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3AT'AJIbHA XAPAKTEPUCTHKA POBOTHU

AKTyanbHicTh TeMu. BaxumBuil (Qaktop, sSKUil XapaKTepU3ye KXUTTS HOBOTO THCAYOIITTS, —
O6opoTb0a 3a 310pOB'st B yMOBax 3a0pyIHEHOIO 30BHIIIHBOTO CEpelOBMILNA, IOCTIMHOrO CcTpecy,
rinmokinesii. Ilanameero Bif ycix 3axBoproBaHb y XXI CTONITTI € 370pOBUH CIIOCIO JKUTTS, SIKUH HE
MOXJIMBUH O€3 aKTHUBHUX 3aHATh ¢izmunumu BrpaBamu (JIucunkas T.C Ta cmiBaBt., 2004; laBuGina
H.O., 2006; Kopuryr M.M. Ta cmiBasr., 2006; Cokypenko JI.M., 2006; Ckuba H.M. Ta cmiBagt., 2007).

[Ticns aHamizy MpakTUYHUX, METOJMYHUX Ta €KCIEPUMEHTAIBHUX POOIT MOXHA CTBEP/IXKYBATH,
mo 0e3 J0CTaTHbOI PYyXOBOI AKTUBHOCTI PO3BUTOK OpraHi3My Ta MOro HMOBHOL[IHHE >KUTTS HEMOXKJIUBI.
[Ipansamu G6aratbox BuYeHHX: ( AnekcuHa JILA., 2003; boiimuctpyk LI ta cmiBaBt., 2002), siki cnimpaaucs
Ha nymku [1.®. Jlecradpra, .M. Ceuenosa, LII. IlaBioBa, mOBeIEeHO, MO PyXOBa AKTHBHICTH IS
30epeXEeHHsI TMOBHOLIHHOTO JXHUTTS Ta MIIHOTO 3J0pOB'Sl BKpail HeoOximHa. OOMEXEHHS PYyXOBHX
HaBaHTaXEHb B YMOBax 3a0pyJHEHOI0 HABKOJHMIIHBOTO CEpPElOBHILA CYNEPEUUuTh O10JOrYHUM
TpaJULisiM OpraHi3My, MPU3BOIUTH 10 Aerpanaunii Ta noripimenHs 3aopoB'ss (Hackamos B.M., 2004),
30KpeMa 30UIBIICHHS MAaToJorii omopHO — pyxoBoro amapaty (JlitoBka A.I'., 2003; Hasubiza H.O.,
2006).

ba3zyrounce Ha YMOBHO-peQUIEKTOPHUX MeXaHI3MaX, aKTUBHA M'A30Ba MISUIBHICTb CTUMYIIIOE
po3Butok ckeneta (Ddemonrok .0 Ta cmiBaBT.,, 1992; JlenncoB — Huxonwsckuii FO.I., 1996) Ta
YIOCKOHAITIOE 1 KOOPJIMHYE pOOOTY IEHTPATHHOI HEPBOBOI CHCTEMH (SIK HEMPOTEHHO1, TaK 1 TOPMOHAIBHO
- TYMOpAJIBbHOI JIAaHOK KEpyBaHHS aJalTaliiHUMH IPOIECaMH), KPOBOIMOCTAYaHHS Ta IHIIMX CHUCTEM
OpraHi3My sIK Ha perioHaJIbHOMY, TaK 1 Ha TKAHMHHO-KIITHHHOMY piBHsAX (bapanceku B.C., 1993).

BukopucTtanHas KiCTKOBOI TKaHUHH B SKOCTI MOJEIBHOrO 00'ekTa MOPGOIOTIYHUX OCIHITKECHb
BBakaeTbcs MocuTh BaanuM (JloBrane O.M. Ta cmiBaBT., 2006), OCKUIBKH BOHAa BOJOJII€ BUCOKOIO
OOMIHHOIO (PYHKIII€}0, peaKTUBHICTIO Ta JadunbHICcTIO (ABpyHiH A.C. Ta cmiBaBT., 2001; KoBemnukos
B.I'., 2002). B KicTKOBOMY MaTpHKCl JE€HNOHYIOTbCS OCHOBHI Makpo — Ta MIKPOEJIEMEHTH, 3/1aTHl1 JI0
3BUIBHEHHS NpU MNoTpedi B HHUX OpraHisaMy. BMICT ocTaHHIX Mo)ke 3MiHIOBaTHCA MNpH (i3MUYHUX
HaBaHTaXeHHAX. KiCTKOBMI MO30K, IO BMIIIYEThCS B JIOBTUX KICTKaX CKeJleTa, € PEryIsITopoM
KJIITUHHOTO CKJaay KpoBl 1 pearye Ha 3MiHM (QyHKIioHyBaHHS Kictok (OpranoB B.C., 1997).
[TomkoKeHHs CKelneTa BUKJIMKAE HU3KY JIOKaJbHUX Ta 3arajbHUX peakiii, Kl MalOTh CYTTEB1 HACIHIJIKH
U1 BCbOT'O OpPTaHi3My.

Po3ymiHHs mpoleciB, 110 MPOXOASATh B OMOPHO — PYXOBOMY amapati MiJ BIUIMBOM (i3MYHHMX
HAaBaHTQXXCHb B YMOBaxX HECIPHUATIMBHX EKOJOTIYHMX UYUHHHKIB, TO3BOJHMTH TPEHEpaM 1 Ieaaroram 3
(G13BUXOBaHHS MIAIATH 10 MUTaHb YIPaBIIHHS Ta KOPUTYBaHHS MPOIECAMH POCTY Ta (GOPMOYTBOPEHHS

CKelleTa MOJIOAUX JIIoJeill Ta IMpOBECTU HpO(I)iHaKTI/I‘{HO - J'IiKYBaJIBHi 3axo0u 1MOoAO0 IIOKpaIICHHA



CTPYKTYpHO - (YHKIIOHAJBHOTO CTaHy KICTKOBOI TKAaHWHM JIIOJIEH, SKi 3aliMaroTbesl  (Pi3UUHOIO
KYJIBTYpOI0 200 MaroTh MoI10HI podeciitHi 0cOOIUBOCTI.

[TutanHio BIMBY (Pi3MUHMX HABAHTAKEHb HA PICT KICTOK MPHCBSUEHA BEJIMKA KUIBKICTH POOIT.
binpmicte gocminiB mpoBoauiaucs Ha TBapuHax (CunenbHukoB f.P. Ta cmiBaBt., 1992; ®enontok S.1.,
1995; Huxutiok B.A., 1995; Hosrans Ta cmiBaBt., 2001; boiimuctpyk LI. Ta cmiBaBT., 2002), nme
KOHCTaTyBaJIM CTUMYJIIOIOYHHA BIUTUB MiABHIIEHOTO (Pi3MYHOTO HABAaHTAXECHHS HA PICT KICTOK Y TOBXUHY
B yMoBax ekcniepumenty (bpycko ta cmiBaBt., 1998).

[Ipu BUBUYEHHI IaHUX JIITEpaTypyu MU HE 3HAUIIUIM 1HGOpMAIIi PO BIUIMB Ha CKEJIET KOMOIHOBAHOT
11 10HI3yFOYOT'0 BUIIPOMIHIOBAHHS Ta COJICH BaKKMX METaJiB Ha T (DI3MYHMX HABAaHTAXEHb HA KiCTKOBY
CHCTEMY.

BpaxoBytoun 3HIDKEHHS aJanTaliiHUX MOJMIJIMBOCTEH OpraHi3MiB, IO TPOKMBAIOTH Ha
3a0pyJHEHUX TEPUTOPISX YKpaiHW, aKTyaJlbHUM CTa€ BUBYEHHS MOP(OJIOTiUHUX MPOSBIB A1l (Hi3UUHUX
HABaHTaXeHb Pi3HOI IHTEHCUBHOCTI Ha (POHI KOMOIHOBAHOTO BIUIMBY €KOJOTIYHMX YUHHHKIB, 110 1 CTAJIO
METOIO JAHOTO JOCIIKCHHS.

3B'A130Kk po0OTH 3 HAYKOBMMH NporpaMamM, IUIaHaMH, TeMaMmu. Jlucepramis BHKOHaHA
BINOBITHO /O IUJIAHY HAyKOBUX JOCHKEHb MeauuHoro 1HCTUTYTY CyMCBKOTO JepXKaBHOI'O
YHIBEPCUTETY 1 € YaCTUHOIO NIep:KOI0KETHOT TeMU “Mopdooriydi 3MiHM y BHYTPILIHIX OpraHax Hij
BIUIMBOM HECHPUATIMBUX (DaKTOpiB 30BHIMIHKOTO cepenopuma CyMIIMHU 1 OUIAXH iX KOpekuii’, Ne
nepxasHoi peectpatii 0103U000774. B ii BUKOHaHHI aBTOp MPOBIB JOCIIPKEHHS CTOCOBHO BILIUBY
¢Gi3MYHUX HaBaHTaXeHb Ha OynoBy Ta (OPMYBaHHSA JIOBIMX KICTOK B YMOBax 10HI3yHOUOTroO
BUIIPOMIHIOBaHHS 1 COJIed BaXKHMX MeTanliB. Tema 3aTBepiykeHa MpoOiieMHOI0 Komiciero "Mopdororis
moguan" MO3 1 AMH VYkpaiau (mpotokon Ne 74 Big 21 BepecHst 2006 poky).

Mera pociigkeHHst 3'CyBaTH 3aKOHOMIPHOCTI CTPYKTYPHO — METa0OJIIYHUX MEPETBOPEHb Y
KICTKOBIM cHCTeMi 3a PI3HMX PEXHMIB PyXOBOI aKTMBHOCTI B yMOBaX KOMOIHOBaHOI Aii 10Hi3yr0uoro
BUIIPOMIHIOBAHHS 1 COJIeH BaXKKUX METaJiB.

3agaui nocaigxeHH.

1. Bu3HauuTH 3aKOHOMIPHOCTI pOCTy Ta (POPMOYTBOPEHHS TOBI'HX TPYOUACTHUX KICTOK IHTAKTHUX
TBapHH.

2. 3'sicyBaTH picT 1 OyAOBYy, XIMIYHUH CKJIaJ JOBIMX KICTOK HETPEHOBAaHMX TBapWH B yMOBax
BIJIUBY OINPOMIHEHHS 1 COJied BaXXKUX MeETaliB 3 METOI0 3ICTaBJICHHS OTPUMaHHUX pe3yibTaTiB
EKCTICPUMEHTY.

3. BcranoBuTH XapakTep CTPYKTYPHHX 3MiH KICTOK i BIUTMBOM 10HI3yIOUOTO BUIPOMIHEHHS Ta
COJIel BaXKKMX MeTaliB B KOMOiHaIlii 3 (pi3MYHUMHU HaBaHTAKEHHSMU.

4. BuBunuTH XIMIYHUHN CKJIaJ JOBIMX TPyOUacTHX KICTOK B yMOBax [ii €KOJIOTTYHUX YMHHHUKIB Ha

TJ1 (pI3UYHUX HABaHTAXXEHb PI3HOTO BUAY Ta IHTEHCUBHOCTI.



Ob'ekm Odocnioxncennss — MOpHOTEHE3 JOBrMX KICTOK CKeJieTa [T BIUIUBOM 10HI3YFOYOTO
BUIIPOMIHEHHS, COJIEH BaXKKMX METaIB 1 ()i3MYHOrO HABAHTAXKEHHS.

