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FOo6unspy 60

Ucnomamnock 60 net (23 despans 1958 1.) IOKTOPY MeAUIIMHCKUX HAYK,
npodeccopy, 3aBeaywouemMy Kadeapoil akylmiepcTBa U TMHEKOJIOTUU
MeIUIIMHCKOTO MHCTUTYTA TyIbCKOTO roCyAapCTBEHHOTO YHUBEPCUTETA
BosnkoBy Banepuio I'eopruesuyuy.

Banepuii TeoprueBuu pomwmics B 1958 ropy, okoHumsn 2 MOCKOBCKMIA
opaeHa JleHMHa TOCYJapCTBEHHBII MeOUIIMHCKUII MHCTUTYT (HbIHE
Poccuiickuii HalMOHAJbHBIN MCCAeIOBATENbCKUIT MeIULMHCKUI
yuuBepcurteT umeHu H.U. Tluporosa) B 1981 romy. [locne okoHuaHWUS
MHCTUTYyTa Banepuii TeoprumeBuy paboTas BpavyoM aKyIIepoOM-
TMHEKOJIOTOM B IIeHTPaIbHOM paiioHHOI 60mbHUIIE T. beneBa TymbCKOi
obmactu. C 1985 mo 1988 rop obyuasncst B acmupaHType 2 MOCKOBCKOTO
MeAUIIMHCKOTO MHCTUTYTA. 3allUTU [OUCCePTalMI0 Ha COMCKaHue
yueHO} CcTeleHM KaHOuUAara MeJl. Hayk Ha Temy «KiamHuko-
MaTOreHeTUYeCcKe OCOOEHHOCTY KPOBOTEUEHUN Y POOWIBHUIL C
HedporaTueii» paboras Ha Kadeape aKylmIepCcTBa M TUHEKOJOIMU
[TepMckoro roc. Mef. MHCTUTYTa aCCUCTEHTOM, 3aTeM [OI[€eHTOM
Kadenpsl akymepcTsa ¥ TIUMHERoorMy KupoBCKOTO MemUIIMHCKOTO
muncrutyTa. C 1996 roga paboraet B I. Tyse, co3gaet Kadenpy akyiiepcTsa
v TuHeKooruu. B 1999 romy n36paH Ha TOKHOCTD ITpodeccopa Kadempbl
yeye6HOro akynbrera (HbIHE MEIUIIMHCKOTO MHCTUTYTA), 0eCCMEeHHbIM
3aBeIyI0IIMM KOTOPOJ OH SIBJSIETCS A0 HacTosimero speMenu. B 2002
roxy Basnepuii leoprueBuy 3amuTiI IMCCEPTALMIO HA COMCKaHME YUeHO
CTeleH JOKTopa MeJl. HayK Ha TeMy «CucteMa podmIakKTUKA Y paHHel
IMaTHOCTYKM ITPeIPaKOBbIX 3a60/I€BaHMIT IIEIKM MATKM».

HayuHo-mipakTuueckasi ngesitelibHOCTh B.I. BonkoBa mocBsiliieHa M3y4YeHUIO HEOTIOKHBIX COCTOSIHUI B
aKkylepcTBe M TMHEKOJOTUM: aKyllIepCKMX KPOBOTeUeHM 1 TeMOopparmyeckoro I1oka, cercuca M akylepckoro
IMePUTOHNUTA, BOCIIAJIMTEIbHBIX 3a60/IeBaHNii, TPeIPaKOBbIX 3a60/ieBaHMii Iejiky MaTKi. OH SIBJISIETCSI aBTOPOM
60mee 220 HayIHBIX PabOT, B TOM urciie 8 MOHOTrpadumii, MMeeT 3 aBTOPCKUX CBUIETEIbCTBA M TATEHTA.

[Toxm ero pyKOBOACTBOM 3alIUIIEeHbl 15 KaHOAMOATCKUX AVCCEPTALINIA, SIBISIETCS HAYYHBIM KOHCY/IBTaHTOM
psifa JOKTOPCKUX OMCCepTaLiA.

B pasnbie ronpl B.I. BoikoB — 4ieH pegakMOHHONM KOJUIErMU XKypHajia «BeCTHMK HOBBIX MEAUIIMHCKUX
TeXHOJIOTUTi», SIBJISIETCS YWIeHOM IMCCePTalIOHHbBIX COBETOB.

Banepuii TeoprueBuu BemeT OOJIbIIYI0 HAYUYHYIO, IIeIarorMuecKyio U JieueGHYI0 paboTy, OKas3bIBas
OpraHu3aIMOHHYI0 TOMOIIb TPAKTUYeCKOMY 3IpaBOOXPaHEHUIO.

ITox ero pyKoBOZCTBOM ITPOBOIMUTCS pabOTa IT0 ITOBBINIEHI0 KBaIM(MKAIMY Bpaueii aKyIliepoB-THMHEKOIOTOB
TynbcKoii 06/1aCTH, TOATOTOBKA B KIIMHMYECKOI OpAMHATYPE BHIITYCKHMUKOB BY30B.

B.I. BonkoB opraHusyeT MeKperMoHa/JbHble HAay4YHO-TIpakTUueckue KOH(epeHIMM IO aKTyaJbHbIM
BOIIPOCAM aKyIIepCcTBa M TMHEKOJIOTUM, SIBJISIeTCS WieHOM Poccuiickoro o61mecTBa aKylIiepoOB-IMHEKOIOTOB,
Poccuiickoit Acconyaniyy 1o TeHUTaTbHBIM MHMeKuusIM 1 Heorutasuyu (PATUH), MexayHapomHOTO 06IecTBa
I'MHEKOJIOTOB-3HI0KPUHOI0TOB (ISGE), Poccuiickoro o6IecTBa CIenuaJiCTOB M0 MPOGUIAKTUKE U JIeUeHUI0
orryxosneii periponyktuBHoM cuctembl (POCOPC). OH — y4aCTHUK psiia MEXAYHAPOAHBIX CUMITIO3MYMOB M HAYYHO-
MPaKTUYECKMUX KOHGEPEHIINI U Che3I0B, Ha KOTOPBIX OH BBICTYITAET C HAYUHBIMY JOKIATAMMA.

HarpaxxaeH 3HakoM «OTIMYHMK 34paBooxpaHeHys» (2007 I.), MHOTOUMC/IEHHBIMY AUTVIOMaMy ¥ TPaMOTaMM.

Ero omnuuaeT spyguums, Tpymomn6ue, paboToCIoCoOOHOCTh, TOTOBHOCTh BCEr[a MPUIITU HA MMOMOIIb, UTO
mo3BoJjisieT Basepuio T'eoprueBuUy COXpaHSITh BBICOKYIO CTEIleHb BpavyeOHOV, HAyUYHO M Tedarormyeckoit
BocTpeboBaHHOCTH. [Ipodeccop B.I. BonkoB cHUCKaI K cebe JIF060Bb M YBaskeHME MHOTOUMCIEHHBIX YUYEHUKOB,
KOJIJIET ¥ TalieHTOB.

Pedakuyus ycypHana, Ko/uieKmue Kagedpsl akyuiepcmed u 2uHeKo02uu MeduyuHckozo uHcmumyma Tynl'y,
KoJL1e2u, MHO20UlCIeHHble YUeHUKU cepdeuHo no3dpaensaiom Banepusa I'eopeuesuua! JKenarwom — Kpenkozo
300poe6bs1, HOBBIX céepuleHUll 8 HaYKe, yCheX08 8 nedazozuuecKoli u 8pauedHoiil dessinebHOCMU, NPEOAHHBIX

YueHUK08, nocjiedosameieii U 6016UI020 TUUHO20 cuacmovsa!
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TIocmanoenenuem Ne 227 Tpasumenscmea P® om 20 anpens 2006 2. #ypHan 8Ko-

Tom 25,N¢1, 2018
Ilepuommueckuii TeopeTnye-
CKUI U HAYYHO-TIPAKTUIECKUI

KypHA

UeH 6 uuc0 U3daHuti, 8 KOMOPbIX peKomeHdyemcst NYOUKAyUsi 0CHOBHbIX Pe3yibma-
mMoe duccepmauyuoHHbIX UCCIe008aAHULI (JOKMOPCKUX U KAHOUOAMCKUX) N0 MeOUUUH-
CKUM U buosozuueckum Haykam. JKypHan exioueH 6 Hogyw pedakyurio Iepeuns ee-
OYWjux peyeH3UupyemMblx HayuHbIX #ypHanos u usdanuii BAK P® 01.12.2015 2. XKyp-
Han npedcmasnen 8 PUHI] (E-Library, Poccus): 0gyxaemHuti umnakm-gakmop
2016 - 1,288; IsyxnemHuti umnakm-gaxkmop PUHLI ¢ yuemom yumuposaHus u3

8cex ucmounukos — 1,975, Google Scholar, Ulrich’s Periodical Directory (CIIA) u
HayuHoti anekmporHoti 6ubnuomexe «Kubep/IeHUHKa».

JKypnan ocHoBaH B utosie 1994 ropa B r. Tyne. Beixonut 4
pasa B rozi (CBUAETEIbCTBO O PErucTpanuy cpecTBa
MmaccoBoit mHpopmanuu [TN N2 &C77-50121 ot
04.06.2012 1.)
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Paspgen I

KIIMHUYECKAS MEOIUILIHA (14.01.00)
Section I

CLINICAL MEDICINE (14.01.00)

YIK: 612.357.65 DOI: 10.24411/1609-2163-2018-15965

YPECKOJKHDBIE JKETYEOTBOISIIIVE BMEIIATEJIbCTBA V BOJIBHBIX C MEXAHUYECKOM
JKEJITYXOMU B YCIIOBUSX THEBHOI'O CTALIMOHAPA

B.I. UBIIMH ', I.B. MAJIA®EEB , A.J0. IKYHUH , M.A. JIbSIKOB , C.M. ABIYJIJIOEB

Meduyunckuti uncmumym, Tynsckuii 20cyoapcmeeHHblli yHusepcumen,
ya. Bonduna, d. 98, Tyna, 300012, Poccus

“000 «LleHmp HOBbIX MEQUYUHCKUX MexHO02ull», Y. HosomedseHckull npoe3o, 0. 2, 2. Tyna, 300004, Poccus

Aunoraumsa. Ilens uccnedosarus. OUEHUTb Pe3yabTaThl YPECKOXKHBIX SKeTUEOTBOTBOISIINX BMeIIIa-
TEJIbCTB, BBITTOJIHEHHBIX B YCJOBUSX JHEBHOTO CTALMOHAPA Y O0BHBIX C MEXAaHMYECKO SKEITYXOIA.

Mamepuanst u memods! uccnedosarus. UpecKoxkHbIe KeJTue0TBOTBOASIIME BMEIIATebCTBA MO YAbTPa-
3BYKOBBIM U PEHTTEHOTENEeBU3MOHHBIM KOHTPOJIEM B YCJIOBMUSIX JHEBHOTO CTAIlMOHApa BBIOMHUIM y 531
OOJIbHBIX C MEXaHMUYECKOI SKeITYX0/. Bcero BeIMOMHMUIN 494 UpecKOKHBIX UPECII€UeHOUHBIX XOJTaHIMOCTO-
MU, 55 UpecKOKHbBIX XOMelUCTOCTOMMM, 363 — pexaHanmmusauuu U 212 3HOOMPOTE3UPOBAHUI SKETUYHBIX
MPOTOKOB. V 83 MalMeHTOB MePBUYHBIE KETYEOTBOISMIINE BMEIIATEbCTBA ObUTM BBITIOJTHEHBI B PA3/IMUHbIX
JIeUeOHBIX YUPEKAEHUSIX. B IIeHTpe HOBBIX MeIULIMHCKUX TEXHOJIOTUI OHM 06PATUIACh JIMOO B CBSI3U C JTAC-
JIOKAI[Meli X0JIaHTMOCTOMBI (6 OOTBHBIX) WJIM JJIsI OCYIIEeCTBIEHUSI BHYTPEHHETO XerueoTBeaeHus (76 6071b-
HBIX).

Pezynemamst u ux o6cyxcdexue. KaTeTepusupoBaTh BHYTPUIIEUEHOUHBIE JKeTUHbIE MPOTOKU yOAI0Ch
ripu 490 BmemiaTeabcTBe (99,19%), a skeMUHbII My3bIphb TPy Beex 55 (100%) BmemaTenbcTBax. Y 1 60IbHOTO
I0oCJIe XOJaHTYCTOMMYM Pa3BMUIACh TeMOOMINS ¥ TMOOKAIICY/IbHAsA reMaToMa. JIeTaIbHOCTb OT OCIOKHEHMIA
cocraBmwia 0,20%. PexkaHanm3anumsi >XeIYHbIX MPOTOKOB yaanach C IMEPBOI MOMNBITKM y 114 mauueHTOB
(41.61%). Y 62 60nbHBIX (22.63%) MoTpeboBasach MOBTOPHAS IOMbITKA. Y 98 mamyueHToB (35.77%) mpeono-
JIeTh 30HY OKK/TIO3UM KeTUHBIX ITPOTOKOB He yaanoch. Y 1 60JbHOTO BO BpeMsl peKaHa/IM3aluu OTMEeTUIN
nepdopannio 0611ero XeJIYHOro MPOTOKA, KOTOpas KIMHUYECKM HUYeM He MPOosIBWIACH. IpyTuUx OCI0KHe-
HMIA, CBSI3aHHBIX C peKaHaaM3auyeil sxeTYHbIX IPOTOKOB, HE OTMETUIN. DHAOTIPOTE3UPOBAHME KeTUEBbIBO-
ISILIVX TPOTOKOB BBITOMHMIY 212 pa3 y 163 60/bHbIX. TEXHUUECKUX CIOKHOCTEHN M OCIIOKHEHU HE 0TMe-
. V 108 GOSbHBIX CITYCTSI Pas3aMyHble CPOKM BO3HUK/IO HapylleHMe MPOXOAMMOCTY SHIOIPOTE3a, MO-
TpeboBaBIiiee ero 3aMeHbI.

3aknoueHue. BpITIOTHEHHbIE BMELIATEIbCTBA CONIPOBOXAAINCH MaJIbIM YUCIOM HeyZay U OCIOKHEHUA.
IpexyioskeHHAsT OPraHU3aIys OKa3aHUsI MeIULIMHCKO TOMOIIY sBJiseTcss 3GGeKTUBHOM B JieYeHUM 60JTb-
HbBIX C MEXaHUYECKO KeITyXOI.

KnroueBsle cioBa: MexaHuyecKasi )KeJITyXa, YpecKoxkHasi X0JIaHTMOCTOMMSI, UpeCKOsKHOe ApeHUpoBa-
HMe, YpeCcKOoKHas ypecIieueHOoUHask X0JIelMCTOCTOMMSI, peKaHaaM3alys SKeTYHbIX TPOTOKOB, MTPOTEe31pOoBa-
HMe >KeTYHbIX TPOTOKOB.

BBegenme. UpecKokHOe Kel4yeOTBeAeHue Tyxoi1 [2-4,8,9,14]. Ocob0 BaskHOe 3HAUeHME AaH-

TO[1, Y/IbTPa3BYKOBBIM U PEHTT€HOTeIeBU3MOHHBIM
KOHTpoJieM SIB/IsIeTCSI 3(PdEeKTUBHBIM CpeJICTBOM
NpeforepalyoHHONM TOATOTOBKM WM OKOHYa-
TeJIbHBIM JIe4Ye6HBIM MEPOIIPUSITUEM Y OOBHBIX C
JIJIATEIbHOM 1 MHTEeHCUBHOM MeXaHUUYeCcKOoit xKeJl-

HBII1 MeTO[] IpUOGPeTaeT y MalMeHTOB C OIyX0Jie-
BOJl MeXaHUYeCKOI KelITyx0i, KOTOpble He MOI'YT
TepeHecTy PaguKaIbHOTO XUPYPIUUeCcKOro jeye-
HUA. JI19 BBINOJHEHMSI YPeCKOXKHBIX upecrieye-
HOUYHBIX BMeEINIATEeNbCTB TpeOyeTcsl Hajmuuue crie-
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LIMaIM3UPOBAHHOM pPEHTreHOIepalMOHHOM B CO-
CTaBe OThena JIy4deBOM AMArHOCTUKU. B CBs3U C
BBICOKMM DUCKOM DPa3BUTUS OCAOXHEHUI Y ITOTO
KOHTMHIE€HTa GOJIbHBIX UPECKOXKHBIE KeTUeO0TBO-
JSIIMe BMeIIaTe/JbCTBA BBIMOJHSIIOT B YCJIOBUSX
MHoromnpoduibHoro crauyonapa [1,7,10,12,13]. B
aMOyJIaTOPHBIX YCIOBUSIX CUMTAIOT BO3MOXKHBIM
JIMIIb 3aMeHY JJINTENbHO CTOSIIMX YpecIlieyeHou-
HbIX ApeHaxkedt [11]. CoobieHnii 06 oprannsanyumn
MEeIMIIMHCKOM TMOMOIM OOJbHBIM C MeXaHuye-
CKOI1 3KeJITYXOM, & TaKKe O BbIIIOJTHEHUN UPECKOH(-
HbIX upecneueHouHsix xonaaHzuocmomuti (H4XC) u
XOJIELIUCTOCTOMMIA, peKaHa/IM3aluuu U IHAOIpPOTe-
3MPOBAaHMUS KETYHBIX TPOTOKOB B YCIOBUSX THEB-
HOrO CTaljMOHapa B OTeYeCTBEHHOJ JuTepaType
HaMM He HalJeHo.

Marepuan u MeToAbl HucciaegoBaHusA. B
2003 romy Mbl Hayaay OPUMEHSTh HOBYIO OpPraHM-
3aI[MI0 OKa3aHUs MEeAUIMHCKON MOMOIM O0ib-
HBIM C MeXaHUUYeCKOil kenTyxoii. C 1eabio yayd-
LI€HUS JOCTYIIHOCTU M COKpAIlleHUsI CPOKOB Jiede-
HMST YPECKOXKHYIO UpecIieueHOUHYIO XO0JIelUCTO- U
XOJIAaHTMOCTOMMIO, peKaHAIU3AIUIO U IHAOIPOTe-
3MpOBaHMe KeJTUHbIX MPOTOKOB BBITIONHSEM aM-
oynatopHo Ha 6aze OO0 «LleHmp HOB8bIX MEOUYUH-
ckux mexuosnozuti» (ITHMT). Eciiu 601bHOI 10 HIep-
BUYHOTO BMENIATeIbCTBA HE OBbLI rOCIIUTATIU3IUPO-
BaH, TO B TeueHMe 2-3 4acCOB IOCIe YPeCKOXKHOI
XOJIELIUCTO- WIM XOJIAHTMOCTOMUM OCYILECTBISIN
Hab/moleHe M MHTeHCUBHYI0 MHOY3MOHHYIO Te-
panuio B majiaTe KPaTKOCPOUYHOTO MpeObhIBaHMS, a
3aTeM HampaBjs/ii B XUPYPIUUYECKUl CTalMoHap
MO0 MeCTy XXUTeJbCTBA. [lalMeHTOB, MPOXMUBAIO-
mux Ha O6oapimioM paccrosHumM (6omee  700-
900 kM), TOCJIe YPEeCKOXHbBIX KeTUeOTBOOSIINX
BMeIIaTe/JbCTB HAIpPaB/ISAN [IJI TOCIUTATU3ALUN
B 60sbHMLBI T. Tyabl. Eciu 60abHONI MpemgBapu-
TeJIbHO ObII TOCIIUTAM3UPOBAH B XUPYPTrUUIECKNit
CTallMOHap MO MeCTy >KUTENIbCTBA, TO B TeueHUe
OLHOTO JHS €ero NOCTaB/ISIM B OHEBHOI CTaluo-
Hap OO0 «IITHMT», BBITIOTHSIIU 3KeT4e0TBOASIILYIO
npoluenypy, ABYX-TPeX4yacoBylo MHQY3UIO Jiekap-
CTBEHHBIX MpPEenapaToB U TPAHCIIOPTUPOBKY 00-
paTHo.

[ToBTOpHBIE BMeLIaTe/NbCTBA — peKaHaaM3a-
LIMI0 M SHAOMPOTE3MPOBaHME KEeTUHBIX ITPOTOKOB
BBITIO/IHSIIM vepe3 7-10 mHel mocjae mepBUYHOTO
HapY>KHOTO >KeJlueoTBe[eHUs U, KaK IIPaBuio, yxxe
T10CJIe BBITIMCKY GOJIBHOTO U3 CTalMoHapa.

[Mocne BbIMIOJIHEHUST peKaHAAM3aLUMU U SHAO-
MPOTE3MPOBAHMS JKETUYHBIX IMTPOTOKOB OONBHBIX HE
rociuTanusupoBanu. Ilocie 30-40 MUHYT HaAGIIO-
IeHst 60IbHOTO OTIIPABJISIA JOMOJA.

B 2003-2015 romax upecKosKHbIE JKeTueOoTBO-
JsIIyie BMellaTe/lbCTBa M0 ONMCAHHON cXeme BbI-
MOJHWIN Y 531 GOJIBHOTO ¢ MeXaHMUYeCKO JKeJITy-
xoit. Cpeay HMUX JIMIL TTOXKMUJIOTO BO3pacTa ObLIO
229, crapueckoro — 138. CpenHMit BO3pacT coCTa-
BUI 65,69%0,99 net. JKenmuiyu 66110 304 (57,33%),
MYKUMH — 227 (42,67%). YV 485 601bHbIX (91,34%)
TIPUUMHOI MeXaHUYeCKOi JKeNTyXu ObUIM 37I0Ka-
YyeCcTBEHHbBIE OITyXOJIM Pas3JMUHON JTOKaIU3aIUK, y
46 (8,66%) — HeolTyxoJieBble 3a60/IeBaHMSI: XOJIe-
IOXONAUTHA3, CUHAPOM Mupussu, CTPUKTYPbI XO-
Jle10xXa, XPOHUYECKUI TTaHKpeaTuT, CTEHO3 60JIb-
Ioro IyoJleHadbHOro cocka. Ilepen mepBUYHBIM
BMEIIATEeIbCTBOM OOIIMIA OGUAUPYOUH CHIBOPOTKU
61 253.97%24,13 MKMoub/1. CpemgHssl IJIATENb-
HOCTbD KeITYXM A0 IEePBUYHOTO KeTUeOTBOISIIIErO
BMeIaTelbCTBa cocTaBwmia 24.53+4,14 cyTok.

334 (62,90%) GOMbHBIX TPOXMUBAIU B Tyilb-
cKoi1 obnactu (ymaneHHOcTh oT 000 «ITHMT» mo
180 km), 186 (35,03%) 60abHBIX — B BpsiHCKOi1, Bo-
poHexckoii, JIumenkoii, OpaoBckoii, Kamyskckoi,
MockoBckoii, Pasanckoii, TaM60BCKOiI 006/1acTIx
(yomanenHocts or OO0 «IIHMT» mo 450 km), 9
(1,69%) 6onpHbIX B IleH3eHcKoii, CMOJIEHCKOIA,
PocroBckoit, [loHenkoi, JIyraHCKOi 06/acTsX
(yoanernHocTb oT OO0 «IIHMT» ot 700 mo 900 km),
2 (0,38%) 60JMIbHBIX MPOKMUBAIM B JIaJIbHEBOCTOU-
HoM ¢emepaabHOM okpyre (6oee 7 000 Km).

Bcero am6ynaTopHO BbimosHMWIM 494 YUXC,
55 upecKOXHBIX XOJELMCTOCTOMMM, 363 peraHa-
ausauuu U 212 sHOOMpPOTE3UPOBAHUIL KeTUHbBIX
MPOTOKOB.

VY 83 maiueHTa IepBUYHbIE KeT4e0TBOSIINIE
BMENIATEebCTBA ObUIM BBIMIOJHEHBI B APYTUX Jie-
yeOHbIX yupexxgeHusix. B «IHMT» oum o6patu-
JIUCh MO0 B CBSI3M C IMCIOKALMEN XOJIaHTMOCTO-
MbI (6 GOJIBHBIX), JIMOO JISI BBITTOJHEHMUS [OBTOP-
HbIX BMEILATENbCTB — PeKaHaIM3aUMUU KeTIHBIX
MPOTOKOB U  BHYTPEHHEro >KelueoTBeAeHUs
(76 6OTBHBIX).

Bce BmematenbctBa B OO0 «IIHMT» BbITOI-
HUIM TION MeCTHBIM o0e36onuBaHueM. Ilepen
BMeIIATeJIbCTBOM  OlLIeHMBAIM  CBEPTHIBAIOIIYIO
CUCTEMY KPOBU GOJIBHOTO, BBITIOJHSIIA MHBEKIIUIO
reMOCTaTM4YeCKoro rperapara U rmpeMeanKaiuio.

Bce upecko>kHbie BMelIaTeabCTBA BHIMTOTHWIN
110 pa3pabOTaHHBIM METOAMKAM C MOMOIIbIO CIie-
LIMaTbHO CKOHCTPYMPOBAHHBIX MHCTPYMEHTOB,
ONMCAaHHBIX Hamu paHee [5,6]. Ha mepBom sTarme
BBITIOJIHSIIM Hapys>KHOe JkeyueoTBegeHune. s upe-
CKO’KHOWM XOJIeLIMCTO- UM XOJaHTMOCTOMUM MpUMe-
HSUIM ycmpolicmeo 051 OpeHupos8aHusi noJIOCMHbIX
obpaszosaruti (YOIIO). YcTpoiicTBO IpencTaBisier
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€0060i1 UTJTY C TTIOABMKHO YCTAHOBJIEHHBIMM Ha Heli
HApy>)KHOI KaHIOJEe U ApeHaxem. YCTPOMCTBO
MO3BOJISIET MaKCMMAaJIbHO YIIPOCTUTb U obe3oma-
CUTD TIPOLIeypPY ApPeHMUPOBaHMs, COKPATUTh Bpe-
MSI BBITTOJTHEHUSI TIPOIIYPHI 10 1-3 MUHYT.

PexaHanu3anyio >KeMTYHbIX IPOTOKOB BBIMOJI-
HsUIK TIocie popMUPOBaHMS paHEeBOro KaHala BO-
Kpyr napeHaxa. [lg peKaHaIM3alUuyu >KeTYHBIX
IIPOTOKOB, IIPUMEHSIIM CIlelVa/IbHble KaHIOJN,
uMemwInye u3rud pabouero KoHua. [Ipy BBegeHUU
SKeCTKOM, M30THYTOM KaHIOJIM KaTeTep Tepsia BO3-
MOSKHOCTb OOKOBBIX M3TMOOB, a OCTOPOKHOE Ma-
HUITYJIMPOBaHME KaHIo/Mel MO3BOJSI0 MPOBOIUTD
MIPOBOJHMK U KaTeTep B HY>)KHOM HampaB/eHUN.

Hnsa  ynydimenust GuUKcalMyu SHIOMPOTE30B,
obyieryeHys] UX yAaJeHUs U 3aMeHbl U3MEHWUIU
KOHCTPYKLMIO 3HIONPOTE30B M METOAUKY yCTa-
HOBKM. OT/IMYUTETbHBIMY OCOOEHHOCTSIMMU pa3pa-
OG0TAaHHBIX SHJOMPOTE30B SIBJISIOTCS  GOJIBIIAS
IJIVHA, 4YTO IpelOXpaHseT OT pacIpOCTPaHEeHUSs
OITyXO0JIM 3@ KOHILbI SHAOIPOTE3a, Y Haau4due rep-
MeTU3UPYIONIero BUHTA B MOJKOXHOW KieTuaTke,
yTO ObecreunBaeT XOpPOUIylo (uKcauumo ¥ Jjer-
KOCTh 3aMeHbI B C/Tydae MHKPYyCTaIUMN.

K BbIMOMHEHMIO KeTUYeOTBOASALMX BMella-
TEJIbCTB B aMOY/IaTOPHBIX YCJIOBUSIX OBUIM JOIMY-
IIeHbl TOJIBKO CIEeLMaIUCThI, XOPOLIO BJajeloliye
TEXHUKOM UX BBIMOJHEHMS. OIBIT KaXKI0T0 XUPYpP-
ra Ha Hayajgo HaCTOSIIEro MUCCAeSOBaHUS MPEeBbI-
man 500 upecKOKHBIX UpeclieueHOUYHbIX BMella-
TEJIbCTB.

Pe3yiabTaThl M UX 00CY)XKAeHUe. Bcero BbI-
nosHun 494 YYXC y 409 601bpHBIX. B TOM uncie y
36 TanMeHTOB XOJAHTMOCTOMMIO BBIIOJHWIN C
06eux CcTOpoH. IIpu 3TOM 5 OGOJBHBIM HPOTOKMU
obeux mosieii meyeH IPeHNPOBAIA OJHOMOMEHT-
HO, a 31 — mO3TanmHO C MHTEePBAIOM 7-14 CYTOK.
KareTepusupoBaThb >Xe/luHble MPOTOKU YAAIOChH
npu 490 BmemartenbcTBax (99,19%). OgHomy U3
4 6OJIBHBIX C HeyHmauHoii mombiTkoii YUXC uepes
HECKOJIbKO [Heli IMMOBTOPHO YCIIELIHO BBIMTOTHUIN
YUXC.

Ocio)XKHeHU, CBSI3aHHBIX C TPaHCIOPTUPOB-
KOl GOJIbHBIX Tiepef, U T0C/Ie YPEeCKOXKHOTO BMe-
11aTeabCTBa, He OTMETUIIN.

V 1 6onpHOrO ToTuyac nocysie YYXC paspuiach
reMOOMITMSI ¥ TIOAKAICY/IbHAS TeMaToMa. BobHO-
r0 3KCTPEHHO OIEepPUPOBAIM, MUCXOH HebIaromnpu-
SITHBIM. JIeTaJIbHOCTh OT OCJIOKHEHMIA COCTaBmIIa
0,20%. YV ocTajabHBIX OOJBHBIX IIPUMEHEHUE YIIbT-
Pa3BYKOBOTO KOHTPOJISI MO3BOIWIO M36eXaTh pa-
HEeHMSI KPOBEHOCHBIX COCYJIOB IIPU YpeclieyeHOY-
HOJA ITyHKIIUY KeTYHBIX ITPOTOKOB.

VY 1 60npHOro Y4XC ocimoxxHmIach abcueccom
reveHy. BoIbHOMY BBITIOJTHM/IM YPECKOKHOE Ipe-
HUPOBaHMe abcrecca, Mcxom, 6;1arompUSITHBINA.

Puc. 1. TTpodunakTuka IUCIOKALUY XOTAaHTUOCTOMUYE-
CKMX ApeHakeit. Haimnune MeTa/yindeckux IMpOBOAHM-
KOB B IIPOCBeTe JIpeHakeli, JKeJTUHbIX IIPOTOKOB (A)

Y ABeHaALaTUIIepCTHON KUIIKY (B)

il

Puc. 2. BoccTaHOBIeHME IUCIOLMPOBAHHOIO JpeHaxKa
YYXC 110 NIpOBOJHUKY, OCTaBJIEHHOMY B JKeTYHBIX IIPO-
TOKax. A — IpeHax B moaauadparMaabHOM MPOCTPaH-
CTBe, IPOBOAHUK OCTAJICSI B IPOCBETE SKeTIYHBIX TPOTO-
KOB. b — ynaneH gpenax, B — NpoBOIHMK pacIpsIMIIEH,
I' — mo MpoOBOJHUKY B >KeJTUHbIe IPOTOKYM BBeJeHa Urja
VAIIO, 1 — npeHax BBeJleH B JKe/UHble IPOTOKNU

YuuThiBas, UTO OOJILIIMHCTBO OCJIOKHEHMII
YUYXC BO3HMKAET B pe3yjbTaTe OUCIOKALUU Ope-
Haxka [5], o0cHOBHOe BHMMaHMe yIessiiu HaJeXKHOii
dbukcanuu gpeHaska B KeNUHbIX MHpoTokax. C
3TOI1 11eJIbI0 B IPOCBETE IpeHaXka U KeJTUHBIX MTPO-
TOKOB OCTaBJSUIM MET/UIMYECKUI TPOBOAHUK.
[MpoBOAHMK BBOOAWAM B [IBEHAJIATUIIEPCTHYIO
KUILIKY WU CBOpAauYMBaIM B MPOTOKAX, MPEMSITCT-
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Bys ero cmemeHuto (puc. 1). IIpy 5TOM KOHYMK
IpeHaxa He yIuUpaJics B CTEHKY IMPOTOKa, YTO UC-
KJII0YaJi0 «aHKepHbBIVi» MeXaHM3M OUCIOKaIIUN.
Kpome Toro, mpu pasBUTUM HEIOJHOI AMCIOKa-
UMK JpeHaska MPOBOOHMK ellle OCTaBajCs B MpPoO-
TOKe U 10 HEMY MOXXHO GbLIO BHOBb BBECTU BbI-
naBlInii Katetep (puc. 2). B pesynbraTe npenmpu-
HSTBIX Mep TMpoOWIAKTUMKM B paHHEM Mepuoie
nocie YYXC HU y ogHOTO GOTBHOTO He GbLIO TOJ-
HBIX IMUCJIOKAUMit ApeHaka U KeayeucTeueHus B
MOJIOCTh GPIOIIMHBL.

OnmurenbHOCTb rocrurtanusanuy rmociae YUXC
win XC B CTalMOHapax Mo MeCTY KUTEeIbCTBA CO-
craBmwia 10.05%1,65 cyToK. JIeTaJbHBIX MCXOMIOB
TOCJIe YCIIELTHO BBITIOJIHEHHOTO KeTUYe0TBOISILErO
BMeIllaTeIbCTBa Ha 9TOM 3Tarle JieueHus He ObLIO.

[Mpu gauTenbHBIX CPOKAX HAPYKHOTO >Kejue-
OTBeJeHMS 10 XonaHruocTome y 28 (5,67%) 60/b-
HBIX MPOM3OLIIA AUCIOKAUMS IOpeHaska. Bo Bcex
HaOMIOIEeHUSIX JpPeHaX YIaaoCh BOCCTAHOBUTH IO
CBUIIEBOMY XOAy, OIEePaTUBHBIX BMeIIAaTeIbCTB
He TOTpe6oBaoCh. [IJisT BOCCTAHOBJIEHMS BBITIAB-
1iero JpeHaxa MPUMEHSJIM cIleliMaabHble MeTas-
JIMYeckue KaHIoIM, MMelolie OJMBOBUIHOE
yTOJIIIIeHMEe Ha pabouyeM KOHIIE.

KaTeTepnsupoBaTh >KeJTUYHBIN ITy3bIPb IPU XO-
JIELIMCTOCTOMMM yIAJOCh Y BceX 55 6ONbHBIX
(100%). TexHMUUECKUX CTIOKHOCTEN U OCIOKHEHU
TIPU YPeCKOKHOI XOMeLMCTOCTOMUM He OTMETUIIN.
1 XOJIeCTOCTOMMM  MCIIOb30Ba/IM  JpPEeHaXH,
dukcupylomecs ¢ MOMOIIbI0 HUTH, YTO y BCeX
OOJbHBIX TTO3BOMIMIO M30eKaTh OUCIOKALIMMU. XO-
JIEIIUCTOCTOMMYECKIME TPeHaXk BCeM OOTbHBIM 3a-
MEeHSUIM Kaskfble 3 Mecs1ia B IVIAHOBOM TOpSIIKe.

IMombITKa peKaHaIM3aUUM  SKeTUeBbIBOASIINX
MIPOTOKOB ObIIA TIPEAIIPUHSTA Y 274 TIAIIMEHTOB, UYTO
coctaBuo 51,6% ot obIero umciaa 60JbHBIX C XO-
janruocromamu. Y 114 nmanmeHTtoB (41,61%) peka-
HaIu3auus yoajacb C T€pBOM  MOMBITKUA. Y
62 6onbHBIX (22,63%) mOTpe6OBaach IMOBTOPHAS
TIOTTBITKA peKaHamm3amu. Y 98 mauyeHToB (35,77%)
Mpeoo0JieTh 30HY OKK/IIO3UM YKEeTUHbIX ITPOTOKOB He
yoanock. Y 1 60JBHOTO BO BpeMsl peKaHaIM3alm
OTMEeTWIH Tepdopalinio 06IIero sKeJYHOro MPOoTo-
Ka, KOTOpasi KIMHMYECKM HUYEeM He TMpOosIBUIACh.
IIpyTux OCJIO)KHEHWMIA, CBSI3aHHBIX C PeKaHaIu3auuen
SKeTYHBIX IPOTOKOB, HE OTMETUJIN.

