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Ha choroguimHi#i geHb BHBYCHHS OIOJOTTYHHX
epexTiB Ta  MeXaHi3MIiB i = €JIeKTPOMATHITHHX
unpominioBanb (EMB) mpexacraBmse  iHTepec s
0araThbO0X JOCHIJHUKIB, OCKIIBKM HAJa€ MOKJIUBICTh
KepyBaHHS (izionorivuHMMH TpomecamMu 0i000€KTIB, a
TAKOX  pO3LIMPIOE  apceHaln 3aco0iB  OopoThOM 3
iHpeKuiHHIMHU XBOpoOaMK B MEMIIMHI 1 MiKpoOioJorii.

Hu3bkoinmencueni enekmpomazHimHi KOJUGAHHA
HAO036UYAIIHO 6UCOKOI Yacmomu ma ix 6naue Ha
0i000°ckmu

Enextpomarnitne mome - ¢opma Matepii, ska
YTBOpPEHA EIEKTPUYHIMH 3apsAaMH B Pe3yabTaTi B3aeMOJI1
CJIEKTPUYHHUX 1 MarHiTHUX mojiB. BoHO mommmproeTscs y
BUTJISAAI  CIIEKTPOMATHITHUX  XBWJIb 31  IIBHJKICTIO,
OJIM3BKOIO 10 IIBUAKOCTI CBiTia. EjleKTpoMarHiTHi mojs
(EMII) marote macy it eneprito. Jlo napamerpis EMII, Big
SIKAX 3aJISKUATh XapakTep 010J0TiYHMX e(peKTiB, BiTHOCATE:
9acTOTY, IHTEHCHBHICTD, IIUIBHICTh IOTOKY €HEprii, pexum
reHepaii, ¢opMy IMIyJbCiB, iX crpsMoBaHicTh Ta iH. [1].

3aBaskd UM [apaMerpaMm  3a0e3MevyeTbesl  PisHHN
xapaktep Oiosmoriunux edekriB npu  aii EMII nHa
61000’ ekt [2-5].

OCHOBHUM JDKEPEIIOM TIPUPOTHUX
CJIEKTPOMATHITHUX XBWJIb Ha 3emili € armocdepHi

€JIEKTPHYHI Ta MarHiTHi ABUMIA (TPO3H, OIMCKABKH, KYITHOBI
OmmckaBku), paxgioBunpomiHioBaHHS CoHIL Ta  3ipok.
[HTeHCHBHICT TIPUPOAHOTO  €JIEKTPOMArHITHOTO  (HOHY
CKJIazac, B cepenapoMy, npuommsno 107 Br/em?® [1].

Knacudikamiss  4acTOTHUX CMyr Yy  CIEKTpi
€JIEKTPOMArHiTHUX KOJIMBaHb JJOCHTh YMOBHA.
3rigHo 3 PEKOMEHAAITIIMHI MixHapOoaHOTO

KOHCY/IbTaTUBHOTO KomiteTy 3 pagio (MKKP) y 1975 poui

Oyma  mpuiiHITa HacTymHa  CcHCTeMa momnty H
HaliMEHYBaHHS YaCTOTHHUX CMYT:

— Yxpait Hu3pki yacrotu (YHY) - 3 -30 T

— IMonax Hu3pki yactotr (ITHY) - 30 — 300 I'ny

— Indppannzpki yacrorn (IHY) - 300 —3000 I'g

— Jyxe uusbki wactotu (AHY) - 3 -30 k'

— Husbki vactotu (HY) - 30 -300 xI'rg

— Cepenni yacroru (CY) - 300 — 3000 kIt

— Bucoki wactotn (BY) - 3-30MI'g

— Jyxe Bucoki yactotu (JIBU) - 30 -300 MI'n

— Vabrparucoki gactotd (YBY) - 300 — 3000 MI'

— Hangucoxki yactoru (HBY) - 3-30ITn

— Hamzsuyaitno Bucoki gactorn (H3BY) - 30 —300 I'T1x
— I'inepucoki wacrotu (I'BY) - 300 —3000 I'Tx

EnexTpomarHiTHa eHepris, II0 BHIIPOMIHIOETHCS,
YTBOPIOE  CIIEKTPOMATHITHI ~ TOJNSA, sAKi ~ HPUHAHATO
XapaKkTepu3yBaTH JIBOMa CKJIaJI0BUMU: enekrpuyHoro (E) i
marHitHoro (H). EMII B 1-8 piamazonax wacror
OL[IHIOETHCSI HANPY)KEHICTIO MOJISI, OJUHHUIICI0 BUMIpY SIKOT
JUIsl eJeKTpUYHOI CcKJanoBoi € BonbT Ha merp (B/M) ta
ammep Ha Metp (A/M). EMII y 9-12 niamazoHax gacTtoT
OLIIHIOEThCA TIOBEPXHEBOIO INUIBHICTIO IOTOKY €Hepril
(ILIIE), ommHMIIeI0 BUMIpPY SKOI € BaT Ha KBaJpaTHUI METp
— Br/M? (1 Br/M*=0,1 MB1/cM*=100 MxBt/cm?) [1, 6].

3rimHo kmacudikanii exkcneprie. BOO3 EMII
IAPO3AUISIOTH HAa:
— Pagiouactotu (100 k[ — 300 MI');
— Mikpoxsuii (300MI'w - 300 I'T'y).

QaxiBii B o0macTi enekTpoMarHiToOioJorii Bech
cnextp EMII moxinwiy it 3py9HOCTI Ha 3 30HU:

[epmra 30Ha - miama3on 4actot Bixm 0 mo 1 MI'm, y
SIKOMY [l eJNeKTPUYHOI 1 MAarHiTHOI CKJIaJOBHX Ha
01000’ €KT MOX€E OYTH PO3TIISIHYTa OKPEMO;

npyra - giamazon YBU (1 — 1000 MI'm), konu
OKpeMe BHBYCHHS BIUIMBY €JCKTPUYHOI 1 MarHiTHOI
CKJIQJIOBHX YyXX€ HE MOXJIMBE, a TOEJHYBAaTH iX JiI0 Iue
paHo;

Tpets - obmacts H3BY (monan 1000 MI'n), s sxoi
xapakrepHo copmoBane EMII.

EnexkrpoMarHiTHI KOJNWBaHHS pI3HUX Jiala30HIB
XapaKTepU3ylOThCsS TMEBHOIO JOBXKHWHOI XBWIII (YacToTam
HaBEJEHUX Jlialla30HiB BiINOBIAAIOTh BU3HAYECHI 3HAYECHHS
JOBXXHH XBWib): miama3oH JIBU wmoxe OyTu Ha3BaHUM
Jiarma3oHoOM MeTpoBHX XBWib;, Y BU — nenumerposux; HBY
— cartumerpoBux; H3BU — wimimerpoBux; a I'BU —
JEeTAMITIMETPOBUX.

3a KJIaCHYHOIO EJIEKTPOHHOIO Teopiero OioorivHi
00’€KTH € CHCTEMOIO EJIEKTPUYHO 3apsUKEHHX YacToK [2,
6], ame BigPI3HSAIOTBCA  BiJJ HEXHUBOI  NPHPOAU
IeTePOreHHIMH KOMIIO3UTHHMHU CTPYKTYpaMHU 3 BHCOKHM
BMICTOM BOJM Ta MAalOTh 3Ha4YHI 3a PO3MipaMH 1 Macor
OpraHiyHi MOJIEKYJH, 00 €HaHI y CHHEpriyHi cucremu [1-
7].

EnexktpomarHiTHe TOJN€, SK MOMJIHMBHH 1HIYKTOP
MIHJIMBOCTI MIKpOOpPTraHi3MiB, 3BEpHYJIO Ha cebe yBary B
3B'A3KY 3 JOCIIUKEHHSMH 3HAUEHHS METEOPOJIOTIYHUX
YMOB Yy BHHHMKHEHHI 1 PpO3BHTKY iH(eKIiiHuX
3aXBOpIOBaHb. HaykoBi OCHOBHM LBOrO THTaHHS OYIU
posmisHyTi me B XIX cropiuyi i HaiOUIbIIEe MOBHO
npencrasieHi B teopii M. Ilerrenkodepa, 3rimHo sikoi
iCHye 3BOpDOTHS 3alle)KHICTh MK pPO3NOBCIOKEHHIM
KHIKOBUX 1H(EKIii i piBHEM CTOSHHS IPYHTOBUX BOJ Bif
wssmoyTBopeHHst Ha Conui. Ilpy monmamemoMy anamisi
eMiIEMIYHUX TIPOLECIB OYJIO BUSBJICHO, IO PiBEHb PI3HUX
iHQEeKUIHHNX 3aXBOPIOBaHb 3HAXOAWUTHCS Yy 3HAYHIN
3aleXHOCTI Big misttbHOCTI COHIIS, IO 3MIHIOE 0ararto
napameTpiB reo¢izuuHNX (akTopiB, y T.4. TeOMarHiTHe
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mosie 3emili, HAMPYXEHICTh SKOrO il Yac MAarHiTHUX
30ypeHb iICTOTHO 301JIBIITYETHCS.

