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Huxonat Lmumpuesuu
[leeamkog — BBIAIOLIUICA pyC-
CKUIT y4€HBII B 00AacTH 3A€K-
Tpouukn CBY, axkamemux PAH,
JOKTOP  TEXHHYECKHUX  HayK,
npodeccop. YpoxkeHel cTapuH-
HOro ropona Boaorzma, BBIIyCcK-
HHUK AeHHHrpazackoro [Toanrex-
HHYECKOoro HMHCTUTyTa. Boaee 50
AET TBOpPYECKOH >k3HM Hukoaas
OmurpueBnya cBsizausl ¢ HUU
«Hctok» (r. PpsasuHo). 3acayru
Hukosass [IMurpueBuya Iepexn
OtedecTBOM ObIAM  OTMEYEHBI
MHOTHMH OpAEHaMH N MeXaAsi-
MH, 3BaHueM [eposs Coumaau-
CTHYECKOrO TPpyAa, IaTh pa3 Hukoaail [IMUTpHEBHYY IPHUCYKaA-
Aochk 3BaHue Aaypeata — 'ocymapcreennoit npemuu CCCP, Ae-
HHHCKoOMH npeMuH, locyaapcreennoii npemun PO, npemuit Cosera
muHNCTpoB CCCP 1 PO.

3aHnMasICh Ha IMPOTSDKEHHMH MHOTHX AeT ODOPOHHOH TeMa-
THKoH, Hiikoaalt JIMHTPHEBHY OYEHB MHOIO CHAEAAA JASI BHeOpeE-
HUST JOCTIDKEHHI SACKTPOHHKH B IIPAKTHYECKYIO MEIULIHHY.

B caenyroleM roay HCIIOAHSIETCSI COPOK AET CO JHS HAYYHOIO
ceMHHapa, Ha KoTopoM Hukoaait [IMHTpHEBIY paccKasas o Iep-
CIIEKTHBAaX HCIIOAb30BAHUS TOABKO YTO OCBOEHHOIO MHAAMMETPO-
BOTO [Malla30Ha JAHH BOAH B HETPAAUIIMOHHBIX 00AACTSIX ITPHMe-
HEHUsI — B MeAULIMHe 1 6rosoruu. BMecTe co CBOMMH KOAAETaMH,
npexzae Bcero ¢ M. B. l'oaanToMm, Hukoaait [IMUTpHEBUY IBASIETCS
OCHOBOITOAOXKHHKOM MHAAMMETPOBOH (KpaifHe BBICOKOYACTOTHOIA)
TEparuy — HOBOIO HayYHO-TIPAKTHYECKOTO HAIIpaBAEHUS, BO3-
HHKIIEr0 Ha CThIKE Psiia HAYYHBIX AUCLIUIIAMH — PaHO3AEKTPO-
HUKH, MEIUIHHEI, OO U3UKH, GUOAOTHH U AD.

Mper, yuenuxku H. [. [eBaTKOBa, PELUIHAN CREAATH IEPBBIH
mar B 0600IeHNN G0ABIIOrO IKCIIEPUMEHTAABHOTO MaTrepHasa
B 00AaCTH MHAAMMETPOBOH 3AEKTPOMAarHuTOGHOAOTHM, HAKOII-
AEHHOrO MOCKOBCKOM IIIKOAOI B 3TOH MHTEPECHOI M IIE€pPCIEeK-
THBHOH 00AaCTH 3HAHHS, U ITOCBALIAEM 3TY HeGOABLIYI0 KHUTY
namatu H. . [JeBsarkosa.

O.B. Beuxuii, B.B. Kucnoe, H.H. Ae6edesa
Mocxea, 2004 2.



BBEAEHHE

B npekpacHoit kHure A.C. IIpecmana «9aeKTpoMar-
HHUTHBIE TI0ASl M KHBad Npuponar [1] BrmepBble ObIA IO-
CTaBAEH BOIIPOC M HCCAEHOBaHa Ha OOABLIOM 3KCIIEPH-
MEHTAABHOM MaTepHaae IpobaemMa B3anMoneHCTBUS
SAEKTPOMATHHUTHBIX T10A€H M JKUBBIX OpraHU3MoB. B Ha-
YYHOM TIAGHE IPHHLHIHAABHO H C OOABIIOH 3MounHO-
HAABHOH CHAOH IPO3By4YaA TE3HC O BO3MOXKHOCTH BAHSI-
HHSI Ha OMOAOTMYECKHE CHUCTEMBI BAEKTPOMATHUTHEIX I10-
AcHt caabolt MAHM HETEIIAOBOH MHTEHCHBHOCTH, KOTODEIE B
3TOM KOHTEKCTE IPHOOPETAIOT CMBICA HH(OPMAITHOHHBIX
CHTHAAOB.

B kunre A.C. IIlpecmaHoM Obiaa BbICKa3aHa TaK¥Ke
cMeAas IO TOMY BPEMEHH HJIESI O TOM, YTO ITPOSIBAEHHE
6rosormyeckux 3@EKTOB KaK PEaKIHH Ha BO3OACHCTBHE
HU3KOUHTCHCUBHBIX TI0AE€H  SIBASIETCS  IIPHBHAETHEH
CAOJKHO OPraHH30BAHHBIX GHOAOTHYECKHX OOBLEKTOB, Ha-
4yyHasT C MaKpPOMOAEKYAIPHBIX aHcaMbaeil u BbImIe.
IMosnHee 3Ta uaess Hamaa Oaecrdiiee dKCIIEPUMEHTaAb-
Hoe TmonaTBepxkAeHHe. OPHUIHHAABHOCTL HMIOEH HMeAa H
6oABIIIOE METOAHYECKOE 3HadyeHHe. Hampumep, npu 3kc-
MEPHUMEHTAABHOM HCCAENOBAaHHM Onoaoruydecknx addex-
TOB JIASl OITHCAHHUA MEXaHH3MOB BO3HHKAIOIIHMX peakLMid
TIOSIBASIETCST €CTECTBEHHOE JKEeAaHHE YIIPOCTHTBL HCCAE-
IyeMbIi 00BeKT MyTEM Ilepexojia, 1o CYIIEeCTBY, K ¢par-
MEHTy 3TOro obbekra AHbO ero cocraBHON yactu. OnHa-
KO IIPH TAKOM YIPOILEHHH HCCAENOBATEAb IOAYYAET 00b-
€KT C COBEPIIEHHO APYTUMH CBOHCTBaMH H PEeaKILIHSMHU.

Hneu pabots! [1] moAyYHAH OpHUTHHAABHOE Pa3BUTHE
B HOBOH KHHIe Toro e aBtopa «OpraHusauus buocde-
pPbl M €€ KOCMHYECKHE CBS3M» [2], KOTOpas yBUAEAA CBET
y2Ke T1ocAe ero cMepTH. KHura nmoaBoauT HaydHble U Gu-
Aocodpckue utorn pabor A.C. IlpecmaHa, KOTOpPBIH Ha
MPOTSIKEHUH [OECSATHACTUH 3aHHMMaACsl BOIIPOCaMH HH-



6 Mujwwuempoebte B0JIHbL U JKUBble cucmemst

G OpPMAIIOHHO POAM 3AEKTPOMArHUTHBIX ITOACH M KH-
HepHEeTUYECKOM CTPYKTYphI buocdepsl. B npenucaoBun K
KHHTE€ CKa3aHo, YTO 3[eCh «paccMaTpuBaercs: HHbopMa-
LIHOHHO-KUbGepHeTuYecKas KOHLenusa 6uocdeps!, 00b-
SICHAOIIASA TNPHPOAY €€ 3BOAIOIHH, (DU3HYECKHE MeXa-
HH3Mbl MH(OPMAIIMOHHBIX IIOTOKOB M IIPHHLIUIIBI Opra-
HHU3aUUH XUBoro». KalOWeBOH saBAdeTcs Haesd aBTopa,
cocTodillasl B TOM, YTO B CaMOOpTaHU3alllHU XUBOH Ma-
TEPUH, B IIPOCTPAHCTBEHHON OpraHHU3aliu XXKHUBOH MpH-
poapl, BO BpEMEHHON €€ opraHH3alliM (CHHXPOHH3ALUH
PUTMOB) OCHOBOIIOAGTAIOUIYIO POAb UTPAET 3AEKTpOMAar-
HUTHOE T10A€ KaK HOCUTEAb YIIPaBASIIOIIMX CUTHaAOB. [a-
A€€ aBTOP KHUTH pa3BHUBAET MBICAb O TOM, UTO YIIOPS/IO-
YEHHOCTBb (POPM KUBBIX OOBLEKTOB B 6Hocdepe CBsI3aHa C
IIPOCTPAHCTBEHHOH opraHusauueit Kocmoca. Baskuei-
ILIVIO POAB B 3THX IPOLIECCAX UTPAIOT 3AEKTPOMAarHHUTHBIC
IoAst (POHOBOIr'O (PEAHKTOBOIO) MPOUCKOXAcHUs. B cBasu
C 3THM Hebe3BIHTEPECHO OTMETHTH, YTO B COOTBETCTBHH C
HOBEHIINMMH PamHopHU3HYECKHUMH U3MEPEHHSIMM B acTpo-
HOMHH MaKCHMyM 3AEKTPOMArHHTHOTO PEAHKTOBOIO H3AY-
YEHHST MPUXOAUTCA Ha MHAAMMETDPOBBIN IHAMA30H TAHH
BOAH.

ITouTH B 3TO K€ BpeMsi, Koraa bblaa ormybAHKOBaHAa
kuura A.C. IlpecmaHa, MOSIBUAHCH IEPBBLIE OTEYECTBEH-
Hble MybAuKauMU 1o pas3paboTke 3 PEKTUBHBIX HCTOY-
HHKOB 9A€KTPOMAarHUTHBIX KOA€OAaHHI B MHAAHMETPOBOM
(MM), uau xpaitHe BbIcokodacToTHOM (KBY), muamnasone
M HCIIOAB30BAHUH 3TUX BOAH CAab0if MHTEHCHBHOCTH B
6mosornu n menuumHe [3,4]. CoBnameHne BO BPEMEHH
39TUX IBYX COOBITHMH HMeEEeT HEKOTOPBIH CaKpaMEHTAaAb-
HBIH CMBICA, M€ B BUAY BaXKHOCTb POAH CAabbIX CHUTHa-
AOB (B TOM YMCAE, 3ACKTPOMAarHHTHBIX) B NpoOLECcCax KU3-
HeeaTeAbHocTH. ITuoHepckuie paboThl M0 CO3MAHHIO HC-
TOYHHKOB MM-H3Ay4YEHHST ITPOBOAMAHMCH Y Hac B CTpaHe
0T PYKOBOACTBOM akazeMuka H.[l. dessatkosa u ripodec-
copa M.B. Toaanta [5,6]. HIMEHHO B 53TOM YaCTOTHOM
auarnasoHe ObIAM BIlepBblE MOAYYEHb! (DYHAAMEHTAABHbBIE
9KCIIEPUMEHTAABHBIE  PE3yAbTATBI, HAAIOCTPHPYIOLIHE
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POAB 3AEKTPOMArHUTHBIX KoAebaHHI Kak WHQOpMAalu-
OHHBIX CUTHAAOB, UCIIOAB3YEMBIX OPraHU3MOM B IIPOLIEC-
cax JXKU3HeAeaTeAbHOCTH [7,8]. Tak BO3HMKAO HOBOE Ha-
Y4YHOE HanpaBAGHHME Ha CTBIKE psiia HAYYHBIX QUCLIHII-
AMH — PAgHO3IAEKTPOHHKH, 6MODHU3UKH, MEAUIIMHBL U IP.
B mpakTHYeCKOM I1A@HE 3TO IIPUBEAO K CTAHOBACHHIO
aABTEPHATHBHOIO METOLA A€UYEHUS 3a00AeBaHUH YeAOBe-
Ka H JKHUBOTHBIX — MM- nau KBY-tepanuu.

Caenyroliee BakHOE COOBITHE, KOTOPOE ITPOH30IIIAO
B NIEpBbIE€ I'oAbl IocA€ BbIXona B cBeT KHuUru A.C. Ilpe-
CMaHa, CBF3aHO ¢ (PyHAaMEHTAaABHBIMH paboTaMH oTeye-
cTBeHHBIX yuéHbIX A. X. 'apkaBu, E.B. KBakunoit 1 M.A.
YKoaoBoOit [9] B obaacTu pa3paboTKU TEOPETHUYECKHX OC-
HOB afalTallMOHHBIX PeaKIUil opraHH3Ma B OTBET Ha
caabble U cpegHUE IT0 UHTEHCHBHOCTH BHEIIHHE CUTHAABI
pasAuydHOM npuposabl. IIpencraBaeHUa o HecrenudHUye-
CKOM PE3HUCTEHTHOCTH OpraHH3Ma, Pa3HbIX aalTallHoH-
HBIX PEaKlIHsAX Ha BHEUIHHE CTHMYABI Pa3AHMYHOM CHABI
SIBASIIOTCS PasBHUTHEM M yraybaeHHeM paboT KaHaICKOro
uccaenoBaTeass I'. Ceabe 00 amanTallOHHON peaKIIMU
cTpecca (peakLiyy Ha pasgpaskuTeAn 0oabloil cuabl) [10].
3tH paboThbl MO3BOASIIOT C OOIIMX HAYYHBIX IMO3HLIHI ITO-
OOHTH K H3y4eHHIo OGuosorudeckux 3(@deKToB caabblx
3AEKTPOMAarHUTHBIX T10A€H M KOPPEKTHO IIPOBOAMTBH HC-
CAEOBAHUS 10 U3YYEHUIO CHEHMPUUECKHX W HECHEeIH-
duYecKUxX peaklUMil OpraHu3Ma, BBISBLIBAEMBIX pasAny-
HBIMH BHEUIHUMH CTHUMyAaMH. Hazlo oTMETHUTB TakoKe TO
00CTOATEABCTBO, YTO B IIOCAEIHHUE TFOABI OFIAM TTOAYUEHBI
HOBBIE PE3YABTATBI, PACLUIUPSIIOIINE HALIH [(PEICTABACHHS
0 TAKHUX SIBACHHSX, KOTOPbIE ITHPOKO OOCYKIAIOTCS U HC-
MOAB3YIOTCS B (PU3MKE JKHUBBIX CHCTEM, KaK KOTLEpPEHT-
HOCTB, KyMYASITUBHOCTB, KOOIIEPaTHUBHOCTb, CTOXACTHYe-
CKHUIl pEe30HaHC, CHHEPreTHKa, MAWHAMHYECKHH Xaoc,
¢pakTasbHOCTL U T.A. B mnepsylo ouepenb, HeobOXoaAHMMO
OTMETUTb pPaboThl H3BECTHOTO aHrAMHCKOro (H3MKa-
TeopeTrka I'. Ppéanxa 0 KOrepCHTHBIX KOA€OaHHsIX B OHO-
AOTHYECKHX CHCTEMaxX, B YacTHOCTH O KOI'€PEHTHBIX
KoAeBaHUAX ITAA3ZMAaTUYECKOM MeMOpaHBI KHUBOH KAETKU
HAaH e€ OTHeAbHBbIX (hparMeHTOB (Hampumep, [11-13]), a
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e€ oTHeABHBIX (DparMeHTOB (HarpuMmep, [11-13]), a Takke
pabotel HobeaeBckoro aaypeara U. IlpuroxuHa Mo HC-
CAEJIOBAaHHIO OTKPBITBIX HEPABHOBECHBIX CHCTEM, K KOTO-
PBIM OTHOCSITCSI 3KHBbBI€ OPraHH3MEI (Harpumep, [14]).

TepMuH «MH(pOPMALIMOHHOE B3aHMMONCHCTBHE» TIPHU-
MEHUTEABHO K IpobaeMe BO3AEHCTBUSA CAA0bIX 3AEKTPO-
MarHHTHBIX KOA€OaHUH Ha OGHoAOrMYECKUE OOBEKTHI OblA
BBeZIEH B Hay4dHbIH obuxon A. C. IIpecmanowm [1]. Takoe
B3aUMOJICHCTBME IIPEATIOAAraeT, KaK MHHHMYM, HaAHM4He
«[1AATO» Ha KPUBOH 3aBHCHMOCTH «OHOAOTHYECKUH 3d-
(hEKT-MOIIHOCTE NaJAIOMIET0 H3AYUEHHsI», a TaKKe OT-
cyTcTBHE TernaoBoro 3dderra npu BoszeiictBuu. Takoit
CUTHAaA SIBASIETCH, 10 OINPENEAECHMIO, cAADBbIM HMAM HH3KO-
MHTEHCHUBHBIM, YTO THIIMYHO [Af PaTHOTEXHHYECKHUX
CHCTEM Iepefiavyy HHGOPMaLMH B aHAAOTMOBOM HAH LHD-
poBoM Buze. Bce 3TH yCcAOBHSI B ITOAHOM OOBEME BBINOA-
HSIIOTCSL NIPH HCIIOABL30BAaHHM HHU3KOMHTEHCHUBHLIX JAEK-
TPOMAaTHHUTHBIX BOAH B MHAAMMeTpoBoM (MM) nuanasoHe
JAVH BOAH.

B mocaenHee Bpemsi npobaema caalbbix (MHQpOpMa-
LIMOHHBIX) CUTHAAOB B 3AEKTPOMATHHUTOOHMOAOTHH CTaHO-
BHUTCsI OCOOEHHO aKTyaAbHOM. 3TO CBSA3aHO C KECTKHUMH
TpeOOBaHUSIMH 3KOAOTHYECKOTO XapaKTepa H MNPEeNeAbHO
JOIyCTHMBIMH YPOBHSIMH 00AydYeHUsT AHMLI, paboTalouumx
C DACKTPOMATrHUTHBIMH KOA€DAaHHAMH HAU ITOIAAAOLIMX
oz Ux Bo3xeicTBHe. HeMaroBaXKHbBIM ABAFETCS U TO 00-
CTOAITEABCTBO, YTO cama Io cebe 3Ta npobaeMa OYeHb
IPUBAEKATEABHA U C (PU3WYECKOI TOUKHU 3peHusd. IToBbI-
LIEHHBIH MHTEPEC K IpobaeMe CAabbIX CUTHAAOB B JACK-
TPOMAarHUTOOHOAOTHH B IIOCAEIHEE BPEMS B 3HAYUTEAD-
HOH CTENeHM IIPOCTUMYAHPOBAH OPUTHMHAABLHOH paboToit
E. B. Bypaakogo#i [15]. B aroit nuoHepckoii pabore 06-
CY?KIOAIOTCS] BOIIPOCH! TEPAIIEBTHYECKON aKTUBHOCTH Ae-
KapCTBEHHBIX IIPENapaToB MpPH Ype3BblYaiHO caabbix
KOHLIEHTPAIIUIX, KOTOPbIE Ha HECKOABKO IOPSiAKOB (!)
MeHBbIIle OOIIENPHHATHIX B (papMalleBTHYECKON [IPAKTH-
K€, ¥ cHOPMyAHPOBAHO TIAOJOTBOPHOE ITOAOKEHUE 00
«wddekTe (Mapamokce) cBepxMaasblx no03». HHTepecHo,
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YTO CTOAb Maable KOHIIEHTPallMM aKTHBHBIX BEUIECTB CYy-
IIECTBEHHO MEHBIIE KOHIIEHTPAIIWM, HCIIOAB3YEMBIX HaXKe
B FOMEOITaTHYECKOH MEHLIIHE.

CMBICA «TapaZloKCa CBEPXMAaAbIX [03» MOXKHO MOsIC-
HUTb C MOMOIIBIO pHc. 1. 3aech nokasaHa KadeCTBEHHas
3aBHCHUMOCTb GHOAOTHYE-
i ckoro 3ddeKTa OT A03bl
(BEAMYMHBI,  MOIIHOCTH)
IeHCTBYIOIIEr0 Ha 6roAo-
TUYECKU OOBEKT BHeEIII-
Hero ctumyaa. ObrenpH-
HSTOH CUMTAEeTCsa Takas
3aBHCHMMOCTb,  KOTOpas

Wbk wml | cOOTBETCTBYET (parMeH-
Puc. 1. IMapanokc cBepxMansix qo3 TY KpHUBOM cripasa  OT
BEPTHKAABHOH ITYHKTHP-
Holt AuHMM (cM. puc. 1). ObaacTu caabbIX CUTHAAOB B pac-
CMaTpPHBAEMOM CAyYae COOTBETCTBYET YYacTOK FPHBOM,
PAaCIIOAOKEHHBIH MMPHMEPHO MKy no3aMu lp u 2. Onna-
KO, KaK BHJIHO M3 PHCYHKa, B pacCMaTpHUBAacMOM cCAydae
OOVH K TOT Ke Oroaorrmyeckuii addekT (Toyka Q) MoxKeT
JOCTHraTbCs HE TOABKO IPH Z103€, COOTBETCTBYIomeH I1, Ho
Y TIPH CYIIECTBEHHO MEHBIIEM 3HAYEHHH J03bI, COOTBETCT-
BytomieH I, BaXHBIM aBASIeETCSI TO ODCTOSATEABCTBO, YTO
pasHUIIA B [103aX MOXKET COCTaBASITL HECKOABKO (!) mopsiz-
KOB. 3aMeTHM, 4YTO NoxoOHble 3(h(PeKThl ObIAM ITOAYYEHEI
9KCIIEPHMEHTAABHO IPH H3yYEHHH OHMOAOTHYECKHX OOBEK-
TOB Pa3AMYHOM CTEIEHH OPraHU3AlHH — OT JKHBOOI KAETKH
JI0 LIEAOCTHBIX OPraHH3MOB JKHUBOTHBIX K PACTEHUH.

IIpobaema cBepxMaabIX 03 BBIXOAUT AAACKO 33 paM-
KH Tepariy AeKapCTBEHHBIMH MIperiaparaMu U umeeT QyH-
JaMEeHTaAbHOe 00IeOHoAOTHYEeCKOe 3HadYeHHe. JTa IIpo-
bAaeMa NIPEKpPacHO IIpOaHAAM3UpPOBaHa B MOHorpaduu
FO. I1. YykoBoit «3ddekTrr caabbix BozmeHcTBHi» [16].
B KHHUre Ha OCHOBaHHH OOABIIOIO KOAMYECTBA OPHTH-
HaABHBIX NyOAMKAIHI aBTOpa pa3BUBAETCS YHHBEPCAAb-
HBIF TEPMOAWHAMHYECKHUI IOAXOMA K aHAaAW3y BO3IEHCT-
BHUS CAA0OBIX 3AEKTPOMAUHUTHBIX IIOAECH Ha pa3AWUYHBIE
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6HMOAOTHYECKUE CTPYKTYPHI (B YACTHOCTU CA20BIX ITOAEH B
MM-pguana3oHe OAWH BOAH). B 3aKAIOYHTEABLHOM paslese
KHUTH €€ aBTOp nuuIET: «T'epMogUHaMUYecKasi TEOpHS
HEPaBHOBECHBIX CHCTEM, B3aUMOACHCTBYIOUINX C 3AEK-
TPOMAarHUTHBIM H3AYYEHHEM, I[103BOAMAA OTKPBITH 00-
AaCTb DOABITHX W HEOXKHUAHHBIX PECYPCOB JKUBBIX TEA, B
TOM YHCAE H 4YeAOBeKa. JTa o0bAacTb caabbix Bo3zmedcT-
Buii». K aToli npobaeme MBI BepHEMCS B paszieae, Koraa
6ynem obcyKOaTh BOIPOCH! ITOBBIIEHHOH YyBCTBHTEAL-
HOCTH OHOAOTHYECKUX OOBEKTOB K CAa0BbIM BHELUTHHUM
BO3AEHCTBUSM.

K HacrosiieMy BpeMEHH HaKOITHACS OOABIION 3KC-
IIEPUMEHTAABHBIN U TEOPETHYECKUN MaTepHaa Io 61oao-
rudeckuM addekram MM-BoaH (6oaee TpEX ThICHY ITyD-
AVIKallHH), KOTOPBIM HYXKAAeTCsl B OCMBICAEHHH U 0606-
meHuH. B HacTosie KHUre NpearpuHsITa IOMNbITKA XO-
TSt Obl YACTUYHO BOCIIOAHUTH 3TOT IIpobeA. ABTOpE! Ha-
NEIOTCS, YTO KHHra TIOCAYKHUT CTHMYAOM JIASI TIPOBEJNE-
Hus1 6oA€e TOAHBIX MCCAENOBAHHUI B 3TOi 006AaCTH, KOTO-
past MOXeT ObITb Ha3BaHa KaK MUWLIUMEMpPOsds 3JeK-
mpomazHUmMoOUON02USL.



11

1. PHSHYECKHE XAPAKTEPHCTHKH
H BHOPN3HYECKHE OCOBEHHOCTH
MHAANMETPOBBIX BOAH

1.1, lllkaAa 3A€KTPOMATHHTHEIX IMoAeH

YnoOHasi gasd UCIIOAB30BAaHHSA Ha MPAKTHKE KAACCH-
dHKaLUS SACKTPOMArHHUTHBIX BOAH MO YacTOTaM MAU
IAUHaM BOAH (LIKaAa 3A€KTPOMAarHHUTHBIX BOAH) TIpel-
craBaeHa B Taba. 1. IIlkaaa HayuMHaeTCcs C 4aCTOT, KakK
yrogHo GAU3KUX K HYAIO (MAM OAWH BOAH, OAM3KUX K Oec-
KOHEYHOCTH) — CBEPXOAHMHHBIX BOAH DPalHOBOAHOBOIO
[aUanasoHa ¥ 3aKaHYHMBaeTCsl BOAHAMH C OY€HBb BBICOKU-
MH 4acTOTaMH — Y-BOAHaMHM (y-u3aydeHuem). Kak BUIHO
U3 TabAWIIbI, 3ACKTPOMArHUTHBIE IIOASl IIPAKTHYECKH
BCEH MIKAAbl HAXOASAT NMPUMEHEHHE HE TOABKO B TaKMX
TPaOULIMOHHBIX 00AACTAX KaK pPaaHOCBsa3b, PaaHOAOKa-
Us, TEAEBUACHUE U T.A., HO U B HETPALHULIMOHHBIX 00-
AQCTaX, TIPEXKE BCEr0 B MEAUILIMHE U OHOAOTHH.

MMAAMMETPOBEIE BOAHBI OBIAM OCBOEHBI Ha ITPaKTH-
Ke B TIOCAEOHIOIO OYepedb, U IIIKaAd 3AEKTPOMArHUTHBIX
BOAH HE CTaAd COAEPKATD «OEAbIX TIATEH.

MuaanmerpoBbele (MM) BOAHBI 3aHHMMAIOT AHAIA30H
IAVH BOAH B CBOOOAHOM npocTpaHcTBe A =1...10 MM, 4TO
cooTBeTCTBYeT auanasoHy yacror f =300...30 I'Tu. Orot
AUana3oH 3AeKTPOMATrHUTHBIX BOAH ObIA OCBOEH CpaBHH-
TEABHO HEJIABHO - B cepeitHe 60-X rofIoB ITPOIIIAOTO CTO-
aetus. Yectb ocBoeHuss MM-nuanasoHa B 3HAYUTEABHOH
MeEpe NPUHANAEKHUT POCCUHACKUM y4€HBIM. B 1965 r. ObI-
aa onybaukoBaHa pabora [5], B KoTOpoi#l coobmasock o
pa3paboTKe IIHPOKOIOAOCHBIX I€HEPATOPOB C 3AEKTPH-
YeCcKOH IepecTPorKOoi 4acToThl. OTO ObIAM 3HAMEHUTHIE
BaKyyMHBIE AaMIlbl OOpPaTHOM BOAHBI C IIPOJOABHBIM
MarHuTHGIM 1toaeM (AOB-0), pazpaboTaHHbIEe B BeoylIEM
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HAy4YHO-UCCAEOBATCABCKOM HHCTHUTYTE 3AEKTPOHHOH Ipo-
melnacHHocTH CCCP — HUM 160 (rmosguee THIIIT «Mctoky,
a B Hacrosee Bpemda — PI'YIT HIIIT «Mcrok», . Ppsa3rHO,
MockoBcKoit 004.). Kak y2xe yKasblBaAoCk BhILIE, PpaboThI
BBIITOAHSIAMCE I10J] PYKOBOACTBOM BBIAIOLINXCST POCCHIE-
CKMX Y4EHBIX B 06aacTi CBY 3A€KTPOHUKU — aKaeEMUKA
H. O. OeBarkoBa u npod. M. B. Toaauta. OpUruHasb-
Hble KOHCTPYKIIHS M T€XHOAOTHSI U3FOTOBACHHS, a TaKXKe
COBOKYITHOCTb TEXHHYECKHUX [apaMeTpoB M B HACTOSIIEE
BPEMSI OIIPENEASIIOT AUAUPYIOLIEE TTOAOXKEHHE B MHUDE OTe-
yectBeHHbIX AOB-O cpenu npubopos aroro kaacca. C rio-
MOIIBIO TPUMEPHO JIBYX JECSATKOB TAKHX AaMII, HACTPOEH-
HBIX Ha Pa3AHMYHBIE CPEAHHE YacTOTBbI, MOXKHO II€PEKPBITH
Becb MM- u cyOMHAAUMETPOBEIH (TepareploBbIf) Oua-
T1a30HBI.

BrIXoaHast MOUIHOCTE M'EHEPATOPOB COCTABASIET COT-
HH MHAAWBATT BOAMSH JAMHHOBOAHOBOIO Kpasl U €IWHH-
HBI-ZIECATKH MHAAHUBATT JASI KOPOTKOBOAHOBOIO Kpasi
auaria3oHa.

KoHeyHO, 0 OCBOEHUSI B CEPHHHOM ITPOHU3BOICTBE
AOB-O B MM-auamna3oHe ObIAM HU3BECTHBI M HAILAM ITPH-
MEHEHHE Ha IPaKTHKE APYTHe BaKyyMHble IpHOOpBI, Ta-
KWE, HallpuMep, KaK MarHeTPOHBI, OTPaiKaTeABHBbIE KAMC-
TPOHBI, HO BCE 3TH MNPHOOpPBI OBIAM Y3KOIOAOCHBIMH H
MpeaHa3HaYaAlCh Jas paboThl Ha (DUKCHPOBAaHHBIX YacTo-
Tax. NoAHoe rnepekpbiTHe MM-nuara3zoHa HayaaoCck HMEH-
Ho ¢ AOB-O.

IIpubopsr MM-guamnazoHa cpaly Hadasl I[IpUMe-
HATBCH B TAKHX «KAACCHYECKHX» 00AaCTSX TEXHUKH, KaK
panuoAOKallusl, paguoOHABHUrallus, pagloCBs3b, pPauo-
CHIIEKTPOCKONIHA U T. . CpaBHUTEABHO HOBBIMH TeXHHYE-
CKUMH 0bAacTAMH NpHMeHeHHsT MM-BOAH SBASIIOTCSI AO-
KaAbHble HH(QOPMAIIMOHHbIE CHCTEMB! (CBSI3b BHE U
BHYTPH 3[4aHUH), CHCTEMbI PAIMOBHACHMSI, MUAAHMETPO-
Bas CIIEKTPOCKOITUSI, AUCTAHIIMOHHbBIE METOIb! 30HAUPO-
BaHUSA OKPYKaIoLIeH cpelibl ¥ HEKOTOpble apyrue [17].

Hrike MBI pacCMOTPHM HOBBIE ITEPCHEKTUBHEBIE 06-
aacTH ucrnoab3oBaHuss KBY-pauamnaszoHa — B MEOULIMHE H
OHOAOTHH.
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1.2. DAeRTpOMarHHTHEIE BOAHBI
B 5AEKTPOAHHAMHYECKHX CHCTEMax

OAEKTpPOMAarHuUTHas BoAHA — 3T0 ocobas dopma ma-
TEPHH, MpeacTaBadionias cobol codyeTdHHE 3IaBUCSIINX
OT BpeMEHHU daeKTpHdeckoro (E) u marautHoro (B) noaet
M CYILLIECTBYIOIIUX B IIPOCTPAHCTBE B BHAE BOAHBI, CBOM-
CTBa U MapaMeTpbl KOTOPOH 3aBUCAT OT CBOHCTB Cpensbl
pacrnpocTpaHeHust. MOXHO AaTh U TaKO€ OMNpPEeNcACHHE
9AEKTPOMArHHUTHON BOAHBI: 3TO BO3MYILIEHHE 3SAEKTPO-
MarHHUTHOTO I10ASI, PACIIPOCTPAHSIONIEECS B IIPOCTPAHCT-
Be U Hecyllee ¢ coboil 3HEPruo U UMIyAbC 6€3 nepeHoca
BEILUECTBA. JAEKTpOMarHutHele moast (OMII) sBasitorcst
dusuyeckuM (PaKTOpPOM Cpennl, KOTOPhIH OKa3bIBAET
CYLLIECTBEHHOE BAWSIHHE Ha JXKHUBbIE OPraHU3Mbl pas3and-
HOT'O yPOBHSI OPTaHU3alI{H.

Hammn raasa He criocoOHBI BHAETH CTPYKTYPY SACK-
TPOMAarHHUTHOM BOAHBI, HO €CAH Obl Mbl BOAHY MOTAM YBH-
OeTh, TO ee parMeHT (MTHOBEHHBIH CHHMOK) BBITASIZIEA
6bI Tak, KaK [IOKA3aHO Ha pHC. 2. JaeKTpHuecKoe rnose E
M MarHuTHoe Ioae B aBASIOTCA BEKTOPHBIMH BEAHYMHA-
MM ¥ U3MEHSIIOTCS B IIPOCTPAHCTBE 110 CHHYCOHIaALHOMY
3akoHy. ObpaTHM BHHMaHHE Ha TO O0OCTOSITEABCTBO, YTO
9ACKTPUYECKOE M MAarTHUTHOE II0ASl A€XAaT BO B3aHUMHO
TIEPIIEHANKYASIPHBIX TTAOCKOCTHAX. [lepHros Takoil BOAHBI
obosHauaercss OyKBo# Ag.

T
I}
!
:
s\ \
x N P

Puc. 2. ITaockasa aaeKTpoMarHuTHasi BoAHA

Ecan 3adurcupoBaTh BHUMaHHE B KakKoH-An60 Tou-
K€ IIPOCTPAHCTBA, TO MOXKHO ObIAO ObI ITOAYIYHTH CHUMOK
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BOAHBI B 3aBUCHMOCTH OT BPEMEHH, TOABKO Ha 3TOM PH-
CYHKE BMECTO KOOpAWHATH! Z HAAO MOACTABUTH TEKYIEe
3HaYEeHUE BPEMEHU t, a BMECTO Ao — Imepuon KoaebaHus
BO BpeMeHH To.

B mMaremMaruyeckoi opMe 3TO MOXKHO IIPEACTABHTH
caemyromuM obpaszoMm. B cayyae mAOCKOH BOAHBI, pac-
NPOCTPAHSIONIEHCST B HAIIpaBAGHHH 2Z, H3MEHEHHE BO
BPEMEHH H IIPOCTPAHCTBE BeKTOpa A (B HallleM cAydae —
3To E nau B) npoucxonur 1o 3akoHy:

A= Apsin(wt — kz) = Aosin(2nt/ To - 21 2/ Ao),
rae Ap - aMIIANTYZa BEKTOpPa; @ — KpPyroBas 4acToTa KO-
AebaHusa, paBHad, 110 onpenescHuro, 2/ To; k — BoAHOBOE
YKCAO, PABHOE, I10 OIpeaeAeHuU0, 21/ Ao.

TakuM o00paszoM, ecaH Ao XapaKTepH3yeT NEepHO
KoaebaHus B npocTpaHcTBe, TO Tp — repuon KoaeOaHHs
BO BpeMeHH. ObOpryHast yacrora KoaebaHust f cBs3aHa C
nepuonoMm To cooTHomeHueM f = 1/Tp. Hacrora f xapax-
TEPU3YET UYHUCAO KoaeDaHHUI B €AMHUIYy BPEMEHH (ce-
KyHAy) BeanuuH E u B.

CROpPOCTE  PaCHpOCTPaHEHUST 3AEKTPOMAarHUTHOM
BOAHB! V B HalTpaBACHHH Z OTIPEAECASIETCH M3 OYEBHIHOTO
COOTHONIEHUsI, KaK IyTh, TPOHIEHHBIH BOAHOH 3a BpeMs,
paBHoOe nepuony KoAaebaHHUs:

V= Ao/ To= Ao f

B cBObOOAHOM MPOCTPAHCTBE (B BaKyyMe HAH B BO3-
LOYUIHOH aTMocdepe) CKOPOCTb 3ACKTPOMATHHTHOH BOA-
HbI cocTaBaseT npuMepHo 300 ThICAY KHUAOMETPOB B Ce-
KyHOy. MBI 3HaKOMBI C 3TOH BEAUYHHON U 3HaeM e€ Kak
ckopocTtb cBeta C. TakuM 00pa3zoM, 3AEKTPOMArHHUTHbIE
BOAHBI PaCIPOCTPAHAIOTCS B BO3OYUIHOM IPOCTPAHCTBE
CO CKOPOCTBIO CBETQ, a CBET, KaK XOPOIIO U3BECTHO, SB-
ASIETCSI BAEKTPOMATHUTHOM BOAHOH.

BeryucaeHUE TANMHBI BOAHBI 110 33JJaHHOH dacToTe U
obpaTHy!o onepaiyio B KBYU-nuarazoHe AErKO BBIITOAHHUTD
1o hopMyae, MOAYYEHHON W3 NPHBEAECHHOIO BBIIIE BbIpa-
KeHud aaa V.

Ao (Mm)f (I'Tw) = 300.
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Caenyer obpaTuThb BHUMaHHE Ha TO, YTO IIpHU NEpe-
XOIlE 3ACKTPOMAarHHUTHOH BOAHBI M3 OZHOH Cpeabl B ApY-
I'yI0 (HarpHuMep, B GHOAOIHYECKYIO0 TKAHb IIPH ODAyYEeHHH
OpraHH3Ma) 4acTOoTa KOAEOaHMS, eCTECTBEHHO, COXPAHSIET-
Csl, a JAMHA BOAHBI H3MEHSETCS.

3nece HamO PacCMOTPETh ABE CHUTyalud. Ecau BoAHA
TIPOHHKAET B KaKyi0-AM00 cpeny (Hampumep, B GHOAOTU-
YECKYI0 TKaHb), TO JAMHA BOAHBl B 3TOH Cpele paBHa:

Ay = JoVE , THE € — MUBAEKTPHYECKAsT [IPOHNULIAEMOCTD Cpe-

Ipl. B MHAANMETpOBOM AHAana3oHe, HallpHUMeED, OAS JAHHBI
BOAHBI Ao = 5 MM (3TOH IAMHE BOAHBI COOTBETCTBYET
qactora f = 60 ITu) u & = 25 3HayeHHE Ap = 1 MMm.
CaenoBaTeAbHO, JAWHA 3ACKTPOMAarHHUTHOHN BOAHBI B
6HOAOTHYECKOM TKAaHH BCErIa MEHbUIE JAHHEI 9AEKTPOMAr-
HUTHOHM BOAHBI B BO3AYIIHOM IIPOCTPAHCTBE IIPU HEU3-
MEHHOM 3HA4YEHHU YaCTOThI KOACOAHMUS.

CoBceM apyrast KapTHHA TTOAYYAETCSsI, €CAH 3AEKTPO-
MarHuTHasd BOAHA PACIIPOCTPAHAETCS M0 METAAAHYECKO-
My BoaHOBoAy [18]. Takue BOAHOBOABI OOBIYHO MCIIOAB-
syrorca B KBU-npubopax Aad MEIUIIMHCKOTO MpHUMEHE-
HUSI MAM B PaJHUOTEXHHYECKHX YCTPOHMCTBaX. NPHUMEPHI
TaKNX BOAHOBOZOB IIOKa3aHbl Ha pHUC. 2—-4 OAS IIPAMO-
YTOABHOTO, KPYT'AOTO U KOAKCHaABHOIO CEYEHHIA.

IIpu nepexonme 3AEKTPOMATHHUTHOH BOAHBI H3 CBO-
60MHOrO MPOCTPAHCTBA B OrPaHUYEHHBIH BHEIIHUMHU
pa3MepaMH BOAHOBOJ CTPYKTYpPa BOAHBI, TO €CTb (hopma
3AEKTPHUYECKOI0 M MarHUTHOTO I10AsI, MEHsI0TCs. Pacmpe-
JEACHHNE IIOAEH COBEPHUIEHHO OTAWYAETCsl OT KAapTHHEI,
nokaszaHHoOH Ha puc. 2. Ilpu omHOH M TOH ke yacrToTe
KoaeOaHMH CTPYKTypa II0A€Hf BOAHBI B BOAHOBOZAE
3aBHCHUT OT €ro Fr€OMETPHYECKHUX Pa3MEpPOB. DTO XOPOUIO
BHIHO U3 IIPUBEACHHBIX HUIXKE PHCYHKOB.

B KaxkZIoM BOAHOBOZE NPH €ro BO30y»KIEHWHU Ha On-
HOM 4acTOTe MOXET PaclpOCTPaHATBCS MHOTO THITOB BOAH,
OTAHYAIOIIHXCS APYT OT ApPYyTa B3aUMHBIM PACIIOAOKEHHEM
9AEKTPHYECKHUX M MArHUTHBIX CHAOBBIX AMHHH, HO HMeEIO-
IIMX pPas3AHdHyI CTPYKTypy. Ha puc. 3-5 mnokasaHsbl
rAABHBIE HMAH OCHOBHBIE THIIBI BOAH, Ha KOTOPBIX «pabo-
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TAIOT» BOAHOBOHBI: JASI HPSIMOY-
TOABHOT'O BOAHOBOJA 3Ta BOAHA
obo3Havyaercs Kak Hip, OAST KPYyT-
AOTO BOAHOBoAa — Hpi, a masi Ko-
akcnaabHoro — TEM. Ilpm mnpo-
BEICHUH SKCIIEPHMEHTOB, OCO-
BGEHHO C MUKPOOPraHU3MaMHU, Ha-
[0 obpaTuTh BHUMaHHE Ha TO,
YTO B CAydae IPSIMOYTOABHOIO
BOAHOBOIA MAaKCHMyM 3AEKTPH-
YECKOTO M0ASI BOAHEI Hip (pHc. 3)
TIPUXOANTCS HAa CEPEeNHHY NTHPO-
KOM CTEHKH BOAHOBOA, YMEHb-
II1asICh TTIOCTEIIEHHO K HYAIO BOAH-
31 ero y3KHX CTEHOK. IIpu mc-
TIOAB30BaHHH KPYTAOTO BOAHO-
BOZa HEoDXOMMMO OOpaTHUTHL BHU-
MaHHe Ha CACOYIOUIYI0 OCobeH-
HOCTb BOAHBI THHA Hp (puc. 4).
CHAOBBIE AMHHH 3AEKTPHYECKOI'O
MIOAS HMEIOT BHJZ, KOHILIEHTPHU-
YECKHX OKPY>KHOCTEHM, MU Mak-
CUMYM SAEKTPHYECKOIO IIOASI HE
TIPUXOOUTCS HA LEHTPAABHYIO
4acTh CEYEHMS BOAHOBOJA, a pac-
TIOAOXKEH MEXKIY BHYTPEHHEH
CTEHKOI BOAHOBOJZIA H €T'0 OCEIO.
Camass yauBHTEABHas 0CO-
6EHHOCTE BOAH B TAKUX BOAHO-
BEOYIINX CHCTEMaxX COCTOUT B
TOM, YTO JAWHA BOAHBI B HUX Ay
Bcerma OoAblle MAUHBI BOAHBI B
cBoOOMHOM  IpocTpaHCcTBE Ao
(MCKAIOYEHHE COCTaBASIET BOAHA
TEM [a1 KOaKCHAABHOI'O BOAHO-
Boma): As > Au. B koarcuaspHOM
BOAHOBOJE IAUHA BOAHBI A; paB-

Ha Ao.

E

Puc. 3. Pacripeneaenue
3AEKTPOMAarHUTHOMI
BOAHBI THNIA Hio
B IIPSIMOYTOABHOM
BOAHOBOJE

POV SRAPRY UL

T

01

Puc. 4. PacripeneaeHue
3AEKTPOMArHUTHON
BoAHBI THNIA Ho1
B KPYTAOM BOAHOBOXE
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HasoBeM ele HECKOABKO OCODEHHOCTEH BOAH, pac-
[IPOCTPAHSIOLMUXCA 10 METAAAWYECKUM BOAHOBOZAM. B
3THX BOAHOBOJIaX BMECTO CKOPOCTH BOAHBI B CBOOOAHOM
npocrpancTBe V = C HeoOXOAMMO BBECTU [BE CKOPOCTHU:
dazoBy0 CKOpPOCThb Vi M TPYIIIOBYIO CKOpPOCTh Vip. daso-
Basgd CKOPOCTb XapaKTEPH3YET CKOPOCTb PACHPOCTPAHEHUS
¢asbl BoaHBI ((ppoHTA BOAHBI) u Vp Bcerma Goablie
CKopocTH cBeta, Vp > C. I'pynmoBass cKOpoCTb Xapakre-
PU3YET CKOPOCTh PACIIPOCTPAHEHUS SHEpP2UU BOAHBI, K OHA
BCErga MEeHbIIle CKOPOCTH cBeTa, Vip < C.

CKOPOCTH PAa3AHYHBIX THIIOB BOAH B BOAHOBOIAX
Pas3AUYHBI [IPU OQHOM MU TOH 3Ke yacToTe Koaebauuii. Ta-
KUM 00pa30oM, B METAAAHYECKHX BOAHOBOAAX MbI CTaA-
KHUBAeMCsl C AIOOOMBITHOM cuTyauuedt. [JJonycTuM, BoAHA
U3 BO3AyXa MEPEXOOUT B METAAAUYECKHI BoaHOBOA. OHa
cpasy «pacchlllaeTcsl» Ha HECKOABKO THIIOB BOAH, pac-
IIPOCTPAHAIOIIMXCS 10 BOAHOBOAY C Pa3HBIMH CKOPOCTS-
Mu. M3 3TOro ¢ O4YEBHAHOCTBIO CAEAYET, YTO B cay4ae
IIPOTSI)KEHHBIX BOAHOBOJIOB CHTHaA Ha BbIXone Oynmer
«pa3MasbIBaThCs», T.€. [I0 MEPE PACIPOCTPAHEHUS B BOA-
HOBoJie (hOopMa 3AEKTPOMArHHUTHOTO «[IOPTPETA» BOAHBI
OyZeT HCKasKaThCs. VICKAIOYEHHE CYILECTBYET TOABKO JA
BOAHBI THHa TEM B KOAaKCHAABHOM AMHUU, IMOKa3aHHOM
Ha puc. 5. UMeer MecTo U obpaTHast KApTHHA: €CAU BOA-
Ha MEePEXOAUT U3 BOAHOBOZA B CBOOOIHOE NPOCTPAHCTBO,
TO HAa HEKOTOPOM PAaCCTOSTHHUH OT BOAHOBOZA OHA ITPHOO-
peTaeT CTPYKTYypy, THIIHYHYIO masd cBODOAHOro mnpo-
CTpaHCTBa (CM. pHcC. 2).

A2

Puc. 5. Boana tTunra TEM B K0aKCHaABHOM BOAHOBOJE
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Emie onxa 0co6eHHOCTH METAAANYECKUX BOAHOBOOB
(KpOME KOaKCHaABHBIX) COCTOHT B TOM, YTO B BOAHOBO-
Jax MOTYT PacIpOCTPaHAThCS TOABKO TAaKHUe BOAHBI, Yac-
TOTB! f KOTOPBIX GOABIIE HEKOTOPOrO 3HAYEHWs, HAa3BaH-
HOrO KPUTHYECKHM 3HA4YE€HHEM YacTOThl fip, NIPHYEM fip
TIOAHOCTBIO OITPEIEASIETCSI TEOMETPHYECKHUMH pa3MepaMu
BOAHOBOIA: f > fup (MAM Ao < Ayxp, THE Axp — KpHUTHYECKASA
JOAUHA BOAHBI).

TIpu npoBemeHUM 3KCIIEPUMEHTOB Hano obpaiath
TakoKe BHUMaHHE Ha PACITOAOKEHHE MaKCHMyMa 3ACKTPH-
YEeCKOTO WAH MATHHTHOIO ITOASI BOAHBI B CEYEHUU BOAHO-
Boza. [lasl BOAHOBOZA INPSIMOYTOABHOTO CEYEHHS, KaK YKe
YKa3blBaAOCh, MAKCH-MyM BOAHBI OCHOBHOIO (HM3LIETO)
THIIa PAaCIlOAAraeTcsl B CepequHe IIHPOKOH CTEHKU BOA-
HOBOZA, & JACKTPUYECKHE M MarHUTHbIE CHAOBbIE AMHUU
BCET/a B3aHMHO ITEepPIIeHIHUKYAIpPHBI. [lAs BOAHBI, beryieit
10 BOAHOBOZY, MAKCHMYMbI 3AEKTPUYECKOT0 U MArHHTHOIO
TIoAet AeXKaT B OQHOM IONIEPEeYHO ITAOCKOCTH.

Ecan MeTasanyecKUil BOAHOBOJ 3aKOpPOTHThL C IBYX
CTOPOH, TO B TAKOM BOAHOBOJE GYyZEeT UMEThH MecTo OHeHHe
3AEKTPOMATHUTHOH BOAHBI (CTOSYHE SAEKTPOMArHHTHBIE
BOAHBI), 8 MAKCUMYMBI SACKTPHUYECKOr0 U MArHUTHOIO I10-
A€l pa3NBUTAIOTCS B TIPOAOABHOM HallpaBAGHHH Ha 4eT-
BEPTYIO YacTh JAHHBI BOAHBI B BOAHOBOZE. 3/1ECH MBI HMe-
€M [€eAO y2KE HE C BOAHOBEAYILIEH CHCTEMOM, a C 3AEKTPO-
MarHUTHBIM K0A€0ATEABHBIM (PE30HAHCHBIM) KOHTYPOM —
06BLEMHBIM PpE30HATOPOM. IIpHMEP TAKOrO pPe3oHATOpa
1ToKa3aH Ha pUcC. 6 Iad CAydast KOAKCUAABHON AHMHHH.

Puc. 6. KoakcraabHBIH ITOAYBOAHOBOH pe30HATOP
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XapakTep B3aUMOZAEHCTBHS SAEKTPOMAarHUTHOHI BOA-
HBI CO CpeJoH 3aBUCHUT OT (PU3UYECKHX NapaMeTpPOB 3TOH
Cpepl: IPOBOAUMOCTH, AHUIACKTPHUYECKOH IIpOHHIIAe-
MOCTH, MarHUTHOH BOCIPHHMYHBOCTH U Ap. Ha 3aekrt-
PHUYECKYIO COCTaBASIIOIIYIO I10ASI BOAHBI PEarupyroT CBO-
60HbIE SAEKTPUYECKHE 3apsnbl CPEnbl U IIOASpPHBIE
MOAEKYABI. EcAn B cpefie HIMEIOTCSI MOAEKYABI HAH aTOMBI
C SIBHO BBIPaQXEHHBIMH MAarHHUTHBIMH CBOHCTBaMH (Ha-
IIPUMED, YaCTUIIbl MAarHUTHBIX MaTEPHAaAOB, a TakKKe Ha-
[IPaBACHHBIE IIOTOKH CBOOOIHBLIX 3AEKTPUYECKUX 3aps-
IOB), TO B O3TOM CAy4Yae HMHTEHCHBHOE B3alMOJCHCTBHE
6yZeT MPOHCXOAUTb C MAarHUTHOH COCTAaBASIIOIIEH 3A€KTPO-
MarHHUTHOM BOAHBI.

Ha npakTuke oObrdHO HabarofaeTcss B3aUMOOEHCT-
BUe (PU3UYECKOro 0OBEeKTa (HarpHMEpP, KOXKU YEAOBEKA)
C 9AGKTPHUYECKOH COCTABASAIOIIEH I10AS 3AEKTPOMArHHT-
HOH BOAHBI). OTO CBI3aHO C TEM, YTO B COOTBETCTBHUH C
dbopmMmyaolt AopeHuia cHaa, 0OycAOBAEHHasl JAEHCTBHEM
MAZHUMHOU COCTaBASIIOIIEH SACKTPOMArHUTHOH BOAHBI
Ha SAEKTPHYECKHM 3apsIKEHHBIE YaCTUILIbI, OKa3bIBAECTCH
3HAQYHUTEABHO MEHBIE CHABI, OOYCAOBAEHHOH aslekmpu-
yeckoll COCTaBASIIOUIEH SAEKTPOMAarHHUTHOH BOAHBI. JTO
BHIHO U3 CAEAYIOLIETO COOTHOLIeHud [18]:

Fl-x/FE<< Vu /C,

roe Fu — cuaa AopeHna, o6ycAOBA€HHAst MarHUTHOH co-
CTaBASIIOIIEH BOAHBI; Fg — CHAQ, 00YCAOBACHHAS! 3AEKTPH-
YECKOH cocTaBaAsifOlllel BOAHBI, Vi - CKOPOCTBb 3apsi?KEH-
HOM yacTtulisl; C— CKOpPOCTh cBeTa (Ha npaktuke V<< C).

Jo cux mop MbI MIOAPa3yMEBaAH, YTO PEYb HIAET O
HETIPEPBLIBHBIX (CHHYCOMIAABHBIX) KoAebaHusax. B menu-
KO-BHOAOTHYECKHUX UCCAENOBAHNAX HAXOOAT IIPUMEHEHME
TAaKKe IIYMOBBIE H HUMIIyAbCHBIE Koaebanusa. Hampumep,
B 3KCIIEPUMEHTaX C IIHAHODAKTEPUSIMHU (CHHE-3€ACHBIMHU
BOOPOCASIMH) U MHKPOBOJOPOCASIMH, & TAaKXe B 3KCIIE-
PHUMEHTAaX C XKMBOTHBIMH, HapPsIy C HENIPEPBIBHBIMHU (CH-
HYCOHIaABHBIM) KoAebaHHEM, HAIAM NPUMEHEHHE U
ApYTHe BUALI CUTHAAOB C HCITOAL30BAHHEM DPa3AWYHBIX
BHIOB MOAYASILIHY, B TOM YHCAE KOPOTKHE PAIHOUMITYABL-
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Cbl C GOABINOH IHMKOBON | Aj
MOILIHOCTRIO. B rmocaen- A f \ j / j\/\ ’\ /\/\/ ¢
HEM CAYYaE€ OCHOB-HBIMU

m-tycmmmmmcmm
napaMeTpaMH  CHTHaAa
ABASIIOTCH  TAUTEABLHOCTD

3 ri f
HMITYABCOB H TIEPHOM HX l / A ”V\/\/\/\? t

TIOBTOPEHUA T (bOprI Awm'rmrymm MOZAYITHP OF AHHbIH CHIHAT

Pa3AWYHBIX 3AEKTpOMAr- ,Ll,\ \f‘ M
iivavaiiss

HHUTHBIX CHIHaAOB Ka4dec-

CTBCHHO TIIOKa3aHbl Ha Y aCTOTHO-MOAYIIMP OB AHHE A CHTHAT
puc. 7.

B SKCIIEpUMEHTaX C A\,f\ ! wqmj VU\A
HuaHODaKTEepHAMH  (CH- IIIyMOboncumm

HE-3EAEHBIMU  BOJIOPOC- T
ASIMHM) U MHKDPOBOAOPOC- /\ f \. N ‘\ /\}t
AIMU  UCIIOAB3YIOTCH, B \;\/\I /\/ q/_%
OCHOBHOM, [Ba BHIA yC- Hnmtyrm crt crman

TAHOBOK, T[IOKa3aHHBIX
Ha puc. 8 u 9.

Puc. 7. Buas! paglocHrHas0B

HanpasnenHble
o‘rae‘raurenu

Bewmnb ArTenoatop

Pynop
Mornoturens
K aonuomepy K M:Mepuremo D % D MNoncrasku

BonHoBoAHbIW
Tpakr Yawka ﬂe’rpu
€ O6STyNEHHON XNAKOCTLIO

Puc. 8. [IpuMep 3KCIIEPUMEHTAABHOH YCTAaHOBKH
B KBY-aunamasone

B ycraHOBKax C HENpPEPBIBHBIMH KoAeOaHUAMU
(puic. 8) B KayecTBE MCTOYHHKA 3ACKTPOMArHUTHBIX BOAH
NPHUMEHSIETCST  IIIHMPOKOIIOAOCHBIH reHeparop I'4-141
(37,5-53, 57 ITu) wmau TI'4-142 (53,57-78,33 ITn) c
BBIXO[HOHI MOIIHOCTBIO OKoAO 10 MBt/cM2. B 3tux re-
HepaTopax B KaydeCcTBE AKTUBHOIO JAEMEHTA HCIIOAb-
3YIOTCS YIIOMSIHYThIE BBILIE AAMITbl 00paTHOI BOAHBEI.
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{ : i Kpyrnbiia sonnoao,q\

Pen;rmamc‘rcxaﬂ Pynop

Kon6a ,\
¢ obnyveHHoM Mornowatowui
KNAKOCTLIO Martepvan

MonoTHO HEOHOBBIX
namMnoudexk

Puc. 9. CxeMa 3KCIEPUMEHTAABHON YCTAHOBKH
C HCIIOAB30BaHUEM peaaTHBHUCTCKON AOB-0

YcTaHOBKA C NIPUMEHEHHEM HMITyABCHBIX KoaebaHMi
(puc. 9) siBAsIETCA COBEPIIEHHO YHUKaAbHOH. ['eHeparus
KOPOTKHUX 3ACKTPOMATHUTHBIX UMIIYABCOB ITPOUCXOIHUT B
PEASITUBUCTCKON AaMIle oOpaTHON BOAHBI. B aToMm yct-
POMCTBE HCIIOAB3YETCHA XOAOMAHBIN KaTOJ, 3MUCCHUS 3AEK-
TPOHOB ¢ KoToporo (I ~ 1,5 KA) IOCTUraeTcst 3a CYET CBEPX-
BbICOKMX HamnpspkeHud (U ~300 kB). [JauteapHoCTh reHe-
PUDPYEMBIX MMITyABCOB COCTaBASIET BCETO T =15 Hc, a naysa
Mexnay umnyascamu T = 30 c. Hanpumep, Ipu 4acToT re-
HEPHUPYEMBIX KoaebaHuit ~10 ITi (A = 3 cM) MoiHoOCTE re-
HepalluM B HMIIyAbce pocturaeT 50 MBT, a B MM-mua-
I1a30HE, HapUMep, Npu A = 8 MM MOINHOCTh HM3AYYEHHSI
paBHa 4 MBT. [lag 3THX cAy4YaeB 3HEPrHsl B HMIIYAbCE paB-
Ha npuMepHo 0,75 k. HecMoTpst Ha GOABIIYIO THKOBYIO
MOIIHOCTb, HarpeB HabaromaeMoro obpasia He IIPOHCXO-
OUT, TaK KaK CAWIIKOM MaAOH SIBASIETCS OAMTEABHOCTD
HMIIyABCA IIPH ZOCTATOYHO OOABIIIOM IEPHOJAE CAELIOBA-
HUS UMITyAbCOB, To=30 c. B BOAHOBOJHOM TPaKTE 3AEK-
TpUYECKasi HaIpPsSKEHHOCTb I10AST BOAHBI JOCTUTaeT
Boabminx 3HaYeHUH — npuMmepHo 30-70 kB/cMm, cpaBHH-
MBIX C BEAHYHMHOH E€CTECTBEHHOH HAIIPSXKEHHOCTH CTa-
THYECKOTO ITOASl Ha HATUBHBIX [IAG3MATHUYECKHUX MEM-
6paHax kaetok (E ~100 kB/cM). CaemoBaTeABHO, B 3TOM
caydae buoasoruueckril aperT MoxeT ObITH 06YCAOBAEH
HE TOABKO M HE CTOABKO YacCTOTOH 3aITOAHEHHUS HMIIYAb-
ca, HO U DOABIIMM HMIIYABCHBIM 3HAYEHUEM 3AEKTPHUYE-
CKOT'O IIOASl 9ACKTPOMATHHTHOMH BOAHBI. [IAfl CpaBHEHUS
OTMETHM, YTO B OKCIIEPHUMEHTAABHBIX YCTAHOBKaX HH3-
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KOTO YPOBHSI MOILUHOCTH NIPH MOILHOCTH BOAHBI B BOAHO-
BOIAHOM TpakTe mopsaka 20 MBT mobaBoyHas Hamnps-
JKEHHOCTbL 3AEKTPHUUYECKOTO IToAsi Ha MeMOpaHe >KHBOH
KAETKH, TTOMENIEHHOH B MAaKCHUMYM II0OASI, MOXKET IOOCTH-
ratb Bcero ~1 B/cm.

1.3. HckyccTBeHHBIE H eCTEeCTRBEHHEBIE
HCTOYHHKH 5A€KTPOMATHHTHBIX IHoAei

B 1832 r. Beaukuit anrauiickuii pusuk M. dapa-
ned, Tak MHOTO CHEAABUIUH OA HU3YUYEHHHA DAECKTpPHUE-
CKHX U MarHHUTHEBIX SIBAGHWH, BbICKa3aa B CBOHX Hayd-
HBIX OHEBHHUKAX HUHTYUTHBHOE IIPEAIIOAOXKEHHE O TOM,
YTO 3AEKTPUYECKOE U MArHHUTHOE [OASI MOTYT CYLIECTBO-
BaTh KakK €IUHOE II0A€, HapuMep, B POopMeE BOAHOBOTO
rpolecca.

IIpoxogur 32 roma U ApPYyroil aHraudickuit pu3MK-
TeopeTHK [3K. MakcBeaa, 0000IIMBIIHH OIPOMHBIN 3KC-
IIEpUMEHTaAbHBIN MaTepuasa M. dapanes, Ha 3acelaHHH
Aonponckoro KopoAeBCKoro ofmecTBa JOKAGNIbIBAET O
CBOUX HOBBIX YpaBHEHUAX (ypaBHeHUs1 MakcBeasa), U3 KO-
TOPBIX C OYEBHIHOCTBIO CAEIOBAAO, YTO TaKasl 3AEKTPO-
MarHUTHAsT BOAHA MOXKET CYILEeCTBOBaThb. ['OBOpAT, YTO
onuH u3 4aeHOB KopoaeBckoro obuiectBa crpocua [IXK.
MaxkcBeaaa:

«3ayeM HyKHbI Ballll 5AeKTPOMarHHuTHbIE BOAHBI?»

«He 3Haro — orBeTra MaxkcBeaa, — ObITH MOXKET KOrja-
HUOYOBb Ha OCHOBE 3THX BOAH OVOYT A€AATb HUIPYLIKH».

B 4ncae repBBIX BeAUKoe OTKpbITHE [[3k. MakcBeasa
OLIEHMA 3HaMEHHUTBIH HeMeUKHH ¢(U3HK, OCHOBaTEAb
KBaHTOBOH MexaHuku M. IlaaHK, BBIpa3UB CBOIO MBICAb
caenyromuM obpasom: «Ha moaro MakcBeasa Bbinaa Ta-
KO ycriex, KOTOPbIH Mbl JOAXKHBI IIPUYHCAUTE K HaHbO-
A€ YOAUBHTEABHBIM AESHUSIM YEAOBEYECKOro ayxa. Emy
yAAaAOCh BBIMAQHHTL y IIPHUPOABI B PE3YyAbTATE OIHOIO
AV YUCTOI'O MBILIAEHUS TaKHE TalHBbI, KOTOPhIE AMIIb
CIIYCTSI 11€AO€ ITOKOAEHUE M AWIIb YACTHYHO YAAaAOCH I10-
Ka3aTb B OCTPOYMHBIX M TPYAOEMKUX ONBITAX».
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OAEKTPOMArHUTHBIE BOAHBI 3KCIEPHMEHTAABHO ObIAH
OTKPBITBI HEMeUKUM ¢u3rukoM I'. I'epuem B 1888 r. (1me-
HEM KOTOPOI'o HasBaHa €IMHHLA 4acToThl — 'epir). Tak Ha-
Yaaach HOBasl 3pa B HCTOPUH YEAOBEYECKOH [TUBHAU3ALIUH.

Y 3A€KTPOMAarHHTHBIX BOAH KaK MaTE€pPHAABHOH Cy0-
CTaHLIMM €CTb OJAMH CYIUECTBEHHBIH «HEOOCTATOK» HX
HEABb3s1 TIOLIYIaTh, UX HE CABIIIHO, OHH HE MMEIOT 3alla-
Xa, UX HEe BHAHO (AHMIIb B BUAMMOM YacTH ONTHYECKOrO
auarasoHa 3A€KTPOMAarHUTHBIE BOAHBI MO3BOASIIOT YE€AO-
BEKYy BUIETH, OPHEHTHPOBATBCA B IIPOCTPAHCTBE, BOC-
XUIIATHCST OKPYXKAIOIIHUM MHPOM).

Kak ke BO3HHKAlOT 3A€KTPOMAarHUTHbIE BOAHBI? B
COOTBETCTBHH C OCHOBHBIM (DH3HMYECKHM 3aKOHOM 9SAEK-
TPOMATHHUTHBIE BOAHBI BO3HHKAIOT BCErZa, KOrZla 3ACK-
TPHUYECKHE 3apsibl ABHUTalOTCS C IEPEMEHHOH CKOpOo-
CThIO (YCKOpeHHeM). H3aydeHHEM BAEKTPOMATHHUTHBIX
BOAH COIIPOBOXKIAETCS IIE€PEXOJ] SAEKTPOHOB B aToMax H
MOAEKyAaX C OQHON 3HEpPreTHYeCKoH opbuTh! Ha APYTYIO,
MIPUYEM 3TO MOXKET ITPOUCXOAUTHL HE TOABKO ITPH BHEII-
HEM BO3AEHCTBHH APYrOoTO 3AEKTPOMArHHUTHOTO I10AsI, HO
u npH OoAblIHX TeMrieparypax. VIMEHHO HarpeB B CIIH-
Passix SACKTPHYECKHX AAMIT A€KHT B OCHOBE I'€HEpalHH
3AEKTPOMArHUTHBIX BOAH B BHUAUMOM H HH(MPAKpPaCHOM
auana3oHe. MHKpPOBOAHOBasi TeHEpalHsl 3AEKTpoMar-
HUTHBIX BOAH COAHIIEM 00s13aHa TaK:Ke OYEHb BBICOKHM
TeMIlepaTypaM B rAyOMHe 1 Ha noBepxHocTH CoAHIA.

B 3aekTpoHHBIX npHbopax CBY reHepauus 3aek-
TPOMArHUTHBIX BOAH CBsI3aHA C [ABHXKEHHEM OOABLIOTO
KOAHYECTBa 3AEKTPOHOB (3AEKTPOHHBIX CIYCTKOB) B TOp-
MO3SIIEM 3AEKTPUYECKOM I10A€. ECTB ellle psanx HHTepec-
HbBIX (PU3NYECKHUX IIPHUHIIUIIOB, KOTOPBIE MPHUBOLST K Tre-
HepaluH 3AeKTPOMAarHHUTHBIX BOAH, HO MBI cefiuac He Oy-
JEM Ha 3TOM OCTaHABAHMBATHCH.

B MHAAMMETPOBOM IUAIa3oHE NAHH BOAH JAS TE€He-
pallH UCIIOAB3YIOTCH AMOO0 BaKyyMHbIE, AHOO IMOAYIIPO-
BOOHUKOBEIE (TBEpAOTEALHbIE) TPHOOPHI.

BoasunmM ycriexom B ocBoeHHu KBY-aunanasona siBH-
Aach pa3paboTKa BaKyyMHBIX I€HEPATOPOB KOT€PEHTHOIO
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HM3AYYEHHS, TaKUX, HAIIPUMED, KaK MarHeETPoHkb! (1936 r.) u
OTPa’KaTeABHbIE KAMCTPOHB!I (HauuHasa ¢ 1948 r.), pabo-
TalOIMX KaK B HENPEPbIBHOM, TaK M B HMIIyALCHOM pe-
KuMax. CaemyeT 3aMETHTb, YTO NOAOOHBIE NPHGOPB! U
ceilyac 3aHUMAaIOT 3HAYHTEABHOE MECTO B apCEHaAe IeHe-
patopoB KBY-muarnaszoHa. [lo NMpUHUMITY AEHCTBUS 3TH
IIPH6OPLI  ABASIIOTCST  Y3KOTMOAOCHBLIMH M IIPEAHA3HAYEHbI
JIas1 paboThl Ha (PHKCUPOBAHHBIX (CPEAHHX) 4acTOTaxX.

Onnaxo moaHoe ocBoenue KBY-muanasoHa cocrosi-
AOCE B CE€penUHEe LIECTHAECAThIX MOAOB IPOLIAOTO BEKA.
B 1965 r. nogBUAUCH IyOAUKAIIHMH COBETCKHX (POCCHIi-
CKHMX) y4€HBIX (CM., HampuMmep,[5]), B KOTOpEIX coobria-
AOCH O pa3paboTKe UIIHPOKOIIOAOCHBIX TI'€HEPATOPOB
MM-ananasoHa. B 3Tux rerHeparopax 4acrora reHepa-
UMH [IepecTpauBaAach MMyTEM H3MEHEHHUsS HallpAXKEHUs
Ha OJHOM U3 YIIPaBASIOIIMX 3AEKTPOJOB Hpubopa (aam-
IIBI) U HCIIOAB30BaAOCh B3aUMOJECHCTBHE 3AEKTPOHHOI'O
roToKa ¢ o6paTHOM BOAHOM 3aMEIAAIOIIEN cucTeMel. Peun
HOET O 3HAMEHHUTBIX OTEYECTBEHHBIX AaMIlaX OOpPaTHOM
BOAHBI C ITPOJIOABHBIM MarHuTHHIM noaeM (AOB-O) [5]. 3tu
AOB-0O Haiau MIHPOKOE MPHMEHEHHE B U3MEPHTEABHOMN
annapaTtype (reHepaTopbl CTaHIAPTHBIX CHTHAAOB THIIA
T'4-141,142 u ap.), a Takke B MEIHKO-OHOAOIHMYECKHX
3KCNEPUMEHTAX.

Hapsany ¢ sakyymubsiMu npubopaMiu, 6oablioe mpH-
MEHEHHE Ha MNPaKTHKE HAUIAM TaKXKE [MOAYIIPOBOAHHKO-
Bble npubopnl KBY-auanazona. Cpeau Takux IpHOOPOB
B IIEPBYIO oYepenb HAaAO HA3BaTb MaAOMOLUHLIE reHepa-
TOPBI Ha OCHOBE AAGBHHHO-NPOAETHBIX OHOMAOB, AHOMOB
lFaHHa, a Tak¥ke IMOAEBBLIX TPAH3UCTOPOB. 3TH NMpPHGOpPLI
HMEIOT BBIXOAHYI MOLIHOCTE TOPSAAKa AECATKOB-COTEH
MHAAWUBATT,

3akaHyuBas PacCMOTPEHHE MAaAOMOIIHBIX MPHOOPOB,
MOKHO YIIOMSIHYTB elllé OfuH reHepaTop MM-BoAH C o4yeHb
HHU3KHM YPOBHEM MOIIHOCTH (CYIIECTBEHHO MEHBIIIE MHK-
poBaTTa), KOTOphIii paboTaeT B yCAOBHAX HHU3KOTEMIIEpA-
TYPHOH CBEpPXMPOBOAUMOCTH. [IpHHILHIT paboTsl IpuGopa
OCHOBaH Ha HCITOAB30BAaHHM HecTallMOHapHOro addexrra
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J>xo3edcoHa: M3MEHAS HarpsXKeHUe, MMPHKAaIbIBAEMOE
K nepexonmy [I>kozedpcoHa, MOXKHO MEHSTH YaCTOTY
reHepallid B COOTBETCTBHM C BhIpaxeHueM 2eU = hy,
TAEe e — 3apsan IAeKTpoHa; U — HamnpsiKeHue; h — ITOCTOsIH-
Had [TaaHka; v - yacToTa reHepauuy. [1:x03e)COHOBCKHE
reHEpaToOpbl HaXOAAT IIPUMEHEHHEe B  pas3paboTke
BBICOKOYYBCTBUTEABHBIX NMPHEMHHKOB, HCIIOAB3YEMBIX B
paguoacTpoHoMHuH [17].

Jo cux 1rop MbI pacCMaTpPHUBaAH I'eHEePaTOpPhl MaAoi
HAU CpefiHel MoINHOCTH. Boablrne 3Ha4YeHUsT BBIXOIHOMH
MOLIHOCTH JOCTHUraroTcss B IIpHOOpax, OTAMYHUTEABHOMH
OCOOEHHOCTE KOTOPBIX SIBASIETCSI MCIIOAB30BAaHHE OTKPBI-
TBIX PE30HATOPOB C LEABI0O YBEAHMYEHHH ITPOCTPAHCTBA
B3aUMOZECHCTBUST U IIPU OJHOBPEMEHHOM O0OECIEeYEeHUH
BBICOKOH MOHOXpOMAaTH4YecKol reHepauuu. K uncay ta-
KHUX NpHOOPOB OTHOCATCS OPOTPOHB! (F€HEPATOpPhl IH-
dpakioHHoro uzaydenust). C MmoMolupio Takux npubo-
poB ymaéTcst MOAy4YaThb BBIXOAHYIO MOIIHOCTL B
HEMPEPBIBHOM pPEXUME MNOpsSiAKa EIHMHHUIL M IECATKOB
KBT B HMITyABCHOM pEXKHME.

CyliecTBEHHOE MTOBBIIIEHHE MOIIHOCTH I'€HEPATOPOB
MM-auarnasoHa cTaso BO3MOXKHBIM IIPH Pa3BUTHH METO-
JOB PEAATHUBHCTCKOH BBICOKOYACTOTHON 3A€KTPOHHKMU.
JlAs1 3TOTO HUCIIOAB3YIOTCSI HE TOABKO BBICOKHE HallpsizKe-
HUSI, HO 1 CHABHOTOYHBIE 3ACKTPOHHBIE ITyYKH, IIPHYEM B
psiie CAy4aeB B Ka4deCTBE SMUTTEPOB 3ACKTPOHOB IIPH-
XOOUTCH TIPUMEHATb 3ACKTPOHHBIE YCKOPHUTEAH. ITO HO-
BOE HallpaBAC€HHE B 00aacTH 3aeKTpoHUKH CBY BO3HUK-
AO ¥ HaC B CTPaHe B LIECTHAECATDIE I'OJbI ITPOIIAOTO BEKa
H YCIIEIIIHO Pa3BHUBAETCA B HACTOMAIEE BPEMs (HHXKEro-
porcKass HaydHas IIKOAQ, DPYKOBOAMMAS aKaJIeMHKOM
PAH A. B. 'annoHOBBEIM-I'peX0OBBIM).

K HacrosiieMy BpeMEHH CYLIECTBYET OOABILIOE Pa3HO-
obpasue npubopoB B KBY-anamnazoHe: THpOTPOHBI, A@3€PhI
Ha CBODOIHBIX 3A€KTPOHAX, Ma3ephbl HA LINKAOTPOHHOM pe-
3oHaHce (MLIP), peAATHBUCTCKHE YEPEHKOBCKHE NeHepaTo-
pb! (AOB-O mAM KapUMHOTPOHBI, MHOTOBOAHOBLIE YE€pEH-
KOBCKHE T€HEpaTOphl) U T. A. IIpOABIPKEHHIO B KOPOTKO-
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BOAHOBYIO 4acTs MM-muanasoHa criocobcTBoBasa paspa-
60TKa 3(PHEKTHBHBIX YMHOXUTEAEH 4acTOThI. BOABITHHCT-
BO PEAATHBHCTCKUX IIPHOOPOB paboTaloT B HMITYABCHOM
PEXKHME - OT EOUHHI] HAHOCEKYH/ 10 HECKOABKHX MHKPO-
CEeKyHH. JTO CBA3aHO HE TOABKO C IIpobaeMaMH TEIMAOOTBO-
a, HO U C YCAOBUSIMH (DOPMHPOBAHMSI CHABHOTOYHBIX
SAEKTPOHHBIX ITyYKOB [IPH HCIIOAB30BAaHHUH OE3HAKAaABHBIX
aBTO3MHCCHOHHBIX KaTOAOB (B YACTHOCTHU, C B3PbIBHOM
3MHCCHET), a TaKKEe C HEOoOXOAHMMOCTBI0 0DECIIEeYeHUs Ofl-
HOYACTOTHOH I'eHepalyH IIPU IPOTSEKEHHBIX IIPOCTPAHCT-
BaX B3aUMOMAEHCTBUS U «TOACTBIX» DAEKTPOHHBIX ITyYKOB.
TIukoBasi MOIIHOCTb B PEASITUBHCTCKHMX IIpHOOpax MOXKeT
nmocturathk eauHul I'BT (mecsatkoB MBT Bo BcéM MM-aua-
Ma30He IIPH HAHOCEKYHOHBIX JAWTEABHOCTSIX) U COTEH KBT
IPH MHKPOCEKYHIHBIX ITANTEABHOCTIX HMITyALCOB. B He-
TIPEPBLIBHOM pPeEXUME paboThl PEASITUBUCTCKHE IM'eHEPATOPHI
obecrieyrBaloT BBIXOAHYIO MOIIHOCTE [0 €IHHHII-IECATKOB
KBT. Takue 0oaAbllIve 3HAYEHUS BBLIXOMHONH MOUIHOCTH Ha-
XOIAT MPUMEHEHHE HE TOABKO B TPAIHULIMOHHBIX 00AACTSIX
(karR pamMoAOKallMA MAHM PafMOHaBHUIAlMs), HO M B MEOU-
KO-OMOAOTHYECKHX 3KCIIepUMeHTax (cM. pasmea 3). Mom-
HOCTb PEAITUBUCTCKUX IE€HEpaTOPOB MOXKET ObIThb ITOBBI-
meHa IIPH HCIIOAB30BaHHH METOHOB IIACCHBHOM HAHM aK-
TUBHOM KoMmpeccuu. [JasbHeHllee IMOBBIIIEHHE HMMITYyABC-
HOHM MOIIHOCTH OO TMTraBaTTHOTO M TEpPaBaTTHOTO ypOBHEH
MOXKeT ObITh CBSI3aHO C YCTPOMCTBAMH, B KOTOPBIX XUMH-
4YyecKasl SHEPryusl B3pbhIBYATBHIX BEIIECTB Npeobpasyercss B
KOTepEeHTHOE 3AEKTPOMArHUTHOEe u3AydeHue ([53], c. 1759).

IToMHMMO CHELHAaABHBIX TIE€HEPATOPOB 3AEKTPOMAr-
HHUTHBIX BOAH CYLIECTBYET OOABIIIOE KOAUYECTBO U APYTHX
AHTPOIOI€HHBIX HCTOYHMKOB OMII. 3Ha4YUTEABHBIN
BKAQJ] B 5ACKTPOMAarHUTHBIA (POH 3eMAM BHOCAT Iepe-
Jarourye yeTpoHcTBa (KOMMEPUYECKUE TepeNaTiYuKU, pa-
nroTeaepOHBI, HallpaBACHHBIE CITyTHHKOBBIE H PajiHope-
A€HHbIE AWHMU, AOKALIMOHHBIE CTAHLIMH), TEXHOAOTHUE-
ckoe 0bopyzmoBaHHE, MEIUIIMHCKHE TEPATeBTUYECKHE H
AVarHOCTHYECKHE YCTAaHOBKH, ObITOBOe 06OpyHmOBaHHE,
CpeacTBa BH3yaabHOro oTobpaskeHuss MHQOpPMAalUH (Te-
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A€BH30DPBI, MOHUTOPBI II€PCOHAABHBIX KOMIIBIOTEPOB) U
ap. CaegyeT yYHUTHIBATb TAKIKE 3ACKTPOMATHUTHOE H3AY-
YeHHe AWHUH 3A€KTpoIlepenad, cBapowyHoro obopynoBa-
HUSA U T.A.

Brillie MBI pacCMOTPEAH OCHOBHBIE HCKYCCTBEHHBIE
HCTOYHHKH 3AEKTPOMAarHUTHBIX BOoAH B MM-guara3soHe.
EcTecTBeHHBIN 3A€KTPOMArHUTHBIA GOH, B TOM YHCAE B
KBY-nuarmna3zone, B 6buocdepe onpeaeasieTcst H3AydeHHEM
CoaHlla M OPYIHUX KOCMHYECKHX TEA, a TAKXKE H3AYYEHH-
eM atMocdepbl 3eMAM H BCEX OKPYKAIOUIMX HAC TEA.
CaMBIM MOIIHBIM E€CTECTBEHHBIM HCTOYHHKOM 3AEKTPO-
MarHHTHBIX BOAH Ha 3eMae siBAseTcs Oamkaiiiee K HaM
CBETHAO (3Be3za-Kapauk CoaHILE).

XKusup Ha 3eMae Obmna Obl HEBO3MOXKHa 0Oe3 3aek-
TpoMarHuTHoro usaydeHust CoaHua. Bce xuBoe, B TOM
YUCAE U UYEAOBEK, 00s3aHbI CBOMM IIPOHCXOXKIAEHHEM M
oAAEPKAHUEM >KU3HEHHBIX IIPOLIECCOB HMEHHO 3AEK-
TPOMAarHUTHOMY H3AYYEHHIO 3TOT0O CBETHAA.

CoaHIlEe — 3TO TMraHTCKHUN aaepHbIi KoTea. TeMnepa-
Typa €ro IOBEPXHOCTH cocraBasieT ropszaka 6000 K, a B
HeHTpe — npumMmep-Ho 1,6-107 K (Takaa TeMriepaTypa MOXKET
TIONEPIKUBATECH TOABKO SIIEPHBIMHM PEAKIIUSAMH CHHTE3a
reArs ¥ BOZOPOJAA — KaK OCHOBHOI'O HCTOYHHKA 3AEKTPO-
marHuTHOH sHeprun CoaHita). [lo 3aKOHY H3AyYEHUS
TlaaHKa OCHOBHAasl 3HEPrysl IPUXOAWUTCS Ha  PEHT-
I€HOBCKHI auanazoH. MaayyeHne ot CoAHIla K BHEUIHEMY
HabAro-maTeAro popMUpPYyeTCs B TOHKOM caoe — hoTocdepe,
UMEIOIIEH TOAIMHY npubansureabHo 0,15 kM. 310 moutu
abCcoAIOTHO YepHOe TeAo ¢ TeMneparypoit ~6000 K. B cniek-
Tpe CoaHlla Habaromarorca oyt 30 000 crieKTpasbHbBIX
AnHuH 6oaee yeM 70 XUMHYECKHX SAEMEHTOB M3 IIEPHOOM-
yeckoii Tabaunpl Menneaeesa.

ITouTH BCS 3HEPTHUS 3ACKTPOMATHHTHOIO H3AYYEHHS
CoaHIla 3aKAIOYEHA B UHTEPBaA€ JAUH BOAH OT 1500A no
S MM. M3ayueHue B paJHo U PEHTI€HOBCKOM AHAara3oHax
32aBUCHUT OT COAHEYHON aKTHBHOCTH, YBEAUYUBASCHb HAH
YMEHBIIASICL B TeudeHHE 1l1-A€THEro LMKAA, U 3aMETHO
BO3pacTaeT IIPH BCobIIKax Ha CoaHIIE.
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Kakyro cyMMapHyI0 MOUIHOCTB 3A€KTPOMAarHHTHBIX
BOAH H3Ay4YaeT Hallle CBeTHAO? HW3ayyaromass crocob-
HocTh CoAHIIA (COAHEYHAsT TTOCTOSTHHAS) - 3TO HHTETPaAb-
HBIH ITOTOK COAHEYHOIO HM3AyYEHHsI, ITPOXOAAIINI Yepes
€IWHHUYHYIO0 ITOBEPXHOCTBL ([IAOLIAAKY, MEPIEHAHUKYASIP-
HYIO HallpaBACHHIO AyYEH 3a IpenesaMu 3eMHOU ammo-
cepul) nipu cpenHeM paccrosHuu 3eman or CoaAHIA,
paBHOM ~1,5-108 kM. ITo BHeaTMOC(EPHBIM M3MEPEHHSIM
COAHEYHad IOCTOsTHHAA cocraBasgeT Sp= 1,4 kBT/M2.

TIoap3oBaThcst 3TOH (QOPMYAOH MPH OLEHKE 3AECK-
TPOMAarHHUTHOTO M3AYYEHHSI TEAOM YEAOBEKa, KOHEYHO,
HEABL3SI: pasHULla OKa3blBAETCH O4YeHb GoablIoi. [eficr-
BHUTEABHO, €CAU BBIOpATh Ha TEA€ YeAOBeKa €IUHUYHYIO
MAOIAAKY, PaBHYIO IO Naomamy 1 cM?, U Ipenrioro-
XKHUTh, YTO B NpeAeAax 3TOH MAOUIAAKU TeMIlepaTypa He
MeHseTcs U paBHa 36,6°C, T. e. 309,6 K, To HeTpymHO
noay4yutk momHocTte W = 0,533 Br(!). Ecan ke BoCoab-
30BaTbCS «(IPABHABHOI» (POPMYAOH M HaHHBIMH paboThel
[19], oTHOCHUTEABHO HEPABHOMEPHOCTH pacCIIpeleACHHUS
TeMIIEPATypPhl T10 ITIOBEPXHOCTH TEAa B3POCAOTO YEAOBEKA
(mpy naolaay KOXHOM IOBEPXHOCTH, PABHOHM ITPUMEPHO
2 M2), TO MOXKHO TNOAYYUTH CYMMapPHYIO BEAUYHHY 3A€K-
TPOMAarHHUTHOH MOIIHOCTH, H3AYYAEMYIO TEAOM HEAOBEKA,
KoTOpasi okaxkercs O6au3koii kK 100 Bt (B mepecuére Ha
lem? noayunM npumepHo 0,005 Bt nan 5 MB1).

YeaoBedyecKH OpraHU3M COCTOUT U3 OTPOMHOTO KO-
AMYECTBA CBODOOHBIX H CBSI3aHHBIX 3apsiiOB, NPHYEM
Xa0THYHOE ABHXKEHHE CBODOMHBIX 3apsifIoB JOCTATOYHO
BEAMKO, TO HE MPHUXOAMNTCS YAHUBASAITBCS, YTO TEAO YEAO-
BE€Ka H3AyYaeT B LIMPOKOM AMaria3oHe YacTOT HOCTaTOo4-
HO GOABIIYI0 CYMMapHY0 MOLIHOCTB, 6AM3KyI0 K 100 Br.

HerpymHo noncyuTath 1o dopmyae OHHUITEHHA E =
= mC? (E - s”eprus; m — macca; C — CKOpPOCTb CBeTa),
CKOABKO CBoOeH 3Hepruu pacxonyeT CoAHIIE 3a €IUHHILY
BpeMmeHH. [IpocThle pacyeTsl nMoka3biBaioT: COAHLIE KazK-
Y0 CEKYHAY TPATUT Ha H3AYYEHHE 3AEKTPOMAarHUTHOMH
3Heprun boaee 4 MAH. TOHH CBOEH Macchl.
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31y sHepruro CoAHIE U3AYYAET ITOYTH I10 BCEH LIKa-
A€ 3AEKTPOMArHHUTHBIX BOAH. Ha mupore MoCKBEBI, ae-
TOM, B SICHBIH I€Hb, Ha €AMHHYHYIO MAOLIANKY 3eMAHU
pasMepoM METp Ha METpP NPUXOOUTCH npuMepHo 1 KBT
HHTETPAABHOH 3AEKTPOMArHUTHOH MolnHocTH CoaAHUA.
3TO TOXKE OYEHBL COAHAHAA BEAMYHHA. MaKCUMyMBI 3TOTO
H3AYYEHHS TPUXOAATCS Ha BUAUMBIH, MHQpaAKpacHbId U
VABTPa(HOAETOBBIH AHAIIa30HbI JAUH BOAH.

MakcumyM HuaaydeHust CoaHIla IPUXOOUTCS Ha BU-
AOUMYI0 HacThk crekrpa (A = 0,46 MK), npu4yéM Ha [I0AIO
paguonuana3oHa NpuxomuTcss MeHee 1% oT IoAHOH
MOIITHOCTH.

Kakyro mMomHocTs n3aydaer CoaHiie B MM-nuarnasoHe
Yy TIOBEPXHOCTH 3eMaH? B 3TOoM pguamaszoHe H3AydYeHHE
CoAHILIA XOPOIIO OITHUCBIBAETCH 3aKOHOM Paaes-/[KuHca.
IIpn adderruBHOI Temiiepatype CoAHIla, paBHOM
5500...8000 K, u nipu A =7 MM (B noaoce yacrotr 100 MI'n)
CIIEKTPaAbHasA TAOTHOCTb H3AYUEHHSI COCTABASIET ITPHMeED-
HOo 10712vMBtr/cM2. CHeKTpasbHasl [MAOTHOCTb H3AyYEHMUsI
CoaHla npuMepHO Ha 13 aB npeBbliiaeT coOCTBEHHOE U3-
aydyenue armocdepsl. MHTepecHo, uyTo MM-BoAHBI B 3Ha-
YHTEABHOH CTEIIEHH ONPENEASTIOT OCODEHHOCTH PEAMKTOBO-
o HM3AYYEHHSI, U MaKCHMYyM 3TOIO H3AYyYEHUSI HAXOOUTCS
B6AM3U npu A = 3 MM,

OAEKTPOMArHUTHBIE (TEMAOBBIE) BOAHBI H3AYYAET U
CcaM 4YEAOBEK.

B ¢dhusnKe DaBHO YCTAHOBACHO, YTO AIODOE MaTepH-
aABHOE TeAO0, Haxozxsleecs npu teMmneparype T # 0 (mio
mKase KeAbBHHA) HM3AyYaET 3A€KTPOMATHUTHBLIE BOAHBI.
Axkanemuk C.U. BaBuaos nucaa: «Ha 3eMae Bce Temaoe U
IT03TOMY BCE CBETHUTCS BUAWMBIMH HAW HEBHUAWUMBIMU AY-
4aMH, CBETHTCS M CaM YEAOBEK». DTO U3AYYEHHE CBA3AHO
C TENAOBBIM ABHXKEHHEM aTOMOB U MOAEKyA. Takoe U3Ay-
YEHUE SIBASIETCS YHCTO TEIIAOBBIM, ECAM OHO HaXOOHUTCS B
TEPMOAHHAMHYECKOM PaBHOBECHU TOABKO CO CBOHM H3-
AY4YEHHEM (KOorza, HaIlpHMep, He YYUTBIBAIOTCS TaKHe
ITPOLIECCHI M3AYYEHHSI KaK (DOTOAIOMHHECLIEHIIHS, XEMH-
AIOMHHECLIEHIIMS U ID.).
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Takum 06pa3oM, BCSIKOE TEAO HUCIYCKaeT TETMAOBOE
H3AYYEHHE, U €r0 CIIEKTP YaCTOT SIBASIETCSI CITAOUIHBIM, a
pacmpeneAeHHEe SHEPIHH 10 4YacToTaM 3aBHUCHT OT TEM-
rnepatypbl Teaa. Yxke B 1835 r. dpaHIy3ckuil UMK
AMriep BbICKa3aA MBICAB, YTO CBETOBBIE M TEIIAOBBIE AYYIH
HMEIOT OAMHAKOBYIO NPUPOAY — IACKTPOMATHHTHYIO, U
3TO NPEATIOAOKEHHE BITOCACACTBHH OBbIAO HEOQHOKPATHO
U bGaecTsle MOATBEPXKAECHO B 3KCIEPHMEHTAX PsSaa U3-
BECTHBIX y4E€HBIX.

IIpu OOBIYHBIX (HM3KUX) TEMIEpaTypax 3TO 3ACK-
TPOMAarHHUTHOE H3AYYEHHE NPENCTAaBACHO Ha IIKaAe yac-
TOT B OCHOBHOM panuo (Bkatouass CBY) u undpaxpac-
HBIMH BoAaHaMHu. C ITOBBIIIEHHEM TEMIIEPATYPbl HAYHHA-
€T pacTH OOASI BUAUMBIX U YABTPAPHOAETOBBIX Ayuei. He
BlaBasICh B MOAPOOHOCTH, PACCMOTPHUM HECKOABKO (hop-
MyA W3 TEOPHH TEIAOBOTO HM3AYYEHHS NIAST TOTO, YTOOBI
IIPUBECTH YHCAEHHLIE OLIEHKH, KOTOPbIE MOTIYT OBITH ITO-
AE€3HBIMH BIIOCAELACTBHH.

3aBHCHMOCTb CIIEKTPAABHON ITAOTHOCTH TEMNAOBOIO
H3AYYEHUSI OT TEMIIepaTypbl ONpeneasieTcst (HGOpMyAOH
M. Ilaanka. He 6yneM BBINMMCBIBATb 3Ty GOPMyAY B BHIY
€€ IpOMO3IOKOCTH, & BOCIIOAB3YEMCS AHIIb HEKOTOPBIMH
CAEZICTBHSIMH U3 HEE, XOPOILO U3BECTHBIMU B (DH3HUKE.

MormHocTs (B BaTTax), uU3aydaeMasi abCOAIOTHO dep-
HBIM TEAOM (TEAOM, IIOTAOLUAOLUIHMM BCIO ITaNArOLIyI0 Ha He-
ro MOIIHOCTB), MOXKHO TIOACYHUTATh 110 hopmyae Crecana
BoabliMaHa, U3 KOTOPOH BHAHO, YTO 3Ta MOIIHOCTH CHABHO
3aBHCUT OT TEMIIEPATYPHI (B YETBEPTOI CTEIIEHH):

W=oTt,

rge o = 5,67.10!12 Br. cm2.rpax# ; T — TeMneparypa 1o
mkase KeabBuHA.

U3 dopmyasr M. ITaauka caexnyet, uto moas MK us-
AYUYEHHS OT ITOAHOT'O BAEKTPOMATHUTHOIO U3AYYEHHS de-
AOBEKa cocTaBasieT IpuMepHo 25%. Ecam Bocroab3o-
BaThCs NAHHBLIMHM paboTe! [19], OTHOCHTEABHO HEpPaBHO-
MEPHOCTH PacCIpeleACHUsI TeMIIepaTypbl I10 ITOBEPXHO-
CTH TEAa B3POCAOTO 4YeAOBEKa (MPH IIAOIIAAM KOXKHOM
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IIOBEPXHOCTH, PABHOH IPHUMEPHO 2 M2), TO MOXHO I10AY-
YUTh CYMMapHYI BEAMYHHY 3AE€KTPOMACHUTHON MOIIHO-
CTH, HM3AYYAEMYI0 TEAOM YEAOBEKa, KOTOpast OKaXKETCs
6an3koi Kk 100 BT, 0 yeM MbI y2K€ YIIOMHHaAH BBILIE.

YeaoBedeCKUH OpPraHU3M COCTOUT H3 OTPOMHOTO KO-
AHWYECTBa CBODOAHBIX H CBSI3aHHBIX 3apsifoB, IPHYEM
XaOTHYHOE ABUXKEHHE CBOOOAHBIX 3apsSOB [OCTATOYHO
BEAMKO, TO HE TIPUXOOUTCS YIAWBASITBECS, YTO TEAO HEAO-
BEKa HM3AyYaEeT B IIMPOKOM AHAIa30HE YacTOT AOCTATOY-
HO DOABIIYIO CYMMapHYIO MOIIHOCTb, 0AM3Ky:0 K 100 Br.

Kaxyio MOIIHOCTbE U3AYHaET TEAO B3POCAOIO HEAOBE-
ka B MM-nuana3oHe JAUH BOAH?

IIpu KoMHATHO# TeMIlepatype U A =8 MM B I1oAOCE
yactoT 100 MI'q 3a Bpems t =1 ¢ npu Ko3dPULIUEHTE
OTPa*XEHUs BOAHB! Ha TPAHUIIE «KOXKa-BO3AYyX», PABHOM
0,5, coOCTBEHHOE H3AYYEHHE COCTaBASIET C IlAomanu 1
cMm?2 10714MBt/cM2. C ydueToM oOIIe# rAoOIIaAu KOXKU
B3POCAOr0 4€AOBEKa (* 2 M2) MOAHasT MOILIHOCTh H3AydE-
Hug npu A = 8 MM paBHa 1078 MBT. OTO cocraBasieT HHU-
YTOXKHYIO IOAI0 OT TTOAHOH MOIIHOCTH 3JAEKTPOMAarHuT-
HBIX BOAH, U3AYYAEMBIX TEAOM B3POCAOIO YEAOBEKA.

W3 ppyroro 3akoHa (3aKOHa CMeEINIcHUs BuHAa), Tak-
K€ SIBASIIOIIETOCS CAEACTBHEM (yHAaMeHTaAbHOH ¢op-
myabl M. TTaaHka, MOXKHO HalWTH JAWHY BOAHBI 3A€KTPO-
MarHUTHOTO H3AYYEHHUSI, JIAS KOTOPOH MOIUHOCTBE Oyner
MaKCHUMaALHOH, €CAH 3HaTh TOABKO 3HA4YEHHE TEMIIepa-
TYypbl T

A=K/T,

rae K= 2897 MxM/rpan.

[ast BbIOpaHHOH HaMH TEMIIEPATYpPb! TE€Ad YEAOBEKA
36,6°C okasbiBaeTcs, 4TO A = 9,4 MKM, TO €CTb 3Ta JAU-
Ha BOAHBI Ae3KUT B UK-0b6aacTH.

Tenepb CTAaHOBUTCS TOHATHBIM, YTO, U3MEPSIS C I10-
MOIIBIO CITELIMAABHBIX PAIUOIIPUEMHUKOB (PaOUOMETPOB)
COOCTBEHHOE JAEKTPOMATHUTHOE HU3AYYEHHE TeAd HEAO-
B€Ka B PasHbIX 00AACTSIX, MOXKHO CTABUTb AHAarHo3 3abo-
A€BaHUs, €CAU, KOHEYHO, IMPEAITOAOKUTD, 4TO 3aboseBa-
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HHe AIOOOro opraHa YeAOBeKa COIIPOBOXKIAETCH U3MEHe-
HHEM €ro TEMIIEpaTyphl (a 3TO AeHCTBUTEABHO Tak). Kak
Oymer mokasaHO B paszieae 3, TEIAOBasl AHATHOCTHKA B
HUK-obaactu (UK-TenaoBHAEHME) HAM paaKoTeEpMorpa-
dbus (B obaacTu paguonuanaszoHa) aBAIIOTCH 3D (EKTHB-
HBIMH AHArHOCTHYECKHUMH METOIAMH H LIHPOKO HCITOAb-
3YIOTCS B MEOULIMHE.

W3 npuBeieHHOTO BbILIE MaTepHasa AcHCTBUTEABHO
MOXKHO CHEAaTh BBIBOZ O TOM, YTO BCE XXHBOe Ha 3emae
OYKBaABLHO «KyII@eTCs» B «BOAHOIAE» — B 3AEKTpOMAr-
HHUTHBIX TIOASIX U BoAHax. KOHEYHO, B ITPOLIECCE 3BOAIO-
UMM JKU3HU 3ACKTPOMArHUTHBLIE BOAHBI HE TOABKO OKa-
3bIBaAM BO3OeMCTBHE Ha (OPMHPOBAHHE 2XKHBBIX CY-
LIECTB, HO M OKAa3aAHCh BKAIOUEHBI B ITPOLIECCHI UX JKMU3-
HENEATEABHOCTH B TOH HAH HMHOH (opMe (B YaCTHOCTH, B
BUAE OHOPHUTMOB). [lASI MAAIOCTPALIMH MOXKHO IIPHBECTH
LEABIH pAX HATASOHBIX IpUMepoB. OCHOBHBIE OHOPUTMO-
AOTHYECKHE ITPOLIECCH! YEAOBEKA HMMEIOT CYTOYHYIO U ce-
30HHYIO PUTMHKY. MOXHO NPEATIOAOKHUTDL TAKXKe, YTO a-
PUTM B 3AEKTPO3HLEDAAOTPAMME €CTh OTPa’KEHHUE TaK
Ha3bIBAEMbIX «IIIYMaHOBCKHX» PE30HAHCOB, CBSI3aHHBIX C
3eMHOI HoHocdepoit. ¥ TakuxX NMPUMEPOB MOXKHO IpH-
BECTH MHOXkecTBoO [19, 20].

