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Pabora comepkuT 0030p OSKCIEPUMEHTOB IO IEJICHANPABICHHOMY IIOJYUYEHUIO U
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aKTUBHOCTB, COIYTCTBHE BPAIAIOUIMMCS MaccaM W JJIEKTPOMAarHUTHOMY HU3JTy4YCHHIO,
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2. A\CTOPUA U TEPMUHOIOIUA

CuHauana HYXXHO HCMHOT'O PAaCCKa3aTb 00 HCTOPHUH JAHHOI'O HAIIpaBJICHUA HCCJIG,I[OB&HHIZ. Pa6OT,
B KOTOpPBIX B Macirabax J'Ia60p3.TOpI/II/I Ha6J'IIOI[aJ'II/ICB SABJICHUA, KOTOPBIC CJIOXKHO OBLIO
OOBSICHUTE QJICKTPOMArHuTHbBIMU TIOJIIMU U APYIrMMHU HU3BCCTHBIMHU BSaHMOHeﬁCTBHﬂMH, 3a
HOCICIHIOI COTHIO JCT HAKOIIMJIOCh OYCHBb MHOIO. Hpe,I[BICTOpI/IIO A 0603Haqy OTACJIIbHBIMHA
PCICPHBIMA TOYKAMH, KOTOPBIC JIMIIb UWJUTFOCTPUPYIOT ABUKCHUC B I[aHHOfI obnacTu.

B 1906roay Beimuta crates npod. H.IL.Meimkuna «/[BmkeHHe Tena, HaAXOIAIIErocs B MOTOKE
ay4arcTod sHeprum» [1], roe BhepBble OBUIO yKa3aHO HA HAJIWYHE HEKOrO areHTa, KOTOPBIH
COIIPOBOXKJIAJ AJIIEKTPOMATHUTHOE M3IIyUYE€HUE, HO MO0 CBOMM CBOMCTBAM OTJIMYAJICS OT HETO, U
nepeaBa KpyTAIUi MOMEHT Ha KPYTHIbHBIE Bechl. B nanpHelmmx paborax MBIIIKMHBIM ObLITH
WCCIICJIOBAHbI CBOMCTBA 3TOTO SIBIICHUS, W OBLI CIIENaH BBIBOJ O TOM, YTO B MPOCTPAHCTBE, B
KOTOPOM  PaclpOCTPaHSIETCs JIy4YHCTass OJHEprusi, JICHCTBYIOT HOHOEPOMOMOPHble — CUJbL,
BO3/ICHCTBYIONINE HA MaTepHabHBIC TEJd, U 3TH CUJIbI HE SBISIOTCS AJIEKTpOMarHuThbiMu. [Ipu
MPOYMX PABHBIX YCIOBUSX (OBLIO BaYKHO KOHTPOJHPOBATH TEIIOBBIC IPPEKTHI, MOTYIIUE OBITH
NPUYMHOW IMOBOPOTa pabodyero Tejaa BCICACTBHE KOHBEKIMH) 3(PGEKThl 3aBUCETH  OT
OKpyXarolei jaboparopHoli oOCTaHOBKH, OT mojokeHus Coinnua, JIyHbI, BpeMeHH TOla U
coctosiaust atMocdepsr [2, 3].

[Ipumeprno B To xe Bpems A.I'.I'ypBuduem Obla BbICKa3aHa THUIOTE3a O HEOOXOJAMMOCTH
NpUBJICYCHUST TMOJs, (OPMHUPYIOLIETO CTPYKTypy OpraHu3smMa B Ipolecce MopdoreHesa.
[lepBoHayanbHO Ha3BaHHOE OHMOpPHOHAJIBHBIM, O3TO TIOJIe 3aTéM TONYYWIO Ha3BaHUE
mopgpozenemuueckoeo. T'ypBuu ykaspiBaer: «Hama (opMynupoBKka OCHOBHOTO CBOWCTBa
OMOJIOTMYECKOTO TIOJNS  HE MPEJCTABISET [0 CBOEMY COJCpKAHUIO HHKAKHX aHAJIOTHUH
C U3BECTHBIMH B (DU3HMKE MOJSIMU (XOTsI, KOHEYHO, U HE MMPOTUBOPEUYHUT UM)». B skcrnepumenTax
OBLIIO BBIJICIICHO MUMO2EHEMUYeCcKoe uslyuerue, CTAMYITUPYIOLIee IeNICHue KIeToK [4].

B Teopernyeckoii pusuke B 3T0 BpeMs BETUCH pabOTHI MO MOCTPOSHUIO €UHOM TEOPUH TOJIs, U
BbIcKa3aHHas B 1922rony rumoresza Dnu Kaprana o CymecTBOBaHUH MOPCUOHHO20 NOJISL PSIIIOM C
BpAILlAIOLIMMKCS MaccaMM TMOCIYXXHJIAa OCHOBOM Ui TEOpUM, TIJe Hapsly C HCKPUBJICHUEM
MIPOCTPAHCTBA-BPEMEHHN BBOJAMIIOCH KPYUEHHUE.

[Tocie BTtopoit MupoBOil BOWHBI CBEpXJepKaBaMU OBLIM aKTUBH3UPOBAHBI PabOTHI MO HOBBIM
criocobam mepenaun uHpopmaimu. B konie 50X rogoB ObUT OCYIIECTBIEH IKCICPUMEHT Ha
noaonHoi jogke BMC CIIA «Haytumyc», B KOTOPOM YYacTBOBAJIM YEJOBEK-PEIMITUEHT,
HaXOJISIINICS HA MOBOTHOM JIOJIKE B MOTPY>KEHHOM COCTOSHHH, U Y€JIOBEK-HHIYKTOP, KOTOPBIH
ocraBasicss Ha Oepery. C momompbio KapT 3eHepa TnepenaBajgachk HH(pOpMAIUs MO TaKOMY
«rejenaTnyeckoMy kaHany» Ha paccrossaue 2000 kM, U pe3ysbTaT 3HAYUTEIILHO OTIIMYAJICS OT
OXKHJIAEMOT0 B CiTydae ciaydaiinoro yraasiBanus (70%smecto 20%).

Nudopmamus o6 stom skcniepumente crana u3zBectHa B CCCP um mocimyxuia TONYKOM K

SKCHEPUMEHTaM o «OHOJIOTMYECKOU CBSI3U, MHUIIMUPOBAHHBIM Munuctpom
paguonpombiniienHoctd  B.JI.KanmpikoBeiM. OpuH w3  Takux dkcnepumentoB B HUU
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Pagnocssi3u (toraa «a/s 241»)6bu1 onrcan A.E.AxumoBbIM [5], B T T0/IbI COTPYTHHUKOM 3TOTO
HUMU:

«bpanu KpoiIMKOB OJHOTO MOMETA, T.€. KPOJIUKOB-OJIN3HEIOB, KOTOPbIE T€HETHUECKU OBLITN
TOXXKJECTBEHHbI, W B JIADOPATOPHOM IOMEILIEHUH, KOTOpPO€ HaxXoAuiIock B MockBe
(OykBasibHO B MSATH MHHYTaX XOIbObI OT CTaHIMU MeTpo TaraHckas-KoJblieBas), C
MIOMOIIIbIO BBICOKOBOJIBTHOTO BO3JE€UCTBUSI Ha TOJIOBHOW MO3T KpoJiMKa yOuBaiau. A B 3TO
BpeMsl Y MapHOTO KpPOJMKa, KOTOPBIM HaXOJWJICS 3a MpeJeslaMU KOJIbLIEBOM aBTOJOPOTH
Mockabl, ObLIH BXKHUBJICHBI 30JI0ThIE 3JIEKTPO/IbI u ¢dukcupoBaach
AJIEKTPOIHIEATOTpaMMa MO3Ta.

«C BepostHocthio 100% cnyuaeB, Toraa, Korjaa 3a0uBajcCs KPOJIUK B CAMOM Topojie, TO
MPAaKTHYECKH B 3TOT MOMEHT y €ro TeHEeTHMYECKOro ayOJIMKaTa BO3HUKAT HEBEPOSTHO
CWJIBHBIN BCILJICCK B KOPE TOJIOBHOTO MO3Ta.

B 60x romax K.H.IlepeGeitHocoM Obuto 0OHApYXEHO B3aMMOBIHUSHHE pPa300IIEHHBIX
Bpamarouxcs auckoB [6]. B 50-70€ roapl ObUIM TPOBEACHBI HM3BECTHBIC 3KCIIEPUMEHTHI
H.A.Ko3plpeBa C KpyTWJIBHBIMH MAasiTHUKaMH, C THPOCKOTAMH, C BO3JCHCTBHEM 3BE3N Ha
pesuctop B Gokyce Teneckona [7], 3Tu IKCHepUMEHTBI ObUTH MOBTOPEHBI U pa3BuUThl B 80-¢ rois
B HoBocubupcke [149]. B 50-70¢ roas! cHauana B Kurae, a 3arem B CCCP 1311 KanpwkeHnem
OBUTHM TIPOBEJICHBI SKCIIEPUMEHTHI 110 TOJIEBOM Tepeiade HacleJACTBEeHHOW MH(pOpMauu MExIy
ouonornueckumu oobektamu [62-66]. B 1970x romax B.I1.Ka3HadeeBbiM ¢ cOTpyTHHKAMU OBLI
OTKPBIT 3epKanbHull yumonamudeckuti 3¢gexkm [8], KoTOphIi 3akioYaeTcs B Iepeaade
CJIOKHOHM OMosorndyeckoid HHPOpMAIUK O 3a00JIEBAHUSIX MEXAY KJICTOYHBIMH KYJIbTypamH MpHU
YCIIOBUHM DPA3JCACHHOCTH TOMYJSIUN KIETOK, HO NMPH HAJUYMUA ONTHUYECKOTO KaHaja CBS3U
MEX1y HUMHU.

B konne 70x - Hauane 80X rogoB B CCCP HECKOJIBKUMHU HCCICIOBATEIIIMUA HE3aBUCHMO JPYT
OT Jipyra ObUIM M300pETEHBI TEXHMUECKUE YCTPOICTBA, SBISIOMINECS UCTOYHUKAMU HEKOTOPOTO
CTpaHHOTO u3Ny4eHUs. KOHCTpyKIHsS TeHepaTopoB OTOr0 M3IyYEHHUS JOBOJBHO CHIIBHO
BapbHUpOBAIaCh, HO CBOWCTBA W3IMYYEHHUS OBLIM MPAKTUYECKH OJMHAKOBBI y BCEX MOAOOHBIX
YCTpOMCTB:

* H3znyueHue He SKpaHUPOBATIOCH OOBIYHBIM 00pa30M U OBLIIO BHICOKOTIPOHUKAIOIIHM;

* H3znyuenue Ob17I0 OMOJIOTUYECKHU AKTHBHO;

* H3znyueHue AeiCTBOBAJIO HA caMble pa3Hble (U3MUYECKHUE MPOIIECCHl U CBOMCTBA BEIIECTB
napajoKcabHBIM 00pa3oMm;

* B HEKOTOPBIX IKCIIEPUMEHTAX H3ITYUYCHUE MPOSIBIISIIO HEIOKAIbHBIE CBOWCTBA, T.€. MOXKHO
OBIJIO aJpEecHO BO3JCWCTBOBATh Ha (PU3NYECKHE OOBEKTHI HAa OOJBIIOM pPACCTOSHUU,
MHTEHCUBHOCTb BO3JICHCTBHSI OT PACCTOSHUS B 3THUX 3KCIIEPUMEHTAX HE 3aBUCEINA;

* Hmenuch BecKre OCHOBAHUS CUUTATh, YTO ATO U3IYUYCHHE UMEET OJHY H Ty K€ PUPOJTY C
TEMH THUIOTETHYECKUMHU areHTaMd, KOTOpbl€ OTBEYAIOT 3a IMCUXO(PHU3UUECKUE
BO3/ICMCTBUSA, KOTJa CO3HAHHE OIepaTopa HEMOCPEJICTBEHHO BIMAET Ha (hU3MUYECKUE
MPOIIECCHI, a TAKXKE 3a TeJenaTuieckue 3P exTol.

B nanbHeiineM 3Tu ycTpoiicTBa ObUIM Ha3BaHbl TOPCHOHHBIMH F€HEPATOPaMH, a CaMO U3JIyuYeHUE
- TopcuoHHBIM. [IpuunHbI BbIOOpa Takoro HasBaHusi ObiH cieayromue. K xoniy 80X romos,
KOI/Ia YK€ HaKONWIACh HEKOTOpas KpUTUYECKas Macca pe3ylbTaToB JSKCIEPUMEHTOB C
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HCTOYHMKAMH 3TOT0 CTPAHHOI'O M3JIY4EHHs, IBYMSI COBETCKUMH (DPU3MKaMH HE3aBUCUMO APYT OT
npyra ObUTH BBIIBUHYTHI JBE Mojzenu ¢u3nueckoro Bakyyma. OmHa Mojenb - T.H. (pUTOHHAs
MojeNnb (U3MYecKoro Bakyyma - ObUIa mpejioxkeHa AHaToiueM AKHUMOBBIM, KOTOPBIU
MIPUHKUMAJ HENOCPEJICTBEHHOE y4acTHe BO MHOTHX KIIFOUEBBIX 3KCIIEPUMEHTAaX, a BIOCJIEICTBUU
KypUpOBaJl 3TO HarpaBiieHue. JTa (EeHOMEHOJIOTHYecKass MoJielb Npejrosarana CTPOECHUE
¢u3nYecKkoro BakyyMa Kak IUJIOTHYIO YHNAKOBKY M3 JIMPAKOBCKUX Map BUPTYaJIbHBIX YaCTHI,
BJIO’KEHHBIX JIPYT B JPYra U MOJHOCTBIO CKOMIICHCHPOBAHHBIX 110 Macce, 3apsay U CIHHY (Takue
napsl Obutd HasBaHbl A.E.AkuMoBbIM (utoHamu) [9]. Bo3OyxkaeHus (Gu3MUecKoro Bakyyma B
3TOM MOJENIM TMPEACTaBUINCh KaK MOJsIpU3anus 3TUX vacTull. [lpeamonaranoch Takxke, 4ToO
MOMHMO  MAacCOBOW W  3apsAJOBOM  TOJSIPU3ALMH, TOPOXKAAIOLMIEH  COOTBETCTBEHHO
IPaBUTAIIMOHHOE M JIEKTPOMArHUTHOE TOJIE, CYIIECTBYET TPEThE JATbHOJCHCTBYIOIIEE TOJE -
JAIbHOJICHCTBUE 10 CIUHY. JTa KOHIETIHMS Oblja YHACJIEJOBaHA U3 HMJIEH TaK HA3bIBAEMBIX A-
noneit P& VYTHAMBI, KOTOpBIA mpeAronarai, 4YTo Kaxaoe (yHIaMEHTAIbHOE CBOMCTBO
AJIEMEHTAPHBIX YaCTUI, B T.4. W CIHH, MOXET TMOpPOXAaTh CBOE (U3HUECKOE TIOJIe.
JlanpHONIEHCTBHE TO CIHHY HA3bIBAIOCh AKHMOBBIM BHAYajie CIUHOPHBIM IIOJIEM, a 3aTEM -
TOPCUOHHBIM.

Jlpyrast Teopwsi, BBOJsIIAsE TOPCUOHHBIE 1O, OblIa npeaioxkeHa ['ennaauem [unossiv B 1988
rogy [10]. Dta Teopusi UMeeT COBEPIICHHO HHOE MPOUCXOXKICHUE. 3aHUMASICh 000OIICHUEM
OO0meit Teopun otHocuTenbHOCTH, [.M.I1IumoB mpumién K BEIBOLY, YTO KPYUCHHE MTPOCTPAHCTBA-
BPEMEHHU JOJDKHO BXOJIUTh B BaKyyMHbBIE YPaBHEHHS KaK HEOThEMJIEMas UX 4acTh, H YTO Maccy
MOPOKJAa€T WMMEHHO KpydyeHue. B oriamume or Tteopun OiHmTelHa-Kaprana - namboinee
W3BECTHOW TEOPHH, BBOJAILICH KpydeHHE IMPOCTpaHCTBa-BpeMeHH, LIIWmoB mpumeHun apyroit
MaTeMaTHYECKHIl CTIocO0 BBEJCHUS KpydeHUs - KpydeHue Pudum. B pesynbrate ero teopusi He
3arpenaiga BO3MOXKHOCTH TPOSIBIICHUS] TOPCUOHHBIX IOJIEH B HKCIHEPUMEHTE, XOTS Ha TOT
MoMeHT IIunoB He 3HaM 0 pe3yiabTaTax 3KCIEPUMEHTOB C TOPCHOHHBIMU I'eHepaTtopaMmu. bonee
TOTO, €ro Teopus IpejcKa3blBajia CYIIECTBOBAHWE TOPCHOHHOTO H3IYYEHUs, MOPOXKIEHHOTO
YCKOPEHHBIM JBH)KEHHEM dYacTULl €O cnuHOM. KoOHCTaHTa CBSI3U 3JEKTPOTOPCHOHHOTO
B3auMoJIeiicTBis  oreHmBamach IlInmoBeiM kak 10° OT KOHCTAaHTBI OIEKTPOMATHUTHOTO
B3aumojielictBusi. B To ke Bpema TOK oreHuBana KOHCTAaHTY CIHHUH-TOPCUOHHOTO
B3aumozeiictus kak 10°°. B 1991rony Axumos u 11IUmoB y3Hau o pe3yibTarax Apyr Apyra u
B JlaJibHElIIeM paboTaiu COBMECTHO.

3alerass HEMHOTO BHEpPEI M COOTHOCS ATH MOJIENU C Pe3yabTaTaMU 3KCIEPUMEHTOB, MOXKHO
BUJIETh, YTO JEHCTBUTEIBHO, BO MHOIMX CilydasX HaoOmtogaemble 3(PQEKTbl OT TOPCHOHHBIX
TeHepaTopoOB MOXKHO TPAKTOBATh KaK BO3/EHCTBHE Ha CIIMHOBYIO MOJCHUCTEMY BellecTBa. boinee
TOTO, YacThb 3KCIEPUMEHTOB YyKasblBaja Ha BO3/ICHCTBHE MaKpOCKOIHWYECKOTO BpAIICHHs Ha
npolecchl, OCOOCHHO TpPH HEPAaBHOBECHOM BpalleHHH (HAmpuUMep, OSKCIEPUMEHTBI C
THPOMOTOPAMH U C BUXPEBBIM BpaIICHHEM KHUIKOCTH). [109TOMY JaHHasi KOHIICMIIMS, KOTOpast
MPUIKCHIBAET KIMEHHO JAIbHOJICHCTBUIO 10 CIIUHY 3TH aHOMAJIBHBIE JIA0OPATOPHBIE PE3yIbTaThI
AKCIIEPUMEHTOB C TEXHUYECKUMH I'€HEPATOPAMH HEDJIEKTPOMArHUTHOTO W3JyYEHHUs, MOJydHIia
Ha3BaHUE KOHIENIMN TOPCUOHHBIX nosei Akumosa-llIunosa.

MHorue sxcnepuMeHTaNbHbIe padoTel 90X roJ0B, B MEPUOJ, KOT/Aa 3Ta KOHUESHIIHS MOTy4Yuia
MHO>KECTBO HOBBIX CTOPOHHUKOB, NMPOXOJWIA B paMKax JAHHOW KOHIEMIUU. DTO OMpEIeIsieT
BBIOOP TEPMHUHOJIOTHHM B JAHHOM 0030pe (mopcuonnoe M3IIydeHHe, mopcuoHHble TSHEPaToOphl),
YTO, BIIPOYEM, HE O3HAYAET, YTO ABTOP HE JIOMYCKAET TPAKTOBKH ATHX PE3YJIbTATOB B paMKax
JPYTUX MPEICTABICHUN.



Onnako HU Mojenb AkuMOBa, HU Teopus lllumoBa B HacTosiiiee BpeMsi HE MOXET JIE€TaJIbHO
OOBSICHUTh YCTPOWCTBA MHOTHMX TOPCHOHHBIX T'€HEPAaTOpPOB W JAaTYUKOB, M JIaTh TOYHBIE
NpeJCcKa3aHuss 10  pe3yibrataMm dskcrnepumeHToB. Dopmynel  Teopun IlumoBa  kak
(dyHIaMEHTAILHON TMpOTrpaMMbl reoMeTpu3aluu (U3MKH OYeHb OOIUWEe H HYXKIAITCI B
nanpHeien npopaboTke, YTOObI UMETh BO3MOKHOCTh IIPOBEPUTH UX B CTPOrOM 3KCIIEPUMEHTE,
a MHOTHE TIOJIOKEHHUS KOHIICMIIMM AKHMOBa, HAaoOOpPOT, OCHOBaHbI Ha 0000IIEHUU
AKCIIEpUMEHTANBHBIX JaHHBIX. [lo cioBam IllumoBa, skcrepuMeHT B 3TOW 005acTu ceifuac
CHJIBHO OIlEepekaeT TeopHuio. B To e Bpemsi, OU4eBUAHO, YTO HKCHEPUMEHTAIbHbIE pabOThl BCE
emé HaxoITCsl HA MOMCKOBOHM cTaamu. K TOMy e 3TO He €IWHCTBEHHBIE TEOPHH, B KOTOPBIX
JAIbHOJICHCTBHUE O CIIMHY BXOJIUT KaK HEOThEeMJIEMast 4YacTh, M B KOTOPBIX JICTAIOTCS MOTBITKH
OOBSICHUTh HEKOTOPBIE pacCMaTpPHBAEMBIC Jajiee AHOMAIbHBIE PE3YJbTaThl SKCIIEPHUMEHTOB,
Harnpumep, cm. [11, 12, 13].



3. YCTPOUCTBO TOPCUOHHbIX FTEHEPATOPOB

3.1 N'eHepamopsbi Akumosa

Hauném paccMoTpeHHe KOHCTPYKIMI TOPCHOHHBIX T€HEpaTOPOB C HamOOJIee H3BECTHBIX -
reHepaTopoB AKHMOBa. OTH TeHepaTopbl OblIM paszpaboTaHsl B KoHue 80X romoB, u
3anaTeHToBaHbl B Hayaje 90X rojnoB. BONBIIMHCTBO SKCHEPUMEHTOB TOIO MEPHOJA JIENAJIOCh
umMeHHo c reHeparopamu A.E.AxkumoBa. [lo kxoHma 80X wucHoiab30BagNCh B OCHOBHOM
re"eparopsl A.A.Jleesa.

Masnpiii TeHepaTop AKMMOBa HMMEET 3aMKHYTBIH METaUIMYeCKud (METHBIH) Kopmyc ¢
BBICTYNaOmMKUM KoHycoM (Puc. 1). BHyrpu pacmonaraetcsi HWIMHIPUYECKHHA KOHIEHCATOP,
MEXIy OOKJIaJKaMH KOTOPOrO HAXOJMTCS IOCTOSHHBIM MarHuT, BEKTOp HaMarHWUYEHHOCTH
COBIAJAeT C OCbI0 KOHJeHcaTopa. Ha oOkmaaku monaércs HampspKeHHE, KOTOpPOe MOXKHO
MOJAYJIUPOBATh IIEPEMEHHBIM YIIPABJIAIOIUM HAMNPSIKEHUEM. XapaKTEpHOE HAIPSHKCHUE MEXIY
ookmaakamu - 100 B. Kopmyc BO Bpems SKCIEPHUMEHTOB 3a3zeMysuics. J[uarpamma
HANpaBJICHHOCTH U3JIy4€HHUs MOBTOpSET OOpa3ylollyi0 KOHYCa, MpPOAOJDKAsACh IOCIE €ro
BEPILIMHBI KAK IIEPEBEPHYTHIA KOHYC.

Puc. 1.Maublii reHepaTop AKHMMOBA.

Bonbmioit remeparop AkumoBa uMeeT Ooiiee ClokHYH KoHCTpykmnuto (Puc. 2, Puc. 3). On
UMEeT pa3Mep C HeOOJBIIONW TENEeBU30p U, [OMHUMO TOTO JK€ U3Jydaresisi B BHJC
IJIMHIPHYECKOTO KOHJICHCATOpa, HMEET MHOXKECTBO JOTOJHUTENBHBIX Y3J0B. OJTH Y3JIbI
JIOBOJILHO MO ipo0OHO ommcanbl B mareHte 1992rona [14], onn hopMupyOT, MOIUDHUIUPYIOT U
CYMMHUPYIOT TOPCHOHHBIM CHTHak. Y3Ibl TPH 3TOM COCIMHEHbI MEJHBIMH IIMHAMH, CHUTHAI
noaaéTcsl Ha BBIXOJI, K KOTOPOMY TIO/IKIIFOUAETCs U3JTydaTesb B BHIC PYIIOPHOI aHTEHHBI.



L BN B BN
1 - BXoAHOR MHDOPMALWOHHBIA CHrHan
2 - Yeunutens
3 - TopcnoHHbIR BO3GYAHTEND
¢ opToroHansHeimMu EuH
4 - NpeoGpazosaTens anexkTpo-
METHHTHOrO CHIHANA B TOPCHOHHLIA

5 - OGbeuHHMTENK
6 - MepeknioMaTent pexuMoB:

LI ]
g
I o

Tac - akcuansHoe none 8 - Perynatop MHTE@HCHBHOCTH
Trd - PagMansHoe none 9 - Monapuaaropsl 10
Tar - CymmapHoe none 10 - Many4alowan aHTexHa

7 - AfpecHblid MoagynaTop 11 - Hany4aeMblid TOPCHOHHBIA CHIrHAN

Puc. 2.IlpunnunuajbHas cxeMa 00/IbLIOTO reHepaTopa AKMMOBA.

Puc. 3.BHemHuii BUI 1 BHyTpPeHHee YCTPOHCTBO 00JILIIOTO FreHepaTopa AKHMOBA.
Cambie u3BecTHBIE d(PPEKTHI OT TEHEPATOPOB AKHMMOBA. BO3/JCHCTBHE Ha CBOICTBA METaJIOB

(oOpaboTka pacriaBoB), Ha KPHCTAJUIM3ALMIO PACTBOPOB, Ha OWOJOrHYecKHe OOBEKThI, Ha
(du3HyUecKre NaTIYMKU Pa3IMUYHbIX KOHCTPYKIIUH — BCce 3TH 3P HEKTh OYIyT pacCCMOTPEHBI HIKE.
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3.2 N'eHepamop bobpoesa

CoBepIlleHHO HHYIO KOHCTPyKIHMIO uMeeT renepatop A.B.booposa [15], Puc. 4. Ero
u3y4yareneM sBisiercs wmarpuina w3 cBeroamonoB - 1(x10. Ha cBeromuonsr momaércs
WMIYJIbCHBIA CUTHAT MaJIOW CKBXHOCTH M aMIUIUTYJI0M B JIECATKH BOJBT. HacToTa cleoBaHus
uMIyIbcoB - 3kI 11, Ha curHai HaokeH Meanap yactoroi 1001 .

Puc. 4.T'enepatop A.B.BoGpoga.

I[I/Ial"paMMa HaIlpaBJICHHOCTHU HGBHCKTPOMaFHHTHOﬁ KOMIIOHCHTBI H3JIYYCHUA TC€HEpATOpa
Bo6p0Ba - JIyd, HepHeHI[I/IKYJISIpHHﬁ IIJIOCKOCTU M3JIydaTeiid, BAOJIb CBCTOBOI'O IIOTOKA OT
CBCTOJAHNOJ0B (CBGTO,Z[I/IOI[BI, HECMOTPA Ha HETUITMYHBIN PEKUM 3aIIUTKHU, SAPKO CBCTSIT).

Bonbiioe kon-BO CBETOAMOAOB HE sBIsiETCS HEOOXOAWMBIM; IO ciioBaM boOpoBa, reneparop
pabotaer W ¢ omHUM cBeroauonoM. IlepBoHauamsHo bBoOpoBbIM  OblTa  BBIJEICHA
HEDJICKTPOMArHUTHAsE KOMIIOHEHTa TeJIHi-HEOHOBOTO Jia3zepa, 3aTeM ObUIM  OmMpoOOBaHbBI
TeHepaTOphl HA OCHOBE MMITYJIBCHOM 3allUTKH TOJYIIPOBOJAHUKOBBIX JIa3€pOB, HO BCKOpE OBLIO
oOHapy>keHO, 4TO (P PEKT €CTh U OT OOBIYHBIX CBETOIHOJIOB.

Takoil reHepaTop HCIIOJIB3YETCS] B 3KCIEPUMEHTAX IO aKTUBAI[MM BOJbI, JJIsi BO3JCHCTBUS Ha
Ouosiornyeckue OOBEKThI, OH JIEHCTBOBAJ HAa JAaTYMKH Ha JBOMHBIX JJIEKTPUUYECKUX CIIOSX M
MII-ctpykTypax. OnpoOoBaHO MEIUITMHCKOE MPUMEHEHNE TeHEPaTOpa, a TaKKe TEXHOJIOTHH B
00JacTH TMHUIIEBOM MPOMBIIUICHHOCTH M CEIhCKOro XoasiiictBa. Huke OyayT ommcaHbl
pe3yabTaThl IpUMeHeHUs TeHeparopa bobposa ¢ MH(POPMALIMOHHBIMU MAaTPULIAMH U3 PA3TUYHBIX
BELIECTB.

3.3 NeHepamops! nunbmaHa
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Bonburyto m3BecTtHOCTh B MHTEpHETE ToMyumiiu reHepatopsl umHxkeHepa A.A.lllnmuiabmana w3
Kazaxcrana. Ha caiite wuzoOperarenst (Beaércs c¢ cepeaumusl 90X TOJ0B) TMPEACTaBICHO
MHOXkecTBO KoHCTpyKIuit (http://spinfields.narod.ru/ALMANACH/Almanach.him

Omnuriiem yerpoiictBo reHeparopa "Komdopt” [16] (Puc. 5).T71aBHas merans B 3TOM reHepaTtope
- BpararoIeecs 3eKTpoMoTopoM (ropsiika 50 060poToB B cekyH1y) HeppUTOBOE KOJIBIIO, OHO
(GopMHpYeT MOTOK HEIIEKTPOMATHUTHOTO U3JTyYCHUsI BIIOJIb OCH BpaleHust. HeCKOIbKO MeTHBIX
KaTylIeK ¥ 3JEKTPOJOB C MOJAHHBIM HAa HHUX TEPEMEHHBIM HAMpPSHKEHHEM HAIPaBISIOT U
MOJIYJIUPYIOT MOTOK.

e

¢ “ - 15 0 8
3 16
‘ )

Puc. 5.Buemnuii Bua u ycrpoiictBo reneparopa " Komdopr-M5". [deranu renepatopa: D — qBurarenasn, 1 —
0oCh, 2 —(peppuTOBOE KOJIBI0, 3 —CepedpsIHbIii 0TpakaTeNb, 4 —MIMHAPUYECKAas KaTymka, 5, 8 —keje3nble
cepaeuHuku, 6, 9 —ToponnanbHbie KATYIIKH, 7 —KeJe3HbI kKopnyc/akpaH, 10 —ceTka U3 cepeGpsIHOIi JIEHTHI,
11 —amoMuHHEBOE MOKPbITHE, 12 —BepTHKAJbHbIE MOJOCKH MOKPBHITHSI BUCMYTOM, 13 —TOHKasl KeJie3Hasl

TpyOKa, 15 —MeaHbIii AucK, Jy:xkEHbIH cn1aBoM Pose, 16 —nexTperHas miénka, 17 —o6ogok Ha kopmyce, E —
KOHTAKT /ISl HOIa4H MOJI0KUTeTLHOT0 HANIPSZKeHNs HA MoKpbITHe 11 0THOCHTEILHO OTpaskaTess 3.

10 13

| 2|

opod

RN

10

Y IlInunpmaHa OMNMMCAaHBI TaKKe KOHCTPYKIMU Oe3 Bpamaronuxcs netaneir. Hampumep,
nokazaHHas Ha Puc. 6 KOHCTpYKIMS OYeHb IMOXOKa Ha M3JTydaTellb TeHeparopa AKMMOBA, HO
HaMarHW4eHHOCTh B ()EPPUTOBOM KOJIbIIE HANpaBjieHa HE BJOJb OCH, a NMEPIEHIUKYISPHO - OHA
BBI3BIBAETCS KATYUIKOM MOJAMAarHUYMBaHUA. TpeTuil 3JeKTpOJ CIAYXKHUT I 3alUpaHHsl MOTOKa
HEAJIEKTPOMAarHUTHOTO U3JIy4€HHs B OJTHOM M3 HaIIPABJICHUM.
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Puc. 6.HenoaBu:kHbII H3iIydyaTenasb reieparopa llnuasmana.

I'eneparopsr lllnunbMana HCIONB3YIOTCS Kak TEPareBTUYECKOE YCTPOMCTBO, TaKXKe €CTh
pe3yabTaThl MO0 U3MEHEHHUIO CBOMCTB CTAJIM W YyTyHa MPH OOJIyUYEHUH, a TAKKE [0 HABEICHUIO
"(aHTOMOB", ONpECIIEMBIX JATYNKOM BPAIIAIOIICTOCS 3JIEKTPUISCKOTO BekTopa. Ho ocHOBHOM
ONMMCAHHBI Ha caiiTeé METOJ JETEKTHPOBAHUS H3IIy4eHHS - HENOCPEICTBEHHOE BOCIIPHATHE
dKCTpaceHCaMHu, UMEHHO TakuM oOpazoM cam Ilnunbman ompenernseT 3G(HEKTUBHOCTh CBOMX
KOHCTPYKIHH. KcTaTu, 3TO SBISETCS THIMYHBIM JIJIsI MHOTHX aBTOPOB TOPCHOHHBIX T€HEPATOPOB:
KOHCTPYKIIMIO H PEXKUMBI pabOThl dYacTo MOAOMPAIOT TMPU TOMOIIM paMKd JIUOO
HETMOCPEJICTBEHHO pYKaMH, M YXe€ II0OTOM HaWJeHHbIe 'ynauyHble" pEIIeHUs TMPOBEPSIOT
00BEKTUBHBIMU METOJAMHU.

3.4 NeHepamopsb! KpacHo6pbixesa

He Bce reHepaTopsl HMMEIOT AaKTHBHBIC SJIEMEHTHI B BHJE BpAIIAIONIMXCS YacTedl JHOO
HCTOYHHMKOB 3JIEKTPOMAarHuTHOro0 mossi. CyIecTByeT KIacC TOPCHOHHBIX T'€HEpPaTopoB, B
KOTOPBIX  M3JYYCHHE BBI3BIBACTCS  CIIUHOBO-YIOPSAAOYCHHBIMH  CpeqaMu. | eHepaTophl
KpacHOOpbIKEBa MPEACTABISAIOT COO0M COCTMHEHHBIC TTOCIIEI0BATEIBHO YIEMEHTHI U3 CIIMHOBO-
YIOPSIZIOUYCHHOTO BelecTBa (HAmpuMep, MOHOKPUCTAUIOB Kpemuust). Ha Puc. 78 mokasanbl
COCTaBHBIC 4YaCTH Takux reHeparopoB. Kak mmirer KpacHOOpbDKEB, Mpu COOpPKE TaKOro
reHepaTopa BaxHo coOmronaTh psia npuHnunos (Puc. 7-a) [18]:

1) IomkHO OBITh HECKOJIBKO AJIEMEHTOB, MPHYEM KOHTAKTHPYIOIIME YIEMEHTBI IOJDKHBI OBITh U3
pa3HBIX MaTepHAJIOB,;

2) [IpucoenMHEHKE CIIEAYIOIIETO 3JIEMEHTA JIOJDKHO OBITh HE paHee onpeaenéHHoro Bpemenu (40
9) OT MPUCOCIUHECHUS TPEBLIYIIETO;

3) IlepBblii 21eMeHT NOKEH OBITh "aKTHBUPOBAH" C MOMOIIBIO IPYTOro reHepaTopa.

CHCTeMAd aKTHEAIHH
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CnuH-reHepaTtop PesoHaTop

O61LeKkT BO30EHCTEMA |~

HHn-TParﬁ«—cuHmemaﬂ napa— “YMn-MHayKTOP

0

B

Puc. 7.T'enepatop B.I' KpacHoGpbikeBa: a) cxeMa TOPCHOHHOIO reHepaTopa; 0) cxeMa YCTAHOBKH CIIMHOBO#
Tejenopranmun KpacHoOpbikeBa; B) (h0TO 3JIeMEHTOB reHepaTopa.

Camu reHepaTopsl B HEMOCPEACTBEHHOH ONM30CTH MMEIOT IOBOJBHO CHIBHOE JEHCTBHE Ha
yesoBeka, o ciaoBam KpacHoOpbikeBa - 10 OOJEBBIX OINIYIICHUW. B 3KcmepuMeHTax ¢ dTUMHU
reHepaTopaMy aKTUBHO MPUMEHSETCS MPUHIIMIT HEIOKATFHOTO B3aUMOJCHCTBUS. ""KOT€pPEHTHOE
COCTOSIHME" OT TeHepaTopa TEeJIENOpPTUPYETCS Ha JI00€ pPACcCCTOSHHE C MOMOIIBI0 Tapbl
CIICIHATbHBIM 00pa30M IMOJArOTOBICHHBIX METAIMYECKUX IUIACTUH, OJHA U3 KOTOPbIX ("duIl-
TpaHCIATOP") HAXOAUTCS PSIOM C TeHepaTopoM, a Bropast ("dum-uHIyKTop ") MOXKET HAXOIUThCS
Ha JIFOOOM PAacCTOSIHUM OT HETrO0 M BO3JIEHCTBOBATH Ha pa3sMYHbIe (pU3MYECKHE, XUMUYECKUE U
ouosoruueckue mporeccsl (Puc. 7-6). Hike 3TH SKCIIEpUMEHTHI OYIyT OMUCAHBI TOIPOOHO.

3.5 NeHepamop Kypanoea

[lepmckas rpynma wucciemoBaTened moj pykoBojcTtBoM rmpod. B.d.IlanoBa wucmnonb3yer
renepatopsl KoHCTpyKImu C.A.Kypamnosa (Puc. 8) [19]. Dtu reneparops! NpeacTaBisioT cO00i
KOMOMHALMIO U3 LWIMHIPUYECKUX KOHAEHCATOPOB, HA KOTOpbIE MOAAETCS HANpspKeHue, M
HECKOJIbKHX chupanbHbix KaTyirek BHyTpu (Puc. 9). ITo ciosam C.A.KypamoBa, BakHOM
0COOEHHOCTBIO I'€HepaTopa SIBJIAETCS KOMOMHUPOBAHME JIEBOTO UM MPABOI'0 U3JIYYEHHs B OJJHOM
nyde. HanpsbkeHne Ha reHepaTop NoJaércs ¢ MCHOJb30BAHMEM YacTOT SJAEPHOIO0 MAarHUTHOTO
pe30HaHca.
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Puc. 8.C.A Kypanos u ero reneparop.

¢L/f7 2 Dur. D

Puc. 9.Pucynku u3 natenta Ha reHepartop C.A Kypanosa.

OnbITHBIM NYTEM OCYILECTBISIETCS IMOAOOpP PpACCTOSHUS MEXJAYy KaTylIKaMd, 4YTOObI JIy4
reHeparopa ObUI MapajuleJbHBIM WU HE pacXoawicsd Ha OOJIBIIOM pacCTOSHUM - 3TO JaéT
HEKOTOPYIO aHAJIOTHIO ¢ (POKYCHPOBKOMW CBETa JIMH3AMHU.

[Tepmckoii rpyIoi pa3paboTaHa TEXHOJIOTHS TOPCHOHHOM TUIAaBKH METAILIOB (BHEIpEHA Ha Psiie
METAJUTyPTUYECKAX TPEANPHUATHH  Ypania), TakkKe O3TOW TIpyNmoil ObUTM  MPOBEICHBI
SKCHEPUMEHTHI 110 BIUSHUIO TOPCHOHHOTO U3JIY4YEHMs Ha KUHETHKY XMMUYECKHX IPOLIECCOB U
OuosIoruyecKue dKCepuMeHThl. Bc€ 3To OyeT Takxke pacCMOTPEHO HUXKE.

3.6 lTocmosiHHbIe Ma2HUMbI KakK MOPCUOHHbIe 2ceHepamopbI

HasepHoe, mnpocTeiliinii TOPCHOHHBIM TeHEpATOp - S3TO TNOCTOSHHBIM MarHuT. M3BecTHO
MHO’KECTBO 3KCIIEPUMEHTOB U 3allaTEHTOBAHHBIX TEXHOJIOTUU 110 aKTUBALIMU TOIUIMBA U BOJIbI, B
KOTOPBIX TJIaBHBIMH 3JIEMEHTAMHU BBICTYNAIOT IOCTOSHHbIE MAarHUTHI, MHOTJA OIpene’aEHHON
¢dopMbl - B BHJe KOHycoB. Hampumep, TexHoyiorusi BO3JAEHCTBHS Ha BOJY C NPUMEHEHUEM
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MarHuToB Oblma paspaborana H.IT.Bakyposeim (TBepn) [27, 28, 29, 30]. O6paborannas
"oMarHuyeHHas'") Bojga O00JaaeT BBIPAKCHHON OMOJOrMYECKONM aKTHMBHOCTBIO, TAKKE OHA
MEHSIeT KUHETHKY XMMHMYECKUX pPEaKLUi, YTO NMPUMEHSETCS KaK CpPeACTBO NPOTUB HAKUIIM B
koTiax. JKuakoe akKTMBHPOBAHHOE TOIUIMBO O0JIa/laeT TMOBBIINIEHHON TEIUIoOTHaYeld u Ooliee
MOJIHO CropaeT. AHAJIOTHYHBIE PE3yJbTaThl MOJy4YaloTcs ¢ 00pabOTKON TOTUIMBA T€HEepaTOpaMu
KpacnoOpsikena.

ITo konnenuuu Axumona-lllumnoBa, MOCTOSIHHBIE MAarHUTHI KaK CIIMHOBO-YIOPSJIOUYEHHBIE TEJa
00J1a1af0T CTaTMYECKUM TOPCHOHHBIM TIOJIEM, W B JaHHOM cllydyae Ha XUIAKOCTH JIEHUCTBYET
UMEHHO JTO I10JI€, @ HE MAarHUTHOE.

YacTto MarHUTHl UCHOJB3YIOTCS B KOMOWHAIMM C MEXaHMYECKHM BpallleHUEM, HalpuMmep, B
renepartopax [lInmuiemana. Taxke cMm. padoty [26].

3.7 BpawjeHue kaKk ucmo4YHUK MOPCUOHHO20 U3JTyYEeHUSs

I'pymmoit B.M.JIlyuésa B Tomcke B 1988-1993%x romax ObUIM TPOBEICHBI IMOMCKOBBIE
IKCIEPUMEHTBI 110 CIIMH-TOPCHOHHBIM B3aMMOJICHCTBUSAM, M3JIOKCHHBIC B KHUIE - COOpHUKE
crareit [31]. Psn skcrepuMeHTOB ObUT MPOBEAEH C IeHEpaTopaMH Ha OCHOBE aBUAIIMOHHBIX
THPOMOTOPOB. B KauecTBe JAaTYMKOB BBICTYNANM CYETYMKH PAJMOAKTUBHOCTH (MEHSUIACH
WHTCHCHBHOCTh W CTaTHCTUKA), KBapleBble Te€HEpaTopbl (MEHsJIACh 4YacToTa), KYJIbTYPbI
OakTepuii (TeHETHYECKUE U3MCHCHUS).

Uropem  Menbaukom  (ToMck)  mpoBelneHbl ~ MHOTOYHCICHHBIC — AKCIHEPUMEHTHI 10
JIMCTAHIIMOHHOMY BJIMSIHUIO BPAICHHS JKUKOCTH Ha MapaMeTphl PalMOAKTUBHOCTH, a TAKXKEe Ha
CBOMCTBA OIYnpoBogHUKOB [32, 137].

XapakTtepHble TOpcHOHHBIE 3(dexTsl (OnosornuecKkasl aKTHBHOCTh, BO3JICHCTBHE HAa 3HAYCHHE
(GOoHOBOW pajMalMi) OKa3bIBAIOT BHUXPEBBIC TEIJIOI€HEPATOPhI, MAacCOBO BBIMYCKAIOIIHECS
pasmmunbiMu upmamu [33, 34, 35, 110].

I[Tomumo yxe paccmoTpeHHbix reHeparopoB Illnunsmana, OJMH U3  TEHEPATOPOB
KpacHoOpbrkeBa Takke NMpeAcTaBsul cOOON BpAIIAIONIYIOCS JIEKTPOJBUTrATENIeM HacalKy W3
CIIMHOBO-yHOpsitoueHHOTo MaTepuaia (Puc. 10) [37].
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Puc. 10.I'enepatop B.I'.KpacHoOpbI:keBa ¢ «<BePTYIIKOI1» U3 AaHU30TPONMHBIX 0APUTOBBIX MJIATHH.

CyIIecTBYIOT TakKe TOPCHOHHBIE YCTaHOBKH, I/ie OOBEKTOM BpAIICHHUS BHICTYNAET HE JKUAKOE
Wi TBEPAOE TN, a ANeKTpoMaruHuTHoe noie. Hanpuwmep, y lllnunsmana onvcana KOHCTPYKIUS
C HEMOJBWXHOW MHOTO(]a3HOM KaTyIIKOH, KOTOpas CO3MaéT Bpallarolieecs MarHUTHOE IoJie
[17]. MuoxecTBO aHOMaIbHBIX 3()(eKTOB ObLIO 3aMedeHo B yctaHoBKe I'ognHa-Pomuna [36]. B
[38] ommcano MHOXecTBO pe3ynbraTtoB (MO CyTH, II€JI0€ HAMpaBlieHHE HCCICIOBAHUN |
TEXHOJIOTHIA) MPU BO3JCHCTBUU HA PAa3IMYHbIC MAaTepHasbl BPAIIAIOIIEIOCS dICKTPOMArHUTHOTO
MOJsl - B OCHOBE YCTAaHOBOK BBICTYNAeT OOBIYHBIA CTATOp OT ACHHXPOHHOTO JBUTaTens. B
pabotax rpymmsl M. Kpunkepa [134, 135]npuBenén npumep BO3ACHCTBUS HA JATYUK pajnariiu
BpALIAOIIIMCS AJIEKTPUIECKUM TI0JIEM KBAJAPYIOIBHOTO KOHIEHCATOpa, MpHYéM 3G GEeKT oueHb
CXOK ¢ HahaeHHsIMU rpymmoi JIynésa [131]. Muorue 3t 3 peKThl aHATOTHYHBI BO3CHCTBUIO
IPYTUX TOPCHOHHBIX T€HEPATOPOB, B YACTHOCTH, KHIKOCTHBIX BUXPEBBIX TEIUIOTEHEPATOPOB.

3.8 3gpgpekm ¢hopMbI Kak UCMOYHUK MOPCUOHHO20 U3JTy4YeHUs

MHorre TreHepaTopbl HCIONB30BAIM KOHYCHI, NHPAMHIbI, IMIUHIPHI, MHOTOTPAHHHKH Kak
CYIIECTBEHHbIE dJeMeHTH. Hampumep, B OosblioM TeHepaTope AKHMOBa KOHYCHI C
COOTHOIICHHEM BBICOTHI W ocHoBanus 0,618 mnpumenstorcs B kamepe (GOPMUPOBAHUS
JJIEKTPOTOPCUOHHOTO W3Iy4YeHHUs (CapeHHBIE KOHYCHI), B MOJIYJIATOPE, B PEryJIsITOpe
WHTCHCUBHOCTH, B W3JydYaromed aHTeHHe. [lmockue ¢urypbl ¢ coOIIOCHHEM MPOMOPLUi
30JI0TOTO CEUEHHUsS MPUMEHAITCS B CyMMaTopax 3TOTO TeHepaTopa, a Takke il CbhéMa
TAHTCHIIMATBHOW COCTABISIONICH W3JIydeHHsS U3 IUIOCKOCTH COCIMHEHHsS KOHYCOB (T.H.
"3Bé3mouka”). MeTauinueckue MUHBI UCIOIB3YIOTCS IS Nepeady "TOPCUOHHOTO CHrHAia" OT
y3na k y3ny (Puc. 11).
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Puc. 11.Y3abl renepatopa AxkumoBa no nateHty [14] u mo ¢orto: a) kamepa GOPpMHUPOBAHHUSI TOPCHOHHOTO
curnana; ©6) cymmarop, B) MoayasTop (¢ uHpopMauMOHHOW MaTpuueli B LEHTpe); TI) PperyJisirop
HHTEHCHBHOCTH (C MOJSAPU3ATOPAMH B IIEHTPE); 1) H3JIy4al0masi aHTeHHA (Ha ()OTO He MOKA3aHA).

I'enepatop A.B.KunpepeBmua [21] mnpezicraBisieT CBOEro pojaa <«BBIBEPHYTHI HAaW3HAHKY»
18



reHeparop AKHMMOBA: LWJIMHIPUYECKHE OOKIAIKKM KOHJEHCATOpa 3aKJII0YalT Mexay co0oi
NPU3MBI U3 CIIEIHATbHO MOA0MpaeMoro Marepuana (Harmpumep, GEeppuT OnpeneaEHHON MapKu),
HPU3MbBI CMOTPST BEpPIIMHAME Ha OCh, BHYTPEHHSISI OOKJIA/IKa MOBTOPSIET MMOBEPXHOCTh MPU3M (B
paspe3e - 3B&3mouka) — Puc. 12, CBepXy M CHH3Yy KOHCTPYKIHMS 3aKpbiTa KOHYCaMH,
CMOTpPSAIIMMHU BOBHYTph. [lo ocu ycTaHOBKM pa3memiaercst oOpasel, Ha KOTOpPbI HIET
Bo3zeiicTBue. Ha oOkianku KoHJeHcaTopa NoJaéTcs CHHYCOMAANBbHOE HANpsKeHHE HAa 4acTOTe
SIMP. Jlanee pe3ynbrathl KuHaepeBuya aHaIM3UPYOTCS B pasjeiie 8.
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Puc. 12. Pucynku u3 mateHta A.B.KunaepeBuua ¢ omucaHmeM KOHCTPYKIIMH TeHepaTopa MO YCKOPEHHIO

PaauO0aKTUBHOIO pacnaja.

.

Puc. 13.CraTuueckuii reneparop A.JQO.CMHUpHOBA U €ro 3J1eMeHThI.
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B cratnueckom renepatope CMUPHOBA MTPUMEHSIETCS PsiJl COOCHBIX KOHYcoB (Puc. 13),koTopbie
BBICTYHAIOT 3JIEMEHTAMU IIEPUOINYECKON CTPYKTYPHI.

[To-BUIUMOMY, MHOTHE MEPUOJMYECKHE CTPYKTYphl CaMH MO cebe SBISIOTCS (OPMOBBIMU
reHepaTopamu, M, CKaKeM, PacIioJIOKEHHE B PSIT JECATKA MPOOHPOK YiKE MOXKET MOTEHI[HATIBHO
BECTH K MHTEpeCHBIM 3(dekram [22, 23].

OnuH W3 BapMaHTOB TOPCHOHHOTO TeHepaTtopa, uccienoBaHHbBIM b.B.OkymoBeIM U3 rpymimb
B.N.JlynéBa - aBa BIOXKEHHBIX METAJUIMYECKMX KOHYCA C Pa3HbIMH YIJIaMU NPH BEPIIMHE, TaK
YTO PACCTOSIHUE MEXy OOKJIaJIKaMH MOJYYarolerocss KOHISHCATopa YMEHbIIAIOCh K ocu [39)].
OTa KOHCTPYKIUS TMOTPYXajlach B IKUAKHHA JUAJICKTPUK, HAa OOpa30BaHHBIA KOHYCaMH
KOHJIGHCAaTOp mojaaBaiioch HamnpspkeHue 10-12 kB, B pe3ynprare mnoay4ancs TpajueHT
HaIpPsHDKEHHOCTU JIEKTPUYECKOTO TOJIA K OCU. M3iydeHue OT AAHHOIO I'e€Heparopa BIHUAJIO Ha
kpuctamimzanuio pactsopa KCl B pacronoxxeHHo#t Hajx renepaTtopom kroBete (Puc. 14).

-

R
R

N

T

Pre. 1 Pac. 2

Puc. 1. Cxema yerpolicTpa: f — DOBePXBOCTh KHAKOTO JHIJICKTPHKA; 2 e
anagekTPpAK, 3, 4 — KOHYCHBIE 3JCKTPOAL KOHAEHCATOPA; 5 — 0oCb CUMMET-
PHH yCTpOHCTBA

Pue. 2. CxXema UOTOKOB BAKYYMHOH cpean: !, 2 — KOHyCUBe 3JEKTPOAM
KOHCHCaTopa

Puc. 14.BbicOKOBOJIBTHBII reHepaTop ¢ AByMsi koHycamu (koncTpykuusi b.B.OkyioBa).

[Mupamunel camu 1o cebe SBISAIOTCS T'eHEPATOpPAMH TOPCHOHHOTO W3IYyYEHHs, TPH ITOM
CYIIECTBEHHBIM /7SI 3P (EKTOB SBISETCA COOJIOJCHHE MPOIMOPLUUNA BHICOTHI M OCHOBaHUS, a
TaK)Ke TOYHAs OPUEHTHPOBKA IO CTOpPOHAM cBeTa. Tak, Ouonornyeckue 3G(HEKThl OT MUPAMHIL
npejcTaBieHsl B [24]; 0630p nposiBnenuit agdekra hopm, BeimoanenHsiii M.H.CtenanoBeiM, cM.

B [25].

CriernasibHBIM  00pa30M OPHEHTHUPOBAaHHAs IMOBEPXHOCTh pas3zelia Cpell BBICTYNAET OCHOBOM
“kacarenpHoro exa’ A.W.Beithuka [40] (Puc. 15). B 3TOif KOHCTPYKIMH ILJIACTUHBI
OPUEHTHPOBAHbI 10 KacaTelbHOW K HEKOTOPOH OKPYKHOCTH. MeTauim4eckoe KOJbIIO,
MOJIBEIIICHHOE HAa TOHKOW HHUTH B IIEHTPE, WCIBITHIBAET MOMEHT CHJI, YTO 3aME4YaeTcs II0
OBOPOTY KoJiblla. [loBTOpeHue 3Tol KOHCTpYKIUU B OonbiieM Maciitade [Tetpom Jlykuubim (.
ButeOck) noarBepanio aaHHbIN 3¢deKT: Oobias KOHCTPYKIHs (CTANbHBIC JIUCTHI TOJIIUHOMN
1,2 mm, pazmepom 801200 mm, oOmmIMii BeC KOHCTPYKIIMU 3 TOHHBI) MPUBOJUT BO BpaIlCHHUE
MOJIBEILICHHOE KOJIBIIO U3 METHOM TpyOKH, 3aJIMTOM CBHHIIOM (BEC OKOJIO 4 KT), THaMeTp KOJbIa
400mM, OJBEIICHO HA HUTHU JIHHOM 7,2M). Bpamenue komnbiia npoaonkainocs 15 munyt [41].
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Taxoke A.J.BeliHUKOM OBLIO HCCIIECOBAHO BIHSHHAE MEPUOIUYECKUX CTPYKTYp («3Meek») Ha
XapakTepucTUKHU OeTa-pacnana [40].
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Puc, 13, Cxema xacateabHoro «ema» (a), cGOH X01d 4acoB MHKPOKAALKYAATOpa
e3nextponnka MK 53» (6), 3anHCHMOCTL YCKOPEHHA X003 HAPYUHWX WYAcOB
«JNEKTPOHHKA 5» OT PaccTOAMMA (8) ¥ 3TRAOHHOrO BpPEMEHH (2)

Puc. 15.E:x Beiinuka u 53 (peKThI OT Hero.

Ha s¢dexre dpopm ocnoBansl ycranoBku FHO.B.I[3sn Kanbwkens, B kotopeix oH ¢ 50X romoB
CTaBHJI HKCHEPUMEHTHI IO Tepeaade TEeHETHYEeCKOH HWHQPOpMAIMH MEXAy OHOJIOTHYECKUMHU
o0BbeKTaMH U TOOWBAJICS KpaiiHe HEOOBIYHBIX PE3YyJIbTATOB: MPH Iepeaade nHPOPMAIMH OTHOTO
OMOJIOTMYECKOTO BHIA HA JPYrod J>KUBOTHBIE W PACTCHHS - PEHHUIHEHTHl NpUoOpeTann
XapakTepHbIC MPU3HAKH OPTaHU3MOB-JI0HOPOB [62].

VYcranoBka [[3sn Kanpwkens (Puc. 16) mpencraBmsuia co0Oi  COCTUHEHHBIC —TOJIBIMU
METAJUIMYECKUMH TPYOaMH MHOTOTPAHHUKH, NMPUYEM B HEKOTOpbIe TpaHu (MATHYTOJIBHBIC)
MOHTHPOBAJIMCH KOHYCBI, C BEPIIMH KOTOPBIX CUTHAJI MIEN B TPYOBI, U U3 HUX — B IPUHUMAIOILYIO
KaMmepy. BHyTpu MHOrorpaHHuka pacrnoJjarajics reHepaTop CTaHJIapTHBIX CUTHAJIOB, OH padoTai
Ha yactote nopsnka 11T, u o6pexT-matpuna. [Ipeamnosnoxkenre o ToM, 94TO TpyObl BRICTYHAIOT
OOBIYHBIMU 3JIEKTPOMArHUTHBIMU BOJIHOBOJIAMH, HE MOXET OOBSICHUTD MOJTYUYEHHbIE PE3yIbTAThI
(B HekoTopbix 3(dekTHBHO  pabOTAONMX  yCTAHOBKAX  HCIIOJB30BAIMCh  OOBIYHBIC
BOJIONPOBOJIHBIE TPYOBI, KOTOPBIE HE MOTYT pabOTaTh BOJHOBOAAMH MPH TAKHX YaCTOTAX).
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Puc. 16.10.B.I13ssH Kanb4:KeH psiioM €O CBO€ii yCTAHOBKOW.

AHajnornyHas TO KOHCTPYKIIMM YCTaHOBKa mpexacraBieHa Ha Puc. 17. D10 ycraHoBKa
A.}O.CmupHoBa 1o Tenenopranuu uadopmarmu (1987r.) [23], cyas mo hororpaduu, ona nmeer

T€ K€ TEXHUYECKHUE PEUIECHUs], YTO U FeHepaTop AKMMOBA, a IO UACOJIOTUU CX0Ka C YCTAHOBKOM
3sna Kanpwkens.

Puc. 17.YcranoBka A.FO.CMupHOBa N0 TeJjIeNOpTANMU HH(POPMALMH.
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3.9 lMpuHyunblI KOHCMpPYyupo8aHUsI MOPCUOHHbIX 2eHepamopoe

AHanu3upyst yCTpOMCTBO pa3iMYHBIX TOPCHOHHBIX T'€HEPAaTOPOB, HECJOXHO BBLACTUTH P
0a30BbIX NPHUHIMUIIOB TeHepauu. AKUMOB B [9] BBIICTHI YeThIpe Kiacca TOPCHOHHBIX
rE€HEPATOPOB:

1) CriuHOBO-YNOPSIOYCHHBIC CHCTEMBI (C SIICPHOM, ATOMHOM, MOJICKYJIIPHON CTUHOBOM
AQHHU30TPOIHEH).

2) cTOYHHKH DIIEKTPOMATHUTHOTO TTOJIS.

3) Bpamatornuecs: MaTepuaibHbIC U MOJICBBIE OOBEKTHI.

4) 'eoMeTpUYECKUE U TONOJIOTUICCKHUE (POPMBI.

[IaTBIM KJTACCOM MOXHO CUMUTaTh KOMOMHHMPOBAHHME JTHUX YETHIPEX NPUHIMIIOB TECHEPAIIHU.
Hanpumep, B reneparopax ILlmunemana "Komdopt" coderaeTcs MexaHMYeCKOe BpalleHUE
(heppOMarHeTUKOB C HMCIIOJIB30BAHUEM JONOJHUTEIBHBIX KATYIIEK M AJIEKTPOJIOB, 3alUTAHHBIX
NepeMEeHHBIM HampspkeHneM. B reHepaTopax AKMMOBa NMEPBUYHBIM HCTOYHHUKOM TOPCHOHHOTO
MOJISt BBICTYMAET MOCTOSTHHBIN MarHuT B SJIEKTPUYECKOM TOJI€ IIMIIMHAPUIECKOTO KOHICHCATOPA,
a 3aTeM 9TO H3JIy4eHHE cOoOMpaeTcs W TpaHCHOPTHpyeTcs ¢ momomsio dddexta Gopm. B
IMHAMHYECKOM TeHepaTope KpacHOOpbDKeBa TpPUMEHSETCS TpPH MPHUHIMIA U3 YeTHIPEX:
AIIEKTPOMOTOP BpalaeT KPbUIbYATKY CIIEIHaIbHOM (GOpMBI M3 aHU30TPOITHOTO MaTepHaia.

Hago otMeruTh, 4TO cmoco0 TMONYYeHHS TOPCHOHHOTO W3IYYCHHS KaK KOMIIOHEHTHI,
COMYTCTBYIOIICH JJICKTPOMAarHUTHOMY WU3Ny4YeHuto (T.e. 241 Kiacc), OXBaThIBACT CaMbIi
HIMPOKHIA CIIEKTP 4acToT. B reHepaTropax AKMMOBa MpUMEHSIACH MOIYJISALIMS YaCTOTOM OT JOJIeH
repu o rurarepi. B renepatopax rpynmnsl CMUpHOBa HMCNOJb30BalduCh reHepatopsl KBY Ha
Jammax oOpaTHOW BOJHBI (MHJUTUMETpPOBBIE BOJIHBI - coTHU [T1). B renepatopax BoOposa
HCIIOJIb3YETCS] ONTUYECKAN TUAMAa30H.

Ecte W J0OBOJIBHO SK30THYECKHE TeHepaTopbl. Tak, OJHAa W3 KOHCTPYKIUH TOPCHOHHOTO
reHepaTopa rpynimsl JIlyHEBa MCnonb30Bajia pEeHTTeHOBCKUK MCTOYHMK. ['eHepaTop B.®d.[laHoBa
HCTIOJIb30BaNl PaIUOAKTUBHBIE U30TOIIBI (raMMa-HsnyquHe)l.

B Ta6nuue 1 cBeieHbl HEKOTOPBIE TOPCHOHHBIE TEHEPATOPHI U UCIIOIB3YEMbIE B HUX TPUHITUIIBL.
OTOT pas3gen, pa3yMeercsi, HE MOXKET NpPETeHI0BaTh Ha MOJHOTY. MHOrue reHepaTopsl,
MOCITY)KUBIIME OTIPABHOW TOYKOW M MpooOpa3aMu JPYrHMX H3BECTHBIX KOHCTPYKIIHHA, B
JOCTYITHOHM aBTOPY HAY4HOH me4yatu He ObUIM ONMHCAHBI CKOJIBKO-HHOYIb MOIPOOHO, HApUMeED,
renepatopel  CepreeBa, [leeBa, bepumse-CraxoBckoro, FOpouiikoro, ymomuHaemsie B [9].
Takxe 10BOJLHO MHOTO KOHCTPYKIIMI TOPCHOHHBIX I'€HEPATOPOB MOKHO HAaWTU B MAaTEHTaX, HO
IIPYU HTOM 10 HUM MPAKTUYECKH HET HAYUHBIX ITyOJIMKaIMH ¢ pe3ybTaTaMu BO3AEUCTBUM OT 3TUX
reHepaTopoB, IOATOMY 3TH KOHCTPYKIIMU TaKXKe He MOMaIN B HACTOALIUI 0630p.

! CymecTByer HeyTemmTenbHAS CTATHCTHKA MOBBIIICHHS BEPOSTHOCTH OHKONOTMUECKHX 3a00JCBAHUH B pajmyce
HECKOJIBKUX KHJIIOMETPOB OT ATOMHBIX 3JIEKTPOCTAHIMM, MPHUYEM TOBBIMICHHS PAJUOAKTHBHOTO (OHA HA TAKOM
PacCTOSHUU HET - PEYb MOXKET HIATH O HEKOTOPOM KOMIIOHEHTE M3IYYEHUs], HE KOHTPOJIUPYEMOM CIEINaInCTaMuU-
sIepIIMKaMi. DKCTIEpUMEHTHI [[aBIeHKO ¢ UCTOYHMKAaMU ramma-paguaniu [43] MoKassBaroT, YTO 3TH MCTOYHHKH
M3Iy4aloT JIEBOE TOPCHOHHOE TIOJE, AHANOTHYHBIA BbBOA caenan H.IL.BakypoBbIM Ha OCHOBE aHalu3a
OHOJIOTMYIECKON aKTHBHOCTH BOJBI M3 BOJOEMOB, TJI€ BOJA yYYACTBYET BO BHENIHMX (HEPaJIHOAKTHBHBIX) KOHTYpax
ATOMHBIX AJIEKTpOCTaHImi [29].
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Tabmuua 1. [IpuHuMnel, HCHOIb3yeMble B TODCHOHHBIX FeHEpaToOpax.

CnuHoBas DnexkrpomarauTHoe|Bpamenne @opmbr
YIOPSII0YEHHOCTh|TI0JIE
AKHMOB - OOJIBITION + + +
AKMMOB - MaJIBIN + + +
boGpos +
[Inmuneman + + + +
KpacHoOpbIKeB-CTaTHUECKUT +
KpacHoOpbKeB-TMHAMUYECKUIA + + +
Kypamnos + +
JIyHEB - rUpOMOTOD +
MenbHUK +
Maraut +
CMHpPHOB - CTaTUYECKUN +
OKyJIOB - KOHYC C 9JIEKTPOCTATUKON + +
BeliHuk - 3meliku +
Belinuk - €x +
[318 KanpuwkeHb + +

Kak 6b1 TO HU OBIJIO, KOHCTPYHPOBaHHE TOPCUOHHBIX T'€HEPATOPOB B HACTOSIIEE BPEMS SBIISETCS
CKOpee HCKYCCTBOM, HEXKEIIM HHXEHEPHOW pabOTOW, W JIMIIL OY€Hb HEMHOTHE KOHCTPYKIIUU
TrE€HEpaTOpPOB HACTOJIBKO HAJ&KHBI M JOKYMEHTHPOBAHBI, YTO JOCTYIHBI Ul HE3aBHUCUMOU
perunkanuu. OJJHAKO MPOBECTU SKCHEPUMEHTHI ¢ MPOCTEHIIMMH TOPCUOHHBIMH T€HEPATOPaAMHU -
MOCTOSTHHBIMU MarHUTaMH U TTUPAMUIAMU - TIO/] CHITY JIFOOOMY MCCIIE0BATEIIO.

Hwxe nnér knaccuduxamnms 3h(HeKToB 0T TOPCHOHHBIX T€HEPATOPOB PA3IMUHBIX KOHCTPYKIIUU.
Taxue pa3Hbie cIOcOOBI T€HEPAIMHA OJTHOTO U TOTO XK€ [0 CBOMCTBAM M3IYYCHHs YKa3bIBAIOT Ha
TO, YTO MPUPOJA ITOTO 'CTpaHHOTO" M3Ty4YeHHs (PyHIaMEHTANbHA, M BCE OTH PE3YJbTaThl HAI0
paccMaTpuBaTh COBMECTHO B paMKax JIOCTaTOYHO HIMPOKOM, HO y3HaBaeMOW ()€HOMEHOJIOTHH.
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4. BLENCTBUE HA BUOJIOM'MYECKUE OBBEKTDI

buonoruueckas akTUBHOCTb TOPCHOHHBIX T€HEPATOPOB - MOXKaIyH, NepBblil 3P PeKT, ¢ KOTOPHIM
CTAJIKUBAJIUCh HUCCIIEN0BATENN HEIOCPEACTBEHHO. [IpMHATO cuMTarh, YTO HAXOXKACHHUE IO
TOPCUOHHBIM U3JIy4YE€HUEM YEJIOBEKA UMEET CIEACTBUSA, 3aBUCALIUE OT 3HAKA U3JIyYCHUS - IIPABOE
MIOBBINIAET UMMYHHTET, COKpAIlaeT He00X0AMMOE BPEMsI CHA, JIEBOE U3ITy4YEeHUE UMeeT 00paTHBII
3 deKT, XOTs ATUTEIbHOE HAX0XKJICHHE B IIPABOM TOPCHOHHOM H3JIYYEHUH TAaKKe NMPUBOJUT K
OTpPHUIIATEIBHBIM CIIEACTBHAM (repeno3upoBka). [lo-Bumumomy, KapTuHa Ha caMoM Jeie Ooiee
CIIOXKHAsi, U HE CBOAUTCA K IPOCTOMY IPOTHUBOIIOCTABIICHUIO CBOMCTB JIEBOIO U IIPaBOIO
U3IIy4CHUM.