Ilpeomem Oocnidocenns — CTPYKTypa 1 XIMIYHHNA CKJIaJl CTETHOBOI, BEIMKOTOMIJIKOBOT 1 TUIEYOBOT
KICTOK TBapuH MpH KOMOIHOBAaHOMY BILJIMBI 10HI3yIOUOT'O BHIIPOMIHIOBAHHS 1 COJICH BaKKHUX METAIB Ha
TJ1 (PI3UYHUX HaBaHTa)XKCHb Pi3HOTO BUY W IHTCHCHUBHOCTI.

Memoou oocnidxcenns: - (Qi3UUHE HABAHTAXKEHHS B TpeTOaHi; OCTCOMETPUYHUN — JUIA
BU3HAYCHHS POCTOBOI AKTHBHOCTI KICTOK; TicToMOopdomerpiss — BHBUEHHsS CTPYKTypH niadi3ziB i
HapOCTKOBUX XPAIIIB JOBTUX TPYOUACTHX KICTOK; KIUIbKICHHMM XIMIYHHH aHagi3 — METOJ aTOMHOI
cniekTpooToMeTpii JUId BHU3HAYEHHS MIHEPAJIbHOIO CKJIAQy KICTOK; MaTeMaTHYHUH — BU3HAUYEHHS
JIOCTOBIPHOCTI IM(POBUX MMOKAZHUKIB.

HaykoBa HOBH3Ha ojiep:KaHUX pe3y/bTaTiB. Brepme B yMOBax eKCIIEpUMEHTY 3'SICOBaHO
Moporenes 1 popMOyTBOpEHHSI MOJIENl CKeJleTa B YMOBaxX BIUTUBY Ha OpPraHi3M IIypiB OMPOMiHEHHS i
coJied BaXKMX MeTaldiB B KoMOiHamii 3 (i3MYHUMHM HABaHTAKCHHSIMH. 3a JIOMOMOTOK aJCKBATHHX
MOP(OJIOTIYHUX METOIB TOCTI/DKEHHS HaJaHi HOBI JaHi MpPO 3MiHU POCTY, CTPYKTYpH 1 XiMI4HOTO
CKJIaqy KICTOK TpHW il HAaBaHTAXKEHb 1 HECHPUATIMBUX EKOJOTIYHMX YHMHHUKIB. EKCIepuMeHTanbHO
JIOBEICHO, IO MOMipHI (pi3MYHI HaBaHTAKCHHS YACTKOBO HIBEIIOIOTH IIKIJIMBUN BIUIMB €KOJIOTTYHHX
YUHHHUKIB. BUSBIEHO, 110 1HTEHCHBHI CTaTHMYHI Ta IMHAMIUHI HABaHTAKEHHS Y KOMIUIEKCI 3 Ji€l0
€K30TeHHHX (haKTOPIB CepeIOBHILA ITiCHIIIOI0Th HECTIPUATINBI 3MiHH JOBI'HX KICTKaX CKEJIeTa.

IIpakTu4He 3HAYEHHS O/lepP:KaHUX pe3yJabTaTiB. OTpuMaHi JaH1 NOTIHOIIOI0TH 1 JOTIOBHIOIOTh
BIJJOMOCTI TPO CTPYKTYpPHO — METa0OJi4HI OCOOJIMBOCTI MEPETBOPEHb KICTKOBOI CHUCTEMH IIypiB MiJ
BIUIMBOM (DI3MYHMX HaBaHTAKEHb, ONPOMIHEHHs Ta cojiell Baxkux MertaniB. OTpuMaHi JaHi €
TEOPETUYHOI0 OCHOBOIO JUIsl PO3POOKH KpUTEPisl MPOrHO3YBAaHHS 3MIH y CKENEeTl 3a PI3HUX PEKHMIB
PYXOBO1 aKTUBHOCTI B YMOBaX HECIPHUSATIMBUX €KOJOTIUHUX YMHHHUKIB, 110 HEOOXIHO ISl BUPIIICHHS
poOJIeMH YIIpaBIIiHHSA [IMMHU IPOLIeCaMH 3a JJOITOMOT'0I0 J1030BAHOTO M'SI30BOT'0 HaBAaHTAXKEHHS.

Pe3ynpTaT eKkcriepMMEHTaJIbHUX JOCIHIIKE€Hb BIPOBA/KEHI B HaBYAJIbHMH mpouec Kadeapax
aHaToMmil JIIOAUHHU TepHOMUIBCHKOTO JAEPKABHOTO MEAMYHOTO yHIBepcuTeTy iMeHi. [.5. ['opbadeBcrkoro,
3anopi3bKoro  Jep)KaBHOTO MEIWYHOro yHiBepcuteTy; KpuMCbKOro nep’kaBHOTO MEIUYHOTO
yHiBepcurtety iMeHi C.I. 'eoprieBcbkoro; JIHIMponeTpoBChKOI JepkKaBHOT MeIMYHOI akajieMii; Kadeapu
aHATOMI{ JIFOIMHH Ta TiCTOJIOTIT Y KropoJChKOro HalllOHAJIBHOTO YHIBEpCUTETY; Kadeapu TornorpadiuHoi
aHaToMii Ta onepaTUBHOI X1pyprii ByKOBUHCBKOIO Jep>KaBHOTO MEIUYHOTO YHIBEPCUTETY; Kadeapu Ximii
YepHIriBChKOro JepKaBHOTO MefaroriyHoro yHisepcurery imeni T.I'. lleBuenka.

OcoOucTnii BHecOK aucepraHta. JlucepraHToM 3jilicHeHMH iH(pOpPMaLiIMHUN  TOUIYK
JTepaTypHUX JIaHUX, CAMOCTIMHO TpOBENEHI eKCHEepUMEHTalbHI JOCTI/KEHHS, CTaTUCTHUYHE
OTIPAIFOBaHHS PE3yJbTaTIB Ta iX aHali3. ABTOpPOM HAMHMCAHO BCl PO3JAUIA JUCEPTaIlii, IMPOBEICHO

y3arajibHEHHS pPe3yNbTaTiB, CHOPMYIHLOBAHO BHUCHOBKH. Y HAyKOBUX TMpaIsiX, OMYyOIIKOBaHUX Y



CIIBaBTOPCTBI, BUKJIAJICH] JIaH1 aBTOPA, OTPUMaHi HUM OCOOMCTO MPY BUKOHAHHI JOCTIHKCHB. Y YacTHHI
aKTIiB BIPOBAKECHHS, 1110 CTOCY€ETHCSI HAYKOBO — IPAKTUYHOT HOBU3HU, BUKJIA/ICH] JIaH1 AUCepTallii.

Anpoéauisi pe3yabTaTiB AucepTanii. OCHOBHI MaTepiany AucepTallii onpriItofHeHi Ha BoceMiit
MDKHApOJHIM HaykoBi KoHdepeHmii “Monoga cnoptuBHa Hayka Ykpaiau” (JIeBiB, 2004.),
Bceeykpaincpkiii HaykoBii KoH(epeHIi “AKTyalbHI NMUTaHHA KIIHIYHOT aHATOMIii Ta OIepaTUBHOI
xipyprii” (YepHnisii, 2004.), V BeeykpaiHchKiii HAyKOBO — mpakTHuHii KoH(pepenuii “CyuacHi npobiiemu
(bi3MYHOTO BHXOBaHHS 1 CHIOPTY IIKOJIAPIB Ta cryneHTiB Ykpainu” (Cymu, 2005.), III BeeykpaiHnchkiit
HayKOBO — NpakTU4HiN KoHepeHii “CydacHi nmpobdseMu KIiHIYHOI Ta TeopeTndHoi Mmeaunuan’” (Cymu,
2004.), MixnapogHoi HaykoBO — TpakTHuHid kKoHpepeHii “CydacHi npoOieMu KIIHIYHOI Ta
teopernyHoi memuimun” (Cymu, 2005, 2007), BceykpaiHcpkili HAYKOBO — MpPaKTUYHIA KOH(pepeHuii
“Cyuachi npoosiemu mopgosorii” (ITonrasa, 2006.).

IMy6aikanii. OcHOBHMIA 3MiCT nucepTaliifHoi poOoTH BigoOpakeHUH y 16 HAyKOBHX mparsix, 3
AKMX 9 — y (haxOBUX HAyKOBMX BUAAHHAX pekomeHaoBaHux BAK Vkpainu, 1 — B HaykoBoMY XkypHaii, 6
— y Marepianax koHdpepenuii. 3 Hux 11 HayKOBUX Mpamnp OIy0IiKOBaHO OAHOOCIOHO.

Ctpykrypa Ta o0car auceprauii. /ucepramiro BukianeHo Ha 190 cTopiHKax APyKOBAaHOTO
Tekcty. PoboTa cknamaerbes 13 BCTymy, 4 po37iiiB, BUCHOBKIB, CIIMCKY JIITEPaTypHUX JiKepen (BChOTO
266 naiiMmeHyBaHb) 1 noAatkiB. J(uceprauis imocTpoBana 58 pucynkamu, 23 tabnuueto. bidmiorpadiunuii

OITHC JTITepaTypHHUX JDKEPEI 1 JOJaTKH BUKIIaAeHI Ha 70 CTOpIHKaX.

OCHOBHHM 3MICT POBOTH

Marepian Ta Meroam aociil:KeHHsl. ExcriepuMeHTanbHE OCIHIDKEHHS MpoBereHe Ha 160
0€3IMOPIIHKUX MIypax-CaMIIX YOTUPUMICIUHOTO BiKy Macoro 130-150 r, mo 3HaXoAWINUCS B CTAI[lOHAPHUX
yMmoBax BiBapito. L{i TBapMHHU BiJIPI3HSAIOTbCA OAHOTUIIHUMH pEAKLiiMH Ha BIUIMB PI3HOMAHITHUX
YUHHUKIB Ta O€3MepepBHUMH TpollecaMH PO3BUTKY KICTOK, IO JA€ MOXIUBICTb MPOCTEXAaTH
0COOIMBOCTI pocTy, Oy/m0BU Ta (OPMOYTBOPEHHsI CKeJieTa Ha BCIX eTamax JOCTIHKEHHS. Y TpUMaHHS
TBApUH Ta €KCIIEPUMEHTH MPOBOIMIIMCS BIAIOBIIHO J0 MOJ0KEHb "€BpONENHChKOT KOHBEHLIT PO 3aXUCT
XpeOeTHUX TBApPHH, SKI BUKOPUCTOBYIOTHCS JUI €KCIIEPUMEHTIB Ta IHIMIMX HaykoBux mieit" (CtpacOypr,
1985), "3arambHMX €THYHUX TNPHUHIMIIB EKCIIEPUMEHTIB Ha TBapuHax", yxBajeHux [lepumm
HallOHAJIbHUM KOHrpecoM 3 Oioetuku (Kuis, 2001), XenbcuHcbkoi aexnapariiii ['enepanbHoi acambiei
BcecBiTHbOi MeauuHOi acomiarii (2000).

Kowmicieto 3 nmutanp Oioetukn CyMCBbKOro JiepkaBHOro yHiBepcutery Bia “11” ciuns 2007p.
(mporoxon Ne 3) nopyiieHb MOpaIbHO — IPABOBUX HOPM IIPU MPOBEIEHHI TOCIIIKEHb HE BUSBIICHO.

