBopHoe OWMOreHHoe LEWCTBME Ha OKpyXalLlyi cpeny
3aMeTUNK Nan, NO3ITOMY CTapatoTCsa UX He paspyLuaThb.

OavH 13 KpynHenwmnx MeranmtoB nnaHeTbl - CTOYHXEHOX - pacnonoxeH B 128 km
oT JloHgoHa nocpegunHe Concbepuimnckoro niiockoropbs. Ha orpomMHon abCcosntoTHO Kpyrion
KaMEHHOW nnoLlagke C NyHKaMu Mo KpasM CTOAT MMraHTCKME C YETbIPEXITAXKHbIA OOM
mMblbbl ronyboBaToro uBeTa. bbino ycTaHOBMAEHO, 4YTO Kaxdbl Meranut CTOUT Hag
noA3eMHbIM MOTOKOM BOAbl, MPUYEM B TOYKaX, rOe PEKU nepecekarTcs Apyr ¢ OPYrom.
OOVMHOKMIA MEeHrMp - KaMeHHbIn CTon® - Boapyxamnwu, Kak Oynh, Hag nepecekarmmuca
BOAHbIMW peKamMu, a OO0SNIbMEHbl — «KApPTOYHblE AOMMUKM» W3 TUrAHTCKUX MAWUT, MexXay
KOTOPbIMWU HENb3K AaXe MPOCYHYTb ne3sne 6puTBbI - Hag UCTOYHUKaAMU.

N3ydeHne reomeTpuyeckon (opMbl KpYyroB, WX pPacrofioXXeHUsi Ha MEeCTHOCTU
NO3BOMWNO BbIABUHYTb MMNOTE3Y O BO3MOXHbIX MeXaHM3Max OMOreHHOro OenCcTBUS ITUX
dOopM Ha OKpyXawLlyl Cpeady, aHanorMyHo AENCTBUIO TUOETCKMX MaHTPOBbLIX KONec
(mantra wheels), koTopble wWKMPOKO wucnonb3oBanMcb W B ApeBHOCTU. Korneca
npeacTaenaoT cobon nonbii LMNMHAP, Bpallaowmnncs Ha ocu. Hebonbline maHTpoBble
Koneca TMbeTLbl HOCAT B pyKe, BpaLlas Ux Nierkum nokaymsaHnem Kuctu. bonbuine koneca
B OFPOMHOM KOMMYECTBE PaCMOSIoXKeHbl BO3SE XPaMOB U APYruX CBSALLEHHbIX COOPYKEHUMN.
Heobxoaumo nogyepkHyTb, YTO BCE MaHTPOBbIE KOfeca BpaLlaktTCcs MO YacoBOW CTpersike,
ecnu cMmoTpeTb cBepxy. [lo npencraBneHnam TMOETUEB, MaHTPOBbIE Koneca npwu
BpaLLEHUN rapMOHU3NPYIOT N OYMLLAIOT MPOCTPAaHCTBO.

OTKpbITMA COBPEMEHHOM (DM3NKM NO3BOSAOT B3MMAHYTb HA HUX C COBEPLLEHHO NHOWM
TOYKM 3PEHNS.

NccnepoBaHna TI1, BO3HMKAOLWMX NP BpaLLEHUM MACCUBHbBIX LUITMHOPOB, KOHYCOB
N Oopyrmx OOBLEKTOB, MOKasanu, 4YTO OHW 00nagatT BblpaXeHHbIM OMOoNornyeckum
aencrtemem. bonee Toro, obHapyXeHo, YTO 3TO COBEPLUEHHO HOBLIN BUA (PUINYECKNX
MHPOPMALIMOHHBIX MOMEen, CBA3aHHbIX CO CMAMHOBOM nongpusauuen Pusn4eckoro
Bakyyma.

B coBpemeHHbIX TI™ y)ke AaBHO He MCNOSb3YKTCH Bpallalolmnecs metannmyeckmne
KOHYCbl Mnun umnunugpbl. Okaszanock, YTo AN 3TOro 4OCTaToOMHO co3aath Buxpesoe OMI1 (B
npuHUMNE, BUXPb MOXET WMEeTb Jdy Uandeckyto npupoay: akKyCTUYeECKYto,
rmopoavHaMuYeckyto M T.4.). ECnm nocMOTpeTb Ha KEnbTCKME KaMEHHble Kpyrn C 3TOu
TOYKM 3pEHUs, TO MOXHO NPeanosioXUTb, YTO OHU TakkKe SABMNAKTCA reHepaTopamu
ctatudeckoro TI1, aHanoruyHoro nonto, dopmupyemomy npudopom «POPMOCT-1»,
TONbKO BonbLlero paguyca 4encTaus.

B oTOoM «KoOHTekcTe uenecoobpas3HO pacCMOTpPeTb HasHadeHne wun  opmbl
npuUMeHeHnsa nukTorpadunyeckmnx pesoHatopos [38].

PyHnyeckne cumBOnbl M3BECTHbl 4YenoBeyecTBy QAaBHO. OHM BCTpevawTcs B
A3bIYECKMX KanuLiax, KaK yKkpalleHue opyxusi u npeagmetoB bbita. LLUMpoko npumeHsnucb
OHM N Ansa ragaHus. NloMMMO 3TOro, pyHbl MCMONb30BanNMCb B MEAUUMHE, a Takke B
KayecTBe TanucmaHoB unn obeperos. B npousBegeHnsax anxMMMKOB M acTporioros, B
KabanuCcTnuke M MarMyeckmx y4deHusiX TaKKe MOXHO BCTPETUTb MHOXECTBO PYHUYECKUX
CMMBOSOB. MN3BECTHO, YTO B HacTosiuee Bpems B bpemeHe yHKuMoHMpYyeT PyHunyeckoe
O6LecTBO, OCHOBHOM 3agayen KOTOporo siBnsieTcst cbop, HaKonneHme n cuctematmsaumns
MHOPMaLMKN O Pa3fNYHbIX TUMAX PYH N PYHHbIX 3HAKOB CO BCEX KOHLIOB 3€MHOrO LWapa.
Puc. 72

PyHnyeckne cMmMBosbl KnaccuuumpyoTca no permoHanbHOMY Npu3Haky, no Tunam
NMPUMEHEHNS W Ha3HayeHuno. Hanbonblwyk WM3BECTHOCTb MMEKT CKaHOAWHABCKUE U
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ApeBHerepmaHckue pyHbl. x B Gproccenbckon Knaccugukaumm OTHOCAT K PyHaM KaMHS
(Stone Runes) (puc. 72).

Takke BblAENSOTCA PYHbl APEBHUX KENBTOB UMM PYHbl APYMAOB. OTU PYHbl UMEIOT
Knaccudukaumio No OKpacke, NPUHAONEXHOCTU K OMpedeneHHbIM Tunam LepeBbes,
usetoB u ux nnogam (Color, Tree and Flower Runes). Hanpumep, cywiecTtByeT Kenbrckas
pyHa «KpacHasa BULLHA».

CoBpeMeHHast Hayka, C €e MEeTOAONOorMen, MOAENbHbIMU  3HAHUAMU U
npeacTaBneHnaMu, JONroe BpemMs He obpallana BHUMaHUS Ha «ApeBHUE 3abnyxaeHusy.
B ctpaHax CHIT ato 6bino Takke BbI3BAHO WOEONOrMEn BOWHCTBYKOLLEro arten3ma,
OTMEeTaBLUEro BCe, YTO TakK UM MHave GbINo CBA3AHO C MOHATUEM AyXa, TOHKMX CBOMWCTB
XMBOW NpuUpoabl M AYXOBHbIM HacnegveM Hawwux ganekmx npegkoB. OgHako cneayet
NOMHWUTb, YTO ApPEeBHME noan, He obragasi pasBUTbIMU TEXHOMOIMMSMMU, B TOM 4YuUCre U
NHopMaLUnOHHbIMK, 0bNnagany apyrumMm 3amedaTternibHbIM NperMMyLLEeCTBOM. Halum npeaku
nmenu Bpema And HakonsneHus n oboblieHns onbiTa B3aMMOAEWCTBUS C npupodon. Nx
XM3Hb NpoTeKana B OKPY>XEHUM eCTEeCTBEHHbIX MPUPOAHbIX U Buonornyecknx o6bHLEKTOB, B
NMOCTOSSHHOM B3aMMOAENCTBUN C HUMU. PyHbl, NO-BUAMMOMY, NPOSIBNANN cebst 4OCTAaTOMHO
cUnbHO, MO0 OecnonesHble 3HaHMS He HakannuBalwTCA B MNpUpode YerioBe4eCKoro
coobuwectea. OgHako, UX UCMNONb30BaHME U NPUMEHEHNE BbiNo 0ByCNOBNEHO eLle U TEM,
YTO OHU ABMIANIMCb UCTOYHUKAMWN OETEPMUHNPOBAHHON MHopMaLMK. K TakuM MCTOYHUKaM
OTHOCUTCS, B YacTHocTu, nobon andasut. Jllobaa OykBa MOXET paccmaTpuBaTbCA Kak
pyHa, a pyHa, COOTBETCTBEHHO, Kak ©OykBa. OpHako, WHMOPMAaLMOHHAs €eMKOCTb
PYHUYECKMX CUMBOSIOB ropasao MollHee, Hexenun y OykB andaBuTa, XOTS OHU UMET
CXOXue HadyepTaHus. Hepapom, Hanpumep, B NaTbILCKOM M JIMTOBCKOM si3blkaxX CIlOBO
«PyHa» O3Ha4aeT «roBOPUTb, rOBOPSLLIANAY.

CyLLecTBYyOT NpaBuM YTEHUSA pyH, nx 0coboro npomsHoweHnsa. CneumnmanncTol no
YTEHMWIO PYH MMEIOT CBOW LUKOMbI U BbIMYCKAalOT Hay4Hble Tpydbl. B MHopmMaLmMoHHON ceTu
Internet B HacToslLLee BpeMs CyLLECTBYIOT MHPOPMaALMOHHbIE Ba3bl NO PasfMYHbIM TUMNam
PYHUYECKMX CUMBOSIOB N HayKe O pyHax.

OpHako, HecmoTpss Ha obwunue uWHpOPMaLMM U HanuuMe Cneuuanucros,
3aHUMAaKOLWMXCH U3yHeHeM ApPEeBHEro Hacneaus, 4O HeJaBHUX NOP He nNpeanpuHMManocb
NONbITOK OOBACHUTL BO3MOXHbIA MEXaHU3M B3aMMOAENCTBUA PYHUYECKUX CUMBOSIOB C
yernoBevyeckMMm opraHusmoM. B nocnegHee Bpemsi, B CBSA3M C KPU3MCOM MPUMEHEHUS
PU3NYEeCKMX N MaTemMaTU4ecknx mogenen B Guonormm n nonbiTKaMu UX nepecmotpa, a
Takke B CBA3U C OypHbIM pasBuTUEM UH(OPMALMNOHHBIX TEXHONOMMIN, NOSABUINCH NOMbITKN
obpalleHnsa K onbiTy nNpegkoB M OObSCHEHUS UX 3HAHWA U OEWCTBUA C TOYKM 3PEHUS
COBPEMEHHON HayKkn. OTO OCOBEHHO OTpafHO, MOCKOMbKY MX OMbIT - OMbIT NMOKOMEHWUA U
TbiCAYENEeTUN - CpaBHUM MO pes3ynsrtataMm C CaMOW CHOXHOW COBPEMEHHOW Teopuewn, a
BO3MOXHO M NPEBOCXOAUT ee MO KayeCTBY U KOHLEHTpaLmm MHopMaLmu.

MycTb HawwmM panekue npenku AencTBOBanM HEOCO3HAHHO, BblOvpasi ana cebs
TanucmaHbl, WCNOMb3ys puUTyanbHble MNACKW, NecHn wu obpsagel. C  pasBuTuem
COBPEMEHHbIX TEXHOSOMMIN BCE 3TO YTPadeHo, «NOTEPSNIO CMbICN», HO YTPA4YeHO TaKkKe U
obLeHne ¢ NpuUpoaon, B eANHEHUM C KOTOPOW YerioBEeYECTBO NPOXWUIIO HE OfHY TbICAYy
net. CoBpeMeHHoe ypbaHucTu4eckoe oOLEeCcTBO, OTOpPBaHHOE OT >XMBOW NPUPOAbI,
HaynMHaeT BbiMupaTb. JllogM nogcosHaTenbHO obpalwalTca K Mbicnn o 6erctee K13
ropogoB, OTKasy OT CMepTEenbHOW, SO0BUTOM TSDKENOW TexHuKn. MHorme npupogHble
BoratcTBa ucdepnaHbl. lNpekpacHble 3eMnn CO BCEM XMBLUMM Ha HUX MNpeBpalleHbl B
NyCTbIpW.

HanBHOe 4enoBe4vecTBO npegnofiaraeT, YTo OTCUMAMTCH B ropofax W 3akpoeTcs
MaLUMHHBIMW TEXHOMNOMMAMKU OT rHeBa Npupoabl. CTpeMuTenbHbIA pocT 3aboneBaeMocTy
HensBeCcTHbIMM 6GonesHsMn, TennoBass W 030HOBas KaTacTpodbl, nNaTonornyeckoe
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pasBUTUE CUHe-3emneHblIX Bogopocnen, rmbenb nNnaHKToOHa B okeaHax, OTpaBfieHMe BoAbl U
MOYBbl W BbI3BAHHbIE 3TMM MyTauuu MNPOCTEMIMX - BCE 3TO CBUAETENbLCTBYET O
HagBurarowenca karactpode. YBenmumBaeTcs KOMMYEeCTBO MCUXMYECKUX PacCTPONCTB U
caMoyBuINCTB, pacTeT YUCIO HAapKOMaHOB. Bce 3TO - MONbITKM CNacTUCh OT pearnbHOCTU
NPy HEBO3MOXHOCTM CYLLECTBOBaHMS B eQuMHEeHUn ¢ npupogown. lNMogcosHatenbHO noam
NblTalOTCA NOMOYb cebe ApeBHMMU CpencTBaMu, Hanpumep, HOLIEHWEM TarMCMaHOB U
obeperos, ucnonb3oBaHMEM pPyH. Ham npegcraBnsieTcsi, 4TO pyHHasi reomeTpudeckas
CeMaHTMKa MO3UTUBHO BO3AEWCTBYET Ha OpraHbl M TKaHM 4YernoBeYEeCKOro opraHusma
nocpeacTBoM reHepauun OpMOBbIX cTatuyeckux TI1, Bbi3biBas B HUX CEMAHTUYECKUN
BGropesoHaHc.

LlenecoobpasHo onncaTb Npouecc NOAroTOBKN BOAbI K MCMOMNb30BaHUKD COBMECTHO
C NuKTorpaduyecknmmn pesoHatopamu. [Ins npuBeneHns BoAbl B «MICXOOHOE» COCTOSIHUE,
TO €CTb B COCTOsiHME C OonbwKMM yNopsiAOMMBAHMEM MOSEKYST B F€OMETPUYECKNX
CTPYKTYpax, UCNONb3yeTCsl METO, 3aMOpaXXnBaHUA-OTTanBaHns. Yem e MOXeT oKasaTbCs
npuenekarenbHa MMeHHo Tanasi Boga?

[MokasaHo, YTO MeasieHHO TalLasa BoAa COXpaHseT MakCMMarnbHY KOHLUEHTpaumio
rmgpoaccounaTtoB npumepHo o 4°C [3]. Takaa «Tanas» BoAa WUMeeT MpakTUYecKn
HENCKa)KEHHYIO reOMEeTPUIo, He coaepiKallylo OCKOMKOB pasHopoaHon nHdopmMaumn. OHa
yucta Kak 6enbl NUCT 1 cnocobHa 3anncaTb Ha cebs nbyto nHpopmaunto. Tenepb, ecnu
Takaa Boda OyoeT ynotpebnaTbCA XMBOTHBIM MMM YENOBEKOM, TO 3TO MPUBEOET K TOMY,
4YTO B UX OpraHmMam NocTynuT Boga 6e3 maTpuubl, KOTOpYK ABMAT cobon accoumatbl. B
Takon BoAe accoumatbl MOryT dopmMmupoBatbea yxe nog gencresnmem OMIT n Tl camoro
opraHnama. OHK B 3TOM cryvae OyayT ABMATbLCA CMCTEMaMMU NMaMATU, KOTOPbIE OPraHn3m
ncnonb3yeT ANa 3anucu cBoero romeoctasa. [Mockomnbky, Kak npasuno, 60nbLUMHCTBO
KNEeToK 1 TKaHen opraHmMama, nosyyaroLmnx Boay, Bce-Taku HaxoguTcs B HOpme, To, Nponas
nx, B Tanomn Bofde rerye cpopmMmpoBaTb «CBOKO» MaTtpuuy yrnpasneHun B BUAe accoumara,
YeM pPecTpPYKTYpMpPOBaThb YXKe CyLLeCTBYHLLY B 0ObIYHOM, HE Tanon Boae.

Beab B BOAe accoumnatbl NPUCYTCTBYIOT BCEraa, BaXXHO TOMbKO TO, SABNSETCH MU UX
OMIT n Tl Tem «KnNOYOM», KOTOPbIA 3anyCTUT BHYTPUKIIETOYHbIA MPOLEeCcc, Unu KreTka
HUKaK He oOTpearuwpyeT Ha 9Tu nons. [Odpyrumm cnoBamn, Tanas Boga obnervaer
NOCTPOEHME TEOMETPUYECKMX CTPYKTYpP accouuaToB, a, crnegoBaTeribHO, reHepauumio
NpaBuUIbHbIX KOMaHL YMpPaBfeHUs Ha KNEeTOMHOM YPOBHE, 4YTO W onpedensieT ee
030poBUTENbHbIE CBOMCTBA. BcemM K3BECTHO, YTO MHOrMMEe HapogHble LuenuTenu
npeanaratT ucnonb3oBaTtb Tany Boay. CylecTBYOT rmnoTesbl O MMaBEeHCTBYOWEN ponm
Tanoun Bogbl B 60NbLUON NPOAOIMKUTENBHOCTU XXU3HU TIOAEN, XUBYLLMX B ropax. I3aBecTHO
Takxke, YTO CE30HHble MUrpaunn NTUL C Hora Ha ceBep OOBACHATCA MX NOTPEOHOCTLIO B
Tanowv Boae.

B YKpanHCKOM MHCTUTYTE 9KONorMm 4ernoBeka nog PyKoBOACTBOM npodheccopa
Kypuka M. B. B Te4eHne HECKONbKMUX MeCcALEB NPOBOAUIMCE UCCREeNOBaHNS MO BIIUSIHUIO
PYHUYECKMX CUMBOSIOB Ha BOOY ANSA NUTbS.

B naHHOM crniyyae 3anncb HEUCKaXXeHHOW NepBUYHON MHCpOpMaLMK NPon3BoaMnach
nyTemM MOMeLLEeHNs MNUKTorpadmnyeckoro pesoHatopa (PyHMYECKOro CMMBOMa) Ha AHO
cocyna ans nutbs. Yepes HekoTopoe BpeMsi, Heobxoammoe 9 BO3HUKHOBEHUS, poCcTa U
pa3BuTUA 60MbLIOro YMcna reoMeTpudecknx ¢opmMm accoumnatoB nog gencTtememM crnabbix
nHpopmaumoHHbix TI  pyHM4Yeckoro cumBOna, BOAa CTAHOBUTCS MPUroOgHOM K
ynotpebneHnto B nNe4ebHbIX Lensax.

[l03bl, B KOTOPbLIX MPUMEHSIETCA Takasi Boda, MPaKTUYECKM He OrpaHnyMBaloTCS.
[deno B TOM, 4TO Npu Hanuuuu adpdekTa 3anycka HyXHbIX OGMONOrMyeckmx npoLEeccos,
opraHuM3Mm cam pewmnt gns cebsa Bonpoc o HeOBXOANMMOM eMy KonmyecTBe Xuakoctu. Kak
npaBumno, B Hayane TpebyeTrca OOBOMbHO MHOMO XWOKOCTU, @ B KOHLE nedebHoro kypca -
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BCe MeHblle U MeHblue. OOHMM CNOBOM, MOXHO YTBepXaaTb - NenTe, CKONbKO XO4YeTcst
Bawemy opraHuamy. OH cam peLuunT, korga caenatb OCTaHOBKY.

B nocnepylowux aKcnepuMMeHTax, Uenbilo  KOTopbIX ObINO  MccnedoBaHue
OKUCIUTENbHO-BOCCTAHOBUTENBHOTO PaBHOBECUS BOAbl, CTPYKTYPHOW YMNOpSOOYEHHOCTH,
OUoNorMYecKkor akTUBHOCTM W JMNEKTPOHHOW CTPYKTYpbl BOAbI,  PYHUYECKUA CUMBOJI
pacrionarancs BEpTMKanbHO M OPWEHTMPOBAriCa onpederneHHbiM 0b6pa3om Mo CTOpoHaMm
ceerta.

O606LueHHbIe pe3ynbTaTbl CBOAATCA K criegyloLiemMy:

e KpucTannorpadgu4eckne uccrnegoBaHUA CTPYKTYpbl BOAbI nogTBepXaatoT 6onbLuyro
ynopsiAO4EHHOCTb BOAbI, HaxodswWencs nog BO34enCTBMEM PYHUYECKOro cumBofa Mo
CpaBHEHMUIO C KOHTPOSIbHOW BOOOMW;

e BO3pacTaeT bmonornyeckasi akTMBHOCTb BOAbI;

* CYLWECTBEHHO N3MEHSIETCA CMEKTP NornoLieHnsa soabl B obnactn 250+450 Hm.

maBa 16. TopcuoHHasa dm3unka.

Ycnexn Teopun U3NYECKOro Bakyyma W nepBble OOHagexuBarowme OonbiTbl
nokasblBann MepCcrnekTUBHOCTb pPas3BUTUS 3TOMO HOBOrO HanpasneHusa. PaboTty no
co3faHunto reHepatopoB 1 npuemMmHunkos TU BeinonHmnn A. E. AkumoB B Mockse (Poccus),
I H. QynbHeB B CaHkT-lNeTepbypre (Poccus) u ap.

