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MO,UEJIMPOBAHME PA3JIJiqHoro ITO OE'hEMY IIOBPE)K,I(EHIUI 
CIIMHHOfO M03fA KPblCbl II METO,Ubl OUEHKII 

BOCCTAHOBJIEHIIH YTPAqEHHbIX <l>YHKUIIH (~CTb 1) 

C.ll. Mupol-loe, C.B. KOJwcoe, I'A. Cmena!-loe, M.JJ. CaJ1CHee, 
C.ll. Fy6u!-l, 10.B. Ho!-lu, B.F. MomuH, A.A. flaHmeJLeee 

ct>fBY «U eHTpaJibHbIJ/1 Hay'--IHo- r1ccne,r:i;oBaTeJibCKMM MHCTMTYT TpaBMaT0Jror r1r1 r1 opTon e,z::i; r1v1 HM. H .H . IIpv1op oBa » 
MMH3,r:i;paBa P occr1r1 , ct>fBYH «MHCTMTYT o6w;eM r1 Heopr aHM'--IeCKOM xr1Mr1r1 MM. H .C. K y pHaKoBa» P AH, M ocKBa , P ct> 

B cmam be npeiJcmaeJZ eH MemoiJ ModeJZ upoeaHUfl pa3JZULJH020 no o6oeMy noepeJ1cdeHUfl cnuHH0 -
20 M03W dJZfl uJyLJeHuf! B03MOJICHocmeu e20 pe2eHepau,uu . Pa6oma npoeeiJeHa Ha 80 JZ a6opa ­
mopHbtX Kpbtcax, pmdeJZ eHHbtX Ha 5 2pynn e 3aeucuMocmu om o6oeMa HaHocuM020 noepeJ1CiJe­
HUfl. Pmpa6omaH opu2uHafl bHbtu uHcmpyMeHm c 02paHulfumeflf!MU dflfl HaHeceHufl molfH020, 
iJ03upoeaHH020 no o6oeMy noepe:>1cdeHUfl cnuHH020 M03W JZ a6opamopH020 :>1cueomH020. Cme ­
neHb eoccmaHOBJleHUJl cjJyHt( U, UU ou,eHUBaJZ U HQ OCHOBQHUU pe3yfl bmamoe pe2ucmpau,uu 8bl3 -

8QHHblX nomeHU,UQJl O8 o6JZacmu KOpbt 2OJl O8HO2O MO32G U daHHblX lUKaJl bl mflJICecmu noepeJIC­

deHU5! BBB. fioKa3ameJZ u e 2pynnax 6btfl u pacnpedef/ eHbt oiJHopoiJHo, lfmo y Ka3bteaem Ha 
cocmoRmefl bHocmb u eocnpouJeoiJuMocmb pa3pa6omaHHou Modefl u HenoJZ H020 nepeceLJeHUfl 
cnUHHO2O MO32G . 

I( Jl IO l.J e Bbl e C J1 0 Ba: Cm1HHOJ1 M03r , nospe)KJ],eHJ-1e , ,llBHraTeJlbHaH aKTHBHOCTb , BbJ3 -

BaHHbJe noTeH UJ,13Jl bl. 

Modeling of a Different Volume Spinal Cord Injury in Rats and Methods 
for Evaluation of Lost Functions Restoration 

S P. Mironov, S. V. Kolesov, G.A. Stepanov, M.L. Sazhnev, 
S. P. Gubin , Yu. V. Jon i, V.G. Mol in , A .A. Panteleev 

Cen t ral Inst i t u te of Traumatology and Orth opaedics nam ed after . . P riorov; 
Kurnak ov Insti tute of G eneral and Inor ganic Chemistr y , M oscow, Russia 

The method for model!ing of a different volume spinal cord injury to study potentialities for its 
regeneration is presented. The work was pe,formed on 80 laborat01y rats divided into 5 groups 
according to the volume of inflicted injury. Original instrument with restrictors for the infliction 
of the accurate and measured by volume spinal cord injuries was elaborated. The degree of 
function restoration was evaluated by the results of visual assessment of the movements in 
an imals' hind paws, records of induced potentials of the cerebral cortex region and by BBB 
scale. i n every separate group the obtained indices were distributed uniformly that indicated 
justifiability and reproducibility of the elaborated model of incomplete spinal cord injwy . 

K ey word s: spinal cord , injury, motor activity, injury, motor activity, induced poten ­
ti als. 

BBeAem1e. IIpo6JieMa p e reHepau;rrn cm1HHoro MO3 -

r a rr p M ero rro Bpem,D:eHMM M ,D:ecpe KTax cero,D:H.H HBJIH­

e T CH 0,D:HOM M3 HaM60Jiee aKTyaJibHbIX M Tpe6yIOI.I.I,MX 

KOMITJieKCH Oro p erueHM.H. B ceB03 MO:>KH bie MMKpOXM­

p y prw1eCKMe orrepau;MM , HanpaBJieHHbre Ha rrp.r1Mo e 

ClllMBaH Me KOH U,OB CTIMHHOro MO3ra MJIM MCI1OJib 3 OBa­

HMe ayTOHeBp aJibHOM rrJiaCTMKM , H e rrpMBO,D:.HT K me­
n aeMOM Y 3 cpcpeKTY - BOCCTaHOBJieHMIO n pOBO,D:MMOC­

™ rryTeM CTIMHH OrO MO3ra. 