4.1 dkcnepumeHmsbi epynnbi B.A.Cokosiogol

B.A.CoxomnoBoii B 1984 - 199Tr 6putn mpoBeIeHBI, TO-BUIUMOMY, TIEPBHIE IeJICHATIPABICHHBIE
IKCIIEPUMEHTBI [0 BO3JICHCTBUIO TOPCHOHHOTO M3JIyUCHHS HAa pacTEHUs M )KUBOTHBIX [44, 45].B
TUIIUYHOM SKCIIEPUMEHTE HCIOJIb30BAIUCh reHepartopbl A.A.JleeBa, a B KauecTBe OOBEKTa
BO3/ICHCTBHSL HCIIOJIb30BAINCHh PACTCHUS, Y KOTOPBIX HM3MEPSUIach OTHOCUTENbHAS AMCIIEPCHIX
nposoaumoctu  (OJIIT) ma 10 ¢ukcupoBanHbix uwactorax - 1, 2, 4, 8, ..., 512«Im.
Hcnonb3oBanock Huszkoe Hanpspkerue (0,3 - 3,0B) Ha atux yacrorax. Mi3mepsiemsblii mapamerp B
ombiTe (IpU BO3ACHCTBHHU) BBIYMTAICS W3 KOHTPOJBHOTO, Tpu 3ToM cHuMmanach OJIIT B
JuHaMuke. Peakiusi pacTeHMil HauuMHajiach Ha NEpBOM ke MuHyTe. llony4yanuce nuUarpammsl,
XapakTepHble JUIs pa3nuuHbix pacteHuit (Puc. 18), rae rpaduku cTpominuch depe3 paBHbIC
MHTEPBAJIbl BpEMEHH.
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Puc. 18./lmarpaMMbl OTHOCHTE/ILHOI JUCIIEPCHH TPOBOAMMOCTH pacTeHuii (cTedelb).

3atemM ObIJIO ONMPOOOBAHO BO3JEHCTBHE TOPCHOHHBIM H3JIYYeHHEM Ha CEMEHa pacTeHH B
Pa3IMYHBIX OIMBITHBIX CEIHCKOXO3SHCTBEHHBIX MPEINPUATHAX C TOJOKUTEIBHBIM PE3yIbTaTOM.
Taxoke MPOBOAMIMCH YCTIEITHBIE pabOThI [0 U3JICYSHHUIO KOPOB OT JIeWKO03a.

Toit ke rpymmoi skcrnepumertatopoB (Cokomosa, J[leeB, I'puropseB) B VYJIH mocie
SKCHEPHUMEHTOB Ha >KMBOTHBIX BIIEPBBIE ObLIO OCYIIECTBICHO BO3AEWCTBHE HAa 00Opasel] KpOBU
HEeH3JIeYrMO OOJILHOTO YesioBeKa (3apakeHHue KPOBH): H3IIydCHHE MPOITYCKaIOCh depe3 obpaserl
KpOBHU 3JI0POBOTO YeJIOBEKa M ObLIO HANpaBJICHO Ha MPOOUPKY C 0O0pas3ioM KpPOBH OOIBHOTO.
UYenoBek BbI310pOBEI U ObLT BhIUCAH U3 MIHCTUTYTaA nepenrBaHus KPOBU Ye€pe3 HECKOJIBKO JTHEN
MoCJIe BO3JIEUCTBUsI. B 3TOM SKCIiepUMEHTe BHIHO JBa XapaKTepHBIX dddekTa, KoTopsie OyayT
paccMoTpeHbl Hke Oosiee ToapoOHO: JIOKaJbHBIM WH(GOPMAIIMOHHBIN MEpeHoC - OT oOpasia
3I0POBOM KPOBH K 00pasily 3apax&HHOM, W 3(P(eKT HeIoKaaTpbHOTO BO3JCHCTBHUS (0T 0Opasma
KPOBH 0OOJILHOTO - Ha BECh OPT'aHH3M).

Cpenu nouckoBoi nporpaMMmsl rpynibl JIyHEBa ObLIIM MCCIIEAOBAaHUS 110 BIMSHUIO TOPCUOHHOTO
MoJI HA PENPOAYKTHBHOCTh M W3MEHYHMBOCTh ASHTEPOOAKTEPH, MCTOYHHKOM TOPCHOHHOTO
U3JIy4eHus BeICTynan rupomotop. B padore B.K.UepHomiekoBa [46] oTmeuaeTcs: "TOpCHOHHOE
Mojie  CIMOCOOCTBYET  BO3HMKHOBEHHMIO  W3MEHYHMBOCTH, JIECTAOMIM3UpPYS  MHUKPOOHYIO
nomymsnuo”. Tam ke yka3pIBaeTcsl, 4YTO TOPCHOHHOE TOJIE TUPOMOTOPA HE MPOCTO SIBIISETCS
HCTOYHUKOM BO3JICUCTBHSI, HO OHO co31aéT "aHomanuu reomarautTHoro nojst” (I'MII), u yxe oHo
BIMSICT HAa W3MEHYMBOCTh MHUKpPOOpraHu3MoB. Takas cBs3b 3(P(PEKTOB OT TOPCHOHHBIX
TeHepaToOpoB C "3eMHBIM H3ITydyeHueM" aajnee OyeT ocBelieHa 6osee moapooHo.
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4.2 Buonoa2u4yeckue akcnepumeHmsbi 2pynnbi B.®.[laHoga

[Tpu BO3meiicTBMM HA KPOBH YelIOBEKAa TOPCHOHHBIM I'eHepaTopoM, omucaHHbiM B [20], rpymma
B.®.ITanoBa B 1990€ rozp! noay4uiia CIEAYIONUE PE3yIbTaThl:

«KpoBb Kaxzaoro odciemyemoro aenuian Ha 5 mopruit mo 1 mn B mpobupke. Kaxnas
MOPIUS MOJIBEPrajach BO3ACHCTBUIO «TOPCHOHHOTO MOJISI» COOTBETCTBEHHO B TEUCHHE 3,
30, 60 munyT u 24 yacoB Ha paccrossuur 10 cM oT ycrpoiictBa. 541 mpoOupka (on)
CITY’)KHJIa KOHTPOJIEM.

Paznuunas SKkcno3unus KpPOBU B <TOPCHOHHOM II0JIE» JIOCTOBEPHO HE H3MEHsIA
CenU(UUECKYI0 TeMaTTJIFOTUHALUIO TIPAKTHYECKH 3I0POBBIX JIFOJCH (CM. Ta0IHUILY).

AHaJOrMYHOE BO3JICHCTBHE «TOPCHOHHOTO TMOJISI» HAa KPOJb OOJIBHBIX NPUBOAMIO K
CHIDKCHHUIO CTICU(PUYUSCKON TreMarrIioTHHAIE (CM. Ta0iuIy).

Tabnuma 2. BiusiHue «ropCHOHHOTO MOJIs» Ha A0(haMuHCTIeU(PUIECKYIO

reMarrjIrOTHHAILHIIO
I'pymmer Hodamua
don 3 MuH 30 Mmun 60 mun 24 yaca
Konrposs 8,35, 4,24 % 4,2+4; 0,0+0,( 0,0+0,(
BoibHbIE 87,5+5,¢ 62,515,¢ 62,5+8,! 41,745, 4,2+4.;
P,<0,001 P,<0,001 P1<0,001 P1<0,001 P.>0,0¢
P»<0,0t P»<0,05 P,<0,001 P,<0,001
P5>0,0% P5>0,0% Ps>0,001
P,>0,0t P,>0,001
Ps>0,001

[Ipumevanne: P; - mo cpaBHEeHHIO ¢ KOHTpoJieM, P> - mo cpaBHenuto ¢ ¢oHoM, Ps - 1o
CpaBHEHUIO ¢ 3-X MUHYTHOH skcro3unuei, Py - Ho cpaBaenuto ¢ 30-tu
MUHYTOH 3Kcno3unuel, Ps - mo cpaBHeHuto ¢ 60 MUHYTHOH 3KCIIO3HIIMECH.
I'me P1-Ps — nocroBepHOCTD. »

B skcniepuMeHTax 1Mo BIUSHUIO TOPCHOHHOTO M3JTyYEHUS] HA MMMYHHYIO CHCTEMY MBIIIEH Ta ke
TpyINia BBISIBIJIA UMMYHOCTHMYIIHPYIOIIEE JEHCTBUE. OKCIO3UIUS TOPCHOHHBIM IMOJIEM
COCTaBJIsJIa OJUH Yac, KPOBb JJIsI MCCIEIOBaHMS 3a0upalii Ha 5-€ CyTKH MOCIEe BO3JCHCTBUS,
AQHTUTE€HOM BBICTYIAJIM SPUTPOLUTHI OapaHa. ABTOPHI MUIITYT 00 «aKTUBU3ALMHU KaK KJIETOYHOTO,
TaK ¥ T'yMOPAJbHOTO 3B€HbEB UMMYHHOU CUCTEMBI. Tak, €Clii y KOHTPOJBHBIX MBIIIEH YPOBEHb
PO3eTKO00pa3yOIMUX KIETOK cocTaBisul 53,3%,T0 Y )KUBOTHBIX, MIOABEPraBIIUXCS BO3ICHCTBUIO
«ropcuonHoro moysi», 71,0% H < 0,001). JocToBepHbie OTAMYHUS KOHTPOJBHBIX M OIBITHBIX
meied (p < 0,001)o0HapyxeHbl ¥ B peakiliyd T'YMOPAJIbHOTO 3BCHa UMMYyHHTETa. Tak, ecim B
KOHTpoJie TUTp aHTHTen Obut paBeH 8,33 (log 2);ro B onbite - 11,7 (log 2)».

['pynmoii B.®.ITanoBa O TPOBENEHBI TAKKE HCCIEIOBAHHUS 1O BO3JCHCTBHIO TOPCHOHHBIM
U3JIy4CHUEM Ha MBbIIICH, MonyduBuX cMeprenbHyto 103y (10 I'p) pamuannoHHOTO 00IydYeHUS.
B kauecTBe HCTOYHHMKA HCHOJB30BAJICS T'eHEpaTOp AKHMOBA, 3alMTHIBAEMBI IOCTOSHHBIM
HanpspbkeHruem 150 B, a Taxke rerepatop koHcTpykimu IlaHoBa. BosneicTBHIO TOPCHOHHBIM
W3IIy4CHHEM TIOJBEPrajuCch MBIIIM C BBEJAEHHOW CyOJeTanbHOW J030M ramma-panuanuu. B
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pe3ylibTaTe BBDKHBAEMOCTh MBIIICH B OTBITE MOBBICHIACH 0 33%0 110 OTHOIICHHIO K KOHTPOJIFO
npu OOJYYeHMH CTAaTHYECKMM IIpaBbIM TIojieM TeHeparopa AxumoBa, U 10 60-80% mpu
UCIIONIb30BaHUU reHepaTopa [laHoBa. KOHTpOJbHBIC KUBOTHBIC, HE 00JIydaeMble TOPCHOHHBIM
U3JIy4CHUEM, TTOJTHOCTBIO TIOTHOAIH.

AHanoru4yHsle pe3ysbTaThl ObLIN MOJIyYEHBI IPU MCCIIEI0BAaHUM BIMSHUS Ha MBIILIEH W3Ty4eHUs
«KossipeBa-/lupaka» ot renepatopa M.M.IllaxmaponoBa [70], a Taxke NpH HCCICIOBAHUU
onosiornueckux 3GGEKTOB «CTPAHHOTO M3Iy4eHus» ot ycranoBku JI.U.Ypyukoesa [71, 72].B
ATUX paboTax OBLIO TakXke OOHAPYKEHO, YTO ATO U3IYUYCHHE CIIOCOOCTBYET pemnaparii TKaHen
MOCJIe PAJAUALMOHHOTO TTOPAKEHHUSI.

4.3 Pesynbomamesi epynnbi O.U.Oprioea

HccnenoBarensckue pabOThl MO OHOJOrMYECKOMY BO3ACHCTBUIO TOPCHOHHOTO H3JIyYCHHS
nenamuck B 90x — 2000x romax Bo MHOTMX By3ax, a B Kazanu ojgHa paboTa Oblila BBIITOJIHEHA
JaXe B TUMHa3uu (PyKOBOAWTENb paboTel — yuutens Ouosnoruu O.M.Opnos) [73]. 3mech 51 He
MOT'Y YIEPXKAaThCsl OT TOTO, YTOOBI IPUBECTH BBIACPIKKHU U3 3TOW HHTEPECHON pabOTHI.

BB M3roTOBNIEH MCTOYHHK TOPCHOHHOTO TOJS HAa OCHOBE 3(dexTa MOJOCTHBIX CTPYKTYp, C
MOJIyJTHPOBAaHUEM TOPCHOHHOTO T0JIs BemiecTBoM-Marpuiei (Puc. 19).ABTropsl numyT:

«3roroBneane  OIIC-pe3oHATOPOB  TPOBOAMIOCH  HAa  OCHOBE  METOAMKH
B.CI'pedennnukoBa. JI1C-pe3oHaTop MpeacTaBisier co0Oi MmIacTMaccoByr Tpyoky (B
HAIlleM Clly4ae KOPIIyC MapKepa), 3aloJIHCHHYIO alTeYHbIM aKTUBUPOBAHHBIM YTIIEM
(pe3oHaTOpOM, YITABIMBAMONIUM TOPCHOHHOE IOJIe). B ILEHTpe yrojibHOro CTEepIKHS
MOMEIIaeTcs aKTHBHAs Kamepa (Karcylia ¢ HAlOJHHUTENEM), T.C. HAIOJHUTEIb CKPBIT B
Kamepe U He MOXKET HEMOCPEJCTBEHHO KOHTAKTUPOBATh C IETEKTOPOM (OpraHU3MOM)>»

JleTekTopaMu BBICTYNAJIU JOOPOBOJIBLIBI U3 YHCIIA NIKOJBHUKOB U YUUTENEH I'MMHA3UH, a TaKkKe

KpOJIUKU B Ja0OpaTOpUM XUMHKO-OMONOrHueckux uccienoBanuit Mucruryra Opranuyeckoil u
®dusnyeckoit Xumun um. A.E. Ap6y3osa KHI] PAH (r. Ka3aus).

0 b5

7 \ \

Puc. 19.Cxema ycrpoiictea DIIC — pesonaropa [73]. 1 - kopnyc DIIC-pe3oHaTopa, 2 - aKTHBHPOBAHHBII
yrojib, 3 -aKTHBHAsI KaMePa ¢ HANOJHUTEJIEM.

B kauectBe wuH(pOpManMoHHOW Marpuilel (BemiecTBa B aKTHBHOW Kamepe) HCCIEI0BAINCH
MOPOIIOK TIOJIOB KOHCKOI'O KallTaHa, MOPOIIOK KOPHEBMII] BaJIEPHAHbI, MOPOIIOK U3 JINCTHEB
Tabaka. ABTOpbI OTMEUAIOT:

«1) Tlpu corpymHuyecTBe C JabopaTopueil XUMHKO-OHOJOTMYECKUX HCCIICAOBAHUM
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Wuctutyra Opranndeckoit u ®usnueckoit Xumuu wum. ApOysoBa (r.Kasams)
NPOBOJMJINCH ONBITHI HAa KposinKax. KpomMKM 3aKkperuisuiich B CIIEIUATBHBIX
YCTpPOMCTBAX, MOCJE Yero YIIH KPOJHKOB (hoTorpadupoBainch, a 3aTeM Ha OJHO YXO
kposmka Hanpasisuicss DIIC-pe3oHaTop ¢ mopomkoM KamitaHa. BozneicTBue mminoch 5
MHUHYT, TOCJe 4yero 06a yxa BHOBb CHUMaJIMCh Ha ¢oTorieHky. Ha ¢ororpaduu BumHo,
YTO BEHBI Ha yIIaX KPOJIHKA B3AYJIHCh, TO €CTh, PACIINPHIIHCE. ..

2) Cepust KCIIEPUMEHTOB C y4acTHEM J0OPOBOJIBIICB M3 YWCIIA YUYAIIUXCS M yYUTEIeH
rumvHazu Ne 102 moaTBepawia BIMSHHE TOPCHOHHOTO IIOJISI 3TOTO pE30HATOpa Ha
yenoBeka. B skcnepumentax uznydarens DIIC HanpaBisiics Ha 3amscThs UCIBITYEMBbIX.
[IpakTHueckn y Bcex JMAEHCTBHE pe30HATOpa BBI3BAJIO pacummpeHue BeH, y 30% -
HaOJTI0Ja)1ach SIBHAS MYJIbCAIS TIOJIKOKHBIX BeH, Y 12% -0bu1a peakius Ha YCTPOICTBO,
BBIpQXCHHAsI B PACIIMPEHUU BEH 3aISCThS M JIAJOHH, OO B MOSIBICHUU OYXKAAIOIIETO
curero msatHa (poro 4,5). Cpean UCHBITYeMbIX ObLTH W TaKHe, HA KOT'O PE30HATOP HE
OKazan BeIpaxkeHHoro aercteus (11%)»

B xome sKcrepruMEHTOB ¢ KOPHEBHIIEM BaJIepHaHbI JICKAPCTBEHHOW M3Mepsuioch namienue 10
yueHrkoB. CHavana ObUIO MPOBEACHO M3MEpPEHHE NaBJieHHs Tmepen dkcnepumentoM (I artam),

3aTCM

- IHOCJIC TOro, Kak Ka)KI[BIfI N3 Y4YCHHUKOB JACPIKAJI B PYKax 5 MHHYT pe30HaTop C

Basiepuanoii (Il sram), m 3areM OBUIO BBINMOJNHEHO eIIE JBAa W3MEpeHUs 0e3 pe3oHaropa ¢
npomexytkoM B 10munyT (3tamsl Il — [V). Pe3ynpTarsl npuBeeHs! B TAOIUIE HUKE.

Ta6HI/II_Ia 3 P GSYJ'IBTaTBI U3MCPCHUA OABJICHUA.
[TopAnkoE L HoMEp Fransl IKCIepHMeHTa

yyeHuKEeE 10 k0

I I m v
i yaenue 110%Y70 110870 0065 105465
2f yaeHuK 110070 110870 MBS ]
3 yuenmx 110070 20VT0 25460 20060
A yaennK 110070 20070 20070 25070
Sft yMeHHK SO0 QOS5 a563 TS
61 yHeHHE QOVI0 2000 85X65 570
Tit yHeHHE 9575 2370 S075 95\75
8 yyeHnHK 110075 QO S N2 0070
Off yueHHK SO0 B0MED a0ies NS
108 yaeH#E 110070 110870 SOME0 040
cpegHee THaY eHHe 102171 9468 8872 88,70
AensTa 31 26 16 18
CymMMa 173 162 160 158

B pazaene «lIpakTuyeckas 3Ha4UMOCTh>» MIKOJbHUKHU MTUIITYT:
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«MHOTOKpaTHOE  JKCIEPUMEHTAILHOE  TOJTBEPKICHUE dbeHomeHna - mepeHoca
nH(pOpMAIIMM CKBO3b IPOCTPAHCTBO, KaK Mbl CUMTaeM, OyAeT HWMETh IJIsi HayKd
HEKOTOpOE 3HAa4YeHHWE, a BAPHAHTHl €ro MPAKTUYECKOTO MPUMEHEHHUS TMO3BOJAT CO3/1aTh
1ieJIble HampaBJIeHUs UCIONIb30BaHus. PaccMoTpeHHoe B skcniepuMenTtax nericteue DI1C-
PE30HATOPOB C HAMOJHUTEISIMHU M3 Talaka, BajJepuaHbl, KalllTaHa MO3BOJISIOT CO31aTh
Ka4eCTBEHHO HOBble (OCCKOHTAKTHBIE) CpEACTBA MPOTHB KYPCHHS, THMIICPTOHUH,
BApUKO3HOT'O PACIIMPEHUS BEH, T. €. McUe3aeT HEOOXOJUMOCTh TMPUMEHSTHh TaOJIETKH,
WHBEKIIMA WM MasH, IOCTATOYHO HOCUThH IpH cebe B kapmaHe HeoOxoaumeiii OIIC -
pe3oHaTop. X04eTcsi OTMETHTh, 4TO Haml yuutens Ouosiorumu O.M. OpiioB, ucnonb3ys
OIIC - pe3onarop ¢ TabakoM, OpOCWJI KypuTh, a MHOTHE YUYUTENs, CTPaJAIoIIue
THIIEPTOHUEH, C yIOBOJIBCTBHEM UCTIONB3YIOT DIIC - pe30HaTOphI ¢ BaJepuaHon» ...

«Kpome TOro, BBICOKasi CTOMMOCTb JIEKAPCTBEHHBIX MpENapaToB HE TMO3BOJISIET
OTIPE/ICJICHHON TpYIIe HACENCHHsI PETyJISpPHO IMOKYNaTh HEOOXOIUMBIC JIEKapCTBa, B
cinyvyae ucnosib3oBanust JIIC - pezoHaTOpa JEKapCTBEHHOE CPEJICTBO HE PacXOAYyeTcs W
€ro JIecTBHE coXpaHseTcs JiauTenbHoe BpeMsa. Hanpumep, neicteue DIIC - pe3onatopa
C BaJIEpUAHOW COXpaHSAETCA OKOJIO JBYX JIET € MOMEHTa €ro H3rOTOBJICHHS, a
ce0eCcTOMMOCTh TAKOTO YCTPOUCTBA OKOJI0 35 pyOiieit. MbI HajieeMcsi, YTO HEMAIOBAKHOM
OKayKeTCsl 3Ta COUUAIIBHO 3HAaUMMasl CTOPOHA HAIIMX HCCIICTOBAHUI».

4.4 Pe3synbomamsbi B.I.KpacHob6bpbIkeaa

MeaunnHa - OJHO M3 HaWOoJee MEPCIEeKTHBHBIX HANpaBICHUW HMCIOIB30BAHUS TOPCHOHHBIX
reHeparopoB. Bukropom KpacHOOppDKEeBBIM ObUTa OMpoOOBaHA TEXHOJOTHS — IIOJICBOM
BakiuHanuu [54] (Puc. 20),koTopas 3akiovanach B cienyromeM. Vcnbityembm (5 mroasm u 5
KPOJIMKAaM) Ha TEJI0 KPEHHINCh YHITBI-TPAHCIATOPHl (METAUIMYECKUE TUIACTUHBI - MPUEMHUKU
HEJIOKAJILHOTO BO3AEHCTBHS). UHNBI-WHAYKTOPBI ObUTH B "pe3oHaTope” IMMOoJ BO3JCHCTBHEM
TOPCHOHHOTO TeHepaTtopa. PesoHaTop ObLT €MKOCTBIO, TZe TOMHUMO IUIACTHH, COAEPKaiCs
oOpa3er; BakuuHBL. Bpems Bo3aeHCTBUS cocTaBisuio 36 yacoB. B pesymbraTre B KpOBH
HCTIBITYEMbIX OOHAPYKUJIMCh aHTHTENA JaHHOM BakiuHbl (ObLIM onpoOoBaHbl BakiuHb Influvac
U1t TpO(UIAKTUKY TpUIMMa, B TWINFX i npoduiakTuky rematuta A u B), mpu 3ToM Bpemst
MMMYHHOTO OTKJIMKa OBUIO CYIIECTBEHHO MEHBINE IO CPAaBHEHHIO C OOBIYHBIM CIIOCOOOM
aktuBanuu (36 yaco BMecto 7-10cyTOK).

Puc. 20. Cxema Tenenoprauuu HHGOPMANMU BAKUMH. 1 — reHepaTop CHMHOBOro MoJisi, 2 - pe30HATOP
CIIHHOBBIX KOH(QUrypanmii BaKOHHBLI, 3 — YHN-TPAHCJAATOP CHHHOBBIX COCTOSTHHI, 3 — YHN-HHIYKTOP
CIIHHOBLIX COCTOSIHMM, 5 —BaKkunHa, 6 —00beKT Bo3aeicTBua — [lamuenT.
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B.I".KpacHOOpbDKEB OOBACHAET ATOT PE3yNbTaT CleAyronuM oOpa3oM. MoJekyna HEeKOTOPOTo
BEIIECTBA, NOMajasi B BOJHBIN pacTBOP, U3MEHSIET CIUHOBYIO KOH(PUTYpaLIUIO IPOTOHOB MOJIEKYJI
BOJIbI, OKpYyKaromei Mosekyisbl BemecTBa. CI0KHOCTh TakuMX KOH(MUTypanuid MOXKET OBbITh
JIOBOJILHO BBICOKOM, TaK 4TO BOJa MOKET BOMpaTh B ceOs MHPOPMAIMIO O CTPOCHUH CaMBbIX
pasHBIX BEIIECTB, B TOM YHCJIE MPOCTPAHCTBEHHBIX KOHPUIypauuii Makpomosekyid. Boga
CIIY’)KUT, TakuM oOpa3oM, HMH(OPMALMOHHON MaTpUIE, M KOJUYECTBO MOJIEKYJ CaMoOro
BEIIECTBA B PACTBOPE YK€ HE UIPAET POJIU: HAa OMOJIOrMYECKUEe CHUCTEMBbI JIEUCTBYET CTPYKTypa
CIMHOBBIX KONHM, M 3ajJada 3aKJII04aeTcss B TOM, 4YTOOBI IepenaTh TOJIbKO HH(OPMALHUIO O
BemiecTBe. VIMEHHO Takas mepenada CIOXHOW MH(OpPMAaluu O BaKIMHE B HEKOTOPOM MOJ00UHU
rojorpaMMbl W OCYIIECTBIISICTCS, IMO-BHIMMOMY, B CHUCTEME CHUHOBOH TeJernmopTainuu
KpacHoOpbrkeBa. bonee ObicTpast BaKIMHAIMA TIPU TIOJIEBOM CIIOCO0E OOBSACHSIETCS UM TEM, YTO
BOJ/IHAsI CHCTEMa OpPTaHU3Ma IMEPEBOJUTCS B KOTEPEHTHOE COCTOSIHUE, IIPU ATOM TaKas CHCTEMa
YyBCTBUTENIbHA K TepenaBacMol MH(OpPMAalMU, U BMECTO TOCJEIOBATEIFHOTO KIOHUPOBAHUS
MIPOUCXOAUT NapajlieIbHOE pearupoBaHue cpasy Bcex TUMGouToB B.

B pasaciic 5, HOCB?IH_[éHHOM AKTHUBAIUXU BOJBI U JAPYIrUx )KI/I,I[KOCTGI\/’I, 6y,ILYT OITMCAaHbl U OPYTrUue
PE3YJIbTAaThbL KpaCHO6pBI)K€Ba C KOI'CPpCHTHBIMU COCTOSAHUAMHU BCIICCTB, B T.4. HMCIOLIUC
OTHOIIIEHHE K OMOJIOTHH.

4.5 Pesynomamsli 2pynnbil B.[1. Ka3Hayeeea

[Mon pykxoBoactBoM B.[1.KazHaueeBa ObLTH TMPOBEICHBI HCCIICIOBAHUS BIUSHUS TOPCHOHHOTO
U3JIy4eHUs Ha KIeTouHyro KynbTypy KH (mouka yenoBeka) in Vitro (kinetounsiii MoHOCHO#) [47].
Kynerypy xnerokx BeimepxkuBamu 20-24 u B Tepmocrare mpu temmeparype 37,2T, 3arem
noMeIlaid Ha 2 Yaca TNOJ H3JIydeHHEe TOPCUOHHOTO TEHEpaTopa, 3aTeM KICTKH BHOBB
oMeInaiuch B Tepmoctat. Uepes onpezaencunoe Bpemst uukyoauu (24, 48, 72, 96, 168acos)
CTEKJIa C BBIPOCIIUM HAa HUX MOHOCJIOEM KJIETOK, W3BJIEKald, (UKCUPOBAIN U OKpPAIIMBAIH IO
PomanoBckomy, u 3aTeM mpoBoawiIM Mopdororudeckue wuccienoBaHus. lcciemoBanach
IUIOTHOCTH MOHOCJIOST B MHTOTHYECKast akTHBHOCT (MA), a TakkKe KOJHYECTBO 0O0IIero Oenka
MOHOCJIOS.

PesynbTaThl HccnenoBaHmid IPpUBEAEHBI B Ta0HIax 4-5.

Ta6xmua 4. Brusinus ne6oco MOPCUOHHO2O0 NOJISL HA MUMOMUYECKYI0 AKmMueHOCnb Kilenok.

Ne Bpems MA% |[MA%
Dcnepu- [3abopa (xoHT (omteIT)
MEHTa  |TpOOBI TPOJIb)

1 24 1.5 4.6

2 72 5.1 7.5

3 24 1.5 4.9

Ta@zuua 5. PGSYJ'IBTaTBI OMpCACIICHHUA O6L[I€FO KOJIMYeCTBa O€NKa B HucciIeayeMomMm
KJICTOYHOM MOHOCJIOC ITIpH BOBI[GI\/'ICTBI/II/I TOPCHOHHBIX noJjeu
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Ne sken. |JIeBoBpararomieecs [TpaBoBparinatorieecs

* TOPCHOHHOE T0JIe TOPCHOHHOE TOJIe
KommuectBo 6enka (%) KosmmuaecTBo Oenka (%0)
KOHTPOJIb OIIBIT KOHTPOJIb |OTIBIT

1 70.5 44.1 36.0 75.0

2 67.4 18.0 23.0 43.0

3 24.0 20.0 11.2 93.0

ABTOpBI TPUXOAAT K 3aKJIIOYEHHUIO, YTO JIEBOE TOPCHOHHOE II0JIE MPHUBOJWT K aKTHBALUU
MUTO30B (IEJICHUI KJIETOK) M K PE3KOMY YTHETEHUIO cuHTe3a Oenka. [IpaBoe TOPCHOHHOE MMoJie
MPOU3BOANUT 0OpaTHBIN 3 (HeKT. ABTOPHI MUIIYT:

«Onnako mbl ytBepxaaeM (Kasnauees B.I1.), Ha OCHOBaHHMM HAIIMX dKCIIEPHUMEHTAIBHBIX
JAHHBIX, YTO MEXKJICTOUHBIE CBSI3H PEATU3YIOTCS HE Yepe3 AIEKTPOMArHUTHBIE MOJIs, KaK
ato yrBepxkaan A.l'.I'ypBud, 4YTO CYHIECTBYIOT U JpYrHe IOTOKH, B KOTOPBIX
3JIEKTPOMArHUTHbIE IO JIMIIb 3JEMEHThl 0oJsiee CIOXHOIO HMH()OPMALMOHHOTO
IIPOCTPAHCTBA...

B nammx paboTax ObUIO MOKa3aHO, YTO MOBEJIEHUE KJIETKH B TMIIOT€OMAarHUTHOM cpeje
WIM TOPCHOHHBIX MOTOKAaX — aHOMAJbHO, U 3TO HE CBS3aHO C 3JIEKTPOMATHUTHBIMHU
nonsiMu. IlopakeHHass KJeTKa MOXKET IepenaBaTh WHGOpPMAILUIO JPYrod KIeTke, a
BTOPUYHO MOPAKEHHAs KJIETKA, B CBOIO OYepe]lb MOXET MepeaaBarh ee Jaiblie U T.J. -
UJIeT pa3MHOKeHHe, 00Je3Hn (IMUAEMHUs), U 3TO HE Pe30HaHCHBIN mporecc. [lokasaHo,
YTO KJIETKA MOXET Mepe/laBaTh CBOK MH(POPMAILIUIO SPUTPOLIUTY, SPUTPOLIUT IPU ITOM HE
M3MEHSIETCS, HO C HEro MOYKHO CUHMTATh TY JK€ MAaTOTCHHYIO0 HHPOPMAIIHIO. .. ».

B panee otkpeiToM Tpynmoii Ka3naueeBa 3epkambHOM mHTOmarudeckoMm Adddexre ObLia
oOHapyXeHa OJIHa OCOOCHHOCTh, KOTOpas YKa3blBaeT Ha TO, 4YTO TNepejada MaTOTCHHOMN
uHPOpPMAIIUK MEXJy TPyNIaMH KJIETOK MPOMCXOJUT HE MO AJIEKTPOMATHUTHOMY KaHAly: B
uccienoBaHuax rpynnbsl JlynuueBa mnpu 3KpaHUPOBAHMM H3KPAaHOM M3 JKejle3a M APYTrHx
MaTepHasoB MaToreHHas uHdopMarus Bc€ paBHO niepenaBaiach [48].

4.6 Ucnonb3oeaHue COJI kak uHOUKamopa MOpPCUOHHO20
u3ny4eHust

BnusitHue TOPCHOHHOTO M3My4YeHHs] Ha KPOBb MOJTBEPKJIEHA HECKOJIBKUMH HCCIIEI0BATEISIMU.
Cxopoctb ocenanust sputpouutoB (COD) okaszanack T0BOJBHO XOPOIIUM TECTOM, PEArUup yIOLIIHM
Ha TOPCUOHHOT'O U3JIy4YECHHUE.

I"'H.dyneueB u A.Il.natoB B mpenpunTe «ccnenoBaHus siBICHUN dHEProuH(OOPMAIITMOHHOTO
oOMeHa: IKCIepUMEHTalbHbIE pe3yabTaThl» [49] mumyt 00 3KCHEpUMEHTaX MO BO3ACHCTBHUIO
U3JITy4EHHs] MAJIOTO TOPCHOHHOT'O reHepaTopa AKMMOBa Ha KPOBb, IMTPOBEAEHHBIX B OKTS0pe 1996
T..

" AHanms IMMOJIYYCHHBIX HdAaHHBIX IIO3BOJICT CACJIATH BbBIBOJ, 4YTO U3 ImoKa3aTeieu
KIIMHUYCCKOI'0 aHajin3a KpOBH HauooJIee YYBCTBUTCIIbHBIM K H3JIYYCHUIO TOPCHOHHOI'O
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reHepaTopa OKasajcs MoKazaresb CKopocTH ocemanust spurpormroB (COD). 3HaueHus
COD MeHsIIOCh MO CpaBHEHHIO C (DOHOBBIM B YETHIPE - MATh pa3 y 00OMX MAIIMEHTOB B
3aBUCUMOCTH OT MapaMeTpoB H3JydeHHs (HampspKeHHe nuTaHus). M3MeHeHne ocTaibHbIX
roka3zaTeliell KIMHMYECKOT0 aHaJIu3a KPOBH HAXOIUTCS B Ipe/ieiax MOrpeIHOCTH METO/I0B
ux ompeaeneHus. JUid JanbHEHIINX MCCIENIOBAHUN HCIOJIB30BAJICA TOJIBKO I10KA3ATENb
COD kak Hanbosiee MHOOPMATHBHBIN".

OO0 3TOM k€ TOBOPAT JaHHbIe, osyueHHbIe B B.H.AHocoBbIM 1 H.®.ITepeBo3unkorsiM B 20011
Ha kadenpe omodusukn MOTU, npu BozmelicTBuM «1cu-K-KOMIOHEHTHI» anmapara Jia3epHOn
teparun "Mycranr 022buo", a B.B.KBapransHoeiM u H.®D.IlepeBo3YNKOBBIM MPU W3YYCHUU
HEAJICKTPOMATHUTHOM KOMITOHEHTBI M3JIyueHHs relInii-HeoHoBOro sasepa tumna JII-75 (632uM,
25MBT) B MKB "Drnektpon” uepes paznuunsie punstpsl [50, 51, 52, 53].

4.7 Pesynbmamsbi A.B.bobpoea. HeanekmpomazHumHas
KOMMoHeHma s1a3epoe U ceemoouodos

Cyns o Bcemy, MEPBBIM UCCIIE0BAT HEAIEKTPOMArHUTHYIO KOMIIOHEHTY Jj1a3epa A.B.bo6pos. B
pabote "Uudopmarmonnsie TopcuonHbie moyisi B Meauiuae” [56] A.B.BoOpoB paccmarpuBaet
pacmpocTpaHéHHBI METOJl Tepanuu: Jia3epoTepanus. DTOT METOJ 3aK/II0YaeTCs] B OCBEUICHUU
Ja3epoM Majoil MHTEHCHBHOCTH HEKOTOPOTO YydYacTka Tena. HacKolbKo MOMKHO CYIUTh,
amnrapartbl JIa3€pHOM TepanvMu UIMPOKO MPUMEHSIIOTCS B MEJMIIMHCKOW MpakThKe. ABTOP
oOpalaeT BHUMaHKE Ha MapaJI0KCalbHBIE CBOMCTBA 3TOT0 METO/IA!

- C moMo1IpIo Ja3epa BO3ACHCTBYIOT Jake HAa BHYTPEHHHE OPraHbl, B TO BPEeMs Kak JIyd Jjlazepa
MPOHHKAET JIMIIb HA J0JIM MUJUTUMETPA B KOXKE;

- DddexT HabMOMaeTCA MPU BO3ACUCTBHUH JIA3EPHBIM JIY4OM 4Yepe3 OJCKIY U JakKe TUIICOBYIO
MOBSI3KY,

- OddexT yBeanunBaeTcs Mpu HAHECEHUHW Ha 00JIy4aeMblil Y4acTOK JIEKapCTBEHHOTO Tperapara

(mazepodopes).

A.B.boOpoB yka3pIBaeT, 4TO CYIIECTBYIOIIME CIIOCOOBI OOBSICHEHUSI MEXaHU3Ma Jla3epoTepanuu
HE MOTYT OOBSICHUTh OTH NApPAJOKChl, M 3aKIIOYaeT, 4TO 3/eCh JEHCTBYeT TOPCHOHHAsS
KOMIIOHEHTa  JIa3€PHOTO  W3JIyYeHHs, CYIIECTBOBAaHHME KOTOPOW OBIJIO  MpelcKa3aHo
A.E.AxumoBbiM B Hauane 90X rojoB, a SKCiepuMeHTaIbHO Haiijieno A.B.boGpoBbim B 19971
IIPY BO3JICHICTBUY Ha TOKOBBIE CHCTEMBI Ha IBOMHBIX 3JICKTPHUECKHUX CIIOSX.

Berlmenepeuunciiennsle pe3ynbTaThl ObUIM TOJYYEHbI B OCHOBHOM Ha Ta30BbIX Jaszepax. Ho
CYUIECTBYIOT TaK)K€ pe3yJIbTaThl, CBUJIETEJILCTBYIOIINE O HEIIEKTPOMATHUTHONH KOMIIOHEHTE
MOJIYIPOBOIHUKOBBIX JlazepHbIX m3nydaresen (JIN), obmagaromieit GHOTOTHIeCKOH aKTHBHOCTHIO
U CHOCOOHOCTBIO MEPEeHOCUTh HH(GOpPMAIMI0 O BemiecTBe. BOT pe3ynbTaThl OJHOTO U3
9KCHEPUMEHTOB:

"Tpu rpynmel cemstH ¢aconu omHoro copra (mo 12 mTyk B rpymnme) ObUTH 3aMOYCHBI
OJTHOBPEMEHHO NpU paBHBIX YycioBusX. Ilepen cmaumBaHMeM ceMeHa B Tpymme <«A»
HUKaKOMYy OOJIydeHHI0 HE mojaBepranuchk. B rpymme «b» cemena B Tedenun 10 muHyT
MOJ[BEPTaINCh BO3JICCTBHUIO HEMOJYJIMPOBAHHOTO U3NydeHus, ucxoausuiero ot JIN. B
rpynnne  «B» cemMeHa moABepriMch  JACCATUMUHYTHOM  00paboTKe  M3JIydeHus,
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MPONYIIEHHOTO Yepe3 MH(OPMaIMOHHYI0 MaTpuily — actiupuH ¢pupmbl UPSA u BuTamuu
Clll

"Cnycts cytku B rpynme B mpopocio 11 cemsin (okono 92 %); B rpynme b — 60 %;B
rpynme A — 25 %.Bce npopoctku B rpymnie B uMenn OJWHAKOBYIO BEIMYMHY M OBLIH
KpyIiHee MpPOpPOCTKOB B JABYX JApyrux rpymmnax. [lpopacranme cemsH B rpymme A
pactsiHynoch Ha 3 cyTok". [57]

DTy pe3ynbTaThl Takke npuHamiexkar A.B.boopoBy. B 1997 rony um ObUIO SKCIIEPUMEHTAIBHO
3a(pUKCHpPOBAHO TaKXKE OHMOJOTMYECKOE BO3JICUCTBUE HEDIJIEKTPOMATHUTHOW KOMIIOHEHTHI
OOBIYHBIX CBETOJMOJIOB TPU HMMITYJIbCHOW 3amuTKe. ABTOP YKa3bIBAaeT, YTO HCIIOJIb30BAHUE
OOBIYHBIX CBETOJIMOJIOB HE MeHee d(PPEKTUBHO, YeM HCIIOIB30BAHUE JIA3EPHBIX H3ITydyaTelel
(nHppakpacHBIX U B BUJAMMOM JHUana3oHe). B kadyecTBe M3iydaTelss MCHOIb30BaIach MaTpUIa

10x10u3 100cBeToanon0B, naromas ceeroBoe matao 100 cM?.

A.B.BoOpoBsIM OBLTIO OMPOOOBAaHO MPUMEHEHHE CBETOAMOIHBIX H3JIydaTelieil B BETepUHAPUU
[56], u ucnpITanus OKa3anK, 9To IPPEKT CYNMECTBEHHO MOI0KUTEIICH:

"Tak, mpu JeyeHHH paHbl auamMeTpoM 12-15 cM Ha TOBEPXHOCTH Tela KHUBOTHOTO
npuMepHo depe3 20 MHUHYT TOCNe TMEPBOro e HH(OPMAIMOHHOTO BO3JCHCTBHS MBI
HaOJTI0Ja)IM 3HAYUTEIIbHBIC N3MEHEHUS B 0OHAKEHHBIX TKAaHAX 10 BCE ee Tuiomau. [ Hoi,
MOJTHOCTBIO 3aKPBIBABIIUN €€ /10 BO3JICHCTBHSI, OCTAJCS B Y3KOH IOJIOCE O MEPUMETPY; B
OOHa)KMBIIEHCS] MBIIIIEYHOW TKaHH MO BCEW IJIOLIAAM paHbl ObLI OTMEYEH 3HAYMTEIBHBIN
NPUTOK KPOBH, OOYCIOBUBIIMIA €€ 3HAuuTelIbHOe HalOyxaHHe. DTa peakius MOXKET
paccMaTpUBaThCS KaK pe3yibTaT JIOKAJbHOTO BO3JEHCTBHS Ha COCYIHCTYIO cucTemy. M3
BCET0 BBINIECKAa3aHHOTO MOKHO 3aKJIOUUTh. PEeaKiHs OpraHu3Ma Ha HH(OPMAIMOHHOE
BO3/ICHCTBHE C TNPHMEHEHHWEM JIe4eOHOro Ipernapata BO3HUKAeT Ha JBYX YPOBHIX —
Te€HETUYECKOM U TKaHEBOM'.

[Tpu ompoOOBaHWM MeTOJa B MEAWIIMHE TAKXKe IOJyYeH MOJOKHUTEIbHBIN 3ddexT [56]. B
pe3yibTaTax, MOMYYCHHBIX BpadoM-HpuposioroM B.A.DareeBbM ¢ NpUMEHEHHEM METOAUKU
bobpoBa (oOiydyeHHE TEpaneBTUYECKHUM JIa3epOM C MEPEKPHITHEM 3JIEKTPOMATHUTHOTO
KOMITOHEHTA), YKa3bIBaCTCS:

"MeTtoarka BO3JECUCTBHS COOTBETCTBOBAJia METOJMKE JIA3€PHON CTUMYJALMUUA TIO
AM.Kotmsipckomy. OO6aydenuio (Bcero 7 OOJBHBIX) IMOABEPraiiCh KOXKHBIC 30HBI
3axapreBa-I'ena; cymMmapHas NpPOJODKUTEILHOCTh OOJIydeHHsI cOocTaBisuia 1 MUHYTY.
Pe3ynbraTel BO3/1€HCTBUS ONpENEsUIMCh yTEM PETUCTPALlMU OTBETHBIX PEAKIIMI METOI0M
BUJICOUPHUIOAMArHOCTUKH. OTBETOM Ha YKa3aHHOE BO3JCWCTBHE Y BCEX NAIMEHTOB
SIBJSLIOCH TOsIBJICHUE (B OJTHOM Cllydae — YCUJICHHUE) THITUYca 3pavka’.

B npyroil cepuu ucnbITaHUN MMIYJIbCHOE H3JIyYEHHE Ja3epa U CBETOAMOJOB MPOIYCKaIOCh
4yepe3 HH(POPMAITMOHHBIE MATPHIIBI - JIEKAPCTBEHHBIE MpenapaTsl. Bo3aeiicTBre 0CyIIeCTBISIIOCH
Ha OonbHBIX apTtputoM, OP3, raiiMopuTOM, THTIEPTOHHEN, THEBMOHHUEH, MAaCTUTOM H APYTUMHU
3a0oneBaHUsIMHU. JleKapCTBEHHbBIE IMpemapaThl MOAOUPATUCh TE K€, YTO MPUMEHSIOTCA B
TPAIMIIMOHHON MEIUIIMHE MPH O3TUX 3a00JIEBaHUSX — HWHJAOMETAIMHOBAas Ma3b, ACIUPHH,
ButamuH C, anenbhan u Ipyrue.
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"Pe3ynbTaThl SKCIEPUMEHTOB CBUIETEILCTBYIOT O BHICOKON () (PEKTUBHOCTH HEM3BECTHOTO
paHee crocoba TOJIEBOro BHeceHUss MHGOpMauu B OOJBHOM OpPraHu3M — TOPCHOHHOM
(nadopmanmonnoit) Ttepanuu. Cyas 1O pe3yibTaraM IEPBBIX Ke DKCIEPUMEHTOB,
3¢ (HEeKTUBHOCTH METOJIa METMKAMEHTO3HOW MH(DOPMAITMOHHON TepaIiH, 3aKJIF0Yar0IIeToCs
B BO3JCUCTBHM H3ITYYECHUEM, MOJYJIUPOBAHHBIM HHPOpMAlMEed O CIHUHOBOW CTPYKTYpe
ne4eOHOTO Tpenapara, BhIIIe CYIECTBYIONIEro MET0/1a METUKaMEHTO3HOU TEparuu' .

A.B.boOpoB Takke ykas3plBaeT Ha TOPCHOHHYIO Tpupoay 3¢¢ekTa ToOMEeonaTHd W METOIANKH
tectupoBanusi o domro. B HemaBHux pabortax A.B.boOpoB mpumién kK BBIBOIY, YTO UMEHHO
OMMKHHUE CIHMHOBBIC TOJISI OTBETCTBEHHBI 32 SIBIICHHE OMOJOTHYECKON «HHIYKIUU», KOTOPOE
M3BECTHO yXe 0oJjiee CTa JIET, HO JI0 CHX IOp HE MMEET MPUEMIIEMBIX O0BSCHEHHI MeXaHU3Ma, U
MMEHHO TOPCHOHHBIC TIOJII OKa3bIBAIOT CYIIECTBEHHOE BJIHMSHME Ha (HOpPMUPOBAHUE
MHOTOKJICTOYHBIX )HBBIX OpraHnu3mos [58].

4.8 Pesynomamesi I1.I1.apsiesa

31ech HEOOXOIMMO YIOMSHYTH Takxke pe3ynbrarel rpynnel [LIL.I'apseBa mo nedeHuro
HCKYCCTBEHHOT'O aJUIOKCAHOBOTO caxapHoro nuadera y kpbic [59]. Ero ycraHoBka Brirodana B
ceOs na3ep ¢ HaHECEHHBIMH Ha TOJTYTIPO3PAYHOE 3€PKAJIO MpenapaTaMu MOPKETYJOUHON KeJle3bl
U cene3éHKH, cXeMa YIpaBIIeHUs Jla3epaMH UMela MeTio o0paTtHoi cBs3u. [lpu aToM nazepHas
YCTAaHOBKA T€HEPUPOBAJIa NIMPOKOTIONIOCHOE deKTpoMarauTHoe u3nydenue (LLIIDU), B koTopom,
KaK MpeIInoiaraetcs, COACPKUTCS nHPopManus npernaparos [61].

Pasnuunbie rpymbl KpbIC MO-Pa3HOMY paCIoyiarajiy 1Mo OTHOIIEHUIO K Ja3epy:
1) nepBas rpymma, KOHTpOJIbHas, ObLIa O0e3 BO3eHCTBYS,

2) BTOpas rpyIia HaxoauiIachk Ha pacctostaud 70 cM OT Jasepa,
3) TpeThs - Ha paccTossHUU 20 M, B 9aCTHYHO IKPaHUPOBAHHOM (IT0IBaJIbHOM) TIOMEIICHHH.

Ll
1 2 3 4 5 6 7
Tlepron HabmoneHns, cyT

Puc. 21.T'paduk seTajJbHOCTH KpbIC B TPEX rpynmnax [59].

15U, "momynupoBaHHOE" TpernapaTamu, CYIIECTBEHHO BJIMSJIO Ha TPOTEKAHHUE CaxapHOTO
muabera (Puc. 21): Bo BTOpO#i, "OnmkHEH" rpyIie ypOBSHb TJIFOKO3bI B KPOBH CYIICCTBEHHO
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cHwkaics y 80%xuBoTHBIX mociie Bo3zaekicTBus LIIDU. Mi3MeHeHus 10 CpaBHEHHUIO C KOHTPOJIEM
TaKke HabII0aI0ch B TPEThel, "cpeaHei” Mo pacCTOSHHIO TPYIEe: B HEH CMEPTHOCTh Ha 4-¢
CYTKH TIOCJIe BBeJIeHHs ajlllokcaHa coctaBisuia 50% ot koHTposisi. B maHHOH paboTe aBTOPHI
BBICKA3bIBAIOT IPEINOJIOKEHHE O MEXaHHW3ME BO3JEHCTBUs, CBSI3aHHOM C KBaHTOBOM
CIyTaHHOCTBIO (POTOHOB JiazepHoro u3nyuenus u [LIDU. B npyrux paborax u untepBbio ['apsieB
OOBSICHSIET PE3yJIbTATHI 110 BO3EUCTBUIO HA OMOJIOTHYECKHE OOBEKTHl TOPCUOHHBIMHU MOJISIMU.

Hpyrue pesynbrarsl ['apsieBa - AuctanTHoe Bo3jeiicTBue Ha npenapatsl JJHK, B3sThIE M3 THMYCa
tenéHka. [Ipemapar paszmensuii Ha JBE YacTH, HAa OJHY BO3JCHCTBOBAIM C NPUMCHCHHUEM
"s¢dexra popm” (["apsieB yka3pIBaeT Ha HAJIMYKE HOY-Xay), a y BTOPOi YacTH, yaanéuuoi Ha 30
KM, HM3MEpsUIM TMapaMeTphl CBETOpaccessHus. B pe3ynpTaTe aBTOKOPEIUISIIMOHHAS () YHKIUS
CBETOpaccessHusl oOpasna-nmpuéMHUKA pearupoBaja Ha BO3JCHCTBHE Ha oOpasel-rnepenaTiuk

[60].

CoBokymnHOCTh (heHOMEHOB ¢ mojeBbIM Bo3zeiicTBueM Ha JIHK [apsieBbiM Oblia mosjoxkeHa B
OCHOBY KOHIIENIIMM "'BOJHOBOIO TreHoMa'. B 3TUX »JSKCmepuMeHTax, TakkKe Kak H B
skcnepuMenTax CokosoBoit u KpacHoOpbDkeBa, HaOMIOJAETCS HENOKAIBHOE BO3JICHUCTBUE. HA
paccrossHur 30 KM HEBO3MOXKHO JaXKe Mpeanojarate ajapecHoe BiusHue Ha mpemnapat JIHK
AJNIEKTPOMArHUTHBIM H3ITydeHUEM, TeM Ooyiee 4TO ynoMuHaemblid [apsieBbiM 3dexT dopm
HamNpsSMYIO OTCBIJIA€T HAC K TOPCHOHHOW (PEHOMEHOJOTHHM W 3aCTaBIISIET IMPEIIOJIOKUTh, UYTO
HCTOYHHKOM BO3/ICHCTBHS OB TOPCUOHHBIN TeHEepaTop.

4.9 Pesynbomamabl L|3siHa KaHbYkeHs1

l'oBopss 0 BO3ACHCTBUM HEIIEKTPOMATHUTHBIM HM3JIYYCHHEM Ha OHMOJIOTHYECKUE OOBEKTHI,
HEBO3MOXKHO HE YIOMSHYTh pe3yibTarbl [[3ssHa KaHpwkeHs MO mnepeHoCcy TeHETHYeCKOM
nHpopMaIui Ha OMOJIOTHYECKHE OOBEKTHI.

DTH pe3yIbTaThl OYCHb SIPKHM U HE Pa3 OCBEHIAIKCh B ipecce (cM., Hampumep [62]): reHeTHueckas
uHbOpMaIUsI OT OTHUX OHOJIIOTHYECKUX 00BEKTOB IepeiaBaiach Ha 3apOJIBIIIN APYTUX MOJIEBBIM
MeTo0oM. B pe3ynbrare y pa3BUBIIUXCS W3 3apOjbIlIell OPraHM3MOB MOSBISUIUCH HPHU3HAKU
00BEKTOB-JIOHOPOB, TPUUYEM NPHUOOPETEHHBIE TAaKUM CIIOCOOOM TPHU3HAKK TIEpEeaBaliuCh B
MOCJIE/TYOIIEM T10 HAceICTBY. BOT omnucanue Tpex sKCrepuMeHToB [65]:

«YTKM Kak JOHOPHI MOMEIIAJNCh B MPUEMHOH dYacTH OHOTPOHA, OJHOBPEMEHHO
MHKYOaIlMOHHBIE KYpUHBIE SIHIIA, KAK PEIMITUEHTHI TOMEIIAICh B BO3/ICHCTBEHHON YacTH
OuotpoHa. B pesynprare M3 3THUX SKCIEPUMEHTAIBHBIX SIHII, BBUTYIHBIIUECS LBIIIIATA
MMEIN OTpe/eJCHHbIE XapaKTEePHbIE YePTHl YTOK; LBIUIATA C TOJOBOH IUIOCKOW (OPMEI,
[IMPOKOW HYDKHEH YeNOCThI0 W YTKOOOpa3HBIMH IMEPENOHKaMH MEXIy NalblaMH Ha
Horax. B skcmepuMeHTax HCIoiab30Bajiock B obmiel crnoxxHocTu 500 sui, U3 KOTOPBIX B
80% ciyyaeB BBUTYIHIIMCH IBITUIATA C TOJIOBOM IIJIOCKO# (hopMbl U B Oojiee 25% cirydaes
HaOJIOAAINCh TIEPENIOHKH, Kak y yTOK Mexnay nameiiamu Hor (P<0,001), Takoe
u3MeHeHue He HaOmoaanock y 600 sum koHTponbHOM Tpynmel...» (Puc. 22, KHP, 1961
roj)

«CasKeHIIbI MIIEHUIIBI, KaK JOHOPBI OBLIN TYCTO IMOCAXKEHBI B TOPIIKHU, OOIIECH IIIOMAAbI0
3,6 M.KB., TOMEIICHB B IPUEMHON YacTh OMOTPOHA, B TO BpEMs, KaKk MPOPOCIINE 3epHa
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Puc.

KYKYPY3bl, KaK PELUITUEHTHI MIOMEIIAINCh B BO3JICHCTBEHHON yacTh onotpona, M3 7,000
caxxeHieB Oosiee yem y 55% naOmronmanuck OokoBble cTeOnu, Oosnee dem y 23% -
CTIeUANIbHBIE METEJKH, MOMHMO HOPMAaJbHOW KYKYpYy3HOH METENKH C(HOPMHPOBAICS
CTIeUANIBHBIN KOJIOC C 3epHAMH, IOX0)KUMHU Ha KYKYpy3y, 1 HEKOTOPBIMH 3€pHAMH, KaK y
MIICHUIBI HA BEPXHEH YacTH pacTeHui, ypoxait yBenuumics Ha 30%. bonee toro, Bce
npuoOpeTeHHbIE  W3MEHEHHs  HACIICJAOBAIUCH  IOCISAYIOIIUMH  MOKOJCHHSIMH,
(mabmromenust Bemuch B Tedenue 10 met ot Hayanma sxkcrepumenta) (P<0,01)...» Puc. 23,
CCCP, 1979ron)

«B cotpynauyectBe ¢ mpodeccopom UxdH LgH u ApyrumMu crnienmairucTaMu ObUT CHOBA
MPOBEJICH HKCIIEPUMEHT 10 HM3YUYEHUIO YIPABJIICHUS TOJEM M JOCTIKEeHHUs 3(dexra
OMOJIOXKEHHUSI C MCTIOJIb30BAHUEM MBIIIEH B KA4eCTBE SKCIIEPHUMEHTATBHOTO KUBOTHOTO.
B3pocnele MpImm noasepraavck Bo3nelcTBUIO Bl Ha MHKpPOBOJIHOBOM 4YacTOTeE,
W3ITy4aeMOMY pa3HBIMH CaKEHIIAMH CBhEAOOHBIX pAcCTeHHU. BHOXMMUYECKH aHanu3
nokaszan, uyto cuHre3 JIHK xierok poroBumel Bozpoc Ha 50% P<0,05); nenenue
naroyiorundeckux kierok cHmswmics Ha 41% @<0,05); cuntes JJHK wMuenonutos
yBenuumics Ha 73% (P<0,001);a cunte3 JJHK kieTOK NUTOBHIHON KeJe3bl YBEIHIUICS
Ha 66% (P<0,01). CiemoBaTenbHO, OTCIOAA JIETKO 3aKIIOYHMTh, YTO OMOJIOKEHHUE
HKCHEPUMEHTAIBHBIX JKUBOTHBIX B IIEJIOM OCHOBAaHO Ha 0ojiee YBEITMYEHHOM CHHTE3E
JIHK Bcex BHCLEpalbHBIX KJIETOK WHAWBUIYyyMa, Ha BO3POCIIMX MOJEPHU3UPOBAHHBIX
CIIOCOOHOCTAX (DU3MOJIOTMYECKUX KIJIETOK, a TAaKKe Ha IMOHWKEHHOM YPOBHE JEJICHUS
MaTOJOTHYECKUX KIETOK TIIOCIIE TOro, Kak OHM mnoasepranuck bII, wu3mydaemoro
caxxeHnamu pacrenuii» (Poccus, 1992ron).

a B

22. Pe3yibTaThl JKCNEpPUMEHTAa MO 0GJyYeHMI0O KYpHUHBIX sinll B ycraHoBke L[3sn Kanbakens: a)

KypHHble siia mnepex ceaHcoM of0JydeHusi; 06) «KypoyTKa», B) KYpPHHasi JIallka C IIepPeNoHKOii,
OTCYTCTBYIOLIEH Y KOHTPOJIbHOM IPyNIIbI.
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Puc. 23.D¢dexTs 00s1yueHnst ceMsiH KYKYpy3bl HH(popManueii ¢ NIIEHUIBI: a) MHOTOYHC/IeHHbIE 00KOBBIE
€Te0JIM Y KYKYpY3bl; 0) MOYATKH Ha MecTe cTefJieii ¢ ceMeHaMu.

B macrosmee Bpemss (2011 rox) I3sa KaubwkeH mnpomo/bKaeT pa3BUBaTh CBOW METO,
HapUMep, B €ro yCTaHoOBKe 3(PQPEKTHBHO JieyarT (OMOJIAKHBAIOT) JIIOACH HH(pOpManuei ot
[IPOPOCTKOB pacTeHwuit [64].

Kak yxe yka3plBanoch BbIII€E, IEpBOHAYaIbHOE 00bsicHEHHE KaHbwkeHs 00 3J€KTPOMarHUTHOM
MEXaHM3Me IepeHoca HH(pOpPMaluM MPOTHBOPEYUT KOHCTPYKTUBHBIM OCOOEHHOCTSM €ro
YCTaHOBKH. XapakTep BO3ACHCTBUS (KOMIUICKCHBIH MH(MOPMAIIMOHHBIN MEPEHOC IeHETHYECKOM
uHDOpMaLMK) M KOHCTPYKLUS YCTAHOBKH 3aCTaBJISIOT IPEIIOJIOKHUTh, YTO TPAHCIOPTOM
uHQOpPMAIUM  CIY)KUT TOPCHOHHAas KOMIIOHEHTa, BO30yXJIaemas 3JICKTPOMAarHUTHBIM
TeHepaToOpOM, MOAYJIUpyeMas 00BEKTOM-IOHOPOM, U NepelaBaeMasi U3 OJIHOH KaMephl B IPYTYIO

gepes d3p ekt hopm.

4.10 Pe3ynbmamesi J1. MoHmaHbe

B xonue 2010 roma nHoGeneBckuii naypeaT JI.MoHTaHbe "BCTpAXHYN' MHPOBYIO HAy4YHYIO
OOIIECTBEHHOCTh TpenpuHTOM [67], B KOTOPOM OIHMCHIBAIOTCS pE3yJbTaTbl, BO MHOTOM
aHajoru4yHele pesynpTatam l'apseBa, KpacHoOpbokeBa m Kanbuxens. B pabore MoHraHbe B
COJIGHOM[] CO CJIaObIM TOKOM Ha YacToTe 7 I'll moMeIanuch psjaoM JBe TepMETUYHO 3aKPBIThIE
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npobupkn (Puc.  24). Oxgna Gbuta ¢ pasBenéHubiM mpemapatrom JIHK (10°), Bropas - ¢
JTUCTUUIMpOBaHHOM Bosoi. [Tocne 18 wacoB paGoOThI yCTaHOBKH B BOJIY M3 BTOPOM MPOOUPKH
N00aBISIITUCH CcTpouTeNbHbIe KoMmoHeHThl s JIHK — mykieotuapl, mpaliMepsi, monuMepasa. B
pesynbTate B Heil cuHTesupoBasiack JIHK, Ha 98% wmaeHtnyHas mpenapary-I0HOpPY. ABTOPBI
paboTel  OOBACHSAIOT H3TOT 3GdEeKT nepeHocoM HHPOpMaMU W3 BOJAHOTO  pacTBOpa
3JIEKTPOMAarHUTHBIMM BOJIHAMH, B pe3y/ibTaTe dYero B YHCTOM BOJIe BO BTOpPOM mpoOupke
HOSIBJISIIOTCS T€ )K€ CTPYKTYPHbIE KOHPHUIYpAIlMd KOrepeHTHOU (a3bl BObI (AaBTOPBI CCHUTAIOTCS
Ha TEOPHIO KOT'€PEHTHBIX COCTOSIHUH BOIbI [68]).

Generator 7Hz

Tube 1

Puc. 24.Cxema 3xcnepumenTta JI.MoHTaHbe M0 MoJieBOMY nepeHocy cTpykrypsl JTHK Ha Boxy.

Orta paboTa mNOCITYXKWJIa CBOCOOpPA3HBIM MPOKEKTOPOM, KOCBEHHO OCBELIAIONIMM MHOTHE
paccMOTpeHHBIE B HacTosimeM 0030pe Ouojoruueckue padoThl, a TaKKe MHOTOYHCIICHHBIC
paboTel MO MHPOPMAIMOHHOMY IEpeHOCy Ha Boxay. M, XoTs B HEll wHccienyercs HUMEHHO
anexkTpomaruutHoe usnydeHue ot JIHK, 3tu pe3ynbrarbl MOXKHO TPAaKTOBAaTh TAKKE B paMKax
TOPCUOHHOM KOHLIEMIUH: COJICHOU] CIIY)KMT HUCTOYHHUKOM HE TOJBKO 3JIEKTPOMArHUTHOIO, HO U
TOPCUOHHOTO TI0JIS, U yXKe UM BeJETCs NepeHoCc NH(OpMaluu Ha BOAY.
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5. BEUCTBUE HA BOOY

BoszelicTBre Ha BOAY 3aCiy)XHBaeT OTIEIBHOTO PACCMOTPEHHsS, XOTS M TECHO CBS3aHO C
OMOJIOTMUECKUMH HCCIIEIOBAHUSMH, T.K. OONBIIMHCTBO HCCIEAOBATENCH 37eCh HCIIOJIBb30BAN
Oounonornyeckrue 0OBEKTHI I OIIeHKU 3 (HEKTOB.

Camn 3(1)(1)€KTBI MOXHO Pa3JCIIMTh HAa AB€ OCHOBHBIC I'PYIIIILL.

1) [TepeBo1 BOBI B AKTUBHOE, MM KOTEPEHTHOE COCTOSIHHUE;
2) NudopmanmoHHbI IEPEHOC HA BOAY.

CuHauana OpoagoJDKUM  PACCMOTPCHUC OMOIOTHYECKUX 3(1)(1)€KTOB. Hano 3aMCTUTh, YTO
OIMMKMCAHHBIC B MNPCAbLAYHIEM pa3aciic Bq)(l)eKTBI MOXXHO TakKXX€ OTHCCTH K BOBHGﬁCTBHm
TOPCHUOHHOT'O U3JIYUCHU HAa BOAY, BXOIAIIYHO B COCTAB JKUBBIX OPIraHU3MOB.

B.I'.KpacHOOpBLKEBBIM U3yd4aIUCh OWOJOTMYECKHE CBOWCTBA KOrepeHTHOW Boabl [55]. Boma
MEPEeBOMIIACH B KOTEPEHTHOE COCTOSHUE CHCTEMOW CIMHOBOM Tenenopranuu (oHa Obuia
omucana B pazzaene 3). Mccienosanack 3GGeKTHBHOCTh MHTHOMPOBaHUs npoaykiuu BUY - in
Vitro u in vivo, BupycoB Be3ukyisipHoro cromatuta (in Vitro) u reprmeca (in vivo).

Bupyc reprieca BBoAHIM MbIIaM BHYTPh Mo3ra B 00bEMe 0,03 M1, KorepeHTHast BOJia BBOIUIIACH
BHYTpHOpromHHO B 00BéMe 0,2 M (12 mbliieii), KOHTPOJBHON TPyIie BMECTO KOT€PEHTHON
BOJbI BBOJIWIN (husnosiormueckuii pactBop (14 wmprmeit). KOHTpoab MOIHOCTBIO TOTrHUO, W3
OTBITHOH rpynbl BEOKUIH 50% MbIiei.

Bupyc Be3HMKyIApHOTO CTOMAaTHTa BBOJWIM B KyIbTypy Kierok L41, BeipamuBaeMbIx B
npobupkax. Kierku B ombiTe 00pabaThiBAIMCh KOT€PEHTHOM BOJIOM, B KOHTPOJIE KOT€PEHTHAs
BOJIa OTCYTCTBOBaJa. B pe3ynbraTe HHrHOMpOBaHHE PENPOAYKIHK Bupyca coctasmiio 2 g ID50.

HccnenoBanne uaruduposanus BIY mpoBoamiock kak in Vitro, Tak u in Vivo. B nepBom cirydae
MoHocoi kiaetok COS undpumposamn BUY n oOpabareiBasii KOTepEeHTHON BOJIOM, KOHTPOJIb
o611 TONTbKO MHpUIMpoBaH BUY. Murubuposanue penpoaykiuu BUY coctasuio 1,6 1g ID5SO0.