MepBbI BaXKHbIA pe3ynbTaT, NoMyYeHHbI B 3TUX 3KCMEepUMEHTaX, COCTOSN B TOM,
YTO U3 HECKOIbKMX KnaccoB nornew obino BbigeneHo TI1, TecHo cBasaHHoe ¢ OMI, T.e., no
CyLLEeCTBY Mbl UMeeM Aeno C 0cobbiM TUNOM B3aUMOLEWCTBUI - ANEKTPO-TOPCUOHHBIMM
B3aMMOOENCTBUAMU. ITa UX OCOBEHHOCTb 3HaYUTENbHO obneryana npoBeaeHne
akcnepumeHToB. CyulecTBoBanu, pasymeeTcs, Ccnocodbl, MO3BONSAKOWME BbIOENUTb
TOPCMOHHYIO KOMMOHEHTY 3TOr0 U3Ny4YeHus.

[MepBOe NpakTnyeckoe NPUMEHEHNe 3TOro HOBOIO BUAA M3nyyvyeHumn 6bi1no cBsi3aHo ¢
TEXHONOrMen npousBoAcTBa MarepuanoB. M3BecTHO, 4TO MNpwu OCTbIBaHUW pacnnasa
MEeTanmnoB M CnfaBoB (POpMMPOBAHME KPUCTASISIMMECKON pPELLETKU COCTOUT U3 OBYX
npoueccoB. NoHbl B pacnnaBe [OMMKHbl 3aHATb MOSMIOXXEHHOE MM MeCTO B CTPYKType
KpUCTannnM4ecKkom peLueTkn TBepaoro Tena, a CnmHbl 3TUX MOHOB NPUOBPECTU Ty UMK UHYIO
OpUEeHTaLM0 OTHOCUTENBHO pebep 3TON peLleTku.

Bosgencteue Ha pacnnas TW BbI30OBET NepecTponKy CMHOBOIO COCTOSHUSA MOHOB B
npouecce WX nepemelleHnss K ysnam peweTkn. Kpucrtann, Kotopbii obpasyercs
BCNeACTBME 3TOr0  BO3QEWCTBUA, OyoeT xapakTepu3oBaTbCa  OOHOHanpa.fieHHOM
OpueHTaumen BCeX CMWHOB, YTO Heu3bexHO noBedeT K W3MEHEHW0 ero U3nKo-
XMMUYECKMX CBONCTB. HeTpyaHO BMAETb, YTO TOPCMOHHOE BO3AENCTBME HA pacnsiiaB HOCUT
NHAOPMALMOHHBIN, @ HE AHEPreTUYECKUN XapaKTep.

Peanuaysa ogHy 13 nporpamm, npodeccop M. B. Kypuk ns UHctutyta cpmsmnkmn HAH
YkpauHbl (r. Kne) nccnegosan sosgenctene TU Ha KpUCTaniMyeckyto CTPYKTYpYy CMECH
xonuctepukoB. Habnoganock yBenuyeHue wara Kpuctannmyeckon pewetkn B 2,5 pasa, a
pa3smepa ppakranos - BTpoe [36].

TopcmnoHHaa obpaboTka pacnnaBoB npoBogunacb B oTgene gokrtopa ous.- mar.
Hayk B. 1. Man6opoabl B NHCcTUTyTE npobnem martepuanoBegeHus (r. Kues, YkpauHa).
MonyyeHbl ybeauTenbHble [oKa3aTenbCTBa W3MEHEHUS KPUCTannMyYeckon CTPYKTYpbl
CMNUTKOB MOCIIe UX 3aTBEPAEBAHUSA MO CPABHEHUIO C KOHTPOSbHbIMK 0Bpa3suamu.
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B LUHNW anekTpodmamyeckmx npobnem nosepxHocTtu (r. CaHkT-MNeTepbypr, Poccus)
nog pykosoactBoM akagemuka PAEH npodpeccopa L H. dypceqa Takke wuccnegosanm
BnusiHme Tl Ha pacnnaB MeTanna.

BaxHOo npu 9TOM OTMETUTb, 4YTO BO3gencteme TW npuBeno K 3amMeTHOMY
YYYLIEHNIO XapaKTEPUCTUK NOSyYEeHHbIX 06pa3LoB.

Bropoe HanpaeneHne TOPCUMOHHOM U3MKM CBA3AHO C  MCCNegoBaHUEM
BO3MOXHOCTW CO34aHUs MPUHUUNNANBbHO HOBBIX CUCTEM KOMMYHMKaLMKM W nepegayu
nHGopmaunn. byayum nposiBrieHnemM pyHaameHTanbHbIX CBOUCTB (PU3MYECKOro Bakyyma,
TW obnagatoT yHMKanbHbIMU CBOMCTBaMU. Bo-nepBbIX, B OTANYME OT SNEKTPOMAarHUTHbIX U
rpaBUTaALMOHHbBIX B3aMMOAENCTBUA, OHU HEe OCnabnsTcs ¢ pacCTOAHMEM, BO-BTOPbIX, HE
NOrnoLarTCs HXU NPUPOAHBIMU CpedamMu, HU TEXHUYECKMMU COOPYXKEHUSIMU, U, B-TPETbUX,
cnocobHbl nepegasatb MHAPOPMALMIO CO CKOPOCTbIO, HAMHOIO NMPEBOCXOASLLEN CKOPOCTb
ceeTa.

3amMeTMM, 4YTO MEpPEeHOCYMKOM HenoKasibHbIX CMWHOBbLIX BO3MYLUEHUA MOXET
CNYXWUTb HE TOSMbKO CBOOBOAHOE MPOCTPAHCTBO, HO TakKe U CBOOOAHbLIA 3NEKTPOHHLIN ras,
Haxo4daWMNCa B 30HE NMPOBOAMMOCTM METANNMYECKOro NpoBoOAHUKA. OTO OYeHb yAO0OBHO
NPaKkTU4eCcKn, T.K. Yy OKCNEPUMEHTATOPOB MNOSIBNSAETCA BO3MOXHOCTb MNepedaBaTb
TOPCUMOHHbIE W  3MNEKTPO-TOPCUOHHbIE CUrHamnbl OT WX WCTOMHMKA MO  OObIYHbIM
MeTanmM4yecknum npoBogam.

HenokanbHoe CNWH-TOPCMOHHOE BO3MYLLEHME MPOCTPAHCTBA MOXET COXPaHATLCS
eLle gonroe BpemMs rnocrie Toro, Kak npekpaTtun CBoe AeNCTBUE UCTOYHMK, BbI3BaBLUNW €ro
nosieneHne. B aTtom cnyyae mbl Oyaem mmeTb Oeno ¢ PEHOMEHOM, KOTOPbIA MOXHO
Ha3BaTb CMUH-TOPCUOHHLIM PAHTOMOM, CNOCOBHBLIM COXPaHATb YCTOMYMBOCTbL 4O TeX Mnop,
noka He NPOM3ONAET ero guccunauns nog 4ENCTBUEM OPYrnX CMOHTAHHbLIX NCTOYHMKOB TT1
[36].

OKCnepMMeHTbI No nepegave ABOUYHbLIX CUrHaANoB ¢ NoMoLlbo T Obinn HavaThbl B T.
Mockee (Poccusi) B cepeguHe 1980-x rogoB. OnekTpuyeckas aHeprus, notpednsemaa TT,
coctaBndana 50 mBT, pacctoaHue 0O npuemMHuka mnanydeHun okono 20 Km, a TonwmHa
NpenaTCTBUM Ha NyTu curHana Obina akBmBaneHTHa 50 M xenesobetoHa. OnbITbl GbinK
3aBepLUEHbl YCNELWHO, U B HaCTOsILLEE BpeMS BeOeTCs MoAroToBKa SKCNepUMEHTarnbHbIX
obpasuoB npuemo-nepegatowien annapartypbl TOpCMoHHOM cBa3un [70].

TpeTbe HanpasreHne OTHOCUTCA K obnactu meguumHbl n Guonormn. PaspaboTaHa
AnarHocTnyeckasi annapartypa, nossonsiowas ¢ nomowbio T HaxoguTb U McnpaenaTb
AedeKkTbl OpraHoB WM KIETOK OpraHnamMa 4enoBeka. Annapatypa npoluna KIMHUYeckme
NCNbITaHMsA B IHCTUTYTE ANArHOCTUKM 1 Tepanum onyxonn npu OHKONOrM4eckom LieHTpe B
Mockee (pykoBoautens pabotbl A. KO. CMupHOB).

Bo3HukaeT BOMpoC, a He CyLEeCTBYET NN CBA3WM MeXAy CTPYKTypaMun KBaHTOBOIO
BaKkyymMa W CBATAsA CBATbIX HAYKM O XM3HM - TaWHaMu 4ernoBeyvyeckon ncuxukn. Ewe
ApucToTenb cnpawmBan, Kak gywa npukpennserca K Teny. Ho u noHbiHe Hayka faneka
30€eCb OT HaBeOEeHUs MONTHOM SICHOCTU. ECTb ocHOBaHMs gymaTtb, YTO MMEHHO (PUTOHHbIE
aHcamMbnn KBaHTOBOrO BaKyymMa npeactaBnsaloT cobon Havbonee dyHOAMEHTaNbHYO
MaTepuanbHyl0 MNEPBOOCHOBY (YHKLMOHMPOBAHMUS MCUXMKM BOOOLLE W CO3HAHUA B
yactHocTu [36]. Ecnnm 310 Ha camMOM pfene Tak, TO y HacC, HaKoHel, MOsBMseTcs
BO3MOXHOCTb MPEANIOXUTb HAy4HYH WHTEPNPETaAUM0 SBMEHUAM 3KCTPACEHCOPHOro
BOCMpuUATUA (TenenaTusl, MNCUXOKMHE3, MPOCKONWA W Ap.), B OCHOBE KOTOPbIX NEXWUT
nepegaya nHdopmaummn ¢ nomoLlsio TU.
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OpHon 13 npobnem, KoTopble MNPeAcTaBnslT OCOOy BaXHOCTb AN pasBUTUSA
Hay4YHbIX HamnpasfEHUN, W3yYaloLMX IHEPreTUKY XMBbIX OPraHM3MOB Ha CUCTEMHOM
YPOBHE, AABNSIETCA BbiAICHEHNE PU3NKM NMPOLECCOB, NpOTEKaoLWMX B Brocuctemax, a Takke
npUPoAbl Nosien N N3rNyyYeHui, BO3HUKAKOLWMX NpU 3TUX npoueccax. To, YTo 3Tn nons u
N3Ny4YeHnss UMEOT cneundguyeckyto npmupoay, Kak n cosgatowme nux rinybruHHbIE NpoLecchl
XnsHegeaTenbHOCTM OMOOOBLEKTOB, crneayeT U3 TOro MHOroobpasus SBNeHun, Kotopble
n3yyarotcst yHaaMeHTanbHbIMM HaykaMn 1 nogyac He MoryT 6biTb 0GbsICHEHBI HA OCHOBE
CYLLIECTBYHOLLMX NPEACTaBNEHNN, YTO B psAE CryvaeB Bbl3blBaeT OTPULLAHME BO3MOXHOCTH
Takux siBNeHun. [Ons oObACHEHMsI MHOMMX MNPOLECCOB, MPOUCXOASLMX B KMBOTHOM WU
pacTUTENbHOM Mupe, HeobxoauMbl HOBblE KOHUeNUuK, Gasupylowmeca Ha nocrneaHnx
AOCTUKEHUAX HayYHbIX, TEOPETUYECKMX N TEXHUYECKUX ANCLUNINH [36].

B pamkax npeanaraemon  koHuenuun  «buobesonacHass  SNEKTPOHMKa»
00beanHATCA B MAEWHOM MNfiaHe pasnuuyHble 06nacTM Hay4yHOro 3HaHUS Ha CTblke
MEOMKO-OMOMNOMMYECKMX W TOYHbIX HaykK, 4TOObl MNOMNbITATbCS BbLIBECTM MEOMKO-
Guonoruyeckne wuccnegoBaHusi, MMEKLWME CBOEW KOHEYHOW Luenbko  pa3paboTky
H6mobesonacHbIX YCTPONCTB U CUCTEM, HA KAYECTBEHHO HOBbLIN YPOBEHbD.

3Ha4YMMOCTb YNOMSHYTON KOHLENUMN MOXHO MOATBEPAUTb umMTaton us kuurm J1. H.
Tonctoro «O Xu3Hn. Mbicnn 0 HOBOM >Xn3HenoHumaHuny (1911 r.): « Toribko npasusibHoe
pasymeHue XusHu daem OOI/MKHOe 3HadyeHue U HarpaerieHue Hayke soobwe u kKaxoou
Hayke 8 ocobeHHocmu, pacrpeodesisas UxX o 8aXHOCMu UX 3Ha4eHuUss OMHOCUMESbHO
JKU3HU. Ecnu xe pa3symMeHue XU3HU He makoeo, KakuM OHO B/I0KEHO 80 8CEX Hac, mo
cama Hayka 6ydem oxHasl.

He mo, ymo mbl Hazoeem Haykou, onpedesium Xu3Hb, a Hawe MOHAMUe O XU3HU
onpedesium mo, Yymo credyem rpusHames Haykol. Y1 nomomy 0risi moa2o, Ymobbl HayKa
6bin1a Haykol, 0ormkeH bbimb npexoe peweH 80rpoc O MOM, Ymo ecmb Hayka U 4mo He
ecmb Hayka, a 05151 3moeao O0/MKHO ObIMb YSICHEHO MOHSIMUE O XKXU3HUY.

Pa3paboTka 6nobesonacHbIX YCTPONUCTB U CUCTEM JOSTKHA BKIoYaTh B ceba Habop
OCHOBHbIX MOen n MeTogoB, B OOMbllen CTENEHM OTpaKalLlmX OOLHOCTb KYNbTYPHON
OCHOBbI YYEHbIX, HEXEeNnu pasnuuusl, ycnexm u HegoctaTkm Guodmanveckmx obnacrten
nccnegosanusa. Cnegyer oXxuaaTb, YTO HOBblE HayyHbl€ KOHUENUMU, METOAbl, CXEMbl,
pa3paboTaHHble ANS peleHus OAHOW KOHKPETHOW (M3MKO-TEXHUYECKOM 3agayn,
HEeOXWAaHHO AadyT BO3MOXHOCTb MO HOBOMY M BecbMa 3((EKTMBHO OCBETUTb CaMble
TpyaHble NpobnemMbl MeguumHbl 1 Buonornm, a Takasi HaydHasi KOHConMaaums NpuUBeAET K
CO34aHNI0 HOBOIO MOKONEeHMUsi 61M06e30MacHON TEXHUKW, OCHOBAHHOW Ha rapmMoHM3aumnm
B3aMMOAEWCTBUS 4YeroBeka, kak MHEGPOPMaLUMOHHOIO TOPCUOHHO-BOMHOBOMO cybbekTa, C
MHPOPMALIMOHHO - BOMTHOBLIMU SIBNIEHNAMM OKPY>KatoLLEro Hac Mupa.

[Mpn3HaHMe TOPCMOHHO-CEMAHTUYECKOro Xapaktepa nwboro Bosgencteus IOMI
NO3BOSIUT MNEPENTU K CO34aHMI0 HOBEWLWNX 3PPEKTMBHBIX MPOrpaMMHO - annapaTHbIX
TEXHOSIOTUMN.

Bo3MOXHO, TOpCMOHHAA u3nka nO3BONUT CO34aTb MEHee NPOTUBOPEYMBLIE
Modenu Ans AanbHeuWWuxX WCCRneaoBaHMA B HanpaBneHuu cosgaHust buobesonacHom
SNEKTPOHUKMN.

Hwxe Mbl npeanaraem KpaTkuii 0630p noka HEMOHATHBLIX U HEOXXNOAHHbIX
3KCnepuMeHTarnbHbIX HabMAEHNIN, KacaloLMXCA HOBbIX CMUH- TOPCUOHHBIX ABMEHUNA,
KacaloLlmxcsi pasBUTUS METOAOB reHepaunn, HaKoNeHNst U AeTEKTUPOBAHMS
3NEKTPOHHOW CNUHOBOW NOSISipU3aLmn, a Takke yrnpasneHust eto.

"HeT Hnyero, 4To B BonbLuen cTeneHn Morno 6ol NPUBeYbL BHUMaHUE YeroBeka 1
3acnyxuno 6ol 66ITb NPeaAMETOM U3y4eHUS, YeM npupoaa. MNoHATbL ee OrpoOMHbIN
MeXxaHWU3M, OTKPbITb ee Co3uaaTernbHble CUIbl U NO3HaTb 3aKOHbI, yNpaBnaloLLne elo,
- BefMyanwas Lenb YenoBeyeckoro pasyma,” - aTumu criosamm HadmHan Tecna
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HeKoTopble CBOU BbICTynneHuns. B nybnukaumm [1] onncaHa guHamuka cnuH-
HepaBHOBECHOW 3IIEKTPOHHOM CUCTEMbI B YCITOBUSAX, KOr4a COXpPaHAETCA NOMHbIN
KBa3UUMIMYbC CUCTEMbI SIEKTPOHOB UM B3aUMOAENCTBYIOLUX C HUMW KBa3n4acTul,.
AHanna nonyyYeHHbIX ypaBHEHUI MOKa3biBAET BO3MOXHOCTb BO3OYXXAEHNSA B
HEeOQHOPOOHOM MO CBOMM MarHUTHbIM CBOMCTBaM MPOBOASLLEM KOMbLe
cnabosaTtyxaroLwmx konebaHnm cnMHOBOW nonspusauumn, ConpoBOXaatLLNXCH
konebaHuaMun gpendoBoro Toka no konbly. OAHaKo okas3anoch, YTO CyLLEeCTBYIOT
mMaTepuarsbl, B KOTOPbIX kornebaHnsi CNMHOBOW MONsipu3aunmn BO3HUKAOT
CaMOonpoOun3BOIIbHO U NOAAEPXNBAKOTCH MOCTOAHHO.

JKCnepuMeHTanbHO YCTaHOBMEHO, YTO antoMUHUEBbLIN AUCK (puc.70) BbICOKOW CTeneHu
ounctkm (99,999%) reHepupyeT nepemeHHOe TopcuoHHoe nore (TI1) ¢ nepnogom
npnoénuantensHo 40 cekyHA.

Puc. 70

T. e. OH ABNSIETCS CUCTEMOWN, JEMOHCTPUPYIOLLIEN NPOCTPAHCTBEHHO-BPEMEHHYHO
camMoopraHm3aumto - Nepexod U3 CoOCTosiHUA reHepaumm nesoro TI B cOCTOAHUS
reHepauun npasoro TI1. BepHOATHO, yNnOMAHYTbIN antOMUHUEBBLIN ANCK HAXOAUTCA B
COCTOSIHWUW, KOf4a CNWHbI 3NIEKTPOHOB NPebbIBaOT B NOCTOSAHHOM YNOpPS404E€HHOM
ABWKEHUN (CNUHBLI BBEPX — 3aTEM CMUHbI BHU3) , HECMOTPS Ha Hanuyune nokanbHbIX
MarHUTHbIX MOMEHTOB (rpynn yrnopsigo4eHHbIX CIIMHOB).

TeopeTukn yTBePXOaloT, 4TO NosiHast ynopsi4o4eHHOCTb HE AOCTUIAaEeTCAa gaxe npu
O4Y€eHb

HU3KUX TemnepaTtypax (370 He JaloT caenaTb KBaHTOBblEe hryKTyauumn). Bee aTo
HanoOMMHaET MOBeAEHME XNOKOCTU, YTO U onpeaennio HassaHme 4aHHOro0 COCTOAHUS
BellecTBa. Taknm obpasoM. antoMUHUEBBIN ANCK HAXOAUTCSA B COCTOSIHUM CMIMHOBOM
XWOKOCTU B pearibHbIX OU3NYECKNX IKCNEPUMEHTAX.

CnuHoBas xungkocTtb bbina npeackasaHa Teopetndeckn B 1973-m rogy u ¢ Tex nop
npuTtarmeaet K cebe BHMMaHMe Kak U3MKOB-TEOPETUKOB, TaK U 3KCMNEPUMEHTATOPOB.
HeobxoamMmo 3ameTnTb, YTO HaBedeHHas CNMHOBasA HEPaBHOBECHOCTb NPUBOAUT K
NOSIBIIEHMIO MAarHUTHbIX CBOMCTB Y HemarHeTukos [1]. BeiBogbl aBTopoB nybnukauum [1]
noaTBepXaarTcs U B Criydae antoMUHUEBOTO OUCKA BbICOKOW CTEMEHN OYUCTKM,
KOTOpbIN reHepupyeT nepemeHHoe TI1, HaxoaAacb B COCTOSSHUM CMIUMHOBOM XXUAKOCTM.
Ecnun B cbase reHepaunmn npasoro Tl nogHecTn K antoMUHNIO, KOTOPbLIWM NOABELLEH HA
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HUTW, MarHUT CEBEPHbIM MOSIFOCOM, TO afTFOMUHUIA NPUTATMBAETCA K MarHUTY B
COOTBETCTBUW C 3aKOHOM B3anmopenctaus TI1. M HaobopoT, antoMrMHUA OTTankuBaeTcs
OT CEBEPHOro nostoca marHmta Ha pase reHepaummn nesoro TI. OgHako MexaHu3m
B3aMMOAENCTBMNA YacTU antoOMUHUEBOrO AMCKa C MarHUTOM HAMHOIO CIOXHEE U He
MOXET ObITb 06BbACHEH TONBKO B3aUMHbIM NpuUTsbkeHnem TI1 ancka n marHuTa, Tak Kak
NONbITKN OBHAPYXUTb NOAOBHbIE SIBMIEHNSA NPU BO3OENCTBUN HA antOMUHUEBLIN ANCK
TI1 pasnuyHoOM Npuponbl ycrnexa He UMenu.

B akcnepumeHTax uncnonb3oanuck npnbop BEPHALA (npomnssoactso OOO Spinor
International, KueB) , reHepupyoLwun nesoe cratmyeckoe TOPCMOHHOE More, a Takke
npudop NMNOPOI-1(nponssoacteso OO0 OTkNukK, Kne), SBRsOWNNCA reHepaTopoM
NpaBoro areKTPOTOPCMOHHOIO MOJSIS.