Hraxk, BCce XuBoe Ha 3€MAE€ ITOCTOSTHHO HaXOIUTCS
1o BO3AEHCTBHEM 3AEKTPOMATHUTHBIX BOAH KOCMHYeE-
CKOI'0 M TEXHOT'EHHOI'0 ITPOHUCXOXKIEHUs. 2KHUBBIE CYIIECT-
Ba TAKXKE HM3AYYAIOT 3ACKTPOMAarHHUTHbIE BOAHBI. H3aydue-
HHE TaKHX BOAH, HalpuUMep, YEAOBEKOM, CBSI3aHO C bOec-
MOPAAOYHBIM JIBH2KEHHEM OIPOMHOr0 KOAHWYECTBA pa3s-
AUYHBIX OACKTPUYECKUX 3apanoB. IloATBepKIAECHHUEM
HMEHHO DEeCcrtopsgoyHOro ABMKEHUS 3apsiiloB B TeA€ de-
AOBEKa SIBASIETCSI CIIAOIIIHOH XapakKTep 3ACKTPOMAarHuT-
HOTO CIIEKTpa, U HUKOMY OO CHX TIOp €llle He yAaBaAoCh
3apPETHUCTPHPOBATL B 3TOM CIIEKTPE NHCKPETHBIE COCTAB-
ASIIOIIIME, KOTOpbIE CBHAETEABCTBOBaAH Obl O HAaAHYHUH
X0Tsl Ob1 cAab0OBBIpaKEHHOT0 CcHaA3ZUPOBAHHOTO (COrAaco-
BaHHOIrO) ABHKEHUS 3AEKTDHYECKHX 3apsifioB, KaK 3TO
HMeeT MEeCTO B Al00OM reHeparope Hau ycuauteae CBY.
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BecrnopsimouyHoe OBHXKEHHE 3ACKTPHYECKHUX 3aps/IOB
B TEAE YEAOBEKa CBA3aHO OyKBaAbHO cOo BceMH MmeTabo-
AVMYECKHMMH IIpolieCCaMH, II03TOMYy MOIKHO BBICKa3aTh
TIPEATIOAOKEHHE, YTO HApPYIIEHHSs], BOZHUKAIOIIHE B 3THX
IIpoLieccax B pe3yabTare BO3HEHCTBHS KaKHX-AHOO 1aTo-
FEHHBIX (PAaKTOPOB, TAKXKE HAXOAAT OTPaKEHHE B CIIEK-
Tpe TEHEPHPYEMBIX YEAOBEKOM 3ACKTPOMAaTHUTHBIX BOAH.

HecMoTpss Ha HHYTOXKHOE 3HAYEHHE MOIIHOCTH €C-
TECTBEHHOI'O0 3AEKTpOMarHutHoro ¢dona B KBY-nnana-
30He, MM-BOAHBI HeCyT 0oAbLIyIO HMHMOpPMalluo 00 OK-
pYKalolleM HaC MHUPE U HaXOAAT MPUMEHEHHE B Pa3ANd-
HBIX 00AaCTSIX 3HAHUWI, HAIIPHMEDP, B PafHOHaBHUTallud H
MEIULIMHE.

IIpencraBasieT akaZeMHYECKHE HMHTEpEC KpaTKo pac-
CMOTPETH HU3AYYaTEABHYIO criocobHocTs CoaHnla B MM-nua-
I1a30HEe M0, BO BPEMSI U IIOCA€ HCYE3HOBEHHS COAHEYHBIX
nareH. Takoe vccaeloBaHHe GbIAO ITPOBEIEHO C ITOMOLIEIO
panuoreaeckorta MITY um. Baymana B JIMHTPOBCKOM
paiione MockoBckoit obaactu [21]. Ha puc. 10 nokasaus:
AVHHUM OOUHaKOoBOH MoiHocTH MM-u3ayuyeHust Ha 4 = 2 MM
o (a) Bo Bpems (6) 1 nocae (6) MCUE3HOBEHHS COAHEYHOTO
natHa. Kak BHAHO M3 PHCYHKA, MOSIBAEHHE [IATHA Ha
CoAHIIE CHABHO BAUSIET Ha ITpoliecc u3aydyeHuss MM-BoaH.

a) -0 9

Puc. 10. Uzayuenne Coarnia B MM-auanasone
1o (a), Bo BpeMs (6) 1 ITocA€ HCYE3HOBEHUS (6)
COAHEYHBIX IISITEH
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1.4, dusngyeckue u GHoTpONMHEBIE
napamMeTpbl 3A6KTPOMATCHHTHBIX
moaei

PaccmoTpuM KpaTKO OCHOBHBIE (QDHM3HYECKHE OCOOEH-
HocT MM-BoaH [19]. OTH BOAHBI OTHOCSITCSI K HEMOHH3HU-
PYIOIIMM H3AYYEeHUsIM. KBaHT 3HEPrHH B 3TOM QHAIa30-
He hu MeHbllle 3HEPrHH TENAOBOIO ABHKEHHUS aTOMOB
uan Moaekya KT. [Jag A = 1 mm umeem hv =1,17-1073 3B,
Torma Kak kT =2,53:-1072 3B (maa koMHaTHO# TeMIiepaTy-
pel). OHeprusa KBaHTa B KBY-mauamasoHe CyIIECTBEHHO
MEHBIILIE SHEPTHH 3AEKTPOHHBIX IepexonoB (1...20 3B),
3Hepruv aktuBanuu (~0,2 3B), a Takke KoaebATEABHONI
3Hepruu mMoAekya (1072...107! 3B), sHepruu BOXOPOIHBIX
cBaszeit (2:1072...107! 3B). Huxe sHeprun KBY-keaura
OKa3bIBAIOTCH SHEPrUsl BPalIECHHsT MOAEKYA BOKPYT CBSI-
et (1074...1073 3B), sHeprust KYyINEpPOBCKUX Iap NPH
ceepxnpoBopuMocTH (1076...107 3B) 1 sHepruss MarHuT-
Horo ynopsinodeHus (1078...1074 aB) [19]. CaegoBaTeAbHO,
MM-BOAHBI MOTYT BO3NEHCTBOBATH Ha BpalllaTEAbHbIE
CTEIIEHH CBOOOABI MOAEKYA U BAUSITH Ha UX KOH(opMa-
IIHOHHBIE COCTOSIHHSA. OTO OOCTOSITEABCTBO SIBASIETCS CY-
UIECTBEHHBIM, HAIIPUMED, MPH U3Yy4YEHHUH PaCIIpoCTpaHe-
Hua MM-BOAH B pasauyHbIX cpeaax (B 4acTHOCTH, B aT-
Mocdepe), a TakKe IIPH aHaAH3e MEIHUKO-OHOAOrHYEeCKHUX
3KCIEPUMEHTOB,

Boza B XKMAKOM M NapooOpa3HOM COCTOSITHHH, a TaK-
K€ BOJHBIE PACTBOPB! SABASIIOTCSI CaMbIMH CHABHBIMH ITO-
raoTuTeasMu MM-BoaH. Hammpumep, MHAAUMETPOBBIH CAOH
Bomp! ocaabasier KBY-u3ayuenre npuMmepHo B 100 pas rnpu
A=8 MM u 10 000 pa3 npu A = 2 MMm. ItoT daxT Urpaer
CYLIECTBEHHYIO POAb HE TOABKO TIPH MCCAEOBAHHH pac-
npoctpanenuss MM-BoAH B atMocdepe, HO U ITPpU 0OBsICHE-
HUH GHOMUINYECKHX MEXaHHU3MOB B3aHUMOIEHCTBHS BOAH
MM-BOAH C 3KUBBIMH OpraHU3MaMH.

ITIpu B3aumoznericrBur KBY-u3Ay4eHHS C pa3AMYHBIMH
00BEKTaMH (0COOEHHO 3TO OTHOCHUTCS K OHMOAOTHYECKHM

o0BEKTaM) JIAMHA BOAHBI B cpefie A, = ANe (rme € — muaAEK-
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TPHUYECKasl MMPOHHULIAEMOCTb CPEJibl) OKA3LIBAETCSI CPaBHU-
MOM C XapaKTepHBIMH pa3MepaMM HEOMHOPOAHOCTEH B
3TOi cperne. B aToM caydae Hapamy ¢ 3epKaAbHBIM U gud-
(by3HBIM HMEET MECTO M PE30HAHCHOE pacCesIHHUE BOAH, KO-
TOpO€ B 3HAYHTEABHOH CTENEHU OIIPEHNEeASIeT YaCTOTHBIE
XapaKTEePUCTHKH B3aUMOACHCTBHS.

BackHolt ocobeHHOCT> MM-BOAH SBAFETCSI UX Maaast
PacxoUMOCTh MPH PacpPOCTPaHEHHH B BO3IYIIHOH cpene,
YTO INOBBINIAET [TOMEXO3AIIHINEHHOCTE KaHAAOB CBA3U U
IT03BOASIET HCIIOAB30BATh OOABIIIOE MX KOAWMYECTBO B Orpa-
HHYEHHOM INPOCTpPaHCTBe 0e3 co3maHua B3aMHBIX ITOMEX.
OTH BOAHBI, 00Aaz1ast GOABIIKIM PA3PELIEHHEM 110 YTAY MeC-
Ta U JaABHOCTH, MOTYT OGECIIEYHTH BBICOKYIO CKPBITHOCTH
nepenadyu npu Heboabluux rabapurax INpHEMO-TIEPENAlO-
meit anmapartypbl. HakoHell, CyIlecTBEeHHBIM NOCTOMHCT-
BOoM BoaH KBY-puariazoHa 1o CpaBHEHHIO ¢ 0oAee JAMHHO-
BOAHOBBIMH JHAITa30HAMH SIBASIETCST OOABLIAS ITPOITyCKHAs
CMOCOBHOCTD, YTO ITO3BOASIET ITepeaBaTh 110 OAHOMY KaHa-
Ay CBSI3H OOABIIIOE KOAMYECTBO MH(POPMAIIHH.

Ocobennoctu OMII kak dusmgeckoro dakropa BHEII-
Hell cpenpl NMPH HCCAENOBAHHH GHOAOTHYECKHX 3((HEKTOB
COCTOMT B TOM, YTO HX HUOmMponHbie napamempsl, Takue,
KaK 4acToTa, MHTEHCHBHOCTB, (bOopMa CUTHasa, AOKaAH3a-
LMsT BO3OEHCTBHSI, OSKCIIO3UIMS, TPaJUEHT, HallpaBACH-
HOCTB BEKTOPOB 3AEKTPHYECKOr0 M MArHHTHOIO ToAe, HUr-
PaloT ONPENEASTIOIILYI0O POAb. A U3MEHEHHE AIOOOro M3 3THX
apaMeTPOB IIPH MOCTOSIHCTBE OCTAABHBIX MOXKET B 3HAYH-
TEABHOH CTEIIEHH H3MEHATH PEaKLMH OHMOAOTHYECKHX CHC-
TEM Ha BHEIIHEE SAEKTPOMAarHHUTHOE BO3AEHCTBHE.

1.5. YyBCTBHTEABHOCTHh OHOAOIHYECKHX
00'bEKTOB K CAA0BIM 3A€KTPOMArHHTHBIM
noAAM

a1 HecBeOyILMX AIOZEH ITOKaXKETCH OUKOBHHHEIM,
YTO U YEAOBEK U3AYYAET GOABIIIOE KOAHMYECTBO 3AEKTpOMAr-
HHUTHOH 5Hepruu - nopsinka 100 BT (kak xopollasg aaMma
HaKaAVWBaHUs). ITa CyMMapHasi MOUIHOCTh HEPAaBHOMEPHO
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pacrpefeAeHa T0 IIKAaA€ 3AEKTPOMAarHUTHBIX BOAH, H, KaK
HM3BECTHO, MAakCHMyM H3AYYEHUsSI IPHUXOAUTCS Ha HHpa-
KpacHblIe BOAHEI (CM. 2.3).

TToxkaayit, HUKTO Aydie A.A. YIDKeBCKOro He OCO3Ha-
BaA POAH 3AEKTPOMAarHUTHBIX BOAH B IIpoIleccax >KH3He-
AEeSTEABHOCTH. [laBaliTe CIIOKOHHO U BAYMYHBO [IPOYUTAEM
€0 BBICKA3bIBaHUS U3 3aMeYaTeAbHON KHHUTH «3eMHOE 3X0
COAHEYHBIX Oypb» [20]:

«CoBpeMeHHBIH OHOAOT UMEEeT BECKHE MOTHBBI yTBEP-
KATh, YTO JKU3HEAEATEABHOCTb PACTHUTEABHBIX U YKHUBOT-
HBIX OPraHHU3MOB CTOHUT B M3BECTHOH 3aBHCHMOCTH OT pas-
HBIX METEOPOAOTHMYECKHX SIBACHMH, OQHO M3 IEPBBIX MECT
CpenM KOTOPBIX COBPEMEHHAs HayKa OTBOIUT 3ACKTPHUYE-
CKHMM (DEHOMEHAM; ITOCKOABKY 3AEKTPHUYECKHE, MArHUTHbIE
U 3AEKTPOMATrHHTHBIE SIBACHHSI B 3€MHOI KOpe U ee aTMO-
cepe CToAT B TeCHEHIIEH 3aBUCUMOCTH OT SIBAEHHI KOC-
MHYECKHUX, H, TA@BHbIM 00pa3oM, ot BauaHusa CoaHua,
MIPEXE BCEro, TIONAEKUT HCCACNOBaTh BOIIPOC O TOM, B
KaKOM COOTHOIIIEHHH C COAHILIEIEATEABHOCTBIO CTOST T€ HAH
IpyTHE 3rMaeMudeckre 3aboaeBaHus (CTp.63);

— Ckaukoo6pasHbIi U [IPEPBIBUCTBIHA XapakTep
BAUSTHHST COAHEYHBIX IIATEH Ha 3eMAlO cAenyeT 0COOGEeHHO
3anoMHUTE (cTp.90);

— Ayuncraga sHeprust COAHIIA SIBASIETCSI OCHOBHBIM
HCTOYHHKOM OOABIIMHCTBA (PHU3UKO-XHMHYECKHX SIBAE-
HHUH, UMEIOHINX MECTO B aTMO-, THAPO - U B MTIOBEPXHOCT-
HOM caoe auTocdeps! (cTp.91);

— CoaHnEe U sIBAGHHMSI Ha HEM (MIATHA, NpoTybepaH-
L1bI) OKAa3bIBAIOT JACKTPOMAarHUTHOE BAHWSHHE Ha LIEAYIO
CHCTEMY SIBAGHHI: MarHHTHOE MoA€ 3€MAM, HOHH3aALUSA
3€MHOH aTMOC(QeEpPE!, IOASPHbIE CHSHHUS U H3MEHEHHE
3AEKTPHYECKOrO IoTeHInaa (cTp.94);

— K HacrosiieMy BpeMeHH cAeAyolpe (GH3MYeCKHe
SBACHHA Ha 3€MAE IIOCTABAEHBI B IIPUYHHHYIO 3aBHCH-
MOCTb O CTENEHH HAaIIPSDKEHHOCTH COAHEYHOH aKTHBHOCTU
(manee A.A. YipkeBckuit HaspiBaeT 20 (PU3HYECKUX sIBAE-
HUH, Ha4yMHasl OT 3¢MHOI'O0 MarHEeTH3Ma H KOHYas 3eMAe-
TpssiceHUsIMH (cTp.103-104);



38 Mwmwnempoebte B0JIHbL U JKUBble cucmembl

— HecomuenHo, ay4uucras sHeprus CoaHua SIBASETCS
TAaKKE W MOTYIIECTBEHHBLIM ODHOAOTHYECKHM HEATEAEM, H
KoAeDaHHUsSI B €€ KOAHMYeCTBe 00yCcAaBAMBAIOT BCE T€ H3-
MEHEHHSI B OPraHHYECKOH IIPHUpPOZEe, KOTOphIE MBI Ha-
6AIOZIaeM B CBSI3H C LIMPOTOM MecTa, BpeMEHaMH rozia u
Pa3AMYHBIMH APYTHMH T€O(H3UYECKHMH M CE30HHBIMH
dakTopamu (ctp.112);

— B 3aBHCHMOCTH OT KOAWYECTBa NpHTeKaroueH
AYYHCTOH 3HEPTHHU CTOUT PSIL BAXKHBIX (ODH3HOAOTHHECKUX
SBA€HHH — CKOPOCTb XUMHYECKHX, 4, CACHOBATEABHO, U
(PU3UOAOTHYECKHUX pPeakLMil. YCKopeHHe (U3HOoAOrHYe-
CKHX DpEakLMil Hepas3pblBHO CBSI3aHO C aCCHMHMASILMEH
IIUTATEALHBIX BEUIECTB JKUBOTHBIX M pPACTEHHH, ycuae-
HUEM JIESITEABHOCTU KOXKHBIX ITOKPOBOB, YCUACHUEM Jiesl-
TEABHOCTH K€A€3 BHYTPEHHEH CEKPELIMH, AEXKAIIHX B OC-
HOBE BalKHEHIIINMX I'YMOPAABHBIX ITPOLIECCOB, 0DycaaBAH-
BarOIIUX AEATEABHOCTb IICUXUKH U T.A. C YMEHBIIIeHHEM
KOAWYECTBa AYYHCTOH 5Hepruu HabarofjaeTcsl cokpalle-
HHE BCEX 3THX SIBACHHI. JleITEeABHOCTb PACTHUTEABHOTO U
JKHUBOTHOTO MHpa IIOHUIKAETCS, YBEAHYHBaeTcs obiiee
KOAHYECTBO TATOAOTHYECKHX IPOILIECCOB, M 0bliast akTy-
aABHOCTD TNCHXHYECKHX MTPOLIECCOB Nnaaaet» (cTp.112);

— Hrak, coaHeyHasi aKTUBHOCTb — PETYAATOD TeEde-
HHST SITHMAEMHYECKHX MTPOLIECCOB B MaclTabax Bcelt mnaa-
HeTs! (cTp.233);

— EcAM coaHeYHBblE U3AYYEHHSI CIIOCODHBI M3MEHSITh
BHPYAEHTHOCTH MHKPOOPTaHU3MOB B H3BECTHBIX IIpeje-
AaX, €CAM, HaKOHEIl], KaXXOblil BHI MHKPOOPraHU3MOB
pearupyer Ha BHJ COAHEYHBIX BbIOPOCOB, Kakue 60Ab-
1€ TIEPCIEKTUBBLI OTKPBIBAIOTCS TIEPER HaMH B OTHO-
IIEHWH NIPECKa3aHMsI ¥ IIPOTHO3a, B OTHOMEHUH TaKTH-
KU U CTPATErHH 3MUIAEMHOAOTHH (CTP.266);

— W paspemnre mnodaHTa3zupoBaTh: OBITH MOXKET,
HEIaAeKo TO BpeMsl, KOrZa acTpPOHU3UYECKHE SIBACHHS
Ha CoaHlLle MBI OyZIeM IpeacKas3blBaTh, U3ydasi I10J] MHUK-
POCKOIIOM H3MEHYHBOCTP MHKPOOPraHu3MoB... Ho kop-
ITyCKYASIPHOE H KOPOTKOBOAHOBOE H3Ay4YE€HHE, BhIOpACHI-
BaeMoe MMH B MHPOBOE ITPOCTPAHCTBO, BCTPEYAlOT KHU-
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BYIO KAETKY OaKTepHil MAM HEPBHBIH amnmapaT 4eaoBeKa
M XUBOTHOTO M HEMEIAEHHO BAUSIIOT Ha Hero. M Toabko
70 TMPOIIECTBUH HEKOTOPOro BPEMEHH OYaru BO3MYyILe-
HUS NTOSIBASIFOTCS Ha NOoBepXHOCTH COAHLIA U CTAHOBSATCS
JOCTYITHBIMH BHU3yasbHOMY HabaromeHUio u ¢ororpadu-
poBaHHIO. CAENOBATEABHO, HET HUYEro HEBEPOSATHOIO B
TOM, YTO MHKPOOHOAOTHYECKHH MTpenapaT BCKOPE CTAHET
Hauboaee YYBCTBHUTEABHBIM aCTPOHOMHYECKHUM IIpHOO-
pOM, KOTOpBIH OynmeT mpenckasblBaTh HEKOTOPBIE IIPO-
1ecce! Ha CoaHile (cTp. 267)».

YuraTeab; MO-BUAUMOMY, VK€ o00paTHA BHHMAaHHE
Ha HECKOABKO MOMEHTOB, SIBASIIOIIINXCS TAAGBHBIMU B
uneosorn A.A. YuxkeBckoro (06 sTOM, KCTATH, IIpe-
KpaCHO Hamnucaa B IIPeJHCAOBHH K KHHUre [20] akaneMHK
O.T". 'azenko). Koneuno, To, 4To COAHLIE SIBASIETCSI OCHO-
BOM BO3HHMKHOBEHUS U CYLIECTBOBAHMS XKU3HU Ha 3eMae,
a TakkKe TMPUYHHON IMPOTEKAIINX Ha 3€MAE OCHOBHBIX
PHU3HYECKHUX U XMMHYECKHX MPOLIECCOB — SIBASIETCH CTa-
poit ¥ TpuBHAaAbHONI HCcTHHON. Ho YmKeBCKUItT Ha OCHOBE
GOABIIOTO KOAWYECTBA HaOAIONEHHH H aHAAUTHYECKHX
3aKAIOYEHHH TIIOKa3aa, 4YTO Ha >XH3HEHHbIE IIPOLIECCHI
BAMSIET HE TOABKO ITOCTOSIHHASI COCTaBASIOIasl H3Aydae-
Mot CoAHLIEM 3HEPTrHH, HO U IepHoAHYecKas (3aBHCS-
masd OT BPEMEHH) YacTb «COAHULEAESTEABHOCTH». OTa
MBICAb MOKET OKa3aThCsl (M OKa3bIBAETCsl) [10AE€3HOM, Ha-
TIPUMED, U IIPH KOHCTPYHPOBaHHM TEPAIIEBTHYECKUX arl-
nnaparoB B MM-auarnasone: He06XOOHUMOCTh MOAYAHPOBATEL
HECYIILYIO YacTOTy [0 aMIIAUTYAE WAH IT0 YacTOTE, MEHATh
(pasHo0OpPa3uTh) OpPMy PagyocCHrHaAa U T.1.

A. A. YiKeBCKUM, KOrfa MOBOPHUT O COAHEYHOM ak-
THBHOCTH, TIOYTH BCErAa UMeeT B BHIY KOMIIAEKC (hHU3HUeE-
CKHX (PaKTOPOB, CBSI3AHHBIX C COAHEYHOH aKTHBHOCTBIO, —
3AEKTPOMArHUTHbBIE H3AYYEHHsI, MarHUTHBIE OypH, «coa-
HEYHBIM BeTep» U T.A.

Caenyrolllast MHOHEPcKas MbIcAb A. A. YrkeBcKoro
COCTOHUT B TOM, UTO B HU3y4YEHHH BAHSIHHE COAHEYHOM ax-
THBHOCTH Ha 3€MHBIE ITPOLIECCHI OOABIIIOE BHHMAaHHUE Ha-
0 YAEASITh BAUSTHHIO KaK Ha IIPOLIECChI B XKUBOH KAETKE,
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Tak ¥ B MHKPOOPraHH3Max (HMMsl B BULY OOABIIYIO BUpPY-
ACHTHOCTb MHKPOOOB). OH OTMeudaA, YTO HEHCTBUE COA-
HEYHOH aKTHBHOCTH Ha MHUKPOOBI SIBASIETCS YIIPEXIAI0-
IIMM, B TOM CMBICAE, YTO 3aMETHbIE U3MEHEHUS B ITOBE-
JOEHUH H OYHKUHOHUPOBAHHU MHKPOGOB BO3HUKAIOT
paHblile, Y€M PETHCTPUPYIOTCS U3MEHEHHs (PU3NYECKUX
npoueccoB Ha CoaHue. A.A. YHKEBCKU OTMEYaA TaKKe,
4T0 KOoAeHAHHS M HWHTEHCHUBHOCTH CaMbBIX Pa3AHMYHBIX
(MaccoBBIX) IPOIECCOB Ha HallleH IMAaHeTe IPOUCKXOAAT
cuHXpoHHO. OgHaKo raaBHOM 3acayroi A.A. YukeBCKOro
KaK Y4EHOTrO SIBASIETCH YCTAHOBACHHE CBSI3H MEXKIY SIIH-
AEMUYECKHUMH 3a00A€BaHHUAMH Ha 3€MA€ U IIEPUOAUYE-
CKHMH TIPOLIECCAMH B «COAHLICAEATEABHOCTH» (C ITOSIBAE-
HHEM COAHEYHBIX IISATeH T.H4.). OH o6paTHA BHHMMaHUe Ha
TO, YTO IEpPHOOHYECKasl (HeCcTaluHOHapHAasl) «IesTeAb-
HOCTh» COAHIIA BBICTYIIAET B POAH PETYASITOPA BO BpEMe-
HH 3MHUIAEMHH U ONPENEASIET CTEIEHD (CHAY) UX IPOSABAE-
Husi. HTEpecHO! TaKXKe SIBASIETCSI MBICAb O TOM, YTO
CAENyEeT pa3AMdaTb BOCIIPUSTHE H T'OTOBHOCTH BOCIIPH-
HHUMaTh >KHBBIM OPraHU3MOM COAHEYHYIO (dAEKTpOMAar-
HHUTHYIO) aKTHBHOCTb.

Haxkonen, Kak MOXKHO HE BOCXHIIATBCH TAKHMH €ro
BBICKa3bIBAHUSIMU: «...36MHas KHU3Hb U €€ IPOAYKIIHH
€CTb NIPEBpAIllCHHAs 3HEPTHsl COAHEYHOI'O HM3AYUYEHHS...»,
«...COAHEYHOE H3AYYEHHE, KaK M KOCMHYECKOE, SIBASIIOTCS
rA@BHEHITUMH HCTOYHHKAMH SHEPrUH, OXKHBASIIOIIMMH
TIOBEPXHOCTHBIE CAOM 3€MHOro mapa...». Kpyr samMkHyacs:
buocdepa, Bce KHUBOEe W HEXUBOe envHo ron, CoaHIEM, H
BCE TECHO INEPENAETEHO M B3aHMMOCBS3aHO. MBI — NPOAYKT
SHEPIHMH KOCMHYECKOTO (COAHEYHOI'0) H3AYYEHHS.

O6Ccy>KIeHHe BOIIPOCa YYBCTBUTEABHOCTH OHOAOTH-
YECKHX CHCTEM K CAa0BIM 3AEKTPOMATrHUTHBIM II0ASIM
HaxXO[MT UIMPOKOE OTPaKEHHE B HAYYHO-TEXHHYECKOH
AUTEpPaType, OCOOEHHO B ITOCA€HEE [AecsaThAeTHe. Ha-
BECTHO HECKOABKO (MHU3HYECKHX MEXaHU3MOB, KOTOpPBIE
[TO3BOASIIOT, B IIPHHLIMIIE, «IPHHUMATBY CAADBIE CUTHAABI
6HoAOTHYECKHMH cucTeMaMH. OCTaHOBHMCSI KPaTKO Ha
HEKOTOPBIX M3 HHUX [22-25], uMess B BUIAY 3AE€KTpOMAr-
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HUTHBIE BOAHBI U TII0Ad B MHAAMMETPOBOM (KpaiiHe
BBICOKOYaCTOTHOM) IHAaIla30HE.

KaroueBasi uzmess 0 YYBCTBHTEABHOCTH OHoAOTHUE-
CKHX OOBEKTOB K CA2OBIM 3A€KTPOMAarHUTHBIM II0ASIM CO-
rAaCyeTcsl C IPEAIIOAOXKEHHEM O TOM, 4TO MM-BOAHBI B
CHAY Pa3HBIX NPHYHH SIBASTIOTCSI «POAHBIMH» HAST 61OAO-
FHYECKHX OOBEKTOB H MOTYT HCIIOAB30BATBHCSI HMH JIASI
eaeH yIpaBAGHHSI OCHOBHBIMH (DH3HOAOTHYECKHMH
dbyHRIMAMU. B TeopeTHyeckoM IaaHEe Ha 3TO 06CTOSI-
TEABCTBO BIIEPBble 0OpaTHAa BHUMaHME IPYIINa POCCHIH-
CKHX Y4E€HBIX B cepenuHe 60-ronoB Bo raase ¢ H.[. e-
BATKOBBIM [7, 8]. HeckoabKO I1T03XkK€ H HE3aBHCHUMO OT
POCCHICKHX YYEHBIX 3TO TIPEAIIOAOKEHHE TTIOAYYHAO KOC-
BEHHOE TEOPETHYECKOE IIOATBEPXKIAEHHE B paboTe H3-
BECTHOTO HEMeELIKoro (U3HKa C MHPOBBIM HMEHEM -—
T'. dpéanxa [11]. OcHOBHO! BBEIBOX U3 3TOH paboThI CBO-
OUTCS K TOMY, YTO OTHAEABHBIE YYACTKH [MAa3MaTHYECKOH
MeMOpaHbl UAH BCST MeMOpaHa KUBOM KAETKH HaXOAATCS
B BO30YKIEHHOM KOA€OATEABHOM COCTOSIHHH (KOTE€pPEHT-
Hble KoAebaHusI) B guariasoHe yactor 1011-10!2 I'ix, uTo
110 COBPEMEHHOH KaacCH(MHKAIHMM COOTBETCTBYET Kpaii-
He BBICOKOYACTOTHOMY AHAarla3oHy. EcTb Bce OCHOBaHHSI
CYHUTATb, UTO KOrE€peHTHble KoaebaHusa ro Ppéauxy u
aKyCTO-9AEKTPUYECKHE KoaebaHHsS B I1AA3MaTHYECKHX
MeMmbpaHax KAETKH, obcyxknaaemsle B [7,12], ecTb OHO U
TO 3Xe (pU3UYECKOE IBACHUE.

MOIIHOCTE 3AEKTPOMATHUTHBIX KoAeOaHUI, u3aydae-
Masi 3ACKTPUYECKHUMH JHIIOASIMH I1AA3MaTHYE€CKOH MeM-
OpaHb! KAETKH, paBHa npuMepHo 10723 Br B y3KOIii rmoaoce
yacToT. CAEZIOBATEABHO, Al JKHBBIX KACTOK CTOAb HH3Kas
BEAMYHWHA MOLIHOCTU SIBASIETCS 3HAQYMMOM BEAWYHHOM, I10-
3TOMY KAETKH «IOAKHBI» ObITh, B COOTBETCTBHU C HPHHIH-
IIOM B3aHMMHOCTH, YYBCTBUTEABHBIMH K BHEIIHHUM H3AYyUE-
HUSIM C MOIIHOCTBIO TAKOrO0 K€ IOpsAAKa BEAWYHH.

OdderT ycHaeHHsT cAabBIX BHEIIHHX 3AEKTPOMAr-
HUTHBIX ITOAEH MOXKET MMETb MECTO HEIIOCPEICTBEHHO B
KOXHOM IOKpOBe. B KayecTBe aKTHBHOrO 3A€EMEHTa MO-
TYT BBICTYNIATh AHATOMHUYECKHE CTPYKTYPBI THIIA IIEAE-
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BbIX KOHTaKTOB [25]. Ha BoabTaMIepHOH XapaKTepHCTH-
K€ IIEAEBBIX KOHTAKTOB HMEETCsl 00AaCTh OTPHULIATEAb-
HOM mudbdeEPEeHIIHaAbHONH NPOBOAUMOCTH, HAaAW4YHE KO-
TOPOH SIBASIETCS OCTATOYHBIM M HEOOXOOHMBIM YCAOBH-
€M [IA9 PeaAH3alHH PeKHUMa YCHACHHUS BXOJHOI'O CHTHAa-
Aaa. OcobeHHO 6oablve KOI(PMUIMEHTB! YCHAEHHS (I10-
psinka 30-60 B no MOIIHOCTH) MOTYT OBITH JOCTHTHYTHI
B PEXHMax PEreHEPaTHBHOrO H CBEPXPEreHEPaTHBHOIO
yCHAEHHS. Pa3andHBIE YCHAHTEAN B BaKyyMHOM M TBED-
JOTEABHOM HCITIOAHEHHH Ha TaKHUX peXHMax paboThl yxe
[AaBHO HCIIOAB3YIOTCST Ha NTpakTHKe [26].

B pabore [27] obcykmaeTcss HOBBIH (QU3UYECKUH Me-
XaHH3M BBICOKOH YYBCTBHTEABHOCTH BOIOCONEPIKAILNX
6110AOTHYECKHX OOBEKTOB K CAAOBIM 3AE€KTPOMATHHTHBIM
I0ASIM (IOpsiiKa €IUHUILL MHKPOBATT). OTOT 3P(dEKT CBS-
3aH C OTKPBITHEM CapaTOBCKUMH (PU3HKaMH CODCTBEHHBIX
PE30HAHCHBIX YacTOT y BOAHBIX KAAQCTEpPOB, A€XKAIIMX B
[HarasoHe 4acToT npuMmepHo 50-70 ITu. IIpu obaydeHUH
OHOAOTHYECKHUX OOBEKTOB CAAOBLIMH 3AECKTPOMAarHUTHBIMH
BOAHAMM Ha 3THUX YacTOTaX HMEET MECTO 3aXBaT MOACKY-
ASIDHBIMH BOZHBIMHM OCLIMAASITOPAMH 4YaCTOThbl BHEIIHETO
CHTHaAa M YCHACHHE IT0 THITy CHMHXPOHH3HPOBaHHOH IeHe-
pallil HMAM PEreHEPaTHUBHOIO ycHAeHHS [26]. Boanbl Ha
9TUX YacTOTaxX pPAaCIpPOCTPaHSIOTCSl B BOAHBIX CPElax C
OYEHb MaAbIMH TIOTEPSIMH (IIOYTH KakK B CAyJae AaBbIIOB-
CKHX COAMTOHOB, [28]) 1, TeM caMbIM, MOT'YT IIPOHHUKATL Ha
DOABILIYIO TAYOHHY 00Ay4YaeMoro obheKkTa, BOBACKAsl TAY-
OUHHbBIE CTPYKTYPBI B IPOLIECC B3aHMOAEHCTBHS CO CAa-
ObIM BHEIIIHMM CHTHAAOM.

BosgeiicTtBue caabbIXx 3AEKTPOMATCHHTHBIX IT0AEH Ha
OHMOAOTHYECKHE CHCTEMBI MOXKET ITPOHCXOAMTH IIPH IIE-
PEMEIIMBAaHUH 00Ay4YaeMOl cpefbl BCAEACTBHE BbIHYXK-
JEHHOH KOHBEKIMH. MOXHO 06paTHTL BHUMaHHE Ha TO
0OCTOATEABCTBO, YTO KOHBEKIIMS BO3MOXKHA HE TOABKO B
obbEMeE KHUAKOCTH, HO U B TOHKHX CAOSIX JKHUIKOCTH TOA-
IIMHOH MeHee 1 MM IIPH MaabIX IIOPOTOBBIX 3HAYEHHSIX
rajaroleil MOIHOCTH TOpsSiAKa HECKOABKHX MHKPOBATT
nau MeHee. HekoTopble pe3yAbTaThbl BAUSTHUS KOHBEKLIMH
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Ha TPAHCIOPT pPAa3AMYHBIX BELIECTB uepe3 MeMOpaHbI
MOXHO HaiTu B pabore [29].

HoBpllf monxonx B OOBACHEHUH YYBCTBHTEABHOCTH
BHOAOTHYECKHX OOBEKTOB K CAAOBIM 3AEKTPOMATHUTHBIM
rmoasiM cBsizaH ¢ addexkToMm «amatu Boaeh [30]. CyTb
atoro adgdekra CBOOUTCS K caeayiouieMy. H3BecTHoO, 4TO
KHUAKas BOJa SIBASIETCSI CTPYKTYPHPOBAHHOH U COCTOHT,
B OCHOBHOM, M3 KAQCTEPOB, NPUYEM MOAEKYABI BOJBI
CBSI3aHBbI MEXAY co00il BOXOPOAHBIMH CBaA3siMH. OKa3bl-
BaEeTCs, UYTO aTOM BOIOPONA, KOTODBIN PACIIOAOKEH Me-
KOy ABYMsl OAMXAMIIMMH aTOMaMH KHCAODPOJA, MOKET
HaXOAUThCS B OOHOM H3 JIBYX COCTOSHHH - AMOO BOAM3H
omgHoro, Aubo BOAM3M Apyroro aroMma Kucaopoma. OnmHO
U3 COCTOSHHI SIBAIETCS YCTOMYHBBIM, a APYroe HEYyCTOH-
4YUBBIM. DHEPrUM Mepexofia aToMa BOAOpPOAa M3 yCTOMH-
YUBOr0 B HEYCTOMYMBOE COCTOSIHHE COOTBETCTBYET KBAHT
sHepruu B KBY-nuamnaszone. TakuM obpasoM, ron Bozneit-
crBueM KBY-uzaydyeHHs aToMbI BOAOPOAa MOTYT IEPEUTH B
HEYCTOHYHBBIE COCTOSIHHSI, @ II0 HCTEYEHHMH HEKOTOPOro
BPEMEHHU MOTYT BEPHYTBECH B YCTOHYHBBIE COCTOSIHUSI C
00s13aTEeABHBIM MEPEU3AYIEHHEM KBaHTOB 3Heprau B KBY-
auarnasoHe (q1aMaTb» BoApl). Bona, TakuM obpasom, urpaer
poAb  CAADOMHTEHCHBHOI'O MOAEKYASIDHOTO TeHepaTopa
3AEKTPOMarHuTHbIX BoAH B KBY-nuamnasoHe. Kak caenyer
n3 pabotel [30], MOAEKYABI BOABI MOTYT HAXOOUTHCH B
HEYCTONYHBOM COCTOSIHHH JOCTATOYHO ITPOJIOAYKHUTEAb-
HOE BpeMsI — NOPSIIKA HECKOABKUX HEIEAD.

HoBble 1 HeoXHIaHHBIE BO3MOXKHOCTH OOBSCHEHHS
MeXaHH3Ma BAUSHHS CAAOBbIX CHIHAAOB Ha OHOAOTHYECKHE
CHCTEMBI OTKPBIBAIOTCH IIPH HCIIOAL30BAHHH (DHU3HYECKOT0
SIBAGHHSI, OTKPBITOTO IIPUMEPHO ABAIATh ACT TOMY Ha3aml.
OToT PU3MIECKU PEHOMEH OblA HA3BaH CMOXACmMuueckum
PpE3OHAHCOM, KOTOPBIII B PAaIHMOTEXHHKE YacTO Ha3BIBAIOT
croxacTHdecKor duabTpaumeil. Hanboaee noanass uHgop-
MallHsl O CTOXaCTUYECKOM PE30HAHCE M BO3MOXKHBIX obaac-
TSIX €ro IPUMEHEHUs, BKAKOYAd OMOAOTHIO M MEIULIHHY,
COZIEPIKUTCS B OPHTMHaABHOH 0030pHOH pabore [31]. Yuu-
TBhIBasl HEJOCTATOYHYIO OCBEIOMAEHHOCTE CIIEIIHAAHCTOB B
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obaacti 6Hosoruu M MemuLMHBEI 06 3ToM 3ddekTe, ocra-
HOBHMCSI KPaTKO Ha CyNIHOCTH achdeKTa cmoxacmuueckozo
pe3oHanca [31, 24].

B nayase 80-x romoB 3KCIIEPHUMEHTAABHO ObIAO OGHA-
PYKEHO, YTO HAaAWYHE HCTOYHHUKOB IIIyMa B HEAUHEHHBIX
AUHAMHYECKHX CHCTEMaX MOXKET NPUBECTH K IIPUHLIMITH-
aABHO HOBBIM peEXUMaM (YHKIMOHUPOBAHUS CHUCTEMBI,
KOTOpBIE€ HE MOTYT OBITH PEaAU30BaHbI B OTCYTCTBHE LIIyMa.
Bp1a0 1oKa3aHo, YTO B HEAMHEHHBIX CHCTEMAX IIIYM MOKET
HUrpaTh «[IOAOKMTEABHYIO» POAb, BbI3bIBasi YBEAUUEHHE CTe-
IIEHH VIIOPSIIOYEHHOCTH JBIDKEHHI B CHCTEME UAH K
YAYYIIEHHIO pabodHxX XapaKTEPUCTHK CUCTEMBI, HAIIpU-
MeEp, «IPHUBOAUTL K o00pas3oBaHHIO 06oaee pEryAsIpHBIX
CTPYKTYD, YBEAWYHBATh CTEIEHb KOI'€PEHTHOCTH, BBI3BI-
BaTbh POCT YCHACHHA M YBEAHYEHHE OTHOLIEHHE CHI-
Haa/urym». HaltoMHHM, YTO B COOTBETCTBUH C OOLIETIPUHS-
TOM, KAACCHYECKOI TOYKOH 3peHHs IPUCYTCTBHE IIyMa
BCEria BOCIIPHHHUMAAOCh CITELIMAAMCTAMH KakK OTpHLA-
TEABHBIH (DaKT, IIyM BCErIa MNOAXKEH OblA NPUBOIWUTHL K
YXYALICHHIO XapPaKTEPHUCTHK OWHAMMYECKHX CHCTEM; IIOo-
3TOMy BCETZa C LIYMOM IIPHUXOAHAOCH KaK-TO «GOPOTHCSY.
«3derT cmoxacmuueckozo pe3oHaHca OIPENEASIET IPYIITY
ABA€HUH, NMPH KOTOPBIX OTKAMK HEANHEHHOM CHCTEMB! Ha
cAaOblff BHEIUHHI CHTHaA 3aMETHO YCHAMBAETCSI C POCTOM
MHTEHCHBHOCTH LIyMa B CHCTEME, IPHYEM BCETZla UMeeT
MECTO MakCHMyM (3thdeKTa) IIPH HEKOTOPOM OIITHMAABHOM
ypoBHe mymanr [31].

MHOroYHcAeHHblE HaAbHEHIIHE SKCIIEPHMEHTAALHEBIE
HCCAEZIOBaHMS, MPOBENEHHbIE C Pa3HBIMH (PHU3HYECKUMH
0OBEKTAMH, [1aI0T OCHOBaHUE IAS TIPHHLMITHAABHOIO BBI-
Boza: aghghexm cmoxacmuueckozo pe3oHaHca npedcmagnis-
em coboli pyHIameHManLHoe, paHee He u3gecmHoe usu-
yeckoe sieneHUe, KOmopoe Nposie/isiemcst 8 HenuHeliHbx ou-
HAMUYECKUX CUCMeMaxX U NO380JISem KOHMpOAUPO8ams oC-
HosHble napamempbl cucmemsl. HeobGXOOUMO OTMETHUTE,
YTO CMOXACMUUecKull pe3oHaHC MOXKET HabAIoJaThCsI U B
HEIWHAMHUYECKHX HAH TIOPOrOBBIX CHCTEMax, 4YTO IIpen-
CTaBASIET 0COOBIM HHTEpeC AAd OHOAOTHYECKUX CUCTEM, KO-
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TOpble B TIOAHOH MEpE OTBEYArOT YCAOBHUSAM BBINTOAHEHHS
Cmoxacmuyveckozo pe3oHaHcd. OTY MbICAb MOXKHO ITOSICHUTD
¢ nmomorpio pyuc 11. Ha 3ToM pHCyHKE ITOKa3aH IOAIIOpo-
roBbIfi CUrHaA (CHHYCOHMIAABHBIN) U (OparMeHT amguTHB-
Horo (beaoro) myma. Kak BHAHO, CUTHaA MOXKET IIPEOHO-
AETB TIOPOr TOABKO ITPH HAAWYHM LIyMa, X 3TO IIPOMCXO-
OUT cAyYaMHbIM obpasoM (puc. 11,a).
Ilpu npeogoseHUH , Tlopor G

rnopora (OPMUPYIOTCS “..;M 7 _,»/;B**‘J .l‘wl N
UMIIyABCbl  CTaHAAPT- / ﬁ'ﬂf“ Y \anm 5
Ho#t hopMe! (pHuc. 11,6), | Zone \ ;W !
CIIEKTpaAbHAasi TIAOT- i S

HOCTB MOILHOCTH KOTO-
PBIX MpencTaBA€HA Ha
puc. 1l1,e. BepTukaab-
Hble 4EPTOYKU HaA 3TOM
PHUCYHKE COOTBETCTBY-
IOT YacTOTE€ CHHYCOH-
JAABHOTO CHTHaAa U €ro
rapMoHuKaM. IIpu noc-
TAHOBKE 3KCIEpPHMEH-
TOB IO HCCAEIOBaHHIO
cmoxacmuueckozo  pe- ot - ” S P
30HaAHCcA ~ HEODXOOHMMO o Haczora @, €l'n
YYUTHIBATb TAKXKE CAE-
OYIOULYI0 OOIOAHHTEAD-
HYIO HHPOPMALIHIO,
BBITEKAIOIIYI0O H3 TEOo-
PETHYECKHUX UCCAEOBAHUN:

— TIOAE€3HBIH CHTHaA MOXET ObITh I'apMOHHYECKHM
(kax rMokasaHoO Ha pHC. 7), KBa3UrapMOHHYECKHUM (C KO-
HEYHOH MIMPUHOH CIIEKTPaABHOM AMHHWH, 00YCAOBAEHHOI
nedcTBHEM (AYKTyalMil), MHOTOYACTOTHBIM HAHM IIpEn-
CcTaBAATE CODOM Y3KOIOAOCHBIH cAydaiiHbIIl curHaa. B
cAyyae MHOTOYACTOTHOIO ITOA€3HOI'O CHTHaAa, e€cau ad-
deKTHBHAs [10AOCa YACTO He MNpeBblaeT 25% oT yacTo-
Thl HECYLIEro KoaebaHMsI, INPaKTHYECKH BCE YaCTOTBI
CUTHAAa HMEIOT OAWHAKOBBI KO03(OMHUIIHEHT YCHAEHUS.
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et Ple), B Dt

CHERTPasbBR% DROTHOCT &

Puc. 11, dusuka
CTOXaCTHUYECKOT'O pe30oHaHCca
(mosicHEHHS B TEKCTE)
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B cayuae curHasa ¢ KOHEUYHOH HIMPUHON CIEKTPaAbHOL
AMHHMH TIpH DPEaAM3ALMH CIMOXACMuUUeckoz0 pe3oHaHcd
IMUPHHA CIEKTPaABHON AMHHM Ha BBIXOE CHUCTEMbI MO-
KET ObITh YMEHBIIEHA [TPH ONTHMAABHOM YPOBHE LIyMa
(HarTOMHHM, YTO B peaAbHBIX CHUTyallUsIX HA OHOoaOrHYe-
CKHE CHCTEMBbl HOEHCTBYIOT 3ACKTPOMATHUTHLIE I1I0AS,
HMEIIIHE KBa3UIIYMOBOH, HE CTPOTO IEPUHOAHMYECKUH
BHI);

— IIYMOBOM CUTHAA MOXKET ObITh THNA «GEAOTO» IIIyMa,
HO MOXKET HMETh U OrpaHHYEHHLIA CIEeKTP; aghghexkm cmo-
XACMUYECK020 Pe30HAHCA Moxem bbimb peanu3o8an KaK
npu eHewHem wyme, maxk U eHYmpeHHem wyme 8 camoll
uccnedyemoti cucmeme;

— IIpU BO3ZIEHCTBHUH NEPHOAMYECKHM CHTHAAOM Ha
CTOXaCTHYECKHE CHCTEMb! UMEET MECTO CTOXaCTHYeCKast
CHUHXPOHM3AlLMs, TO €CTb MOXET MPOHCXOAUTHL 3axBaT
CHCTEMOH 4YacTOThl BHEUIHETO CHUTHAaAd, U IT0SIBASIETCH
BO3MOXXHOCTb YIIPaBAATE IIapaMeTpaMH CHCTEMbI, HaXo-
OSALIEHCS B COCTOSHHH CTOXaCTHYECKOH HEAMHEHHOHN au-
HaMHWKH; MOXKET HMETb MECTO TaKXKE CHHXPOHH3ALUSA
aHcaM0AsI CTOXaCTHYECKHX PE30HATOPOB CAabbIM BHeI-
HHM [EPUOOUYECKHM CHTHAAOM (3TOT caydait ocobo Ba-
KEH JIASI MCCAENOBaHHS TAKUX OHOAOTHYECKHX CHCTEM,
KaK TIONYAIIIHH HEHPOHOB-PELIETITOPOB HAM MAaCCUBBI
HMOHHBIX KaHaAOB B KAETOYHBIX MeMbpaHax). HoBoe 06-
CTOSITEABCTBO B 3TOM IIPHMEpPE CBSI3aHO C TEM, YTO POAb
IIYMOBOro KoaebaHUsI, HEODXOIMHUMOro OASl peasu3allu
CMOXACMUUYecKoz0 pPe30HAHCA, BBIIIOAHSET BHYTPEHHH
mMyM OHOAOTHYECKOH CHCTEMBI.

JIAs1 MAAIOCTPALIMM TOTO, KaK B PEaAbHBbIX GHoAorHue-
CKHX CHCTEMAaX MOKET IIPOSIBASITECH Cmoxacmuueckull pe-
30HAHC, PACCMOTPHM JBa MPUMEpPa, KOTOpbie 00CYyKIar0T-
cs B pabore [31] 1 npeAcTaBAsSTIOT OOABILIOH MHTEPEC C TOY-
KM 3peHHs o0paboTKW KHUBBIMU OpPraHU3MaMH BHEIIHEH
uHpoOpMaLU. OTH NPHUMEPHI TIOMOTYT MOSICHUTD, KaK KH-
Bbl€ OpPTaHHU3MbI NPHUCITIOCOOHAMCH B IIPOLIECCE 3BOAIOLIMH
HCIIOAB30BATh HEYCTPAHHUMBIH» IIYM IIPH ONTHMAaABHOM
BBIIEACHHUH TTOAE€3HOH HH(POPMALIUH.
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TlepBBIil TPUMEP OTHOCHTCHA K TAKTHKE TIOBEIEHUS
CBepYKa IIPH MMOABACHHH YIPO3bI CO CTOPOHBI OChI, KOTO-
pas CTPEMHUTCH OTKAaObIBAThH sHIla B TEA€ CBEpPYKA.
CBepYOK MOAXKEH 3a0AATOBPEMEHHO OIIPEICAUTH BpPEMS
npubamKeHus ocbl. [I03TOMYy OH [OAXKEH BBIAEAUTBH ITe-
puoaMyeckre KoaebaHUst BO3ayxa, OO0YCAOBAEHHBIE KO-
AEOAOIIMMHCS KPBIABSIMH OCBI (C YaCTOTOH IIPHMEPHO OT
80 mo 100 T'u), Ha ¢oHe 3HAYMTEABHBIX BHEIIHHUX aKy-
CTHYECKHUX ToMeX. M cBepdoK cripaBasieTcsl ¢ 3ToH 3ama-
4ell, TaK KakK OH AeHCTBYeT, KaK HeAWHaMH4YecKas, I10-
poroBas cucreMa (cM. BblIe). B paccMoTpeHHOM IpuMe-
pe BHEUMIHMNM aKyCTHYECKHH IUyM, IIPHUCYTCTBYIOLUMI
BCerzia B BO3AYIUHOH cpelie, ITOMOraeT CBEPYKY PEeasnus30-
BaTh 3dEKT cmoxacmuueckozo pe3oHaHcd, T.€. BbIIe-
AWTBH C TIOMOLIBI0 CBOMX MEXaHOPELIENITOPOB IIEPHOANYE-
CKHH CHTHaA TPEBOTH — KoaeDaHUs BO3AyXa, co3zaBae-
MBbI€ KPBIABSIMH OCBI.

Bropofi MpUMep OTHOCHUTCSI K CTPATErHH ITOBENEHUS
PEYHOT0 paka, KOTOPBIH cTpeMUTCs n3bexkaTh BCTPEUH C
XHUITHUKOM — TOAOOHOH pblboH. CHcTeMa MeXaHOpELEI-
TOPOB pakKa paclioAOXKeHa B XBOCTOBOH uyacTu. MexaHo-
PELENTOPEbl BOCIPHHHUMAIOT ITOYTH IIEPHOAHYECKHE KO-
AebaHMa BomgHOH ToAamM (oKoao 10 T'm), obycaoBaeHHBIE
JBUXKEHUSAMU NpUOAUKAIOleiica pbIObI, HA (pOHE IIUPO-
KOITOAOCHOTO aKyCTHYECKOro IyMa, BCerja IpPHCYTCT-
Byrolllero B Bozie. U B 3TOM cay4yae peasH3yeTcst KAACCH-
YEeCKHH BapHaHT cmoxacmuueckozo peszoHaHca. Tak Kak
CKOPOCTb 3BYKOBOIT BOAHBI B BOZI€ OOABLIIE CKOPOCTH Ilepe-
MeIeHUsT pbIObl, pak CBOEBPEMEHHO I10AyYaeT UHGopMa-
LHI0O O INIPHUOAMIKEHMHM XMIIHHKa H YCIIEBAaeT BOBPEMs
criparaTecd. MoIeABHbIE SKCITEPUMEHTEI, BBIITOAHEHHBIE Ha
MEXaHOPELIENTopaxX CBEpYKa M PEYHOIo paka, IMOAHOCTBIO
TIOATBEPAHAN MEXaHH3M DPabOoThl MEXaHOPELIENTOPOB Kak
HEAHMHEHHBIX CHCTEM, B KOTODBIX peasnsyercst 3ddeKT
CMoXacmu4ecKkozo pe3oHaHCA.

B npumepe ¢ peyHBIM pakoM HeobXooHMo o6paTHTh
BHHMaHHE Ha OQHO BaXXHOE 06CTOSITEABCTBO. B xBOCTO-
BOH YacCTH PEYHOTO paKa MMEIOTCS TakKe (POTOpeLernTo-
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PBI, KOTODBIE XOPOLIO PEArHpyIOT Ha CBETOBOH ITOTOK.
OKCIEpUMEHTAALHO OBIAO TTOKA3aHO, YTO IIPH BO3OYKIE-
HHH (DOTOPELIETITOPOR HM3MEHSAETCSl BEAMYHUHA BHYTpPEH-
HEro IIymMa HEHPOHOB, CBA3LIBAIOIINX MEXaHOPEHENTOPbI
C HEpBHOH cHcTeMoOH. Bbplao mokaszaHO Takke, 4TO U B
3TOM CAyYa€ HMEET MECTO CMmOoXacmuueckKulli pe3oHaHC,
CO371aBa€EMBbIil CBETOBBIM ITOTOKOM (BHYTPEHHUM IIIYMOM).
TaknM o6pasoM, B 3aBHCHMOCTH OT OCBEIIEHHOCTH H
U3MEHEHNS! BEAWYHHBI BHEUIHETO aKyCTUYECKOro IIyMa
BOZBI, MTPUEMHAST CUCTEMa PEYHOIO0 paKa MOIKET «IIOAro-
HATB» (C [IOMOIIBIO NOOABAECHHUS BHYTPEHHETO 1IyMa) MO
ONTHUMaAbHOE 3HAYEHUE CYMMAPHYIO BEAWYHHY NIyMa,
HEOOXOMUMYIO OA HOPMAaABHOH peaAu3alllil Ccmoxac-
MuuecKoz0 pe3oHaHca. JTOT AIOOOMBITHBIN (hakT MOXKET
OBITH, TO-BHANMOMY, UCIIOAB30BAH A OOBACHEHHS KAH-
HHUYECKOro HabAlofieHHs], TIpUBeneHHoro B pabore [32].
BBlAO 3aMEYEHO, YTO HAWAYYIIHN TeparleBTHYEeCKUH 3¢-
(dEKT NpH ACYEHHH OCTPOTO AECTPYKTHBHOrO ITaHKpea-
THTA UMEA MECTO INPH OJHOBPEMEHHOM HCITOAB30BaHHH
HHU3KOHHTEHCHBHBIX MMHAAWMETPOBBIX BOAH (TIOAE3HBIH
CHUT'HaAa B HaIlleH TEPMHHOAOTHH) M CBETOBOI'O IOTOKA
(kpacHBIH U 3€A€HBIH CBET), KOTOPBIA MOI' IIPOCTHMYAH-
pPOBaTh ITOSIBACGHHUE BHYTPEHHETO LIyMa B HEHpOHaxX, CB4-
3bIBAIOUIMX PELENTOPbl MHAAUMETPOBBIX BOAH C LIEH-
TpaAbHOM HEpBHOH cucreMoil. B 3ToM cayyae Morau
OBITH BBITTIOAHEHBI BCE YCAOBHsI, HEOOXOAUMBIE IAS pea-
AH3ALHH CMOXACMUYUecKoz0 pe3oHaHCd.

Ecau 3T0 Halue IIpearioAOKeHHE B JAALHEHIIIEM IT0AY-
YUT NOATBEPKACHUE, TO HANO OYHET IMPHU3HAaTh, YTO Tepa-
MEBTHYECKHE allapaThl, B KOTOPLIX HUCIIOAB3YETCS KOMOU-
HallUsd MHAAUMETPOBBIX BOAH H CBETOIHOIOB, SIBASIFOTCSI
6oaee apheKTUBHBIMY, YeM 00bIYHbIe KBY-ammnapats!. Mbl
HUMEEM B BHIy, B YaCTHOCTH, ammnapaTbl «YHHBEpcaa —
KB, Beimyckaemble 3A0 «MTA-KBY» [33].

B 3aRAIOYHMTEABHOH 4YacTH 3TOr0 pas3ficaa 3aMETHM,
uyTo 3pDEKT cmoxacmuueckozo pe3oHAHCA HEIOCTAaTOYHO, K
COKAAEHHIO, U3BECTEH CIIElHAANCTaM, paboTaloM B 00-
AQCTH OHOAOTMH U MEOULIMHBI. MOXKHO COCAATBECH BCETO
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AWIIb Ha HECKOABKO paboT, B KOTOPBIX OOCY:KIaeTcsl cmo-
xacmuueckull pesoHarc. Hanpumep, B pabore [34] rousitue
CMOXACMUYECK020 PEe30HAHCA TIPHBAEKAETCS1 IAs TTIOCTPOE-
HHSI TEPaIleBTHYECKOro anmnapara, B KoTopoM opMHpyeT-
Csl CAOKHO-MOIYAMPOBAaHHBIH (LIYMONOMOGHEIH) pabouunit
curHaA. 3TOT cUrHaa momaé€rca Ha 6uocucreMmy, Iie OH
B3aUMOAEHCTBYET C COOCTBEHHBIM IIYMOM CHCTEMBI, dop-
MHpPYEMBIM KAETOYHBIMM arperanusMu. TakuM o6pa3oMm B
OHOCHCTEME DPEAAH3YETC cmoxacmuueckull pe3oHaHc I10
THUITY «Xao0C + Xaoc».

B pabotax 6uodusukoB u3 IlymmHo (cM, HalpHMeED,
[35]) TakKe HCHIOAB3yeTCH TIOHSTHE CMOXACMUUECK020 pe-
30HAHCA, HO BBIIAEASIETCST POABL ABOMHOIO pe30HAHCcA: Ha He-
cywett yacrore (KBY) n wacrore HHU3KOYACTOTHOTO MOMY-
AMPYIOIIETO KOAEDAHMSI, CBA3aHHOIO C YacTOTAMH OCHOB-
HBIX (DH3HMOAOIMYECKHX PUTMOB.

HaxoHern, npuBenem emé oauH NPHUMEpP TOro, KakK HC-
TI0AB30BAHME TIOHATHSA CMOXACMUUECK020 Pe30HAHCA MOXKET
0Kas3aTbCsl BeCbMa IMAOLOTBOPHBIM — IIPH pPa3pelIeHHH cTa-
poro criopa 6GHOMH3UKOB O TOM, MOXKHO AM OOBSICHHTb
NIPUHLIMIIMAABHYIO BO3MOXKHOCTBH ACHCTBHSI HHU3KOWHTEH-
cuBHLIX MM-BOoAH Ha GHOAOTHYECKUE CHUCTEMBI, €CAH Y4H-
TBIBATh, YTO B 3TOM AuanasoHe hv <« kT (3mech hv — KBaHT
3HEPUH B MHAAHMMETPOBOM jauariasoHe; kT — 3Heprust Ter-
AOBOTO ABIDKEHHS MOAEKYA cpefipl). Criop BenETcsa yxKe Ha
TIPOTSKEHHH TIOYTH OAYBEKA U pa3pelIacTcs C IpuBAcYe-
HHEM TIOHSITHS CMOXACMUUECK020 pe30HAHCA aBToOMaTHde-
CKH: @, MOXKHO, TaK KakK B 3TOM CAydae HMEIOTCS BCE He-
00XOAUMBIE YCAOBHSI [IAS €TI0 PEAAH3ALIHH.

3aBepIas 3TOT paslies, OTMETHM, YTO CTOXAaCTH4e-
CKHI pe30HaHC HMMEET MECTO, MO-BHUAMMOMY, H B caydae
CIIE-achdekra [27,36]. JeHCTBUTEABHO, B BOAEC U B BOJ-
HOH cpele MMEIOTCSI MOAEKYASIPHBIE OCLIMAASITOPBI, KOTO-
pPBIE U3AYYAIOT 3AEKTPOMArHHTHBIE BOAHBI HAa PE30HAHC-
HBIX YacTOTaXx B MHAAHMETPOBOM auaraszoHe. Tak Kak
TaKHUX PE30HATOPOB OYEHL MHOIO M OHHM NpPaKTHYECKHU
HACHTHUYHBI, TO UMEET MECTO CYILIECTBEHHOE VIIHPEHHE
CIIEKTPaABHOM AMHHUH H3AYYEHHSI Ha KaKIOH H3 peso-
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HaHCHBIX yacToT. IIpu obAyueHHUH Takoil cpenbl MUAAU-
METPOBBIMH BOAHaMH OT BHENIHETO MCTOYHHKA BBIIIOA-
HSIIOTCSI BCE€ YCAOBUS JIASI ITPOSIBACHHSI CTOXACTUYECKOTO
pe30HaHCca B [IOAHOM O0BEME.

OdderT cmoxacmuueckozo pesoHaHca Xak QyH-
JaMEHTaAbHOE (QM3UYECKOE SIBACHHE MOXKET OBITH C yCIle-
XOM HCIIOAB30BaH B MEOUKO-O0HOAOTHYECKHX HCCAENOBa-
HHUAX TIPHU OOBSICHEHUH MEXaHH3MOB BBICOKOM 4yBCTBH-
TEABHOCTH OHOAOTHYECKHX CHCTEM K CAaObIM BHEUTHUM
3AEKTPOMArHHUTHBIM [10ASIM HE TOABKO B MHUAAMMETPOBOM,
HO U B [PYrHMX AMAIla3oHaX IAHH BOAH. ITOT 3ddekT
MOXKET ObITb IPUBACYEH TAKXKE HAS OOBSICHEHHUS 3BOAIO-
IIHOHHO 3aKpPEernA€HHOH CITOCOGHOCTH KHUBBIX OOBEKTOB
HU3BAEKAThb BaXKHYIO 1A HOPMaAbHOr0 (YHKILIMOHHPOBa-
HHS HHOOPMAIIUI0 H3 OKpyXKatoleH cpenb! Ha ¢oHe
BO3LEHCTBHA HA HHUX BHEUIHUX ILIYMOB Pa3AUYHOHR ¢H-
3UYECKOM IMPHPOLLI.

Bomnpoc 0 BO3MOXXHOCTH 3HAYUTEABHOTO BO3JACHCTBHA
Ha OuoAormyeckHe OOBEKTb! CAAOBIX SAEKTPOMArHUTHBIX
ITOAEH MOXKET PEIIATHCS TAKXKE U APYTHMHU criocobamu [24].
OpHIMHAABHBIX TIOZXON (B INA@QHE PeEUIeHHs CTapoil IIpo-
O6aeMbr hv << KT) obcyxxnmaercs B OOHOH U3 ITyOAHKAITHI
riocaenHero BpemMeHH [37]. B ocHoBe 3Tol paboTBl AEXKUT
TIPEATIOAOXKEHHE O HAaAHMYHH KOAACKTHBHBIX B3aHMOJEHICT-
BUIi OOABLIOIO KOAWYECTBA YAaCTHULI-AKLIETITOPOB 3AEKTPO-
MarHUTHOTO H3AYYEHHS C BHEIIHUM roaeM. Torma MeI Oy-
OeM HUMETb OeA0 Kak Obl ¢ ONHON KpyHHOH wacTulel ¢
GOABIITHMH 3HAYEHHUSIMH 3AEKTPHYECKOrO 3apsiia U Macchl
(kaacrep). Takoe NPEnIIcAOKEHHE UMEET MECTO B CaMoOp-
TAHHUSYIOIIHUXCS CHCTEMax. B 1momobHOH cuTyalii 3HEpPrus
BHEIIIHETO ITOAS MOXKET IEPEXOAUTh B 3HEPTHI0 MEXaHU4e-
CKUX KoAeDaHHUI BA3KOYIIPYTOH cpefbl, colepsKallei yac-
THLIbI aKLIETITOPBI KOAeOaHU (IMCCUITATHBHBINA PE30HAHC).

Eweé A.C. Tlpecman of6paTHA BHHMaHHE Ha TO 00-
CTOSITEABCTBO, YTO YYBCTBHTEABHOCTb K BHEUIHUM 3ACK-
TPOMATHHATHBIM TTOAIM MaKCHMaAbHaA Y LIEAOCTHBIX Opra-
HHU3MOB U 3HAQYUTEABHO MEHBIIE — Y H30AHMPOBAHHBIX
KAETOK M OPraHOB M COBCEM HH3Kasl — y PacTBOPOB Mak-
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poMoaekyA [2]. MoxHO gaTh caeayrollee 0ObICHEHUE STOMY
darTy npuMeHuTesbHO K MM-auanasony. C ogHo# cTopo-
HBI, 3TO SIBASIETCST CACCTBHEM poan MM-BoaH B rpolieccax
KU3HEEATEABHOCTH, KOIZIa KAETKA C KAETKOI «pasroBapH-
BaeT Ha ga3bike MM-BoaH». C Apyrod CTOPOHBI 3TO MOXKHO
0BGBACHUTL NpocmpaHcmeeHHoU OpraHu3alieii HoAorude-
CKHX CTPYKTYp. XOpPOILIG M3BECTHO, YTO OHOAOTHYECKHM
CTPYKTypaM CBOHCTBeHHa ¢pakrasbHOcTh [38-40]. Yuu-
ThIBasi HOBU3HY (DPaKTaABHOTO ITOAXOoAa B OHoAOrHMH, pac-
CMOTPHM 3TOT BOIIPOC HECKOABKO NozpobHee. OCHOBHas
XapaKTepUCTHKA (ppakTasa — camonodobue. Camorionodue
03HAYaET, YTO (PPaKTaABHBIH OOBEKT COCTOHT U3 OOABIIIOTO
YHCAA «KOIHI» caMoro cebsi, KOTOpPbIE ITPOSIBASIIOTCSI, €CAH
¢dpaKTas U €ro OTHAEAbHBbIE YYACTKH pacCMaTpHUBaTh IIPH
pa3HbIX Macmrabax. ITo paBHOCHABLHO TOMY, KaK €CAU Obl
MBI PaCcCMaTPUBAAM OIHH U TOT K€ OOBEKT I10J] MUKPOCKO-
TIOM TIPH TTOCAEIOBATEABHOM IHCKPETHOM BO3PaCTAIOIIEM
YBEAWYEHHUH U ITPH 3TOM BCE BpeMsi HabAIOMAAH NTpaKTHYe-
CKH OJMHAKOBBIE, caMmorlofiobHwle ¢urypsl. Camoriogodre
TIPHUCYILIE MHOTHM 3aKOHAaM IPHPOAbI U DECYHCAEHHBIM SB-
ACHHUSIM B OKpY2KalollleM Hac MHpe. YcToiuyuBas pabora
TaKOM CAOKHOM HEepapxXUYeCKH OPraHH30BaHHOH CHCTEMbI
obecrieyrBaeTcsl B3aWMHOM ITOAYMHEHHOCTBIO CTPYKTYD,
OTHOCSIIITMXCS K PasHbIM IIPOCTPaHCTBEHHBIM MacuTabam.
OTH CTPYKTYPBI YacTO HMMEIOT IONOOHYIO TOITOAOTHIO, YTO
NpUA2ET BEPTHKAABHOH OpraHM3ailiy >KHBOrO OpraHu3Ma
4epThl PpakTasa (3Ta npobaeMa nmogpodHO obcyKaaeTcd B
npekpacHoM ob3ope [39]). TTo-BHAMMOMY, B KHBOH IIPHPO-
ne paboTaeT HEKOTOPBIA IIPHHIMII, KOTOPBIH MOXKHO
copMyAHpoBaTh Kak «bpakras — K dpakrasy». JelcTBH-
TEABHO, (bpaKTaAbHbIE CTPYKTYPBI ITPHCYTCTBYIOT Ha BCEX
HepapXUYeCKUX YPOBHSX KUBOrO opraHuama. MoxkHO
TIPEATIOAOXKUTD, YUTO 3BOAIOIIUS KHBOTO Ha 3EMAE CAE/IOBa-
Aa TIPUHITUITY CaMOIOA00HS.

OcobeHHO OTYETAMBO (PpakTasbHble CBOMCTBa BhbIpa-
2KEHBI B IbIXaTE€ABHOH, KPOBEHOCHON M HEPBHOM CHCTEMAaX.
BpoHxH 11 OpOHXHOABI AETKOTO 00Pa3yIoT «IEePEeBO» C MHOIO-
YHUCACHHBIMH Pa3BETBACHUAMH. MeakomacuiTabHast CTpyK-
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Typa AbIXaTEABHBIX ITyTE€H BBITASOHT TaK K€, Kak U KpyTI-
HoMacmTabHass AHaAM3 BETBACHHS [bIXaTEABHBIX IIyTel
OHO3HAYHO ITOKA3bIBAET, UYTO OHH TOMYMHSIIOTCH CTENlEH-
HOMY 3aKOHY B IIMPOKOM AHAIIa30HE IIPOCTPAHCTBEHHBIX
MaciTaboB, TO €CTb Mbl MMEEM HEA0 C (DPaKTAALHBIMH
CTPYKTypaMH (IIpH YHCAE€ BETBACHHI — Ondyprauuii, pas-
HOM IpuMepHO 15). TouHO Tak Ke CHUcTeMa KPOBEHOCHBIX
COCYZOB COCTOMT U3 HEIPEPHIBHO BETBSIIHXCA BEH H apTe-
pUii, KOTOpbIE€ BBITASIIUT UAEHTUYHLIMU B LIMPOKOM JHAa-
Ia3oHe IIPOCTPaAHCTBEHHBIX MaciuTaboB. Boablitag mo-
BEPXHOCTb ABbIXaTEABHbIX ¥ KPOBEHOCHBIX COCYIOB CII0CO6-
CTBYET ONTHUMAALHOMY Tra3o00MeHy M KpPOBOCHAGXKEHUIO
BHYTPEHHHUX OOBEMOB TKaHeH. Kpome Toro, dyparrasbHast
CTPYKRTYpa ObIXaTeALHON U KPOBEHOCHOH cHCTeM 06AaaeT
DOOABLION YCTOHYHMBOCTBIO K MOBPEXKIAECHHSM OTHAEABHBIX
aaeMeHTOB. Boobiue dpakTasbHBIE CTPYKTYPbL baaromapsi
U30BITOYHOCTH M HEPETYATPHOCTH XOPOIIO MPOTHBOCTOSIT
PAa3AUYHBIM [TOBPEKICHUAM.

HeifpoHHbIE CETH M OTACAbHBIE HEPBHBIE KAETKHU
(HelipoHbl) TaKKE MMEIOT (QPaKTaABHYIO CTPYKTYpPY. Ecau
paccMaTpuBaTh HEHPOHBI Yepe3 MHKPOCKOIl, TO IIpH
MHOTUX K03GGHHUIHEHTaX YBEAUUYEHUS MOXXHO HabAIOIAThL
HOBblE WJEHTHYHbIE YPOBHH CTPYKTYPBI — OTBETBAEHUSA
OT OTBETBAEHHUH. B MOZEABHBIX 3KCIEPUMEHTaX OBIAO
[I0Ka3aHo, 4YTO (paKkTasbHasl OpPraHu3allUsa HEPBHON
CUCTEMBI CITOCOOCTBYET BBICOKO3I(D(MEKTUBHOMY 06MEHY
MeXIy eé saeMeHTaMH. Kak M ObIxaTeAbHas, U KpoBe-
HOCHasl CHCTEMBbl, (hpakTasbHass CTPYKTypa HEHpPOHOB
OTHOCUTCHI K KAACCy OTPaHHYEHHBIX (DPaKTaAOB: MpHU
LOCTaTOYHO OOABIIIOM YBEAMYEHHM MUKPOCKOIA MOXKHO
3aMETHUTD, YTO BETBAEHUE, KOHEYHO, IIpeKpaliaercs.

@paKTaABLHOH SIBASIETCSI TAKIKE TOIIOAOTHS COCYZIOB
CETYaTKU TAA3d, [TOBEPXHOCTH Pa3fieAd «TKAHB-3KUIKOCTb,
TOBEPXHOCTU SAEPHBIX MeMOpaH, OBEPXHOCTH OEAKOBBIX
MOAEKYA ¥ UX KOMIIAEKCOB, KAACTEPHbIE CTPYKTYPhI BOABI U
T.0. HeobxomuMo oTMeTUTH 0COOyI0 BaKHOCTBL (PpakTaAb-
HOH CTPYKTYpbl BOAHBIX KAACTEPOB: Takasl CTPYKTypa BO-
bl KaK PACTBOPHTEASI MOXKET UIPaTh ONIPEAEASIIOLIYIO POAD
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MpH «caMocBbopKe» GHOMTOAMMEDPOB, O YEM CBHIETEABCTBYET,
B YACTHOCTH, «COTAACOBAHHE» BOAHBIX (PPAKTAAOB C TOIIO-
AOTHUEN GOABITHMHCTBA H3BECTHBIX DEAKOB.

dpakTaasbl — YACTHBIH caAydall Kiacmepos, KOTOPELIE,
KaK CYMTAET COBPEMEHHAas HayKa, SIBASIIOTCH HOBBIM (IIs-
TbIM) COCTOSTHHEM BEIIECTBA (PaHBIIE CYHUTAAOCH, YTO
TaKUX COCTOSTHUH ueThIpe: TBEpZOE, XKHUAKOE, razoobpas-
HOE U MAa3MeHHoe). B obleM cayuae KaacTep — 3TO CHC-
TeMa CBSI3aHHBIX aTOMOB MAH MoAeKya. Ecan kakoe-au60
TEAO TTOCAEIOBATEABHO AEAHUThL Ha Bcé boaee MEAKUE dac-
TH, TO BCE CBOHCTBA 3TOTO Te€Ad ITOCTEIIEHHO HCYE3aloT
0 MEPE TAKOro AEACHMsI, HE3ABHUCHMO OT TOTO, SIBASIETCSI
AM OTO TEAO TBEDHABIM, >KHUAKHM, a3000pasHbIM HAM
raa3MeHHBIM. KaacTepbl SIBASIIOTCSI ITPOMEXKYTOYHBIM
3BEHOM MEXAY MOAEKYAIPHOH (PopMOIt U KOHIAEHCHUDPO-
BaHHBIMH ¢opMaMH MaTepuH H o00AanaroT (QUIUKO-
XMUMHUYECKHMH CBOHCTBaMH, OTAUYHBIMH OT CBOMX cocenei
[41]. Kak nmpoMexXyTOoYHast CTPYKTypa BELIECTBA KAACTEPHI
JOAYKHBI, 110 OMPEAEACHHIO, UI'PaTh OCHOBHYIO (hopMoobpa-
3YIOLYI0 POAb B (POPMHPOBAHUM MAaKPOCKOIIHYECKHX
CBOMCTB ¥ XapaKTEPHCTHK Doaee BBICOKOOPTraHH30BaHHBIX
KOHZIEHCHPOBAHHBIX BEIIECTB M IIPOLIECCOB, YTO M HMEET
MECTO B KHBBIX cucremax. C GOABIION HOCTOBEPHOCTBIO
MOXKHO TPEUTOAOXKUTD, YTO (DpaKTaAbHbIE KAACTEPhbl (KAa-
CTEPbl «C pPaCIoA3arolIeics], Pa3peKEHHON CTPYKTYpOi»
[41]) urparoT onpeneadIolyio poab IpH (OpMHUPOBAHHH B
opranusme auddEpEeHIIMPOBaHHbIX  (CIELHAAN3HPOBaH-
HBIX) TKaHeH. B KHBBIX CHCTEMax OMPOMHOE KOAMYECTBO
$paKTasbHBIX QHATOMHYECKHX CTPYKTYP M OHOAOMMYECKHX
npoueccoB. PpakTasbHblE CTPYKTYPBI B YEAOBEYECKOM OpP-
TFaHU3Me SIBASIFOTCSI PE3yABTAaTOM MEIACHHOH AWHaMUKH
3MOPHOHAABHOIO Pa3BUTHSI M 3BOAIOLMH. J{MHaMHYECKHE
dpakrasbHble (QAYKTYALMH HTPaioT OOABIIYIO POAB B 3M-
6puoreHese. I[To MHeHHIO aBTOPOB paboTel [39] dpakTasb-
HbIE aATOPUTMBI PA3BHUTHA JIOAXKHBI BKAIOYATHCS Ha PaH-
HHMX CTa[IMsIX POCTa OpraHu3Ma - 0 IOSIBACHHS CITELMaAH-
3UPOBAHHBIX CTPYKTYP H YCTOMYHBBIX OHOXHMMHYECKHX
¢opM KHMBOH MaTEpHH, B YACTHOCTH, B paboTe MOAEKY-
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ASIPHBIX MEXaHH3MOB HACAEICTBEHHOCTH - I'eHOB, HOPMH-
POBaHUM MeXaHH3Ma ITaMsTH B NOAOBHOM MO3Te, B MeXa-
HH3Me BOCIIPUSATHS LIBETA U T.A.

ApTOpb! paboTs! [39] cYHTAIOT, YTO «POAB HAYAABHBIX
KOOIEPATHBHBIX CBsI3eH, MOINEPKUBAIOIINX (DPAKTAABHYIO
GHOAOTHYECKYIO CAMOOPraHH3allHIo, UTPAIOT 3/1eKmpomae-
HUuMHble B3aMOAEeHCTBHA — Hanboaee pacrpocTpaHEHHbIH
THIT HEAOKAABHBIX CBA3ell B MacmTabax OHOAOTHMYECKHX
cTpyKTyp». Ha 2AeMeHTapHOM YpOBHE KOOIEPATHBHbBIE
JAEKTPOMATrHUTHBIE B3aUMOACHCTBHS MOIYT OCYILIECTB-
ASITBCSI IBOMHBIMH 3A€KTPHYECKHMMH CAOSIMH MeMOpaH.

TTocAae 3TOr0 MOBOABHO IPOCTPAHHOTO PACCMOTPEHHS
BoIlpoca O ¢pakTasax B OHOAOTHH MOXKHO, HAaKOHEL,
CAEQYIOUIMM 06pa3oM OTBETHTH Ha HabaromeHmne A.C.
IIpecMaHa 0 BBICOKOIN YYBCTBUTEABHOCTH IIEAOCTHBIX Op-
raHU3MOB K BHEUIHUM B3AEKTPOMATHUTHBLIM BO3AEHCTBH-
aM. Bocrmoab3yemcsa asl 3TOrO CAEHYIOIIMM ITPHMEPOM,
XOPOIII0O H3BECTHBIM B 3AEKTPOHHKE U PATUOTEXHHKE.
IIpr BO3AEHCTBHH BHEIIHETO (CHHXPOHH3HUPYIOIIETO CHUT-
Hasa) Ha CHCTEMY CBSI3aHHBIX OCLIHAAATOPOB 3MPEKT
BO3ZIEHCTBUA TEM CUABHEe, 4yeM boaee MOMOOHBIMH (HMAH
CaMOTIOZMOOHBIMU) IBASIFOTCSI CAMM OCLIMAASITODEI.

MOKHO C OCTOPOXKHOCTBHO IIPEATIOAOXKHUTB, YTO II0
Mepe HallleTo [TOHMMAaHUS POAH (PPaKTaABHBIX CTPYKTYP
H TIPOLIECCOB B OHMOAOTHH MbI OyIE€M HMETH [EAO, IO Cy-
LIECTBY, C HOBBIM BHJOM HHQOPMAaIMOHHOrO (caaboro)
B3aUMOIENCTBUA B npupoae — (HpaKkTaAbHBIM B3aHMO-
aericrBueM. ITox 5TUM B3aMMOAEHCTBHEM MOXKHO «I[IOHH-
MaThb SIBAEHUE I[lepefady OGUOAOTHYECKH 3HAYHMOH HH-
dopManu MexXAy MpoleccaMH pPas3HBIX BPEMEHHBIX U
IIPOCTPAHCTBEHHBIX MACHITAOHBIX YPOBHEH, ILEAMKOM
OIIpeneAsIeEMOE UX B3aUMHBIM ITogobuem» [39].

1.6. Boza # MHAAMMETPOBbIE BOAHBI

PoAb CBEpXMaAbIX 3AEKTPOMATHUTHBIX U3AYUEHUH B
rpoleccax caMOOpraHu3alvy KUBOM Marepuu, B eé
3BoAIOLIMH Oblra ompepeasirouleii. B aToM maane ocoboe
3HaYeHWE HUMEEeT BOZla KaK OCHOBHAas Cpena, B KOTOpPOH
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(MAM c ywyacTHeM KOTOPOH) IPOTEKAlOT BCE KU3HEHHO
Ba’KHbBIE IIPOIIECCHI, OTAHMYAIOIIHE XHUBYIO MaTEpPHIO OT
HEXWBOH. MBI HEOTHOKPATHO YK€ OTMEYaAH, YTO BoJa U
BOAHBIE PACTBOPBI UTPalOT KAIOYEBYIO PoAb B Ouodusu-
YECKHX MeXaHH3MaX BO3IAeHCTBHUS HHU3KOWHTEHCHBHBIX
3AEKTPOMArHUTHBIX ITOA€H Ha OHOAOTHYECKHE CHCTEMEI.
PaccmoTpuM 3TOT Bompoc 6oaee rnoapobHo.

Bopna - camoe pacnpocrpaH€HHOE Ha 3eMA€ U caMmoe
3araioyHoe BelecTBo Beeaennoit [42]. Bona siBasteTcst oc-
HOBOH XH3HU Ha 3eMae. Be3 Bozgyxa XKM3HL BO3MOXKHA
(aHaspobe1), 6e3 Boab! — HeT. YeaoBeK IpHMepHO Ha 70%
COCTOHUT U3 Boabl. M3BecTHOMY HeMelkoMy duauoaory [lro-
6ya PaiiMOHy IpHHAIACKUT 00pasHoe u3pedeHue: <KU3Hb
— 3TO OOylIEeBAEHHAST BOAAY.

AAXUMUKY Ha3bIBAAW BOLY «COBEPILIEHCTBOM» H 060-
3Ha4aAHu €€ B BHE OIIPOKUHYTOI'O TpeyroabHuKa V. «Teaa
He OEHCTBYIOT, ECAH HE PacTBOPEHBI» (B BOE) - OXHO H3
OCHOBHBIX ITOAOXKEHHI aAXUMUHU.

Bona - BeliecTBo, MPHUHATOE B Ka4YECTBE 3TaAOHA Me-
pbI IIAOTHOCTH, oOBEMA U T.A. OAS APYTHX BEIIECTB, OfHAa-
KO, caMma BoJa SIBASIETCSI Hanboaee aHOMAaABHBIM Cpenu
HUX. Y BOIbl MHOTO aHOMaAWH: MHCIIEPCHH, pacCesiHHe
CBETOBBIX BOAH, 3aBHCHMOCTH TTAOTHOCTH, TOYKM KUITEHHS
U 3aMep3aHys ([TAAaBAECHHS) OT TEMIIEPATYpPhbl M JaBACHUS,
TEMAOEMKOCTH OT TEMIIEPATYPLI U OP.

OnHako (pUUKO-XUMUYECKHE CBONCTBa BOXBI, OCO-
0eHHO B XHUIKOH ¢dasze, U3yUEeHBI HEAOCTATOYHO. 'AaBHad
TPYOHOCTDb 371ECh O0OYCAOBA€HA XHMUHYECKHMH OCOOEHHO-
CTSIMH aTOMOB BOAOPOAA W KHUCAOPOZA, CTPYKTYpPOH Mo-
AEKYABI BOJIBI, CITOCODHOCTBIO MOAEKYABI BOABI K JHCCO-
LIMALUH Ha MPOTHBOIOAOXKHO 3apsI’KEHHBbIE HOHBI BOZO-
pona H* u ruzapokcuabHO# rpynnsl OH-, a Takke crio-
cobHOCTBIO BOABI 06pa30BBIBATHL cAabble BONOPOAHBIE
CBA3H, KOTOpPhle B 24 pasa caabee cuUA BlauMomeiicTBUS
MEXKIY SAEKTPOHAMH U SIAPAMH MOAEKYA BOIBI.

H3BeCTHBI TPH LOATOKUBYIIHX H30TOIA KHUCAOPOAA H
TPHU — BOAOPOAA. ITH HM30TONbI 06pasyloT 18 u3oTomumye-
CKHUX pa3HOBHIOHOCTEeH Boabl. KpoMe TOro, mpH HHU3KHUX
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TEMIIEpaTypax CYILLECTBYIOT TAKHE Pa3SHOBHUIAHOCTH BOJIbI
KaK [MOAUBOAOPOA U THIIEPBOAOPON, a TAKXKE OPTO- U Ia-
pa-Boza (C NMapaAACABHBIMH U aHTHIIAPAAAEABHBIMH CITH-
HaMH KaK SIIep, TaK U 9AEKTPOHOB).

[Ba aToma Bomoponaa oOpa3yioT y LEHTPAABHOIO aTo-
Ma KHcAOpoda yroa, ban3kuil kK 104°, 4To NpHUBOOUT K He-
TIOAHOH KOMITEHCAllUH BHYTPHMOAEKYAAPHBIX CHA, H30BITOK
KOTOPBIX 00yCAOBAHMBAET aCHMMETPHIO PAaCIPEICACHHS 3a-
PSIIOB, CO3AAIOIIYIO MTOAPHOCTE MOAEKYABI BOABI. OTa I10-
ASIDHOCTB OIIpENeAsieT €€ IUITOABLHBII MOMEHT H JIM3ACK-
TPHUYECKYIO I[TPOHHIAEMOCTE H SIBASIETCS OIHOM M3 IIPHYNH
aHOMAaABHBIX CBOHCTB BOABI.

IToasipHBIE MOAEKYABI BOZIBI, BCTYIIasi BO B3aUMOJAEH-
CTBHE APYT C APYrOM H APYTHMH MOAEKYAAMH PA3AMYHBIX
OpraHU4eCcKUX U HEOPraHUYECKUX BEIIECTB, 06pasyloT
OTPOMHOE KOAHWYECTBO CTPYKTYPHBIX JAEMEHTOB — accCo-
LIHATOB (KAQCTEPOB, KAATPaToB). OTAEABHBIE MOAEKYAbI
BOABl CBSI3aHbl MEXKAY CODOM cHAAMU NIPUTSXKEHUS, B
YaCTHOCTH, BOJOPOAHBIMH CB3IMU. BomoponHas cBs3b
— 3TO 3AEKTPOCTATHYECKOE B3aMMOAEHCTBHE MEXKOY OT-
PULIATEABHBIM 3apsI0M KHCAOPOXa OXHOH MOAEKYAB! BO-
Obl U UACMUUYHBIM IIOAOXKHTEABHBIM 3apsiiOM BOAOPOAA
cocenHell MoaeKyAbl. MHorve cBoiicTBa Boabl 0bycaoBAe-
HbI 0COGEHHOCTSIMHU BOLOPOAHBIX CBA3e [43].

JIAsT KOHIEHCUPOBAHHBIX (a3 BOAbI XapaKTEepHBI He-
obbIyaiiHO GOABIIINE aMIIAMTYABI KOoAeDaHHII aTOMOB MoOAE-
KyABI BOZIBI U TIPOLIECCHI AHCCOLIMAIINH MOAEKYABI BOIBI Ha
HMOHBI. Boablliie aMIANTY bl KoaebaHHH aTOMOB MOAEKYABI
Bozie! (nopsimka 0,6A) ompeneasiior mehopMHUPYEMOCTb BO-
bl B KUAKOH hase.

PeaabHas Bo/ia HE SIBASIETCSI «YHCTOM» B TOM CMBICAE,
YTO OHA HE COCTOMT M3 INPOCTBIX MoAeKya Boaw! HzO. Pe-
aAbHasa BOZA — 3TO CMECh Pa3HOBMAHOCTEH COOCTBEHHO MO-
AEKYA BOIBI, & TAKXKE PACTBOPEHHBIX B HEH BCEBO3MOXKHBIX
HOHOB, MOAEKYA I'a30B U Pa3AHYHbBIX OPraHUYeCKHX U HEoOp-
FaHMYECKHX BEIECTB.

KakoBa cTpyKTypa BOIB! KakK KHAKOCTH? Ha cero-
OHAITHUE [OeHb BONPOC O CTPYKTYPE BOABI SIBACETCS
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IUCKYCCHOHHBIM, XOTsI U UMeeTCsl GOABIIOE KOAWYECTBO
IPaBIOIIONOOHBIX IHMIIOTe3. MHOIME HCCAEIOBATEAN CHU-
TaloT, YTO B BOAE MOTYT OBITH, HAIIPHMED, aCCOIMATHI B
BUAE TETPAdAPOB, I'EKCATOHAABHBIX CTPYKTYpP (B TBEp-
noit, apnornomobHo#t ¢dasze). Boga MoxkeT ObITh IpencTas-
A€HA JIBYXCTPYKTYPHOH MOZIEABIO: PBIXAOM ABIONOMOOHON U
fOoaee TIAOTHO YITaKOBaHHOHN JKHUAKOCTEIO. BaanmopeiicTBue
OAMDKaMIIUX MOAEKYA B BOJIE (DAM3KOZIEHMCTBUE) ONpEeneAsi-
€TCSl CTPYKTYPOH MOAEKYABI BOZbI, DOABIUMMH aMIIAUTYIA-
MH KoaebaHUil aToMOB M ocobeHHO aToMa Boaopoaa. Jasb-
HOJEHCTBYIOIIUE CUABI (B YACTHOCTH, QUCIIEPCHOHHBIE) OIl-
PELEASIIOT MCKAIOYHTEABHYIO OIHOPOAHOCTb BOAbI, HA KO-
TOPYHO YKa3bIBAET, HAIIpPHMED, aHOMaAbHO MaAOe€ pacces-
HHE BOJIOH BHAMMOro cBeTa. JMCIIEPCHOHHBIE CHABI, OIIpe-
JeAsieMble aTOMHBIMH KOA€OaHUSMH, CHHXPOHU3HPYIOT 3TH
KoAaebaHus. BBegeHUEe B OTHOPOAHYIO CPpENy (CHCTEMY OIH-
HAKOBBIX OCLIMAASITOPOB) NPHBOAHUT K HAPYLUIEHHIO CHH-
XPOHU3AIIUU Cpefbl. B pe3yArTaTe CBOMCTBA BOABI B pac-
TBOpaX MaAbIX KOHIEHTpalmil ropaaka 1079 moab (mas
PaCcTBOPEHHOrO BENIECTBA) CYIIECTBEHHO U3MeHdIoTCs. Ta-
KUE U3MEHEHUSs, 3aBHCSIIHE OT BHIA PACTBOPEHHBIX MOAE-
KyA, B OINpPEeNEeAEHHOM UHTEPBAaA€ MaAbIX KOHLIEHTpALMH
MOTYT HEAWHEHHO 3aBHCETh OT WX KOHLIEHTpalUuH. JTOT
aderT OymeT MMEeTb MECTO IIPH TAKUX KOHLIEHTPallMsIX
PacTBOPEHHBIX MOAEKYA, TIPH KOTOPBIX €Il He BO3HUKAaET
IIPOYHBIX CBSI3E MEXKIy PACTBOPEHHBIMH MOAEKYAAMH, W
BO3MOXKHBI (DAYKTyallUH KOHIEHTPAUMH pacTBOPEHHBIX
MOAEKYA B PACTBOPHTEAE.

3aMeTHM, YTO 34eCh Mbl BIIEPBBIE CTAAKHBAEMCS C
CYIIIECTBEHHBIM BAUSHHEM caaboro ¢axkTopa (pacTBOpEH-
HOTO BELIECTBAa) Ha OCHOBHBIE CBOMCTBA XKUAKOM BOBI.

PaccMOTpUM pe3yAbTaThbl OPUTHHAABHBLIX SKCIIEPH-
MEH-TAABHBIX UCCACHOBAHUH, BBITIOAHEHHBIX 3a ITOCAEH-
Hee BpPEMS MU IIOCBANMIEHHBLIX CBOHCTBaM BOXABI IIPH BO3-
nefcTBUH Ha He€ HU3KOMHTEHCHBHBIX MM-BOAH.

A. BosbyxoeHue 00BbLEMHBIX MONEKYJSPHBLLX GO0JH
MUTIUMEMPOBLIMU 8OTHAMU 8 800€ U 8000CO0epIKAUUX
cpedax — CIIE-achcpexxm [27,36, 44, 45].
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Ora abbpeBHaTypa coCcTaBA€HA U3 HAYaALHBIX OYKB
dbamMuanit GU3HKOB, BIlepBble HabAromaBmux 3dderr —
Cununeria H.H., Tlerpocana B.U. u Eakuna B.A., co-
TpyAHUKOB CapaToBcKoro otaeaeHus PO PAH.

Bonocosepaamast
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Puc. 12. Cxema 3KCIIEPHUMEHTAABHON YCTAHOBKH

CxeMa 3SKCIIEPUMEHTAABHOH YCTAHOBKH IIOKa3aHa
Ha puc. 12. Bonoconepxamas cpena 1 obayyaercs saek-
TPOMAarHUTHBIMU BOAHAMH MHAAUMETPOBOIO AuariasoHa
C TIOMOIIBIO PYTIOPHOM aHTeHHB! 3. B KauecTBe UCTOYHH-
Ka MHAAHMETPOBBIX BOAH 2 HCIIOAB3YIOTCSI M€HEepaTOpPhI
CTaHAAPTHBIX cuUrHaaoB ['4-141 uau T'4-142, BeIXOAHAA
MOILIHOCTb KOTOPBIX IT€pecTpauBaeTcsl B UIHPOKOM aua-
nazoHe yacTtoT f = 38-53 u 53-78 ITL COOTBETCTBEHHO.
OTKAMK CHCTEMBl Ha BO3JEHCTBHE MUWLIUMEMPOBLLX
BOAH PETHCTPHUPOBAACE B Oeyumempogom IHUaria3oHe
(nAsT TIOBBINIEHUS IIOMEXOYCTOHMUMBOCTH INpuéMa) C IIo-
MOIIBIO BBICOKOYYBCTBHUTEABLHOIO NPHEMHHKA — pPagvo-
MmeTpa 4, coemuHEHHOro c camonucleMm 5. Ha paboueit
yactoTe, paBHOH 1 ITL, YyBCTBUTEABHOCTh pPagHoOMeTpa
cocraBaseT npuMepHo 10716 Bt B moaoce npuéma, paB-
Hoit 50 MI'u. BrIxomHass MOIMHOCTB MEHEPATOPOB H3Me-
HsAaCh B Mnpezeaax npuMepHo 0,01 MxBT — 10 MBT. [aAst
UCKAIOYEHHUS BAHSHHS BHEIIHUX IIOMEX 3KCIIEpHMEH-
TaAbHAsl YCTAaHOBKA IIOMENIAAaCh B 3KPaHUPOBAHHYIO
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KaMmepy. OCHOBHbIE 3KCIIEPHMEHTAABHBIE PE3YABTATBI B
BUJEe KPUBBIX 3aBHCHUMOCTH ITOKa3aHUH paguoMeTrpa oOT
4YacTOTbl 30HAUPYIOUIETO MHAAUMETPOBOTO H3AYYEHHSA
npeacTaBA€Hbl Ha puc. 13. B oTcyTcTBUE 30HAMPYIOIIETO
CUTHaAa pafoOMETP HaLEXKHO PETHMCTPHPOBAA COOCTBEH-
HBII TEMAOBOH IIYM CHCTEMBI. M3 criekTporpaMM BHIHO,
YTO TIPEBBILNIECHHE H3AYYEHHS CHCTEMBI HaZl TEIAOBBIM
LIYMOM HabAIOZAETCS TOABKO B Y3KHX IT0AOCAX 4YacToOT.
BasxHBIM (paKTOM SBASIETCSI TO, UTO ITOSIBAGHHE KBa3upe-
30HAHCHBIX OTKAHMKOB HMEET MECTO TOABKO IIPH OYEHb
MaABIX 3HAQUEHHSX IMAOTHOCTH MOUIHOCTH 30HIHPYIOIETO
curHaaa — B npepneaax 0,01-10 mxBt/cMm2. [Ipu MEHBIINX
3HAYEHHUSAX MOUIHOCTH I3(P(dEKT OTCYTCTBOBaA, a NpH
OOABIIIMX 3HAYEHUSX CIIEKTporpaMMa pasMblBasach H
UuMeaa MyMononobHbIM xapakrep. I[IpoKOMMEHTHpyeM
3TOT 3KCIIEPHUMEHTAALHBIN PE3yAbBTAT C ITO3ULIMH KAACCH-
YeCKOH paHOTEXHHUKU.
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Puc. 13. 3aBucuMocTs 61osoruyeckoro 3cddexra
oT yacToTel MM-u3aAy4eHus gas BoAs! (a) ¥ yeaoBeKa (6)
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CXOZICTBO CIIEKTPOrpaMM [Iasl BOAB! M Teaa deAoBeKa
CBHIETEABCTBYET O TOM, YTO 3a IOSIBAGHHE H30BITOYHOro
HM3AYYEHHsI OTBETCTBEHHA BOZA, HA JIOAI0 KOTOpPOH B Teae
yeaoBeKa npuxomurcsa 6oaee 70% BemectBa. AByropObrit
XapakTep CIIEKTPOrpaMM IAST KaXKIOH H3 TPEX ITOAOC dac-
TOT HabarogaeMoro adeKra HAaBOOUT HA MBICAb O TOM, YTO
MBI HMEEM JIEAO, MO-BHAMMOMY, C ABYMSI CIIEKTPaAbHLIMH
CHUABHO YINHPEHHBIMH AHHUSIMH. OYEeBHIHO, YTO CIIEK-
TpaAbHbIE AMHHMH COOTBETCTBYIOT CODCTBEHHBIM DPE30HAHC-
HBIM YacTOTaM KaKWX-TO OABYX OCLMAAATOpoB. CobcTBeH-
HOE M3AYYEHHE 3THX OCLMAASITOPOB O4YE€HBb Maao, U HX
MOIIHOCTb COM3MEPHMa C MOIIHOCTBIO TEIMAOBOIO H3AyYe-
Hud. [lpn momaye 30HAMPYIOIIETO CHIHAAA ITPOHCXOIOUT
3¢ heKT yCHAECHHS], KOTOPbIY HAIIOMHHAET XOPOIIO H3BECT-
HBIA B paauoTexHHKe M daekTpoHuke CBY addexr pere-
HEPATUBHOI'O YCHACHUS (M / UAH CHHXPOHH3UPOBAHHOM re-
Heparyu). BosMoxkeH M apyroil momxon maa obmsicHeHUs
CIIE-adbdekra. Pe3oHaHCHBIE YaCTOTHI Ha KaXKIOH IToAoCe
YacToT MOryT ObITH FApPMOHUKAMH HEKOTOPbIX (PyHIAaMEH-
TaABHBIX YaCTOT B 0b6aacTH 6oAee HHU3KHUX 4acCTOT, KOTOpPbIE
II0Ka He 00HAPY>KEHbI 3KCIIEPUMEHTAABHO.

Ecan mepByro mnoaocy yacror (Ha puc. 13 — caesa)
MNPUHATb 334 OCHOBHYIO, TO COXpaHEHUe ABYropbOCTH Ha
BTOPOH M TPETHEH I0AOCAX YaCTOT MOXKHO HHTEPIIPETHPO-
BaTb KaK BO3HUKHOBEHHE KOMOHMHAIIMOHHBIX YacCTOT OT
[BYX OCHOBHBIX PE30HAHCHLIX YaCTOT, [IPUCYTCTBYIOLIHX
Ha IepPBOI I10A0CE YaCTOT.

YirupeHrne pe3oHaHCHbBIX YaCTOT COCTABASIET IOCTATOY-
HO OoabllMe 3Ha4eHUs1 — nopsnaka 2-3 I'Tu (cMm. puc. 13).
OTO BO3MOXKHO, €CAH MBI HUMEEM [IEAO C OOABIIMM KOAHU-
YECTBOM TOXXAECTBEHHBIX OCLIMAASITOPOB, HCHLITHIBAIO-
LIMX MHOTOKPATHBIE CTOAKHOBEHHSI (CTOAKHOBHTEALHOE
yiuupeHue [46]). TakuM 00pa3oM, XOX -HAIIUX PaCCyXKIe-
HUIA [TO3BOASIET CAEAATH OHO3HAYHBIH BBIBOJL O TOM, YTO B
ocHoBe CITE-apdhexTa AeKUT COOCTBEHHOE M3AYUEHHE He-
KOTOPBIX MONEKYNAPHBLIX OCLIMAASITOPOB B BOJHOM Cpene.
Camu aBTops! CIIE-addekrTa B cBoeH nepBoit mybAHKaIIHH
YKa3aAl Ha MOAEKYASIPHYIO IIPHPOMY OCLIMAAITOPOB, PE30-
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HAHCHBIE YaCTOThI KOTOPBIX AexkaT B MM-muana3oHe JAUH
BOAH. B wacTHOCTH MMM OBIAO ITOKa3aHO, YTO B paMKax
TUIIOTETHYECKOH [BYXCTPYKTYPHOH MOOEAHM BOALI 3a
TIEPBYIO OCHOBHYIO PE€30HAHCHYIO YaCTOTY OTBETCTBEHHbI
Koae0aHHs aTOMOB IeKCaroHaAbHBIX KOAELl B IIPOJOAB-
HOM HallpaBAEHUH (B ITAOCKOCTH KOAE€Ll), a 3a BTOPYIO OC-
HOBHYIO YaCTOTy — KoAebaHHsI aTOMOB KOA€Il B IoIepey-
HOM HaTIpaBAEHHH.

