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[IpoBeneH aMIIIUTYAHBIN U CIIEKTPAJIbHBIN aHAIN3 KOPTUKOTPa(hUIeCKOH aKTUBHOCTH KPBIC, TEPEHECIINX
TPaBMATHIECKOE TTOBPEKACHNE TOTOBHOTO MO3ra (OTKpBITas MPOHMKAIOIIAST YEPEITHO-MO3T0Basi TPaBMa).
3amuck anexTpokopTukorpamm (DKol') ocymecTsisiim Ha 3-1 1 7-€ CyTKU TOCHE TPAaBMbI. AMIUTUTYIHBIN
aHaJIM3 BKIIOYAN B ceOs OINEHKY CpeJHel aMIUTHTY[Abl CHTHANa, a CIIEKTPAIbHBIH — pacueT BEITUYHHBI
cpefHel aMIUIUTYABl U UHAEKCOB -, 0-, o- 1 B-puTMOB. BhIsSBICHBI XapaKTepHbIE H3MEHEHNS aMILTUTYI-
HBIX M CIIEKTPaNbHBIX XapakTepucTHK DKol y Kpeic, mepeHecmux dyepenHo-Mo3roByio tpasmy (UMT).
Y HCHBITyeMBIX )KUBOTHBIX TPaBMAaTUYECKOE MOBPEXKICHHIE IBUTATENbHON KOPBI M HIDKEIEKAMNX CTPYK-
Typ HPUBOJMIO K YMEHBIIEHUIO CPEHEI aMIUIUTY/Ibl CUTHAJIA, @ TAKXKE CHIDKEHHIO aMILTUTY]] ¥ HHAEKCOB
0-, a- 1 B-puT™MoB. OTHOBPEMEHHO YBEIMYIMBAIACh CPEIHSS aMIUIMTYAAa U MHIEKC MEAJIEHHOBOIHOBOTO
S-putma. Cxokue U3MEHEHHsI HaOIIOAaIl KaK B 00JaCTH MOBPEKACHUS, TaK U B IPYTUX YYAaCTKaX KOPBHI
n Ha 3-u 1 7-e CyTKH nocne TpaBMbl. [lomyueHHbIe pe3ynbTaThl CBHAECTENBCTBYIOT O TOM, YTO JaHHAs MO-
JIeTTh YePETTHO-MO3TOBOM TPABMBI HIMEET MHOTO NEKTPOPHU3NONIOTHIECKIX CXOCTB C TPaBMaMH, HaOIrona-
€MbIMH y MaIeHTOB B KIIMHUUECKON MPAKTHKE U, CIIEI0BATEIbHO, MOXKET OBITh HCTIONb30BaHA B TaIbHEH-
myX HeHPOU3HOTOTHUECKHUX U (hapMAKOIOTNIECKHX UCCIIET0BAHMSX.
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AMPLITUDE AND SPECTRAL ANALYSIS
OF ELECTROCORRTICOGRAMS IN RATS
WITH TRAUMATIC BRAIN INJURY

Yuriy I. Sysoev'?’, Kseniya A. Kroshkina', Valentina A. P’yankova', Vadim E. Karev?,
Sergey V. Okovitiy'

' Saint Petersburg State Chemical Pharmaceutical University of the Ministry of Health
of the Russian Federation
197376, Russian Federation, Saint Petersburg, Professora Popova str., 14A

2 Institute of Translational Biomedicine of the Saint-Petersburg State University
199034, Russian Federation, Saint Petersburg, Universitetskaya embankment, 7-9

3 Pediatric Research and Clinical Center for Infectious Diseases of the Federal Medical
and Biological Agency
197376, Russian Federation, Saint Petersburg, Professora Popova str., 9

A series of amplitude and spectral studies was performed to investigate brain cortical activity in rats with
traumatized brain (open penetrating traumatic brain injury (TBI)). Electrocorticograms (ECoG) were re-
corded on the 3rd and the 7th day following the trauma. An amplitude analysis comprised an estimation of
the mean signal amplitude and the degree of Lempel — Ziv compression. A spectral analysis involved a
calculation of the mean amplitude and 3-, 6-, a- and B-rhythm indices. Characteristic changes in the ECoG
amplitude and spectral parameters were revealed in TBI rats. Traumatized animals demonstrated decreased
values of both the mean signal amplitude, as well as the amplitudes and indices of 6-, a- and B-rhythms. At
the same time, the mean amplitude and the index of delta-frequency were increased. Similar changes were
observed not only near the traumatized area but also in the other brain cortex regions on the 3rd and 7th day
following the trauma. The obtained results demonstrate that the investigated TBI model has numerous
electrophysiological similarities with traumas in clinical practice, thus being applicable for neurophysio-
logical and pharmacological studies.
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BeegeHue

UYepenno-mo3rosasa tpasma (UMT) sBnser-
Cs MIaBHOW MPUYMHON WMHBAJIWUJM3ALUU U TH-
0eJH MaIMeHTOB MOJIOAOr0 Bo3pacrta. B cBs3u
C TEM, YTO TPYIIION PHUCKA SIBIISCTCS HanOoee
TPYIOCTIOCOOHAsT U aKTUBHAS 4YacTh Hacele-
HUS, JaHHas npolsieMa Jyis 00IecTBa UMeeT
00JIBIIIOE  COIMATLHO-DKOHOMHYECKOE 3Ha-
yenue [14].

Peabumnuraiiuss manueHTOB MOCIE TpaBMa-
TUYECKOTO MJIM MIIEMHYECKOTO MOBPEKIACHUS
TOJIOBHOTO MO3Ta BKJIIOUAET B €051 BOCCTAHOB-
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JICHWE HAapYyIICHHBIX (QYHKIWN (JIBUrareb-
HBIX, KOTHUTHBHBIX U JIP.) KaK ¢ TOMOIIbI0 (Hu-
3MYECKHX METOAOB (PaHHSsI BEPTUKAIU3AIINS,
paHHssT MOOWJIM3alus, TMOCTypajibHasi Kop-
peKuusi, HU3KOMHTEHCHBHAS (DU3UOTEpaIHs),
Tak u papmakonornueckux [3]. TpamurroHHo
JUIs  KOPPEKIMH  HEBPOJIOTMYECKHX  pac-
CTPOWCTB TIpeJyIararoTcs mpenaparsi, oonasa-
IOIIME HEWPONPOTEKTOPHBIM U HOOTPOIHBIM
nerictBueM. OnHako, HECMOTpPST Ha OOJBIIOE
pa3Ho0Opa3ue CpesiCTB, MPOJEMOHCTPUPOBAB-
muX 3GPEKTUBHOCTh B paMKax JOKIMHHUYE-
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CKUX HCIBITAHUI, JINIIb Majas 4acTh U3 HUX
UCIIONB3YeTCsT B KIMHUYECKOH MpaKTHKE,
4TO OOYCIIOBJICHO UX HEIOCTATOYHOH 3 dek-
THUBHOCTBIO y TAIIMEHTOB HEBPOJOTMYECKOTO
npodus.