B munorHom »skcnepumente mo Jsedenuto BUU-undumupoBanueix 6ompHBIX B IOAP
NPUMEHSJIOCh u3MepeHue kosimdectBa T-mumpormro CD4+ B kpoBu - B pabore [55]
NPUBOJISATCS JaHHBIE 1Mo 6 manueHtam-BosioHTEépaM. Conepxanne CD4+ yBenmnumiioch, a Takxke
VIYYIIWIOCh COCTOSIHME TManueHToB B mepBble 10 gHEd - ovmMcTKa KOXKM OT DJK3eM U
repHeTHYECKUX MPOSBICHUH, OCBETICHHE MOYH, YIYUIlIEHUE CHA, YBEIMUYCHUE BECa.

I/ICCHGHOBaHI/Iﬂ Ha TOKCHYHOCTB (BBIHOJ'IHSIJ'II/ICB Ha MBIH_IaX), a TaKKC HIUTOJOTHYCCKOC H
HUTOICHCTUYCCKOC HU3Yy4YCHUC KOFGpeHTHOﬁ BOJbI IIOKa3ajiM, 4YTO OTa BOJa MABJIICTCA
HCTOKCHHHOﬁ, HC OKAa3bIBACT CYIICCTBCHHOI'O BJIMSAHUA HAa MUTOTHUYCCKYIO daKTUBHOCTB KJICTOK, a
TAKKC HC BJIMACT HAa KAPUOTHII KJIICTOK U HC IMIPUBOJUT K ITOJIOMKaM XpOMOCOM.
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BoszelicTBre aKTUBHPOBAHHOW BOJOW Ha KyabTypy aApoxokedl wusydan A.B.bo6pos [75].
AXTHBaNUs BOJABI OCYIIECTBISUIACh CBETOAMOIHBIM TeHepaTtopoM. Ha Puc. 25 mpuBeneHsl
rpadukyn  OMOJIOTMYECKOW AaKTUBHOCTH OOJy4y€HHOW BOJB B 3aBUCUMOCTH OT BpPEMEHH.
buosornueckass aKTHBHOCTh BOJBI ONpEIesUiach MO 3WMAa3HOW aKTHBHOCTH (BBIICIICHHIO
YIJIEKUCIIOTO Ta3a APOXIKAMHU B TUTATEIBHON Cpelie) M0 OTHOUICHUIO K KOHTPOJIIO.
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c. 25. Iunammuka OnoJIOrnYecKoit AKTUBHOCTH BOJbI (Puc. 51 B [75)]):

- 20  o6pa3uoB AKTHBUPOBAHHOM BOJIBI co CpPOKOM XpaHeHust 53  cyrok;

B - akTuBMpOBaHHasA BOJa cO CPOKOM XpaHeHHus 660cyTok

Kpome Toro, skcnepumentsl boOpoBa Mokas3piBaloOT, 4TO pa3BeACHHE AKTUBUPOBAHHOWU BOJIbI
BIIUSIET HA € OMOJIOTMYECKYI0 aKTUBHOCTD, IPUYEM 3TO BIUSHUE HEJTMHENHHO:

"OkcnepumenTsl 1998 1. Ha Opolijepax MoOKaszaid, YTO HEpas3BeJCHHAs aKTUBUPOBAaHHAs
BOJJA MOXET TyOWTEeNIbHO JIeiCTBOBaTh Ha OJHOJHCBHBIX OpOWIEpOB, a Mpu
"TepaneBTHIECKUX " 703ax (npu  pasBeneHUU 1:50-1:60) - TOBBIIIATH
UMMYHHOYCTOHYHUBOCTh OpraHU3Ma.

Okcnepumentsl 2000-2001rr. Ha MUKpPOOpPraHU3Max M PACTEHUSIX MMOATBEPANUIN OCHOBHBIE
BBIBOJIBI, TOJIYYCHHBIE B HIKCIEPUMEHTaX Ha Opoiiepax: MpU HEKOTOPBIX MapaMeTpax
aKTUBAIIMH BOJIbI €€ MPUMEHEHHNE 0e3 pa3BeIeHUs MOKET CHU)KATh BCXOXKECTh U MOJIABIISITh
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pa3BuTHe pacTteHUu. IHPEKTUBHOCTH BO3JEHCTBUS MOBBIIIAETCS OTHOCUTEIBHO KOHTPOJIS
npu 4-5KpaTHoOM pa3BeACHHUM I TPU MPUMEHEHUU HEpa3BEICHHON BOJbI HA 4-5 CyTKH
II0CJIE €€ aKTUBaIuu'".

Kunsiuenne BoOJbI, Kak HpPaBUIIO, PE3KO MEHSET €€ OUOJIOTHYECKYIO AKTHBHOCTH B CTOPOHY
uHrubupoBanus. boiee Toro, maMaTe 0 BO3ACHCTBUM HA BOIY, 3aKJIHOYAIOLIEMCS B 00Jy4E€HUHU
TOPCUOHHBIM T'€HEpAaTOPOM Yepe3 Kakoe-TMOO BEIECTBO, COXPAHSAETCS M IOCiie KUISTYeHUs, B
OTPHUIIATEIBHON 00JIACTH aKTUBHOCTH: pa3Mdyue IMoKasaTesei 3umasHoit aktuBHoctd ([13A) mpu
TOPCUOHHOM aKTUBALIMU PA3JIMYHBIMU BEILIECTBAMH OCTAETCS CTATUCTUYECKHU 3HAYMMBIM.

OTH pe3ynpTaThl ObLTHM TPOTECTHpPOBaHBl A.B.BOOpOBBIM B MPAKTUYECKUX TMPUIOKCHHSIX
MEJUIMHBI, CEJICKOr0 XO3SMCTBA M THIICBOH MPOMBIILICHHOCTH. bbUI0  OmpoOoBaHO
UCIIOJIb30BAaHHE AKTUBHUPOBAHHOW BOJBI TPH JICYCHUH TPOPUUECKUX SI3B C IOJIOKUTECIBHBIM
pe3ynbratoM [56]. Takke ObUIM MPOBEICHBI SKCIIEPUMEHTBI IO MPOPAIIUBAHUIO PXKU U IMIICHUIBI
[76], a Takxke onmpoOOBaH METOJ| MPUMEHEHUSI AKTHBUPOBAHHOM BOJIBI ITPH MPOU3BOCTBE XjieOa
[77] u ceipa [78], u 3meck Toxke ObUTM 3aUKCHPOBAHBI MOJOXKHUTEIBHBIC PE3yIbTaThl (ITH
3¢ (deKThI 3alUIICHBI TATCHTAMH).

MHoOro 3KcrnepuMeHTOB 0bL10 ocTaByieHO BoOpOBbIM ¢ MH(OPMAIIMOHHBIM IIEPEHOCOM Ha BOY.
Cxema SKCIEpUMEHTOB 3/ieChb ObUIa ClEeAyIOLIeil: TOPCHOHHBIM H3IY4€HHEM OT HCTOYHHKA
"cBeTHnM" 4yepe3 MH(POPMALMOHHYIO MaTPHUIly M3 KaKOro-iubo BellecTBa Ha BOIY, U ATY BOLY
UCIIOJIB30BAJIN 7SI BO3JICHCTBUSL Ha OMOJIOTMYECKUE OOBEKTHI - APOXOKU, PACTEHUs, KUBOTHBIX,
yejoBeka. Takke NPUMEHSIM KOHTPOJIbHBIE 00pa3ibl BOJBI - HA HUX TOPCHOHHBIM M3ITydEHHEM
HE JECHCTBOBAJIH.

B kadectBe WH(MOpPMAIIMOHHBIX MATPHI] HMCIOIH30BAIUCh MEHUIIWIIJINH, METAllUKJIUH, CTallb,

aropanb, cepebpo, Menp, cBuHemn. IlokasaHo, 4ro Ouojormyeckas aKTUBHOCTh 3aBHCHUT OT
BellecTBa nHpopMauonHoi Matpuibl (Ommuoka! MCTOYHHK CCHIIKH He HaW/IeH. ).
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Puc. 26.3aBucumocth noka3zareisi 3(pGeKTHBHOCTH ONMOCPETOBAHHOTO HH(POPMALMOHHOTO BO3IEHCTBUS OT
BellecTBAa NHPOPMALMOHHOI MAaTPUIbI, HCII0JIb30BAHHOW NPH AKTUBMPOBAHUHU BO/bI.

[ToMumMO OHONIOTMYECKOW AaKTUBHOCTH, HCCIEAOBAINCH HEKOTOpbIE (pHU3MYecKHe MapamMeTphl
BO/JIBL

"l ompeaeneHusl ONTHYECKOM TMJIOTHOCTH HCImosib3oBajics (poromerp tnna KOK-3. Ha
Puc. 27 npuBeneHbl pe3yibTaThl perucrpanuu kKoddduimeHTa MPOMyCKaHUs BOJIbI,
aKTHBMPOBAaHHON C TPUMEHEHHEM MaTpUIbI-NeHNIWUTMHAa. HabmromeHus Benmuch Ha
NpOTsHKeHUHM 24 CYyTOK C MOMEHTa aKTHBaluM. B yKa3aHHOM HHTepBaje BpEeMEHH
KO3 (PHUIMEHT MPOITyCKaHMs aKTUBUPOBAHHOM BOJIbI HEITPEPHIBHO BO3pacTal .

)

8 i CYTHM

2 4 6 8 m 12 14 18 18 20 22 24
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Puc. 27.]uHaMHuKa M3MeHeHHs K0I(p(PHUIMeHTa NPoNnyCKaHus aKTHBUPOBAHHOI Boabl (puc. 18.u3 [76])

I/ICCHGHOBaHI/IH KECTKOCTU BOJbI IIOKAa3aJIv, 4YTO aKTHUBUPOBAHHAs BOJa O6J13.,I[aeT MOHMKCHHOMU
)KéCTKOCTBIO, TaK)Ke Ha XECTKOCTb BIIMSACT BCIICCTBO HHq)OpMaHHOHHOﬁ MaTpulbl, 4YCpPE3
KOTOPYIO MMPOITYCKAJIOCh U3JIYYCHHUC IIPU AKTHBALIAU.

B.H.AnocoBeiMm Ha kadeape Ouodpuzukn MOTU Obuto 3adUKCUPOBAHO HM3MEHEHHE CIIEKTpa
TorIoLIeH s B yabTpaduoneToBoii o6mactu (185-200uM) cnaboro pacteopa DJITA (10° mois)
MpU BO3JIEUCTBUM HEDJIEKTPOMArHUTHOM KOMIIOHEHTOM usaszepa, a H.B.3akpesckum, HHUU
[Mpuxnamaeix [Ipobiem, r. C.IletepOypr - n3MeHeHue crieKTpa noriomeHus B oonactu 220-250
HM JIJIs TIPEACIbHO YHUCTOM BOJIBI IIPH TaKOM e Bo3aeiicTeuu [50, 53].

I'pymmoit A.FO.CmupHoBa [23] moka3aHo BiIHsHUE TOPCUOHHOTO u3inydeHust oT KBU-u3nyuarens
Ha yactore 42T Ha criekTp KOMOMHAITMOHHOTO paccesiHus Bozbl (Puc. 28).

Puc. 28. BiusiHue TOPCHOHHOIO H3JIyYeHHs] HA PAMAHOBCKHIl creKTp Boabl 2 MOwm/cM (1yiMHA BOJIHBI
BO306y:kIeHusi PamaH-ciekTpa BobI cocTapisieT 450 HM - mo ocu adcuuce). 1o ocu OpAMHAT HHTEHCUBHOCTH
paccestHHOTO cBeTa B OTH. el. Ha cmekTpe mOKa3aHbl 00JaCTH, OTHOCSAINAECH K <TSKEJIBIM»
(HeMaeHTHHUUHMPOBAHHBIM B3aAHMOIEHCTBUAM MOJIEKYJ BOABI) KJacTepaMm (cJeBa).

Taxxe B.B.KBaptanbnoBbiM 11 H.®.IlepeBo34nKoBbIM ObLIO OOHAPYXKEHO M3MEHEHHUE YICIbHON
anextpudeckoit mpooaumoctu (YOII) obpasia npeaenpbHo yncToi Boabl [S1]: Bo3neiicTBHE B
teueHre 30 MUHYT HEAJIEKTPOMArHMUTHOW KOMITIOHEHTOH Jia3epa BbI3bIBACT yMeHblneHue YOII
BoJibI Ha 3-10%.

WccnenoBanus BOjbl, akTUBHPOBaHHOW M3iyueHueM He-Nesazepa, NOCTOSHHBIM MarHUTHBIM
MoJIeM, U UX COueTaHWeM, ObUIM MpoBeJeHb B HOBrOpOaCKOM rocy1apCTBEHHOM YHUBEPCHTETE
[79]. Tlpumep w3meHenuss PH U OKUCIUTEIHHO-BOCCTAHOBHUTEIILHOIO  IOTEHIMAA
BOJIONIPOBOJIHOM BOBI JIJISl pa3NIMYHbIX BO3ACHCTBUN NpuBea¢H Ha Puc. 29.
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Puc. 29.M3menenns pH n OBII npu akTHBanUU BOAONPOBOIHOI BOJBI.

duznyecKkue CBOMCTBA aKTUBHPOBAHHOM BOJbI M3y4YaJIMChb MHOTMMH HCCleoBaTessiMH. Tak, B
pabdore M.B.Kypuka u B.I'.KpacHoOpbnkeBa [82] npuBeieHbI JaHHBIE TI0 H3MEPECHHUIO:

*  KHCJIOTHO-IIEJ0YHOTO paBHOBecus (pH),
*  yICNIBHOU JICKTPONPOBOIUMOCTH (G),
*  CIEKTPOB ONTHYECKOTO MOTJIOIICHHUS.

Ha Puc. 30mpejacraBieHbl pe3yabTaThl U3MEPEHUNH. ABTOPBI YKa3bIBAIOT HA TO, YTO TMOKA3aTeIN
st T.H. L-Bogbl 1 R-BOABI OTIMYAIOTCS HE TOJBKO OT TOKa3aTesieil paBHOBECHOM (OOBIYHOI)
BOJABI, HO W Jpyr OoT japyra: L-Boma Oonee ymopsimouena. Takke TOBOPHUTCS O TOM, YTO
Ouosornyeckasi akTUBHOCTh L-Bomel Bbimie. JluHamuka cBOMCTB L- m R-korepeHTHOW BOBI
TaKxke npuBezcHa B [83].
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Puc. 30.Pe3yabTaThbl H3MEPEHHUsI CBOWCTB KOT€PEeHTHOH BOJIbI.

B pabore [84] mpuBoauTcs uccinenoBaHue U3MEHEHHs TEIUIOEMKOCTH KOTepeHTHOHN Bojbl (Puc.
31, Puc. 32). Pesynbrar, noxydeHHbIH 31ech KpacHOOPBIKEBBIM, COBEPIICHHO YMBHTEIICH:
TEIIOEMKOCTh KOTEPEHTHOM BOJIBI MPUMEPHO B 2 pa3za MeHble (ObUI0 chenaHo 5 uamepeHuit
BOJIbI B PABHOBECHOM COCTOSTHUH U 5 B KOTE€PEHTHOM).

W3KeHeHHe TeHnepaTypkl BoAkl B KANOPHHETPE Yepes
1H 2 HHH Nocne CHMraHuA yInAa
W 3nAa Eoibl B PREHOESCHOM COCTOAHKMM
-] W anAa 604kl B KOMSPEHTHOM COCTOAHMI
2 14
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-
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Puc. 31. Cxema ycTaHoBKH M0 Hu3MepeHHI0 Puc. 32.Pe3yabTaThl H3MepeHHUs TeMIIEPATYpPbI.
TEMJI0éMKOCTH KOTepeHTHOH BoAbI. 1 - reHepaTop
CIIMHOPHOTO MOJIsl, 2 — Pe30HATOP CHUHOBBIX

COCTOSTHUI, 3 - YNN-TPAHCIAATOP, 4 —KaJOPUMETP
KL-10, 5 — emkocTh ¢ HarpeBaemoii Boaoi, 6 —
YHN-UHIYKTOP, 7 — HaBecka yrias B
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KaJIOpHMeTpU4YecKoii 6ombe, 8 —TeMmepaTypHbIi
AATYHK.

AnpoOarys HCHOJB30BaHUS CHCTEMBl aKTHBAIIMK BOJBI B YCJIOBHSX TOPOJICKOM KOTEIHHOH,
obopynoBaHHOH 4 KOTIIaMHu MOIIHOCTRIO 12 MJ[x Kakpli, mokasana nosbsienne KIT1J[ kotioB

¢ 75% no 85% B skcniepumMeHTanbhblii ce3oH 2000-2001rr, mo cpaBHeHUto ¢ ce3oHamu 1997-
2000rozoB.

I'pynna C.H.HoBukoa u3 MUDOTa B 2009 roay omybaukoBana paboTy «/lMCTaHIIMOHHAsS
nepenada MHPOPMAIMU O HAJMOJICKYJISIPHOH CTPYKType Boab» [85], rne ommcwiBaercst s ekt
OECKOHTAaKTHOM Iepefaud COPOLMOHHBIX XapaKTEPUCTHK MAapoB BOABI OT OJHOTO oOpasla Ha
Apyroi. DKCIEPUMEHT COCTOSUI B CHATUM KMHETHMYECKUX KPHBBIX pabOTHI BHIXOJa 3JIEKTPOHOB
¢(t) MOHOKPUCTAIIIMYECKOTO KPEMHHS B HACHIIICHHBIX TAPaX BOJIHBIX PACTBOPOB.

Hus pactBopoB ZnCl, CuCh, NaCl pasauunoit kouuentpamuu (1.0M; 0.1M; 0.0IM)
KUHETHYCCKHE KpHUBBIC (3aBHCHMOCTh PAa0OTBI BBIXOJA DIICKTPOHOB OT BPEMEHH) HMMEIOT
OTpe/IeIEHHBIN BUJI, KOTOPBIH 3aBUCUT OT BEIECTBA M KOHIIEHTpaluu. UTOOBI KOHTPOJIUPOBATH
YHCTOTY OSKCIIEPUMEHTAa M PABEHCTBO YCIOBUH Ui BCeX OOPa3lOB C PacTBOpPaMHU, aBTOPHI
CHHMAJIM KHHETUYECKHE KPHUBBIC TAKXKE OT T.H. «CBHJETENEH» - EMKOCTEH, I/ie BMECTO pacTBOpa
Obula BOJA, W3 KOTOPOW pAacTBOp TOTOBWIM. «CBHIETENN» CTOSUIA PSIOM ¢ oOpasnamu
pacTBOpOB, MpUUYEM Bce EMKOCTU OBLIM repMeTu3upoBaHbl. OOHAPYKHUIIOCH, YTO KHHETHUECKUE
KPUBBIC <«CBUJCTEJICH» MOBTOPSIIOT KHHETHUECKNE KPUBBIE PACTBOPOB, PSAIOM C KOTOPBIMU OHHU
crost (Puc. 33).ABTOpBI OTMEUarOT, 4TO 3G GEKT nepenadyn HHGopMaIK 0 CTPYKTYpe pacTBopa
Ha YHCTYH BOJly MAaKCHMAaJICH Ha PAcCTOSHUM OKOJIO 2 M, a Ha paccTossHuu Oosnee 4,5 M He
oOHapy>KuBaeTcs.
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Puc. 33. U3meHenusi padoThl BBIX0JA
aektpoHa Si (100) ¢ or Bpemenn
IKCHO3MIIMH T B HACHIIEHHBIX Mapax Haj
pacTBopaMHu  XJOpMIA UHHKA M  BOJIBI.

Oo6o3HaueHus:

1 — *' omHomouspHblii pactBop ZnCly;
1 - | «cBugereab», umcraa H,0;
2 - D HeuMOoJIsipHbIii  pacTtBop ZnCly;
A I «cBugereab», gmcrag H,0;

3-@ CAaHTUMOJISAPHBIH pactBop ZNnCly;
3 - ¥ «cBumereap», unmcras H,O0;

M — npubJu3uTeIbHAS 00J1aCTh 3aM0JTHEHUS
MOHOCJIOSI HA MIOBEPXHOCTH Si.

AreHT, OTBETCTBEHHBII 32 TaKylo Hepenaudy, He IKpaHUPYETCsl METAIUIOM (CTEKJISIHHBIE COCY/IbI B
HEKOTOPBIX JKCIEPHUMEHTaX MOJHOCThIO JKPAHUPOBAIUCH JKEJIC3HBIMU DKpPaHAMH), M3 Yero
aBTOPBI JAENAIOT MPEANOI0KEHUE O HEAJIEKTPOMAarHUTHOM B3aUMO/JICHCTBUM MEXly 0Opa3liamMu.
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6. BO3AEUCTBUE HA XUMUYECKUE NPOLECChI

[IponmmocTpupyeM HECKOJIBKUMH UCCIIEJOBAHUSMU BIMSHUE HEAJIEKTPOMATHUTHOTO U3ITy4eHUS
Ha xoa xumuueckux peakuuid. H.IT.bakypoBbIM M3ydanoch BIUSHHE HM3JIy4EHUS TMOCTOSHHOTO
marautHoro moyisi 2000 D or miockoro MmarHuta (HEOJUM-XKeNne30-00p) Ha KHHETHKY
pasnoxenus nepekucu Bogopoaa (cm. Puc. 34) [28]. Oror adpdekr oObscHseTCs: BakypoBsiM
BIUSIHUEM MMEHHO CIMHOBOTO TOJISl, XOTS MEp MO SKPAaHUPOBAHHIO COOCTBEHHO MAarHHUTHOTO
MoJIst HE MPEANPUHUMANIOCh. TO, UTO B TaHHOM cCiiy4ae paboTaeT UMEHHO HEdJIEKTPOMarHUTHAs
COCTaBJISAIONIAsl, TOBOPUT TOT (aKT, YTO H3MEpPEHHUEe CKOpocTH paznoxkenus H,0,
OCYILIECTBIISIIOCH TMOCNIe OO0pa0OTKM BEHIECTBA, a TakKe TMOIATBEPKAACTCS TEXHOJIOTHUSIMHU
aKTHBALIMH BOJIBI, pa3paboTanHbiMU bakypoBsiM [27].

"OmarHuueHHas" BOJa, HalpUMeEp, IO3BOJIAET OUUILATH OT HAKUIIM KOTJIbI, UMEET BBIPAKEHHYIO
OMOJIOTMYECKYI0 aKTUBHOCTh. JlaHHOMY (eHOMEeHY B CBOE BpeMsl ObUIO YAEIEHO JOCTATOYHO
BHUMaHMs B HAayYHOW W Hay4yHO-nonyisipHoil smteparype [80, 81], omHako OOBSICHUTH €ro
3JIEKTPOMArHUTHBIM BO3JAEHCTBHEM CJI0KHO, TaK YTO IIPU BCEH OYEBHIHOCTH TAKHX PE3YJIbTAaTOB
U KpailHeWd MpOCTOTE WX BOCHPOU3BEIACHHS 'OOJBIION HAYKOW' ATO CUMTAETCS O CHX MOpP
"HEBO3MOXKHBIM "

90

80

~J
o

=)
o

wu
o

O61bém rasa, ma
I~
o

30
20
10
0F . . . . . I
0 50 100 150 200 250 300
Bpems, ¢

Puc. 34 KuHernyeckue KpuBbIe Pa3jioKeHHUs MePeKNCH BOIOPOAA:
1 - npaBocTOpOHHSISI cIMH-00padoTKa pacTtBopa H,O,;
2 - HeoOpaGoTaHHbIii pacTBop H,0,;
3 - 1IeBOCTOpPOHHSN cMHH-00padoTka pacTBopa H,0,.

Ha Puc. 35 npuBesnensl rpaduku CE30HHBIX H3MEHEHHH MarHUTHOW BOCHPUUMYUBOCTH
OMarHM4eHHOro pacTtBopa cyibpara Hukess, noiaydenHsie ®.1M.Kykozom, M.D.Ckano3y6oBbIM 1
I'.K.YepHoBbIM (MCcie10BaHUs TPOBOAMIKNCE B TeueHHe TPEX JeT —c¢ 1963mo 1965rr.), a Takke
rpaguK 3aBUCHUMOCTH M3MEHEHUs IJIOTHOCTH CEPHOM KHCJIOTHI IOCJIE€ MarHUTHOM 00paloTky,
nonyuyenHslii [1.B.JlenrcoBeiM u C.JI.PenpuiieBoit mo uroram uccrnepoBanuit B 1968-1969rr.
[80]. Takme nmocroBepHBIE KOJEOAHUS C MHHAMYMOM B Mae-HIOHE €1Ba JIM MOTYT OBITh
00YCIIOBIIEHBI DJICKTPOMArHUTHBIMH JTHOO0 KaKUMHU-TO JPYTUMH TPUBUAIEHBIMU IPHYUHAMHU.

49



120} ?
|

Yy o

ég“fﬂﬂ& g ?

[ E | , ?

S g0} 4 | F"/o A

.‘Q‘%“ | YA

=) o 0

sgor iy 17 'f”o

L X

S E Vo1 x—1963

SIUF o1 By e—1954 \

L = [ —~ 1965

“3270‘¥l o—1966- \

= -1969 ‘% o
0 [T S I )

]
?35?91!!35?3
Mecaye!

Puc. 35.M3MeHeHne cBOiiCTB BOAHBIX PACTBOPOB MOC/JIe OMATHHYMBAHNUA B 3aBHCHMOCTH OT BpeMeHH roxa: 1
— U3MeHeHHe MATrHUTHOH BOCHPUMMYMBOCTH pacTBOpa cyjb(paTa HHUKeds; 2 — H3MeHEHHE TUIOTHOCTH
pacTBopa cepHO KUCJIOTHI.

B pabGore "Bo3xaeiicTBue Bpamaroniuxcs (peppoMarHUTHBIX JAMCKOB HA PEAKIUI0 THUApATAIIUN
ykcycHoro anruapumga’ [26] 1O.B.Tkauyk, C.d.Spemuyk um A.A.DemnoToB mnokaszamu, 4TO
M3ITyYeHHE OT BPAIIAIOIIMXCS MarHUTOB BJIMSAET HAa JaHHBIM XMMHYECKUH mpoiecc, Ooyiee Toro,
HaOmoaeTcs 1enblii "OykeT' TUIMUYHO TOPCHOHHBIX SIBJICHHH. VICTOYHMKOM Bpalaroierocs
MarHUTHOTO TIOJSI BBICTYIAIHM TUIOCKUE MAarHUTHI, 3aKPEIUIEHHBIE BO BPAIIAIOIIEMCS IIMIUHIPE.
HamarHn4eHHOCTh MarHuTOB ObUIa TEPHNEHAMKYISIPHA HX IUIOCKOCTH, TaK YTO BEKTOP
HAMarHW4YeHHOCTH BpaIAJICS TMEPHEHAUKYISIPHO OCH BpamleHus IpumHApa. [Iporexanue
XUMHYECKOW pEaky OO0pa30BaHUsl YKCYCHOW KHCJIOThI HAOMIONANH IO JIOTIOJTHUTEIHHON
pEaKIuy BOCCTAHOBJICHHS MOJICKYJISIPHOTO HO/1a:

|05 + 5I + 6H — 61, + 3H,0

Bbbuto moka3aHo, 4TO CKOPOCTh PEAKIMU HENIWHEHHO 3aBUCHT OT PACCTOSIHUS OT T'e€Heparopa:
HaOmonaetcs MakcuMyM Ha 15 u 40 cm, u MuaumyMm Ha 20 cM. Ha KMHETHKY BIIMSIIOT DKpaHBbI:
CKOPOCTH YBEIIMYMBACTCS, €CIM Ha IYTH U3JIyYEHUs MMOCTAaBUTHh CTAIILHOW 3KpaH OO0 dKpaH 3
I[MIBX (Puc. 36). CkopocTh peakiyi Takke 3aBUCHT OT YacCTOTHI BPAIICHUS: 4YeM OOJIbIle
CKOPOCTh BpallieHus, TeM ObicTpee nmporekaeT peakuus (Puc. 37).
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Puc. 36. N3MeHeHHe KHHETHKH XHMHYECKOil peakNUd B 3aBHCUMOCTH OT PACCTOSSHHSI OT HCTOYHHKA
BpalneHns.

Hzyuemme Bo3IeHE TEHA THCEA TPE [A3 THAERY 930 TOTAY BNACHTT B
PACCTOEEET 1500, fe3 3RpaEn
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Puc. 37.BiausiHMe CKOPOCTH BpalleHUsl HA KHHETHKY PeaKIHH.

BriosiHe BO3MOXHO, YTO Ha PE3YNIbTAThl 3TUX HKCIIEPHUMEHTOB CHIIBHO BIUsLT (paHTOMHBIHN 3 dekT
(cm. pasmen 11). DTUM MOXHO OOBSICHHTH TO, YTO CKOPOCTh PEAKIMH OTJIMYAlach OT
MEPBOHAYAJILHOTO KOHTPOJISA MpH ynaneHuu reneparopa Ha 300 M - B Japyroe 31aHWe, U 4TO
BJIMSIHUE COXPAHHWIJIOCH W TPH yJaJIeHMH MarHUTOB U3 BpAIAIOIIErocs MHAPa. B pe3ynbraTs
TaKKe BMeImuBacs ncuxopusudeckuit paxkrop (Puc. 38).
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Puc. 38.IIcuxopuznyeckue 3pdexTsl BIAUSHUA HA KHHETHKY XUMHYeCKOI peaknuu.

I'B.Xangees u B.M.Kuuurun coBmectHo c rpymnnod B.®d.IlanoBa mpoBena ucciieloBaHUs
BIUSIHUSI TOPCHOHHOTO TreHepaTopa AKHMOBAa M TE€HEPAaTOPOB COOCTBEHHBIX KOHCTPYKIMHM Ha
ANEKTPOXUMHUYECKUE MPOIIECChI HA MPaHHUIIE pa3aeia MeTaI-3ekTpoiuT [170]:

«Jlnst anexTposa 1-ro poma (MemHslil 35ekTpoa B pactBopax xM CuSD4 + 0,9M H,SQy)
TUIHYHBIM OBLIO ClIeAYyIOIIee W3MEHEeHHE MOTeHIHana £: mocie BKIIOYSHHs TeHepaTopa,
HAIMpaBJICHHOTO Ha WCCIEIyEeMBId JJIEKTPOJ, MOTEHIMAJl CMeIaics B CTOpOHY Ooiee
OTpULATeNbHBIX 3HaueHWi (MakcuManpHo Ha 0,35 MB mpu x = 1 monw/m), a 3arem
HAYMHAJIOCh M3MEHEHHE E B IMPOTHBOIMOJIOXKHYK) CTOPOHY C BBIXOJIOM Ha HEKOTOPOE
CTaI[MOHAPHOE 3HAYCHHE, KOTOPOE B 3aBUCHUMOCTH OT YCJIOBHII MOXeT ObITh W Oosee
OTPULIATEIIHHBIM, U 00JICe MOJOKHUTEITBHBIM M0 CPABHEHHIO C PABHOBECHBIM ITOTCHIIUAIOM
AJIEKTPOJA /IO BO3JICHUCTBUS «TOPCHOHHOTO Moysi». Munumym E jpocturancs depe3 3-8
MUH TIOCJIe BKIIFOYEHUS TeHepaTopa. YMeHblieHne KonueHTpammu CuSQ mpuBoamuio K
ocnabiieHn0 HaOmoaaeMbix 3(dekroB. B ciaydae OKHCIMTETBHO-BOCCTAHOBUTEIBHBIX
AJIEKTPOJIOB U3MEHEHHS £ ObLIIH HEe3HAYUTEIIbHBIMI.

B.I"'. KpacHOOpBDKEBBIM  OBLIO TMOJYYEHO JOBOJIBHO MHOTO pPe3ylbTaTOB IO TOPCHOHHOU
(ciMHOBOM) aKTHBAMK TOIUIMBA - JKHJIKOro, TBEPHOro H raszoobpasHoro [86, 87, 88].
DKCMEPUMEHTHI 110 BIIHSHUIO KOI€PEHTHOrO (aKTUBHPOBAHHOI'O TOPCHOHHBIMH T'CHEPATOPaMM)
TOIUIMBA ObUIM TpoBeneHbl B YeHCTOXOBCKOM monutexHuueckoM uHctuTyTe ([lonmbrima). V
MOJIOTOTO Oyporo yrisi ¢ pasMepamu 3epHa nopsjaka 1 MM u3Mepsiach 3HEpTusi aKTUBAIMH C
MOMOIIIBIO TepMOrpaBuMeTpa. Pe3ynbTaThl u3mMepeHuit npenactabieHsl Ha Puc.  39. BuaHo, uto
SHEprusi aKTUBAIMH YISl B KOTEPEHTHOM COCTOSHUHM CHHU3WIAach Ooiiee yem B 2 paza. [Ipuuém
MOCJI€ OTKJIFOUYEHUS UCTOYHMKA KOT€PEHTHBIX COCTOSHHMM YroJib HaXOAWICS B aKTHBUPOBAHHOM
COCTOSTHMU OOJIbIIIE HE/ICIH.
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39. TepmorpaBuMeTpuUYecKHe HCCIEIOBAHUS KOTepPeHTHOro yriasi: A - cxeMa JKchmepuMeHnTa, B —

H3MeHeHHe YHEPrHH AKTHBAIMHU GYporo yris: 1- B pAaBHOBECHOM COCTOSIHUH, 2 —B KOT€PEHTHOM COCTOSTHHH
H B COCTOSIHMM JeKorepusamuu: 3 - yepe3 2 ausi, 4 -4yepe3 7 aueii, 5 -uepe3 10 queii.

DTH pe3yNbTaThl ObLIM MPOBEPEHBI HA YTONBHBIX KOTJIAX JEKTPOCTaHIuu "TypoB", TJie B paMKax
sKcnepuMeHTa Obuto coxokeHo okojno 220000 ToHH yris B KOTEPEHTHOM COCTOSIHHH,
MOJIZICPKIBAEMOM Yepe3 CUCTEMY CIMHOBOM Tenenopramnuu ¢ paccrosHus 180 km. 3amepsiiach
reHepupyemasi dJiekTpuueckas MomHocth u amuccuss CO,, NO,, SQ. Omuccus CO,
ymenbmminack Ha 13%, NQ u SO - va 16%. [Ipu npsmMoit 3aBUCHUMOCTH CTrOpPaeMoro yrisi OT
smuccun CO, 310 03HavaeT, 4To pacxo] yris ymensimics Ha 13%.3aBucumocts smuccun CO;,

oT FeHeppreMOfI MOIIHOCTH IIOKa3aHa Ha Puc.

Puc. 41.

40, a xapakrep GUIyKTyalMii MOIIHOCTH - Ha

¥rons B PABHOBECHOM COCTOAHWUA

Yronk B KOMEPEHTHOM COCTOAHWMA
HECTABMNUIWPOBAHHOM

¥roJib B KOFEPEHTHOM COCTOAHWA
CTABMNMWIWPOBAHHOM

|El-.-1|5_l.i. CO2ZW SPAL [EHNADS ATDCARDS_XG50 [!":]l

|EMIS_I.$. CO2W SPAL [BEHNADS ATDCABDS XG50 [!":]|

|EH 15JA CO2 W SPAL 0BHMADS ATOCABDS XG50 [!":]l

17 K-B-4-8.02. 2006

164

5
&

14
13

K-B- 13- 16.02. 2006

K-B- 17-20.02. 2006

17
1G
151

141

17
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14
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12

13

1
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T T T T T
175 180 185 190 135 200 MW

1B 185 1M

T T T T T T T T
1|5 17 175 180 185 130 135 200 MWy

12
1
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180 165 170 175 180 135 190 135 200 MW

Puc. 40.3aBucumocts 3Muccnn CO, oT reHepupyeMOii MOIIHOCTH MPH C:KATAHHH YTJIS AJI51 PABHOBECHOTO M

KOI'€peHTHOI0 COCTOSTHHIA.

¥TOIb B PABHOBECHOM COCTOAHIH

¥TOJIIb B KOTEPEHTHOM COCTOAHIHA
CTAEHITH3HPOBAHHOM

MOC RZECZ BL 8 0BMKA10CE221_XQ50 [MW]

205

MOC RZECZ BL 8 08MKA10CE221_X Q50 [MW]

200

195
190 4
185
180

175

170

Fixixixixtiaiais]

yixixisiyixizisisiaiaiziy iz iy iz s iz iaiaia itz txia et fa ittty

Puc.
KOTepPeHTHOM COCTOSIHMH.

41. Xapakrep ¢QuykTyanuid 3JeKTPUYECKOH MOIIHOCTH NPH CKUTAHUH YIJsi B PAaBHOBECHOM U
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WcnbiTanus Toro e MeToAa Ha 3JeKTpocTaHiuy "PrIOHUK" moaTrBepamim ero 3G PeKTUBHOCTS -
CHIDKCHHE PacXo/la SHEPTHH YIJI Ha MPOU3BOJICTBO AJIEKTPOIHEPTHH B CpeJHEM cocTaBuiio 16%.
Korepentrnoe coctosinue yrist maccoid SO0 ThIC. TOHH MOAIEPKUBATIOCH C paccTosiHUS 240KM.

IIpn wnccnenoBaHWM BIMSHUS KOTEPEHTHOTO COCTOSIHUSL JIM3EJIBHOIO TOIUIMBA HAa COCTaB
BBIXJIOITHBIX TA30B MOJy4eHbI chenyromue nanusie (Puc. 42).CHmkeHue Ha IECATKH MPOICHTOB
HECrOpPEBUIMX I'a30B M YaCTHULl MOATBEPKAAIOT TE3UC O CHWKEHUU DHEPIUU aKTUBALMU TOILUIMBA.
Pabora npoBesieHa Ha ucnbITaTeIbHOM cTeH e JlabopaTopuu qBUTaTeneil BHyTpEHHEro CropaHus
[103HaHBCKOrO MOJUTEXHUYECKOTO HHCTUTYTA.

CHueHHe copepannA caxi (C), ymneponoponos (CxHy) n
TEepabix HacTiy, (PM) [%] B oTpaboTaHHbIX razax
CHMTAEMOTO KOTEPEHTHOTO OH2ENBHOTO TONAWBA NpH
100 PA3sNHYHBIX MOMEHTaxX ABHIATENA

a0
20
70
60

WMo =0 Mm

WMo =19 MNm

W o = 47 Mm

| ]
[ Ry

CHHMNEHHE CoaepHaHnA
NpoayKTOR 3MHCCHH, %
o
=

| [EMo =190 Nm

—
Lo I e

CxHy PM
n POOYETEl 3MHCCHA

Puc. 42. Cumxenue cogep:kanusi caxku (C), yraesomopomos (CxHy) m teepabix wactuum (PM) [%] B
OTPa0OTAHHBIX ra3ax  CHKUTaeMOro KOTE€PEeHTHOr0 /JHM3eJbHOr0 TOILUIMBA MPH PA3TUYHBLIX MOMEHTAX
asuraressi [NM] B 0THOCHTEJILHO PABHOBECHOTO (HEKOrePEHTHOr0) IM3eJbHOI0 TOILIUBA.

AHanu3 U3MEHEHHUsl YIJIeBOJOPOJHOIO COCTaBa aKTUBUPOBAHHBIX HE(PTH M OEH3MHA NPUBEIEH

KpanoOpsnkeBbiM B [89]. Ha Puc. 43 mokaszan 00600mEHHbIN cocTaB (paknuii OcH3nHa A-76 B
PaBHOBECHOM M KOT'€PEHTHOM COCTOSIHUU.
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Puc. 43. O0001IéHHDBII COCTAB YIJIeBOTOPOAHBIX (pakiuuii OensuHa A-76. Tun ¢pakuuii: | — GyraH...H-
rexca, |l — 2, 4-numerninenrtan...0enso., |/l — mernarexkcan...merninenrTan, |V — HUKe MeTHITENTaHA. .. H-

OKTaH, V —HHIKe H-aKTaHa.. JHUMETUITCNITAH, VI — ke JUMETWJIreNITaHA.. . H-HOHAH.
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7. BO3AEUCTBUE HA NMPOLECCHI KPUCTANINN3ALUA

Bo3zelicTBre Ha MpONECChl KPUCTAIUIM3AIMH ObLTU MEPBBIMH OMYyOJIMKOBAHHBIMH PE3yJIbTATaAMHU
IKCIIEPUMEHTOB C TOPCHOHHBIMU T'€HEPATOpPaMH, OHH ObLTH TMoJy4deHbl B KoHIE 80X rojioB, u
onyonukoBanbl B Havane 90x. [lepBbie akcriepuMeHTHI ObUTH MpoBeieHbl B MHCTHTYTe DU3NKN
AH YCCP (r.Kues) nmpod. M.B.Kypukom [90]. O6bekTOM Ucce0oBaHus ObLIT BBIOPaH MpoIece
KPUCTAUTH3AIMU JKEITYH, KOTOpas ¢ XUMHYECKOW TOYKH 3PCHHUS MPEJICTABISET COOOW CMecCh
XOJIUCTEPUKOB.

[Ipu ecTecTBEHHOM WCHAPEHHH PACTBOPAa XOJIUCTEPUKOB B wamke I[letpu obOpasyroTcs
kpuctaiuibl. Ha Puc. 44 mokaszana cTpyKTypa KpUCTAILJIOB B KOHTPOJIC U B YCIIOBHSIX OOJTy4eHUS
pacTBopa M3IyYEHHEM OT TOPCHOHHOTO reHepaTopa. [loj neiicTBHeM TOPCHOHHOTO HM3JIy4eHUS
00pa3yroTcss MULEIUISIPHBIE CTPYKTYPHI, IIPH STOM IIar KPUCTAJUIMIECKONW PEMIETKH YBEITUYUIICS B
2,5pa3za, a pa3mep ¢paxTayios - B 3 pasa.

Puc. 44 dotorpadum MHUIENLISIPHBIX CTPYKTYpP: a) - KOHTPOJb, 6) - KPUCTA/UIM3ALMS NPH AelCTBUH
CTATHYeCKOr0 TOPCHOHHOTO MOJIs.

B Hayunom wnentpe Tomckoro mnonurexHuueckoro yHuepcutera B.M.JIyHéBbiM Obuin
IIPOBEJICHBI JKCIIEPUMEHTHI 110 BO3JCHUCTBUIO U3JIy4€HHs] TOPCUOHHOI'O I'€HEPAaToOpa Ha IPOLEcC
kpuctammzanun pactBopa KCl. Ha Puc. 45 mokazana cxema skcmepuMeHTta. B KkoHTpoIe
IpYIIBI KPUCTAJIOB 00Pa30BhIBAIMCH B CPEIHEM PAaBHOMEPHO Ha HEKOTOPOM PAaCCTOSHUM JPYT
OT Jpyra, Hapsily ¢ IpO3pauyHbIMHM KpHUCTaJUIaMH, HAOJIIONAINUCh Takke MaToBble. B menTpe
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00nyu€HHOTO O00pasia HaONIOAATUCh TUIOTHO PAaCIOIOKEHHBIC MpPO3padyHble KPUCTAIIBL. B
OCTalbHOM 4YacTH, TJe, MO-BHIMMOMY, OTCYTCTBOBAJO TOPCHOHHOE H3JIy4eHHE, CTPYKTypa
KPHCTAIJIOB ObLIIa aHATIOTUYHOW KOHTPOJIIO.

3oHa aefcTBHA
\ TOPCHOHHOTO | /
\ nons ! /

Tlepenachimenmsid
pactrop KCI / 3ona nepndepun

/ (Bme TOPCHMOHHOID

Kontponshaa "-\ /; DxenepHMEHTaNBHAR
qawxa lNetpn \ / awka Merpu
/

Topeuonnmii remeparop
Puc. 45.CxemMa JKCHEPUMEHTA N0 BO3ACHCTBHIO TOPCHOHHBIM H3JyYeHHEM HA MPOIECC KPUCTANIH3AIMU
KCI.

B nmanmpneiimem B rpynme JlyHéBa ObITM  BBIOJHEHBI paOOThl MO HW3YYEHHUIO CBOWCTB
00pa3yronmxcsi KpUCTALIOB O/ BIMSHUEM TOPCHOHHOTO M3inydeHus. B pabore "Pagmorpadus
CIIUH-TOPCUOHHBIX Tonieit” [91] mpuBeneHbI pe3ysibTaThl H3YUYEHHS MPOLECCOB KPHCTAILIN3AINN
30%-acteopa KBr. Beuin mosydeHsl aHaIOTHYHBIE pe3yibTaThl (cM. Puc. 46): paBHOMepHOE
Pa3HO3EpHUCTOE paclpeieiieHe KPUCTAIIJIOB B KOHTPOJIE, U YETKOE 30HAIbHOE PACIpe/ieieHne
KpPUCTAUIOB C JIpYIrOM IUIOTHOCTBIO TIpU  BO3jAecTBUM  u3NydeHus. Hcmonb3oBaics
AJIEKTPOCTATUUECKUN T€HEpaTop C JBYMS BIJIO)KEHHBIMHU KOHYyCaMH. DTH Pe3yJIbTaThl aBTOpaMH
MIPU3HAHBI PEABAPUTEIIbHBIMH.
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a 6

Puc. 46.Ctpykrypa kpucraioB KBr. a) reneparop He pagoraer; 6) reneparop padoraer.

B pabote "TeopeTuko-sKCneprUMEHTAIBHBIE HCCIEAOBAHUS OCOOEHHOCTEW BIUSHUS CIHH-
TOPCHOHHOTO TOJisi Ha (pakranbHeie 00bekTh” B.M.JIynésa [92] mnpuBemeHsl pe3ysabTaThl
BO3JCHCTBUs u3iMydeHus rupomoropa ['MB-254 na pactBop KBr, xoroperiii yxe mocie
BO3/ICHCTBHS TIOJBEprajcs KpHCTaIUIM3aluu. BpeMs skcrioHnpoBaHus (JIaKOHOB C PaCTBOPOM B
U3Iy4eHUH OT TupomoTopa Obuto oT 5 mo 30 MuHYT, 3aTeM pacTBOp pa3IUBAJICH II0
KPHCTAJUTM3allMOHHBIM KIOBETaM, M MPOILECC KPUCTAIUTM3ALUH MIEN B OOIUX KOHTPOIUPYEMBIX
JUTS BceX 00pasioB ycioBusx. Cxema mporiecca o0aydeHus npuBeaeHa Ha Puc. 474.

€N Od,=112° tgd,=188

Ady=118% tgd,=-251

w oy o

=]

a

Puc. 47.a) cxema IKciepMMeHTa 110 PajHorpaduu CiHH-TOPCHOHHOTO BO3/1eiicTBHs, §) Pe3y/IbTaThl OLEHKH

CKeilIMHOBO# pasMepHocTH. £ -y TopHa, O - y 00KOBOIi MOBEPXHOCTH THPOMOTOPA.

Pe3ynbraThl BO3JIEWCTBUSL OLEHMBAIM IO CKEWJIMHTOBOM Pa3MEPHOCTH TOJYUYUBILErOCS
pacopeneneHusi pa3MepoB KpUCTaioB. CKEWIMHIOBas pa3sMEPHOCTHIO MOKAa3bIBAE€T CKOPOCTH
yObIBaHUSI YHMCIIa DJIIEMEHTOB C WX pa3MmepoMm. WiumocTpanus BBIYUCICHUS CKEUJIMHTOBOU
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pasMmepHoCcTH TipuBefeHa Ha Puc. 476. Jlns oOpas3ioB, pacnoyIOKEHHBIX Ha OCH BpAICHUS
rupomoTopa (y Topia), STOT mapameTp okasaicsi paBHbM 2,5. [[1s1 00pa3ioB, pacioioKEHHBIX
MEPICHINKYISIPHO OCH y OOKOBOW cTeHkHM reHepatopa - 1,9. J[ns KOHTpPOJIBHBIX 00pasioB
CTPYKTypa KPHCTAJUIOB OKa3ajach He(ppaKTalbHOW. ABTOPHI YKa3bIBalOT Ha TEPCIEKTUBHOCTh
JaTbHEUIIEr0 pa3BUTHSI OLIEHOYHBIX KPUTEPUEB CITUH-TOPCHOHHBIX B3aMMOJAEHCTBHI C MO3HIIUU
(dbpakTajgbHOI Fr€OMETPHUH.

['pynna B.d.ITanoBa omnmchiBaeT BIUSHWE TOPCHOHHOTO TOJIsI OT TeHeparopa COOCTBEHHOMH
koHCTpyKIuK [20] Ha KpUCTAIUTM3AIMIO COJIU CyJIb(aTa MeId B BOJJHOM PacTBOpE:

"[Ipy M3yd4eHUU BIIMSTHHS TOPCHOHHOTO MOJIS» HA KPUCTAJUIM3AIMIO Cyiab(ara Meau
ucnoyib3oBasicsi HaceieHHasld  (mpu  20°C) pactBop CuSQ < 0,5 HO B Boge.
Kpucramnmszanus Benace B vamke [lerpu muamerpom 10 cm u BeicoTol 1 cM, 00beM
pabouero pactBopa 50 mi. 30Ha pacIpOCTPAHEHUsS] KTOPCHOHHOTO MOJIs» uMena (hopmy
Kpyra ¢ auamerpoM 5 cm. OOaydeHue mpoBOJMIOCH B TedeHHe 83 4acoB (IO MOIHOTO
BbIChIXaHUs). Yamika pacrosiaraiach HENOCPEACTBEHHO HA BBIXOJHOM OTBEPCTHUHU
YCTPOMCTBA.

B pesyiabraTe TPOBEACHHBIX OMBITOB OBUIO YCTAHOBJIEHO, YTO KPUCTAJUTH3AIMS
IPOMCXOIUT MPEUMYLIECTBEHHO B 30HE PACIPOCTPAHEHHSI «TOPCUOHHOTO MOJis». B 30He
pacIpoCTpaHEH s «TOPCHOHHOTO IMOJIS» pacroiaranocsk B cpeanem 95% (1o macce) Beex
KPUCTAJUIOB. YCTAHOBJCHO, 4YTO pa3Mep KPHUCTAUIOB B 30HE PaCIpOCTPaHCHHUS
«TOPCHOHHOTO MOJst» B 3-5 pa3 Ooubiie, yeM BHe Hee. Takke 3aperucTpUpOBaHO
HE3HAYUTEIBHOE COKpAIIECHHE BPEMEHH UCIAapEHHs HACBIIIEHHOTO BOJHOTO PAacTBOpA IO
CPaBHEHHIO C STAJOHOM, HE MOJBEPIHYTHIM BO3ICHCTBHIO «TOPCHOHHOTO TOJISI» (3 derT
cocrasisieT ~10%)".

B.N.I'ypaun u B.B.CenenpaukoB n3 Omckoro ['ocynapctBeHHoro TexHMueckoro Y HUBEpCUTETA
B CTaThe «YNpaBJeHHE CBOWCTBAMU PAcCTBOPOB M PACILIaBOB IPU NPUMEHEHUH TOPCHOHHBIX
nojiei» [94] mumryT 06 skcnepumenTax ¢ reiepatopom MTI -2 KOHCTpYKIMH AKMMOBA:

"...bbUTM TIpOBENEHBI WCCIEIOBAHUS HM3MEHEHUS BS3KOCTH W MEXaHHMUYECKHX CBOWCTB
MeTamuiopochaTHRIX CBI3YIOMIMX W OpTodochOopHON KHCIOTH, 00pabOTaHHBIX JIEBO- M

MPaBOBPAIIAIOIIUMHUCS TOPCHOHHBIMH TIOJISIMH, TIPOMOJIYJIUPOBaHHBIMU YacTtoTamu oT 0,1
I'u o 3ITw.

B pesynbpraTe 3KCIEpUMEHTOB YCTAaHOBJIEHO, YTO IPU MU3MEHEHUM YaCTOTHOM MOIYJISILIUU
TOPCHOHHOTO TOJsI, Ha BceX MeTamio(ochaTHBIX CBI3YIOIIUX MPOUCXOTUT HU3MEHEHHE
BSI3KOCTH, KAaK IPaBHJIO, 3TH M3MEHEHHS HOCAT MYJIbTUIKCTPEMAJbHBIA XapakTep.
CHHXPOHHO C M3MEHEHHEM BSI3KOCTU NPOUCXOIUT MU3MEHEHUE CTPOEHUS KPUCTAIIOB U
COOTBETCTBEHHO U3MEHEHHE MEXAHUYECKUX CBOWCTB.

[Ipu BO3nEHCTBUM TOPCHMOHHBIX MOJIEH HAa PAacTBOPbl OTMEYAETCS AUCTAHIIMOHHAS CBS3b
MEXYy pacTBOpamMH, HaXOJSAUIMMUCS B 30HE JEWCTBHS I'€HEpaTOpa TOPCUOHHBIX MOJIEH U
BHe e€. McxonHslif pacTBOp KanbuuidocdaTra ObUT Pa3iuT B JBE KIOBETHI U3 TUIABJICHHOTO
kBapia mo 50 M B KaXJIyr0, 3aT€M KIOBETHI ObLTM Pa3HECEHBI B Pa3HbIC MOMENICHHS Ha
paccrosiaun 20 MeTpoB. Ha oaHy 13 KtoBeT ObLIIO IPOM3BECHO BO3JICHCTBIE TOPCHOHHBIM
nosieM. [IpumepHo uepe3 60 MUH. BO BTOPOW KOHTPOJIBHOHN KIOBETE OBLIHM 3a(hUKCHUPOBAHBI
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GaykTyanuu BSI3KOCTH pPAacTBOpa, aHAJIOTWYHBbIE (IyKTyalusiM BSA3KOCTH pacTBOpa,
HaXOLIErocs 01 BO3IEHCTBUEM TOPCHOHHOTO TOJIS.

[IpoOb1 pacTBOpa, OTOOpaHHBIE M3 OOOMX KIOBET TOCHE KPUCTAIM3AlMU, TOKa3alu
WJICHTHYHOCTh CTPOCHHS KPHCTAIJIOB, KOTOPOE OTIMYAIOCh OT HWCXOIHOTO, H
OIPENEISUIOCh YaCTOTOW MOAYISLUM TOPCHOHHOTO TMOJsI. Pe3ynpTaThl 3KCIIEPUMEHTOB
MOKa3bIBAIOT, 4YTO TOPCHOHHBIE TIONS OKa3bIBAlOT BO3ACHCTBHS Ha MEXATOMHEBIE,
MEXMOJICKYJISIPHBIC U HAJIMOJICKYJISIPHBIC CBSI3H .

AbGpamoB A.A., AkumoB A.E., bynatos 3.1., Maii6opoaa B.I1., ®unorees B.I1., Yepnos C.I1. B
cratbe "du3nuecKkue OCHOBBI U IKCIEPUMEHTAILHBIC PE3yJIbTaThl MUCCIEAOBAHUS TOPCHOHHBIX
TEXHOJIOTHH B MPOM3BOJICTBE MAaTEPHUAIOB" OMHCHIBAIOT UCTOPHIO U PE3yJbTaThl UCCIIEOBAHUN
IPY BO3JICHCTBUY Ha PACIUIABbl U3IyYCHHUEM TOPCHOHHBIX reHepaTopoB [95].

[IpenBaputenbHbIE TMOUCKOBBIE pPaOOTHI, JEMOHCTPHUPYIOIIME W3MEHEHHUE KPUCTALTMYECKON
PEIIeTKH MpHU JIEHCTBUM TOPCHOHHOTO TMOJISI HAa pacIljiaB MeTaia, ObLIM IMOJyYeHBbl B paboTax
nox pykoBoactBoMm aupekrtopa HUW snekrpodusmueckux mpodiem moBepxHOCTH B CaHKT-
[MerepOypre, akanemuka PAEH, n.¢-m.H., npodeccopa I'.H.dypces [96, 97, ,uutupyercs mo 95].

['IaBHBIM 3JIEMEHTOM YCTAHOBKM OBII aBTOOMHCCHOHHBIH TpoekTop ¢ paspemenuem ~20A,
YBEIUYECHHEM 2..3*1C, paGounm BakyymoMm 10 ® Topp, ¢ HCTOYHNKOM HOCTOSHHOTO HATPSIKCHIS
0..50kB (Puc. 48).B ycTaHOBKY TaKk:Ke BXOJWJI UCTOUHUK HAarpeBa KaTtoja 13 Bobdpama.

CHayana ObUTO MOJYYEHO SMHCCHOHHOE H300pakenue karoma (Puc. 494). 3arem MeHsIach
HOJIIPHOCTH BBICOKOBOJIBTHOTO MCTOYHHKA THTAHHS, M 3@ CYET XOJOIHON SMHCCHH C aHOJa
MPOUCXOMUII pa3orpeB Karoma. Ilpu Ttakom pasorpeBe karoga B teueHue 10 4acoB cTpykTypa
MOBEPXHOCTH KaTo/1a npakrundecku He meusiercst (Puc. 490).

Ho ecnu pasorpeB karoga OCyIIECTBIISATh JHMIIb 1 4Yac HpU OJHOBPEMEHHOM JEWCTBUU
TopcHOHHOTO M3nmy4deHus: Ha yactore 0,1 MI'm, To kapTUHA SMHCCHUHM KaToJa Pe3KO MEHSETCs
(Puc. 49s). [Ipu neficTBUH TOPCHOHHOTO IMOJIS HA KATO/IE MOSBISIOTCS JBE SIPKO IMUTHP yIOIIHE
obnactu B HanpasieHnn <001>.Bapuanus pe:KMMOB aBTOOMUCCHOHHOTO TPOEKTOpa U BPEMEHU
BO3/ICMCTBUS HA KaTOJ TOPCHOHHBIM M3JIyU€HHEM He M3MEHWJIa HaOuo/1aeMol KapTuHbI. bbuio
BBICKA3aHO MPEATNOJIOKEHHE O TOM, YTO «TOPCHOHHOE I0JIEé MOKET OKa3bIBaTh BO3/JECWUCTBUE Ha
IpoLECChl TIepeHoca IMpU  pachajie CyOMHUKPOCTPYKTYp, BBIPAILEHHBIX Ha IOBEPXHOCTH
MHKPOKPHCTAJIA B 3JIEKTPOHHOM I0JI€ TI0CIIe BBICOKOTEMIIEPAaTypHOTO Harpea» [95].
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TOPCHOHHBIA Konba
reHeparop

P=10 mMBw

P 1" —_— -
. (=) )
Puc. 48.Cxema IKCIIEPUMEHTA 10 U3YYCHUI0 H3MCHCHUHA KpHCTaJIJIH‘leCKOﬁ peIeTKN MeTaJIlia B pe3yjbTaTte
aecTBus TOPCHOHHOI'0 U3JIYUYCHHUS.

a 0 B
Puc. 49.CrpykTypa KpHCTa/UIa MeTajllIa. a) - KOHTPOJIb, 6) - mpu neperpese B Teuenne 10 yac, B) - npu
}IeﬁCTBMH TOpCMOl—lHOFO IMOJIs1 HA (l)OHe neperpeBa B TCUCHHUE 1 qgaca.

B 1989-1991roay ObuIH MPOBECHHI MHOTOYMCIICHHBIC dKCIEpUMEHThl B THCTHTYTE TIpoOiiemM
marepuanoseaennss AH YCCP (r. Kue) mox pykoBoactBom akamemuka B.M.Tpedmuiosa.
TopcuoHHBIM TeHEpPATOPOM BO3/IEUCTBOBAIM Ha paciljiaBbl oJioBa M Meau. Fcciepopanach
CTPpYKTypa 00pa3lloOB MeTajla, 3acThIBIIETO B TOPCHOHHOM W3JIy4YeHHH, B CpPaBHEHHH CO
CTPYKTYPOU KOHTPOJILHBIX 00pPa3IoB.

DKCIEepUMEHTHI Ha OJIOBE B IUIEHKE MOKAa3alld, YTO BO3/CUCTBUE MPABbIM TOPCHOHHBIM MOJIEM
npu temreparype 450-650°npuBoaut k Bo3HukHOBeHUIO ['TIK-1oq00HON ynmakoBKH aTOMOB B
KHUIKOW (ha3e (4TO yIUBUTEIBHO VIS OJI0BA), a JIEBOC U3IYUYCHUE MPUBOJUT K BOCCTAHOBJICHUIO
UCXOJHON TEeTParoHaJIbHO-MIOAOOHON YMAaKOBKUA. ABTOPHI YKa3bIBalOT HamOoliee BEPOSITHOM
NPUYUHONW TaKMX M3MEHEHUH BO3JCHCTBHE TOPCHOHHBIM H3JIYUEHHEM Ha JJIEKTPOHHYIO
MOJICUCTEMY pacIulaBa. OJIMH M3 CIIAPEHHBIX JIEKTPOHOB Ha K-ypoBHSX, H3MEHHUB HAIIPaBJICHUE
CIHMHA, B COOTBETCTBMM C TpuHIunoM I[laymum mepexoaut Ha cBoOOaHBIA K-ypoBeHB, 3TO
W3MEHSIET XapaKTep BAJICHTHOW TIOJIOCHI SHEPTrUU JJIEKTPOHA, YTO B CBOKD OUYEPE]h MEHSET
CBOICTBa CTPYKTYPBI MaTepHaIa.

B.I1.Maii6opo10i#i ObLIN MOIYYEHBI PE3yAbTATHI IO BO3JICHCTBUIO HA PACIUIABBI 0JIOBA U MEIU B
ey TammaHa, KOTopas MpeACTaBisuIa COOOW BEPTHKANBHBIA HUIUHADP BhIcOTOW ~600 MM
aramerpoM ~350MM M3 MaOyTJIepOIUCTON CTaJIH, 3aKPBITHIH BOAOOXJIKIAEMBIMHU KPBILITKAMHU;
Koprnyc OblT 3a3eMiIéH. T.e. KOpIyc 3TOM Medn MpeIcTaBisiia co00M MO0 OTHOIIEHUIO K BHEIIHUM
n3IyyeHusM kamepy Dapazest.
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[Tpu 15MuHyTHOM 00JIy4eHHH TOPCHOHHBIM T'€HEPAaTOPOM paciijlaBa OJioBa C paccTosHUA 1 M
OBLTO 3aMeYeHO U3MEeHEeHHE CTPYKTYpsI 3€peH ojioBa (Puc. 50).111nuder 06pa3oB KOHTPOIBHBIX
MJIABOK TOKAa3bIBAJIM HEOJHOPOIHOCTH M OOJIBIION pazdpoc B pazmepe 3€peH. Inudsl ciuTkoBs,
MOJTYYEeHHBIX NpU OOJNydYeHHWH paclljiaBa, MokKaszanu Oojiee OJHOPOAHYIO CTPYKTYPY, pa3Mepbl
3€peH ObLTN 3HAYUTEIBHO OOJIBIIE ¥ UMETH OJTMHAKOBBIA pa3Mep.

S

R

.'i.,'_
‘j‘-l

>

Puc. 50. a) mumd oaosa (x 6000) koHTpoabHo#i miaaBku, 6) mumdg osoa (x 6000) ¢ Bo3aeiicTrBHEM
TOPCHOHHBIM HOJIEM.

DNEeKTPOHHBIM pPacTpPOBBIM MHKpockorioM ¢ yBenudenneM 450000 Obutm  Mccie0BaHbI
oOy4u€HHbie 00pasnpl. OOHAPYKUIOCH, YTO B KaXJAOM 3€pHE HET €JMHON KpPUCTAILTHYECKOMH
pemeéTky, atomMbl ObIM 00beAnMHEHbl B rpymmbl mo 8-12 atomoB. To ecTh MeTayn uMmeln
aMOp(HYIO CTPYKTYPY IPU MEIJICHHOM (€CTECTBEHHOM) OXJIQXK/ICHUH, B OTIIUYHE OT TEXHOJIOTUU
CBEPXOBICTPOTO OXJIAXKACHHS, IPH KOTOPOM IMOJIyJaroTcss aMopdHble MeTaiutbl. TBEPIOCTH 0JI0Ba
yBenuuuBaiack B 1,4 pasa [98].

B skcniepuMeHTax ¢ pacriaBoM Meau Nedb 00ydanach TOPCHOHHBIM T€HEPATOPOM C PACCTOSTHUS
400 MM OT OCH IMJIMHJPA TICYH, B MEYM HAXOMJICS ATYHIOBBIN TUTEIb C Melbio. ABTOpBI [99]
IUIIYT, 9TO OOpaboTaHHAs TOPCHOHHBIM T'€HEPATOPOM MeIb 3acThIBaJia B IOPHUCTOM BHJE,
npu4éM pasMep Mop 3aBUCEI OT YaCTOTHI [I0JJaBAEMOT0 Ha TeHEePaTop HAMPSHKEHUS U U3MEHSIICS
OT HECKOJIbKHX MWJIJIMMETPOB N0 HYJIS NMPHU U3MEHEHUH YacTOThl Ha MOJTOpa mopsiaka. dorto
oOpa3nioB mopuctoii meau mpexacraBieHo Ha Puc.  51. TlpocBeumBaromias 3yeKTpOHHAas
MHUKpPOCKONIUSI TIOKa3zajna, 4ro oOpaboTaHHas TOPCHOHHBIM H3Jy4eHHEM MeIb o0amaer
BBIPAKEHHON MUKPOAHUCIIEPCHOCTBIO.
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Puc. 51. Bua cauTkoB NOpPHCTON MeaM, MOJy4eHHOH mnpu o0pafoTke pacmiaBa MeAM TOPCHOHHBIM
HM3JIy4YeHHeM Ha Pa3IH4YHbIX 4aCTOTaX.

DkcnepuMenTsl ObuTH IpogospkeHbl B [IHUIM Matepuanos (r. Cankr-IlerepOypr) B Havame 90
rojioB. MccnenoBaHus MPOYHOCTHBIX XapaKTEPHCTHK 00paboTaHHOW Meau (MCIOJIb30BaHCh
3aBOJICKHME MHAYKIIMOHHBIC M1E€YH1) MOKA3aJIM YBEIUUCHUE ITACTUYHOCTH B 2 pa3a, a MPOYHOCTH Ha
15%. Koppo3uoHHasi CTOHKOCTh Me i yBenuuuBanack B 200pas.

Tam >xe OblIIM POBEACHBI MIABKK CTAJIHM HA 3aBOJICKUX MHIYKIIMOHHBIX nevax. [Ipu mmurensHom
BO3/ICMICTBUM Ha pacIiuiaB CTaJd TOPCHOHHBIM HM3JIYYEHHEM HaOII0JIaIOCh MEXKPUCTAIIUTHOE
CTpPOCHHE H3JI0OMa OTJIMBKM, a HE TPAHCKPHUCTAJUIUTHOE, Kak O0ObIYHO. M3iyueHue Benoch Ha
gactore 8 ', bein nokaszan 3¢ ¢GeKxT Bo3AeHCTBHS B HEONTHMAIBHBIX TEMIIEPATYPHBIX YCIOBHAX
IUTaBKHU U B Pa3IMYHBIX peKUMax pabOThl TeHepaTopa.