OnuuM U3 HHTEepecHbIX caenctBuit CITIE-addexTa aB-
ASIETCST TIOSIBAGHHME PE30HAHCHOM IIPO3payvyHOCTH BOJIHOH
Ccpelibl Ha PE30HAHCHBIX YacToTaX, KOTOPOE IOAYYHAO ITpsi-
MO€ 3KCIIEpHMEHTaAbLHOE TOATBEPXKAeHUE [47] B He3aBU-
CHMOM 3KCIHEPHMEHTE. JTOT 3KCIIEPHUMEHT ObIA ITOCTaBACH
C TIPMMEHEHHEM KBA3WPE30HAHCHOTO BOAHOBOIHOIO TpaK-
Ta OPUTHHAABHOH KOHCTPYKLIHH, YTO [T03BOAMAO ITPaKTHYe-
CKM ITOAHOCTBIO MCKAIOYMTH BAHMSIHHE BHEIIHHX IIOMEX U
06eCrIeYUTh BBICOKYIO AOCTOBEPHOCTE MOAYYEHHBIX PE3yAb-
TaToB. 3aCAyKHWBaeT BHHMAHHSA TaKXKe IPsSIMOE BbIYHCAE-
HHE MOACKYASIDHOH IAMHBI BOAHBI B BOIHOH cpene; aTta
BOAHa OEXHT IO CETKE BONOPOIHBIX CBsI3el I'eKCAroHaAb-
HBIX KOAELl B PeXHMeE, Korzma nposBaseTcs 3PdeKT npo-
3pavyHOCTH BOMHOH Cpenbl JIAST MHAAMMETPOBOIO H3Ayde-
Hud. Tax, HaIpUMep, €CAH JAMHA 3AEKTPOMAarHUTHOH BOA-
HBI B CBOOOAHOM IIPOCTPAHCTBE A= 6 MM (YTO COOTBETCT-
Byer dactore 50 ITu), TO AAMHA MOAEKYASIPHOH BOAHBI
paBHa A = 1 mM. Ilo cripaBOYHBIM JAaHHBIM JIAHHE BOAHBI
A =6 MM COOTBETCTBYET IUIAECKTPUYECKAsI [IPOHUIIAEMOCTE
& =18, Torma Kax rpH pPe30HAHCHOM BO30Y>KACHHU BOIHOH
cpensl MM-BoaHaMH &, = 36.

IlogBoast HMTOr CKa3aHHOMY BBIIIE, MOXHO OTMe-
THUTBb, YTO MBI HMEEM [IEAO0 C PYHAAMEHTAABHBIM OTKPBI-
THeM B o00AacTH (PH3UKH KOHAEHCHPOBAHHBIX Cpeld B
KUAKOH (hase, B 00AACTH CHEKTPOCKONIMH XKUAKHUX CDEX
MpH ux O0y4eHHM CAAOBIMH 3AEKTPOMATHHTHBIMH BOA-
HaMH B MHAAUMETPOBOM [AHAIla30HE IAWH BOAH. 3TOT
3KCIIEPUMEHTAABHO YCTaHOBACHHBIN (hakT emé pa3 MNox-
YEPKHBAET OOABLIYIO 3HAYHMOCTb CAAOBIX BHEIIHHUX BO3-
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MyIaomux HakTopoB B (pU3MKE B3aMMOACHCTBUS aTOMOB
M MOAEKYA B KHIKHX CPEax CO CAa0ObIMH 3AEKTPOMATHHUT-
HbIMH noaaMu. CIIE-acddekT mMeeT He TOALKO GoAbIIOE
Hay4yHOE 3HAYEHHE, OH OTKPBLIBACT HOBBIE ITyTH HETPAIH-
LIMOHHOTO IIPUMEHEHUS 3AEKTPOMATHHUTHBIX BOAH B pas-
AWYHBIX ITPAKTHYECKHUX 00AACTSIX (B OHMOAOTHH, MEIULIMHE,
hapMaKoAOrHH U T.I.).

B. ITamsime 80o0bt

B mocaegHMe roabl MOSIBUAHCH ITyDAMKAIIMH, B KOTO-
PBIX IPUBOAATCS HOBbIE HAHHBIE O POAM BOALI ¥ BOAHBIX
PAacTBOPOR B PEaAH3AIIMH OHOAOTHYECKHX MEXaHH3MOB
MM-BoaH. Bpauyu, npumeHsironige Ha IIPAKTHKE METO[,
MM-Tepanuy, yKe OaBHO oOpaTHAM BHHMAaHHE Ha TO,
YTO TepaneBTHYeCKUH 3 deKT HHOoraa AOCTUraeTcd IpH
HCIIOAB30BAHHH BOJZbI, MPEABAPHTEABHO 00AYYEHHOI
MM-BoAHaAMH HU3KOH UHTEHCUBHOCTHU [48]. B 310 Bpemda
BIIEpPBBIE ObIAO C(POPMYAMPOBAHO IOAOXKEHHE O TOM, YTO
Boja obaazaer «1aMAThIO» IIPU BO3AeHCTBUM Ha Heé
MM-BoAHaMu. MHBIMH CcAOBaMH, BOZa «IIOMHUT» (akT
ODAYYEHIHS M ITOCAE BBIKAIOUEHHMS PE€HEPATOPA BBIMTOAHSIET
dyuknuio reHeparopa MM-BOAH B TEYEHHE JOBOABHO
[IPONOANKUTEABHOIO BPEMEHH (0 HECKOABKHX HEJIEAB).
3TO CBOMCTBO BOZBI H BOOHBIX PACTBOPOB ITOAYYHAO 3KC-
TIepUMEHTaAbHOE NoATBepx)acHUe [49]. MexaHuU3M 3Toro
aBaeHus obcyxkpnaercsa B paborax [50,30]. B pabore [S0]
HCCAEAYETCS BOIPOC O BO3DYXKJAEHUH METACTAOHABLHBIX
COCTOSIHMIM Ha JHEPreTHYeCKOM auarpaMme CTPYKTYp
BOABI U IIOKA3aHO, YTO (PHU3WYECKUN MEXaHH3M (OPMHU-
POBaHUS «I1aMSITU» BOAbLI CBA3AH C CETKOH BOIOPOIHBIX
cBsazell. BomoponHasi ¢cBA3b MEXAY ABYMS MOAEKyAQMHU
BOABI XapaKTEePH3YEeTCs TEM, YTO aTOM BOAOPOHA, Haxo-
OAMUHACT MEXIY ABYMSI aTOMaMH KHCAOPOAa, MOXKET 3a-
HUMAaTb IIOAOXKEHHE AMOO0 BOAM3U OnHOro, AM6G0 BOAU3U
OPyroro aroMa Kucaopoga. B omHOM caydae 3TO MMeEET
MECTO IIpH [OTAOLIEHUH KBaHTa 3Hepruu MM-usaydeHud,
B JIPYTOM CAy4ae — IIPU HCIIYCKAaHHH TAKOI'O K€ KBaHTA.
Ecan nIpH 9TOM OH ITPOJOAXKUTEABHOE BpEMS HaXOIHUTCS Ha
BO30Y?>KOEHHOM 3HEPreTHYeCKOM YPOBHE, TO PEAAH3YETCS
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adbderr «ramarr. TeopeTHYEeCKHE OLIEHKH ITOKa3bIBaIoT,
YTO YacToTa Ilepexofia IIPOTOHA Yepe3 NOTEHIMAaABHBIH
Oapbeep OmnpesieAsieTcs PA3HOCTBIO SHEPTETHYECKHX YPOB-
Helt AE, u paBHa w, = AEy/h, rae h — nocrostHHast Ilaanka.
B BozubIx KaacTepax (H2O)» mpu n = 50-60 yacToTsl Ie-
PEXOOB A€XKAT B MHAAHMETPOBOM H CYOMHAAMMETPOBOM
J[Hara3oHax, 4To o0yCAOBAMBAET PE30HAHCHLIN XapaKTep
roraomeHuss MM-u3AydeHHsT 3TUMH cHcTreMaMu. TakuMm
obpa3oM, MOKHO MPEAIIOAOKHTE, YTO B BOAE U B BOMO-
COoZepIRAIIUX PaCTBOpax mad Aloboit wactoTsl MM-mua-
nas3oHa Bcerga HalayTcst KaacTephbl (MAM KAaaTpartkl), KO-
TOPbIE M0 3TOMY MEXaHH3MY CIIOCOOHBI ITOTAOTHTHL KBaH-
TbI MM-U3Ay4YEHHS M «BBICBETHTBH» HX 4Ye€pe3 KaKoe-TO
IPOAOAXKHNTEABHOE BpeMsi. CaemoBaTEeAbHO, CITOCOOHOCTH
MOAEKYASIDHBIX aCCOLIMATOB BOAbI COXPAHAThH GHosoruye-
CKyI0 (DMOXUMHYECKYIO) aKTHBHOCTbL BOABI IIOCAE TIpe-
KpalleHuss obaydeHHd u onpeneasieT 3(PPEKT «I1aMsITH»
Bozxpl. HammoMHUM, 4TO 3TOT 3¢ EeKT BOZHUKAET IIPH 00-
aydyeHnHn MM-BoaHaMu caaboif MHTEHCHBHOCTH IOPSIAKa
eIUHHIL — IECATKOB MKBT/ cM2.

B. HsameHeHue ceolicme €o0dbl U 800HbLLX pACMEOPO8
npu eé obnyueHUU menoebiMu 0NIHAMU BU006LEeKmos

Eme B pabore [51] NpUBOAMANUCE 3KCIIEPUMEHTAALHbBIE
IaHHBIE O TOM, YTO BO3ZEHCTBHE TEIAOBOIO U3AYUEHHS Py-
KH ollepaTtopa Ha MHKPOOPraHH3MbI B BOAHOM cpene Ipu-
BOAUT K 3HAYMMbIM OHoaorndeckuM adpdekram. Mexanusm
3Toro 3ddeKTa ocTasCs HEBBIACHEHHbIM. HenaBHO nosiBu-
Aacek emie omHa pabora [52], B KOTOPOH IPHUBOAATCH pe-
3yABTATBl UCCAENOBAaHHMS AWHAMHUKU HarpeBa BOObI pas-
AUYHBIMH TEIAOBBIMH HCTOYHHUKAaMH, BKAIOYAs OMO0OBEK-
Tb1. 3Mepsinach 3A€KTPHYECKasl IMPOBOAHUMOCTE BOABI TIOL
JEeHCTBUEM DPA3AMYHBIX TEMIAOBBIX HCTOYHHKOB. [lokaszaHo,
B YACTHOCTH, YTO 3AEKTPUYECKas IIPOBOAHUMOCTD BOABI ITPU
€e HarpeBe [0 OJHON M TOH JKe TeMIIepaTyphbl 3HAYUTEABLHO
BBIIIE IIPH BO3NEHCTBUM AGIIOHU OIIEpaTopa, YeM B cAydac
HarpeBa aasekTpornpubopoMm. BTopoil BaKHBIA pes3yAbTaAT
3aKAIOYAETCSI B TOM, YTO OXAZIKIEHHE BOIbI 0 IT€PBOHA-
YaABHOHM TEMIIEPATYPbI II0CAE BO3HEHCTBHUSA OIleparopa He
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IIPHBOAHUT K HCXONHOMY 3HAYEHHIO SAEKTPOITPOBOIHOCTH.
JInHaMHKa U3MEHEHUS] S3AEKTPOIIPOBOHOCTH PaCcTATHBAET-
Csl BO BPEMEHH, YTO CBHAETEALCTBYET O HAAMYHH 3derTa
«aIaMaTi» Bofpl. MIHTEpEcHO, YTO 3Ta «IaMATh» HCYUE3aeT,
€CAH BOJy HarpeThb 3A€KTPOIIPHUOOpOM.

AHaAM3Upys 3TH 3KCHEPUMEHTAABHBIE PE3YABTATHI,
MO3KHO BBICKA3aTh IIPEANIOAOKEHHE TOM, YTO OHH KOppe-
AMPYIOT C flaHHbIMH paboTh! [48] o addekTy «rmaMsaTH»
BOJZIbl B CAyYae BO3AcHcTBUs Ha Bony MM-BoaHamu. Pe-
3yabTaTbl paboThl [52] MOXKHO OOBSCHHUTH, NpPHBAECKAd
mexaHu3M peasusanuu CIIE-addekrta, a Takke addekT
CTOXaCTHYECKOro pe3oHaHca. Kak yKe yKa3blBaaoCh, B
BOJIE Y BOIHBIX PACTBOPAX 3IKCIIEPHMEHTAABHO ObIAO 00-
HapyKeHO u3aydeHrne MM-BOAH MOAEKYASIDHBIMH OCLIHA-
ASITOPaMHU (T€KCATOHAABHBIMH KOABLIAMH) B ABIOIOA00-
Holt ¢dpakuuu Boawl. B pabore [36] nokasaHo, YTO ycH-
A€HHE HU3AYYEHHSI Ha PE30HAHCHBIX yacToTax B MM-aua-
a3oHe BO3MOXKHO HE TOABKO B CAydYasdx, KOTZla 4acToTa
BHEIIIHETO U3AYYEHHUsI COBIIAZIA€T C 3THMM PE30HAHCHBI-
MU yacToTaMH. DPPEeKT yCHACHHST CODCTBEHHOrO H3AY-
YeHHs] MOXKHO HabAlonaThb TakKe IIPH 30HAUPYIOLIEM
CHTHaAe B HMH(QPaKpacHOM H CBETOBOM aHara3oHax H
MpH cAABBIX 3AEKTPUYECKOM H MarHUTHOM CTaTHYECKHX
rnoaqax. Bo BCeX 3THX CAy4YaaX MHTEHCHUBHOCTDH IOTIOAHH-
TEABHOI'O K TEIIAOBOMY M3AYYEHHS [OAXKHA OBITH MEHBIIIE,
4eM B caydae Bo30yKaeHUus cpeabl MM-Boanamu. Ob6pa-
TUM BHHUMaHHUE Ha TO, YTO IPH AIOOOM 30HIHPYIOLIEM
M3AYYEHUHU MOXKHO HabAIO[ATbH CTUMYAHMPOBAHHOE H3AY-
4YeHHEe HE TOABKO B JIELIMMETPOBOM [MAaras3oHe OAMH
BOAH, HO U, HaNpWMep, B HH(MPaKpacHOM [AuanasoHe.
CaenoBaTeAbHO, U B pabore [52] mpu obAyYeHHH BOIbI
AQIOHBIO OllepaTopa (HarpeB IMPOHCXOOHUT, B OCHOBHOM,
3a CYéT UH(@PAKpPaCHBIX BOAH) HMEET MECTO CTHMYAHDPO-
BaHHOE H3Ay4YEHHE B MHMPaKpacHOM auana3soHe. Takum
obpa3zoM, B paccMaTpHBaEMOM Caydae Mbl HMeeM cobCT-
BEHHOE IIIYMOBOE H3AY4YE€HHE BOAbl B HHGMpPaKpacHOM
AUarasoHe IIAIOC LIIYMOBOE H3AYYEHHE M3 AQJIOHH ollepa-
TOpa B 3TOM JXe QUalla3oHe 4acToT. B pesyawrrare obec-
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TIEYUBAIOTCS BCE HEOOXOAUMBIE YCAOBHS JASI PEaAH3alluH
CTOXacTHYECKoro pesonanca [31].

1.7. OcoOGeHHOCTH B3aHMOAEHCTBHS
MM-H3Ay4EeHHSsI C BOAOH H BOAHBIMH
pacTBOpaMH

Kak ykaspiBaaock BO BBemenuu, nmpumenHeHue MM-
BOAH Ha NIPAKTHKE HAYHHAAOCh CO CIIEKTPOCKONHMYECKHX
HccaenoBaHuM. MHAAMMETpPOBasi CIIEKTPOCKOITHS 10 CpaB-
HEHHIO C OIITHYECKOH 00Aa/laeT TaKHMH MMPEUMYIIECTBaMH,
KaK BBICOKasl YyBCTBUTEABHOCTE M pa3pellaromast crrocob-
HOCTb. MM-cHIEKTpPOMETPEI TI03BOASIIOT U3MEPATH Bpallia-
TEeABHBIE U BpalllaTeABHO-KOAECOATEABHBIE CIIEKTPBI AIOOBIX
MOAEKYA U MOAEKYASIPHBIX KOMIIAEKCOB B I'a30BOH M I1apo-
BoH ¢hasze. B mocaemgHue rompl B 3TOH 00AACTH JOCTUTHYT
GoabliIof mnporpecc. Mmeercst nHgopMalusa o paspaborke
HOBoro Meroja Pypbe-CreKTPOCKONHH, OCHOBAaHHOIO Ha
BO30YKIEHUH PE30HAHCHO TTOTAOLIAIOUINX MOAEKYA ObICTPO
CKaHHPYIOIMM MHKPOBOAHOBBIM H3aydeHHeMm [53]. Cko-
POCTBH CKaHUPOBAHWA BBIOMpaeTcs Taxol, 4ToObl BpeMs
IIPOXOXK/EHHS CIIEKTPAaAbHOH AMHHMM OblAO ObI MeHBIIE
BPEMEHH MOAEKYASPHON peaakcauuy. Baaromaps 3ToMy
JIOCTHUTAETCsl BBICOKasi YyBCTBUTEABHOCTb W ObICTpoeHcT-
Bue. B auteparype mmeercss uH(opMalus o paspaboTKe
HOBOI0, KOMMEPYECKH IOCTYITHOTO HH3KOTEMIIEPATYPHOIO
pe3oHaTopHOro  MuaauMmerpoBoro  OlIP-cniekTpomerpa.
Cnexkrpomerp paboraer Ha uyacrore 60 I'Ty nmpu MarsHuTt-
HOM Itoae UHTeHcuBHOCTEIO 7 T. [53].

IIMnpokoe pacrnipoctpaneHne roayursa AOB-cnekTpo-
CKOIMUA M €€ pPasHOBUIAHOCTh — AYYEBOAHBLIH BapHaHT
[54-56]. OCOBEHHOCTBIO 3TOr0 BapHAHTA SIBASIETCH IpUMe-
HEHHE B Ka4ECTBE H3MEPHUTEABHOI'O TPAKTa AHMH30BOIO Ay-
YeBOAA, YTO ITO3BOAHAO PE3KO CHU3UTH ITOTPELIHOCTH H3-
MEpPEHUH, CBA3aHHbIE C AUPPaAKIIMOHHBIMA 3ddekTamu. B
KAAQCCHYECKOM CAyYae Ha TaKHX YCTAHOBKAX MOXKHO H3Me-
PSATBH CIIEKTPBI ITOTAOILEHHS Ia30B, KOMIIAGKCHBIE K03hhH-
LIMEHTBl IIPEAOMAECHHS, OMIAEKTPUYECKHE H MAarHHUTHbIE
TIIPOHULIAEMOCTH TBEPABIX TE€A H XKUIKOCTEH.
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C MM-crieKTpOCKONUEH CBA3aHbl HAAEXKAL! U3YIEHUS
0COBEHHOCTEN B3aUMOMEHCTBHSA U3AYYEHUS C BOMAOH U BOM-
HBIMH PacTBOPaMHU, YTO OYEHBL BAXKHO JAS PELIEHUSI MHO-
THX NPHUKAQOHBIX 3a/1ad B XUMHH OpPraHUYeCcKHUX U Heopra-
HHUYECKHX COEOWHEHHN, (hpapMaKOAOTHH, IAEKTPOMATHUT-
HoI 6uoasoruu 1 ap. B ocHoBe TakUxX UCCACHOBAHUMI ACIKUT
H3MepeHHe Ko3QHUIIHMEHTA IIOTACIIEHHS BOAbl H BOIHBIX
PacTBOPOB Pa3HOM XMMHYECKOH MPUPOABI ITPH Pa3AHYHBIX
KOHLIEHTPAILIHAX U TEMIIEpaTypax.

PaccmoTpuM o0cobeHHOCTH ToraouieHuss MM-BoaH
Bozmoff M BOAHBIMH pacTBopamu [55,56]. OTu naxHble
IIPECTaBASIIOT DOABIIIONH HMHTEpeC, TaK KaK BOJAHBIE pac-
TBOpPBbI Pa3AHMYHBIX BELUIECTB MOXKHO paccMaTpHUBaTbh B
Ka4EeCTBE MOJEAW BHYTPH- H BHEKAETOYHBIX XKHAKOCTEH
CAOXKHBIX OHMOAOTHYECKUX OOBEKTOB. Kak yKe HeOoTHO-
KpPaTHO yKa3blBaAOCh, BOIA SIBASIETCS BELIECTBOM, CHUAb-
HO moraouaroiiMm MM-BoaHBI. B pe3syabraTe U BO3HHKA-
eT npobaeMa, CBa3aHHAasd C TAYOUHOH ITPOHUKHOBEHHS
3TUX BOAH B ITOBEPXHOCTHBIE CAOHM OMOAOTHMYECKUX 00bH-
€KTOB, OoraTwpix Bomo#i. IIpH 3TOM CAeOyeT YYUTHIBATb,
4T0 abCOAIOTHO YUCTOH BOABI B IIPHPOJIE HE CYILIECTBYET,
TeM boaee B G1oAOrMYECKUX TKaHaxX. B Bome Bcerza pac-
TBOPEHBI rasbl, XXKUAKHE HAW TBEPIAbIE BELIECTBA, KOTO-
pble B TOI HMAU HHOH CTENEHU OKAa3bIBAIOT BAHMSIHHE Ha
eé cBoiicTBa, a 3HAYUT H Ha CIIOCOOHOCTH ITOTAOLIATH
MM-Boaus!l. B UPO PAH 3a nocaegHue TpHALATb AET Ha-
KOTIAGH OOABIIION 3KCIIEPUMEHTAABHBIH MaTepuas Io
H3Y4YEHHIO XapakTepa noraoumieHuss MM-BoaH BOmoH u
BOOHBIMH CpedaMH, TAaBHBIM 00pa3oM HMCTHHHBIMH H
KOAAOUZIHBIMU pPacTBOpaMH. OTOT MaTepuas Obla ITOAy-
yeH B.A.3aBusnoHoMm u B.A. KyapsmoBo# B cOoTpyAHH-
yectBe ¢ FO.U. XyprunsiM (MHCTUTYT OpPraHH4YECKOH XH-
muu PAH). PaccMoTpuM KpaTHO Hamuboaee CyLIEeCTBEH-
HBIE PE3yABTATHI.

OKCIEPUMEHTBI TTPOBOAUAUCE HAa YCTAHOBKE, COO-
paHHOI M3 KBa3HOITHYECKHUX B3AEMEHTOB. B kauecTBe
ucrtoyHuka MM-BoaH ucrioabzoBasacsk AOB-O Ha nauHe
BOAHBI A = 2 MM [55].
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B ocHOBe HccaemOBaHHI ACKHUT HU3MEpeHHe K0oapdu-
LIMEHTA TIOTAOMIEHHUSI CAOSI TOAIIMHOH B OOWH MHAAHMETD
(o, 1B MM) BoABI ¥ BOAHBIX PACTBOPOB BELIECTB Pa3AMYHOH
XUMHYECKOH IPHUPOABI ITPH PA3AMYHBIX KOHLICHTPALIMAX U
TeMreparypax. KOHIIEHTpallMIOHHblE 3aBHCHMOCTH JAS
BOJAHBIX pAacTBOpPOB Ha pas3HbIX MOAMHax BOAH MM-
H3AYYEHHs SIBASTFOTCSI OZTHOTHITHBIMH — TA2IKHE KPUBLIE 6e3
OCTPBIX MaKCHMyMOB H MHHHMYMOB. [IAf OOABIIMHCTBA
PacTBOPOB OGHAPYKEHO OTKAOHEHHUE 3KCIIEPHUMEHTAABLHO
Hal€HHOTO ITOTAOLIEHHUS Makc OT aALUTHBHOIO ITOTAOIIE-
HUSI KOMITOHEHT pacTBOpa tas (pHC. 14).
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Puc. 14. 3aBucuMocTH Koo PUIIMEHTA TOTAOLLIEHHIS
BOJIHOTO PacTBOPA OT KOHLIEHTPAIUH PACTBOPEHHOTO
BEIIECTBA JAS TPEX OCHOBHBIX CAYYAEB

CoraacHo 3akoHy Aambepra-Bepa masg HeB3auMo-
JENCTBYIOINIMX KOMIIOHEHT pacTBOpa B ONTHYECKOH
CIIEKTPOCKOITMH CHPaBENAHBO COOTHOLIEHHE Aux = LGCK;,
rae Ci 1 Ki — MOASIpHBIE KOHILIEHTPAIHUSa U KO3 PUIHEHT
3KCTHHKLHMH I1-KOMIIOHEHTBI pacTBopa. IIpu HaAUYHH
MEXKMOAEKYASIPHBIX B3aHMMOJEHCTBUN B pacTBopax ITpU-
BEOEHHOE BbIUIE COOTHOIIEHHE HapyllaeTcs. BeauunHa
OTKAOHEHHS OO = (ag — Olaxe, HA3BAHHAA NEPUIIMTOM IIO-
TAOLIEHMSI, XaPaKTepHU3YeT 3(PeKThl B3aUMOAEHCTBUI B
pacTBopax. B oCHOBY MHTepnpeTalny 3KCIIEPHUMEHTAAb-
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HBIX JIaHHBIX ITOAOXKEHO IIPEeNCTaBACHHE O TOM, YTO C
TOYKH 3PEHUS MTOrAoLIeHUsT MM-u3ayuyeHusa Boa SIBASIET-
cs1 GUMOOAABHON CHCTEMOM, Ile UMEET MECTO pacrpeme-
A€HHE MeXIy MPaKIHSIMH MOAEKYA BOIbI, B3alMOAEHCT-
BYIOIIUX U HeB3auMoaeHcTByromux ¢ MM-usaydeHueM.
BHMoIaABHBIM XapaKTEepPOM COCTOSIHHSI BOAbI 00YCAOBAEH
OeHULIUT TOTAOLIEHUS 6, KOTOpPBIH B 3aBUCHUMOCTH OT
TOro, B KaKyl CTOPOHY CABHUIAETCSsI B pacTBOPE PaBHO-
BECHE MEXOy IIOTAOLIAIOIIMMHY K HE ITOTAOLIAIONIUMH
dpakuUaAMU BOIABI, MOXKET OBITH ITOAOXKWUTEABHBIH U OT-
punateabHOH BeanwduHol. Mcxomsa u3 medunura IIOrAo-
LI€EHHUA, PACCYHUTBIBACTCA KOAHYECTBO MOACKYA BOAbI No,
M3MEHHBIIUX CBOE AUHAMMHYECKOE COCTOSIHHE I10J BO3-
OEHACTBUEM MOAEKYA pPacTBOpEHHOro BemecTBa. Jasa
JOBYXKOMIIOHEHTHOH cucteMbl No = 6o/ C:Ki, roe C; — Mo-
ASIDHAs KOHIIEHTpallMsd pacTBOpEHHOro BeulecTBa, Ki —
MOASIPHBIH KO3((PHULMEHT SKCTHHKLUMUMN YUCTOH BOMBI.
ITocKOABKY OCHOBHBIMH MNpPOLIECCAMH B BOAHBIX PacTBO-
pax fBASIIOTCS THAPATALMOHHBIMH, BEAWYHHBI No ObIAH
Ha3BaHbl YHUCAGMH THApATAlLlMH. PacTBOpEHHBbIE B BOAE
BELIECTBA B 3aBUCHMOCTH OT HX CTPYKTYPbl H XHMHYE-
CKOIl TIpPHUPOABLI CIIOCOOHBI OKa3bIBaThb BO3JEHCTBHE Ha
OUHAMHKY MOAEKYA BOJABI 10 Pa3HBIM MEXaHU3MaM:

a) ecCAH B MOAEKYAE€ OPraHUYECKOro COEXHHEHUS
HMEIOTCS JOHOPHO-aKLENTOPHbIE TPYIIIbI, TO MOAEKYABI
Boabl 00pas3yroT ¢ HUMH H-cBsa3u. [ToABHXXKHOCTBL TAKHUX
MOAEKYA BOZIbl YMEHBIIAETCS, ITOTAOLLIEHHE pacTBopa na-
[AaeT, U HaOAIOAeTCs ITOAOXKHUTEABHBIH NE(HUIHUT IIOTAO-
mienus, a > 0;

6) ecau cBazaHHasa H-CBA3bI0 MOAEKyAQ BOABI B CH-
Ay, HarpuMep, CTEPEOXHMMHYECKHUX OCOOECHHOCTEH Moae-
KyAbl PacTBOPEHHOTO BEILIECTBA COXPaAHSIET (MAHU JasKe
YBEAUYHBAET) BPAIlAQTEABHYIO TMOABHXKHOCTb, TO I10TAO-
maTeAbHasl CIIOCOGHOCTH pacTBoOpa yBeAHYHBaeTcs. B
pe3yabTaTe HabAIOHAETCsI OTPHLATEABHBIH aeduuuT
rioraoueHus, 6o < 0;

B) €CAH B MOAEKYA€ PACTBOPEHHOrO BEIIECTBA UMeE-
1orcsg ruapodobHble rpynmbl, To 00pa3oBaHUE JOMOAHH-
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TEABHBIX H-CBs3ell MeXOy MOoAeKyAaMH BoAbl BOAM3M
rUAPOOOHBIX TPYIIT TAKXKE IMPHBOAUT K YMCHBIICHUIO
HUX TIOTAOILIATEABHOH CITOCOOHOCTH, TO €CTBH K ITOSIBACHHIO
MMOAOXKHTEABHOrO AeduIUTa moraomenus, oo > 0.

Kak mnpaBHAO, MOAEKYASIDHBIE B3aMMOIECHCTBHUA B
BOIHBIX PACTBOpax IIPOHUCXOASAT M0 Pa3HbIM MeXaHU3MaMm
OMHOBPEMEHHO, U MM-CIIEKTPOCKOITHS, KaK U MHOTHE Apy-
rHe METOABI, II03BOAfET OOHApPYyKHUBaTh CyMMAapHbIH 3d-
dexT. B pame cayuaerB, HMCCAEOys] TOMOAOTHYECKHE PSiIbI
OPTaHUYECKHX COEIUHEHW C yYEeTOM YyBCTBUTEABHOCTH K
TeMIlepatype ruapodobHol ruaparanvy, ynaércs pasae-
AUTBH BKAGBI B OOIIYIO T'MAPATALMIO PA3HbIX THIIOB THApPA-
Tayn. C TNOBBIIIEHHEM TEMIIEPATYpPhl PACTBOpA BKAQM B
TIOTAOIUEHME OT runapodobHOM rHApaTaliiH, B OTAHYHE OT
rUAPOHUABHOM THAPATAIIHH, KaK [IPABHAO, YMEHBIIIAETCH.
3T0 IMO3BOASIET MOCTATOYHO TOYHO ONPENEAUTH BKAAL THI-
podobHOI rHapaTalii. OKCIEPUMEHTAABHO YCTAHOBAECHO,
YTO TIpUMEHeHHe 3akoHa AaMmbepra—Bepa B ITOAHOM 00LE-
Me cobaroaercs Bban3u A = 2 mMMm. B 3T0i1 0baacTu moay-
YAIOTCsT MaKCHMAaAbHbIE JASI KaXKIOI0 BELIECTBA BEAMYHHbI
Np, KOTOpBbIE, KaK MPaBHAO, COOTBETCTBYIOT IIPH THIPO-
UABLHOI THAPATAIIMHM KOAUYECTBY MOAEKYA BOJBI, CIIOCOD-
HbBIX PACITOAOKUTLCS B IIepBOH ruapaTHoi 0b60AOUKe Moae-
KyAbl PacTBOPEHHOIO BeEIeCTBA 3a CYET 00pa3oBaHUSA
H-cesizeif. B wacTHOCTH, HaliieHHLIE B 06AacTH A = 2 MM
CTEIIEHH TuapaTalyu raobyaapHbeix HeakoB (0,3 rpamma
BOZIbl Ha I'paMM OeAKa) COBNANAalOT C BEAMYHHAMM THApAa-
TALMH, HaHAIEeHHBIMH IPYTHMH METOLAMH.

IToAydgeHHBIE 3KCIIEPUMEHTAALHBIE JAHHBIE CBHIE-
TEABCTBYIOT O TOM, KAKHE CAOXKHBIE ITPOLIECCHI TPOUCXOASAT
B BOJIHBIX CUCTEMaX, KAKOBBIMU SIBASIIOTCH OHOAOTHYECKHE
0OBEKTBI, U KaK PACTBOPEHHLIE BELECTBA BAMAIOT Ha Xa-
paxTep BlanmoneHcTeuss MM-u3ayueHna ¢ Bogoi.
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2. OCHOBHBIE PE3YABTATBI
SKCIIEPUMEHTAABHBIX HCCAEXOBAHHN
BO3AEHUCTBUSI HUBKOUHTEHCHUBHBIX
MHAAHMETPOBBIX BOAH
HA BHOAOTHYECKHE OB'BEKThbI

2.1 .9kxcnepHMeHTaABHBIE HCCACZXOBAHHSA

M3 >KUBBIX CYIIECTB MHKPOOPTraHH3Mbl ObIAM MEPBBI-
MM OHOAOTHYECKHMH OOBEKTaMH, KOTOPbIE UCIIOAB30BAAUCH
JAst N3ydeHus 3 (deKTOB B3aUMOIEHCTBHSA C HU3KO-MHTEH-
cuBHbIMH MM-BoaHamu. HeckoabKo mo3ziHee B KadecTBeE
0OBEKTOB HCCAEIOBAHNSA OBIAM BBIOpPAHBI KHUBbIE KAETKU U
OTHEABHBIE CTPYKTYPHBIE 3AEMEHTBI KAETKH [57-62]. Ilep-
BBIH 9KCIIEPUMEHT ObIA ITOCTABAEH C GakTepHeit (KHUIIeYHOIH
rrasoukoii) E. coli, KoTopass XxapakTepHU3yeTcsl CHABHOM H3-
MEHYHUBOCTBEIO (DOPMBI K OOABIION YYBCTBHTEABHOCTBIO K
BO3AEHCTBHIO PA3AMYHBIX BHELIHMX (DakTOPOB. YKe B
TIEPBBIX SKCIIEPHMEHTaxX OblA OOHapyKEH PEe30HAHCHBIN
3¢ dEKT — 3aBHCHMOCTbL CHHTE3a KOAMIHHA OT YaCTOTBI
MM-u3aydgeHus (puc. 15). Oka3aaoch TakKKe, YTO OHMOAOTH-
yecKUi 3(pheKT 3aBUCHT OT BPEMEHH ODAYYEHHSI H LMEET
IIOPOTrOBBIH XapaKTep 3aBHCHMOCTH OT MomHocth MM-u3-
AydeHus (puc. 16). Kpome Toro, Ha KpUBOH 3aBHCHMOCTH
6r0AOrHYECcKOro 3p(eKTa OT MOIIHOCTH U3AYYEHHS NMEET-
Csl IOBOABHO IPOTSDKEHHBIH y4acToK (1aarto), B Ipeaeaax
KOTOPOTO GHOAOTHUYECKHH 3(h(eKT MpakTHYECKH He 3aBH-
CHT OT MOIIIHOCTH H3AYYEHMS, XOTSI Ha 3TOM y4acTKe MOII-
HOCTB U3MEHSAETCS Ha HECKOABKO NOpsaKoB. ITokazaHo, 4To
Ha OTHAEALHBIX (PE30HAHCHBIX) YacTOTaxX CHHTE3 KOAMIIHHA
(beaka) Bbipactaer B 2,5-3 pasza. B pabore [62], BbInOA-
HeHHo Takke ¢ E. Coli, 6b1a1 00HAPY3KEHBI €1IE HECKOAB-
KO BaXXHBIX OHoaoruyeckux 3 (eKToB: yCTONYUBOCTL OHO-
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Aormdeckoro 3ddekra K CTpeccaM (B 4aCTHOCTH, K U3Me-
HEHUIO KOHLIEHTPALMH (PU3HOAOTHYECKOIO pacTBOpa);
COXpaHeHHe (Bocnpomu3BeAeHHe) adpdeKkTa B HECKOABKUX
ITOCAEQYIOUIMX LHKAAX II€peceBa KyAbTYDBI; IpeaBapH-
TeabHOE 0bayyeHne MM-BoAHaMH MOXKET YMEHBINATD I10-
cAeylolllee BAHUSHHE KaKHUX-AH0O0 pPEenpecCHpYROIMX
(pakTOpPOB; BO3MOXKXHOCTL HAIIPABAEHHOI'O H3MEHEHHUS
depMeHTaTHBHOI aKTHBHOCTH 0aKTepHH; BO3MOKHOCTh
BOCCTAHOBACHHSI (PEPMEHTATHBHOH aKTHBHOCTH O HC-
XOIHBIX BEAWYHH, €CAM OHa Oblaa CHMXKEHA B CHAY BO3-
OEeUCTBUSA KaKUX-AU00 Apyrux paKTopoB.

B mocaemyiommx 3KCNEPUMEHTAaX, BBITTOAHEHHBIX C
Pa3AHMYHBIMM APYTHMMH MUKPOOPraHU3MaMH (AKTHHOMU-
LIETHI, [TAECHEBBIE, APOXKKENOoA00Hble U MUKPOMHABHbBIE
rpubbl, APOXKH), OBIAO ITOKA3aHO, YTO IIOA AEHCTBHEM
MM-BOAH HH3KOH WHTEHCHUBHOCTH HU3MEHSETCS XapakTep
JKHU3HENEATEABHOCTH  MHKpoopraHuamoB. ObaydeHue
MM-BoAHaMH BAHSIAO Ha KAETOYHOE [IEeA€HUE, CHHTE3
¢depMEHTOB, U3MEHEHHE CKOPOCTH pocTa M BbIxona Ouo-
Macchl, MPHUBOANAO K MOP(OAOTHYECKHM H3MEHEHHSM H
M3MEHEHHI0 GHOAOTHYECKHX CBOMCTB MHKPOOPraHHU3MOB
(cM., HanpuMmep, 0630p [61]).
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6roaornyeckoro acgerra Ha 3aBHCHMOCTH
OT YaCTOTh! KoAeOaHUIt Oroaoruydeckoro addexrTa

OT MOIIHOCTH NAaAAIoIIEro
n3aydenus [S57]
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Takum obpasoMm, mopm neiictBueM MM-BoAH MoryT
M3MEHSTECST ITapaMeTPbl JXKU3HEAESITEABHOCTH MHKPOOD-
raHM3MOB, PEryAHpoBKa (DHU3HOAOTHMYECKOH aKTHBHOCTH,
MIPOHUCXOOUT MOOHAH3aLMS PE3EPBHBIX BO3MOXKHOCTEHH
MHKpooprain3moB. Hanpumep, Bo3neficTBys Ha CyCIeH-
3UI0 B BOLE CNOpogozo zpuba acnepauinid, MOXXKHO MOBLI-
cuTh ero (pUOPHHOAHMTHYECKYIO aKTHBHOCTL B 2,5-3
pas3a; BO3IEHCTBYS Ha JAPOXKKENOAOOHBII Ipub SHAOMH-
KOIICHC, HCIIOAB3yEMBIf B Ka4eCTBE IMPOAYIIEHTA aMUAO-
AUTHYECKHX (DEPMEHTOB, MOXKHO NOOUTBCS YBEAWYEHUS
aMHAOAUTHYECKON aKTHBHOCTH KyAbTYpbl Ha 50 %. Bos-
JeCcTBHE Ha NMaTOr€HHblIEe MHKPOOPTaHHU3MBI TIPHBOIUT K
HM3MEHEHHIO YYBCTBHTEABHOCTH K QHTHOHOTHKAM LITAM-
MOB CTa(pHAOKOKKA pPa3AMYHOIO IIPOMCXOXKIEHHS, a
TakKe K H3MEHEHHUI0O UMMYHOOHOAOTMYECKOH aKTHUBHO-
CTH TIOAYYEHHBIX M3 HHX aHTUTEeHHBIX CyOCTaHLMH
[61,62]. BasxkHO OTMETUTBL, YTO B GOABIIMHCTBE TIpUBE-
JEHHBIX BBIIIE IIPUMEPOB XapaKTep HU3MEHEeHUd GHOCHH-
TETHYECKUX CBOMCTB MHKPOOPraHH3MOB 3aBHCHT OT Ta-
KUX OHOTPONHBIX nmapaMeTpoB MM-uzayyenus, Kak dac-
TOTa, BPEMsI ¥ KPaTHOCTb 0DAYYEHHSsI, MOIIHOCTb H3Ay4e-
HMS, IPHYEM HMHOTAA B 3aBHCHUMOCTH OT ITapPaMETPOB HU3-
AYYEHHUSI OTMEYaAOCh HM3MEHeHHe 3Haka 3ddekra (Ha-
IIpHUMeEp, aKTUBALIHUS <> HHMHOHUPOBaHHUE).

OpUrHHaAbHBIE MaTEPHAaAbl OBIAM IIOAYYEHB! TIPH
u3y4yeHUH BozaeiicTBH MM-BOAH HaA CIUPTOBBLIE U ITH-
BOBapeHHbIE NpoxaKH. [Ipu Bo3melcTBHH Ha cnupmosble
dpoxoku — Saccharomyces cerevisiae 6Oblaa BbIsIBA€HA
BO3MOXKHOCTb U3MEHEHHSI KYABTYPAABbHBIX, ILIMTOAOTHYE-
CKHX, (PU3HOAOTHYECKUX CBOMCTB KYABTYPbl M COXpaHe-
HHE 3THX CBOFCTB BO MHOTHX IIOKOAeHHsIX. Hampuwmep,
6rosoruyeckue 3¢ PeKThl CoXpaHsIAUCh 6oaee yueM B 300
KAETOYHBIX I'eHepaluax [7].

B MHOTOYHCAEHHBIX 3KCIIEPHMEHTAX C NUB08ApPEeH-
HbMU Oposxokamu — Saccharomyces carlsbergensis 6b1a
TIOAYYEH PsIZT HOBBIX OHOAOTHYECKUX 3D (PEKTOB.

Brian  oTMeueHBI H3MEHEHHs B KpPHUBOH pocTa
APOXCKEBOH KYABTYPBI: COKpameHue aar-gasbl (dassl
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aganTaliy KyAbTypbl K Cpefie) MpUMepHo B 2,5 pasa u
3HAQYHTEABHOE YMEHBIIIeHHE (IPUMEpPHO B 6 pas) cTaluo-
HapHOM ¢paspl, IpU 3TOM HU3MEHEHHS 3TUX CBOHCTB MO-
KEeT IepeaBaThbCs U3 [IOKOACHUS B INoKoaeHHe. Kak u B
cAydasx ¢ APYTMMH MHKPOOpraHM3MaMH, I10J BO3OEHCT-
BHeM MM-BOAH BOCCTAHABAUBAETCH HCKYCCTBEHHO MO-
HUXXEHHasl XHU3HENEATEALHOCTb, a TaKXXe YCTpaHseTCH
AeHCTBUE PErpPecCUBHEBIX (hakTOpoB. OMHHUM U3 BaXKHBIX
HHTETPAABHBIX [1apaMETPOB OPOXKIKEBBIX KYABTYD SIBASI-
€TCsl MAMTEABHOCTH LIMKAQ PA3BHTHS KAETOK MEXKAY IO-
CACHOBATEABHBIMH JeAeHUsIMH. OOBIYHO CHHXPOHHOCTB
JEACHUST Y2KE TTOCAE HECKOABKHX LIMKAOB HapyIIaeTcsl U
HACTYMAaeT Iepexol K 3KCIIOHEHIIMAaABHOMY POCTY dHCAA
KAETOK. OKCIIEPHMEHTAABHO OBIAO 3aMEYEHO, YTO ITIOCAE
BoageiicTBusS MM-BoAHaMHU (ITAOTHOCTB MOIIHOCTH 00AY-
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64 64
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Puc. 17. BpemeHHast 3aBHCUMOCTb CHHXPOHHOTO JIEACHMHS
HeoDOAYYEHHBIX KAETOK (a) M KAETOK,
noaBepriuuxcs obayuenuro (6);

N: ~ TeKyllee Y1CAO KAETOK B CYyCITEH3HH,

No — HCXOQHOE YUCAO KAETOK B cycnieH3nu (Nc/No =3)
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genusa 0,25 MB1TcM? Ha navHE BOAHBL A = 6,5 MM) HacTy-
naetT 3dEKT CHHXPOHU3ALUMH B LIMKAAX HEACHHS KAE-
TOK: HabAIOAETCsl OOUHAKOBOE BPEMSI HEAEHUS GOABIIO-
IO KOAUYECTBA KAETOK, KOTOPOE OTMEYAETCS B LIEAOM psi-
€ LUKAOB AeAcHHdA. Kpome TOro, yBeAMYHMBAETCS U KO-
AWYECTBO LIMKAOB CHHXPOHHOTIO NEACHUS, YTO OTYETAHUBO
BHIHO Ha puC. 17 (3mech NPOTAKEHHOCTU BPEMEHU IIUK-
Aa JIEAEHUS COOTBETCTBYET JAWHA «CTYIIEHBKU» Ha KpPH-
BoH) [7,63]). OToT achbdekT uMeeT BOABLIOE 3HAYEHUE AL
TIOHUMaHUS MEXaHHU3MOB B3auMonciicTBud MM-BoAH c
6rosornuyeckUMU O6BLEKTAMU.

HaxkoHen, skcniepuMeHTBI ¢ dpoxokamu Saccharo-
myces carlsbergensis IIOAYYHAH AOTHYHOE 3aBEPLIEHUE —
BBIPabOTKA METOAMKH YCKOPEHHSI IIPOLIECCA ITPOU3BOJI-
cTBa IMBa, KoTopas OyAeT mnoapobHO paccMOTpeHa B
pasgneae 5.2.

ObpaTtumcs emé K 0AHOM rpynie SKCHEPUMEHTOB 10
BosxercTBUi0 MM-BOAH Ha MHKPOOPraHHU3MBI — MUKDO-
godopocnu,

B nacrosmee Bpemsa mukpogodopocnu (POTOCHHTE3H-
PYIOIIHE OPraHHU3MbI) SBASTIOTCST OTHUM H3 BAXKHbBIX 00LEK-
TOB OHOTEXHOAOTHH ((POTOOHOTEXHOAOIMH) MU MOXKHO ITpei-
TIOAOXKUTD, UTO OHHU CTAHYT OJHUM H3 OCHOBHbBIX OOBEKTORB
IIPOMBIIIIAEHHOTO (POTOCHHTERA (3Ta Haesa Oblaa BhICKa3aHa
B cBoé Bpemsi K.A. TuMupsizeBbiM). DOTOCUHTEIUPYIOLIUE
OPraHM3MBbI B CBOEH KU3HEAEATEABHOCTH 0OXOAATCS OYEHb
OEUIEBBIMM €CTECTBEHHBIMH HCTOYHUKAMU JHEPrHH, I10-
3TOMY OHHM HMEIOT OOABILINE TIPEHMYIIECTBA IIepen Tpamgu-
LIUOHHBIMH B COBPEMEHHOH OHOTEXHOAOTMH OOBEKTaMHU —
reTePOTPOMHBEIMI MHKPOOPTAaHU3MAMH.

MHOroO4YHCACHHBIE 3KCIIEPHMEHTHI, [IPOBEEHHEIE Ha
buodarke MIY coemectHo ¢ PS5 PAH Ha nporsskeHuu
mocaegHUxX 15 AeT, NoKa3aAM, 4YTO HHU3KOMHTEHCUBHLIE
MM-BOAHBI IO OTHOIIEHHIO K MUKPOEOOOPOCAsIM 0DAa-
[AIOT OOABITUMU CTUMYAUDYIOIIUMH CBOMCTBAMMU: B 4a-
CTHOCTH, OOHapyxeH >P(eKT CyLIECTBEHHOH HHTEHCHU-
duranuu (GHOTOCHHTETHYECKHX IIPOLIECCOB, COXPAHSIIO-
mUics NpH MOCAEAYIOUIMX IraccaxkaxX. Hauboablyio
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LIEHHOCTb B IIPAKTHYECKOM OTHOIIEHUH IIPEACTABASIET
cuHe-3eA€Hasi BOOOPOCAB cnupyauHa — Spirulina platen-
SIS — IIPOAYLIEHT LIEHHOIO MMUINEBOr0 U KOPMOBOro Geaka
U OHMOAOTMYECKH aKTUBHBIX COCIHHEHUWI, a TaKXKe Ipo-
MBIIIIA€HHO BaKHasl MOPCKasl OMHOKAETOYHAd BOXOPOCAD
Platymonas viridis, umeromue 60AblINE GHOTEXHOAOTHYE-
CKHE€ BO3MOXHOCTH.

Cpeny Bcex H3BECTHBIX PACTEHUH U MHKPOOPraHH3-
MOB Cnupy/uHA MMEeT BBICOKOE colepKaHWe B Buomacce
H6eaka — okoao 60-70% cyxoro BelIECTBa, YTO IMOYTH B ABa
paza NMpeBBIAET CoaepiRaHue beaka B coe, a Taxke bora-
ThIF1 aMHHOKHCAOTHBIH COCTaB, B KOTOPOM IIPEACTaBAEHBI
BCE HE3aMEHHMBIE aMHHOKHCAOTBI. Mukposodopocis
Platymonas viridis Tak:Ke sIBAGETCs1 60raTbIM HCTOYHHKOM
ITHIIIEBOIO U KOPMOBOI'O DEAKA H COXEP>KUT MHOIO BBICOKO
MOAEKYASIPHBIX JKUPHBIX KUCAOT.

B srcnepumenTax co cnupyauHoll (Spirulina platen-
Sis) IpH ONTHMaAbHOM Iofbope GUOTPOITHBIX MIapaMer-
poB MM-u3AydYeHHs] YBEAHMYEHHE BbIXoAa OHOMAcCCHI I10
CPaBHEHUIO C KOHTPOAEM J[OCTHraso rnpumepHo 250%,
TOrZla KaK TMpH OOBIYHBIX (XUMMHYECKUX) MEAOAAX CTHUMY-
ASIUK TIpHpAllleHHe OHOMAacChl COCTABASIET ITPUMEPHO
25-30% [64,65]. IHaa 3eaéHoii muxpoeodopocau Platy-
monas viridis HauboABIINEI HPUPOCT OMOMACCHI ITPU OITH-
MaABHBIX YCAOBHSIX ODAYYEHHS COCTABASIA TpUMepHO 170%.
BaxkHO, YTO NPHUPOCT OHoOMAacCh! 1rox Bo3xeiictBueM MM-
BOAH COIIPOBOXIAETCS 3KCKpeLueifl B KyABTYPaABHYIO
cpeny OMOAOTMYECKH AKTHBHBIX COEQUHEHHH — HEAKOB,
BUTaMHHOB, HE3aMEHUMbIX aMUHOKHCAOT. U3 rmocaegHux
paboT mo obcyknaemoii mpobaeMe 3acAy>KHBAeT BHHMa-
Hue pabora [66], BBITOAHEHHAd HA OTAHMYHOM METOIHYE-
ckoM ypoBHe. OHa NOCBALIEHA H3YYEHHIO BO3aeficTBUS
MM-BoAH HH3KOH MHTEHCUBHOCTH godopocau Nitellopsis.
OTa BOAOPOCAbL OTHOCHTCSHI K XApO8biM 8000POC/AM, KOTO-
PBbIE COIEPIKAT IAEKTPOBO3OYIHMBIE KAETKH, JIOCTHTAFOIIHE
60ABLINX Pa3MEPOB (B AUaMeTpe — 10 1 MM, 10 JAMHE — 10
10 cm [66]). ITaasmaTuyeckue MeMOpaHbl TAKHX KAETOK
comepykaT MOTEHLHaa 3aBUcHUMble Ca?t-) Kt-akTuBHpyeE-
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Mble Cl'-KaHaabl. ABTOpb! paboThbl HCXOMHAM H3 TOTO, YTO
naasMaTHdeckas MeMOpaHa, KoTopasi COLEpIKHUT boabliroe
KOAWYECTBO MOAEKYASIPHBIX CHCTEM ITaCCHBHOIO M aKTHB-
HOTO HMOHHOTO TPAHCIIOPTA, OTPasKaeT BO3MOXKHBIE H3Me-
HEHHUsI KAETOYHOTO MeTaboAH3Ma, KOTOPBIH MOXKET ObITh
YyBCTBUTEABHBLIM K BO3ZieHcTBHI0O MM-BoAH. B pabote usy-
YaAMCh 3aBUCHMOCTH XAOPHOT'O TOKa OT PasAMYHBbIX 6GHo-
TPONHBIX NapamMerpoB MM-BOAH (B 4aCTOTHOM JAMala3oHe
38-78 ITu mnpH TIIAOTHOCTH MOUIHOCTU IIPHMEPHO
S5 MBrcM?2), a Takke OT TeMriepaTtypbl. B xome skcnepu-
MEHTOB OBIA ITOAYYEH PSII HHTEPECHBIX PE3YALTATOB:

a) mocae GOABIIOTO BPEMEHHOrO IepephiBa IIPUMeEpP-
Ho B 30 aet [57] 6blA NMOATBEPKAEH HETEIAOBOMH, pe3o-
HaHCHBII XapakTrep 6noasorudeckoro 3ddekra OT JacTo-
TbI 3AEKTPOMATHUTHOTO H3AYYEHHS C OSKBHBAAEHTHOL
CcOBGCTBEHHOI HOOPOTHOCTEIO, PaBHOI NprMepHO SO0 exu-
HHUIIAM (U3MEHEHUE XAOPHOI'0 TOKA B HECKOABKO pas3);

6) mpHM M3MEHEHMHM 4YacToTbl M3Ay4YeHHs1 OHoaorudec-
K1t 3perT MOXKET U3MEHUTD 3HAK Ha IIPOTHBOIIOAOXKHBIH;

B) Buoaorudyeckuil acdderr HabarogaeTcs NMpu Bpe-
MeHH 0baydyenus: 6oaee 30 MuH;

c) 3adHKCHUpPOBaHA 3aBUCHUMOCTb OHMOAOTHYECKOrO
acdderTa oT pasbl Pa3BUTHUS OHOAOIMMYECKOr0 00OBEKTA.

B pabore czmeaaH BaXKHBIH BBIBOJ, O TOM, YTO IEp-
BUYHOM MMIIEHBIO BO3AEHCTBUA MM-BOAH MOXKeT ObITH
HEKOTOpast CHCTEMa DPETrYASIIUH, IPEAIIOAOXKHUTEABHO —
AT®a3zHasg aKTHBHOCTb XAOPOITAACTOB, YTO KOPPEAHPYET
¢ BbeIBogaMu pabotel [90], MOAyYEHHBIMH B ONBITAX C 3€-
A€HBIMH KAETKaMH KOMHATHBIX pacTeHuil. Takum obpa-
30M, MOXHO CA€AATh BBIBOZX O TOM, UTO OHoAaoruyeckue
3¢ dEKTDI, MOAYYEHHbIE 3KCIIEPHMEHTAABHO Ha pa3And-
HBIX MHUKPOOPTraHH3MaxX U KAETOYHBIX KYAbTyPax, HMEIOT
MHOI'0 HAEHTHYHBIX 3aKOHOMEPHOCTEH.

IlepBble 3KCHEPHMEHTAABHBIE PE3YABTATBI, ITOAYYEH-
HblE OTEYECTBEHHBIMH HCCAEIOBATEASIMU T10 BO3IEHCTBUIO
HH3KOHMHTEHCUBHBIX MM-BOAH Ha MHKPOOPTraHH3MEI, IIpe-
KIe Bcero AaHHble pabot [57,58], OblAM HACTOABKO CEHcCa-
LIMOHHBIMH, YTO ITOPOAMAM OOABIIIOE KOAHYECTBO HCCAELO-
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BaHUI C MUKPOOPraHU3MaMH, a TaKKe 10 U3YYeHUo du-
3UKO-XUMHUYECKHUX MEXaHU3MOB, KOTOpble ObIAM IIpOBeEJe-
HBI B PasAUYHbIX CTpaHax (Hampumep, [67-71]). Koppekr-
Hble U (DyHOAMEHTAABHLIE PE3YALTATHI OBIAH TTOAYYEHBI HE-
MELIKUMH HUCCAEA0BATEAIMH. B YacTHOCTH, B 3THX paborax
ObIA TIOOTBEPXKAEH HETEIIAOBOIM, PE30HAHCHBIN XapaKTep
6roaormdeckux 3 PEKTOB, a TAKXKE ITOAYYEHbl OPHUIHHAAD-
Hble JaHHBIE [10 MeXaHU3MaM GHoAOTHYIECKHX 3P dEKTOB.

2.2. OrcnepHMEHTAABHO-KAHHHYECKHE
HCCAEZLOBaHHSA

OTH HCCAECIOBAHHS MMEAH NPHHIUITHAABHOE 3Hade-
HHe, TaK KakK OHU TOATOTOBUAH TIOYBY HASl NTPHMEHEHUS
HU3KOUHTEHCUBHBIX MM-BOAH B YCAOBHUSIX KAMHHUKH. Of-
HHM K3 MEPBLIX VYEHBIX, HAYABIIHNX H3ydeHHe Guoaoru-
4yeCcKUX 3(P(PEKTOB KPOBETBOPHOM CHCTEMBl MAEKOITH-
TAIOUUX ITIPH BO3AEHCTBUHM HHU3KOWHTEHCHUBHBIX MM-
BOAH, 6b1ra A.A. CeBacTbsiHOBA [72-74]). Ero 6b1aH 1oAy-
4YeHbl IepBble 0O0HAAEKUBAIOIINE PE3YyALTATHI 110 ocaab-
AEHUIO C ITOMOIILI0 ITpeaBapuTeabHOro MM-Bo3aeiicTBuS
IIOCAEACTBHI BAHMSIHHSI PEHTIEHOBCKOIO H3AYYEHHSI Ha
KOCTHEIII M03r. B uccae1oBaHUAX, OJAUBIIUXCS 0K0oA0 20
AET, UCnoAb30BaHo cBbimie 12 000 3KCIIEpHMEHTAABHBIX
SKUBOTHBIX (MbIlIe#f M Kpbic). OlleHKa peaKIHH KpoBe-
TBOPHOHM CHUCTEMBI IPOBOJIMAACH II0 KOAWYECTBY M CO-
CTOSTHHIO KAETOK KOCTHOro Mo3ra (KapHOLIMTOB) ITpaBoOH
UAM AeBoH OexpeHHON KocTH. OCHOBHBIE 3KCIIEPHMEH-
TAALHBIE PE3YABTATBI, MTOAYYEHHbIE B 3THX 3KCIIEPHMEH-
Tax, MOXKHO MPEINCTABUTE CACAYIOIIUM 00pa3oM.

Baeucumocms 6uonozuueckozo agpgpexkma om naom-
Hocmu nomoka mowiHocmu MM-eonH. Beia obHapyKeH
TIOPOTOBBIH XapaKTep 3aBUCHMMOCTH 3ddeKTa, a IpH I10-
CAEOYIOLIEM YBEAMYEHHWH MOIIHOCTH M3AYYEHHS OTMe-
YaAcsl BBIXOZ Ha IAATO, B Ipeneaax Kotoporo 3ddexT
oCTaBaACst HEU3MEHHBIM.

Basucumocms 6uonozuueckoz0 agpperxma om ONUHBL
8oHbl. I3aMepeHHsT NPOBOIMANCE B QUAlla30HE JIAUH BOAH
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7,07-7,26 MM, Tie 66100 0OHAPYXKEHO 9 PE30HAHCHBIX JAUH
BOAH IIpH KOMOHMHHPOBaHHOM Bo3acHcTBMH MM-BoaH U
PEHTIEHOBCKOIO H3Ay4YeHHUs1. Ha 3THX MAMHAX BOAH oTMeYa-
AOCBH TTOYTH ABYKPATHOE YBEAWUYEHHE YHCAA KACTOK KOCTHO-
TO MO3ra II0 CPAaBHEHHIO C KOAHYECTBOM KAETOK I10CAE BO3-
JEHCTBHS TOABKO PEHTTEHOBCKOIO H3AYYEHHS.

Buonozuueckue aghgpekmul npu eosdeticmeuu MM-eonm
8 pexcume uacmomHoil mooyaayuu. OKa3zasoch, YTO 6HO-
AOTHYECKHI 3ddeKT He HU3MeHdeTCs IpU Tepexone OT
PHUKCHPOBAHHOM (PE30HaHCHOM) NAUHBI BOAHBI K YaCTOT-
HOM MOIYASILIMH 3TOH QHWHBI BOAHBI.

3asucumocms ONUHBL BONHBLL OM NOKANUSALUUU 8030€li-
cmeust MM-usnyueHuem. IKCIIEPUMEHTBI ITOKA3aAH, YTO
JASI KaXXKIOro ydacTKa TeAa >KHBOTHOTO CYIIECTBYET OII-
THMaAbHast JAMHa BOAHBI, Ha KOTOpOH Ouosornyeckuit
acdhderT MakCcHMaAeH.

Basucumocmos 6uosozuueckozo aghhexma om naowiaou -
obnyueruss MM-eonHamu. Obliee 1 AOKaABLHOE ODAydYeHHE
npu KoMbuHupoBaHHOM (MM-BOAHBI M PEHTTEHOBCKOE
HU3AYYEHUE) BO3JNEHCTBHHM JaBaAH IPAKTHYECKH OIHHA-
KOBBIH 6nosoruyeckuil adpdexrr. OgHaK0O KPUTHYIHOCTD B
YCTAHOBKE pPyIopa NeHepaTopa OTHOCHUTEABHO TeAad XKU-
BOTHOI'O OKa3aAOCh MEHEE BBIPDAKEHHOH Al pexuma
YaCTOTHON MOAYASILIVH.

PeayabTaThl NMPOBENEHHBIX 3KCIEPHUMEHTOB I103BO-
AMAN CPOPMYAHPOBATBH ITOAOXKEHHE O TOM, 4TO MM-
BOAHBI B KOMOMHAIIMHY C PEHTT€HOBCKHM HU3Ay4YEeHHEM 06-
AQAIOT IIPOTEKTOPHBIM MAEHCTBHEM II0 OTHOIIEHHIO K
KAETKAM KOCTHOIO Mo3ra. B CBfA3HM C 3THM IIpenCcTaBAsIA
BOABIIIONH MHTEPEC HCCAENOBATb BO3MOXKHOCTH MM-BOAH
B KOMOMHAaIIMH C NPOTHBOOMYXOAEBBIMM IIpernaparaMi.
H3BecTHO, YTO Ha KAETOYHOM YPOBHE 0DHApPyKEHO MHOTO
obIIero B INPOSIBAEHWH BAUSHHS PEHTICHOBCKOTO H3AY-
YeHUs] U TNPOTHBOOIIYXOAEBBIX IIpernapaToB. OKa3aAoCh,
YTO IpU onpencA€HHBIX NapamMeTpax Bo3aeicTBus MM-
BOAHBI CHHMAIOT Topakalolllee AeHCTBHE ITPOTHBOOITYXO-
AEBBIX TIPENapaToOB Ha KPOBETBOPHYIO CUCTEMY, TIOBBI-
maroT PYHKIMOHAABHYIO aKTHBHOCTB CTBOAOBBIX KAETOK.
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Tak, HaIIpUMep, KOAUYECTBO KAPUOLIMTOB BCEra OKa3bl-
BaAOCH BBIIIE B TPYIINIE C KOMOMHUPOBaHHBIM BO3XEHCT-
BUEM II0 CPaABHEHUIO C JAEeHCTBUEM mMO/NbKO DPEHTIEHOB-
CKOTI0 H3AYYEHUsI HAH IPOTHBOOIIYXOAEBBIX IIPENapaToB.
ObAyYeHUe KUBOTHBIX TOABKO MM-BOAHAMH He BBI3bIBA-
A0 U3MEHEHHH B KpPOBETBOpPHOH cucTeMe. [loayyeHHbIe
3KCIIEPUMEHTAABHBIE PE3yAbTAThl IIOKa3asH, uTto MM-
BOAHBI HE BBI3LIBAIOT HAPYILIEHHI B 3I0POBBIX KAETKAX U
TKaHAX. BbIAU MTPOBENEHB! TAKXKE 3KCIIEPUMEHTHI 110 UC-
CAEOOBAHUIO BAUSHUS MM-BOAH Ha KpPOBETBOPHYIO CHC-
TEMY 2XHUBOTHBIX CO 3AOKAQYECTBEHHBIMH HOBOOOpasoBa-
HUSMH NIPH KOMOWHUPOBAHHBIM OEHCTBHU C PEHTIEHOB-
CKHM H3AYYEHHEM U IIPOTHUBOOIIYXOAEBBIMH IIpernaparta-
MHU. [ToayueHb! caeAyIOIUE BAXKHbIE PE3YABTATHI.

Bnusinue MM-8onH Ha nepesugHsle ONYXOAU U KpPO-
8emeopHY0 cucmemy Co 3710KauecmeeHHbIMU HO8pobpa-
308aHusMu. MM-BOAHBI HE CIIOCOOCTBYIOT TOPMOXKEHUIO
pocTa OIyXOAH, HO U HE CTUMYAHDYIOT €€ pocT. OgHAaKO y
0bAy4€HHBIX MM-BOAHAMM 3KHBOTHBIX IIPOIOAXKHUTEAB-
HOCTB 3KU3HH Bo3pocaa Ha 10-15 mHel 1o cpaBHEHHIO C
KOHTPOABHOH I'PyIIION.

KomMbunupoBaHHo# BoznetictBe MM-BOAH C pEHT-
F€HOBCKHM M3AY4YEHHEM Ha I[IEPEBUTYIO OIyXOAb U KpO-
BETBOPHYIO CHCTEMY 3KHBOTHBIX CO 3A0KaYE€CTBEHHBIMH
HOBOOOPA30BaHHUSMH II0KA33A0, UYTO BASKHBIM SIBASIETCS
MOCAEIOBATEABHOCTE BO3INECHCTBHUA. YCHAEGHHOE TOPMO-
KEHHE pocTa ommyxoan no 80-90% nHabaromasoch NMpH Ta-
KOl ITOCA€IOBATEABHOCTH: «PEHTIEHOBCKOE U3AYYEHHE —
MM Boaubenl. Ilpu mnocaemoBaTeAbHOCTH «MM BOAHBI —
PEHTIEHOBCKOE H3AYYEHHE» CHHUIKEHHE KOAWYECTBa KAE-
TOK KOCTHOT'O MO3ra IPaKTHYECKH HE OTMEYaAOCh B OT-
AWYME, HalpUMep, OT HefiCTBHSA TOABKO PEHTTEHOBCKOI'O
usaydeHusi. UccaenoBaHue nepudepudeckoil KpoBH I10-
Kas3aao, YTO TOABKO HIpH KoMbuuHanuu «MM-BOAHBI —
PEHTTEHOBCKOE H3AYYEHHE» KOAHMYECTBO 3PUTPOLIUTOB U
AEHKOLIMTOB OblAO Ooablile, YeM IpH ACHCTBHH DPEHTre-
HOBCKOTO H3AE€YEHHSI HAH IpPU I[10CAEOBATEABHOCTH
«PEHTTECHOBCKOE U3AydeHUe — MM-BOAHEI,



80 MuJuzu.Mempaebte B0JIHbL U 2XKugble cucmemut

IIpn KoMOUHHpPOBaHHOM jeiicTBre MM-BoAH ¢ peHT-
TF€HOBCKHM H3AYYEHHEM Ha IEPEBUTYIO OIYXOAb CAPKOMA-
45 1 KpOBETBOPHYIO CHCTEMY JKHBOTHBIX CO 3A0KAYECTBEH-
HBIMH HOBOOOPa30BaHUSMH OKa3aA0Ch, YTO TOABKO IOBOI-
Has KoMOuHauus «MM-BOAHBI — PEHTTEHOBCKOE H3AyYe-
HHE — MM-BOAHEBI» TIO3BOAMAA TTOAYYUTH HAPSILy CO CHHKe-
HHEM MOpPAXKEHHS KPOBETBOPHOM CHCTEMBI YCHAECHUE TOD-
MOKEHHSI POCTa OITyxXoAcH B DoABLIEH CTEINEHH, YeM IpU
JEHCTBHUH TOABKO PEHTIE€HOBCKOI'O M3AyYeHHd. Bblao moka-
3aHO TAKIXKE, 4YTO NMPH KOMOHHHPOBAHHOM aeiicTBHU MM-
BOAH C IIPOTHBOOIIYXOAEBBIM IIpENaparoM yurriogocga-
HOM Ha XHBOTHBIX C capkomoti-180 IPOHUCXOOUT CHHKE-
HUE TOKCHYHOCTH TIperapaTta H OZHOBPEMEHHO YCHAMBAET
€ro IeHCTBHE HA OITyXOAb.

A. ITI. Urnamesa u E. H. CoboaeBa uccaemoBasu
BBDKHBAEMOCTb AETAABHO OOAYYEHHBIX MBIIIEH ITOCAE
TPAHCIIAQHTAIIMH KPHOKOHCEPBHPOBAHHOTO KOCTHOTO
MO3ra, NoABEPrHyTOro Bo3feicTBuI0 MM-BoaAHaMH 1ocae
pasmopaxkuBaHus [75]. B KOHTpPOABHOI rpymnme 06e3
TPaHCHAQHTALIHY KOCTHOIO MO3ra BCe JKHBOTHBIE ITOTHO-
AU OT OCTPOIl AyueBoH 6oAe3HM K 15-M cyTKaMm mpu ap-
KMX KAMHHYECKHX TNPOSIBACHHSX: IIOTEPH MAaCChl TeAa,
anMHAMHUYHOCTH OBHXKEHHs, NOPENEeHUH wepcTH. Ilpn
TPaAHCIIAGHTAILIMY Pa3MOPOIKEHHOr0 KOCTHOro Mo3sra 6e3
0DAydYEeHHST BBIKMBAE€MOCTb KHUBOTHbIX K 30-M cyTKam
cocraBasaa 45%, Torza Kak MCIIOAB30BaHHE pPasMoOpo-
KEHHOro H obayyéHHoro MM-BoAHaMH KOCTHOTO MO3ra
IPUBEAO K 53% BBDKHBAEMOCTH KHBOTHBIX.

Ipynmoit yuénsix nox pykosoactsoM B.M. T'oBaaso Ha
6aze ITHMU TpaBMaToAOTHMH U OpTONeAuH ObIAM IIpoBene-
HBI 3KCIIEPUMEHTHI 110 BAUSHHIO MM-BOoAH Ha AMMQOLIUTEI
u dubpobaacTel yeaoBeka [76]. IlokazaHo, YTO TOX AEHCT-
BueM MM-BoaH AuMdolTEl U (ubpobaacTsl yeaoBeKa
NPOOYLUHPYIOT (PAKTOP — PUMOKUH, YCHAUBAIOUINI POCT U
(YHKIIMOHAABHYIO aKTHBHOCTb aHAAOTHYHBIX KAETOK. AK-
THUBUDPYIOITHH (DaKTOp OTHOCHTCSI K KaTErOPHH KAETOYHBIX
PETYASITOPOB — LIMTOKHHOB U NPOAYIHUPYETCST B LIUTONAA3ME
KAETOK. ECTh OCHOBaHMS CHHUTATB, YTO MMEHHO C (PHUTOKH-
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HaMH CBsI3aHbl HMMyHOMOAyAupymouwe 3ddektsr MM-
BOAH TIPH ACHEHHH, HaIllpUMep, MHOMHBIX MHOEKIIHOHHBIX
ocaoxkHeHUH. Tak, mpH npuMeHeHUH MM-BOAH NPU TSDKE-
ABIX BHIAX 00€BOM I1ATOAOTHMM, OCAOXHEHHOH TIHOMHO-
paHeBoH MHGEKUHEH, ObIAN ITOAYYEHBI CAEYIOLIHE PE3YADL-
TaThl: ITPOAOAXKHTEABHOCTh OTAEABHBIX (pa3 paHEBOTO IIPO-
necca, BKAIOYasT IANTEABLHO He 3a>KHBAIOIIHE PaHbI, COKpa-
THAaCh B 1,502 pa3za 1o CpaBHEHUIO C KOHTPOABHOH IpyIi-
TI011; BBIPaXKEHHOE CTUMYyAUpYIOllee aAetictBie MM-BoAH Ha
pereHepanyio TkaHelt; 100%-Hoe IIPHIKUBAGHUE TPAHC-
TIAGHTAHTOB; 3HAYNTEABHOE CHIIKEHHE PELMUBOB I10CAE
XHUPYPTHYECKOT0 BMEILIATEABCTBA W T.JA. AHTHMHKPOOHOE
nericreBue MM-BoAH peaausyercs He ITyTEM IPsIMOTO BAMS-
HUS Ha [MATOMeHHYI0 MUKPO(AOPY, a OIMOCPENOBAHHO — 6Aa-
roflapsli yYCHUAEHHIO oDOLIel peakTHBHOCTH OpraHusMa |
YAYYIIIEHHIO JKU3HECITOCOOHOCTH TKaHel B 00AaCTH paHbI.

OnHUM U3 SIPKUX NMPHUMEPOB MMMYHOMOIYAUPYIOLIETO
nericrBus MM-BoaH siBHAack pabora aBTOPOB H3 AEHUH-
rpaga I10 MCCACOBAHMIO 3alIMTHOIO H IIPOMHAAKTH-
4eCcKOoro nae#icTBust MM-BOAH MPH TPUIMIIO3HON HMHQEKLIMH
[77]. Bblao rokazaHO, YTO TPH aIlAHKAIIMK BHUpyca A B
CMEPTEABHOI [03€ MOXKHO ITOAYYHTB 3allMTHBIN 3ddekT
KaK TpH 00AY4YEHHH 3/I0POBBIX XKUBOTHBIX [I0 HX 3apake-
HUSI, TaK W IIPH OOAYYECHHH YK€ 3apaKEHHBIX XXWUBOTHBIX.
Boaee Toro, 66110 TOKa3aHO, YTO IPH MHIAEMHUOAOTHYECKOH
CHTyallMH IPUINIO3HOH M OCTPOH pecrnupaTopHoil MHOEK-
LK Y TPYIIIbl OOABHBIX, IPOXOASAIINX A€YEHHE IT0 TTOBOLY
SI3BEHHOH OOAE3HM XKEAyZKa, MHAAHMETPOBas Teparus
NPHUBOAUT K 3HAYHUTEABHOMY YMEHBIIEHHIO 3aboaeBaeMo-
CTH I'PUIIIIOM (ITOYTH B 2 pa3a).

TIpn AeveHHM aTONMHYECKOro AepMaTHTa H IIpUMe-
HeHUH MM-BoAH Oblaa OTMEYEHA ITOAOKMTEABHAS AHHA-
MHKa U CTOHKOE yAyYIIEHHE HMMYHOAOTHMYECKHX ITOKa-
3aTeAeH KaK CO CTOPOHBI KAETOYHOIO, TaK U IyMOPaAbHO-
ro UMMyHHuTETA [78].

Ummynomonyaupyrommit apdext MM-BoaH 6b1A IpO-
aeMoHcTpupoBaH Takcke B ITHUU Tybepkyaésza PAMH mpu
AGYEHHH CapKoH03a A€rkux. [TokasaHo, 4TO nox AeiiCTBH-
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eMm MM-BOAH oTMeYasach YHUBEpPCAAbBHAsl CTUMYASILIHSA
(GYHKIHOHAABHON aKTHBHOCTH HWMMYHOKOMITETEHTHBIX
KAETOK [79].

Ha 6asze Hucruryra Bbeicuieli HEPBHON HEATEABHO-
ctu u Hetipodusuosorun H.H. AebenmeBoii mpoBoxuAHCh
3KCHEPHUMEHTAABHBIE HCCAEIOBAaHHS 10 U3YYEHUIO CEH-
COPHBIX U cybceHcOpHBIX (JOI) peaknuii 3M0pOBOro 4ye-
AOBEKa Ha INEepH@EPHYECKOe BO3AECHCTBUE HUIKOUHTEH-
cuBHoro MM-usayyenust [80-84]. OcHOBHBIE PE3YALTATHI
3THX HCCACAOBAHWH MOXKHO IIPEACTaBHTH B 06001IEHHOM
BHIE CACAYIOIIMM obpazom:

YEeAOBEK CrocobeH MOCTOBEpPHO pasanyatb MM-cur-
HaABI OT IIYCTHIX TPob;

4yBCTBHTEABHOCTh 4eaoBeKa K MM-usayyeHuo orpe-
JEASIETCS KaK €ro MHAUBHIYAABHBIMH OCODEHHOCTSIMH, TaK
U OHOTPOITHEIMH ITapPaMETPaMH I10AS;

MOJAABHOCTb BO3HHKIIHX OIIYHIIEHWH (maBAeHUeE,
IIPUKOCHOBEHHE, MOKAALIBAHUE, XOKEHUE) CBUIAETEABCT-
ByeT 00 y4yacTHH B pelLenuuu MM-BoAH KOXKHOIO aHaAU-
3aropa;

AQTEHTHBIN Nepuon peakuuu Ha MM-crumya cocras-
ASIET ECSTKU CEKYHL;

CYILIECTBYET CEHCOpPHAd ACHMMETPHUS IIPH BOCIIPU-
gt MM-u3Ay49eHHsI B 3aBUCUMOCTH OT TOTO, Ha KaKyIo
PYKY OCYIIECTBASIAOCH BO3NIEHCTBHE.

TTo aHaAM3y BO3HHKAIOIMUX Y HUCIHBITYEMBIX CYOBEK-
THUBHBIX OIIYIIEHUH MOXHO AyMaTb, 4To MM-cTHMyA
«3aIIyCKaeT» MEXaHOPELEITOPhI, 00A€BblE PELENTOPbI U
cBOOOHBbIE HEPBHBbIE OKOHYAHUS — HEMHEAMHH3UPOBaH-
Hble 3ddepeHTHbIE BOAOKHA 0€3 KOPHYCKYASIPHBIX
CTPYKTYp Ha KoHIle. Ha 0CHOBaHMH 3KCIIEPHUMEHTAABHBIX
JAHHBIX C/IeAaH BBIBOJ, O TOM, YTO NPOBEAEHHE H BOC-
npusarue MM-cTuMmyaa obecriedHBaeT (PUAOTEHETUYECKU
crapasi HecrienudHUyeckasi 5KCTPAAEMHHCKOBasl CHCTE-
Ma. B pamMKax 3TOro nmpenrnoAOKEHHs, YYHUTBIBAd, YTO B
3KCTPAAEMHHCKOBOH CHCTEME CYLUIECTBYIOT TECHBIE CBSI3H
C AUMOHYECKOH CHCTEMOH, OTHOM M3 OCHOBHBIX PYHKLIMHI
KOTOPOH SIBASIETCS 3MOLIMOHaABbHAasl OKpacKa BOCIIPH-
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SATHUS, MOXHO OOBSICHUTH H IIOAOXKUTEABHBIE 3MOLMH,
BO3HUKAIOINX y OOABHBIX IIPH MPOBEACHUH 3AEKTpPOMAr-
HUTHOH Tepartuy, o 4éM Tak 4acTo COODIIAIOT BpayH.

BriparkeHHOe aHTHCTpPeCcCOpHoe AeiictBue MM-BoaH
OBIAO TIOAYYEHO T'DYIINOH HCCAENOBATEAEH TII0X PYKOBO-
ncteoM H.A. TemypbsiHil [85] B 9KCIIEpUMEHTAX 110 BAUS-
HHUIO 3TOTO H3AYYEHHSI Ha Pa3BHTHE THITOKHHETHYECKOrO
cTpecca y KphIC. BrIpaskeHHOCTh aHTUCTPECCOPHOTO AeH-
crBusg MM-BoAH 3aBHCEAa OT MHIHUBUIAYAABHBIX OCOOEH-
HocTell BbicuIell HEPBHOH NEATEABHOCTH KpbIC H Oblaa
Hauboarbllell ¥ KPBIC C HU3KOH M cpegHeH ABHraTeAbHOM
aKTHUBHOCTBIO. Boaee noapobHyro mHMpopMaluio 06 3KC-
MEPHMEHTAABHO-KAUHHYECKHX HCCAEIOBAHUAX B 00AaCTH
6uoaoruyeckux 3 (PeKTOB HU3KOMHTEHCUBHBIX MM-BOAH
MOXXHO HaliTH B 0b63ope [86].

2.3. OKclepHMEHTAABHOE HCCAENOBaHHE
BAHSAHHA MHAAHMETPOBBLIX HAHOCEKYHIAHEIX
HMIIYABCOB C OOABIIOH NHKOBOH MOITHOCTEBIO

Kak y:xe ykasnlBaaOCh, OQHHM M3 INEPCIEKTHUBHBIX
HaIpaBAEHUI B COBPEMEHHOH BaKyyMHOH 3ACKTPOHHKE
sABAsIETCS pa3paboTKa peAsTHBUCTCKUX NpHbopoB. K Ha-
CTOSAIIEMY BPEMEHU CYLUECTBYET DOOABIIIOE pa3HooOpasue
npubopor B CBY u KBY nuanazonax. BoasmuHcTBO pe-
ASITUBUCTCKUX MNPUHOOPOB paboTalrT B HMIIYABCHOM pe-
JKUME — C JIAHUTEABHOCTBI HMIIYABCOB OT €QWHHIL HAHO-
CEeKyHI OO HECKOABKHX MHKpPOCeKyHA. IInkoBas Mor-
HOCTH B PEASITUBHCTCKHUX NpHOOpax MOKET HOCTHraTh
enunul I'Br (mecarkoB MBT Bo BcéM MM-muanasoHe)
MMPH HAHOCEKYHIHBIX NAHTEABHOCTSIX U COTE€H KBT mpu
MKC JAHTEABHOCTSIX UMIIYABCOB. B HENpPEpBIBHOM PEXKH-
Me paboTh! PEASTUBHUCTCKUE I'eHEPaTOPbl 00eCIeYHBatoT
BBIXO[HYIO MOIIHOCTEH OO €AWUHUL-IecaATKOB KBt. Taxkue
foablIME 3HAYEHUS BBIXOAHOM MOUIHOCTH HaxXOIAT IPH-
MEHEHHE HE TOABKO B TPAIHUIIMOHHBLIX 0baacTsx (paxuo-
AOKaLUS MAU PafHOHABHUTrallMs), HO U B MEAUKO-OHMOAOTH-
YECKHX HCCAECIOBAHUSAX.
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B Teyenune noytu copoka aet B UPO PAH nipoBonarcs
MCCACIOBAHHS OHMOMH3NYECKUX MEXaHH3MOB BO3INeHCTBUSA
HUSKOMHTEHCHBHBIX 3ACKTPOMAarHUTHBIX BoAH MM-mua-
ITa30Ha Ha pa3AWYHble OHoAOrMYecKre 00BEKThI. B pesyab-
TaTe 3THX HCCAEHOBaHMUIT OblA OOHAPYKEH DPsil HE M3BECT-
HBIX paHee (pU3n4ecKUX 3¢ EeKTOB, ChOPMYAHPOBAHO He-
CKOABKO TEOPETHYECKHX T[IOAOKEHHUH IIPHHLIMITHAABHOTO
XapakTepa, KOTOpble II03BOASIIOT B ODLIMX depTax oOmsc-
HHUTb BBICOKYIO YYBCTBHUTEABHOCTE JKHUBBIX CTPYKTYP K HU3-
KOHHTEHCHBHOMY (HeTernaoBoMy) MM-nsaydenuto. Opuru-
HaAbHas Hliesd U3Y4YEHHs HETENAOBBIX 3(h(eKTOB HAHOHMM-
ITyABCHOTI'O 3AEKTPOMArHUTHOIO H3AYYEHMS C BBICOKOH ITH-
KOBOH MOIIHOCTBIO Oblra BbIcKazaHa H.[. [IeBATKOBBIM,
3.C. YepHoBbiM u B.B. datikunbiM. Takasg MOIIHOCTh
9ACKTPOMATHUTHOIO M3AYYEHHMS II03BOASIET CO3[aBaTh B
BOAHOBOJIE CTAHOAPTHOIO CEYEHUS OIMPOMHYIO HAaIlpsDKEH-
HOCTBH 3AEKTPHUYECKOro Ioass - nmo 104...105 B/cMm, uto
CPaBHHMO C €CTECTBEHHOI KBa3HUCTATUYECKON HAaIIpsDKEH-
HOCTBIO 3AEKTPUYECKOTO IT0ASI B BHOAOTHMYECKHX KAETOYHBIX
MeMbpanax (10° B/cwm). [das stoft nean B PO PAH pa3spa-
Horansl (r1ox pykoBoacTBoM B.A. YepeneHuHa) BaKyyMHble
peaaTHBHCTCKHUE reHepartopbl THrna AOB-O c xoaozmHbIM
KaTOAOM C B3pBLIBHOM SMHCCHEH. B IIPHBOAMMBIX HMIKE
3KCTNIEPUMEHTaX ObIAM HUCIIOAB30BaHBI TAKIKE PEASTHBHCT-
CKUE IeHEpaTOophl, NMPeIoCTaBACHHbIE IHCTUTYTOM CHABHO-
TOYHOH 3AeKTpoHMKH CO PAH.

Takue UMITyABChI MOTYT OKa3aThCH YHUKAABHBIM HH-
CTPYMEHTOM [iasl BO3AEHCTBUSI HA GHOAOTHYECKHE OOBEK-
Tbl. JHEPrUsT UMIIyAbCA H3-3a MAaAOH DAMTEABHOCTH Masa
(OT HECKOABKHX HAECATHIX OO €IUHULL AKOYAsI) U 3D PEKThI
OOBIYHOIO HMHTETPAABHOTO HarpeBa, KakK U B cAydae MC-
TIOAB30BAHHSI HU3KOUHTEHCUBHOI'O HENPEPBLIBHOTO MHA-
AMMETPOBOIO H3AYYEHHS, TIPAKTHUYECKH HCKAIOYEHBI H3-
3a GOABIION CKBaXKHOCTH CAEIOBAaHHS HUMITYABCOB (2-6 UM-
TIYALCOB B MHUHYTY).

TToGyaUTEABHBIM MOTUBOM ITOCTAHOBKH OHOAOTHYE-
CKHX OKCIIEPHMEHTOB C MOIUHBIMH HaHOHMITyABCAMH
SIBUAOCH ITPUBEAEHHOE BBIIIE ITOAOXKEHHE O POAH ITaa3Ma-
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THYECKHX KAETOYHBIX MeMOpaH U MeMOpaHHBIX Ipolec-
COB B 0oDeCIeYeHUH BBICOKOH YyBCTBUTEABLHOCTH GHOAO-
FHYECKUX OOBEKTOB K HH3KO3HEPIeTUYECKOMY 3AEKTpPO-
MarHuTHoMy BosaeHcrBuio B KBY-nmuamna3zone. JeftcTBU-
TEABHO, BO30YXKIOEHHE HEPBHBIX KAETOK, OKHCAHTEABHOE
docdoprHaHpoBaHHE B MHTOXOHAPUSIX, (PArolyTo3, IIPOo-
HUKHOBEHHE BHPYCOB B KAETKH — BCE 3TH M MHOTHUE ApPY-
rUe MeMOpaHHBIE IIPOLIECCHI TNPSIMO CBA3aHBI C MEM-
OpaHHBIMH IMOTEHIIMAAAMH H [T03TOMY YYBCTBUTEABLHBI K
U3MEHEHHSIM IPOMHAST 3AEKTPHYECKOI0 I10ASI BHYTPH U
Ha [TOBEPXHOCTH MeMOpPaHkbI.

OCHOBHBIE PE3YABTATHI IKCIIEPHUMEHTAABHBIX HCCAC-
noBaHuH [87-88]:

A. Ilepevle skcnepumeHmul ¢ U30AUPOBAHHOU Ko>Kell
NSA2YUWLKU.

B nepBoM 3KCIIEPHUMEHTE U3y4aA0Ch BO3AECHCTBUE Ha-
HOCEKYHIHOIO 3ACKTPOMATHUTHOIO M3AYYEHHST CaHTHMET-
pOBOro [OHMaria3oHa Ha W30AMPOBaHHYIO KOXY AATYIIKH.
B kayecTBe MCTOYHHKA U3AYYEHHS HCIIOAB30BAACS PEASATH-
BHCTCKUH reHeparop tuna AOB-O ¢ npongoAbHbIM MarHHT-
HbIM IIOAEM CO CACYIOUIMMM ITapaMeTpaMH: YCKOPSIOLIEe
HanpsokeHue — 300 kB, pabounit Tok — 1,5 KA, MOILIHOCTD
U3Ay4YeHNs B UMITyAbce — 30 MBT, nJAHHA BOAHBI H3AYYEHHA
— 3 oM (wacrora paBHa 10 ITu), mamnreabHocTb — 10 HC.
Pac4éThl IMOKa3bIBAIOT, YTO NMPH BO3AEHCTBUH OIMHOYHOTO
CBY-umItyabca, HanpHMmep, Ha 1 r BoAbl, NpHpallicHHE
TeMriepatypbl He npeBbimaer 0,01°C mpH MOrAolIEHUH
0,1 yactu nmagaroIeii MOITHOCTH.

Koka AATYIIKH INMPOKO HCIIOAB3YETCSI JAS H3yde-
HHUST MEMOpaHHBIX TPAHCIIOPTHBIX IMpolieccoB. B nepBoit
Cepru SKCIEPUMEHTOB H3y4YaAl TpPaHC3THUTEAHAABHBIN
nepeHoc MoHOB HaTtpHus. Obpaslbl KOXKH U3 OplolKka Asi-
TYIIKH, OMBIBAEMOH a’3pHpPyeMBbIM pacTBOpoM PuHrepa,
BO (hTOPOIIAACTOBBIX HEPKATEASIX ITOMEIAAHCh B KPYyr-
ABIH BOAHOBOJ TaK, YTO MaKCHUMaAbHas HaNpPsDKEHHOCTb
II0AST BOAHBI THINA Hy B KPyTrAOM BOAHOBOJZIE COCTAaBASIA
npuMepHo 105 B/cM. KoHTpoabHBIE 06pa3sinl pacrioaara-
AUCh BOAM3H TeHepaTopa TaKyuM 00pa3oM, 4YToObl HCKAIO-
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4YUTH BO3NEHCTBHE CAHTHMETPOBOIO HM3AYYEHHS, HO IIPU
3TOM COXPaHSIAOChL OBl BO3OEHCTBHE APYTHX BHEUIHUX
dakTOpoB (caaboe PEHTTEHOBCKOE H3AYYEHHE OT BBICO-
KOBOABTHOTO HCTOYHHKA ITTHTAHHS U HMITYABCHBIE Mar-
HUTHBIE TIOAST CHCTEMbBI (DOKYCHPOBKH 3AEKTPOHHOIO
My4Ka, CONyTCTBYIOIIHE I'€HEPAIIMH CAHTHMETPOBBIX KO-
AebaHuti). Bo BTOpPOH cepuH 3KCIIEPHMEHTOB HCCAEOBa-
AOCBh U3MEHEHHE MacChl 3aMKHYTBIX MEIIOYKOB M3 KOXH
AQTIOK ASITYIIKH, 3arllOAHEHHBIX PacTBOPOM C HOHAMH
Na*. MemIOYKH NOMEIIAAHCh B aspHUpyeMblit pacTBOp
Punrepa. BHelusa cTopoHa KOXM HaxXOAHAACh BHYTPH
MEIIOYKOB, AKTUBHBIM TPaHCIIOPT HOHOB HATpPHHA, CO-
ITPOBOXKIAEMBIHl OCMOTHYECKHM IIOTOKOM BOJbI, OblA Ha-
IIpaBA€H HAPYyXKy H IIPHUBOAHA K YMEHBIIEHHIO MAacChl
MELIOYKOB. MEIIOYKH pa3MellaAlCch B ITAOCKOCTH PYIIO-
pa aHTEeHHBI B 00AaCTH MaKCHMaABHOI'O 3AEKTPOMAarHHT-
HOTO TIOAS.

B kaxkno#t cepun npoBoAHAOChL MO 8 omnbITOB. B
oIbITax MEPBOM CEPUH CAHTHUMETPOBOE HM3AYYEHHE BBI-
3bIBaA0 OOpaTHMYyIO aKTHBALMIO TPAHCAMHTEACAABHOIO
aKTHBHOI'O NepeHoca HMOHOB HaTpusi. KOHTPOABHOE BBI-
OepKUBaHHe 00pa3loB KOXH Ha Bo3ayxe 6e3 BO3ZeHCT-
BUSI MMIIYABCOB H3AYYEHHs] K TaKHUM pe3yAbTaTaM He
npuBonuT. Bo BTOpoH cepun obaydeHHe, HaIpHUMeED HAe-
CATBI0 HUMITYABCAMH, MEUIOYKOB M3 KOXH AATYHIKH BbI-
3BIBAAO YCKOPEHHME CHHKEHHA UX Maccel Ha 50-100 % 1o
CPaBHEHHIO C KOHTPOAEM. OTOT Pe3yAbTaT MOXKHO OOB-
SICHUTB AMDO YCKOPEHHEM aKTHBHOTO TPAHCIIOPTA HOHOB
Na*, aub0 yBeAMYEeHHEM IIPOHHUIIAEMOCTH KOXKH OASI MO-
AEKYA BOIbl. YCKOPEHUE TPAHCIMHUTEAHAABHOTO IIepeHoca
Na* MoxeT OBITh, B CBOIO OYEPEb, CBSI3aHO KaK C YBEAH-
YEeHHEM aKTHBHOCTH TpaHcropTHoH ATda3zel, Tak U Io-
BBIIIEHHEM IIPOHULIAEMOCTH MeMOpaH S3IHUTEAHaAbHBIX
KAETOK IAS MoHOB Na.

INo3znHee ObIAM NMPOBEAEHB! 3KCIIEPHUMEHTBI C 3PHUT-
pOLIMTaMH; H3y4aAsOCh BO3AeHCTBHE HAHOUMITYABCHOTO
M3AYYEHHSI CAaHTHMETPOBOTO AMalia3oHa Ha «3aAeyHBa-
HHE» MeMOpaH SpHUTPOLMTOB, NPEABAPHUTEABHO ITOBPEXK-
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IEHHBIX 3AEKTPHUYECKUM MpoboeM. MccaemoBasoch BAUs-
HHE HAHOCEKYHIHBIX CAHTUMETPOBLIX HMIIYABCOB Ha aj-
re3uio (arperauyio) 3pHUTPOLUTOB B PAacTBOPE Caxapo3bl.
AQre3usi KAETOK SIBASIETCSI PE3YABTATOM (PH3HKO-XHUMH-
YECKHX B3auUMOJeHCTBUH MeMOpaH, 3TOT MPOLIECC AEKHUT
B OCHOBE SIBA€HUH YCTAHOBAECHHUS, ITOANEPKAHHUS H pa3-
PYLIEHHS MEXKKAETOYHBIX KOHTAaKTOB. ANre3us HrpaeT
pelmaoIyio poAb B MIPOLlECCaX POCTa, Pa3BUTHS H MOD-
dorenesa TkaHell, a TakKe B PETYASIIIUU IIPOLIECCOB Jie-
AEHUSI KAETOK B TKAHEBBIX CHCTEMax, B TPAHCIOPTE Be-
LIECTB Yepe3 CAOH 3IMHUTEAHAABHBIX HAH 3HIIOTEAHMAABHBIX
KAETOK U MHOTHX APYIHMX GHOAOTMYECKHX ITPOLIECCOB HAa
KAETOYHOM H TKAHEBOM YpPOBHSX. B pesyabrare 3THX
3KCIIEPUMEHTOB ObIAO ITOKa3aHO, YTO 00paboTka rycroit
CYCIIEH3HUM 3PUTPOLUTOB HAHOCEKYHAHBIMU HUMIIyABCAMU
YBEAHUYHBAET CKOPOCTDb arperaluy KAETOK, Npu4démM arpe-
THPYIOT TOABKO 3PHUTPOLIUTHI C HETIOBPEXAEHHBIMH MEM-
bpaHaMu. BasKHBIN pe3yAbTaT 3aKAIOYAETCST B TOM, YTO
HaHOCEKYHMIHbIE HMIIYABCBI CIIOCOOHBI  «3aA€YHBATb»
MeMOpaHb! 3pUTPOLMTOB. [IpeABapUTEABHO MTOBPEXIEH-
HblE B PE3yAabTaTe 3AEKTPHYECKOTO INMPobosi 3PUTPOLIUTE]
BOCCTAHaBAUBAIOTCH; IIO-BUAMMOMY, BBbICOKasl HaIlpsi-
KEHHOCTb SAEKTPUYECKOTO IMOAS 3AEKTPOMATHHUTHOTO H3-
AYYEHHS BBISBLIBAET HEKOTOPYIO CTPYKTYPHYIO IIEPECT-
po¥iky MeMOpaH 3PUTPOLUTOB, KOTOpasd NPHBOAUT K
CcrIocOBHOCTH KAETOK K arperauyu. OTOT PE3YALTAT MO-
KET UMeThb OOABIIIOE MPaKTHYECKOE 3HAYEHHE B Te€X 00-
AQCTSX MEOUIIHHBI, OHOAOTMH W OHOMH3MKH, Tae y4ér
MEXKAETOYHBIX KOHTAKTOB fABASIETCH TIPUHIIUITHAAEHBIM
(B IepBYIO oYepennb 3TO OTHOCHTCH B NPOOGAEME OHKOAO-
rayeckux 3aboaeBaHHI U pa3paboTKe 3(PPEeKTHUBHBIX
METOOB UX ACYEHUS).

Pe3yAbTaTh! NMPHUBEAEHHBIX BBILIE IMEPBBIX 3KCIIEPH-
MEHTOB OblaAM NpHU3HAHB! 0OHAAEXKHUBAIOIIHMMH, YTO IIO-
CAY?KHAO OCHOBAHHEM JIASI TIOCTAHOBKH 3KCIIEPUMEHTOB C
boAaee CAOXKHBIMH H BaXKHBIMH C MIPAaKTHYECKOH TOYKH
3peHusI DHOAOTHYECKUMH O0OBEKTAMH, a TAKIKE C MCIIOAb-
3oBaHueM MM-reHepaTopoB.
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B. Oxcnepumermeul ¢ MukpoopeaHusmamu — 6036Yy-
JumensiMu oHKoso2uYecKux 3aboneeaHuil Yy sabopamop-
HbLX JKUBOMHBLX.

ITocae MepBBIX U YCIEIIHBIX 3KCIIEPUMEHTOB C 3AEK-
TPOMarHUTHBIMH HAHOHUMITyABCAMH, @ TAaKXKE B CBS3H C
NIPHBEICHHBIMH BBIIIE COODPaKEHHMSIMH O POAM MeEXKKAe-
TOYHBIX KOHTAKTOB B PA3BUTHM psla TKEABIX 3aboaeBa-
HHIT GBIAO NPHHSATO PELIEHHE O IIOCTAHOBKE 3KCIIEPHMEH-
TOB I10 BO3AEHCTBHIO HOBOIO BHIA 3ACKTPOMArHHUTHOIO H3-
AyYEHUS Ha 3A0Ka4eCTBEHHBIE obpa3oBanus. IP3 PAH 6b1a
YCTaHOBAEH TECHBII Hay4YHBIA KOHTAakT ¢ MOCKOBCKHUM Ha-
YYHO-HCCACAOBATEABCKMM OHKOAOTMYECKHM HMHCTHTYTOM
um. II. A. TepueHa, B KOTOPOM paHee Oblaa MpoBecHa arl-
pobaiya NPUMEHEHHS HH3KOHHTEHCHBHBIX MHAAMMETPO-
BBIX BOAH JIASI AGYEHHsI OHKOAOTHYECKHX 3aboaeBaHui. Jra
paboTa 3aBepHIMAACh CO3MAHHUEM COOTBETCTBYIOIIMX METO-
OUYECKHUX PEKOMEHOAIUH, YTBEPKAEHHbIX M3 Pd.

B HOBOI1 paboTe MEOUIIMHCKYIO YacTh BO3rAaBHA ITPO-
deccop C. . ITaernén, a HUUKO-TEXHUUECKYIO — aKae-
muk PAH H. . [lerarkoB u npogeccop 3. C. YepHoB.

Hneosorusi NpoBeICHHBIX 3KCIIEPHMEHTOB 3aKAIOYa-
AaCh B TOM, YTODOBI BBISICHUTE BO3MOXKHOCTDb TOPMOXKEHMS
B Pa3sBHTHH 3A0Ka4YECTBEHHOH OIIyX0oAM H €€ paccachlBa-
HUS TIOX OEHCTBHEM 3AEKTPOMATHUTHBIX HAHOHUMIIYAb-
COB. OTa HUE0AOTHSI MTOJKPEIASIAACH CACAYIOLIHMH ABYMS
MPHUHIMITIAMH, BBITEKAIOIMMMH H3 MHOTOYHCACHHBIX JaH-
HBIX T10 Pa3BUTHIO OIIyXOA€H: a) 3A0Ka4eCTBEHHOE Pa3BH-
THe 06paTHMO; 6) 3A0KAYECTBEHHBIE KAETKH OTAHYAIOTCS
OT 3J0POBBIX PE3KHM H3MEHEHHEM (QH3MYECKOTO M XH-
MHYECKOr0 NOMEOCTa3a C HEYIEPKHMBIM JIEAEHHEM KA€-
TOK M BOCIIPOM3BOJCTBOM OHKOOeaKa. 3A0Ka4eCTBEHHbIE
KAETKH, B OTAWYHE OT 3/IOPOBBIX, XapaKTEPHU3YIOTCS OT-
CYTCTBHEM HAH 0CAA0ACHHEM KOHTAKTHOTO TOPMOXKEHHS.
O1oT 3ddeKT 0OBACHAETCH, B IEPBYIO OYEPEAb, CYILECT-
BEHHBIMH H3MEHEHHUSIMH B CTPYKType H (QyHKUHAX
raasMmaThdeckux MeMmbpaH. HMHuuMaTopbl ITOCTAHOBKH
HOBOTO IIMKAA PaboT PE30HHO CYMTAAH, YTO IIPH U3MEHE-
HHH MOIIHOCTH U YaCTOThI 3alIOAHEHHW HAaHOWMMNIYABCHO-
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ro H3AYYEHHS MOXHO IIE€PECTPOHUTL MHAA3MaTHYECKHE
MeMOpaHbl KAETOK TAaKUM 00pa3oM, YToOb! IEPEBECTH UX
B yCAOBUS HOpMaabHON nuddepeHIHUpPOBKU U obecrie-
YHTh KOHTAKTHOE TOPMOXKEHHE H, TEM CaMbIM, CABUHYTb
GHU3HYECKUH 1 XUMHUYECKHI FrOMeoCcTa3 K HOpME.