B cBs13u ¢ 5THM BO3HHKaeT HEOOXOAUMOCTh
Oosiee JIETAJILHOTO M3YYEHHUS M, TJIABHOE,
NOATBEPKIACHUS HEUPONPOTEKTOPHOM  aK-
TUBHOCTH HOBBIX COEIMHEHMH Ha JIOKJIH-
HUYECKOM OJTalle pa3IUYHbIMH METOJIAMH.
CranziapToM novcka u BepupuKauu Heipo-
peadMIMTallMOHHOW aKTUBHOCTH HOBBIX MO-
JIEKYJT B OKCIIEPUMEHTE SIBJISIFOTCS TOBEICH-
yeckue M (yHKIMOHaIbHBIE TecThl [S5, 18],
rucrojorunueckue [8] u OmoxuMuveckue
uccnenoanus [9]. Bce mepeduncieHHoe Xo-
poILIO 3apeKoMeH0Bajo ceds B Hehpodap-
MaKOJIOTHYECKHX HCCIIEOBAaHUAX, OJIHAKO
KaX/IbI U3 MTOJXOZ0B UMEET CBOM HEJ0CTaT-
ku. Tak, HarpuMep, TeCThl Ha KOOPJIUHAILINIO
JBYOKEHHH, aMsATh U T. 1. Y J1a00paTopHbIX
IPBI3YHOB YacCTO SIBISIIOTCS CYOBEKTHBHBI-
MU, TIOCKOJBKY PsIJl KIIOUEBBIX ITOKa3aTelei
HE MOXET ObITh 00padOTaH KOMIIBIOTEPH3H-
POBaHHBIMH CHCTEMaMHU. [HcTOJIOrHYECKUe
U OMOXMMHYECKHE HCCIEeNOBaHUsI OOBIYHO
HEBO3MOYKHO TIPOBOJINTH B TUHAMUKE Ha OfI-
HUX ¥ T€X KE KHUBOTHBIX.

B03MOXHBIM CBS3YIOHNIMM 3BEHOM 00IIIe-
NpPU3HAHHBIX HampaBlIeHUl Heiipodapma-
KOJIOTHYECKUX HCCIIEOBAaHUI MOTYT OBITh
Helipodusmnonornyeckne wmetonsl. Cpean
MOCIEIHUX KIACCHYECKUM U Hambosee u3y-
YEHHBIM SIBJISICTCS AJICKTPOdHIIChaTorpadus
(O2T') — peructpanus OHOIICKTPUUCCKOH
aKTUBHOCTHM TOJIOBHOTO Mo3ra. B akcnepu-
MEHTAJBHBIX HCCIICJIOBAaHMSIX Ha Jabopa-
TOPHBIX JKUBOTHBIX 0oOJiee pacnpoCTpaHeH
METOJl PETUCTPALUU OMOJIOTUYECKOH aKTHB-
HOCTH MO3Ta HEIIOCPEJICTBEHHO «C KOPBD» —
anekrpokopruxorpadus (OKol'). U  xots
y JAaHHBIX METOJIOB, KaK M Y JIIOOBIX JIPYyTHX,
€CTh CBOM HEJOCTaTKH, MX HECOMHEHHBI-
MU JIOCTOMHCTBaMH SIBJISIETCS BO3MOXKHOCTB
OLIGHKH (YHKIMOHAJIBHOTO COCTOSIHHS MO3-
ra Kak €MHOI B3aMMOCBSI3aHHOM CHCTEMBI.
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Kpome Toro, BakHO, YTO TECTUPOBAHHUE
HCIIBITYCMBIX J'Ia60paTOpHI>IX JKHUBOTHBIX
MOXXHO MPOBOJMUTH TaK YacTO M TaK JOJTO,
KaK 9TO HE0OXOAMMO.

Ha ceromusuiHuii eHb OIMyOJIMKOBaHO He-
0O0JIBIIIOE KOJUYCCTBO CTaTeH, rje Obl aBTOpa-
MU OIIEHUBATaCh BO3MOXXHOCTh PETUCTPALIUU
n aHanmmza OO Ha MoOzeNsIX YepernHO-MO3-
TOBOHM TpaBMbI y JKUBOTHBIX JUIS OLICHKH d(-
(DEeKTHBHOCTH HOBBIX HEHPOIPOTEKTOPHBIX
cpeactB. [loaToMy sKkcnepuMeHTanbHash MO-
nens UMT, mno3Bonstonias OICGHUBATh KO-
JIMYECTBEHHO MW B JHWHAMHUKE MHOXCECTBO
napamMeTpoB,  XapaKTEpU3YIOLIUX  COCTOS-
HUE TOJIOBHOTO MO3Ta, MPEJICTaBISIET HECOM-
HCHHBIH MHTEpeC A HeWpohapMaKoIOTHH.
B cBsi3u ¢ 3TM UENbI HacTosIIcH pado-
Thl CTal TOWCK H3MEHEHMH AMIUTUTYAHBIX
W CIEKTPAIbHBIX MapaMEeTPOB IEKTPOKOPTH-
KOTpaMM, BOSHUKAIOIIHNX Y KPBIC, TEPEHECIINX
YEPETHO-MO3TOBYIO TPaBMY.

MaTtepuanbi u meToAabl

VccrnenoBanue MPOBOAWIM B COOTBETCT-
BUU ¢ TpuHIMNIamMu basenbsckoil nexnapanny,
ITpukazom MunzapaBa P® or 01.04.2016
Ne 1991 «OO0 yTBepXIEeHHH TpPaBUJI HaJyIe-
Katen 1abopaTopHON MPAKTUKU» U PEKOMEH-
nanusaMu ouodtnyecko xomuccuu CITXDVY.
KpsIc comepkanu B CTaHAAPTHBIX YCIOBHSAX
BUBapHusl Ha OOBIYHOM IHIIEBOM pAIHOHE, CO
CBOOOJHBIM JIOCTYIIOM K Bozie. Bce ombITHBIC
Y KOHTPOJIbHBIE KUBOTHBIE OBLIIH B3STHI U3 O/1-
HOW MapTUU U TPOIUIN KapaHTHH B TEUEHHUE
14-1u cyT.

