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ba3oBbie MeXaHH3MbI apI/ITMI/Iﬁ cepama

, A.B. Mockanenko

B mo6oii oTpaciy HayYHBIX 3HAHHH CYIIECTBYET CHCTEMa YTBEpPXKIEHHUH, KOTOPBIE CaMU
HU U3 YEro He CIEAYIOT, HO IIPU TOM JIOTUYECKU IIPUBOJAT KO MHOXKECTBY Pa3jIMYHBIX BBIBOJIOB,
COBOKYITHOCTb KOTOPBIX W (POPMHPYET JaHHYIO HAyKy: M €€ SI3bIK, U €€ MOBECTH U PACCKAa3bl,
CKa3KM U JereHjpl. Takoro posia yTBEpKIAEHHUS CO3AAI0T OCHOBY JAHHOM HAyKH, — WJIU, UHBIMU
CIIOBaMH, SBISIOTCS IS JaHHOM HayKd OCHOBOIONAramoummMu ((yHIaMEeHTaIbHBIMH,
6a30BbIMH). B Takoii cTporoil Hayke, Kak MaremMaTHka, 6a30Bble YTBEPXKICHUS O(DOPMIISIOTCS B
BUJIE CHUCTEMBI akcuoM. B ¢u3uke — B Buje mocrynaroB. B Haykax MeHee TOYHBIX 0Oa30BbIE
YTBEpPKJIEHHsST OOBIYHO OKAa3bIBAIOTCS O(GOPMIIEHHBIMH MEHEE aKKypaTHO, OJHAKO OHHU JIETKO
MO3BOJISIFOT ce0si OOHAPY>KUTHh TEM, YTO MCCIEAOBATENM HAa HUX CCBUIAIOTCS, KOT/A TBITAIOTCS
BBICKa3bIBaTh KAKHE-TO UHBIE YTBEPKICHMS.

Aputmuei cepaua cieayeT Ha3bIBaTh JIFOObIE OTKIOHEHUS B CEPJACYHOM AEATEIbHOCTU OT
€ro HOpMalbHOM JesTenbHOCTH. [lol HOpPManbHOM CepAEYHOM [eATENIbHOCThIO OOBIYHO
NOHMMAIOT YCPEJHEHHbIE IO TOMYJIALMU TUIBI MOBEAEHHUS CepAlla B YCIOBUAX KoMdopra.
ApUTMHIO, BO3HHUKAIOIIYI0 B YCIOBUAX KOMQoOpTa, O€3ycIOBHO NPUHATO TNPU3HABATh
naTojoruueckoi. OHAKO pa3Hble TUIIBI ApPUTMUU, KOTOPbIE BO3HUKAIOT B JaJIEKUX OT KoMdopTa
YCIOBHSAX, MOTYT OBITh Kak TpOSIBJIEHUEM NAaTOJOTWH, TaK M PEAKUUSIMU HOPMAJbHOM
aJanTaluy, NPUYEM pa3inyaThbCs 3TH COCTOSHUS MOTYT JIMIIb BHEIIHUMHU YCJIOBHSIMH CBOEIO
BO3HUKHOBEHHUS M CyIllecTBOBaHWSA. HekoTopble THIBI apUTMUU CepAla IPEICTaBISIOT
OMACHOCTb JUISl KU3HU LIEJIOr0 OpraHu3Ma, IIOCKOJIbKY OHM BJEKYT TI'€MOJMHAMHYECKHE
HapyIlIeHHsI, KOTOpble B CBOIO OYepeab MPHUBOAAT K HAPYLIEHHIO (YHKUIUH TeX I HHBIX
KU3HEHHO B&)XHBIX OpraHoB. [l MpaBWIbHON AMATHOCTUKM THUIA APUTMHUH HEOOXOIMMO
riy0oKoe NMOHMMaHHE 0a30BBIX MEXAaHU3MOB CEPJIEYHOH NEATENbHOCTH U B HOpME, U IpU ee
Pa3IUYHbIX HAPYLICHUSIX.

OTmeTHM, 4YTO JAaHHOE BBILE PACIIMPEHHOE OIPENEICHHE apUTMUU CEpAla SBISAETCS
aBTOPCKUM, U OHO HECKOJBKO PACXOJUTCS C TPAJUIMOHHO CIIOKHUBIIMMUCS K HACTOSIIEMY
BPEMEHU BpadeOHBIMU IPEACTABICHUSIMH 00 apUTMUAX, IOJ KOTOPhIMU Oojiee MPUHATO
NOHUMATh HapyIIEHUE JIMIIb TEKTPUUECKON aKTUBHOCTH CEp/illa U MPOBOAMMOCTH MMITYJIbCOB,
U TpU 3TOM HapylleHuWe ApPYrux ero (GyHKUUH (HampuMep, COKPAaTUTEIbHOM) B IOHSTHE
CepJIeYHbIX apUTMUN He BXOJAT. HegocTaTok TpaauIMOHHBIX PEICTaBICHUN U IPEUMYIIECTBO
"pacuMpeHHOro" o0cyKaaeTcs B KOHIIE 3TOM IJIaBbl, B pazjielie, MOCBSIEHHOM pPacCMOTPEHHIO
apUTMHYECKON AeaTenbHOCTH cepana. Ho 060 BceM o nopsaaxy...

1. ba3zoevie puzuonocuueckue mexaHumsl padbomolt cepoua

Becbma BaXHBIM 3TanioM B IOHMMAaHUU MPUYMH HapyLIEHUH AESITEIbHOCTU CEpAala,
HECOMHEHHO, SIBWIOCh OTKPBITHE <GKUBOTHOTO HIIEKTPUYECTBa». OTO OTKPHITHE JIOBOJBHO
OBICTPO TIPHUBEJIO K pa3pabOTKE HOBOTO sI3bIKA, YIOOHOTO MJisi 00OOIIEHHOTO OMUCAaHUA TaKHUX
CBOWCTB OMOJIOTMYECKOM MaTepuu, KOTOpble TMpPEXIEe Ka3aJIuCh HECOMOCTaBHUMBIMH.
JlecTBUTENBHO, YTO MOKHO OBLIO MPEXJIE YIIIsIETh OOLIET0 B JEATENbHOCTH MO3ra M MbIIII?
Yro ob1ero, ka3anoch Obl, MOXKET OBITh MEXIY MBIIIECYHON CHIION U cHIoi MbIcin? OTKpBITHE
KE «KUBOTHOTO 3JIEKTPUYECTBa» IO3BOJWIIO 3apETUCTPUPOBATh W B HEPBHOM TKaHW, U B
MBILIEYHON TKaHW HEKUH Mpolecc, KOTOpOMY ObIJIO AaHO Ha3BaHUE «BO30YyxaeHue». Pa3Butue
IOpEJICTaBICHUA O BO30YIMMBIX TKaHSIX  SBUJIOCH  BaXHBIM  00OOLIEHHEM TeX
SKCHEPUMEHTAJIbHBIX JIAHHBIX, KOTOPHIE Y/1aJ0Ch HAKONUTH K KOHITY 19 Beka. Eme B 1900 roay
T.W. Engelmann, K.F. Wenckebach u Bowditch mnocTynupoBamu OCHOBHBIE CBOICTBa
cepaeyHoi Mpimmbl [1], a umenHo: 1) aBromaruio; 2) pedpaktepHblii mepuo; 3) OTBET Ha
CTUMYJIbl pa3HOM CHJIBI 1O HpUHLUIY "Bce WU HuU4Yero'; 4) (eHomeH JeCTHULBI Iociie

-=crp | =-



Mockanenko. bazogvie mexanusmol apummuii

CTUMYJISIUU. VIMEHHO TIPEICTaBICHHS O CYIIECTBOBAHUH (OKUBOTHOTO DJICKTPUUYECTBAY SBUIINCH
OCHOBOIIOJIATAOIIMMU JJI (PU3UOTOTHIECKUX UCCIICIOBAHUM.

3nech MBI HE CTaHEM MOAPOOHO OCTAHABIMBATHCA HA OCOOCHHOCTSIX (DU3HOIOTHYECKOTO
S3bIKA OMHUCAHUSA OMOJOTHYECKUX OOBEKTOB, TaK Kak 00 3TOM JIOBOJIBHO MHOTO W TMOAPOOHO
HANMCaHoO B y4eOHWKax mo ¢usuonoruu (cMm. Hamp. [2, 3]). OTMETHM JIUIIb, YTO, BBITECHUB
MPEeXKHUE TPECTaBIeHUsT 00 0CO00W <«CKMBOWM CyOCTaHIMM», B TedeHue Bcero 20-ro Beka
(U3UOIIOTHYECKUI SI3BIK BCEIENIO TOCMOICTBOBAN CPEIU CIICUATINCTOB, Y€l TPyl ObLI CBSI3aH C
Ouosorndeckumu o0bekTamu. Ho, B CyIIHOCTH, 3TO TOCIIOACTBO SBHIIOCH JIUIIh MaHU(eCcTanen
MPOHUKHOBEHUS B HAYKH O )KMUBOW MaTepUU MEXaHHUCTUYECKOTO MOAX0/1a.

2. Ba3zoevie ouoghuzuueckue mexanuzmol pabomolt cepoua

K konmy 20 Beka HakoOmWJIOCh JOBOJIBHO MHOTO PpE3yJbTaTOB HAOMIOJACHUN U
9KCIIEPUMEHTOB, KOTOpBIE IUJIOXO YKJIAAbIBAIMCh B pPaMKU OTPAaHUYEHUH, YCTAHOBIIEHHBIX
¢dusnonornueckuM s3pikoM. Hactano Bpems aiist HoBoro 0606uienus. @u3nkaMm U MaTeMaTHKaM
yAAJI0Ch YCMOTPETh, YTO IMPOLIECCHI, KOTOPbIE MPOUCXOMAAT B «UYHCTO (U3UYECKUX)» CUCTEMax
(HampuMep, B J1a3epax WM Jake MPOCTO B KHUILALICH BOJE) MO HEKOTOPHIM CBOMCTBAM IOXOXKH
Ha TIPOIIECCHI, KOTOpbIC (PU3MOJIOTH HAOIIOAAIOT B BO30OYAMMBIX OHOJOTHMUECKHX TKaHSIX.
[locreneHHO TOSBMIIOCH TOHMMAaHUE TOTO, YTO TaKUE SIBJICHHUSA, KaK  BO30YJIUMOCTb,
MPOBOJAMMOCTh, OTBET IO THUITY «BCE WJIM HUYET0», pePpaKTepHOCTb U T.N. IPUCYIIH BOBCE HE
TOJILKO HUCKJIIOUUTENFHO OHOJIOTHYECKUM OOBEKTaM, HO CBOMCTBEHHBI TaKXKe M HEKUBOU
npupoje. OOpaily BHUMaHuEe YUTATeNs, YTO peyb B JAHHOM CIy4yae UJET BOBCE HE MPOCTO O
KaKUX-TO AHAJIOTUSAX, & UMEHHO O HOBOM OO0OOIIEHHM HAKOIUICHHOTO HAYYHOTO 3HAHUA. DTO
00001IeHIE TIOBJEKIO pa3pabOTKy HOBOro, ©OoJieeé YHHUBEPCATBHOTO S3bIKa —  sI3bIKa
6uodusnueckoro. HoBblif S3bIK MO3BOJIMII HE TOJIBKO BOCIIPOU3BECTH OIMHMCAHUE BCETO TOTO, YTO
y>Ke OBIJIO ONMHMCAaHO paHee B pamMKax (PU3MOJOTHH, HO OH TAaK)Ke MO3BOJIWJ B €IUHBIX TEPMHUHAX
NPEJCTaBUTh HMIMPOKUN KPYT SKCIEPUMEHTAIBLHOTO MaTepuana, ¢ OMUCAaHHUEM KOTOPOTO SI3bIK
(GU3MOTIOTOB yKe IUIOXO crhpaBisuics. MIMEeHHO 00 3TOM HOBOM pacIIMPEHHOM ONHCAHWUU
CepIICYHOM AEATEILHOCTH U MOKIET JaNbllie paccKa3 B IaHHOM IJIaBe.

2.1. Ucropuyeckne 3aMeYaHUs

3aTpoHeM BHayajl€ KpaTKO HCTOPUI0 BO3HUKHOBEHHS 3TOrO HOBOIO OHO(HU3MUECKOro
s3bIka. M3 Kypca (U3MoIoruu Bbl YK€ XOpoIlo 3HaeTre, 4to B 1952 rogy A.JI. XOmKKUHBIM U
A.®. Xakcnu Obula MpeayiokeHa CHCTEMa MaTeMaTUYEeCKUX YPAaBHEHUH JUIsi HEPBHOW TKaHM,
cocrosimias u3 4-x ypaBHeHu# [4]. DTa Molenb OMHCHIBAET IMpolecc BO30Yk AeHUsS MeMOpaHbI
aKCOHAa THTaHTCKOTO KaJbMapa B TEPMHUHAX WOHHOW IMPOBOJAMMOCTH MEMOpPaHHBIX KaHAJIOB.
[ectpto romamu panee H.Bunep wu A.Posenbmror [5] nans omucaHus mpoiiecca
pacnpocTpaHeHusl BOJIHBI BO30YKJIEHUS B CEpJCYHON TKaHU NMPEAJIOKUIN MOJIEIb KIETOYHOTO
aBTomara. Monens Bunepa-Po3zenOmirora Obita BechbMa yNpOIIEHHOM; KapAUOMHOLIUT, JIEMEHT
MOJIETN, OIHUCHIBAJICA HAOOPOM JUCKPETHBIX COCTOSHUM, KOTOpbIE MO 33JaHHBIM IpaBHJIaM
CMEHSUJIN JIpYT ApyTa 4epe3 JUCKPETHbIE MPOMEXYTKH BpeMeHHU. "KieTka" MOXEeT HaXOIuThCs B
OJTHOM U3 TPEX COCTOSIHUI: TIOKOH, BO30YXK/IeHUE W pepaKkTepHOCTh. B pe3ynbraTe BHEIIHETO
BO3/ICHCTBUS WJIM CIIOHTAHHO (B 3aBHCHUMOCTH OT YCTAaHOBIIEHHBIX SKCIIEPUMEHTATOPOM IMPaBHUII)
"kyieTKa" MePEeXOIUT U3 COCTOSIHUS IMTOKOS B COCTOSIHUE BO30YKIEHUS, KOTOPOE JUTUTCS 3aJJaHHOE
Bpems. [lo mpaBumam 3TOoro aBTOMara COCTOSIHUE BO30YXKACHUS MOXKET MEpeaBaThCsl COCETHUM
nokosiumcst  "kietkam". [lo mpornecTBUIO 3aJaHHOTO BpEeMEHU BO30YKICHHE CMEHSETCS
COCTOSTHUEM pe]pakTepHOCTH, B KOTOpoM "KieTka" CHOBa B COCTOSIHHE BO30YXKICHUS
NEPEXOJIUTh HECHOCOOHAa, a MO MPOUIECTBUI0 BPEMEHH pPEPPAaKTEPHOCTH HIEMEHT CHOBA
BO3BpaIllaeTCs B COCTOsSIHUE MOKOsi. HecMoTpst Ha cBoro mpocToTy, Mojaens Bunepa-Pozenbmiora
Ka4eCTBEHHO BOCIIPOM3BOAWT MHOTHE (DeHOMEHBI, HaOIIofaeMble B pPEATbHOM MHOKap/e.
Opnnako MOOUTHCS KOJTMYECTBEHHOTO COOTBETCTBUS PE3YJIBTATOB, MOTYYaeMbIX B 3TOH MOJENH,
JaHHBIM, TOJYyYaeMbIM B 3KCIEpPUMEHTaX Ha pealbHOM MHOKAapie, OKa3ajloCh HEBO3MOXKHO.
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[ToaToMy mcclie0BATENN-TEOPETUKH TOUUIN 10 IIyTH YCIOXHEHHSI MaTEMaTHUECKUX MOJENEH,
IOPUBHOCA B HUX Bce OoJbllle JAeTanel, COOTBETCTBYIOUIMX TEM WJIM HMHBIM IpoLEccaM B
peansHOM MuoOKapze. B pesynbrare nosiBunucs mojenu HobGma [6], bunepa-Peiitepa [7], Jleo-
Pynu [8], — xaxkmast U3 KOTOPBIX COAEPKUT y>KE OKOJIO AECATKA MEpEMEHHBIX. B mocneayronmx
Bce OoJiee YCIOKHSAIOUMXCS MaTeMaTHUECKUX MOJEISIX KapIUOMHUOLUTOB HCCIIEIOBATENN
YUUTBIBAIM HE TOJBKO IIOBEJIECHUE HOHHBIX KaHAJIOB KIETOYHBIX MEMOpaH, HO U HOHHBIX
oOMeHnHukoB ("HaTpueBblii Hacoc", Na-Ca-oOMeHHUK, Ca-OOMEHHHK CapKOILUIa3MaTHYECKOTO
peTHKyJlyMa), a TaKXke, B HanOoJiee MO3AHUX MOJIENSIX, U y4acTHe TPAHCIIOPTEPOB, BOBICUEHHBIX
B KOHTpOJMpoBaHHe BHyTpuKieToyHoro pH. Takoe yciokHeHnme Monesneil 0ka3aloch BecbMa
CYIIECTBEHHBIM TIPU MOJICIIBHOM HCCJICIOBAHUN HEKOTOPBIX OOJIE3HEW cep/ia, HanpuMmep, npu
UCCIIeIOBaHNM ulleMuueckoi 6onesnu cepaua [9]. K nauamy 21-ro Beka ObuIH pa3zpaboTaHb
MOJIETN BCEX TUIOB KapJMOMHOLIMTOB U3 BCEX O0siacTell cepila, U He TOJIBKO KPBICHL, COOaKU U
HEKOTOPBIX APYTHX MIIEKONMTAIOIIMX, HO TAK)KE M YEIOBEKa, — U TENEpPb OHU BCTPOEHBHI B
AQHATOMUYECKU TOYHYIO MOJEJb LEJIOr0 OpraHa, Ipu MOMOIIM KOTOpoil MccienoBatenu 21-ro
BEKa CTpPEeMsTCsS MOCTHYb TailHBl palbOTHI cepilla M MPHUUMHBI cepAeyHbIx aputmuil [9, 10].
BecbMma ycnemrHo mokaszan ceds moaxoa K MOJICIUPOBAHUIO MHOKAp/Ia, MOJyYNBIINNA Ha3BaHHE
"oumomenHass mozens" [11], ¥ UMEHHO MPU MOMOIIM ATOTO MOAXO0JA YJAIOCh MPOHUKHYTH B
TaliHbI pouecca aedudpmusanuu [12, 13]. A B Xo1e coBceM HeaBHUX uccienoBanuii [14, 15] B
pesyabTare oO0beAMHEHUs 3iekTpodusnonorndeckoir  mozenu JI. Hobra wu  mozpenu
MEXaHMYECKOW aKTUBHOCTH MHOKapjaa, paspaboranHoid B ExatepuHOypre coTpyaHHKaMu
nabopatopun B.C. MapxacuHa,  Oblja moslydyeHa HOBas MOJENb MHOKapJa, HMeEIouias
PEBOJIIOLIMOHHOE 3HAYEHUE /171l IOHUMaHUS MEXaHU3MOB PETYJISIIUY CEPACUYHON NESTEIbHOCTH U
IIPUPOJIBI APUTMUI cepALa.

Hexotopoe Bpems MozenupoBaHHe BO30yIMMBIX OHOJOTHYECKHX TKaHEW pa3BHUBAJIOCh
napajjielIbHO C HCCIICOBAaHUSMM, MPOBOJMMBIMU B paMKax MareMaTuueckoi ¢usuku. bonee
TOr0, MHOTHE HCCIIEIOBAaTeNM NPUIEPKUBATIUCh TOYKU 3pPEHMs, 4YTO pa3BUBaeMas B
TEOPETUYECKOH  OMOJOrMM  Teopus  BO30YAHUMBIX cped  TIpeAcTaBisieT  coOoi
(EeHOMEHOIOTUYECKHIA TIOJIX0/I, OTPAXKAIOMIUH JIUIIb CIIEHUPUKY KOHKPETHBIX OHOIOTHYECKHX
cucteM. CerosiHsi Mbl 3HaeM, YTO 3TO HE TaK. YK€ JaBHO U3BECTHO OOJIBILIOE YHCIO BO30YIMMbIX
cpell HeOMOJIOTUYECKOTO MTPOUCXOXKIACHUSI, B OCHOBE KOTOPBIX JIEXKAT MPOCThIe (PU3MUECKUE WIIN
¢du3uKo-xuMHuyeckre mnpouecchl. Hambosnee HarnsaHblii mpumep — BOJHA TOPEHUS B cpeje,
CIIOCOOHOW BOCCTaHABIMBATh MCXOJHOE cocTosiHue [16]. 3amavya o nBmkeHHH (QPOHTA TOPCHHUS
(BOJIHBI pacmpocTpaHeHus IiIameHu) Obuta pemieHa emie B 1938 r. f. b. 3enpnoBuuem u /1. A.
O®pank-Kameneuxkum. MMy Ob110 yCTaHOBIIEHO, YTO B OJHOPOJIHOM 110 CBOMM CBOMCTBAaM Cpelie
(GpOHT ropeHHs IBUXKETCS C MOCTOSIHHOM CKOPOCTHIO, OHO3HAYHO OIpeeIieMOl apaMeTpaMu
caMo# Cpefibl U He 3aBUCSINEH OT Ha4aJbHBIX YCIIOBHI;, YHUBEpCcalbHA U (hopMa MPOQHIIS TaKou
BOJIHBL. [Iponecc pacnpocTpaHeHus! BOJIHBI TOPEHHSI MOYKHO OMMCATh Ha sA3bIKE, OJM3KOM MOJIENH
Bunepa-PozenOmora. Hampumep, B cTenmn BeCcHOW MOXKHO HaOOJaTh IBM)KEHHE (POHTA
IUTaMEHH 10 BBICOXIIEH MPOLUIOroAHeH TpaBe (Bo30yKIeHUE), 3aTeM B TE€UEHHE T'0/la Ha MecTe
CTOpEBIICH TpaBbl BhIpAcTaeT HOBas TpaBa (pedpakTepHOCTH), KOTOpas K CIEAYIOIEH BecHE
CHOBa OTMHpAET U BBICHIXAET, U CHOBA I'OTOBA K BO3TOPAaHUIO (BOCCTAHOBJIEHHE COCTOSIHUSA
TIOKOS1).

CpaBHeHHE MaTeMaTHYECKUX OINUCAaHMH STUX, Kas3aloch Obl, pa3HBIX SBICHUN
(BO30y/leHMe MMOKapAa M IOoKap B CTENH) IOKa3ajo, YTO MOJOOHBIE MPHUPOJIHBIE SBICHUS
OIMCHIBAIOTCS OJHOTUIIHO. A 3TO 03HAYAET, YTO 32 BCEMU STUMH SIBJICHUSMHU CTOSIT OJHU U TE K€
IPUPOJIHBIE ITpoliecchl. Yepe3 HEKOTOpoe BpeMsl 3a OOHAPYKEHHBIM HOBBIM KJIaCCOM IPUPOIHBIX
IIPOLIECCOB YCTOMYMBO 3aKpPENWIOCh HA3BAHUE «A6MOB0/IHO8ble npoyeccol». IlogquepkHeM ele
pa3, 4To OTACIbHBIC MPOSBICHUSI aBTOBOJIHOBBIX IPOIIECCOB OBUTHM M3BECTHBI OUYEHB JABHO, XOTS
UX OOIIHOCTh, KOHEUHO K€, HE OCO3HaBajach. Hampumep, HEpBHBIH MMITYJIbC, CIIy>KallMi
TUIUYHBIM TPUMEPOM aBTOBOJIHBI B AaKTHBHOW Cpelleé C BOCCTAHOBJIICHHEM, HU3ydajcs elIle
I'enemronbiem B 1850 r. B nmocneanue nBa pecsatunetus 20 Beka yJanoch NOHATh, YTO MHOTHE
y>K€ paHee M3BECTHBIX SIBJIEHUS MMEIOT Ha CaMOM JeJieé aBTOBOJIHOBYIO npupoay. [Ipumepamu

-=cTp 3 =-



Mockanenko. bazogvie mexanusmol apummuii

TaKUX SIBJIEHUM MOTYT CIyXHUTh KOHIIEHTPAIL[MOHHBIE BOJHBI B XUMUYECKOW peakuuu benoycoa-
JKabotunckoro [17], BOJHBI XUMHUYECKONW CHUTHAIM3allMd B  KOJOHHSAX HEKOTOPBIX
MHUKPOOPTaHu3MoB [ 18], BOJIIHBI B MEX3BE3THOM ra3e, PUBOAIINE K 00pa30BaHHUIO CITUPATBHBIX
rajiakTuk [19], m MHorme npyrue. HemaBHO mosBHIach IOIBITKA ONMCAaTh KOPPYILHUIO B
coluanbHOU cpene npu nomoiiu [20] aBroBoaHOBOro noaxoxa. Jaxe Bocnpoussegenue JJHK B
JKUBBIX KIJIETKaX — CaMblid OCHOBOIIOJIATAOIIMA NpPOLECcC XU3HU — HMEET, IIOXO0XKeE,
aBTOBOJIHOBYIO0 Tipupoay [21]! Ho Gomee TOro, OTKpHITHE aBTOBOJHOBBIX SIBICHHS SIBHJIOCH
PEBOJIOIMOHHBIM, TOCKOJIBKY II03BOJIJIO, HAKOHEN, IOJOWTH K HAyYHOMY OOBSICHEHHIO
OCHOBHOM TailHBI KU3HU: MMOYEMY BO3MOKHO YCTOMYMBOE JJIUTEIBHOE CYIIECTBOBAHUE CHUCTEM
BJQJIA OT TEPMOJMHAMUYECKOIO PAaBHOBECHSI U KaKUM O0Opa3oM CMOIJIa CIIOHTAHHO 3apOJUTHCS
KU3Hb. YIAJIOCh TOKAa3aTh, YTO B OTKPBITBIX CHUCTEMax aBTOBOJHOBOM MPHUPOJbl BO3HUKAET
camoopeanuzayus mamepuu! B pesynpraTe nake MNOSIBUJIACh HOBAas HayKa CuHepemuxd,
KOTOpasi Kak pa3 M 3aHUMAETCS] U3yYEHHEM camMOoopranuzanuu matepuu [22]. O ToM, 4TO Takoe
CUHEpreThKa, BecbMa oOpa3Ho ckazan A.Il. HukonoB (cM. ero kHury "Anrpeia 00e3bsSHBL
Bonpiias ucropust Mmanenbkoi cuHrynsipHocTH"): «Ecnu B pa3HooOpa3Hylo cHCTeMy 3aKauuBaTh
SHEpPrul0, TO TOJ JCHCTBHEM JTONM SHEPrUM B CHCTEME HEU30€KHO HAUHYTCS IPOLECCHI
camMoopraHu3allid Marepud. BrmepBele Ha 3T0 oOpaTwi BHHMaHHE B cepenuHe XX Beka
oenpruiickuil pusuk Wnbs [IpuroxuH, KOTOphIi 3aHUMAJICSI HEPABHOBECHOW TEPMOAMHAMUKOM.
OH ¥ NOJIOKMUJI HayaJIo HOBOM HAayKe O MPOLieccax OpraHu3aluyd MaTEepUH, UAYLIUX B OTKPBITHIX
cucremax. [lo3xe ee Ha3BanM CHHEPreTHKOM, XOTsA camoMy lIpuUrouHy 3TO CIOBO HE OYEHb
HpaBuiochk. [lo cyTu, cuHepretmka — Hayka o0 osBomronuu. Hayka 00 ycrnoxHeHUU
MaTepUaIbHBIX CTPYKTYP B OTKPBITBIX CUCTEMAX).

2.2. MaTeMaTH4ecKHe acleKThl

Kocuemcss HemHoro warematuku. Iloa asmosonrnamu TpUHATO cedyac IMOHMMAaTh
CaMONOJJICP)KMBAIOIINIKCA  BOJHOBOW MPOILIECC B HEPABHOBECHOW CPENE, OCTAKOUIMMICS
HEM3MEHHBIM TIPU JOCTaTOYHO MaJblX M3MEHEHHUSAX KaK HayalbHbIX, TaK W TPaHUYHbBIX
ycnoBuii [23]. OIHOTUIIHOCTH ONMCAaHUS ABTOBOJIHOBBIX SIBJIGHUM Pa3iMYHOM IPUPOJIBI
3aKJII0YAaeTCss B TOM, YTO BCE OHHM OIMCBHIBAIOTCS MapaboJuuecKuMu AudQepeHnnaIbHbIMU
YPaBHEHHUSMHU B YACTHBIX MPOU3BOJHBIX C HEJTMHEWHBIM CBOOOJHBIM YJIEHOM KOTOpBIE B 00ILEM

BHJIE MOYKHO 3aIMcaTh CIEAyIomUM obOpasom [23]: ﬁt = f(ii) + DAii, rneti — Bextop
IIEPEMEHHBIX COCTOSIHUS, U — BEKTOP (DYHKIMH, OMMCHIBAOIINX KOMIOHEHTHI CUCTEMBI; ﬁt —

IPOM3BO/HAsA 10 BpeMeru OT 1, f (i) — BeKTOp CBOGOMHBIX YWIEHOB (HENMMHEHHBIX (DYHKIM),

D — nwmaronaneHas Marpuna kKo3()QHIMEHTOB, KOTOPHIE ONUCHLIBAIOT JU(GPY3UIO KaKIOro
KOMIIOHEHTa, A — narutacuad. Mel He cTaHeM 37eCh YIIIyOIAThCS B JIETAIM MATEMAaTHYECKOTO
OTMCaHUs aBTOBOJHOBBIX MPOIIECCOB, MOCKOJIBKY JKETAloIINe YIIIyOUTh CBOM MaTeMaTHYeCKue
3HaHUS B 3TOW 00JIACTH CMOTYT JIETKO HAaWTH OOWJMe JuTeparypsl Ha 3Ty Temy. [loaTomy Mbl
3aTpOHEM 3/eCh JUIIb MOMEHTHI, HaumOojee CYIIECTBEHHbIE s TMOHMUMAHUS TMPUPOIBI
CepJIeYHON apUTMHUHU. 3/1€Ch BaXKHO IMOHATh, UTO 0000IIEHNE, KOTOPOE JIOTUKA HCCieloBaTeNen
cAenansa B OTHOLICHHH OCOOBIX THUIIOB JKUBBIX U HEXHBBIX CHUCTEM, Oa3upyeTcss Ha HEKHX
peaNbHBIX CBOMCTBAX caMMX TakuX cucTeM. OTMETHM, YTO OOIIee CBONCTBO TaKUX CHUCTEM,
HE3aBHCHUMO OT TOTO, SIBJISIIOTCS JTU OHU OOBEKTaMH KUBOW WIIM HEXMBOW MPUPOJBI, COCTOHUT B
TOM, YTO OHHM MPEJCTaBISIIOT COOOM pacHpeesieHHblE B MPOCTPAHCTBE BHEIIHUE HCTOYHUKU
SHEPTUH, TO €CTh C TEPMOJUHAMHYECKON TOYKU 3PEHUS 3TO OTKPBITHIE CHUCTEMBI JaJeKue OT
TEPMOJIMHAMHUYECKOTO paBHOBecus [23, 24], — u Takue 0coOble CHCTEMbI TOJIYYHJIM Ha3BaHUE
«akmugHvle cpeovl». VIMEHHO STO KauecTBO M JelaeT TMOBEJCHHWE AaKTUBHBIX Cpell
NPUHIUIHAAIBHO WHBIM, YEM TIOBEACHUE CUCTEM, KOTOPBIE OBUIH MPUBBIYHBI T PU3HKOB 19-T0
u 20-ro BeKoB. J{axke BOJHBI B aKTUBHBIX CpeAaX PaclpOCTPaHSIIOTCS COBCEM IO MHBIM 3aKOHAM,
YeM XOpOILIO H3BECTHBIE BCEM €IE€ M3 IIKOJIBHOTO Kypca 3BYKOBBIE WM JIEKTPOMATrHUTHBIE
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BonHbl. C Tex mop, Kak yAaJoCh NOHATh TJIyOMHHbIE OCOOCHHOCTH aKTUBHBIX CpEJ,
aBTOBOJIHOBBIE IIPOLIECCHI MOMAIM IOJ MNPUCTAIBHOE BHUMAaHHME MAaTEMAaTUKOB, (U3MKOB H
OMOJIOTOB, a HAKOIUICHHBIM TNMPEXIe OMBIT (PU3HOJIOrOB OKa3aJiCs OYCHb IOJIC3HOW Oa3oi s
IIOCTPOEHHUSI HOBOTO OMO(PHU3UYECKOro sI3bIKa ONMMUCAHMS SIBICHUM, HAaOIIOAaeMbIX B aKTHBHBIX
cpenax.