IIo rrbITKM CO3,D:aHM.H 3KCrrepMMeHTaJibHOJ1 MO,D:eJIM 

IlOB p e m,D: e H M.H CilMH H Oro MO3ra rrpe,D:Ti p MHMMaJIMCb 

HeO,D:H OKp aTH O. Ehr lic h M B riege r B 1884 r. BrrepBbie 

rroKa3aJIM, l.fTO C,D:aBJieHMe 6 p IOlllH OJ1 aop T b I y K p OJIM ­

K OB B Te T..J e H Me 1 q BbI3 brnaeT rropameHMe cep o r o B e ­

r..u;ecTBa CilMHHOr o M O3r a [ 1 ]. ]ifaB eCTeH MeTO,D: MO,D:e ­

JIMp OB a HM.H T paBMbI c rrMHHoro MO3ra rro All e n , rrpM 
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KOTOpOM TIOCJie npe,r:i;Ba P MTeJibHOM aHeCTe3MM y :>KM ­

B OTHbIX o 6HamaIOT CTIMHHOM M O3r M TpaBMMPYIOT ero 

rra,D:aIOI.I.I,MM rrpe,D:MeTOM orrpe,D:eJieHHOM MaCCb l [2]. 
B HaCTo mu;ee BpeM.H HaM60Jiee WMpOKO npMMeH.HIOT­

C.H MeTO,D:MKM KOHTY3MOHHOro M K OMrrpeccMOHH OfO TIO ­

Bpem,D:eHM.H , a TaKme xr1pyprr1qecKoro nepeceT..JeHM.H , 

TaK KaK C MX TIOMOIII;b lO MO:>KHO ,D:06MTb C.H Ha pyrneHM.H 

npoBe,D:eHM.H H e pBH b IX MMTIY JibCOB TIO CTIMHHOMY MO3 -

ry B TIOJIH OM o6neMe. 

KoH TY3MOHHa.H Mo,r:i;eJib H ar160Jiee n pMMeH MMa n pM 

H eo6xo,r:i;MMOCTM M3y'--le H M.H n aTOCf)M3MOJIOfMM B TOpM'--I­

H Or o TIOBpem,r:i;eH M.H, TaK KaK OH a o6ecn e '--IMBaeT TIO ­

Bpem,D:eHM.H p a3H OJ1 CTeTi e H M T .H:>KeCTM C COOTB eT­

CTB YIOIII;MMM H a p y w e H M.HMM ,[J;B Mr aTeJibHbIX M ceH­

c o pHbIX cpy H KLI;MM npM coxp a H e H MM cTp yKTypH oti u;e ­

JIOCTH OCTM TKaH eM. ,UJI.H p eaJIM3aLI;MM 3TOJ1 MO,[J;eJIM B 



B eCTH//IK T paBMaTOflOt//1//1 v1 OpT o ne,n,vt//1 //I M . H . H . n pMo p o Ba . 2 01 5, N P 3 

nocJie,[(HMe fO,[(bl 6bIJIO pa3pa6oTaHO H eCK OJib KO ycT­

poi1: CT B , n O3B OJIHI:OI.IJ;M X ,[(OBOJib HO TO-Y:H O KOHTpOJIM­

pOBaTb o6n e M noBpem,neHMH. q aCTO MCnOJib 3yeTCH 

M e T0,[(MKa c na,naI:OI.IJ;MM r p y3oM , no,np a3yM e B aI:Oru;aH 

npMMeHeHMe ycTpoi1:cTBa N ew Y ork Univers i ty 

(NYU) / M ASCIS MJIM e ro aHaJioroB , rrpeMM yru;ecTBO 

K OTOpoi1: 3aKJII:Oqae TCH B HaJIM-Y:MM cne u;MaJibH OM CM ­

CT e Mbl ou;eHKM CMJibl y,napa , a TaK:>Ke xapaKT e p MC­

TMKM ITOBepxHOCTM cnMHHOro MO3r a npM y,nape , qTo 

I103B0JIHeT 6oJiee TO-Y:HO KOHTpOJIMpOBa Tb na paM eT­

pbl n o Bpem,neH MH [3]. C y ru;ecTB Y I:OT M ,npyrne M eTO­

,[(MKM , npM KOTOpbIX M e xaHMqe cKoe B0 3,[(eMCTBMe KOH­

T P OJIMpyeTCH ,naT-Y:MKaM M ,naBJieHMH Ha TKaHM CITMH ­

HOro M03ra [ 4, 5 ]. 

K o MnpeccMOHH aH M O,IJ;eJib MMl/ITMpyeT ycToi1qMBOe 

c,n;aBJieHMe cnMHHOro MO3r a npM c y :meHMM nO3BOH oq­

H Oro KaHaJia . ,I(JIH ,IJ;OCTM:>Kemrn KOMnpe CCMOHHOro 3 cp­

cpeK T a rrpMMeHHIOTCH XMpyp rMq e cKMe KJIMITCb l C yc ­

TaHOBJie HHOM CMJIOM KOMnpe cCMM, MO,IJ;M(pMLI;MpOBaH­

Hb ie nMHLI;eTbI , a TaK:>Ke ycTp OMCTBa ,IJ;JIH KOHTpOJIM ­

pyeM OM nHeBMa TMqecKoi1 KOMnpe ccMM. H aM6oJiee Boc ­

npoM3BO,[(MMbIX pe3yJibTaTOB y,n;aeTCH ,n;o6MTbCH rrpM 

MCn OJib3OBaHMl/I ITHeBMaTMq e cKMX y cTpOMCTB, KOTOp bre 

o6ecn e t..J:MBaIOT ,IJ;OCTa TOqHo BbICOKYIO TOqHQCTb MO,IJ;e ­

JIMp OBaHMH KOM n p eCCM0HHbIX n o Bpe :m,n;eHMM M ,n;aIOT 

B03M O:>KHOCTb KOHTpOJIMp OBa T b 6MOM e xaHMqecKMe rra ­

paM e Tpbl ITOBpe:m,n;eHMH ( CMJia , CKOpOCTb KOMnpecCMM , 

CTerre Hb CMeru;eHMH T K aHM M ,n;p.) [ 6, 7]. 
He,n;ocTa TKaMM OnMCaHHbIX M O,IJ;eJiei1: H B JIHIOTCH 

MaJIO,[(OCTynHOCTb ycTpOMCTB [ 8 ], a TaK:me He B03M O:>K­

H OCT b o u;eHKM ITOBpe:m,n;eH MH CnMHHOr o M O3 r a C H a p y ­

rne HMeM HenpepbIBHOCTM ero cTp y KTYPbI. 