DKCIIepUMEHTHI BbIMONHEHB! Ha 10-Tu Oe-
JBIX OECTOPOTHBIX KpBICAX-CaMIlax Maccoi
250-300 1, momyuennsix u3z DPI'YIT TIJDK
«PammosnoBoy  (Jlenunrpanckas — 00sacTh),
pa3eleHHBIX Ha [JBE TIPYyNIbl (310POBYIO
U KOHTPOJIbHYI0). B 00enx skcrepumMeHTalb-
HBIX IpyMnax ObLI0 MO 5 )KUBOTHBIX.

Kopruxorpapuueckue — 2JIEKTPOAbI  H3-
TOTaBIUBAJIN M3 HHUXPOMOBOH IPOBOJIOKH
nuametpoM 0,5 MM (711 perucTpupyronmx
U pedepeHTHOro IIEKTPOAOB) U AUAMETPOM
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0,16 MM — I 3a3eMIISIONIETO DJIEKTPOJa.
W3onsamuio  oCyIecTBIsUIN  TePMOYyCa 0uHOM
TPYOKOH, ITMHA PETUCTPUPYIOIEH (HEU30JIH-
poBanHOM) yacTu ~1 MM. Bce anekrpobl 00b-
€IMHUINCh B THe310 Ha Kabenb BLS-8 ¢ mia-
roM 2,54 MM.

Jlng mpoBefeHUsT XUPYPTUYECKUX MaHHITY-
JIAUH JKUBOTHBIX MPEABAPUTENBHO HAPKOTH-
supoBaju xaopanruaparom (400 mr/kr). [Tocne
MTOJITOTOBKH MOBEPXHOCTH uepena (yraleHue
MBIIICYHO-(PACIHATIBHOTO CJIOS, HAJIKOCTHH-
Il U KOAryJsIMM KPOBOTOYAIIMX YYACTKOB)
MIPOCBEPIMBAIN  OTBEPCTHS COOTBETCTBYIO-
HMIMX JIUAMETPOB JUIsL JIEKTPOJOB M (PUKCH-
pytoix BHUHTOB. Jlajiee y KpbIC 310pOBOM
TPYMIIBl OCYIIECTBISUIN UMIUTAHTAIUIO KOPTH-
KOrpauueckux SIIEKTPOAOB M BKPy4YHBaHHE
(DUKCUPYIOLIMX BHHTOB B COOTBETCTBYIOIIHE
OTBEPCTHUS, a y JKUBOTHBIX BTOPOH T'PYTIIBI
NPEABAPUTEIBHO MOJCTUPOBATU  YEpPEIHO-
MO3roByo TpaBMy. KoopnuHatel pacnonosxe-
HUS AJIEKTPOJIOB OTIPE/IESIISII C TOMOIIBIO CTe-
peoTakcuueckoro ariaca Mosra Kpbichl [20].
Onexrpoasl FP1 u FP2 pacnonaranu B o6ia-
CTH, MHHEPBUPYIOILIEH MepeHne KOHEYHOCTH
(BTOpHMuHas nBurarenbHas kopa, AP=+2,0,
ML=1,5, DV=1,0), C3 u C4 — unHHEepBUPY-
IoleH 3aHue KOHEYHOCTH (NepBUYHAs JIBU-
rarenpHas kopa, AP=—1,0, ML=2,0, DV=1,0),
a Ol u O2 — Haj runmnoKamIoM (mepBUYHas
coMmatoceHcopnas kopa, AP=—4,0, ML=2,0,
DV=1,0). Pedepentnsiii amexTpoa ycraHas-
JINBAJIM B HOCOBYIO KOCTb, 3a3€MJISIOIIUNA —
HOJ KOXY B 00J1aCTH IIIEH.

UepenHo-MO3TOBYI0 TPaBMYy MOJEIHPOBa-
JIW B COOTBETCTBUM C OINHUCAHHOW paHee Me-
Togukoi [5, 12]. ¥V KMBOTHBIX NPOBOIMIN
TpEeNaHaluio yepena B JEBOW JOOHOW YacTu
HaJ 30HOM CEHCOMOTOPHOW KOpbl. lLleHtp
TpENaHallMOHHOTO  OTBEPCTHS  HAXOJMJICS
Ha 2,0 MM pocTpaibHee U 1,5 MM Mequaib-
Hee Opermbl. [lociie 3TOro B TpenaHalmoHHOE
OTBEPCTHE MOMENIANIH MOIBWXHBIA CTaIbHOMN
MOPIIEHb JHAMETPOM 3 MM C XOIOM 4 MM,
110 KOTOPOMY C BBICOTHI 10 M ymapsii CKoJib-
3SIIUI B CTAJIbHOU TPYOKe Tpy3 Maccoit 50 T.
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ITocne 3TOrO BBICBEPICHHYIO MJIACTUHY BO3-
BpallfaJii Ha MECTO, MMIUTAHTHPOBAIHU DJICK-
TPOJBI ¥ BKPYYHMBAIN (DMKCUPYIOIINE BHHTHI.
JlononHUTEeNbHYI0  (DUKCAIUI0 KOHCTPYKIHUH
B ueperne OCYIIECTBISAIN C IHOMOIIbIO CTO-
MaToJIOrMueckoi 1utactmaccsl Bumnmakpun C
(Zhermack, Wranus). [Tocne storo yurmsamu
pa3pe3 KOKH, MPOBOAMIM aHTHCENTHYECKYIO
00paboTKy IIBOB U MpHIISKAIUX 00IacTeil.