DHAOIPOTE3MPOBaHKe >KeT4eBbIBOISIIIINX
IMPOTOKOB BbIMOJAHMWIN 212 pas y 163 (30,7%)
60JIbHBIX. B TOM umMciie y 8 4eloBeK SHIOMPOTE3BI

YCTAaHOBM/IM B MIPOTOKM 06Geux moseit reueHu. B
CpegHeM 3HAOMNPOTE3MPOBaHME BBITTOHUSIIN Uepes
7,6¥1,3 CyTOK IIOC/€E YCIEeIIHOM peKaHaau3alumn
SKeJIUHBIX TTPOTOKOB.

V¥ 1 (0,6%) naueHTKY BO BpPeMS SHAONPOTE3N-
POBaHUSI OTMETUIN TEXHUUECKME CI0KHOCTH, KOTO-
pble IpUBEIY K HEYTAUHOI MOMbITKe. B oTHasieHHOM
nepuosie He OBUIO AMCIOKALVMM 3SHIOMPOTE30B U
OKKJIIO3MM MX 3a CYeT IIPOopacTaHusl OIyXOjblo. Y
1 6ompHOTO (0,6%) TIOC/IE SHAOIPOTE3MPOBAHMS pa3-
BWIVICb MHOXKECTBEHHbIE abCIIecChl IeyeHn. BoImon-
HWIM TTYHKIMOHHOE JIeYeHMe, MCXOJ OJIarompusT-
HbIA. V 1 6ONBHOrO SHAOMPOTE3 MUTPMPOBAJI B IIa-
peuxumy nedeHn. Y 108 GONBbHBIX CITYCTSI pasjinu-
Hble CPOKM BO3HMKJIO HapylleHMe MPOXOAUMOCTU
SHJIOMpOTEe3a, TOTpeOOBaBllee €ro 3ameHbl. Y
24 60nbHBIX (22,2%) 3aMeHy BBITIONHWINA OJHOMO-
MeHTHO. Y 83 OGOJIbHBIX OKKJIIO3MSI 3HIOINpPOTE3a
MpUBEJa K Pa3sBUTUIO XOJAHTUTA. DTUM OOJbHBIM
9HJIOTIPOTe3 3aMEeHWIM Ha HapyKHO-BHYTPEHHUIA
IpeHaX, a TIIocjae KylNMpOBaHMSI XOJaHTUTA
35 6obHBIX (42,2%) TOBTOPHO YCTAaHOBWJIM SHO-
rpores. Y 1 6onbHOro uepes 10 MecsiieB mocjie um-
TJIAaHTAllMM BBISIBWIM 3aKYyIIOPKY 3HIOMpOTe3a MU
rogauadparMaabHbIii  abcrecc. BeImonmHmwmM upe-
CKOKHOe IpeHMpoBaHMe abciiecca M 3aMeHy IHIO-
MpoTe3a Ha Hapy>KHO-BHYTPEHHMI IpeHaxk.

BeiBoabl. UpeCKOXHOE IpeHUpOoBaHMe, peKa-
HaMu3alusi M SHIAONPOTe3UpOBaHME >KeTUYHBIX
IIPOTOKOB, BHITIOJIHEHHbIE aMOYIaTOPHO B YCIOBU-
SIX THEBHOTO CTAI[MOHApa M0 pa3paboTaHHBIM Me-
TOOMKAM C IOMOILIBIO CIIELMATbHO CKOHCTPYMUPO-
BaHHBIX MHCTPYMEHTOB, COMTPOBOXIAIOTCSI MaJIbIM
YMCIOM HeyAay U OCIOKHEHUIA.

TpaHCcOpTUpPOBKa OONBHBIX IIeped U Iociie
YpeCKOKHBIX KeTueOoTBOASAIINX BMellaTe/lbCTBaXx,
BBITOJIHEHHBIX aMOY/JIaTOPHO IO pa3spaboTaHHBIM
METOAMKAM C MOMOILIbI0 CIIEeLIMaJbHO CKOHCTPYU-
POBaHHBIX MHCTPYMEHTOB, He NPUBOAUT K Pa3BU-
TUIO OCJIOKHEHUA.

[MpepyioxkeHHass opraHM3alMsl OKa3aHUs Me-
IUITMHCKOM TIOMOIIM sIBjsieTcs: 3(PGheKTUBHON B
JleyeHUY OOJBHBIX C MeXaHMYECKOi >KeITyXOii.
BeITiOTHEHNE  YPECKOXKHBIX — JKeT4eOTBOASIINX
BMeEIIaTe/JbCTB B YCIOBUSX JHEBHOTO CTallMOHapa
yjIydiliaeT AOCTYITHOCTb CHelMaau3MpOBaHHOIM
MeAUIIMHCKOM TOMOIIM [NaHHOMY KOHTMHTEHTY
OOJIbHBIX.
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PERCUTANEOUS BILIARY INTERVENTIONS IN PATIENTS WITH OBSTRUCTIVE JAUNDICE
PERFORMED ON AN OUTPATIENT BASIS

V.G. IVSHYNA"", .V. MALAFEEV", A.YU. YAKUNIN", M.A. D’YAKOV’, S.M. ABDULLOEV"

"Medical Institute, Tula State University, Tula, STREET Boldina, 98, Tula, 300012, Russia
™ Center of Modern Medical Technologies, street Novommedvinsky proezd, 2, Tula, 300004, Russia

Abstract. Purpose of the study. To evaluate the results of percutaneous biliary drainage performed in
patients with obstructive jaundice on an outpatient basis.

Materials and methods. Percutaneous biliary interventions with ultrasound and X-ray guidance were
performed on an outpatient basis on 531 patients with obstructive jaundice. In total we performed 494 per-
cutaneous transhepatic cholangiostomies, 55 percutaneous cholecystostomies, 363 recanalizations and 212
insertions of biliary endoprostheses. In 83 patients the primary biliary interventions were performed in var-
ious hospitals. Those patients applied to the Center of Modern Medical Technologies either in connection
with the dislocation of the cholangiostomy drainage (6 patients) or for internal biliary diversion (76 pa-
tients).

Results. Catheterization of intrahepatic bile ducts was successful in 490 (99.19%) interventions, and
gallbladder catheterization — in all the 55 (100%) interventions. One patient developed hemobilia and sub-
capsular hematoma after the cholangiostomy. The lethality of complications amounted to 0.20%. Biliary
recanalization was successful at the first attempt in 114 patients (41.61%). In 62 patients (22.63%) a second
attempt was necessary. In 98 patients (35.77%) the attempts to relieve the bile duct obstruction failed. In
one patient a perforation of the common bile duct was noticed during recanalization, which had not mani-
fested itself clinically. There were no other complications associated with recanalization of the bile ducts.
There were 212 insertions of biliary endoprostheses in 163 patients. No technical difficulties or complica-
tions were observed. 108 patients after various periods developed an obstruction of the endoprosthesis
which necessitated its replacement.

Conclusion. The performed interventions were accompanied by a small number of failures and compli-
cations. The proposed organization of medical care is effective in the treatment of patients with obstructive
jaundice.

Keywords. Obstructive jaundice, percutaneous cholangiostomy, percutaneous drainage, percutaneous
transhepatic cholecystostomy, recanalization of the bile ducts, insertion of biliary prostheses.
recanalization and placement of

Introduction. Percutaneous biliary drainage biliary

with ultrasound and X-ray guidance is an effective
preoperative or final therapeutic measure in
patients with long and intensive obstructive
jaundice [2-4,8,9,14]. This method acquires
particular importance with patients suffering from
obstructive jaundice caused by a tumor, who
cannot tolerate radical surgery. Percutaneous
transhepatic interventions require the presence of
a specialized X-ray operating theatre in the
department of radiation diagnosis. Due to the high
risk of complications, percutaneous biliary
drainage is performed in this group of patients in a
multi-speciality hospital [1,7,10,12,13]. Only the
replacement of long-standing transhepatic
drainage is considered possible on an outpatient
basis [11]. We have found in the Russian literature
no reports either on the organization of providing
medical care for patients with obstructive jaundice
or on performing percutaneous transhepatic
cholangiostomy (PTC), cholecystostomy,

endoprostheses on an outpatient basis.

Materials and methods. In 2003, we started
to apply a new organization of providing medical
care to patients with obstructive jaundice. In order
to improve the availability of treatment and to
reduce its time, we perform percutaneous
transhepatic cholecystostomy, cholangiostomy,
recanalization and placement of biliary
endoprostheses on an outpatient basis at the
Center of Modern Medical Technology (CMMT). If
the patient had not been hospitalized prior to
primary intervention, then within 2-3 hours after
percutaneous cholecystostomy or cholangiostomy
we performed monitoring and applied aggressive
fluid therapy, and then referred the patient to the
surgical hospital according to his or her place of
residence. The patients who live far away (more
than 700-900 km) were sent after percutaneous
biliary interventions to one of Tula hospitals. If
the patient had been previously hospitalized in a
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surgical hospital according to their place of
residence, then within one day he or she was taken
to the outpatient department of CMMT,
underwent a biliary diversion procedure, received
two or three hour drug infusion and was
transported back.

Repeated intervention - recanalization and
placement of biliary endoprostheses - was
performed 7-10 days after the primary external
biliary diversion and, as a rule, after the patient
was discharged from the hospital.

Those patients who underwent recanalization
and placement of biliary endoprostheses were not
hospitalized. The patients were sent home after
30-40 minutes of observation.

Over the period 2003-2015, percutaneous
biliary interventions according to the scheme
described above were performed in 531 patients
with obstructive jaundice, of which 229 were
elderly patients, and 138 — senile. The average age
was 65.69%0.99 years. 304 (57.33%) patients were
female, 227 (42.67%) — male. In 485 patients
(91.34%) the obstructive jaundice was caused by
malignant tumors of different localization, in
46 (8.66%) patients - non-tumor diseases:
choledocholithiasis, Mirizzi syndrome, common
bile duct stricture, chronic pancreatitis, stenosis of
the major duodenal papilla. Prior to the primary
interference, total serum  bilirubin = was
253.97£24.13 pmol/l. The average duration of
jaundice before primary biliary intervention was
24.53+4.14 days.

334 (62.90%) patients lived in Tula region (the
distance from CMMT - up to 180 km), 186 (35.03%)
patients - in Bryansk, Voronezh, Lipetsk, Orel,
Kaluga, Moscow, Ryazan and Tambov regions (the
distance from CMMT - up to 450 km), 9 (1.69%)
patients — in Penza, Smolensk, Rostov, Donetsk,
Lugansk regions (the distance from CMMT - from
700 to 900 km), 2 (0.38%) patients — in the Far
Eastern Federal District (over 7000 km away).

In total, we performed 494 PTCs, 55 percuta-
neous cholecystostomies, 363 recanalizations and
212 insertions of biliary endoprostheses on an
outpatient basis.

In 83 patients, the primary biliary interven-
tions were performed in other hospitals. Those
patients applied to the CMMT either in connection
with the dislocation of the cholangiostomy drai-
nage (6 patients) or for repeated interventions -
recanalization of bile ducts and internal biliary
diversion (76 patients).

All the procedures in CMMT were performed

10

under local anesthesia. Before the intervention, we
evaluated the patient’s blood coagulation system,
gave the patient an injection of a hemostatic drug
and premedication.

All the percutaneous interventions were
performed using the developed techniques and
specially designed tools that we have previously
described [5, 6]. At the first stage, external biliary
diversion was performed. For percutaneous
cholecystostomy or cholangiostomy we used the
device for the drainage of cavitary lesions (DDCL).
The device consists of a needle with a movable
external cannula and a drain. The device makes
the drainage procedure maximally simple and safe,
and reduces the time of the procedure to 1-
3 minutes.

Biliary recanalization was performed after
forming a wound channel around the drainage. For
biliary recanalization, we used a special cannula
with a bend tip. With the rigid bent cannula, there
was no possibility of sidewise bending of the
catheter, and careful manipulation of the cannula
made it possible to lead the guidewire and the
catheter in the desired direction.

To improve the fixation of endoprostheses, to
facilitate their removal and replacement, we
changed the design of endoprostheses and the
installation procedure. The distinctive features of
the designed endoprostheses are their larger
length preventing the tumor from spreading
beyond the ends of the endoprosthesis, and the
presence of a sealing screw in the subcutaneous
tissue, which provides a reliable fixation and easy
replacement in the case of encrustation.

Biliary interventions on an outpatient basis
were performed only by specialists well familiar
with their technique. The experience of each
surgeon at the beginning of the study exceeded
500 percutaneous transhepatic interventions.

Results and discussion. In total, there were
494 PTCs performed in 409 patients. In 36
patients, cholangiostomy was performed on both
sides. In this case, in 5 patients the ducts of both
hepatic lobes were drained simultaneously, while
in 31 patients they were drained in stages, with an
interval of 7-14 days. Biliary catheterization was
successful in 490 interventions (99.19%). One of
the 4 patients in whom the attempt of PTC failed a
few days later underwent another PTC, which was
completed successfully.

There were no reports of complications asso-
ciated with the transportation of patients before
and after percutaneous intervention.
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Fig. 1. Prevention of cholangiostomy drainage
dislocation. Metallic guidewires in the lumen of the
drainages, the bile ducts (A) and the duodenum (B)

E

Fig. 2. Re-insertion of dislocated PTC drainage via a
guidewire left in the bile ducts. A — the drain is in the
subdiaphragmatic space, the guidewire remains in the
lumen of the bile ducts. B — the drain is removed, C -
the guidewire is straightened, D — the DDCL needle is

introduced through the guidewire into the bile ducts, E
— the drain is introduced into the bile ducts.

One patient developed hemobilia and
subcapsular hematoma immediately after the
cholangiostomy. The patient was urgently
operated; the outcome was unfavorable. The
lethality of complications amounted to 0.20%. In
other patients the use of ultrasonic guidance made
it possible to avoid the injury of blood vessels
during transhepatic puncture of bile ducts.

In 1 patient PTC was complicated by a biliary
abscess. The patient underwent percutaneous
drainage of the abscess, the outcome was
favorable.
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Given that the majority of complications of
PTC arise as a result of drainage dislocation [5], the
main focus was on secure fixation of drainage in the
bile ducts. For this purpose, the metallic guidewire
was left in the lumen of the drain and the bile duct.
The guidewire was introduced into the duodenum
or rolled up in the ducts, which prevented its
displacement (Fig. 1). In this case, the tip of the
drain was not pressed against the wall of the duct,
which excluded the ‘anchor’ mechanism of
dislocation. In addition, in the case of incomplete
drainage dislocation, the guidewire remained in the
duct and could be used to re-introduce the catheter
(Fig. 2). As a result of the preventive measures,
none of the patients had complete drainage
dislocations or leakage of bile into the abdominal
cavity in the early period after PTC.

The average duration of hospitalization after a
PTC or a cholecystostomy performed in a hospital
according to the patient’s place of residence was
10.05%1.65 days. There were no deaths following
the successful completion of biliary diversion
intervention at this stage of treatment.

When cholangiostomy involved long-term
external biliary diversion, in 28 (5.67%) patients
there was a drainage dislocation. In all the cases
the drainage was restored via the sinus tract,
surgical intervention was not required. To reinsert
the drain that had fallen out, special olive-tipped
metal cannulae were used.

Gallbladder catheterization during
cholecystostomy succeeded in all the 55 patients
(100%). There were no technical difficulties or
complications of percutaneous cholecystostomy.
Cholecystostomy was performed using a drain
secured by a thread, which made it possible for all
the patients to avoid dislocation. Cholecystostomy
drains were replaced in all the patients on a
regular basis, every 3 months.

An attempt of recanalization of bile ducts was
undertaken in 274 patients, which accounted for
51.6% of the total number of the patients with
cholangiostomy. In 114 patients (41.61%)
recanalization succeeded at the first attempt.
62 patients (22.63%) required a second attempt of
recanalization. In 98 patients (35.77%) the
attempts to relieve the bile duct obstruction failed.
In one patient a perforation of the common bile
duct was noticed during recanalization, which had
not manifested itself clinically. There were no
other complications associated with recanalization
of the bile ducts.
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Insertions of biliary endoprostheses were
performed 212 times in 163 (30.7%) patients,
including 8 patients in which the endoprostheses
were inserted in the ducts of both lobes of the
liver. On average, insertion of biliary
endoprostheses was performed 7.6+1.3 days after
successful recanalization of the bile ducts.

In 1 (0.6%) patient technical problems were
encountered during the insertion of
endoprosthesis, which resulted in a failed attempt.
In the long term there was no dislocation of
endoprostheses or their occlusion due to tumor
invasion. 1 patient (0.6%) developed multiple liver
abscesses after the procedure. Puncture treatment
was performed, the outcome was favorable. In 1
patient the endoprosthesis migrated to the liver
parenchyma. 108 patients after various periods
developed an occlusion of endoprosthesis, which
led to its replacement. In 24 patients (22.2%) the
replacement was performed immediately. In
83 patients the occlusion of the endoprosthesis led
to development of cholangitis. In those patients
the endoprosthesis was replaced by internal-
external drainage, and after the development of
cholangitis was stopped, the endoprosthesis was
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re-inserted in 35 patients (42.2%). In 1 patient an

occlusion of  the prosthesis and a
subdiaphragmatic abscess were revealed 10
months after the procedure. Percutaneous

drainage of the abscess was performed, and the

endoprosthesis was replaced with internal-
external drainage.

Conclusions. Percutaneous drainage,
recanalization and insertion of  biliary

endoprostheses as performed on an outpatient
basis using developed techniques and specially
designed tools are accompanied by a small number
of failures and complications.

Transportation of patients before and after
percutaneous biliary interventions as performed
on an outpatient basis using developed techniques
and specially designed tools are not accompanied
by complications.

The proposed organization of providing medi-
cal care is effective in the treatment of patients
with obstructive jaundice. Performing percutane-
ous biliary interventions in the conditions of an
outpatient hospital enhances the availability of
specialized medical care to this group of patients.
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KOMIUVIEKCHAS BOCCTAHOBUTEJIbHAS TEPAITVA ITPU XPOHNMYECKHUX TMHTMBUTAX
3.K. KO3BIPEBA™, C.H. TOHTAPEB’, K.M. KO3bIPEB™, H.I. I3AZI3UEBA™, JI.T. TMOEBA™
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AHHoTanmsa. YV pasauMyHbIX TPy GOMbHBIX C pasHbIMM (OpMaMy XPOHUUECKUX TMHTUMBUTOB M3yda-
JIUCh KIVMHUYECKNE, CTPYKTYpHbIE (GMOMTATHI JECEH) M MMMYHOJIOTMYECKME TIOKA3aTeU OT MPUMEHEHUS C
JIeueGHO 1IeJTbI0 CYIbGUIHBIX MUHEPATbHbBIX BOJ, caHaTopust Tamuck u Pegaut-4P PCO-Ananust. Viccieno-
BaJIOCh BIMSIHYE (DAPMAaKOIOTMUYECKUX MPEIapaToB MUIOpOHAmMa v MelaKceHa pasenbHO U B KOMILIEKCE C
duToTepanueii 371eyTepoKOKKOM, GUTOBUTOM, KOpOHaTepoit 1 putokokTeiyiem FK-RS nasi onTUMU3aLun
OOIIENPUHSITOTO JedueHus] OONBbHBIX 3TONM Karteropuu. PaszpaboTaH HOBBII HeMeAVMKaMEHTO3HBIN CIOC06
MPOGUIAKTUKY U JIEUeHUSI XPOHMYECKUX TUHTUBUTOB C MIPYMEHEeHMEM CYIbMUIHBIX MUHEPATbHBIX BOJ, UC-
TOYHMKOB PemanT-4P 1 canatopust TaMucK B KOMITIEKCe ¢ UTOTepanyeii, IO3BOJISIONINIA TTOTYUYUTh IJIN-
TeJIbHBIN (6-8 Mec.) peMUCCUOHHbIN 3(PdheKT. YCTaHOBIEHO, UTO (uUTOTepanis XpOHUUYECKUX IMHTMBUTOB
MO3BOJISIET Y/IYYIIUTh PE3yabTaThl 0A30BOTO JieUEHMS, CUHXPOHU3UPYS PUTM Jie4eOGHOTO BO3HENCTBUS C
putMamMu GbU3UONIOTUIECKMX (GYHKIIMI, TEM CaMbIM, CITOCOOCTBYS YMEHbBIIEHUI0 MMMYHHBIX HapyIIeHMIA,
BOCCTAaHOBJIEHMI0 KOMIIEHCATOPHBIX U penapaTUBHBIX MEXaHU3MOB, YIYULIeHUIO [I0Ka3aTeslell KIEeTOYHOro
U TYMOPaJbHOTO MMMyHUTeTa. Hanbosiee MOMOKUTENbHBIE KIMHUYECKUE PE3Y/IbTAThI MOTYUYEHBI OT KOM-
TIJIEKCHOTO TIpUMeHeHUsT Cyab(PUIHBIX BOM, MeaakceHa v GuToKokTeiist FK-RS; 9KCTpaKTa 2/1eymepoKoKKa u
¢umosuma B coueTaHuM C CylbGUIOHOI MUHepanabHOI Bonoit Pemant-4P; mundponama; kopoHamepwsl U
CyIb(PUIHBIX MUHEPATbHbIX BOJI, IIPMMEHEHHBIX B BUJle MOHOTepanyuu. Pe3yibTaTbl OT KOMILIEKCHOTO Jie-
YeHMSI XPOHUUYECKUX TUHTUBUTOB IPeAJIOKEeHHbIMM BIIEPBbIE CIIOCOO6aMM, COTJIACHO ITOTyUeHHBIM KPUTEPU-
SIM KJIMHUYeCKoi 3(pPeKTMBHOCTH, paclieHMBAIOTCS KaK YIOBIETBOPUTEIbHbIE 1 XOPOLINe, UTO TO3BOJSIET
MX PEKOMEHAOBATD JJIST ONITUMM3AI[MY Oa30BOTO JIEUeHUS PA3INYHBIX (OPM XPOHMYECKUX TMHTUBUTOB.

KnioueBbie c/10Ba: XpOHUUECKME TMHIMBUTDI, Cyab(uaHbIe BOAbI, (pMTOAmaNITOreHbI, MWIAPOHAT, Me-
nakceH, 3 ¢GeKTUBHOCTD JIeUeHUS.

BBenenmue. B mocienHee BpeMsi Hapsiny C BWJIBHOM OO3MPOBKE OCTAIOTCS BCErma KIMHUYEe-
TPagUIMOHHBIMM METOJaMM JieueHUus1 Bce Ooiee cKY 3G PEeKTUBHBIMU U BOCTPe6OBaHHBIMU.
MpOYHbIe TO3UILINM 3aBOEBbIBAET OMOTEpanms — BosBpaleHne MpaKTUYECKOM MeOUIVMHBI K
METOJ, JeYEHUSI IIYTeM aKTUBMU3AILUMM €CTECTBEH- JIEUEHMIO TIPUPOJHBIMU pecypcamMu CTajJo BO3-
HBIX 3alIUTHBIX MEXaHM3MOB OpraHusMa. B sTom MOSKHBIM 6j1aroapsi pa3BUTUIO HOBBIX TeOpeTHye-
KOHTEKCTe, B pPacTeHUSIX M CYJb(GUIHBIX MUHE- CKUMX 3HAHUI, CIIOCOOGCTBYIOMIMX OOOCHOBAHMIO
paJbHBIX BOAAX, IMPYU KOMIIJIEKCHOM MX IIpMMeHe- MeXaHM3MOB OeiCTBUS JIeUeOHbIX PaCTUTETbHBIX
HUM HauMHAeT (PYHKUIMOHMPOBATH TeHEeTUYeCKUIi cpencTB. B HacTosIee BpeMs B yCTOBUSIX CIOSKHOM
rnoreHuman 3(p@GeKTUBHOCTY MeXaHM3MOB ajar- COLIMATbHOM ¥ 3KOHOMMYECKOI CUTyaluu, 6OJIb-
Tauuy U camoperynsunu [4-6,12,13]. Hble UIIYT Hepoporue, Ho 3dPeKTUBHBIE JeKapCT-

Omnmpasich Ha HAaKOIJIEHHbIE 3HAHMUS O BIIMSI- Ba ¥ METOIbI JIEUEHMSI.

HUM JIeKapCTBEHHbBIX CPEACTB M TepPMajbHBIX BOJI Knuandveckuiti MHTEpeC K HeMeIuKaMeHTO3-
Ha KJIIOUeBble 3BEHbSl STUMOJIOTMU UM IATOreHesa HBIM METOJAaM JIeUeHUS HEYKJIOHHO pacTeT. JTO
60JIe3HM, TpaauIMOHHAS MeOMIMHA ChIrpasa MOATBEPKIAETCS CYIIEeCTBEHHBIM POCTOM OIOf-
BaXHYIO POJIb B pa3paboTKe ¥ BHEAPEHUU B KiIM- SKETHBIX CpelicTB HallMoHaJbHOrO LIeHTpa ajabTep-
HUKY HOBBIX, 6€3BpeIHbIX U 3Q(PEKTUBHBIX METO- HaTuBHOI Memuuuubl CIIA ¢ 50 MMUIJIMOHOB H0JI-
OB JIeUeHMs, B YaCTHOCTM (uUTOTepanuioo. 3a snapoB B 1997 rogy no 120 mmminonoB B 2006 rony
MHOTME ThICSUEIeTUS COBMECTHOIO CyIIeCTBOBa- [2,17]. B 3aquTy HeMeIMKaMeHTO3HbIX MeTOLIOB U
HMSI, JIEKapCTBEHHbIE NOMKOPACTYIIME pPaCTeHMSI, CII0OCOOOB JIeUeHMsT TOBOPUT U TO, UTO UMM IIpe-
CTaBIlIMe POJCTBEHHBIMM UEeJIOBEKYy, IIpMU IIpa- MMYIIECTBEHHO TOJIb3YeTCs SKEHCKUI KOHTUHTEHT
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BBICOKOTO YPOBHSI MaTepuaJbHOTO JOCTAaTKa KO-
HOMMYECKM Pa3BUTBIX CTpaH 3amagHoi EBpomnsl u
CIIA. Tak, Tonbko 3a oauH 1997 ron B AMepuke 3a
HeMeIMKaMeHTO3HbIe METOIbI JIeueHUsI GOJIbHbI-
MM OBIIO M3PacXomoBaHO 34,4 MJIPA. IOJIapOB U
YUCIO SKeMallMX € KakAbIM TOJOM pacTeT
[15,16].

OcHoBa (dyHIaMeHTaIbHON CTpaTerum BoccTa-
HOBUTEJIbHOJ MeIUIIMHBI 3aK/TI0UaeTCsl He TOJIbKO B
coxXpaHeHNM (GU3NIECKOrO 3I0POBbS YeI0BeKa, HO
¥ B aafTalyy K HeTaTUBHBIM (aKTOpaM ICHUX0CO-
MaTMYEeCKOTO U COLMATbHOTO TeHe3a. JTOM MYyJlb-
TUIUCLUIIIMHAPHON CTpaTerny OOJKHA Cef0BaTh
MeayuKo-61oiornyeckas Hayka, obecrieuuBast paH-
Hee BbIsB/IeHNe, TPOMUIAKTUKY U JieueHue, B ya-
CTHOCTM TICUXOCOMAaTUUYECKMUX TMaTOJIOTUUECKUX Jie-
CMHXPOHO30B — MOIIHBIX K/IIOUEBbIX MaTOreHeTU-
YyeCcKMX MeXaHU3MOB BO3HMKHOBEHMSI OCTpOii U
XPOHUYECKOV OPTaHHOV MaTOJOTMM, B TOM UMCIIE
60s1e3HelT 3y00AeCHEBOV CUCTEMBI.

HeiicTBylolMe BeIeCTBa, CoAepXKaluecs B
JIeKapCTBEHHBIX pacTeHUSIX, HalpuMep, aaKajiou-
Ibl, 5¢eKTUBHBI B YPreHTHON Teparuy, 0Co6eH-
HO B TeX CIyJasx, Koraa Heo6XoammM ObICTPbIi 1T0-
JIOKUTEIbHBIA 3hdeKkT ux Bo3meicTBus. OIHAKO
NpU OJIUTETbHOM IIPUMMEHEHUM 3TU 3Ke JIeKapCT-
BEHHbIE ITIperapaThl, MOIYT CTaTb He 3()QeKTUB-
HBIMM ¥ JTaske OMAacHBIMM, TaK KaK K HUM OBICTPO
BbIpabaThIBaeTCs MpUBbIKaHue [9].

Ilens mcciaemoBaHMSI — U3YYUTh KIMHUUE-
CKyI0 9(QGEeKTUBHOCTb MPUMEHEHUS Y OGOJIbHBIX
XPOHUYECKUMU TMHTUBUTAMMU CYTbOUIHBIX MUHE-
pasibHBIX BOA, caHaTtopus «Tamuck» u «PemanT-4P»
PCO-Ananus. MccinemoBaTh BiavssHMue GapMaKojIo-
TMYeCKUX TMpernapaToB MuiopoHama Vi MeaakceHa
pasmenbHO M B KOMILIEKCe ¢ duToTepanuei de-
yMmepoKOKKOM, ¢umosumom, KopoHamepoti u bu-
TOKOKTeinem «FK-RS» I onTuMm3anum ooiie-
MIPUHSITOTO JIeueHUsT 60bHBIX 9TOV KATETOPUMN.

Martepuansl U MeTOAbI McCC/IemoBaHMs. B
OCHOBY [IAaHHOTO MCCAeNOBaHUS TIOJIOKEHbI pe-
3yJIbTAThl, MMOJydYeHHble OT pa3fe/ibHOTO U KOM-
IJIEKCHOTO MpuUMeHeHMs Cy/lIbGUIHbIX MUHEpPaib-
HBIX BOJ, caHaTopusi TaMUCK UM MeCTOPOXKIEeHUS
PenanT-4P nns neyeHus] XpOHUYECKUX TUHTUBU-
TOB. ['MCTOMOTMYeCKY NO- U TOC/Ie JledeHus uccie-
IOBa/IMICh OMOITaThl OEceH 45 60JIbHBIX 000ero
nosa (24 Mmy>kumHbI U 21 )XKeHIMHA) B BO3pacTe OT
28 1o 64 ner ¢ OMAarHO30M XPOHMYECKUIl KaTa-
PaJbHBIA TMHIMBUT (16 OGONBHBIX), XPOHMUUECKUIA
arpoduueckuit ruHrUBUT (11), XPOHUYECKUIA TH-
neptpobuueckuit ruHruBut (10), XpoHMUUECKUit
SI3BEHHBII TMHIUBUT (8).
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IIo BO3pacTHOMY HPU3HAKY OOJbHBIE OBLIN
pacrpefiesieHbl Ha TPU TPYIIbl. B MepByo rpymnmy
BolIUIM GoOJIbHBIE B Bo3pacTte oT 28 mo 40 yet, BO
BTOpYI0 — OT 41 o 50 net, B TpeTbio — OT 51 OO
64 net. I'pynimy KoHTpoJis cocTaBwiu 10 300pPOBBIX
BOJIOHTEPOB aHAJIOTMYHOTO Bo3pacTa (6 MYy>XUMH U
4 >keHIMHBI). KIMHMUECKYI0 CTeleHb TSDKEeCTU
XPOHUYECKOTO TMHTUBUTA YCTAHABIUBAIN C TIOMO-
IIbI0 OGIIENMPUHSITHIX TTAPOJOHTATbHBIX MHIEKCOB.

J1 TMCTONOTMYECKOTO MCCIeNoBaHus Gpain
00pasipl CAM3UCTON méceH 3x3, 3x3,5 MM, ucce-
KaeMble MpU yAAIeHUM 3yOOB MM UX KOPHEN 10
CTPOTMM MeAMLMHCKMM IOKa3aHMsIM. MaTepuain
dukcuposanu B 10% pacrBope dhopMasnHa U I0-
CJie TUCTOJIOTMYECKOl MPOBOJAKM 3aaMBaau B Ia-
paduu. Cpesbl TOMINHONM 5-6 MUKPOH OKpalIMBa-
JIY TeMaTOKCUJIMHOM U 303MHOM, TOTYUAMHOBOI
CUHBKOIA. 11 BBISIBJIEHUS] aMUJIOUAA VUCII0b30Ba-
JIV1 KOHTO-KPAaCHBIIA.

Hapsay ¢ 6a30BbIMM MeTOIaMU JIEUEHMS, 10-
MOJTHUTETbHO UCIOJIb30BAIUCH CYIb(UIHbBIE BOIbI
caHatopusi Tamuck u PeganT-4P. B 3aBucumocTu
OT BO3pacTa U OTCYTCTBUS ajyIepruueckoit peak-
MY Ha CEePHUCTBIE COeIMHEHMS, CyabMOUIHAS BO-
Ia TpUHMMaJach BHYTpPb 2 pa3a B AeHb (YTPOM
HAaTONIAK, 3a Io/iYaca 0 3aBTpaka u obena) B 10-
3upoBke 100-150 MJT ITpM KOMHATHOM TeMIlepary-
pe. C mpueMoOM BHYTPb YaCTUUYHO pa36GaBIeHHOI
Ccynb(PUIHOV MMHEpATbHOM BOMAbI, B TeUeHME IHS
MPOU3BOAUIOCH 3-4-X pa3oBOe caHalMs MOJOCTU
pTa npu pas3oBoit gJose 150-200 M1, Kypc JedeHus
2 HeJlesiu, B 3aIyIIEHHBIX CyYasix — 3 HeJesn.

BrniepBbie mpyMeHeHbl (UTOANANTOTEHBI -—
9KCTPAKT 3/eymepoKOKKA KOIIUero u umosum
pasgenbHO, B COUETAaHUM U B KOMILJIEKCE C CYJlb-
¢bugHoIT MMUHepasbHOV BOMOI. BoJIbHBIE ITPOXO-
IWIM OOLIEeKIMHMUEecKoe o0ciiefoBaHue, B KOTO-
poe BKITIOUAIMCh: 3XOKapauorpadusi, omeHKa TO-
JIEPAaHTHOCTM K JIErKOil (M3MUecKoii Harpyske,
IOKa3aTe/Ji peojoTUYecKUX CBOMCTB KpoBU. U3y-
YyeHMe COCTOSTHMSI TICUXMUeCcKOoi cdepbl BKIIOYAIO
metoauku CAH (camoolieHKa caMOYyBCTBUS, aK-
TUBHOCTH, HACTPOEHMs) U TecT Jlomepa (Tabm.).

NmMmmyHoOMOrMueckoe muccaeoBaHe MPpoOBOaU-
JIOCh BO BCEX BO3PACTHBIX IPYIIaxX GOJbHBIX XPO-
HUYECKUMMU TMHTUBUTAMU. T-cucTeMa u3ydanach C
MIpYMEHEHVEM METOAA CIIOHTAHHOTO P03emKoo0-
pasosanus (E-POK), peaxkuuu 6aacmmpaHcgopma-
yuu aumpoyumos (PBTII) ¢ ¢umozemazeniomuru-
Hom (®IJI). TTogcUnTHIBAIIOCH OOIEe KOJIMUYECTBO
T-muMdOLMTOB U UX CyOronysiuyii T-XernepoB u
T-cyTipeccopoB ¢ orpefeeHeM UX COOTHOIIIeHUS
(MMMYHOpeTYASITOpHBII MHIeKc). CocTosiHue B-
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CUCTEMBI OII€HMBAJIOCh MO aOGCOTIOTHOMY U IIPO-
LEeHTHOMY KOJIUMYecTBY B-mumdboInUTOB, orpere-
JISEMOTO METOJOM KOMNIEMEHMAPHOZ0 PO3emKo-
obpaszosarus (EAC-POK) 1 110 cofiep>kaHMIO ChIBO-
POTOUYHBIX MMMYHOIJIOOYJIMHOB KaaccoB IgA, IgG,
IgM. O Hecmeumdmueckoit 3amuTe GaronuTapHoOi
aKTUBHOCTU HEUTPOPUIOB — CYOUIU TIO TeCTy
BOCCTaHOBJIEHUS HUumpocuHezo mempa3sonus (HCT-
TeCT).