HaM6oJiee ,n;ocTynHb IM M M qacTo Mcno Jib3ye MbIMM 

cno c o 6aMM noBpem,neH MH CITMHHOr o M03ra H B JIHIOT­

CH n o JIHOe rrepece-Y:eHMe, cpoKaJibHaH MMeJIOTOMMH , 

,nopcaJibHaH MJIM Jia TepaJibHaH r e MMCe KLI;MH , p e3eK­

LI;MH M acnMpau;MOHHhle HapyweHMH u;eJIOCTH OCTM 

HepBHOM TKa H M CITMHHOr o MO3 r a. IlpeMMyru; ecTB O 

,n;aHHbIX M eTO,IJ;OB 3 aKJIIO-Y:ae TCH B ,[(OCT OBepH OM n oJI ­

H0M Hapyw e H MM CTPY KTypHoi1 HenpepbIBHOCT M a K­

coHOB B 3 0 He BMe rnaTeJib CTBa , qTo Ba:>KH O npM MC­

CJie,[(OBaHMM p e r e H e pau;MOHHbIX BO3M O:>KHOCTei1: TKa­

HM cnMHHOr o M O3ra , TaK KaK Ha n paKTMKe TaKMe n o ­

Bpe m,neHMH BbIC OKO B epOHTHb l. Kpo M e To r o, OH M 

o6ecne-Y:MBaIOT ycJI0BMH ,IJ;JIH M3yq e HMH M e xaHM3MOB , 

KOT Opbre npen.HTCTB YIOT p e r e H e pau;MM H e pBHOM TKa­

H M U H C B 30H e MexaH Mq e cKo r o n o Bpe m,ne HMH; n o -

3 B OJIHIOT o u;eH MTb CTen e Hb n o cJi e ,ny IOI.IJ;MX y Tpa Tbl M 

BOCCTaH OBJieH MH cpy H K LI;MM COOTBe TCTBYIOI.IJ;MX nyTei1 

npoB e ,neHMH. 

11 PM n e p e c e -Y:e HMM CnMHHOro M03ra C03,[(aIOTCH 

M,[(ea JibHhle y c JIOBM H ,[(JIH M3y-Y:eHMH pereH epaTMB­

H bIX n p o u;e cco B. TaK, HanpMMep, B pa6oTe [ 9] nocJie 

q acTMqHo r o nepeceqeHMH ( cpoKaJibHaH MMeJI0TOMMH 

Ha y poBHe C4 ) ,[(JIH ou;eH KJ1 KOOp,[(MHaIJ;MM ,[(B M:>Ke­

HMM nepe,[(HMX KOHeqHOCTei1 y Jia6op OTOpHbIX K pbIC 

npMMeHHJIJ,1 noBe,[(eHqecKMe TeCTbI. O ,r:i;H OCTOp OHHee 

nepeceqeHMe OT,[(eJib HO B 3 H T b IX cnMH aJibHbIX nyT ei1: 

npoB e,[(eHMH Ha O,[(H OM y p o BHe C n o cJi e ,[(y IOI.IJ;MM 

8JieKTpOMexaHJ1qecKJ1M TeCTMp OB a H MeM J1CnOJib 3Y-
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e TCH ,[(JIH MCCJie ,[(OBaHMH JIOKOMOTOp H b IX J,1 c e Hcop ­

HbIX Hapyrne HMM, a TaK:>Ke KOMne HCaTOpHoro BOC­

CTaHOBJie HMH [ 1 0 ] . A JibTe p Ha TMBa 0,[(HOCT0pOHHe M y 

n e p e c e qeHMIO - 6oJie e noJIH0e ,nopcoBe HTpaJibHOe 

MJIM B e HTpo,nopcaJibHoe n epece -Y:eHMe [ 11 ] . He,naB H O 

pa3 pa6oTaHHaH 3KCne pMM e HTaJibHaH y cTaH0BK a 

BM6po-Hom (VibraKn ife) no3BOJIHe T c BbICOKOM T o q ­

H OCTbIO BbIITOJIHHTb MMeJI0TOMMM J,1 ,nop caJibHbie r e ­

MMCe KIJ;MM , KOTOpbi e Bbl3 bIBaIOT CTporo o npe,ne Jie H ­

Hbie c e HC OM OT OpHbie Hapywe HMH [ 8 , 12 ]. O,r:i;Ha K O 

BbICOKaH CTOMMOCTb M MaJIO,[(OCTynHOCTb y cTaHOBK M 

3 Ha qJ1Te JibHO orpaHM-Y:MBaIOT B03 M0:>KHOCTJ1 ee npM -

M e H e HMH. 

U e JibIO HaCTOHru;e r o MCCJie ,no BaHMH 6brJio pa3pa6 o ­

Ta Tb M O,[(eJib ,IJ;03MpOBaHHOr O n o Bpe :m,n;e HMH cnMHH0rO 

M 03ra Jia6opaTOpHbIX :>KMBOTHbIX ,IJ;JIH M3 yqeHMH B03 -

M O:>KHOCTei1 p e r e H e pau;MM cnMHHOf O MO3 ra . 

MATEPMAJI J/1 METOJJ,hl 

Mccne,n;o BaHM e npoBe ,n;e Ho Ha 8 0 na6 o paTopHbI X 

c aMKa x KpbIC rro p o ,n;bI B Mc Ta p Maccoi1: T ena 2 20- 2 6 0 r. 

3Kcrre pMMe HTbl BbIITOJIHHJIM B CO0TB e TCTBMM c « P e K O­

M e H,n;au;MHMM K OMMTeTa n o 3TMKe, npOBO,IJ;HI.IJ;e ro 3KC ­

n e p TM3Y 6MOM e,IJ;MLI;MHCKMX MCCJi e ,n; o BaHMM » (BO3 , 

2000) M «,I(Mp e K TMBaMM EBpo n ei1:cKor o c o o6ru;ecTBa » 

(86 - 6 0 9 EEC). B 3 aBMCMMOCTM OT o6n e Ma noBpe:m,n;e ­

HMH :>KMBOTHbie 6 bIJIM pa3 ,z::i;eJieHbl Ha 5 rpynn no 1 6 

:>KMBOTHbIX : 1 - H rpynna - n e p e c e qeHMe 50% cnMHHO­

ro M o3ra ; 2 - H rpynrra - n e p e c e q e HMe 80-90% cnMH­

Horo M 03r a; 3-H rpynna - n o JIHOe nep e ceqeHMe cnMH­

H oro M O3ra ( nJIOTHbIM K OHTa KT noBpe :m,n;eHHbIX K OH ­

LI;OB c rrMHHo r o M 03ra ); 4-H rpyrrna - pe3eKLI;MH c er­

M e HTa CITMHHOr o M 03ra ,IJ;JIJ/IHOM 1 CM ; 5-H rpynna -

IT OJIHOe rr e p e c e t..J: e HMe C OTCYTCTBMe M KOHTaKTa B 3OH e 

n o Bpe :m,n;e HMH ( K OHLI;bl Cnl/IHHOr o M O3ra B 3 OHe noBpe:m­

,n;eHMH pa3 B e ,n; e HbI) . 