BoamoXxHO, nNpu B3aMmMogencTemMm antoMMHMEBOIO ANCKA C MarHUTOM NPUCYTCTBYIOT
apyrve, HeusBeCTHble 0O CUX MOP, MEXaHU3MbI, HAanNnpUMep, akTMBauns MarHUTOM
nokKanbHbIX MarHUTHbLIX OOMEHOB (Fpynn yNopsg0YeHHbIX CMIMHOB) B artOMUHUN.

He MeHee nHTepecHbIM NpeacTaBnsaeTca npekpaweHue reHepauum T gnckom npu
OCBELLIEHNN €ro 1amMnon CUHEro LBETa, KoTopas UCMOomb3yeTcs B MEAULMHCKON
npakTuke. NeHepauns BO30OHOBMSETCS B Criydae ocyLlecTBrneHnst 6roKMpoBKN
TOPCUOHHOTO MO CUHEN flaMnbl C MOMOLLbIO COOTBETCTBYHIOLLNX CPEACTB.

Cxema B3anmMogencTBnsa TOPCUOHHOIO MOMSA CUHEN JflaMnbl CO CMUHOBLIM MAaATHUKOM
antoMMHMEBOIO ANCKa nNpeacTaBnseT ocobbli MHTEPEC, XOTA O4EBMAHO, YTO 3TO
B3aMMOLENCTBNE TOPCUOHHOE.

B nanbHenwem paccMOTpUM sIBIIEHNE HESTOKaNbHOCTU (CBA3AaHHOCTN, 3anyTaHHOCTN),
oBHapyXeHHoe B 9KCNepUMEHTaX C KONbLEBbIM MAarHMTOM, pasgeneHHOM Ha Be
4YacTn, U BbILLEYNOMSAHYTbIM antoMUHUEBBLIM ANUCKOM.

OpHako Tskeno npeacTaBUTb BOSHUKHOBEHWE COCTOSIHUSA 3anyTaHHOCTU Mexay
3NEKTPUYECKON NTaMNOYKON CUHErO LBETa U KYCKOM antoMUHUS, Haxogswemcs B
COCTOSIHMM CMUHOBOM XunakocTu. Kak yteepaatoT B [4], — BECb MUP CBSA3bLIBAKOT B
eMHOEe Lernioe akTUBHbIE CBOMCTBA BPEMEHN — €0 TeY4EeHUE 1 NNOTHOCTb — U

OHM MOTYT OCYLLECTBNATb BO3AENCTBME HA ABMEHUS, MEXAY KOTOPbIMU HET NPAMbIX
MaTtepuanbHbIX CBA3EN.

Ho aTo yxxe apyroe HanpasneHue nccnegoBaHum.

N coBceM dbaHTacTUYECKUM KaXeTcs (pakT npekpalleHme reHepauumm TI1 guckom, ecnum
caM OUCK COBMECTUTb C ero dootorpadmen. AcHo , YTO U 3TO B3aMMOOENCTBUE
TOPCUOHHOE.

Ha puc.71 npegctaeneHn npubop dopnocT-1, reHepupyowmin npasoe oopmMmoBoe
TOpCUOHHOE none. [pu ocBeLeHnn ero Namnon CUHEro LBeTa NpoucxoauT NHBEPCUS
n3nyyeHus, 1. e. npnbop reHepupyet nesoe TI1. [Npu Gonee aetanbHOM UccnegoBaHUN
3TOro ABMEHNs MeToaoM Bronokaunmn BbISCHUNOCH, YTO B LIBETOBOM CMEKTPEe
n3nyyYyeHns npubopa OTCYyTCTBYET CUHWUI LBET - LBET HOKOBOM M BEPXHEW HAKIEEK.
XapakTepHo, 4to npnbop GEODD (puc.72), senswowmncsa aHanorom dopnoct-1 u
narotosngaembln "Spinor International”, Kues, no 3akasy ogHown n3 opaHuy3ckux pmpm,
He MMeEeT CMHUX LIBETOB B CBOEM COCTaBe.

Peakumen GEODD Ha ocBelleHMe ero CMHUM CBETOM SIBIISIETCA NpeKpalieHmne
reHepaumn, T. e. peakuna GEODD nogobHa peakumnn antoMMHUEBOTO OMCKa,
Haxo4sLWerocs B COCTOSIHAM CNMHOBOW Xnakoctn. OnncaHHble seneHnsa byayT
npaBuIIbHOro BbIbOpa LBETOBOM raMMbl MPUOOPOB TOPCUOHHON TEXHUKN.
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Ho cnekTp npyMeHeHnsa aTux ABNeHun ropasao wupe.

Puc.71 Puc.72

C.MN.[opoHuH B nonynsapHoun kHure "KBaHToBas marnsa” [2] ynomunHaet Teoputo TI1 n
yTBEPXKAAET, "4TO MHOIME NOHATUSA U3 TEOPUN TOPCUOHHOIO NOJISt MOTYyT BbIThb
Bblpa)XeHbl B TEPMUHAX TeopumM 3anyTaHHbIX COCTOSIHUA. Hanpumep, To, 4TO B Teopumn
I.lWLnnoea [3] Ha3biBaeTcA «nepBUYHbIM TOPCMOHHBIM NOSIEM», B KBAHTOBOW TEOPUU
UMEHYETCS «4YUCTbIM 3anyTaHHbIM COCTOSSHUEM», YTO, B OTIMYME OT NepBOro TepMuHa,
ABNseTcs O6LENPUHATLIM B HAy4YHOW cpefe, NO3TOMY He BbI3bIBAET SINLLIHUX BOMPOCOB
y ONMNOHEeHTOB. Kak 1 y nepBNYHOrO TOPCMOHHOIO MOSIS, B YUCTOM 3arnyTaHHOM
COCTOSIHMM COCTaBnsLWmMe NoACUCTEMbI HE B3aUMOOENCTBYIOT Mexay cobon B
NPUBLIYHOM MOHMMaHUN. Mexay HUMU eCTb TOSTbKO KBAHTOBbIE HeSTOKasbHble
Koppensumn, Korga B Kaxgon YacTu cuctembl (MogcmucTteMe) CoOaepKUTCA MHGopMaLms
00 ocTanbHbIX, U BCE OHU BeayT cebsi cornacoBaHHO: U3BMEHEHNE OQHON MIHOBEHHO
CKasblBaeTCs Ha Opyrux..

PaccmoTpum siBrieHne HenokanbHOCTU (CBA3aHHOCTU, 3anyTaHHOCTN), OBHapy>XeHHoe B
3KCnepumMeHTax € KonbLeBbIM MarHMTOM, pa3feneHHoOM Ha ABe YacTu, T.e. U3
KONbLUEBOro MarHuTa nytem pasgerneHus nonyynnv gse nogcuctemMsl, paHee
B3anMogencTByowmne. B paccmatpnBaemMom criydyae BrosiHe TIOrMYHO NPUMEHUTb
TepPMUVH "3anyTaHHOCTL", T.K. PaHee MarHuT 6bin1 e4MHbIM LenbiM, a Nocne pasaeneHns
NONOBUHKM (NOACUCTEMbI) OCTANIMCb B COCTOSAHUN 3anyTaHHOCTW.

Ecnn nonosuHKM pasgeneHHoro marHmMta pacrnonoXuTb Ha HEKOTOPOM PacCTOAHUN
ApYyr OT Apyra, TO Mexay HAMU BO3HUKAKOT HUTU (CUNOBLIE FIMHWUM) MarHUTHOIO MOss,
3aBUCSLLME OT B3aMMHOIO pacrnofioXXeHUs NosIOBUMHOK MarHuTa.

Ecnn nonoBmHKM MarHmMTa pacnonoXxeHbl Takum o6pasoMm , Kak Ha puc.73, T. e.
ceBepHbIMM MontocamMm BBEPX, TO MeXAY NOSIOBMHKAMMU MarHMToB 1 3a UX npegenamu
TI1 oTcyTcTBYET.
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Pnc.74

B nonoxeHuun (puc.74), koraa ogHa 13 NosIOBUHOK MarHuMTa pasmMeLleHa cBepxy
antMVHMEBOro Aucka, reHepauna Tl antoMUHUEBLIM ANCKOM MpeKpaLlaeTcs.

Pnc.75
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AHanorn4Hasa kaptTMHa HabnogaeTcs, Korga NosIOBUHKN MarHuTa pacronoXeHbl
OXKHBIMM MOSIoCamMu BBEPX: NOSTOBUHKaMM MarHUToB M 3a ux npegenamu TT1
OTCYTCTBYET (puc.74).

Puc.76

Mpy HaxoXaeHnM ogHON 13 NOMOBMHOK MarHuTa (puc.76) ceepxy antoMUHUEBOTO
Aavcka,

reHepaumst TOPCMOHHOMO NONs antoMUHUEBBLIM ANCKOM TaKXe OTCYTCTBYET.
Ecnun pacnonoxuTtb NONOBUHKM MarHUTa Tak, Kak Noka3aHo Ha puc.77, TO Mexay
nonoBMHKamMu marHMToB obpasyetcs npasoe Tl SR, 3a npeaenammn NONOBMHOK —
nesoe Tl SL.

Pmc.7

[Mpn HaxoXaeHn ogHOM N3 NOSTIOBMHOK MarHuTta (puc.78) Ha NoBEPXHOCTH
antoMMHNEBOTO AMCKa, NMPUYEM HOXHbBIA MarHUTHbIN NOSIIOC MarHUTa KacaeTtcs
HernocpeaCcTBEHHO NOBEPXHOCTM antoMUHMEBOIO AMCKa 1 reHepupyeT nesoe TI1, 10
OMCK B TAKOM Cryyae Takke NOCTOSIHHO reHepupyeT nesoe TI1 B TedeHne BpemMeHu
HaXOXAEHNS HAa HEM MOMOBUHKN MarHuTa.
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Pnc.78

Ecnun pacnonoxuTb NONOBUHKM MarHUTa Tak, Kak NoKa3aHo Ha puc.79, To Mexay
nonoBMHKamn MarHMToB obpasyetcs nesoe Tl SL, 3a npegenamm nNosiOBUHOK —
npasoe Tl SR.

Pnc.79

Mpn HaxoXxgeHunm ogHOM U3 MNONOBMHOK MarHuta (puc.80) Ha nOBEPXHOCTU
antOMUHUEBOrO AucKa, MPUYEM CEBEPHbI MarHUTHLIA MOSIKOC MarHUTa Kacaetcs
HenocpeaCcTBEHHO NOBEPXHOCTU antoMUHUMEBOrO AMCKa U reHepupyet npasoe TI1,
TO OMCK B TakOM cCriydae TaKke MOCTOSIHHO reHepupyeT npasoe TI1 B TeveHue
BPEMEHN HaXOXOEHUS Ha HEM MOSTOBMHKU MarHuTa.

OKCnepuMeHTanbHO YCTaHOBIEHO, 4TO reHepauus Tl npekpawaercs, ecnu
NOMNOXWUTb Uenbli MarHUT Ha anioMuHuMeBbIn Auck. [locne Toro, Kak MarHut
ybupatot, reHepaumsa TI1 Bo3oGHoBnsetcda. OgHako, ecnv Kpyrhbld  MarHuT
NOCTaBUTb Ha antoMUHUEBLIN OUCK BEPTUKAITbHO, reHepauuns He npekpallaeTcs.
Mbl cTONKHYNMCb C  duamyecknmm adppekTamu, KOTOpble He YyaaeTcs Mnoka
00BbACHUTL B pamMKax WM3BECTHbIX HaydHbIX KoHuenumin. OBHapyXeHbl HEKoTopble
YCTONYMBO (PUKCUPYEMbIE SBIEHUSA

B cootBeTcTBMN C OUTOHHOW MoAeEnNbk (puandeckoro Bakyyma no AKMMOBY, Yy
(PUTOHHBIX 3NIEMEHTOB MMEETCHA ABa MeTacTabuibHbIX CAMHOBBLIX COCTOSHUA Sr U
Sl. lNockonbKy cnMHOBasa Nonspusaumnsa coxpaHsieTca B MmetactabusibHoM
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Pnc.80

COCTOSIHMN,  3PPeKkTbl  NEPEKSIIOYEHNS  reHepaumMm  TOPCUOHHBIX — MOSIEN
antoMMHNEBBIM ANCKOM C JIEBOr0 TOPCUOHHOIO MOMSA Ha NpaBoe Unu
npekpaweHne reHepaumm npoUCXoanno ¢ HEKOTOPOKW 3adep KKor, 0BYyCroBNEHHON
aHTOMHbIMKN adpdpekTamn. [pyrummn cnosamu, CrMH-TOPCUOHHOE BO3MYLLEHUE
NPOCTPAHCTBA MOXET COXPaHATbCHA €lle HEeKOTOpoe BpeMs Mnocne Toro, Kak
npekpaTun cBoe OeNUCTBUE UCTOYHUK, BbI3BaBLUMA €ro MNosiBIIEHNE, a CrvH - 4O TeX
nop, Noka He NPoOU3OKAET ero guccmnauunsa nog AencTtBnemM Apyrmx UCTOYHUKOB
TOPCUOHHbIX MONeWn.
Y aBTOpa He ObiNo BO3MOXHOCTM U3MEPUTL Kakne-HMbyab napamMeTpbl MarHUTHOO
nonsi, BO3HMKLLIEro TMocrne pasHeceHUd TMOSIOBMHOK MarHuTa Ha HeKoTopoe
pacCTosiHME, HO MO BO3HUKHOBEHUID TOPCMOHHOIO MOMAs MOXHO MPUATU K
3aKIMIOYEHNIO, YTO TaKoe sIBfIEHNe UMeET MeCTO.
dapagen He 6bin MaTtemMaTUKOM, OH MNPEACTaBNASl ANEKTPUYECKOE U MarHUTHOE
nonsl, Kak pacxoadwmnecss BO BCE CTOPOHbI cunoBble NMHUK. CunoBble SIMHAKN MO
dapageto, — 3T0 HarNsQHOE OoToOpaXKeHMe pearibHbIX MPOLECCOB, MPONUCXOOALMX B
NPOCTpPaHCTBE.
" ®apagen CBOMM MbICIIEHHLIM OKOM BUAES CUMNOBbIE NIMHUK, MPOHU3bIBAKOLWME BCE
NPOCTPaHCTBO. TaM rae MaremaTuku BUAENW LEHTPbl  HanpsKeHUa  Cun
panbHogencTteuns, ®apagen Buaen MNPOMEXYTOYHbIM areHT. [Oe OHM He Buaenu
HUYEro, KpOME PpacCTOsiHWUA, YAOOBNETBOPAACHL TEM, YTO Haxoounu  3akoH
pacnpegeneHna cun, OENCTBYOLLME Ha anekTpuyeckne dpniongbl, Papagen nckan
CYLWHOCTb pearibHbIX ABMEHUN, NpoTekarLwmnx B cpege”
[MpoBedEeHHbIE  3KCMEPUMEHTbI  (PaKTUYECKM  MOATBEPXKOAT  BO3MOXHOCTb
ynpaBneHnsi CNUHOBbLIM COCTOSHMEM OfEKTPOHOB YMNOMSIHYTOrO artoMUHUEBOIO
Ancka C MNOMOLLBbIO MCKYCCTBEHHbIX MarHMTOB, T. €. MMEETCSs BO3MOXHOCTb
reHepaumn Tl BbIOpaHHOM nonsipu3aumm matepuanammn (BewecTBammn), KOTOPbIM
npucyLlee siBfieHne CrMHOBOIO MasiTHMKA.
Ho okasanocb, YTO antOMUHUEBLIM OUCK pearnpyeT Ha MarHuTHoe none 3emnu. B
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cny4ae, ecnn camMm OUCK NOCTaBUTb BEPTUKallbHO, TO reHepauna ncHesaer.
PaCCMOTpVIM 3TO sBMeHne Oonee getanbHo. [loctoMHCcTBOM CnuHa ANEeKTpoHa
ABNAETCA TO, YTO OH pearmpyet Oo4eHb 6bICTpO Ha Marble MarHuTHble MNomnd. T. e.
MarHMTHoOe rnorne 3eMnu Takke BNusieT Ha peXunm reHepauunm anmcka.

N3BecTHO, 4TO 3eMHou wap sABnAeTcd ecrteCTtBeHHbIM MNOCTOAHHbIM MAarHMTOM
(pVIC.g), BOKPYlr KOTOpPOro cywectByeT MarHUTHoe Triorsie. MarHuTHblEe CuUIoBblE
JINHWA TEOMAarHMTHOro nomnAa BbIXOOAT W3 HXHOMO MArHATHOroO nosrnwca w“
3aKaH4yMBarwdTCA B CeBepHOM, MNnpm 3TOM MaArHMUTHblE TMONcCa He coBnagakT C
reoge3nyecknmMmm nonrocamn.

Puc.81

Toukn 3emnun, B KOTOPbIX HANPSPKEHHOCTb MarHUTHOIO MO UMEET BEPTUKANbHOE
HanpaBrieHne, Ha3blBalOT MarHUTHLIMW NONCcCaMn. Takux Tovek Ha 3emre aBe:
CEBEPHbIN MarHUTHbIN NOSOC U KOXXHbIA MarHUTHbLIA NOSIHOC.

XapakTepuUCTUKOM MarHUTHOro nonsi 3emnu, Kak U BCSKOFO MarHMTHOro noss,
CNYXWUT ero HanpsxeHHocmb F vnn ee coctasnsowme. [Ina pasnoxeHns BekTopa
F Ha cocTaBnsowme 06bIMHO MPUHUMAIOT MPSIMOYTOSIbHYO CUCTEMY KOOpAMHAT, B
KOTOPOW OCb X OPUEHTUPYIOT MO HarnpasIieHUIo reorpadpuyeckoro mepuanaHa, y -
Nno HanpasneHuo napannenu, NPy 3TOM MNONOXUTENbHBbIM CYMTAETCS HanpasrieHne
OCU X K CeBepy, a ocn y - K BocToky. Ocb z B TakoM cnyyae OyaoeT HanpasreHa
CBEpPXY BHM3 K LeHTpY 3emnu. iIMeHHO B3anmopencTame CnmHoB

9NEeKTPOHOB artoMUHUEBOIO AUCKa C COCTaBIISOLWEN MarHUTHOrO nonsa 3emsu,
HanpaBfiEHHON K LEHTpPYy 3eMnu U reHepupyowen TOPCUOHHOE nofne, NpuBOaUT,
NpeanonoXuTesNbHO, K NpeKkpalleHnto reHepaumn TOPCUOHHbLIX Mofen AUCKOM.
dusnyeckas npmpoaa 3Toro ABAEHUS NOANEXUT TLATENbHOMY N3YYEHUIO.

B uenom cuctemam, B KOTOpbIX HabrnogaeTcs KBaAHTOBOE MNOBEAEHWE CrUHOB,
obecneyveH BOMbLION NHTEPEC CO CTOPOHbI YYEHbBIX Y AKCNEPUMEHTATOPOB.
Heckornbko neT Hasag Ha aBaHCLUeHy Bbilfia HOBad TEXHOSOrus, nonydmnsLlas
Ha3BaHWe "CNMHTPOHMKA" (spintronics — oT spin transport electronics nnu spin-
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based electronics).

CnuHTpOHMKa npeanonaraet uccrnegoBaHMe akTUBHOMO KOHTPOMS M MaHUMNYISILNIO
cteneHamu cBoboabl CnNMHOB B cuctemax Teepabix Ten. OCHOBHOE BHUMaHWe
yoensoT puandeckum NpuHUMnam, nexawmm B OCHOBE MNonisipusauum BpalleHus,
ANHAMUKN BpaLLEeHUs, 1 Ap., MEXaHN3Mbl AeKOorepeHUum B MeTannax.

BbiBoabi:

1.06HapyXeHO CyLLeCcTBOBaHNE MaTepmarnos, B KOTOPbIX KonebaHnsa cnMHoBOwW
nonspu3aunmn BO3HMKaT CaMONPON3BOSIbHO M NOAL4EPKUBAKOTCS MOCTOSIHHO.

2. Npw pasgeneHns NOCTOAHHOIO MarHuTa Kaxkgasi U3 ero Yacten CTaHoOBUTCS
MartepuanbHon cuctemon, obnagarowen cobCTBEHHbIM CMIMHOBBLIM (TOPCUOHHBIM)
nosiem.

3.Mexay crnMHOBbIMK CUCTEMaMM NOSTOBMHOK MarHMTOB peanuayeTcs 3anyTaHHoe
coctosiHne (entangled state), B ocHOBe KOTOpPOro nexut 3PEPEKT KBAHTOBOW
HEenoKanbHOCTU.

4. Tlpn B3aMMOOLENCTBUM MNOMOBUHKM MarHuta C aniOMUHUEBBIM  OUCKOM,
HaxXoAALWMMCS B COCTOSAHUN CMIMHOBOW XXWOKOCTU, U NPU 3TOM B3aMOLENCTBYOLLAN
NOSIOBUHKA MarHMTa HaxoauTcs B 3arnyTaHHOM COCTOSHMM C APYron NMOSOBUHKOW,
antoMUHUEBBIN OUCK reHepupyeT TOMbKO MpaBoe WU TOMbKO JIEBOE TOPCUOHHOE
nosie B 3aBMCMMOCTM OT MOJSIOKEHUS MAarHUTHOrO MOMKCa MNOMIOBUHKM MarHuTa,
KOoTopasi conpukacaeTcsi C MOBEPXHOCTbIO AMCKa.

5.Npn coBmeweHnn oTtorpacpum anMMHUEBOrO AUCKa C CaMUM  OUCKOM
npekpawaeTcss reHepauusi TOPCUMOHHOrO Mofst , YTO T[OBOPUT O Hannumm
3anyTaHHOro COCToSHMA Mexay dotorpadmen n cammm QUCKOM.

6.06HapyxeHO B3aMMoOOencTBMe [OucKa, HaxOAdALerocsi B COCTOSIHAW CMUHOBOW
XWOKOCTU, C MarHUTHbIM nonem 3emnn. [Iuck B BEPTUKANbHOM COCTOSIHAWN BbIXOAUT
N3 pexxmma CrHOBOW XXNOKOCTH.