B coBmectbix wuccaenoBanmsx I[HUM Marepuanos, MHTI] BEHT, AO "CnemnumanbHoe
MAIIUHOCTPOCHUE M MeTautyprusi’w MUHOOOpOHIpOMa ObUIM MPOBEACHBI JKCICPUMEHTHI 10
BO3/ICHCTBHIO M3JIyU4CHHS TOPCUOHHBIX TEHEPATOpPOB HA pACIUIaBbl CHJIyYMHHA. bbutn
pa3paboTaHbl TOPCHOHHBIE TEHEPATOPBl CO CHEIHAIBHOW MPOCTPAHCTBEHHON CTPYKTYPOU
U3JIYYCHUS M CIOKHBIM CIHEKTPOM TOPCHOHHBIX 4acTOT oT jgotieit repr go 100 I'Tu. ITnaBku
CHJIyMUHA OCYIICCTBISUTUCh Ha 3aBOJCKOM WHAYKIMOHHON mneun. Ha Puc. 52 mpuBeneHbl
¢dororpaduu cpe3oB ciutkoB (quamerpom 60 MM u BeicoToir 120 MM) - KOHTpONsS U
00pabOTaHHOTO TOPCHOHHBIM uU3NydeHHeM. [lmaBku ocymecTBisinch 0e3 mpucaaok. Ha
KOHTPOJIBHOM Cpe3¢ BHJHBI TOpbI (YEpPHBIC TOYKH), a TAKKE HEPABHOMEpHAas CTPYKTypa
pacmpezaeneHusi KpeMHUs B paciuiaBe. B makpomaciirabe 3aMeTHa KpUCTaUIMTHAsI CTPYKTypa. B
"TopcnoHHOM" 00pasiie MOpbl UCYE3NH, CTPYKTYpa cTaja 0ojee MENIKOH, KPUCTAJUTUTHI UCUC3ITH.
[IpoyHOCTHBIE WCCIIEAOBAaHUSI TOKA3aId YBEJIMYCHHE MPOYHOCTH B TMOJATOpa pasa, a
IUIACTUYHOCTH Oosiee yem B 3 paza. Kpome 3TOro, pacmiaB CHIIyMHHAa TOCJIE€ TOPCUOHHOMN
00pabOTKH MMEI MOBBIIICHHYIO TI0 CPABHEHHUIO C KOHTPOJIEM TEKY4ECTh.
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52.a) — cpe3 OTIMBKH CHJIYMHHA KOHTPOJBHOI IUIaBKH; 0) — cpe3 OTJMBKH CHJIYMHHA IUIaBKH C

BO3/1elCTBHEM MPaBbIM TOPCHOHHBIM IT0JIEM C ONITUMAJTBHBIM CIICEKTPOM TOPCHOHHBIX YaCTOT.

B marente RU-2151204 dsTopst AxkumoB A.E., Bynaros 3.U., ®unorees B.I1., Yepror C.II.,
Huxurun B.B., 3anynsako A.M., Paguenko A.A.) [100], roBopurcst:

«Kak nokasanu uccienoBaHusl, B ciiydyae 00pabOTKH cTajiell IpUMEHEHHEe B TOPCUOHHOM
reHepaTope MOHOYACTOThl B KadecTBE CHIHala HE MPHUBOJUT K 3HAYUTEIbHBIM
Y/IOBJIETBOPUTEIBHBIM PE3yJbTaTaM, IMOCKOJbKY MPOUCXOJUT H3MEHEHHUE BIIMSHUS Ha
CTPYKTYpPY TOJBKO OJIHOTO Kakoro-inbo KOMIIOHEHTa paciuiaBa. llpu Bo3zmelcTBUM
MOHOYACTOTOM WM YCHWIMBAIOT BIIMSHUE HAa OOLIYI0 CTPYKTYpy CIUTKa 3TOTO
KOMIIOHEHTa, Wwiu ocnabnsior. Kpome Toro, B pacruiaBe cymiecTByeT pazOpoc 1o
3HaYeHHUSM COOCTBEHHBIX YaCTOT OCHMJUIALMN aTOMOB OJHOIO XMMHUYECKOTO 3JIEMEHTa
WIM OJHOTHUITHBIX MOJIEKYJl XHMHUYECKHX COEJUHEHUH, CBSI3aHHBIH C HEPABHOMEPHBIM
pacmpeieNiecHHeM SHEPruu TEIUIOBOTO JBMXKECHHUs. B pe3ynbTaTe NMpPOBENEHHBIX OIBITOB
YCTaHOBJICHO, YTO JOCTIXEHHE Oosiee A(PPEKTUBHOTO HM3MEHEHHUS CTPYKTYphl TIpU
TOPCUOHHOM 00paboTKe pacrjaBa OCYIIECTBUMO B CJly4yae IPUMEHEHHUS CIEKTpa
OTIPE/ICJICHHBIX XapaKTEPUCTUIECKHUX YACTOT JJI TOPCHOHHOTO Te€HEepaTopa».

Tam >xe B popmyie n300peTeHus yka3aHo:

«1. Cioco0 KOppeKIHu CTPYKTYPHBIX XapaKTEPUCTHK CTajH, BKIIOYAOIIUNA 00paboTKy
paciiaBa cTajiu J0 MOMEHTa OOpa3oBaHUsI €€ TBEpIoi ¢a3bl MpH KPUCTAIUIM3ALUU
TOPCUOHHBIM U3TyYCHHEM, OTIMYAIOIIUKCS TeM, 4TO 00pabOTKy paciuiaBa CTald BEIAYyT
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TOPCHOHHBIM H3JyYEHHEM CO CIIEKTPOM, COCTOSIIHM, IO MEHbIIEH Mepe, U3 Tpex
XapaKTePUCTUYECKUX YaCTOT.

2. Cnooco6 mo m.l, oTIMYarONIMiACS TEM, UYTO KAKIYH M3  YIHOMSIHYTBIX
XapaKTePUCTHYECKUX YaCTOT BHIOMPAIOT B 0aHOM M3 mHTepBaioB: 1 I'm - 20 MI' u/uim
20,1 - 200MTI 1, w/mim 200, IMT 't - 21T, w/wm 2,1 - 2000 L.

3. Croco6 1o 1.1, OTIMYAIOLIUICS TEM, YTO, TI0 MEHbBIIEH Mepe, IBE M3 YIMOMSIHYTBIX
XapaKTePUCTUYECKUX YAaCTOT OJHOBPEMEHHO BBIOMPAIOT B OJJHOM W3 MHTepBajoB: 1 I -
20MTI', wiu 20,1 - 200MTI'ny, min 200,1MI ' - 21T, wm 2,1 - 2000 T »

B.I'.KpacHoOpsikeBbIM OblTa pa3zpaboTaHa TEXHOJIOTHSI OTXKWTA CTAIH IPH TEPEBOJIE CTAU B
KOTEPEHTHOE COCTOSIHHE C IMMOMOIIBIO HEJIOKABLHOM Mepeaaun cniuHoBoi napopmanuu (Puc. 53).
[Ipennocbuiku 11t TON PabOTHI ONMMCHIBAIOTCS CIEAYIONIIUM 00pa3oM:

«PCKpI/ICTaJ'IJ'II/ISaL[I/ISI CTaJiIu B IIpoHCCCax OTKUI'a CBsA3aHA C HOTCHHH&HBHOﬁ BHepFHCﬁ
KpHCTﬂ.J'IJ'IPI‘-ICCKOfI PCUICTKHU, a CKOPOCTb eé HCpCCTpOﬁKPI CBsdA3aHa C HU3MCHCHHCM
CIIMHOBOI'O COCTOSAHUSA ACP aTOMOB.

praBJ’ICHI/Ie 9THUMHU IIpoHeCcCaMr OKa3bIBACTCA BO3MOXXHBIM 3a CUCT IICPCBOAA pa6oqel71
Cp€abl B KOICPCHTHOC COCTOSIHHUC. CriocoOHOCTh  CIIMHOBOIO  ITOJIS npuaaBaTb
KOI'CPCHTHBIC CBONCTBa MaTepHaHbHOfI cpeac OblIa MCIOJIB30BaHa HAMH B TEXHOJIOTHIX
JJIL YCKOPCHUS MMPOLCCCOB OTXKUT'a CTAJIM C LCJIbKO YMCHBIICHUS SHEPIrETUYCCKUX 3aTpaT
Ha UX IMPOBCACHUC.

B [101] omucansl pe3ynbTaThl HCHBITAHHUS TEXHOJIOTUU Ha 3aBoje "JlHempocrerncranp” (cTaib
IX-15 u 69") u 3aBome SKF-PoznanHa Puc. 54 noka3zansl rpaguKe TEXHOJOTHYECKHX
MPOIECCOB OTXHra. B pesynbrare Bpemsi oTkura cHwkaercs Ha 35% mnpu coOoneHun
TpeOOBaHMII Ha Ka4eCTBO METaJlIa [0 MHKPOCTPYKType U TBEpAOCTU. [IpruMepHO Ha CTOIBKO ke
CHIKaeTcs motpebiienue cxuraemoro rasa (36% mis "JIHenpocnenranu”) Win 3JeKTPOIHEPTUU
(40% n1s SKF-Poznan).

.

kY

Puc.

- W

53. Cxema cnuHOBOIi TeJeMOpTAIMM KOT€PEHTHBIX COCTOSIHWI JJIs mpomecca oTKura craaum: 1 -

pe3oHaTOp, 2 - CIMHOBBIN reHepaTop, 3 - YMN-TPAHCAATOP, 4 - YNO-UHAYKTOP, 5 - cTaHMHA meyd, 6 - meyb
OT)KHTA, 7 - CTAJbHBIE H3IeJTHS.

65



sssss CTANL B KOTEPEHTHOM COCTOAHHHA

T, ~C
— CTdflb B PABHOBECHOM COCTOAHHN
780 K s
720 = el
’.' "'
. Yo 650°C - cHATHE
630 —— % KONIaKa
.‘f ".
My - | |
- 4. 450°C - ceatue
*
. by A
“
LI} T‘ |
3 10 17 21 28 33 38043 50 f, gac
a
=% u s s CTafb B KOTEPEHTHOM COCTOAHHH

— CTdMNb B PABHOBECHOM COCTOAHHH

T, °C
740 E—
700 // o
640
23 26 t, gac

3

4 g 11 14
6
54. Ilpouecchl OT:KUTA JUISI OOBIYHOI M KOTePeHTHON CTAJH. a) B KOJNAKOBBIX ra3oBBIX Ie4ax ¢

Puc.
alUTHON aTMocdepoii, 6) B KaMepHBIX ra30BbIX NeYax.

55). [Ipu 3TOM CIUTKH

['pynna B.®.IlaHOBa Ha OCHOBE PKCIEPUMEHTOB C TOPCHOHHBIMH I'€éHEpaTopamMu pa3padoTaia B
nomotsto reHeparopa C.A.KypamnoBa Bo31eliCTBHIO MTOABEPTaIOT paciyiaB MeTaJljia B 00beMe OT

nayaye 2000X ro/10B TEXHOJIOTHIO MMPOMBINIICHHOH BbITu1aBku ctanu [93, 102, 103, 104, 105

150 xr g0 120 ToHH dYepe3 CTeHKYy MeTaumyprudeckoi neuu (Puc.
npruoOpeTaroT U3MENbUEHHYIO CTPYKTYpPY, HaONI0qaeTcsl MpeKpalieHne BhIIeIeHus] KapOuaIoB B
BBICOKOYTIIepOaucThIX cTamstx (Puc. 56, Puc. 57). YBenuueHue ymapHO# BSI3KOCTH MPU ITOM

cocrasiiger 10 200%.
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Puc. 55. O6padorka pacniaBa mo CBM-texnosoruu rpynnsl B.®.[lanoBa renepatopom C.A.Kypamnosa.
BosaeiicTBue MPOU3BOIUTCS CKBO3b CTEHKY METAJLIyPruyeckoii meqmu.

B r
Puc. 56. Muxpouugs! auroii ctamm 111371 B macmTade 100k B KOHTpOJIe U B Pa3IMYHBIX PeKHMAX
00syueHnsi TOpcuOHHBIM reHepatopom C.A . Kypanosa.

67



a) KontpoabHblii 00pa3en (crangapTHas cTpykTypa). CTPYKTypa MeTajljia COCTOMT U3 KPYNHBIX KPUCTAILIOB
ayCTEeHUTA ¢ BKJIWYEHUSAMU 3epeH KapOuaa Kak BHYTPH KPHCTAJLIOB, TaK U M0 ero rpanunam. bamxn — 0,51,
0) Topcuonnasi o0padoTka, pexxum 1. CTpyKTypa MeTajia COCTOMT U3 MEJKHX KPUCTAJUIOB ayCTEHHUTA M
KapOnI0B N0 FPAHULIAM M BHYTPH KpucTaLIoB. Bann — 4+4.5.

B) TopcuoHHasi o0paGoTka, peskum 2. CTPyKTypa MeTajjia NPEICTABJsSET €000l KpymHbIe KPUCTAJUIBI
aycrenuta 1+1,5 6anna. Kapouasl BeIIeIWJINCH B BH/IE OT/AEJIbHBIX BKJIIOYEHHH, He CBA3aHHBIX C TPAHUIIAMU
Kkpucta/uioB. Kapouanas cerka pa3opBana.

r) TopcuoHHasi o0paGorTka, pexkum 3. CTPyKTypa MeTajjla NPEICTABJSAET CO00ii MeJIKHEe KPUCTAJUIbI
aycTeHUTA. Boiesienne kapouaoB mo rpaHunam orcyrcTByeT. HadsoaawTcest oTe/ibHbIE peKHe BKJIIOYEHH s
kapounos. bania — 44,5,

Puc.
YYryHoB; 6) 06pa6oTka MHKPOPE3OHAHCHBIM BO3/IEHiCTBHEM; CTPYKTYpa — Cepblii YYr'yH ¢ IUIACTHHYATHIM
rpagurom. CooTBeTcTBYeT Mapke Cu25.

57.YyrynHoe JuThé B KOKWJIb. a) 6e3 00paboTKH, CTPYKTYpa — JieieGypUT, XapaKTepHbIi 1J1s1 feabIx

B Tabnuie 6 npuBeeHbl XapaKTEPUCTUKH CTajiei 0e3 00pabOTKK TreHepaTopoM U ¢ 00pabOTKOM.
Bcero rpymnmoii ocymiectsiieno okosio 1500miaBok o6mieit maccoit 6osiee 9 ThIC. TOHH.

Tabnuia 6. Mexannueckue CBOMCTBA HEKOTOPBIX cTajel 0e3 BOHOBOM 00padoTku (0e3 CBM) u
mocJie BOJHOBO#M 00paboTku (CBM), ¢ HOpManu3aiuei 1 OTITyCKOM.

Oo6paboTka o O, ) ] A, KCU, I{)K/CMZ
Mapka (xom-BO JIx
crajiu IUIABOK N) MIla % +20°C -50°C
10XH3MI | BesCBM | =883 | 940 | >10 | 20 | - | =383 | >19.6
ul CBM  |900-1120| 950-1189 131 42-58| - |65.0-90,029,0-55.0
(Pr'115- 1 >200) 18
95TYV)

351 | BesCBM | 3350 | 550 | 516 | 520 | - | >30.0 §
(FOCT ™ ~BM | 620-660| 830-89d 16| 3544 - | 50.0-69.029.9-
977-88)

(n >40) 43,0
40X1 | BesCBM | 650 500 | 12| 25 i 40.0 i
g‘;_%g) CBM | 700-730| 790-904 14 3652| - 70- | 2557
(n >30) 18 105.0

B rtopcumonHbix 1uiaBkax rpymmna IlaHoBa mnpumenser oOiydeHue MOIUPHUIMPOBAHHBIM
n3iydenreM. Hanmpumep, j1yd TOpCHOHHOIO reHepaTopa IPOIYCKAIOT Yepe3 IUIACTUHBI HUKEII, U
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cTasb, 0OpabOTaHHas TaKUM W3JIy4yeHHUEM, TPH 3aCThIBAHHUM OOHApYKMBAET CBOMCTBA
JIETUPOBAHHOMW CTaJH NMPU (PaKTHYECKOM OTCYTCTBUH B €€ COCTaBE JISTHPYIOMIUX MPHCATOK.

W3 Beictymnenus B.®.[Tanosa u C.A.Kypanoa Ha cemunape «Metaduzuka» 29Hosn0ps 2004r.
Ha pusdaxke MI'V (pyxoBoautens cemunapa - mpodeccop H0.C.Biaagumupos) [105]:

"Kacasice mpencTaBisieMbIX 3KCIEpUMEHTaIbHBIX MaTepuasioB, B.®.IlaHoB oTmeTus, 4To
Bo3nelicTBue  reHepatopoB  KypamoBa  Hemb3si — OOBSCHUTH  JICWCTBHEM  HU
3JIEKTPOMAarHUTHBIX MOJIEH, HU YIbTPa3ByKa...

PykoBoacTBO  3aBoma  MOCTAaBMJIO Tepea  Ipynmnod  pa3pabOTYMKOB — 3agady -
JeKapOOHMU3HUPOBATH 3Ty CTallb. MI3BECTHO, YTO HA TPaHULIAX 3€PEH KPHUCTAJUIA BBIACISETCS
MHoro kap6una. Ceiiuac ero ygajistoT JOCTATOYHO TPYAOEMKUM CHOCOOOM: TePMHUYECKOM
00pabOTKOH B MPUCYTCTBUH, HAIIPUMEP, MAarHHS.

DKCIEePUMEHTATOPBI B3sUIM TUTACTUHKY MAarHUs, IMOCTABWJIM HA IYTH MPOXOXKICHUS JTyda
TOPCHOHHOTO TEHEpaTopa, U YK€ B MEPBBIX IKCHEPUMEHTAX HENpepbIBHAs KapOuaHas
cerka Oblla pa3opBaHa Ha OTHENBHBIE DJJIEMEHTHI, a 3aTeM, B MOCJICIYIOIINUX
HKCIEPUMEHTAX, «Mbl MIPAKTHYECKU UCKITIOYMIIN KapOUIHYIO HEOTHOPOTHOCTEY. «HemaBHO
S TONYYHJ] METAI TOJHOCTHIO JIMIICHHBIM KapOWAHBIX BKJIIOYEHUN», - CcKazal
C.A KypanoB. Takum oOpa3oMm, 1O €ro cjioBaM, IMOJY4YUIOCh, YTO C MOMOIIBIO
TOPCHOHHOTO JIy4a, BHPTYyaJdbHBIM 00pa3oM paciuiaBy ObLIM TepefaHbl  (HU3HKO-
XUMHYECKUE CBOMCTBA MarHus. «ITOT BUPTYaJbHBIA METAJI CyMeJd BCTYMUTh B XUMHKO-
KaTaIUTUYECKYIO0 PEaKIUIO C KOMIIOHEHTAMH CILIaBa, a MOCIE OCThIBAHUS CIUIaBa — UCUE3»,
- CKa3aJl COJOKJIaJ4YHK. bojee Toro, oH MOAYEPKHYJ, YTO B MOMEHT OCTHIBAaHMS METallia
KOBIII C METAJUIOM YJAIsUICS U3 30HBI JIEHCTBHSA Ny4a, U MUHYTHI 4-5 OH HAaXOIWICS BHE
neiictBus noiist. OHako 3¢ GeKThl COXPaHMINUCh .

Kpome Toro, obOuapyxken sdpdexkr meracrabmiabHOCTH ((DaHTOMOB). IOCTE BBIKIIOYEHHUS U
MepeMeIIeHns TeHepaTopa B JPYroe MecCTo, JIyd OCTaéTcsi Ha MPEKHEM MECTE U IMPOJIOJDKAeT
JIEWCTBOBaTh Ha MeTajl B meur. Bc€ 3To, JeHCTBUTENBHO, TOBOPUT O HEAIEKTPOMArHUTHOM
MIPUPOJIC U3ITYUECHUSI.
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8. BO3OENCTBUE HA PAOUOAKTUBHbIA PACNAL

BonpuHCcTBO pa60T B JJAHHOM pPasaciIC HOCAT MMOUCKOBBIN XapakKTep, LECJIbIO I/ICCJIG,I[OBaTeﬂefl
OBLIO NpOACMOHCTPHUPOBATL HAJINYUC caMoil BO3MOKHOCTHU BOS,I[GIZCTBOB&TB Ha HnapamMcETpbl
PaaArOaKTUBHOTO paciiajia, U 9TO YAaBaJIOCh CACIIATb MHOT'UM.

CymectByroT pabotsl, otHocsmuecs k obmactu LENR (Low Energy Nuclear Reactionsy,
KOTOPBIX TPOSBISIFOTCS 2P HEKThI HEITCKTPOMArHUTHOTO H3ydeHus. D ekTsl TpanchopManuu
XUMHYECKUX IJIEMEHTOB, MCKKEHUSI H30TOMTHOTO COCTaBa, YCKOPEHHS pacrajga pajuOaKkTUBHBIX
AJIEMEHTOB - BOT OCHOBHBIE CBOWCTBAa HWMITYJILCHBIX BO3JCHCTBHI B paboTax KOMaHJIbI
JL.N.VYpyukoea (amektpopasps B Bojae M Bo3ayxe). Ho, MOMHMO 3THUX YHCTO SACPHBIX
a¢dekToB mpu paboTe yCTaHOBOK HaOoMaeTcs T.H. "CTpaHHOE U3IydeHHe" - OMOJIOTUYECKU
aktuBHOE [71] m mpoxomsmiee yepe3d Metaumueckue dKkpanbl [107]. Emé omun wHTEpecHbIH
3p¢deKkT OT 3TOro u3My4deHHss - MeTacTaOwibHbIM 3ddekt Méccbayspa Tpu BO3ICHCTBUHU
CTPaHHOTO M3JIy4eHHs Ha (OIBry U3 ° Fe B MarHUTHOM moie. Yepes HeCKOIBKO CYTOK d(deKT B
obiryu€rrom obOpasie cxonuT Ha HeT [106]. Keratu, 00 n3mMenennn MéccOay?poBCKOTO CIIEKTpa
NpU BIMSHUM TOPCHOHHBIM T'e€HEpaTOpoM Ha coenuHeHus Fe-ll u menuTuHa numer AKUMOB B

[34].

Ectb paGoThl, B KOTOPHIX B BUXPEBBIX YCTAHOBKAX BPAINAJICS PACTBOP C COJBIO PAIHOAKTHBHBIX
H30TOIOB, U B KOTOPBIX 3aMETHO M3MEHEHHE PaJMOAKTUBHOCTH Tocie paboTel ycTaHoBKH [108,
109]. Takke eCTb CBHICTENHCTBA TOHWKCHUS (OHOBOM pagualiid pPSAOM C BHUXPEBBIMH
terutoreneparopamu [110].

B OonpmmHcTBE pabOT HCIONIB3YETCS METOJ IOJIEBOIO BO3ICHCTBUS Ha PaJMOAKTHBHbBIE
00pa3ibl, KOTOPbIE CTABATCS MOJ] IOTOK HEAJIEKTPOMATHUTHOTO U3JIYY€HHUsI OT TEHEPaTOPOB.

8.1 Pesynbomamsi U.M.lllaxnapoHoea

CymecTBYIOT MAaTeHTHl HA CIOCOOBI M3MEHEHHsI CKOPOCTH PaarOaKTHUBHOTO pacrana. OauH u3
Hux npuHamiekut M.M.IlaxnapornoBy [116]. O ero yctpoiictBe mossipusaruu Bakyyma [111]
CTOMT CKa3aThb OT/AENbHO - C HHUM IIOJY4E€HO JOBOJBHO MHOTO XapakTepHbIX 3(dexron
HEIJIEKTPOMAarHuTHOTO M3JydeHuss - 'wm3nydeHus KosesipeBa-/lupaka”, wWiMm MarHuTHBIX
MOHOIIOJIeH, o TepmuHONMoruu camoro lllaxmapoHoaBa, a TakKe COBEPIIEHHO YK€ CTPaHHBIX
3P PEKTOB, aHAJIOTOB KOTOPBIX BPSJ JIM MOXHO HAWTH The-mubo0 emé (CM. callT mccieaoBaTels
http://www.chakhparonov.ju

I'maBHbI anmemeHT yctpoiictBa IllaxnmaponoBa mpezcraBiseT coOoif yseHty MéEOuyca, rae Ha
JMDJICKTPUYECKYIO TOJIOKKY HaHec€H cioi amomunms wim meau (Puc. 584, 6). Ha
"o0KkiagKku' TAaKOro 3aMKHYTOTO KOHJEHcaTopa NOMAETcs HANpsHKEHHE, BO  MHOTHX
OKCHEPUMEHTaX 93Ta KOHCTPYKLHUS el MPUBOAWIACK BO BpalleHHe. S JHIIb Mepednciro
HEKOTOpbIe A(P(GEKTh OT BO3JACHCTBHA 3TOTO 'TeHepaTopa 4Yyaec': W3MEHEHHE JJIEMEHTHOTO
coctaBa HepTH [113], yxxe ynomunasmrecs: ouosorndeckue 3G extsl (BO3AeHCTBHE HA MBIIICH)
[70], Hamaran4YMBaHUe HEMAarHUTHBIX MaTepuaioB [112], mosiBiieHHE TIAa3MEHHBIX 00pa30BaHUIA
[115], a3 dexTsl OXNaKaCHUS TEl, HAXOAAIIUXCS o] u3ydeHuem [114].
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B cratee "PykoBoactBo k jgeiictBuio” [115] IllaxmapoHOB Tak OMUCHIBAET OOCTOSITEIHCTBA
60 -
OTKPBITHS BOJTHOBOTO IpoIiecca M3MEHEHHs aKTHBHOCTH o0pasia ~ CO:

"...Boounto, Ha sKpaHe CIEKTpOaHAIU3aTopa, OBUIO BUIHO, YTO pachaji paJIduoHYyKJIHa
yOBICTpHIICS, TOTOM, 4Yepe3 HECKOJIbKO MHUHYT, 3aMeIUIMJICs, 3aTeM BepHYJICI K
HCXOTHOMY COCTOSIHUIO. [IOTOM OmsATH yOBICTPHIICS, 3aMEUIMIICS, BO3BPATHICS U T.H...
[lepuon ciaenoBanus KojeOaHuii ObLT BeChbMa BeJUK - 3-5MuH..."

10T mpouecc MpOoAOJDKAJICA W IOCJIC MNPCKpAlICHUA BOBI[GfICTBHﬂ, TaKk 4YTO O6p213€].[,
INCPBOHAYAJIbHO 3TaJ'IOHHBII71, OKa3aJICA HCIIPUTOACH IAJIA MCITIOJIb30BAHUS B KAYCCTBC 3TAJIOHA.

—
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Puc. 58. YcrpoiictBo reneparopa U.M.Ilaxmaponosa (a, 6) u 3(pdexT m3MeHEHUS PAAMOAKTHBHOCTH
o6pazuos Y (B).

Ho Bepuémcs x marenty IllaxmaponoBa «Cmocob o00e33apaxuBaHus pagioOaKTHBHBIX
MmarepuaaoB». B HéM mpuBeeHbI rpad UK W3MEHEHUS PaIHOAKTUBHOCTH Homa-131 Puc. 588).
OmnucaHue SKCTIepUMEHTa U3 TTaTeHTA!

131,
«B mpoBeIeHHOM KCIIEPUMEHTE UCCIIeYeMbIe aMITYJIbI ¢ PATHOHYKIUIOM | 00IyJaroT
no 15 mun 3 paza. OHy U3 aMITyJl YCTaHABIMBAJIM Ha paccTosHUM 1,5M oT u3mydarens
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MOHOIIOJICH, IPYTyI0 - HA PacCTOSHUU 7 M. AKTUBHOCTh OOEUX amIys 3aMepsild IMpu-
o6opom PKCB-104. ®oH um3Mepsuid 0 W TOCIE OCHOBHBIX HM3MEpeHHH. Pe3ysbTarhl
OKCIIEpUMEHTa TMpHBEAeHb Ha (UTr.3. TIe CIUIOMIHBIE KpuBBIE 1 M 2 COOTBETCTBYIOT
pe3ynbTaraM HcclieoBaHuil npu paccTosHusx 1,5u 7 m coorBercTBeHHO. [IyHKTHpHBIE
KpHBBIE - paCUETHBIC KPUBBIE pacmajga paIuoHyKIuaa 6e3 BO3ACHCTBHS.

[To pesynapratam u3MmepeHuii (Oepercst cpeaHeapudMeTHYecKoe 33 5 MUH H3MEPCHHUI)
nocse 15 MUH BO3/EHCTBHS MAarHUTHBIX MOHOIIOJICH HA MCTOYHHK C PaHOHYKITHIOM
guciio pacnanoB coctaBmio 70.Tlocne 45 MUH BO3ICHCTBHS YHCIIO PACIIAZOB COCTABUIIO
taxke 70.Kak BugnHo u3 kpuBoit 1 (pur.3), uepe3 72 4 mocie BO3ACHCTBUS KOJTHYECTBO
pacmanoB coctaBmwiio 82, yepe3 96 u - 75 pacmnanoB. OpUKIMOHUPOBAHHOE BO3/CHCTBUE
MMOTOKOM MarHUTHBIX MOHOTOJIEH OCYIIECTBIISIIOCH BO BpeMeHHbIX no3unmsix |, 11, 111,

U3 kpusoii 1 (pur.3) BumHO, 4TO O€3 BO3ICHCTBUS MOHOIOJICH HA MCTOYHHK DPajHO-
HYKJIMJIOB YUCJIO pacnanoB coctaBmio 50. Takum o0pa3oM, pu BO3ACHCTBUN TOSBIISETCS
BO3MOKHOCTh YIPAaBJIATh MEPHOJOM paclaja W CYIIECTBEHHO YBEIMYHMBATH CKOPOCTh
pacmaza, 4To BaXHO MPU MPOBEACHHHM pabOT Mo 00e33apakKMBAHHIO PATHOAKTUBHBIX
OTXOJIOB, a TAKXKE 3aPAKEHHBIX MECTHOCTEH.

B cratee «B3aumopeiictBue wu3nyueHus KoswipeBa-Jlupaka ¢ pamumonykmupamu» [117]
[[TaxmapOHOBBIM OMUCAHBI PE3YNBTATHI OOITYYESHUsI TTOTOKOM MAarHUTHBIX MOHOTNOJEH ypaHOBOTO
obOpasia co CHATHEM Tramma-crekTpa. YcraHoBka (Puc. 59) cocrtosuia w3 wmsmyuarens,
MarHUTHOTO YCKOPHUTEJNSI U 00pasiia — ypaHOBOTO 0OJITa U3 CMECH M30TOIIOB 2, 2U, ®U. B
IKCIIEPUMEHTE MCIIONB30BAaJIC H3rydatesb apyroro tuna (Puc. 60),B koTopoM, Cy/s 10 Bcemy,
ucmosib3yercs 3G Pext GopM U ITEKTPOMAarHUTHOE BO3OYKICHHUE.
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Puc. 59 (aera). YcTaHOBKA 10 00/Iy4eHHI0 YPAHOBOTO 00pa3na MOTOKAMA MATHHTHBIX MOHOIOJIEI

1. Konnentparop u ¢popMHpoOBaTeb Iy4Ka MATHUTHBIX MOHOMOJIei (m3ayuenust KII).

2. 151 yckopuTeabHas cexuus ¢ maaykuueit 628 c/em; mmaHoit 29cm.

3. 241 yckopureabnan cexkuus ¢ maaykuueir 1000Ic/em; nommuoii 39,5¢m.

4. MuieHb> B BHJe ypaHoBoro 6osqra M12 L22 cocrosimasi u3 cMecH H30TONOB (235U, 236U, 238U) ypaHa,
npoueamasi HHTEHCUBHYI0 00pa00oTKY HeHTPOHAMHU ¢ MOCJIeAyIoLeil NATHIeTHel BbIAepPKKOIi.

5. baok nmutanus popmupoBaTens. Cpennsisi 3jeKTpuIecKkas MomHocTh 10 MBT.

6. CTadnIM3upoBaHHbIH 0JI0K MUTaHUS YcKopuTeabHbIX cekumii 0-30B; 0-10A.
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Puc. 60 cnpasa). M3ayuareabr MarHUTHbIX MoHomoJeii u3 [117]: 1 —o0mMoTKa BO30YKIAEHHs, HA KOTOPYIO
TMOAAIOTCS UMIYJIbChl HAHOCEKYHAHOH NauTeabHOCTH YacToToii 20 kI'm, 2 — MeTajuimyeckuii crakam, 3 —
KOHHYECKAasl EHTPaJbHas HANPABJAINAs, 4 — GIeOPHEHTHPOBAHHAS CBEPXpPeIeTKA ¢ 00IIMM KOJIHYECTBOM
3eMenToB nopsiaka 10 urr>.

PesynpraTel SKCIIEpUMEHTa B BHJE TraMMa-CIIeKTpa NpeacTtaBiieHbl Ha Puc. 61, Nel —
KOHTpOJIbHOEe u3MepeHue, Ne2 — posxerictBue WMKJ[ Ge3 yckopuTenbHBIX KaTymiek, Ne3 —
Bozaeiicteue K]l mpu Bxmou€nHoU katymke 2, Ned — posneiictBue MK/ mpu BrIFOUEHHBIX
karymkax 2 u 3. Bo3aeiictBue Ha oOpasen B KaKI0H cepuu Jumiaock 4 vaca, 3ateM emeé 4 daca
3aHMMAJIO TIOJyYEHHUE CIEKTpa.

gl

0.063 03511 10,701 10,844 1,968

[ I3MeneHIe paclpeaeTenil minmit raMMa-criextpa ot 0,063 10 1,968 MsB B 3aBHcHMOCTH OT sHeprauii KL
Nel u N2 - raMMa-cleKTp HCXOMHBIA H CHEKTP MOCHe BO3ACHCTBHS HeyCkOpeHHbIM nyukoM HK/T,
Ne3 - raMMa-cIleKTp Iocite poseiicreus nyuka HKJ ¢ sneprueii = 0,37 IB.
Ne4 - raMMa-criiekTp nocie posaciicrens myuxa MK/ ¢ saeprueii = 1,17 I'B.

F - JIMHHH, OCTaBUIIecsH 0e3 H3MCHEHH.
[ 1 -HuCcYe3HYBIIHE JTHHHH.
BN - HOBBIC JIHHHH.

Puc. 61.Pe3yabTaThl 9KCIIEPHUMEHTA MO 00JIyYeHHI0 YPAHOBOH MHIIIEHH MTOTOKOM MATHHUTHBIX MOHOTIOJIEIA.

[TpumedaTenbHO, YTO TPEKH «CTPAHHOTO H3JIydeHHs» Ha (PoTorui€Hkax M (OTOIIACTUHKAX OT
ycTaHOBOK Ypyikoea u IlllaxmaponoBa odyenp moxoxwu [72, 121, 118];takue e WM OYCHb
MOXO0XHE TPEKU HaOIroJanuch Takke B 3kcrepuMentax Conumna [120], Usoinosa [122, 123],
Anamenko [124] —cwm. pa3aen 10.1.4.

8.2 Pesynbmambi A.B.KuHOepeeuya

B uém-To moxoskue pe3ynbTaThl ObLIH MOJTy4YeHa Ha ycTtaHoBKe A.B.KunaepeBuua, KOHCTPYKIUS
KOTOpoi Oblma ommcana B pasaene 3. B kontponbHOM 3kcnepumente 2005 roga ¢ ydactuem
coTpynHUKOB Kyp4aToBCKOrO HHCTUTYTA OBLIN MOJTyYeHBI CIIeIyoMHe pe3ynbraTel [126]:
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1. O6pazenr 1, Sr-90, Cs-135 xoHTpOJIBHBINA, 00pabOTKE HE MOJBEprayics, W3MEHEHHUE
AKTUBHOCTHU HE OOHAPYKEHO.

2. Oo6pazen 2, Sr-90, Cs-135oe06pabarbiBaics B TeueHrue 96 4acoB, aKTUBHOCTh MOHU3UIIACH
Ha 46%.

3. Obpazen 3, Sr-90, Cs-135 -kparkoBpemeHHOe (2 wdaca) BO3IEHCTBHE, B XOJE
OIIEPATUBHOTO KOHTPOJISI OBIJIO OOHAPYKEHO MOBBIIICHHE aKTUBHOCTH Ha 12%, 0lHaKO K
MOMEHTY NPOBEICHHUS] KOHTPOJIBHBIX 3aMEPOB aKTUBHOCTH yrasa Ha 1,8%.

4. O6pazen 4, Sr-90, K-40 -o6pabateiBaiicsi B TeueHHe 62 4acoB, aKTUBHOCTh CHIDKEHA Ha
54%.

5. Oobpazenr 5, Am-241, o6pabareiBaics B TeueHne 5O yacoB, aKTUBHOCTh CHIDKCHA Ha

14,2%.

PangnoakTuBHBIE 00pa3ibl IOMEIATUCH B TEHEPATOP B METAIUTMUECKOM KOHTEHHEPE C TOJIIIHMHON
creaku 10 cwm. Ilo cnoBam A.B.KunnepeBuya, u3nyueHue ero reneparopa KpaifHe OMOJIOTHYECKU
AKTUBHO.

AHaNOTUYHBIE pe3yNbTaThl ObLTH MOTy4YeHb! rpynmnoii Kpacaukosa [129, 130].

8.3 Pesynbmamsli B.I.KpacHobpbixesa

C mnomomplo TeHepaTtopa, u3zobpaxkénHoro Ha Puc.  62-A, B.I'.KpacHOOpbsDKEBBIM ObLITH
MPOBEJCHBl OKCIEPUMEHTHl MO HABEJACHHIO CHJIBHOW aHWU30TPONHMHM TramMMa-u3IydeHHs
pamuoakTuBHBIX 00pa3noB [37]. OOpasubl ObUIM WM3TOTOBICHBI HA OCHOBE Mpo0 U3
YepHOOBIITBCKOM 30HBI, aKTUBHOCTH 131Cs, 1¥7Cs, e, '%Ru B Hux U3MEPSIIacCh C MOMOLIBIO
nerexkropa Ortex u cnextpomerpa Nokia. [Ipu 3ToM gaTtdumk ObUT PACHONONKEH OTHOCUTEIBHO
00pa3oB Ha HEKOTOPOM PACCTOSHUM, U BHYTpU orpanuuutens (Puc. 62-B),koTopsrii, Buaumo,
BBITIOJIHSAT PoOJib Tpyboro kosmumartopa. Och BpalleHHsl TeHepaTtopa Oblja pacrojiosKeHa MO
yrioM K ocu orpanuuutens. [locie Bo3melicTBUsl Ha TEpBBIA oOpa3ell B Te€UEHHE S5 4acoB ero
M3MepeHHas aKTUBHOCTH yIaja B Pa3bl, a akTUBHOCTh M30TOIIOB II€3HsI BTOPOrO o0pasia ymana
npaktudeckd g0 Hyns (Puc. 62-C). Cnycts 16 dacoB mocje OTKIIFOYCHHS TE€HEpaTOpOB
paTMoaKTUBHOCTH 00Pa3II0B BOCCTAHOBHIIACH J0 MIEPBOHAYAIBHOTO YPOBHHI.

O xoHcTpykuuu reneparopa B.I'.KpacHoOpbrkeB numier:

«Ha Puc. 62-A T1TOKa3aH TEHepaTop CIIMHOBOIO TIOJs, B KOTOPOM aHCaMOJb
KJIACCUYECKUX CIHMHOB pEAJM30BaH C IMOMOIIbI AHU3O0TPONHBIX OAapUTOBBIX IUIACTUH
UMErNX (GOopMY IPSIMOYTOJIBHBIX TPEYTOJbHUKOB ¢ yrioM 50°y ocHoBanus. [lnacTuns
3aKperieHbl Ha KpyrjoW Bpamarwmeiics mnatdopme. Bpamenue rmatgopmel
OCYILIECTBIISIETCS. TOCPE/ICTBOM 3JIEKTPOJIBUTATENSl IIOCTOSIHHOTO TOKA; YUCIIO 0OOPOTOB -
60008 MuH, HanpspkeHue 6 V. [Ipu 3TOM OpHeHTaIUs CIMHOB B TUIACTHHAX COBIIAJIACT C
HaIpaBJICHUEM BpaIIECHUS.
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Puc. 62.BiusiHue CIMHOBOIO MOJISI HA AHU30TPONMIO U3JIyYeHHS PAJHOHYKJIUAOB. A —TeHepaTop CIHHOBOIO
noJs; B — cxema skcnepumenTa: 1 —patuuk ,Ortec”, 2 — orpanu4uTeN b, 3 —pagnoaKTHBHBINA obpa3sen, 4 —
reHepaTop CHHHOBOro mousi, 5 — skpan, 6 — cmektpomerp “Nokia”;, C — wu3MeHeHHe aKTHBHOCTH
PaMOHYK/IHAOB B HANIPABJIEHHUH JeTEKTOPA MPH BO3/1eliCTBUH CIIMHOBOTO TMOJIS.

8.4 Pesynbmamsi epynnei B.U.JlyHésa

Heckonbko OKCIICPUMCHTAJIBHBIX pa60T YKa3bIBalOT Ha U3MCHCHU ITapaMETPOB PAAUOAKTHUBHOTO
pacianaa 1moJg HeﬁCTBHCM Bpall€HUA PAIOM C HCTOUYHUKAMHA U JATYUKAMU PAJHOAKTHBHOCTH.

B cratee C.I'.Exanuna, b.B.Oxynoma, I'.C.llapankuna, B.M.JIynéBa "DkcnepuMmeHTaIbHOE
oOHapy)XeHHWE BIUSHHS TOPCHOHHOTO TOJS MaXxOBHKa THPOMOTOpa Ha  MOKa3aHUs
ra3opaspsIHOro JIeTeKTopa MoHu3Mpyomero m3nydenus  [131] ommcan cnenyrommii 3¢ dekr:
IpU aHalu3e pachupeiesieHHil CKopocTel cu€ra paauoakTuBHOTO (oHa cuérumkom [elirepa
CBM-20 no wHeOonpmuM BBIOOpKaM OOHAPYXKHBAETCsA, YTO TUCTOTPaMMa CTAHOBUTCS
MyIbTHIKCTpeManbHoi. Ha Puc. 63 mokaszansl rucTorpaMmsel, moctpoeHHbsle mo 60-tu 4-
CeKyHJHBIX oTcuétam (ckopocth BpamieHus poropa 9000 o6/mun). doHOM 37€Ch OBLIO
MOJIOKEHUE JIaTYMKa Ha pacCTOSHUM Ooyiee MeTpa OT TUPOMOTOpa, BO3ACHCTBUE — B
HernocpencTBeHHOW Omm3octu. Takke ObUT 3amMedeHo MpojobkeHue dhdexra pacuierieHus
THCTOrPaMM I0CJIe OCTaHOBKK THpoMoTopa (3ddekT MeTacTabHMIbHOCTH).
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Koauvecrbo orcwerod
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Puc. 63.T'ucrorpamma ¢ona (a), rucrorpamma Boszeiicteus (6), rucrorpamma nocieneiicrsus (B) (Puc. 2 u3
[131]).

W3mepennst ¢ momomiplo CHUHTWLIIMOHHOTO jaetekropa PCIT-110M Ha ocHOBe #oaucTOro
Hatpust (Puc. 64)mnokasany, 4To CKOPOCTh CUETa YMEHBIIAaeTCs pu padote rupomotopa [132].
Bonee Toro, yMeHbllleHHE CKOPOCTH 3aMETHEE B PEXKHMME BpALICHUS THPOMOTOpPA MO MHEPLUU

(Puc. 65).

Puc. 1. Cxema sxcnepumenta: ' — pagwo-
' MeTD  HOHH3LPYIOUICro  HIAVMENMs  Tdlia
N5 S| PCII-101M; 2 — ruposotop Tama [MB-524,

anaMeTp potopa 60 mm, sec 0,5 kr; 3 —
@NOMAHICBEH  3RPa TOAWBKHOA D MM; 4 —
MCTA/THICCKA S TPY(ka MaTuMka pagRoMet-
Pa; & - CUMHTHANATOP JATHHEA (KPHCTAMA
HogHcTorg natphs); 6 PYYKa  gaTiudka;’

7 — COCAMUUTeNDHLIA Kabean

Puc. 64.Cxema 3xcnepumenTa u3 [132].
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Puc. 65. a) - u3MeHeHHsI CKOPOCTH CHETA: O - BOJIM3M TMOKOAIIErocsi THPOMOTOPA, . - BOJIM3M

paﬁoTaloluero rHpoMoTopa, - BOJIM3H Bpalmialoerocs mo HHEpUM rupomMoTopa, mo CpaBHEHUIO € q)OHOM
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Dy

0) — KOJMYEeCTBO OTCYETOB B Kakaom onbite (Puc. 4 u3 [132]).

B pa6ore b.B.OkynoBa “B03MOXHOCTH MOBBIIICHHUS YYBCTBUTEIBHOCTH CIUHTHIUIAIIMOHHOTO
JICTEKTOPa MOHU3UPYIOIIEr0 HM3Iy4eHHsT K TOPCHOHHBIM moisiM” [133] omucaHsl pe3yibTaThl
AQHAJIOTMYHBIX JKCHEPUMEHTOB, HO TMpPU OSTOM JaTYUK NOMEIIAIOT B JIOTOJHUTEIbHBIN
(beppOMarHUTHBIN KpaH C TOJIIMHON CTEHKH 2 MM. B 3ToM ciiydae HaOmoganoch Oosbliee
OTJINYME 3HAUCHHUH OT PabOTAIOIIEro FTHPOMOTOpA 110 cpaBHEHUIO ¢ poHOM (Puc. 66).
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Puc. 66.M3MeHeHHsI CKOPOCTH CUETA MPH YCTAHOBJIEHHOM (heppomMarHuTHOM 3Kkpane (Puc. 2 u3 [133])

8.5 Pesynbmamsbi M.KpuHkepa

I'pynna Mapka Kpunkepa (CILIA) npoBOAMT SKCHEPUMEHTHI B paMKaxX KOHICMIUH IOJEBBIX
TUPOCKONOB. B OZHOM TakoM 3KCHEPUMEHTE MCCIEJOBAJIOCh BIUSHUE BpallalOUIErocs
JJIEKTPUYECKOTO TOJIsl HAa MOKa3aHus (OHOBOTrO ramma-mainyueHus (matauk [eiirepa-Mromiepa

QUARTEX) [134, 135].

a 0
Puc. 67.a) ¢poro ycranoBku M. KpuHkepa ¢ BpamaouumMcst BEKTOPOM JIeKTPHYECKOT0 M0, §) TPaeKTOPHs
3J1eKTPUYECKOT0 BEKTOPAa B KBAJPYNOJbHOM KOHIEHCATOpPe MPH HECTALMOHAPHOM BpPallleHUH.

JIBe KBaJApymojibHbIE SYEHKHM 3alUTHIBAINCh CXEMOH, T€HEpUPYIOUIEH HecTaunOHapHOE
BpalllcHUE 3JIeKTpudeckoro Bekropa (Puc. 67). CpaBHHBAIHACh CpEIHEEe, CTaHIAPTHOE
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OTKJIOHEHHE U TECTOrpaMMBbl B (JOHE M TIPU BPAIICHUU BEKTOpa BJIEBO U BIpaBo. Kaxkablil 3amep
3aHuMan 38 CeKyH, TaKuX 3aMepoB Jeajoch nocieaoBarenbHo no 10 mist ¢ona, neBoro u
MIPAaBOTrO BpAIllEHUsS, a 3aTeM BECh IMKJ MOBTOpsuics 12 pa3. OOImee 4KMCIO 3HAYCHHH, TaKUM
obpazomM, Obuto o 120 1151 oHa, JeBoro U npaBoro BpamieHwuid. [Ipu snextpuyeckom noje 100
B/M u wactore Bpamenus 6 k['11 cpemHuii C4€T B JaTYMKEe YMEHBIIWIICS, CTaHIAPTHOE
OTKJIOHEHHE TaK)K€ YMEHBIIWJIOCh U CTaJO PAaCXOAUTHCS C KBAaJPAaTHBIM KOPHEM OT CpPEIHEro
(Tabauma 7). M.Kpunkep otmeuaer 3pdekT mociaeaeiicTBUss B HApYIICHHH ITyaCCOHOBCKOTO
pacrpeneneHusl.

Tabnuma 7. General results of the low-drive experiment

HR/h Reference Counterclockwise Clockwise
Average 9.78 8.43 8.82
Standard 3.16 3.09 2.42
deviation

Square root of 3.13 2.90 2.97
the average

8.6 Pesynbmamsi A.l".[Tapxomoea

WuTtepecHsl Takxke pe3yiabTaTthl MHOTONETHHX HcchenoBanuii A.I'.I[lapxomoa [136], koTopsie
YTBEPXKAAIOT O CYIIECTBOBAHMH HEKOTOPOH KOMIMOHEHTHI KOCMHYECKOTO HM3IY4YEeHHs, KOTOpas
BIUSIET Ha CKOPOCTh OeTa-pacmajga. B monroBpeMeHHBIX HAONIOJEHUSX 32 CKOPOCTBIO Oera-
pacmaza ¢ mapauieNbHOW (UKcanMel Ipyrux Imokasateneil (remmeparypbl, aTMOCHEpHOTO
JIaBIICHUSI) OOHAPYKWJIMCh BBIPAXKCHHBIC TOJOBBIC U MECSYHBbIC KOJICOAHUSI CPEIHEH CKOPOCTH
pacnana (0.3%B romoBom nukie, 0.02%B MecsYHOM TEPUOJIEC; HE BBIIBICHO KOPPEISIMUA ITUX
PHUTMOB C TEMIIEPATyPOi U APYTUMH PUTMAMHU, MOTYIIIUMH BJIHSATH HA PE3YJIbTATHI).

[IprmedartenbHa ycTaHOBKA, KOTOPYIO TPpUMEHMII [1apXOMOB I POBEPKM THUIIOTE3HI O MPUPOIE
TaKUX PUTMOB. PaJMOaKTHBHBIA HCTOYHHK C JeTekTopoMm [eiirepa Obl1 momeméH B (oKyc
CTaJIbHOIO MapabOoJIMYeCKOro OTPaXKaloIIero 3epkaja. B cuTyanuu, Korjna 3epkajio HE MEHsUIO
HaNpaBJeHHUs] O OTHOLIEHHIO K 3eMJe, a MPOCTO BPaIlajJoCh BMECTE C CYTOYHBIM BpallleHHUEM
3emid, MpOSBUINCH PE3KHE, HO PEeAKHE BCIUIECKH PaJMOaKTUBHOCTH, KOI'JIa CKOpPOCTh Cuéra
pacnaza Bo3pacrajga MHOTOKPATHO.

B cutyarum, korzia ontudeckas och 3epKajia coBepliaja CKaHUPYIOIIee IBIKEHHE 110 HeOeCcHOM
cdepe, OOHAPYKUIMCh KOMITAKTHBIE YU4acTKH Ha HeOecHOoU cdepe co Berieckamu. OJHAKO TH
Y4aCTKHU OBLIIM KOPOTKOKMBYIIIMMHU - COCTaBUTh KapTy "aHOMAaJbHBIX 30H Ha HeOecHOU cdepe He
y1aBaJIOCh.

[TapxoMOB B YKCIIEe TPOYETO OTMEYALT:

"3. J/IluHamuKa BCILIECKOB BO BPEMEHH BechMa pa3zHooOpa3Ha. Hanbosee npocToit Buj
- OJJMHOYHBIE BCIIJIECKH TPOJODKUTEIBHOCTHIO HECKOIBKO CEKYH]I PH BO3PACTaHUH
ckopocTn cuéra Oomee yem Ha 3 mopsaka. bornee anmuTenbHBIE COOBITHS
(TPOIOIKUTEIBHOCTRIO JI0 HECKOJBKHX YacOB) COCTOSAT U3 KOPOTKHX BCILICCKOB
Pa3IMYHON aMIUTATYIbI, CIIOKHBIM 00pa3oM pacnpeaeiéHHBIX BO BPEMECHH.
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4. [1pu HAIMYMU CTUIOUTHOM 0OJAYHOCTH CTATHCTUYECKHU JOCTOBEPHBIX BCIIJIECKOB HE
3aperucTpUPOBaAHO.

5. Pa3memenne Teneckona 3a OKOHHBIM CTEKJIOM M SKPAaHHUPOBKA AFOMHUHHEBOU
(G oJIbroit He BIMSAIOT 3aMETHO Ha PE3YJIbTATUBHOCTD OTIBITOB."

[TapxomoB najnee Takxe MOABEPraeT 3TU Pe3yJIbTaThl BCECTOPOHHEMY KPUTHYECKOMY aHAIIU3Y, C
YKa3aHHEM JONOJHUTENbHBIX MPOBEPOK, KOTOPHIE OH IMPOBOAWI, YTOOBI YJAOCTOBEPHUTHCS, UTO
NOJTyYeHHBbIE PE3yJbTaThl - HE apTedakTbl u3MepeHuil. OmycTHB YacTh PACCyKICHHH aBTOpa,
IIpUBEJY Cpa3y BHIBOJIBI:

"COBOKYITHOCTh TOJIYYCHHBIX JAaHHBIX JAET OCHOBaHWS JUIS BBIBOJA O TOM, 4TO
BO3HHKHOBCHHE BCIUICCKOB CBSI3aHO C HaimuyueM (OKYCHPYIOMIEro 3epKaia,
KOHIICHTPUPYIOIIET0 MOTOKK HeKoToporo uayiero u3 Kocmoca arenta. YtoObl OBITH
3aperuCTPUPOBAHHBIM OIHCHIBAEMOW YCTAHOBKOW, JTOT AareHT JOJDKCH 00JIaJaTh
CIICIYIOIIUMH CBOWCTBAMH:

1. CiocoOHOCTRIO BIHATH Ha OeTa-pauOaKTUBHOCTD.

2. CnocoOHOCTBIO 3EpKAIBHO OTPaXKaThCs OT TJIAJKUX IMOBEPXHOCTEH, a TaKKe
MOHOHAIPABJICHHOCTBIO, YTO MO3BOJISIET OTPAKATHCS MAPAOOTUIESCKUM 3EPKATIOM.
[Mony4enHast BO BpeMsi 3KCIIEPUMEHTOB HH(POPMAIIHS TIO3BOJISET CCNIATh BEIBOIBI H O
JAPYTUX CBOMCTBAxX areHra. [l Hero XapaKkTepHBI:

3. CuiibHast UBMEHYUBOCTH 110 BPEMEHH U 10 HATPABJICHHIO.

4. HepaBHOMEPHOCTh pPACHpPECICHUS BEPOSTHOCTH PETUCTPAIUU BCIUICCKOB IO
HeOecHo chepe.

5. HeciocoOHOCTh IPOXOAUTH CKBO3b O0JIaKa.

6. CrtocCOOHOCTH MPOXOJIUTH CKBO3b CTEKIIO U ATFOMHUHHM."

3areM aBTOp BBICKA3bIBA€T T'MIIOTE3Y O TOM, YTO TAKUMH XapaKTEPUCTUKAMU MOXKET 00i1alaTh
HEUTPUHO YABTPAHU3KUX DSHEPruidl C OTIMYHOM OT HYJSI Maccod TOKOSl. IDTOT BBIBOJ
MOJTBEP)KIAeTCA TaKxke OoJjiee paHHUMM HKcnepuMeHTamu [lapxomoBa, ¢ INpUMEHEHUEM
uckpoBbiX kKamep [136]. B mauvame 90X romoB MM OBLIO HCCIIECAOBAHO SIBICHHE IUPPAKIIAN
HEU3BECTHOW KOCMHYECKOHM KOMIIOHEHTHI Ha IEPUOJUYECKHX CTPYKTypaX, HaOpaHHBIX W3
napajulelbHbIX TOHKHMX IUIACTMHOK M3 pa3jIMYHBIX MAaTepUajoB, a TaKXKe KOHIEHTPUUECKUX
KOJIBLIEBBIX KaHAaBKaxX B METa/UIe U T.J. DTa KOCMUYECKass KOMIOHEHTa NMPUBOJINIA K UCKPOBBIM
paspsizam, KOTOpble (PUKCUPOBAIHCH Ha (POTOAIMYJIBCHH, TOMEIEHHON MEXKIy IBYMS OJU3KO
PacIoIOKEHHBIMHU TNIOCKHMHU 3JIEKTPOJAMHU TIOJ TOCTOSTHHBIM HaIpspKEHHEM OKoJIo 2 KB.

OKCIIEpUMEHTHI C UCKPOBBIMM KaMepamH, a 3aTeéM €O CYETUYMKAMM HOHHU3UPYIOLIUX YaCTHL,
MOKa3alaM, 4TO KOCMHMYECKass KOMIIOHEHTa 00JiaZjaeT BOJHOBBIMU CBOMCTBaMHM, IOJBEp)KEHA
MPEJIOMJICHUIO M OTPAXXEHUIO B PA3IMUHBIX Cpefiax, U 00JiafaeT OueHb CHJIBHOW MPOHUKAOLIEH
crocoOHOCTHIO. J[Mana3oH AJIUH BOJIH, PACCUUTAHHBIN MO AU(PAKIIMOHHBIM KapTHHAM, OKa3aJcs
JOBOJIHO LIMPOKUM - OT MUKPOMETPOB /10 MIJLTUMETPOB. [lapXOMOB 3aTeM Mpeanonoxui, 4To
ATUM XapaKTEPUCTHUKAM YJIOBJIETBOPAET YIbTPAHU3KOIHEPreTUUEeCKass HEUTPUHHAs KOMIIOHEHTa
CKPBITOM MaTepHH, OHAa JOJDKHA (DOKYCHPOBATHCS ACTPOHOMHUYCCKUMH OOBEKTaMU (dPQeKT
IPaBUTAMOHHBIX JIMH3), UMETh IIUPOKUHN CIIEKTpP CKOpocTeit (0T 8 10 coTeH KM/C) U MPOSBIATHCS
B DKCIEPUMEHTE KaK CWIbHbIE (DIYKTyalli W3MEHEHUS WHTECHCHBHOCTH PEAKIMH OOpPaTHOTO
Oera-pacnania c MOTJIOIEHUEM HEUTPHHO/aH THHEUTPUHO u UCITyCKaHUEM
JIEKTPOHOB/MIO3UTPOHOB. DIYKTyallMu JOJDKHBI TPOSBISATHCS KaK MEPHOJANYCCKHE KOJICOAHUS
BCJIC/ICTBUE BPAIICHUS YCTAHOBKU BMecTe ¢ 3eMJI€l, a Takke qaBaTh 9(Q(EKT BCIIIECKOB.
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Puc. 68.CuekTpsl 3JIEKTPOHOB (MO3UTPOHORB) MpsiMoro (a) u ooparHoro (0) GeTa-pacnamos.
Ne - YHMCI0 HCOYIIEHHBIX 3JeKTPOHOB (mo3utTpoHoB), E. - sHeprusi 3nektponos (mosurponos), Emax -
MaKcHMAaJbHas YHeprusi 6eTa-cnekrpa (munocrpamus u3 [136]).

DTO yamanoch MoKa3aTh SKCIIEPHUMEHTaIbHO. B KadecTBe JEeTEKTOpa HEUTPHHO C YIbTPAHU3KOM
SHeprueii GbLI Hcmonb3oBaH Oera-ncrounnk °Sr + %Y. B npemonoxenny, 4to GeTa-qacTUIbI
OT peakiuii mpsMOro u oOpaTHOro OeTa-pacmajga UMEIOT CYIIECTBEHHO Pa3IHYHBIA CIIEKTP
snepruit (Puc. 68), [lapxoMOB BBIACTHI KOMIOHEHTY, COOTBETCTBYIOIIYIO MaKCHUMAalbHOMN
sHeprum Oerta-yactuil - 2,27 MpB. DKCiepuMeHT MoKasaj, u4To MPU HAIMYHH JTUPPAKITHOHHBIX
PEIIETOK JIEHCTBUTENLHO YBEIMYUBACTCS BEJIMYMHA (IYKTyalllid BBIXOJa TaKUX OeTa-uacTHll, a
IIPU U3MEHEHUSX IOJIOKEHUS JAU(PAKIMOHHBIX PEMIETOK JOCTOBEPHO MPOUCXOIUT M3MEHEHUE
WHTCHCUBHOCTH 00paTHOTO OeTa-pacmnaa.

A.T".ITapxomoBbIM coBMecTHO ¢ A.B.KapaBalikuHbIM ObUIH TOTY4eHBI A (HEKThI BO3ACHCTBUS Ha
napamMeTpsl paguoakTHBHOro pacraga °CO ¢ MOMOLIBI0 T'eHEpaTopa HEJIEKTPOMArHUTHOIO
m3nydyeHust koHctpykuuu A.B.KapaBaiikuna. Wcnonb3oBancs cuéruuk  ['eiirepa. Ilpumep
BJIMSIHUS MTOKa3aH Ha Puc. 69.

14,0 T umnic 28.02.2003
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WL AN A 1) |
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12,0 +—————————— s
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Puc. 69.IIpumep Bausinusi renepatopa KapaBaiikmHa Ha peructpanuio cuerynkom [eiirepa 6era wacTuil
Co. T OpU30HTAJBHBIMH JIMHUAIMH OTMe4YeHbI CpeqHsisa CKopocTh cuera (13,05 MMIyabcoB B CeKYHIY) H
OTJINYMeE OT CPeTHell CKOPOCTH CYeTa Ha OJHO CTaHAapTHoe oTKiIoHeHHe (+0,3 mmMmyJibca B cekyHay). BuaHo,
YTO BO BpeMsl BKJIIOYEHHS reHepaTopa (3TOT yYacTOK 3aNMUCH OTMeYeH BEPTHKAJIbLHBIMYU JHHUIMU) CPeTHSS
CKOPOCTH CYeTa He M3MEHWJIACh, HO NMPOU301ILJI0 3HAYMTEeIbHOEe CHUKeHHe pa3dpoca pe3yJbTATOB U3MeEpPeHuid.
Ha 3Tom yuacTke crannaptHoe oTkioHenne 0,064,1.e. moutn B 5 pa3 MeHbIIe, 4eM Ha APYIUX yYacTKAX, I1ae
OHO BIIOJIHE COOTBETCTBYET myaccoHoBckomy (Puc. 1.188 [136]).

A.I'.ITapxoMOB OTMEYAET:
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"MHOTOYHUCIICHHBIE OIBITHl TMOKA3bIBAIOT, 4YTO 3G EKT BOCIPOU3BOANM, NPHUYEM OH
oOHapy>KHMBaeTcs HE TOJILKO Ha OeTa, HO M Ha anb(a UCTOYHUKAX, a TaKKe MPH JIeHCTBUU
YCTPOMCTBA Ha T€HEPATOPHI IIEKTPUIECKOT0 Iryma. MI3MEeHHB pexxuM paboThl YCTPONCTBA,
MO’KHO HE CHHKaTh, a YBEJINUUBATh Pa30dpoC pe3ybTaToB.

...Takasi COBOKYITHOCTh COOBITHIA, €CIT ObI OHH OBLIM YUCTO CIy4YailHbIe, MOXKET MOSBHUTHCS

NPUMEPHO B OJHOM 3KCIepUMeHTe U3 Thicsiuu. [10100HBIX 3kcnepumenToB B 2003-2004
rogax OBIJIO CHETaHO OKOJIO COTHH, W TAaKOrO poJAa aHOMAaIUU HaOIIOJalich B

OoybIIMHCTBE W3 HUX. [l09TOMYy MBI MOXEM C TIOJHBIM OCHOBAaHMEM 3aKJIIOYHTB:

HEBEPOSITHO, HO (aKT".

8.7 Pesaynbmamsbi N.A.MenbHuka

UccnenoBanus U.A.Menbuuka u3 Tomcka [137, 138, 139, 140¢BuaeTebCTBYIOT O TOM, YTO

Bpallaromieecs: Teja0 BIUSET Ha MHTEHCHMBHOCThH pacrlaja paJdOaKTHUBHBIX 3JIEMEHTOB. B xone

AKCIEPUMEHTa HW3MEpsUIach MHTErpajbHas IUIONIAJb IHKAa TraMMa-u3JydeHUs] pa3IMuHbIX
137, 60, 2395, 241 198 65

pammonykmuaos (T°'Cs, ~Co, u, ““Am, Au, °Zn). MenbHUKOM OBLIM IPOBEICHBI

JIOBOJIBHO TIIATEJIbHBIC HCCICAOBAHUS [0 BIIMSHUIO 3JIEKTPOMArHUTHBIX IOMEX OT pPabOThI

JIBUTATEIIS, U BBIJCIICH BKJIA HEAJIEKTPOMArHUTHOM COCTABIIAIONICH.

PesynbTaThl TOKA3a/IH, 4TO B Clydae ¢ "°CO (fera-pacrain) BpalieHHE Tel PSIoM ¢ oOpasioM
CHIDKAeT MHTCHCHUBHOCTh pacmaja, a Takke pacuerusieT GopMy rucTorpaMmbl HHTEHCUBHOCTH
Ha JBYropOyro U TpEXropOyro - B 3aBUCMMOCTH OT PACCTOSHHS JI0 Bpalmaromerocs: tena. Jis
anbda-pacnana (IUIyTOHHA W aMEPHIIMN) IMOJIYYWIIACh CIIEAYIOIAs KapTUHA: MHTCHCUBHOCTH
muka ~“AM yMeHblIaeTcs, a U yBenunuuBaercsa. Bimser na BenmuuuHy 3¢ddexra Takxe
CKOPOCTh M HampaBlieHHe BpamieHus. llocie ocTaHoBKM BpamieHUs 3(p(eKT HEeKOTOpoe BpeMs
octaérca - apdext merTacTabMIbHOCTH. BBIIO MMOKa3aHo, YTO 9TO BIMSHHUE HE DJIEKTPOMArHUTHO
Mo CBOEW mpupose, W 4YTO Ha HTOT APPEKT BIUAIOT TaKke OJU3KO PaCHOIOKEHHbBIS
HEBPAIIAIOIINECS MTPEIMETHI.

Ha Puc. 70mnoka3aHo n3MeHEHHE OTHOLICHHS AUCIEPCHH K M3MEPSIeMOMY 3HAYCHHIO TUIOMIAIN

65
MUKa raMMa-u3ay4eHus OT ~ ZN B 3aBUCUMOCTH OT PACCTOSHUS PaJMOaKTUBHOIO oOpasla a0
BpAIIAOLIETOCs CTAIBHOIO CTaKaHa ¢ BOAOH.
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Puc. 70. PacnpeneiieHHe OTHOCHTEJILHOI JHCIIEPCHMH TEPBOr0 JTana H3MEPEeHUH B 3aBHCHMOCTH OT
KOOPIMHAT B Pe:KUMe Bpalienusi mo 4acopoii crpesike (I1o) u cratuunom pexnme (Ct) (Puc. 8us [139]).

3neck BuaeH 3 (PEeKT MHBEPCHH KapTUHBI U3MEHEHUS JAUCIIEPCUU TIPHU BBIKIIOYCHUH BPAILICHUS:
YK€ W3BECTHBIH A(PPEeKT MeTacTaOMIBHOCTH NPOSBISIETCS TaKUM O00pa3oM, 4YTO Kak Obl
KOMIICHCHPYET HW3MEHEHUS IHUCIIEPCHHM CHUTHala, KOTOpOe OBLJIO MpH BpALICHUH, MOBTOPSS
3aBUCUMOCTb OT PAacCTOSHHSA, HO ¢ 0OpaTHBIM 3HAKOM.

Ho nauGosiee OpuUrnHaIbHBIMU OKa3aJMCh PE3YJbTaThl, MOJyueHHbIe MEIbHUKOM Ha o0pasiax
198AU [139]. JlBa 0Gpasua Gblin 06IyHCHbI OJHAM U TEM K€ HCTOYHUKOM HEHTPOHOB (B SEPHOM
peakrope). 3atem 3T 0Opasiel Obutd pasaeieHbl. OmuH oOpasen (paGouwit) moaBepraics
BO3JICHCTBUIO BPAIAIONIETOCA Teja, BTOPOW OBLI KOHTPOJIbHBIM, M TaKOMY BO3JCHCTBHIO HE
nojaBepraics, Oyaydd yHaJIE€HHBIM OT IIEPBOTO. BBIMOJIHSAIOCH OJHOBPEMEHHOE H3MEPEHHE
MHTEHCUBHOCTH paciiazia B 000ux o0pasiiax, aHaIn3upoBaIach KOPPEJSIHs paciaia B HUX.

Pe3ynpTar ynuMBUTENECH: NpH YBEIMYCHWH BPEMEHH BO3JCHCTBUS BpAIIAlONIErocs Tela Ha
paGoumii oOpazerr Koppeisius pacrnaga MexAay oOpasimamu yBenunuuBaiach o 0,66, a
(bayKTyanuu pacmaaa KOHTPOJbHOTO o0pa3iia CyIeCTBeHHO CHU3UIUCH. ABTOp THUIIIET:

"YTO MHTEPECHO, IKCIIOHCHIIMAIBbHOE 3HAUCHUE JAUCTIEPCUH TIEPBOTO [KOHTPOJIBHOTO]
oOpa3iia oT TeopeTudeckoro 3HadeHus omimvaercs Ha 10,8%, a mis BTOpOro
[pabouero] obpasna otiuune 3HayeHus Menbine 1%. Takum 00pa3oM, yMeHbIIICHHE
GaykTyanuu pacmaja U30Tomna 30JI0Ta B KOHTPOJIBHOM 00pasiie, Mo Bceil BUIMMOCTH,
CBSI3aHO ¢ MH(OPMAIMOHHON 3aBUCUMOCTBIO CO BTOPBIM OOpa3IoM, Ha KOTOPHIH B
JTAHHBII MOMEHT MTPOU3BOJUTCS BO3ICHCTBHE" .

