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BBEAEHMUWE

AKTyaJIbHOCTL TEMbI UCCJICA0OBAHUA

CratucTuyeckue TaHHbIE TTOCIETHUX JIET CBUJIETEIBCTBYIOT O HEYKIIOHHOM POCTE
3a00JIEBaEMOCTH TYTrOYXOCTBhIO BO BceM Mupe. [lo maHHBIM HCClieZJOBaHUN IKCIIEPTOB
BcemupHnoit opranuzanuu 3npaBooxpanenusi (BO3) B mupe 4—6% Hacenenus (0koJio
360 MWUIMOHOB) cTpagaroT HapymreHusmMu ciayxa (2017). Okono 278 MHIUITMOHOB
Jqro/Iel MMEIT TIIyOOKOE JABYCTOpPOHHEEe HapyiieHue ciryxoBod ¢ynkmuu [172]. B
Poccuiickoit @enepannu Takas narosnorus cocranisier 2—10% c npeobnananuem (63,2—
80%) cenconeBpanpHoii Tyroyxoctu (CHT) [28, 59, 92].

TenaeHuss K HEYKJIOHHOMY pOCTY 4YHCIA TMAlUEHTOB C TYTOYXOCThIO
MPOJIOJDKAETCSA, YTO CBSI3BIBAIOT C BO3JICUCTBHEM  YXYJIIAIOMUXCS  (AKTOPOB
OKpYXaloIel Cpenbl, B TOM YHCJIe, OBITOBOTO IIIyMa, IMUPOKAM HEKOHTPOJIUPYESMBIM
UCIIOJIb30BAaHUEM JICKAPCTBEHHBIX TMPENaparoB ¢ OTOTOKCUYECKHM JICWCTBHEM,
HEYKJIOHHBIM POCTOM CEpJAECYHO—COCYIUCTON TATOJIOTHH, TICUXOAIMOIIMOHATEHBIMHU
neperpy3kamu [60,61, 70, 89, 165]. Baxxuyro poyib B BOSHUKHOBCHHH CEHCOHEBPATLHOM
TYyrOyXOCTH WrpaeT HEraTUBHOE JEHCTBHME IlIyMa Ha OpraHu3M pabOTHUKOB
«ITYMOOTTIACHBIX» pa00YMUX MECT, B 3HAUUTECIIBHOM YHCIIC CIIy9aeB HEYCTPAHUMOTO, YTO
IPUBOJUT K COLMAIbHO—IKOHOMUYECKUM H3aepkKaMm [75,76,77, 96,132]. Tpyaunoctu
aJanTanvy JUI C BBIPAKEHHBIMH COIMAIIBHO—3HAYUMBIMU JepeKkTaMu B 0OIIecTBeE
NPUBOJAT K XPOHUYECKOMY CTPECCY, CHIDKAIOT KauecTBO ux Jku3nu [71, 99].

[To xmaccuueckum mnpexactasieHusM npu CHT mnpeobnanaroT nereHepaTHBHO—
aTpo(UuecKre W3MCHCHHS B CTPYKTypaX BHYTPCHHETO yXa, HO HaKaIlJIMBaeTCs BCE
OoJIbIIe JaHHBIX 00 arONTHYECKOM MyTH TMOEN KJISTOK BHyTpeHHero yxa [39, 40, 126]
U BO3MOXHOCTSIX €ro pEryjJlHpOBaHHs, B YaCTHOCTH TIOCPEACTBOM Oeika C
aHTHAIIONTHYCCKUM JeiicTBUeM — HykieoiauHa [130]. CymecTByer MHOXECTBO
COBPEMEHHBIX TEOPHH IMaToreHe3a 3a00JieBaHMsI, TAKUX KaK OKCHUIAATHUBHBIN CTpecc,

TCOPHUHU TIOBPCKIACHUA M€M6paH YIUTKH, HMMYHOOIIOCPECAOBAHHOI'O IIOPAXKCHUS



JaOupUHTa, HapylIeHWs OOMEHa 3JIEMEHTHOTO COCTaBa OpraHu3Ma, B YacCTHOCTH,
xKeses3a, TeoOpUs MUKPOTpoMO00Opa3oBaHusi, OMOCPEAOBAHHOTO HOJUMOP(HU3MOM I'€HOB
cucreMbl TeMoctaza [53]. OKHCIMTENBHBI CTPEeCC, W3MEHEHHs CTEepPEOLMINHN,
pa3pylIieHHe OMOPHBIX KJIETOK, ITyTaMaTHas dKCaWTOTOKCUYHOCTh, OTEK COCYAMCTOM
MOJIOCKM W BOCHAIMTENIbHASI pEaKlMsl CUMUTAIOTCS 10 COBPEMEHHBIM JaHHBIM
naropusnoiorndeckumMu Mexannmsmamu passutusi CHT [165], uzydyenune KoTopwix ¢
YTOYHEHUEM POJIM KaXKJOTO U3 HUX MPEJCTOUT B HACTOSIIEM U OYIyIEM.

Hecmorpss Ha  Oonbplloe  KOJIMYECTBO  JUATHOCTUYECKUX  METOJUK,
HEMOCPEACTBEHHO NATOTCHETUUYECKHUE acCMeKThl PACKPBITHl BCE €Ile HEeAOCTATOYHO.
MenaukaMeHTO3HOe JieueHue 3a00JIeBaHUs, K COXKAJICHUIO, Jake NPHU OCTPhIX (popmax
CEHCOHEBPAJIbHOW TYTOYXOCTH JIaJIeKO HE BCErJa JaeT IMOJOKUTENIbHBIN 3(PPEeKT, uTo
Yame BCEro CBA3aHO C  OTCYTCTBHEM  IAaTOT€HETUYECKOW  HaAIpPaBJIEHHOCTU
UCTIOJIb3YEMBIX JIEKaPCTBEHHBIX mpernapartoB [3, 36, 37, 40, 159].

HeratuBHoe BiMsiHME MHOTOYHMCIEHHBIX (DaKTOPOB Ha IEHTPATbHYIO HEPBHYIO
CUCTEMY U OpraHbl YyBCTB, B TOM YHWCJIE€ Ha PEIENTOpPbl BHYTPEHHETO yXa, Ha BECh
OpraHM3M B I1I€JIOM TMPUBOAUT K HAPYIICHHIO €r0 TOMEeocTa3a, K W3MEHEHHUSM B
cUCTeMax aHaimu3atopoB [75]. B mociemnue roapl Bce OOJbIe BHUMAHHS YACIACTCS
pOJIM HApYIIECHUMN SJIEKTPOJIMTHOTO OajlaHca B PA3BUTUU PA3TUYHBIX MATOJIOTHYECKUX
COCTOSIHUWA. B wyacTHOoCTH, pSAOM aBTOPOB H3ydaics KalbUUid — QocPOpHBIA
MeTabO0JIU3M, KaK OJIMH U3 OCHOBHBIX PETYJISTOPOB roMeocTasa opranusma [68, 84, 83].

Bmecte ¢ TeM, HEIOCTAaTOYHO U3y4YeHa POJb DJIEMEHTHBIX HAPYIICHHH, B
YACTHOCTH, KalIbIIMEBOTO OOMEHa B pa3BUTUU TYrOyXOCTH. B oTeuecTBeHHOW u
3apyOeKHON JUTEpaType WMEIOTCS JUIIh SAUHUYHBIC pPa0dOTHI, MOCBSIICHHBIC 3TOMN
teme [21, 52, 83, 167, 175], yro moaTBepKaacT HEOOXOIUMOCTH JalbHEHIIEro
U3YyYEHHUs POJIH KalbLeBOro Metadonm3ma B natoreneze CHT.

YuuthiBass ~ UMEIOIIUECS  CBEJICHUS, 1EJIeCO00pa3HO  MPOJOJIKEHHE
MCCJICIOBAHUM MO YTOUYHEHUIO maToreHeTndeckux acrekroB CHT, B wacTtHOcTH, posin
HapyILICHUH KanplueBoro oomena. HeoOXoaum MOMCK METOJOB TepameBTHUECKOTO

BO3JICUCTBUSI TMAaTOI€HETHUECKOW HAIMpaBlIeHHOCTHU W APQPEKTUBHON MNPOPUIAKTUKU



CIIyXOBBIX HaPYILLIECHHM.

CreneHnb paiipaﬁOTaHHOCTI/I TEMbI UCCJICA0BaHUA

Ha coBpemeHHOM 3Tare pa3BUTHS HAyKH CYIIECTBYET MHOKECTBO BAPUAHTOB
OOBSICHEHHSI MEXaHU3MOB MOBpexAeHU BHyTpeHHero yxa npu CHT, Ho enuHas Touka
3peHUsl Tak M He BbIpaOOTaHa. DTO HAXOAUT OTPAKEHUE B OOJBIIOM KOJIMYECTBE
IPEJIOKEHHBIX ~ METOAOB JICYEHUS TYIOYXOCTH, HMEIOIUX pa3JIMYHble TOYKH
npwioxenus [27, 31, 33, 38, 40, 57, 52, 60, 78, 106]. Pe3ynpTarhl 3TUX METOMOB IO
HACTOSIIIETO BPEMEHU HE SIBISIOTCS YAOBIIETBOPSAIOIIMMH HHU MAlUEHTOB, HU JIEUaLUX
Bpayeil. JTo JesaeT BONPOCHl ONTUMHU3ALMH JUATHOCTUKHA NATOT€HETUYECKH 3HAUMMBIX
u3MmeHeHuil npu CHT u ux 3¢ (ekTuBHON KOPPEKIUHU aKTyalbHBIMU B COBPEMEHHBIX

YCIIOBUSIX.

eab uccaenoBanus

N3ydyeHnne posn MeTaboau3Ma KalbliUsg B IATOTEHE3€ CEHCOHEBPAIbHOU

TYTOyXOCTH.

3aaa4m UccaeI0BAHNA

1. BbisIBUTH NOpPEeaUKTOPHl MPOrPECCUPOBAHUS CEHCOHEBPAIBHONW TYTOYXOCTH Ha
OCHOBE M3Yy4YEHHUS TIIOKa3aTeNieil KaJlblIMeBOro Meradoim3mMa y OOJBHBIX C
pa3IMYHBIMU OPMaMHU U CTEMEHSIMH CEHCOHEBPAIbHOM TYTOYXOCTH.

2. BocmpousBectn ceHCOHEBPAIBbHYIO TYTOYXOCTh B AKCIIEPUMEHTE Yy J1a00paTOPHBIX
KUBOTHBIX M OINPEAETUTH MPHU 3TOM MOP(}OIOrHuecKre U3MEHEHHs] BHYTPEHHETO
yxa.

3. OrmpenenuTb O0COOEHHOCTH 3JEMEHTHOTO COCTaBa HEUPOSMUTENUATIBHBIX KIIETOK

CIIUPAJIbHOT'O opraHa na6opaT0prIX ZKHUBOTHBIX C BKCHCpHMCHTaHBHOﬁ



CEHCOHEBPAJIIBHOM TYrOyXOCTbIO 0€3 JIeUeHHs] W Mocie JiedeHus OJoKaTopamu
KaJIbIIUEBBIX KaHAJIOB.

4. Omnpenenuth 3pPEKTUBHOCTh OJIOKaTOpa KaJbIIUEBBIX KAaHAIOB (HUMOIUIINHA) Y
7a00paTOPHBIX  KUBOTHBIX C  AKCIEPUMEHTAILHOMN CEHCOHEBPAJIBHOU

TYTOyXOCTBIO

Haquaﬂ HOBH3HA UCCJICI0BAHHNA

B pabote BmepBble TMPOBEICHO KOMILIEKCHOE 00cieAoBaHUE  OOJBHBIX C
pa3IMYHBIMU (OpPMaMU U CTEMEHSAMH CEHCOHEBPAJbHOM TYroyXOCTH C HU3YYCHUEM
JTAHHBIX, XapaKTEPU3YIOIINX COCTOSTHUE Kalbl[MeBOro Merabonmmsma. Pazpaboran
HOBBII CHOCOO MOJICTUPOBAHUS CEHCOHEBpajabHON Tyroyxoctu [[larenr Pd Neo
2627155], ocHoBaHHBII Ha 3BYKOBOM BO3JCHCTBHHU, YCUICHHOM MMMOOHMIN3AMOHHBIM
CTPECCUPOBAHUEM, HA OPraHU3M >KMBOTHBIX — OCJIBIX KPBHIC.

BriepBble Ha SKCIIEPUMEHTAIBHOM MOJEIN CEHCOHEBPAUIBHOW TYTOYXOCTH
coOCTBEHHOM MoOAWGUKAIMA TI0OKAa3aHO IMOJOXKHUTEIbHOE BIUSHUE OJIOKATOPOB
KaJIBIITUEBBIX KAHAJIOB HA CTPYKTYPHI CIIYXOBOTO aHaIMU3aTOpa KUBOTHBIX. OOOCHOBaHA
11€71€CO00Pa3HOCTh HCTOJB30BAHMS B IMATOTC€HETHUECKOW TEpanmuu CEHCOHEBPAIbHOU
TYTOYXOCTH TIpenapaToB ATOW TPyNIbl C aKTUBHBIM JEHUCTBYIOIIUM BEIIECTBOM

HHUMOJUIINHOM.

HpaKTI/I‘leCKaﬂ H HAYYHad 3HAYUMOCTDb UCCJICAOBAHUSA

Ha ocHOBaHMHM BBICOKOTOYHBIX COBPEMEHHBIX METOJIOB WCCJICNIOBAaHUS Ha
HKCIIEPUMEHTAIBHON MOJIEIHN TYrOYXOCTH Y )KMBOTHBIX,  IOKa3aHO M3MEHEHHUE JI0JIU
KaJbIUsl B KJIETKAaX BHYTPEHHETO yXa AKCIEPUMEHTAJbHBIX >KUBOTHBIX B OTBET Ha
aKyCTUYECKOE BO3/IEUCTBUE

B oskcnepumente Ha 11a0OpaTOPHBIX JKUBOTHBIX TMOKa3aHa 3()QPEeKTUBHOCTD

HCIIOJIB30BaHUA 6J'IOK8.TOpOB KaJbIIMCBBIX KaHAJIOB B JICUCHUU CGHCOHeBpaHBHOﬁ



TYTOyXOCTH TI0 JJaHHBIM MOP(OJOTHIECKUX UCCIICTOBAHU.
Pa3zpaboTtanbl MeToguYecKUe PEKOMEHIAIUY Il Bpauel «3HaueHue UCCIeIOBaHU
KaJIBIIUEBOTO OOMEHA JIJISI TUATHOCTUKH U JICYCHUSI CEHCOHEBPATBHON TYTOYXOCTH.
Marepuanbl HWCCIEAOBAaHUS HUCIONB3YIOTCA B yY4EeOHBIX TMpOrpaMmax —Iio
OTOPUHOJIAPUHTOJIOTUH JIJISI CTYJICHTOB M IIpOrpaMMax MOCISAUITIOMHOTO 00pa30BaHuUs
Ha Kadeape Oonesneit yxa, ropna, Hoca PI'bOY BO «PocToBckmii TOCynapCTBEHHBIN

MEIULIMHCKUM yHUBEepcuTeT» MuHn3npasa Poccun.

HOJIO)KCHI/IH, BBIHOCUMBIC Ha 3aIUTY

1. CeHcoHEBpanbHasi TYrOyXOCTh Yy J1a0OpaTOPHBIX JKUBOTHBIX MOYKET OBITh
BOCIIPOM3BEJICHA B OKCIIEPUMEHTE TMPU MPUMEHEHHBIX YCIOBUSAX AaKyCTUYECKOU
CTUMYJISILIUM 1 UMMOOUIIM3AaIUOHHOTO CTPECCUPOBAHUSI.

2. Hcnonp3oBanne  OJOKATOPOB  KaJIBIIHMEBBIX KaHaJoB (HUMOJIMITNHA)
3¢ (HEeKTUBHO y JTa0OPATOPHBIX >KMBOTHBIX C SKCHEPUMEHTAIBHOW TYTOYXOCThIO U
MOKET OBITh PEKOMEHJOBAHO OOJIBHBIM IS TPEJOTBPAILICHHUS MPOrPEeCCHPOBAHUS
CEHCOHEBPAJIIBHOW TYTOYXOCTH.

3. Hapymienne metabonm3Ma Kaiblus y OOJBHBIX C CEHCOHEBPAIBHOW TYTrOyXOCTHIO

UTPAET POJIb MPEAUKTOPA TPOTPECCUPOBAHUS TYTOYXOCTH

JIMUHBIN BKJIAJ aBTOpa B PE3yJbTaTbl HCCJICAOBAHUA

JInyHbIN BKJIAJ aBTOpa COCTOUT B OPraHM3alMy U MPOBEJCHUH UCCIEIOBAHUS 110
BCEM pazjeliaM Jauccepranud, (HOpMyJIMpOBaHUM LEIU, 3aJad HUCCIEIO0BaHMS,
OTIPEJICTICHUH METOJIOB 00CeIoBaHus, COOpPE M aHANIH3e MOJYYCHHBIX JaHHBIX. ABTOP
HEIMOCPEJICTBEHHO TPOBENia AKCIIEPUMEHTAIBHYI0 4YacTh pa0OThI, BBIMOJTHECHHYIO Ha
7a0opaToOpHBIX KUBOTHBIX. [IpoBogmna oOcienoBaHuE W BeACHUE BCeX OOJBHBIX,
3aMOJHEHUE CICIUAILHO Pa3paOOTaHHBIX KApT, CTATUCTUYECKUA aHAIN3 MOTyYEHHBIX

JaHHBIX.



I[OCTOBCPHOCTB JAHHBIX U anpoﬁaunﬂ paﬁoTbI

PaboTa BbINOJHEHA HA 3HAYUTEIBLHOM KJIMHUYECKOM MaTepHalie ¢ COBPEMEHHOU
CTaTUCTUYECKOW 00pabOTKOM MONMy4eHHBIX NaHHBIX. EE pe3ynbraThl MOATBEPKIACHBI
HKCIIEPUMEHTAJILHBIM ~ HCCIECOBAHUEM C  MOJICJIMPOBAHMEM  TYTOYXOCTH Y
7a00paTOPHBIX KUBOTHBIX. Pe3ynbTaThl HCCIEIOBAaHWN, OCHOBHBIE IOJIOKECHUS
JMCCEepPTallMM  JIOJIOKEHBI Ha 65— KOH(epeHIIMH  MOJIOABIX YyueHbIXx PoctIMYVY
(PocroB—na—/lony, 2011), III, IV TletepOyprckux dopymax OTOPHUHOIAPUHTOJIOTOB
Poccun (Canxt—IlerepOypr, 2014, 2015); Proceedings XXXI World Congress of
Audiology (Moscow, Russia, 2012); I1epBoii BCepOCCHIHCKOW OTKPBHITOH KOH(pEPEHIUH
no mnpobnemam yxa B pamkax 10-ro CEMHHApa "N30paHHbIE BOITPOCHI
OTOJIOTUU/OTOXUPYPTHUH" (MockBa, 2012); V MexperuoHaJibHOW Hay4yHO —
paKkTU4YecKor KoHbepeHIu oTopunoiapunroyioroB Koxkuoro u CeBepo—KaBkazckoro
dbenepanbHbIX OKPYTrOB ¢ MEXKIyHapoaHbiM yuactueM (Pocros—na—[lony, 2012); 60—t
HAyYHO—TIPAKTUYECKON  KOH(EpPEHITUU «Mononaple  ydeHble — POCCHMCKOU
OTOPUHOJIAPUHTOJIOTUM (Canxr—IlerepOypr, 2013); 3acemanusax PoctoBckoro
orneneHuss  Bcepoccuiickoro  HayyHOro  oOIliecTBa  OTOPHMHOJIAPUHIOJIOTOB
(PocroB—na—/lony, 2014), MexpernoHaibHOW HAyYHO-TIPAKTUYECKONW KOH(EpEeHIINH
«PuHosorust u otuarpusi — coBpeMeHHnle npodaemel» (Pocros—Ha—/lony, 2015). Bee

MaTepHaJbl IOJy4eHbI, 00pabOTaHbl U MPOAHAITU3UPOBAHBI ABTOPOM.

y6oaukanuu

[lo pe3ynpraTaM ucciaeAoBaHH OMyOJMKOBaHO 36 TMeyaTHBIX pPabOThI, B TOM
yuciae 7 — B pELEH3UPYEMBIX KypHailax, BKIOUeHHbIX B Ilepeuenr BAK Poccun,
nonyded [larentst P® nHa wm3o0Operenme Ne 2627155, Ne 2648534, wuznmanbl

METOIMYECKUE PEKOMEHIALINU /ISl BpAdeil.
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I'/TABA 1
OB30P JIMTEPATYPBI

1.1. CoBpemeHHble AaHHBbIE 0 3200/1€BA€MOCTH, 3THOJOTMH W NATOreHe3e
CEHCOHEeBPAJIbHOM Tyroyxoctu. Hapymenue o0OMeHa Kaabuus B

IMaTOreHeE3€ MOBPECKACHUA CJIYX0OBOI0O aHAJIMU3aTopa

HeyxionHoe yBenuueHue 3a00J€BAEMOCTU CEHCOHEBPAIBHOW TYTOYXOCTBIO
(CHT) cpeau HacedeHHs] COIpPSDKEHO C POCTOM IMaTOJIOTUM CeplAlla U COCYHAOB,
HEHpoJIereHEePaTUBHBIX 3a00JIeBaHN, MHTEHCUBHBIX IITYMOBBIX HArpy30K B OBITY W Ha
MPOU3BOJICTBE, OCTPBIX M XPOHUYECKUX 3a00JIEBaHM, B JICUCHUH KOTOPBIX
UCTIONB3YIOTCS OTOTOKcHMYeckue mperapatbl [94]. Tyroyxocte  MOXET BO3HHKATH
BCJICICTBHE TEHETHMYECKUX AaHOMaJMii, BO3PACTHBIX HW3MEHEHUH, COCYAMCTHIX
HapylieHud Ha (QOHE apTepUaIbHOW TUIEPTEH3UU, BET€TO—COCYAMCTON TUCTOHHH,
aTepoCKJIepo3a, pa3IMYHOTO BHUAA TPaBMATHUECKUX BO3ACUCTBUN: OapoTpaBMa,
aKyCTHYECKasl, MeXaHn4ecKas, Buopaimonnas tpasma [40, 53, 61, 70, 75,76].

[ToMmuMoO CyIIeCTBOBaHHS TPAJUIMOHHBIX BPEIHBIX ITYMOBBIX BO3JCUCTBHUI B
Takux cepax ASSITETPHOCTH YEJIOBEKa KaK CTPOUTEIHCTBO, TOPHAsI MPOMBIIUICHHOCTD,
TPAHCIIOPT, BO3AYIIHbIE CyAa, 3eMJeleine, CYIECTBYIOT U, TaK Ha3bIBaeMbIe,
peKpealoHHbIe BO3JCHCTBUS, HE MEHEE OIMAaCHbIE — HOYHBIE KIIYOBlI, TUCKOTEKH,
TpEHaXEPHBIE 3aJIbl, CIIOPTIUIONIAAKH, T/I€ CYIIECTBEHHO MPEBBIMIAIOTCS JOMYCTUMBIC
YpOBHH IITYyMOBOTO Bo3neicTBus. Tak, mo marasiM A.C.Y.Wong, npubnusutenbao 2/3
HaceneHuss  BenukoOputanuu B Bo3pacte 18-30 et mnoaBepkKeHbl OMACHOMY
BBICOKOMHTEHCUBHOMY 3BYKOBOMY Bo3zeiicTBuio (Oonee 85 nb), KoTopoe MOXKET
BBI3BaTh MOBpEXkACHHE ciyxa [173].

[To maHHBIM POCCHICKUX aBTOPOB, 3HAUMUTEIBHYIO YaCTh OOJIBHBIX, CTPATAOIIX
CHT cocraBnsitor numia TpyaocnocoOHoro Bo3pacta [24,45, 46]. Bo Bpembix
YCIIOBUSIX, HE OTBEUYAIOIIMX CAHUTAPHO-TUTHEHUYECKUM HOpPMaM, TPYASTCS OKOJIO
21,3% pabotaukoB [80], 4Yro Takke MOATBEPKAACT COIUATHHYIO 3HAYMMOCTH

npobsieMbl U HEOOXOJUMOCTh IMOMCKAa METOJOB JICUCHUS M MPOPUIAKTHKU JaHHON
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natosioruu. llupokre BO3MOKHOCTH peaOWUIUTAIIMU OOJIBHBIX CO 3HAYNTEIHHBIMU
nedekTamMu  CIyXoBOM  (PYHKIIMHM, OCOOEHHO JIETCKOIO0 BO3pacTa, CBS3aHbI C
MEPCIEKTUBAMH Pa3BUTHS KoxjeapHod wmmrutantanuu [51, 95, 103]. BompmumHcTBO
UCCJEeIOBaTENEN CUMTaeT, yTo TUNMYHbIMH B natoreHese CHT sBistoTCcs HapyuieHue
KpOBOOOpAIlIeHUs] BO BHYTPEHHEM yXe€, TPO(PUKH BOJOCKOBBIX KJIETOK CHUPAIBHOIO
opraHa, APYrMX CTPYKTYyp CJIyXOBOIO aHajlu3aTropa, BIUIOTh 10 HX J€reHepaluu,
He3aBHCHMO oT dTHoNoruH [8, 40, 59, 69].

HeoOxoaumocTh u3ydeHHs] HapyIIEHUH JJIEKTPOJIUTHOTO OajlaHCa CBSI3aHO C
BIUSHACM 3TUX W3MCHCHHM B PA3BUTHH PA3JIMYHBIX IMATOJOTHYECKUX COCTOSHUN B
opranu3zme. OcoOEHHO 3TO KacaeTcsi MEXaHM3MOB PEerysisanuu Kaibluii—hochopHoro
MeTaboiM3Ma Kak O00ecHeuyHMBalolUuX TroMeocTa3. BaXHOCTh uHccledoBaHUs POJH
MeTaboJiM3Ma KalbIs MPU NATOJOTUHA BHYTPEHHETO yXa OMPEEseTCsl €r0 y4acTHeM
BO MHOTUX (DU3HOJOTUYECKUX W OMOXMMHUYECKHX IpOIleccax, TaKWX Kak arorro3
KJIETOK, MNOJAEpKaHWEe LEJIOCTH M NMPOHULIAEMOCTH IUTOIUIa3MaTHYECKUX MeMOpaH,
pEryJsius CUHANTUYECKON Mepenadyu, COKpAIICHUE MBIIICYHBIX BOJIOKOH, CHHTE3
TOPMOHOB M (JEPMEHTOB, pereHepaIvs KOCTHON TKaH!, aKTUBU3AIIUS BHYTPUKICTOYHBIX
OnosHepreTuyeckux npoueccon npeppamieHuss ATO B TAM®D, cBEPTHIBAEMOCTH KPOBH
[1, 66].

[Ipy maTOMOTMUYECKMX COCTOSIHUSIX B OpraHWU3ME, TaKUX KaK HWIIeMHS WA
TUTOKCHS, HOHBI KaJbIUsl, OCOOCHHO TPH TMOBBINICHUU MX KOHIIEHTPAIMU B KJIETKaX,
CIIOCOOHBI YPE3MEPHO YCHJIMBATH IMPOIIECCHl KJIETOYHOTO METa0o0JM3Ma, YBEIUYUBAThH
MOTPEOHOCTh TKaHEH B KHCIIOPOJIC, BHI3BIBATH PA3UYHBIC NECTPYKTHBHBIC MPOIECCHI
[100]. YuurteiBas rUCTOIOTHYECKHE JaHHBIE O OOJIBIIOM KOJIMYECTBE MUTOXOHIPHH Kak
B KapJWOMHUOIIUTAX, TaK U B HAPYKHBIX BOJIOCKOBBIX KJIETKax CIHUPAJIBHOTO OpraHa,
MOXHO CYAUTh O BBICOKOM YpOBHE MeTaboiu3ma B JTuX KieTkax [17], dro
CBUJIETEIILCTBYET O CXOXKECTU psna (HU3MOJOTHUECKHX TMporieccoB B HUX. Ho,
HECMOTpsSI Ha OTHOCHUTEJIbHOE PABEHCTBO YCIOBUW HJisi KJIETOYHOrO MeTaboJin3Mma,

BO3MOXHOCTH OJIA KOMIICHCALIMKM THUIIOKCHMH U YIy4dIICHUA KpOBOO6paIHeHI/IH BO
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BHYTPEHHEM yX€ XYK€, YeM B MUOKap/ie BCIAEACTBUE HHEPTHOCTH BHYTPHIAOMPUHTHBIX
KPOBEHOCHBIX cocyioB [134].

H3BecTHO, YTO CUCTEMa TPAHCIOPTa HOHOB KaJbIUsl B MEMOpPaHHBIX CTPYKTypax
Mo3ra obnagaeT HanbOoyiee BHICOKOM UyBCTBUTEIBHOCTBHIO K MEPEKUCHOMY OKHCICHHUIO
munuaoB. [Ipy HaKOIJIEHWM Jake HE3HAUYMTENIbHOTO KOJMYEeCTBAa MPOAYKTOB
NIEPEKUCHOTO OKHCIICHUSI JIMNHIOB B HEUPOHATBHOM MeMOpaHE MPOUCXOAUT
BBIPAKEHHOE MHTMOMPOBAHUE KaJbIUU—TPAHCIIOPTUPYIOLIEH CIIOCOOHOCTH, CBSI3aHHOE
c pazobmenueM ruaponuza ATD c TpancmopToM Kanblusg M HEperpy3koil HeHWpoHa
MOHaMH Kaiblus. M30BITOK MOHOB KalbIUsl B LUTOIUIA3ME HEHPOHA MOXKET BBI3BATH
HEKPOOMOTUYECKUE H3MEHEHHS B KIETKE BIUIOTH O €€ T'MOeaH, MOCKOJIbKY HOHBI
KAJIbLIUS PACcCMATPUBAIOTCS KaK TPUITEPbl MHOTUX META0O0JIMYECKUX IPOIIECCOB,
BKJIOYAsl AaKTHBAIMIO BHYTPUKIETOUHBIX Tmpotea3 [22]. Pa3peixiiis MemMOpaHbl
HEHPOHOB, MPOJYKThI EPEKUCHOTO OKUCIECHMSI JIMMUAOB UHULUUPYIOT 00pa30BaHUE B
HUX TUAPOPUIBHBIX «I10p», UHTUOUPYIOT MeMOpPaHOJIOKAJIM30BAHHbBIE
JUNH3aBUCUMbIE EpPMEHTHI, B TOM uucie ¢pepMeHThl nukia Kpedca u TpaHCopTHBIE
AT®d-a3e1 (Na—K — AT®Daza u Ca — AT®aza). Onu Tak e BBI3BIBAIOT jJehopMaliuio,
HaOyXaHue, CIUINaHuEe U JaXXe IMOJHOE pa3pylIeHHEe MUTOXOHAPHUMN, YTO CYIIECTBEHHO
yMeHbIaet npoaykiuo AT [22, 100].

KoHTposib romeocraza kajablusi BaKE€H ISl BbDKMBAEMOCTH KieTok. Kak u B
JIpYrUX OpPraHax, B KJIETKaX BHYTPEHHErO yxXa 3aJIeliCTBOBAHBI KaK BHYTPHUKJIETOYHBIE,
TaK W BHEKJIETOYHbIC MCTOYHMKHU Kanblid. [lnazmaTuueckne mMeMOpaHbl BOJOCKOBBIX
KJIETOK, TPAHCAYKTHBHBIE KaHaJbl, JIMTAHA—3aBUCHUMbIE KaHaldbl M MOTECHIHAJ—
3aBUCUMBIE KaJIbI[UEBbIE KaHAJIbl YYAaCTBYIOT B MOCTYIUIEHHMHM KajbLUs B BOJOCKOBBIE
kietku [170]. C gpyroit ctoponsl, kanbliii—TpancrnoptHas ATd-a3a u HaTpuii—
KaJIBIIUEBBIA OOMEHHBIN MEXaHW3M SIBJISIFOTCSI TJIABHBIMH IYTSIMU BBIXOJ[a KaJBIUS U3
BOJIOCKOBBIX KJIETOK. OCHOBHBIMH  (QYHKIUSMHU KalblUs BO BHYTPEHHEM  yXe
CUMTAIOTCS: 1) peryaupoBka NPHUCHOCOONSIEMOCTH TPAHCAYKTHBHBIX KaHAJIOB B
HOpPMAaJIbHBIX HapY)KHBIX BOJIOCKOBBIX KieTkax [140], 2) meamanus XoJMHEPTHISCKOM

npoBojsiiel peakuuu [128]. Bxox HMOHOB KalbIlsi BO BHYTPEHHIOK BOJIOCKOBYIO
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KJIETKYy BO BpEeMs JICTOJSpU3AllMU PErYJUPYEeT BBICBOOOXKICHUE MEIUATOPOB, B
YaCTHOCTH, HEeWpoMmenuaropa TiyTamara, YTO BBI3bIBACT aKTHUBAIMIO adPepeHTHBIX
BosiokoH VIII maper uepenmHo—MO3roBeIX HEPBOB. PaboTa MOHHBIX KaHAJIOB 110 JTAHHBIM

X. bepbom u coaBT. mpeacraBiseTcs cieayommum oopasom [9] (Pucynok 1.1):

K+ 150 mmonb K+

& 2 3 2
3mmonb K+

Pucynok 1.1 — CnupanbsHblid OpraH, BOJIOCKOBBIE KJIIETKH U UX MOHHBIC KaHAJIbI

1 — nokpoBHas MmemOpaHna, 2 — HoHHbIe KaHabl, 3 — K+, Cl- — koTpaHCHOpTHAs cucTeMa KOPTUKOIUM(EI,

4 — HeKCyCHBIN KaHaJl, 5 — KaJbIMEBbIA KaHaJl, OTKPBIBAIOIIMKCS NPH BO30YKICHUI

BxomHoll kaiueBEBIII TOK B BOJIOCKOBBIE KJIETKHM HEOOXOOUM [JIs HX
JENONAPU3AIMH, YTO TIPOUCXOAUT BCIIEICTBUE BHICOKON KOHIeHTparuu noHoB K B
SHAOAUM(}E M BBICOKOTO YJIMTKOBOro mnoteHuuana (+85 MB), BbIcOkoil pa3zHOCTH
MOTEHIIUAJIOB MEXAY BOJIOCKOBbIMU KjeTkamu (—70 MB) u sumonumdoin (+80 mB  —
+85 MB). Monbl Kanus BBIXOIST M3 BOJOCKOBBIX KIJIETOK 4Y€pe3 HOHHBIE KaHallbl B
0azonaTepayibHOM MeMOpaHe, OTKpBIBAIOIIMECS] TMPU BO3OYXKIEHUU KIETKU, U
npoBoasaTcs uepes koprukomumdy ¢ nomomnisio (K, (Cl7) — koTpaHCIOpTHO#H cucTeMbl
M HEKCYCHBIX KAHAJIOB MOJIAEP>KUBAIONIMX KIETOK B CHUPAIbHYIO CBA3KY. BXomaHol
KaIbLHUEBBI TOK uepes Ca’’ — KaHambl, OTKPBHIBAIOIIMECS IPH BO3OYKICHH,
peryaupyeT BbICBOOOXKICHHE MEIMATOPOB BO BpeMs aenossipuzamnuu [9].

Baxxnast poib B maToreHes3e TyroyXOCTU OTBOJUTCS COCTOSTHUIO OKHUCIUTEIIBHO—
BOCCTAHOBUTEJIBHBIX MPOIIECCOB BO BHYTPEHHEM yXe, IMOBPEKIAIOIIEMY JCHCTBUIO
CBOOOJHBIX  pagUKaIOB, O00pa30BaHUE  KOTOPHIX  MOXKET  IPOBOIMPOBATHCS

OTOTOKCUYECKMMH aHTHOMOTHKAMH (aMI/IHOFJII/IKOSI/II[HHﬁ pAa: CTPCIITOMHIINH,
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HEOMHUIMH, KaHaMULMH, TE€HTAaMULUH), [POTHUBOOIYXOJEBBIMU  NpernapataMu
(JIM30HM1A3071, LHUCIIATHHA), TETIEBBIMU JTUypEeTUKaMu (BEpOIINMHUPOH, (pypocemu,
ITaKpUHOBAas KHCIOTa) U Ap. B pamkax uccnemoBanus Esterberg R. et al. mokasano,
YTO aMHHOTJIMKO3UIHBIE AaHTHOWOTHKU MOTYT BBI3BIBATh BBIJICJICHHE aKTUBHBIX (OpM
KHCIIOpOJia B IIUTOIUIa3My BOJIOCKOBBIX KIIETOK MpU HapylIeHUH OanaHca KaJlbLUs
MEXIY SHIOIIIa3MAaTHYECKUM PETUKYIYMOM M MHUTOXOHApHsAMU. [loiydyeHHbIE 3TOM
IPYIIIONM YYEHBIX JAHHBIE IO3BOJSIOT MOJaraTh, YTO YIOMSHYTHIE JIEKAPCTBEHHBIE
npenapatbl  YCUJIMBAIOT MPUTOK KU B MUTOXOHAPHUH, YTO IIOBBIIIAET
MPOHUIIAEMOCTh MUTOXOHIPUAIbHOW MEMOpaHbI U YBEJIMYMUBAET MPOAYKIIUIO AKTUBHBIX
dopM Kuciaopola M MX BbIOPOC B LUTOIIA3My C IMOCJIEAYIOIIUM MOBPEXKACHUEM U
ru0esbI0 BOJIOCKOBBIX KieTok [120, 123].

JIvuiie enMHUYHBIE PaOOThl TOCBSILEHBl HCCIECJOBAHUIO POJIM KaJlbLUs INpU
Ype3MEpHOM BO3/ECHCTBUM 3BYKOB Ha CIyXOBOH aHanu3aTop. BbIiBIEHO, U30BITOYHOE
IIYMOBOE€ BO3JIEWCTBHE MPHUBOJUT K IOBBILIEHUIO YPOBHS CBOOOJHOTO KajbLUs B
Hapy>KHbIX  BOJIOCKOBBIX  KJETKaX YyJWUTKH. OTO  TOBBIIMICHWE  BBI3BIBAECTCS
MPOHUKHOBEHUEM KaJIbLIUS Y€pe3 HOHHBIE KaHajbl, HAalpUMEpP, 4Y€pe3 KaJlbLIUEBbIC
KaHaJbl L—Tvma, ¥ OpPUBOAMT K JajdbHEHIIEH CTUMYJALMH BbIOpOCAa KaJbLIUS U3
BHYTPHMKJIETOYHBIX PE3€PBOB: U3 3HIOIUIA3MAaTUYECKOI0 PETUKYJyMa U MUTOXOHJIPUH.
[ToBbIIEHHBI YPOBEHb KalbLUA B YJIUTKE MOKET MPUBECTH K BBIPAOOTKE AKTHUBHBIX
dbopM KuCIOpoAa, a TAKKe K 3alyCTUTh allONTUYECKUI U HEKPOTHUECKUN MyTH THOeTu
KJICTOK, HE3aBUCHMO OT 00pa30oBaHMs akKTUBHBIX (popm kuciaopoaa [155].

Emé oqun nyTh 1eicTBUS KadblUsl — 3TO MOAYJIMPOBAHUE AKTUBHOCTH MHTOTI'€H—
aktuBupyemoil nporenHkuHasbl (MAIIK) u Apyrux BHYTPHUKIETOYHBIX CHUTHAJIbHBIX
KAacKaJlOB, BKJIIOYas aronTo3: MMEITCS OOLIMpHBIE JO0KAa3aTeabCTBAa TOrO, YTO 3TH
KACKaJbl UTPAOT BaKHYIO POJIb B MIOBPEXKACHUM KAaK BOJIOCKOBBIX KJIETOK YIUTKHU, TaK U
HEHPOHOB crimpanbHOro ranraus [160, 133].

[To manueiM Wang Y. et al. mopdomnoruueckuii aHamu3 CTPYKTYp BHYTPEHHETO
yXa T0CJIE MHTEHCUBHOIO IIYMOBOTO BO3ACHCTBUS  BBISBISET IOBPEKIACHUS

CTepCOHI/IJII/Iﬁ BOJIOCKOBBIX KIJICTOK, CHHAIICOB H HCﬁpOHOB CIIMPAJIBHOI'O TaHIJINA,
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NOJJIEP)KUBAOIINX KJIETOK CHUPAJIBHOIO OpraHa W OTEK COCYJIHUCTOM MOJIOCKH, YTO
SIBIICTCS IPUYMHON noTepu ciayxa [107].

Pesynbrarer uccnenoBanus T. Tagoe Ha nabopaTOpHBIX KpbhICax C MPUMEHEHHUEM
AIIEKTPOHHOM MHUKPOCKONMM M HMMMYHOLUMTOXMMHYECKOTO aHalu3a II0Ka3aldH, 4YTO
BO3JIECTBHE TPOMKOI'O 3ByKa HHIYIIUPYET MOTEPIO CIIyXa U MOBPEXKICHUE KIETOUHBIX
CTPYKTYp B HECKOJBKHX Yy4YacTKaX CJIyXOBOTO NyTH, BbI3BIBAET H3MEHEHUS
MUEJTUHOBOM  000JIOUYKH CIIyXOBOTO HEpBa, YTO OIMOCPEIyET HapylIeHUe
pacnpocTpaHeHUs NOTEeHLUanda JeWCTBUSA BAoib BOJOKOH. C  buodusnyeckoe
MOJICTTUPOBAHUE BBIBUIIO, YTO CTPYKTYpPHBIE W3MEHEHHUS NPUBEIU K TMOHWKCHHON
CKOPOCTH MPOBOJUMOCTH U OJIOKY MpOBOAUMOCTU. TakuM oOpazom, AeMHUEINHU3ALNS
MOXET MMETh NPHUHIMIHAIBHOE 3HAYEHUE B YXYIUIEHUHU CllyXa IO0Cle BO3JEHCTBUA
rpomMkoro 3Byka [110].

S.G. Kujawa, M.C. Liberman [2009] B skcriepuMeHTE ¢ IIyMOBBIM BO3ACHCTBHEM
Ha JIaDOpaTOPHBIX MbIIIAX BBISIBUJIM, YTO IOJ BO3JECUCTBHEM 3BYKOB MOBPEKIECHUIO
NOJIBEPTalOTCsl HEUPOHBI  CIHPAJIbHOTO TaHIVIMSA, YeMy CIOCOOCTBYeT TecHas
B3aMMOCBsI3b akCOHOB U mu [143, 151]. [TomoOHbIe n3MeHeHus1 oOHapykeHbl Y. Xing
et al. u mpu Bo3pactHoii Tyroyxoctu [105].

Fernandez K.A. ¥ coaBT. MOJYYHJIM JIOKA3aTEIbCTBA MOBPEKIACHUS CHHAIICOB
CHUPAJIIBHOTO y3J1a HapsiAy C TUOENbI0 BOJIOCKOBBIX KJIETOK B 3KCIHEPUMEHTE Ha
JKUBOTHBIX € akycTtuueckuM BoszgedcteueM 90-100 nab. Ilpuuem paHHUM
MOP(}OIOrHYECKUM MPU3HAKOM MOPAKEHUS CIIyXOBOTO aHAJIMW3aTopa BbISBJICHA MOTEps
KOXJICApHBIX CHHAINCOB 1 HelipoHoB [109].

Miiller M. u coaBT. mpUIUTM K BBIBOJAY, YTO HPU OCTPOM IIYMOBOH TpaBMe
(ucnonp3oBasica akyctuueckuilt curHan 140-144 nb) nepBonHayasibHO B (pokyce
NOpaXeHUsI ~ HaxOJATCs KJIETOo4yHble ayeMeHThl  KopTueBa oprana, mnpu 3ToM
XapaKTepHbl M3MEHEHHUs B BUJE Hekpo3a. [laiee B MOCTTpaBMaTHYECKOM NEPUOJE
NPOUCXOJUT B TEYEHHE 2 Henelb  PacUIMPEHHE MEePBUYHOIO TOPAKEHUS C
HEO0OpaTUMOI OTepel CEHCOPHBIX KJIETOK. Pa3nuuHbie KITMHUYECKHE U JOKIMHIYECKIE

HCCIICAOBAHUA IIOKa3bIBAIOT, 4YTO MPHUMCHCHHUEC TIJIIOKOKOPTHKOHWIOB IIpH OCTpOﬁ



16

IIyMOBOM TpaBME€ M IIPpH JPYrOM OCTPOM TYIrOYXOCTHM MPUBOIAT K YIYYLICHHIO

cocrostHus ciyxa [114].

Pe3ynbrarhl nccnenoBaHuss HEHPOAMUTETHANBHBIX KIETOK CIIMPAJIbHOTO OpraHa
VIUTOK KpBIC B OJKCIEPUMEHTE IO  MOJIETUPOBAHUIO «TE€HTaMULIUHOBOMY
CEHCOHEBPAJIIbHON TYrOyXOCTH METOJIOM PEHTI€HOCHEKTPAIbHOTO MHKpOaHaIN3a,
nposenenHoro T.B. 30510ToBOM, MOKa3anu, 4T0O OCOOCHHO 3aMETHBIE U3MEHEHUS CPEeIU
JIPYTUX DJIEMEHTOB B KJIETKAX MPETEPIEeBACT J0JsI MOHOB KaJbLMs. YBEIUYCHHUE JOJIH
(BeCOBOIrO TMpPOIEHTA) BHYTPUKIETOYHOTO Kaybllusg B rpymnne >XuBOTHeIX ¢ CHT,
BBI3BAHHOM OTOTOKCHMYECKUMHU aHTUOMOTHUKAMHU, CMEHSETCS €€ OTHOCUTEIbHBIM
YMEHBIIICHUEM ITO0CIIe TpoBeaeHHOTo JieueHus [39, 42]. JlokazaHa ruGeiib BOJOCKOBBIX
KJIETOK Ha (pOHE M3MEHEHHUSI TOMEOCTa3a CIUPATBHOTO OpTraHa B CBSI3U C Pa3pylICHUEM
SIUTENNSI CHUPAIBHOM CBSI3KM M CIOUPAJIBHOIO BBICTYIA, HapylieHue (QyHKIUH
COCYIUCTOM TTOJIOCKH, OTBETCTBEHHOH 3a MOHHBIN cocTaB dHIomnMpsI [42,40]. Takum
oOpa3oM, oueBHIHA 0c00as 3HAYUMOCTh HapyIICHUs KaJlblIMEBOro OanaHca B
naToreHe3¢ CeHCOHEBPAIbHOM TYTOyXO0CTH OTOTOKCHYECKOTO TeHe3a.

