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Bemyn. Ilepgpmopopeaniuni cnoayxu (IIPOC) maroms yinui ons eimpeopemu-
HaabHOI Xipypeii aKocmi, a GUKOPUCMAHHA iX 045 KOPOMKOYACHOI mamnorHaou
MO0210 6 po3uwUpumuy NOKAa3aHHs 00 ONepamueHo2o AiKy8anHs i NOKpaujumu tiozo
pesynvmamu. Ilpome 00no3naunoi dymru cmocosno mexarniunoi 0ii IIDOC Ha
YAbMPACMPYKMYpHY 0y008y CimKieKu Hemae. AKMYaibHO maxoxic nopieHamu
dito IIDPOC ma «neekoeo» CunikoH08020 MACAA.

Mema docaioncenna: eusueHHs 6NAUBY MAMNOHAOU BiMPeanbHOI NOPOICHUHU
TIDPOC piznoi mpusanocmi i «1e2k020» CUNIKOHO8020 MACAA, A MAKOXNC pizio-
N02IYHO20 PO3YUHY HA YAbMPACMPYKMYPY CimKieKU ouell Kpoaukie 6 Ounamiyi
nicas 3aKiH4eHHs MamMnoHaou.

Mamepiaa i memoou. EnrexmporHo-MiKpocKoniune 00CAi0XcenHs nposeodeHo Ha
36 kponukax (72 oka). Bcim meapunam 6yaa 6ukonana 3a0Hss 3aKpuma cyomo-
manvHa simpexmomis 3 nodasvuioro 7-, 14-ma 30-0ernoro mamnonadoro I11POC
(npase 0Ko), ma «aeekum» CUNIKOHOM i pi3ionociuHumM po3uuHom (niee oko). Bu-
84anacb y1bmpacmpyKkmypa cimkieku 6 OUHamiyi nicas 3aeepuieHHs mamnoHaou
uepe3 7, 14 i 30 onis.

Pesyavmamu. Yci 6udu empyuans suKAuKaromo XxapaKmepHi 00HOMUNOGI 3MIHU 8
yavmpacmpykmypi enemenmie cimkiexu. Lle 6 ocHogHoMY 2i0poniuHi 3MiHU enaod-
K0i endonaazmamuyHroi cimku KaimuH niemenmuoeo enimenito cimkiexu (IIEC),
mimoxondpiti I1EC i euympiunix ceemenmie homopeuenmopHux KAimuH, eaneni-
O3HUX [ MIOANEPOBCKUX KAIMUH, A MAKONC BHYMPIUHbOKAIMUHHI KOMNEHCAYIHHO-
8i0HOGHI npoyecu 6 HUX, Ki 003604510Mb HOPMANIZY8AMU CMPYKMYPY CIMKIBKU .
Bucrnoeok. Busuenuii namu enaue mamnonadu gimpeanvroi nopoxcuunu I1POC
Ha yabmpacmpyKkmypy Cimkieku nokasaé nodiOHicmb @UsGAEHUX 6 HIll 3MiH 3
muMu, Wo cnocmepiearomovCs NpU UKOPUCMAHHI CIMAHOAPMHOI MAMUOHYIOHOT
DEUOBUHU — «/1€2K020» CUAIKOH08020 Macaa. Y 36°a3Ky 3 yum TIDPOC moxce 6ymu
3anPONOHOBAHUIL 045 NIKYBAHHS PI3HUX (hopM 8I0wapysants CimKieKu 6 aKocmi
KOPOMKO4ACHOI MaAMNOHAOU 8IMPeanbHOi NOPOICHUHLL.

Electronic-microscopic investigation of the retina in tamponade of the vitreal cavity
with perfluorine organic compounds
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Introduction. Perfluorine organic compounds (PFOC) possess valuable qualities for
vitreoretinal surgeries, and their use for short-term tamponade could expand indi-
cations to operative treatment and improve results. However, there is no unequivo-
cal opinion concerning the mechanical effect of PFOC on the ultrastructure of the
retina. It is also important to compare the effect of PFOC and «light» silicone oil.
The purpose of the study: investigation of the influence of tamponade of various
duration of the vitreoretinal cavity by PFOC, <«light» silicone oils as well as physi-
ological solution on the ultrastructure of the retina of the rabbit eyes in dynamics
after the end of tamponade.

Material and methods. Electronic-microscopic investigation (EMI) was made in
36 rabbits (72 eyes). All animals have been performed posterior closed subtotal
vitrectomy with the subsequent 7, 14 30-day’s tamponade with PFOC (the right
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eye), «light» silicone and physiological solution (the left eye). The ultrastructure
of the retina was investigated in dynamics after the end of tamponade in 7, 14 and
30days.

Results. All three kinds of the substances used exert the characteristic, of the same
type influence on the ultrastructure of the retinal elements. They mainly include
hydropic changes of the smooth endoplasmic net of the cells of the pigment reti-
nal epithelium (PRE). PRE mitochondria and internal segments of photoreceptor
cells (PC), gangliac cells and muller’s cells as well as intracellular compensative-
restorative processes allowing to normalize the structures.

Conclusion. The changes of the retinal ultrastructure studied by us after the tam-
ponade of the vitreal cavity with PFOC is close to changes caused the application
of the standard tamponade substance — «light» silicone oil, therefore it can be
proposed for treatment of different forms of the retinal detachment as a short-term

