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BoccTranoBiieHHe yIbTPACTPYKTYPhI KOCTHOM TKAHHU Y€II0CTH
KPOJIMKA I0CJe BO3AeHCTBUSA YIbTPAa3BYKOM HU3KOM 4YaCTOThI

BI'MY, Hncmumym ¢uzuonoeuu HAH Benapycu

B skcnepuMeHTe H3y4eHO BOCCTAHOBIIEHUE KOCTHOW TKaHH I10CJIE BO3ICHCTBUSA
yIbTpa3BykoM pasnuaHoi yactotsl(60, 80 u 100 kI'm).
Kirouessle ciioBa: HU3KOYaCTOTHBIN yJIBTPA3BYK, KOCTHAS! TKaHb, OCTEOTECHES.

Jledenune 3y00UYENIOCTHBIX aHOMAINN U Ae(QOpMAINii Y B3pOCIIBIX 3aTPYIHEHO B CBS3U
C YBEITMYCHHEM IJIOTHOCTH KOMITAKTHOW TUTACTUHKH M Ty04aToro BemiecTBa KOCTHOM
TKaHH, CHIYKCHHEM €€ TUIACTHYHOCTH, OcTabiieHueM 0OMEHHBIX IPOIECCOB.
Pa3paGoTano MHOTO pa3aMYHBIX METO/I0B MHBA3UBHOTO U HEMHBA3UBHOTO
BO3JICHCTBUS HA KOCTHYIO TKaHb C €TI0 ONTUMHU3ALNNN OPTOJOHTUIECKOTO JICUCHUS.
Hu y Koro He BBI3BIBAET COMHEHHS, YTO XOPOIIETro Pe3yabTaTa OPTOJOHTHYECKOTO
JICUCHHUS Y B3POCIBIX MOXKHO JIOOUTHCS TOJILKO MPU KOMILIEKCHOM ToXxo/e [2, 6].
Ocnabuth KOCTHYIO TKaHb H cJieaTh e€ 060jee MoIaTIMBOM K IepeMelieHuIo 3y00oB
MO>KHO, BO3JIEMCTBYS, IPEXKIE BCETO, HA KOCTHBIM MaTPUKC U COJIEP)KAHUE B HEUN
Kanpus U pocdopa. OQHUM U3 MyTEH peleHus: JaHHOU POOIIEMBI SIBIISIETCS
NPUMEHEHHE HU3KOYAaCTOTHOTO yJIbTPa3ByKa, 00J1a/1al0ero pa3HOCTOPOHHUM
ounonormueckum nericteueM. OH BBI3BIBAET MUKPOMACCaXK KJIETOYHBIX CTPYKTYP,
Pa3BOJIOKHEHHE TKaHH, TETUIOBOH 3 PeKT, PU3nKO-XMMHIECKHe N3MEHEHUS U JIP.
O3By4ynBaHNE HU3KOYACTOTHBIM yJIBTPa3BYKOM TOBBIIIAET MPOHUIIAEMOCTD
KJIETOYHBIX MEMOpaH, yJay4lIiaeT MPOHUIAEMOCTh U BBEICHNE JEKAPCTBEHHBIX
Beniects [7, 8, 9]. Hamu moy4eHbl XOpomire dKCIepUMEHTAIBHBIC PE3YIIbTaThI
NpUMEHEHHs HU3Ko4acToTHOTo yibTpasByka (60, 80 u 100 kI'11) Ha KOCTHYO TKaHb
YEIIIOCTH KPOJIHKa ¢ 1enbio e€ ocinabienus [3, 4, 5]. C moMoIipio MeTo1a CBETOBOM
MUKPOCKOITH HAMHU YCTaHOBJIEHO, YTO Y€pe3 MECSI] TIOCIIEe BO3ACUCTBHA
YIIBTPa3BYKOM HU3KOW 4aCTOTHI B KOCTHOM TKaHH HAYMHAIOTCS perapaTHBHBIC
MPOLIECCHI, a Yepe3 Ba MecsIa MOCciae BO3IEHCTBUSA, KOMIAKTHBIN CIOH mpruoOpeTan
MOYTH HOPMAIbHOE CTPOCHHE, a MPOLIECCHI IEPECTPONKHU KaK Obl CMEUIAINChH B
ry6uarsiii cnoit. [IpeacraBisanock HEOOXOIMMBIM H3YYUTh BOCCTAHOBUTEIbHBIE
MPOLIECCHl B KOCTHOM TKaHU HA yJIBTPACTPYKTYPHOM YPOBHE.