Xoa on epa14uu. B e e o n e p a u;MM o cyru;e cTBJIHJIMCb 

0 ,IJ;HOM XMpyprMqe cKOM 6pMra,n;oi1: C MCn0Jib3 0BaHMeM 

o n TMqe cKo r o MMKpocKo na Carl Z e iss M MMKpo xMpyp ­

rMq e cKo r o MHCTpyMe H T a pMH . ,I(JIH Ha pKO3a npMMe H H ­

JIM 30Jie TMJI 100 B ,IJ;03e 0,1 MJI . Pa3 p e3 KO:>KM BbIITOJI ­

HHJIM B npoeKLI;MM OCTMCTbIX OT pOCTKOB n03BOHKOB B 

rpy,n;H OM OT,IJ;eJie n o3BOHo qHMKa OT Th 6 ,n;o T h8 c n o ­

M OI.IJ;bIO CKaJibITeJIH , ,IJ;OCTyrr K n03 BOHOqHMKY - C n o ­

M OI.IJ;bIO MMKpOXMpyprMqe cKMX HO:>KHMIJ;. H eo6xo,n;M­

MbIM y poBe Hb o n e pa TMBHOro BMe wa T e JibCTBa onpe ­

,n;eJIH JIM rraJibna T OpH0 n o COOTBe TCTBYIOI.IJ;MM pe6paM . 

,I(JI H BM3 yaJIM3 aLI;MM cnMHHOro M O3ra M ,IJ;OCTyrra K H eMy 

KycaqKaMM npOBO,IJ;MJIM JiaMMH3KTOM MIO B npoe KLI;Ml/1 

Th6 - Th 7. 3aTe M pacce KaJIM TKaHM crrMHHoro M03 r a B 

rpy,n;HOM qacTM (pars thoracica) npM nOMOI.IJ;M CKaJib ­

neJIH M crreu;MaJibHOrO MHCTpyMeHTa, pa3pa60TaHHOro 

,[(JIH ,[(O3 Mp OBaHHOfO noBpe m,n;eHMH c n MHHOro MO3ra . 

MHcTpyMeHT cHa6:meH JJ:BYM H orp aHMqMTe JIHMM, n o -

3 B OJIHIOI.IJ;MMM HaHOCMTb TpaBMY B o6neMe 50 M 8 0 -

90% COOTBeTCTB e HHO ( p Mc. 1 ). Ilo ,naHH bI M [ 13], ,n;Ma­

M eTp c n MHHOro M O3r a KpbICbI B paccM a T p MB a e M OM 

cerMe HTe COCTaBJIH eT 5 MM. P yKOB O,IJ;CTBYHCb 3Tl/IM J1 

,naHHbIMM, o rpa H MqMTeJib A c,n;eJiaJIM TaK, qT06b I OH 

o6ecn e q MB aJI p a3p e3 rJiy6MHOM 2 , 5 MM , qTo C00TBe T-
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CTByeT 50% ,IJ;J!IaMeTpa CTIJ;IHHOro M03-

r a, orpaHJ!IqJ!ITeJib B - 4 MM, qTo co ­

OTBeTCTByeT 80% yKa3aHHOro ,IJ;J/Ia ­

MeTpa. 

A 

Be,neHJ!Ie )KJ;IBOTHbIX B TIOCJieorre ­

paQJ/IOHHOM rrep1i10,IJ;e ocyI.IJ;eCTBJIHJIJ;I 

B ycJIOBJ/IHX, crroco6cTBOBaBII11i1X HaJ;I -

6 oJiee 8cpcpeKTJ/IBHOMY BOCCTaHOBJie ­

HJ/IIO. Kpbrc co,nepmaJIJ!I B OTITJ!IMaJib­

Hbrx TeMrrepaTypHbIX ycJIOBJ/IHX (27-

2 8 0C), o6ecrreqJ!IBaJIJ!I ,nocTyrr K e,ne J;I 

BO,ne B Heo6xo,nJ!IMbIX KOJIJ;IqecTBax, 

B OCTIOJIHHJIJ;I KpOBOTIOTepIO rryTeM 

B Be,neHJ!IH cp1i13J/IOJIOrJ!IqecKoro pa­

CTBopa, B TeqeHJ!Ie rrepBbIX 3 -4 cyT 

rrocJie orrepaQJ!IJ/I rrpoBO,D;J!IJIJ;I aHTJ!I6J!I-

P11c. 1. I1HcTpyMeHT ,D,JIH ,z::r,03v1po-

BaHH0ro IT0Bpem,z::r,eHMR CITMHH0r0 

M03ra c orpaHw-rnTeJIHMM. O6n.r1c -

HeHv15I B TeKCTe. 

OTJ/IKOTeparrJ!IIO BeT6J!IQJ/IHOM (2 MJI), 

o 6pa6oTKY TIOCJieorrepaQJ/IOHHOM paHbI crrpeeM Teppa­

MJ/IQJ/IH. KpoMe Toro, ocyI.IJ;eCTBJIHJIJ/I Maccam J;I MaHy­

a JibHYIO 8KCKypc1i1IO MoqeBoro rry3blpH C QeJiblO ero 

o rropomHeHJ!IH J;I rrpO(f)J!IJiaKTJ;IKJ;I 3aCTOMHbIX HBJieHJ!IM 

J;I 1i1HcpeKQJ/IOHHbIX OCJIO:>KHeHJ/IM. 