[lepen moyaTKOM €KCIIEPUMEHTY TBApHH OTJISAIANN, BPAXOBYIOUYH iX JJOKOMOTOPHY aKTHBHICTH Ta

CTaH WIKipHOTrO MOKpuBy. Ilicna BigOpakyBaHHS LIypiB 3 aHOMAaiIMU TOBEIIHKM TBapWH BBOJIWIN B



excriepuMeHT. [lix gac mocminiB y BiBapii miATpUMYyBajacs MOCTIHHA TeMIepaTypa, TBAPUHN OTPUMYBATH
HAIeKHUK gorisan. ExcnepuMeHT 3midicHioBaBcs 3rimHo 3 "[lpaBunamu mpoBeAeHHS poOIT 3
€KCIIEPUMEHTaJIbHUMU TBApUHAMU "

bini nrypi JOCHTH JIETKO MPUCTOCOBYIOTHCS A0 MeBHOI Mozem (izuunux HaBanTaxeHb (DH), ski
n03yI0ThCs y BigcoTkax Bin MakcuMmanbHuX (C.I. Caramsnos, 1975; f. 1. ®enontok, B.1. InpHUIBKHUI,
€.A. Scunbcbkuii, 1997). Tomy ans HaAmOro eKCHepUMEHTY BCi (Di3MYHI HABAaHTAXECHHS IOALIHIN
3aJIeKHO BiJ BHJy HAaBaHTaXEHb Ta IX IHTEHCHBHOCTI. B pexumi HOMIpHHMX HaBaHTaXXEHb UIypi
oTpumyBaiu 55%, a B pexXUMI1 IHTEHCUBHUX HaBaHTaxeHb-80% Bl MaKCUMAJIbHUX.

MonentoBanHs cTaTHUHUX HaBaHTakeHb (CH) mpoBoauin Ha BepTUKAJIBHUX XKepAuHaX. TBapuHU
nepeOyBaJii y BEPTUKAIBHOMY TIOJIOKEHHI, BHKOHYIOYHM IIOJEHHO, YIPOJOBXK 1| Micsis, MOMIipHI
HaBaHTAXCHHS, TOYMHAIOUH BiJ 1 10 5 XBUIMH. [HTEHCHBHI CTaTHYHI HABAaHTA)KEHHSI CTAHOBHWIIN BiJ 5 XB
1o 20 xB.

Junamiuni ¢iznuni HaBantaxenns (JADH) 3ailicHioBanu y TperbaHi 3a METOANKOIO
B.B. AnekceeBa ta B.I. be3'ssuunoro (1969). lBuakicte pyxy Tperbana cranoBmia 1,8 km/roa. Ilpu
MOMIPHHX JHHAMIYHUX HABAHTAXKEHHSX IMOCTYIIOBO 3 KOXXHHUM JTHEM 301UIbIIyBaiu yac Oiry Big 1 1o 5 xB

npoTsaroM 1 micsis, a i IHNTEHCUBHUX HaBaHTaXEHb OIr TBapHH y TpeTOaHi mounHaBcs Big S5 xB 10 20

XB.
[TipmocminHi TBapuHH OyJIU TIOIUICHI Ha JIB1 Cepii: eKCIIepUMEHTaIbHY 1 KOHTposbHY (Taou. 1).
Taomums 1
Po3nonain nianocaiiHuX TBapuH
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I cepis 3anmexxHO BiJ i1 €KOJOTIYHOTO YMHHUKA po30uTa Ha Tpu rpynu. [lepma — ymnpogosx 1
MicsIs oTpuMyBajia onpoMineHHs 103010 0,2 I'p 1 comi muHKy (ZnSO4 X 7H,0) — 0,5 mr/a ta mini
(CuSo4x 5H,0) — 1 mr/n, o Biamosigae exoorii Smminbcekoro paiiony (R+Cy).

Hpyra rpyna npotsrom 1 wmicsiug oTpuMyBasia ONpoMiHeHHs 103010 0,2 I'p 1 coni Mapraio
(MnSO4 x 5H,0) — 0,1 mr/n, cBunio (Pb(CH3COO,)) — 0,1 mr/n Ta mimi (CuSO4x 5 H,0)- 1mr/m, 1o

BinmoBigae exkonorii Cepenuno-byacekoro paiiony (R+Cc0).




Tperst rpyma ympomoBxk 1 Micsis orpuMyBajia ompoMiHeHHs no3ot0 0,2 I'p 1 com muHKY
(ZnSO4x7H,0) — 5 wmr/a, xpomy (K,Cr,07) — 0,1 mr/in i cuniio (Pb(CH3COO),) — 0,1 mr/m, mo
Bianosigae exosorii lloctkuucbhkoro paony (R+Cy).

Koxxna 3 mepeniyeHux rpyn po3outa Ha 4 miarpynu (mo 10 TBapwH y KOXKHIN) 3aJI€KHO BiJ
XapakTepy 1 pekuMy (Pi3MUYHUX HABAHTAXKEHbB:

1) momipHi AuHaMI4HI (Hi3UMYHI HABAaHTAKEHHS;

2) IHTEHCUBHI JUHAMIYHI (i3MYHI HABAaHTAKEHHS;

3) momipHi cTaTH4HI (i3MYHI HABAaHTAKCHHS;

4) IHTEHCUBHI cTaTU4HI (PI3WYHI HABAHTAKEHHS

II cepis (40 mypiB), KOHTPOJIbHA, MTOAICHA HA 2 TPYIIH.

[epmry rpyna tBapus (10 mrypiB) CKJIamu iHTaKTHI IIypi BikoMm 4 MicsIli.

Hpyra rpyna (30 urypiB) 3Haxoausacs TUIBKH MiJ BIUTMBOM KOMOIHOBaHOI il pajiaii Ta cojei
BaXXKUX MeTaliB BiAnoBigHo SAmminascekoro (R+Cy), Cepenuno- byacekoro (R+Cc6) 1 HlocTkMHCHKOTO
paiioni (R+C,,) 1 BBaxkanacst HAMH “CyT0”’ KOHTPOJIBHOIO.

VYci mignocinHi TBapuHU 3a0MBaHCA MMiJ €pipHAM HApKO30M NUIIXOM JEKaiTalii HaCTYITHOTO
IOHS TiCNA 3aKiHYeHHA eKcrnepuMeHTy. Ha nmocnmimkeHHs 3abupaiucs IUI€UOBi, CTETHOBI Ta
BEJIMKOTOM1JIKOBI KICTKH.

JLtst mocTiKeHHST BAKOPUCTOBYBAIH TaKi METOIUKH:

1. Ocreomerpuunmii. KicTku 3BaXyBaJii Ha aHANITUYHHUX BaraXx 3 TOYHICTIO 70 | Mr Tta
BUMIPIOBAJIM IITaHTeHIMPKYJeM 3a Metoaukoro W. Duerst (1926) 3 Tounictio g0 0,1 mMm. Octeomerpis
JOBTUX TPyOYacTHUX KICTOK BKIFOYasia B cebe Taki MOKa3HUKU: HAWO1IbIIa TOBXKHHA KICTKH, HAMOLIbIIA
IIMpUHA [POKCUMAJIbHOIO Ta JUCTAIBHOTO emigi3iB, HalOUIbIIa MIMPUHA Ta MEPEeIHbO-33JHIN po3Mip
cepenunu niadiza.

2. TicTronoriune nocaimkeHHsi miadiza Ta HapocTKoBoro xpsma. JlocmimkyBanucs AuCTaIbHI
emidizapHi XpAILI IUIEYOBOI 1 CTETHOBOI KICTOK 1 MPOKCUMAJIbHUI — BEIMKOIOMUIKOBOI, 32 PAXyHOK SIKUX
1€ HaOuTpIMid picT KicTok y noBxuHy (Henyx H.B.,1994; Kosemnukos B.I'., 2002). [ng usoro Opanu
JUISIHKY KICTOK 13 emigi3iB Ta cepenunu niadiza, dixcysamu y 10% po3unHi HelTpaibHOro (hopMaiiny,
MPOBOAMIIN JIEKATbIIMHAIIIO B po3uuHi Tpuiony b mpoTsroM IBOX MICSIIiB, 3HEBOJHIOBAIN B CHUpPTaX
3pOCTarovoi KOHIIEHTpAL] Ta 3aJIMBaJIM B LENIOIAMH. ['0TyBay TricTo0ruH1 3pi3u TOBUIMHOIO 10-12MKM i
3a0apBIIIOBAIH 1X TEMATOKCUIIIH-€03MHOM Ta 3a Ban-I"i30HOM.

3. Mopdomerpis niadiza mpoBoauiacs 3a TaKUMHM MapaMeTpaMu: IUioma Aiadiza, rionia
KICTKOBOMO3KOBOI TMOPOXHUHH, IIHPHUHA 30H 30BHIIIHIX Ta BHYTPINIHIX Te€HEPaTbHUX IUIACTHUHOK,
IIMpUHA OCTEOHHOTO MIapy, JiaMeTp OCTEOHIB Ta iX KaHamiB. Y HapOCTKOBOMY XpSIIi BUMIPHOBAIH
3arajbHy HIMPUHY 30HH POCTY Ta HIMPUHY 30H IHAMQEpPEeHTHOro, mnpoiidepyrouoro, aediHITUBHOIO

XpAILIiB Ta 30HU JecTpykuii. MopdomeTpito NpoBOAMIM 3a JOMOMOTOK CBITJIOBOIO MIKpPOCKOIA



“Omimmyc” 13 M poBOIO BiIeOKaMEPOIO Ta MaKeTOM MPHUKIATHUX TporpaM “Buaeo tect 5,0” 1 “Buneo
pasmep 5,0”. 300paxkeHHs 30epirajiv Ha BiHYECTEPi 3 MOJAIBIINM JIPYKOM KOJTBOPOBHX LITFOCTpAITil.

4. BuzHayeHHsl XiMiYHOro cKJaay. 3BaXeHY KICTKY BiJ JaHOi IPYNH 3aKpUBAIH B CYHIMJIBHIN
madi Ipu TemIepaTypi 105°C i BHUCYIIYBAJIM J0 TOCTiIMHOI Baru. 3a pi3HUIEIO y Ba3i BOJOTOi 1 CyXoi
KICTKM BU3Ha4yayld ii BoJoricTh. IlOoTIM BHCYyIIEHY TKaHUHY CHAIIOBAIN y MOPLEISTHOBUX THUIJSAX Y
myQenpriii meui npu Temmeparypi 450°C mporsrom 48 rommm. IIIISIXOM 3BaKyBaHHS IIOIIIY
BHPAaxXOBYBAJIacsl 3arajbHa KUIbKICTh MIHEPAJIbHUX PEUYOBHUH HA CyXUH 3aiumiok. OTpuMaHMid MO
po3unHsau B 10% comnsHIA Ta a30THIN KUCIOTax 1 JOBOAWIM O1MMCTHILOBAHOK BOOK 10 25 mul. Ha
aToMHOMY abcopOrtiiHoMy ciektpodoTomerpi C-115M1 3a 3aranbHONPUIHITOO METOIUKOIO BU3HAYAIIN
KUTBKICTh KaJIBIIi{0, KaJlif0, HATPit0, MArHiro, MiJii, IUHKY, CBUHITIO i MAPTaHITIO.

OtpumaHi gaHi oOpoOOJSUIM CTaTUCTUYHO 3a JOMOMOTror mporpamu Excel Ha mepcoHanIbHOMY
KOMIT'IOTEplI 3 BHUKOPUCTAaHHSM [aKeTa MPUKIAAHUX MporpaM. JIOCTOBIpPHICTH  PO3XOKEHHS
EKCIIEPUMEHTAJIbHIUX 1 KOHTPOJBHUX JaHUX OILIHIOBAIM 3 BHUKOPUCTaHHAM KpuTepito CTbIOACHTA,

JOCTaTHBOIO BBAXKAIM WMOBIPHICTH MOMMWIKH MeHIIe 5% (p<0,05) .