3anuch  KOPTUKOTpaUuecKod  aKTUBHO-
CTH XHBOTHBIX OCYIIECTBIISUIM Ha 3-u U 7-¢
CYT TOCJIE OMNEepaIiy ¢ MOMOIIBI0 8-KaHaJb-
Horo oHieganorpadpa «Heipoun-Crekrp-1»
(«Hetipocod», Poccus). M3 momydeHHBIX
5-MUHYTHBIX KOPTHUKOTPaMM OTOHpPAN y4acT-
KU 3aIliCH, BO BPeMs KOTOPBIX TECTHPyEMBbIe
JKUBOTHBIC HAaXOAWJIHCH B CIIOKOMHOM COCTO-
AHUU (OTCYTCTBHE JIBUTATENBbHON MM HC-
CIIeZIOBATEIbCKOW aKTUBHOCTH, a Taloke Tpy-
MuHra). Jlamee mNpOBOAMIN aMIUTUTYIHBIH
U CIIEKTpaJbHBIN aHAJIN3bl U CPAaBHUBAIHU pe-
3yJABTAThl JIByX O3KCIEPUMEHTAIBHBIX TPYTIIL.
AMIIIUTYHBII aHATU3 BKIIIOYAN B ceOsl OleH-
Ky CpeIHEel aMIUINTYJbl CHUTHAla U CTENCHH
ero cxarus no Jlemnento — 3uBy (CcTeneHb
cxatust no Jlemnento — 3MBY XapakTepusy-
€T TMOBTOPSIEMOCTh CHTHANA: YeM IOBTOpsie-
MOCTb OOJIBIIIE, TEM CTEICHb COKAHMS BBILIE).
JUis  crieKkTpajdbHOrO aHajlu3a IPOBOJIHIN
pacyeT BeJUYMHBI CPeIHEH aMIUTUTYAbl U MH-
nekcoB 6- (0,5-4,0 I'm), 6- (4,0-8,0 I'u), a-
(8,0-14,0 T') u B-puTMOB (HM3KOYACTOTHBIX,
HY — 14,0-20,0 T, 1 BBICOKOYACTOTHBIX,
BY — 20,0-35,0 I'r). Manekc putma BBIYH-
CIIATM KakK MpoLEeHT KonudecTBa BosiH DKol
NpUHAAICKAIINX O-, 0-, o- Wi P-auanasony,
3a BCE aHAJIM3HpyeMoe BpeMs 3amucu. /inHa
SII0XU aHam3a — 5 C.

V3BieueHHBI TOJOBHON MO3r (PHKCHUpPOBa-
1 10% HOpMaJIbHBIM (JOPMATIMHOM B TCUCHHUE
24 4, JIasl TUCTONOTUYECKOTO HCCIIEIOBAHUS
(DMKCHPOBAHHBIM TOJIOBHON MO3I' BCKPBIBAJICS
TaKKM 00pa3oM, 4ToObl BEPTHKAIBHBINA pa3pes
MIPOXOMI Yepe3 CepeIMHy odara TpaBMaTuye-
CKOTO TOBPEXICHUS U Yepe3 COOTBETCTBYIO-
IIMe OTJENBbl KOHTPIATepAIbHOTO MOTyIIapusl.
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Beipesanuch 00pasipl TKaHW B BUJIE IIACTUH
tonmuuaor 0,2-0,3 cm. [TomyueHHble 00pa3ib!
TKaHU TI0JIBEPrajIUCh THCTOJOTMYECKOH Ipo-
BOJIKE, MPOIUTHIBAHUIO U 3AJIUBKE B NapaduH
no oOwenpuHsToil meromuke. M3 mnapadu-
HOBBIX OJIOKOB IPH TMOMOIIM POTAIMOHHOTO
MHKPOTOMa H3TOTaBJIMBAIIMCh CPE3bl TKaHH,
pasMellanuch Ha MpeMETHbIE CTEeKJa, OKpa-
HIMBAJINCh T€MAaTOKCHJIMHOM M D03HHOM, TIO-
cie 4ero 00Ee3BOKHBAINCH M 3aKIIOYATIHCh
NOJl TOKPOBHBIE CTeKJa. [ucronornyeckue
npernaparbl [OJBEPrajiiCh TOTAIBHOMY CKa-
HUPOBAaHHMIO TIPH IOMOIIM CKaHUPYIOIEeH
CHCTEMBI JUIsi J1aOOPaTOPHBIX HCCIIEOBAHMI
C KOMIUIEKTOM NPOrpamMM UL 0OpaboTKu U30-
Opaxennii Pannoramic MIDI (3D Histech Kft,
Benrpus).

CrarucTuuecKyto 00pabOoTKy MONyYEeHHBIX
JIAHHBIX TPOBOJMIIM C TTOMOIIBIO MAKeTa Mpo-
rpammbl GraphPad Prism 7.00. 3HaunmocTb
pa3IuYMil OLEHHBAJIN C IOMOIIBIO HEmapame-
Tpudeckoro U-kpurepuss ManHa — VYuTHu.
Jlns cpaBHeHMs 3HaueHHH nmapameTrpos DKol
KpbIC Ha 7-€ CyT IOCIIe ONepaly ¢ COOCTBEH-
HBIMH 3HaYE€HHUSIMU Ha 3-U CYT HMCIOJIb30BaJIN
T-xpurepuil BuikokcoHa.

Pe3ynbraThl uccnepaoBaHum
B pe3ynbrare HaHeceHUs KOHTPOJIUPYEMO-
ro KOPTUKAJIBHOTO yaapa (GopMHUpPOBAJICS odar

MOBPEXJICHUS, 3aTPAaruBalOIIMi HE TOJIBKO
KOpY, HO ¥ TO/JIeKaIie CTPYKTYPBI TOJIOBHO-
ro Mo3ra. Bokpyr ouara moBpexaeHus, mpea-
CTaBJICHHOI'O HEKPOTU3UPOBAHHOM MO3TrOBOU
TKaHbI0, Ha 7-¢ CYT (hopMupoBaachk mepudo-
KaJbHas JeMapKallMOHHas 30Ha, MPEeICTaB-
JICHHass OOWJIBHOW MOJMMOP(HOKICTOUHOM
uH(UIBTpanyei 1 peakTHBHBIMU U3MEHCHHUSI-
MU Helpornuu (puc. 1).

Avnutyasbiii anamus JKol. YV kpsic,
MEPEHECIINX YePEeIHO-MO3TOBYIO TpaBMy, Ha-
6I1I01aJIOCh TOCTOBEPHOE CHU)KEHHE CpeHEei
ammuuTyasl curHana DKol' Bo Bcex oTBene-
HUSX TI0 CPAaBHEHHUIO CO 37A0POBOH TI'PyMIOi
B cpeaHem Ha 46% (p<0,05, p<0,01) na 3-i
u Ha 65% (p<0,05, p<0,01) Ha 7-i HHU COOT-
BETCTBEHHO (TabI.).