KommiekcHast peabuauTaius 60JIbHbIX BKITIO-
yajia JieueOHOe MUTaHMe Ha OCHOBE TUITOIUITHIE-
MMUYECKOI IMeThl U IcuxoTepanuio. [ Bo3gen-
CTBUSI HA MMMYHOJIOTMYECKUIA CTATyC MPUMEHS-
JIUCh TIpenapaTrhbl pacTUTEIbHOTO TPOUCXOXKIEHNUS,
KOTOPBIM OBLIIO OTHAHO MpeNoUYTeHKe Iepes UM-
MYHOMOJYJISITOpaMM MeIMKAaMEHTO3HOrO psiia B
CBSI3M C UX 6ojiee MSITKMUM, IIAASIIMM UM IIPOJIOH-
TMPOBAaHHBIM [eiiCTBYEM, CBOGOIHBIM OT ITOOOY-
HbIX 3¢ deKToB. I 9TOI LIeM U BbIOpAIM IKC-
TPaKT 371eymepoKOKKA KOJIIoUero u ¢umosum.

DKCTPAKT 3/1eymepoKOKKA OKa3blBaeT CTUMY-
Jupywollee (TOHU3UPYIOLIee) OeliCTBMe Ha IleH-
TPaJIbHYI0O HEPBHYIO CUCTEMY M (DYHKIMM Opra-
HM3Ma B II€JIOM, PUMEHSIETCS TIPU OOIIeM UX OC-
JlabjeHuy, TOBBIIIAET BBIHOCIMBOCTD IpU (pu3u-
YeCcKMX U TICUXMUYECKUX Harpys3kax, CHUKaeT MH-
TOKCUKALMUIO, yJIydiiaeT KpoBooGparie-
Hue. ViMeloTcsl 1oKa3aTelbCTBA €ro afarnToOreHHO-
ro JeWCTBUS, €ro ITOJIOKUTENbHOTO BAMSHUSI Ha
MMMYHHBIN cTaTtyc. [Ipenapat Ha3Hayaucsa B fo3e
20 kamnensb (1 MJT1) OIVH pas B eHb.

@umosum — KOMOVMHMPOBAHHBINM, agalToreH-
HbIi, OOIIEYKPEIUISIOMNIA pacTUTENbHbBIN TIpera-
paT, OKa3bIBaWIIMIi HOOTPOIHOe BausiHue. Ilo-
BBINIAET HecrenudUIeckylo pe3uCTEeHTHOCTb Op-
raHM3Ma K MHPEKIUSIM ¥ MHTOKCUKALMSIM, YITyd-
[IaeT IPOLecChl MuleBapeHusi, obnamaer UMMYy-
HOMOZY/IMPYIOIIMM ¥ MeMOpPaHOIPOTEeKTOPHBIM
IelicTBMEM, UTO U MpefoIpeensio ero mpemmy-
miectBo. [IperapaT Ha3HAYaAJICS 10 OJIHO KaricyJsie
OIVH pa3 B JeHb. Bce 60/bHbIE MOTYYATIN OCHOB-
HYI0 KOMIUIEKCHYIO Tepamnuio. [lo Bumy mpume-
HIeMOoTo (puToamanToreHa, 60bHbIe ObLIM pasme-
JIeHbl Ha TPU TPYIIIbI, COTIOCTaBUMBbIX 110 OCHOB-
HBIM TTOKa3aTeIsIM UX 06111ero cocTosiHus. [lepBas,
KOHTpOJIbHAS TpyMIia, ToJiydyaja TPaBsHOM KOK-
Telb. BoMbHBIE BTOPOI TPyNITBI MOMYYaJIN SKC-
TPaKT 271eymepoKOKKA; TPeThel TPYIIIbI — ¢umo-
eum. @uToTEpanusi NpoBOAUIACH B Te€UEHME TPEX-
yeTbIpex Heferb.

YcrosgBuascs TpaguLusl JedeHusl JieKapCT-
BEHHBIMM TpaBaMM, MAYIIAs U3 TIyOMHBI BEKOB,
oCTaeTcsl BOCTPeOOBAaHHOM ¥ B HACTOSIIEe BpeMmsi
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Ha IIpuMepe YCIIeNTHOTO MIpMMeHeHus ¢umosuma,
2J1eymepoKoKKa, KopoHamepwl, GUTOKOKTeisT FK-
RS B cTOMATO/IOrM4YE€CKO IpakTUKe, O YeM CBUE-
TeNbCTBYIOT Hamm mybnmkauum [1,5,11]. Bot u B
HalM AHU GUTOTepanusi He TepsieT CBOei aKkTy-
anbHOCTHU. Tak, Iy1s eueHust 6osie3Helt cepeyHo-
COCYAMCTOI CUCTEMBI 1 3y6O/IeCHEBOI MaTOIOTUN
npuMeHsieTcs: GUTOKAPAMONIPOTEKTOP KOpOHATe-
pa. IlpemapaT pacTUTeIbHOTO IPOUCXOXKIEHUS,
BBIITyCKaeMbIii (apMaleBTUUeCKOi (GabpuKoi T.
Taubu3uub KHP, dopma BbImycka — mesuteTsl [3].
HeicTBYIONIMM HavayoM (GUTOIpernapaTa sBJseT-
CS1 INTYCTUKYM CbIUyaHbCKMIi, B COCTaB KOTOPOTO
BXOJIUT DS, OMOMOTMYECKM AKTUBHBIX BEIECTB:
s(gupHbIe Maciia, aaKaJOWUIbl, JIAKTOHBI, b6epram-
TeH, CMOJIbl, GeHO/IbHbIE U IPYTUe COeJUHEHNS.

KopeHb uUTycTMKYMa CIIOCOOGCTBYET CHUKE-
HUIO 001Iero nepudepuyeckoro COCYAUCTOrO CO-
TIPOTUBJIEHMS], BbI3bIBAET IIUTEIbHBIN U CTAOUIIb-
HbIVi TUTIOTEH3UBHbLIN 3(PdeKT 3a cueT aHTUAHTU-
HaJIbHOTO, AaHTUUIIEMNYECKOTO ¥ MeMOpaHOCTa-
OMIM3UPYIOIIETO OeiiCTBUS, 00/1afaeT aHTUAPUT-
MU4eckuM 3 GeKTOM, YayUIIaeT COKPATUTETbHYIO
CIIOCOOHOCTh MMOKApAa U CepAeuHblii BbIOPOC,
MOBBILIAET MMOPOTOBYI0 BEIVMUYMHY MILIEMUM, CHU-
sKaeT NmoTpebieHMe KUCIOPOAA MUOKApIOM.

CrocobCTByeT 3HAUMTENBHOMY CHIDKEHUIO
YPOBHS TPUIVINIIEPUIOB KPOBU, TIOHMKAET TOKa-
3aTeJb BSI3KOCTY KPOBU U YPOBeHb (pubpuHOreHa,
00IIlero XojecTepuMHa M JUIIOIPOTEUAOB HU3KOIA
IJIOTHOCTM, 3HAUUTEIbHO TIOBBILIAET JIUIIONPO-
Tenabl BBICOKOI IJIoTHOCTH [7,10,14].

B KOMILIEKCHOe jieueHUs] XPOHUYECKUX TMH-
TMBUTOB HaMM ObL BK/IIOUEH (hapMaKoJIOrMYeCKuii
npenapatr 3 - (2,2,2 TPUMETUIATUAPAZVHMI)
MPOIMOHAT — MUI0POHAM, KOTOPbIN IO CBOEI XU-
MMWYECKOI CTPYKType SIBJISIeTCS a30aHajloroM g-
6yTupobeTayHa — eCTeCTBEHHOTrO MeTabojuTa B
memnu 6mMocuHTe3a KapHUTHHA. Crioco6CTBYST pac-
MIMPEHUI0O MOZYJSI CUCTEMBI KpPOBOOGpaIeHMs,
MWIIPOHAT yMeHbIaeT Ia3MaTUUecKoe IPoIu-
ThIBaHME CTEHOK COCY[OB, CHIKAeT BBIXOJ, Iia3-
MEHHBIX 6€JIKOB B TKaHEBble MPOCTPAHCTBA, TEM
CaMbIM BOCCTaHaB/IM-Basi JApPeHaXXHble LIUPKYIIS-
TOpHBIE CUCTEMBI ITOJ0CTH pTa. [IpenapaTt npume-
HSIIM B BUJIe BHYTPUBEHHBIX MHBbeKUU 10% pac-
TBOpa 1o 10 Mz 1 pas/cyT. B TedeHUe 2-X HeOelb U
rocje MeCSIYHOTO TepepbiBa — B Karcynax o
0,25 r. 2 pasa/cyT. Ha IIPOTSCKeHUM 1 Mecsina.

st 6ombiieii 3G(PeKTUBHOCTY JIeUEHUST XPO-
HUYECKUX TUHIUMBUTOB CYJIbOUIOHBIMMU BOLAMMU,
IOTIOJIHUTEBHO TPUMEHSIUCH MelakceH U Guto-
KokTeinb FK-RS. C yu4eTOM OCHOBHBIX IOKasare-
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Jievi 0BIIero COCTOSTHMS U TI0 XapaKTepy JieueHwus,
60JIbHBIE OBLIM pacIipefesieHbl Ha TP IPYIIIHL
ITepBag rpymmna (14 60/bHBIX) HOMyYaia CYyIbOUI-
Hble BOZbI C MenaKceHoM, BTopast (16 60/MbHBIX) —
rojayyana Cyab@uaoHble BOAbI C (PUTOKOKTEIEM
FK-RS, tpetbs rpymma (15 60JbHBIX) Jieuniach
CynbPUIHBIMU BOJAMMU, MENAKCEHOM U (DUTOKOK-
teiiem FK-RS.

MenakceH — XUMUYECKUIT aHAJIOT 6MOTeHHOTO
aMMHa MeJIaTOHMHA (TopMoHa snudusa). ITpucmo-
cabnyuBaeT OpraHu3M K OBICTPOI CMeHe YaCOBBIX
TI0SICOB, CMSITYAEeT CTPECCOBBIE peakIuu, 00agaer
MMMYHOCTUMYJIUPYIOIIMMY, aJalTOTeHHbBIMU U
BbIP2&KEHHBIMM aHTMOKCUIAHTHBIMU CBOVICTBAMMU.
[Ipu puemMe BHYTPb GBICTPO ¥ MOJHOCTBIO BCACHI-
BaeTcs, CBOGOAHO MPOXOIUT IMCTOreMaTuyecKyue
Oapbepbl, BKIIOYas  reMaTo3HIedaTnIecKuii
6apbep. Hasnauancs mo 1 tabiaetke 3a 30-40 mu-
HYT 1epeJi CHOM OJIH pa3 B CyTKMU.

B kommiekce ¢ cyab@UIHBIMM BOOAMM [IJIsT
MMMYHHO KOPpPeKIMK TIPUMEeHSIICST TakKe QuTo-
KOKTelsb FK-RS — cMeCh CIIMPTOBBIX 3KCTPAKTOB
COJIOOKM TOJION, [eBSCUIa BBICOKOTO, POAMOJbBI
pO30BOIA, 3J71eyTePOKOKKA KoJTtoue-
ro. ®utoxkokreityib FK-RS o00/amaeT aHTUOKCU-
JaHTHBIM ¥ MMMYHOMOAYIUPYIOIIUM JeiCTBUEM,
OKaspiBaeT TOHM3upywuiee BaussHue Ha LHC u
(dbyHKIIMM opraHM3Ma B IeJI0OM, YIy4IlllaeT KPOBO-
obpalieHie, IMOBIIIAET BEIHOCIMUBOCTD MIpU PuU3u-
YecKUX M MCUXUUECKUX HarpysKkax, Hecrienmduye-
CKYI0 pe3UCTEeHTHOCTb OpraHu3Ma K MHTOKCHUKA-
uusiMm 1 mHdekimsaM. [IpernapaT HazHaYaICsS B Te-
yeHMe 3 HeleNlb, 3 pa3a B IeHb, 1o 15-20 kamesb
Ha 0,5 cTakaHa BOJIbI, HACTOS IMITOBHMKA VI CO-
Ka. Kpome 3TOr0, BCe GOIbHBIE TTOTYYIN KOPOHA-
mepy B KadeCTBe MOHOTepamuu 1o 8-10 memner
(muniosib) 2 pasa B JeHb A0 €Ibl B TeUEeHME YEeThI-
pex Hefelb.

Bo Bcex rpymmax 60JbHBIX, JaHHbIe 0Opaba-
THIBAJIMCh METOAOM BapMaIMOHHOTO aHaiu3a C
npuMeHeHueM Kputepus «t» CrthiogeHTa. O6pa-
00TKa, pacyeTsl U MOCTPOeHMue rpadMKOB MPOU3-
BOAWINCh Ha KOMIIbIOTepe «Pentium-3» c MOMO-
IIbI0 KOMITBIOTEPHBIX MPOrpaMMm «Statistica 5.1» u
«Microsoft Excel 2003».

PesynbTaThl M MX 00CYKaeHue. mymas u3
[JTyOMHBI BEKOB, YCTOSIBIIASICS TPAIUIIVS JIEUeHUS
JIEKapCTBEHHBIMM TpaBaMM, OCTAETCS BOCTpebo-
BaHHO! M B HAllM OHU Ha IIpUMepe YCIEeLIHOTO
MIpMMEHEHUST Qumosuma, 3JaeymepoKokKd, Kopo-
Hamepbl, PUTOKOKTEMIST FK-RS mIpy JIeueHUU Xpo-
HUYECKUX TMHTUBUTOB.

KnuHuudeckast omeHKa OT MCITOJIb30BaHUS
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CynbGUIHBIX MUHEPATbHBIX BOJ MCTOUHUKOB Ca-
HaTopust Tamuck u Pemaut-4P PCO-Ananus ¢ opu-
TOoTepanueit, Mui0poHamom, MeaaKceHoM U KOopo-
Hamepoll, IpUMeHeHHbIX pa3AeabHO U B KOMILJIEK-
ce IS ONTMMM3AlMM OOIIENPUHSATOIO JIeUeHus
XPOHMYECKUX TUHTUBUTOB, MO 3(DPEKTUBHOCTHU
BO3MIEVCTBMSI HA OpraHM3M OOJBHBIX [Jajia pas-
JIMYHbIE, HO TTOJIOKUTE/IbHbIE Pe3yIbTaThl (TabI1.).

Tabnuya

KinnHnyeckas onjeHKa INCUX0I0TMIeCKUX
TMOoKa3aTeJiell Y GOIbHBIX XPOHUYECKUMMU
TMHTMBUTAMM IIPY BKIIOUEHUM B 6a30Boe JieyeHne
cynbdupHbIXx Bog PenanT-4P u caHaTopust
«Tamuck» ¢ purokokreiziem FK-RS, (MeToguka
CAH, Tect Jliomiepa) n=45, M*m

Crioco6 MMMYHHO KOpPeKIUn

Cynbdma- Cynbdun-

Kontponb | Cynbcdup- | Hbie Bombl + HEIE BOJBL

INokasartenn + ¢uTo-

HbIE BOZBI | MenakceH .

KOKTe/Ib

FK-RS

Camo- | a | 40,57+1,20 |44,41+2 46| 45,27+0,81 | 44,1+2,55
YyBCT-

BUE 6 | 52,1%0,86 |55,65*0,74( 55,69+0,86 | 56,2+1,17
(6as1sbI)

ARTHB- | | 46,27+0,57 |47,6141,46 | 44,69+1,24 |47,27+1,31
HOCTb

(6amnbl) | 6 | 51,48+1,10 [52,68+1,17| 53,72%1,19 |57,18+1,68
Hactpoe

HUe a | 44,13+2,13 |45,73+0,61 | 45,81+1,12 [44,69+1,89

(6asu1bI) 53,26%1,36 |54,47+1,18| 54,65*1,52 |58,27%2,14

Vposens| a | 30,55+0,48 |28,45+0,62| 28,47+1,01 [30,62+0,74

CT?;CH 6 | 21,35+0,46 [16,72+0,86| 16,41£1,02 | 15,74%0,9
Pa6oTo-

croco6- | a | 47,74%1,31 |54,65+2,91 54&11125’503 47,31+1,29
HOCTb

(yer.en)| 6 | 56,83%0,84 |70,88+1,41| 69,97+1,53 | 74,9+1,79

IMpuMmeuaHue: a — 10 JevyeHus, 6 — rmocJie jeueHus. Pas-
JIMuMe J0- U TI0CIe JIeUeHst BO BCeX TPYITax 60MbHbIX
nmocToBepHbI (p<0,05)

PesysmbTaT IICUMXOJIOTMYECKOV peabwiuTanmn
60JIbHBIX XPOHMYECKUMU TMHTMBUTAMU B 3HAUM-
TEJbHOM CTeleHM 3aBUCUT OT COCTOSIHUSI UM-
MYHHOM CUCTeMbI, BIAUSIHME KOTOPOWM B IOCTVDKE-
HUM TIOJIE3HOTO O6ecreuuBaeTcsl CyJIbQUIHbIMMU
Bojamu, mejnakceHom u (urokokreiiem FK-RS,
KOTOpble pa3febHO W/UAM B COUYETaHUM MOTYT
OBITh MCITOJIb30BAaHbI B KAUECTBE JOMOTHUTEIbHO-
o croco6a JieueHus JaHHO MaTOOTUNA.

Takum 006pa3oM, IIPU XPOHUYECKUX TUHTUBU-
TaXx MMMYyHHbBIE HApYIIEHUS SIBJSIIOTCS OOHUM W3
K/IIOYEBBIX MATOTeHETUYECKUX 3BEHbEB, UTO Tpe-
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O6yeT B AOMOJIHEHNE 6Aa30BOro JeyeHusl IpOBene-
HMSI BOCCTAHOBUTEIbHO peabummranym [8].

IMocne 6a30BOro JyieueHus CyabGUIHBIMU BO-
Iamu «PegaHT-4P» 1 Kypopra «Tamuck» B codeTa-
HUU C MeNdKCEHOM OTMeEYeHO YyJIydllleHue UMMY-
HOperyJasiTopHoro uHpekca ¢ 1,27+0,12 no
1,53%0,01 u puroxokreitnem FK-RS ¢ 1,26+0,11 mo
1,45%0,10 (p<0,05). AnamormuHo - HCT-Tect
yayummiacs ot 0,73x0,08 mo 0,96*0,13 u ot
0,56%0,08 mo 0,93+0,14 (p<0,05).

[MpumeHeHME CYMbGOUIHBIX MUHEPATBHBIX BOI
UCTOYHUKOB «PemaHT-4P» m Kkypopra «Tammuck»
paszenbHO ¢ MeaakceHom v GuTokokTeiiiem FK-RS
U B KOMIUIEKCe (KaK BayKHOTO 3BeHa 0011eil peabu-
JIUTAUMOHHOM TaKTUKM) HEOOXOAMMO, TaK Kak
TpejiokKeHHbIe CIIoco6bl HAapaBIeHbl Ha BOCCTA-
HOBJIeHIE HapyIIeHHbIX CTPYKTYPHO-
(OYHKLIMOHAIBHBIX CBSI3€il MpU IaTOJOrUU 3y6O0-
JleCHEeBOi cuCTeMBI (pUC.).

80+
Tamuck 19

PepaHt 4
KopoHatepa
Mungponar

40-

%

@ onpo

JneyTepokok + UTOBUT

20 + pegaHT 4

PepaHT 4 + Tammck 19 +
MenakceH + duToKoKTENNB
"FK-RS"

i

0-

Puc. Tabnuua 3¢ HeKTUBHOCTY KOMILIEKCHOTO MUCITOJb-

30BaHMS CYy/IbPUAHBIX MUHEpaNbHbIX Bog PCO-Ananus,

dutoTepanmu 1 HEKOTOPHIX (hapMaKOJIOTMUECKIUX Mpe-
[apaToB IS JIeYeHMsI XPOHMYECKMX TMHTMBUTOB

C Bo3pacTom 3¢h(HEKTUBHOCTD JIeUe6GHOTO BO3-
JIeCTBUSI TIPEIJIOKEHHBIX CIIOCOO0B MMMYHHO
KOPPEKIM XPOHUUECKUX TMHTUBUTOB CHIKAETCS,
YTO, BO3MOKHO, CBSI3aHO C aMUJIOMUI030M U, COOT-
BETCTBEHHO, C OpamguTpodueii TKaHeil U OpraHoB
ITOJIOCTHM PTa.

Haubonee sdpdekTMBHBIE KIMHUYECKUE pe-
3yJIbTAThl TIOJIYUYEHBI OT KOMILIEKCHOTO MpUMEHe-
HUST CyAb(PUIOHBIX BOM, MeaaKceHd Vi (PUTOKOKTEN-
ns1 «FK-RS» (a¢dextuBHOCT — 50%); 3KCTpakTa

2/1eymepoKoKKa M (pumosuma B COUETAHUM C CYJIb-
dbupHOV MMuHepanbHOI Bomoil «PemaHT-4P» (adh-
dbexTuBHOCTD — 45%); Mundponama (40,1%); kopo-
Hamepbl (40%) u cynbGUIHBIX MUHEPATbHBIX BOJI
MCTOYHUKOB caHaTOpus «TaMuck» u «PegaHT-4P»,
MIpUMEeHEHHBIX B BuAe MOHOTepanuu, 3hGeKTuUB-
HOCTb KOTOPBIX cocTaBmia 25,3% (puc.).

[TaTroMopdosornueckoe wuccjaeaoBaHue 61O-
NITaTOB JeceH O U MOcjie KOMIUIEKCHOTO JieueHusI
1oKa3ajao 3HauuMTe/lbHOe yMeHbllleHMe Kjiaccuyue-
CKUX TIPU3HAKOB XPOHMUYECKOTO TUHIMBUTA Y
43 manueHTOB, Y 2-X BBISBUIM aMUIOUI03, 00y-
CJIOBJIEHHBII MMEJIOMHOJ 00JIe3HBIO, UTO YCYIy-
6110 TeueHMe XPOHNYECKOTO TMHTUBUTA.

BoiBOBI:

1. PaspaboTaH HOBBIIi HeMeIMKaMEeHTO3HbIi
CrIoco0 MPOPUIAKTUKMA U JIeUeHUS XPOHUUYECKUX
TMHTMBUTOB C MpUMEHEHMEM CYIbOUIHBIX MUHE-
paJIbHBIX BOJl UCTOUHUKOB PemaHT-4P 1 caHaTo-
pus «Tamuck» B KoMIuiekce ¢ hbuToTepanmeit, mo-
3BOJISIIOIIMI IIONYYUTb IJIUTENbHBIN (6-8 Mec.)
s(pdexrT peMuccun.

2. YCTaHOBJIEHO, YTO (PUTOTEpAIINUSI XPOHUUE-
CKUX TMHTUBUTOB MMO3BOJISIET YIYUIIUTh pe3yJabTa-
ThI 6a30BOTO JIEUEHMUSI, CUHXPOHU3UPYS PUTM Jie-
ye6HOIr0 BO3IEICTBUSI C PUTMaMu (HU3NOJIOTMYe-
CKUX (PYHKUMI, TeM caMbIM, CIIOCOOCTBYSI YMEHb-
IIEHUIO0 UMMYHHBIX HapyIlIeHi i, BOCCTaHOBJIEHNIO
KOMITEHCATOPHBIX M perapaTuBHBIX MEXaHU3MOB,
YIYUIIeHMI0 TIoKa3aTeseil KJIeTOYHOTr0 U TyMO-
pajbHOTO UMMYHUTETA.

3. Pe3ynbTaTbl KOMIUIEKCHOTO JiIeUeHUS] XpO-
HUYECKUX TMHTUBUTOB IpeIJIOKeHHbIMMU BIIepBbie
crocobamm, COTJIaCHO ITOMYYEHHBIM KPUTEPUSIM
KIMHUYECKOl 3(PGEeKTUBHOCTH, PacleHUBaIOTCS
Kak yI0BJI€TBOPUTEIbHbIE U XOPOIlNe, YTO T03BO-
JITeT UX PeKOMEHIOBATh AJISI ONTUMM3aLMM 6a30-
BOTO JIEUEHMSI DPA3IUYHBIX (OPM XPOHUUECKUX
TUHTMBUTOB.

COMPREHENSIVE REHABILITATION THERAPY IN THE TREATMENT OF CHRONIC GINGIVITIS
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Abstract. In different groups of patients with different forms of chronic gingivitis, we studied clinical,
structural (gingival biopsy specimens) and immunological parameters resulting from application, with the
purpose of treatment, of sulfurous mineral waters from the Tamisk health resort and from the Redant-4R
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springs (the Republic of North Ossetia-Alania). We studied the effect of the pharmaceuticals Mildronate and
Melaxen separately and in combination with herbal medicinal products — Eleutherococcus, Fitovit, Corona-
tera, and FK-RS phytococktail — in order to optimise the conventional treatment of this category of patients.
We have developed a new non-pharmacological method for prevention and treatment of chronic gingivitis,
which consists in applying sulfurous mineral waters from the Redant-4R springs and the Tamisk health
resort in combination with phytotherapy, which makes it possible to obtain long-term (6-8 months) remis-
sion. It has been found that phytotherapy of chronic gingivitis can improve the results of the basic treat-
ment, synchronizing the rhythm of the therapeutic intervention with the rhythms of physiological func-
tions, thereby reducing immune disorders, promoting the recovery of compensatory and reparative mechan-
isms, improving cellular and humoral immunity. The most pronounced clinical results have been obtained
from combined application of sulfide waters, Melaxen and FK-RS phytococktail; Eleutherococcus extract and
Fitovit in combination with Redant-4R sulfurous mineral water; Mildronate; Coronatera; sulfurous mineral
waters applied as monotherapy. The results of complex treatment of chronic gingivitis using the methods
suggested for the first time, can be assessed, according to the obtained criteria of clinical efficacy, as satis-
factory or good, which makes it possible to recommend them for optimizing the basic treatment of various
forms of chronic gingivitis.

Keywords: chronic gingivitis, sulfurous waters, phytoadaptogens, Mildronate, Melaxen, treatment ef-
fectiveness.

Introduction. Recently, along with tradition- of non-pharmacological methods and options of
al methods of treatment, biotherapy (a method of treatment is that they are mainly used by female
treatment by activating the natural protective me- population of a high level of material prosperity in
chanisms of the body) has been gaining more and the economically developed countries of Western
more solid positions. In this context, plants and Europe and the United States. Thus, in 1997 alone,
sulfurous mineral waters, when applied in combi- patients in the United States spent $34.4 billion on
nation, reveal the genetic potential of the effec- non-pharmacological treatment, and the number of
tiveness of adaptation and self-regulation me- those who are interested increases every year [15,16].
chanisms [4-6,12,13]. The fundamental strategy of restorative medi-

Being based on the accumulated knowledge cine is based not only on preserving the physical
about the influence of medicinal products and health of a person, but also on adapting to the
thermal waters on the key links of disease etiology negative factors of psychosomatic and social gene-
and pathogenesis, traditional medicine has played sis. This multidisciplinary strategy should be fol-
an important role in developing and introducing to lowed by biomedical science, as it ensures early
the clinic practice new, harmless and effective me- detection, prevention and treatment, in particular,
thods of treatment, in particular, phytotherapy. of psychosomatic pathological desynchronosis — a
Over many thousands of coexistence, medicinal powerful key pathogenetic mechanism of the
wild plants have become closely connected to hu- emergence of acute and chronic organ pathology,
mans, and, with correct dosage, they are always including diseases of the dentogingival system.
clinically effective and in demand. The active substances contained in medicinal

The return of practical medicine to treatment plants, for example, alkaloids, are effective in ur-
with natural resources has become possible due to gent therapy, especially in those cases when a rap-
the development of new theoretical knowledge id positive effect is necessary. However, with the
providing the rationale for the mechanisms of ac- long-term use of these same drugs, they can be-
tion of herbal remedies. Currently, in the context come ineffective and even dangerous, since they
of difficult social and economic situation, many quickly cause addiction [9].
patients are looking for inexpensive but efficient The purpose of the study is to investigate
medicines and therapies. the effectiveness of treating patients with chronic

Doctors are increasingly interested in non- gingivitis with sulfurous mineral waters from the
pharmacological methods of treatment. This is Redant-4R springs and the Tamisk health resort
confirmed by a significant increase in the budget (the Republic of North Ossetia-Alania); to study
of the National Center for Alternative Medicine of the effect of the pharmaceuticals Mildronate u Me-
the United States from $50 million in 1997 to $120 laxen separately and in combination with herbal
million in 2006 [2,17]. Another argument in favor medicinal products — Eleutherococcus, Fitovit, Co-
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ronatera, and FK-RS phytococktail - in order to
optimise the conventional treatment of this cate-
gory of patients.

Materials and methods. The present study is
based on the results of separate and combined ap-
plication of sulfurous mineral waters of the Ta-
misk health resort and of the Redant-4R springs
for treating chronic gingivitis. Histologically, we
studied before and after treatment the gingival
biopsy specimens of 45 patients of both genders
(24 men and 21 women) aged 28 to 64 years with
chronic catarrhal gingivitis (16 patients), chronic
atrophic gingivitis (11), chronic hypertrophic gin-
givitis (10), and chronic ulcerative gingivitis (8).

The patients were divided into three groups
by their age. The first group included patients
aged 28 to 40 years, the second group - 41 to 50
years, the third group — 51 to 64 years. The control
group consisted of 10 healthy volunteers of the
same age (6 men and 4 women). Clinical severity
of chronic gingivitis was determined using con-
ventional periodontal indexes.

For histological studies, we took 3x3 and
3x3.5 mm specimens of gingival mucosa, excised
in the process of extracting teeth or their roots
based on strong medical indications. The material
was fixed in 10% formalin solution and embedded
in paraffin after histological diagnosis. Sections 5-
6 microns thick were stained with hematoxylin
and eosin, as well as with toluidine blue. Congo
red was used to identify amyloid.

Along with the basic methods of treatment,
we used sulfurous waters of the Tamisk health
resort and of the Redant-4R springs. Depending on
the age and the lack of allergic reaction to sulfur
compounds, sulfurous water was taken orally 2
times a day (after an overnight fast, half an hour
before breakfast and dinner) at a dosage of 100-
150 ml, at room temperature. The administration
of partially diluted sulfurous mineral water was
accompanied by sanitation of the oral cavity 3-4
times a day at a single dose of 150-200 ml, the
course of treatment took 2 weeks, in severe cases —
3 weeks.

For the first time, we applied phytoadapto-
gens - extract of Eleutherococcus senticosus and
Fitovit — separately, in combination with each oth-
er and with sulfurous mineral water. The patients
underwent clinical examination which included
the following: echocardiography, assessment of
light physical exercise tolerance, blood rheology
indicators. The study of mental condition included
WAM technique (self-assessment of well-being,
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activity, mood) and Luscher test (see Table).

An immunological study was conducted in all
age groups of patients with chronic gingivitis. T-
system was studied using the method of spontane-
ous rosette-formation (E-ROK), lymphocyte blast
transformation reaction (LBTR) with phytohemag-
glutinin (PHA). We counted the total number of T-
Ilymphocytes and their subpopulations of T-
helpers and T-suppressors, determining their ratio
(immunoregulatory index). The condition of the B-
system was evaluated in absolute values and as
percentage of B-lymphocytes determined by the
method of complementary rosette-formation (EAC-
ROK) and the content of serum immunoglobulins
IgA, IgG, IgM. Nonspecific defense of phagocytic
activity of neutrophils was evaluated using the
nitro blue tetrazolium (NBT) test.

Comprehensive rehabilitation of the patients
included nutritional therapy based on lipid-
lowering diet, and psychotherapy. In order to influ-
ence immunological status, we used herbal medica-
tions, which were preferred to a number of pharma-
cological immunomodulating drugs due to their
softer, more sparing and prolonged action, free from
side effects. For that purpose, we chose the extract
of Eleutherococcus senticosus and Fitovit.

Extract of Eleutherococcus has stimulating
(tonic) effect on the central nervous system and
the functions of the body as a whole; it is applied
in the case of their general weakening, increases
stamina under physical and mental stress, reduces
toxicity, improves blood circulation. There is evi-
dence of its adaptogenic action, its positive influ-
ence on the immune status. Patients received the
medication at doses of 20 drops (1 ml) a day.

Fitovit is a combined, adaptogenic, health-
improving herbal preparation having nootropic
effect. It increases nonspecific resistance to infec-
tions and intoxications, improves digestion, and
has immunomodulating and membrane-protecting
effect, which predetermined its advantage over
other alternatives. The medicine was administered
one capsule a day. All the patients received basic
comprehensive therapy. By the type of the applied
phytoadaptogen, all the patients were divided into
three groups comparable by the basic parameters
of their general condition. The first group (control
group) received the herbal cocktail. The patients of
the second group received the extract of Eleuthero-
coccus; the third group received Fitovit. Phytothe-
rapy was carried out for three to four weeks.

The established tradition of treatment with
medicinal herbs, existing since time immemorial,
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remains popular nowadays, as is obvious from the
example of the successful application of Fitovit,
Eleutherococcus, Coronatera, FK-RS phytococktail
in dental practice, evidenced by our works [1,5,11].
Herbal medicine has not lost its relevance. Thus,
the phytocardioprotector Coronatera is used for
the treatment of diseases of the cardiovascular
system and periodontal diseases. It is a herbal me-
dication produced by the pharmaceutical factory in
Tianjin, China, and coming in the form of pellets
[3]. The active agent of the herbal medicinal prod-
uct is Ligusticum striatum, which includes a num-
ber of biologically active substances: essential oils,
alkaloids, lactones, bergapten, resins, phenolic and
other compounds.

Ligusticum striatum root extract helps to re-
duce general peripheral resistance, causing a long
and stable hypotensive effect due to an anti-
anginal, anti-ischemic and membrane-stabilizing
action; it possesses anti-arrhythmic effect, im-
proves myocardial contractility and cardiac output,
increases ischemia threshold, reduces myocardial
oxygen consumption.

It also contributes to a significant reduction in
blood triglycerides levels, lowers blood viscosity
index and fibrinogen level, total cholesterol and
low-density lipoprotein, greatly increases high-
density lipoprotein [7,10,14].

Our combined therapy of chronic gingivitis in-
cluded the pharmacological preparation of 3-
(2,2,2-trimethylhydrazinium) propionate - Mil-
dronate, which by its chemical structure is an azo-
analog of g-butyrobetaine — a natural metabolite
in the chain of carnitine biosynthesis. Facilitating
expansion of the blood circulatory system module,
Mildronate reduces plasmatic impregnation of ves-
sel walls, reduces the release of serum proteins in
the tissue spaces, thereby restoring the drainage
circulatory systems of the oral cavity. The medi-
cine was used in the form of intravenous injections
of 10% solution, 10 ml once a day for 2 weeks, and
after a month’s break - in capsules of 0.25 g 2
times a day for 1 month.

In order to ensure better effectiveness of the
treatment of chronic gingivitis with sulfurous wa-
ters, we additionally used Melaxen and FK-RS phy-
tococktail. Taking into account the major indica-
tors of the general condition and the nature of the
treatment, the patients were divided into three
groups. The first group (14 patients) was treated
with sulfurous waters Melaxen, the second group
(16 patients) received sulfurous waters with FK-RS
phytococktail, the third group (15 patients) was
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treated with sulfurous waters, Melaxen and FK-RS
phytococktail.

Melaxen is a chemical analog of the biogenic
amine melatonin (pineal hormone). It helps the
body adapt to quick change of time zones, atte-
nuates stress response, and has immunostimulat-
ing, adaptogenic and strong antioxidant proper-
ties. When taken orally, it is rapidly and complete-
ly absorbed and passes freely through blood-tissue
barriers, including the blood-brain barrier. It was
administered 1 pill a day, 30-40 minutes before
going to bed.