B psge uccnenoBanuii  6osbHbIX ¢ XpoHudecko CHT momyuyensl paHHble 00
OTCYTCTBUHM HapyIICHUH COOTHOIICHUN Kajblusg U Gochopa B kpoBu u Moue [19, 83].
Opnako Tpu3HAKUM  HapyleHus  Kanpuuii—pochopHoro  merabonuzma  ObuIH
3aperuCTPUPOBAHbl  TMPU  HMCIOJIB30BAHUM  METOJa  OCTEOJCHCUTOMETPUU U
UCCJICIOBAHUM B CHIBOPOTKE KPOBU PETYJSTOPOB KaJbIMEBOIO OOMEHA: MOKa3aTes,
XapaKTepHbIC JUISI OCTEONMOPOTHYECKMX HW3MEHEHHWH  KOCTeH CKenlera, a TaK JKe
yBeJIMYeHNE KOHIIEHTpaIuu 1ienouHoi ¢pocdaraser [83]. Uccnenoanusa Kim J.Y. et al.,
Ozkiris M. et al. [121, 136] cBuaeTenbCTBYIOT O TOM, uT0 cHiKeHHe MIIK y sxeHImH
B TIOCTMEHOITAY3€¢ MOXKET SIBJISATHCS JIOMOJHUTEIBHBIM (akTopoM pucka pa3sutus CHT
[121, 136]. Takum oOpa3om, caelaHbl BBIBOABI, YTO HapPyIICHHS KaJIbLIMI—
dbochopHoro oo6MeHa, eciii U HE BBICTYNMAIOT B KauyeCTBE ITHOJIOTHYECKUX (PaKTOpPOB
pPa3BUTHS TYTOYXOCTH, TO MOTYT UTPATh CYIIECTBEHHYIO POJb B MATOTEHETUYECKUX

mexann3dMax kak CHT, Tak ¥ B ompenesieHHBbIX BHJIOB KOHIAYKTUBHOM TYrOyXOCTH.
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OnpeneneHo Tak K€, YTO OU3PETYIANUS Kaablui—(hochOpHOTO MeTaboaru3Ma
CIIOCOOCTBYET pa3BUTHIO MpecOunakysuca [83].

Hccnenopanusavu .M. dponeHkoBa UM COABT. YCTAaHOBJIEHO, YTO PETYJIALUA
NOJBW)KHOCTA HAPYXKHBIX BOJIOCKOBBIX KJIETOK YJIMTKA OCYLIECTBISETCA ABYMS
KaJIbIIMA—3aBUCUMBIMH KaHajiamu niepenaun [97]. ['eHeTHdecku IeTepMUHUPOBAHHBIN
nedeKT KaJbI[MEeBhIX KaHAIOB BBISIBICH B TOJIOBHOM MO3T€ U BHYTPEHHEM yX€ Yy JIHII C
CEMEHHBIM aHAMHE30M, CTpaJlaloIInuX MUTPEHBIO, AMU30UYECKUMU
TOJIOBOKPYXKEHUSIMM M CHIDKEHHMEM cilyxa. JlaHHas MyTanus MOXET IPHUBOJIWUTH K
o0OpaTUMOM JEeNOoIsIpU3alii  BOJIOCKOBBIX KJIETOK W MPOSIBIATHCA CIYXOBBIMH U
BECTHOYISIpHBIMH cumnToMamu [111].

B oakcnmepumente Ha MoOpckuxX CBHUHKaxX X. LI BBISBICHO, 4YTO HHU3Kas
KOHIIEHTpAaUs Kalbliisg B NepUIMMQpe UrpaeT poJib B MPEAOTBPAIIECHUN TOTEPU CIIyXa,
BBI3BAHHOM IIIYMOBBIM BO3JelCTBHEM. lIOBBIIEHHE KOHIEHTPALMH KaJabLus BO
BHYTPEHHHMX BOJIOCKOBBIX KJIETKaX, I0 MHEHUIO aBTOPA, MPOUCXOJIUT U3—3a OTKPBITHUS
KAJIBLIUEBBIX KAaHAJIOB BO BPEMs JIEUCTBUS LIyMa. B TOXe BpeMs, B 3TOM 3KCIIEPUMEHTE
MOKAa3aHO, YTO CHM)KEHHE KOHLIEHTpAluu Kajiblusl B nepuiuMmde mpeaoTBpainiaeT ero
HAKOIUICHHE BO BHYTPEHHUX BOJIOCKOBBIX KileTkax [158].

B wuccrnenoBanusix M. A. Vicente—Torres yka3bpIBaeTCsi, 4TO aKyCTHYECKas
TUIEPCTUMYJISIIUS BBI3bIBAET MEPETPY3KY KaJIbLIMEM HAPY>KHBIX BOJOCKOBBIX KJIETOK
YIUTKU B SKCIIEPUMEHTE Ha Mblax. Kanbiuii—3aBucumas ¢ocdartasza akTUBU3UPYETCS
B MUTOXOHJPHSIX HAPY’KHBIX BOJOCKOBBIX KJIETOK YJUTKH B OTBET Ha BO3JCHCTBUE
IyMa. YCTaHOBJIEHA CBSI3b MEXJY 3THUMH JBYMs NPOIECCAMH, a TaK K€ JI0Ka3aHO
npsiMO€ TMOBpPEXKAAIoIIee ICHCTBHE 3TUX OMOXMMHUYECKUX MPOIIECCOB HA HapyKHbIC
BOJIOCKOBBIC KJIETKH B CPEJIHEM M OCHOBHOM 3aBUTKaX yIuTKu [171].

Cumutaercs, 4YTO BO3ACHCTBHE IIyMa BbI3bIBACT H30BITOYHOE HAKOIICHUE
aKTUBHBIX (QopMm Kkuciopoga. B skcnepuMeHTax Ha KUBOTHBIX IIOKa3aHO, YTO
KYMYJISITUBHBI 3(()EKT OKHCIUTETBHOTO CTpecca MOXET BbI3BaTh IOBPEKIACHHUE
MAaKpOMOJIEKYJI, TaKUX Kak MutoxoHapuanbHas JIHK, 4yTto B pe3ynprare NpuBOIWT K

CHIDKCHHIO (DYHKIIUM MUTOXOHJIPUN ¥ WHIYKIIMH arorTo3a BOJIOCKOBBIX KiieTok [119].
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OkcnepuMmeHTallbHble HccienoBanus Kypasckoro C.I'. m ap., HOCBSIIEHHBIE
natomopdonorudeckomy cyoctpary octpoil u xponuueckoid CHT mokazanu, 4to B
OonpIIMHCTBE ciiydyaeB rudens BK uper nmo myTtu amonTo3a. AMONTo3 MpPOSBISAETCS B
BUJIC€ YBEJIWYEHUA KIETOYHOIO fAJpa, SKTOMUYECKOIO PACIHOJIOKEHHS SIPBIIIEK,
oOpa3oBaHuUs My3bIpei Ha KJIETOYHON MOBEPXHOCTH, KOHJIEHCUPOBAHHBIM XPOMATHHOM
B BUjIC MONyayHus [26,79]. DTronorudeckne ¢GpakTopbl, MPEAINICCTBYIONINE alloNTO3y,
MOTYT OBITh KaK 9K30M€HHOTO MPOUCXOXKIEHUS (aKyCTHYECKask TpaBMa, OTOTOKCUYECKUE
aHTUOMOTHUKH), TaK W SHJOTEHHOTO NPOUCXOXKIEHUS (METa0OJMYEeCKHE H3MEHEHUS,
WHBOJIFOTUBHBIE MTPOIIECCHI).

Y CTaHOBIEHHBIM SIBICHUEM IpU IOBPEXKIACHUM HEHPOHOB YIMTKU B PE3YJIbTATE
IIYMOBOI'O BO3ACHCTBUSL SBISIETCS M30BITOYHOE BBICBOOOXKACHHE BO30YKIAOIIETO
HEHpOTpaHCMUTTEpa TiayraMaTa Ha ad(epeHTHbIE CHHAIICHI BHYTPEHHUX BOJIOCKOBBIX
KJIETOK. ODKCaWTOTOKCUYHOCTh TIJIyTaMara, SBJIIOLIASCSA CIEACTBUEM YPE3MEPHOIO
BBICBOOOJKJIEHUSI TJIyTamaTa IOCJie IIYMOBOIO BO3JECUCTBHUS, HPUBOJUT K MPUTOKY
KaTUOHOB, K MpHUMEpy, KaJblus, uYepe3 MOCT—CHHANTHYeCKyr0 MemOpany. Takoi
OCMOTHYECKHM JucOanaHC B  pe3yibTaTe MPHUBOJUT K  KJIETOYHOMY  OTEKY
(BakyoJIM3alluu) HEUPOHOB CHUPAIBHOIO TaHINUg M aQQPEepeHTHBIX OKOHYAHUU
CHHAIICOB BHYTPEHHMX BOJIOCKOBBIX KJIeTOK [175].

Wtak, poiap U3MeHEHUH MeTabOoau3Ma KaJbLiis B MATOTE€HE3€ CEHCOHEBPAIbHOM
TYTOYXOCTH SIBJISIETCSI MAJIOU3YYEHHOW TEMOW, KOTOpas B HAYYHOW JMUTEpaType
noJIpoOHO He paccMmarpuBajiach. VIMEOTCS  MaJlOUMCICHHBIE  UCCIIEJOBAaHMUS,
MOCBSIIIICHHBIC ATOM elle Jalieko He pernieHHol npooseme [19, 83, 34, 35, 40, 43], urto

HancJInBacT Ha I[ElJ'IBHCfIHIGG €C N3Yy4YCHHUC.
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1.2. Peryasiuusi o0MeHAa KajJblMsl B OPraHu3Me, NMOTEHIIHAJ—-3aBHCUMbIE
KaJibllHeBble KAHAJIbI M HApyllleHue 00MeHa KAJIbIUA U APYruX HOHIIPH
CEHCOHEBPAJIbHOI TYIrOyXOCTH MO JAHHBIM 3KCIEPUMEHTAIbLHBIX

H KIINHUYCCKHUX I/ICCJIeI[OBaHl/Iﬁ

B oprann3mMe 4denoBeka KaJgblUA — CaMbl PAaCIPOCTPAHEHHBIM KaTHOH, KOTOPBIN
SBJISIETCSI HEOTHEMJIEMBIM 3JIEMEHTOM  MHOTUX (DU3MOJIOTMUECKUX MPOLIECCOB, B TOM
Yyuciae B TOJIOBHOM MO3I€ W BHYTPEHHEM yxe. B opranusme B3pOCIOro 4esnoBeKa
KaJIBIUSI COJIEPIKUTCS B CPEHEM OKOJIO 1 — 2 KT, IpUYeM OH HaXOJUTCSI B OCHOBHOM B
koctax (99%) B dopme ruapokcuanatuta. OcTaBIIasics YacTh COAEPKUTCS BO
BHEKJIETOYHOM >KUIAKOCTA M TIPEACTaBJIEHA YIbTpaQuiIbTpyeMbIM HECBSI3aHHBIM C
oenkoM kanbiueMm (60%), cIOCOOHBIM MPOXOJAUTH YEpe3 KIETOYHbIE MEeMOpaHbI, U3
KoTopbeiX 50% — moHum3zupoBaHHb, 10% — KOMIUIEKCHUPOBAHHBINA, T.€. CBSI3AHHBIN C
HEOEJIKOBBIMM AaHMOHaMH — ULuTparoM, ¢ocdarom, cyiabdaroM U OUKapOOHATOM.
Ocranpable 40% KaablMs BHEKJIETOYHOM >KHUJIKOCTH HAXOHATCSI B COEOUHEHHUHU C
OenkamMu (MPEUMYIIECTBEHHO AJIbOYMUHOM). TOJIBKO MOHWU3UPOBAHHBIN KAJIBLIUI
ABJISIETCA (PU3MOTOTUYECKH BaXKHBIM, €T0 KOHILIEHTpalus peryiaupyema [Bonakos M.M.,
2010]. Hopma oOmero xampmumss B 11a3Me KpoBu 2,2 — 2,75 MMOJB/I.
MoHn3upoBaHHBIN KalbIMi MO JAHHBIM Pa3IMYHBIX aBTOpPOB Kosebnercs or 1,0-1,15
mmonw/n [1, 18, 63] mo 1,05 — 1,25 wmmoms/a [13]. Bmecto ompenencHus
MOHU3UPOBAHHOTO KAJIBIIMS YacTO OPUEHTUPYIOTCS HAa KOPPEKTUPOBAHHBIA Ha
anbOYMHUH KaJblMi CHIBOPOTKM KpoBU. Ha cCBsi3bIBaHME KalblMs ¢ OCJIIKOM BIIMSIET
KUCJIOTHOCTh BHEKJIETOUHOM JKUJIKOCTH. ALIMIEMUS MOBBIIIAET, a AIKAJIEMUSI TOHUKAET
KOHIICHTPAIIUI0O HOHU3UPOBAHHOTO Kajbllusd. CyMMmapHbIi 00bEM OOMEHa KaJlbIIUs
MEXy KOCTHOM TKaHBIO M BHEKJIETOUHOM KHIKOCTBIO COCTaBsieT 5—12 MMoOJb/CyT
[13].

Peryasinusi MUHepPaJIbHOI0 TOMeOCTa3a — CJIOXKHBIM MPOLECC B3aUMOJCUCTBUS
pasznuuHbiX BenlecTB. Coau Kanblids B OPraHU3Me MPEACTABICHbI TPEUMYIIIECTBEHHO B

Bujie ¢docdaror, mosromy oomeH dochopa M KalblUs TECHO B3aMMOCBsi3aHbl. B
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TeueHue 24 yacoB nmoukamu GuibTpyercs okono 10 r kampius, u3 Kotoporo 99,9% ero
peabcopbupyercs U B pesynbTaTe ¢ Modoi 3Kckpetupyercs 100-200 mr xaiplus B
CYTKH. DTH MEXaHU3MbI HACTOJIBKO CTAOMIIBbHBI, YTO U3MEHEHHE YKA3aHHBIX 3HAUCHUUN
naxe Ha 1% mnpuBOOUT cpadaThIBAaHUIO MEXAHU3MOB PETYJALMH YPOBHS KaJlbLIMS,
BOCCTaHABJIMBAIOIIHMX €ro paBHoOBecHe [ 73].

Menee 1% kanpuus, conepKamierocsi B OpraHu3Me, HaX0JUTCS BO BHEKJIETOYHOM
KUAKOCTU. Ero KOHILIEHTpalus TIATeIbHO peryaupyercs napaTtupeoniHbIM TOPMOHOM,
MeTabonuTaMu BUTamMuHa Jl, KaJdbIIUTOHHMHOM, ITIOKOKOpTHKOuAamu. K perynstopam
MUHEpAJIbHOTO TOMEOCTa3a OTHOCITCS TAaKXe THUPEOUIHbIE TOPMOHBI, HHCYJIHH,
COMATOTPOIHH, (PakTophl pocta GHUOPOOIACTOB, MHCYIUHONOAO0HBIE (PAKTOPHI pOCTa
NOP-1, UOP-2 u mecTHbie (aKTOPBI, CUHTE3UPYEMbIE€ KJIETKaMH KOCTHOW TKAHH:

thakrop, [18].

)51 BSaHMOIIGﬁCTBHe PETYIIATOPOB (bOC(l)OpHO—KaJIBHI/IGBOFO

OCTEOKJIaCT—-aKTUBUPYIOIIUN MPOCTariaHUHbl, HUHTEPICHKUHBI
OcHoBHBIE 3D PEKTHI

MeTaboIM3Ma MOXKHO MPEICTaBUTh cxeMaTtuuecku (Pucynok 1.2).

-t
A

Kpoes
Ca~~

Kpoes
14

peabcoponna Cau P

mapw\gpv,gn ‘“u“u.....".-.""“u.%."""" IES(OE-D:D
\ Knoto
: oPO® 23 3
Mok Kumeynuk
peadconours Ca BcaceBasHe Ca
i
Tlouxn Kumeunnk
peadcoponua P Koctr BCaceBaHHE P

Pucynok 1.2 — Cxema peryssuuu GpochopHo—KaibiueBoro dananca [mo Boiakos
M.M. u coasrt., 2010]

Ca — xanpimii; P — ¢docdarer; OPD 23 — ¢pakrop pocra pubpodracro 23; 1,25(0OH)2D —
KJIBIUTPUON WK D — TOPMOH, CTPENIKH CO CIUIONIHON JUHUEH — CTUMYIUPYIOMmUd 3P ek,
CTPEJIKH CO MITPUXOBOM JIMHUEH — TOPMO3SIIUI Y3PPEKT.



21

KanpuuTOHMH — 3TO NENTHAHBIA TOPMOH, COCTOAIIMN W3 32 aMHHOKHCIOT,
KOTOpbIX npoayuupyercsi C—KiIeTKkaMd HIMTOBUIHOM KEJIe3bl PU YBEIUYCHUN YPOBHS
KaJIbI[USI B CBIBOPOTKE KpOBU. PenenTopbl K HSTOMYy TOpPMOHY OOHapy>KEeHbl Ha
OCTEOKJIaCTaX, MOHOIIMTaX, B MOYKax, runoduse, medyeHu, a Takxke mosre. OH
UHTUOUpYyeT pe30opOuuio KocTed  (mojaBisieT aKTUBHOCT M (OpMHUPOBAHUE
OCTEOKJIACTOB, a TakKe CHIKaeT pealbcopOiuio kKaibims u Qochopa B Mmoukax u
yMeHbIIaeT abcopOuuio Kanplusg B kuineynuke [13]. OTHoOcUTCS K KalbLUH—
pETyIupYyIOIIMM  TOPMOHAM  THIIOKaJbLIMEMHUYECKOTO  AcHCTBUA.  KalblUMTOHWH
MOCTOSIHHO TPUCYTCTBYET B KpoBH. Ero KOHIIEHTpalMsl MOBBIMIACTCS TPU MHpHUEME
Uiy, Oorarod  cojassMu  Kainblusl. @DU3HOJOTHYECKas pojib  KaJIbIIUTOHHMHA
OTPENIENACTCS YUYaCTUEM B PEryisiuu oOMeHa Kanblus U (hocdaToB B opraHusMe; ero
JICUCTBHUE OCYIIIECTBIISIETCS MPH YYaCTHUU MapaTrOpMOHa U AaKTUBUPOBAHUHU BUTaMUHa /I.
KanplIMTOHMH yTHETAeT OCTEOJIM3, CHHUYXKasl TMOBBIIICHHOE COJICPKAHUE KaAJIbIUA B
CBIBOPOTKE KPOBH, OH YCUJIMBAET BBIJICJIICHUE Kablius, pochopa U HATpUsI ¢ MOYOM 3a
CYCT CHIDKCHHMS UX peabcopOIMu B TOYEYHBIX KaHAIbIAX, OJHAKO IPU OSTOM
KOHIICHTpAITUS KaJbIMs B CBIBOPOTKE HE OIyCKAaeTCs HUYKE 3HAUCHUH HOpMBI [ 13].

Ocreokanbiiua — BuTamMuH K 3aBucumbiil 6ernok. CUHTE3UpyeTCsl 0cTe001acTaMu
U OJoHTOOJAcTaMHM, COCTOMT H3 49 aMHUHOKHCIIOT, COJCPKHUT TPHU ocTaTKa
raMMaKapOOKCUTTIOTAMUHOBON KHCJIOTHI, Y4YacTBYIOUIMX B CBSI3bIBAHUU KaJIbIUA.
M3MeHeHHnsT KOHIIEHTpAIlUU OCTCOKAJIbIIMHA OTPAKAIOT META0OJMUYECKYH) aKTHUBHOCTH

0cTe00JIacTOB B IIpOLCCCC HOBOI'O CUHTC3a. HpHMOG BJIIMAHHNC HA €T0 CMHTC3 OKAa3bIBAIOT

KIBIIUAPETYJIUPYIONIE TOPMOHBI — KaJIbIIUTOHUH, TApaTUPEOUIHBI  TOPMOH,
BUTaMMH /.
[Tapatropmon wnu mapatupeounnblii ropmod (IITI)) — 510 nUHEHHBIN

noJUNenTu U3 84 aMMHOKHUCIOTHBIX OCTaTKOB, BbIpaOaThIBaeTCs IJIaBHBIMU KJIETKaMU
OKOJIOIIMTOBUJIHBIX JKE€JI€3 B OTBET HA HU3KOE COACPKAHUE KaJblLUs B CBIBOPOTKE
kpoBu. OmpenesieHUE YpPOBHS JTOTO TOPMOHAa B KPOBU ITO3BOJISIET OIIEHUTH
COCTOSITENIBHOCTh (DYHKIIMHM TMapaliuTOBUIHON >kene3bl. OH yBEIMUMBAET PE30POIHIO

KOCTHOM TKaHU, AaKTUBUPYET BUTaMHUH [[, KOTOpBIM yBeaMuMBaeT peadcopOIuio
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KaJbLHS B XKEITyJOYHO—KHIIEUHOM TpakTe. M3menenue konueHnrpamuu [ITT' B nepByro
ouepe/ib OTPAKAETCSI HA COCTOSTHUM KOCTHOM TKaHU — YBEJIMYEHUE KOHIIEHTPAIMU 3TOrO
TOPMOHA MPUBOAUT K aKTHUBU3AIIMU OCTEOKJIACTOB M BBHIMBIBAHUIO M3 KOCTEH KaJbI[US.
Bo3gelicTByeT Ha KaHadblbl MOYEK, CHMXKAsl BBIJCICHUE KalblMS, W YBEJIMYHUBACT
BoizieseHne  Qochopa ¢ Mouoil. Kounentpamus I[ITIT Hanpsmyro cBsizaHa ¢
KOHIICHTpAIMeH KaJIbIMsl B KPOBH, M M3MEHEHHE KOHIIEHTPAIIMH TOPMOHA TOBOPHUT 00
U3MEHEHUH MeTaboiau3Ma »dToro MuHepana. [lodToMy ypoBeHb MapaTropMoHa
HE0OXOJMMO COOTHOCUTH C YPOBHEM KasbIusi KpoBU. Kanmbuurpuon (aktuBHas dhopma
BUTaMUHA /[[) MOBBIIIAET BCAChIBAHUE KajblUsl B TOHKOM KHIIIEUHHUKE, TOPMO3UT
CEKPEIHIO TApaTUPEONTHOTO TOPMOHA, CIIOCOOCTBYET MUHEepanu3auu kocreit [13].

Koctnas mienounas ¢ocdaraza (ocraza) — uzodepeHTHas (opMa MIEIOUHON
docdaraszpl CHIBOpOTKH KpoBH, €€ kocTHas (pakuusi. KD cuHTe3upyeTcss akTUBHO
JEeSIMMHUCST  ocTeoOJlacTaMM B KOCTHOM TKaHU, €€ AaKTUBHOCTh OTPa)XaeT
MeTa0oJIMYecKne U3MEHEHUs B KOCTHOM TkaHHu. KocTHas menoynas gocdaraza (KILD)
y4acTBYeT B PETYJISIMU KaJbIMEBOTO OOMEHa, 3TOT (ePMEHT OMpeNeNsieT CKOPOCTh
dbopMHpOBaHUS KOCTH, YYaCTBYET B CO3PEBAaHMM MAaTpUKCa U €ro MHUHEpaIM3aliu.
Cuwuraercs, uro koHueHTpamus KII® B CHIBOPOTKE KPOBH OTPAKAET COCTOSTHUE
MeTabosiM3mMa 0CTe00JIacTOB, a, 3HAYHUT, BIMAET Ha IMPOIIECCHl PEMOJICTUPOBAHUS
KOCTHOMW TKaHH, Y4acTBYeT B MeTa0O0JIM3Me KaJIbLIKs B opraHu3me ueiaoBeka [101].

Beta—Cross Laps nimu C— KoHIEBBIE TEIOTENTHILI KoJlareHa 1 Tuma, KOTOPBIH
cocraBisier Oonee 90% opraHMYECKOro MaTpukca KOCTH. Aub(a—acrmaparmHoBast
KHCIIOTa, BXondAmas B cocTaB C—TepMUHAIBHBIX TEJIONENTUAOB, KOHBEPTUPYETCS B
oera—popmy. B HOpMe wMmambie ¢parMeHTHl KoJulareHa, oOpasyromuecs MpU €ero
Jerpajaiy, MOCTynalT B KPOBb U BBIBOIATCA MOoYkaMu ¢ Mo4Yo. OHU crienududHbl
TOJBKO JIJII KOCTHOM TKaHU. X ypOBEHb MOKET YBEJIMYMBATHCS MPU YBEIUYEHUU
KOCTHOM pe30opOuuu  BCIACACTBHE MHOTHX TPHYUH (runeprnapaTUpeouIu3Mm,
OCTEO0IOPO3, OCTEOAUCTPOPUs, O0TE3HN NTEUEHH, MEHOTIay3a U Jp.)

OTHOCUTENBHO HEaBHO OOHapyskeHbl HOBbIe TOpMOHBI: OP®D 23 ((akTop pocra

¢budpobnactoB 23) u kia0to. ®PD 23 — 310 NMpoTEUH ¢ MoJeKyJsapHor maccor 30 k/la,
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UMEIONIN cBOM coOcTBeHHBI penentop PPD 23 — docharypuueckuit ropMoH,
KOTOpPBI CUHTE3UPYETCS] B KOCTSX, MOHMXAeT peadbcopOimio docdara B MoYeUHbIX
KAHAJIBLIAX, IOBBIIIAET CEKPEUUI0 MapaTHPEOMJHOr0 TOPMOHA, CHW)XXA€T CHHTE3
KaJIBIIUTPHUOJIA, SIBJISISICH €0 MPSMBIM aHTaroHucToM [127]. Jlns peanuzanuu 3¢hdexToB
OP® 23 HeoOxoauM 00K KJIOTO, MPEACTaBISIIONIMK COOOM TIIOKO3UaAa3y, KoTopas
npucoeaunsercs K peuenropam OPD 23. benok KIOTO CHHTE3UPYETCS B MOYKAX U
SBJIIETCSI TpaHCMEMOpPAHHBIM TPOTEMHOM, KOTOPBIM TakXke B OIpEAeNICHHON Mepe
o0ecrneurnBaeT YyBCTBUTEIBHOCTh OPraHU3Ma K MHCYJIMHY, TOPMO3HT MIPOLIECC CTAPEHUS
B OINBITaX Ha )KUBOTHBIX [142].

C.B. JleneBnd ® COaBT. NPEACTABISAIOT OCHOBHYIO CXEMY pPEryJsaluu
MUHEpaIbHOT0O OOMEHa, MO KOTOPOWM K TJABHBIM PETYJIATOpPaM U3 IEPEUYUCIICHHBIX
OTHOCSIT TAapaTrOPMOH, KaJdbUUTPUON M KalbUUTOHMH. Cekpeuus mnapaTrropMoHa
peryiaupyercs B 3aBUCHUMOCTH OT YPOBHS KaJbLMS B KPOBHU: H3BECTEH MEXAHHU3M
OTpULIATEIBHON OOpaTHOM CBSI3W MO KOTOPOMY THUIEpPKANbIIMEMUSl TMOJABISAET, a
TUTMOKAIBIIMEMHUSI CTUMYJIUPYET BBICBOOOXKICHHE TMapaTropMOHa. [TapaTropmon
MOBBIIIAET KOHIEHTPALMIO KaIbIUS B CHIBOPOTKE KPOBH, YCUIIMBAsI €r0 BHIMBIBAHUE U3
KocTel U peabcopOuuio B moukax. KajabUUTOHWH sBIAETCA (PU3HOJIOTUYECKUM
AHTarOHUCTOM  MAapaTrOPMOHA, CTHUMYJHUPYET BBIBEJACHUE KaJIbIUS  IOYKAMHU.
KaapuuTpuos CTUMYJIUPYET BCaChIBAaHUE KabIUs B KUIIICYHUKE [ 73].

KaabumeBble kaHadabl. OrpoMHYIO pOJb HMOHBI KalbIUs UIPAOT B
KU3HEIEATEIIbHOCTH KJIETKH. TpaHCIOpT MOHOB KaJIbLIMS B KIIETKY IPOUCXOIUT Yepe3
crielalibHbIe KaHaibl — Makpomosiekyssipasie 6enku (L, T, N, P, Q, R), conxepxkarue
cnenu(uueckue ydacTKu (pelenTopbl), pacrno3Haromme HOoHbl. HOHBI KambIus
YAAIAIOTCS W3 KIETKM C T[OMOIIbI0  KaJIbLIMM—HATPUEBOIO  KO—TpaHCIOpTEpa
(oOMenHuKa) B cootHomienuu 3/1 umu 4/1 [25].

KonnenTpanus  HMOHOB  Kajbldsl  PETYJHPYETCS  CapKOIIa3MaTUYECKOU
MeMbpaHoii u capkonemmuoil Ca®*—ATda30ii, MUTOXOHAPHATBHBIM yHHIOpTOM Ca’’,
Kanpunii—TpancnoptHas AT®a3a noaaepxuBaeT HU3KYH0 KOHLUEHTPALUIO 3TUX MOHOB

-7 o o
B kieTke (10"M) o cpaBHEHHIO ¢ OKPY>KaIOIIEeH Cpeiod U BHYTPUKIETOUHBIM JETO —
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ITy3bIPbKaMU CapKOIUIa3MaTUYECKOTO PETUKYIIyMa (3'10_3M). [Iepenoc MOHOB KAIbIUA
yepe3 MeMOpaHy MOKET ObITh OOYCIIOBIIEH I'PaJIMEHTOM KOHIEHTpAaluid U aKTUBHBIM
TPAHCIIOPTOM C 3aTpaTaMH SHEPIUH, KOTOPBIM MOApa3AeisieTca HAa WUHANBUIYaTbHbIN U
KoomepupoBaHHbI: N— u P/Q— TuUmbl KalbMEBBIX KaHAJOB aKTHBUPYIOTCS
BBICOKOAMIUIMTYIHBIM MTOTEHIIUAJIOM JECHCTBHUSI, PACIIONATalOTCA HA MIPECUHANTHYECKON
TEPMUHAIM, WIPAIOT POJIb TOJBKO B MOJYJISLIMM BBICBOOOXKIEHUS MEIUATOPOB B
CHUHANTUYCCKYIO Iejb [66].

KasnpuueBbie KaHajdbl MMEIOT CIOXKHYIO CTPyKTypy [117], mpencraBieHHyoO B
YIOPOUIEHHOM BU€ (B Halllel MOAU(PUKALIMK) HA pUCYHKe 1.3.

T—Tun KanblMEBBIX KAHAJIOB aKTUBUPYIOTCS HU3KOAMIUIUTYIHBIM MOTEHIIMAIOM
JENCTBUS, 00ECIEYMBAET MEIJICHHBIN TOK KaJIbLIMS, SIBISETCA KIIOYEBBIM KaHAJIOM JIJIs
MPOIIECCa CIOHTAHHON PUTMUYECKOW AENOJISIPU3alUH KIETOK BOJMUTENSI PUTMA CEPALA,
OOWJILHO TPEACTABICH B KIETKaX CHUHYCHOTO y371a; R—TUm  KanblMeBBIX KaHAJIOB
aKTUBUPYIOTCS BRICOKOAMILIMTYAHBIM TOTEHITHAIOM JielicTBHs [66, 67].

L-Ttun  KaJbIMEBBIX ~ KAHAJIOB  aKTUBHUPYIOTCA  BBICOKOAMIUIUTYIHBIM
NOTEHIMAJIOM JEUCTBUS, 00ECIIEeUnBAET MEJJICHHBIM TOK Kajblusa. CTpyKTypa KaHaia
BKJIIOUYAET MOPY, HAPYKHOE U BHYTPEHHEE YCThE, BOPOTHBIC YACTUIILI U CEJICKTUBHBIN
bunbTp, 00pa3zoBaHHBIM 5—6 aroMaMu KHUCJIOpOJia B BUJE KOJbIA, PETYIHPYIOLIETO
npoHunaeMoctb. CTEHKHM TOphl  MPEACTaBICHbl OCTaTKaMU TUAPOPUITHHBIX

AMUHOKHUCIIOT, TUAPO(OOHBIE YYACTKU KOHTAKTUPYIOT C JUMUAAMH MEMOpaH KIETKU

[135].

Pucynok 1.3 — Mononposogsiias nopa, chopMupoBaHHas aibha—CcyOobeIMHULIEH,
CyOBeIUHUIIBI KaTbITUEBBIX KaHaoB — al, B, y, O (B Mogudukaimmn)
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MonekynspHas CTpyKTypa L—Tuma KanbIMEBBIX KaHAJOB MpeACTaBiIeHa S
cyobeaununamu. Haubonee kpymHas W3 HHX 0 OTBEYAeT 3a CEJIEKTHUBHOCT,
YYBCTBUTEJIBHOCTh K MEMOpPAaHHOMY MOTEHLHUANTy, MPOBOAUMOCTh. [loMuUMO KieTOk
MHUOKap/ia 1 MyCKyJIaTypbl L—THM KaJblIMEBBIX KAaHAIOB UICHTU(DUIIUPOBAH B HEMpOHAX
HEHTpaIbHOW U mepudepuyeckon HEPBHOM CHCTEMBI MO3BOHOUYHBIX. OHH
aKTUBUPYIOTCS MPHU BBHICOKMX MOTEHIMaNax Ha MeMOpane (cBbime 10 MB), xapakTepHa
BBICOKAsi TMPOBOJUMOCTh M OUYEHb MEJJICHHAs KWHETHWKa HHakTuBauuu (t>500Mmc),
YYBCTBUTEJIIBHOCTh K MHTHOUPYIOIIEMY JEUCTBUIO OpraHUYecKux OJIoKaTopoB [2, 66,
67].

[ToTeHnuan—3aBucMMble  KaJbIIUEBbIE KaHajdbl B  BOJIOCKOBBIX  KJIETKax
MJICKOITUTAIOMIMX B OCHOBHOM TipenactaBiieHbl moarpymmoit Cayl.3. Kpome Toro,
nonarpynma Cay1.3 urpaer BaxHyO poib B pa3BuTuu ynutku [131] u B perynupoBanuu
IKCIIPECCUU  KaNbLUI—-3aBUCUMBIX  KAJIMEBBIX KAaHAJIOB BBICOKOM M  HU3KOU
npoBoauMocTH [164]. OtcyrcTBue kananoB Cay 1.3 BhI3BIBAaET MIyXOTy M HAPYIICHHS B
Pa3BUTHH HAPYKHBIX ¥ BHYTPECHHUX BOJOCKOBBIX KJIETOK y MbiIiei [161].

JIoOKyMeHTanbHO 3aUKCHpOBaHA JIOKAIM3alUsl TMOTEHUUAl — 3aBUCHMBIX
KaJbI[MEBBIX KAHATIOB B YIMTKAX Ja00paTOPHBIX )KUBOTHBIX. B yIuTKe MBITIEH MIUPOKO
HaAO0JII0JaeTCs] UMMYHOTHCTOJIOTUYECKOE OKpAlllMBaHUE JOJTOKMBYLIUMX MOTEHIIMATI—
3aBUCUMBIX KaJbLMEBBIX KaHAJIOB: B COCYIUCTOM TMOJIOCKE JIAOMPHUHTA YJIWUTKH, B
CIIUPAJIbHOM CBSI3KE, B CHUPAIbHOMN KailMe, B CHUPAJIbHOM OpraHe (B OMOPHBIX KJIETKaX,
BHYTPCHHUX W HAPYXHBIX BOJOCKOBBIX KJIETKaX), HEWUpPOHAX CIUPAIBHOTO TaHTIIUS
[131, 157].

HmeroTcst sKcriepuMeHTaNIbHBIE TaHHBIE O JEHCTBUU OJIOKATOPOB AOJIT0KUBYIIIHX
MOTEHIMAI—3aBUCUMBIX KaJbI[MEBbIX KAaHAJIOB HAa CIYXOBOW BBI3BAHHBIA MOTEHIUANT
ynuTKu. [IpeanosioKUTeNnbHO, AOITOKUBYIINE MMOTEHIMAT—3aBUCUMbIE KaJbIMEBbIE
KaHaJbl BBINOJHAIOT (YHKUIUIO TPEJCUHANTUYECKOTO TOPMOXKEHHS BBI3BAHHOTO U
IIPOM3BOJILHOIO BEIOpOCA HEUPOTPAHCMHUTTEPOB M3 BOJOCKOBBIX KieToK [124, 162].

Ha ocHOBaHMM 5SKCHEpUMEHTAIBHBIX JaHHBIX OpeanoyaraeTcsi, 4ro

AOJITOXKUBYHIUEC TTOTCHIHUAJI—3dBUCHUMbLIC KaJIBIIMCBLIC KaHAJIblI W IMOATPYIIIbI Ca\/l.3
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UTPAOT BAXHYIO pOJb B MEIUAIIMU BhIOpOCAa HEHUPOTPAHCMHUTTEPOB, a TakkKe B
(U3HOIOrHYECKOM «OOCTYKUBAHUN» BOJOCKOBBIX Ki1eTok [170].

N3BecTHO, YTO HEOTHEMIIEMOM YACTHIO TOMEOCTa3a OPraHU3Ma SIBIISICTCS BOJTHO—
ANEKTPONUTHBIM 0OMeH. OCHOBHBIC KaTHOHBI OpraHuM3Ma — KaJIUil, HATPUM, KalblIHi,
MarHui. AHMOHBI — TUJipokapOoHaT, ¢pocdaTsl, cynbdarT, XJopuibl. Bo BHEKIETOUHON
KUIKOCTU TIPEACTABICHH B OCHOBHOM HWOHBI HATpPHUA, XJopa, THApokapOoHara. Bo
BHYTPHUKJIETOYHOM >KMJIKOCTU — 00Jiee BBICOKME KOHIICHTPAIIMU MOHOB KaJlMsl, MarHusl,
docdatos, cynabhara. DIEKTPOJUTH B OPraHU3ME BBIOIHIIOT Pl BAXKHBIX (QYHKIIUM:
00pa3yroT OMOAIEKTPUIECKUH MTOTEHITHAN, OTPEACISIIOT PH KUIKOCTEH, KaTaTHu3uPYyIOT
pollecchl OOMEHa BEHIECTB, YYaCTBYIOT B CBEPTHIBAEMOCTH KPOBH, CTAOMIH3UPYIOT
KOCTHYIO TKaHb ® Ap. OmnpenercHue HOHU3MPOBAHHOTO KaJbIUS IO3BOJIAECT Ooee
TOYHO OIEHUTh COCTOSIHME KaliblineBoro oOMeHa. Bce Qusmonoruueckue 3hdexTs
KaJIblIUs, TaKhe KaK y4acTHE B MBIIICYHOM COKpAIICHUH, B MEXaHHW3MaX CEKpEIHH
TOPMOHOB, PEIENTOPHBIX IPOIlEcCaX, B MEXaHW3MaX KJIETOYHOTO JCJCHUS W Jp.)
OCYIIECTBIIAIOTCS €r0 HOHU3UPOBaHHOM (hopmoii [47].

OuneHka MHHEPAJBLHOr0 0O0MEHA U KAJbUMH PeryJUpyoluX FOPMOHOB —
OCYIICCTBIISETCS JTAOOpaTOPHBIMU MeTogaMu. OOBIYHO HMCCIEIYIOT YPOBHHU KasbIIHS,
HaTpus, kanus, ¢ochopa, xjopa U Ap. B CHIBOPOTKE KPOBU HanOOJIEe H3BECTHBHIMU
cnocobamu: 1) muameHHas QoTtoMeTpus (aTOMHO—SMHCCHOHHAS CIEKTPOCKOIHS
IJIAMEHU) DJJIEKTPOJUTAa B OHOJOTHYECKOW IKUIKOCTH, MPOBOAMMAS C TOMOIIBIO
npubopa — TUIAMEHHOTO (HOTOMETpa, OCHOBAHA HA W3MEPEHWHW WHTCHCHUBHOCTH
U3ITy4CHHs, MCIIyCKaeMOTO aToMaMH, BO30Y)KJICHHBIMH B IUTAMEHH, TIOCIE UX
BO3BpAIIIEHNS B OCHOBHOE HEBO30YKJICHHOE COCTOsTHME. J[JIMHA BOJIHBI HCITYyCKaeMOTO
CBETa OTPaKaeT XHMHUYECKYIO TpHpoAy 3JeKTposnTa. CIO0KHOCTH HCIOIB30BAHUS
METO/Ia CBSI3aHA C HEOOXOIUMOCTBHIO MPUMEHEHHUS B3PBIBOOMACHON CMECH TOPIOYUX
ra3oB. 2) AToMHO—a0copOmMOHHAs CHEKTPOPOTOMETPUS OCHOBaHA Ha W3MEPEHUU
TIOTJIOIICHUSI MOHOXPOMATHYECKOTO Iydka CBeTa aTOMaMH B IlaMeHu. MeToj Oosee
YyBCTBUTEJICH MO CPABHEHUIO C IJIAMEHHOW (OTOMETpHEH M TO3BOJISIET OMPEICISIThH

BC€Chb CIICKTP OJJICKTPOJIMTOB. 3) HOTCHHHOM@TpI’I‘IﬁCKI/Iﬁ MCTOJ aHajIn3a OCHOBAH Ha
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3aBHCHUMOCTH BEJIMYMHBI TOTEHI[MAa 3JEKTpPOoAa OT COCTaBa PAacTBOpa, B KOTOPBIN
ANEKTPOJ mnorpyxeH. I[loTeHIMOMeTpUYeCKue METOJIbl C HCIOJIb30BAHUEM ATHX
MOHOCEJIEKTUBHBIX JJIEKTPOJIOB MOTYT OBITh MpsAMbIE W Hempsamble. [Ipsamoit meton
IPEINOYTUTENbHEN, TaK KaK MPH HEM He MeHseTcs (0e3 pa3BeleHHs) coOCTaB 0Opasia.
4) @®oTOMETpUYECKOE ONpelesieHne KOHIEHTPAIMK JJIEKTPOJIUTOB HE TpeOyeT
JOPOTOCTOSIIIET0  CHEUUAJIbHOrO O0OpYIOBaHMS M OCHOBAaHO Ha 0Opa30BaHUU
OKpAILIEHHBIX COEAMHEHUN MpU B3aUMOJCUCTBUU DJIEKTPOJIMTOB C OMNpPEIeTICHHBIMU
OpPraHUYECKMMHU BelecTBaMU. [IIOTHOCTP OKpacku MpONOPLHUOHAIBHA KOJUYECTBY
AIIEKTPOJINTA, YTO TO3BOJIAET paccuuTaTh €ro KoHieHTpanuio. 5) Ilpu onpenenenun
KOHIIEHTpAIlMU KaJus W HATPUS MOXKHO IMPUMEHATh TEXHOJOTHUIO «CYXOM XUMHUUN,
WCMOJIb3ysSE MHOTOCIOMHBIC AHAIUTUYECKUE TOJOCKH. [IpuHIUMN OTpaxarelbHON
(doToMeTpUr MO3BOJIAET KCIOJIB30BATh TECT — MOJIOCKUA HE TOJBKO JJII KaueCTBEHHOM,
HO ¥ IS TIOJTyKOJIMYECTBEHHOM OIIEHKHU pe3yabTaToB [73].

KOHIIEHTpAIMs. TOPMOHOB B KPOBH H TKamsx odenp mama (10 °—10"° moms/n),
MO3TOMY JJIsl UX OIpeaeseHUs] TpeOyITCs BBICOKOUYBCTBUTENIbHBIE OMOXUMHUPUECKUE
meTofpl. IIUpoko WCMONB3YIOTCS paJAMONHWTaHAHBIE METOIbl, OCHOBaHHBIC Ha
KOHKYPEHTHOM CBSI3bIBAHMM MEUYEHOTO M HEMEUEHOT0 TOpPMOHA C Pa3MnYHBIMU
OenkamMu: aHTUTEJIaMH, TPAHCIOPTHBIMH OelkamMu Wik penentopamu. [IpuMeHsroT
XUMHYECKHE METOJBI Hampumep, (QIoOopOMETpUYECKUH M KOJOPUMETPUUYECKUH, a
TaKk)K€ MMMYHOJIOTUYECKHE METO/bI, HAallpUMep, paAMOMMMYHHbIN aHaan3. OCHOBHBIE
OMOXMMEUECKHEe MapKephl, KOTOPHIE TOJKHBI ObITh NMPOAHAIW3UPOBAHBI JJISI OLCHKU
COCTOSIHUS KOCTHOM TKaHHW, CKOPOCTH MeTabo0JnM3Ma, OlleHKH 3P(HEKTUBHOCTH JICUECHHUS,
nporIIakTUKY 3a00JIeBaHMM, CBA3aHHBIX C HAPYIIEHHEM MeTabOoIM3Ma KOCTHOW TKaHH
— TapaTropMoOH, OCTEOKANIBLWH, KaJbIIUTOHUH. MapKepsl TO3BOJISIOT YBUAETH JaXe
caMbl¢ He3HAYMTEIIbHBIC CABUIH B MPOIIecce HAOMOACH S 32 O0JIbHBIM [ 73].

YuuThiBas, 4T0O HaMOOJbINAS YACTh KAJbIMs B OpTaHU3ME HAXOJUTCS B KOCTHOM
TKaHU, HIMPOKOE PACHpPOCTpaHEHUE TPU OIICHKE MHUHEpPaJbHOro OOMEHa, a MMEHHO
KOCTHOT'O MeTa0oJIn3Ma, MpUoOpeNnn Cleayomne METOAUKU: 1) pEeHTreH — MO3BOJISeT

YBUJIETh KPUTHYECKYIO TIOTEPIO Macchl KOCTHOM TkaHu, Oosiee 30%, HamMeHee
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YyBCTBUTEJBHBII METOA; 2) NEHCUTOMETPHUSl (OCTECOJNCHCUTOMETPHUSI) — IO3BOJIAET
OTNPEJEIUTh KOJUYECTBEHHYIO TMOTEPI0 KOCTHOM TKAHM Ha Pa3JIMYHBIX YYacTKaX —
OenpeHHasi, JydeBas KOCTb, TMOSCHUYHBIM OTAEN TMO3BOHOYHUKA; 3) KOCTHas
yJIBTPACOHOMETPHUSI — OLIEHUBAET CKOPOCTh IMPOXOXKJICHUS 3ByKa 4Yepe3 KOCTh WU
MEXaHUYECKYI0 peakiuio KocTu. B Hactosmee Bpemsi Hauboiee 4Yacto JUis
OmpeIeTICHHS MUHEPAJIbHOU IUIOTHOCTH ~ KOCTHOM  TKaHH UCIIOJIB3YIOT
ocTeoZieHCUTOMETphI. [lokazarenu ocTe0IeHCUTOMETPUH B COYETAHUU C OINPECICHUEM
YpOBHEW OMOXMMHUYECKUX MapKEpPOB METa0O0JM3Ma KOCTHOM TKaHU MPEUMYIIECTBEHHO
WCITOJIB3YIOTCS JII JUATHOCTUKHM OCTEOMOpo3a M Apyroi KocTtHoi marojoruu [90], y
CIIOPTCMEHOB ISl OLICHKH MPOLECCOB aJalTalli U NPOTHO3UPOBAHMS PA3BUTHUS Y HUX
MaToJOTUU KOCTHOM TKaHM, y OOJIbHBIX C KOCTHO—CYCTaBHOW marosiorueut [15], mpu
cToMartojorudeckux 3abosieBanusix [48]. [IpumeHeHune KoMIuiekca JaOOpPATOPHBIX U
OCTE€OJICHCUTOMETPUYECKUX METOJIOB IS OIEHKH KaJlbIIMEBOTO MeTaboIu3Ma,
ATUOJIOTUYECKUX, MATOTCHETUYECKUX OCOOCHHOCTEM W MPOTHO3UPOBAHHUSA TEUYCHUS

3a00s1eBaHuUs y OOJIBHBIX C CEHCOHEBPAJIBLHOM TYTOYXOCThIO paHee He MTPOBOIUIIOCH.