B 1973 romy Owbuto mokazaHo [25], uTo sroOas M3BECTHass K TOMY BPEMEHH CHCTEMa
MaTeMaTH4ecKuX AupdepeHInalbHbIX YpaBHEHUH, OINMCHIBAIOUINX MPOLECC BO30YKICHUS
OMOJOrMYEeCKUX TKaHeW, NpuU MPOBEACHUM CTAHJAPTHONM MaTeMaTHYECKOW  IpOLEAYpbl
YIPOLIEHHUS CUCTEMbI 3TUX YPaBHEHUH CBOJUTCS BCETO JHIIb K JIBYM YPAaBHEHUSX, KOTOPBIE C
IPUEMJIEMOM TOYHOCTBHIO ONMCHIBAIOT PEAbHBIM OOBEKT, s KOTOpOro Oblla COCTaBlieHA
«TOYHAs» CUCTEMa M3 MHOTMX ypaBHeHHMH. OKa3anoch, YTO TaKOTO POJa CHUCTEMbI SIBIISIOTCS
BECbMa Ba)XHOW Pa3HOBUJHOCTHIO AKTUBHBIX CpEl, M 32 HUMHU ObUIO 3aKpEIUIEHO Ha3BaHUE
«aKmugHvle cpeodbl ¢ B0CCHMAHOBIEHUEM.

Takum oOpazoM, 6a3060ti MoOenvlo  aAKMUBHLIX CPped C B0CCMAHOBNEHUEM SIBIACTCS
cucTeMa ByX ypaBHeHuu [23]:

£-u, = f,(u,v)+ DAu
v, = f,(u,v)+D,Av,

e & <<l — maneii nmapamerp. Jlus XMMHYECKMX CHCTEM OTIMYHBI OT HyJs 06a
koo unmenta nupdysun D; u D;; st BO30yAUMBIX Ononorndeckux Memopan D, = 0. Cmbici
NEPEMEHHBIX JUIsl OMOJOrMYecKMX MeMOpaH: U — TpaHCMEMOpaHHBIM MOTEHUMAN, V —
IPOBOJUMOCTb MEJICHHOH KOMIIOHEHTBI MEMOpPaHHOro TOKa. M XOTS JUIsl TOYHOTO OINHUCAHUSA
KOHKPETHOW aKTHBHOH CpeIbl MOXET NOTpeOOBaThCS HaMHOTO Ooublie ypaBHEHHs (Tak,
HalpuMep, COBpEMEHHas MOJellb MHOKapJa 4YeloBeKa COCTOMT Oojiee 4YeM U3 JBaJlaTu
ypaBHEHHUI), HamOoJiee BaKHbIE 0a30BbIE CBOMCTBA ABTOBOJHOBBIX MPOIECCOB JOCTATOYHO
XOPOIIO OMUCHIBAIOTCS YK€ B paMKax 0a30BON MOJIENIM aKTUBHBIX CpPe.

BaxHO OTMETUTB, UTO AKTUBHBIE CPEJbl XapaKTEPU3YIOTCS HE TOJBKO HAJMYMEM CBSI3U
MEXIY OTAEIbHBIMM TOYKAMHU CpEIbl, €€ 3JIEMEHTaMH, (HaJM4YheM IMOTOKOB BELIECTBA W/WIN
SHepruu, Hanpumep Au(GGy3un Win TEmIonpoBoaHOCTH — wieH DAL B cucTeMe ypaBHEHHIH).
BaxHolt 0COOEHHOCTBIO BO3OYIUMBIX CpEJ SIBISETCS JOCTATOYHO CJIIOXKHOE HeluHeliHoe
MIOBEJICHUE OTJEIFHOTO AJIEMEHTA, ONMMCHIBAEMBIM KaK pa3 HEMHEHHBIM CBOOOJIHBIM YJICHOM B
CHCTEMAaX MaTeMaTHYECKMX ypaBHeHuii — Qynkuuei f,(1,V), KoTopas, Kak NpaBHIO, UMEET

N-o6pa3zubiii Bua (puc. 1). M0oXXHO BBIICTUTH TPU MPOCTEHINUX THUMA TaKUX SJIEMEHTOB [22]:
bucmabunvhblil, 6030Y0umMblli. U A8MOKOIEOamMeNbHblll, — KOTOPBIM COOTBETCTBYIOT THIIbI
COCTaBJIGHHBIX U3 3TUX 3JE€MEHTOB aKTHBHBIX cpeA. PaccMOTpuM KaXIbpli M3 3THX THUIIOB
noJipoOHee.

Bo30yaumebiii snement (pue. 1.A) uMeeT TOJBKO OJHO YCTOHYMBOE CTallMOHAPHOE
COCTOSIHUE (COCTOSIHME TOKOg — Touka O, SBISIOMIAsICS IEPECEUYEHUEM HYJIb-U30KIMH).
BHeninee Bo3neiicTBue, NpeBBILIAIONIEEe TOPOTOBLI ypoBeHb (T.€. Ooibiuee, yeM oTpe3ok OA),
CIIOCOOHO BBIBECTH JJIEMEHT M3 YCTOMUMBOIO COCTOSIHMSI U 3aCTaBUTh €ro COBEPIIUTH
HEKOTOPYIO 3BOJIIOLMUIO (Ha (a30BOM MOPTPETE MOKA3aHO OPaHXKEBOW JIMHUEH), MPEexe YeM OH
BHOBb BEPHETCSI B 3TO COCTOsIHHE. B0O30yK/I€HHBIN 3J€MEHT MOXKET MOBIUATh HA CBA3aHHbBIE C
HUM 3JIEMEHTBI U B CBOIO O4Yepe/ib BBIBECTH UX U3 CTAL[MOHAPHOTO COCTOsHUS. B pesynbraTte mo
TaKOH CpeZie PacIpOCTPAHSICTCS A8MoBoaHA 8030yHcOenus. VI3 BO30YTUMBIX 3JIEMEHTOB COCTOST
6030y0umble cpedsl, TOAOOHBIE paboueMy MHOKapAy; 0 HUM OeryT BOJIHBI BO30OykaeHus [26].
ABTOBOJIHAMU BO30YKACHHUS ABIISIOTCS U UMITYJIbChI B HEPBHOU TKaHU [27].

bucrabunbupiii snement (puc.l.B) oGinagaer 1ByMs CTalMOHAPHBIMH COCTOSIHUSMHU
(YCTOMYMBBIMM WM HEyCTOMUMBBIMU — TOUKU O; U O3, B TO Bpems kak Touka O B JaHHOM
cillydyae BCerja HEyCTOWYMBA), MHEPeXoAbl MEXIY KOTOPBIMH IPOUCXOJAT HpPU BHEUIHEM
BO3/ICIICTBUH, MPEBBIIIAIONIEM HEKOTOPBINA MOPOT (AHAJIOIMYHO TOMY, KaK 3TO NMPOUCXOJIUT U B
BO30yAMMOM »3jeMeHTe). B Takux cpenax BO3ZHUKAIOT 60JHbI NepeKioueHusi N3 OJHOTO
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Puc. 1. ®a3oBbic moptpeThl (JieBask KOJOHKA) ¥ COOTBETCTBYIOIIIEE UM MOBeIeHHE (TpaBast
KOJIOHKA) DJIEMCHTA aKTUBHOM Cpeibl: psia A— Bo30yaumbiil, B — OucrabuabHbiil, B —
aBTOKOJIe0AaTENbHBIA TUIEI 371eMeHTOB. OIHcaHne B TEKCTE.
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cocTtosiHUs B Apyroe. Hampumep, KiIacCH4eCKMM INPUMEPOM aBTOBOJHBI MEPEKIIOYEHMS, —
HOXaTyi, caMoro MpoCTOro aBTOBOJIHOBOTO SIBJIEHUS, — SIBJISIETCS MaJaroliee JOMHUHO. JIpyrum
IOPOCTEHIINM TPUMEPOM OUCMAOUNBHOU Cpedbl SBISETCA TopAmas Oymara: 1Mo Hed B BHIE
IUITaMEHHM PaCIpPOCTPAHSAETCS] BOJHA MEPEKII0YeHUss OyMaru M3 HOPMAJIBHOTO COCTOSIHMSA B €€
300y [16].

ITpumepom asmoxonebamenvrou cpedwvl SBISETCS CUHYCOBBIM y3€ll ceplua, B KOTOPOM
CIIOHTAaHHO BO3HHMKAIOT MMITYJIbCHI BO30YKIeHUs. ABTOKoJeOaTenbHbIN AmeMeHT (puc. 1.B) He
UMEeT yCTOMYMBBIX COCTOSHUH (Touka O B JaHHOM cllydyae BCErja HEyCTOHYMBa), U MOITOMY
IIOCTOSIHHO COBEpUIaeT KoyieOaHUsl ONpeaereHHOW (OopMbl, aMIUIUTYJbl U 4acToThl. BHemHee
BO3/ICCTBUE CIIOCOOHO BO3MYTUTH 3TH KOJICOAHMS, OJHAKO II0 MPOIIECTBHIO HEKOTOPOTO
BPEMEHH (BpemeHu penaxkcayuu), BCE XapaKTEPUCTUKH STUX KojeOaHud, KpoMme ux (asbl,
BEPHYTCS K CBOEMY YCTOHYMBOMY 3HAU€HHIO, HO (pa3a MOXKET U3MEHHTHCA. B uTOre, B Takmx
cpelax MOTYT paclpoCTpaHAThCs (a3oBble BOJHBI, KaK 3TO MPOMCXOIMUT, HANpuMep, B
aNeKTporupisaae [24].

Takum oOpazom, u3 (azoBoro moprpera 0a30BOM CHUCTEMbl YpaBHEHHH, ONHCBHIBAIOLICH
aKTUBHYIO Cpeiy, XOpOILO BHUJHO, YTO CYILIECTBEHHOE pa3Iu4Me MEXIY ATHUMH TpeMs TUIIaMU
NOBEJICHUS Cpellbl BBI3BAHO KOJMYECTBOM U TIOJOXKEHHEM ocoObix Touyek. dopma xe
HaOJII0/TaeMBIX B PEATBHOCTH aBTOBOJIH MOXKET OBITH BECbMa CXOXEH, M Mo (opMe UMITyJIbca
BO30YXKJIEHHUsI OIpENeUTh TN 5HJIEMEHTa MOXXET ObITh 3aTpyAHUTENbHO. EcTecTBeHHO,
BO3MOXXHO CYIIECTBOBaHHWE W KOMOMHHMPOBAHHBIX aKTUBHBIX CPEJl, KOTOPHIE COCTaBJICHHBIX U3
pasHbIX TuUnoB aieMeHToB. Cepaune Kak pa3 U SBIIETCS OJHUM M3  INPUMEPOB
BBICOKOOpPraHU30BaHHON KOMOMHUPOBAHHON aKTUBHOM Cpebl.

Kpome aBTOBOJIH BO30YX/IEHHUS B aKTUBHBIX Cpelax BO3MOXKHO HaOIIOaTh MHOXECTBO
JpYrMX HMHTEPECHBIX AaBTOBOJIHOBBIX sBIeHMH. Hampumep, HemaBHO ObLIO IMOKa3aHO, YTO
CBEpPTHIBAIOIAs] CHUCTEMa KPOBU TaKXe SBJSETCS TUIIMYHOM aKTUBHOM cpenoil, u B Hel
o0Opa3oBaHHe KpOBSHOTO TpoMOa B MECTE€ NOBPEXACHHUS TKAHU MPOTEKAeT Kak OCOOBIN THII
aBTOBOJIHOBOT'O UMITYJIbCA, U YTO UIMEHHO aBTOBOJHOBOM MPOLIECC SABISIETCS CYLIECTBEHHBIM IS
dbopMupoBaHUs TpoMOa, a BOBCE HE MPOCTO CMECh MHOTOUYUCIICHHBIX "(akTOpOB CBEpTHIBAHUSA"
[28, 29]. A coBceM HEIaBHO YJalOCh OOHAPYXHTh, YTO MEPEXO0] MOTUMOP(HON TaXUKapAUU B
MOHOMOP(]HYIO MOKET OBITh 00YCIOBJIECH COOCTBEHHON IMHAMUKON aBTOBOJIHOBOTO BUXps [30],
XOTSl TMpexzae ObUI0 TPUHATO CYUTaTh, 4YTO TaKOW MEpexoJl BO3MOXKEH JIHMIIb IpH
B3aMMOJICMCTBUM BpAILLAIOLICICSI BOJIHBI BO30YXACHHS C aHATOMUYECKHUM MPENATCTBUEM
(HampuMep, pyOLIOM MM KPOBEHOCHBIM cocyioM). OOmieil TeopuHu aKTUBHBIX Cpell MOKa He
CYIIECTBYET, U KaXJ0€ JOCTATOYHO TIIyOOKOE MCCIEIOBAaHUE KAKOro-TMO0 0Opasiia aKkTUBHOU
Cpelbl, KaK MpaBuiIo, JaeT MPUMEPbl HOBBIX TUIIOB IWHAMHMKHN M CAMOOPTaHU3alMM, OJTHAKO HET
OCHOBaHUM JyMaTh, YTO O3TH HPHUMEPHl YHUKAJIBHBI, IOCKOJIbKY BECh MPEABIIYIINN OIBIT
UCCIICIOBAaHUN aKTUBHBIX CPEJ MOKa3bIBaeT CKopee oOpaTHOe — HaWJEHHbIE HOBBIE PEKUMBI
OOHapyXUBAIOTCS 3aT€M M B JPYIHX CHCTEMax, IPUYEM HEPEIKO M B YK€ JABHO H3y4aeMbIX
[29].

Ho BEpHEMCAd K TCEMC cepL[equﬁ ACATCIIBHOCTH. Kak omnucwiBaercs cepacuHad
JACATCIIBHOCTh HA HOBOM 6I/IO(1)I/ISI/I‘~I€CKOM s3pIke? Hibke MBI ITOIbITacMCS IIOKa3aTb, 4YTO BCC TC
SABJICHUSA, KOTOPBIC XOPOIIO H3BCCTHHI H3 (1)I/I3I/IOJ'IOI"I/II/I, Ha HOBOM 6I/IO(1)I/I3I/I‘I€CKOM SA3BIKC
OIMUCBIBAIOTCA IMPUMCPHO TaK K€, KaK 1 Ha (1)I/ISI/IOJ'IOFI/I‘~IGCKOM.

2.3. Ileiicmeiikepsbl

B kxomOuHuMpoBaHHOW aKTMBHOW cpeae Ta ee o00jacTb, KOTOpash COCTOMT U3
ABTOKOJICOATENbHBIX 3JIEMEHTOB, HAa3bIBaCTCS neticmetikepom. Takas 00J1acTh HUCITyCKaeT
ABTOBOJIHBI C HEKOTOPHIM YCTOWYHMBBIM TepuoaoM. [IpumepoM OHONOrMYecKOro melcMekepa
SIBIIIETCSL B CEPJIIIC YEIOBEKA CHHYCOBBIH y3el, KOTOPBIM MPEACTABISICT COO0H TPyIITy KIETOK,
paboTaronmx B aBTOKOJIEOATETLHOM PEKUME.
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B 10cTaTtoyHO TOHKMX CIIOAX AaKTUBHBIX Cpel MEWCMEHKEp CO3MAaeT KApTUHY B BUIC
KOJIBIIEBBIX BOJIH, PAcCXOJSAIIUXCS W3 HEKOToporo meHTtpa (puc.2). Ilepuwon mnelicmerikepa
OTIpE/ICINIIeTCSl €r0 COOCTBEHHBIMU CBOMCTBAMH U MOXKET OBITH MPOM3BOJIBHBIM, HO HE MEHBIIIE
BpeMEHU a0CoNOTHOU pedpakrepHocTH. [Ipn Hamuume B cpefie HECKOIBKUX MEHCMEUKEPOB ¢
pPa3HBIMH TIEPUOJAMH, HHU3KOYACTOTHBIC OKA3bIBAIOTCS MOJABICHHBIMH aKTUBHOCTBIO Hambosee
BBICOKOYACTOTHBIX [22]. DTOT MaTeMaTHYeCKH MOJYYECHHBIH Pe3yJIbTaT ObLT yKE JaBHO XOPOIIIO
u3BecTeH (u3mMojoraM Kak CyIIeCTBYIOIIass B CEpAle UepapXus BOIUTENEH pHUTMA.
[TeiicmeiikepaMu B CepJLE SBISIETCA CUHYCOBBIM Y3€l, NMPEACEPAHO-KEITYJOUYKOBBIM y3€l, a
TaKKe KJIeTKU myuka ['mcca u BonokoH IlypkuHbe, 0qHAKO B HOPME CEPACUHBIN PUTM 3a/1aeTCA
HanOoJiee BBICOKOYACTOTHBIM T'€HEPATOPOM BOJH BO30YXKICHHS — CHHYCOBBIM Y3JIOM, a
OCTaJIbHbIE TEWCMeKeppl B HOPME HAaxoAATCsl B IMOJABIEHHOM  COCTOSIHUM, 4YTO
(U3HOTOTUYECKHI SI3BIK OTPA3HJI B HA3BAaHUU «JIATEHTHBIC BOJIUTEIN pUTMa». Eciu CMHYCOBBIN
y3ed BApYr "BeIieN U3 cTpos', TO B pabOTy BCTymaeT HamOojee OBICTPBI M3 3amacHbIX
neicMeKepoB — M B pe3ysbTare padoTa cepaua MouTtu He Hapymwurtcsd. Takoe ayOivpoBaHue
YacTel CUCTEMBI MOBBILIAET €€ Ha/IEKHOCTb.

2.4. bBerymue BOJHBI

B HOBOM OMO(GU3NYECKOM SI3bIKE, aBTOBOJIHAMHU BO30OYKICHHS (Oe2yuumu asmosoiHamu)
Ha3bIBAIOT _BOJIHOBBIC MPOILIECCHl, HUMEIOIIUE YCTOWYMBBIE («CAMOMOICPKUBAIOIINECS)
napameTpbl — CKOPOCTh, aMIUIUTY Y, Gopmy umnyibcea [24, 23]. DTo sSBIsSETCS CYIIECTBEHHBIM
OTJMYUEM AaBTOBOJH OT IPHUBBIYHBIX BOJH 3BYKOBBIX WM 3JEKTPOMAarHUTHBIX. ABTOBOJIHBI
BO30YKIICHHS SIBIISTIOTCS, TIOXKATYH, CAMBIMH PAaCIPOCTPAHEHHBIMH B TPUPOIE aBTOBOJIHOBBIMHU
SBJICHUAMHU, OHM BO3HHMKAIOT B CaMbIX pa3IM4YHBIX cCpeAax (U3NYECKOH, XHMHUYECKOH,
OMOJIOrN4YECKON TPUPOIBI.

AHanu3 cucTeM MaTeMaTUYECKUX YpaBHEHMH, OMMCHIBAIOIIUX aKTUBHBIC CPEJIbl, IPUBEI K
O00Hapy’>KEHHIO MHOYKECTBA MHTEPECHBIX CBOMCTB aKTHUBHBIX CPEl, a TakXKe Jall OObICHEHHE
U3BECTHBIM U3 (u3nonoruu siBneHusM [23]. Hampumep, B pe3ynbTaTe Takoro aHaiausa ObLia
MOJTyYeHa 3aBUCUMOCTh CKOPOCTH aBTOBOJIHBI BO30YXK/ICHUSI OT KPUBH3HBI €€ POHTA: CKOPOCThH
YMEHBIIAETCS C POCTOM KPUBHU3HBI, U CYIIECTBYET KpUMuUuecKkoe 3HaueHue KpPUsusHwl, IMpH
NPEBBIICHAH KOTOPOTO PpACIpPOCTPaHEHHE BOJH BO30YKICHHS CTAHOBUTCS HEBO3MOXKHBIM.
Hanuuue xputudeckoil KpUBU3HBI TPHUBOJAUT, B YAaCTHOCTH, K TOMY, 4YTO aABTOBOJIHBI
BO30YKIIEHHSI HE MOTYT MpPOXOAWTH CKBO3b JOCTATOYHO MAaJBIX pa3MEpoOB OTBEPCTUS B
HEBO30YIUMOI Meperopoake (Harmpumep, B noctuHpapkTHOM pyOrie). Emie 6osee m000MmbITHRIM
(deHomMeHOM, 00YyCIIOBICHHBIM HAJTMYAEM KPUTHUECKOW KPUBU3HBI, SIBISCTCS OOHOCHOPOHHASA
nPOBOOUMOCMb 8030VIHCOEHUs YepPe3 OTBEPCTHE B HEBO30YIUMOM Meperopoke, BOSHUKAIOIIAs B
TOM CJIy4ae, €CJIM CTEHKH MEPETOPOJKU PACIIOIOKEHBI MO YIIIOM JIpyT K apyry [31], — a aTo
YK€ OTAEIbHBII MEXaHU3M BO3ZHUKHOBEHUS PELUPKYIATOPHBIX apUTMUHA!

Eme omHMM WHTEpPECHBIM CBOMCTBOM AaKTHBHBIX Cpel OKa3aloch TO, YTO IS
NEPUOTUYECKUX aBTOBOJH CKOPOCTh Ma/JaeT C YBEIMUEHHEM YacTOThI; ObUIM MOJyUEHBI U SIBHBIE
BBIDQKEHUS JJIsI €€ BEIMYMHBI. Tak, MareMaTHYeCKHd OBUIO IMOKa3aHO, YTO CTAI[OHApHOE
pacrpocTpaHEeHHE aBTOBOJIH OKa3bIBAETCSI BO3MOXKHBIM JIUILb JI0 TEX MOp, TOKa Mepruo]] BOJIHBI T
Oosbiie HeKOTOpOro Tpin ¥ UTO CYIIECTBYET MaTeMaTH4eCKasi 3aBUCHMOCTb CKOPOCTH BOJIHBI OT
cBoiictB cpenbl. Pacmpoctpanenne mnpu T < Tpin OKa3bIBaeTCsi CBOEOOPAa3HBIM: BOJHBI
pacrpocTpaHstoTcs 0e3 3aTyxaHusi, HO HE BCe, a BBINAAaeT (HE pacipOCTPaHsIETCs ), HAIpuMep,
KaX/1asi TpeThsl WM 4eTBepTas (B 3aBUcUMOCTHU OT T) BoJHa.

CymectBoBaHUe Tpin OOYCIIOBICHO TE€M, YTO BOJHA HE MOXKET PACIpPOCTPAHATHCSA IO TEX
1Op, MOKa HE 3aKOHYATCsl MPOLIECChl BOCCTAHOBIICHHS, ONMCHIBAEMbIe MEJICHHOW MepeMeHHON
—.TO CBOWCTBO AaKTHBHBIX CpEJ Ha3bIBACTCA pedpaxkmepHOCmblo, a XapaKTepHOE BpeMms
BOCCTaHOBJICHUS Ha3bIBAETCS pedpaxmepHuiM_nepuodom. B HEKOTOPBIX CiyyasX BO3MOXHO
NPOBE/ICHUE CIIEAYIONICH BOJHBI M JIO TOJIHOTO BOCCTAHOBJICHHUS CPEIbl — TaK Ha3bIBaEMOE
cocmosHue OMmHOCUMENbHOU pedhpakmepHocmu, HO CKOPOCTb BOJIHBI ITPH 3TOM Oy1€T HECKOJIBKO
MEHBIIIE B 3aBUCUMOCTH OT BPEMEHH, MPOIIEANIET0 C MOMEHTA IMPOXOXKICHHS MPEIbIayIen
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N

0.01 - 0.02 ¢ Foo003-0.10 ¢

0.07 -0.08 ¢ h/

0.06 - 0.07 ¢

0.03 - 0L0S ¢

0.08 - 0,10 ¢

0.07 ¢

0.06 ¢

05 ¢

0.02 ¢ 0.02 ¢

Puc. 2. [IpocTpaHCTBEHHO-BPEMEHHAs OpraHU3alis HOPMAIBHON CepIICUHOMN JIESTeITBHOCTH.
3eJIeHbIC HAAMUCH M CTPEJIKH YKA3bIBAIOT BPeMsl IIPUX0/Ia BOJIHBI BO3OYX/ICHHUS B IaHHYIO
obnacth cepaua (ucmonb3oBanbl gaHHble U3 [##70]). [onyOble Bpe3ku moka3siBaloT Gopmy
npoduiis O6eryieii BoaHbl ('OTEHIMATA ISHCTBUA™") B pa3HBIX 00JIACTSIX CEP/IA,
00YCIIOBIICHHYIO Pa3JIMuMEeM CBOMCTB 3JIEMEHTOB BO30YIMMOI Cpey, KOTopas o0pa3yeT TKaHH
cepana. bexxeBast Bpe3ka — HOPMaJIBHOE PaclpoCTpaHeHHEe OeryIiel BOJIHBI BO3OYKICHUS U3
neficMeHKepHOI 30HbI B IICHTPE (CHHYCOBOTO y3j1a) B CTOPOHY KpaeB (1o paboueMy MUOKapy)
B MPOCTEUIIIEH UMUTALIMIOHHON MOJIEIH.
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BOJIHBI. J[J151 IEpHOUYECKUX UMITYJIbCOB 3TO IPUBOJIUT K Qucnepcuy — 3aBUCUMOCTU CKOPOCTHU
aBTOBOJIH OT MX 4acToThl [32, 33]. Eciu BpeMs mociie NpOXOKACHUS MPEAbIAyIIeH BOJHBI
CJIIMIIKOM MaJIo, TO TPOBEJCHHE MOCIEAYIOUEH BOJHBI BOOOIIE HEBO3MOXHO, TaK UTO JUIs
KOKI0M BO30YyIMMOW CpeIbl CYIIECTBYeT HEKOTOPhIH MHHUMAJIBHBI HMHTEPBAT MEXIY
COCEHUMHU BOJIHAMH — @pems abconomuol pegpaxmeprHocmu. Ho naxxke B TOJHOCTBIO
BOCCTaHOBJIEHHOM BO30yAMMOM Cpefie CKOPOCTh PaclpOCTPAaHEHUs aBTOBOJIHBI BO30YKICHUS HE
MOJKET IIPEBBICUTH HEKOTOPOTI'O MaKCUMAJIbHOIO Il JAaHHOW CPEbl BETUYHHBI.

OTmeTHM, YTO CyLIECTBOBaHUE pepaKTEPHOTO NepHoja B cepeyHON Mblile eue B 1876
rogy ycranosuin E.J. Marey, upe3BbeluaiiHO olapeHHBIN (ppaHIly3CKUil HCClIeoBaTeNlb B 00JIACTH
¢usmonornu cepama; WM ke ObUT W BBEIEH JaHHBIM TEPMHUH, a TaKKe OTMEUYEHO, YTO
pedpakTepHblii EPUOJ] B CEpACYHON MBIIILE JUIUTCS JOJbIIE, YEM B CKEJIETHON MBIIILE HIIH
Hepse, a A.J. Carlson nepBeiM ncnonb3oBai B 1906 r. TepMuHbI "aOCOMOTHBINA pedpakTepHbIN
nepuoa" U "OTHOCUTENbHBIN pedpakTepHblil mepuon [1].

JUis MHOTUX aKTMBHBIX CpEJ XapaKTepHa CUJIbHAS perakcanmuocmsv, T.€. 3HAUUTEIbHOE
IPEBBILICHUE BPEMEHU peppaKkTEepHOCTH HaJl BpeMeHeM Bo30yxieHus. B 0a3zoBoii cucrteme
YpaBHEHHMI peIaKCaHTHOCTh 33/aeTcsi MaJibM mapamerpoMm & [23]. Hanpumep, i cepledHoi
TKaHU BpeMs pePpakTEpHOCTH TPEBBIMIACT BpeMs Bo30yxaeHus npumepHo B 300 pa3. Dto
NPUBOJIUT K TOMY, YTO BOJIHA BO30YXKIEHHS B CEpJIe UMEET pe3Kuil mepeaHuil ppoHT, HO HE
UMeeT BBIPpAKEHHOro 3aaHero ¢poHta. Hammume mmurensHOM pedpakTepHOCTH OOBSCHSET,
HaNpUMep, AHHUSUIAYUIO BOIH 6030VHCOeHuss TPU WX CTOJKHOBeHMH. M3-3a Toro, 4ro B
pENIaKCAaHTHBIX AaKTHUBHBIX CpeJax BcIed 3a IepeAHMM (POHTOM BOJHBI BO30YXKICHUS
pacrpocTpaHsieTcss ee JUIMHHBIA pedpakTepHbIi XBOCT, Tle BO30Y>KICHHE HEBO3MOXKHO, JBE
BOJIHBI HE MOTYT IIPOITH OJIHA CKBO3b JPYTYIO U TACHYT.

2.5. [IpocTpaHCTBEHHO-BPEMEHHAS OPraHU3ALMS CePAeYHOM AesITeJJbHOCTH

Jns  obecrieueHust 3¢ (GeKTUBHOW HACOCHOM (YHKIMHM cepAlla BecbMa BaKHA
npocmpancmeenHo-epemennas opeanusayus (IIBO) nmponecca Bo3Oyxaenns. Hopmansnas [IBO
CepIeYHON JIeATEILHOCTH B MIEPBYIO OUepe/lb 00YCIOBIEHA CaMOM CTPYKTYpO# cep.ia, TO ecTh
IPOCTPAHCTBEHHBIM B3aMMOPACIIOI0KEHUEM aBTOBOJIHOBBIX 3JE€MEHTOM (KapAMOMHOLIUTOB),
00J1aJaroIUX CYIIECTBEHHO Pa3IMYHBIM COOCTBEHHBIM MOBEJICHHEM (KOTOPOE ONMHMCHIBACTCS, KaK

y’Ke TOBOPHJIOCH BBIIIE, MPU MOMOIIM HEJTMHERHOTrO cBoGoxuoro wiena f(i)). Bmaromaps

0c000i1 CTpyKType ceplia Kak opraHa, XOpouio U3BeCTHOM U3 KypCOB aHATOMUU U (PU3UOJIOTHH,
B HOPMaJIbHOM CEpALIE OCYIIECTBISETCS JUIIb PEKUM OETyIIMX BOJIH, UHUIMUPYEMBIX U3
o0JyacTu CHHYCOBOTO y31a (puc. 2).

HMeHHO HapyuleHHe NPOCTPAHCTBEHHO-BPEMEHHOW  OpraHM3alMud  mpoiecca
COKpallleHUusT MUOKapAa M SBJsAeTCH 0000IIeHHbIM MEXaHM3MOM CepAeYHbIX APUTMHH
(koTOpBI  OOBIYHO MaHU(PECTUPYET PA3TUYHBIMU  CHCIUPUUESCKUMH  DICKTPUUYCCKUMU
MPOSIBICHUSIMU, UCTIOJIB3YEMBIMHA BPAuOM JJIi YCTAaHOBKHU MPaBUIIBHOTO nuarfosa). Hawmboiee
MIPOCTBIM U XOPOIIIO U3BECTHBIM MpuMepoB HapymeHuid [IBO sBnstoTcs 6510Kambl MpOBEICHNUS.
A BO3HHKAIONIME TMPH MNATOJOTUYECKMX HM3MEHEHHMSX TeX WM HHBIX o0yiacTell MHOKapiaa
MCTOYHUKU JOMOJHUTEIBHBIX aBTOBOJIH MOTYT MPUBOJUTH K TSHKEIBIM apUTMHUSIM CEpALIA.