Pe3yabTaTn n10c/iaKeHHs TA iX 00roBOpeHHA

[Ipu mnopiBusnHi TBapuH II cepii (iHTakKTHMX 1 ~CyTO” KOHTPOJBHUX) BCTAHOBJIEHO, IO

KOMOIHOBaHMI BIUIMB OINPOMIHEHHS 1 COJEeH BaXKHUX METaJiB TNPHU3BOAUTH IO 3aTPUMKH pPOCTY,
(OpMOYTBOPEHHS OBTUX KICTOK CKEJeTa 3a paXyHOK 3HMXKEHHsS iX MiHepamizauii. HailOuibm cyTTeBi
3MIHH BiJOYBarOTbCsS MiJl BIUIMBOM oIpoMiHeHHsA 1 coneit Zn, Cr, 1 Pb (exosoris IIocTKMHCBKOTO
paifony), HaliMeH1i — 3a aii conelt Cu, Zn (SIMninbcbkuil paiion). OCKUIbKM Hac LiKaBuiaa Aist GiI3UIHUX
HAaBaHTa)XCHb B YMOBAaX HECHPUATIMBUX €KOJOTIYHUX UMHHHUKIB, TO aHali3 JOBTUX KICTOK
eKCTIEpUMEHTAIBHAX TBAPUH MU ITPOBOJIMIIA B OCHOBHOMY B TIOPiBHSIHHI 3 KOHTPOJIBHOIO TPYIIOH0.
VY rpymi TBapuH, SKi OTPUMYBAJIU MOMIpHI CTaTUYHI HABAHTA)KEHHS B YMOBaX ONPOMIHEHHS 1 B)KUBAHHS
coJiel BaXKKMX METalliB BiI0OYBAIOTHCS HE3HAUHI 3MiHU POCTY i (POPMOYTBOPEHHS KICTOK ckeneTa. Tak,
MaKCHMajbHa JIOBXXMHA CTETHOBMX KICTOK B MOPIBHSHHI 3 KOHTPOJEM 30UIBLIYETHCS y MEpIIi rpymi
(R+Cs) na 2,24% (p<0,001), y npyriit (R+Cc6) — Ha 2,01% (p<0,001), y Tperiii rpymi (R+Cmr) na 3,20%
(p<0,001). ITpokcuManbHUN HAPOCTKOBHUM XPAI Ii€l KICTKH, 32 PaXyHOK SIKOTO BiZIOyBa€ThCSI OCHOBHUI
pICT KICTKM B JOBXHHY, po3muproeTbcs Ha 1,72%(p<0,001), 2,01%(p<0,001), 3,57% (p<0,001),
JTUCTaNbHUM, BIAMOBIIHO 70 Ipym - Ha 3,01% (p<0,001), 2,76% (p<0,001), 4,44% (p<0,001).

AHaii3 nomnepeyHux po3MipiB CepeuHH Aiadiza CTErHOBOI KICTKH CBIAYUTH MPO MPOTUIIEKHY
TeHaeHIio. Tak, Mmicias eKCepUMEHTY BiZOyBaeThbCs 3MEHIIEHHS HIMPUHHM Ta MEPEeIHbO — 3aJHBOTO
po3mipy Ha 2,39% Tta 1,70% (p<0,001) (R+Cs), na 3,01% Ta 1,83% (p<0,001) (R+Cc0), Ha 5,45% i
3,37% (p<0,001) (R+Crm).

AHaJOr14H1 3MiHU MPOXOJATH B IJICUOBUX 1 BETUKOTOMUIKOBUX KiCTKaXx.



["icTonmoriuHi AOCTIKEHHS MMOKa3ajiy, [0 Y TBAPUH B YMOBAX pajiallii Ta cojeil Ba)KKUX METalliB
HIiCJIA MOMIPHUX CTaTMYHHX HABaHTAXEHb CTPYKTypa HAPOCTKOBOTO XpsAlla MaikKe HE 3MIHIOETHCA, IO
30iraeTbes 3 JanuMu OimbirocTi qocnigaukiB (boiimuctpyk L1, @enontok .1, 2002; Kosemnikos B.I.,
®enonrok A.1., Jlaciit FO.I'. Ta cmiBaBt., 1989; PomionoBa H.B., My3uuensko O.C., JlomameBcbka €.1.,
2000; Tkau I'.®., 2001, 2003). IIpoTe KiIBKICHO BUSBJICHO 3MiHU 5K B emidizax, Tak i B miadizax, xoda
BOHH BHUPaXKEH1 MTOMIipHO.

CTOCOBHO /0 KOHTpPOJIIO BiZOYBAa€ThCS PO3IIMPEHHS 30H Tpoitidepyrodoro i AediHiTUBHOTO
xpawmiB Ha 5,11% 1 4,30% (p<0,001) (R+Cs); 4,85% 1 4,51% (p<0,001) (R+Cc0); 11,22% Ta 7,45%
(p<0,001) (R+Cm). llupuna BchOro HapOCTKOBOTO Xpsia Oinblia, BiAMOBiAHO A0 Tpym, Ha 0,23%
(p<0,05), 5,93% (p<0,05), 6,16% (p<0,001).

BinOyBaeTbcss MOTOBHICHHS KOMIakTHoro imapy miadizi. ILlap 30BHIMHIX TeHEpaIbHUX
IUTACTUHOK CKJIQJIa€ThCsl 3 KICTKOBUX IUJIACTHH, IO TEPEKPUBAIOTh OaHa oAHY. OCTeoHHU# map
MPEJICTABJICHU TUIOBUMH BTOPMHHUMU OCTEOHAMHM Ta BCTaBHUMH IIacTMHaMH. OCTEONUTH, IO
PO3MIIIEH] B JIaKyHaX KiCTKOBOTO MaTPUKCY, MAIOTh PO3TAIY)KEHY CITKY KaHAJbIIB, y SIKUX aTpodoBaHi
a0o 3pyifHOBaHI BiAPOCTKH, BOHM C€1a00 CHpUAMArOTh OapBHHUKH. [ITacCTHHKM €HAOCTAIBHOTO IIapy
MOBHICTIO OXOIUTIOIOTh KICTKOBOMO3KOBY MOPOKHUHY, BiIMIYA€THCSI HEPIBHOMIPHICTH iX (apOyBaHHS.
[[lupuHa OCTEOHHOTrO IIapy, 30BHINIHIX 1 BHYTPILIHIX T'€HEPAIbHHUX IUIACTUHOK CTOCOBHO KOHTPOIIIO
3ByXyeTbes Ha 2,04% 1 3,18% (p<0,01) (R+Csr), Ha 2,68% 1 2,79% (p<0,01) (R+Cc0), na 4,44% 1 6,86%
(p<0,01) (R+Cmr). Boxgnouac 36unbinyeThest miamerp octeoHiB Ha 2,0%; 1,72%; 2,91% (p<0,001) Ta
3MEHIIY€EThCS JAiaMeTp KaHamy octeoHiB Ha 1,38% (p<0,001); 2,42% (p<0,001); 3,90% (p<0,001)
BIIOBIAHO.

['icronoriuHo BiOyBa€eTbcs HE3HAYHE MOPYIIEHHS SIK CTPYKTYpHM HApOCTKOBOIO XpsIlla, TaK 1
KOMITAaKTHOT peuoBuHHU mAiadiza. [lig BIUIMBOM MOMIPHOTO CTAaTUYHOTO HABAHTAXKCHHS BIIMIYAETHCS
HEe3HauyHEe HAKOMMYEHHS CIIOJNyYHOI TKAaHUHHU B IpoJtidepaTuBHill Ta nediHITUBHIN 30HaX emidisa.

Hiadi3 sk 6ubm crana ctpykrypa (denyx H.B., 1994; KosemnikoB B.I'., AGakapoB M. X., Jly3in
B. 1., 2000; ®panxke 1O., Pynre I'., 1995) He3HauHO pearye Ha MOMIpHI CTaTUYHI HABAaHTAKCHHS.

[TopiBHSIHO 3 KOHTpOJIEM 3MIHHM XIMIYHOIO CKJIaay KICTOK TMICHAs MOMIPHUX CTaTHYHUX
HABAaHTAXXCHb XapaKTePU3YIOThCS 3MEHIIeHHsM Boau Ha 5,92% (p<0,01); 5,63% (p<0,05);
8,91%(p<0,05), narpito - Ha 4,81%; 4,48%:; 6,53% (p>0,5), xaniro — Ha 2,84%; 3,92%; 5,90% (p>0.,5).
Pazom 3 TuM 301BIIYETHCS BMICT MiHEpalbHUX peuoBUH Ha 5,19%; 5,84%; 7,30% (p<0,01), xampIiro —
Ha 4,84% (p<0,05); 6,42% (p<0,01); 8,81% (p<0,01), maruiro — Ha 4,84% (p>0,5); 6,42% (p>0,5); 8,81%
(p>0,5) BiAMOBITHO IO TPYII.

TakuM YUHOM, TOMIpHI CTaTW4Hi (Ii3UYHI HABaHTAXEHHS MPUBOAATH JO PO3LIMPEHHS
emigi3apHUX XpAILIIB Ta iX 30H, aKTUBI3YIOTh POCTOBI MPOIECH, MOKPALIYIOTh MIHEpali3allito 1, TAKUM

YHHOM, HEBUTIOIOTh BIUIMB €KOJOTTYHUX YMHHUKIB. OJIHAK CTYIIHb L1€i KOPEKIi] MOPIBHAHO HE3HAUHUH.



[TomipHi nuHamMiuHi (i3UYHI HABAaHTAXKCHHS B yMOBax pajiaimii Ta BXKHBAHHS COJICH Ba)KKHUX
METaJIiB BUKIMKAIOTh B €KCIIEPUMEHTAIbHUX TBApUH OLIbII 3HAYHE MPUCKOPEHHS MO3I0BXHBOTO POCTY
BEJIMKOTOMUIKOBUX KICTOK MOPIBHSHO 3 KOHTposieM Ha 4,26% (R+Cs) (p<0,001); na 5,98% (p<0,001)
(R+Cc0); na 7,22% (p<0,001) (R+Crm).

Jemo MeHIIa pi3HUIS 3 KOHTPOJEM IPH OIIHII JIHIMHUX 3MiH IIMPUHU TPOKCHMAIBHOTO Ta
aucranbHoro enidisis: Ha 2,97% 1 4,59% (p>0,5); Ha 4,31% (p<0,01) i Ha 3,46% (p>0,5);5,34% (p<0,01)
ta 4,61% (p>0,5) BiAMOBiAHO. 3 TaKOI X 3aKOHOMIPHICTIO 3MIHIOETHCS 1 MEPETHBO — 3aJHINA PO3MIp
cepenunn niadiza: Ha 4,66%; 5,34%; 6,05% (p>0,5) BiAMOBIAHO.

Yci nepennidueHi 0OCTEOMETPHYHI IMOKa3HUKH JTaHOi cepii ICTOTHO BiAPI3ZHAIOTHCS BiJl IHTAKTHHUX Ta
KOHTPOJBHHUX TBapHH. Lli AaHi miATBEp/HKYIOTh BUCHOBKH JOCIHITHHUKIB MPO peajanTaliifHi IpouecH B
kictkoBiii TkanwHi (BopuceBmu b.B., bopucesnu B.b., 1994; Maspuu B.B., 1999; [osramox T.f.,
[Mukamiok B.C.Ta cniBaBt., 2000) mia BIJIMBOM MOMIpHHUX OIrOBUX HABAaHTAKECHb.