Llens uccnenoBaHus: YCTAHOBHUTDH C TOMOIIBIO METO/1a JIEKTPOHHONW MUKPOCKOIIHN
BOCCTAHOBJICHUE YIBTPACTPYKTYPHOU OPTaHU3AIMH KOCTHON TKAHU YETIOCTH KPOJIHKa
4yepe3 OJIMH | JIBa MecsIla Toclie BO3ICUCTBUS yIbTpa3BykoM yactoroi 60, 80 u 100
Kl .

Marepuan 1 METOBI HCCIIENOBAHNUS
DKcrepuMeHT npoBeieH Ha 33 KPOJIMKaxX MOPO/Ibl IMHIIIILIA OAMHAKOBOTO Beca U

BO3pacTa, KOTOPhIE HAXOIUIUCH HA CTAHJAPTHOM palmoHe BuBapus. Kponukos
pasznenuiu Ha 4 rpynibl: 3 ONBITHRIX — 27 0co0ei u 0JHa KOHTpoJIbHAst — 6 ocobeii. B



IIEPBOW ONBITHOM IPYIIE IPOBOJUIN O3BYYMBAHNUE KOCTHOM TKAHU U CIU3UCTOMN
aJIbBEOJISIPHOTO OTPOCTKA HIDKHEH YETIOCTH B 00JaCTH LIEHTPAIBHBIX PE3IOB
ynbTpa3Bykom yactoroit 60 k['m (10 munyt, 10 npouenyp). Bo Bropoit onbITHOM
rpynIe MpoBOIMIN 03BYYMBAaHUE KOCTHOM TKAHU U CIM3UCTOM B 3TOH ke 00JacTH
yinpTpa3BykoM yactoroit 80 k[' (10 munyT, Takxke 10 npouenyp). B Tperseit onmbiTHOM
rpynme Bo3AeHCTBOBAIN Ha KOCTHYIO TKAHb M CIIM3UCTYIO B 3TOM ke 00siacTu
yinbTpa3Bykom yactoroit 100 kI'1y (10 munyT, 10 nporeayp). JKHBOTHBIX OTIBITHBIX
TPy BBIBOJWIN U3 SKCIIEPUMEHTA B PA3HbIE CPOKH - HA CIEIYIOIINE CYTKH TOCTe
OKOHYAHUS NPOLEAYD, Yepe3 OJUH U JIBa MECSIIA, OMHOBPEMEHHO CHUMAJU Napy
KPOJIMKOB M3 KOHTPOJBHOU rpymisl. [Tociie okoHUaHUs SKCTIEPUMEHTA KUBOTHBIX
BBIBOJIMJTU M3 OTIBITA TI0J] HAPKO30M.

DIeKTPOHHO-MUKPOCKOITMYECKOE UCCIIeI0OBaHNE KOCTHON TKaHU aJIbBEOJISIPHOTO
OTPOCTKA HIDKHEH YEI0CTH KPOJIUKa MPOBOIIIIN C UCTIOIB30BAaHUEM OOIIETIPUHATOM
MeTo K| [1]. DkcnepuMeHTanbHbIe 00pa3ibl GUKCUPOBAIN NIOTpyKeHueM B 3%
TII0TapabIeril, Aajiee OCYIIECTBISIIOCh 00€3BOKMBAHNE, IPONUTKA U 3aJIMBKa B
smoH-apangut. [IpoBoaunm qBoTHOE KOHTPACTUPOBAHKE B XOJI€ TOCT(HUKCATNH
YEeTHIPEXOKUCHI0 OCMUS U ypaHmianeTaroM. Cpe3bl MPUTOTaBIMBAIH HA yIBTPATOME
LKB-IIl, xoHTpacTupoBaiu LUTpaTOM CBHMHIA U IPOCMATPHUBAIN HA 3JIEKTPOHHOM
mukpockorne JEM-100CX (SImoHwus).