MexaHn3M 4YaCcTUYHOM 0JIOKa/abl MPOBEACHUS OBbLI OMMCAH BhIIIE ¢ OMOPU3UIECKON TOUKU
3peHus. M3 Takoro omucaHUsl CTAaHOBUTCS OYEBUIHBIM, YTO YacTUYHAsl OJoKaza MOMKET
BO3HUKAaTh HE TOJBKO B TOM Ciy4ae, KOrJa OJJIEMEHT IPOBOJHUKOBOM CHUCTEMBI Cep.Ia

"ocnabyeH" (TO ecTh OMUCHIBAOMIASL €T0 (QYHKITUS f (L_i ) WU3MEHUJIACh TAaKUM 00pazoM, 9T0 Tpin

JTAHHOTO y4yacTKa MPOBOJHUKOBOM CHUCTEMbI CTAaHOBUTCS 3HAUYUTENBHO OONBIIUM, 4eM Tpin
BBILIEJNIEKALIETO Yy4acTKa MPOBOAHUKOBOM CHUCTEMBI cepua). XOTs 3TO 3BYUUT HECKOJIBKO H
HEOXKHMJIAHHO, HO COBEPILICHHO OYEBHIHO, YTO JPYyro MNPUYMHON YACTHUYHOM OJIOKabI
MIPOBEJICHUS MOXET OBITh M "CIIMIITIKOM Xopotias'" padora neicmeiikepoB cuaycoBoro y3ma! To
€CTh, BO3MOXKHA CUTyallMs, KOTJa MapaMeTpbl KaXkKIOTro 3JEMEHTAa NPOBOJHUKOBOM CHUCTEMBI
cep/illa OCTAlOTCSl B NPEJEsax HOPMbI, OJTHAKO COCTOSIHME MNEeHCMEMKEpOB CHHYCOBOIO Y3Iia
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U3MEHEHO TaKuM 00pa3oM, YTO YacTOTa T€HEPAIlMH CUHYCOBBIM y3JIOM UMITYJIbca BO30YKICHHUS
OKa3bIBaeTCsl BBIIIE TOM, KOTOPYIO CIOCOOHBI MPOBOAUTH HIDKENEXKAIlUe SJIEMEHTHI
IIPOBOJJHUKOBOU CHCTEMBI CEPALIA.

OT™MeTUM TYT M TO OOCTOSTEIHCTBO, UYTO OMODH3WYECKHUIA S3BIK JAaeT Oo0Jiee MHUPOKOE

NIOHUMAaHHKEe IPHYMH BO3HUKHOBEHHUS HAPYIIEHUH B paboTe cepaua, motomy uro pynkmus [ (i)

MOKET HW3MEHUTHCA OJHOTHUIHBIM 00pa3oM NpHU CaMbIX pa3HbIX COYETAHUSX 3HAUCHUU
OTJICIBHBIX MAPAMETPOB KAPAMOMHUOIINTA, — HO MPH KKIOM U3 3TUX PAa3IMYHBIX COYCTAHHUU
HapyLIeHUH OTHENbHBIX MapaMeTpPOB KIMHUYECKHE MPOSBICHUS HapylIeHU cepaeyHon
NEeSATENbHOCTH OyJIeT OJUHAKOBBIC, TOCKOJBKY OHHU OIPENeSIOTCS COCTOSIHHEeM (DyHKIUU

—

f(ii), a me KkakuM-TMOO OTJACIBHBIM MapaMeTpOM MHUOKapna. BoBce He HATPHEBOid,

KAJHeBOl, KaJlblUMeBOH M T.I. TPOBOAMMOCTBI0 MOHHBIX KAaHAJI0B MeMOpaH
KAPAMOMHUOLUTOB (KaK 3T0 NPHUBBIYHO /I (PU3MO0JI0roB) 00yCJAABIUBACTCH PEKHM
HOPMAJILHOM CepeYHOoil [esiTeIbHOCTH, a HMMEHHO TAaKHM HX CO4YeTaHHeM, KOTopoe
SIBJISIETCH  ONTHMAJIBHBIM UIA JAHHBIX YCJIOBMH (YHKIMOHHMPOBAHUS OpPraHM3Ma.
buodusnueckuil sA3bIK OMMCAHUS MpEATaracT WHTErPajbHbIE XapaKTEPUCTHKH OMOJOTHMYECKUX
00BEKTOB, U 3TO KaK pa3 U MPUAAET EMY JOMOJIHUTEIbHYIO MOIIHOCTh. DU3HOTOTrMUECKUN S3bIK
cTalnm (aKTHUECKH S3bIKOBBIM IOJMHOKECTBOM OMO(PHU3UYECKOTO s3bIKa, U 3TO BIIOJIHE
€CTECTBEHHBII MPOIIECC B Pa3BUTUU TIO3HAHMUSL.

B cnenytomeit yactu 1aHHOH IM1aBbl MBI 00Jiee MOAPOOHO PacCCMOTPUM, KaKue HapyIIEHUsS
[IBO cepaeuHoii nesSTENbHOCTH MOTYT JIeXKaTh B OCHOBE TE€X MJIM UHBIX apUTMHI cepala.

3. ba3zoevie ouogpuszuueckue mexanuzmol apummuil cepoua

UYucno M3BECTHBIX THUIOB UCTOYHUKOB CEPACUHBIX ApUTMUI 3HAUUTENBHO YBEITUUYMUIIOCH 32
nocjienHee BpeMsi. JTO yBEJIWYECHUE CBSA3aHO HE TOJIBKO C OOHAPY>KEHHEM HOBBIX MEXaHH3MOB
apUTMUMN, HO U C Pa3IMUYEHUEM T€X MEXaHHU3MOB, KOTOPbIE MPEXkAE OTOXKAECCTBISUIMCh. Tak ams
pEeHTpH, U3BECTHOTO emle ¢ 19-ro Beka MexaHu3Ma apuTMUi, Terepb pa3InyaloT Kak MUHUMYM
YeThIpe THUMa: Oer Mo KOJIbIly, CHHpajbHAs BOJHA, peBepOepaTop W (GUOPHIUIAIUS KaK Xaoc
CIUpATbHBIX BONH. bBBIIO 0OHapykeHO, YTO B AaKTUBHBIX Cpelax CYyIIECTBYIOT, KpoMe
neicMenKkepoB, ele 1Ba TUIa KCTOYHUKOB aBTOBOJIH — 3TO BEIyIIUE IIEHTPHI U aBTOBOJHOBBIC
BUXpU. DTU MCTOYHUKH MHTEPECHBI T€M, YTO OHU HE MPUBS3aHBI K CTPYKTYpE CpeAbl U MOTYT
BO3HHMKATh M MCYE3aTh B PA3HBIX €€ MecTaX. YTO KacaeTcsl TPEeThero KIaCCHYeCKOro MEXaHW3Ma
apUTMOT€HE3a — TMOBBIIICHHOTO aBTOMAaTHU3Ma, TO M TYT ObUTM OOHApy’>KEHbl HOBBIE BUIBI
ABTOMATHIHOM MTPHUPO/IbI: BEI3BAaHHAS aBTOMATHSI, & TAK)KE TPUTTEPHAs aBTOMATHUS TI0 MEXaHU3MY
paHHeW TOCTAENONSIpU3allMd ¥  TPUTTEpPHass aBTOMATHUsA IO  MEXaHW3My TO3JHe’
MOCT/ACTIONSApU3ai. Benercst n3ydeHne pa3auuHbIX TPEXMEPHBIX PEKMMOB IUPKYJISIIUH BOJIH
BO30Y>KICHHsI B TOJIIE MHUOKapJa — W Ha ATOM IIOJIE MCCIENIOBAHUN TOXE YK€ MOTYUYECHBI
HEKOTOpBIEC CYIIECTBEHHBIC M MPUHIMITAAIBHO HOBBIE pe3ynbTaThl. M Kaablii U3 MCTOYHHUKOB
apUTMUN MOKET CTaTh MexaHu3MoM HapyieHus [IBO cepaedHoil nesarenbHOCTH.

Becpma crnennpuyeckuM HOBBIM MEXaHW3MOM AapUTMHHU SIBISIETCS TaK Ha3bIBaeMOeE
pacwennenue 801Hbl 8030yacoenus [23]. IIpoxoas Mo MOBpeKACHHOMY Y4acTKy Cep/la, BOJIHA
BO30YKIEHHSI MOXET paclIeNuTbCs Ha JBa WAYIIUX Jpyr 3a JAPYyroM KOMITOHEHTA.
HccnenoBanre ¢ MOMOIIBIO CHEIMAIBHBIX OIOKATOPOB MOKAa3ajo, YTO MEPBBIA KOMIOHEHT
obycoBneH akTuBanueii Na'-Toka, a BTOpOil — 3a/iepKaHHON BO BPEMEHM aKTHBAIMEH Ca*'-
ToKa.BO3HUKINIT B pe3yibTare TaKOro pacHIeTieHUs JOOABOUHBIM KOMIOHEHT MOXET CTaTh
HCTOYHHKOM BHEOUEPETHON BOJHBI BO30YKICHHUS.

CnenyeT OTMETHTb, YTO BCTPEUAIOUIMXCA B JIUTEpaType Ha3BaHUN pa3HBIX THUIIOB
HCTOYHHUKOB apUTMHI U MX MEXaHHU3MOM HECKOJIBKO OOJIBIIE, YeM MBI HCIIOJIB3yEM B ATOH Ii1aBe,
HO THIATENbHBIA aHATN3 IPUBOINUT K BBIBOY, YTO MHOTHE M3 3TUX Ha3BaHUH SBJISIOTCS, MO CYTH,
CHHOHMMAaMH, BBEJCHHBIMH B OOMXOJ] Pa3HBIMH aBTOPAMH 10 TE€M WJIM HHBIM COOOPa’KECHHSIM.
Hwuxe MbI pu momomniyn HOBOTO OMO(PU3NYECKOTO S3bIKA IMOMBITAEMCS OMUCATh W3BECTHHIC HA
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CGFOI[H}ILHHI/Iﬁ JCHb THUIIBI UCTOYHHUKOB apI/ITMI/Iﬁ cepanua U HEKOTOPLIC MCXAaHU3MbI CCPACUHBIX
APUTMHIA.

3.1. DKTOonNYeCcKHEe HCTOYHUKHU

B ocHoBe aBTOMaTMM — CHOHTaHHOM TeHepauuu noTeHuuana aedctus (I110)
OTACJNBHBIMU TpyNNaMHU KJIETOK MHOKapja — JiexxaT Tpu MexaHusma [34]. IlepBeii —
cobcmeennas aemomamusi KIETOK IPOBOJAIIEH cucTeMbl cepiaua. Bropoil — ewizeannas
asmomamusi, BOSHUKAOIIAs WM YCUIUBAIOIIAsIcs Ha (OHE BHEIIHUX BO3JeHcTBHMA. TpeTuit —
MmpuceepHas aKmueHoCmb — 3TO aBTOMATHs, NPOBOLUPYEMAs CEpUEH BIEKTPUUYECKUX
CTUMYJIOB.

O coOcTBEeHHOM aBTOMATUH MPOBOASIIEH CUCTEMBI CEP/IIa MBI YK€ pacCKa3alld BhIIIE: OHA
obecrieunBaer HopMmanbHyto [IBO. 3meck numib ciemyer eme A00aBUTh, YTO JIATCHTHBIC
BOJUTEIN PUTMA MOTYT CTAHOBUTHCS MCTOUYHMKAMU apUTMHUHI Jake B TOM Cily4ae, Korja Hx
HOpMaJbHasi COOCTBEHHAs aBTOMATHS COXPAHEHA, OJHAKO B MOBPESKICHHOW OO0JIE3HBIO
CEepICUHOM TKAHM HU3KOUACTOTHBIM NeEHCMEHKep BCE KE HE CHUHXPOHU3UPYETCS BOJIHAMH,
WIYyIIAMH OT CHHYcOBOro y3ia [23]. B pesynbrare Ha (oHe HOpManbHbIX KomruiekcoB DKI
MOSIBJISIFOTCSI MCKaKEHHBIE BHEOYEPEIHBIE KENIyJOUYKOBBIE KOMILUIEKCHI, MOPOXKIAAEMBbIE TAKUM
HMCTOYHUKOM. MEXaHU3MOM TaKOW apuTMUHU (BapHaHTa KEITYJOUYKOBOM IKCTPACHUCTOIMH) MOKET
CTaThb TaK Ha3bIBa€Mble YYaCTKH OJIHOHANpaBICHHOro OJoka TPOBEICHHs, KOorja B
MOBPEKICHHOM MECTE aBTOBOJHA BO30YXKIEHHUS CIOCOOHA paCIpOCTPAHATHCS B OJHOM
HaIlpaBJEHUU M 3aTyXaThb B MNPOTUBONOJIONKHOM [31]. IlpUumHBI Takoro OJHOHANPABIEHHOI'O
0Jioka MOTYT OBITh pa3HbIC; OJHOM M3 TAaKUX MPUYUH MOXKET OBITh KPUTHYECKOE 3HAYCHUS
KPUBH3HBI, O KOTOPOM MbI pacCKa3bIBaJIH BBIILIE.

Bri3BanHas aBTOMaTHsl CBsi3aHa JMOO C TEPEXOJOM ydacTka MHOKapaa (Wiu Jaxe
OTJIEIbHOTO MHOKApIMOLIMTA) U3 KAYIIETO B aBTOKOJeOATENbHBIN PEXHUM, JTUOO C YCUICHHUEM
aBTOKOJIeOATETbHOM aKTUBHOCTH JIATEHTHBIX BoauTesel purMa [23]. B o6oux cirydasx npuyuHbI
BBI3BAaHHOM aBTOMATUU CXOJHBI: U3MEHEHMS XapaKTEPUCTHUK U COOTHOIICHHI MOHHBIX TOKOB B
KJIETOYHOW MeMOpaHe MpU MOMOIIA TOPMOHOB, SJI0B, BHEITHUX MUCTOYHUKOB TOKa, U T.1. byner
JU KJIETKA CIIOHTaHHO TeHepupoBaTh [I/] mnm HeT, 3aBUCUT OT COOTHOILIECHUS BXOISAUIUX U
BBIXOJSIIIIUX HMOHHBIX TOKOB. CIIOHTaHHas JemoJiApu3alus, Beaylias K CIHOHTaHHOMY
BO3HUKHOBeHHI0 [IJ[ mocne gocTukeHHs TMOpPOTOBOM  BEIMYMHBI TPAaHCMEMOPAHHOTO
MOTEHIHANA, TPOUCXOAUT TOT/A, KOTJa B COCTOSHUU TMOKOS CyMMapHasl BEJIMYMHA BXOJISIIHNX
TOKOB Ha4YMHAET MPEBBIIIATh BRIXOAAIIUE TOKH [2, 3, 34]. CinenoBaTenbHO, 100bIe BO3ACHCTBYS,
YBEITUYMBAIOIINE BXOSIINE TOKH UM YMEHBIIAIONINE BHIXOIAIINE TOKH B (Da3e MOKOs, JOJKHBI
BBI3bIBATh WM YCHUJIMBaTh AaBTOMATHI0O MEMOpaH MHUOKapAWaibHBIX KJIETOK, U Hao0OopoT,
YMCHBIIICHHE BXOMSIIAX TOKOB W YBEIMYCHHE BBIXOMIIMX TOKOB JIOJDKHO OCIAOIATH
aBromatuo. OIHUM U3 (QAKTOPOB YMEHBIICHHS BBIXOJSALINX TOKOB SIBISIOTCS HWOHBI Ba®’, u,
BEPOSITHO, UMEHHO YCWJICHHE aBTOMATHUU SBJISICTCS OJHUM U3 OCHOBHBIX MEXaHHM3MOB, JISKAIINX
B ocHoBe BaCly-mozenu skcnepumeHTanbHbIX aputMmuii [34]. CymiecTByeT MHOIO Croco0oB
YBEJIMYUTH BXOJSIINNA TOK W BBI3BATh aBTOMATHIO MEMOpPaH CEepACYHBIX KJICTOK. Tak, B OCHOBE
AKOHUTHHOBON MOJIENM apUTMHI JIEKHUT CIIOCOOHOCTh MOJIEKYJT aKOHHTHHA MPEMsITCTBOBAThH
3aKpBIBAHUIO HATPUEBBIX KAHAJIOB, a aJIpCHAIIMH, H30MPOTEPCHON U ApyTHEe [3-aIpeHOMUMETUKA
yBennunBaroT Ca-TOK, a TaKKe NEHMCMENKEPHBIM TOK /r M OTMM yCHIIMBAIOT aBTOMATHIO KIIETOK
npoBojsiel cucreMbl cepana [34]. K nosiBaeHn0 aBTOMAaTUM MPUBOJIUT TAKXKE U PACTSIKEHUE
Cep/ICUYHON TKAaHU U KaK CJIEICTBHUE 3TOr0 U MeMOpaH Cep/IeYHBIX KIETOK [34].

TpurrepHasi akTUBHOCTH SIBIISIETCS OCOOBIM BHIOM aBTOMATHH, KOTJa CIIOHTaHHAs
Jenoaspu3aius MeMOpaH OTCYTCTBYET, KJIETKH HaXOASTCS B XKAYLIEM PEKUME U MEPEXOIsT B
ABTOKOJICOATETTFHBINA PEXKUM B OTBET Ha CTHUMYJI HIIM CEPHIO CTUMYJIOB. Konebanus moTeHIuana,
BO3HHUKAIOIIME B BOJIOKHax mnocie reHepaunu [IJI, HazpBaoT noctaenosspusanueii. [lpu
JOCTaTOYHO OONBINON aMIUIUTYAE OSTUX KOJIEOaHWH TOCTIOTEHIMANa JOCTHUTAeTCs MOpPOT
BO30YyX1eHMs, M Bo3HUKaeT [1]], He BEI3BaHHBINM HU BHEITHUM CTUMYJIOM, HU TOKOM CTIOHTaHHOU
Jaenoaspusanuy. Paznuuaror qBa Tuna NocTAENOIspU3aluu: panHsasa noctaenouspusanus (PIII)
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U TO3MHSSA, Wiau 3anepkanHas, noctaenonspusanus (IIT1J]). PITJ Bo3nukaer B ¢a3el 2 u 3
noTeHIana nercreus, Toraa kak II1)] Bosaukaer B daze 4 I1J] yxe mocne penonsipuzanuu
MeMOpaHbI ¥ TIPU NOTEHIMAaIaX, COOTBETCTBYIOIIUX MOTeHIMany nokos. PI1J] moxeT Bo3HUKATh
B YCJIOBHAX THMIIOTEPMHH, HU3KOro pH, BBICOKOW KOHLEHTpAalMM KaTEXOJAMHHOB, IO
neiicrBuem akonutuHa, CsCl u gp.; cmocoOctBoBaTh mosBieHuio PIIJ[ moryr Takue
yauastone [1J[ Bo3gelcTBUs, Kak CHWKEHHAs KOHIEHTpAlMs HOHOB K+, AHTHUAPUTMHUK
cotanon u T.1. [34]. TITIJ] CBA3BIBAIOT ¢ OTKPHIBAHHEM HecHeNU(HMUECKMX KaTHOHHEIX Na'- u
K'-kaHa/OB OTBET HA TOBBINICHHE BHYTPHKICTOYHON KOHIeHTpamui uoHoB Ca’'. Cumraercs,
ar0 KoNeGaHMs TpUMeMOpaHHON KoHIeHTpamun Ca’  BOSHHKAIOT MPH Meperpyske KIeTKH
vonamu Ca’’ ¥ OGYCIOBIGHEI B IEPBYIO OdYepenb BHIOPOCOM U 0bparHO# 3akaukoii Ca’’
CapKOIJIa3MaTUYECKUM PETUKYITYMOM.

JIBymMs1 HamOosee W3yYCHHBIMH BO3JCHCTBHSMH, MPHUBOASIIUMH K IIEPETPY3KE KIETOK
vonamu Ca’” W TPHUITEpHOIl aBTOMATHM, SBIAIOTCS KATEXONAMHHBI ¥  HHTOKCHKALIHS
CepJIeYHbIMU TIIMKO3UAAMU (Hampumep, aurutanucom) [34]. Jlurutanuc uHrudbupyer padoty
Na'/K'-Hacoca, B pesynbTaTe 3TOr0 yBEIMUMBAETCS BHYTPUKIETOUHAS KOHILEHTPAIHUS HOHOB
Na®, 4T0, B CBOIO OYepe/b, MPHUBOIUT K YBETHUCHHIO BHYTPHKICTOUHOH KoHIEHTparmu Ca’
BcneacTBue pabotsl Na'/Ca® -o6MennuKa. KaTeXomaMuHbl HANPAMYIO yBeTHunBaioT BXoq Ca’
B KJETKH, aKTUBHpYs TOK [c,. BcleacTBue pa3HbIX MEXaHU3MOB, JIeXKallluX B OCHOBE
JUTUTAIMCOBOM M KaTEXOJIAMUHOBOW TPUITEPHOM aBTOMAaTHM, BO3HUKAIOIIME HWCTOYHUKU
apuTMuil BeayT cebsi mo-pazHomy. Tak, mpuctyn karexojamuHoBoi IIII/] wacto cnonHTaHHO
IIPEKPALAETCS] B PE3YyJIbTaTe MOCTENEHHOIO YBEIWYEHHUs IUACTOJIMYECKOro noreHuuana. Ilpn
3TOM MEXHMITYJILCHBII WHTEPBAII TIABHO BO3pacTaeT. ITH 3PPEKTh OOBICHSIIOTCS aKTUBAIHEH
anektporennoro Na'/K'-Hacoca BcieicTBHE yBETHUEHHS BHYTPUKJIETOUHOH KOHIIEHTpamuy Na '
BO BpeMs [IPUCTYIA TAXUKAPAUH.

Ipu aurutanmcoBoM Mexanmsme I1TTJ] Na'/K'-mHacoc 3amnrn6uposan. ITosTomy, Kak
IIPaBWJIO, BO BpEMsI IpUCTyNna HaOJI0faeTcs HE TUIEpHOJsApU3alus KIETOYHOW MeMOpaHbl U
3aMeJICHUE PUTMA, a, HAPOTHUB, AMACTOJIMYECKUH NMOTEHIMAI U amiunryia [1J] ymensmaercs,
a yactora MokeT pactu. CaMONpON3BOJILHOE OKOHYAHHE IMPHUCTYIAa TaXUKApAMM HACTYNAeT B
pe3yJbTaTe CHUXKEHUs BO30YyAMMOCTH.

CrnenyeT OTMETHUTb, YTO POJIb TPUTTEPHON aKTUBHOCTH B KIMHUYECKUX CIy4asX apUTMHH
cep/la U3y4eHa Moka HeIoCTaTouHo [35].

3.2. Benymmue neHTpsbI

B nBymepHoO#t u B TpexMepHON B030ynuMMbIX cpenax Beayuiue neHtpsl (BLl) mocwuiaer
KOHIIEHTPUYECKHE BOJIHBI, TIOXOKUE Ha BOJHBI, MHULUHPYEMbIEC MelicMeiikepoM B BO30yanMoi
cpene [23, 36]. 13 TeopeTnueckux MCCIEIOBAHUNA U3BECTHO, IO KpailHEW Mepe, TPU pa3IMuHbIX
mexanusma BLl. OnuH U3 HUX OMUCaH JUIsl Cpel, COCTOSIIUX U3 aBTOKOJIEOATENbHBIX 3JIEMEHTOB
C J)KECTKMM BO30y>kJeHueM. Takasi cpea MOKET HaXOJUThCSI B COCTOSIHMM MOKOSl, HO TO MECTO
cpelbl, rae ObUIO MPUIIOKEHO BHEIIHEEe BO3JCHCTBHE MOAXOIAIIEH aMIUTUTYAbI, EPEXOJUT B
ABTOKOJIEOATENbHBIN PEKUM M CTAHOBUTCSI HCTOYHUKOM BOJH [37].

JlBa npyrux mexanusma BILl ommcanbl moj Ha3BaHUSIMH «3XO» U «JeneHue (poHTa». B
paborax [38, 39, 40] npu mnoOMOUM MHUKPOIIEKTPOAHOM TEXHHUKH OBUIO IOKa3aHO
CYILIECTBOBAaHME MEXaHHM3Ma «3Xa» B MHOKapae. O0a 3TH MexXaHHW3Ma SBIAIOTCS, MO CYTH,
nepe3amyckoM JIByX COCEJHHX D3JIEMEHTOB (Hampumep, BO30YyIMMBIX KIETOK), TO €CTh
MpeeNIbHBIM CiIy4aeM pe-eHTpu [23, 34].

XOTsl B OKCHIEPUMEHTaX HAa MMOKApZE 3T UCTOYHUKH aBTOBOJH OBLIM OOHAPY’KEHBI JIHILb
OpU BecbMa CHeNM(PUYECKHX SKCHEPUMEHTAJIbHBIX YCIOBHUSX, TEM HE MEHee, Bpauy Cleayer
UMETh B BUIY, YTO IKTONMWYECKHM OYaroM BO30YKICHHS B MHOKapJe, JArOIIUM XapaKTepHBIC
KOHILIEHTPUYECKHE BOJIHBI BO30YKJICHHSI, MOXKET OBITh HE TOJBKO BBIMIEAIINHA M3-1I0J] KOHTPOJIS
JATEHTHBIM BOAMWTENb pUTMA. OTO 3aMEYaHHME BCELENO CIPABEUIMBO M B OTHOUIEHHM Tak
Ha3bIBAEMBIX IIOJIMTONHBIX TaXWKapAWH, CYyIIECTBOBAaHHE KOTOPBIX, a TaKXke HX HpUpoAa
OCTa0TCS BO MHOTOM FMIIOTETUYECKUMH.
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3.3. llupkyaupyrouue BOJIHBI (pe-eHTpH)

Konnenmuss 1OHUPKYISIUA  BOJTHBI BO30YXKICHHS, CTONb BaKHas s TOHUMAaHUs
MEXaHU3MOB BBICOKOYACTOTHBIX apUTMHUH cepana (Taxukapawii), ObUIa SKCIIEPUMEHTAIHHO
nonreepxkaeHa B 1926 r. D. Scherf u C. Schockhoff, u B Hacrosimee BpeMs oOmenpu3HaH TOT
bakTt, 9T0 Yyupkyrayus 6030ysxcoenus (reentry, pe-sHmpu, pusHmpu — y Pa3HbIX aBTOPOB) HE
OTPAHUYUBACTCS TOJBKO TMPOBOSAIIMMH TKAHSIMH U MOXET MMETh MECTO B JI000OW oOmactu
cepaua [1].

B nurepatype, MOCBAIICHHOW W3YyYEHHUIO PE-CHTPH, JUIS ONUCAHHS PA3JIMYHBIX PEKHMOB
UPKYJISIUA  BOJTH BO30YXKACHHUS WCIOIB3YIOT CICIYIONIME TEPMUHBI: OCT 10 KOJbBITY,
CIHpayibHas BOJHA, pOTOp, peBepOeparop, (GUOPMIIAIMS KaKk XaoC CHHPAIbHBIX BOJIH,
ABTOBOJTHOBOW BUXph. [Ipudem, ciieyeT OTMETUTh, YTO aBTOPHI JIOBOJIEHO YaCTO CKJIOHBI JIETKO
NOJIMCHSATh OJMH W3 J3THX TEPMHUHOB JPYyTUM, OJHM3KUM TIO CMBICIY, — YTO IOPOXKIACT
TPYIHOCTH TTOHMMAHHS Y YUTATENS, KOTOPBIH B TOHKOCTSX Pa3BUBAOIICHCS TEOPUU aKTUBHBIX
cpen Mano uckymieH. Kak ObLIo yKe YHOMSHYTO B pasjieliie JAaHHOW TJIaBbl, MOCBSIIICHHOM
MaTeMaTHYECKUM acIeKTaM, OOIIYI0 TEOPUIO0 aKTHBHBIX CpEIl BCE €IIe CO3/aTh HE YJIalloCh, U
9TO OTYACTH SIBJICTCS MPUYUHONW MCTOPUYECKH CIIOKUBIICHCS TEPMUHOJIOTHYCCKON ITyTaHHIIBI.
CyIecTByIOT W BIOJHE OOBEKTHBHBIC TPYJIHOCTH HYETKOTO pAa3JeICHUs TEPEUUCICHHBIX
pexxuMoB pe-eHTpu. C OJHOM CTOPOHBI, BCE WM HEKOTOpPbIE M3 MEPEYUCICHHBIX PEKUMOB
MOTIMHSIOTCS TEM WM WHBIM CXOJHBIM 3aKOHAM, W MOTOMY TIpU OOCYXXICHUH B JIUTEPAType
UMCHHO STHX CXOJHBIX 3aKOHOB CIly4aiHas WJIM HaMEpEHHas MOJMEHa TEPMHHA OKa3bIBACTCs
MaJIOCYIIECTBEHHOW JUIsI CMBICIA  aBTOPCKUX  yTBEPXKACHHWHA (WM  3aByaJIMPOBAHHBIX
0000menuit). C npyroil CTOPOHBI, 3TH PEXKHUMBI IMPU OMPEIEICHHBIX YCIOBUSAX IOCTATOYHO
JIETKO CIIOCOOHBI CMEHSITH JAPYT JIpyra, — W aBTOPBI PabOT, MOCBSIIEHHBIX CMEHE PEKHMOB
UPKYJISALIUN, BUIAMO, TMPOCTO JICHATCS aKKypaTHO WU3MEHSTh Ha3BaHHUE W3y4aeMOTO SIBJICHHUS
IIPH CMEHE PEKUMOB PE-CHTPH HIIM YK€ MPOCTO TAKHM CITOCOOOM IBITAFOTCS M30€KaTh JINIITHIX
Pa3bSCHEHUI TIO MOBOJY BBIHY)KICHHOW 3aMEHBI OJTHOTO TEPMHHA IPYTUM B XOJI€ H3JIOKCHHS
CBOMX Pe3yJIbTATOB.

Hwke mnpu ommcaHuM pa3HBIX PEXHMOB PE-CHTPU MbI IOCTapaeMcsi Ooliee JeTajabHO
yKa3aTb TEPMUHOJIOTHYECKHE TOHKOCTH TIPH OINHUCAHWU PA3HBIX PEKUMOB [UPKYJISAINAN
ABTOBOJIH.

3.4. OnuHOYHBII JIBYMEPHBIl aBTOBOJIHOBOI BUXPb

Hamnune pedpakTepHOCTH [emaeT BO3MOXKHBIM CYIIECTBOBAaHHE B JOCTATOYHO TOHKHX
ciosix (B JIBYMEpHBIX Cpelax, TOBOPS MaTeMaTHUECKUM SI3bIKOM) OCOOBIX BpaLIAIOIIUXCS
ABTOBOJIH, ABOJIOIHOHUPYIOIUX W3 BOJHOBBIX (POHTOB CO CBOOOTHBIM KOHIIOM, T.. W3
0oOpbIBOB (pOHTA. B TOHKHMX CIOSX JOCTAaTOYHO OOJBLION MPOTsKEHHOCTU ("'OeCKOHEUHBIX'" ¢
TOYKHU 3PEHUS] MAaTEMATUKH, TO €CTh TaKUX, JAIbHEHIIee YBEINICHNE MPOTHKEHHOCTH KOTOPBIX
HUKaK HE CKa3bIBaeTCs Ha MOBEICHUM HU3y4yaeMOro 0ObeKTa) BpaIlAOIIMecss aBTOBOJIHBI UMEIOT
BUJI BPAIIAIONINXCS CIIUPAJIeH, B KOTOPBIX KOHYUK CTIUPATH — OOPBHIB BOJIHBI BO3OYKICHUS —
BpalaeTcss «BOKPYT caMoro ceds» (pue. 3).. Yke B akCMOMaTHYECKUX Moensax Tuna Bunepa-
Po3zenbmrora [S] ObUTO MOKa3aHO, YTO Pa3pbIB IUIOCKOH BOJHBI BO30OYKICHUS NPU €€ BCTpEUE C
JOCTAaTOYHO OOJIBIIMM HEBO30YAMMBIM MPEMSITCTBUEM B CpeAe MNPHUBOAUT K OOpa30BaHMIO
cnupanvrou eoanvl (CB), Bpamaromeicss BOKpyr 3Toro npensatctBus. [1o3ke ObUIo BBISICHEHO,
YTO CIUpaJbHbIE BOJIHBI BO3HMKAIOT B CXOJIHBIX YCIOBMSAX HE TOJIBKO B BO30YAMMBIX, HO U B
aBTOKoJeOarenbHbIX cpenax [24]. Kpome Toro, okazajioch, 4YTO HalW4UE NPETSATCTBUS HE
ABJsieTCA 00s13aTeNbHBIM U yTO CB BO3HUKAET TakKe U MPHU CO3/1aHUM MOIXOAALINX HAaYaJbHbBIX
ycnoBuid [24]. Hampumep, HEOOHOPOAHOCTh TKaHH IO Pe(paKkTEepHOCTH MOXKET MPUBECTH K
TOMY, 4TO IPU BBICOKOM 4YacTOTE CIIEOBAHMs BOJIH BO30YKAECHUS MOTYT BO3HHMKATh Pa3pbIBbI
(¢poHTa BOTHBI Ha HEPOBHOCTSIX XBOCTA MPEOBIAYLICH BOJIHBI, M HBOJIOIUS 3THUX Pa3phIBOB
npuBOAUT K popmupoBanuio CB.