B aKcniepuMeHTaX MCIIOAB30BAACH MaAorabapHTHBIN
HMITyABCHBIH PEASTHUBHCTCKHH reHepatop B KBY-muana-
30HE C JAMHOI BOAHBI A = 8 MM M HaIPsKEHHOCTBIO 3AEK-
TPUYECKOTO ITOAST BOAHBI B TOYKE ITPHAOXKEHMS PYTIOPHOM
AHTEHHBI K TEAY ITOAOIBITHOrO KUBOTHOro E = 20 kB/cM.
TeHepaTOp IM03BOASIA [10AYYATE HMITYABCHI C JAMTEABHOCTBIO
1o 10 Hc ¢ nepeaHrM (PpoHTOM Iopsaka 1 HC IIpH yacToTe
MMOBTOPEHUA UMITYABCOB 6 UMIT/MUH U IIHKOBOH MOIIHO-
cTbio 4-5 MBT. OnbIThl IPOBOAHAMCE Ha KpbICax AMHUM
Brucrap, KOTOpPBIM IIPHBHBaAHM IITAaMM CapKOMBI YoKepa.
OrnbITHOE XKHBOTHOE MOMEIAAOCE IIEPE], BHIXOAHBIM PYyIIO-
POM PEASITMBHCTCKOro reHeparopa. OOAy4eHHIO IOABEDP-
raAcsl y4aCTOK Teaa (npaBoe Geapo) AMaMeTpoM IopsaKa
3-5 cM B MecTe BBEZEHHUSA HITaMMa. KOAMYEeCTBO 3A0Kade-
CTBEHHBIX KAETOK IlITAMMa B KaXKZ0H 03¢ BapbHpPOBaAOCh
oT SO TeICSY A0 5 TBICSY; TaKasl XK€ J03a BBOAHAACH KaXK-
JOMY KOHTPOABHOMY XKH- [oo "
BOTHOMY, KOTOPOE HE TIOH- |;sp
BEpraaocbk obaydeHuio. B
OaAbHEHIIIEM KOHTPOABHBIE
JKWBOTHBIE COJIEPXKAANCE B
YCAOBHSIX,  aHAAOTHYHBIX
Ioast  OOAYYEHHBIX 2KHUBOT-
HbIX. Bo BpemMsi oqHoOro ce-
aHca 0DAYYEHUS UCITOAB30-
Baaock 43 wuMIyabca C
[IPOMEXKYTKOM MEXIY HUM-
nyascami 40 c.

Ha puc. 18 nokasaHa Puc. 18. TopmoxkeHnue
THIMYHAS  3aBHCHMOCTh DO BPEMCHH DOCTA OITyXOAM
pasBuTas Ofbéa omyxo- 0NN MuBOTHLIX
AW BO BpEMEHH zasi obay-

- usaygeHueM (A = 8 mm)
Y€HHBIX (CIAOIIHASL AM- 1o cpaBHEHHIO C KOHTPOAEM

3
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Bpems, cyT




90 Munnumemposbie 80nHbL U JuBble cucmembl

HHSA) U KOHTPOABHBIX JXHBOTHBIX (ITyHKTHPHas AMHHS)
nas caydast A = 8 MMm. Kak BUAHO U3 pUCYHKa, 0BAydeHHE
KHBOTHBIX NMPUBOIUT K 3aMEIACHHIO POCTA OIIyXOAU B
1,5 pasa mo cpaBHEHHIO C KOHTPOABHBIMH KHUBOTHbLIMH.
Kak nokasaan caemyioliyie SKCIIEPHUMEHTEBI, MIPH 3TOM H
IIPOMOAXKHUTEABHOCTD 3KU3HU ODAYYEHHBLIX KUBOTHBIX
BO3pacTasa NpHMepHo Ha 25-30 %. Tenepws npencrosao
OTBETUTL Ha BONPOC, AEHCTBYET AM H3AYYEHHE HEIOo-
CPEZCTBEHHO HAa 3AOKAYECTBEHHBIE KAETKHU HAU XK€ OHO
BAUSIET, B OCHOBHOM, Ha UMMYHHYIO CHCTEMY YKHUBOTHOIO?
IIpuHUMaAOCk BO BHHUMAaHHUE CACOYIOILEE BaxKHOE 0OCTOSI-
TEABCTBO: MHAAMMETPOBOE M3AYYEHHE CHABHO ITOTAOLIAETCS
B TOHKOM CAO€ KOXH, IZle Ha JOAK BOABLI IMPHUXOAUTCS M0
90 %, a caMa KoOxKa ABASIETCS HEOTHEMAEMOM M AKTHBHOM
KOMIIOHEHTOH BCEM MMMYHHOH CHCTEMBI 3KHBOI'O OpraHH3-
Ma. C 3ToH 1eAbl0 ObIA MOCTABAEH TAKOM 3KCIIEPUMEHT:
cHayasa o0bAyYaAu TIOAOIIBITHOE JKHMBOTHOE (A = 8 MM u
15 MM), a TOTOM €My 2KE ITPUBHUBAAM CyCITEH3UIO M3 OITyXO-
AEBBIX KAETOK. B pesyabrare 3KCNepuMEHTOB OBbIAO TIOKa-
3aHO, UYTO y2K€ Ha IMATBII JIeHb T10CA€ IIPHBHBKU O0BLEM
OIIyXOAU OBIA 3HAYUTEALHO MEHBIIIE 110 CPABHEHUIO C KOH-
TpoAEM (IIPMMEPHO B ABa pasa), a BpPEeMs >KHU3HU [IpeaBa-
PUTEABHO OOAYYEHHBIX >XUBOTHBIX 3aMETHO BbIIIE. 3aTeM
3KCTIEPHMEHTHI in Vitro 6bIAH AT CPAaBHEHHSI IIPOAOAYKEHBI
C PEASITUBHUCTCKMM I'€HEPATOPOM B CAHTHMETPOBOM aHaria-
30HE, HETIOCPEACTBEHHO MIPHMBIKaoeM K MM-auanasoHy
(c manHOM BOAHBI M3AydeHUs1 A = 3 cM). B omnbitax, npose-
OEHHBIX C KAETKAMH KaplLHWHO-CAPKOMBI YOKepa, IMepeBH-
TOMH KpbIcaMm Bucrap, nmoay4eHo 3aMeIAEHHE POCTA OITYyXOAH
y 0BOAY4YEHHBIX KWBOTHBIX ITPHUMEPHO B 1,5 pasa 1o cpas-
HEHHUIO C KOHTPOAEM, a CPEIHHH CPOK KH3HU y 00Ay4IEH-
HBIX XUBOTHBIX OblA IIpUMEPHO Ha 25 % 6oablile, YeM y
KOHTPOABHBIX. KpoMe Toro, B psiie caydaeB y OOAYYEHHBIX
KUBOTHBIX HabAlofianach cTabHMAM3AlMS POCTA OIYyXOAH B
TeyeHue 7-11 nue.

Takum oOpa3oM, M3 aHaAu3a IIPHUBEAEHHBIX BBIIIE
3KCIIEPUMEHTOB cCAenyeT (QYHAaMEHTAABHBIH BBIBOL O
TOM, 4YTO 32 3(P(PEKT TOPMOKEHHSI MEPEBHUTON OIyXOAU
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o, BO3AEHCTBHEM HU3KO3HEPIETHYECKOI'0 HAHOUM-
TIYABCHOTO S3AEKTPOMAarHHTHOI'O HM3AYYEHHsI OTBETCTBEH-
HBI ABa Qrakropa: MOOHAM3AlUsl 3alIUTHBIX CHCTEM Op-
raHu3Ma (MIOBBILIEHHE HMMYHUTETA) H HENOCPEACTBEH-
HOE BO3EHCTBHE SAEKTPOMArHHTHOI'O M3AYYEHHUS Ha ca-
MH 3A0KA4YECTBEHHBIE KAETKH.

Boapnioit Hay4HBIN U MPaKTHYECKUH HHTEpPEC Npen-
CTaBAdET CpaBHEHUE BO3ACHCTBHS Ha >KUBOTHBIX MOLI-
HOr0 HaHOMMITYyABCHOT'O M HH3KOHHTEHCHBHOIO HeEIpe-
PBIBHOT'O MHAAHUMETPOBOro uaaydeHusi. C 3TOH LEABIO
OBIAM TIOCTABAEHBI 3KCIIEPHMEHTHI I10 H3YYEHHIO OJHO-
BPEMEHHOTO BO3ACHCTBUS TAaKHUX H3AYHYEHUH Ha 3A0Kade-
CTBEHHBIE OIIYXOAH. OKCIIEPHUMEHTHI ITPOBOAHAHCH Ha
50-Tu GecrIopoAHBIX CaMKaX KpPbIC (AABBEOASIDHBIN CAH-
SHCTBIF pak IedeHH, He MeTacrasupyrommit PC-1) u
77 mplmax anHHKM BDF-1 (MeTacTtasupyolast KapliiHO-
Ma aérkoro Awtouca, MbnnnHaa LLC). B kadecTBe reHe-
pPaToOpOB HU3KOMHTEHCHBHOrO HenpepblBHOro KBY-usay-
YEeHUS UCIIOAB30BAAHCH alnaparTsl «fIBb» C JANHAMH BOAH
5,6 1 7,1 MM, UMeEIOLIHE BbIXOAHYIO ITAOTHOCTH MOLIHO-
cti okoso 10 MBT/cMm2. Bo3meHcTBHE HENPEPBIBHBIM H3-
AYYEHHEM TPOBOMAOCE OJHOBPEMEHHO C HAHOUMITYABC-
HBIM — JAUTEABHOCTb U KOAHWYECTBO CEaHCOB OBIAO OIU-
HaKOBBIM. B oIbITax ¢ KpbICaMH JOTIOAHHTEABHO K BO3-
HOENUCTBUIO SAEKTPOMArHUTHBIM H3AYYEHHEM HCII0AB30-
BaACHd XHMHOIIPENapaT 3HAOKCAH, KOTOPBIH BBOIHACS
BCEM TpyNNaM XHBOTHBIX, KPOME ONHOM KOHTPOABHOM,
HE rnojBeprasilelicd HUKAaKOMYy BO3EHCTBHIO. B onbiTax
C MbIIIaMH NPHUMEHSAOCH KaK MOHOBO3INEHCTBHE 3AEK-
TPOMArHUTHBIMH IIOASIMHM, TaK H B COYETAHHU C 3HIO-
KCaHOM.

B skcnepnMeHTax Ha KpbIcax IIOAY4YEHO BechbMa 3a-
METHOE M OAU3KOE 10 BEAHYHHE TOPMOIKEHHE POCTa OITyXO-
AW KaK ITPH BO3ZIEHICTBHUH HEIMIPEPBIBHBIM U3AYYEHHEM — 110
89,5 % npu A =7,1 Mmm u 91,9 % A =5,6 MM, Tak ¥ IIpyU BO3-
NEeHCTBUH HAHOHMIIYABCHBIM M3Ay4Y€HHEM — 110 89,4 % B
OIbITaX C HCIIOAB30BAHHEM 3HAOKCAHa I0 CPaBHEHHIO C
KOHTPOAEM.
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PesyabTaTh! geTasb- | %
HBIX 3KCIIEPHMEHTOB Ha |ing
MBIIIaX IPEACTaBAEHBI
Ha puc. 19 (I - MoHO- |5
UMITyABCHOE  BO3AEHCT-
Bue CBY; 2 - BosgelicT- | 55
BHe ToAbBKO KBY Ha
JIAVHE BOAHbBI U3AYYEHHS | 55
A = 5,6 MMm; 3 — Bo3nE-
crBue ToAabko KBY Ha
IAMHE BOAHBI HU3AYYEHHA 5 6 7 8
A=17,1 mm; 4 - KOMOU- Homep rpymme:!
HHUPOBAaHHOE BO3AEHCT-
Bue CBY u snmokcaHa;

Puc. 19. YMeHBIIIEHHE CTEIIEHH
METacTaTHYECKOIo IOpasKeHUs

S5 - koMmbuHHpOBaHHOE A€TKUX y MBILIed
BosneicTere KBY usay- 107 BO3JEHCTBUEM
YEHUSI HA JIAMHE BOAHBI  3AEKTPOMATHUTHBIX U3AYYEHMI
A= 5,6 MM U 3HIOKCaAHAa; M XUMHOIIpenapara

6 - xoMOuHHpOBaHHOe BozaeiicrBue KBY uzAyueHHda Ha
IAHUHE BOAHBI A = 7,1 MM UM 3HOOKCaHa;, 7 — BO3OEHCTBUE
TOABKO 3HJOKCaHa; 8 — KOHTPoAb). Kak BUIHO M3 PHCYHKA,
B I'pyIIe, B KOTOPOH HCHNOAB30BAAOCh H3AYYEHHE C JAMHOM
BOAHEBI A = 7,1 MM, TOPMOXKEHHE POCTA OIYXOAH OKa3aA0Ch
3aMETHO HHXKE 10 CPaBHEHHIO CO BCEMH [PYTHMMHU CAydasi-
mu. Kombunrauua HenpepeieHoro KBY mau caHTHMETPOBO-
ro obDAyYeHHs C XHMMHOIpPENapaToM (SHZOKCAHOM) naér
HaUAYYINUH TepaneBTHYeCKUul 3¢ deKkT. DKCcrepuMeHTaAb-
HO OBIAO ITOKA3aHO TAKIKE, YTO NPH BO3NEHCTBHU KaK HM-
ITyABCHBIM, TaK U HEMPEPBIBHLIM HU3AYYEHHEM, KaK C XMMH-
orpariapatraMi, Tak ¥ [IPpH MOHOBO3ZIEHCTBHH 3AEKTpOMar-
HHTHBIM H3AYYEHHEM CTElEHb MeTACTATHYECKOIO IOpasKe-
HUS AETKHX Y MBIIIEH YMEHBIIaeTcs: B CPEIHEM Ha AECATKU
MIPOLIEHTOB. AHAAOTHYHBIE PE3YALTATBl OBIAM ITOAYYEHBI U
IIPH HCIIOAB30BaHMH HAHOCEKYHIHOIO H3AYYEHHS Ha HECY-
et yacrore MM-u3aydenus npu A = 8 MM.
HICKAIOYUTEABHO BaXKHBIM OBIAO YCTAHOBHTB, HE BBI-
3bIBAET AW KaKHX-AHM60 moboyHbix 3¢ deKToB BO3AEHCT-
BHE Ha SKCIIEPUMEHTAABHBIX KUBOTHBIX HaHOHMIIYABC-
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HOTO U3Ay4YeHUS. [Iaa 3Toro OBIAM ITOCTABAEHBI CITELIH-
aABHBIE 3KCIEpHUMEHTB! Ha 96 Kpreicax Bucrap (narts
rpymnm obAyYEHHBIX B pa3HOe BpeMs KHBOTHBIX). 2KUBOT-
Hbl€ TOJOMBITHOH I'PYIIBI ITOAYYHAH 0DAYYEHHE B KOAH-
gectBe 387 mmnyabcoB. HabaromeHue 3a 0GAy4EHHBIMM
JKHBOTHBIMH, IIPDOBOAMBIIEECS B TedeHHE Ooaee OXHOro
rojia, He BBIIBUAO HHUKAaKHX BUAMMBIX H3MEHEHHUIH HH B
TIOBEAECHYECKNX DPEaKUHUAX >XXKUBOTHBIX, HH B HMX oblieM
COCTOSTHHM. 3a00i >XHMBOTHBIX JAsl KOHTpPOAS Obla cleaaH
4Yepe3 OAUH rof nocae obaydeHusi. He 6p1a1 0OHApPYKEHBI
TakXKe KaKHe-AH00 1aToAOr0-aHaTOMHUYECKHE U3MEHEHUS
B TIEYEHH, ITOYKAaX, HAMAIOYEYHHKaX, OpraHax HMMYyHO-
KOMIIETEHTHOH CHCTEMBI (ceae3éHKa, AHUM@QAaTHIECKHE
¥3ABI, THMYC) II0 CPaBHEHHIO C COOTBETCTBYIOUIHMM HaH-
HBIMH BO3PACTHOTO KOHTPOAS.

2.4. Buoaoruveckue 3¢ derTnr
HU3KOHHTEeHCHBHOro MM-usaydeHust

B pesyAbTaTE MHOIOMHCAEHHBIX 3KCIIEPHMEHTOB C
MHKPOOPraHU3MaMH OBbIAO YCTAHOBAEHO, YTO JKHBBIE 00b-
€KTbI 00AaNAIOT IMOBBIMIEHHOH YYBCTBHTEABHOCTBIO K BO3-
HEHACTBUIO CAADBIX 3AEKTPOMAarHHUTHBIX noael B MM-nua-
ra3oHe MOAMH BOAH. IloporoBoe 3Ha4Y€HHE IIAOTHOCTHU
MOIIHOCTH B PAa3HBIX SKCIIEPHMEHTAX MEHSIAOCh OT €IH-
HUL MUKpoBaTT (MKBT) mo egunun muaausart (MBT) Ha
KBaJpaTHbI CaHTHMETp obAydaeMoil TOBEpXHOCTH. B
TIEPBBIX JKCIEPHUMEHTAX HCII0AB30BaAachk IpocTeiiuas
dopMa 3AEKTPOMATHHUTHOH BOAHBI B BHAE YHCTO CHHY-
COUIaABHOTO KoaebaHMsI, U AUIIL 3HAYHTEABHO ITO3[HEE
CTaAH IPHUMEHATH H0A€e CAOXKHBIE BUIBI CUTHAAOB C pas-
AMYHBIMH BHIAAaMH aMIIAUTYIHOH, UMIIyABCHOH U 4acTOT-
HOH Momyaqanuvei. Bbla oOHapy:KeH psi BaKHbIX OHOAO-
THYeCKHX 3(@PEeKTOB, KOTOPbIE OKA3aAHCh KAIOYEBBIMH
JAsT TIOHUMaHUA MEXaHH3MOB B3auMoaeHcTBUsT MM-BoAH
C XUBBIMH CHCTEMaMH H ONPENEAHAH B 3HAYHTEABHON
CTENEHU HAyYHYI0 H IPaKTHYECKYI HaIpaBACHHOCTb
Bcex paboT B 3TOM HanpaBaeHHU. [lepeuricauM Hauboaee
CYILIECTBEHHBIE U3 OHOAOTHYECKUX 3P EKTOB:
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a) 6rosorudeckui 3PEKT CHABHO 3aBHCUT OT dac-
TOTBI BAEKTPOMAarHUTHOIO KOoAebGaHHs W YacTo Takas 3a-
BHCHMOCTDb UMEET BUJL OCTPOM PE30HAHCHOU KPUBOIA;

6) Ha 3aBucHUMoOcTH OHoaoruueckoro 3dderra or
MOITHOCTH 3A€KTPOMAarHUTHOH BOAHBI 4acToO Habaropaer-
Csl IOCTATOYHO NPOTSXKEHHBIM y4acTOK ([1AaTo), B Npefe-
Aax KoToporo 3(pdeKT BO3HeHCTBHS cAabo 3aBUCHT OT
MOIIHOCTH BOAHBI (TaKHE€ OCOOEHHOCTH XapaKTEpHBI JIAs
cucreM obpaboTku uudpoBoit uHdopMauu (LHUGPOBBLIX
AVHHUHA nepenady), Korzma cpabaThbIBaHHE BXOIHOTO YCT-
poficTBa NPOHCXOAUT IIPH IPEBBINICHHH aMIIAUTYbI
BXOJHOTO CHTHasa MOPOroBOro 3HAYEHHS W HEKOTOPOM
«3arace» 3HAYEHHUH CHUrHasa II0 aMIIAMTYAE (1AaTO); II0
AHAAOTMH C TaKHMH YCTPOMCTBaMH HCCAENOBATEASIMU
ObIA cOeAaH MPHHIMITHAABHBIN BBIBOJ TOM, YTO BO3IEH-
CTBHE HHU3KOUHTEHCHUBHBIX MM-BoAH Ha GUOAOTHYECKUE
OOBEKTHI HOCUT HHPOPMalMOHHEBIN XapakTep, KOTAa OT-
CyTCTBYyeT Harper obay4aeMoro o6bekTa, To ecTh 3hdeKT
BO3IEHCTBHS HE ABASIETCS] 9HEPTETHYECKHUM (TEIIAOBBIM);

B) 3bdeKT BO3NEHCTBHUA HOCHT KYyMYAATHBHBIHA, TO
€CTb HAKOIUTEABHBIN XapaKTep;

I) B OMbITaxXx CO CAOXKHO OPraHH30BAHHBIMH OHOAO-
THYECKHUMH 0OBEKTaMH (3KCIIEPUMEHTAABHBIE JKHUBOTHLIE,
JOOMalllHHE M CEAbCKOXO3SICTBEHHBIE XXHWBOTHBIE, YEAO-
BeK) ObIAO ITOKAa3aHO, YTO 3¢ PEKT BO3AEHCTBUS 3aBUCUT
oT obaacTu (MecTa) 0bAyIeHUd;

) BO3OEMCTBUSI HOCHT IIPOAOHTHMPOBAHHBIN Xapax-
Tep; 3TOT 3peKT OblaA OOHAPYKEH, B YACTHOCTH, B OIIbI-
Tax C MHKPOBOJOPOCASIMH, I'Zle OBbIAO IIOKA3aHO, YTO B
ITIOCAEAYIOIIMX TI0CEBAaX COXpaHsieTcsl 3 EKT, 3aperncT-
PUPOBAHHEBIA B IIEPBOM II0CeBe; 0Opa3Ho roBopsi, «BHY-
KH» TIOMHAT, YTO Korma-to MM-BoaHaMu o0AyYaAHu «ae-
Oyuek u 6abyliexr;

€) TPUMEHUTEABHO K OpraHu3MaM Ar00OH CAOXKHOCTHU
opraHusauuy bnosoruyeckHii 3 deKT 3aBUCHT OT dasbl
pPa3BHUTHS;

k) 4yem OGoablie (DHU3HOAOTHYECKHE I10KA3aTEAH Op-
raHu3Ma OTAMYAaIOTCS OT HOPMBI, TeM Ooablie 6uoaoru-
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yecKHH 5dderT or Bo3xeiictBHa Ha Hero MM-us-
AYIEHUST;

3) eCAH HapyllaloTcsl KakHe-AH0o BpeMeHHbIE 1apa-
MeTPBI (PU3HOAOTHYECKUX MPOLIECCOB, TO INPH BO3HEHCT-
BHHM MM-BoAH HabAlO[AaeTCs CHHXPOHU3ALMS ITUX IIPO-
1IECCOB.

ITomumMmo 3THX OHOAOTHYECKHX 3(PEKTOB, KOTOPHIE
HOCSAT NPHHLIMIIHAABHBIH XapaKTep U OIpeleArad B Oy-
OYIIEM HaIIPaBAEHHOCTH BCeX 0€3 MCKAIOYEHHS Hay4YHBIX
M MpakTHUYeCKUX paboT, Obla HAlleH psan ApYyrux, He Me-
Hee BA’KHBIX 3aKOHOMEPHOCTEH, KOTOPhIE YACTHUYHO y3Ke
OBbIAM YIIOMSHYTH! B NPEABLIAYINMX pasaeiax. OQHAKO IAs
LIEAOCTHOCTH BOCIIPUSITHSI 3TOTO MaTrepHasa HMEEeT
cMbIcA em€ pa3 KpaTKO ITOBTOPUTH HMX M IIEPEYHCAUTH
HEKOTOPbIE HOBLIE!

OcHoBHbIE Ouoasoruueckrue 3G @PEKTbI MOXHO INpen-
CTaBHUTb CACAYIOIINM 00pa3oM:

e CunvHoe noanouwjeHue KBY-uznyueHust godoil u
8OOHBLIMU PACMEBOPAMU KAK OpeaHUUECKUX, MaK U Heop-
eaHuueckux geujecmea. IIpu TOrAOUIEHHH HM3AYYEHHST BO-
IO 3HEPTHs BOAHBI IpeobpasyeTcss BO BpalIaTEALHYIO,
TIOCTYITaTEABHYIO M AUOPAIIHOHHYIO CTENEeHH CBOOOABI.
Hampumep, naockuii cAOf BOABI TOAIIMHOM B OAWUH
MHAAMMETP ocaabaser MM-uszayuenue Ha 20 gb npu A =
8 MM 1 40 nB nipu A = 2 MM. 3TOoT PaKT UMeeT GOABILIOE
fHoAorMuecKoe 3HAYEHHE: NOCTATOYHO HAIIOMHUTB, YTO
BCce OMOAOTHYECKHE OPraHHU3MBI COAEpP:KaT OOABIIIOE KO-
andecTBO Bombl. Hampmmep, Koxka udeaoBeka Hoaee deMm
Ha 65% cocrouT U3 BoAkl. IIpn 0bAydeHHH KOXKH BCE H3-
AYYEHHE TIPAKTHYECKH ITOAHOCTBIO TIOTAOLIAETCS B CAOE
KO3XU ToAmwmHoMi 0,5...1 MM.

e HapyweHue 3arxoHa adoumueHoCmu noziouseHus
MUTUMEMPOBLIX 8OIH pacmeopumesiem (8odoll) u pac-
MEOPEHHLIMU eeulecmeamu. B 3aBHUCHUMOCTH OT KOH-
KPETHOTO TUIla PaCcTBOpa PEeasbHOE ITOTAOLIECHHE MOXKET
OBITE 0OABIIE HMAM MEHEBIE AIUTHBHOIO; MOTAOLIEHHE
OIIPEAEASIETCS XapPaKTEPOM MEXKMOACKYAIPHOIO B3aHMMO-
HeHCTBHUS pPacTBOPHUTEAST M pPacCTBOPEHHOIO BEUIECTBA.
JedHUIUT MOrAoIIeHHS B BOAHOM PacTBOPE MOKET CBHU-
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JETEABCTBOBATDL, HAIIPHMEP, O TOM, YTO YacCTbhb MOACKYA
BOAbl HAXOUTCSI B CBSI3AaHHOM COCTOSIHHH, YTO W ITPUBO-
JUT K YMEHBIUEHHIO ITOTACIICHHS HM3-3a MOTEPU MOAEKY-
AaMH BOJIbl BpaIllaTEABHBIX CTEITeHeH CBODOIE!.

TIpeBBIIEHHE ITOTAOLIEHUST HAJ aJIUTUBHBIM MOXKET
CBHIIETEABCTBOBATE O «Pa30rpeBe» OTAEALHBIX MOAEKYA UAU
MOAEKYASIPHBIX TPYTI 38 CYET MOSIBACHHS JOMOAHHUTEABLHBIX
creneHei cBoOOMBI (B OCHOBHOM, BpalllaTEABHBIX).

e CuHmes 6uosiozuuecKu-aKMueHblX eelecms Um-
MYHOKOMNEMEHMHbIMU Klemkamu. [leTasbHbIE HCCAe-
JOBaHMA N0 3TOH npobaeMe n3aoxkeHb! B [89]. 3toT dakr
Obla TIOATBEPXKAEH M B APYrUX paboTax, a KOCBEHHBIM
TIOATBEPKACHUEM SIBASIETCSI TIOAMAEUYEOHBIN XapakKTep
KBY-Teparuy, a TakKe IOBBIIIEHHE Heclelududeckoi
PE3UCTEHTHOCTH OpraHu3Ma Ipu AedeGHOM BO3LEHCTBUU
MM-BOAH HHU3KOH UHTEHCHUBHOCTH.

e HsmeHeHue MemabonUIMA MUKDOOP2ZAHUIMOE.
OrtoT (akKT oTMedYaeTcsd NPaKTHYECKH BO BCEX JKCIIEPU-
MEHTAABHBIX MCCAEHOBaHHUAX C MHKPOOPraHU3MaMU;
MM-BOAHBI aKTHBHO BAMSIIOT Ha IIPOLIECCHI KU3HEHEsI-
TEeABHOCTH. B pesyabrrare 0bAyYeHHST MHUKPOOPraHU3MbI
CTAaHOBATCSI IPOAYLIEHTAaMH OHOAOTHYECKH aKTHBHBIX
BEIIIECTB, YTO HAIIAO NPUMEHEHHe, HAapHUMED, B pas-
AWYHBIX OHOTEXHOAOTHYECKHX IIPOLIECCAX.

e Cunmes ATP e knemkax 3eneHozo siucma. BriepBbie
BAUSTHHE H3AYYEHHH Ha cHHTE3 AT Obiro 3apUKCUPOBAHO
B 9KCIEPHMEHTE HA AHCTBIX KOMHATHOro pacTteHuda Bal-
saminus [90]. Kak u3BecTHo, AT® sBAsIeTCsI YHHUBEPCaAb-
HBIM XMMHYECKHM HCTOYHHUKOM 3HEPIHH B JKUBOH KAETKE.
YBeanuenue cuHresa ATO nop mefictBueM MM-BoaH MeeT
onpefeAsioniee 3HAYCHHE B JKU3HEESTEABHOCTH OpraHus-
MOB, YTO HaXOIHUT KOCBEHHOE TMOATBEPXKACHUE B AeueOHOM
MPaKTHKE (HOPMaAH3alHs [TPOLIECCOB XKH3HEAEATEABHOCTH
60ABHOIO OpraHMu3Ma), a TakKe B IKCIIEpHMEHTE (IIOBbILIE-
HHE CHHTe3a OGHOAOrMYECKH aKTHBHBIX BEILIECTB).

e JlogblweHue YporkaliHocmu CeslbCKoxo3silicmeeH-
HbLX KYAbmyp (Hanpumep, npu npednocegHoll obpabomxe
cemsH). [TepBrble HAOAIOIEHHS B 3TOM HANPABACHUU OBIAU
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3aHKCHPOBaHBbI, IO-BHAUMOMY, B pabore [91]. Okcre-
PUMEHTHI TIPOBOJAMAHCH C Pa3AMYHBIMH KOMHATHBIMH
pacteHussMu. B pabore [92] nmpuBonaTcs HaHHBIE O CTH-
MyAHpyIOIEM BAUSHUH MM-BOAH Kak Ha BCXOXKECTb Ce-
MSIH TIOIYyASIPHBIX ONOPOAHBIX KYABTYP, TaK U Ha HUX ypO-
KalHOCTb. B psine paboT aHaAOrHYHbIE PE3YABTATHI I10-
AYYEHBI U 1Al IPYTHX CEMSIH PACTEHHIT U IEPEBBLEB.

e 3meHeHue peosiozuueckux ceolicme KpOo8eHOCHbBIX
Kanuanspos. OKCIIEPUMEHTaABHO OOHapy»KeH Pe30HaHC-
HbIl 3¢ PeKT noraomeHnuss MM-BOAH B JUACKTPHYECKUX
KaltHAASpPaxX, UMHUTHPYIOUIMX KallHAASPBI B TKAHSX opra-
HHU3Ma. OKBHBaA€HTHad HOOPOTHOCTB HAST PE30HAHCHBIX
ITUKOB JOCTHUTaeT OYEHb BBICOKHX 3HAYEHHH — Iopsimka
103-104. 3aMeTHM, YTO TAKHE 3HAYEHUS NJOOPOTHOCTU HE
TaK MPOCTO MOAYYHTH B METAAAHYECKHX OOBEMHBIX PE30-
Hatopax B CBY- u KBY-auanasonax. Pe3oHaHcHoe I10-
TAOLIEHHE A BOABI M PA3AHWYHBIX BOIAHBIX PacTBOPOB
COIIPOBOXKIAETCS 3HAYUTEABHLIM YMEHBIIEHHEM CHA aj-
re3nu BHYTPEHHEH CTEHKH KallHAAApa W IIpoTeKaroulei
KHUAKOCTH. MexaHH3M 3Toro (peHOMeHa IO CHX IIOp OCc-
TaéTCcs HEBBISICHEHHBIM.

3TOT «KallMAASIPHBIN» 3¢ @HEKT MOXKET HCIIOAB30-
BaThCA A OOBSICHEHHS U3BECTHOIO MENHIIMHCKOTrO (PaK-
Ta — ACYEHHSI OOAUTEPHPYIOLIEro 3HAAPTEPUHUTA C TTOMO-
mpio MM-BoaH. B pabore [93] atoT addekT npenaaraer-
CSl UCIIOAB30BATb [JIASI H3MEPEHHs BBICOKOYACTOTHOH
MOIUIHOCTH B IIPAMOYTOABHBIX BOAHOBOJAX.

e BoszbysxoeHue peyenmopoe LIHC u 6uosnekmpuue-
cKkull omrkAuK 8 Kope bosvuwux noaywaputi. EcrectBeHHO
BO3HHKAaEeT BOIPOC, KakKHUM o00pazoM HH@OpMauus H3
TOHKOT'O CAOSI KOXKH NepenaéTcsl K BHYTPEHHHUM opraHaM.
YyacTHe LeHTpasbHOH HepBHOH cucTeMsbl (LIHC) weaoBe-
Ka B peaansauuu 3¢ derroB BosxeiictBusas MM-BoaH Ha
opranusM obcyxkpaercs B [80]. 3mech mnokasaHo, YTO
80% 3MO0POBBIX HCIIBITYEMBIX JOCTOBEPHO Pa3AHYarOT Ha
YPOBHE OIIYILUEHHs BO3AcHCTBHE HH3KOWHTEHCHBHBIX
MM-BoAH (ceHCOpHasd HWHAOMKALIUA), IPH 3TOM BBISIBACHA
CEHCOpHasl aCHMMETpPHS TaKoro Bocnprsitus. Kpome Toro,
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obHapy>eHO BausSIHHE MM-H3Ay4eHHs Ha TIPOCTPAHCTBEH-
HO-BPEMEHHYIO OPraHHU3alllio OHOMOTEHIIMAAOB MO3Tra IIPU
repucepHiecKoM BO3IEHCTBUH — pa3BUTHE Heclleuudude-
CKOH peakLMH aKTUBAallUM B KOpPE I'OAOBHOIO MO3ra, T.€.
IIOBBIIIEHHE €€ TOHyca. B cooTBeTCTBHMM C 3TOM paboToit
peuentopamu ITHC, BocripuHuMarommuMu MM-BoAHEI, SB-
ASTIOTCST 60AEBBIE PELIENTOPBI (HOLMIIEIITOPR) H MEXaHOope-
nentopsl. B peaanszaimn MM-Bo3geHCcTBUS INPUHUMAET
y4JacTHe, TAaBHBIM 00pasoM, HecleuudUuieckas COMAaTo-
CEHCOpHAasl CHCTEMa, KOTOpasl CBA3aHa IIPaKTHYECKH CO
BCEMH 00AaCTAMH KOPbI FOAOBHOTO MO3ra.

® Yuacmue cnuHHO20 M032a 8 gocnpusmuu gosodeticm-
8USL MUNLIUMEMPOBLLX 80/1H. MHOTO0OEIIAIONNM SABASIETCS
NOAXOHN, pa3BHBaeMbIii B [94]. 3mech aBTOPBI IIBITAIOTCH
COEIMHUTD B €IMHYIO KOHUEIMIHIO OTBET LIEAOCTHOIO Oopra-
Hu3Ma Ha MM-BOAHBI HHU3KOH HHTEHCUBHOCTH, & TaKIKe
PSA IPHHIMITMAABHBIX 3A€MEHTOB H3 TEOPHH PACIIO3HAaBa-
HHs1 06pa3loB IPHMEHHTEABHO K ITpo0dAeMe HEHpPOKOMIIBIO-
THHTa. KAIOYEBBIMH SBASTFOTCSI TTOHATHS ayTOAUATHOCTHKH
(c 3TOrO, MO MHEHHUIO aBTOPOB, HAYMHAETCA ITPOLIECC BO3-
nedictBust MM-u3aydyeHHs1 Ha OpPraHusM) M ayToTepalluH
(korma opraHH3M caM Ha4yMHaET BbIpabaTbhIBaTh AEKAPCT-
BEHHbIE BEIIECTBA I10 JaHHBIM ayTOOWAarHOCTHKH). B pea-
AM3AIIMH 3TUX (PYHKUIMNA aKTUBHOE y4YacTUE ITPUHHMAIOT
NAacTHHYaThble 00pa30BaHUsl CIIMHHOTO MO3ra (AaCTHHBI
Pexcena), KOTOpble BBITOAHAIOT MIEPBRUYHBIE (DYHKIMH I10
06paboTKe U pacro3HaBaHUI0 UHGOPMALMH O BO3AEHCT-
BUH BHeuiHero ctumyaa (MM-Boan). TakuMm obpaszoMm ocy-
ILECTBASIETCST (DYHKIIMSA CBOEOOPa3HOTr0 HEHPOKOMITBIOTEPA,
[IOArOTABAMBAIONIETO CITeHUHUYECKyI0 MH(MOPMALIMIO [IAS
3amnycka B paboTy CHCTEM, PETYAHUPYIOUINX W IOANCPIKH-
BalOIMX N'OMEOCTa3 B OPraHU3MeE YEeAOBEKa.

® 3anomuHaHue odHOKpamHozo delicmeus usiyue-
HUA (mamambo eodvls). BriepBhle rHnoTe3a 0 BaxKHON poaH
BoAb! Oblaa BbICKazaHa B 1979 r. B pabore [95]. B mo-
CAEOYIOUIUX TEOPETHYECKHUX H 3KCIIEPHUMEHTAABHBIX HC-
CAEIOBAHHUSX 3Ta MBICAb IOAYyYHAA JasbHeHIlee pa3BU-
THE U, B YaCTHOCTH, Oblra oDHapyzKeHa «[1aMSATb BOOBID,
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KOTOpasi UrpaeT MPHHIWUIMAABHYI0 POAb B TTOHMMaHHU
61odU3NYECKUX MEXaHU3MOB B3auMoaeiicTBust MM-BoaH
C JXUBBIMH 00BEKTAMH.

o [IpocgemuneHue 800blL U B00HbLIX PACMEopo8 npu
CIIE-a¢pcpexme. CEHCALlMOHHBIMU SIBASIIOTCH PE3YABTATHI
3KCIIEPUMEHTAABHBIX U TEOPETHYECKHX MCCAENOBaHHH
BO3MOXHOCTH CYILUECTBOBAHUS «OKOH IIPO3PAvYHOCTH» B
BOJIE U BOJIOCOAEPIKAIINX 00BEKTaX Ha COOCTBEHHBIX pe-
30HAHCHBIX YaCTOTAX BOAHBIX KAACTEPOB (MBI YK€ YIIO-
MUuHaAu 06 3ToM B 11.2.5).

e KoHgexmueHoe dgurkeHue sudrxocmu 8 obveme u
moHkux cnosix. Ilon aericrBuemM MM-BOAH BO BHYTPH- U
MEXKKAETOYHON JKUAKOCTH MOZKET BO3HUKHYTH CAOXKHOE
KOHBEKTHBHOE [IBHKEHHE, YTO CHHUMAET OrpaHUYEHHHA
1 Gy3HOro ABUNKEHUS KUIAKOCTH BOAHU3H KAETOK U, B
CBOIO O4epe/lb, TPUBOAUT K 6oAee aKTUBHOMY IIEPEHOCY
BELIECTB U 3ACKTPHYECKHUX 3apANOB uYepe3 MeMOpaHbl.
MomeabHBIE 3KCIIEPUMEHTbLI MOATBEPXKIAAIOT 3TO yTBEP-
xknenue. KoHBeKLUs X0pomo QUKCHPYETCs IPH IMAOTHO-
CTaIX MoIIHocTH ropsaaka 0,5-1 mBrt. PesyabraTe! Takux
3KCIIEPUMEHTOB MIPHUBOASTCA B pabore [29].

XoueTcs 00paTUTh BHUMaHHE Ha TO 0OCTOATEABCTBO,
YTO KOHBEKIUS BO3MOXKHA HE TOABKO B 00OBEME KHIKO-
CTH, HO U B TOHKHX CAOSIX TOAIIMHOH MeHee 1 MM mpu
TIOPOTOBBIX 3HAYEHHsI IIaJalollell MOIIHOCTH ITopsaKa
HECKOABKHX JECATKOB MHUKPOBAaTT [96].

o Nudpamayus 6enkosolx MoeKys nod delicmauem
KBY-usnyueHus.

UsBecTHO, UTO HAeruapaTtaldsg OEAKOBBIX MOAEKYA
IIPUBOAUT K H3MEHEHMIO XapakTepa paboTsl, INepeBois
6eA0K M3 PYHKIMOHAALHO AKTUBHOTO B (DYHKIIMOHAABHO
TacCHBHOE COCTOsIHMe [56]. JKCIIepHMEHTaABHO OblAO
I10Ka3aHo, 4To Bo3zefictBHe MM-BoAH NPHUBOAHUT K BOC-
CTAHOBAEHHIO 4ucaa ruzaparanu. OCHOBaHHEM Iad Ta-
KOTO yTBEPXKIAEHHUSI SIBUAUCH HE3aBEPILIEHHBIE 3KCIIEPH-
menTs! FO.M. Xypruna. OKCnepHMeHT HIPOBOLHUACH C XU-
MOTPUIICHHOM, KOTODBIH HCITOAL30BaACS B Ka4eCTBE KaTa-
auzaTopa B OHOXUMHYECKOH peaxkiuu. Katasutudeckue
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BO3MOXHOCTH XHMOTPHIICHHA MOXKHO OBIAO PETYAHPOBATH,
HM3MEHSIA YHCAO TuApaTaiid. [IpH yYMEHBIIEHHH 4YHCAQ
THApPaTalHH BBIXOZ MNPOAYKTOB PEaKIMH, €CTECTBEHHO,
yMmeHbaacst. IIpu obAydeHHH peaKUHOHHOTO o00BEMa
MM-BoAHaMH BBIXOJ, IIPOAYKTOB PEAKIIMM YBEAMYHUBAACH,
YTO MOTAO IPOM3OHTH TOABKO 3a CYET YBEAMYEHMS THMApa-
TallUd XHMOTPHIICHHA, OOYCAOBAMUBAIOUIEH IOBLILIEHHYIO
(dEPMEHTATHBHYIO AKTHBHOCTL OeAka (YBEAMYEHHE YHCAA
THApATAlMH 3a CYET Npeobpa3oBaHUs SHEPIUMH 3AEKTPO-
MarHUTHOH BOAHBI BO BpPalATEABHO-TIOCTYIIATEABHYIO
9SHEPIHI0 MOAEKYA BOABI, IIPHBOASIIEE K TIEPEBOLY KOM-
rnaekca 6Oeaok-Boma M3 (PYHKIIHMOHAABHO-IIACCHBHOIO B
(YHKIIMOHAABHO-aKTUBHOE COCTOSIHUE).

o Mukxpomennogolli Maccax. OKCIIEPUMEHTAALHO
OBIAO TTOKA3aHO, YTO IMpPU ODAYUYEHHH KOXKHOTO ITOKPOBa
MHAAHMETPOBBIE BOAHBI Ha 00AyYaeMOH IIOBEPXHOCTH
pacrnpeneasitorcss HepaBHoMepHo. HamnpuMmep, npu obay-
YEHUH MPSIMOYTOABHBIM pYIIOPOM ammapara «JIBb-1»
MOXKHO C IIOMOIUBIO TETAOBH30pa 3adUKCHPOBaThH Ha
KOXX€ HECKOABKO TEIAOBBIX 3KCTPEMyMOB. B nByx-Tpex
MaKCHMyMax IIeperpeB MOXKET HOCTHIaTh HECKOABKHUX
IrpafyCcoB, XOTsl CpelHee 3Ha4YeHHE MpUpocTa TeMIlepa-
TYPBl OTHOCHTEABHO (POHA SIBASIETCSI HECYILIECTBEHHBIM.
Ha TtemaorpaMme 3KCTPEMyMbI HUMEIOT BHI TOYEK («TEIl-
AOBBIE HTABIY), KOTOPblEe 00AGAIOT CIIOCOOHOCTHIO IIEpe-
MelAThbCsl I10 ITOBEPXHOCTH KOXKU IIPH YaCTOTHOH HAM
aMIARTYAHOH momyasuuu Hecymero KBY-nsayuennsa. Ilo
MHEHHIO aBTopa pabotTel [97] mpH 3TO MOXET UMEThH Me-
CTO TEIAOBOH MaccaX PEeLENTOPOB KOXKH I10 aHAAOTHH C
ODBIYHO TEMAOBOH aKyIyHKTYpPOii.
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3. MEXAHH3MBI B3AUMOIENCTBHSI
HH3SKOHHTEHCHBHBIX
MHAAHUMETPOBBIX BOAH
C IXHBBIMH OB'BEKTAMH

3.1. llepeuunsie 3¢ ¢eKTHI B3auMoAelicTBHA

K HacrodllleMy BpeMEHH HaKOIAEH O60ABbLIONH 0O6BEM
6roaormdeckmx 3¢ eKToB, HaMAEHHbIX 3KCIIEPHMEHTAAB-
HO HAM TIPENCKA3aHHBIX TEOPETHYECKH, OTHOCSIIHXCS K
mpobAeMe MEXaHU3MOB BO3AECHCTBHS HH3KOMHTEHCHBHBIX
MM-BoAH Ha GHOAOTHYECKHE CHCTEMBI PA3AHYHOH CAOXKHO-
CTH OpraHu3allud. B npeaplayImx pasgesax KHHUTH OblAO
TIPEACTABACHO MHOT'O JAHHBIX 110 3TOM npobaeme.

B ob6aacTi MHAANMETPOBOH 3AEKTPOMArHHUTOOHOAO-
THH MBI CTAAKHBAEMCS C THUITHYHOM Hay4YHOH cuUTyalueH,
KOTZla MpHUMeHEeHHe Ha ITPaKTHKe HOBBIX HAEH olrepexKa-
€T MMOHHMMaHHE MEXaHU3MOB AeHCTBHUS HAM (QYHKIIMOHH-
pOBaHHUs HOBOTO (PHU3UYECKOro (PaKkTopa, AEXKAaIlero B
OCHOBE 3THX HAel. MOXHO HallOMHHUTB, KaK 00CTOsA0
IEA0 C OTKPBITHEM HH3IKOTEMIIEPATYPHOH CBEPXIIPOBO-
JHUMOCTH: TTOHaOOHAOCH TIPHMEPHO COPOK AET, NPEXKIe
4yeM (DH3HKH CMOTAH OOBSICHHUTH CYLIHOCTH 3TOTO SIBAE-
HHSI, XOTSI Ha TNpakThKe 3(PdeKT CBEPXIPOBOIHMOCTH
HUCIIOAB30BaACSl B DPa3AHYHBIX TEXHHYECKHUX 00AacTax.
MoxxHO npuUBeECTH emé OAWH IOKa3aTEAbHbIH IPpHMED,
CBSI3aHHBIIl C IIPHUMEHEHHEM AA3€POB B MEAMIIMHE., OTH
npHbOpBbl YK€ AAaBHO HAUIAM LIHMPOKOE IIPHMEHEHHE B
MEIUIINHE, U ceifyac TPyAHO Ha¥TH MEOULIMHCKOE y4dpe-
XKOeHue, rae Obl B OTHEACHHAX (PU3HOTEpanvu He OBbIA0
aTux npubopoB. CTOUTE 3aMETHTb, ONHAKO, UTO MeXa-
HU3M BO3IEHCTBHS AQ3€PHOI0 H3AYYEHUSI HaA OpPraHU3M
YyeAOBEKa O4YEHb HaAéK oT noHuMaHus. He 6ynem 3abbl-
BaTh TAKXKE€, YTO KaK U B CAy4Yae C NMPHUMEHEHUEM Aa3ep-
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HOTO H3AYYEHUS, MBI HUMEEM MOEA0 C DoAee CAOXKHBIM
IIPEIMETOM HCCAEQOBAHUS — C KUBBIMU 00BEKTaMU. ITO
0OCTOSITEABCTBO SIBASIETCSI, KOHEYHO, CAAObIM yTeleHu-
€M, HO, B TO € BpeMsl, IBASETCH CBOeoOpa3HbIM asubu
OAsl T€X, KTO 3aHUMAETCS OHMO(PHUIUIECKUMU MEXaHH3Ma-
MH B MHAAMMETPOBOH 00AaCTH.

TIpexxne 4YeM cOPMyAHPOBaTH CBOIO KOHLIEITIIHUIO
6HO(H3UIECKNX MEXaHU3MOB Bo3AedcTBUS MM-BoAH Ha
JKHBbBIE CHCTEMEBI, UMEET CMBICA €€ pa3 KpaTKO Iepeduc-
AUTE OOHapy»KEeHHbIE paHee U B boaee Mo3gHee BpeMsl Hau-
boaee BazkHbIe buoaoruyeckue 3 erTsl. C camMoro HavaAa
CTaAO TIOHATHO, YTO MBI HMeeM IeAo ¢ 3ddekTaMu Bo3aei-
CTBHST CAADBIX 3AEKTPOMArHHUTHBIX TIOAEH Ha JKUBBIE Opra-
HU3MBI. B pesyabraTe rnepBOHAYAABHBIX 3KCIIEPHMEHTAADL-
HBIX HCCAEOBAHHN ObIAM OOHapYKEHBI CAemylole 3d-
EKTBI: PE30HAHCHBIA XapaKTep BO3LACHCTBUSI, HaAWYHE
I10pOTa U «I1AQTO» Ha 3aBHCHMOCTH 3 (deKTa OT MOIIHOCTH
MaIAI0IIETO H3AYYEHHS, KYMYASITUBHBIN XapaKTep BO3MCH-
CTBUSI, CIIOCOOHOCTH MHAAMMETPOBBIX BOAH CHHXPOHU3HPO-
BaTb HEKOTOpble OHoaormyeckue nmnporeccel. Ho camoe
raaBHoOe cOOBITHE COCTOsIAO B OOHapy»KE€HHU Toro (yHaa-
MeHTaAbHOro ¢axra, uTo MM-BOAHBI 00AaAIOT A€UEOHBI-
MH CBOMCTBaMH, CIIOCOOHBI CYILIECTBEHHO BAHUATH Ha pas-
HBIE MIPOLIECChI XKU3HEAEATEABHOCTY OPraHu3MOB, B KOTO-
PBIX HMEIOTCSI KaKHe-AU00 OTKAOHEHHS OT HOPMBI XKH3HEH-
HO BaXXKHBIX [10KA3aTEACH.

IlepeunicanM Onoaoruyeckre 3G@EKTh], AETAABLHO
HCCAEMOBaHHBIE B ITOCACIHUE TOMObBI:

CHABHOE ToraolieHrne MM-BoAH BOZIOH W BOXHBIMHU
pacTBopaMM pPa3AHYHBIX OPraHUYECKUX M HeOopraHude-
CKUX BEILECTB;

HapyuleHHue aIgUTUBHOCTH IoraoueHuss MM-BoaH
pacTBopuTeAeM (BOAOH) U pacTBOPEHHBIM BEILIECTBOM;

3HAQYUTEABHOE yBEAHUYEHME IoraoiieHnss MM-BoAH BO-
[0 1 HEKOTOPBIMH APYTHMHU KUIKOCTSIMH B TUSAEKTPHUE-
CKUX KalTHAASIPAX, HOCSIIEE PE30HAHCHBIHN XapaKTep;

obAyueHHE MHKPOOPraHU3MOB H JKHUBBIX KAETOK
IPUBOAUT K JOIIOAHUTEABHOMY CHHTE3y OHOAOTHYECKH
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aKTHUBHBIX BELIECTB, B TOM YUHCAE OTBEYAIOIIUX 3a UM-
MYHHBIH CTaTyC OpraHu3Ma;

[TOSIBAGHUE «[1aMSTU BOMIBI» TOCAE ODAYYEHHS BOIBI
HAM BOIHBIX pPacTBOpoB caabbiMu MM-BoaHamu; Boza
npuobperaeT CBOHCTBA MOAEKYASIPHOIO TeHeparopa
KBY-u3Ay4eHUsT 1 MOXKET COXPaHSTb 3TO CBOMCTBO B TeE-
YeHHEe HECKOABKHUX IHEH HAH MECSLEB;

3¢ PEKT CTOXaCTHUECKOr0 pPE30HaHca MOXKET oDy-
CAOBAUBATH ITOBBIIIEHHYI0 YYBCTBUTEABHOCTH OHOAOTH-
YEeCKUX CUCTEM K BO3AEHCTBHIO O4YeHb CAabBIXx MM-BoAH
(stapamoKe caabbIX m03» IPHMEHHUTEABHO K MM-BoAHaM);

(pPaKTAABHOCTE HEKOTOPBIX OHMOAOTHYECKHX CTPYK-
TYP CNocobCTBYEeT INOBBIMIEHHOH 4YyBCTBUTEABHOCTH K
BO3EHCTBHUIO HU3KOMHTEHCUBHBIX MM-BoAH;

CcOOCTBEHHOE IIIHPOKOIIOAOCHOE TEITAOBOE H3AYUEHHE
OHMOAOTHMYECKHX CHCTEM CII0COOCTBYET MOBBIINIEHHO 9yB-
CTBUTEABHOCTU OHOAOTHMUYECKHX CHCTEM K BO3AEHCTBUIO
cAabbix MM-BoAH;

B OTBETHOM peaKIIMM OpraHu3Ma Ha BO3IEHCTBHE
cAabbrx MM-BOAH OCHOBOIIOAQTraloLIEe POAb ITPHHAIAE-
KUT CIIMHHOMY MO3ry (He#pokoMnbeioTUHT) »u ITHC;

B KOXKHOM IIOKPOBE YEAOBEKA HMEIOTCSI CTPYKTYpPhI
(TUna IIeAeBBIX KOHTAKTOB), obaamarolmue HEeAMHEHHBIMH
CBOHCTBaMHM, KOTOpbIE OTBEYAIOT 3a IIpeobpasoBaHMue
CIIEKTpA YACTOT ITaZIAIOLIET0 M3AYYEHHS U 00YCAOBAHBAOT
YYBCTBUTEABHOCTH OpPraHH3Ma K Pa3AMYHbIM BHAAM MOJIY-
ASILIUY HecylIero Koaebanus B MM-auarasoHe JAMH BOAH;

MM-BOAHBI CITOCOOHBI YBEAWYHBATH TI'UApPATALIHIO
OHMOMaKpPOMOAEKYA, IPeXAe BCETO DEAKOB;

KAQCTepHasl IpUpoAa XKUIAKOM BOABI, MOAEKYABI KO-
TOPOH OXBaudeHbI CETKOH BONOPOMAHBIX CBs3eH, IPHUBOIUT
K MosIBA€HUIO 3(h(eKTa «[IPO3PauHOCTH BOABI» U BOLHBIX
PacTBOPOB Ha HEKOTOPBIX PE30HaHCHBIX YacToTax (CIIE-
appexr);

TTIOSIBAEHHE KOHBEKLIHMH CO CAOXHBIM XapaKTepoM
rlepeHoca BEHIECTB IIPH ODAYYEHHH BOAB! HMAM BOIHBIX
pacTBOpoB MM-BoAHaMH C TOPOrOBBIM 3HAYEHHEM ITAOT-
HOCTH MOLIHOCTHU, COCTABAHIOIIUM JIECATKH MKBT /cM2;



104 Munnumemposbsie 60THbLL U JXKUBblEe cCUCMeMbl

MO-TIPEXKHEMY OCTa€TCsl B CHAE IIPEOIIOAOXKEHHE,
BbIcKazaHHoe H./[. [IeBATKOBBLIM C COTPYIHHKAMH U TEO-
petudeckue oueHKU . Ppéanxa 0o BOZMOXKHOCTH CyLIE-
CTBOBAHHS B TIAA3MATUYECKUX MeMOpaHaX >KHBBIX KAE-
TOK aKyCTOJAEKTPHUYECKHX BOAH HAH, UTO TO K€ CaMoOe,
CYIIIECTBOBaHUE B IAA3MATHYECKUX MeMOpaHax HMAU OT-
OEABLHBIX €€ YacTsIX KOTE€PEHTHBIX Koaebauuiti B KBY-
Juaria3oHe 4acToT,

Ha OCHOBE OPHUTHMHAABHBIX UCCAEOOBAHHI, BBIIIOA-
HEHHBIX 10 Bo3zeicTBHI0O MM-BOAH Ha MHKPOBOJLOPOCAH
(cmupyAuHy), BhICKa3aHa OPUTHMHAABHAS UAEs O BO3MOX-
HOM MyTH peasusanuu buosoruyeckoro addexkra yepes
MEXaHH3M CaMOYCKOPEHHS 110 THITy HENMHOH peakliny;

B IPOSIBAEHHUU OHOAOrHYEeCKUX 3(P(EKTOB BarKHYIO
POAB UTPAIOT ra30BbIE€ COCTABAHIONUIME aTMocdephl, Ipe-
K€ BCET0 KHCAOPOJ U YIAEKHCABIH raas.

B 3arAroUeHHE 3TOTO paszneaa HeobXOAUMO ob6paTHTh
em€ pa3 BHHMaHHUE Ha TOT (PakT, YTO MaKCHMYM PEAMK-
TOBOT'O M3AYYEHHS Ipuxogurcsa Ha MM-guamnasoH, a
TAKoKE Ha MOABASIOIINECS B NEPHOAMYECKOH II€YaTH Co-
OOIlIEHUST PAIUOACTPOHOMOB O «MOUIHBIX» H3AYYEHHUSAX B
MM-pananasoHe, KOTOpblE IIPUXOOAT Ha 3eMAI0 OT OTHA-
AEHHBIX KOCMHYECKuX obpaszoBaHuii. Bcé 310 MOXKeT Koc-
BEHHO CBUIETEALCTBOBATb O BO3MOXKHOH M Ba’KHOH poAH
9AEKTPOMATHUTHBIX KoAebaHuii B MM-mguamnascde OAMH
BOAH B 3BOAIOIIMH XKHUBOH MaTEpPHH Ha HaWICH ITaaHETe.

3.2. BuodpusndecKHe MeXaHH3MBbI
(OpPIFHHaAbHaH aBTOPCKasd KOHLIETINWA
0 6uochHn3UIecKOM MeXaHU3Me BO3AeHCTBHIS
HHU3KOHMHTEHCHBHBIX MHAANIMETPOBBIX BOAH
Ha JXHUBbBIC CHCTCMLI)

IlepeurcACHHBIE B MNPEABIAYIIEM pa3meAe OHOAOTH-
yeckue 3QPEeKThl Aal0T OCHOBaHHE OAs (HOPMYAHPOBKU
CAEOYIOIMX MTPUHIIUIIHAABHBIX 0000IIeHMI:

Bo3szgeiicTBue HU3KOHHTEHCHUBHBIX BoAH MM-nuarna-
30HaA Ha XKUBbI€ CUCTEMbl HOCUT YHHUBEPCAABHBIN Xapak-
Tep: Guoaoruueckue 3ddeKThl HAabAIOMAIOTCS Ha CHCTE-
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Max Pa3AMYHON CTENEHH CAOXKHOCTH — OT KAETOYHOTO M
MHKPOOPraHU3MEHHOI0 YPOBHS O YPOBHS LIEAOT'O Opra-
HusMma. Hamnpumep, B cayuae MM-tepanuu mnopaxaer
[aUara3oH 3aboaeBaHUil, KOTOPBIE ITOANAIOTCS ACYEHHIO C
rmomMousio MM-BOAH. .

KaroueBast poAb B HOCTHXKEHHH OHOAOTHYECKOro
s exTa IPUHATAECKHUT BOJE HAH BOAHBIM PACTBOPaM.

OcHOBHBbIE «COOBITHSI» ITPOUCXOAAT Ha KAECTOYHOM
YPOBHE, U 3MIeCh ONpPENCAdIOiast POAb IIPHHATACKHUT
mAa3MaTHYECKOH MeMOpaHe (TPaHCIIOPT BOABI, SACKTPHU-
YECKUX 3apsiioOB U IMPOAYKTOB IKUIHEAEATEABHOCTH).
IIpUMEHHUTEABHO K YEAOBEKY KOHLEILHIO MeXaHu3Ma
BO3ZEHCTBHUSA cAabbix MM-BOAH MOXKHO IIPEACTABHUTH
cAaeqyroIuM obpasoM.

B oCHOBe KOHLIEMIIMH AEXKHUT BBIIEACHHE TPEX OC-
HOBHBIX (DYHKIIMOHAABHBIX 3BE€HBEB, CBSI3aHHBIX MEXAY
coBoii (cM. puc. 20-22). OCHOBHbBIE CODBITHS ITPOUCKOASAT
B KOXXHOM ITOKPOBE.

TlepBUyHBIM NPHEMHHUKOM MM-BOAH SBAFIOTCA MO-
AEKYABI BOJIbI, KOTOpbIE ToraciaroT MM-BoaHb! Oaarona-
psl 6AM30CTH 5HEPreTHYECKHX YPOBHEH BpalllaTEABHBIX
crerieHell cBOOOALI MOAEKYA BOAbI K KBaHTaM JHEPryUH
MM-uzayvyenusi. C yBEeAHUEHHEM 3HEPTHH BpalllaTEAbHbBIX
OBHXKEHUH MOAEKYA BOOBLI MPOHCXOAMUT «IOTHAPATALHA
OEAKOBBIX MOAEKYA Pa3AHMYHBIX aHATOMHYECKHX CTPYK-
Typ (KOXKHbIE PELENTOPEI, CBOOOAHBIC HEPBHBLIE OKOHYA-
Hus), Oaaromaps deMy 6Oosee HHGOPMALMOHHO HAaChI-
IIEHHBIMH U [TOMEXOYCTOHYHBBIMH CTAHOBSITCS SACKTPH-
YECKHE CUTHAAbl B HEPBHBIX BOAOKHAX, CBS3bIBAIOIIUX
KOXKHBIE PELENTOPbl C HEPBHOM ceThio. OJHOBPEMEHHO C
3THM cpabaThIBaeT U KaHaa BO30YKIEHHST MOAEKYA BOIbI
10 MEXaHWU3My «IaMsTH BOABI», baaromapss yeMy Bona
IpHOOPETAaeT CBOMCTBA MOAEKYASIDHOI'O TIeHepaTopa
KBY-u3ayuenus. [Jasee, MOAEKYABI BOABI, ITepeMElIAsiCh
10 KallMAASIPaM, BBIMOAHLIOT TaKHe XKe (PYHKIHM, KaK U
MOAEKYABbl BOZbI B KOXXHOM IIOKPOBE, TOABKO Y2K€ Ha
YpPOBHE aHATOMUYECKHUX CTPYKTYP, PAaCIIOAOKEHHBIX
BHYTPH OpraHu3Ma.
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Prc. 20. CxeMma, HAAIOCTPHPYIOIAS aBTOPCKYIO KOHLIEIIIIHIO
610G H3NYECKHIX MEXAHU3MOB BO3AEHCTBUSL
HHU3KOMHTEHCHBHBIX MHAAUMETPOBBIX BOAH

Ha OHMoAOru4YecKre 0O BLEKThI

Caenyromuii «<BOOHBIN» KaHaa CpabaThIBAET B CAyYa-
X KaKOro-aubo 3aboAeBaHHsI YEAOBEKa U CBS3aH C CHH-
XpOHH3aluMeH BOMOH KaK MOAEKYASIPHBIM TIE€HEpaTOpOM
dpéanxoBcKHUX KoaebaHHIT B MaazMaTUYECKUX MeMbOpa-
HaX KAETOK «yracawumx» KBU-koaebauuil (Mbl HCXOIUM
U3 TOI'O, YTO KONEPEHTHBIE KOAEOaHUST B TAA3MaTHYECKUX
MeMOpaHax KAETKH SABASIOTCS IIPUBHAETHEH 3H0POBLIX
KAETOK U B caydae 3aboaeBaHUd 3TH KoaeDaHUS HMEET
YCTOMYUBYIO TEHACHLMIO K 3aTyxaHuio). Ecau Kakue-
AVDO0 KAETKU HeE TMOIaJaroT IOof HENOCPEACTBEHHOE BO3-
nerictreue MM-BOAH, TO pPoOAb ITOCPENHHKA B Iepenade
BO3HEUCTBHS Ha 3TH KACTKH BBINTOAHHAIOT TaKKe BO3OYK-
IOEHHBIE MOAEKYABI Boabl. Ecau KaeTka sIBASIETCH «CaMo-
JOCTATOYHOM» B TOM CMBICAE, YTO OHAQ HE HYXKIAETCS B
CIIELIMaAbHBIX KOMaHAaX CO CTOPOHBI, HAIpUMeEp, HEPB-
HOM CHCTEMBI, ¥ MOXKET BBINOAHATL CBOH OCHOBHBbIE
¢yHKIMH, TO B ITaa3MaTHYeCKOH MeMbpaHe Takoil KAeT-
KH MOTYT IONNEPKUBATBECS (DPEAUXOBCKHE KoaeOaHUS
nion aetictBueM MM-BoAH. OTo MOKeET obecrieduBaTh He-
0OXOomMMBIE U MOCTATOYHBIE YCAOBHSI HAST HOPMAaABHOIO
IIPOTEKAHUsA B KAETKE OCHOBHBIX IIPOLIECCOB XKHU3HEIES-



Munnuniempossie eonner u dicugvie cucniemol 107

TEABHOCTH. K YHCAYy TAaKHUX KAETOK MOIKHO OTHECTH, IO-
BHAVMMOMY, HMYHHOKOMIIETEHTHbIE KAETKH B KOXKHOM
TIOKPOBE (HAIIPUMEDP, pedb MOXKET HATH O KaeTKax AaH-
repraHca). 9To U SBASETCS KAIOYOM K pas3rajike BbIpa-
2KEHHUS «KAETKa C KAETKOH pas3roBapHBaeT Ha sidbike MM-
BoAH». Takue Ouosornueckre 3@EKTHI, KaK, HAIIPUMED,
CTOXaCTHYECKHH pPE30HaHC U COOCTBEHHOE IIUPOKOIIO-
AOCHOE TEIAOBOE HU3AY4YEeHHE, PPaKTaABHOCTh HEKOTOPBIX
BHMOAOTUYECKUX CHCTEM, KOHBEKTHBHOE IBMXKEHUE TOH-
KHX CAOEB 3KMIKOCTH, HapylIeHHE aIIUTHBHOCTH IIO-
raomieHuss MM-BOAH M KaIlTUAASPHBIN 3(GEKT BbINTOAHSI-
I0OT B PacCMaTPHBAEMOM KOHTEKCTE BTOPOCTEIIEHHYIO
pOAb, YBEAUYMBAS AMUIIb YYBCTBUTEALHOCTb OHOAOTHYE-
CKOM CHCTEMBI K BO3IEHCTBHIO CAaDOBIMH 3AEKTpPOMAr-
HUTHBIMU BoOAHaMu MM-auariazoHa.

MUAAMMETPOBBIE BOAHBI MOIYT BO3ZIEHCTBOBATHL Ha
SKUBBIE OOBEKTB! HETOCPEACTBEHHO Hepe3 ISATh (PU3H0AO-
THYECKUX BOPOT (pPeLenTophbl HEHTPAABHON HEPBHOM CHC-
TEMBI, KAeTKH AUQPPY3HOH SHAOKPUHHON CHCTEMBI, KAETKH
MMMYHHOH CHCTEMBI, MHKPOKAIIHASIDHOE PYCAO KpOBE-
TBOPHOM CHCTEMBbl M OHOAOTMYECKH aKTHBHBIE TOYKH —
puc. 21). Takoe BO3IEHCTBHE MOXKET OCYILLUECTBASITBCA C
Y4YaCTHEM MOAEKYA BOAbI. BBIXOZIHBIE CHTHAaAbl ITO Mexa-
HHU3My HEHPOKOMITLIOTHMHTA MOTYT BO3LAEHCTBOBAThH MAM Ha
CIIMHHOM MO3r MAM HEIMOCPEICTBEHHO Ha KAETKH, OTBETCT-
BEHHBIE 3a CUHTE3 OHOAOTHYECKH aKTUBHBIX BELIECTB.

1. PenenTophl IIEHTPAABHON HEPBHOM CHCTEMBI (MexaHope-
LIETITOPBI, HOLIULENTOPBI, CBOOOAHbIE HEPBHBIE OKOHYaHIS)

2. Kaerku pudysHo HelposHmokpuHHON (AIIY[) cucre-
MBI: TaKHE aIIyAOUHUTHI KaK TY4YHBIC KAETKH, KACTKH
Mepxkeas

3. KAeTKH MMMYHHOH CHCTEMbI: KOXKHoe Aeno T-anmdoliu-
TOB, KAETKH AaHrepraHca

4. MUKPOKAITHAASIPHOE PYCAO KPOBEHOCHOH CHCTEMBI
5. Broaornyecku akTHBHBIE TOUKH (BAT)

Puc. 21. du3nosoruieckKre «Boporan
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1. TToraoerire MM-
BOAH

2. Tupparamas  Geako-
BBIX MOAEKYA

3. Bos0yxaeHue Moae-
KYA BOIbLI IO Mexa-
HU3MY «[IaMSITI1 BOIbIx

4. KarmaaspHemi 3¢

HeiipoOKOMITBIOTHHT:

texr - ) 1. Cumres  Guonoru-
S. Bemyxnaennad xoH-[({1. OvymoueHie II0Ae3- YeCKH  AaKTHUBHBIX
BEKIUIS HbBIX CHIHaAOB Ha BeELIEeCTB
6.  Curxporusaiys pé- macTiHax Pekcena ||2. Cra6umamsamms ro-
AUXOBCKMX Konebamnni||2.  BoIpaboTka KO- MeocTasa
B TAA3MAaTITYECKIIX MaHA OAS CHHTE3a (|3, ®paKTasbHOCTb
MembpaHax KACTKI GIOAOTHIYECKH aK- aHATOMITYECKUX
7.  PesonancHble 3¢- THBHBIX BELUECTB CTPYKTYD
eKTsL
8. «JJaaTo» Ha MO30BBIX
KPHBBIX
9.  MuxporenaoBoit
«MaCCaK»

10. CIIE-achperr
11. CroxacruyecKinii pe-
30HAIC

Puc. 22. PacmmgpoBKa TPEX OCHOBHEIX 3BEHBEB

Peakiyisl 11€AOCTHOrO OpraHu3Ma Ha BO3AEHCTBHE
MM-BOAH peasH3yeTcs 4epe3 LIENOYKY «CIIMHHOHM MOo3r-
LIeHTpaAbHasi HepBHasa cucTeMar. OCHOBHasl pPOAb 3TOH
LIEITOYKH CBOAMTCS K BBIPAOOTKE KOMAHIHBIX CHIHAAOB
OAST CHHTe3a OMOAOTHMYECKHX BEIIECTB KAETOYHBIMH
(dbapmakosoruueckumy) abpHkaMH 110 MEXaHHU3MY OT-
pULIaTEABHOM 00paTHOM CBSI3M C LIEABIO BOCCTAHOBAECHHS
romeocTasa.

PaccMOTpUM KpaTKO poAb aTMOC(EPHBIX Ta30B B
peasH3alii MEXaHHU3MOB BO3JEHCTBUSI HU3KOUHTEHCHB-
Hbeix MM-BOAH Ha XHBBIE 00BeKTBI. PaccMorpum Taba. 2
[98], B KOTOpOII IPEACTABAEHBI MOAEKYASIDHBIE CIIEKTPBI
U3AYYEHHS U IIOTAOLIEHUSI OCHOBHBIX Ia30B aTMocdepsl
BO3IyXa, OKA3bIBAIOIINX OOABLIIOE BAUSIHHE HA IIPOLIECCHI
KUsHeneareAbHocTH. Kak BUAHO U3 TabAMLIbI, 3TH CIIEK-
TPbI A€KAT He ToabKOo B KBY-gunanasoHe, HO U COCETHHUX
cyOMHAAMMETPOBOM M UHGMpPaKpacHOM auariazoHax. B
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3TOM CTPOEHHOM [OHAala3oHe YacTOT OOBIYHO BBIAEASIIOT
TepareplloBLIi AUAaNa30H, 3aHUMAIOIIHI OI0AACTb YaCTOT
100-10 000 ITu (uam 0,1-10 TTu). B TeparepiioBoM
OYala3oHe JHEeprusi KBAaHTA IPHUMEPHO Ha MOPSIOK
boabire, yeM B KBY-auamnazone. CAeIoBaTEABHO, B TEpa-
replLOBOM AHANas0HE peaKIMOHHAasl CIIOCOOHOCTBL MoOAE-
KyA Oymer Ha nopsimok Bbile, yeM B KBY-puanasone. B
TeparepLioBOM AUAalla30HE HaXOOSTCS PEe30HaAHCHBIE Yac-
TOTBI HEKOTODBIX CTPYKTYP 3KHUBOH KAETKH: COMaTH4e-
CKHE KAETKH MAEKOITUTAIOIINX, XPOMOCOMBI pPa3AHYHOM
FeHHOM aKTHBHOCTH U JIp.

Tabauna 2. MosieKyAspHble Cnexmpbl No20WeHUs U UINYUeHUs
OCHOBHbIX 20308 aMMOCghepbt

Moacwyaa it cnexrpa, T | s
Monookucs azora, NO 0,1...0,5 15
Kucaopon, Oz 0,5...1,55 10
Juokcun yraepoaa, CO2 0,346; 0,544; 1,27 3
ITape! Boasl, H20
{c yaeTroMm auMepoB) 0,4...1,475 5

OAEKTpOIMHaAMHUYECKas: MOJAEAb B3aUMOAEHCTBHA
MM-BOAH M ra3oB aTMocdeph! B AbIXaTEABHOH cHCTEME
CBUZETEALCTBYET O TOM, YTO BO30yKIEHHE ra3oB B MM-
U TepareploBOM IOHAaNa3oHax SIBAFGETCS OJHHUM M3 3d-
(PEKTHBHBIX MEXaHH3MOB BO3ZIEHCTBHS 3ACKTPOMAarHHUT-
HBIX BOAH Ha JKHUBBIE CTPYKTYpPbl. OTa Hlesl BriepBble ObI-
Aa BbICKa3aHa HccaegoBarteaaMu u3 CapaTOBCKOIO LIEH-
TPAABHOTO HAYYHO-HCCAENOBATEABCKOTO HHCTHUTYTa H3-
MEpPHTEABHOI annapartypbl. B atom MHcTuTyTE paspabo-
TaH YHUKAABHBIH [IAaHOPaMHO-CIIEKTPOMETPUYECKHH H3-
MEPHTEALHBIII KOMITAEKC Ha KBa3UOITHYECKOM TpPAaKTE,
KOTOPBIH ITO3BOASIET IPOBOAUTE 3KCIIEPUMEHTAABHBIE HC-
CAEIOBaHUS BO3JIEHCTBUSI HU3KOWHTEHCHUBHBIX 3A€KTPO-
MArHHUTHBIX BOAH Ha pa3AUYHBIE OMOAOTHYECKHE CTPYK-
TYpbI B IIKPOKOM JHara3oHe YacToT, BraoTk a0 3 TIir.
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Poab npyrux bmosorudeckux 3(p@PeKTOB B paMKax
TIPEIAOXKEHHOM KOHLETIIMHM MOXKHO ITOSICHUTB CAEAYIO-
UM o6pasom.

O pe3oHaHcHblx aghhexmax. Bo MHOMHMX 3KCIIEpHMEH-
TAaAbHO HabAIOJAEMBIX CAydasix 4aCTOTHO-3aBHCHMBbIE 3h-
dexTsl MOryT ObITH OOBSICHEHBI TaK HA3bIBAEMBIMH «I€O-
METPHYECKHMH» DPE30HAHCAMH, 00YCAOBACHHBIMH I1€PEOT-
Pa>KEHHSIMH 3A€KTPOMATHHUTHON BOAHBI MEX/y I'PaHHIIAMU
paszmeaa B CAOHCTBIX cpenax [99]. K TakuMm ke pe3oHaHC-
HBIM 3hpeKTaM IPHUBOAUT IIOSBACHHE «TEIIAOBBIX HUTA» ITIPU
00AYyIEHHH CHCTEMBI PYTIOpHbIMM aHTeHHamu [100]. Ilpn
MOMYASILIMH HECYILIErO CHTHAaAa IT0 YACTOTE HAHM aMIIAUTYIE
TaKHE «TEMAOBBIE HI'AbI» MMEIOT TEHIEHLIMIO K XaOTHYECKO-
My IEPEMEIICHUIO TI0 MOBEPXHOCTH obaydeHust. B sTom
CAy4Yae B CUCTEME JIOAXKEH CYIIeCTBOBAaTb HEKOTODBIH Ha-
60p aHATOMHYECKHUX CTPYKTYD, XapaKTEPHBIH pa3Mep Ko-
TOPBIX COH3MEPHM C IT0AYBoAHOM MM-u3aydyeHHsa B 3TOH
cpene. PopMasbHO PE30HAHCHBIN 3 (EeKT MOXKHO HabAro-
HaTh, €CAM COOCTBEHHAsSI 4aCTOTA KaKOH-AMG0 CTPYKTYPbI
HMeeT COOCTBEHHYIO YaCTOTY KOA€0AaTEABHOTO MAM Bpallia-
TEALHOTO [ABHIKEHHS, KOTOpasl COBIIANAET C YacTOTOM Ia-
J[AIOLIEro U3Ay4YeHHsd. Takass CUTyallls UMEET MECTO B CAY-
Yae MUCTAABHOIO TUCTHAYMHA B MOAEKYAE TIeMOraobHHa
[101]. Pe3onancHbIH 3 dEKT MOXKET HMETH MECTO TaK¥Ke
M B CAyYasiX, KOIZAa YacTOTa IIOTAOIIEHMS 3AEKTpOMAr-
HUTHOH BOAHBI KaKOH-AH00 MOAEKYAOH COBNAIAET C yac-
TOoTOH Maparoulero usaydeHus. Takoll addekT nmeeT Me-
CTO, HAIIPUMEpP, B CAy4ae C MOAEKyAoll Kucaopoma (fo =
= 60 ITi -~ ocHOBHAasI AMHHS ITOTAOIIEHUSI KHCAOPOLA B
aTMocdepe). HakoHell, cHAbHAs YacTOTHast 3aBHCHMOCTb
JoAXKHA HabAIO[AThCA U B CAydasx, KOTZa 4YacToTa Ia-
naroiero MM-U3AYYEHUS COBNAAAET C COOCTBEHHON pe-
30HAQHCHOH 4YacTOTOM MOACKYASIDHOTO aHcambas THIla
KaactepoB. C Takoit cuTyallMeH MOXKHO CTOAKHYTBHCH,
Harnpumep, npu nosasBaeHuu CIIE-addekra mau xorzma
KOAMYECTBO MOAEKYA, ODOpasylolMx KaacTep, ocraércs
HEW3MEHHBIM B Y3KHX IIpe/ieaax U3MEHEHHs! TeMIlepaTy-
pbI 0bayyaeMoit cucremsl [50].
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O npeodoneHuu coomHoweHust hv << kT, Heobxodu-
M020 011 peanuzayuu buonozuueckozo sghgerxma. IToT
BOIIPOC AETAABHO 0OCy:Kmascs B paszgese 2.5, rae Ob1ao
[10Ka3aHO, YTO 3TO COOTHOIIIEHWE MOXET HMEThb IIPOTH-
BOITOAOXKHBIM 3HAK, €CAHM HMEET MECTO CTOXaCTHYECKHH
PE30HAHC B IIPUCYTCTBHH y3KOIIOAOCHOTO IIYMOBOTO CHI-
HaAa, CpeaHsasl yactoTa Kotoporo 6Au3Ka K 4acToTe Hna-
narouiero MM-uzayueHus.

O nopozosom xapaxkmepe buonoczuueckux agpgexmos
U HOAUUUU NJIamo HA 3A8UCUMOcmU 6U002UUecKo20 3¢h-
exma om mowHocmu nadarouiezo MM-usnyuerus. Tlo-
poroBbIi 3(p(peKT AErKOo OOBSICHUTD, €CAH YUECTb «BPEM-
HOE» BAHSHHE COOCTBEHHBIX 3AEKTPOMATHUTHBIX IIYMOB
TEIIAOBOTO ITPOUCXOXAEHHS, KOTZIa HE BBITIOAHSIIOTCH yC-
AOBHSI JIASI TIOSIBAGHHS CTOXaCTHYECKOTO pe3oHaHca. dYrto
KacaeTrcs «IAaTO», TO U 3/IECh BOIIPOC PEILIAETCSI AETKO:
Korga 6uoaorudeckHil 3Qp@EeKT MOCTUTHYT, HET Heobxo-
IOUMOCTH B JaAbHEHIIEM YBEAHYEHHH MOIIHOCTH — UMEET
MecTo 3eKT TpUrTepa, TUITUYHBIN aaa paboThl GHoAO-
TUYECKHX CHCTEM, KOTOPBIH JOCTATOYHO XOPOLIO OITHCAH
B HayuHOH autepartype. Tak paboraroT, HanpuMmep, Bce
U pPOBLIe AMHUH Iepefadn HHQOpMalUy, YTO AHMIITHHHN
pa3 nmogu€pKUBaeT MHGOPMAaIMOHHY0 poab MM-BoaH B
MIPOLIECCaX KUBHEAEATEABHOCTH.

O KymynsimueHom xapaxkmepe O6UONOZUYEeCKUX 3¢
gexmos. YcToYMBbBIi XapakTep 6ruoasornueckoro adgexrra
HMEET MECTO TOABKO B cay4yae caabbIx BosaeiictBuit. Ilo-
BHIHMOMY, 3TO — OOIIEOHOAOrHMYECKUH MPUHIMIT TOABKO
TIpH CAAOBIX BO3OEHCTBHAX BO3HHUKAET HEOOXOOHUMOCTH B
«3aKperaeHu» adderTa. [IpescraBaeHHasT KOHIIETIINS SIB-
ASIETCSI TIEPBBIM 0000ITIAIOINM IITArOM Ha ITYTH MTOCTPOEHUS
TEOPHUH BO3IEHCTBHA HU3KOMHTEHCUBHBIX MM-BOAH Ha
KUBBIe cucteMbl. Ha ceromHamHui neHb ocTaércs HeBbI-
SICHEHHBIM PsiZi BAXKHBIX BOTIPOCOB, pellieHHe KOTOPBIX I10-
3BOAHT MOHSATH DOA€E «MHTHUMHBIE» MEXaHU3MBI B3aUMOIEH-
CTBHSl 3AEKTPOMArHHUTHBIX I10A€H C KOHAEHCHUPOBAHHBIMU
GUOAOTHMYECKUMH CTPyKTypaMu. Tax, BaKHBEIM IIpeLCTaB-
ASIETCS PEIIeHHEe BOIPOCca O BAMSIHHU CAA0bIX 2AEKTpOMar-
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HHUTHBIX IIOoA€H, mpexnae Bcero, B MM-muarnazoHe OAUH
BOAH, Ha IIPOLIECCHI 3BOAIOLIMH KHUBOH MaTepHH Ha Harei
raaHeTe. B 3ToM naaHe OOABIINE MTEPCIIEKTUBLI MBI CBSA3BI-
BaeM He ToAabKO ¢ MM-muara3oHoM JAWH BOAH, HO H Tepa-
IrepLOBBIM AUAIIa30HOM, B KOTOPOM PACIIOAAraloTCs, B OC-
HOBHOM, BpalllaT€AbHbIE W BpallaTEABHO-KoA€DATEALHbBIE
CIIEKTPBI TTOTAOLIEHUA M H3AYYEHHSI OCHOBHBIX MOAEKYA B
aTMocdepe 3eMAH.

3.3. du3zHoAOrHYecCKHEe MeXaHH3MBI

C kaxzasiM ronoM MM-tepanus 3aBoeBbIBaeT Bce 60-
Aee TIPOYHBIE IMIO3HIHH B 3[PaBOOXPaHEHHH: pa3pabaTbl-
BalOTCSl METOJAMKH, TOBBIIIatONME 3 (PEKTHBHOCTE A€Ye-
HHUS Y2K€ CTaBUIHX «TPAIHIIHOHHBIMU» A 3TOTO BHIA TE-
parmu 3aboaeBaHMi (A3Ba XeAyAKa U 12-nepcTod KHILKH,
THITEPTOHHYECKAsI U HIleMudeckasi 60Ae3HH, IPOCTATUTEI U
Ip.); PACTET CITMCOK HOBBIX HO30AOTHH, TIPH ACYEHHH KOTO-
PBIX YCHEIIHO MNpHMeHs0Tca MM-BoAHBI (peBMaTOHIHbBIE
apTPUTBI-apTPO3bl, auaber, HecTabUABLHAas CTEHOKapIUs,
KOXKHbIE 3a00A€BaHUsI, KOCMETOAOTHSA, TYOEPKYAE3, XUPYP-
THYECKOE AECYEHHE OCTPBIX XOAELIUCTHUTOB U IIp.). OmHaKo
0 CHX ITIOp HET YEeTKHX IPEeNCTaBACHHIH 060 BCell COBOKYTI-
HOCTH (PU3HUOAOTHMYECKUX MEXaHH3MOB, ODECIIEUHBAaIOIIX
TeparneBTuyeckue 3¢ derts! MM-u3ayyenusa. Y atomy ectb
OOBSICHEHHE: CAHIIIKOM CAOXKEH H3y4aeMbIH OOBEKT — 4YeAo-
BEK — Kak OHoaorudeckas cucTteMa C OOABIIMM KOAHYECT-
BOM TIOAOXKHTEABHBIX M OTPHILIATEABHBIX OOpaTHBIX CBSI3eH
U YpOBHEH DPETyAdIUH, & TAK¥Ke MHOIOIIAAHOBOCTH GHOAO-
THYECKOTo AeHCTBHUS HU3KOMHTEHCUBHBIX MM-BOAH.

Yro0bl MOAONTH K H3YYCHHI0 (DPHU3HMOAOTHYECKUX Me-
XaHU3MOB, HEOOXOAMMO, IIPEKAE BCErO IMPOaHaAH3UPO-
BaThb NEPBHYHblE (HH3HOAOTHYECKHE MHIIEHH, KOTOpPbIE
nonazaaloT B 30HY HAedicrBUs MM-m3aydeHUss (MBI 37IeCh
He paccMaTpHUBaeM IEpBUYHBLIE OHOMU3NYECKHE MHUIIIEC-
uy). Kak u3BecTHO, raAybnHa MMPOHUKHOBEHUS 3TOTO M3-
AYYEHHUS NPH BO3AEHCTBHU Ha KOXKY YEAOBEKa COCTaBASI-
er 300-500 MKM, T.e. OHO ITPAKTHYECKH [TOAHOCTBIO II0-
rAoIaeTcd B SMTUAEPMHCE U BEPXHUX CAOSIX AEPMBL. ITO 2Ke
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ronajaeT B 30Hy npsamoro pAeiictBua MM-Boan? Bo-
TIEPBBIX, 3TO PELIENTOPHI LIEHTPAABHOH HEPBHOM CHCTEMBI
(MexaHOpeUEeNnTopsl, HOLMLENTOPb!, CBOOOAHBLIE HEPBHBIE
OKOHYaHUsl); BO-BTOPBIX, KAETKH MU (PY3HOH HEHPOIHIOK-
puHHoM (AITY/I) cucreMbl, B YaCTHOCTH, TaKHE aryIOLIUThI
KaK TY4YHBIE KAETKH, KAETKH MepKeasi; B-TPETBHUX, KACTKH
HMMYHHOH CHCTEMBI — KOXHOe nerno T-aUMQOIIHUTOB; B-
YETBEPTBIX, MHKPOKAITMAASPHOE PYCAO KPOBEHOCHOH cHC-
TEMBI; B-TIATBIX — OHMOAOIMYECKH aKTHBHBIE TOUKH (BAT).

BeposiTHO, 3TH NATH MEPBHUYHBIX (HPHU3HOAOTHYECKHX
MHIIEHEH, MATh «BXOAHBIX BOPOT» B 3HAYHTEABHOH CTe-
TIEHU M ONPEACASIIOT y4acTHE COOTBETCTBYIOIIHUX CHCTEM
B peasusalvi OHOAOTMYECKHX (UM TepareBTUYECKHX) 3d-
hekToB MM-H3Ay4eHHs], KOTOPOE WUIPaeT pPoAb CBOE0O-
Pa3HOro IIyCKOBOTO (hakTopa IASI KaXKI0iH CHCTEMBI.

K macrosimeMy MOMEHTY HAKOITHAOCH IOCTATOYHOE
KOAUYECTBO 3KCINEPUMEHTAABHBIX M KAWHHYECKHX MOaH-
HBIX 00 YJaCTHH U POAHM LIEHTPAABHOH HEPBHOM CHCTEMBI
(IHC), AITYO-cucTeMbl, MMMYHHON CHUCTEMBI U CHCTEMBI
BAT B 6uoaornueckux dddekrax MM-BoaH.

Tak Hamu HccaenoBanusa [80-83, 86, 102-106], a
TaKXKE HCCAENOBAHHUA APYrHX aBTOpoB (CeBacTbSIHOBA,
1986; CyaumoBa, 1993-1996; KorpoBckasa, 1994-1996;
CroabukoB u np.,1991; Bepyc u np., 1991; OcTpoBcKkui
¥ ap., 1991 u ap.) BbISIBHAM CEHCOPHbIE H CYOCEHCOPHBIE
peakuuu Ha MHepU@EPHYEeCKoe BO3ACHCTBHE HHU3KOWH-
TEHCHBHBIX MM-BOAH, CEHCOPHYIO U (OYHKLIHOHAABHYIO
aCUMMETPHIO 3THX peaxkuui; npu usydeHun OOI-
OTKAHKA OOHApy»KHAM y4acTHE B pPEakUMAX [OLKOPKO-
BBIX CTPYKTYpP MO3ra; Nokasaau Benyuyo poab ITHC npu
peaasusainu 6rosornuecknx 3¢pGEKTOB.

HccaenoBanue ceHCopHBIX 1 O3-peakuunii yeaoBe-
Ka Ha nepudepHyeckoe BO3HEHCTBHE HHU3KOHHTEHCHB-
HBIX (HETENAOBBIX) 3ACKTPOMArHHUTHBIX MIoAeldl KpaiiHe-
BBICOKOH uacTtoTsl — 37,7 I'Tu, 42,25 I'Tuy u 53,57 I'Tug ¢
HHTEHCHUBHOCTBIO 5 MBT/CM? TpoBOAHAOCE B aBTOMAaTU-
3UPOBAHHBIX SKCIIEPUMEHTaX. B HHUX OpUHUMaso yda-
ctue 148 npakKTHUYeCKH 3[I0POBBIX AOOPOBOABLIEB B BO3-
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pacre ot 17 mo 35 aet. CrienaAbHOE YIIPaBASIIOIIEE YCT-
POMCTBO NPOU3BOAHAO [IO3HUPOBAHHYIO BO BPEMEHH MO-
Hagy MM-CHTHaAOB M OCYIHECTBASIAO AOXKHBIE NIPEIBSIB-
AeHud. MM-curHaabl oJaBaAUCh B CAYYaiiHOM IOPSAKE
C paBHOMEDHBIM pacrnpeneseHueM. BosneiicTBre ocyue-
CTBASIAOCH Ha KHCTb IIPaBOH HAH A€BOH pyKH. C KaKIBIM
HCIIBITYEMBIM OBIAO ITpOBeAeHO 1o 10 onbITOB, T.€. ObIAO
naHo B obiieit caoxkHocTH 110 200 NIpeabsaBACHUMA.

Jaa oueHKH OM-4YyBCTBUTEABHOCTH HCIIOAB30BaAH
IIoKas3aTeAH IIPOYHOCTH peakuuu [IpP (oTHolIeHHe Ynicaa
MIpaBHABHO pPaCMO3HaHHbBIX CHUTHAAOB K 00IIEMy dYHCAY
MIPEBSIBACHHBIX CTHMYAOB) UM YVPOBHS AOXHBIX TPEBOT
YpAT (oTHOILIEHHE YHCAQ MOAOXKHTEABHBIX OTBETOB HPHU
OTCYTCTBHH CTHMYyAa K OOIIEMY KOAMYECTBY IIyCTbIX
1pob6). OLieHKa JOCTOBEPHOCTH Pa3AMYHIl NPOBOAUAACE C
TIOMOIIBIO HENMapaMETPUYECKUX KPUTEPHEB (3HAKOBOTO
KPHUTEpHsl [Asl TMapHBIX BbIOOPOK W KpuTepuss ManHa-
YurtHu), a Takke t-kpurepusi CTbIOIEHTA [AS aAbTepHa-
THBHOH U3MEHYUBOCTH.

Ilepen HavaaOM 3KCIEPHMEHTOB C KaKIbIM MCIIbI-
TYEMBIM ITPOBOAHAH TECThI HA MOTOPHYIO M CEHCOPHYIO
aCHMMETPHIO: IIepPEerAeTeHHE ITaAblIeB, «103a HarmoaeoHan,
anaoxupoBaHue, npoba Pozenbaxa, TECT «TUKaHBE JaCOB».
Bria0 BBIABAEHO, YTO CpPEAY MCHBITYEMBIX 19 aAesiieH,
6 aMOMIEKCTPOB, OCTaAbHbIE — IIPABIITH.

OM-4yBCTBHTEABHOCTb B 3HAYHUTEABHOH CTEIEHH 3a-
BHICEAQ OT 4acTOThbl nozxaBaemoro SMII — BeIABACHO IBa
YacTOTHBIX «OKHAa ITpo3padHocTH», rae 80-85% wuchel-
TYEMBIX IOCTOBEPHO pasandasn SM-CTHMyA OT AOXKHOTO
npenwaBaeHusa — 42,25 I'Tu u 53,57 ITu.

Bce ambunekcTpbl 06Aafasn BbBICOKOH OM-uyBCTBH-
TEABHOCTBIO, T.€. JOCTOBEPHO pasandyasn 3M-CTUMyABI OT
IIyCTBIX P00 npu gozdelicmeuu Kak HA Npasyro, makK u Ha
nesyro pyky. OcTaabHbIE HCHOBITYEMbBIE PA3NEAMANCH Ha
2 rpynnsl — JOCTOBEpHO pasandarorye OMII oT A0KHBIX
IpPeABSIBACHUH U He pasanyaroiue. [IpH 3ToM HCIBITYE-
Mble 1 rpynnel goctoBepHO pasandasn OMII negedywieti
PYKOI: NpaBILH — AEBOH, A€BILIH — [IPABOH.
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TakuMm o0pazoMm, B HaIIUX 3KCIEPHUMEHTax Oblaa
BBISIBAGHA CEHCOPHAsl AacCHMMETPHSI IIpHU BOCIPHATHUH
caabbix OM-crumyasor KBU-nuarnasona.

B ombrrax no usyyenuro 339I-peakiuifl ygacTBOBaAO
39 mpaKTHYECKH 37I0POBBIX HCIBLITYEMbIX 00OEro Iosa B
Bo3pacre oT 20 no 35 aet. IIpoBepKka 10 TecTaM Ha IIPaBo-
AEBODYKOCTBH IIOKas3asa, 4To 30 HCMBITYEMbIX ObIAM ITpaB-
M, OCTaAbHbIE — AeBIIHW. JKcrosuiuss SMII cocraBasaa
60 MuH. Bo3geficTBHE OCYLIECTBASIAOCH Ha KHCTb ITpaBoH
WAU A€BOH PYKH MOMNEPEMEHHO (Ha OOHY B Ka K/IOM OIIBITE).
C KaKXIBIM HCIBITYEMBIM ITPOBOAUAU IO S OMNBITOB C IAA-
11e60 1 1o 10 ONbITOB C MOAEM, U3 HUX 5 — ¢ BO3meicTBHEM
Ha NpaBylo PyKy, S — Ha aeByro. Ilepen HauaaoM BozaeHCT-
BUsI M Cpa3ly II0CA€ €r0 OKOHYAaHUS IIPOBOAHAACH 3aITHCh
O0I' ¢ BoCbMH OTBEACHHUN IO CTAHAAPTHOM MEXKIYyHAPOMI-
HoH cucreme 10-20% B A0OHBIX (F3-F4), LeHTpasbHbIX
(C3~Ca4), TemeHHBIX (P3-P4) 1 3aTblaouHbIX (01-02) 06aacTax
oborx roaymapuii mMosra. B kavecrBe uHauQdEpPEeHTHOrO
HCIIOAB30BaACS OOBEAMHEHHBIH YIIHOM 3AeKTpon. Borumc-
ASIAML CTIEKTPBI MOIIHOCTH U YPOBEHBb KOTE€PEHTHOCTH Kak
IIAST KaoKIIOT0 Auaria3oHa (neabra-1, neavra-2, tera-1, Tera-
2, aabda, bera-1, Gera-2), Tak U Oasd Bce M3ydaeMoit 1o-
AOCBI HacCTOT, a TAaKXKE BEAHMYMHY CPEJIHEr0 YPOBHST KOTre-
peHTHOCTH KOT'¢p. IloAyueHHBIE HaHHBIE ITOOBEPraAd BTO-
PHUYHOH CTATHCTHUYECKOH 00paboTKe 1o CIielasbHOM I1po-
rpaMme. MEXKIIOAYIIIapHYI0O aCHMMETPUIO OLIEHHUBAAH II0
KO3 MHUIIHEHTY MEXKIIOAYIIAPHOH aCHMMETPUH, MPEeNAO-
JKeHHOMY BoanpipeBoit 1 2KaBOpoHKOBO.

BrIgBAEHBI ABa BHOA aCHMMETPHU — (QYHKLIMOHAADL-
Has (npu aeficrBuu OMII Ha OmHY U Ty Ke PYKY peaxLiu
reMucdep pa3AUdHbI, NIPUYEM, TIPH AEHCTBUH U Ha mpa-
BYIO, H Ha A€BYIO PYKy IIpaBoe Toayllapue Gosee peax-
THBHO) U ceHcopHaa (npu aeficreuu OMII Ha mnpaByro
PYKY XapakTep M3MEHEHUs Nokasareaed D3I ocraBaacsa
TaKUM K€, KaK U NpH AeHCTBHH Ha AEBYIO, HO caMa pe-
akuus 6blaa BeIpaXkKeHa CUALHEE).

Hzyuyenue peakuuit AIIY/[-cucTeMbl BEOET UCCAE0-
BaTeAbCKasl T'PyIIa Moa pykKoBoncTBoM mpod. H.A. Te-
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MypbsHLL U3 CuMdepornoabckoro yHuBepcutera [107].
HUmu OblAO IMTOKA3aHo, YTO BosdeiictBue MM-uzayyeHus
MPHUBOAUT K YBEAWYEHHIO 3alHTHO-IIPHCIIOCOOUTEABHOTO
IIOTEHIIaAa CHCTEMbI KPOBH 3[IOPOBBIX Aloflefl W HH-
TAKTHBIX 2KUBOTHBIX, YTO BBIPAXKAETCA B YBEAHYEHUH
LUTOXHMHYECKHX IIoKasaTeAeH coaepKaHus OaxTepH-
LIUOHBIX (TepoKcHaa3a, HepepMEeHTHBIE KATHOHHEIE Gea-
KH), THIPOAHUTHYECKHUX (KHCAAs U IIeAOYHasd docdoTassl,
IIpoTea3Hasl aKTHBHOCTB), 9SHEPreTHYECKUX (AUITHIDBI,
CYKLHHAT- M a-TAullepodocdhaTAerHaApOoreHasbl) CHCTEM
B HeMTpodmaax U aumdbonurax. [Ipr 3ToM akTHBanusa
JOCTHTraeTcsi HE TOABKO ITOBBIIIEHHEM LIMTOXMMHYECKHX
rokasaTeseil HU3y4EeHHbIX (DEPMEHTOB, HO U TapMOHH3a-
1HHueH (PHU3HOAOTHYECKHX IIPOLIECCOB B KAETKE.

Kpome Toro, B paborax 3TOr0 KOAAEKTHBA HCCAEZIOBA-
Teael ObIAO TaKIKE ITOKA3aHO, YTO OOHUM M3 (hHU3HOAOTHYE-
CKHX MEXaHU3MOB OHoAOrudeckoro newrictBust MM-mzay-
YEeHHsT SIBASIETCsT TIEpeCTpoHKa BPEMEHHOH OpraHu3alliyi
PETYASITOPHBIX CHCTEM OpraHH3Ma — M3MEHEHHE WH(Mpaau-
aHHOM PHUTMHKH H IIEPECTPOHKA aMIAHTYIHO-(a30BbIX
IIapaMeTPOB pafia ITOKa3aTeACH (LIUTOXHMMHYECKHX IT0Ka3a-
Teaeii ¢depMeHTOB B HeHTpoduaax u aHMboLMTAX,
6roduanyeckux napamerpoB BAT u ap.) [107].