1.3. XapaxkrepucTuka  OJIOKATOPOB  KAaJbIUEBbIX  KAaHAJIOB U

BO3MOKHOCTH UX IIPUMCHCHUSA

biiokaTopbl KanbLMEBBIX KaHAJIOB WJIM AHTOINOHUCTBHI KajlblLUsA IPEACTABIIAIOT
co00il TpymIy JeKapCTBEHHBIX MPENapaToB ¢ OJMHAKOBBIM MEXaHU3MOM JEHCTBUS, HO
pa3IMyaroluxcsi MO0 TKAaHEBOM CEJEKTUBHOCTH, (AapMaKOKMHETHKE, BJIMSHUU Ha
CEPACYHO—COCYAUCTYIO CUCTEMY W psAay Apyrux CBOMCTB. I[IpuMeHeHune wux B
KJIMHUYECKOW TIpakTHKe HacuuThiBaeT 6omee 30 ser [44, 87].

OOmuM CBONCTBOM OJIOKaTOpPOB KaJIbLIMEBBIX KaHAJIOB (WJIM aHTOTOHHCTOB
KQJIbLIHA) ABJISIETCSI KOHKYPEHTHBI aHTarOHW3M B OTHOLIEHUHU MOTEHIMAT—3aBUCHMBIX
KQJIbLIUEBBIX KaHAJOB KJIETOYHBIX MeMOpaH. OHU MHAKTUBUPYIOT KaJbIMEBbIE KaHAJbI
M TEM CaMbIM YMEHBIIAKOT KOJWYECTBO HOHOB KAJIbLMSA, IPOHUKAIOIMUX W3

BHEKJIETOYHOTO MPOCTPAHCTBA BHYTPh KIIETOK. B nepByro ouepear crano
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OOIIEU3BECTHBIM THIIOTEH3WBHOE JIEHCTBHE OJIOKATOPOB KalbLIMEBBIX KaHayoB [118,
144]. I'pynnbl npenapaToB, OJIOKMPYIOIIUX KaHajibl KalblMsl, B HACTOSIIEE BpEMs
BBEJICHBI B COBPEMEHHBIE CXEMBI JICUEHUSI TEpaANEBTHUECKUX OOJBHBIX. B pononHenue
K OTPULIATEIIBHOMY HHOTPOMHOMY 3(P(PEeKTy Ha CepAeYHYIO MBIIIIY OHH NMPUBOIAT K
CHIDKEHHIO TOHYCA IIAJIKOM MYCKYJIAaTypbl COCYZOB U K Ba30AWIATALIMM, B CBS3H C YEM
NPUMEHSIOTCS TIPH CEPICTHO—COCYAUCTHIX 3a00sieBanmsx [87].

JUIsL HEKOTOPBIX AHTArOHUCTOB KajJbLUs OCHOBHBIM SIBJIIETCS JEHCTBHE Ha
nepeOpajibHyl0  I'e€MOJMHAMHKY W HEHpONpOTEeKTMBHOE  BiusHMEe. Tak, B
HKCIIEPUMEHTAJIbHOM MCCJIEIOBAHUMA HA >KMBOTHBIX OJIOKATOPHl KaJIbLIMEBBIX KaHAJIOB
IPOSIBUIIM MPOTEKTUBHBIN 3()()EKT B OTHOLLIEHUU HEHPOHOB, UMEIOUIUX MOBBILICHHYIO
YYBCTBUTEIBHOCTh K  TJIyTaMaTHOM  TOKCHYHOCTH  MHpPU  MOJEIMPOBAHUU
HEHpOAEereHEpaTUBHbBIX 3a00JIeBaHUNA. DTO TMPOSBISUIOCH B 3aMEIJICHUU Pa3BUTHUSA
IIATOJIOTMM — YMEHBIIEHHMH MOTOPHBIX CHMIITOMOB, YMEHBIIEHHU IIOTEPU HEHPOHOB
ctpuatyma [10, 16]. B pabortax besnpospanHoro M.b. moka3ana HeoOX0IUMOCTH
JalbHENUIIEr0 M3y4eHHs  OJIOKATOPOB  KaJjbIMEBBIX KAaHAJIOB W  IMPOBEACHUS
KJIMHWUYECKUX MCHBITAHUW NaHHOW TpYMIbl MpenapaToB Mpu Oosie3HU Ambureimepa,
0ose3nn XaHTUHITOHA, CTMHHOMO3T0BO# atakcuu [12].

B MomuduuupoBanHoM TabnMile TOpPEACTaBIECHbl JaHHbIE O  Ipynmnax

AHTarOHMCTOB KaJbIHA ¢ ydeToM uX TpormHocTH (Tabmuma 1.1) [64].

Tabmuma 1.1 — I'pymnmbl aHTarOHUCTOB KAJBIUS U TOYKU U UX MPUITOKEHUS

Nen/m | T'pynmbr IIpencraBurenu Touku npUIIoKEHUA
Hudenunus,

1 HUKapIUIIVH, brnoxupytor B Ooublueil creneHu
JIMruaponupuIMHOBBl | UICPAUPIINH, MEJIEHHBIE KaJIbLINEBHIE KaHAJIbI
€ IIPOU3BOJIHBIE: Hupequnua—ITUTC, B KJIETKax IJIaJIKOW MYCKYJIaTypbl

HU(eKap/, JaluauIuH, apTepuoa (nepudepuueckux,
benoaunuH, KOPOHAPHBIX, MO3TOBBIX)
HUTPEHIUIIVH,

HUITYAUIIVH,

aMJIOIMIINH (HOPBACK)

BepanamMmui (u30mTHH, broxupyror B Oomblnei cTeneHu

2 IIpousBonHbIe (UHONTHH, JIEKONTHH), MEJIEHHBIE KaJIbLINEBbIE KaHAJIbI
(beHnIaIKUIaMUHOB THANaMWI, TaJUIONaMMII, MHUOKapIUOLMTOB, KIIETOK

AMOIIaMuI, Oenpuu CHUHYCOBOT'O y311a U
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(6enpukop) aTPUOBEHTPUKYJIIIPHOTO
COEJIMHEHUS
[IpousBogHbIe Juntrazem 3aHuMaroT MPOMEKYTOUHOE
3 OcH30/1Ma3eMHA (kapawt, Tun3eM) MOJIOKEHUE MEXy Ipernaparamu
lii m 2# rpynmel, OJIOKHUPYS
ME/JICHHBIE KallbLIUEBbIC KaHAJIbI
MHUOKaPIUOIUTOB, KIIETOK
TJIJIKOM MYCKYJIaTypbl COCYJIOB
4 AHTaroHUCTBI JuruponupuInHOBOE OtHocuTenbHas N30UPaTENEHOCTh
KaJbIuUs u3 MIPOU3BOJTHOE — K TJIAJKOM MyCKyJaType cOCyI0B
Ppa3IMYHBIX HUMOJUIUH (HUMOTOII); COJIOBHOTO MO3Ta;
XUMHYECKUX TPYII, | TUNEpa3HHbl IUHHAPU3UH TUIMOTEH3UBHBIN  3QdexT 3Tux
HE uMeromue | (cryrepos); GiayHapu3uH MpENnaparoB B  3HAYMUTEIBHOMN
CaMOCTOSITENTLHOTO (cubennym); MPOU3BOAHOE|  Mepe CBS3aH C BIUSHUEM Ha
3HA4YCHUSI B JICUYCHHH | (PCHHUIIAIKUIAMUAHOB — pETHOHAPHYIO TreMOJIUHAMUKY
TUIIEPTOHUYECKON ceH3uT (peHauIH) (MO3roBOM W/WJIM  KOPOHAPHBIH
0oe3Hn KPOBOTOK)

B HECKONBKHX KOHTPOJIMPYEMBIX HCCIEIOBAHMAX IMOKA3aHO, YTO HUMOJIHUINH
(BHYTPUBEHHO WJM BHYTPh) TMpH HA3HAYCHUM B TMEPBbIE YacChl IOCIHE
cy0apaxHOUJAIBHOTO KPOBOMBIIMSAHUS YMEHBIIAET pa3Mepbl MOBPEKICHUS TOJIOBHOTO
MO3ra, CIOCOOCTBYET pErpecCud HEBPOJOTHYECKOW CUMIITOMAaTUKU UM CHUIKAET
netanbHOCTD [87, 156]. TIpoBemeHHbIE ONBITHI TTO3BOJIMIIA YCTAHOBUTD, YTO Pa3IMYHBIC
0JIOKaTOPHI KAJIBIIMEBBIX KAHAIOB OKA3bIBAIOT HEOJIMHAKOBOE BIIMSIHUE HA [IEHTPATbHBIC
U niepudepruveckre MEXaHU3Mbl PEryJIsIuu cocyaucroro Tonyca [54,55]. Llunnapusux
OKa3bIBAa€T YIHETAIOIIEEC BJIUSHUE HA AKTUBHOCTh B CHUMIATUYECKHX HEpBax M
ociiabnsieT  peICKTOPHYI0 TMPECCOPHYI0 PEAKIUI0  apTepUaIbHOTO  JIaBJICHHUS.
@dyHapu3uH, HANPOTUB, 00JIETYaeT Kak COMAaTO—CUMIATHYECKHE peQIeKChl, TaK U B
OOJBIIIMHCTBE CIIy4aeB Ba30MOTOPHBIN pediiekce. JAuruaponepunHOBbIC MPOU3BOIHBIC
(HUMOAMNIMH W HUMEIUNHUH), ¢ OAHOW CTOPOHBI, CTUMYJUPYIOT B 3HAUYUTEIHHOMU
CTEMCHH IIEHTPAIbHBIE MEXAHU3MBI PETYJAINU CUMIIATUYECKOIO U Ba30MOTOPHOTO
TOHyca M, C APYroi, — OJOKUPYIOT Pa3BUTHE KOHCTPUKTOPHBIX PEAKIMil COCYIOB,
BBI3BAHHBIX  paszipakeHneM apQdepeHTHHIX BOJOKOH COMAaTHYECKHX  HEPBOB.
Hudenunun, HumomunuH, (IyHapu3uH W IHUHHAPWU3WH YBEIWYUBAIOT OOBEMHYIO

CKOpPOCTh MO3TOBOT'O KPOBOTOKa [16].
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Ha npoTsikeHnn nocneHux ACCATUIIECTUN aHTarOHUCTHI KallblMs, MPEK]IE BCETO
HUDEIUIUH | JApyrue JAUTUAPONEPUSIMHBI, 3aHUMAIOT OJHO W3 JUIAUPYIOIIUX
IIOJIO)KEHWM B JICYEHWH apTEPUAIbHOM THUIIEPTEH3WH W HApPYLIEHWM MO3TOBOIO
KpoBooOparienus . Kpome Toro, uccinenoBanus Moka3aiud U aHTHATEPOCKICPOTUYECKUE
CBOMCTBa OJIOKaTOPOB KAJIBIIMEBBIX KaHAJIOB. [[Jis1 MOATBEPKIEHUS ATOTO HAMpPABIICHUS
B JCHCTBUM TPEMApaToB NPHUMEHSUIM  3JIEKTPOHHOIYYEBYIO U  CHUPAIBHYIO
KOMITBIOTEPHYIO TOMOTpaduio, KOTOpas MO3BOJIIET PacCUUTATh HUHJIEKC COACp>KaHUA
Kajblus. B uccnenoBanusax, koropeie npooamiuchk B pamkax INSIGHT (International
Nifedipine GITS in Hypertension Treatment), Obut0 mOKa3aHO, 4YTO HH(EITUTTHH
MPEAYNPEKIAECT MPOTPECCUPYIOIIEE YTOJIIIEHUE WHTUMBI-MEAUN COHHBIX apTepuil u
3aJIep>KUBAET OTJIOKEHHUE KaJbLUsl B aT€POCKIEPOTUUYECKA M3MEHEHHBIX KOPOHApPHBIX
apTepusix. YKazaHHble S(PQPEKTbl OTpaxaloT aHTUATEPOCKICPOTUUYECKHUE CBOMCTBA
audenununa—T UTC [65].

[ToBbilieHHAsT QYHKIIMOHATbHAS AKTUBHOCTh BOJIOCKOBBIX KJIETOK YJIWUTKH 4acTO
MPOSIBJISIETCS.  TIOJIMTOHAIBHBIMA CYOBEKTUBHBIMHM  OIYIICHUSIMU B yxe. JlaHHBIH
CUMIITOM BCTpEUYaeTCs Ha HadalbHbIX 3Tanax pazsutus CHT, mocine oToxupypruyeckux
BMEILIATEIBCTB KAK pPAHHUM TPU3HAK HaApSAy C TOJOBOKPYXEHUEM, IO3TOMY
1enecoo0pa3Ho Ha3HaueHHE OJIOKaTOpOB KalblMsl NEpe] omepanuedl Ha yxe A
NpO(QUIAKTUKNA CTPECCOBBIX W TPAaBMATHUECKUX OCJIOKHEHHMM W B OCTpod (aze
CEHCOHEBPAJIBHON TYTOyXOCTH JUTSL IIPEIOTBPAICHUS HEKpoOHno3a
ceHcoanuTennonuTos [17].

B paborax nHemenkux yuenwix J. Maurer et al. 6puto0 mpoBenmeHO cpaBHEHHE
s dexTa 610KaTOpa KaJbI[MEBBIX KAHAJIOB JAWJITHA3eMa HA MOPCKUX CBUHKAX, KOTOPBIX
MOJBEPraJii BO3ACHUCTBUIO MMPOKOIoaocHoro myma B 90 u 110 nb. BeiBoasl roBopsT B
M0JIb3Y MEHBIIIEH CTENEHU MOTEPH CIIyXa B IPYNIax *KUBOTHBIX, OJIyYaBIIKX MpenapaT
U MOoABEPrHYTHIX 1rymy B 90 nb, wem B 110 b [149].

MopdomeTrpruueckuili aHaau3 YJIUTOK MOPCKMX CBHMHOK [IOKa3al MeEHee
BBIPQKEHHBIE TOBPEKIACHUS BHYTPEHHHX W HAPYKHBIX BOJOCKOBBIX KJIETOK Yy Te€X

JKMBOTHBIX, KOTOPLIC IIOJYy4YalIn IIPpCIapaTbl aHTArOHUCTOB KaJbIUA OO0 aKyTpaBMbI U B
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paHHHM IOCTTpaBMaTU4YeCKu nepuon. llpeamomaraercs, 4To BIMSHHE IPENAPATOB
pacmpocTpaHsieTcss MMEHHO Ha KIETOYHYI0 MeMOpaHy CEHCOPHBIX KIETOK M Ha
KOXJICAPHYIO COCYAMCTYIO ceTh [147, 148].

Hccnepoanuss Naples J.G. mokazanm Ha ~ Moaenu KuUBOTHBIX, 410 BKK
NpeAcTaBIsioT 3()PEKTUBHOE CPEACTBO B KAayeCTBE Tepamuu MPHOOpPETeHHBIX (hopm
CEHCOHEBPAJIbHON TYroyXOCTH, MpPEIOTBpaliasi MPUTOK KalblKs, KOTOPBHIA BO3HUKAET
BO BpeMsI KJIETOYHOI'O arlonTo3a BO BHyTpeHHeM yxe [152].

Opnako B JMTepaType BCTpedaroTcsi M UHble MHeHus. Ha ocHoBanuu
MHOTOYHCJICHHBIX KJIMHUYECKMX HaOmoaenuii 6ompHbix ¢ CHT Berrettini S. et al.
MPUIILTKA K BBIBOJY, YTO OJIOKATOPHI KaJIbIIMEBBIX KAaHAJIOB JIOJDKHBI OBITH 00S3aTEIBHO
BKJIIOUEHBI B CXEMY JICUCHHUS B TE€X Clydasx, Korjma HamOoyiee BEpPOATEH COCYIUCTHIN
reie3 3a0ojieBaHUs, a TaK XK€ B CclIyyasX UAMONATHYECKOM CEHCOHEBPAJIbHOU
tyroyxoctu [112].

UccnenmoBanmssmu  H.  Shen mgokazanHo mpsMoe TPOTEKTUBHOE JCHCTBHE
OJI0KaTOPOB KaJIbIIMEBBIX KaHanoB T—tumna trimethadione u ethosuximide Ha HapyKHBIC
BOJIOCKOBBIE KJIETKH CITUPATLHOTO OpraHa MbIlIei B akcniepuMenTe. OH CYUTAET, YTO B
ATHOJIOTHH CEHCOHEBPAIbHOW TYrOyXOCTH MOBPEXKIAIOIIEe BO3ACHCTBHE IITyMa CTOUT
Ha 2-M MecTe Tocjie Bo3pacTHoro ¢akropa. JlelicTBue mpemapaToB B 3TOM
UCCIICIOBAaHUH OIEHUBAINCh MMMYHOIIMTOXMMUYECKUMH METOJaMH, YTO IO3BOJIMIIO
BBISIBUTh COXPAHHOCTh KIJIETOYHBIX CTPYKTYp HEHPOIMUTEIHAIBHBIX KJIETOK TIO
CPaBHEHHMIO ¢ TPYIOi KoHTpos [157].

XynasepasH J1.H. B sxcniepuMeHTe Ha )KUBOTHBIX, ITOIYyYaABIINX OTOTOKCUYECKUN
aHTUOMOTUK KaHAMHIIMH, IMOKA3aHO YBEJIMYEHHE MUKPOLUPKYISALUU B COCYIUCTOU
MOJIOCKE MEePETOHYaToOl YIUTKHA B OTBET Ha BBEACHHUE OJIOKATOpa KabIIMEBBIX KaHAIOB
Bepanamuiia. D@PQeKT 3TOro mnpemnapara CBsi3aH C YCTPAaHEHHEM HHIYLIUPOBAHHOTO
aHTUOMOTUKOM CIla3Ma apTEepPHOJ COCYIMCTOM IMOJIOCKM JAaxe Ha (POHE CHIKEHUS
CUCTEMHOTO apTEePHAIILHOTO  JaBJICHUS, 4YTO CIHOCOOCTBYET COXpPaHEHUIO €€
MeTabonnueckoil u anekrpoxumudeckon ¢ynkiuu [98]. Takum oOpazom, Bepanmammu

CIOCOOEH YCTPAaHUTh KaTaIu3upylollee AeMCTBUE BHYTPUKIETOUHOTO Kanblus Ha JIHK
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OHAOHYKJICA3 C TOCIEAYIOIMMUM TOPMOXKCHHEM HAYalbHBIX JTaloB amonro3a. B
IKCIIEPUMEHTE TaK K€ JOKa3aHa CIIOCOOHOCTh BeparaMuia HHIHOUPOBATh aKTHBHOCTh
SAICPHBIX  KaJbIMA—3aBUCHMBIX  DJHJOHYKJI€a3 Ha  IpUMEpe HEHPOHOB U
HEHPOCEKPETOPHBIX KIETOK Tunotanamyca [163].

Cpenn  COCTaBISIONIMX  3BEHBEB  TOJUBAJICHTHOH  TEOpUHM  Pa3BUTHUS
CCHCOHEBPAJIILHONH TYrOyXOCTH HEOCTIOPUMO TJIABEHCTBYIOMIAS POJIb TMPUHAJICKHUT
cocymuctoii [53], MO3TOMY IIOCTOSHHO BEICTCS TIOMCK IperaparoB, Hauboliee
7 (HEKTUBHO JEUCTBYIOIIMX B 30HE MIIIEMHUU TOJOBHOIO MO3Ta U BHYTPEHHETO yXa, He
BBI3BIBAIOIINX  HEOJArONMPHUSATHBIX CABHUTOB B  TEMOJAMHAMHUKE U  CHHIpPOMA
BHYTPHMO3roBoro ookpassiBanus [11, 29, 30, 40, 53].

CBolicTBa M 0CO0GHHOCTH JAeMCTBHS HHMOJMIHMHA. B mnocaemHue roabl
MOSIBUJTUCH MYOJIMKAIlMY, TOCBSIICHHBIC MpernapaTy TPyIIbl aHTarOHUCTOB KaJIbIIMS,
MPOU3BOJHOIO JUTHAPONUPUANHOB — HUMOAUIUH. OH NPEMSITCTBYET MOCTYIUICHUIO
WOHOB KaJIBIIMS BHYTPh KJICTOK Yepe3 MEIJICHHBIC KalbIMEBbIC KaHAIBI B Hadasie (as3sl
penoiApu3alry KICTOYHOU MeMOpaHbl. MloHaM Kaliblivsi MPUHAIJICKUT BaXKHASL POJIb B
PETYIMPOBAHUH JIEATCILHOCTH TOJIOBHOTO MO3ra, OHHM YYacTBYIOT B TIpolleccax
BO30YXIeHHUs] MeMOpaH HEUPOHOB U TOCIEAYIOIINX BHYTPUKICTOYHBIX MOJIEKYIISIPHBIX
Kackagax. HwumomunmuH XOpoIIo MPOHUKAET uyepe3 reMarodHIedamndeckuii 6apnep,
BO3JICHCTBYET HAa HEUPOHBI U HA MEJKHE COCY/bI TOJOBHOTO MO3Ta, UMEET BBICOKOE
CPOJICTBO C pelenTOPaMH KaJlbIINEBBIX KAHAIOB HEPBHBIX KICTOK [56].

D. Bracco u R. Chiolero ommceiBatoT perynupyroiee BIHSHAC HUMOIUITMHA HA
TOHYC BHYTPHMO3TOBBIX COCYJOB, OOMEHHBIC IPOIECCHI B IICHTPAILHOW HEPBHOM
CUCTEME M HEUpPOMEAMATOPHBIM OanaHC, YTO MPEMSTCTBYET Pa3BUTHIO KIETOYHOTO
armonto3a [115].

OnHa W3 BaXKHBIX MPUYUH HApyIIeHUs (YHKIMH KOPHI TOJOBHOTO MO3ra C
BO3pACTOM CBsi3aHa C WM3MEHEHWEM KaibliueBoro metadommsma [23]. Pesynbrarhl
WCCJICIOBAHMSI TPYIIIBI OOJBHBIX AUCITUPKYJIATOPHONW aHTHOAHIIE(hATONaTHEeH moKa3an
HOPMAJIM3AINIO TTApaMETPOB MO3TOBOM T€MOJIWHAMUKH, TIOJOKHUTEILHOE BIMSHHUE HA

HEUPOTOPMOHAJILHBINA, HEHUPOTyMOpPAJIbHBIM W OMOIHEPreTUYECKUI TOMEeocTa3 Ipu
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JICYCHHUH TIpermapaToM HUMOAUMHH [56]. 3a mocieaHue Topl HAKOTUICH 3HAYUTEIIbHBIN
OMBIT TPUMEHEHUS HUMOJUIIMHA B  JICYCHUH OOJBHBIX C CyOapaXHOUIAIbHBIMU
KpoBOM3MUSHUAMU [5]. ToJbKO B OTHOIICHWHM HHUMOJMIMHA TIOJYyYECHBI UYETKHE
JIOKa3aTeIbCTBA YMEHBIIECHUS pHUCKAa pa3BUTHUS Ba30Cla3Ma MO3TOBBIX apTEepHid,
KoTopbIi Bo3HUKaeT B 30—70% ciydaeB nocie cy0apaxHOMJAIbHOTO KPOBOUBIUSHUS U
y 25% manueHToB MPUBOANT K MHPAPKTY Mo3ra win cmeptu [168, 141].

Humomunun oOnagaeT BBICOKOW JUMOMUIBHOCTBIO U JIETKO MPOHUKAET 4Yepes
remaTosHuepanueckuii O0appep B OTJIMYKE OT JAPYTrUX OJIOKATOPOB KaJIbI[UEBBIX
kaHanoB [23, 145]Ipankuna O.M., 2008; Lopez—Arrieta A., 2002]. M3ydyeH Taxxe ero
HEHPONPOTEKTUBHBIN d(PPeKT npu nepedpanbHoi uieMund. Humounua u3ouparensHo
B3aMMOJIEUCTBYET C KaJbI[MEBBIMU KaHAJIaMU THMA L, KoTOpbie cocTaBisOT 0K010 30%
BCEX KaJIbIIUEBBIX KaHAJIOB HEHPOHOB, YTO MPUBOJAUT K U3MEHEHUIO TPAHCMEMOPAHHOTO
MOCTYIUIEHUSI WOHOB KaJIbLIUSI B HEHUPOHBI, KIETKM TJIMH WU MO3TOBBIE COCYBI.
[TonoxurenbHbil 3PekT mpenapata npu LepeOpPabHON HIIEMHUHM U KOTHUTHUBHBIX
PacCTPOMCTBAX Y MOXKHIIIBIX MAIUEHTOB OOYCIIOBIICH JIBOWHBIM BIMSHUEM HAa HEUPOHBI:
PSIMBIM HEUPOTPOITHBIM U OMOCPEIOBAHHO — COCYIUCTHIM (hakTopoM. JlokazaHa CBS3b
YBEJIMYEHUsI MO3TOBOT0 KPOBOTOKA C Ba30aKTUBHBIM 3(PhEeKTOM Mmpemnapara, Tak Kak He
U3MEHSCTCS BEJIMUMHA yTUM3auu kuciaopoaa [20].

VYcenemnsiM 0Ka3aloch MPUMEHEHUE HUMOJUIIMHA MPU JIEYEHUU LiepeOpaibHOM
UIIEMUH, IPOTEKAIOINIEeH Ha (POHE apTepUabHON THUIIEPTEH3UU. Y MEHBIIICHHE niepPy3un
MOHOB KaJblMs B TJIaJIKOMBIIICYHbIE KJIETKU COCYJOB TOJIOBHOTO MO3ra MPUBOJUT K
CHIDKEHHIO MX TOHYCAa W YBEJIWYEHHIO MO3TOBOTO KPOBOTOKA IMPEUMYIECTBEHHO B
MOPaKEHHOHN 30HE, UYTO OOBSCHSIET OTCYTCTBHE (heHOMeHa «oOkpampiBanus» [20, 116,
145]. B psne uccnenoBaHuil Joka3aHO OJOKMPOBAHUE HUMOIUIIMHOM THIIOKCUYECKOTO
MOBPEXKICHUS HEUPOHOB U HEMPOTOKCHUYECKOTO JECHUCTBUS JIAKTATA, & TAKKE CHUKCHHUE
KOHIICHTPAIIMU CBOOOIHBIX PAIUKAIOB B MIIEMH3HUPOBAHHBIX HelipoHax [146].

[ToBbIlIEHHBI YPOBEHBb CBSI3bIBAHMS HUMOAMIIMHA OOHAPY>KEH B THUIIOKAMIIE,
XBOCTAaTOM sipe, Kope rojioBHOro wmosra. Kpome Toro, moka3zaHa crnocoOHOCTb

HHUMOJHUIINHA peryianmpoBaTb TaKoM KaHLHHﬁ—3aBHCHMBIﬁ mponecc, KakK
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BbICBOOOKIeHHEe aneTmixonuHa [139]. [Ipenapart npensrcTByeT rudean HEHPOHOB Kak
MyTeM HEKpo3a, Tak U myTeM amonto3a [169]. Pan uccinenoBanuii cBUIETEILCTBYET O
ONMaronpusiTHOM  BIMSHUU HUMOJIMIIMHA Y  TAI[MEeHTOB C KOTHUTUBHBIMU
paccTpoiicTBaMHu IIpH JCMCHIIMH Ha TIaMATh | mporiecc ooydenus [23, 108, 104, 138].

Humomunun wu30uparenbHO OJIOKMpPYET KalbI[MEBbIE KaHaJbI L—runa,
OOHapy>XCHHbIE, B TOM 4YHCJIE, U B BOJOCKOBBIX KJIETKaX CHUPAJIBHOTO OpraHa,
HEeHpoHax  BeCTHOYNSpPHBIX  sigep.  OGdeKThl  HUMOJIUIMHA  CBSI3aHbI  C
COCYIOPACIIUPSIONIUM JEHCTBHEM Ha COCY/bl TOJIOBHOTO MO3ra, HEUPOIPOTEKTOPHBIM
JEMCTBUEM HA HEWPOHBI, KOTOPHIA OCYLIECTBISETCS WHTHOMPOBAHMEM UYPE3MEPHOIO
IPUTOKA UOHOB KabIHs B KJIETKH [154]. OnuceiBaeTCs Takke, YTO HUMOIUITHH MOXKET
BBICTYIIaTh B POJIM aHAJIOTa TKAHEBOTO aKTHBATOPA TJIA3MUHOT€HA, MOBBIIIATH YPOBEHb
aJIcCHO3MHA B II1a3Me KpoBH [122].

[lonoxxurenbHble  pe3yibTaTbl  OpuMeHeHuss — npemapata  «Hemortany,
conepxkamiero Humoaunud, nomyuwn C.M.Ilyxmuk. Ilpenapar Obul UCIIONIB30BaH HA
HEOOJIBIIIOM KOJIMYECTBE OOJIbHBIX MPU KOMIUIEKCHOM Tepanuu OCTPhIX (26 OOJIBHBIX) U
xpoHndeckux (11 G0JIbHBIX) KOXJIEOBECTUOYIISIPHBIX paccTpoicTB. [Ipuem «Hemoranay
B 03¢ 1-2 tabnerku (30 — 60 mr) 3 pasza B IeHb Ha NPOTSKEHUU | Mecsila, o MHEHUIO
aBTOpa, MOJKET OBIThH PEKOMEH1I0BaH 0O0JIbHBIM C XPOHUYECKUMU
KOXJICOBECTHOYMSAPHBIMA  PAcCTPOMCTBAMM,  MPEHMYIIECTBEHHO  BepTeOpalbHO—
Oa3WIIPHOM STHOJIOTHH, B KaueCTBE MOHOTepanuu [82].

Hccnemosanus Monzani D. et al., mocssimennsie jaedenuto 0one3Hun MeHbepa ¢
MOMOIIFI0 KOMOWHAIIMKM TIpernaparoB OeTarncTiHAa W HHUMOJAWIIMHA, TOKa3alu
MOJIOKUTENbHBIA 3PQPEKT  HUMOJUNMHA B BHJAE YMEHbIIEHUS IIymMa B YyIIax,
yIY4IIEHUST CIyXa, a y TMOXKUJBIX IMAalMEeHTOB C XPOHMUYECKOH UCHUPKYISATOPHOM
sHIeQasonaTHe yIydlleHUs] KOTHUTUBHON (YHKIMU [125]. OnucanHble
npeuMyliectBa W 3¢GGEKTbl  HUMOIUMHMHA  TO3BOJSIOT — MpEAnojaratb  €ro
sbdextuBHocTs mnpu  gedeHur CHT, d4ro TpeOyeT SKCHEPUMEHTAIBHOIO U

KIIMHUYCCKOTI'0 IMOATBCPKIACHUA.
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Takum 00pa3oM, JaHHBIE OTEYECTBEHHBIX UM 3apyO€KHBIX HCTOYHHKOB
CBUJACTEIBCTBYIOT O BIMSHMM HapyLIeHMH MeTaboiIu3Ma KalbliMsl Ha pas3InyHbIe
MaTOJIOTUYECKHE TMPOIIECChl, B TOM YHCIIE, Ha (PYHKIIMIO BHYTPEHHETO yXa, OMHCAHbI
CHOCOOBI WX YCTpPaHEHHs, HO SKCICPUMEHTAJIbHBIE HCCIEAOBAHUA HAa MOJENSIX
TYTOYXOCTU Yy JKMBOTHBIX, @ TaKKe KIMHUYECKHE Ha OOJBbHBIX C CEHCOHEBPAJIbHOU
TYTOYXOCTBIO LIEJICHANPAaBIE€HHO HE MpoBogwInch. JlanHas mnpobOnema Tpedyer
JAIbHENIINX HAYYHBIX pa3pabOTOK C MPAKTUUYECKUM BBIXOJOM B BHJIE€ OOOCHOBAHUS U

IIPOBCACHUA COOTBGTCTBYIOHIGﬁ MMaTOT€HETUYECKOU TCpallnuu.
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I'/TABA 2
MATEPHUAJ U METOAbI UCCJIEJOBAHUA

2.1. XapakTepucTHKa MaTepraja uccjaea0BaHus

PaboTa cocTouT U3 3KCEepUMEHTAILHON U KIIMHUYECKON YacTeil ¥ BHIMIOJHEHA Ha
kadenpe Ooyie3Hel yxa, ropia, Hoca (3aBemyronuii kKadeapol — 3aciyKeHHBIA Bpay
PO, JI.M.H., TIpodeccop A.I'. BonkoB) denepalbHOTO TOCYIAPCTBEHHOTO
OIO/HPKETHOTO 00pa30BaTEIbHOTO YUPEKIACHUSI BBICIHIET0 oOpa3oBaHus «PocToBckuit
rOCYJIapCTBEHHBIM MEIWLIHWHCKANW YHHUBEPCUTET» MUHHCTEPCTBA 3PABOOXPAHEHUS
Poccuiickoit @eneparuu (PI'6OY BO PoctTIT’MY M3 P®) (pekTop — 1.M.H., ipodeccop
C.B. Ilneik), a Takxke Ha 0aze OTOPUHOJIAPUHTOJOrHYeCKUX otaeiaeHuil Nel m Ne2
MBYVY3 «I'opoackas 6onbHua Nel um. H.A. Cemamiko» r. PoctoBa—Ha—/[oHy (riaBHbBIN
Bpad — A.M.H., npodeccop [.B. Cuzsikun). buoxumuueckue uccieaoBaHus,
AKCTIIEPUMEHTAIbHAS YacTh pabOThl U MOP(OIOTUYECKUE UCCIEAOBAHUS MPOBEICHBI Ha
6aze LlenTpanbpHOl HaydHO-HMcciaenoBarenbekoi nadoparopuu ®I'bOY BO PoctIMY
M3 P® u l['ocymapcTBEeHHOrO YUpekJeHHUs 3ApaBooxpaHeHus PocToBckoil oOmactu

«ITaTonoroanaromuueckoe 0ropo» (I'Y3 POITAB).

2.2 KnuHu4eckasi XapakTepucTUKa 00JIbHBIX C CEHCOHEBPAJIBHOI TYT0yX0CThIO

[IpoBeneno obGcnenoBanue 175 OGONBHBIX C CEHCOHEBPAIBHOW TYrOYXOCTBIO,
TOCITUTAIM3UPOBAHHBIX B KPYIJIOCYTOYHBI ¥ JHEBHON OTOPWHOJIAPHHTOJIOTUYECKUE
CTallMOHAPBI I oOcienoBaHus 1 aedeHus 3a nepuoa ¢ 2009 mo 2015 rogsl.

Kputepun BkIroueHus: B3pocible B Bo3pacte oT 18 go 55 mer, moctynusmive B
JIOP crammonap st oOcCieqoBaHWsI ¥ JICYCHHS] IO TIOBOJLY CEHCOHEBPAILHOMU
TYrOyXOCTH; Hajuuue Yy OOCIeAyeMbIX CHHKEHHS CiIyXa C HapylIeHHEM
3BYKOBOCHPHUSATHUS.

Kputepun uckimoyeHus: HapylIeHUs 3BYKONPOBEACHUS, TSKENAss coMaTHUeCKas

aToJIOTusA y HallMUCHTOB HA MOMCHT O6CH€I[OBaHI/I$I.
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Octpas CHT umena mecto y 80 OOJBbHBIX, TOCIUTAIIM3UPOBAHHBIX B CPOKU OT
2—x 1o 30 cyTok OT Hauaja 3aboJyieBaHus, XpoHuueckas —y 95. Bo3pact — ot 18 g0 55
JeT, cpenu HuUX — 52 MyxumHbl B 123 >xeHmuHbl. Pacnpenenenne o06cieqoBaHHBIX

NAlMEHTOB IO BO3PACTY U MOJYy MPEACTaBIeHO B Tabmuuax 2.1, 2.2.

Tabmuma 2.1 — Pacnpenenenue OONBHBIX C CEHCOHEBPAJIbHONW TYrOYXOCTHIO IO

BO3pACTY U MOTY

Yucno 60IBHBIX C CEHCOHEBPAIBHOMN TYTOYXOCTBIO

Bospacrhere My»)4YUHBI KeHmunel Bcero
IPYHIIBL abc. % abc. % abc. %
Ho 20 ner 4 2,3 7 4 11 6,3
21-30 net 5 2,9 17 9,7 22 12,6
3140 ner 17 9,7 15 8,6 32 18,3
41-50 ner 9 51 26 14,5 35 19,6
51 u crapiie 17 9,7 58 33,2 75 429
Hroro 52 29,7 123 70,3 175 100

[Ipeobnanaromiee 4ncio OOJBHBIX OKa3aJIOCh B BO3pacTHOM rpymme crapiie 40
seT — 110 gyenoBek, uto cocTtaBuiio 62,9%.

[Ipu BBISIBIECHUU Xall0O U cOOpe aHaAMHE3a OMNPEACNICHO, YTO Bce 175 OOJBbHBIX
OTMEYau CHIKeHue ciyxa, 122 u3 Hux (71,4%) xanmoBaiuch Ha COYETAaHUE CHUIKEHUS
clyxa M CYOBEKTMBHOIO IymMa B YIIaX pa3IMYHONM HHTEHCUBHOCTH M YaCTOTHOU
XapaKTepUCTUKU (3BOH, MHUCK, CBUCT, TPECK, IIWIEHUE, T'yJeHue). bombluas yactb
oonbHbIX (76 yen. — 78,69%) xapakTepu3oBalia OILIYIIEHUE IIyMa B YIIaX KaK «IHCK»
WM «TYJT BBICOKOBOJIBTHBIX POBOJIOBY.

OnHoctopoHHwmii niporiecc Habmogancs y 35 yenosek (20%), IByCTOPOHHUIN — Y
140 (80%).

Bce oOcnenoBanHble ObUIM pa3zielieHbl HA JBE COMOCTAaBUMBbIE MO BO3pacTy U
1oJTy rpynimsl B 3aBucuMocTy oT ¢popmbel CHT:

e rpynna l: octpas CHT — 80 uenosek (48,6%),

e rpynna 2: xpounueckass CHT — 95 uenosek (51,4%).
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Tabmuma 2.2 — Pacnpenenenue 60IbHBIX IO TPYIIIIaM B 3aBUCUMOCTH OT BO3pacTa

I1oJjia
Bospact 1 rpynmna (80 60IbHBIX) 2 rpynma (95 60JIbHBIX ) KoHnTtposb
(42 genoBeka)
MYKYHHBI YKCHIITHBI MYKYHHBI KCHIMHBI | MY)KUYUHBI | JKCHIIUHBI
1844 ner 18 28 13 41 10 7
44-55 ner 15 19 11 30 12 13
Utoro 33 47 24 71 22 20

['pynny koHTposst coctaBwid 42 310poBbIX uenoBeka (20 »xkeHIMH W 22
MY>K4MHBI) B Bo3pacTe OT 18 g0 55 ner. Bwimenena Tak jxe rpymnna OONbHBIX Ui
UCCIJIEJOBaHMsI METO/IOM JICHCUTOMETPUH B Bo3pacTte cTapuie 45 netT (25 yenoBek).

B rpynne 1 nosBiaeHuio xano0 MNpeaIIeCTBOBAIM PA3IUYHBIE COOBITHS:
CTPECCOBBIE CUTYyallud, (PU3MUYECKOE WIM SMOLMOHAIBHOE HaNpsKEHUE, HApYyLICHUS
peXrMa TpHeMa JIeKapCTBEHHBIX IMpemapaTtoB u Apyrue. Cocyaucras MaToONOTHUs
(runeproHryYeckas 0OJIe3Hb, BEre€TO—COCYJIUCTas HUCTOHUS, aTEPOCKIEPO3 COCY/IOB
rOJIOBHOI'O MO3ra), Kak MpHUYrHa BO3HUKHOBeHUs octpor CHT, nuarHoctupoBanach
HauOoJsiee yacTo. B Hamem uccienoBaHWM COIYTCTBYHOUIME 3a00JI€BaHUSl CEPACUYHO—
COCYIUCTOM cucTeMbl 3adukcupoBanbl y 37 60mbHbIX (46,25%). Pa3BuTne Tyroyxoctu
Ha (one mepenecennoit OPBU u rpunma waGmoganoce y 14 GombHBIX (17,5%),
BciencTBue akytpaBmbl —y 11 (13,75%), mocie npriema OTOTOKCUYECKHUX MPENapaToB —
y 4 (5%) oGcnenoBanHbiX. C HEBBISICHEHHOW STHOJOTHEH OKaszalloch 14 deloBek
(17,5%).

B rpynne 2: «B pe3yabraTe akycTtu4 Bo3aeiicrBusa» 33 % ,Tokcuyeckas —y 9
6ombHBIX (9,5%), 6€3 BuauMoil mpuuuHsl —y 54 (56,8%).

[IponomxurensHOCTh 3a00sieBanus B rpynne 1 (octpas CHT) Obuia ot 2—x g0 30
nuew, B rpynne 2 (xponudeckast CHT) — ot 3 mecsiueB 1o 54 ner.

Brigenensl Tak ke TPymIbl OONBHBIX AJIE UCCIEAOBAHUS METOOM JEHCUTOMETPHUU B
bonbubix ¢ octpoit CHT w3 1 rpynmsr 34( 19%) , u3 2i

BO3pacte crapuie 45 et .

rpymisl 41(23%)
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2.3 XapaKTepI/ICTI/IKa IKCHIEPUMEHTAJBHBIX KUBOTHBIX

OKCHEPUMEHTAIbHOE HCCIICIOBAHUE MO MOJEIMPOBAHUIO CEHCOHEBPAIbHOM
TYTOYXOCTH MPOBEICHO Ha 42 OeNbIX MOJOBO3PEbIX OECIOPOIHBIX KphICaX camIlax, B
BO3pacte 2,5 — 3,5 mecsues, Maccoit Tena 190 — 210 r.

OueHuBanu BHEIIHUI BUJl dKUBOTHOTO, MOBEJACHUE, COCTOSIHUE CIyXa KPBICHI.
JI71st sKcTiepuMeHTa OTOMPAan 3JI0POBBIX KPBIC, C TYCTOM, IIaJIKOW MIEPCTHIO0, OOBIYHBIM
MOBEJCHUEM, OTCYTCTBHEM NPU3HAKOB THOMHOTO OTUTAa, YTO TMOATBEPXKIAlu TMpU
MUK—POOTOCKOIIUH, OCYIIECTBIIsIEeMONM ¢ moMonplo oTockomna (Riester, ['epmanus).
Onenky cinyxa y KpbIc ipoBojiuiu 1o peduiekcy [lpeiiepa, a Takxke mpu UCCiIeI0BaHUN
OTOAKy—CTHUYECKOM HSMUCCHUM Ha 4YacToTe NpoayKToB wuckaxkeHuss (OADUYIIN) wu
3aJIcp)KAaHHOM BBI3BaHHOW oOToakyctuueckoil smuccum (3BOAD) [26, 72, 102].
Pednexc Ilpeliepa cuuTamu MOJOXKUTEIBHBIM  («WKHUBOTHOE  CIBIIIUTY») IPHU
HEIPOU3BOJIPHOM MOJEPTUBAHUN YINHBIX PAKOBHUH Ha 3BYKOBOW pazapaxurtens [40,
32;]. B mporecce hopMuUpOBaHKSI MOJAETH TYrOYXOCTH Y JKHBOTHBIX HAOJIOAAIU 3a
u3MeHeHusimu  peduiekca  Ilpeliepa:  «coxpaHeHue»  pediekca,  «yracaHuey,
«MCUYE3HOBEHUEY.

s uccnepoBanuss OADUIIM u 3BOAD wucnosib30Baii  KOMIBIOTEPHYIO
cucrteMmy peructpanuu Ha 0aze nmpubdopa «OtoRead» ¢upmel Interacoustics (Jlanus).
Peructpamust sMuccud  CBUAETEIBCTBYET O HOPMAJIBbHOM  (PYHKIIMOHHUPOBAHUU
HAPY>KHBIX BOJIOCKOBBIX KJIETOK, YTO COOTBETCTBYET HOPMAJIBHON CITyXOBOHW (DyHKIIHH
[92]. OADUIIM Ha wdacTtoTe NPOAYKTOB HWCKAXKCHUS SIBIICTCS aKyCTHYCCKHUMHU
CUTHAJIaMH, KOTOpPBIE MOTYT OBITh OMpENETCHbl B HAPYKHOM CIIYXOBOM MPOXOJE Y
YeJIoBeKa ¢ HOPMaIbHO (YHKIIMOHUPYIOIIMMH HAPYKHBIMH BOJOCKOBBIMH KJICTKAMH
MOCJIe CTUMYJISIIIUK TTapoi yncThiX TOHOB flu {2, Pesynbrupytomas smuccust siBisieTcst
MPOAYKTOM  HCKaxeHuss ToHa Ha yactore 2fl-f2. 3BOAD  saBmsercs
aKyCTUYECKUM CHUTHAJIOM, KOTOPBIA MOXKET OBITh ONpPEACICH IpPH HOPMaJIbHOM
(GYHKIIMOHUPOBAHUM HAPY)KHBIX BOJIOCKOBBIX KJIETOK B OTBET Ha CTHUMYJISIIUIO

CIIyXOBOW CHCTEMBI CEpPHUSIMU IIMPOKOMOJOCHBIX MIeaukoB. [Ipoieccop nudpoBbIx
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CUTHAJIOB B mpubope reHepupyeT 2 uncteix ToHa (flu f2) mpu perucrpaunu OADYUIIN
WIN CEPUU IIMPOKO—TIOJIOCTHBIX HIEMYKOB IpHu peructpauuu 3BOAD yepe3 nudpo—
aHAJIOTOBBINA MPeoOpa3oBaTeNIb. ITU TOHBI WIIW MIEITYKH TOABOIATCS OT TelaedoHa K yXy
yepe3 TpyOKH, pacroyoKeHHble B  30HAE. MUKpO(DOH B 30HAE H3MEPSAET 3BYK B
CIIyXOBOM TIPOXOJie M TEpelaeT CUTHAJI K aHaloro—IudpoBoMy MpeodOpa3oBaTeto.
[Tpubop OtoRead mpu wcHOIB30BaHUH MOJOCOBBIX (DUIBTPOB U PA3ACICHUH ITyMa U
smuccun obecneunBaet oneHky ¢pynkuun HBK B mmpokom auanazoHe 4actor.