Ha cerognsmuuii eHb ONMCaHO TPU THMA pe-€HTpU Tuma "coupaiabHass BosiHA" (CM.
Hanpumep [1, 23]):
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ABYMEDHA MEAHAP NO TANY MEAHAP C NAHENHBIM
KRYTroBaRA LMPKYNALMA ANULMENOMObL AOpoM

TRAEKTOPHA KOHYWKa

NCeBho-aNEKTPOKAPANOTPaMMa pegepbeparopa

Puc. 3. Knaccudeckue Tumsl 3Bomonuu pesepoeparopa. Ha Bpeske — Bua O1'K npu pazHbix

THIIAX 3BOJIOIHMK peBepOepaTopa: KpyroBoi UPKYIAIUU (BBEpXy), Meanape (mocepeanHe) u
runepMmeanzipe (BHU3Y).
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1. Borna 6030yocoenus, YupkKymupylowas 60oKpye aHAMOMUYEeCcKO20 Npensmcmeust.
Hanpumep, 370 MOXKeET ObITh TpeTeTaHuE MPEeCepAnil PU ABMKEHUU BOJIHBI BOKPYT MOJIBIX BEH.

2. bec no konvyy (CUHOHUM: pedxcum ooHoMepHOUu yupkyiayuu). llpumepamu apuTmuil,
00yCIJIOBJICHHBIX TAaKUM PE-CHTPH, MOXKET CIY>KUTh: LUPKYJIISAIHS BOJHBI MEXAY MpeICcepausiMu
U JKETyJI0YKaMM CepAlia C y4acTHEM JOIMOJHUTEIBHOIO MPEICEPIHO-KEITYJOUKOBOIO IyTH MpHU
TaXMKapausax, cBA3aHHbIX ¢ WPW-cuHIpoMom; HaKelnyAodKoBash TaxUKapAus, BbI3BaHHAs
UPKYJIALUeil Bo30yxaeHust B AB-y37e; BHYTPHIKEIYI0UYKOBbIE IIUPKYJISALUN BOJIHBI IO ITyTH,
COCTOSIIEM M3 CIIELMAITM3UPOBAHHON MIPOBOSIIEN CUCTEMBI CEP/ILIA.

3. [leymepHas yupkynayus 80aHbL 8 NIOCKOCMU CMEHKU cepoya Ha yuyacmke Muoxkapoa bes
anamomuyeckoz2o npenamcmesus. B oTinnuue oT HUPKYJISIUN BOKPYT MPEMSITCTBUS, MOJI0KEHNE
[EHTpa BpAIAIOLIEICS CNUPAIbHON BOJHBI B JAaHHOM CIydyae MOXET IepeMemiaThCcsi TOo
cepleyHOl TKaHM (TO eCTh Opelighoéamv) BO BpeMs NpuCTyna aputmuu. llpm momomm Kak
MHOTO3JIEKTPOJTHOTO, TaK M ONTHYECKOr0 KapTHUPOBAHUS CYIIECTBOBAHHE TaKUX HCTOUYHUKOB
apuTMHUH B peaJlbHOM MHOKapae TMoka3aHo B oOnactu CA-y3na, B THpeicepaHOd U
KEITYAOYKOBON TKAHAX Ceplia.

OTmeTHM 371eCh K€ HEKOTOpble TOHKOCTH YCTAaHOBUBLICICS TepMHHOJOTHH. Pa3Hble
aBTOpPHI HA3BIBAIOT BpAIIAIONINEcs] B JABYMEPHOW Cpele aBTOBOJHBI CHUPANbHLIMU BOJHAMU
(spiral wave), pesepboepamopamu, pomopamu (rotor), asmosornosvimu uxpsamu (Vortex) uiu
naxe ceumxamu (scroll wave). OmHako cleAyeT YYUTHIBaTh, 4TO BCE K€ 3TU TEPMHUHBI HE
ABJISIOTCA MOJIHBIMU CHHOHMMaMU. Bkpartiie pa3nuuust Mex1y HUIMH CIEeyIOLIHE.

Tepmunom "crimpanpHasi BoiHA" 0003HAYAIOT OOBIYHO JIUIIL ABTOBOJHBI, BPAIIAIOLIUECS
BOKpPYT HEBO30YMMOTO MPEISATCTBHS B CpPeJie JOCTATOYHO OONBIION MPOTSHKEHHOCTH, TO €CTh B
JaHHOM CJIy4ae TaKOH TMPOTSHXKEHHOCTH, B KOTOPOM TPEMSATCTBUE SIBISIETCA MaibIM IO
CPaBHEHHIO C Pa3MEpOM CpeJbl, OJJHAKO JOCTaTOYHO OOJIBIIMM, YTOOBI 00ECIIeYnBaTh Pa3phIB
aBTOBOJHBL. B crnupanbHOW BOJHE €€ KOHYUK JBUKETCS 10 TpaHHIle HEBO30YAMMOro
IPETSTCTBHS.

Baxneiimmm otiinunem peepbepaTopa oT 61u3Kol K HeMy 1o (hopMe CIUpaibHOM BOJTHBL,
BpAIAIOIIEHCs BOKPYT OTBEPCTHSI, SBISIETCSA TO, YTO peBepOepaTrop He MPHBs3aH K KaKOW-I100
cTpykType B cpene [23]. bmaromapst 3ToMy CBOWCTBY peBepOepaTopbl MOTYT BO3HUKATh B
pasHBIX MECTax Cpelbl, MPUYEeM HE TOJBKO IMPU OTCYTCTBHH HEBO30YIMUMBIX MPEISTCTBHSA, HO H
BOOOIIE B TMOJHOCTbIO OIHOPOJIHOW cpene (MpU MOAXOASIIMX HayalbHBIX YCIOBHX). B
AHTJIOS3BIYHOM JIUTEpaType Hanbosiee OJU3KUM TI0 CMBICITY SIBIIsieTCsS TepMUH ""potop". OgHako B
CBOEM H3IIOKEHHWU MBI OyleM MpeArnodYTeHHe OTAaBaTh TEPMHUHY peBepOepaTtop: XOTsS OHO B
HACTOALIEE BpPEMS MEHEE WHCIOJIb3YeTCs, YeM TEPMHUH «pOTOp», OJHAKO HMeEeT [Ba
MPEUMYIIECTBA, OJHOBPEMEHHO SIBISISICH M JOCTATOYHO KOPOTKHM, M HE 3aHSTHIM APYyTUMU
3HAYEHUSAMU (B TO BpEMs KaK POTOPOM, HallpuMep, MPUHATO Y’KE HA3bIBaTh ABMXKYLIYIOCS 4acTh
3NEKTPOMOTOPA, U, KPOME TOTO, STOT TEPMHH IIUPOKO UCMOIB3YETCS B MATEMAaTUYECKOW TEOpUHn
nosist). Hemocrarkom TtepMuHa '"peepOepaTop' SBISETCS OTCYTCTBHE €r0 AHIJIOA3BIYHOTO
SKBHBAJIEHTA. VICTOpUYECKHM TaK CIOXWIOCh, 4YTO TepMHH '"peBepOepaTop" ObLT BBeIEH
COBETCKMMH OuO(pU3MKaMU BO BTOpoil mojoBuHe 20-ro Beka, KOrjga coBeTcKas Ouodusmka
JUAUPOBAlla B HCCIIEIOBAaHUHM ABTOBOJHOBBIX sBIEeHUH. OJHAKO, Kak 3TO 4YacTo OBIBAJIO B
COBETCKOW MCTOpUH, COBETCKas (a 3aTeM pOCCHUICKas) HayKa yTpaTuia MEPBEHCTBO U HA 3TOM
MoJie UCCIIEIOBaHMM, a TepMUH "peBepOepaTop” Tak M HE yCHeN MPIKUTHCSA B aHTJIOS3BIYHON
auteparype. YToObl yCTpaHUTh MyTaHUILy B MCIOJIB30BAHUHN TEPMHUHOB '"CHUpaJIbHAsI BOHA" H
"peBepOeparop”, A. Winfree B 01HO# U3 cBOMX KiIaccuyeckux padbot [41] mpeaioxun TepMuH
"poTop", KOTOPBIH Tak U HE NPUKWICA (BEPOATHO, IO YKa3aHHBIM UyTh BBILIE PUUHHAM).

Uro ke 10 TEpMHUHOB "aBTOBOJHOBOW BUXPH'", TO C HEKOTOPBHIMU HATSXKKaMU (0COOEHHO
JIETKUMHM ISl MATEMaTUKOB) MOXHO yTBEPXKAaTh, YTO peBEpOEpaTOp — 3TO JABYMEPHBIH BUXPb
(M 3TO ¢ TOYKU 3pPEHHS] MATEMAaTHKH aOCOTIOTHO BepHO). JlJis eCcTeCTBEHHBIX HayK, KaKOBBIMHU
ABIISAIOTCA U OMO(U3MKA, U COBPEMEHHAas MEAMIIMHA, ABYMEPHBIX OOBEKTOB HE CYILECTBYET B
pealbHOM MHpE, U TMO3TOMY O JIBYMEPHBIX OOBEKTaX B STUX HAyKaxX TOBOPST JHUIIb OYEHb
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YCIIOBHO, MOJIpa3yMeBasi IPU 3TOM JIMIIb TO, YTO B KOHTEKCTE 00CYKIaeMbIX BOIPOCOB TOJIIHHA
Cpelibl He CKa3bIBAE€TCs Ha MMOBEIEHUH PACCMaTPUBAEMOI0 WM U3yYaeMOT0 SIBJIICHUS.

3aberas BIepe], CKaXXeM, YTO CBUTKOM (TIPOCTBIM CBUTKOM) Ha3bIBAIOT TAKOW TPEXMEPHBII
BUXPb, KOTOPBIH B KaXIbli MOMEHT BPEMEHHM B CEYEHUH, NEPIEHAMKYISIPHOM CBOECH OCH
BpalleHUs, SBJsIET cOO0M MICHTUYHbIE peBepOepaTOpsl, U IOATOMY €ro MOBEACHHE B KXKIOM U3
CEUEHMI NMPaKTUYECKH TOXKJECTBEHHO MOBEACHMIO peBepOeparopa. Ho 310 mpoucxoaut nuuib B
OUYCHb OIPAaHMYCHHBIX YCIOBHSX, & B OCTAJIBHBIX CIy4yasX MPOCTON CBUTOK TPaHC(HOPMHUPYETCS B
Oonee cnoxHble O0BEKTHl. [lo3TOMy B JaHHOM cilydyae MOJMEHa TEPMUHOB '"CBUTOK" U
"peBepOeparop” SBISETCS COBEPIICHHO HEYMECTHOM, U TEPMUH "CBUTOK', 0 MHEHHUIO aBTOPOB,
YMECTHO MCHOJIb30BaTh JUIIb [IPU OMUCAHUM aBTOBOJIH, BPALIAIOLINXCSA B TPEXMEPHBIX Cpelax,
— TO €CTh B TeX Ciy4Yasx, KOTJa Helb3s npeHeopeub 3pdexramu, 00yCcI0BICHHBIMU TOJIIMHOM
paccMaTpuBaeMOM CpEbI.

B cBere 3THX TEpMHHOIOTMYECKMX 3aMEYaHUN Mbl B JJIbHEHIIEM H3JI0XKEHHUHU, TOBOPS
BOOOIIE O BPAIIAIONINXCS B IBYMEPHOH cpe/ieé aBTOBOJHAX, OyIEeM HCIOJIBb30BaTh COKPAICHHUE
2D-aémosuxpe (IBYMEpPHBI aBTOBOJHOBOM BUXPh), @ B YACTHBIX CIy4asX ONMHCAHUS MOBEICHUS
2D-aémosuxps Mbl OyZieM UCTIOIB30BaTh COOTBETCTBYIOUIMHA yTOUHSIOUINA TEPMUH: HAIPUMED,
"criupanpHas BonHA" UM "peBepOeparop".

Wtak, oT 00cyX/1eHUSI UMEH BPALLAIOLIMXCS aBTOBOJIH BEPHEMCSI K OOCYKICHUIO UX CaMUX.
CrniupasnbHas BOJHA, BO3HUKIIAS B Cpele, MPUBOJUT K BOZHUKHOBEHHUIO B HEW MepHOAMYECKON
MIOCJIEIOBATEIIbHOCT  BOJH, IIOXOXKEHM Ha HCIyCKaeMyro meicmenikepom. B Takon
IOCJIEI0BATEIbHOCTH OOBIYHO OKAa3bIBAETCS, YTO KakJas IOCIEylolas BOJHA JIBUXKETCS B
cpelle, HaxXOJIIEWCs B COCTOSHUM OTHOCUTENIBHON pEePpPaKTepHOCTH IOCIE MPOXOKICHUS
npezmecTByonei BoaHbl. [103ToOMy CKOpoCTh ee pacnpoCTpaHEHMs CBsi3aHa 3aBUCUMOCTBIO C
nepuonoMm CB. Opnako B ciiyyae CHOHpPadbHBIX BOJH C JOCTATOYHO OOJBIIUM siaApoM [23]
nepuoj BpauieHuss CB okaspiBaeTcss 3HauMTENbHO OoJiblle pedpakTepHOro mepuona, U Bes
aBTOBOJIHA, BIJIOTH JI0 CAMOIO €€ KOHYMKA, JBMXKETCA B CpEJE, HaXOsIIEHCs B COCTOSHUU
HIOKOS$1, a HE pe(PaKTEPHOCTH.

VYcnoBus, Korjna aBTOBOJHA BPALLAETCSl BOKPYI JIOCTATOYHO OOJBIIOTO SApa, C OJHOU
CTOPOHBI, U KOI'Jla, C APYroi CTOPOHBI, pa3Mep JIByMEPHON Cpellbl TOCTaTOYHO Maj, — TaKHe
YCIIOBUSI COOTBETCTBYIOT TEOPETHUECKOM 3aJauye O JBM)KEHUU ABTOBOJIHBI 10 KOJIbIY. JTOT,
HoXally, caMmblii HpOCTOM ciy4ail BpallaloIUXCs AaBTOBOJH ObII HCCIENOBaH Haubosee
noJpoOHO, a TOJy4YeHHbIE MpPU €ro MCCIEAOBAHUM pE3yibTaThl IOMOIVIM MOHATh U
3aKOHOMEPHOCTH 00Jjiee CI0XKHBIX PEXUMOB pe-eHTpH. B wacTHOCTH, ObLIO MOKa3aHo [42], uTo
CYILIECTBOBaHHE 3TOT0 THUIA pe-€HTPU BO3MOXKHO JIMIIL IIPU YCIOBUHU, YTO Pa3MepP 3aMKHYTOIO
KOHTYpa, B KOTOPOM IPOUCXOAUT LMPKYJALUsS, OOJbIlIe HEKOTOPOTO MUHUMALLHO2O
Kpumudecko2o pasmepa. OTMETUM, YTO B MMOKApAE€ NpPU HOPMAJIBHOW CKOpPOCTHU BOJIHBI,
V=1 wm/c u npu HopManbHOU pedpakTepHocTH R ~ 0,2 ¢ anuHa BonHbBI(A = R - V') cocraBuser
oko0s0 20 CaHTUMETPOB, W TaKON LUPKYJIUPYIOUIEH BOJHE TPYAHO YMECTUTHCS B CeEpALE
YeJloBeKa, €CIM HE BO3HMKAIOT KakKUe-TO CIEUUAIbHBIE YCIOBMS, YBEJIMYHMBAIOLIME
pedpakTepHbIii NEPUOJT MK 3aMeUISIIOIINE PACTIPOCTPAHEHUE BOJIHBI BO30YKICHUSL.

N3 u3BecTHBIX B Hacrtosimiee BpeMs 2D-aBToBuUXpeil peBepOepaTop MpeACTaBiseT coOoi
HanOoJiee MHTEPECHBIN U CIIOXKHBIN peXUM pe-eHTpU. Bo3HHMKHOBeHHE peBepOepaTopa sBiseTcs
IPUMEPOM CaMOOPIaHU3alUN MaTEPUH, TIOCKOJIBKY CYIIECTBOBAHUE U MECTOIOJOKEHHE TAKOIO
BUXPS B Cpe/ie MOXKET OBITh HE CBSA3aHO C KaKOH-TMOO HEOIHOPOAHOCTHIO CPEAbl MIIM KaKUM-
a100 BHEIIHUM BO3ACHCTBUEM, a ONpPENENIAETCS TOIbKO 3BONMIONMEN cucteMbl. Kak Obuio yxe
CKa3aHO BBIIIE, peBepOepaTop BO3HUKAET B pe3yJIbTaTe HBOJIOIMHM OOphIBa (PpOHTA IUIOCKOU
aBTOBOJIHBL. OOpBIB ()POHTA ABTOBOJIHBI MOJKET IMOSBJIATHCS, HAPUMEp, IPU CTOJKHOBEHHHU
¢poHTa C HEBO3OYAMMBIM NPENATCTBUEM — W B 3TOM Cllyyae B 3aBUCHUMOCTH OT YCJIOBUH
BO3MOXHO BO3HUKHOBEHHE JHMOO CHMpAJbHOW BOJHBI, BpAIIAIOLICHCS BOKPYr 3TOrO
OPENsATCTBUA, JIMOO K€ aBTOBOJHOBOTO BHXpPS CO CBOOOJHBIM KOHIIOM, T.€. peBepOepaTtopa.
OOpbIB (hpoHTa ABTOBOJIHBI MOXKET BO3HUKATh HE TOJBKO HA aHATOMHUYECKHUX HEBO30YIMMBIX
NPENSATCTBUAX, HO TaKXKE M HA TaK Ha3bIBaeMbIX "(QYHKUMOHAIBHBIX OJOKax'", T.e. HA y4acTKax
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cpelbl, B MOMEHT CTOJKHOBEHHUS C (DPOHTOM HAXOISIIUXCS B COCTOSHUU pedpakTepHOCTH.
Hanpumep, npu BbICOKOM 4acToTe CleI0BaHMsS aBTOBOJIH (DPOHT BOJHBI BO30YXKIEHUS MOXKET
pa3opBaTbCsl Ha HEPOBHOCTSIX XBOCTA MPEIbIAYIIEH BOJIHBI, YTO U NPHUBEAET K BOZHUKHOBEHHUIO
peBepOepaTopa. 3amMeTUM, 4TO B 3J0pPOBOM CEpJLE 4YEJIOBEKAa BOJHBI PACIPOCTPAHSIOTCS C
NEepuoJIOM, MNPHUOIM3UTEIBHO paBHBIM | CeKyHIE, YTO 3HAYUTEIbHO OOJbIlEe IEepHOAa
pedpakrepHocTn cepaeuHbix kieTok (mpumepHo 0,2 cekynnbl). [loaTromy mpu HOpMaabHOM
CHHYCOBOM DPUTME Ceplla pa3pbIBOB (pOHTA IMOCHEAYIOIIEH BOJHBI Ha HEPOBHOCTSAX XBOCTa
npeApIAyIIel BOJTHBI U TIOCIEAYIOMEero o0pa3oBaHusi peepOepaTopa HEe MPOUCXOauT. Pa3priB
BOJIH U BO3HUKHOBEHHE peBepOEepaTOpOB CTAHOBUTCSI BO3MOXHBIM, HalpuMep, npu (Gpusnueckon
WIM TICUXOAMOLIMOHAIIBHOM Harpyske, KOrja pUTM CHHYCOBOI'O y3jla 3HAUUTEIbHO BO3pacTaeT
(4TO, K CIOBY, IPUBOJUT U K HapacTaHUIO B MHOKap/e HEOJHOPOIHOCTH IO pedpakTepHOMY
nepuony!), b0 ke Korja BO3HHUKACT SKCTPACUCTOIHMYECKAsh BOJIHA C HEHOPMAJIbHO MaJlbIM
MHTEPBAJIOM OT NpeblayIield. TakoB MeXaHU3M BOSHUKHOBEHMS OJHOM M3 TSDKEJBIX CepAEeYHbIX
ApUTMUI — NAPOKCU3MAIBHON TaXUKaAPIUH.

B kmaccuyeckux paborax [34, 41, 43] pa3nuyaroT clieyromiie OCHOBHBIE THITHI TOBEICHUS
peBepOepaTopa B OJTHOPOIHOM M30TPOIHOM cpene: 1) paBHOMEpHOE JABMKEHHE €r0 KOHYHKA IO
OKPYXHOCTHU (pedxcum Kpyzoeou yupkyiayuu, circular movement); 2) meandp (meander) —
JBYXIIEpPHOHOE JBIKEHUE peBepOeparopa, Py KOTOPOM TPAEKTOPHUS €ro KOHYMK TOX0)Ka Ha
UKJIOUJANBbHYI0 KPUBYIO (SMULMKIONAY M TUNOLUKIONAY); 3) eunepmeandp (hyper-meander)
— CIJI0)KHO€ MHOTOINEPHOJHOE JBUKEHUE peBepOepaTropa C XaOTHYECKOW TpaeKTOpuen ero
KoHuuKa. HenaBHO yzaanock oOHapy>KUTh HOBBIM THUI 3BOJIOLMM peBepOepaTopa, Ha3BaHHBIN
cepnaumun (lacet), TpU KOTOPOM HAOJIFOASTCS CaMOTPOM3BOJIBHAS CMCHA JIBFDKCHUS
peBepOeparopa 1o TUIy MeaHApa Ha ero KpyroByro mupkyssiauio [30, 44]. PaccmoTpum Bce 31U
THUIIBI TIOBEICHUS peBepOepaTopa 6osiee moapoOHO.

B npocreiimem ciydae orcyreTBus Apeida (To eCTh B peKUMe KPyroBOW LUPKYJIISALMN),
KOHUMK peBepOepaTopa BpamiaeTcsi BOKPYr (HUKCHPOBAHHOW TOYKH TIO0 OKPYXHOCTH
OTpeNIeIeHHOr0 pajauyca (KpyroBoe MABMXKEHME KOHUMKa peBepOeparopa). BHyTps kpyra,
OTpaHMUYEHHOTO 3TOM OKPY>KHOCTBIO, aBTOBOJIHA HE MpuHUKaeT (puc. 3). [To mepe nmpubmmkenus
K LEHTPY BpallleHHsl peBepOepaTopa aMIUIUTYla UMITyJibca BO30YKIEHUS YMEHBIIAETCs, U MpU
JIOCTaTOYHO HU3KON BO30YAMMOCTH CpeJibl (HAIIOMHUM, YTO peub UJIeT 00 OJHOPOJHOM cpene, B
KaX/10i TOUKe KOTOpOH ee CBOMCTBA OJJMHAKOBBI) B LIEHTpE peBepOepaTopa BO3ZHUKAET 001acTh
KOHEYHBIX Pa3MEpoOB, TIE aMIUIUTyJa HUMIIyJlbca BO30YKICHHS paBHA HYIO. DTy 00JacTb
HOHMKEHHOW aMITUTY/bI B LIEHTpEe peBepOepaTopa 0ObIYHO Ha3bIBAIOT A0poM pesepbepamopd.
Hannuue takoit obnactu B ieHTpe peBepOepaTtopa Ha MEPBBIM B3IVIAJ KaKETCS COBEPIIEHHO
HETOHATHBIM, TaK KaKk OHA BCE BpeMs I'PaHUYUT C BO30OYKIACHHBIMU ydacTKamu. JleTaibHoe
UCCIIeIOBaHNE 3TOro (heHOMEHa IOKa3ajio, YTO TMOKOSIIascs 00acTh B IIEHTPE peBepOepaTopa
COXpaHSeT CBOIO HOPMaJbHYIO BO30yIMMOCTb, a HAJIWYME MOKOsIIEics 00NacTH B LIEHTpE
peBepOepaTtopa CBA3aHO C SIBJICHHEM KpUTHYECKOW KpuBH3HHI [23]. B ciyuae "Oeckoneunoit"
OJTHOPOJHOM cpelibl, paAuyC sApa M CKOPOCTb BPAIIEHUS CIUPATIH ONPEACISIOTCS TOIBKO
CBOWCTBAMH CaMOW CpeJlbl, a HE Ha4aJbHBIMHU yCIoBUsMH. Dopma (ppoHTa cripalibHOW BOJHBI
BJIAJIU OT LIEHTpa BpalleHHst OJIM3Ka K 3BOJIbBEHTE OKPYKHOCTH — IpaHulbl ee sipa [5]. Pasmep
sa0pa pesepbepamopa OOYCIOBIEH TEM, YTO LUPKYJIUPYIOUas MO 3aMKHYTOMY IIyTH BOJIHA
BO30YXKJE€HHsI [JOJDKHA IIEJTMKOM YMECTUTbCA Ha OSTOM IYyTH, HE HATOJKHYBIIUCh Ha
COOCTBEHHBI pepaKTEepHBI XBOCT. BEposSTHOCTh BO3SHMKHOBEHHs peBepOeparopa B cCepale
YyejloBeKa INpPU HOPMAJIbHOM COCTOSIHUM MHOKapjAa Majia, OJHAKO YMEHbIIEHHE IepHoAa
pedpakTepHOCTH MM CKOPOCTH THPOBEACHUS BOJHBI BO30YXJIeHUS (MOJ  BIMSIHHEM
MeTabonau3ma, Mmpu (papMakoIOrMyeckoM BO3AECUCTBUM M T.II.) CIIOCOOCTBYIOT TMOSIBICHUIO B
MHUOKap/ie HUPKYJIUPYIOUINX BOJH [34].

Pasmep sapa pesepOepaTopa OOBIYHO OKa3blBae€TCsl MEHbINE, YEM MUHUMAJIbHBIN
KPUTHUECKUH pa3Mepa KOHTYpa KpyroBOH LMPKYJISILMM, YTO CBSI3aHO C SIBJICHHMEM KPUTHYECKOU
KpuBH3HBI. KpoMe Toro, oka3anoch, YTo pepakTepHblid nepuos 0oJiblie Ui BOJIH C HEHYJIEBOU
KPUBH3HOHN (peBepOepaTop) W NMpH YMEHBIICHHH BO30YIMMOCTH Cpelbl HaYMHAET BO3PACTaTh

-=cr1p 15 =-



Mockanenko. bazogvie mexanusmol apummuii

pasble, yeM pedpakTepHbI NEpUo Ui MJIOCKUX BOJH (MIPH KPYTOBOW LUPKYJSALMU). DTH H
JpyTHe CYIIECTBEHHbIE OTJINYMSI peBepOepaTopa OT KPyrOBOH UPKYJISALIUU BOJIHBI BO30YXKICHHS
3aCTaBJIAIOT PA3JIMYATh 3T JIBA PEKUMA PE-CHTPH.

Ilon kpumuueckum pasmepom pesepboepamopa NOHUMAIOT MUHUMAJIBHBINA pa3Mep Cpelsl, B
KOTOpOil peBepOepaTop MOXKET CYIIECTBOBATH OECKOHEYHO JOJIIO B YCJIOBHUSX OJHOPOIHOU
cpenpl. B muteparype (Hampumep, [36]) ayis OLEHKH KPUTHYECKOTO pa3Mmepa peepOepaTopa
4acTO MCIONB3YETCs pa3Mep €ro sijipa, B MPEANOoI0KEHNH, YTO MPUJIETAIONIeH K Iapy 00NacTH
Cpellbl JIOJDKHO OBITh JOCTAaTOYHO JUIsl CYILIECTBOBAHMSI YCTOMUMBOrO pe-eHTpu. OnHako
KOJINYECTBEHHOE HCCIIEIOBAaHUE 3aBUCHUMOCTH IOBEIECHUS peBepOeparopa OT MPOBOAMMOCTHU
OBICTPOro TPAaHCMEMOPAHHOTO TOKa (XapaKTEepU3YyIOILIEro BO30yAUMOCTb Cpeibl) moka3ano [23],
YTO KPUTUYECKUH pasMep peBepOepaTopa M pasMep sapa peBepOaparopa — pasHblE €ro
XapaKTepUCTHKH, W KPUTHYECKHH pa3Mep peBepOeparopa BO MHOTHX CIy4asX OKa3bIBACTCS
HaMHOTO0 OoJibllle pa3Mmepa ero sjapa (T.e. peBepOeparop norudaeT faxe B TOM cilydae, Korja ero
SIPO JIETKO YMEMIaeTcs B TPaHUIaX Cpelbl U ero apeid orcyTcrByer). B Toit e pabore ObLIO
[IOKAa3aHO, 4YTO NPU OJHMX M TeX e JIOKAJbHBIX XapaKTepUCTHKaX BO30YyAMMOH cpebl
(Bo30ymuMocTH, pedpakTepHOCTH H T.II., 33JaBACMbIX HEIWHEHHBIM YJICHOM) HaOIIONAIOTCS
3HAYUTENbHbIE KOJIMYECTBEHHBIE PACXOXKACHUS 3aBUCUMOCTEH XapaKTEepUCTHK peBepbepaTopa u
peXMMa OXHOMEPHOW IHMPKYJSIUH HWMIYJIbCa, XOTS KadeCTBEHHO COOTBETCTBYIOIIHE
3aBUCUMOCTH coBnaaawT (puc. 4). Ilpennonaraercs, 4yro Oosiee paHHUM pocT mepuoja H
KPUTHYECKOIO pa3Mepa peBepOeparopa TMpu YMEHBLUIEHHMH BO30YAMMOCTH OOYCIIOBIJIEH
KpUBH3HOM (pOHTa BOJHBI peBepOeparopa. VIMHUTAIMOHHBIE KOMIIBIOTEPHbBIE 3KCIIEPUMEHTHI
MOKa3ajdl TaKXke, YTO MOXHO KadeCTBEHHO CYAMTb 00 M3MEHEHMM KPUTHUYECKOIO pazMepa
peBepOepaTopa MO HM3MEHEHUIO €ro Iepuoja. 3HaHHWE 3aKOHOMEPHOCTEH, ONpenessomux
KPUTHUECKUH pa3Mep peBepOepaTopa, MOKET OKa3aThCs BECbMa IOJIE3HBIM ISl TIOMCKA HOBBIX
AHTHAPUTMUYECKUX CPEJICTB.