,UJIH orrpe,neJieHJ/IH CTerreHJ;I BOCCTaHOBJieHJ!IH cpyHK­

QJ!IM J/ICTIOJib30BaJIJ;I CJie,nyIOI.IJ;J/Ie MeTO,IJ;bI: 

• wKaJiy TH:>KeCTJ/I rroBpem,neHJ!IH BBB ( Basso, 

Beattie and Bresnahan) ,nJIH o6neKTJ/IBHOM B1i13yaJib­

HO M OQeHKJ;I ypOBHH HeBpOJIOfJ;IqecKJ/IX paccTpOMCTB J;I 

cpyHKQJ/IOHaJibHOro J/ICXO,na TIOBpem,neHJ/IH [ 14 ]; 

• perJ/ICTpaQJ/IIO BbI3BaHHbIX TIOTeHQJ/IaJIOB o6JiaCTJ;I 

KOpbI r OJIOBHOro M03ra C TIOMOI.IJ;blO crreQJ!IaJibHOro 060-

p y ,noBaHJ;IH. 

MccJie,noBaHJ!IH rrpoBO,D;J!IJIJ;I ,no orrepaQJ!IJ!I, Herroc­

p e,ncTBeHHO rrocJie orrepaQJ;IJt1, a TaKme Ha 14-e cyTKJ/I 

TIOCJie BMewa TeJibCTBa; 

OQeHKa HeBpOJIOn1qecKoro CTa Tye a rrp1i1 TIOMOI.IJ;J;I 

wKaJibI BBB 3aKJIIOqaJiaCb B B1i13yaJibHOM aHaJIJ!I3e 

TT OBe,neHJ/IH )KJ;IBOTHOro J;I CTerreHJ;I Ha pyweHJ/IH ,D;BJ/Ira­

T e JibHbIX cpyHKQJ;IM HJ;I)KHJ;IX KOHeqHOCTeM B TTOCJie­

o nepaQJ!IOHHOM rrepJ!IO,IJ;e CTOpOHHJ;IMJ;I Ha6JIIO,IJ;aTeJIH­

M J;I, He J/IMeIOI.IJ;J!IMJ;I J/IH(f)OpMaQJ;IJ;I O CTerreHJ;I TH:>KeCTJ;I 

TT OBpem,neHJ/IH CTIJ/IHHOro M03ra y KpbICbI [14]. lllKaJia 

n pe,nycMa Tp1i1BaeT OQeHKY ,D;BJ!I:>KeHJ!IM B ,IJ;J!Iana3oHe OT 

0 ( OTCYTCTBJ/Ie ,D;BJ/I:>KeHJ!IM) ,no 21 (rrepe,nBJ!I:>KeHJ!Ie 6e3 

Ha pyweHJ!IM) 6aJIJIOB , rrp1i1 8TOM OQeHKa OT O ,no 7 6aJI­

JIOB CBJ/I,IJ;eTeJibCTByeT O HaJIJ;IqJ;IJ;I ,D;BJ!I:>KeHJ/IM B Ta30-

6 e ,npeHHbIX, KOJieHHbIX 1i1 roJieHOCTOTIHbIX cycTaBax; 

OT 8 ,n;o 13 - 0 TIOCTaHOBKe Jiarr J;I KOOp,D;1i1HaQJ;IJ;I ,D;BJ;I ­

:>KeHJ/IM; OT 14 ,no 21 - o CTa6J!IJibHOCTJ;I Koprryca 1i1 

6 aJiaHC1i1pOBKe XBOCTa. 

PerJ!IcTp1i1py10I.IJ;J!IM J!IfOJibqaTbIM 8JieKTpo,n ,nJIH no­

JiyqeHJ!IH CO Ma TOCeHCOpHbIX BbI3BaHHbIX TIOTeHQJ!IaJIOB 

y cTaHaBJIJ/IBaJIJ;I B qeperr )KJ;IBOTHOrO B o6JiaCTb rrpo­

e KQJ;IJ;I ceHCOMOTOpHoM KOpbr, a CTJ/IMY JI1i1PYIOI.IJ;J/IM - B 

06.JiaCTb MbIWQ crn6a TeJieM 6e,npa. CTJ!IMY JIHQJ/IIO rrpo­

BO,D;J/IJIJ;I rrp1i1 rroMOI.IJ;J/I 1i130JI1i1poBaHHOro CTJ/IMY JIHTopa 

TT OCTOHHHbIM TOKOM B COOTBeTCTBJ;IJ;I co CJie,nyIOI.IJ;J!IMJ;I 

rrapaMeTpaMJ!I: CJ/IJia TOKa 3 MA, rrpo,nOJI:>KJ/ITeJibHOCTb 

CTJ/IMyJia 20 MC, qacTOTa 0,5 fQ. 

CTaTJ/ICTJ!IqecKyIO o6pa60TKY ,naHHhlX rrpOBO,IJ;J;IJIJ;I 

c rroMOI.IJ;bIO rrporpaMMHoro o6ecrreqeHJ!IH MATLAB 1i1 
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StatSoft STATISTICA 8.0 . .TI:JIH orrpe,z:i;eJieHJ/IH cTaTJ!I­

CTJ!IqecKoM 3Ha qJ;IMOCTJ/I J/ICTIOJib30BaJIJ!I TecT KpacKe­

Jia - Y oJIJIJ!Ica J!I U-TecT MaHHa - Y1i1THJ!I. Kp1i1TJ!I­

qecKJ!IM ypoBeHb CTaTJ/ICTJ;IqecKOM 3HaqJ!IMOCTJ;I B ,n;aH­

HOM J/ICCJie,noBaHJ;IJ;I 6bIJI rrp1i1HHT paBHbIM 0 , 05. 

PE3Y JlhTAThl 

BbI:>KJ/IBaeMOCTb :>KJ/IBOTHbIX Harrpr1My10 KoppeJIJ/I ­

poBaJia C TH:>KeCTbK) TIOBpem,neHJ/IH CTIJ/IHHOro M03ra. 