KoHuuk 30H/1a ¢ BKJIJIBIIIEM BBOAMIIU IIyOOKO B HApYKHBIA CIYXOBOM MPOXO/T
st obecrieueHus repMeruyHocTtd. [locne kanmuOpoBKM —auCIUied  OTOOpa)kaeT
pe3ynbTaThl Tecta B Buje rpaduka u3 6 cronduos. Kaxnas sacrora (OADUIIN) unu
yactoTHas nojoca (3BOAD) nokazana ogHuM crondiom. Kaxaas noigocka otroopaxkaer
cootHomenue curHan/mym (SNR) B 2 nb. Hanpumep, ecnu cronbenr A0XODUT 10
Bepxa 3kpaHa, To SNR paBen 12 a1b unu 6onee (6 nmosocok mo 2 nb kaxnas). [locie
TECTUPOBAHUS Ha JUCILIEE MPUOOpa MOSBISETCS HAAMUCH «IIPOIIE WIH «HE MPOIIEI.
[Tonyyanu 2 BapuaHTa OTBETA: «IPOIIEID» TECT, «HE MPOWED TeCT.  3BYK
(mmpokomojiocHelt ¢ yactorod  355-5000 T'n) mnoxaBaaM — MOCPEACTBOM
3Bykopeaktorectepa 3PT-01 (MockoBckuit 3aBoa “PutM”) B cBOOOJHOM 3BYKOBOM
noJie Ha pukcupoBanHOM pacctosinuu (0,1 M) oT ronoBbl Tipu UHTEHCUBHOCTH 90 b U
YCIIOBHO 0003HAuajM 3TOT MPOLECC KAK «O3BYUHUBAHHUEN.

boimn Bbmenensl 6 rpynm KuMBOTHBIX: Trpynma 1 — kontponsHas (K) u 5

AKCHEPUMEHTANIBHBIX TPYNI KpbIC — rpynnsl 2, 3,4, 5, 6:

. rpynna 1 (K): 8 unTakTHBIX O€IbIX KPBIC (KOHTPOJIb),

. rpynmna 2: S KpBIC, KOTOPBIX NOJABEPraii 3BYKOBOMY BO3JCHCTBUIO —
«O03BYYHBAHHEY;

. rpynma  3: 9 KpbIC, KOTOpBIX MOABEPTraJii 3BYKOBOMY BO3IECHCTBUIO

(«03By4MBaHNE») M1 IMMOOUITU3AINH («CTpeccy»), PopMUPYS «MOAEIb aKyTPaBMBI»;
. rpynna 4: 3 KpbIChl, KOTOPBIX MOJIBEprajik 3ByKOBOMY BO3JEUCTBUIO («O3BYyUH—
BaHUE») U UMMOOMIN3aMU, GOPMUPYST «KMOJENb aKyTpaBMbl», 0€3 JeueHus, ¢ o0cae—

JAOBAHHEM 110 IMMPOLMICCTBHUU ABYX HEACIIb,
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. rpynna 5: 9 KpbIC, KOTOpBIE MOIYYaIH JIEYEHUE OJHOBPEMEHHO CO 3BYKOBBIM
BO3JIEUCTBHEM («MOJIENb AKYTPaBMbI» U «OJITHOBPEMEHHOE JICUCHUEY ),

. rpynna 6: 8 KpbIC, KOTOpbIE IIOCIE€ OKOHYaHHSA 3BYKOBOI'O BO3JECHCTBUS
(«o3ByuMBaHHE») C WMMOOWIHM3alMed, TO €CTh  Yepe3 2 Hemelau OT Hadaia
HKCIIEPUMEHTA, TIOJIyYaJln «I03/IHEE JICUCHUEN .

[locne oxkoHYaHHWS 3KCHEPUMEHTA MO TpyHnaM >KHUBOTHBIX YMEPBLUULUIA O]
HAapKO30M B CTPOTOM COOTBETCTBMM C TMPUHIMIAMH XEJIbCUHCKOW JeKIaparuu.
Boiaensiian BUCOYHBIE KOCTU KpbIc, ¢pukcupoBainu ux B 10% pacTBope HEMTpanibHOTrO
dbopMaliiHa M TOCJHE «IPOBOAKW» C UENbI0 JEKaNbLMHAIMK W JAPYTHX D3TaloB
NOATOTOBKM MaTepuaja IOJdy4Yalu Cpe3bl chupanbHOro oprasa.  OxpammBanu
F€MATOKCUJIIMH — 303MHOM M TMPOBOJWJIM HCCIIEJOBAaHUS YJIUTOK BHYTPEHHErO yXa C
OLICHKOM COCTOSIHUS CTPYKTYP CHUPAIBHOIO OpraHa METO/I0M CBETOBOM MUKPOCKOIIUHU.

18 mpemapaToB MOATrOTaBIMBAIM JPYTMM CIIOCOOOM C LENbI IMOCIIEAYIOLIEro
MPOBENCHUS AIEKTPOHHOM MHMKPOCKONHMM YJIUTKHM M 3JEMEHTHOIO aHajlnu3a KIETOK
COUPAJIBHOIO OpraHa.  Bplaensnu  yJIWTKH «METOJAOM NPWKMU3HEHHON H30JILNN
YIAUTKW», C MOCIECAYIOIUM MOTPYXKEHUEM B cOCYA € 2,5% TIIOTapOBBIM AJIbACTUIOM.
[Tpo1oKUTENEHOCTE (PUKCALIMKA COCTaBIsUIa 2 yaca. 3areM oOpasell MPOMBIBAIU TEM
xe OydepoM, MPoBOIUIH IO BOCXo el 6aTapee cniupToB. [locie Bo3aeiicTBus 100%
cnupTta oOpasel] MpOCYIIMBAaIM Ha BO3AyXe B TeueHHEe | cyTok. 3areM YIUTKY
MOHTHUPOBAJIM HA CTOJIMKM U HAlbULUIA YIJIEPOJOM B HANbUIMTEIBHON YCTAHOBKE
Polaron (VG Microtech, England). Jlanee o0pa3isl mpocMaTpuBaiu B CKaHUPYIOIIEM
anekTpoHHoM Mukpockone XL30 (Philips), obopynoBanHom nerektopom Edax ¢

YJIbTPAaTOHKHUM OKHOM.

2.4 MeTtoabl MccJIe10BaHUSA

BonbHbIM, OOpaTHUBIIMMCS B OTOPUHOJIAPUHTOJOTMYECKUNA CTAallMOHAp C

NpCABAPUTCIIbHBIM TUArHO30M CCHCOHCBpPAJIbHAA TYIrOoyXxoCTh, OBLIO IMPOBCCHO

CTaHAapTHOE oOcinenoBaHue:  cOop aHamHe3a, ocmoTp JIOP—opranoB, BkiIrOuas
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OTOMUKPOCKOIINIO, JIa0OpATOPHBIE HCCIECA0BAaHUS (KIMHUYECKUI aHAM3 U YPOBEHb
TJIIOKO3bl  KPOBHW, OOUIMI  aHaiM3 MOYHM, OJJeKTpokapauorpadus, KOHTPOJIb
apTepHaILHOTO JaBIICHUS, @ TAKXKE PU HEOOXOIMMOCTH — KOMITBIOTEpHAsi ToMorpadus
WM MarHUTHO—PE30HAHCHAs TOMOTpadusi TOJIOBHOTO MO3ra, Jorieporpadus cocyaos
rOJIOBHI U IIEU, KOHCYJIbTALIUH TEPANIEBTA, OKYJIMCTA, HEBPOJIOTA IO MOKA3aHUSM.

Bcem OOJIBHBIM MPOBEIEHO  ayJUOJIOTHYECKOE HCCIEAOBAHHE IOCPEICTBOM
CyOBEKTUBHBIX U OOBEKTUBHBIX METOJIOB.

UccnenoBanne KalbIIMEBOTO MeTabOIM3Ma MPOBOJAMIOCH MPU  MOMOIIU
annapaTHOM METOJUKH — OCTEOJEHCUTOMETPUM JIy4eBOM KOCTH, a TakK e
71a00paTOPHBIX TECTOB: OMNpeEJesIeHne OOLIET0 U MOHU3UPOBAHHOTO Kalblus, Gochopa
B CBIBOPOTKE KpOBH, NapaTrOPMOHA, OCTEOKAJIbLIMHA,  KaJbUUTOHWHA, KOCTHOU
nienoynoi pocdarazsl (KID), f—CrossLaps.

AyauoJioru4eckoe mccijenoBanue. [[ns uccinenoBaHus cliyxa HMCIOJIB30BAHO
o0opyioBaHue ayauosiornueckou aboparopuu kadeapsl OoJe3HeR yxa, ropia, Hoca
OI'BOY BO «PocToBckuii rocy1apCTBEHHBIN MEAUIIMHCKUAN YHUBEPCUTET» M3 POD.

Bcem 175 GonbHBIM U 42 310pOBBIM JIMIIAM KOHTPOJIBHOM TPYIIIBI MPOBEACHO
ayIMOMETPUUECKOE HCCIICIOBAHUE TOCPEICTBOM CYOBEKTUBHBIX M OOBEKTHUBHBIX
METOJIOB.

CyObeKTUBHBIE METO/Ibl BKIIFOUAIIM UCCIIEIOBAHNE CITyXa MPU NOMOILIY MIEMOTHON
U Ppa3rOBOPHOM peYH, KaMEPTOHAIBHOE HCCIEIOBAHHE, TOHAJIBHYIO MOPOTOBYIO U
HaJIMOPOTOBYIO0 ayIMOMETPHIO, OMPEEICHNE UYBCTBUTEIBHOCTU K YIBTPA3BYKy U €r0
JaTepaau3alu: MCIONb30BAIM 3BYKOBOW reHeparop [13-33 ¢ mbe3okepaMHUECKUM
JaTYNKOM, corjacHo pexomeHpaiusM b.M. Caramosuua [88]. [ns umcciemoBanms
CIIyXOBOW (PYHKIIMM METOJIOM TOHAJIBHOW MOPOrOBOM M HAJMOPOrOBOW ayJIHOMETPHUH
UCTIONB30BaIM KauHu4Yeckuin ayauometp AC—40 dupmer «Interacoustics» (danus):
OmpeNeisid MOporu ciyxa Ha 4dactorax oT 125 T'm mo 8000 I'm mo cranmapTHOU
metoauke [4, 58]. Ilpu OJHOCTOPOHHEH WM AaCHUMMETPHYHOM TYTOYXOCTH, €CIIH
pa3HMIIA MEXIy BO3AYIIHBIMH TioporamMu oOoux ymied mnpesbmmana 40 ab,

HCIIOJB30BaJIM MACKHUPYIOLICC YCTpOﬁCTBO ayJuoMCTpa, MoAaromee (<y3KOHOHOCHbIﬁ>>
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IIyM HHTEHCUBHOCTBIO 60 — 70 nb Ha syuiie chpliamee yxo s UCKIIOYEHUs
NepeCIyINBaHUA. OObBEKTUBHBIE METOJABl HCCIACAOBAHMS CiIyXa BKIIOYAIU:
aKyCTHYECKYI0 HMIIEJaHCOMETPHUIO (TUMIAHOMETPHIO, MCCIIEIOBAHUE aKyCTHUYECKOIO
pedrnekca); B ciaydae HEOOXOAMMOCTH — PETUCTPAIUIO 3aJepPKAHHOW BBI3BAHHOMN
OTOAKyCTUYECKON IMUCCUU, KOPOTKOIATEHTHBIX CIIYXOBBIX BbI3BAHHBIX IMOTEHIUAIOB.

CremneHb CHIDKEHHUS CIyXa OLIGHHMBANU MO MEXIyHapOoaHOW KiaccupuKauu
TYrOyXOCTH, COTJIACHO KOTOPOH ypOBEHb CPEIHEro 3HAYEHUS MOPOrOB CIBIIIUMOCTH
pacCUUTHIBAETCS MO BO3AYIIHOMY 3BYKONPOBEACHUIO Ha peuyeBbix yacToTax (500, 1000,
2000, 4000 T'n); B HacTOAILIEEe BpEMS UMEHHO 3Ta KiacCU(UKALUs PEKOMEHAYETCS K
MIPUMEHEHUIO [4, 7]. MexnyHapoaHas kiaccudukanus Tyroyxocta [176]
NpeayCMaTpuBacT CIEAYIOIIME KpPUTEPUHU, PACCUYMTAHHBIE B JHANA30HE PEYEBBIX
4acTOT:
1—s1 creneHp TYrOyXOCTH — CpEeJHUE 3HAUEHUS TOPOTOB CJIBIIKUMOCTH OT 26 110 40 1b,
2—s1 cTeneHb Tyroyxoctu — ot 41 go 55 nab,

3—4 cTeneHb Tyroyxoct — ot 56 1o 70 ab,
4—q crenenb Tyroyxoctya — ot 71 1o 90 ab,
91 nb u Gonee — royxora.

Hannoporosas aynuomerpus BKiIrouasga npoBeneHue tectos Jlromepa, @oyepa,
SISl-tect — ansa ompexnenenusi GeHOMEHA YCKOPEHHOTO HapacTaHUS TPOMKOCTH 3BYyKa
(OYHI, recruitment of loudness), mnockonbky Hamuuue OYHI sBusercs
MAaTOTHOMOHUYHBIM [JISl TIOPKEHUS HEHUPOATTUTEIHAIBHBIX CTPYKTYP CHUPAIBHOTO
oprana [6, 81]. [ns ompeneneHuss YyBCTBUTCIBLHOCTH K YJIBTPA3BYKy M €ro
JaTepaiu3ali KCIOJIb30Balu 3BYyKOBOW TeHeparop [3-33 ¢ mbe3okepaMHUeCKUM
JTATYMKOM, Ha (PUKCUPOBAHHOU YyJIbTpa3BykoBoi yactote 128 k' (moporu Bocnpustus
yJIbTpa3ByKa OTOJIOTUYECKHU 3J0POBOT0O 4ejioBeka 1 — 3 B), cOriacHO peKOMEHAAIUsIM
b.M. Caranosuua [88].

AKycTrHyeckass UMIEAAHCOMETpPUsS MNPOBOAMIACH C MCIOJIB30BAHMEM MpUOOpa
«ABromarnueckuid umnenancomerp SD-30» dupmer  «Siemensy  (I'epmanus).

HCCJ’ICI{OB&HI/IC IMO3BOJIACT PEruCTpUpPOBATH AKYCTHYCCKOC COIIPOTHUBIICHUEC
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3BYKONPOBOJSIIEH CHCTEMBI B OTBET HA U3MEHEHHE JIaBJICHUS B HAPYKHOM CIIyXOBOM
MPOXOJAE — TUMIIAHOMETPHUS, a TAaKKE€ PErUCTPUPOBATHh COKPAIICHHUS CTPEMEHHOMU
MBIIIIBl B OTBET HA aKyCTUYECKYIO CTUMYISLUIO — aKyCTHUecKasl pedieKCOMETpPHSL.
[TomydeHHBbIC THMITAHOTPaAMMBI OIICHWBAM 10 Kiaccudukarum J. Jerger [4, 6, 137].
TuMmaHoMeTpus MO3BOJISIET BBISIBUTH 5 TUIIOB TUMITaHOTpamMM — Tumibl A, B, C, D, E, u
noxrunel Ad u As. [6, 81, 91]:

J17151 CEHCOHEBPAJIBHOW TYTOYXOCTH XapaKTEepHa TUMIIAHOTpaMMa Thl A.

Axkyctruueckas pedIeKCoOMEeTpHs MO3BOJISET BBISIBUTh U3MEHEHUS MOAATIMBOCTU
3BYKOIPOBOJISAIIEH CUCTEMBI NPU PEPICKTOPHOM COKPAIICHUU CTPEMEHHOMN MbIiIibl. B
KaueCcTBE CHUTHaja, CTUMYJIUPYIOIIEro pedieKC MCIOIB30BaNICA 3BYK C 4aCTOTaMU OT
500 mo 2000 TIm pgmurensHOCTBIO 1000 Mc, mnomaBaeMbIi  KOHTpa— HWIIH
uricuiiarepainbHo. [Ipy HOpMaJIBHOM COCTOSIHUM OpraHa CiyXa MOpOT aKyCTUYECKOro
pednekca coctaBisier 80-90 nb Hajg moporom ciyXoBOM 4yBCTBUTENBHOCTH. [lpu
CEHCOHEBPAJIbBHOM  TYrOyXOCTH  aKyCcTHYecKas  pediaekcoMeTpusi  MO3BOJIAET
pErHCTpUPOBATh aAKYyCTHUUYECKH pediekc TMpu HUICH— U KOHTpajaTepallbHON
ctumyJisituu. [Ipyu ceHCOHEBpaJIbHOM TYrOyXOCTH, COIPOBOXKIAIOLIEHCS (PEHOMEHOM
YCKOPEHHOT'O HAapacTaHWs TPOMKOCTH, MOPOTH aKyCTHYECKOro pediiekca CHHXKAIOTCH,
OTMEYaeTcs Cy)KeHHe JMHAMHYCCKOTo auamnasona [4, 7, 93].

HccaenoBanue  KajabLHeBOro  MeTad0JuM3Ma M €ro  peryJjsropos.
HccnenoBanue KamblMEBOIO  META0OMM3Ma M €ro PEryJIsSTOPOB OCYIIECTBISIIN Y
OOJBHBIX C  CEHCOHEBPAJIBHOM TYTOYXOCTHIO 10 PA3IMYHBIM MTapaMeTPaM:

® 10 COCTOSIHMIO MUHEpaJbHOUN MI0THOCTH KocTHOM Tkanu (MIIKT), 3aBucsieit ot
COJIEpKaHMsI Kbl B KOCTH, — METOJIOM OCTE€0JICHCUTOMETPHH;

e 7a0OpaTOPHBIMU METOJAaMU — OIPEACIICHUS] B CBIBOPOTKE KPOBH OOIIEro U
MOHU3UPOBAHHOTO Kaibllus, (ocdopa, HaATpus, Kajaus, XJIOPUIOB, MarHus, a
TaK)Ke MapaTropMoOHa, OCTECOKAIbIIMHA, KalIbIIUTOHUHA, 3 —CrossLaps;
Ocreogencuromerpust. [ OCTEOJEHCUTOMETPUN HCIIOJIb30BaIN

MOHOPHEPIeTHUECKUI KOCTHBIH peHTreHoBckuit aencutomerp DTX-200 (Osteometer

Meditech, CIIIA), mpemHazHaYeHHBINA TSI UCCIEAOBAHUS TUCTATBLHOTO OTAENa KOCTEH



46

npeamieubs. JJIMTENbHOCTh WCCIEAOBAaHUSA COCTaBISIET OKOJIO TpEX MUHYT. B
HACTOSIIIEeH paboTe MPOBOAMIN ICHCUTOMETPHIO JTy4YE€BOU KOCTH MPEIIeubsi OOJbHBIM,
CTPaJalOIIM CEHCOHEBPAIbHOW TYroyxXxocThlo. (OCTEONEHCUTOMETPUS — METOJ,
MPUMEHSIEMBIN /I UCCIIEIOBAHMS TUIOTHOCTA KOCTHOW TKaHU, MO3BOJISIET BBISBIISITH
yxke 2 —5% mnoTepu mMacchl KOCTH, OLUEHUTh AWHAMHKY IUIOTHOCTH KOCTHOM TKAaHU B
MPOIIECCE PA3BUTHUA NATOJIOTUU WK JedeHus. [Ipu 3ToM onpenensiercsi MOBEpXHOCTHAs
MUHEpaIbHAs IUIOTHOCTh (B I/CM’) KOCTH. PEHTTCHOBCKHiI Tyd IPOXOIUT depes
UCCJIENYEMbIN y4acTOK K JIETEKTOPY, MO OCIA0JICHUIO H3JIyYCHHS aBTOMAaTUYECKU
PaCCUMTHIBAECTCS KOJMYECTBO MHUHEPAJIOB B MPOMIACHHOW Jy4YOM IUIOMIAJAN KOCTHOMU
TKkaHu. OCHOBHOE 3HAYEHHE MPH UCCIEAOBAHUN KOCTEN UMEET KOJIMYECTBO COCAMHEHUN
KaJblHsl, UMEIOIIETO CPAaBHUTEIBHO BBICOKHWM ATOMHBIA HOMEp. Y CTAaHOBJIEHA CBSI3b
MEK/ly MOIIOIIEHHONW HEPruel MOHU3ZUPYIOIIETO M3TYyUYECHUS U IJIOTHOCThIO KOCTHOM
TKaHu. [74].

OcHoBHBIMM TIOKa3aressivu, onpenensommmu MIIKT saBastoTcsa: MuHEpaIbHOE
conepxkanne koctu (BMC), BwlpakeHHO€ B IrpamMmax MHUHEpaida B HCCIEIyeMOM
y4acTKe, M MHUHepaiabHas IUIoTHOCTh Koctu (BMD), koTtopas paccuuthiBaeTcsi Ha
JUAMETp KOCTH U BBIPAYKAETCSI B I/CM”.

N3BecTHO, YTO COAEp)KAHNE MUHEPAJIbHBIX BEILIECTB B KOCTH, MPEICTABICHHBIX
MPEUMYIIIECTBEHHO COJIAMHM KaJIbIIMsS, CBSI3aHO C €€ MPOYHOCTHIO CHUJIBHEE JIPYTHX
napaMeTpoB — €ro BKJIaja B MPoYHOCTh coctaisier 70 — 80 % [85, 86]. IIporpammHuoe
oOecrieueHre JCHCUTOMETPA CPAaBHUBAET MOIYYEHHBIE PE3yIbTaThl ¢ 0a301 JaHHBIX, B
KOTOPOM MMEIOTCS HOPMAaTUBHBIC MOKA3aTeN MJIOTHOCTH KOCTHOM TKaHU Pa3IuYHBIX
Y4aCTKOB CKeJleTa B 3aBUCMMOCTH OT MOJia, BO3pacTa, pPacCUMTAHHBIE HA OCHOBE
MIPOBEJICHHBIX OOJBITUX MOMYJSIMOHHBIX UcchaenoBanuid. [lanee mpubop otoOpaxkaer
pPa3HUIly CTAaTUCTUYECKH — B KOJIMUECTBE CTAHJAPTHBIX OTKJIOHEHUH HCIOJIb3yeMOM
0a3bl. DTO KOTUYECTBO 0003HAYCHO Kak T —kpurtepuit u Z —KpUTepuil.

e T-moka3arenb (KpuUTepuil) — TOKa3bIBa€T KOJMYECTBO KOCTHOM MacChl Yy

HCCIIEYEMOTO MO CPABHEHHUIO C MUKOM KOCTHOM MAcChl y MOJIOJOTO B3pPOCIOTrO

YyeJoBeKa TaKOro K€ Mojia. YKa3aHHbIM BbIlIEe MokaszaTenab A0 (—1) cuumraercs
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HopMmaibHbIM. [lokazarens oT (—1) mo (—2,5) yka3biBaeT Ha MEPBYIO CTAIUIO
MOTEpPH KOCTHOM Macchl — ocTeomneHuto. Ilokazarens Hke —2,5 yka3blBaeT Ha
3HAYNTEIHHYIO TTOTEPIO KOCTHOM MacChl M OMpenesieTcss Kak octeornopos [49, 50,
74].
e /-moKazarellb (KpUTEpHUM) — OTpakaeT KOJIMYECTBO KOCTHOM MacChl ¥
UCCJIEAYEMOTO 0 CPAaBHEHHUIO C IPYTMMH JIIOJIBMH TOTO JK€ BO3pacTa, IMojia |
Beca. Eciu oH sBisieTCss HEOOBIYHO BHICOKMM WJIM HU3KUM, 9TO MOXET YKa3bIBATh
Ha HEOOXOIUMOCTh TIPOBEACHUS JaIbHEHUIIINX aHAJIU30B.
Ilo pexkomenmaunu BcemupHoi opranuzaumu 3apaBooxpaHeHus (BO3) nmms
OILICHKH PE3yJIbTaTOB JCHCUTOMETPUH HCIONb3yeTcs T—kpurepuii [85,86]. Pesyiabrars
JIEHCUTOMETPUUECKOTO HCCIICIOBAHUS JIYYEeBOM KOCTH COMATHYECKU M OTOJIOTHYCCKU

3I0pPOBOT0 YEJIOBEKA MpeIcTaBlIeHbI HA PucyHke 2.1.

(D) Gl [ W

Pucynok 2.1 — JlaHHbBIE PEHTI€HOBCKON EHCUTOMETPHUM JIy4YE€BOW KOCTU MPEAIIICUbs
3I0POBOI0 YEJIOBEKA.
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OTH JaHHBIE COOTBETCTBYET HOPMAJbHBIM IOKAa3aTEIsIM IPH PEHTIE€HOBCKOMN
JEHCUTOMETPUH ayyeBo koctu 1o T—xkputepuro (T=0,4) U KOCBEHHO
CBUJICTEICTBYIOT O HOpPMAajJbHOM KOCTHOM MeTaboiau3Me Yy oOcieayeMoro wus
KOHTPOJIbHOM rpymiibl. [I0CKONbKY KOCTHAs TKaHb SIBJSIETCA JEMO I MHOTUX Ba)KHBIX
AJIEMEHTOB, B YACTHOCTH JIJISl KaJIblIKs, €€ y4acTUe B METa00JIU3ME HEOCTIOPUMO.

KocTtHas Tkanp oOiamaeT BBICOKOM METabOIMYECKON aKTHUBHOCTBIO, a 3HAYHT,
CYLIECTBEHHO BJMSET Ha YpOBEHb Kajiblus, (ochopa U APYrUx D3JIEMEHTOB B
CBIBOPOTKE KPOBH.

DTO W ABWIOCH OCHOBAaHUEM JJISI MCHOJb30BAHMS JEHCUTOMETPUU ISl OLIEHKHU
KaJIbIUEBOT0 META00IM3Ma y OOJIBHBIX C CEHCOHEBPAJIBLHON TYTOYXOCTBIO.

JlaGopaTopHble HCCJICI0BAHMS. JlonoyHUTENbHBIE 1abopaTopHbIe
UCCJIEIOBAHMS BKJIIOYAIM OINpPEACICHHE OOIIEero W HOHU3UPOBAHHOIO KalbLIMS,
dbocdhopa, MarHus, HaTpuUs, Kalus, XJIOPHUAOB CHIBOPOTKM  KPOBU OOJBHBIX C
CEHCOHEBPAJILHOM TYTOYXOCTBIO U JIML] KOHTPOJIBHOW TPYIIIBI.

HccaenoBanue o6mero kaabnus. 3a00p KpPOBH M3 JIOKTEBOM  BEHBI
ocyliecTBisuicss Hatoumak. KpoBp momemanu B BaKyyMHYIO NPOOHUPKY €
COOTBETCTBYIOIIEH  MapKUpOBKOM  cucTeMbl  Vacuette, coxepxailyro  refb
(onedunonuromep). Jlamee kpoBb IeHTpUdyrupoBaau B TedueHue 10 MHUHYT CO
ckopocThio 3000 000OpOTOB B MUHYTY ISl pas3jeicHus (DOPMEHHBIX DJIEMEHTOB H
CHIBOPOTKU. Jlnsi mccnenoBaHust oOwiero (HEOPraHWYEeCKOro) KallbLiUs CHIBOPOTKHU
KPOBU HCIIOJB30BaH KOJIOpUMETpUYECKH MeTol. [IpmHumm Meroga OCHOBaH Ha
B3aUMOJICUCTBUM KaJbIUSl C KOMIUIEKCOOOPa3yIOUIMMHU BELIECTBAMH, KOTOPBIE HAIOT
OKpAILIEHHBIE COEIWHEHHSI C W3BECTHBIM CHEKTPOM MoOrIomeHus. MoHbI KaibLus
0o0pa3yloT CHJIbHOOKpAlIEeHHOE coenuHeHne ¢ KpacureneM Apcenazo |l mpu
HeirpanibHoMm PH (6,75). Konnentpamus o0pa3oBaBIIErocs KOMILICKCA OMPEASsieTCs
10 XapaKTEPHOMY CIIEKTPY IOTJIOIICHUS MPH JJIMHE BOJHBI, paBHOW 660 HM [129].
Vcnonp3yemblii amnmapat: OMOXUMHYSCKUN aBToMaTtudeckuii ananu3aTop Konelab prim
60 (dunnsugus). HaGop pearentoB: Apcenazo Il (0,2 mmomns/n), UMHUIA30TBHBIHN

oydep (100 mmomw/n), ITAB, cradmmmsaropsr (Thermo Fisher Scientific Oy Clinical
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Diagnostics, ®unsamus). PedbepeHTHbIe 3HaUCHUS COACPKAHMS OOIIEro KaJbIHsS B
CBIBOPOTKE KpOBU: 2,2 — 2,65 MMOJIB/JI.

HUccnenoBanue gpocdopa. Vcrnonb3yeTcs KOIOPUMETPUUECKUA METO, IIPUHIAII
KOTOPOTO OCHOBaH Ha B3auMOJEHCTBUU (ochopa ¢ KOMILIEKCOOOPA3YIOMIUMU
BEII[ECTBAMM, KOTOpBIE MJAIOT OKpAIICHHBIE COEIUWHEHUS C HU3BECTHBIM CIEKTPOM
norjomieans. DochaT—HoHEI  00pa3ylOT  CHJIBHOOKpAIIEHHOE COCAMHEHHE C
MoiuOJaTOM amMMOHMsSL kedrtoro mBera npu PH 1,2, MHTEHCHBHOCTH OKpacKH
COCJIMHEHUS TPSIMOMNPONOPIMOHATbHA KOHIICHTpAllMU Heopranudeckux (ocharos B
oOpa3sie, u3MepsieTcss npu JummHe BoiaHBI 340 HM [166]. Mcmonb3yeMsblit ammapar:
OMoXMMHUYECKU aBTOMaTHuYeckuii aHanmuzarop Konelab prim 60 (®unnsaaus). Hadop
peareHToB: cepHas Kucjiaora (665 MMouIb/iT), MomuoaaT ammonus (2.3 monbe/im) (Thermo
Fisher, ®unnsamus). PedepentHpie 3HaueHus couepkanus ¢Gocdopa B CHIBOPOTKE
kpoBu: 0,78 — 1,42 MMOJIB/ 1.

HccaenoBanue marnus. Mcnons3yercs KOJIOPUMETPUUECKUNA METOJ, ITPUHLMII
KOTOpPOTO OCHOBaH Ha B3aUMOJECUCTBUM MarHus ¢ KOMILIEKCOOOpa3yIOmUMHU
BEIIIECTBAMU, KOTOpPHIC MJAlOT OKpAIICHHBIE COCIUHEHHS C W3BECTHBIM CIEKTPOM
noromeHus. Mcmone3yercss Onoxumudeckuii aBromatmdeckuii ananmuzatop Konelab
prim 60 (®unnsamus). Habop pearentoB: Kceunmunuioseni cunuit | (0,14 MMoib/n),
OI'T® (0,05 mmonw/nn), K,CO3 (bukap6onat kanus) (77 mmons/i), TPUC Gydep (200
Moutb/i) (Thermo Fisher, ®unnsaunus). PedepeHTHbIe 3HAUCHUS COEpKaHUS MarHUs
B ChIBOpOTKE KpoBu: 0,65 — 1,06 MmOt/

HccnenoBanue HMOHU3MPOBAHHOIO KAJIbIWS, HATPHUS, KAJIUA, XJOPHIOB.
[IpuHIMIT METOAA — MOTEHUMOMETPUUYECKUM, KOTOPBIA OCHOBAH HA TOYHOM U3MEPEHUH
BEJIMYMHBI 3JIEKTPOJHOTO TMOTEHIMala TOr0 WM HMHOTO D3JIEMEHTa B pPacTBOpE.
Hcnonp3yemblii anmapat — OMOXUMUYECKAN aHAU3aTOP Ta30B KPOBHU M DJICKTPOJIMTOB
«Rapidlab—1265» (CILA). 3a00p KanuuIApHO# KPOBHU M3 MajIblia OCYIIECTBIISLIA YTPOM
HaToIIaKk o0beMOM OKoJo 120 MK B renapuHU3UPOBAHHBIM Kamujuislp, KOTOPBIU

ycTaHaBiuBajics B mpubop. Pedepentrrie 3Hauenus: kanuii 3,5 — 5,1 MMonb/a; HaTpuit
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135 — 149 mmons/it; xaopuasl 97 — 115 MMomab/i1; Kaabluii noHU3UpoBaHHBINA 1,05 —
1,23 MMOJIB/II.

HccnenoBanue MapkepoB KOCTHOro0 Meradosmsma. KpoBb 13 JIOKTEBOIl BEHBI
OepyT HaTomlak B O0bEME 5 MJI B BaKyyMHYIO HPOOHPKY C COOTBETCTBYIOIEH
MapKkupoBKo# cucteMbl Vacuette, nenrpudyrupytor mpu 2000 o6oportax B TeueHue 10
MuH. OOpasibl CHIBOPOTKY MOMEIAIOT B aBTOMAaTHYECKHUI aHATN3aTOp C MOCIEaYyIommen
OLICHKOM JTaHHBIX.

Pedepentnrie 3Hauenust Beta—Cross Laps B ChIBOPOTKE KPOBU: >KEHIIUHBI 14 —
55 ner — menee 0,573 ur/mi, crapuie 55 ner — menee 1,008 Hr/mut; mykunnbl 14 — 55
aet — menee 0,58 ur/mi; crapiie 55 net — menee 0,85 HI/miL.

Ocmeokanvyun. PedepeHTHBIE 3HAYCHHS COACPXKAHHUS OCTEOKAIbIIMHA B CHIBOPOTKE
kpoBu: 0 — 43 ur/mi. Mcions30Balics 3JIEKTPOXEMILTIOMUHECIIEHTHBIN aHanu3 (3XJIA)
Ha aBromatudeckoMm anamuzatope Cobas 601 dupmer Xodpdmann—Jla Pomr
(muarnoctuueckuid Habop N—Mid osteocalcin kat. Ne 12149133 122).

Kanvyumonun. Meton ompenenenuss — wuMMyHoaHanu3. PedepeHTHble 3HaueHUs
COJIepKaHus KaJbIIMTOHWHA B CBIBOPOTKE KpoBH — 0—11,5mr/m1.

Kocmnasa wenounas gpocpamasa (ocmasa, BAP). 1lpoBoauin MMMyHO(pEPMEHTHBIN
aHaJIM3 Ha aBTOMaTH4YeckoM aHanm3atope Cobas 601 ¢ momoripto TecT cuctembl SEB09
1 Hu. Pedepenthsie 3nHauenus coaepxanus KILD B cbiBOpoTKE KPOBU: MY KUHHBI — JI0
20,1 MKr/m, *KeHIMHBI — mpeMeHonay3a g0 14,3 MKr/ia, mocTMeHomaysa — 1o 22,4
MKr/1. [lapameopmon win napatupeounusii Topmon (IITIN). Meton onpenenenust —
uMMyHOaHanu3. PedepeHTHBIe 3HAYEHHS CONEp)KaHWsS TMApaTrOPMOHAa B CHIBOPOTKE

KPOBU: HOPMAJIbHBIM CUUTACTCS YCPEAHEHHBIN ypoBeHb 10—65 mr/mit.
2.5 MeToabl cTATUCTUYECKOH 00padoTKN MaTepuajia
Cratuctuyeckyro 0OpaOOTKy JaHHBIX MPOBOJMUIM C  pPacyeToM CpelHen

BEITMYMHBI HCCIIEIyeMbIX TMokazatene (M), ommOku cpemaHeit (m), CTaHIAPTHOTO

otkjoHeHus (0), menuannl (Me), moasl (Mo). I cTaTUCTUYECKOW OLIEHKU YPOBHSI
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JIOCTOBEPHOCTH (p) pa3iIuyuii 3HAYeHWI TMapaMeTpoB B Tpymmax B pabote
ucnonb3oBanu t—kputrepuit Ctbrogenta u kpurepuit Chi—square (y?). Kputuueckuit
YPOBEHb 3HAYMMOCTH (p) MpU MPOBEPKE CTATUCTUYECKUX THUIIOTE3 B JAHHOM
uccienoBanuu npuHuMand paBHeiM 0,05. OnpeneneHue TECHOTHI KOPPEISLIUOHHOU
B3aMMOCBSI3M  MEXKAYy pE3yJlbTaTaMU HCCICJAOBAHUM TNPOBOAWIM MYTEM pacyéra
muHelHOTO Kodddunmenta koppemsaun [Iupcona (r), kputepuss Manaa—Ywutau (U).

B xiIMHMYECKUX MCCIIeI0BAHUIX MPU U3yUYeHUU (HAKTOPOB PUCKA, BIMSIOUIUX Ha
UCXO/I, Yallle BCETO MCIOJB3YETCS] TPH METOJA: MHOKECTBEHHAsI JIMHEWHASI perpeccus,
MHOXECTBEHHAsl  JIOTUCTUYECKAsl perpeccuss W  MOJENIb  MPONOPLUUOHATBHBIX
unTeHcuBHocTell Kokca. B Tabnmue 2.3 mnpeacraBiieHbl Haubojiee CyIECTBEHHbBIE

XApaKTCPHUCTUKHU 3TUX MCTO/OB.

Ta6muna 2.3 — OcHOBHBIC MOJISJIH MHOT'OMEPHOTO aHaIn3a

Bun anpanmusa Tun pa"nHbIX OcobeHHocTH

MHoxecTBeHHas:  JuHeWHas | Jnana3zoH 3HaueHUH Ucxona KoaddummeHtsr mpu mnepeMeHHOW JHHEHHO
perpeccus CBSI3aHBI C pe3yJIbTaToOM

MHoXecTBEeHHAs JuxoTomMHu4eckue pe3ynbTatel | Mozens orpaHuuMBaeT BEPOSITHOCTh UCXOJA OT
JIOTHCTUYECKAsl Perpeccus (1a/Her) 0 mo 1

Mogens npomnopiuoHansHBIX | [lepron BpeMeHH 10 COOBITHA [Tpumensiercs JUIs MPOAOIKUTEIBHBIX
nHTeHcuBHOCTeH Kokca (Bpems 10 BBI3AOPOBICHUS HCCIIEIOBAaHUH, B KOTOPBIX OOBEKTHI MOTYT

/penninBa/cMepTH OBITH TOTEPSIHBI BO BpeMs HAOIIOCHUS

B nameit pabote ayig oueHKW BiMsiHUS moJia, Bo3pacta, MIIKT kocTHOU TKaHU,
YPOBHSI KOCTHOM MIeN0ouHON (ocdaTasbl, CoAepKaHUsI MOHHU3UPOBAHHOTO KaJbIIUS B
CBIBOPOTKE KPOBH y OOJIBHBIX C CEHCOHEBPAJIBHON TYrOyXOCThIO  HCHOJB30BaJIU
MHO>KECTBEHHBIN perpeCCMOHHBIN aHAIM3. DTOT BUJ CTATUCTUYECKONU 00pabOTKU 1o P—
CTaHAApTU3UPOBAHHOMY KOA(D(PHUIIMEHTY perpeccH TO3BOJMI BBIICIUTh HanboJee
BECOMBIC M 3HAYUMBbIC (DAKTOPBI, CONMPSHKCHHBIC C BBICOKOW CTEICHBIO TYTOYXOCTH.
Hanee nis pacyera mNporHocTUYecKoro kodgduimenta pucka Boicokux creneneit CHT
OBLT WCIIONB30BAaH METOJ[ JIOTUCTHYECKOW perpeccuu. Jlorucruueckas perpeccus
UCIIOJIb3YETCsl, KOTJla 3HAaUeHHE MEePEeMEHHON pe3ynbTaTa sBIsI0Ch OMHAPHBIM (J1a/HeT

wi 1/0) u BKIIOYaeT OgHy WM OoJjiee HEe3aBUCHUMBIX TepeMeHHBIX. Jlorucruyeckas
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perpeccuss — 3TO Pa3HOBUIHOCTb MHOKECTBEHHOW PErpeccu, Ha3HayYe€HUE KOTOpPOM
COCTOMT B aHAJM3€ CBSI3U MEXIYy HECKOJbKMMU HE3aBUCUMBIMU IE€PEMEHHBIMU
(mpenukTopamMu) M 3aBHCUMOW nepeMeHHOM. C MOMOIIbI0 OMHApPHOW JIOTMCTUYECKOU
perpeccu MO>XHO OLIEHMBaTh BEPOATHOCTh TOTO, YTO COOBITHE HACTYNHUT MJis
KOHKPETHOI'O UCIBITYEMOIO (Hampumep, 00JIbHOI/310pOBBIA, BBICOKOT'O
KJIacCa/HU3KOTO Kiacca).

Janee, UCX0/Asl U3 3HAYEHUM YyBCTBUTEJIBHOCTH U CIIEIU(PUUYHOCTH, HAMU OBLIO
UCIIOJIb30BAaHO MOCTpoeHue Xxapakrepuctuueckoil kpuoir (ROC—kpuBas mim Receiver
Operator Characteristic curve) ¢ mnomompeo ROC ananmmza pans  pacuera
muddepeHIManbHbBIX  TOYEK paszeieHus wik moporoB otcedenus (cut—off). ROC—
KpUBas  TOKa3bIBa€T  3aBUCUMOCTh  KOJMYECTBA BEPHO  JIUArHOCTHUPOBAHHBIX
NOJIOKUTENIBHBIX ~ CIy4aeB  OT  KOJIMYECTBA  HEBEPHO  JIMATHOCTUPOBAHHBIX
NOJIOKUTENBHBIX ciydaeB. B tepmuHonormn ROC-aHanm3a nepBble Ha3bIBAIOTCS
UCTUHHO TOJIOXKHUTEIbHBIM, BTOPBIE — JIOXKHO OTPULATEIBHBIM MHOXecTBOM. ROC—
KpHUBas MOJIydyaeTcs CIeIyIoImuUM o0pa3oM. [l Kakoro 3Ha4YeHHUs Opora OTCEYECHHUs,
kotopoe w™mensiercs or 0 mo 1 ¢ marom 0,01 PaCCUMTHIBAIOTCA 3HAYECHUS
YYBCTBUTEIBHOCTH Se U crnenupuyHoctd Sp. CTpoutcs rpaduk 3aBUCUMOCTH: IO OCH
Y oTkmaapIBaeTCs YyBCTBHTENBHOCTH Se, mo ocu X — 100%—Sp (mons moskHO
MOJIOKUTENbHBIX ciayyaeB). lnsg maeansHoro kinaccupukatopa rpadpuk ROC—kpuBoi
IIPOXOJINUT YEpPE3 BEPXHUU JIEBBIM YIoJl, TJ€ AOJS UCTUHHO IOJOKUTEIBHBIX CIy4YacB
coctaBisier 100% wmu 1.0 (upeasbHast YyBCTBUTENBHOCTH), a JOJA  JIOXKHO
MOJIOKUTENbHBIX MPUMEPOB paBHa HyJO. [loaToMy yem Onmke KpuBas K BEpXHEMY
JeBOMY YTy, TeM BbIIIE IpeJcKa3aTeibHas crnocoOHOcTh Moaenu. HaobGopot, yem
MEHbIIIE U3rud KpUBOM M 4eM OJIMKe OHA pacrojioKeHa K JTUaroHaJIbHOM MPSIMOW, TEM
MeHee 3(dexTuBHa Mojaenb. /[naroHanpHas JWHUS COOTBETCTBYET '"Oecmoliie3HOMY"
KJIaCCU(PUKATOPY, T.€. MMOJIHON HEPA3TUIUMOCTH JIBYX KJIACCOB. KiroueBbiM
MomenToM ROC aHanuza sBhsercd HaxoXAeHUs AuepeHIManbHOl  TOYKH
paznenenus (cut—off). Ilopor oTceuenuss HyXeH Al TOTO, YTOOBI MPUMEHATH MOEIb

Ha IPAKTHUKE. OTHOCHUTL HOBBLIC IIPUMCPEI K OJHOMY M3 ABYX KJIACCOB B 3aBUCUMOCTHU OT
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COOTHOUICHHsS] BEJNWYMHBI Tokazatens ¢ Toukod cut—off. Ilopor orcedenus
COOTBETCTBYET MaKCUMaJIbHOU JINarHOCTUYECKOM YyBCTBUTEJIIBHOCTH u
cnerupuaHocTH Metoaa. Kpome toro, ¢ momomipio aHaim3a ROC—KpUBBIX TIPOBOIUIH
OIICHKY TUArHOCTUYECKON 3(PHEKTHBHOCTH MOJEIU MyTEeM OMPEAeIICHUS TUTOMIAAH MO/
ROC—kpuBoii (AUC unu Area Under Curve). Ilnomans nog ROC—kpuBoi — nmosie3Hbii
00OOIIIEHHBIN TIOKa3aTellb KadecTBa JHUAarHOCTHYECKOTO TECTa, PaCCUUTHIBACTCS
aBTOMaTH4YecKku MeroaoM Tpaneruil. Yem Oonbine 3HaueHue AUC, TeM «iydiie»
CIIOCOOHOCTh  JMArHOCTUYECKOTO TeCcTa paclio3HaBaTh HAJIMYME€ UM OTCYTCTBHE
3aboneBanusi. Kpome Toro, maHHBIM mMokaszaTedb YAOOHO UCIOIB30BaTh ISt
CPaBHUTEIIBHOTO aHal3a HECKOJBKMX METOJOB AMArHOCTUKHA. B 3aBHCMMOCTH OT
BennunHbl AUC oneHuBaiM  CHOCOOHOCTh MOJIEIM pPaclo3HaBaTh HalW4Yue WU

OTCYTCTBUE onpeiesieHHoro cocrosinus (Tabnuna 2.4)

Tabnuua 2.4 — unreprperanus BenuunHbl Area Under Curve (AUC)

Wurepsan AUC CriocoO6HOCTh HMAarHOCTHYECKOTO TECTa paclo3HaBaTh
HaJIMYue NI OTCYTCTBHUC COCTOSAHUA
1,0-0,9 OminuHas
0,8-0,9 Xopormas
0,7-0,8 Y noBneTBOpUTENBHAS
0,6-0,7 IocpencTreHHas
05-0,6 HeynosnerBopurensHast
<05 AbcypaHas («BpemHas»)

CraTUCTUYECKHI aHaIu3 PE3YJIbTATOB HCCICAOBAHUA ITPOBOAWIICA C IMOMOIIBIO

nporpammbl STATISTICA 10.0 (StatSoft Inc., CIIIA).



54

I'/TABA 3

OCOBEHHOCTHU OBMEHA KAJIbIIUS U EI'O PETI'YJISIIUUA Y BOJIBHBIX
C CEHCOHEBPAJIbHOM TYT'OYXOCTBIO. COGCTBEHHBIE JAHHBIE

3.1. H3yuyeHue THHAMMKH 3200/1€BAEMOCTH CEHCOHEBPAJILHOI TYrOyX0CThIO

10 MaTepHuaJiaM OTOPHHOJIAPHHI0JIOTHYECKOT0 CTAI[HOHAPA

CratucTuyeckuil  aHaau3 UCTOPUM  OoJie3HEW MAIMEeHTOB C  JUarHo3oM
CEHCOHEBpAJIbHAS TYTOYXOCTb, TIPOJIEYEHHBIX B OTOPUHOJAPUHTOJOTUYECKUX
ornenenusix MBVY3 «'opoackas 6onbauma Nel um. H.A. Cemamko» r. PocroBa—Ha—
Hony, npoomutcs Ha mnporsokenun 40 ner [31, 40,41]. TlpoBeneHHBIN aHaMM3
MOKA3bIBAET  COXPAHECHUE 00bEéMa  CTallMOHAPHOM  MOMOIIM  OOJBHBIM  C

CCHCOHEBPAJIBHOM TYrOyXOCThIO Ha MPOoTshKeHUH 10—eTHero nmepuoja (tadmmma 3.1.)