silicone oil, physiological solution

Beenenne. OclioXHeHVE PETUHAIBHOM MATOJIOTHUH,
Takoe Kak oTclioiika ceryaToii o6onouku (OCO) pas-
JIMYHOTO TeHe3a, UTpaeT JUAMPYIONIYIO POJb B CTPYK-
Type CIemnoThl. 30J0TbIM cTaHgapToM JiedueHuss OCO
SBJISIETCSl TIPOBeNEeHME 3agHel 3aKpbhITON CyOTOTasb-
HO# BUTpeKTOMHUHU. OTHAKO MOMCK BEIIECTB IJIS I10-
CTOTIEPALIMOHHOM TaMITOHAbl BUTPEAILHON MOJOCTH
riasa, KOTopble MOTJIM Obl 00ECIIeUnTh XOpollee MpU-
JIeTAHWE CETYaTKHU, SIBJSETCS aKTyaJlbHOW Ipo0Jie-
Moil Bo BceM Mupe. CTaHIapTHBIMU BEIIECTBAMU TSI
MPOBEICHUS TaMIIOHAIbl SIBJISTIOTCSI CHJIMKOHOBBIE
Macja pas3IMYyHO BSI3KOCTH, TSKEJI0€ CHIMKOHOBOE
MacJIo M Ta30-Bo3aylIHble cMecu. Ho, HecMoTpsi Ha
IIMPOKOE MPUMEHEHUE BBIIICYITOMSHYTHIX BEILECTB,
ocraeTrcsl HeudydeHHOU 3OOEKTUBHOCTbL MpPUMEHE-
HUS BellecTB (TakKMX KakK TepdTOpopraHudecKue
coenuHeHusa(ITMPOC)) ¢ BBICOKMM yIEIbHBIM BECOM
IUJISI TIOCTOTEPALIMOHHOM TaMIIOHAIBI B 0CO00 TSIXKEJIBIX
XUPYPTUUECKMX CIIydyasiX M TMOJYyYHUTb BO3MOXKHOCTD
YAYYIIUTh HE TOJIBKO aHATOMUYECKHUE, HO U (DYHKIINO-
HanbHbIe pe3yabrathl. [IOOC uMeoT BRICOKH yaeb-
HBIII BeC, XMMUYECKU U MeTabOIMYECKU WHEPTHHI,
MpO3pavyHbl ¥ 00JIaJal0T HU3KOH BSI3KOCTHIO.

O mepBOM OIBITE MHTPABUTPEATHLHOIO BBEACHMS
[MPOC 6bU10 coobieHo Haidt 1 coaBropamu B 1982
TOfy, C TeX MOp OHM aKTUBHO HCIOJb3YIOTCS MHTPAO-
nepaioHHo. Psa aBTOpoB mpeaiaraloT UCIoab30BaTh
MPOC mig kpaTKoBpeMeHHOM TamrioHans! [3, 6, 10].
OnHaKo OTHOIIIEHHWE BUTPEOPETUHANIBHBIX XUPYPTIOB K
KPaTKOBPEMEHHOM TaMIIOHAJIE BUTPEAJIbHOM I1OJIOCTHU
IMPOC nBosikoe. OTKPHITHIM OCTAE€TCS BOIPOC O Me-
XaHU4YecKoM noBpexaaroliem aeiicteuu [IOOC [2, 4].

Hzyuenuio BausgHus [TOOC Ha cTPYKTYypy ceTyar-
KM MOCBS1LEH psif padoT. OmHAaKO UX aBTOPbI TIPOBOIM -
JIX UCClIeN0BaHus 0e3 3aBepIIeHUs TaMIIOHAIbI, JIMOO
B pasanuHble cpoku rocie BeieneHus [T®OC us Bu-
TPeaJIbHOM TOJOCTU C OMHUM OIpPEeAeICHHBIM CPOKOM
tamnoHansl (2,4, 5,7,9, 11,12, 13], yto, Mo Haimemy
MHEHHIO, He JaeT BO3MOXHOCTU OILIEHUTh CTeTIeHb 00-
pPaTUMOCTM M3MEHEHHUI CeTYATKM I10Ce TaMITOHAIbI
I®POC u onepallMOHHON TPAaBMBI.

tamponade of the vitreal cavity.

J71s 3KcIepuMEHTAIBHOTO MCCIeTOBaHUS HEOOX0-
nrmo uctonb3oBaTh ITMOC ¢ BBICOKMM yIeTbHBIM Be-
COM, ITOCKOJIBKY OTCYTCTBHE ITOBPEXICHUI TIPU 3TOM
CIy>XW10 Obl KOCBEHHBIM TTOKa3arejeM 0e30MacHOCTH
ncrnonb3oBanug Apyrux BumoB ITPOC ¢ MeHBIIUM
yIeIbHBIM BecoM. B HallleM rccaenoBaHUY MBI IIPUME-
Hsui iepdropnepruapoHadTanuH (1,94 r/cm?).

CrnenoBajio OBl TakXe CpPaBHUTb MEXaHUYECKOe
neiicteue [TPOC u «Ierkoro» CUJIMKOHOBOTO Macja
(yaenbHbiil Bec 0,971—0,975 r/cM3), TTOCKONBKY «JIer-
KWil» CWJIMKOH PYTHMHHO WCIIOJb3YeTCS ISl IIOCIIEO-
MepallMOHHON TaMITIOHAIbl TOJOCTU CTEKJIOBUIHOTO
Tena. Takke akTyaJlbHO ObLIO Obl U3YYUTb U3MEHEHUE
VIBTPACTPYKTYpPhl CETYaTKM TIJlaza KpojuKa MpU pas-
JIMYHBIX cpokax TamrtoHansl [IPOC B ycoBUSIX, MaK-
CHMAaJTbHO MTPUOIMKEHHBIX K PeaIbHBIM KIMHUYECKUM,
C TIpOBECHWEM 3aJHel 3aKpBITO CyOTOTaJbHON BU-
TPIKTOMUHU.

Ienbio 3KCIIEPUMEHTAILHOTO HCCJIEI0OBAHUSA STBUJIOCH
W3yYeHNE BIVSTHUAS TAMITOHAIEI BUTPEAIBHOM TTOJIOCTH
MPOC paznnyHOi JIUTETbHOCTH, «JIETKOI'O» CHJIUKO-
HOBOTO MacJja, a Takxke (PU3MOJOrMYecKoro pacTBopa
Ha YJIBTPACTPYKTYPY CETYATKH TJIa3 KPOJIMKOB B TMHA-
MMKE M0CJIe OKOHYAHUS TAMITOHAIBI.