PeBepOepaTop cnocoben cBoOOAHO apeiidoBaTh MO Cpeie, TPUTOM HAIMPaBICHHOCTH €T0
npeiida o0yciaoBIeHa KaK CBOMCTBAMU CpEJibl, TAK U B 3HAUUTEJIBHOW CTENEHW COOCTBEHHBIMU
cBoiicTBamMH peBepOepaTopa (T.e. peBepOeparop cam '"pemraer"', Kyaa €My JBUTAThCA).
[Tpocreitmumii cmyyaii camMompou3BOJIBHOTO Apelida peBepOepaTopa B OJHOPOAHON cpene
JIOCTaTOYHO OOJBIION MPOTSHKEHHOCTH (MCKIIIOYAIOUIEH BIMSIHME TPaHMIl Cpebl Ha MOBEACHUE
peBepOeparopa) IOJy4YyWJl Ha3BaHME Mmeandp. KiaccMueckuM  MeaHIpPOM — CUMTaeTCs
JBYXIIEPHOHOE JBMKEHHUE peBepOepaTopa, Mpu KOTOPOM €ro KOHUMK PAaBHOMEPHO JIBUYKETCS MO
OKPY>KHOCTH, LIEHTP KOTOPOH B CBOIO O4Yepeab PABHOMEPHO ABHMKETCS MO APYTod OKPY>KHOCTH.
VYxazpBaroT [43] Takke Ha TO, YTO B HOPMAILHOM MHOKapJie peBepOepaTop BpamaeTcss BOKPYT
JUHEHHOrO siApa, W STOT THUI 3BOJIOLMHU peBepOepaTopa CleIyeT paccMaTpuBaTh Kak
pPa3HOBHIHOCTh MeaH/pa, OOYCIOBICHHYIO OYEeHb OOJBIIOW pPETaKCAaHTHOCTBIO CpEmIbl.
[Ipennonaraercsi, YTO UIMEHHO peBepOepaTop SABISIETCS MPUUMHON JKEITYAOUYKOBBIX TaXUKapIUi.
B peanpHBIX SKCIEpUMEHTaX WIM MPU KIMHUYECKOM OOCIIEJOBAaHMM BCE €IIE€ OKAa3bIBAETCS
BeCbMa  3aTPyJHUTENbHBIM  OJHOBpeMeHHO  peructpupoBatb OKI' u  mpoBoauth
AIIEKTPOPU3NOIIOTHIECKOE KapTUPOBAHHE MHOKApAa, YTOOBI 3aT€M COTOCTABHTH 3TH JaHHEIC.
[TosTOMy O BIMSHUM TOrO MM HMHOTO MoBeleHHsl peBepOepatopa Ha Bux OKI' cyaar mo
pe3ysibTaTaM HMMHUTAIMOHHBIX KOMITBIOTEPHBIX JKCIIEPUMEHTOB. TakuM CHocoOOM yIaioch
OpUATH K BBIBOJIAM, YTO MEaHJp peBepOepaTropa AaeT KapTUHY Taxukapauu Tumna torsade de
pointes (puc. 3), XOTs claeAyeT OTMETUTh, YTO IJUCKYCCHS O TOM, KAKOB MEXaHU3M JICKUT B
OCHOBE 3TON TaXUKapIUH: pe-eHTPU WM MOJIUTONHUSA, — Bce ele He yTuxia [1]. MmMuranuonHsle
OKCTIEPUMEHTHI 3aCTaBIISIIOT TAK)KE MoJIaraTh, 4To peBepoepaTop MoxeT naBatb DK, THIIHYHYIO
JUIE MOHOMOP(HBIX TaXUKapJuii, B TOM cllyyae, €Clii OH CTallMOHAPHO BPAIAETCsl B MUOKap/e
KEIYA0YKOB B peXUME Kpyropol wuupkymsiuuu (puc.3). B pexume ke runepMmeanipa
peBepOepaTop MOpOKJaeT XaOTHUECKUE KOJIeOaHUs 3JIEKTpHUecKoro moss, kotopsle Ha OKI
4acTO BBITJSAAT Kak TUNW4YHas (uOpwmmsmust (XoTs, 3aleras BHeped, CKaXeM, dTO
COBPEMEHHBbIE HayuyHble 3HAHHUA BEIyT K HWHOMY IIOHUMAaHMIO MEXaHM3Ma UCMUHHOU
Quopunnsayuu).
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Puc. 4. Kpurndeckuii pasmep peBepbOepaTopa (mocTpoeHo Ha oCHOBaHUH JaHHBIX A.M. Ilepuosa
u A.B. ITandunosa [##28], monyuenusix mis mogaenu OuriiXsio-Harymo). A. CooTHomeHHE
MEXIy KPUTHYECKHM Pa3MepoM U pazMepoM aapa. b. 3aBUCHMOCTh KPUTHUECKHX Pa3MEPOB
peBepOepatopa u Oeraroieii o KOJbIy aBTOBOJIHBI OT MPOBOJUMOCTH OBICTPOTo Toka g . B.
3aBUCHUMOCTH TepHoa pesepoeparopa u kojbia ot Js. I'. 3aBucuMOCTh pedpakTepHOCTH Cpeibl
(R) ot g mnst ciupanbHoit (kpuBuzna k=0.83) u mtockoii BOJIH.
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B Xole WMHTAaMOHHBIX OHKCIEPUMEHTOB HEIABHO YAAlIoCh OOHApyXWUTh BechMa
CcBOEOOpa3HBId THI 3BOJIIONMH peBepOeparopa, HasBaHHBIN ceprnaHnTuHOM [30]. CBOeoOpaszme
3TOTO aBTOBOJHOBOT'O PEXMMa COCTOMT B TOM, YTO peBepOepaTop CIIOHTAaHHO M3MEHSET CBOE
NIOBEJICHHE: TOHAYAly BUXPh ApeiipyeT mogoOHO ToMY, KaKk OH 3TO JIeJIaeT B PEKUME MeaHpa, a
3areM, Mociie HECKOJIIBKUX 000pOTOB Apeiida, OH BAPYT Pe3KO OCTAHABIMBACT CBOM Jpeiid Tak,
CJIOBHO OH HAaTKHYJICS Ha Kakoe-To mnpenarcTBue (puc.S). OgHako Bce 3TO NMPOUCXOAMT B
YCIOBHUAX OJHOPOJHOM Cpenpl, T.. TaKoe TMOBEJICHHE peBepOepaTopa MPOHCXOIUT
CaMOIIPOU3BOJILHO M OHO 00yCIIOBIEHO HCKJIIOYUTEIBHO COOCTBEHHBIMU CBONCTBAMU
pesepoOeparopa! Korga Obl1 00Hapy>keH aBTOBOJIHOBOW CEpIIaHTHH, TO B MIEPBYIO OYepeb BCTaAl
BOIPOC: a CYIIECTBYET JIM BOOOIIE MEaH]Ip, WJIK K€ OCTAaHOBKY JApeida peBepOepaTopa MOKHO
ObUTO OBl IIPU JOCTAaTOYHO AJUTEIHHOM HaOJIOAEHUU YBHIETh BO BCEX TEX CIIydasX, KOTOpbIE
NPUHATO Ha3bIBaTh MeaHapoM? CpaBHHUTENBHBIA KOJMYECTBEHHBIH aHAIN3 CKOPOCTH Ipeiida
peBepbOepaTopa B pexXUMax MeaHApa U CeplaHTHHA MO3BOJIMI BBIABUTH YETKOE Pa3IUuue 3TUX
JByX THUIIOB ABOJIIOLIMM peBepOepaTropa: B TO BpeMsl Kak IpU MeaHApEe CKOpocTh Apeida
JIOCTAaTOYHO OBICTPO BBIXOJUT HA CTALMOHAPHOE 3HAYEHUE, NPU CEpIaHTHUHE HaOIromaeTcs
MIOCTOSIHHOE CHIDKEHHE CKOPOCTH Jpeida BHXps, B KOTOPOM MOKHO YETKO BBIICIHTH a3y
MEIJICHHOTO TOPMOXEHUs M a3y ObicTporo TopMokeHUs. C TOUKM 3peHHs KapIuOoJIOruu
oOHapy>€HHE aBTOBOJHOBOI'O CEpIIAHTUHA MOXKET OKAa3aThCsl BAaXKHBIM IO  CIIEAYIOIUM
cooOpakeHusIM. 3BecTHO, UTO peBepOepaTOpbl JEMOHCTPUPYIOT YAUBUTENBHYIO CTAOMIBHOCTh
CBOMX CBOICTB, OHU BEIYT C€0sl «I10 COOCTBEHHOMY YCMOTPEHUIO», U Ha UX MOBEJEHHE MOTYT
CYILIIECTBEHHO BJIMAThH TOJIBKO COOBITHS, KOTOPbIE MPOUCXOIAT BOIM3M KOHUMKA peBepOepaTopa.
To 00CTOATENBCTBO, YTO HA MOBEIEHHE PEBEPOEPATOPOB MOTYT CYIIECTBEHHO BIHSATH TOJIBKO
COOBITHS, KOTOPBIE MPOUCXOIAT BOIM3M A1pa, IPUBOJIUT, HAIpUMEP, K TOMY, YTO IpU BCTpede
peBepOepaTopa ¢ HEBO30yIMMOW HEOJHOPOIHOCTHIO (HANpUMeEp, HEOOIBIION TOCTHH(MAPKTHBII
pyOel) KOHUMK CHUPATbHOM BOJHBI «IIPUIUIAET» K 3TOM HEOIHOPOJHOCTH, U peBepOepaTop
HAa4YMHAET CTAllMOHAPHO BpalllaThCs BOKPYT 3Toro HeBozOyaumoro npenstcreus. Ha OKI' npu
3TOM OyJieT HabIIoAaThCs Mepexo]l NoJIMMOpGHON TaxuKapAUU B MOHOMOP(HYI0. DTO sIBIECHUE
MOJIyYWJIa Ha3BaHUE «3asKOPUBAHHE» CHUpaTbHOM BOJHBI [45]. OgHako B MMUTAIMOHHBIX
JKCHEpUMEHTax ObLIO OOHApyKEHO, YTO ABTOBOJIHOBOW CEpIAHTHH TaKXe XapaKTepu3yeTcs
CTIIOHTAHHBIM TIEPEXO0JIOM apUTMHH U3 OJIMMOP(HOI B MOHOMOPQHYIO (pHC. 5), T.€. CepIaHTHH
MOJXET SBISATHCS €ILIe OJHUM MEXaHM3MOM TpaHCPOPMALMHU JKEITyAOYKOBOM TaxWKapAuU W3
nosuMop(HOI B MOHOMOpGHYIO [44].

PaznuuHble THUITBI HBOJIOLUK peBepOepaTopa COOTBETCTBYIOT OINPEEIIEHHBIM COYETAaHHUSIM
napaMeTpoB aKTUBHOM cpeabl. /st HekoTophIx Mozened (Hampumep, Uit Moaenn dutuXpio-
Harymo, cm. [41] u puc. 6) yxe ObUIM MOCTPOEHBI JOCTATOYHO MOJIPOOHBIC IUATPaMMBbI, Ha
KOTOPBIX yKa3aHbl O00JIACTH COYETaHHs IapaMeTpPOB aKTHBHOM CpeAbl IS MONyYeHHS T€X WIIH
UHBIX aBTOBOJIHOBBIX pEXHMOB, B TOM 4YHclie OBbIIM BbIJIEJNEHBl OOJIACTH MeaHJpa,
rurnepMeanzipa, OONbIINX KPYTJBIX siAep. Takue AuarpamMMbl IMO3BOJISIOT JIydllle NOHMMATh
CYLIHOCTb pEajJbHbIX AaBTOBOJHOBBIX IpoleccoB. Hampumep, pe3ynbTaTbl TEOPETHUYECKUX
UCCJIEIOBAaHUM, TPOBENECHHBIE C UCIOJIb30BAHUEM H3BECTHBIX MATEMaTUYECKUX MOJeen
Muokapaa: monens bunepa-Peittepa [43] u @unXero-Harymo [41], — mokasblBarOT, 4TO MpHU
MOCTENICHHOM TIOJIaBJICHUU BO30YJIUMOCTH Cpellbl (MEeMOpaHHOTO HAaTPUEBOTO TOKA) CHaJalia
pa3BUBAIOTCS COCTOSAHUSA, XapakTepHble i nonuMopHbIX KT (pexxum MeaHzpa), U JHUIIb IPU
3HAYUTEIBHOM I0JIaBJIEHUN HAaTPUEBOTO TOKA CTAHOBATCS BO3MOYKHBIMHU COCTOSIHUS MHOKapia,
XapakTepHble JIi MOHOMOP(HBIX apUTMHUHI (PEKUM CTALMOHAPHOTO KPYTOBOI'O BpallCHHS
BOJIHBI BO30Y>KICHUsI BOJHM3M Tak Ha3bIBaeMoOil rpaHuibl OR). HBIME ciioBamu, peBepOepaTopsl
¢ OonbimuM s1poM, KoTopble Ha OKI' OyayT BBIMISIETh KaK MOHOMOP(HbBIE HU3KOYAaCTOTHBIE
apUTMHUU, CYLIECTBYIOT JIUIIb BOJIM3HM TAKOTO COCTOSIHUS aKTUBHOW CpeJibl, KOrja cliocOOHOCTh K
BO30YKJICHHIO IOYTH MOJHOCTBIO MOJaBJI€Ha, — YTO, OYEBUIHO, JUII MHOTHX JKMBBIX TKaHEH, B
TOM 4HCI€ W JUIsl MHOKapja, SBISIETCS COCTOSIHUEM, OYEHb JaJEKUM OT HOPMalbHOIO
(U3UOJIOrMYECKOr0 COCTOSIHUSL. B Kapamonornueckoil mpakTHKe AJisi MOJABJICHUS MPUCTYIIOB
KEJTyA0YKOBBIX TaXUKApAUN €lle HEJAaBHO IIMPOKO MPAKTHUKOBAJIOCh BHYTPUBEHHOE KalleIbHOE
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Puc. 5. [lepexox nonmumopdHO apuTMUK B MOHOMOP(MHYIO TI0O MEXaHU3MY CepPIIaHTHHA.
JlnHamuKa KOOPAMHATHI X 1 CKOPOCTH V KOHYHMKA peBepOepaTopa, a TakKe COOTBETCTBYIOIIAS
OKT'. Ha Bpe3ke — TpaekTopusi KOHYKMKa poTopa (11 yao0cTBa pa3douTa Ha JABE YacTH).
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Puc. 6./Inarpamma sBosronnu pesepoepatopa st moaenu duruXwro-Harymo (o pesyiabpraTtam
A. Bunodpu [##48]): p — mapamerp MoieH, COOTBETCTBYIOIIHIA TIOPOTY BO30YKIACHHS, € —
napaMeTp MOJENH, COOTBETCTBYIOIINI pelaKCaHTHOCTHU cpefibl, OP — "rpanmuiia Bo3OyKaeHus ",
3a KOTOpO# BO30YXIeHHE Cpely HEBO3MOXHO, OR — TrpaHuIa 00JIaCTH CYIIIECTBOBAaHUE
peBepOepaTopom, OM — rpanuIia o01acTH, Iie BO3HUKAET MeaHap peBepodeparopa, 0C —
00J1acTh TUTIEPMEaH Ipa.
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BBEJICHHE JIMJIOKAMHA JIS JOCTHXKEHUS B KPOBU KOHUEHTpauuu mnpumepHo 50-70 uM [46].
[Tpupona nercTBUS JNHIOKauWHA, MO-BUAMMOMY, BBIACHEHA IAJIEKO HE HCcYeplbIBamome. Tak,
Hanpumep, A.K. I'penanep [34] otHocuT nuokanH K 6iokaTopaM Na-KaHaJIOB U CBSI3BIBAET €T0
AHTMAPUTMHUYECKOE JACHCTBHE C YBEIMYEHHUEM BPEMEHM pPEaKTUBALMU OJTUX KAHAIOB, 4YTO
OPUBOAUT K YUIMHEHHIO pedpakrepHoro mnepuona. CXOAHOrO MHEHHMS Ha JeHCcTBHE
AHTHAPUTMUKOB TMPUJICPKUBAIOTCS U aBTOPbI TEOPETHUYECKUX uccienoBanuii [47]. B T1o ke
Bpemss M.J[. MamkoBckuii ykaspiBaeT [46], 4YTO aHTHAPUTMUYECKUE «IIpenapaTbl BTOPOMU
rpynmbl  (MECTHBIE aHECTETHKM — JIMJOKaWH, TPUMEKauH H Jp., a Takke Aau(eHuH)
YBEJIMYMBAIOT MPOHHULIAEMOCTh MEMOpaH Uil MOHOB Kalus M YJIy4IIAloT MPOBOAUMOCTBY,
OJTHAKO JTU/IOKANH «OJIOKHPYET MEJICHHBII TOK HOHOB HATPHUS B KJIETKAaX MUOKap/a M CIIOCOOCH
B CBSI3M C 3TUM NOJABJIATH ABTOMATHIO SKTOIMMYECKUX OYaroB» U «CIOCOOCTBYET BBIXOJYy HOHOB
Kaqus M3 KIETOK MHOKapJa U YCKOpSieT TMIpPOLEeCC PpENoyispu3alud, YKOpauuBaeT
IPOJOJDKUTENBHOCTh TOTEHIMANa JAEUCTBUS U 3((EeKTUBHOIO pedpaKkTepHOro IMEpPHOaa».
HecmoTpss Ha wumeromuecs B JUTEpaType MPOTUBOPEUYMBBIE B3IISIABI HAa MEXaHHU3M €ro
AHTHAPUTMHUYECKOTO JeHCTBUS, BCE XKe SBISETCS OECCIOPHBIM, YTO OJM3KUE K JIMJOKAWHY IO
CTPYKTypE€ MECTHbIE AaHECTETHKH (HOBOKaWH, HalpuMeEp) MOHMKAIOT BO30YAMMOCTbH MBILIIIbI
cepaua [46]. Mbl npoBenu UCClIeIOBaHHE BIMSHUS JIMJOKaWHA Ha CTENEHb MOIMMOP(HOCTU
OKT', B pe3ynprate KOTOPHIX OBLIIO OOHapyxeHo [48], 4TO HHU3KME KOHIICHTPALWHU JIHIOKANHA
(10 m 20 uM) nNPUBOIAT K YBEIMUEHHUIO BEPOSITHOCTU  TOSBJICHUS Oosiee MOIMMOP(HBIX
apUTMUK IO CpPaBHEHHIO C KOHTpoJjieM, a KoHueHTpanus 30 uM, HanpoTHB, HPUBOAUT K
BbIpa)kKeHHOMY CHIKeHMIO nonuMopHoctd IKI (puc. 7). [Tocne oTMBIBKM THI0KaUHA B KOHILIE
HKCTIEPUMEHTOB BEPOSTHOCTD TIOSBJICHHS MTOJTUMOPQHBIX apUTMUI OblIa BBIIIE, Y€M B KOHTPOJIE,
YTO MOXXHO OOBSCHUTH HE IIOJIHOW OTMBIBKOW JIMJOKaWHAa (IIOCKOJIBKY KOHTPOJbHBIH
IKCTIEpUMEHT 0e3 JIMAOKaWHa IMOoKa3aJl OTCYTCTBHE CYIIECTBEHHOH COOCTBEHHOH IMHAMUKA
npenapara MUOKap/a B YCIOBUSAX HKCIEPUMEHTA). DTH Pe3yIbTaThl MOKHO pacCMaTpPUBATh Kak
HKCIEPUMEHTAIbHOE MOJATBEP)KICHUE TIOJYYEHHBIX paHEEe TEOPETHYECKUX Ppe3yJbTaToOB
onodusuko: A. Winfree [43], a Takxke 1.P. Edumona u B.W. Kpunckoro [41]..

YnoMmsiHyTOE paHee CBOMCTBO YCTOMYMBOCTH THUIWYHO JJIsI aBTOBOJHOBBIX BHXpEW B
pa3IMYHbIX MOJENAX Kak BO30YyAMMBIX, TaK M aBTOKOJIEOATEIbHBIX CPeJl. XOTs OHO HUKOT/A He
OBLIO JOKa3aHO CTPOTO0 MAaTEMAaTUYECKH, a TOJIBKO MOCTYJIUPOBAHO, 3TO CBOMCTBO MO3BOJISET AJIs
HEKOTOPBIX BUAOB noBeacHUs CB paccMmaTrpuBaTh MX Kak KBa3WYaCTHUIBI B IBYMEPHBIX CpeAax
[49] unm xkak HUTH B TpexMepHBIX cpenax [50, 51]. MaremMaTnueckuM BhIpa)KEHUEM 3TOUM HIEH
ctano BBeaenue B.H. bukrameBbiM ¢@yuxyuu uyecmeumenvnocmu [52], SBASIOUICHCS SIpoM
UHTETPATBHOTO ~ ONepaTopa, ONPEACISIIOEero opelid) pesepbepamopa npu — GHEUHeM
6o30elicmeuy. B oTaMuuMe OT BOJH, T'€HEPUPYEMBIX MNeHcMeHKepoM, MOCIeI0BATENbHOCTD
UMITYJIbCOB B 2D-BHXpe MMeeT (UKCHPOBAHHBIA TEPUOJ, NETCPMHHHUPOBAHHBIN CBOHCTBAMHU
camMoi cpenpl. B cumimy 3TOro cnupanpHble BOJHBI HE IOAABIAIOT JPYr Ipyra, HO MOTYT
B3aMMOJIEMCTBOBATh MHBIM CIIOCOOOM, HAIllpUMEp, BbI3bIBasl B3aUMHBIN Ipeid cBOMX sAlep WIH
U3MEHEHHE CKOpPOCTeM BpalleHMs; K MHOJOO0HBIM ke 3¢ ¢dexkraM NPHUBOIAT B3aUMOJEHCTBHE
peBepOepaTopa ¢ HEBO3OYAUMON TIpaHULEN Cpelbl, ¢ HEOJAHOPOAHOCTHIO CPENAbI, a TaKXKe
NEepUOIUYECKOe U3MEHEHHE CBOMCTB Cpeibl (CM. CIIUCOK JIUTEpaTypsl B [24]).

PaccmoTrpum  Temepp  HECKOJIBKO  OoJiee  MOAPOOHO  YCIOBUA, CIOCOOCTBYIOIIUE
BO3HUKHOBEHUIO pe-CHTPU B cepAle dyenoBeKka. Kak yke ynmoMHMHAIOCh paHee, B KaueCTBE TaKHX
ycloBUl paccmaTpuBaroTcst Tpu [34]: 1) yMmeHblIeHHe mnepuofa pedpakTepHOCTH CepledHON
TKaHU, 2)yMEHBUIEHHE CKOpPOCTH BOJHBI BO30YXKIEHHS M 3) HOBBILIEHHE 3JIEKTPUUECKOM
HEOJHOPOJIHOCTH CEPICUHON TKAHU.

Bennuuna pedpakrepHoctu 00b14HO Om3ka Kk anurenbHocTd 1], CymecTBeHHO BIUSIOT
Ha janutenbHocTh [IJ] BhIxoasiue kamueBble TOKU. Tak, auermnxonuH (AX), oTkpbiBag AX-
YyBCTBUTEJIbHBIE KAJIMEBBIE KaHAJbI, 3HAUUTEIBHO ykopauuBaeT 1/ mpencepaHbIX BOJIOKOH U
TUM MOXET CIIOCOOCTBOBATH MOSBICHUIO UPKYJIUPYIOLUIUX aBTOBOJIH — MCTOYHUKOB apUTMUH.
3HauuTenbHOe ykopoueHue IIJ] Moxer Takxke HaOMIONATbCS MPH TUINOKCHUHU, HILEMHH,
penepdy3un, IEHCTBUU META0OIMUECKUX sOB. OTH 3((EKTH CBs3aHBI, MO-BUAUMOMY, C
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Puc. 7. BnustHust TrI0KanHa Ha BEPOSTHOCTD TOSBICHUS SKCIIEPUMEHTATLHBIX JKETYI0UYKOBBIX
TaxXuKapAui co crerneHbio nomumopdHocTr (V1), 00IbIINM yKa3aHHOTO 3HaueHHs1. OTMETHM,
4yTO0 OosbIKE 3HAYCHHS V1 cOOTBETCTBYIOT Oosiee mommmopduasiM DKI'. o ropuzoHTamsHOM
OCH yKa3aHa COOTBETCTBYIOIIAs (pa3a SKCIIEpUMEHTA.
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otkpsiBanneM AT®-uyBcTBuTENBHBIX K -KaHANIOB U, BepoaTHO, K -KaHANIOB, OTKPHIBAEMBIX HPH
MOBBIIEHHOW BHYTPUKIJIETOYHON KOHIIEHTpAIUU Ca”" wmm Na'.

[Toka3zaHbl 1Ba MEXaHHW3Ma, O0ECTIEUMBAIONINE MEJIEHHYIO CKOPOCTh BOJHBI B MHOKapJe.
ITepBbIif MEXaHW3M — MPOBEJAEHUE BOJIHBI 32 cueT Ca-ayeKkTporeHesa, koraa npu reaepanuu 1171
MeMmOpaHa nenojsipusyercs Onaronaps oTKpbiBaHMIO Ca-kKaHalloB, a ObICTphle Na-KaHalbl IpU
3TOM He paboTarT. B pesynbrare CKOPOCTh BOJHBI (HECKOJBKO MHUJUIMMETPOB B CEKYHIY)
OKa3bIBAE€TCSl CYIECTBEHHO MEHbIIEH, uyeM mpu Na-ajekTporeHeze (METp B CEKYHIY).
lenepanuio MeasieHHOM KallbLIMEBOM BOJIHBI BO30YKIEHUS MOYKHO BbI3BaTh HCKYCCTBEHHO Ha
M30JMPOBAHHBIX MBIIIEYHBIX BOJOKHAX M BOJIOKHAX [lypkunbe. C 3TOM LENbIO AETONSPU3YIOT
MeMOpaHy, TIOBBINIAS KOHIEHTPAaIMio HOHOB K’ B OKpyXKalomleM KIETKH pacTBOpe, H
YBEMUMBAIOT TpaHcMeMOpaHHbid Ca’’-TOK ¢ MOMOIIBI0 KATEXONAMHUHOB W/HIM TOBBICHB B
HECKONBKO a3 KOHIeHTparmio noHoB Ca’’ B okpyskaromieMm pactsope. IIpeimomaraercs, 4To
CXO/HBIE yCIIOBHs (TOBBINIEHHAs KOHIEHTpanus K’ M KaTexolaMHMHOB) MOTYT MPHBOIMTH K
rerepanuu Kanpuuesoro I1/] B 30oHe mmemun npu uH(papKTe MHUOKapaa. B kauectBe npyroit
NPUYMHBl MEUICHHOW CKOPOCTH aBTOBOJHBI B MHOKApJ€ pPAacCMaTpUBAIOT MEJICHHOE
JIEKTPOTOHUYECKOE MPOBEJCHUE BOJHBI BO30YXKICHHUS depe3 HeOombmoi (okoso 1-2 Mm)
HEBO30YIUMBIA Yy4yaCTOK MuUOKapjaa. JlucTanmpHbIf yd4yacTOK TP 3TOM  BO30YyXKAaercs
AJIEKTPOTOHUYECKH, B PE3YyJIbTaTe MOCTENEHHOW NENOoJIIpU3alud MEMOpaHbl TOKOM, UAYLIUM B
daze mato [1/] oT BO30YKAEHHOTO MPOKCHUMAIILHOTO Y4acTKa. Bpems mpoBeieH s BOJTHBI Yyepe3
TaKOW y4aCTOK MOYKET COCTaBJISITh OT JACCATKOB JI0 COTHU U 00Jiee MAJUTUCEKYHI.

VYBennuuBaeT BEPOSTHOCTh BO3HUKHOBEHUS APUTMHM M TOBBILIIEHHAs HEOJHOPOJHOCTh
CepJeYHON TKAaHW, TaK KaK MPH IMOMAJaHUU Ha DJIEKTPUYECKH HEOAHOPOIHBIC YYaCTKA (PPOHT
BOJIHBI BO30YXJICHUS MOXKET pa3opBaThcsa U 00pa3zoBaTh peBepOepaTop. B HopMe, korjga BosiHA
B030Y>kaeHMs BBIXOAUT U3 CA-y371a, TaKOro HE MPOUCXOAUT, IOCKOJIBbKY, HECMOTPS Ha TO, YTO
MHUOKapJ] W3HAYaJbHO BECbMa HEOJHOPOJEH, NpaBWJIbHAs CTPYKTypa 3J0pPOBOr0 cepua
obecrieunBaer mpaBwibHyto [IBO. Opnako modtw r000€ OTKJIOHEHHE OT HOPMAaJIbHOTO
mpolrecca d3JEKTPOreHe3a MOXKET, IMO-BHIMMOMY, oOOJerdarb BO3HMKHOBEHHE apUTMUU.
[loBplIeHHast  3JIeKTpUYecKass HEOJHOPOJHOCTh MHOKapAa U B IEPBYKD  Ouyepellb
HEOJHOPOJIHOCTh MIPOLIECCOB penossipuzanuu OTpa)kaeTcs Ha QT-unTepBaine
ANIeKTpoKapauorpammbl. Tak, OJHMM M3 ONAacHBIX 3a00JieBaHUM  SBJISETCS CHUHIPOM
uaronaTudeckoro yannenus QT-uHTepBana, mpu KOTOPOM OOIbHBIE YMUPAIOT OT CIIOHTAHHBIX
NPUCTYTIOB (PUOPUIIISAIINH HKEITy TOUKOB.

3.5. TpexmepHble aBTOBOJTHOBbIE€ BUXPH

Eme Oonee cioxHble THMBI pe-eHTpU (pHcC. 8) BO3HUKAIOT «B TPEXMEPHOM CIIy4aey,
BBIpAXKasICh S3bIKOM MaTemaTukoB [9, 50, 51, 53, 54]. IlpsmbeiM 0000IIeHHEM CHUPATBHON
BOJIHBI Ha TPEXMEPHOE MPOCTPAHCTBO SBISACTCS MPOCMOU CEUMOK, Y KOTOPOIrO BpalleHue
MPOUCXOUT BOKPYT HEKOTOPOW MPAMON JINHUM, HA3bIBAEMOUN Humvlo. B ONOJIHEHUE K TaKOMY
MpOCTEHIIeMy TPEXMEPHOMY aBTOBOJIHOBOMY PE-€HTPH, HUTh CBUTKAa MOXET ObITh IPOU3BOIBHO
WCKPUBIICHA, a, BO3MOJKHO, JaK€ 3aMKHyTa (B IOCJIEIHEM Cllydae CBUTOK IpEBpallacTcs B
ABTOBOJHOBOW mop). Bronb HUTH MOXET MeHAThCS (Da3a BpallleHUs CBUTKA, U B STOM Cllydae
CBUTOK HAa3BIBAIOT CKPYUYEHHbIM ceumkom. HecMOTps Ha 3HAYUTENHHO OOJbIee pasHooOpasue
TPEXMEPHBIX AaBTOBOJIHOBBIX PEXKHUMOB B CpPaBHEHHH C JIBYMEPHBIM ClIy4aeM, OBLIO
MaTEeMaTUYeCKH JOKa3aHO, YTO CYIIECTBYIOT OIPEACIICHHBIE TOIMOJOTHYECKHUE OTPAHHYCHUS,
3HAUUTENBHO COKpAIllaloliue pa3sHooOpa3ue TPEXMEPHBIX AaBTOBOJHOBBIX CTPYKTYp, —
HaIrpuMep, HE MOXET CYIIECTBOBATh OJMHOYHBIA CKPYYCHHBIA KOJBIIEBOW CBUTOK (CM. CCBHUIKH
nojpoOHee B [24]).

HanomuuwMm eme pa3, 4To onucaHHBIC 37/€Ch aBTOBOJIHOBBIE SIBJICHUS SIBJISIIOTCS HE TOJIBKO
MaTeMaTHUYeCKUMU  (EeHOMEHaMH, HO HaOJIIOAaTMCh B  MHOTOYHCIEHHBIX  HATypPHBIX
HKCIIEPUMEHTAaX C AKTUBHBIMU CPEJaMH Pa3IMYHON MPUPOJBI, B TOM YHCJIE U B CEPACUYHOU
TKaHu [53, 55]. BaxxHO Takke OTMETUTb, YTO B JAHHBIX CIy4asX pedb HAET HUMEHHO O
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Puc. 8. [Ipumepsr aBTOBONMHOBBIX 3D-BHXpeit: A — mpocToit cBuToK (1o A.B.PycakoB u np.,
2003); b — mpocroe Buxpesoe koibito (mo A.Winfree, 1984).
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caMOOpraHu3allid aBTOBOJH, a HEe 00 WX TpaHC(hOpMAalMK TIOJ BO3JCHCTBUEM, HANpPUMED,
HEOJTHOPOJHOCTH KaKUX-THO0 CBOMCTB Cpebl.

XOTS HUTh CBHUTKA SIBJISIETCS] YEM-TO BUPTYaIbHBIM (ITOJJOOHO HUTU BOJAOBOPOTA WM TCHH)
onnako B.H. buxrames u coaBt. [51] mokaszaiu, 4TO y HHTH CBHUTKa €CTh 0CO0O€ CBOMCTBO,
KOTOpO€ OBbLIO Ha3BaHO Hamsdcenuem Humu. OOpaTUM BHHMAaHWE YHUTATENs, YTO HATSDKCHUE
HUTH sIBiIeTCd (PeHOMEHOM, OOYCIIOBICHHBIM CBOWCTBAMHU CaMOW aKTHBHOM Cpe[bl, a BOBCE HE
CBOMCTBAMHM BO3HHUKILIEIO B JTOM cpele aBTOBOJHOBOTO Buxps. Okazanoch, 4YTO MpHU
MOJIOKUTETPHOM HATSDKCHUW HUTH CTPEMHUTCSI YMEHBIIUTh CBOIO JUTMHY, TTOJTIOOHO PE3WHKE, U B
pe3yibTaTe, HallpUMeEpP, TOP «CXOIBIBAECTCS», B TO BpeMs KaK IPU OTPULIATEIILHOM HATSXKEHHUH
OH HAyHET YBEJIUYHMBATHCA B pa3Mepe, UTO, B KOHIIE KOHIIOB, KOHYACTCS MHOMXECTBEHHBIM
NepeKpyYrBaHUEM HHUTH, €€ Pa3pbIBaMU U OOl XaoTU3allel moBeeH!s aBTOBOJIHBI, — U ATO
BBITJIIAT TOAO0HO (QUOPUIUISAIIMUM MHUOKapAa J>KETyJ04YKOB (CTEHKa MpeACcepauid HaMHOTO
TOHBIIIE, U B HEH CIOXHBIE TPEXMEPHBIE aBTOBOJIHOBBIE CTPYKTYpY HE ymemarorcs). B aToit xe
paboTe I ciydass TPEeXMEpPHOW BO30YJAMMON CpeIbl MPHU TMOJIOKHUTEIHPHOM HATSIKCHUH HUTH
OMHMCAaH HOBBIH MEXaHW3M CTaOWIM3allMM JBW)KEHHUS  aBTOBOJIIHOBOTO BHXpS,  KOTopas
MPOUCXOANT TI0 MPUYUHE YKOPOUCHHS IJIUHBI HUTU CBUTKA, MPUKPEIJICHHON TPAHCBEP3AIBbHO K
CTEHKaM MOJIEIbHON cpenbl. XOTs B yKa3aHHOUW paboTe HE pacCMaTPUBAIOTCS MPOSIBICHUS TaKOU
crabmmm3anuu aewkeHus Buxps Ha OKI', BrojgHe 04eBUAHBIM BBIBOJIOM HAIPAIIUBAETCS TO, YTO
B 9TOM ciyd4ae OyAer HaOIoAaThcs CHOHTAaHHBIA Mepexo NOTUMOp(GHON TaxuKapauu B
MOHOMOpP(}HYI0, — H, TaKUM 00pa3oM, TOMUMO OIKMCAHHOTO paHEe B ATOH TJIaB€ CIIOHTAHHOTO
nepexol MOTUMOp(GHON TaxuKapAud B MOHOMOP(HYI0O TO MEXaHM3MY CepmaHThHa (Tpu
MOCTOSTHHOM 3HAY€HUU JITUHBI HUTH!), CTAOUIU3AIMS TPEXMEPHOTO BUXPS MPU TOJIO0KUTEIHHOM
HATSHKEHUU HUTHU 32 CUET €€ YKOPOUEHUS SBIISIETCS HA CETOJHALIHUMN JE€Hb TPETHUM MEXaHU3MOM
noTI0OHOHM  3nekTpokapauorpaduueckoit Tpanchopmaruu. OTMETHM, YTO JIBa MOCIEIHHX
MEXaHHU3Ma SIBISIOTCS TMOKa TUMOTETUYECKUMHU, U UX OOHApy»KEHHE B PEallbHOM MHOKape
TpeOyeT MPOBEACHUS JAILHEUIIIUX UCCIICIOBAHMM.