VIMMyHoOAOTHYECKHE peakuun Ha MM-BoszpeificTBHE
HavaAW u3ydathcsd emle B KoHie 80-x romosB. IIpod.
B. U. 'oaaao ¢ corpymuukamu (LUUTO) 6b1a0 roxasaHo,
YTO oA BAusiHHEM MM-u3aydyeHHsT Ha AUMQOIUTBEI U
pubpobaacTel yeaoBeKa in vitro npoxyuupyercs gakrop,
YCHAUBAIOUIHE POCT MW (QYHKLHOHAABHYIO aKTHBHOCTH
3THX KAETOK — (PUTOKHH, BO3HHKAIOUIHH B IIMTONAA3ME.
OtoT (pakTOp CBsI3aH C aKTHBaLMEeH AerHMAporeHas — B
0DAYYEHHBIX KAETKaX KOHLIEHTpPALUHd AaKTaTAETHIpOre-
Ha3bl NoBbIaeTcd B 3-5 pas3. KanHuveckue nccaemgona-
HUA ObIAM npoBedeHBbI Impod. 3amopoxkaH, XauT u
ap.,1991; [TusoBapoBoii ¢ cotp.,1991; npod. 'eabiMuH ¢
cotp.,1995; OcrpoBckuM Hu HuxosaeBo#, 1995; 3arine-
Boi u [loHeukoi, 1995 u meAbIM psiAOM APYTHMX KAWHH-
IIUCTOB ITPH ACYEHUH CaMbIX Pa3AHYHEBIX 3a00A€BaHHH.
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TTpu uccaenoBaHNUH AUMQATHYECKHUX Y3A0B I10CAE BO3-
neficrBua MM-U3Ay9eHHS Ha KOXKY B HHUX OTMEUYaETCsI CTH-
MyAdIHUs B-KA€TOYHON 30HBI M YBEAMYEHME ITOIYASLIMH
AUMMOLHTOB, T.€. CTUMYASILIUS 2YMOPANbHO20 UMMYHUME-
ma [108]. A.A. CeBacresiHoBOH [72-74, 109] 6p1A0 1TOKa3a-
HO, 4YTO HHTErpaAbHBIH HMMYyHHBIH OTBET Ha JCHCTBHE
MM-BOAH COCTOSIA B AaKTHBAllUHM KHAAEPHOH (QYHKIIHH
AUMQOIHUTOB AUMMATHIECKHUX Y3A0B ODAYUEHHBIX JKHBOT-
HBIX, T.€. aKTUBAlIHA KIEemOYH020 UMMYyHUMemda.

TTocae HEMOCPEACTBEHHOTO MMAPAAAECABHOTO «3aITyCKan
BBILIEHA3BAHHbBIX CUCTEM HAYHHAETCSI CAOXKHBIH ITpoliecc
OIIOCPENOBAHHOrO BO3AEHCTBUS Ha APYTHE CHCTEMbI
(KPOBETBOPHYIO, TYMOPAABHYIO, BET€TATUBHYIO HEPBHYIO)
U BHYTPEHHHE opraHbl. TakuM o6pa3oM, B peaklHIo Ha
MM-Bo3zeicTBHEe BOBAEKAETCH LeAblli opraHusM. Oco-
OEHHOCTH 3TOH peaKIHH OIPEAEASIOTCS] OHOTPOITHBIMHU
napamMerpamMH MM-cTiMyaa (HAMHOH BOAHBI; (opMoit
CUTHAaAa, T.€. HAAUYHEM HAM OTCYTCTBHEM aMIIAUTYIHOM
M 4acTOTHOH MOIYASILHH; AOKaAH3alHEeH H 3KCIO3ULIH-
ell), a TakKke (QYHKIMOHAABHBIM COCTOSTHHEM Y€AOBEKA.
Hapsiny ¢ obmuM Bo3zmeiicTBHEM HAOAOAAETCST U AOKAAb-
HOE, MECTHOE BO3IEHCTBHE — 3a>XHUBACHHE H CaHalud
PaHEBBIX IIOBepXHOCTEH, CHATHE 60AEBOro CHHApPOMA,
3yna, THIOEPEMHH H T.II.

Ha ceroguamuuii meHs oblee Bo3feiicTBHE IpeEn-
CTaBASIETCSI KaK pPeaKLMs IIOBBINICHHUS Hecreluduye-
CKOM PE3UCTEHTHOCTH OpPraHu3Mma, YTO B CBOIO O4Yepenb
CB13aHO C Pa3BUTHEM AHTHCTPECCOPHBIX PEAKIIHI BHICO-
KHX YpPOBHeH peakTHBHOCTH [9, 110]. Tako#i mnoaxon
TIPEATIOAATAET PACCMOTPEHHE OHOAOrHMYEecKHX (M Tepa-
TIEBTHYECKHX) 3P HEKTOB HHU3KOMHTEHCUBHBIX MM-BOAH
B paMKax 00lIero afanTaloHHONo CHHAPOMA.
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4. IPHMEHEHHE HU3KOHHTEHCHBHBIX
MHAAHMETPOBBIX BOAH
B HETPAIJHIITHOHHBIX OBAACTSX

4.1. IIppMeHeHHEe HH3KOUHTEHCHBHBIX
MHAAHMETPOBBIX BOAH B MEeZHIITHHE

B mavase 70-x rofoB IO HHULMATHBE aKaJcMHKa
H. [. [leBaTKoBa B pafie MEAULIMHCKHMX YIPEXKAECHUH cTpa-
Hb! c paspemieHuss M3 CCCP u PCOCP Oblaa npuHATA
IporpaMma I10 KAMHHYECKOH anpobaliiy — UCIIOAb30BaHHIO
MM-BOAH [IAfl A€UEHHS Pa3AUYHBIX 3aboseBaHui. Meton
anpobupoBaH boaece yeM B 60 KAMHHKAxX, B TOM YHCAE B
TAKHUX KPYIHBIX MEAMLMHCKHX ILIEHTpax Kak Bcecoros-
HBIF OHKOAOTHYECKHWI HayuyHblil nentp (BOHII) PAMH,
IleHTpaAbHBIH HHCTHUTYT TPaBMATOAOTHH H OPTOIIEAHH
(LITO) M3 PP, B kauHUKaxXx ['ocygapCTBEHHOIO MEAH-
LIMHCKOTO YHUBEPCUTETA, MEIMLMHCKOH aKaleMHH U
MOCKOBCKOT'O CTOMaTOAOTHYECKOTrO HHCTHTYyTa, B Moc-
KOBCKOM OHKOAOTMYECKOM HMHCTHTYyTe HM. IL.A. Tepliena
MU TIOATBEPAMA BBICOKYIO 3(deKTUBHOCTE MM-mepanuu
IIPH ACYEHHH CACAYIOIMX 3a00AeBaHUH:

CEPAEYHO-COCYAUCTBIX (CTabHABHOM M HecTabUABHOM
CTEHOKApAWH, THUIEPTOHHYECKOH 6oae3HH, HH@AapKTa
MHOKapza);

HEBPOAOTHYECKHX (60AEBBIX CHHIAPOMOB, HEBPHTOR,
PaauKyAHTa, OCTEOXOHAP03a);

YPOAOTHYECKHUX (ITHEAOHe(PUTa, HMIIOTEHLUH, I1pO-
CTaTHUTA);

THHEKOAOTMYECKHX (2MHEKCHUTOB, 3HIOMETPHTOB, 3p-
PO3HH HIEHKU MaTKH);

KOXHBIX (HEHPOAEPMHUTOB, B TOM 4HCAE, TICOpHAa3sa,
CTPENTONEPHH, YITPEBOI ChIIH);



Munnumemposbvie 801HLL U JKUBble cucmemst 119

raCTPO3HTEPOAOTHYECKHX (SI3BEBI 3KeAyZiKa U 12-nepcT-
HOH KHMIIIKH, TelIaTHTOR, XOACLIMCTONaHKPEATHTOB);

CTOMAaTOAOTHYECKHX (apoMOHTO3a, NapONOHTHUTA,
HEKOTOPBIX BHJIOB CTOMaTHTOB, IIEPHOCTHTOB);

OHKOAOTHYECKHX — JAS 3allThl KPOBETBOPHOH CHCTeE-
MBI, yCTPaHEHUs [MODOYHBIX SIBAEHHH ITPH XUMHOTEPAITHH.

OrnbIT KAMHHYECKOIO NMPUMEHEHHSI 3TOr0 METoAa I10-
3BOASIET TOBOPHUTE 00 OTCYTCTBHH OTHAAE€HHBIX Hebaaro-
IIPHUATHBIX IOCAEACTBHN. MM-mepanus XOpoIlIo COYETAETCS
C OPYTMMH METOaMH ACHEHHS (ACKapCTBEHHBIMH, (PU3HO-
TEPaINIeBTHYECKHMH U IP.) 1 HE UMEET abCOAIOTHBIX IIPOTH-
BOIIOKAa3aHUH. B oTAnMyMe OT AEKApCTBEHHONI Teparivu
MM-mepanust He UMeeT NMTOH6OYHBIX 3P PEKTOB.

MM-mepanuu CBOHMCTBEHHBI CAEAYIOLIHE OCODEHHOCTH!:
HEUHBAa3UBHOCTb, I10AMACYEOHBIN 3 @EKT, BO3ZMOXKHOCTL
MOHOTEpATHH, aHTUCTPECCOPHOE AeHCTBHE, HMMYyHHOMO-
nyaupyroumi agpdekT, npoTuBoboseBoe NeHCTBHE.

B HacTosimee BpeMsi HHU3KOHTEHCHUBHOe MM-u3ay-
yeHHe (MM-mepanus) HaIAO caMOe IIHPOKOE pPacHpo-
CTpaHEHHE KaK JASI ACYEHMS LIEAOr'0 CHeKTpa 3aboaeBa-
HUH, Tak 1 OAs TPOoDOHUAGKTHKH.

3aboneeanust cepdeuno-cocyoucmoii cucmemel.
3aboaeBaHUs CEPAEUHO-COCYAHUCTOH CHCTEMBI SIBASIIOTCSI
OHOM M3 CaMbIX AKTyaAbHBIX IIPOOAEM COBPEMEHHOIT
MeguLHHbl. OMHO W3 BEAYIIMX MECT B ITATOAOTHMH Cep-
JEYHO-COCYIMCTOH CHCTEMBbl 3aHHMaeT ullemudecKas
6onesHs cepaua (MBC), 4To cBsA3aHO C TOH poOABIO, KOTO-
PYIO OHa HrpaeT B CTPYKTYpPE CMEPTHOCTH HaCEACHUS
Pa3BUTBIX CTPaH.

Emé B 1980 romy mosiBHAOCE IIEpBOE COODIIIEHHE O
MIPUMEHEHHUH 3ACKTPOMATHHTHBIX BOAH MM-nuarasoHa
OASI ACYEHMSI CEPAEYHO-COCYAMCTBIX 3aboseBaHui. 3a
MTPOLIEAIINE IOAbl HAKOIIACH OT'POMHBIH OIIBIT HCIIOAB30-
BaHHUSI MHAAMMETPOBOTO HM3AYYEHUS OAST A€UEHHs HIe-
MHUYECKOH 00A€3HM cepala, TUIIEPTOHWYECKOH Ooae3HM
[111-121]. Briaa nokasaHa CBsi3b KAUHHYECKOTO 3dhek-
Ta MM-Tepanuu MW HaAHHBIX AabOPaATOPHO-HHCTPYMEH-
TaABHBIX HMCCACHOBaHHM, pa3paboTaHbl METOAUKH HHIH-
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BHIyaALHOIO IToffopa DEXHWMOB HNPOBENEHUSA MPOLEAYD.
IToka3zaHo, 4TO MPHMEHEHHE HAHHOIO METOHA IT03BOASIET
CYIIECTBEHHO CHH3UTh KOAMYECTBO NTPUHUMAEMbIX aHTHAH-
THHAABHBIX TIPEINapaToB, a B PANE CAydYaeB, HAIIPUMEDP Yy
DOABHBIX CTEHOKapauiell HanpsokeHus 1-2 yHKIMOHAAB-
Horo kaaccoB (PK), Boobiie oTKa3aThCs OT NpUeMa HUTpa-
ToB. ITpoBenenne MM-Tepanuu y 60ABHBLIX CTeHOKapaueit
HanpsokeHUs 2 PK npuBogUT K HaUOOABIIEMY CHHXKEHHIO
Kak boaeBol, Tak U 6e360A€BOi HILIEMUM MHOKAp/A.

Y caMbIX TsKeAbIX GOABHBIX CTEHOKapHueil Harpsi-
xkeHua 3-4 K u cTeHoKapauen MMOKOos U CTEHO3UPYIO-
IIIUM [OpPasKeHHEM OAHOH HAM HECKOABKUX KOPOHAPHBIX
apTepuil, y KOTOPBIX IIPUMEHEHHE DOABIIMX 03 HUTpPA-
TOB, OeTa-agpeHOOAOKATOPOB, aHTATOHUCTOB KaABLIUA U
Ae3arperaHToB 0Ob1a0 HE3(EKTHBHO, K MOMEHTY OKOH-
4yaHus Kypca MM-TepaluH NOAOXKHTEABHBIN KAHMHUYE-
ckuil 3 deKT pasAudHOI CTEeneHH BBLIPAXKEHHOCTH Ha-
b6aromasca B 80% cayuaes. Ilox BoszpetictBrueM MM-BoaH
YV 3TUX OOABHBIX TAKIKE CHHIKAETCS KOAMYECTBO 3MTH3000B
KakK 6oaeBoil, Tak 1 6e360a€BOt HllIEMUU MHOKapAa, YTO
FOBOPUT HE TOABKO O IIPOTHBOGOAEBOM, HO U O IIPOTHBO-
unieMuyeckoM gericrBun KBY-uzayuenus.

HecmabunvHast cmeHokapoust SIBASIETCS OIHOH U3
octpeix hopm HMBC. [anHoe 3aboaeBaHHEe, 0COBEHHO ITpPH
ObICTPOM (B TEUYEHHE HECKOABKHX MHeH) IOSBACHHH HAH
YCHUACHHH aHTHHO3HBIX TPUCTYTIOB, UMEET ITAOXOH IPOrHo3
U MOXeT C GOABIIOH BEPOSITHOCTBIO 3aKOHYHUTCS UH(pApPK-
TOM MHOKap[a, BHE3alTHOH CMEPTBIO HAM Pa3BHTHEM
YTIOPHOH XPOHHYECKON cTeHoKapauu. OlleHKa KAHMHIYe-
ckolt apdperTuBHOCTH MM-TEparnuu rokasasa, 4To JaKe
npuMeHeHne MM-HU3Ay4eHHA B BHIE MOHOTEPAIIHHM I03BO-
asieT nobutskcst yeriexa B 60% cayyaeB. IIprMeHeHHe KOM-
OMHHPOBAHHOI MeOUKaMeHTO3HOH 1 MM-Tepamiu yBeau-
YHMBAET IMPOLIEHT XOPOIIEro KAMHH4YecKoro addekra — B
OaHHOH rpyrme 60ABHBIX He ObIAO CAyYaeB OTCYTCTBUS
adpdekTa oT nmpoBoguMoil Teparmu. Obpalaer Ha cebst
BHUMaHUE TOT (QaKT, YTO TNpPH INpHMeHeHHH MM-tepariu
He ObIAO 3apervCTPHPOBAHO HHU OJHOIO cAydad pPasBHUTHUS



Munnumemposble 80/1HbL U 2KUBbLE cucmembl 121

nHpapKTa MHOKapia y OOABHBIX HeCTaOHABHOH CTEHO-
Kapavel, Toraa Kak I10 AUTEPaTYPHbIM IaHHBIM OH pas-
BUBaeTcsa B 12-20% cayuaeB. TakuMm obpasoMm, BKAlOUe-
HHe MM-Tepanuu B KOMIIAGKCHOE A€YEHHE HeCTabHAb-
HOIl CTEHOKapIUM TMO3BOASIET CHH3HUTh PHCK DPa3BUTUS
nHdapKTa MHOKap/aa.

Boaee 150 AeT 0CHOBOH KAMHHUYECKHX MPEACTABACHHH
006 HIIEMHH MHOKap/ia SIBASIAOCH HAaAWYHE TNIPUCTYTIA aHTH-
HO3HOI 60AH. C MosiBAGHHE MANTEABHON perucrparnu KT
BHUMaHUE KAHHHUIIUCTOB IIPUBAEKAA Oe3bosiegdsi uwlemus
Mmuoxapda (BHIM), KoTopast CONPOBOXKAAETCH CHUKEHUEM
HAcOCHOH (YHKIIMH CepAlA, HApPYIIEHUSMH pHUTMA, IIOo-
BBIIIEHHEM PHCKa BHE3aITHOM cMepTH B 5-6 pas. ABTopa-
MH paboTst [117] B AeueOHBIH KOMITAEKC BOABHBIM Ge3boae-
BOIl mIneMuel MuOKapza Oblaa BraroyeHa MM-Teparivs:
JAMHA BOAHBI — 7,1 MM; AOKaAM3allksl — 00AACTh IIPaBOTrO
TIA€YEBOrO cycraBa, skcrno3ulus — 30 MuH. TToAOKUTEAL-
HBIH KAMHUYECKUH 3Q(PeKT pa3HOi CTENEHU BBIPAXKEHHO-
ctu Habaromaacst y 93% GoabHbIx rpymms! A (I OK) ny 76%
- rpynrs! B ([II @K) (o cpaBHenuro ¢ 46% u 19% coorseT-
CTBEHHO Yy OOABHBIX, He ToayyaBminx MM-Tepamnuio), rpu
3ToM B rpyrine A gocroBepHo (p<s0,001) cCHU3HAOCE KOAUYE-
CTBO TIPUHHMAEMOIo HHTporavuepuHa c 2,6 0,15 no
0,210,03 Taba./cytku, a B rpyrnne B c 7,1+0,36 mo
1,2+0,14 Taba/cyTku. ¥ 80% GoABHBIX rpymibl Auy 17,6%
GoABHBIX pynnbl B riocae kypca MM-Teparnuu oTnasa He-
00X0UMOCTE B IPHEME HUTPOTAMLIEPUHA.

KoanyecTBO 60A€BBIX 3MTU300B ¥ OOABHBIX B TPYyII-
nax A 1 B 10CTOBEPHO YMEHBIIIHAOCE COOTBETCTBEHHO Ha
81 n 66,7%, obmas IMPomOAXKUTEABHOCTh Goa€BOH HIe-
MHH MHOKapZia JOCTOBEPHO yMEHbHINMAAcCh Ha 78,3% u
65,1%, amnauTyna cMmeleHus cermeHta ST DOCTOBEPHO
HE HU3MeHHAach. ¥ 87% mnanueHTOB 06eHX TpyIIl I10CAe
Kypca MM-Tepanuu mpousolaa MoAHAsT HOpMaAHU3alHs
TIoKasaTeAel [UacTOAUYECKOH QYHKIIMH MHOKapAa.

Hngapxm muokapda siBasteTca Haubosee TI'PO3HOI
dopmoit UBC. B ocTpoM repuose HaubOABIIYIO OMTACHOCTD
TIPEACTABASIIOT TAKUE OCAOXKHEHHS, KaK HapylleHUs cep-
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JEYHOTO PHUTMAa, Pa3BHUTHE OCTPOH AEBOXKEAYIOYKOBOH He-
JocTaToyHOCTH. BriocaencTBun Hauboaee IPO3HBIMH SIBASI-
IOTCS Pa3BHTHE XPOHHYECKOH HENOCTATOYHOCTH KPOBOOO-
pallleHUst 1 paHHEH IocTHH@apKTHOH creHoKapauu. [Ipu-
MeHeHHs1 MM-tepanmuu B mepBble 4Yachl 3aboAeBaHMsI Ha
TedyeHHe MHMapKTa MHOKapfla M €ro OCAOXKHEHHI IoKasa-
A0, 9TO Ha (poHe MM-Tepanuy yMeHBIIAEeTCH KOANYECTRBO
SIMIHM30/I0B OCTPOH AEBOXKEAYHOYKOBOH HEIOCTATOYHOCTH,
BIIOCAEJICTBHHM CHIDKAETCST 4YacToTa pasBUTHSL ITOCTHH-
apKTHOM CTEHOKAPAWUH U XPOHWUYECKOH HEOCTATOYHOCTH
KpoBoobpauieHus. Kpome Toro, HabaromaeTcst 3HaYHTEAb-
HbIH pocT nuaekca Napkasu-KBakiHON-YK0AOBOI! [9].

H3BecTHO, YTO MH(MAPKT MHOKapZa SIBASIETCS CHAB-
HEHIIIUM CTPECCOM JIASl OPraHH3Ma, TPOSBACHUS CTpPecC-
peakuuH ycyrybadroT TedeHHe 3aboAeBaHMsS, 3aMbIKas
MMOPOYHBIH MAaTOr€HETHYECKHH Kpyr. ITokazaHo, 4TOo Yy
DOABHBIX C peaklieil OCTPOro CcTpecca BhIUIE ACHKOIUTHI
U JAUTEABHOCTBH 6oaeBoro cuHzapoma. Cpenu HUX 060Ab-
LMK IIPOLIEHT AETaAbHOCTH. [l0 Hayasa AedYeHHsl peak-
LIUs cTpecca cocraBasiaa 55,6%, CIIOKOMHON aKTHBaLUU
21%. Ilocae oOKOHYaHHUA Kypca TPOLEAYP PpEaklusa
cTpecca cocraBuaa 11,1%, peakiyis CITOKOMHOI aKTHUBa-
uu 50,4%, peakuusa TpeHUpoBKU 34,2%. ¥ OOABHBIX C
COXpaHEHHON peaklued cTpecca NMOocTUH(MAPKTHAA CTe-
HOKap/usl pa3sBHBAETCS MOCTOBEPHO dHallle, YeM y 60Ab-
HBIX C APYTHMMH THIIAMU peakKLMH.

Kpome Toro, y 60abHBIX, roay4aBiiux MM-teparuio,
TIOBBIIIAAACk CTENEHb aHTHOKCHIAHTHOH 3allUThl — CHU-
KaAOCh COAEPIKAHHE MaAOHOBOIO AMAABAETHIAA, OJHOIO M3
TIPOYKTOB MEPUKHUCHOTO OKHCACHUS AMITHIIOB, B TO BPEMSsI
KaK TPpagULIMOHHAS MEIUKAMEHTO3Hasl TeparHs He IpH-
BOIUT K CHHKEHHIO 3TOro MoKasarteast (puc. 23).

BaskHeHIIM 3B€HOM aHTHOKCHIAHTHOH 3alllUThI SIB-
asieTcst pepMeHT cyrieporcumaucmmyrasa (COM). Ilo co-
BPEMEHHBIM IIPEACTABACHUAM CHHKEHHE akTuBHOCTH COJLL
Hoaee yem Ha 50% OT HOPMBI CO3MAET YCAOBHS JIASI HEKOH-
TPOAHUPYEMOIo YBEAHMYEHHUS KOHIIEHTPALlMH CYTNEPOKCHI-
HBIX aHUOH-PAIUKAAOB, YTO MOXKET IIPHUBECTH K HeobpaTH-
MBIM H3MEHEHHSM B KAETKAX K TKAHSX.
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Ha ¢one MM-Tepanuy NOPOUCXOAUT IOBBILIEHUE
aKTHBHOCTH JaHHOro PepMEeHTa, CAEOBATEABHO, YBEAU-
YUBAETCS CTENEHb 3aIllUThl KAETOK. OTH U3MEHEHUS

MPOUCXOASAT KaK B [1Aa3Me KPOBH, TAK U B TpoMboumrax
(puc. 24, 25).

3 no neuenus

nocnie NeYEHUs

HMONB/MI

Buswt repanuu:
1 - mono MM-1epanus; 2 - coucrannias repanus
(MM-+meauxavenu),
3 - miaue6o; 4 - MEAHKAMEHTO3HAA TePalHs

Puc. 23. Coxep:kaHHe MaAOHOBOTO JHaAbIEruaa
B I1A@3Me KPOBU GOABHBIX
HecTabUABHOI CTeHOKapauein

0 no neyenus

nocne neyeHus

ver. e/Ma

BHbl TEPalHu:
1 - Moo MM-Tepanis; 2 - couetanmas Tepanus
(MM+yeankamenTo3Hast);
3 - miane6o; 4 - MEIUKAMENTO3NAS TEPAMUS

Puc. 24. AKTUBHOCTB CYTIEPOKHAANCMYTa3bI
B I1Aa3Me KPOBH ¥ GOABHBIX HECTAGHABHON CTEeHOKapaHerH
Ha (HOHE ACYEHHUS
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Q no neyenus

S nocne nevenns

yoi. ca./mMr 6eaka

=5
o %
:-:
%
]
.
.
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s
i
RR %

Buasl Tepanuu:
1 - Moro MM-Tepanus; 2 - covicTaHHast TCPANHA
(MM mestvKaMenTh),
3 - nnaneGo; 4 - MeJIIKAMENTORHAS TEPANHsI

Prc. 25. AKTUBHOCTb CYNE€POKHIIHCMYTA3bI
B TpoMOoluTax y 60ABHBIX HECTAOUABLHON CTEHOKapAUeEi
Ha (poHe AedeHus

OTAOXEHHE UMMYHHBIX KOMIIAEKCOB B CTEHKE apTe-
pHIT MOXET cTaTb IIEpBOH CcTaaued pasBHTHS OIpele-
AeHHBIX (OPM aTepocKaepo3a. BelaeseHHe Ba30aKTHB-
HBIX aMMHHOB TIIOJI BAHUSTHUEM HMMYHHBIX KOMIIAEKCOB
YBEAHYHBAET IIPOHHUIIAEMOCTb COCYAUCTOH CTEHKH, Y4TO
Cr1ocoOCTBYET NMPOHHKHOBEHHIO MMMYHHBIX KOMITAEKCOB
B TKaHH, B TOM YHMCAE€ U B CTEHKY aprtepuil. Kpome TOTO,
B3aUMOJIEHCTBHE HMMYHHOI0 KOMIIA€KCa C TpoMbouura-
MH Pe3KO yBEAWYMBaeT aKTHUBALUI0O M aATre3HIO MOCAEMI-
HMX, YTO MOXKET IPHBECTH K (POPMHPOBAHUIO TpoMba.

Ha ¢one MM-Tepanuyu OTMEYEHO 3HAYUTEABHOE
CHMXKEHHE COMIEPIKAHUA IHUPKYAHPYIOIIMX MMMYHHBIX
KOMITIAEKCOB B I1Aa3Me KpoBH OoabHBIX. CaemyeT oTMe-
THUTb, YTO B KOHTPOABHBIX TPYyIIIax AOCTOBEPHOTO CHH-
JKEHHS 3TOTO IT0Ka3aTeAs] BBIABAEHO HE ObIAO, YTO I'OBO-
PHT O TOM, 4YTO TPaAULMOHHasA MEeAHKaMEHTO3Has Tepa-
IIMS1 HE BAHSET Ha 3TOT acnekT naroreHesa MBC. OrMme-
YEHO CHHXKEHHE KOMIIAEMEHTAPHOM aKTHBHOCTH ChIBO-
POTKH, BEPOSITHO 3a CYET YMEHBINEHUS CTUMYASILIUU



Munnumemposbvle 80HbBL U HKUBbLLE cucCMeMmbl 125

KOMITAEMEHTa MMMYHHBIMH KoMIlaeKcaMHu. Takum obpa-
3oM, MM-Teparust ro3BoAsieT HOOUTBCH KOPPEKILMH HM-
MYHOAOTHYECKHX HapyureHuil y 6oapHbix UBC, yTo MO-
JKET UMETh 3HA4YEHUE HE TOABKO B ACYEHHH JAHHOH HO30-
AOTHHM, HO H, BEPOSATHO, BO3AEHCTBOBATH Ha Ipoliecc
aTeporeHesa B LIEAOM.

PaccTpoiicTBa MHKPOLUMPKYASILIMH SBASIFOTCSI OTHUM
13 OCHOBHBIX 3BEHBLEB [1ATOT€HE3a CEPACIHO-COCYAUCTBIX
3aboaeBaHuil. Yxyaienue rnepdy3un TkaHeil MOKeET Ha-
6A100aTBECSI HE TOABKO TIPH aTEPOCKAEPOTHYECKOM IIopa-
3KE€HHUH MarrvcTpaAsbHBIX COCYZOB, HO U IpH 6AOKaze cHUc-
TeMbl MHUKPOLIHPKYAAIIMHU 3a CYET MHKPOTpoMOboobpaso-
BaHHsl, CHUXKEHHH Ne(HOPMHUPYEMOCTH 3PUTPOLIHTOB.

HccaenoBaHHe MHKPOLMPKYAALMM B OyabbapHoi
KOHBIOHKTUBE 60abHBIX BC Ha doHe MM-Tepamnuu mno-
Kas3aA0 3HAYUTEABHOE CHHIXKEHHE ODINEro KOHBIOHKTH-
BaABHOT'O MHJEKCA, HHJAEKCAa COCYAHUCTBIX U BHYTPHCOCY-
JUCTBIX U3MeHeHHH. OTMedeHo yBeandeHHe Kaaubpa ap-
TEPHOA, YHCAA (DYHKIIMOHUPYIOIIMX IIETEAb AHMMOa,
YMEHBIIEHHS KOAMYECTBA 3PUTPOLUTAPHBIX arperaHToB
B BeHyAaX. OIleHKa COCTOSIHMSI MO3TOBOT'O KPOBOTOKAa Yy
GOABHBIX THIIEPTOHHYECKOH 6oae3Hbi0 Ha ¢oHe MM-Te-
panmuy METOAOM AMHAMHYECKOM CLMHTHrpadHH MO3ro-
Boro kpoBoToka ¢ Tc-99m BhIIBHAA yAYYIIEHHE KPOBO-
ToKa B GacceliHax mopak€HHBIX apTEpHH, Nepepacrpe-
AeseHHE 00bEMa KPOBH B CTOPOHY Hanboaee HIIEMU3U-
POBaHHBIX YIaCTKOB.

B mocaegHue rombl B NPakTHKY OOABIIMHCTBA KAH-
HHUYECKHUX YYPEXKJICHUH BHENPEHbl TAKHE METOHAbI AHar-
HOCTHKH CEpPJAEYHO-COCYAHUCTBIX 3ab0AeBaHHI KakK 3XO-
Kapauorpadusi, cUUHTHUrpadHus MHoOKapAa, BCe dallle
BBITIOAHSIETCST AMATHOCTHYECKas Kapanorpadus. B cBasu
C 3THUM TIOBBICHAAChH YacTOTa AHArHOCTHKH 3a60./1eeaHUll
cepdua HEeKOpPOHAPO2EeHHOzZO XapaKTepa: KapAuoMHoIla-
THUH, MHOKaApMTOB H IIPOAAIICA MHTPAABHOIO KAallaHa.
Ilo manHaAM CTATHCTHKH PacCIpoCTpaHEHHWEe HAHHOH na-
TOAOTHM cocTaBasieT A0 21% MonyAsuuy, IpHYeM dallle
BCETO 3TO MallHEHTHI MOAOZOI0 TPYAOCIIOCOOHOr0 BO3pac-
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Ta. Kpome TOro, HEKOpPOHApOreHHbIe 3a00AEBaHUS MHO-
Kap/la 4acTO BO3HHUKAIOT B PE3YABTATE ITPOBENEHHS IIPOTH-
BOOITyXOAE€BOI'O ACUEHUSI — [TOCTAYYEBBIE TIOPA*KEHHS B CBSI-
31 C IIPHUMEHEHHEM KapAHOTOKCHYHBIX XUMHOIIPEIapaToB.
IpryeM, y DaHHOH KaTEropHHU OOABHBIX UMEHHO CepAedHast
naToAorust obycaoBarBaer 70-80% aeTasbHOCTH Ha ¢OHE
PEMHCCHY OCHOBHOIO 3ab0A€BaHUS.

Ha baze UTIK ®Y «MeabuoskerpeM», 15 KAMHUYECKOH
60ABHULIBI T. MOCKBBI U KadeAphbl NOCIIUTAABHOH TeparTuu
PTMY 6b1Au 06CACOOBAHO U MIPOAECYEHO C UCIIOAL30BAHHEM
MM-tepartun 107 OOABHBIX C HEKOPOHAPOTEHHON IaTOAO-
rueit, a Taxke 103 marueHTa, ITOAYYaBIIHX 10 TEM HAM
HMHBIM IIOBOZIaM KapAHOTOKCHYHBIE mnperapaTe!l [122]. Pe-
3yABTATHI TIPEACTABAEHBI B TabA. 3-9.

TaBannma 3. Kauecmeo sKUSHU U ncuxoiozuieckuti cmamyc
nayueHmos ¢ HEKOpPOHAPOZEHHLIMU 3a601e8aHUAMU

Illxasa Ilxasa Tocr- lIxasa Minne-
Brug IIkasa -
Moritro- IyHra Tasknaa | KapHom- | coTexuit
TIaTOAOTTI TamiALTOHA
mepH-AcBepra SDS mKasa CKOTO | OTIPOCHIIK

TIpoaarnc
MITPaABHO-
IO KAQITaHa,
TepBHYHBIN 22,3+0,2 9,87+0,28 {0,66+0,01| 8,4+0,05 |45,7+1,01(17,8+0,02
Tuneprpo-
drryeckas
Kapauo-
MHOTIATHSA 17,2+0,18 8,8740,24 |0,45+0,01| 3,4+0,02 | 44,5+2,0 |24,45£1,5
Ayuepoii
MHOKapIT
Y NameHToK|
C OITyXO0ALIO
MOAOYHOIT
JKeAe3bl 21,99+0,4 37,77+0,5 |0,62+0,01|15,5620,666,66+3,3|32,2+1,75
AyueBoil
MIOKapIHT
Y NaleHToK
C ApYrHMH
OITYXOASIMIL 22,66+0,9 31,240,7 |0,60+0,0115,43+0,2|67,75+2,8|38,8+3,33
Toxciryeckant
MIIOKapIIT
Y TIAIICHTOB,
TTOAYYABIIMX
TIOAIDIIMITO0-
Teparno 27,3:0,41 35,24+0,5 |0,58+0,01(22,22+0,5|67,4+3,01|47,75¢1,5




Munnumempossle 80/HbL U JKUBblE CLUCTEeMbl 127
Ilpodoskerue mabn. 3

Mnogapant

Y NQIIEHTOB,

TIOAYYaBIIIIX

CcoveTaHHy10

AyHEBYIO 31

XIiMIoTepa-

oo 29,98+1,1 34,74+1,2 10,62£0,01}21,33+£1,0]68,02+3,3|46,78+4,4

MNauneHTrn

Kasmangn

HeBPO30B

(npoaaric

MIUTPAABHO-

To KAaraHa) 31,7£¢1,2 39,66+2,3 10,68£0,01{24,4+1,11|34,75+2,8114,8+1,12

Tabanna 4. Knunuueckue nposieneHust cepdeuHo-cocyducmoti namonozuil
Bua Kapruaarum, Hapyuenus HenocraTouHocTh
TIaTOAOTHH 313008 B CYTKH PHTMa, JTHIONOR Kkposobpauteris,
B CYTKH ®K mo NYHA

TlepBUYHBIiT TpoAanc 11, 0+0,25 7,1£0,21 1 $K-38

MUTPAABHOTO KAQITaHa 2PK-12
3PK-5

Tuneprpogirseckast 6,9610,22 3,43+0,09 1 ®PK-33

KapA11oMHoMnaTIs 2PK-11
3PK-1

JliaaTanuoHHas 3,12£1,75 18,22+4,36 4OK-1

KapAHOMHOMaTHs 3 PK -3

PecTpHKTHBHAA 12,0 4 4 $K

KapIuOoMHONIATIIS

ApiTMOreHHast 0 29,04£5,0 10K -1

JZUCTIAQ3MS TIPABOro 2PK-1

JKeAyJIodKa

TTamneHnTKII C OITYXOAsIMIT 3,4410,5 2,11£0,5 1 $dK-20

MOAOYHOI JKeAe3bl, 20K-4

TIOAYHaBLITIE AY4EBYIO

Teparnno Ha oGAacTs

CpPEIOCTCHIIA

TlaweHTsI, MoAyyaBLie 6,05+0,66 3,43+0,33 19K-12

Ay4EBYIO Tepaniio 2PK-5

Ha 00AaCTh CpefoCTeHIA 3PK-1

ITamuenTs!, MoAyyaBLmie 7,78+0,35 3,11+0,33 1 OK ~28

TIOAMXHMHOTEPAITHIO 29K-3

€ KapUI0TOKCHYECKIMIT 3DK-2

npenapaTamit

TIpopacTanIie omyXoalt 18,0£3,0 5,0+2,0 4 PK -2

B MHOKapx

CoueTaHlie XHMioTepa- 9,99+1,11 3,33x1,11 19K-7

I IT AyYE€BOTO BO3AEIICT- 29K-4

BIIA JDPK-3

Mawterrmiit Kamisias 10,1£1,89 8.75£1,77 19K - 12

HeBpo3oB
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OTMedeHa 3HAYUTEAbHAS KAUHUYECKAS JUHaMHUKa

MPOSIBAGHHI y IpoAedeHHbIX MM-uzayyeHUeM GOABHBIX:

BBIPA’X€HHOE CHUIXKEHHE KOAHMYECTBA 3ITU30/10B KapaAuaa-

MMl B CYTKH, YAyYIIIEHHE TICHXOAOTHMYECKOIO cTaryca,
YAyYLIEHHE CAaMOOLIEHKH KavyecTBa XKHU3HU (Taba. 5). Ort-

Me4yeHO obaerdyeHue, BIIAOTH [0 HOPMAAU3AllUU, CTENEHH
TSDKECTH M IIPOSBACHHH aernpeccuu (raba. 6). OmHako
aHTHapUTMU4YecKoro pnedictBusg MM-tepanuu y 3THX
GOABHBIX BBISIBAEHO HE OBIAO.

Tabauna 5. KauHuueckas xapaxmepucmuxa pynnot NAyUeHmos,
NOAYUUSUUX MUJLTIULMEMPOSYIO MEPANUIO

Mawuterrs: Kapauaarini, Hapyureria purma,
3MU300B B CYTKH TIM30I0B B CYTKH
MMamIeHTs! ¢ NePBHUYHBIM ITPOAAIICOM 9,08 £0,3 5.2:0.2
MUTPAALHOTO KAAnaHa
it
TlampeHTs ¢ nmcgrpocbuqccxo; 6,48:0,3 3,13£0,2
KapAHoMHomnaTHeit
TTarg1eHTKII ¢ OIyX0ASTMI MOAOYHOIT
IKCAE3BI, MTOAYYABLUME AyYeBYIO 3,11£1,0 1,01£0,2
Tepanuio Ha 06AACTb CPeROCTEeHMS
ITaueHTsI, MoOAy4aBLLUIiEe AyUeBYIO 5,45£0,96 2,5740,28
Tepariio Ha 06AacTh CpefOCTe T
TlamenTL!, MOAYHABLIIE MTOAHXIIMIO-
TEPario ¢ KapAHoTOKCHYECKIIMIT 5,44+1,0 2,97+0,3
npenapa'ramn
TawieHTs!, TOAY4aBLUTIE coueTaNHYI0 Xi1- 9,02£2.0 4,0342,5
MHOTEPAITHIO C AY4EBLIM BO3AEHCTBHEM
IT. Kt KAMHUKIT p 9,11+2,0 7,75£2,0

onbimHotii epynnut

Tabauna 6. FcxodHoe cocmosiHue cucmemsl 2emMocmasa Y NayueHmos

Bun Arpe i AYTB, Baskoers, Pubpunorex, Anti-
ATOAOTHII TpomGou- J KpoBir, r/a Tpom6uH 111
n TOB, % 20 cII3
MepBirHBIit MpoAarc
MuTpaAbHoro Kaanana | 19,11+0,24 | 36,66+0,8| 5,2+0,33 3,330,05 102,02+0,88
Tuneptpodguyeckas
KapAIIOMHOMATIH 22,3+0,56 | 32,7+0,5 | 5,65+0,03 3,4+0,02 98,7+0,25
AyueBoit MHoKapIT
¥ IAIBIEHTOK C OITyXo-
ARIO MoAOYHOIT XKeae3sl | 21,7+40,12 |31,77+0,13] 6,9+0,01 3,7+0,01 82,2+0,23
AyueBoit MHOKapANT Y
TMAUIIEHTOK C APYTIIMIY
OITYXOASIMIT 22,66+0,25 | 31,2:0,7 6,6£0,01 3,43+0,03 84,410,33
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IIpodosvkerue mabn. 6

TOKCH4€ECKHIt MUoO-
KapAMT y NalieHTOoB,
TIOAYNABLUMX TIOAMXH-

MiioTepario 24,6610,47 | 28,14+0,5| 6,99+0,01

4,0+£0,04

79,5£1,1

MuokapmiT y namu-
€HTOB, TOAYYABILIX
COYETAHHYIO AYYEBYIO

1 XUMHOTepanuio 24,08+1,08 |28,66+1,21| 6,85+0,01

4,1:£0,57

79,99+1,21

TIpoaaric MUTpaAkloro
KAaMNaHa (MalyeHTK

Karnamit HeBpo3oB) 18,8+1,25 [36,66+1,25| 5,44+0,01

3,2310,25

97,7+1,25

OueHb Ba>KHBIMH SBAFIOTCS PEIYABTATHI KOPPEKIINH
TEMOPECOAOTHYECCKUX paCCTpOﬁCTB B IIPOLIECCE ACHEHHUSA —

OTMeuYeHa HOpMaAH3allus IokasaTeaeii (tTaba. 7).

Tabanua 7. JuHamurka KAUHUYECKUX NPOseNeHUll 8 pe3yslomame

MUNNMUMEMPOBOU mepanuu

Bun naToaoriit Kapauaarm Henocrarounocts
KpoBooGpalleHIIs

IpoAarnc MUTPaALHOTO KAANaHa MepBHYHbI 2,1£0,1° 1 PK-7
(20)
TunepTpodiyeckast kapauomuonaTiast (10) 5,56+0,4" 19K -3
Ay4eBoit MHOKAPANT y NaueHToK 1,1+0,8° 1 DK -2
C OITYXOABLIO MOAOYHOIT JKeae3n1 (10)
Ay4deBoit MIOKapT y NAIEHTOB 2,0+0,8" 1 DK -2
C APYTHMI OITYyX0ASIMH (8)
T it PAMT Y T ToB, 1,97+0,1° 1PK-2
MoAyYaBLINX XUMHoTepammo (10)
M paHT (Kaf 1aTHR) Y T TOB, 7.7£1,2° 19K -2
TIOAYHABLUIX COMETAHHYIO AYYEBYIO
1 XUMItoTepamniio (5)
TIpoaarnc MUTPaALHOIO KAGITAHA Y TAIMEHTOK 2,8+0,4° -
KANHuku HeBpo3oB (5)

*p<0,05

TaGAnna 8. luHamukra ncuxonozuuecKozo cnamyca u xauecmea
KUIHU nayuenmos nocje eYeHusl 3/1eKMpPOoMAaAZHUMHbIM UINYUEHUEM

8 MUUMemMpo8om duanasoHe

lIxasa IlIxasa Ikaaa Tocrmi- IlIxasa Munnecor-
Monrrome- | Tamuas- Uynra TaAbHast Kapuns- CKHit onr-
pii-AcGepra, ToHa SDS uIKasa cKoro POCHUK
TIpoaaric
MUTPAALHOTO . . . . B .
KAanaHa 12,25+0,4+ | 7,66+0,78" | 0,48+0,01" | 6,23+0,03" [34,66+1,01°] 15,5¢1,25'
TIEPBHYILLT
Timeptpodu- |
veckas kap- | 11,240,07° | 5,78+0,24 [0,34+0,001°] 3,3+0,02 | 32,4+2,24 | 22,30£0,5"
ZIIOMHOIIATHS
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ITpodorrkerue mabn. 8

Ayuesoii
MHOKAapAWT
Y MaIeHTOK
C OITyXOABIO
MOAOYHOM
JKeAE3BI

16,75+0,28'117,1610,24°| 0,42+0,01 | 9,45£0,05" [45,98+1,05'| 28,08+1,00°

AyueBoit Mito-
KapuT y na-

IMEHTOK 18,33+0,7816,28+0,47°| 0,45+0,01° |11,28+0,02°|44,45+1,55'|28,87+2,01"
¢ ApYTUMH
OITYXOASIMH

ToKcit4ecKuit
MHOKapAHT

Y nauyieHToB,
TIOAY4ABLUMX
TIOAHMXHMHO-
Tepanmio

27,3+0,41 |15,45+0,78°'] 0,39+0,01 [11,27+0,06'[41,11+2,45'(28,88+1,11"

Muokapaur
¥ MAIGIEHTOB,

29,98+1,05|17,4440,78+( 0,44+0,01 |11,78+0,78+| 43,33+3,3+| 27,75+1,2°

TIpoaanc
MIITPAABHOTO
KaaraHa (fna- 31,7+#1,2 | 8,75+0,13° | 0,39£0,01 | 6.7+0,8" |21,02+1,10| 14,99+1,9
wieHTKH Kan-
HMIG HEBPO30B))
‘p<0,05

Tabauua 9. Juramura peonozuieckux ceolicima Kposu nocie mepanuu
INIEKMPOMAZHUMHBLIM UINIYUEHUSM 8 MUUIUMEMPOSOM JUANASOHE

Arperaust Bssxocts | dubpuro- Antn-
AYTB,
TpomGorii- c KpOBH, TeH, TpoMBrH
TOB, % 20 cll3 r/a 1L%

TIposanc mutpaskHoro | 18,02+0,28 | 36,02+0,78 | 4,8+0,01° | 3,00£0,01 |104,12+1,22
KAQrtaHa NepBIYHbIH
Nimeprpodiryeckas 20,1+0,02° | 34,22+0,5' | 5,240,03" | 3,33:0,03 {101,01£1,78
KapAHOMHOIIATH
AyueBoil MHOKAapAUT Y 20,740,02" [39,09+0,03'| 5,8+0,01* | 3,2+0,01° | 98,88+0,87"
MALIIEHTOK € OITyXOALIO
MOAOYHOIT 2KeAeab]
Ayuesoit MuokapzuTy | 20,5+0,27° |38,09+0,03°| 5,6+0,01° | 3,00+0,03" | 98,54+0,33"
TMauMeHTOK C APYTHMH
OTTYXOAAMH
Tokcrrieckuii Mitokapaur [19,33+0,03°[36,66+0,05°| 5,45+0,01° | 3,16+0,02° | 98,7+1,11°
Y NAlWIEHTOR, ToAYYaBLIn]
TIOAIXIIMITOTEPAITTIO
Muokapaur y nawten-  120,12+0,77°|36,45+0,98°| 5,45+0,01° |3,731£0,01°{100,12£1,77°
TOB, TOAY4ABLIHX COYe-
TaHHYIO AyYeBYO U XI1-
MHOTEpanno
TMaunenTRH KAMHUKI 18,741,21 [41,07+0,98°} 4,99+0,01" | 3,2140,02 | 97,7+1,25
HEBPO30B (MIpoAAIc MHT-
PAaABHOrO KAaraHa)

‘p <0,05.
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Hauboaee 3HaYMTEABHBIMH ObIAM HM3MEHEHHS IIpH
MaKCHUMaABHO BBIPAaXKEHHBIX HApPYIIEHUAX B CUCTEME re-
MOCTa3a, YTO INOATBEPKAAET MHUIIOTE3Y O MOLYAHUPYIOLIEM
BAMSHHUM MM-H3Ay4YeHud.

Cpenu manmeHToB, He noaydaBminx MM-Ttepamnuro,
HE OTMEYEHO CYIIECTBEHHBIX U3MEHEHHI KadecTBa JKU3-
HH, TICHXOAOTHYECKOI'O CTaTyca, a B CBA3H C yXyLLIEHHEM
COCTOSIHHSI CHCTEMBI r'eMocTasa UM IoTpeboBasoch Ha-
3HayeHHE aHTUKOATYASHTOB U [Ie3arpPeraHToB.

Taxum obpa3oM, B naHHOH pabore ObIAO TTOAYYEHO
TIOATBEPXKJACHUE BRIIBAEHHBIM paHee cBodicrBaM MM-re-
paruy: HOPMaAH3allMH TI'eMOPEOAOTHYECKUX pPacCTpoi-
CTB, KOPPEKIIMH CHMIATO-aApPeHaAOBOI'0 OOMeHa Kak
BaKHEHIIINM ITaTOPEHETHYECKHUM MEXaHU3MaM BO3LEHCT-
BUs MM-13Ay4eHHS Ha OPraHu3M B LIEAOM, Ha CEPAEIHO-
COCYZMCTYIO CUCTEMY H MHOKapZl B YACTHOCTH.

Onxonozuueckue 3abonesanusi.

ITo manHEIM BceMupHON opraHu3anuu 3apaBooxXpa-
HeHus1 (BO3) BTOpoe MeCTO IOCAE CEPAECYHO-COCYLHUCTBIX
3aHUMAET CMEPTHOCTb HACEA€HHHS OT OHKOAOTHMYECKHX
3aboaeBaHU.

Kannunyeckaa amnpobariysi IpUMEHEHUsS HU3KOHUHTEH-
cuBHOro MM-H3Ay4eHHsT ¥ pa3paboTKa METOOHK ITPOBOIH-
AUCE 1o, pykoBoacTBoM npod. C. . Ilaerésa ¢ 1980 rona
B OTHEACHHH (PU3UYECKHX METOJIOB AHArHOCTHKH M Aede-
Hus oryxoaseit B MockoBckoM HayuHo-HcCAEIOBATEABCKOM
OHKOAOI'MYECKOM HHCTHUTYTE UM. IL.A. Tepuena [123]. O6b-
E€KTOM HCCAEHOBaHHSI ObIAM BbIOpaHbl GOABHBIE, CTpa-
JAIOLIHE PAKOM MOJOUHOU rKenesbl. Bo-TiepBBIX, 3TO 3a-
OoAaeBaHHE NIHPOKO PacCHpOCTPaHEHO. Bo-BTOphIX, Npu
ACYEHHM 3TOH MaTOAOTMH YaCTO HCIIOAB3YIOTCS AEKApPCT-
BEHHbBIE IIPOTHBOOIIYXOAEBbBIE IIPErNapaTthbl U AydeBas Te-
parusi, 4YTO BBI3BIBAET OIIPEACACHHbIE H3MEHEHUS B
KHU3HEIEATEABHOCTH opraHuima. H3yyasauck OTBETHBIE
peaKiy y OOABHBIX PAKOM MOAOYHOI keaeswl 116 u I1I6
CTaui, MOAYYaBIIMX XHMHOTEPAIIHIO, a4 TaK XKe Y 60Ab-
HbIX, IIOABEPraBIUMXCS AydeBOH Tepamnuu. HMayueHue
CTYKTYPHO-(DYHKITHOHAABHOTO COCTOSIHHUSI KAETOK KPOBH
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MPOBOAHUAOCE JI0 Hadasa AEHEHMs], IIOCAE€ TPEX CEaHCOB
MM-Bo3aeiCcTBYS, B CEpeaHHE Kypca A€YEHHsS H I10CAE
ero okoH4aHus. Obuiee COCTOSIHHE OpraHH3Ma OLIEeHHBa-
AOCH N0 CyOBEKTHBHBIM JaHHBIM, CUMIITOMATUKE, aaall-
TAUHOHHBIM pPeakKUHsIM. THIT TaKUX peaKLUH ONpeneAsA-
Csl TI0 IPOLIEHTHOMY CONEP:KaHHI0O AHUMQOLIUTOB B A€H-
KOLIUTApPHOH (hopMyA€ U HMX COOTHOIIEHHIO C CErMEHTOSI-
JEPHBIMH HeHTpodHAaAMH.

XHUMHOTEparieBTHYECKHUE IMpernapaThl BBOAHANCH IO
Havasa XUPYpPrudeckoro BMEIIATEABCTBA 10 CXEME B CyM-
MapHo#i nose: dropyparya — 3 r, mukaodocdaH - 2,8 r,
MmeTtoTpekcart — 60 mr.

Ilepen HayaAOM AEKApPCTBEHHON MPOTHUBOOIIYXOAE-
BOM Tepalltiu MPOBOAMACS TPEXAHEBHbIH Kypc MM-Bo3-
nericrBus (exkemHeBHO 1o 60 MuHyT). B npouecce npose-
IEHUSI XUMHOTEPAaIHi 00AyYeHHEe TTPOBOAUAOCH 3a Yac 10
BBEJICHHUS NPOTHBOOIIYXOAE€BOro Impenapara. I[locae 3a-
BEPLIEHUST Kypca XUMHOTepaluu Bo3zaeicrBue MM-us-
AYYEHHSI IIPOJIOAYKAAOCHL B TedeHHe Tpex maHeH. Kypc
MM-tepanuu coctosia o6sraHO n3 14-15 npouenyp. Ilo
JaHHOI MeTonuKe 6b1A0 mpoaedeHo 343 OoabHbIX. KOH-
TPOABHYIO TpyIIny cocTaBHAO 339 DOABHBIX, IMOAYYABIIHX
XUMHOTEPATTHIO 110 TOH XKe cxeMe. Y OOABHBIX, ITOAyYaB-
IINX AEKapCTBEHHYIO IIPOTHBOOMNYXOAEBYIO TEpaluio B
koMbuHaumu ¢ MM-usayueHHeM, Kypc AedeHUs Obla 3a-
BEpIIEH B IT0AHOM obbeMe y 95,1% BOABHBIX INPH YAOB-
AETBOPUTEABHOM O0O0LIEM COCTOSSHUU 03 NIpUMEHEHUSs
CPEACTB, CTHMYAHDYIOIIHX KpoBoobpateHne. Bea MM-Te-
panuu Kypc AedeHUs 3aBeplleH y 74,2% OGOABHBIX CO
3HAaYUTEABHBIMH KAHHHYECKHUMH OTKAOHEHHSIMH B OOIIIEM
COCTOSTHUH M CHHKEHHEM KOAHYECTBa AEHKOLIMTOB B
KpPOBH, HECMOTPS Ha NEepeauBaHuEe KPOBU U ITPHMEHEHHE
CTHMYAHPYIOIIMX pernapatoB. [Ipu poBeneHUH rocae-
OYIOUIUX (aAbI0OBAHTHBIX) KypCOB XHMHOTEPAIUH 3Ta 3a-
KOHOMEPHOCTb COXpaHsAachb. ANbIOBaHTHass XUMHOTEpa-
IUS B IEPBBIH IO ACYEHHSI INPOBOAHMAACH KaXKAblEe TPHU
Mecsua (He 6oaee Tpex KypcoB), BO BTOPOH rox - ABa
Kypca C UHTEPBAAOM S MECSILIEB.
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Br1aa usyueHa crocobHocTs MM-u3AyueHHsT BoccTa-
HaBAUBATb KOAMYECTBO AEHKOLIMTOB 10 YCAOBHOI HOPMBI
y DOABHBEIX C AefikoneHuell. BrlAO NPOBENEHO A€dYeHUE
900 6OABHBIX C HMCXOIHBIM KOAUYECTBOM AEHKOLIMTOB B
kpoBH MeHee 3000 (2300-2700). Kypc aeueHHsT COCTaBASIA
12 pmeit. Ilpouemypb! MPOBOAMAHCE exXemHEBHO. ITocae
IIPOBEMIEHHOIO Kypca ACYEHHH KOAWYECTBO ACHKOLIMTOB B
KPOBH HOPMaau30BaAoch y 80% IMTAlHEHTOB, YTO ITO3BOAHAO
TIPOBECTH MM ITOAHOLIEHHBIH KYPC XMMHOTEpaIIvi.

B npouecce npuMmeHeHuss MM-Tepanuu y 60ABHBIX,
TIOAYYABIIUX ITPOTHBOOIIYXOAEBBIE Ipernaparthl, HCCACHO-
BaAM KOCTHBIM Mo3r. Ha oCHOBaHMM MNOAYYEHHBIX IaH-
HBIX BUZIHO, YTO CHayasa IPH IIPHMEHEHHH 3TOH Tepa-
ITHU IIPOUCXOOHUT BBIOPOC PE3EPBHOM KPOBH U3 KPOBSI-
HBIX JIETIO, YTO BbI3BIBAET HE TOABKO yBEAHYEHHE 0OBeMa
KPOBH B OOIlleM KPOBOTOKE, HO M YAyYIIAeT KHCAOPOH-
HBIH 0OMeH. BO3MOKHO, 3TO ABASIETCS OOHONI U3 NIPHUYUH
YAYUYIIIEHHSI TIEPEHOCHMOCTU IIPOTHBOOIIYXOAEBBIX JIpe-
rapaToB U CHHUKEHUS MOOOYHBIX TOKCHYECKHX SIBAEHUH.
Ha 4-5 cytku Bo3nericTBust MM-H3Ay4YEHUST [TOBBIIIAAACH
poaudepaTHBHAsS aKTHBHOCTb KOCTHOTO MO3ra.

TakuMm o00pa3oM, MHPOaHAAH3UPOBAB KAHHHYECKHI
MaTepuas, MOXHO YBEPEHHO CKa3aThb, YTO IIPUMEHEHHE
MM-H3Ay4EHHST TTO3BOASIET ITPOBECTH IIOAHBIH KypC XH-
MHOTEPAINEBTUYECKOr0 A€YEHHsI OOALHBIM OHKOAOTHYE-
CKUMH 3aboAeBaHUAMH 0€3 CYyIIECTBEHHOIO0 CHUIKEHHS
r1oKa3aTeA€! KpPOBH, [OOMNOAHHTEABHOIO [IPHMEHEHHUSs
KPOBOCTHMYAHUPYIOIIHUX CPEACTB.

Cpenu Bcex OIyXOAEBbIX 0OOpa30BaHHI KOXH HaH-
foaee 3A0KaYECTBEHHOI! siBAasieTCsT MeiaHoma. OHa OypHO
METacTa3upyeT AMMGOreHHbIM W I'€MAaTOT€HHBIM ITyTEM.
B mocaenmnue roawsl HabAgaeTcsl pocT 3Toro 3aboaseBa-
HUsI, YTO CBSI3aHO C YXYOUIEHHEM 3KOAOTHYECKOH obcra-
HoBKH. Hanboaee pacnpocTpaHEHHBIM METOOM A€YEHUS
Bcex (OPM MEAAHOMBI SIBASIETCH XUpyprudeckuii. [Ipu
ITOSIBAEHHUH METacTa3oB 00A€3Hb CYHTAETCS HEU3AEYHU-
Moit. TIaTHAETHAS BBIKHMBAEMOCTb OCTAETCS O4YEHb HH3-
ko, Ilo maHHBIM OTEYECTBEHHBIX U 3apYOEXKHBIX aBTO-
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POB OHa COCTaASIET ITPU NEPBOH KAMHHUYECKOH cTanuu 75%,
npu BTopoi — 32%, ripu Tpethelt — 0%. MeracrasupoBaHue
MEAGHOMBI KOXKH CPEOU INEPBUYHO AEYEHHBIX OOABHBIX B
CPOKH OT 6 MeECAlEeB [0 II0AyTOpa AET HMEET MECTO B
20-25% cay4aeB. Ilpu aucceMHHALINH ITPOLIECCA UCIIOAB3Y-
eTcd XUMHOTEepalldsl, OOHAKO, MeAaHOMa KOXM OCTaeTCH
3ab0AeBaHUEM, YCTOMYHBBIM K IIPOTHBOOIIYXOAEBBIM IIpe-
rapataM. [IpoBefeHHEe aIbIOBAHTHBIX KYPCOB XHMHOTEpDA-
MU IT0CAE€ XHPYPTHYECKOTO BMEIIATEALCTBA HE OTHAAAET
CPOKH pa3BUTUS METACTA30B U PELIUIHNBOB OITYyXOAH.

Kavnnyeckufi ombeIT nOpuMeHeHus MM-usaydeHus
OASl TIPENYNIPERICHUST Pa3BUTHS PELMIMBOB U MeETacTa-
30B y GOABHBIX TIEPBUYHON MEA2HOMON KOXH IIOCAE XH-
PYPrHYECKOTO AEYEHHSI CBHIAETEABCTBYET O IIE€PCIIEKTHB-
HOCTH €Tr0 NIPHMEHEHUS IIPH AAaHHOH HOo30A0THH. [lepBblit
KypC AedeHus!, COCTOsABIIMI u3 10 mpoueayp IpogoAXKH-
TEeABHOCTBI0 60 MUH €KeTHEBHO, ITPOBOIHACS Cpasy IocAe
OIIEPaTHBHOTO BMEIIATEALCTBA, BTOPOH depe3 MeECsILL I1o-
CA€ IIEPBOro, TPeTHH depe3 3 Mecsla I0CA€ BTOPOTo, YET-
BEPTHI Yepes IIecTh MECSILIER II0CAE TpeThero Kypca. Ilpu
OUHaMHUYECKOM HAaOAIOOCHHH B CPOKH OT 9 MECHLEB OO0
TIOAYTOpAa AET MPHU3HAKOB PELIMAHUBUPOBAHHSA H MeTacTa-
3UPOBAHUS HE OTMEYEHO HU Y OHOro 60ABHOTO.

TIpencraBasieTcsl, YTO B IAaHHOM CAydYae pedb HUIAET O
CTUMYALIIMM HMMMYHHOH CHCTEMBI H, CAEOOBAaTEABHO,
YCHAEHHUIO €CTECTBEHHOH IIPOTHBOPAKOBOM 3aIlMTHI Op-
raHu3Ma.

Kpome Toro, B MockoBckoM HayuHo-uccaenosa-
TEABCKOM OHKOAOTHYECKOM HHCTHTyTe UM. II.A. 'epriena
UuccAenoBaau BAUSHHE MM-HU3Ay4YEHHS HA TE€YECHUE paHe-
BbIX npoileccoB ¥ 1302 60ABHBIX KaK C YIUIUTBIMH, TaK U
C OTKPBLITBIMU ([I0CAE A&3€pHOH XMpYypruu) paHamu (651
B OCHOBHOM rpymrme ¥ 651 B KoHTpoabHOH) [124]. Kon-
TPOAB 3a TEYEHHEM PaHEBOrO IpoIlecca ITPOBOAUACH II0
BLIPAXKEHHOCTU BOCIIAAHUTEABHBIX PpPEakKUMH, HeKposa,
CpOKaM TMOSBACHHUS T'PAHYASIHI U UX XapakTepy, 3ITHTE-
AV3aLIMH U CPOKaM 3aKHMBAEHHsA. Kypc aedyeHHsd COCTOSA
u3 15 mpoueayp MpOAOAXKKHUTEABHOCTBIO 60 MHH, NPOBO-



Munnumempossle 80NHbL U JKUBblE cUCMeMbl 135

OUMBIX €XeIHEBHO. [IpH OTKPBITBIX, TOBEPXHOCTHO pac-
TIOAOJKEHHBIX paHax pyIop armapara yCTaHaBAHBAACS
Ha KOXYy B 2-2,5 CcM OT paHbl; INpH oIepalusax Ha
OPIOIIHOM [TOAOCTH U TPYAHON KAETKE — Ha IpyAuHy. [lpu
OLIEHKE DPE3yABTATOB BBISIBAEHO, 4T0 MM-u3AydYeHHE OKa-
3pIBAET DAQTONIPHATHOE BAUSIHUE HA TedeHHE ITPOlIECCOB
B paHe. BoAbHBIE OTMEYaAM YMEHbIIeHHEe OGoaelt, muc-
koMdopTa B paHe. B mnepByilo a3y TedyeHHUs paHEeBOro
npoliecca, Koraa Hauboaee BbIpaskeHa asbTepalusl TKa-
HeH, 3P @dEKT BBIpaXkasacsl B YMEHBIIEHUHU UHTEHCUBHO-
CTH HEKpPOo3a, NepudOKaALHOIO BoclaseHus. B cay4asx,
KOrZla IpeobAafasld COCYAUCTBIE pPeaKlUU (OTeK, TUIle-
pEMUsI), MCUE3HOBEHHE 3THX IPH3HAKOB HACTYIIaA0 Ha
3-5 cyTKH, TOTZa KaK B KOHTPOAE 3TOT IIPOLECC JAUTCHA
He MeHee 8 cyTOoK. [IpOTHBOBOCIAAUTEABHBIN 3(Q¢EKT
MM-n3zayyeHust 6osee BbIpakeH y GOABHBIX C YIUUTBIMU
paHaMH. Y 3THX GOABHBIX HH pas3y He 0TMEYaA0Ch IIpope-
3pIBaHHA IIBOB, B TO BPEMsI KaK B KOHTPOABHOH rpyrie
TaKHe OCAOXHEHUs1 Habaromasuck B 9% cayyaeB. Bepo-
SATHBIM MEXaHH3MOM Takoro ad@ekTa MOXKHO AOIMYCTUTD
BOCCTaHOBAEGHHE MUKPOLIMPKYASITODHOTO pycaa, adder-
THBHOTO 3BEHA PELENITOPOB H, TEM CaMbIM, HOpMaAH3a-
LIHI0 ayTOPEryAdIMH 3aXKUBACHUS paHbl. XapaKTepHO,
YTO IIPH 3a>KMBACGHHM paHbl B ycAoBHssX MM-Bozpgeii-
CTBHUSA PybLBI He ObIBAIOT IpyObBIMH, HE OTMEYAEeTCsl Ke-
AoHAU3aLHUH. OTO 0OCTOSITEABCTBO ITO3BOASIET 0GECIIEYHUTD
XOpomut 3 EKT Ha KOKE AULIA.

IMpy 3aKMBAEGHUH OTKPBITBIX paH Habawmasock 6o-
A€€ paHHEe CO3peBaHHe I'paHyadauuil (B cpeaHem Ha 3-5
cyTkH). IIpy 3TOM rpaHyasliMOHHAasl TKaHb Pa3BHUBaAacCh
Ha BCEM TIPOTSIZKEHHH PAHEBOH IMOBEPXHOCTH, B OTAHYHE
OT HEAQ3EPHBIX PaH, € XapaKTEepPHO Pa3BUTHE IPaHyAs-
LM OCTpOBKaMH. PasBUTHE IpaHYASIIIMOHHON TKaHU Ha
BCEM IIPOTSI?KEHUHM DPaHbl CIIOCOOCTBYET YCKOPEHHIO 3a-
KPBITHSI €€ 3PEAOH IPaHyAALIMOHHON TKaHBIO Ha 5-7 maHel
paHbllle, YeM B KOHTPOABHOH rpyrirre. Hu B ogHOM cay-
yae He Habalomascss H3GBITOYHBIN POCT TPAHYASIIMI.
SnuTeAnsanysl paHbl HAYMHaAach ObICTpee, YeM B KOH-
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TPOAE, PABHOMEPHO C KPaeB, YTO IMPHUBOAHUAO K KOHLIEH-
TPUYECKOMY CTSATUBAHHIO KpaeB paHbl U 0Opa30BaHUIO
TIOAHOLIEHHOT'O KOXHOTro pereHeparta. PocT amureaus 3a
CYTKH cocTaBasa 2-3 MM. B wurtore mox Bo3aeHcTBHEM
MM-u3Ay4eHHsT HACTyNaAO 3a*XHBAGHHE paHbl OITH-
MaAbLHBIM IIyTEM, YTO NPUBOAHAO K COKPAIIEHHUIO CPOKOB
3a2KHBAEHMSA Ha 3—-5 gHEH.

K HacTosiiemy BpeMeHU MM-Tepanuss B OHKOAOIMH
HCIIOAB3YETCH Al ACHEHHSI paKa JKEAYIKa, MOAOYHOH
JKeAe3bl, SIMYHUKOB, TeAa M IIEeHKHM MaTKH, [THUIECBOA,
TOACTOrO KumieyHHKa, AOP-opraHoB M Ap. B KadecTBe
reMONIPOTEKTOPHOIO U IEMOCTHUMYAHpPYIOIIEro ¢akTopa
IpH TNPOBENEHUH Ay4YeBOH M XHUMHOTepanuu. B mocae-
OIlEpalLMOHHBIN nepruon MM-u3AydeHHE IT03BOASIET Ky-
[MHPOBaTb 3PO3UBHO-SI3BEHHBIE ITOPAXKEHHUS CAH3HCTBIX
000A0YEK pPA3AHYHEBIX OPraHOB, a TakKXKe 0D60CTpeHHEe Co-
MYTCTBYIOIIMX XPOHWYECKUX 3ab00AeBaHMIl; CHHU3UTH I0-
CA€OTIEpalIOHHbBIE OCAOXKHEHHSI, BBIPAXKEHHOCTh 00AEBO-
ro cuHzapoMa. Kpome Toro, Ha cTaguu aAbTEpalyH MoK
Bo3zeHctBHEM MM-BOoAH HaOAIOAAETCSI CHUXKEHUE HEK-
poausa, nmeprudOKaAbHbIX pPeaKInii, HCYE3HOBEHHE OTEKa
M THUIIEPEMHH, a Ha CTaJHU PEercHepaliy I'PaHyASILIHOH-
Hasl TKaHb HUKOIZa HE BBIXOAWAA 3a IIPENEAbl paHbl,
SMUTEAN3alIMS HAYHHaAACh ObICTpee, HE BO3HHKAAO KeA-
AougH3anuy pyoua [125-127].

Cawmblii rocaenHuit 0630p 1o npumeHeHuto MM-te-
panuu, npexacraBaeHHbIE M.B. Tenmone u P.C. ABaksa-
HOM, MOXKHO IIPOYUTAaTh B [128].

Tpaemamonozust u opmonedusi.

Hayaao KAMHHYECKOro H3y4YeHuss Mmeroma MM-te-
palyH B TPaBMaTOAOTHH M OPTONEANH ObIAO MTOAOKEHO B
OWTO uMm. H.H. Ilpuoposa, rae oH npuMmeHsierca ¢ 1987
roga. 3a 3TO BpeMsl C IIOMOLILIO YKa3aHHOIO METOAA
IIPOAEYEHBI TBHICSYH OOABLHBIX C PA3AUYHBIMH IIATOAOTH-
YECKHUMH COCTOSIHUSIMH KOCTHO-MBIIIEYHOH CHCTEMEI,
BKAIOYAS TSIKEABIE TTOCACICTBHS OTHECTPEABLHBIX IIOBpeE-
XKJIAEHWI KOHEYHOCTEH, 0COOEHHO YacTO BCTPEYAOIIHECS
B IIOCAEZHEE oAbl Ha TeppuTopHu Poccuiickoit denepa-
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muu. B 1987-1990 rr. Meton ampoGHpoBaH B 3KCTpe-
MaABHBIX YCAOBUSIX NpU HauboAee TAXKeEABIX Bumax boe-
BOHM NMaTOAOTHH OIIOPHO-IABUTATEABHOIO arrmnaparta 4 Io-
AYUYHA TOAOXKHUTEABHYIO OLIEHKY B L{eHTpaAbHOM BOEHHOM
rociiitase MunaHcTepcTBa OOOpOHBI pecnybauku Adra-
HucraH (¢ kotopeiM ITUTO um. H.H. IlpuopoBa noanep-
KHBaA B TEUCHHE 3TOrO CPOKa IIpsIMble HayYHbIE CBHA3H),
y nocrpagasiuux, HaxoguBluxcss B HUTO rocae 3emae-
TPSICEHUS B APMEHHH U APYTUX CTUXUHHBIX OEACTBHH H
pasAnYHBIX KaTacTpod [129-133].

IIposenennsie B LIUTO uuTOAOTHYECKUHE HCCAEIOBA-
HUsI HAIOT OCHOBAHHWE CYHUTATh, YTO B OCHOBE AedebOHOro
necTBUS MM-BoAH AeXKUT 3¢ DEKT YCHACHHUST NTpoande-
paTuBHOrO noTeHiasa obpaboraHusix MM-usayueHneM
raeTok. ITox BangHueM MM-BOAH B LIMTOIIAG3ME KAETOK
aKTHUBUPYETCS CHHTE3 IHUTOKHHOB, OKAa3bIBAIOUIMX Ha
KAETKHU 3TOH AMHUHM NeficTBHE, NTofobHoe dhakTopy pocTa.
OTH BemlecTBa HAKAIIAMBAIOTCS B IIUTOINAA3ME KAETOK,
HO OHH MOTYT CEKPETHPOBATHCS B Cpeay, a IOTOMY HAeH-
CTBOBAaTb M KOHTAaKTHO, U auctaHTHo. [To Bcelt BHauUMO-
CTH, CTUMyAHpyIollee BausaHne MM-BoAH Ha POCT KAETOK
HE OTPaHHUYUBAETCS TOABKO KOXHBIMH (hubpobaacramu u
AMMQOLIHTAMH KPOBH, a HOCHT YHHBEPCAaABHBIH Xapak-
TEP U NPOSBASIETCSI B OTHOUIEHHU KAETOK CaMbIX Pa3HbIX
TKaHEBBIX CTPYKTYP.

B aAedeHUM GOABHBIX OPTOIEIO-TPABMATOAOTHYECKOTO
npoduas MM-BoaHaM OTBOOUTCSI POAb MHCTPYMEHTA OAS
BO3IEHCTBUA Ha CUCTEMY PETYASILIMHM POCTA KAETOK U IIU-
TomudPEPEHIIUPOBAHUS C LEABIO CTUMYASILMH penapa-
THBHBIX IIPOLIECCOB B odare IopaxeHus. MM-repamnus
BBICTyITaeT Kak Ounoaormyeckast cocTaBASiONIass KOM-
TIAGKCHOH Tepartiy, HallpaBACHHOH Ha BOCCTAHOBAEHHE
(QYHKLIMOHAABHBIX BO3MOXKHOCTEH IIOBPEXKAEHHBIX HAH
BOBACYEHHBIX B IIATOAOTHYECKHH ITPOLIECC TKaHEBBIX
CTPYKTYP KOCTHO-MBIIIEYHOH CUCTEMBI.

B Teuenme mnocaegHero necatuaetuss MM-tepanusa
OKOHYATEABHO YTBEPAHAACh B KadyecTBE OJHOIO0 H3 ca-
MBIX 3(h(EeKTHBHBIX METONOB KOHCEPBATHBHOIO ACYEHHS
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DOABHBIX OPTOIENO-TPABMATOAOTHYECKON0 U XUpyprude-
ckoro npoduasa. OneIT npuMeHeHust Merona B LIUTO naer
OCHOB3HHE YTBEPXKAATh, YTO BKAloYeHHe MM-BOAH B KOM-
TIACKCHOE A€4EHHe OOABHBIX, Y KOTOPBIX Ha MEPBbI [1AaH B
KAMHHYECKOH KapTHHE 3a00A€BaHUSA BBICTYIIAIOT Hapyllle-
HHUA TPOMUKH H KUBHECIIOCOOHOCTH TKaHEH (a UMEHHO 3TH
PacCTpoiicTBa XapaKTEPHBI JIASI TIOCACACTBUI OTHECTPEAB-
HOH TpaBMbI), CIIOCOOHO 00ECIIEYHUTE HOBOE KaYECTBO Ae-
4yeOHOro Tpollecca, YCTPaHSIIIee paHee HMEBLIHeCcs
TPYOHOCTH B MEIUIIMHCKOH peabHAMTAlIUM TaKuxX 00ABb-
HBIX. 9TOT PAKT NOATBEPKOAETCS aHAAN30M IIPHMEHEHUS
KBY-Teparuu 1py caMbIX PA3AHYHBIX [TATOAOTMYECKUX CO-
CTOSTHMSAX KOCTHO-MBIILIEYHON CHCTEMBI, COIPOBOXKIAIO-
HIUXCS HapyHIEHUAMH TKaHEBOH TPOHUKH U YTrHETEHHEM
penapaTHUBHBIX IIPOLIECCOB B QYare IOPasKeHHs.
PesyabTaThl AedeHUsT OOABHBIX C HeiipoaucTpodude-
CKUMH HapylIEHHIMH TKaHEBOH TPO(MHKH, KOTOpbIE BO3-
HHKAHU TIOCAE€ OTHECTPEABHBIX ITOBPEXKACHUI KOHEYHOCTEH
M KAMHHUYECKH IPOSIBUAHCH B BHIE IOCTOSTHHOTO IIPOTPeC-
CHpPOBaHMS THOMHO-HEKPOTHYECKHX ITPOLIECCOB B aMITyTa-
LIMOHHOH KYABTE€, CBHIETEALCTBYIOT O TOM, UTO Ha (GOHE
rpuMeHeHHUs1 MM-Tepanuu OpH OATOTOBKE OOABHBIX K
KOXKHOH TIAGCTHKE COKPaTHAACh ITPOIOAXKUTEABLHOCTL (ha3
paHeBoro Ipoliecca: 3KccyAanuy — ¢ 14 (6e3 MM-repariim)
1o 10 mHeit; pereHepauyu — ¢ 10 o 7 nHelt B cpegHeM.
Hopmaanayroniee Banagnue MM-Tepanuu Ha IIpoLecc
3a’KHBACGHHS PaH HAIAO IIOATBEPXKIAEHUE B AUHaAMHKE
M3MEHEHHs afaNTallMOHHBIX peakuuH opraHusma. B
3TOH rpynre no aedeHHs MM-BoaHaMH y abCOAIOTHOTO
boabIMHCTBA HabaromaBiuxcd O6oabHbIX (91,8%) oTMme-
yeHa Hanboasee HebaaronpuaTHass B IIPOTHOCTHYECKOM
OTHOIIEHUH peakuus crpecca. Ilox BaussHuem MM-te-
parnuu IIPoH30LIAa CMEHA THIIOB auarTallMOHHBIX peak-
LMY 33 CYET PE3KOT0 YMEHBIIEHUs 4YHcaa OOABHBIX C pe-
akuuei crpecca (13,5%) npu oQHOBPEMEHHOM yBeAWYE-
HUH 4Mucaa DOABHBIX C TOBBILIEHHOH (59,5%) 1 crioxkoi-
HOH (24,3%) axkTuBanmeil. OTH JaHHbIE CBHIETEABCTBY-
10T 0 crocobHocTH MM-BoaH 3¢ ddeKTHBHO BO3aeHCT-
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BOBaTh Ha HelpomuctTpoduyecKHuil rporecc, 3a CYeT 4e-
ro JOCTUraeTcsl yAydllleHHe TPOoDUKH U KU3HECIIOCOOHO-
CTH TKaHel B oyare IopaskeHUs.

ITpumenenue MM-Tepanuu MO3BOAHAO TAKIKE ITOAY-
YUTh BBICOKYIO 3(P(EKTUBHOCTb IIPH ACYEHHH XPOHHYE-
CKOI'0 OCTEOMHEAUTA (OTHECTPEABHOTO M TpaBMaTHYECKO-
ro), IPOAEXKHEH, yMeHbIIeHHe MHKPOOHOH 06ceMeHeHHO-
CTH paH, YCKOpPEHHE CpallliBaHUs [IEPEAOMOB KOCTEH.

Pe3yAbpTaTh! NMPOBEAECHHBIX HCCAEHOBAHHI MalOT OC-
HOBaHHe paccMaTpuBaTh MM-Tepamnuio Kak OIUH M3 Me-
TOOB aKTHUBALMOHHOH Tepanyuu H M3 3TOT0 HCXOAUTH
IIpH YCTAHOBACHHH ITOKA3aHHI K IPUMEHEHHIO MeToza y
OOABHBIX C Pa3AHMYHOH ITATOAOTHEH KOCTHO-MBIIIEYHOM
cucteMpl. OcobenHHo 3dderTBHO MM-Bo3nelicTBHE Yy
OOABHBIX C HeDAQrONpPHATHON AUHAMHMKOH TEYEeHHs pa-
HEBOTr'0 IIPOLIECCA U PE3KHUM YrHETEHHEM pElapaTHUBHBIX
MPOLIECCOB, IPU OTCYTCTBHH AEKapCTBEHHBIX U APYrHUX
HEOOXOANMBIX NIAST A€YEHUSI CPENCTB. JTO HAaeT OCHOBa-
HUS peKoMeHOoBaTh MM-TeparHio B Ka4decTBE aAbTep-
HATHBHOI'O METOAA MEAVUKAMEHTO3HOH Tepariii ¥ B 3TOM
KauyecTBe IIPUMEHATb YKA3aHHBIN CIIOCO0 A€YEHHS B 9KC-
TPEMAABHBIX CHTYAlUAX, T.€. B YCAOBHIX MaCCOBOro IIO-
CTYIIACHHSI TIOCTPa[aBIINX, HEXBATKH KPOBE3aMEHUTE-
Aefl ¥ OrpaHUYEHHOrO TPUMEHEHUS IOPOTOCTOSIIINX Ae-
KapCTBEHHBIX ITPENapaToB.

Aezounsle 3abonesanusi.

TIpoduaakTHKa U AeueHHE mybepky./iesa SIBASIOTCS
OHOU M3 CaMbIX BaxKHBIX TPOOAEM COBPEMEHHOH Menu-
HMHBI. B mocaenHue roans! HabAOAeTCsl 3HAYHTEABHBIN
poct aToro 3aboaeBaHus, NosgBAeHHE HOPM, YCTOHYHBBIX
K NPOTHBOTYDEpPKYAE3HBIM IIperiaparaM. Bo BTopoii mo-
aoBuHe 80-x romoB B llentpassHom HHM Tybepkyaesa
PAMH HayaAoCh WHTEHCHUBHOE H3y4E€HHE BO3ACHCTBUS
9AEKTPOMAarHUTHeIX BoAH KBY-mguamazoHa Ha KAMHUYE-
CKOe TeueHUe 3a00AeBaHHI OpraHoB AbIXaHUS.

Mobuauzalyss HMMYHHOH CHCTEMBI IPH TyOepKyaese,
KOTOpasi OCyLIeCTBAsIETCH ol BaussHueM KBY-nzayuenus,
Hauboasee BakHA Jiasi GOpBOBI opraHu3Ma ¢ HHQEKIIMOH-
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HBIM areHTOM — MHKobakTepHeit Tybepkyaesa (MBT). Briau
TIPOBEIEHBI 3KCIIEPUMEHTAALHbBIE 1 KAMHHYECKHUE HCCAENO-
BaHUs, [T03BOASIONIME CYIUTE 00 3ddekTUBHOCTH U De30-
TIaCHOCTH IAaHHOTO METOJIA ACYEHMS, B PE3YABTATE KOTOPBIX
ObIAM ClleAaHb] CACIYIOUIHE BHIBOABI:

ITpumenenne KBY-uzayueHHst B KOMIIAEKCHOI Tepa-
MUK OGOABHBIX C PA3AMYHBIMH (hopMaMH TybepKyae3a ITo-
3BOAHMAO O00OHTBCST Ooaee OBICTPOro paccachblBaHUS HH-
UABTPATHUBHBIX HU3MEHEHHIH H COKpAallleHWIl CpPOKOB 3a-
KPBITHSI ITOAOCTEH pacriana B AETKHX.

Ilo maHHBIM 3KCIEPHMEHTAALHBIX HCCACHOBaHUH
obHapykeHo, 4To KBY-1u3AyueHUe BbI3BIBAAO 3HAYHUTEAD-
Hy!0 Npoandepaiifio AUM@OLIMTOB U Makpodaros B op-
raHax HMMYHOreHe3a C MAaCCUBHOH MH(MHABTpALIMEH HMH
TIOPa’KEHHbBIX OPTaHOB, B TOM YHMCAE U AETKHX.

T'HCTOAOrMYECKMMH M IHTOAOTUYECKHMH HCCAENO-
BaHUSMH YCTaHOBAEHO, uTO0 nnocae KBY-reparuu Bospac-
Tasa (YHKIIMOHaAbHasl aKTHBHOCTE (DarolHTHPYIOIIMX
KAETOK (aABBEOAPHBIX MaKpodaros), o0ecriedyHBarOIIMX
6eIcTpoe ocBobOXaEeHHEe opranuama ot MBT.

ITon BausinueMm codetaHHOM ¢ KBY-BoaAHaMu npoTu-
BO-TYDEPKYAE3HON TEpalHM YKOPaYMBaAUCh CPOKH pac-
cacbIBaHUsI TYOEpPKYA€3HBIX OYaroB B AETKHX, IIE€YEHH H
CEAE3EHKE Y SKCNIEPHUMEHTAABHbBIX XXHBOTHBIX.

KAMHHUKO-3KCIIEPUMEHTAABHOE HCCAEHOBAHHUE IIOKa-
3aa0, 4ro KBY-uzaydeHune o004aZa€T TMIPOTEKTOPHBIM
CBOHCTBOM II0 OTHOUIEHHIO K TOKCHYECKOMY OEHCTBHIO
XUMHOIIPENapaToB, HEOOXOAHUMBIX IASl A€YEHHS TYOEepKy-
A€3HBIX DOABHBIX H SIBASIETCH TEM HOBBIM CPEACTBOM, KO-
TOpOE YCTpaHseT NOOOYHbIE PEaKLHH ITPOTHBOTYOEPKY-
A€3HBIX IIPErnapaToB, CIIOCODCTBYET YCIIEHIHOMY IIpOBeE-
JEHHIO aIcKBaTHOI TepannH.

B raunukax ITHUU ty6epkyseza PAMH 6oABHBIM C
pas’AuMYHBEIMH (opMaMH mybepky/slesa AETKHUX K OCHOB-
HOMY KypCy XHUMHOTepanuu 3-4-Ms IpPOTHBOTYOEpKyAe3-
HBIMH IIpenaparaM (M30HHa3ui, pudaMITHIYH, THPa3H-
HaMHJl, KaHAMHULMH) Ha pPAa3HbIX 3TallaxXx A€YEHHUs Obla
npucoenuHeH kypc MM-tepanuu.
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OKCIIEpHMEHTAABHBIE H KAHHHYECKHE UCCACIOBAHHUS
TMoKa3aAH, 4To MM-BOAHBI HU3KOH HHTEHCUBHOCTH OKa-
3bIBaAHM HOPMaAH3ymolllee AeHCTBHE HAa MHOTHE KAWHHYe-
CKHE TapaMeTpbl: (POPMEHHBIE 3AEMEHTBI KPOBH, COOT-
HOIIEHHE ITAa3MEHHBIX OEAKOB KPOBH, CTHUMYAHPOBaAU
npoandepaliiio AMMQOILIUTOB B OpraHax MMMYyHOTeHe3a,
a MakpodarH B KOCTHOM MO3Te, KOTOpble 3aTeM HHTEH-
CHBHO 3aCeAsIAM OpraHbl, IOpaKEeHHbIE TyDepKyAe3oM
(raaBHBIM 06pa3oM, AErkue), HOPMaAH30BaAH (QYHKIIHIO
BHEIIHETO AbIXaHHUS U PErHOHAPHBIN KPOBOTOK B AEIKHX,
CTI0COOCTBOBAaAM BOCCTAHOBAEHHIO OMeocTasa IIpH Xpo-
HHYECKOM HH(MEKIIMOHHOM 3a00A€BaHHH, KAKHM SIBASIET-
cs1 Tybepkyaes [134].

MM-Tepanusi HUCIIOAB30BaAaCh TAKXKE B KOMIIAEKC-
HOM A€YEHHUM CapKaudo3a AETKHUX U BHYTPHUTPYAHBIX
anMmdaTUIecKux y3a0B. Ilocae Kypca aedeHust (20 mpo-
uenyp) v 81 % GOABHBIX PEHTI€HOAOTHYECKH OTMEYAaA0OCh
BBIDaKEHHOE paccacblBaHWE I[1apeHXHMATO3HO-UHTEp-
CTHLIMAABHON HWHQUABTPALIMM, TEHEH IpaHyAeM, YMEHb-
LIEHHE CHMIITOMOB aAbBEOAUTA, HWHTEPCTHUIIHAABHOIO
0TEKAa, PeaKlIUU IAeBpPaABbHBIX 000aoueK. /lo 0,5 nepBo-
Ha4aABHOIO pa3Mepa YMEHbBIIAAHWCh BHYTPHTPYIHbIE
auMdaTHYEeCKHE y3Abl, HabAlogarach 3HAYHUTEABLHAs] aK-
THBauMsa (darouurapHoil (yHKIHHM MakpodaroB Kak B
30HE I'PaHYAEMATO3HOIO TOParKeHHsl, TaK U B OTAAAEH-
HBIX Y4YaCTKaX AETKUX, U B KpPOBH, T.€. CTUMYASILIUS
(bYHKIIMOHAABHOH AKTHUBHOCTH HMMYHOKOMIIETEHTHBIX
KAETOK Oblaa YHHUBepPCcaAbHOH. OYeHb BaXKHBIM MOMEHTOM
npu MM-Tepanuu sIBASIETCSI CHHXKEHHE J03bl KOPTHKO-
CTEPOMUAHBIX MpenapaToB A0 10-15 Mr yepe3 AEHb HAH
JIaXKe€ TOAHOM MX OTMEHBI ¥ ITOAOBUHB!I GOABHBIX BIIEPBLIE
BBISIBACHHBIM CapKOHI030M.

I'acmposumeponozus.

SI3eeHHas bone3Hb sxenydka u deeHadyamunepcmHoll
KUWKU OTHOCHTCH K Hauboaee pacrpocTpaHeHHBIM 3a00-
ACBaHHAM ITHILEBAPUTEABHON CHCTEMBl. $SI3BEHHOI Goaes-
HBIO cTpazaeT 7-10% B3pOCAOrO HACEACHHS] Pa3BHTHIX
CTpaH MHpa. B nocaezmHue rogs! HaMETHAACH TEHAEHUUS K
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YBEAHYEHHIO CAYYAeB [IEPBUYHOM DPETHCTpAalMU SI3BEHHOMR
60A€3HH, 0OCOBEHHO B MOAOZOM BO3DPACTE.

IIMTupoko mnpuMeHseMass B HaCTOSIIIEe BPEMsI KOM-
MAEKCHasd MEAHWKaMEHTO3Has Teparusi, HalpaBAeHHAs
Ha pa3AHWYHBbIEC I1aTONCHETHYECKHE MEXaHMU3MBI 3aboae-
BaHMS, CYLIECTBEHHO HE YAYYIIHAA PE3YABTATHI ACUECHHS:
CPOKH 3a’KHBAEHHsI XPOHHMYECKHX $I3B OCTAaIOTCH IIpO-
JOAXKUTEABHBIMH, PE3YABTATBI TEpParM{d HECTOHKH, a ¥y
30-40% GOABHBIX Tepalus OKa3bIBaeTCsl 0e3yCIIeLIHOMH.
ITocae onHOBpEMEHHOrO yrioTpebaeHus 1-3 AeKapcTBEH-
HBIX (POPM MOXKET HACTYIHUTEH NobouHbIH adderT v 18%
GOABHBIX, a MPU OLHOBPEMEHHOM IIpHeMe 5-6 aAekapct-
BEHHBIX ITpernapaToB NobouHble 3h(eKTHI BO3MOXKHBI Y
81% BOABHBIX, ITOCKOABKY MHOTHE AEKAPCTBEHHBbIE Ipe-
napaTtbl 00Aaal0T PA3AHYHBIMU ITODOYHBIMH TOKCHUE-
CKUMH HeHCTBHUSMH, CIIOCOOHBI BBIZBATH aAAEPTH3ALMIO
opraHusMa.

IMpunuun npuMeHeHuss MM-U3AYUEHHUS OAT A€YEHUS
3BEHHONH O0O0AE3HM IKeAyZlKa U IBEHaALATHIIEPCTHOM
KHIIKH M IPOQPHAAKTHKU peuuaHBa 3aboAeBaHHSI OCHO-
BaH Ha croco6Hoct MM-Tepanuu MHOBBIIATL 3allHUT-
Hble, KOMIIEHCATOPHbIE MEXaHU3Mbl OpraHU3Ma, YTO IIO-
3BOASIET €My IIPOTHBOCTOSITh ArpPECCHBHBIM BHEIIHHM H
BHYTPEHHHM (paKkTopaMm.

PesyabTaThl A€UEHHsI S3BEHHOH OOAE€3HM METOIOM
MM-Tepanuu (6osee 10 000 GOABHBIX — OCHOBHAsl T'pPyII-
r1a) OLlEHHBAAMCh B CPaBHEHHUH C TPYNIoi GOABHBIX, Ae-
YeHHEe KOTOPBIM IIPOBOAHAH TPAIHUIIMOHHBIM KOMITAEK-
COM AEKapCTBEHHBIX IIPENapaToB C BKAIOYEHHEM aHTO-
LIHJI0B, CIIa3MOAHUTHKOB, MHTHOUTOPOB CEKPELHH, pera-
PaHTOB (KOHTpPOABHAS I'pyIina).

IToAHOE 3a>KUBAEHHE SI3B B OCHOBHOH M KOHTPOAB-
HOM TrpyInax HacTynuao y 98,6% u 82% cooTBETCTBEHHO
IIPU CPOKaX 3a’KWBAECHHS: B OCHOBHOH rpymme 21,1+1,4
IHSI, B KOHTPOABHOM rpymnne 37,5+1,9 nHs, npUyeM S3BBI
OBEHANIATUIIEPCTHON KHIKH B 00EUX TpYIIax 3a’KHBa-
AU OBICTpEe, YEM sI3BBI JKeAyAKa (d3Ba ABeHaalaTHUIIEep-



Munnumemposgvle 80NHBL U JKUBble cucmembl 143

CTHOM KHUIUKH: OCHOBHasa 17,6+1,2 OHS; KOHTPOABHAS
35,8+2,0 gus; g3Ba xKeayaka: ocHOBHas 28,121 nus;
KOHTpoABHadA 45,1+5,3 .nHs).

OTnaseHHbIE PE3yABTATHI MPH AMHAMMHYECKOM 3HIO0-
CKOIIMYECKOM HabAWIEeHHH 3a O0oABHBIMH 1ocae MM-te-
pamnuu (C 3HIOCKOIIHMYECKHM KOHTpPOAeM depe3 3-4 Mec.)
CBHIETEALCTBYIOT, YTO Ha ITPOTSIXKEHHH OIHOIO rofa pe-
LUAUB B OCHOBHOM rpyrrne obHapyxeH ¥ 51% GOABHBIX,
a B KOHTPOABHOI rpynre — y 82% obcaeqoBaHHBIX 00AB-
HbIX. McrioarzoBanne MM-Tepanii Mo3BOAHAO ITOBBICHUTH
YPOBEHb aHTHOKCUAAHTHON aKTHBHOCTH, HOPMAAH30BaTh
PEOAOTHYECKHE CBOMCTBA KPOBU (YMEHBIIAIOTCH BsI3-
KOCTb KPOBH, ITI0Ka3aTeAb T'eéMaTOKpPUTa, HHIAEKC Aedop-
MHUPYEMOCTH H, YTO OCOOEHHO XapaKTEPHO, Y BOABHBIX C
YCKOPEHHOH arperanueil 3pUTPOLUTOB HabAlogaeTcs 3a-
MeIOAEHHE CKOPOCTH arperanyy M, HaobopoT, ¥ OOABHEBIX
C 3aMEIACHHOH arperauuvedl — ee yCKOpPEHHE), HOpMaAH-
30BaTh HapyIIEeHHbIHA (aromnuTos [135, 136].

3ddexkruBHOCTE MM-TEpanuu NpH A€4EHHH AAHHO-
ro 3aboAeBaHUs CBA3aHAa, rAaBHBIM 06pa3oM, co criocob-
HOCTBIO JAEKTPOMATHUTHOIO H3AYYEHHSI BOCCTAHaBAH-
BaThb HapYIIEHHYI0 aHTHOKCHIAHTHYIO aKTHUBHOCTH KAE-
TOK, TIOAOXKUTEABHO BAULATL HA PEOAOTHMYECKHE CBOMCTBa
KpPOBH, HOPMaAH3ysl KPOBOODpallleHHe B XKEAYIAKE U JIBe-
HaAUATHUIIEPCTHON KUIIKE, H aKTUBU3UPOBATH ITPOLIECChHI
penapaiuy B OpraHu3Me.

IIpumenenue MM-tepanuu B ¢asze «OHOXHMHUYECKO-
IO IPEbI3BEHHOTO COCTOSIHUSI» SABAsIETCS 3(P(PEKTHBHBIM
MeTo0M NpPodHAAKTUKH pelUAHBa s3BEHHON 6oae3HH,
HaITpaBAEHHBIM Ha IIOBBILIEHHWE 3aIlUTHBIX, KOMIIEHCA-
TOPHBIX MEXaHHU3MOB OpraHU3Ma.

MM-BOAHEI IIPH A€YEHHH SI3BEHHON DOAE3HH IKEAYH-
Ka ¥ [ABEHAAUATHIIEPCTHOM KUIIKH IIPUMEHSIOTCS C
1977 r. yxe mokaszaHa HX CMOCOOHOCTH CTHMYAHPOBATH
3alUUTHBIE CHABI OPraHN3Ma, HOPMaAH30BaTh HMMYHOAO-
TUYECKHH CTATyC, PEOAOTHYECKHE CBOHWCTBA KPOBH, aK-
THBU3HUPOBATb TNPOLIECCHl PETNapaTHBHON pereHepanuu



144 Munnumempossie 801HbL U JKUBble cuCMeMbl

Ha YPOBHE KAETKH, MOBBIIATL aHTHOKCUAAHTHEIN CTaTyC
opranusma [137]. OpHako 3TH paboTbl KacasHuChk B OC-
HOBHOM HEOCAOXKHEHHBIX SI3B.

B pabore [137] npeacTaBA€Hbl PE3yABTATHl A€YEHUS
MALHEHTOB C OC/NOXKEHHbLMU 20CMPOOYO0EeHANbHbIMU 53~
eamu, NPOTEKAIOIMMH Ha (POHE BTOPUYHOTO HUMMYHO-
nedbuuuTa U craguiiHoro TeyeHus [ABC-cuHapoma. [as
MM-Tepariuy HCIIOAB30BaAaCh OAMHA BOAHBI 4,9 MM, C
MOITHOCTEIO A0 S5 MBT/cM? B uMITyAbCHOM pexrMe (1 MuH
— u3AydeHue, 1 MHH - nay3a) u 3Kcrosuuues 15 MHUH; Kypc
cocTaBAsiA OT S 10 15 mpouenyp €XeqHEBHO; AOKaAH3aLIUs]
- 30Ha 3axapruHa-T'eiia B anHractTpasbHoit obaactu ¢ ra-
CTPOIYOAEHAABHOM 30HOH.

BratoueHnne MM-nsayueHHs B A€4eOHBIH KOMIIAEKC
IPYU SI3BEHHBIX KPOBOTEUYEHHSIX CTAQXKHBAAO ITPOSIBACHUS
THIIEPKOATYASIIIMK B IOcTreMopparudeckoM nepuopge. K
KOHLy Kypca A€YEHHsl CHHIKaAach IIPOKOATyASHTHAd aK-
THBHOCTb KPOBH, COJEPIKAHHE KOPPEASTA BHYTPHCOCY-
JUCTOTO CBEPThIBAHHSI KPOBH YMEHBIIaAOCkE B 3 pa3sa,
HOPMaAH30BaAUCh (QHOPHUHOAUTHYECKAsT aKTUBHOCTb H
TpoMOOLIUTapHBII reMocTa3. B cBOIO odyepenib, HOPMaAHU-
3a1ms PYHKLMOHAABHOIO COCTOSIHHUS CHCTEMBI MreMOoCTa3a
criocobCTBOBaAa YCKOPEHHIO 3a3KHUBAEHUS S3BEHHOTO
nedgekra.

TIpu nepdopauusax ¥ MEHeTPaIUsSX IracTPOAYOACHAAB-
HBIX £13B MCHNOAB30BaHue MM-H3AyYEHHS TNPEAOTBpPAIas0
daszoBoe pasBUTHE HAedHIUTA ITAA3MEHHBIX (DaKTOPOB
CBEpPTHIBAHUS M TaKXKE CII0COOCTBOBAAO HOPMaAHM3allUM
UOPHHOANTHYECKOH aKTHBHOCTH U TPOMOOLIUTAPHOTO Te-
MocTaza. CHHKeHHe BbhIpakeHHOCTH [BC-cuHapoma Kop-
PEAMPOBaAO C COKpalleHHeM KaTaboAMYecKoro nepuona
ITOCA€E OTIEPATUBHOI'O BMELIATEABCTBA.

AHaAM3 OTHAACHHBIX PE3YALRTATOB BBISIBHA ITPOAOH-
TUPOBaHHBIH 3 (EeKT KypcoBoro npuMeHeHusi MM-BoAH
IIPH OCAOXKHEHHOM TEYEHHH sI3B€HHOH 6oae3HH. Boab-
Hble, rnoaydaBmue MM-Tepalinio, B IOCAEOYIOUIHH Tof
obpalaauch B ae9eOHBIC YIPEXKACHUS T10 1ToBoay oboct-
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peHust 3a60AeBaHUA B 7 pa3 MEHBIIE, YEM MAIIUEHTHI 63
kypca MM-repanuu; KpoMe TOro, ¥ GOABHBIX, A€YEHHBIX
MM-BoaHaMH, B TeueHHe 1 rozma He Obla0 3aduKCcUpOBa-
HO HHU OIHOTO cAydYasd peLHAUBa KPOBOTEYEHHSI HAH
nepdopaium.

Kpome s3BenHoit 6oaesHu, MM-Tepanus mnokasasa
BBICOKYI0 3G GDEKTHBHOCTDL MIPU A€YEHHH OCcmpozo decm-
pyxkmusHozo naHkpeamuma [138].