Temnu MO30BXHBOTO pPOCTY 3Ha4yHO Ounbmr. I[lpu TOpIBHAHHI MOMEPEYHUX PO3MIpIB
CIIOCTEpITaeThCs MPEBAIIOBAHHS 3MiH B emiizax Hax Aiadizamu. 3MiHH JiHIHHUX po3MipiB OLIBII 3HAYHI
y KiCTKax 3aHiX KiHIIBOK, 0COOJIHMBO y BEIMKOTOMIKOBIH.

[Tpu sxicHIl OLIHII TICTOJIOTIYHUX IpenapaTiB emiizapHUX XPAIIiB i€l TPYNU TBAPUH MOMITHA
OB IHTEHCHMBHA 3a0apBIEHICTh XOHJPOLMUTIB, YaCTillle MOKHA MOOAaYuTH (DIrypu MITO31B i3 TPHOX 1
Oubme Mosioaux Gopm. Mexi MiK 30HaAMU BUPAXKEHI UiTKimIe. 30Ha TECTPYKIIii CKIATa€ThCS 3 KOJOHOK
(mo 2-3 XOHIPOLUUTH Yy KOXHIM) BEIMKUX ciabo3abapBieHUX KIITHH, SApa 3 PI3KO BUPaKEHUMU
KOHTYypamH.

[[upuHa HAPOCTKOBOTO XPsIIlla BEIUKOTOMITKOBOI KICTKH 301IBITYETHCS MOPIBHSHO 3 KOHTPOJIEM
Ha 11,09% (p>0,5) (R+Cs); 12,41% (p>0,5) (R+Cc0); 19,46% (p<0,05) (R+Cmr). OTpumani HamMu JaHi
pocTy emidizapHOro xpsima 30iraroTecs 3 AaHuUMH psiay gochigaukiB (dosranp O.M., ®@enonrok f.1.,
2006; Kosemnukos B.I'., 2002; TToBopo3Htok B., 2003; Cuxopa B.3., Kononenko O.C., [loropenos M.B.,
1998). 3ona mpomideparii 36inbmIyeThess Ha 9,32% (p<0,001), 12,54% (p>0,5), 18,65% (p<0,001),
mUpUHa 30HU J1e(PIHITUBHOTO XpAIia po3mmproeTrbes Ha 9,27% (p<0,01); 10,42% (p<0,01); 15,06%
(p<0,01) BiamoBimHO. 30HA MECTPYKIIii, HABIAKH, 3BYKeHa Ha 5,65% (p<0,01); 6,33%(p<0,01); 10,36%
(p<0,001) mOpiBHSIHO 3 KOHTPOJIEM.

VY niadizax MmoMiTHE BUTOHYEHHS WIAPIB 30BHIIMIHIX 1 BHYTPIIIHIX OTOYYIOUMX IUIACTHHOK,
301IbIIEHHS TUIONII KOMIAKTHOI PEYOBHHHM, PO3LIMPEHHSI OCTEOHHOTO mapy. Ha Mexi 3 eHaocTaibHUM
11apoM 3'SIBJISIIOTHCS JIAKYHU Pe30pO1lii, 10 CBIIYUTH PO MOPYIICHHS epe0y10BU KICTKH.

3icTaBIgOuYM KiIBKICHI MMOKAa3HHUKH, BIAMIYAa€MO, IO OIroBi HaBaHTA)KEHHS BHUKJIMKAIOTH OlIBII
MO3UTHUBHY [0 Ha PicT i (JOPMOYTBOPEHHS MOBIHMX KICTOK CKeJleTa TBapuH, SIKI 3HAXOAMIIHMCS IiJ

BIUIMBOM €KOJIOT1YHMX YMHHHUKIB, IO MATBEPKYEThCS nociimxeHHsmMu B.I'. KoBemnmHikoBa 13 ciBaBT.

(2000).



VY miil rpymni mIypiB CTOCOBHO JI0 KOHTPOJIIO BIIOYBA€THhCS 3MEHIICHHS BOJIOTOCTI B KICTKax
ckenera Ha 8,61% (p>0,5), 8,56% (p>0,5); 12,09% (p>0,5); BmicT Hatpito i kKamito — Ha 5,81% 1 5,36%
(p>0, 5); 6,37% i 6,08% (p>0,5), 10,48% 1 8,08% (p>0,5); cBunmtO — Ha 0,15% (p>0,5), 7,01% (p<0,05);
7,29% (p<0,05); miai B mepwiit Ta apyriii rpynax — Ha 9,03% (p>0,5); 9,04% (p>0,5), maprauuio B
nepmid ta Tpetiit rpymax — Ha 6,88% (p>0,5) 1 8,37 (p<0,05)%. BonmHouac 30UIbLIYETHCS BMICT
MiHEpalbHUX pedoBUH — Ha 8,66% (p<0,05); 9,39% (p<0,05); 13,73% (p<0,05); xanbimito — Ha 9,85%
(p<0,05); 10,71% (p<0,05); 15,69% (p<0,01); marniro — Ha 5,50% (p>0,5); 4,59% (p>0,5); 7,68%
(p>0,5); mint y tpetiit rpyni — Ha 6,81% (p>0,5), mapranuto y apyriid rpyni — Ha 6,02% (p<0,05)
BiAMOBiIHO 70 rpyn Amminbeskoro, Cepenuno — byacekoro i IIlocTkMHCEKOTO palioHIB.

TakuM YuHOM, TOMIpPHI JWHAMIYHI HABaHTAXKEHHS B yMOBax Jii €KOJOTIYHMX YWHHHKIB
CIPUYMHSIOTh TPUCKOPEHHS TO3IOBXXKHBOTO 1 TOMEPEYHOTO POCTY KICTOK, MIABHIIEHHS PIBHS iX
MiHEpaJIbHOTO  OOMiHY, BHUKIMKAIOUM palioHalbHy (opMmy amanrtamii, MO MOPOSBISIETHCA
npoJlipepaTUBHOK  aKTHUBHICTIO KIITHHHMX €JEMEHTIB HAPOCTKOBOTO Xpsmia 1 30UIbIICHHAM
KOMIIakTHOTO mapy miadiza. IlomipHi (i3WyHI HaBaHTKEHHS [O3BOJISIOTH 3HAYHO 3MCHIIUTH
HETaTUBHHIA BIUTMB OTIPOMIHEHHS Ta METANIB Ha PICT 1 (OPMOYTBOPEHHS JOBI'HX KICTOK CKEJeTa.

TpeHoBaHi TBapHHM 3HAYHO JIETIIE MEPEHOCATH [0 HECIPHUSITIMBUX YMHHUKIB 30BHIIIHHOTO
noBkid. [TomipHi ¢Gi3uyHI HaBaHTaXKEHHA, OCOOIMBO TUHAMIYHI, € KOPUTYBAaJIbHUMHU YMHHHUKOM BILTUBY
OIPOMIHEHHS Ta COJICH BaKKUX METAIIB Ha PICT 1 YOPMOYTBOPEHHS JOBI'HX KiCTOK CKEJeTa.

[Ipy 1mI0/IeHHOMY TpEHyBaHHI TBAapuH NPOTAroM 1 MicAls I1HTEHCUBHUMH CTaTUYHUMHM
HABAaHTA)XCHHSIMHM B yMOBaX KOMOIHOBaHOi il OMpPOMIHEHHsS Ta B)KHMBAaHHSA METaliB BiAOYBa€ThCs IIe
OlpIIa 3aTpUMKa pOCTY JOBIHX KICTOK, 110 30iraerbcs 3 nanumu B.I'. Kosemmnikosa (1989), S.I.
®denonroka (1997) mpo BiIacTUBICTH ~IOMOPOTOBUX’ CTATHYHUX HABAHTAXKEHb CTUMYIIIOBATH PICT KICTOK,
a 7’3amoporoBux’ - raJbMyBaTu HOTO.

OcteoMeTpis B LIl TPyl eKCIIEPUMEHTAILHUX TBapWH JOBENA, IO JOBKHWHA BETUKOTOMITKOBOL
KICTKM CTOCOBHO [0 KOHTPOJBHHMX TBapMH 3MeHIyeTbcsi Ha 3,99% (p<0,001) (R+Cs); nHa 2,78%
(p<0,001) (R+Cc0); na 1,19% (p<0,001) (R+Cmr). lllupraa nmpoKCUMaIBHOTO Ta AUCTAIBLHOTO €midi3iB
MeHIa, BiAnoBiaHo, Ha 3,10% (p<0,01) 1 0,57% (p<0,05) (R+Cs); 2,07% (p<0,001) 1 1,91% (p<0,05)
(R+Cc0); 1,83% (p<0,001) Ta 0,95% (p<0,05) (R+Cr).

AHaJIOr4yHi pe3yabTaTH 1 IPH BUMIPIOBAaHHI CTETHOBHX 1 MJIEUOBHX KiCTOK.

Y HapoCTKOBOMY XpsIlli LUX KICTOK 30UIBIIYETHCS KIIBKICTh CHOJYYHOI PEUYOBUHU, PYHHYIOUH
cToBm4acty OymoBy 30H. Dirypu MiTo3y MmMooauHOKi. JeDiHITUBHUN XpsAIl Maiike HE BHSBISETHCS 1
3ITUBAETHCS 13 30HOI0 JecTpyKuii. XOHAPOUUTH MpoiiepaTUBHOI 30HM MAIOTh OBaJbHY (GoOpMYy, sjapa
3MOpIIEHI, IUTOIUIa3Ma €O03MHOQINbHA. MITOTHUYHA aKTHUBHICTh KIITHH PI3KO MpHUrHiYeHa. 3 OOKy
XOHJIPOIUTIB Je(hIHITUBHOTO XPSAIa BIIMIYAETHCA, IO iX KIITHHH 3MEHIIEHI B pO3Mipax, sijpa 4acTo

MIKHOTUYHO 3MopiueHi. OpieHTaniss KITHH HaOyBa€e XaoTHYHOTO XapakTepy. MK CTOBMUHMKAMH



XOHJIPOIUTIB 30UIBIIYETHCS KIIBKICTH MPOMDKHOI PEYOBHMHHU 3 O3HAKaMHM AUCTPO(IYHHUX 3MiH. 30HA
JECTPYKIIil MpeCcTaBlieHa 3pYHHOBAaHUMH XOHJIPOIMTAMH, B SKHX 3'SBISIOTHCS O3HAKU KaJbIUQiKallii,
10 TiATBEPHKYETHCS 3MIHOIO 3a0apBIICHHS.

MophoMeTpuyHO KOHCTATYeThCS 3BYKEHHS POCTOBOI 30HM 3a PAaxXyHOK Mpoiidepyrodoro Ta
nediniTuBHOro XpsAuliB. Tak, mMHUpUHA XpslIa CTOCOBHO 10 KOHTPOJILHUX TBapUH 3MEHILYeTbes Ha 5,74%
(p<0,001) y rpymi (R+Cs), Ha 8,21% (p<0,001) — y rpymi (R+Cc0), Ha 1,96% (p<0,001) — y rpymi
(R+Cm). 3ByxeHHs 30H npoididepyrodoro ta AeiHITHBHOTO XPAIIB MEPEBUILYE HU(PPU KOHTPOIBHHUX
tBapuH y rpymi (R+Cs) nHa 6,86% (p<0,001) 1 7,26% (p<0,001), y rpyni (R+Cc0) - na 5,23% (p<0,001) 1
8,24% (p<0,001), y rpymi (R+Cm) — Ha 3,57% (p<0,001) Ta 7,0% (p<0,001). 3oHa aecTpykIiiii, HaBMAKH,
posmmpena Ha 8,11% (p<0,001); 8,18% (p<0,001); 9,73% (p<0,001) BignosiaHO.