In combination with sulfurous waters, we ap-
plied FK-RS phytococktail for immune correction.
It is a mixture of ethanolic extracts of Glycyrrhiza
glabra, Inula helenium, Rhodiola rosea, Eleuthero-
coccus senticosus. FK-RS phytococktail has anti-
oxidant and immunomodulatory effects, has a ton-
ic effect on the CNS and the body functions as a
whole, improves blood circulation, and increases
stamina under physical and mental stress and the
body’s nonspecific resistance to infections and
intoxications. The drug was administered for 3
weeks, 3 times a day, 15-20 drops in 0.5 cup of wa-
ter, juice or rosehip infusion. Additionally, all the
patients received Coronatera as monotherapy, 8-10
pellets 2 times a day before meals for 4 weeks.

In all the groups of patients, data were
processed by the method of variance analysis with
the use of Student’s t-test. Processing, calculating
and plotting were performed on a Pentium III
computer, using Statistica 5.1 and Microsoft Excel
2003 software.

Results and their discussion. The estab-
lished tradition of treatment with medicinal herbs,
existing since time immemorial, remains popular
nowadays, as is obvious from the example of the
successful application of Fitovit, Eleutherococcus,
Coronatera, and FK-RS phytococktail in treatment
of chronic gingivitis.

Clinical evaluation of the use of sulfurous
mineral waters from the springs of the Tamisk
health resort and of the Redant-4R (the Republic
of North Ossetia-Alania) with phytotherapy, Mil-
dronate, Melaxen and Coronatera, applied separate-
ly or in combination to optimize the traditional
treatment of chronic gingivitis gave various but
positive results with regard to the effect produced
on the patient’s body (see Table).

The result of psychological rehabilitation of
patients with chronic gingivitis largely depends on
the state of the immune system, the role of which
in achieving useful result is provided by sulfurous
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waters, Melaxen and FK-RS phytococktail, which
can be used separately and/or in combination as
an additional method of treatment of this kind of

pathology.
Table

Clinical evaluation of psychological parameters in
patients with chronic gingivitis undergoing basic
treatment with sulfurous waters from the springs of
the Redant-4R and the Tamisk health resort
in combination with FK-RS phytococktail (WAM
technique, Luscher test), n=45, M*m

Immune correction method
Sulfurous
Sulfurous | waters +
. Control Sulfurous | waters + FK-RS
Indicators waters Melaxen |phytocock-
tail
Well- a | 40,57%1,20 | 44.41%2.46 [45.27+0.81| 44.1+2.55
being
(points) b | 52.1¥0.86 |55.65+0.74|55.69+0.86| 56.2+1.17
Activity | a | 46.27%0.57 [ 47.61+1.46 |44.69+1.24| 47.27+1.31
(points) | b | 51.48+1.10 | 52.68+1.17 | 53.72%1.19| 57.18+1.68
Mood a | 44.13+2.13 | 45.73+0.61 [45.81%1.12|44.69+1.89
(points) | b | 53.26+1.36 | 54.47+1.18 | 54.65%1.52 58.27%2.14
Stress | a | 30.55+0.48 | 28.45+0.62 |28.47+1.01| 30.62+0.74
12;31 b | 21.35%0.46 | 16.72+0.86 | 16.41%1.02| 15.74%0.9
Capacity . N 54.71%1.03 N
for work a | 47.74+1.31 | 54.65+2.91 2+1,68 47.31%1.29
(conven-
tional | b [ 56.83+0.84 | 70.88+1.41 [69.97+1.53| 74.9%1.79
units)

Note: a — before treatment, b — after treatment. The dif-
ferences in before and after treatment values in all
treatment groups were statistically significant (p<0.05)

Thus, with chronic gingivitis, immune disord-
ers are one of the key pathogenetic links which
requires restoring rehabilitation to be carried out
in addition to basic treatment [8].

Basic treatment with sulfurous waters from
the Redant-4R springs and the Tamisk health
resort in combination with Melaxen resulted in
marked improvement of immunoregulatory index
- from 1.27#0.12 to 1.53%0.01, and with FK-RS
phytococktail - from 1.26%0.11 to 1.45*0.10 (p
<0.05). Likewise, NBT test improved from
0.73£0.08 to 0.96%0.13, and from 0.56* to
0.93+0.14 (p<0.05).

Application of sulfurous mineral waters from
the Redant-4R springs and the Tamisk health
resort separately and in combination with Melaxen
and FK-RS phytococktail (as an important link of
general rehabilitative tactics) is necessary, as the
proposed methods are targeted at restoring the bro-
ken structural-functional relationships associated
with pathologies of periodontal system (see Fig.).
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Fig. Table of effectiveness of combined application of
sulfurous mineral waters (the Republic of North Ossetia-
Alania), phytotherapy and some pharmacological medi-

cines for the treatment of chronic gingivitis

The therapeutic effectiveness of the proposed
methods of immune correction of chronic gingivi-
tis reduces with the patient’s age, which may be
due to amyloidosis and, consequently, to brady-
trophia of tissues and organs of the oral cavity.

The most effective clinical results have been
obtained from the combined application of sulfide
waters, Melaxen and FK-RS phytococktail (effec-
tiveness — 50%); Eleutherococcus extract and Fitovit
in combination with Redant-4R sulfurous mineral
water (effectiveness - 45%); Mildronate (40.1%);
Coronatera (40%); and sulfurous mineral water of
the Tamisk resort and the Redant-4R springs, ap-
plied as monotherapy, the effectiveness of which
amounted to 25.3% (Fig.).

A pathomorphological study of gingival biop-
sy specimens before and after comprehensive
treatment revealed a significant decrease in the
classical signs of chronic gingivitis in 43 patients;
in 2 of them myeloma-related amyloidosis was
revealed, which aggravated the course of chronic

gingivitis.

Conclusions:

1.We have developed a new non-
pharmacological method for prevention and

treatment of chronic gingivitis, which consists in
applying sulfurous mineral water from the Redant-
4R springs and the Tamisk health resort in combi-
nation with phytotherapy, which makes it possible
to obtain long-term (6-8 months) remission.

2.1t has been found that phytotherapy of
chronic gingivitis can improve the results of the
basic treatment, synchronizing the rhythm of the
therapeutic intervention with the rhythms of phy-
siological functions, thereby reducing immune
disorders, promoting the recovery of compensato-
ry and reparative mechanisms, improving cellular
and humoral immunity.

3. The results of complex treatment of chronic
gingivitis using the methods suggested for the first
time, according to the criteria of clinical efficacy,
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can be assessed as satisfactory or good, which al-
lows them to be recommended for optimizing the

JIurepaTtypa

1. Bopucosa O.H., )Kusornigag P.H., Xagapuesa K.A.,
IOprens E.H., XagapueB A.A., HaymoBa 3.M. Coue-
TaHHOe IIPMMeHeHNe KOpOHaTephbl U TMPyLoTepanumn
npu pedeKTOPHOIM CTEHOKapAUM B IMOXUIOM BO3-
pacte // BeCTHMK HOBBIX MeOULIMHCKUX TE€XHOJOTUIA.
2012. N2 1. C. 95-98.

2. KospipeB K.M., Cymapgse B.I., Kossipera C.M.,
lra6byeBa A.A. CTpyKTypHO-(DYHKI[MOHAIbHAS OIleHKa
3 PeKTUBHOCTM aJbTEPHATUBHONM Tepamnuu U BO3-
MOYXHOCTU ee MpuMeHeHUs // BeCTHUK HOBBIX Meau-
LIMHCKUX TeXHOJOTUIi. DJIeKTpOoHHOe u3maHue. 2014.
Ne1. ITy6aukaims 2-16. URL:
http://www.medtsu.tula.ru/VNMT/Bulletin/E2014-
1/4757.pdf (Ilata o6pamenus: 30.04.2014) DOI:
10.12737/3858.

3. KossipeB K.M., IllaoBa 3.P., Xypuena A.Ill. Knu-
HuJeckas 3G(eKTUBHOCTh NpUMeHeHUsT GUTOoanar-
ToreHa «KopoHaTepsl» B peXuMe MOHOTepanuu Ipu
XpoHMYeckux ruHruButax // Norwegian Journal of
development of the International Science. 2017. N28.
C. 52-54.

4. KosbipeBa 3.K., Xeraryposa JI.I., Ko3sipeB K.M.
CTpyKTypHO-QYHKI[MOHAJbHOE OGOCHOBAHME UMMY-
HOpeaoWIUTaIMM OOJTbHBIX XPOHUYECKUMU IYMHTUBU-
Tamu GUTOAIATOTEHAMY 3JIEYTEPOKOKKOM U (PUTOBU-
TOM. Biustiue cynbdumHoi MuHepaabHOI Bobl «Pe-
naHT-4P» // BeCTHUK HOBBIX MEOUIIMHCKUX TEXHOJIO-
rmit. 2011. T. 18, N2 3. C. 209-214.

5. KossipeBa 3.K., TontapeB C.H., KossipeB K.M.,
LumbanuctoB A.B. KimmHuueckast olleHKa pe3ysibTa-
TOB KOMIIJIEKCHOTO IPMMEeHEeHUs CyIbGUAHBIX MUHE-
panbHbIX BOJ, «MenakceHa» U uTokokreitns «FK-
RS» mjis MMMYHHOT KOppeKLM XpOHUUECKUX TUHTU-
BuToB // KnmHmdueckasi cromartonormsi. 2017. Ne1.
C.27-29.

6. KossipeBa 3.K., [I3oToBa 3.A., KabGamoeBa [.B.,
KosbipeB K.M. KomriekcHOe TIpuMeHeHMe CyabGOuI-
HOI BOJbl PEJAHTCKOTO MECTOpOXAeHUs «PemaHT-
4P» i ieueHus XpOHUUECKUX TMHTUBUTOB U UX TI0-
YeUyHbIX MpPOsiBIeHM1 // BeCTHUK HOBBIX MeOULIVH-
CKMX TeXHOJOTuii. DJIeKTpOHHOe u3xkmaHue. 2012.
Ne1. ITy6amkamus 2-23. URL:
http://medtsu.tula.ru/VNMT/Bulletin/E2012-

23

basic treatment of various forms of chronic gingi-
vitis.

References

1. Borisova ON, Zhivoglyad RN, Khadartseva KA,
Yurgel’ EN, Khadartsev AA, Naumova EM. Sochetan-
noe primenenie koronatery i girudoterapii pri reflek-
tornoy stenokardii v pozhilom vozraste [Combined
application of Coronatera and hirudotherapy in reflex
angina in old age]. Vestnik novykh meditsinskikh
tekhnologiy. 2012:1;95-8. Russian.

2. Kozyrev KM, Suladze VG, Kozyreva SM, Gabu-
eva AA. Strukturno-funktsional’naya otsenka effek-
tivnosti al’ternativnoy terapii i vozmozhnosti ee pri-
meneniya [Structural and functional evaluation of the
effectiveness of alternative therapy and the possibili-
ty of its application]. Vestnik novykh meditsinskikh
tekhnologiy (Elektronnyy zhurnal) [Internet]. 2014
[cited 2014 Apr 30];1 [about 5 p.]. Russian. Available
from: http://www.medtsu.tula.ru/
VNMT/Bulletin/E2014-1/4757.pdf

DOI: 10.12737/3858.

3. Kozyrev KM, Shaova ZR, Khurieva ASh. Klinicheskaya
effektivnost’ primeneniya fitoadaptogena «Koronatery»
v rezhime monoterapii pri khronicheskikh gingivitakh
[Clinical effectiveness of the use of the phytoadaptogen
Coronatera as a monotherapy in chronic gingivitis].
Norwegian Journal of Development of the International
Science. 2017;8:52-4. Russian.

4. Kozyreva ZK, Khetagurova LG, Kozyrev KM. Struk-
turno-funktsional’noe obosnovanie immunoreabili-
tatsii bol’nykh khronicheskimi gingivitami fitoadap-
togenami eleuterokokkom i fitovitom. Vliyanie
sul’fidnoy mineral’noy vody «Redant-4R» [Structural
and functional substantiation of immunorehabilita-
tion of patients with chronic gingivitis with phytoa-
daptogens Eleutherococcus and Fitovit. Influence of
the sulfurous mineral water Redant-4R]. Vestnik no-
vykh meditsinskikh tekhnologiy. Tula;
2011;18(3):209-14. Russian.

5. Kozyreva ZK, Gontarev SN, Kozyrev KM, Tsimbalistov
AV. Klinicheskaya otsenka rezul’tatov kompleksnogo
primeneniya sul’fidnykh mineral’nykh vod, «<Melaksena»
i fitokokteylya «FK-RS» dlya immunnoy korrektsii khro-
nicheskikh gingivitov [Clinical evaluation of the results
of combined application of sulfurous mineral waters,
Melaxen and FK-RS phytococtail for immune correction
of chronic gingivitis]. Klinicheskaya stomatologiya.
2017;1:27-9. Russian.

6. Kozyreva ZK, Dzotova ZA, Kabaloeva DV,
Kozyrev KM. Kompleksnoe pri-menenie sul’fidnoy vody
redantskogo mestorozhdeniya «Redant-4R» dlya leche-
niya khro-nicheskikh gingivitov i ikh pochechnykh
proyavleniy [Complex application of the Redant-4R sul-
fide water from Redant springs for the treatment of
chronic gingivitis and its renal manifestations].Vestnik
novykh meditsinskikh tekhnologiy (elektronnyy zhur-



BECTHUK HOBBIX MEIUIIMHCKUX TEXHOJIOTUM - 2018 - T. 25, Ne 1 - C. 14-24

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V.25, Ne1 - P. 14-24

1/4024.pdf (laTa o6pamenns: 29.01.2018).

7. OneitnukoBa M.M., XamapueB A.A. Ilcuxocoma-
TUYeCKye COOTHOILIeHMSI IIpU KapAMOBaACKYJISIPHBIX
paccrpoiicTBax. JleueHne KopoHaTepoit // Teopuss u
MPaKTVKa BOCCTAHOBUTENbHON MenuiyuHbl. Tyna—
Mocksa, 2005. T.IV. C.61-64; 208-233.

8. OmneiinukoBa M.M., XapapueB A.A. Teopus u
MpaKTUKa BOCCTAaHOBUTENIbHON MeAuUMHbL. Tyna-
Mocksa, 2005. T. IV. 284 c.

9. Xapapues A.A., EcbkoB B.M., Kosbipes K.M., I'oH-
tapeB C.H. Menuko-6mosnornueckast TeOpust U mpak-
TuKa: Monorpadus / Ilom pen. B.I. ThIMMHCKOIO.
Tyna: Usp-so Tynl'Y — Benropon: 3A0 «Bbenropog-
ckast o6macTHas tumnorpadms», 2011. 231 c.

10. XapmapueB A.A., 3unoB B.I'., OneiinukoBa M.M.,
HaymoBa 3.M. KopoHaTepa B JiedeHUM OOJIbHBIX
uieMmuueckoi 60esHpi0 cepaia: Yue6Hoe mocooue.
Tyna: Tynbckuii momurpaduct, 2003. 21 c.

11. XapapueB A.A., Kymnees B.I., OneitHukoBa M.M.,
Bopucosa O.H., Haymosa 3.M. KoponaTepa B coueTa-
HUM ¢ jazepodopesoM (UTOMeTaHMHA TPU CTEHO-
Kapauyu HamnpspkeHUs: // BeCTHUMK HOBBIX MeOULIVH-
ckux texHomormit. 2012. N2 1. C. 92-95.

12. XapapueB A.A., MoposoB B.H., XpynaueB A.l.,
Kapacesa 10.B., Mopo3osa B.M. [emnpeccusi aHTU-
CTPeCcCOBBIX MeXaHM3MOB KaK OCHOBa pa3BUTHUS Ta-
TOJIOTMYECKOro mpoluecca // OyHoameHTaabHbIE MUC-
cnemoBanus. 2012. N2 4 (vacts 2). C. 371-375.

13. Xputuaud [.B. OneitiukoBa M.M., Muxaiiio-
Ba A.A., 3unos B.I'., PasymoB A.H., Xagapues A.A., Ma-
abirvH BJI., KotoB B.C. IlcuxocomaTuueckue M coma-
TO(OPMHBIE PACCTPOIICTBA B peabUIMTONIOTUY (IMarHo-
cTuKa 1 Koppekiust): MoHorpadwms. Tyma, 2003. 120 c.

14. Yensp 1I306aH. CTaHIapThl AMArHOCTUKU U Jiede-
HUS TPAOULMOHHONM KUTANCKOM MeguInHbl. HaHKNH,
1994. C. 204-206.

15. Angell M., Kassirer J. Alternative medicine the
risk of untested and unregulated remedies // New.
Engl. J. Med. 1998. Vol. 339. P. 839-841.

16. Eisenberg D.M., Davis R.B., Ettner S.L. Trends in
alternative medicine use in the United States, 1990-
1997 // JAMA. 1998. Vol. 280. P. 1567-1569.

17. Penson R.T., Castro C.M., Seiden M.V. Complemen-
tary, alternative, integrative orunconventional medi-
cine? // The Oncologist. 2001. Vol. 6. P. 463-473.

24

nal). [Internet]. 2012 [cited 2018 Jan 29];1[about 6 p.]
Russian. Available from: URL:
http://medtsu.tula.ru/VNMT/Bulletin/E2012-1/4024.pdf.

7. Oleynikova MM, Khadartsev AA. Psikhosomati-
cheskie sootnosheniya pri kar-diovaskulyarnykh ras-
stroystvakh. Lechenie koronateroy [Psychosomatic
correlations in cardiovascular disorders. Treatment
with Coronatera]. Teoriya i praktika vosstanovitel’noy
meditsiny. Tula-Moskva. 2005. Russian.

8. Oleynikova MM, Khadartsev AA. Teoriya i praktika
vosstanovitel'noy meditsiny. Tula-Moskva; 2005.
Vol. 4. Russian.

9. Khadartsev AA, Es’kov VM, Kozyrev KM, Gonta-
rev SN. Mediko-biologicheskaya teoriya i praktika:
Monografiya. Tyminskiy VG, editor. Tula: Izdatelstvo
TulGU - Belgorod: ZAO “Belgorodskaya oblastnaya
tipografiya”; 2011. Russian.

10. Khadartsev AA, Zilov VG, Oleynikova MM, Nau-
mova EM. Koronatera v lechenii bol’nykh ishemi-
cheskoy bolezn’yu serdtsa: Uchebnoe posobie. Tula:
Tul’skiy poligrafist; 2003. Russian.

11. Khadartsev AA, Kupeev VG, Oleynikova MM, Bori-
sova ON, Naumova EM. Koronatera v sochetanii s laze-
roforezom fitomelanina pri stenokardii napryazheniya
[Coronatera in combination with phytomelanin laser
phoresis at exertional angina]. Vestnik novykh medit-
sinskikh tekhnologiy. 2012;1:92-5. Russian.

12. Khadartsev AA, Morozov VN, Khrupachev AG,
Karaseva YuV, Morozova VI. Depressiya antistresso-
vykh mekhanizmov kak osnova razvitiya patologi-
cheskogo protsessa [Depression of anti-stress me-
chanisms as a basis for the development of the patho-
logical process]. Fundamental’nye issledovaniya.
2012;4(2):371-5. Russian.

13. Khritinin DV. Oleynikova MM, Mikhaylova AA,
Zilov VG, Razumov AN, Khadartsev AA, Malygin VL,
Kotov VS. Psikhosomaticheskie i somatoformnye ras-
stroystva v reabilitologii (diagnostika i korrektsiya):
Monografiya. Tula; 2003. Russian.

14. Chen Zuobang. Standarty diagnostiki i lecheniya
traditsionnoy kitayskoy meditsiny [Standards for di-
agnosis and treatment of traditional Chinese medi-
cine]. Nanjing; 1994.

15. Angell M, Kassirer J. Alternative medicine - the
risk of untested and unregulated remedies. New.
Engl. J. Med. 1998;339:839-41.

16. Eisenberg DM, Davis RB, Ettner SL et al. Trends
in alternative medicine use in the United States,
1990-1997. JAMA. 1998;280:1567-9.

17. Penson RT, Castro CM, Seiden MV et al. Com-
plementary, alternative, integrative or unconvention-
al medicine? The Oncologist. 2001;6:463-73.



BECTHUK HOBBIX MEJIUIIMHCKUX TEXHOJIOTHMH - 2018 - T.25, Ne1 - C. 25-28
JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P. 25-28

VIK: 616.831-005:616-037 DOI: 10.24411/1609-2163-2018-15971

BO3MO>XHOCTH KOMITBIOTEPHOI TOMOT'PA®NU B IUATHOCTUKE
N3MEHEHIN CTBOJIA I'OJIOBHOI'O MO3T'A, V ITAITMEHTOB C OCTPBIM HAPYIIEHWEM
MO3IoBOro KPOBOOGPAIIEHUS
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AnHoTanusa. B cTaTbe mpeJiCcTaB/ieHbl Pe3yibTaTbl M3MepeHUsT TVIOTHOCTU CTBOJA TOJIOBHOTO MO3ra
ITOCPEICTBOM PEHTTeHOBCKOI KOMITbIOTEpHOI ToMorpaduu. O6ciemoBaHo 140 MalMeHTOB ¢ MHCYIbTOM, U3
HUX y 114 mauyeHTOB MHCYJAbT MPOTEKasa M0 UIIeMUYeCKOMY TuUIly, Y 16 1o remopparm4eckomy Tuiy. B
uccremoBanue BKIOWIM 92 (65,7%) keHmuHbI, O6bUTI0 48 (34,3%) MyskumH. CpeIHMIT BO3paCT COCTABUI
71,8%11,1 net. I'pyrma KOHTPOJISI COCTOSUTA M3 35 OTHOCUTENBHO 3[TOPOBBIX JTI0feil. Bo3pacTHbie U TeHmep-
Hble XapaKTepUCTUKM BCeX TPYIIN MaleHTOB cX0Xu. [IaliieHTOB CO CTBOJIOBBIM MHCY/IBTOM U TpaBMaTuue-
CKMMM M3MEHEeHMSIMY TOJIOBBI U IlIeN, B MICCIeIOBaHMe He BKIYAIN. BbIaBieHO, YTO Mpu J1060M THUIIE OCT-
pOTro HapyIIeHNsI MO3TOBOT0 KpOBOOOpaIlleHsT Ha YPOBHE TEHTOPUAIbHOTO OTBEPCTHUSI, TPOUCKXOIUT CTATHU-
CTUYECKU AOCTOBEPHOE IOBbINIEHNE TUIOTHOCTYM BelIeCTBa TOJIOBHOTO MO3Ta ¢ 23,6 emyuuil XayHchUiaga B
rpyr1re KOHTposs, 1o 30,8 u 31,2 eguuaniibl XayHchuiaa, Mpy UIIeMUIYECKOM 1 TeMOpparnuyeckom TUIIe MH-
Cy/lbTa. BBISIBIEHO, UTO IIPY JIIOOOM TUIIE MHCY/IbTA IIPOUCXOIUT IOBBIIIEHNE TFIOTHOCTM BeIeCTBa TOJIOB-
HOTO MO3Ta, Ha YPOBHE TEHTOPUAIbHOTO OTBePCTHUS. JJOCTOBEPHBIX pas3inunii MeXAy YPOBHEM ITOBBIIIE€HUS
IUIOTHOCTU, B 3aBUCMMOCTU OT TUIIA MHCY/JbTa He BbISIBJIeHO. Ha ypoBHe 3aTBUIOUHOTO OTBEPCTHUS OOCTO-
BepHOE MOBbILIEHME TIFIOTHOCTYU TMTPOUCXOAUT TOJIBKO MPU UIIIEMUUYECKOM TUITe MHCYIbTA.

KiroueBble ¢j10Ba: KOMIIbIOTepHAs ToMorpadusi, MHCYIbT, OTEK TOJIOBHOTO MO3ra, AMArHOCTMUKa UH-
CyJbTa.

AxTyanbHOCTB. B HacTosIee BpeMsi ocmpoe KaHUS MHCY/IbTA, SBASETCS JIUTENbHBIV MepPUO],
HapyuieHue Mmo03208020 kpogoobpaujeHus (OHMK) MpebbIBaHMS TallMeHTa B CIIELMaJIU3YPOBAHHOM
3aHMMAaeT BTOPOE MeCTO Cpenyu BCeX NPUYNH CTalyOHape, IIPOMOJIKUTEIbHBIN peabuanTamm-
cMmepTHOCTM B Poccuiickoit @enmepauyu, ycrymnast OHHBII TTepUOI, UTO OIpenenseT 60IbIIoe Meay-
TOJIbKO CcepaevyHO-COCyaUCTOM IaTOJIOTUHU. KO-COLIMa/IbHOE 3HaueHMue AaHHOi Iatojiormu. K
CmepTHOCTh B Poccum OT MHCY/IbTa B HECKOJBKO MOJIHOLIEHHOM KM3HUM II0C/ie TepPEeHECEeHHOTO
pa3 IpeBbINIAeT aHAJIOTMUYHbIEe MoKasaTenu B EB- OHMK Bo3BpaiaeTcs BCero 0Koao 8% IauyueHToB.
porielickux cTpaHax, u mocturaeT 280 uesioBeK Ha B Hacrosimiee Bpemsi mpobjeMe MHCY/IbTa
100 ThIc. HaceneHus [6], OKOJO MOSTYMWUIIMOHA npugaercs 6oJbllOe 3HAaYeHMe, TaK HaIpuMmep,
yeyioBek B Poccum exxerolHo mepeHoCsT MHCYbT, 3amylieH B paboTty demepanbHblii 06pa3oBaTesb-
npu 3ToM 30-TM OHeBHAas JIETAJIbHOCTb JOXOIUT Hbl poekT CTOIT-MHCVYJIbT, KOTOphIi 3aHMMAa-
1o 35%, B TeueHUM MepBOro Tofa OT MOC/IeICTBUI eTCsT TIPOCBETUTEBCKONM paboToli, HalpaBIeHHOI
OHMK ymupaert okosio 50% naimenTos [3]. OxHOI Kak Ha MpoQumIakTUKy 3ab6oneBaHus, Tak U Ha TO-
U3 BeOyUUX NMPUYMH CMEPTH, Y MALVEHTOB C UH- BBIIIEHNUSI MEAUIMHCKON TIPaMOTHOCTM Hacele-
CyJIbTOM, SIBJISIETCSI OTEK M AUCIOKALus CTBOJA HMS, 0711 paHHero BbisgBieHus npu3HakoB OHMK u
207108H020 Mmo32a (TM). OcCOOGEHHOCTM CTPOEHMUS CBOEBPEMEHHOTO OOpalleHust 3a KBaIMGUIMPO-
YyepemnHoii KOpoOKM, ITOKa3aTe/M aHaATOMUIECKOTO BaHHOJ MeIMILIMHCKOM IMOMOIbI0. PaboTaeT mpo-
MHTPAKPaHUAJIbHOIO pe3epBa, MOIYT pacIiojaraTh rpaMMa CO3[JaHMsI COCYIUCTBIX LIEHTPOB, KOTOpbIe
K pa3BUTHIO JieTasnbHOro ucxona OHMK [2]. OKasbIBAIOT CHelMaIu3MPOBAHHYI0 MOMOIIb I1a-

IloCcTOBEpHO MPOCJIEXNUBAETCS TEeHAEeHUUS K LIMeHTaM C MHCYJbTOM. Bemyiiasi poib B IOCTa-
OMOJIOKEHMIO MAlMEeHTOB C AMarHOCTUPOBAaHHBIM HoBKe AamarHo3a OHMK, npuHaaJIexXuT TyuyeBoi
MHCYJIbTOM, BCE Gonbiine ciayuaeB OHMK mpuxo- IuarHoctuke. OMHUM U3 BeAylIUX METOAO0M Heli-
IUTCS Ha JIMI TPYOOCIIOCOOHOTO BO3pacTa, ueMy POBU3yaIU3aAUY Y TALMEHTOB C MHCYJIbTOM SIBJISI-
CITOCOOCTBYIOT (DOHOBBIE 3a00JIeBaHMSI, TaKMe Kak eTcsl peHTreHOBCKasi KoMNnslomepHas momozpagpus
apTepuajgbHasl TUIIEPTEH3Us, CaxXapHbIii Ouaber (KT), BCe cocymucThie IeHTPbl UMEIOT B CBOEM OC-
[4]. OmHOIT U3 XapaKTepHbIX 0COOEHHOCTEN ITpoTe- HameHuu KT-ckaHepbl, pacIioiokeHHbIe B IIpefe-
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Jlax TIpMEMHOr0 OTHeJieHUs, AJis ONTUMM3ALUN
JIOTUCTUKU TIallMeHTa U COKpAallleHUs BpeMeHU 10
MOCTaHOBKY IMarHosa.

ITpu pytuHHOM KT ro0BHOro M0o3rarnpoBOAVT-
c¢s1 MopdoMeTpusl, HampaB/ieHHAs Ha BbISB/IEHME
ouara IaToJIorMyeckoi rwioTHoctTu I'M, omnucaHue
€ro XapakTepUCTUK, TaKUX Kak JIOKaJIM3alus, pas-
Mepbl, IOTHOCTb, HAJIMUME WU OTCYTCTBUE TIPU-
3HAKOB KPOBOM3IUSIHUS. B TO 3XKe BpeMsI MUHOUBULY-
ajJIbHbIe OCOOEHHOCTH CTPOEHMST YePEITHO KOPOOKH,
M3MeHeHUsI, TTPOUCXOSINME B BaskHeIeM OTee
I'M cTBOJIE, OCTAIOTCSI BHE 30HBI MHTepeca. BaskHeli-
mee npeumyiiectBo KT, niepen apyrumm MeTogamm
HepoBU3yaIn3alyuu, 3TO BO3MOXKHOCTb IPYOKU3-
HEHHO MCCIeI0BaTh IVIOTHOCTD BellleCTBa T'OJIOBHOTO
MO3ra, Kak B OTJe/bHOM Touke I'M, Tak 1 Ha 1uionia-
I jio6oro yuactka I'M.

Ilens mcciemoBaHUsI — M3yueHUe U3MeHe-
HUIA, TIPOUCXOMSIIUX B CTBOJE TOJOBHOTO MOS3Ta
MPY Pas3JIMYHBIX TUIIAX OCTPOTO HApPYIIEHUS MO3-
TOBOTO KpOBOOGpaIleHMusl, TIOCPEICTBOM pEHTIe-
HOBCKOJ1 KOMITbIOTEpPHOJi TOMOrpaduu.

Marepuaabl M MeETOABI WCCIeTOBAHUS.
Hamra paboTa mpepacTaBiisgeT co00il KiIaccuuyeckoe
PEeTPOCIIeKTUBHOE MucciaenoBanme. O6Iiee YMUCIO
HabsogeHnii 175 ciyyaes, u3 Hux 140 mamyeHTOB
¢ nuarHoctupoBanHeiM OHMK, 35 yenoBek cocra-
BUJIM TPYIIIY KOHTPOJIS. B unciie nmauyeHTOB C MH-
CYyJIbTOM IIpeobyiamasy SKeHIIMHbL 92 (65,7%),
MYXUMH 65110 48 (34,3%). B KOHTPOJIbHOI IpyIIIie
Tak ke mpeob6mamanu XeHimuHbl — 20 (57,1%),
MYKYMH COOTBETCTBEHHO ObuTo 15 (42,9%) werno-
BeK. Pasznmuunsi copMimpoBaHHbBIX COBOKYITHOCTET
MaIMeHTOB T10 MOJy OIeHMBAINU C TIOMOIIbI0 KpU-
Tepust j° IlupcoHa, He MMeJM CTATUCTUUECKOTO
3HaueHus (p=0,345). [To BO3pacTHOI COCTaBJISIO-
el TPyIbl HAlUMEHTOB OBLIM TaK JKe OJM3KU,
cpegHuit BospactauueHToB ¢ OHMK coctaBma
71,8+11,1 net, B rpymre KOHTPOJS 3TOT IOKa3a-
Teslb paBHsUICS 72,5+8,0 momHbIX JjieT. Pasmmuns,
OlLleHeHHbIe C MOMOIIbIO t-KpuTepusi CTbIOAEHTa,
TakKe He UMeJM CTAaTUCTUYECKOTO 3HauyeHUs
(p=0,648) [1, 5].

I'pymnma manumueHTOB C MHCYJIBTOM Oblia cdop-
MMUPOBAHa M3 MAIMEeHTOB 3KCTPEHHO TOCTIUTAIN-
3MPYEMbIX B TOPOJICKYIO 60bHUITY MMeHU CBSTOTO
l'eoprust, r. CaHkT-IleTepOypr, ¢ MOATBEpPKIEH-
HeIM auarHozoM OHMK. Kpumepuu exnioueHus B
JCcaemoBaHMe: BO3pacT crapiue 18 jieT, Hajauuue
noaTBepxkaeHHoro OHMK BHe CTBOJIa TOJIOBHOTO
MO3ra, OTCYTCTBME CBEXMX TPAaBMaTUYECKUX W3-
MeHEeHM TOJIOBBI U IIeM, OTCYTCTBME OGBEMHOIO
06pa3oBaHKs TOJOBHOTO MO3ra. I'pyIna KOHTPOJIs

26

6bU1a chopMMUpoBaHa U3 aMOYJIAaTOPHBIX IaleH-
TOB KIMHUKM Meguyc, r. BceBosokck. Kpumepuu
6KJIIOUEHUsl B TPYIIIy KOHTPOJSI: BO3PacCT CTapiie
18 ner, orcyrctBue OHMK 1 06b€MHOTO 06paso-
BaHMS TOJIOBHOTO MO3Ta, OTCYTCTBME CBEXUX
TpaBMaTMUYECKUX M3MeHeHUI TOJIOBbI U Ien. B
X0lle MCCIeIOBaHMs, KpoMe PYTMHHOV Mopdo-
MeTpUM, HarpaBieHHOI Ha BbisiBaeHue KT-
npusHakoB OHMK, mMbl u3MepsiiM TJIOTHOCTD 6e-
ujecmea 20106H020 mMo3za (BI'M) Ha ypOBHe meHmo-
puansozo omeepcmus (TO) 1 3amoLiouH020 omeep-
cmus (30). UsmepeHust IpOBOAUINCDH B IIPOTpaMm-
me eFilm, uHcTpymeHnTtoMm Ellips, B akcuanabHOI
IJIOCKOCTM CKaHMPOBaHUS, TO3BOJSIOIMUM OLie-
HUTH TUIOTHOCTH M3y4aeMOro o6beKTa, Ha IPOTsI-
SKEeHUM BBIIEJIEHHOM 06/1acTi, aBTOMAaTUUeCKU
BBIUMCAMB CpellHEe 3HaueHue IoKasaTessl IJIOT-
HOCTHU, u3MepsieMoit B eduHuyax XayHcgunda (HU).
C6op, TTepBUYHBIN aHAIN3, CUCTEMATU3AIINS K-
HUYECKUX TaHHBIX, BU3yaJIbHOE OTOOpaskeHMe I0-
AyuyeHHOI MHbOpMAIMKM OCYIIeCTBISINCH B TIPO-
rpamme Microsoft Office Excel 2010. CtaTuctuue-
CKUit aHa/IN3 MMPOBOJMIICS C UCIIOb30BaHMEM ITPO-
rpammbl IBM SPSS Statistics v.20. Bce mosyueHHble
COBOKYITHOCTM AAHHBIX aHaIMU3UPOBATUCH JJIST OII-
peleneHUss COOTBETCTBMUIO 3aKOHY HOPMAalIbHOTO
pacripenenenus. JanbHeNINA aHaANU3 TPOBOAMII-
Cs MeToaMM MapamMeTpUUecKoil U HemmapaMeTpu-
YeCcKOil CTaTUCTUKM. Vcrmonb3yeMble CTaTUCTUYe-
CKue TepMuHbBI: Me-menuaHa, Q;uQs- BepxHUN U
HWKHUI KBATPUTEJb, pP-IOCTUTHYTBI YPOBEHDb
3HAUMMOCTU. Pe3ynbTaThl CYUUTATUCH CTATUCTUYUE-
CKM 3HAUMMbIMU IpU p<0,05.

PesynbTaThl M UX o0CykgeHue. ITpoaHanm-
3MpOBaB pe3yabTaThl MophomMeTrpun ctBosia ['M y
175 d4eysoBeKk, Mbl BBIIBU/IM, UYTO IIOKa3aTeau
mwioTHOCTM BI'M, Ha ypOBHE TEHTOPMAJILHOIO U
3aThIJIOUHOTO OTBEPCTUI Pa3INYalOTCs, KaK MexK-
oy mauyeHtamyu ¢ OHMK u rpynroit KOHTpOJs,
Tak M Cpeay TMalMeHTOB C pas3JUM4YHbIMU TUIIAMU
MHCynbTa. IloydeHHble pe3yabTaThl MpefCcTaBie-
HBI B Ta6. 1.