Haii0inpim OOTpyHTOBAHOI € TOYKa 30py MpPO
HasBHICTh ~ 3B’3Ky MDK  NONYJSIIHHUMH  3MiHAMHU
MATOTEHHUX OaKTepiif, B TOMy 4HcHi 1 KopuHEeOaKTepiil, Ta
nukrigHoto pistibHicTIO CoHrst [8-10]. Tak, B pokm 3
MIHIMaJIBHOIO COHSYHOIO AKTHMBHICTIO B OUIBIIOCTI KpaiH
€BpONH CIOCTEPIraoch IMiABHIIECHHS IUPKYIALIl IITaMiB
TOKCHHOYTBOPIOIOYMX  KOpPHHEOAKTepiil Ta 3pocTaHHS
BUIAJKIB 3aXxBOoproBaHb Ha mgudrepiro. I[la TenmeHIis
BiMIiY€HA 1 3aKOPJOHHUMH BYCHHMH I10 BiTHOIICHHIO 10
reoMarHiTHUX BUIpOMiHIOBaHb [11].

OOroBopeHHs THUTaHb (I3MYHUX MEXaHI3MIB mii
cmabux EMII Ha 61000’€KTH  OCOONMBO  aKTHBHO
MPOBOIUTHCA B OocTaHHIN wac [12-18]. Kirouosa imes mpo
YYTIUBICTh OloNOTiYHUX 00’€kTiB 1m0 cmabkux EMII
IPYHTYETBCS. Ha TPHUIYLHICHHI, IO MITIMETPOBI XBHII
BUSIBISIIOTBCS. TIPUPOAHUMH ISl 01000’€KTIB 1 MOXYTh
BUKOPHCTOBYBATHCSl KIIITHHAMU B HAINpPSIMKY “KepyBaHHS
OCHOBHUMH (i310JIOTIUHUMHU QYHKLIIMH. Y TEOPETUIHOMY
IUTaHI Ha IIi OOCTaBMHU BIEpIIE 3BEpHYNIa yBary TIpymna
pPOCIHiCBKMX BYEHHX Yy Apyrii momoBmHiI 60-X pokiB XX
CTOMITTA, Ky odonuB akagemik M.J. [le’satkoB [19].
BoHn mnpumycTuny, mo B IUIa3MaTHYHUX MeMOpaHax

KIITHHA ~ MOXYTb  30y/DKYyBaTHCh  aKyCTOEJEKTPHYHI
KOJIMBaHHS B HaJA3BMYallHOBHCOKOYACTOTHOMY Jliala3oHi
(H3BY) [20, 21]. e mnpumymeHHS  3HaWILIO

MIITBEP/KEHHS B YUCICHHUX aBTOPCHKUX EKCIIEPUMEHTaX,
a Takok OyJI0 PO3BHHYTO B poOOTax BiJOMOTO HIMEIBEKOTO
¢izuka I'. @ppomixa [22, 23]. CyTs BKa3aHOTO IPHUITYILIEHHS
3BOJIUTHCS IO TOTO, IIO OKpPEeMi MAUISHKM IUIa3MaTHYHOL
MeMOpaHH, 4Yd BCSI MeMOpaHa KIITHHH, MOXIIHBO,
3HaXOJUTHCS B MPHPOAHOMY 30YyIPKEHOMY KOJIHMBAIEHOMY
cTaHi (KOrepeHTHI KOJIMBaHHs) y Aianasoni yactor 10'-10"
', 1110 3a cy4acHO Kiach(iKaIliero BIAMOBIIAE Aiaria3oHy
minimerpoBux xBwib (H3BY, f=30-300 I'Tu). Tomy B
TUTa3MAaTHYHUX MeMOpaHaX KIITHH MOXYTb 30yIKyBaTHCH,
3a aHAJIOTI€I0 3 MIeNEeKTPUYHUMH XBHJICBOIAMH, aKyCTHIHI
koymBaHHs B giamasoni H3BY. Hakommueni mani
JO3BOJIAIOTh BBaKaTH, IO KOTEPEHTHI KOJIMBAaHHS I10
Oppoixy  Ta  aKyCTOGJNEKTPUYHI  KOJMBaHHA B
IUIa3MaTHYHUX MeMOpaHaxX KIITHH — Te X came (izudHe
asute [24-28].

[ToTyXHICTh  €JNEKTPOMArHITHUX KOJHMBaHb, sKa
BUIIPOMIHIOETHCS €IEKTPHYHUMU JTUIIOISIMH TUIA3MaTHIHOT
MeMOpaHu KIITHHH, IopiBHIOE mpuOiamsEo 102 Br vy
BY3bKil cMy3i yacToT. Buxoasum 3 rinoresn “xepyBaHHS’
GYHKIOISIMH, JUIA  JKUBUX KJITHH HACTUTBKA — HH3bKa
BEJINYMHA TOTY)KHOCTI € JOCHTh 3HAYMMOIO BEIHMYHHOIO,
TOMY MOXJIMBO HPHITYCTHTH, IO KJIITHHU IOBHHHI OyTH,
BIMOBITHO [0 MPHHIHUIY B3AEMHOCTI, YYTJIUBHUMH IO
30BHILIHIX BHUIIPOMIHIOBaHb 3 BEJIMYHMHOK IOTYXHOCTI
TaKoTO X mopaaKy [27-31].

BucyHyTo Takox NpUIYyLIEHHS, 10 NPOHUKHEHHS
EMII y rmmmbuny 06i000’€KTy IIOB’SI3aHO 3 BIACHHUMH
PE30HAHCHUMH YacTOTaMH KJIACTEpIB BOJM, SKi JeXKaTb Y
Mekax agianasoHiB npubmmsHo 50-70 I'Tn [32-40]. Ilpm
OMPOMiHEHHI OiooriuHIX 00’€KTiB CITa0KUMHU
€JIEKTPOMATHITHUMH XBWIJISIMH Ha I[UX YacTOTaxX Mae Micie
3aXBaT MOJICKYJIISIPHUMH BOJHHMH KJIACTEPAMH YacTOT

30BHINIHBOTO CHTHAJy Ta IIOCWIEHHS WHOro 3a THIIOM
CHHXPOHI30BaHOI TreHepalii (reHepaTHBHE ITOCHJICHHS).
XBWII Ha UX YacTOTaxX IMOIIUPIOIOTBCS 3 JyXKe MaTUMU
€HepreTHYHUMU BTpAaTaMd 1, THM CaMUM, MOXYTh
MIPOHHUKATHA Ha OINBIIYy TIHOWHY 1O O0’€KTy, Ta 3aJTydaTH
TMOWHHI CTPYKTYpH KIITHH Yy TIporec B3aeMomii 3i
CJIa0KNM 30BHIIIHIM CHTHAJIOM.

HoBi rinoTe3su TMOSICHEHHS MeXaHi3My BIDIHBY
clabKuX CHUrHajiB Ha OIOJIOTIUHI CHCTEMH TIIOB’s3aHi 3
BIJIKPUTTSIM (PEHOMEHY CTOXaCTUYHUX PE30HAHCIB, SKHH B
panioTexHili Ha3WBaIOTh CTOXaCTU4HOW (inbTpalieto [29-
31]. HaiiGinemr mnoBHa iHQopMaLis NPO CTOXaCTHYHUI
pe30HAaHC Ta MOXIJIMBI Talmy3i WOTO 3aCTOCYBaHHS,
BKJIFOYArO4YH 010JIOTiIO i MeNUINHY, HaBereHa B ormai B.C.
Amnimenko, A.b. Hefiman, @. Mocc Ta iH. [29]. KBantu
eHeprii MUTIMETPOBUX XBHJIb CKIQJAIOTh BenmuuuHy 2,1 - 4
eB, a enepris KoJaMBaHb MOJIEKYJ OlnbIna MpuOIM3HO B 150
pas3iB. 3 HaBeJEHMX EHEPreTHYHHX IapaMeTpiB MOXKHA
npunyctuTd, o H3BY-BunpoMiHIOBaHHS, IEBHO, HE MOXKE
NPU3BECTH [JI0 AaTOMHHUX YH MOJIEKYJIIPHUX 3MIH Ta
XiMiuHUX TIepe0ynoB. BBaxkaeTscs, 0 BUIPOMIHIOBAHHS Y
H3BY niama3oHi MOXK€ iHIMIOBAaTH JIaHKY MOCIITOBHHUX
peakii, sKi CynpoBOIKYIOTbCSI TpaHC(hOpMAIli€lo eHepriit
[39-48]. Ax BimoMo, IpoOLIEeCH TEPEHOCY 3aps Ay MPU3BOAITH
JI0 BUHHKHEHHS EJICKTPUYHOTO IOTEHIialy Ha MeMOpaHi
KIITHHY, SIKUM HaKIagaeTbCsl Ha BIACHUHM ITOTEHIIA
KIITHHHOT MEMOpaHH, aje B TOH kK€ Yac 3ale)KUTh Bif
30BHIIIHBOTO €JICKTpUYHOro Mo, lled iHAyKOBaHUU
30BHIMIHIM EIIEKTPOMArHiTHUM IIOJIEM TpaHCMEeMOpaHHUH
MOTEHITiaNl € BOKIMBAM (PAKTOPOM, IO PETYIIOE MPOIECH
KATTEAISIBHOCT] KiiTHHA. OCKUIBKH KIITHHA Bele cebde sk
JWIIONb, TO IHIYKOBAaHUH TpaHCMEMOpaHHHN ITOTEHIlial
B3a€EMOJII€ 3 IHIIMMHM JUTOJSIMHM, IO IPU3BOJIUTH JIO
MOTJIMHAHHSI €IEKTPOMArHITHOI eHeprii [49-54].