VY niadizi 301TbIIYETHCSI KUTBKICTD JIIHIM CKJICFOBAHHS B 30H1 30BHIMIHIX TeHEPATLHUX TUTACTHHOK.
Borauma pe3opOuii 3aiiMaloTh 3HAYHI IUIOIIMHMA Ta BUIIOBHEHI CIOJIYYHOIO TKAaHMHOIO. KimbKicTh
MEPBUHHUX OCTEOHIB 3HAYHO 30UTBIIYETHCS. Pi3KO 3MEHIIy€eThCSl KIJIBKICTh KJIITHH B €HIOCTANbHIN 30HI,
[0 CBIJYHTH MPO TPUTHIYEHHS OCTEOreHe3y. 3'IBISIOThCA Oe3’smepHi abo OararosiiepHi OCTEOKIIACTH,
10 TIPUCKOPIOIOTH PE30POITI0 KiCTKH.

MopdomeTpuyHi moka3HUKU Jiadiza ITOCIIKYBaHUX KICTOK HAOYHO BiAOOpa)karoTh 3pOCTa0Yi
3MIHM B KOMIIAKTHIM pe4oBWHI niadiza micisi IHTEHCUBHHMX CTaTUYHUX HaBaHTaXXEHb. Tak, IIMpUHA
OCTEOHHOTO IIapy 3MEHIIEeHa, TIOPIBHIHO 3 KOHTpoieM, y rpymi (R+Cs) - Ha 5,28 % (p<0,001), y rpymi
(R+Cc6) — na 5,57% (p<0,001), y rpymi (R+Cmr) — na 5,18% (p<0,001). Po3mpenns mapiB 30BHIIIHIX
Ta BHYTPILIHIX FeHEPAIbHUX TUIACTUHOK MEPEBUIIly€e MOKa3HUKU KOHTPOJIBbHUX TBapHH Ha 4,59% 1 7,62 %
(p<0,001); 4,50% 1 9,10% (p<0,001); 6,20% Ta 7,92% (p<0,001) Biamosimuo. [losiBa mMepBUHHUX
OCTEOHIB CBIIYUTH MPO CIOBUJIBHEHHS IE€PETBOPEHHS TI'PyOOBOJIOKHUCTOI KICTKOBOI TKaHWHU Y
TUTACTHHYACTY.

3 00Ky XIMIYHOTO CKJIaay BUsBIEHE e Oinblie 30iTbIIEHHS BOAM B KICTKaxX MOPIBHSHO 3
KOHTpOJbHUMH TBapuHamu Ha 4,74% (p<0,05); 6,29% (p<0,05); 5,53% (p<0,01), I[IpomoBxkyrOTh
3pocTaTy PiBHI TAPOPUIBHUX Kajilo Ta HaTpil0. 3MEHILIEHHS MiHepali3alii BiJOYBa€eThCs 3a PaxyHOK
KaJIBI[I10, BMICT SIKOTO MEHIIUW CTOCOBHO /0 KOHTpoJbHUX TBapuH, Ha 4,90 % (p<0,001), 7,07 %
(p<0,001); 5,27 %(p<0,001), mini — Ha 8,65 % (p>0,5); 7,01 % (p<0,05); 3,53 % (p<0,01), maprauuo B
nepurii i Tpetii rpymnax — Ha 6,85% (p<0,001); 5,35% (p<0,001) BigmoBiaHO.

Mertanu, 0 B HaAMIpHIA KUIBKOCTI HAQAXOAWUIU B OPraHi3M TBapHH, HAKOMUYYIOThCS B KICTKax:
TaKk BMICT IIMHKY B TIEpIIIA Ta TPETid Tpymax mnepeBuirye KOHTpoiab Ha 5,17% (p<0,01) ta 3,50%
(p<0,01), cBuHIIO y ApyTiii Ta TpeTii — Ha 4,86% (p<0,01); 6,03% (p<0,01).

TakuM YWHOM, IHTEHCHBHI CTaTHYHI HaBaHTAKEHHS B yMOBaxX pafiailii Ta BXXWBAaHHSA COJEH
BAXKUX METaJIIB MPHU3BOAATH /10 MOJANBIIOT0 3HAYHOTO NPUTHIYEHHSI POCTY Ta MiHepai3alii JOBrUX

Tpybuactux kictok. Coni HIUHKY, XpOMY, CBHHIIO HAWOUIbII TOKCHYHI, TUM OulblIie B KOMOiHawii 3



HAaBAaHTAKCHHSIMHU IHTCHCHBHOTO XapakTepy, IO 30iraeTbcs 3 pe3yiabTaTaMd psALY JOCIITHUKIB
(Bomommn B.M., 2000; ITukantok B.C., 1998).

[Ipu MicsuHOMY TpeHYBaHHI IHTCHCUBHUMH JMHAMIYHUMH HAaBaHTAKEHHSAMH B YMOBAax
ONPOMIHEHHsI Ta B)KMBAaHHS COJIEH BaXKKUX METalIB y JIOBFUX TPyOUYacTHX KICTKaX CIIOCTEPIraeThbCs
HaWOIIbIIe BiJICTaBaHHS BCIX JIHIHHUX po3MipiB. JlOBXKHMHA KICTOK IMOJA0 A0 KOHTPOJBHUX TBAapUH
3MEHIIYEThCSA, B cepeaHbomy, B rpynax R+Csa - Ha 6,63% (p<0,001), R+Cc6 — na 6,67% (p<0,001),
R+Cm — na 4,65% (p<0,001). 3meHIIyeThCS IMMPHHA MPOKCHUMAIBHOTO Ta AMCTAIBHOTO emiisis,
BianoBiAHO Ha 4,83% (p<0,001) 1 5,14% (p<0,05); 5,49% (p<0,01) 1 5,03% (p<0,05); 5,47% (p<0,001) 1
4,36% (p<0,01). [TomiTHO 301IBIIYIOTECS MOMIEPEUHI po3MipH KicToK B rpynax R+Cs Ha 5,13% (p<0,001)
17,81% (p<0,001); R+Cc6 na — 3,69% (p<0,001) i 10,29% (p<0,001), R+Cmr — na 4,31% (p<0,001) i
8,95%(p<0,001).

BruiuB onpomiHeHHs Ta cojieil BaXKKMX METalliB Ha T IHTEHCUBHHMX JUHAMIYHMX HaBaHTaXeHb
MPUBOJIUTH 10 3HAYHUX 3MiH HAPOCTKOBUX XpsiiB. HaitOuibii 3MiHK BiIOYBaIOTHCA B yMOBax €KOJOTii
[HocTkuHcpkoro paiiony. HapocTkoBuil Xpdil pi3Ko 3BY)KEHUH 3a PAaxyHOK, B OCHOBHOMY, 30HHU
npouiepyrodoro xpsma, KITHHA SKOi (POPMYIOTh KOHTJIOMEpATH, OPIEHTOBaHI B PI3HHMX IUIOMIMHAX,
pI3KO 3MEHIIeHA KiIbKICTh XOHIpoHWTiB. KINTHHM HeNnpaBWIBbHOI (CILIIOMICHOI Ta IOJIITOHAIBHOT)
¢dopmu, Oarato 3 HUX 13 HaMiB3pYHHOBAHUM SAPOM Ta TIraHTCHKUMM BakyoJssiMu. CrojydyHa pedoBUHA
BiJIUISiE€ KIIITHHM B 130T€HHI TPYIMU Ta MOBHICTIO MOPYIIYE CTOBIMYACTICTh 30HU. Mexi 13 nediHITHBHUM
XpAleM Hemae. Y MacuBax CIIOJIyYHOI PEYOBHMHHM DPO3MIIIEHI BOTHMIA HeKpo3iB. Ha Mexi 13 30HOIO
JEeCTPYKLIi BeIMKa KUTbKICTh ()parMEHTIB KIIITHH.

MopdoMeTpuyHO MiATBEPAKY€EThCSI 3HAUHE 3BYXKEHHS SK 3arajlbHOi IHIMPUHM XpsIia, TaK 1
OKpeMHX HOTO 30H, 32 BUHATKOM 30HHU AECTPYKIli, SKa, HaBHaku, 30impmryerbes. [upuna xpsma
CTOCOBHO JI0 KOHTPOJIbHMX TBapwH 3MeHmyeTrhcsi Ha 10,65% (p<0,001); 11,61% (p<0,001); 9,44%
(p<0,001), BiamoBizHO 10 rpyn. 3BYXKEHHs BiI0OyBa€ThCS B OCHOBHOMY 3a paXyHOK IpoiihepaTuBHOI Ta
nediniTuBHOI 30H Ha 14,72% (p<0,001) ta 13,34% (p<0,001) (R+Cs), na 12,30% (p<0,001) Ta 14,34%
(p<0,001) (R+Cc0), Ha 8,83% (p<0,001) Ta 14,69% (p<0,001) (R+Cmr) BiamoimHO.

30Ha JAECTPYKIIi MaKCUMAJIBHO PO3IIMPEHa Micis excrepumMenTty Ha 12,68% (p<0,001), 15,15%
(p<0,001), 16,03% (p<0,001), BiamOBiAHO 1O TPYI.

BuBuenns nmiadiza KicTOK HIypiB IIi€l TPymu JOBEJO, IO B yMOBaX OMPOMIHEHHS Ta BXXKMBAaHHS
BAXKUX METaJiB y KOMOIHAII]l 3 IHTEHCUBHUMHU JAUHAMIYHUX (DI3MUHMMHU HaBaHTAKEHSMU B1J0OYyBalOThCA
HaWOUIbIIl IHTEHCHBHI 3MIHM. Y Jiadi3l 3HAYHO PO3IMIMPEHHI EHJOCTalbHUM IIap BIAIITOBXYE IO
NEepUOCTa OCTEOHHY 30HY, SIKa BTpayae CBOIO 3BUUYaiiHy OynoBY. Y Hill mepeBa)kaloTh MEPBUHHI OCTEOHH
eJNnCconoAioHoi (OpMH 3 IIMPOKUM KaHAJIOM, IMOPOKHUHHM TJAJAKOKIITHHHOI Ta OCTEOKJIACTHYHOL
pe3opO1ii, AUISHKA MO3aidYHOro 3a0apBJIEHHS BEIMKUX pO3MIpIB Ta HempaBwibHOI Gopmu. Ha mexi

MEPUOCTAIIBHOTO Ta OCTEOHHOTO MIAPiB BIAMIYAIOTHCS JIiHIT CKICIOBAHHS XBUJISICTOT (JOPMH, 1110 MICISIMU



3MMBatOThCsI. OCTE00IaCTH Ta OCTEOIMTH Maiike He 3a0apBIIOIOTHCS, YTBOPIOIOYM BUANMICTH TOPOXKHUH
Ta pO3PUBIB Y KOMIAKTHIM PEUOBHHI.

[luprHa OCTEOHHOTO MIApy KOMIAKTHOI PEYOBHMHH BEIMKOTOMIIKOBHUX KICTOK IIypiB CTOCOBHO
KOHTPOJIFHUX TBapuH 3MEHIIYETHCS NMPUYOMY HAWOUIBII IHTEHCHUBHI 3MiHM HpPOXOAATh y TBapuH Il
rpynu (R+Cm) (puc.1).

[To BimHOLIEHHIO 1O KOHTPOJIBHHUX TBAPUH IIMPUHA IIapiB 30BHIIIHIX Ta BHYTPILIHIX Te€HEPATbHUX
IUTACTUHOK PO3MIMPEHa y BIANOBLAHMX rpynmax Ha 9,66% (p<0,001) i 12,38% (p<0,001) (R+Cs); na
10,30% (p<0,001) 1 14,21% (p<0,001) (R+Cc06); Ha 12,99% (p<0,001) 1 14,20% (p<0,001) R+Crm).