PesynbraTtel aHanmsa moTHoctTM BI'M, Ha
YpPOBHE 3aTbUIOUHOTO OTBEPCTUSI, OTPaKEHbI Ha
puc. 1.

UccnemyeMble KaTeropum CpaBHUBaIMU TIO-
CpefiCTBOM aloCTepUOPHOTO KpuTepus J[laHHa,
OBLTM BBISIBJIEHBI CTATUCTUYECKM 3HAUMMBIE pa3-
gauunsa TIBI'M Ha ypoBHe 3aTbUIOUHOT'O OTBEPCTUS
y nauyeHToB ¢ OHMK no mnimemuyeckomy TUITY U
nanuMeHTaMM KOHTPOJIbHON rpymnnbel  (p<0,001).
3Hauenue meauad IIBI'M cocrasnsiiim 32,5 u 28,4,
enyHul, XayHCGWMIO COOTBETCTBEHHO. B TOXe
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BpeMs pasnnuus rokasaresneint mioTHoctu BI'M, y
MalVeHTOB C Pa3HbIM TUIIOM MHCY/IbTAa OKa3alIuCh
CTAaTUCTUUYECKM He 3HauuMbIiMu (p=0,293), Tak xe
He OblIa [OKa3aHa CTATUCTUUECKAs TOCTOBEp-
HOCTb pasanuuii mexxay nauyeHtamu ¢ OHMK 1o
reMopparmMueckoMy TUIY M TalMeHTaMM KOH-
TpoJibHOV rpymsl (p=0,178).

Tabnuya 1

Iloka3zaTenu IJIOTHOCTU BellleCTBa roJIOBHOTO MO3ra
Y NIallI€HTOB C pa3jIMuYHbIM TUIIOM MHCYJIbTa

YPOBHE TEHTOPUAIBHOTO OTBEPCTUSI MpPEACTaBie-
HbI Ha puc. 2.

45

30,05

3aTHUIOYHOIO OTBEPCTHA

TnoTHOCTS BelnecTEa FONOEHOTO MO3ra Ha YPOEHE

*215
*207

| T T
TemopparngecKuit Tpymma
HMHCYIIBT KOHTpOna

Hmemiraeckuii
HHCYIIBT

Puc. 2. 3HaueHue 1okasaTesieil IJIOTHOCTU BelllecTBa
TOJIOBHOTO MO3ra, Ha YPOBHE TEHTOPUA/IbHOTO OTBEp-

TTokasarenu Hanuume / Tun MHCYy/IbTa

IOTHOCTY | Mmemuueckuii | lemopparuue- I'pynna

BelecTBa VHCY/IBT CKUJ MHCYJIBT KOHTPOJISI b

FO;(?;ZFO Me| Q:i-Qs |Me| Q:i-Qs Me Q:1-0s

[InoTHOCTH

Ha ypoBHe |32,5(30,0-34,7 |30,1| 27,8-33,9 | 28,4 |27,2-30,6<0,001
30

[TnoTHOCTD

Ha ypoBHe |30,8( 28,3-33,0 (31,2 28,3-32,4 | 23,6 |22,0-24,8]<0,001
TO

CTHS IIPU PA3JIMYHBIX TUIIAX MHCYJIbTA 1 B HOpMeE

[Ipy amocTepyopHOM aHajIM3e IUIOTHOCTU

IIpumeuanne: 30 — 3aTblIOUHOE OTBepcTUe, TO — TeH-
TOpUaIbHOE OTBEPCTHE, p — ITIOKA3aTeNlb CTaTUCTHUYe-
CKOI1 3HAUYMMOCTH, OIpefe/IeHHbIl C TOMOIIIbI0 KpUTe-
pus Kpackena-Yosnnuca

a5

*370

005

JATBUTOMHOTO OTBEPCTRI

[I0TROCTE BRlIECTEA TOTOBROTO MOSTA Ha VpOBHE

*215
*207

| I I
Tesmopparisecsi Tpymma
WHCYIBT ROHTPOLA

Hmesrrecanit
HHCYABT

Puc. 1. 3HayeHMe 1oKa3aTeaei NJI0THOCTY BellleCTBa

TOJIOBHOTO MO3Ta, Ha YPOBHE 3aThIJIOYHOTO OTBEPCTUS
TIPY Pa3IMYHBIX TUIIAX MHCY/IbTA Y B HOPME

CpaBHeHMe mokKasaTeseil IIoTHocT BMI', Ha

BI'M Ha ypoBHE TEHTOPUAIbHOTO OTBEPCTUS C IIO-
MOLIbI0 KpuTepusl [laHHa, KapTMHA IOCTOBEPHBIX
pasnmMuuii OTIMYanach OT paHee ONMCAaHHBbIX M3Me-
HEeHMJI Ha YpOBHe 3aTbUIOYHOro orTBepcTus. Ilo
CPaBHEHMIO C TPYIIIONA KOHTPOJSI CTaTUCTUYECKU
3HAUMMbIe Pa3/IM4uMsl BBISIBIEHBI KaK MTPY UILleMUJe-
CKOM, TaK ¥ IPU TeMOpparm4ecKOMTUIIE MHCYIIbTa
(»<0,001 B TOM M gpyrom ciydae). B ciydae niiemu-
YyeCckoro uHcynbTa Me mmoTHocTM BI'M cocTtaBumia
30,8 HU, ipu reMOpparn4yeckoM TUIIe MHCYJIbTa 31,2
HU, u B rpyrie KOHTposist Me IIOTHOCTU GbLTa TO-
pasno Hiske — 23,6 enuHuiibl XayHchuana. AHaum-
3Upys uilleMuueckuii u remopparuueckuii OHMK,
CTaTUCTUYECKM 3HAUMMBbIE.

BeiBoAbI. V NaneHTOB C MHCYIbTOM, He 3a-
BUCMMO OT €ro TUII4, INPOUCXOIIT M3MeHEeHMS
IUIOTHOCTM BEIeCTBa CTBOJIA TOJOBHOTO MO3ra, B
00JIbINIell CTernmeHY BbIpa)KeHHbIE HA YPOBHE TeH-
TOPUAIBHOTO OTBepCTHS. Ha ypoBHE 3aTBIIIOYHOTO
OTBepCTUS M3MeHeHMs IuioTHOocTu BI'M mocto-
BEPHBI TOJIBKO [P UILIEMUYECKOM TUIIE MHCYJIbTA.

POSSIBILITIES OF COMPUTER TOMOGRAPHY IN THE DIAGNOSIS OF CHANGES OF THE BRAIN
STEM IN PATIENTS WITH ACUTE VIOLATION OF CEREBRAL CIRCULATION

M.A. KOTOV

North-western State Medical University named after 1.1 Mechnikov Medius clinc,
Kirochnaya Street 41, St. Petersburg, 191015, Russia, phone: +7 (812) 303-50-00

Abstract. The article presents the results of measuring the density of the brain stem by means of CT.
The study involved 140 stroke patients, of whom 114 patients, the stroke was of ischemic type, 16 hemorr-
hagic type. The study included 92 (65,7%) female, 48 (34,3%) of men. The average age amounted to
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71.8%11.1 years. The control group consisted of 35 healthy people. Age and gender characteristics of all pa-
tient groups are similar. Patients with stem stroke and traumatic changes to the head and neck, the study
did not include. Revealed that any type of acute disorders of cerebral circulation at the level of the tentorial
orifice, occurs statistically significant increase in the density of the brain with the 23.6 HU in the control
group, up to 30.8 and 31.2 HU in ischemic and hemorrhagic type of stroke. Revealed that any type of stroke
is an increase in the density of the substance of the brain, at the level of the tentorial opening. Significant
differences between the level of density, depending on the type of stroke was not revealed. At the level of
the foramen Magnum a significant increase in density occurs only in ischemic type of stroke.
Keywords: computed tomography, stroke, brain edema, diagnosis of stroke.
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COYETAHHOE ITPUMEHEHUE IVIASMA®EPE3A 1 VJIIbBTPA®HOJIETOBOI'O OCBEYIBAHWA KPOBU
B JIEYEHVU ITAITMEHTOK C XPOHUYECKHUX PELTUAVIBUPVYIOIIVIM CAJIBITMHTOO®OPUTOM

T.A. ®ETOPOBA, E.B. CTPEJIbHUKOBA

@OIBY «HayuoHanbHblli MeOUUUHCKULI UCCIed08amenscKuil ueHmp axkyuiepcmead, 2UHeKoa02ul U NepuHamoiozuu
um. Akad. B.U.Kynakoea» Munsdpasa P®, yn. Akademuxa Onapuna, 4, Mockea, 117198, Poccus,
e-mail: t_fyodorova@oparina4.ru, e_strelnikova@oparina4.ru

AHHOTanMs. AKmyaibHoCcmy: JledeHye XpOHMUECKMX BOCHAIMTENbHBIX 3a001€BaHMiI OPraHOB MaJjioro
Tasa SIBJISIeTCS OOHOI 13 aKTyaJabHbIX MPO6IEM I'MHEKOJIOTMM, & MHOTME ero acleKThl TPeOyIOT JaibHelille-
rO M3y4YeHMs] Ha HOBOM METOI0JIOTMYECKOM ypoBHe. OTHUM 13 HedhapMaKoJIOTMYECKUX METOIOB JIEUeHUS U
MPOoQMIaKTUKY XPOHNYECKUX PELVAMBUPYIOIINX BOCITAJIEHMI TIPUIATKOB MaTKU SIBJIsieTCs TuiazMadepes, B
YaCTHOCTY B COUETaHMM C YIbTpadyosieTOBbIM OCBeUMBaHMEM KPOBM.

Ilenv uccnedosanus: vsydeHnue 3G@EKTUBHOCTY COYETAHHOTO MPUMEHEHMS METOAMK Y TalMEeHTOK,
CTpafamIIUX XPOHUUECKUM PEIUANBUPYIONIUM CATbITMHTO0(DOPUTOM.

Mamepuanst u Memoost uccnedosarus: IlamyeHTKaM rpyIbl uccieqoBanus (102 skeHIMHBI) TPOBeIeHA
coueTaHHas Tepamnms XPOHNYECKOTO CAbIIMHIO0GopuUTa ¢ MPOBeJeHNEM MPOoIeayp IiasMmadepesa U yibT-
padnoIeToOBOTO OCBeurBaHKeM KpoBu. Kypc jeueHns BKIIOYaA 3 COUeTAaHHBIX CeaHCca METOAVK C MHTepBa-
JIOM 2-4 oHS, C TIOCJIeYIOIMMM 2-MsI ceaHcaMy YIbTpa(MOIeTOBOIO OCBEUMBAHMS KPOBY C MHTEPBAJIOM 1-
2 mHS.

Bb1800b1: CoueTaHHOE UCIIOTb30BaHMe METOAMK SBJISIETCS AOCTATOYHO 3¢ (HEKTUBHBIM CPEICTBOM Jiede-
HUSI XPOHMYECKUX BOCIAJIUTENIbHBIX 3a60/1eBaHMii MPUIATKOB MaTKuU. biarogapsi omMHOBpeME@HHOMY BO3-
IefiCTBUIO Ha pa3jMuHble MMaToreHeTUYeCKMe 3BeHbsl BOCHAIMUTEIbHOTO Mpollecca COUeTaHHbI MeTof, To-
3BOJISIET MOOMUTHCS 3HAUMUTENBHOIO YIYUIIeHMs J1abopaTOPHBIX IOKa3aTesei, ClIoCOOCTBYET YMEeHbIIEeHUIO
KIIMHUYECKUX TTPOSIBIIeHMIT 3a60/IeBaHMs], YBEJIMUEHUIO CPOKOB PEMMUCCUM U TTOBBIIIEHMIO YaCTOThI HACTYII-
JIeHus1 6epeMeHHOCTH.

KnroueBsble cyioBa: rasmadepes, yabTpadnosieToBoe 0cBeurBaHe KPOBM, XPOHUUECKUIT peluINBI-
PYIOIIVIT CATbITMHTOOMOPUT.

JIupupylolliee MeCTO B CTPYKType T'MHEKOJO- CTBEHHBIX CPEICTB, UTO BjeYeT 3a c060i1 pa3sBuUTHe
TMYecKoil 3a60/1eBaeMOCTM BCErma MPUHAIIEKAT aJUTepruuYecKmMx peakiuii U JeKapCTBEHHONM 60-
BOCITIQJIMTEIbHBIM 3a00/I€EBAaHUSAM MATKU W TIPU- ne3Hu. OJHAKO TeueHMe BOCMAJIUTENbHOTO IPO-
IaTKOB — 60-65% BcexX I'MHEKOJIOIMYeCcKUxX OO0JIb- mecca MPUAATKOB MAaTKM 3a4acCTyl MpepBaTb He
HbIX. JKeHIIMHbBI, CTpafaiiie BOCIaIuTeIbHbIMU yAaeTcs, HECMOTpsI Ha IpMMeHeHMe BcexX Meu-
3a60J1eBaHUSIMY TEHUTAINI, OTHOCSITCS K T'pyIIIie KaMEHTO3HbIX ITperaparoB. 3aboyieBaHMe IPO-
pUCKa TI0 PasBUTUIO HOOPOKAYECTBEHHBIX U 3JI0- IO/DKaeT MporpeccupoBaTh, a U3MEeHeHUs B ropa-
KaueCcTBEHHBIX HOBOOOpasoBaHuii, y 40-43% SKEHHBIX MPUAATKAX CTAHOBSITCS HeOOPaTUMBbIMMU.
00JIbHBIX BO3HMKAIOT HapYIIeHUSI MEHCTPYaIbHOJ, B ¢BSI3M C 3TUM JieueHMEe XPOHUYECKMUX BOCHAIM-
y 60% — cekcyanbHO pyHKuMM. YacToTa SKTOMMU- TeJIbHBIX 3a60JIeBaHMiI OPraHOB MajoOro Tasa Io-
Yyeckoii 6epeMeHHOCTM Y JaHHOTO KOHTMHIEHTa TIPEeSKHEMY SIBJISIETCSI OJTHOM M3 aKTyaJlbHbIX ITPO-
00JIbHBIX yBeaMuMBaeTcs B 6-10 pas. [ToMuMo 3TO- 6J1eM TMHEKOJIOTMM, & MHOTME ero acIeKThbl Tpe-
r0, BOCIIAJIMTEe/IbHbIE 3a00IeBaHMS SBISIOTCSI Ca- OYIOT maybHeIIero u3yuyeHus: Ha HOBOM METOJIO-
MOJ1 4aCTOi IPUUMHOI 6ecIionNs, HeBbIHAIIMBA- JIOTMYECKOM YpOBHe [6,19,21]. B nocnegHme ropel
HUsI 6epeMeHHOCTH, 60Jie3Heli U IMTOPOKOB pPa3BU- MOSIBWIVICh PabOThI, YKa3bIBAMOIIMe Ha IIeJ1eco06-
s wioga [23,28,29,51]. Ocoboe 3HaueHMUE MMEIOT pPasHOCTh IMpUMeHeHusT HehapMaKoJIOrMIecKuX
XpPOHMYECKMEe BOCIAIUTe/bHbIe MPOILeCChl BHYT- METOJIOB JieueHUs ¥ TPOPWIAKTUKU, KOTOpPbIE
PEHHMX TOJIOBbIX OPraHOB, KOTOpbIE€ OTJIMYAIOTCS 6yarogapss HecrelUMGUIHOCTY BO3MOECTBUS OKa-
IIUTENbHBIM DPEeUINBUPYIOLIMM TeueHuem. Jle- 3bIBAIOT BMSHME Ha 3BEHbS MaTOJOTMYECKON Lie-
YyeHMe TaKux GOJIbHBIX BCErAa IPOIO/IKUTETbHOE, M [yTeM aKTUBALMM BHYTPEHHUX 3aLUTHBIX CUJI
Tpe6yiolliee MOBTOPHBIX TOCIUTAIM3AIINIA U TIPU- opraHu3smMa 3a CYeT ero (pm3moIornuecKknx pesep-
MeHEHMsSI BCEro apceHaja COBPEMEHHBIX JeKap- BOB. JTO 0CO6EHHO aKTyaJlbHO B CBETE 3BOJIIOIMO-
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HUPYIOIIMUX 3HAHUI O TMPUUMHAX XPOHU3AIUU
rpoI1iecca, COrIacCHO KOTOPBIM Befyllee 3HaUeHue
Mepenuio OT IMAaTOreHHbIX MMUKPOOPTaHM3MOB K

CHIDKEHUIO  YCTOMUMBOCTM  MaKpOOpraHu3ma
[27,33,36,39,47,38].
OIHMM M3 TakKMX HeMeAVKAMEeHTO3HbIX

CpencTB siB/isieTcs Tiasmadepes, KOTOpbI 3ape-
KOMeHIOoBa ce6st Kak 3P GheKTUBHBIN METO, jieue-
HUSI XPOHMYECKMX BOCIAIUTENbHBIX 3a00/1eBaHMIi
BHYTPEHHMX IT0JIOBBIX OPTaHOB, ayTOMMMYHHBIX U
ajutepruveckux OoJie3Hel, BUPYCHOM U 6GakTepu-
aJIbHOM MHGEKIUY Y MHOTUX IPYTUX [MaTOJOTUYe-
ckux coctossHuit [12,13,32]. Ero addekTMBHOCTD
MIpM XPOHMYECKUX CATBITMHTO0(OpUTaX JAOKa3aHA
aBTopaMu psima paboT, U SOCTUTAeTCs 3a CUEeT Jie-
TOKCUMKAILMOHHOTO, MMPOTUBOBOCIATINTETBHOTO,
peo- 1 uMMyHoKoppurupyiomero scddexros [10,
22,28,31]. VHTepecHBIM IpPEACTAaBJSETCS COYe-
TaHHOe TIpMMeHeHue naasmagopesa (I1A) c meTto-
JaMy KBaHTOBOJ reMoTepariuy, B UYaCTHOCTU C
yibTpadunosieToBbIM OcBeuMBaHueM KpoBu. Ilo-
clegHee 3apeKOMEHIOBA0 cebs B KauecTBe 3(-
dbexTuBHOrO Mertozma yeueHus 6osee uem 200 3a-
6oneBaunii. MexaHu3M ero AeicTBuUS 3aK/I04aeT-
¢S B GaKkTepUIIMIHOM, PeO- ¥ MMMYHOKOPPUTH-
pyomemMm 3ddekTe, cTabuUaMsauyu MHEPEKMUCHOTO
OKUCJIEHUS JIMTIUIOB, YIYUIIEHUS OKCUTeHAIUU
KPOBM ¥ TKaHel, CTUMYISIIUM perapaTUBHBIX
npoueccos [11,16,49].

B HMMUII akyiiepcTBa, TMHEKOJIOIUU U TIepu-
Hatonoruu uM. Axkapg B.M.KymakoBa mnpoBemeHO
ucciaegoBaHue 1o U3yuyeHMo 3bPeKTUBHOCTU CO-
yeTaHHOTO IpuMeHeHust [TA u yrsmpaguoniemoso-
20 oceeuusanus kposu (YDOOK) y nmaniMeHTOK, CTpa-
OAOUINX XPOHUUECKUM peyudusupyowum socnasie-
Huem npudamios mamku (XPC) [44]. Bsuio ob6ce-
moBaHO 102 xeHuuHbl ¢ XPC, moAaTBep>XKAEeHHbIM
JAaHHBIMU KIMHUKO-/1ab0paTOPHOTO U JIarlapoCKo-
MMYeckoro obciaemoBanusi. Kpurepusmu orbopa B
9Ty TPYIITY UCCIeI0BAHUS SBUINUCH: HE3(DDEKTUB-
HOCTb WMJIM HEINepeHOCUMMOCTb IPOBEAEHHON Tpa-
IUIIMOHHONM TepammMyu M TIpU 3TOM O0OOCTpeHMe
BOCIIAJIMTEIbHOTO TIpoliecca 6ojee OIBYX pa3 B O,
HaJIMuMe KIMHUKO-1ab0paTOPHbIX MPU3HAKOB MH-
TOKCHMKALIMM ¥ OTCYTCTBME TIPOTUBOIIOKA3aHMIA
nas YOOK u ITA.

Bcem mamueHTKaM TPYIIIBI MCCIeIOBAHMS
MpoOBeJleHa COYETAHHAs] Tepamnusi XPOHMYECKOTO
canbnMHrooopuTa ¢ TMIPOBeJeHMeM MpPOLeayp
miasmMadepesa 1 yapTpaduosIeTOBOrO0 OCBEYMBa-
HMEeM KPOBM.

Memoduka couemaHHoz0 npumeHeHus Naa3-
Mmadpepe3a u ynompaguonemosozo oceequeaHus

30

Kpo8U y MeHUJUH C XPOHUYECKUM CAnbNUH200¢ho-
pumom. Kypc nedeHnsi y nayueHToOK UCCIenyeMoit
IPYIIBl HAYMHAICI C 6-8 AHS MEHCTPYaJbHOTO
IMKIQ U BKIIOUAT 3 couyeTaHHbIX ceaHca [IA u
Y®OK ¢ uHTepBajsioM 2-4 AHS, C MOCAeTYIOIUMU 2-
M ceancamy YOOK ¢ nHTepBaiom 1-2 nHs.

IMpouenypa IIA mnpoBommiach ClenyrOMIM
o6paszom: 3a 15-20 MMHYT 10 9KCOY3UM KPOBU, B
JIOKTEBYI0 BEHY HauMHaIM IJIa3MO3aMelleHue C
MCIOMb30BaHMEM KPUCTIIOUIHBIX U KOJIJIOUJ-
HbIX PacTBOPOB B COOTHOIIEHUM K 06beMY IKChY-
3um 1:1,2, akcdys3us KPOBYU IPOU3BOIMIACH B IIJIa-
CTMAaccoBbIe KOHTeliHepsI «['eMakoH-500» ¢ aHTH-
KOaryJIssSHTOM-KOHCEPBAHTOM Torumyup. O6beM
omHOpPa3oBoii sKchysum cocrtapist 450-500 mut
kpoBu. Ilocie THIATENILHOTO TlepeMelluBaHUs
KpPOBb IMOMeNmagach B pedpuskepaTOpHYIO IIeH-
Tpudyry dupmser «Beckman J6-MC» (CILIA) u 1eH-
TpudyrupoBasach co ckopoctbio 3800 060poTOB B
muH. ripu 20°C B TeueHue 6 MuHyT. [na3my, oTae-
JIMBIIIYIOCS OT KJIETOYHOI MAaccChl, YOAJISUIU C TIO-
MOIIIbIO TIJIa3MO3KCTpakTopa. OcTaBIIMecs KIeTKu
KpOBM pecycrieH3upoBamu B 150 M dusmuonoru-
YeCKOro pacTBoOpa U penHby3UpOBaIM MaleHTKe.
3a oIVH ceaHC mpousBoguau 1-2 3abopa KpoBU B
3aBUCHMOCTH OT COCTOSTHMSI GOJIbHO, Beca Iaiu-
€HTKM, TIEPEHOCUMOCTH IMPOIeNyPhI, TAKMM 06pa-
30M 00beM IuTa3mMoskcdysumu coctasisn 30-40%
obsema uupkyaupyrouleii naasmet (OLIT). Temapu-
HM3aUMSI MAlMEHTOK MTPOBOaMIach U3 pacuera 50-
100 en. Ha 1 kr Beca.

Pacuemst onpedeneHus 005emM08 UUPKYJIU-
pyrouieli niasmel u Kpoeu U Kojuuecmeda yoasse-
Mmotl naasmsl. VICTionb30Bagach mMateMaTuyeckas
rmporpaMma pacyeta O6BEMOB IMPKYJIUPYIOMIET
KPOBM, IJIa3Mbl M KOJMYECTBA yIaaseMoii Tia3-
Mbl, OCHOBaHHasi Ha HEKOTOPbIX aHTPOIOMETPU-
YeCKMUX MaHHBIX MAIMeHTKM U HEKOTOPBIX hu3no-
JIOTMYECKUX KOHCTaHTaxX. O0szem UupKyaupyouiei
kposu (OLIK) ompepensyiu ¢ yueTOM MaccChl Teja,
poCTa, KOHCTUTYLIMOHHOTO TUIIA II0 MeEeTOAMKe
Moore.

OIIK = MxKk,
rae M — macca mena B kr; Kk — konuuecmao kposu
B MJ Ha KI' MacChl Teja (3aBUCUT OT TUIIA TeJO0-
C/IOKeHMSI SKeHIUMHBI M COCTaBjasgeT OT 55 1o
70 M/KT).

Ilamee pacCUMTBHIBAIM T€MAaTOKPUT, KOTOPBIN
COCTaBJISIET YTPOEHHbIN YPOBEHb 2eM02/100UHa (T %).
I't=THx3
roe I't — cemamokpum B %; 'H — codepxcanue zemo-

27106uHa B T %.

3atem no pacyeTHomy OLIK M rematokpury
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omnpenensuiv OLIT: OLIT = OLIKx(100% — I'T)

N3 pacueTrHoro nokasatess OLII BeicunThIBa-
JIV TIJIAaHUPYEMBIV TIPOLEHT yaaneHus niaasmst (I1),
I06aBIsIst K 3TOMY 00beMy 5% Ha JOTIOTHUTEIbHO
BBOJAMMBI/A B MPUTOUHYIO MaruCTpaab pacTBOp
aHTUKOATY/ISIHTA, B 6OJbIIIEli CBOEi YacTu yoa-
JISIeMbIii C TIa3MOM, U TOAyJYaJu BeJIUYMHY TiIa-
HUPYEMOTO KoJiuuecmaa yoansemoii naazmot (KVII):

KVTI = OLITxIT*(100%+5%) = OLITI=xI1x1,05.

MeToauyeckue acreKkTbl TPOBeAeHUST YJIbT-
padnoIeTOBOT0 OCBEUMBAHMS KPOBU, MUCIIOIb3ye-
MOTO B Kypce coueTaHHO Teparuu [1A u YOOK.

PecycnieH3MpoBaHHYI0 KJIETOYHYI0 MacCy BO
BpeMsl TIOC/IeIHeN 3a ceaHC Iia3madepesa peuH-
¢dbysun nogBeprasu yabTpadMoIeTOBOMY OCBEYM-
BaHMIO Ha anmapate «kOmus» (Poccust). B 4-10 u 5-
10 npouenypy YOOK ocBeuMBaHMIO MTOABEpPraaach
1ebHas KpoBb. O6beM 06TyuaeMoii KpoBU (Kiie-
TOYHOJ B3BECY) COCTaBMUJI 3 MJI\KI MacChl TeJIa Ma-
uMeHTKu. g ocBeunBaHus Y@ jgydyaMu B CUCTe-
MY JIJIsI BHYTPMBEHHbBIX MH(Y3MiT Bpe3anau ogHopa-
30BYI0 KIOBeTY (7x3x0,5 ¢cM), KOTOPYIO 3aKperuisin
B OKHe o6;ydaTesiss. KioBeTy U IIJIAaHTOBYIO CUCTe-
My 3aIlOJHSUTM  (U3UOJIOTUYECKMM PACTBOPOM,
1ocjie Yero HauMHamuM peumHdpy3uio KpoBu (Kie-
TOYHOI B3BeCHu). 3aKMMOM Ha KalleJIbHULIE pery-
JIMPOBaIN CKOpocTh MHPY3uM ao 10 mm\muH. Oc-
BeulMBaHMe TIPOUCXOANIO B MOMEHT ITPOXOKIEeHUS
KpPOBM MO KIOBETe OT [ABYX PTYTHO-KBaplieBbIX
namin JPB-8, 84% m3myuyeHUs KOTOPBIX IPUXOIUT-
C Ha CpelHEBOJHOBYK YacTb crekrpa (320-
400 HM), a BeJMUMHA OCBEIeHHOCTM Ha ITOBepX-
HOCTY KIOBETBI COCTaBJIsIeT He MeHee 4 MBT\cm? oT
OnHOJ namIibl. [Ipy TakOM pexume H03a OCBEUM-
BaHud cocrasisiia 600-800 Ixk/m>.

B xome mcciemoBaHusl OBUIO ITOKAa3aHO, YTO
keHIIMHBI ¢ XPC B 43,1% ciydyaeB MMEKOT ITOBBI-
LIE€HHBIN [0 OTHOUIEHUIO K HOPMAaTMBHBIM 3Have-
HUSIM YPOBEHb OEJIKOB OCTPOJi (ha3bl BOCHATEHUS
(BBICOKOUYBCTBUTENBHOTO C-peakTUBHOTO OeJika
(hs-CRB) u cbiBOpoTOUHOro ammiouma A (SAA),
YTO OTpakaeT Hajuuue aKTUBHOTO CUCTEMHOTO
BOCHAJIUTEBHOTO OTBETAa Yy MAAHHON KaTeropuu
6ospHBIX [1,5,18]. TloBBILIEHNE TTOKA3aTesnel Ges-
KoB ocTpoii ¢dasbl Bocrmanenusi (hs-CRB, SAA) y
naiueHToK ¢ XPC compoBOXKIaeTcs 0COOEHHOCTSI-
MM KIVMHUYECKOM CUMITTOMATUKY 3a60JIeBaHMS:
repuoabl 060CTpeHNI Y JAaHHOM KaTeropum 60yIb-
HBIX B 2,6 pas yalle IPOTEKAKT C IOBBbILIEHNEM
TeMIepaTypbl Tejla, YyCUJIeHMEeM MaTOJIOTUYeCKUX
BBIJI€JIEHMIA M3 TTOJIOBBIX IYTE, BhIpasKeHHbIM 60-
JIeBbIM CMHAPOMOM; MEepUOIbI peMuccuii B 4,9 pas
yaiie COMPOBOXIAIOTCS MPOSIBIEHUSIMU HelipoBe-
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reTaTMBHOTO CUHJApOMa (MBbIIIEYHO-CyCTaBHBIMU
60JIIMM, TOJIOBHBIMM OOJISIMU, GECCOHHUIIEN) U B
3,2 pasa yaile — gucrapeyHuei. Vcrnonb3oBaHnue
TTA u YOOK B kauecTBe Tepamnuu y 60/ibHbIX ¢ XPC
TIPUBEJIO K JOCTOBEPHOMY CHIDKeHUIO hs-CRP u
SAA HemocpenCTBEHHO IOC/Jie OKOHYaHMS Kypca
neuenus (0,58+0,52x10*r/n u 2,2+0,8 cooTBeTCT-
BEHHO), YTO IepBOHAYaJbHO pacileHeBaJoCh Kak
apdexrT ux amumMuHauu U boTomeHaTypalnn,
M 9TO Takke ObUIO MOKA3aHO B paboTax, OLieHU-
paronux BausHue ITA u1 YOOK B oTgenbHOCTM Ha
YpOBeHb OCTPOGa3HbIX OGETKOB IIPU PasIUUHBIX
aKyIlIepcKo-TMHEKOJNIOTMYeCKUX CUTyalusx. Tak
IOpuenko JI.LH. u coaBT. [48] MU3yuuamM NONOXU-
TenbHOe BausgHue I[IA Ha CUHAPOM CUCTEMHOIO
BOCITAJINTEILHOTO OTBETA Ha IpUMepe IMpesKIaM-
ncun. Cepos B.H. n coasr. [40,41] — nipu pasnny-
HBIX KPUTUYECKUX COCTOSIHMSIX B aKyIIEpPCKO¥
KJIMHUKE.