Matepuan n metoapbl

DJIeKTPOHHO-MUKPOCKoNYeckoe ucciaenopanue (DMMUN)
npoBeaeHo Ha 36 kposmkax (72 ria3za) mopoapl IIMHINMILIA Mac-
coii 3,5+0,5 kunorpamm, B Bo3pacre 6,51+0,5 mecsimeB, cam-
nax. ZKuBoTHbIe pa3zeieHbl HA TPH cepun IKcnepumenTa: I ce-
pus (12 kpoJukos, 24 ria3za) — ramnonana IIPOC, wierkoro»
CHJIMKOHOBOTO MAacja U (U3H0IOrMYecKOro pacTBopa COCTaB-
qaana 7 nueii; 11 cepus (12 kposmkos, 24 r1a3za) — TaMnoHana
IIPOC. «1erkoro» CHJIMKOHOBOrO MAacJjia M (PU3HOIOrHYECKOr0
pactBopa cocrapisiia 14 nmueii; III cepus (12 kposmkos, 24
rnaza) — tammnonaga II®OC,«1erkoro» CHIMKOHOBOIO Macja
1 (U3N0JIOTHIECKOrO pacTBopa coctapisuia 30 mHeid. YiasTpa-
CTPYKTYpa CeTYATKH M3ydajach B TMHAMHUKe uepe3 7, 14 u 30
JHeil TocJ1e 3aBepLIeHHs TAMIIOHA/IbI BATPEAIbHO# NOJIOCTH BbI-
HIeYKA3aHHBIMU BElECTBAMM.

Bo Bcex ciyyasx BTOpOii [ia3 (J1eBblii) ObLT KOHTPOJIbHBIM.
Ha KOHTPOJIbHBIX IV1a3aX Mbl POBOWIN TAMIIOHAY «JIETKMM»
CHJIMKOHOBBIM MACJIOM ¥ (PH3HOIOTHIECKHM PACTBOPOM.
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Bce mMaHumyJasinuM ¢ XKMBOTHBIMH BO BpPeMs Onepaiuu, a
TAKKe BbIBeJleHHe KUBOTHBIX M3 3KCHEPUMMEHTA BBINOJHSIMA B
coorBercTBun ¢ «IIpaBuiaMu oOpaieHus ¢ J1a0OPaTOPHBLIMH
JKUBOTHbIMU». JleTa/iu npoBeeHusi ONepPaTHBHOTO BMeIIATE b~
cTBa M 00padoTKa MaTepuaia s DMU noapodHo onucaHbl B
crarbe [1]. Marepuan u3ydascs moza 3J1eKTPOHHBIM MUKPOCKO-
nom I[IBM-100-01.

Pe3ynbTathl U ux o6cyxaeHue

Peaknus 3;1eMeHTOB CeTYATKH HA 7-THEBHYIO TAMIIO-
Haay II®POC, cCWIMKOHOBBIM MACJIOM M (hH3HOJIOTHYE-
CKHM PacTBOpPOM.

IIpu DMMU 4yepe3 7 nHei mocie 3aBepLICHUST TaM-
noHagsl [TMOC B KieTKax MUIMEHTHOIO SIUTEIUS
cetyatku (I1DC) BbIpaxeHa Mejkas parMeHTaIus
MeMOpaH IJIagKoi sHaorasMatudeckoii cetu (I'BC) u
BaKyoJu3auus MutoxoHapuii (Puc. 1).

B psime 3THX KJIETOK BBISABISETCS ACCTPYKLMS Ya-
ctu I'DC ¢ obOpasoBaHMEM 3JIEKTPOHHO-TIPO3PAYHBIX
y4acTKOB B 1IMTOIIasMe. B cioe ¢oropelienTopHbIX
ki1erok (PK) MectamMu OTMedaeTcsi MEXKJICTOUHbBIM
OTEK 10 HAPYXHOM TmorpaHn4YHoit MmeMmopanbsl (HITM).
B ocranmpHOoM cTpykTtypa ®K, B 11€710M, COXpaHEHa.
VAbTpacTpyKTypa KJIETOYHBIX M HEPBHBIX 3JIEMEHTOB
BHYTPEHHUX OTAEIOB CETYaTKU IIPAKTUYCCKU HE U3Me-
HeHa. OnHako B raHrmo3Hbix kKietkax (I'K) BcTpeua-
€TCsI BaKyOJIM3alMsl MUTOXOHIPUIA.

Yepes 14—30 ngHeit yacthb KineTok [19C comepxur
PE3KO BaKyOJIM3HPOBAHHbIE MMTOXOHAPHUM, YacCTh XKe
I10 CTPYKTYpe 0J11M3Ka K HOPMaJIbHOM. YIBTpacTPyKTypa
KJIETOYHBIX 3JIEMEHTOB U KX OTPOCTKOB BO BHYTPEHHMX
CJI0SIX CeTYaTKM 03 U3MEHEHUI, 32 UCKIIIOYEHUEM CJIOS

Puc. 1. YneTpacTpykTypa cetyatku Yepes 7 AHe nocne 3aBep-
LweHus 7-gHeBHol TamnoHaabl NMPOC. Menkas Bakyonmaaums
UMTONNa3Mbl MUTMEHTHOrO 3NUTENUs. SNEKTPOHHAS MMUKPO-
doTorpadus. x 3000.

YcnoeHble 0603HavyeHus: XK — xopuokanunnsap, N9C —
NMUIMEHTHBIA 3nuTenuii cetyatkn, 4 — a94p0, M — MUTOXOH-
npvs, FOC — rnapgkaa sHponnasmatmyeckas cetb, HCOK —
HapyXHble CErMeHTbl POTOPELIENTOPHbLIX KNETOK.