Pe3ynbTatsl u 006CyxaeHme

B pesynbrare nccnenoBaHuil yCTaHOBIJIEHA pa3iinyHas JUHAMUKA BOCCTAaHOBUTEIbHBIX
IIPOLIECCOB B KOCTHOM TKaHU IOCJE€ IPUMEHEHHMS YIbTPa3ByKa pa3InuHON YacTOTHI,
YTO MOTPEOOBAJIO PA3AEIBHOIO OMUCAHUS MIOJYyUYEHHBIX TAHHBIX.
DNEeKTPOHHO-MUKPOCKOIIMYECKUE U3MEHEHUSI B KOCTHOW TKaHU aJIbBEOJISIPHOTO
OTPOCTKA HUYKHEN YEIIOCTH KPOJIMKA MTOCJIE BO3AEHCTBUS HU3KOYACTOTHBIM
ynbTpa3zBykom yactotoit 60 kI'1;, 10 mpouenyp

[To naHHBIM 3JEKTPOHHO-MHUKPOCKOTIMYECKOTO UCCIIEI0BAHUS HA CIIEYIOLINE CYTKU
10CJI€ BO3AECHCTBUA YIbTPAa3BYKOM B KOCTHON TKaHU aJbBEOJIIPHOTO OTPOCTKA
HUKHEHN YEJIIOCTU KPOJIMKA BBISBIIJIMCH HEOJHO3HAYHBIE MPOLECCHI IEPECTPOMKH,
BKJIIOYAIOIIME BOCCTAHOBUTEIBHBIE U 1IECTPYKTUBHBIE U3MEHEHHUS KJIETOK U
MEXKJIETOUHOI'O BELIECTBA KOCTHOM TKaHU. B KOCTHOM MaTpHKce alnbBEOJISIPHOIO
OTPOCTKA HUYKHEN YEIIOCTH KUBOTHBIX OTMEYAIOCH HAJMYHE KIETOK C
YIBTPACTPYKTYPHBIMU NIPU3HAKAMU HAPYIICHUS LIEJIOCTHOCTH HUTOIUIa3MAaTHIECKHUX
MeMOpaH.

B nurommasme 3pensix 0CTEOMTOB HA0II01aI0Ch Pe3Koe HabyXaHne MUTOXOHIPUH C
MIOJTHOW peAyKIuel KpucT, oOpazoBanue OOJIBIINX BaKyoJeH, HAIMIHE
MUEIHHOMIOA00HBIX PUryp. MHOTHE OCTEOIMTHI YaCTUYHO MOIBEPTATUCH AUCTPO UM
U pa3pylianuck. B pe3ynapTare 3TOro B MEKKIETOUHOM BELIECTBE KOCTH 11OCIIE
BO3JIEMCTBUS yJIbTPA3BYKOM JIaHHBIX IaPAMETPOB CPEAU KOJIAr€HOBBIX BOJIOKOH
BBISIBJISUIMCH MTOJIOCTH PA3JIMYHOTO pa3Mepa. B HEKOTOpBIX ydacTkax KOCTHOM TKaHU
Ha0JII01aTTNCh OCTEOKIACTHI, KOTOPbIE ObUIM HEMHOTOYHCICHHBI U OTINYAIUCH
HEOOJIBILIUM Pa3MEPOM.

Crnenyer OTMETUTD, YTO BBILICONMCAHHBIE U3MEHEHHS HOCUIIM OYaroBbIil XapakTep U
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IPAHUYMIIN C YYACTKAMU TIOYTH HEM3MEHEHHOW KOCTHOW TKaHH, COJIEPIKALTUMU
MOJIOJIIE OCTEOIHTHI C HATMYHUEM CBETIIOTO OCTEOHTHOTO CJIOSl 1 BEPETEHOOOpa3HbIC
0CTE00JIACTBI, JISKAIIKE CPEIN HOBOOOPAa30BaHHBIX KOJIIArEHOBBIX BOJIOKOH (Puc. 1).

Pucyeoxk |.- Hem:umeHeHHAZ YIETpacTpYKTVYPHAT OpPraHHZaHA KOCTHOH
TEAHH Ha CISIVIOMAES CYVIKH DOCTe BO3IeHCTERA VIBTPAsEVEOM FacToToH 60 sl .
Ve x10000

Ha 30 cytku mocne Bo3aelcTBHsI yabTpa3BykoM dyactoToit 60 k['11 B KOCTHO# TKaHU
3JIEKTPOHHO-MUKPOCKOIIMYECKH BBIPaXKECHHbBIC JeTCHepaTUBHBIC N3MECHCHUS
BBISIBJISUTMCH TOJIBKO JIMIIB B OCTEOLUTAX. 3pesible KJISTKU COAEPIKAIU Y3KUH 00010K
3JIEKTPOHHO-TIOTHOM UTOTIA3MBbI, TIPAKTUYCSCKH JIMIICHHBIA OpTraHeIT U
ocMHOPUITBHOE SAPO. J{J1s1 OOBIIMHCTBA OCTEOIIMTOB OTMEYAJICS TIOJHBIN JTM3HUC
IUTOTIA3MBI, YTO B JlajbHEHIIIEM IPUBOIUIO K rubOeu kietku (Puc. 2).