B pesynbTaTe wuccieloBaHMSI COYETAHHOTO
npumMmeHeHnd ITA u YOOK, BbISIB/IeHO, UTO, He3aBU-
CUMO OT CTEIEeHU BBIPAKEHHOCTU OCTPO(da3HOIo
OTBeTa, IIPeIJIOKEHHOE JieueHMe CII0COOCTBYET
CHIDKEHMIO SHAOTE€HHOV MHTOKCMKAIIMM, UTO TIOMI-
TBEPXKIAeTCs] YMeHbIIeHeM KOHIIeHTpaIuu KUCIO-
MmopacmeopuMvlx  (ppaxyuli HyKAEUHOB8bIX KUCTIO0M
(K®HK), cpedrux monexyn (CM), MaJIOHOBOTO aJibe-
IUIa ¥ yBeJIMYEHMEM SHAOTOKCMYECKOTO MHIEK A Ha
40,3% ot ucxomHoro ypoBHs (p<0,01). Hannune ne-
TOKCHMKAIIMOHHOTO 3¢deKkTa B pesyabTaTe U30JUPO-
BaHHoro npoBeneHus YOOK wmwin [TA oTmeuannu B
CBOMX paboTax MHOTMe aBTOpHI [34,35,58]. Bo Bcex
MUCC/IEIOBAHMSIX OCHOBHBIM  JeTOKCUKAIIMIOHHBIM
MexaHM3MOM IUIasMadepesa MHpu3HaAHA SJIMMMHA-
1M TOKCUYECKUX CYOCTaHIIMIA, a Tarke M36bITKA
Ba30aKTMBHBIX BeIeCTB, MMMYHHbBIX KOMILJIEKCOB,
MMKPOOHBIX TN U MPOAYKTOB MX pacrajga, KOTOpble
TOJABJISIOT UYBCTBUTEIbHOCTb €CTECTBEHHBIX CHUC-
TeM JeTOKCHMKauu. YIbTpaduoaeToBoe ocBeulnBa-
HMe KPOBM MMeEET B 3TOM IIJIaHe APYTYI0 TOUKY IpU-
JIOKEHUST — BO3JIEICTBYME BBICOKOI SHEPIUM TIPUBO-
IUT K M3MEHEHMIO XapaKTepa CBSI3Y TOKCUH-6GEJIOK,
a Takke K paspylieHuI0 WiX U3MEeHEHMI0 CBOVICTB
CaMoro TOKCMYECKOro cyocTpara. B rmoaTBepskaeHue
CKa3aHHOMY B JaHHOJ paboTe OTMEUEHO CHIKEHMe
UCIeIyeMbIX MapKepoB JIeCTPYKUMK TKaHel. Tak,
nocyie couetaHHoro Bo3zericTtBus ITA 1 YOOK KoH-
HEHTPAIUs KUCIOTOPACTBOPUMMBIX (PaKIuit HyK-
JieMHOBBbIX KUCA0T KOHK mocToBepHO CHM3MIACh
(p<0,05) B mmynax 260 u1 320 HM y 60sbHBIX XPC ¢ co-
XpaHeHMeM IOCTUTHYTBIX pPe3yJbTaTOB B TeueHUU
Mecsa. AGCOTIOTHO MOEHTUYHAS AMHAMMKA OTMe-
YyeHa B OTHOLIEHUM MOJIEKY/T CPETHMX MOJIEKYI — UX
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IIOCTOBEpPHOE CHIDKEHME Ha (OHe Tepari COCTaBU-
J10 25% 1ipu pyiHe BOJIHBI 254 HM. B myne 280 HM
COOTBETCTBYyIOIIME IMUdpbl coctaBuan 15,4%. B uc-
CJIefOBaHMM TaKKe IOKAa3aHO, YTO MPOBENEHME CO-
YeTaHHOJ Tepanuy C UCIOb30BaHMeM ceaHcoB [TA
1 YOOK y nanyeHToK ¢ XPC He BbI3bIBA€T yTHeETe-
HMSI TyMOPJIBHOTO 3BeHa UMMYHUTETA, a HAlIPOTUB,
o6agaeT MMMYHOKOPPUIMPYIOMIMM BIMSHMEM Ha
opranusM 60bHBIX. Peanmsanus 1momo6HOro ag-
(ekTa HOCTUTAETCST 32 CUYET HECKOJbKMX MeXaHW3-
MOB. Bo-mepBbix, ITyTeM MeXaHMYeCKOTro yaaaeHus
13 KPOBEHOCHOTO pycia B mpoiiecce [TA aHTUTeHOB,
B TOM YMCJIe ayTOAHTUTEHOB, YTO pa3TpyKaeT CIie-
umduyueckyie UMMYHHbIE MEXaHU3MbI MX 3JTMMMHA-
My, obecrieunBast IMOBbIIIEHE HANEKHOCTU (PYHK-
LIMOHUPOBAHUS ITUX CUCTeM [46,57]. Bo-BTOpBIX, 3a
cueT adepesa 3HAUUTETHHOTO KOIUUECTBO AHTUTE
(B ToM unciie u ayroanturen) u UK, koTopsle, Ha-
KaIlIMBasICh B M30BITOYHOM KOJIMYECTBE, YCYTyOsIsi-
0T HapylleHUs CUCTEM eCTeCTBEHHON AeTOKCUKA-
uym opranmusma [20,37]. B-tpeTbux, 3a cyeT OeiicT-
BUSI YIbTPadMOIETOBOTO U3JTyYeHMsS] Ha BHEIIHMIA
MPUMEMOPAHHBIIA  CJI0J  MMMYHOKOMITETEHTHBIX
KJIETOK B pe3yJyibTaTe uyero Moau®uUIMpyeTcs 3aBU-
CSILMIA OT CBOVICTB MOBEPXHOCTM OTBET Ha MUTOre-
HbI, YBEIMYMBAETCS BbIJENEeHME OaKTEPULIMIHBIX
KaTMOHHBIX OEJIKOB, MMEIONepPOKCHUIA3bI, UHTEP-
JIEIKMHOB, MMMYHOTIJIOOY/IMHOB, IIOBBIIIAETCS aK-
TUBHOCTb KOMILJIEMEHTA U BO3pacTaeT (arouurap-
Hasl aKTMBHOCTH [15,17]. Kpome TOrO, BeposiTeH oO110-
cpenoBanHbIit myTh ITA 1 YOOK Ha dyHKIMIO UM-
MYHHOI CUCTEMBI Uepe3 yBeIuUeHNe OKCUTeHAIUU
KpOBM M TKaHei, HOpMaJM3alui0 OOMEHHBIX IIPO-
IIeCCOB M KOPPEKIMIo reMoauHaMuky [50,56]. Takum
06pa3oM codyeTaHHasl Teparms CIIOCOOCTBYET KOp-
peKLMY MMMYHOJIOTMUECKMX TToKa3aTeseil 3a cueT
JIOCTOBEPHOTO CHYDKEHMSI COZeP>KaHMS JIEMKOLMUTOB,
HOPMa/IM3alyy YPOBHSI MMMYHOIJIOOY/IMHOB A, M,
G, mnokasareneit hs-CRB, SAA u mnpeaab0yMuHa
(p<0,05); TIpMBOAUT K YMEHbBIIEHUIO IPOSIBJIEHM
xpoHnueckoro IBC-cuHOpoMa, UYTO OOYCIOBJIEHO
HOpMaJTM3aLMell TIa3MEeHHOTO U TPOMOOLIUTAPHOTO
3BEHbEB remMocTa3a. VM3BeCTHO, UTO BbIpaKeHHbIN
KoaryJsio- u peokoppurupymooiuii a¢pdext ITA ocHo-
BaH Ha MeXaHWYECKOil SMMMMHALMM MMUKPOOHBIX
SHIO- M 5K30TOKCMHOB, Ba30aKTUBHBIX BeIECTB,
UTPAIOIMX POJib B HAPYILIEHUM MUKPOLMPKYJISALIUY U
BHYTPUCOCYOMUCTOM arperamuy TPOMOOIIMTOB, a
TaKke Ha BbIBeZeHUM Ipu ITA yacTu Ma3smMeHHbIX
(haKTOPOB CBepPTHIBAHMS KPOBU U, CBSI3AHHBIM C Te-
MOOWIIOLIMEN, yAydllleHMeM TeKyuyeCcT KpOBU
[7,14,52,55]. Mexanusm peiictBus YOOK HeckonbKo
MHONM. JIOTMYHO TIPeAroNiOKUTh, YTO [ECTBUE
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Y®OK Ha nporecchl reMOKOArysiiuy OCyIeCTBIsI-
eTcsl yepe3 HelporymopasbHble PEry/isiTOpHbIE Me-
XaHU3MBbI BCJIEACTBME TOBBILIEHNMS YPOBHSI €CTeCT-
BEHHBIX MJIM TIOSIBIEHMSI HOBBIX GMOJIOTMYECKM aK-
TUBHBIX BeIlecTB. BO3MOXHO, YTO ero MoJienUpylo-
jee BAMSIHME OCYIIECTB/ISIETCS TTOCPECTBOM HOP-
MaM3atuy QYHKIUY KaJUTMKPEeUH-KMHMHOBOM CHC-
TeMbl M aKTMUBaIMM KOMILIEMEHTa, a TaKKe 3a CUeT
MeMOPaHCTAOMIN3UPYIOIETO M TIPOTUBOBOCIIAIN-
TEbHOTO BAMSHUSI MeTO/a, TPUBOASIINM K T0/IaB-
JIGHMIO BbIOpOCA aAKTMBHOTO TPOMOOILIACTMHA
[2,3,24,25,45]. Cpenu paKTOPOB, BIMSIONIMX HA KOa-
TYJSILVOHHYIO M (PUMOPMHOIUTUYECKYI0O aKTUBHOCTD
KpoBu mnpu mpoBeneHuun ITA n YOOK, 3HaumMbl
TaKke 3KChy3ust U perHPy3UsT ayTOKPOBY, B3aUMO-
JleliCTBME OCBEYEHHOM KPOBU C MHTAKTHOM U C aH-
ruoperiernrropamu. TakuM 06pa3oM, HECMOTPsI Ha To,
YTO KaKObIi Y3 KOMIIOHEHTOB BBIOpAHHOM HaMu
Teparuy B OTJEIbHOCTU TPUBOIUT K HEKOTOPOMY
CHIKEHMIO KOAry/IsSIIMOHHOTO TOTEHIMana KpOBH,
cioskeHne 3(eKToB 1X BO3IECTBMS He BbI3bIBaeT
KaKUX-JI1MO0 IPyObIX OTKIOHEHMUI CO CTOPOHBI TeMO-
CTasa, a, HaITpOTMB, OKa3bIBaeT BbIpaKEHHOE Koary-
JIOKOPPUTUPYIOILEE IeliCTBIE.

UccnemoBaHusi mokasaiy, 4TO Y >XEHLIMH,
crpagaromyux XPC, 3HAUMTE/NbHO ITOBBILIEHA aH-
TMOTeHHas] aKTUMBHOCTb OpPTaHM3Ma, MpuyeM Me-
Hee BbIpa)keH IMPOoIecC akKTUBALUM Y MalMeHTOK C
BBICOKMMM 3HAUeHMSIMM O€JIKOB OCTpoii (a3l
BocnasieHus. [IpoBefieHne Tepanuu C MCIOJIb30-
BauueMm ITA B couetanuu ¢ YOOK crioco6cTBYeT
YCUJIEHUIO aHTMOTEeHHOM aKTMBHOCTU. IIpu 3TOM
CTUMYIUpPYIOIlee BIUSHNE BbIPAXKEHO B PasHON
CTereHM U 3aBUCUT OT UCXOJHOTO COCTOSTHMS IMa-
LIMEHTOK, peaiu3ysach Kak 3a CYeT ITOBbILIEeHUS
aKTMBATOPOB HEOBACKYJSIpU3aliuu, Tak U 3a CyeT
CHIUKeHMS ee MHTMOUTOPOB [8,9]. TTA B coueTanmu
¢ YOOK KpoBM OKasbIBalOT Hecnenyuduyeckoe
CTUMYJAUPYIOIlee NeiicTBMEe Ha aHrmMoreHes, 3a
CYET AOCTOBEPHOIO YBEJIMUYEHUSI YPOBHSI coCydu-
cmozo 3HdomenuanvHozo akmopa pocma (VEGF)
Ha 28,4%, OpuM OZHOBPEMEHHOM [OCTOBEPHOM
CHIDKEHMM aHTMONO03THHA-2 Ha 14,6% 110 oTHOIIe-
HMIO K MCXOOHBIM AaHHbIM (p<0,05). Pa3Butue He-
KOTOPOTO «TepareBTUUYEeCKOTO aHTMOTreHe3a», BO3-
HUKIIEro Yy MalMeHTOK ¢ XPOHUYECKUM Ca/IbITUH-
rooopuTomM I1Of, NEiiCTBMEM COUYETAaHHOI Tepa-
muu [TA u YOOK, HampaBieHO, OUYeBUIHO, Ha
yiIydllleHMe KUCAOPOJHOTO peXyuMa M TKaHeBOro
MeTabonu3Ma B pe3ysbTaTe yBeJIWUYEeHUS KpPOBO-
CcHaOXkeHMS TKaHel [54].

Taxke aBTOpOM IMOKa3aHO, UTO NpUMeHeHMe
ITA B couetanuu ¢ YOOK y 97,9% skenuiuu ¢ XPC
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MIPUBOINAT K CYIIECTBEHHOMY YJTYUIIEeHUIO OalaHCca
B3aMMOZENCTBUS CUMIATUUECKOM UM mapacuMIia-
TUYECKOM BEreTaTUBHOV HEPBHOM CUCTEMBI U I10-
BBIIIEHMIO0 (DYHKIMOHAJIBHBIX pPe3epBOB, CIIOCO6-
CTBYSI ONTUMMA/IbHOMY ITPOSIBJIEHUIO aJanTUBHBIX
peakiuii opraHu3Ma, TO €CTb OKa3bIBaeT BbIpa-
>)KeHHOe afanTOreHHOoe [eliCTBUe U MOXeT MHpu-
MEHSITbCSI B KauecTBe 3(D(PEeKTUBHOIO JeYeOHOro
BO3MIEVICTBUSI B KOMIUJIEKCHOI Tepanuu, O UYeM
CBUIETENbCTBYIOT JaHHble KapAMOMHTepBajiorpa-
v [4,42,43].

VizyuyeHne (GYHKIMOHATBHOTO COCTOSTHUSI Op-
TraHOB U CUCTeM Y IMauyueHToOK ¢ XPC 1 u3MeHeHMe
rokasareJieii UX COCTOSIHUSI B JMHAMMUKE COYeTaH-
Horo ucrnonb3oBauus ITA nu YOOK mnossonsieT ro-
BOPUTb O TOJOXUTETHLHOM BIMSHUM BbIGPAHHOI
Tepamnuu Ha opraHmM3M O0IbHOIL. B pesynbrare uc-
CleoBaHMs BbISIBJI€Hbl ITPOTUBOBOCIIAIUTE/b-
HbIN, JeTOKCUKAIIMOHHBIN, KOAryl0- U peOKOppu-
TUPYIOLNI, WMMYHOKOPPUTUPYIOIINIA, aHTUTU-
TOKCHMYeCKuit, amanToreHHbit 3(dexrTol ITA u
YOOK, 4To He MOTJIO He HaliTU KJIMHUYECKOIo OT-
pakeHus1. Tax, rociie MpoOBeIeHHOTO Kypca jieue6-
Horo ITA B couetanuu ¢ YOOK, kauHM4IecKoe BbI-
300POBJIEHME HabmoAanock y 75,1% 6onbHBIX. B
OCTaJbHBIX C/Iydasix OTMeUeH HEIOJHbI KIMHU-
yeckuii s¢dekr. Cragusi peMUCCUU B CpeTHEM
coctasinsger 11,8+0,5 mecsiies, uTo B 2,5 pas mim-
TeJibHee IO CPaBHEHUIO C MCXOMHbIMU AAHHBIMIUA.
OTmeueHO, 4YTO IIOCJAe IPOBEJEHHOTO JeueHUs:
MCUe3HOBEHMe O0JIeBOTO CUHApPOMA OTMETWIN
81,3% >xkeHIIMH. AHanbre3upywimit abdekT mpu-
MEHEHHOTO CIToco0a JieueHUs BO3MOXKHO OIIeHM-
BaTh, KaK Pe3yabTaT YIy4IIeHUs] OOMEHHBIX MPO-
1IeCCOB ¥ TPOMWKM TKaHel B odare BOCHAJIEHUS,
06yCIOBIMBAIOMIVIT YMEHbIIEHME CHABIEHUS WU
pasapaskeHNs] HepBHbIX OKOHYaHMI B 06/1aCT Ma-
JIOTO Ta3a O YeM TakKKe CBUIETEeIbCTBYIOT MCCIie-
IOBaHMSI psa aBTOPOB, MCIOAb3YIOIIUX IPyTUE
HeMeIMKaMeHTO3HbIe CPeICTBa Teparnuy 60JIbHBIX

¢ XPC. V Bcex 06cinemoBaHHBIX OOJbHBIX B XOZe
MCCIIeIOBaHUSI OTMEUEHO ITOJIOKUTEIbHOE BIIMSI-
HME MCIIOJb30BAHHBIX JIeueOHbIX (PAaKTOPOB Ha
TICUXO-3MOIIMOHAIBHOE COCTOSIHME GOJbHBIX. 10
85,7% manyeHTOK OTMETWIU YJaydlieHue OoOLIero
COCTOSIHUSI, CHA, alIeTuTa, UCYe3HOBeHue caabo-
CTY, HEJIOMOTaHWs, YMEHbIIeHNEe TOJIOBHBIX 60-
Jieii. BOMBIIMHCTBO MalnyeHToK (74,5%) oTMeTunn
yiIyullleHMe CeKCyaabHO (QYHKIMM U HOpMaiu3a-
LIMI0 OTHOIIEeHUl B ceMbe. Hopmanmsauyumo MeH-
CTPyaIbHOM (DYHKIVMM TIOCTIE TTPOBEIEHHOI Tepa-
muu otMetunu 80% sxkeHmuH ¢ XPC. 3a mepuof,
HabmogeHns 35,9% xennu ¢ XPC, cTpagaBIinx
HapylleHMeM pPenponyKTUBHOM (QyHKIMM, caMo-
CTOSITENIbHO 3abepeMeHe . IPGHEKTUBHOCTD MPO-
rpammbl KO coctaBuia 44%.

TakuM 06pa3oM, COUETaHHOE UCITOIb30BaHME
ITA ¢ YOOK saBnsieTcst 1oCcTaTOYHO 3(PheKTUBHBIM
CPeICTBOM JIeueHUsS] XPOHUYECKUX BOCIIATUTENb-
HbIX 3200JIeBaHNIT MPUAATKOB MaTKu. He ymasss
BKJIaZla KaXIOTO U3 3TUX METOMNOB B JIeUeOHBIN
a¢ddekT, TeM He MeHee, eCTb OCHOBAHMS yTBEpP-
KAATh, YTO UX COUETAHHOE ITPUMEHEHYE TTO3BOJIS-
€T COeOVHUTH TepareBTUYeCKoe AECTBYME 060MX
COCTaBJISIOIIMX. braromapsi oOmHOBpeMeHHOMY
BO3/ECTBMIO Ha pas3inuHble IATOTeHeTHMYecKue
3BEeHbsI BOCITIUTENIBHOTO TIPOLiecca COYeTaHHbIN
METO[, TI03BOJISIET JTOOUTHCS  3HAYMTEIBHOTO
yIIydIleHus J1abopaTOPHbIX IMOKa3aTese, crnocob-
CTBYET YMEHBIIEHUIO KIMHUYECKUX TPOSIBIEHUI
3a60/1eBaHMSI, YBEJIVUEHUIO CPOKOB PEMUCCUU U
TOBBINIEHMIO YACTOThl HACTYIUIEHUSI GepeMeHHO-
cTu. HecMOTpS Ha TO, UTO KasKABIN U3 3TUX METO-
OB TIOJIyYMJT CAMOCTOSITEIbHOE YCIIeIHOe IpW-
MeHeHMe B MeIUIIMHCKOI IpaKTMKe, coueTaHue
UX, SIBJISIETCS BaKHBIM IIAarOM B pa3paboTKe CIT0-
OG0B  3KCTPaKOPIIOPATIBHOTO BO3JENCTBUSI Ha
KpOBb, MCIIOJNb3YEMbIX B ITPAKTMYECKOM 3IpaBO-
OXpaHeHUU [26].

COMBINED APPLICATION OF PLASMAPHERESIS AND ULTRAVIOLET BLOOD IRRADIATION IN
TREATMENT OF PATIENTS WITH CHRONIC RECURRENT SALPINGO-OOPHORITIS

T.A. FYODOROVA, E.V. STREL'NIKOVA

Federal State Budgetary Institution “Academician V.I. Kulakov National Medical Research Center of Obstetrics,
Gynecology and Perinatology” of the Ministry of Health of the Russian Federation,
street Academician Oparin, 4, Moscow, 117198, Russia, e-mail: t fyodorova@oparina4.ru,
e_strelnikova@oparina4.ru

Abstract. Rationale: Treatment of chronic inflammatory pelvic diseases is one of the most urgent gyne-
cological problems, and many of its aspects require further study at a new methodological level. One of the
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non-pharmacological methods for the treatment and prevention of chronic recurrent inflammation of the
uterine appendages is plasmapheresis, in particular, used in combination with ultraviolet blood irradiation.

Purpose of the study: studying the efficiency of combined application of the two methods in female pa-
tients suffering from chronic recurrent salpingo-oophoritis.

Materials and methods: The patients in the study group (102 women with chronic salpingo-oophoritis)
received combination therapy which included plasmapheresis and ultraviolet blood irradiation procedures.
The treatment course included three combined plasmapheresis and UBI sessions with intervals of 2-4 days,
followed by 2 sessions of UBI with intervals of 1-2 days.

Conclusions: The combined application of the two methods is effective enough in treating chronic in-
flammatory diseases of the uterine appendages. Due to the simultaneous influence on various pathogenic
links of the inflammatory process, the combination method makes it possible to achieve a significant im-
provement in laboratory parameters, contributes to reducing clinical manifestations of disease, achieving
longer remission phase and improving the pregnancy rate.

Keywords: plasmapheresis, ultraviolet blood irradiation, chronic recurrent salpingo-oophoritis.

The leading position in the pattern of gyneco- where primary importance has shifted from patho-
logical diseases has always belonged to inflamma- genic microorganisms to reduced resistance of the
tory diseases of the uterus and uterine appendages macroorganism [27,33,36,39,47,38].

— 60-65% of all gynecological patients. Women One of such drug-free methods is plasmaphe-
suffering from genital inflammatory diseases are resis, which has proved to be an effective method
in the risk group for developing benign and malig- of treating chronic inflammatory diseases of the
nant tumors; 40-43% of the patients have men- internal reproductive organs, autoimmune and
strual disorders; 60% — sexual dysfunctions. The allergic diseases, viral and bacterial infections, and
frequency of ectopic pregnancy in this group of many other pathological conditions [12,13,32]. Its
patients increases 6-10 times. In addition, in- efficacy in treating chronic salpingo-oophoritis
flammatory diseases are the most common cause has been proved by authors of several works, and
of infertility, miscarriages, fetal illnesses and mal- is due to its detoxifying, anti-inflammatory, rheo-
formations [23,28,29,51]. Of particular importance and immune-corrective effects [10,22,28,31]. Ap-
are chronic inflammatory diseases of internal re- plication of plasmapheresis (PA) in combination
productive organs, which are characterized by a with methods of quantum hemotherapy, in partic-
longer relapsing course. Treatment of such pa- ular, with ultraviolet blood irradiation, is also of
tients is always prolonged, requiring repeated interest. The latter has proved to be an effective
hospitalization and application of the whole ar- treatment for more than 200 diseases. Its mechan-
senal of modern medications, which entails devel- ism of action is based on its bactericidal, rheo- and
opment of allergic reactions and drug disease. immune-corrective effects, stabilization of lipid
However, despite the use of all the medications, it peroxidation, improved oxygenation of blood and
often turns out impossible to overcome the in- tissues, stimulation of reparative processes
flammation of the uterine appendages. The dis- [11,16,49].

ease continues progressing, and the changes in the V.I. Kulakov National Medical Research Cen-
affected appendages become irreversible. Due to ter of Obstetrics, Gynecology and Perinatology has
this, the treatment of chronic inflammatory pelvic conducted a study to evaluate the efficacy of com-
diseases still remains one of the most urgent prob- bined application of PA and ultraviolet blood irrad-
lems of gynecology, and many of its aspects re- iation (UBI) in patients with chronic recurrent sal-
quire further study at a new methodological level pingo-oophoritis (CRS) [44]. We examined 102
[6,19,21]. Recent years have seen publication of women with CRS confirmed by clinical and labora-
works indicating the applicability of non- tory data and laparoscopic examination. Selection
pharmacological methods of treatment and pre- criteria for this study group were as follows: ineffi-
vention, which, due to the non-specificity of their ciency or intolerance of traditional therapy, with
influence, impact links of pathological chain by the inflammatory process recurring more than two
means of activating the internal defenses of the times a year; presence of clinical and laboratory
body at the expense of its physiological reserves. signs of intoxication; absence of contraindications
That is especially true in the light of the evolving against UBI and PA.

knowledge about the causes of disease chronicity, All the patients in the study group received
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combination therapy of chronic salpingo-
oophoritis involving procedures of plasmapheresis
and ultraviolet blood irradiation.

The method of combined application of plas-
mapheresis and ultraviolet blood irradiation in
women with chronic salpingo-oophoritis. The
course of treatment for patients in the study group
began on day 6-8 of the menstrual cycle, and in-
cluded 3 combined PA and UBI sessions with in-
tervals of 2-4 days, followed by 2 sessions of UBI
with intervals of 1-2 days.

The PA procedure was carried out as follows:
15-20 minutes before blood exfusion, plasma ex-
change was initiated via cubital vein using crystal-
loid and colloid solutions in the ratio 1: 1.2 to the
exfusion volume. Blood exfusion was performed
into Gemakon-500 plastic containers with Glugicir
anticoagulant-preservative. The volume of a single
exfusion was 450-500 ml of blood. After thorough
mixing, the blood was placed into a Beckman J6-
MC (USA) refrigerated centrifuge to be centrifuged
at 3800 rpm at 20°C for 6 minutes. The plasma se-
parated from the cell mass was removed using a
plasma extractor. The remaining blood cells were
re-suspended in 150 ml of normal saline solution
and re-infused into the patient. One session in-
volved 1-2 blood draws depending on the patient’s
condition, weight, and tolerance of the procedure,
thus the volume of blood exfusion amounted to
30-40% of circulating plasma volume (CPV). Hepa-
rinization of patients was performed at the rate of
50-100 units per kg of weight.

Calculations for determining the circulating
plasma and blood volume and the amount of the
removed plasma. We used a mathematical pro-
gram for calculating the circulating blood volume,
the circulating plasma volume, and the amount of
the removed plasma, based on some anthropome-
tric data of the patient and on some physiological
constants. Circulating blood volume (CBV) was de-
termined taking into account body weight, height,
body habitus, using the Moore method.

CBV = MxKk,
where M - body weight, kg; Kk — amount of blood,
ml per kilogram of body weight (depending on the
woman’s body type, ranges from 55 to 70 ml/kg).

Further, the hematocrit was calculated, which
is three times the hemoglobin level (g %).

Gt = Gnx3
where Gt — hematocrit, %; Gn — hemoglobin, g %.

Then, the calculated values of CBV and hema-

tocrit were used to determine the CPV:
CPV = CBVx(100% - Gt)
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The calculated CPV index was used to calcu-
late the planned percentage of plasma removed (P)
by adding to this volume 5% for the anticoagulant
solution additionally introduced into the inlet tub-
ing line and for the most part removed with plasm,
and to obtain the value of the planned amount of
plasma removed (APR):

APR = CPVxPx(100%+5%) = CPVxPx1.05.

Methodological aspects of performing ultra-
violet blood irradiation used in the course of UBI
and PA combination therapy.

The re-suspended cell mass obtained during
the latest reinfusion during the session of plasma-
pheresis was subjected to ultraviolet blood irradia-
tion using Yulia apparatus (Russia). During the 4th
and the 5th UBI procedures, whole blood was sub-
jected to irradiation. The volume of irradiated
blood (cell suspension) amounted to 3 ml/kg of the
patient’s body weight. For irradiating blood with
UV rays, a disposable cuvette was embedded in the
intravenous infusion system (7x3x0.5 cm); the cu-
vette was mounted in the irradiation apparatus
window. The cuvette and the hose system were
filled with normal saline, after which reinfusion of
blood (cell suspension) was initiated. The clip on
the infusion drip was used to adjust the rate of in-
fusion to 10 ml/min. Blood irradiation was per-
formed at the time of passage of blood through the
cuvette using two quartz mercury lamps of DRB-8
type, 84% of the radiation of which belongs to the
medium wave portion of the spectrum (320-400
nm), with the illumination on the surface of the
cuvette amounting to not less than 4 mW/cm?
from one lamp. At this rate, the dose of irradiation
amounted to 600-800 J/m?2.

The study showed that women with CRS in
43.1% of cases have increased, in relation to the
normative values, level of acute phase proteins
(high-sensitivity C-reactive protein (hs-CRB) and
serum amyloid A (SAA), which reflects the pres-
ence of active systemic inflammatory response in
these patients [1, 5, 18]. Increased rates of acute
phase proteins (hs-CRB, SAA) is accompanied in
patients with CRS by specific clinical manifesta-
tions: exacerbations phases in these patients are
2.6 times more likely to be accompanied by in-
creased body temperature, increased pathological
discharge from the genital tract, severe pain syn-
drome; periods of remission are 4.9 times more
often accompanied by neuro-vegetative symptoms
(muscle and joint pains, headaches, insomnia) and
3.2 times more often by dyspareunia. Using UBI
and PA as a therapy for patients with CRS led to a
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significant reduction in hs-CRP and SAA directly
after  treatment  (0.58+0.52x10* g/l and
2.2%0.8 respectively), which initially was perceived
as the effect of their elimination or photodenatu-
ration; the same was shown in a number of works
evaluating the effect of PA and UBI separately on
the levels of acute phase proteins in various obste-
tric and gynecological conditions. Thus, L. N.
Yurchenko et al. [48] studied the positive effect of
PA on the systemic inflammatory response syn-
drome on the example of preeclampsia; V.N. Serov
et al. [40,41] studied the same in various critical
states in obstetric clinical practice.

The study of combined application of PA and
UBI revealed that, regardless of how apparent the
acute phase response is, the proposed treatment
promotes a reduction of endogenous intoxication,
which is evidenced by a decrease in the concentra-
tion of acid-soluble fractions of nucleic acids
(ASFNA), middle molecules (SM), and malonalde-
hyde, as well as by an increase in endotoxin index
by 40.3% as compared to the initial level (p<0.01).
The detoxifying effect as a result of application of
only UBI or only PA has been pointed out in a
number of works [34,35,58]. All those studies rec-
ognize that the basic detoxification mechanism of
plasmapheresis is elimination of toxic substances
as well as of excess vasoactive substances, immune
complexes, microbial bodies and their decomposi-
tion products which suppress the sensitivity of
natural detoxification systems. In this connection,
ultraviolet blood irradiation has another point of
application — exposure to high energy leads to a
change in the nature of toxin-protein connection,
as well as to destruction or alteration of the prop-
erties of the toxic substrate itself. In confirmation
of that, the present study revealed a reduction of
the analyzed tissue destruction markers. Thus,
after the combined application of PA and UBI, the
concentration of acid-soluble fractions of nucleic
acids (ASFNA) significantly decreased (p<0.05) in
pools of 260 and 320 nm in patients with CRS, with
the achieved results persisting for a month. Abso-
lutely identical dynamics were observed with mid-
dle molecules - their statistically significant de-
crease during the therapy amounted to 25% at a
wavelength of 254 nm. In a pool of 280 nm, the
corresponding figure was 15.4%. The study also
showed that combination therapy involving ses-
sions of UBI and PA in patients with CRS does not
lead to inhibition of humoral immunity, but, on
the contrary, has immune-corrective influence on
the patients’ organisms. Such effect is achieved
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due to several mechanisms. Firstly, it is achieved
through mechanical removal of antigens, includ-
ing autoantigens, from the bloodstream during PA,
which relieves specific immune mechanisms of
their elimination, thus increasing the efficiency of
functioning of those systems [46,57]. Secondly,
due to apheresis of a significant amount of antibo-
dies (including autoantibodies) and CIC, which,
accumulating in an excess amount, exacerbate the
dysfunction of the natural organism detoxification
systems [20,37]. Thirdly, due to the effect of ultra-
violet radiation on the outer membrane of im-
mune-competent cells, which results in modified
response to mitogens depending on the properties
of the surface, increased secretion of bactericidal
cationic proteins, myeloperoxidase, interleukins,
immunoglobulins, as well as in increased comple-
ment activity and increased phagocytic activity
[15, 17]. Moreover, it is likely that PA and UBI have
mediated effect on the function of the immune
system by increasing the oxygenation of blood and
tissues, normalizing metabolism and correcting
hemodynamics [50,56]. Thus, combination therapy
promotes correction of immunological parameters
due to statistically significant decrease of white
blood cells content, normalization of A, M, G im-
munoglobulins, indicators of hs-CRB, SAA and
prealbumin (p<0.05); reduces the manifestations
of chronic DIC due to normalization of the plasma
and platelet elements of hemostasis. It is known
that the pronounced coagulo- and rheo-correcting
effect of PA is due to mechanical elimination of
microbial endo- and exotoxins and vasoactive sub-
stances contributing to disorders of microcircula-
tion and intravascular platelet aggregation, as well
as to the removal of part of blood coagulation fac-
tors during PA, and to the improvement of blood
flow associated with hemodilution [7,14,52,55].
The mechanism of action of UBI is somewhat dif-
ferent. It is logical to assume that UBI affects coa-
gulation processes through neurohumoral regula-
tory mechanisms due to increased levels of natural
substances or appearance of new biologically ac-
tive ones. It is possible that its modeling influence
is due to normalization of the function of kallikre-
in-kinin system and activation of complement, as
well as to the membrane-stabilizing and anti-
inflammatory effect of the method, resulting in
suppression of release of the active thromboplas-
tin [2,3,24,25,45]. Among factors influencing blood
coagulation and fibrinolytic activity during PA and
UBI procedures, special significance should be at-
tached to exfusion and reinfusion of autologous
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blood, interaction of the irradiated blood with the
intact blood and with angioreceptors. Thus, de-
spite the fact that each of the components of the
selected therapy individually results in certain re-
duction of the coagulation potential of blood, ad-
dition of their effects does not result in any gross
deviations in hemostasis, but rather leads to a
pronounced coagulo-correcting effect.

Studies have shown that women suffering
from CRS have significantly enhanced angiogenic
activity of the organism, with the activation
process less pronounced in patients with high val-
ues of acute phase proteins. Application of PA in
combination with UBI enhances angiogenic activi-
ty, with the stimulating effect expressed to various
degrees and depending on the initial condition of
the patients, being dependent both on increase in
neovascularization activators and on reduction in
its inhibitors [8,9]. PA in combination with UBI
have a non-specific stimulating effect on angioge-
nesis, due to statistically significant increase in
the level of vascular endothelial growth factor
(VEGF) by 28.4%, with simultaneous reliable de-
crease of angiopoietin-2 level by 14.6% as com-
pared to the initial data (p<0.05). Development of
a certain “therapeutic angiogenesis” in patients
with chronic salpingo-oophoritis under the action
of the PA and UBI combination therapy was appar-
ently directed at improving oxygen regime and
tissue metabolism by increasing the blood supply
of tissues [54].

The author has also shown that application of
PA in combination with UBI in 97.9% of women
with CRS results in a significant improvement in
the balance of interaction between sympathetic
and parasympathetic autonomic nervous system,
and to an increase in functional reserves, thus
contributing to optimal manifestation of adaptive
reactions of the organism, i.e. it has a pronounced
adaptogenic effect, and can be used as an effective
therapeutic modality in combination therapy, as
evidenced by data of cardiointervalography
[4,42,43].

The study of functional condition of organs
and systems in patients with CRS and of changes
in the parameters of their condition in the dynam-
ics of the combined use of PA and UBI makes it
possible to speak about the positive impact of the
selected therapy on a patient's body. The study
revealed anti-inflammatory, detoxifying, coagulo-
and rheo-correcting, immune-correcting, anti-
hypoxic, and adaptogenic effects of PA and UBI,
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which could not but be reflected in the clinical pic-
ture. Thus, after the course of therapeutic PA in
combination with UBI, clinical improvement was
observed in 75.1% of patients. Other cases showed
partial clinical response. Remission phase lasted
on average 11.8+0.5 months, which is 2.5 times
longer as compared with the initial data. It is sig-
nificant that, after taking the treatment, 81.3% of
women reported disappearance of pain syndrome.
The analgesic effect of the applied method of
treatment can be assessed as a result of improving
metabolic processes and tissue trophism in the
focus of inflammation, causing a decrease of com-
pression and irritation of the nerve endings in the
pelvic area, which has also been shown by a num-
ber of authors using other drug-free methods of
treating patients with CRS. It was possible to ob-
serve a positive influence of the used medical fac-
tors on their psycho-emotional state of all the pa-
tients involved in the study. Up to 85.7% of the
patients reported an improvement in their general
condition, sleep, appetite, as well as disappear-
ance of weakness and malaise, and abatement of
headaches. Most patients (74.5%) reported an im-
provement in sexual function and normalization
of relations in the family. Normalization of men-
strual function after the therapy was reported by
80% of women with CRS. During the observation
period, 35.9% of women with CRS suffering from
disorders of the reproductive function conceived
without medical help. The efficiency of the IVF
program amounted to 44%.

Thus, the combined application of PA and UBI
is sufficiently effective in treating chronic inflam-
matory diseases of the uterine appendages. We
don’t mean to diminish the contribution of each of
these methods in the curative effect; however,
there is reason to believe that their combined use
makes it possible to add up the therapeutic bene-
fits of both the components. Due to the simulta-
neous influence on various pathogenic links of
inflammatory process, the combination therapy
allows to achieve significantly better laboratory
parameters, reduced clinical manifestations of dis-
ease, shorter remission periods, and improved
pregnancy rate. Despite the fact that each of these
methods has already been successfully applied in
medical practice, their combination is an impor-
tant step in developing methods of extracorporeal
influence on blood which are used in practical
healthcare [26].
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COBPEMEHHBIE ITPEACTABJIEHUS O POJIN AIUIIOKVHOB
B PET'VJIILIMUX KOCTHOI'O METABOJ/IN3MA
(Hay4HBIV 0630p IUTEPATYPHI)

A.C. CMBIKAJIOBA

MI'MCY um. A.U. Esdokumosa, ya. [lenezamckas, 0. 20, cmp. 1, 2. Mockea, 127473, Poccus

Aunortauus. [IpoBefieH aHaAM3 JAHHBIX JIUTEPATYPHI O POJIN AAUIIOKMHOB B M3MEHEHUSIX MeTab0In3-
Ma KOCTHO# TKaHu. OTMEUYEHO, UTO 3T GMOJOTMUYECKM aKTMBHbBIE BEIIECTBA, CEKPETUPYEMbBIE KUPOBOI
TKaHbIO, UTPAIOT BasKHENIITYIO POJIb B PEryIsailiUM JKU3HeAes TeIbHOCTY KOCTHOM TKaHu. [IpuBeneHbl cBee-
HMUSI O TOM, UTO KOHIIEHTpaLysl IPOBOCIAIUTEILHOTO agUIIOKMHA JIeNITUHA MIPSIMO KOPpeaupyeT ¢ MUHe-
PabHO TUIOTHOCTBIO KOCTHOM TKaHU. YCTaHOBJIEHO, YTO BBICOKME YPOBHM IIPOTUBOBOCIIATIUTENILHOTIO aIyi-
TTOKMHA agUIIOHEKTMHA 0OPaTHO KOPPEIUPYeT C KOCTHOM IJIOTHOCTbIO M aCCOIMUPYIOTCS C TOBBINIEHMEM
PUCKA OCTEOIIOPOTUYECKIUX TTIEePEIOMOB.