Cpe,nJ;I KpbIC C rrepeceqeHHbIM Ha 50% CTIJ/IHHbIM M03-

roM TIOKa3a TeJib BbI)KJ;IBaeMOCTJ;I COCTaBJ;IJI 81, 3 % 

(13 J/I3 16 :>KJ/IBOTHbIX). B o 2, 3 1i1 4-11 rpyrrrrax BbI:>K:J/I­

BaeMOCTb )KJ;IBOTHbIX B 1 - e cyTKJ;I TIOCJie BMerna TeJib­

CTBa COCTaBJ!IJia COOTBeTCTBeHHO 63% ( 10 J/I3 16), 69% 

(ll 1i13 16) J;I 50% (8 J;I3 16 ). B rpyrrrre C pa3Be,neHHbIMJ;I 

KOHQaMJ;I TIOJIHOCTblO rrepeceqeHHOro CTIJ/IHHOro M03ra 

Bbl:>KJ/IJIO 9 ( 5 6o/o ) :>K:J/IBOTHbIX. 

BbI:>KJ!IBaeMOCTb :>KJ!IBOTHbIX K KOHQY 2 - 11 He,neJIJ!I 

8KCrrep1i1MeHTa TaKme COOTBeTCTBOBaJia CTerreHJ;I rro­

Bpem,neHJ/IH. B l - 11 rpyrrrre BbI:>KJ!IJIJ;I Bee KpoMe o,nHoro 

:>KJ/IBOTHoro. B o 2 , 3 , 4 J/I 5-11 rpyrrrrax BbI:>K:J/IJIJ;I cooT­

BeTCTBeHHO 8, 8, 5 J;I 3 KpbIC. HaJ!I60Jiee BepOHTHOM 

rrpJ;IqJ;IHOM CMepTJ;I )KJ;IBOTHbIX HBJIHJICH OCTpbIM BOC­

rraJIJ/ITeJibHbIM rrpoQecc, ocJiomHeHHbIM 1i1HcpeKQJ!Ie11 

MoqeBbIBO,D;HI.IJ;J/IX rryTeM. 

P e3yJibTaTbI KOMTIJieKCHOM OQeHKJ;I COCTOHHJ!IH )KJ;I­

BOTHbIX B 1-e 1i1 14-e cyTKJ;I TIOCJie orrepaQJ!IJ;I rrpe,n­

CTaBJieHbI B Ta6JIJ!IQe. B 1-e cyTKJ;I yMepeHHO Bbipa­

:>KeHHbie ,lJ;BJ!I:>KeHJ/IH B 3a,IJ;HJ;IX KOHeqHOCTHX orrpe,ne­

JIHJIJ/ICb TOJibKO B 1-M rpyrrrre , r,ne , corJiaCHO Kp1i1Tep1i1-

Pe3yflbTaTbl ou,eHKJ/1 COCTORHJ/IR >KJ/IBOTHb/X Ha pa3Hb/X cpoKax 

Ha6mo,lJ.eHJ/IR 

fpyrma 

1-.H 

AMllJIMTy,n;a Bbl3BaHHbIX 
ll0TeH~MaJI0B, MKB 

1-e cyTKM 14-e cyTKM 

5,5±3,7 8,9±4,4* 

2-.H 1,8±1 ,1 3,0±0,9* 
3-.H 1,2±0,8* 
4-.H 

5-.H 

* p<0,05 

O~eHKa no IIIKaJie BBB, 
6aJIJibl 

1-e cyTKM 14-e cyTKM 

2,7 ±2,1 4,6±3,3* 

1,1±0,7 2,2±1 ,5* 

0,5±0,4 0,7±0,3 
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HM wKaJibI BBB, perMcTpMpoBaJrn yMep e HHbie ,D,BM­

m e HMH B ,D,Byx MJIM 6oJiee KpyITHbIX cycT a B a x (qaw;e 

Bcero B Ta3o6e,D,p e HHOM J1 K OJieHHOM). B o 2 - M rpy ITITe 

y 60JibllIJ1HCTB a )KJ1B OTHbIX 6bIJIJ1 BbIHBJieHb l CJia6bi e 

J1JIJ1 yMepeH HO Bbipame HHbie ,[l,BM:>KeHMH TOJib KO B O,[1, ­

HOM KPYITHOM cycTaBe J1 y HeKOTOpbIX )KJ1BOTHbIX -

CJia6b1e ,l],BJ1:>KeH J1H B O B TOpOM cycTaB e. y )KJ1B OTHbIX 

OCTaJibHbIX rpyITIT ,l],B M:>KeHMH B HJ1)KHJ1X KOH e qHOCTHX 

ITpaKTJ1qecKJ1 He o ITpe,[!,eJIHJIMCb. 

PerMCTpMpyeMbie ITOTeHI..J,MaJibl B 1 - e cyTK J1 ITOCJie 

OITepaLI;J1J1 ,D,eMOH CTpMpOBaJIM 3 Ha qJ1TeJibHOe CHJ1:>Ke ­

HJ1e aMITJIMTY,D,bI , q TO COOTBe TCTB OB aJIO M e xaHJ1q e c­

KOMY Ha pyllle H MID u;eJIOCTHOCTJ1 ITpOB O,l],Hlll;MX ITyTeM. 

PeITpe3eH Ta TM BHbie rpaq:rnKM KpMBbI X Bbl3 BaHHbIX 

ITOTeHu;MaJIOB ITp e ,D,C T aBJi eH b l Ha p MC. 2 . 3Ha q e HM e 

cpe,D,H eM ITO BbI6o pKe MCXO,l],HOM aMITJIMTY ,[!,bl BbI3 BaH­

HbIX ITOTeHI.J,MaJIOB COCTaB MJIO 41 , 7 ± 7,5 M K B , ITPM 8 T OM 

CT a TJ1CTJ1qecKJ1 3 Ha qJ1MbIX pa3JIJ1q J1J1 M e :>K,D,y rpyITITa­

MJ1 BbIHBJieHo He 6 b I JIO. B l - i1 r p yITITe CHM:>Ke HMe aMIT­

JIMTY,lJ,bI COCTaBMJIO B cpe,D;HeM 86,5 ± 3, 7 % , B O 2-M -

95,6 ± 4 , 7 % , B OCTaJib H b IX rpyITITa x ITOTeHI . .J,MaJI ITpaK­

T J1 q e cKJ1 He Bb l 3 bIBaJICH. 