Z[aﬂee B BBIBOJIaX aBTOP MUIIECT.

"CTraTUCTHYECKHH aHaIu3 PE3YyJIbTAaTOB, IOJYYCHHBIX IIPpU HU3MCPCHUN H30TOIIA
30JI0Ta, BBbIIBUII KOPPCIBKILNUIKO  HC3aBHCHUMBIX I/ISMepeHI/Iﬁ U 3HA4YUTCIBHOC
YMCHBIICHUC q)HYKTyaI_II/II/I miomaan IHnruKa IOJi1 KOHTPOJIbHOI'O 06pa3ua. Ilo Bceit
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BUAMMOCTH, TaHHOE SIBJIIEHHE CBA3aHO C 3(h(ekToM KBAaHTOBOM HeNoKambHOCTH. Eciu
paccMaTpHuBaTh sIpa U30TOIMA 30JI0TAa KaK KBAHTOBBIE CHCTEMBI, HaXOAWBIIMECS BO
B3aUMOJICHCTBHM APYr ¢ ApyroM (T.e. B 3allyTAaHHOM COCTOSIHUM) Ha aTOMAapHO-
SIEPHOM YpPOBHE B KPUCTAJUIAX COJIH, JIUOO B €r0 PacTBOPE, TO U3MEHEHUE COCTOSTHUS
OJJHOM W3 CHCTEM MIHOBEHHO NPOSBHTCS COOTBETCTBYIOIIUM OOpa3oM B JIPYToi
cucteme. B aToM ciiydae "mMoaynupyembie” GIyKTyaluu Bakyyma, BO3JIEHCTBYIOIIUE
Ha COCTOSIHHE KBAHTOBOM CHCTEMBI sipa aToMa BTOpPOrO 0O0pasla, BBI3BIBAIOT
KOPPEJSIIMI0O  CKOPOCTHM  paclaja KOHTPOJBHOTrO oOpasma. CoOTBETCTBEHHO,
JMCIIEpCUsl aKTUBHOTO sipa Takke MeHsercs. [locie OTKIIOYEeHHS BO3ICHCTBUS
(cTaTMYHBIA PEKUM H3MEPEHUS B JPYrOoM TOMEIICHHH, B OTCYTCTBHE KaKUX-THOO
BPALIAOIIUXCS 00BEKTOB), TUCIIEPCHUs BO3BPAILACTCS B UCXOJHOE COCTOSIHHE .

AHanoruuHeiid 3¢ppexkT MenTbHUKOM OBbLT MOTYYEH B SKCIIEPUMEHTAX C ®5zZnu *'Cs [139].

8.8 Peaynbmamebi C.3.lLIHonNs

Ha nporsbkennn Heckonbkux gecsatkoB jier C.3.IIuomem (MI'Y, Uucturyr 6uopusuku PAH,
r.Ilymmao) u ero KoJuieraMu Ucciaeayercsl siBJIeHUe MaKpO(IyKTyaluid ClIydailiHbIX (PHU3HYSCKIX
nporeccoB [141]. Im moka3aHo, 4TO BO BceX (pu3MyecKux mporeccax Ha 3emuie (OT IIYMOB
MbE30JaTYMKa TPABUTAMOHHOW aHTeHHBI 10 ajib(da-pacnama) Habmomaercs dddekr
HeclydailHOCTH (OpPMBI THCTOTpaMM IO MajbiM BbIOOpKaMm. He SBISIOTCS HCKIIOUYEHHUEM U
sJIEpHbIC peakluu. B TeueHue psiga 1eT OCHOBHON yCTAaHOBKOM [T M3y4eHHUS MaKpO(IIyKTyanui
GBUIH 06PasIBl >~ PUCO CYETIHKOM ab(a-qacTHIl, B TOM YHCIIE C KOIUTMMATOPAMH.

[MponmmoctpupoBath 3 dekT MakpodIyKTyarmii MOKHO clieAyrouuMm obpazom. Eciam B3sTh
moOble /Ba (DU3MUYECKUX TMPOLIECCa, U3MEPSATh pa3 B CEKYHIY WX CKOPOCTh, M IOCTPOUTH
THCTOTPAaMMBI CKOPOCTH UX MPOTEKaHus, Hanpumep, no 60 n3MepeHuii B KaX 10 rucrorpamme, a
3aTeM MOIMApHO CPAaBHUTH AT TUCTOTPAMMBI, TO OKa)XETCs, YTO HAaUOOIBIINM CXOJCTBOM OYAyT
o0JlaflaTh THUCTOTPAMMBI, COOTBETCTBYIOIIME MOMEHTaM pPaBEHCTBA MECTHOTO BpEMEHHU
npotieccoB (T.H. 3 ekt MecTHOro BpeMenu). sl COCEJHUX MO BPEMEHH T'MCTOrPaMM OJHOTO
npoiiecca Oyzaer OoJblllasg BEPOSTHOCTH BCTPETHTh TOXOXKHUE, HEXENH IS JI000ro Jpyroro
MHTEpBaJia MEXIy TUCTOTpaMMaMH. ECTh MepuoJbl MOSBIECHUS CXOAHBIX T'HCTOIPAaMM, paBHBIE
3BE3/THBIM CYTKaM, COJTHEYHBIM CyTKaM, 29-CyTOUHBII MEpHO]I U TOT0BOM.

OnbITh C KOJJTUMUPOBAHHBIMU UCTOYHUKAMH PaJMOAKTUBHOCTH TOKA3ajH, YTO €CJIM HAlpaBUTh
koumMarop Ha [lonspHyro 3Be3my, TO CYTOUHBIE LHMKJIBI CXOJCTBA T'MCTOIPAMM IIPOIAJAKOT.
Ecnu Bpamare KOJUIMMATOp B HAIIPAaBIEHMM C BOCTOKA Ha 3amaj, TO MOSBISIOTCA IEPHOIBI,
COOTBETCTBYIOIIME COBMECTHOMY BpallleHUIO 3eMJIM M KoJumumatopa. Eie oauH Jr0O0O0NBITHBIN
pe3ynbTaT: €CIM HalpaBUTh OJWH KOJUIMMATOp Ha 3amaj, a BTOPOW Ha BOCTOK, TO 3aIlaJHbIN
OyIeT moka3plBaTh TMCTOTPAMMBbI, CXOJHBIE T€M, YTO MOKa3biBal BOCTOYHBIA 718 mMuHyT (T.C.
MOJIOBHHY 3BE3/IHBIX CYTOK) Ha3al.

[lepuoxa cxoacTBa rUCTOTpaMM OJHOTO (PU3MUYECKOTO Mporecca B 718 MUHYT MOSIBISIETCS TaKKe
BO BpeMs BECEHHMX M OCEHHUX pPaBHOJIEHCTBUM. Bo Bpems COJIHEUHBIX 3aTMEHHMI Ha Bcei
MOBEPXHOCTH  3eMJId  (DU3MYECKUE TPOLECChl  IMOKA3bIBAIOT  CXOJHBIE T'HCTOTPAMMBL.
AHanornuHeii 3QQexT uMeeT MecTo BO BpeMs HOBOJYHHU. [Ipu MpUOMMKEHWH K IMOJIFOCaM
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3eMJIM ucue3aeT CYTOLIHHﬁ nepuoa ruCrorpaMm. B mMoMeHTHI BocXoaa M 3aX04a CBETUII TaKXkKe
MOABJIAKOTCA XapaKTCPHBIC TUCTOIPAMMBI.

W3 »3Tux pe3ynabTaToB CiEAyeT CYIIECTBOBAHHWE HEKOr0 KOCMO(HU3WYECKOI'O areHra,
JIEWCTBYIOIIETO Ha COBEPIICHHO pa3IMIHbIe (U3NUECKUE MPOIIECCH (Hampumep, Te ke 3P PEKThI
Obutn mostydensl rpymmod [IHoias mpu aHanm3e (IyKTyaluii TOKa HIyMOBBIX 1H070B). Ho
HanOoJiee MHTEPECHBIM MJIsi JAHHOTO 0030pa 3TOT 3P(EKT BBIMJISIUT B CBETE€ DKCIEPUMEHTA,
nposenéunoro C.0.11Inonem u B.A.IlaHuenroroii B 2006r0z[2y C Bpallaomeics HeHTpUupyroi u
JIBYMsI HEIOBIKHBIMH KOJUTMMHPOBAHHBIMU HCTOYHHKAME > PU [142].B 3TOM 3KCrepuMeHTe
MEPUOIMYECKU BKJIFOYATIACh U BBIKJIIOYATIACh OBICTPO BpalaloMIascs HeHTpUudyra - ¢ Iepuoaom
MEX1y TOJHBIMU HUKJIaMU BkitoueHuss 10 Munyt. OnuH KOJTUMATOp OBUT HANpaBIeH COOCHO
BPAIICHUIO, BTOPOH - MEPIEHAMKYISAPHO (T.e. CMOTpes Ha UeHTpudyry). [lepneHauKysipHbIi
KOJUTUMATOP IOKAa3all MEepPHO MOSBICHUS CXOIHBIX THCTOrpaMM B 5 MHUHYT (T.e. MOJTYNEpUO[
[IUKJIa BKJIFOUCHUS/BBIKITFOUeHHs). [Ipy 9TOM OCeBOW KOJUTMMATOpP HE MOKAa3al TAaKUX MEPUOOB.
ABTOpBI IPE/INIOAraloT, YTO TUCTOTPAMMBI IIOKA3bIBAIOT CXOJICTBO MPOIIECCOB MPU TOPMOKEHUHU
U pa3roHe HeHTpUQyry.

CxozctBo rucrorpamm rpymmoi [IHomns onpeaensieTcss SKCHEPTHBIM MeTOIoM (T.€. BPY4YHYIO).

ITonbiTKH CO31aThb MAaIlIUHHBIN AJITOPHUTM, Ha):[é)KHO BOCHpOI/ISBOI[ﬂH_II/Iﬁ TC XKC Bq)(l)eKTBI, qTO H
IIpU 3KCHECPTHOM METOAC CpaBHCHUS T'UCTOIpaMM, J10 CUX I1OP HE YBCHYAJIHMCh YCIICXOM.
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9. 93KPAHUPOBAHUE

B pabore [9] A.E.AxumoB omnwmchkiBaeT 3(P(EKTbl IKPAaHUPOBAHHS H3ITYYCHUS TOPCUOHHBIX
TeHEePaTOpOB. JKPAHUPYIOMICH KOHCTPYKIUEH SBISAIOTCA JIB€ MOJMATHICHOBBIE TUIEHKH,
pacTAHyTbIE B HEKOTOPOM HarpaBieHud. [1o MHEHHIO AKMMOBA, PAaCTSHYTOCTh IIEHOK CO3MAET
CIIMHOBYIO aHU30TPONUI0 (00Nafaroiue CIIMHOM MOJIEKYJbl IOJIMMEPOB OpPUCHTUPOBAHBI B
HEKOTOPOM TPEUMYIICCTBCHHOM HAmpaBJieHUH). B cuTyanum, KOria HampaBlIeHHE JTON
AQHM30TPONIMU Yy TUIEHOK TEPHNEHAMKYSPHO, W3IY4eHHEe OT TOPCHOHHOTO TeHepaTopa
ocabiisieTcs B HAauOOJIbIICH CTEIIEHH, BIUIOTh 10 ucye3HoBeHHs dPdektoB (Puc. 71).
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Puc. 71.JxpaHupoBaHHe TOPCHOHHOTO H3yYeHNUs CIHH-MOJSPH30BAHHBIMA MaTEPHAJIaAMH.

Brpouem, B naHHON paboTe AKMMOB HE NMPHUBOJUT HOAPOOHOCTH pabOT ¢ MIEHKAMHU - Kakue
JETEKTOPbl U TE€HEpPaTOpbl HUCIOJIb30BAINCH. I CMOI HaWTU ONUCAHUSA DSKCIEPUMEHTOB CO
CKpEIIEHHBIMHU TOJIMATUIICHOBBIMHU IIEHKaMu y Tpéx rpynn - A.B.bo6posa, I'.H./lynpHeBa u
B.Pennuma.

B pabore "Peakuusi IBOMHBIX 3JCKTPUUECKUX CIIOEB HAa BO3ACUCTBHE TOPCUOHHOTO TOJs” [144]
A.B.BoOpoB onuchIBaeT peakIuio ABOWHBIX AJIEKTPUUECKUX CIIOEB HAa BO3/CUCTBUE T€HEpaTopa
AKUMOBa ¢ MPUMEHEHHEM PA3IUYHBIX 3KPAHOB. DKCIIEPUMEHTHI MOKa3alu, YTO JEPEBO, CTalb,
KeNe300eTOHHAsT CTeHAa He MPEJCTABISIOT Mperpaiusl Uil H3IydeHHs reHeparopa (Kak W Juis
BOJICBOT'O BO3JICHCTBUS 4yelioBeka). PaccTosiHie OT reHeparopa J0 JaT4uKa MpH 3TOM ObUIO 5 M.
[MonmsTuneHossii 3kpan (I[13), paspadorannsnii B MHTL] BEHT, okasancs xopouieii nperpaaoi
s Bozzaerictus. A.B.BoOpoB mpoBepsit aBa BapwaHTa 3KpaHUpoBKH: B [ID 3aBopaumBaics
mbo reHepartop, 160 matumk. Korzma skpaH ObUT Ha reHEpaTope, CUTHAN JaTYMKa ObLI SIBHO
BBIpaXXEH, KPOME TOrO, ObUTM 3aMETHBI CKaUYKH TOKA Ha JIETEKTOpPE, KOTOPHIE aBTOP CBS3BIBACT C
BO3MOXXHBIMH CTPYKTYPHBIMHU IepecTpoiikamu Marepuana sdkpana (Puc. 72A, b, B, I'). B
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cliydae e, Korja B 3KpaH o0opauuBalCs JaTYMK, OTHOIICHHE CUTHAI/IIyM He mpeBbimano 1
(Puc. 72E, K, K).

0 1 2 3 4 5 6 7 8 9 10 yaACHI

Puc. 72.Peakuusi TOKOBOIi 3JIEKTPOJAHOI cucTeMbl Ha Bo3aeiicTBue reneparopa TII: A, b, B, I' - renepartop
TII obepnyr skpanupyromeil mienkoi; E, 2K u K — skpanupymomel IUleHKoH 00epHyTa ToOKOBas
3J1eKTPOJHAsA cucTeMa. R -TopcuoHHoe mpasoe noJe; L — jgeBoe noJie; M — BoJsieBble BO31eliCTBHS Ye10BeKa.

B atux xe skcnepuMeHTax ObUIO ompoOOBaHO BiausHUE [1D Ha BOJEBOE BO3/ICHCTBHE YEIOBEKA
Ha matyuk (yuacrok M Ha Puc. 721, /I, E). A.B.bo0OpoB numier:

"BaxxHbIM pe3yJabTATOM OJKCIIEPUMEHTOB SBJISAECTCS OOHAPY)KEHHE DKPaHUPYIOIIETO
NefcTBUA MIEHKU Ha M3JIy4YeHHE, UCXOAdIIee OT 4eloBeka. Tak, B ONBbITaX C JIATYUKOM,
06EpuyTeiM TUIEHKOW (kpuBas E), ammumryma peakimu Ha BosaedctBue BHKNY
(BBICOKOTIPOHHKAIOIICH HETEIJIOBOW KOMIIOHEHTHI M3Jy4eHHs YelloBeKa) cHikeHa Ha 40-
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70% OTHOCHTENIFHO aMIUIUTY/Ibl PEAKIMK JAaTUhKa, HE 3alIUIIEHHOTO TUIEHKON (KpHBbIC

Oul)"

B pabGorax I'.H.[dynpHeBa ommcaHbl SKCIEPUMEHTHI C BIMSHHEM W3Jy4Y€HUS TeHepaTopa
AKMMOBa Ha TEIUIOBBIE JaT4YMKHU - "Teriomep [epaiieHko", a Tak)Ke Ha MarHUTHBIM JaT4YuK,
MOMEIIEHHBIH B CTAJLHOM SKpaH i SKPAHUPOBAHUSI OT DSJCKTPOMATrHUTHOW KOMITOHEHTHI.
N3meHenuns mapaMeTpoB TEIJIOBOTO IIyMa B ATHUX HKCIEPUMEHTAX H3Y4arOTCsS B MX CBS3H C
TOPCHOHHBIM H3JIYYCHHEM, & Y MarHUTHOTO JaT4YMKa U3y4aeMbIM IMapaMeTpoM Oblia BETUYHHA
MPOU3BOJIHOW MArHUTHOTO TOTOKA. DKCIHEPUMEHTHI BKIIIOYAIM TaKKe BO3JEHCTBHE YeEOBEKa
(oxcTpacencoB) Ha (usndeckue natauku. B npenpunte [49] aBTOpHI MUNIYT:

HIn
1 3 -

"B HEKOTOpBIX clydasXx HPUMEHEHHE CIHEIMaIbHOIO IOJUAITUIEHOBOTO 3KpaHa oOT
TOPCHOHHOTO TIOJI JIaBaJIO IOJIOKUTENbHBIN 3(QeKkT - omeparop HE MOI BbI3BATh
PEaKLHUIO y JaTyhKa, 0OEPHYTOro B 3TOT MONUITUIIEH. Takke HE0OX0MMO OTMETHUTD, UTO
MHOTHE ONEpaTopbl YCHEIIHO HCIOJb30BAlU  CIEAYIOIIMHA MpUEM:  MBICICHHO
MPECTaBIISAIN Mepe]l COOON UyBCTBUTENBHBIN JIEMEHT U Ha 3TOT 00pa3 BO3/eHCTBOBAIIN.
B sToM ciydae, kak HpaBWIIO, HM PacCTOSHUE, HU pa3HOOOpaszHas IKpPaHUPOBKA HE
BJIMAIOT Ha pe3ynbTaT”.

I o o o e e e A S s e e s e e

0

Puc.
Hauauno

LI LI LI I I LI LI LI

110 320 21l gd0 1010 &
73. Peructpauusi TOPCHOHHOTO  M3Jy4YeHHMs ¢ TOMOIILI0O MATHHUTHOTO  JaTYHKA.
(nyseBasi ceKyH/Ia) - 3alyCK MPOrpaMMBbl CHATHSA TaHHbIX. WieT cHATHE (hoHA.
110-s1 cexynna. Bkmouaercst TI'. Ilonsipusanus u3rydaemMoro moJjs - jiepasi. Ha rpaguke BuaHo, 4rto
AMILIMTYA CUTHAJIA YBeJIHMYNJIACh.
3204 cexynna. [IpousBoauTcsi mepexaodeHue nmojaspuzanun udaydenust TI ¢ seBoit Ha mpaByio. Ha
rpaguke BHAHO, YTO AMIUINTYJAa CHTHAJa majaaeT A0 YypoBHs ¢oHa. [lanbHeiillee n3MeHeHHe
aMILUINTYbl CHTHAJA MOKeT ObITh CBSI3aHHO KAaK ¢ M3MeHeHHeM (POHOBOro 3HaYeHHS MATrHUTHOIO
10JIsl, TAK U ¢ MPOIeCCAMH B TOPCHOHHOM moJjie (3¢ dexThl THHA “mOCHeneiicTBHE”).
5604 cexyHa. Y cTaHOBKA MOJUITHICHOBOI0 3KPaHa OT TOpcHoHHOro moJs. Kak BuaHo u3 rpaduka,
3TO JelCTBHE TAKKe MPUBOAUT K H3MEHEHUI0 AMILJIUTYAbI CUTHAJIA.
89041 cexynma. CHsitme >KkpaHa. Omepamusi TOKe CONMPOBOMKIAETCS H3MEHEHHWEM AaMILIHTYIbI
CHUTHaJA.
10104 cexyHnaa. Beikiouenne TT, conpoBoxkIaeTcsi U3MeHEHHEM CHTHAJA.
11804 cexkynaa. OcTaHoBKa MPOrpaMMbl CHATHSI TaHHBIX. 3aBepiieHne YKCIIePUMEHTA.
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"lns oTBeTa Ha BCE TOT ke Bonpoc "UTo M3iydaeT TOPCHOHHBIN IreHepaTop?” mpoBeacHa
emé onHa cepusi U3 S OmbBITOB. B Hadane cepuu OBUTM MOJHOCTHIO BOCIPOM3BEACHBI
ycioBusi skcnepumenta ot  10.01.1998, u mosyueHa JOCTOBEpHAs PETUCTPALUs
Bo3zeicTBus TopcuoHHOro rereparopa (TI') Ha TerutoBoit martumk Ne3, aHaIOTWYHBIH
npenacrTaBieHHoMy rpadguky Ha puc. 18. [Tocie storo B aByx ombitax Mexay TI u
TEIJIOBBIM cTakaHoM (Ha pacctostHud 15 cM  OT reHepaTopa) yCTaHABJIMBAJICS
CHEIUATbHBIA TOJMATUICHOBBIA 3KpaH OT TOPCHOHHOTO TIOJsl KBaJpaTHOW (HOpMBI
pazmepom 30x30 cM U BHOBB TIOJHOCTBIO BOCIIPOU3BOIMIIMCH YCIIOBHUS SKCIIEPUMEHTA OT
10.01.1998. B o0oux ciydasx [OaT4uK HE 3a(UKCHpOBAT HUKAKHX MPU3HAKOB
Bo3zecTBus m3nydenus: TI. Tak kak MOJUATUIICH HE MPEMATCTBYET PACHpPOCTPAHCHHIO
AJIEKTPOMArHUTHOTO M3JyYCHHs B JIAHHOM JHMAala3oHe JUIMH BOJIH (3BYK), pe3yJbTaThl
3THX OIBITOB IMO3BOJSIFOT HAM YTBEPXKAATh, YTO TEIUIOBOH cTakaH Ne3 peructpupyer
MMEHHO TOPCHOHHOE moje, u3nydaemoe TI'. Kpome Toro, Hamie mpomioe CyXKJeHUE O
HU3KOU BOCIIPOU3BOJIUMOCTH PE3YyJIbTATOB BO3JICHCTBHS TOPCUOHHOTO TOJISI HA JTATYUKH,
BEPOSITHO, TMPAaBHJIBHO TOJBKO JUIS CIy4aeB BO3JCHCTBUS HAa HUX OIEPATOPOB
(PKCTpaceHCcOB), HO HE TOPCHOHHOTO TeHepaTopa’.

B CIJ.Ié OJTHOM JOKCIICPUMCHTC 0e3 MNPUMCHCHHA SKPAHOB B TOPCHOHHOM I'CHECPATOPEC OTKIIOYAJIACH
KaTyliKka U3JIYYCHUS IIPpH pa60TaIOH_I€I\/'I ynpaBHﬂIOHIGﬁ cxeme. B pe3yiibTare TEILIOBOH JaTYuK
MoKasajl IIOJIHOC OTCYTCTBUC BJIMAHHA TOPCUOHHOI'O TICHEpPATOpA, XOTd OSTO BIJIUSAHUC
BOCITPOU3BOAUIIOCH IIPU HOI[KJ'IIO‘IéHHOfI KaTyliKe.

[Mosxany#t, camble MacIITaOHBIE YKCHEPUMEHTHI CO CKPEIIEHHBIMU TSHYTHIMH IIEHKAMH OBLTH
npoBeneHbl Buncentom Pemnumiem - actpodusukoM u3 DauHOypra, OHM OMHCAHBl B KHHUTE
"Tonst Bpamaromuxcst Macc” [145]. Tlo coBeTy pycckux HcclieaoBareieidl OH H3rOTOBHII TAKHE
9KpaHbl U OOKJIEHWJ MMH HIMTHI, KOTOPHIMH MOXHO OBLIO TIOJIHOCTBIO OOJIOKUTH JIEPEBSHHBIE
crensl jaboparopuu. [locne sToro mHTEpPEpOMETp, COCTABICHHBIM W3 JBYX MapauICIbHBIX
TpyOOK, TepecTayl MOKa3bIBaTh HHTEPPEPEHIMOHHYIO KapTHHY, 3aME€4acMyl0 B OTCYTCTBHE
IKpaHOB IO OTKJIOHEHHIO PaMKH Ha PaccTOsSHUM 2 MeTpa OoT uHTepdepomerpa (B KauecTBe
UHIMKATOpa M3Iy4YeHHUs Peqiuin nmpuMeHsul oObIYHYIO OMOJIOKAIIMOHHYIO paMKy). Pemauin 31o
CBSI3BIBAET C TEM, UTO SKPAHBI MPETSTCTBYIOT MPOXOXKICHNIO N3My4deHus ot 3emunu u Conxna. OH
NPUMEHHI B TAaKOW SKPaHUPOBAHHOM Kamepe MCKYCCTBEHHBIE HCTOYHUKHU M3TYYEHUS, KOTOPBIMU
CIy)KWJIM BpalIAloNINecss MUCKH B JIBYX TOYMJIBHBIX MamnHaxX. Eciy BKJIFOYanach TOJNBKO OJTHA
Bpamaroiascs macca (oJHa MamuMHa), WHTepdepeHIMoHas KapThHa He Bo3HuKana. Koraa
BKJIFOYAJIMCh JIB€ MAIIMHbBI, HHTePQEPEHIINOHHAS KapTHHA TOSBIIIACh, TPUIEM pacCTOSIHUE, Ha
KOTOPOM OTKJIOHSIJIACH paMKa, 3aBHCEJIO OT yIila MEKIY OCSIMH BPAIlleHHS AUCKOB.

B cnywasx, korma TakumMu TUIEHKaMH OOKJIEMBAJIMCh Bpalmaronyecs Iuckd, 3ddekrta
SKpaHMPOBAaHMS HE HaOmonansock. B skcmepumenrax 06e3 wuHTepdepomerpa B.Pemmum c
OMOJIOKAITMOHHOM paMKOil 3aMeual MOTOKH M3IIYYCHUSI B OCEBOM U PaIMATBbHOM HANpaBICHUU OT
Bpaniarmmxcs macc (cM. Puc. 74-a) TOJIBKO B OTCYTCTBHHU 3KpaHUPOBaHUs. [l TOTO K€, 4TOObI
BpalllalolIasicsl Macca H3Jydaja B HKPAaHMPOBAHHOM IIOMEIIEHUH, HeoOXoauma emé onHa
Bpalarascs Macca, Npu4éM OTHOCUTEIBHOE PACHOIOKEHNE HCTOYHUKOB JOJDKHO OBITh KaK Ha
Puc. 741.
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Puc. 74. UznyyeHne BpalIalOUIMXCSi Macc B HEIKPAHHPOBaHHOH (a) W IkpanHupoBannoii (0, B, T)
JabopaTopuu.

Emg oauH cnoco6 SKpaHupOBKU TOPCUOHHOTO M3IyueHus Obut npuMeHéH 1. A . Menbaukom [138,
140]:

«B KadecTBe MOJTBEPKACHUSI PEATbHOCTU BIMSHUS HEIJIEKTPOMATrHUTHON KOMIIOHEHTHI,
MEXJy BajJOM pOTOpa U paJAMOAKTUBHBIM M30TONOM OblJa TOMEIIeHa KaTyIIKa
KalmpOHOBOW HWTH JICBOW 3akpyTku. B pabGore [1] omeITel mOKa3amM, dTO
JIEBO3aKpYUYECHHAsT HHUTH SIBJSETCS IOTJIOTUTENIEM I0JIsl, B Cllydyae BpAaLICHHUsS IPOTUB
4acoBOM CTpesiku. B JaHHOM BapuaHTe B 3KCHEPUMEHTE C KaTYIIKOW, MPU CKOPOCTH
Bpamienust 7000u 800006/mMuH, cpeHss BeIMYNHA (Sl S hrot) MpUOIU3UIIACEH K €IUHULIC.
Tect CrplofieHTa U CPEHMX IMOKAa3aJl OTIWYME JBYX BBIOOpPOK (C Karymikoi u 0Oe3
KaTYIIKH)>.
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10. NMPOBJIEMA OETEKTUPOBAHUA

CH0XHOCTh U HEOOBIYHOCTH OOBEKTa IO/ YCIOBHBIM HAa3BAaHHEM 'TOPCHOHHOE MOJje" SBISETCS
CepbE3HBIM BBI30BOM JJIsI SKCIIEPUMEHTATOPOB. MHOT]a MOKHO YCIIBIIIATh, YTO UCCIEI0BATEIN
Kak ObI MOT1asy 371ech BO BpeMeHa BomnbTa u ['anbBaHu B HCTOPUU M3YUYEHHS SJICKTPOMAarHeTH3Ma!
MHOYXECTBO pa3pO3HCHHBIX (PAaKTOB ILIIOC JOBOJHHO HAWBHBIC TMOIMBITKA MX CHCTEMAaTH3HPOBATH
TOBOPAT O "mpenBapuTeabHOM" dTamne ucciepoBanuil. [lo kpaiiHel mepe yxe ceifdac siCHO, 4TO
JTAHHBIN O0OBEKT MHOTO CJIOXKHEE HJIEKTPOMArHeTU3Ma JJisl M3y4eHHs IPUBBIYHBIMU METOJIaMH, U
HAKOTUICHHAs B XOJI€ BYX CTOJICTUH OMBITHAS 0a3a Ha OCHOBE BCEM MPHUBBIYHBIX MPUOOPOB 3/1ECH
HE BCer/ia MPUTojIHa.

OCHOBHEIE  CIIO)KHOCTH  TIO ACTCKTUPOBAHHUIO HCEIJICKTPOMAIrHUTHOIO ITIOJIA (I/IJ'II/I HOJ'IGIZ)
3aKJIFO4YarTCd B TOM, 4YTO OHH 00bLIYHO ciabee QJICKTPOMArHuTHBIX W TCIIJIOBBIX q)aKTopOB.
HCpBOG, 910 H€O6XOI[I/IMO C TOYKM 3PpCHUA CTPOroro 3KCIICPUMCHTA - 3a9KPaHUPOBATh ACTCKTOP
OT OTHUX (baKTOPOB, 100 K€ HUCII0JL30BaTh B KayeCTBE HpO6HBIX mpouecCCoB TC, Ha KOTOPLIC
3aBCIOMO HC BJIMAIOT 9TU XOPOIIO U3BCCTHBIC SIBJICHHUA.

Bropoii Mematommii pakTop - HEMOCPEACTBEHHO paboTaroliee HaMEepeHHe SKCIEPUMEHTATOpa.
D10 ABICHHE, IOXKAIyH, BIIEpPBbIE B UCTOPUH HAYKU BBIXOJIUT Ha MEPBBIH IUIaH B SKCIIEPUMEHTE,
u B pazzmene 12, mOCBAMIEHHOM NCHXO(HU3NYECKUM HCCIEIOBAHUAM, S KOCHYCh HEKOTOPBIX
MHTEPECHBIX PE3yJIbTaTOB MO BO3ICHCTBHUIO ONEPATOPOB HA TE JK€ JATYMKH, KOTOPBIE PEarupyroT
Ha W3Iy4eHHWE TOPCHOHHBIX TeHepaTropoB. boiee TOro, HeNOKambHBIH XapakTep TaKOro
BO3/ICHCTBHS, OCOOCHHO B HEIKPAHHPYEMOM BapHaHTe, NefaeT paboTy HKCIEepUMEHTAaTopa
KpaiiHe CIIOXHOH - Hago yd4ecTb HE TOJBKO (HU3MUECKHe, HO M YHCTO WH(POPMAIMOHHBIE
(hakTopsl.

N Tperunii dakrtop - BCeoOBEMIIONINI XapakTep sSBJICHUMN, Tae "'Bc€ BiauseT Ha Bc€", gopma
00BEKTOB ONIDKAMIIIET0 OKPYKEHUSI MOXKET CHIIBHO U HETPEJICKa3yeMO TOBIHATh Ha Pe3yJIbTaThl
JKcriepuMeHTa, a d(QexTsl mocieneicTBus U (HaHTOMOB, €CIM WX HE YYHUTHIBATh, MOTYT
JOCTaBUTh MHOTO HEOXXHJIAHHBIX MOMEHTOB HCCIIE0BATEIIIO.

Bor HekoTOpble pEKOMEHJAIMH JKCIEPUMEHTATOPOB, MHOTO JIeT paboOTaBIIMX  HaJ
JI€TEeKTUPOBAHUEM TOPCUOHHOTO Tmois. B pabGore «MeTton peructpauuu TOPCHOHHOTO
n3nydenusi» A.B.BoOpoB nmpHBOAUT clienyrolIre peKOMEHIAIMN MPU padoTe C IIEKTPOJIHBIMU
JIaTYMKAMHU Ha JBOMHBIX DJIEKTPUIECKUX ciiosx [146]:

"- mpeoOpazoBarenu (IaTYUKH) pa3MENIAIOTCS B MOMEIICHHH ¢ MHUHMUMAJIbHO BO3MOKHBIM
CYTOYHBIM TEMIIEPAaTypHBIM XOJOM, BAAIH OT J3JIEKTPOMATHUTHBIX M aKyCTHYECKHX U
APYTUX KCTOYHUKOB TIOMEX €CTECTBEHHOTO U aHTPOIIOT€HHOT'O MPOUCX OKICHUS,

- akcniepuMenTanbHoe momernienue (DI1) T0mKHO OBITh PACIIONIOKEHO BATH OT CKOTUICHHUS
JIFO/IeH; KOJIMYECTBO Jifojiel, Haxoasmmxcst B D11, 1o/mkHO OBITh JOBEACHO 10 MUHUMYyMa (B
npezese — TOJbKO OJIUH SKCIICPUMEHTATOD);

- npeObIBaHMe YKcniepuMenTartopa B OI1 gomyctumo B npeaenax 1 MUHYTHI,
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- JaTYMKH Pa3MEIIAl0TCs B SKPaHUPYIOIIEH Kamepe;

- MPOBOAMTCS CHHXPOHHAs pErucTpanus peakiuuu IByX WM Ooyiee HE3aBUCHUMBIX
JATYUKOB;

- JI0 Hayajga W MOcJie OKOHYAaHUsl BO3JEWUCTBUS MPOBOJUTCS JUIMTENbHAs pErucTpanus
(hOHOBBIX M3MEHEHU TOKA JATYNKOB;

- CYXJCHHE O pe3yJbTaTaxX HCCJICIOBAHHM BBIHOCSATCS HAa OCHOBAaHUHU OOLICTIPUHSTBHIX
METOJIOB CTATUCTUYECKOM 00pabOTKH IKCIIEPUMEHTATILHOTO MaTepuana."”

B pab6ore I'.C.llapankuna "IIpoGieMbl METPOJIOTHYECKOTO OOECHEYEHHUsT SKCIEPUMEHTOB B
00JIACTH CIHMH-TOPCUOHHBIX B3ammojeicTeuil” B coopunke CuOHUIIAA [147] yka3siBatoTcs
O0COOCHHOCTH METOAMKH JICTCKTHPOBAHHSI TOPCHOHHBIX TIOJEH, HAa MpPHMEpPE HCIOJIb30BAHUS
KBapIEBbIX PE30HATOPOB.

"Hamu BBIABICHO, 4YTO BCE OKpYXKCHHE JaTduka (T.e. DJIEMEHTHI KOHCTPYKIHH
U3MEPUTEIFHOTO TIPOCTPAHCTBA M YEJIOBEKA BOJHM3M HEro) MOXET OOyCIaBIIUBATh
nononautenibioe CTB  (ciuH-TopcronHoe B3ammopeiicteue — B.JK.). B aroii cBszu
opueHTanus yrnomsHyThiX gaTuukoB CTU (cmus-TOpcmonHOro wu3nmyueHus — B.XK.)
JI0JDKHA, TI0 Mepe BO3MOXKHOCTH, (UKCHpOBaThCs. HeoOXomMMo y4MTHIBATH TakkKe M
a¢dekThl, cBsA3aHHBIE ¢ BeposATHbIM BozaeiictBueM CTU Ha mpeaMeTsl OKpYXKEHHS BO
n30exxanne BpeMeHHoW HectaOmibHOCTH. Llenecoobpaszno ucrtounnk CTU opueHTHpOBATH
Tak, 4ToOBl OCh CUMMETpPUHU Obllla HaNpaBlicHA Ha CEeBep M 00s3aTENIbHO OTMEYaTh BU]I
NOJSIpU3aIMK (JI€BO-, MPABOCTOPOHHSIS 3aKpydeHHOCTD). [Ipu 3ToM Bektop CTU nomken
ObITh COBMEHIEH C OUAMETPOM KBapIEBOH JIMH3bI COOCTBEHHO pe3oHaTopa (T.e. IO
MaKCHMaJIbHOM YyBCTBHUTEIBHOCTH)" .

"AnprepHaTUBHBIM MeTOo10M orieHkH CTB B mociieqHee BpeMs MpeyioxKeHO UCTIONb30BaTh
U3MEpPEHHE PAJUOAKTHBHOIO €CTECTBEHHOro (oHa KakuM-IMOO THUIOM JaT4UKa
noHmsupymwiero uanydeHus. [Ipu pasmemenun B 30He CTH matumka cy€ra UMITYyJIbCOB
(cuétumk Teiirepa WM TBEPAOTCIBHBIA CHUHTHULIIHOHHBIN) MOXHO IPOU3BECTH
cootBeTcTBYIONTy0 oreHky CTB. 3meck ocraroTcss B cuiie BCe OCTajbHBIE TOJIOKECHHS,
YHOMSIHYTBIE BBIIIE, 32 UCKIOYEHUEM KaJTMOPOBKM MarHUTHBIM 1oJieM. YyBCTBUTEIBHOCTh
JaTYUKA MOHU3UPYIOUIETO W3yYeHHs] Ha HECKOJIBKO MOPS/IKOB BhIIIE KBApILIEBOTO, OJIHAKO
nocyieqHu 06JaaeT O00bIel cTaOMILHOCTBIO IO CPABHEHHUIO CO BCEMH APYTHMMH THIIAMH
JaTYUKOB."

JIeTeKTOpbl U MHAUMKATOPBl TOPCHOHHOIO MOJII MOXKHO Pa3AeliUTh Ha TpU prrIHBIZ. B nepsoit
uAET BO3JCHCTBHE Ha HEKOTOpoe paboyee Tello, Kak MPaBWIO, JKPAaHUPOBAHHOE OT
AJIEKTPOMArHUTHOTO U TEIJIOBOTO (DakTopoB. Bo BTOpOU rpymme M3MEpsIOTCS CTaTUCTHYECKUE
napamMeTpbl HeKoToporo (B KOHTpOJIE CUMTAIOIIErocsl CiiydailHbM) mporecca. M B Tperbeit
rpynmne uaET U3MEpEeHUe MapaMeTpoB (DOHOBOTO AIEKTPOMArHUTHOTO CHUTHAlda B HEKOTOPOH
MPOCTPAHCTBEHHON 001aCTH.

2
XoTs OHOIOTMYECKHE CHCTEMBI HamOosee YYBCTBUTCJIBHBI K HEDJICKTPOMArHUTHOMY H3JIYUYCHUIO, B JaHHOM
pa3aciic OHU HE paCCMaTPpUBAIOTCA KaK JaTYMKH BBUAY UX HHU3KOM TEXHOJIOTUYHOCTH.

91



10.1  [Jamu4uku, ocHo8aHHble Ha U3MeHeHuuU ceolicme paboyez20
mena

10.1.1 Odartuymkm Ha O3C

Jarunku BoObpoBa Ha 1BOMHBIX dnmekTpudeckux ciosx (JIIC) [144, 146]ycTpoeHbI CIeAYIONIIM
o0Opa3oM. B cTallbHOM cTakaHe C TOJIIUHOW CTEHKU 25 MM HaxoIuTCs OWJAMCTHUILTUPOBAHHAS
BOJIa, B KOTOPYIO OMYIICH AJIEKTPOJI - IUIATHHOBAs HUTh. Suelika CTAHOBHUTCS YyBCTBUTEIHHBIM
JJIEMEHTOM, €CIIM  CYIIECTBYET HEPABEHCTBO MApaMeTPOB MPHUDIICKTPOJIHBIX  JBOWHBIX
NIEKTPUIECKUX cI0EB. Toraa BHEIIHEEe BO3ICHCTBUE HA ATH CJIOHM MPUBOIUT K HECUMMETPHYHBIM
peaKIusIM, U 3TO OTPAKACTCS B M3MEHCHHU PA3HOCTH MOTEHIHMAIOB. KpoMe 4yBCTBUTEILHOCTH,
3/IeCh OYCHb BaXKCH ITApaMeTp BPEMEHU pPellaKCalliy JIATYMKa TTOCIIe BO3ICHCTBUSI.
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Puc. 75.TokoBblil TaTYHK HA ABOWHBIX IEKTPHYECKUX CJIOSIX. a) NIPUHIUIHAILHAS cXeMa, §) yCTpoiicTBO
aaTuyuka. MatepuaJ cTakaHa — CTaJib, HEHTPAJBHOI0 JIEKTPO/ia — IVIaTHHA.

ACUMMETPHUIO MOXKHO CO3/aTh NMPHJIOKEHHUEM K 3JIEKTPOJaM MOCTOSIHHOTO HampsbkeHus. Yepes
TaKyl0 SYCHKY B pe3ysbTare MPOXOMUT ciaabblii TOK (MOpsaKa MHKpPOAMIiep), KOTOPBIA
SBIIIETCS] U3MEPSEMBIM ITapaMeTPOM. DTOT TOK 00YCIIOBJIEH HOHHOM MPOBOIUMOCTBIO; pa3HbIe O
3apsAy M KOJIMYECTBY MOHBI YCTPEMIISIIOTCSI K 3JIEKTpoaMm, U paboTaer 37ech, MO-BHAUMOMY,
WMEHHO HoHHas acummerpus. [Ipuuém, kak ykaseiBaeT A.B.boOpoB, Takas cucrtema, CTpOro
rOBOps, SIBJIAETCS HMHJIMKATOPOM, HO HE JaTYUKOM - OHAa MOJKET I10Ka3aTh JIMIIb HaJIUYue
BO3/IMCTBUS, HO aOCOIOTHYIO KOJMUYECTBEHHYIO XapaKTePUCTUKY BO3JIEHCTBUS C IMOMOIIbIO HeE
U3MEpUTH CIIOXHO. HekoTopyro uHpOpMalMio JalOT TaKUe XapaKTEpUCTHKH, KaK CKOPOCTh
HapacTaHUs peakluy U BPEMsI peIaKCalllu.

A.B.boGpoB numier:
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"OCHOBHBIMU OTJIMYUTEIBHBIMU TIpU3HAKaMH peakiu TokoBoi DC, HacTynuBIIeH B
OTBET Ha HAYaJ0 BO3JCHCTBHS HIIK ero okoHuanue (cpasy wid 10 30-40 MHHYT CIyCTsI)
CIly)KUT BO3HHUKHOBEHHE «rop0a», a TakkKe BO3HHUKHOBEHHE TPEHIAa KpPUBOW, WIH
M3MEHEHHE ero HampaBieHus. Peakinus aeTekTopa, BO3HUKAIOIIAS MOCIE MPeKparleHHs
BO3/ICHCTBHS, YacTO OBIBACT BhIpa)KEHA CHUJIbHEE, YeM peakIysi Ha Hayalo BO3JCHCTBUS,
KOTOpasi MOKET HEe BO3HHKHYTH BOBCE.

K ominuurensHbIM MpHU3HAKAM peakIMU Ha ci1aboe BO3JIEHCTBHE OTHOCATCS TaKkKe
U3MCHEHHE DIICKTPHUYCCKOH aKTUBHOCTH (COOCTBEHHBIX IIYMOB) JETEKTOpPA, M M3MECHECHHUE
napamMeTpoB (YacTOThI M aMILTUTY IbI) KOJICOATEILHOTO Mpoliecca Mpu paboTe JeTeKTopa B
peXUMe aBTOKOJICOaHHIA.

Eme omHO 0COOCHHOCTHIO peakiMi TOKOBBIX JETEKTOPOB SBIISCTCS HEOIHO3HAYHAS
HAIPaBJICHHOCTh €€ pa3BUTHs (MOJIPHOCTH). M3MeHeHHe HampaBlCHHs TPEeHIa KPHUBOM
TaK e, KaKk ¥ MOJIIPHOCTH «rop0a», BO3HUKIIEES ITOCIIC Havalla Wi CHATHS BO3IACHCTBUS,
3aBHCHUT Kak OT coctosiHusi camoii DC (0T mpoXosIiero B JaHHBIH MOMEHT IMpoliecca
nojsipu3au  npudaekTpoAnbix JIIC), Tak ¥ OT BHEIIHHUX (PAKTOPOB, HEMPEPHIBHO
BO3/ICHCTBYIONINX Ha Hee, KaK Ha OTKPBITYIO cucTeMy. Penakcarus cocrossaus DC MOKET
umThes Ooxbire 1,5-2x gacos”.

Ha Puc. 76mnoka3aH npuMep CHHXPOHHOW peakiuu TPEX NATYMKOB HA U3ITYYCHHUE TOPCUOHHOTO
rereparopa AkumoBa. Ha Puc. 77 -peakius aBTokose0aTeIbHOTO MpoIiecca B TOKOBOM JaTYHKE
Ha HERJIEKTPOMArHUTYI0 KOMIIOHEHTY Jia3epa.

Hetextop 1

%
Hetextop 2

JetexTop 3

Kopp

? TACBI
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Puc. 76.Peakuus nerekropos 1-3 Ha BosaeiicrBue npaBbiM (R) u jeBbiM (L) TopcmonHbiM mosiem. Kopp. —
KOppeJSINOHHAsT KpuBasi JuIsi 1aT4dkoB 1 m 2. CTpeikoii, 06pameHHoil K KpuBoii, 0003HAYEHO HAYAJIO
BO3/1eiicTBUS; OT KpPUBOii — ero okon4anue. [IpsiMoii uHMel 0003HAYEHA CMeHA BO3/1elicTBHA NMPaBOro noJjs
R na Bo3aeiicTBHe JeBBIM moJieM L.

IU 1 |2 YA Chl

Puc. 77.B pe3yabTaTe BO3/CCTBHS Ja3ePHOT0 U3JIyYeHUs ¢ JIMHOI BoJHBI 630 HM Ha OMH U3 YJIEKTPOIOB
B TOKOBOil 3JIEKTPOJAHOIl cHCTeMe BO3HMK CTAIMOHAPHBIN aBTOKoOJe0aTeqbHBIH mpouecc. 1 — Jasep
BbIKIIOYeH, AK-npouecc mpekpaien; 2 — nazep BkiI04YeH, AK-npouecc Bo300HOBHIICS; 3 — CBETOBOI JIy4
TePeKpPHIT, IJIEKTPO/ He OCBElleH, HO ABTOKOJIe0aHNS NMPOA0JIKAKTCH; 4 — BKJIIOUEHHBIH Jia3ep MOBEPHYT Ha
90°.

Taxoke uHTEepecHsl pe3ynabrarsl rpymnmsl C.M.Koporaesa, npejacrasiennbie B pabore [158] — B
HUX H3Mepsiach COOCTBEHHas Pa3HOCTh MOTEHIMAJIOB 3JEKTPOAHON maphl, T.e. MPUEMHOMN
YaCcThIO BBICTYNAIM TaK)Ke JBOMHBIC 3JeKTpUueckue ciou. Konctpykims marumka (Puc. 78)
BKIIfOYajga B ce0sl KaK MHOTOCIIOMHYIO H30JIAIHUI0 OT BHEIIHUX BO3JCHCTBUM (M3MEHEHUI
TEMIIepaTyphl, JABJICHUS, OSJICKTPOMATHUTHBIX TIOJIeH), Tak ¥ KOHTPOJb BHYTPEHHEU
TemnepaTtypsl. Bo3neicTBre oCcyIiecTBIsIIOCh HEPAaBHOBECHBIM MTPOIECCOM — KHIIEHUEM BO/IBI.

I[Ba OJIMHAKOBBIX OAaTYMWKa pacCliojiarajiucCb Ha pa3HOM paCCTOAHHUH OT HCPABHOBCCHOI'O IIpoHccca,

mapaMeTpbl pPpasHOCTH IMOTCHHOUAJIIOB W TEMIICPATYPbl MCKIAY HHUMH BbIYHUTAJIMCh, U YXKC OTa
HUTOIroBas pa3HOCTb 3allMChIBAJIaACh CUCTEMOU perucTpanunu.
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Puc. 78.Cxema ycrpoiicTBa aerekropa. C —kopmyc riydokoBogHoro konreiinepa, D —abioap,
V — cocyn ¢ asiekTposnToM, E —3sekTponbl (BHyTpeHHee ycTpPoiicTBO He noka3zaHo), T —Tep-

MoaTYMK. MaTepuaJjbl. IITPHXOBKA — KANPOJIOH, ABOIHAsI IITPUXOBKA —300HHUT, TOUYKH — BO3-
AYX, He3aIITPHXOBAHHBI MPOMEKYTOK — BAKYYM.

ABTOpBI TTUIITYT:

«Ha Puc. 79moxa3an npumMep peructporpammsl dKcriepuMenta. Bumno, uro yepe3 24 10
MHH TI0CJIE BBIKIIFOUSHHMSI HCTOYHHKA MPOUCXOIHUT pe3koe ymenbineHne AU (AUm= -5.5
MB) 1 3aTeM — MHOTrOYacoBas pejakcanus K KICXOAHOMY ypoBHIo. [lapaiensHas 3amnuch
AT mokaspIBaeT, 4TO Hayallo PeakIHUM JETEKTOpa MPHUMEPHO COBMAJAeT CO BPEMEHEM
[IPUXO/a TEIJIOBOM BOJHBI, HO KOJMYECTBEHHO H3MEHEHHE TeMIepaTypbl HUYTOKHO:
AT=0.008 K. D10 coorBercTBOBasi0 OBl yMeHbLIeHHI0O AU Guaromaps KiaccHUeCKOMY
nokaigbHOMY MexaHu3Mmy Ha 0.0011 MB, uTo HecomzmMepumo Majlo 1O CPaBHEHUIO C
3aperucTpUpPOBAaHHBIM CUTHAJIOM. Bpems penakcauuu temnepaTypHoro BosmyuieHus AT,
Kak BuaHo u3 Puc. 79,Heconsmepumo Gosbiie BpemeHu penakcaiuu AU. CoBnasenue
BpEMEHH IpHuxoja TepMoAU((Y3HOHHONH BOJHBI M HA4aJOM HEJOKaJbHON peakIuu
npescka3aHo B [8] u3 Teopernueckux coodpakeHHi (HeIOKaIbHbBIE KOPPEISIHN CBSI3aHbI
C DJIEKTPOMAarHUTHBIM mosieM Ywiepa—DeliHMaHa, @OpUYeM B3aUMOJACHCTBHE Ha
MHKpPOYPOBHE MTPOUCXOMUT MO MEXK4YacTUUHBIM wersim). Ha Puc. 79 conmepxutes Taxke
TOHKas JieTanb, HaOJIOAaBIIAsACS NPUMEPHO B IMOJOBHMHE ONBITOB — HEOOJIbIIOE
BOJIHOOOpa3Hoe noHmwkeHne AU mepen HadanoM OCHOBHOro cmazaa. Ilpupoma s3toro
IPE/IBECTHUKA HESICHAY.
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Puc. 79.I1pumep peructporpamMmsl 3kcriepuMenta; AU — pa3HOCTHBII CHTHAJ 1€TEKTOPOB (B MUJLIN-
B0JIbTax), AT —pasHOCTh BHYTPEHHHX TeMIepaTyp AeTeKTopoB (B rpaxycax), t —Bpems (B yacax). 1—
MOMEHT BKJIIOUEHHS HATPeBaTeJIsl B ICTOYHHKE, 2 —MOMEHT 3aKHNAHUs, 3 —MOMEHT BBIKJIIOYEHUS
HarpeBateJIsi B HCTOUHHKe <7,>=(149+47)muu. IlocTosiHHASI BpeMeHH peJiakcaluu oleHeHa ~360MuH.
Bpewmst npakTyeckoro okoHuanusi 3¢pdexra onpenensiercs HaumeHee TouHo. [Ipn6éankeHHO Bpemst
BoccTanoBJeHus (ot AU=AU,, 1o npakTn4yeckoro okonuanus 3¢ dexra) t, okazanocr B cpeaHeM
<t,>~8<t;>, rae t; —Bpems magenus AU (t;=t,—1).

ABTOpBI OTMEYAIOT OOJIBIIOE BPEMsI peslaKCallii TaKUX JTATYUKOB, YTO 3aTPYAHSET BBITOJIHEHUE
O0JIBIINX CEPUI OTIBITOB C HUMHU.

10.1.2 [JaT4yMKu Ha MUKpOCXemax

B xadecTBe Apyroit cucteMsbl, pearupyromieid Ha HeRJIEKTPOMArHUTHBI KOMIIOHEHT, U3Ty4aeMbIi
orepaTopaMy U TOPCUOHHBIMH reHepaTopamu, A.B.BoOpoBbIM ObUIM MCTIBITAHBI ONEPALIMOHHBIE
yewturenu (OY) Ha maTerpanbHbix Mukpocxemax (MMC). UyBCTBUTENBHBIME 3JI€MEHTAMHU B
ATOM CJIy4ae BBICTYHAIOT P-N MEpeXo/ibl, U YyBCTBUTEIBHOCTh CUCTEMBI B IIEJIOM OMPEACIISETCS
TEM, B KaKOM peXHMe paboTaloT Mepexojibl, Iie B cXxeMe (HACKOIBKO OJHM3KO KO BXOAY) OHHU
crosar, W Kakue GyHkoum Hecyr. Ilpum wucnomb3oBanmnm OY B KauecTBe JAaTYMKOB
HEMHBEPTUPYIOMINH U WHBEPTHPYIOLIUHA BXOJBI 3a3€MIISIIOT, U U3MEPSIOT U3MEHEHHUS BBIXOTHOTO
HanpspkeHust OY kak cuH(a3zHOW TOMexH, OOYCIIOBJICHHOW BO3JCUCTBHEM Ha P-N-AI1epexobl
MHUKpPOCXEMBI, B JaHHOM CIlydae MMEHHO TOMeXa BBICTYIAET IOJIE3HBIM CHUTHAJIOM Ha BBIXOJIE
JaTYHKA.

A.B.BoOpoB yka3biBaeT: "DkcnepumMeHThl 80X T0O70B MOKa3aiM, YTO MPU CHUKCHUU BEITMYUHBI
HAMpPSDKCHUSI PA3HOMOJSIPHBIX MCTOYHUKOB MuTaHus (B 3-4 pa3a OTHOCHUTEIBHO HOMHHAJA, HO
[pU COXpaHeHUH paBeHCTBa ux 3HaueHuil) He MmeHee 20% MMC tuma K553YJ]1A nprobperator
CIIOCOOHOCTh pearupoBaTh Ha IUCTAHTHOE BO3/CHCTBHUE UeIoBeKa .

B 3Tux skcnepuMeHTax MUKPOCXEMbl BMECTE C HCTOYHUKAMU MUTaHMs TIOMEIIAIUCH B CTATbHON
3a3eMJIEHHBIA SKpaH, CUTHaJ mocje uHTerpupyroomeii RC4ienoukn cuuThIBancs ¢ MOMOIIBIO
YCUJIUTEINs TOCTOSSHHOTO TOKa W perucrparopa. Takxke xopomio celsi 3apeKOMEHI0BaIo
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nocJieoBaTeNibHOE BKItoueHue nByx UMC, korna 3a3emisiiiuchk BXosl iepporo OV, a curxan ¢
€ro BbIXOJIa MmojaBalicss Ha Bxoja Broporo. Ha Puc. 80 mokasan npumep BO3IEHCTBHS HAa TaKO
JIBOMHOM JTATYUK. €CJIM OTHOLICHHE CHTHaJ/IIyM Ha BBIXOJE MEPBOr0 KacKaja HE IMPEBBIIIAET
€JIMHUILY, TO Ha BBIXOJIC BTOPOT'O OHO COCTaBIIsieT 2-3.

1
2 MW
e ol
s 8 |¢
0,5 gaca

Puc. 80. Peakunusi Ha BoJIeBOe BO3/1eiicTBHe HA BbIXoJe AeTekTopa Ha MMC ¢ aBymMs mocJieoBaTeibHO
BKJIIOYEHHBIMH MHMKPOCXEMaMH.

Taxxke boOpoBeiM OblTa coOpaHa cxeMa TreHepaTopa CBEPXHH3KMX YacTOT Ha OCHOBE
MOJIYIPOBOTHUKOBOM MUKpOCXeMbI [57]. ['eHepaTop ObLT MOMEIIEH B SKPAHUPYIOIIYIO KaMepy U3
TIOpANIOMUHAS  TOMIUHON 1,5 MM, W wucmonp3oBajicss B KayecTBE JaT4YMKa TOPCHOHHOTO
n3nydeHus. Ha Hero ocymecTBsUIOCh BO3ICHWCTBHE MajibIM TOPCHOHHBIM T'€HEPAaTOPOM
AKHMMOBa, a TAaK)Ke TOPCUOHHBIM TeHepaTopoM boOpoBa Ha cBeToamnoaax ¢ paccrosiaus 40 cm. Ha
Puc. 81u Puc. 82mnoka3aHbl pe3ynbTaThl 3TUX SKCIICPUMEHTOB.
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Puc. 81.HM3MeHeHHe 4acTOTHI KoJ1e0aHUN HA BbIXOJe MOJYNPOBOJIHHKOBOH HMHTerpajbHOH MHKpPOCXEMBI,
BO3HUKABIIIMeE MPH Bo3/1eilicTBHMU HAa Hee TOpcuOHHBIM reneparopom MHTIL BEHT. Kpusas b —nipogosixenue
kpuBoii A: A(1, 3, 5),B(7) —Bo3aeiicTBue JeBbiM mosieM; A(2, 4), B(6) —Bo3aeiictBue npaBbiM moJjeM. B(8) —

ycTaHoBJeH 3kpan. B(9) —Bo3aeiicTBHEe HMITYJIbCHBIM MOJIYIPOBOAHMKOBBIM Ja3zepom JIU.
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Puc. 82. U3mMeHeHHsI 4acTOTHI KOJeOAHUH Ha BBIX0J€ MOJYNPOBOIHHKOBOI HWHTErpajbHOW MHKPOCXEMBI,
BO3HMKaBIIMe TNPH BO3/eiiCTBUM HAa Hee H3JyYeHHeM, HMCXOJMBIIEM OT MNPsAMOi M OOpPaTHOl CTOPOHBI
HM3JIyuyaTessi Ha CBeTOAUOJAX.

IMo3uuust 1 Ha puc. A —HaYaj0 BO3AEHCTBUSA JIMIEBOH CTOPOHO W3/IydYaTesi; mo3unus 2 —ero okonyanne. C
HA4YaJ0M BO3JEHCTBUS YacTOTA JETEKTOPa Pe3K0 BO3POC/a, a MOCJIe ero OKOHYAHHSI BOCCTAHOBHJIACH /10
HMCXOJHOI0 3HAYEHHS.

Mo3uuus 1 Ha puc. b —Bo3aeiicTBHe JIMIEBOii CTOPOHOI H3JTyYaTes; MO3UNMA 2 —BO3/elicTBHE €ro ThLJIbHOI
croponoii. Kak m B ombiTe Ha puc. 4A, npu BO3IeHCTBHM JULEBOH CTOPOHON H3JIy4YaTessi 4acToTa
KoJie0aHuii reHepaTopa Bo3pocia. [Ipn Bo3aeiicTBHH THUILHOW CTOPOHOI YacTOTa KOJeOaHMii cTajia HUKe
HMCXOIHOM.

B onbiTe Ha puc. B Bo3gelicTBMe NPOM3BOAWJIOCH B OOpaTHOM NoOpsiike — (Hayajia ThLIBHOH CTOPOHOM
m3nyuarenas (mo3muus 1), a 3aTem JimneBoii (mo3uuus 2). B pesyibTaTe BO3HMK/Ia 00paTHAsi KAPTHHA. MPH
BO3/1eiiCTBUM THLIBHOI CTOPOHOH 4YacTOTa reHepaTopa ynaja HHU’Ke MCXO/JHOH, NMPHU BO3JeiCTBUH JIMLEBOIl
CTOPOHOIi MPeBbICUJIA HCXOAHYIO.

10.1.3 MarHuTHbIX JaTYUK

I'pynna I'.'H.AyneaeBa u3z JIMTMO B 90< roasl mpoBoawia paboThl MO MOHMCKY CHOCOOOB
npuOOPHON perucTpanuu TNCUXO(PHU3UUYECKOTO BO3JICHCTBHS YEJIOBEKAa, a TaKKe H3IIy4eHUs
TOPCUOHHBIX TEHEPAaTOpoB. B KauecTBE OJHOTO M3 JATYMKOB HCIIOJIH30BAJICS CTaHAAPTHBIN
Marautrometp [-79. OH momemancs Ui yMEHbIIECHHUSI HMITYJIbCHBIX JIEKTPOMAarHUTHBIX TOMEX B
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CTaNbHYIO TPYOy C TONmMHO#M cTeHOK 11 MM (B mITaTHOM BapHaHTE HCIOJIb30BAHUS JATUUK
pearupoBajl Ha MPOU3BOJHYI0 MarHUTHOTO MOTOKa). XOTs MOJHOCTHIO SKPAHUPOBATh JATUUK OT
nomex He ynanock (mpubop mpoaospKal pearupoBaTh Ha Ipo3y B ropojie, Ha paboTy CBApOYHOTO
ammapara B 37aHHHM, Ha BKIIOUCHHE CBETa B KOMHATE), B P CIy4aeB JOCTOBEPHO
(uKCHpPOBaAIOCH BO3ACHCTBHE TOPCUOHHOT'O T€HEPAaTOpa U ONEPaTOPOB.

HT
120 +

100 +

80 +

Puc. 83.0TKIMK MATHUTHOI'O AaTYUKa HAa BKJIIOYCHHE TOPCUOHHOTO reHepaTopa.

Jlatunk pearupoBai Ha BKitoucHue/BoikI0YeHne (Puc. 83),a Takke Ha MepekOYeHHe peKuMa
paboThl TOPCHOHHOTO reHeparopa AkumoBa. O TPEIIONOKHTEIBHO HEIICKTPOMArHUTHOM
XapakTepe TaKOro BO3JCHCTBHS TOBOPUIIA HU3KAsl CTEIIEHb BOCIPOU3BOAUMOCTH 3 dekTa (0KOI0
20%), uyTO HEXapaKTepHO I DJIEKTPOMAHMTHBIX SIBICHUH, a Takxke 3(PQeKT ocaabieHus
peaki K KOHIy ceaHca u3MepeHHid. ONbITBI ¢ TOPCHOHHBIMH SKpaHamu (ITOJUITHICHOBBIC
CKpEIICHHBIE TUIEHKH) MOKAa3ald, 4TO TAKOe YKpaHHPOBKa TOJbKO B 50% ciyuaeB ITOCTOBEPHO
OTpa)kaeTcsi Ha pe3yJbTare.

10.1.4 MexaHun4YecKue cucTemMbl

KpyTuiabHblie Bechbl

JlanubIit 0030p HavasCs ¢ ynoMuHaHus pe3ynbraroB npod. H.IT.Memmkuna [1, 2, 3],koTOphIit Ha
OCHOBAaHUM AKCIIEPHUMEHTOB C CHMMETPUYHBIMH KPYTHJIBHBIMH BECaMH NPUIIENT K BBIBOAY O
CYILECTBOBAHUH TIOHIEPOMOTOPHBIX CHJT (OT MOHIEOC - BEC, MOTOP - IBMIKEHHUE) B IIPOCTPAHCTBE,
B KOTOPOM DAaCHpOCTpaHseTCs Jy4HcTas dHeprus. JlaBaiiTe paccMOTPUM STH IKCIEPHUMEHTHI
6oJiee moIPOOHO, MTOCKOJIBKY JaXKe CITYCTsI BEK OHU HE MOTEPSUIA CBOCH aKTyaJIbHOCTH.

YcerpotictBo, omucanHoe H.IT.MBITIIKMHBIM, TMPEACTABISLUIO COOOW TOHKHM CIIOJASHOW JTUCK
IMaMeTpoM /5 MM, MOJBEIICHHBI TOHKOW AJIOMHHHUEBOM MPOBOJOYKOW 3a LEHTP K JIETKOMY
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3epKajblly, KOTOpPOE B CBOIO O4Yepeab ObLIO TMOJABEIIEHO Ha JBYX KOKOHOBBIX HHTAX K
HENOJBM)XHOM orope. JTa KOHCTPYKLKS MOMENIalach B 3aKPBIThIM OT BHEIIHUX TOKOB BO3JlyXa
JIEPEBSHHBIN ALK C TPeMsl CTEKJIIHHBIMU OOKOBBIMM CTEHKAaMHU M OJHOM TJIyXOH. 3epkaiblie
M03BOJISLIO OTCIICKUBATH TIOBOPOT TOABMKHON CUCTEMBI 110 OTpaXEHHOMY Jiyqy cBeTa (puc. 69).

Puc. 84.9xcnepumentanbHas ycranopka H.II.Mbimkuna [1].

OmbIThl, ONMCaHHbIE B [1], 3aKiIro4anuchk, BO-NEPBBIX, B OCBEIICHUU TTOMEUICHHUS MCTOYHHUKAMHU
CBETa PAJIMYHOM  UHTEHCHUBHOCTH, a, BO-BTOPBIX, B JOJTOBPEMEHHOM OTCJIEKUBAaHUU
©KeJHEBHBIX MOKa3aHWM Nmpubopa B TEUEHHE HECKOJIBKUX JIeT. VI B TOM U B JpyroM ciydae
npubop He CTaBMJCA IIOJl HpsAMBIE Jy4M, B psJe CIydaeB MOJBMXKHAS 4YacTh Npubdopa
3aKpbIBaJach HEMPO3PaYHBIM SKPaHOM. VICTOUHHMKHM HMCKYCCTBEHHOTO OCBEIICHHMS (pa3iMdHbIC
TOPEJIKU ¥ JIAMITBI) PacIojiarajich Ha PacCTOSTHUM HE MEHBIIE MEeCTH METPOB. TeM caMbIM ObLIO
MHUHMMU3UPOBAHO BJIMSHUE KOHBEKIIMU BHYTPH KOpIlyca nmpubopa.

Pe3ynbpraT, KOTOpBII HpOSBISAJICS BO BCEX CIydasX: NPH BO3PACTAHMHM OCBEIIEHHOCTH JUCK
[IOBOpAuMBajICid Ha HEOONBLION Yros MPOTHUB 4YacOBOM CTPENKH, Yroj MOBOPOTAa 3aBHUCEN OT
WHTCHCUBHOCTH cBeTa. [IoBOpPOT OBUI MOCTENEHHBIM - mpuMepHO uepe3 20 MHUHYT mocie
BKJIFOUEHHSI CBETa AMCK IMPUHUMAl HOBOE MOJIokKeHWe. [Ipu BBIKIIIOUEHHH HMCTOYHHMKA CBETa
JUCKY TpeOoBaloCh NPUMEPHO TaKo€ >K€ BpeMs, YTOObl MPHUHATH IPEKHEE IOJOKEHHE.
XapakTepHblli yroi OTKJIOHEHHH JucKa Tpu HanOoJiee WHTEHCUBHBIX HMCTOYHHMKAX CBETa -
NpPUMEPHO TMOJIOBMHA rpaayca. M3MepeHHble cuibl, JEHCTBYIOIIME CO CTOPOHBI I10JIBECA,
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5
cocraBuan 666*10° nun (mapa cuil, MPHIIOKEHHBIX K KPAKO JUCKA).