OTMeueHO, UTO B IOCTAEIHME NECSITUIETUS ObUIO OMMUCAHO OGOJBIIOE KOMUYECTBO IPYTUX aTUMOKNHOB,
KaXKIbI 13 KOTOPBIX 00JIalaeT MIMPOKUM CIIEKTPOM 3((PEKTOB — pe3ucTUH, BUCHATUH, TUIOKAIMH-2, BacC-
IIMH, XeMEePUH, alleiH, TPeIiH. BOMbIIMHCTBO 3TUX 6MOIOTMYECKY aKTUBHbBIX BEIIeCTB BIMSIOT Ha pa3sBUTHE
1 MeTabo/IM3M KOCTHOM TKaHM, OJHAKO MX KIMHMYECKas 3HAUMMOCTh M3yUeHa He J0 KOHIA. PaccMOTpeHbI
BO3MOXKHOCTY MCITOJIb30BaHMsI KOHIIEHTPALMIi aAUIIOKMHOB B IJIa3Me KPOBU B KauecTBe CPenCcTBa MOHUTO-
puHra 3¢b@GeKTUBHOCTHM JIEUEHMS Y ONpeAeeHNsT pycKa IePeIOMOB, TaK)Ke MMEIOTCS COOBIIEHNMS O TOM, UTO
KOHIIEHTPALMM aIUIIOKMHOB HE TOJIbKO KOPPEIUPYIOT C MUHEPAIbHOI TVIOTHOCThIO KOCTHOI TKaHM, HO ¥ MO-
TYT 6bITh UCITIO/Ib30BAaHbI [IJIs1 ONIpee/IeHNs IPOrHo3a 1 3GeKTUBHOCTY JIeUeHUs IIPU OCTEOTIOPO3e.

KiroueBbie €/10Ba: 0CTEOIIOPO3, aAUIIOKUHbI, KOCTHBI MeTab0/IM3M, JIETITUH, BUChATHH, aAUTIOHEKTHH.

OcTeoropos MpeacTaBaseT cob0ii CUCTeMHOe Tepe KOCTHOM TKaHU C KaKIbIM LIMKIOM peMoje-
3a00jIeBaHMe, XapaKTepusylollleecs CHIDKEHUEM AUpOBaHMS. BbrllllenepeuyrcieHHbIM IIpoljeccam
KOCTHOJ Macchl ¥ HapylleHMeM MUKpPOapXUTeK- CIIOCOOCTBYET YBEJIMYEHMEe KOJMUYECTBA KOCTHBIX
TOHUKM KOCTel, MPUBOASIIEEe K MOBBILIEHHOMY pemMoIenupyIiux equHul], yBeJIUYeHue [JIN-
pucky mnepenomos [7,9,10]. B Poccuiickoit @ene- TEJIbHOCTY Tepuoia pe3opouuu 1 COOTBETCTBYIO-
paiuu OCTeONOpPO30M CTpamaT 14 MJIH. UYeloBeK Iee cokpalieHue IIUTeJbHOCTU Tepuopa ¢dop-
(10% HaceneHnus ctpaHsbl), eme y 20 MJIH. IMarHo- mupoBaHus [1,4,13,36,49].

CTMPOBaHa OCTeOleHMsI. B rpyIiny noTeHIMaabHO- OG6yC/IoB/IEHHAST BO3PACTOM TOTeps] KOCTHOM
rO pUCKa OCTeOINOpPOTUUYECKMX IepeloMoB B PO TKaHM XapaKTepHa He TOJIbKO [IJisl KeHILWH, HO U
BXOauT 24% (34 MiH.) xkurtesnei. ExxerogHas 4ac- oast My>kumH. [TocieiHee 06GCTOSITEIBCTBO OOBSIC-
TOTa IIepeloOMOB OelpeHHO! KOCTM COCTaBJsSIeT HSeT, I0YeMy Y MY>KUMH PUCK TePeIOMOB YBeIN-
105,9 Ha 100 000 HacemeHusI, ITePeIOMbI IUCTATb- yuBaeTcs B cpegHeM Ha 10 jeT mo3xke, yeM y
HOTO OTAesa Tpearieubs CIydamTcs y 426,2 de- KeHIIVH. Kpome TOro, npeumyiiecTBeHHas1 yTpa-
noBek Ha 100 000 nacenenms [11]. CornacHo s0u- Ta TpabGeKy/JISIpHOro KOCTHOIO BelllecTBa Ha Iiep-
JeMMOJIOTUYeCKUM OaHHbIM, noTeps 10% MuHe- BOM 3Talle SIB/ISIeTCS MPUUMHOI paHHUX Tepeso-
pPaJIbHOV TVIOTHOCTM KOCTHOI TKaHM B Tejax Mo- MOB MO3BOHKOB, TTOCKOJIbKY UX TeJia TPeuMYyIecT-
3BOHKOB IMPUBOAUT K YBEJIMYEHUIO PUCKA UX TIepe- BEHHO COCTOST M3 TpabeKy/asSIpHOrO BellecTBa
JIoMa B 2 pa3a, a Takoe >Ke CHIDKEHME MUHepaslb- (80%), B TO BpeMsI KaK OCHOBY TPyOUATBIX KOCTEIi
HOJi TJIOTHOCTU B OeApPEeHHOI KOCTU MPUBOIUT K COCTABJISIET KOPTUKAJIIbHOE BEIIECTBO [6,24].

yBeJIMUEHUIO PUCKa epesoMa AUCTAIbHOTO OT/e- Takum 006pasoM, COIVIACHO COBPEMEHHBIM
y1a 6eIpeHHOE KocTH B 2,5 pasa [3,7,8]. NpeACTaBAeHUSIM, IaTOreHe3 ITOCTMEHOIay3alib-

IToce HACTYIIEHMSI MEHOIIAy3bl HAOGIIOAET- HOTO OCTeOIopo3a OOYCJIOBJIEH He TOJbKO AENCT-
Cs 3HauUUTEIbHOE yCUJIeHMe TIPOLeCCOB peMoje- BueM neduimra 3CTPOTEHOB Ha OCTEOOJACThI U
JIMPOBAHMS KOCTHOM TKaHU. [Ipy 3TOM aKTMBHOCTh OCTEOKJIACThl. B pasBuTMM JaHHOTO 3a00JeBaHMS
pe3op6iuu BospactaeT Ha 90%, B TO BpeMs Kak TaKkKe 3a/1eliCTBOBAHbI KJIETKM MMMYHHOI CUCTe-
dbopmupoBaHMe KOCTHOI TKaHM YCUJIMBAETCS Mbl, KOTOpbIE TMOMAAePXMBAIOT XPOHUYECKYI0 BOC-
JIUIb Ha 45%, UTO B KOHEYHOM UTOTe BeAET K I0- MaJIUTENbHYIO Peakiiuio, YTO B COUETaHUU C OKUC-
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JIUTETbHBIM CTPECCOM M BO3pPacTHbIMU M3MEHe-
HUSIMM MMMYHHOJ CUCTEMbI IPUBOIUT K CHMKeE-
HUIO TJIOTHOCTM KOCTHOM TKaHM [5].

B paboTax mociegHUX AECSITUIETUII MOKasa-
HO, UTO KJIETKU XMPOBOW TKaHM — aJUIIOLUTBI —
00/1aJaloT SHJOKPMHHOM aKTUBHOCTBIO M CEKpe-
TUPYIOT DS GMONOTMYECKM AKTUBHBIX BEIIECTB,
KOTOpbIe Ha3bIBalOTCs aguiokuHamu [15,31,59].

CoBpeMeHHbIe KIMHUYECKMEe U SKCIIepUMEeH-
Ta/IbHble JaHHbIE YKa3bIBAIOT HA CBSI3b OXMPEHUS
M OPYTMX MeTabonmueckux 3abojeBaHumit (MeTa-
60JIMYECKOTO CUHIPOMA, HEaJKOTOJIbHOTO >KUPO-
BOTO TeraTo3a IeYeHM M caxapHOro auabera) c
3a60j1eBaHUSIMM KOCTHOV TKaHM U PUCKOM Iiepe-
JioMoB. CorJIacHO 3MUIEMMUOIOTMYECKUM JaHHbIM,
UMT Hanpsimyro KoppeampyeT ¢ MacCoii KOCTHOM
TKaHM, ¥ Hamuboyiee BEPOSITHOI MPUUMHOI TaKoOii
CBSI3M SIBJISIETCSI BBICOKAsl BecOBasl Harpyska Ha
ckeseT. B TO ke BpeMs MpU OXXMPEHUM HAOIIOAA-
eTCs MOBBILIEHNE CBIBOPOTOYHOT'O YPOBHS JIENITH-
Ha U CHMUKEeHUe yPOBHS aJuIIOHeKTuHa [17]. Buc-
IepajabHasl KMPOBask TKaHb B OOIBIINX KOJIUUECT-
BaX COJEPKUT aKTUBMPOBAHHbIE Makpodaru, Ko-
TOpble SBJSIOTCS MCTOYHMUKOM IIMTOKMHOB. Y ma-
LMEHTOB C LIEHTPaJbHBIM OXKMpEeHMeM, KOTopoe
XapaKTepu3yeTcsl yBeIMYeHMeM BUCLLePaIbHOI
SKUPOBOM Macchl, HAOGIIOMAIOTCS TIOBbBIIIEHHbIE
ypoBHU C-peakTuBHOro 6enka, WJI-1, UJI-6 u
®HO-q. IMowtegHMe TpY IUTOKMHA CIIOCOOCTBYIOT
pe3opbiMy KOCTHOV TKaHM ¥ TOBBIIAIOT XPYII-
KOCTb KocTelt [2,21].

ITokaszaHo, 4YTO aIMIIOKMHBI Y4YacCTBYIOT BO
B3aMMOJENMCTBUM MeXAy XMPOBOW TKaHbIO, BOC-
MaJINTeIbHBIMU TIPOLlecCaMy M UMMYHHOM CUCTe-
MOJA. JIJIsT aAUITOKMHOB XapaKTepPHO 3HAOKPMHHOE,
MapakpyuHHOe, ayTOKPMHHOE U HOKCTaKpUHHOE
IeiicTBUe Ha psAn (U3MOIOTMUECKUX M TaTodu-
3MOJIOTUYECKHMX TIpoIleccoB. TakuMM 06pa3oMm meit-
CTBUE ITUX OMOJIOTMYECKY aKTUBHBIX BEIECTB pe-
TyIupyeT OpueM NUILY, YYBCTBUTENbHOCTb K MH-
CynuHy, QYHKUMIO MMMYHHOM CUCTEeMbl U BbIpa-
SKeHHOCTb BOCTI/INTEIbHBIX peakiuii [56].

JKupoBasi TKaHb U CeKpeTupyemble €10 pakTo-
PBI UTPAIOT POJTb B PA3BUTUM U IPOrPECCUPOBAHUN
ocTeonoposa [46]. Ha nmorenuuanbHy0 poiab aiu-
ITOKVHOB B MeTaboM3Me KOCTHOM TKaHM YKa3bl-
BalOT JaHHble DA MCCAeNOBaHMIl, B KOTOPBIX
ObI7Ia MPOIEMOHCTPUPOBAHA MIPSIMast KOPPeJIsIs
MEXIYy MMHEPAJIbHON IVIOTHOCTbI KOCTHOM TKaHU
U XUpoBoO¥ Maccoii [17,31,37].

OnHuM 13 Hauboee M3y4eHHbIX aJUIIOKIMHOB
SIBJISIETCS JlenmuH — 6eJI0K Maccoii 16 kunodansmox
(x[a), BiepBbie onucaHHblit B 1994 r. [59]. Jlenmun
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SIBISIETCS HamboJjiee M3yUYeHHBIM ITpeACcTaBUTeIeM
KJlacca aguIoOKUHOB. IloMMMO O6eioif KMUPOBOI
TKaHU, B ONpefeeHHbIX YCIOBUSIX B POJIU UCTOU-
HMKOB HEOGOJIbIIMX KOJIMUECTB JIETITYHA MOTYT BbI-
CTyIaTh KUILIEUHUK, IIalleHTa, MOJIOYHbIE KeJie-
3bl, SMTUTEINI KeJTy/IKa, CKeJIeTHass MycKyJ1aTypa U
TOJIOBHOI MO3T, @ TaKKe CyCTaBbl M KOCTHASI TKaHb
[32,33].

Boigensitor 6 130G0opM pelernTopoB JienmuHd,
KOTOPBIX 00BeAVHSIET OAVMHAKOBbI/ BHEK/IETOUHBIN
IIOMEeH, OTINYMSI 3aK/II0YaloTCs B MPOTSSKEHHOCTU
UMTOIUIa3MaTuyeckoro  gomeHa.  CyliecTByeT
InuHHas u3odopma penernropa (OB-Rb), yeTbipe
KopoTkux musogopmsl (OB-Ra, OB-Rc, OB-Rc, OB-
Rf), u pactBopumas msocpopma (OB-Re), ogHaKo
TosIbko OB-Rb 61aromapst HATMUMIO TTOJTHOILIEHHOTO
BHYTPUKIIETOUYHOTO JOMEHA CIIOCOOeH K Iepemave
CUTHAJIA K APy KIeTKU. JIeNTuH CeKpeTUpyeTcs B
aKTMBHOM, HECBSI3aHHOM BUJIe, U B HEAKTMBHOM
BUJIe, CBSI3aHHOM C OeJIKaMy IJIa3Mbl M PaCTBOPU-
Moit nu3odopmoii perienrtopa gentuHa [50].

B dusuonornueckmx ycIoBuUSIX KOHIEHTPAIS
JIeITMHA B IUIa3Me KPOBU, a Takke ypoBHUM MPHK
JlenmuHa vi 6eJIKOB B JKMPOBOI TKaHU MOTOKUTEITb-
HO KOPPEIUPYIOT C KOMUYECTBOM XXUPOBOW TKaHU U
BesimunHOil VIMT [20]. DTOT TOpMOH OKa3bIBaeT
BJIMSIHME Ha TOJIOBHOI MO3T, TIOAAB/SS amleTur,
CTUMYJIMPYeT BbIPabOTKY aHOPEKCUTEHHBIX (haKTO-
POB U CHUKAeT CEeKpelMi0 OpeKCUTeHHBIX Helpo-
nentuaoB. KoHIleHTpaluusl JienmuHa B TIUIa3Me,
CKOppeKTupoBaHHas ¢ yuetoMm VMMT, Takke 3aBu-
CUT OT TOJIa — Y KeHIIVMH OHAa B CpPeJHEM BbIIle,
yeM y MYXKYMH, YTO, IO MHEHUIO HEKOTOPBIX CIie-
IIMaIUCTOB, MOXeT OOYC/IOBIMBATDH ITOJIOBbIE Pa3-
JIumst B 3a060/1eBaEMOCTM OCTE0apPTPO30M [39].

CornacHo pe3yabTaTaM MCCIeA0BaHMIi in vivo,
JlenmuH HeraTUBHO BMSET Ha MMHEPAIbHYIO
IUVIOTHOCTb KOCTEN, yBeauumuBas CUMIIATUUYECKYIO
CTUMYJISLMIO KOCTHOM TKaHU 3a CUET MOJaBIeHUs
CepOTOHMHAPTUUECKOI CUCTEeMbI B CTBOJIE TOJIOB-
HOTO MO3ra. JIerTuH, BblIesIeMblil >KMPOBOW TKa-
HbIO, CBOOOIHO IIPOXOIUT uepe3 remaTosHIeda-
JIMUeCKuii Gapbep M CTUMYIMPYET PpEeLeITOpHl,
NpeAoTBpaliasi CMHTe3 CEepPOTOHMHA, KOTOPBIA B
HOpMeE BBIIESIETCS B BEHTPOMEIUAIBbHOM SIApe
rUIoTajamMmyca M TOAaBJsIeT aKTMBHOCTh CUMIIA-
TUYECKOI CTUMYJISIIUM KOCTHOI TKauu [51]. B pe-
3yJabTaTe CUMIIaTHMYecKasi HepBHas cucrema IO-
IaBJyiseT aKTMBHOCTb OCTe00JIaCTOB 3a CYeT CTH-
MYyJISILUU B-afgpeHepruueckux penentopos. Kpome
TOTO, 3a CYeT IOBbIIeHUsT 3Kkcrnpeccun RANKL
JIeNMUH YCUIMBAET MPOLECChl Pe30pOLM KOCTHOI
TKaHu [25].
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VCTaHOBJIEHO, UTO JIenMuH CTUMYJIUPYET 3KC-
MIPeCcCHUIo OCTEONPOTerepyuHa, KOTOPbIi BbICTYIIAET
B poau penentopa-aoBymiku ans RANK Ha mo-
BEPXHOCTM OCTEOKIacTOB. OCTeOIpOTerepmuH mpe-
MSITCTBYET CBSI3bIBaHMIO pacTBopuMoro RANKL c
RANK, nperorspalliasi aKTUMBALMIO OCTEOK/IACTOB
¥ 3aIIuIIas KOCTHYIO TKaHb OT U3JIUIIHEN pe3op6-
uuu [45].

[Tpu M3yuyeHUM BAUSIHUS JIeNMUHA Ha KOCTHYIO
TKaHb HEOOXOOMMO YUMUTHIBATH TaKOe SIBJIEHMUE,
KaK pe3UCTEeHTHOCTb K JienmuHy. Ilom atum Tep-
MMHOM ITOAPAa3yMeBaEeTCsI HeCIIOCOOHOCTD Jlenmu-
Ha (3K30T€HHOTO WM SHAOTeHHOrO) BIAMATH Ha
CHIKeHMe TIOoTpebieHMs MUY U Maccy Tena. B
YaCTHOCTH, Y OOJBIIMHCTBA TMAIlMEeHTOB C OXKMUpe-
HMEM HaOMIOJAIOTCS BBICOKME KOHIIEHTpaluu
JlenmuHa B TIa3Me KpOBM, OfHAKo dusuosormye-
ckuit 3¢ dekT 3TOro adunokuHa IMPaKTUUECKU He
nposiBisieTcs [42].

I[IpogeMOHCTPUPOBAHO, UYTO ChIBOPOTOUYHBINM
YPOBEHb JlenmuHa MOXeT BbICTYIIAThb B pPOJIY MHIM-
KaTopa pyuCKa OCTeOIopo3a Y IalyeHTOB, CTpa-
JAOMNX aTMMEHTAapHBIM OXMPEHMEM, TIPU 3TOM
HabIogaeTcss 06paTHAs KOPPESINS MEKIY ChIBO-
POTOYHBIM YPOBHEM JienMmuHa Vi TUIOTHOCTBIO Tpa-
6exynsspHOi Koctu [53]. B TO ke BpeMsl KOHIEH-
Tpauus JienmuHa MpsiMo KOppeaupyeT C IUIOMAAbIo
TIOTIEPEYHOT0 CEeUeHMs KOPTUKAIBHOTO CJIOSI KOC-
Teil, YTO yKa3bIBaeT HA BepOSITHbIE pasanumst ¢u-
3M0IornYeckux 3(PGheKToB JIEITUHA B KOPTUKAIb-
HOVL 1 TpabeKyJISIPHOM KOCTHOM TKaHu [25,44].

B uccnemosauum Fisher A. et al. (2012) 6b110
MOKa3aHo, UTO y IIpecTapesibiX MalyieHToB C repe-
JioMaMiu 6GelpeHHO KOCTM ChIBOPOTOYHBIN YpO-
BEeHb JlenmuHa TIPSIMO KOpPpeIupyeT C YpPOBHEM
OCTEOKaJIbIIMHA, CIenuduueckoro Ojas ocreobia-
CTOB OMOXMMMUYECKOTO MapKepa (OpPMUPOBAHMS
KOCTHO1 TKaHMu [28].

CorylacHO pesyabTaTam, OITyGIMKOBAHHBIM
Campos R.M. et al. (2013), cooTHOIIIeHEe KOHIIEH-
Tpauuit ienmuHa u adunoHeKmMuHa SBJIsSIeTCsT Hera-
TUBHBIM IIPEIMKTOPOM MMUHEPAJIbHONM IIJIOTHOCTU
KOCTHO¥ TKaHU M COJlepskaHMs MUHEePaJIoB KOCT-
HOVi TKaHU. Y XeHIMH, CTPaJalolNX OKUPEeHUEM,
COOTHOIIIEHMEe CbIBOPOTOUHBIX YPOBHEN ITUX aJiy-
ITIOKVHOB OOpPaTHO KOPPEIMPYeT C COAepsKaHMeM
MMUHEPAJIOB B KOCTHOV TKaHu [16].

B uccnemoaume Tariqg S. et al. (2017) 6pun
BKJIIOUeHbl 98 KeHIIVH C IMOCTMEHOIay3aJlbHbIM
OCTEeOIOPO30M U 94 340pOBbIE€ >XEHIIMHbI, KOTO-
pble BBICTYIIMJIM B POJM KOHTPOJBHON TPYIIIIBI.
Bbls10 TTOKAa3aHO, YTO KOHILIEHTpAIMS JIENITUMHA B
IasMe KpoBM 6blIa 3HAUMTENbHO BBIIIE Y KEH-
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IMH C TIOCTMEHOINAay3aJbHbIM OCTEOI0PO30M
(21,64+9,80 mn 18,56*8,65 HI/MJI B KOHTPOJIbHOI
rpymnre, p=0.02), KOCTHas IJIOTHOCTb B KOHTPOJIb-
HOI1 TpyIile 3HAYMTEJbHO BbIllIe, YeM B TpyIIme
SKeHIIMH ¢ ocTeonoposoM (T-6amn -0,70%0,19 B
KOHTPOJIbHOI Tpyrme, —3,17*0,59 B 0OCHOBHOI
rpymme). OmpeneneHbl KOPpeasiuu MeXIYy KOH-
LieHTpaliMel JenTuHa U maccoi tena, IMT, oxBa-
TOM Oefipa M 3amsICThsl. B TO ke BpeMsl COTJIacHO
pe3ynbTaTaM MHOTO(MaKTOPHOTO JMHETHOTO per-
peCcCMOHHOro aHanm3a macca teaa u UMT saBisioT-
Cs HEe3aBUCUMMBIMM MPEAUKTOPAMUM IIJIOTHOCTU
KOCTHO} TKaHM Y SKeHIIMH B 006eux IpymIax, of-
HAKO KOHLIEHTpaLus JIeNTUHA I0C/e KOPpeKUun
10 Macce Tejla He KOppeanpoBasaa C MMHePaabHOM
TJIOTHOCTBIO KOCTHOJ TKaum [53].

B uccnemosanuu Sabour H. et al. (2015) o6ce-
noBaHO 104 6ONBbHBIX, CTPAAAIOIIMX OCTEOIIOPO30M
Pa3nMUYHON CTeNeHU TSDKeCTU. ABTOPbI OTMETUIU
MPSIMYI0  KODpEeJSIIUI0 MeXAy CbIBOPOTOUHBIM
YPOBHEM JIENTMHA, MMUHEPATbHON IIJIOTHOCTHIO
IIeMKY U MeXBepTeIbHOI 30HbI OeIPeHHO KOCTH,
OITHAKO TaHHASI KOPPessivs HabII0aanach TOIbKO
Y KeHILMH, TOTAA KaK Y My>KYMH YPOBEHb JIENITMHA
He KOpPeJMpOoBal C IVIOTHOCTHIO 6 peHHOI KOCTH
JIaxe 1ocie Koppekuuu ¢ yuetom UMT u Bo3pacra.
Taxke He y[aI0Ch BBISIBUTH CBSI3b MEXIY KOHLIEH-
Tpaiueit JernTuHa M MMUHEPATbHON IIJIOTHOCTBIO
MOSICHUYHOTO OT/eJ1a TO3BOHOYHMKA [47].

AdunoHekmuH ipeacTaBisieT coboii 6ey1oK, co-
CTOSMIT U3 244 aMMUHOKUCIOTHBIX OCTAaTKOB U
TOMOJIOTMYHBIN IO CTpyKType Kosnareny VIII m X
Tuna u paxropy Komiuiementa Cl1q. AdunoHekmun
MPEMMYILECTBEHHO CUHTE3UPYETCS B SKUPOBOM
TKaHU U OIpenessieTcss B 60MbIIMX KOHIIEHTpaI-
sIX B Tiasme KpoBu. ChIBOPOTOYHBIN YPOBEHb
adunoHeKMuHa 3HAYNTETbHO CHYDKEH Y MallIeHTOB
C MOpPOMAHBIM OXMPEHMEM, U YBEIUUMBAETCS TI0
Mepe CHIDKEeHMSI MacChl Teyia Wiy Ha GhoHe rpume-
HeHMsI TUA30JUAUHAMOHOB (aroHUCThI PPAR), KO-
TOpble YBEJIMUYMBAIOT UYBCTBUTENbHOCTh K MHCY-
IuHY. AOUNOHEKMUH CHUKAeT Pe3UCTEeHTHOCTh K
MHCYJINHY, CTUMYJMPYeT 3axBaT IJIIOKO3bl KJIET-
KaMM, aKTUBU3UPYET MPOLECChl OKUCTEHUS KUP-
HBIX KMCJIOT M TIOABJISIET IVIIOKOHEOTEHe3 B Ileve-
HU U IPYTUX TKAHAX [35].

B psme mccnemoBaHuii MPOAEMOHCTPUPOBAHO,
YTO AOUNOHEKMUH UTPAET BaKHYIO POJIb B PETYIISIIIVN
SKU3HEEsITeIbHOCTU KOCTHOM TKaHU, TIOCKOJIBKY
pelenTopsl K HeMy SKCITPeCCUPYIOTCS OCTeobsacTa-
My [43]. TTokaszaHo, UTO adunOHeKmuH, NEeViCTBYS ay-
TOKPMHHO ¥ MapakKpUHHO, CTUMY/MPYET Iposnde-
paumio U MMUHepanu3aluio KyJIbTUBUPOBAHHBIX ye-
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JIOBEUECKMX OCTe0b67acTOB 3a CUeT aKTUBAIUMU
MAPK-curHaiibHOro 1mmytu. Kpome TOro, agurioHek-
TUH YCUIMBAET IKCIIPECCUI0 KOCTHOTO MopdoreHe-
TUYECKOTo 0ejIKa, KOTOPbIii, B CBOIO OUepelib, SIBJIs-
eTcsl Kmo4yeBbIM (akTopom AnddepeHIPoBKU OC-
Teo6JIaCTOB M CTUMY/IMpPyeT (GOpMMpPOBaHME KOCT-
HOJi TKAHU B KYJIbTYpe 0CTe061acToB [35].

AdunoHekmuH croco6eH ToHaBasaTh audde-
PEHIIMPOBKY MakKpodaroB KOCTHOTO MoO3ra U
CD14-110n0OXXUTENbHBIX MOHOHYKJ/IEAPHBIX KIIETOK,
MPensiITCTBYS MX IIpeBpallleHUI0 B OCTeOKJIaCThl
[43]. B TO >ke BpeMsI JaHHBIN agUITOKMUH OTIOCPeO-
BaHHO aKTMBUPYET OCTEOK/IacTbl, YCUAMUBAS 3KC-
npeccuio RANKL, v mogaB/sieT CMHTE3 OCTEOPO-
TerepuHa octeobsactamu [38].

Ponb adunoHekmuHa Kak peryssiTopa MeTabo-
JM3Ma KOCTHOJ TKaHM IOATBEPsKIEHA B KIMHUYE-
CKMX MCCIIeTOBaHMAX. B psme mccmenoBaHmuit Obuta
BbISIB/IEHA OTpHUIlaTeJbHAs  KOPPeIsIus MeXITY
CHIBOPOTOYHBIM YPOBHEM aIMIIOHEKTHHA M OOIIeii
MMWHEepaJbHOM TIJIOTHOCTbIO KOCTHOM TKaHu. Tak,
Cervellati C. et al. (2016) 6110 TPOAEMOHCTPUPOBA-
HO Ha/IMUMe acCouMaluy MeXay KOHIeHTpalusIMu
JlenmuHa v adunoHeKmMuHAd Vi MUHEPAIbHOM IUIOT-
HOCTBIO KOCTHOM TKaHM. B 4aCTHOCTH, KOHLIEHTpa-
LMS IENMUHA TIPSIMO KOppenuMpoBajia C MUHepasb-
HOJ IUIOTHOCTBIO MO3BOHOUYHMKA (r=0,22, P<0,05),
mreitku 6empa (r=0,23, P<0,05), BepTena 6eqpeHHOI
KkoctH (r=0,20, P<0,05) 1 06111ei1 IIIOTHOCTBIO OeI-
penHoit koctu (r=0,27, P<0,01), KOHIeHTpauus
aOUITIOHEKTMHA OOPaTHO KOppeaupoBasia C MUHE-
paIbHOI TUIOTHOCTBIO BepTesa GeIpeHHOl KOCTU
(r=-0.21, P<0,05), omHaKo Iocjie KOPPeKIuu ¢ yue-
TOM >XMPOBOJ MaccChl Tejla CTaTUCTUYECKMU 3HAUU-
Mble KOppeJuy He Habmogancs [18].

Bucgamun tipencTasisieT co060¥i KpYITHbIN Oe-
JIOK, COCTOSIIIMIM 13 471 aMMHOKMUCIOTHOTO OCTaT-
Ka, ero MOJIEKYJISIpHasl Macca coctasisgeT 52 k/la.
OTOT aAUIIOKMH BHEPBbIe ObUT OOHAPYKEH B ITeve-
HM, KOCTHOM MO3T€ ¥ CKeJIETHOM MBIIIEYHOM TKa-
HM, ¥ B OOJNBLIMX KOJUUECTBAX CEKPETUPYETCS
BUCLIEpaJIbHOM >KMPOBOI TKaHbio [29]. Iloka3aHo,
YTO CbIBOPOTOUYHBI/ ypoBeHb BuchaTuHa IOBbI-
IIIeH Y MalMeHTOB, CTpajaoIiuX oxxupeHnem. I1o-
MMMO KMPOBOJ TKaHM JaHHbBIN (QakTop ceKpeTu-
pyeTcsi TpaHyJoIMTaMu U MoHouuTamu. K cekpe-
uuu BuchaTMHA TaKKe CIIOCOOHBI MakKpodaru.
[penrionaraercs, 4yTo sucamuH obramaeT MHCY-
JIMHOMMMETUYECKMMIM  CBOMCTBaMM,  OJHAKO
OKOHYaTebHasl POJIb 3TOTO aAUIIOKMHA B MeTabo-
JIM3Me IJII0KO3bI TTI0Ka He ycTaHoBJeHa [29]. B ake-
MepMMEHTAIbHbIX MCCIeMOBaHUSAX ObLIO IpOMde-
MOHCTPUPOBAHO, YTO CbIBOPOTOUHBIII YpPOBEHD
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suc(amuHa TIOBBIIIAETCS IIPU CEIICUCEe U OOIIpP-
HOJi TpaBMe, M CMHTe3 JAHHOTO aJUIOKMHA HaX0-
IUTCS TI0Z, KOHTPOJIEM TTIOKOKOPTUKOUAHBIX TOp-
moHoB, ®HO, WJI-6 u ropmoHa pocta. [lokasaHo,
yTO BucamuH 06NaJaeT XeMOATTPAKTAHTHLIMU
CBOJCTBaMM, a TaKkKe CTUMYJIUPYET CeKpeLuio
WJ-1 6eta, ®HO, u UJI-6 mumdboruramu [40].

VCTaHOB/IEHO, YTO 6UC(amuH CTUMYIUPYEeT
npoaudepanuio ocTeobJacTOB, 3aXBaT TJTIOKO3bI
3TUMM KJIeTKaMM M CUHTe3 KojuiareHa I-ro Twuma.
HoknmayH reHa gucamuHa CONPOBOKIAETCS CHU-
sKeHMeM Iposmdepany ocTeoKIacTos [57].

B3aumocBs3b ypOBHSI eucpamuHa v MuUHe-
PIbHONM TVIOTHOCTM KOCTHOV TKaHM M3yyajach B
KJIMHUYECKUX UCCIIeIOBAaHUSIX, OOHAKO OJHO3HAU-
HO OIpeAenTb XapakTep JaHHOM B3aMMOCBSI3U Ha
JaHHBIi MOMEHT He yganochb [44]. B npyrom uc-
cJleoBaHMM ObLIa TPOAEMOHCTPUPOBAHA CYJIbHAS
TOJIOXKUTETbHAS KOPPeIsSys MeXIy KOHIIeHTpa-
umueit eucpamuxHa M MUHepPaNbHOl IJIOTHOCTBHIO
Kocreii [31].

W3BeCcTHO, UTO CTapyecKuil OCTeONopo3 Xa-
paKkTepu3yeTCcss MPOrPecCUBHBIM CHUKEHMEM KO-
CTHOJ MacChl U yBeJlMueHueM 06bemMa BHYTPUKO-
CTHOW >XMPOBOI TKaHMU. BBLJIO MPOAEMOHCTPUPO-
BaHO, YTO 8UCHAMUH CTUMYJIUPYET OCTEOTE€HHYIO U
agumnoreHny nuddepennyposky MCK, u Takum
06pa3oM MOXKET y4yaCTBOBATh B IaTOreHe3e CTap-
YyecKkoro ocreornopo3sa. Kpome toro, BucdaTuH mo-
IaBIsIeT oOcTeoknactoreHes. Takum 06pasoM,
BuchaTUH IOTEHIMPYeT BOCIaJIUTEIbHbIE peak-
UMK, CTUMYJIUPYST CEKPEILNI0 TPOBOCHATUTETbHBIX
IMTOKMHOB, M MOXET y4yaCcTBOBAaTh B IMMAaTOreHe3e
OCTeOoIopo3a, OJHAKO KJIMHMYECKass 3HAauMMOCTb
3TOr0 aJUIOKMHA TTIOKA He YCTaHOBJIeHa.

Pe3ucmun mipeficTaB/IsIeT COO0I OTHOCUTETBHO
He0OoJIbIIO 6eJIoK, cocTosmmii u3 108 aMuHOKMC-
JIOTHBIX OCTATKOB. JIaHHbIN aIUIIOKUH SIBJISIETCS
TepPBbIM ONMCAHHBIM IpPENCTaBUTENEM CeMeiiCTBa
pesuCTUH-NIOZ06HBIX Motekyn [30]. Pe3uctuH sB-
JsieTcss MOMUMPYHKIMOHATbHBIM 6G€JIKOM, M y4acT-
BYeT B pETYISIIMUM MHOTUX (GU3MONOTMIECKUX
npotieccoB. IIpesronaraeTcs, UYTo JaHHbI (GakTop
OKa3bIlBaeT MapakpUMHHOE U SHJOKPUHHOE NeiCT-
Bue. CorjlacHO JAaHHBIM mcciaenoBaHust Tarkowski
A. et al. (2010) pe3ucTUH MOKET CBSI3bIBATHCS C
Toll-like peuentopamu 4 (TLR4), akTuBaIusl KOTO-
pBbIX 3aIlyCKaeT CeKpelui0 MPOBOCIIAIUTEIbHBIX
IIUTOKMHOB MOHOHYK/IEAPHBIMU KiIeTKamu [54].

Pesucmun Taxoke 3KCIIpeccUpyeTcs: ocTeobia-
ctamu U ocreokinactamu. IIpouecc auddepeHun-
POBKM OCTEOKJIAaCTOB COMPOBOXXIAETCSI MOBBIIIE-
HMEM CeKpellMM NaHHOTO agUIIOKMHA. PekomOu-
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HaHTHBII PE3UCTUH in Vitro ctumynupyet audde-
PEHILIMPOBKY OCTEOK/IACTOB ¥ Iposndepanio oc-
TeobacToB. TakMM 006pPa3oOM pe3ucmuH YBeIUUM-
BaeT MHTEHCUMBHOCTb PEeMOIENMPOBAHNUSI KOCTHOI
TKaHM Kak 3a CUeT aKTMBAI[MU OCTe06/IacTOB, TaK
U 33 CUET YCUJIEHMS pe30pOLyy KOCTHOTO MaTpUK-
ca OCTeOKJIacTamMu. BbIsiBjieHa MpsiMasi KOppesis-
U MeXTy KOHIIEHTpanyei pe3ucmuHa u puckom
nepesioma 1eitku 6empa [27].

Takum 006pa3oM, MCCIeIOBAHMUS IOCTIeTHUX
JIET CBUETENIbCTBYIOT, UYTO pPe3UCMUH, KaK U BUC-
datuH, obnagaeT MPOBOCHAIUTENIbHBIMU CBOVICT-
BaMM, U ero KOHIIEHTpalusl 06paTHO KOppeanpyer
C MMHEpaJbHOM IUIOTHOCTBIO KOCTHOWM TKaHU.
KoHIeHTpanmsi 5TOr0 aauIIOKMHA MOXKeT ObITb
MCIIO/Nb30BaHA [ OleHKU 3¢dexTa Tepamnuu,
OJTHAaKO TIOATBEPKAEHUSI 3TOV BO3MOXHOCTU He-
06XOIMMBI TAJIbHEIAIINE UCC/IeAOBAHMSI.