CrnekTpajibHbIN aHaJIN3 IKol.
[ToBpexaeHue NBUraTeabHOM KOPbl U HUKETe-
JKaIlUX OTJENOB Ha 3-if eHb MOCie TPaBMBbI
MPUBOIWIO K YBEJIHYEHHUIO CPEAHEH aMIUIU-
TYIBl O-PUTMa B 30HE MEPBUYHOMN JIBUraTEIIb-
Ho# kopbl (C3) co cTopons! TpaBMbl Ha 30%
(p<0,05). Nuaekc d-puT™Ma TakKe JOCTOBEPHO
YBEJIMYHMBAJICS Ha 7-€ CYyT B 00JacTH BTOpHY-
HOM JIBUraTeJbHOM KOpbI KaK C MOBPEKIEH-
Ho# ctoponsl (FP1) — na 41% (p<0,01), Tax
u co 3nopoBoii (FP2) — na 33% (p<0,05).
B obmacti nepBUYHON JBUraTelibHON KOpBI
HaOJI0IANIOCh IOCTOBEPHOE yBEJIMYCHUE JIaH-

Tabnuya 1. Cpeonue amnaumyost (MkB) kopmuxoepaguueckozo cuehana 300posvix u mpasMupo8aHHslx Kpulc Ha 3-u

u 7-e cym nocne onepayuu

Table 1. Mean amplitudes (uV) of the cortex signal in healthy and traumatized rats on the 3rd and 7th day following

the surgery

FP1 55,0+1,6 27,624,1** 51,4+1,5 37,8+4,5**

FP2 55,0+3,5 35,4+2,8* 51,2+1,6 41,2+2,9*

C3 73,244,2 36,8+2,1* 66,4+3,6 49,4+4,7

C4 81,0+7,3 46,8+6,0** 72,0+4,1 54,8+7,4*

o1 90,2+2,5 45,452 82,0£2,1 55,244, 7%

02 91,2+2,9 45,6+7,8* 79,8+2,6* 50,8+5,9**
Ipumeuanue: * — p<0,05, ** — p<0,01 — Odocmogepnoe omauuue no CPAGHEHUIO CO 300POGOU ZPYNNOU RO

U-kpumepuro Manna — Yumnu,; * — p<0,05 — no cpasnenuio ¢ coocmeennbimu 3navenusmu na 3-ii 0eHv nocie onepa-
yuu no T-kpumepuio Bunkokcoua.
Note: * — p<0.05, ** — p<0.01 vs. healthy animals, Mann — Whitney U-test; * — p<0,05 vs. results on the 3rd day

following operation using Wilcoxon T-test.
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HOTO TIOKa3arelisi TOJIbKO CO CTOPOHBI TPaBMBI
(C3) Ha 47% (p<0,01). B obnmactu nepBUYIHOI
COMAaTOCEHCOPHOI KOpbI HaJl THUIIOKAMIIOM
WHJIEKC O-pUTMa JOCTOBEPHO YBEIUYUBAJICS
¢ nospexaeHHoit (O1) u 3noposoii (02) cro-
pon Ha 48% (p<0,05) u 40% (p<0,01) coot-
BETCTBEHHO (puc. 2—4).

YV xpeic ¢ UMT cpengnss amiudryna
0-putmMa Ha 3-M CyT yMeEHbIIAlIach BO BCEX
oTBeneHusx B cpeaHem Ha 38% (p<0,05,
p<0,01), a Ha 7-¢ cyT — B 00JIaCTH MEPBUY-
HOM COMAaTOCEHCOPHOHW KOPHI C IMOBPEXKICH-
Ho#t (O1) u 3n0poBoii croponsl (02) Ha 28%
(p<0,01) u 29% (p<0,05) COOTBETCTBCHHO.
Wunekc O-putma y TpaBMHUPOBaHHBIX KpBIC
TaK)Ke CHIDKaJCs: Ha 3-i JeHb B o0iactu
MEePBUYHON JBUTATEIHHONW KOPBI HA CTOPOHE
TpaBMbl (C3) Ha 39% (p<0,01) u B obnmactu
MePBUYHON CEHCOMOTOPHOM KOPBI HaJ1 TUIIIIO-
KaMIloM Ha 310poBoii ctopone (O2) Ha 28%
(p<0,05) (puc. 2-4).

KOHTpnaTepanbHoe nonywapue

VY TpaBMHPOBAaHHBIX KPBIC MO CPAaBHEHHIO
CO 37I0pOBOH TI'pynmoil Ha 3-i 1eHb MO0 BCEM
OTBEACHUSM  HAOIIONANIOCh  JOCTOBEPHOE
CHIDKEHHME CpeIHEH aMIUIMTYAbl O-pUTMa
B nuanasone ot 40 1o 59% (p<0,05, p<0,01)
u Ha 7-# neHb — B cpeaHeM Ha 31% (p<0,05,
p<0,01). Manexc o-puTMa JOCTOBEPHO CHH-
kKayucs Ha 3-M eHb B 00JacTH BTOPUYHOMN
JIBUTATENIbHON KOPBI C MOBPEKACHHOW CTO-
ponsl (FP1) Ha 65% (p<0,01), co 3m0poBoOit
(FP2) — na 50% (p<0,01); B obmactu nep-
BUYHOM JBUTaTEIbHOW KOPBI C TMOBPEX/IEH-
noii croponsl (C3) — na 70% (p<0,01), co
3nopoBoii (C4) — Ha 46% (p<0,05); B 00-
JIACTH TIEPBUYHON COMAaTOCEHCOPHOW KOPBI
¢ noBpexaeHHo# cTopoHsl (O1) — Ha 74%
(p<0,01), a co 3moposoit (0O2) — Ha 61%
(p<0,01). AnanoruuHo Ha 7-if n1eHb: B 00Ja-
CTH BTOPUYHON JIBUTATEIHHON KOPBI C TOBpE-
xeHHoi croponsl (FP1) —mna41% (p<0,01),
co 3poposoit (FP2) — na 32% (p<0,01); B 06-

l uwncunatepanbHoe nonywapue

Puc. 1. Cpesvl mo32a mecmupyemuix HCUBOMHbIX HA 7-€ cym nocie mpasmvl. OKpacka 2emamoKCurunoM u 303UHOM.
A — 300posas epynna, b — epynna srcusommnvix ¢ YMT. Ha cpeze mozea Jcugomno2o, nepenecuteco 4epenio-mo3eo-
8YI0 MPABMY, 8UOHA 30HA NOBPEHCOEHUS, 3AMPAUSAIOU|dsl He MONLKO 001ACMb KOPb, HO U NOONedcaujue CmpyKmypol
(B, cpeonuii pucynok, ys. x5). Ouae nogpesicoenusi OKpyicen WupoKol 30H0t NePpUPOKanbHO20 IKCCYOamueHO20 60CNA-
JIeHUst, NPeOCMasieHHo20 0OUNbHOU NOTUMOPPHOKIEMOUHOU 6ocnanumenshol ungunompayueil (b, npagwiii pucynok,
y6. x200). B kopmukaisHblx omoenax 100Hulx 0onell y HCUBOMHbIX U3 obeux epynn euonsl yenyonenus om Kol snex-
mpooos (4, b, cpeonue pucynku, 0603HaueHbl CMPeTKamiL).