B GonpmmHCTBE CilydaeB Ha JMCK JEMCTBOBAIM PAaCCESHHBIM CBETOM. B psne cimydaeB mpubop
pearupoBaj Ha HEMOHATHbIE ()AaKTOpPbI, HE CBS3aHHbIE C W3MEHEHHEeM ocBeuleHus. B Oonee
MO3/IHUX HKCHEPUMEHTaX MBIIKUHBIM ObUIO MOJMEYEHO CBOMCTBO (DaKTOpa, 3aKpyUHBAIOIIETO
JIMCK, HAaKallJMBaTbhCs pa3jiMuHbIMU TesnaMu. Hampumep, oJHy dYacTh AepeBSHHOro Opycka,
pacnuIeHHOr O MOTO0JIaM Ha JIB€ OJMHAKOBBIE YaCTH, BBICTABISUIM HA COJIHIE, BTOPYIO JEp)Kalli B
TeHHU. 3aTeM "COHEYHBINH" OpYCOK OCTBIBAJI J0 TOH K€ TeMIIepaTyphl, 4To U "TeHeBou . [Ipubop
HE peardpoBaj Ha "TEHEBOH' OpYyCOK, HO pearupoBajl Ha "COJHEYHBIH MOa)ke depe3 JKpaH.
[Tpubop pearupoBan aHAJOTHYHBIM OOpa30M Ha JEPEBSHHBIN OpPYCOK, “3apsHKEHHBIH" B TOJE
MOCTOSTHHOTO MarHuta. Bo3neicTeue ot 00yuéHHOro oOpasia co BpeMeHeM Hcue3alo.

Bo MHOrom ananormuHble SKCIEpUMEHTHI Obutn mpoBeneHbl B.bemseBeim B 70<€ Toapl ¢
npudopom «Jlenpra» [3]. [loaBmkHOI YacThiO MPHOOpa CIYKII PaBHOOCIPEHHBIN TPEYrOJIbHUK,
BpAalIaBIINIiCS HA TOHKOM HUTU B CBOCH (FOPH30HTAIBLHO PACIIOJIOKEHHOM) tuiockocTh. [Ipubdop
MOKa3bIBAJI OTKJIIOHCHHS TPH TNPUOIMKEHUU IUKJIOHOB, 33 HECKOJBKO THEH 10 TepeMEHbI
MIOT0JIBI, PEArMpPOBaJl HA HAXOASIIMECS PSAOM NpeaAMETHI. bensieB oTMevaer:

«[Ipubop MakCUMaNbHO pearupyeT Ha JXUBOH OOBEKT TOJBKO TOTJAa, KOrjAa TOT
pPacoJIOKEH B CTPOrO OMNPEAENIEHHON MO3UIMKM MO OTHOUIEHHIO K «Jlenbre», a, Kpome
TOTO, U B CTPOrO ONPENEIEHHON TOUKE MPOCTPAaHCTBA. IHTEpECHO, YTO B TEUEHHE CYTOK
9TH «AaKTHBHBIE» MO3ULUU MEHSIOTCS, MAKCUMYMbl PEArMPOBAHUS CMEIIAIOTCS, CIOBHO
OBbI cCaMO TIPOCTPAHCTBO MEHSET KaKHe-TO CBOM XapaKTEPUCTHKHU. .. ECIN ke mepeMecTuTh
cam mpudOp, TO CTpeKa 3aiMET HOBOE IMOJIOKEHUE, HO «aKTUBHBIE» TOUKHA OCTAHYTCS Ha
CBOMX MeCTax.

Crpanno u npyroe. KocHble, He)XHBBIE Tela BO3JACHCTBYIOT Ha MpUOOp BechbMa ciiabo, B
TaKUX CIy4asiX CTENEeHb OTKJIOHEHUS MHIMKATOpAa 3aBHCHUT TOJBKO OT MAaCChl BHECEHHOTO
B «3OHY YYBCTBHUTEJIBHOCTH» MpPEAMETA U OT KBajJpaTa PacCTOSHUS IO HETO; aKTUBHOCTh
e MMPOCTPAHCTBEHHBIX TOUEK ITOYTH HE MPOSBIISAETCS».

bonbiyto uzBectHocTh monyursin dkcrepuMenThl H.A.Ko3bipeBa ¢ HECUMMETPUYHBIMH U
CUMMETPUYHBIMU KPYTHJIbHbIMH Becamu [/, 148]. HecummeTpuuHble KPYTHIBHBIC BEChI
NPEJICTABIISIIN COOOM TOHKYIO JIETKYIO CTPENIKY C TNPHUKPEIUIEHHBIM T'Py30M HOpsiaAKa OJHOTO
rpamMMa Ha OJIHOM KOHIIE U TTO/IBEHICHHYIO 32 IIEHTP TSHKECTH Ha KalpOHOBOW HUTH ToimuHONW 30
MKM u jiuuHou 5-10 cM. Bor mepedeHb OOBEKTOB M IMPOLIECCOB, HA KOTOPBIE pearupoBaiv
KpPYTUJIbHBIE BECHI:

* IIpoeuupoBanue n3o0paxenus 3831, JIyHbI U TUIaHET HA TOYKY MOJBECA CUMMETPHIHBIX
BECOB U TOUKY Ha jiHe GyTisipa (psSI0M ¢ JTHHHBIM KOHIIOM CTPEJIKHM) HECHMMETPUIHBIX
BECOB; BECHI pacrioyiarajirch HemoaABmxkHO B hokyce Ky teneckona-pediiekropa;

* HepaBHOBecHbBIE TEpPMOAUHAMUYECKHE TPOLIECCH (MCITAPSHUE JKUIKOTO a30Ta, TasTHUE JIbA,
OCTBIBAHHME HArpeToro Teja, HarpeBaHUE XOJIOIHOTO Teja, PACTBOPEHHUE COJIH,
ckatue/pacTsHKeHHe TSI U T.11.);

*  YenoBek B 0OJIC3HEHHOM COCTOSHUM, @ TAKXKE MPU CHIILHOM SMOIMOHAIBHOM BO30YKICHNUHY;

» Cpe3aHHbIC PACTCHHUS - PA3IUYHAS PEAKIIHMS B Pa3HbIC BEr€TATUBHBIC TIEPHO/IBI.

CI/IJ'IBI, ﬂeﬁCTBYIOIHHG Ha KOPOMBICJIO BCCOB B SKCIICPUMCHTAX KOSBIpeBa, ObLIH nopsaaKa 103 -
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10™ nun. Ha Puc. 85moka3ana peakiusi KpyTHIBHBIX BECOB Ha HaOoneHus 38e31bl 1 Cas.Ilpu
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Puc. 85.1Ipumep perncrpanuy oTKJIOHEHHS] BECOB NP Had oaeHnu 3Be31bl 1] CasHa teieckone PM-700.

A.I'TTapxomoBeiM B crtathe "Ha uro pearupyror kpyrtwibhbie Bechl” [153] npusemens
pe3yabTaThl AHKCIEPUMEHTOB M MOJCIMPOBAHHUE BO3MOXKHBIX MPHYMH TOBOPOTA KPYTHIIBHBIX
BECOB. ABTOp MOJATBEPANI Clenyromme d3PPeKTh:

«1. Yka3zaTenu KpyTHIBHBIX BECOB 33 BPEMsI MOPSIKA MUHYThHI YCTAHABIIUBAIOTCS B
HEKOTOpPOM HaripaBiieHud. [Ipu 0TCYyTCTBUM OYEBUIHBIX BHEIIHUX BO3JIEHCTBUIA 3TO
HaIpaBJeHUE MEJIEHHO MEHSETCsI, IPUYEM B U3MEHEHUHU IPOCIICKHUBAETCS CyTOUHAs
NEPUOTUYHOCTb.

2.Ilocne moBopoTa yCTPOUCTBA HA HEKOTOPBIN YroJl yKa3areib YCTAaHABIMBACTCS B
HaNpaBJIeHUH, OJIM3KOM K MIEPBOHAYATILHOMY OTHOCUTEIILHO 6HeUlHe20 TIPOCTPAHCTBA.
DTO CBUIECTENBCTBYET O TOM, UTO MPUYMHA OPUCHTALIMHU YKa3aTelsl HAXOIUTCS gHe
npudopa.

3. Eciii 0K0JIO KpYTHIIBHBIX BECOB HAXOIUTCS YEIIOBEK, YKa3aTelb YKa3bIBA€T B CTOPOHY
yenoBeka. HeKoTopbie IK3eMIUISIPbl KPYTHIIBHBIX BECOB OTYETIMBO “UyBCTBYIOT
4eNoBeKa Ha paccTosHuu Oosee 1w u gaxe depe3 creHy (C 3aepKKoil mopsiika yaca).

4. IToaTBepxaaercs 3¢ exT, oOHapykeHHbI HacOHOBBIM: OBOIIM WUITH PPYKTHI,
MOJIOKEHHBIE OKOJIO TIPUOOpa, OOBIYHO “TIPUTATHUBAIOT  YKa3aTelb, a €CJIM UX TOTEPETh
Ha TEpKe - “OTTAIIKUBAIOT .

5. JIroOble Teruible MpeAMEeTHI “IPUTATHBAIOT  YKa3aTelb, a XOJIOIHbIE “OTTaIKUBAIOT .
Pa3zmMenienrie Mex1y TEIUIBIM MPEAMETOM U MPUOOPOM TEIUIOU3OJISALINHN, HAIPHUMED, CIIOS
BaThl, HE YHUYTOXKAET, a JIUIIb 3aMesieT 3 exT.

B 10 xe Bpems [IapxoMOB pUXOIUT K BBIBOAY, UTO 3TH 3(PPEKThI BAUSHUS Ha KPYTUIbHBIE BECHI
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CO CTOPOHBI HEPABHOBECHBIX MPOIIECCOB MOTYT OBbITh BbI3BaHBI KOHBEKIIMOHHBIMH MOTOKAMH
BHYTpH QyTispa - Ui 3TOr0 JOCTATOYHO TemmepaTtypHoro nepernana meree 0,01°,B To Bpems
KaKk B OOBIYHBIX YCJIOBHSIX Pa3HOCTh TeMIeparyp Mexay creHkamu He Mmenee 0,1° (rakue
u3MepeHusi ObuTH TpoBeieHbl [1apXOMOBBIM C TIOMOIIBI AU((GEpEHIIHATBHON TEPMOIIaphI).
ABTOp yKa3bIBaeT, 4TO «KPYTHJIbHBIC BEChI, OKPY)KEHHbIC BBICOKOA((PEKTUBHOM TEIIIONU30JISAIIUCH
(mampumep, momenieHHbIe B cocyn JIproapa), He pearupyrT HH Ha TEIUIbIe WIIM XOJIO/HBIC
npeIMEeThl, HM Ha OBOILIM C (pyKTamMu, HU Ha MPHOJIMKCHHUE UYEIIOBEKa», a TaKKE MEPEeCTaroT

paborath

, €CJIM BbIKa4aThb U3 COCYyZa C KPYTUJIbHBIMH B€CaAaMH BO31YyX.

B wuccnemoBanmsax rpymmel JI.C.HIuxo6amoBa B HUM ¢usuku Cankrt-IleTtepOypreckoro
rocyaapctBeHHoro yauBepcutera [150] mpuBeneHBl IKCHEPUMEHTHI C HECHMMETPUYHBIMHU
KpyTUIbHBIMU BecaMu B (popBakyyme 1-3 mm prt. ct. [lomBmwxkHas yacte mmena Bec 1,28,
MCIOJIB30BAJIACH KEBIAPOBask HUTh TOMHUHON 9 MkM 1 qymHO#M 300MM.
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Puc. 86. Pe3yabTaThl BO3J€iiCTBHSI Ha KPYTHJIbHBbIE Becbl B ¢dopBakyyme 1-3 MM pT. CT. pasjiH4HBIMH
HEPABHOBECHBIMH MpoLeccaMu ¢ paccTossHust 5-10cM oT Kosmaka ¢popBaKyyMHOIl KaMephl.

Ha Puc. 86mno0ka3anbl pe3ynbTaThl BO3ACHCTBHS HEKOTOPBIX MPOILIECCOB HA KPYTUJIbHBIE BECHl. B
JAaHHOH paboTe MpUBEAEH PacuET BKIIAa TEIJIOBOTO (hakTopa B HaOmonatoumiics 3¢ dexr.
ABTOpBI MUIIYT, YTO BPEMEHHBIE XapPAKTEPUCTHKHU — BPEMSI 33JICPIKKU PEAKIIHH, BPEMsI
HACBIIIICHUS — 3aBUCSIT OT MPUPOJIBI MPOLIECCOB, HO B TO K€ BpeMsl «3HAK d(pQeKTa TakoB, K
KaKOMY, KaK MOXHO OXKHU/IaTh, IPUBOAMIO OBl KOHBEKIIHOHHOE JBIKEHHUE Traza B (POpBaKyyMHON
KaMepe MpH HaJHMYUHU TeITIO0OMEHa MEXTy HJIEMEHTaMH KaMepbl U MHUIIUHUPYIOLIUM IIPOILIECCOM.
[To-BuarMOMY, HECMOTPS Ha TIPUHATHIE MEPBI IPEAOCTOPOKHOCTH, TETIOBOH (haKkTOp Bee ke
BHOCHT BKJIaJ] B HaOIt01aeMbIil 3 perT».

MOMEHT cuJI, ISHCTBYIONINIA Ha KPYTHIILHBIC BEChl B JAHHOW YCTaHOBKE, COCTaBJIsUI mopsiaka 10
11 5 N
H*M, uto coorBeTcTBYeT cuiie nopsiaka 10° auH, MpUI0KEHHOW K MaJloOMy Tpy3y KOPOMBICTA.

A.®.Ilyray uccieoBai CyTO4HbIC BapHalUK JIETKHUX HECUMMETPUYHBIX KPYTHIIBHBIX BECOB (BeC
MOJIBECHO# YacTH OKOJIO TOJIOBUHBI TpaMMa) B JIOJTOBPEMEHHBIX HAOIIOJICHHAX, a TAKXKe UX
noBeJieHne pu 3aTMeHusX ConHia. M Ob110 00HApY)KEHO CYIIECTBEHHOE Pa3IndKe TOBEACHUS
crpenku BecoB aHéM (mocie Bocxoaa CosHia) U HOubiO (mocie 3axoja). Ha Puc. 87 moka3zambr
TUNHYHBIE TPa(UKH MOJIOKEHUS CTPENIKH 33 YETBEPO CYTOK, Ha Puc. 88 -HenpepriBHBIN rpaduk
HaOIIOIEHHUH PYroro SK3eMIUIIpa KPYTHUIIBHBIX BECOB B TeueHHE Hejaend. [loBeaeHue cTpenku
4EéTKO JAenuTCs Ha ABe (as3bl: akTUBHAs - NHEM M TACCUBHAs - HOYBIO. JlOMOJIHUTEIBHBIE
WCCIIeIOBAHUS TTOKAJIH, YTO TEMIIEPATypa, BIaXXHOCTh, COCTOSHHE HOHOC(EPHI, JIEKTPOCTATHKA,
rpaBUTAIMOHHBIC () (DEKTHI HE MOTYT SIBJIATHCS IPUIMHOM M0 100HOH KapTuHbI [159].
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Puc. 87.AxTHBHAS M MacCHBHASA (pa3bl NOBeIeHNs KPYTHIHHBIX BECOB B TeUeHHeE 4 CYTOK.

Angle

Continuous observations 17 to 23 of February 2009
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Date & hours

Puc. 88.KoJsiebanust KpyTHIBHBIX BECOB HA MPOTSKEHHH 7 CYTOK.

Haunnas ¢ 2003roga A.®.[lyrayem B Kuee ObuIM BBINMOJHEHBI HAOIIOACHHUS 3a MOBEJICHUEM

JETKUX HECMMMETPUYHBIX KPYTHIIBHBIX BECOB BO BpEMsS COJHEYHBIX 3atMeHuii. Ha Puc.
90 -mectu KB

MOKa3aHa COBMECTHAsl peakiusi 4eThIpéx HesaBucuMmbix KB [161], a Ha Puc.
[160]. Ha Puc. 91mnoka3ana peakius Ha COJIHEYHOE 3aTMEHHUE JIBYX MPHUHIMITHAIBLHO Pa3IHYHBIX
npuOOpOB — KPYTHJIBHBIX BECOB M PyOHIMEBOTO aTOMHOIO CTaHaapra yacToThl (y cTaHmapTa
Y4aCTOTHI ONpejessuiachk pasHuiia (a3 ¢ UCTOYHMKOM CTaHAApTHON 4yacTtoThl GPSc momoribio

CIEUATU3UPOBAHHOTO IPUEMHHUKA).

89
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T1 - start of partial eclipse 22.76 h

T2 - start of central eclipse 24.32 h lx
400 4 T3 - Maximal phase of eclipse 24.82 h

T4 - end of central eclipse 25.3 h

T5 - end of partial eclipse 26.87 h

Azimuth

Solar eclipse on 23-24.11.2003

Kiev Time
T T T T T T T T T T T T 1
219 22 23 24 25 25 27

Puc. 89.11oBenenue YeThHIPEX OMMHAKOBBIX KPYTHJILHBIX BECOB MPH COJTHeUHOM 3aTtMeHun 23.11.2003.

400 - Solar eclipse
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Puc. 90.Peaknus mecTH KPyTHIbHBIX BecOB Ha coiHeuHoe 3aTMeHue 29.03.2006.
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Puc. 91.CpaBHeHue noBeeHUs] KPYTHILHBIX BeCOB (KPacHbI rpaduk) U pyouaneBoro CTaHIapTa 4acToThl
(cunmii rpagux) Bo Bpems 3arvenuss 15.01.2010 Cuneii mITPUXOBAHHOW MPSIMOi MOKA3aH TEOPETHYECKMIi
TPEH]I, BI0JIb KOTOPOT0 JI0JI)KHA ObLj1a CJIeIoBaTh H3MepeHHas pa3HocTh (RbSt-GPS).

Ha Puc. 92 nokasana peakiiusi ISTH KPYTHIBHBIX BeCOB Ha mokpbiTue JIyHoii Benepsr [162].
Bunno, uto peakiust mpuOOpoB B JaHHOM ciiydae Obljia ONepekaromiei.

T4

VYenus occultation by the Moon ' |
18.06.2007

Rotation angle

T1 - start ofthe event (14h 46m)

T4 - end ofthe event {(16h 00m)
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Universal Time (h)
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Puc. 92.IloBenenue KpyTHILHBIX BeCOB BO BpeMsi MokpbITus JIyHoii Benepor 18.06.2007.

B.T.IlIxaTOBBIM OMKCAaHO BIMSHUE TOPCHOHHOTO T€HEPAaTOpa AKMMOBA HA KPYTUJIHHBIN MasSTHUK
Ha KBapIeBOM IOJ(BECE. YyJABaJOCh YBEIUYUTh JIMOO YMEHBIIUTH AMIUTUTYAY MAasTHHKA B
JIBIDKCHHH, €CJTH TI0J]aBaTh CUT'HAJ B HY)KHOU daze [163].

A.A lllnunbMan MPOBOAXI U3MEPEHUSI TAPAMETPOB KPYTHJIBHBIX MasTHUKOB TPH BO3JACHCTBUH
Ha HUX CBOMX reHepatopos [165].

ool Megeo 10.05.99" .
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Puc. 93.Cxema IKCNIePUMEHTA ¢ KPYTUJILHBIMUA MasiTHUKAMHU U rpatl)mc OTKJIOHCHUA MASITHUKOB.

DKCNEepUMEHT 3aK/IIouajcs B BO3JCHCTBUM HAa MasATHUK KPY4eHUS Ha AJMa-aTUHCKOM CTaHIIUU
MPOTHO3a 3eMJIETPSCCHU !

"JlBa masitHuka kpyderus (cMm. Puc. 93), Bombhpamobie Hutr W UIHHOMN 10 ~2 MeTpa ¢
kopombiciaamu P1, P2Ha KOHIIe HaXOJMIIMCh B jKeJie3HoW Oouke B ¢ TommuHoN creHkn ~1
cm. Jlyd renepatopa G Obln HampaBiieH Ha MasTHUK Pl cHH3y BBepxX, CKBO3b KEIC3HYIO
CTEHKY 0OYKH".

"B nepuox Bpemenu A-B - mpousBoauiicss MOHTaX reHeparopa. B nepuona Bpemenu B-D -
naysa JUlsl YCIOKOEHUs KoyieOaHuii MasiTHUKA. B MoMeHT Bpemenn D auctaHIIMOHHO OBLI
BKIIFOUEH reHepaTop. B MomeHT Bpemenu E reneparop ObL1 BEIKITIOUEH" .

"OueBuHO, 4TO 3 deKT ecTh. IP(HEeKT BOCIPOU3BOIUMBIN, HO, K COXAICHUIO, 3P (HEKT Ha
IpaHu YyBCTBUTEIHLHOCTH H3MEPUTENBHOM anmaparyps”.

"Ilpy BKIOYCHMH TeHeparopa HAOMIOanNCcs MaJlCHBKHUH TMOBOPOT MAasTHHUKA, W
HaOJII01aI0Ch YMEHBIICHUE aMIUIMTY/bl €ro LIYMOBBIX KosebaHuil. Dddexr Hauboiee
BBIpaKeH 11 00ydaemMoro MasTHuKa P1u MeHee BeIpakeH AJisi coceqHero MasiTHika P2'.
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"TloBOpOT XapakTepu3yeTcsi OTCYTCTBHEM €CTECTBEHHBIX MEXaHMYECKUX KOoJeOaHui
MasITHUKA, KOTOPBIE IOJDKHBI OBLIM COMpPOBOXAATh OOBIYHOE BO3JCHCTBHE HAa MAasSTHHK
n3BHe. Bo3mokHO, "akcuoHHOE Tmosie” TeHepaTopa MMEET HEKOTOPYI0 CIOCOOHOCTh K
yAepKaHUI0 00bEKTa B HEU3MEHHOM TIOJIOKEHUHU .

MexaHu4ecKHe Yachbl

Taxxe B.T.IlIkaToBbiM B Hauane 90X roaoB ObUIH MPOBEACHBI YKCIICPUMEHTHI 110 BO3JICHCTBHIO
"CKpBITOrO U3IydeHHs" JrocTpbl UrkeBCKOro Ha MasTHUKOBBIE cekyHmomepsl "CJIABA" [163,
164]. I'pynma u3 TpéX CEeKyHIOMEPOB pa3MemaliaCh BHYTPH 3a3¢MJIEHHOTO AJIEKTPOMATHHUTHOTO
9KpaHa. bpUI0 TOKazaHO, uYTO "yXOoA' CEKYHIOMEPOB JOCTOBEPHO YBEIUYMBACTCS TPHU
BKJIFOUEHHUH BO3JIe HUX JIFOCTPhI YmkeBckoro (Puc. 94).

05 0.4
) H ) | H Iil 1 |2 |z sl e 8
045 1

POHOBbLIE 3HAYEHWA

M
=y

\
[s=]
wn
(]
,
t

=]
on
]
}

$OHOBLIE 3HAYEHWUA

J\ OBnyJeHne
a 6

ObnyyeHre

I=)

o
o
|
T

CpegHuit yxon, clu
=}
(o]
}
CpepHuii yxon, cfu

|
o
[=2)
n
I
T

07l 0,65 L

Puc. 94.3aBucuMocTH X012 MAaSTHHKOBBIX CEKYHIOMEPOB OT BO3eiCTBHSA «CKPBITOr0» M3.1y4YeHHs JIOCTPLI
YnKeBCKOr0 B BADHAHTAX: a) He YJKPAHHPOBAHHOI JIIOCTPBI, 0) IKPAHUPOBAHHOM.

WuTepecHo cpaBHUTH 3TH pe3yibTaThl ¢ pe3yiabTaramu B.M./lanuakoBa u3 HoBocubupcka mo
BO3/ICHCTBHIO PA3JIMYHBIX MPOIECCOB HA CEKYHJOMEPHl M MEXaHWYECKHE 4Yachl B paMKax
NPOBEPKU IKCHEPUMEHTAIBHBIX pe3ynbTaroB H.A.KossipeBa [148]. Ilpomecc wucnapenus
KHUJIKOTO a30Ta MPHUBOIMI K YBEIMYEHHIO OTCTaBaHHUSA PYYHBIX YacoB «PakeTa» W CEeKyHIOMepa
C-1I-16 mo cpaBHEHUIO C KOHTPOJIHHBIM. ABTOD MHIIIET:

«Kaxapix yacoB ObUIO MO 2 MITYKH: JJISL ONBITa M Uit KOHTpous... Ilepen kaxmsim
ONBITOM B TedeHHEe 45 MHHYT T[I0Ka3aHUS OIBITHBIX YacOB CPaBHUBAIUCH C
KOHTpOJIbHBIMU. HaOmiofieHus mokasanay, 4TO OUIYTUMbIE OTKJIOHEHHUS OTCYTCTBYIOT:
MOKa3aHUsS OIBITHBIX YacOB COBMANW C KOHTposbHBIMH... Ha Puc. 95 mpencraBiens
CpeIHHE pe3yJbTaThl HEOJHOKPATHBIX ONbITOB. Kak BUAMM, ONBITHBIE 4Yachkl 3aMETHO
OTCTAlOT OT KOHTPOJIbHBIX BO BpeMmsi BozjeicTBus. Ilpu 3TOM OmbITHBIE Yackl MapKu
«Paketa» mocie 15 MUHYT BO3JIEHCTBUS OTCTAIM OT KOHTPOJIbHBIX TOW )K€ MapKu Ha 2
cekyH1bl. ONBITHBIN CEKYHJIOMEp OTCTal B 3TUX K€ YCIOBHAX OT KOHTposibHOTrO Ha 0,7
CEKYH/IBI.

OrcTaBaHue ONBLITHHIX YacOB CBUACTCIILCTBYET 00 YBCIMYCHHUU IIE€pHUOaa KoJieOaHus HX
MAassTHUKOB, 4YTO, B CBOIO OYCPC/b, O3HAYACT YMCHBUICHUEC JXCCTKOCTH HX CIIHPAJIbHBIX
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OpYXHUH. 3aMeTHM, 4YTO BIMSHHE OTPULIATENILHOM TeMIepaTypbl co37aBajio  Obl
MPOTHUBOIIOJIOKHYIO KapTUHY... VHTepecHO OTMETHTh, 4YTO uepe3 48 dyacoB mocie
BO3/ICMICTBUS BCE OTBITHBIE YaChl IOJHOCTHIO BOCCTAHABJIMBAJIA CBOW XO».
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Puc. 95.Bansinue ucnapeHus ’KUAKOI0 a30Ta HA YX0/ MeXaHMYeCKUX YacoB.

Pesyastarsl B.H.CamoxBasioBa

Bce paccmoTpeHHbIe 10 CUX MOP MEXaHUYECKUE MPOSBICHUS HEIJIEKTPOMArHUTHOTO U3TyYEHUs
JIOBOJIBHO CJIa0bl, M HE YAUBHUTEIHHO, YTO B OOJBIIMHCTBE CUTYaIlMii OHM He3amMeTHbl. Ho ecTh
MOCTAaHOBKA (PU3UYECKHUX OSKCIIEPUMEHTOB, IMPH KOTOPOW B3aWMOJICHCTBUE TEJI CTAHOBUTCS
OLIyTUMBIM, OYEBHJHBIM, U HEOOBSICHHUMBIM C OObyHBIX mno3unuid. B.H.CamoxBamoBbiM
HECKOJILKO JIET BEIyTCS SKCIIEPUMEHTHI IO B3aUMOJICHCTBHIO B BaKyyMe OJM3KOPACIIONOKEHHBIX
Bpamjarommxcs Macc [166]. JxcnepumenTanbHas ycraHoBKa CaMOXBalioBa MPEJICTABISET COOOM
BAKYYMHYIO Kamepy, B KOTOpPOM IOMEIIEHbl JBa 3JIEKTPOMOTOpPA IOCTOSHHOIO TOKa C
HACA)KCHHBIMU HAa BaJbl TOHKAMU altOMUHHEBbIMU Juckamu (Puc. 96). Banbl nBurareneit
MEXaHMYECKM HHMKAaK HE CBsS3aHbl, a MHUTAaHWE MNOJAETCSI Ha HUX C JIBYX HE3aBHUCUMBIX
perynupyeMbIx OJIOKOB MUTaHUsA. PaccTosiHUE MEXTy JUCKaMH - OT MIJUTUMETPA J0 HECKOJIBKHX
MUJUTAMETPOB, B KaMepe - CpeIHHI BakyyM mopsika 10 > aTM.

Puc. 96.0kcnepumenTanbHas yeranopka B.H.CamoxBanoBa. 1, 2 -5exkTpoaBUraTe Iy NOCTOSTHHOTO ToKa JI-
14®T2¢, 3, 4 —cTaabHble IUIMTHI TOJIMHOH 18 MM, 5, 6 —1ucku qTuamMeTpom 165MM u3 HedeppoOMArHUTHBIX
MaTepuaJioB.

B curyaumu, korja qUCKM HacaKeHbl Ha Bajibl C MEPEKOCOM, HO 0€3 MEXaHWYECKOIo KOHTAaKTa
MEXIy IUCKaMH, TpoucxoautT cieayromuii 3¢dexr. Korma momauelt HampspKeHUsT HA OJMH
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MOTOp MPHUBOIMUTCS BO BpallleHHe OJUH AMCK (dactoTa BpamieHus nopsaka 100 o6/cex), BTOpoi
JUCK, Oyay4d BHAyajge HEMOJBHMIXKHBIM, KaK OBl YBJEKAEeTCs BpAIICHHEM IEPBOrO JUCKa M
HAYWHACT BPAIATHCS, BpaIlas MMPU 3TOM W BaJl CBOErO JJICKTpOJABHraresst (Ha BTOPOW MOTOP
HANpSDKEHHUE MPU 3TOM He momaércs). YToObl OCTAHOBHTH BTOPOM JHCK, MOKHO TPHIIOKHTH
00paTHOe HAaNpsUKCHHE Ha €ro MOTOp, NPHYEM BEIMYHMHA 3TOTO TOPMO3SINETO HAMPSKCHUS
OKa3bIBAETCS TOPSIIKA MOJIOBUHBI HANPSHKEHUS HA MepBoM MoTope. T.e. MMeeT MecTo mepejiada
MOIIHOCTH OT OJHOTO JWCKa aApyromy. Ecim ke 3aKpyTHTh IHCKH HAaBCTPEdy IPYr APYTY,
HAYMHACTCA WX B3aMMHOE OECKOHTAKTHOE TOPMOKCHHE C OJHOBPEMCHHBIM OBICTPHIM
pa3orpeBoM JIMCKOB, & CaMH JUCKA HAYMHAIOT CHHXPOHHO Je(OPMHUPOBATHCS BOTHOOOPA3HBIMU
JBHKCHHUSIMH, BPAIAONMMHUCS OTHOCHUTEJIBHO J1aOOPATOPHOM CHCTEMBI OTCYETAa C YACTOTOM
HECKOJIbKO 000pOTOB B CeKyHy. KacaHusi TUCKOB MPH 3TOM HE MPOUCXOIUT, OOJIee TOT0, MEXKTY
JUCKaAMH UAET OTTAJKMBAHUE - JUCKUA Kak Obl OOTEKAOT APYr Apyra, W TOCIE UIUTEIBHOTO
COBMECTHOTO BpaIlleHHsI OHH Je(DOPMHUPYIOTCS - HEMHOTO BBITHOAIOTCS B CTOPOHY JPYT OT JIpyTa.

O1oT 3 PeKT HEe BO3HUKAET, €CIM SKCICPUMEHT IPOBOJIUTCS IMPH HOPMAJIBHOM aTMOC(EepHOM
JIABJICHUH, JINOO €CIM MEXIy TUCKAMU YCTAaHOBHTH JKpaH B BHJE TOHKOW IUIEHKH. Takxke
paBHOBECHOE BpamlieHHe 0Oe3 mepekoca ocu JuckoB He maét addekra. I[IpoBepounbie
AKCIIEPUMEHTHI TIOKA3bIBAIOT, YTO HY T'a30IMHAMUYECKUMH, HH 3JICKTPOMArHUTHBIMU 3¢ dekTamu
3TO sIBIIGHUE HENb3s OOBICHUTh. KpyTWUIbHBIE BeChl, MOMEIIEHHBIE B KaMepy psIOM C
BPAIAIOIIUMHUCS JTMCKaMHU, TOKa3bIBAIOT 3HAYUTEIbHbIE OTKJIOHEHHUS, WHOT/Aa Ha HECKOJBKO
000pOTOB. DKCHEPUMEHTHl C TOHKHUMH IUIEHKaAMH, Pa3MEHIEHHBIMH PSJIOM C BpalalonIuMCs
JMCKOM, TOKa3bIBAIOT, YTO HAa IUIEHKU JAECWCTBYIOT 3aMETHbIE€ CHWJIbl, YTO MPUBOJUT K HX
neopmanuu. [Ipu sToM emé pa3 HaO MOAYEPKHYTh, YTO KOHTAKTa C JUCKAMU HE MPOUCXOJIMUT.
B maHHBIX SKCIIEpUMEHTaX Ha pacCTOSHUU 00Jiee HECKOJIBKMX MHJITUMETPOB 3(PPEKTHI CHIIOBOTO
BO3JEHCTBUS MEXIY IMCKAMU HE MPOSIBIISLIIUCH.

UccnenoBanne BausiHus TyOMHBI BakyyMma Ha 3¢ (EKT Mmokas3aiu, 4To 4eM TIIyOke BaKyyM, TeM
CHJIbHEE B3aMMOJIEHCTBHE HEPABHOBECHO BpAIAIOLIMXCS Macc; BO3AYX, KaK U IUIOTHBIE Teja,
noryomaer Bo3aeicTBue [167]. DKCHepUMEHTHl € TMOABHXXHBIMH paMKaMH H3 Pa3InIHBIX
MaTepuaoB MOKa3blBalOT H(PQEKT OTTAJKUBaHUS OT BpPAILAIONIEroCsl JUCKA: PaMKH
OECKOHTAKTHO OTTAJIKWBAJIMCh, U 4YeM TIIyOke BakyyMm, Tem uHTeHcHMBHee. B.H.CamoxaioB
Ha3BaJl JIaHHBIK  (PU3WYECKUH  areHT, TMPUBOAAIIMKA K CHJIOBOMY B3aUMOJEHCTBUIO,
MaccoouHamudeckum uznydenuem. B skcnepuMeHTax ¢ MasiTHUKaMHM UM MOKa3aHbl TaKXkKe JIpyrue
NPOSIBJICHHS MaccoanHamudeckoro s dekra [168].

10.1.5 TopcumeTpbl LLIkaToBa

[[IkaToBBIM OBLIO M3rOTOBJICHO HECKOJBKO JTaTYMKOB HA OCHOBE HW3MCHCHHS H3MEPUMBIX
napametpoB TBEpaoro Tena [163]. Cepauem neporo topcumerpa TCM-21 BeicTymanu Kojbla
n3 ¢eppura ¢ 0oOMOTKaMH W3 MEIHOTO TPOBOJA, KOJIbIIA HACWKHBAINCH Ha HEIOJABWKHBIN
MHOTOIIOJIFOCHBI HAMarHWYEHHBIH POTOP CHHXPOHHOTO 3JIeKTpojaBurareis. [1o MakcuMaibHON
YYBCTBHUTEIILHOCTU OT MPOOHOrO Tena (MaJeHbKHI MAarHUT Ha PACCTOSHHH 3 M) MOAOUpAach
reoMeTpusi KOHCTPYKIMU. KOHCTpyKIMs TMoMemanack B DKpaH OT CTATHUYECKUX MArHUTHBIX
nojieii  (TpaHchopMaTopHas JICHTOYHAs CTalb C TOJMmUHOW HamoTkun 10 MM), 3areM B
ANCKTPOJUHAMUYCCKUH dKpaH W3 MeaHo (oaerm tommuuod 0,1 MM, M momemaiach B
IIMPOKOTOPJIBIN CTEKIITHHBIA TEPMOC IS 3alUTHI OT OBICTPBIX MEPEMaI0B TEMIIEPATYPHI.
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BbIXOomHBIM mapaMeTpoM JaT4Mka ObUla WHAYKTHBHOCTH - JAaT4hK paboTal B COCTaBe
kosebaTenpHoro koHTypa Ha yactore 130 x[m + 1..20 I'm. PasHocte wactor pabouero
reHepaTopa W ONOPHOTO BHIBOAMJIACH Ha SKpaH. Mexay OOBEKTOM, C KOTOPOTO CHHUMAJICS
"TOPCHOHHBIH KOHTpAacT”, ¥ JaTYUKOM pacrosaraics "topcuonubiii 3atBop” (IlIkaToB mumeT
PO HAJIMYHE HOY-Xay).

Puc. 97.TCM-021.

Harauk TCM-030 @Puc. 98) nByxBXOMOBBIH, B HEM pabOYMMH DJIEMEHTAMH BBICTYIIAIOT
KOHJICHCATOPHl M3 BBICOKONPOHHUIIAEMON KepaMHKH. J[Is yCHIEHHS TOPCHOHHOTO CHUTHasa
[lIkatoB mnpuMeHHI «)OpPMOBBIE YCHIIUTENH» - TPH IIOCIEAOBATEIBHO COEIUHEHHBIX
TpeyroysbHuKa. B 3TOM Bapuante ObUT NMPUMEHEH "Na3epHBI KOHTAKT' - CIOCO0 JIOCTaBKU
nHpopmarmn ¢ 0obekTa K garuuky. B.T.11IkaroB numeT:

«Jla3epHbIil KOHTAKT TOXKE MOXKHO OOBSICHUTH Yepe3 CIIMHOBBIE MOX0/bl. Peub, mpaBaa,
31ech HMAET HEe 00 OTHENbHBIX MHUKPOCKOIMYECKMX CIHHAX, W3BECTHBIX HaM W3
KJIACCUYECKOM (PM3MKM MMKpPOYACTHI], & O KOJUIEKTUBHBIX 00pa30BaHUSIX M3 CIIHHOB,
npeanojaralomx ux uHpopManmoHHOE B3auMoneicTBHE. B mociennue roasl HOBas
¢dbusnyeckass aMTEparypa HM300MIYeT MOJCISIMH  KBAaHTOBOM  KOJIJICKTHBHU3AIUH:
CIIyTaHHBIC KBAHTOBBIC COCTOSHUS, 3axBaueHHble (oronbl (y ['apseBa B ero paboTtax,
Hamp.) MHe OoJibllle HPABUTCS CIIOBOCOYETAHHE «UIMHHBIN (HOTOH». DTO, KOrja IBa
KOHIIA JIA3epHOT0 Jy4a OOMEHHMBAIOTCSA MEXAy co0OH TOHKOH wuHpopMaimeil (He
SHEpruer, OHa NEPEHOCUTCS BCerja OT MecTa TIEHepauuu Jiyda [0 XOJdy €ro
pacrnpocTpaneHus). B aTom ciydae, nHGOpMAIHS B JIA3EPHOM JIyde TPHHAIICKHUT BCEMY
«00BEMY» syda. JIyd KaKk METaJUIMYECKUI MPOBOJHUK - 3aMbIKaeT MHPOPMAIIMOHHO J[BE
toukd. [Tpuuém, Tonkas uHpopmanus nepenaérest Kak Mo XOAYy Jiyda, TaKk ¥ MPOTUB €ro
xoqa. I'pyOyro, NpuBbIUHYIO WH(GOPMAIUIO, MIEPEIaBAEMYI0 Yepe3 MOIYJISIUI0 SHEPTHU
TOTO K€ JIa3epHOT0 JIyya, MOXKHO IMepelaTh TOJIbKO BIEPE, M0 €ro X0y, ¢ coOII0AeHuEM
BCEX MPOCTPAHCTBEHHO-BPEMEHHBIX (MPUYMHHO-CICICTBEHHBIX) HOpM. Peanmm3arus
JazepHOro WHGOPMAIIMOHHOTO KOHTaKTa — OOBIYHAS Ja3epHas yKaska, Jubo Ooiee
KayeCTBEHHasl TBEPJOTEeIbHAS JIa3epHas roJIoBKa co crabunuzanueil Toka. Mupopmaruio
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MOYKHO BBOJWTH B KOPITYC TOH TOJIOBKH, a Ha JPYroM KOHIIE OTpE3Ka JIyda MOKET OBIThH
00BEeKT WM JaTdyuk. MOXXHO Hao0OpOT, MATYMK MPHCOETUHEH K TOJIOBKE Jasepa, a Ha
JIpyroM KoHile 00bekT. CuctemMa MHOTOBapHAHTHA.

Puc. 98.TCM-030.

Ha Puc. 994 noka3zansl pe3yiabTarhl uaMepenus ¢ nomornbio TCM-030 TopcroHHOT0 KOHTpacTa
MEJJICHHO Bpamiaromerocs Tena. IIpu 5TOM A «TOPCHOHHOW pa3BsS3KW» OBbLI HCIONB30BaH
KpecTooOpa3Hblii GUIbTp-nmpoOKa U3 IBYX TPEYroJbHUKOB, PACTIOIOKEHHBIX MEPIEHIUKYISIPHO,
U COeTMHEHHBIX B TOUKe ocHoBaHUs (Puc. 99-0). Pe3ynbrarhl MoYTH HE 3aBHCEIH OT MaTepHasa

Bpalgaromerocsd Teja.
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Puc. 99. a - 3aBHCHMOCTH OTHOCHTEJIBLHOTO TOPCHOHHOTO KOHTPACTa BPAIaeMOro Tejia OT CKOPOCTH M
HANpaBJeHHs] BpPAalleHHsI ITOr0 Tejda, 6 — TOPCHOHHBIH (UIBTP-MpPoOKAa B KOHCTPYKIMHM TO/BeECA
BpaIAIOLIErocsi Tesa.

B Topcumerpe SADAF 4yBCTBUTEIIBHBIM 3JIEMEHTOM BBICTYNAET BOJb(PPaM KaK PE3UCTHBHBIN
MaTepuan. Ha oIuMH naT4MK MOOYEpEAHO IMOCTYHNAKOT CUTHAIBI C JBYX KaHAJIOB, B COCTaB
KOTOpBIX Takxke BxonsaT nasepel. Ha Puc. 100 mokaszanbl pe3ynbTaThl CKaHUPOBAHUS ITHUM
JATYUKOM TOPCHOHHOTO TIOJISl B OKPECTHOCTH CTAIBHOM IIai0Obl, a TAK)KE BBITTYKJION JTMH3BI.
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Puc. 100. a) Pacnpenenenne TII okoso craapHoii maiiobr (120 MM B momepeyHOM HANpaBJIeHHH W
ontuyeckoit juH3bl (020 MM B TOoM ke HampaBienumn. Macmrad: Mx=1 cm/men, My=10 o.e./nen. 6)
HanpaBJieHHe CKAHUPOBAHMS IAHOBI, B) HANPABJIEHHE CKAHNPOBAHUS JIMH3BI.

Taxke ectb TopcumeTpbl, pabotaromme Ha KMOII-MukpocxemMax Kak UYyBCTBUTEIbHBIX
3JeMEHTaXx.
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10.1.1 BnusHue Ha TBEPAOCTb MeTanna

A.A.lllmuneman B 1993romy Mcciie1oBall BIUSHHE H3IYYEHNS CBOUX T€HEPATOPOB Ha TBEPIOCTH
craju ¥ uyyryHa [175, 175]:

«Jlyis MayoyryiepoaucToil otoxokeHHou cramu Mapku O8O Habmromamoch CHIKEHUE
TBeppocTh  Ha  6-8%, T.e. mpoumcxoawio — pasymnpouHeHue — MeTtayia.  Jlus
BBICOKOYTJICPOAUCTBIX CIUIaBOB (cTaymb Mapku Y-8, uyryH), HaoOOpOT, MPOHMCXOIUIIO
noBbilieHne TBepaocTH Ha 27.0-35.0%, 4TO CBHIETENBLCTBYET O MPOUCXOISIIEM
YIIPOYHEHUU».

B 2000roay ObuM MPOBEICHBI UCCIICIOBAHUS BIMSHUS W3TydeHus reHeparopoB IInuipMana Ha
TBEPAOCTh MEPIUTHOIO YyryHa MO MeToay bpunens (mmapukoM guamerpom 5 M), KOTOpbIC
MoKa3aju ToBblieHrne TBEpAOCTH Ha 9-11%.3aTem Oblia UCClieIOBaHA TBEPAOCTh Pa3IMUHBIX
¢da3 uyryHa (MepaMTHOM, IIEMEHTUTHOW M KOHIJIOMEparHOH). B KkadecTBe BIaBIMBAcMOTO
UHCTpyMeHTa (MHAMKATOpA) MPUMEHSIM ajMa3HYyK MHpaMHUIY C KBaJPAaTHBIM OCHOBAaHHUEM WU
YIJIOM TIPH BEPUIMHE MEXAY MPOTHUBOIOJIOKHBIMU rpaHsmu 136°. [lepnuTHas ¢asza mokaszana
yBennueHue TBEpmocTH Ha 159%, nemMeHTHTHAs KOHIJIoMeparHas — yBenuueHue Ha 17,8%,
[IEMECHTHTHAS IJIACTUHYATAs — yMEHbIIeHUe Ha 2,4% @ mpe/enax morpenrHocTH).

KOHC‘-IHO, HOI[O6HBII\/’I cI1moco0 ACTCKTUPOBAHUS TOPCUOHHOI'O U3JTYyYCHHUS HE CIIMIIKOM y,[[O6€H n3-
3a 3(1)(1)€KT21 MeTaCTa6I/IHBHOCTI/I, HO KaK HaIlpaBJICHUC I[aJ'IBHefIIHHX I/ICCJ'IGI[OBaHI/Iﬁ BCCbMa
HHTCPCCCH.

10.1.2 Bo3gencrBue Ha KBapLeBbIA pe3oHaTop

['pynmoii Jlynésa ObuM TPOBEACHBI HKCIIEPUMEHTHI IO BO3JCHCTBHIO THPOMOTOpA HAa YacTOTY
KBapIIeBOr0 reHepatopa (MCIOJIb30BaJICs OMOPHBIN KBaplLEBbIl TeHepaTtop yactotomepa Y3-32,
HomuHan 1 MI'n) [169]. TepmocTar ¢ KBapIEeBbIM JATYUKOM MOMEIIANICS B TPEXCIOWHBINA YKPaH:
nepmayiorn 0,1 MM, mopucTelii miactuk 3 MM, MemHas (oasra 0,2 MM, MEIHBIH SKpaH
3a3eMJisUICs. BbUTH MpeAnpUHSTE MEpBI 110 UCKIIIOYEHUIO Mepelayd BUOpaluy OT THPOMOTOpa Ha
JaTYHK.

DKCIEPUMEHT CTPOMIICS CIIEIYIOIUM 00pa3oM: CHUMAJIOCh 3HaUeHue cpeaHeit yactotel 3a 100c¢,
C BO3/CHCTBUEM THPOMOTOPA, 3aTEM CHUMAJIOCh 3HaYeHHE MpH yaanéHHoM Ha 1,5M rupomoTtope
¢ noBépHyTOoi Ha 90° OCBIO M CMEIIIEHUEM €T0 0 BbICOTE Ha 35 cM. DTO COCTABIISIO OJUH ITUKII.
bruto npoBeneHo 38 TakuX LUKIIOB U3MEPEHHIA.

Pesynbrater n3mepenwuii yactoTsl nokazansl Ha Puc. 101.BumgHo, 4TO BO3/IEHCTBHE TOPCHOHHOTO
U3Iy4eHUs: OT THUPOMOTOpa TMOBBIMIAET YAacTOTy KojeOaHUl KBaplEeBOro TIe€Heparopa.
OKCIEpUMEHTATOPbl OTMEYaloT 3PGHEKT MOCIeNEeHCTBUS - TaTYMK TIOMHUT BO3JICHCTBHE B
TedeHune 1-249acos.
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Puc. 101.Bo3saeiicTBHE CIIMHOPHOrO MOJISI HA KBAPIEBLIA PE30HATOP NMPHU NAPAJJIEILHON OPHEHTAIIMH OCH
THPOMOTOPA OTHOCHTEJIBLHO ero miockoctu [169].

10.H.Yepennuuenko, JI.II.MuxaiinoBa B pabore «Iddexts Gopmbl U (a3oBbie mepexoabl
MEPBOTO  pOJa: JKCHEPUMEHTAIBHOE HCCJIEIOBAaHME JIMCTAHTHBIX B3aMMOJACWCTBUN Ha
(GU3NUECKUX JATYMKAX H KICTOYHBIX OnouHmukaTopax» [170] ommchIBalOT pe3ysbTaThl
BO3/ICHCTBHS MUPAMUIbl U HEKOTOPHIX HEPABHOBECHBIX IPOIIECCOB HAa KBAPIEBBIA JTaTYUK C
KOHTpoHpyeMoi Ttemmeparypoil. Keapuesbiii matunk KA-1 (Puc. 102) Bxommn B cocraB
W3MEPHUTEIHFHOT0 KOMILJIEKCA, B KOTOPOM YacTOTa JIaTYMKA CPAaBHUBAJIACHh C OIMOPHOM 4acTOTOMN
reeparopa «mauHT-M» rpymis A (OTHOCHTENBHAs HecTabuiIbHOCTH YacToThl 1*10° 3a wac).
Paspemenne no wacrore cocrasnsiio 0,1 I'm. Temmeparypa KBapIiieBOro aaTdyMka HEMpPEpPHIBHO
n3mepsiaack tepmopesucropom CT1-19 ¢ paspemenuem 0,01T. Ilo uM3MEHEHHMSIM YacTOTHI
pPE30HATOPOB M HUX TEeMIeparype MOXHO OBUIO ONpeNeNuTh BKJIAJ HETEIJIOBOW MPUYMHBI
W3MEHEHUs] 4YacTOThl. Bcsg ycraHOBKa BMeCTe € OOBEKTaMH BO3/ICHCTBHS IOMEIIAnach B
MEeTaJNIMYECKUN 3a3eMIIEHHBIN TepMOCTaT.

3 4 2

AN
BN DD
~

]
5
Puc. 102.Koncrpykmuus natunka FO.H.Yepennumuenko: 1. AlloMUHHEBBIi Kopiyc; 2. DjIeMeHTBI cXeMbl; 3.
Kopnyc kBapueBoro pe3onartopa; 4. Tepmucrtop; 5. KBapuessblii pe3onartop; 6. Tepmon3sonsinms.
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B akcnepuMeHTe HCCIIEIOBATIOCH BIMSHHUE MUPAMHIbI M3 CTEKIOTEKCTONUTA C Pa3MEpoOM
ocHoBanust 250 MM, BeicoTori 160 Mmm. Ha Puc. 103wu Puc. 104 moka3aHbl rpaduKH 4acTOTHI
JBYX ATYMKOB: OMBITHBIA JATYMK PACIoyiarajicsi BHYTPU mupaMuibl Ha 1/3 oT BBICOTHI MO €€
OCH, a KOHTpOJIbHBIN pacrojiaraiics BHe nupamujbl Ha 10 cM OoT €€ OCHOBaHWSI U Ha TOW JKe
BoicoTe 1/3. ABTOpBI YKa3bIBAIOT, YTO BKJIA AOTIOJHUTEILHOTO (PaKTOpa COCTABHJI ISl OTIBITHOTO
(BuyTpentero) matunka okosio 40% ot TemmepaTypHOro ¢GpakTopa, a KOHTPOJIBHOTO (BHEIIHETO)
— 80%, npruéM 3HAK ITOTO BO3ICHCTBHS OKA3aJICS MPOTHUBOIOJIOXHBIM BHYTPU M CHApPYKH
nupamuiel. Ha Puc. 104moka3aHa peakius TeX JKe JaTYMKOB, KOT[a MUpaMu/a MepBOHAYAIBEHO

Obli1a OMyIlIEHA.
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Puc. 104.9¢dexkT nogreMa W OMyCKAHUSI MHAPAMUIBI

KBapueBbIX AaT4ukoB. CTpejKkaMH OTMeYeHbI MOcJe IKCHIOHMPOBAHUS AATYHMKA BHYTPH MUPAMHUIbI B

MOMEHTHI ONMyCKaHHSI W TOIbeMa NHPAMHABI. TedeHHe CYTOK. KOHTPOJBbHBINH AaTYMK PACHOJIO0KEH
KoHTpoJIbHBIH JaTYHK HAXOAUTCS] BHE MUPAMU/BI.  BHE MHPAMHUABI.

AHanoru4yusle pe3ybTaThl ObUIM MOJYYEHbI TON K€ IPYIIOil Mpu BO3IEHCTBUM HA KBaplEBbIE
pE30HATOPBl B CHUCTEME U3 JBYX MapaboJM4yecKuX 3epkasl, B (OKyce OJHOr0 M3 HUX
pacnonaraiuch mporeccsl pactBoperus B Bojge NaClu caxaposbl, a Takke Mpolece HarpeBaHust
NPEeIBAPUTEIbHO OXJIAXAEHHON BoAbl. OIBITHBIM JaT4yuK pacroJyiarajicsi B (okyce BTOPOTo
3epKaja, a KOHTPOJbHBIN — 3a 3epkajioM. Cxema yCTaHOBKM C 3epKajlaMu INpHuBeaeHa Ha Puc.
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Puc. 105. 1 AmomMuHneBasi KpbIIKa; 2. AioMuHHEBBIH Kopmyc; 3. [lapadoanyeckoe 3epkaio-1; 4.3epkaio-
2; 5. AnromunueBble ITOPKH; 6. KoHTpobHBIA qaTYdK; 7. ONBITHBIA 1aTYnK; 6. GIaKoH IJIsi MPOBeIeHHSs
npouecca pacTBOPEeHHsI.

HeoOxonumo oTMETUTH, 4YTO, NPU KOPPEKTHOCTH CaMOW HJEH KOHTPOJS TeMIepaTypbl
KBapLIeBOr0 JaT4yMKa JUIsl OTACJICHUS BKJIaJa HEJIEKTPOMArHUTHOTO BO3/IEUCTBUSI OT TEIJIOBOIO,
aBTOPbl HE YUYUTBHIBAIM BJIMSHUE OTOTO BO3ACHCTBUS Ha TEpMOpE3UcTop. Mexay Tem
PE3UCTHUBHBIE JATUNKH TAKXKE PEArMpyrOT Ha HEAJIEKTPOMArHUTHOE U3JyYEHUE.

10.1.3 Pe3uctuBHbIe AaT4YMKM - gatimk KosbipeBa n aHanorm

OnHuM U3 caMbIX U3BECTHBIX dKcriepruMeHToB H.A.Ko3bipeBa siBisieTcs onpeiesieHne HICTHHHOTO
MOJIOXKEHHUs 3BE3]1 C TIOMOIIBI0 Teleckona-pediekropa [7]. MocroBast cxema BKIiO4aga B ce0s
pe3nCTOp, KOTOPBIH moMeIascs B pOKyce TeeCKOra.

! YcTtanoeka o Leo 16 masn 1976

20 ya CaTypH Catypn )
19+ 4
18 et

17t . : =

T — | L

26 Veranoska YeTanoska 17 maq 1976

CUII[J{JTHHJ] eHHe, JNeJeHHH raJbBaHOMEeTDd

Ha Mapc . Ha CaTtvpH -
25 P Mapc yP z % | aLeo
24 = = o CL‘-" n

FARLIEE
23t . ; . i
20 u \ :;; g \"‘T—I -
21 \'\.4- - -
1 1 1

Puc. 106. Peakuusi pe3uctopa B (hokyce Tejeckona-pediekTopa (CBeT 0T 00bEKTOB YCTPAHEH TOHKHUM
IKPAHOM).

W3meHeHnne conpoTHBIIEHUS pe3UCTOpa ObUIO TOJNE3HBIM CHTHAIOM. OTH pe3ylbTaThl B
nanbHeWeM ObLUTM HE3aBUCUMO BoOcCIpou3BeneHbl nByMmsi rpynmnamu — A.D.Ilyrava wu
AM.Eranosoit [151, 152, 154, 155, 156, 157JuTepecHbl TaKKe pe3yJabTaThl TPYIIIBI
JI.C.Illuxo6anoBa, KOTOpas TMOBTOpWJIA OKCIEPUMEHTHI 110 BO3JACUCTBUIO HAa PE3UCTOP
HepaBHOBecHbIX mporieccoB [150]. «fIerexktop KossipeBa» Ha OCHOBE pe3rcTOpa B MOCTOBOM
cxeme ucnonb3yercs Takke A.B.Kunnepepuuem [128].

B JaHHOM THUIIC JAaTYUKOB H€O6XO,I[I/IMO YACIATh NOBBINICHHOC BHUMAHUC TCIIJIOU3O0JIAILUNA. Cwm.
TAKKC OIIMCAHUC W HUCIIOJIb30BAHHUC J3KPAHUPOBAHHOIO MHKPOKAJIOPHUMETPA A.F.HapXOMOBa Ha

OCHOBE TEPMOpPE3UCTOpa B pazjeie 12, mocBAmEHHOM NCUX0(hU3NIeCKUM 3P heKTam.

Ha takom xe npunimmne ocHoBaH Topcumerp B.T.IlIkaroBa SADAF [163].
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HekoTopsle ucciiezjoBateny HCHOJB3YIOT MPOBOAWMOCTb CBEPXUMCTONM BOJABI KaK HMHIUKATOP
HERJIEKTPOMAarHUTHOrO BO3JeHcTBUs. Hampumep, TakuMu JaTdvkamMu [OJIB3yeTCsl TIpyIna
C.B.3ennna, Ha »9TOM TMpUHIUIE OCHOBaHbl d3kcnepuMmeHThl B.B.KBapraibHoBa wu
H.®.IlepeBo3unkoBa. OaHako 3¢ HeKT MeTacTabMILHOCTH HE MO3BOJISIET MCIOJIb30BaTh OJHY U
Ty JK€ BOAY JUIi HECKOJIbKMX OIBITOB, W BOJAY HPUXOJUTCS MEHATh IIOC]e KaxJI0To
9KCHEPUMEHTA.

10.1.4 ®oTorpadmpoBaHue HEINIEKTPOMArHUTHOro U3ny4YeHus

HeckonbkuM  rpynmaMm — yaaBajioCch — PETHCTPUPOBATH — HEDIEKTPOMArHUTHOE — M3IIyUYEHHUE
¢doromnéukamu. I[lepBoit myOnmukarmelr o genomene Obuta craths A.D.Oxarpuna [173], raoe
MPUBOIMIINCH H300paKEHHSI, BBIITOJHEHHBIC C MOMOIIBIO crieluanbHoi kamepsl (Puc. 107).

OxaTpuH NUIIET:

«ITH Makpokjactepbl (ororpadupoBaiuck QoroannaparoM, OOBEKTHB KOTOPOTO
MOMEIIAJIM B OTBEPCTUE B OJTHOM M3 OOKOBBIX TOPIIOB KaMephl, UMEBIIECH MPSAMOYTOJIbHOE
nornepeyHoe cevyeHne. BHYTpeHHss MOBEPXHOCTh Kamepbl (ee CTEHKH) ObLia MOKPHITA
CBETOIOIJIOMIAIONINM CJ10eM. B 0/1HOM 13 OOKOBBIX CTEHOK KamMepbl MMeJach y3Kas ILeJb,
yepe3 KOTOPYI0 BHYTPb KaMepbl BBOJWICS Y3KUH IUIOCKUM KOJUTMMHUPOBAHBIA IY4YOK
CBeTa OT JIAMITbl HaKaJIHBaHUs MOIIHOCTHIO 5.00BT.

BHe kaMmepbl, HampOTHB €€ JIPYroro TOpla, NMOMEIATd Ha PAacCTOSHUU 3 CM Telo,
OKpPYXXEHHOE€, COIJIaCHO HaIleMy MPEANoJOKEeHUI0, MaKpOKIACTEpOM W3 YacCTHIL
CBEpXJIETKOTo ra3a (MHKpOJCNITOHOB HWIIM aKCHOHOB). VCHBITYeMBIM TEIIOM SIBIISETCS
KOHYC BBICOTOH 2 CM C IUaMeTpoM OcCHOBaHUS 2 cM. [Ipu OTCyTCTBHM BpaleHHS
CBHHIIOBOTO KOHYCa Ha IMOMEIICHHOW B (oToammapaT IUIEHKE YyBCTBUTEIbHOCTHIO 130
en. mo 'OCT kakoe-n1160 nzoOpakeHue He GukcupoBanoch. OHAKO KOTJa CBUHIIOBBIM
KOHYC Ha4MHAJIM BPAallaTh C MOMOIIBIO MPUBOJA OT IJIEKTPOABHUraTENsl, IPU CKOPOCTH
BpamieHuss okojo 860 00/MMH Ha IUICHKE (PUKCHPOBAIOCH  H300pakeHHE
KOHIIGHTPUYECKUX Kojell. JlampHeiilee yBelIWYeHUE CKOPOCTU BPALICHHS CBUHIIOBOTO
KOHYCa MPHUBOJIWIO K MOBBIIICHUIO SIPKOCTU H300paKECHUS.

Ha Puc. 107a npuBeneHa THUIMHYHAS KapTUHA CBEYCHUsI OT HAXOJAIICTOCS BHE KaMephbl
CBHHIIOBOTO KOHYCa Makpokiactepa. KoJblleBbie CBETSAIIMECS 30HBI MPH 3TOM HMENH
Pa3IMYHBIA JHAMETP, BEIMYUHA KOTOPOrO IEPUOJUYECKH H3MEHSJIaCh BO BPEMECHHU.
3aBUCUMOCTh OT BPEMEHHU BEIMYHMHBI JHaMeTpa OJHOH U3 choTorpapupoBaHHBIX
KOJIBIIEBBIX 30H Mmoka3aHa Ha Puc. 1076. YuacTtok KpuBO#l OT Havaja KoopauHat 1o t,
COOTBETCTBYET MEPUOJy BPEMEHH, B TCUYCHHUE KOTOPOTO CBHHIIOBBIN KOHYC BpAIIajcs CO
ckopocthio 3500 06/mMuH. B MoMeHT BpemeHu {, aBUraTenb, NPUBOMSAIIMNA KOHYC BO
BpalieHue, ObLI OCTAHOBICH. [loCiie OCTAHOBKM JIBUTATENS W MPEKPAIICHUS BpAICHHS
KOHYCa IepHOJI CBOOOIHBIX KOJICOAHUI TuaMeTpa NpeICTaBIeHHON Ha (oTorpaduu 30HbI
(B yCIOBHSIX TAHHOTO OMBITA (PUKCUPOBAIOCH HATMYHME YETHIPEX TAKMX KOHIIEHTPUUECKUX
30H) Bo3pactai ¢ 83 no 260 c uepe3 20 cyr. AMIuMTyRa KojeOaHUil IEpPBOro pajmyca
Makpokisactepa nagaia ¢ 3,510 1,0 cm. [lpuyem acuMnToTHYECKOE 3HAYCHHE CPEIHETO
paanyca cocTaBisiiio 24 cMm.
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BHecenue aTyHHOTO JKpaHa MEXIY KOHYCOM M KaMepoW MPHUBOJUIO K BPEMEHHOMY
3ara3/IbIBAHUI0 BOSHHUKHOBEHHUsS yKa3aHHBIX Ha Puc. 1076 kosebaHuii, 3aBUCSIIEMY OT
TOJIIIMHBI  3KPAHUPYIOLIET0 MaTepuaya. llepuog ©  aMIUIMTYyAa PETHCTPHPYEMBIX
W3MEHEHUI pa3MepoB KOJIBIIEBBIX 30H 3aBUCEIIM OT MaTepraa KOHyca.

Hanoxenue Ha cucteMy MarHMUTHOTO TOJIsI YMEHBILIAIO BEJIMYUHY MEpPHOA KOJIEeOAHUH,
nzoopaxkeHHbix Ha Puc. 1076. Ilose wmaTeHcHMBHOCTRIO 0,1 Tn, neicTByromee Ha
CBUHIIOBBII KOHYC, yMEHbIIAJO Iepuoja Koinebanuit B 2 - 3 pasza. SIpkocTh cBerta,
paccessHHOTO KOJIBIIEBBIMU 30HAMM, 3aBHCENa OT MaTepuaina KoHyca. CpaBHHUTEIBHO
MeHee SPKHE KOJIBLIEBBIE 30HBI PETHCTPUPOBAIUCH HE TOJBKO TPU HCCIEIOBAHUU
OBICTPOBPAIIAIOIIUXCS TEJl, HAXOISIIMXCS BO3JIE€ TOPLAa KaMephl, HO U B TOM CITydae, €Cliu
y Topua KaMepbl MOMEIIAad CBUHIOBBIA KOHYC, HAaXOIUBIIMKCS TEpel] STUM B IOJIE
noctossHHOro Maraurta (uHaykmus nons 0,03 Tn, npoaomKUTENbHOCTh  JACHUCTBHS
MarHUTHOTO TOJISI 3 4)».

Puc. 107.a - akcHOHHBIN KJjacTep;, 0 — KoJiefaTeJbHbIE PEKUMBI JHAMETPAa AKCHOHHOI0 KJjacTepa s
CBHHIIOBOT0 00pa3ua [173].

B.T.IllkatoBeim B [163] omucaH SKCIEpUMEHT IO BO3ACHCTBHIO Ha 35MM  (HOTOMIEHKY,
BCTaBlIeHHYIO B (poroanmapar "3enut-E", "ckpriToro” mznydenus ot mroctpsl Ymkesckoro. [Ipu
3aKpPBITOM OOBEKTUBE MOJIYYAIUCh M300paskeHNs, BBIXOSIIUE 32 pa3Mep KaJlpa, ¥, BbI3BaHHBIE,
kak oTMmevaeT llIkaToB, oqHO# AeTansio BHYTpH (oToammapara - anmapaT Kak Obl CHUMal caM
ce0st m3uytpu (Puc. 108).
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Puc. 108.®oTorpaduyeckue (peHOMEHBI OT KCKPBITOT0» U3JIy4eHHUsI JIOCTPbI UHKeBCKOTO.

I'pynna B.M.JIynéBa peructpupoBana uziaydeHue oT rupomoropa (24000 o6/muH) Ha
¢doroménky "Tacma" wyBcTBUTENBHOCTHIO 65 en. ¢ momombto ¢otoanmapata "3eHuT-ET" c
3aKPBITHIM 00BEKTUBOM Ha paccTossHusx oT 3 u 100MM ot rupomoropa o mwiéuku [174]. Bpems
9KCIO3UIMHU COCTaBIsLI0 2 1 5 MuHyT. [Ipumeps! potorpaduit npusenens! Ha Puc. 109.

Puc. 2. ®parmenr 11 doTorpavmbl, BH3 VAJH3ADYIOULEH c:_m]E-'mpﬂﬂfnuoc T]JI(:
Jje BOANIH SACKT POAHIA MHICCROTO renepaTopa — rupoMoTopa (v=
24000 06./Mun), xaap N 4
Puc. 109.®otorpa¢uu TOPCHOHHOrO M3JIyYeHUS OT THPOMOTOPA, CHATOrO 4Yepe3 HEMPO3PAYHYI0 KPBIIIKY
00beKTHBA c BpeMeHeM IKCIO3ULNH 2 MUH.
1 —d¢on; 2,5 —Topen; 3,6 —60K; paccrosinue oT moBepxuocTu rupomoropa 4 (CMB-254) no poromrénku — 100
MM.
Kaaper 7 (6ox), 8 (ropem) mosiyueHbl MyTéM HKCHOHUPOBAHHS (POTOILIEHKH uepe3 3aTHIK KPBIIIKY
(oroannapara (MUHYSI 00BEKTHB), MPU 3TOM PACCTOSIHHE OT NMOBEPXHOCTH TMPOMOTOpPa 10 (GOTONMIEHKH
COCTABJISLIIO 3 MM.