7. NogTteepxaeHa BO3SMOXHOCTb YrpaBreHnst CMHOBBLIM COCTOAHUEM J3I1EKTPOHOB
YNOMSIHYTOrO antoMUHUEBOIO AMUCKa C MOMOLLbK MCKYCCTBEHHbLIX MarHUTOB, T. €.
MMEETCHA BO3MOXHOCTb FeHepaumn TOPCUOHHBLIX Monen BbibpaHHOM nonspuMsaunu
MaTtepuanamm (BeLlectsamm), KOTOPbIM NpuUcCyLLee SABfeHNe CIMHOBOIO MasiTHUKa.
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4. J1. A. bakanenHukos, B. C. bapaHos, M. I. Bacunees, M. b. BUHHUYEHKO,
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A. 3. Xpycrtanés, J1. C. lUnxo6anos. NccnegoBaHne ANCTaHUMOHHOMO BANAHUS
dPN3NYECKNX MPOLIECCOB HA COCTOAHNE OKPYXXaroLLMX Ter.

HacTosawas pabota npeacraenseTr cobon ot4eT 06 nccnegosaHum, NpoBe4eHHOM B
1992 r. B HAN dmsmkn CaHkT-INeTepbyprckoro rocyaapCTBEHHOIO yHMBEpCUTETA.
OtyeT cocTtaBneH B KoHUe 1992 1. n paHee He nybnukosarncs. Npu nogrotoBke
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onybnukoBaHmto (B 2010 r) B OTYeT BHeCEHbl JMWb HECYLWECTBEHHbIE
pefakunoHHbIE UCnpasneHns

TOpCVIOHHbIe nonsa MmarHnuToB.

[lanee paccmMoTpuUM TOPCUMOHHbLIE MOt MarHNUTOB.
JTtobor MOCTOSAHHBLIN MarHUT, NMOMMMO MarHuTHoro nonsi, obnagaer TI. Ha pwuc. 82
npeacraBneHa gnarpaMmma HanpasrneHHOCTM KOMNeKTUBHOro TI NOCTOAHHOrO MarHuTa no
CPaBHEHMIO C €ro MarHuMTHbiM nonem. [lpy HamarHmyMBaHUM eppomMarHeTunka
OCYLLECTBMAT yNnopsgodeHne npoCTPaHCTBEHHOW OPUEHTaLMM MOMEKYNSAPHbIX TOKOB,
KOTOpble CO30alT MNepBUYHbIE MarHUTHble MNOoMs, YTO, BedeT K YNopsgoOYeHu W
KNacCUYECKMX CMMHOB, MOPOXOAEMbIX OBWXKEHMEM  3NEKTPOHOB B  KOSbLEBbIX
MOJEKYNAPHbIX MarHuTax.

[encrtBmutenbHo, COBCTBEHHOE BpaALLEHWE 3MEKTPOHOB BHYTPM HaMarHMYeHHOro
deppomarHeTnka NnopoxxgaeT CyMmMapHOe MarHUTHOE U TOPCUOHHOE Mosie MarHuTa.
Kpome TOro, nosiBUncs HoBbIW B3rMNs4 Ha MarHETU3M, KOTOPbIM XOPOLIO cornacyeTcs C

Teopven Tr1. Cmapsil u Ho8bIl 8327190 Ha ~ Ma2Hemu3m.
i
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MPABOE NEBOE
TOPCUOH-HOE TOPCUOH-HOE
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PABOE ropGronmos

TOPCHOH-HOS adapted from Nachalov & Sokolov fone

none

PucyHok 82 u3z kHueu lNern ®eHnkc [Oabpo - OneraHTHOe obGpeTeHue cunbl. OBOMKOLMSA
co3HaHusa ( www.auracom.com/~dpl)...
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B cTapon nHTepnpeTaumMm marHWTHble CUIOBbIE€ NIMHUK BbIXOAST M3 KOXHOro 1 BXoasT B
CeBepHbI nontoc,c, unu, HaobopoT, usa CesepHoro B KOXHbIM Nontoc - Npu ansTepHaTUBHOM
paccMOTPeHuH.

[asuc n Poync paspaboTtanu HOBbIA B3rNsg Ha MarHETU3M. Buxpu TOPCMOHHOTO
nonsa OBUXyTcsa B 0b6ouMX HanpasneHusx ofgHOBpMeHHo. [lo onpegenexHuio [asuca u
Poynca, “kabenu cun” BblpaxatoT AyanbHOCTb — KaXAbl BpaLLAETCs B MPOTUBOMNONOXHOM
HanpasneHuu, Nokngas OAWH MOMC U nyTewecTtBya K gpyromy. Obpasyetrca wabnoH
(naTTepH) B BMAe netnu BocbMepku. Ha pucyHke m3 kHurm MNern ®enunke [Jabpo nokasaHa
dopMa TOPCUMOHHOrO MOt NOCTOSIHHOrO MarHuTa .OTMEeTUM, YTO CyLLEeCTBYHOT npaBoe u
neBoe TOPCUOHHbIE MOMs (CEeBEpPHbI MNOMC  MarHuta AeMOHCTpupyet npasoe
TOpcuoHHoe norne). Kaxabin comsmyecknin obbekT obnagaetr cobCTBEHHBIM TOPCUOHHBLIM
nonem, KOTopoe MOXeT OblTb pe3ynbTaToM B3anmogencTBus (OOPMOBOrO COBCTBEHHOrO
TOPCUOHHOMO MNOSI C  MOTOKOM TOPCUOHHOrO nons 3emnu).  bnarogaps atomy dakTy,
TOPCMOHHOE Tofie MOCTOSHHOTO MarHuTa CcrnocobHo  B3ammogenctsoBaTb C nobon
cybcTaHumnen, gaxe ¢ TOM, KOTopasi He HaMarHMYnBaemasi Unn ABNAETCA AuaMarHMTHON.

1
camrareTCloc ity e "r clercRneise synier

N - {
L

Hanpumep, MarHuT MOXeT BNUATbL Ha CBOWCTBA BoAbl. Boga — duamagHemuk, TO eCTb He
MOXeT HamarHudmsatbes. OgHako, cmpykmypa Bofbl OyaeT pearnpoBaTb Ha TOPCUOHHOE
none marHuta. KoHe4Ho, ntoboe MarHMTHOe nomne CBs3aHO C TOPCUMOHHbIM. ELle ogHo
npegcrasneHne Nongd CTePXXHEBOro MarHUTa 4aHo HUxe.B ueHTpe CTep)XHeBOro MarHuTta
cylwiecTByeT obnacTtb HyneBoro MarHeTnama, HasblBaemas cteHon bnoxa. B aton 3oHe
NpPoONCXoanT U3MEHEHNE CMHOBOM nonsipmsauun Ha 180° obpasyetca natTepH (wabrnoH)
BOCbMMOBGPA3HOM NETNM B 30HE HYNEeBOro MarHeTnama. VIHTepecHo, Y4To ABMeHne CTEHbI
Bnoxa cBA3aHo ¢ HabnogeHnamMu cun aHTUrpaBMTaLnmn, NeBMTaUMn U uamMmarHMTHOCTW.

B cBoux nccneposaHusax [asuc n Poync OTKPbINM, YTO KOXKHbIA MOMOC MarHuTa
ABNAETCA  MOMOXWUTENbHOM  MOMNSAPHOCTBIO MO OTHOLIEHWIO K CEeBEepHOMY,
npeacrasnsowemy cobor oTpuLaTenbHyo NONSPHOCTL (Y HAc NPOTMBOMOMNOXHAS TOYKa
3peHus).
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CornacHo [asucy un Poyncy, TopcMOHHOE  Mnofne  CeBepHOro  nomwca  MarHuta
BpaLlaeTcsa NpoTMB YaCcoBOM CTPErKK (BreBO, ECIM CMOTPETb Ha KOHEL, CEBEPHOro nomtca
CTEPXXHEBOro MarHuta), B TO BPeMS, Kak TOPCUOHHOE Mofe HXKHOro Mnostca BpallaeTcs
MO 4acoBOW CTpernke (BNpaBoO, €Cnv CMOTPETb Ha KOHeL, KOXXHOro Mositoca CTepPXKHEBOrO
mMarHuTa). TOPCMOHHOE nomne Kaxaoro rmnorca obpasyeT KOHycoOOpasHbIii BUXPb,
ABUrasiCb BOBHE OT TOYKM KOHUA CTEPXXHEBOro MarHuTa u paclumpsisiCb, Noka [BUraeTcs
yepe3 MpPOCTPaHCTBO. BHYTpM 3TOro pacwmpsiolleroca BOBHE BUXPS HaxoauTcs
BHYTPEHHMI unn “obpaTHbin’ BUXPb — BTOPUYHOE TOPCMOHHOE Mnone. JTn gBa nonsd
AOMNONHAT APYr Apyra U CyLeCcTBYIOT BMeCTE.

CBa3b Mexay MarHUTHbIM MOMEHTOM (peppoMarHeTMka M ero MexaHU4YeCKUMm
MOMeHTOM 6blna obHapyxeHa amepukaHckum dusmkom C. bapHettom B 1909 .
PaccyxgeHus C. bapHeTTa Oblnn o4eHb NPOCTbIE. DNEKTPOH 3apsiKeH, crieaoBaTesibHo,
ero cobCTBEHHOE MexaHM4Yeckoe BpalleHne co3gaeT KPyroBor TOK. OTOT TOK nopoxaaeT
MarHWTHoe none, obpasylllee MarHUTHbIN MOMEHT  anekTpoHa. W3meHeHue
MEXaHU4eCKOro BpaLLeHUs 3NeKTpoHa LOMMKHO NPUBOAUTL K UBMEHEHUI0 ero MarHUTHOro
MoMeHTa. Ecnu B3aTb He HAMarHU4YeHHbIN beppoMarHeTuK, TO B HEM CMUHbI NEKTPOHOB
OPUEHTUPOBaHbl B MNPOCTPAHCTBE XaoTmyeckn. MexaHunyeckoe BpalleHMe Kycka
deppomMarHeTMka npUBOAUT K TOMY, YTO CMWHbI HAYMHAKT OPUEHTUPOBATLCHA BLOSb
HanpaBneHns ocu BpalweHus. B pesynbrate TakoW OpUEHTaUMM MarHUTHblIE MOMEHTDI
OTAENbHbIX 3ANEKTPOHOB CYMMUPYIOTCH, U (heppOMarHeTUK CTaHOBUTCA MarHUTOM.

OnbiTbl BapHeTTa NoO MexaHW4yeckoMy BpalleHUto EePPOMArHUTHLIX CTEPXKHEN
NOATBEPAUNIN NPaBWUMbHOCTb BbICKa3aHHbIX BbIWE PacCyXOEeHWA W nokasanu, 4YTo B
pesynbrate BpalweHus ceppomarHeTuka y Hero BO3HMKAET MarHuTHoe none. MoXHOo
npoBecTn OOpaTHbI OMbIT, @ WMEHHO, W3MEHUTb CYMMAapHbIA MarHUTHbIN MOMEHT
9MNEeKTPOHOB B (peppomarHeTuke, B pesynbrate 4ero eppoMarHeTUK HayHet
MEXaHNYEeCKN BpawaTbCs. ITOT OMbIT ycnewHo Obin npoBedeH A. QMHWTENHOM U Oe
[@aa3om B 1915 T

Masa 17. Buonornyeckoe none

TepmuH «Buonorudeckne none» B MocnegHne aABa OECATUNETUA WMHTEHCUMBHO
NCNONb3yeTCs Kak B KOMMETEHTHOW Hay4YHOW cpefde, Tak U B «OKOMOHay4yHbIX cdepax»,
CTAHOBSICb MpPX 3TOM MPUBBLIYHOM, YNoTpebnsemMbiM NoyTU Bceraa npu OObACHEHUU Tex
NI MHbIX PEHOMEHOB B3aUMOAENCTBUS.

TepmuH «Bronornyeckme none» HyXXOaeTca B COAepXaTeNnbHOW JKCMnMKaumm, Tak
Kak O4eHb 4acTO OHO OTOXAECTBIAETCA TONbKO co cnabbiMn AMI1, npucyTCTBYOWMMI NpU
XN3HEOEeATENbHOCTU TEX UMM UHbIX BMOOOBLEKTOB, YTO 3HAYUTENBHO CY)XXaeT coaepXxaHue
AAHHOIO NOHATUS.

HecoMHeHHO, B hopMMpOBaHUM €ro XapakTepuUCTUK y4acTBYIOT B npenernax ceoeun
U3N4ecKon  KOMMeTeHUMn, BCe YeTblpe [MaBHbIX  (yHOAMEHTamnbHbIX  TUna
B3anMoLEeNCTBUN.

OpHako, BeCb HaKOMMEHHbIN 3MMNUPUYECKUA OMbIT YKasblBaeT Ha TO, u4TO
Gvuononesoe B3anMMOLENCTBME MHOIOMPAHHO M €ro HEBO3MOXHO MNPeaCTaBUTb MPOCTON
CYMMOW 4eTbipex rnaBHbIX yHOAaMeHTalnbHbIX TUNOB B3auMOAEWCTBUW, HU CBECTU K
OQHOMY U3 3TUX TUMOB B3anmogenctanin. Cenyac CTaHOBUTCS SICHBIM, YTO 3TO 0CObbIN TUN
B3aMMOENCTBUA MexXay 0ObekTaMm XUBOW U HEXXMBOW NPUPOAbI.

YCTaHOBMEHO, YTO B NpoLecce NpOTEKaHNSA XMMUYECKMX peakuun obpasytotca TI,
BENUYnHa KOTOpPbIX MponopuMoHanbHa BblAENSeMOrM WUnvM  NorfnowaemMon  3TUMm
peakumMsiMn SHEPTUN U MHTEHCMBHOCTM 3TOro aHeproodbmeHa. Mpuyem obpasoBaHHblie TI1
OyOoyT MMeTb 4YEeTKO BbIpaXEHHY Mnonapusaumio B 3aBUCMMOCTU OT TUMNA XUMUYECKOW
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peakumu - 3K30TEPMUYECKYI0 UMW 3HOOTEPMUYECKYIO, APYrMMW CriOBaMu - C BblAeneHneM
unu nornoweHnem aHeprun. [lNogobHas noneBass acMMMeETpUs MNO3BONSIET cAenatb
npeanonoXeHue, YTo ecnun ToT UK MHOW 00BbEM pearnpyromnx Mexay cobom XMMUYecKnx
BELLECTB NOMECTUTb BO BHewHee TI1, TO MOXHO 3aMeTUTb U3MEHEHNEe CKOPOCTU AaHHOWM
XMMU4eckon peakumn. Ecnu HanpaBneHust nomnen coBnagyT - CKOPOCTb XMMUYECKOM
peakumn BO3pacTeT, Npu MNPOTUBOMOSIOKHOM HanpasneHnn - ymeHblwmnTca [8]. Takasq
CMOCOBHOCTb XMMUYECKMX peakumin CAy>XuTb UCTOYHMKOM TT1 no3BonseT yTBepXaaTtb, YTO
Tak HasblBaemoe 6uonone XuBbiXx OOBLEKTOB npeacTtaBnsier cobown cynepnosuuuto TI1,
MCTOYHMKaAMM KOTOPbIX CriyaT OMOXMMWYEecKkMe NpPOLEecChbl, NpoTekawwme B KheTkax
opraHuama [8].

C.A.EsctpatoB n O.lN. PesyHkoBa (Poccus, r. CankT-leTepbypr, Akagemus
HaunoHnanbHonm 6e3onacHoCTM) npegnarawT crneagywowee pabovee onpeneneHue:
buonornyeckne none - 3T0 (PyHAaMeHTanbHasi eCTeCTBEHHOHay4yHasi Metadusndeckas
KOHLenuusi, no3BOMsWAas Ha KayeCTBEHHOM W  KONMMYECTBEHHOM YPOBHSX AaTb
MogenbHble ONMCaHUA B3aUMOLEWCTBMIA OOBLEKTOB XXMBOW Npupodbl Mexay cobon mn ¢
0ObeKkTaMy HEXMBOW NpUpoAbl B TEPMUHAX KaTeropum n CTPYKTYp, 3auMCTBYEMbIX U3
annapata COBpeMEHHOM TeopeTnyeckon onsmnkmn n Guonornu.

Casenun Cassa (USA, California, Monterey Institute for the Study of Alternative
Healing Arts (MISANA) Carmel), ucxoga u3 npeactaeneHuss o6 opraHusme, Kak
camoynpasnsieMon  KMOEpHETMYECKOW, TEepMOAMHAMUYECKOW  OTKPbITOM  cUcTEME
npegnaraeT cneayloLwylo runotesy dbuonorndeckoro nons [77]:

. Buonoruyeckoe none - 3TO UEHTpanbHas cUCTeMa YMNpaBreHUs OpraHn3ma,
onepupylowlas He foKanbHO, T.e. HE Ha OCHOBE XMMWYECKUX B3aUMOOENCTBUN, W
BKMOYawLWasa dyHOaMeHTarnbHble MporpaMMbl  KU3HW:  pasBUTUSA,  nogaepxaHus
(noTpebneHne u pacnpegeneHns 3HepruM, MMMYHUTET W Np.), BOCNpoOuU3BedeHnEe WU
cMepTb. Pasym, BkntoyaroLwmun namaTe HA6Op 3MOTUBHBIX peakumii 1 MeXaHU3M M3revyeHuns
CMbICna M3 MNOTOKa BOCMPUHMMaeMon uHdopMaumm BXoAUT B cocTaB Guononsa ans
obecnevyeHns NoBeAeHYECKOro acnekta yHaaMeHTanbHbIX NPOrpamm.

. Buonorunyeckoe none opraHn3Ma pa3BUBAETCH U CTPYKTYPUPYETCHA B OHTOreHese
Ha OCHOBE reHeTUYecKoro maTepuana opraHu3ma, AOCTYMHOrO Ha Kaxaow craguu
pasBUTKS, B NepekoanpoBaHHOM hopme.

. ®dunsnyecknm HocuTenem GMoNorMYecKoro Noss JOMKHO ObiTb, MO MEHbLUEN Mepe,
O0HO HEU3BECTHOE B HacTosee BpeMs (pyHOamMeHTanbHoe husndeckoe none, Kotopoe
MOXET B3aMMOAENCTBOBATb C M3BECTHbIMU (PyHAAMEHTanNbHbIMU (PU3NYECKUMU CUNOBBIMU
nonsMu.

. He wckniodeHo, 4TO Ouonornyeckoe nmnone MOXET BAUATb Ha MYTOreHes,
obecneymBas 9BOSMOLNOHHLIN NPOLECC, HanpaseHHbIA Ha Ny4dLWyo agantauuio Buaa.

Hwke npeacraeneHa paboTa yKpanHCKOro y4eHoro kaHanaara 6monornyeckmx Hayk
O.l" MNaBpuwa.

O dwmanyeckon npupoge Ouonorumveckoro nons. TOPCUOHHAA MoAenb KIeTKWU.
(rvnoTesa). NaBpuw O. I,
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17.1 O chnsnyeckon npupoae 6Monorn4ecKkoro nons.
TopcuoHHasa moaenb KIeTku. (rmnotesa)
Naspuw O. T

Hawa ¢opmyrnuposka ocHo8HoO20 ceolicmea
buorioauyecko2o rors He rpedcmaesrsem
10 ceoemMy codepXaHuro HUKaKux aHanoauu

C U38eCMHbIMU 8 (hu3UKe ronsamu

(Xomsi, KOHEYHO, U HE NPOMuUBopPEYUM UM).
A.l". T'ypeuu.

"lMpuHyunbl aHanumu4yeckou 6uosiocuu
U meopuu K/iemoYHbIx rnoseu”.

[MepBOHavanbHbIN BapuaHT rMnoTesbl O (OU3NYEeCKOn npupoge Buonornyeckoro
nonsa Obi1 onybnukoBaH, Kak MNpunoxeHue B MoHorpadmsx [11, 12], B XypHanbHOM
BapuaHTte - [13], a Takke JONOXeH Ha koHdepeHuun "®dusmka bGuonornyecknx cucrem”
[14]. TMpepnaraemaa cTaTbs SBMASETCA OalibHEWLWMM pPasBUTUEM NpPeACcTaBleHun o
npupoge drMonorn4eckoro nosnsi.

1

BctynneHue

CoBpemeHHasi Guonorunsa napagokcasnbHbIM obpasom UrHopupyeTt
OCHOBOMOMaralLWmnin NPUHLMMN YyCTPOMUCTBA NPUPOAbl - €€ CYLLHOCTHYK LEeNnOCTHOCTb. JTO
NpvBeno K rmybokoMy KpU3ncy, Kak B camMon BMONormyeckon Hayke, Tak n B Tex obnacrsx,
KOTOpble MbITAlOTCS B CBOEW AEeATEeNbHOCTU onupatbca Ha 6Guonoruo. B 4actHocTh, B
MeguumHe. YpesmepHoe yBMeYeHWe aHanUTUYeCKUMM MeToOOoNornamMu, OCobeHHO Ha
KNEeTOMHOM U CYOKNEeTOMHOM YPOBHSIX UCCnegoBaHuW, o0OycnoBuno Ha  CerogHs
NPaKTUYECKN MOMHOEe MpeHebpexeHne WHTerpanbHbIMM MNoaxodamun. XOTS YXe OKOMo
nonytopa CTONMETUN CyLecTBYEeT MOHMMaHMEe TOro, YTO KreTka eCTb Mopdonormyeckas,
dYHKUMOHaNbHass U HacneacTBEeHHas eanHMLA XMBOro, A0 CUX nop Ans éuonornyeckon
HayKn XapaKTepHO OTCYTCTBME NPEenCTaBfEeHWN O KreTKke Kak O LerioM. TeM He MeHee,
noen XonMCTUYECKOro MWUPOBO33PEHNA B OMonorMm nonyymnu rnybokoe passButue B
paboTax MHOMMX y4yeHbix B XX Beke. K nx yncny, HECOMHEHHO, NpUHaaIexnT npodeccop
A.l. TypBny (1874-1954), BCe TBOPYECTBO KOTOPOrO MPOHWUKHYTO rMYyOOKMM MOHMMaHUEM
LENOCTHOCTM XXWU3HEHHbIX nposineHMn. Ocoboro BHUMaHMS B 3TOM  KOHTEKCTe
3acnyxuBaeT ero teopus 6uonorndeckoro nong [1]. OctaHOBUMCA Ha NPUHLMNNANBHBIX
MOMEHTaX KOHUEeNUMu KNeTo4YHbIX nonen - nosgHenwunx npegcrasneHnax A.lL 'ypBuya o
BGuonornyeckom none.