Fig. 1. Brain slice preparations from experimental animals on the 7th day following the surgery. Hematoxylin and eosin
staining. A — healthy rats, b — rats with traumatic brain injury. The injury zone, which affects not only the cortical
region but also the underlying structures, is clearly seen in a brain slice preparation obtained from a traumatized rat
(B, the middle figure, X5). The lesion is surrounded by a wide area of perifocal exudative inflammation, represented by
abundant polymorphic cell inflammatory infiltration (b, right figure, x200). Holes from ECoG electrodes are visible in
the cortical sections of the frontal lobes of animals from both groups, (A, B, middle figures, indicated by arrows).
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JIACTU NIEPBUYHOM JBUTATECIIBHOU KOPBI € IO-
BpexaeHHoi kopsl (C3) — Ha 40% (p<0,01);
B 00JIaCTH MEPBUYHOI CEHCOMOTOPHOM KOPHI
co 3mopoBoit croponbl (O2) — Ha 25%
(p<0,05) (puc. 2-4).

UepenHo-M03roBass TpaBMa Yy KpBIC TMpH-
BOJMJIA K JIOCTOBEPHOMY CHIDKEHHMIO Cpef-
Heil ammumatyasl B-HY-purma kak ¢ moBpe-
JKICHHOW, TaK W 370POBOH CTOPOHBI Ha 3-u
u Ha 7-e cyT B cpeaHeM Ha 50 u 36% cooTBeT-
ctBeHHo (p<0,05, p<0,01). AnamoruyHas TeH-
JICHIMSI K CHHYKEHHIO HAOJII0/1aach M 'y WHJIeK-
ca B-HU-purma kak Ha 3-#1, Tak v Ha 7-i A€Hb.
Ha 3-u cyt HaOmronanoch yMEHBIICHHE HHJICK-
ca B-HY-purma BO Bcex OTBeACHHSIX B CpeE-
HeM Ha 53% u Ha 7-i1 nenb — Ha 34% (p<0,05,
p<0,01) (puc. 2-4).

Takxe y kpbic ¢ YUMT Bo Bcex oTBeeHUAX
HaOJIIOAANIOCh JIOCTOBEPHOE CHHIKCHUE CPel-
Hell ammuTyasl B-BU-putma Ha 3-it v Ha 7-i
nenb Ha 38 u 32% cootBeTcTBeHHO (p<0,05,
p<0,01). AHajOru4HO HAOJIFOAAIOCH JOCTO-
BEpHOE yMeEHblIeHHe uHAekca B-BU-purma
Ha 3-11 IeHb B 00J1aCTH BTOPUYHOM JIBUTaTEI b=
HOM Kxopsl Ha 52% (p<0,01) ¢ moBpexIeHHOH
(FP1) u na 34% (p<0,05) co 3moposoii (FP2)
CTOPOHBI, a TAaKXKe TOJBKO C MOBPEXKICHHOU
CTOPOHBI B 00JaCTH BTOPUYHOW JBUraTeib-
HoM kKopb! (C3) 1 IepBUYHON CEHCOMOTOPHOM
(O1) Ha 64% (p<0,01) u HA 62% (p<0,01) co-
OTBeTCTBEHHO. Ha 7-e cyT Habmromanock g0-
CTOBEpHOE CHWXeHHe MHiaekca B-BU-purma
TOJIBKO C ITOBPEXJICHHOI CTOPOHBI B 00JIACTH
Bropuunoil (FP1) u nepBuunoit (C3) nBu-
raTeJbHON, a TakKe MEePBHYHON CEHCOMO-
topHo#t (O1) xopsr Ha 50% (p<0,01), 50%
(p<0,01) u 22% (p<0,01) cooTBETCTBEHHO
(puc. 2-4).

AHAaIU3 JMHAMHKH AaMILUINTYIHO-CIeK-
TPAJBHBIX XaPAKTePUCTHK JJIEKTPOKOP-
Tukorpamm. C 3-ro Ha 7-ii JIeHb CpemHss
aMIUIMTY/Ja U UHJIEKC O-puUT™Ma B 00JIacTH Tep-
BUYHOW JABUTATEIILHON KOPBI C TOBPEKICHHON
ctopons! (C3) B rpymmne TpaBMUPOBAHHBIX JKHU-
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BOTHBIX JIOCTOBEPHO YMEHBIIMINCH Ha 32%
(p<0,05) u 30% (p<0,05) COOTBETCTBEHHO
(puc. 2-4). Cpenusisi aMIIIUTyAa O.-pUTMaA JI0-
CTOBEPHO yBEJIHUYMBAJIACh B 30HE BTOPUYHOM
JIBUTATEIILHOM KOPBI C TIOBPEXACHHON CTO-
pousl (FP1) Ha 30% (p<0,05) u co 3mopoBoit
ctopons! (FP2) — na 20% (p<0,05), c Tpas-
MUPOBAaHHOI CTOPOHBl B 30HE I[EPBUYHOU
neurarenabHol kopel (C3) — Ha 31% (p<0,05)
U B 30HE IEPBUYHOM CEHCOMOTOPHOH KOPBI
(O1) — na 28% (p<0,01) B rpynme UMT
Ha 7-¢ CyT mo cpaBHeHMIO C 3-mu. MHaekc
0-pUTMa B IMHAMUKe ¢ 3-X Ha 7-e CYT B IpyI-
e TPaBMHPOBAHHBIX JKUBOTHBIX JIOCTOBEp-
HO YBEJIHWYMBAJICS CO CTOPOHBI MOBPEKICHHS
B 00JacTH BTOPHYHOW JIBUTATENIBHOW KOPBI
(FP1) Ha 35% (p<0,05), B 00MacTH NEPBUIHOI
neurarenabHon kopbl (C3) — Ha 48% (p<0,05),
B 00JIaCTH NEPBUYHOI CEHCOMOTOPHOI KOPBI
(O1) — na 59% (p<0,05), a co 3mopoBoi
CTOPOHBI TOJILKO B 00JACTH TEPBUYHOU CEH-
comoTopHO Kophl (O2) — Ha 42% (p<0,05)
(puc. 2-4). Takxxe HaOMIONANOCH JTOCTOBEPHOE
yBEJIMYEHUE CPEAHEH aMIUIUTYIBl M HHJIEKCa
B-HY-puT™a Ha 7-i 1eHb IO CPAaBHEHUIO € 3-M
B IpyMIe TPAaBMUPOBAHHBIX KUBOTHBIX: CpeI-
HSS aMIUIMTYZa JIOCTOBEPHO YBEIMYHBAJIAChH
CO CTOPOHBI TPaBMBI B 00NAaCTH HMEPBUYHOM
JBuratenbHoi kopsl (C3) 1 mepBHYHON CEHCO-
MotopHo#t kopsl (O1) Ha 26% (p<0,05) 1 24%
(p<0,05) coorBercTBeHHo, a uHAekc P-HY-
pHUTMa JIOCTOBEPHO YBEIMYMBAICS B 00JACTH
MEPBUYHON CEHCOMOTOPHOM KOpBI CO CTOPO-
HbI TpaBMBI (O1) Ha 52% (p<0,05) (puc. 2—4).
Amnanornyno B otHomieHuu B-BU-putma: co
CTOPOHBI TPaBMBI JOCTOBEPHO YBEIUUHBAJIACH
CpeAHsAs aMIUIUTyAa B OONacTH HEepBUYHOM
neurarenbHol kopel (C3) Ha 23% (p<0,05)
U B 0071aCTH MEPBUYHOIN CEHCOMOTOPHOM KOPBI
(O1) na 25% (p<0,05), uagexc puT™Ma A0CTO-
BEPHO YBEJIMYMBAJICS B OOJACTH MEPBUYHOMN
cencomoTopHoi kopel (O1) Ha 52% (p<0,05)
B rpynne UMT B aunamuke ¢ 3-ro Ha 7-if IeHb
(puc. 2-4).
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O6cyxaeHue pe3ynsTaToB