3.6. MHOXkecTBeHHbIe peBepOepaTopbl M AaBTOBOJIHOBast (GUOPHILIALMS

OgHuM U3 BaXXHBIX pE3yNbTaTOB  SBIAETCA OOHApy»KEHHE HOBOTO MeEXaHH3Ma
HEYCTOHYHMBOCTH B aKTHBHBIX cpefiax [S6], CBA3aHHOTO C pa3MHOXKCHHEM PeBEpOEpPaTOpOB.

[Tosicaum Oonee TOAPOOHO BaxkHEMIIee CBOWCTBO peBepOEpaTOPOB — CIOCOOHOCTH
pa3MHOXXaTbCcsd B HEOJHOPOIHBIX cpeaax. Kak yxke TroBopuiioch paHee, IOChUIaeMble
peBepOepaTopoM BOJHBI CIEAYIOT BIUIOTHYIO JAPYT K APYTY, U MO3TOMY (POHT MOCIETyIomen
BOJIHBI MOXXET pPa30pBaThCS HA HEPOBHOCTSX XBOCTa IMPENbIAYIIEH BOJIHBL. 371€Ch BaXXHO
OTMETUTH JBa oOctositenbeTBa [23]: 1) B ogHOpOIHONM cpene peBepOepaTopbl HE JOJKHBI
pa3MHOXaTbcsd U 2) B HEOJHOPOJHOW Cpeae, BOJIHBI MPHUBOJAT K BO3HMKHOBEHHIO HOBOTO
peBepOepatopa TOIBKO B TOM Cllydae, €cCId TepUoJ OJTHX BOJIH JIOCTATOYHO Mall
(mpuOIM3HTETFHO paBeH OTHOCHTENbHOUW pedpakTepHocTr). Ilocnmemnee 00CTOSTEIHLCTBO
UCTIONB3yeTCs B (PU3MOIOTHYECKUX SKCIEPUMEHTAX [UIsl BhI3BAHHBIX Taxukapauil [48]: depe3
CTUMYJIUPYIOLUIUI 3JIEKTPOJ IMOJAIOT JIBa IIOCJIEIOBATEIbHBIX HMITYJIbCAa, W €CIM BTOPOMU
UMIYJBC TMOMaJaeT BHYTPb «OKHA YSI3BUMOCTH» (TO €CTh Kak pa3 B MEPUOJ OTHOCHUTEIHHOU
pedpakTepHOCTH), TO  BO3HHMKAeT OKCIEPUMEHTaJbHAs  PEUUPKYJIATOpHAS  apUTMHUSL.
[Tpenmonaraercs, 4To MOJAOOHBIN MeXaHU3M (MIOMalaHNe BHEOUEPEIHOM BOIHBI BO30YK/IEHUS Ha
pedpakTepHbIil XBOCT MpeabIAyIIed BOJIHBI) MOBHHEH W B BO3HUKHOBEHUHM KIMHUYECKUX
NapOKCU3MANIbHBIX TaxWKapAud, — HampuMmep, TaKUX KaK TpemeTaHue Mpeacepanid,
MapOKCU3MAIIbHON HAJ[KEITYJOYKOBOU WJTH HKEITY0UYKOBBIC Taxukapauu [1].

B Teopernuecknx HCCleIOBaHHUSIX C UCHOIB30BAHUEM aKCMOMATUYECKUX MoOenel ObLIo
MIOKA3aHOo elle OJTHO CYIIECTBEHHOE CBOIMCTBO peBepOepaTopa — KOHEYHOE BPEMS €T0 KU3HH B
HEoTHOPOAHBIX cpenax [23]. [Ipuunnbl pa3pyuieHus: peBepOeparopa Te e, YTO U MPUIUHBI €T
BO3HUKHOBEHUS, M 3aKJIIOYAIOTCS B HEBO3MOXKHOCTH CTAllMOHAPHOI'O PacHpOCTPAHEHHUS BOJIH
BO30Y>KICHHUsI C BBICOKOM YacTOTOH B HEOJHOPOAHBIX cpefaX. OTH BBIBOJBI XOPOIIO
MOJITBEPXKJAIOTCS B JKCIIEPUMEHTE: B OJHOPOAHOM XMMHUYECKOW Cpele peBepOepaTop HMeeT
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«OeCKOHEYHOe» BpeMs KHU3HH (OrpaHMYCHHOE HCUEpIIaHUEM pEareHToB). A B cepile, Iae
HEOJTHOPOJHOCTH BEJIHMKH, CIIy4aliHO BO3HUKAIOIIKE peBepOepaTopbl 0OBIYHO YCIEBAIOT MOCIATh
JMIIb HECKOJIBKO BOJIH. Tak YTO 3HAuYUTENIbHAs 4YacTb PELMPKYISITOPHBIX TaxWKapIuh, —
CIIOHTaHHO MPEKPALIAOIINXCS, — BO3MOYKHO, HE HYKIAE€TCSI B UHTECHCUBHOM JICUEHHH.

Takum 00pa3oM, B HEOIHOPOTHOW cpelae KOHKYpPHPYIOT JBa MpoIecca: Pa3MHOXKEHHUE
peBepOepaTopoB u ux Tubenb. Eciam ckopocTh pa3sMHOKEHHSI MEHBIIIE CKOPOCTH THOETH, TO Xa0C
HEBO3MOXXEH, M cpela paboTaer B peryiaspHoM pexume. [Ipu oOpaTHOM K€ COOTHOLICHUU
CKOPOCTEM KOJIMYECTBO HCTOYHMKOB aBTOBOJIH HA4YMHAET pacTH, MPUBOJAS K Xaocy.
Boznaukaronuii mpu 3ToM MPOIECC XOPOIIO BOCIIPOU3BOIUT OCHOBHBIE SIBJICHUS, HAOII0JaeMbIe
B cepaue npu ¢ubpwsiuuu [23, 56]. 3mech, mogoOHO (EeHOMEHY KPUTHUUECKOW MacChl B
LEMHBbIX PEAKUUAX, MOSBISAIOTCS KPUTHUUECKHE 3HAUYECHMSI XapAaKTEPUCTHUK, MPU MPEBBILICHUU
KOTOPBIX TPOMCXOJUT HEOIPaHMYEHHOE pa3MHOXKEHHE peBepOepaTopoB. OgHa M3 TaKHUX
XapaKTePUCTHK, TaK Ha3blBaeMasl Kpumuyeckas macca Guopuniayuy — MUHAMAaIbHas macca
CEPACYHON TKAaHW, IIPH MIPEBBIIICHUN KOTOPOUN CTAHOBUTCS BO3MOKHON (WMOPMILIISIIIASL.

OTMeTHM, 4TO UCTOPUYECKH MPEXKIE CIOKHIOCh MHEHHE O (GUOPWUIAIHNK cepara Kak o
NACCHBHOM TIPOIIECCe: YTOMIIGHHOE CEep/Le YKe OOJbIe He MOXKET MPOBOAUTH BO3OYKICHUS, U
JUIIb OTAeNbHbIE BOJOKHA [lypkuHbe, BbIIEAIINE U3-TIOJ KOHTPOJS BoAuTeNel putma Oosee
BBICOKOM HepapXuH, CIOHTAaHHO BBI3BIBAIOT HECHHXPOHHBIE BO30Y)KJIEHUE pa3IMYHBIX
MBIIIEYHBIX BOJIOKOH MHOKapaa. B HacTosiee Bpems, XOTsS monuoKaibHas IKTOMUYECKas
AaKTUBHOCTb MUOKap/a *eJly104KOB MPOJ0KAET CUUTATHCA OAHUM U3 BO3MOXKHBIX MEXaHU3MOB
ux QUOpPWIIAIMHN, B KadecTBE OCHOBHOIO MeXaHW3Ma (GUOPHIUISIIMU >KETyJOYKOB Ccepaua
paccMaTpuBaeTCsl LUPKYJIALNS BO30YXKACHUS BHYTPH JKEITyI0YKOB, KOTOPask MOKET BO3HUKATh
no TeM wiu UHBIM npuuuHam [1, 57, 58]. IlpencraBneHus xe o MHOKapAe Kak 00 aKTHBHOU
Cpelie IPUBENN K CYIIECTBEHHO MHBIM B3TIIAaM Ha pupony ¢ubdpmusinuu cepamna. Hanpumep,
OBLIIO TOKa3aHO, YTO TUMHYHAs Ans ¢pubpumuiauuu xemyaoukoB DKIT moxer ObITh monyueHa
OpU y4acTUM KAaK MHUHUMYM [IByX pa3jM4YHbIX aBTOBOJHOBBIX MEXaHHU3MOB: B pe3yjbTaTe
COCYIIIECTBOBAHUSI HECKOJIbKMX aBTOBOJHOBBIX BHXpeW WM ke Mo mnpuynHe Benkebaxo-
NOJIOOHOTO JI€JIEHUs] YacTOThl OJAMHOYHOIO BUXpSA, KOTOPOE, B CBOIO OYEpeib, OOYCIOBIEHO
HEKOTOPBIMU OCOOCHHOCTSIMU HEOJHOPOTHOCTH aKTUBHOM cpefibl [54].

OnHako BechbMa MHTEPECHAs THIIOTE3a O TPHUPOoe GUOPHMILIAINH JKEITyI0YKOB CepAla KaKk
0 KOHKYPHPYIOIIMX IIETHBIX PEaKIUSAX POXACHUS W TUOenu peBepOepaToOpoB Bce elie He
nojyuynia y HCCIeloBaTeNed JODKHOM MOMYJIIPHOCTH M IOKa ocTaeTcsi 0e3 CBOero
JabHEHIIET0 Pa3BUTHS.

3.7. HexoTopsblie npodeMbl M epcneKTUBBI AeGuldpuiauuu

Torma xak nocnennee aecaruierne 20-ro BeKa CTalo BpEMEHEM KpHU3Uca TPAIULIMOHHOMN
dbapMaKoIOTHYecKo aHTHAPUTMUYECKOW Tepamuu, AePUOPWILIALMS TONydnsiIa MIUPOKOE
NpU3HaHUEe Kak Oe30MacHbIi M BBICOKOA((EKTUBHBIA METO]| TEpamuy BHE3AITHON CepJedHON
cmeptu [13]. MuHoHB NoJIell B HAcTOsIIEee BpeMs KUBBI Oiarogaps UMIIAHTHPOBAHHBIM
CTHUMYJIATOpaM H JeQuOpHIUIATOpaM, MUPOBAs TOOBAsi MMIUTAHTAIMS KOTOPBIX MPHOIIKACTCS
k 300 teic. u 100 ThIC. cooTBeTcTBeHHO [l1]. TeM He MeHee, Aaxke NpPHU HUCHOJIB30BAHUU
COBPEMEHHBIX KOMITAKTHBIX HMMIUIAHTUPYEMBIX NeUOPIIUIATOPOB TpolieMa HeyJauyHOU
nebubpumauuu coxpansercsa. Kpome Toro, okazanaock, 4To 60J€BOM CUHIPOM, TEpeKHUBACMBIN
M0JTIH30BATEIEM MUMIUTAHTHPOBAHHOTO Je(hUOPHILIATOPA BO BPEMSI DIIEKTPUIECKOTO pa3psaa, caMm
no cebe sBUIICS HOBOHM CYIIECTBEHHON MpoOiIeMoii, TpeOyromeld HeMeaIeHHOro pelieHus. B
Hauase 21-ro Beka BechbMa OoOJbIIOE 3HAYCHHWE IS TOHMMAHUS HEKOTOPBIX aCIEKTOB
nebudpuIAIMy proOpena aBTOBOJIHOBAS TEOPUS CEPACUHON NeATeNbHOCTH. B 3TOM pasznerne
MBI ~ KpPaTKO TMpPEICTaBUM  OCHOBHBIE  COBPEMEHHBIC  KOHLENIHMH  AeHUuOpMILISAINH,
pa3pabaTeiBaeMble B paMKax OMO(DU3HMUECKOT0 MOIX0a U TEOPUU aKTUBHBIX CPE/.

Teopust neduOpwmuIANMK, KOTOpas TO3BOJNMIA OBl OOBSICHUTH (hyHIaMEHTAIBHBIC
MEXaHHU3MBI 3TOro (PeHOMEHa, 0 CHUX TOpP OCTAeTCs MPEAMETOM AMCKYCCUU U HUCCIEIOBaHUU
[13]. B Hactosmiee BpeMsi HE CYIIECTBYET OOIIECTIPUHATON TOYKH 3pPEHUS HAa MEXaHHU3MBI
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BO3HHKHOBEHUS TIOCIICIIOKOBOM apUTMHMU B pe3ylbTaTe HeygauHou aedubpwuisiuu. B
KayecTBE BO3MOXHBIX IPUYUH HEyJa4HOH nepuOpWIISALMKA Ha3blBAlOT: 1) OCTaTOYHYIO
GUOPHIIATOPHYIO aKTMBHOCTh B OONacTAX cinaboro TpajueHTa HampsHKEHHs, 2) HOBBIE
aBTOBOJIHOBBIE BHXpH, NOPOXJIEHHBIE LIOKOM, 3) (OKAJIbHYIO 3KTONMYECKYIO aKTUBHOCTh B
o0macTaX MHOKapAa, TPAaBMUPOBAHHBIX JCUCTBHEM  CO3JaHHOTO  JAePpUOPUILIATOPOM
JNEKTPUYECKOr0 ToKa. Heynaum mnpumeHseMbIX B HACTOSIEE BpeMs  IPOTOKOJIOB
neGuOpUIUIALIUN TIOMOTJIa TIOHATh pa3padaTbiBaeMas B HacTosee BpeMs: Teopust BupryanbHbIX
Onektponos [12, 13], oquuM u3 Hanbosee BaXKHBIX NMPAKTUYECKUX BBIBOJIOB KOTOPOM CTasio
peKoMeHAalus Npu  JeUOPWUIALMU MCIONIb30BaTh JABYX(a3Hble CTUMYJIbI, NPUMEHEHUE
KOTOPBIX CIMOCOOHO 3HAYMTENFHO MOBBICUTH 3(dexkTnBHOCTD nedubpmuanuu. Jlanee B dTol
KHUT€ JlaHHas Teopust OyJeT mpezcraBieHa 6osiee nmosHo. OTMETUM JIHILIb, YTO BOZHUKHOBEHHE
HOBOI'O B3MUIAJa Ha JedpuOpwuiALMi0 U mociedyroulee pa3Butue Teopuum BupryanbHbIX
DJEeKTPOJOB CTaJl0 BO3MOXKHBIM JIMIIb HPU MCIOJIB30BAaHUM OJHOW U3 Hanbojee HOBBIX
O0nodu3nueckux Mojeie TakoW CJI0XHONW aKTUBHOM cpelbl KaKk MHOKapi, IOJIy4YHUBIIEH
Ha3BaHue "OumomenHas moaenp" [11].

Vcnonp3oBaHne OWIOMEHHOW MOJEIH TIOMOIJIO pPa3paboTaTh HOBYIO KOHIICIIHIO
neuOpuUIALMY, NPUHUUIKAIBHO OTJIMYHYI0 OT HOpeApaymmx KoHuenmuid. Crocob
noJaBIeHUs] (GUOPWIUIAIMN, TPENOKEHHBI B paMKaxX JaHHOW KOHIICTIIMH, MOYXHO Ha3BaTh
"METOZIOM pE30HAaHCHOTO Jpeida", TOCKOIbKY OCHOBHAs MIesl JAHHOTO METOAA COCTOUT B TOM,
YTO CepHsl MPAaBUIBHO OPraHU30BAaHHBIX BO BPEMEHU HU3KOBOJBTHBIX CTHMYJIOB BbI3BIBAIOT
HanpaBlIeHHBIH  Jpeiid aBTOBOJHOBBIX BHUXpEH, KOTOpble pa3pylIaloTcsi, JAOCTUTHYB
HEBO30yIMMOTO TPEMSATCTBHS (HAIpUMeEp, HATKHYBIIMCH Ha (pUOPO3HYIO MEPEropoaKy MEXITY
npecepaAnsMU U xenyaoukamu) [59, 60]. HecoMHeHHBIM NperMyIEeCTBOM JTaHHOTO MOAX0Ja K
pelieHno npobseMbl AePUOPHILISAIUKN SABISETCS TO, YTO NpPU €€ peanus3aluu TpeOyroTcs
CTMMYJIbl HAMHOT'O MEHbIIIE MOIIIHOCTH, YeM ITPUMEHSIEMbIE B COBPEMEHHBIX Ae(puOpuIsTopax.

Eme onvH npuHIMNHAIBHO HOBBIM MOAXOM K AeuOpMILISIN pa3padaThIBacTCS B paMKax
TEOpUM JETEPMUHHUPOBAHHOTO xaoca [61]. 3xech Takke OCHOBHOM wueell SBIAETCA
UCIIOJIb30BAaHUE pPE30HAHCa Cpe/lbl B OTBET Ha BO3ACHCTBHE CEpPUM MAJIOMOIIHBIX CTHUMYJIOB,
OJIHAaKO B JAaHHOM Cllydae, Kak I10Ka3ajlu MpPEIBapUTEIbHBIE HCCIECIOBaHMS, K pa3pyLICHUIO
ABTOBOJIHOBBIX BHXpPEH MPUBOJUT BOBCE HE UX Jpei(, a MX HETOCPEACTBEHHOE B3aUMOICHCTBHE
C YIIPaBJISIIOIIMMH CTUMYJIAMHU.

4. Aeémoeonnosasn hynkyus cepoua.

OOnapyxeHHOE€ B TIOCIEAHHE IECATHICTHUS MHOroobpazue (EHOMEHOB CepIeHHOMN
JESATEIbHOCTH, MMEIONIMX aBTOBOJHOBYIO MPHUPOAY, — KOJIMYECTBO KOTOPBIX HEMPEPHIBHO
yBeNMUYUBaeTCs!! — JOIHKHO, BEPOSATHO, BCKOPE MPUBECTH M K CYIIECTBEHHOH TpaHchopManuu
MEIMIIMHCKOTO BOCIIPHSATHSI KaK CaMOM CEepICYHON NEATCIILHOCTH, TaK ¥ TPUINH €€ HapyIICHUS.
OtmeTHnM, 4TO, XOTS Takue SBICHUS KakK, HalpuMep, Pe-€HTPU U SKTOMUYECKass aKTHBHOCTH,
bubpwsauua u ne@uOpusUIIUs ObUTH M3BECTHHI ele B KoHIE 19-ro — Hauanme 20-TO BEKOB,
JUIIb TEOpHUS aKTUBHBIX CPENl MO3BOJWIA BCKPBITH MX CYHIHOCTh. MBI CUMTaeM MOJE3HBIM,
Hapsly C COKPAaTUTCILHOWM W HACOCHOW (YHKIHMSIMH CepAla, paccMaTpUBaTh €Il OJHY
GYHKIMIO, KOTOPYIO MBI Ha3BalM «aBTOBONHOBas (yHKUusA cepaua». Mcnomp3oBaHue
NpeJCTaBICHU 00 aBTOBOJHOBOW (YHKIMU cCepjia JaeT YIOOHBI Crmocod 0O0OOIMIEHHOTO
OTMCaHUs CBOWCTB CepAlla KaKk aKTUBHOW cpeAbl. AKTHBHas cpefa (B HaIleM Ciydae Cepie)
XapakTepu3yeTcss HAOOPOM UHCIOBBIX MAapaMeTPOB, KOTOPHIE MOTYT OTIUYATHCS B PA3JTHUYHBIX

Toukax cpensl. OHM OMPENENSIOT JOKATBHBINA BU Henuuelnoro wiena [ (#4) 6a3oBoil Momenu

AKTUBHBLIX CpPE€A, O KOTOPOM MbI YKE€ AOCTATOYHO MHOI'O TOBOPHWJIM BBIIIC. Mu1 ux 6YI[€M
Ha3bIBATh  MakpoliapaMeTpaMu Cpe€lbl, B OTJIUYHUC OT MHUKPOIIApaMETPOB, KOTOPLIC
XapaKTCPU3YIOT CBOMCTBA KapAUuOHUTOB, TaKUX KaK O3JICKTPHUYCCKasd CMKOCTb MGM6paHI>I,
MMPOBOAMMOCTD MOHHBIX KaHaJIOB PA3JIMYHBIX THUIIOB W T.II. BOO6H_IC TOBOpA, MaKpoIapaMeTpPhbl
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SIBIISIFOTCSL IOCTaTOYHO CJIOKHBIMH (YHKIMSAMH MHKPOIapaMeTpoB, M HX OIpEeJesIeHHE 10
MHKpOTIapaMeTpaM SIBJISIETCS OTICIbHOM 3aja4ueH.

Ham mpexacrasisieTcss Takke BIIOJIHE pPAa3yMHBIM pacCcMaTpuBaTbh, 110 KpanWHEHW Mepe,
HEKOTOpBIE BUJIbl apUTMHH CEpALla KaK IPYIIbl CAMOCTOATEIBHBIX aBTOBOJIHOBBIX 3a00JI€BaHUN
cepauna. Pa3BuBasg MaHHYIO KOHIICTILMIO, MBI MpeANojaraeM, 4yTo B OyIyIlIeM JWAarHOCTUKA U
JICYCHUE TaKWX AapUTMUN IIOJIE3HO NEPEHANPABUTh C JMArHOCTUKH M JICYECHHs I1aTOJIOTHU
MHOKap/Ja Ha JWAarHOCTUKY M JIEYEHHWE HaApYIICHUH aBTOBOJHOBOW (YHKIMH MHOKapAa

(Hampumep, Ha Koppekuuio Buaa Gynkimun f (1) u/wimm ee mpocTpaHCTBEHHOTO PACTIPE/IEICHHUS

B MUOKap[ie).

B psnpe cinydaeB, pasnuyHble HapylIEHUs aBTOBOJIHOBOM (YHKIIMM MOTYT IpPOSBISATHCS
Bu3yanbHo noxoxkumu OKI'. Tak, Hampumep, HM3BECTHO, UYTO JKEIYJOUYKOBOM TaxuKapaueu
COIPOBOXKAAIOTCSI aHOMaJIbHAsl HKTONHUYECKAs aKTUBHOCTb, €IMHUYHBIE U MHOKECTBEHHBIE pe-
eatpu [1, 57, 58]. [losTomy B pamkax BBIIBUIaeMOM HaMH KOHIIEHIUU JKETYJI0YKOBYIO
TaXMKapJIUIO CIEAyeT paccMaTpUBaTh B KAauyeCTBE CHUHApPOMA, KOTOPHIN XapaKTepeH Ijs psjaa
aBTOBOJIHOBBIX 3a00JeBaHUU cepAla. ITO 0O0CTOSATEILCTBO BOBCE HE OTBEPraeT BO3MOXKHOCTb
AIIEKTPOKApIUOrpahuIecKoil JTUAarHOCTUKH HApyIICHWH aBTOBOJIHOBOH (YHKIMH CepAna, HO
JieNlaeT HEeOoOXOAUMBIM TOUCK HOBBIX JMAarHOCTUYECKMX MPHU3HAKOB U CIIOCOOOB HM3BJIECUCHMS
HeoOxoaumoi nHpopmanuu u3 IKI'.

Hanpumep, aBTOpBI BUIAT BO3MOKHOCTb CO3JIaHUS MPOLEAYPBl JUATHOCTUKU HapyIlIeHUN
AaBTOBOJIHOBOM (YHKIMH cepllla, OCHOBaHHYIO0 Ha Hcmonb3oBaHUM OKI ¥ ydYHTHIBAIOIIYIO
MOJIEKYJISIPHO-KJIETOUYHBIE MEXAaHU3MbI PELUPKYJATOPHBIX apuTMHA. OCHOBaHUAMH, IUIS TOTO,
yTOOBl HAJEATHCS, 4YTO Takas IMpoLeaypa MOKET ObITh CO37aHa, SIBJISIOTCS CIEQYHOIIne
coobpakenust. DKI' peructpupyeT MHTErpaibHYIO JIEKTPHUUECKYIO aKTUBHOCTH cepiua. CBs3b
TaKOH aKTUBHOCTH C MOJIEKYJISIPHO-KJIIETOUHBIMM MEXaHHW3MaMHU IMO3BOJISIET YCTAaHOBUTH paboTa
[43], roe mnoka3aHO, KakUM OO0pa3oM COCTOSIHHE MEMOpaHHBIX KaHAJIOB KapAHOLUTOB (M
CBSA3aHHBIE C HUMH MakpoIapameTpbsl BO30yAuMON cpenbl) oOyciaBnuBaeT '"coOcTBeHHOE"
noeefeHue peBepOeparopa. CBsi3b  MeXIy SBOJIIOLMEH  aBTOBOJHOBBIX BHUXped U
cootBercTByoIIel DKI' HeomHOKpaTHO uccienoBayiack [54, 62, 63, 64] , XoTsa u 6€3 T0CTaTOYHO
JnetanpHOro aHanusa xapakrepuctuk OKI'. IToaromy MOXXHO HajesTbCs, 4YTO, HaIpUMED,
pa3uyHBIE THIBI HBOJIOIUHM peBepOepaTopa, a crajo ObITh, M COOTBETCTBYIOIIHE WM
MOJIEKYJIIPHO-KJIETOYHbIE MEXaHU3MBbl, MOTYT OBITh pa3lIMYMMbl C TOMOIIBIO CIEHUATBLHON
npouenypsl ananuza DKI'. TlepBrie maru B pa3BUTHUU 3TOM KOHILIECTIMHM OBbLUTH MPEIIPUHSITHI B
pabote [65], u ObTH pa3BUTHI B paboTax [44, 48, 66]. B nanpHelinem riaHupyeM IpOAOIKUTE
UCCJIEIOBaHMSI B 3TOM HAIIPaBJICHUH, KOTOPOE MPEJICTABIISIETCS IEPCIEKTUBHBIM.

5. llone3nocms H06020 OuohusuuecKozo A3vika

Uem mone3eHn HOBBINA s13bIk? [Ipexae Bcero, 3To yIOOHBIA S3BIK AJII YHHUBEPCATHHOTO
OMMCaHUs SIBICHUU TI000H mpupoasl. [Ipumepsl Takoro omucaHusi ObUTH MPUBEIEHBI B ATOU
rnaBe panee. OHaKO, TymMaeM, 4TO OMO(PU3UUECKHUM SI3bIK OKaXKETCS MOJIE3HBIM U HaWACT CBOE
NPUMEHEHHE B CaMBIX Pa3HbIX HAayKax, B TOM UYHCJE€ U B TaKUX "YHUCTO TYMaHUTApPHBIX", Kak
TICUXOJIOTHUSI U corroiorus. Hampumep, M3BECTHO, YTO BO BpeMs OOIIECHUS MEXKIY JIOJbMU
SMOIMOHANIBHOE COCTOSIHUE TepefaeTcs OT OJHOTO coOeceqHHKa K IPYroMy, a 3HAYMTEIbHbIC
OMOIIMOHAJIbHBIE TOTPSICEHUS CIOCOOHBI y OTACNIBHBIX JIIOJIEH BBI3BATh yCTOWYMBBHIC
SMOIMOHANBHBIE OTKJIOHEHUS, KOTOPBIMU 3TH JIIOJM 3aT€M MOTYT «3apa3uTh» OKPYKAIOIIUX,
BBI3BaB TaKMM 00pa3oM B COLIMAIIBHOM Cpejie pa3IMuHbIe COlMaibHbIe BOJTHEHUs. CBUIETEISIMU
TaKUX COIMANBHBIX BOJHEHMN cTtamu B 1990-x romax wurtenu ObiBmiero CCCP: B TO Bpems
BEPHYBIIIHUECS YYACTHUKUA «OTPAHMUYECHHOTO KOHTHHICHTa COBETCKHUX BOWCK B AdraHHCTaHE»,
MOTPSICEHHBIE ~ TIEPEKUTHIMA  BOCHHBIMH  COOBITHUSIMH, HEBOJBHO  3apa3ujild  CBOUM
HMOIIMOHAJILHBIM COCTOSTHUEM 3HAYUTEBHYIO YacTh HACEJICHUsI POJIHOM CTpaHbI, B pe3yJibTare
WHUIIMMPOBAB TaKUM OOpa30oM WENbIi Kackajd apaMaTthdeckux coObITwif. llemouka coObITHiA,
npousomenmux Ha Tepputopuun ObiBiiero CCCP B mepuonm or OpeXHEBCKOW CTaOMIBLHOCTH
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(cocToslHME TOKOsI) O HaMETHUBLIECHCS K KOHIy IEpBOro JAecATUIETHs 21-ro Beka HOBOU
CTa0WJIBHOCTH, OYE€Hb II0X0XAa Ha TUIIMYHBIM AaBTOBOJHOBOH Ipoliecc BO30YXAEHUS B
MHOTOKOMIIOHEHTHOH cpenie. Jlymaem, uTo HOBbIE HCCen0BaTeNN 21-ro BeKka, HalleNMBIINECs Ha
n3yuenue uctopun pacmnaga CCCP, nHaiimyT Omodu3nyeckuil sS3bIK BEChbMa IOJIE3HBIM IS
ONHCAHMs PE3yJIbTATOB CBOETO HcciefoBaHus. [10100HbBIE MOMBITKM ONUCAHHUS COIMATIBHBIX
IPOLIECCOB MPENNPUHUMAIOTCA B PAMKAX COLMAIbHOM OMO(U3MKHM, M YyXKe Jalu BecbMa
MHTEPECHBIE U HEOKUAAHHBIE pe3yibTaThl. Ho BepHEMces K cepaly ...