Ta6muua 3.1. — Tlokaszatenu (aOcontoTHBIE) yucia OOJMBHBIX C CEHCOHEBpPAJIbHOM
Tyroyxoctsio 3a 10 ner, r. PocroB—na—/[ony

I'on 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Yuciio 6OJIBHBIX C
CEHCOHEBPAILHON 268 | 266 | 227 | 320 | 326 | 282 | 231 | 260 | 346 339
TYTOyXOCTBIO

(n1)

Yucno
rocnutaau3upoBanHbix | 896 | 166 | 4390 | 4328 | 4475 | 4432 | 4091 | 3736 | 5766 | 4292
OOJIBHBIX C
3aboneBanusamu JIOP
OpTaHoOB

(ny)

Ha pucysnke 3.1 HaryissiHO NpecTaBIeHO MPOLUEHTHOE COOTHOLIEHUE YU CIIA
OOJIbHBIX C CEHCOHEBPAJIBHOW TYIOYXOCTBHIO K OOIIEMY YHMCIy FOCHMTAIU3UPOBAHHBIX

OOJIbHBIX B OTOpUHOJIapuHronoruueckue otaenenuss MbY3 «'opoackas 6onpHuia Nel
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uM. H.A. Cemamko» r. PoctoBa—Ha—/lony 3a nepuon 2006 — 2015 rr. OTHOCHUTENIBHBIN
1oKa3aTenb JOJU  OOJBHBIX C CEHCOHEBPAJIbHONW TYrOyXOCTbIO OT OOIIEro 4yucia
TOCIUTATU3UPOBAHHBIX B OTOPUHOIAPUHTOJIOTHUECKHI CTallMOHAP OCTAETCS CTAOUIIBHO

BBICOKMM Ha MIPOTSHKEHUH JECATUIICTHS, COCTaBIsIs oT 5,65% 10 7,9%.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
T'on

Pucynok 3.1 — [{onia GOJIBHBIX C CEHCOHEBPAIbHOU TYroyxocThbio (%) OTHOCHUTEIBHO
o0IIero yuciaa TOCIUTAIM3UPOBAHHBIX B OTOPUHOJAPUHTOJIOTMYECKUI CTalMoOHap B
nuHamMuke 3a 10 jer.

3.2. CocTosiHHE KAJIbLMEBOT0 MeTA00/I1U3MA Y 00JIbHBIX C CEHCOHEBPAJIBLHOI

TYIOYXOCTBHIO I10 IMMOKA3aTEJIAM OCTCOACHCUTOMETPHUHA

Y 80 (45,7%) OONBHBIX KIMHMUYECKOW TPYyMIbl HAOMIOMAmu OCTpyo U y 95
(54,3%) - xpommueckyto CHT, Bcero oOcimenoBano 175 OOJbHBIX, METOJIOM
octeogeHcutomeTpuu 113 (52 6ompHBIX ¢ ocTpoit CHT, 61— ¢ xpoHuueckoii ).

IIpu ocTeoaeHcuToMeTprudeckoM uccienoBanuu y 6omaeHbix ¢ CHT onpenensnu
MUHEPAJIbHYIO MIOTHOCTh KocTHOM TkaHu (MIIKT), otknonenuss MIIKT oT HOpMBI O
T—u Z—xpurepuro. Pe3ynbTaThl JEHCUTOMETPUH YUACTKOB KOCTHOM TKaHU y MAaIIMEHTOB

¢ CHT npenacraBnensl B Tabiuie 3.2.
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Tabmuma 3.2 —  OCTEOAEHCUTOMETPUYECKUE  TOKa3aTeau y  OOJNBHBIX C
CEHCOHEBPAJIIBHOU TYTOYXOCTBIO

IToxazaTens O6nacTb IToxazarenu

MIIKT, r/em® 0,953+0,07

(M=xm) JIyueBas KoCTh

T—xpurepuit n= -2,3

Me [25,75] [-2,5; -0,5]

Z—xpuTepuii -0,4

Me [25,75] [-1,7;0,1]

[Ipumeuanue: Me — menuana, [25,75] — MEXXKBapTHIBHBIN AUANIa30H

B cpeanem, mno rpymne OompHbix ¢ CHT MIIKT Obputa CcHUMXEHHOU

OCTeOIIeHCI/ITOMGTpI/I‘-IGCKI/Ie IMOKa3aTcCJIkn C YYCTOM CTAaIUH CHT IMpCaACTAaBJICHBI B

tabmure 3.3.

Tabnuna 3.3 — OcTeo e HCUTOMETPUYECKHE MTOKA3aTENH Y OOJIbHBIX C CEHCOHEBPATIHLHOM

TYTOYXOCTBIO 10 TpyInaM (B 3aBUCUMOCTU OT (hOpMBI 3a00JI€BaHMUS)

Ilokazarens Oo6nacrtn Octpas CHT XpoHuueckas p
(n=52) CHT (n=61)

MIIKT, r/cm® 1,128+0,07 0,814+0,06 0,04

(M=£m) JlyueBast kocTh

T—xpurepuit -1.4 2.6

Me [25,75] [-2,5; -0,5] [-2,2; -1,1]

Z—KkpuTepuit -0,4 0,3

Me [25,75] [-1,7;0,1] [-2,2;-04]

VY 6onpHBIX ¢ Xponndeckoit CHT mo cpaBHeHUIO ¢ OOJILHBIMU C OCTPOM (hopMOit
3a0oneBanuss MIIKT cratucTuyecku 3Ha4MMO Oblla CHUMKEHA B O0JAacTH JTy4eBOU
koctn Ha 33,5% (p=0,02), 15,3% (p=0,04), 17,2% (p=0,03) u 27.,8% (p=0,04),
COOTBETCTBEHHO.

Menuana T—kputepusi, orpaxaromiero orinure MIIKT 6oibHOTO OT BEJIMUUHBI

MIIKT B HOpMe, Oblla CMelieHA B OTPHUIATEIHLHYIO CTOPOHY OT KPUTHYECKOU
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BEIMUMHBl «—1SD», d4YTO CBUAETEIBCTBOBAIO O TMATOJOTMYECKOM  KOCTHOM
PEMOJIETUPOBAHUH.

NupuBnnyanbHas oneHka oTkiIOHeHUs MIIKT or HOpMaibHOTO 3HAYeHUA C
noMonipl0 T—kputepus y OOJBHBIX 2 TPYNMbl MO3BOJIMJIA YCTAaHOBUTH, YTO CpEAU
0onpHBIX ¢ ocTpoit CHT ocreopeHCcUTOMETpUYECKOE 3aKIIIOUEHHE, COOTBETCTBYIOIIEE
HOpME, BCTPEUAJIOCh B Mpeodiiaiaronieit noue ciaydaeB — 85%, ocreonenus — B 8,8% u
octeornopo3 — B 6,2% (Tabnuna 3.4).

Y  nmammentoB ¢ xponuyeckod ~CHT  HOpManbHble  mapameTpbl
OCTEOJICHCUTOTPAMMbI BCTPEUAJIUCh CTATUCTUYECKH 3HAYMMO B MEHBIIEM YHCIIE
ciydaeB (25,3%), a octeonatus (74,7%), a umeHHo, octeonienus (41,1%) u octeonopos

(33,6%) — B Oombieii (Tabmuma 3.4).

Tabnmuna 3.4 — Pacnpenenenue OOJIBHBIX C OCTEONCHMEH M OCTEIOPO30M Cpeau

00JBHBIX ¢ ocTpoil U xpoHuueckord CHT

W3meHenue Octpas CHT (n=52) Xponnveckas CHT (n=61) p

Aobc. % Aoc. %
Hopma 44 85,0 15 25,3 XzM—L:62,2
OcteoneHust 5 8,8 25 411 p<0,0001
Octeomnopo3 3 6,2 21 33,6

IIpumeyanue: XZM—L — KpUTEpHUH coriacus ¢ nonpaBkoil Manrenss—XeH3ens Ha HENPEepbIBHOCTh

Pacnpenenenrie  OONBHBIX € JICHCUTOMETPUYECKMMHU  TOKa3aTEJIsIMU,
XapaKTEPHBIMUA JJII OCTeomaThu (OCTeomneHus, ocrenopo3) cpeau OonbHbix ¢ CHT
Pa3HOM CTENEHU THKECTH (10 CTETNEHSIM TYTOYXOCTH) IIPEACTaBIeHO B Tabiuie 3.5.

Y OompHBIXx ¢ 1 crenensto CHT y mnonaBnsromeit wactu OGonbHbIX (91%)
OTCYTCTBOBaJIM HM3MEHCHHUSI TMPU OCTEOACHCUTOMETPUH, JIUIb y 1 OonbHOTO ObLIH

npu3Haku ocreonatuu (9%).
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[Ipu 2 crenenu Tyroyxoct y 60o1sHbIXx ¢ CHT B 72,7% cinydaeB Habmoqan1Ch
HOPMAJIbHBIE OCTEOJICHCUTOMETPUUYECKHE MapaMeTphl, a B 27,3% ciydaeB mapameTphl,
XapaKTEPHbIE 111 OCTEONATHH .

[Ipu 3 cremeHu TYroyxocTu J0Js OOJNBHBIX C HOPMAJIbHBIMH IOKa3aTelsIMU
JeHcuToMeTpun coctaBmwia 16%, c ocreomarueit — 84%, a nipu 4 CTENEHU U TIIyXOTE

J0JI1 OOJIBHBIX C IEHCUTOMETPUIECKUMH MPU3HAKaMK OCTeonaTnu coctaBuia 83,3%.

Tabnmuna 3.5 — PacnpeneneHue OOJIBHBIX € TOKa3aTEIsIMU OCTEOJCHCUTOMETPUU,

XAPaKTCPHBIMHU OJIA OCTCOIIATHUM W HOPMBI, CpCIU o6ompHBEIX ¢ CHT pa3H0ﬁ CTCIICHHU

TSXKECTU
W3MeHeHune CTeneHb TYroyxocTH
I I Il IV u rmyxora p
(n=11) (n=35) (n=9) (n=6)
Hopma 10(91%) 25 (72,7) 1(16%) 1(16,7%) | 2’M-L =16,9
Ocreonarms 1(9%): 10 27.3%): | 8 (84%): 5 (83.3%); p<0,01

Ipumeuanne: x°M—L — kpuTepuii coracus ¢ monpaekoii ManTens—XeH3els Ha HelPepbIBHOCTD

Nrak, mpu xponnueckonn CHT m npu noseimiennu crenenu tsokectn CHT mons
OOJILHBIX C OCTEOMATUSIMHU (OCTEOIEHHSI, OCTEOIIOPO3) BO3pacTala.

Cumwxenne MIIKT no pe3yiabTaTaM OCTEOJIEHCUTOMETPUH CBUIETEIHCTBOBAIO 00
accoumanuu 1Byx coctostnuid — CHT u maTonornueckoro peMoaeMpoBaHusi KOCTHOU
TkaHu. [[nurenbHOe mpoTekanune 3aboseBaHus W ToBbIMeHHE cTeneHu Tspkectn CHT

OBLI0 COIIPSAKEHO C MMOBBIICHUEM 0JIN OOJILHBIX C OCTEOMATHSIMHU.
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3.3. Conep:xanne KaJabLHA U €r0 PeryjisiTOPoOB B CHIBOPOTKEe KPOBHU Y OOJIbHBIX €

CEHCOHEBPAJIbHOM TYrOyX0CThIO

B Ttabmume 3.6 mpencTaBieHBI CpeIHUE BEITUYMHBI COJICPKAHUS KaJbIlUusi W
dbocdhopa B KpoBU Yy OOJBHBIX C CEHCOHEBPAIbHOM TYrOyXOCThIO B IIEJIOM MO BCel
KIIMHUYECKOM TPYIINE U Y OTOJOTMYECKU 3J0POBBIX JIUIL (TPYyHIIa KOHTPOJIS).

Cpennue BenuyMHBI TOKa3aTesneil kanblueBo—dochopHOro oOMeHa KpOBHU Y
60npHBIX ¢ CHT 1 y 0TONOTHYECKH 3/I0POBBIX JIUIl KOHTPOJIBHOM TPYIIbl HAXOIUIUCH B

npezenax peepeHTHOTo TuanazoHa.

Tabnmuna 3.6 — Ilokazatenu kaiabiueBo—(pochopHOro oOMEHa KpOBU Yy OOJBHBIX

CEHCOHEBPAJIbHOU TYTOYXOCTBIO M Y OTOJIOTHYECKH 370POBBIX JIHI], M+m

PedepenTHbIe Bommere CHT KonTponbHas
[Tokaszarens 3HAYCHHUS _ rpymnma p
n=175 =42
Ca o0muii, MMOJIB/1 2,2-2,65 2,21+0,04 2,43+0,18 0,12
Ca MoHHU3., MMOJIB/IT 1,05-1,23 1,13+0,03 1,16+0,09 0,89
dochop, MMOTIB/T 0,78-1,42 1,13+0,04 1,05+0,07 0,74
Ca,/P - 1,97+0,05 2,27+0,06 0,15

[Tpumeuanue: YpoBeHb TOCTHTaeMOM 3HAYMMOCTH P pPacCUMTaH Mo HaOIoJaeMoMy KpuTepuro MaHHa—
VYutHu.

CpaBHUTENBHBIM AaHANIU3 M3Y4YaeMbIX I[IAPAMETPOB MEXKIAY KIMHUYECKOW U
KOHTPOJIbHOM TpPYIIaMH CTaTUCTHUYECKH 3HAYUMBIX pa3iauuuil He BbisiBUI (p>0,05),
BMecTe ¢ TeM, cpeau 001pHBIX ¢ CHT 9nciio manueHToB ¢ MOHMKEHHBIM COIepyKaHuEeM
o011ero Kaypiusi B KpoBH cocTaBmwiio 92 (52,6%), ¢ HOpMalIbHBIM cojepkanueM — 47
(26,8%) u ¢ noBbIIeHHBIM coaepxkanreM — 36 (20,6%), uTo yka3bIBaeT Ha TEHACHIIUIO
K gucOanancy. Ywucio OompHbix ¢ CHT ¢ THOHIWKEHHBIM  COACp)KaHUEM
WOHW3UPOBAHHOTO KajbllUs ChIBOPOTKH Obuto 41 (23,4%), c HOpMaJIbHBIM
coaepxanuem — 72 (41,1%) u ¢ noBbIeHHBIM ypoBHEM — 62 (35,5%).

[TonpoOHOE M3ydeHHe mapaMeTpOB MUHEPAIbHOTO 0OMeHa KpoBH (PucyHok 3.2)

MoKa3ajo, YTO MeIuaHa COoJep)KaHus oOIIero Kaubliusg B KpoBH y OombHbiXx ¢ CHT
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cocraBuia 2,3 mmonb/n. M3ydaembrit mapamerp kosebdancs B kpoBu 6oipHBIX CHT ot
1,1 mmonw/a 10 2,9 MMoIIb/11. MeXKBapTHIIBHBIN JUaNa30H WIN JAMANa30H OT HUKHETO
IO BEpPXHEro KBapTwisi, rIae pachpeneneHsl 50% BENIWYUMH BOKPYT MEIUAHBI,

cooTBeTcTBOBaNI 2,1 — 2,4 MMOJIB/IL.

3,0

2,8

2,6

2,4

2,2

=
Z
5 20
=
=
1,8
1,6
1,4
o Median = 2,25
[ 25%-75%
1,2 S = (2,08, 2,39)
T Min-Max
1,0 = (1,13, 2,85)
Ca obmn
Pucynok 3.2 — MeauaHa, MEKKBapTHIbHBIA Juama3oH u  pasmax (Min—Max)

coJiep KaHus OOUIETro KajJblKs B KPOBH Y OOJBHBIX C CEHCOHEBPAJIIBHON TYTOYXOCTbIO.

OKoOJIO TIOJOBUHBI OOIIETr0 KalbIlUs CHIBOPOTKH CBS3aHBl ¢ O€lKoM, — B
OCHOBHOM, albOyMHHOM. OCTaJlbHOE KOJIMYECTBO KaJbI[US HAXOJUTCS B CBOOOIHOM
HOHM3UPOBaHHON ¢opme. VMIMeHHO 53Ta 101 Kajablus SBISETCS (PU3MOIOTHYSCKHU
aKTUBHOW. MeauaHa cojaepKaHUs MOHU3MPOBAHHOTO KaJBIIUS B CBIBOPOTKE KPOBU Yy
oombabIx CHT cocraBuma 1,1 mMMonw/i, MEXKBapTHIIBHBIM auama3zoH 1,06 — 1,18

MMOJIB/J1, @ pazMax kosiebanuit 0,8 — 2,5 mmouns/n (Pucynok 3.3).
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2,6

2,4

2,2

2,0
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0.8 - 1 = (1,06, 1,175)
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0,6 =(0,8,2,5)
Ca MoHN3MPOBaHHbI
Pucynox 3.3 — Menuana, MeXKBapTWIbHBIA auanazoH u pasmax (Min—Max)

COJICp’KaHUsI MOHU3UPOBAHHOTO KaJbLMs B KPOBH Y OOJIbHBIX C CEHCOHEBPAJIHHOM
TYTOYXOCTBIO.

®docdop HEOOXOIUM HE TOJBKO I HOPMAIILHOTO KOCTE0Opa3OBaHMs, HO U JJis
HOPMaJIBHOTO SHEpPreTUYeckoro ooOmeHa B opraHu3me. Ero kosnebaHue B KpOBHU
oonbabpix CHT mpoucxomwno B auamazone 0,79 — 1,5 mmonb/n, TO €cTh ¢ BepxHEH
IpaHuIel, HECKOJIbO TMPEBBIIAINICH pedepeHTHbIE 3HAYCHHS, HO MeJuaHa psjaa
coctaBwia 1,2 MMOJB/T OpU MEKKBApTUILHOM jauamazoHe 1,02 — 1,3 mmounb/n

(Pucynok 3.4).
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Pucynok 3.4 — Mennana, MeEXKBapTHIBHBIM auama3zoH u pasmax (Min—-Max)

conepkanus ¢pocdopa B KpOBH Y OOJIBHBIX ¢ CECHCOHEBPAIBHON TYrOyXOCThIO.

[Ipaktuuecku y Bcex 00apHBIX ¢ CHT ypoBens ¢ocdopa KpoBU HE BBIXOIUI 3a
npeesibl HopMalnbHOTO auarnaszona. Tonbsko y 2 (1,1%) — ypoBenb dochopa KpoBU ObLIT
MOBBIIIICHHBIM.

Hpyrue mokaszaTelid HOHOTPaMMbl KPOBH (HATpUM, KaJHid, XJIOPUbI, MAarHUHN) Y
oonbHbIX ¢ CHT 1 y oTonornyecku 370pOBBIX JIMI[ HE OTIUYAIUCH OT HOPMBbI U HE

UMEITM MeXKTPYIIOBBIX pasimuunii (Tabmuma 3.7).

Tabmuua 3.7 — [Iloka3aTenun MUHEpPATBHOITO OOMEHa KpOBH Yy OOJBHBIX C

CEHCOHEBPAJIbHOU TYTOYXOCTBIO M Y OTOJIOTHYECKH 370POBBIX JIUI], M+m

PedepenTHbIK bonsneie ¢ CHT, KonTponbHas p
ITokaszaresnnb 3HAYCHUS n=175 prr;rr;a,
n=
Hatpwuii, MMoITb/n 123-140 139,5+1,89 132,8+5,63 0,12
Kanuii, MMOJIB/I 3,5-5,5 4,3+0,12 4,5+0,46 0,85
Xopuapl, MMOJIB/ T 95-107 105,2+1,3 101,3+2,8 0,45
Maruuii, MMOJIB/T 0,8-1,2 0,85+0,02 0,88+0,08 0,92

[Tpumeuanue: YpoBeHb AOCTHUTaeMOM 3HAYMMOCTH P pacCUdTaH 1o HabirogaeMoMy Kputeprio MaHHa—

VYutHu.
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Pe3ynbTaThl McCaeIOBaHHS PETYISATOPOB YPOBHS KaNbIMS KPOBH y OOJBHBIX
CHT wu y otonoruyecku 3I0pOBbIX JUI] OTpakeHbl B Tabnuie 3.8. CpeaHue BEIUYUHBI
YPOBHSI KalbIIMTOHWHA, OCTCOKAIbIIMHA U Tmaparropmona y OompHBIX CHT u y
OTOJIOTHYECKH 3JIOPOBBIX JIMI[ KOHTPOJBHOW TPYIIBI HAXOIWINCh B Mpeaenax
HOPMAaJILHOTO JuanazoHa. CpaBHUTENbHBIN aHAIN3 YPOBHS KaJIbIIMTOHUHA Y MAIIUEHTOB
KIIMHAYECKOW W KOHTPOJIBHOW TPYII CTaTUCTUYECKHA 3HAYUMBIX Pa3IMUUil HE BBISBUJ
(p>0,05). HanpoTuB, KOHUEHTpalMs OCTEOKadbllMHA — O€lKa, CHUHTE3UPYEeMOro
ocreoOnactramu, y 6onbHbIx CHT Obuta Ha 69% nHmke (p=0,0003) mo cpaBHEHUIO ¢
aHAJIOTUYHBIM TOKa3aTeJIeM KOHTPOJIBHON TPYIIIIHI.

YpoBenb kocTHOM (pakuuu 1wienoyHor Qocedarazer (40,6+3,12 Mkr/m) y
nanueHToB ¢ CHT Obu1 BbllIe, 4eM KOHTPOJIBHBIN YPOBEHb Y OTOJIOTMYECKU 30POBBIX
mury (28,7£2,94 mxr/n) Ha 41,5% (p=0,02), a Takke Bblllle BEpXHEH T'paHUIIBI HOPMBI.
[lemounast gocdaTaza MPUCYTCTBYET B BHICOKOW KOHIIEHTpAIlMU B KJIETKaX KOCTHOM
TKaHU. AKTUBHOCTh KOCTHOM (pakuuu 1meiaouHor ¢ocdarasbl yBEIUUYHUBACTCS
IPU CTUMYJIUPOBAHUH MPOIECCOB 00pPa30BaHUs KOCTHON TKaHHU.

Cpennee 3HaueHne mapkepa octeopezopoumu B Cross—Laps y 6ompabix ¢ CHT
(0,69+0,05 Hr/mi ) mpeBbIMIATIO BEPXHIOK TpaHUIly pedepeHTHoro auamnasona (0,573
HI/MJI) ¥ OBUIO BBIIIE AHAJOTMYHOTO 3HAYEHHS B KOHTpoJibHOU rpymme (0,51+0,09

Hr/min) Ha 35,3% (p=0,04).

Tabmuma 3.8 — Ilokazarenu peryisTopoB KaiabI[ueBO—(hOCHOPHOTO OOMEHA KPOBH Yy

OOJBHBIX CEHCOHEBPAIBHON TYTOYXOCTBIO U Y OTOJIOTMUYECKH 310pOBBIX Jiuil, M+m

[Tokaszarens PedepenThbie bonenbie ¢ CHT, Kontponbhas p
3HAYECHUS n=175 rpymmna,
n=42
KanpuTonuH, or/mi 0-115 2,82+0,51 3,45+0,74 0,46
OcTeoKanbLUH, HI/MI 0-43 5,65+1,55 18,21+2,56 0,0003
KII®, Mkr/n Myx.n0 20,1 40,6+3,12 28,7+2,94 0,02
Ken.nol4,3
(npemenomnaysa), 10
22,4 (mocTMeHoTIay3a)
B Cross—Laps, ur/mn 0,2099-0,573 0,69+0,05 0,51£0,09 0,04
[TapaTropMoH, Tr/mi 9,5-75 47,4+3,38 54,6+3,72 0,08
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[Tpumeuanue: YpoBeHb JOCTHTaeMOM 3HAYMMOCTH P PAcCUMTaH IO HAOIMI0JaeMOMy KpUTepHo MaHHa—
YutHn.

Takum 00pa3om, peryIaTopsl KaldbIIUEBOTO oOMeHa KpoBU y OoibHBIX ¢ CHT
U3MCHSJIM CBOIO aKTHBHOCTh, HAMOOJIeE CTATUCTUYECKH 3HAYMMO TIO COJIEP’KaHUIO
octeokanbsiiuHa (p =0,0003) u KIID (p = 0,02).

Ha cnemyromeM »sTame aHaMM3UpOBAIA TapamMeTphl KalbIllieBO—(hochOpHOTO
oOMeHa W ero perysiTOpoB B 3aBUCHUMOCTH OT ¢asbl 3aboseBanusa. I[lokazarenu
WOHHOTO 0OMEHAa KPOBU Yy OOJILHBIX CEHCOHEBPATBHON TYTOYXOCTHIO B 3aBUCHMOCTH OT

OCTPO WK XpOHUYECKOH (hOopMbI 3a00JI€BaHUS TIPeICTaBlIeHbI B Tabnuie 3.9.

Tabmuua 3.9 — Iloka3atenn HOHHOrO OOMEHa KpOBHM y OOJBHBIX C OCTPOM M

XPOHUYECKON CEHCOHEBPAIBHOHN Tyroyxocthio (Mim)

Ocrtpast Tyroyxoctb, XpoHu4ecKasi TYroyXocCTh, p
[ToxazaTenb n=80 n=95
Ca oOwmuii, MMOJIB/I 2,27+0,04 2,15+0,06 0,85
Ca noHM3., MMOJIB/JT 1,17+0,04 1,08+0,02 0,92
dochop, MMOITB/TT 1,12+0,05 1,15+0,06 0,95
Hatpuii, Mmonb/n 138,1+1,92 140,6+1,75 0,87
Kanuii, MMOJIB/1 4,1+0,13 4,5+0,14 0,94
X10pH/IBI, MMOJIB/JT 103,1+1,4 106,4+1,1 0,90
Maruuii, MMOJIB/TI 0,83+0,05 0,86+0,03 0,95

[Tpumeuanue: YpoBeHb AOCTUTAEMOM 3HAUMMOCTU P paccuTaH Mo HalmogaeMoMy Kputepuio MaHHa—
VYutHu.

Y nmamuenTtoB ¢ octpoil um xponumdeckod CHT mnokaszarenum KaablHEBO—
dbocdhopHoro oOMeHa KpOBH MO ITUM rpymmnaMm He paznudaiuchk (p>0,05). Opnaxo,
IPU CPaBHUTEIHLHOM aHAJM3€ PETYISTOPOB MHHEPATHLHOTO OOMEHA OBUIM BBISBIICHBI

nameHenus (Taomuna 3.10).
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Tabmumna 3.10 — IlokazaTenu perynasiTopoB KanbleBO—(pochopHOro oOMeHa KPOBU Y

OOJIBHBIX C OCTPOH M XPOHHUYECKON CEHCOHEBPAILHOM Tyroyxoctbio (M+m)

Octpast TyroyxocThb, XpoHuUecKas TYroyXoCTh, p
[Toka3areinb n=80 n=95

KanpUTOHUH, III/MII 2,95+0,64 2,62+0,94 0,68
Octeokanbui 5,39+1,97 6,042,64 0,95
HI/MI

KII®, Mkr/n 35,9+1,44 43,7+1,32 0,02
B Cross—Laps, ar/ma 0,66+0,08 0,70+0,09 0,92
[TapaTropmoHn, rir/mi 48,2+3,12 50,6+3,95 0,94

[Tpumeuanue: YpoBeHb JOCTUTaeMOM 3HAYMMOCTH P PACCUMTaH MO HaOIMI0JaeMoMy KpUTeprio MaHHa—
YuTHu.

Tak, ypoBeHb KOCTHOM II€JI0YHOM (hocdaTazbl KPOBH MPU XPOHUUECKOU CTATUU
3aboneBanust (43,7+1,32 wmkr/m) Opu1 Beiie Ha 21,7% (p=0,02) mo cpaBHEHHUIO C
MalueHTaMu c octpor CHT (35,9+1,44 wxr/n). JlaHHoe OOCTOSTEIHLCTBO
CBUJETENBCTBOBAJIO 00 YCHUJIEHHMM KOCTHOTO MeTaboJIM3Ma B CTOPOHY IOBBIIICHHUS
MHTEHCUBHOCTU OCTEOCHHTE3a IIPU XpoHU3auuu 3adboneBanus. ConeprkaHue OCTabHbIX
PETYISATOPOB KAJIBIIMEBOTO OOMEHA HE 3aBUCENIO OT PopMbI 3a00I€BaHUS — OCTPOU WITH
XPOHHYECKOM.

Pacnipenenennie 60mpHbIx ¢ CHT B 3aBHCHMOCTH OT CTENEHHU TYTOYXOCTU OBLIO
cneayrommm: | — 34 (19,4%), 11 — 99 (56,9%), Il — 25 (14,4%), IV — 10 (5,7%) u
nosHasg rayxota — 6 (3,4%). Iloka3arenn MUHEpPaJIbHOIO OOMEHa KpOBHU Yy OOJIbHBIX

CHT He 3aBucenu ot creneHu tyroyxoctu (Taomuma 3.11).

Tabmuua 3.11 — mnokazatenu kanblueBO—(hochopHOro oOMeHa KpOBH Yy OOJBHBIX

CCHCOHEBPAIBHOM TYTOYXOCThIO B 3aBUCUMOCTH OT CTeNeHH Tyroyxoctu (M+m)

ITokazaTens CTeneHb TyrOyXoCTH p
[ ] Il IV u rmyxora
Ca o01uii, MMOJIB/JT 2,34+0,06 2,18+0,07 2,23+0,18 2,33+0,08 0,96
CaunoHus., MMOJIB/JI 1,14+0,01 1,13+0,03 1,11+0,02 1,13+0,05 0,99
dochop, MMOITE/TT 1,2+0,04 1,08+0,1 1,02+0,11 1,06+0,04 0,66
Hatpwii, MMmonb/n 139,1+1,45 138,7+1,32 139,0+1,56 135,8+1,48 0,87
Kasnuii, MMOJIB/71 4,4+0,23 4,2+0,11 4,3+0,15 4,5+0,13 0,93
Xopuapl, MMOJIB/ T 102,4+1,2 105,1+1,3 103,7+1,4 104,6+1,0 0,88
Marsauii, MMOJIb/JT 0,86+0,02 0,85+0,02 0,87+0,02 0,87+0,02 0,94
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[prmeuanwe: YpOBEHb JOCTHTaEMON 3HAYMMOCTH P PacCUMTaH Mo HabmomaeMomy kpureputo Kpyckana—Yommca (Kruskal—
Wallis).

Coneprxanue oOIIEro, MOHU3UPOBAHHOTO Kajblus, ¢ocdopa HE Pa3Iuvaloch y
MAIMEHTOB C PAa3HOW CTEMEHBID TYrOYXOCTH, O YE€M CBUIETEIbCTBOBAIM PE3YJIbTAThI
JUCIIEpCUOHHOTO0 aHanu3a (1o kpureputo Kpyckana—Yommca): p=0,96 npu cpaBHEHUU
obmero kanpius, p=0,99 npu cpaBHEHUM HOHU3UPOBAHHOTO Kayblus, p=0,66 mnpu
cpaBHeHUU docdopa.

Hcnonp30BaHne AUCIIEPCUOHHOIO aHAIW3a MPU OLEHKE PA3JIMYUM [MapameTpoB
MUHEPAJIBHOTO OOMEHa KpPOBHM B MOATPYIIAX HE BBIIBUIO MEXTPYIIOBBIX OTIUYHUI
(p>0,05).

[TokazaTenu perynasiTopoB KajablueBO—(hochOopHOro oOMeHa KPOBU y OOJBHBIX C
CHT B 3aBUCHMOCTH OT CTETIEHU TYTOYXOCTH MpEACTaBIeHBI B Tabnuie 3.12.

VY GombHbIX ¢ 1 crenensto CHT conepikanne KanblIUTOHMHA, OCTEOKAIbIIMHA U

KIII® Obuto BhIllIE MO CPaBHEHUIO C MallMEHTaMU C 0oJiee BBICOKOW CTENEHBIO

TYTOYXOCTH.

Tabnumna 3.12 — mokaszarenu perynasiTopoB KaiblreBo—(hochopHOTO oOMEHa KPOBU y
OOJBHBIX CEHCOHEBPAJIbHOW TYIOYXOCTHIO B 3aBUCUMOCTHU OT CTEHEHH TYTrOYXOCTH
(Mxm)

IToxa3zarenb CreneHb TyTOyXOCTH

1 2 3 4 u rmyxora
Kanermronun, nr/mn 5,68+0,74 2,4+0,24* 2,68+0,42* 1,45+0,08*
OcTeoKalIbUH 9,2+1,83 4.6+1,95* 6,1+0,77* 2,0+0,12*
HI/MJI
KII®, mxr/n 45,3+1,83 37,9+1,80* 34,2+1,75* 34,4+1,93*
B Cross—Laps, ur/mi 0,63+0,02 0,66+0,03 0,65+0,04 0,75+0,03*
[TapatropmMoH, ir/mi 4524221 46,0+3,01 45,9+2.73 47,0+2,74

[Tpumeuanue: * — CTATHCTUYECKH 3HAYMMOE OTJIMYME TOKa3aTelield MO CPaBHEHHUIO ¢ OOMBHBIMU C
1 crenenpto Tyroyxoctu npu p<0,05 (o kputepuro ManHa—YUTHH).

CnenosarenbHo, npu 1 crenenn CHT mnpoucxoamna akTUBaIMs KOCTHOTO

MeTabonu3ma ¢ ycuieHrueM octeoodpasoBanus. [Ipu 4 cTeneHn TyroyxocTH U IriyxoTe
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MOBBIIIAJICA ypOBEHb Mapkepa octeopezopOuuu B Cross—Laps mo cpaBHenuio ¢
HAYaJIbHOM CTENEHBIO 3a00JI€BaHUsI.

Urak, y 6onpubix CHT, BHe 3aBUCHMOCTH OT CTaJUM U CTENEHU 3a00JEeBaHUS
HAOJIOAIOTCS HE3HAYUTENbHbIE KOJIOaHMs, NPUONMKAIOUIHECS K HOPMaJbHBIM
NOKa3aTeIM YPOBHS OOILIEro M HMOHM3UPOBAHHOIO Kanblius, (ochopa B CHIBOPOTKE
KpPOBH. [Ipu xponuueckoit CHT oTIMYUTENBHOM OCOOEHHOCTBIO —SBISIIOCH
HOBBILIEHHE YPOBHS KOCTHOM IIeNouHOM (ocdaTazpl B OTIMYKE OT OCTPOH (hopmbl
3a00JIeBaHus, UTO CBHUJIETEIHCTBOBAJIO 00 aKTUBALIMK KOCTHOI'O MeTabonu3ma.

ITpu 1 crenenn CHT HaOmoaanock NOBBIIEHUE KOHIEHTPALMK KaIbIIUTOHUHA,
OCTEOKaJlblIMHAa W KOCTHOM WIENOYHOM Qocdara3pl, 4TO OTpakajgo0 HHTEHCUBHO
POTEKAIOLUE MPOLECCHl OCTEO000pa30BaHUsl KaK KOMIIEHCATOPHOIO MEXaHU3Ma B
Havane 3abosieBaHus. C MOBBILIEHUEM CTaauWU 3a00JIeBaHUS TOBBIIIAJCS MapKep

octeope3opouuu  Cross—Laps.

3.4. CBs3b XapaKTEPUCTUK CEHCOHEBPAJIBLHOI TYrOyX0CTH
U COCTOSIHMSI KOCTHOTO MeTa00/1M3Ma, MUHEPAJIbHOT0 00MeHa

U MMHEPAJIbHON IVIOTHOCTH KOCTHOM TKAHHU

JIns  u3ydeHus B3aUMOCBSI3M Mexay kiuHudeckuMm Teuennem CHT wu
MUHEpaJIbHOW TUIOTHOCTHIO KOCTHOM TKaHM, IMapaMeTpaMd KOCTHOTO MeTabonm3Ma U
MUHEpATHHOTO OOMEHa OBbUI MPEANPUHAT KOPPETSAIMOHHBI aHAN3 C ONPEACICHHEM
panroBoro ko3 dumuenTa koppensauun CrimpMeHa, pe3yabTaTbl KOTOPOTO OTPaKCHBI B
tabmurte 3.13.

[Io pesymbraTam KOPPEIAIMOHHOTO aHalu3a OBLJIO YCTAHOBJIEHO, YTO
MOBBIIICHUE CTEIICHH TYTOYXOCTH OBUIO CTAaTUCTHYECKH 3HAYUMO COMPSDKEHO CO
CHI)KEHHEM B KPOBH YPOBHSI KOCTHOW (pakimu menounoi ¢ocdarazel (R= —0,35,
p=0,013) u MuHepasibHOW ™IOTHOCTH KocTHOM Tkanu (R= -0,31, p=0,004). C
xponuzanuet CHT koppenupoBano MOBBIINIEHHE YPOBHS B KPOBU KOCTHOW (hpakuuu
menoynon (ocdarazer (R=0,39, p=0,027) u MuHEpaIbHOU IIOTHOCTH KOCTHOW TKAHU

(R=-0,44, p=0,029). IIpakTrueckn KOppeIsLHOHHAAs CBS3b Oblja YCTAHOBJICHA MEKIY
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Bo3pacToM U cHuxkenuem MIIKT (R=—0,95, p=0,0003). C noBbIlIeHUEM JTUTEILHOCTH
3a00J1eBaHMs B KPOBU MTPOUCXOJIUIIO CHMKEHHE HOHU3UpOoBaHHOTO Kanbius (R= —0,36,
p=0,01) u nmoBeIIeHne octeokaibimaa (R=0,46, p=0,05).

@akTophl, BIMSIONIME HA WCXOJ, NOPUHATO Ha3bIBaTh (PAKTOpAMH PHUCKA,
HE3aBUCUMBIMHU TE€PEMEHHBIMU. A caM HCXOJ — 3aBUCHMOM MEPEMEHHON WM
sbdexTom. BaxkHBIM MOMEHTOM, 00YCIOBIMBAIONUM HEOOXOIUMOCTH MHOTOMEPHOTO
aHanu3a, SBISETCA YCTAHOBJICHHE CBA3M MEXAY aMIuiuTyaod sddekra u
MHOT000pa3reM NOTEHIUATBHBIX (PAKTOPOB PUCKA, BOBMOMXHO CBSI3AHHBIX C UCXOJIOM.

C nomompl0 MeTOJa MHOXKECTBEHHOM  perpeccud  Oblla  MOJydeHa
MaTeMaThyeckasi MoJielb, cBsi3biBatomas crenedb CHT U Takue nmapaMeTpsl MalueHTOB
kak noi, Bo3pact, MIIKT moscHMYHOrO OTaena MO3BOHOYHUKA, YPOBEHb KOCTHOM

IHGJIO‘-IHOﬁ (bOC(baTaSBI KpOBH U COACPIKAHNUC MOHU3UPOBAHHOI'O KaJIbIIUA KPOBH.

Tabmuua 3.13 — Pe3ynbTaThl KOPPEMSLHUOHHOTO aHalM3a B3aMMOCBS3U
XapaKTePUCTUK CEHCOHEBPAJIbHON TYrOyXOCTH U MapaMeTpOB KOCTHOTO MeTado0yIM3Ma,

MUHEpaIbHOTO OOMEHa

ITokasarens 1 ITokasarens 2 Spearman R p
Crenenb Tyroyxoctu Ca oOmmit -0,20 0,301
CreneHb TyroyxocTu Ca nonus 0,02 0,915
CremneHb TYTOyXOCTH dochop -0,34 0,21
CreneHpb TyroyxocTu Kansrutonun —0,35 0,194
CreneHpb TyroyxocTu OcTteokabIinH -0,08 0,852
CreneHp TyroyxocTu KD -0,35 0,013
CreneHp TYroyxocTu MIIKT -0,31 0,004
Cranug 3a001eBaHus Ca o0mmin -0,13 0,283
Cranusg 3a001eBaHus Ca nonms -0,16 0,194
Cranug 3a0oneBanus dochop -0,01 0,957
Cranus 3aboseBaHus KamsriutoHnH 0,12 0,56
Cranus 3a60neBaHus OcrteokaabliH 0,05 0,842
Craaus 3a001eBaHus KD 0,39 0,027
Cramus 3a001eBaHUS MIIKT 0,44 0,029
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Bospact Ca oOmui 0,14 0,27
Bospacr Ca nonus 0,03 0,82
Bospacr docdop -0,23 0,24
Bospact Kanenuronnn 0,19 0,35
Bo3spact OcreokanblUH 0,24 0,32
Bospact KD -0,22 0,15
Bo3spacr MIIKT -0,95 0,0003
JIUTeNnbHOCTD 3a00/1€BaHUs Ca oOmmit 0,02 0,90
JIUTeNnbHOCTD 3a00/1€BaHUs Ca nonus -0,36 0,01
JinTenbHOCTh 3a001€BaHUS dochop 0,22 0,32
JuTensHOCTh 3a001eBaHMs Kanpruronnn 0,04 0,86
JmuTenbHOCTh 3a001eBaHMs OcrteoxanbiuH 0,46 0,050
JuTenpHOCTh 3a001€BaHMS KII® 0,12 0,83
JIIUTeIbHOCTh 3a00JICBAHMS MIIKT 0,18 0,57

MaremMmaTtuueckoe BBIPAXKCHUC UMCIIO CJ'IGI[YIOIHI/Iﬁ BU:
CT=9,92+0,26*I1+0,001%B-3,96+«MIIKT-0,09*KII[®-0,48*Ca nonus, rae

CT — cTeneHb TYrOyxocTH,

IT— momn: 0 — my»xkckoit, 1 6amn — KeHCKHIA,

MIIKT — MuHepanbHas IIIOTHOCTh KOCTHOM TKaHU MOSICHUYHOTO OT/IeNa MO3BOHOYHUKA, r/em?,
KHI® — ypoBeHb KOCTHOM mien0uHoM (hochara3sl B KPOBU, MKT/JI,

Ca nonus — cojiep’kaHue MOHU3UPOBAHHOTO KAJIBIUS B KPOBH, MMOJIB/JI.

Hcrnonp3ys moy4eHHYI0 MOJIENb, BRICOKYIO cTenieHb Tyroyxoctu (111-1V) moxHO
IIPOTHO3UPOBATh C YYETOM I10JIa U BO3PACTA, COAEPKaHU HOHU3UPOBAHHOIO KaJIbIUs B
KpPOBH, YPOBHSI KOCTHOM IIETOYHON (ocdaTazbl B KPOBU M MHUHEPAIBHON IIIOTHOCTU
KOCTHOM TKaHU NOSICHUYHOIO OT/IeJIa TO3BOHOYHHKA.

Hanpumep, nauuentka I1., 67 net. [Ipu uccienoBaHuu MUHEPATILHOIO OOMEHA U
€ro perysiasiTopoB ObUIO 0OHAPYKEHO, UTO YPOBEHb B KPOBH MOHU3UPOBAHHOTO KaJIbLIMS
kpoBu coctaBuia 1,1 mmons/n, KI[® — 39 mkr/n. Ilpu ocreonencuromerpunn MITKT
uven Beamunay 0,897 r/em’. JUmst ymoOGCTBa pacdeToB HA OCHOBE TaGIMYHOTO

nporieccopa MS Excel Obut co3nman daiin 1y1si aBTOMaTHIECKOTO ONPEJICIICHHAS CTSIICHH
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CHT no nmapamerpam monenud. BBoaum HMHIAMBUIyalIbHBIE TMOKAa3aTeNlyd MAlUEHTKU B
1 poByio 300y U paccunthiBaeM creneHb CHT (Pucynok 3.5).

CT =9,92 + 0,26*I1 + 0,001 *B — 3,96«MIIKT — 0,09*KII® — 0,48+ Ca uonus =
9,92 + 0,26*1 + 0,001%67 — 3,96%0,897 — 0,09%39 — 0,48%1,1 = 2,7.

[IporHo3upyemasi CTENEHb TYrOyXOCTH 3, TO €CTh BBICOKOIO KJjacca.
[Tocnenyromiee ayauoOIOrMYECKOE MCCIEAOBAHUE MO3BOJIMIIO MOATBEPAUTH 3 CTENEHb

CHT y 6omnbHoi I1.

[ atmse [ 5T FAoMeTIa Opasma L R— Pt st e e -
I T L T e B s 3T B
e (e B e o R ) 8 00 apenas - miny - e || T OB >4 2 oo
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2 CT=9.92+0.26*11+0,001*B-3.96=MIIKT-0.09#KII[D-0,48*Ca nonus.
3
4 _ v a 9,92|
5 Mon 1 026, 0,26
- Boapac 67, 0,001 0,067
7 MMKT 0897 -396 -355212|
8 Ko 3| -009  -351
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Pucynok 3.5 — OKHO 11 aBTOMaTW4YeCKHX PacdyeTOB MO MAaTEeMAaTHYECKOW MOJENIU C

TaHHBIMU OoJibHOM 1.

Y 6onsHoro K. 45 ner mpu mabopaTOpHO—MHCTPYMEHTAILHOM HCCIIEIOBAHUN
o0 OOHapyxeHo, yTo MIIKT mosicHuyHOrO OTHENa MO3BOHOYHMKA cocTaBuia 1,13

r/cM®, YpOBeHb HOHH3MPOBaHHOro Kambims — 1,1 mmoms/n, KII® — 45 wmxr/m
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ABTOMATU3UpPOBAHHBIA pAacyeT C IOMOIIbID MAaTEMAaTHYECKOW MOJEIN MO3BOJIMI

onpenenuth panr crenean CHT (pucynok 3.6):
CT =992 + 0,26*I1 + 0,001*B — 3,96«MIIKT — 0,09+«KII|®d — 0,48+*Ca monu3 =
9,92 +0,26%0 + 0,001+45 — 3,96%1,13 — 0,09%45 — 0,48+1,2 = 0,9.

IIo pe3yiibTaTtaM pacqéTa MaTE€MaTHYE€CKOM MOJCIN ITallUCHT K. ckioHen k

dbopmupoBannto CHT  wHuskoit  cremenu. [locrmemyrommee — ayauosiorMuecKoe
MCCJIEI0BAHKE MTO3BOJIMIIO BbIABUTH Y nanuenTa |1 crenens CHT.
(O = 9 - NyBumcian wogens - Microsoft Excel . m x
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7 MMKT 1,13 -3,96| -4,4748
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Pucynok 3.6 — OKHO Il aBTOMAaTHYECKHUX PACUETOB MO MATEMAaTUYECKOW MOJIEIH C
naHHbIMA 00spHOTO K.