B HacrosmeM HcCleIOBaHUM Y 3I0POBBIX
KpBIC B HOpME B 00JacTH MEPBUYHON U BTO-
PHUYHOM MBUTATCIBLHON KOPBI IPeoOIaaaiu o-,
a B o0JlacTM TEpPBUYHOIl COMAaTOCEHCOPHOMU
KOPBI, PaCHOJIOKCHHOM HaJ] THIIIIOKaMIIOM, —
0-purMbl. HanGounpiyto aMIuutyy HaoOiro-
Janu 'y 0-puTMoB.

UMT y xpbic NIpuBOAMIA K YBEIUYCHUIO UH-
JIeKCa M aMILUIUTY/Ibl 0-PUTMOB BO BCEX OTBeE-
JICHUSIX, B TO BPEMSI KaK Y OCTaJIbHBIX PUTMOB
JTAaHHBIC TOKAa3aTeNu CHMXKAIUCh. CXOTHBIC
W3MEHEHHsT B BHJE YyMEHBIICHUS CpEIHEH
aAMIUIMTY/bl CHTHaja OMONOTEHIMAIOB MO3ra
Ha ()OHE ero TPaBMaTHYECKOTO MTOBPEIKICHHS
OTIHCaHBI HAa MOAEIH KU IKOCTHO-TIEPKYCCHOH-
HOTO y/iapa y KpbIC U ABJISIOTCS €€ XapaKTepHOI
ocobeHHocThio [13]. Mcnonp3oBaHHas HaMu
mozens UMT uHunMupyeT MHOXKECTBO I1aTO-
(DU3HOIOTMYECKHUX TIPOLIECCOB C MOPaYKEHUEM
HE TOJIBKO JIBUTATEIBHOMN KOPBI, HO U HIDKENe-
JKaIlUX OTJEJNIOB, U, CIIC0BATEIbHO, YBEINYE-
HUE aKTMBHOCTH HU3KOYACTOTHBIX PUTMOB SIB-
JIIETCSI IOTHYHBIM JJIS JIEKTPOKOPTUKOT PAMM
TPaBMHPOBAHHBIX KHBOTHBIX.

d-axtuBHOCTH (0,5-4,0 ') y srozeit Moker
pEerucTpUpOBaThCsl Kak B HOpME (Hampumep,
BO BpeMS CHA), TaK M B CIydae MaTOJOTHUH,
CBHJICTEJIBCTBYSI O HAPYIICHUU (DYHKIIHOHAIb-
HOTO coCTOsTHUS Mo3ra. [IpuunHamu yBeanye-
HUSI aMIUTATYJbl U UHJEKCA O-PUTMOB MOTYT
OBITH THUIIOKCHSI, HapyLICHHUs] MeTadosm3ma
U TUCHUPKYIATOPHBIE PACCTPONCTBA B CHCTE-
Max JIMKBOPOOOpaIlleHHs: 1 KpOBOOOpaIeHus,
MaTOJIOTHYECKHE COCTOSHUSA Oazonmarepalib-
HBIX OTJCJIOB MHUHAAIUH WIM 3aJHET0 THIO-
TajaMmyca, MOpakeHUsI B 00JacTH OGa3albHBIX
CHCTEM TEepEelHEro MOo3ra, MOPaKEHHsS MO3-
xkeuka u MHorue napyrue [l]. IloBslmenue
MOIIIHOCTH O-PUTMOB M CHIDKEHHE Ipeo0dia-
JIAIOIIMX B HOPMAJIBHOM OOJPCTBYIOIEM CO-
CTOSTHUM O-PUTMOB OIMCAHO IS MAI[EHTOB,
MIEPEHECHINX TPaBMaTHUCCKOE TMOBPEkKACHUE
TOJIOBHOTO MO3Ta Kak B OCTpPHIH (TIepBBIC Ya-
cel-Henenu) [17, 22], Tak U B TOAOCTPHIH
nepuonsl  (Hemenu-mecsnsl) [15]. Kpome
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TOTO, aHAJIOTHYHBIC HM3MEHECHUS HaOIIoIalu
U B XpoHHYeckuil mepuoj (cmycts 1-6 mec.
nocine Tpasmbl) [19].