PuacvEOoK 2.- VIBIpacTpyETVpa OCTEOOHTA C OCMHOMDHIEHEDM HOpoM H
VIKHM 0DOJKOM JJIeKTpOHHO-ILTOTHOH DHTommasMel Ha 30 cymkE mocae

BO3IeHCTEHT VIRTpasBVEOM acToTol 60 xln. Ve. x10000

B MexKieToOYHOM BEenecTBe KOCTHOM TKaHU aJbBEOJISIPHOTO OTPOCTKA OTMEYAIIUCh
HEU3MEHEHHBIE MHOTOYHMCIICHHBIE BOJIOKHA, HAYLIUE B PA3JIMYHbIX HAPABICHUAX U
COZIEpIKAIUE IIyCThIE TIOJOCTH U JIAKYHBI.

Ilo maHHBIM 2JIEKTPOHHO-MHUKPOCKOIIMYECKOTO UCCIEAOBAaHNS B KOCTHOM TKaHU
HIDKHEW 9eM0CTH Kposrka Ha 60 cyTkr mocie BO3AeHCTBHS YAbTPA3BYKOM JaHHOU
4aCTOThI BEIPAKEHHBIX U3MEHEHHUN B yJIBTPACTPYKTYPHOU OpraHU3alid KOCTHON
TKaHH aJIbBEOJIIPHOTO OTPOCTKA HMYKHEW YEIIFOCTH KPOJIMKa HE HaOJII01aIoCh.
VYIbTpacTpyKTypHasi OpraHu3aIusi KOCTHBIX KJIETOK (OCTEOIIMTOB H 0CT€00IacTOB)
YK€ He OTJIMYajaach OT TAKOBBIX B KOHTPOJIbHOM CEPUU U COOTBETCTBOBAJIA CTECIICHU
3peNoCTH ¥ PYHKIIMOHAITHHOW aKTUBHOCTH JIAHHBIX KIIETOK. B Marpukce KOCTHOM
TKaHHU BCTPEYAIUCH 3PEJIbIE OCTEOUHTHI C TUCTPOYUIECKH N3MEHEHHOM IIUTOTUIa3MOH,
a TaKk>Ke MOJIOJIbIE aKTUBHBIE KJIIETKH, IUTOILUIA3Ma KOTOPBIX COAEpIKaia pa3BUTYIO,
JeKAITYI0 KOMIAKTHO SHOMIIa3MaTHYECKYIO CETh C MIEPOXOBAaTHIMA MEMOpaHaMH,
MOKPBITEIMH pubocomMamu. MoJIOABIE OCTEOHTHI OTASISUINCH OT KOCTHOTO MaTpUKCa
OCTEOMIHBIM CIIOEM, B KOTOPOM HaOJIF01aJ10Ch HEOOBIIOE KOJTHMIECTBO
HOBOOOpa3oBaHHbIX GuOpmLI (Puc. 3). BosiokHa MeXyTOYHOTO BeliecTBa ObLIN
XOpOILO BBIPAXKEHBI, HE IMTOBPEXKIEHBI, PACIIOJIATAIIACH CIOAMHU, MO YIJIOM APYT K

ApYTY.



PucyaOK 3. - AKTHEHO VHEITHOHEDYIOIDHE OCTEOMHT CPEIH KOMUTAreHOBERN
BOJIOKOH Ha 60 cyTEH mocie Bo3JeHCTIEHA VIBIpasBVEOM HacToTol 60 klm. VE.
x14000

B MeXKIIeTOYHOM BeliecTBe HaOII0IaIiCh TAaK)KE BHITSHYTHIC OBAJIbHBIE
0CTE00JIaCThI, 9aCTO JIeXKAIIHNE HEOOIbITNMH IPYIIIIAMU U XapaKTEPHU3YIOIIHECS
pa3IMYHON CTENeHbI0 3penocTu. L{uTomna3zma KIeTok cogepikana pa3BUTYIO
rpaHyJISIPHYO SHJIOIUIa3MATHYECKYIO CETh, OOJBIIOE KOJUYECTBO PHOOCOM H MOJUCOM,
9TO XapaKTEePHO /ISl KIIETOK, BBIpaOaThIBAIOIINX POTECHHBI.