Pannee BrarwoueHue (c 2-3 cyrok) MM-rtepanuu B
A€4YeOHBIH KOMITAEKC IIPHU OCTPOM JAECTPYKTUBHOM IIaH-
KpeaTuTe IMPHUBOAUT K YKOPOUYEHHIO CPOKa AECYECHUSI B
peaHUMAaIlIHOHHOM OTHAEACHHH H OBICTPOM ITOAOKHTEAb-
HOH AOUHaMHKe ToKasaTeAd 110 mkase SARS, uro roso-
PUT O crocobHocTH MM-BOAH BAUATH Ha CHCTEMHYIO
BOCIIAAUTEABHYIO PEaKIINIo, 3aKOHOMEPHO CHHXKas ee.
YMeHbIIEHHEe YacTOThl HWHQUIIMPOBAHHBIX (POpM maH-
KpeoHeKpo3a Ha ¢poHe MM-Tepanuu H, COOTBETCTBEHHO,
YHcAa OMNepalyi, IPUXOAANIUXCS Ha OJHOr0 ITPOOIIEpPH-
POBaHHOIO0 OOABHOI'O, SIBASIETCSI CAEJICTBHEM HE TOABKO
IPSIMOT0 UMMYHOMOIYAHUPYIOIIETO AeHCTBHA, HO H ONO-
CpPENOBAHHOTO — 4Yepe3 HeHpOoropMOHaAbHBIE COOTHOIIIE-
HHUsI U COCTOSTHHE CHCTEMEBI remMocrasa. PaHHee Braroue-
HUe B nporpamMmy MM-Tepanuu cHuXKaeT oOILyIO0 Ae-
TaABHOCTBb H JAHUTEABHOCTH TOCIHUTAAHM3ALIMH BBDKHBIINX
0oABHBIX. Tak, y nmauueHToB, noaydaBsmux MM-tepanuzo:
®  JIAUTEABHOCTH NPEOBIBAHUS B PEaHUMAllUOHHOM OT-

OeAeHUU cocTaBuaa 4,2+1,8 aueir (8,3+2,3 — 0Oe3

MM-Bo3aeicTBHSA);
®  YMCAO OIepaluii Ha OAHOro IPOONEPHPOBAHHOTO

6oapHoro - 1,10,1 (2,5%0,2 - 6e3 MM);

. TSXKeCTb cocTossHUA 110 SARS Ha 10 cytku - 2,310,2

6aaaa (8,8+0,92 - 6e3 MM);

o yacToTa MHMUUUPOBAHHBIX opM — 18,8% (42% -

6e3 MM);
. obmas aeraabHOCTb — 10% (24% - 6e3 MM);
. IOAUTEABHOCTL TrocnuTasusauuu — 19,613,7 el

(36,7+4,2 — 6e3 MM).
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Cmomamonozus

HsBecTHO, uTO 60AE3HH MAPONOHTA B HACTOSALIEE
BpPEMSI JIASl CTOMATOAOTOB SIBASIIOTCH BECbBMa aKTyaAbHO
NpobAEMOM, T.K. HX DPacHpOCTPaHEHHOCTb COCTaBASIET
25-40% B Bo3pacre 10 35 aeT u 80-90% — mocae 40 aer.
BakHBIM NMaTOr€HETHYECKUM 3BEHOM 3THX 3aboaeBaHUH
SIBASIETCSI HapyllIeHHE KPOBOTOKa B MHKPOCOCYJAX TKa-
HeH naponoHTa. OOBIYHO OCHOBHBIM METOAOM A€HEHHS
foAe3Hel TIapolOHTa SIBASIETCS] XUPYPrHU4ecKHi, KOTO-
pBIF BAeYeT 3a coboii mnpobaeMy IMoOcAeonepaliioHHOMN
peabuauTany, T.K. [IOCAEOTEpAllMOHHAs MEIUKaMEH-
TO3HAasl Teparusl 3aTPyAHEHa B CBS3H CO 3HAYMTEABHON
aAAE€pru3alnrel HaceAeHHUs.

HccaemoBaHNa MOCAEIHHX ACT NTOKA3aAH, YTO KOPPEK-
LIMI0 HApYUIEHWH CHCTEMBI FEMOCTa3a MOXKHO IIPOBOIUTE C
riomonipio MM-Tepanuu. B [139] npeacraBaeHb! pesyabra-
Thl KAUHHYECKOTO HCCAEHOBaHHS 3((MEKTHBHOCTH IIPHMe-
HeHust MM-Tepanuy y 60ABHBIX C XpOHHYECKHM I'eHepaAu-
30BaHHBIM INApOMOHTHUTOM. IIpuMeHeHHE B KOMIIAEKCHOM
AedeHUH MM-H3Ay4eHHsT ITO3BOAMAO BOCCTAQHOBHUTE PEOAO-
THYECKHE CBOHCTBA KPOBH M CIIOCOOHOCTBH SPHTPOLIUTOB K
arperanuy, ObICTpee KyITHpoOBaThk O0AEBOH CHHIAPOM I10CAE
XUPYPrUYECKOro A€YEHHS, YCKOPUTh CPOKH SMHTEAHU3AIINH
IIOCAEOTIEPAITOHHOI paHEbI.

K cokaseHHIO, B paMKaxX JAaHHOH paboThl HEBO3MOXK-
HO pacckaszaTb 000 BceX BO3MOXKHOCTSIX IIpUMeHeHHss MM-
Tepa-MH. B HacTosiliee BpeMsa KAMHHYECKH IOCTOBEPHO
MOATBEPXKEHA BbICOKast 3((EKTHBHOCTL 3TOM0 METOZA
Ias1 aedenust 6oaee yem 120 HO30AOTHYECKHX (DOPM, H 3TOT
CMHCOK IPOAOAXKAET TMOMNOAHATBECA. Buanmo, MM-teparms’
— 3TO OAMH N3 Te€X METOAO0B, O KOTOPBbIX MEYTaAH €llle Bpa-
41 B rAyOOKOH APEBHOCTH, KOTZla «ACYHUTCS HE KOHKpEeTHast
6oA€3HBb, a OPraHU3M YEAOBEKaD.

4.2, MHAAHMETpPOBEIE BOAHBI B CEABCKOM
Xo3sIMcTBE

PesyapTaThl 3KCIEPHUMEHTAABHBIX HCCACIOBaHHWH,
NPOAEMOHCTPHPOBABIINE BAHUSHUE HH3KOWHTEHCHBHBIX
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MM-BOoAH Ha HOpolecchl MeTaboAu3Ma B JKHMBBIX OOBEK-

Tax, BbI3BAAU MHTEPEC Y CIIELIM3AMCTOB, 3aHHMAaIOIIHXCS

CEABCKHM XO3SIHCTBOM — PaCTE€HUEBOACTBOM H >KHUBOTHO-

BOACTBOM. OJTOT MHTEPEC B 3HAYUTEABHOH CTEIEHH CBS-

3aH ¢ TeM, 4To MM-Bo3eHCTBHE SIBASIETCH 3KOAOTHYECKH

YUCTBIM (PAKTOPOM, & 3TO MMEET OOABIIOE 3HAYEHME JIAL

CEABCKOXO3SIMCTBEHHOr0 IIPOM3BOACTBA. B oTaumyue oT

XHUMHUYECKHX METOZ0B obpaborku, MM-u3saydyenue, mno-

raomasack B obpabaTeiBaeMOM PaCTEHHM, OKa3bIBa€eT He-

MOCPEICTBEHHOE BAMSHHE Ha ITPOLIECCHI KH3HEACATEAD-

HOCTH DACTEHHs, HO IIPU 3TOM HE ITPOHCXOAUT BHECEHHS

B PaCTUTEABHEBIH OOBEKT HMAH B OKPYKAIOUIYIO Cpedy Ka-

KUX-AHD0 3KOAOTHYECKHM BPENHBIX BellecTB. Kpome Toro,

B CEABCKOM XO03(MCTBE NMPAaKTHYECKH BCETA OCTPO CTOHUT

BOIIPOC O IOBBIIIEHHH ITPOAYKTUBHOCTH — YPOXKAMHOCTH,

HaJO0€EB, MOBBIIICHNS 6HOMAaCCHI.

TIposenennsle euie B 1989 r. uccaegoBanusa [90, 140]
T0Ka3aAM, YTO IIOJ BAMSIHUEM HH3KOWHTEHCUBHBIX MM-
BOAH IIPOMCXOOUT akKTuBHpoBaHue AT® pactuTesbHON
KAETKH, T.€. CTHMYASILIUS (DEPMEHTATHUBHON axTHBHOCTH.
Onupasick Ha 3TOT 3KCIIEPHUMEHTAABHBIN (DaKT, CrielHasu-
cTbl npoBean MM-06paboTKy CEMEHHOro MaTepHasa [as
TIOBBIILIEHUS BCXOXKECTH CEMSIH, YCKOPEHUST Pa3BUTHs pac-
campl U IIOBBIUEHUSA IIPOAYKTHBHOCTH CEABCKOXO3SMCT-
BEHHBIX pacTeHui [141].B yca0BHAX TEMNAHI] HCCAEIOBAHUSA
TIOKa3aAH, YTO TNPAKTHYECKH IASl AIOOOH KyABTYPBI MOLYT
ObITh NTooOpaHb! pexXHUMbl MM-00Ay4eHHS, ITPUBOASILMIE K
TIOAOKHTEABHBIM (DH3HOAOTHYECKHM 3dekram. Tak aBTO-
paMu 6b1A0 3aPUKCHPOBAHO:

. MOBBIIIEHHE BCXOXKECTH CeEMAH casata Ha 13%,
orypLoB Ha 14%, ykpona Ha 35%, TomaToB Ha 38%
TI0 CPaBHEHHIO C KOHTPOAEM;

*  TIOBBILIEHHE HAYAaABHOH CKOPOCTH POCTa BCXOIOB H3
obpaboTaHHBEIX ceMaH ToMaToB Ha 35% M0 cpaBHe-
HHIO C KOHTPOAEM;

e  TIIOBBIUIEHHE BEca 3€AEHOIl Macchl caasaTa, BhIpa-
HIEHHOTO M3 0bpaboTaHHBIX ceMdaH, Ha 36-41% mo
CPaBHEHHIO C KOHTPOAEM;



148 Munnaumemposbie 801HbL U XKUble cucmembt

e  TIOBBIUIEHHE Beca 3€ACHOH Macchl yKpoIna, BhIpa-
IIEHHOTO H3 00paboTaHHBIX ceMsaH, Ha 43% 10
CPaBHEHHIO C KOHTPOAEM.

TIpn sToM pacTeHHs:, BbIpalllecHHble U3 0oOpaboTaH-
HBIX CEMSsIH, He HeCAH B cebe MPHU3HaKOB MOP(QOAOruYe-
CKHX OTKAOHEHHI1 OT HOPMBI.

IIpun 30-muHyTHOM O00Ay4YeHuUn MM-BoaHamu (7,1
MM) CeMSIH KYKypy3b! (copt «Omecckasa-10w) B cemsaH
orypLoB (copT «KOHKypeHT») S3HEPIUs IIpopacTaHUsl CEMSIH
obenx KyabTyp 6b1Aa Ha 50-120 % BbIle, YEM B KOHTPOAE
[142]. ObaygeHHBIE ceMeHa ObICTpee HabyxaAu, YTo CBS3a-
HO C NOBBIIIEHHEM IIPOHHUIIAEMOCTH MeMOpaH KAETOK 060-
AOYKH CEMEHH [l BOJIbI Yepe3 U3MeHeHHe Orodu3decKux
XapaKTEPUCTHK I1Aa3MaA€MMBbI; TIOBBIIIAAACH YAEABHAS aK-
THBHOCTB CHHTE3HPYIOUIETOC B aA€HPOHOBOM CAOE 3€PHO-
BOK KyKypy3bl (hepMeHTa aMuaasbl. PesyarTaThl HabArone-
HHUS 3a JAABHEHIITHM POCTOM IIPOPOCTKOB B BETETAIIHOH-
HOM U TIOACBOM OIBITaX CBUIETEABCTBOBAAM O ITOAOXKH-
TEALHOM BAUSHHH MM-BOAH Ha IPOLIECCHI KHU3HEACATEAB-
HOCTH aKTHBHO BETETUPYIOIINX PACTCHHUI — YBEAHYHAACh
HX BBICOTQ, ChbIpasi M Cyxasi Macca, IAOIIANb AHNCTOBOH ITO-
BepxHOCTH. [IpH 3TOM MOP(OAOTHYECKHX OTKAOHEHHII OT
HOPMEI Y OINBITHBIX PACTEHHUH 10 CPAaBHEHHIO C KOHTPOAEM
He HabAIOIAAOCh.

TToAoXKHUTEABHOE BAUSHHE 00AydYeHHST Ha (hopMHUpoOBa-
HHE NeHEPATHUBHBIX OPTraHOB Y KYKYPY3bl H OI'yPLIOB IIPOSIB-
ASIAOCH TIO-Pa3HOMY: NIPH OAWHAKOBOM KOAWYECTBE ITOYaT-
KOB Yy KyKypy3bl B OIIBITHOI I'DyIIie OHH ObIAU KpyTIHEE U
3EPHOBOK B HHUX ObIAO B cpenHe B 1,5 pasa Ooablile, 4eM B
KoHTpoae (p<0,05); a y OMBITHBIX pacTeHUH OrypLOB Ha-
OAIOIAAOCH TIOSIBAEHHE OOABLIIEr0 YHcAa 3aBds3eil Inpu
100%-HOM 3aBa3bIBAHUM IIAOLOB, KOTOpPBLIE I10 Macce H
pa3Mepy CyLIECTBEHHO HE OTAMYAAHCH OT KOHTPOABHBIX.

IIpopammBanne 0baydeHHbIx MM-Boaramu (61,5 T,
100 MxBT/cM2, 20 MUH) ceMsH STUMEHSI B YCAOBHSX IIO-
BBILIEHHON TeMIlepaTyph! (28°) NOBBIIIAAO CHHXPOHHOCTD
NEepBBIX MUTO30B Ha 36% 110 CpaBHEHHIO ¢ HeobAyueH-
HBIM KOHTPOAEM, 4YTO, IO-BHAHUMOMY, O00YCAOBAEHO CTH-
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MYASILIUEH MOAEKYASIDHO-T€HETHYECKHUX IIPOIIECCOB, A€-
SKAIIUX B OCHOBE KAETOYHOH Npoaudepannu. [IoBbie-
HHE CHHXPOHHOCTH KAETOUYHBIX JICACHHH ITPOPOCTKOB ITPH
Temnepatype +20° CONpAXKEHO C YBEAUYEHHON ypoxkaii-
HOCTBIO BETETHPYIOLIUX pacTeHuit [143].

Ha onbiTHOH craHuyuu BceepoccuHcKoOro HHCTUTyTa
PaCTEHHEBOACTBA OBbIAM MPOBENEHBI HCCAEIOBAHUS BAMSI-
Hua KBY-usaydeHus Ha ypoxKaiiHOCTL HECKOABKHUX ITapTHH
0BAYYEHHBIX CEMSIH ABHA, IPEYUXH W OTypLIOB, KOTOpPLIE
Ob1AN TTOcesIHB! B napHUKU [144]. IlokazaHo, 94TO 0DAyUEH-
HBIE CEMEHA HMMEAH YBEAMYEHHYIO 3HEPTHUIO0 NPOpPaCTaHMs,
MEHBIIIEE BPEMST POCTA, OHH HAYHHAAW PaHBIIE LIBECTH U
naBasn OOABIUE OIAOOTBOPEHHBIX 3aBsi3eil. YpoxKariHOCTD
06AYyYEHHBIX PACTEHHIT yBeAnyraach Ha 15-20%. Pacrenus,
BBIPOCIIIME W3 ODAYYEHHBIX CEMSIH peanca B 3aKpLITOM
I'DYHTE, UMEAU YBEAWUEHHBIN AUaMeTp ¥ Maccy ITACZOB IO
CPaBHEHUIO C KOHTPOABHBEIMH, & YPOXKANHOCTE O0AYIEHHBIX
pacTteHuii Bo3pocaa Ha 20%.

YpoxalHOCTb 0DAYYEHHBIX CEMSIH I'PEYHXH BbIPOCAA
B IOAEBBIX YCAOBHSIX Ha 50%, mpHYeM 3TH Pe3yALTATHI
MOBTOPAAUCH B TEYEHHE 3-X AET. ,

B niocaeHue rogbl HU3KOMHTEHCHBHBbIE MM-BOAHEI BCe
LLIHPE ITPHMEHSTIOTCS B JKUBOMHO800CMee U éemepuHapuul.

OBOBIMHO UCITOAB3YEeMble METOMBI ACUEHUS BOCITAACHUS
MOAOYHOM >KeAe3bl (MacTHTa) Y KOPOB (€2KEroHO 3THM 3a-
6oaeBaHHEM cTpamaeT 0 25% 3KHBOTHBIX) OCHOBaHBI Ha
BBEIEHHUH XKHBOTHOMY aHTHOHMOTHKOB, CYAb(aHHAaMHJIOB,
HUTPO(QYPaHOB U MX KOMOHMHALMH, OCTaTOYHbIE KOAHYECT-
Ba KOTOPBIX TOIaJAI0T B MOAOKO, HAPYIIAIOT TEXHOAOTYE-
CKHE IIPOLIECCh] B MOAOYHOH ITPOMBIIIACHHOCTH, HE IT03BO-
ASTFOT TTOAYYUTDH 3KOAOTHYECKH YHCTBIE TPOAYKTHI ITUTAHUS.
Bropoit npobaeMoit Ha MOAOYHBIX (hepMax SBASIETCS HO-
BOABHO YHacToe I0CAEPOZIoBoe 3aboaeBaHHE — SHAOMETPUT
(BocmaaeHHE CAM3HCTOH ODOOAOYKHM MATKH), OAST ACYEHUS
KOTOPOT'O TAKIXKE CYILECTBYeT GOABIIOE KOAHMYECTBO A€Kap-
CTBEHHBIX cpeAcTB. [Ipy 3TOM BO BpeMsi ACYEHHS U CITyCTSI
2-8 CyTOK MOAOKO OT 3THX KHBOTHBIX HEAB3sl VIIOTPEOAATD
B nuuyy. AedeHue 3THX 3aboseBaHHH 0e3 MeIMKaMEHTOB
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HAM YMEHBIIEHHE HX KOAWYECTBa, a TAaKKE YCKOPEHHE
TIpoliecca BBI3IOPOBAEHHUS SIBASIETCSI BasKHOI NIpobaeMoit
BETEPHHAPUH.

Bo BHHU BerTeprHapHOH CaHUTAPUM, THTHEHBI U
skoaorun PAH coBmectHo ¢ THIII «Mcrok» [145] 6b1an
paspaboTaHbl METOAMKH A€YEHHSI MAaCTHTA U 3HIOMET-
puTa c ucnoab3oBaHueM MM-usayueHuss ¥ co3zaH clie-
HHaAbHbIM pubop «Kenrasp» (7,1 MM, 1 MBt/cMm?, nao-
manes obayuaemoit noBepxHocTH 20 cm?). Ilpu aeyeHHH
HEOCAOXKHEHHBIX THOHHOM wWHderuueit dbopMm MacTuTa
nocae 10 ceaHcoB 6bIAO BblAeueHO 70% >KUBOTHBIX, a Y
30% HabAgaA0Ch BBIPAXKEHHOE YAYYILIEHHE COCTOSIHUS,
H A€YEHHE OBIAO ITPOHOAXKEHO. IIpH OCAOXKHEHHBIX I'HOH-
Hoil mH(ekuuveil popMax MacTHUTaA IIPHUMEHSAOCH COYe-
TAHHOE C OMHOKPATHBIM BBEJIEHHEM IIPOTHBOMACTUTHOrO
npenapara aedyeHue. ITocae 10 ceaHcoB BrlaeyeHO 60%
KUBOTHBIX, ¥ 40% HabAIOOaAOChH YAYYIIIEHHE, U ACYEHHE
OBIAO IIPOOAKEHO.

AedeHue 3HIOMETPUTA [IPOBOAMAOCH 0€3 IMpPHMEHE-
HHUSI AEKaPCTBEHHBIX IIPENapaToB, T.€. IPUMEHAAACh MO-
Ho KBY-tepanus. ITocae 5-10 ceaHCOB HOAOXKHUTEABLHBIN
adderT Habaromascsa y 85% xkuBoTHBIX. KBY-Tepamnus
okazaaacbk 3(QPEKTUBHON M OAsT NIPOPHAGKTHKH 3HIO-
MeTpuTa. Bo3xelicTBHEe HaYMHAAM Cpa3y I10CAE OTAEAE-
HUs nocaega. KoandecTBo ceaHCOB — S. Y 3THX XHBOT-
HBIX ObICTpEe ITPOXOMNAA HHBOAIOLIUS MaTKH, HHU OJTHO U3
HHUX He 3a00A€A0 3HAOMETPHUTOM.

B 1991 r B AeHuHrpazne, a Takke B MocKBe B KOH-
HO-CIIOPTUBHOM KoMmmnaekce «Butna» [146] enepsbie MM-
Tepanus Hadasa MPHUMEHSITBCS AT ACUEHHUS CIIOPTHBHBIX
Aomiaze.

B nacrosiee Bpems B Cauxkrt-IleTepOypre ampoba-
LIHI0 B BETEPHHAPHOH MpPaKTHKE MPOIIAHM METOAWKH A€-
yenust MM-usayueHneM caeayromux 3aboseBaHUE H
TpaBMaTHYECKUX NOBPEXKACHUH aomanei [147]:

. pe3aHo-pBaHble paHbl, pe3aHble pPaHbl, CKaABbIIH-

PYIOILME PaHEI;



Munnumempogble 801HbL U 2KUBblE cUCMEMbL 151

. THOMHBIN NNOAOIEPMHT;

. GHOPO3HEBIN TEHAEHUT;

e  rayDOKMit abclecc mocae BCKPBITHS;

*  XPOHUYECKHIH CHHOBHUT ITyTOBBIX CyCTaBOB;

OCTPOE CEPO3HOE BOCIIAACHHE CKaKaTEABHBIX CYyCTa-
BOB;

THOMHBIH OypCHT;

THOHHBIN NEepMAaTHT;

TacCTPHT;

OpOHXUT.

IIpr AeyeHHH OOIMIUPHBIX pPaH M THOMHO-BOCHA-
AUTEABHBIX 3a00A€BaHHMI HCIIOAB30BAACsS COYETAHHBIH
meTon MM-Tepanuu ¥ AEKapCTBEHHOH Teparnuu.

KpoMme mnpuBeneHHEBIX BbIle IoKasaHuil, MM-u3ay-
YeHHEe IPHUMEHSAOCh OAS TPENOTBPAIIEHUST ITOCAEKACT-
PalMOHHBIX OCAOXKHEHUH. Ilo cpaBHEHHIO C TPaAWIIHOH-
HBIMH METOLAMH I10CAE ODAYYEHHsI HE IIPOHCXOAHAO pas-
BUTHSI OTEKOB U OOHABLHOIO KPOBOTEUYEHUSI, 3HAYUTEABHO
COKPaTHANCH CPOKU peabUAHTAIINH.

TIpy BO3AEHCTBUH HA NMPAKTUYECKU 3MOPOBBIX XKH-
BOTHBIX ITPOHCXOAUT KOPPEKIIUS 3MOLIHOHAABHOI'O CTATy-
ca, YyCKOPEHUE BOCCTAHOBAEHHSI ITOCAE TTOBBIIIEHHBIX Ha-
IPY30K, CHSAATHE HEPBHLIX HATIPAXKEHWH, BpeMeHHasl CTH-
MyAdLius UMMyHUTeTa. llocaemHee OBCTOATEABCTBO yC-
MEITHO HCIIOAB3YETCS B INPEA3MHAEMHYECKHE IE€PHOIbI
JAST IPOPHAAKTHKY TPHIINA.

Anpobauusa MM-tepanuu B BETEPHHaPHOH NpPaKTH-
K€ ACUEHHUS aollazefl MOATBEpPIKIAET BBICOKYIO 3ddex-
THBHOCTBH ACYEHUS], OTCYTCTBHUE ITOBOYHBIX OTPULIATEADB-
HBIX 3((PEKTOB U XOPOMIYIO IEPEHOCHMOCTb NMPOLEAYPHI
AOIIABMH PA3AMYHOrO BO3pacTa.

Ha 6a3e CapaToBCKOro rocyiapCTBEHHOI'O arpapHo-
ro yHuBepcutera M. H.M. BaBrnaoBa nmpoBeneHo Hccae-
noBaHHue 3PGMEKTUBHOCTH TIpUMeHeHHss MM-nzaaydyenus
(Ha wyacroTe wH3AydYeHHs aTMocdEepHOro Kucaopoia -—
56,4-65,6 TTu) nast aedeHUst OGPOHXOITHEBMOHWH Yy Te-
asT [148].
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HsBecTHO, uTO 3a nmocaeaHue 10 AeT pecripaTopHast
naroaorva nosiBaserca y 30-40% Tteaar. IIpumeHsiemble
CpeICcTBa XHMHOTEPAIIHH U XHMHONPOPUAAKTHUKH GPOH-
XOITHEBMOHHH HMEIOT HEAOCTATOYHYIO 3¢ (PEKTHBHOCT U
B TO K€ BpeMsI BBICOKYIO0 TOKCHYHOCTb. Ha doHe rmpume-
HeHuss MM-Tepanuu y TeAAT IPOUCXOAUT BOCCTAHOBAE-
HHUE CTPYKTYPHO-(PYHKIIMOHAABHOM aKTUBHOCTH OPTraHOB
U TKaHeH UMMYHHOH CHCTEMbl, BOCCTAHOBAEHUE KHCAOT-
HO-OCHOBHBIX COEQHHEHUH, IOBBILIEHHE YPOBHS aKTHB-
Hoctu ACAT u meaouHoit docdarassl. TepaneBTUyecKas
adpdekTuBHOCTE MM-Tepanuu NOpH A€YEeHHH OOABHBIX
O6poHxonHEeBMOHUEH TeadaT gocturaer 84-88%, a npodu-
AAKTHYECKasl COCTABASIET HE MeHee 96% (TpaaUIMOHHbBI-
MH criocobamu AeueHust — 55-58%).

B CapaToBCKOM rocynapCTBEHHOM arpapHOM YHH-
BepcuteTre M. H.M. BaBuaoBa 1 CBUHOBOQYECKOM KOM-
riaexce I'YII «BoabmeBHk» B IleH3eHCKOM obaacTu MpoBe-
neHa pabora TI0 A€YEeHHIO OOABHBIX CYOKAMHHYECKHM
MacCTHTOM CBHHOMATOK C HCIIOAB30BaHHEM MM-u3ay-
yeHus: (61,22 I'Tu, 7 mMBt/cMm?, 10 ceaHCOB 1o S MHH)
[149]. Briao obHapyKEHO, YTO MPH IIpUMeHeHun MM-Te-
parnuu Ha NOpPasKeHHYI0 CYOKAMHUYECKMM MacTHTOM MO-
AOYHYIO JKEAE3y BO3PACTAET COMAEPXKaHUE SPHTPOLUTOB
(Ha 14,79%) u remoraobuHa (Ha 29,66%). UccaemoBaHue
BEAMYHHBI TEMaTOKPUTA [10Ka3aA0, UTO ITocae 00AydeHHs
ob6beM rAa3Mbl CHuXKaerca Ha 11,6%, npH 3TOM HackI-
LIIEHHOCTb 3PHUTPOLIUTOB TIeMOTAOOMHOM YBEAHYHBAETCS
Ha 18,8%, a ocMoTHYeCKasl YCTOHYHBOCTE SPUTPOLIUTOB
Bo3pacTaeT B 1,2 pasa 1o CpaBHEHHIO C JAaHHBIMH 10
obAyueHus.

B pesyasrare MM-Tepanyii 3HaYUTEABHO CHH2KAETCS
o0l1iee KOAMYECTBO AEHKOUHUTOB B KPOBH OOABHBIX CBHHO-
MaToOK — IIOCAE BO3zieiicTBusA Ha 24,5%. UsMeneHue obuie-
ro KOAMYECTBa ACHKOILIMUTOB CKa3bIBAETCS WM Ha MPOLEHT-
HOM OTHOLLUEHUH OTHEABLHBIX UX (popM. [Jo Bo3meHCTBUS
OTMEYaACSl PEr€eHEePaTHBHBIN CABHUT HENTPOMHAOB, YBEAH-
YeHHEe KOAMYECTBA AHUM@OLIUTOB M HE3HAYUTEABHO 303H-



Munnumemposble 80NHLL U JKUSblE CUCMEeMbL 153

HO(HAOB, YTO TFOBOPUT 00 aKTHBHU3ALIMH KAETOYHBIX Me-
XaHU3MOB 3aluThbl. B pesyabrare nprumeHeHus MM-te-
pariu YBEAUYHBAETCH COAECPIKAHHE 303HWHOMHAOB, AUM-
GOLHTOB, CErMEHTOSIIEPHBIX HEHTPO(HAOB NPH yMEHb-
IIEHHUH JOAU IOHBIX U MaAOYKOSAEPHBIX HENTPOPHABHBIX
¢dopM. CymiecTBEHHBIX H3MEHEHHH B COEP3KaHUH MOHO-
LIUTOB U 6a30()HAOB HE YCTAHOBAEHO. OTH AaHHbIE I'OBO-
paT 00 yeacaHuu eochnanumesibH0z0 Npouecca B MOAOY-
HOM 2Keae3e U HOpPMaaH3alMH (YHKIIMOHAABHOIO CO-
CTOSIHHSI BCETO OpraHu3Ma.

B pesyasratre MM-Tepanun oTMedaeTcsl TaKKe I10-
BBIIIEHHE 0aKTEPHULIMAHON U (haroumTapHoOil aKTUBHOCTH
(Ha 28,95% u 17,45% COOTBETCTBEHHO) U YMEHBIIIECHHE
Au30LMMHOH (B 1,1) n KoMmaemeHtapHo# (B 1,26 pasa)
AKTHUBHOCTH CHLIBOPOTKH KPOBH.

IIpu npumeneHuu MoHo KBY-repanuu GbIA JOCTHT-
HYT HaHAYYIIHE TeparneBTHYecKUi addexkr (89,66%), B
pesyAbTaTe IIPOM3OLIAO  BOCCTAHOBAEHME  (PYHKLMI
92,59% makeToOB MOAOYHBIX XKeae3. He MeHee BBICOKHM
TepaneBTHYecKul 3(¢deKT Nas0 COYETAHHOE IIPHMEHe-
Hue KBY-Tepamuu M KOPOTKOII HOBOKAHMHOBOH OAOKaIbI
¢ bunmasanHoM-3 — 89,29%, ogHako, IpH JaHHOM METOE
A€YEHHUs HopMaauzaluwmsl GYHKUMKM Habalomasack y
88,46% MoOAOYHBIX MakeToB. Hu3kaa TepareBTHYecKast
3¢ deKTUBHOCTE OblAa OTMeYeHa NPH TPOBEIEHHH aHTH-
6uorukorepanuu (79,0%) u KOpPOTKO HOBOKAWHOBOM
6aoxkanw! (47,62%).

TakuMm obpasoM, aBTope! [149] cunuraror, yro KBY-
Tepanus siasieTcsi 3 PEKTUBHBIM U 3KOAOTHYECKH 6e30-
MIACHBIM METONOM A€YEHHS CYOKAMHHYECKOrOo MacTHTa
CBHHOMATOK, IPOCTHIM U AEUIEBBIM OAST NIPUMEHEHHS B
ITPOMBIIIIAEHHOM CBUHOBOJICTBE.

HccaenoBaHUE BAHWSIHUST 3ACKTPOMATHUTHOTO H3AY-
yenust MM-auarnasona Ha CIEPMOINPOAYKIHIO GapaHoB-
MIPOU3BOAUTEAEM IpencraBaeHo B pabore [150]. Cemu-
aHeBHbIH Kypc KBY-o06ayyenusa (61,22 ITw; 7 MBt/cm?;
MIPEPBLIBUCTBIN PEXKHUM — 5 MUH Bo3zeiicTBHEe, 5 MHH nay-
3a; 3KCIIO3UUMSA — 15 MUH; aoKaauzauust — obaacTb ce-
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MEHHUKOB) CIIOCOOCTBOBaA YBEAHMYEHHIO OOBEMa ISIKYAS-
TOB Ha 15,4%; PE3HCTEHTHOCTL CIIEPMATO30MIOB K 1%
PacTBOPY XAOPUCTOrO HaTpUs yBeauuuaach Ha 12,5 %,
OOHOBPEMEHHO YAYYIIHAACh M JKHWBYYECTH CIIEPMHEB B
dochaTaomMm 6ydepe pu Temneparype 38°C na 18,2%.

ITpumenenne KBY-tepanuu criocobcTBOBaAO yBeAH-
4YeHHI0 (HPEPMEHTATHBHOH aKTHBHOCTH CEMEHH. B 3sky-
AITAX yAy4IIAIOTCsI DHOXHMHYECKHE [TOKA3aTEAH CEMEHH:!
obecrBEUMBaHHE METHAEHOBOII CHHH YCKODSIAOCH Ha
12%; BoccTaHOBAEHHE TPU(PEHUATETPA3OAHEBOIO XAOPH-
Aa ropx AeHCTBHEM JETHMApPOreHasbl MPOHCXONHAO OBICT-
pee B 1,2-1,3 pa3za; IUTOXPOMOKCHAA3Hasd aKTHUBHOCTb
NoBbIlIasack B 1,3 pasa; KHCAOTHOCTE CEMEHH yMeHbINa-
Aack Ha 0,25-0,37 enunuunie: PH.

KpoMe aAedyeHHST CeAbCKOXO3SIHCTBEHHBIX >KHBOTHBIX,
KBY-teparnusa B [OCAEIHHE IOAbl HIHMPOKO IPHMEHSETCS
JAST ACYEHHSI MEAKHMX >KHBOTHBIX. B BeTepHHApPHBIX ITOAH-
KAWHHMKAX YCITIELIHO MTPOBOMUTCS ACYEHUE OTHTA Yy CobaKk U
KOIIIEK; BOCITAAHTEABHBIX SIBACHHUH B CycTaBax, pacTsKe-
HHH CBSI30K K APYTHX TPaBMATHYECKHUX ITOBPEXKICHHIH.

B pabote [151] mpencraBA€HBI PEe3yABTATbl CpPaBHH-
TEABHOI'O HMCCAeNOBaHUs 3 PEKTHBHOCTH ACYEHHST THITOBO-
AEMHH y DepeMeHHBIX cobak C TsXKeAbIMH (hOpMaMH TecTo-
30B IIPH COYETAHHOM AEYEHHH, BKAtouaBuiemM KBY-tepa-
TTHIO U 6% PacTBOp OKCHATHAHMPOBAHHOIO Kpaxmaaa (haes-
steril), 1 pH OBIUENPUHATON TEPaMH (PEOIIOANTAIOKUH,
aApOYMHH, TAIOKO30-HOBOKAHMHOBAs CMech). B  mepBoit
rpymmne rocae aedeHusa (61,22 I'Tw; 7 MBT/cM?; npepbIBH-
CTBIH pEeXUM — S MUH BO3AcHCTBHE, S MHUH IIay3a; 3KCIIO-
3uIus — 15 MHH; AOKaau3als — 0bAacTb HIDKHEH Oprol-
HOH CTEHKU BIOAb OEAOM AMHUHU >XHBOTA) HabAIOIaA0Ch
noctoBepHoe (p<0,05) CHIDKEHIE apTepHaAbHOIO JaBACHUE
co 119+0,2 mo 103+0,11 MM DpT.CT. (10 CpaBHEHUIO C
110+0,03 B KOHTpPOABHOI Ipytine). [Uype3 yBeAndruBaAcs B
obenx rpymnmnax, onHako, B rpymmne ¢ KBY-tepanueii on
YBEAMYHACSI TI0 OTHOILIEHHIO K MCXOOHOH BEAWYHHE Ha
41,7+4,9%, a B KOHTpoabHOI — Ha 18,9£3,5% (p<0,001).
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IlporeuHypHs B NEPBOH IpyIie CHU3MAach ¢ 2,72+0,2 no
0,21+0,1 r/A MAM TIOAHOCTBIO HCU€3Ad, & B KOHTPOABLHOM
rpymrie — avtus 1o 0,71+0,12 r/a (p<0,01).

Y bepeMeHHBIX cobaK A0 Hadaaa KOMIIAEKCHOH Te-
panmuy ObIAO0 BBIIBAGHO HapyIIEHHE MaTOYHO-IIAALIEH-
TapHOTO KpOBOTOKAa. IlocAe IIPOBEAEHHOH TepaluH B
TIepBOM TPYTINIE YCTAHOBAEHO IOCTOBEPHOE YAYYIIECHHE
KpPOBOOOpAallleHHsT B MAaTOYHBIX apTepHsX U B apTepHH
MIYIIOBUHBI B PE3yAbLTATE CHUKEHHA INepHdepHIECKOro
COITPOTUBAEHHSI U YMEHBILICHHUS THACTOAHMYECKOH CKOpPO-
CTH KpPOBOTOKAa B OTBET HA YAyYIIEHHE Iepdy3Huu
TTAQLIEHTEI.

Takum obpa3oM, IPH TSKEABIX (DOPMax recTo30B Ha
done couerannoii tepannu (KBU-tepanus + haes-steril)
B IIAQLIEHTE HaOAIOIaANCh U3MEHEHHS], CBHIETEALCTBOBAB-
e O KOMIIEHCATOPHO-TIPUCIIOCOOUTEABHBIX pPEaKIINAX,
HallpaBACHHBLIX Ha CHIDKEHHe rurokcuu. CodeTaHHass Te-
parus faeT CTORKUI KAMHUYecKull 3ddeKT B pe3yAbTate
AVKBHIALMH THITOBOAEMHH, KOPPETHPYIOLIEro AeHCTBUSA HA
IreéMOPEOAOTHYECKHE IIoKa3aTeAn u YAyJLIAET
MHKPOILMPKYASIIIHIO CHCTEMBI «MaTh—T1AALIEHTa—TIAOI.

OTHMH K€ HCCAEHOBATEAIMH ITPOBOIHAOCH H3yde-
HHE AWHAMHUKH TOPMOHAABHBLIX ITapaMETPOB B TEYEHHE
HHAYLUPOBaHHOH OepeMeHHOCTH y cobaK H HUX KOpPpeK-
st MM-usaygyenuem [152]. B pesyabTraTe A€UeHHUs] HH-
JAUBHUAYAABHO IMOAOOpAaHHBIMH [03aMH JIeKCaMeTa3oHa U
skcniozuumeii KBY-uzayuenus (61,22 ITu; 7 MBr/cMm?;
MIPEPLIBUCTBIA peXXUM — 5 MHH BO3eHCTBHE, 5 MUH nay-
3a; 9KCIIo3UIUst — 15 MUH; A0KaaH3alus — 06AacCTbh HHXK-
Hel OPIOIIHON CTEHKH BMIOAB O€AO AMHHU XUBOTA&; KypC
— 5-7 ceaHcOB) 3KCKpelya 17-KeTacTeporn0B CHUKaAach
JI0 HOPMaTHUBHBIX nokasareael (20-41 MrMoab/4). Ilpu
TPAOHULIMOHHBIX METONAX ACYEHMST KOHIIEHTpPAllUsST 3KCT-
panuoaa pocroBepHo Huxke (p<0,05) o cpaBHEHUIO C
MOKA3aTEeAIMH COYETAHHOI0 ITPHUMEHEHMSI AEKapCTBEH-
HbIX cpenctB U KBY-tepanuu. IIpu coueTaHHoO Tepariuy
KOHLIEHTpPAIH 3KCTPa/oAa, IMPOrecTepoHa U KOPTH30-
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AQ HaXOHATCSI HA HHXXKHEH IpaHHIle HOPMEI, 4TO obecrie-
YMBAET HOPMAABHYI0 GEPEMEHHOCTH M CHUMAET Yrposy
BBIKMABIIIEH M IIPEXKAEBPEMEHHBIX POJIOB.

4.3. lIpumeneHne MM-BoAH
B GHOTexHOAOTHH

OTa 06AacTh NMPaKTUYECKOro NpuUMeHeHUss MM-BoAH
fABASIETCA JOCTATOYHO HOBOH, XOTs1 M HMeeT Ooraryio
npensicTopuio. Kak wu3BecTHO, mon OHoTexHOAOrHuei
OOBIYHO MOHHUMANOT IPOHU3BOACTBO C ITOMOILIBIO 3KHBLIX
CYILLIECTB, HAH TEXHOAOTHIO XuBoro» [153]. B Hactosniee
BpeMsl OMOTEXHOAOTHSI OTHOCHTCSI K OLHOMY H3 Tpéx
Hauboaee IEPCIEKTHBHBIX HAyYHBIX HaINpaBA€HUH, KO-
TOPBIE ONPENEASIT PA3BUTHE MHPOBOH 3KOHOMUKH B XXI
BEKE (K HUX YHCAY OTHOCHATCS €I HAHOTEXHOAOTHS U
3AEKTPOHMKA).

Hcroky OMOTEXHOAOTHH ACXKAT B TAYOOKOM APEBHOCTH,
KOrZla 4EAOBEK CTaA BO3/EABIBATbH PaCTEHHUd, NPHUPYYaTb
KHBOTHBIX H, IO3AHEE, HAYIHACS] BAPHUTH ITHBO W3 sSTIMEHS
[153]. ViMeHHO MHMBO mpeAcTaBAdeT OOABLIOH HHTEpEC C
TOYKH 3PEHUS 32POXKIEHHUA OMOTEXHOAOTHH, TaK KakK ITHBO
MOKHO ITPHIOTOBUTB, €CAH TOABKO MCIIOAB3yeTCsl OHOTEX-
HOAOTHMYECKHH ITpOLIECC C NMPUMEHEHHEM MHKPOOPraHH3-
MOB, MEPEBOASAIINX caxap B CITHPT.

IIpumMep MHTEPECHOH BHOTEXHOAOTHYECKOI CHUCTEMBI
JEMOHCTPHUPYIOT IIPOILECChI, IIPOHUCXOAAIINE HA PHCOBOM
II0A€: PHCOBOMY KYCTHKY IIOMOTaeT PacTH BOASHOH mna-
ITOPOTHHK, & HAKOINAEHHE OeAKa MPOUCXOOUT C ITOMOIILIO
CHHe-3eAEHBIX BOAOpPOCAEH (umaHobakTepuii), KoOTOpble
YCBaMBaIOT a30T HEIOCPE/CTBEHHO M3 Bo3ayxa. Eime
OVH HHTEPECHBIH NpPUMEP OHOTEXHOAOTHMYECKOro IIpO-
liecca CBsI3aH C IIPOH3BOACTBOM INEAKA: IIEAKOBasl HUTh
— 3TO U €CTh MayTHHA, BBITATHMBaeMas I'yCEHUIEH TyTO-
BOT'O IIEAKONpsifa. YeA0BEK H3APEBAE HAYYHACS IIAST BbI-
IIeYKH xaeba FOTOBHUTH OPOXOKEBOE TECTO, 3TOT IIPOLECC
TIPOUCXOIUT C YIACTHEM MHKPOOPTaHH3MOB — APOXKIKEH.
CToAB K€ MaBHO YEAOBEK CTOAKHYACS C IPOOAEMOI CKH-
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caHHUsl BHHA, [IOKa HE CTAAO TMOHSATHBIM, YTO BHHOBHH-
KOM 3TOr0 JOCaJIHOro OHOTEXHOAOTHMYECKOIO IIpoliecca
SIBASTIOTCST BUHHbBIE MHUKPOOPTaHHU3Mb] (BUHHbIE JPOXKIKH,
nepepabaThIBAIOIIME CITUPT B YKCYCHYIO KHCAOTY), C KO-
TOPBIM AEI'KO MOXKHO CIIPaBHTBLCH C ITIOMOIIBIO XOPOIO
HM3BECTHOTO Ipoliecca — acTepu3aliiu.

Kak BUAHO M3 IIPUBEAEHHBIX BBIIIE ITPHMEPOB, B OC-
HOBE OHOTEXHOAOIMYECKHX ITPOLIECCOB AEXKMT HCITOAB30Ba-
HHe DHMOXHMHYECKOM aKTUBHOCTH MHKPOOPTraHH3MOB.

W3 KUBBIX CYIIIECTB MHKPOOPIaHH3Mb] SIBASIFOTCSI OC-
HOBHBIM 00BeKTOM OHoTexHOAOrmMK. ['aaBHas mnpobaeMa
3[eCh COCTOHT B paspaborke 3(pGHEKTUBHBIX TEXHOAOTHH
TIPOHU3BOJACTBA NMPOAYKTOB MHKPOOHOIO CHHTE3a JASl HYXKI
MIPOMBIIIA€HHOCTH, CEABCKOTO XO3SIHCTBa, MEMUIIUHBL. [ITpu
3TOM BaXKHO JIOCTUraTh YBEAHYEHHS BBIXOAA OHOAOTHYECKH
aKTHUBHBIX COEOUHEHHH, WHTEHCH(MUKAIIUU [IPOAYLIUPYIO-
e akKTHBHOCTH MHKPOOPTaHHU3MOB, IMOAYYEHHSI OHOAOTH-
YECKH aKTHBHBIX KOMIIAEKCOB C 3aJaHHbIMH CBOHCTBaMH.
Hanboabliii MHTEpPEC C TOYKM 3pEHHsT OHOTEXHOAOTHH
MIPEACTABASIIOT IIEHHbIE MHKPOOPIaHHM3Mbl, TaKHE Kak
JPOXCOKH, I'PpHObI, aKTHHOMHLIETBI, CHHE-3€AEHBIE (LIHaHO-
6aKTEpPHH), a TAKIKE HEKOTOPbIE 3€AEHbIE MUKPOBOJOPOCAH.

CoBpeMeHHbIE TPOHU3BOACTBA, KOTOPHIE UCIIOAB3YIOT
MHKPOOPTaHHU3MbI, BBINYCKAIOT IPOAYKTbI KaK MHKpPO-
OHOAOTHYECKOr0, TaK M HEMHKPOOHOAOTHYECKOr0 IIPOHC-
x0xXaeHUs. [IpooyKThI, IloAydaeMble IO NIEPBOH cXeMe,
SABASIIOTCST PE3YABTATOM MHKPOOHOTO CHHTe3a (beAKkH, HH-
TPEANEHTh! BaKIUH, aHTUOHOTHKH H JApYrHe METHUIIMH-
CKHE IIpenapartbl, aMHHOKHCAOTBI, (DEPMEHTBI, BUTAMU-
HbI, MHCEKTHLMABL!I U T.A.). ITo BTOpPOIt cxeme B Ipoliecc
IIPUTOTOBAEHUSI KOHEYHOrO IMPOAYKTA BOBAEKAIOTCS
MHKPOOHOAOTHYECKHE CTaIHU (3TO YIIOMSIHYTBbIE BBIIIE
TEXHOAOTHH BHHOMIEAMS, XAeDoIIedeHus U Ip.).

Boarbmas 1 pasHoobpasHass KOAAGKIIUS MHKpoopra-
HH3MOB TIPeCTaBAsIET cO60ii cBoeoOpa3HbIil OaHK reHOB,
6aHK MIPHUPOLHOro reHoOHAA, U OT YMEHHSI €ro MCIIOAb-
30BaHUS 3aBHUCUT Oynyiee
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HoBblit aTan B pa3BUTHH OHOTEXHOAOTHU IIPOLIECCOB
CBSI3aH C OTKPBITHEM HACAEACTBEHHOIO MaTepuasa U
BO3HUKHOBEHHEM TIeHHOH wHHXeHepun. Korma yuéuble
HAY4YHUAHCh MPOBOMUTHL «OIEpali» Ha HOCHTEASX Ha-
CAEACTBEHHOM MHQOpPMALUH — IeHaX, OTKPBIAUCH HOBbIE
TIEPCIIEKTHBbI B 00AacTH OHOTEXHOAOTMYECKHX ITpoLiec-
coB. IlossBA€eHHE BO3MOXKHOCTH BBIAEACHUSI HYXKHBIX Ie-
HOB M BBEJECHUS HX B KAETKY IIPHBEAC K HCTOKAM COBpe-
MEHHOI OHOTEXHOAOTHH, TO €CTb TEXHOAOTHH MOAYYEHUS
B IPOMBILIAEHHOM MacuiTabe COBEPIIEHHO HOBBIX MaTe-
PHAaAOB, IPEXIE BCEr0 B HWHTEPECAX MEMULIMHBI, ITHILE-
BBIX IIPOU3BOJACTB U T. A. Peub HAET, B 4aCTHOCTH, O CO3-
naHuu 3hdEeKTHBHBIX aHTHOMOTHKOB, HHTepdEpoHa,
HHTEPAECHKHHA, YEAOBEYECKOr0 MHCYAHHA, a TakKKe OIly-
XOACHEKPOTE3HUPYIOLIUX MaTepHasOB (C ITOMOIIBIO KOTO-
PBIX MOXKHO ACYHTHL OHKO3aboA€BaHHS), HAKOHEIL| — HO-
BbIX U 3(PEKTHBHBIX ACKAPCTBEHHBIX IPENApaToB AT
aeuenusa CITHUIa, paccessHHOro ckaeposa, 60Ae3HH AABILL-
rerfimMepa U T. I.

EcTe BCe OCHOBaHHUS CYMTATbh, YTO OOABIIHE IIEP-
CIIEKTUBBI OTKPLIBAIOTCHA TAKIKE IIPH IIPHUMEHEHHH JAEK-
TPOMATHUTHBIX [I0A€H U BOAH B Pa3sAHYHBIX GHOTEXHOAO-
THYECKHX Ipoliecax. ['oBopst 00 3A€KTPOMarHUTHOH OHo-
TEXHOAOTHH, Mbl OyZeM HMeTb B BHAY IIPOU3BOACTBO C
[IOMOIIBIO «KHBBIX CYILIECTB...» H 3AEKTPOMArHUTHBIX
BOAH HAH TTOAEH.

Yke B NepBbIX paborax B 3TOM HaIlpaBACHHH ObIAO
[IoKa3aHo, 4To roa neiictesueM MM-BOAH U3MEHSETCST Xa-
PaKTEep KHU3HEHESITEABHOCTH MHUKPOOPraHU3MOB: OHH
BAUSIIOT Ha KAETOYHOE OEACHHE, CUHTE3 (PEPMEHTOB, U3Me-
HEHHE CKOPOCTH POCTa H BbIXoAa OHOMAacChl, MOTYT IpH-
BECTH K MOPGOAOTHMYECKHM HM3MEHEHHSIM U H3MEHEHHIO
GUOAOTHYECKHUX CBOMCTB MHKPOOpPraHnsMoB [154-159].
Takum obpasoMm, non aeiictBueM MM-BOAH MOryT U3Me-
HATBCS I[IapaMeTpbl XKU3HEAEeATEABHOCTH MHKpoopra-
HHU3MOB, PETYASILIHS (PHU3HUOAOTHYECKOH aKTUBHOCTH, IPO-
HCXOAUT MOOHMAM3allMsl Pe3epBHBIX Bo3MOKHocTeH. Ha-
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IIPUMED, BO3AEHCTBYS Ha CYCHEH3HUIO B BOJIE CIIOPOBOrO
rpuba acneprussa, MOXKHO TOBBICHUTHL €ro @ubpuHosu-
muueckyro akmuseHocms 8 2,5-3 pasa; BO3AEHCTBys Ha
IPOIKENONO0HBIH I'PHO SHIAOMHKOIICHC, HUCIOAB3yEMbIH
B Ka4YeCTBE INPOAYLIEHTA aMHAOAUTHYECKHX (HDEPMEHTOB,
MOXKHO NOOUTBHCSI YBEAUYEHHST aMHAOAUTUYECKOH aKTHB-
HOCTH KyAbTYpbl Ha 50 %. BoaneficTBHe Ha naTOreHHbIE
MHKPOOPTraHU3MBI TPUBOAUT K H3MEHEHUIO YyBCTBHU-
TEABHOCTH K aHTUOUOTHKaM IUTAaMMOB CTa(HAOKOKKa
Pa3AMYHOro IIPOHCXOXKACHUS, a TaKKe K H3MEHEHHIO
UMMYHOOHOAOTHYECKON aKTUBHOCTH ITOAYYEHHBIX U3 HUX
aHTUTeHHBIX cybcTaHumi. MHTEpecHO OTMETHTh, YTO B
psifie IPHUBENEHHBIX BBINIE NPHUMEPOB XapaKTep HU3MEHe-
HUS GHOCHMHTETHYECKHX CBOMCTB MHKPOOPraHU3MOB 3a-
BHCHUT OT ODHOTPONHBIX NTapaMeTpoB MM-Hu3ay4eHus (yac-
TOTBI, MOUIHOCTH U Ap.), MPUUYEM HHOrA B 3aBUCHMOCTH
OT MapaMeTPOB H3AYYEHHT OTMEYaA0Ch M3MEHEHHE 3Ha-
Ka sddekra (HanmpuMep, B IIpoLEeccax «aKTHBAlIMS <>
UHTHOUpOBaHUEY).

ITepBas coaupHas IOMNBITKA UCTIOAL30BaHUsT MM-BoAH
B OHOTEXHOAOTHYECKHX ITpolieccax Oblaa NMpeArpHHATA B
IIHBOBApPEHHOH ITPOMBIIIAEHHOCTH. PaccMoTpuM mom-
pobHee 0COBEHHOCTH OHOTEXHOAOTHMUYECKOTO IIpolecca
(muBOBapeHMsI) C MPUMEHEHHEM IMTUBHBIX ApoxkKeil [160,
161]. Pabora BBIIIOAHSAACH KaK B AAOOPATOPHBIX, TaK U
TIPOM3BOACTBEHHBIX YCAOBHUSIX Ha MOCKOBCKOM 3KCIIEpPH-
MEHTAaABHOM NHBOBapeHHoM 3aBoxe, BHUM 6esaako-
TOABHOM ITPOMBIIIAEHHOCTH H IIPOAYKTOB OpPOXKEHUS CO-
BMecCTHO ¢ 6uocdakom MI'Y uMm. M.B. AoMonocosa u HITO
«Hcrok» (B Hactosiiuee Bpema — PI'YII «HIIO «HcTok»,
r. ®ps3HUHO) B KOHIIE CEMHUAECATBIX — Ha4aA€ BOCBMUIE-
CAAITBIX TOZOB MPOIIAOTO BeKa. Lleablo IMPOBEAEHHBIX HC-
cAeOBaHUN OBbIAO H3YYEHHE BO3MOXKHOCTH HCIIOAB30Ba-
HUsI HU3KOMHTEHCHBHBIX MM-BOAH [Asl BO3OEHCTBUS HA
KAETKH IPOXOKEH C LIEABI0 HHTEHCH(HKAIMHM MIpoliecca
IMTHBOBAapPEHUST U YAYYILIEHUS KAYECTBA ITOAYYaeMOro Ipo-
nykra. B kauecTBe 00BEKTA HCCAEIOBaHHS HCIIOAL30OBA-
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AUCH IIPOMBINIAEHHO LIEHHBIE ITHBOBApEHHBIEC IPOXIKU
Saccharom carlsb., mtamM S-Avgogckast. ObAyYEeHHBIE U
KOHTPOABHBIE KYABTYPBI IPOXKXKeH 3aceBasuck B 11%-
HOE OXMEAEHHOE CYCAO M BBIPAIIWBAAWUCH IIPH TeMIIepa-
Type 28°C. AHaAAM3HMPOBAAHCH CACAYIOUIHE TEXHO-
XHUMHYECKHE II0Ka3aTeAn mpolecca [161]: 6pomuabHas
aKTHBHOCTL OPOXKeH (CriocobHOCTBE COpakHBaTh yrae-
BObI CyCAa — MaAbTO3Y, Caxapo3y, MAIOK03y U OPYKTO3y);
JAUTEABHOCTH OpOIKEHHs; (DAOKYASILIUA - CIIOCOGHOCTH
APOXOKeH cobupaTbCs BO BpeMs OpoOKEHHs, O0COOEHHO,
rocae OpPOXKEHHST B MEAKHE KOMKH (OT 3TOro CBOHCTBAa
3@BHCHUT CTeleHb COpa*KMBaHHMA M OCBETBACHHUS ITMBa
BCAGICTBHE OCEaHHs ApoxkKeil); oOpaszoBaHue muale-
THAQ U aABIETHIOB B IIpollecce COpa*kUBaHMs ITHBHOIO
cycaa, KOTOpble YXyAIIAIOT BKYC M apoMar; HaAWdHe B
IPOXKIKEBBIX KAETKaX TAMKOTE€HA, 3HAYHUTEABHO IIOBBI-
IIAIOUIETO UX MTUTATEABHYIO LIEHHOCTb.

Pe3yAbTaTbl  3KCIIEPHUMEHTAABLHBIX  HCCAENOBAaHHIA,
MPOBENEHHBIX B AA00PATOPHBIX YCAOBHSIX, CBHIETEABCTBY-
IOT O TOM, 4TO 0DAyueHHEe HHOKyAsTa MM-BoAHaMH IPHBO-
OUT K HWHTEHCH(MHKAIUKU ITPOM3BOJACTBEHHOIO IIpolecca,
VAYHIIEHUI0 BKYCOBBIX Ka4Ye€CTB H ITHTATEABHOCTH ITHBA
npu obAydYeHHH Ha JAMHE BOAHBI A = 6,036 MM mpH yac-
TOTHOH MOAYASILIMH HA IIPOMBIIIACHHOH YacTOoTe: IPH 3TOM
COKpAaIlaeTcsl ITAUTEABHOCTH OpOXKEHMSI, YBEAHWYHBAETCSI
(PAOKYAAILIMOHHAST CITOCOGHOCTB, CHUIXKAETCST KOAMYECTBO
JUAalleTHAA M aABJETHIIOB, YBEAHMYHBAETCSI COAEPIKaHHE
TAMKOT€HOB, TO €CTb ITOBBIIIAIOTCS ITUTATEABHBIE CBOMCTBA
nuBa. OKCIIEPUMEHTAABHO ObIAO OOHapy»KeHo e aBa
BaXKHbLIX cBoMcTBa MM-BoaH: ocaabaeHue nedicTBusi pak-
TOPOB, OTPHULIATEABHO BAMSIIOIIMX Ha (DYHKIIMHM KAETOK, a
TAK¥KE BOCCTAHOBACHHE PEIPECCHPOBAHHBIX Pa3AMYHBIMU
criocobamMy OHOCHHTETHYECKOH aKTHUBHOCTH IPOXOKEBBIX
KyabTyp [161, 162].

OOBIYHO ITHBOBApEHHBIE JPOXIKH, WOYIIHE Jad
cOpakUBaHHUS CyCAd, UCIIOAB3YIOTCSI MHOIOKPATHO, TO €CTh
IIPUMEHSIIOTCS AT HECKOABKHX LIMKAOB OpoXkeHus (rmocae-
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JOBaTEABHBIX IN€HEpalUi APOXoKEH, NMpUYéM ITPOHU3BOACT-
BeHHas reHepalysa BralodaeT 6oasee 100 1IMKAOB pasMHO-
KEHUsT npoxcokeli). B akcnepuMeHTax ObIAO OOHapy»KEHO
€€ O[HO OYEHb BaXKHOE CBOHCTBO MM-BOAH: 0Ka3aAoCh,
YTO BO3MOXKHO MHOTOKPATHOE HCIIOAB30BAHHE OIHAZKIBI
0OAy4YEHHBIX JIPOXCKER IIpU COXpaHEHHH BLICOKOU Opo-
JVABHOM aKTHBHOCTH M COKpAllleHWH JAHTEABHOCTH Gpo-
XKeHUd (3T0 OblAO ITPOBEPEHO HA 6 IMOCAENOBATEABHBIX IE-
Hepalysax APOXIKeH), To ecTb uMeeT MecTo 3dEKT npo-
AoHrauyu. IIpoBepKa B IIPOU3BOACTBEHHBIX YCAOBHSIX (TPH
IIPOBEPKH HAHM IIPHUMeEPHO 70 ITUKAOB OPOKEHHS) [TI0Ka3aAa,
4TO OCHOBHBIE cBolicTBa MM-BoAH, 0GHApyKE€HHbIE B Aa-
60pPaATOPHBIX YCAOBHSIX, COXPAHSIIOTCS.

K coxkaaeHHIO, 3TH BasKHbIE IASl TIPOMBIIIACHHOCTH
HCCAEHOBAHUS TI0 HCIIOAB30BaHUA MM-BOAH B TEXHOAO-
THYECKHX IIpolieccax TMBOBapeHUs ObIAM NpEpPBaHbI, KO-
raa B Hallel cTpaHe B CepelHHE BOCBMUIECATBIX T'OIOB
Hayasach OIIUDOYHAS AHTHAAKOIOABbHAsl KaMIIaHUs, a
rocae e€ nmpoBasa paboThl He BO30OGHOBHUAUCEH y2K€ B CHAY
psana 0OBEKTUBHBIX U CYOBEKTHBHBIX OOCTOSITEABCTB.

ObpatuMcs emé K 0HOMY IIPHMEPY UCIIOAB30BaHMS
MM-BOAH B OHOTEXHOAOTHH, HUMEIOIIEMY 0oAbLIOE Kaxk
Hay4dHOe, TaK M MpaKTH4YecKoe 3HadeHHe. Peub uuaér o
HOBBIX IIEPCIIEKTHBax NpuMeHeHus MM-BoaH B ¢oTo-
6uoTexHoAorHH (63, 65, 162-166].

B Hacrosiiee BpeMs MHKpPOBOZOPOCAH (doTo-
CUHTE3UPYIOIIUE OPraHU3Mbl) SIBASIIOTCST OOHHM M3 BaiK-
HBIX ODBEKTOB OHOTEXHOAOTHMH ((POTOOHOTEXHOAOTHMH) U
MOKHO HPEANOAOXKHTb, YTO OHM CTAaHYT OAHHM M3 OC-
HOBHBIX OOBEKTOB IIPOMBILIACHHOrO (POTOCHHTE3A (3Ta
upest O6blaa BbicKaszaHa B cBo€ Bpemsa K.A. Tumupsse-
BbIM). POTOCHHTE3HUPYIOLIHE OPraHU3Mbl B CBOEH XKU3HE-
IESATEABHOCTH 00OXOOATCS O4Y€HBL AEIIEBLIMU €CTECTBEH-
HBIMH WCTOYHHKAMH 3HEPrHH, I103TOMY OHH HMEIOT
6oAbllINIE TpEeHMyILEeCTBa Iepel TPaAHLHOHHBIMH B CO-
BPEMEHHOH OHOTEXHOAOTHH OOBEKTAMH — reTepoTpod-
HBIMH MHKPOOPraHU3MaMU, HCITOAB3YIOIIMMH JIAST CBOETO
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MUTAHHS FOTOBbIE OPraHHUYECKHE BEUIECTBa (HEKOTOpPBIE
f6axkTepuH, rpubEI U Ap.).

HauGoabllyio LIEHHOCTH B IMPaKTUYECKOM OTHOLIE-
HHUH TNIPEACTaBASIIOT CHUHE-3eA€Hasi BOLOPOCAb CITUPYyAHHA
— Spirulina platensis — NPOAYLIEHT LIEHHOIO MUIUIEBOrO U
KOPMOBOro 6eaka M GHOAOTHYECKH aKTUBHBIX COE/IUHE-
HHH, a TaKKe IPOMBIIIAEHHO BaXKHasi MOPCKasd OHOKAE-
TOYyHasl Bomopocab Platymonas viridis, UMeroue 00Ab-
mue OMOTEXHOAOTHMYECKHE BO3MOXKHOCTH. Tak, Hampu-
Mep, cefyac B alTeKax U B PA3AUMYHBIX MaraspuHax MOXK-
HO HaWTH MEeQUKAMEHTBI H pa3AUYHbIE HU3IEAUS C gobaB-
AEHHEM CIIHPYAHHBI (AEKapCTBEHHBIH npenapar «Craats,
NPOAYKThbl NMUTAHMs, KpeMsbl, miaMmMnyHu u T.4.). Cpenu
BCEX H3BECTHBIX PACTEHHH M MHKPOOPraHHU3MOB CIUDY-
AMHa HMeeT BBICOKOE cojaepkaHue B Guomacce Geaka
okoao 60-70% cyxoro BeniecTBa, YTO IIOUTH B [ABa pasa
IIpEBBIIIAET colepKaHue Geaka B coe, a Takke boraTblit
aMHHOKHCAOTHBIH COCTaB, B KOTOPOM IIPEACTABAEHbBI BCE
He3aMEHUMble aMHHOKHCAOTEI. KpoMe Toro, crimpyanHa
MOXKET HCIIOAB30BaThECS AS TTOAYYEHHUS (€CTECTBEHHBLIM
yTEM) GMOAOTHYECKH aKTHBHBIX COCNUHEHUH, PEIIUKAU-
3allMU OTXOJIOB, OYHCTKH CTOYHBIX BOXA MU T. I. MUKpOBO-
nmopocab Platymonas viridis Takske saBasieTcss GoraTbIM
HCTOYHHKOM ITHLIEBOTO M KOPMOBOI'O O€AKa M COLNEPIKHUT
MHOTO BBICOKOMOAEKYASIDHBIK JKHUPHBIX KHCAOT.

MHOI'OYHCAEHHBIE 3KCIIEPHMEHTHI, ITPOBEIeHHbIE Ha
buodake MI'Y coBmectHo ¢ UP3 PAH Ha npors:keHUH
rocaegHUX 15 aeT, mokasasM, YTO HHU3KOHWHTEHCHBHBIE
MM-BOAHBI 10 OTHOWIEHHIO K MHKPOBOZOPOCASIM 0baa-
OaroT OOABIIMMH CTHMYAHUPYIOIUMH CBOMCTBAMH: B 4a-
CTHOCTH, ODHapykeH 3Q(dEKT CylecTBEHHOH HHTEHCH-
duranuy GHOTOCHHTETHYECKHX ITPOLIECCOB, COXPAHSIO-
muiicsa IIpH IMOCAEAYIOUIMX naccaxkax. Hanpumep, B aKc-
IIepUMEHTaX COo crnupyauHoit (Spirulina platensis) rpu
ONITUMasbHOM I0zx0ope GHOTPOIIHBIX INapaMeTpoB MM-
H3AYYEeHUd YBeAWdeHHe BBIXoAa OHoMacchl IO CpaBHe-
HHIO C KOHTPoAEM Jocturaso rnopsaka 250%. Torma kak
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NpH ODBIYHBIX (XMMHUYECKHUX) MEAOAAX CTHMYASILIMH ITPH-
pamenne 6Guomacce! cocraBasgeT 25-30%. Maxkcumymy
MIPOAYKTHBHOCTH COOTBETCTBOBAaAHW M MaKCHMYMBI peak-
LIMOHHOM CIIOCOOHOCTH KYABTYPaAbHOH cpenb! (OKHCAH-
TEABHOH CIOCOOHOCTH), KOTOpas SBASIETCH MHTErpaAb-
HbIM ITOKa3aTeseM (QU3HOAOTHYECKOI'O0 COCTOSIHUS KYyAb-
Typbl. BaxkHo, 4T0 IpUpOCT GHOMACChl COITPOBOXKIAETCS
3KCKpelHell B KyABTYPaAbHYIO Cpely OHOAOTHMYECKH akK-
TUBHBIX COEIUHEHUI — 0EeAKOB, BUTAaMHHOB, HE3aMEHH-
MBIX aMHHOKHCAOT.

g 3eaéHoit MuKpoBomopocau Platymonas viridis
HauboABIINH [PHUPOCT 6GHOMacchl MPH ONTHMAABHBIX
yCAOBHUSIX 00Ay4YeHHsT cocTaBasia TpuMepHo 170%. Kak u
B CAydae CITMPYAMHBI, IPUPOCT OHOMACCHI COIIPOBOXK-
JaACd YBEAHUYEHHEM DPEaKI[MOHHOHN CIIOCOOHOCTH KYAb-
TypaAab-HOH cpensl.

WurepecHass MOAUGUKAIINS 3ACKTPOMArHHUTHBIX I10-~
Aell, UCITOAB3YEMBIX B OHOTEXHOAOTHYECKHX 3KCIIEPHUMCEH-
TaX C MUKPOBOAOPOCAAMH, obcyxknmaercst B [165]. IIpu-
MEHSAOCH KOMOHMHHUPOBAHHOE 3AEKTPOMATHUTHOE H3AY-
4YeHHE - HENpepbIBHOE H3AYYEHHE HH3KOHHTEHCHBHBIX
MM-BOAH COBMECTHO C MOIIHBIM HMIIYyABCHBIM H3AyYe-
HUEM B CAHTUMETPOBOM JAuama3oHe. MMmyabcHoe H3Ay-
4YEeHHE HMEAO CACAyIoUME NapaMeTpbl: JAHUTEABHOCTH
uMnyabca — 10 Hc, maAMHA BOAHBI A =3 CM, IIAOTHOCTB
MOIIHOCTH Ha obaydaeMoil nosepxHocTH — 200 kBrcMm?,
BpPEMEHHOH UHTEpBaA MEXKIYy UMIIYABCAMH COCTaBASIA
npuMepHo 6 MHHYT. XOTsl IMUKOBasi MOIIHOCTH H Oblaa
JOCTATOYHO DOABIION M CPAaBHHMOM C €CTECTBEHHOH Ha-
MPSIXKEHHOCTBIO 9AEKTPHYECKOrO NOAST HA GHOAOTHMYECKHX
MeMbpaHax, HO NMPH CTOAB KOPOTKHX JAMUTEABHOCTSIX UM-
[IYABCOB 3HEPTHS B UMITyAbCE Oblra OYeHB MaaoH. Caenmo-
BaTE€ABHO, 00a BHIA H3AYUEHMSI OKA3bIBAIOT TOABKO He-
TETIAOBOE BO3AEHCTBHE H SIBASIIOTCH HH3KO3HEpPreTHYe-
ckuMmi. IToayyeH cTUMyAupyromui adderT Npu BO3AEH-
CTBUH HA MHpPOBOAOPOCAL Spirulina platensis, cymecr-
BEHHO IpeBhIaromuil 3¢gGekT, UMEINHA MECTO HpHU
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BO3IENCTBHH TOABKO HETpepbIBHOrO MM-H3AyYeHHS HUAH
TOABKO HUMITYABCHOTO H3AYYEHUS].

OKCIIEPUMEHTE! C JAPOXKIKEBBIMU KAETKAMH U MUK-
POBOZIOPOCASIMH TIPOBOOHMAHCH [JOCTATOYHO MIAHUTEABHOE
BPEMS M OYEHb TIIATEABHO. 3HAYHTEABHO MEHBUIE HH-
dopMalli HMEETCSI B AUTEpaType 06 SKCIEPHUMEHTAX C
ApyrUMU obbekTaMH. B pabore [92] npHUBOLATCS pe3yAb-
TaThbl 3KCINIEPHMEHTOB C CEMEHaMH Pa3HbIX C/X KyALTYP.
OTH 5KCHEPHUMEHTbl NPOBOAUAMCH Ha 6Gaze BCXA um.
TumupsizeBa K.A. (r. MockBa) coBmectHo ¢ MP3 PAH.
OO6HapyKeH CTUMYAHDPYIOUIHE 9Q(eKT Npy BO3LENUCTBUU
MM-BoAH Ha ceMeHa casara (10 CPaBHEHUIO C KOHTPO-
AEM BCXOXECTb yBeanuuaachk Ha 38%, buomacca — Ha
36 — 41%), TomaToB (BcxoxKecTb — Ha 38%) , ykporna
(BcxoxecTh — Ha 35%, Guomacca — Ha 43%). K coxaae-
HHIO, 3TH 3KCIIEPHUMEHTBI OBIAH HETIPOOAKHTEABHBIMH U
OBbIAM IIpPEKpallleHbI 110 OOBEKTHBHBIM OOCTOSITEABCTBAM.
B auteparype uMeeTcs psan paboT 10 HCIIOAL30BAHUS B
MHKPOOHOAOTHH CAHTHMETPOBBIX BOAH, ITPHUMBIKAIOLINX
Ha IIIKAAE€ B3AEKTPOMArHHUTHBIX BOAH B MM-BoaHaMm co
CTOPOHB!I KOPOTKHUX BOAH. OJHAKO B GOABIIMHCTBE TAKHUX
paboT UCIIOAB30BaAHCH OOABIINE (TEMAOBLIE) YPOBHU
MOILHOCTH ¥ 3TH BOAHBI IIPHMEHSIAUCH OASl ITOJABACHUS
pocTa MHKPOOPIaHH3MOB (BIIAOTBH 0 UX rMOeAM) HaM [ad
CTEPHAH3AlNH Pa3AUYHbIX 00BeKTOB. IlompoOHYyIO HH-
dopmMaluio Ha 3Ty TEMY MOXKHO HafTH, HAIpUMEp, B
[63]. OnHako MOXKHO BBICKa3aTh, MOXKET OBITh, U CYOBEK-
THUBHOE MHEHHE O TOM, YTO CAHTUMETPOBLIC BOAHBI HE
MIPEACTABASIIOT B CHAY Pa3HBIX NPHYHH ITPAaKTHUYECKOro
HHTepeca IAsT OHOTEXHOAOTHH.

IIpuBeneHHBII B HacTosilel paboTe 3KCIEpHMEH-
TaABHBIA MaTepHaa HAET AOCTATOYHOE OCHOBAHMS IAS BbI-
BOJA O TOM, YTO HH3KOUHTEHCHUBHBIE 3ACKTPOMATHHUTHBIE
BOAHBI MM-inara3oHa npeACTaBASIIOT NTPAKTHYECKHI HH-
TEPEC OAS HCIIOAB30BAHUA B OHOTEXHOAOTHYECKUX IMPO-
1eccax B MHUKPOOHOAOTHYECKOH ITPOMBIIIAEHHOCTH (IIpe-
XKJIE BCEro B AABMOAOTHYECKON ITPOMEBIIIAEHHOCTH), He-
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CMOTpPSI HAa TO, YTO B NOJABASIIOIIEM OOABIIHHCTBE PaboThl
U He 6BIAM HOBENEHBI JO anpoballiy B ITPOH3BOACTBEHHEIX
ycaoBusix. K coxxaseHHI0, MHOTHE ITHOHEpPCKUe paboTel, 1o-
CTaBAECHHBIE 10 3TOMY HamnpaBaeHuio 15-20 aeT ToMy Ha-
3aj], HE TTIOAYYHAH CBOErO Pa3BHUTHSI.

Kparkuii 0630p paboT Mo TPaAUIIMOHHBIM METOAAM
GUOTEXHOAOTHMH [a€T OCHOBAHHWE CHAEAATH ONTHMHCTHYE-
CKUIi BBIBOJ O TOM, YTO JIASl SAEKTPOMArHHUTHOMN GHOTEXHO-
AOTHH HMeeTcsl ODILINpHOe IToae AesiteabHocTH. HakoraeH-
HbI K HaCTOSIIEMy MHEHHIO Oorartblil 3KCIEepHMEHTaAb-
HBII MaTepHaA I10 UCIOAB30BaHHI0 MM-BOAH B Pa3AHYHBIX
OHMOTEXHOAOTHUECKHX ITPOLIECCaX C IIPUMEHEHHEM MHKPO-
OpraHu3MOB MOXKET H IOAXKEH ObITh BocTpeboBaH.

4.4. KoppeKIHsa C TIOMOLILIO
HH3KOUHTEHCHBHBIX MM-BOAH H3MeHeHH
OHO’AEKTPHYECKOH aKTHBHOCTH MO3ra
YeAOBEKa, BEI3BAHHOH 3A€KTPOMATHHTHBIM
nmoaeM MoGHABHOTO TeaedoHa

PasBHUTHE LUUBHAH3ALIUU [TOPOAMAO IIOSIBAEHHE MHO-
KECTBa aHTPOIIOreHHBIX (PaKTOPOB, B TOM YHCAE, HCKYC-
cTBeHHbIX OMII (B OCHOBHOM B AHAana3oHE IIPOMBILIACH-
HBIX M pPagHoYacToT), KOTOpPble BHOCST CBOH BKAQJ, B
VXyAUIEHHEe 3KOAOTMYECKOM obcTtaHOoBKH. OpraHuaMbl
caMbIX Pa3AHYHBIX BHAOB - OT OJHOKAETOYHBIX JI0 YEAO-
BeKa — OOHapy»KHUBAaIOT 4Ype3BbIYAHHO BBICOKYIO YYBCT-
BUTeABHOCTH K OMII [1, 80, 82, 107, 167-169]. CoBpe-
MEHHBIE HCCACIOBAHUSI CBHUIAETEABCTBYIOT O TOM, 4YTO
brosorudeckue 3dgdextsr IMII onpeneadroTcs Kak €ro
OHOTPOITHBIMH [TApaMETPaMH — HHTEHCHBHOCTBIO, YaCTO-
TOHM, (OpPMOI1 CHrHaaa, AOKaAHM3allveil, 3KCITO3HIIME U
np. [80, 169-171 u ap.] , Tak 1 HU3HYECKUMU CBOMCT-
BaMH OHOAOTHYECKOI'0 OOBEKTa KaK Cpenbl, B KOTOPOH
PacIpoOCTPaHSIETCHd SAEKTPOMArHUTHAsI BOAHA — JH3ACK-
TPHUYECKON ITPOHHIIAEMOCTBIO, 3AEKTPHYECKOH ITPOBOIU-
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MOCTBIO, HCXOIHBIM (YHKIIMOHAABHBIM COCTOSIHUEM,
BO3pPaCTOM, ITOAOM H T.A.

HckyccTBenHble (aHTpomoreHHble) IMII cozpatoT
3ACKTPOMAarHHTHOE 3arpsi3HEHHE OKPY2KarolleH cpensnl, U
OOABUIYIO AENTY B 3TOT IIPOLIECC BHOCAT CTPEMUTEABHO
PacpOCTPaHSIIOIINECST CETH MOOHUABHBIX TeaeoHOB. Kak
6b1A0 MMOKa3aHo B psne padot, SIMII MoOUABHEBIX Teaedo-
HOB OKa3bIBAIOT 3aMETHOE BAHWSIHUE HA OPraHHU3M YEAO-
BeKa. B nocaenHHe HECKOABKO AeT 3Ta npobaema obcyx-
JAeTCsl YYEHBIMH Pa3AHMYHBIX CIIELIMAaABHOCTEH, B YacT-
HOCTH Ha €XKETOJHbIX MEXAYHAPOAHBIX KOH(EPEHIINAX U
CUMITO3UyMax, IIPOBOAUMEIX Bioelectromagnetic Society
(BEMS) u European Bioelectromagnetic Association
(EBA). IIpoBeneHHbIE pPaHHEE HCCAEOOBAHHS BBIIBHAHN
BaussHHe OMII coToBbix TeaedoHOB Ha OHO3AEKTpHUE-
CKYI0O aKTHBHOCTb MO3ra GOAPCTBYIOLUErO YEAOBEKA, a
TakoKe HapylleHHe CTPYKTYpbI cHa {172,173].

B cBf3M C 3THM OBIAO NPEANIPHUHSITO HUCCAEIOBAHUE
BO3MOXKHOCTH KOPPEKIHH U3MEHeHUHl OHo3AekTpHYe-
CKHUX ITOTEHIIMAAOB MO3ra YEAOBEKA, BBLI3BAHHBIX BAHM-
HHEM 5AEKTPOMATHHUTHOTIO ITOAST MOOHMABLHOrO TeaedoHa, ¢
MOMOIIBI0 HU3KOMHTeHCcUuBHOro KBY-n3ayuenus [174]. B
HHCTUTYTE PaAHOTEXHUKH H IAEKTPOHUKH U 3A0 «MTA-
KBY» 6bla paspaboraH MHUKpOMHUHUATIOpHbIE KBY-
TeHEPATOP, KOTOPBIM BCTPaUBaeTcsl B TPYOKY MOGHALHO-
ro TeaedoHa ([Tarent P® N 2169434 ot 28.12.98).

B skcneprumMeHTax MpUHAAM yyacTie 54 moGpoBoablia
oboero moaa B Bo3pacTte oT 17 mo 60 aeT. B KOHTPOABHYO
rpymy (6e3 BcrpoenHoro KBU-renepartopa) Boiau 29 ye-
AOBEK, B 3KCIEepHUMeHTaabHylo rpymmy (¢ KBY-re-
HepaTopoM B TpyOKe TeaedoHa) — 25 yeaoBek. o Havasa
TT0AL30BaHusA TeaehOHaMH (ammapaThl OXHON M TOH Ke
dupmb1, GSM-cTaHOapT) Y BCEX UCHBLITYEMBIX ObIAK NIPO-
BesieHB! (QOoHOBbBIE 3aMepbl IOT. 3aTreM 3aMepbl MTPOBO-
avau depes 3, 6 1 9 HeZeab Mocae Havasa MOAB30OBAHHA
coTOBBIMH TeaepoHamu. OO zamuckiBaan 1o 19 cras-
JOapTHBIM oTBexeHusM (cucrema EC-10 — 20%) B oxkuu-
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MUTAABHBIX, [TAPUETAABHBIX, LIEHTPAAbHBIX, (DPOHTAAB-
HBIX U TEMIIOPAABHBIX 06AaCTSIX KOPb! OOABIIIHX ITOAyIIA-
puit mosra (MHAUGOEPEHTHBIE 3AEKTPOABI pacrosara-
AUCBH HA MOYKax ylleH) C IMTOMOIBIO [TOPTATUBHOIO JHILE-
danorpada NeuroVisor 24U (NPO “BIOSS”, r. 3eaeHo-
rpan), coenuHeHHoro ¢ Note-book.

QOT-3arncy aHaAM3UPOBaAHM METONAaMHM HEAHWHEHHOH
AUHAMUKH (BBIYHCAEHHE TA0DAABHON KOPPEASIIMOHHOH
pasMepHocTH D2) 1 crieKTpasbHOro aHasnusa. BropuaHyro
CTATHCTHKY OCYILECTBASIAM C ITOMOIIBIO CTAHAAPTHBIX ITPO-
rpamm (Statistica 6).

IMpu aHasuze OIOI-HAHHBIX KOHMPONLHOU TPYIIIbI
o mnokasatealo D2 HCHBITyeMble Pa3fIeAMAHCh Ha JBE
MIOATPYIIILI: B IEPBO — CIycTd 3 HENEAH ITOAb30BaHHA
TeaeoHoM D2 yeenuuuncs Ha 15%, cnycta 6 Heneab —
Ha 18 %, crycta 9 Henmeab — Ha 13% IO OTHOMIEHUIO K
douy (pasauyusa mocToBepHbl ¢ p<0,05); Bo BTOpOH -
criyctsi 3 HeIeAaH IoAb30BaHUA TeaedoHoM D2 ymero-
wuncs Ha 16%, cnycra 6 Hemeab — yBeanuduacsa Ha 3 %,
criycTsi 9 HeeAb — YBeAMYHACH Ha 5% IO OTHOIIEHHIO K
dony (pasanuns mocroBepHs! ¢ p<0,05). CneKTpasbHBIN
aHaau3 ¢GoHOBbIX JOI'-3amMceil rnokasaas, YTO HCIBITye-
Mbl€ TIEPBOH NMOArPYyIIbl MMeAH B crekTpe 33T BhIpa-
KEHHBIH IHK B a/bga-auanasone (aabdougnas I3T), a
HUCTIBITYEMbIE BTOPOH MOATPYIIIbI HMEAH OUP@PY3HYI
Q0T (be3 BhIpaXKEHHOro asbda-riuKka).

Yepez 3, 6 u 9 Heleab NMOAL30BAHUS COTOBBIM TEAE-
¢doHOM HauboabUINe U3MEHEHHA B criekTpe IOT" nepBoit
TIOATPYINIIBI KacaAuChb denbma- U anbga-puTtMa (raas-
HBIM 00pa3oM, BBIpAXKEHHOE YBEAUYEHHE HUX aMITAHTYbl
B Pa3AWYHBIX OTBEICHUSAX), a TakKke bema-pHTMa (3a-
METHOE CHMXKEHHE aMIANUTyAbl). YTo KacaeTcss BTOPOH
MOArPYINbI, TO JOCTOBEPHBIX M3MEHEHUH PUTMHKH D3I
BBISIBACHO He OBIAO.

IIpu anaanze O3OI-maHHBIX 9KCNEPUMEHMANBHOU
TPynnbl 110 1mokasareato D2 pas3meaeHHsT Ha MOATPYIINbI
He HabAloaAoCh, a AUHAMHKA COCTOSIAA B CACAYIOLIEM:
D2 yeenuuuncsa Ha 11%, ciycts 6 Heneab — Ha Bcero 2%,
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a cnycTss 9 Heneab NokasaTeab D2 BosBpamascs K ¢o-

HOBBIM 3HAYEHUSIM, IIPU 3TOM Pa3ANYUsl ObIAM He IOCTO-

BepHB! (p>0,05). CnexkrpasabHblii aHaau3 OOI-3amnuceit

TaK € He BBISIBHA JOCTOBEPHBIX U3MEHEHHIA.

IMarrepn 93T, chopMUpOBABUIMHACH Y UCHBITYEMbBIX
MIEPBOM MOATPYNIIBI KOHMPOALHOU Ipynnsl nocae 3, 6, 9
HEIEAb, CBHIETEABCTBYET O CAEAYIOIIMX H3MEHEHUAX
(YHKIIMOHAABHOIO COCTOSTHHUSI MO3ra:

— O CHHXXEHHH ONTHMAaALHOIO YPOBHSI aKTHBAallUH LIE€H-
TpPaAbHOH HEPBHOM CHCTEMBI, CHIZKEHHHM TOHyca (ze-
npeccust 6ema-puTMa B OKLIMIIHTAABHBIX, [1aPHETAAD-
HbBIX, LIEHTPAABHBIX M (DPOHTAABHBIX ODAACTSIX KOPbI
GOABIINX MIOAYIIIAPHIT MO3Ta);

— 06 yBeanueHuH HHrubHupylomero 3dderra cTBoAA
Mo3ra (IMHaMHKa AeabTa- u 6eTa- puTMOB);

—  TOSBAEHHME 3HAKOB BO30OYXKOEHUSI B Me33HUE(DAABHBIX
u, ocobeHHoO, B 6a3aAbHBIX b poHTaABHO-
TEMITOPAABHBIX CTPYKTYpPax (YCHACHHE a/bghd-pPUT-Ma
BO OPOHTAABHBIX H IIEHTPAABHBIX 00AACTSIX);

—  paccoraacoBaHHe B paboTe TasaMo-KOPTHKaABHBIX
CTPYKTYP (M3MEHEHHE PEerHOHaAbHbIX Pa3AH4YMil pac-
IIPEIEACHHST OCHOBHbLIX DOI-pHUTMOB).

Bce Bwlllle onMcaHHBIE U3MEHEHHS CBHIETEABCTBY-
IOT O HapyIIeHHH HeHpOAWHAMHKH, CHHKXEHHH TOHyca
KOpBI FTOAOBHOT'O MO3ra.

HicnibiTyeMble BTOpPOH NOATPYNIIBI  KOHMPOALHOU
rpynnbel uMeAn caabo BbipaxkeHHble AUd@y3HBIE ITepe-
crpoiikn B 90T, KOTOpbIe TOBOPAT 00 YMEPEHHBIX H3Me-
HEHUSIX B MUAHLE(AABHBIX CTPYKTypax CTBOAa MOS3ra.
Taxkoii MaTTepH CBSA3aH CO CHUKEHHEM KOMITEHCATOPHOIO
MOTEHIHaAa MO3ra, T.€. CO CHHXKEHHEM afalTallHOHHBIX
CriIocobOHOCTEl M yPOBHS peardpoBaHUsi Ha OEHCTBHE
BHEUIHHX (PAaKTOpPOB.

OTCyTCTBHE IOCTOBEPHBIX PA3AMYHI CIIEKTPAABHOIO
cocraBa O3l B hOHOBEIX 3aMepax U B NPOLIECCE UCITOAb-
30BaHU" COTOBOro TeAae(OHa Yy HCIBITYEMBIX 3Kcnepu-
MeHMAMbHOU TPYINbI, Ka3asoCh Obl, MOXKET CBUOETEAb-
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CTBOBAThL O CHMXXEHHUM aNalTallMOHHBIX CIOCODHOCTEN
moszra. OxHako copMupoBaBmuiica 30I-nmaTrepH CBU-
JETEALCTBYET O BBICOKOM KOMITEHCATOPHOM IIOTEHIIHaAe
MO3ra y CyOBEeKTOB 3TOH IpYIIbI.

TakuM 00pa3oM, pPe3yAbTATBbl IKCIIEPHUMEHTOB Je-
MOHCTPHPYIOT BBIPAXKEHHBIN 3(PMEKT BAUSHUS 3ACKTPO-
MarHUTHOTO I10Ad MOGHABHOro TeaedoHa Ha (YHKLUHO-
HAABHOE COCTOsSTHHE Mo3ra. [IpH 3TOM MOXKHO OBOPHTB O
ABYX TIpolieccax, pasBHBAIOUMXCS B LIEHTPaAABHON HEpPB-
HOH CHCTEME: OIUH M3 HHUX — aianTallMOHHBIN, APyroH —
croiikuil nporecc MYHKIMOHUPOBAHUA Moara. ApanTta-
LIUOHHBIA TIpollecc MaHHQECTHPYET TEHIEHLHIO BO3-
BpallleHHs M3MEHEHHBIX IIapaMeTpoB K (OHY, a BTOPOM
TIPOLlecC — U3MEHEeHHs paboThl MO3ra, NJOCTATOYHO CTOM-
KHE W COXPAHSIOIIHECS B TEUYEHHE BCEr0 BPEMEHH BO3-
netictBusa. HabalomaroTcst 3HAaKW pas3gpakKeHUs TaKHX
CTPYKTYpP MO3ra, KOTOphbIe OTBEYAIOT 3a BUCLIEPAABHBIE,
JKU3HEHHO BaXHble (PYHKLUMWH OpraHH3Ma - COH U €ro Ha-
PYLIEHUS, PUTM CEpAlla U €ro HapylleHHUd, TEPMOpery-
ASILUS, & TAKKE HapYILIEHHE NaMATH U 3MOLIHOHAAbHbBIX
peaxkuMil opraHusma.

Haanuue MM-renepaTtopa B TpyOKe KOMIIEHCHPYET
BO3HHUKAIOIIE HeraTusBHble 3(MGMEKTHI OT BO3NAEHCTBHA
OMII m™mobuasHOro TeaedoHa. OTCYTCTBHE CHUXKEHHS
aanTallMOHHBIX BO3MOXKHOCTEl MO3ra H €ro peakTHB-
HOCTH Y HCHBITYEMBIX 9KCNEPUMEHMANILHOU TPYIIIbI
CBUIETEABCTBYET O IIPOTEKTOPHOM 3(pderrTe MM-BoAH.
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5. AOTIAPATYPA OASI IPHMEHEHHS
MHAARMETPOBBIX BOAH
B HETPAOJHITHOHHBIX OBAACTSAX

5.1. TepaneBTHYeCKasI annapaTypa

B MemuiMHe MPUMEHSIIOTCS SACKTPOMArHHTHBIE H3AY-
YEHHS Pa3AWYHBIX AUANA30HOB BOAH: OT IMOCTOSIHHBIX Mar-
HHTHBIX U DACKTPHYECKHX I10AEH 10 KOPOTKUX PaIHOBOAH,
T.€. BCA IIKasa 5ACKTPOMArHHUTHBIX BOAH (cM. Taba. 1)
[175]. PaccMOTpuUM KpaTKO OCHOBHBIE OCOGEHHOCTH IIpU-
MeHeHHUss MM-BOAH B HETPaIULIMOHHBIX 00AACTSIX.

B paspaboTke pasAHYHBIX aCIIEKTOB 3TOH obaactu
NPUHSAN y4YacTHe BeOylLIHe MEAUIMHCKUE M Hay4dHO-
TEXHUYECKUE OPraHHU3alli CTPaHbl, BBICOKOKBaAUQDUIM-
POBaHHBIE CIELMAAHNCTBI B 00AACTH MEOHLIMHEBI, (PHU3HO0AO-
ruM, buosoruy, paguodU3NKH U APYTHX CHELMAABHOCTEH.
Ha 3Ty TeMy ommyGAMKOBaHO HECKOABKO THICSIY CTaTed, mae-
CATKH COOPHHKOB M KHMT, NMpoBeAeHo Goaee 20-TH KpyTI-
HbIX KOH(EPEeHLHI MU coBemaHuil. XoTss MHOTOE B MeXa-
HH3ME 3TOr0 YOWBHUTEABHOIO IO cBoell 3¢PeKTHBHOCTH
criocoba BO3AEHCTBHST Ha HYEAOBEYECKUI OpraHu3M 0 CHUX
TIOp OCTAaEeTCH HE OO KOHLIA SCHBIM, HE BBI3BIBAET COMHE-
HUH TEPCIIEKTHBHOCTD U ITOAE3HOCTh 3TOTO HAITPAaBACHHUS B
COBPEMEHHOH Hay4HOM U TIIpPaKTHYEeCKON MenuiHe. B
3TOM YOEXKIAET OIIBIT ThHICHY Bpadei, UCIIOAB3YIOUIUX Me-
Tomb!l M anmapatypy KBY-Teparnumn Oast YCIIELTHOTO Aeye-
HHSI JECSTKOB PA3AHUYHBIX HO30AOTHIM, COTHH ThICSY 60AB-
HBIX, 3a0BIBIIUX O CBOUX HEAyTaX IIOCAE YCIIELIHOTO Acde-
Hua MetofamMu KBY-repanun.

OCHOBHbIE ODHOTPOIIHEIE MapaMeTPhI
MHAAHMMETPOBOT'O H3AYYEHHS, IIOACKEHHBIE
B OCHOBY Pa3paGoTKH TepaneBTHYECKHX NPHGOpPOR

[lepBble 3KCIIEPUMEHTAABHLIE YCTAHOBKH OAA U3Y-
yeHus broaoruyecKnx 3PPeKTOB MHAAUMETPOBBIX BOAH,
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a TakoKe TeparleBTHYEeCKHE NMPHOOpBI CTPOMAHCE Ha OC-
HoBe BakyyMHbIX AOB-0. Ha noaobHbIX yCcTaHOBKAaX ObI-
AU TIOAYYEHBI IepBble (pyHIAMEHTaAbHBIE NAaHHBLIE O Ia-
pameTpax MM-u3ay4eHus], IpH KOTOPBIX HAZEXKHO (PHK-
CHUDPYIOTCSI OTKAHMKH KHUBBIX OPraHU3MOB Ha BO3JIEHCTBHE
3THUX BOAH. AHaAu3 GOABILIOrO MacCHBa MOAOOHBIX SKCIIe-
PUMEHTAABHBIX 3aBHCHMOCTEH, MOAYYEHHBIX B OIBITAX C
pPa3AUYHBIME MHKDPOOpPraHH3MaMH H AabopaTOpHBIMH
JKUBOTHBIMM, TI03BOAMA BBIOpaThb pSL OCHOBHBIX OHO-
TPOMNHBIX ITapaMETPOB BOAH, KOTOPBIE MOTAM OBITH HC-
II0AB30BaHbl B Ka4eCTBE HCXOMHBIX MAHHBIX OASl paspa-
GOTKU TepalleBTHYECKOH ammnapaTypsl B MM-auanasoHe
IAVH BoaH [176]. Ilpu 3TOM MccaenoBaTeAH Bceraa IpH-
JHEPKUBAAHCH KAACCUYECKOH CXE€Mbl BHEIPEHUSI B IIpaK-
THKY 30pPaBOOXPAHEHUS HOBOH MEAULIMHCKON TEeXHUKH:
ONBLITHI C MHUKPOOPTaHU3MaMH — 3KCIIEPUMEHTBI C KH-
BOTHBIMU — KAMHUYECKas arpobanus.

1. Bri6op paboyux 4acror fp.

IlepBoHayaAsbHO OblAM BBIGpaHb! ABE€ OHOAOTHYECKH
3HAQYHUMBIE YaCTOThl KoaeDaHMil, HA KOTOPBIX CTATHCTHYe-
CKH JIOCTOBEPHO OblAM 3a(hHKCUPOBaHbI HAHO0AEE YETKHE U
XOPOIIO BOCIIPOU3BOAMMBIE GHOAOTHYECKHE 3(PDEKTHI:

f61=53530£10 MT't (Ap1=5,6 Mm);
£:2=42190£10 MI'tt (Ap2=7,1 Mw).

BriocaeacTBuu TpeboOBaHHSI K TOYHOCTH BOCIIPOMS3-
BEIEHHS 3THUX YacTOT ObIAM ocAabAeHBI, Tak KaK OblAo
IIpHU3HaHO Doaee 1leAecOOOpPa3HBIM HCIIOABL30BATHL MOIY-
ASIUIO HecyumeH 4YacToTbl CO 3HA4YeHHEM JEBHAlUH,
MPHUGAU3UTEABHO COOTBETCTBYIOILIEH IIMPHHE pPE30HaHC-
HBIX ITHKOB (00bI4HO 1...0,1% OT cpegHEro 3Ha4YE€HHS He-
CylIeH 4acToThI).

2. [JeBualysi 4aCTOTh! IIPH YACTOTHON MOIYASILIMH, fr.

OKoHYaTeAbHOE 3HAYeHUE JAEeBHAIIMH [AsT 00eux

4acToT fp1 U fp2, paBHoe Afy ® £100 MT11, 6e1a0 cripene-
A€HO 3KCIIEPUMEHTAABHO.

B KayecTBe 4acToThl MOOYASILIMU Oblra BbIOpaHa BTO-
past rapMOHHKA YaCTOThI 3A€KTPHUYECKOH ceTH, Fi=100 T,
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3 . TIAOTHOCTBH MOIIHOCTH 06AyUYeHUS P.

Jlmarna3oH U3MEHEHHs TTAOTHOCTH MOLIHOCTH B obaac-
TH «IAQTO» Ha 3aBHCHMOCTH «OHOAOTHYECKHI 3pdeKkT —
TIAOTHOCTb MOILHOCTH H3AYYEHHSI» COCTABASIET IIPHUMEPHO
0,01...10 MBr/cMm2. Hcxonst U3 METOAMYECKHUX COOOpaxke-
HHH, JAS1 BIXOJHOM MOUIHOCTH TEPAIIEBTHYECKHUX alnapa-
TOB OblAa BbhIOpaHa BEPXHASA I'PaHHIlA ITAOTHOCTH MOIIHO-
cti. Ilpy 3TOM yYHUTBIBAAOCH TO ODCTOSITEABCTBO, YTO B
3AEKTPOMATHUTOOMOAOTMH W TIHMIMEHHYECKHX CTaHaapTax
TrpaHHLel! pasfesa MEXIY TETAOBBIM U HETEIAOBBIM 3¢-
(HEKTOM SAEKTPOMATHHUTHOM BOAHBI, IAJAIoUIel HA TEAO
YyeAOBeKa, olpenescHa BeandnHa 10 MB1/cM?2 nipu obriem
0bAyYEHHH OnepaTopa B TEYEHHE ITOAHOIO pabodero gHs.

4. IIpoooAKUTEABHOCTH OHOI'O CeaHca TepallnH, fe.

W3 omnplta MEAWUIMUHCKOrO IIpHMEHeHHsT MM-us-
Ay4YeHUs Oblaa ONpefneAcHa CPEIHsIs TPOLOAXKUTEABHOCTD
ceanca npu MM-tepanuu. OHa cocraBasier t.= 15...20 MuH
(M TOABKO TIpU AEYEHUH OHKOAOTHMYECKHX 3aboseBaHHi
t. ~ 60 muH). [ToaToMy TalfiMep B TepaneBTHYECKHUX all-
naparax pacCYuUTbIBAeTCs NMPUMEPHO Ha 1 4 U 0OBIYHO
IpeaycMaTpuBaeTcsi U3MeHeHue . ¢ maroM S MuH. Ilpu
paspaboTKe TEXHHYECKOro 3aflaHusl Ha TepalleBTHYECKUE
annapaThl YYUTHLIBAAHCH TakKe CTaHAapTHble TpeboBa-
HUA, IPEIbABASEMBIE K MEIULIMHCKOR armnaparype: ab-
coAroTHasi 6e30rmacHOCThL B pabore, HAAEKHOCTDb, YHOOCT-
BO HCIIOAB30BaHHA (3PrOHOMHYHOCTB), BO3MOXXHOCTb
KOHTPOASl (M KOPPEKLIHH) OCHOBHBIX BBIXOAHBIX Ilapa-
METPOB, a TAKKe Maable Macca-rabapuTHbIe TapaMeTpsl.
TIpUHUMaACS TaKXKe BO BHUMaHHE TOT (PaKT, YTO K KOH-
1y CEMUIECATHIX, HAa4aAy BOCBMUIECATHIX I'OJIOB Y Hac B
cTpaHe Oblaa HAZIEKHO OCBOEHA TEXHOAOTHUSI NPOH3BOJ-
CTBA SKOHOMHYHBIX IIOAYIIPOBOAHHKOBBIX TI€HEPATOPOB
Ha AaBUHHO-TIpoAeTHBIX auonax (AILA) u nuomax T'anHa
(AT). 9tu muons! B cpaBHeHnu ¢ AOB-O xorst u obecrnie-
YHMBAAH MEHBIIUH AUaNasoH 3A€KTPOHHOHN NEpEeCTPOMKMH
4aCTOTBbI, HO BBIFOAHO OTAHM4YaAuCh 0T AOB-O MasbiMu
3HAYEHUAMM Macchl U TabapUTOB, a TaKKe HHU3KHMH
3HAYEHUSMH [THTAIOIINUX HAITPSI?KEHHI.
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[aa niepBbIX TepaneBTHYecKHX MM-anmapaToB Obl-
AV BbIOpaHbl B Ka4eCcTBEe AKTHUBHBIX 2AeMeHTOB AL
OCHOBHBIE COOOpaKeHUs OBIAM cAenyIoIHe: (PU3HYECKHE
rnpouecchk! (3¢pdeKThI), AckKalue B ocHoBe pabotsl AT
fbIAM BIIEpBble OOHApPyKEHb! M HCCAENOBaHbI B Poccuu
(r. ®psasuno, HUM Jicrok»), 3mech ke Obiaa IIOCTpoOEHA
Teopust paboThl 3THMX TEHEPaTOpOB, a TakKe paspabora-
Ha U OCBOEHA BIIEPBBIE B MHPE TEXHOAOTHSI CEPUITHOro
TIPOH3BOACTBA 3THX MIPHOOPORB.