I'K, B xoTopom nuromnasma 'K u oTpocTku mroJuie-
poBckux kinetok (MIOK), okpyxkatomme 'K, xapakre-
PU3YIOTCS MEJIKOM Bakyoau3auueii. CienyeT OTMETUTb,
410 K 30 THIO U3MEHEHHUS B CETYATKE ObLUIM HECKOJIBKO
MeHee BblpaxkeHHbIMU. HeoOxonumo Takxke ykKas3aTb,
YTO YK€ 4epe3 7 CYTOK IMapajijIeIbHO C peaKTUBHBIMU
U3MEHEHUSIMU YJIBTPACTPYKTYP CETYATKU OTMEYaloT-
Ccs TPU3HAKKA KOMIICHCATOPHO-BOCCTAHOBUTEIBHBIX
BHYTPUKJICTOYHBIX TPOILECCOB, 3aKIIOYAIOIINXCS B
VBEIMYCHUN KOJIMYECTBA MMTOXOHIPHUi, CBOOOTHBIX
pubdocom u monmcom, aynemMeHToB 'OC M KaHaJblEB
3epHUCTOM dHIoIUIa3MaTudeckoii cetu (39C), B IMOSIB-
JICHUW ABYSIIEPHBIX KJIETOK.

ITpu M3ydeHNM U3MEHEHUI CeTIATKU TTOCTIe TAMITO-
HaIbl «JIETKMM» CUJIMKOHOBBIM MacjiOM HaMM OIlpejie-
JIieHo, uTo uepe3 7 aHeit kietku [1DC runeprpodupo-
BaHbI, colepxXaT OOWIbHYIO LIUTOILIa3My U OOJIbIIOE
KOJIMYECTBO opraHesur: anemeHToB ['OC, mu3ocom, da-
TOCOM, TTIEPOKCUCOM, JIMITUAHBIX BKITIOUECHMI M KPYITHBIX
CKOILUICHUM MEJIKUX MUTOXOHAPHUI, T.€. UMEIOT IIPU3HA-
K KOMIICHCATOPHO-BOCCTAHOBUTEIBHOTO XapaKTepa.
B cioe MK orMmeuaercss paccoeaMHEHUE HaPYKHBIX
cermenToB (HC) @K, MecTamMu X OTPBIB, UTO BEPOSITHO
CBSI3aHO ¢ OTEKOM. HepBHBIC 31eMEHTHI BHYTPESHHETO
cetgaroro cios (BCC) u cTpyKTypbl TaHIJIMO3HOTO CIIOS
CETYATKU C MPU3HAKAMM JIETKNX THIPOITMYECKUX M3Me-
HEHU, 3aKJTI0YAIOIIMXCS B HAOyXaHUU M BaKyoJIHU3alluu
yactn MuToxoHApwit B 'K 1 MenKoit Bakyom3aiiu 1y-
ToI1a3Mbl yactu otpoctkoB MIOK B aT0i#1 06acTu.

Yepes 14 gHelt mocie 3aBeplUeHUS] TaMITOHAIbI
«JIeTKUM» CUJMKOHOBBIM MacJIOM HapyXHblEe OTIe-
JIbl CeTYaTKU, MPaKTUIeCKU, 6e3 usMeHeHuit. OnHaKo
B kieTkax I1DC HabmomaeTcsi BaKyoau3alysl 4acTh
sneMeHToB 'DC B nurormnasme. B cioe @K BcTpeya-
J0TCS pa3pexeHue cTpykryp B oomactn HC @K, me-
CTaMM pa3pylleHUe MeMOpaHHBIX CTPYKTYp IHUCKOB
HC. Ocralotrcs, Kak ObIJIO OTMEUYEHO B CpOKe 7 IHEi,
rUAponuYecKue uamMeHeHus yasrpactpyktyp BCC u B
cioe I'K. B 1o xxe Bpems, B KpynHbix 'K HaOmogatorcs
MPU3HAKU aKTUBALlMU OETIOKCUHTE3UPYIOIIEl CcucTe-
MBI B OOMJIbHOM LIUTOILIa3Me YBEJIMYEHO, IO CpaBHe-
HUIO C HOPMOIi, coaepxaHue ajeMeHToB 3DC, pubo-
COM, TTOJIMCOM, HaOYXIIIMX MUTOXOHAPUIA. S apa KitleTok
KPYITHBIE, COAEPXKAT SAPBIIIKU.

Yepes 30 nHeit yabTpacTpyKTypa CETYaTKU, MPaKTHU-
Yyecku, 03 U3BMEHEHU.

ITpu DMMU 4yepe3 7 nHei mocse 3aBeplIeHUsT TaM-
MoHaAbl (U3MOJOTUYECKUM PacTBOPOM HaMM BbISIB-
JIeHa HeKOTopas HEOMHOPOIHOCTb pPeaKIMM KJIETOK
II9C. YacTh KJIETOK MMeEET MNPU3HAKW TUAPOIUYE-
CKMUX WM3MEHEHMI BHYTPUKJIETOUHBIX CTPYKTYp. [py-
rasg yacth kjetok IIDC xapakrepusyercsi 0oOMIBbHOI
LIMTOTUIa3MOM, HACBIILIEHHOM OopraHesuiaMu, 0COOEHHO
MUTOXOHAPUSIMU, ¥ OCHOBaHUS Oa3aJibHBIX CKJIAIOK.
OcranbHble CTPYKTYpbl 0e3 usmeHeHuii. Yepes 14 u
30 mHeit U3yyeHHbIE CTPYKTYpPbl CeTYaTKU HAXOISTCH,
MPaKTUYECKHU, B IIpeaegax HOPMBI.
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Takum o6pa3om, Ha 7-THEBHYIO TAMITOHAAY BUTpeE-
anbHo rmotoct [IPOC U CUITMKOHOBBIM MaCJIOM YJIb-
TPaCTPYKTYpPhl 3JIEMEHTOB CETYaTKU OTBEYalOT OMHO-
TUIHBIMUA M3MEHEHUSIMU. DTU U3MEHEHMS KacaroTcs
B Oomnbleil creneHu Kietok [1DC, ormocpenoBaHHO —
hOTOpeleNnTOPHBIX KJIETOK M KJIETOYHBIX 3J1€MEHTOB
BCC. OrouddepeHumpoBaTh pa3indus B ICUCTBUU
9TUX BEIIECTB Ha M3y4yaeMble CTPYKTYpPhl IOBOJIbHO
CJIOXHO, BO3MOXKHO, OOLIMPHOCTh TUAPOIMUYECKHUX U3-
MEHEHUI B 3JIEMEHTaX CETYATKU HECKOJIBKO MEHbIIIe
npu npuMeHenun [TPOOC. BrisgBieHHbIE U3MEHEHUS
B CETYATKE HOCSIT 00paTUMBbIii XapakTep. KoHTpoibHOe
BBeleHME (DU3MOJIOIrMYECKOro pacTBOpa, IIpakTHye-
CKHM, HE OKa3bIBaeT CYIIECTBEHHOIO BIMSIHUSI HA yJib-
TPaCTPYKTYPY CETUATKMU.