Takum 06pa3om, Bo3aelicTBUE YIbTPa3ByKoM 4acToToi 60 kI 11 Ha KOCTHYIO TKaHb
aITbBEOJIIPHOTO OTPOCTKA B HaYaJIe PUBOIWIO K HAPACTAHUIO JIECTPYKTUBHBIX
U3MEHEHHI 3peIIbIX 0cTeonuToB. [losiBIIeHNEe MOJIOIBIX KOCTHBIX KJIeTOK Ha 60 cyTku
IKCIEPHUMEHTA CBUACTEIBCTBYET O PA3BUTHUH BOCCTAHOBUTEILHBIX IPOIIECCOB B
aITbBEOJIIPHOM OTPOCTKE, KOTOPBIE PUOJIMIKAIOT €r0 CTPYKTYPY K CTPYKTYpPE KOCTHOM
TKaHU )KHBOTHBIX KOHTPOJILHOW CEpUH.

DJIEeKTPOHHO-MUKPOCKOITNYECKHE U3MEHEHHS B KOCTHON TKaHH aJIbBEOJISIPHOTO
OTPOCTKA HIDKHEH YEITFOCTH KPOJIMKA MOCIIE BO3IEHCTBHSI HU3KOYaCTOTHBIM
yibpTpa3Bykom gactoroi 80 kI, 10 mporenyp

[Tpu 2JIeKTPOHHO-MUKPOCKOTIHYECKOM HCCIICJIOBAHUU B KOCTHOM TKAHU HIKHEU
YEIFOCTH KPOJIMKA 3TON CEPUH PETUCTPUPOBAIHCH YUACTKHU C Pa3phIXJICHHEM
MEXKJIETOYHOTO BEIIECTBA, & TAKXKE C OOJIBIINM KOJMYECTBOM KOJIIAr€HOBBIX
BOJIOKOH, WIYIIHX B Pa3HBIX HAIIPABICHUIX M YACTO Pa3IeICHHBIX MEXKITY COO0H
HOJIOCTSIMU. B MEXKJI€TOUHOM BelecTBE KOCTHON TKaHH 3aMETHO yBEIUYHBAJIOCh
YHCIIO YYaCTKOB C MPOHMUKHOBEHUEM KAITHIUIPOB, MIPOCBETHI KOTOPHIX OBLIH
3aI10JTHEHBI DPUTPOIUTAMHU.

Creyer OTMETHUTb, 9YTO HEKOTOPBIE KICTKH OCTABAJIMCh HEM3MEHEHHBIMH H IO CBOCH
yIBTPACTPYKTYPHOU OPTaHU3AINU MPUOIIKAINCH K KOHTPOJIBHBIM C THITHIHON
YIBTPACTPYKTYPOI: KPYITHOE AP0, 3K 000/I0K IIUTOTIA3MBI C €IHHUYHBIMH



MUTOXOH/IPUSMU U CIIA00BBIPAXKEHHOH 3€pHUCTOMN IHIOTIIA3MAaTHIECKOM CEThIO.
Ob6pamtano Ha ce0s1 BHUMaHUE HAIMIUE BOKPYT OCTEOLUTOB JOBOJIBHO IIUPOKOTO
OCTEOMIHOTO CJIOS C HEUETKUMH KOJUIar€HOBBIMU (PUOPUILIAMH.

Ha 30, a B nanpHelimem u 60 cyTKu mociie BO3ACHCTBUS yIbTpa3BykoM yactoroi 80
k[ '11 Hanbosiee BrIpaKEHHBIE N3MEHEHHS YIbTPACTPYKTYPHON OPTaHU3AIMH KOCTHOM
TKaHHU HA0JII0aTMCh B MEXKJIETOYHOM BEUIECTBE. BRISIBISUIUCH TIOJIOCTH PA3IMYHOTO
pa3zMepa, XaOTUYHO PACTIOJIOKEHHBIE TOJICTBIE ITyUKH KOJJIAT€HOBBIX BOJIOKOH U
OBaJIbHBIE 00Pa30BaHUs C TEMHBIM TOMOTEHHBIM coJiepkuMbIM (Puc.4). Takue
0o0pa30oBaHus C TOMOTEHHBIM COJIEPKUMBIM, KOTOPBIE, TIO-BUIUMOMY, SIBISIOTCS
CJIEICTBUEM AUCTPODUU U MTEPEPOKICHUS OCTEOIUTOB, Ha 60 CyTKU ObLTH yXKe
€IMHUYHBIMH.