Ha 14- e cyTKM ITOCJie o ITe pau;rrn ,[l,BM:>Ke HMH pa3 -

Hoi1 CTeITeHM B bipameHHOCTJ1 B 3 a,[l,HJ1X KOHeqH OCTHX 

)KJ1BOTHb IX OITpe,D;eJIH JIMCb TOJibKO B ITepBbIX Tpe x 

rpyITITax. ITpM 8TOM B 1-M rpy ITITe y Bcex )KJ1BOTHbIX 

OTMeq aJIMCb Bbipame HHbie ,[l,BM:>KeHMH B 3 a,[1,HJ1X KO­

H e qHOCT HX J1 y 60JibllIJ1HCTBa )KJ1BOTHbIX - ,l],BM:>Ke­

mrn B O Bcex Tpex KpyITHbIX cycTaBax c ITepMO,[l,J1qec­

K M MJ1 ITOITbI TKaMM ITepecTaBJIHTb KOHeqHOCTb , qTo co­

OTBeT CTByeT 4-8 6aJIJiaM ITO llIKaJie BBB. B rpyITITe c 

ITepeceqeHMeM 80% CITMHHOro M03ra y BCex )KJ1BOT­

HbIX MMeJIM MeCTO yMepeHHbie ,[l,BM:>KeHMH B ,[l,Byx J1JIJ1 

6oJiee KPYITHbIX cycTaBax. IT PM ITOJIHOM ITepeceqeHJ1J1 

CITMHHOfO MO3ra y qaCTJ1 :>KMBOTHbIX OITpe,D,eJIHJIMCb 

TOJibKO CJia6bre ,[l,BM:>KeHMH B 0,[1,HOM KPYITHOM cycTaBe. 

B OCTaJibHbIX ,[l,BYX rpyITITax y BbI)KMBWMX )KJ1BOTHbIX 

,[l,BMJKeHMM B 3a,[1,HJ1X KOHeqHOCTHX ITO-ITpemHeMy He 
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PMc. 2. P e rrpe3 eHTa TMBHbi e 

KpMBbi e BbI 3 BaHHbIX IlOTe H ­

IJ,ManoB B c e HCOMOTOpHO M 

o6naCTir1 KOpbl KpbI CbI B OT ­

B eT Ha CTMMY nRIJ,MIO Mb!Wl...l, 

3 a,z:i:tt e M nanbl. 

a - ~o nepeceqeHMR crrMH­
Horo M03ra , 
6 - cpa3y nocne rrepeceqe­
HMR 50% CTIMHHOI'O M03ra , 
8 - 80% CTIMHHOI'O M03ra , 

2 - nocne nonHoro rrepece­
qeHMR CTTMHHOI'O M03ra ( cv1r­
Han OTCYTCTs yeT). 

OTMe qaJIOCb. ITo p e3yJibTaTaM p e rJ1CTpaLI;J1J1 BbI3BaH­

HbIX ITOT e Hu;MaJIOB ycTaHOBJie H O, qTo MX cpe,D,H HH aM­

ITJIMTy,[l,a H e CKOJibKO yBe JIJ1qJ1Jiacb B l -i1 M 2 - i1 r pyIT­

ITax (Ha 7 , 7 M 2 , 8 % COOTB e TCTBeHHO ), a TaK:>Ke ITOHB J1 -

JIJ1Cb CJia6bre p e rMCTpMpyeMbie ITOTeHu;MaJib I y HeKO­

TOpbIX )KJ1BOTHbIX B rpyITITe co 100% ITepeceq e H J1eM 

(p<0 ,05 ) . 

OECYiK,UEH11E 

3a,D,a qei1 ITpOBe ,[l,e HHOM 8KCITepMMeHTaJib HOM pa6o­

T bl 6b1JI0 pa3 pa6oTa Tb MO;D;eJib MexaHJ1qecKoro ITO­

Bpe m,D,e HMH CITMHHOro M03 ra , KOTOpaH MOrJia 6 b I 6bITb 

J1CITOJib3 OBaHa ITPM ,[l,aJibHe MWMX MCCJie,[l,OBaHMHX BOC ­

CT aHOBJi e HMH cpyHKLI;MM , yTpaqeHHbIX B pe3yJibTaTe 

ITOBpe m,D, e HMH CITMHHOro M03 ra . EbIJia OTpa6oTaHa Me­

T O,l],MKa XMpyprJ1qecKoro ,l],OCTyITa K CITMHHOMY MO3ry 

)KJ1BOTHbIX ITocpe ,D,CTBOM JIHMJ1H8KTOMJ1J1J1 C ITOCJie,D;y ­

IDlll;MM e ro ITe p e c e qeHMe M ITPM ITOMOlll;M cITeu;MaJibHOro 

MHCTpyMe HTa , 3 a,D,aIDw;ero oITpe,D;eJieHHbIM o6'beM ITO­

Bpe m,D;eHMH. TaKoi1 IT0,[1,X0,[1, 06ecITeqJ1JI BbICOKYID Boc ­

ITpOM3BO,[l,MMOCTb pe3y JibTa TOB pa3JIJ1qHoro ITO o6'be ­

MY ITOBpem,D;eHMH CITMHHOro MO3ra . 

McITOJib3 0BaHHbie B XO,[l,e pa60Tbl MeTO,[l,bl ou;eHKM 

(llIKaJia BBB, perMcTpau;MH BbI3BaHHbIX ITOTeHu;MaJioB ) 

ITO3BOJIJ1JIJ1 ,l],OCTOBepHO ITO,l],TBep,[!,MTb Ha pyweHMe H e ­

ITpepbIBHOCTM ITpOBO,[l,Hlll;MX ITyTeM CITMHHOro MO3ra , 

ou;eHMTb ,[l,MHaMMKY BOCCTaHOBJieHMH ITpOBO,l],J1MOCT J1 

J1 ,[l,BMra TeJibHOM aKTJ1BHOCTJ1. IToKa3a Te JIM 6bIJIJ1 0 ,[1, ­

HOpO,D,HO pacITpe,D;eJieHbl ITO rpyITITaM, qTo ITO,l],TBep ­

,[l,MJIO COCTOHTeJibHOCTb ,[l,aHHOM MO,D,eJIM ITOBpe:>K,[l,eHMH. 