VY pe3ynabTati JOCTIIKEHb B MEIUITHHI 1 010J10Tii, sKi
MIPOBO/INIIUCH HOHa[| 4YBEPTh BIKY, CTOCOBHO
Ha/[3BUYaifHOBICOKOYAaCTOTHOTO BUIPOMIHIOBAHHS
(MiymiMeTpoBi XBWIIi) 3’SBIJIACH IIiJIa HU3KA TIMOTE3 i TOYOK
30py MO0 MeXaHi3MiB ix mii [55-59].

Ha wme#ti wwac Haifbimpm TmOBHO po3poOieHa
kounemniis M.J[. er’stkoBa, M.b. Tomanta, O.B.
Beupkoro ta iH., ska 30yn0oBaHA HAa MPUIYIICHHI IIOIO
EJIEKTPOMArHiTHUX aBTOKOJHMBAaHHb KIITHHHUAX CIOJYK
(HanpuKIaj, eleMeHTIB MeMOpaH), sIK IPUPOJHOMY CTaHy
xmBux kmituH [30, 60]. Ilpm npomy, CHHXpOHI3aIlis
ABTOKOJINBAaHb 30BHIIIHIM €JIeKTPOMarHiTHIM
BUIIPOMIHIOBaHHSM, MOJKJIMBO, BEJE /IO TOSBH BHYTPIIIHIX
iHpOpMAaLifHIX CUTHANIB, SKi BIUIMBAIOTh HAa PETYISATOPHI
CHCTEMH OpTraHi3My, 30KpeMa aBTOKOJHMBaHHS TiCHO
OB’s13aHi 3 MeTaboMiYHMMHU 1 0i0(i3MYHUMHU TpoLIecaMH,
SKi BIINOBIAAIOTh 32 BKIIOUEHHS MEXaHi3My 3aXHCTy B

61000’ €KTi. [HIIIMET CJIOBaMH, BJIACHE H3BU-
BUIPOMIHIOBAHHS  KJITHHH  BUKOPUCTOBYIOTH  JUIS
“kepyBaHHA~  (isionoriuammm  mpomecamu  [61-71].
ExcnepuMeHTaNbHO ~ BHSBICHI  3aKOHOMIPHOCTI  HE

cylepeyath OCHOBHHMM IOJIOKCHHSIM wLi€l TinoTesu, ane i
HE JIOKa3yloTh iX. Matepianu 3a3HaueHHX pOOIT BKa3ylOTh
Ha HOBIi e()eKTH BiJ CTUMYIIIOBAHHS PajiOBHIIPOMIHEHHS Y
H3BY-nmiamna3oHi mTaMiB KUIIKOBOI MAIMYKH, CTA(ITOKOKY
Ta 30ynHuKiB audrepii [72, 73]. bararo aBTOpiB BBaxae,
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1110 HaB)KJIMBIIIOI TOYKOO BIUIMBY € MeMOpaHa KIITHHU
[74-78].

Peanizanis Takoi €HEpPreTMYHO ciaabKoi B3aeMomii
MOX€ 3IHCHIOBATHCH 3aBISKH BIUIMBY MUIIMETPOBUX
XBWJIb HA aKTUBHICTH MEMOPAaHHUX CIOJNYK, SKi PETyIIOI0Th
mporecu Merabomizmy. Ha KopucTh i€l TinoTe3u cBigdaTh
JlaHi, OTpUMaHi y JOCHiZaX Ha MOPCHKHX OakTepisx, M0
cBiTAThCS [79-81]. BusBieHa micims ompoMiHEHHS 3MiHA
JIOMIHECIICHI[IT, HA JyMKYy aBTOpiB, IIOB’s3aHa i3
CTPYKTYPHUMH  Tiepe0yloBaMH  KIITHHHOI ~ MeMOpaHH.
IepebymnoBa mimiaHux (Qpakiii MOXKe MPU3BECTH 0 3MIHU
piBHS ajblerigHoro GakTopy Oi0JOMIHECIEHTHOI CHUCTEMH
OakTepiil, o mMoeaHaHA 3 MEMOPAaHOIO Ta BUKIIMKAE 3MiHY
IHTEHCUBHOCTI CBITiHHS MiKpOOHUX KJIITHH.

Takox Mae Mmiclle NpHITYIIEHHS, MO 30yIKEHHS
aKyCTOCTEKTPUIHAX XBWJIb B JIiITiTHO-OITKOBIH MeMOpaHi
KJIITHHM aKTUBYE TPAHCIOPT BOJM, IOHIB Ta PI3HUX
pEeUYOBUH Kpi3b Hei. 3aKOpIOHHI aBTOPH BiIMidalM 3MiHY
AKTUBHOCTI 10HHMX KaHamiB mmix BrutuBom EMIT [82-85].
H3BU-BunpomiHeHHs, 3 1I1X TOYKH 30py, [i€ Ha
KoHpopmarito OimkoBoi dactuaM ATd-cuHTETa3HOTO
KOMIUIEKCY, 1[0 IPU3BOIUTE 0 AKTHUBALIl IIOT0 (epMEHTY
Ta 3MiHM MEMOPaHHOTO MOTEHITiay.

Hwuskoro BueHHX Oynu y3arajibHEHi JJaHi PO BILTHAB
CJIEKTPOMArHITHUX  XBWJIb  MUIIMETPOBOTO  JIiara3oHy
(H3BY-ompomineHHs1) Ha ()OTOCHHTE3yIOWi OpraHi3sMH —
1ianoOakTepii, MIKpo- 1 MakpOBOJOPOCTi, BHII POCIWHH;
OIKCaHI 4acoBi, YaCTOTHI, EHEPreTUUH] 3aKOHOMIPHOCTI Aii
H3BU-onpomineHHsS Ha TPOKapioTHI Ta eyKapioTHi
(oTocHHTE3yI0Ui OpraHi3Mu, a TaKoXkK (i3ionorivHi epeKTH,
0 BHWHUKAIOTH Tpu B3aeMonii H3BY-ompomiHeHHs 3
00’€KTaMH; MOKa3aHa CTUMYJIIOKOYA [ ONMPOMIHEHHS Ha
pict, Buxijg OiomacH, TPaHCHOPT iOHIB Ta EKCKPEUilo 3
KJIITUH KOPUCHUX pe4oBHH Yy GoToTpodiB [86].

Buxonsuu 3 nMpUBeACHUX AHUX JIITEPATypH MOXKHA
NPUIYCTUTH, o onpomineHHs B H3BU-apiana3oni, Bce x
Takd, peani3yeTbcs Ha MEMOpaHHOMY piBHI i, CKOpimI 3a
BCe, IOB’SI3aHE 31 3MIHOIO CIIEKTPY aBTOKOJHMBAaHb. BoHU
BUHUKAIOTh Y [MUISHKAX JIMIAHOT OCHOBH KIITHHHHUX
MeMOpaH, a MOTIM MepeJarThes Ha OIHM3bKI 33 CTPYKTYPOIO
IUISHKA ~ MEMOpaH, 10 OOYMOBIIIOE CHHXPOHI3AIII0
KOJIMBaJIbHUX IPOLIECIB B ONpoMiHeHill cucremi. [Ipudomy,
Yy KOXHIH AIISHII TPYNU aBTOTE€HEPaTopiB (OCIIIISTOPIB)
MPaKTHUYHO 1JEHTHYHI, a MIX JUITHKaMu — pi3Hi. MoxinBo,
0 TPYOH OCHWJIATOPIB 3 ONM3BKAMH  YacTOTaMHU
po3ramoBaHi y cepenuHi MemOpaH xaoTmdHO. Bee omHo,
Oynb-sKWil 30BHIMIHIA BIUIMB BIAMOBIAHOI CHIM Ta
TPHUBAJIOCTI TPHU3BOOUTH A0 nedopmamii memOpaH, i,
BIZIMOBIHO, [0 3MiHM CIEKTPYy AaBTOKOJMBaHb Ta
MOPYIIEHHS CHIBBIIHOIIEHb iX (a3 3 mepeBaroro Tiel 4n
iHI101 IeBHOT YacToTH. SIKIo X04a 6 0Ha YacToTa i3 TPy
OCHMJIITOPIB ~ MEeMOpaHH  30iraeTbcssi 3  4aCTOTOIO
iHAyKyto49oro (hakropa, BifOyBaeThCS 3aXBaT aBTOKOJIIMBAHD
30BHIIIHIM  CHTHAJIOM 1  CHHXpOHI3aWii  pEeITH
aBTOTEHEPATOpiB, IO MOXE NPU3BOJUTH [0 TIOSBH
MaKpOCKOIIIYHOrO  edekTy. MOXIHBO, L CIYXHUTh
iHpOpPMaIMHIM THIYKTOPOM [0 3aIlyCKy peryIsSTOPHUX
cucteM KITHHHU. 30anaHcyBaHHS a3 KOJHMBaHb IpH
CHUHXpOHI3alii MOXe CYNpPOBOIDKYBATHUCH Mepe0ya0BOI0
KJIITHHHUX CTPYKTYP, OCKIJIbKH aBTOKOJMBAHHSI BIUIMBAIOTh