Benmka KiTBKICTh TIEPBHHHUX OCTEOHIB XapakTEPH3YEThCS 3BY)KEHHSIM IX Jiamerpa Ta
posmmpenHsaM kaHainy Ha 10,89% (p<0,001) 1 10,87% (p<0,001); 14,35% (p<0,001) 1 15,13% (p<0,001)
13,09% (p<0,001) ta 15,21% (p<0,001).

KoHTpors naH nH Kowtpors naH nH KoHTpork naH aH

[@R+Ca mR+Cc6 O R+Cw

ITneuoBa Crernosa Benukorominkosa
Puc. 1. IIponieHTHEe CHiBBIAHOIIEHHS IIMPUHU OCTEOHHOrO IIApy KICTOK TBApHH MiJ BIUIMBOM

TUHAMIYHHUX HABaHTAKE€Hb B YMOBAaX ONPOMIHEHHS 1 B)KMBAHHSI COJIEH BaKKUX METAJIIB

BuBueHHS XIMIYHOTO CKJIaJy JOBTUX KICTOK IOKa3allo, 0 OMPOMIHEHHS Ta COJi BaXKKMX METaJiB
pa3oM 3 IHTEHCUBHUMM JUHAMIYHUMHM HaBaHTKEHHSIMM INPHU3BOJATH JO OCTEONOPOTUYHHX MPOSIBiB
(Bomommun B.M., 2000; Bonoguna T.T., Anekcuna M.IO. ta cniBaBT. 1998). Cnoctepiraerbcst JOCUTh
3HayHa JIeMiHepali3alisl 3a paXyHOK BHBEACHHS 3 TKAHMHM KaJIbLlil0: TaK PI3HULS CTAaHOBUTH B TpyIi
R+Cs—11,07% (p>0,5), B rpymi R+Cc6 — 10,99% , B rpyni R+Cm1 — 8,87%.

30UIbIICHHS. BMICTY BOJM IICIs €KCIEPUMEHTY OO /0 KOHTPOJbHUX TBapuH csrae 10,07%
(p<0,001); 9,59% (p<0,001); 9,95% (p<0,001) 1 cynmpoBOKYETHCS 301TBIICHHSIM HATPit0, Kaio. 3HAYHO
3MEHIIYEThCs BMICT Mifi: B Tpymi R+Cs — na 11,71% (p>0,5), y rpymi R+Cc6 — na 11,41% (p>0,5), B
rpyni R+Cmr — na 8,28% (p<0,001), mapranmo — B rpyni R+Cs na 6,85% (p<0,001). Meranu, mo



HAJIXOJIUJIN 330BHI, JIETTOHYIOTHCS B KICTKOBOMY MaTpuKci. [luHKy B mepriid Ta TpeTii rpynax Oiuibiie Ha
10,25% (p<0,001) Ta 9,21% (p<0,05), cBunIIO B Apyriii Ta Tperiid rpymax — Ha 9,58% (p<0,001) i
11,39% (p<0,001), mapraniro B apyrii rpymi — Ha 4,89% (p<0,001).

TakuM YWHOM, IHTEHCHBHI JWHAMIYHI HaBaHTAXXEHHS 3HAYHO ITJICHJIIOIOTh HETATUBHY IO
YMHHUKIB 30BHIIIHBOTO cepenoBuia CyMIIMHU, BUKIMKAIOUW y TBapWH CTaH (Di3MYHOI NEPEBTOMH,
NPUTHIYYIOTh PICT KICTOK, MOPYIIYIOTh CTPYKTYpPY KICTKOBOi TKaHuWHH. Lli maHi 306iraroTbcs 3 psiiom
nocmimkenb. (Hosramok T.f., 1998; OcunenkoBa — BumuromoBa T., 2003). Bmnme paniamii ta
IHTEHCUBHHMX JTUHAMIYHUX HAaBAaHTAXE€Hb MIPU3BOIUTH 0 OLIBIN PYHHIBHOI A1l BaXKKUX METaiB.

OTxe, BUKOPUCTAHHS €JJMHOTO METOJMYHOTO MIIX0/Y, a TAKOXK KOMIUIEKCY aJeKBaTHHX METOIIB
JOCHIUKEHHST Ha BEJIUKOMY OJHOPIIHOMY EKCIEPUMEHTAJIbHOMY MaTepiajli J03BOJMIIO BUSBUTH
3arajibHOO10JI0T14HI 3aKOHOMIPHOCTI CTPYKTYPHHX MEPETBOPEHD TOBTUX KiCTOK TBapWH, IO PO3BUBAIIUCS
B YMOBAX IIKIJTMBUX €KOJOTIYHUX YMHHUKIB 1 OTPUMYBAJIH Pi3HI PEKUMH PYXOBOi aKTUBHOCTI.

[HTeHCHBHI TWHAMIYHI Ta CTATUYHI HAaBaHTAKEHHsI IiJCHIIOIOTh HETAaTMBHUN BIUIMB Ha CKEJIET
YMHHUKIB 30BHIIIHBOTO CEPEIOBHUIIIA, PI3KO MPUTHIYYIOUH PICT TOBTUX KiCTOK.

[TomipHi JWHAMIYHI 1 CTaTW4YHI HABaHTAXCHHS BUKIWKAIOTH aJalTalliiHi 3MiHU B KICTKOBIH
TKaHMHI, (0COOIMBO AWHAMIYHI), 1 € HIBEIIOIOYMM YHHHUKOM BIUIMBY OMPOMIHEHHS Ta BaXKKHX METAIIiB

Ha PICT Ta MiHEpAJILHUIA CKJIaJl KICTOK CKeJIeTa.

BUCHOBKHA

VY nucepramii HaBeleHI TEOPETHYHI y3arajlbHEHHS 1 HOBE BUPILIEHHS HAyKOBOI 3ajadi, IO
MOJISITa€ 'y BUSBJIICHHI OCOOJHMBOCTEH CTPYKTypHOi mepeOyaoBH JOBTMX KICTOK CKeJeTa 3a il
IHTEHCUBHHUX Ta NOMIPHUX JTUHAMIYHMX Ta CTATUYHUX (PI3MUYHUX HABAHTAKEHb B YMOBAX ONPOMIHEHHS Ta
BXKMBaHHS COJIEH BaXKKUX METAIIB.

1. KomOiHOBaHa Jig 10HI3yHOUOTO ONPOMIHEHHS Ta COJIed BaXKHX METaliB 3yMOBIIIOIOTH
OCTEOJIETIPECUBHI MPOSIBU B JOBIMX KICTKAaX CKeJeTa, YIOBUIBHIOIOUM OCTEOreHe3 Yy MetaenidizapHii
IUTACTHUHLI Ta Aiadizi 1 BUKIMKAIOTh 3MEHIIEHHS MPUPOCTY BCIX OCTEOMETPUYHUX Ta MOP(POMETpUUHUX
MOKa3HUKIB y cepenHboMy, Ha 9,0 - 12,3%, a TakoxX 3HIKEHHS BMICTY MiHepaJbHUX pedoBHH Ha 11,4 —
19,1% Ha T1i MiABUILEHHS TiAPaTOBAHOCTI KiCTOK.

2. IHTeHCUBHI CTaTW4HI 1 OUIBLIOI MIpOI0 AMHAMIYHI (PI3WYHI HABAaHTA)KEHHS MIACUIIIOIOTH Yy
cepeaHboMy Ha 12,2 - 18,1% HeraTuBHY /110 OIMPOMIHEHHS 1 BAXKKUX METaJiB Ha PicT, POPMOYTBOPEHHS
Ta MiHEpaJbHUI CKJIa/l INIEYOBUX, CTETHOBUX 1 BEJIMKOTOMIJIKOBHUX KICTOK CKeEJIeTa.

3. IlomipHi craTuyHi 1 [JOUHAMIYHI HABaHTAXEHHS YacTKOBO HIBEJIOIOTh TMPUTHIYEHHS
MIOCTHATaJIbHOTO PO3BUTKY KICTOK CKEJIeTa, BUKJIMKAHOIO JII€}0 HECTIPUSATIMBUX €KOJIOTTYHUX YMHHHKIB

CymMmcbkoi obmacri.



4. IaTeHcuBHI Gi3UMYHI HaBaHTAaXXEHHS Ha TJII KOMOIHOBAHOI JIii OMPOMIHEHHS 1 B&XKKUX METaJIB
JeMIHEepaTi3yIOTh KICTKH CKeJieTa MEPEeBaKHO 32 PAXyHOK 3aMIIICHHS KaJbI[il0 10HAMU CBHHIIO, Mifil 1
Maprafio B KPUCTATIYHUX KOMIpPKaX TiAPOKCHUJIANATUTY, CIPHUSIOYM 3aTPUMII pocTy KicTok. Lli 3MiHu
MEHIII MpU BUKOPUCTAHHI IHTEHCUBHUX CTAaTUYHMX HAaBAaHTAXEHb: TAaK, BMICT Kajibllit0 HIbkuui Ha 20 -
25%, a marHiro — Ha 16-20%.

5. MakcuManbHUK KOPUTYBAIBHUN €(EeKT Ha CTPYKTypy KICTKOBOI TKaHMHH B yMOBax
ONPOMIHEHHS 1 HAJJUIIKOBOTO BXKMBAHHS COJIEH Mial Ta HMUHKY (SIMIinbChKUi pailoH) MpUTaMaHHUIMA
MOMIpHUM OIrOBUM TpeHYBaHHSAM. MiHIMaJIbHUN KOPUTYBAJIbHHHN €(EKT IMX HaBaHTaXEHb — IIPH

BXKMBaHHI CoJIel IUHKY, XpoMy Ta cBUHITIO (LLlocTKMHChKMIA palioH)
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AHOTANIA

Hlenenes A.€. BrnuB (i3uyHuX HaBaHTaXeHb Ha OyZOBY Ta (OpMyBaHHsS JOBIMX KICTOK B
YMOBax 10HI3YIOYOTO BHUIIPOMIHIOBaHHS 1 COJIed BaXXKUX METalliB (aHAaTOMO — EKCIEpPUMEHTalIbHEe
JOCTIKeHHs). - Pykorwc.

Hucepraniss Ha 3100yTTS HAyKOBOTO CTyMHeHs KaHaujgata OilosoriuHux Hayk 14.03.01 -
HOpMasbHa aHaToMid. Jlep:kaBHUI BUIIMI HaBYaIbHUHN 3aKiaj “TepHONUIbCHKUIN Nep>KaBHUN METUIHHIMA
yHiBepcuteT imMeHi1 1.51. ['opbaueBcrkoro” MO3 Vkpainu, Tepromnins, 2008.

Jucepranisi npucBsyeHa BUBUYEHHIO OCOOJIMBOCTEN OYyIOBH Ta (OPMOYTBOPEHHS JTOBI'MX KICTOK
IIypiB B yMOBaX KOMOIHOBaHOi Jii 10HI3yI04Ol pajialii, cojied BaXXKUX METaiB Ha TJI1 MOMIPHUX Ta
IHTEeHCUBHUX (I3MYHMX HaBaHTaXeHb. CTPYKTYpPHO — METa0OJIUHY XapaKTepPUCTUKY KICTOK BUBYAIH 3a
JIONIOMOTOI0 OCTEOMETPii, CBITIOBOI MIKPOCKOMIii 3 MeTogamMu MOp(oMeTpii 1 XIMIKO — aHATITHYHOI'O
aHaI3y 1 CTATUCTUYHOI 00pOOKHU ITU(POBOTO MaTepiay.