Ha OCHOBaHMJ1 ITOJiyqeHHbIX ,D,aHHbIX MO:>KHO ITpe,D;ITO­

JIO)KJ1Tb, qTO qaCTJ1qHoe BOCCTaHOBJieHMe HeMpOHHbI X 

CBH3eM ITPOMCXO,[l,MT CITOHTaHHO, O,D,HaKO OHO Koppe­

JIMpyeT c o6'beMOM ITOBpem,D;eHMH, a TaK:>Ke c paccTO­

HHMeM Me:>K;D;y ITOBpe:>K,[l,eHHbIMJ1 cpparMeHTaMM CITMH­

Horo M03ra. IT pe,D,CTaBJieHHaH MO,[l,eJib MO:>KeT 6bITb 

J1CITOJib3OBaHa B MCCJie,[l,OBaHMHX ITO perettepau;MM KJie ­

TOK CITMHHOro M03ra, TaK KaK 06ecITeqJ1BaeT ,[1,0CTO-
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BepHoe J!I BocrrpOM3 BO,[J;J!IMOe Ha pyweHMe rrpOBO,[J;J!IMO­

CTJ!I CITJ!IHHOfO MO3ra. KpoMe Toro, OHa ,z:i;aeT BO3MO.tK­

HOCTb BBO,D;J!ITb B o6JiaCTb ITOBpem,z:i;eHMH Heo6xo,z:i;M­

Mble 3KCITepwMeHTaJibHble areHTbl J1 ,D;OCTOBepHO ou;e ­

HMBa Tb ,D;MHaMMKY J,1 CTerreHb BOCCTaHOBJieHMH ITpOBO­

,D;MMOCTJ!I ITOBpem,z:i;eHHblX TKaHeJ/1. B u;eJIHX ITOBblWe­

HMH Bbl.tKMBaeMOCTJ!I 3KCrrepMMeHTaJibHblX .tKMBOTHblX 

Heo6xo,z:i;11Mo cTporo co6JIIo,z:i;aTb ycJIOBMH, 06ecITeq11-

Ba10w;we HaM60Jiee 6blCTpoe J1 3cpcpeKTJ1BHOe ITOCJie­

OITepau;11omrne BOCCTaHOBJieHMe. 

BhIBO,Ubl 

1. IIp11 ITepeceqeHMM 50% CITMHHoro MO3ra ero ITpo­

BO,D;MMOCTb ITpaKTJi1qecKJ1 ITOJIHOCTbIO HapywaeTCH, 

O,D;HaKO qepe3 14 ,D;HeJ/1 rrpOMCXO,D;MT CITOHTaHHOe BOC­

CTaHOBJieHMe rrpOBO,[J;J!IMOCTM ,z:i;o ypoBHH 4,6±3,3 6aJI­

Jia rro rnKaJie BBB w yBeJI11qeHwe aMITJIMTY ,D;bl perwc­

T pwpyeMblX Bb13BaHHblX ITOTeHlJ;MaJIOB Ha 7' 7%. 
2. IIepeceqeH11e 80-90% CITMHHoro MO3ra coITpo­

Bo.m,z:i;aeTcH rrpaKTwqecKM ITOJIHblM Hapywem1eM ITpo­

BO,D;MMOCTM C He3Ha qJ1TeJibHblM CITOHTaHHblM BOCCTa­

HOBJieHMeM rrpOBO,D;MMOCTJ!I qepe3 14 ,D;HeJ/1 ,z:i;o ypoBHH 

2,2 ± 1,5 6aJIJia ITO rnKaJie BBB 11 yBeJI11qeHMeM aMIT­

JIMTY,D;bl Bbl3BaHHblX ITOTeHu;MaJIOB Ha 2,8%. 
3. Pe3y JlbTa TOM ITOJIHOfO ITepeceqeHMH CITMHHOfO 

MO3ra HBJIHeTCH ITOJIHOe Ha pyweHMe ITPOBO,D;MMOCTM. 

"9:epe3 14 ,D;HeJ/1 y e,D;J!IHJi1qHblX )KJ!IBOTHblX OTMeqaeTCH 

CITOHTaHHOe ITOHBJieHMe Bhl3BaHHhlX ITOTeHu;MaJIOB 

H J!I3KOJ/I aMITJIMTY,D;bl J,1 CJia6o BblpameHHblX ,D;BM.tKe­

H MJ/1. 

4. IlpM pe3eKLI;MJ1 CITMHHOfO MO3ra Ha ITPOTH.tKe­

H J!IM 1 CM J1 ero ITepeceqeHMM C pa3Be,D;eHMeM KOHLI;OB 

rrpOBO,D;MMOCTb HapywaeTCH ITOJIHOCT bIO 6e3 ITOCJie,z:i;y-

10w;ero BOCCTaHOBJie HMH. 

5. Ha ITpo~ecc BOCCTaHOBJieHMH rrpOBO,D;MMOCTJ!I 

CITJ!IHHOro MO3ra BJIMHeT paCCTOHHMe Me.m,z:i;y ero ITpOK­

CJ!IMaJibHblM J1 ,[l;J!ICTaJibHblM cpparMeHTOM. 

6. ,llMHaMMKa MOTOpHblX cpyHKLI;MJ/1 ITOCJie pa3JIJ1q­

HOf0 ITO o6oeMy ITepeceqeHMH CITMHHOfO MO3ra COOT­

BeTCTByeT J!I3MeHeHMHM aMITJIMTY )];bl Bbl3BaHHblX rro­

TeHu;MaJIOB. 

Pa6oma BbtnOJlHeHa npu noooepJJCKe zpaHma 

PH([) M 14-15-00880 <<Pa3pa6omKa HOBbtX MemoooB 11e1JeHufl 
noBpeJJ-coeHuu cn uHHozo MOJW c ucnollbJOBOHUeM 

M02HUmHb/X HGHOlfOCm UU, 8 pG3/lUlfHblX Cpeoax 

8 COlfemaHUU C 3/leKmpOMGZHUmHb/M nolleA1>> . 
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