- WctouHuk nons lypBu4y cBA3bIBan C LEHTPOM KNETKUM - C S4pOM, no3gHee - C
XpoOMaTuHoM [2].

- KnetouyHoe none no [ypBuM4yy WMEET BEKTOPHbLIM, HE CUNOBOW XxapakTep. J3TO
NPOSIBNSAETCS B TOM, YTO MOSIEKYSbI, (MOMEKYNAPHbIE KOMMNIEKCHI) NPUOBpETaOT HOBYHO
opueHTaumo, AeopMmMpyoTCa UM OBUXKYTCS B MOMEe He 3a CYET 3Hepruu nons, a,
pacxogys noTeHuuaribHy 3HEepruo, KOTOPYK OHWM HaKOMUIW, y4acTByA B KIETOYHOM
meTabonuame. Monekyna, obnagaroowasa n3bbITKOM 3HEpPrun, HaxoguTcs B
BO30Y)XAEHHOM COCTOSIHUM W MoABep)KeHa Aenctsuto nons. Npu 3aToM 3HaunTenbHas
YacTb HaAKOMMEHHOW 3JHEPrUM nepexoauT B KuHeTudeckyr. Korga ata m3bbiTodHas
9Heprus n3pacxogoBaHa, U Morekyna BO3BpallaeTcsl B HEBO3OY)XOAEHHOE COCTOsIHUE,
BO3QENCTBUE HA Hee Nnons npekpaLlaeTcs.

- KnetoyHoe none, 6yaydn NopoxaeHWeM HepaBHOBECHbLIX MPOLIECCOB, AUHAMMUYHO MO
cBoeu npupoae.
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- KneTtoyHoe nomne aHn3oTponHO 1 obnagaeTt BMAOBOM CNEUUEUYHOCTLIO.

B nocnegHue rogbl uHTepec K TBopyeckomy Hacrneguo A.lL [ypBnya MNOCTOSIHHO
Bo3pacTaer. K coxaneHuto, 9STa 3aMHTEPECOBAHHOCTb Oonbller 4YacTbi HOCUT
NMOBEPXHOCTHbIM XapakTep W, 3a4acTylo, NPUBOAUT K MUCKaXeHUo uaen AnekcaHgpa
[aBpunoBMYa, NPUNUCBIBAHUIO eMy aBTOpamMu CBOUX COBCTBEHHBLIX MbIcrien. Hanpumep,
HMYEM WHBIM Henb3s OOBbACHWUTL MOSIBMIEHME UMPKYNUpYyKOLWen B nocrnegHue rogbl B
Hay4YHOM W Hay4YHO-MONYNApHOM nutepatype, Akobbl NpuvHaanexaiwen ypsudy, ngeu o
TOM, YTO KMETOYHble MONA SABMASKTCA MNOMNAMM, M3MydaeMblX KNEeTKOW (XpoMOCOMamMm)
doToHOB. B cBA3M C 3TUM, cnegyet BrionHe onpegerneHHo ckasatb, 4to A.lL [ypBud
OTHIOAb HE CBOAMN NPOsIBNIEHNE BMONOrM4ecKoro nons K MUTOreHeTU4YECKOMY U3Iy4eHUIo
[3], nccnepoBaHUo KOTOPOro MOCBATW OKOMNO TpuauaTtu net. bonee Toro, B CBOEM
ntorosom Tpyae A.l. N'ypsu4d paccmoTpen nogobHyt BO3MOXHOCTb, O4HAaKO OTBepr ee [2,
c. 164]. Xopowo 3Hasa pu3nky, 'ypBud ACHO MOHWMAr, YTO HU OAHO U3 U3BECTHbIX B TO
BpeMs (PU3MYECKUX B3aUMOLAEWNCTBUM HE COOTBETCTBYET CBOWCTBAM OTKPbLITOMO WM
B1oNorM4ecKoro nNons, n He c4YMTan BO3MOXHbIM CMEKYNMPOBAaTh Ha 3Ty TEMY.

CywecTByeT elle TEPMUHOMNOMMYECKUI acnekT, CBA3aHHbIM C TOYHbIM ynoTpebneHnem
noHatun. Jlet 15-20 Tomy Hasag J1.B. BenoycoB npennoxun He ynoTpebnsatb TepMuH
"Guonone" no OTHOLWIEHMID K NpeacTaBneHusiM, Kotopble passun [ypBud. ToMmy ecTb
MUHUMYM [Be fpuyunHbl. Bo-nepsBbix, cam AnekcaHap [aBpurioBuY MCNonb3oBan B CBOUX
paboTtax WCKMYMTENbHO MNOHATME "Guonormyeckoe none". Bo-BTOpbIX, TEPMUH
"Guonornyeckoe none" obocHoBaH y A.l. [ypBMYa YETKMMUN HAYYHBIMW ONpPEAEneHNsIMU 1
NOrM4YeCcKUMMN NOCTPOEHNAMM B OTAMYME OT pacnibiBYaToOro NoHATUS "Guonone", kotopoe
NPUMEHSIETCA K CaMbiM pasHbiM MOMAM, CYLWECTBYLWMM B XWBbIX CUCTEMaX, W
ynoTpebnsiemoro 3a4acTyto geknapaTuBHo.

Co BpemeHn pasuTtusa 'ypBudem npeactaBneHnin 0 KNeTo4HOM GMOnornyeckom nose
npowwno 6ornee nonyseka. B TeyeHne nocnegHux nonytopa OeCATUNETUN TEOPETUYECKM
COOpPMYNMPOBaHbI N IKCNEePUMEHTarnbHO NOATBEPXAEHbI NPUHLMMBI "NATOro" mnanyeckoro
B3aMMOLENCTBUA - MNONEen WHepuuun. YCTaAHOBMEHO, YTO MOMs WHepuMm CyTb nons
BpalweHnsa - TopcuoHHble nons [4, 5]. CBOWCTBa TOPCUMOHHLIX Mornen (B 4aCTHOCTWU,
HEeaHepreTU4YeCKn, BEKTOPHbINA, akCuarnbHbIA XapakTep WX NposiBNEHUs) yaAMBUTENbHbIM
obGpa3om coBnagalT CO CBOMCTBAMM KMETOYHbIX nonen, oTkpbiTbiX A.lL lNypBuuem. B
AaHHOW paboTe genaetcs nonbiTka Ha OCHOBE NpefcTaBneHnin 06 onpefensiowen ponu
TOPCMOHHbIX B3aUMOLEWCTBMI B peanu3auun Guonornyeckoro nons cgopmynmpoBaTtb
NPOCTYIO TOPCUOHHYHO MOAESb KNETKN.

2
CBoMCTBa 311€eMEHTOB KNETOYHOM CTPYKTYpbI
M TOPCUOHHbIE NOnSi.
1 XpomamuH.

XpomaTtunH, OCHOBY KOTOporo coctasnseT xpomocomHasa AHK, BsanmogencrsyroLas
C MHoroyucneHHoiMn Genkamu, a Takke PHK, o6bnagaetr 4eTkO BblpaXXeHHbIM
nepuoguyeckum puUTMoM. 3akOHOMeEpHas MepUOAMYHOCTbL  MPUPOAHOro  npolecca
cBMOeTenbCcTByeT O TOM, YTO OH npeactaBnser cobon  LEnoCTHOe  dABreHue.
[dencteutensHo, puTM npeobpasoBaHMii XpoMaTuMHa Ha crefylowemM OpraHM3auMoHHOM
ypOBHe 00ycnaBnvBaeT KNETOYHbIN LMK OT AeNeHUsa 40 AeneHns Ana Aenswmnxcs KneTok
n 6onee cneumannanpoBaHHble LMKNbI ANS AndgepeHUMpOBaHHbIX KIETOK, KOTopble He
aenatcs.

[na Hac KpanHe BaXXHbl MNPUHLMMbI MOMEKYNSPHOW OpraHus3auumM XxpomartuHa.
Xopouwo nssectHo, 4to [IHK obpasyeT cnvpanbHble CTPYKTYPbI.

Benkn B xpomaTtuHe dakTnyeckn "ynpasnawT" opraHusaunen MOornekynapHoro
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KoMnnekca, obecneumBas ero AvHamuky. lockonbKy cnupanbHasi CTpyKTypa siBnsieTcs
KNOYEeBbIM 3NIEMEHTOM B MOCTPOEHUN XpOMaTUHA Ha BCEX YPOBHSAX €ro opraHusauuu,
9MeMeHTbl  BpallaTenbHOro  ABWMXKEHMst obsi3aTenbHO  MNPUCYTCTBYOT B NOObIX
ANHaMn4ecknx npeobpasoBaHNAX XpomatvHa. A Takve npeobpas3oBaHUs MNOCTOAHHO
NPOMCXOQAT Ha MPOTSKEHUN BCErO KMNETOYHOro LMKNa - 3T0 U pensinkaums XpOMOCOMHOWN
OHK, n TpaHcKpunumsi reHoB, N eCTECTBEHHO KapAuHalbHble NepecTpornkM XPOMOCOM BO
BpeEMS MUTO3a.

OoHnMm 13 BaXHbIX CneacTeBMi Teopun usndeckoro Bakyyma [4] siBnseTcs
yTBEpXaeHne 0 TOM, YTo foboe Teno nonapusyeTt BakyyM WU, Takum obpasom, co3gaet B
NPOCTPaHCTBE  ONpPeAeneHHy MOoNfeByld  CTPYKTypy, obnagawolyd  TOPCUOHHOW
cocTtaBnsawowen. MHbiIMn cnoBamu, BCAKOE Teno, KpoMe NpoYnx Mornen, co3gaeT BOKPYr
cebsi TopcnoHHOe none. EcTecTBEHHO, MOMEKynbl U CyOMonekynsipHble 0Opa3oBaHUs He
ABNAOTCS B 3TOM CMbICIE€ UCKIIOYEHNEM.

Ecnn monekyna unn cybmonekynspHoe obpasoBaHne obnagaer CBOWCTBOM
COBepLUaTb XapaKTepHble BpalwlaTerbHble OBWKEHUSA, TO BMOSIHE BEPOATHO OHa SIBNSETCS
NCTOYHUKOM OUHAMUYECKMX MOMEKYNAPHbIX TOPCUMOHHbLIX nonen. [Ons Hac BaxHO, 4TO
Kaxkgas XpOMOCOMa yHUKarnbHa B CTPYKTYPHOM OTHOLWEHUN. Kpome Toro, B onpeaeneHHom
obnactu npocTpaHCTBa - BHYTPU CBOEW KMNETKU - Kaxaas uHauBmAyarbHag XpomMocoma
NPaKTUYECKN €OMHCTBEHHa. JTO SBNSAETCS MNPEeAnoCbISIKOM TOro, YTO MOfs, KOTopble
co3gaeT Kaxaas XpoMOcoMa Mpu OCYLLECTBMEHMM CBOEW BpallaTeribHOW AWHaMUKMK,
BblpaXkaloT ee CBOMCTBA BO BCEW MOSHOTE N HE YCPEAHAITCS.

2. UoHHbIe KaHabl 8 MeMbpaHe si0pa U 80 8HeWHeU nia3mamu4yeckKol membpaHe.

Kak wn3BecTHO, MOHbI o06nagatoT onpeneneHHbiM CAMHOM. WOHHbIE KaHanbl
obecneymBaloT UeneHanpasneHHoe ABWXKEHME MOHOB, T.e. CIMHUPYHLMX YacTul, Yyepes
mMembpaHy. Kaxabii BMA MOHHOMO KaHana cneumduyeH, T. €. N0 HeMy nepeaBuraeTca
MOHbI NPEMMYLLECTBEHHO OOHOro BuMAa M B OOHOM HanpasrneHuu. Kpome Toro, xopoulo
M3BECTHO O BaXXHOW PONM cnuparnbHbIX CTPYKTYp GenkoBon u HebenkoBow nNpupoabl B
obpasoBaHMM TpaHCMeMBpaHHbIX KaHasoB [6].

Takum 0bpas3omM, HE MCKINKYEHO, YTO CTPYKTYpHasi OpraHM3aumsa MOHHbIX KaHaroB
MemOpaHbl MoOXeT obecneunmBatb OTOOP WMOHOB B COOTBETCTBMM C WX CMMHOBOW
opveHTaumen, a Takke cnocobcTBoBaTb MNPUOOPETEHMIO WOHOM [OOMONHUTENBHOIO
BpawaTesibHOro MOMeHTa.

Cnepyet ewe pa3 nogy4epkHyTb, YTO NPUHUMMNLI CNMPAanbHON OpraHn3aumm LMPOKO
MCNONb30BaHbl B CTPYKTYpe Buonornyecknx makpomonekyrn. NckniovmtenbsHoe Mecto OHU
3aHMMalT B MOCTPOEHMUM HYKMNEWHOBBLIX KUCIOT M OOCTAaTOMHO BaXHOE - B CTPYKType
0©enkos.

3. benkoeble MOsIeKy bl - hepMeHMbI.

Kak n3BectHO, hepMeHTbl 1 UX cyBCTpaThl, y4acTByst B BUOXMMUMYECKMX NpoLeccax,
obnagaloT CBOMCTBOM nNpuoOpeTaTb CNMHOBYK MNonNdApu3auuio U NepexoguTb B
BO30Y>XAEHHOE COCTOSIHUE.

OTO UX CBOWMCTBO LIMPOKO mucrnonbdyetcs B AP - nccnegoBaHmsx (3NeKTPOHHLIN
napamMarHuTHbIA pe3oHaHCc) B Guonormm n meguumHe.

[MpeactaBnseTca BaXHbIM MOMEHTOM, 4YTO WMMEHHO OenkoBble MONeKkynbl, Mo
MHeHuto ALl TypBuya, AaBNAOTCA 06BEKTOM AeNCTBUA BMONOrn4yecKoro nong.

MmeHHO OHK, npebbiBas B cdepe AenctBus OGUOMOrnyeckoro nons, cosgaroT

"HepaBHOBECHbIE  MOSMEKYNAPHbIE  KOHCTennAuun" -  BaXHeuwume OUHaMUYeckue
obpa3oBaHus B KNeTKe.
meHHO 6enkoBble MOneKynbl-epMeHTbI ABNAOTCS NCTOYHUKOM

MUTOIreHeTU4EeCKOro Un3rnyvyeHunda - BTOpI/I‘-IHOIZ XeMunromMmmHecueHumn - 4aBrieHnda, o0 ponun
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KOTOPOIro CKa3aHO HUXe.

4. MumoeeHemu4eckoe u3siydeHue [3] npeacTaenser cobon cBepxcrnaboe
yneTpadguonetoBoe nsnyyeHue B guanasoHe ot 190 go 330 HMm.
boino otkppito Al TypBudem B 1923 . UcknwouuTenbHasa  BaXHOCTb
MUTOFEHETUYECKOIrO M3Ny4YeHUs ON15 XKMBbIX CUCTEM Oblinia nokasaHa B MHOFOYUCIIEHHbIX
paboTtax ['ypBuya ¢ coastopamu B 20-x - 40-x rogax npownoro seka. Mimess (OTOHHYIO
npupogy, MUTOreHeTU4eckoe u3nydeHne obnagaetr TOPCMOHHOM KommnoHeHTon [4]. Ho
ABNSEeTCa HeoTbeMnemMown, gononHutensHon (no H. bopy) cocTaBnsawowen KneTo4YHOro
Nonsi, HU B KOEW Mepe, OAHAKO, He ncyepnbiBas ero NPosiBreHue.
BaXXHO NogyYepKkHyTb, YTO MUTOreHEeTUYECKOE MU3MyYEeHNe UrpaeT BaXKHYK porib, Kak
BO BHYTPUKIIETOYHbIX, TaK U B MEXKITETOYHbIX B3aMMOAENCTBUSIX.

MCTOYHMKN TOPCUOHHLIX MONMEeNn BO BHELIHeW cpede U UX B3aMMogeucTBue C
TOPCUMOHHLIMU NONIAMMU KNETKU.
OkpyxatoLime KneTkm 1 Tena HeXXmBom npupoabl.
B dopmupoBaHmm akTyanbHOro OMONOrMyeckoro nonsi AaHHOW KNEeTKM NPUHUMAKOT
y4yacTue oKpyxarlime ee Knetkn. BHeLHMe TOPCUOHHbIE BO3AENCTBUSA HA KNETKY BECbMa
OOLLIMPHBI 1 MHOrOOB6pPa3HHbI.

Cpeou Ten HeXxunBowm Npupoabl crieayeT nog4YepkHYTb POSib BOAbl M PACTBOPEHHbLIX B
Hen BewlecTB, 06pasylOMX OYEeHb MOOUITbHYKD AMHAMUYECKYHD CUCTEMY, CMNOCOBHYHO
nepegasatb MHGOPMAUMIO, XMU3HEHHO BaXHYH AN XMBbIX KneTtok. Boga, Gnarogaps
CBOMM YHMKanbHbIM CBONCTBaM, OOpa3HO Bblpa)asiCb, MOCTOSHHO OLyLlaeT AblXxaHue
BceneHHon. Ee putMbl 1 noneBble BO3AEUCTBUSA BNUSAIOT HaA BuocdepHbie npouecchl B
3HaYUTENBLHOW CTENEHU NOCPeaCcCTBOM BOAbI.

3aMeTHYO ponb WUrparT KpucTannmyeckne obpasoBaHUs, BXOASLIME B COCTaB
GuoreoueHo30B (Hanpumep, TOpHble MNopoabl) M Ten  OpraHM3MoB, W TECHO
B3aMMOOENCTBYIOLLNE C XUBbLIM.

K npumepy, pakoBMHbI MOMMIOCKOB, HEOPraHNYECKNE KpUCTann4yeckme CTpyKTypbl B
COCTaBe KOCTHOM TKaHW W T.4., BHOCAT CBOW BKNag B BMAE CTATUYECKMX TOPCUOHHbIX
nonemn.

3
Ocob6eHHOCTN cTpoeHus n cpyHkunoHnposaHusa JHK
C TOYKM 3peHus ee nNpeanoriaraéMbiX TOPCUOHHbIX CBOMUCTB.

EcTb BCe OCHOBaHWMA nonaraTb, YTO KNHOYEBYIO POflb B BO3HUKHOBEHUWN, pasBUTUN U
CYLLEeCTBOBAHUM XU3HWU WUrpaloT YHUKanNbHble W cneuyndunydeckne mosnekynsl [OHK,
BXOAsILLMEe B COCTaB XPOMOCOM (XpomaTtuHa), a Takke nnasmug u supycoB. [JHK B XunBbIx
opraHumamax, nMpakTU4ecKM Bcerga B KoMnnekce ¢ Oenkamu,  cywecTtByeT
NPEeNMYyLLECTBEHHO B (hOPMeE pasfiMyHbiM 0O6pa3oM opraHM3oBaHHbIX civpasnemn.

OtmeTnm HeKoTopble BaXKHble CBOWCTBA, npucyLumne cobCTBEHHO
cnpanam.O6bIYHO CNMHUPYIOLWMA OBBEKT co3faeT y MofCcoB BOOSMb OCUM BpalLeHus
nonspusaumio, COOTBETCTBYHOLLYHO TOPCUOHHBbIM MOMAAM  pPa3HOW  HanpaBfEHHOCTW.
CooTBeTCTBEHHO, TOPCUOHHOE Nosie, hopMUpyemMoe CO CTOPOHbI OAHOIO Mosca - NpaBoe,
a Co CTOPOHbI APYroro - neBoe (CMm. puc. 1)




Puc. 1.

Nnntoctpauunsa na pabotsl [5], nokasbiBatowas HanpaBneHHOCTb TOPCUOHHOMO MOons
o0GbeKkTa Co CNNHOM.

OueBMaeH akcumanbHbI XapakTep nons - nonsdpusaumsi  NPOUCXOAUT B
NMPOCTPAHCTBEHHBIX KOHYCaX, PAcnofioXXeHHbIX BAOMb OCY BpaLLeHUsa o0bekTa.

NHas cuTyaumsi BO3HMKAET B Cliydae CKpyYMBaHUSA-pacKpy4ymMBaHnsa cnvpanm.
Cnmpanb npu CKpyYMBaHWW, PaBHO Kak M MpU packpy4ynmBaHuu, obnagaet Ha 0b6omx KoHLax
OOMHaKOBbIM HanpaerneHnem BpaleHus. EcTecTBeHHO, TOPCMOHHOE More, reHepupyemoe
ANHaMMYecKon cnupanbto B 06e cTopoHbl, Oyaetr oguHakoBbiM (!), a HanpaBneHue
nonspusaumm npocTpaHcTea - "npaBoe-neBoe" - byaet 3aBuceTb OT TOro, CKpydYnmBaeTcs
cnvpanb Unu packpy4maetcs (puc. 2, a, 6).

™

\ Ji |.]'
\

TopCHOHHbIE MOMS, BO3HMKaOLWMe Npu packpyumBaHum cnupanu (Puc.2, a) u ee ckpyyusaHum (Puc.2.
0).

Puc.2, a - npu packpydnmBaHun npaBon cnupanu BpalleHune anemeHToB E1 un E2
OTHOCUTENBHO LeHTpanbHon obnactu cnupanu (EOQ) nonspusyeT npocTpaHCTBO B 06omx
BHELLIHMX KOHYCaxX OAMHAKOBO, COo3aBas npaBoe TOPCMOHHOE More.

Puc.2, a



Puc.2, 6

Puc.2, 6 - npu cKpyyMBaHMM npaBon cnuvpanu BpaweHue anemeHtoB E1 un E2
OTHOCUTENBHO UeHTpanbHon obnactm (EO) npoucxogut B ob6paTHOM HanpasneHuw,
HeXenu npu pacKkpyuymMBaHWW, U MNPOCTPAHCTBO B OOOMX BHELIHWMX KOHycax Tenepb
nonapuayeTtcsl, cosgaBasi IeBoe TOPCMOHHOE More.