BcranoBneHo, 1m0 IHTEHCHMBHI CTaTU4YHI Ta JWHAMIYHI HABaHTAXXCHHS y KOMIUIEKCI 3 JIIE€I0
YMHHUKIB 30BHIIIHBOTO CEPEJOBHUINA MiJCHIIOI0Th HECHPUSTINBI 3MIHH B JOBIHX TPyO4dacTUX KICTKax,
IO TPOSIBISETbCS B 3HAYHOMY 3BY)KEHH1 IX emiQizapHUX XpAILIB, 3IJ1aJ)KyBaHHI OKPEMHUX 30H,
3MEHILIEHH] KIJIbKOCTI NMpoJiihepyrounx XOHIPOLUTIB, NEPETBOPEHHI CTPYKTYpH Aladiza KICTKH.

[TomipHi cTaTHYHI Ta JUHAMIYHI HABAHTAXKEHHS B YMOBAX JIii €KOJIOTIYHUX YHHHUKIB BUKIUKAIOTh
MIPUCKOPEHHS MO30BXHBOTO 1 MOMEPEYHOI0 POCTy KiCTOK, MiABHILEHHS PIBHS iX MiHEpalIbHOTO OOMIHY
Ta MOKpAaIlaHHA SKICHUX 1 KUIbKICHUX XapaKTepUCTHUK, BUKIMKAIOUM pallioHANbHY (opMy aaamnTariii, o

MPOSBIIAETECS  MpOJiEepaTUBHOIO AKTUBHICTIO KIITHHHUX €JEMEHTIB HapOCTKOBOrO  Xpsia 1



30UTBIIEHHSAM KOMMAaKTHOTrO mapy miadiza. [TomipHi (i3udyHi HaBaHTa)KEHHS JIO3BOJISIOTH 3MEHIIUTH
HETraTHBHI HACIJIKM BIUIMBY OIPOMIHEHHS Ta METAJIIB HA PIiCT i JOPMOYTBOPEHHS TOBTUX KICTOK CKEJeTa.

KaouoBi cjioBa: J0Bri KICTKM CKeleTa, 10HI3yloua pajiallisi, cojli BaXKMX MeTaliB, (i3u4Hi
HABaHTA)KCHHS.

AHHOTALUA

lenene A.E. Biusnue pu3nueckux Harpy30K Ha CTpOCHUS M (YOPMHUPOBAHUS JITHMHHBIX KOCTEH
10/l BIMSIHUEM MOHM3HUPYIOIIEH PaJualuy U COJEH TSKENbIX METAIIOB (AaHATOMO-3KCIIEPUMEHTAIBHOE
uccienoBanue) — Pykonuce.

Huccepranuss Ha CcoMCKaHHE YUYEHOM cTenmeHu KaHaujgaTa OHOJOTMYECKUX HayK [0
cnermanbHocTH 14.03.01 — HOpManbHass aHatomus. — ['OCyZapCTBEHHOE BBICIIEE y4eOHOE 3aBEICHHE
“TepHONOIBCKUI TOCYIApPCTBEHHBIH MeauIuHCKui yHuBepcuter mmenun W.S. TopbaueBckoro” M3
VYkpaunsl.-Teprnonosns, 2008.

B nuccepranuu npuBeneHo TeopeTHdeckoe 0000IIeHNe U HOBOE pPEIIeHne HAyYHOU 3a/1a4yH, YyTo
COCTOMT B YCTAHOBIICHMHM HOBBIX JaHHBIX O CTPOCHHUH, (HOPMOOOpPA30BAHMM M XMUMHUYECKOM COCTaBe
JUTMHHBIX KOCTEH KPBIC B YCIOBHUAX KOMOMHHPOBAHHOTO BO3JICHCTBHUS MOHU3UPYIOIIEH pajualiiu, coyei
TSDKEJBIX METAJUIOB HAa (JOHE PU3NUYECKUX HATrPY30K. DKCIEPUMEHTATbHBIC UCCIIECTOBAHMS IPOBEICHBI HA
160 Genbrx Oe3mOpoAHBIX Kpbhicax — camiax ¢ maccor 100 — 150 r, YeThIpeXMECSYHOro BO3pacTa.
[TononbITHBIE )KUBOTHBIE ObUIN paclpeiesieHbl HA 2 CEPUU: SIKCIIEPUMEHTAIIBHYIO U KOHTPOJIbHYIO

I cepust — B 3aBUCUMOCTH OT 3KOJIOTUYECKUX (DAKTOPOB pacnpesiesieHa Ha TPU TPYIIIBL.

[TepBas — B Teuenue 1 Mmecsua nomydana oOnydenue B gose 0,2 I'p U conu LMHKA, MEAH, YTO
COOTBETCTBYET IKOJIOTUU SIMIIOJILCKOTO panioHa.

Bropas rpynmna - B Teuenue 1 mecsma nomydana odmydenue B go3e 0,2 I'p um conmu maprania,
CBHUHIIA, MEJIH, YTO COOTBETCTBYET dKojoruu CepennHo-byackoro paiiona.

Tpetss rpymnma B TeUeHUH Mecsla mnoiydana obnydeHue B no3e 0,2 I'p u conm 1muHKa, Xpoma,
CBUHIIA, YTO COOTBETCTBYET dKosoruu LllocTknHckoro paioHa.

Kaxnas w3 rpynn paszneneHa Ha 4 nmoarpynnel ( mo 10 kpblc B KaKAoW) B 3aBUCHUMOCTH OT
Xapakrepa 1 pexxuMa (pU3NUecKHux 3arpy3oK:

1) ymepeHHble TUHAMHUYECKUE (PU3HMUECKUE HATPY3KH;

2) UIHTEHCUBHBIE TMHAMUYECKHE (PU3NYECKHE HATPY3KH;

3) yMepeHHble cTaTuyecKre Gu3nYecKrue Harpy3Ku;

4) UHTEHCUBHBIE CTaTHYECKHE (PU3NUECKHe Harpy3KH.

II cepus (40 KpbIC), KOHTPOJIBbHASA, pacHpeaeeHa Ha 2 TPYIIIbI.

ITepByro rpynny *uBOTHBIX (10 KpbIC) COCTaBMIM HHTAKTHBIE KPHICHI B BO3pacTe 4 MecsLa.

Bropas rpynmna (30 kpbIC) HaXOAMIaCh TOIBKO IO BIMSIHUEM KOMOWHHUPOBAHHOTO BO3JCUCTBUS

VOHU3HPYIOLIEN PAUALIMY U COJEH TSHKEIIBIX METAIIIOB.



CTpyKTypHO — MeTa0OJIMYECKYI0 XapaKTePUCTHKY JUIMHHBIX KOCTE€H H3ydall C ITOMOIIBIO
OCTEOMETpPUH, CBETOBOW MHMKPOCKOIMUH C METOAaMH MOP(HOMETPHUM M XHMHUKO — AaHAJUTUYECKOTO
aHaIM3a.

Pa3Hble O MHTEHCHBHOCTH CTaTMYECKHE M JAWHAMUYECKHE (U3MUYECKHE HArpy3Kd HEOANHAKOBO
BJIMSIOT HA POCT U (OPMOOOpa30BaHNE JITMHHBIX KOCTEH.

CraTrueckue Harpy3Kd BBI3BIBAIOT Y )KUBOTHBIX MEHEE BBIPAKEHHBIC H3MEHEHUS B POCTE, a TAKXKe
JECTPYKTUBHBIC H3MEHEHHUSI B KOCTHOW TKAaHH, YeM aHAJIOTHYHBIC TUHAMHYECKUE HATPy3KH.

Honusupyromas paguanus U CONU TSDKENBIX METAIIOB BMECTE ¢ MHTEHCHBHBIMH (DM3HMYECKUMHU
HAarpy3kaMM TIPUBOAST K 3HAUYUTEIBHOMY CHIDKEHHMIO POCTa, YTO TMPOSBIAETCS B CYKCHHH HX
SMU(U3APHBIX XPAIIEM, CIVIAKEBAHUU OTACIBHBIX 30H, YMEHBIICHHHM KOJIUYECTBAa MpPOiHdepyrommx
XOH/IPOLIMTOB, U3MEHEHUH CTPYKTYPHI AMadr3a KOCTH U MUHEPATH3AINNA KOCTEH.

VMepeHHble MHAMUYECKHE HArpy3kd B YCIOBHSX OKOJOTHYECKHX (DAaKTOPOB BBI3BIBAIOT
YCKOPEHHE TPOJOJIBHOTO W TIONEPEYHOr0 POCTY KOCTH, IOBBIIICHHE AKTHBHOCTH HMX MHHEPAILHOTO
oOMEHa W YIIydlIeHWE Ka4eCTBEHHBIX M KOJHMUYECTBEHHBIX XaPAKTCPUCTUK, BBI3bIBAs PAIlHOHAIBHYIO
bopmy anmantanmu. IIposBnsiercs 3TO mponudepaTHBHOH aKTHBHOCTBIO KIETOYHBIX JJIEMEHTOB
aMU(U3APHOTO Xpslla, YBEIMYCHHWEM KOMIIAKTHOTO CJIos Juadu3a ¥ TOBBIIIEHHEM YPOBHS
MHUHEPATH3aLUH.

PesynbraTel, moiyueHHBIE B OKCIEPHUMEHTE, WMEIOT BECOMOE 3HAueHHe Ui pPa3paboOTKH
aJIeKBaTHBIX MEPOTPHUATHIA KOPPEKUIUH CTPYKTYPHO-(QYHKIMOHATHHOTO COCTOSIHUSI KOCTHOM TKaHH B
YCIOBUAX (PU3MYECKUX HAarpy30K Ha JJIMHHBIE KOCTHU M YCIOBMSX JIEHCTBUS HETATMBHBIX 3KOJIOTMYECKUX
(bakTopoB.

KiawueBble cjI0Ba: JUIMHHBIE KOCTH CKEJIETa, WOHM3HUPYIOUIAs paJHaIUs, COJNH TSKEIBIX

METaJJIOB, (pU3NUYECKUe Harpy3KH.

SUMMARY

Shepelev A.E. The influence of physical loads on the structure and formation of long bones in the
condition of ionizing radiation and salts of heavy metals. (anatomical experimental research). -
Manuscript.

Dissertation on gaining o the scientific degree of candidate of biological sciences in the speciality
14.03.01.- Normal Anatomy. Ternopil Medical University named after Gorbachevskiy, Ministry of
Health of Ukraine, Ternopil 2008.

This work is about the research of features of structure and formation of long bones with the
average and intensive physical loads.

Structural-metabolitic characteristics of bones were studied with the help of osteometry, glass
microscopy including methods of morphometry and chemical-analytic analysis and statistics of digital



materials. It was established that intensive static and dynamic loads in combination with inerease
malignant changes in long bones, that will show in dilation of epiphysary cartilages , decrease of the
amount of prolipherating chondrodcytes ,changes in diaphysis structure. Average static and dynamic
loads in conditions of influence of ecological factors will cause the increase of longitudinal and
transverse growth rate of bones and the increase of the level of their mineral metabolism and inereasing of
their quantity and quality characteristics, making rational form of adaptation , which will show in
prolipherative activity of cellular elements of the growing cartilage and increase of the compact layer of
diaphysis. Average physical loads allow to decrease negative consequences of the influence of radiation
and metals on growth and formation of long bones of the skeleton.

Key words: long bones, ionizing radiation, salts of heavy metals, physical loads.