Pucyeox 4.- IlomocTH pazqHYHOIO pazMepa, pacmoIoXeHHEIE CpegH
TOJACTER NYYKOE KOJUIATSHOBED BOJOKOH E MEAKISTOYHOM ESMISCIEE KOCTHOH
TKAaHH ATEBSOIIAPHOTO OTPOCTEA, HadmoJasMele Ha 30 CVIKH mocae Bo3JeHCTEHA
viIETpazevikoM dactorol 830 xlm. Ve. x3800

DnexTpoHHO-MHEKpocKonndecku Ha 30 CyTKH MOCTe BO3AEHUCTBHS YIbTPA3BYKOM
PErUCTPUPOBAIUCEH 0OJIee MHTEHCUBHBIC U3MEHEHUS. B KOCTHOM TKaHU B ATOT MEPUOJ
Han0oJIee YaCTO BCTPEUAIMCh YYACTKHU Paciia/ia KOCTHBIX KIETOK U MaTPHUKCA, YTO
YKa3bIBaJIO HA BCE €IIE PO I0JDKAIOIINECS MTPOIIECCHl PE30POIUH.

Ha 60 cytku mocne o3ByunBanus npu 80 kI 11 B MEKKJIETOYHOM BEIIECTBE CPEIH
MHOTOUYHCIIEHHBIX BOJIOKOH HA0JII01alTMCh aKTUBHO (YHKIIMOHUPYIONIUE OCTEO0IACTHI,
[IUTOIUIa3Ma KOTOPBIX COJIepkKaia runepTpoGupoBaHHbIE, YACTHYHO C COXPAaHEHHBIMHU
KPUCTaMHU MUTOXOHAPHUHA U MHOTOYHCIICHHBIE pUOOCOMBI, JIKAIIe CBOOO HO U
YIOPSI0YEHHO Ha KaHaJbIlaX dHA0IIa3MaTuIeckoro perukyinyma (Puc.5). Hanuune
0CTEe00IaCTOB, KaKk H3BECTHO, 00ECIIEYNBAET POCT KOCTH U CBUICTEIHCTBYET 00
AKTUBHOCTH BOCCTAHOBUTEIIbHBIX TIPOIIECCOB.



PacyHOK 3.- VYiIBTpacIpyKTypa OCTE0DTacTa: OHTONIaZM3a COJEPEHT
MHOTOUHC/ICHHEIE PHOOCOMEI H MOIHCOMEL HAOVXINHE THOEPTpodHpOERAHHEIR
MHTOXOHIPHH, PaclIHPeHHEIE KAaHATRNE TPaHVIAPHOIC 3HIOMIATMATHYECKOTO
peTHEVTYMaHA 60 CVTEH mocae B0z eHCTERA VIETpaze KoM gacToTol 80 k1. VE.
x10000

Taxum oOpa3om, mocie Bo3aeHCcTBUS yabTpa3BykoM yactoToi 80 kI'11 B KOcTHOM
TKaHU aJIbBEOJIIPHOTO OTPOCTKA HIXKHEH dyemocTu kposnka Ha 30 cyTkH emle
PETHCTPUPOBAINCH 3HAYUTEIFHBIC N3MEHEHHUSI B MEKKIIETOYHOM BEILIECTBE,
yKa3bIBaIOIINE Ha TIOJaBJICHHUE NMPOoIu(epanny KICTOYHBIX 3JIEMEHTOB, a Ha 60 cyTku
y’K€ 0OTMEYaJIoCh HEKOTOPOE BOCCTAHOBJIEHNE KOCTHBIX KJIETOK, HAa UTO YKa3bIBaJIO
HAJIMYME aKTUBHO (YHKIIMOHUPYIOIIUX OCTE00IACTOB.