W3BecTHO, 4TO 0-akTUBHOCTH (KOJieOaHMs
yacTtoToi 4,0—8,0 ') y yenmoBeka 1 )KUBOTHBIX
UMEET Pa3lIMYHOE MPOUCXOXKICHUE, TIOITOMY
IKCIIEPUMEHTAIIBHBIC PE3yJIbTaThl HEJIb3sl He-
MOCPEACTBEHHO HCIIOJIb30BaTh B KIIMHUYECKOM
npakTuke. OJHAKO TOCKOJBKY TI'€HEepaTtopoM
0-pUTMOB y KpBIC sIBIIsieTCsl TUnmokamn [23],
CHIYKEHHE aKTHBHOCTHU JaHHBIX PUTMOB B Ha-
IIEM UCCIIEI0BAHUH MIPH YHHUIIATepaIbHOM (ho-
KaJILHOM TPaBMaTHYECKOM TOPAKEHHU KOPBI
U HIDKEJIeKAIUX CTPYKTYP CBHUACTEILCTBYET
0 (yHKIIMOHAJILHOM YTHETEHHH TOH CTPYKTY-
PBI TOJIOBHOTO MO3T'a, IPUTOM KaK C MIICH-, TaK
U C KOHTPJIaTepaJIbHON CTOPOHBL.

VY uenoBeka O-puTMBI IPe0OIAIAIOT B JET-
CKOM BO3pacTe, ToKa eiie He copMUpoBaHa
0-aKTHMBHOCTB. Y 3JI0POBBIX B3POCIBIX TaKas
AKTHBHOCTb HE SIBJSIETCSI IATOJOTHYECKOI,
€CJIi OHa HeperyJsipHas U HU3KOAMIUIUTY/-
Has. Kpome Toro, mokasaHa €€ TOJIOKHUTEIb-
Has KOPPEJSLMsl C OTIENBbHBIMA OMOIHO-
HaJIBHBIMU cocTosHUSAMU [4]. B ocTampHBIX
Cllydasix yBEJIMUCHHE aMIUIUTY] U HHICKCOB
9THX KoOJeOaHWil SBISETCS MPU3HAKOM Maro-
JIOTUH, HalIpUMEp MOPaKeHUsT KOPbI OOJIBIINX
nomymrapui [1].

Konmebanust ¢ wyactoroir 8,0-14,0 I
(0-puUTM) — OCHOBHOM KOMIIOHEHT «HOPMAaJIb-
Hoit» DJI. B HaieMm skcrepuMeHTe y 3710po-
BBIX KPbIC aMIUTUTY/IA TUX PUTMOB YBEIUUH-
BaJIaCh 110 Mepe MPHOIIKEHUS K 3aThbUIOYHOM
KOpe, a NpU TpaBME YMEHbIIANAch BO BCEX
OTBEJICHUSIX.

VY yenoBeKa 0.-pUTM MaKCUMaIbHO BBIPAXKECH
B 3aJIHMX (3aTBUIOYHOMN M TEMEHHOM ) 00JacTsIX
KOPBI OOJIBIINX TIOJyIIApUil MO3ra ¥ TeHEepH-
pyeTcs 3a cYeT PUTMHUYECKUX, UMITYJIbCHBIX
MOCBUIOK CO CTOPOHBI 3PHUTEIBHOTO Oyrpa
[6]. OcnabneHue 0-aKTHBHOCTH — YMCHb-
HIEHUE MHJCKCA, aMIUITUTYAbl KoJieOaHuii,
3aMeJICHHE PUTMa — OOBIYHO COIYTCTBYET
JOKaJbHBIM Wi Au(Qy3HBIM MOpaKEeHUSIM
caMOM KOpbI OOJBIIMX TONYIIAPUH, a TaKKe
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HerpyObIM MOPaXKEHUAM PA3IUYHBIX YPOBHEH
cTBoJa Mo3ra [1].

B npoBeieHHOM HCCIeIOBAaHUN IPU TPaBMe
y KMBOTHBIX OBUIO BBISBICHO YMEHBIICHHUE
B-putmoB (xkak B-HY, Tax u B-BY). YV ue-
noseka B-HY (14,0-20,0 I'm) purmbl MOryT
OBITH CBSI3aHBI C JIBUTaTEJbHOU JIESTEIbHO-
CTBIO WJIM e dMUaKTUBHOCTHIO [7]. Kpome
TOTO, 3TH PUTMBI MOTYT BO3HHUKaTh INPH TIO-
paxenusix crBosa B obmactu 11 sxemymouka
u runoraigamyca [1]. B-BU (20,0-35,0 T'my)
PHUTMBI Y 4YesloBeKa — 00s3aTeIbHbI KOMIIO-
HeHT DOI, ucye3aromui UL NIPU CMEPTH
Mo3ra. B HOpMe OHM HMEIOT Mallyl0 aMIUIU-
TyAy, JIydllle BEIPaXKEHBI B TepeTHUX (JT0OHOMH,
IEHTpaIbHOI) 061acTsax mosra [1]. [Toka3ana
HerocpeacTBeHHas cBs3b B-BY akTuBHOCTH
C NIeSITeTIbHOCTBIO PETHKYISIPHOW (opMaruu
cTBOJIa Mo3ra [2].

B mnpoBeneHHOM HcCIEeOBaHUM IpoOJE-
MOHCTPHUPOBAHO CIIOHTAaHHOE YaCTHYHOE
BOCCTaHOBJICHHE HOPMAJIbHBIX TOKa3aTesei
AMIUTUTYAHBIX U CIEKTPalbHBIX XapaKTepH-
ctuk DKol kpeic Ha 7-e cyT mocne UMT. Oto
MOYET OBITh CBSI3aHO C IOCTTPaBMAaTHYECKUM
HelporeHe30M, XapaKTepHBIM JUIs TPBI3YHOB,
POIEMOHCTPUPOBAHHBIM paHee Ha Pas3yIny-
HBIX MOJEINAX TPaBMBI, BKJIIOYasl MCIIOJIb3ye-
MYI0 HAMH MOJIeIb KOHTPOJIUPYEMOTO KOPTH-
KajpHOTO yaapa [11, 16], a Takxke Ha MozeIH
JKHUJIKOCTHO-TIEpKyCcCHOHHOTO yhapa [10, 21]
U MOJENM C HCIOJNb30BAHHEM MaJaf0IIero
rpy3a [11].

Taxum 06pa3oM, y TECTUPYEMBIX HAMH KPbIC
¢ UMT naOuntonanig M3MEHEHUsI aMILTUTYIHBIX
U creKTpaibHbIX nmapamerpoB DKol onucan-
HBIC A7 Ap. MOjeNed U, 4To Haubojee Bax-
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