OHK uenukom, x0T U He BCS cpasy, packpyymBaeTcs B npolecce pennunkaumnm
(yaBoeHusd). Cuntaetcd, 4To Npouecc MOIHOM cnvpanu3aumm XpoMOCOM MPOUCXOAUT Ha
Ha4anbHOM cTagMm MuTo3a - B npodhase. Kak Mbl yBuaum pganee, no-BUgMMOMY,
MOMHOCTLID  cnupanu3aumsa  (KoMnakTu3auusi) XpOMOCOM  3aBepluaeTcss K Havany
mMeTadasbl. TeM He MeHee, B KOHUe npodrasbl XpPOMOCOMbl LENALWENCA KNETKN MOXHO
Habnogatb B CBETOBOM MMUKpOCKOM. [1pM 9TOM TOPCWMOHHOE Morfe npu cnvpanusauuu
XPOMOCOM UMEET TaKyt HamnpaBfeHHOCTb, YTO BCTyNaeT B NPOTMBOPEYNE C TOPCUOHHBIM
noneMm MembpaHbl agpa. B pesynbrate K KOHUY npodpasbl S4PO KMNETKM ucyesaet, u
XpPOMOCOMbI OKasblBaloTCA B uutonnasme. 1o OkoHYyaHun mMeTadasbl XPOMOCOMbI
HaYMHAKOT PacXoaAUTbCA K Nosilocam Oensiwencss Knetkm u, cyasa no Bcemy, cpasy e
Ha4YMHaKTCA NpoLecChl Aecnupann3aunmn XpoOMocoM. XOTsl eCTb OCHOBaHUS npegnonaratb
(cMm. pasgen 5), YTO MUMEHHO HadYMHawwasca B MeTadase gecnupanusaums XpoMOCOM
ABNAETCA NPUYMHON Hayana ux ABUMXeHMUs K nontocam. B ctagmm Tenogasbl XpOMOCOMBI,
cobpaBlWMNCbL B MNOMSAPHbLIX 0BNacTsax Oenswenca KNeTkn, akTUBHO AecnupanusyloTcs,
BOCCTaHaBnMBas MpPEXHIOK OpUEHTaUMl0 TOPCMOHHOMO nons. JTO  NpuMBOAUT K
dopmupoBaHnio MemBbpaHbl HOBOrO sapa KaXkgon U3 OYEPHUX KNETOK BOKPYr KOMMNaKTHOM
obnacTtu gecnupanmsyoLlmxcsa B Ternogase XpoMOCOM.

BnonHe BepoATHO, YTO onpedeneHHble BpaliaTesibHble OBWKEHUS, CBA3aHHble C
packpy4yMBaHMEM W CKpyyMBaHWeMm cnuvpanbHblX cTpyktyp OHK npoucxogat w npwm
TPaHCKPUMNLUUKM reHoB, XOTS, MO BCEN BUAMMOCTU, OHU HE UrpatoT onpeaenstouen ponu B
PopMMPOBaHNN NOMS KIETKW.

CnepnyeTt nogyepkHyTb, YTO NPOLECC pensikaumm, Kak BIpoY4eM, N UHblE NPOLECCHI
B KIl€TKe, HOCUT CTPOro ynopsiAoyYeHHbIN M NOBTOPSAOWMIACA xapakTep. Kak nokasaHo B
paboTe [7] Ha aKcTpakTax auy Xenopus (LUNOPUEBOM NArYLIKKW) Yy 3yKapuoT cpasy Mo
3aBeplleHUn JeneHns M Havane QopmMupoBaHus agpa, npoucxoguTt obpasoBaHue
CNOXHbIX OEiKoBbIX KOMMMEKCOB, TaK Ha3blBaeMbIX, NpepensiMkaunmoHHbIX LEeHTPOB (pucC.
3).
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BI/I3yaJ'II/I38Ll,I/IFI npepenmkaumMoHHbIX LEHTPOB B 3KCTPaKTax AnL| Xenopus,

Puc. 3.dpotorpacdumn ns paborthl [7]

Mo3xe OHW NpeBpalalTCa B LEHTPbl penninkauuun, KoTopble onpeaenstoT mecta
npukpenneHns xpomocomHon [OHK B agpe knetkm uM cOBCTBEHHO OCYLLECTBNANT
pennukaumio B S-nepuoge uHTepdasbl. JIOrMYHbIM  BbIMMSAUT NPEAnoSiOKeHMe, YTO
pensiMKauMoHHbIE LEeHTpbl pacnonaralTca B A4pe 3akOHOMepHbIM obpasoM M ux
KOHCTENNAUNSA HOCUT BMAOCNEUNUYHBIN XapakTep. Tak MOXeT onpeaensTbCa BMAOBas
OCOBEHHOCTb KOH(Urypaumm reHepupyembiX TOPCUOHHBIX MOSien, WHbIMWA  CroBaMMu,
cneumpuUYHOCTb BMONOrMyecKoro Nons 4aHHOro TUNa KNeTKW, TkaHu, Buaa.

[MpepennukauMoHHble LEHTPbl - CIOXHble 6enkoBble KOMMMEKChl, KOoTopble
BO3HMKAOT MO 3aBeplieHMM MuTo3a nyteM camocbopku. [lpeBpawjarotcs B
YHKUMOHAsNbHbIE penfinKauMOHHbIE LEHTPbl nocne opmupoBaHus membpaHbl sapa. B
pabote [7] [lpepennukauMoHHbIE UEHTPbl OblNM  BU3yanu3nMpoBaHbl C MOMOLLbIO
MOHOKIOHAsbHbIX aHTUTEN C PnyopecueHTHON METKON.

[iBoMHaa cnupanb He packpydMBaeTca cpady BCA LENUKOM, a MNpPOUCXOAUT
pacnnetaHve u pennukauus onpegeneHHbix ydactkoB [OHK, HasbiBaeMbIX penniMkoHamu.
OQHOBpeEMEHHO pennukauus MOXeT WATM B HECKONbKUX  pennukoHax. CuHTes
KOMMAMMeHTapHbiX HuTen [OHK BHYTpM pennukaTtMBHOWM BWUIKM wAeT napannenbHO
aecnupanusaummn 4BOMHOW cnvpanu.

M3BecTHa CKOPOCTb ABWXEHUA pennimkatuBHon Bunku y 6aktepuin. Y E. Coli oHa
coctaensietr 800 nap ocHoBaHun B cekyHay [6, ¢.408]. CnegnoBaTenbHO, HYKNEOTUOHbIE
OCHOBaHNA pacKpy4mBatoLLENCs XPOMOCOMbI KULLEYHOM MasiovKy BpaLlaloTCs BOKPYr OCU
ABOWHOM cnupanu € MuUHUManbHou 4Yactotonm okono 80 ruy. [lpy 3TOM, NOSHOCTBLIO
pennukaumna xpomocombl E. Coli 3akaHumBaeTcs 3a 40 muH. [ns 6onbluMHCTBA KNETOK
3TOT npouecc bonee AnUTENbHbINA, OAHAKO €CTb KMETKWU, B TOM YMCIe dyKapuoTuieckme, y
KOTOPbIX pensimkaunsa NpoONCXoanT 3Ha4mMTenbHO ObicTpee.

MpuHUMNWanNbHBIM MOMEHTOM B HACTOSALWMX PACCYXXOEHUAX SBMASETCA TO, 4YTO
Ka)kgas XpOMOCOMa B KreTke W, COOTBETCTBEHHO, kaxaas mornekyna OHK, obpasyowas
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ee, YHUKanoHa 1 eguHcTBeHHa. (3a UCKMYeHneM, pasyMeeTcs, NONMNIIoMaoB, B KOTOPbIX

YMCNO XPOMOCOM KpaTHOe. JTO, 0AHaKO, 40 U3BECTHOM CTEMEHN HE BIUSIET HA XapakTep

BGuonormyeckoro nonst  MNOMAUMAOUOHOW  KINETKW, MOCKOSbKY KpaTHble  XPOMOCOMbI

N30MOpPdHbI B CTPYKTYPHOM OTHOLLEHUN, NPOCTPAHCTBEHHO HAXOAATCA B TECHOM GnM3ocTn

N cxogHbIM obpa3omM pacnonoxeHbl.) llocne yaBoeHust B S-nepuoge WHTepdasbl

CECTPUHCKME XpOoMaTuabl NPOAOIKAOT COCTaBNATb €AMHOE Lenoe BnioTb A0 OKOHYaHUSA

meTadasbl, Koraa XpOMOCOMbl Ha4YMHAKT pacxoauTbCA K Mnosftocam Oenswemncs KneTku.

OpgHako nocne TOro Kak xpoMartuabl pasgenuinncb M NPOCTPaHCTBEHHO 06ocobMnnUchL y

NPOTMBOMOMOXHbLIX MOMCOB, KINETKa y)Xe He B COCTOSIHUN COXPaHATLCA Kak eanHoe Lenoe

n B Tenodase opopmreHne OByx BHOBb BO3HUKLLMX KITETOK 3aBEpPLLAETCS.

Takum obpasom:

- [OHK, ee cTpyKTypHble anemeHTbl, 0bnagatoT (CTaTU4eCKMM) TOPCUOHHBIM NOSEM;

- Ona CTpYKTypHbIX anemeHtoB [HK xapakTepHO ynopagoyeHHOe BpallatenbHoe
ABWXEHME C onpefenieHHon 4YactoTon, obycnaenuBaemoe cnupasibHbiM MPUHLMIOM
OopraHM3aumm HyKNeMHOBOW KMUCNOTbI U peanuaylolleecs B npoueccax cnupanumsauuu-
Aecnupanusauumn XxpoMaTtuHa.

Ncxoaa na atoro, MOXHO caenatb npegnonoxeHue, 4to monekynel AHK, asnatowmecs
OCHOBOW  XpomaTtuMHa, B npouecce CBOero  (PyHKUMOHMPOBAHUS  MOpPOXAaroT
cneunuyeckne TOPCUOHHbIE MOMA, KOTOPbIE UIPatOT KMOYEBYH POSib B CyLLECTBOBAHUM
XXMBOTO.

4
TopCcUOHHaA Moaenb KNeTKW.

OcHOBbIBasiCb Ha MepevYnCrieHHbIX Bbille CBOMCTBAX XXUBOW KINETKU MOXHO
cchopmynupoBaThb ee (heHOMEHONMOrM4YeCKyro TOPCUOHHYO MoAesb.

Mopernb KneToYHbIX TOPCUMOHHbBIX B3aMMOLEWCTBUA O0SMKHA BKIHOYATb WUCTOYHUKM
BHYTPUKINETOYHbIX TOPCUOHHbLIX MOnen CcobCTBEHHO Guonornyeckor npupoabl, U
3NEeMEHTbI, YyBCTBUTENbHbIE K OENCTBUIO 3TUX MOSIEN, B HaLWeM criyvae, npexae Bcero -
GenkoBble MOMEKYIbl-OepMEHThI.

Onpegendowyo ponb B OPMUPOBAHUN TOPCUOHHOIO MONS  KMETKWU urpaet
caMocCorfiacoBaHHOE AMHaMM4Yeckoe none, co3gaBaemoe aHcambnem xpomocom (puc. 4 un
5). (Kak n3BecTHO [4, 5], TOPCMOHHbLIE MNOSISI OOMHAKOBOW OpMEHTaUUM NPUTArMBAIOTCA,
NPOTUBOIMOSIOXHON - OTTankuparTcs.) KOMMNMEeKCHble TOPCUOHHbIE MOMHA, CBSA3aHHbIE C
MembpaHoM agpa WM BHEWHeW nnasmatndeckon membpaHon, dopmupyemble
PYHKLUNOHUPYOLLMMU NOHHbIMW KaHanamu, urpatot NOAYNHEHHYHO porsib.
CamocToATeNbHOE 3Ha4YEHWE WOHHbIE KaHamnbl BHELWHEWN mnnasmaTudeckon MembpaHbl
MOryT npuobpeTtatb B 6e3bAfepHbIX KNeTkax - Hanpumep, 3penbix apuTpouuTax. Takmm
00bpa3oM, UCTOYHUKN TOPCUOHHBLIX MOSIEN B KMETKE - XPOMOCOMbI U MEMOpPaHHbIE NOHHbIE
KaHanbl, 06pa3ylT KOHLEHTPUYECKYID CUCTEMY BIIOXEHHbIX MOnewn, B cdepe OencTBus
KOTOPOW BHYTPM U BOMM3M KIETKM OKasbiBalOTCs GenkoBble MOMEKynbl - hepMeHTbl (U,
BEPOATHO, ApYyrMe MOsekyrnbl), Haxogsdwmecs B BO3OYXOEHHOM cocTosiHUWU. BenkoBble
MaKkpOMOSeKyrnbl nepexogstT B BO30YXAEHHOe cocTosiHue, npuobpetass CAMHOBYHO
nonsipM3aumio, BCreacTBME OCYLECTBASEMbIX UMM BUOXMMUYECKMX Npeobpa3oBaHUN.
[MonaB B cdepy OENCTBUA KIIETOYHOMO TOPCUMOHHONO MOMs, MOMEKymnbl nepemeLLaroTcs,
AeopMUNPYIOTCA, MEHSAIOT CBOKD OpMEHTaUMIo, pacxodys npu 3TOM U3BbITOK 3Hepruu,
NOSTYYEHHBLIN UMM U3 XUMWUYECKUX peakuun. [lpn B3anmMogencTsum C MNosieM MOMEKynbl
00pa3yloT BHYTPUKIIETOYHbIE AMHAMUYECKME CTPYKTYPbI, XapakTepHbIe NS XKUBOW KIETKU.
N3pacxogoBaB CBOK U3OLITOYHYIO QHEPrUIO U, Nepenas B HEeBO3OYXOEHHOEe COCTOsiHME,
MOSIEKYIbl BbIXOAAT M3-MN04 BINAHUSA KNETOYHOIro TOPCUOHHOIO (bronornyeckoro) nons.
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[MocKonbKy B pasHble Nepuobl KNETOYHOMO LMKNa AMHAMUKa XpoOMaTUHa pasnuyHa,
HaM HYXXHO pacCMOTPETb Kak MUMHUMYM 4YeTbipe pasHbliX nepuoga: Aecnupanuaauus
XpOMOCOM B Tenodpase mMutosa, a3y OTHOCUTENBLHOrO MOKOS XxpomaTuHa B nepuoge G1
NMHTepdasbl, cnmpanumsaumss XpoMocoM B nNpodrase MMUTO3a U XPOMOCOMHbIE NEPECTPONKN
Ha NPOTSXKEeHUM MnTOo3a (CM. pasgen 5).

1. Tlo OKOH4YaHWWM KpaTkoro nepuwoga MeTadasbl XPOMOCOMbI Ha4YMHaKT CBOE
ABWKEHME K nontocam KneTku. MNMpuuyem Heobxoammo nogyepKkHyTb, YTO 3TO MPOUCXOAUT B
He 3aBMCMMOCTM OT TOro, HabrngaeTca B KMNeTke axpoMaTMHOBOE BEPETEHO UMM OHO
oTcyTCcTBYeT. ECTb OCHOBaHMs nonaraTtb, Y4TO Hayano ABWMXEHUS XPOMOCOM K Montcam
CBSI3aHO C HayarioM packpyyuBaHus - gecnupanusaumm xpomocom. NogpobHee Ha aTOM
Mbl OCT@HOBMMCSI B CnegylollemM pasgene, a celndac OTMETUM, 4YTO pacKpyyYnmBaHue
XpPOMOCOM COMpOBOXAaeT cTaguuM aHadasbl M Ternodasbl BNOTb A0 3aBepLUEeHUs
nocnegHen. Hanbonee WMHTEHCMBHO WM MOMHO Aecnupanu3auust NPoOUCXOAUT B CTaguu
Tenodgasbl (puc. 4, a). lNpu aToM packpydmBaroLmMecss XPOMOCOMbI (hOpPMUPYIOT BONN3N
NnontocoB - 0bnacTen, rae OHNM KOMMaKTHO PacnonoXUinch K KOHUY Tenodasbl - "npasoe”
TOPCUOHHOE MNoSie, KOTOpOe BCTYyMaeT B MPOTUBOPEYME C BHYTPEHHUM "reBbiM" nonem
nnasmarmyeckon membpaHbl, 06pa3oBaHHbIM (PYHKLUNOHUPYOLWLMMU MOHHBIMW KaHanamu.
"MpaBoe" ©n "neBoe" TOPCUMOHHbIE MOMNA YpPaBHOBELUMBAKOTCA Ha onpegenieHHoM
PacCTOAHUN N B 3TUX MecTax hopMUPYOTCA MeMbpaHbl SA4ep CECTPUHCKMX KNETOK. Tak B
pesynsrate B3aMMOLEWCTBUA U YpaBHOBELUMBAHUSA TOPCUOHHBLIX MOSien peanuayeTcs
M3BECTHbIN 3aKOH, [MacsalwmMin O CyLeCTBOBaHMM ONpederieHHoOW nponopumm mexany
obbemom agpa n obwmm obbemomM gaHHOro Buaa knetku (puc. 4, 6).

2. B npodase mutosa npomcxoouT akTMBHas cnupanusauus - KOMMakTM3auums
XpomMocoMm (puc. 4, B).

B orpaHudeHHOn obnactu npocTpaHcTBa hopmMmpyeTcs "neBoe" TOPCUOHHOE More,
KOTOpOe BCTynaeT B NPOTUBOpEYME C "npaBbiM" TOPCUOHHBLIM MOSIEM BHYTPEHHEN CTOPOHBDI,
nexawen B HenocpeacTtBeHHon ©6nm3ocTn, membpaHbl sagpa. B pesynstate membpaHa
agapa paspywaetca n "pactopsetca” B untonnasme. KomnaktHble, BUOMMbIE B CBETOBOW
MUKPOCKOM,  XPOMOCOMbl ~ OKa3blBAlOTCA  NeXawumMy N0  OKOHYaHuu  npodasbl
HenocpeaCcTBEHHO B UUToNasme

Mogaenb TOPCMOHHbIX NOMNEN KNeTKN
B KOHUe Tenodasbl (Puc.4, a n Puc.4, 6) n npodasel (Puc.4, B)
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Puc. 4, a

Puc. 4,6

P Puc. 4, a.
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Puc4, B

Sl-"neBas" opmMeHTauna TOPCMOHHOIO nons; Sr - "npaeasn” opueHTaumst TOPCUOHHOIO
nons. Monekynbl epmeHTOB (6€nkun) o6pasyoT B "NeBOM" BHYTPUKIETOYHOM TOPCUOHHOM
none AuccuMnaTMBHbIE MOMEKYNspHble CTPYKTypbl ("HEpaBHOBECHbIE MOMEKYNspHbIE
KOHCTENNAUMN") C XapakTepHOM CNOCOBHOCTLIO K CaMoopraHn3aumu.

Haxogsce B BO30YXOEHHOM  COCTOSIHUM, HEPaBHOBECHbIE  MOMEKYNsAPHbIe
CTPYKTYPbl B3aMOAENCTBYIOT C TOPCUOHHbBIM MOMEM KNETKU.

Puc.4, a - packpy4mBaHMe XPOMOCOM 3aBeplUaeTCa B KOHUe Tenodasbl; Mexay
"npaBbiM" TOPCUOHHbLIM MOSIEM XPOMOCOM U "NeBbIM" TOPCUOHHbLIM MOSIEM BHYTPEHHEN
CTOPOHbI MnasMatvyeckon mMemOpaHbl Ha OMNpenerieHHOM PacCTOSIHAM BHYTPWU KIETKM
yCTaHaBNMBaeTCs paBHOBeCMEe, U B 3TOM MecTe opMupytoTcs MembpaHbl agep C
COOTBETCTBYIOLLEN OPUEHTALMEN MOHHbIX KaHAaMNoB.

Puc.4, © - 3aBepwatowmn 3tan Tenodasbl nocrne 060cobneHnss CECTPUHCKMX
KNeToK.

Puc.4, B - cnupanusauus XpoMocoM K KOHLY npodasbl 3aBepLUaeTcs; XPOMOCOMbI
BUOHbI B CBETOBOW MWKPOCKOM; "reBoe" TOPCUMOHHOE MOofe CKPYYMBaKLLMXCA XPOMOCOM
BCTyNnaeT B MpPOTUBOpPEYME C TOPCUMOHHbLIM MosieM MemMOpaHbl a4pa, MOPOXKAEHHbIM
AENCTBMEM MOHHbIX KaHanoB, 1 MeMbpaHa sapa paspyLlaeTcs; XPOMOCOMbI OKa3biBatOTCA
nexawmmn B UMTonnasme.

1. HeCOMHeHHbIN WHTepec npeacrtaBnser paccMOTpeHME BOMpoca O Xapakrtepe
KNEeTOYHOro norsi BO BpeMSI OTHOCUTENBHOMO MOKOA XPOMOCOM MOCHe TOro, Kak OHM
MOMHOCTbIO Aecnupanu3oBanucb B KOHUe Ternodasbl M ewe He BCTynunuM B
CUHTETMYeckyto pasy, T.e. B nepuoge G1 wuHTepasbl. OTOT nepuon MOXET ObiTb
CPaBHUTENbHO KOPOTOK AN  aKTMBHO AEnswuxcs KNeTok, HO OH BecbMa
NPOJOSIKUTENEH ANA KNETOK TeX TKaHeW, rae AeneHnsa NpoucxogaT peako unu soodlue
NpekpaTUInCh.