Ha CTIAKICTh MexaHiyHHMX cucreM. Dikcallis mepeOyaos,
sIKa CYIPOBOKYETHCS 3MIHOIO METaOOJIIYHUX IPOLIECIB
KIITHHH, MOSICHIOE e(heKT “‘3amaM’sITOBYBaHHS TPUBAIOI0
BBy EMB  H3BU-giamazony.  Takum — umHOM,
ABTOKOJIMBAaHHS yCEpEIHI AIISTHOK MEMOpaH KITHH — IIe
3aci6 mepenmaui iH(opmarii, 3aBASKH YOMY 3MIHIOETBHCS
IOHHHMH 1 MOJIEKYJIIPHUI TpaHCHOPT Kpi3b MeMOpaHu [87-
92].

biogizuuna xapaxmepucmuka ynempazeyky ma
ocoonusocmi 020 6naUBy Ha MIKpOOP2aHizMu
OmauM 3 QakropiB, sKi 34aTHI BIUIMBATH Ha
(YHKIIOHATPHANA CTaH MIKPOOPTaHi3MiB, € YIBTPa3BYK
(Y3) [93, 94]. YapTpa3ByKOBi XBHJII BOJIOIIIOTH BEJIHKOIO
MEXaHIYHOIO CHEPTi€lo 1 3/1aTHI BUKINKATH pAl Qi3HMYHHX,
XiMIYHEX Ta OloNOTiYHUX sSBUII. TOMYy HE € BHITaIKOBHM
iHTEpeC 10 BHBYEHHS BIUIMBY Ta MEXaHI3MIB Aii 1bOTro
(i3UYHOTO YMHHKKA Ha 010JI0T14HI 00'€KTH.
VYIIbTpa3ByKOBUMH Ha3MBAIOTHCS MPYXKHI aKyCTHYHI
XBWJI,  3JaTHI  TIOIIMPIOBATUCS B  MaTepiajbHUX
cepemoBUImax (TBepAMX, PIIKHAX, Tra3omomioHmx) [95].
Hwxaa mexa V3 nexuts B obmacti 16-20 xI'm, BepxHs
nocsirae coteHb merareprl (mo 1000 MI'm). Obuaei mexi
JOCUTh YMOBHI 1 3HAaXOISThCS 33 MEXaMH CHPUHHATTA
monuHd. [IpyxHicTh 3a0e3nedye MOBEPHEHHS Y BHXIiJIHE
MOJIO)KEHHS. YaCTUHOK  CEpelOBHINA, 3MIIIEHHX  Iij
BIUIMBOM 30BHIIIHIX CcHJI. YacTMHKH CepeloBHIa IpU
LIOMY HE MEPEeHOCSTHCS B HANPSAMKY MMOLIMPEHHS XBUJb, a
JIUIIE KOJMBAIOTHCS OiIsl MTOIOKEHHS piBHOBArd. 30ypeHHs
BiJl YaCTHHOK, IIO KOJHMBAIOTECS B KOXKHOMY mIapi Oins
TIOJIOKEHHS PIBHOBArH, MEpeNaeThCs BiJ IIapy N0 LIapy y
HanpsIMKy MOLIMPEHHs XBUJIi. TakuM YMHOM B aKyCTHYHIN
XBHJI1 Bi/IOYBa€ThCs MEpEeHECEHHs eHeprii 0e3 IepeHeceHHs
peuoBUHH. XBUIIi OYBarOThH MO3/I0BKHIMH, SIKIIO HAIPSIMOK
KOJIUBaHb YACTHHOK 30Ira€ThCsi 3 HANpPSMOM MOUIMPEHHS
XBWJIb, Ta TIONEPEYHUMH, SIKIIO LI HANPSIMKH B3aEMHO
neprneHaAnKyIsipai  [94]. YV razomomiOHMX Ta  piOKHX
CepelloBUIaX, B TOMY YHCII B M SKHX TKaHHHAX
MaKpOOpraHi3MiB Ta B KIITHHAaX MIKpPOOPraHi3MiB, sIKi
CKJIafawTbess Ha 75% 3 BOAM, PO3MOBCIOKYIOTHCA
MO3I0BXKHI XBUJi [93, 96].
VYIIbTpa3ByKOB1 XBHJII YMOBHO HiJpO3AUISIOTH HA TPU
miarra3oHu:
— YHUY — ynpTpa3Byk HU3bKHX 9acToT (20-100 xI'm);
—YCU — ynprpa3Byk cepemnix gactot (100-10000
k[ a6o 0,1-10 MI');
—V¥Y3BY - yaprpazByk Bucokux dyactoT (10-1000
MTI ).
Koxen  nmiamazon  Mae  cBoi
610JIOT1YHOTO Ta MEIMYHOTO 3aCTOCYBAHHSI.
IMpu mnpoxomkeHui Y3 B OlosoriuHUX 00’€KTax
YACTKHA CEPEOBHUIINA 3MIMCHIOIOTh IHTCHCHUBHI KOJIMBAJIbHI
pyXu 3 BEIMKHMH TPHUCKOPEHHSIMH, IIpH I[IbOMY Ha
BIJICTAaHSX, IO JOPIBHIOIOTH IOJOBHHI JOBXHHH 3BYKOBOI
XBHJIi, B CEPEIOBHIII, 10 OIMPOMIHIOETHCS, MOXKE BUHUKATH
PI3HUIS THCKIB BiJl OIWHUIL OO IECATKIB arMocdep.
Hacrinbkn iHTeHCHBHI Jil Ha CTPYKTYypy Oi0JIOTIYHHX
00'€KTIB MPU3BOIATH 10 Pi3HUX e(eKTiB, (i3uuHa MpUpoaa
SKHX TOB'A3aHa 3 i€t (aKTOpiB, CYIMYTHIX MOIIMPCHHIO

0COOJIMBOCTI
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YIABTPa3BYKy B CEPEHOBHII: MEXaHIYHOrO, TEIJIOBOTO,
¢izuko-ximiunoro [97].

OpmHuM 3 MeXaHi3MiB BIUTMBY Y3 Ha 0i000'ekTH €
3BYKOXIMIi4HI peaxiii. XimiuHi IIePETBOPEHHS
CIIOCTEPITatoThCs MPH IHTCHCHBHOCTI Y3 BiI MIUTBHOCTI
omuH BT/cM? 10 mecsATKiB a00 coTeHb BT/cM’ Ha YacTOTax
Big 1 xI'm mo mekimbkox MI'm. OCKIIBKM Il 4aCTOTH Ha
0araTo MOpSIOKIB MEHIII BJIACHUX YacTOT KOJHMBaHHS
MOJICKYJ, XIMIYHUX 3MiH B  CHCTEMi  BHACIIJIOK
PE30HAHCHOTO TMOMVIMHAHHS Y3 HE CIocTepiracTecs 1
BapilOBaHHS YacTOTH B 3a3HAUYEHOMY Jliala3oHi Majo
M03HAYAEThCSI HA XapakTepi BUHHUKAIOUMX y OlocucTeMi
peaxiii [97].

Bionoriuna ais ynbTpa3ByKOBHUX XBHIIb TOB'S3YETHCS
Oimpmioro miporo 3 sBumeM kKaBiTamii [93]. Kasirariero
Ha3MBAa€ThCSl TPOLIEC YTBOPECHHS B PiIKOMY CepemIOBHILI
MOPOKHUH, 3allOBHEHWX MapaMH caMoi piIuHM, SIKi
BUHMKAIOTH IIiJ] JI€I0 BEJIMKHX PO3PHBAIOYMX HANpyr i B
HACTYIHY MHUTh  3aXJIONYIOTHCS,  CYNPOBO/DKYIOUYHCH
BEJIMKMMH THUCKaMH 1 JIOKAJbHUM HarpiBOM CEpeIOBHIIA.
SBume KaBiTalii HOCHTH JIOKANBHUH XapakTep 1 He
MEepeMIIIaeTbcs B CEPENOBHIN. IMIOyIbCH THCKY, IO
BUHUKAIOTh TIPH 3MHKaHHI KaBITAiHHUX KaBepH, 3MaTHi
pyHHYBaTH HE TUIBKH TBEpZi 1 pimKi Tima, a W OUTBIIICTH
01000'eKTiB, 30KpeMa Mikpoopranizmu [93, 96, 98].