ABTOpPBI 0TMEUaIOT A (PEKT MOCIeASUCTBHSI - THPOMOTOP MPOJI0JDKAT M3ITydaTh HAa MPOTSHIKEHUN
30 MUHYT MOCIIe OTKIIFOYCHHUS MMUTAaHUs - Ha Kajapax 2..16Ha Puc. 110moka3anbl n300pakeHus,
MOJYYEeHHBIE CO CTOPOHBI TOPIIA THPOMOTOPA, KX Kaap CO BPEMEHEM JKCIIO3UIHH 2 MHH.
[To n300paxeHussIM aBTOPHI MPEATONATAIOT, YTO U3ITyYEHHE UMEET aKCHAIbHYI) CUMMETPHIO 110
OCH BpallleHus Macchl, popma oOpa3zyromieil B BUJe KOHyca ¢ BEPLUIMHOM B LIEHTPE BpalllaoIIencs
MAacCCBHI.
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Puc. 110. ®parMeHT (oTOorpaMMbl, BU3YaJIH3UPYIOLIeli H3MeHEHHe CIMH-TOPCHOHHOTO mojs. Kaapbi
BBINOJHEHBI ¢ HHTEPBAJIOM 2 MUH.

[Tpu OOBIYHBIX (KOPOTKMX) IKCIO3UIHAX HM3JIydeHHE HEe (PUKCHPYETCS W HE MEIIAeT BHIOBOM
¢doTochéMKe.

Uccnenosarensauna u3 CIIA M. Sue Benforao6iryyana renepatopom lnunsmana "Komdopt"
PCHTICHOBCKHE IUICHKH, IPEIHA3HAYCHHBIC ISl WCCICIOBaHUS sAepHbIX TpekoB [175]. B
pe3ysibTaTe IOJIy4aldHCh ISITHA 3aUepHEHUs, KOTOpPBIE AKCIEPThl M3 HECKOJIBKUX SACPHBIX
naboparopuit CIIIA xapakTepu3oBainu kak Tpeku HeusBecTHbIX 4actull (Puc. 111).B msarnax
OOHApY>KEHBI CJIE/BI CEPbl, MarHUS ¥ AIIOMHHUS, B TO BpeMsi Kak HeoOyu€HHast (POTOIMYIIBCHS
COZICPIKHT JIUIIB YTIIEPOJ, a30T ¥ KHCIOPO,.
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Puc. 111.a - xapakTepHble "nSITHA" OKPY:KEHHBIE 0PE0JIOM " TPeKOB", § - HeONMO3HAHHBIE " MSATHBIIIKH" Ha
(poHe MEeHBIINX KPANMUHOK, KOTOPbIe TAK:Ke ObLJIH BUIHBI HA KOHTPOJIBHBIX CHUMKAaX [175].

Cpa3y HeckoJbKO wucciienoBareneii B Poccum u YkpawHe TOJMYYHIM TPEKH ''CTPAHHOTO
U3IydeHus" 1mo oJHo# TepmuHosorun [72, 121, 122, 123} "usnyuenus Kosbipesa-/Iupaka”,
no japyroii [119], Ha (GOTOIMYIBCHAX OT YCTAHOBOK, KOTOPBIC, CYIs IO OHOJIOTUYECKOMY
Bo3zelcTeuto [70, 71], mpencTaBiusioT cOO0N TUIMHYHBIC TOPCUOHHBIC TeHEPATOPBL. Takue TpeKu
UMCIOT TPEPBIBUCTBIA XapakTep W MJAYT CTPOrO BIOJIb IMOBEPXHOCTH (HOTOIMYIBCHH.
AHayioruuHbple TpeKH Takke mnonydanuch B MJIII-cTpykTypax oOT yCTAaHOBKH TPYIIIBI
C.B.Anmamenko [124] u npu 3acteiBanud 1upkoHus B peakrope M.M.Commua [120]. ABTOpSEI
[PENOJIaraloT, 4To Tak ce0s MOXET BECTH MAarHUTHBIA MOHOIOJb (THIIOTETHYCCKHNA JETKUN
MarHUTHBIA MOHOIIOJIb, SIBJISSFOIIMACS MarHUTHO-BO30YXKJIEHHBIM HEHTPUHO, ObLI MpEICKa3aH B
80=x romax Xopxewm Jlomakom, yuenukom e Bbpoitns [127]). Takas gactuiia He obOiamaeT
AJIEKTPUYECKUM 3apsi/IOM, HO 00J1aJJacT MAarHUTHBIM, OJIaroiapsi YeMy MOJKET BbI3bIBATD SIICPHBIC
peakiuu B CTaOMIBHBIX sapax. Bo Bcex ycTaHOBKaX, OT M3JIYYCHHS KOTOPBIX OBLIH TOJYYEHBI
Nno0OHBIE  TPEKH, JCHCTBUTEIBHO HIYT HHU3KO-DHEPreTUUECKHUE SACPHBIC  PEaKIUH,
HEOOBSICHSICMbIEC CTAaHJIAPTHBIMU TEOPUSMH, a H3JyuYEeHUEC YCTAHOBKH AJIAMEHKO OKa3bIBacT
BO3JICHCTBME Ha TMOJYNPOBOJHHKOBBIE CTPYKTYpPhI, aHAJOTHYHOE XOJOJHOMY OTXKHUTY,
MOJIYYEHHOMY pPaHee OT TOPCHOHHBIX TeHepaTopoB [125, 126].

[pr BO3AEHCTBUM JIa3CPHBIM M3JTYYCHHEM HA OMAarHMYCHHYIO BOJY MPOSIBISIIOTCS TE€ JKE CaMble
Tpeku Ha poToruiéHkax [176].

Bri3Banbl 11 T0I00HBIE TPEKH TEM K€ CaMbIM areHToM, 4To M OT ycTaHoBok lllkaTtoBa, JIynéna,
OxaTpuHa, WIH TPEACTABISIIOT CaMOCTOSATEIbHBIM (PEHOMEH, IMOKa, BHUIUMO, TOBOPUTH PAHO.
[Ipupony cBs3u Mexay Ouonorndeckue dphexkTaMu, TpeKaMH U SACPHBIMU PEAKIUIMU OT ITUX
YCTaHOBOK €I1I€ TOJIbKO MPEACTOUT BBISICHUTD.
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Puc. 112. lIpumepbl TPEKOB CTPAHHOIO H3JaydYeHHss B dKcmepumentax: a - M.U.Comuna [120], 6, e —
JLA.Ypyukoea [72, 121],8 — H.I'.UBoiiaosa [122, 123],r — C.B.Axamenxo [124], n — U.M.lllaxnapoxosa
[119].

10.2  [Jam4uku, ocHO8aHHbIe Ha U3MEeHeHUU napaMempose
cry4qaliHbIX npoyeccoe

[lepeiiném Temepp K TOIXOAY K JACTEKTHPOBAHUIO, KOTOPHIH OCHOBAaH Ha BIIMSHUHU
HEDJIEKTPOMArHUTHOTO M3JTyYEHUS] Ha MapaMeTphl CIIydailHBIX MPOIIECCOB. 3/1€Ch K HACTOSIIEMY
BPEMEHH MOXXHO TOBOPHTH KAaK O TIOMCKOBBIX SKCHEPUMEHTaX, IEMOHCTPUPYIOMIUX TaKoe
BJIMSIHUE, TAK M O JaTYMKax, OoJiee-MeHee TEXHOIOTUYHBIX B HCIIOJIb30BaHUH, IO KpaiiHel Mepe B
1a60paTOPHOM MPUMEHEHUH.

OTOT NOAXO0A K JIETEKTUPOBAHUIO YAOOEH TeM, YTO OH IIO3BOJISIET B psAlie Cilydaes
abCTparupoBaThCsi OT M3BECTHBIX BO3/CHCTBUIT (JIEKTPOMArHETHU3M, TEIUIO, YJIbTPa3BYK),
MIOCKOJIbKY OHM OOBIYHO HE BIIMSIOT HAa TaKUe MapaMeTpbl, KaK SHTPOINUS WU IUCIIEPCHS
ciy4aiiHoro (IIyMOBOIrO) Mpoliecca, W CKOHIEHTPUPOBATHCS HA HETPUBUAIBHOM BIIMSTHUU
HERJIEKTPOMAarHUTHOro Bo3AeWCTBUSA. O BIMSHMM H3JIy4Y€HUS] TOPCHOHHBIX T'€HEpPaToOpoB Ha
napameTphl paJHoaKTHBHOTO pacraja MHOTO TOBOPUIIOCH B pasnene 8. B HacTosiiee Bpemst moka
HE CO3[1aHO TEXHOJIOTMYHBIX JaTYMKOB, OCHOBAHHBIX Ha JAHHOM SIBJIGHHUH, XOTs, HalpUMep,
pesynbtarel rpynn JlyHésa, Kpunkepa nu MenbHHMKa BIOJHE MOTYTh Jiedb B OCHOBY TaKoro
Oyayiero gaTduka.

10.2.1 TennoBOM AaT4mMK

C cepemunbl  90x romoB rpymma JlyidpHeBa  paborama  HaJ  JICTEKTHPOBaHHEM
HEIJIEKTPOMATHUTHOTO HM3JIyYCHHS OT TEHEPATOpOB M OIEPATOPOB C TOMOIIBIO TEIJIOBBIX
natuukoB [49]. Tlocie mpeaBapuTENBbHBIX OSKCIEPUMEHTOB HCCIIEIOBATENN MPHUILIA K
cnenyrorieit koHctpykuuu (Puc.  113): mBa COBMECTHBIX TEIUIOBBIX JAaTYMKa, Y KOTOPBIX
MCIIOJIB30BAJICS CUTHAJI TEIUIOBOrO MOoToKa ¢ yacTotoi onpoca 20000, XoTs TErIOBOH MOTOK Y
JBYX JIaTYMKOB CBSI3aH, IIYMOBAasi COCTABJISIONIAs 3TOTO CUTHANA Y JABYX JATYUKOB JIOJDKHA OBITH
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HE3aBUCHMOW. B curmame oT TepMmomapsl CHCIMAIbHOW KOHCTPYKIMH (TEIUIOBOM CTakaH
[epamieHko - cMm. Puc. 113)BbIIEIsUTMCH CTATUCTUYECKUE TTAPAMETPHI - SHTPONHUS U JUCIEPCHUs
TEIJIOBOTO IIyMa - Ha TpEX dTamnax. B (hoHe, Ha dTare BO3IEHCTBUA U nocienercTeus. HTepecHo
OTMETUTb, YTO KOHQUIypauus MEeJHO-KOHCTAHTAaHOBOM HAMOTKM TEIUIOBOTO  JIaTYMKa
MPAaKTHYECKH MOBTOPsET KOH(Hrypanuio ooMoTku reHepatopa Kypamosa (cp. Puc. 9). IIpumep
perucTpanuu M3JaydeHuss TOPCHOHHOTO TeHepatopa AkumoBa npuBenéH Ha Puc. 115. Bunno,
4TO  YBEJIIMUCHHE JMCICPCUU/PHTPONUM CHUTHAJA OJHOTO  JIaTUYMKa KOMICHCHPYETCS
YMEHbILIEHUEM 3TUX MTapaMeTPOB y BTOPOTO JIaTUHKA.

Puc. 113.Tennomep I'epamenko. 1-koHcTAHTAHOBAsI MPOBOJIOKA, 2-Me/JHOE MOKPLITHE.
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Puc. 114.TennoBble crakannl 2 U 3. B ko1bueodpa3Hblii TeKCTOJIUTOBBIN Kopnyc AaT4nKa 1 moMerneHbI:
Harpesarte/b 2, 6poH30Basi MPOKJIAIKa AJIsl BHIDABHHBAHUS TeMIepaTypHOro moJs 3, temsiomep Iepamenko
4, ynJI0THUTEJIbHOE KOJIBIIO 5, TOHKAsl H30JUPYIOIIasi MPOKIagKa 6; AaTYHKH 3aKPbITHI 3aHel KPBIMKOi 7 1
TEKCTOJUTOBBIMU KoOJbHaMH 8. B koHcTpyknmum Ne2 ucmosib3yercs OAMH Temuiomep [Iepamenko, a B
KOHCTpyKIuu Ne3 —Ba TenjoMepa.
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~ OHTpOnUs, 1 TENNOBOM AATYMK

2,75

2,70
2,65
2,60

2,55

AHTpoNUS, 2 TensIoBoM AaT4mnK

2,85

2,801
2,75
2,707
2,657
2,60+
2,551
2,50

1 51 101 151 201 1 51 101 151 201

Puc. 115.Bausinue u3jayd4eHHs] TOPCHOHHOTO FeHepaTopa AKHMOBA HA JAWCIEPCHIO U HTPOMHUIO TEIJIOBOIO
IIyMa IBYX TEIJIOBBIX TaTYNKOB.

B nepBoHavanbHOM BapuaHTe pe3yIbTATUBHOCTH PETHCTpaluK Obuia KpaitHe mana (3 ciaydas u3
40, 1.e. 7,5%).ABTOpBI MPUMEHWIN CIICIYIONIUE MOITAHBIC JOPAOOTKU CXEMbI IKCIIEPUMEHTA,
npexJie YeM JOOMIHUCh YBEPEHHON BOCIIPOU3BOIUMON PETUCTPAIIMU TOPCHOHHOTO U3Iy4eHUs (B
CKOOKaX MPUBOIUTCS MOJTYYAIONIASCS PE3yIbTATUBHOCTH):

1) Bmecto perucrpanuy aMmIUTHTYIbl TEIUIOBOTO IMOTOKA CTAld H3MEPSTh CTATUCTHYCCKHE
XapaKTePUCTUKU CHUTHANA; OTKa3aJMCh OT pPYYHOrO BKIIOYCHHS TEHEpaTopa B IOJB3Y
komrbtoTepHoro yrpasieHus (109%0).

2) Bce akcnieprMeHTBI cTaly IPOBOAUTRCS 0e3 dKcrepuMeHTaTopa B nomeineHnn (249).

3) 3azemumiM KOPIYC TOPCHOHHOTO TEHEpaTopa; NPHUMEHWIM METOAUKY "OkHa": (OH-
BO3/ICIICTBHE-TIOCIEICHCTBIE; YacTOTa ONpoca KaKk MHHMMYM BJBOE TIPEBBIMIAET YaCTOTY
MUTaHUs] TOPCHOHHOTO rereparopa (60%0).

4) ®dunprpanus rapmonnku 50T (709%).

Wrak, nocnenoBaTeabHbIM COBEPIICHCTBOBAHMEM METOJMKU HKCHEPHUMEHTa YAAIoCh TOOUTHCS
YAOBJIETBOPUTEIBHON PE3YNbTATUBHOCTH PETUCTPALMM M3JyYEHUs TOPCHOHHOIO TIeHepaTopa.
IIpy MOBTOPHBIX IKCHEPUMEHTAX C BOCHPOM3BENCHHEM HJICHTUYHBIX MapaMeTpOB MNPOBEACHUS
IKCIIEpUMEHTa (PEKUM IMUTaHHs T€HepaTropa, PacCTOSHUE 10 JATYHUKOB M T.J.) HOJIydHIach

128



BOCIIPOM3BOIUMOCTD pe3yinbTaToB 93-95%.B onpenenéHHbIX peXxuMax peakius AaTdrka Oblia
B MpejiesiaX MOrPeHIHOCTH M3MEPEHHsI, U MPU BOCIPOU3BEICHUU 3TUX PEKUMOB PEaKIHs Tak U
oCTaBajach B Impezaeiax morpemHocTd. CM. TakKe [OMOJHUTEIbHBIE OSKCICPUMEHTHI C
IKpAaHUPOBAHUEM IMOJHATHICHOBBIM JKPAaHOM B paszene 9, KOTOpble CHUMAKOT MOJ03PEHHS B
pETHCTpAINU aKyCTHUECKOTO U AJIEKTPOMArHUTHOTO (paKTOPOB.

OTH pe3yNbTaThl JUIIHUN pa3 MOATBEPKIAIOT MPUBEACHHBIC B HaYalle IIaBbl PEKOMEHAINH T10
JETEKTUPOBAHUIO TOPCHOHHOTO M3TYYEHUS: dTOT HEOOBIYHBIM U "TOHKUH" OOBEKT HYKIAETCS B
0COOBIX MEpOTPHSITUSX MO €r0 BBIACICHHIO U W3YYEHHIO, B YACTHOCTH, OOJBLIYIO POIb 3/1€Ch
UTpaeT MPUCYTCTBUE IKCIIEPUMEHTATOPA; JaHHBIN ()aKTOp HAJO YYUTHIBATH HAPSLY C MPOUYUMHU
HEeXXeTaTeIbHBIMU.

10.2.2 Acnonb3oBaHMe WYMOBbIX AUOLO0B

MHorue Tpymmbl JKCHEPUMEHTATOPOB HCIIOJIB30BajlM B  KAueCTBE HCTOYHUKOB IMIymMa
MOJTYIPOBOJHUKOBBIE TIEPEXO0/Ibl, U BO3/IECHCTBOBAIM Ha HUX C MOMOIIBIO OmepaTtopoB. Boobmie
roBOpsi, K TOJOOHBIM pe3yibTaTaM MOXHO OTHECTH M paboTrel boOpoBa 10 BIHMSHHUIO
9KCTpaceHcoB Ha naTduku Ha IMC, X0Ta TaM u3Mepsjiach aMILIATY A CUTHAJA.

W3mepenne mapamMeTpoB CHUTHaja LIYMOBBIX JIHMOJIOB JIE)KUT B OCHOBE JIATYMKOB HECKOJIBKHUX
rpymi: [Inons, Jlu, Cmuprosa, Henbcona (mpoekt GCP). DtoT curaan mpeacrasisieT co0oi
Oenblil 1IyM, U B pa3jMyYHBIX 3KCIIEPUMEHTaX IMo-pa3HOMY oOpabartbiBaeTcs. B moaxozae rpymiisl
C.O.IllHonst cHUMaeTcss CHUTHall C JIByX WIAGHTHYHBIX 10 MapaMeTpaM, HO Pa3HECEHHBIX
MIPOCTPAHCTBEHHO T'€HEPAaTOpOB, M BBINOJHAETCS CpaBHEHHE (OPM THUCTOrpaMM IO MaJbIM
BeIOOpKaM. B matumkax A.JO.CMupHOBa OZHOBPEMEHHO HCIONB3YETCS TPU T'eHEpaTtopa IIyma,
omepaTop BO3JCUCTBYET Ha JBa IeHeparopa, MOJIE3HBI CUTHAJI CHUMAaeTci C TpeThero. B
natyukax rpynnsl A.l.JIu BeluuciseTcs KOppesslus CUTHalIa JBYX IIYMOBBIX I'€HEpaTOpOB, Ha
KOTOpbIE UAET BO3/eicTBIE oneparopa [177, 178, 179].

Wurepecna mocranoBka u pe3yinbrathl dkcnepumenta GCP (Global Consciousness Project)
[180], xoTopslii mpomoIKaeTCsl B HACTOsAIIEe BpeMs. B HEM CHUMAIOTCS CHTHAJBI C MHOXECTBA
TeHePaTOPOB CIy4YalHBIX YHCEN, PACIIOJIOKEHHBIX B CaMbIX Pa3HBIX ropojax u crpaHax. Ceifuac
YHUCJIO JAaTYMKOB B MpoekTe cocTaBisieT okono /0. CurHanbl ¢ AaTYMKOB B LU(GPOBOM BHJE
NOCTYNAOT B LEHTPANbHYIO 0a3y maHHbIX. Mcmoip3yercsi OTKIOHEHWE cpeaHero (Curhain
NPE/ICTAaBIAET COOOW HOJIb WM SIUHHMILY, CIeTYIONINe Cly4ailHbIM 00pazom ¢ yactoroir 2001 m).
Kak mnokasbIBalOT pe3ynbTaThl, CETh JAaTUUKOB pearupyeT Ha COOBITHS, CONPOBOXKIAIOIINECS
r7100aIbHBIMH SMOIMOHAIBHBIME BCILIeckaMu Mace moneit (Puc. 116).
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Puc. 116.01knonenue ot cpeanero cucrembl GCP Bo Bpems 3emierpsicennsi B Uunonesun 27.05.2006.

HuTepecHo, 4YTO METOJ CpaBHEHHS TUCTOrpaMM 1o MaibiM BbiOopkam  (C.D.11IHob),
NpUMEHEHHBIN K psgaM naHHbIX aatunkoB GCP,mokaspiBaeT Te ke d3PGEKThl, YTO U B OPYTUX
CIIy4alHBIX (PU3NYECKUX MPOIECCcax: OKAa3aJoCh, YTO IUGPPOBOM METOJ KOAMPOBAHMS CUTHAJA
JIAaTYMKOB HE HApyIIaeT CBOMCTBA moo0us ¢hopm rucrorpamm [181].

HccnenoBanue ¢ MOMOMIBIO JBYX IIYMOBBIX AaT4ukoB mo mertony IIxons Baytpu Kpachoit
[Mupamuner (Erumer) mokasanu, 4To BBIPaXEHHOCTh 3(dekra MecTHOro BpemeHu (momodue
THCTOTPAMM Yy HCTOYHHMKOB IIyMa B MOMEHTHI OJHOTO M TOTO K€ MECTHOIO BpPEMCHH)
YMEHbIIIaeTCss BHYTpU mnupamuasl [182]. ABTOpBI BBICKa3bIBAIOT MPEANOJIOKECHUE, YTO PeUb
MOXET HITH O <GallyMJIEHHOCTH» BHYTPEHHErO NPOCTPAHCTBA, JHUOO 00 DJKpaHUPOBAHUHU
s dexTa MECTHOTO BpEMEHU CTEHAMU TTUPAMHUIBI.

10.3 lMpubopsb! UA-1, BETA, SEVA

CymecTByeT KiacCc YCTpOMCTB, KOTOpble, OyAy4d YYBCTBUTEIbHBIMH MPUEMHUKAMHU
3JIEKTPOMArHUTHBIX BOJIH B JIMAlla30HE MOpsAKa KUJIOTEpIl, XapaKTepHbIM 00pa3oM pearupyroT
Ha Takue 0ObEKThbI, KAK TOPCHOHHBIE I€HEPATOPhl, AKTUBUPOBAHHAS BOJIA, €ONATOI'€HHbIE 30HBHI,
6uonoJe yenoBeka. PaccMoTpuM paboTy HEKOTOPBIX TAKHX AATYUKOB.
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10.3.1 WrA-1

NI'A-1 (Muaukarop ['eomarauTHeIx AHOMAaHI, n300peTarens - FO.IT.KpaBuenko) npescrasiser
co00ll  BBICOKOYYBCTBUTEIBHBIA TPUEMHUK, B KOTOpOM u3MepsieTcs (a3oBbId  CIBUT
MIPUHUMAEMOr0 AHTEHHOW (POHOBOIO 3JEKTPOMATHUTHOIO CHUTHAJAa HA HEKOTOPOH 4YacToTe IO
cpaBHeHHIO0 ¢ dTanoHHBIM [183, 184], Puc. 117. Crpenounsiii au060 H(GPOBOH HHAUKATOP
MmoKaspiBaeT uWHTerpan cxapura ¢as. Pabowas wuactora mnpubopa 6...10 k1. AHTeHHa
NpeACTaBIsAeT COOOW MOJMPOBAHHBIM IHCK JAWAMETPOM 3 CM, POJb BTOPOTO D3JEKTPOJa
BBITMOJHSET JUCK, PAaCIOJOKEHHBI COOCHO HA pACCTOSHUM HECKOJIBKO CAHTUMETPOB OT

HECHTPAJIBHOI'O 2JICKTPOAAa aHTCHHBI.

Puc. 117 .MnaaukaTtop i"eoq)mnqeclmx anomauuii - UT'A-1.

NI'A-1 obGmamaeT BBICOKON YYBCTBHUTEJIBHOCTHIO TIO aMIUIMTYAEC NPUHUMAEMOro CHUTHala -
nopsiaka 10 nB Ha Bxoae. OnepaTop Aep>XKUT MPUOOp B pyKe, MepeMenias ero OT TOYKU K TOYKE;
JUI YMEHbBILICHUsI BIUSHUS OWOIOJ oreparopa pydka yiiuHeHa. [lo OTKIIOHEHMIO CTpenKu
3aMeyaroT u3MeHeHue (asbl (HOHOBOTO IIEKTPOMATHUTHOTIO CHTHAja MO CpaBHEHHIO ¢ 0a30BOM
TOYKOM, B KOTOpO# a3y npuaumaroT 3a 0 (06Hynenuem unaTerpana $assi). [Ipu 3ToM 3HaYeHHE
MMEET HAlpaBJICHHOCTh AaHTEHHBI MpuOOpa: Ui CHATUS pa3MEpoB OHOMOJISI aHTCHHY
HAIMpPaBJIIOT HA YelioBeKa (OCh aHTCHHBI HAIPABJICHA TOPU3OHTANIBHO), VIS TOUCKA MOA3EMHBIX
HEOTHOPOTHOCTEH MJIM T€0MAaTOTeHHBIX 30H OCh AaHTEHHBI HAMPABJISIIOT BHU3.

Oco0eHHOCTBhIO TIPHOOpa SBJIACTCS KaK pa3Mep aHTCHHBI (OH HECOM3MEPHM C JUIMHOW BOJHBI
QJICKTPOMAarHuTHOI'0 CUrHajia B KHJIOTC€PIIOBOM I[I/IaHaSOHe), TaK U CYHICCTBCHHOC BJIMAHUC Ha
YYBCTBUTCJIBHOCTDH npn6opa IMOJIMPOBKH aHTCHHEI, a TaK¥XKE MaTepHana: MoJiMpoBaHHas aHTCHHA
paboTaeT Jydle, 4eM HeroJIMPOBaHHAs, TIOJIMPOBAHHAS AIOPAJIb JIy4Ille TOJMPOBAHHONW OPOH3HI.
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[Iporotun UI'A-1 Obi1  paspaboTan [  HEpas3pyIIAOIIET0 KOHTPOJS TMOBEPXHOCTEH
OTBETCTBEHHBIX METAIMYECKHX JeTaleld B AaBHAMOHHOM IPOMBIIIICHHOCTH: (ha30BbIe
XapaKTepPUCTUKU CHUMAIIUCh HA PAa3UYHBIX YacTOTaX, U TaKOW ()a30BBIA MOPTPET MO3BOJISIT HE
TOJIbKO HaXOAWUTh Ae()EKThl KPUCTAIUTUIECKONW CTPYKTYPHI METaia, HO JaXe OTIUYaTh pasHbIe
wiaBku (maptuu) oaHoi Mapku merasuia [185]. [Ipubop B manbHeimeM cral NPUMEHSATHCS Kak
dazoaypomeTp (3aMepsUTOCH PACIIONOXKEHHE TpaHuI] (a30BOr0 OTKIOHEHHUS OHOIMOs Ha
pa3IMYHBIX 4YacTOTax), a 3aTeM o0JIacTh ero MPUMEHEHHs Oblia pacuiMpeHa Ui IOUCKa
MOJI3€MHBIX IYCTOT, TPyOOIIPOBOIOB, 3aXOPOHEHUH, a TAKXKe ISl IOMCKA Ie0MaTOreHHbBIX 30H.

10.3.2 BETA

BEI'A  (BumiproBau EnektpomarautHux [eodismunmx  AHomaniif, wu3o0perarens -
A.A.Aupgpees), Puc. 118, taxke mpeacTaBiseT COOOH BBICOKOUYBCTBHTEIBHBIA MPUEMHHK,
BXOJTHOW KacKaJ] KOTOPOTO MPHUHUMAET CUTHAJIBI OT KOAKCHAIBHOW aHTEHHBI MPUMEPHO TOTO KE
pa3mepa, uto u anteHHa U['A-1, 1 ¢ KOTOpOro B JaJIbHEHIIIEM CHUMAETCSl CUTHAJ B 00JacTH 10
10 xI'u i mocneyrorieit 0opadotku [186]. B otimune ot UT'A-1, BEI'A usmepsieT aMIuiuTy 1y
curHaina, a He (aszoBsliii caBur. [Ipu 3TOM OCHOBHBIE 2P (HEKTHI, KOTOPHIE MOKHO HCCJIEIOBAThH C
nomoisto BEI'A, coBnamaroT ¢ ucciaexyembimu MI'A-1: reomaroreHHbie 30HBI, B T.4. CETKH,
000JI0YKK OMOTOJI 4YellOBEeKa W JIPYTrUX >KUBBIX OOBEKTOB, B TOM uHCIe (aHTOMHBIE, T.C.
OCTAIOIIUECs MOCIIe A0JTOro MpeObIBaHus 00beKTa B JaHHOM Mecte [187].

Puc. 118.M3mepuTesb 3JIeKTPOMATHUTHBIX reopuzndecknx anomaanii — BET'A.

BEI'A, cHaGx&nnblii nepectpanBaeMbiM GpuibTpoM 4 - 12k 11, MOKHO IJIaBHO HacTpawBaTh Ha
U3MEpEeHHE TOoJiel pa3aMyHBIX OOBEKTOB, a TaKXKe CTPOUTh HMX aMIUIMTYJHO-4aCTOTHBIE
noptpersl. BEIL'A, Ha BBIXOJ KOTOPOTO TMOAKIIOYEH YAaCTOTOMEP, IIO3BOJSET CTPOUTH
pactipenenerare 4actor B npodmiasx smuui I'TI3, a Ttakke Ouomoneit yemoBeka [186].
LlenTpanbHbIil 351eKTpOa KoakcHalibHOW aHTeHHbI BEI'A BBINONHEH B BHIIE TEIECKOMMYECKOTO
HITBHIPS, YTO MO3BOJISIET MOJICTPANBATh YyBCTBUTEIBLHOCTD IpUOOpa.
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Puc. 119.TIpoduiab JUHUM reoNATOTCHHOI 30HBI. a — YACTOTHBLIA NMpoduab, 6 — AMIINTYAHBIH NpoduIbL

(u3mepenne npudopom BEI'A).
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CxeMa hpOHTaNBHOrO po3pisy 0GONOHOK ayp NIOANHU
(EWKoB C.0., 1976 p.H.)
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Puc. 120.U3mepenne 6mono.as yeaoexa npudopamu UT'A-1 (a) u BETA (6).

10.3.3 SEVA

SEVA (Spinning Electro Vector Analyzerusooperatens - M.Kpunkep) mo3BoJIsIeT
JICTEKTUPOBATh BpAIllCHHE BEKTOPA AJIEKTPUYCCKOrO MOJsS. AHTCHHOW mpubopa CiryKaT JBe
NEPICHIUKYJSIPHBIC Tapbl IUIACTUH (KBaJpYIMOJNbHBIA KOHACHCATOpP), HAa BBIXOJAE mpubdopa
U3MEpseTCS WHTErpabHAs BEJIMYUHA, IPOIMOPIHOHAIBHAS CKOPOCTH BpAIlCHHS, M TUIOIIAIH,
3aMeTaeMoOl BEKTOpOM 3jiekTpuyeckoro moss [188, 189, 190, 191, 192{° momorisio 3TOro
npubopa MOKHO HCCIICJIOBaTh 30HBI AHOMAJIWH HaJ MOJA3EMHBIMH BOJHBIMH IOTOKAMH,
JNCTEKTUPOBATh Jy4d, B T.4. (AHTOMHBIC, OT TOPCHOHHBIX TreHeparopoB. IIpubop wumeer
JIOTIOJTHUTEIBHBINA TPAKT CBEPXHU3KUX YACTOT.

PE % T b

G

Pnc.. 121. Spinning Electro Vectorr Anéiyzer — SEVA.
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[TpumMep ocuMLIOrpaMMbl BPAIIAOIIETOCS JIEKTPHYECKOT0 BeKTOpa, u3mepsemoro SEVA —Ha
Puc. 122.

Puc. 122.0cun.|1.110rpaMMa Bpalanmerocs 3JeKTPUIECKOro moJid.

Xapakrepubid 3¢pdekr SEVA - nerextupoBaHue (aHTOMa, OCTaBIIErocs Ha MecTte padoThI
reHeparopa [lInunpmana "Komdbopt”, um Qukcupyemoro cmycts CyTKH TOCi€ TOTO, Kak
reHepatop ObUT yOpaH, a Takke OOHapy)KEHHE BPAIAIOIIErocsl AIEKTPHYECKOrO BEKTOpa OT
aKTHBMPOBAHHOM 3THUM reHeparopoM Bojs! [200].

10.3.4 JdhekTbl

CoBmecTtHOe paccMmoTpenue 3(pdeKToB, 0OHAPYKHBAEMBIX C TOMOIIBIO THX pudopos [193],
3aCTaBIISET MPEIONIOKUTh, YTO pedyb HUAET O HEKOTOPOM JIOKAIBHOM B3aWMOJICHCTBUU
HEDJICKTPOMArHUTHOTO H3JIyYeHHsI OT Pa3IMYHBIX OOBEKTOB C XapaKTEPUCTHKaMH (POHOBOTO
AIIEKTPOMArHUTHOTO U3ITy4CHHS.

B xayecTtBe OAHOW M3 WUIIOCTpAIMH CBA3M HEAJIEKTPOMATHUTHOTO W 3JIEKTPOMArHUTHOTO
(haKTOpPOB MOKHO NMPHUBECTH PE3yJIbTATHI IKCIIEPUMEHTA, onrucanHoro B [186]: ¢ momomsio BETA
HAaXOJWJIUCh OOJIACTH, B KOTOPBIX C ayJUOBBIXOJa MpHOOpa MPOCIYIIMBAJICA XapaKTEPHBIN
CUTHAJ OT BBI30Ba PACIIOJIOKEHHOTO psiioM coToBoro Tenedona. Kondurypamms takux odnacreit
COBMAJaJIa C ABYMS JIMHUSAMH T'€ONAaTOT€HHON CETKH, MPUYEM CUTHAJI IPUHUMAJICS, TOJIBKO €CIIU
COTOBBIA TeNeOH pacroiarajics Ha TOW >K€ JIMHWUHM, JU00 ONKaliied nepreHIuKyIspHON.
Oddexr, aHaNOTHMUHBIA HSTOMY. B TEOMATOTEHHOW 30HE pa3MEpoOM TMOPSIKA JIECSITKOB
CaHTHMETPOB Ha CEJIEKTUBHBIA MPUEMHHK MPOCIYIINBATHCH IU(POBBIE CUTHANBI Ha yacTtoTe 105
k[, TH CHTHAJBI HE MPOCITYIIUBAIKUCH BHE ATOM 30HBI (MCIOJIB30BAIACH AHTCHHA, aHAIOTUYHAS
antenHe WMI'A-1). Hamuo nokanmbHbIN (akTOp, HE CBS3aHHBIA C JUIMHOW BOJIHBI HECYyIei
MPUHAMAEMOTO CUTHAJIA, HO BIMSOIINMI Ha €70 PaCIIPOCTPaHEHHE.

B pa6ote [110] npeacraBieHsl pe3yabTaThl 0 IPUOOPHOMY HCCIIESIOBaHUIO ¢ moMonsio UT'A-1
TOPCUOHHBIX TeHepaTopoB. Hampumep, BOKpyr pabOTaloOmMX BHUXPEBBIX TEIUIOTEHEPATOPOB
HAOJI0JAIOTCSI KOHIICHTPUYECKUE TPAHUIIBI, TOI00HO 000JI09KaM OUOTIONS YEeNIOBEKa; MOKa3aHMUs
WHTerpajia caBura (pa3 MEHSIOTCS Ha PACCTOSHUHM 1O COTEH METPOB OT MOIIHBIX BUXPEBBIX
ycTaHoBOK. Pazmep "aypbl" cocyna ¢ 0ObIYHOM BOJIOW OTIMYACTCS OT TAKOTO pa3Mepa Ui BOJIBI,
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npoiemed 06padoTKy B BUXPEBBIX ycTaHOBKax. Kpome Toro, Bce Tpu mpubopa pearupyroTr Ha
TEKYIIYIO BOMY - OT MTOJI3€MHBIX IOTOKOB JIO TIEPETIMBAHUS BOBI H3 COCYZa B COCY/.

Emé¢ onmma wumocTpanus: TpH yCTaHOBKE  3allUTHOTO  ycTpoictBa "®dopmoct’ Ha
pacrpeeTuTedbHbI  3IEKTPOUIUT JIOMa BBIPAKEHHOCTh JIMHUM TE€O0NaTOreHHOM CEeTKH B
MOMEIIEHHSIX 3TOro Joma, 3amepsiemoir ¢ momomsio UI'A-1, magaer. [lpu 3Tom sicHo, 4TO Ha
ANIEKTPUUYECKHE TapaMeTPhl JIEKTPOCETH yCTpoiicTBa THma "PoprnocT’ HUKAKOTO BIHMSHUS HE
OKa3bIBAIOT, U HE MOTYT M3JTy4aTh WM SKPAHUPOBATh PAIMOBOJIHEI B 1uana3one paborsr UT'A-1.
Ananornyasiii 3pdexT HabMoaancs B SKCIEPUMEHTax ¢ MOOUIBHBIME TellehOHAMU, HAa KOTOPBIX
yCTaHABJIMBAIM 3amuTHOE ycrpoiictBo "CrumHop”. B [194] onwmcan skcrnepumeHT OMCK -
Opannust, Ha npUHUMAaIIEH cTopoHe ObL1 mpudop MI'A-1, a Taxke MOOWIBHBINA TenedoH Oe3
3alIUTHOTO YCTPOWCTBA, Ha TEpEeAarollell CTOPOHE 4YepelOoBaliCh BBI3OBHI C Telle()OHOB,
cHaOxkEnnpIX "CrmHopoM”, u 6e3 Hero. U['A-1 mokaspiBan OTKJIOHEHHE CTPEIKU TOJBKO TMPHU
BbI3oBe ¢ Tenedona 6e3 "Cruuopa". TIoHATHO, 4TO HAa OOBIYHBIE XAPAKTEPUCTUKH LUGPOBOTO
CUTHAA, TPOXOMAAIIETO uepe3 0a30BbIe CTAHIMHM W IUQPPOBBIC KaHAIBI MEpEAaydl JIaHHBIX,
ycrpoiictBa Tumna "CrnuHOp" HE MOTYT OKa3bIBaTh BO3JACUCTBUS - C TOUKU 3PEHUS PAJAHOTEXHUKU
9TO BCETO JIMIIb HEOOJbIINE AUCKH U3 IIACTUKA.

I‘IyBCTBI/ITCJ'IBHOCTB HUI'A-1 3aBucHT OT ce30Ha U YPOBH: COJIHCUHOM aKTHUBHOCTHU. B HCKOTOPBIX
MECTHOCTAX YYBCTBHUTCJIBHOCTb HUCIPABHBIX HpI/I60pOB nagac€T A0 HYJIA - 9TO I[aéT HGKOTOpBIfI
HaMEK Ha y4acCTue B IIPOLCCCC NETCKTUPOBAHUA HeKOTOpOfI KOMIIOHCHTBI COJTHCYHOI'O U 3CMHOI'O
HU3ITYy4CHUS. B CJIOM pacCMAaTPUBACMBIC HpI/I60pBI BEAYT ce0bs HO,I[O6HO 6HOJ’IOK3I.IHOHHOI>1 paMKe,
HO TaKXKX€ KaK U B cCJjIydac C paMKOﬁ, q)HBI/IKa npouccCoB, IMO3BOIAIOIHNX ACTCKTUPOBATH
HUCTOYHHUKU HEIJICKTPOMATHUTHOI'O U3JIYUCHUS, HCACHA.

B 10 xe BpeMsi TaHHBIA cIOCO0 NETEKTUPOBAHHS HEAIEKTPOMATHUTHOTO H3IYYEHHUS JOBOJIBHO
NEePCIEeKTUBEH, TIOCKOJBbKY OoONamaer psaoM MPEeUMYIIeCTB IO CPaBHEHHIO C paHee
PacCMOTPEHHBIMH CTIOCOOAMM:

1) [erekTopbl MPEACTABISIOT COOOH YYBCTBUTENbHBIC MPHEMHHUKH AJIEKTPOMArHUTHOIO
CUTHaJa, BBIMOJIHEHHbIE HA CTaHJApTHOW 3JIeMEHTHOU 0ase, mpas/ja, C HeCTaHIapPTHBIMU
aHTEHHaMH.

2) OrcyrcrByeT 3peKT HACBHIIICHUS U TOCIEACHCTBIS, KOTrqa JaTYUKH TT0CIIe BO3ACHCTBHS
HAa HUX HE3JIEKTPOMArHWTHBIM M3JIyY€HUEM IE€PECTAl0T pearupoBaTh Ha HETO; OTCI0Ja He
TpeOyeTcsi BpeMEeHH Ha pelaKkcaluio JaTunKa.

3) He tpebyeTcst HU 3JEKTPOMArHUTHOTO, HU TEIIOBOTO YKPAHUPOBAHUSI TATYUKOB.

4) Ha BbIxome mnpuOOpPOB - HHU3KOYACTOTHBIN CHrHAN, KOTOPBIA JIETKO 3aluChiBaTh M
00pabaTbIBaTh.
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11. GOAHTOMHbIN 3DDEKT

XapakTepHbIM  CBOMCTBOM  HCTOYHMKOB  HEIJIEKTPOMAarHUTHOTO  M3JIYy4YEHUS  SBIIAETCA
CHOCOOHOCTH OCTABIISITH MOCTIE CBOEH PabOTHI (PaHTOMBI - MMOKOSIIUECS B IPOCTPAHCTBE O0JIACTH,
JETeKTHUPYEeMbIe METOJIaMH, ONTMCAHHBIMH B MPEABIAYIIEM pasjeie. DT (GaHTOMBI OCTAIOTCS Ha
MECTax IJUTEIBHOIO HAXOXKICHUS JIIOAEH, COCYIOB C aKTUBUPOBAHHOM BOJOM, TOPCHOHHBIX
TeHEePaTOPOB PA3IUYHBIX KOHCTPYKIUH, U APYTUX MaTepUaTbHBIX OOBEKTOB.

Harnsaayro wmmoctpammio 3toro 3¢dexra npuBoautr M.C.Pagiok B cratee “"daHTOMHBII
s ekt (Puc. 123).I'oMmoreHat 3e/EHBIX JUCTHEB OCAXKIACTCS B JIIMHHON IIPO3PavyHOM KIOBETE.
OOBIYHO TOMOT€HAT MPEUMYIIECTBEHHO OCAXKIACTCS B BHJE JIBYX OYropKOB, PacIojIOKEHHBIX
CUMMETPHYHO, TPUYEM pPACIIOJIOKEHHE OYTOpPKOB MOJYHHSETCS MPOIMOPILUHU 30J0TOTO CEUSHUS,
Puc. 123a [22, 195] éBrop cBsa3biBaeT 310 ¢ 3pdekrom dopm). Eciu psaom ¢ KrioBeToi ¢
OCaXKJAEMbIM TOMOT€HATOM IOMECTHTh Kakou-nnbo mpeamer (Ha Puc. 1236 - crexisHHAs
IUIACTHHA), TO XapakTep paclpelesieHhs OcaJka W3MCHHTCS. O0CaJoK  oOpasyercs
MPEUMYIIECTBEHHO PSIIOM C MpeaMeToM. Eciu ke ocaxaaTh TOMOTeHAT IMocie 'IKCHo3UIuH”
npeaMeTa, HO YK€ IIPU OTCYTCTBHHU €r0, OyTrOpOK yKa3bIBaeT Ha TO K€ MECTO, TJIe TIPEIMET CTOSII
(Puc. 1238). Dddext wuMeeT CTONPOLEHTHYIO BocmpousBoaumocTs (Puc. 123r),
JOTIOJTHUTENILHBIE SKCIIEPUMEHTHI TOKA3bIBAIOT €r0 HETETIOBYIO TIPHPO/TY.
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Puc. 123.OcaxaeHne roMoreHaTa 3eJIEHBIX JHCTHEB B JJMHHON KIOBeTe: a) (e3 OJM3KO PacHoJI0KeHHBIX
npeaMeToB, 6) ¢ mpeqMeToM (CTEKJISIHHON IUIACTHHOI) y HEHTPa KIOBEThbI, B) HAa MeCTe HAXOKIECHUS
IUIACTHHBI, T) Tpaduueckoe oTodpaxenue 13 0NbITOB, TOUKAMH (HA/l OCHI0) MOKA3aHO PACIOJI0KeHHE GyropKa
B NPUCYTCTBHH MPEIMETA, TPEYroJbHUKAMHU (110 0CbI0) — B OTCYTCTBHH.

[I.I1.Tapsieeeim B 80 romsl Obul OOHapyxeHo cruenywoomee sBiaeHue. C  MOMOMIBIO
(OTOYMHOKUTENSI CUUTHIBAIUCH MapaMeTpbl cBeropaccesHus npenapara JJHK npu obmyuenun
ero nasepom. [Ipu OTCYTCTBHU TpenapaTa CUTHAI CBeTOpaccestHusi Obul Onu30K K mymy (Puc.
1244). Tlapametpsl cBeTOpaccesHHs Haxojsiierocss B kamepe npemapata JIHK mokaseiBanu
BOJTHOOOpa3HbBIN XapakTep (IyKTyalluid - MeJJICHHOE TJIABHOE U3MEHEHUE aBTOKOPPEISAIIMOHHON
¢byukiun (AK®) - Puc. 1246. Iocne Toro, Kak mpenapar yAaasuld U3 KaMepsbl, HapameTphl
¢doTopaccessHUs TPHOOpPETAIN aHOMAJIBHBIA XapaKTep, OTIMYHBIM OT KOHTPOJIBHOTO CUTHAJIA KaK
[0 aMIUIMTyJe, TaK W Mo Xapakrepy u3menenuii (Puc. 1248), u Takoe moBencHue AK®D
HaOJIIOAIOCh TIO0 KpaiiHeW Mepe Ha TPOTSHKEHWH HECKOIBbKUX CYTOK. [IpojyBKa KIOBETHOTO
oTJesIeHUs] 00ECBbIIICHHBIM CYXHM a30TOM MPUBOJAMIA K BPEMEHHOMY HCYE3HOBEHHIO (paHTOMaA
JTHK, Ho uepe3 5-10munyT anTom BHOBB mposiBisiics [60].

MINDM (({ X2 7' VYersion 2.1 Date 18-09-1991  Time fd:27:@q
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Puc. 124. Mi3MeHeHHe aBTOKOPPEIANMOHHOI (yHKIUM cBeTOpacCesHHUA:

a) B BO3AYUIHOM NPOCTPAHCTBE KAMEPHI — KOHTPOJIb;

0) npenapara THK;

B) «(haHTOMAa» B BO3AYLIHOM NPOCTPAHCTBE KaMephbl MocJie yaaiteHus npenapata JHK.

Emé omun mpumep nposienenuss pantomuHoro sddexra onuceiBaer M.A.MenbHuk B pabote
"DKcnepuMEHTAIbHOE ~ OOHApYXEHHE COXPAHEHUsT  HEIMYaCCOHOBCKOTO  CTaTUCTHYECKOTO
pacrpeesieHus U3TyYeHUs! MMOCe OTKIFOYEHUs ucTounnka Bo3myineHus” [140]. B stoit padote
UCCIIeJIyeTCsl BIHMsHHE (aHTOMa, HABEJIEHHOTO BpAIAIONIUMCS TEJIOM, Ha [OKa3aHUs
MOJTYTIPOBOJTHUKOBOTO JJaTYMKA TaMMa-pajdaliid OT pPaJMOaKTHBHOrO Impemapara. Cxema
SKCIEpUMEHTa ObLIa CIEeNYIOIICH: CHavajla BBIMOIHAIUCH KOHTPOJBHBIE 3aMEpHI, 3aTeM COOpKa
JaTYMKa C PAJUOAKTUBHBIM HMCTOYHHKOM yAaIsuiach (MX OTHOCHTENBHAs TCOMETPUS He
MEHSIJIACH), BKIIIOYANIACh YCTAHOBKA C BpalllcHHEM, 3aT€M YXKe 3Ta yCTaHOBKA yOHWpallach, U
JATYUK C MPerapaToM BO3BpAIIAJICS Ha MECTO. Pe3ynpTaThl 3TOr0 SKCIIEPUMEHTA MOKa3al, YTO
HEDJIEKTPOMArHUTHOE TOJIe B OMKaiiel OKPECTHOCTH OT BPAIAOIIETOCs Tela HaXOAWTCS B
METacTa0MJILHOM COCTOSIHUH U MPOJI0/DKAET BIHATH HA PAJHMOAKTUBHBIN pacmaa 0OoJIbIle HEeIu.
N.A MenbHHUK yKa3bIBa€T Ha TO, YTO METOAMKA M3MEPEHHH JODKHA 3TOT AP(PEKT YUUTHIBATH!
MOKa3aHMUs JaTYUKOB HAJ0 CPaBHUBATh CO 3HAYCHUSMHU JO SKCIIEPUMEHTA, MOCKOJBKY MOCIE
OCTaHOBKH BpaIICHUs HAOIIOJAaeTCS JUIUTEIBHOE TTOCIIEICHCTBHE.
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Dddexr mmrtensHoro mocneneiictBus (20 cyTok) OT Bpalraromerocs oObeKTa OBUT TaKKe
omican A.D.OxatpuHbiM B paboTe, MOCBIIMEHHONH (HOTOPETHUCTpallUd HEIEKTPOMATHUTHOTO
(MukposenToHHOro) M3aydenus [173].

[Tepeuncnenue pe3ynbTaToB, CBUACTEIBCTBYIONIUX O peaIbHOCTH (paHTOMHOTO (hdeKTa, MOKHO
MPOJIOJKATh JTIOBOJIBHO nosro. Mapk Kpunkep ommceiBaer 3Q¢GeKT mocIeaeiHcTBus OT
BpAILlAIOLIETOCs]  3JEKTPUYECKOIO0 BEKTOpa B YCTAaHOBKE Ha OCHOBE KBaJPYINOJIBHOTO
koHmeHcaropa [134, 135] - B 3KCHepUMEHTE BO3JCHCTBHE OCYIIECTBIIIIIOCH HAa CUETHK
PaZMOaKTUBHOCTH MpPU  HM3MEpEeHUUH (PoHA, TMpPU OSTOM MEHSUIUCh  CTATUCTHUYECKUE
xapakrepuctuku cuéra. DPdexr ¢anroma ot reneparopa lllmumemana M.Kpunkepom u
B.IluceMeHHBIM JETEKTHPOBAJICS Ha MecTe pabOThl TeHepaTopa CIYCTS CYTKH C MOMOIIBIO
npubopa SEVA, Taxxke Ha OCHOBE KBaJAPYIOJBHOTO KOHJeHcaropa. MaHTOMBI Ha MeCTax
JUTMTEIEHOTO HaXOXKACHUS JII0Iei 0OHApYKUBAIUCH ¢ momolisio mpubopa MI'A-1 C.A.BeIKOBBIM
u A.A.AuspeeBbim [187], cm. Puc. 125;danTtoMbl 0T pabOThl TOPCHOHHBIX TCHEPATOPOB TAKIKE
Haxomsates ¢ momomibio MIA-1  FO.I1.KpaBuenko [110]. Buonorndeckue 3¢¢extsl OT
"kacarenpHOrO exa" BeilHMKa MpoJoIDKaIKM ONIYIIATHECS MHOTO JHEW IMOCIe TOTO, Kak €X ObLI
pazobOpan [40]. Ha dbanTomusbril addekr ot reneparopa Kypanosa ykassiatoT Takke B.d.[lanoB
u C.A.Kypanos B cBoMX JOKJIanax H T.n.

Cxema pa3spe3a aHepreTuyeckoro cpaHToma (kabuHeT [lembsiHoBa B.A.) (6okoBasi npoekLus)
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Cxema paspe3a 3HepreTM4eckoro cgpaHroma (KabuHeT JembAHoBa B.A.)
(chpoHTanbHaA Npoekuna)
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Puc. 125.danTom padouero Mecra 4eaoBeKa, H3MepeHHBIIi ¢ momoinbio npudopa UT'A-1.

Xouyercsi 0OpaTHTh BHHUMaHUE Ha MapaJOKCATbHOCTh JAHHOTO sBIICHHA. JIMHHUS OOBSICHEHUS C
NPUBJICYCHNEM BO30YKIEHHOTO (PH3NUECKOr0 BaKyyMa HaThIKAaeTCs Ha MPOTUBOPEYUE MIPHHITUITY
OTHOCHUTEJILHOCTH: BaKyyM HE MMEET BBIJCIICHHON CHCTeMBbI 0TcYéTa. DaHTOMBI BeyT ce0sl Tak,
CIIOBHO OHM HE TNPHBS3aHbI K OJMIDKHEMY OKpYKEHHIO (FeHEpaTOphl, KCIIEPUMEHTATOPHI), HO
JIOCTATOYHO KECTKO "3aAKOPEHBI MO0 OTHOMICHUIO K 3emie. CUTyaIio MOXKHO MPECTaBUTh TakK,
OynTo TeHepaTopbl HEIJIEKTPOMArHUTHOTO U3Iy4eHUs (OPMHPYIOT YCTOHUYUBBIC IOJICBBIE
o0OpazoBaHMsI B HEKOTOPOH cpeie Hamield IUTaHETHl, NMPHUYEM dTa cpeda OODKHA HMETh
XapakTepucTUKU TBEpAoro Ttena. CBUaeTenbcTBa 00 M3MEHEHHUSX CO BpPEMEHEM XapakTepa
MIPOCTPAHCTBEHHOTO PACIIpPENICIeHUs JIydeii TOPCHOHHBIX T'€HEPaTOpPOB M HMX (AaHTOMOB HAET
HaMEK Ha KoJieOaTeIbHBIN XapaKTep peslakcallii TaKux oOpa3oBaHUM B 3TOM "TOHKOW' cpexe. B
pabote [197] BBOauTCS rUMOTE3a, KOTOpas MaT MOIAXOJ K OOBSICHEHHIO JAHHOTO SBJCHUS Ha
OCHOBE KOT'€PEHTHBIX MIOTOKOB O030HOB, CJ1a00 B3aUMOJICHCTBYIONINUX C OOBIYHON MaTepreH.

Wutepecnoe oOwsicHenue QantomHoro d¢¢exra depe3 MNPUHIUN  HEONpPeAeIEHHOCTH
Ieiizentepra npemioxun JI.B.Jleckos B [196]:

"[loHATh TPUYMHY OTHX TNAPATOKCAJTbHBIX CBOMCTB TOPCHOHHBIX TMOJIEH MOXHO,
oOpainasich K COOTHOIIIEHUAM HeompeeneHHocT [ eitzenOepra. JlokaabHOE BO3MYIIICHHE
CIIMHOBOT'O COCTOSIHUSI CpPE/ibl, CO3/1aBa€MO€ TOPCHUOHHBIM I'€HEpPaTOpOM, HE MPUBOIMUT K
W3MEHEHHUIO €€ 3HEPreTHYeCKUX MapaMeTpOB, UHBIMHM CJIOBAMH, U3MEHEHHs SHEPruu U
umnynsca AE u AP mnpakruueckd paBHbl Hymwo. Ho Torima #3 COOTHOIIEHUM
HEOTIPEICTICHHOCTEH CIIeIyeT, 4TO BeIMUUHBI AX 1 At mouTH 0€CKOHEYHO BEIUKU. A 3TO
O3HAayaeT, YTO CIMHOBOE BO3MYUIEHHME, CO37aBacMO€ JIOKAJIbHBIM BO3JIEHCTBHEM
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reHepaTopa, cpa3y OKa3bIBaeTCs HeJMOKaIbHBIM. OHO MOXKET HOCUTH JIMHEHHBIA XapakTep
Y 3aHUMAaTh BeChbMa MPOTHKEHHYIO 00J1acTh MPOCTPAHCTBA..."

"Bo3Bpamiasch K HMHTEpIpETAlMyd MpPOOJeM TOPCHOHHBIX CHCTEM KOMMYHHUKAIMH C
MOMOIIBI0 COOTHOMIEeHUH ['elizenbepra, pacCMOTpUM CIEJACTBUS U3 OOJBIION BEIMYNHBI
TeMIopajibHOro uHTepBaia At. bonpiias BennynHa At 03HauaeT, YTO HEOKAJIBHOE CITMH-
TOPCUOHHOE BO3MYIIEHHE NMPOCTPAHCTBA MOXKET COXPAHATHCA €lle J0Jroe BpeMs Iocie
TOr0, Kak IpEeKpaTusl CBOE JEWCTBUE MCTOYHUK, BBI3BABIIMKN €ro mnosiBjeHue. B sTom
ciiyyuae Mbl OyzneM HMeTh Jei0 ¢ (EHOMEHOM, KOTOpBhIM MOXHO Ha3BaTh CIIMH-
TOPCUOHHBIM ()aHTOMOM, CHOCOOHBIM COXPaHSTh YCTOWYHMBOCTH JO TE€X IOp, MOKa HE
MPOU30MUJIET €ro JucCUNanusi MOoJ JAEWCTBUEM JPYIMX CIHOHTAHHBIX HCTOYHUKOB
TOPCHOHHBIX TTOJICH."

AJO.CmupHOoB B pabore "JlanbHue HelOKalbHBIE TPUOOPHBIE  B3aUMOJCUCTBUS B
(OpMHPOBaHNK KOHICMIUU «reienopranui uHGopMmarmm»” [23] yka3biBaeT Ha BaXKHOCTh
NPUKJIATHBIX  aClIeKTOB M3ydeHUs (AaHTOMOB Ui TOPCUOHHOM CBSI3M, TIOMCKa JIFOJICH,
CUMTBIBaHMA WH(MOpMALMK, a TaKKe paccMaTpuBaeT CBs3b (AaHTOMHOTO d(dexra cC
HEJIOKAJIBHBIMU H MICUXO0()U3NIECKUMHU SBICHUSMU:

"Kak CJICAYCT U3 PE3YyJIbTAaTOB HAIIUX HCCHGHOB&HHﬁ, B HCKOTOPBLIX BHIAAX HpI/I60pHBIX
AUCTAHTHBIX aJApCCHBIX BOBI[CfICTBI/Iﬁ NpOUCXOIUT HMMCHHO TCJICIIOPTALHA "q)aHTOMa"
00BEKTa WU mnmponecca B 3aJaHHYH0 TOUKY HpOCTpaHCTBa-BpeMeHI/I".

"B cnydae BozaeiicTBus omeparopa (WM, TOYHEe, MPHU OMEPATOPHO-TPUOOPHOM
BO3/ICHCTBHH) OH TAKXKE IMOCHUIACT CBOW JMHAMHUUYCCKUH "(aHToM”" B OMNpeaeiéHHYIO
TOYKY TPOCTPAHCTBA-BPEMEHH, B YCIIOBHAX MOCTOSHHOTO 0OMEHa WH(POPMAIIEH ¢ HUM U
o0bekToM Bo3zmelcTBHA. U 3mech TopcHoOHHAs (EHOMEHOJIOTHSI TECHO CMBIKAeTCs C
SIBJICHUSIMU OMO- M TICHXO9HEpreTndeckux (heHomeHoB. [lo-Buaumomy, ormepatop u/uiu
HAOJFOIATeNIb,  YYaCTHHUK  OKCIepuMeHTa  (CO3HATENbHO  W/WIM  HEOCO3HAHHO)
aKTyaJM3upyeT HEKOTOpble (hu3MuecKkue cBOMCTBa "daHToOMa", B 3TOM CMbIcie (aHTOM-
3¢ EKT ABISIETCA HCTUHHO MCUX0Pu3nuecKkuM (0e3 KaBbIUCK) SBJICHUEM .

A.JO.CmupHOB B TOI ke paboTe yKa3bIBaeT Ha SIBJICHHE BhIX0/1a HHPOPMAIIMOHHOTO (haHTOMA M3
OMOJIOrNYecKOoro 00beKTa MpH Bo3AeicTBUU Ha 00beKT KBY DM usnydenuem.

Uro moskeT pa3pymars Ganrombl? MccnenoBarenn yTBEpKIalOT, YTO MMOMOTraeT MHOTOKpaTHas
(OTOBCTIBIIIKA, TPOMKHE PE3KUE 3BYKH, a TAKKE METOJIWKH OYHINECHHUS TMOMEUICHUH, HapuMep,
CO CBEYOH.

Dddexr panTomMOB cieayeT oTIMYATh OT P deKTa METaCTaOMIBHOCTH B CPEJE, KOTJa >KHUIKOE
WM TBEPJOE TEIO MOJ ACHCTBUEM TOPCHOHHOTO M3ITyYeHHsI MEHSIET CBOM cBoiicTBa. Co BpeMEH
AKCIIEPUMEHTOB MBIIIKHHA HM3BECTHO, 4YTO TeJla IOCJIEC DKCIIO3HMIMA WX T0JI TOPCHOHHBIM
U3ITyYEeHHEM CaMHU CTAHOBSTCS €ro HMCTOYHUKAMHU. Tak, paciylaB MeTalsla B KOBIIE MOCIE
BO3/IeiicTBHs TeHepaTopoM KyparoBa 3acThIBaeT 3a mpejaeiaamMu jJyda TOPCHOHHOTO T'eHepaTopa,
HO B 3aCTBIBIIIEM METAJIJIE MOSBJISIOTCS CBOMCTBA, YHACIEIOBaHHBIE U3 00pab0TaHHOTO pacIliaBa.
Emé oaun mnpumep - yroib 0OpH BO3ICHCTBHM CHCTEMBI CIIMHOBOW TEJETOPTALlUU
KpacHoOpbokeBa epexoIUT B KOTEPEHTHOE COCTOSTHUE U OCTAéTCS B HEM B TCUCHHUE HECKOJIbKHX
cyTOK. To e NpOUCXOIUT ¢ AKTUBUPOBAHHOW BOJIOH.
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[To-Buaumomy, dYacto S(d@exT MeracTadMIBbHOCTH paboTaeT COBMECTHO C (aHTOMHBIM
a¢dexTomM, W UYTOOBI OTHEIUTH OJWMH OT JPYroro, SKCIEPUMEHTATOpaM HEO0OXOIMMO
NPUKIIAIbIBATh JOMOJHHUTENbHBIE YCHIIUS - HYKHO yOHpaTh TOPCHOHHBIH T'€HEpaTop Iociie
BO3/ICHCTBHS, W MO BO3MOKHOCTH CBOIWTh K MHHUMYMY BIMSHHE OKpYXeHHs. Tak, B
JKCTepUMeHTax rpynmbl  JIlyHEBa BO3JEHCTBHE THUPOMOTOpPAa Ha pa3iUyYHBIE JATYUKU
NPOJIOIDKACTCS M TI0CIe TOTO, KaK THPOMOTOP ocTaHaBiuBajics (cMm. Puc. 63), HO, MOCKOJBKY
THPOMOTOp HE yOHpalicsi 1mociie BO3ICHCTBUSI, HENb3sl MCKIIOYHTH TOTO, OH CaM MOT CIY)XUTh
HMCTOYHUKOM TOPCHOHHOTO M3JTy4eHUs, "HAKOIUIEHHOTO" B MEPUOJ JEHCTBUS THPOMOTOpA.

Hecmotpst Ha To, uTo (hanTOMHBIN 3(hdekT mpencraBiser coOoil oauH M3 HauboJee SPKUX
MapajoKCOB JIaHHOTO HAINpaBJICHUS HCCJICIOBAaHHUMA, OH SIBISETCS HaMMEHEE W3YYCHHBIM
SIBIICHUEM, TPU TOM, YTO NMPAKTUYECKH BCE YCICHIHBIE WCCIIEAOBATEIN C HUM CTaJKUBAJIKCh.
Db dexr hanToMOB TpedyeT 1eIeHANPABICHHON MPOTPAMMEI 110 €T0 U3YUYCHHUIO.
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12. NMCUXODPUSUNYECKUE SPDEKTDI

B srom pasnene peur moiaér o ncuxodusmueckux ddexrax, TOYHEe, O TOM HUX YacTH, TIe
BOJICBOE BO3JCHCTBHE YeNIOBEKAa-oleparopa BeAET K HETPUBUAIBHON peakuuu (pu3nueckux
naTyukoB. B pamkax gaHHOro o63opa He HAET peYd O TOM, YTOOBI PacCMOTPETh
ncuxodusndeckre 3(hHEKTh BO BCEH MOITHOTE MPOSBICHUI. DTUM ()EHOMEHOM B pa3HOE BpEMs
3aHUMAJIOCh MHOTO HMCCJIEIOBATENILCKAX TPYII, B TOM YHCIe 0€3 BCSIKOM CBS3M C TOPCHOHHBIM
HAMpaBJICHUEM KCCIICIOBaHUI, CM., HAmpuMmep, padOThl MPUHCTOHCKOH saboparopun [198].
31ece MBI PacCCMOTPHUM pPE3yJbTaThl HUCCIEOBAHUM, IIENBI0 KOTOPBIX OBUIO BBISCHEHUE
(bu3nYecKOl MPUPOIBI BIUSHUS ONEPATOPOB HA (PU3UUECKHE MPOIECCHl; MHOTHUE HCCIIEIOBATEIN
3[IeCh TOBOPAT €ClM He 00 MISHTHYHOCTH, TO MO KpaiHell mepe o0 oOmed mpupoje Toro
BO3/ICHCTBHS, KOTOPBIM ONEPUPYIOT OKCTPACEHCHI, M KOTOPOE OKAa3bIBAIOT HA JAaTYHKH
TOPCUOHHBIE TeHepaTopbl. OrpaHUYMMCSl PACCMOTPEHHEM JIMIIb HECKOJIBKHX IPUMEPOB, B
KOTOPBIX BHUJHBI OCHOBHBIE CBOWCTBAa 3TOTO0 BHJA BO3JCHCTBHS. BBICOKAs MPOHUKAIOIIASL
CHOCOOHOCTh, HEJOKaJIbHBIE MPOSBICHHS, SKPAaHUPOBAHUE CKPEIICHHOW CIUH-TIOSpU3ALUCH,
napajgoKcalibHOE BIIMSHUE HA CIy4YailHbIE MPOIECCHI, T.€. XapaKTepHbIC HEIICKTPOMATHUTHHIE
s dexTsl. B ocHOBHOM OyzieM paccMaTpuBaTh pe3ysibTaThl TEX TPYII, KOTOPHIE MOTJIH CPaBHUTh
BJIMSIHUE HA OJTHH U T€ K€ IATYMKHU ONEepaToOpOB, a TAKKE TOPCUOHHBIX T€HEPATOPOB.

B 6-0ii ri1aBe nepBoii yacTh KHUTH "MOJICIIbHOE MCCIIEI0BAaHUE TIOJICBOM KOHIIETIIIME MEXaHU3Ma
co3Hanusi” A.B.boOpoB omHCHIBAET MHOKECTBO COOCTBEHHBIX IKCIIEPUMEHTOB TI0 TICUXOKHUHE3Y C
y4yacTUEM OIMepaTopoB. B kadecTBe NEpBOTrO JaTuyMKa BBICOKONPOHMKAIOIIEH HETEIUIOBOM
KOMITOHEHTHI n3nydenus denoseka (BHKUY) y A.B.bobposa B konie 70x - Hagane 80x romos
BBICTYTIaJIa OMOAJIEKTPHUECKAsi CHCTEMA - KaKTyC "IXHMHOICUC" ¢ YCTAaHOBJICHHBIMHU Ha HEM IBYMS
cepeOpsiHbIMU  3yiekTpojamu. KakTyc pearupoBan Ha BOJIEBO€ BO3JeicTBHE omeparopa-
sKcTpaceHca. Oneparop MOJAHOCHI PYKY K KakTyCy W IpoOOBaj MPOU3BECTH BO3JIEHCTBHE I10
pochb0e IKCMEPUMEHTATOPa UM B MOMEHT, KOTOPBIH OH BhIOMpan caM. Pe3ynbrar Bo3aeiicTBuUS
¢ paccrosinus 15 mm npuBenén Ha Puc. 126,c¢ paccrosaust 30 cm — Ha Puc. 127.BuaHo, 4to
peaxius 3aBUCUT OT paccTosiHUs. Taxke peakiys JaTuruKa 3aBHCEIa OT MCUXO03MOILMOHAIBLHOIO
COCTOSIHMS OTlepaTopa.
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Puc. 126.Peakumsi 6M0JI0THY€ECKOro JaTYNKa Ha BoJsieBoe Bo3jaeiicTBue (BB) onepartopa ¢ paccrosinus 15-30
MM.