Kak yxe O6bI0 cKazaHO, B 9TOM Mepuode XpoMaTuUH npebbiBaeT B COCTOSIHUM

OTHOCUTENBHOIO MOKOS,, U nNpeobpasoBaHNA XPOMOCOM HE WMEKT TakoW YETKON

HanpaBNeHHOCTU, Kak B ABYX Npeablaylmx paccMOTpeHHbIX criydasx. ([o-sugumomy,

onpeaeneHHbIn BkNag B obLiee none KNeTkM BHOCUT nepuoanyeckast TpaHCKpUNUUsa ogHmux

N TEX Xe& KOMMSIEKCOB reHOB, HO KaK YyXe YNOMWHanocCb, 9TO, CKOpee BCEero, He BNUSET

pelwiatowmnm obpasom Ha knetodHoe none). Boobue roBopsi, npouecchl, Nponcxoasiune B

XpOMaTMHE Ha 3TOW CcTaguuM [LOMKHbl OblTb CMMMETPUYHbI: civpanu3aumsa OOrKHa

ypaBHOBELUMBATLCA Aecnupanu3aumen, ABMXEeHWEe B OOHOM HanpasfneHun - Taknum Xe

ABWKEHMEM B MPOTMBONOSIOXKHOM. OAHAKO Npu 39TOM XapakTep Mossi KNeTKU - BHELLHSS

nonesas obonoyka - "npaeasn”, 4OMKeH coxpaHaTbes. Kak aTo MoxHO cebe npeacraButb?

Bo-nepBbIx, - UCNOMb30BaTb NpeacTaBneHne o nynbcaunax B sBuae derywien BonHsbl,

YTO 4BMSIETCA [OOCTATOMHO OObIYHbIM ANA MNPUPOAHbLIX MEPUOAMYECKMX NPOLECCOB.

Berywen no noBepxHOCTU NAAHETLlI BOSIHOW NPeAcTaeT CMeHa OHS U HOYM, NyNbCUpyroLen

OT NOnCca K Nomcy BOSTHOW - CE30HHAA CMeHa Temnepartyp, BOSIHOO6pasHbIMU TOMYKamm

ABWXKETCA B pe3ynbraTte CokpalleHun cepaua KpoBb MO OpraHn3my.

Bo-BTOpbIX, - MCNOMNb30BaTb AaHHble O BHYTPEHHEN CTPYKType KIEeTOYHOro siapa,
aKkcTpanonupysa nx Ha nepmog G1 nHtepdasbl. Kak yxxe oTmedanock Bblilwe (CM. puc. 3), no

OKOH4YaHMM MUTO3a B hopmupyroLemcs aape obpasyroTcs npepeninkaunoHHbIe LEeHTPbI
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[7], kOTOpble Mocne BOCCTaHOBMEHUS MeMbOpaHbl aapa npeBpallatoTcs B MOMHOLIEHHbIEe
LEeHTPbl pennukauun. M3 aToro MOXHO caenaTtb Takue BbiBoAbl: 1) pennukaumMoHHble
LIEHTPbI, CKOpee BCEero, pacronioXeHbl Ha nepudepumn siapa, NocKorbKy CBsi3aHbl C €ro
MeMOpaHoi; 2) 3TM LEHTPbl BMNUSIOT Ha OCYLLUECTBMNEHME BpallaTerbHbIX ABUKEHUN
cnupanu OHK, nockonbky y4acTByIOT B ee pacnieTaHun-3anneTaHnm npy pennmkaumm.

Ewe oguH BaxHbI 9KCNEepUMEHTanbHO YCTaHOBMEHHbIM akT. B pabote [8]
nokasaHo (CM. puc. 5), 4TO CeCTpPUHCKME XpoMaTtuabl, €ele TEeCHO CuenseHHble B
meTadase, ABMASATCA 3epKanbHO CUMMMETPUYHBIMU APYr NO OTHOLIEHMIO K Apyry. A 3TO
CBMOETENbCTBYET O TOM, YTO OAHA M3 HMX MMEET MNpaByl Ccnupanb, Apyras - NeByto.
MHbIMM cnoBamun, Ha ypoBHE cynepcnupanin XxpomaTuH MOXeT obnagaTtb, Kak npaBou, Tak
N NTEBOW YNaKOBKOW.

B paborte [8] noka3aHo, 4YTO B MeTadha3e CECTPMHCKME XpOMaTuabl, HAXo4sLWMecs B
HernocpeACTBEeHHOM KOHTaKkTe [Jpyr C [OpyroMm, 3epKasfibHO CUMMETPUYHBLIL.  3TO
CBUAETENbCTBYET O TOM, YTO Ha YPOBHE BHELIHEW cynepcnuvpany ogHa W3 HUX
cnvpanua3oBaHa, Kak npaBasi, a gpyras - Kak nesas cnuparnb.

Metaphase Chromosome Model

- ¥
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e
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Puc. 5. MetadasHas mogenb xpomocomsl [8].

Honyctum, nynbcauun B Sape NPoOUCXOasT oT nepudepmm K LeHTpy n obpaTHo. Ha
nepucdpepun fapa, BOMM3M MemOpaHbl, pacnonioXeHbl, Kak YXe OTMevarnocs,
penIMKaUMOHHbIE  LIEHTPbl, CMOCOOHbIE OCYLLECTBNATL BpallaTesibHyl  AMHaMUKY
XpoMaTtuHa. YTto HaxoOauTCs B LEHTPE KIETOYHOrO siApa, SKCMEPUMEHTaNbHO MoKa He
YCTaHOBMIEHO, HO JOIMMYHO NPeanonoXutb, YTO TaM CrpynnupoBaHbl LIEHTPOMEPHbIE
obnactn xpoMocoMm. [ocKOsbKY XOPOLLO M3BECTHO, YTO B aHadha3e MmMTo3a XpOMOCOMBbI
ABWXKYTCS K NONKOCaM B BUAE LUNUNEK UMEHHO LIEHTPOMEPHbLIMU y4acTKkamun Bnepes Baosnb
HUTEN BEPETEHA (€CNN OHO E€CTb), KOTOPbIE CXOAATCA B NONSAPHbIX 0bnacTax.

MNoatomy ob6beauHeHne B LieHTpanbHOW obractu gapa LeHTpoOMep XPOMOCOM He
BbIMMSIANT CTOSb Y)XX HEBEPOSATHBIM.

Ha ocHoBaHMM BbllleCKa3aHHOrO MOXHO NPeACTaBUTb cebe crneayoLyo gUHaMUKy
XpomMatuHa BHyTpu sigpa B nepuoge G1 nHrepdasbl (puc. 6)

206



AnHamuka xpomarty

LeHTpoMep XpoMC
Puc6, 6 - o
cynepcrnvpanemn xj
Puc.6, B - Topcuor

BHyTpn ag
obmMeHa oOTHOCUT
cynepcnvpann3os
LEeHTPOMEPHbIMU
ABWXYTCA OT nepl
(puc. 6, a).

ABvxyLmin
nepegHeM CBOEM
HaOo yyYecTb, 4YTO
"rneBoe" TOPCUOHK
crnvparnbHasa BOJTH.
"nesoe" - nosagu.
NPOCTpPaHCTBA KI€
LueHTpe, "npasoe”
6.

Takum 06p:
NOMSIMN MOHHBIX K
TOPCUOHHOTO - B1(



B S-nepuoge wHTepdasbl npu nocpeactse pensiMkaumoOHHbIX LEeHTPOoB dapa
NpouCXoauT YABOEHME XPOMOCOM. OJTOT nNpouecc, No-BMAMMOMY, CKnaablBaeTca U3
MHOXeCTBa JlOKasbHbIX aKTOB Aecnupanu3auuuM 1 nocregyowen cnvpanusaumm yxe
yaBoeHHbIX yyacTkoB [HK (no gaHHbIM aBTOpOB paboThl [7] B aape KneTkn obpasyercsa ot
100 go 300 pennuKauMoOHHbLIX LEHTPOB). ECTECTBEHHO MPeAnonoXuUTb Hanuuve npu
pennukaumm nogobHbIX Xe nynbcaumi, 4To U B nepuoge G1 uHTepdasbl - MMMNYNbCbI
Berywmx cynepcnuparnbHbIX y4acTKOB CBA3aHbl C (PyHKUMEN pacnieTaHusi-3ansieTaHus
cnnpanen OHK.

Tonbko Tenepb NynbcauMm MNPOUCXOOAT CO 3HAYMTenbHO Oornbllen 4YacTOTOM.
[MO3TOMY MHTEHCUBHOCTbL KIETOYHOrO MOMs NPW NOArOTOBKE KIETKM K AefleHUI0 BO3pacTaeT,
a B LierioM, Xapaktep MHTepasHoro nonsa coxpaHaetcs, puc. 6, a, 6, B.

B nepnoge G2 uHTepdasbl XpOMOCOMbI YXXe YABOEHbI, OAHAKO OCTAKTCA TECHO
cUuenneHHbIMU apyr ApYyromM v aecnmpann3oBaHHbIMU.

B uenomMm, MOXHO nNpeanonoXuTb, YTO 3TOT nepuog MO AUHaAMUKE XpoMaTuHa He
OTNMYyaeTcs cylecTBeHHo oT nepuoga G1, cm. puc. 6,a,6,B.

B 3aknioveHne 3toro pasgena Heobxoaumo oTmMeTuTb cnegytowee. JlormyHbiM
BbIrMSANT NPeanonoXeHne O TOM, YTO MpU CoXpaHeHun OBLLEero xapakrepa opueHTaumm
COCTaBNAOLWMNX TOPCUOHHOIO MNons (BHELWHee KMeTovyHoe nomne - "npaBoe"), oHO Aans
KaXXOoro BuAa KNEeTOK MMeeT CTPoro WHAMBMAYanbHYK CTPYKTypy. KnetoyHoe none
ANHAMUYHO M U3MEHSIETCA BO BPEMEHU B 3aBMCMMOCTU OT MECTOMOSOXKEHNS KNETKN N ee
YHKUMA B COCTaBe MHOMOKNETOMHOro opraHuama. Hambonee spko 3TM U3MEHEHUs
AOMKHbI NPOSIBASATLCA B MPOLIECCe KNETOYHOro AerneHuns, B npouecce ambpuoreHesa v 1.4.

Takmum obpasom:

1. eeHomHas [HK, yHKUUOHUpPYs 8 Kilemke 8 cocmase XPOMOCOM, 8bIro/IHSAem Ha
Kaxool  cmaduu  KIemo4yHo20  UuKna  yriopsiOOYEHHbIE  MO8MOPSUWUECS
g8pauwjameribHble O8UXeEHUS 8 npouecce peasnusayuu ceoe2o cobCmeeHHO20 YUKna;

2. npedronazaemcs, Ymo rpu 3MmMoM XpoMamuH cmaHo8UmMCcsi UCMOYHUKOM MOPCUOHHbIX
noneu;

3. MOpPCUOHHBbIE 10onisl, nopoxodaemMmbie XpomMamuHoM, obnadarom crneyuguyHOCMbO U
8bICOKOU OUHaMUYHOCMbIO, OHU OKa3bleatom e/usHuUe Ha 6HYMmpPUKIIeMmOYHbIe
benkosble  Monekynbl, npebbigarowue 8  8030y)KOEHHOM  COCMOSIHUU, U,
gsaumodelicmeysi C  8HEWHUMU  MOPCUOHHbIMU  ronamu,  obecrieqyusarom
JKU3HedessmesibHOCMb  KIIemKU; MOXHO CcKaszamb, 4mo buosioeudeckoe rione Ha
6azoeom yposHe npedcmaensem cobol MOMEeKynspHbIe MOPCUOHHbIE 1011,
2eHepupyemMbie XpomMamuHOM (XpoMocomamu);

4. MumoeeHemu4eckoe U3flydeHuUe  sensemcss  Heombemsiemol — cocmaensrouel
g83aumooelicmeull 8 paMmKax KI1iemo4YyHOo20 r1071sl.

5.
HeKOTOpre acnekTbl 6MONOrM4YecKoro Nons MMTo3a.

A.T. T'ypBu4 nsyyan mmnto3s nogpobHenwmm obpasom. iImeHHO paboThl, CBA3aHHbIE C
M3y4eHMeM MUTO3a CTann WUCXOAHbIM MYHKTOM WCCREeAOBaHWA, KOTOpble MNpuBENU K
OTKPbITUAM  BMOMNOrMYeckoro nofsg W MUTOreHETMYECKoro wusnydeHus. HekoTopble
HabnogeHns 3a JUHAMUKOW KNETOYHOro AeneHns OCTalTCs akTyanbHbIMU U NO CeN AeHb.
Hanpumep, AokasaTenbCTBO TOro, YTO MUTOTUYECKOE BEPETEHO SABNAETCH HEPABHOBECHbLIM
ANHamMmnyecknm obpasoBaHuMeM [9], a BOBCe He CTabWUMbHOW Hag MOMEKYNSAPHON
CTPYKTYPOW, KakK 3TO MPUHATO cuyuTatb cerogHsa. Mbl paccmoTpym B 3TOM pasgerne
pe3ynesTatbl 0O4HOM U3 ABYX onybnukoBaHHbIX padot [10], B KOTOpown paccmaTtpuBaeTca
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B3aMMOAENCTBME XPOMOCOM - MUTOTMYECKMX Uryp - BO BPeMs MUTO3a M MonbiTaemcs
00bACHUTE Habngaemble ABMEHUS C NO3ULUIA, pa3BMBaEMbIX 30eCb B3IMS4O0B.

Pabota 6bina BbinonHeHa E.Y. [Myxanbckon - cotpygHuuen A.lL Typsuya, u
HasblBaeTcs "Mopdhonormyeckne M3MEeHEHUs MUTOTMYECKUX uryp B pesynbrate ux

B3ammogencTemns”

A4
;%

! 1 |

Puc.7, B

Unnioctpaumm n3 pabotsl [10].

Unmocmpauuu Puc.7,a u Puc.7,6 8 pabome noornucaHsbl:

crniupemsl Ha aHaghasy".

"Pesynbmam Odelicmeusi
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Puc.7,6 - "CummempuyHas menogasa. Ocu cocedHUX criupem ¢ Hell He nepecekaromcs”.
UN306paxeHuUss nomny4YeHbl Ha MepucmemMe Kopewkos riyka. Ha pucyHkax Puc.7,a u Puc.7,6
0ns ydobecmea socripusimusi rnpogedeHbl 0CU MUMOMUYeCKUX ¢buayp.

XOopoLlo BNOHO, YTO €Crin OCb XPOMOCOMarsibHOW hurypbl B cTagum npometadasbl
(cnupembl) NnepecekaeT oCb APYroM MUTOTUYECKON PUrypbl, KOTOpas HaxoguTcs B CTagum
aHagasbl, TO XpOMOCOMbl aHagasHoOM (Urypbl UCMbITLIBAOT CUMBbHOE OTTallkMBarLlee
Aencreune, ncxogsuiee ot npoMmetadasHbiX XpOMOCOM.

34eCb BaXXHO HAaNOMHUTb ABE BELLMW.

1. B «koHuenuum 6Guonormyeckoro nona [lypBuya pencteume nons (B TOM 4ucre W
XPOMOCOMHOr0) nNpeanonaranock, Kak oTTankusatowlee.

2. B TO BpemMsi HMYero He ObIIO M3BECTHO O CTPYKTYpe XpoMatuvHa (XpOMOCOM) U He
BblABUranocb  HUWKakUX  NpeanonoXeHWhn  OTHOCUTENbHO  (hm3myeckon  Npupoabl
Buonornyeckoro nNong.

B paboTte wuccnegoBanocb B3aMMOLEWCTBUE MUTOTUYECKMX Uryp Oenswmxcs
KNEeTOK B MO3roBbIX My3bIpsX TPUTOHA M aKCOMOTAs, a Takke nNpu MMUTO3ax B Kopelukax
nyka n cnopax fIMCTBEHHULbI.

Bbino yctaHoBNEHO, YTO NpU NPOXOXKAEHUN MUTO30B B COCEAHUX KNeTkax v npwu
YCrOBUU, YTO OCb MUTOTUYECKON OUTrypbl OAHOWN KMNETKM NepecekaeT OCb XPOMOCOMarbHON
dourypbl B ApYron KneTke, aTo NpMBoauT K gecdopmaumm nocrnegHen (CMm. puc. 7).

Mpnyem 6bINO noOkasaHo, 4YTO Habniogaemoe BAWAHWE BbI3bIBANOCb WMMEHHO
B3aMMOOENCTBMEM XPOMOCOM, M HUKAK He ObINo CBA3AaHO C M3MEHEHMEM TYPropHOro
AaBEeHNs B COCEQHMX KreTKax v T.n.

Ha puc. 7,a n Puc.7,B nokasaHo BAUsSiHUE MUTOTUYECKUX buryp, npedbiBatolimx B
cTaguu cnupembl (Ha3BaHMe aTana, OTHOCALLErocs K npometadase) Ha XpoOMOCoMarbHble
dourypbl, KOTOpble HaxoadTcs B cTagum aHadasbl. BosgencrtBrve no CBOeMy Xxapaktepy
SIBHO OTTasnkuaroLlee.

Kak nnucan A.l. l'ypBu4: "nopsigok pacnonoXeHns XpoMocom B guactepe (aHadase -

. gt |
| | @@ |

1
IR _,_J Puc. 8, a. Puc. 8..6.
| 4™

Puc. 8,6
NpuM. aBTopa) HapyLlaeTCs CAIOBHO Ha HUX NOAYN CUMbHbIN BeTep" [9, c. 258].
OTTankuarwowme OencTBMe XpOMOCOManbHOro nonga Habnogaerca n Npy BIAMSHUK

MUTOTMYECKON bUrypbl, HaxoaswWencs B ctagum npomeTtadasbl Ha coceHio Tenodasy
(cm. puc. 8, a, B).
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Pesynbrathl BO3gencTBus cnnpemMbl Ha cocegHmne Tenodassl [10].

Mpn BHUMATENbHOM PACCMOTPEHUN BMAHO, YTO XPOMOCOMbI B CTagum Ternodasbl
OTTasnKMBalTCA NPU YCIOBUU, YTO OCb MUTOTUYECKON OUTYPbl XPOMOCOM COCEAHEN KNETKN
B CcTagum npomeTadasbl HanpaBneHa Ha Hux. (PesynbraTbl Takke MOMy4YeHbl Ha
MepucTeEMax KOPELLUKOB NyKa).

OpHako, HabniogaeTca M B3aMMOAEWCTBME WHOMO XapakTtepa, KOTopoe npwu
TLWATEeNbHOM PAacCMOTPEHUN N306paXeHU MOXHO OXapaKTepu3oBaTb, Kak yCTaHOBEHME
onpedeneHHoM B3aMMHOW OpUEeHTauunm OCen MUTOTUYECKUX duryp, onpeaeneHHom
"coocHocTn" (cM. puc. 9).

MpaBgoa, B 9TOM crniy4yae pedvb YyXe MAOEeT O BO3dencTBuM meTadhasHonm unu
aHaasHoOM MUTOTMYECKMX Uryp Ha XpOMOCOMarsbHYK urypy Tenogasbl unm o
B3aMMoOOeNCTBUN OBYX aHadasHbiX (puc.9, a) cdovryp. MNpu atom HabnogaetTca noBopoT
XPOMOCOMHOW NIaCTMHKK, KOTOopasd oKasanacb Ha nepecevyeHun C OCbd MUTOTUYECKOW
douUrypbl coceHemn KneTku.

Tenepb paccMOTpUM, Kak MOXHO MpPeACTaBuUTb COObITUS, npoucxogslimne Ha
OTAENbHbIX 3Tanax MWTO3a, C TOYKM 3peHns BpallaTenbHOM AMHAMUKA XPOMOCOM.
HaunHatowasncs B ctagmm npodasbl cnnpanusaunsa XxpoMaTtuHa, NPUBOAMUT, Kak Mbl BUAENN
B npedblgyliemM pasgerne, K paspyweHuio obonodkm knetovHoro sgpa. Cnuvpanusaums
aKTMBHO NMpOAOoSKaeTcsa B ctagum npometadasbl (CNMpembl) U Mbl Habntogaem Ha puc. 7 v
8 pesynbraT OeNCcTBMSA NOMsi, KOTOPOe CKnaabiBaeTcs U3 nonen otaenbHbix 6onee-meHee
napannensHO OPUEHTUPOBAHHBIX XPOMOCOM.

Puc.9,a

_h.»'iiPmc.Q,a - n3obpaxeHne n3 pabotbl [10]: "Mosroson
&~ ny3bipb akconotns. CMmeleHne ogHOM U3 A0YepHUX
38 nnacTuHok Tenodasbl nog BNUAHNEM
% COOTBETCTBEHHO pacrnonoXxeHHon meTtadasbl"; MHOK
- MpoBeAeHbl OcK, YTOBbI NokasaTb, YTO M3MOM OCH
" Bbl3BaH WMEHHO MOBOPOTOM OOHOW W3 OOHYEPHUX
' XpPOMOCOMHBbIX MAACTUHOK - cpaBHUTE ¢ puc. Pnc.9,6,
rae TO XXe camoe M30bpakeHne PEKOHCTPYMPOBAHO.

211



Puc. 9, 6(pekoHCTpYyKLMA)

Puc.9, 6 - peKkoHCTpykumsa u3obpaxeHuss Ha pwuc.9,a; nokasaHo, 4TOo ecnu Obl OCb
cocegHero MuTOo3a He nepecekana ocb TenodasHou durypbl, TO nocnegHsast Obl
oCTaBanacb CUMMETPUYHON.

Puc.9,B

Puc.9, B - wusobpaxeHne u3 pabotbl [10]: "MosroBon ny3blpb akconotns. Bsepxy
acumMMeTpuyHas Tenodpasa, uchnbiTaBwas BnusHME MeTadasbl. BHM3Yy cummeTpuyHas
aHagpasa, C KOTOpoM OCb MeTadpasbl He nepecekaeTca"; BMOHO, HACKOMbKO pPesko
noBepHynacb ogHa 13 TenodasHbIX NAAacTUHOK; MOXXHO NPEeANoSIOXNTb, YTO BbiTankneaHme
ocn TenodasHoM NNacTMHKM U3 cdepbl OENCTBUA XPOMOCOMHOrO nond Metadgasbl
BbI3BaHO TEM, YTO C 3TOM CTOPOHbI MeTaasHOM MMNACTUHKN pacKpy4MBatOTCA XPOMOCOMbI
C NEBOW BHELLHEN cynepcnuparnbo.