Ximivaa gis Y3 nOpu  KaBiTamii, MOXIHUBO,
3yMOBJICHa YTBOPCHHSIM Ha CTIHKaX KaBiTaI[iiHOT
MOPOKHUHU  EJIEKTPUYHHUX MIKPO3apsiiiB 3 MOJAIbIINM
€JIeKTPOHHIM mpoboeM. OpHak Oarato
eKCIIEpUMEHTATbHAX (PAaKTIB B paMKax TaKOTO TOAAHHS
MOSICHUTH HE BAAETbCs. HalOinbIn BHUIpaBAaHUM €
VSBJICHHS PO TEIUIOBHH MEXaHI3M XIMIYHOI Hii KaBiTarii.
[MpunyckaeTbesi, 1O TpU  CXJIOMYBAaHHI KaBiTaIlHHOT
OynpOariky, maporasoBa CyMim, siKa ii 3allOBHIOE,
cTUcKaeThea agiabatnuno (Tuck 1o 10° Ia a6o 300 atm), B
pe3yabTaTi 4Yoro TeMIlepaTypa B HiIA MOXe JOCSraTd
nopsanky 10* °K [93]. BinboricTs XiMiTHIX HEPETBOPEHB I
niero Y3 BimOyBaeThCs Y BOMHUX pPO3UHMHAX.

Ilpn Bucokiii Temmeparypi MOJIEKYIH  BOAW
BCEpeIWHI KaBITAIifHOI TOPOXHHUHU TEPEeXOIsITh B
30yKEHHI CTaH i po3LIEITIOITECA Ha pagukand H', OH,
a TaKoX, MOJXIJIMBO, 10HI3YIOTbCS 3  YTBOPEHHSIM
riIpaTOBaHUX  EJIEKTPOHIB,  TOOTO  E€JEKTPOHIB 3
MPUETHAHUMA 10 HUX HEUTPAJIbHUMH MOJICKYJIAMHU BOJIH.
YacTKOBO paavKamw pPEeKOMOIHYIOTh, TPHUOMY CKJIa[
KIHIIEBUX pPagUKaJbHUX 1 MOJEKYISIPHUX MPOAYKTIB
PO3KJIaJJaHHs! BOAW B YJIGTPa3ByKOBOMY TOJI 3AJICKUTH Bij
MPHUPOIH PO3UYMHEHOTO y Bomi ra3zy [99]. Tak, mpu BIUHBI
VY3 Ha BOIy, SIKa MICTUTb IOBITpS, YTBOPIOIOTHCS OKCHUAN
a3oTy 1 mepokcua BoaHto [95]. Kpim Toro, mpormyckanus Y3
4yepe3 peUOBUHH MPUCKOPIOE XiJl IESIKUX XIMIYHUX peaKIiil.
3a3BU4ail MPHUCKOPIOIOTHCS peakiii, L0 MPOXOIITh Y
npucyraocti H,O, i H', i 0co61MMBO OKHCHIOBAIBHI peaxirii
mig BIumBOM aTtomapHoro kucHioo [100]. IIpuckopenus
psny XIMIYHHX peakiii 0OyMOBIIEHO i€l0 pi3HUX (i3HKO-
XIMIYHUX ~ e(eKTiB, TOB'I3aHHX 3  yIBTPA3BYKOBOIO
Jierasarii€ro, JIUCTICPTYBaHHSIM, eMYJIbI'YBaHHSIM,
JIOKaJIGHUM HarpiBaHHsSM ITpu KasiTauii Ta iH. ITix giero Y3
BiIOYBA€ETHCS JCTOHALlIS IUXJIOPHCTOrO a30Ty, IO CIPUSE
posuieruieHHl0 OutkoBux dacTuHOK [101]. Takum 4nHOM,

yABTPAa3BYKOBI KOJMBAaHHS MOXXYTh 3aCTOCOBYBATHCS JIJIS
IHII[IIOBAaHHS XIMIYHHMX PEaKIli, 3MIMCHEHHS PSIy HOBUX
METOMIB CHHTE3Yy 1 NPUCKOPEHHs TMOBUILHHX pEakiiii B
opraHiyHiid cucremi. Bizomi naHi, 110 YTBOpEHHS BIJIbHUX
pamukanis OH i H' min nmieto V3 Buknukae 3miny pH B
010JTOTIYHUX TKAHWHAX B JTY)KHUI a00 KHCAHH OiK 3aJIe)KHO
BiJl IHTEHCHBHOCTI 1 TpHBaIOCTI BIUIMBY. 3MiHa pH
3allaiecHX ~ TKAaHWH B JIYXKHUH  OIK  BHKIIMKAE
aHAIBre3yI0unii ¢eKT BHACIIZIOK PI3KOTO 3MEHIIICHHS
3analibHUX SIBUI, II0 BHKOPUCTOBYEThCS Y (izioreparmii
[102, 103].

KpiM XiMi4HOTrO, 3aJIe)KHO BiJ IHTEHCHBHOCTI Ta
TPHUBAJIOCTI OMpPOMiHEHHs, Y3 Hamae pi3HUH MeXaHIYHUH
BIUIMB Ha Oiomoriuni oO0'exktn. Tak, npum Mamux
inTeHcHBHOCTAX (10 2-3 Br/cM?) Ha wacTotax mopsaaky 10°

- 10° T'm (100-1000 kI'm) KOMMBaHHA YaCTHHOK
010JIOTIYHOTO ~ CEepellOBHIIa  CTBOPIOIOTH  CBOEPIIHHMN
«MIiKpOMacaxx» TKAaHMHHHX €JIEMEHTIB, 1[0 CIPHSE

Kpaiomy ooMiny pedoBuH [102]. s opraniaMy JIOAWHU 1
TBAapUH TaKHi BIUIMB MOKPAllye IOCTa4YaHHS TKaHUH
KpoB'0 1 nmimdoro. [TigBuIeHAs iHTEHCUBHOCTI Y3 MOXKe
MIPU3BECTH [0 BUHUKHEHHS B OI1ONOTIYHHX CepeoBHIIAX
KaBiTallii, a OT)Ke, 1 10 MEXaHIYHOTO PYHHYBaHHS KIITHH i
TKaHWH; KaBiTaiHHUMH  «3apoAKaMH» IpH  LBOMY
CIIyTYIOTh Ta30Bi OyipOamikw, sKi 3aBXKId MPUCYTHI B
LUTOIIa3Mi O10JIOTTYHHX KIITHH.

IMpu mommpenHi Y3 B 0i0NOTIYHHX CepelOBUINAX
BiZIOYBa€ThCSI ~ MOrO0  MOMVIMHAHHA 1  [EPEeTBOPEHHs
akyctuaHOi eHeprii B TemmoBy [93]. XapakrepHO, MIO
YTBOPEHHS TeIia 3AIHCHIOETHCS HE PIBHOMIPHO IO BCii
TOBIII TKAaHWH, a MPOSBISIETBCS HAWOUIBII IOMITHO Ha
KOPAOHAX CEPEAOBHI] 3 PI3HUMH XBWJIBOBUMH OIOPaMH
[104]. OnHak, 3Ha4YHE MiABUINCHHS IHTEHCHBHOCTI Y3 i
30UIBIICHHST TPUBAJIOCTI HOTr0 BIUIMBY MOXYTh HPHU3BECTH
JI0 HAAMIPHOTO HarpiBy OIONOTIYHHMX CTPYKTYp 1 A0 iX
pyiinyBanHs. Tomy TeruioBuidl edekT MOpsia 3 KaBiTali€ro
BHKOPHCTOBYIOTh B SIKOCTI OCHOBHHX Aif0YMX (PaKTOPIB Y
XIpypriyHUX OIepamisix 3 BHKOPHUCTAaHHAM YIBTPa3BYKY,
HaTIPUKJIa] A pereHepariii MmomkopKeHnX TkanuH [105].

[IpuumHOIO 3MiH, IO BHUHHUKAKOTH B Oi0JOTiYHIX
o0'ektax min mier0 Y3, MOXyTb OyTH TakOXX BTOPHHHI
epektu  (i3UKO-XIMIYHOTO Xapakrepy. Tak, 3aBIsSKU
YTBOPEHHIO aKyCTHYHHX MOTOKIB, BiOYBA€THCS CHEPTiliHE
MepEeMIilllyBaHHsl BHYTPIIIHbOKIITHHHUX MIKPOCKOMIYHUX
cTpykryp. Kasiramis B cepemoBWIi TPHU3BOOUTH 10
PO3pHUBY MOJICKYISPHUX 3B'A3KiB, MOJEKYIH BOIM, SIK YK€
OIMCYBAJIOCS BUIIE, PO3IMAJAIOThCA HA BUIBHI paguKann
OH i H', mo € mepmonpruunoro aii ¥Y3. [ogiGaum ke
YMHOM  BiJOYBa€TbCs PO3MLICIUICHHS Mig  jgielo Y3
BHUCOKOMOJIEKYJISIDHUX CHOJNYK Yy OionoriyHux o06'ekTax
(HampuKIaa, KPOXMaiko, HYKICTHOBHX KHCJIOT, OLIKOBHX
pedoBuH) [96, 106].