S MHHYT
Puc. 127.Peaknusi 6MOJIOTHYECKOTO JaTYHKA HA BOJIeBOe Bo3eiicTBHe ¢ paccTostHusi 30 cMm.

Byzner none3nsiM npuBecTH cieyromee onpeaenenue bodposa:

"Bo3zneiictBue omepaTtopa, COINpPSDKEHHOE C €ro COCPEJOTOUYEHHBIM BHUMAaHHEM, C
KEJIaHUEM BBI3BATh Y OOBEKTAa BO3JIEHCTBHUS M3MEHEHHS, MIPUBOIINE K €r0 PEaKIHH, C
YBEPEHHOCTBIO B TPUHIUIHAIBLHOW BO3MOXHOCTH W B CBOEH CHOCOOHOCTH JOCTHYB
’KEIaeMOoro pe3yyibTaTa, Ha3bIBaeTCsl BOJICBBIM Bo3jeiicTBueM (BB)".

KCIIEPUMEHTHI ¢ OMOJIOTHYECKUM JaTYMKOM ornurcaHbl Takxke B kaure A.I'.Ilapxomosa "Kocmoc.
C 0 ATIl
3emist. Yenoek. HoBbie rpanu Hayku'" [136]. DT sKkcriepuMeHThI POBOAMIKCEH B Havaie 80x
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roioB, ormeparopoM BbIcTynanm Muxann HukonaeB, B KayecTBe JaT4MKa HCIOJIB30BAJIOCh
pacTeHre KOJOHX03, Yy KOTOPOTO H3MEpSUIOCh MEXIJEKTPOJHOE compoTuBieHue. IlapxomoB
MUIIET:

"OKa3ajg0Ch, 4TO PACTCHHUE MOYKET HAXOIUTHCSA B TPEX COCTOSHUSX: "COHHOM" (CKOPOCTH
U3MEHEHUs1 compoTuBieHuss MeHbime 10% B yac, 4YyBCTBUTEIBHOCTh K BHEIIHHM
BO3/ICHCTBHSAM HHU3Kas), "OoapcTByromeM” (CKOPOCTh HM3MEHEHHS COMPOTHBIICHHS
nocturaer 5% B wmuHyTy, ammuuryna a0 20%, 4yBCTBUTENBHOCTh K BHEIIHUM
BO3/ICHCTBHSAM BbICOKas) W "HepBHOM" (KoJieOaHHMS C YacTOTOW HECKOJBKO TepIl H
aMIUIUTyJa HECKOJBKO TMPOLEHTOB, YYBCTBUTEIBHOCTh K BHEIIHHM BO3JICHCTBHUIM
BbICOKasi). OOHapyXHUThb JKCTPACCHCOPHOEC BO3JICHCTBHE HA pACTCHHE B "COHHOM"
COCTOSIHMH HE yJIaIOCh, B "0OJIPCTBYIOMIEM" COCTOSTHUH ONEPATOPY YAABAIOCh '3aIUBKOM
JUCTa aypoll KpacHOTO WM JKENTOTO IBeTa" JUCTAHIMOHHO BBI3BIBATH HM3MEHEHUS
MEXIJIEKTPOAHOTO COMPOTHUBIICHUS, COTIOCTABUMBIE MO0 BEIMYUHE C PEAKIUEeH pacTeHUs
Ha BKJIFOUCHHE/BBIKIIOUCHHE OCBCIICHUS WJIH YKOJBI JIMCTHEB, TIPHUKOCHOBEHUE
acTpaJibHOM pPYKH' BBI3BIBAJIO TIEpeXoj] pacTeHusi B "HepBHoe" cocrosHue. OMHO H3
BO3/ICHCTBHUI COCTOSJIO B TOM, 4TO Muina mpenacTaBuil cebe "BBIAMpPAHUE PACTEHUS C
kopHeMm". Peakiuss Ha 5TO OblTa HeoObIYalHO OypHON: MeHee YeM 3a MHHYTY
MEKJIEKTPOAHOE conpoTuBieHue cHuzuioch Ha 10%. [locine 3TOro OmBITHI € 3THM
pacTeHHEM MPHIIUIOCH MPEKPATUTh, TaK KaK MPU KaXKJIOM MOSBICHUH MHIITM B KOMHATE C
pacTeHHeM MEXDIJICKTPOJAHOE COMPOTUBICHWE HAYMHAIO (IYKTYHpOBaTh HACTOJIBKO
CHJIBHO, YTO 9KCTIIEPUMEHTHPOBAHNUE CTAHOBUIIOCH OECCMBICTICHHBIM .

[MTocrne Havyana KCIOIBL30BAHUS JATYMKOB HA TBOWHBIX dekTpudeckux ciosx 1 UMC BobpoBbim
OBLIO BBISICHEHO, YTO HETEIUIOBAas KOMIIOHEHTA JIETKO NMPOHHUKAET CKBO3b JJIEKTPOMArHUTHBIE
skpansl (Puc. 128,Puc. 129).Ha Puc. 128mnoka3aHo Bo3aeHCTBHE OlepaTopa Ha JBa JaTYHKA C
paccrosinust 4 M (paccrostHue MexkAy narunkamMu 15 cm). Tlosurum 1 u 2 —Havyano U OKOHYaHHE
BO3/ICHCTBHS, CBA3aHHOTO C IICHXOAMOIIMOHAIBHBIM COCTOSIHUEM OIeparopa BCIEACTBUE
THIIEPBEHTIIAIMN JIETKUX. B MOMEHT BpeMeHU 3 orepaTop yJaluiIcs U3 3[JaHUs Ha PAaCCTOSHUE
ceoitie 30 M. [To3umus 4 cOOTBETCTBYET NMPHUXOIY OINEpaTopa B 3[aHWE, B IIOKOJIBHBINA 3TaX, Ha
paccrosinue 8 metpoB oT naTumkoB. Ueped 10 MuHYT omeparop mepeMecTuscs B HUCXOTHYIO
MO3MIIMIO, HA pAacCTOsTHUE 4 MeTpa OT AaTYMKOB (mo3umms 5).
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Puc. 128.CunxpoHHasi peakuus ABYX AeTekTopoB JIIC, pacno/ioskeHHBIX B 0O/IHOI 3KpaHMpY0OlIeil kamepe.

A

T | T

e /

1 4yac

Puc. 129.Peakumsi ABYX JaTYNKOB Ha mouynposoanukoBbix UMC Ha Bo3aeiicTBusi onepartopos JI./I. (A) u
H.X. (B) U3 cMe:KHOr0 moMeIeHus. JKPaH - :kej1e300eTOHHas cTeHa TouHoi 40 cm.

B pe3ynbpTaTe MHOTHX 3KCIIEPUMEHTOB OBLIO MOKa3aHo, uyTo natduku Ha JID9C, pacnoyio)keHHbIE B
METAJJIMYECKUX 3KpaHaX, pPearupyroT Ha IepeMelIeHHe OIepaTopa, HaxOJIIErocs B OJHOM
MOMEUICHUH C HUMH, @ TAK)K€ B NOMELICHUAX, OT/AEIEHHBIX HECKOJIBKUMU OETOHHBIMU CTEHAMHU
CyMMapHO# TonuHou 6omee 1 M.
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Takoke ObIJIO TTOKA3aHO, YTO HEIJIEKTPOMArHUTHAS KOMIIOHEHTAa MOKET JIEHCTBOBATH HEJIOKAJIBHO:
B 1991roxy 661 mpoBeaéH skcrepumMenT Jlenunrpan - [lIsenton (500kM), B KoTOpOM ormeparop
B JleHWHrpaje MbITalICs BCTYNHTHh BO B3auMOJeicTBUE ¢ naTunkoMm boOposa B moc. IlIBeHTOM
(JIuta), cm. Puc. 130.Bpems Bo3meiicTBusi mpuMepHO 3 Yaca HOYH, JIMTEIBHOCTH — OKOJIO
nosiy4vaca (A —B Houb Ha 14 HOs0pst, b — B HOYB Ha 15 HOSODS).

onuit 103
onbit 102
A
22 23 0 01 02 03 04 05 06 07 08 09 10
qac
l | l 1 1 1 1 1 | | 1 1 1
b
onwuit 109 AaTuuk 1
0,2
MKA
0,2
MEKA
AardHK 1
0 01 02 03 04 03 06 0

l | | | ] ! ] | Hac

Puc. 130.Jlenunrpan-LlIBeHnToun —BO3MOKHBIE peaKIMH TOKOBBIX JaTYMKOB Ha BojieBoe Bo3aeiicrBue H.X.
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A.B.boOpoB 110 moBOly 3TOT0 IKCIIEPUMEHTA TTHIIIET:

«Pesynbratel, npuBeneHHple Ha Puc. 130, HM B KoeM ciyyae HE MOTYT OBIThH
MHTEPIIPETUPOBAHBl KaK JOCTOBEPHO YCTAHOBJIEHHBIH (PaKT HaJIMUYUs B3aUMOJIECHCTBUS
mexay omeparopom H. X. B Jlenunrpage u pgatuvkamu B mocenke [lIBeHTonm Ha
paccrosiuun cBeime 500 kM npyr ot apyra. OHuM, OIHAKO, CIyXaT OCHOBAaHHEM IS
OpraHu3allii U MPOBEACHHUS MOJTHOMACIITAOHOTO MCCIIEIOBaHUS C LEIbI0 ONpe/esICHUs
MpEJIEsIoB JAJIbHET0 U cBepxaanbHero pacnpoctpaHenuss BHKY. Takoe uccienosanue,
B CBOIO Ouepelb, BO3MOXHO, IO3BOJUT HE TOJIBKO CYIUTh O IMPEaIoiaraeMom
TopcoHHOM TmpoucxoxaeHnn BHKWY, HO KOCBEHHO MOATBEPAUT CaMy KOHLEMILIHIO
CYILLECTBOBAHUS TOPCUOHHBIX MOJIEH U UX CBOMCTBY.

B HenokanpHBIX SKcnepuMeHTaX A(P(GEKTUBHBIM OKa3bIBAIIOCH BO3JCHCTBHE Ha JaT4MK 'TIO
o0pa3y": omepaTop HpeACTaBisl ceOe MAaTYMK M MBICJICHHO OKa3blBaJl HAa HETO BO3JCHCTBUE.
A.I".ITapxomoB onmceiBaeT npoBeAEHHbIN B 19890y skcniepument MockBa — HoBocubupck. B
HEM HCIOJIb30BAITUCH TEIUIOBBIC JATUYMKU — IKPAHUPOBAHHBIE MHUKpoKamopumeTpsl DMK (Puc.
131), k Tomy Bpemenu ompoOoBaHHbie A.I'.[TapXOMOBBIM B JIOKQJIbHBIX SKCHEPUMEHTAX IO
BO3ACHCTBHIO OIIEPATOPOB.

-

5
\
4

=

Y

Puc. 131.KoHcTpykuusi 3KpaHHPOBAHHOT0 MUKpoKajJopuMmerpa. 1 —cocyn JAbroapa; 2 —Tepmope3ucrop; 3 —
TAIOWHUii Jex; 4 —repMeTHYHAsi 060J104Ka; 5 — HAPYKHBII IKpPaH.

A.I'.ITapxoMOB TUIIIET:

"HakoruieHHBIH ONBIT U MOHMMAaHUE B OOLIUX YyepTax MPOUCXO/AIINX B HAIMX JETEKTOPax
MIPOLIECCOB TO3BOJIIN MEepelTH K 0ojee CI0XKHBIM 3KCIIEpUMEHTaM, KOI/ia orepaTropa u
OOBEKT BO3ACUCTBUS pa3/elisyio 3HAUUTENbHOE paccTosHue. (s Hadama Mbl MPOBETH
HECKOJIBKO JIECATKOB OMBITOB B mpeaenax Mocksbl (E.A.J[yOunkuii u3 CBOEH KBapTHPHI
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WM CO cBoero pabodero mecra BozzeicTBoBan Ha DMK, pacmosnoxkeHHbie B 1abopatopuu
Ha [laneTHo# ynuie nin B kBaptupe A.B.MoCKOBCKOT0).

K nammm uccnegoBanusm nposiBun uHtepec akajgemuk B.I1.Ka3Hauees, mpeioKuBIInii
IIPOBECTH JKCIIEPUMEHT C YYaCTHUEM BO3IUIABIAEMOro MM MHCTUTyTa KIMHUYECKOH M
skcriepuMenTanbHoi  Memuuuuel  (MKDM), pacnonoxennoro B HoBocuOupcke.
CrienuanbHO JUIsl 9TOTO SKCIEPUMEHTa OBLIIO M3TOTOBJICHO JiBa oAuHaKOBEIX DMK. JleTom
1988 r. corpymauk HMKOM HO.M.®Opunman mnpuexan B MOCKBY, O3HAKOMHIICS C
koHcTpykiueit DMK u ocBomics ¢ ero oocnyxuBanueMm, mocie yero oauH u3 MK yBe3 B
HoBocubupck. C 13 mo 23 nosi6pst 1988 r. Obu1o mMpoBEIEHO AEBATH MPOOHBIX 3amuceit
curHanoB B HoBocuOupcke. B stu gum omepatop E.A.JlyOunkwuii, HaxoauBIIWICS B
MockBe, IpeAnpuHsII MecTh NOoMbITOK Bo3aeicTBus Ha DMK B HoBocuOupcke. B msaTu
Clly4yasiX 3THM TIONbITKAM COOTBETCTBOBAJIM HW3MEHEHMSI CUTHAJIOB, CYIIECTBEHHO
MIPEBBINIABIINE (OHOBBIC (DITYKTYaIHH.

[TomyyeHHBIH OMBIT TO3BOJHMJI TIIATEIBHO TOJATOTOBUTHCS K OCHOBHOH cepuu
AKCIIEPUMEHTOB, KOTOpbIC ObUIM MpOBeACHBI B MapTe-anpesie 1989 r. 3ammch curHaios,
noctynaBmux ¢ DMK B HoBocubupcke, corpymauku HMKOM W.b.Bnagumupckuii u
IO.M.®puaman npoBoAMiIM €XKETHEBHO (KpoMe BBIXOAHBIX gHEH) ¢ 7 no 14 dacos
MockoBckoro Bpemenu ¢ 10 mapra mo 6 anpens 1989r. 3anucek curaaioB B MOCKBe MBI
MIPOBOJIMJIM B TO XK€ BpeMs, uto u B HoBocubupcke, ¢ 13 deBpans no 13 anpens.

Bce BozneiictBus ocymectisn E.A.[lyounkuii. Onepatop mbiciaenHo nepeHocun MK u3
HoBocubupcka Ha cros nepes coboit u co3maBan sipkuii 00pa3 coObITHS, KOTOPOE, TIO €ro
MHEHHIO, MOIJIO Obl CHJIBHO H3MEHUTHh CBOWCTBA OOBEKTa BO3JCHCTBUs (BpalleHHe,
cuibHas nedopmanusi, CropaHie B OTHE, H3MEHEHHE CTPYKTYPhI aTOMOB U T.I1.). 3amuceit
curHasioB B HoBocuOupcke B JHM C BO3ACHCTBUSAMHU OBUIO clelaHo 8, a B JHU 0Oe3
BO3/IeHCTBHIA - 9.

JIiis KoHTpoJIs 32 "4MCTOTON" MPOBEACHUS OCHOBHOM CEPHU IKCIIEPUMEHTOB ObLjIa CO3/1aHa
KOHTPOJIbHAST KOMHUCCHs, Bo3rasisemas npodeccopom I'.H.Ilerposoii (MuCTUTYT hrsukm
3emmn AH CCCP). KouTposbHas KOMHCCHSI COCTOSJIa W3 JBYX TPYIII: MOCKOBCKOH H
HOBOocHOUpckoW. WMHopMmanuio 0 BO3ACUCTBHSIX OMEpaTop CooOmMan TOJIbKO B
MOCKOBCKYIO TpyIIly, MH(pOpMalus O CUTHajax IeperaBajach TOJIbKO B HOBOCHOMPCKYIO
rpynny. Takum oOpa3om, 10 3aBepiieHus 3KcnepuMeHToB B HoBocuOupcke He ObLIO
HUKaKUX CBEJCHUN O BO3JEUCTBUAX, @ B MOCKBE - O CHUTHajaX, PErUCTPUPYEMBIX B
Hosocubupcke. Kpome toro, oneparop He Obu1 u3BemeH 0 ToM, uro DMK, maeHTHuHbII
yctaHoBiieHHOMY B HoBocubOupcke, pabotan u B Mockse. Ha ciemyromuii neHb mocie
3aBEpIIECHUs] IKCIIEPUMEHTOB MIPOTOKOJ € pe3yibTaTaMu, NnoixydeHHsiMu B HoBocubOupcke,
ObUT BBICIAaH B MOCKOBCKYIO KOHTPOJBHYIO TPYMILy, a TMPOTOKOJ ¢ HHQOpManmen o
BO3/ICHCTBUSX - B HOBOCHOUPCKYIO TPYIIITY.

ComnocraBiieHre MPOTOKOJIOB U aHAIH3 IMOJYYEHHBIX PE3yJIbTaTOB MOKAa3alid, YTO BOCBMHU
MIOTIBITKAM BO3JCWCTBUS COOTBETCTBOBAJIO TMOSBICHHE IIECTH CUTHAJIOB, JIOCTOBEPHO
oTanyaronuxcs ot ¢GonHa. B 3amucsx, caenaHHbIX B TEUSHHE JIEBSATH JTHEH 0e3 BO3IEHCTBYS,
MOTOOHBIN CHTHAM TIOSIBUJICS TOJILKO OJIMH pa3. BeposSTHOCTh TaKOTO MCXO0Ja B PE3yJIbTaTe
CIIy4ailHOro COBHAJCHHS 3*10°. TakuMm o0OpasoM, mosiBicHHe curHamoB Ha OMK,
HaxoauBmieMcsi B HoBocuOupcKke, CTaTUCTHYECKH JOCTOBEPHO CBSI3aHO C BO3JCHCTBHUEM
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orepaTopa, HaxouBIIerocs B Mockae.

AHanmu3 cur”aioB, noctrynaBmmx ¢ OMK, ycranoBienHoro B MoCKBe, HE BBISBUI
CYIIECTBEHHBIX OTJIMYMM MEXIy AHAMU C BO3ACUCTBUSAMU U O€3 HUX B T€ JHM, KOTrAa
orepaTop He 3Hajd o pabore yctaHOBKM B MockBe. OH OblT HM3BElIeH 00 3TOM JIMIIb
HaKaHyHE IOCJIEeHEr0 BO3JCHCTBHS, M TOJBKO Toraa B MockBe OblLI 3aperucTpupoBaH
OTYETIMBBINA d(PPeKT, ONMM3KUI 110 BpEMEHHU K BO3JACHCTBUIO. DTOT PE3yNIbTAT APKO MOKa3al
n30MpPaTebHOCTh, IEJIEHANPABIEHHOCTh 3KCTPACEHCOPHOTO BO3JEHCTBHS. U3  JBYX
OJIMHAKOBBIX OOBEKTOB BO3CHCTBUS "cpabaThiBan" TOJBKO OJIMH, U3BECTHBIM OMEpaTopy,
XOTsI OH HAXOJAUJICSI HAMHOTO JIAJIbIIIE IPYroro, HeM3BeCcTHOro. bimskuit 00bexT "cpadoran”
TOJILKO TOCJIe TOrO, KaK CO3HaHWe (MM IOJICO3HAHWE) OlepaTopa MEepeKIIOYMIOCh Ha
"
HETO.

DKCIIEpUMEHThl C BO3JICHCTBHEM OIEPATOPOB HA TMOKA3aHUS MAarHUTOMETPA IPOBOIMIUCH
rpymnmoii ['.H.[lyneaeBa. Onu onrcanbl B kHure "B nouckax HoBoro mupa” [201]:

"BbI1 IPOBECH OMBIT IO MPOTPAMME OIEPaTOpPa, KOTOPBIM MPUMEHSIT PAa3IMYHBIE TPHEMbI
Bo3zecTBus Ha mpubop [-79 (mpencraBnsisi oOpassl ¢uryp — miap, Ky0 u T. 1.).
Hcnonp3oBanuck mociaenoBaTeNIbHO CeMb 00pa3oB, KOTOpbIE, N0 MHEHHIO OIEeparopa,
OKa3bIBAIOT pa3HbId 3 dexT. Pacronokenue anmaparypsl, IOJOKEHHE OIepaTopa, APyrue
yCIIOBUSL HAOMIOACHUN OBIIM aHAJOTHMYHBI MPEABLAYIIEeMY OmbITy. PaboTa kakmeli pas
OCYILIECTBIISIACH B TEUEHHE OJHOW MUHYTHL. llocienoBarenbHOCTh JUKTOBANACh
AKCIEPUMEHTATOPOM.

Pesynbratel ombiTa npeacraBieHbl Ha Puc.  132. [Ipu ¢oHOBBIX 3HaueHHSX pabouero
npubopa 20 HT npuMeHeHHE TEpBBIX JABYX MPHEMOB HE A0 CYIIECTBEHHBIX CIABHIOB
(xpuBast 1). Tpertwii mpueM TmOKa3aa OBICTPOEC YBEIMYEHHE MArHUTHONW HWHIYKIIMH U
Beruteck O6osbiie 100uT (kpuBast 2), mociie 4ero crpeika mpubopa BEpHYIaCh B HCXOIHOE
nojoxenne ¢ Hebompmmmu  KoseOanusimu  (10-16 uT). Ilareiii mpuem Takxke gai
3HAYMTEeNbHBIN Bemieck — g0 60 HT (kpuBas 2). Ilocrmeayromue MmecTo U ceapbMOi
MPUEMbI CTa0MJIM3UPOBAIIM YPOBeHb MarHuTHOW MHAykimu Ha 10 HT. XapakTepHo, 4TO B
JTAHHOM ONBITE HE HAOMI0AAIOCh «dd(eKTa mocaeaeiCTBUSI».

[Ipu npoBeneHun 4eTBEPTOro KcrepuMenTa oneparop CojioBbeB HaXOAUJICS y ce0st JoMa.
Panuyc Bo3zpeiicTBUs cocTaBisil mopsiaka 1 KM. YCIOBHS OmbiTa ObUTM OTOBOPEHBI IO
tenedony. Pesynbratel npencrasiensl Ha Puc. 132,rnme (GoHY M ONMBITY COOTBETCTBYIOT
kpuBble 3 U 4. PocT MarHUTHOW WHAYKIMH MPOJOIDKAJCS Jake MOCie MpeKpameHHs
BO3/1eHCTBHs (OHO OBLTO MPOM3BECHO B HAYajIe OMbITAa U JIHI0CH 3,5 MuHyThI). Criyctst 15
MHUHYT I10CJI€ OKOHYAHUS BO3JEHCTBUS CUTHAJI BEPHYJICS K IMEpBOHAYAIBHOMY (POHOBOMY
3HayeHnt0. KOHTpONbHBI TpHOOp C MPOU3BOJIBHO OPHUEHTUPOBAHHBIM JATYUKOM
MHUKPOTECIaMETPa B TEUEHHE BCETO OIBbITA HAXOMIICS B IPYTOM MOMEIICHUH U HE TTOKa3ajl
u3MeHeHui 3a npeaenamu ¢pona (kpusas 1)."
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Puc. 132.Mi3MeHeHWe MATHUTHOI WHIYKIMHA MPH BO31eiiCTBHU HA MPUOOP onmepaTopa.

"I/IHOFZ[a OKCIICPUMCHTATOP  HMCIIOJIb30BaJI CHGL[I/IaJ'IBHIJﬁ O9KpaH OT TOPCHUOHHOI'O
H3JIIYyUCHUAA, U3TOTOBJICHHBIM U3 JIMHEHHO YIIOPAAOYCHHOI'O IMOJIMITUIICHA U pa6OTaIOH_II/II\/’I
[0 INPUHIUITY HOJIIPpU3aTOpa. OnwIT cTaBHICA B ABYX BapHaHTaX. B [epBOM cCJjrydac ABa
OPHUCHTUPOBAHHBIX HNCPHCHAUKYIIAPHO APYI' OTHOCHUTCJIBHO ApYyra CJIOs HAKJICUBAJIWCh Ha
Kapkac. 9KpaH CTaBUWJICA MEKAY UCTOYHHUKOM HU3ITYUCHU (B JaHHOM cCJIy4ace onepaTopOM)
U JaTYUKOM.

Bo BTOpoM ciOM CKIIEMBANHCh OPYr C IPYroM M B HHUX 3aBOpauduBaiicsi jaaTduk. Kak
MpaBUIIO, TaKWE IKPaHbl OKA3bIBAIUCH JOCTATOYHO 3P deKkTuBHBIMU. OnucaHue Mo 100HbBIX
9KpaHOB M UX MPUMEHEHHE /IS 3alIUThl OT TOPCHOHHBIX M3JIy4eHHUI MPHUBEICHBI B paboTe
[36 // 9]. AnamoruuHoe 3amMTHOE BO3JACHCTBHE TAKMX AKPAaHOB, KaK 37€Ch YKa3aHO,
HaAO0JII0IAJIOCH U B CIIydae BO3JICUCTBHUIA MCUXO0OUOTOTUIECKON MIPUPOIBI.

Bc€  BhlIENEpEUYUCIIEHHOE IUIFOC HEKOTOPBIE JPYTHE ONBITHI IO3BOJIMJIO BBICKA3aTh

MPEIOJIOKEHHEe, YTO TICHXOOUOIOTHUECKUE MO SKCTPACCHCOB U TOJISI OT TOPCHOHHBIX
reHepaToOpOB UMEIOT OJMHAKOBYIO, MJIH, BO BCAKOM Ciydae, OJU3KYI0 PUPOIY .
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13. HEJTOKAJIbHbIE 3O®PEKTbI

B mpenpiaymem pasnene ObUIO MOKa3aHO BO3/CHCTBHE OMEPAaTOPOB Ha yNAIEHHBIE HA COTHH U
TBICSYU KWJIOMETPOB (u3mueckue matynkd. B gaHHOM 0030pe NpUOOpHBIE HENOKaJbHBIC
3pdexThl yxke BcTpedaquch — 3T0 cmoco0 KpacHoOpbpkeBa MO mepefaye  CIHMHOBBIX
KOT€PEHTHBIX COCTOSIHUH, 3TO 3(h(HEKTHI KOPPENSALUN aKTUBHOCTH Pa3/IeIEHHBIX PAHOAKTUBHBIX
0o0pa3loB B OKCHNEpUMEHTaX MenbpHHKa, a TaKXke OJKCIepuMeHT rpymmnbl COKOJOBOW 10
M3JI€YMBAHUIO OOJBHOTO 1O BO3JEHCTBHIO Ha oOpaselr] ero kpoBu. B 3ToM paszerne g IOMOJIHIO
HEJIOKAJIbHYI0 TOPCHOHHYIO ()EHOMEHOJIOTHIO emI€ JBYMS KOMIUIEMEHTAPHBIMH SIBICHUSIMU:
cuuThIBaHHE HMH(pOpPMANUU N0 00pa3y oObekta (Hampumep, dororpaduu), U BO3ICHCTBUE HA
00BEeKT 10 00pa3sy.

Bepuémcs k npobieMe IeTeKTHPOBaHUsI, B YaCTHOCTH, K MeToay Topcumetpuu Lllkarosa [163].
Haunnass ¢ mnepBbix TOopcuMerpoB [IIKaTOBBIM NPUMEHSJIOCH CUUTHIBAHHE TOPCHOHHOTO
KoHTpacTa ¢ Qortorpaduii 00bekToB. [IpUuéM B 3TOM METOAE UCTIOIB3YIOTCS KaK XUMHYECKUE
dororpaduu - OHM KIAAYTCS HA TPEAMETHBI CTONMK mpuOopa, Tak U IUPPOBHIE - OHU
BBIBOJIITCSL HAa DKpPaH, W JY4OM Jia3epa OCYIIECTBIISIETCS CKaHHMPOBAaHUE IU(PPOBON KapTHUHKU.
Topcuonnsiii (azoseiii moprper (TPII), T.e. XxapakTep CYTOYHOro XOja MOKA3aHWM JaTYHKA,
KOHTaKTUPYIOMIETO ¢ (poTorpadusMu JIrOA€H, 3aBUCUT OT TOTO, )KHB JIM YEJIOBEK, N300pakEHHBIN
Ha (ororpaduu - 370, MOKAIYH, HanOoJEe APKUM NPUMEpP HEJIOKaJbHOU CBSI3M O0OBEKTAa M €ro
oOpa3za. AHaJOTMYHO MEHSIOTCS TIOKa3aHUS TOPCUMETPOB OT H300pakeHUH Apyrux
MaTepuagbHbIX 00beKTOB (M. Puc. 134 -cuuThiBaHHE TOPCHOHHOTO KOHTPAcTa B OKPECTHOCTH
KOAKCHAaJIbHOM JTMHUHU OCYIIECTRIISIOCH 10 €€ doTorpadumn).
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BpemA OTHOCHTENLHO MOMEHTa CMEepTH, CYTKM
Puc. 133. TopcuoHHbIii MOHMTOPHHTI yMHpalouiero 4ejgoseka meroaom T®II ¢ ucnosanzoBannem FSCD-
napametrpoB. Ha BepxHeili kKpuBOH yCJI0BHO mpeacTaBjeHbl (a3bl JIyHbl, MPUBSI3aHHbIE 10 BpPeMEeHH K
COOBITHSIM HA HHKHHX KPHBBIX.
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KoakcnanbHasa
NMHUA
HanpasneHue
CKaHWpoBaHuA
Nla3epHbIM 30HA0M

NCTOYHMK TOKa

—e—KpuBasa 1 --a-Kpuas 2

BenununHa A, y.e.

KoopauHata Y, cm

0

BenM4YMHa A, y.e.

KoopauHaTa Y, cm

B
Puc. 134.UccienoBanue KoakcHaabHOW JHHUM N0 ¢oTorpaduu:
a) cxeMa HCCJIeyeMOii TMHUH.
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6) CxanupoBanue nonepeudsoro pacnpeaeiaenusi TII koakcuaabHOI JHHUHM ¢ TOKOM, BHYTPH U CHAPYIKH ee,
o ¢oTorpadum JIMHAN B TOPH30HTATBHOI KoMmoHOBKe. KpuBasi 1 —Tok 2 A BbITeKaJI U3 HEHTPAJIbHOTO
anexTpona. Kpusasi 2 —Tok 2 A BTeKaJ B HeHTPAJbHBI 3JIEKTPO.

B) To ke, munus 0e3 Toka. D - TnameTp BHelHero j1ekTposa, d —1uaMeTp BHYTPEHHETrO.

Crnenyer oOpaTUTh BHHMMaHHUs Ha TO, 4TO (hoTorpadus oOBEKTa OTpakaeT COCTOSIHHE CaMOTo
00BEKTa B pealbHOM BpeMeHH. Tak, B SKCIIEPUMEHTE TI0 OTCJICKUBAHUS COCTOSTHHS YMHUPAIOIIETO
gyeloBeka MO ero Qororpaguu pe3koe u3MeHeHwe mnapamerpoB TOIl  ogHO3HAYHO
KoppenupoBano ¢ MoMeHToM cMmepTr (Puc. 133).AHanoruvHo, B 3aBUCHMOCTH OT TOTO, OBLT JIN
BKIIIOYEH TOK Yepe3 KOAKCHAIBHYIO JIMHUIO, MU3MEHSJICS XapaKTep TOPCHOHHOTO KOHTpacTa B
pa3m4HbBIX Toukax (ororpadun okpectHoctu auHuU (Puc. 134). Kakoii-mubo 3aBUCHMOCTH
a¢dekTa OT pacCTOSHUS MEXKITY 00beKTOM U (hoTorpadueit 3aduKCupoBaHO HE OBLIO.

HO-BI/II[I/IMOMy, TOT K€ IMNPUHOUII IMOJYUYCHUS I/IH(bOpMaI_II/II/I NPpUMCHACTCA B MCTOAAX ITOMCKaA
IOJIC3HBIX HMCKOIIACMBIX IIO (bOTOFpa(bI/II/I. B OTKPBITBIX HUCTOYHHUKAX YHAJIOCh O6H3.py>KI/ITB 5
rpymit I/ICCJIGI[OBaTeﬂefl, KOTOpPBIC 3adABJIAJIM O PE3YJIbTATUBHOCTH TAKOro MeETOJA. KpaTKO
YOOMSAHY 3TU I'PYIIIbI U ©X OCHOBHBIC PE3YJIbTATHI.

B pa6ore A.E.AxumoBa u A.®D.Oxarpuna ¢ coaBTopamu 'Bu3syanmuszaius, o0padoTKa U aHaIH3
TOPCHOHHOM WMH(POPMALMK HA HOCHTENAX KOCMHUYeCKHX wu300paxkenuit” [202] omuceiBaetcs
clenyromnmii cnocod 00padoTku poTorpaduu MECTHOCTH.

"V nanoch 3KCIEPUMEHTAIBHO MOATBEPAUTH MPABHIBHOCTH MPEIIOJIOKEHUS, UYTO TMPHU
dororpadupoBaHum JTIOOBIX OOBEKTOB Tajarole Ha (OTOAIMYIBCHIO BMECTE C
JJIEKTPOMATHUTHBIM ~ (CBETOBBIM) ITOTOKOM COOCTBEHHBIC TOPCHOHHBIC TIOJISI 3THUX
00BEKTOB U3MEHSIOT OPUEHTAIIUIO CTUHOB aTOMOB AMYJIBLCUH TAKUM 00pa30M, YTO CIIMHBI
AMYJIBCHUH TOBTOPSIOT MPOCTPAHCTBEHHYIO CTPYKTYPY ASTOTO BHEIIHETO TOPCHOHHOTO
noisi. B pesynpTare Ha 000M (POTOCHUMKE MOMHMO BHUAMMOTO M300paskeHUsl BCerna
CYIIECTBYET HEBHIUMOE TOPCHOHHOE N300pakeHue".

"Ilonnmanne 5TOro (akra MO3BOJMJIO MO AHAJOTHH C ONTHYECKOW 00paboTKOM
M300paKEHUH TIOCTPOUTH TPOLENYPY BBIJACICHHS TOPCUOHHBIX H300paKeHHH C
dororpaduit u ux oOpadorku. Kak ykazano Ha Puc. 1354, cHavama cmaidng uiau
dortorpaduss  (3) mpocBeuMBaeTCS TEHEPATOPOM  H3OTPOIMHBIX  IMTHPOKOIOJIOCHBIX
uanyuennii (1). B 3Tom ciydae ChOMHOBas CTPYKTypa arOMOB SMYJIBCHH MOJXKET
paccMaTpuBaThCs Kak JBYMEpHas CIIMHOBAas MaTpHIa, KOTOpas BBINOJHAET pOIb
JIBYMEPHOT'O CIIMHOBOTO MoyJsitopa (3)."

"Ilocie TPOXOXKICHUSI HM30TPOIHOTO TOPCUOHHOTO H3IydeHust (2) depe3 HCXOHBIN
doTocHUMOK (3) MOAYIUPOBAHHOE TOPCHOHHOE H3IIy4eHHE OYIET MOBTOPSTH CIIUHOBYIO
CTPYKTYpy TPOCTPAHCTBEHHOTO TOPCHOHHOTO TIOJIs, KOTOpO€ OBLIO BOCIPHHSTO
smynbcueid mpu  (dororpadupoBanur. OIHAKO H3TO HUCXOJHOE TOPCHOHHOE IIOJIE
NpEeACTaBIsAeT CO00H CyNeprno3uIHi0 TOPCHOHHBIX TOJNIEH BCEX HCTOYHHKOB B TOJIIE
IUIAaHEThl. DTUMH MCTOYHHKAMH MOTYT OBITh I'€OJIOTMYECKHEe OOpa3OBaHUs WM 3aJekKH
MOJE3HBIX HMCKOMaeMbIX. Tak Kak dTH CTPYKTypHbIE 0O0pa3oBaHUS  HMEIOT
XapaKTePUCTUYECKUE TPOCTPAHCTBEHHO-YAaCTOTHBIE CIEKTPHI, TO, €CIM  3ajada
3aKIIF0YaeTcs B BBIACJICHUHM, HAIPUMEp, 30HBI KOHIEHTPALMU KaKOro-Iu0O BeIIecTBa
(mosIe3HOro UCKOMaeMoro), TO MOAYJIUPOBAHHOE TOPCHOHHOE H3NydeHue (4) HeoOX0uMo
MOJIBEPTHYTh COOTBETCTBYyWOIIEH ¢unbrpanuu. C 3Toi menpio OblIM  pa3paboTaHbl
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JIBYyMEPHBIC CITHHOBBIC MATPHUIIBI - QUIBTPhI. Takue CIHUHOBBIE (TOPCHOHHBIC) (DUIBTPHI
MPOMYCKAIOT TOJIBKO TE€ TPOCTPAHCTBEHHBIC YACTOThI, KOTOPBIE COOTBETCTBYIOT
XapaKTEPUCTUYCCKUM TPOCTPAHCTBEHHBIM YaCTOTaM TOPCHOHHBIX HM3JTyYEHHH HCKOMOTO
BelecTna’.

"Tlocne mpoxoxaeHus TOpcHOHHOTrO ¢uiubTpa (5) TopcronHoe u3nydenue (6) Oymer
NPUCYTCTBOBATh TOJBKO B T€X MECTaX OTHOCHTEIBLHO MCXOIHOTO cHUMKa (3), rae ecTh
HCKOMOE BEIIECTBO. DTO OT(UIBTPOBAHHOE IO TOJE3HOW TOPCHOHHOW KOMIIOHEHTE
M3JIyYeHHe TOAAaETCS Ha YHCTBHIA CHenuanbHblii (poTomarepuan (7), moaBepracMblii
CIeUUalbHOMY  (U3MKO-XMMHUYECKOMY  BO3JCHCTBHIO,  KOTOpoe  obOecreyuBaeT
BO3MOKHOCTb ()OTOPETUCTPALIMY TOPCHOHHBIX U3Ty4eHUil".

e

ol Z
SRS A

.

135.a) CrpykrypHasi cxema ¢u3ndeckoii (TOpCHOHHOIT) 00paGOTKN aIPOKOCMHYECKMX H300pasKeHMii

sl BBIIEJIEHHST TOPCUOHHOI (CIIMHOBOI) WHPOPMANUM O MECTOPONKICHHSX MOJIE3HBIX HCKOMAEMBIX:
Texnosorus Topcuonnoro I'eosupenus: ( TGV-T).

1 —TopcHOHHBII reHepaTop; 2 —H30TPONMHOE TOPCHOHHOE H3IyYeHHe;

3 —ucxoaHbIi GOTOCHUMOK; 4 —MOIYITHPOBAHHOE TOPCHOHHOE M3JTy4YeHHE,;

5 —Topcnonnblii puabTp; 6 —0TPUILTPOBAHHOE TOPCHOHHOE U3TYUEHHE;

7 — doromaTepuas A BHU3YAJIH3ALUH TOPCHOHHOTO H300pa)KeHUS MECTOPOKIEHHUsI MOJIEe3HOTO
HMCKOIIAeMoro.

0) Kocmuueckuii caumoxk B UK-1nanazone KOHTHHEHTAJIbHON TePPUTOPHHE 3eMJIH;
B) M300paskenue pacnpenejenusi HeTH Ha U3y4yaeMoil TepPPUTOPHH NOC/Ie TOPCHOHHOH 00PaGOTKH CHUMKA 0.
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Ha Puc. 1356 u B noka3ansl ucxojanslie pororpaduu u o0paboTaHHBIC JAHHOW TEXHOJIOTHEH.

Amnayoruynast TexHoJsiorus ucmnonsdyercss B.A.l'oxom (http://www.gokh.net/torgeo.htl a
taxxe B.I'.Kpacnoopenokessim [203], cm. Puc. 136.

B r
Puc. 136.06padoTka cucremoii «@otocnuH» doTorpadpuu:
a) —ucxoanas a’podororpadusi mosepxuoctu 3emin, 1946roaa, Yepkacckas 06.1aCTh, HCXOAHBIA MacITad
1:25000,
0) —MecTopokaeHHne (PrroopuTa (CBETJIBIA YIACTOK),
B) —MeCTOpOKIeHHe MeIH (3aTeMHEHHBIN YYaCTOK),
I) —MeCTOposKIeHHe BoJbdpama (3aTeMHEHHBII y4acTOK).

Merton momcka IMOJIE3HBIX MCKOMAEMBIX, POJCTBEHHBIM OMHCAHHOMY, 3aKIIOYaeTCs B aHAJU3e
OTpaxXEHHOTO OT y4yacTka (oTorpaduu cBeTa, TOUHEE, €ro MHPOPMAIMOHHBIX XapaKTEPUCTHUK.
IMatenr RU 2181204na texnonorutro Mudockan HITIKPU «OPU30OH» u3 r. I'eneHmmkuk
OCHOBaH Ha OTKPBITUM "SIBIICHHE YBEJIMYEHUS CUMTHIBAEMOIO KOJIMYECTBa HWH(pOpMaImH,
conepakaieiicss B ¢ororpadpuueckoMm uzodpakeHnn ¢usndeckoro oowvekra” [204]. Dopmyna
M300pETEeHUS 3BYUUT CIICAYIOIUM 00pa3oMm:
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"Crnioco0 m3MepeHus mpupamieHus casura (a3 XxapaKTepu3yIoIero HEPrHi0 IyMOBOTO
AIIEKTPOMArHUTHOTO MpOIecca, OTJIUYAIOMIMKCS TEeM, 4YTO BO30YXKJAIOT CBETOM
ucciuenyeMyro 30Hy (oTomarepuanioB U BBIIONHAIOT NEPBBIA UK H3MEPEHHH
NpUpaIIeHus: caABUra ¢as, COCTOSIIUI U3 N U3MEPEHUH, Mocie Yero 4acTUIy UCKOMOTO
BEIIECTBA IMOMEIIAIOT B 30HY HccienryeMoro (oTOCHHMKA, BO30YKIAIOT CBETOM ITY XKe
30HY ()OTOMATEPHAIIOB M BBITIOIHSAIOT BTOPOM IMKII M3MEPEHU MpHUpaIeHus cBHra ¢as,
COCTOSIIIMN TakkKe W3 N HM3MEPEHUi, MOCiIe Yero OMpeAeisIoT YHEPTHi0 IIYyMOBOTO

mporecca /i MePBOro ¥ BTOPOro IUKIA U3MEpeHHi 1o Gopmyiam

3 = o1 mi3 = u'z‘t’,

w w+c p

rie Jy - SHEeprus IIyMOBOIO Ipoliecca B MEPBOM LUKIE U3MEPEHUH; Dy+c - SHEPrUs
IIYMOBOI'O IpPOLECCa C BO3MOXKHBIM BKJIIOYEHHEM SHEPIHMM CHUTHajla BO BTOPOM LIUKJIE
U3MEPEHUH;

6’1, 6% - JTUCTIEpCHsl TIpUpaIIeHus cABUra (a3 mepBoro M BTOPOTO HHUKIOB (Pa3oBBIX

M3MEPEHHUI COOTBETCTBEHHO, BHIYMCIISIETCS 110 (PopMyIam
z z
A —CYA D

By

ni{n-1>

o

»

‘2 nE};z—(Ehlmz
- nin-13

rze N - KOJU4eCTBO U3MEPEHUN B LIUKIIE,
T, T -
PP UHTEpBAJ KOpPPEJALMH JUIi TEPBOr0O M BTOPOrO ILMKJIOB H3MEPEHHI

COOTBETCTBEHHO, OTIPEACISIETCS 110 (GOpMyIam

T, = 110,; ', = 14T,

rae IT, u II', - SKBUBaJIeHTHAs MOJIOCA TPOIMYCKAHUS Ui TIEPBOTO U BTOPOTO IUKJIOB
HU3MEPEHHUI COOTBETCTBEHHO, OTIPEICIISICTCS 10 (opMyIam

o

»

A —-A

imax imin
n = z|l—————|;
o T

A —AT
- imax imin
M = =z0 - H
o T

rae Aimax ¥ Aimin, A'imax ¥ A'imin - COOTBETCTBEHHO MAaKCHUMAaJIbHOE M MHUHHUMAJILHOE
3HAUEHUs TMpUpalIeHus caBura ¢as, moJydeHHoe 32 Bpems T, T' BBIMIOJHEHUS MEPBOTO U
BTOPOTO IMKJIOB U3MEPEHHI COOTBETCTBEHHO, a YHEPTHUsl DC, COOTBETCTBYIOIIASI CUTHAIY,
MPUCYTCTBYIOIIEMY B IIIyMax, ONMpPEAeIeTcss Kak IC¢ = Dyie - I -

WupiMu  crioBamMH, TATEHTOOOJIAATEN 3asiBJISAIOT, YTO B MPHCYTCTBHM HCKOMOTO BEIECTBA
¢dboromaTepual cuiibHee "IyMUuT" B (ha3e OTpaKEHHOTO CUTHAJIA B ONITUYECKOM JHMAIa3oHe, YeM B
OTCYTCTBUU BemlecTBa. Ha caiiTe pa3pabOTYMKOB TEXHOJIOTUU TOBOPHUTCS TAKXKE, YTO B KAUECTBE
MaTpPHIIBI KICKOMOTO BEIIECTBa MOXHO HCITOJIB30BaTh €ro (hororpaduio; mpu repenevyaTbiBaHuN U
MacITaOMpOBaHUU CKPBITAast HH(POPMAIUS HE TEPSCTCA.

PesynpraTel WCHOBITAHUKA OTOW TEXHONOTMH TMOKazanu 74% CXOAMMOCTh TpeicKa3aHUi
MECTOPOXJACHUN U (aKTUIeCKOW HEePTEHOCHOCTH 23 CKBaXWH Ha Teppuropuu Kaiamplkuu Ha
cyme u Ha menbde Kacmmiickoro mops. Ilpu stom B wmcciemyemoit 30He (oTomartepuana
MOMeNIaIach Kancysia ¢ HeThIO.
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Ta xe ¢upma mpeaymaraeT K HCHOIB30BAHUIO TEXHOJIOTHIO JWArHOCTUKU 3a00NeBaHHUN TI0
dboTorpadum.

AHanorn4yHas TEXHOJOTHUA TIO0 TIOJYYCHHIO CKpbIToM uHbopmamuu 1o ¢ororpadhusm ¢
WCII0JIb30BAaHUEM ONTHUYECKUX METOAOB Hcmoib3yeTcs pupmoit "Tomko", r. Tomck. 1o cioBam
N.A MenbHauka, pabotaBiiero B 3Toil ¢upme, "dupma OKOHTypuJa MO IUIOMAAN HECKOJBKO
MecTopokaeHuil B KpacHosipckoM Kpae, mpudéM HEKOTOpBIE COBIANH C yXKe pa3padaThiBaeéMbIMU
IUIOMIA/IIMU, O KOTOPBIX OHHM COBEpPIIEHHO HE Mojo3peBanu’”. Jlns aHamu3a cojiepikamiencs
MH(OPMAIIUK HCIIONB3YETCs JTyd Jiazepa. TexXHOJOTHsl MO3BOJSET OIEHHWBATh TAK)Ke TITyOWHBI
3aneranusi HedTera3oBbix cnoéB. [lo cinoBam mupekropa ¢gupmer “"Tomko" B.PoctoBuesa, "mpu
00paboTKe HA3eMHBIX M CACJIAaHHBIX ¢ O0opTa BepTosiEéTa (HOTOCHUMKOB bepsaMOuHCKOI TUIOImIa N
ObUTM HaMEYEHbl TPAHHIBI MECTOPOXKICHHUS W CAENaH HEOXHJAHHBIA Ui KPAaCHOSIPCKUX
Te0JIOTOB TPOTHO3 O HaIW4MU He(TEerasoHOCHOH 30HBI B HMHTEpBaie riyomH ot 1 go 2
KUJIOMETpOB. [IpOrHo3 MosHOCTHIO MOATBEPAMIICS: U3 BEpXHEW 30HBI He(PTEra30HaKOIUICHHUS OBLIT
NOJIYYeH NPUTOK rasza aederoM 1 miH. Ky0. m/cyTkn".

KomrieMeHTapHBIM JaHHOMY SIBJICHUIO (MTOJTydeHHE CKPBITOW HMH(popManuu 1o QoTtorpadum)
MOJKHO CYUMTaTh BO3JCHCTBHE Ha O0BEKT Mo ero Qororpadguu. B OOIBIIUX TOPCHOHHBIX
reHeparopax AKHMOBa pa3mMep HNPUEMHOrO OTAEJIEHUS MOIYJIATOpPa COOTBETCTBOBA PAa3MEPY
ClaiIoB cTaHAapTHOM (HOTOIUIEHKH (B HEKOTOPHIX KOHCTPYKIHMSIX OBLIO JIBa OTCEKA JUIS CJIAIIOB
- 110 BUAUMOMY, ISl TIepeiadun HH(OpMAIMK ¢ OJHOTO Cliaiia Ha apyrou - cMm. Puc. 11).

B mHorouncnennsix skcnepumenTtax rpymnmbsl A.KO.CMUpHOBa ¢ TOPCHOHHBIMH T'€HEpaTOpaMu
COOCTBEHHON KOHCTPYKIIUU BBITIOJTHSUIOCH BO3/JCHCTBHE HAa MBIIICH C MEPEBUTHIMU OMYXOJSIMHU
[23]. B TopcHOHHBII TeHepaTop BCTABISUIMNCh HETaTUBBI CHUMKOB MBIIICH, B HEKOTOPBIX
SKCHEPUMEHTaX BO3/EHCTBHE OCYILECTBISIOCh C IPUMEHEHUEM MH()OPMALMOHHON MaTpHIbI U3
pa3IMyHBIX JIEKApPCTBEHHBIX IpernaparoB. Mpimu, Ha (oTorpaduu KOTOPHIX OCYLIECTBIISIOCH
BO3JICHCTBHE, COJIEPKAIUCH B TEX K€ YCIOBUAX, YTO U MBIIIN KOHTPOJIS,, HA HETaTUBBI KOTOPBIX
Bo3JeiicTBUs He Obuto. Jlisi ucKiroueHus apTe@akToB ObUT MPUMEHEH METOJ KOJIUPOBAHUS
¢dororpapuii M KUBOTHBIX. B KauecTBe KOHTPOJMPYEMBIX IIAPAMETPOB HCIIOJIb30BAIACH
peKTajbpHas TEMIIEPATYpPa, a TAKXKE CKOPOCTb POCTA OITYXOJIEH ONBITHOW I'PYIIIBI 10 CPABHEHUIO C
KOHTPOJIEM.

Ha Puc. 137 mnokaszaHa 3aBHCHMOCTh pAa3HHUIBI CPEIHHX TeMmIeparyp KOHTposibHON (13
’KMBOTHBIX) U ONMbITHOU (14 xuBOTHBIX) Tpymi. Ha Puc. 138moka3zaHo u3MeHeHHe TeMIia pocTa
OMyXOJIe OMBITHOM TPYIIBI MO CPAaBHEHHIO C KOHTPOJbHOH (M0 34 KMBOTHBIX B KaKIOH

rpymme).
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Puc. 137.Biausinve JMCTAHTHOTO BO3EHCTBHS HA PEKTAJIbHYIO TeMNepaTypy Mblmeii ¢ omyxoJsivu. Ilo ocn
afcuuce — garpl. Ilo ocH OpAMHAT Pa3HOCTH MEXKAY CPeIHHMH 3HAYEHHSIMH PEKTAJIbHOI TeMmepaTypsl B
«KOHTPOJbHOI» (K(tM))u «ombrTHOI» (EXp(tm)) rpynn. Bo3neiictBue nponspomauiu 29 okra6ps U 3 HOsAOPS.
JuTeabHOCTD ceaHca cocTaBJsiiia 1 yac
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Puc. 138.JuHamMuka pocTa onyXxoJieil B yCJIOBUSAIX JUCTAHTHOTO Bo3aeiicTBus. I1o ocn aGemmce — CyTKH mocJie
nepesuBku omnyxoJseii. Ilo ocm opamnatr — Pa3HocTh MekIy CcpeAHUM 00bEeMOM OIYXOJeld Mexay
KKOHTPOJBbHBIMH» H «0NbITHbIME» rpymnaMu (VK — V0). B kadecrBe undopmanuonnoit marpuusl (MM)
NPUMEHSITH MEPEeXNBAIINYI0 KYJIbTypy capkoMbl — 37 in Vitro (Bo3aeiicrBue Ha 5 - 6 cyTKkH moJIb30Baju
nocJjie MepeBUBKH ONMYXO0JIM ;KUBOTHBIM). Ha 14 - 15¢cyTkn ucnosab3oBain pacTeop uukiogocpana 10-5M B
kavectBe UM. [ITUTEIbHOCTH OJJHOTO ceaHca BO3/AeiicTBUS COCTaBJ/IsIa 3 yaca
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[To cnoBam A.IO.CmupHOBa, pPe3yJbTaTUBHOCTh HEJIOKAIHHOTO BO3JACHCTBUS Takke Oblia
MoKa3aHa €ro TpYNIoW Ha KypUHBIX 3apojbllllaX, BO3AEWCTBHE HUIO HAa (POTOHEraTHBbI
3apO/IbIIIIEei.

EcrecTBeHHO, 1OJ00HBIE pe3ynbTaThl NPUBOAAT K HJEE JajbHEW HEJIOKalIbHOM CBS3H, KOTJa
NpUEMHUK U MEpeaTurK CBs3aHbl MeXay coboi mo obpasy. Ilo-BuauMomy, NepBbIM yJauHbIM
IKCIIEPUMEHTOM 10 TOPCHOHHOW CBSI3M sBIsieTcst onucaHHeii B [205] skcmepumeHT,
npoBen¢Hubll B ampene 1986 roma. IlepemaTumk pacrosaraics Ha rore MOCKBBI, B paiioHe
MKA]JI, mpuémuuk - Ha JlyOsHke. B cratbe AKHUMOBBIM HE PaCKpBIBAETCS KOHCTPYKIUS
npu€MHHKA (B KayecTBE MepeaaTdrKa, Cy/s MO BCEMY, UCIOJb30Balics reHepatop A.A.J[eeBa).
MOHO TPEaNOJIOXKUTh, UCXOAS W3 U3BECTHOTO HA CErOJHS COCTOSHUS HccienoBaHuii B 1986
roJy, 4TO B KauecTBE JCTEKTOpa HCIIOJIb30Bajach OWODJIEKTPOHHAs CHUCTEMa - pacTeHHue, y
KoTtoporo, Hampumep, usmepsuiace OJII1 (merox, mpumensiembiit rpymmnoit COkoJoBOH B TOT
MIEPUOJT), & BO3JCHCTBUE OCYIIECTBISUIOCHh WM Ha ynan€HHbIi GparMeHT pactenus (CokosoBa
yka3biBaeT B pabote [45] Ha Takoil METO BO3JACUCTBHS), MK Ha ero (poTorpaduio.

B HacTosiiee BpeMsi SKCHEPUMEHTHI MO HEJIOKAIBHOW CBS3M BEIYTCS B HECKOJBKHX CTpaHax
mupa (cm., Hanpumep, [206], [18], [207]).

HenokaneHbie 3QQeKThl B JaHHONW 00JaCTH WCCICIOBAHUN CTAaBSIT HOBYIO JUISi METOIOJIOTHU
Haykd TipoOiieMy: B oOmieM ciiydae OOJbIIE HET CUTYAl[MH OIbITa U KOHTPOJIS, MMOCKOJBKY
BO3/ICHCTBHE UAET KaK Ha OIBITHBIC 00pa3Iibl, TAK U HA KOHTPOJBHEIC - Yepe3 HHPOPMAIIOHHYIO
CBSI3b OIBITAa W KOHTPOJS. DTO XOPOIIO HIUTIOCTPUPYETCs B paboTe ODKCIEpUMEHTAIbHOMN
naboparopuu mpodeM 0e30MacHOCTH JKU3HEAeATeIbHOCTH, T. Boponex [208, 209].9Ta rpynma
Ha TIPOTSHKEHWU HECKONBKHX JIeT BeAET aKTHBHBIE wuccienoBanus B HoBoxomépckoit
T€O0aKTUBHOW 30HE, YTO HAXOIUTCS Ha Tpanuie Boponexckoir m Bonrorpanackoi oGmactu.
Y CcTaHOBIICHO, YTO B aHOMaJIbHOMW 30He Ha 60% MeHsieTCsl IMITeJaHC TOHKUX MarHUTHBIX IJIEHOK
C HaHOTpaHyJaMH KOOalbTa, MEHSIETCS AUAIEKTpHUYEecKasi IPOHUIIAEMOCTh OKCHIa KpeMHUs, B 2-
3 pa3a yBeJIMYMBACTCS yXOJ KBApIEBBIX YacOB, B 2-8 pa3 MeHsIETCS EMKOCTh CETHETORJICKTPUKOB,
MIPOUCXOIAT SIPKO BhIPAKEHHBIE aHOMaJIbHbIe Onosiornueckue 3QPEeKThl U T.1.

Ho camoe uHTepecHoe 3akirodaeTcss B TOM, UYTO TakKHUe XKe, HHOTAAa Jaxe Oojee SpKo
BBIPQXKEHHbIE aHOMAJIbHbIE W3MEHEHHsI MPOMCXOIAT y KOHTPOJBHBIX 00pa3lloB, KOTOpbIE BO
BpeMst skcrieuiuii B HoBoxomépckyto 3ony (H3) maxomstcs B Boponexe, B 250 kM ot
AKCIIEPUMEHTATOPOB C OMBITHBIMH O0pa3lamMu. ODTO TPOSBIAETCS KaK B OHOJIOTMYECKHX
IKCIIEPUMEHTaX (Hampumep, mpu paspyuieHud xiaopoduuia y 90% OmbITHBIX CEMSH TOpoXa 3TO
ke npoucxoaut y 55% ceMsiH B KOHTPOJIE), TaK U B YUCTO (PU3MYCCKHUX CHCTEMax - HAIPUMED,
U3MEHEHUs] EMKOCTU CETHETO3JIEKTPUKOB B KOHTPOJIBHBIX 00pa3lax INpeBbIIIaeT W3MEHEHUE B
ONbITHBIX. ONBITHBIE U KOHTPOJIbHBIE 00Pa3I[bl OKa3bIBAIOTCS CBSI3aHHBIMU MH(POPMAIMOHHO, H,
BUJMMO, WMEHHO 4Yepe3 CO3HAHHME SKCIEPUMEHTATOpa, KOTOPHIH CTaBUT B COOTBETCTBUE
ONBITHBIE W KOHTPOJIbHBIE OOpa3ipl. Bc€ 3To0 TpeOyeT COBEpIIEHHO HOBBIX METOIUK
HKCHEPUMEHTOB, C Y4ETOM HEJIOKAIIbHOCTH B COYETAHUU C TICUXO(DU3MUECKUMU SIBJICHUSMU.
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14. 3AKINIOYEHUE

Hacrosimuit 0030p oxBatbiBaeT 6osiee 200 myOyuKkanuii 3KCIIEpUMEHTAIIBHBIX pa00T, HAYMHAS C
sKcrepuMeHTOB MpbinikuHa KoHIa 1940 - Havama 2010 Beka. [IpuMepHO MOJIOBUHA THX padoT
MpoxXoauiia 1o «hiarom» TOPCUOHHOW KOHIIEMIMHU, BTOpas TMOJOBUHA CTapayiach, 1Mo KpalHen
Mepe, TEPMHUHOJIOTHYECKH OT He€ MUCTaHIIMPOBAThCs. TeM He MeHee, COBMECTHOE PacCMOTPEHUE
U TeX W JPYruX pe3yJbTaTOB TOBOPUT O €AWHOW M HETPUBHAIBHON MPUPOAE H3ydaeMbIX
(heHOMEHOB.

Pazymeercs, yacTh myOnHMKaIuii Mo TeMe B JaHHBIM 0030p HE BOILIA. YUUTHIBAsK 3aKPBHITHIN dTall
uccienoBannii 80x romoB 20140 Beka, a TaKKe OdTan 3amnperieHus je-(hakro JaHHOTO
HampaBJicHWsT B akajaeMudyeckoi Hayke Poccum u  Ykpaumnsl ¢ koHma 90x, o00bém
HEOoNyOJMKOBAHHBIX DKCIIEPUMEHTAILHBIX HAYYHBIX PE3YJIbTATOB MO TOPCHOHHOMY H3ITyYEHHIO
MOJKET OBITh CPaBHUM C 00BEMOM OMYOJIIMKOBAaHHBIX. B M000M citydae 3T0, Kak MUHUMYM, COTHU
paboT.

Ho naxe omyOnukoBaHHBIC Pa0OTHl HEM3BECTHBI MIMPOKON HAYYHOW OOIMICCTBEHHOCTH (BHE
3aBUCUMOCTH OT MPUMCHSIEMOW TepMHUHONOTUU). Te ke pe3ynbTaThl, KOTOPbIE CTAHOBSTCS
W3BECTHBIMH, KaK IMPaBWIO, HE BOCIPHUHUMAIOTCS CKOJIBKO-HHOYAb CEpbE3HO, MOCKOJIBKY B
CJIOKUBLICICS MPUMEPHO MMOJIBEKA Ha3aJ HAYYHOW KapTHHE MHpPA Ha OCHOBE T.H. CTaHIApPTHBIX
TEopuil 3TUM (aKTaM MPOCTO HET MECTA.

MOXHO OXapaKTepU30BaTh CIOXKHBIIYIOCS CHUTYAIMIO KaK KaTacTpO(UUIECKYIO: MPOU3OILI0 HE
MPOCTO PACCIOCHHUE PE3YJIBTATOB HA PA3PEIIEHHBIE U 3alpElIEHHBIE, HO, M0 CYTH, LEJbIA IUIACT
HKCHEPUMEHTAIBHBIX Pa0OT OTKOJOJICS W YHIEN AalieKo BIEPEN OT CTaHAAPTHBIX TEOpHil. JTa
CUTYyalllisi IPUBOJMT, C OAHON CTOPOHBI, K HEAOBEPHIO K 3TUM "OMAajbHBIM' pE3yJlbTaTaM Co
CTOPOHBI T€X, KTO BEPUT, YTO KPUTEPUEM HCTUHBI SBIISETCS IMyOJUKAIUS B "'CEPhEIHOM" HAYIHOM
xypHane. C 1pyroii CTOpoHBI, pecriekTadeIbHble TEOPUH OKa3bIBAIOTCS J€BAJIbBUPOBAHHBIMU B
rjla3ax TeX, KTO BEpPUT, YTO KOHEYHBIM KPUTEPHUEM HCTUHBI SIBISIETCSI BCE-TAKM IPAKTHKA U
9KCIIEPUMEHT: CIIMIIKOM BEJIMK 3TOT dKCIIEPUMEHTAJIbHBIN IIJIACT.

Bnpodem, BOIIpoCh! COIMONIOTHU HAYKH BBIXOJAT 32 paMKU HacTosIIe padoTel. bosee moapo6HO
MpUYMHA BBIXOAA JAHHOTO HANpPABJICHUS WCCJICNOBAaHUNA W3 pycia "HOPMAJIbHOW HAyKH
paccmotpeHa B [5].

AKTyaJIbHbI€ BONPOCHI

Kax YK€ TOBOPUJIOCH B HA4aJIC 0630pa, OOJIBIIIMHCTBO I/ICCJ'IGI[OBaHI/Iﬁ 31CCh BCE eIJ_[é HpC6BIBa€T
Ha MOUCKOBOM CTavu, MMOCKOJIbKY PE3YJIbTAThl 3KCICPUMCHTOB IMOKAa HE CTOJIBKO HAal0T OTBETHI,
CKOJIBKO CTaBAT MHOXXCCTBO HOBBIX BOIIPOCOB.

B srom 0030pe He craBMiach 3ajada OOBSICHEHUS PACCMOTPEHHBIX DPE3YJIbTATOB, T.C. JAXKE
MOTIBITKA J1aTh BapUaHThl OTBETOB Ha YPOBHE 00OOIIAONMIMX MOJENEH SBICHUN 37eCh Obla Obl
npexeBpeMenHoil. Ho xorenock 661 chopmynupoBaTh HEKOTOPHIE aKTyalbHbIC, HA MOW B3IJISI,
BOIIPOCHI B IaHHOU 00JIacTH:

1. Kak cooTHOCSTCS pacCMOTpEHHbBIE HeTOKalIbHbIE 3P eKTh Ha MaKpOypoBHE ¢ dhdekTamu
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KBaHTOBOW CITyTaHHOCTHU YaCTHI], KOTOpbIe 00CYKAI0TCSI HAUMHAS ¢ U3BECTHOU MyOJIMKaIuU
DOitnmeiina-Ilogonsckoro-Po3ena?

2. Yo sBISETCS KBAHTOM HEAJIEKTPOMArHUTHOTO U3ITy4eHHUs, TIPUMEHHUMA JIH 3]1ECh
COBpEeMEHHas KBaHTOBasi MEXaHHUKa?

3. [eiicTBuTENbHO JM (haHTOMBI MPUBSA3aHBI K reorpaUuecKuM KoopanHaTaMm, JTu0o peub Beé-
TaKd UIET O MPUBS3KE K OJIIMHKHEMY OKPYKEHHIO?

4. Kakoii BKJa/1 B BO3/ICHCTBHH Ha MPOIIECCHI M TATYUKUA BHOCUT (PaHTOM OT pabOTAIOIIETO
TOPCHOHHOTO reHeparopa? byayrt iqu paboTarh TOPCHOHHBIE T€HEPATOPHI, JBIKYIIHECS IO
OTHOIICHUIO K 3emJie?

5. Uewm 00ycIioBIeHa yCTOMYNBOCTh METACTAOMIBHBIX COCTOSIHHM KHUAKOCTEH U TBEPIBIX
BeniecTB? Eciii 3TO 1eHCTBUTENEHO KOT€PEHTHBIE COCTOSHUS, IOYEMY OHU HE Pa3pyIIatoTCs
MOJT BJIMSTHUEM OKPYKECHUS ?

6. KaxoBa npupoia KOJJIEKTUBHBIX KBAHTOBBIX COCTOSHHM, KOTOPBIE MPUBOIAT K HAPYIICHUIO
pacnpenenenus [lyaccoHa B paMOaKTUBHBIX HCTOYHUKAX, a TAKXKE K aHOMAIIbHOMY
M3MEHEHUIO JUCTIEPCUU IITYMOBBIX MPOIECCOB?

7. Bo3MOxHBI I 6€30TIEpaTOPHBIC TOPCUOHHBIE TEXHOJIOTHH, B KOTOPHIX MPSIMBIM BIIMSHAEM

CO3HAHUS OTIepaToOpa Ha TEXHOJIOTHUECKU MPOIECC MOKHO OyneT npeHedpeun?

Kakyto pois B a3 dexre hopm urpaet rpanuna pasaena cpea?

Kak cBsizanbl 3 ekt n3MeHeHus: 4acToThl 1 (asbl cnadoro (GoHOBOTO)

AJIIEKTPOMArHUTHOTO M3JIy4EHUS B KWJIOT€PIIOBOM JIMANa30HE C HCTOYHUKAMH TOPCUOHHOTO

U3ITy4EHUs?

10. Kakoii HanOoJsiee aieKBaTHBIM MaTeMAaTUYESCKUI anmapar JJisl ONMCaHus KOH(PUTyparuii
TOPCUOHHOTO TIOJISI MATEPUATIHHBIX 0OBEKTOB, MO3BOJIIONINN CTPOUTH MOJIENH, O0JIaJat0IIHNe
MpeICKa3aTeIbHON CHITON?

11. Kakoit ¢puznueckuii MEXaHU3M IMepeaadn CI0KHON HHPOpPMaIUK O CTPOCHHUH BEIIECTB U
OMOJIOTMYECKUX OOBEKTOB Yepe3 HEANICKTPOMArHUTHOE H3JIyUYCHUE?

12.KakoB0 MPOUCXOXKICHUE T€OMAaTOTCHHBIX 30H U CETOK?

© x
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