DNEeKTPOHHO-MUKPOCKOIIMYECKUE U3MEHEHUSI B KOCTHOW TKaHU aJIbBEOJISIPHOTO
OTPOCTKA HWKHEW YENFOCTH KPOJIMKA MTOCJIE BO3AEUCTBUS HU3KOYAaCTOTHBIM
yibTpa3Bykom gactoroi 100 k'

B omiinume oT npeapiaymmx cepruii B KOCTHOM MaTPUKCE albBEOJIIPHOIO OTPOCTKA
JKUBOTHBIX Ha CJIEAYIOLIME CYTKH IOCIJIE KypCOBOTO BO3ACHCTBUS YIbTPA3BYKOM
gactotoir 100 x['11 HapsiAy ¢ OcTeoKIacTaMu BBISBISUIMCH TPYIITBI KJIETOK C ONTHYECKU
TEMHOM U CBETJIOW LIUTOILIA3MOM, KOTOPBIE MO YJIbTPACTPYKTYPHBIM IIPU3HAKAM,
BEPOSTHO, MOKHO XapakTEpHU30BaTh KaK OCTEOT€HHBIEC, HAXOASIIUECS HA PA3IMIHBIX
CTaauAx 3penocT u qud depeHpoBku. JJaHHbIE KIETKU pacloarajiuch B
MEXKJIETOYHOM MIPOCTPAHCTBE CPEY MHOTOUMCIICHHBIX KOJUIAI€HOBBIX BOJIOKOH (Puc.

6).



Pacvaor 0.- VieTpacIpvKIvpHAd OpraHHzamHA V49acTKa KOCTHOH TKaHH
ATEECOAPHOTO OTPOCTKA HA CISIVIOMHE CYIKH IOCIE KVPCOEBOTO EO3ICHCIEHA
vieTpazevEoM qacToToH 100 kI Ve. x3800

TemHbIE KIETKH UMENTH BEPETEHO0Opa3HyIo (OpMy U IECTPYKTHBHO N3MEHEHHBIE
OpraHeIbl ¢ HApYLIEHUEM I[EJIOCTHOCTU IIUTOINIA3MaTHUYECKUX MEMOpaH: pe3koe
paclIupeHue KaHaJIbIeB SH/0IUIa3MaTHYECKOI'0 PETUKYJIyMa, BIUIOTh 10 00pa3oBaHus
IIOJIOCTEH, JIMIIEHHBIE KPUCT MUTOXOHIPUHM U MHOTOYHCIICHHBIE JIN30COMBI.

CBetiible KJIETKH OBLIN MPEUMYIIECTBEHHO OKPYTIION (POPMBI, COZIEPKAIN CBETIIYIO
[UTOIIA3MY C OOJIBITUM KOJMYECTBOM PUOOCOM | MOJIMCOM. B 1muTormiazme nanHbIx
KJIETOK OOBIYHO BBISBIISJICS XOPOIIO PAa3BUTHINA I'PaHyISAPHBIA SHAOMIA3MaTHIECKUI
PETUKYIIyM, KOTOPBIH OBUT pacipeesieH IIMPOKO U TOBOJBHO OECIOPSI0UHO, a TAKKe
COJIEpXKAIIUCh OYCHD TOHKHE HUTH (MUKPO(UIaAMEHTBI), KOTOPBIE, TI0-BHIUMOMY,
SBIIIOTCSI TPEIIIECTBEHHUKAMH KOJUTAT€HOBBIX (hPUOPHILIL.

Ilo nmuTepaTypHBIM AAHHBIM H3BECTHO, YTO 3TH KJIETKU MOT'YT CUHTE3UPOBAaTh U
BBIJICIIATH LIUTOKUHBI U IPYTUE BEIECTBA, ABIIAIOIINAECS YIPABIAIOIIMMUCS
CUT'HAJIaMH, aKTUBU3UPYIOLIUMHU OCTEOKJIACTBI U, CJIEIOBATEIBHO, IPUHUMATh Y4aCTUE
B YIIPABJICHUH IIEPECTPOUKON KOCTHON TKAHMU.