Kak rimacur HapogHas MyJpOCTh, IPaBUILHO OCTABIEHHBIN BOIPOC coAepkuT B cede 90%
oTBeTa. A Alizek A3MMOB B OJHOM M3 CBOMX IPOM3BEACHUI yTBEp:KJal, YTO PELIeHHe JII00oH
pOo0OJIEMBI COCTOUT BCETO JIMIIb B IIEPEBOE C A3bIKA 33a]a4 Ha SA3bIK PELICHUM, T.€. SIBISIETCA 1O
CYLIECTBY IPOCTHIM JIMHTBUCTHUECKUM yNpakHEHHEM. PaHee B TeX WJIM MHBIX pa3jienax JaHHOU
[JIaBbl MBIl Yy)K€ TNPUBOAWUIM NPUMEPBI TOro, Kak OMO(pU3MYECKUH S3BIK TMPEKHHUE 3a/layd,
KazaBIlIMecs Hepa3pelIMMbIMH, O3BOJISI nepedopMyIMpoBaTh B TAaKOM BHUJE, KOTOPBIN Jenal
pelleHHs O3TUX 33Jad MPAKTUYECKH OYEBUAHBIMHU: 1) HarisgHoe OOBSICHEHHWE TOro, 4YTO
0JI0KaTOpbl HATPUEBBIX KAHAJIOB BPEJHBI, a MOHOMOP(]HBIE JKEITyT0UYKOBbIE TaXUKAPAUU MOTYT
ObITh BOBCE M HE CTOJb YK O€30MacHbIMU, a CKOpEE COOTBETCTBOBATH NPEIETAIbHOMY
COCTOSIHUIO; 2) JIEMOHCTpALUs TOT0, MOJaBJIEHNE apUTMHUI BO3MOXHO HE TOJIBKO MPHU MOMOIIN
MOIITHOTO pa3psina AepuOpmuIaTopa, HO M MPH TIOMOIIM OYEHb MAJOMOIIHBIX CTUMYJISIIHA,
OpPraHU30BaHHBIX B MPOCTPAHCTBE U BPEMEHHU ONpEENCHHbIM 00pa3oM; 3) oObSICHEHHE TOrO,
9T0 MEXIY (PUOPMIIIAIMEH >KeIyJI0YKOB W PEHHUPKYJISTOPHOH >KETyIJOYKOBOM TaXuKapIuen
CYILIECTBEHHOI'O pa3iuuus HeT; u apyrue. K cioBy, uccienoBaHus, HalpaBlIeHHbIE HAa MOUCK
CPEICTB AePUOPMILIALMY B paMKaxX TEOPUU JETEPMUHUPOBAHHOTO Xa0Ca OTKPHIBAET, BOBMOXKHO,
IYTh U K TOHUMAHUIO POJIM MHTPAMYPalIbHBIX HEPBHBIX CIUIETEHHH, OOUIBHO MPUCYTCTBYIOIIUX
B MHOKapze. Bo3M0kHO, YTO UIMEHHO OHM B 3JJ0POBOM CEPALIE KaK pa3 U OCYIIECTBISIIOT TaKylO
CUHXPOHM3HMPYIOIIYI0 CTUMYJIALMIO MHOKAapAa, HAalpaBiICHHYIO Ha MOJaBJIEHHE BO3MOXXHOCTU
BO3HUKHOBEHHUSl XaOTHMUECKHUX BHXpeH BO30YXKIEHMsS, a B TOM cilydae, Korga (yHKUIuUsS
UHTpaMypajbHOM HEpPBHOW CHCTEMBbI cepila ociallieHa, BO3HHUKAIOT Kak pa3 Te caMmble
YKU3HEOMACHbIE JKEIYJOYKOBbIE Taxukapauu. Jlymaem, uccienoBaHus OMMDKaWIlero BpEeMEHU
HO3BOJIAT IPOBEPUTH 3Ty THIIOTE3Y.

XOTUM NpPHUBECTU €Ille Mapy MPUMEPOB TOT0, KaK HCIOJb30BaHHE (PYHIAMEHTAIbHBIX
O0MOpU3NYECKUX 3aKOHOB IPHUBEJIO K CYIIECTBEHHOMY YIJIyOJEHHIO IOHUMaHMS XOpOILIO
U3BECTHBIX ABJICHUH, /1151 aIEKBATHOT'O ONUCAHUS KOTOPBIX (PU3NOJIOTUYECKOTO SI3bIKA 0KA3aJI0Ch
HEI0CTaTOYHO.

OnmauM w3 HamOoiee TOMYJSPHBIX M WHTPUTYIONHMX MapameTpoB oOpabotku OKI,
NpUBJIEKAOIUX K ce0e BHUMaHHWE KapAMOJIOTOB B IOCIEAHHUE [1BA JECSATUIETUS, SBISAETCA
mucnepcuss  QT-uHTepBana, a  MOPEANOTIOKEHUE O TEpCHEKTUBHOCTH  HM3y4YEHUs
IpOCTpaHCTBEHHON  BapuabenbHocTH QT-MHTepBana Ui TOHWCKAa HOBBIX  HaJEXKHBIX
IPEIUKTOPOB BO3MOXKHOI'O BO3HUMKHOBEHUS OIACHBIX JKENyJ0YKOBBIX APUTMHIL, HAILIO CBOE
Oonee niaM MeHee YyOEIUTENIbHOE TIOATBEP)KICHUE B MHOTOYMCIEHHBIX ITyOJUKAIMsIX (CM.
CCBUTKM TOnpoOHee B [67]). "3mpaBelii cMBICT"', OCHOBaHHBIA Ha (DU3MOJOTHYCCKHX
NpPEICTABICHUAX, JIOCTATOYHO YyOEAUTENbHO YyKa3blBaJl Ha MPOTHOCTHUYECKYIO 3HAYUMOCTh
dbenomena "gucnepcun QT-uHTepBana": HECTAOMIBHOCTD IEKTPOPUZHUOTOTUUECKHUX MPOIECCOB
aKTUBAllUM U BOCCTAHOBJICHHMS] MHOKapJa JOJKHA HENPEMEHHO OTPaXaTbCs Ha MOBEPXHOCTHU
TOpca B BUJAEC HECTAOMJIBLHOCTH NATTEPHOB PENOJISIPU3ALUOHHON yacTH Kapauouukia. OmHako
aKKypaTHoe, ¢ mo3uLui Onodu3uky, ucciaenoBaHNe BO3MOXKHBIX MeXaHU3MoB "nucnepcun QT-
MHTEepBaja" NPUBEIO K BbIBOAAM, 4TO JuMTenbHOCTH QT-mHTEpBana OAMHAKOBBI B JIIOOBIX
3JIeKTpoKapanorpaduyeckux orBeleHusX, a (eHomeH "nucnepcun QT-uHTepBana" sBiseTcs
JTUIIh OmMMUOKOW ompeaeneHus koHma 3yoma T [67]. Paccmorpenue BompocoB reneza QT-
UHTEpBaJla U M3MEpPEHMs €ro mapaMeTpoB MOKa3alo, YTO HEOOXOJUMO pa3BUTHE METOAOB U
pa3paboTKa HOBBIX QJITOPUTMOB ABTOMATHYECKOTO pACHO3HABaHMS W M3MEPEHHUs TPaHMIL
UMHTEPBAJIOB KapJHOLMKIa, 0coOeHHO KoHma 3ybua T. B cBere mpoOneM AMarHOCTHKH HU
IpeJICKa3aHusi BO3MOXKHOI'O BO3HMKHOBEHMSI OMACHBIX HApYIIEHUH CEpACUHOM IEsITeNbHOCTH,
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TH 3a1a4dl TpPeOyIOT BBEACHUS CTaHAAPTOB HA HM3MEPUTENbHBIE AaITOPUTMBI, pa3paboTKu
peKOMEHANNN K Ka4eCTBY UCXOAHBIX CUTHAJIIOB U METOJIaM UX 00pabOTKH, a TaKKe MPOBEACHHUS
NOJIPOOHBIX HCCIEAOBaHUNM WH(GOPMATUBHOCTH IapaMEeTPOB  PEIMOJIAPU3ANUOHHONW YacTh
KapIMOIMKJIIA C TIOMOIIbI0 Onodu3ndeckux moenei reaesa KL [67].

Hpyras Ouo¢usnueckas pabora [68] BbIsIBHMIA, TMOYEMY JEKapCTBEHHBIC NpenapaThl,
KOTOpbIE JIEMOHCTPUPYIOT BBIPOKEHHbIE AHTHAPUTMHYECKHE CBOWCTBAa MpU JEHCTBUM Ha
OJIMHOYHBIC KapJMOMHOIIUTHI, YBEIHMYMBAIOT B 2-3 pa3za 4yacTOTy BHE3AITHOW apUTMUYECKOU
CMEpPTH B CpPaBHCHHWU C HEJICUYCHHBIMH TMAaIlMEHTaMHW. Ha TepBBId B3IJISA, JACHCTBUTEIHHO
Ka)KETCs MapajioKCaIbHBIM TO, YTO OJHO M TOXKE CBOMCTBO JIEKAPCTBEHHOTO IpernapaTa WMeeT
AHTHAPUTMUYECKAN S(P(GEKT Ha HM3OJMPOBAHHOIO KJIETKY W MpOoapuUTMHUECKU 3PQexT Ha
MHOTOKJIETOYHBIN Tpemnapar (uenoe cepane). B Xome HMMHUTAMOHHBIX KOMITBIOTEPHBIX
HKCIIEPUMEHTOB YJIaJloCh OOHApyX HUTh, YTO OJIOKATOPHI HATPHUEBBIX KAHAJOB CIIOCOOHBI
3HAYUTENBHO YBEIUYUTh TaK Ha3bIBAEMbIN YS3BUMBIN MEPUO, YTO MPOUCXOIUT KaK MO MPUIUHE
YMEHBIIICHUS CKOPOCTH IPOBEICHUS BOJHBI BO30YXKICHHS, TaK U IO TMPUINHE YMCHBIICHUS
rpagueHTa Bo30yaAMMOCTH.

6. bazoevie mexanuzmol adanmauuu U ux Hapyuienun

Panee B 3TOH I71aBe MBI NONBITAINCH [10Ka3aTh, HACKOJIBKO 3HAUYUTEIBHO PACIIUPUIIUCH
BO3MOXHOCTH HCCIIEIOBaTeNe B MHTEPIpETalMM TeX WM UHBIX (DEHOMEHOB CepIeYHOU
NEeSITeIbHOCTH MPH MOMOIIM OMO(U3UYIECKOTO S3bIKa, SIBUBILETOCS CYIIECTBEHHBIM 0000IIEeHHEM
OIbITa JIBYXBEKOBOI'O HccienoBaHusA cepaua. OIHAKO HE MEHEe IOJIE3HBIM Ul KapIHUOJIOTHH
00001IeHnEeM SBUJICS A3BIK KMOEPHETUYECKUH, OCHOBBI KOTOporo 3anoxun Hopbept Bunep B
CBOEM KiaccudeckoMm Tpyzae [69]. B nanHoM paszene riaBbl 0 0a30BBIX MEXaHH3Max apUTMUUN
cepAlla Mbl IIOCTapaeMCs BKpaTIle H3JIOXKHUTh KHOepHeTHUecKkue (yHIaMEHTaJIbHBIC
NPEICTABICHNUs O CEpACYHOM NESATEIbHOCTH M €€ HapyLIeHUsAX (B OCHOBY IAHHOIO pasena
noJnokeHa padora B.®. denopona [70]).

Ecnmu ©Ha 3ape kuOepHeTHKM Kak Hayku OO0 YIpaBlIeHHH €€ MPHUMEHUMOCTh B
OMOJIOTMYECKUX HayKaxX TOJBKO JIEKIapUpOBaslach, TO yKe K KOHIy 20-ro cToJeTHs, HOXKalyH,
HEBO3MOXXHO OBLJIO Ha3BaTh OOJIACTH OMOJOTMM WM MEIWIWHBI, B KOTOPOH HE ObUTH OBl
OPEANPUHATH MOMBITKM CO3JaTh MOJENIU PEryJUpOBaHMA TE€X WIM HMHBIX OHOJIOIMYECKHX
IIPOLIECCOB Ha OCHOBE OOIIEKMOEpHETHUECKHUX 3aKkOHOMepHOcTel. Kak npaBuio, peryaupoBanue
CEpIEYHOr0 pPUTMA MOJEIUPYETCS HE H30JIMPOBAaHHO, a B KadyeCTBE COCTABIIAIOIIEH
perysTOpHbIX Lieneil B Oosiee OOIIMX MOJEISIX CEepAEUHO-cOCyIucTor cucrteMbl. Hampumep,
b.M. Tkauenko u B.A.JleBTOB, aBTOpHl KOJUIGKTMBHOW MOHOTpaduu 10 (PU3NOIOTUU
KpoBooOparieHusi [3], OmUCHIBAIOT 3TO cieayommmM obpasom: «llocTpoeHne perynsiTOpHBIX
CXE€M, T.€. XapaKTEepHbIX JUIsl TPaJAULMOHHON (DPU3MOJIOTUM ONMHUCATENbHBIX MOJENEN PeryJssaiui,
HETIPEMEHHO OCHOBBIBACTCSI HA COOOPAKECHUAX O ye/iu PyHKIUOHUPOBAHHS TAHHOTO MEXaHH3Ma.
Ha »T0i1 6a3e aHaMM3UPYIOTCS COOTHOIIEHUS BCeX (PaKTOPOB, MPUYACTHBIX K OCYIIECTBICHHIO
paccMaTpuBaeMOro MexaHu3Ma, IpUYeM B OHMOJIOTMYECKUX MCTOYHHMKAX MPUHATO YNMOTPEOISTH
BbIpakeHHe Ha "menp", a "dusznomornueckoe 3HaueHHe (poib)' MAHHOM CHCTEMBI U €€
perymsinun. BaxHeWmM HasHaueHHWEM (QYHKIMOHHPOBAHUS KpOBOOOpamieHHs (M BHEIIHETO
JBIXaHUS, U CHCTEMBbl KpOBH), T.e. BakHeimeidl ¢usnonornyeckoil posbio (3HAYEHUEM)
KpOBOOOpAIlleHUs, SIBISETCS CBOEBPEMEHHAsl JOCTaBKa KHUCIOPOAA, NMUTATEIbHBIX M JPYIHX
BEIIECTB M JKUJKOCTH BCEM KJIETKAaM Tella, BHIHOC HaKalJIMBaeMbIX META0OJUTOB U TEIUIa U3
TKaHEH, M OTUM — TNOJJEPKAHUE COCTaBa BHYTPEHHEH CpPElNbl, OKPYXAIOLEH KIETKH,
HEOOXoIUMOro Juis  ocyllecTBieHuss Mertabomuzma u  ¢yHkuuu. K ynpasieHuro
KpOBOOOpAIIICHUEM OTHOCATCS BCE HM3MEHEHMsSI B CEpPJECYHO-COCYAUCTOM cHucTeMe, KOTOpbIe
HalpaBJIEeHbl Ha MPEIOTBPALCHUE WIM YMEHBLIIECHHE YIPOXAKOMX WM BO3HHUKAIOIIMX
HECOOTBETCTBUIM COCTaBa BHYTPEHHEHN Cpelbl U MeTaboM3Ma KIETOK. PaccMOTpeHe OTaenbHBIX
MEXaHU3MOB YIPABJICHUS KPOBOOOPAIIEHUEM BBISABISIET, UTO YIPABICHUE 00ECIIEUMBAET TAKXKE
JOCTUKEHUE  OONOJTHUMENbHOU  yeau — TOJJAepKaHUe (QYHKIMOHUPOBAHUS  CaMOIo
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KPOBOOOpAIIEHUST U DKOHOMHU3AIMS pe3epBa KpoBOoToka (XaroTuH, 1964, ueM, B YacTHOCTH,
00OCHOBBIBAETCSI OTHECEHHWE BCErO CEpAECYHOCOCYIUCTOrO ammnapara K KaTeropuu OTIENIbHOU
(GyHKIHMOHATIBHON cucTeMbl opranusma)». W manee: «Kpome pemieHus 3amad peryaupoBaHUSA,
aBTOMAaTHUYECKOE YIPABICHUE OXBAaTHIBAET MEXAHMU3Mbl CAMOHACTPOMKHM (agamnTaluu) CUCTEM
yIpaBJICHUS! B COOTBETCTBUH C M3MEHEHHEM IMapaMeTpOB 0OBEKTa MJIM BHEIIHUX BO3ACHCTBU,
aBTOMAaTHUYECKOr0 BBIOOPA HAWIyUIIMX PEXHUMOB U Jp. B cuimy storo Gosee MMPOKUl TepMUH
"yrnpaBrnenue" sBiseTcss Oojee aJeKBaTHBIM ISl ONUCAHUS (YHKUMOHHUPOBAHMS IKUBBIX
cuctem». Ilpu 3ToM cnemyeT ydecTb, 4YTO JUIsl 4YeJIOBEKa CBOMCTBEHHAa BeChbMa CIIOJKHAs
IICUXUYECKasi JAeATeNbHOCTh, M Mo 3ToMy noBoay eme ILK. Anoxun B cBoeit «Teopun
(YHKIMOHAJIBHBIX CHCTEM» OTME4Yajl 3HAYUTEIbHOE BIUSHUE MOTUBAllMM M MaMATH Ha
pe3yabTar ad(hepeHTHOrO CUHTE3a, T.€. He (PU3MUECKUX, a YUCTO MH(POPMALMOHHBIX IO CBOEH
pUpoJie CTUMYJIOB. TakuM 00pa3oM, CHHYCOBBI PUTM Cepjlia YeloBeKa OTOOpaxkaeT padoTy
MHOT'MX CHCTEM OpraHM3Ma Kak B HOPME, TaK U IpHU MATOJOTHYECKUX COCTOSIHUAX, U TOITOMY
IIPABOMOYHO IPENOJI0KEHNE O BO3MOXXHOCTU MCIOJB30BaHUs €ro MapaMeTpoB /ISl IOCTPOEHUS
KOJINYECTBEHHOM Mephl KaueCTBA MHIUBUIYaIbHOTO 3/J0OPOBbS.

OpHako TyT Henb3s HE CKa3aTh O TOM, YTO HAa CETOJHSALIHUMI JI€Hb B TEOPETHUYECKOM
MEIMIUHE CIOXKWIACh MapajioKcaibHas CUTyauus: Jro0oe 3aboneBaHue (Kpome cambIX
IK30THYECKHX) JIOCKOHAIBHO ONHCAaHO, pPACKIACCH(DUIMPOBAHO TIOCTAAUHHO U JIETKO
HIKAJIUPYETCs MO TSKECTH, a B TO XKe BpeMs IIKATUPOBaHKUE (KOJTUUYECTBEHHAs OLICHKA KauecTBa)
310pOBbSl OTCYTCTBYET, XOTS Ha OBITOBOM YPOBHE IIHPOKO  HPHUMEHSIOTCS MOHSTHS,
CpaBHHUBAIOIINE JIIOJeH Mo 370poBbl0. OJHAKO HIMPOKO pacHpOCTpaHEHHOE OBITOBOE MOHSTHE
3/10pOBbsl MHAMBHUAA HE BbIIEPKUBAET CEPbE3HOW KPUTHUKHU, T.K. B OOJIBLIMHCTBE CIy4aeB 3TO
COCTOSIHUE CBSI3aHO C KOHKPETHBIM OU€Hb yY3KUM HaOOpOM BHEIIHUX (DAKTOPOB, IPU MU3MEHEHUU
KOTOpBIX (a)ke HE3HAYUTENIbHOM) TMOSBISAIOTCA M JKajdoObl, WU OOBEKTUBHbIE IPHU3HAKU
HaTOJIOTHYECKUX MPOLIECCOB.

B «Konuenmuu co3gaHusi CUCTEMbl MOHHMTOPHHTA 370pOBbs HaceneHus Poccum» [71],
pa3paboTaHHOIl Ha Kadeape MeIUIMHCKOM U Ouonornyeckoi kubGepHetukn PI'MVY wum.
H.U. ITuporosa moa pyKoBOJACTBOM JOKTOpa MEAMIIMHCKUX HaykK, rpodeccopa C.A. [Nacmapsna,
3JI0pOBbE pacCMaTPUBACTCS C MO3UIMHU «CIIOCOOHOCTH CHUCTEMBbI PEaIN30BbIBATh IIEJIU UYepe3
QJICKBATHOE TMOBe/IeHNE». AHATN3 KOHEYHBIX [IeJIel MHOT00Opa3HbIX ()OPM IMOBEICHUS CBOJUTCS
K CaMOBOCIPOU3BOJICTBY M CaMOCOXPAaHEHUIO (MpUYEM B NPUPOAE MPOTHUBOHAIPABICHHOCTH
TUX LeJNeH, Kak MpaBWo, peuiaercd B NOJb3y nepBoit). Ilostomy pganee B 3Toil cBs3u
BBIJIBUT'AETCSl «KOHLEMIHMS OLEHKH 370pPOBbS HHAMBHUIYyMa M OOILECTBEHHOTO 370pOBbs
(momyJssiMM) HAa OCHOBE CIOCOOHOCTHM ATHX JKMBBIX CHCTEM K CaMOpPa3BUTHIO U
CaMOCOXPAaHEHMIO, K BOCIPOM3BOJICTBY NOTOMCTBA M BOCIPOU3BOJCTBY CPEJCTB peaau3alvy
uenei u ¢opM noseneHus». B 3Toll ke mapagurme aaekBaTHblE (OPMBI MOBEACHUS KUBBIX
CHCTEM TPYIIHUPYIOTCS CIEAYIOUIMM 00pa3oM:

— camoopeanuzayusi, TOHAMaeMasi Kak CoCOOHOCTh CHCTEMBI K pealln3alliyl Mpolecca
JUHAMUYECKOTO  CTPYKTYPHO-(YHKLHMOHAJIBHOTO  caMOpa3BUTHA ¢ AuddepeHumanueit
HEKOTOPBIX COBOKYITHOCTEH 3JIEMEHTOB IO KaKOM-TO (PyHKIINH;

— adanmueHocmy, T.€. CHOCOOHOCTh CHUCTEMbI HPUCHOCAOIUBATHCA K MEHSIOUIMMCS
YCIIOBHSIM BHEIIHEH CpeJibl, COXPAaHHUB IPH TOM CBOU CBOWCTBA U (DyHKIIHH;

— akmueHoe npeobpazosanue BHEUIHEW cpenpl (T.e. apeana oOWTaHHMA) Kak (opma
pUCTIOCOOICHNUS, TIOCIEICTBHEM KOTOPOW IS COIMAIbHON CHCTEMBI JIOJDKHO CTaTh CO3JaHHE
rapmoHuu Hoocdeps! (mo B.U. BepHnaackomy).

B 3TroM mocTtpoeHuMH JErKO MOXKHO YBHUJAETh, YTO W CAaMOOPraHU3allvsg, U aKTHBHOE
npeoOpa3oBaHue apeasa OOUTaHMS OCHOBBIBAETCS HAa MPUCHOCOOUTENBHBIX (aanTalliOHHBIX)
CBOICTBaX, XapaKTEPHBIX ISl BCETO KUBOTO.

B npucnocoOGuTEnbHBIX peakiusaX OHOJOrMYECKOW CHUCTeMbl (OpraHu3ma) IOJIe3HO
pa3auyaTth CIOCOOHOCTH K MPOLIECCY, CaM MPOLECC U ero pe3ynbTar. [lo3ToMy NpuMeHUTENbHO K
UH/IMBUAYAJIbHBIM MPUCTIOCOOUTEIBHBIM PEAKIMAM UYEJIOBEKa, C HaIlel TOUYKHU 3PEHUsi, MOKHO
chopmynupoBaTh Takue omnpeneneHus. Aodanmayus —  TPOIECC MPUCTOCOOUTEITHHBIX
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M3MEHEHUH OpraHu3Ma M JINYHOCTH YEJIOBEKA 0] BO3AEHCTBUEM COBOKYITHOCTH YCIOBHI Cpebl
obuTaHMs1, KOTOPBIA o0ecreuynBaeT MPUOIMKEHUE K ONITUMAIIbHBIM BeTHYUHAM () (PEKTHUBHOCTH
U HaJIe)KHOCTH OCYIECTBIIEHUS a/IeKBaTHBIX bopm NIOBEJICHUS YeJI0BEKa.
Adanmuposannocms — Mepa TEKyLIETro pe3yibTaTa afanTaluu. 40anmueHocms XKe SBISETCS
MEpOii, OTpakaromei CrtoCOOHOCTh K U3MEHEHHIO aJallTUPOBAHHOCTH B €MHUILY BPEMEHHU.

[IpakTHyeckuii OMBIT IOKAa3bIBA€T, 4YTO BBICOKAS aJalTUPOBAHHOCTb K KOHKPETHBIM
yCIIOBUSAM (T.€. BBICOKAsI CIIELMAIN3alus) BEAET K yTpaTe aJalTUBHOCTH (YHHUBEPCAJIBHOCTH) U
HaoOopoT. CremoBarenbHO, 00€ KpPAHHOCTH CHIDKAIOT HAACKHOCTh (YHKIIMOHHPOBAHUS
opranuzMa. Omnupasch Ha 53TH MOJOXEHHSA, MOXHO JaTh CIEAyIollee OmNpeieieHue
VHAMBU1yaIbHOMY 3/10POBbIO UEJIOBEKA.

Hnousuoyanvroe 300posbe — 3T0 Mepa, BbIpakarollias COOTHOIIEHUE aAaTUPOBAHHOCTU
U aJlaiTUBHOCTHU WHAMBHAA. [IpyW 3TOM ONTHUMAanbHOE COCTOSIHME 3/I0POBbS — 3TO HaJIU4ue
YJIOBJIETBOPUTEIbHON AJaNTUPOBAHHOCTH K JAHHBIM KOHKPETHBIM YCJIOBHUSIM CYIIECTBOBaHMS
IOpPY COXPAaHEHUHU JOCTAaTOYHOM aJanTHBHOCTH (aJalTallMOHHOM TOTOBHOCTH K HEpPEMEHE
YCJIOBHM).

CnenoBaTenbHO, U Ka4eCTBO OTKJIOHEHMH CEpJIEYHOM NEATENbHOCTH OT €ro HOpMalbHOM
NEeSITeIbHOCTH HY)XHO OLIEHUBATh C TO3ULUI OLIEHKH OTKJIIOHEHUS COCTOSIHMS YeJIOBEKa OT
ONITUMAJIFHOTO COCTOSIHUS 370pOBbs. Kakum 0O6pa3zom 3To crieoBaio Obl AenaTh?

VY [pakTHYEeCKH 3]I0pOBOTO 4YEJIOBEKAa C COXPAaHEHHbIMH B TOM WJIM HMHOHM CTelneHu
aIanITAllMOHHBIME MEXaHU3MaMH CaM TPOIECC afanTaiii K (yHKIHOHHPOBAHHUIO B YCIOBHUSX
JIOMYCTUMBIX (PU3UUECKUX WM MCUXMYECKMX HArpy30K MPOUCXOIUT B BHUJE KBA3HJIMHEHHOTO
HapacTaHUsl COOTBETCTBYIOLIEH (DyHKUMU NPU HapacTaHWU HArpy3ku. JIMHelHas 3aBUCHMOCTH B
KOOpJIMHATAaX  «HAarpy3Ka-peaklus» HapyllaeTcss TOJbKO B  OONAaCTAX  HEOUIyTHUMBIX
(1omoporoBbIX) MM AKCTPEMANIbHBIX Harpy3ok (ucuepnaHue peseppa ajganrtanuu). CymMmapHas
KpHBasl «HarpysKa-peakuus» IMpeacTaBiseT coboil S-o0pasHyro 3aBUCHMMOCTh (joructy). Ha
TaKOH KPHUBOW MOJKHO BBLAEIUTH MATH y4yacTKOB (puc.9). OueBUAHO, YTO NpPHU OMHMCAHUU
OTJENBHBIX CHUCTEM WM OpraHOB OpraHM3Ma YeJOBeKa XapakTep Harpy3Ku W IapamMeTphbl
pearupoBaHMsi MOTYT H3MEHSTbCS. Bo3MOXHBI crneunduyeckue Harpy3kd, BIUSIOLIUME Ha
OTJeNIbHBIC MapaMeTpbl OpraHu3Ma (HampuMmep, BIMSHHE OCBEIIEHHOCTH Ha JAMAaMETp 3padka),
WIM YHUBEpCAJIbHbIE, B OTBET HAa KOTOPbIE M3MEHSIIOTCS MapaMeTpbl BCEX WM OOJBIIMHCTBA
OpraHoB U cHcTeM (Kak, Hampumep, Npu Trunokcuu). [lapamerpsl peakiuu He 00s3aTeIbHO
JOJKHBI OBITh TEPBUYHBIMHM (M3MEPSEMBIMH HEMOCPEICTBEHHO). B KauecTBe TakoBBIX B
HEKOTOPBIX CIy4yasX MOTYT MCIIONb30BaTbCsi pPE3yibTaThl MaTeMaTHYecKol 00paboTKu
BPEMEHHBIX PSAA0B OTIENbHBIX NEPBUYHBIX APAMETPOB WM JaXKE pPa3IMYHble MaTEMaTHUYECKUE
KOMOMHAIIUM HECKOJBKUX TIEPBUYHBIX IapaMeTPOB, XapaKTEPU3YIOIUX ONpPEACICHHYIO
¢yHkumio opranm3ma. OCHOBHOe TpeOOBaHWE TpU BHIOOpE TapaMeTpoB — Mapamerp,
0TOOpaKalOMUN pPEeakluIo, JIOJDKEH MpPU POCTE HArpy3KH M3MEHSATHCS JIOTUCTUYECKH U
COOTBETCTBOBATH U3MEHEHUIO (DU3UOIOTHYECKON (DYHKIINH.

OueBUAHO, YTO pa3IMYHbIE OPraHbl U CUCTEMBbl OPraHM3Ma He 005S3aTEeNIbHO HaXOMATCS B
OJTMHAKOBOM (PYHKIMOHAIBHOM COCTOSHMM. Tak IMpH MATOJIOTMH OJHUX OPTaHOB WM CHUCTEM
BO3MOXHO HE TOJbKO (PYHKIMOHAIBHOE, HO U CTPYKTypHOE€ H3MEHEHHE JAPYIHMX OpraHoB,
KOMIICHCUPYIOIINX CHIKEHHYI0 (QyHKmuro. I[losToMy s ommcaHust OpraHm3Ma 1O
IpPEUVIOKEHHOMY  METoAy, TpeOyercsi pa3paboTKa CHCTEMBl TECTOB, OLCHMBAIOLIUX
pearupoBaHH€ OTAEJIbHBIX OPraHOB M CHCTEM Ha XapaKTEpHYIO JJi1 HUX Harpys3ky. CpaBHeHHE
KPYTU3HBl M YPOBHSI HACBIIICHUS KPUBOM KOHKPETHOTO 4YeJIOBEKa B KOHKPETHOW IJIOCKOCTH,
OINMCHIBAIOLIECH pearupoBaHUE OTIEIBHOIO OpraHa MM CHCTEMbI Ha aJIeKBaTHYIO Harpysky, co
HOIYJIAUOHHBIMU TTapaMETPaMU COOTBETCTBYIOLIEH MOJOBO3PACTHONW TPYIIBl MPAKTHUYECKU
3I0pPOBBIX JIMI[ [O3BOJIUT TMOJy4aTh COCTAaBJISIONIME KOJMYECTBEHHONW OLEHKH KadecTBa
310poBbst. Habop miockocteit pearnpoBanusi co cBouMu napamerpamu (A, B, C, D) no3Boaur
IOCTPOUTh CHCTEMY KOJMYECTBEHHOW OLEHKM KadecTBa HMHAWBHUIYaJIbHOTO 3/I0POBBA.
OTtcnexxnBas AMHAMUKY HW3MEHEHHsI KOOPAMHAT KPUBBIX Ha BCEX IJIOCKOCTAX OJHOBPEMEHHO,
MO>KHO OLIEHUBATh YPOBEHb OOIIEr0 3/J0POBbS UETOBEKA.
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Puc. 9. TunoBast KpuBas pearnpoBaHus Ha Harpy3Ky ISl Pa3IMYHbIX PEarHpyroIuX cucteM (o
B.®. ®enopoBy [##38]). Ha kpuBOi MOXHO BBIIEIHTH MATh ydacTkoB. OA — 30Ha
apeaKkTUBHOCTH, KOTJa Harpy3ka HacTOJIbKO MaJla, YTO pearupoBaHue HelesnecoodpasHo; AB —
HAYaJIbHBIM HEJIMHEWHBIM y4aCTOK pearnpoBaHMsl, KOIla C POCTOM HAarpy3kH yJelbHas peakuus
npupactaet (MOXKeT ObITh aIPOKCUMHPOBAH CTEICHHOW WMJIM SKCHOHCHIUATBHON (QYHKIUSIMU);
BC — 30Ha 1uHENHHOro peryinMpoBaHusi, KOrAa NPUPOCT PEAKLUU MPONOPLUOHATIEH NPUPOCTY
Harpy3kd; CD — KOHEYHBI HEIMHEWHBIH YYacTOK, KOIJIa pearupymomas CcHucrema
npUOJIMKAETCS K MCUEPIIAaHUIO PECYPCOB aJaNTalluy; Y4acToK npaBee D — ypoBeHb ncuepnanus
pECypCOB pearupoBaHusl.



Mockanenko. bazogvie mexanusmol apummuii

OO6cnenoBaHue ciaelyeT MNPOBOAMTH B BHUJIE Tpex(a3HOro TecTa, BKIKOYAIOLIETO
[OCJEI0BaTeNbHbIe (a3bl HCXOAHOTO TOKOS, WHIMBUAYAIBHO JIO3UPYEMON Harpy3ku H
BOCCTaHOBJIEHUA. ITO 00YCIIOBJIECHO CIEAYIOINUMHI 00CTOSITEIbCTBAMHU.