OpHi€l0 3 OCHOBHUX OCOONHMBOCTEW BIUIMBY Y3 Ha
MIKpOOpTraHi3MH MOYKHA BBa)KaTH HOTO BIUIMB HAa KITITHHHI
MemOpanu. [iss Y3 Moke NPHU3BOAWUTH 1O ICTOTHHX 3MiH
MEXaHIYHUX, €JIEKTPUYHMX Ta IHIOIMX BJIACTHBOCTEH
KITHHHAX ~ MeMOpaH, a TakoX [0  IOpYIICHHS
BHYTPIIIHBOTO CKJIaAy KITHH 1 3MIiHM KOHIEHTpamii
pedoBHH, po3unMHEeHHX Yy wutoriasmi [107]. Po3spus
KJIITHHHAX MEeMOpaH 1 MOPYLIeHHS MeXaHi4yHOI LiNiCHOCTI



P- 29 Annals of Mechnikov Institute, N 3, Vol.1, 2015
www.imiamn.org.ua /journal.htm

KIITHH - HaWOUTBII BIPOTiMHE 3 MOXIMBHX HACIIAKIB
yIbTpa3BykoBoro ompomineHHs [108]. Hacminku mpu
TPUBAJIOMY BILIMBI Y3 3aJHINAIOTHCS MPOTITOM ICSKOTO
4acy Miclisi HOro MPUIMHEHHS! ONPOMIHEHHs, 1 HOpMallbHa

KUTTEMISUIBHICTE  KIIITHHA — MOXE  HE  BITHOBIIATHCS
MNpOTSTOM XBHWJIMH, ToamH abo HaBiTh nHIB [96].
BcranoBneHo, 1m0  0coONMBO  HeOE3MEUHHM IS

MIKpOOpPraHi3MiB € HU3bKOYACTOTHHH Y3, y 3B'3KY 3 THM,
0 TNOTYXHUH HHM3BKOYACTOTHUH YIBTPa3BYK 3AaTHUMN
MEXaHIYHO pO3pUBaTH KIITHHHI MeMOpaHu, a 1e
MPU3BOMTE 0 MOPYIICHHS IUTICHOCTI Ta 3arubeiti KIITHH
[109, 110]. Opnak HaBiTh IPU HHU3BKUX YACTOTAX
MeXaHI9He TOIIKO/HKEHHS 1 3arn0ers KIITHH BiI0OyBalOTHCS
TIIBKH TPH JAOCTaTHHO BHCOKHX IHTEHCHBHOCTSX Y3, IO
ICTOTHO MEPEBUINYIOTH (hizionoriuni qo3u [94].

3MiHa BiacTHBOCTEW MeMOpaHH mix giero Y3
o0yMoOBJIeHa 3/1eOLIBIIOT0  «BIJPUBAHHAMY» TMOTYKHHM
BUIIPOMIHIOBAHHSIM ~ MaKpPOMOJIEKYJI 1  MOJICKYJISPHUX
KOMIUIEKCIB 3 30BHIIIHBOT NOBEpXHI MeMOpaHu. BimipBaHi
CHOJIYKH PO3YUHSIOTHCS B HABKOJHMIIHBOMY CEPEAOBHIII i
MOXYTb 3HOBY «IIOBEPHYTHCS» Ha CBO€ KOJHMIIHE Micle
yepe3 MACAKUM dYac Iicias NPUNUHEHHS YIbTPa3ByKOBOTO
BIUTMBY. 3IMIIUBIINCE 0€3 MEBHUX CKIAI0BHX, MEMOpaHHI
KaHAJIH 3MIiHIOIOTH CBOFO TPOBIIHICTP 1 iHIII BJIaCTHUBOCTI, B
pe3yabTaTi  Yoro MeMOpaHa — TOYHMHAE  AHOMAJILHO
¢byHukiionyBatn. Y geskux Oakrepid min giero Y3
CIIOCTEPIraeThCsl TeHepallis MeMOPaHOK EJIeKTPUYHOTO
noreHuiany. lle BumymieHe 30ymKeHHs TIOB'SI3aHE 3
ONHMCAHOI0 BHWIIE 3MIHOIO ENEKTPUYHHX BIIACTHBOCTEH
MemOpanu [111].

Hacrymra BaxnmBa ocoOmuBicte nii Y3 Ha
MIKpPOOPTaHi3MH - 3MiHa KOHIIEHTpAIlil Pi3HUX PEYOBUH Y
CKJaAl UWTOIUIa3MH 33 PaxXyHOK 3MiHM pPiBHOBaKHOI
KOHLIGHTpalil pPEeYoBMH 1032 1 BCEPEOUHI KIITHHH:
aKyCTHYHa XBHJISL YTBOPIOE MIKPOBHXOPU B CEpPEIOBHIII
HaBKOJIO KJITHH, 3a0e3neuyryn eeKTUBHE
nepemimyBanHsa po3unHy [93]. Takum uuHOM, BB Y3
HAOMIDKae  KOHIICHTPAIIl0O PEYOBMH B  [UTOIUIA3MI,
0COOJMBO i0HIB JIETKHX METANiB, IO iX KOHIEHTpAIii 1mo3a
KIiTHHOIO. Lle poOWTH KIITHHY 3alIeKHIMION BiJl CKIAmy
30BHILIHBOTO CEPEIOBHINA 1 MOXE IMOPYIINTH BHYTPIIIHI
MPOLECH JKUTTENISUIbHOCTI. [lopylmeHHs BHYTPIIIHBOTO
CKJIamy  KIITHHM 1, SK  HACHiJOK, MporeciB 1l
KUTTETIATBHOCTI, € HaRO1IbIIT TITHOOKO0 i
JTOBTOCTPOKOBOIO 3MiHOIO. Hacminku Takoro poxy MOXYyTh
3aJMIIATHCSA B CHJII BIPOJOBX AEKIITBKOX TOMWH, a TO U
JHIB micns 3akiHueHHA BIumBy Y3. Ilo Mipi 3HMXKEHHS

IHTCHCHBHOCTI ~ YIBTPa3ByKy 1[I ~ HACNiJKA  MOXKHA
BIOPSIIKYBaTH TaKMM YHHOM: TIOpYLIEHHS ITICHOCTI
KIITHHM - 3MiHa BJAacTMBOCTEH MeMOpaHM - 3MiHa
KOHILIEHTPAI[iil PEYOBMH Yy ULUTOIJIa3Mi - TOPYIICHHS
KHUTTERISIBHOCTI [96, 111].

Edextn, sKi  mocAraroTbcss B pe3yibTarTi
OTNPOMIHEHHSI ~ yJIBTPa3ByKOM  OiONOTIYHUX  00'€KTiB,

3a3BH4aii 00yMOBJICHI CIIJILHOIO JIi€l0 6araTbox (haxTopis, i
HE 3aB)XKIIHM SICHO, SIKMH 3 HUX BIAIrpa€e MepuioyeproBy poib.
PimieHHst psay 3aBlaHb, TMOB'I3aHUX 3 TMPAKTHIYHUAM
3acTocyBaHHAM Y3 B Mikpobiosiorii, nepeabayae BUBYEHHS
XapakTepy aKyCTUIHOTO MOJIsL, TOOTO PO3MOALTY B IPOCTOPI
3BYKOBOI'O THUCKY 200 IHTEHCHBHOCTI 3a YacTOTO, 4acoM

i1, 9yTIUBICTIO opraHi3miB [94, 95, 107, 112]. 3a nanumu
psAna JOCHTITHUKIB, PO3PI3HAIOTH 3 THUOM BIUIMBY Y3 B
3aJIeKHOCTI BiJl IHTEHCHBHOCTI aKyCcTH4YHOTrOo moJjst [93, 95,
96]:
— V3 mmspkoi iHTeHCHBHOCTI (mo 1,5 Br/cm® ) cropmse
MIPUCKOPEHHIO OOMIHHHX TPOIECiB Ta pocTy 061000’ €KTiB, HE
Jta€ MOp(OJIOTIYHNX 3MiH BCEPEANHI KIITHH Ta BBaXKA€ThCS
(i310JIOTIYHAM KaTali3aTOPOM Oi0JIOTIYHUX PEaKIIiif;
- V3 cepenunoi inrencusnocti (1,5-3,0 Br/em?) Bukmmkae
3BOPOTHI peakuii MpUrHideHHs! (i3i0J0riYHUX MPOLECIB;
—~ V3 Bucokoi imrencusHocti (3,0-10,0 Br/cm?) pyiinye
010JIOT14YHI KIIITHHU.

YIbTpa3ByKOBI KOTMBaHHA BHCOKOI IHTEHCHBHOCTI,
SIK OITMCYBAJIOCH BUIIE, TOMIKODKYIOUH KIITHHHI 000JIOHKH
MIKpOOpraHi3MiB, BHKIMKalOTh ix 3arubens. Ille 3 1928
POKy BUYEHI TOYaJM MAOCHKYBaTH BIUIMB Y3 Ha
MIKpPOOpPTraHi3MH 1 BCTAHOBHIIU, 110 ONPOMIHEHHSI OaKTepii
IPYNH KUIIKOBUX MAJIMYOK MPHU3BOAMIO 10 3MEHIICHHS iX
kinbkocti [113]. YV HactynHi pokn Oyino omyOniKoBaHO
BEJIUKY KUIBKICTH POOIT MpO Ii0 aKyCTHMYHHUX XBWJIb Ha
6akrepii i Bipycu. Ilpu mpomMy 3'sicyBajocs, o pe3yinbTaTH
oii MOXyTh OyTH IyXe pi3HOMaHITHI: 3 OJHOTO OOKYy,
JMOCTITHUKU  CIIOCTEpIralny MiIBUINCHHS  AarTFOTHHAIIT,
BTpaTy BipyJICHTHOCTI, ab0 IMOBHY 3aruOens OakTepid, 3
iHIIOTO OOKY, BiZI3HA4YaBCSl 3BOPOTHHUH €(EeKT - 30UIbIICHHS
YHCcla KUTTE3JATHUX KITHH. OCTaHHE 0COONMBO 4acTo
Mallo Micle Ticis KOPOTKOTPUBAJIOIO  OMPOMIHEHHS.
BoueBugp, koporkodyacHa migs Y3 copusie MeXaHIYHOMY
PO3IIJICHHIO CKYMYeHb OakTepialbHUX KIITHH, 3aBISKH
YoMy KOXKHA OKpeMa KIITHHA Ja€ TOYaTOK HOBOI KOJOHIi
[94, 113-115].