Peakuyst 21eMeHTOB ceTyaTku HA 14-CyTOYHYI0 TaM-
nonany IIPOC, cnIMKoHOBBIM MacJIOM U (hu3HoIOTHYE-
CKHM PacTBOPOM.

Cnycta 7 aHeil Tocjie 3aBepIlICHUs TaMITOHAIbI
TM®OC kiaerkn I1DC yacTMYHO (PparMeHTUPOBAHBI,
MecTaMM HaOJIIoIAloTCs UX NeCTpyKLMs U pacran. [Tpu
3TOM B KJIETKaX JIOBOJIbHO MHOTO OOBIYHBIX OpTaHesI
M BCTPEYaloTcs I10 JIBa spa, T. €. IapajlieIbHO C SIBJIe-
HUSIMU ACCTPYKIIUU, IPUIEM, B OCHOBHOM, MUTOXOH -
JIpUii, HAOJIONAIOTCS TIPU3HAKKM aKTMBAllUM BHYTpH-
KJIeTOYHOM nesrenbHocTu (Puc.2).

B enununuHbix @K 0TMEYarOTCS MaTOJOTHS TUCKOB
HC wu Bakyonusamust mutoxoHapuii Bo BC. Habio-
JalTcs Tuaponuyeckue uameHeHus ctpyktyp BCC u
cnos T'K.

Cnycts 14 nHeil yabsTpacTpyKTypa CeTYaTKU, MpaK-
TUYECKU, HE OTIIMYAETCSI OT HOPMAaJIbHOM, 32 UCKITIO-
YeHMEeM MEJIKOM BaKyoJu3allid YaCTU MUTOXOHAPUIA,

Puc. 2. YnbTpacTpykTypa cetyaTtku Yepe3 7 OHel nocne 3a-
BepleHns 14-gHeBHoi TamnoHaabl MPOC. Menkas Bakyonu-
3aUMs LUMTOMMa3MaTUYeCKUX CTPYKTYP KJIETOK MUrMEHTHOMO
anutenus. AnekTpoHHas mukpodoTorpadus. x 4000. Ycnos-
Hble 0603HaYeHus: NMAC — NUIrMEHTHbIN ANUTENNIA CeTyaTKu,
XK — xopwuokanunnsap, FAC — rnagkas sHaonnasmatnyeckas
ceTb, M — MuTOXOHOPWS.

Puc. 3. YnbtpacTpykTypa cetuatku yepes3 14 gHeit nocne 3a-
BepweHns 14-gHesHoi TamnoHaasl NPOC. CtpykTypa uuTo-
nnasmel 1 a0ep GOTOPELENTOPHBIX KNETOK B HOPMAbHOM CO-
cTosHUW. AnekTpoHHas mukpodoTorpadms. X 5000. YcnosHbie
ob6o3HaueHua: K — doTopeuentopHaa knetka, L — umto-
nnasma, 4 — aapo.

(bparmeHTaLIMM, Pa3PBIXJICHUS U pACLIIMPEHNSI SJIeMEH-
toB I'DC kitetok I1DC. B cnoe @K yacThb KI€TOK UMeeT
BHYTPUKJIETOUHBIM O0TéK BC M MaToaorum MUTOXOH-
npuii. Ilpn atom murorutasma u sapa K Beirsagar
HopMmanbHbIMH (Puc. 3).

BripaxkeHHbIE THIAPONTMYECKIE U3MEHEHUST SJIEMEH-
toB BCC 1 otpoctkoB MIOK cios I'K. T'K ke nmetor
MPU3HAKY aKTUBALIMU LIMTOIIa3MAaTUYECKUX CTPYKTYP:
Sapa ¢ KPYITHBIMU SIAPBIIIKAMU, OOJIBIIOE CKOIUICHHUE
s5eMeHTOB 3DC 1 MeJIKMX BaKyOoJIU3UPOBAHHBIX MUTO-
XOHJIPUH.

Cmycra 30 mHeit mociie 3aBepIeHHMSI TaMITOHAIBI
MPOC B u3yyaeMbIX 3JIEeMEHTaX CETYATKU OCTAIOTCSI TS
Ke M3MEHEHUs, 9TO U B 14-ITHEBHBII CPOK, OOHAKO B
cnoe [1DC BrisiBAsIETCS OOMbIIIE KIETOK C TPU3HAKAMU
aKTHUBAIINM IIATOIIA3MATHICCKUX CTPYKTYD.

Cnyctss 7 JgHeil Tocie 3aBeplIeHUs TaMITOHAIbI
«WIETKMM» CHJIMKOHOBBIM MAacJIOM CTPYKTypa KJIETOK
[IDC ¢ npuzHaKaMM aJbTepaliny: MeaKas (pparMeH-
Tauusi MeMmOpaH sneMeHToB I'DC um Bakyonuzauus
vutoxoHapuit. B @K mectpykums muckoB HC n oték
BC®K. OcranbHble KJIETOYHBIE 3JEMEHTBI CETYATKH,
KaK HepBHbIE, TaK 1 TIMAJIbHbIE, XapaKTePU3YIOTCS TH-
JIPOMUYECKUMHU M3MEHEHUSIMU, KOTOPbIE OTPaXKaroTcs
B HaOyXaHMU BHYTPMKJIETOYHBIX 00pa30BaHUIA.

Yepes 14 gueit B kiietkax [1DC emé BcTpedaroTcs
rugponuyeckue musMeHeHusi. B ormenpHbix @K Ha-
omomaercs mectpykumst nuckoB HCOK (Puc. 4) .