Hccnenyst cnoxHylo cucTeMy (a OpraHu3M UelOBEKa MHOTHE MCCIIEOBATENN OTHOCAT K
CBEPXCJIOKHBIM CHCTEMaM), O BHYTPEHHEM YCTPOMCTBE KOTOPOIl M3BECTHO JAlEKO HE BCE, UTO
TpeOyeTcs A NpeAcKa3aHHus €€ MOBEeICHUS B PAa3IUYHBIX YCIOBUAX, B KHOEPHETUKE MPHUHATO
MPUMEHSTD MOJIX0/ «YEPHOTO SIIHUKAY» WIH «ceporo sAmukay (puc. 10). U ToT, u apyroii moaxos
npeaycMaTpuBaeT BO3JCHCTBUE Ha M3y4yaeMblii OOBEKT W3BECTHBIMH KOHTPOJIMPYEMBIMU
(daxTopamu (BEKTOPOM BXOJHBIX TTAPAMETPOB) M PETHCTPALNIO BEKTOPA BBIXOIHBIX TTAPAMETPOB.
M3MeHss1 KOTMYECTBEHHO YPOBHHU MapaMEeTPOB BXOJHOTO BEKTOPA WIIM COCTAB ITHX MapaMeTpoB,
HAOJIOMAl0T HM3MEHEHUS BBIXOJAHOTO BEKTOpa C LENbI0 BOCCTAHOBICHHS  (DyHKIHA
npeoOpa3oBaHusi, NPUCYLIMX H3ydyaeMOMy oO0bekTy. B oOmeMm ciayyae MOXHO 3amucathb
BolpaxkeHne Y =F(X,Z), T.e. BBIXOJIHBIE NapaMeTpbl SIBISIOTCS (YyHKUHMEH OT BXOJIHBIX
(KOHTPOJIUPYEMBIX) BO3JCHCTBUI M KOMIUIEKCA HEKOHTPOJIMPYEMBIX BIMsHUI. B Hamem
KOHKPETHOM CJy4yae Bpau WM HCCIIEJOBATEIb HMEET HEKOTOpbIE IPEJICTaBIEHHUS O BHJE
byHKIMY (TOYHEE, UMeeT Habop Mojiesel, MPUOIMKEHHO €€ OMUCHIBAIOIINX ), T.€. HAIll SIIUK He
«UepHBbINY, a «cepblit». OgHAKO, JaXke, €CIM HaM XOpoIlIo u3BecTeH BUA (yHKuuU F, HO MbI
HUYEro He 3HaeM O BEKTOpE Z, BEPOSITHOCTh MPABUIBHOIO MPOTHO3a MOBEAECHUS CHUCTEMBbI IIPU
u3MeHeHuu BekTopa X Mmana. [IockosbKy npu M3y4eHUH CepAeUHO-COCYTUCTON CUCTEMBI 3a7a4a
JIeTaJbHOTO OMMCAaHUs BEKTOpa Z B NPUHIMIE HepaspeurMa (T.K., HalpuMep, SIMOLUOHAIBHO
3HAYMMBbIE PAa3MBIIIICHUS MMAllMeHTa OKa3bIBAIOT 3HAYMTEIBHOE BIMSHUE KaK Ha PUTM CepiIa,
TaKk U Ha apTepuajbHOE JaBJIEHHE, HO HE MOAJAIOTCS BHEIIHEMY KOHTPOJIIO), B 3HAUMTEIbHOM
Mepe pa3peluTh MpoOJIeMy MOXKET TOJBKO NMPHUOIMKEHHE YCIOBHI PErHCTPALUU CepIeuHON
NEeSITeIbHOCTH K CUTYalluH, ONMChIBAEMOIN HEpaBeHCTBOM X >> Z. {11 3TOro MOKHO J100 4acThb
¢dakropoB nepeBecTd U3 Z B X (€cau 3TO BO3MOXKHO), JMOO MOAHATH YpOBEHb MapameTpOB
BeKkTOpa X [0 BEJIMYUHBI, KOIJa YMPAaBISIONME CUCTEMbl H3ydaeMoro oObekra OyayT
BBIHY KJICHBI IPEHEOPEYh BIUSHHEM Z 110 COOOPaKEHUSIM CAMOCOXPAaHECHHUSI.

Takum o0pa3om, TeCTHpOBaHHWE JIFOOOH CIOXHOW CHCTEMBI, O KOTOpPOH HET
ucuepnbiBaromield HHGOpMaIUU, TOJDKHO MPOBOAMTHCS IMOJA BO3ACHCTBHEM KOHTPOIUPYEMBIX
(dakTOpoB (HArpy3K), CyMMapHbBIH 3(PQGEKT KOTOPBIX TOpa3[o BbBIIIE, YeM OT HEYUYTEHHBIX
BO3/JCHCTBUI. MeTOAMYECKN U3 3TOTO CIEAyeT, YTO HCCIEOBAaHUE CEpACYHON AESITeIbHOCTU
JIOJDKHO TPOBOJUTHCS BCErJa IPH HAIWYHME B TPOLECCEe WccienoBaHus (asbl Harpysk,
MHTCHCUBHOCTh KOTOPOH (hM3MONOTHYECKH 3HAYMMA JJIs OpraHu3Ma 00cieayeMoro WHAMBHIA.
OpmHaKo CepaeYyHO-COCYyIUCTasi CHCTEMa, KaKk W OpraHu3M B LeJNoM, (QYHKIMOHHPYET B
COOTBETCTBUM C HEKOTOPHIMH 3aKOHAMH B «(OHOBOM pPEXHUME», BHE BCAKHX TECTOBBIX
BO3JIeUCTBUM, W HHpoOpManus o0 ypoBHE (PYHKIIMOHHUPOBAHHS B TMOKOE (HA JOMOPOTOBBIX
Harpy3Kkax) HeoOxXoIuMa JJisi TOCTPOCHHUS 3aBUCUMOCTEH THIa «HATPY3Ka-PEaKInsy».

[Ipu oTmeHe mrOOBIX 3HAYMMBIX HArpy30K CHUCTEMa HE MOXET MIHOBEHHO MEpEeHTH B
UCXOIHOE COCTOSHUE BCJEICTBUE CBOMX HMHEPIMOHHBIX CBOWCTB, CBSI3aHHBIX, B IEPBYIO
ouepellb, ¢ W3MEHEHHEM KOHICHTPAM{ pPAa3JIMYHbIX BeHIeCTB (KaK YNPAaBISAIOMINX, TaK W
MeTaboIMTOB) B MpoOIlecce pearnpoBaHusi Ha Harpy3ky. Mx muddysus, nepeHoc u MeTaboan3M
710 TIPUBEJICHHUS K MCXOTHBIM KOHIICHTPALUSAM TpeOyeT HEKOTOPOTO BPEMEHU U YHEPTETHIECKUX
3aTpaT. DTOT BOCCTAHOBUTENBHBIN MPOIECC HECET HE MEHBIIYI0 MH(POPMAIMIO O CUCTEME, YeM
cOOCTBEHHO pearupoBaHHE Ha Harpys3Ky.

Opnoit u3 Haubosee yIOOHBIX AJISl OIEHKH pearupoBaHMs CUCTEMbl Ha HArpy3Ky SIBISETCS
MOJIEb C JIMHEWHBIM YBEIMUYEHUEM JI0 3aJIaHHOTO YPOBHS M MOCJIEAYIOMINUM JIMHEHHBIM CIaJ0M
YPOBHSI Harpy3Kd J0 HyJs (Hampumep, npu Benodpromerpur). [lomydaeMbie mpu 3TOM KpHUBBIE
HAIIOMHHAIOT TE€TJIM THCTEpe3rca W3 OIUCAHWW TepeMarHu4YuBaHus (PEeppoOMarHETUKOB C
BBICOKOM KOIPIUTUBHOCTHIO. [lpM mpoBeAeHMH TECTUPOBAHHUS C POCTOM HArpy3KH 10
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Puc. 10. OGmias cxema ABYX MOAXOA0B (YEPHOTO M CEPOro SIIHUKOB). X — BEKTOP BXOIHBIX
BO3MIEHCTBUH; Y — BEKTOp BBIXOAHBIX H3MEPSIEMBIX MapameTpoB, Z — BEKTOp
HEKOHTPOJIMpYyeMbIX BiusHuii (mo B.d. demoposy [##38]).



Mockanenko. bazogvie mexanusmol apummuii

CyOMaKCHUMaJIbHOTO YPOBHSI KPUBbIE UMEIOT BHJI, MpeacTaBieHHbIH Ha puc. 11. [upuna nernu
TUCTEPE3NCa B JAHHOM CJIy4ae OTPaXkaeT aJallTHBHOCTh PEArMPYIOUIEH CUCTEMBI.

B »TOoM pasnmene BkpaTie omnucaHbl 0a30Bble MEXAaHM3Mbl PETYJSIUN  CepledHON
JEATENIBHOCTH, a TAK)KE METO/BI OLICHKH MX LIEJIOCTHOCTH B TEX CIIydasx, KOIJa B 3HAUUTEIbHON
Mepe CcoXpaHeHa MPOCTPAHCTBEHHO-BPEMEHHAs OpraHu3alus CepAeYHON JAeSTEeIbHOCTH.
PexomeH10BaHHBIE METOJBI TOMOTYT B 3TOM ciydae Oojee 3((EKTHBHO BBISBIATH JIHIl C
ocna0JIeHHBIMU aIaTAllMOHHBIMA BO3MOXXHOCTSIMH TIOJICP)KaHUSI HOPMAJIBHOW CepJeuHON
nesTeNnbHOCTH. Benp B m3BecTHOU miyTke: «JIromel 370poBBIX HE ObIBaeT, OBIBAIOT  TOJIBKO
He1000ce10BaHHbIEe», — TAauTCs O0JbIIAs A0JSI UCTUHBI.

OTmeTnM, 4YTO TpPHU OIEHKE CEepPhe3HbIX HApYIICHWH pHUTMa Cepilla, CBA3aHHBIX C
U3MEHEHHUEM MECTONOJIOKEHUS! MCTOYHHMKA BOJIH BO30YXAEHHUS €0 OOCTOMUT €Ile CIIOKHEE.
PaccMoTpenue cepama ¢ HOBBIX HO3UIHMK OMOPHU3MKM W KUOEPHETUKHU 3acCTaBIsET 3aHOBO
3a/1aThCsl BONPOCOM, B KAKHMX 7K€ BCE-TaKH cjaydasixX M3MeHEeHHe MOJIOKeHUS] MCTOYHHKA
BOJIH BO30Y:KIeHHs cjlelyeT PaCCMaTPUBATh KAK CPbIB aJalTAIMOHHBIX MEXaHU3MOB (T.e.
Kak 00J1e3Hb), 4 B KAKUX CJY4YasX TAKOr0 pPojJa apUTMHH Bce :Ke cjieAyeT paccMaTpUBaTh
KAaK NpOosiBJIeHHe AJaNTALMOHHBIX MeXaHu3MoB. B ciay4dae 0os1e3HM APYrMM OTKPBITHIM
BOIIPOCOM OCTAeTCsl TOYHAS JOKAJIU3ALMS CPbIBA aJanTAlMK: B CAMOM JIM MUOKap/e WU
’Ke B O/JHOM M3 MHOTOYMCJICHHBIX KOHTYPOB YIIPABJICHHUS CeP/IeYHOil 1esiTeIbHOCTHIO.

7. Apummuueckasn oeamenpbHoCHb cepoya.

Kak yxe ynomuHasioch B Haydaje rjaBbl 110 TEPMUHOM "apuTMmus cepaua’ TpaauLHOHHO
IOPUHATO TIOHUMATh HApYLIEHHE DJIEKTPUYECKOH aKTUBHOCTH cepaua U MPOBOAMMOCTHU
UMITyJIbCOB, a HapylleHHE APYrHX ero (yHKIui (Hampumep, COKpAaTUTENbHOW) B IOHSTHE
CepJeUHbIX apUTMUI He yKiajaplBaeTcs. Takoe TpaAMLMOHHOE NOHUMAaHHWE apUTMHMM CepAla
0a3upyercss Ha OIATh K€ TaKU TPAJULHOHHBIX INPEACTABICHUSX O MPUYMHO-CIIEICTBEHHBIX
CBA3SIX TPOILIECCOB, OOECIEUMBAIOLIUX CEPIACUYHYIO JAEATEIbHOCTh. A HMEHHO, TPaJULMOHHO
OPUHATO CUYUTaTh, YTO TpoLEcC BO30YXKAEHUS MeMOpaH KapAMOMMOLIMTOB BBI3bIBACT
COKpAILEHUE ITUX KJIIETOK, YTO B CBOIO OUEPE/Ib MPUBOAUT K BHITAJKUBAHUIO KPOBU U3 MOJIOCTEN
cepaua. Kazanocs 0bl, Bce TyT MPOCTO, IOTUYHO M TIOHATHO, HO... HenaBHue uccnenoBanus [14]
MOoKa3aJii, 4YTO W B OTOM CJy4yae TMpHUpOJa OKazajach '"XHUTpee' 4YeIOBEUECKOM JIOTHUKH.
CoBpeMeHHbIE 3KCIEPUMEHTAIbHbIE JAaHHBIE CBUAETENBCTBYIOT O CYIIECTBOBAaHMU OOpaTHOU
CBSI3H, TOBOPSI SI3BIKOM KHOEPHETUKH, MEXAY COKPAaTUTENbHON (YHKIMEN cepAlla U MpoLeccoM
€ro Bo30YX/I€HUs, O CYLIECTBEHHOM BIIMSHUM MEXaHUYECKUX YCJIOBUH COKpAICHHs CepleuHOn
MBILIIBI Ha TIpoLecC ee Bo30ykaeHus. B oTinune oT 40CTaTOYHO XOPOIIO U3YyYEHHOW MPUPOIbI
CONpPSDKEHUs]  BO3OYXKIEHMS C  COKpALlCHMEM  MOJICKYJIIPHO-KJIETOYHBIE  MEXaHU3MbI
MEXAaHORJIEKTPUYECKOW 0OpaTHON CBsI3U U €€ (PU3HOIOoruueckas U narou3noioruieckas poiib
JI0 CUX IOp OKOHYATEeJIbHO HE MOHATHL. B pe3ynpTare 3THX HcciaenoBaHUN ObUIO YCTaHOBJIEHO,
YTO I[IEHTPAJIbHBIM 3BE€HOM MEXaHODJIEKTPUUYECKON CBS3U SIBISIETCA MEXaHO3aBHCHMAs
KOOIEPATHBHAS MOJY/SIMS KHHETHKH CBA3BIBAHMSA-DACIAfa KOMIUIeKca HoHOB Ca’’ u
peryistopHoro 6enka TponoHuHa-C. OTO U3MEHEHHE KMHETUKU KalblMs NIPUBOJUT K KaJIbLUil-
3aucuMoii  momymsamun  Na'-Ca®®  0OGMEHHOro TOKa, dTO SBNAETCS TPHITEPOM UL
MEXAaHOBBI3BAHHOTO W3MEHeHus reHepauuu IIJ[, T.e. BbI3bIBacT HEOOJBLINE W3MEHEHUS
TPaHCMEMOPAHHOIO MOTEHLMala, KOTOphle, B CBOIO O4Yepelb, HNPUBOMAT K H3MEHEHMIO
NOTEHLUAN-3aBUCUMBIX ~ TOKOB  (KQJIUEBbIX, HATPUEBBIX, KaJIbLHMEBBIX), CYILIECTBEHHO
MOJYJHUPYIOIEMY HUTOrOBOE€ M3MEHEHHE MOTEHIMajga. ABTOPBI 3TOTO HUCCIIEJOBAHUS CUUTAIOT,
YTO 3Ta MEXAHO3JIEKTPUUYECKas CBS3b SBISACTCS (PU3MOJOTMYECKM 3HAYMMOW Ui PEryJisaluu
(GYHKIMH HOpPMaJBHOTO MMOKapja: OHa obecreuyuBaeT coriacoBaHHble u3MeHeHus [1J] u
KUHETUKH BHYTPHUKJIETOYHOI'O KaJbLUs B 3aBUCUMOCTU OT MEXAHWYECKUX YCJIOBHUW U SBISETCS
JIOTIOJTHUTENBHBIM ~ (PAKTOPOM  aJlalTallid  CEpACYHOM MBIl K HM3MEHEHUIO BHEIIHUX
MEXaHUYECKUX YCJIOBHH cokpamieHus. OJHaKo, KaK YKas3blBalOT 3TU K€ AaBTOPBI, XOPOIIO
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Puc. 11. Kpussle pearupoBaHus Ipu JUHEHHOM HApACTAaHWUU U MOCEAYIONIEM JTMHEHHOM CIIajie
Harpy3ku B mpoiiecce tectupoBanus (mo B.®. denoposy [##38]). O0o3HaueHHs Takue ke, KakK
Ha puc. 9. Crpenkamu IOKa3aHO HalpaBJeHUE TMporecca. B kadecTBe "MUMPUHBI TETIH
rucrepesuca’ MPUHUMACTCS TPOCKIMsS HA OCh PEaKUUH pACCTOSHUS MEXIy JHHEHHBIMU
y4acTKaMH KPUBBIX Harpy3ku (BOCXOJSINAsi 4acTh METJIM) U BOCCTAHOBJICHHS (€€ HHUCXOIAIIAT
4acTh).



Mockanenko. bazogvie mexanusmol apummuii

U3BECTHO, YTO MEXAHMYECKHE BO3JECHCTBHUS MOTYT IPUBOAUTH K apUTMOI€HHBIM MOCIIEICTBUSM,
M, B YaCTHOCTH, PE3KOE YKOPOUEHHE WIN PE3KOE pPACTSHKEHHUE CEPACYHOM MBILINBI IIPU
OIIPEZICNIEHHBIX YCIOBHIX MOTYT BbI3bIBaTh BHEOUepeaHble 11/1.

bonee Toro, uccienoBaHus 3THX K€ aBTOPOB BIIMSHUSA HEOJHOPOJHOCTH MHOKapJa Ha
3QPEKTUBHOCTh €ro MeXaHW4YeCcKOW (YHKIMM TPHUBEIO TaKKe K BECbMa HEOXKUJAAHHBIM
BbIBOJIaM. Okazajaoch, YTO «HEOAHOPOJHOCTH MHOKapAa BMecTe C 'TpaBHIbHOM"
MIOCJIEIOBATEIBHOCTBIO €r0 akTHBAaIMU (0T Oojiee MEIJIEHHBIX 3JEMEHTOB K OoJiee OBICTPBHIM)
SBISICTCS ~ HEOOXOAMMBIM  aTpuOyTOM  HOPMaJIbHOM  MHOKapIUabHOW  CHUCTEMBI,
o0ecrneynBaroIlUM COIJIaCOBaHHYIO JIOKAJIbHYIO AaKTHBHOCTb 3JIEMEHTOB M ONTHMMH3ALHUIO
NI00ATbHOW (YHKIIMM CUCTEMBI B IienioM» [14]. B maromorum >xe TOHKas KOOPAWHAIUS
WHAMBUyaJIbHBIX XapaKTEPUCTUK KapIMOMHOLUTOB M IOCIEAOBATEIBHOCTh WX aAKTHUBALUU
MOKET HAPYIIAThCS, TAK YTO MUOKAPAUAIBHASI CUCTEMAa CTAHOBUTCS IUIOXO OPraHW30BAHHOW, U
ee (pyHkuus yxyamaercs. Hanpumep, B 3peroM MuoKapae HAOMOAAIN yYaCTKH ¢ MO3aUYHBIMU
BKJIIOUEHUSIMU THIIOKCUYECKUX, TUIEPTPOPUPOBAHHBIX U HOPMAIbHBIX KapAHOMHOLIUTOB, TaK
YTO (PyHKIIMOHAJIbHBIE CBOMCTBA KJIETOK B TAKOW CHCTEME (B YaCTHOCTH, SJIEKTPOMEXaHUYECKHUE
XapaKTePUCTUKHU) OKa3bIBAIKNCh paClpeesICHHbIMU CIIy4aiiHbIM 00pa3oM IO OTHOILEHHUIO K
IOCJIEI0BATEIbHOCTH MX BO30YyXIeHMsA. B pesynbraTe, B Takoll cuUCTeMe CHJIa COKpalleHUH
pe3KOo majana, a apuUTMOTEHHAs AMCIEPCHs pEenoJsipU3aluy Bo3pacTana. belio mokasaHo, 4To
HapylLIEHHE TOHKOH IOCIEA0BAaTENbHOCTH AKTUBALIMA MHMOKApAA MOYKET IMPUBOJUTH K PE3KOMY
YXYALIEHUIO €r0 COKPaTUTEIbHOW (YHKIUH, U 3TOT (DAKT MO3BOJIAET OOBSICHUTH, IIOYEMY B
KJIMHUKE MCIOIb30BAaHUE HCKYCCTBEHHBIX CHCTEM PHUTMOBOXIEHHUS 3a4acTyl0 HE YIIydIlaeT
KAaueCcTBAa JKWU3HM ITalMEHTOB. JlaJbHEWIINE HCCIENOBAHMS II0KA3alIM, YTO MEXaHUYECKHE
yCIOBHSI BeCbMa MHOI000Opa3HO MHpOSBIAIOT ceOs B KauecTBE APUTMOIEHHOro (akTopa IpH
ocmabnernu Na'-K'-Hacoca. A MMEHHO, Ha BO3HHMKHOBEHHE SKCTPACHCTON BIHUSIOT: JUTHHBI
KapJMOMHUOILIUTOB B XOJ€ IIUKJIa COKpallleHhe-paccialeHue, BeIMUYMHA OCTHArPy30K, a TaKxke
MEXaHUYECKOE B3aMMOJEHCTBUE KapAHUOMHUOIMTOB, PAa3INYaIOIINXCS CTENIEHbI0 NHTMOMpPOBaHUS
Na'-K'-Hacoca u/unm cTUMYJIHPYEMbIX B Pa3THUHON MOCIEI0BATENEHOCTH.

Takum 00pa3oM, JaHHOE KOMIUIEKCHOE W PAa3HOIUIAHOBOE HCCIIEIOBaHWE YOEIUTEIBHO
II0Ka3aj0, 4YTO APUTMHH Cepana MOryT OBbITh CBSI3aHbI HE TOJBKO C HapylIeHHeM
JJIEKTPHYECKOl AKTHBHOCTH CEepALA, HO TAK/KEe M C HAPYLICHHEM ero COKPaTHUTeJbHOM
(GyHkuun, ¥ 4T0 BaKHelIIell NMPUYMHONW APUTMHUH SABJISIETCS HAapyLIeHHEe CHHXPOHHOIO
B3aMMOJAEHCTBUSA MEXKAY NpoueccaMu JIeKTPHYECKMMH M MEXaHHYeCKMMH B MHOKapJe.
Aputmus cepAlla — 3TO BOBCE HE TOJIBKO HApyLIEHHE €ro 3JIEKTPUYECKOM AKTMBHOCTH, HO
MMEHHO HApyUIEHUE €ro AEATEIbHOCTH B LeJaoM. Eciau HapyleHus dJIeKTpUYECKON aKTUBHOCTH
OKa3bIBAIOTCS YJAYHO CKOMIICHCUPOBAHHBIMM MEXaHMYECKHMMM CBOMCTBAMM MHOTOKJIETOYHOMN
CHCTEMBI MHUOKapAa, TO CepAIe MPOAODKaeT d3(P(HEKTUBHO OCYIIECTBIATH HACOCHYIO (DYHKIIHIO.
N HaobopoT, naxe mnpu "HOPMAIbHOW" MOCIEIOBATENBHOCTH pPACIPOCTPAHEHHUsS B Ceple
npolecca €ro 3JIEKTPUYECKOro (aBTOBOJHOBOTO) BO30Y)KJIEHUS MOTYT BO3HHKAaTh BeChbMa
Cepbe3Hble HapyLIeHUs HAcOCHOM (CUCTeMHOH!) (yHKIMM cepAla, BO3HUKAIOUIME MpU
HapyILIeHUH TOHKON OpraHu3alliid MEXaHUYECKUX CBOWCTB MHOTOKJIETOYHOW cucTteMbl. Crieayer
nojaraTb, 4YTO 3TH HOBEHIINE pe3yabTaThl IOMOI'YT HaKOHEI-TaKd HayaThb 3(QGEKTUBHO JIEUUTh
CEpACYHBbIE APUTMHH ITyTEM BOCCTAHOBJICHMSI TOHKOW OpPraHU3AalMM TAKOW CIIOKHOW CUCTEMBI,
KaKOH SIBIISIETCS CEpALIE.

I'oBopst 00 OCHOBOMOMArarOUMX MEXaHU3Max apuUTMHUH cepala, HEBO3MOXKHO yMOJIYaTh O
6a30BbIX 001eOHOIOTHYECKUX MeXxaHu3Max. Koria Mbl rOBOpUM O cepliedHOi JesTenbHOCTH, a
HE MpOCTO O paboTe cepila, TO cpa3y ke MOAPa3yMEBAEM B 3TOM KOHTEKCTE, YTO y CepleyHOU
NeSITeIbHOCTH, KaK U y JII0O0H JesITeIbHOCTH BOOOIIE, €CTh HEKOTOpast CBOA 1ieneBast (QyHKIIHSL.
DBOITIOLIMOHHBIN 3aKOH TJIACUT, YTO B XOJI€ €CTECTBEHHOTO OTOOpa B TEHOME OCTABAINCH TAKHE
Ka4yecTBe, KOTOpble 00eCreunBalIl MPEX/E BCEr0 BDKMBAHUE JAHHOTO OMOJIOTMYECKOTO BHU/A B
IIEJIOM, ¥ BO BTOPYIO Ouepe/ib 00ecIeunBaIi BEDKUBaHUEe HHANBHIyyMa. CTano ObITh, Cpean TeX
oco0Oelf, YTO MNpOLUIM JJIUTENbHBIM MyTh 53BOJIOLMH, OCTAIUCh T, y KOIro cepiaedHas
JIeATEIbHOCTh HAlleJIeHAa MMEHHO Ha BBDKHMBAHHME LEJOT0 OpraHu3Ma M BBDKMBAaHHE BUJA.
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HNmenno takum oOpa3om paboTa cepaia COmpsyKeHa ¢ paboTOM OCTalIbHBIX OPraHOB IEJIOTO
3J0POBOTO OpraHu3Ma, o0pasysl MpH 3TOM LEJIOCTHYIO (YHKLIHOHAJIbHYIO CUCTEMY, KOTOpas U
o0ecrieunBaeT IeJIeHaNpaBIeHHYIO CePACUHYIO IeATEIbHOCTD.

CraJo ObITh, KOTJa MBI HAOJIIOAAEM KaKHe-THO0O OTKIIOHEHHUS B MTOBEIEHUM CEpALA OT TOro
€ro MOBEJACHHS, KOTOPOE MPHUHATO 0003HAUaTh CIOBAMH «HOPMAJIbHBIA CHHYCOBBIH PUTM», TO
9TH OTKJIOHEHUS] MOTYT OBbITh JINOO B OJHUX CIIydasX PEaKkUUsAMHU ajanTaluu, Jubo B JPyTux
cllydasix peakuusMu cpbiBa ajganrtanuu. CrenoBarenbHO, BOBCe HE J11000€ OTKIOHEHHE OT
HOPMaJbHOIO pPHUTMa CepAlla CcleAyeT BOCIPUHUMATh KaK IaTOJIOIMYECKOE HapyllIeHHUE.
Haubosee ouyeBMIHBIM M H3BECTHBIM HPUMEPOM «HOPMAIBLHOW» ApUTMHUU CepJla SBISETCS
CBOWCTBEHHAss BCEM JIIOJSIM CHHYCOBasi TaxWKapausi Tpu (U3NIECKOH, YMCTBEHHOW WIIH
SMOLMOHANBbHOM Harpy3ke. OJHAaKO BIOJHE BEpPOATHO, YTO M CPEAM TEX apuUTMMH cepiua,
KOTOpBIE BCE €IIE€ OCTAIOTCA OJHOBPEMEHHO XOPOIIO M3BECTHHIMU U MallOM3yYE€HHBIMH, MpPU
OoJiee TIIATENTFHOM HCCIEI0BaHUM OyAyT OOHapyKeHbl WU TaKHe, KOTOpble BOBCE HE SIBIAIOTCA
NATOJIOTUYECKUMH M KOTOpBIE CIIEYyEeT pacCMaTpUBaTh KaK peaklMyd HOPMalbHOM ajanTauuu
ceplieuyHON JesTenbHOCTH. Hampumep, BbleNeHHas B HacTosIlee BpeMs B OTAEIbHbBIN THII
KEITYJA0YKOBBIX TaXUKapAUN pEeUpKyJIATOpHAs apUTMHS IMpPEACcEepAHO-KETyJ0UKOBOro y3na. B
Kakoil Mepe ee cieqyeT paccMaTpuBaTh Kak ceplieuHyro martojoruio? Benab oHa oOycioBieHa
TEM, 4TO B MPEACEPAHO-KETYIOUKOBOM y3JI€ MPAKTUUECKU Y BCEX JIIOJIEH CKOPOCTh MPOBEIECHUS
BO30YKJIeHHs pa3IMyHa 110 BEPXHUM U HIDKHUM €ro MyTsM. TOT jke caMblif OCHOBOIOJIAraloni
HBOJIIOLIMOHHBIN 3aKOH 3aCTaBISeT 3ayMaTbCsl, CIydallHO JIM B XOJI€ €CTECTBEHHOro oTOopa
Obula 3aKperuieHa Takas OCOOEHHOCTb CTPOEHHUS AaTPUOBEHTPUKYJSAPHOro y3na. Bmonne
BO3MOXXHO, YTO y HAlllUX HEJABHUX MPEIKOB Takas y3JIoBas TaxWKapAus Obula pe3epBHBIM
MEXaHU3MOM YBEJIMYEHHUS CEpACYHOr0 pUTMa MpH OONbIIMX (PU3MUECKUX Harpyskax, KOraa
TpeOOBAJICS PUTM COKPAIIEHUS CEepIa eIie OOIBIINNA, YeM TOT MAKCUMAILHBIH PUTM, KOTOPBIN
crocoOHbI o0ecreunBaTh neiMekepsl CHHYCOBOro y3ia. Eciu Takas rumoresa moaTBepauTcs,
TO Y3JIOBYIO JKEIyJIOUYKOBYIO TaxXHKapJuIO CIEAyeT paccMaTpUBaTh YK€ HE KaK IaTOJOTHUIO
CaMoro IMpeJCepAHO-KEITy0UKOBOI0 y3/1a, a Kak pe3yJbTaT CHU)KEHUS KOHTPOJS CO CTOPOHBI
(YHKIIMOHATIBHON CUCTEMBI, PETYJIUPYIOLIEH CEPACUHYIO 1E€ATEIbHOCTD.

JIaHHBIM PUMEPOM, WIUTIOCTPUPYIOLIMM Ba)KHOCTh MOHUMaHUs 0a30BbIX MEXAHU3MOB KaK
HOPMAJIBHOM TaK YU ApUTMHYECKOW CEpPACYHOM NEATEIIBHOCTH, Mbl U 3aBEPIIMM PACCMOTPEHUE
JNAaHHOM TEMBI.

EnvHCcTBEHHO, B KauecTBE IIOCIEAHETO 3aMEuaHus, €Ille XOdeTcd CKas3aTb, 4YTO B
Omwkaiiliee BpeMs Mbl, OYEBHMJHO, CTaHEM CBMJCTEISIMM HOBOIO, emle 0ojiee MOIIHOIO
00001IeHNS, B pe3yJIbTaTe KOTOPOTO BO3HUKHET SI3BIK, YHUBEPCATIHHBIM 00pa3oM OIMUCHIBAIOIINN
BeCh TOT Oarak 3HaHWM, KOTOpPbI Hakomwiu U (usmonorusi, ¥ KuOepHeTHKa, U Omodu3uKa.
CraproBaBuuii B Hauase 21-ro Beka MeXyHapoIHbIN poekT @uznom [10] HaresnieH UMEHHO Ha
peleHre Takux 3agad. VI MOXKHO C yBEpEHHOCTBIO IojaraThb, YTO MHOTHE M3 YMTaTeNeH 3TOoil
KHUTH, HABEpHSKA, CAMH CTaHYT aKTUBHBIMH Pa3pabOTUYMKaMHU ATOTO HOBOTO SI3bIKA — SI3BIKA
HOBOU HAYKH, KAKOW-HUOY b «OMOKUOEPHUZUKI.
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