MHOXeCTBEHHBIN KOA(D(UIIMEHT B3aMMOCBSI3H MEXIY (DaKTOpaMH M CTEHIEHBIO

CHT cocraBun 0,85, xoaddumnuent aerepmunaunu — 0,73, xpurepuit ®uimepa F
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coctaunn 14,6 mpu p<0,05, YTO 1O COBOKYIHOCTH CBHUJETEILCTBOBAIO O
CTaTUCTUICCKOW 3HAUUMOCTH MOJICIIH.

3HaYUMOCTb BIUSHUS KaXIAOTO0 W3 (PAKTOPOB MOJEIM Ha MpHU3HAK (CTEIEHb
CHT) ouenuBamu 10 [—CTaHAAPTU3UPOBAHHOMY KOIPPUIIMEHTY PETPECCHH,
MOKA3aTEeI0 YyBCTBUTEIBHOCTH M KOA(M(UIIMEHTY NETEpMUHAIIMU, & TakKe YpPOBHIO
noBepuTenbHON BepoaTHOCTH p (Tabmuma 3.14). YUeMm Bblte K03(QPHUIMEHT perpeccuu
110 MOJYJIO, TEM BBIIIE 3HAUUMOCTh (pakTopa. Hambonpmue 3nadeHns kodddummenrta
perpeccun cioxuiaucek nias MIIKT (= —-0,45, p =0,03), KIID (B= —0,44, p=0,02) u
nona 6onbHOTO (B=0,12, p=0,023). DTUM )€ PakTOpaM COOTBETCTBOBAIM HAUOOIBIINE
BEJIMYMHBI YyBCTBUTEIBHOCTU U KOIPPUIIMEHTOB nerepMuHanuu. CleqoBaTenbHO, OT
m3menenust MIIKT, KII® u nosia 6016HOTO B O0JbIIEH Mepe 3aBUCEN0 POPMUPOBAHUE

CHT BBICOKHX KJIACCOB.

Tabmuua 3.14 — 3HaYUMOCTh BIMSIHUS (PAKTOPOB MAaTEMATHUYECKOW MOJIENIM Ha CTEIECHb

CHT

daxTop B— UyBCTBUTEIBHOCTD Koadpduunent p
CTaH/IapTU3UPOBAHH JICTepMUHALIUH
Bl KOYQPUIIHEHT
perpeccun

[Ton 0,12 0,62 0,61 0,023
Bospact 0,014 0,38 0,22 0,09
MIIKT —0,45 0,74 0,74 0,03
KD —0,44 0,70 0,70 0,02
Ca 011 0,37 0,03 0,27
MOHU3.

Ha cnenyromewm stamne Opiia pa3paboTaHa HeIUHEHHAS MOJIEb MPOTHO3UPOBAHUS
CHT Boicokoii crenenu (3—4) mo Hambosee 3HaYUMBIM (akTopaM —T—KpUTEPUIO TIO
pesyabTatam neHcuromerpun u ypoBHio KIII® kpoBu. Beicokum crenensim CHT (3—4)
Y MPH TIIyXOTe MprcBanBajiy paHr 1, a Huskum kiaaccam CHT (1-2) — 0. Jloructuueckas
perpeccusi HCMONb3yeTcs, KOTJa 3HAYCHHE TIEPEeMEHHON pe3ylbrara SBISIETCS
OouHapHbIM (1a/HeT uwin 1/0) 1 BKIIOYaeT OJHY WM 0oJiee HE3aBUCUMBIX MEPEMEHHBIX.

Jloructuyeckass perpeccuss — 3TO PA3HOBUIAHOCTb MHOXKECTBEHHOM perpeccuu,
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Ha3HAYEHUE KOTOPOW COCTOUT B AHAIIM3E CBA3U MEXKIAY HECKOJBKMMH HE3aBHUCUMBIMU
NEepeMEHHBIMU (HA3bIBAEMBIMU TaKXE MPEAUKTOPAMH) M 3aBUCUMOI mepeMeHHoil. C

MOMOIIBIO METO/Ia IOTUCTUYECKON perpeccru, ObUIa MoyuyeHa CIIeAYyomas MOIETb:

__exp(@)

1+exp(z) rae

K — koadpumment nporrnoza CHT BbicOKHX Ki1accoB

Z — k03¢ unmeHT perpeccuu, pacCUUTHIBAEMBIil 10 GopmyIie:
z=exp[(-64,4)+(-12,8)*x+(1,3)*y)}/[(1+exp(-64,4+(-12,8)*x+(1,3)*Y)]

X — omimuue MIIKT ot HOpMBI IO T—KpUTEpHIO IO PE3yabTaTaM OCTEOAEHCUTOMETPUH,
Y — ypoBeHb KOCTHOM MIETOYHOH (pocdaTas3sl B KPOBHU, MKI/I.

Ecmun K>0,6, To nporno3 CHT 3—4 crenenu TskecTH y O0JIBHOTO BBICOKHNA, MPU
K<0,6 — Hu3KHI.

TIpOrHOCTHYECKAs 3HAYMMOCTh MOJIENH OLEHMBAIACH C OMOIIBIO KPUTEPHS > 1
€ro JOBEpUTEIbHOM BEpPOSTHOCTH. Bbicokoe 3HaueHHe HAOIIOAAEMOrO KPUTEPHUs
x2=39,4 ripu p<0,0001 cBUIOETENHCTBOBANIO O CTATUCTUYECKON 3HAUUMOCTH MOJIEIIH.

I'paduueckas anmpokcuMmanusa cBsizu Mexay nporpeccupoBanuem CHT wu
ommmureM MIIKT B pa3iuuHbIX OTIENIax ONMOPHO—ABUIATEIBHOIO armapara OT HOPMbI
no T—kpureputo, ypoBaeM KII[®D B kpoBu oTpakeHa Ha pucyHke 3.7.

Model: Logistic regression (logit)
z=exp(-64,4+(-12,8)*x+(1,3)*y)/(1+exp(-64,4+(-12,8)*x+(1,3)*y))

1

Il 0.8
= o.6
[Joa4
[ 0,2

Pucynok 3.7 — I'paduk 3aBUCMMOCTH MEX]y IMPOrPECCUPOBAHMEM CEHCOHEBPAIbHOU

Tyroyxoctd 1 otauuremM MIIKT ot Hopmbl o T—kputepuro u yposHem KILD B kpoBH.
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C nmnobimennem KII® wu cHmwkenumem T—kputepus Kak mapaMmerpa
OCTE0JICHCUTOMETPHUM MTPOTHO3 pa3BUTHsI BHICOKUX KilaccoB CHT noBsimancs.

[TonydyeHHOE ypaBHEHHE JIOTUCTUYECKOU PErPECCUM MO3BOJISIET PACCUUTATh PUCK
pazButusi CHT BbICOKMX KJIACCOB MO pe3yibTaTam J1a00paTOpPHO—MHCTPYMEHTAIBLHOTO
oOcieoBanus O0JIBHOTO.

Hampumep, y 6onpHoro XK. mpu mHpoBeJEeHUH OCTEOACHCUTOMETPUHU JTy4eBOM
koctn T—kpurepuit cocraBun —2,1 SD, a ypoBenr KHII® xkpoBu 25 wmKr/mi.

[ToxacraBnsieM nmapaMeTpsl B MOJIEITb

__exp(z) _ _exp(1,8) ~0.86
1+exp(z) 1+exp(1,8) '

Tak Kak z=exp[(-41,4)+(-18,8)*(~2,1)+(0,12)*31)]/[(1+exp(-41,4+(-18,8)*(-2,1)+(0,12)*31)] =1,8

C momouipl0 NOJYYEHHOW MaTeMaTH4EeCKOM MOJENU ObLJIO OMNPEAeNIEeHO, YTO
K=0,86. ITockonbKy mosiydeHHOE 3HaueHue Oonee kputuueckoro 0,6, TO puCK pa3BUTHUSA
CHT 3—4 creneHu TSKECTH — BBICOKU.

Y mnanuenra P. mpu npoBeaeHMM OCTEOACHCUTOMETPUU  JIy4€BOW KOCTH T—
kputepuii cocraBun —1,6 SD, a ypoenbp KII® kpoBu 21 wmkr/n. IloacraBnsem

IapameTpbl B MOJEIb

__exp(z) — exp(8,8) —0.00015
1+exp(z) 1+exp(8,8) '

tak kak z=exp[(-41,4)+(-18,8)*(-1,8)+(0,12)*32]/{(1+exp[(-41,4)+(-18,8)*(-2,1)+(0,12)*31)]} =—
8,8

C momouipl0 MOJYYEHHOW MaTeMaTH4YEeCKOM MOJeNUd ObLJIO OMNpEeAesieHO, YTO
K=0,00015. IlockonpKy NOJIydEHHOE 3HAY€HHE MeHee Kputndeckoro 0,6, To pucCk
pa3Butus CHT BbICOKMX KIacCOB — HUBKHUH.

Ha cnenytoniem sTamne npu MCNONb30BAaHUM HEJIMHEHHOTO aHan3a ObUl U3y4YeH
ornenbHO Bkiad oTkinoHeHuit MIIKT kocreit mpu oCcTeOAEHCUTOMETPUHA B IPOTHO3
pa3Butus y 6onpHoro CHT BBICOKMX KJTaccoB.

MaremaTudeckoe BbIPAXKCHUEC, OIIMCBIBAIOIICC 3aBUCHMMOCTb UMCIIO BHU/:

K = -0,025-0,116*x+0,08*x,
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rae K — koadoumment nporroza CHT BBICOKHX KIIacCOB,
X — otnmuue MIIKT ot HOpMBI O T—KpUTEPHIO TIO pe3yIbTaTaM OCTEOEHCUTOMETPHH.

3aBUCHUMOCTbh MEXK/ly TTOKa3aTelIIMU WJUIFOCTPUPOBaHA HA pUCYHKE 3.8.

K'=-0,0247-0,116*x+0,0794*x"2

AN

MporHo3 CHT BbicokoW cTeneHu

S

\

-4,0 -3,5 -3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0
T

K =-0,0247-0,116"x+0,0794*x"2

Pucynox 3.8 — I'padux 3aBucumoctu Mmexmay mporrno3oMm paszsutusi CHT Bbeicokux
kiaccoB u otinuyreM MIIKT ot Hopmbl o T—kpuTtepuro.

CommacHo ycraHoBieHHOW 3aBucumoctu npu T= —0,5 puck paszsutus CHT
BBICOKHMX KJ1accoB cocTaBisi 5%, npu ypoBHe T=—1 — 17,1% u ypoBue T= -2 — 52,7%

uT=-2,5-76,5% (Tabmuma 3.15).

Tabmuma 3.15 — Crpartuduxamus pucka paszputuss CHT BbICOKMX KJIaccoB OT

U3MCHCHUM Ha OCTCOACHCUTOTpaMMCE

Puck coGbiTus T—xpurepunii otkinonenus MIIKT npu
OCTEOJICHCUTOMETPUHI
-0,5 -1 -2 -2,5
Puck pazsutust CHT 5 17,1 52,7 76,5
BBICOKHX KJIaccoB, %




76

JI7is OLIEHKHM 4yBCTBUTEIBHOCTH U CIIENU(PUUYHOCTHA MPOTHOCTHUECKOTO 3HAUCHUS
otmmuust MIIKT ot HOpmBbI 0 T—KpuTepHIo 10 pe3ysibTaTaM OCTEOJACHCUTOMETPUU IS
pazButusi CHT Beicokux kimaccoB Obul mpoBeneH ROC—-ananu3. Ha pucynke 3.9
orpaxkeHa ROC-kpuBas, xapakTepusyiomasi 3aBUCUMOCTh KOJHMYECTBA BEPHO
KJIACCU(PUIIMPOBAHHBIX  IOJIOKUTEIBHBIX IMPUMEPOB OT  KOJUYECTBA HEBEPHO
KJIACCU(PUIIMPOBAHHBIX OTPHULIATEIBHBIX IMPUMEPOB JHOO UYBCTBUTEIBHOCTH U
cnenu(UIHOCTH JUIsl Pa3audHbIX ypoBHEeW T—kputepus B oTHoweHuu pa3Butus CHT

BBICOKHX KJIACCOB.

T-kpurepui

100 -
80
60 |-

40:—/

20

Tt

0 20 40 60 80 100
100-Specificity

Pucynok 3.9 — ROC—xkpuBass 0CTE€0I€HCUTOMETPUUECKOTO YpOBHSL T JUIsl BBISBICHUS

OOJBHBIX ¢ BEICOKUM pUcKOM pa3BuTus CHT BBICOKMX KJIacCOB.

JuddepeHnnaabHOM TOUKOH pa3aenacHus 1ist T-KpuTepus Wik Toukon «Cut—offy

obu10 3HavYeHme 2,2 (Tabmuma 3.16). Ilpu camwkennn T—kputepus Hioke 2,2 OOJbHBIC
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BXOJWJIM B Tpynmy BbICOKOro pucka mno paszsututo CHT BbICOKMX KiaccoB ¢

JIMarHOCTUYECKOM YyBCTBUTEIBLHOCTHIO 94,4% u crieniuduuHocThio 47,8%.

Tabmuna 3.16 — CooTHOIIEHHE YYBCTBUTEIBHOCTH U crnerupuyHocTd T—ypoBHS C
OTIpEJICTICHUEM JIMarHOCTMYECKOW TOYKHM pa3lefieHusi JJig BbIJACICHUS] OOJIbHBIX C
BbICOKUM puckoM pa3Butusd CHT 3—4 crenenu Tsxectu

T—xp JIg T T4 Jite T JIC
<1 100,00 81,5 100,0 0,00 0,04,
<15 100,00 81,5 100,0 7,78 32154
<2,2* 94,44 72,7-99,9 47,78 33,2554
<25 94,44 72,7 99,9 44,44 34,0553

<3 88,89 65,3 98,6 45,56 35,0 56,4

[Tpumeuanue: /IY — nuarHoctudeckas 4yBcTBUTENbHOCTh, JIC — auarHoctuyeckas creuuuuHOCTb,
AW — noBepuTenbHbIA HHTEPBAI

[Tmomans mog ROC—xkpuBoii (AUC, AreaUnderCurve) nMena BRICOKOE 3HAUCHHUE
(AUC=0,774+0,063) co craructuueckoii 3Hauumocthio P=0,0001 (z=4,36), utO
NOATBEPKIAAN0 MPOrHOCTUYECKYI0 3HAUYUMOCTh T—KpuTepus Mg OLICHKHM pHUCKa
pazsutusa CHT.

Takum obOpazom, k npeauktopaMm pa3BuTusi CHT BbICOKOW CTENEeHM TSKECTU
MO>XHO OTHECTH CHM)KEHHE MHHEPAIbHOW IUIOTHOCTH KOCTHOM TKaHU C MOBBIILIEHUEM
KOCTHOro Mertabonusma. Pa3pabGoranHas mMojzenb ¢ yyeToM Iojia, BO3pacTa, YpOBHs
MIIKT no pe3ynapTraram OCTEOACHCUTOMETPUU U BEIUYUH OCTEOMAPKEPOB MO3BOJISET

WHIMBUAYAIIM3UPOBATh OTOJIOTHYECKHUI pUCK B OTHOIIEHUH pa3BuTus CHT
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I'/TABA 4
IKCIIEPUMEHTAJIBHOE OBOCHOBAHHUE KOPPEKIIMU OBMEHA
KAJBILUA IPU CEHCOHEBPAJIBHOM TYTOYXOCTHM.
COBCTBEHHBLIE JAHHBIE

4.1. MoaessupoOBaHHE CEHCOHEBPAJIBbHOI TYrOyX0CTH Yy JIAa00PATOPHBIX

KNBOTHBIX

B skcnepuMeHTaabHOM HCCIEIOBAHUM IO MOJAEIMPOBAHUIO CEHCOHEBPAIbHOMN
TYTOYXOCTH y4acTBOBaJIO 42 OeNbIX MOJIOBO3PENBIX OECMOPOAHBIX KPBICHI, BO3PACT
KUBOTHBIX 2,5 — 3,5 MmecsteB, macca Tena 190 — 210 r. Beero BeieneHo 6 rpymim, u3
KOTOPBIX OJIHA — KOHTPOJbHAA M S5 OSKCIHEPUMEHTAIBHBIX, B KOTOPBIX IKUBOTHBIE
MOJIBEPrajlncCh 3BYKOBOMY BO3/EHCTBUIO B ONPEACIEHHBIX YCIOBUSIX.

XapakTepuUCTUKa JKUBOTHBIX [0 TPyHIaM,  yCIOBUS 3KCIEPUMEHTA, BUJbI
MOCJIEYIOIIET0 TUCTOJOTMYECKOTO UCCIEA0BAHUS U KOJIMYECTBO 00Pa3IOB OTPAKEHBI B
Tabnuue 4.1.

Bce oToOpannbie 6ernbie, OECIOPOAHBIE KPBICHI MPU IMEPBUYHOM OCMOTpPE OBLIU
3I0POBbI, C OOBIYHBIM TOBEACHUEM, HUMEIU TYCTylO, IJaaKyl wmepcTb. llpu
OTOMHUKPOCKOIIMU TPU3HAKOB OCTPOTO0 THOMHOTO CPEIHEro oThTa He OblIo. Y Bcex
KUBOTHBIX pediuiekc Ilpeiiepa mpu 3BYKOBOM BO3JCUCTBUH OBLUT TOJOXKUTEIHLHBIM
(«xuBOTHOE CIBIINTY). [Ipu nccnegoBaHuM CIyXOBOM (QYHKIMHM MyTEM ONpeneneHus
OTOAKyCTUYECKOW HMHUCCHM Ha dYacTtoTe NpoaykroB wuckaxenus (OADUIIN) wu
3a/Iep>)KaHHONM BBI3BaHHOM oToakycTudecko smuccun (3BOAD) na 0Oaze mpubopa
«OtoRead» dupwmsl Interacoustics ([lanmst) y Bcex 42, y4acTBYIONTUX B IKCIIEPUMEHTE
KUBOTHBIX (68 yIieii), ObLI1 MOMy4YeH pe3yJabTaT «TecT mpoiaen». CieaoBareiabHO, MO
JIAHHBIM JIByX BapHaHTOB HccienoBaHusi ciyxa (peduexc Ilpeitepa u ucciemoBanue
OAD mno pesynpratam OADUIIN u 3BOAD) cnyxoBas ¢Qynkums y Bcex 42

71a00paTOPHBIX KUBOTHBIX (68 yillell) COOTBETCTBOBAJIA HOPME.
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AKYCTI/I‘ICCKOC BOSI[GﬁCTBHC IMAPOKOITIOJIOCHBIM HIYMOM BBIIIOJHAIIM B YdCTOTHOM

nuanazone 355-5000 I'm mpu ypoBHE 3Byka 85 Ab ¢ NMOMOIIBIO 3BYKOPEAKTOTECTA

monaenu 3PT-01 (mpousBoactBo — «Putm», . MockBa) B cBOOOJHOM 3BYKOBOM IIOJIE.

VYpoBeHb 3ByKa U3MEPSUIH C TIOMOIIBIO ITU(PPOBOTO U3MEPUTENs YPOBHs 3ByKa Thma AR

824, mpoussonactea HTY «APK Dueprocepsucy (r. Cankr—IlerepOypr, Poccus).

Tabnuna 4.1 —XapakTepucTHKa Py )KUBOTHBIX M YCIOBHS IKCIIEPUMEHTA

I'pynna XapakTepucTuka I'ucronoru— I'ucrono— CxaHupyromas Bcero
JKMBOTHBIX TpyIII, 4ecKoe THYecKoe AIIEKTPOHHAS KpBIC
YCIIOBHSA WCCIICIOBaHME: | MICCIEIOBAHUE! MHUKPOCKOTIHS u
SKCIIEpUMEHTA KOJIMIECTBO KOJIMIECTBO PEHTTCHOCTICKTPATBHBIT
KPBIC HCCIIeTOBAaHHBIX MHUKpOaHan3/
(BUCOYHBIX cpe3oB KOJIMYECTBO KpBIC
KOCTEH) (BUCOYHBIX KOCTEH)
1—
KOHTPOJIbHAS MHTaKTHBIC KPBICHI 4(8) 40 4 (8) 4
2 Bo3sgeiicTtBue mryma 5(10) 100 _ 5
(o3ByunBaHUe)
2 "enenu
Bo3sgeiictBue mryma
(03ByunBaHue) U
3 HMMOOHUITU3AIIMOHHOE 9(9) 90 9(9) 9
cTpeccupoBaHue (MOIENb
TYTOYXOCTH), 2 HEICIH
Bo3saeiicTBue myma
(o3ByunBaHuUe) U
HMMOOMITU3AIMOHHOE 3 (6) 60
4 cTpeccupoBaHue (MOIENb - 3
TYrOyXOCTH) 2 HeAenu, 0e3
JICUEHUsI, OLIEHKa uepes 2
HeJ
BozneiictBue myma
(03ByunBaHue) U
5 HMMOOMIH3AIIMOHHOE 9(9) 90 9(9) 9
CTpecCUpOBaHHe,
OJTHOBPEMEHHOE JICYCHHUE
(HUMOUTINH), 2 HEACIN
BosneiictBue myma
(o3ByuMBaHUE) U
6 MMMOOUIN3aIMOHHOE 8 (8) 80 8 (8) 8
CTpeccUpOBaHKe — 2 HEJEIH,
noclieayouee JeyeHue 2
HeseH (HUMOTUTIVH)
Hroro Kpeicet 38(50) 500 30 (34) 42
(BUCOYHBIE KOCTH)
PCBYJII)T aTbel OICHKH ClIyXa Y IIOAONIBITHBIX KpPBIC IIO TIpyIIamM OBLIN
CICAYIOLIUMU. B rpymnie 1 — KOHTpOJIBHOﬁ Y JKHMBOTHBIX BBbI3bIBAJICA JKHUBOM,
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ycroiuuBbll peduiekc Ilpeiiepa, npu uccienoBaHUH OTOAKyCTUYECKOW SMHCCUHU
(OADBUIIN, 3BOAD) pe3ynbTar «TECT MpOIIeD» UMET MECTO Y BceX 4 KphIC (8 yIeit).

B rpynne 2 u3z 5 nopomnbITHbIX Kpbic (10 ymieit), kotopeix mo 120 MuHYT
€XKEIHEBHO 2 HENENW MOJBEpraji aKyCTUYECKOMY BO3JEHCTBUIO MIMPOKONOJIOCHBIM
myMoM («o3By4uMBaHue»), yracanue peduiekca Ilpeliepa U pe3ynpTaT «TeCT He
IpoLIeT» NPHU UCCIEI0BaHNN O0ToaKycTuueckoi amuccuu (OAD) nmen mecto y 4 Kpbic
(8 ymeit), m y 1 (2 yxa) — COOTBETCTBOBaJl KOHTPOJIIO, TO €CTh BOCIIPOM3BEIACHUE
«MOJIEH TYroyXocTu» Habmonanock B 80% ciyuaes.

B rpymne 3 — 9 «xpeic (18 ymeil) noaseprajii BO3ACHCTBUIO IIyMa
(«03ByunBaHME») U UMMOOUIM3aUuu («cTpecc»). Kaxaoe 13 moJONbITHBIX KUBOTHBIX
TpYIIbl B T€YEHHE 2 HENEeIb €XKEIHEBHO | pa3 B J€Hb A0 KOPMIICHHS IMOABEPrajiu
BHEIIHEMY BO3JICHCTBHUIO: CHayvaja KaXKJ0e )KUBOTHOE 00€3BMKUBAJIN, ITIOMEIIAsl €ro B
OJIHOMECTHBIN «KpBICUHBIN TIOMUK». Yepe3 30 MUHYT mociie Havajga 00e3/IBUKUBAHMUSI,
HE yJausisi TMOJAOIBITHOE dXUBOTHOE W3 KIETKH, B TedeHue 120 MuHYT moaBepraiu
aKyCTHYECKOMY BO3JCHCTBUIO IIUPOKOMOJIOCHBIM IIYMOM C MapaMeTPaMH: YaCTOTHBIN
nuanazoH 355 — 5000 I'n, umaTeHcMBHOCTH 3Byka — 90 nb. Ilocie oxoHuanus
aKyCTHYECKOTO  BO3ACHCTBUA,  MMMOOWIM3AIMIO  MOJONBITHOIO  >KMBOTHOIO
IpeKpallaly, U KpbICy MepecaxxuBald B OOIIYI0 MPOCTOPHYIO KJIETKYy. B 3T0#l rpymnme
MOJIONBITHBIX KUBOTHBIX yracanue peduekca [Ipeiiepa Ob110 y 9, U pe3ysbTar «TECT HE
npoiuein» npu uccienoBann OAD —y 9 kpeIC, TO €cTh y BceX 9 KuBOTHBIX (18 ymieit)
Obima chopmupoBana «mojenb Tyroyxoctm» —100%. Ha paspaboranubiii Hamu (¢
coaBnT.) cnoco0 MoaenupoBanus nojydeH [latent P na uzodperenue (Ne 2627155).

B rpynne 4 — 3 kpbichl (6 yiieil) mo Takoi e cxeMe MOABEPrajii BO3JACHCTBUIO
myma («O3By4MBAaHHME») W HUMMOOWIIM3AIUU («CTpecc»), (PopMUpYs ITUM «MOJEIb
TYroyXxocTu», yracanue pediekca [Ipeiiepa mociie okoHYaHUS BO3EHCTBUS ObLIO Y 3, U
pe3yabTaT «TecT He npomien» npu uccieaoBanun OAD — y 3 kpeic (6 yiiei), npu
oOce0BaHUM Yepe3 2 HeNleIu pe3yibTaThl UCCIEIOBAHUS CyXa HE U3MEHWIUCH, TO
€CThb Y BCceX 3 KMBOTHBIX (6 yIIei) cOXpaHsuIUCh (PYHKIIMOHAIbHBIE PU3HAKH «MOACIU

TYTOyXOCTH.
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B rpymnmne 5 OJHOBPEMEHHO € MOJAEIHPOBAHUEM TYTOYXOCTH IO OMHCAHHOMY
OpPUTHHAIBHOMY CIOCO0Y dKUBOTHBIM MIPOBOIMIN MIPEBEHTUBHOE JieueHHe. B cyTouHyo
703y THTHEBOW BOJBI JIAOOPATOPHBIX KPBIC JOOABISIIM TpemapaT W3 TPYIIBI
0JIOKATOPOB KaJbLIMEBBIX KAHAJIOB — PAcTBOP HUMOAuMNUHA U3 pacuéra 1 mu (200
MKT)/Kr (60—70 MKr Ha OAHY KphICy) B TedueHue 2 Henmenb. M3 9 kpwic, KoTOpBIC
NOJIy4aJId JICYEHUE OJHOBPEMEHHO CO 3BYKOBBIM BO3ACHCTBMEM M MMMOOMIM3ALUEH
(«Mozenb Tyroyxoctu»): yracanue pediekca [peiiepa nocie okoH4aHUsI BO3JEHCTBUSA
Ob10 y 2 (4 yxa), U pe3ysbTaT «TeCT He Ipoues npu uccinegoBanu OAD —y 2 KpbIC
(22,2%), a y 7 xuBotHbix (77,8%) nanuble wuccieaoBaHus cayxa (14 ymei)
CBUJICTEIIbCTBOBAJIM O TMOJOXKHUTENBHBIX PE3YyJIbTaTaX «PAHHETO JICUCHUS» W
COOTBETCTBOBAJIA KOHTPOJIIO.

B rpynme 6 — 8 Kkppic TmoJlydanu JICUEHUE 4Yepe3 2 Heneld OT Hadala
AKCHEPUMEHTA, TO €CTh HAYMHAIM MPUHUMATh HUMOJUWIIMH C MUTHEBOW BOJOW IO
OKOHYaHUU MOJICTUPOBAHUS TYTOYXOCTH (BO3JACHCTBUE IIIyMa U UMMOOMIN3AIIMOHHOTO
cTpeccupoBaHus). Yracanue pediekca [Ipetiepa mociie okoHYaHUS BO3ICHCTBUS OBLIO
OTMEYEHO Yy 7 KPBIC, U OTBET «TECT HE Mpomem npu uccienosanum OAD —y 7 kpbIc
(14 ymei), TO ecThb pE3yabTaTbl HCCIAEAOBAHUS CIyXa CBHJIETEIbLCTBOBAIU 00
OTPUIIATEIBHBIX PE3yJbTAaTaX «IO3HEr0 JICUCHHs» Yy OOJBIIMHCTBA TOJOMBITHBIX
KUBOTHBIX — 7 KpbIC (14 ymeii), To ecth B 87,5% ciyuaes, nuib y 1 KpbIChl (2 yxa)
CIIyX YAYUIIWICS 10 YpoBHs KoHTpouis (12,5 %).

Ha pucynke 4.1 mpeacrtaBieH ¢GparMeHT SKCIEpPUMEHTa TPH HCCIICIOBAHUN
OTOAKyCTHYECKOM SMHUCCHU C ToMollpio mpubopa «OtoRead» y 3mopoBoit Genoii

OecropoIHOM KPBICHI KOHTPOJILHOM Tpymibl (Tpynmna 1).



82

Pucynok 4.1 — ®parMeHT »HKCOEpHUMEHTa BO BpEMS  HCCIEAOBAHUSA
OTOAKYCTUYECKOW SMHCCHH Y 3J0pOBOM Oeyiofi 0ecropoHON KphIChI KOHTPOJILHOM

TPYIIIBI

Ha pucynke 2 mnpencrtaBieH (parMeHT OHKCIEPUMEHTAa TIPHU WCCIICIOBAHUN
OTOAKYCTUYECKOW HDMHUCCHUU JIEBOTO yxa Oenoil OecrmopogHOW KpPBICHI W3 TPYIIIBI
YKUBOTHBIX, KOTOPHIM (OpMHpOBaIN «MoJienb Tyroyxoctu» (I'pynma 3): Ha skpaHe
npubopa «OtoRead» — pesynbraT: «HET», 4TO CBHIETETHLCTBOBATIO O TOM, YTO «TECT HE

HpOﬁI{GH», d, 3BHA4YUT, O HAPYHICHUN CJIYXOBOP'I (bYHKI_II/II/I KPBICHI.

Pucynok 4.2 — ®parMeHT OJKCIEPUMEHTA MPHU MCCICIOBAHUUA OTOAKYCTUUYECKOU

sMuccuu 0enoil 6eCiopoAHON KPBICHI U3 TPYNIBI 3 KUBOTHBIX, KOTOPHIX MOJABEPTaIH
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3BYKOBOMY BO3JCHCTBUIO ¥ HMMOOWIM3AaLMOHHOMY CTPECCHPOBAHUIO («MOJAECIb

TYrOyXOCTH»): Ha 3KkpaHe mpubdopa «OtoRead» — pesynbratr « HET».

Ha 11 nenp skcmepumeHTa cHauaja MPOBOIMIMIIN OLEHKY CIYXOBOW (DyHKIHH
(KaXkI0TO yXa) MOAOIBITHOTO >KUBOTHOTO TyTéM peructpanuu 3BOAD u OADUIIN,
KOTOPYIO BBIIIOJHSUIA C TIOMOIIBI0 TOPTAaTUBHOM cucTeMbl peructpamun OAD
«OtoRead» ¢upmbr Interacoustics  ([anust). IlomOupanmu  ymiHOW — BKJIaAbIII
COOTBETCTBYIOIIETO JMaMeTpa il OOEeCleYeHUs] TepMETHYEeCKOW OOTypaluu
Hapy>KHOTO CIyXOBOTO MPOXO/a, 3aT€M B HAPYXKHBIM CIYXOBOM MPOXOJ MOAOIMBITHOTO
JKUBOTHOTO  BBOJAWIMJIM 30HJ TMpuOOpa, HA KOHUMKE KOTOPOTO YCTaHOBJICH
MoJ00paHHbIN BKJIAJBII, W MPOBOIWIMIN HccienoBanue. Mmen mecTto cremyronui
pesyapTar npu ucciaenoBanun 3BOAD: «HET» wmm «Tect He mnpomén”, d4TO
CBUJIETEIILCTBOBAJIO O pa3BUTHH y nogonbITHOro xuBoTHOro CHT. Ilocne oxoH4yaHus
AKCIEPUMEHTa MO TPyHnaM >XUBOTHBIX IOJI HAPKO30M MPOU3BOAWIM YMEPIIBICHUE
KpbIC B CTPOIrOM COOTBETCTBUM C XEJIIbCUHCKOM JeKkiapanuend BcemupHOM
Menuuunackor Accomumanuu. B mocrienyroomeM Mociie psjia 3TanoB  MOATOTOBKHU
(«IpOBOJKM»)  TOTOBWJIM  TUCTOJOTMUECKHME  Mpemnaparsl U MIPOBOIVIIU
MOP(OJIOTUYECKOE HCCIIEIOBAHUE CPE30B YJIUTKU, H3y4ash MX METOJIOM CBETOBOM
MUKpOCKOTIMU. Hannune B TMCTOJIOTMYECKUX Mpenaparax YIUTOK BUCOYHBIX KOCTEH
OenbIX  KpbIC  MPU3HAKOB  albTepalldii  AJIEMEHTOB  CIHUPAJIBLHOTO  OpraHa
CBUJIETENIbCTBOBAJO O pa3BuTud CHT y MoJIONBITHOTO AKUBOTHOTO.

Takum o00pa3oMm, pe3yiabTarbl JBYX JOCTOBEPHBIX,  OOBEKTUBHBIX METOJOB
UCCJIENOBAaHUA: (PYHKIITMOHAIBHOTO — WCCJEIOBAaHNE OTOAKYCTHYECKOM DMHCCHH H
MOPGOJIOTHYECKOTO — M3YYEHHE HApYIICHUN THCTOJOTHMUYECKUX CTPYKTYpP CIYXOBOIO
anmnapara yJIUTKHA TOJOMNBITHBIX KUBOTHBIX, CBUJETENbCTBOBAIM O pa3zsutuu CHT y
Bcex 20 MOAOMBITHBIX >KMUBOTHBIX OCHOBHOW rpynmbl, T.e. 0 100%o0ii peanuzanuu
MOJIETIH.

Ha pucynke 4.3 npeacraBiena Mukpodortorpadus THCTOIOTHYECKOTO Tpemapara

CIIUPAJIBHOTO OpraHa YJIIMTKH O,Z[HOI>’I N3 KPBIC KOHTpOJIBHOﬁ I'pyHnIbl, rac IpeaCcTaBICHbI
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HEHPO3IUTETNATIBbHBIE — BOJIOCKOBBIE KJIETKH CIUPAIBHOIO OPraHa; IMOAIEP KUBAIOLINE
KJIETKH CHUPAJIbHOTO oOpraHa; OasuisipHass MeMmOpaHa; BecTHOYNsIpHAas MeMOpaHa;
CHUpaJIbHAS CBSI3KA; COCYAUCTAs MOJIOCKA; MOKPOBHAsI MEMOpaHa.

Kak BugHO 13 pucyHka 4.3 Bce MEpEUHCICHHbBIE CTPYKTYPhI CIIUPAJIBLHOTO OpraHa
COXPaHSAIOT CBOIO LEJIOCTHOCTh M YINOPSJOYEHHOCTh, COOTBETCTBYSI HOPMAJIBHOMY
CTPOCHHUIO CHOUPAIBHOIO OpraHa yAUTKH, YTO MOATBEPKIAET OTCYTCTBUE HAPYIIECHUN

CIIyXa y KPbIChl KOHTPOJIbHOW TPYTIIIHI.

'.t
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Pucynok 4.3 — MHKpO(bOTorpa(bHﬂ THCTOJIOTUYECKOTO TIperapara CHUpajIbHOTO
opraHa YJIUTKH OJHOU U3 KpbIC KOHTpoIbHOU rpynisl (K).

Ha pucynke 4.4 npencraBieHa MUKpodoTorpadusi rucTOJIOTHYECKOro Mpenapara
CIHMPaJIFHOTO OpraHa YIAUTKH OAHON M3 KPhIC OCHOBHOM Tpymmbl. Kak BUAHO U3 pUCYHKa
4.4 , HEWPOANUTEIHUATIbHBIE KJIETKH CHUPAIBLHOIO OpraHa AUCTPO(GUUECKH H3MEHEHBI,
paspylleHbl, KJIETOYHBIE psAbl HE MPOCIEKHUBAIOTCS;  MOAAEPKUBAIOLIUE KIETKH
CIMPAJIHFHOTO OpPTaHa TUCIIOIUPOBAHBI, OTCYTCTBYIOT B HAPY)KHOW YacTH CIIMPATHHOTO
opraHa — TuOenb KIETOK; OaswisgpHas MemMOpana jaedopMUpOBaHa, pPa30pPBaHA;
BecTHOYIsipHas MeMmOpaHa JaedopMUpOBaHA W pa3opBaHa; B CIHUPATBLHOW CBA3KE —
HapyIICHWE AapXUTEKTOHUKKM M OTEK, B COCYIMCTOM TMOJOCKE — TPHU3HAKH OTEKa;
NOKpOBHasi MeMmOpaHa OTCYTCTBYeT. Bce mepeuncineHHble gucTpoduyeckue u
JECTPYKTUBHBIE HM3MEHEHHUS  CTPYKTYyp CHOHpAIbHOTO OpraHa, OIpenessieMble Ha
THCTOJIOTUYECKOM TIpemnapare, CBUACTENbCTBYIOT o pasButun CHT y momombITHOTO

ZKHUBOTHOTIO.
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Pucynok 4.4 — Muxkpodororpadusi rHCTOTOTUYECKOTO Tpernapara CIUPaTbHOTO
OpraHa yJIUTKH OJHOM W3 KPbIC OCHOBHOM TPYIIBI — «MOJEJIb CEHCOHEBPAIbHOU
TYTOYXOCTH.

Takum o6pazom, Hamu (Ilaterr PD No 2627155)  mpennoxkeH croco0
MOJIETTUPOBAHMSI CEHCOHEBPAJbHON Tyroyxoctu. Crnoco0 BKIIOYAET aKyCTUYECKOE
BO3JCHCTBUE IIMPOKOINOJOCHBIM IIYMOM Ha MOJOIBITHOE XWBOTHOE, OTIWYAIOLIEECS
TE€M, YTO B KadeCTBE IOJIONBITHOTO >XUBOTHOTO HCIOJIB3YIOT O€Nlyr0 OeCropOaHYIO
KpbICY,  OOE3IIBIKMBAIOT M TMOABEPraloT  aKyCTMUYECKOMY  BO3JEHCTBUIO
IIMPOKOIIOJIOCHBIM IITYyMOM C ONHCAaHHBIMHU BBIIE TapameTpamu. J[aHHBIA  Ccroco0
MpPOCT B HCIOJHEHUH, IO3BOJIIET COKpaTUTh BpeMsa peanuzauun moxaenn CHT u
o0OecrieynBaeT  aJIeKBaTHOE  BOCIPOU3BEJEHUE  CEHCOHEBPAJIbHOM  TYrOYXOCTH,
BBI3BAHHOM AaKYCTUYECKMM BO3ICHCTBUEM IIMPOKOIIOJOCHOIO IIymMa Ha CIyXOBOU

anmapat 3KCIePUMEHTAIBHOTO YKHBOTHOTO [42].

4.2. Pe3yabTaTbl MOP(}OJIOrHYeCKUX UCCIEI0BAHNI CIUPAJIBLHOT0 OPraHa npu

MO/ICJTUPOBAHUN CEHCOHEBPAJIBLHOM TYrOYXOCTH Yy KUBOTHBIX

PesynbraTel Mopdonornyeckux wuccienaoBanuii B rpymme 1 (KOHTPOJBHOI)
HKCIIEPUMEHTAJIBHBIX JKMBOTHBIX (KpbBIC) TMOKa3aldd, YTO CHOUPAIbHBIA Opra
MPEACTABIICH pElENTOPHBIMU  (ceHcodnuTenuaabHbiMi) HapyxHsiMu (HBK) wu

BHYTPEHHUMHU BOJIOCKOBbIMU KieTkamu (BBK) u narbio BUIaMU OMOPHBIX KIETOK,
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pacMojIOKEHHBIMU B YJIMTKOBOM KaHaJle MEPEernoHYaToro JabupuHTa, 3aKII0YEHHOTO B
KOCTHBIH JJAOUPUHT BUCOUHOM KOCTH.

Ha rucronornyeckoM cpes3e YIMTKOBBIM KaHal HMMEET TpPEyroJibHyr (opMmy,
3aHMMAaET LIEHTPAJIbHOE TMOJIOKEHHUE, 3aMOJHEH SHA0MUM(ON W TPaHUUYUT C JBYMS
JpPYTUMHU KaHaJIaMH, 3allOoJIHEHHBIMU TepwiuMQoil: cBepXy — BeCTHOYISIpPHON
JIECTHHUIICH, CHU3Y — OapaOaHHON JIECTHUIICH.

BepxHsis cTeHKa yIMTKOBOTO KaHalla, OrPaHUYMBAIONIAs €r0 OT BECTHUOYISIpHOU
JIECTHUIIBI, 00Opa3oBaHa BECTUOYIAPHON MeMOpaHOW, BBICTIAHHOW OJTHOCIOWHBIM
IUIOCKUM JMUTENIUEM € OOJIBIIMM KOJUYECTBOM MHUKPOIMHMHOLUMTO3HBIX ITy3bIPHKOB B
LUTOIUIa3ME, YTO CBS3aHO C YYaCTUEM B TPAHCIOPTE BOJBI U DJEKTPOJIUTOB MEXKIY
nepu — U SHAOTUMPOI.

bokoBass cTeHKa yJIWTKOBOIO KaHajla oOO0pa30BaHa COCYAMCTOM IOJIOCKOI,
pacCIONOKEHHOM Ha CHHUPATBHOW CBSI3KE, HO HUWXKHAS TPETh MOCJIEAHEN MOKpPHITA
OJHOCJIOMHBIM 3nuTenueM. Cocyaucras mnojocka c(opMUpOBaHA MHOTOCIONHBIM
AOUTEIMEM C TYyCTOM CEThI0 KamWwuUIApOB, B KOTOPOM pPa3au4arOT 3  Cios
ANUTEIMOLUUTOB: TEPBbIM CIIOH KpaeBbIX KIETOK C alUKaJIbHO PacHOJ0KEHHBIMU
MuKpoBopcuHKaMu (Pucynok 4.5) u 0a3anbHOW HMCUEPUYEHHOCTHIO 3a CYET
MHTOXOHJIPHH, obecreunBaronmx paboty MemMOpaHHbix MOHHBIX Nat — K* Hacocos,
YTO TPHUBOJUT K BBHICOKOM KoHUeHTpauuun K* B sHgomumde, BTOpOH Clod —
MPOMEKYTOUHBIX KIIETOK, TPETHM cloil — Oa3aimbHBIX KieTOoK. Cocynucras IMmojocka
ydyacTByeT B OOpa3oBaHMM OSHAOIUM(BI, TPAHCIOPTE NUTATEIbHBIX BEIIECTB,
KHCJIOpOJa, MOJIEPKKE MOHHOTO cocTaBa AHI0IMMObI. BeTpedaroTest B HEMl U KJIETKU
muddy3HOM SHAOKpUHHON cucTembl. CrnmpanbHas CBsa3ka Oorata ¢uOpobiactamu —

HCTOYHHUKAMHU pa3JIMYHbIX HUTO— U XECMOKHHOB.
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Pucynok 4.5 — MUKpPOBOPCUHKH KPAeBbIX KIETOK COCYAUCTON MOIOCKU. KOHTPOIIb.

Oxpacka reMaToKCUIIMH—03UHOM. Y BenmueHnue B 1000 pas.

JIHO ynIMTKOBOrO KaHama oOpasyer Oa3wisipHass IUIACTUHKA, HAa KOTOPOM
pacIlONO’KEH OpraH CiayXa € €ro pelenTOpPHbIMA BHYTPEHHMMH W HapyXHBIMU
BOJIOCKOBBIMHM KJIETKAMH U PA3JIUYHBIMU OIIOPHBIMHU KJIIETKAMHM.

BBK rpymeBuanoit (opmbl, pacroyiokeHbl B OJUH PsiJ, CO BCEX CTOPOH
OKpPY>KE€HbI BHYTPEHHUMH (DaJIaHTOBBIMH KJIETKAMHU.

HBK npusmatuueckodt ¢GopMbl pacroyiiokeHbl B 3—5 psjoB, Jexar B
YalIeBUAHBIX BIABJICHUSAX HAPYKHBIX (PATAHTOBBIX KIETOK UM COINPHUKACAIOTCSA C
HapY>KHbIMU (aJaHTOBBIMU KJIETKAMH TOJBKO B 30HE alMKaJIbHOW W 0Oa3ajbHOU
noBepxHocTH. Cpemusis dvactb HBK owmbiBaeTcs sHmonmmmdoi, 4YTO, BEpPOSTHO,
o0yciaBiIMBaeT UX OOJIBIIYIO0 YYBCTBUTEIBHOCTh K TOKCUYECKUM BEILIECTBAM.

Ha noBepXHOCTH BOJIOCKOBBIX KJIETOK UMEIOTCSI CTEPEOLMIINM, KOHTAKTUPYIOIINE
C MTOKPOBHOM MeMOpaHOM, HABUCAIOIICH HaJ BCEM OpraHOM ciyxa. Slapa BOJIOCKOBBIX
KJIETOK MEHBIIIE SAEP OMOPHBIX KIETOK. B HMX XOpOIIO pa3inyuMMbl MEJIKO3EPHUCTHIN
XPOMAaTHH U AAPBILIKH.

OnopHble (MOAAep>KUBAIOIINE) KIETKH OpraHa cliyXa BKIOYaloT 5 TUIIOB:

1) kmeTku—CTonObl — BHYTPEHHHE U HapyXHbIE, OTPAHUYUBAIOT TPEYTrOJbHOE

IPOCTPAHCTBO — BHYTPEHHUI TYHHEIIb, IO Pa3HbIE CTOPOHBI KOTOPOI'O PaCIOJIararTCs
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BHYTPEHHHE M HapyXXHbIE€ BOJIOCKOBBIE M ONOpHBIE KJIETKM oOpraHa ciyxa. Yepes
TYHHEJIb IPOXOJST HEPBHBIE BOJIOKHA.

2) QamanroBeie kieTku Jledtepca (BHYTpEeHHME U HapyXHbBIE) BBICOKHE,
NpU3MATUYECKHE, JIeKaT Ha 0Oa3ajdbHOM MeMOpaHe, SABISIFOTCS ONOPHBIMHU IS
BOJIOCKOBBIX KJIETOK (COOTBETCTBEHHO BHYTPEHHUX M HAPYXHbBIX), OTIMYAIOTCSA pPa3HON
IUIOIIAJbI0 KOHTAKTAa COOTBETCTBEHHO C HAPYXHBIMU M BHYTPEHHUMH BOJIOCKOBBIMH
KJIETKaMHU.