Pa3paboTka 6azoBoro anmapara
aast MM-repanuu «IBb-1»

BriepBrle BoOIpoc 0 HEOOXOOMMOCTH paspaboTku
cnenyasbHOro anmnapata B MM-muanaszoHe IAMH BOAH
A AedeOHOrO IpHUMEHEHHUs ObIA IIoCTaBAE€H Iepen M3
CCCP H.O. HesarxkoBeiM 1 M.B. 'oaantTom B 1982 1.
KomuTteT o HoBoil Meaunmuckoil texuuke M3 CCCP co-
TAACHACH C IIEAECOOOPA3HOCTBIO ITOCTAHOBKH TaKOH pa-
6oTsl (BhimHcKa U3 IIporokoaa Ne3 ot 15.06.1982 r.) u
Ha3HA4YHA MEIUIIMHCKHX COMCIIOAHUTeAel: BcecorosHbli
Onkoaorndeckuit Hayunriit llentp AMH CCCP, MockoB-
CKHI HAYYHO-UCCAENOBATEABCKHH OHKOAOTMYECKHUM WHH-
crutyT uM. II. Tepuena, 1-it MoCKOBCKHH MEIULIMHCKHIT
HUHCTUTYT U OeCCKUN MEOULIMHCKUN UHCTHTYT.

Paspaborka amnmapara Oblna ocymectBaeHa B HHU
«Hcrok» (Briocaeacreuu — HITO, THIMI, ®I'YII, r. ®pasu-
HO). Paspaborka 0a30BbIX anmaparToB IIPOXogHAa B JABa
srarra. Ha mepBoM 3ramne Oblaa ITOCTAHOBAEHA HAy4YHO-
uccaenoBareabckas pabora. Ee 1ieab cocTosiaa B paspabor-
K€ OIBITHBIX 3K3EMIIASIPOB TEPAIEBTHYECKOro arrapara
(S1BBY) [177, 178]. Ha BTOpOM 3Tame B paMKax OIIBITHO-
KOHCTPYKTOPCKOI paboTh! Oblaa IOCTABACHA LIEABL pas3pa-
Gotark anmapar Jgasd CepUHMHOro BhITycKa («WIBb-1v) Ha
onbITHOM 3aBoae HUHM (Hctor» — 3aBoze «Peduiin.

HayuHo-uccaenoBaTeabckass pabora «Co3maHue Maao-
rabapuTHOH YCTaHOBKH [OASl IIHPOKOTO HKCIIOAB30BaHUS
3AEKTPOMAarHHUTHBIX KoAebanuit MM-nuanasoHa JAWH BOAH
B OMOAOTMYECKHX M MEIMLIMHCKUX HCCACIOBAHHAX» (IIHQP
«fIBBY) OblAQ MOcTaBaeHA B 1982 r. HayuHeIM pyKoBomuTe-
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A€M U TAABHBIM KOHCTPYKTOpOM OblA HaszHadeH HO.B. [e-
UK. 3a oCHOBY Oblaa BhIOpaHa CTPYKTYPHAasl CXeMa aria-
paTa, IMoka3aHHas Ha puc. 26.
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Puc. 26. Baok-cxeMa TepaneBTHYECKOro annapara «fIBb-1»:

1 - pyriop; 2 — HanpaBACHHBII 0TBETBUTEAD;, 3 — BEHTHAD;
4 — A/l reHepaTop, BapakTop; 5 — HCTOYHUK ITHTAHHS;
6 — pe3oHaTop; 7 — AETEKTOP; 8 — YCUAUTEAD; 9 — MHAHMKATOD;
10 - nepenusia maHeAb rnpudopa

Y 3TOH CXEeMBI €CTh HECKOABKO KOHCTPYKTHBHBIX

0CODEHHOCTEI:

HaAU4YHEe BOAHOBOIHOI'O BEHTHAS, NpeAHa3HAYEHHO-
IO OAd ycTpaHeHus 3¢ deKTa 3aTArUBaHUs YacTOThI
redepanyn AIll u3-3a usMeHsdoumeifics HarpyskKH.
PeaAbHO BAUSIHUE Harpy3KH IIPOSIBASIETCS B OTpa-
JKEHHOM CUTHaA€ OT IOBEPXHOCTH TeAa IallUeHTa.
Takoe TEXHUYECKOE DPEIICHHE SIBASIETCSI BIIOAHE pe-
30HHBIM, TaK KaK OTPaXKEHHBIN OT KOXKH YeAOBeKa
CUTHAA MOXKET JOCTUraTh BO BpPEMsl CEaHCA ACYEHHS
BeAMYHHEI 40...50% oT nmamaroie MOIIHOCTH;

HaAUYHE CXEMHOI CBA3KH «HAIIPaBACHHLIN OTBETBU-
TEAb — BBICOKOXOOPOTHBIN pPEe30HaTOp — HETEKTOP
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— YCHAUTEAb — HHAHKaTop». OCOOEHHOCTh 3MECh CO-
CTOHT B CIIocobe BKAIOYEHHST pe3oHaTopa (C CODCTBEH-
HOM mobporHocTeio Gy ~3000), HacTpoeHHOro Ha pa-
Oouyro yacToTy fo1 HMAH fp2. PesoHatop paboraer B pe-
3KHME «OTCOCa» MOILHOCTH U3 TPaKTa, MO3TOMY IIpH
TOYHOH HacTpoiike reHepatopa Ha AT/l c momouipio
BapakTOPHOIO [HOAA Ha CTPEAOYHOM MHIOHUKATOpE
dHKCUpYeTCsT MUHHMYM I10Ka3aHHs, YTO I103BOASIET
oriepaTopy (Bpady) MOACTpauBaTh amnmnapar Ha pabo-
YYIO YaCTOTY HAH IIPH HEOOXOAHMMOCTH NPOBOAHTE I10-
BEPOYHYIO KOPPEKIIHI0. YCIemHas pabora 1o co3za-
HMIO OIIBITHBIX O0PaslIoB ammnapara «SIBb» ITOCAYKHAA
OCHOBaHHEM IAsI M3TOTOBACHHSI NECSTKOB 3K3EMITASI-
poB npubOpPOB, mepemaHHbIXx B 1983 r. gas ucrslta-
HHUSI B BeIylUIMe KAWHHKH cTpaHbl. ITocae ycrienrHoro
3aBEPIIIEHHS OIBITHO-KOHCTPYKTOPCKOH paboTtk! Ilpu-
kazoM KoMmurera mo HoBOH MEOULIMHCKOH TeXHHKE
M3 CCCP or 22.07.1987 r. annapar «9Bb-1» ObIA pe-
KOMEHZIOBaH K IIPOMBIIIAEHHOMY BBIIIYCKY H IIpHMe-
HEHHUIO.

TexHUYeCKHe NapaMeTpbl CEpUHHBIX TepareBTHYE-

CKUX aInapaToB «5IBb-1» BBITASIZIAT CAEAYIOIIMM 00pa3oM:

paboyast JAMHA BOAHBI ......cccuvereneennnnenns 5,6 yau 7,1 MM
JleBHAlIMs YaCTOThI .. He boaee £150 MTI'y
BBIXOTHAS MOITHOCTD .vvvvevverennssenseeesenerennnees 20-25 MBT

IIAOTHOCTBH MOILHOCTH Ha BbIXoze pyrnopa .. 10 MBt/cm?2
norpebasgeMast MOLIHOCTE oT cetu . 220 B, 50 'y, 25 BA
TabapHUTHBIE PABMEDPBI ...covvuneerrenennnnne 180x260x290 MM
Macca (6e3 IUTaTHBOB)
CPEAHUN CPOK CAYKOBI
IIpropureT opranHu3aluU-pas3paboTyuKa IIEPBBLIX B
MHUpPE TepaleBTHYECKHUX amnmnaparoB «IBb-1» B MM-
Auanas3oHe OAUH BOAH ObIA 3aKperaeH PervcrpaiivioH-
HeIM YxpocroBepeHHem Ne 87/901-45 or 22.07.1987 r.,
BBITAHHBIM YTIpaBACHHEM 10 BHEAPEHHIO HOBBIX A€Kap-
CTBEHHBIX CPEACTB U MEAULIMHCKOI TeXxHUKH M3 CCCP.
OOHOBPEMEHHO C BBIIYCKOM IIEPBOH MApTHH Cce-
PUMHBIX aNnapaToB THA «SIBb-1» OblAH pa3paboTausbl,
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anpobupoBaHs! U yTBepxkAeHbl M3 CCCP mnepBble MeTO-
JAUYECKHE PEKOMEHOAIIHMU IT0 HUCIIOAB30BaHU0 MM-Tepa-
TIHH B YCAOBHUSIX KAMHUKY (MHCTPYKIIMH ITO0 ITPUMEHEHHIO
ycrpoiictBa nas KBY-tepanuu «SBb-1» ObiAM yTBepxae-
Hbl M3 CCCP 14.09.1987 r.).

YcrnemHoe 0OCBOEHHE B CEPUMHOM ITPOU3BOACTBE all-
napatoB «fIBb-1», cTaBmINX 6a30BEIMHU OAS OyAyLIUX pa3-
paboTOK, YCKOPHAO NPOBEIEHHE SKCIIEPUMEHTAABHBIX
HCCAEIOBAHUH, a TaKXKe CII0CODCTBOBaAO HAKOIAEHHIO
BOABIIIOTO KAMHMYECKOTO MaTepUasa.

Npu6Gopsr MM-repanuu,
AASI KOTOPBIX NMPooGpa3oM ABHACH
annapar «5IBb-1»

KomMmraekc TeXHHYECKHUX ITapaMeTpoB Iprbopa «IBb-1»
TTOCAY?>XHA OCHOBOI ZIAs1 KOITUPOBaHHS €ro OCHOBHBIX Ha-
PaMeTPOB U KOHCTPYKTHBHBIX DELIEHHI B OECATKAaX MO-
audHKaiyit NpubopoB, BBIMYIIEHHBIX 32 [IOCAEAHHE ABa-
AUATb AET Pa3AWYHBIMH OpraHu3alysiMi Kak B PO, CHT, a
Takzke 3a pybexoM. K HacTosiiieMy BpeMeHH Ha MEOULIMH-
CKOM DBIHKE MOXHO HaWTH okoao 100 pasHo-BumHOCTEH
TeparieBTHYECKHX arnapaTtoB B MM-nna-na3one. B noxas-
ASTFOIIIEM GOABIIIMHCTBE B 3THX alllaparaxX BOCIPOU3BOMAT-
Cs1 TAKHE OCHOBHBIE TTapaMeTphl aIlrapaToB «JIBb», Kak pa-

Boune JAMHLBI BoaH (4 =5,6 1 7,1 MM), TAOTHOCTE BBLIXOIHOM
MorHocTH (P ~ 10 MBT/cM?), Momyasius Hecyluei yacTo-

To! (meBuaumsa Af= £50...150 MI'u) u T.4.

TakuM o0pa3oM, INEepBBIE B MHPE TEPaNeBTHYECKHE
anmnaparts! «SIBb-1» ABASIOTCA TPAPOLUTEAIMH OTPOMHOI0O
MHoroobpasusi TepaneBTHUYecKUX MM-amnnapaToB, BbI-
IIycKkaeMbIX Kak B Pd, Tak u 3a pybexoMm. OTMETHM, UTO
TIOYTH OMHOBPEMEHHO C pa3paboTkoif anmnapara «fIBb-1»
B HIIO «Catypn» (r. KueB) Obla npemaoKeH U anpobupo-
BaH TepareBTHYeCKMIl anmnapar «OaekTpoHuka KBY» B
pasanuHbix Mogudukauuax [179,180]. B kauectBe uac-
TOTBI Hecylluero koaebaHus B 3THX NpHOOpax BbIOpaHa
AVHHSI TIOTAOLIEHHS aTMocdepHOro Kucaopoma fo =
= 61,2 ITu (A = 4,9 MM), TpUMEHEHA aMIIAUTYyQHAasl MO-
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OYASTHHST HECYLIero KoAebaHUsi, a TakKe IpPeayCMOTpPeH
[IPEePBIBUCTBIH PEXUM paboThl anmnapata (reHepalust —
rnaysa — reHepaunusi ¥ T. [1.)
MuHHATIOPHBIE aNIIapaTshI
ZASI CTAaLlMOHapHOro, aMmGyAaToOpHOTO
H HHAHBHAYAABHOI'O HCIIOAB30BaHUS

BazoBeie amnmapartsl «9Bb-1» pazpabaTblBasHCh Kak
CTallOHApHbIE annapaTtbl, U OHH IIPEKPaCHO 3apeKo-
MEHZIOBaAH CebOsI B YCAOBUSX MEOUIIMHCKUX YUPEKIACHUH.
IlIMpoKoe BHEAPEHHE 3THX INPUOGOPOB B MEXUIIMHCKYIO
OPakTHKY TOATBEPANAC BBICOKYIO 3(DdEKTHBHOCTD
MM-Tepanuu B Ka4yecTBE HOBOTO 0E3MEIMKaMEHTO3HOro
METOJa AE€YEHMSI Pa3AMYHBIX 3aboAeBaHHI deaoBeka. B
pe3yAbTaTe MacCOBOH KAMHHYECKOH arnpobaly Memu-
LIMHCKUMH paboTHHKaMU OblA0 cPOPMHPOBAHO BasKHOE
IAST BCETO 3TOTO HAIPABACHHUS IIOAOXKEHME O TOM, YTO
MM-Tepanusa Kak HOBBIH MeTol HMeeT DOABbIINE ITOTEH-
LHUaAbHbIE BO3MOXHOCTH. Ho 0mHOBpEMEHHO BBISIBHANCH
U HEIOCTATKH allllapaToB, 3aKAIOYAIOIIHECsl, B 4aCTHO-
CTH, B TOM, UYTO UX TPYAHO UCIOAL30BaTh B CAy4YaeE A€UE-
HUSI TSXKEABIX OOABHBIX (DoAbLIAsST Macca M, KpOMe TOro,
HUCIIOAB30BAHHE TSKEAOI'0 M JKECTKOro HITaTHBaA 3aTPYyXA-
HSIET OOCTYIlT K OTHACABHBIM 00AAQCTAM Ha TEAE THXKEAO
BOABHBIX).

B navase 90-x romoB BO3HHKAA OCTpast HEOOXOMH-
MOCTb B pa3paboTKe MasorabapuTHBIX ([TOPTATHBHBIX)
anmnapaTtoB JAd aMOyAaTOPHOTO M UHAWUBHAYAABLHOTO HC-
TIOAB30BaHUS ToM HabAloJEHHEM Aedalux Bpadei. Oue-
BHUAHO, YTO B amnaparax HOBOI'O ITOKOAEHHS ObIAO Ba*KHO
COXPaHUTBb OCHOBHBIE (OYHKIIMOHAABHbIE BO3MOXKHOCTH U
rnmapaMmeTpb! 6a30BbIX CTALIMOHAPHBIX AllllapaToB.

BoABIIMHCTBO HOBBIX MasorabapHTHBIX arapaToB
nas KBY-tepanuu cHabxkeHO MHAMKALMEH PEXHWMOB pa-
60TBI, aBTOMATHYECKOH ITOACTPONKOM 4acToThl (BMECTO
PY4HO!), CBETOBOH U 3BYKOBOH HWHAMKALIMEN Hadasa U
OKOHYaHHUA Ae4YeOHOHI Ipoueayphl, aBTOMATHYECKUM OT-
KAIOUEHHEM Ipubopa IIocAe OKOHYAHHS IIPOLIEAYPHI, ca-
MOAMArHOCTHKON DYHKIHI annapara U ap.
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IlepBBIfi MHUHHATIOPHBIH anmapar Tuna «Ayd-KBY»
6b1A paspaboraH B MHCTUTyTE TEXHUYECKON MEXAaHHKU
HarmnonasbHOH akameMun HaykK YKpawub! (r. [IHernpo-
TIETPOBCK.), 3aT€M IOSBUAHMCH amnmnapatbl «Cressa» (r.
Tomck), «Apuax» (Apmenus) u ap. [33,181].

IIpy akKTHBHOM y4YacTHH aBTOPOB HacToslield pabo-
ThI OBIAM IIPEIAOXKEHBI, pa3paboTaHbl U 3aMaTeHTOBAHbI
HOBBIE anmnapaTbl B MHHHATIOPHOM HCIIOAHEHHH, obec-
TIEYHBAIOIMe BBICOKYIO 3 (PEKTHBHOCTL ACYEHUS B HO-
BBIX YCAOBMSX IpUMeHeHHd [182-184].

Haunboaee NepCrieKTHUBHBIM arriapaToM B 3TOH HOBO
CepHUM sIBHACSI INpubop THna «KBY-M-1U1-5,6/7,1-MTA»
paspabotku 3A0 «MTA-KBY» (KOMMEpPYECKOE Ha3BaHUE —
«Maablln). AnmapaT COCTOHT M3 IBYX yacTei: arnmanuka-
Topa (3, 4, 5, 6, 7, 8), cBsI3aHHOIO ¢ GAOKOM YyIIpaBAEHUS
HH3KOYAaCTOTHBIM KabeaeM, M OAOKa MHUTaHUA U yIIpaB-
AeHusda (1, 2), a Takxe HHAUMKAINH (8) (CM. CTPYKTYPHYIO
CXeMy Ha puc. 27).

Cets
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Puc. 27. CtpykrypHaa cxema nopraruBHoro KBU-anmapara
«KBY-M-1HM-5,6/7,1-MTA» («Maabmm):

1 - noHmxaromumii Tpancopmarop; 2 — BRINIPSIMUTEAB; 3 — FeHEpaTo-

pel KBY Ha nuoxnax lan-Ha (5,6 n 7,1 mM); 4 - HY-reneparop Ha 8

u 16 T'y (amnaur. moaya.); 5 — HY-renepaTop ma 100 TI'iy (4acroTH.

MoayA.); 6 — unaukarop KBY; 7 - pynopHasa (nepeznaromas) aHTEHHa;

8 — DAOK MHAMKAIIMH (CBETOLUOALI)

CobcTBEHHO anmaukaTop (puc. 28) COCTOUT M3 Ha-
6opa HeobxomuMmoro KoandectBa KBY-reHepaTopoB), Ha-
CTPOEHHBIX Ha TEParleBTHYECKHE MOAWHBI BOAH (HAIIpH-

mep, A= 5,6 u 7,1 mMm).
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Prc. 28. Cxema KBY-anmankaropa anmnapara
«KBY-M-1U-5,6/7,1-MTA»
1 — HUAMHAPHUYECKUH KOPITyC; 2 — OCHOBHOM BOAHOBOA; 3 — F€HepaTo-
pb! Ha auonax I'aHHa; 4 — aHTEHHBI I'€HEPATOPOB; 5 — COTAACYIOLMIA
MOpIIEHB; 6 — COrAacyolasl IM3AEKTpUYecKast MeMOpaHa; 7 — pyrop-
Had (repenarponas aHTeHHa)

Bb16op HyzxHOro KBY-reHepaTopa OCYLIECTBASIETCH C
roMopio 6A0Ka yrpaBaeHud. Takum obpasoM, anmapar
obecrieYMBaeT IOCAEHOBATEABHYIO ([I0OYEpeHY0) paboTy
reHEPaTopoB. DAEKTPOMArHUTHLIE KoaebaHHsI reHepaTopoB
(3) yepe3 aHTeHHB! (4) BO30YKOAIOT OCHOBHOIN BOAHOBOZ
(2). Ha omHOM KOHLIE 3TOro BOAHOBOZA pa3MENIAeTCs CO-
TAQCYIOLIMIT MopHIeHs (5), nMpegHa3HA4YeHHbIH mas obecrie-
YEHHsST ONTUMAABHOTO 3HAYEHUS BbIXOMHON MONIHOCTH arl-
riankaTopa. [pyroii KOHEll BOAHOBOZA TIEPEXOOUT B PY-
TIOPHYIO U3AYYAIOIIYIO0 aHTEHHY (7), KoTopasl obecriedrBaeT
paboTy anmarKaTopa Ha Pa3AMYHbBIX HECYILUX YacTOTaxX.

CxeMa armankatopa HMMeeT €llle HECKOABKO OpPHIH-
HaABHBIX KOHCTPYKTHUBHEBIX PEILIEHHI ([0 CpaBHEHHIO C
anmnapaTtaMu THna «fBb-1»). Tak, HanpuMmep, pyropHas
BOAHOBOZIHAsI aHTEHHA (7) 3aKpbIBAETCS HUIACKTpPUUE-
CKOH IIAQCTHHOH (6), KOTOpasi CAY>KHUT JIASl COTAACOBAHHS
aHTEHHBb! C KOXeH rampeHTa. 9To KOHCTPYKTHBHOE pe-
LIIeHHe Takke Oblao 3amareHToBaHO [185], a ee onrhue-
CKHMM aHaAOTOM SIBASIETCH IIHPOKO HCITOAB3yeMble Ha
NPaKTHKE YETBEPTHBOAHOBBIE IHUAIAEKTPHUYECKHE ITAE-
HOYHbIE TpaHCcHOPMATOPhl (TaK HAa3bIBaeMas «roaybas
ontHKay). OhEKTHBHOCTD MCIIOAB30BAHHS COTAACYIOLIEH
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MeMOpaHbl MOXHO ITPOJEMOHCTPHUPOBATL HA CAEAYIOLIEM
npumMepe. [IpH HCIIOAB30BAHMM OTKPBITON PYIIOPHOHN aH-
TEHHBI B anmnaparax «’JIBb-1» OT KOXH MallMeHTa MOXKET OT-
pakaTtbcs 1o 40...50% nanaromieft MoiHocTH. B ammapa-
Tax Tuna «MaabIll» 3Ta BEAUYHHA cocTaBaseT 6...8%. Cae-
J0BaTeAbHO, B 3THX arapaTrax abCOAIOTHOE 3Ha4YeHHE Bbl-
XOIHOH MOIIHOCTH MOTAO OBbITH YMEHBILIEHO ITPHUMEPHO
BIBOE (10 CpaBHEHHIO ¢ pubopamu TUNA «SIBb-1») Ipu co-
XPaHEHHH HEM3MEHHOIo 3HaudeHHa MolnHocTh KBY-uzay-
YEeHHs], TPOHHKAIOIIEr0 B KOXy IallMeHTa IIPH CeaHce
MM-tepanuu. IIpy 3TOM 3HAYUTEABHO YMEHBIIAETCH U
MOIIHOCTb HM3AYYEHHS, PACCEHMBAEMOIr0 B OKPYKAIOUIYIO
cpeny. MuHHaTiOpH3alUs arrapaToB cTasa BO3MOXKHOM
6aaromapss MCIIOAB30BAHUIO B KAYECTBE AKTUBHBIX 3ACMEH-
ToB KBY-reHepaTopoB auonoB 'aHHa BMECTO AaBUHHO-
IMPOAETHBIX AHOAOB. K NperMyIiecTBy raHHOBCKHX IeHepa-
TOPOB CAEIYET OTHECTH (Mbl CpaBHHBaeM armrmnapartsl «Ma-
ABIIII» U «JIBBb-1»): MeHBIIIee paboyee HanpsokeHue (5 B Bme-
cro 30 B), 4To no3BoAsIET HCIIOAB30BATH HASI UX TTHTAHUS
aBTOHOMHBIE HCTOYHHKH ITHTAHHS IMAABYUKOBBIE AKKY-
MyasaTopbl; boabine sHaveHust KIT. Xora B I/l pabouue
TOKH HECKOABKO 0Ooablre, yem B All/l (npUMepHO
100...150 MA BMecTo 60...80 MA), HO B LIEAOM MOUIHOCTb
TenaopaccesiHus nag IZ] mensure (~0,5 Br), yeMm B cayuae
ATl (~1,5 BT), 4TO sIBAsIETCSI CYUIECCTBEHHBIM JAST MH-
HHATIOPH3aILHH allllANKATOPOB.

Baxkno 06paTuTh BHUMAHHE TAKXKE €I11€ Ha OHY KOH-
CTPYKTHBHYIO OCODEHHOCTH amnmnapaToB Tuna «MaabIiim:
coocrBeHHO KBY-reHepatops! (3) pacrosaraloTcss BOKPYT
OCHOBHOI'O BOAHOBOZA (2); Takoe KOHCTPYKTHBHOE pelie-
HHE JAET BO3MOXKHOCTL HCIIOAB30BaTh B arlankarope 060-
Aee AByX pasanyHbIx KBY-reHepatopoB (3), HACTPOEHHBIX
Ha pasHble JAMHBI BOAH, YTO ITO3BOASIET CAEAATE aIlllapaThl
TIOAMYACTOTHBIMH (pyc. 6.2). Caabas cBA3b aHTEHH reHepa-
TOPOB C OCHOBHBIM BOAHOBOZOM MCKAKOYAET B3aHMHOE
BAHUSIHHE T'€HEPATOPOB ITPH OAHOBPEMEHHOH pabore Ha Ha-
Ipy3Ky (3aTsaruBaHue yacToThl). OTa npobseMa Ha MPaKTH-
K€ IOAHOCTBIO CHHMAETCH, ECAH MeHepaTophl paboTaroT Io-
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odepeaHO Ha OMHOM M3 BhIOPaHHBIX 3apaHee JAWH BOAH,
YTO ONPENEASIETCS TAKTHKON A€YEHUs TOrO HMAM HHOIO 3a-
6oaeBanusa. TakuM 00pa3oM, TAaBHOE NMPEHMYILIECTBO 3TOMH
CXEMBI COCTOHT B TOM, YTO MOXHO OOBEAMHHUTL B OIHOM
pHOOpPE HECKOABKO YacCTOT I'eHEpalyHd KAACCHYECKHX all-
naparoB Tana «sIBb-1» (4=5,6 u 7,1 Mm).

B anmaparax Tuna «Maasbll» BIEpBbIE HCIIOAB30BaHa
(XOTIOAHMTEABHO K YaCTOTHOH MOIYASILIMH) aMITAUTYIHas
MOOYASILINSL OAST Hecylero koaebawus. [ast aMIIAUTYIHOMN
MoayasliuK BbIOpaHa yacrora 8 'l mam ee Garpkafiias
rapMmoHHKa (16 Ti), a¢ddheKTHBHOCTE NMPUMEHEHHST KOTO-
PBIX B MEIMIMHCKHX alnapaTax pasAHyHOro HasHa4YeHHs!
yXe JaBHO H3BecTHa (yactota 8 I aBAsteTca 4acTOTOH
a-pUTMa (OCHOBHOIO pUTMa) OHMOTOKOB MO3ra 4YeAOBEKa U
COOTBETCTBYET YaCTOTE TaK Ha3bIBAEMOIO TPOITOCHEPHOro
BOAHOBoAa 3eMaH). OCHOBHBIE TEXHUYECKHE ITapaMeTphl
anmaparta «MaabI caeayIoIHe:

PABOYHE HAUHBI BOAH ...vvvverernrenneruecenneennnns 56u7,1 Mm
BBIXOHASA MOILITHOCTD «vuurruenniuererenreensensrnsmnenns 3-5 MBT
TIAOTHOCTB MOIIHOCTH Ha aneprype aHTeHHsI 10 MBT/cM2
JEBHAIUS HECYILEH YACTOTEL «vvvvvnvrnernennennennnns 100 MTI'n
YacToTa CBHIIMPOBAHUA HECYIEH YacTOTHI ........ 100 I'm
YaCTOThI aMIIAUTYIHON MOAYASILIHH ............. 0; 8; 16 I'x
MACCA ATIAHKATOPEA +uevurrrnrrnrrarnseenennreneeneenssnonneenssosaens 6r
Macca 6AOKA MUTAHUS U YIPABACHUS .cvuvenneenennnns 200r

Ha puc. 29 nokasaHa apyrass pa3HOBHIHOCTE allra-
pata «MaabIi»,

OTAMYUTEABHOH OCOOEHHOCTBIO 3TOH CXEMBI SBASIETCS
JOIIOAHUTEABHOE HCIIOAB30BaHUE 3AEKTPOMArHUTHOIO M3-
AYYEHHSI B BHIAMMOM JHalla30HE NAUH BOAH. B MemuiuiH-
CKOH TPaKTUKE JAaBHO YKE MCITOAB3YETCS ONTHYECKOE H3-
AYYEHHE Pa3AHMYHBIX LIBETOBBIX OTTEHKOB — LIBETOACYCHHE
nau OTOTEPANIHSA, M CO3IaH Psifi alllapaToB JAS TaKOro
AedeHMs. B ocHOBE 1IBETOAEUYEHUST AEKHUT XOPOIIO YCTAHOB-
ACHHBIHN 3KCIIEPUMEHTAABHBIN (QaKT, YTO, HAIIPUMED, H3AY-
4EHHE 3EACHOI0 LIBETA MOAE3HO IIPH ACYEHHH HEPBHBIX 3a-
OoaeBaHHUI, JKEATOTO LIBETA — JKEAYNIOYHBIX, a KpacHbIH
LIBET OKa3bIBaeT OOILEYKpenAsIollee NeHCTBHE.
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Puc. 29. Cxema KBY-anmankaropa co CBETOAHOAAMU:
1 - KOpIIyC anraAMKaTopa; 2 — OCHOBHOM BOAHOBOJ,; 3 — COTAACYIOLIWIET
nopmens; 4 — KBY-reHeparop Ha auoxax 'aHHa; 5 — aHTEHHBI reHe-
paropoB; 6 — pyIlopHas (repeiaroiiast) aHTEHHA; 7 — AUIAEKTpUYe-
CKOE€ KOABIIO; 8 — CBETOAMOMABI; 9 — COTAACYIOINAs AWIAEKTPHYECKas
MmeMmOpana; 10 — TepMucrop; 11 — aHTeHHa BerpoeHHoro KBY-mH-
AuKaropa (Ha pHcC. He IToKa3aHa)

B cxeme Ha puc. 29, Hapsamy c KBY-usayueHuewm,
IIPUMEHSIETCST H3AYUYEHHE CBETOAHON0B (8) B KpacHOM Oua-
ra3oHe (CBETOBasi MOUIHOCTB CBETOAHOMAA PABHSIETCS IIPH-
mepHo 10 MBT). IllecThb CBETOOHMONOB pacrosararoTcst Ha
JHUSACKTPHYECKOM KOABLIE (7), OXBATBHIBAIOIIEM DPYTIOPHYIO
KBY-anTenny (6). KoHCTpyKIMs TakKoro arrapara TakKe
6blaa 3amareHToBaHa B Pd, a camu amnmapaThl HallAM
IIPHMEHEHME Ha ITIPaKTHKE.

B Takux anmnapartax MOXKHO HCII0Ab30BaTh JOTTOAHH-
TEABHBIE 3AEMEHTBI JIAST KOHTPOAA PA3SAHMYHBIX BBIXOIHBIX
rmapaMeTpoB, HATIpUMED, TEPMOIap UAH TEPMOPE30HaTO-
poB (10) nAst KOHTPOASI TEMIIEPATYPhl KOPITyca allAhKa-
TOpa HAH IOAYNIPOBOAHHUKOBEIX HHAMKATOpoB KBY-u3ay-
yenuda (I11) (rpansucropsl, auoxsr MorTku n ap.). Ha-
IIpHMEpP, B COOTBETCTBHH C MEAMIUMHCKHMH CTaHAApTa-
MH TEMIlepaTypa KopIlyca arilauKaTopa He JOAXKHA IIpe-
BolaTth 38...40° C, u npu npubAnkeHUHn paboueil TeMm-
IepaTyphbl K 3TOMy IIpefieay (a Takas CUTyallus Ha IIpak-
THKE BO3MOXHa M3-3a €CTEeCTBEHHoro pasbpoca I/l no
paboyeMy TOKYy) MHKpoIpolieccop B OAOKE NMUTAHHUS IIe-
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pekalodaeT paboTy annAuKaTopa H3 HENPEepbIBHOTO
(06BIYHOrO) pexxumMa paboThl B UMITYALCHBIH, YTO IPHBO-
OUT K YMEHBIIEHHUIO MOIIHOCTH PACCESHHUS B HEKOTOPOE
YHCAO Pas3, MPONOPLIHNOHAABHO CKBaX*KHOCTH HMITYABCHOTO
KBY-curuasa.

HeobxonuMoCcTh B HENPEPBIBHOM KOHTPOAE BBIXOI-.
Ho#t KBY-MOIIHOCTH B PAfE CAy4YaeB ONpaBAbIBAaeT TaK-
K€ W HUCIIOAB30BAaHHE B alllIAMKATOPE BHYTPEHHETO HH-
OUKaTopa, TOrAa KaK B OOBIYHBIX anmnaparax MM-
Tepartiy UCIIOAB3YIOT, KaK IIPaBHAO, aBTOHOMHBIE HHIH-
kaTopsl KBY-MmoniHocTH.

Hakoneln, pacCMOTPUM CXEMY OPHTCHHaABHOIO MHO-
royHKIIHOHAABHOIO anmnapara «YHHBepcaa», KOTOPBIH,
110 MHEHHIO aBTOPOB paboThl, MOXKET SIBUTHCS ITpoobpa-
3o0M annapatoB MM-Tepaluy CAEOYIOUIEr0 ITOKOAEHUS
(puc. 30).

12 10¢ "FTT
Cem u | _

—
8 6 »l 5 J 9
~—

Puc. 30. CrpykTypHas cxema
nopratuBHoro KBY-amnmnapara
«KBY-M-3U-5,6/7,1-MTA»:

1 - noHuxKarpmui TpaHcopMaTop; 2 — BRIIPAMUTEAb; 3 — reHepa-
Topel KBY Ha anoxax I'anna (4,9; 5,6 u 7,1 mM); 4 — H4-rerepatop
Ha 8 n 16 T (aMnanT. Moxaya.); 5 — HU-reneparop Ha 100 I'm (wac-
TOTH. MOAYA.); 6 — MUKPOIIPOLIECCOD (pPYy4YHOE yIpaBaeHHE); 7 — MUK-
porporieccop (MporpaMMHoOE yIIpaBaeHue; 8 — DAOK ynpaBaeHns; 9 -
unaukarop KBY; 10 - ratimep; 11 — pynopHasa (repenaromas) aH-
TeHHa; 12— 6AOK MHAVKAIMU (CBETOAMOAB! M «Deryliast CTpoKas)
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B 3ToM anmapaTte HCNoAB30BaHbl HOBEHIIHE JOCTH-
2KEHUSI B 00AaCTH ITOAYIIPOBOHUKOBOH TEXHUKH, CXEMO-
TEXHUKH, AHU3aiiHa, a TakKe IPEeNyCMOTPEHbI HOTIOAHU-
TEABHbIE CEPBHCHbIE BO3MOXHOCTH. Anmapart obaamaeT
CAEYIOUIMMH OTAMYUTEALHBIMHU ITPHU3HAKAMHU.

1. BO3MOKHOCTB OIHOBPEMEHHOrO HCIIOAB30BaHUS
HECKOABKHX (B pa3paboTaHHBbIX Hpubopax — Tpex) am-
TMIAMKaTOPOB Ha OJHOM MAH Pa3HBIX YacTOTax.

Takast HeO6XOOUMOCTE MOXKET BO3HHUKHYTH, HaIlpH-
Mep, IIPH ACYEHHH HEKOTOPBbIX 3aboAeBaHHI deAOBeKa,
KOTZla AarlllAHMKaTOpPbl JOAXKHBI TPHUKAQILIBATECS OIHO-
BPEMEHHO K HECKOABKHM To4yKaMm (BAT) uam 3onam (3a-
xapbrHa-I'eqa) B COOTBETCTBUH C TAKTHKOH ACYEHHUS TO-
ro HAU HHOro 3aboAeBaHHUs, INpHYEM paboyue YacTOoTbl
aTlIIAHKaTOPOB MOTyT ObITH OAMHAKOBBIMH HAU Pa3HBIMHU,.

2. IloMuMO pPyYHOrO YINpaBAEHHUS BBIXOAHBIMH Ma-
paMeTpaMH alraAukaropa (pabodas yacrora, BHA MOAY-
ASIIIMH, BPEMs ceaHca M T.[.) TIPeAyCMaTpHUBAIOTCS M 3a-
paHee 3alpOrpaMMHUpPOBAHHBIE PEXHUMBI  YIIPABACHUS
anmnAHKaTOpaMH C IIOMOIIBIO BCTPOEHHOTO MUKPOIIPO-
LIeECCOpa, YTO MO3BOASIET, B YACTHOCTH, 3allMTh B NIPO-
rpaMMy «CTAHAAPTHBIE» PEKUMBI ACUEHHSI KOHKPETHOIO
3ab0A€BaHHUsI HAH OOECHEYHTH 3aKPBITOCTH aBTOPCKOIO
«HOY-Xay» (Takasi BO3MOXKHOCTL Ha ITPaKTUKE BO3HUKAET,
HallpuMep, NMPH A€YEHUH «IK30THYECKUX» 3aboseBaHUI
TI0 OPUTHHAABLHBIM aBTOPCKUM MaTepHasam).

3. Ilpubop npeArosaraeT yrpaBACHHE OT IIE€PCOHAAB-
HOT'O KOMITBIOTEPA, YTO B COYETAHHH C pa3paboTaHHbIM aB-
TOpaMH IIPOrPaMMHBIM obecriedeHHeM «3AE€KTPOHHBIHN
CIpaBOYHUK 110 MM-tepanuin» n «Pabodee mecro KBY-Te-
parieBTa» I03BOASIET MOBBICHTDL 3(p(EKTHBHOCTD ACYEHHS U
SHAYUTEABHO YIIPOCTHTL INPOLICAYPY ACYEHHsI, 0OCOOEHHO B
cAy4asix, KOrJia Ha HavaAbHOM JTarle KBaaH(UKalis Bpa-
ya B 0baacTu MM-Tepariuy sIBASIETCS HEBBICOKO.

4. B npubope nMeeTcst LIeAbIH Habop OMTOAHHUTEABHBIX
CEPBHCHBIX BO3MOXKHOCTEH, HaIlpHMEpP, UHAMKAIMsS pabo-
Thl KOHKPETHOIO allllAMKaTopa, BbIOOp pabodeil 4acToThI
AMIIAMTYIHOH MOIYASLIMH, TaliMep, 3BYKOBasl MHIWUKAIIUS
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OKOHYaHMSI CEaHCa, PEXUM «Iay3ar, HCITOAL30BaHHUE IHUC-
riaess ¢ «Oeryueifl CTpoKOM»-TIOACKA3KON A OOAerdeHUs
paboTh!l Bpaya-TepaneBTa U Ap. B nocaemHelt MomudHka-
UK 3Toro ammnapara («YHuBepcasa-MTA») HCIIOAB3YIOTCS
TPU aBTOHOMHBIX aIllIAMKAaTOopa, IPHIEM K OAOKY ITUTAHUS
U YIIPABAGHMS MOXHO IIOAKAIOUATH OJHOBPEMEHHO TPH
arrnAuKaTopa ¢ AI0OLIM HabOpOM YaCTOTHI NeHEPAIIUH.

TakuMm o00pa3oM, OOWH amnmnapaT TUMA «YHHBEpCcaA»
obpequHsaeT B cebe PyHKIMOHAABLHBIE BO3MOXHOCTH H BbI-
XOMIHBIE TIaPaMETPhI LIEAOTO Psifia UCIIOAB3YEMBIX Ha IIpak-
THKE anrapartoB.

B 3aKAIOYEHHE OTMETHM, YTO KOHCTPYKTHBHBIC H
(YHKIIMOHAABHBIE BO3MOXKHOCTH TIOPTATHBHBIX anmnapa-
TOB THUITA «YHHBEPCaA» ITO3BOASIIOT HCIIOAB30BaTh B HUX
Ar00OBIe HOBBIE «MEIHUIIMHCKHE» YaCTOTBl BO BCEM MHAAHU-
METPOBOM AUaria3oHe NAHUH BOAH U AroOble dopmbl KBY-
pPamMoCUTHAAOB. 3TO MOXKHO INIPOAEMOHCTPHPOBAThH Ha
IIpUMepe HOBOTO amnmnapaTa B KOPOTKOBOAHOBOH YacTH
MM-guanasona («Maabim-MeuTas), B KOTOPOM HCIIOAB30-

BaHa HoBas yacToTa f= 118 I'T (A = 2,53 mm). ITa yac-
TOTa& COOTBETCTBYET BTOPOI «CUABLHOM» AMHHU ITOTAOIIE-
Husa MM-BOAH KHCAOPOZOM aTMocdephbl H, KaK ITOKa3bI-
BalOT [IpeIBApPUTEALHBIE OLIEHKH, OHa MoXeT 3ddek-
THUBHO HCIIOAB30BAaThLCS IIPH A€YEHHH KOXHBIX 3aboaeBa-
HUH pPa3sAUYHON 3THOAOTHH.

O[HOH M3 HOBBIX TEHIACHIIUH SABAAETCS CcO3HaHHe
KBY-anmnapaToB, yNpaBASIEMBIX HEIIOCPEACTBEHHO OT
TIEpCOHAABHOrO KoMribtoTepa. Co3zaHbl IAaThl, BCTpau-
BaeMble B KOMIBIOTEp, obecreduBarolye TpebyeMble
PEXKUMBI TTUTAHUS ITOAYIPOBOMHHKOBBIX T'€HEPATOPOB,
BKAlOYasl pPa3AWYHblE BUAbI MOOYASIMH. PaspabarbiBa-
I0TCsl aBTOMATHU3HUpOBaHHbIE paboune Mecta B KabuHe-
Tax KBY-Tepanuu ¢ npuMeHEHHEM KOMIBIOTEPHOH TeX-
HHUKH KaK [Ad YIIPaBACHHUS MIPOLIECCOM 0OAyYEeHUsI, TaK H
JIAST TIPOBEJICHUS HUATHOCTHKH HOABHOIO.

YaayHbIM 0Ka3aA0Ch MEIUIIMHCKOE TprMeHeHne KBY-
IeHEPaTOPOB C OCOOBIM PEXHMMOM ILIYMOBOrO, HEACTEPMU-
HUPOBAHHOIO H3AYYEHHS Ha TE€X K€ alpoOHpOBaHHBIX
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(cpemHux) maMHaxX BOAH. Micrioab30BaHME TAKOTO HU3AYYEHHST
OCHOBBIBAAOCH Ha MPENTIOAOXKEHHH, YTO OPraHH3M YEAOBE-
Ka KaK 4acTOTHO-H30HpaTeAbHast CUCTEMa caM BhIOEpeT U3
BO3/eHicTBYyIOIIErO 1IymMoBoro KBY-curHasa MHAWBHAYAAb-
HYyIO 4aCTOTY, COOTBETCTBYIOILYIO 3TOMY OpPraHH3My U JaH-
HOH ITaToAOTHH. BriepBhle Taxkoii peXuM ObIA peasn3oBaH
Ha CpeIHHX JAAHMHAaxX BOAH 5,6 1 7,1 MM B anmnaparte «JIlaem»
(FIPS PAH, r.®ps3uHo) [186], 1 HECKOABKO MO3XKe - Ha JIAU-
He BOAHEI 4,9 MM B arnmnapare «9aeKTpoHHKe KBY-104».

5.2. AeuyeGHO-AHATHOCTHYECKHE
KOMITAEKCHI

CaenyrooImM BaxXHbIM STarioM BHeapeHusi MM-rte-
pariyi B MEQULIMHCKYIO ITPAKTHKY siBAdeTcsl paspaboTka
Ae4eOHO-IUATHOCTHYECKHX KoMIaekcoB B KBY-muana-
30HE C HWHIAWUBUAYAABHBIM II0ZOOPOM dYAaCTOTHI. BBIAO
IIPEIAOXKEHO HECKOABKO OPHUTHHAABHBIX [TOAXOA0OB PEAAH-
3allTH KOMIIAEKCOB.

Hcropudecku NnepBLIM B Hame#l cTpaHe Obla paspa-
b6oraH KommaeKkc «faboT-dpmapka», KOTOPBIH BKAIOYAET
B ceba AUarHOCTHYECKYIO 4acTb («IaboT) M aeuebHyO
(«Ipmapka»)[187].

B 1990-93 rr. B HUU «JcTok» OMHOBPEMEHHO OBIAU
TIPOBEMIEHBI ABE OIBITHO-KOHCTPYKTOPCKHE paboTel. On-
Ha paborta — «fpmapkar Oblaa IOCBsIleHA pas3paboTke
cepuH anmnapaTtoB Ha ceTKy uyacror KBY, mocrarouHyro
JASl TIEPEKPBITUST BO3MOXKHOIO Oualia3oHa 4YacToT, IpH
KOTOPBIX B 3KCIIEPUMEHTE MOXKHO Oblao Obl HabaronaThb
U3MEHEHHE DPEOAOTHYECKHUX CBOHCTB KPOBH GOABLHOrO in
vitro. OCHOBHO# 11€ABI0 3TOM pabork! Ob1AO cO3aHuE amn-
napaTypbl OAs TUarHOCTHKH. Bo BTOpoi pabore - «fa-
6oT» mpenycMaTpHUBasach pa3paboTKa HOBBIX TeparieB-
THieckux KBY-anmnapaToB Ha 3Ty K€ CETKY YacToT. 3TH
OUAarHOCTHUYECKHE U TepaleBTHYECKHE amnnapaThl KOHCT-
PYKTHBHO M TEXHOAOTHYECKH ITOAHOCTBIO 0a3MpOBaAHCH
Ha pa3paboTaHHBIX PaHEe U CEPHITHO BBITyCKAEMBbIX aIl-
rapaTtax Tyria «IBb-1».
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OKa3aaoch, YTO B KaA4YeCTBE JUArHOCTHYECKOro napa-
MeTpa MOXKHO BBIOpaTh, HAIIpUMEpP, M3MEHEHHE PEeOAOTH-
YEeCKHMX CBOHCTB KpOBH ITallMeHTa (BA3KOCTb, CKOPOCTH
OCEIaHNs SPUTPOLIUTOB M T.I.). COGCTBEHHO «IHMArHOCTHKAN
CBOOUTCHA K TOMY, YTO M3 HECKOABKHX (QHKCHUPOBAHHBIX
YacToT arapara «J1A60T» (B 3TOM KOMIIAEKCE HMEETCH IATh
KBY-amnmapaTtoB) BbIOHpaeTca Ta 4acToTa, ITPH BO3AEHCT-
BUH KOTOpPOH Ha KpOBb (DUKCHPYETCSI MAKCHMAaABHBIN OT-
KAUK. IMEHHO Ha 3TOit 4acToTe, HO Y2K€ C HCIIOAB30BaHHEM
anmnaparoB «JlpMapka», IIPOBOAUTCH A€YEHHE ITallMeHTa (B
«JIpMapKke» TOXKe IATh alnapaToB M KX YacTOThl UAECHTHY-
HBI YaCTOTaM anmapaToB «Ia6om). Takass MEeTOAUKa XOPOo-
1110 3aPEKOMEHI0BaAN cebst TPU A€UYEHHH BOABLHBIX racTpo-
3HTEPOAOTHYECKOTO ITpodhHAL.

OmuuMm u3 nepBbix ALK OblA IPENAOKEH TaKXKeE B
HHcTUuTyTEe TEXHHUYECKOH MexXaHHMKH HanmonaapHO# aka-
OeMHU HayK YKpauHsbl (r. [IHenpornerpoBck). K mHoroka-
HaAabHBIM npubopam gasa KBY-treparnnu tuna «Ayg-KBY»
ObIA mobaBA€H CIIELIMaABHBIH ammnapaTr 3AeKTPOIIYHKTYP-
HoM guarHoctThku «Ayd KBY-/I», KOTOpBIH 10 3AEKTPO-
dH3UYECKHM ITapaMeTpaM (KOMIAEKCHasI IPOBOAHMOCTD,
aHOMIHO-KaToNHAd IMPOBOAMMOCTE M I'PafUEHT TeMIlepa-
Typbl) BAT, uaMepsieMbIM Ha IOCTOSIHHOM U IIEPEMEHHOM
TOKE, M03BOASIA MTOAYYUTE OOBEKTUBHYIO MH(OPMaIHIO O
COCTOSIHMM OPTaHH3Ma MU BBIAEAHUTH OPTaHbl U CHCTEMBI C
nnatoaoruei [188].

B memunuyHckoMm ueHtpe «BeaHuko» (r. Burebcek)
OBIA IPEIAOKEH KOMIIBIOTEpH3UpoBaHHBIN AK, B KOoTO-
poM cC amnmapartaMu «SBb-1» cOBMeNIaACs AWATHOCTHYE-
CKHH BAEKTPOIYHKTYPHBII NpUOOp «DyTOHUS» (OHATHO-
CTHKa npoBoguTcs 1o Metony Poaaa-KaruHa).

AK «(MUOUC-710-4» (r. MockBa) UMEET BCTPOECH-
Hylo cucreMy norucka BAT u AMarHOCTUYECKYIO0 CHCTEMY
Akabane.

B nocaeguue roas! ObIA IPENAOKEH KU pa3paboTaH ae-
4eOHO-INarHOCTHYECKHH KoMIaeKc[189|, ocHOBaHHEIN Ha
OTKPBLITUM CapaTOBCKHUMH (DHU3HKAMHU HEH3BECTHOIO paHee
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adbderra (CIIE-addexT) mpu B3auMOAEUCTBUH HU3KOMH-
TEHCHBHBbIX MM-BOAH C OpPraHHU3MOM YEAOBEKa, a TaKKe C
AI0OBIMH  BoZoOCOAEpKAaIMHU o6bekTamu [44]. CyiiHocTb
atoro 3ddeKTa, ero puandecKast HHTEPIIPETAIHs II0AP0o0-
HO 0bcyzKIaAuch B pasaesax 2.5 u 2.6.

Kak yzxe yKa3blBaAoChb, B 3KCIIEpPUMEHTAX, CBS3aH-
HBIX C HCCAEAOBaAHHEM OCOOEHHOCTEH B3auMoOAeHCTBHSA
PamuOBOAH C BOOHBIMH OOBEKTAMH, BIIEPBBIE ObIA IIPHU-
MEHEH ITPUHLIUI CYLIECTBEHHOro (Ha 1-2 mopsaaka) pas-
HECEHMsI YaCTOT MaJarolUX M OTPaKEHHBIX (IpHHHUMAae-
MBIX) paguoBOAH. IIpu 3TOM HMHTEHCHUBHOCTBL H 4acToTa
U3AYYEHUS B 00AACTH IpHUEMa OTYETAUBO XapaKTepH3y-
IOT CBOMCTBA U cocTogHue 00beKTa. MeXaHU3MOM TaKOro
nepeHoca u3 MM- B [IM-nmamna3oH CAY2KUT IHCCHIIALIMS
sHeprun MM-BoOAH, KoTOpasi H MIPUBOOUT K JIOTTIOAHHTEAB-
HOMY IIIYMOBOMY (QOHY B Cpefie OOBEKTa B IIHPOKOM IHa-
1a30HE YacTOT, B TOM YHCAE€ JAMHHOBOAHOBOH YacTH CIIEK-
Tpa — AM-auanasoHe, IpUHUMaEMOMY PaIHOMETPOM KakK
panuooTKAMK Ha KBY-BozaeiictBue. Bo3bykaennsie MM-
BOAHBI, PACIpPOCTPaHSISICh B CPEHAE, CIIOCOOHBI OXBATHI-
BaTh 3HAYMUTEALHbBIE OOBEMEBI, IT0 MEHEBIIEH Mepe, B IIpe-
OeAaxX CKHUH-cAOsl BoaH JM-muamnaszonHa. Torma curHaa
PaaUOOTKAUKA OyAeT AOCTaTOYEH OASl PETHCTPALUU €ro
PanroOMETPOM.

HayueHue mauteabHoro Bo3daeirictBugd MM-BoAH Ha Te-
AO TIALIMEHTA INPOBOAUTCH HA OOHOM U3 PE30HAHCHBIX Yac-
TOT. B 3TOM CcAyyae 3armich paliOOTKAHUKA IPOBOAUTCS BO
BpeMeHU. [laHHBII MeTon cocTaBasieT ocHoBy KBY-rte-
panmuu B pas3paboTaHHOM AedeOHO-AUArHOCTHUYECKOM
KoMmaekce. Takum 06pa3oM, MOXKHO CYHTATB, YTO CHCTE-
Ma «BOJA-BOAHa» BBINTOAHSIET KOMMYHUKAIIHOHHO-KOPPEK-
TUPYIOULYIO poAb. IIpu TAyOOKOH NATOAOTMM, KOrja BO3-
MOXXHOCTEH BHYTPEHHHX HCTOYHHKOB MM-BoAH Henocra-
TOYHO Jasl €€ KOPPEeKUHH, HeobXonuMOo BHeUIHee (Tepa-
neBTuyexkoe) MM-BosneiicTBHEe Ha PE30HAHCHBIX 4acTo-
Tax BoAbl. [laHHbIe IPENCTABACHUS AEXKAT B OCHOBE pas-
paboTaHHBIX METOOB JUATHOCTUKH U TEpariiy, UCIOAb-
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3YIOIHUX COOCTBEHHBIE PE30HAHCHBIE PAaIMOBOAHOBBIE
MIPOLIECCh OPraHU3Ma.

B 3TOM COCTOUT CYILIHOCTH METOLA PE3IOHAHCHO-
BOAHOBOM [HAarHOCTHKH U MOAEKYAIpHO-BoaHOBoH KBY-
Tepanuu. MeTox 4Ype3BbIYAfHO YYBCTBUTEAEH K TOHKHM
CTPYKTYPHBIM IIEPECTPOHKaM H (YHKUHOHAABHOMY CO-
CTOSTHHIO OOBEKTOB.

Cxema paboTh! KOMIIAEKCA NMPEeACTaBACHA Ha pHc. 31.

KBY-reHepatop
] (50..70TTy)
30HAVPYIOLWWIA

PaauomeTp

2%
(avarHocTuka)

{

pacho- 2 3 | TepaneBTUuECKWi

nocTpoutens KBY-annapaT
(MHAVKaUWa )

Puc. 31. Cxema AeueOHO-AUATHOCTUYECKOTO
roMmmaekca CAP

KomMrmaekc BKAIOYaeT B cebst YeThbIpe OCHOBHBIX OAOKA:
OUarHoCTU4ecKuit (1), MHAMKATOPHBIN (2), TepareBTH4e-
ckuii (3), a Taxke KBY-reneparop (4), nepecrpanBaeMblii B
yacToTHOM auarnasoHe 50...70 ITu. Bea npouexnypa acde-
HHUSI CBOAUTCS K CACHYIOIIEH ITOCAENOBATEALHOCTH IEHCT-
Buii. [Ipexpae Bcero, CHUMaeTCst CrleKTpaAbHast XapaKTepH-
CTMKaA TEIMAOBOI'O DPafMOU3AYHYEHHsT M3 TOH obaacTH Teaa
ralfeHTa, KoTopasi OTBETCTBEHHA 3a 3a0oAeBaHHE Ialld-
enra. Tak Kak obHapy»KeHHbIe W OMUCAHHBIE BBIIIE PeE-
30HAHCHBIE YacTOThl HE BLIXOAAT 3a npeneabt 50...70 I'Tiy
(fo ~ 50,3; 51,8; 65 I'Tw), TOo BITIOAHE HOCTATOYHO MCII0ABL-
30BaThb OAd 3THUX Lieaedt reHepaTopbsl KBY, nonyckaroiue
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MAGBHYIO IIEPECTPOHKY 4acTOThl. B KadecTBe Takux re-
HEPATOPOB MOXKHOMCIIOAB30BATL CTAHIAPTHLIE NTPUBOPHI
cepuu I'4, nampumep, I'4-141, I'4-142. ITogxomsiUMu
JAST 9TOH ILIEAM SIBASIIOTCS TaKIKE AIOOblE amriapatbl, HC-
TIOAB3YIOIIHME B KAYECTBE aKTUBHBIX 3AEMEHTOB BaKyyMHbIE
HMAH ITOAYIIPOBOAHUKOBBIE IPHOOpPLI. Pe3dyabraToM auarHo-
CTHKH SIBASIETCH CIIEKTP PAQHUOTEIIAOBOTO U3AYYECHUS 1ALk~
eHTa NpH 00AydYeHHH ero MM-BoAHaMM (MHIUKATOPHBIN
6A0K). B kauecTBe UHONKATOPA MOIYT ObITH UCIIOAB30BAHBI
Ar0ObIE cpencTBa oTobpaikeHHs1 rpaduyeckoil uHQpopMa-
LIMH: CAaMOITHCLIBI, OUCIIAEH MU T.A. Ilo criekTpasbHOi Xa-
paKTEPHCTHKE BBIOUPAETCSI Ta YacToTa fp, B 06AACTH KOTO-
poi#i oTMeuaeTcst Harboablllee OTKACHEHHE OT CTAHAAPTHOR
CIIEKTPAABHOH XapaKTEPHUCTUKHU (Iast Boxwl, puc. 13) Yac-
TOTa fp UCHOAB3yeTCA B TeparneBThudeckom KBY-ammapare
JAST TIPOBEZIEHHUS Kypca AedeHHUst. TakuMm 00pas3oM, aeuebHO-
JUarHOCTHYECKUH KOMIIAGKC IPENyCMaTpPHBAET HCIIOAB30-
BaHHE KOMIIAEKTA U3 Tpex KBY-TepareBTHYeCKHX anmnapa-
TOB, COOTBETCTBYIOLIMX TPEM 3HAYEHHSIM pPE30HAHCHBIX
yacTor (fp~50,3; 51,8; 65 I'Tw).

OcCHOBaHMEM JIAsT OKOHYAHHS Kypca ACYEHUSI CAYXKUT
GAM30CTEH UTOTOBO CITEKTPAABHOH XapaKTEPUCTHUKHU TEIIAO-
BOTO PaAHOMU3AYYICHHUS NalHeHTa K craHmapTHoM. Kamnu-
yeckasl arnpobalys MpH A€YEHHH Pa3AHYHBIX 3a00A€BaHUMN
4YyeAOBeKa I10Ka3aAa, YTO OOBIMHO [OCTATOYHOE KOAHYECTRBO
CEaHCOB ACYEHHS ACKUT B IIpeneaax 15...20. OkoHUaTeAL-
HO BOITPOC O 3aBEPINEHHM Kypca ACHEHHSI MOXKET TakKe
pemaTbCsl U C MIPHUBACYEHHEM CTaHOAPTHBIX AUArHOCTHYE-
CKHMX METOIOB, KOTOPbIE B HACTOAIIEE BPEMS HCIIOAB3YIOT-
Csl B HAlIMX MEAULIMHCKHX VYIPEKIECHUSAX (PEHTTeHOBCKUE,
YABTPa3BYKOBBIE U TEITAOBU3HMOHHbIE HCCAEIOBAHHUSA U T.1.).

B HIIO «®opym» (r. Mocksa) paspaboran AOK
«[IlapM», B KOTOPOM ITOHCK TOYEK aKyIYHKTYpPbl, PHOMO-
paxky U (poAAEBCKasi MUATHOCTHKH IO3BOASIOT ITPOU3BO-
OUTH LIEACHAIIPaBACHHYIO0, KOHTPOAHPYEMYIO KOOPEKIIHIO
COCTOsIHUS OpraHusMa c rnomouisio KBY-obayuenus. Pac-
CMOTPHM OpPHTHHaABHYIO cxeMy aToro AIK nonpobHee.
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5.3. AtnmapaTypHbBIH KOMIIAEKC
A GyHKIITHOHAABHOH AHATHOCTHKH
1 KBU-KoppeKIHH COCTOAHHA YeaoBeKa «lllapm»

IIpuMeHeHHEe COBpPEMEHHEBIX
PaAHO3AEKTPOHHBIX METOAOB B pedhaeKCcoOTEPAITHH
H IYTH CO3XAHHUS HOBOM MeXHIHHCKOH TEeXHUKH

Kaxk u3BecTHO, BOCTOYHAs MEIUIIMHCKAs METOIHKA
COCTOHT M3 AUArHOCTHKU U aedeHUs1 [190]. B nepBomM cay-
4ae OTHHM M3 OCHOBHBIX METOHOB SIBASIETCSI ITyALCOOHArHo-
CTHKa, a BO BTOPOM — HUraoyKaabiBaHue. [Ipu 3ToM B 60ABL-
EN CTENEHHU [0 CPaBHEHUIO C 3anafHOH (COBPEMEHHOH)
MEIULIMHOH AedaT DOABHOrO, a He 00A€3HBb, TO €CThb YAYY-
AT (QYHKLMOHAABHOE COCTOSIHME CHCTEM OpraHusMa,
€ro OpraHoB M 3alllMTHBIX MEXaHH3MOB. MeTon aedeHUs
3aKAIOYAETCsT B TOM, YTOObI HA OCHOBAHHH ITPAaBHALHOTO
JUarHo3a «OTPEryAHPOBATE» C TIOMOIIBI0 HTAOYKaABIBAHUSI
COCTOSIHME 12-TH OCHOBHBIX MEPHIUAHOB (10 APEeBHEKU-
TaMCKOM TEPMHHOAOTHH), MNOMNAEP>KUBAIONINX TUHAMHUE-
CKOE paBHOBECHE OpPraHHU3Ma.

OcHOBHasI LIEHHOCTb BOCTOYHOI MEIUIIMHBI — B HAKO-
IIA€HHBIX TBICSTYEACTUSIMH 3HAHUSX O PAaCIIOAOKEHHH U
CBOMCTBaX aKyITyHKTYPHBIX TOYEK, OOBEOHUHEHHBLIX B OHY
o0LIyI0 CHCTEMY MEpPHUAUAHOB. 3Ta CUCTEMa OTPaXKaeT (C
BBIXOJIOM Ha [OBEPXHOCTEL TE€AQ) U IOAINEPKUBAET COCTOSI-
HHE (PYHKIIMOHAABHO-3HEPTETHUECKUX MIPOSIBACHHI roMeo-
cTa3a OpraHu3Ma, o0ecIIeyHUBaeT BO3SMOXKHOCTD €10 PEryAr-
POBKH U ctumyasiipy. OcTaBasich HA YPOBHE MaAOMIOCTYII-
HOM JAS 3aIIaaHBIX BpadeH TPaaULIOHHON BOCTOYHOH IU-
arHOCTHKH, MbI AHIIAEMCS] IUHPOKHX TEParIEeBTHYECKUX
BO3MOXXHOCTEH BOCTOYHOH MEIUIIHMHBI.

IlepcneKTUBHBIH BBIXOJ, M3 CAOXUBIIeHCcsS cuTya-
IIMH, KOTOPBIH MOXKET K TOMY K€ NaTh OOABIIOH COITU-
AABHBIN M 3KOHOMHYECKHH 3D (EKT, 3aKAIOUAETCH B CO3-
JaHHH HOBOM MEIMIIMHCKON TEXHHUKH 3ACKTPOIIYHKTYP-
HOM MMArHOCTHMKM U KOPPEKIIUH roMeocTasa Ha base co-
BPEMEHHOHN DPaJIO3ACKTPOHHUKH M Pa3paboTKe COOTBET-
CTBYIOIINX METOIUK.
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C ToukM 3peHus (PHU3HMKA HUMEETCs OAMH HEOCIIOpH-
MBI, MHOTOKPATHO ITPOBEPEHHBIN (QaKT — 9AEKTPOIIPOBO-
HOCTB B TOYKax akymyHKTYypb! (TA) Bcerzia 6oavlire, yeMm BO
BCEX APYTHxX 00AaCTSIX TeAa, U TIPH SACKTPOCTUMYASIU TA
BO30yxKIIEHUE PACIPOCTPAHSETCS BIOAL (10 XOLY) MEpPH-
nuana. MMeercsa Takske MHOTOKPATHO IPOBEPEHHEIN (akT,
4TO NIpU 3a00AEBaHUU opraHa OOAE3HEHHBIMH CTAHOBSTCH
TOYKH, CBSI3aHHBIE C MEPHUIHMAHOM HMEHHO 3TOT'0 OpraHa.
MopdhoAOrHYECKHE HCCAEIOBAHUS CBUIETEABCTBYIOT, YTO
TA — 3TO BBIXOJBI K ITOBEPXHOCTH KOXKH CKOIACHUH HEpB-
HBIX BOAOKOH H CIIELIMAAM3HUPOBAHHBIX PELIENITOPOB, ped-
AEKTOPHO CBSI3aHHBIX C PA3AWYHBIMH OpraHaMM M CHCTe-
MaMH, B TOM YHCAE U C LEHTPaAbHOH HEPBHOM CHCTEMOH.

Cucrema TA, pacIioAOK€HHass Ha MEpHANAHaxX, CBd-
3bIBAET IIOKPOB Te€AA C BHYTPEHHHMHU OpraHaMM H LIEH-
TPaAbHOH HEPBHOM cHUCTeMOIl. Hepes aTh MPHUpPOOHBIE «OK-
Ha» — TA MOXXHO HE TOABKO HabAIO[IaTh COCTOSTHUE KaXKJI0TO
opraHa, HO U 3P HEKTUBHO BO3AEHCTBOBATE, OCYIIECTBAATD
PETYAHPOBAHHE CHCTEM TOMEOCTA3a, BBI3BIBATHL 3(P@EKT
MOGHAHM3AIIMH 3aIIIUTHBIX CHA OpPraHu3Ma.

YTo MOXKHO HCIIOAB30BATH JASI MOJAEPHH3AIIHH BOC-
TOYHOH pedAEKCOTEPAITHH H3 3AEMEHTOB TEXHHYECKOIo
rporpecca?

Bo-niepBBIX, y?K€ OABHO IIOSBHAMCH IIPUOOPBI OAs
HU3MEPEHUS DAEKTPO(PUIHYECKUX I1apaMeTpPOB U CTUMY-
ASIITUH TOYEK aKyIIyHKTYPBI.

Bo-BTOpBIX, NOSBHAACH KOMIIBIOTEpPHAs pedAEKCO-
OHUAarHoCTUKAa 1 COOTBETCTBYIOIlAs anmnapaTypa.

B-TpeThuX, MNOABHAHCHL HOBeHIIHE paguodH3ude-
CKHEe MeToApl Teparnuu, Hanpumep KBY-repanusa. OHu
boace 3peKTHUBHBI, yIOOHBI M 0€30IIacHbI, YEM HIAO-
YKaAbIBAHUE HAHW NMPHKHUraHHe. PAcCMOTPUM TPH yIIOMSI-
HYTBIX acCIeKTa. -

A1 U3MEPEHHsT 3AEKTPOHU3UIECKHUX rapamMeTpoB TA
B HacCTosdIIee BPeMs UCIIOAB3YIOT 11€AbIH psig meTtomoB. Ha
HaN B3rasy] HauboAee MpaKTHYHBIN U3 HUX — MeToA, Haka-
TaHu (1950 r.).
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CoraacHoO TPagWLIMOHHOH BOCTOYHOMN MEIUIIMHE CO-
cTosiHMEe OWOAOTHMYECKH aKTHBHOI TOYKH OTpakaeTr
dYHKLIMOHAaABHOE COCTOSTHHE COOTBETCTBYIOILIETO OpraHa.
OTKAOHEHHE OT HOPMBbI B paboTe BHYTPEHHHX OPraHOB
MIPHUBOAUT K U3MEHEHHSM 3AEKTPOIIPOBOAHOCTH B ONpeE-
JEACHHBIX TOYKaxX Ha IMOBEPXHOCTH Teaa. Ha aesoit u
IpaBoil CTOPOHAX TeAa HMeeTcs 10 12 MepHuaAuaHOB —
puonopaky. B mepeBoze ¢ ANOHCKOTO PHOAOPaKy — XO-
PpOLLIO NTPOBOASIIAA AMHHUSA.

Hcroab3yst OTPOMHBIM CTATHUCTHYECKHM MaTepHaa
obcaenoBaHUsS KakK OOABHBIX, TaK M 3I0POBBIX AlOAEH,
npodeccop Hakaranu paspaboras MeTon HAHArHOCTHKH
Ha oCHOBe puozopaky. OH 06HapyXHA, YTO Ha KaxKIOM
MepUaHaHe CYIIECTBYET TOYKa, XapaKTepH3ylolas co-
CTOSIHHE MEpHUAHAaHa B 11€AOM. 3TO TaK Ha3bIBaEMbIE pe-
TIPEe3eHTATHBHBIE TOYKH.

B aTHX TOYKax OH IIPOHM3BOAMA H3MEpPeHHsT (DYHK-
LYOHAABHOI'O COCTOSIHHUSI OPraHOB, IofaBasl Ha H3MEPU-
TEALHBIN 3AEKTPOX HaNpsDKeHHE 12 BOABT OTHOCHTEABHO
OTOPHOTO 3AeKTpona. ITpH KOPOTKOM 3aMBIKAHMH 3AEK-
TPOIOB TOK B LIENH, U3MEPSIEMBIH MHKPOAMIIEDMETPOM C
conpotuBaeHueM 60 KOM, cocraBasia 200 MHKpoaMmIep.
IIpn BKRAIOYEHHH B pPaspblB LIENH MEXAY SACKTPOAAMH
y4acTKa KOXKHM BOKPYT TOM HAHM MHOM TOYKH aKyIIyHKTYDPbI
BEAWYMHA TOKAa B LIEMH, (PUKCUPYyEMasi MHKPOaMIIEpPMET-
poM, ragasa o6paTHO MPONOPLIMOHAABHO YBEAUYEHHIO CO-
IPOTHBACHHUS. Pe3yAabTaTbl H3MEPEHUS HaAHOCHAHUCHL Ha
KapTy PUOMIOpPaKy, B KOTOPOI OJHOBPEMEHHO OTMEYaAHCH
U KOPHAOPBI HOPMAABHOIO (QYHKLIMOHAABHOTO COCTOSTHMSI
KasK/oro opraHa. Bce pesyabraTbl H3MEpEeHHH, He IIO-
naBUINEe B KOPHZOP HOPMBI, TPAKTOBaAHCH IIPH 3TOM KakK
MaToAOrHsT (DYHKILIMOHAABHOro coctrosiHud. Meron Haxka-
TaHU U KapTa PHOJOPaKy U3BECTHBI B pedACKCOTepaIii,
TZ€ OH 3aMEHSET TPAAULHOHHYIO IIYyABCOAUATHOCTHKY, U
OITUCAHEI B COOTBETCTBYIOIIMX MoOHoOrpadusax. OHH IIH-
POKO HCIIOAB3YIOTCSI B MUPOBOH IIPaKTHKE, B OTAUYHE OT
MHOTI'HMX MOAH(MUKALIMH, B TOM YHCAE H POCCHHCKHUX.
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OpmHako 5TOT METOL HMMEET, N0 KpalHel Mepe, ABa
HeZocTaTKa!

1) oTcyTcTBHE aBTOMATH3ALIMH H3MEPEHUH, pe3yAb-
TaThl KOTOPbIX 00pabaThIBAlOTCS U HAHOCSITCS HA KapTy
PHOAOPaAKy BPYYHYIO, UTO TPEOYET IHOCTATOYHO NAHTEAB-
HOTO BPEMEHH;

2) caMo0 HU3MEpEHHE OKa3bIBAET BAHAHHE Ha (QYHK-
LIMOHAABHOE COCTOSIHHE MalleHTa — IIPOHUCXOANUT 3AEKTPU-
4ecKuil nMpoboil Touek M TIOBTOPHOE M3MEpPeHHe BO3MOXKHO
AMIUB ITOCA€ UX BOCCTAHOBAECHUS (CITyCTSI MHOTO 4YacoB).

HonyctuMble (PHU3UOAOTHYECKHE) OTKAOHEHUS ACKAT
B OYEHb Y3KOM HHTepBase (nopsiaka 10%). Ilpu ¢dukcu-
POBaHHOM CPEIHEM TOKE 3ACKTPOINPOBOMHOCTH KazKAOH
TOYKH MEpHAHAHA JIOAXKHA OBITh CTPOro (PUKCHPOBAH-
HOH, OIIpENEeAsIEMOM 10 KapTe PUOLOPaKYy.

B paborax [191-197] OblAO OCYLIECTBAEHO [OaAb-
Helilllee pa3BUTHE METOAA PUOAOPAKY C TeM, 4TOObI Ipe-
OIOAETH YKa3aHHbBIE HELOCTATKH:

1) OcyiuecTBAGHa aBTOMATU3AlHS H KOMIIBIOTEDH-
3auus u3MepeHu 1 o6paborTku pesyabraroB. C 3TOH 1ie-
ABIO CAOXKHas TabAulla KapThl PHOZOPAKY C HEAMHENHOH
IIIKAAOH TTPOBOAMMOCTH, PA3HON JAS KaXKZIOr0 M3 TAaB-
HBIX OPraHOB, Oblra NpeobpazoBaHa B €AUHBIH aATOPHUTM
C OAWHAKOBOM HOPMOH OOMYCTHUMBIX OTKAOHEHHH, II0OA-
HOCTBIO COBMAJAIOIIUI C HOPMOM KAACCHYECKOH naHa-
rpaMMbI PUOAOPAKY

JomycTMoe OTKAOHEHUE OT HOPMBI IPH (PUKCHPO-
BaHHOM CPEJIHEM TOKE OJIMHAKOBO y BCEX MEPHANAHOB.

BeBomss uyepez aHasoro-umcpoBoil NpeobpazoBaTeAb
(ALIIT) n3mMepsaeMble 3HAYEHHSI TOKOB B KOMIIBIOTED U CTPOs
COOTBETCTBYIOIIHE TabAUIbI U rpadHUKH 0 BceM 12-TH
MepuaHaHaM (IpaBbIM H A€BBLIM), Mbl aBTOMATHYECKH IIO-
Ay4aeM Ha 3KpaHe MOHHUTOpa U B Hase JaHHBIX HEOOXOIH-
Moe HaM oTobOpazkeHHe UHGPOPMAIMH O (PYHKIIHOHAABHOM
COCTOSTHHU I'A@BHBIX OPraHOB U CHCTEM YEAOBEKA.

2) OcyuiecTBAGHO CHHXKEHHE MOIIHOCTH BO3AEHCT-
BUSl Ha IIALIMEHTA TIPH H3MEPEHHsIX NMPHMEPHO Ha TPH
MOPSAAKAa, YTO MPAKTHYECKH HUCKAIOYHAO BO3ZEHCTBHE Ha
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YHKIIHMOHAABHOE COCTOSIHHE IIallMEeHTa, O00eCeyrAo
BO3MOKHOCTB [TOBTOPHBIX U3MEPEHHH M HX BOCIIPOU3BO-
OUMOCTB. JTO ObIAO OCTUTHYTO 3a CYET BBEACHUSI OTHO-
CUTEABHO IIKaAbl U3MEpEHUH, a He abcoAroTHOH, Toraa
KaKk y HakaraHu MakcHMaAbHBbIE 3HAYEHHdA TOKa COOT-
BETCTBOBaAH IBYMCTaM MUKpoaMmIiepaM. Bbiarl CHHKEHbI
B 20 pa3 HM3MEpHTEABHOE HAIIpsiXKEHUE M TOK, OCTaBHUB
[O-TIPEXXKHEMY MaKCUMaAbHBIM MacuTab IIKasbl IIPH KO-
pPOTKOM 3aMbIKaHUU B 200 YCAOBHBIX AEACHUH, YTOOBI HE
MEHATH (OpMyAy IMporpaMMHOro asroputma. OTHOCH-
TEABHOE YMEHBIIEHHUE BEAHYHHBI TOKa C JABYXCOT JEAE-
HHIM NPH KOPOTKOM 3aMBIKAHHH 3ACKTPONAOB N0 MEHb-
IIVUX 3HaYEeHUH 3aBHCUT, KakK U Npexae B merone Haka-
TAHW, TOABKO OT COOTHONIEHHS HU3MEPSEMOrO COIMPOTHB-
AE€HHS] KOXU U BHYTPEHHETO CONPOTHUBAEHHS Ipeobpaso-
BaTead. [To3ToMy nporpaMma aBTOMaTU3HPOBAHHEBIX BbI-
YUCAEHHH, COOTBETCTBYHOIAsI KapTe PHOMOPAKY, OCTAET-
csl IIPE¥KHeH, HO ¢ MeHbIEH MOIIHOCTBIO BO3AEHCTBUSA U
YBEAMYEHHOH YYBCTBHTEABHOCTBIO allapaTyphl.

YnobcTBO, ONEpaTHBHOCTbL M HAIEXKHOCTb H3MEpE-
HHUSI COCTOSIHHH 9ACKTPONYHKTYPHBIX ITPOABAEHHUH CO-
CTOSTHHH roOMeocTasa I10ABASIETCSl TOrJa, Korga H3Mepe-
HUS U UX 06paboTKa IPOBOASTCS HE C MOMOIIBIO MHKPO-
aMIiepMeTpa M PYYHBIX BBIYHMCAEHHI II0 aAuarpamMMme
pHOOOPAaKy, a C ITOMOUILIO ITEPCOHAABHOI'O KOMITIBIOTEDPA,
KOTOpBIHl ofecreyuBaeT IIPOCTOTY IIOAYYEHUsI AUarHo-
CTHYECKUX MaHHBIX, BBICOKYIO MPOH3BOAUTEABHOCTbL U
6OABIIYIO TOYHOCTE PE3yAbTaTA.

B UP3 PAH (r. MockBa) pa3paboTaH ITOAHOCTBIO aB-
TOMATU3UPOBAHHBII KOMIIAEKC, PaAMKaAbBHO YIIPOCTHB-
LK ITPOLIECC AUAarHOCTHKH PHOIOpaKy. Bpemst ob6caeno-
BaHUs OJHOrO ITAllUEHTA HE NIPEBBIIAET S MHUH.

Ob6caenoBaHNE 3aKAIOYAETCH B OINPENEACHUM 3AEK-
TPOTIPOBOTHOCTH KOXKH Ha BceX 12 MepHAMaHax cAeBa U
cnpaBa. OTKAOHEHHSI OT HOPMBI (PUKCHPYIOTCS Ha ypOB-
He QYHKIHOHAABHBIX HAPYUIEHHH 33/I0ATO [0 MOSABACHHS
OpPraHUYEeCcKHX H3MEHEHHH B opraHax, 4TO I103BOASET
NpefoTBPaTUTEL pa3BuTHe 6oaesHH. Kommaekc criocoben
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BBIABASITH BCE CKPBITBIE ITATOAOTHYECKHE Mpoliecchl. OH
COCTOMT H3 NEPCOHAABHOI'O KOMIIBIOTEPA H 3AEKTPOHHOTO
HaoKka repBUYHOrO npeobpaszoanusa (ALII). TTocae usmepe-
HMSI BCEX TOYEK Ha 3KpaHe AHCIIAEs] BbIBOASTCH TADAULILI U
rpacuKH COCTOSTHHSI CUCTEMBI puosiopaky. CTerneHb OTKAO-
HEHHST OT (PHU3UOAOTHYECKOH HOPMBI HArAGQHO HAAIOCTDH-
pyercsa mudpamu U rpagukamu. Kpome Toro, ykassisaercs
CPEOHUI TOK, MAM OB TOHYC (110 BOCTOYHON TEPMUHO-
AOTHH — 3aIlac XXHU3HEHHOH 3HEpPruH), OAd KaXIOH TeCTH-
pyemoit TA. Mureprniperaliis H3MEpeHHH 3AeKTpodunde-
CKHX mnapameTpoB TA IT03BOASIET Bpauyy IOAYYHUTH HHEOP-
MalHio o0 (OYHKIIHOHAABHBIX OTKAOHEHHSIX OpraHuiaMa H
BBIOpaTh CTPATErHIO BO3LEHCTBUSA Oa Koppekuuu. Boaee
rrogpobHOe ONHCcaHue KOMIIAEKCA OYAET AAHO HIDKE.

Ha npoTsDKEHMH IIOCAEIHUX IIITHAOUATH AE€T Obla
NPOBENECH MNAUTEABHBIH ILIMKA [QHUATHOCTHUYECKUX 3AEKTPO-
IMyHKTYPHbIX u3MepeHui, KBY-Bo3nefictBHa Ha 30HBI TA
U TIOMNCK OIITHMaALHON METOAUKU 3TOr0 BO3NEHCTBHS.
Bcero 6b1A0 MPOBENEHO HECKOALKO HECATKOB ThICAY TO-
KOBBIX H3MepeHHH B 3oHax TA mo u nocae KBY-Bos-
LENCTBHS.

Ha puc. 32 mnokazaHa auarpaMma pHOIAOpPaKy, ITOAY-
YyeHHas IPH SKCIIPECC-AUArHOCTHKE, KOrja HMEA MECTO
oucbasaHC B CUCTEME MEPHUAMAHOB M HU3KUY ToHyc. KBY-
BO3IEHICTBUE Ha JAWHE BOAHBI 7,1 MM OBIAO ITPOM3BENCHO B
TedeHHe 40 MHH Ha TOHHU3HPYIOIIME TOYKUW YrHETEHHBIX
mepunuatosB IG, MC u P.

Pe3ayabTaT KOpPpEKHHUH (QYHKIIMOHAABHOTO COCTOSI-
HHUS IToKa3aH Ha puc. 33.

JMuarpaMMa pHofopaky Oblaa cHsaATa depe3 30 MHH
nocae okoHuyaHus KBY-BoazeticTBus. Xopowmio BHIHO
yayduieHHe 6asaHca B CUCTEME MEPHIHAHOB.

TakuM o00pa3oM, IEepBbIA BBIBOJA 3aKAIOYAETCS B
ToM, yTo KBY-Bo3nefictBue Ha TA pe3kKo H3MEHHET CO-
CTOSTHHE CHCTEMb! PHOAOpaKy. BTOpPbIM BBIBOAOM SIBASI-
eTca TO, 4To pe3yabrar KBY-Bo3geHCTBHS 3aBHCUT OT
HAYaABHOI'O COCTOSIHHSI CHCTEMb! PHOIOPAKY H HEAb3d,
HarpHMep, YyTHETATh YK€ YTrHeTEHHBIE OpraHbl, UAH TO-
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HU3UPOBaTh BO3OYKAEHHBIE. YTOOB! KOHTPOAHPOBATH
YKa3aHHbIE TIOAOXKEHHSI H OCYHIECTBASITE IIPH 3TOM
[IPUHIIUI «A€YHUTH He GoAe3Hb, a GOABHOrO» IPH BO3ACH-
ctBuH Ha cucreMy TA u OHOAONMYECKHM aKTHBHBIX 30H
(BA3) HeobxomMO HMMETB KOMIIAEKC aNlapaTypbl 3KC-
MPECC-ANArHOCTHKH H KOPPEKLMH (PYHKIIHOHAABHOTO
COCTOSTHHSI 4EAOBEKA C COOTBETCTBYIOLIHM IIpOrpaMM-
HbIM obecrieYeHHEM.
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Puc.32. [JuarpaMMma pHOAOPaKY
(cTpeakaMu yKaszaHbl MEPHUANAHBI,
10 KOTOPBLIM IIPOBOAHAACH KOPPEKIIHS)
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Puc. 33. [luarpaMMa pHOZAOPAaKy MOCAE KOPPEKIINH
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Anmaparypa Ae4eOHO-AHAaTHOCTHIECKOTO
xommnaexca «Illapm»

AIK «dlapM» — 3TO HOBBIH KOMIBEIOTEPH30BAaHHBIH
KOMIIAEKC C JUArHOCTHUYECKHM IMIPOrpaMMHLIM obecrieye-
HHEM, TepaleBTUYECKHMMH peLEeNTaMU Jasl BhIPaBHUBA-
HHSl TIATOAOTHYECKHX OTKAOHEHHI M obmupHOIl 6a30it
JaHHBIX (cM. puc. 34).

Wamepur.
3nexTpoA 3BM
—_— 1 ] 2 |— 3 6

Vnaubd:

anexvpoa

Puc. 34. Cxema usmepureabHoro 6aoka AIK «(Ilapm»
1 - BXozHOIt npeobpasoBaTesb; 2 — aHAAOro-LHppPOBoit npeobpaso-
BaTeAb; 3 — MHKpPONpoLECCOp; 4 — OnepaTUBHOE 3arlOMHUHAoLIee
YCTPOMCTBO; 5 — ITOCTOSTHHOE 3allOMHHAONIEE YCTPOHCTBO; 6 — 6AOK
ONITPOHHOM Pa3BA3KH; 7 — GAOK OTMOPHBIX HANPAXKEHU; 8 — aKKyMy-
AsiTOpHasi barapes

IIpy 3TOM B €IUHBII KOMIIAEKC COEIHHSIIOTCS BMeE-
CT€ TPHU CHCTEMBI: 3KCIIPECC-TIHATHOCTHKA CHUCTEM YEAO-
BEYECKOro opraHuima, nyHkrypHoe KBY-BoazeticTBue u
METOJHKA KOPPEKIIHH (DYHKIIMOHAABHLIX COCTOSIHHH oOcC-
HOBHBIX opraHoB (KBY-mmyHKTypHbIE pELIENThI).

Komriaekc co3naH B BUE ABYX MOOU(UKAIM: cTaly-
OHapHOHM M IepeHOCHOH. CTallioHapHBIH KOMIIAEKC BKAIO-
YaeT: HACTOABHBIN TIEPCOHAABLHBIHA KOMITBIOTED AIOOOH MHU-
HHUMaAbHOH KoHQurypauuu XT/AT/286/386/486; cmeH-
HYIO TIAQTY-3JIallTeP C H3MEPHUTEABHBIMH 3AEKTPOAAMH.
ITepeHOCHEBIH KOMITAEKC, KOTOPBIH 1103BoAdEeT paboTaTh B
YCAOBHSIX OTCYTCTBHS CETEBOT'O ITHTAHHSI, BKAIOYAET I10P-
TATHUBHBIA ITEPCOHAABLHBIHA KoMmmbioTep TUmna «Notebooks
M BBIHOCHOM 3AEKTPOHHBIH 0AOK C H3MEPHUTEABHBIMHU
3AEKTPOAAMH.



Munnumemposble 80/1HbL U JKUBble cucmembl 199

Kaxkaplit 13 KOMIIAEKCOB BKAIOYAET TAKXKE

1) mporpaMMHBIH ITaKeT, KOTOpBIH obecrneyuBaeT
TIOAB30BATEAI0 OPYKECTBEHHBIH HHTepdeic, IMO3BOASIIO-
Mt oTobpakaTe Ha MOHUTOPE BCHO TEKyLLyi0 HHOOP-
Mallyoo, BECTH 0a3y MaHHBIX, ITPOH3BOAMTL ITOHUCK, BbI-
BOOUTH WH(OpPMAIMIO B BUAE rpadHUKOB M Tabaull Ha
MOHHUTOP U NPUHTED;

2) TepaneBTHYecKUH Ipubop THma «SIBb-1» naa
KBY-repamuu, paboraromuil Ha (PHUKCHPOBAHHBIX JAHU-
HaxX BOAH 5,6 u 7,1 MM U o0Aagaromuii MaAoH TIAOTHO-
CTBIO NTOTOKAa MoIIHOCTH (10 MBT/cM?);

3) nugukarop KBY-n3ayueHus;

4) TEXHUYECKOE OIHCAHHE U METOIHYECKOe ITocobue.

HamepureabHast 4acTb SACKTPOHHOH IAAQTbl HMEET
TaAbBaHHUYECKYIO Pa3BsI3KY I10 LEMSIM MMHUTAHUS U I10 UH-
dopmaioHHBIM KaHaraM oT OBM, a noatomy abcoaror-
Ho Oe3ornacHa.

Komnaekc 1osBoasier:

—~ MPOU3BOAUTDH INOMCK TOYEK aKYIYHKTYPBI HA TEAE
YEAOBEKAQ,;

— NPOBOAUTH AKYIYHKTYPHYIO AUArHOCTHKY I10 Me-
TOLY PHONOPAKY;

— TIPOBOOHUTH HCCAEOBAHUS IAEKTPOPUIMIECKHX
IIapaMeTPOB KOXKU B 3aBUCUMOCTH OT BPEMEHU;

— mpoBoxuTh KBY-KOppernuio QyHKIHOHAABHOTO
COCTOSTHHSI BHYTPEHHHUX OPraHOB YEAOBEKaA.

Bpemst obcaemoBaHua OQHOTO NMalMEHTA HE IMPEBbI-
maeT 5 MHH.

KoMIiaeKc TT03BOASIET O COCTOSIHHIO 3AEKTPOITYHK-
TYpPHOH NPOBOAWMOCTH MEPHIHAHOB B PENPE3EHTATUB-
HBIX TOYKaX I[IPOBOAHUTH 3KCITPECC-AUATHOCTHKY U KOPPEK-
LU0 (QYHKIIMOHAABHOIO COCTOSIHHS AerkKuX (P), cocyaucroi
cucreMsl (MC), ceprnua (C), ToHKoro xumeyHuka (IG), san-
noxpuHHo cucteMsl (TR), ceae3eHKH /TTOKEAYIOYHOH Ke-
aesbl (RP), newenu (F), nouexk (R), MoueBoro my3eipsa (V),
JKeA4Horo Iy3bIpst (VB) u xkeaynka (E).

MK «Ilapm» mpolriea anpobalyio B pa3sAUYHBIX Y-
pexaeHusax MuHaapaBa P®. KanHuyeckue HCObITaHUSA
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TIPOBENEHBI 0 peleHu0 KoMmuTeTra 1o HOBOM MEIMIIMH-
ckoil TexHuke M3 Pd. IIpu 3TOM IaHBI ITOAOKUTEALHBIE
pPeKoMeHaanH 110 npuMeHeHHo AJK «IlapM» fast aeueHus
WHCyAbTa, auabera, HEBpaArMmu TPOMHHUYHOIO HEpPBAa, OC-
TEOXOHAPO3a, THIIEPTOHHU U [P., a TaKKe CPOpMyAHpOBa-
Ha boaee obIlast METOAMKA JASI TEX CAYYAEeB, IMe IPUMEHS-
ercst OOBIYHOE MEAMKAaMEHTO3HOe AedeHue. [IpoBesieHHbIE
HCNBITaHUA ToKasaan 3dderrusHocts AIK «[Ilapm» npu
AEYEHHUH YKa3aHHON I'PYIIILI 3a00A€BaHUIA.

AeuebHo-quarHocTudeckuii xkomraekce «[apm» aB-
ASIETCSI COBPEMEHHBIM, HANEXHBIM U 3(QPEeKTHUBHBIM
CPEACTBOM, KOTOPOE C YCIIEXOM MOXKET NPHMEHSITECS B
KAWHUYECKOH ITPAaKTHKE.

B pesyabTare NpoOBENEHHBIX HCCACHOBAHHI MOXKHO
CAEAATh CAEAYIOUIHUE BBIBOIDI.

1. TpamuHoHHYI0 pedAEKCOTEPAIIHI0 MOXKHO Tepe-
BeCTH Ha 0a3y COBpeMeHHOH DaJIHO3AEKTPOHHKH ITyTEM
IPUMEHEHUST KOMITBIOTEPHBIX U3MEPEHUH (HYHKIIMOHAAB-
HBIX COCTOSSHHUM M BO3IEHCTBUA Ha 30HBI TA C IOMOIILIO
KBY-IIyHKTYPEI.

2. CymecTBoBaHHE Ha KOXKHOH ITOBEPXHOCTH TeAad
4eAOBEKa XOPOIUO ITPOBOASAIINX AMHHH, COBNAAAalOIUX C
KAQCCHYECKHUMH MEpHAHaHaMH, MOATBEPKICHO IPSIMBbI-
MH 3ACKTPOQUIUYECKHUHUMH H3MEpPEHUsSMH, Peasu30BaH-
HBIMH C IOMOIUEIO anmnapaTtyps! JIlapms.

3. AeueGHo-muarHocTudeckuii Komraekc «lapm» 06-
AaIaeT UTHPOKUMH pedA€KCOTEPATIEBTHYECKHMH BO3MOXK-
HOCTSIMH KaK JAd 3KCIIPECC-AUAarHOCTUKH 10 METOLY PHO-
OOpaKy, TaK W [Asd BO3NEHCTBHSA HHU3KOMHTEHCHBHBIM
KBY-u3Ay4eHHEM C LIEABIO KOPPEKIMH (DYHKIIMOHAABHOIO
COCTOSTHUSI OTZACABHBIX OPraHOB, CUCTEM H BCEr'O0 OpraHu3-
Ma YeAOBeEKaA.

HMmeeT CMBICA OCTAHOBHUTECS KPAaTKO Ha 3AEKTPOdU-
3MYECKOM ITOATBEPXKACHUN HaAMYHA 3aMKHYTOH CHCTEMBI
3AEKTPONPOBOASAIINX AHHHN (MEPHIMAHOB) Ha ITOBEPXHO-
CTH KOXH ueaoBekKa. C TIOMOIIBLIO 3AEKTPOPHU3HYECKHUX
U3MEPEHHUH IIpH MCIIOAL30BAaHHH [AaHHOI'O KOMIIAEKCa
TIOATBEPXKAECHO HaAUYHE CHCTEMBI MEPHUIHAHOB, KOTOpas
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0 3TOro OblAa YCTAHOBACHA APEBHEKHUTAHCKUMM Bpada-
MU 110 KAUHUYECKUM (B0oAeBBIM) nTposgBaeHUsIM. Mopdoao-
TMYECKH MEPHAMAHBI 10 CHX TIOp HE BBIIEACHBI, XOTd 3Ta
cucrtema BecbMa 3((EKTUBHO HCIIOAB3YETCS B pedaeKco-
Teparnuy. 1o cux I1op HPOIOAXKAIOTCST CIIOPBI O TOM, CYILE-
CTBYET AM yKa3aHHasl CUCTeMa, KaK CYILIECTBYET, HaIlpH-
Mep, KPOBEHOCHAasI MAH HEpBHas cHcTeMbl. Ecan Mepuaua-
HBI — AMHHU PacCIIPOCTPAHEHUSA SACKTPO-XHUMHYECKOro (ry-
MOPAABHOT0) BO30YXKIAEHHS, YCTAHOBACHHBIE MIPEBHEBOC-
TOYHBIMH MEOUKaMU, OO CHUX II0Op He OOHapyKEHBI, TO
HYXKHO TIOTNBITATEC OGHAPYKUTH MX XOTSI Obl 3AeKTPOdH-
3HYECKH, paccMaTpHBasl MMauMeHTa B KaKOH-TO Mepe Kak
«IEPHBIA SNHK», BHYTPEHHSS CTPYKTypa KOTOPOro Hemoc-
TATOYHO HU3BECTHA, HO HA MOBEPXHOCTH CYIUECTBYIOT ped-
AEKTOPHBIE OTPazKEHHUsI STOH BHYTPEHHEH CTPYKTYPHI.

Hawm ynasock npoBecTH U3MEPEHUS AWHHN MOBBIIIEH-
HOH 3AEKTPOINPOBOJHOCTH BCEX 12-TH KAACCHYECKHMX Me-
pumuanoB: P, MC, C, IG, TR, GI, RP, F, R, V, VB u E. IIpnu
3TOM ObIAM 4YeTKO 3a(PUKCHpPOBaHbl BBIIEACHHBIE AWHHH
TIOBBIIIIEHHON 3A€KTPOIPOBOMHOCTH [10 KAXKAOMYy H3 YIIO-
MSHYTBIX MEPUOHMAHOB B IHCTAABHBIX OTAEAGX KOHEYHO-
cTell, HAYUHAas OT MAABLIEB U BIIAOTH IO AOKTEBBIX H KO-
AEHHBIX CYyCcTaBOB. MOXKHO 3adHUKCHPOBAaThb TaKXKe U
OAaABLHEHIIHH XOJ, OTZEABHBIX MEPUANAHOB, HAIlpUMep, B
00AaCTH TYAOBHIIIA U TOAOBBI. OTO OBIAO CAEAAHO C IIO-
Moukio yyBcTBUTEABHOrO AlIIT ¢ 11eHOH neaeHusa 60 HA u
pexunmMma BpeMeHHOH pa3epTku (ALl nopkarowascs K
KOXe IallleHTa ABYMS 3ACKTponxaMu). OTa armnaparypa
KpaTKo onucaxa Bbime. CoraacHO METOAMKE H3MEpPEHHUS
ONWH H3 HHUX LHAHUHAPHYECKHUH, MACCHUBHBIH, NPHXKH-
MaAcs K BHYTPEHHeH CTOPOHE Aa[OHH, a APYyrod — ak-
THUBHBIN 3AEKTPOJ MAOIIANBIO 1 CM? CAYKMA AT U3MeEpe-
HUS TIPOBOAUMOCTH B KOHKpeTHO#H TA.

Ilpu nopgaye B U3MEPUTEABHYIO LIETIb OITOPHOT0 Hampsi-
xkeHusa 0,6 B npu BHyTpeHHeM conpoTtuBacHHH 100 KOMm
Ha TIOBEPXHOCTH KOXH YETKO (PUKCHPYIOTCH CIIAOLIHBIE
AVMHUH TIOBBIIIEHHON ITPOBOIMMOCTH, ITOAHOCTBIO COBIIa-
JAIOIHEe C KAACCHYECKHUMH AMHUSMH 12-TH MEpHANAHOB.



202 Munnumempoenie 80HbL U JKUGbLE CUCTEMbL

Ha puc. 35 nokaszaner 12 MepuauaHOB HOTH U PYKH,
3abUKCUPOBaHHbIE Ha BPEMEHHOI pasBepTKe NpPU MeIn-
ACHHOM IIOTNEPEYHO-KPYITOBOM DABHOMEPHOM IBIDKEHHH
30HZIa (AKTHBHOIO 3AEKTPOA) HIXKE KOACHHOTO U AOKTEBO-
ro CyCTaBOB.

. OTH. enl.
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Puc. 35. MakCcHMyMBI NPOBOAHUMOCTH 12-T1
MEPHANAHOB HOTH U PYKH, 3apUKCHUPOBaHHLIE
Ha BPEMEHHOM pa3BepTKE NPH KPYyroBOM ABHXKEHHUH 30HAA
HHKE KOACHHOI'O H AOKTEBOI'O CyCTaBOB
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Prc. 36. MakcHMyMBI IPOBOAUMOCTH
BOKPYT AEBITH aKyNyHKTYPHBIX TOYEK
BAOAB MepHanaHa nepukapaa (MC)
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MakcuMyM ToKa (IIPOBOAMMOCTH) (PHUKCHpPyeTCs
UMEHHO TaM, IZIe OHU YKa3aHbl B KAACCHYECKOH akKy-
nyHkType. Takoro poma npodHAH IIONEPEeYHOH IPOBO-
JOHUMOCTH XOPOLIO BOCIIPOM3BOAATCS U (pUKcalusa 12 Mme-
PHAMAHOB MaAO 3aBHCHUT OT TOrO, IIONanaeM AW MbI B
6AMXHIOI0 30HY TA HMAH HET.

TeM He MeHee, €CAU IepEeBHUraTh 30HH, BIOAL MEpH-
IUAHOB, TO JASI KaXKJIOTO U3 HHUX CYILIECTBYET CBOSI CTPYK-
Typa IIPOBOJAUMOCTH, KOTOpasi YBEAMYHBAECTCSI B aKTHBHbIX
30Hax Bokpyr TA.

Ha puc. 36 pmaHe! rpaduKu OPOBOOUMOCTH BIOAb
MepuauaHa rnepukapaa MC.

IIpu paBHOMEPHOM IBIKEHHH 30HAA 3a(PHUKCHPOBAHO
neBaTh TA B ITOAHOM COOTBETCTBHH C JaHHBIMH KAQCCHYE-
CKOM akymmyHKTypbl. I'paduK IOAYYEH IIPH «IIOTIEPEUHOM»
TIOKAIOYMEHUH, KOrjla BHYTPEHHEHN CTOPOHOM AIOHU CXKU-
MaeTcs 0oABIIas A0 MACCUBHOIO 3AEKTPOAA.

5.4. AnmnmapaTypa AAs 0OAyYeHHS BOZBI
H BOAHBIX PAacTBOpPOB

Kaxk y»ke yIIOMHUHAaAOCh, IIpU ODAYYEHUH MUAAUMETPO-
BbIMH BOAHAMHU BEIUECTB B PA3AMYHBIX (Pa30BbIX COCTOSI-
HHSIX KAIOUEBYIO POAb UT'PAET BOAA HMAU BOIHBIE PACTBOPEHI.
AKTHUBHAd POAb BOABI B 3THUX Ipolleccax oO0ycAOBAEHA OABY-
MsI, BO BCSIKOM caydae, pusudecKkuMu apdpekramu: 1) cos-
IMafIcHHEM KBaHTa 3HEPrHU MHAAHMETPOBBLIX BOAH C Bpa-
IUATEABHBIMH YPOBHSIMH 3HEPTHH MOAEKYA BOZBI; 2) Cylle-
CTBOBAQHHMEM «OHOAOTMYECKOH MaMATH BOIAbLIY, BO3HUKAIO-
meN riocae Bo3ZIEHCTBUSA Ha He€ SAEKTPOMAarHHUTHBIX BOAH B
3TOM JUarasoHe.

ITepBblili 3 eKT MPUBOAUT K AUCCHUMALIMH 3HEPTHH
3AEKTPOMArHHUTHOIO H3AYYEHHd, MIPUBOISIIEH K aKTUBa-
LIMH CBOHCTB BOABI B OHOXHMHUYECKHUX ITPOLIeCCax.