BinmpmricTe MaTOreHHUX MIKPOOPTaHiI3MiB UYTIIHBI 10
Jii HHM3BKOYaCTOTHOTO YJIBTPa3ByKy. Tak, OMpOMiHEHHs
yAbTPa3BYKOM HM3bKOI YacTOTH TIpaMHeraTuBHUX (P.
aeruginosa, E. coli) 1 rpamnosutuBHux (S. aureus)
MIKpOOpPraHi3MiB 301JIbLIYE YYTIUBICTh IUX OakTepii 10 mii
ne3iHQiKyIounX Ta aHTHOaKTepiambHUX mpemapatiB [116].
JoBeneHa epeKTUBHICTh 3aCTOCYBaHHS HHU3bKOYAaCTOTHOTO
yABTPAa3BYKY /sl JIIKyBaHHsS OakTepialbHUX iH(EKHiH,
MOB'SI3aHUX 3 YTBOPECHHSAM OIOIUTIBOK, OCOOIMBO B
MO€/IHAHHI 3 PI3HUMHU aHTUMIKpOOHUMH TipeniapaTamu [117-
120].

Bizomo, 110 3aCTOCYBaHHS YJIbTPa3BYKOBHX XBWJIb
MalMXx Ta CepenHix imTencmBHocTed (10 2 Br/em?)
3a3BHUail BUKIMKA€E MO3UTHBHI Oiojyoriuni epektu [93]. YV
Jocmimax ~— OaraThOX ~— HAYKOBIIB  miciat  0OpoOku
MIKpPOOpPTraHi3MiB  yJAbTPa3BYKOM Maioi IHTEHCHBHOCTI
crocTepiraiocs 30UTBIICHAS X YyTIMBOCTI IO JIKAPCHKHX,
MPOTUMIKPOOHMX TpenapaTiB i JAe3iH(iKylounx 3aco0iB
BHACJIIJIOK ITiJBUILIECHHS TPOHUKHOCTI 0O0JIOHKH MIKpPOOHHX
kiituH [115-117, 121]. 3acTocyBaHHS MOPIBHSIHO BEIUKUX
inTencuBrHOCTEN (3-10 Br/cM®) i TpuBane ompomiHeHHS,
3a3BMYail, BHKIHMKAE HE3BOPOTHI IIOIIKO/DKEHHS KIITHH,
TOOTO TPU3BOAUTH IO HETaTUBHUX Oi0JOTIYHUX e(]eKTiB.
VY3 cmpuse po3puBY KIITHMHHHX CTIHOK 1 MeMOpaH,
MOMIKO/KCHHIO  (uareminy y  pyximBux  (opM
MIKpPOOpraHi3MiB B pe3yJibTaTi BHHHKHEHHS BHCOKOTO
TUCKY BCEpPEIWHI KIITHHH a00 TOSBI TiAPOKCHIBHHUX
pamuKaiB i aTOMapHOTO KHCHIO Y BOJHOMY CEpEIOBHIII
uuromiasMu. Taky pyitHiBHY fito Y3 (OakrepuimaHa mis)



- 30 Annals of Mechnikov Institute, N 3, Vol.1, 2015
www.imiamn.org.ua /journal.htm

JIaBHO BUKOPHCTOBYIOTh B MeOW4Hil MikpooOiosorii [93].
Bigomo, 1o TmpuM TEpeBUILEHHI IE€BHOI IOPOTrOBOi
iHTeHCHBHOCTI Y3, 3a sKol BHHMKAE  KaBiTaIlif,
BiZIOyBaeThCsl pyHHYBaHHS Pi3HUX OakTepiil 1 BipyciB; mpu
IFOMY Ma€ Miclle TPSIMONPOIIOPIiHA 3alIeXKHICTh MiXK
IHTEHCUBHICTIO yJBTPa3ByKy Ta pPyHHYIOUHUM e(QEKTOM.
Came TakMM YMHOM 3a JJOIIOMOT'OI0 YIBTPa3BYKy PYHHYIOTh
MikoOakTepii TyOepKynp03y, 30YIHUKIB TH(]Y, KAILIIOKY,
BipycH NOJiOMieNiTy, eHuedamity i ckaszy, JesKi BHAM
KOKiB (cTadinokoku, crpentokokn) [93, 98, 109, 110, 114,
117-120, 122, 123].

Mexanism Oakrepunuanoi nii Y3 B iteparypi
MOSICHIOETBCS JTBOMA TEOPISIMU: KaBiTaI[IHHO-MEXaHIIHOIO
Ta KaBiTalliifHO-eneKkTpoximMiunoo [98]. 3rigHo mepmoi
BBA)XAIOTh, IO YJIbTPA3BYKOBI XBWIIi, IOIIMPIOIOYNCH B
MPY’)KHOMY CEpeIOBHIIi, BUKIUKAIOTh y Hil IOIEPEeMiHHI
CTHCHEHHS 1 pO3pS/DKEHHS. Y KIITHHI CTBOPIOIOTHCS
BeJIMYE3HI TUCKH, SIKI CATAIOTh AeCATKIB 1 coren MIla, mo
BUKJIMKAE MEXaHIuHe pyHHYBaHHS LUTOMJIa3MaTHYHUX
CTPYKTYD i 3arubenp KJIITUHH. KagiTauiitno-
€JIeKTPOXiMiTHA TEOopis MOACHIOE 10HI3AIiI0 TapiB PiTUHMA 1
MPUCYTHIX y HIM ra3iB mpW YTBOpPEHHI KaBiTaIlifHOT
OynpOamku. Ilpm  po3puBi  OynpOamok — BHHHUKAE
CJIEKTPUYHUHA  PO3pPSAA, IO CYHNPOBOJKYETHCS PI3KUM
IBUIIEHHSAM TEMIEpaTypH 1 YTBOPEHHSM B KaBiTalifHil
MOPOXKHHUHI €JIEKTPUYHOro IoJisi BUCOKOi Hanpyru. [lpm
[bOMY TApW PIAWHH 1 BHCOKOMOJICKYJISAPHI 3'€MHAHHS B
KaBITAI[IfHIA MOPOXKHHUHI PO3IICIUTIOIOTHCS HAa BOJACHB 1
TiIPOKCHIIBHY TPYIy 3 YTBOPEHHSM AaKTHBHOTO KHCHIO,
[IEPOKCUIly BOJAHIO, a30THCTOI Ta a30THOI KHCIOT, B
pe3ysbTaTi 4oro BifOyBaroThCs iHakThBamis (epMeHTiB i
Koarynsmis OuIkiB. Bee e 00ymoBiroe 3arubens MikKpoOHOT
kiituau [98, 99]. EdexruHicts aii Y3 npu oqHii i Tiit e
IHTEHCHBHOCTI 1 4acTOTi KOJIMBAaHb TaKOX 3aJIeKHUTh BiJ
TPUBAJIOCTI BIUIMBY, XIMIYHOTO CKJIaAy CEpEIOBHIIA, IO
OINPOMIHIOETBCS, HWOro B's3kocTi, Temmeparypu, pH Ta
BHXITHOTO CTyIIeHsI OOCIMEHIHHA MiKpoopraHisMamu. Yum
OlrpIie MIKpOOpraHi3MiB, THM TPHUBAIIMIAM Ma€e OyTH
BIUIMB JUIS JOCSTHEHHS CTEpHii3yrodoro edekty [94-96,
98].