3) norpaHuuyHble KIJIETKM (BHYTpEHHHUE U HapyxkHble) [‘eH3eHa mnpunexar
COOTBETCTBEHHO K BHYTPEHHUM WJIM HApyKHbIM (PAJIAHTOBBIM KJIETKaM. 3HAYUTEIbHas
BBICOTA ATHX KIJIETOK CHWXXAeTCd JIaTepajJbHO M KIETKM TpaHU4YaT € HapyXHbIMU
NOAJIEP)KUBAIOIIMMU KJeTkamu Kiaynuyca wid ¢ Apyrod CTOPOHBI — C KIETKaMu
BHYTpEHHEN 00pO37KH, BEICTUIAIOIIMMU CIIUPATBLHBIN JTUMO.

4) HapyXHbIe TOJAJepKHUBarone KieTkn Kiaymuyca KyOudeckoi (OpMBI Jiexar
MEXIY HapyKHbIMU ['€H3€HOBCKMMM KJIETKaMH M SIUTEIUOLHUTAMH HAapYKHOU
00pO31IKH.

5) kuetku berrxepa nexar Mexay O0a3HISpPHON TUIACTHHKOW M KieTkamu Kiayamyca,
BO3MOYKHO, UMEIOT OTHOIIEHUE K BCACBIBAHUIO M CEKPELIHH.

Yron mexay 0azuisspHOM W BECTHOYISPHOW MEMOpaHAMH 3aHST CHUPATbHBIM
JUMOOM, COCTOSIIUM U3 PHIXJIOW BOJOKHUCTOW COCAMHUTEIBLHON TKaHU C OOJBIIUM
KOJIMYECTBOM KJIETOK U BEPTUKAIBHO OPUEHTUPOBAHHBIMU KOJUIAr€HOBBIMU BOJIOKHAMH
(cityxoBbie 3yObI). [TOKpOBHBIN AMUTENNN CIUPATIBHOTO JIUMOA BBIpA0ATHIBAET MAaTPUKC
JUIsL TIOKpOBHOM MemOpanbl. [IpocBeT BecTuOynsipHOH, OapabaHHOW JECTHHI] WU
YJIUTKOBOTO KaHajia CBOOOIHBI.

CriupasibHBIN TaHTIIUE UMeeT TUIHYHOe cTpoeHue (Pucynok 4.6) ¢ xapakTepHbIM
CBETJIBIM SIIPOM HEHPOLIMTOB C IIbIOKaMH XpOMaTHHA.

Takum o00pa3oMm, B KOHTPOJIbHOM TpYIIEe >XKUBOTHBIX OTMEUAETCS TUIUYHOE
CTPOEHHUE BCEX KIIETOK U CTPYKTYPHBIX OOpa30BaHUI OpraHa ciyxa ¢ COXpaHHOCTBIO HX

ANUTEINAILHON BBICTHIJIKH, CBO6OI[HBIM IMPpOCBCTOM YJIUTKOBOT'O KaHalia,
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BECTUOYISIpHON U OapabaHHON JIECTHMII, YTO COOTBETCTBYET OOILICHPUHATON HOpME U

MOKET OBbITh I'PYNIONA CPABHEHUS.

Pucynox 4.6 — Csemible sapa, TJIBIOKHM XpOMAaTHHA, SAPBIIIKA HEHPOIUTOB

criupanbHoro ranrausa. Kontposb. Okpacka reMaTOKCHJIMH—303MHOM. Y BEJIMYCHHUE B

400 pas3.

B rpynme 2 5KCHEpUMEHTAIBHBIX YKUBOTHBIX Cpa3y IMOCIE€ MOJCIUPOBAHUEM
CHT nyrem Bo3aeicTBUS («03BYYMBaHUS) O€IbIM IIIyMOM MHTEHCUBHOCTHIO 90 JI0 Ha
MPOTSHKEHUU 2 YaCOB €XKEAHEBHO B TeueHue 7 nqHeil — BBK He u3MeHeHsl.

B TyHHelne HEYETKO OMpenesstoTCs HECKOJIbKO HAaOyXIIMe HEpPBHBIE BOJIOKHA.
HBK coxpaHeHnsl Ha BCeM MPOTSKEHUHU YIUTKOBOIO KaHala, HMMEET XOPOUIO
CTPYKTYPHUPOBAHHBIN MEJIKOTJILIOUATHIA XpOMATHUH. B OTIIENbHBIX KJIETKAaX OTMEUYarOTCs
HECKOJIBKO TMOJYEPKHYTHIM pelibed TUMIEPXPOMHOM KapUOJIEMMbl W TEHICHIUS K

MapruHanuu xpomatuHa. (Pucynok 4.7 a, 0).
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PI/IC}’HOK 4.7 a, 0 — PanHme amomrToTHMYecKHe W3MEHEHHS B OTACJIbHBIX HAPYKHBIX

BOJIOCKOBBIX KJICTKAaX M (I)aHaHFOBBIX KIICTKaxX CIHPAJIbHOI'0 OpraHa. «OBBy‘-II/IBaHI/IC».

Oxkpacka reMaToKCHJIMH—03uHOM. YBemuuenue: a— B 100 pa3, 6 — 1000 pas.

[TokpoBHass MemOpaHa oreyHa. OTMedaeTcssi MEXKKJICTOYHBIM OTEK B 30HE
dananroBeix kieTtok. Hapyxneie wietkn ['ensena u  kinetku Kmaymauyca,
SMUTEINOLMTHI, BEICTUIIAIOIINE CIUPAIBHBIN BBICTYH U CIIUPATIbHYIO CBA3KY, CIYILIEHBI,
C TIpU3HAKaMU JECTPYKIIMH, TJIbI0YaTOro pacraga, nutoim3a U (HOpMUpOBAHHS
703MHOUIBHBIX Macc B Bue mapoB (Pucynox 4.8).

Cocynucrasi MojocKa HECKOJIBKO OTEYHA, WMHOTNA C HAJIOKEHUSIMU MEJIKUX
703WHOMUIBHBIX MIAPOBUIHBIX MACC Ha aMMKaJIbHOW MOBEPXHOCTH KPAeBhIX KIETOK. B

cocyaax — Clamix.
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Pucynox 4.8 — CnymuBaHue, UUTOIU3 SMUTEIUOLMTOB CIUPAIbHOM CBSI3KU U
dbopmupoBaHUe OKCH(PWIBHBIX Macc B Bujae mapoB. «O3ByumBanue». Oxpacka

reMaTOKCUJIMH—303uHOM. YBenudeHue B 400 pas.

CrnupasnbHas CBfi3ka OTE€YHA C OYaroBbIM YMEHbBIIEHUEM KIIETOUYHOCTH.
OtnenpHble KJIETKM AUCTpoduuecku u3MeHeHbl. CocyAbl pacIIMpeHbl, BOKPYT
HEKOTOPBIX — NEPUBACKYISIpHBINA 0TeK (PucyHok 4.9).

Bectubynspuass wmemOpaHa B  HEKOTOPBIX Clydasx C  KPOIIKOBAaThIMU
HAJIO)KEHUSIMM  CO  CTOPOHBI  YJIMTKOBOro Kkanaja. [IpocBer mocneanero wu
BECTHOYJISIPHOM JIECTHULIBI CBOOOTHBI.

B OGapabannoil necTHHIlE OTMeyaeTcsl HEOOJBIIOE CKOIJICHHE (HOPMEHHBIX

2JIEMEHTOB KPOBH (KPOBOU3IIUSIHUE).



Pucynokx 4.9 — OuaroBoe yMeHBIIEHHE KIECTOYHOCTH WU TEPUBACKYJISIPHBIM OTEK B

CHHp&J’IBHOﬁ CBA3KCE. «OBBy‘II/IBaHI/Ie». OKpaCKa reéMaTOKCUJIMH—303UHOM. Y BEIUYCHUE

B 400 pa3.

B cnupanbHOoM ranrimu Ha (OHE BBIPAXKEHHOTO TMEPUIICIUTIOISPHOTO OTEKa
MyTHOE HaOyxaHHE OTIEIbHBIX HEHPOHOB OTMEUAETCS C TUNEPXPOMHUEH saep WiIn

BaKyoJM3anuen saep u uuromuia3msl (Pucynok 4.10).

Pucynox 4.10 - [lepuueIuTrONSIpHBIA ~ OTEK, BaKyOJM3alMsl LHATOILIA3MBI,
TUIIEPXPOMATO3 SIIEP OTACIbHBIX HEUPOIIMTOB COUPATBHOTO TaHrus. «O3By4rBaHUE.

Okpacka reMaTOKCUIMH—03MHOM. Y BennueHnue B 400 pas.
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OTtnenpHble HEMPOHBI OTIMYAIOTCS MUKHOMOP()HBIMU WM yMEHBIIEHHBIMH B
pa3Mepe pe3Ko TUIEPXPOMHBIMH SpaMH, YTO CJIEYeT OTHECTH K MPOANONTOTHYECKUM
U3MEHEHUSIM.

Takum 00pa3oM, NMPUBEICHHBIE TUCTOJOTHYECKHE HCCIEIOBAaHHUS BO 2 TPYIIIE
HKCIIEPUMEHTAILHBIX dKUBOTHBIX TTOKA3aJIM, YTO 3BYKOBAsi TpaBMa COMPOBOXKIAETCS:

1) pe3ko  BBIp@XCHHBIM  NEPUICIUIIOJIIPHBIM ~ OTEKOM € JTUCTPOPHUECKUMHU
U3MEHEHUSIMH, BIUIOTH JI0 alloITo3a OTAEIbHBIX HEMPOHOB CIIUPATBLHOTO TaHTJIHS;

2) ciylmMBaHMEM W THOENbI0 (TJIBIOYATHI pacmaj MW IUTONIM3) SIHUTEIUOIMTOB
CIHMPAJIHHOTO BHICTYNA, CIUPATBLHON CBA3KH, KieTok Kiayaumyca ¢ hpopmupoBannem
1apO00Pa3HBIX 303UHOPMIBHBIX CTPYKTYP;

3) OTEKOM COCYTUCTOH TIOJOCKH C HApYIICHHEM MHUKPOIUPKYJISIAH, CIAJKEM,
NOSIBJIEHWEM MHOT/AA apooOpa3HbIX Macc Ha €€ OBEPXHOCTH;

4) 04aroBbIM OTEKOM CITHPAJbHOM CBS3KH C JUCTPOPUUCCKUMH HW3MCHEHHSIMU
OTJENBHBIX KJIETOK B HEW, PACIIMPEHHBIMH COCYJJaMU C MEPUBACKYISIPHBIM OTEKOM;

5) HajIM4YMeM MEJKO3EPHUCTHIX MacC B BECTOYJISIPHOM JIGCTHHIIE B HEKOTOPBIX CITydasix
U HEOOJIbIUMMU KpPOBOMBIMSHMUSIMHM B IpOCBETE OapabaHHON JIECTHHIIBI, Kak
pe3yabTaT MEXaHUYECKOW TPaBMBIL;

6) COXpaHHOCTBIO BOJOCKOBBIX KJIETOK.

B rpynmne 3 skcniepuMeHTaIbHBIX )KMBOTHBIX cpa3y nocie moaenupoBanuss CHT
nyreM o3ByunBaHus u crpeccupoBanusi BBK u HBK coxpaHensl, HO siapa OTAENbHBIX
KJIETOK THUIEPXPOMHBI WJIM OTJIWYAIOTCS TOJYEPKHYTOM YETKOCThIO HECKOJIBKO
YTOJIICHHOW KapWOJIEeMMBbI C TpU3HAKAMH MapTHHAIIMM XpOMaTWHA U 0JIeOOMHTOM

uutoruia3mel (Pucynok 4.11 a, 6, B).
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Pucynok 4.11 a, 6, B — OtnenbHble Hapy>KHbIE BOJIOCKOBBIE KJIETKH C MPU3HAKAMU
armoriro3a: 6 — blebbing—denomen, B — maprunamus xpomaruHa. «O3ByuuBaHHE WU
ctpeccy. Okpacka reMaToKCHIMH—I03UHOM. YBenuueHue: a — B 400 pas, 6, B — B 1000

pas.
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Ha ypoBHe nucTpoduyeckd HW3MEHEHHBIX (DaNaHTOBBIX KIETOK (opMUpyeTcs
MEXKJIeTOUHbIN oTek. [lokpoBHast MemOpaHa oTeuHa.
B mpocBere TyHHens omnpenensrorcs HepBHbie BosiokHa (PucyHok 4.12) c

HEUYETKUM KOHTYPOM.

Pucynok 4.12 — HepBHble BOJIOKHA B MpocBeTe TyHHENS. «O3ByUYMBAHUE M CTPECCH.

Okpacka reMaTOKCUIMH—03MHOM. YBennueHnue B 400 pas.

HapyxxHpie mnorpanuuHbie KiIeTKd [‘eH3eHa, HapyXHbIC MOAJIECPKUBAIOIINE
kieTkn Kiaynnyca, STUTENHONUTHI CIUPATBHOTO BBICTYNA W CIHPATBLHOW CBS3KU
OTCIIOCHBI, B COCTOSIHMM mHTOM3a. CrimpanpHas CBA3Ka PE3KO OTEYHA C OYaroBBIM
yMeHbIleHueM kietounoctu (Pucynok 4.13). Snpa ¢pubpo6i1acToB civpaabHOM CBA3KU
TUCTpo(PrUecKN M3MEHEHBI, HAOyXIIKe, BaKyOIM3UPOBaHbI. bimke K KOCTHOM CTEHKE
BCTPEYAIOTCS OJIMHOYHBIC MOHOHYKJICAPHBIC JEHKOIUTHI. COCybl PaCIIMPEHBI C PE3KO

BBIPKEHHBIM MEPUBACKYIISIPHBIM OTEKOM U CJIAJKUPOBAHUEM KPOBH.
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Pucynok 4.13 — OuaroBoe yMeHbIIEHHE KJIETOYHOCTU, OTEK, MEPUBACKYIISIPHBIA OTEK
criupainbHOM cBsi3ku. OauHOYHBIE MOHOHYKII€aphl. «O3ByunBaHue u crpecc». Okpacka

reMaTOKCUIMH—03uHOM. ¥YBenuueHnue B 400 pas.

Cocynucras monocka oTeuHa. B cocymax cnmamk. BectuOynspHas memOpana
YTOJIILIEHA OT€YHA. B cnupanbHOM TaHIIMU PE3KO BBIPAXKEH MEPULICIUTIONSIPHBIA OTEK
(Pucynok 4.14). HeiiporuTel ¢ mpu3HAKOM MYTHOTO HaOyxaHus. Snpa MHOTHX
HEUPOHOB YMEHBIIEHHI B pa3Mepe, TUIEPXPOMHBI. B HEKOTOpPBIX HEPBHBIX KJIETKaX —
BAaKyOJIM3alUs sapa W IuToruia3Mbl. OTMedaeTcs OTEeK MEpPUHEBPUS, MPU3HAKU
JNECTPYKIHUHU OTIEIbHBIX MHEIMHOBBIX BOJIOKOH B MPHUJIEKAIIUX OTIEIaX CIYyXOBOTO
HepBa (Pucynok 4.15).

B BecTuOymnsipHO JIeCTHHIIE MHOTJA OMPEISISIOTCS CeTYaThie WM TOMOTCHHbBIC
503MHO(UIIBHBIE MAacChl, B YJIWTKOBOM KaHajie peaxko (OpMHUPYIOTCA IIAPOBHUIHbBIE
Macchl BO3JIE COCYJUCTON IMOJIOCKU CIUPATBLHOM CBSI3KH WM TakK K€ 303WHO(MIbHEIE,
HO CeT4aThle JIOKAJTU3YIOTCS BO3JI€ BECTUOYISIPHOM MEMOpaHBI.

B GapabanHoii siecTHHIIE yallle HEOOJbIINE CKOIUICHUS] (POPMEHHBIX JIEMEHTOB

KpPOBHU.



Pucynok 4.14 — IlepuuemmtofiipHbIA OTEK, THUIIEPXPOMATO3 SAIE€p HEUPOLUTOB
crnupanbHOro ranrus. «O3ByurBaHue U crpecc». OKpacka reMaTOKCHUIMH—303UHOM.

Yeenuuenue B 400 pas.

Pucynok 4.15 — Otek nepuHeBpHs, AECTPYKLUHS OTIAEIbHBIX MHUEIMHOBBIX BOJIOKOH

ciayxoBoro Heppa. «O3ByuumBaHue + crpecc». OKpacka TIeéMaTOKCHUIMH—303WHOM.

VBenuuenue B 100 pas.

Takum 00pazoM, MPOBEIEHHBIE THUCTOJOTMYECKHE HUCCIENIO0BaHMS B Tpynmne 3
SKCIEPUMEHTAIBHBIX )KUBOTHBIX ¢ MojiesiupoBanremM CHT myrem Bo3nencTBust mymom
(«03ByuMBaHHUs») W CTPECCHPOBAHUS TIOKa3aJld HApACTaHWE BBIPAKEHHOCTH,

PaCpoCTPaHCHHOCTH M YaCTOTbl BCTPECUACMOCTH IIATOJIOTHYCCKHX W3MEHEHUH ¢

HaIU4YUuCM.
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1) MUKpOUMPKYISTOPHBIX HapyUIEHUN (MEpUBACKYJISPHbIE OTEKH, CHAIK—
CUHJIPOM);

2) anonTo3HbIX MPOSBICHUN (HEMPOUMTOB CHUPATBHOIO TFAHIIIMSA U BOJOCKOBBIX
KJIETOK);

3) muctpoduyecKMX M3MEHEHHH M 04YaroB OTCYTCTBHS  (PuOPOOIACTOB
CIUPAIBHON CBS3KM Ha (DOHE TOTAIBLHOTO CIYIIMBAHWUS W JIU3UCA SIUTEIUOIMTOB
CIIUPAJIbHOTO BBICTYIIAa M CHUPAIBHOM CBA3KM C TOSIBICHHEM IPUCTEHOYHOM
MHOUIBTpAIMU CIUPATEHOMN CBSA3KU €IMHUYHBIMA MOHOHYKJICAPHBIMU JICHKOIIUTAMHU.

Ocob0 crenyeT TMNOTYEPKHYTh HAJIWYUME BBIPAKEHHBIX JEre€HEPaTUBHBIX
U3MEHEHH HEUPOHOB CHHPAIBHOTO TaHIJIMS M OTIEIbHBIX HEPBHBIX BOJOKOH
CIIyXOBOT'O HEpBa MPHU aroNnTO30MOP(MHBIX WM CIIA00BBIPAKEHHBIX AMONTOTUYECKUX
U3MEHEHUSX BOJOCKOBBIX KJIETOK. OTH W3MEHEHHS, C YYETOM JaHHBIX O THUOeIu
cuHaricoB npu CHT, BepoATHO, CBsSI3aHBl C BTOPUYHOM TPAHCCUHANTHYECKOMN
HelpoaereHepaluei (aereHepaius HepBHBIX KIIETOK).

[IpoBeieHHBIE TUCTOIOTUYECKUE UCCIIEIOBAHNS B rpyme 4 35KCIIepUMEHTAIbHBIX
JKUBOTHBIX 4uepe3 2 Henenu mnocine moaenupoBanus CHT myreM «o3ByunBaHus» Ha
dbone cTpeccupoBanus nokaszanu, 4To BBK uaiiie He u3MeHeHbI, OJIHAKO, B HEKOTOPHIX
ClIydasix OTMEYaeTcsi rumepxpomaro3 sauxep, Hekoropple HBK  orinuuarorcs
MOAYEPKHYTHIM pebe)OM KapUOJIEMMbI C HEOOJBIIMMHU Yy4YacTKaMH MapruHaIuu
xpomatuHa (Pucynok 4.16 a, 0), HO MHOTHE HUMEIOT YETKYI0 CTPYKTypy sipa
XpOMAaTHHA U AJIPBIIIKA.

MexkieTouHble MPOCTPAaHCTBA HA  YpPOBHE  (PajaHTOBBIX  KJIETOK
paCIIMPEHbI, a CaMH KJIETKU ¢ MPU3HAKaMu JUCTpOodUUECKNX M3MeHeHui. B mpocBeTe
TYHHEJISI B HEKOTOPBIX CIIydasx OMPEACssOTCs HEOOIbIINe 303MHO(DUIbHBIE MACChl U
HEPBHbBIC BOJIOKHA C HEUETKUM KOHTYPOM.

[TokpoBHass MeMOpaHa pa3BOJIOKHEHa, oTeuHa. OmopHbIe KIEeTKH [ eH3eHa,
Knaynunyca, 3nuTeIMOIUThl CIUPATBHOTO BBICTYIIA U CIUPAIBHON CBSI3KU CIIYLICHBI, B

COCTOAHHH JIM3HUCA.



Pucynox 4.16 a, 6 — Hapy>xHbIe BOJOCKOBBIC KJICTKA — HEU3MEHEHHBIC U C TIPU3HAKaAMU
anonTo3a. J[Be Hemenu moclie BO3JEUCTBUS «O3By4uMBaHHEe U cTpecc». Okpacka

reMaToOKCWIMH—03uHOM. YBenudeHue B 1000 pas.

Cocynucras moyiocka ¢ npu3Hakamu oreka. Cocyibl OJTHOKPOBHBI, PACIIUPEHBI.
B HeKkOTOpBIX Ciydasx Ha anuKadbHOW MOBEPXHOCTH KPAEBBIX KJIETOK COCYAUCTOM
MOJIOCKH OMpPENENSIOTCS mapooOpa3Hble WM HEMPaBWIbHON (OpMBI 303MHOGUIBHBIE
Macchl. CriupasibHast CBsI3Ka PE3KO OTEUHA, C BBIPAYKEHHBIM YMEHBIICHHUEM KJIETOYHOCTH
BIUIOTh JI0 OTCYTCTBHSI KJIETOK Ha 3HAUYUTEbHOM mpoTskeHuu (Pucynok 4.17), HO
yaiie B 30HE CHHpaIbHOW BhIpe3kH. CoXpaHHUBIIMECS KJIETKH CIHUPAIBbHON CBSI3KU
TUCTpOUUECKH  WM3MEHEHbl ¢  HAOyXIIMMU  BaKyOJIM3UPOBAHHBIMHU,  CJIa0O0

okpamuBatomumucs aapamu (Pucynokx 4.18). Cocynsl pacmimpeHbl ¢ HaOyXIIMMH,
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ci1abo OKpallNBAOMMUMHUCA dApaMU SHAOTCIMOOMUTOB, HMHOIJa — C IMIPHUCTCHOYHBIM
CTOAHUCM OPpUTPOLMTOB MM IIPHU3HAKAMM CJIaJKa, HO Yame HE COACpIKaT

(«3amycTeBaHle COCY/IOB)» WM COJIEPKAT €AMHUYHBIC SPUTPOLIUTHL.

Pucynoxk 4.17 — VYMeHblIeHHE KIETOYHOCTH, OYaroBO — OTCYTCTBHE KIIETOK,
TUCTPOPUYECKHEe W3MEHEHHS SAep KIETOK CHHpPaIbHOW CBA3KH. MOHOHYKJIEapHBIC
JEUKOLUUTBI. 2 HEAEIHW IOCJe BO3JIEHCTBHS «O3BydYMBaHuUE M crpeccy». Okpacka

reMaTOKCUJIMH— 303UHOM. Y BenudeHue B 400 pas.

Pucynok 4.18 —HalOyxmue, nuctpoduueckd M3MEHEHHbBIC, BaKyOJIM3UPOBAHHBIC sIpa
KJIETOK CIIUPAJIbHOM CBSI3KU. 2 HENENU IMOCJE BO3ACHCTBUS «O3BYUHMBAHUE U CTPECCY.

Okpacka reMaTOKCUIMH—03MHOM. YBennuenue B 1000 pas.
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Bectubymsiprasi memOpaHa o0dYaroBo WCTOHYEHA, HWHOTIA C HAJIOXKCHUEM
MEJIKOTJIBIOUAThIX  303MHOMMIBHBIX Macc. IIpocBeT BeCTHOYJIApHON  JIECTHHIIBI
NEePEernoHYaToro JlabuprunTa 1 6apabaHHOM JTECTHUIBI CBOOOAHBI, OJHAKO B MOCIEIHEH
HAa CTOPOHE CIHPATbHOM CBSI3KM BCETJa OTMEUalOTCs HeOompImue wWin Oosee
BBIpaKEHHBIE CKOIJICHUSI (JOPMEHHBIX 3JIEMEHTOB KPOBHU (KPOBOUBIIHMSIHUA).

B cnupanbHOM TaHTIIMU PE3KO BBIPAKEHBI JETCHEPATUBHBIC W3MECHEHUSI.
Heliporiutel aucTpo®UYecKd U3MEHEHBI, IMTOIUIa3Ma BaKyOJW3UPOBaHA, HMEET
HECUYETKUW, W3BUJIMCTBIM Kpal, IPU3HAKU LUTOJH3A. SIpa HEKOTOPHIX HEHWPOHOB
YMEHBIIIEHBI B pa3Mepe, Pe3Ko TurnepxpoMubl. OTAeNbHbIE HEUPOIUTHI B COCTOSIHUU
BBIPAKEHHOT'O aIronTo3a. S/ipa riIno3HBIX KIETOK CBETIIbIE ¢ HEOOIBIINM KOJIHYECTBOM
BI0YATOTO XpOMATHHA, YBEJIWYEHBl B pa3Mepe C MOMYEPKHYTHIM penbedoM
KapuoJieMMbl (peakTuBHbIe m3MeHeHus1) (PucyHnok 4.19). OTxonsiue oT CupaabHOTO
TaHTJIMs HEPBHBIC MYYKU C MPU3HAKAMM OTEKa MEPUHEBPUS U JECTPYKIIUU OTACIBHBIX

MHCINHOBBIX BOJIOKOH.

Pucynok 4.19 T'mnepxpomaro3 siaep HeMpouuToB. Amnonto3. PeakTuBHbIE U3MEHEHUS
[JIMOLIMTOB. 2 HEAENH TMOclie BO3JEHCTBUS «O03ByuMBaHHME U cTpecc». Okpacka

reMaToKCUIMH—303uHOM. ¥YBenudenue B 1000 pas.
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Takum 00pa3zoM, MPOBEAEHHBIE TMCTOJOTMYECKUE UCCIEIOBAHUS MOKA3aJIH, YTO
monenupoBanne CHT  myrem  o3ByuuBaHMss Ha  (OHE  CTpECCHPOBAHUSA
HKCIIEPUMEHTAJIbHBIX KUBOTHBIX COMPOBOXKIAETCS:

1) rubenpro MyTeM MUTOJKM3A SMUTEIHOIUTOB, BRICTHIAIOIINX CIHPATBHYIO CBS3KY
Y HapY’>KHBIX OTMIOPHBIX KJIETOK;

2) TSOKENBIMH JUCTPOPUUECKUMH U3MEHCHHSMHU HEHPOIMTOB  CHHUPATBHOTO
TaHIVIMS, aloONTO30M HEKOTOPBIX M3 HHUX, PEAKTUBHBIMU H3MEHEHUSIMHU IJIWH,
OTEYHO — JEreHEPATHBHBIMM HW3MEHEHMSMU OTACIBHBIX HEPBHBIX BOJIOKOH
CIIyXOBOT'O HEPBA;

3) uCTpOpUUSCKMMU HW3MCHEHHSIMU KIICTOK CIUPAJIbHOW CBSI3KH, €€ OTEKOM,
YMEHBIIEHUEM KIJIETOYHOCTH (BHE CBSA3HU C OTEKOM);

4) coxpaHHOCThIO OonbpmuHCTBA BK, €qMHWYHBIE W3 KOTOPBIX HMMENU DPaHHHE
IIPU3HAKH aroITo3a;

5) HapylIeHHEM PEoJIOTHYECKUX CBOMCTB KPOBH.

VYka3aHHbIE VU3MEHEHUS IPUBOJAT K HapYLIEHUIO rOMEOCTa3a,
MUKpPOLMPKYJISINY, HAKOIJIEHUIO akTUBHBIX (opM kuciopoga (ADK), pa3sutuio
OKHCIIUTENBHOIO CTpecca.

Habmroiaemoe mpu 3ToOM pe3Koe yBEJIMYEHUE KallbLiKsl Ha Pa3HbIX YPOBHSAX U B
pa3HbIX CTPYKTypax CHUPAIBHOTO opraHa (Mo HallMM M JUTEPATYPHBIM JAHHBIM)
OTPa)XKaeT €ro JBOMHYK NPUYMHHO—CIIEJCTBEHHYIO 3HAYMMOCTBH, KOTJA OH SBIIAETCA

TPUTTEPOM WJIU CIICICTBUEM IIPU PA3BUTUU STOM MATOJIOTUU.

4.3. N3y4yenne 3¢pPpexkTUBHOCTH 0JIOKATOPA KAJbLHHMEBBIX KAHAJIOB
(HMMOaMNIMHA) B NPOPMWIAKTHKE U JICYCHUH CEHCOHEBPAJIbHON TYIOYXOCTH B

IKCIepPUMeEHTe

B rpynme S skcnepuMeHTANBbHBIX KUBOTHBIX ¢ MoaenupoBanuem CHT myrem
«03By4MBaHUs» Ha (POHE CTPECCUPOBAHMSI U OJHOBPEMEHHOM MPUMEHEHHU OJIOKaTopa

kanbuueBbix kaHanoB (BKK) numoaumnuua npu rucronorudeckom uccieaoBanun BBK
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u OonpmmHcTBO HBK (Pucynox 4.20) e msmenennl. B oraensubpix HBK knertkax
OTMEUAETCsl TEHJEHUUS K MapruHallMd XpOMAaTHHA, MHOTAA MOAYEPKHYTHIA penbed
kapuosiemMmbl. [lokpoBHas memOpaHa He u3MeHeHa. DanaHroBbie KIETKH COXPAaHHBI, B
OIHOM ClIy4ae — C IPHU3HAKAMU HEPE3KO BBIPAKEHHOIO MEXKKJIETOYHOIO OTeka. B
IIPOCBETE TYHHENS ONPEAEIAIOTCS HEPBHBIE BOJIOKHA. OINOpHBIE KIETKH — BHYTPEHHUE
u HapyxHble (['eH3eHa) MOrpaHUYHbIE KJIETKH, HAPYKHbIE MOJIIEPKUBAIOIIUE KIETKU

Kitayauyca uMEIOT TUITMYHOE CTPOCHHUE.

L

Pucynok 4.20 — CoxpaHHOCTb KJIETOK COUPaIbHOTO OopraHa. «O3By4YHMBaHUE U CTPECCH
U OJHOBPEMEHHOE TMpPUMEHEHHE OJIOKAaTOPOB  KalbIMEBBIX KaHaloB. Okpacka
reMaTOKCUJIMH—303uHOM. YBenudenue B 100 pas.

ONUTEINOIUTHI, BBICTHIIAIONINE CIUPATIbHBIN BBICTYII U CHUPAIBHYIO CBSI3KY C
NpU3HaKaMu  AUCTPOPUUYECKUX  HM3MEHEHUM, O04YaroBO  CIYIIEHbI, HEKOTOPbIC

mu3upoBanbl (Pucynoxk 4.21).

Pucynok 4.21 - [{uTOoNM3 SNUTEIUMOUUTOB CHUPATBHOM CBS3KH C

dbopmupoBaHreM OKCHU(DWIBHBIX MIAPOBHIHBIX Macc. «O3BydMBaHWE M CTpPECC» U
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OJIHOBPEMEHHOE  TMpUMEHEHHEe OJOKAaTOpOB  KalbIMEeBBIX  KaHaioB. Okpacka

reMaTOKCWJIMH—303uHOM. Y BenudeHue B 400 pas.

B cocyaucroit momnocke cocynbl pacmupensl. CrupaibHasi CBsi3Ka 0YaroBO
OTE€YHa, OTJIMYAeTCs  CIa0OBBIPAKEHHBIMH  TUCTPOPUUECKUMH  U3MEHEHUSIMU
ornenbHbIX  (puOpobmactoB. IlpocBeT mepenoHuYaToro KaHania, BECTHOYISIPHOU
JIECTHUIBI cBOOOICH, B OapabaHHOMN JIECTHUIE — HEOOJBIIOE KOJIUYECTBO (DOPMEHHBIX
3JIEMEHTOB KPOBH.

B cnupansHOM TaHrMM ompeaesnsercs HeOOJBIION MEepULICIUTIONAPHBIA OTEK,
BaKyOJIM3alMs I[MTOIUIa3Mbl M SiI€p OTHENbHBIX HEHpoHOB. Peakxo BcTpedarorcs
HEPBHBIC KIETKH C THIEPXPOMHBIMU siipamu. OJHAKO OOJIBIIMHCTBO HEHPOIMTOB
XapaKTEpU3YIOTCS HAJTMYUEM TUITUYHBIX /711 HEPBHOW TKAHU CBETJBIX sJEp C TIbIOKaMU

xpoMatuHa u 1 — 2 snapeimikamu (Pucynok 4.22).

Pucynok 4.22 — HeiipouuTbl cnupajibHOrO TAHIVIMS C TUIWYHBIMU CBETJIBIMU U

HN3MCHCHHBIMH THIICPXPOMHBIMUA AApPaAMU. «OBBy‘—II/IBaHI/Ie H CTPECC» U OJHOBPECMCHHOC
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IPUMCHCHUC 6J'IOKaTOp0B KaJIbIIUCBBIX KaHAJIOB. OKpaCKa IréeMaTOKCUIIMH—3031MHOM.

VBenuuenue B 400 pas.

Takum 00pa3oM, MPOBEAEHHBIE THCTOJIOTUYECKHUE HCCIEIOBAHUS MOKA3alu, YTO
oHOBpeMeHHoe ¢ monenuposanrneM CHT wmcronbs3oBaHne HUMOJUIIMHA CYIIECTBEHHO
CHIDKAET BBIPAKEHHOCTH IAaTOJIOTMYECKUX M3MEHEHHHW B opraHe cinyxa. Ha mepssiii
IUIaH BBICTYNAET COCTOSHHE CHOUPAJIBHOIO TaHIJIMSA, B KOTOPOM OTMEYaeTCs
CJIa0OBBIPAKEHHBIM  MEPULIEJUTIONIAPHBIA  OT€K U AUCTPO(PHUUECKHE H3MEHEHUS
OTZEJIbHBIX HEUPOIUTOB, & TaK K€ JECTPYKIUS SMUTEINOUNUTOB CIIUPAIBHON CBA3KH U
CHOMPAJIbHOIO BBICTYNIa € (OPMUPOBAHUEM PAZHOKAIMOEPHBIX MIAPOOOPa3HBIX
O03MHOPUIBHBIX MAacC M HMX YacCTUYHBIM JHM3UCOM MpPU YIOBIETBOPUTEIHLHON
COXPAHHOCTHU IPOYUX KOMIIOHEHTOB OPTaHOB CJIyXa.

OTH U3MEHEHUS OTPAXKAIOT:

1) maToreHeTHYECKyI0 U MEPBOOYEPETHYIO0 3HAUMMOCTh COCTOSIHUSL CIUPAIIBHOTO
TaHIJIMS U 30HBI CIIUPATIBHOM CBSI3KU, MX OOJIBIIYIO YSI3BUMOCTH npu pa3Butuu CHT;

2) npoduiakTuyeckuil 3PPeKT HUMOAUNNHA, KOTOPbIH, OJOKUPYS KaJbLIUEBBIC
KaHaJIbl, YMEHBIIAET, WM MPEAOTBpaIaeT rudenb (MOBPEKIECHUE) COOTBETCTBYIOUIUX
CTPYKTYp OpraHa ciiyXa, BBICTYIIas B POJM IpoTekTopa. B cBs3u ¢ aTuM cienyer ocobo
MOAYEPKHYTh  BBIPAJKEHHOE  YMEHBIIEHUE  KOJWUYECTBA  AlONTO3HOW3MEHEHHBIX
HEHPOLMTOB B CIIUPAILHOM TaHTJIUM U MpeolsaaHne B MOCIECAHEM HEPBHBIX KIETOK C
TUIUYHBIM CBETJBIM SIPOM, C XOPOIIO BBIPAKEHHBIMHU TIJIBIOKAMH XpOMaTHHA U
AJIPBILIKAMH.

B rpynmne 6 3xcriepuMeHTaIbHbIX KUBOTHBIX MIOCIIE 3aBEPIIECHUS MOJEIHUPOBAHNUS
CHT nyrem o3ByunBaHUsi Ha (OHE CTPECCHUPOBAHMS MPOBOAMIN «OTCPOUYECHHOEH
Je4YeHrne HUMOJIUIIMHOM: MPHU TUcTosorndeckux uccienoBanusix BBK u GonbmmacTBO
HBK He u3menennl. Ognako B Hekotopeix HBK penko ompenensieTcs HekoTopas
TUIIEPXPOMHOCTD WJIM TEHJACHUHS K MaprMHAMKA XPOMATHUHA U MTOAYEPKHYTask YETKOCTh
KapHUOJIEMMBbl OTHENBHBIX KJIETOK, 4YTO OTHOCUTCSA K pPaHHUM aroNTOTHYECKUM

u3MeHeHusiM (Pucynok 4.23). ®anaHroBble BHYTPEHHHE MOTPAHUYHBIE KIIETKH,
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MOKpOBHAasi MeMmMOpaHa He Hu3MeHeHbl. HapykHble morpaHudHble KieTku ['eH3eHa,
Hapy>KHble INOAJAEpKMBaromue KiaeTkn Krnaynuyca B HEKOTOpBIX — Cilydasix
JUCTPOPUUECKH W3MEHEHBI, MHOTJIa C MPU3HAKAMU [TUTONIU3a. DNMUTENUN CIUPATIHLHOTO
BBICTYIIA U CIUPAIBHON CBSI3KH OTCJIIOEH, HEKOTOpBIE KJIETKU JIM3UpOBaHbl. (PUCYyHOK
4.24).

CnupanpHasi CBA3Ka O4aroBO OTE€YHA, C OYArOBBIM YMEHBIIEHUEM KIJIETOYHOCTH
HE CBSA3aHHBIM C OTekoM. Hekoropbie ¢GuUOpOOGIACTBl CHOUPAIBHOM  CBSI3KU
aucTpopuuecku u3MeHeHbl. llepuBackymsipHblil oTek cnabo BblpakeH. Cocyaucras
MOJIOCKA C TPU3HAKaMu CIAa0OBBIPAXKEHHOTO MEXKJIETO4YHOro orteka. Cocynabl
NOJIHOKPOBHBI. BecTnOynspHast MeMOpaHa HE U3MEHEHa.

B cnupanbHOM TaHIMKM OpU HEPABHOMEPHO BBIPAKEHHOM IMEPULIEIUTIOJISIPHOM
OTE€KE OJHU HEHpOHBI HMMEIT 00blYHOE cTpoeHue (PucyHok 4.25), npyrue — ux
HEOOJIBIIOE KOJWYECTBO — AUCTPO(PUUECKH H3MEHEHBI, C THIEPXPOMHBIMH sIpamH,
BaKyOJIM3UpOBaHHOW ImuTomnazMoil. Ha ¢one a>tux panHmx amonTo3oMopdHBIX (C
BO3MOXKHOCTBIO OOpAaTHOTO pa3BUTHsA) NATOJIOTMUYECKUX WM3MEHEHHH OTHeIbHbIE

HeﬁpOHHTBI HaxoasATCda B COCTOAHHUEC BBIPAXKCHHOI'O aIloIITO34a.

Pucynox 4.23 — Jluctpodudeckue H3MEHEHHS KIETOK CHOUPaJIbHOTO OpraHa.
«O3ByunBaHHE€ W CTPECC» M OTCPOUYCHHOE NPHUMEHEHHE OJIOKATOPOB KaJbI[UEBBIX

KaHaJ1oB. OKpacka reMaToOKCHIMH—031MHOM. Y Benudenue B 1000 pas.
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Pucynok 4.24 — [IuTOnM3 SNUTENTMOUUOTOB CHUPAIBHOW CBSI3KU. «(O3By4MBaHHE U
CTpecc» W OTCPOUEHHOE MNPUMEHEHHE OJOKaTOpOB KaJbLMEBBIX KaHaoB. Okpacka

reMaTOKCUIMH—03uHOM. ¥YBenuueHnue B 400 pas.

Pucynok 4.25 — Caemyible U TMAPOXPOMHBIE siapa HEHpouuToB. «O3ByunBaHue +
CTpecc» OTCPOYEHHOE IPUMEHEHUE OJIOKATOPOB KaJIbLMEBBIX KaHaioB. Okxpacka

reMaTOKCUJIMH—303uHOM. Y Benudenue B 400 pas.

B BecTHOYJSIpHOM JIECTHHIIE HWHOTAA OIPENENSIOTCS HEOONbIINE CKOTIICHUS
CeTYaThIX Y03MHOPHIIBHBIX MACC, a B 0apaOaHHOH JICCTHUIIC — IMHUYHBIC SPUTPOIUTHL.
[TpocBeT ynmuTKOBOTO KaHasia CBOOO/IEH.

Takum 00pa3om, MPOBEACHHBIE THCTOJIOTUYECKUE UCCIIEIOBAHUS MOKA3aJIH, YTO

OTCPOYCHHOC JICHCHNC HHUMOJIHUIIMHOM TYI'OYXOCTH, BBI3BaHHOM CTPCCCUPOBAHHUCM U
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O3BYYHMBAHUEM KPBIC, OKA3bIBAET JIEUEOHOE BO3ACHCTBUE U YMEHBIIAET BHIPAXKEHHOCTD
HEKOTOPBIX TMCTOJIOTMYECKUX U3MEHEHUM.

IIpn 3TOM OTMEHaeTCs:

1) BbIpa)k€HHOE yMEHBUIEHHWE OTEKOB, KakK IIOKa3aTelb  YJIy4dlIeHUs
MUPOLMPKYJISLAN U CHUKEHUS TUIIOKCHUH;

2) peaxo BcTpeuyaemble caaboBbIpaXeHHbIE HadalbHbIe Mpu3Hakyu anonto3a HBK
C BO3MOYKHOCTBIO OOpaTHOTO Pa3BUTHS.

3) pexe BCTpeHarOIIMKCS aronTo3 OTACIbHBIX HEUPOLMTOB B CIHPAIBHOM
raHrjivu (B cpaBHEHUHU ¢ 2, 3, 6 rpynnamu);

4) ¢ yMeHbIIEHWEM  JUCTPOPUUECKUX  M3MEHEHHM  HOpMalu3auus
MOP(POPYHKIIMOHAIIBHOTO  COCTOSIHMSI ~ OMOPHBIX, MOAJEPKUBAIOIINX  KJIETOK H
(budpo6IaCcCTOB CIUPATIBHOM CBS3KH,

5) BBIpaXXEHHBII LIUTOJIU3 SMUTEINOIUTOB CIUPAIBLHOTO BHICTYIIA M CIIUPAJIbHOM
CBS3KH B 30HE HApYKHON CHOUPAIBHOM BBIPE3KH HE MCKIIOYAET <GKEPTBEHHOCTBHY» 3THX
KJIETOK C L[€JIbI0 CTA0OMIM3AI[MM TOMEOCTA3a.

DJIEKTPOHHBIN MHUKPOJ3JIEMEHTHBIH AaHAJU3. Y 9 XKMBOTHBIX U3 TPYIIIBI «MOJEIb
TYrOyXOCTU» — 9 YIUTOK, Uy KUBOTHBIX ITOCJE OJIHOBPEMEHHOTO JICUEHHsI BO BpPEMs
HKCIIEPUMEHTAa HUMOJUIIMHOM — 9 yIUTOK, a Tak k€ 8 YJIMTOK OT KPbhIC KOHTPOJBHOU
IpyNIbl, BBIAEICHHBIX MOCIE JEKAMUTALIMK METOJIOM «IPUKU3HEHHOW U30JIALUNY, TIO]T
KOHTPOJIEM CKaHUPYIOIIEH JJICKTPOHHOM MHUKPOCKONHUM HCCIEA0BAIN 3JIEMEHTHBIN

COCTaB BOJIOCKOBBIX KJI€TOK. [loiryueHHbIe pe3ynbTaThl peicTaBieHbl B Tadaule 4.2.
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Tabmuma 4.2 - CopepxaHue MHKPOdJIEMEHTOB B yiauTke (Macc%)
HKCIIEPUMEHTAILHBIX KUBOTHBIX B PA3JIMYHBIX CEPUIX

y

DJIEeMEHTHI 1 cepus 2 cepust 3 cepus
«MOJIEJIb TYTOYXOCTH «paHHEe JICYCHNE) Ha (KoHTpOJIB)
«MOJICJIU TYTOYXOCTH»
Na 5,93+0,28 5,37+0,24 5,51+0,35
P 24,6343,19* 27,3943,72* 15,74+1,28
S 16,98+1,39%* 5,524+0,95° 7,09+1,46
Cl 2,08+0,27* 0,31+0,01° 0,58+0,02
K 1,66+0,38 0,85+0,05° 1,29+0,3
Ca 59,62+2,48%* 51,22+2,05%* 47,76+3,75

[Ipumedanue: * - HOCTOBEPHBIC OTIWYHSI [0 CPABHEHHUIO ¢ KOHTPOJIbHOI rpymmoii mpu pP<0,05;
° - IOCTOBEpHBIE OTJIMYHS 1O CpaBHEHUIO co 1-ii cepueit mpu p<0,05.

CA<LAUSPULITKAYT ULT . SPC

Label A: .

8.00 9.0010.00 11.00

Pucynok 4.26 — MuKpOdJIEMEHTHBIM COCTaB KJIETOK CHUPAIBHOTO OpraHa «MOJIEIb TYTOYXOCTH» 0

JICUYCHUA

CRIWWSRAULITEAVZ-TUL.SPC

Label A:

6.

oo 8.00 10.00 12.00 14.00

PI/IcyHOK 4.27. MHKpOBJ'ICMCHTHBIfI COCTaB KJICTOK CIIUPAJIBHOI'O OpraHa «MOACIIb TYTOYXOCTU» I1OCJIC

JICUCHUA
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CIIAWUSRULITKAZ-1ULT . SPC
Label A: .