BTropoit adderT 06ycaoBAUBaeT nepekaydKy 3HEpPruu
BOAHBI B 3HEPTHUI0 BO30OYKAEHHBIX MOAEKYA BOABI depes
CETKY BOJIOPOOHBIX CBS3€H, TO €CTh K NOSIBAEHUIO MOAE-
KYASIPHBIX T€HEPATOPOB B MHAAMMETPOBOM auariasoHe. B
3TOM CAydYae 3armacéHHash MOAECKYyAaMHU BOOBI 3AEKTpOMAr-
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HHUTHasI SHEPTUS MOXKET NO03HPOBAHHO INEPEH3AYYATHCS B
TEYEHHE AOCTATOYHO HAHUTEABHOTO BPEMEHH, U3MEPSIEMOTO
yacaMu HMAM faske OTHAMH. Beé 3To Iocay>XHAO OCHOBaHUEM
Ias pa3paboTKH pa3AUYHBIX YCTPOMCTB aKTHBALMH BOIBI
AU BOJHBIX PACTBOPOB C LIEABIO INIPUAAHUSI BOAE CBOMCTB
SKHJIKOTO MOAEKYASIDHOTO TI€HEpaTopa B MHAAHMETPOBOM
JuarasoHe JAMH BoaH [198-200]. MiHbBIMH caoBaMH, Bofa
UAU BOIHBIE PACTBOpPHI, IoABEpriiHecs: obaydeHuno MM-
BOAHaMH, IPOSIBASTIOT OTYETAMBYIO CIIOCODHOCTB COXPaHSTh
npHobpeTeHHbIE AcdYebHBIE CBOHCTBAa B TEYEHUE NOCTATOY-
HO [AUTEABHOTO BPEMEHH. OKCIIEPUMEHTAABHBIM ITyTEM
obHapyKEeHO, UTO BOOA HAM BOAHLIE PACTBOPBI KakK opra-
HHYECKUX, TaK U HEOPraHWYECKUX COEOHWHEHHM, ITOABEPT-
HyTble 0DAydeHuio MM-BoaHaMmH, npuobperaior Grosoru-
YECKH aKTHBHbIE CBOMCTBAa, COIIOCTABHMEIE II0 CBOEMY A€-
4yebHOMy 3P PEKTy HEMOCPEICTBEHHOMY BO3LEHCTBHIO Ha
opraHn3M BoaHaMH MM-auanasona. Paccmorpum He-
CKOABKO CIIOCOOOB M YCTPOMCTB HAST NPHIAHHSI BOJLE HAH
BOAHBIM PACTBOPAM TaKHX CBOHCTB.

JAs1 TIOAydYEeHHST OMOAOTHYECKH aKTHBHON JKHIKOCTH
MOXKHO, HarlpuMep, B &EM-
1 kocrb  morpysuth  0Bay-
YaWIIyI0 AaHTEHHY, Kak
TIoKa3aHo Ha puc. 37.

OCHOBHBIM  BAEMEH-
TOM 3TOI'0 YCTPOHCTBA,
TMOAYYHMBILIETr0  HAa3BaHUE
«AkBacTuM-KBY», aBaser-
Csl aHTEHHA OpPHUTHHAaAb-
HOM KOHCTpyKuuu. OHa
peacTaBAsieT CoDOi ITo-
Ayto TpyOy 4 U3 MaTtepHa-
Aa cAabo TIOTAOIIAOLIETO
KBY-u3ayyeHue, Hamnpu-
MEp, MEIHULMHCKOro II0-
Puc. 37. YcrpoiicTBo AvaMua Hau Troporaa-

AAd TIOAYHEHUA cra. BHyTpu TpybOBI pas-
GUOAOTHYECKHU aKTHBHON BOAbI MeIaoTCs TpI/I MHWHHA-
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TIOPHBIX reHepatopa KBY uzayyeHus S5 c IIpoBogaMu
nMuTaHus reHepatopoB 2. dukcanus Tpyobl 4 B EMKOCTH
6 c obaydaeMol KHOKOCTBIO OCYLUIECTBASIETCSI C ITOMO-
LIBI0 MPUXKUMHOTO BHHTA 3 C ONOPHBIMHU IITBIPSIMH (Ha
PHUCYHKE He IoKasaHbl). 'eHepaTopbl HACTPOEHbI Ha OC-
HOBHBIE «MEeIUILIMHCKUE» JAMHBI BOAH 4,9; 5,6 1 7,1 MM u
MoOryT paboraTb MnoodepénHo. AHTEHHA IIOTPYKaeTcsl B
0bAy4aeMyIo JKHIKOCTb, KOTOpasi HAXOMUTCS B CTEKASIH-
HoIl éMKoOCTU 6 YrmpaBaeHUe paboTol reHepaTopoB OCY-
IIeCTBAsIETCST DAOKOM yripaBAeHHUsT ] (MCTOYHHK ITHTAHMUS).
JaHHOe yCTPOHCTBO CHaOXEHO TaKKe TaliMEpoM H UHOU-
katopoM KBY wusaAydyeHHs (Ha pPHCYHKE HE II0Ka3aHbl)
OmnBITHBIM NyTEM YCTAHOBACHO, YTO IIPH OOBEME KUIKO-
CTH, PaBHOM 2-2,5 A, ONTHMaAbHas TPOAOAYKHUTEALHOCTDH
obayueHus cocraBasieT 30-45 muH. IIpu 3TOM Ha BBIXOHAE
aHTEHHBI MOIIHOCTL KBY-M3AydeHHS OATKHA COCTABASITH
TIpUMeEpPHO S MBT. ODAYYEHHIO MOXKHO I10ABEPraTh JAHCLIH-
AUPOBaHHYI0 HAHM MHHEPAABHYIO BOMY, PacTBOPBI MUHe-
PaABHBIX COAEH, Yal U T.A.

HcneiTaHue 3TOro yCTpoHCTBa B KAMHHYECKHX YCAO-
BUSAX TI0Ka3aA0 €ro BbI-
cokylo 3hGEKTHBHOCTD
TIPpH A€YEHHH, B YaCTHO-
CTH, XPOHHYECKOroOpOH-
XHUTa U THIIEPTOHHNYIECKOH
6oae3HH.

YcrpotictBo THUIA
«AkBactum-KBY» mMoxer
OBITh UCIIOAB30BAHO TaK-
XKe Oas obaydeHHst pas- 6
AMYHOH daopbl U dayHBI, AT
obuTaromMx B BOAHOM
cpene. Ilpumep Taxoro
yCTpOHCTBA TIOKa3aH Ha
puc. 38.

39TO yCTPOHCTBO BBI-
[IOAHEHO B BUOE pagHO- Puc. 38. YcrpoticTBo
YIPaBASIEMOIO  «IIOTIAAB- AAfl aKTUBaIlIH BOJBI
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Ka», COIEPIKAIIETO N'eHEPATOP MHAAMMETPOBBIX BOAH, aH-
TEHHa KOTOPOro MorpyxeHa B Boay. CaMo yCTpoHCTBO
NpeacTaBAdeT cobo nmaaBarolyio Ha Bofe naatdopmy 3
H3 AErKOTO M BOJIOCTOHMKOTO JTH3AEKTPUYECKOI0 MaTepHa-
Aa. BuayTpu maatdopmbl pazMmeriaercss 6AOK IMHUTaHUS U
yopaBaeHUSA 4, a TaKKE PafUOoyIIpaBAAEeMblil GAOK AuC-
TAHLIMOHHOIO YIIpaBAE€HHS 8, coxepiKallui 3AE€MEHTBI
PETYAMPOBaHUS HaNPSKEHUS, MOAYASLIMM, TaliMep H
3BYKOBOH HHAUKATOp. PamuocurHasbl Ha 3TH OAOKU
IIpUHHMAaloTcad aHTeHHaMHu I 1 2. TeHepaTop MHAAUMET-
POBBIX BOAH 5 BBINTOAHEH, €CTECTBEHHO, Ha MOAYITPOBOJI-
HHKOBBIX 3AEMEHTaX (AABHHHO-TIPOAETHBIM OHOM, AHOL
T'anHa HAH TToAeBOM TpaH3UCTOP). OCHOBHBIM 3AEMEHTOM
YCTPOHCTBa SBASIETCSI aHTEHHA OPHUIMHAABHOM KOHCT-
PYKLUHMM 7, 3A€KTPOMArHUTHas BOAHA K KOTOpPOI IToaBO-
OWTCST Y€pe3 KPYTABIH BOAHOBOZ 6. AHTEHHa (DOPMHpPYET
TOPOMIAABHYIO AarpaMMy HaIllpaBA€HHOCTH.

YCTpoHCTBO MOXKET ObITh HCIIOAL30BaHO OAS ITOBBI-
IIEHHUS] 2KHU3HECITOCOOHOCTH Pa3AMYHBIX BHIAOB (DAOPBI U
daynsl, obuTaromUX B BOOHOM cpele, B YAaCTHOCTH, JAd
YBEAWYEHUSI IIOTOAOBBSI PBIO U YPOXKANHOCTH SAUTHBIX
BOZIOPOCAEH, BbIPAIIUBAEMBIX [IASI TTIOAYYEHHS ITHILEBBIX
[00aBOK (HanpHUMep, CHHe-3€AEHOH BOIOPOCAH CITHPYAH-
HbI} HAH HapMaKOAOTHYECKUX IIPENapaToB.

5.5. IIpeacraBaenue
o 6yaymem passurTuu KBU-annapaTypst

CoBepIIEHCTBOBAHUE IIPOM3BOJACTBA MHKPOCXEM
MM-ayana3oHa C HCIIOAB30BAHHEM MUMKPOITIOAO3KOBOH
TEXHOAOTHH IT03BOASIET MIPEAIIoAaraTh, YTO B OAMXKaMIIee
BpeMsl IIOSIBSITCSI MHKPOCXEMBI, IT03BOASIIOLIHE COBME-
aTh B ONHOM TOAOBKE JBa IeHEpaTopa, HaIlpUMEp Ha
5,6 u7,1 Mmm.

Hawm kaxkeTcst, 4To B OyAyleM HabDAOOAIOUIEECH YIKe
cefiuac pasmeaeHue KBY-anmapatypsl Ha OBa pa3And-
HBIX HATIPABACHUSA: MTOPTATUBHbBIE IPUOOPBI OAS HOMALI-
HETO ACYEHUS U A€YEOHO-THATHOCTHYECKHE KAUMHUYECKHE
KOMIIAEKCHI ITPOSIBUTCS euie Ooablile.
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PemaromyM marom Ha nyTH npeBpamicHus KBY-ro-
AOBKH B IIUPOKO PACIPOCTpPAHEHHBIH ceMelHbIH rpubop
cTaHeT 3aMEHa HCIOAB3YEMBIX celyac B reHepaTopax
nuonoB 'anna mn AIl/l Ha TpaH3ucTOpbl. PaspabarbiBae-
Mble B HaACTosllliee BpeMsI TpaH3ucTopbl MM-nuamnazona
OymyT uMeTb Goablee KIIZI u cTouTh AeuieBae. [lepBoe
06CTOSATEABCTBO ITO3BOAHT YMEHBIUIUTE MACCY TOAOBKH 0
HECKOABKHUX I'DAMMOB U ITOAHOCTBIO IEpelTH Ha aKKyMy-
ASITOpHOE TIHTaHHEe. BTopoe — ecTeCTBEHHO NPHUBEAET K
obL1eMy CHHIKEHHIO CTOMMOCTH TaKHX aIapaToB.

Kpome Toro, Haanmuyue neuieBbIX U AOCTyrnHbIX KBY-
IPHUOOPOB MO3BOAUT PEKOMEHIOBATH AT JOCTATOYHO IIIU-
POKOro Kpyra atozieti npodusaktrieckoe KBU-obayuenue ¢
LIEABI0 OMOAOTHYECKOH CTHMYASILIUH >KU3HEAEATEABHOCTH
opra’u3Mma B LIEAOM, aKTHBallUH IIPOlleCCOB oOMeHa U Io-
BBILIEHUSI UMMYHHOIO CTaTyca, A€YEHHE pPsiia HECAOXKHBIX
6GoAe3HE B JOMAIITHUX YCAOBHSAX.

B mpyrux caydasx, npu boaee cepbe3HbIX 3aboaeBa-
HUSIX Bpad oOCAEyeT MallMeHTa C HCIIOAL30BaHHEM Ae-
4yeOHO-IHarHOCTHYECKOH anmapaTypbl, BO3MOXHO OymeT
WHOIUBUIAYAABHO NTOAOUPATHL OAST HErO ONITHMAABHYIO Yac-
TOTY, MOLIHOCTb M PEXHM OOAYYEHHSH, 30HBI H TOYKH
BO3JEHCTBUS, CACAUTH C [IOMOIIBI0O KOMIIBIOTEPA 3a pe-
aKkIMeH opraHu3Ma Ha obaydyeHue. OYeHb BaXXHbBIM I1a-
rom Brepen naa KBY-ammapaToB Takoro THNa SIBUTCS
HUCIIOAB30BaHUE 0OpaTHOH OGHOAOTMYECKO CBS3H, T.€.
KOPPEKTHUPOBKA MapaMETPOR 00AYYEHHs 10 PeaKIIUH Op-
raHusma.
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3AKAIOYEHHE

TTonBonmst mrorn Gosee ueM 40-A€THHX HCCAENOBAHHUIL
6uosormyeckux 3p(PEeKTOB HUBKOMHTEHCUBHBIX MM-BOAH,
MOXKHO OTMETHTH caefmymoliee. Kak 3T1o yacro ObIBaer,
MIPUKAAIHBIE HCCAEOBAHHST U HCIIOAB30BAHUE HA MIPAKTH-
K€ OTHEABHBIX (DYHIaMEHTAABHBIX HOCTHMIKEHUH OIlepesKa-
IOT MTOHMMAaHHE B JIETaAsiX (PUIHYECKHX MEXAaHHU3MOB HU3y-
yaeMbIX 3 deKToB. B 1moAHOIH Mepe 3TO OTHOCHUTCH K MHA-
AMMETPOBOH 3AeKTpoMaruuTobrosoruu [201].

Hawnboarblliee TpakTHYECKOE MOOCTUXKEHUE B Halllel
00AGCTH OTMEYAaEeTCsl B MEOUIIMHE: COCTOSIAACh MHAAU-
METpPOBasi MAH KpaiiHe BBICOKOYACTOTHAs Teparlusl Kak
6e3A€KapCTBEHHBIH aAbLTEPHATHUBHBIN METON A€YEHUS
Pa3AHYHBIX 3a00A€BaHMIl YeAOBEKa IIPH HCIIOAB30BAaHHUU
3AEKTPOMArHHUTHBIX KoAeOaHHI HU3KOH MHTEHCHBHOCTH.

ITo pacipocTpaHEHHOCTH B MEIULIMHCKON IIPAKTHKE
METOJIOB A€HEHUS C HCIIOAB30BaHHEM HHU3KOUHTEHCHUB-
HBIX 9ACKTPOMAarHHUTHBIX BOAH MHAAHMETPOBAs TEpaIus
YCTYIIaeT, MOXKaAyH, TOABKO Aa3epHOH Tepamnuu. [lo Mue-
HHUIO aBTOPOB HacCToOsIIEel MoHorpaduu, 3ToT GaxkT B
3HAYHUTEABHOH CTErI€HH MOXKHO OOBSICHUTb YHCTO IICHXO-
AOTHYECKUMH (PAKTOpaMH — U MMallMeHTaM U BpadaM B
IIPOLIECCE AEYEHHS C IIOMONIBIO AA3€POB (B BHAMMOM
IUara3oHe JAHUH BOAH) 3CTE€THYECKOE YIOBOALCTBHE JOC-
TABASIIOT YHUCTbIE M COYHBIE 1IBETA U3AYYEHUS, TIPUCYIIIHE
KOT€PEHTHOMY CBETOBOMY IIOTOKY. Marudecku AefdcTByeT
TAKKE KaK COYETaHHE CAOB «AA3€PHOE H3AYYEHHE», Tak
U BIIOAHE OIpPaBIaHHOE M 3aCAyKEHHOE OOCyKIeHHE B
HAY4YHOH AMTEpPAType U CPeACTBax MaccoBoil uHGpopMa-
LIMK BCETO TOrO, YTO ObIAO CBSI3AHO C OTKPBITHEM H HC-
IIOAB30BAHUEM Ha MIPAKTHKE B PA3AHYHBIX 00AaCTaX Oed-
TEABHOCTH YE€AOBEKA 3TOI'0 BEAMKOTO NOCTHXKEHHS HalleHl
LUBHAH3AINU. YTO KacaeTcss MUAAHMETPOBBIX BOAH, TO H
B 3TOHl 06AacTH 3HaHU# TaKKe €CTb HEMAAO TOrO, YeM
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MOXET FOPINUTHCS OTEYECTBEHHAd 1 MHpoBada Hayka. Ho, kK
COXKaAEHHIO, TAa3 YEAOBEKA HE «BHUIOHUT» MHAAUMETPOBLIE
BOAHBI M, TAKHUM 00pa3oM, OTCYTCTBYET CIIOCOOHOCTE MO3ra
YEeAOBEKa «OKpAlllMBaTh» 3TH BOAHBI B KaKHe-AHMOO 1IBeTa,
TO €CTh HET 3MOIHOHAABHOI'O «AA3€PHOIO» BOCIIPUSTHS
9AEKTPOMAarHHUTHOr0 H3AydeHusl. OgHaKO ecTb ABa (haKkTo-
pa, KOTOpble OIPENEeAdIOT Hac KaK afelTOB MHAAHNMETPO-
BBIX BOAH: 1) HaM KaKeTcsl, YTO MHAAMUMETPOBBLIE BOAHBI
«pOIHEE» KHUBOH KAETKE H HIpaloT B HHGOPMAIIMOHHOM
obecrieyeHNH >XU3HEAEATEABHOCTH KAETKH OOABIIYIO DPOAB,
4eM BOAHBI B OIITHYECKOM JHAalla30He; 2) UTO KacaeTcsl I1o-
HHMaHHS WHTHMHBIX MEXaHH3MOB B3aUMOAECHCTBHUS 3THX
BOAH C JKHBOHM KAETKOH, TO, II0 MHEHHIO psfa U3BECTHBIX
CTIELIHAANCTOB B 00AACTH Aa3epoTepanuy, «mkKosa [eBsaT-
KOBa» [laAbllle NPOABHHYAACh B ITOHHMMAaHWHM 3THX MeXa-
HU3MOB. Bo BCsIKOM cay4dae, IO MHEHHIO MEIUIIMHCKHX
CTIELIMAAUCTOB TeparieBTHYecKass 3M(EKTUBHOCTE MHAAU-
METPOBLIX BOAH He ycTyraer 3(eKTHBHOCTH BOAH OITU-
Y4eCKOoro AuamnasoHa. Ba>KHO OTMETHTB TakKe, 4YTO IIPH Ae-
YEeHWH psiga 3aboAeBaHUN COYETAaHHOE HCIIOAB30BaHUE
MHAAMMETPOBBIX M OINTHYECKHX BOAH OKa3bIBaeTCs Ooaee
3¢ PEeKTUBHBIM, YEM HCITOAB30BAHHE 3THUX BOAH ITOPO3Hb.

B03MOXXHOCTH HCIOAB30BAaHUSI HH3KOMHTEHCHBHBIX
MHAAMMETPOBBIX BOAH B 00AaCTH MEOULIMHBI 1 ODHOAOTHH
NaAeKko He ucuyeprnaHsl. HamedaroTcsi NepCreKTHBHBIE
IIyTH HCIIOAB30BaHus MM-H3AyyeHUl B OHOTEXHOAOTHH,
>KMBOTHOBOICTBE W PAaCTEHHEBOACTBE, B TEXHOAOTHH I10-
Ay4eHHs OHMOAOTHYECKH aKTHBHBIX JKHIKOCTEH, 3KOAOTHH
OKpyzKaroueH cpeasl 1 Ip.

TexHHUYEeCKUH IMPOrpecc K COXAAECHHIO, ITPHBOJUT, K
VXYALIEHHUIO COCTOSTHMS OKpYyKalollleil cpenpl, NIpexXnae
BCETro, BO3AYUIHOM cpenbl U nouBbl. OKpyzKaronas cpena
CTaHOBHTCS OINTAacHOM nast yeaoBeKa OCHOBHBIMH HMCTOY-
HUKaMU 3arpsi3HEHUs] SIBASIIOTCS BpEAHbIE BBIOPOCHI B
arMochePy TOKCHYECKHX BELIECTB IIPOMBIIIAEHHBIMH
NPEANPUATUAMH U TPAHCHOPTHBIMU CPENCTBaMH, IIPH-
pPOAHBIE U TEXHOTEHHbIE KaTacTpods! U Ap. B mocaennne
roibl B Pa3AWYHBIX ITPOMBIMIAGHHO Pa3BHTBIX CTpPaHax
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aKTHBHO H3Y4alOTCSI U 3ACKTPOMATHHTHBIE TTOASI KaK HC-
TOYHUK KaHIIEPOTeHe3a (PaZlMOAOKAIIMOHHBIE CTaHIIMH,
OBITOBOE 3AEKTPOODOPYZIOBaHHE, BBICOKOBOALTHBIE AH-
HHU dAEKTpoOIIEpeaayH U T.n.).

Jast perreHus psija 3KOAOTHYECKHUX 3a7ay 3aCAyKH-
BaeT BHHMAaHUS HCIIOAB30BAHHE ITOTEHLIMAABHBIX BO3-
MOXKHOCTEH HHU3KOHMHTEHCHBHOro MM-n3ayuyeHus.

B 3TOoM cMbIcae DOABIIIOE HAYYHOE M IIPaKTHYECKOe
3Ha4YeHHe uMeloT paboTel broaoroB MI'Y um. M.B. Aomo-
HOCOBa, KOTOpBIE MoKaszaaH, 4To MM-BOAHBI MOTYT B
3HaAYUTEABHOH CTENEHH CKOMIIEHCHPOBAaTh OTPHLATEAb-
HOE€ BAHSIHHE aTOMOB TS2KEABIX METAAAOB Ha KU3HEOES-
TEABHOCTb Pa3AMYHBIX Bomopocaeii, a Tak:ke paboThl psi-
Ja HCCAemoBaTeA€H, H3ydYarolMx peabHAHUTHPYOWMHA H
IPOTEKTOPHBIHN 3¢¢dekTs! MM-BOAH ITPH BO3AEHCTBUH HA
YeAOBEKA MOHU3UPYIOUIETO H3AYHYEHMSI U HeOAaronpHsar-
HOro AEHCTBHS SAEGKTPOMArHHUTHBIX IIOAEH ApYrux Aua-
I1a30HOB.

Boarmirie HameXapl MBI CBA3BIBAEM C yraybaeHHEM
3HaHUH B 00AQCTH ITOHUMAHUS MHTHMHBIX MEXaHH3MOB
BO3AEHMCTBUSI HU3KOMHTEHCHBHBIX MHAAMMETPOBBIX BOAH
Ha JXUBbIE CTPYKTYPbl U HX POAH B HH(OPMAaIIHOHHOM
obecrieYyeHHH >KHU3HENEATEABHOCTH XKUBOH KaeTKH. HMMme-
€TCsT HEMaAO KOCBEHHBIX MAaHHbBIX, CBHIETEABCTBYIOILHX O
TOM, 4YTO BOAHBI MHAAHMETPOBOrO AMAalla30Ha ChIFPasHl
CYILIECTBEHHYIO POAb B 3BOAIOLIMH KHMBOH MaTEepHH Ha
Hauei naaHeTe. OYeHb HMHTPUTYIOINIUMH U BIEYATAHIO-
IIMMH SBAFIOTCST (DAHTACTHYECKHUE ([I0Ka) BBICKAa3bIBA-
HUsl psifia CIIEIIHAAMCTOB O TOM, YTO BOAHbBI B MHAAHU-
METPOBOM JHAIa30HE MOTAH HUIpaTh 3HAYHUTEABHYIO POAb
B 3Boaroliuu BceaeHHoOH. B 3ToH CBAA3U JaA€KO HE HCUYEp-
maH BOIIPOC O POAH BOABI B Pa3AMYHBIX (Pa30BBIX CO-
CTOSTHUSIX.

OTMmeTuM em€ pas, YTO B MHAAHNMETPOBOH 3AEKTPO-
MarHuTOOHOAOTMH HaWbOABIIINE HAYYHBIH U NMPaKTHYECKHIT
WHTEPEC MPEACTABASIIOT 3(MEKThI CAAOBIX, HHU3KOWHTEH-
CHBHBIX 3AEKTPOMArHUTHBIX BOAH. MH3ayueHue Qusnko-
XUMHUYECKUX MEXaHH3MOB B3aHMOZEMCTBHA CAAOBIX 3AEK-
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TPOMAarHUTHBIX IToAefl ¢ OHMOAOTHYECKHMH CTPYKTypPaMH
SAIBASIETCA OMHOM U3 (PyHOAMEHTAABHBIX IPOOAEM COBpe-
MEHHOTO €CTECTBO3HaHUA. [JOCTHXKEHHA B 5TOM HallpaBA€-
HHH T[I03BOASIT HE TOABKO OIPENEAHTDH I'PAHHIIBI MEXKIY
KOHZEHCHPOBAHHON (MaTepHaAbHOM) M IoAeBoOi hopMaMu
CYIIECTBOBaHUSI MaTEPHU, HO U CHOPMYAHPOBATL OCHOBBI
3Hepro-uHQPOPMAIIMOHHEIX ITPOLIECCOB B pupone. B npak-
THYECKOM ITAaHE MOXKHO OyIeT OKMIATh MOSBACHUS ITPHH-
LIUITHAABHO HOBBIX BHUAOB TEXHOAOTHH BO Bcex cdepax ye-
AOBEYECKOH MEsITEABHOCTH. MOXKHO OXHAATh TaKKe, 4YTO
[OSIBUTCH BO3MOXKHOCTb OOBSCHUTH OOABIIOE KOAHMYECTBO
3¢ deKTOB, KOTOPbIE B HACTOSIILIEE BPEMsI OTHOCST K aHO-
MaAbHbIM, HEOTIO3HAHHBIM U T.[,.

OTOT pasnea XoUeTcs 3aBepInuTh caoBaMu M. ITaan-
Ka, BBIHECEHHBIMH 3rurpagoM K MoHorpaduu: «Bcé ecth
TOABKO KoaebaHHUsI M ux Bo3zneHcrBHe. PaKTHUYECKH HU-
KakKol MaTepuH HeT Boobme. Bcé n kaxknoe obpasoBaHo
n3 koaebanuit». IlogBoass wuToro 30-A€THHX HIYYECHUS
6mosornyecknx 5GME@EKTOB HHU3KOHMHTEHCUBHBIX MM-
BOAH, MOXKHO KOHCTaTHPOBAaTh caenytonlee. Kak 3To wac-
TO OBIBAET, IMIPHUKAQIHBIE HCCAEOOBAHMS W BHEApPEHUE
onepexaerT ¢GyHIAMeHTaAbHBIE pa3paborku. Illupokoe
HUcroab3oBanue MM-usayueHuil B MeOUUMHE, OMOTEXHO-
AOTHH, KHUBOTHOBOJCTBE U PACTEHHUEBOJACTBE IIATHYAO
naseko Briepen. Ha ceropuamHuit neHp B Poccun BhIMy-
meHo 6oaee 10 000 annapatoB MM-Tepanyy; MOArOTOB-
A€HO HECKOABKO ThICSY BpaueH, criernaaucToB 1o MM-
Tepanuu; QyHKUHOHHUpYyeT Ooaee 2 500 kabuHeroB
MM-Tepanuu; npoaedeHo 6oaee 2 500 000 OOABHEBIX;
BeInylleHO (¢ 1992 r.) 34 HoMepa Hay4yHOro XypHaaa
«MHAAMMETPOBBIE BOAHBI B OMOAOTHH M MEIUIIHHE»; IIPO-
BefeHo 13 cuMno3uymoB «MHAAHMETPOBBLIE BOAHBI B
OuoAOTHMH M MeOULIMHE» 1 14 paboyux coBellaHUH Bpa-
4eii; onybAMKOBaHO 15 TOMOB MaTepHAAOB COBEUIAHHH U
CUMITO3UYyMOB; S MoHorpadu#; 3 Hay4YHO-TIONMYASIPHBIX
opourtopsl; boaee 3 600 crarel; noayyeHo 22 naTeHTa
P® u locymapcrBeHHaa npeMust PO B 06AaCTH HAYKU U
TeXHHKH 3a 2000 r.
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OnHako y4eHble — OMOU3UKH, (PU3HOAOTH, Bpayu —
[MPOLOAXKAIOT HAYYHBIH ITOHMCK, UCCAEAYsl MEXaHH3MBbI
b6uosorudeckux 3¢pGEeKToB, U NMpUOAMKAIOTCA K Bce 6o-
A€E TIOAHOMY IIOHHMAaHHIO POAM HH3KOUMHTEHCHBHBIX
MM-u3AydeHHl B Ipoleccax KHU3HEAEATEABHOCTH OHOAO-
FUYECKHX CHCTEM Pa3AHYHOI'0 YPOBHSI OPraHH3allHH.
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Electromagnetic millimeter (MM) waves (4 =1 to 10 mm)
correspond to the extremely-high-frequency (EHF) band:
f=300 to 30 GHz. In the electromagnetic spectrum, this band
lies between the super-high-frequency (microwave) band and
the optical (infrared) band.

The first wideband oscillator with an electric tuning of
oscillation frequency was developed and brought into produc-
tion in the U.S.S.R. under the leadership of Academician
N. D. Devyatkov and Professor M. B. Golant in the mid 1960s.
The oscillator was called an O-type backward-wave tube. It
was employed both to improve radio navigation systems and to
create new communications systems.

In those days, scientists all over the world discussed pos-
sible application of electromagnetic waves in nontraditional
fields - such as biology, medicine, and some others. Creators
of the MM-wave oscillator suggested an idea of investigating
biological effects of MM-wave radiation. These waves were of
special interest for scientists because they were unlikely to
take part in phylogenesis of terrestrial beings. The point is that
MM-wave radiation is virtually absent in natural conditions. This
is due to its strong absorption by the Earth’s atmosphere: MM
waves are absorbed eagerly by water vapor.

It was hypothesized that low-intensity (nonthermal) MM-
waves might have a nonspecific effect on biological structures
and organisms. Foreground investigations, which have been
performed in the U.S.S.R. and then in Russia for more than
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40 years, made it possible to enunciate a hypothesis that vital
functions in cells are governed by coherent electromagnetic
EHF radiation: the alternating electromagnetic field of these
waves maintains interaction between adjacent cells to interre-
late and control intercellular processes in the entire being.
This hypothesis formed the basis for a new scientific lead that
was originated at the turn of several branches of sciences: bio-
physics, radio electronics, medicine, and some others. This
lead was thereafter named millimeter electromagnetobiology.

Fundamental Results
of Experimental Investigations of the Effect
of Low-intensity Millimeter Waves
on Biological Objects

Early experimental studies were carried out at the All-
Union Cancer Research Center of the U.S.S.R. Academy of
Medical Sciences. This center is among leading medical estab-
lishments in Russia. Investigations made on microorganisms
(bacteria E. colij and laboratory animals (mice and rats) dis-
covered an interesting experimental fact. It was found that dif-
ferent microorganisms exposed to MM-wave radiation exhib-
ited a frequency-dependent biological effect. The equivalent in-
trinsic Q-factor (calculated from the formula Q= fo/Afs,
where fo is the resonance frequency and Afos is the FWHM of
the biological effect) amounted to hundreds and thousands of
units. The mechanism of appearance of such great values is
no explained so far.

Another essential and accepted fact is that a biological ef-
fect plotted against the electromagnetic-wave power exhibits a
“plateau.” Experiments made on microorganisms demon-
strated that the plateau could extend for three orders of mag-
nitude, or more. It was also found that a threshold intensity
that gave rise to biological effects-could be as small as units or
tens of microwatts per square centimeter.

Hence, the very first experimental investigations estab-
lished that MM waves can bring about biological effects at low
radiation powers — low-intensity or nonthermal powers. In this
case, the integral heating of an exposed surface does not ex-
ceed a physiologically significant temperature increment,
which amounts to approximately 0.1°C. The effect of MM
waves on living beings was called informational. This was done
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from analogy with communication lines, which reveal the same
behavior. A. S. Presman was the first to introduce the term in-
formational to electromagnetobiology.

By now, scientists have amassed a great experimental
and theoretical material about the effect of low-intensity MM-
wave radiation on biological objects. Below, we shall outline
the most essential facts.

— EHF radiation is strongly absorbed by water and aque-
ous solutions of organic and inorganic substances (Betskii OV,
Kislov VV., 1988). When electromagnetic radiation is absorbed
by water, its wave energy is converted into rotational, transla-
tional, and librational degrees of freedom. For example, a 1-mm
thick water layer attenuates MM-wave radiation by 20 dB at
A=8 mm and by 40 dB at 4 = 2 mm. This fact is of great impor-
tance for biology: suffice it to say that all biological organisms
contain much water. For example, the human skin contains more
than 65% water. Hence, almost all radiation is absorbed at a skin
depth of 0.5 to 1 mm (the epidermis and the top dermis). When
MM waves are incident on the skin, they are primarily targeted at
its anatomical structures, such as receptors, capillaries, cells,
liquid (aqueous) solutions of organic and inorganic substances
(Betskii OV, Yaremeko YuG, 1998).

- MM-wave absorption violates the additivity law of a sol-
vent (water) and solutes (Betskii OV, Zavizion VA, Kudri-
ashova VA, Khurgin Yu I, 1994). For a particular solution, real
absorption can be greater or smaller than the additive one.
Absorption depends on the intermolecular interaction between
a solvent and a solute. When an aqueous solution shows poor
absorption, this may indicate, for example, that part of water
molecules is in a bound state. As a result, absorption de-
creases because water molecules lose their rotational degrees
of freedom (Gaiduk VI, 1991). An excess of real absorption over
the additive one can arise from the “heating” of separate mole-
cules or molecular groups due to the appearance of additional
degrees of freedom (mainly, the rotational ones).

— MM waves stimulate production of biologically active sub-
stances by immunocompetent cells. This phenomenon is earefully
discussed in (Govallo VI, Sarkisyan AG, Efimtseva NI et al., 1981)
and was additionally proven in other studies. Indirectly, it is con-
firmed by the polytherapeutic effect of EHF therapy and by the
enhanced nonspecific resistivity of an organism.
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— EHF radiation changes microbial metabolism. This fact
was observed in almost all experimental investigations on mi-
crobes. MM waves were reported to have a pronounced effect
on the microbial vital activity. After MM-wave exposure, micro-
organisms began to produce biologically active substances.
Now, this phenomenon is used in various biotechnological
processes (Tambiev AKh, Kirikova NN, Luk’yanov A A., 2002).

- MM-wave radiation stimulates ATP (adenosine 5’-
triphosphate) synthesis in green-leaf cells. For the first time,
the effect of radiation on ATP synthesis was observed in leaves
of the indoor plant Balsaminus (Petrov IYu, Betskii OV, 1989).
As is known, ATP is a universal chemical source of energy in
living cells. The fact that MM-waves stimulate ATP synthesis
has an effect on microbial vital activity. This phenomenon was
indirectly confirmed in medical practice (when a diseased be-
ing revealed normalization of vital processes) and in experi-
mental studies (when an organism enhanced the synthesis of
biologically active substances).

- EHF radiation increases crop capacity (for example, after
presowing seed treatment). The first observations in this field were
apparently made by the authors of (Berzhanskaya LYu, Belop-
lotova OYu, Berzhanskii V N., 1993). Experiments were made on
various indoor plants. It was reported (Petrov IYu, Morozova EV,
Moiseeva TB, 1991) that MM-waves have a stimulating effect both
on the germination of popular garden seeds and on their crop ca-
pacity. A number of other investigations obtained similar results
for seeds of other plants and trees.

— MM waves change the rheological properties of blood
capillaries. Experimental studies revealed that dielectric capil-
laries (which simulate capillaries in tissues) exhibited reso-
nance absorption of MM waves. The equivalent Q-factor of
resonance peaks was found to was found to be tremendously
high—on the order of 103 to 104. Note, it is rather hard to force
metal cavities to yield such Q-factors in the microwave and
MM-wave bands. The resonance absorption in water and in
various aqueous solutions is accompanied by a considerable
decrease in the adhesive force between the inner capillary wall
and the flowing fluid (Betskii OV, Putvinskii AV., 1986). How-
ever, the mechanism of this phenomenon is still unexplained.
Nevertheless, the “capillary” effect can explain the efficiency of
MM-wave-based treatment of obliterating endarteritis.
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— EHF radiation excites CNS (central nervous system) re-
ceptors and induces bioelectric responses in the cerebral cortex.
It is natural to question how information is transmitted from a
thin skin layer to the internal organs. The fact that the human
CNS is involved in the realization of MM-wave-induced effects
is discussed in (Lebedeva N N., 1992; 1993; 1998). It was
demonstrated that 80% of healthy people can reliably perceive
low-intensity MM waves (sensory indication). However, such
perception exhibits sensory asymmetry. Peripheral application
of MM waves was shown to have an effect on the spatiotempo-
ral organization of brain biopotentials. As a result, the cerebral
cortex develops a nonspecific activation reaction (tonus en-
hancement). According to (Lebedeva N N., 1992; 1993; 1998),
pain receptors (nociceptors) and mechanoreceptors are the
CNS receptors that perceive MM waves. MM-wave-induced ef-
fects are realized mainly by the nonspecific somatosensory
system, which is linked to almost all regions of the brain.

- Even a single MM-wave exposure is memorized (“water
memory”). The last several years have seen publications of new
findings about the role of water and aqueous solutions in the
realization of biological mechanisms of MM waves. For the first
time, a hypothesis about an important role of water was ad-
vanced in 1979 in (I'ina SA, Bakaushina GF, Gaiduk VI et al).
New properties of water exposed to MM-waves are described in
(Gapochka LD, Gapochka MG, Korolyov AF et al, 1994; Fe-
senko EE, Gelentyuk VI, Kasachenko VN, Chemeris NK.,
1995). The authors discussed the excitation of metastable
states in the energy diagram of water structure. It was shown
that the physical mechanism of “water memory” formation is
associated with the network of hydrogen bonds. In a hydrogen
bond between two water molecules, a hydrogen atom that is
located between two oxygen atoms has two equiprobable posi-
tions. This atom (proton) can be regarded as a particle tunnel-
ing between two potential wells. The possible tunneling splits
the proton energy level into two closely spaced levels with an
energy difference of AE,. In this case, the proton tunneling fre-
quency is given by wp = AEp/h, where h is Planck’s constant.
The tunneling frequencies of clusters and clathrates {(H20)n,
where n =50 to 60} fall within the millimeter and submillime-
ter bands. As a result, these systems absorb MM-waves in a
resonant manner. Experimental investigations described by
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Fesenko EE, Gelentyuk VI, Kasachenko VN, Chemeris NK.,
1995 showed that water (aqueous solutions) can store infor-
mation (“memory”) about MM-wave irradiation for a long time -
from a few minutes to several tens of minutes). This informa-
tion manifests itself in the retention of biological (biochemical)
activity by water after irradiation termination.

— Water and aqueous solution bleach as a result of the
SPYo effect’. Sensational are the results of experimental and
theoretical investigations that showed the feasible existence of
“low-loss transmission windows” in water and water-
containing objects (we mentioned about it earlier). These win-
dows were observed at the intrinsic resonance frequencies of
water clusters (Petrosyan VI, Zhiteneva EA, Gulyaev YuV et al,
1995; Sinitsin NI, Petrosyan VI, Yolkin VA et al, 1998; 2000).
This phenomenon occurs in a narrow range of exposure power
- on the order of fractions and units of microwatts.

- MM waves induce convective motion in the bulk and thin
layers of fluid. MM waves may give rise to compound convec-
tive motion in the intracellular and intercellular fluid. This lifts
restrictions from diffusive motion of fluid near cells. As a re-
sult, the transmembrane mass transfer and charge transport
become more active. Model experiments confirmed this state-
ment. Convection is readily observed at a power density of 0.5
to 1 mW cm™. The results of such experiments are described
in (Betskii OV, Putvinskii AV., 1986; Khiznyak EP, Ziskin MC.,
1996). Note, convection may occur not only in the bulk of fluid
but also in thin layers whose depth is less than 1 mm. This
phenomenon can be observed at threshold powers of incident
radiation—on the order of several microwatts (Khiznyak EP,
Ziskin MC., 1996).

— EHF radiation increases the hydration of protein mole-
cules. It is known that dehydration of protein molecules affects
them. As a result, proteins go from a functionally active to
functionally passive state (Betskii OV, Zavizion VA, Kudri-
ashova VA, Khurgin Yu I, 1994). It was demonstrated by ex-
periment that MM-waves can restore the hydration number.
Unfinished by Yu.I. Khurgin experiments were a cause for
such a statement. They were made using chymotrypsin. It

* SPYo effect stands for Sinitsyn, Petrosyan, and Yolkin (these scien-

tists were the first to observe and describe this effect)
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served as a catalyst for a biochemical reaction. Chymotrypsin
catalytic reactivity was varied by changing its hydration num-
ber: when the hydration number decreased, the reaction yield
also decreased. It was observed that MM-wave irradiation in-
creased the reaction yield. This could result solely from an in-
crease in chymotrypsin hydration, which enhanced protein ac-
tivity. The hydration number increased because of electromag-
netic energy conversion into the rotational-translational energy
of water molecules. This changed the “protein-water” complex
from a functionally passive to functionally active state.

- MM waves give a microthermal massage. It was demon-
strated by experiment that MM waves produce a nonuniform
distribution on the skin surface. Experiments were carried out
using the “Yav-1” device having a rectangular horn. When ex-
posed to MM-wave radiation, the skin surface exhibited several
thermal extrema, which were visualized by a thermal imager.
Although the average temperature rise was insignificant, two
or three maxima were overheated by several degrees of centi-
grade. In a thermal image, the extrema looked like
points—“thermal spikes.” When the EHF carrier was modu-
lated in frequency or amplitude, the spikes were found to mi-
grate across the skin surface. Chernavskii DS (1991) sug-
gested that this effect could give a thermal massage to the skin
receptors (by analogy with conventional thermal acupuncture).

- EHF radiation excites acousto-electric oscillations (the Froh-
lich oscillations) in plasma membranes. A theoretical study (Froh-
lich H, 1968) showed that plasma membranes may generate co-
herent oscillations, which are sustained by metabolism. These
oscillations occur either in the entire plasma membrane or in its
separate parts. In the electromagnetic spectrum, these oscilla-
tions fall within the EHF band. The authors of (Devyatkov ND,
Golant MB, Betskii OV., 1991) believe that such oscillations are
nothing else but acousto-electric oscillations. The purpose of
these oscillations is to stimulate the transport of water and other
substances across the membrane, sustaining it in the active
state. Later on, some authors who tackled the problem of EHF
therapy expressed another interesting view. An illness deranges
the intrinsic oscillations of the membrane, whereas an EHF ther-
apy device simulates the dying oscillations of the membrane. As a
result, EHF radiation restores the oscillations, normalizes mem-
brane functioning, and cures the sick person.
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Experimental Clinical Investigations

Sevast’yanova L. A. (1969-1971) was among the first scien-
tists who launched investigations into the biological effects of low-
intensity MM waves on mammals. She demonstrated that pre-
liminary MM-wave irradiation may counteract X-ray-induced ef-
fects in the bone marrow. She also estimated MM-wave penetra-
tion into the skin of animals. Sevastyanova L. A. determined the
distribution pattern of MM-wave power for some animals and
human beings. The estimated penetration depth showed that
MM-waves produce a mediate protective effect.

Investigations that lasted for more than 20 years were
performed on more than 12,000 laboratory animals (mice and
rats). The response of the hematogenous system was evaluated
by the count and state of marrow cells (karyocytes) present in
the right and left femoral arteries as well as in the spleen. The
results obtained are given below.

— The biological effect depends on the power flux density.

— The biological effect depends on the wavelength.

- The biological effect depends on the MM-wave exposure
site location.

- The biological effect depends on the MM-wave exposure
area.

As far back as the 1970s, W. R. Adey advanced a hy-
pothesis that the electromagnetic spectrum should contain
“amplitude-frequency windows” in which biological effects are
more pronounced. The above-described results served as the
first experimental verification of this hypothesis. It was in-
ferred that biological effects of electromagnetic radiation, and
particularly of MM-wave radiation, are determined by its
biotropic parameters, such as the intensity, frequency, signal
waveform, location, exposure, etc.

It is known that cells exposed to X-rays reveal different
types of lesions that depend on the X-ray dose. These lesions
manifest themselves in the form of chromosome aberrations,
decreased mitotic activity, and inhibited reproductive ability.
In turn, this leads to reduced karyocyte and blood-cell counts.

Most radioprotectors do not exhibit sufficient selectivity.
As the radiation dose increases, they themselves may produce
toxic effects. Results obtained by L. A. Sevast'yanova were evi-
dence that MM-waves have a protective effect and that they in-
fluence karyocytes selectively.
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When MM-wave irradiation was followed by X-ray expo-
sure, intact animals (without grafts) revealed a smaller damage
degree of karyocytes as compared to those exposed to X-rays
alone: by the fifth day, the karyocyte deficiency was 15% only,
whereas it amounted to 38% in animals exposed sequentially
to X-rays and MM-waves.

Like radiation, antineoplastic compounds isolate the
DNA-membrane complex and retard the DNA and RNA synthe-
sis. At the cellular level, the effect of X-ray exposure has much
in common with the effect of chemotherapy compounds: a
sluggish cellular cycle, delayed mitosis, chromosome aberra-
tions, as well as reproductive and interphase death.

Investigations were made of the combined influence of
MM-waves and antineoplastic compounds. They demonstrated
that MM-wave radiation with some particular parameters can
counteract the detrimental effect of antineoplastic compounds
on the hematogenous system. Furthermore, MM-waves were
found to stimulate the functional activity of stem cells.

Speaking about hematogenous system responses, the com-
bined influence always yielded more karyocytes than X-rays or
antineoplastic compounds alone. This held true for all combi-
nations used in the experiments. Being combined with anti-
neoplastic compounds, both single and multiple MM-wave ex-
posures produced a decrease in the damage degree of karyo-
cytes. MM-wave irradiation alone produced no changes in the
hematogenous system of animals.

A big scientific problem is to govern the sensitivity of tu-
mor cells to radiation and chemotherapy. Almost all known
compounds and their combinations cause lesions of healthy
tissues. Quite often, toxic effects become noticeable before the
antineoplastic effect. They may be so severe that the patient
has to be withdrawn from the cure.

Experimental results demonstrate that MM-waves do not
affect healthy cells and tissues. At the same time, they favor a
more rapid recovery of vital functions in affected tissues. When
combined with X-rays or antineoplastic compounds, MM-
waves act as a protector. This arises from an increased prolif-
erative activity of stem cells of the hematogenous system. As a
result, mitotic activity of karyocytes increases.

The effect of MM-wave radiation on the hematogenous sys-
tem was studied in animals with malignant tumors. The experi-
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ments were made on 1,500 animals receiving X-rays in combina-
tion with an antineoplastic compound - cyclophosphane. It was
found that MM-wave radiation prolonged the life expectancy of
the animals by 10 to 15 days, as compared to the control group.

Investigations of the combined influence of MM-waves
and X-rays were performed on primary tumors grafted into the
CBA mice. It was found that, when X-ray exposure was fol-
lowed by MM-wave irradiation, the tumor growth was retarded
significantly. By the thirtieth day, the tumor growth retarda-
tion reached 80% to 90%. However, when X-rays were applied
alone or when MM-wave irradiation preceded X-ray exposure,
the tumor growth retardation- determined by the thirtieth day
- was 60% to 65%. In this case, the karyocyte count exhibited
virtually no decrease: by the seventh day, it was at the level of
the physiological norm.

When X-rays were applied alone, karyocytes exhibited a
sluggish recovery. Even by the seventh day, the karyocyte
count failed to reach the control level. When X-ray exposure
was followed by MM-wave irradiation, the karyocyte count -
made by the seventh day- reached the physiological norm.

Peripheral blood examination was also made during the
experiments. It revealed that animals subjected to MM-wave
irradiation followed by X-ray exposure exhibited greater eryth-
rocyte and leukocyte counts as compared to animals subjected
either to X-rays alone or to X-rays followed by MM-waves.

A group subjected to the combined influence revealed a
reduced karyocyte count on the first day only, with the karyo-
cyte deficiency being 20%. By the fifth day, the karyocyte
count reached the physiological norm. After X-ray exposure,
the karyocyte count was recovered by the twenty-first day.

The sequential application of X-rays and MM-waves
brought about a significant tumor growth retardation. It was
more pronounced than that caused either by X-ray exposure
alone or by MM-wave irradiation followed by X-ray exposure.
After a seven-day irradiation, the tumor growth retardation
reached 90% to 95%. However, the karyocyte count remained
decreased for 5 days. The cell deficiency amounted to 30%
within the first days. After that, the karyocyte count exhibited
gradual normalization. When the double combination was ap-
plied, the tumor growth retardation amounted to 90% by the
thirtieth to thirty-fifth day.
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Thus, the double combination not only counteracted the
hematogenous system damage, but it also retarded the tumor
growth, with both effects being stronger as compared to X-rays
alone.

Combined X-rays and MM-waves potentiated the effect of
cyclophosphane on the tumor within 13 days. The effect was
greater by a factor of 3 to 4 as compared to that without MM wa-
ves. The peak of effect was observed by the twenty-fifth day.

The hematogenous system response was studied on a
group of animals subjected to the combined influence of cyclo-
phosphane and MM-waves. By the third day, the karyocyte
count of animals reached the control level and retained it over
the entire observation time (for 14 days). When the compound
was employed alone, the karyocyte count - made by the four-
teenth day - did not reach the control level.

The encouraging results of the first course of treatment sug-
gested that the treatment should continue. After the second
course of treatment, the antineoplastic effect became noticeable
within 24 days. By the thirtieth day, the whole group of animals
receiving cyclophosphane was found dead, whereas all the ani-
mals receiving the combined treatment were alive. The percent of
tumor resolutions reached 90% to 100%. These animals were fol-
lowed up for 18 months, with no relapses being observed. The
time history of erythrocytes was recorded for animals that re-
ceived two courses of treatment. It was found that the combined
influence ensured the protection of erythrocytes during the entire
cure. In animals receiving combined treatment, the erythrocyte
count - made for 51 days - proved to be normal.

Hence, the combined application of MM-waves and cyclo-
phosphane in animals with sarcoma-180, on the one hand,
decreases the compound toxicity and, on the other hand, po-
tentiates its effect on the tumor.

In vitro experiments were made to study the effect of low-
intensity MM-waves on hemopoietic cells of the bone marrow.
With this end in view, L.P.Ignasheva and E.I. Soboleva
(1991) investigated the problem of survival of mice that had
received a lethal radiation dose. In their investigation, they
transplanted a cryogenically preserved bone marrow. After de-
frosting, they exposed the bone marrow to MM-waves.

Success for myelotransplantation depends on the preser-
vation quality of hemopoietic stem cells. Usually, bone marrow
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sanguification recovers later in animals which underwent
transplantation using a defrosted bone marrow: it is delayed
by 7 to 8 days as compared to animals which underwent
transplantation using an extempore-produced bone marrow. It
is believed that quality of karyocytes is sufficient when ani-
mals that had received a lethal radiation dose stay alive for
more than 30 days.

Hybrid mice were used as donors and recipients. Cryo-
genically preserved karyocytes were subjected to MM-wave ir-
radiation at a wavelength of 7.1 mm. Irradiation was carried
out according to an optimum program mode. Animals of the
control group were not performed transplantation. By the fif-
teenth day, they all died of acute radiation sickness. The dis-
ease revealed typical clinical manifestations: weight loss, ady-
namic motion, and receding hair.

When a defrosted bone marrow was transplanted without
MM-wave irradiation, only 45% of animals survived by the
thirtieth day. When the defrosted bone marrow was subjected
to MM-wave irradiation before transplantation, 53% of recipi-
ents remained alive within the observation time. The animals
of both groups exhibited a slight hypodynamia and an insig-
nificant weight loss that showed tendency towards recovery by
the end of the observation time.

Hence, non-thermal low-intensity MM-wave irradiation
produced a beneficial effect on the stem cells of cryogenically
preserved bone marrow and increased the survival rate of
post-myelotransplantation recipients that had received a lethal
radiation dose. The above-described technique can be used to
enhance the repopulation ab111ty of cryogenically preserved
bone marrow.

Unorthodox experimental studies were made at the Insti-
tute for Radio Engineering and Electronics of the Russian
Academy of Sciences in collaboration with the P. A. Gertsen
Moscow Cancer Research Institute. Launched in 1989 and
1990, these investigations dealt with the interaction between ma-
lignant tumors and low-energy nanosecond MM-wave and mi-
crowave pulses having a giant peak power - tens and hundreds of
millions of watts (Devyatkov ND, Pletnyov SD, Chernov ZS, Fai-
kin VV et al, 1994; Devyatkov ND, Betski, OV, Kabisov RK et al,
1998). Despite a giant radiation power, the heating of an object
was virtually absent because of a short pulse duration - on the
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order of 10 ns. At the same time, such short-pulse radiation was
not ionizing, i. e., it did not cause bond scissions due to very
small quantum energy in this spectral range. A distinguishing
feature of such pulsed radiation was a high intensity of the exter-
nal alternating electric field - from 104 to 105 V cm™!. This inten-
sity is comparable with the natural quasistatic intensity of an
electric field in cell membranes.

Investigations were performed on the Walker carcinosar-
coma grafted intramuscularly into the Wistar rats. Multiple
experiments were made using MM-wave and microwave radia-
tion with the above-mentioned parameters. They revealed that
exposed animals revealed a number of features, as compared
to the control ones. These features were as follows:

- life expectancy was prolonged after the application of
such waves;

- the growth rate of grafted tumors decreased and stabi-
lized (it was halted for several days);

- the tumor growth was halted, and the life expectancy
was much longer when MM waves or microwaves were com-
bined with chemotherapeutic compounds;

- the metastasis degree profoundly decreased both when
MM waves and microwaves were used alone as well as when
they were combined with chemotherapeutic compounds.

In vitro experiments revealed that the tumor-cell count at
different destruction stages (up to their death) was greater in ex-
posed suspensions than in the nonexposed ones. A follow-up
study that lasted for 12 to 18 months revealed no noticeable
changes in the behavioral reactions and general state of exposed
healthy animals. A postmortem examination of exposed animals
revealed no pathologoanatomic changes in their liver, kidneys,
adrenal glands, and immunocompetent organs (such as the thy-
mus, spleen, and lymphatic nodes) as compared to the control
animals of a corresponding age. These investigations .thus
showed that pulsed radiation has both direct and indirect-thro-
ugh the immune system’s activation—effects on tumor cells.

A research team headed by V. I. Govallo (1991) at the Cen-
tral Research Institute for Traumatology and Orthopedy in col-
laboration with the “Istok” Research and Production Association
conducted investigations into the effect of MM waves on human
lymphocytes and fibroblasts. It was demonstrated in vitro that
human lymphocytes and fibroblasts produce a factor-phytokine
under MM waves. It enhances the growth and functional activity
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of similar cells. In high concentrations, phytokine is contained in
destroyed irradiated cells (lysates), and it is released in a cultural
medium. MM-wave irradiation itself does not stimulate cell
growth, does not change the expression of superficial lymphocyte
receptors, and does not have an effect on their sensitivity to mito-
gens or exogenous immunomodulators. However, when added to
a culture, phytokine vigorously stimulates the proliferative poten-
tial of lymphocytes and fibroblasts.

This factor-phytokine is produced in cytoplasm. It is
bound up with the activation of dehydrogenases: the concen-
tration of lactatedehydrogenase increases by a factor of 3 to 5
in irradiated cells. This activation factor is attributed to a class
of cell regulators - cytokines. It does not belong to a group of
interleukins or interferons. However, it may be attributed to
lymphokines or monokines. This is a low-molecular glycosyla-
tion factor, secreted locally or distantly. It acts in a paracrine
or autocrine way, but not in the endocrine one.

It is apparent that the described mechanism may explain
the immunomodifying effect of MM-wave radiation. This effect
was observed while treating inpatients with suppurative dis-
eases and complications at the Central Research Institute for
Traumatology and Orthopedy. Difficulty in treatment of such
diseases is associated with a high severity of injuries, compli-
cated and long-term operations, insufficient immunologic reac-
tivity of patients, as well as with changes in the properties and
behavior of suppurative infections, which appear to be resis-
tant to many antibacterial agents.

MM-waves were applied to treat severe missile and shot-
gun injuries of the locomotor system. The injuries were com-
plicated by suppurative and wound infections (Kamenev YuF,
Shaposhnikov YuG, Mussa M, Akimov GV, 1988). The results
obtained are as follows:

- the duration of separate phases of the wound process,
including bad infected wounds, decreased by a factor of 1.5 to
2 as compared to the control group;

- MM-waves produced a pronounced stimulating effect on
wound tissue regeneration (the daily fractional decrease in the
wound surface area virtually corresponded to that for uncom-
plicated wounds);

- grafts revealed a 100% retention;

- the osteomyelitic process was eliminated: MM-waves re-
lieved pain and subsided inflammation in the injured region of
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a limb; they also stimulated total and local closing of fistulae
as well as epithelization of injured soft tissues;

- 92.3% of the patients showed satisfactory outcomes
shortly after operations;

- postoperative relapses decreased by 20%;

- microbial semination of wounds was reduced after
opening and excision of festerous-necrotic foci.

Microbiological examinations were conducted in vitro to
study the effect of MM-waves on microbes. It was found that
MM waves produce no direct effect on microbial susceptibility
to antibiotics as well as on their biochemical and cultural
properties.

Investigations carried out demonstrated that MM-waves
normalize immune-system parameters, which is of value for
MM-wave therapy efficiency. Patients who underwent serious
reconstructive operations suffer from secondary immunodefi-
ciency, which complicates their recovery. MM-waves brought
about pronounced shifts in the patients’ immunograms. As a
result, the patients showed a fractional and absolute increase
in T-lymphocyte and T-helper counts (by 30 to 50% and 30 to
80%, respectively). The patients also revealed an increased
natural-killer count (by 40 to 60%).

Hence, instead of a direct antimicrobial effect on patho-
genic microflora, MM-waves produce an indirect effect on it.
They enhance an organism’s general reactivity and increase
wound-tissue viability.

The immunostimulating effect of MM-waves was clearly
demonstrated by a research team from Leningrad
(Ryzhkova LB, Starik AM, Volgarev AP, Gal'’chenko SV, Sazo-
nov AYu., 1991). These researchers investigated how MM-wave
radiation protects against and prevents from influenzal infec-
tions. To this end, animals received a lethal dose of the influ-
enza A virus. MM waves were applied to healthy animals (pre-
liminary irradiation) and to infected animals (subsequent irra-
diation). It was found that they produced a protective effect in
both cases. The results obtained were as follows:

- MM-waves produced favorable therapeutic and preven-
tive effects on the survival rate and average life expectancy in
all experimental groups;

- the protection efficacy depends on the irradiation pro-
cedure: the best protective effect (the death rate was zero) was
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observed for a long-term preventive irradiation of healthy ani-
mals before they were infected;

- the protective preventive effect was potentiated when
exposure time was extended to 7 to 17 days;

- MM-wave irradiation proved to be a sufficiently effective
therapeutic means.

Besides experimental investigations, the researchers ret-
rospectively analyzed the epidemiological situation of influen-
zal and acute respiratory viral infections in a group of patients
who underwent MM-wave therapy with respect to gastric ulcer.
The MM-wave course coincided with the epidemiological period
of influenza epidemy caused by the influenzavirus A. The
group of patients receiving MM-wave therapy was compared to
the control group (comparable by the age, health state, and
conditions of work). It was found that influenzal and acute-
respiratory-disease rates in the group of patients receiving
MM-wave therapy were smaller by a factor of 1.75 during the
epidemy as compared to the control group.

Inasmuch as many diseases cause secondary immunode-
ficiency, many scientists pay special attention to the immu-
nomodifying effect of MM-waves.

Gastric and duodenal ulcers, as well as many other diseases,
are caused by an imbalance between an organism’s aggression
and its protective factors. Immunity ranks first among protective
factors. In order to compare the efficiency of MM-wave therapy
and conventional treatment of .ulcer, nonspecific immunity
(phagocytosis and lysozyme) and specific immunity (T lympho-
cytes, B lymphocytes, IgA, IgM, and IgG) were examined
(Poslavskii MV., 1991). Although the ulcer healed over, the con-
ventional pharmacotherapy did not enhance protective factors.
When MM waves were applied, the ulcer healed over without a
keloid scar. Furthermore, protective factors exhibited a pro-
nounced normalizing effect. In particular, this concerned nonspe-
cific and specific immunity. A dynamic observation of the pa-
tients revealed that their protective factors were at a maximum
3 months after the cure termination. Since MM waves pro-
duced a normalizing effect on an organism’s protective factors,
preventive MM-wave therapy was put forward.

When atopic dermatitis was treated using MM-wave ther-
apy (Adaskevich VG., 1994,1995), the patients’ immune state
was monitored using a number of laboratory techniques. They
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were as follows: an active T-lymphocyte count; total T-
lymphocyte count; B-lymphocyte count; agar-gel radial immu-
nodiffusion for the IgA, I1gM, and IgG counts of blood serum;
circulating-immune-complex (CIC) count of blood serum; as
well as immunoenzymic analysis of the total IgE and allergen-
specific IgE counts. Note the allergen-specific IgE includes an-
tibodies against indoor, pollen, and food allergens. The treat-
ment performed favored the positive dynamics and stable im-
provement of immunologic indices. This concerned both the
cellular immunity (such as rosette-forming cells) and the hu-
moral immunity (such as CIC, IgM, IgG, and IgE). Patients re-
ceiving conventional therapy exhibited virtually no changes in
cellular and humoral immunity indices.

A research team (Gedymin LE, Erokhin VV, Bugrova K M
et al., 1994) investigated the effect of MM-waves on the im-
mune state of patients with sarcoidosis of lungs. Investigations
were made at the Central Research Institute for Tuberculosis
of the Russian Academy of Medical Sciences. The researchers
counted T-lymphocytes and determined their functional and
phagocytic activity. They also counted B-lymphocytes, immu-
noglobulins, as well as CICs in blood serum (both before and
after the treatment). The application of MM-waves gave rise to
a universal stimulation of functional activity of immunocompe-
tent cells. They stimulated the phagocytic activity of macro-
phages in the granulomatosis-stricken region, in various lung
regions, and in blood. Macrophage activation facilitated the
elimination of CICs from the body. They were devoured by
macrophages, and their content decreased in 87% to 91% of
the patients after MM-wave therapy. This restored the blood
flow in lungs. As is known, when the CIC count of blood de-
creases, it prevents microvessels of many organs from being
damaged.

The last several years have seen a wide spread of herpes-
viruses. This is associated with the absence of reliable preven-
tion and drug therapy insufficiency. Furthermore, the number
of immunodeficiency states is growing, which is caused by
wide application of antibacterial and hormonal compounds.
The immune state was examined when conventional treatment
was combined with MM-wave therapy. The examination in-
volved counting T lymphocytes, B lymphocytes, CICs, IgA, 1gM,
1gG, as well as studying the immune-response-modifier toler-
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ance. It was found that MM waves produced an immunostimu-
lating effect, which manifested itself in stimulated phagocyto-
sis and T-lymphocyte activity. This is of great importance for
prevention and treatment of diseases complicated by secon-
dary immunodeficiency (Pulyaeva EL, Vetokhina SV., 1997).

At present, urogenital inflammatory diseases are also
widespread in men and women. Most often, these diseases are
caused by chlamydias, mycoplasmas, and ureaplasmas. A dis-
tinguishing feature of these microbes is their ability to cause
stable immunodeficiency. When antibiotic therapy is combined
with immunomodification, the recovery rate increases up to
70% (as compared to 30% to 50% after conventional therapy)
(Elbakidze IL, Ordynskii VF, Sudakova EV et al., 1998).

It is known that immunosuppression exacerbates acne.
Investigations were made of the effect of MM-wave therapy on
the cutaneous microbiocenosis in vulgaris-acne patients. All
the patients were recorded an immunogram showing cellular
and humoral immunity indices before and after the treatment.
It was found that conditionally pathogenic microbes did not
grow on the skin of patients whose immunologic indices were
normalized by MM-wave therapy. In these patients, clinical re-
sults were regarded as a recovery or significant improvement.
In general, the immunologic indices of most patients exhibited
positive dynamics, which was accompanied by an improved
state of skin microbiocenosis (Donetskaya SV, Zaitseva SYu,
Viktorov AM et al, 1996).

The experimental clinical investigations performed thus
provided evidence that low-intensity MM-wave radiation has a
pronounced immunomodifying effect.

The central nervous system (CNS) is the main regulatory
system. It governs almost all processes occurring in a living
being. Classical investigations into electromagnetic biology re-
vealed that the CNS is the most sensitive system for electro-
magnetic fields (Kholodov YuA., 1966; Sidyakin VG., 1986).
Studies of the CNS role in the realization of biological effects of
low-intensity MM waves began at the earliest stage of MM-
wave therapy formation.

Professor Yu. A. Kholodov and Professor N. N. Lebedeva
have been heading experimental investigations at the Institute
for Higher Nerve Activity and Neurophysiology of the then-
U.S.S.R. and now-Russian Academy of Sciences since 1989.
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These investigations deal with the sensory and subsensory
(EEG) responses of healthy human beings to peripheral stimuli
of low-intensity MM-wave radiation. Investigations of sensory
responses, 1. e., electromagnetic sensitivity of human beings
(Lebedeva N N., 1993; Kholodov YuA, Lebedeva NN., 1992; Le-
bedeva NN, Sulimov AV., 1989; Kotrovskaya TI., 1996; Lebe-
deva NN, Kotrovskaya TI., 2001) yielded a number of interest-
ing results. They are as follows:

- A human being reliably discerns MM-wave signals from
sham signals.

- Human sensitivity to MM-waves depends both on his or
her individual features and on the biotropic parameters of the
field.

- Perception modality (such as pressure, touch, pricking,
and burning) is evidence that MM-wave perception involves
skin analyzers.

- The latent time of a MM-wave response is tens of sec-
onds.

- MM-wave perception exhibits sensory asymmetry: it is
different for left and right hands.

An analysis of subjective feelings in human beings dem-
onstrated that a MM-wave stimulus “actuates” mechanorecep-
tors, nociceptors, and free nerve endings - unmyelinated effer-
ent fibers without corpuscular structures at their ends. Evi-
dently, we may ignore fast-adapting mechanoreceptors be-
cause they discharge within 50 to 100 ms after sending an
adequate stimulus. Nonspecific and weak stimuli, such as low-
intensity electromagnetic fields, can be perceived by receptors
that are slowly adapting or that have a background activity (or
when receptors combine these features). Of mechanoreceptors,
such features are inherent in Ruffinie’s endings, tactile disks,
and Merkel disks.

The nociceptors (pain receptors) of the skin are free nerve
endings with thin myelinated or unmyelinated nerve fibers. It
was hypothesized that nociceptors can perceive electromag-
netic signals. This hypothesis was based on a number of pre-
requisites. First, they were found to exhibit polyspecificity to
MM-wave stimuli. Second, they revealed perception modality:
pricking and burning, which are regarded by experts as “pre-
pain”. Third, electromagnetic sensitivity disappeared in people
whose exposure site was treated with chloroethane that inacti-
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vated pain receptors. Fourth, clinical practitioners observed
that, when electromagnetic radiation was incident on a par-
ticular dermatome, it induced a sensory response in the corre-
sponding diseased organ. This may arise from convergence of
nociceptive efferent fibers from dermatomes of internal organs
to the same neurons of pain pathways. This gives rise to skin
hypersensitivity because visceral impulses raise the excitation
of intercalary neurons, which leads to facilitation (relief).

An investigation was made of EEG responses of healthy
subjects to a long-term (30- to 60-min) peripheral MM-wave ir-
radiation. It was found that such irradiation produced changes
in the spatiotemporal organization of cerebral biopotentials.
The alpha rhythm exhibited a significant increase in its power
in occipital cortical regions. Furthermore, the theta rhythm re-
vealed an average increase in its coherence in central and
frontal regions. Note, this increase was more pronounced in
the right brain, independent of exposure site location (Lebe-
deva N N., 1993).

The effect of EHF radiation on the CNS can also be evalu-
ated by studying behavioral reactions. For example,
S. V. Khromova (1994) in her Ph.D. thesis demonstrated that
EHF radiation can modify the behavior-reflex activity of rats.
This phenomenon manifested itself both in the accelerated al-
teration of a developed conditioned food reflex and in the de-
layed impairment of a conditioned defense reflex.

Investigations of a stress-protective effect of MM-waves
were made on animals at the State Research Center for Nar-
cology, the Russian Federation Ministry of Health. Such inves-
tigations were carried out by Yu. L. Arzumanov with co-
workers (Arzumanov YuL, Kolotygina RF, Khonicheva NM et al,
1994; Kolotygina RF, Khonicheva NM, Arzumanov YuL et al,
1997). The effect of MM-wave radiation on the CNS was evalu-
ated by special tests. They were based on studying the inborn
behavior that reflected various fields of motivation-emotion ac-
tivities. In the case of a conflict-defense situation with stress,
MM-wave radiation modified the behavior of an experimental
group of animals in such a way that it was identical with the
behavior of a passive control group.

A research team headed by Prof. N.A.Temur’yants
achieved a pronounced antistress effect of MM waves (Te-
mur’yants NA, Chuyan EN, Tumanyants EN, Tishkina OO,



Munnumemposgbsle 80NHbL U JKUEblE CUCMEeMbL 255

Viktorov NV., 1993; Temur’yants NA, Chuyan EN., 1992). In
their experiments, they studied the effect of MM-wave radia-
tion on the development of hypokinetic stress in rats. As dis-
tinct from control animals, the experimental ones showed no
decrease in the protective functions of blood after a 9-day hy-
pokinesia. Furthermore, they revealed an increase in the ex-
amined indices (such as the cytochemical state of neutrophiles
and lymphocytes in peripheral blood) as compared to the con-
trol animals. However, the efficiency of antistress effect of MM-
waves depended on the individual features of the higher nerve
activity of rats. It was at a maximum in rats with a low and
medium moving activity.

It was also demonstrated that MM-waves produce a modi-
fying effect on the functional CNS state in human beings un-
der simulated stress conditions (Lebedeva NN, Sulimova OP.,
1994). This was proven by means of EEG spectrum-correlation
analysis, psychological test findings, as well as cardiac-rhythm
and exertion indices dynamics.

An investigation of the psychophysiological state of patients
(Temur’yants NA, Khomyakova OV, Tumanyants EN, Der-
pak MN., 1997;) and development of new methods for inpatient
psychoemotional  rehabilitation  (Krainov VE,  Sulimova OP,
Larionov IYu., 1997) revealed that MM-wave therapy relieves
situational and personal anxiety, improves memory, raises atten-
tion, accelerates sensorimotor responses, as well as restores and
stabilizes the psychoemotional state of human beings.

It was also found that MM-waves have an energizing ef-
fect. MM-wave therapy was administered in combination with
light therapy to patients having a depressive symptomatology.
These patients suffered from maniac-depressive psychosis,
cyclothymia, schizophrenia, as well as vascular and involu-
tional psychosis. It was found that the combined treatment
produced a favorable clinical effect in 97% of the patients. A
distinguishing feature of patients who revealed a virtual recov-
ery was a different degree of the anxiety component in the de-
pression structure, irrespective of its nosological attribute.
Furthermore, the vegetative nervous system revealed hyper-
sympathicotonic phenomena. An improvement was observed
when the vegetative nervous system had a mixed type and
when apathy predominated in the syndrome structure (Tsa-
ritsinskii VI, Taranskaya AD, Derkach VN, 1991).
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Fundamental Biophysical and Physiological
Mechanisms of Biological Effects of Low-intensity
MM-wave Radiation

The results of tentative experimental and theoretical in-
vestigations of biological effects of MM waves were summarized
at a special session of the General Physics and Astronomy Di-
vision of the U.S.S.R. Academy of Sciences in 1973. This ses-
sion was initiated by Academician N. D. Devyatkov, and it was
held in order to familiarize the scientific community with unor-
thodox MM-wave-induced biological effects.

The first attempt to explain the resonance pattern of the
MM-wave influence was made by V.I. Gaiduk and
L. G. Koreneva in 1970. By way of example, they considered
hemoglobin. They investigated the effect of MM-wave radiation
on distal histidine E7. It was shown theoretically that distal
histidine E7 - in engineering mechanics, an analog for his-
tidine is “a beam fixed at one end” - has an intrinsic resonance
frequency, which falls within the EHF band. Although this
work had no continuation, the idea of a direct resonance in-
teraction between radiation and biological systems was devel-
oped in other studies.

As far as 10 years ago, our concepts of biophysical
mechanisms of the interaction between low-intensity MM-
waves and biological systems were reduced to basic ideas en-
suing from the analysis of biological effects enumerated in
Section 2. In brief, they can be described as follows. The pri-
mary reception of MM-waves occurs in a thin layer of an ex-
posed surface. This is because all biological objects contain
water, which is the strongest MM-wave absorber. The absorp-
tion mechanism is very simple. Water molecules possess a
great dipole moment - approximately 1.9 D, whereas their ro-
tational frequencies cover a wide range, the EHF band in-
cluded. Hence, there are ideal conditions for absorption of
MM-wave radiation by water molecules. The wave energy is
converted into the kinetic energy of water molecules: it is
transformed mainly into the translational degree of freedom. In
addition, the wave energy is converted into the rotational and
librational degrees of freedom. By virtue of molecule collisions,
the acquired energy is rapidly thermalized. The thermalization
time is on the order of 10713 s. Apparently it is this energy
thermalization that causes the convective motion of liquid and
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gives rise to the capillary effect. Apart from that, water mole-
cules “heated” by EHF radiation produce an effect on hydra-
tion of protein molecules. As a result, they change from a
functionally passive to functionally active state. After that, a
trigger mechanism may come into action. It initiates biochemi-
cal reactions that are governed by protein molecules. Note it is
this mechanism that may govern the synthesis of biologically
active substances (including the immunocompetent ones),
produce an effect on cell metabolism, stimulate the ATP syn-
thesis, etc. It can be hypothesized that MM-waves are “embed-
ded” in basic vital processes according to this pattern.

Now let us consider a key idea that was suggested by
EHF-therapy founders. The matter concerns the excitation of
acoustoelectric oscillations in plasma membranes. As was
mentioned, coherent Frohlich oscillations and acoustoelectric
membrane oscillations evidently represent the same physical
phenomenon. However, it is infeasible to check this statement
at present: modern measuring equipment falls short of ap-
proximately five to seven orders of sensitivity. Nevertheless,
the idea of plasma membrane oscillations is very fruitful by it-
self. Let us note that it has been confirmed by other independ-
ent theoretical estimates. They were obtained when the prob-
lem of electric stability of a native plasma membrane was at-
tacked. The membrane functions normally under giant electric
intensities - on the order of 105 V cm™ (!). This issue is care-
fully considered in (Devyatkov ND, Golant MB, Betskii OV.,
1991). Note pushing off this fundamental idea, one can explain
almost all known experimental phenomena.

Completing our narration about the early formation of
biophysical mechanisms of the interaction of MM-waves with
biological systems, we shall consider the problem of MM-wave
perception by the entire being. The matter concerns the role of
the skin receptor system, spinal cord, and CNS in the mecha-
nisms of low-intensity MM-wave identification in the presence
of intrinsic noise. It is also necessary to assess the significance
of information carried by the waves.

When such signals are perceived, a living being encoun-
ters two problems. First, a mammal being (the human being
included) has no special-purpose system to perceive electro-
magnetic stimuli. Second, low-intensity MM-wave radiation
can be attributed to weak and extremely weak influences.
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There are a few physical mechanisms that enable biological
systems to “receive” weak signals. Let us dwell on some of
them with due account of MM-waves.

The key idea that biological objects can sense weak elec-
tromagnetic fields is consistent with a hypothesis that MM-
waves are “native” to biological objects and that biological ob-
jects use these waves to govern their vital functions. As was
mentioned, this concept was proposed theoretically by a team
of Russian scientists headed by N. D. Devyatkov in the mid
1960s. Thereafter, this hypothesis received an indirect theo-
retical corroboration in an independent study made by a
prominent German physicist - H. Frohlich.

Electric dipoles of a plasma membrane generate narrow-
band electromagnetic waves whose power is about 10723 W.
Hence, living cells should be sensitive to such a small power.
Furthermore, according to the reciprocity principle, cells
should be sensitive to external radiation that has such a
power. The effect of amplification of weak external electromag-
netic fields may take place immediately in the skin (Bet-
skii OV., 1996). A volt-ampere dependence of slit contacts has
a domain with negative differential conductivity. The existence
of this domain is a sufficient and necessary condition for reali-
zation of input signal amplification. Especially large gain fac-
tors - on the order of 30 to 60 dB by power - can be achieved
by means of regenerative and superregenerative amplification.

Some researchers (Sinitsyn NI, Petrosyan VI, Yolkin VA,
Devyatkov ND, Gulyaev YuV, Betskii OV., 1999) discussed the
new physical mechanism of high sensitivity of water-containing
biological objects to weak electromagnetic fields (on the order of
units of microwatts). This mechanism is based on the generation
of intrinsic resonance frequencies by water clusters. These fre-
quencies were discovered by Saratov physicists. They fall within a
frequency range from about 50 to 70 GHz. When biological ob-
jects are exposed to weak electromagnetic waves at these fre-
quencies, their water-molecule oscillators lock on to the external
signal frequency and amplify the signal by means of synchronized
oscillation or regenerative amplification. Waves at these frequen-
cies pass through aqueous media almost without loss - like the
Davydov soliton waves (Davydov AS., 1984). As a result, they
penetrate deeply into an exposed object and involve deep struc-
tures in the interaction process.
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Another approach was also taken to explain the sensitiv-
ity of biological objects to weak electromagnetic fields. It is
based on the “water memory” phenomenon (Betskii OV.,
1998). The essence of this phenomenon is as follows. It is
known that liquid water is structured and that it consists
mainly of clusters, with water molecules being bound to each
other by hydrogen bonds. It was found that a hydrogen atom
that is located between the two nearest oxygen atoms can take
up one of two positions: near either of the oxygen atoms. One
of the positions is stable, whereas the other is not. The energy
of hydrogen-atom transition from the stable to unstable state
corresponds to that of an EHF quantum. As a result, hydrogen
atoms may change to unstable states under EHF radiation.
They may thereafter return to their stable states with inevita-
ble reemission of EHF quanta (“water memory”). Hence, water
acts as a low-intensity molecular oscillator of electromagnetic
waves in the EHF band. As was shown in (Fesenko EE, Gele-
tyuk VI, Kasachenko VN, Chemeris NK., 1995), water mole-
cules may stay in the unstable state for a long time - on the
order of several weeks.

A physical phenomenon that was discovered 20 years
ago, or thereabouts, provided new and unexpected explana-
tions of the mechanism of the effect of weak signals on biologi-
cal systems. This physical phenomenon was called stochastic
resonance, or stochastic filtration in radio engineering. The
most complete information about the stochastic resonance and
about its possible applications, including biology and medi-
cine, is presented in an unorthodox review(Anishchenko VS,
Neiman AB, Moss F, Shimanskii-Gaier L, 1999). In the early
1980s, researchers discovered that the presence of noise
sources in nonlinear dynamic systems can provide such op-
eration modes of the systems that are new in principle. These
operation modes cannot be realized in the absence of noise.
Noise was demonstrated to play a “favorable” role in nonlinear
systems by means of enhancing the motion order strength in
the systems. Furthermore, it was shown to improve system
performance, for example, “to form more regular structures, to
increase the coherence degree, to raise the gain factor, and to
increase the signal-to-noise ratio”. Let us remember that ac-
cording to the generally accepted, classical, point of view spe-
cialists always regarded the presence of noise as a negative
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factor. Noise always had to impair the behavior of dynamic
systems, and it always had to be “controlled.” “Stochastic reso-
nance specifies a group of phenomena such that a nonlinear
system’s response to a weak external signal increases consid-
erably with an increase in noise intensity. Furthermore, the ef-
fect shows a maximum at some optimum noise level”.

Numerous experimental studies were afterward per-
formed on various physical objects. The results obtained made
it possible to draw a principal conclusion: stochastic resonance
is a fundamental physical phenomenon that was unknown ear-
lier; it is observable in nonlinear dynamic systems and makes it
possible to control their main parameters. Note stochastic reso-
nance can also take place in non-dynamic or threshold sys-
tems. It can be realized in the presence of external noise or in
the presence of internal noise of an investigated system. This
is of special interest for biological systems, which meet the re-
quirements for stochastic resonance.

A more sophisticated problem is to investigate and com-
prehend the physiological mechanisms of biological and thera-
peutic effects of low-intensity MM-waves at the level of an en-
tire organism. This is owing to the fact that the investigated
object - the human being - is a very complex biological system.
It possesses myriad positive and negative feedback loops and
regulation levels {Lebedeva NN., 1997). To begin with, one
needs to analyze the primary physiological targets present in
the MM-wave exposure site. As is known, MM-waves penetrate
into the human skin at a depth of 300 to 500 pm. In other
words, they are absorbed almost completely in the epidermis
and the top dermis. Hence, MM-waves directly influence CNS
receptors (such as mechanoreceptors, nociceptors, and free
nerve endings), APUD cells {such as the diffuse neuroendo-
crine cells, mastocytes, and Merkel cells), and immune cells
(such as the T-lymphocyte skin pool). In addition, these waves
produce a direct effect on the microcapillary bed and biologi-
cally active points.

It is apparent that these five primary physiological targets
are the five “entry” gates. They determine the involvement of cor-
responding systems in realization of biological and therapeutic ef-
fects of MM-wave radiation. MM-radiation acts on every basic
regulation systems of an organism as a peculiar triggering factor.
This has been confirmed by many clinical investigations. The di-
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rect and simultaneous “triggering” of the aforementioned systems
initiates a complex mediate influence on other organs and sys-
tems (such as the hematogenous, humoral, vegetative nervous
systems). As a result, a MM-wave-induced reaction involves the
entire being. The features of this reaction depend both on the
biotropic parameters of the MM-wave stimulus and on the func-
tional state of the human being. MM-wave radiation produces
both nonspecific and specific effects. The latter include wound
healing, injury sanitation, tissue regeneration, pain relief, itch
mitigation, hyperemia elimination, etc.

At present, a nonspecific effect is regarded as a reaction of
enhanced nonspecific resistance of an organism. In turn, this
initiates adapting and antistress reactions of higher reactivity
levels (Garkavi LKh, Kvakina EB, Kuz'menko TS, 1998).

A promising approach was also developed by Cher-
navskii DS, Karp VP, Rodshtat IV (1999). The authors of that
work made an attempt to create a unified concept. To this end,
the entire being’s response to low-intensity MM-waves was
bound up with some principal elements of pattern-recognition
theory. The authors did it with respect to the problem of neu-
rocomputing. The key notions of this concept are autodiagnos-
tics (when MM-waves begin to interact with an organism) and
autotherapy (when an organism uses autodiagnostic findings
to begin the production of medicinal agents). These functions
are realized with the aid of lamellar formations of the spinal
cord (the Rexed lamellae). They preprocess and identify infor-
mation about the external stimulus (MM-waves). Hence, these
formations act as a peculiar neurocomputer that prepares
specific information to actuate systems that govern and main-
tain bodily homeostasis.

Application of Low-intensity MM-wave Radiation
in Medicine

In the early 1970s, Academician N. D. Devyatkov initiated
a program of clinical evaluation of MM waves in respect of
treating various diseases. This program was approved by the
U.S.S.R. and R.S.F.S.R. Ministries of Health and was executed
in a number of medical establishments. The MM-wave tech-
nique was tested in more than 60 clinics, including large
medical centers, such as the All-Union Cancer Research Cen-
ter of the Russian Academy of Medical Sciences, the Central
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Research Institute for Traumatology and Orthopedy of the
Russian Federation Ministry of Health, the P. A. Hertsen Mos-
cow Cancer Research Institute, as well as clinics affiliated with
the State Medical University, Moscow Medical Academy, and
Moscow State Institute for Dentistry. The results obtained pro-
vided evidence for high efficiency of MM-wave therapy for the
following diseases: cardiovascular (stable and unstable steno-
cardia, hypertonia, and myocardial infarction), neurological
(pain syndromes, neuritis, radiculitis, and osteochondrosis),
urological (pyelonephritis, impotence, and prostatitis), gyneco-
logical (adnexitis, endometritis, and uterine neck erosions), de-
rmatological (neurodermite, including psoriasis, streptoderma,
and acne), gastroenterological (gastric ulcer, duodenal ulcer,
hepatitis, and cholecystopancreatitis), stomatological (perio-
dontosis, periodontitis, some types of stomatitis, and periosti-
tis), as well as oncological (to protect the hematogenous sys-
tem and to remove side effects of chemotherapy).

The experience of applying MM-waves in clinical practice
revealed no ultimate side effects. MM-wave therapy went well
with other therapeutic techniques (such as pharmacotherapy,
physiotherapy, etc.). Furthermore, it exhibited no absolute
contraindications. As distinct from drug therapy, MM-wave
therapy had no side effects.

MM-wave therapy reveals some features such as nonin-
vasiveness, polytherapeutic effect, monotherapeutic effect, an-
tistress effect, immunomodifying effect, and painkilling effect.
Currently, low-intensity MM-wave radiation (MM-wave ther-
apy) finds wide application in medicine. It is employed both to
treat and prevent a wide gamut of maladies.

The first report on the application of electromagnetic
MM waves in treatment of cardiovascular diseases came to
light as far back as 1980. It was demonstrated that MM-wave
therapy produced a clinical effect, which was verified by labora-
tory and instrumental findings. Apart from that, researchers de-
veloped techniques for individual selection of MM-wave treat-
ment. It was shown that MM-wave therapy can substantially re-
duce the dose of antianginal compounds. Moreover, a nitrate
therapy was stopped completely in patients having exertion
stenocardia of the first and second functional classes. In such pa-
tients, MM-wave therapy proved to be most effective in treating
both painful and painless myocardial ischemia (Lyusov VA, Lebe-
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deva A Yu et all, 1995-1998;). By the end of a MM-wave therapy
course, 80% of the patients revealed a positive clinical effect. The
application of MM waves reduced the number of episodes of pain-
ful and painless myocardial ischemia. Hence, MM-wave therapy
produced both painkilling and antianginal effects.

Unstable stenocardia may take a bad course, resulting in
myocardial infarction, sudden death, or chronic stenocardia. The
clinical application of MM-wave therapy was found to be effective
in 60% of the cases. The treatment was successful even when
MM waves were used as a monotherapy. Being combined with
pharmacotherapy, MM-wave therapy increased the rate of posi-
tive clinical effects. After MM-wave therapy myocardial infarction
developed in none of the patients with unstable stenocardia (Le-
bedeva A Yu, 1997, 1998). Thus, the involvement of MM-wave
therapy in the combined treatment of unstable stenocardia de-
creased the risk of myocardial infarction.

When MM-wave therapy was administered within the first
hours of myocardial infarction and its complications, it de-
creased the number of episodes of acute left ventricular fail-
ure. It also decreased the rate of postinfarction stenocardia
and chronic circulatory deficiency. It was also found that pa-
tients who received MM-wave therapy revealed a raised degree
of antioxidant protection.

MM-wave therapy makes possible to correct for immu-
nologic disorders in patients with cardiac ischemia. This can
be of value not only for treating this nosology, but also for
treating the atherogenic process on the whole (Lebedeva A Yu,
2000-2003).

Microcirculatory disorders are a serious element of car-
diovascular pathologies. Tissue perfusion can be impaired not
only in the case of atherosclerosis of main vessels but also in
the case of microcirculatory blocking. The latter is caused by
microscopic thrombi and inelastic erythrocytes.

It was found that the MM-wave therapy produced a sig-
nificant decrease in the total conjunctival index as well as in
the index of vascular and intravascular changes. It also
enlarged the arteriole caliber, increased the number of func-
tioning limbic ansae and decreased the content of erythrocyte
aggregants in venules. The results obtained revealed blood
flow improvement in affected arteries and improved blood cir-
culation in ischemia-stricken regions.
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Clinical evaluation of low-intensity MM-wave radiation
and development of therapeutic techniques for cancer treat-
ment have been carried out since 1980. These investigations
were pursued at the P. A. Gertsen Moscow Cancer Research
Institute. They were made in patients with mammary cancer.
The combined therapy (chemotherapy and MM-wave therapy
before, during and after chemotherapy) was used (Pletnev,
1989-1995).

When the combined treatment was finished completely,
95.1% of the patients exhibited a satisfactory general state
(without blood-circulation stimulants). When the chemother-
apy course (without MM-wave irradiation) was finished, 74.2%
of patients revealed an unsatisfactory general state as well as a
reduced leukocyte count of blood. This occurred in spite of the
fact that the patients received blood transfusion and blood-
circulation stimulants.

The ability of MM-waves to normalize the leukocyte count
was investigated in patients with leukopenia. The investigation
was made in 900 patients whose initial leukocyte count of
blood was less than 3,000 (from 2,300 to 2,700). A course of
treatment lasted for 12 days. The sessions were administered
daily. After the cure, the leukocyte count of blood was normal-
ized in 80% of the patients. This allowed the patients to un-
dergo a complete course of chemotherapy. The proliferative ac-
tivity of the bone marrow was found to grow 4 to S days after
the MM-wave therapy commencement. Hence, the clinical find-
ings show that MM-waves allow cancer patients to undergo a
complete course of chemotherapy without a significant de-
crease in their blood indices and without blood-circulation
stimulants.

Melanoma is a highly malignant tumor of the skin. It
spreads to other parts of the body via the bloodstream or the
lymphatic channels. The rate of this disease has increased
over the last several owing to environmental pollution. Mela-
noma remains resistant to antineoplastic compounds. After
surgical excision skin melanoma metastases occur in 20% to
25% of primarily treated patients within 6 to 18 months. MM-
wave radiation was employed to prevent relapses and metasta-
ses in patients with primary melanoma of the skin after surgi-
cal treatment. The clinical experience gained demonstrated a
beneficial effect of MM waves. Dynamic observation lasted for
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9 to 18 months. None of the patients revealed relapses or me-
tastases. Apparently, MM-wave irradiation stimulated the im-
mune system and thus enhanced the individual’s natural
antineoplastic protection.

Apart from that, scientists of the P. A. Gertsen Moscow
Cancer Research Institute studied the effect of MM-wave
radiation on the course of wound processes - sutured and
open wounds (in 1,302 patients). The results obtained revealed-
that MM-wave radiation produced a favorable effect on wound
healing. The patients noted pain and discomfort alleviation in
the wound. At the first stage of wound process MM-wave
irradiation suppressed necrosis and perifocal inflammation.
An antiphlogistic effect of MM-wave radiation was most pro-
nounced in patients with sutured wounds. None of the
patients subjected to MM-wave irradiation revealed the
opening of sutures. Presumably, MM-waves recovered
microcirculation and effective receptors, which normalized
wound healing autoregulation. It is significant that MM-wave-
based wound healing did not result in ugly scars or keloids.
This is of special importance for facial treatment.

When MM-wave radiation was used to heal open wounds
it was obtained that granules revealed an early maturation- on
the third to fifth day, overall mature granulation expedited
wound closure by 5 to 7 days and granulation overgrowth was
not observed. MM-wave radiation facilitated wound epitheliza-
tion. MM-wave radiation gave rise to optimum wound healing,
which curtailed the healing by 3 to 5 days.

The clinical studies of MM waves applied in traumatology
and orthopedy were launched at the N. N. Priorov Central Re-
search Institute for Traumatology and Orthopedy. Since 1987,
this technique has been used there in thousands of patients with
various bone-muscular pathologies. The latter include serious
shotgun wounds of limbs, which are often encountered in the
Russian Federation. Between 1987 and 1990, this technique was
used to treat severe war pathologies of the locomotor system un-
der extreme conditions. MM-wave therapy was approved by the
Central Military Hospital of the Defense Ministry of the Afghani-
stan Republic (the N. N. Priorov Central Institute for Traumatol-
ogy and Orthopedy had direct scientific contacts with this hospi-
tal during that time). MM-wave therapy was also applied to the
victims of the Armenian earthquake, various natural disasters,
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and diverse catastrophes. They were also treated at the
N. N. Priorov Central Institute for Traumatology and Orthopedy
(Kamenev YuF et all, 1989-1997).

The stimulating effect of MM-waves on cell growth is not
restricted to cutaneous fibroblasts and blood lymphocytes.
Evidently, this effect has a universal character and involves
cells of various tissue architectures.

When treating orthopedic and traumatic patients, MM-
waves should produce an effect on cellular growth regulation
and cytodifferentiation. This is essential to stimulate repara-
tion processes in the affected region. Over the last decade,
MM-therapy has been firmly established as one of the most ef-
fective methods of conservative treatment of orthopedic, trau-
matic, and surgical patients for treatment of patients with tro-
phic and tissue-viability disorders (typical of shotgun wounds).
An investigation was made of applying MM-therapy to patients
with neurodystrophic changes in tissue trophics.

MM-wave therapy was also found to be highly effective in
treating chronic (shotgun and traumatic) osteomyelitis and
pressure sores. It was also demonstrated both to decrease the
microbial semination of wounds and to facilitate the jointing of
bone fractures.

MM-wave therapy efficiency was investigated at the Cen-
tral Research Institute for Tuberculosis. At different stages,
basic chemotherapy was combined with a course of MM-wave
therapy. Experimental and clinical studies revealed that low-
intensity MM-waves produced a normalizing effect on many
clinical parameters, such as the formed elements of blood and
blood plasma proteins. In addition, MM-waves stimulated
lymphocyte proliferation in immunogenic organs. As a result,
macrophages present in the bone marrow actively invaded tu-
berculosis-stricken organs (mainly, the lungs) to normalized
external respiration and regional circulation in them. Addi-
tionally, macrophages favored the homeostasis recovery during
chronic infections, such as tuberculosis (Gedymin LE,
Erokhin VV, Bugrova K M et al, 1994-1998).

MM-wave therapy was also employed in the complex
treatment of sarcoidosis of lungs and intrathoracic lymph
nodes. It is significant that MM-wave therapy reduced the dose
of corticosteroid compounds: they were taken at a dose of 10
to 15 mg every other day. Moreover, corticosteroid compounds
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were completely cancelled in half of patients with firstly-
diagnosed carcoidosis.

Unfortunately, the limited space of this publication disal-
lows us to tell the reader about all MM-wave therapy capabili-
ties. Clinical studies have reliably verified the high efficiency of
this technique with respect to more than 120 nosologic forms
(and this number is becoming larger). Evidently, MM-wave
therapy is a method about which ancient physicians used to
dream: it “treats a person, not a disease”.

The application of MM waves in agriculture —
plant-growing and cattle-breeding

In contrast to chemical methods MM-radiation is envi-
ronmentally appropriate technology what is very important for
farming industry. In addition, the possibility to increase the
productivity (crop yield, milk yield, and biomass yield) is al-
ways topical in agriculture.

The investigations carried out as early as 1989 showed that
the irradiation of low-intensity MM-waves stimulates the ATP
synthesis in a green leaf, i.e. stimulates enzymatic activity. Based
on this experimental fact specialists performed the MM-irra-
diation seed technology to increase seed germination, to stimulate
the growth of seedling and increase the crop yield. At that the
plant-growing productivity increases above 35-40 %. Investiga-
tions have shown that under greenhouse conditions one can find
MM-wave irradiation regimes that produce favorable physiological
effects virtually for any culture. In addition, the plants grown
from MM-wave treated seeds showed no signs of abnormal mor-
phological changes. The MM-irradiation seed technology was effi-
ciently used for the plant-growing productivity increase of cereals,
vegetables and melons and gourds. It was demonstrated that ir-
radiated seeds had higher germination energy and smaller growth
time they started to bloom sooner and yielded more impregnated
seed-buds.

In recent years low-intensity MM-waves have found wider
and wider application in cattle-breeding and veterinary science
when treating for various diseases of animals (cows, sows,
stud rams, calfs and sports horses). So common methods for
treating cows for the inflammation of mammary glands — mas-
titis (25% of cows are subjected to this desease) are based on
administering antibiotics, sulphanylamides, nitrofuranes, or
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their combinations to an animal; the remainder of these drugs
gets into milk, thus disturbing the technological processes in
dairy industry and interfering with producing ecologically
clean foodstuffs. The second problem in dairy farms is a rather
frequent postnatal disease of endometritis (inflammation of
endometrium); there are also a large number of drugs to treat
for this disease. During the treatment and 2-8 days later, milk
obtained from these cows is not edible. The treatment for these
diseases without drugs or with decreased amount of drugs, as
well as speeding up a recovery process, is an important prob-
lem in veterinary medicine and science.

In St. Petersburg MM-wave methods were approbated in
veterinary medicine for treating for the following diseases and
traumatic injuries in horses: cut and lacerated wounds, incised
wounds, scalped wounds; purulent pododermitis; fibrous tende-
nitis; deep abscess after opening; chronic synovitis of fetter joints;
acute serous inflammation of galloping joints; purulent bursitis;
purulent dermatitis; gastritis; bronchitis. To treat for extensive
wounds and purulent--inflammatory wounds, a combination of
MM-wave therapy and drug therapy was applied.

In addition to the cases listed above, MM-wave irradiation
was used for preventing postcastration complications. Com-
pared with conventional methods, the MM-wave irradiation did
not lead to the development of edemas and profuse hemor-
rhage and significantly reduced a rehabilitation period.

The application of MM-waves to virtually healthy animals
corrects their emotional status, accelerates the recreation after
heavy work, removes nervous stress, and temporarily stimu-
lates the immune system.

The approbation of the MM-wave therapy in veterinary
medicine as applied to treating horses has shown high effi-
ciency of the treatment, the absence of negative side effects,
and good tolerability in horses of different ages.

The application of MM waves in biotechnology

Favorable results were obtained in the application of MM-
waves in biotechnology. The first works in this direction have
demonstrated that MM-wave irradiation changes the character
of vital functions in microorganisms: it affects the cell division,
enzyme synthesis, growth rate and yield of biomass, and may
cause morphological changes and changes in the biological
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properties of microorganisms. Thus MM-waves can change the
parameters of vital functions in microorganisms, regulate their
physiological activity, and mobilize their resources. For exam-
ple, the irradiation of a water suspension of sporiferous fungus
aspergillus can increase its fibrionolytic activity by a factor of
2.5-3; the irradiation of a yeastlike fungus endomycopsis,
which is used as a producer of amylolytic enzymes, can in-
crease the amylolytic activity of this fungus by 50%. The MM-
irradiation of pathogenic microorganisms changes the antibi-
otic sensitivity of different origin staphylococcus strains, as
well as affects the immunobiological activity of the antigens
obtained from these microorganisms. It is interesting to note
the character of changes in the biosynthetic properties of mi-
croorganisms depends on the biotropic parameters of MM-
wave radiation (frequency, intensity, etc.); sometimes the effect
changes its sign (for example, in the processes “activation «»
inhibition”) depending on the radiation parameters.

Ecology and MM-waves

One of negative ecological factor is electromagnetic pollu-
tion. Last years anthropogenic electromagnetic fields (radar
stations, mobile phones, domestic electrical installations,
power transmission lines etc.) as cancer genesis source are ac-
tively studied in industrialized countries. Low intensity MM-
waves may be used to neutralize the harmful action of various
electromagnetic fields. The MM-waves allow us to protect radar
stations and in-plant personnel. Experimental data obtained
demonstrated the correction of EEG changes arose during mo-
bile phone use by embedded miniature MM-generator inside
tube (Betskii O.V., Lebedeva N.N., Kotrovskaya T.I., 2004).
MM-therapy is pollution-free method and does not cause aller-
gic reactions. MM-waves use in agriculture eliminates negative
chemical affect on environment. Number of researches re-
ported that MM-radiation compensates the harmful ecological
effect by host defenses activation.

Conclusions

Summarizing the results of the 30-year study of biologi-
cal effects of low-intensity MM-waves, we can say the follow-
ing. As it often happens, applied research and commercializa-
tion have outdistanced fundamental investigations. The wide
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application of MM waves in medicine, biotechnology, animal
husbandry, and plant cultivation has taken a giant step for-
ward. By this time, Russia has manufactured more than
10,000 MM-wave therapy devices, organized more than 2,500
MM-wave therapy rooms, and treated over 2,500,000 patients.
Since 1992, thirty-six volumes of the Journal on Millimeter
Waves in Biology and Medicine (Millimetrovye Volny v Biologii i
Meditsine) have been published as well as 13 symposia on Mil-
limeter Waves in Biology and Medicine and 11 workshops have
been held. During this time, we have issued 13 volumes of
symposium and workshop proceedings, 4 monographs, 3
popular scientific brochures, and more than 2,600 articles.
Furthermore, our scientific attainments have been protected
by 22 Russian Federation patents. In the year 2000, we were
awarded the Russian Federation State Prize in Science and
Technology for our research in this field of science.

However, scientists - biophysicists, physiologists, and
physicians - carry on their further scientific investigations into
the mechanism of biological effects. By now, they have ap-
proached a more complete understanding of the role of low-
intensity MM-wave radiation in the vital processes of biological
systems at different organization levels.
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