Pacyveok 7.- MEHOro9HCISHHEE EOIOKHA B MEEKICTOYHOM EEIIECTEE
KOCTHOH TKaHH ANEBEOIIpHOro oTpoctka Ha 30 cyikH mocie BO3JeHCIBHA
vaerpazeykoM 100 ko Ve, x7800

Ha 30 cytku mocne Bo3nelicTBus yabTpa3Bykom yactotoit 100 k['11 B KOCTHOM TKaHU
aITbBEOJISIPHOTO OTPOCTKA €IIIe OTMEUAINCh 3HAUHTEIbHBIC H3MCHEHUS B
MEXKJIETOYHOM BEIIECTBE, KOTOPOE OBLIO MPEACTABICHO MHOTOYHCICHHBIMA
BOJIOKHAMH, PAcCIIOJIOKEHHBIMU B pa3HbIX HampasieHusx (Puc. 7). Ha 30 cyTku Takxke
BBISIBIISUTACH Pe30pO1us (hparMeHTOB KOCTHOTO MaTPHUKCA C 3aMEIeHUEM
¢bubpobiacrononobHo TkaHko. Ha 60 cyTku mocie o3By4nBaHus, 10 CPaBHEHUIO C
npeapiaymieit cepueit (80 kI'1, 10 nmporenyp) nepecTpoeyHbIid poiiecc ObLT MEHEe
BBIPXXCH U XapaKTePU30BAJICS Mpeo0IaJaHeM 3aMelICHUs] KOCTHBIX 3JIEMEHTOB
BOJIOKHUCTOU COEJIMHUTEIILHOW TKaHBIO pa3Hoii crenenu 3penoctu (Puc. 8).



Pucysox 8. - 3aMemeHHe OCTEONHTOER BOJNOKHHCTOH COETHHHTETRHOH
TKaHEK Ha 60 cVTEH mocne BO3TeHCTRHA VIRTpazevEoM dacTotod 100 xlm. Ve
x20000

Taxum oOpa3zom, yibrpasyk yactoroit 100 k't (10 npoueayp), moaassisit
npoiudepalyio KICTOYHbIX 3JICMCHTOB U CTUMYJIUPOBAJ pa3pacTaHue B
MEXKJICTOYHOM BEILECTBE PHIXJIOH COCTMHUTEIHPHOM TKAHU C OOJIBIIUM KOJTMYECTBOM
KalMWUIIPOB, YTO PETUCTPUPOBATIOCH ¥ BCEX KUBOTHBIX 3TOM OMBITHOM CepHHU.

[IpoBenenHoe ucciae0BaHNEe TO3BOJIAET ClIENIaTh CIECIYIOIINE BHIBOIBIL:

1.Bo3aeticTBue ynbprpa3zBykoM HU3K0H yacToTsl (60, 80 100 k') ycunuBano kak
BOCCTaHOBHTEJIbHBIC, TAK U IECTPYKTHBHBIE U3MEHEHUS KIIETOK M MEKKIJIETOUHOTO
BEII[ECTBA KOCTHON TKAHHU, COXPAHSBIINECS B TEUCHUE JJIUTEIHHOTO BPEMEHHU. DTOT
NEPHOJ MOCIEeACHCTBUA HU3KOYACTOTHOTO YIBTPa3BYKa MOXKET OBITh MCTIOIb30BAH /IS
OPTOJOHTHYECKHUX TEXHOJIOTHH.

2.Ha 30-e cyTkH B KOCTHOM TKaHH aTBBEOJSIPHOTO OTPOCTKA HIKHEN YEIIOCTH
KPOJIMKA €I€ COXPaHsIach pe30pOuurs KOCTHOTO BEIIECTBA, HO B HEKOTOPBIX y4aCTKax
y’K€ HAYMHAJIMCh PEeTIapaTUBHBIC MTPOIIECCHI.

3.AKTHBHBIE BOCCTAHOBUTEIIbHBIE TPOLIECCH B KOCTHOM TKaHU OTMe4eHbI Ha 60-¢
CYTKH TIOCJI€ BO3/IeHCTBUS ynbTpa3BykoMm yacTtoToi 60 u 80 k['11, 0 4ém
CBUJIETEIICTBYET HAIMYHE MOJIOJIBIX KOCTHBIX KJIETOK (OCTEOIIMTOB M OCTE00IACTOB) C
VIBTPACTPYKTYPHOU OpTaHHU3aIMel, XapaKTepHOU JUIisl QyHKIIMOHATBLHO aKTUBHBIX
KJIETOK.

Hawnbonee akTHBHO 3TH NPOIECCHl HAUMHAIOTCS B IIEPUOJIE TTOCIIE ICHCTBHSA
yibTpa3Byka yactoroit 60 kI 'm.
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