CrilikicTh OakTepii 10 Al V3 3aJIeKUTh TaKOX BiJl
ix Oi0JIOTiYHMX BJIACTHUBOCTEH. BererarnBHi KINITHHU O1IbII
YYTJIMBi, HDK CIIOPOBi, KOKOBI ()OPMH TMHYThH HOBUIBHIIIIE,
HDK MaJW4KONOAiOHI, OUIbII KIITHHH MIKpOOpraHi3miB
BIIMHpAIOTh  IIBHIIIE, HDK JpiOHI  (MakcuManbHa
YYTJIUBICTH Y JIGNTOCIHIp, 8 HalOUIBII CTIHKI cTa(iIOKOKH)
[94, 98, 113]. HusbkouactoTHuii Y3 3aCTOCOBYIOThH IS
Je3iHTerparii MiKpoOpraHi3MiB IPH BUTOTOBJICHHI BaKI[H,
NP eKCTpakUil  BHYTPIIIHbOKIITHHHUX  (DEpPMEHTIB,
TOKCHHIB, BITaMiHIB, HYKJICTHOBHX KHUCIOT Ta IHIIUX
KOMITOHeHTIB KinituHu [123-127]. [eBHi yacrotu Y3 3aaTHI
BUKJIMKATH JICTIONIMEpi3allito OpraHes MiKkpoOHHUX KIIITHH, a
TAaKOX JICHATYpaIlilo MOJIEKYJd, MO0 IX CKJIaJaloTh, B
pe3yabTaTi JIOKAJFHOTO HArpiBy ab0 IiJBUINEHHS THUCKY.
Lleii peHOMEH BHKOPHCTOBYIOTH ISl OTPUMAaHHS aHTUTCHIB
IUIAXOM JIe3iHTerpamii MikpoOHMX KiiTHH. /[lirounm Ha
OakTepii yIbTPa3ByKOM IMEBHOI YaCTOTH Ta IHTEHCHBHOCTI,
MOXXHa BUJIUINTH 3 HUX HE TIJIbKA QaHTUTEHH, ajle i TOKCHHHU
[128, 129]. V3 BuKOpHUCTOBYeThCS W 1 pyHHYBaHHS
BHYTPIIIHBOKJIITUHHUX CTPYKTYp, K TO MITOXOHJApPIi Ta

XJIOPOILJIACTH, 3 METOK BHUBYCHHS B3a€MO3B’S3KIB MK iX
CTPYKTYporo Ta (yHKUisIMH (aHaNITHYHA LUTOJIOTIS).
BenayThcsi 1OCIIKEHHS 110 3aCTOCYBaHHIO Y3 - eHeprii s
crepwiizauii nutHoi Bou [106]. 3aBasku OaKTEPULUIHOMY
edexTy mil ympTpa3ByKy B TemepimHiil wac Y3-TexHomoril
3aCTOCOBYIOTh ISl CTEpHII3allii XapyoBHX TPOIYKTIB
(momoko, ¢pykroBi coku, BuHO) [130]. IlepeBara VY3-
CTepuili3alii XapyoBUX IPOAYKTIB IOJSra€ B TOMY, IIO
MIPOJYKT, SKUH KOHCEPBYEThCS, HE MiAJA€ThCs, SK Le
3a3BU4ail pOOUTHCS, HArPIBaHHIO 10 BUCOKOI TEMIIEpaTypH,
i, OTXKe, HOro CMaKoOBi SKOCTI 3aJHINAlOTHCS TOCHTH
Bucokumu [106, 132]. 3 ycmixoM 3acTOCOBYIOTh Y3
HH3bKO1 YaCTOTH B OYHUIICHHI CTIYHMX 1 cTOstamX Box [107].
VY cygacHiif Giojorii BUKOpUCTaHHS Y3 IOB’sA3aHE
TaKoXX 3 HOTr0 3HATHICTIO BHKIMKATH MYTalii B KIIITHHAX.
Bimomo, mo Y3 HaBiTh Manoi iHTEHCHBHOCTI CIIPOMOYKHUHN
nomkokyBatu Mojiekyny JJHK. Illtyune ninecripsmoBaHe
CTBOPEHHs MyTalliil Bifirpac 3HauyHy poOJb Yy CeNeKii
pOCIIMH, MIKpPOOPTaHi3MiB TOIO, IO 3HAYHO PO3IIMPIOE
MOXXJIMBOCTI ~ OIOTeXHOJOTrIYHMX  raiay3edd.  [osoBHa
mepeBara Y3 mepen iHIMMMH MyTareHaMHu (peHTTEHiBCBHKi
mpoMeHi, yibTpadioneroBi) B TOMy, IO 3 HHOM
HaI3BHYAIHO JIETKO Ta Oe3mevHo nparoBath [132].
OcranHiM  dYacoM  TMiABMINEHa  yBara [0
yABTPAa3BYKOBUX TEXHOJIOTiH B Mikpobiosorii o0ymMoBiieHa
He TUIbKK Oe3rmocepeqHiM BIUIMBOM Ha 0i000'ekTH, ane d

MOXIIUBICTIO 3MIHH  (I3UKO-XIMIYHHX  XapaKTePHUCTHK
cyOcTpariB [t KYJNbTHBYBaHHS  MIKpOOPIaHi3MiB.
3acTocyBaHHA TaKMX  TEXHOJOTIH  aKTyaJpHEe OIS

pEryIIOBaHHA CKJIAMy IITYYHHX IIOKMBHHX CEPEIOBHIL,
30KpeMa KOHIIEHTpamii Ta aKTUBalii MOJEKYJISIPHOTO
KUCHIO IIUIAIXOM YJBTPa3BYKOBOI Jerasaiii cepeaoBHILA
[94]. 3HKeHHST KOHIEHTpalii KuCHIO B cyOcTpari abo B
cycreHsii MikpoopraHi3MiB 3a0e3nedye MikpoaepodiiabHi
YMOBH KYyJbTUBYBaHHS GaxTepii, MaKCHMaIbHO
HAOJIIDKAIOYH iX 1O YMOB KOJIOHI3AI[il MAKPOOPIraHi3My.

Tomy, Ha Haml NOIJIAN, JOUIIBHUM € BHBYCHHS SK
OKpEMOro, TaK i CyMiCHOTO BIUTUBY NIEKiTbKOX (i3WIHHUX
YUHHHUKIB Ha OIO0JIOTiYHI BJIACTHBOCTI MIKpOOPraHi3MiB,
OCKIIbKM B NPUPOAHOMY CEpEIOBHINI Ha HUX 3a3BHYAil
BIUIMBAIOTH 0arato (akTopiB OAHOYACHO, MiICHIIIOI0YH abo
HIBEJIIOIOYH 110 0uH oaHoro [132, 133].
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BIOPHYSICAL CHARACTERIZATION OF THE
IMPACT OF ELECTROMAGNETIC AND
ULTRASONIC WAVES ON BIOLOGICAL OBJECTS
Kalinichenko S.V., Antusheva T.I., Korotkykh O.0.,
Babych E.M. Kivva F.V., Kovaneko O.I., Ryzhkova
T.A., Balak A.K.

In recent years the physical mechanisms of action of
electromagnetic fields on biological objects are actively
studied. Extensive research about the effect of weak
electromagnetic waves on biological objects were launched
in the second half of the 60-ies of XX century. It has been
suggested that the millimeter waves to biological objects
are natural and are used by cells to control basic
physiological functions. This review is summarizes the data
of foreign and domestic literature related to influence of
electromagnetic and ultrasonic waves on biological objects.
The concepts of sound waves and electromagnetic field are
sanctified. Several hypotheses and points of view of
mechanisms of action of microwave radiation on biological
objects were discussed in details. One of the hypotheses
suggests that the acoustic vibrations of extremely power
range can stimulate the cell plasma membrane. Other
hypothesis of the mechanism of influence weak signals on
biological systems are associated with the discovery of the
phenomenon of stochastic resonance. It is assumed that the
initiation of acoustic-electrical waves in the lipid-protein
membrane of the cell activates the transport of water, ions
and various substances through it. The data about the effect
of electromagnetic millimeter waves on photosynthetic
organisms have been summarized by several scientists.
They established that exposure in the microwave range is
realized on the membrane level and is connected with the
change of oscillation spectrum. Peculiarities of influence of
ultrasonic waves on microorganisms and cell membranes
have been analysed. Scientists have discovered that
detonation of dichloride nitrogen takes place under the
influence of ultrasonic waves. Dichloride nitrogen causes
breakdown of protein particles. Cavitation effect is one of
bactericide action of ultrasonic waves. The mechanism of
action of ultrasonic waves in the literature is explained by
two theories: cavitation-mechanical, cavitation-
electrochemical. According to the first theory of ultrasonic
waves propagating in a dense environment, causing it to
alternating compression and decompression. Cavitation-
electrochemical theory explains the ionization liquid vapor
and the presence in it gases in the formation of cavitation
bubble. An electric discharge occurs at break bubbles. The
electrical discharge accompanied by a sharp rise in
temperature and in the formation of cavitation bubble
electric high voltage charge. Then the vapor of the liquid
and high molecular weight compounds in the cavitation
chamber are split into hydrogen and hydroxyl groups with
formation of active oxygen, hydrogen peroxide, nitrous acid
and nitric acid, resulting in inactivation of enzymes and
proteins coagulate. All this causes the death of microbial
cells. As well ultrasonic vibrations can be used to initiate
chemical reactions, the commission of a number of new
methods of synthesis and accelerate the slow reactions in
organic systems. One of the actions of the ultrasonic waves
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on microorganisms is a change of concentration various
substances in the cytoplasm due to a change of the
equilibrium concentration of substances inside and outside
the cell. It was found that the effects can be different. On
the one hand, researchers observed an increase in the
agglutination and the loss or total loss of virulent bacteria.
On the other hand there was opposite effect - increasing the
number of viable cells. Application of ultrasound in
medical microbiology is theoretically proved in this article.
Ultrasonic techniques in microbiology used not only as an
effect on biological objects and the ability to change the
physico-chemical characteristics of substrates for culturing
microorganisms. Application of such techniques is
important for controlling the composition of artificial
culture medium, in particular the concentration and the
activation of molecular oxygen by ultrasonic degassing
culture medium.