B HepBHBIX 3JIEMEHTaX CEeTYaThIX CIOEB CETYATKU
BUIMMBIX U3MEHEHMII He ycTaHoBieHo. HeGosbinue
TUAPOIIMIECKIe U3MeHeHMsT BRISBIIsIIoTCI B 'K 1 oT-
poctkax MIOK.

Cnycrs 30 gHelt onpenensioTes JJUITb JJeTKUE peak-
TUBHbIE U3MEHEHUSI YJIBTPACTPYKTYD OTICIbHBIX HEPB-
HBIX 00pa30BaHMI1 CETYATKU.
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Puc. 4. YnbTpacTpykTypa cetyatkm yepes 14 gHeit nocne 3a-
BepLeHNs 14-OHEBHOW TamMMOHaAbl «1ErKUM» CUIIMKOHOBbLIM
macnoM. OuaroBasi AECTPYKUMS ANCKOB HAPYXHbBIX CErMEHTOB
$OoTOpPELENTOPHbIX KNETOK. DNEKTPOHHAA MukpodoTorpadus.
X4 000. YcnosHble 0603HaveHns: HCOK — HapyxHble cermeH-
Tbl pOTOPELLENTOPHBIX KNeToK, BCOK — BHYTPEHHME CErMEHTHI
$oTOpEeLEenTOPHbIX KNETOK.

Puc. 5. YnsTpactpykTypa ceTyatkv 4epes 7 gHen nocne 3a-
BepleHna 14-aHeBHOW TamnoHaael GDU3MONOrMYeCKUM pac-
TBOPOM. BHyTpEHHME cermeHTbl GOTOPELENTOPHbIX KNETOK B
HOPMaNbHOM COCTOSIHUW. DNEKTPOHHAs MUkpodoTorpadums. x
6000. YcnoeHble 0603HaueHns: BCOK — BHyTpeHHUE cermeH-
Tbl POTOPELENTOPHBIX KNETOK, L, — uutonnaama.

IIpu DMMU uepe3 7 cyrok nocie 14-mTHEBHOM TaM-
MOHAIbl (PU3KOJIOTUYECKMM PACTBOPOM OIPEIEISIOTCS
HEOOJbILIME TMAPONMYECKHE M3MEHEHMSI 3JIEMEHTOB
I'DC uuronnasmel [19C u paccoennnenne HC u BC
®K (Puc. 5).

OcTanbHble CTPYKTYPBI CETYATKU 0€3 BUIUMBIX 13-
meHeHuii. Ha 14 u 30 neHb yIbTpacTPyKTYPHOE COCTOSI -
HME JICMEHTOB CETYaTKHU B Ipeeiax HOPMBI.

Takum obpa3zom, npu 14-gHeBHOI TaMIIOHAAE BU-
TpeaipHoil nosoctu I[TPOC u «1erkumM» CUINKOHO-
BBIM MacJIOM B ceTyaTKe HaOJII0[aloTCs XapaKTepHBIE
ONHOTUITHbIE M3MEHEeHUs (KaK M B IpeIbImylleil ce-

pHH) YABTPACTPYKTYPBI €€ JIEMEHTOB, KOTOPBIE TAKXKE
HOCST, B OCHOBHOM, TMIPONMYECKUI xapakrtep. Pas-
smyue Bo BiusaHUM [IPOC 1 «J1erkoro » CUJIMKOHA Ha
ceTyarky 3akiodaiorcsd B ToM, 4yto npu [TPOC BbvI-
SIBJISIIOTCS.  KOMIIEHCATOPHO-BOCCTAHOBUTEIbHBIE DPE-
aKLIMM, CIIOCOOCTBYIOLINE HOPMAIU3ALUU CTPYKTYPHI.
ITpu 3TOM 1OC/IE CUMKOHOBOM TaMIIOHAIBI OCTAOTCST
peaKTUBHBIE U3MEHEHHUS, BBIPAXKAIOIIMECST B OCTATOY-
HBIX TUAPOITMYECKUX SIBIIEHMX. TaMITOHama BUTpeaib-
HOM MOJIOCTH (DU3HOJIOTMYECKUM PACTBOPOM TaKXKe HE
OKa3bIBAE€T CYILIECTBEHHOIO BJIMSIHUS Ha M3ydaeMmble
CTPYKTYDPBI CETYATKH.

Peakius 31eMeHTOB ceTyaTkil Ha 30-CyTOUHYIO TaM-
nonany IT®OC, cuIMKOHOBbBIM MacjioM, ¢u3noiornye-
CKHM PacTBOpPOM.

Yepes 7—14 pueit mocne tammoHansl [IOOC yib-
TpacTtpykTypa [1DC He oTiMyaeTcsl OT HOpMaJIbHOI, 3a
HCKJTIOYEHUEM eIMHUYHBIX KJIETOK, B KOTOPBIX Ha0.I10-
JAETCS BAKyOJIM3allMsl LIUTOIIa3MaTUYECKUX CTPYKTYP.
DK 6e3 n3ameneHmii. HelipoHbI 1 HEPBHBIE CTPYKTYPHI
BHYTPEHHUX CJIOEB CETYATKU Takke 0e3 M3MEeHEHMIA.
B uutomnnasme orpoctkoB MIOK y BITM BcTpeuatorest
OCMUODWIbHBIC BKIIOYEHUSI, COCTOSIIIME U3 MEJIKUX
rpaHyJ, 4To oTinvaeT cTpykTypy MIOK ot uHTakTHOI
(Puc. 6).

Ha 30 neHb nzyyaemble CTPYKTYphl CETUYATKU HE OT-
JINYAIOTCSI OT HOPMAJIbHBIX.