1.00 2.00 3.00 4.00 5.00 6.00 F.00 8.00 9.0010.00

Pucynok 4.28. MUKpO3JI€MEHTHBII COCTaB KIETOK CIIUPAIBHOTO OpraHa KOHTPOJIBHOM IPYIIIBI KPBIC

OTMeYeHBI CIBUTH B 3JIEMEHTHOM COCTAaBE€ KJIETOK CIIUPAIIBHOTO OpraHa B rpymIie
KpPBIC «MOJENb TYTOYXOCTH» MO CPABHEHUIO C KOHTPOJEM, TaK, B YaCTHOCTH, UMEET
MECTO TOBBIIICHUE JIOJW KaJbLHS B COCTABE HEMPOIMUTEIUAIBHBIX KIETOK. B rpymme
JKUBOTHBIX, TMOJy4YaBIINX «paHHee JsedeHue» bKK — nHumomunuHoMm, wumeercs
TEHJEHIIMS K YMEHBIICHUIO JOJU KaJblUs, NPUOIIKAIOMICHCS K KOHTPOJbHOMY
ITOKAa3aTel0, YTO MOKHO CUMTATh 000cHOBaHHeM Ha3zHaueHnst BKK.
PE3IOME. IIpoBeaeHHbIE TUCTOJIOTMYECKHUE UCCIIEI0BAaHUS OpraHa Ciiyxa MoKa3aju:

1. «O3ByunBanue» xuBOTHBIX (90 nb mo 2 yaca B neHb B Te4YeHHE 7 CYTOK)
BBI3BIBAET BBIPAXKEHHBIE MATOJOTMYECKHE U3MeHeHus B oprane ciayxa (HBK,
CIIUPAJILHON CBS3KE W JP., HO OCOOEHHO B CIHMPAIHLHOM TaHTJIMH), KOTOPHIC
COYETAIOTCS C  TMOJIOKUTEIBbHBIMU  (DYHKIMOHAJIBHBIMM  TpoOaMH  Ha
TYTOyXOCTb u, CJIEIOBATENIBHO, JTOKYMEHTUPYIOT BO3MOKHOCTh
moaenupoBanusi CHT ykazaHHBIM cTOCOOOM TP TaKUX MapaMeTpax.

2. OTH W3MEHEHUs YCWIMBAIOTCSA Cpa3y IIOCIE «O3ByuHMBaHUsS» Ha (oHe
CTPECCUPOBAHUS KXUBOTHBIX W emI¢ Ooyiee B OTAAJICHHBIE (2 HEJENH) CPOKHU
Mocje OKOHYaHUs Bo3aehcTBUS Tmocie wmoxaenupoBanuss CHT, oTpaxkas
JTAHAMUKY TPOTPECCUPYIOMMNX NATOJOTUYECKUX HU3MEHEHUW B CHHPAIHLHOM
oprane. Ilpu sTom Oosee TspKeIbIe U3MEHEHUST OTMEYAIOTCS B CIHPATHLHOM
TaHIJIMM  TPUA  BBIPAXKEHHOM  [EPULECIUTIONSAPHOM OTEKE M aroITOo3€

HerpouuToB. Ilaromorms HBK wame cooTBercTByeT paHHMM CTaausM
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anonTo3a (MaprUHaNWs XpOMAaTHHA, MOTYEPKHYTHIH penbed KaphuoJIeMMBI,

pexe TUIEPXPOMHOCTD sifipa). B cocyaucToil monocke, CiMpanibHOW CBS3KH,

CIUPAIEHOM TaHTJIMH OTMEYAIOTCS MPU3HAKN HAPYIICHUS MUKPOIUPKYISIITUN

(cmamxk, OTeK, WU3MEHEHHE MpocBeTa cocynoB). CBOUMl BKJIaJ B HU3MEHEHHE

COCTOSIHUS CHUPAJIBHOIO OpraHa BHOCAT JIM3UPYIOIIMECS Hapy>KHbIE

noaaepxkuBatomue (I'enzena) u norpannunbie (Knaynmyca) kiaeTkw, u

AMUTEIMOUUTHI CIIUPATLHOTO BBICTYIIA U CIUPATIBHON CBSI3KH.

AHau3 MOJTYYEHHBIX PE3YJIHTATOB MO3BOJIIET 0CO00 MOTYEPKHYTh:

e OQozee TsbKenoe (MpHU JAHHBIX YCIOBHUSAX MOJEIUPOBAHMS) MOBPEKICHUE
HEHUPOILIUTOB  CIHPAIBLHOTO  TaHTJIUsA Opu  yJIOBJIETBOPUTEIHHOM
coxpanHoctu HBK ¢ anemenTamu panHero amnonrosa;

® BBIPAKCHHBIC HM3MCHCHHSI KIETOYHOTO M COCYAHWCTOIO0 KOMITOHEHTOB
CHUpPAIIbHON CBs3KM (ciajk, rubdens (GudpobacToB, MOHOHYKIIEApHAs
peakius B MO3HUE CPOKH);

® YpPE3BHIYANHYIO PEAKTUBHOCTH OSIHUTEIUOIMTOB CIUPAIBHOW CBS3KH B
paHHUWE W TO3JHHE CPOKH TIPH BCEX YCIOBHUSAX DKCIEPUMEHTa C HUX
JNECTpyKIMer ©u  (QOpMUpPOBAaHUEM  JIM3UPYIOMIMXCA  MIAPOBUIHBIX
’03MHO(PUIBHBIX MACC.

3. Ilpumenenue mabOpaTOPHBIM KUBOTHBIM OJIOKATOpa KaJbIIUEBBIX KaHAJIOB
HUMOJMUIIMHA OJHOBpeMEeHHO ¢ MopaenupoBanueM CHT pe3ko ymeHbiiaer
BBIPOKCHHOCTh  ONMHMCAHHBIX  MAaTOTHCTOJIoTMYecknXx  mpu3HakoB CHT
(ymyumaeTcss MHUKPOLUUPKYISIHUSA, YMEHBIIAIOTCS OTEK, JIucTpoduueckue
U3MCHCHHS,  BBIPAXCEHHOCTh  alolTo3a), YTO  CBHJCTEILCTBYET O
MPOTEKTUBHBIX CcBoMcTBaX HuUMoaunuHa npu CHT um 0 BO3MOXKHOCTH €ro
WCITIOJIb30BAHUS B Ka4eCTBE MPOPUIAKTUUECKOTO CPEICTRA.

4. B pesynbrare NMPUMEHCHUS HHUMOJIUIIMHA Ja00paTOPHBIM KHBOTHBIM ITOCIIC
3agepmieHus  mojenupoBanns CHT ykazaHHBIM CIOCOOOM yMEHBIIACTCS
BBIPAKEHHOCTh THUCTOJIOTMUECKUX TPU3HAKOB MOBPEXICHUS CHUPATBLHOTO

opraHa, YyJay4dlmiacTtCcsd MHUKPOLOUPKYJAONWA, HCCKOJbBKO HOPMAJIN3YIOTCA
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MopdodyHKITMOHAIBHBIE TOKa3aTenn HeipouutoB, HBK, ¢ubpobmactos,
CIIMPAJIbHOW  CBSI3KH,  HAPYXHBIX  moanepxuBaromux  (['eH3eHa) W
norpannyHbix (Kimayamyca) KJIETOK, YTO Takke OTPaKaeT MPOTCKTHUBHBIC
CBOMCTBA HHMOJHMIIMHA W BO3MOXKHOCTH €I'0 HCIIOJIb30BAHUS IIPH JICYCHUU
CHT.

[Tpr 2JIGKTPOHHOM MHMKPOARJICMEHTHOM aHAJM3¢ BBISBJICHBI CJIBHTH B
3JIEMEHTHOM COCTaBe KJIETOK CIIMPAJILHOTO OpraHa B TPYIIE KPBIC «MOJICIh
TYTOYXOCTW» TI0 CPAaBHEHHIO C KOHTPOJIEM B BHJIE TTOBBIICHHUS JOTH KaTbIIHSI
B COCTaBe HEHPOIIUTEIUAIBHBIX KICTOK W CHIDKCHHE €ro B pe3ysbTare

IIPOBCACHHOI'O JICUCHUAI.
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3AK/IIOYEHUE

Perynsmus oOMeHa kambliig M €ro MeTaboJu3M B OpraHM3Me YeJOBeKa U
YKUBOTHBIX CJIOKHBIM, MHOTOTPAHHBIN MPOLECC C BOBJICYEHUEM PA3JIUYHBIX OPraHOB U
CUCTEM, TOHKOCTH B3aMMOJCUCTBUS MEXAY KOTOPHIMH HE JO0 KOHIA HU3YYEHBI.
CoBpeMeHHbBIE  JaHHBIE  CBUACTEIBCTBYIOT O  TOM, 4YTO  MOJHOLEHHOE
(GYyHKIMOHUPOBAaHUE BHYTPEHHETO yXa CBS3aHO C pabOTOW MOTEHIMAI—3aBUCUMbBIX
KaJIBIIUEBBIX KaHAJIOB, KOTOPhIE MPUCYTCTBYIOT B OINOPHBIX, BOJOCKOBBIX KJIETKax
CIIUPAJIBLHOTO OpPraHa, CIIUPAIBHON CBSI3KE, HEUPOHAX CIUPATbHOTO TaHTJIHSL.

MHorosieTHe HaOMIOACHUS W  aHAJIM3 MaTepualioB, TMOJYYEHHBIX IMpHU
oOcnetoBaHUM OOJIBHBIX C CeHcoHeBpalibHOM Tyroyxocteio (CHT) nHa xadenpe
oone3nelt yxa, ropsa Hoca ®I'bOY BO PoctIMY M3 P® ¢ kimHMYeckor 06a3oi B
oTopuHOJapuHrojornueckux otaeneHussx MbBY3 «l'opoxackas OonbHuiia um. H.A.
Cemamko» r. PocroBa—Ha—/loHy, CBUIETENBCTBYIOT O HEYKJIOHHOM pOCTE€ 4YHUCIA
OOJBHBIX CO CHIKEHHBbIM ciyxoMm: oT 4,14% OonbHbix ¢ CHT oT oOuiero uwmcia
rocriutanu3upoBadHbiXx B JIOP crammonap B 1994 1. [40] mo 6,4-6,9% B 2014-2015
rojax, ¢ NOUKOBbIM 3HaueHuem 7,3% B 2010 r. — mo pe3ynbTaTaMm aHaIu3a,
MPOBEJIEHHOTO0 HaMHM, 3a TocieaHee aecsatuietue. Y MHorux 6onbHbIX ¢ CHT umeno
MECTO HapyIIeHHE MTOKa3aTelel MuHepaabHoro oomena [43].

[TockonpKy KajlblMid WIPAeT BAXKHEHIIYIO pOJb B  MHOIOYMCIICHHBIX
OMOXMMHYECKUX PEAKIUSIX B OpraHu3Me 4eJIOBEeKa, Mpolieccax Mepeaadyd HEPBHOTO
UMITYJIbCA, YIaCTBYET B KACKaJIe PEaKIIMii 3aIycKa KJIETOYHON THOeH, KaK HEKPO3a, TaK
W amnomnTo3a, U APYruX MpOoIeccoB, HaMU OBbLIO MPOBEICHO KIMHUYECKOE UCCIICIOBAHUE
M0 HU3YYCHHUIO KaJbLIMEBOTO MeTaboiu3Ma Yy OOJBHBIX C CEHCOHEBpAJILHOMN
TYTOYXOCTBIO. O6cnemoBano 175 OOJMBHBIX C CEHCOHEBPAIBHOW TYTrOYXOCTHIO B
Bo3pacte oT 18 1o 55 ner, 52 my»xuunsl u 123 xeHuiunsl, U3 HUX — 80 ¢ ocTpoi u 95 —
Cc XxpoHuyeckod Qopmoit 3aboneBanus. Ilpu ayauomMeTpuyeckoM HCCIEIOBAHUN

MOATBEPKIACHO HAPYIICHUE 3BYKOBOCIPHUATHS Y BCEX OOCIEIOBAaHHBIX OOJNBHBIX OT |
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no |V cremenn Tyroyxoctu mo MeXIyHApOAHOW KiIacCU(UKAIIUU TYTOYXOCTH H
TUMIAaHOTpaMMa «TUI A» NpH THMIAHOMETPUHU.

Hapymenus muHepanbHOTO OOMEHAa MO COCTOSIHUIO MUHEPAIbHOM IUIOTHOCTH
koctHou Tkanu (MIIKT) onpenensiu MeTOIOM OCTEOJCHCUTOMETPUU HA KOCTHOM
pentreHoBckoM aeHcutomerpe DTX-200. BrisiBneno, uro npu xponnuyeckoi CHT u
IIPY TOBBIIIEHUU CTEIIEHHU Tyroyxoctu uwnciio Hapymenut MIIKT, coorBercTByromux
no T—kputepuio ocreonatusM (BIUIOTH 10 OCTEONEHHH M OCTEOINOpO3a), BO3pacTalo,
YTO CBUJETEIBCTBYET B IMOJb3Y MATOJOTHYECKOIO PEMOJICTUPOBAHUS KOCTHOM TKaHHU.
Tak, npu Il crenenn Tyroyxoctu A0as OOJBHBIX C HOPMaJbHBIMH MOKAa3aTEJSIMH
JeHCUTOMETpUn cocTaBuia 16% cioydaeB, ¢ octeoneHued — mnonoBuHY (48%), a pu
4 cTeneHW W rIyXxOTe, 0Js HAPYLIEHUH, COOTBETCTBYIOUIUX OCTEOINATHSM, COCTABHUIIA
93,75% cnydaeB. [[nutenpHoe TeueHue 3aboseBaHus W moBblmieHHe crerneHn CHT
OBLJIO COMPSKEHO C MOBBIIMICHUEM JI0JIM OOJBHBIX C OCTEOMATHSIMU, YTO MOATBEPKIATI0
HapyLIEHUsI KAJIbLIMEBOrO OOMEHa.

DTy HapylieHus ObUTM TOATBEPXKICHBI U TPHU JIA0OPATOPHBIX HCCIIEIOBAHUSIX
CBIBOPOTKM KpoBU y OonbHbIX ¢ CHT. Tak, mnpu TyroyxocTtw, BHE 3aBUCUMOCTH OT
CTaiMM W CTENEeHHU 3a00JIeBaHMs, HAONIOAAIOTCS HE3HAYUTENbHbIE KOJIeOaHUs
roKaszaresield ypoBHS OOIIEro W MOHU3MPOBAHHOTO Kajblius, (Gocdopa B CHIBOPOTKE
KpPOBH, TIPU 3TOM PETYJSATOPHI KaJbLMEBOIO OOMEHA M3MEHSIOTCS B OOJIbIIEH CTENEHHU.
[Ipu Oonee neTanbHOM PACCMOTPEHUH B TMOATPYNIAX BBISBICHBI OTIUYHUS B
nokazarensax. Tak, mpu xponudeckoil CHT oTimuuuTenbHOM OCOOEHHOCTHIO SIBUIOCH
MOBBIIIIEHNE YPOBHSI KOCTHOM MmieniouHou docdarazel (p<0,05) B oTinuume oT OCTpoi
dbopmbl 3a00sieBaHMS, CBUETEILCTBYIONIEE OO0 aKTHUBAIIMK KOCTHOTO METadoJM3Ma.
I[lpu | crenenn CHT wnabmonanoch mnobimieHue (p<0,05) KOHUEHTpaLMH
KaJIBIIUTOHWHA, OCTEOKANbIIMHA W KOCTHOW MIe’noyHO ¢docdaraspl, 4TO OTpaxkaeT
WHTEHCHUBHO TIPOTEKAIOIIME TMPOIECChl OCTEO000pa30BaHUSI KaK KOMIICHCATOPHYIO
peakuuio opraHu3Ma B Haudane 3a0osieBaHusi. C TOBBIIICHUEM CTENEHH TYTOyXOCTH

MOBBIMIAJICS Mapkep octeope3opoumu B Cross—Laps.
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Takum 00pa3om, K MPEUKTOPAM Pa3BUTHSI TYTOYXOCTH BBICOKOU CTEIEHU MOXHO
OTHECTU CHI)KECHUE MUHEPAIBHOW TJIOTHOCTH KOCTHOM TKaHU C MOBBIIIEHUEM KOCTHOTO
MeTaboM3Ma, KOTOpPhIE TO3BOJITIIOT HWHIWBUAYATH3UPOBATh OTOJIOTMYCCKUI PHUCK B
orHomieHuu paszputus CHT. Kpome Toro, atm npusHaku MNO3BOJISIIOT MPOTHO3HPOBATH
nporpeccupytoiee tedeHne CHT, uyTo nMeeTr 3HaueHUE B ONMPEAECICHUN MOKa3aHUM K
PO IITAKTHIECKON Tepariy TyTOYXOCTH.

AHaln3 pe3yJIbTaTOB MUCCIIEOBAHMS, IPOBEICHHBINA IO KpUTepruio ManHa YUTHU
c p < 0,05, mo3BoMII ONpPENETUTh CTATUCTUYECKH JOCTOBEPHBIE 3HAUYECHUSI BEJIUYHH
nokaszareneid T—Kkputepuss U KalabIMEBOTO OOMEHAa B CBHIBOPOTKE KpPOBH OOJIBHBIX C
nporpeccupytonuMm TedeHuemM CHT. Takum o0pa3om, Ha OCHOBaHUU NPOBEIICHHBIX
UCCIIEIOBAaHUM OBUT CHEJIaH BBIBOJ, O TOM, YTO YY€T 3HAYCHUM, NOKa3zaTenei
KaJIbIIUEBOTO OOMEHa TMO3BOJIAET C BBICOKOW JOCTOBEPHOCTHIO MPOTHO3UPOBATH
nporpeccupytomiee teuenne CHT.

Kak wu3BecTHO, TpaHCHOPT HMOHOB KaJIbIUs B KIETKY MPOUCXOIUT 4Yepe3
crienuanbHble KaHaibel — MakpoModekyspubie 0enku (L, T, N, P, Q, R), conepxkamue
cnenuuyeckre ydacTKu (pelenTophl), pacro3Haronme HOHbl. VOHBI Kaablus
YIAJSIOTCS U3 KIETKU C MOMOIIBI0 KalbIUii—HAaTpUeBOro ko—Trpancroprepa [25]. Ilo
nanaeiM  K.H. MenbpaukoBa [66] KOHIEHTpamus HOHOB KalbliMs B  KICTKaX
perynupyercsi — capkoIlazMaTHueckoil 1 capkoigemmHoii  Ca*'—AT®d-a30i,
MUTOXOHApUANbHBIM  yHumoptoM  Ca?’.  Kanbumii-tpancmoptnas  ATd-a3a
MOAJEPKMUBAET HU3KYIO KOHLUECHTPALMIO 3TUX MOHOB B KIIETKE (10_7) 10 CPaBHEHUIO C
OKpY>Karomien cpenou u BHYTPHUKJIETOYHBIM JIeTOo — My3bIpbKaMu
CapKOILUIa3MaTUYECKOTO PETUKYJIyMa (3-107%). TlepeHoc HOHOB KambLHs depe3
MeMOpaHy MOXET ObITh OOYCJIOBJIEH TpaJUeHTOM KOHIEHTPAlUM W aKTHUBHBIM
TPaHCIIOPTOM C 3arpatamMu dHeprur: N— u P/Q-Tumbl KanbIMEBBHIX KaHAJIOB
AKTUBUPYIOTCS BBICOKOAMIUIUTYAHBIM TOTEHIIMAJIOM JCHCTBHUSI, paclojararoTcs Ha
MPECUHANTUYECKON TEPMHUHAIM, WIPAlOT POJb B MOAYJSAIMH BBICBOOOXKICHUS
MEIUATOPOB B CHUHANTHYECKYIO Mmeib [66]. Takwe mporiecchl MPOUCXOMST BO BCEX

KIICTKax opraHu3Ma 4€JI0OBCKa, a, CJICA0OBATCIIbHO, 1 BO BHYTPCHHECM YX€.
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Hamu panapie 00 W3MEHEHHWH KaJbIIMEBOTO MeTaboim3Ma y OOJBHBIX C
CEHCOHEBPAJIbHOM TYrOyXOCTbIO, a TaK)Ke JaHHbIC U3 JHUTEPATYPHBIX HCTOYHHKOB O
pONM  KaubIMEBBIX KaHAIOB W  Kampuuid—3aBucuMbix K-Na  kanamoB B
KHU3HEICSITEIbHOCTH KJIETOK TOJOBHOTO MO3Ta M y4aCTHH MOHOB KaJbIUs B Mpolieccax
BO30YX/IeHHs] MeMOpaH HEUPOHOB U MOCIEAYIOMIUX BHYTPUKIETOUHBIX MOJIEKYJISPHBIX
kackagax [79,115] mo3BoauaM MpeanooKUTh BO3MOXKHOE IOJOKUTEIHLHOE BIIMSHUAC
npenaparoB OJOKATOPOB KaJIbI[MEBBIX KaHAJIOB HA (PYHKIUIO YIUTKH, YTO MOTPEOOBAIIO
KJIMHUYECKOTO U KCIIEPUMEHTAIBHOTO TIOATBEPKICHHUS.

Ham BpIOOp aAu3aiiHa HCCIENOBAaHUWA 1O MOJACIHUPOBAHUIO TYTrOYXOCTH U
IPUMEHEHHUIO MPEenapaTtoB U3 Pyl OJOKATOPOB KalbLMEBBIX KaHAJIOB 0a3npoBaJICs
Ha HECKOJIBKUX OCHOBOIIOJNATAIONINX MCCIIETOBAHUIX, TIPEUMYIIECTBEHHO 3apyOeKHbBIX
aBTopoB: J. Maurer [149] o MeHbIIIeH CTENEHN MOTEPU CIyXa B DKCIIEPHUMEHTAIBHBIX
rpynnax >HUBOTHBIX, MOJy4YaBIIMX JWITHA3€M, U MOABEPrHyThIX wmymy B 90 b,
W.Mann [148], xotopslii pu MOPHOMETPUISCKOM aHAIHU3E YIUTOK MOPCKUX CBHHOK
NO0Ka3aj MEHEe BbIpaXCHHbIE TOBPEXKIECHUS BHYTPEHHUX W HApPY>KHBIX BOJIOCKOBBIX
KJIETOK Yy TeX XKHBOTHBIX, KOTOpHIC MOJydYaldH IMpernapaThl aHTarOHUCTOB KaJbIUS IO
aKyTpaBMbl M B paHHUIN TOCTTPaBMATUYECKUN TEPUOM, TpENroaras, 4To BIUSHUE
IpernapaToB pacnpOCTPaHIETCs] UMEHHO Ha KJIETOYHYIO MEMOpaHy CEHCOPHBIX KJIETOK U
Ha  KOXJICAPHYIO COCYITUCTYIO CeTb, H.Shen [157], JI0Ka3aBIIIETO
UMMYHOIUTOXUMHUYECKUMH METOJIaMU NpsSMOE€ MPOTEKTHUBHOE AEHCTBHE OJIOKaTOPOB
KaJbIIUEeBBIX KaHamoB T-tuma —  trimethadione u ethosuximide Ha HapyXHBIC
BOJIOCKOBBIE KJIETKM CIIMPAJIbHOIO OpraHa MsbIlIe B 3KkcnepumeHrte, Bracco D.,
Chiolero R. [115], moka3aBIIKX, YTO HMMOIHUIIMH XOPOIIO IPOHHUKAET dYepe3
remMato’HIegarndeckuii  0apbep, HUMEET BBICOKOE CPOJCTBO C  peIenTopaMu
KaJbI[MEBBIX KAHAJIOB HEPBHBIX KJETOK, NPEMATCTBYET pPAa3BUTUIO KJIETOYHOIO
arorTo3a. Onucannble npeuMymiectBa U 3G(GEKTbl HUMOJUIMHA O3BOJIMIN
npeanosarath ero 3ddexTuBHOCThL ipH Jieuennu CHT.

Pe3ynbrarhl Hammx KIMHUYECKHX HAOMIOACHUM, CBUACTEILCTBYIOIIUE O

HAapylmICHUN  KaJbIHUEBOI'O MeTa0oau3Ma 10 JaHHBIM  OCTCOACHCHUTOMCTPHH, O
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nucOanaHce ypOBHS KalbIHsI U €r0 PEryJsITOPOB B CHIBOPOTKE KpoBH OonbHBIX ¢ CHT
U, B TOXE BpeMs, HEOJHO3HAYHBIC JIaHHbIC PA3JIMYHBIX aBTOPOB O JCUCTBUU
OJI0OKaTOPOB KaJbIMEBBIX KaHaTOB [82, 157] mpu maTosoruy BHYTPEHHETO yXa BBI3BAIU
HEOOXOJMMOCTh YTOUHEHUS UX 3()(HEKTUBHOCTH MPHU CEHCOHEBPATHHONW TYTOyXOCTH B
YCIJIOBUSIX SKCIIEPUMEHTA Ha dKUBOTHBIX.

B sknepumente ydactBoBasio 42 OenbIx OecnOpoIHBIX KpbIChL. B mponecce
uccienoBanusi Obul  pa3zpaboraH HOBBIM «Crocod MOJEIMPOBAHUS CEHCOHEBPAILHOMN
tyroyxoctu» (IlateHT PD Ne2627155, 2017) Ha OCHOBE aKyCTHYECKOTO BO3/ICHCTBUS
Ha Oeybix OeCHOpOAHBIX KpBIC («O3BYyUMBAHUS») Ha (OHE HMMOOMIM3AIMOHHOTO
CTPECCUPOBAHUS KUBOTHBIX. DPPEKTUBHOCTh MOJAEIN MOATBEPKJIAIN UCCIEA0BAaHUEM
cllyXa y JKHBOTHBIX IO oLeHke pediiekca [lpeliepa u 1o pesyiapTaTaM HCCIEIO0BaHUSA
OTOaKyCTHUYECKOM SMHUCCUH, a TaKXe IO JaHHBIM MOP(OIOrMUECKUX HCCIEA0BaHUMN
CTPYKTYp BHYTPEHHETO yXa Mocie 320051 )KUBOTHBIX 110 OKOHYaHUH SKCIIEPUMEHTA.

[IpoBeeHHBIE THUCTOJIOTMYECKUE MCCIEAOBAHMS MOKA3aId, YTO MOJAECIUPOBAHUE
CHT nyreM «o3ByuuBaHUs» Ha (OHE HMMMOOWIN3ALMOHHOTO CTPECCUPOBAHUS
HKCIIEPUMEHTAJIbHBIX JKMBOTHBIX CONPOBOXAAETCSA: 1) rubenbr0 MyTeM IUTOJIM3a
AMUTEIMOLUUTOB, BHICTHIAIOIINX COUPAIBHYIO CBSI3KY M HApYXKHBIX OMOPHBIX KIIETOK;
2) TSXKENBIMA JUCTPOPUUECKUMHU U3MEHEHHUSMU HEHPOLUTOB CHUPAIBLHOTO TaHTJIHS,
amonTo30M HEKOTOPhIX M3 HUX, PEAKTUBHBIMU HM3MEHEHUSMH TJIMHA, OTE€YHO —
JEr€HEPAaTUBHBIMA W3MEHEHUSMU OTIEIbHBIX HEPBHBIX BOJIOKOH CIyXOBOTO HEPBA;
3) aucTpopUUECKMMH HW3MEHEHHUSMU KJIETOK CIHPAIbHOM CBSI3KH, €€ OTEKOM,
YMEHBIIEHUEM KIIETOYHOCTU; 4) COXPAHHOCTBHIO OOJIBIIMHCTBA BOJIOCKOBBIX KJIETOK,
€MHUYHBIE U3 KOTOPBIX UMEJIM PAHHUE IPU3HAKH AIlONTO3a; ) HapyILIEHUEM
PEOJIOTMYECKUX CBOKWCTB KPOBHU.

Takum oOpa3om, MpoBelEHHBIE TUCTOJOTHYECKHE MCCIEIOBAaHUSI OpraHa cliyxa
MOKa3aJu 4YTO «O3BYUHMBAHUE» KUBOTHBIX (MHTEHCUBHOCTH 90 b mo 2 4daca B JcHB,
€XEeIHEBHO, B TeueHUe 14 CyTOK) BBI3BIBAET BHIPAYKEHHBIE MMATOJIOTMYECKUE U3MEHEHU S
B OpraHe ciyxXxa — B HapyKHbIX BOJIOCKOBBIX KIJIETKaX, CIHPAJIbHOW CBSI3KE, HO

OCOOCHHO B CIIMpaJIbHOM  T'aHI'JIMKM, KOTOPBLIC COOTHOCATCA C PpPE3yjdbTaTaMH
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MPUAKUZHEHHBIX  (QYHKIIMOHAIBHBIX TPOO, CBUIIETEIBCTBYIOUIUX O TYTrOyXOCTH W,
CJIEIOBATEIbHO, JOKYMEHTHUPYIOT BO3MOXKHOCTh MojenupoBanus CHT ykazanHbIM
CI0cOO0OM MpH TaKUX MMapameTpax.

AHanu3 TONYyYEHHBIX PE3yJbTATOB IMO3BOJSIET 0c000 MOMYepKHYTh: 1) Oonee
TsbKeJoe (MpU  JIAaHHBIX YCJIOBHUSX MOJCIIUPOBAHUS) MOBPEXKICHUE HEUPOIUTOB
CIUPAJIBHOTO TAaHTJIMSA, NPU YIAOBJICTBOPUTEIBLHON COXPAaHHOCTU (C AJIEMEHTaMHU
PaHHEro aronTo3a) HApY>KHBIX BOJIOCKOBBIX KJIETOK; 2) BbIpa)KCHHbIC U3MEHEHUS
KJIIETOYHOTO M COCYJMCTOrO KOMIIOHEHTOB CHUPAJIbHOM CBSI3KM B BHJE Cla/Ka
APUTPOLIUTOB, THOEIH (HUOPOOITACTOB, MOHOHYKJICAPHON pEaKIMU B MO3JHUE CPOKH;
3) upe3BBIYANHYIO PEAKTHMBHOCTH JMUTEIHMOIUTOB CIHUPATBLHOW CBA3KU B paHHUE U
MO3/IHUE CPOKM TMPHU BCEX YCIOBUSX DJKCIEPUMEHTAa C JACCTPYKIUMEH UX U
dbopMHUpOBaHUEM JTU3UPYIONTUXCS MIAPOBUAHBIX S03UHOPMIBHBIX MacC.

OTH U3BMEHEHHUSI PETUCTPUPYIOTCS Cpa3y MOCIE ABYXHEAECIBHOTO «O3BYUYMBAHUS
Ha (OHE CTPECCUPOBAHUS )KUBOTHBIX U YCUIIMBAIOTCS B OTAQJICHHBIE (4Uepe3 2 Helemn)
cpoku mnocine wmonenupoBanus CHT, orTpaxas AMHAMHUKY MPOTrPECCUPYIOIIUX
MaTOJOTUYECKUX HM3MEHEHUW B COUPAIILHOM opraHe. bosee Tsxkenable W3MEHEHUS
OTMEYAIOTCs B CIIUPATILHOM TaHTJIMM B BUJI€ BRIPAXKEHHOTO NEPUIIEIUTIOISIPHOTO OTEKA U
aronTo3a HelpouutoB. IlaTonorus  HapyKHBIX  BOJOCKOBBIX  KIETOK  Yalle
COOTBETCTBYET PAaHHUM CTAJIMSM arlorTo3a.

HaGnrogaemoe mpu 3TOM yBEJIMYEHHE JOJM KaJlbIMS HA Pa3HBIX YPOBHIX U B
pa3HBIX CTPYKTypax CIHUPAILHOIO OpraHa Mo HAILIMM M JUTepaTypHbIM gaHHbIM [40,41]
OTpa)XaeT HEOJHO3HAYHOCTh €ro JEWCTBUS, KOTJIa OH SBIISCTCS TPUITEPOM WU
CJIEICTBUEM MPU PA3BUTUU MMATOJIOTHH BHYTPEHHETO yXa.

['pyninmy »KMBOTHBIX, YYaCTBYIOIIMX B AKCIEPUMEHTE, IOJBEprajiu JIeHCTBUIO
0JI0KaTopa KaJbIIMEBHIX KAHAJIOB HUMOJMNHMHA (HUMOTOM), 00JIQJA0NIr0 CBOWCTBOM
MPOHUKATh dYepe3 TeMaTodHIepannueckuii Oapbep U OKa3blBaTh JIEHCTBHE Ha
MeTa0OIMYECKHE M COCYIUCThIE TpoIlecChl B TojioBHOM Mmo3re [115]. Humomunux
MPENATCTBYET TMOCTYIJICHUIO HMOHOB KajblUsl BHYTPb KJIETOK 4YEpe3 MEJJICHHBIE

KaJIbI[MEBbIC KaHAJbI B Hauaje (as3bl pernossspu3annu KIeToYHOoH MemOpansl [56, 150],
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OKa3biBasi BIMAHHE Ha mporecchl anmonto3a [115]. B pesynpTare skcnepumeHTa C
MOCHEAYIOINIMM  HW3yYEHUEM  TUCTOJOTMYECKHMX  IPENapaToB  BBISIBIEHO,  4YTO
oonogpemennoe ¢ monenuposanreM CHT ucnosib3oBaHME HUMOAMIIMHA CYIIECTBEHHO
CHUKAET BBIPAXKEHHOCTh MATOJOTUYECKUX W3MEHEHHUM B OpraHe ciayxa, nmpuyeM Ha
MEPBbIM IUUIaH BBICTYMAET COCTOSIHUE CHHUPAJIBbHOIO TaHIUIMS, B KOTOPOM OTMEYAETCS
c1ab0 BBIPAXKEHHBIA MEPULICIUTIONIAPHBIA OTEK U JUCTpoPUUECKHE U3MEHEHUs
OTZIEJIbHBIX HEWPOIUTOB, a TaK )K€ JECTPYKIUS SMUTEIUOUUTOB CIUPAIBHON CBA3KH U
CIUPAIBHOTO BBICTYHa € (OPMHUPOBAHUEM Pa3HOKAIHOEPHBIX IIAPOOOPA3HBIX
PO3UHOPWIBHBIX MacC M HUX YaCTUYHBIM JIU3UCOM TIPU  YJOBJIETBOPUTEIBLHOU
COXPaHHOCTH TMPOYUX KOMIIOHEHTOB OPraHOB cCllyXa. JTH H3MEHEHHS OTpaxkaroT: 1)
MAaTOr€HETUYECKYIO U MEPBOOYEPEIHYIO 3HAUUMOCTh COCTOSIHUSI CIIUPATILHOTO TaHTJIUS
U 30HBI CIUPAJIbHOU CBSI3KM, WX OOJBIIYIO ys3BUMOCTh npu pa3Butuu CHT; 2)
npodriiakTuaeckuit 3pGHEeKT HUMOIUIIMHA, KOTOPBIM, OJIOKUpYS KalbllMEeBbIe KaHAIIBI,
YMEHBIIIACT, WIM TPEeAoTBpallacT THOEIb I TMOBPEKIECHHUE COOTBETCTBYIOIIUX
CTPYKTYp OpraHa ciyxa, BBICTyMasi B pOJH MpoTeKTopa. B cBs3M ¢ 3TUM cieayer 0co6o
MOAYEPKHYTh BBIPAKEHHOE YMEHbIIICHWE Ha (POHE OJHOBPEMEHHOTO MPUMEHEHUS
HHUMO/JIUIIMHA KOJIMYECTBA aloNTO3HO U3MEHEHHBIX HEHPOIIMTOB B CIIUPAIBHOM TaHTIIUU
U mpeobiiajlaHue B TOCJIEIHEM HEPBHBIX KJIETOK C THUIMHYHBIM CBETJIBIM SAPOM, C
XOPOUIO BBIPAKEHHBIMU TJILIOKAMHU XpOMAaTUHA U SIAPHIIITKAMHU.

Kpome Toro, Ha Apyroii rpyImiie >KUBOTHBIX [MOKA3aHO, YTO OMCPOUYEHHOEe JICUEHUE
HumounuHoM CHT, BbI3BaHHOI CTPECCHPOBAHUEM M O3BYUYMBAHUEM KPBIC, OKA3bIBAET
HE CTOJIb BBIPAXKEHHOE TIOJIOKUTEJILHOE BO3JICUCTBUE, HO BCE K€ YMEHBIIAET
MHTEHCUBHOCTh HEKOTOPBIX TMCTOJIOTMYECKUX MPU3HAKOB MOBPEXKACHUS CHUPATBHOTO
opraHa, omnpee/IIeMbIX TP CBETOBOM MUKPOCKOIHUH, YIYUIIIACTCS MUKPOLUUPKYJISIINS,
HECKOJBKO HOPMaIM3yIOTCS MOp(hOGYHKIIMOHATBHBIE TIOKA3aTeId  HEUPOIUTOB,
Hapy>XHbIX BOJIOCKOBBIX KJIETOK, HApPYXHBIX MOJACPKUBAIOIINX U MOTPAHUYHBIX
KJIETOK. BBIpa)KEHHBIN ITUTOIM3 SMUTEIUOIUTOB CIUPATIBHOTO BHICTYNA U CIUPATLHON
CBSI3KM B 30HE HapY>XHOU CHUPATIBLHON BBIPE3KH HE MCKIIIOYAET <GKEPTBEHHOCTBH» ATUX

KJICTOK C LICJIBIO CTa6I/IJII/ISaHI/II/I roMeocTa3a. Y Ka3aHHbIE U3MEHECHMS TAKXKE OTpaXaroT
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INPOTEKTUBHBIE CBOICTBA HUMOJMIIMHA W BO3MOYKHOCTh €0 HCIIOJIb30BAHUS TMPU
nedyenuu panHux ¢popm CHT.

['ucTonornyeckue MCClENOBaHUs, NPOBEICHHbIE HAMU C BHU3YJbHOM OLEHKOW
CEpUIMHBIX CPE30B METOJOM CBETOBOM MHMKPOCKOIHH, IOMOJHSINCH CHEIHAIbHBIM
u3ydeHueM 18 yIHUTOK BHYTPEHHEIro yXa MOJAOIBITHBIX KpbIC (12 yIMTOK M3 TPYyMIIbI
«wvogens CHT», 6 — mocie «OZHOBPEMEHHOIO» C MOJEIUPOBAHUEM JICUECHUS
HUMOJWMNUHOM) U 6 — HWHTAaKTHBIX (KOHTPOJIb), BBIACICHHBIX IOCIE JEKamUTaI|u
KUBOTHBIX U «H30JMpoBaHHbIX» 10 1.A.BunnukoBy u JI.K. Turosoii [14, 40]. Tlox
KOHTPOJIEM  CKaHUPYIOIIEH  AJIEKTPOHHOM  MHKPOCKOIIHH C  IOMOIIbBIO
PEHTI€HOCIIEKTPAJIIBHOIO METOAA MCCIEAOBAIM 3JEMEHTHBIM CHEKTp W 3HAYCHUs
BECOBBIX MPOLEHTOB IEMEHTOB (Macc%) (tonu HaTtpus, Gpocdopa, cepbl, XJI0pa, Kauus,
KaJIbLIUS) HAPYKHBIX BOJIOCKOBBIX KJIETOK. OTMEUEHBI CABUTH B DJIEMEHTHOM COCTaBE
KJIETOK chupaibHOoro opraHa B rpynne kpsic ¢ CHT — «wmonenb Tyroyxoctw» Mo
CpaBHEHUIO ¢ KOHTpoJieM. Ho 0co0yr0 3HaYMMOCTh B HACTOSIIIIEM UCCIECIOBAHUN UMEIN
JaHHbIE O JOCTOBEPHOM TMOBBIIIEHWE JOJAM Kaiubuus (Macc%) B  COCTaBe
HEUpPOAMUTETUATBHBIX KJIETOK chnupaibHoro opraHa kpeic ¢ CHT  (p<0,05)
OTHOCUTEJIBHO KOHTpPOJds. B rpymnme >XKMBOTHBIX, MOJY4YaBIIUX «OJTHOBPEMEHHOE)
JedyeHre OJOKATOPOM KaJbIIMEBBIX KaHAJIOB HUMOJIUIIMHOM, BBISBJICHO JOCTOBEPHOE
ymeHblieHue Joiau  Kanblusa  (p<0,05) OTHOCHUTENBbHO TpPYIIbl KUBOTHBIX CO
CHIKEHHBIM ciiyxoM — «Mmozaenb CHT», npubnmxaromieiics K KOHTPOJILHOMY
MOKA3aTeli0, YTO MOXXHO OTHECTH K (haKTopam, IPeI0TBPAIIAIONIAM TOBPEKICHUE UITU
rudeb KJIETKHU U eIl OJJHUM U3 000CHOBaHUM 11l Ha3HaueHus: HuMmoaunuHa mpu CHT.

Taxum o0pa3om, posb 0OMeHa KajiblHs B MAaTOT€HE3€ MOPaKEHUSI BHYTPEHHETO
yXa CJIOXXHa M MHOTOIpaHHA, KaK IO JIaHHBIM OTEYECTBEHHBIX M 3apyOeKHBIX
HMCTOYHUKOB, TaK M TI0 TAHHBIM HACTOSIIETO uccienoBanusi. Hapymenuss merabonu3ma
KaJIbI[US MOTYT MPUBOJUTH K PA3IUYHBIM MMATOJIOTUYECKUM COCTOSHHUSIM CIIyXOBOTO
aHanuzatopa. IlosydeHHbIe HAMM B SKCIIEPUMEHTE Ha >KUBOTHBIX JaHHBIE MO3BOJIWIA
000CHOBATh MCIOJB30BaHNE OJIOKAaTOpa KAJTBIMEBBIX KAHAIOB HUMOJUIUHA (HUMOTOI)

B KJIMHUYECKOU IIPAKTHUKEC Y 6OJII)HI>IX, CTpagarouiux CCHCOHeBpaHBHOﬁ TYIrOyXOCTbIO.
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OTH pe3yabTaThl COTIACYIONCS C PEKOMEHIAIMIME 3apyOeKHbBIX YUEHBIX, KOTOPBIC Ha
OCHOBAHMM MHOTOYHUCJICHHBIX KIMHUYEeCKuX Habmoaenuit 6onbubix ¢ CHT mpunum
BBIBOJIy, YTO OJIOKATOPHI KaJbIIMEBBIX KAHAJIOB JOJDKHBI OBITh BKJIIOYEHBI B CXEMY
JedeHusi, OCOOEHHO B TeX Cly4asxX, Korja HauOoyiee BEpOSITEH COCYIUCTBHIM TeHe3
3abojyeBaHus, a Tak xe npu uauornarndeckoir CHT [112, 152]. B pesynbrare Hamu
pa3paboTaHbl MPaKTUYECKHE pPEKOMEHAAIMM [  Bpadeil, 0OOCHOBBIBAIOIIHE
Ha3HAUCHUE JAaHHOW TpPYIIbl MPENapaToB C ONPEACICHUEM IOKa3aHWW  BBEICHUS
HUMOJIUIIMHA MPY CEHCOHEBPAJIbHOMN TYTOyXOCTH.

[IpuBeneHHble COOCTBEHHBIC AaHHBIE KIMHHUYECKOTO M JKCHEPUMEHTATBHOTO
UCCIIEJOBAaHUM CBUJETENILCTBYIOT O HapylIEHWH MeTabonu3Ma Kalblus Yy OOJbHBIX C
CHT u ero BaxHOW pojau B maroreHe3e 3a00JIEBaHUS, O TOHKUX CTPYKTYPHBIX
U3MEHEHUSX BO BHYTPEHHEM yxe npu 3kcnepuMenTanbHoi CHT y ®UBOTHBIX, BKIIIOUYast
nucOanaHc KalblMsl B KJIETKaX CIHUPAIbHOIO OpraHa, aronTO3 Pa3IUYHbIX KIETOYHBIX
CTPYKTYp, HO B OOJIBIIIECH CTETIEHN — HAPYIICHHSI KJIETOK CIIMPAIBHOTO TaHTIIHS, BIUIOTh
no rubenn. Kpome toro, nmoarBepxaeHbl 0coOble CBOMCTBA OJIOKATOPOB KaJIbLIMEBBIX
KaHaJOB, B YAaCTHOCTH HHUMOJUINHNHA, OJIarOMpusTHOE JCHCTBHE  KOTOPOTO
IPOAEMOHCTPUPOBAHO MPH MATOJIOTHH BHYTPEHHETO yXa U SIBUJIOCHh 000CHOBAaHUEM IS
pEeKOMEHJAlMii  €ro  HUCHOJB30BaHUS B  JIEYEHMH  OOJBHBIX,  CTPaJAOLINX

CEHCOHEBPAJIBHOU TYTOYXOCTBIO.

BbIBO/IbI

1. K mnpemukropam pa3BUTHS NPOrpeECCUPYIOLIETO TEYEHUS CEHCOHEBPAIBHOU
TYTOYXOCTH OTHOCHUTCS CHW)XKCHHE MHUHEpPaIbHOW IIJIOTHOCTHM KOCTHOM TKaHU C
OTHOCHUTENIFHO CTaOWJIBHBIMU MOKA3aTeNsIMU KaJbIIMEBOIO METa0O0JIM3Ma B CHIBOPOTKE
KPOBH, YTO TIOJITBEPKIACTCSI CPABHUTEIBHBIM aHATTU30M TOKa3aTeleH.

2. AxycTHueckoe Bo3aeicTBUE Ha (OHE NMMOOMIN3ALMOHHOIO CTPECCa BBI3bIBAET
B DKCIEPUMEHTE pPa3BUTHE CEHCOHEBPAJIbHOW TYrOyXOCTH Y BCeX JabOpaTOpHBIX
’KUBOTHBIX OINBITHOW TIpyHIMbl, YTO MOATBEP)KAAECTCA 3IEKTPOPU3HOIOIMUECKUMU U

MOP(OTOTUIECKUMH METOUKAMH.



122

3. [Ipu sKCIEpUMEHTAIBHOM CEHCOHEBPAIBLHON TYTOYXOCTH Y O€IBIX KPBIC CABUTH B
AJIEMEHTHOM COCTAaBE BOJIOCKOBBIX KIJIETOK CHUPAJIBHOTO OpraHa, OIpeessieMble
PEHTIEHOCIIEKTPAIBHBIM METOJIOM, COITPOBOXKAAIOTCS] YBEIIMUEHUEM JIOJIM  Kaiblus (110
3HAYCHHUIO BECOBBIX IPOIICHTOB), YTO CBHUJICTEILCTBYET O HAPYIICHUH KaJbI[UEBOTO
MeTaboJiM3Ma BHYTPEHHETO yXa.

4, [Ipumenenre GI0KaTOPOB KAJIBIMEBBIX KAaHAJIOB (HUMOJWIIMHA) y TMOIOMBITHBIX
KUBOTHBIX C JKCHEPUMEHTAIbHOW CEHCOHEBPAJIBHOW TYrOyXOCThIO MAaTOT€HETHYECKU

000CHOBaHO U d(PPEKTUBHO.

INPAKTUYECKHUE PEKOMEHIAIINN

1. Pa3pabGotannbiii «Crnoco0 MOJENUpPOBaHUS  CEHCOHEBPAJIBHOM TYyroyxocTu» y
KUBOTHBIX MOKET OBbITh UCIIOJIb30BAH B HAYYHO—TIPAKTHUECKUX MCCIEAOBAHUAX IO
U3YYCHUIO EHCTBUS B 3)(PEKTUBHOCTH PA3INYHBIX JIEKAPCTBEHHBIX MPENapaToB.

2. B cxemy seueHust O0JBHBIX C MPOrPECCUPYIOLIEH CEHCOHEBPAIBbHON TYrOyXOCTblO,
HapsAy C TPaJMLMOHHBIMU CpEACTBaMH, I€JIeCO00pa3HO BKIKOYATh OJIOKATOP
KaJIBIIUEBBIX KAHAJIOB HUMOJMMNUH (HUMOTOI) MO OOIIEeTepaneBTUYECKON CXeMe:

BHYTph 30-60 mr (1-2 Tabnetku) 3 pasa B neHp 1-2 mec.
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