Puc.9,r

Puc.9, r - nsobpaxenue 3 pabotbl [10]: "[IBe coceaHne MaTepuHCKME KIETKN MbinbLbl
nucTBeHHUUbl. CMmelleHne OfHOM W3 [OYEepHUX MNacTUHOK Tenodasbl, Ha KOTOpYH
HanpaerneHa OCb paHHen aHadasbl"; ovYeBUaeH MNOBOPOT TernogasHoM NNacTUHKU 1"
corracoBaHue HanpaBsIieHns ee OCU C OCblo aHadasHOM ouUrypol.
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Puc. 9, 1 Bsaumopenctesne XpOMOCOMHbIX MAACTUHOK Ha MO3QHUX CTagusix MUTO3a -
mMeTadase, aHadase u Tenodgase.

Puc.9, g - nsobpaxeHne 3 pabotel [10]: "B3anmHoe gedopmupytowee genctene OByx
MUTO30B B OOHOW MATEPUHCKOM KneTKe MblfbUbl JIMCTBEHHMUbI"; BUOHO, YTO aHadasHble
NNACTUHKN COCEQHUX MUTO30B MOBOPAYMBAOTCS Tak, YTOObl COBMECTUTb CBOU OCW.

Movyemy npoucxoauTt OTTankMBaHWe 3TUM MOSIEM XPOMOCOMHbIX MACTUHOK B
cTagun aHagpasbl Unu Tenodasbl, KOTOpble 0Ka3blBalOTCA Ha NepeceyeHum ¢ ero ocbio? [la
NoTOMYy, 4YTO B aHadase u Tenodase XPOMOCOMbI YXe AeCnUpanuayrTcs U UMELOT,
COOTBETCTBEHHO, MPOTMBOMOSIOXHYIO BpallaTesnibHyl0 AOMHaMUKy. Takum obpasom,
KntoYeBbIM MOMEHTOM MUTO3a SIBNSAETCH MeTadasa - O4eHb KOPOTKMI Nepuoa nepexona ot
npomeTadasbl K aHadase, K ABUXKEHMIO XPOMOCOM K Moftocam aenswienca knetku. M3
BblLLECKA3aHHOrO MOXHO caenatb npeanonioXeHne, 4YTO packpyynmBaHMe XPOMOCOM
Ha4yMHaeTCsl MMEeHHO B MeTadpase, B ee KOHEYHOW Touvke. TyT BaXHO BCMOMHUTL (CM. puc.
5), 4TO cecTpuHCKME XpomaTtuabl YABOEHHOW XPOMOCOMbI 3epKarlbHO CUMMETPUYHBI, TO
€CTb WUMEIOT pasHyl chnvpanua3auuilo CBOMX OKOH4YaTerbHbIX cynepcnvpanen: ogHa -
npasylo, pApyrasd - neByl. EcrtectBeHHO, npw HavvMHawwemcsd OOHOBPEMEHHOM
packpy4MBaHUM, Kaxpgasi U3 CECTPUHCKMX XxpomaTtug obnagaer nNpOTUBOMOMOXHOM MO
OTHOLLEHUIO K APYrov BpallatenbHOM ANHAMWKOW, U 9TO NPUBOOUT K UX pacTankuBaHUIO -
HauyMHaeTCs [BMXEHWE XPOMOCOM OT 3KBatopa KMeTKM K nofnwcam. IATO No3Bonser
OOBbACHUTE pacxoXaeHne XPpOMOCOM M Yy Tex BUAOB, Yy KOTOPbIX He Habniogaerca npu
AEeNeHnn axpomMaTmyeckoe BeEpPeTEHO.

HanpoTtuB, BpawaTternbHas OWMHaMMKa XPOMOCOM B pasBuMBLUENCS aHadase n B
Tenodgase OOMHAKOBOIMO XapakTtepa - XPOMOCOMbl gecnupanuaytotcs. [loatomy
B3aMMOOENCTBME MUTOTMYECKMX DUryp COCeOHUX KIeTOK B aHadase n Tenodase yxe
NPUBOANT He K OTTaflKMBaHUIO, a K YCTaHOBIEHUIO NPUeMSeMON B3aMMHOW OpUeHTauunm
ocen XxpomocomarbHbIX uryp (cm. puc 9, T, a).

Ocobo cnepgyet ckasatb 06 nsobpaxkeHusix Ha pucyHkax 9,a n 9,8. 3gecb B 060Mx
crnyvasix BNUsiHAE Ha TenodasHyld XPOMOCOMHYK MfAaCTUHKY OKa3biBaeT MeTadpasHas
XpomocomarnbHasa dwurypa. [lo-engumomy, B 06OMX cryyasx 9TO yXe CaMblil KOHeL
MeTadasbl - Hayanocb pacKpyydmMBaHME BHELLUHMX cynepcnupanen xpomocoMm. B ctagum
Tenodgasbl XpPOMOCOMbl Y)Xe& HaBepHsika MMHOBanM CTaguilo packpyyMBaHUS BHELUHEW
cynepcnvpanu n npeacTaensaiT cobon packpydmnsarowmecs "npaeble” cnnpanu. (JlormdHo
NpeanonoXUTb pasnMyne B HanpasBfieHun cnupanumsauumn TONbKO Ha YPOBHE BHELLHUX,
"KoHeuYHbIX" cynepcnupanen. MockonbKy B MPOTUBHOM Cliydae Aecnmpanmsylomneca B
Tenodgase XpPoOMOCOMbl HE CMOryT BOCCTAHOBUTb KMETOMHOE S4pO B COOTBETCTBUM CO
cxemon Ha puc. 4 A). Mbl He 3HaeM, Kak pacxoasiTca CECTPUHCKME XpomaTuabl K nontcam
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Yy pasHbiX BUAOB - BCe C "npaBon” cynepcnuparnbio B 04HY CTOPOHY, € "neson" - B Apyryto,
unu B onpegeneHHon nponopunn. OgHako, ecnu y akconotnsa Bce "npasbie” XxpomMaTtuabl
ABWXKYTCA B OOHY CTOPOHY, a "neBble" - B Opyrylo, TO 9TO MNO3BOMNAET OOBLACHUTb
HEeOAHO3HA4YHOCTb BNUSHUA MeTada3dHOM ourypbl Ha TenodasHble NNacTUHKKM B coceaHen
knetke. [encteutenbHo, Ha puc. 9,a TenodgasHas nnacTuHKa MOBOPaYMBAETCHA TakuM
obpa3om, 4To6bl COBMECTUTL CBOK OCb C OCbl MeTadpasHoOn durypbl, TOrga Kak Ha puc.
9,B, OCb TenodgasHon NNacTUHKM ByKBaribHO BbITarikKMBaETCs 3a Npefernbl KOHyca BIUSHUS
MeTadasHoW ourypbl COCegHEN KIETKM.

CotpygHukamn A.l. TypBuya 6binimM  onybnukoBaHbl Bcero ase paboTbl O
NPOSIBNEHNUN OENCTBUA XPOMOCOMHbIX MOfen. ATU KpamHe MHTepecHble uccnegoBaHus
TpeOyoT AanbHenwero yriyoneHHoro udyydeHus. NoHumMass He 6eccnopHOCTb HalumMx
paccy>XOeHUn, Mbl HaQeeMCs, YTO WU3NOXEHHble 34eCb MMNoTeTU4eckne NpeacTaBreHus
nomoryTt 6ygywmm pabotam B 93TOM HanpasneHuu.

Mbl He paccmaTpuBanu B AaHHOW paboTe CnoXHble, CornmacoBaHHbIE NEPECTPOEHNS
XPOMOCOM, 3BOSIOLMIO XPOMaTUYECKON uUrypbl Ha NPOTSKEHUU npomeTtacdhasbl - Havana
meTadasbl. be3ycnoBHO, eCTb BCe OCHOBaHMSA Monaratb, YTO 3TU [OBWXKEHUS Takxke
CBSA3aHbl C BpallaTenbHOM AWHaMUKOW XpomMocoM. OfHako mnoriyd4eHne UenoCTHOro U
HeNpPOTUBOPEYMNBOro npeacTtaBneHnsa 06 aBonLmMmM 6GUONOrM4YEecKoro Nons Ha NPOTSXKEHUN
MUTO3a TpebyeT AeTasibHbIX U KPOMOTMMBLIX UCCNEOBaHUN, CBA3AHHbIX, B TOM 4YuCrie C
dopmMmpoBaHMeM agekBaTHbIX 3HaHun o cnuvpann [OHK wn yctponctBe XxpomartuHa.
3aBepwmnTb Xe 9TOT pasgen xoTtenocb Obl crioBamu A.lL ['ypBumya: "... COBOKYMHOCTb
XpomocoMm obpasyeT CUCTeEMY, CTPEMSLLYIOCS K MrHOBEHHOMY paBHOBECUIO. Takoe
paBHOBeCHe, O HaKO, HUKOr4a He JOCTUraeTcs, MOTOMY YTO COBCTBEHHbIE MOt XPOMOCOM
NMOCTOSIHHO UM3MeHsiloTca. CrnegoBaTtenbHO, He MoXeT ObiTb M peun O COCTOSHWUK
NOASIMHHOrO pPaBHOBECUSA, a TOMbKO O XO4e pPasBUTUS CUCTEMbI, 3fIEMEHTbl KOTOPOW
BMVSAIOT OPYr Ha Apyra, U XapakTep BUSHUS U3MEHSETCHA B 3aBUCUMOCTM OT COCTOSHUS B
Kakabl AaHHbIM MOMeHT" [9, c. 258].

6.
O6cyxaeHue NnpearioXXeHHON Mogenu.

MpuHUMNManeHbIM B paccMaTtpMBaeMon Moenu 4BnseTcs TO, YTO OCHOBOW
Bronorn4yeckoro nNoss ABMsIETCs, C OAHON CTOPOHbI, PyHAAMEHTanbHoe on3nyeckoe nosne
- TOPCMOHHOE, a C [ApYyron CTOPOHbl, peanusauuss 3TOro Mnons B XXUMBOM HOCUT
cneuyndunyeckm Ouonornyeckun xapaktep, T.K. Ouonornyeckoe none onpegensaeTcs
TOPCUOHHBIMM MONSIMU, NOPOXAAEMbLIMU XPOMATUHOM.

BaxHon 0OCOBGEHHOCTbD paccmaTpMBaeMoW MoAenn SBMSIETCA  LENOCTHOoe
npeacraeneHne o knetke. KnetoyHoe (TOPCUMOHHOE) nomne ecTb, No CYyTW, BOMSOWEHME
€[VHOro ynopsaovmBatoLLero npMHumMna (MHBapuaHT) B opraHn3aLmm XXMBOW KNEeTKN.
HekoTopble acnekTbl rMnoTe3bl U CreaCTBUS.

Mnotesa, oO6OCHOBLIBaKOWAA peLllalowWyd pPorib  TOPCUOHHBIX  MNofnen B
BO3HMKHOBEHUM  OMONOrMYECKOro  KNEeTOYHOro  Mors, npegnonaraet  Hanuuune
CYLLIECTBEHHbIX BpaLlaTeNnbHbIX ABMXXEHUN B AUHAMUKE XpOMaTUHa.

OTO npeanornoXeHne XoTa M TpebyeT SKCNepMMEHTarbHOro MNoATBEPXKOAEHWS,
BbIMMAANT BECbMa BEPOSTHbIM. Bonblle COMHEHU MOXET Bbl3blBaTb MPeAnosiokeHne o
HanM4YnUM NepPMOaANYECKNX Nynbcauumn B UHTEPGaA3HOM sape.

Mbl yunTbiBanu B 3TMX NOCTPOEHUSX U3BECTHbIE AKCMEPUMEHTArbHbIE pe3ynbTaThbl
M OnuMpannucb B CBOWX pPaCCYXOEHUSAX Ha €ECTECTBEHHble MPMHUWUMbI OpraHu3aumm
YKM3HEHHbIX NPOLEeCCOB:

a) Hanmume ob6s3aTenbHON  CTPYKTYPHO-ANHAMMYECKOW  YNOpPSAOYEHHOCTU -
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nynbcauunm xpomatvHa B siApe MnpeanonaralTcs MeXay PacrnofoXeHHbIMU Ha
nepudepmum penMKaLMoHHbIMM LEHTPAaMM U COCPEOOTOYEHHBIMM B CEpenuHe
LEHTPOMEPHbIMW y4acTKamu;

6) HenpeMeHHasa LUKITMYHOCTb NPUPOAHBLIX NPOLECCOB.

ABTOpPY M3BECTHO, YTO SAPO KIETKU CYUTAETCA MNNIOTHO  3arOSIHEHHbLIM
XPOMaTMHOBBLIMU HUTAMMW, HEYTO MOXOXEe Ha TO, YTO nokasaHo Ha puc. 10. AHAKO Mbl He
BMAMM B 9TOM NPEnATCTBMA ANA Nynbcauun B Buae 6erymx cynepcnmparnbHbiX BOSH, TEM
Bonee 4YTO TOYHAsA yNnopsaO4YEHHOCTbL BHYTPU HATMBHOIO siApa HEM3BECTHA.

EctecTBeHHO, He cnenyeT NoHMMaTb OykBaribHO PUCYHOK 6,a
MmeeTcs B BMAY, YTO B3aMMHOE pPacnonioXXeHne LeHTPOMEPbI - penfiKaunoHHbIE LIEHTPbI
3agaeT NpUHLMN BHYTPUSOAEPHON YNOPSAOYEHHOCTH.

MHoro4mMcneHHble e CKnagkm XpoOMOCOM OPUEHTMPOBAHbLI paamanbHO - MeXay LEHTPOM
agpa n ero MembpaHomn.

MpencraBneHns O HanmMUYUM MOHHBIX KaHanoB B MeMbpaHe sape Takke MOoXeT
noKa3aTbCsA Ha CerofgHs He BMOSIHE GECCnOpHbLIM, HO C HALlen TOYKM 3PEHUs, O HanMunm
aKTUBHOIO TpaHCMeMOpaHHOro TpPaHCMOPTbl MOHOB, MPEeXAe BCero - NPOTOHOB, CKBO3b
A0epHyto membpaHy yoeamTensHo CBUOETENBLCTBYET pasHMUa mexay pH kapuonnasmbl u
LUMTONNa3Mbl KNETKMN.

Puc. 10.HacTtnyHo pacnneteHHass XpoMmocoma.

U.K. Laemmli, http://www.unige.ch/sciences/biologie/bimol/PACKGENE/PAGE1.html#
CONTENTS

N3 xpomocombl BbiNn yaaneHbl TONbKO MMCTOHbI. Cpean XpOMaTUHOBBLIX HUTEW XOPOLLIO
BuAHbl scaffold (neca, nogMmocTku). Ha BCcTaBke nokasaHa He pacrnrneTeHHasi Xpomocoma.
MacwTab (BHU3Y) - 2 MM

M3 npegnoxeHHon mogenu Oronornyeckoro nons KMNeTtkM MOXHO BbIBECTU Psif
cneacTBun:

- Knetku, obnagarowme nodobHbIM NO CTPYKType MWHAMBUAYaNbHbIM BHELIHUM

nornemMm MoOryT nerko o6pasoBblBaTb OMNPEAerieHHY0 TKaHb >XMBOTO OpraHu3ma;
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obnagawowme oTNMYalLWNMCS UHONBUAYAlNbHBIM MOMEM MPU KOHTaKTe C HUMWU -
rpaHnLy Mexay pasHbiMn TKaHAMK (OpraHamu);

- MNPV HapyLeHUn xapakTepa nynbcauunm B MHTEpdasHOM siape M M3MEHEHUU
HanpaBneHns OBWXEHUS BOSH cyrnepcnvpanen Ha npoTMBOMONOXHOeE, "nesble" - K
UeHTpy sgpa, "npasBble" - OT uUeHTpa (cMm. puc.6,a, MOXET W3MEHUTb CBOE
HanpaBneHne BCS CUCTEMa KOHLIEHTPUYECKUX MOMEn KNeTKU; BHELUHee KIEeTOYHOe
nosne cTtaHeT "nesbiM"; 3TO NpUBEAET K HECOBMECTUMOCTUN NEepepOaMBLLENCA KIETKN
C OKpYXalLMMK KneTkamu (TKaHsIMWU); HE MCKITYEHO, YTo nogobHble npouecchl
NPOUCXOOAT NPU KaHUeporeHese, U OnyxosieBble KMeTKM UMEKT, TakuM obpasom,
"rneByl0" OpnEeHTaUnio BHELLHETO TOPCUOHHOIO KNETOYHOrO MNosis;

- TKaHM B3pOCMIOro OpraHuM3Ma, 3aBepluMBLLEro nepuod pocta, obnagaloT, Kak
npasuno, 6onee cnabbiMm GUMONOrMYECKMM MOMEM - KMETKM Cneumann3npoBaHHON
TKaHu NnMbo He aenaTcs BoBce, MO0 AeneHnsa NPoucxoaaT peako; OAHAKo 3To nose
bonee cneuManu3npoBaHO - CNEUMEPUYHOCTb €ro  KIeTok, TKaHehn u,
COOTBETCTBEHHO, NOSier pasHbIX OpraHoB OOyCroBrieHa TEM, YTO B HUX MOCTOSIHHO
aKTMBMpYeTCA onpedeneHHbln Habop reHoB, 4YTO HaknagblBaeT OTNevyaTtok Ha
XapakTtep obLuen ANHaAMUKN XPOMaTUHa;

- MWUTOrEHETMYEeCcKoe W3Ny4YeHue WUrpaeT BaXHYH pPoOfb B  MEXKIETOYHbIX
B3aMMOAENCTBUAX 1 (POPMUPOBAHNN €ANHOM MHAOPMAaLMOHHOW cpefbl opraHu3Mma
[3]; AOCTATOMHO HECKOMbKUX YrbTpadnoneToBbIX KBAHTOB, YTODLI KneTka nepeluna
B peXvM [eneHus; no-sMaMMoMy, MUTOreHeTudeckoe wusnyyeHue, obnagaroilee
TOPCMOHHON KOMMOHEHTON, cneundudeckn gectabunmsnpyetr buonormyeckoe none
KNeTKn, NpuBoAs ero B Takoe HepaBHOBECHOE COCTOSIHME, 3aKOHOMEPHbBIM UCXOL40M
KOTOPOroO, SIBNSAETCH KNETOYHOe AeNeHne.

ConocTtaBneHue npeasioXXeHHoOM moaenu
Cc HabnwaaeMbIMn ABNEHUAMM.

N3BecTHO, 4TO Haubonee cunbHOE MOP(OreHHoe nosie Cco3fqaeTcsi BOKPYr
pas3BMBalOLLErocsl 3apodbllla, akTMBHO pacTylmMX TKaHew (Hanpumep, y pacTeHun -
pasBMBalOLLMECA MOYKM, KOHYC pocTa Yy kopewkoB u T1.4.) [1]. HewncrButenbHo, B
WHTEHCUBHO PacTYyLUMX TKAHSX KNETOYHble OeNneHUs NPOUCXOAAT C BbICOKOW 4aCTOTOW.
[Mepen KNeTOYHbIM AeneHnem B S-nepuoge uHTepdasbl OCYLLECTBASETCA YyOBOeHue
XpOMOCOM B npouecce pennuvkaumm U, B COOTBETCTBUM C HalLen MoAenbto, NPOUCXOaUT
yBenmyeHne NMHTEHCUBHOCTU KNETOYHOro nons (cMm. pasgen 4). IaBecTHo, 4TO "...CNUHOBLIE
nonspu3auMoHHbIE COCTOSIHUA ABMASAOTCA MeTacTabunbHbiMK" "...B pesynbrate 4ero
BO3HMKAKOT TOPCUOHHbIE (paHTOMbI" [4, c. 14-15]. OTO roBOPUT O TOM, YTO YCUNEHHOE
Buonorndeckoe nomne aMOpuoOHa, aKTUMBHO pacTyllend TKaHW, CO34aeT B OKpyXKaroLem
NPOCTPaHCTBE ANHAMUYECKUA MHGOPMALMOHHBIM "Kapkac", KoTopbin obycnaBnuBaeT ero
pa3Butmne. Tak Gruonornyeckoe none KOHTPONMpPYyeT MOpPAdOreHes.

Buonornyeckoe none B3pocnoro opraHuama obecnevMBaeT €ro LenocTHOCTb,
B3aMMOCBSI3b MPOLIECCOB, WH(OPMALNOHHO MNOAAEPXKUBAET pereHepaumio TKaHen U
OpraHos.

MmeHHo Gnarogaps Guonornyeckomy nosio opraHnam "3HaeTt", Kakoh U B KakoM
obbeme gormkHa 6bITb BOCCTaHaBNMBaeMas TkaHb, KakuM OOSMKEH ObiTb pereHepupyembIn
opraH.

KneTka, opraHusauuoHHOM OCHOBOW KOTOPOW ABMASIETCS MHOFOCIIOMHasa cuctema
KOHLEHTPMYECKMX W CaMOCOrfacoBaHHbIX TOPCUMOHHBLIX MNOMen, AorkHa obnagatb
CYLLECTBEHHON YCTOMYMBOCTBbKD MO OTHOLUEHUIO K pPasfinyHbIM BHELLUHMM MOMEBbIM
BO30ENCTBUAM, YTO MOXHO HabnoaaTtb B AENCTBUTENBHOCTH.
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[MpeacTaBneHHas npocTenwas TOPCUOHHAA MOAENb KIETKM NO3BONSET OObACHUTL
N3BECTHOe oTpuuaTesibHoe BO3dencTBme "neBblX" TOPCUOHHBIX MOMEN Ha XUBble CUCTEMBDI.

B u4acTtHOCTM, W3MEHeHMe MNPOHNLAEMOCTM KNEeTovHblIX MembpaH [5, c. 56],
CHWXEHME MOrMoLWEeHNa KUcnopoda W30NMPOBaHHbIMKM  MUTOXOHAPUAMM W T.4. Nopg
BNNAHMEM "NeBbIX" TOPCUOHHLIX MOMEN OKpYXatoLLen cpeabl.

OTO MOXeT npoucxoauTb, Npexae BCero, BCMEACTBME [Le30PUEHTUPYIOLLErO
BMUAHNA BHELLHUX "NeBbIX" TOPCUOHHBLIX Nofen Ha "npaBble" TOPCUOHHBIE MOSIS NOHHbIX
KaHanoB MembpaHbl. YTO, B KOHEYHOM cyeTe, NPUBOLAMT K HapyLUEeHW0 NpoLeccoB
XN3HeOeAaTenbHOCTU KIETKMU.
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