Yepes 7—14 nHeit miocae TaMIIOHAAbl «JIETKUM» CU-
JINKOHOBBIM MAacJIOM YJIBTPacTPyKTypa OOJbIleid 4YacTh
u3ydeHHbIX KJIeToK [1DC 6e3 BUAUMBIX WU3MEHEHMI;
4acTb e COIEPKUT B LIUTOIIa3Me Pa3IMYHBIX pa3MepPOB
BE3UKYJIbl 1 00Jiee KPYITHbIE 3JIEKTPOHHO-TIPO3padHbIe

Puc. 6. YnbtpacTpykTypa cetyatku yepe3 14 gHeii nocne 3a-
BepweHus 30-gHeBHOW TamnoHagsl MPOC. TaHmMOo3HbIE
KNneTku ¢ Habyxwmnmm MutoxoHapusamu. OcMmodunbHble rpa-
HYNSIPHBIE BKIIOYEHWS B LIUTOMNIA3MaTUYECKMX OTPOCTKAX MIOJ-
NEePOBCKMX KNETOK. AnekTpoHHas mukpodoTorpadms. x 10000.
YcnoBHble 0603Ha4eHust: TK — raHrnmosHas knetka, M — mu-
ToXoHApuKN, OMIOK — 0TpOCTKM MIONINEPOBCKNX KNeTok, OB —
OCMO®UNBHBIE BKITIOYEHUS.
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TOJIOCTH, T.€. HAOMIOMAIOTCS MPU3HAKW HE3HAYUTEIIb-
HBIX THIPOITMIECKNX U3MEHEHUI LIUTOILIa3MaTHIECKIX
ctpyktyp. @K 6e3 n3MeHeHMii, KaK U HEMPOHBI IPYTHX
cnoéB cetyatku. B murorutasme orpoctkoB MIOK y
BIIM HabomaroTcst OKpyTJible BKIIOYEHUS, COCTOSIIIE
13 OCMUOMWIBHBIX TUIOTHO YJIOXKEHHBIX TPaHYJI, OKpY-
KEHHBIX JJIEKTPOHHO-TIPO3PAaUYHbIM  O0OOKOM. DTH
BKJIIOUEHUSI YacTo 0oJjiee KpyMHHbIE, YeM 3TO HabJona-
Jock B Matepuasie ¢ Tammnonanoi [1POC, 06 ux mpupo-
IIe CyIUTD TPYIHO

Yepes 30 gHeilt ynbTpacTpyKTypa 2JIEMEHTOB CET-
YaTKU HE OTJIMYAETCS OT HOPMaJIbHOM.

ITocne 30-gHeBHOI TaMIIOHAIBI (PU3UOJIOTUYECKUM
pPacTBOPOM BCEe M3YYCHHBIC 3JIEMEHTHI CETUYATKU dYepe3
7, 14, a rakxe 30 gHeit BU3yaJbHO HOPMAaJIbHBI.

TakuM obOpa3zoM, 31€KTPOHHO-MUKPOCKOTIMYECKIE
WCCeAOBaHUS TToKa3anu, 4yTo nocie 30-IHeBHOM MH-
TpaBuTpeanbHoil TammoHagbl ITPOC u  «Ierknum»
CHJINKOHOBBIM MAacjIOM 4epe3 7 IHeil HaOIIomaroTcs
JIETKNE PeakKTUBHBIC M3MEHEHUSI THMIPOITMYECKOIO Xa-
pakTtepa B uuToriasme psaaa kiaetok [1OC. Cnycts 14
30 gHelt mocjie OKOHYaHUS TAMITOHAILI CTPYKTypa M3-
YYEHHBIX 3JIEMEHTOB CeTYaTKM OJIM3Ka K HOPMAaJIbHOIA.

3akimovyenne. YIbTpacTPYKTYpHbIE NU3MEHEHMSI, BbI-
SIBICHHBIE B 2JIEMEHTAX CETYaTKU KaK ITOJ BIVSHHUEM
IM®POC, TaK 1 CMIIMKOHA, JOBOJIHLHO aHAJOITMYHBI IPYT
apyry. B nmmnamuke nabmopennst aeiictBust [1POC
YCTaHOBJICHO €T0 TIPEMMYIIEeCTBEHHOE BIMSIHUE Ha
I'BC xnerok T1DC, KoTOpOE HOCUT TUAPONMUYECKUI
xapakrep (OTéK BHYTPUKIETOUHBIX CTPYKTYp). OTHO-
curenbHo OK ciemyer OTMETUTH HETTIYOOKME M HEOOD-
LIMPHBIE TTOBpexaeHus, B ocHoBHoM, HC ®K. IuTo-
wiasMa u sapa ®K ocraoTcst MHTAaKTHBIMA, YTO JAET
BO3MOXXHOCTh COXPaHSITh M BOCCTaHABJIWBATh YJIbTpA-
crpykrypy @K. To ke MOXHO OTMETUTHh U B OTHOILIE-
HUHM KJICTOUHBIX 3JIEMEHTOB CJIOST OUTIOJISIPHBIX KJIETOK
W HEPBHBIX 2JIEMEHTOB HApPY>XHOTO CETYATOIO CJIOS.
[unpormmueckue M3MEHEHMST pa3IMIHOM CTETICHU BbI-
paxxeHHOCTH Habmomaiorcsa B cTpykrypax BCC. Ot-
NeJIbHO cliefyeT OTMETUTh peakiivio 'K u orpocTkoB
MIOK B cioe T'K. Ona npencrasisgeT codoit TMApO-
YecKre M3MEHEHUsI (OT MEJIKMX BE3UKYJI IO KPYITHBIX
Bakyosieit) nuroruiasmbel MIOK, a takke, mpenmyiie-
CTBEHHO, LIMTOIIa3Mbl MenKux ['K.

Takum ob6pasom, BaussHue [TMOC Ha yasTpacTpyk-
TYPHOM YpPOBHE IIPOSIBISIETCS B ITOBPEXICHUU MEM-
opanHbIx aseMeHToB ['DC kitetok I19C 1 HC @K, a
Takke HepBHBIX 35ieMeHToB BCC u nurornasmel 'K n
MIOK y BIIM. OnHako mocie okoH4YaHus 30-aHeB-
HOI TaMIIOHAIbl B CTPYKTypaX HEPBHBIX 3JIEMEHTOB
CeTYATKM OTMEYAIOTCs IIPU3HAKM KOMIICHCATOPHO-
BOCCTAaHOBMUTEJIBHBIX IIPOIIECCOB, CITOCOOCTBYIOIIME
TIOJTHO HOPMAaJIU3AIIUM CTPYKTYPHI KIIETOK.

IMpu uzyyenuu Bausaus [TPOC Ha ceTyaTrky mo-
Ka3aHbI 00Jiee BRIPaXXCHHBIC TUAPOITMYECKUE U3MEHE-

HUsI OIMCAHHBIX CTPYKTYp 4yepe3 7 cyToK (B 1 cepum
9KCIIEPUMEHTOB). To XXe MOXHO OTMETUTD U TIPH MPH-
MEHEHUM CUJIUKOHA ( B 1 cepuu 3KCIIeprMMEHTa), HO
c OoJiee TIyOOKMMHU BHE- U BHYTPUKIIETOYHBIMU OT-
€YHBIMU U3MEHEHMSIMU, TIPAKTUYECKH, TeX XK€ YIIbTpa-
CTPYKTYP.

KoHTtponbsHBIe BBeaeHUS (PM3MOJIOTUYECKOTO pac-
TBOpa B TPEX CEPHUSIX BHI3BIBAIOT JIETKME PEAKTHBHBIC
W3MEHEHUS TUIPOIIMYECKOTO XapaKTepa, B OCHOBHOM,
B kietkax [19C. B menoM ynerpacTpyKTypa CeTYaTKU
HE OTJIMYAaeTCsl OT MHTaKTHOM. Bce Tpu BUIa MCITONb-
30BaHHBIX BEIIECCTB ISl TAMIIOHAILI BUTPEAIbHOM T10-
JIOCTH OKAa3bIBAIOT XapaKTepHOE OMHOTUITHOE BIIMSTHUC
Ha YJIBTPaCTPYKTYPY U3YYECHHBIX 3JIEMEHTOB CETYATKMU.
DTO B OCHOBHOM Tuiaponuyeckue uaMeHeHus ['DC
kaeTok I1OC, muroxonapuit [19C u BC @K, I'K n
MIOK, a Ttak:Ke BHYTPUKJIECTOYHBICE KOMIIEHCATOPHO-
BOCCTaHOBUTEJIbHBIC IIPOIIECCHI, ITO3BOJISIIONINE HOP-
MaJIN30BaTh CTPYKTYPHI.

IT®OC BoI3bIBaET 0OpaTMMbIE pEAKLMHU YIIBTpa-
CTPYKTYpP H3YYEHHBIX DJIEMEHTOB, IIPAKTUYECKU BO
BCE CPOKU HAOIIOAEHMSI, O YEM CBUIETEIbCTBYIOT T1a-
paJUIeJIbHO BBISIBJIIEMbIE TTPU3HAKK BHYTPUKJIETOUHBIX
KOMITEHCATOPHO-BOCCTAHOBUTEIHHBIX MIPOLIECCOB.
Pasnnune Bo BausHuu [TMOC 1 «1€rkoro» CUIMKoOHa
Ha CeTYaTKy 3aKJII0YaeTcsi, B OCHOBHOM, B IMaria3oHe
HaOJII0MAaeMBIX YIBTPACTPYKTYPHBIX U3MEHECHUIA.

Usyuennio neiicteust [TPOC Ha TKaHM ceTYaTKH
IOCBAIICH psii pabOT, OMHAKO ITOJyYeHHBIE aBTOpa-
MU JaHHble pa3HopeuyuBbl. Hekotopwie aBTOpHI [7,
8, 13] B cBOMX 3KCIEpHMMEHTAJIbHBIX padoTax co00-
AT 00 OTCYTCTBMM 3HAYMMBIX M3MEHEHUU B CET-
JaTKe KPOJMKOB TOCJE WCITOJIb30BAHUS TaMITOHAIbI
IT®OC ButrpeanbHOil mosoctn Gonee 1 Mecsia, 4To
KOPpPEJIMpPYeT ¢ MOJy4eHHBIMA HaMM HaHHBIMU. On-
HAKO 4YacTh MCCIIeAOBaTeIeld COOOIIAIOT O Pa3BUTHUH
HEoOpaTUMBIX aTPOPUIECKUX U3MEHEHUI B CTPYKTY-
pax cetuaTku 1ociie 48 yacoBoii [5], 2 HegeabHOI [4]
tammoHansl [TPOC. OyeBUIHO, MOJYyYEHHBIE 3TUMU
aBTOpaMM OTJIMYAIOIIMECS OT HAIUX JTaHHBIC MOXHO
OOBSICHUTh HEOOUHAKOBBIMH YCJIOBUSIMU TTPOBEICHUS
SKCIIEPUMEHTAJIBHBIX UcCcIenoBanuii. HazBaHHbIE HC-
CleIoBaTeIM HCIOIb30BAIM Ta30BYI0 KOMIIPECCHUIO
CTEKJIOBUITHOTO TeJIa, YTO MOTJIO OKA3bIBATh IOIOJIHM -
TeJIbHOE MOBPEXKIaoIee NeCTBUE Ha YIBTPACTPYKTY-
Py CETYATKM.

Takum 06pa3om, U3ydyeHHOE HAMU BIUSTHUE TaMIIO-
Hanpl BUTpeanbHoi mooctr [TMOC Ha yabrpacTpyk-
Typy CeTYaTKH OJIU3KO IO BBISIBICHHBIM M3MEHECHUSIM
B HEll CO CTAHAAPTHBIM IMMPOKO MCIOJIb3YyeMbIM TaM-
MMOHUPYIOIIMM BELIECTBOM — «JIETKMM» CUJIMKOHOBBIM
MacJioM. B CBsI3u ¢ 3TUM OH MOXET ObITh MPEaIOXKeH
IJIST JISICHUST Pa3IMYHBIX (POPM OTCIIOMKM CETYATKU B
Ka4eCTBE KPAaTKOBPEMEHHOM TaMITOHAIbl BUTPEAJIbHOM
TTOJIOCTH.
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