B nuTeparype Bce uaie BCTPEYAIOTCS TaHHbBIE
O IPYIUX agUIIOKMHAX U UX POJIU B PETYISIIIUNA Me-
TaboMM3Ma KOCTHOM TKaHu. HecMoTps Ha TO, UTO
B HAcTosIlee BpeMs KIMHMYECKAsT 3HAYMMOCTD
3TMX (aKTOPOB OCTAETCS IOJ BOIPOCOM, MHOTME
¥3 HUX B OyAylleM MOTYT HaiiT¥ HMpUMeHeHVe B
KauyecTBe MapKepOB AaKTUBHOCTU 3a00jeBaHMS.
Tak, 1Moka3aHo, UTO JUITOKAJINH-2 SKCIIPECCUPYET-
€S MUEJIOIIUTaMU U BXOAUT B COCTaB HEMTPODUI-
crienpuueckux rpaHy/l. JKCIpeccusi 3Toro ¢ak-
TOpa HAGJII0IaeTCsT B XOHAPOIUTAX, HO OCHOBHbIM
MCTOYHUKOM JAHHOTO (akTopa cuuTaercs Gesas
KUpOBas TKaHb [19].

Costa D. et al. (2013) mokasaam, 4YTO JUNOKA-
JIUH-2 PEryIUpyeT MUKPOOKpPYKeHUe KOCTHOTO
MO3Ta, YCUMIMBAs 9KCIIPECCHI0 CTPOMAJIBHOTO Kile-
TOYHOro (hakKTOpa — XEeMOKMHA, Heo6X0IVMOro
IJISI  PeKPYyTMEHTAareMaTONMOITUYECKUX KIETOK-
MpeaIIecTBEHUKOB M UTPAIOIIETO BAKHYIO POJib B
pereHepanuu TKaHel M TOAIepsKaHUM MUKPOOK-
PY>)KeHMSI B KOCTHOM MO3Te. BbITo IMposeMOoHCTpH-
poBaHO, uTO auddepeHIpoBKa 0CTe06/1acTOB
COTIPOBOXKIAeTCS TTOBbIIIEHMEM 3KCIIPeCcCUn JIUno-
KanuHa-2, a y TPaHCTeHHBIX MBbIIIEN C MTOBBIIIEH-
HOJ1 3KCIIpeccueli JaHHOTO aJWUIIOKMHA HabJoma-
IOTCST XapaKTepHble M3MEHEHUS B MUKPOAPXUTEK-
TOHMKE KOCTHOJ TKaHM. B 4acTHOCTM, aBTOPBI OT-
MEeTWINM CHIDKEHME MacChl M 06bemMa TpabeKyssip-
HOJ KOCTHOJ TKaHU, M3MeHEeHMsI CO CTOPOHBI POC-
TOBBIX IUIACTMHOK, CHIDKEHME WHTEeHCUBHOCTU
dhopMupoBaHUST KOCTHOV TKaHM U YCWJIEHUE pe-
30pOIMM MMHEPATN30BAHHOTO MaTpukca. B 3a-
KITIIOYEHMM UCC/IeJOBaTeNM ealoT BBIBOJ O TOM,
YTO JIUNOKANUH-2 SIBJISIETCS MEePCIIeKTUBHBIM Map-
KepOM aKTUBHOCTHM OCTeOIoposa [22].

48

XemepuH, MPOJYKT masapomeH-
UHOYYUPOBAHHO20 2eHa 2, TIpeICTaBJseT Coboit
aIUIIOKMH, O00JIafaolIMii CBOJMCTBAMM XeMoaT-
TpakTaHTa [55]. XeMepuH U ero peLenTopbl 3KC-
MIPeCCUPYIOTCS MPEeUMYIIeCTBEHHO B 6eJI0ii XXUpo-
BOJ TKaHU, OJHAKO PelleNTOPbl TaKKe BCTPevaloT-
Cs HA MOBEPXHOCTU OEeHAPUTHBIX KIETOK U MakK-
podaros. JlaHHBI# aAUIOKMH B 3HAUMTEbHBIX
KOJIMUECTBAX OKCIIPECCUPYETCS TpeocTeobsacTa-
mu [41].

B nccnemoBanme Engin-Ustun Y. et al. (2016)
OBLTM BK/IIOUEHBI 88 JKEHIMH B MTOCTMEHOIIay3e C
T-kputepueMm < -2.5 (ocHOBHasg rpymma), eme 88
JKEHIIVMH B ITOCTMeHoIay3e ¢ T-kpurepuem > -1
COCTaBWIM KOHTPOJbHYW Tpynmy. OmnpegeneH
XapakTep CBSI3M MEeXIY ChIBOPOTOYHOV KOHIEH-
Tpalyeit xeMepyHa ¥ MUHEPaJbHOM IIJIOTHOCTBIO
KOCTHOJ TKaHMU. ABTOpPBI IMPOJAEMOHCTPUPOBAIN,
UTO B CpefHeM KOHIIeHTpalus XemMepuHa B OC-
HOBHOIJi TpyIine Oblla JTOCTOBEPHO HIKE, UYeM B
KOHTpO/NbHOM rpymme (240,1£46,1 u 261,5+50,8
HI/MJI COOTBETCTBEHHO) [26].

AnenuH — 3TO MHENTUI, KOTOPbIA, COTJIaCHO
MOCJIETHUM TaHHBIM, SIBJISIETCS JUTaHmoMopdan-
HOT'O CBSI3aHHOrO ¢ G-6enkoM perentopa APJ. Cy-
IIEeCTBYET PsIJi aKTUBHBIX (GOPM JAHHOTO (akTopa
C pa3HO} MOJIEKYISIPHOM MaccCoi, HEKOTOpbIe U3
HUX OIpeAessioTCS B XXMPOBOI TKAHU U CUHTE3U-
PYIOTCST afumnouuTaMu [55].9TOT agUIIOKUH y4YacT-
BYeT B peryiasiuu MeTabo113Ma KOCTHOM TKaHu. B
uccnemoBauuu Zhang H. et al. (2010) 6b110 pope-
MOHCTPUPOBAHO, UTO amejuH He SIBJSIeTCS Hes3a-
BUCUMBIM MPEIUKTOPOM MUHEPATbHOM TIIJIOTHO-
CTM KOCTHOJ TKaHU, OJHAKO IO JaHHBIM APYroro
uccaeqoBaHus, 3TOT aJUIIOKUH CTUMYJAUpPYeT
dbopMupoBaHMEe KOCTeil BO BHYTPUYTPOOHOM U
HeOHAaTaJIbHOM IMepuoax pasButus [58].

Bacnun - TipefCcTaBUTeNb Kjacca CepIMHOB
(MHTMOUTOPBI CEPUHOBBIX IIpOTeas), KOTOPbIi
CeKpeTUpyeTCsl BUCLIEPaJbHONM KMPOBOM TKaHbIO.
B KkynbType KkieTok auHum RAWZ264.7 mokasaHo,
yTo pmaHHbIt  Qakrop momasasier RANKL-
MHIOYIMPOBAHHBIN OCTeokaacToreHes. Kpome To-
T0, 8aChuH GIOKMPYET aroITo3 YeJI0BeUeCKUX OC-
Te00JIaCTOB B YCJIOBMSIX ChIBOPOTOYHOII TEeNpyBa-
uuu [34].

PaccmatpuBasi BO3MOXXHOCTY MCITOIb30BaHMS
KOHIIeHTpaluii afuIMoKMHOB B IJIa3Me B KauecTBe
cpencTBa MOHUTOPUHTA 3OQPEKTUBHOCTU JTI€UEHUST
U omnpezneneHusl pPUCKa MepeioMoB, ciaeqyeT OTMe-
TUTh HaJIMuyMe COOOIIeHMI I O TOM, UTO KOHIIEH-
TpauuM aJUTIOKMHOB He TOJIbKO KOPPEIUPYIOT C
MMUHepa/IbHOI TJIOTHOCTbIO KOCTHOI TKaHU, HO U



BECTHUK HOBBIX MEJUIIMHCKMUX TEXHOJIOTUM - 2018 - T. 25, Ne 1 - C. 44-60

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P. 44-60

MOTYT OBITb MCIIOAB30BAHbI IJISI OIpeAeIeHus
MporuHo3sa 1 3¢pPEeKTUBHOCTY JIEUEHUSI TIPU OCTEO-
ropose. Tak, B uccinegoBanuu Barbour K.E. et al.
(2011) 6bUTO TTOKA3aHO, UTO PUCK Pa3BUTHUS Tepe-
JIOMOB HaIllpsIMyIO0 KOppeIupyeT ¢ KOHLeHTpauueii
aIUIOHeKTMHa He3aBucumo ot MMT, Hammuus
caxapHoro auabera M MMHEDPAIbHON IIOTHOCTU
KOCTHOM TKaHU. B3auMOCBSI3b MEX[y ChIBOPOTOY-
HBIM YPOBHEM JIENITMHA U PUCKOM MEepeiOMOB B
JaHHOM MCCIeN0BaHUM MPOAEMOHCTPUPOBATH HE
yzanocs [12].

B meta-ananus Biver E. et al. (2011) 6pun
BKJIIOUEHBI 59 wmcciemoBaHMii. ABTOpaMu ObLIO
MPOIEMOHCTPUPOBAHO, YTO PUCK TEPeIOMOB 006-
paTHO KOppenupyeT ¢ KOHLleHTpanue JenTuHa, a
TOBBIIIIEHHBIVI YPOBEHb aAMUITIOHEKTMHA acCOLUU-
pyeTcs ¢ BBICOKMM PUCKOM M€PEeIOMOB II03BOHOY-
HMKa [14].

Liensio pabotel Sebastian-Ochoa A. et al.
(2012) 6b110 M3yUEHME OVMHAMMKM KOHIIEHTpaIUu
aJIUTIOKMHA, JIeTITMHA U TpeivHa Ha (hoHe Tepanumu
pasiokcudbeHoM MK ajneapoHaToM. McciemoBaHus
Imuiock 1 ron. B rpyrme nanyueHToB, MOMTy4aBIInNX
ajleIpoOHAT, CpelHMe KOHILeHTpaluu JenTuHa U
aIUTOHEeKTUHA 3a TOJ NPaKTU4YeCKy He M3MeHU-
JINCh, ONHAKO B TPYIIE MalMeHTOB, MOMyYaBIIUX
panokcudeH, OTMeYeHO 3HAUMTeNbHOe yBeauye-
HMEe KOHIIeHTpaluu JIeNTMHA, KOHIeHTpalus
aJIUIIOHEKTVHA OCTajaach Ha TOM Xe YPOBHe, UTO U
[0 Havasa Tepanuu [48].

B uccnemosanme DiCarlo C. et al. (2007) 6butn
BK/IOUYeHbl 99 maumeHTOK. I'pynna A cocrosina u3
77 >KeHIIVH B IIOCTMEHOIIay3e, HUKOrAa He I0Jy-
YaBIIMX 3aMECTUTEIbHYI TOPMOHIbHYIO Tepa-
MMI0, B TPYIITY B ObLIM BKIIOUEHBI 22 SKEHIIMHBI,
MOJy4yaBllie 3aMeCTUTENbHYI) TOPMOHAIbHYIO
Tepanuio. Ilenblo uccienoBanus ObUIO M3yUYeHME
IVHAMMKU CBIBOPOTOYHBIX YPOBHEN pPa3IUUHbIX
(akTOopoB KOCTHOrO MeTabosmM3Ma Ha (oHe Tepa-
MMM OCTeOoIlopo3a. B rpyrmne B cpenHue 3HaUEHUS
T-xpuTepusi 6bUTM Bbille, YeM B rpyrmme A. KoH-
ueHTpauun RANKL, octeonpoTerepuHa U OCTeO-
Ka/JblI/{HAa 3HAYMMO He OTIMYINCh, OLHAKO YpO-
BEHb JIENITMHA Y HaI[MeHTOB TPYIINbI B ObII 3HAUM-
TeJIbHO HIDKe, 4eM Y IalMeHTOB IpyIIbl A [23].
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Tariq S. et al. (2015) obcnegoBanu 42 mauyeH-
TOK C ITOCTMEHOIIay3aJbHbIM OCTEOIIOPO30M, 36
300POBBIX JKEHIIMH COCTAaBWIM KOHTPOJIbHYIO
rpymiy. KoHlleHTpanyuy JenTuHa B yia3Me KpoBU
OLIEHMBAJINCH A0 Hauvaja UCCaeqoBaHus U yepe3 6
MecsIeB IIocjie Hauaja Tepamnusl MOampOHATOM.
Yepe3 6 MecsilieB aBTOPbl OTMETWUIM 3HAYUTEb-
HOe CHIMKEeHME KOHIIeHTpalluu JeNTUHA B Iia3Me
KpoBM mainueHToK (19,48%1,60 Hr/mMn [0 Havana
neyenus u 14,09+0,85 Hr/mi mocje Hadaaa jede-
Hus) [52].

3akmioueHve. AHanu3 AAHHBIX JIUTEPATYPhI
CBUJIETE/IbCTBYET, UTO BKHENIIIYIO POJIb B PETYIIsi-
UMM KU3HEAEeSTETbHOCTM KOCTHOM TKaHM UTPaloT
AIOUIIOKMHBI — OMONIOTMYECKM aKTMBHbBIE BEIleCTBa,
ceKpeTupyeMblie >XMPOBOJ TKaHblo. [IpomeMOHCT-
PUPOBAHO, UTO KOHIIEHTPALsI TPOBOCTIAIUTEIbHO-
rO aAUIIOKMHA JIenMuHA TIPSIMO KOppeaupyeT ¢ MU-
HepaJbHOM TIJIOTHOCTBIO KOCTHOI TKaHMu. KoHIleH-
Tpalusi aAUMIOHEKTUHA, TTPOTUBOBOCTIA/INTEILHOTO
aouUITIOKMHA O06paTHO KOPPEIMpPyeT C KOCTHOI
IJIOTHOCTBIO M, COIJIACHO pe3y/bTaTaM KJIMHUYE-
CKUX MCCIeIOBaHMI, BbICOKME KOHILIEHTpalUM 3TO-
rO agUIIOKMHA acCOIMUPYIOTCS C TIOBBIILIEHUEM
pPUCKa OCTEOTIOPOTUUECKHUX [TEPEIOMOB.

Pe3ucmuH, OTHOCSIIUIICS K TPYyIIEe MIPOBOCIIA-
JIUTEbHBIX LIUTOKMHOB, TaKXKe y4acTBYeT B DeryJisi-
UMM TIpolieccoB audbepeHIIMpoOBKU U SKU3HEIes -
TeJIbHOCTM KOCTHOM TKaHM. [IoKa3aHo, UTO BBICOKME
KOHIIEHTpaLUM pe3ucmuHa acCoLUMPOBaHbI CO CHU-
>KeHVeM MUHEepaTbHOM TVIOTHOCTY KOCTHOM TKaHMU.

B mocnemuue pecsTwieTuss ObUIO OIMMCAHO
60sIBIIIOE KOMMYECTBO JPYIMX ANMIIOKMHOB, KaXK-
IbIii Y3 KOTOPBIX O6amaeT HIMPOKUM CIEKTPOM
s dekToB. MHOIME U3 3TUX OMOJOTUUECKN aKTUB-
HBIX BeIIecTB BJAMSIOT Ha KOCTHYIO TKaHb, ee pas-
BUTHE M MeTaboM3M, OJHAKO MX KIMHUUYECKas
3HAYMMOCTb M3y4yeHa He N0 KoHIa. Takum obpa-
30M, QIMUTIOKVHBI SIBJISIIOTCSI TI€PCIIEKTUBHBIM 00B-
eKTOM M3y4eHUsI He TOJIbKO B acrekTe IaToreHe3a
OCTeOoI0po3a, HO U B KOHTEKCTe OIeHKU TKEeCTU
3abo0/eBaHMs, ero mporpeccupoBaHust u 3ddek-
TUBHOCTY JIeUeHMS.
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MODERN CONCEPTS OF THE ROLE OF ADIPOKINES IN REGULATION OF BONE METABOLISM
(literature review)
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Abstract. The author has carried out a review of literature data on the role of adipokines in bone tissue
metabolism changes. It is noted that these biologically active substances, secreted by adipose tissue, play an
important role in the regulation of osseous tissue functioning. It is reported that the concentration of the
pro-inflammatory adipokine leptin directly correlates with bone mineral density. It has been established
that high levels of the anti-inflammatory adipokine adiponectin inversely correlate with bone density, and
are associated with an increased risk of osteoporotic fractures.

It is noted that in recent decades a large number of other adipokines have been described, each of which
has a wide spectrum of effects - resistin, visfatin, lipocalin-2, vaspin, chemerin, apelin, ghrelin. Most of
these biologically active substances affect the development and metabolism of bone tissue, but their clinical
significance is not fully understood. The possibility of using adipokine concentrations in blood plasma as a
means of monitoring the effectiveness of treatment and determining the risk of fractures has also been re-
ported, and there are reports that the concentrations of adipokines not only correlate with bone mineral
density, but can also be used to determine the prognosis and effectiveness of treatment for osteoporosis.

Keywords: osteoporosis, adipokines, bone metabolism, leptin, visfatin, adiponectin.

Osteoporosis is a systemic disease characte- The age-related loss of bone tissue is charac-
rized by a decrease in bone mass and a violation of teristic not only of women, but also of men. The
bone microarchitectonics, resulting in increased latter circumstance explains why the risk of frac-
risk of fractures [7,9,10]. In the Russian Federa- tures in men increases on average 10 years later
tion, osteoporosis affects 14 million people (10% than in women. In addition, the predominant loss
of the country’s population), another 20 million of trabecular bone material in the first stage is the
have osteopenia. 24% (34 million) of the popula- cause of early vertebral fractures, since the verte-
tion of the Russian Federation are in the group of bral bodies consist mainly of trabecular material
potential risk of osteoporotic fractures. The an- (80%), while the tubular bones are mainly cortical
nual incidence of femoral fractures is 105.9 cases [6,24].
per 100,000 population, fractures of the distal fo- Thus, according to modern ideas, the patho-
rearm occur in 426.2 people per 100,000 popula- genesis of postmenopausal osteoporosis is due not
tion [11]. According to epidemiological data, a 10% only to the effect of estrogen deficiency on osteob-
decrease in bone mineral density in vertebral bo- lasts and osteoclasts. The development of this dis-
dies leads to an increase in the risk of their frac- ease also involves immune cells, which support a
ture by a factor of 2, and the same decrease in chronic inflammatory reaction, which, combined
bone mineral density in the femur leads to an in- with oxidative stress and age-related changes in
crease in the risk of fracture of the distal femur by the immune system, leads to a decrease in bone
a factor of 2.5 [3,7,8]. density [5].

The onset of menopause is followed by a sig- In recent decades, it has been shown that fatty
nificant intensification of the processes of bone tissue cells — adipocytes — have endocrine activity,
tissue remodeling. At the same time, resorption and secrete a number of biologically active sub-
activity increases by 90%, while bone formation is stances called adipokines [15,31,59].
intensified only by 45%, which ultimately leads to Current clinical and experimental data indi-
loss of bone tissue with each remodeling cycle. cate a link between obesity and other metabolic
The above processes are facilitated by an increase diseases (metabolic syndrome, non-alcoholic fatty
in the number of bone remodeling units, an in- liver disease, and diabetes mellitus) with bone tis-
crease in the duration of the resorption period, sue diseases and the risk of fractures. According to
and a corresponding reduction in the length of the epidemiological data, BMI directly correlates with
formation period [1,4,13,36,49]. the mass of bone tissue, and the most likely cause

of such a connection is the high weight load on the
50
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skeleton. At the same time, obesity is accompa-
nied by an increase in serum leptin level and a de-
crease in adiponectin level [17]. Visceral adipose
tissue contains large quantities of activated ma-
crophages, which are a source of cytokines. Pa-
tients with central obesity, which is characterized
by an increase in visceral fat mass, have increased
levels of C-reactive protein, IL-1, IL-6 and TNF-a.
The last three cytokines contribute to the resorp-
tion of bone tissue and increase the fragility of
bones [2,21].

It has been shown that adipokines participate
in the interaction between fat tissue, inflammato-
ry processes and the immune system. Adipokines
are characterized by endocrine, paracrine, auto-
crine and juxtacrine actions on a number of physi-
ological and pathophysiological processes. Thus,
the action of these biologically active substances
regulates food intake, insulin sensitivity, immune
system function and the severity of inflammatory
reactions [56].

Adipose tissue and its secreted factors play a
role in the development and progression of osteo-
porosis [46]. The potential role of adipokines in
bone metabolism is indicated by several studies,
which demonstrate a direct correlation between
bone mineral density and fat mass [17,31,37].

One of the most well-studied adipokines is
leptin, a protein weighing 16 kilodaltons (kDa), first
described in 1994 [59]. Leptin is the best studied
representative of the adipokine class. In addition
to white adipose tissue, in certain circumstances,
intestine, placenta, mammary glands, stomach
epithelium, skeletal muscles and the brain, as well
as joints and bone tissue, can also act as sources of
small amounts of leptin [32,33].

There are 6 leptin receptor isoforms, which are
united by the same extracellular domain; their dif-
ferences are in the length of the cytoplasmic do-
main. There is a long receptor isoform (OB-RbD),
four short isoforms (OB-Ra, OB-Rc, OB-Rc, OB-Rf),
and a soluble isoform (OB-Re), but only OB-Rb,
due to the presence of a full intracellular domain,
can transfer signal to the nucleus of the cell. Lep-
tin is secreted both in an active, unbound form,
and in an inactive form, associated with plasma
proteins and with the soluble leptin receptor iso-
form [50].

Under physiological conditions, leptin con-
centration in the blood plasma, as well as the le-
vels of mRNA of leptin and proteins in adipose tis-
sue, are positively correlated with the amount of
adipose tissue and the BMI value [20]. This hor-
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mone affects the brain, suppressing appetite, sti-
mulates the production of anorexigenic factors,
and reduces the secretion of orexigenic neuropep-
tides. The concentration of leptin in plasma, ad-
justed for BMI, also depends on sex — in women it
is on average higher than in men, which, in the
opinion of some experts, can cause sexual differ-
ences in the incidence of osteoarthritis [39].

According to the results of in vivo studies, leptin
negatively affects bone mineral density, increasing
sympathetic stimulation of bone tissue by suppress-
ing the serotonergic system in the brain stem. Lep-
tin secreted by fat tissue freely passes through the
hemoencephalic barrier and stimulates receptors,
preventing the synthesis of serotonin, which nor-
mally is released in the ventromedial nucleus of the
hypothalamus and suppresses the activity of sym-
pathetic stimulation of bone tissue [51]. As a result,
the sympathetic nervous system suppresses the ac-
tivity of osteoblasts due to stimulation of beta-
adrenergic receptors. In addition, by increasing the
expression of RANKL, leptin enhances the processes
of bone resorption [25].

It has been found that leptin stimulates the
expression of osteoprotegerin, a receptor which
acts as a trap for RANK on the surface of osteoc-
lasts. Osteoprotegerin prevents the binding of so-
luble RANKL with RANK, preventing the activation
of osteoclasts and protecting bone tissue from
excess resorption [45].

When studying the effect of leptin on bone
tissue, it is necessary to take into account such
phenomenon as resistance to leptin. This term re-
fers to the inability of leptin (exogenous or endo-
genous) to influence the reduction in food intake
and body weight. In particular, the majority of pa-
tients with obesity have high leptin concentrations
in the blood plasma, but the physiological effect of
this adipokine is almost not manifested [42].

It has been demonstrated that serum leptin
level can act as an indicator of osteoporosis risk in
patients suffering from alimentary obesity, with an
inverse correlation between serum leptin level and
trabecular bone density [53]. At the same time, the
concentration of leptin is directly correlated with
the cross-sectional area of cortical bone, which
indicates a probable difference in the physiological
effects of leptin in cortical and trabecular bone
tissue [25,44].

A study by Fisher A. et al. (2012) showed that
in elderly patients with femoral fractures, serum
leptin level directly correlates with the level of
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osteocalcin, a biochemical marker of bone tissue
formation specific for osteoblasts [28].

According to the results published by Cam-
pos R.M. et al. (2013), the ratio of leptin and adipo-
nectin concentrations is a negative predictor of
bone mineral density and bone mineral content. In
obese women, the ratio of the serum levels of
these adipokines inversely correlates with the
mineral content in the bone tissue [16].

A study by Tariqg S. et al. (2017) included
98 women with postmenopausal osteoporosis and
94 healthy women who acted as the control group.
It was shown that the concentration of leptin in
blood plasma was significantly higher in women
with postmenopausal osteoporosis (21.64+9.80 and
18.56%8.65 ng / ml in the control group, p=0.02),
bone density in the control group was significantly
higher than in the group of women with osteoporo-
sis (T-score -0.70%0.19 in the control group, -
3.17%+0.59 in the main group). Correlations between
leptin concentration and body weight, BMI, hip and
wrist circumference were determined. At the same
time, according to the results of multivariate linear
regression analysis, body weight and BMI are inde-
pendent predictors of bone density in women in
both groups, but the leptin concentration after cor-
rection for body weight did not correlate with bone
mineral density [53].

Sabour H. et al. (2015) examined 104 patients
with osteoporosis of varying severity. The authors
noted a direct correlation between serum leptin
level, the mineral density of the femoral neck and
the intervertebral zone of the femur, but this cor-
relation was observed only in women, whereas in
men the leptin level did not correlate with the
density of the femur even after correction for BMI
and age. Also, there was no link between the con-
centration of leptin and the mineral density of the
lumbar spine [47].

Adiponectin is a protein consisting of 244 ami-
no-acid residues and homologous in structure to
type VIII and type X collagen and to complement
factor Clq. Adiponectin is mainly synthesized in
adipose tissue and is detected in large concentra-
tions in blood plasma. Serum adiponectin level is
significantly reduced in patients with morbid ob-
esity, and increases with weight loss or with the
use of thiazolidinediones (PPAR agonists), which
increase insulin sensitivity. Adiponectin reduces
insulin resistance, stimulates glucose uptake by
cells, activates fatty acid oxidation processes and
suppresses gluconeogenesis in the liver and other
tissues [35].
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A number of studies have demonstrated that
adiponectin plays an important role in the regula-
tion of bone tissue activity, since receptors to it
are expressed by osteoblasts [43]. It has been
shown that adiponectin, having autocrine and pa-
racrine actions, stimulates the proliferation and
mineralization of cultured human osteoblasts due
to the activation of MAPK signaling pathway. In
addition, adiponectin enhances the expression of
bone morphogenetic protein, which in turn is a
key factor in the differentiation of osteoblasts sti-
mulating the formation of bone tissue in osteob-
last culture [35].

Adiponectin is able to suppress the differentia-
tion of bone marrow macrophages and CDI4-
positive mononuclear cells, preventing their trans-
formation into osteoclasts [43]. At the same time,
this adipokine indirectly activates osteoclasts, en-
hancing the expression of RANKL, and suppresses
the synthesis of osteoprotegerin by osteoblasts [38].

The role of adiponectin as a regulator of bone
tissue metabolism is confirmed in clinical studies. A
number of studies have revealed a negative correla-
tion between adiponectin serum levels and total
bone mineral density. Thus, Cervellati C. et al
(2016) have demonstrated the association between
leptin and adiponectin concentrations and bone
mineral density. In particular, leptin concentration
directly correlated with the mineral density of the
spine (r=0.22, P<0.05), the femoral neck (r=0.23,
P<0.05), the trochanter (r=0.20 , P<0.05), and with
the total femoral bone mineral density (r=0.27,
P<0.01), while adiponectin concentration was in-
versely correlated with the mineral density of the
trochanter (r=-0.21, P<0.05), however, after correc-
tion for body fat mass, no statistically significant
correlations were observed [18].

Visfatin is a large protein, consisting of
471 amino-acid residues, its molecular weight is 52
kDa. This adipokine was first detected in the liver,
bone marrow and skeletal muscle tissue, and is se-
creted in large quantities by visceral adipose tissue
[29]. It has been shown that the serum level of vis-
fatin is increased in patients suffering from obesity.
In addition to fatty tissue, this factor is secreted by
granulocytes and monocytes. Macrophages are also
capable of secreting visfatin. It is assumed that vis-
fatin has insulin-mimetic properties, but the ulti-
mate role of this adipokine in glucose metabolism
has not yet been established [29]. In experimental
studies, it was demonstrated that serum levels of
visfatin increase in cases of sepsis and extensive
trauma, and the synthesis of this adipokine is con-
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trolled by glucocorticoid hormones, TNF, IL-6, and
growth hormone. It has been shown that visfatin
has chemoattractant properties, and also stimulates
the secretion of IL-1 beta, TNF, and IL-6 by lym-
phocytes [40].

It has been found that visfatin stimulates the
proliferation of osteoblasts, the uptake of glucose by
these cells, and the synthesis of type I collagen. The
knockdown of the visfatin gene is associated with a
decrease in the proliferation of osteoclasts [57].

The relationship between the level of visfatin
and bone mineral density has been studied clini-
cally, but it has not been possible to unambi-
guously determine the nature of this relationship
[44]. In another study, a strong positive correlation
was found between visfatin concentration and
bone mineral density [31].

It is known that senile osteoporosis is charac-
terized by a progressive decrease in bone mass and
an increase in the volume of the intraosseous adi-
pose tissue. It has been demonstrated that visfatin
stimulates osteogenic and adipogenic differentia-
tion of MSC, and thus can participate in the pa-
thogenesis of osteoporosis. In addition, visfatin
suppresses osteoclastogenesis. Thus, visfatin po-
tentiates inflammatory responses, stimulating the
secretion of pro-inflammatory cytokines, and may
participate in the pathogenesis of osteoporosis,
but the clinical significance of this adipokine has
not yet been established.

Resistin is a relatively small protein, consist-
ing of 108 amino-acid residues. This adipokine is
the first described representative of the family of
resistin-like molecules [30]. Resistin is a multi-
functional protein, which participates in the regu-
lation of many physiological processes. It is as-
sumed that this factor has paracrine and endocrine
actions. According to a study by Tarkowski A. et al.
(2010), resistin can bind to Toll-like receptors 4
(TLR4), the activation of which triggers the secre-
tion of pro-inflammatory cytokines by mononuc-
lear cells [54].

Resistin is also expressed by osteoblasts and os-
teoclasts. The process of differentiation of osteoc-
lasts is accompanied by an increase in the secretion
of this adipokine. Recombinant resistin in vitro sti-
mulates differentiation of osteoclasts and prolifera-
tion of osteoblasts. Thus, resistin increases the in-
tensity of bone tissue remodeling, both due to en-
hancing the activity of osteoblasts and due to in-
creased bone matrix resorption by osteoclasts. A
direct correlation has been found between the resis-
tin concentration and the risk of hip fracture [27].
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Thus, recent studies indicate that resistin, like
visfatin, has pro-inflammatory properties, and its
concentration is inversely correlated with bone
mineral density. The concentration of this adipo-
kine can be used to assess the effect of therapy;
however, further research is needed to confirm
this possibility.

In the literature, there has been an increasing
amount of data on other adipokines and their role
in the regulation of bone tissue metabolism. De-
spite the fact that at present the clinical signific-
ance of these factors remains questionable, many
of them in the future can be used as markers of
disease activity. Thus, it has been shown that lipo-
calin-2 is expressed by myelocytes and is present
in neutrophil-specific granules. Expression of this
factor is observed in chondrocytes, but the main
source of this factor is white fat tissue [19].

Costa D. et al. (2013) showed that lipokaline-2
regulates the bone marrow microenvironment,
enhancing the expression of the stromal cell-
derived factor — chemokine, which is necessary for
the recruitment of hematopoietic progenitor cells
and plays an important role in the regeneration of
tissues and maintenance of the microenvironment
in the bone marrow. It was demonstrated that the
differentiation of osteoblasts is accompanied by an
increase in lipocalin-2 expression, and in transgen-
ic mice with increased expression of this adipo-
kine, characteristic changes in the microarchitec-
tonics of bone tissue are observed. In particular,
the authors noted a decrease in the mass and vo-
lume of trabecular bone tissue, changes in growth
plates, a decrease in the intensity of bone forma-
tion, and an increase in resorption of the minera-
lized matrix. In conclusion, the researchers state
that lipokalin-2 is a perspective marker of osteopo-
rosis activity [22].

Chemerin, the product of a tazarotene-induced
gene 2, is an adipokine that has the properties of a
chemoattractant [55]. Chemerin and its receptors are
expressed predominantly in white adipose tissue, but
the receptors also occur on the surface of dendritic
cells and macrophages. This adipokine is expressed
in significant amounts by preosteoblasts [41].

A study by Engin-Ustun Y. et al. (2016) in-
cluded 88 postmenopausal women with a T-score
< -2.5 (main group); another 88 postmenopausal
women with a T-score> -1 made up the control
group. The nature of the relationship between se-
rum chemerin concentration and bone mineral
density was determined. The authors demonstrat-
ed that, on average, the concentration of chemerin
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in the main group was significantly lower than in
the control group (240.1+46.1 and
261.5+50.8 ng/ml, respectively) [26].

Apeline is a peptide that, according to the lat-
est data, is a ligand at orphan G-protein coupled
APJ receptor. There are a number of active forms
of this factor with different molecular weights,
some of them occur in adipose tissue and are syn-
thesized by adipocytes [55]. This adipokine is in-
volved in the regulation of bone tissue metabol-
ism. In a study by Zhang H. et al. (2010), it was
demonstrated that apeline is not an independent
predictor of bone mineral density, but according to
another study, this adipokine stimulates the for-
mation of bones in the prenatal and neonatal pe-
riods [58].

Vaspin is a representative of the class of ser-
pins (serine protease inhibitors), which is secreted
by visceral adipose tissue. In the RAW264.7 cell
line culture, this factor suppresses RANKL-
induced osteoclastogenesis. In addition, vaspin
attenuates the apoptosis of human osteoblasts in
the conditions of serum deprivation [34].

Considering the possibility of using adipokine
concentrations in plasma as a means of monitor-
ing the effectiveness of treatment and determining
the risk of fractures, it should be noted that there
are reports that the concentrations of adipokines
not only correlate with bone mineral density, but
can also be used to determine the prognosis and
effectiveness of treatment for osteoporosis. Thus,
in the study by Barbour K.E. et al. (2011), it was
shown that the risk of developing fractures direct-
ly correlates with the concentration of adiponectin
regardless of BMI, presence of diabetes mellitus, or
bone mineral density. The relationship between
serum leptin level and the risk of fractures was not
demonstrated in this study [12].

The meta-analysis carried out by Biver E. et al.
(2011) included 59 studies. The authors demon-
strated that the risk of fractures is inversely corre-
lated with the leptin concentration, and an in-
creased level of adiponectin is associated with a
high risk of spinal fractures [14].

The purpose of Sebastian-Ochoa A. et al.
(2012) was studying the dynamics of the concen-
tration of adipokine, leptin and ghrelin against the
background of therapy with raloxifene or aledro-
nate. The research lasted 1 year. In the group of
patients treated with aledronate, the average con-
centrations of leptin and adiponectin remained
virtually unchanged during the year, but in the
group of patients receiving raloxifene, a signifi-
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cant increase in leptin concentration was noted,
while the concentration of adiponectin remained
at the same level as before the beginning of the
therapy [48].

A study by DiCarlo C. et al. (2007) included 99
patients. Group A consisted of 77 postmenopausal
women who had never received hormone replace-
ment therapy, and group B consisted of 22 women
who had received hormone replacement therapy.
The purpose was to study the dynamics of serum
levels of various factors of bone metabolism
against the background of osteoporosis therapy. In
group B, mean values of the T-score were higher
than in group A. The concentrations of RANKL,
osteoprotegerin and osteocalcin did not differ sig-
nificantly; however, the leptin level in group B
patients was significantly lower than in group A
patients [23].

Tariq S. et al. (2015) examined 42 patients with
postmenopausal osteoporosis; 36 healthy women
made up the control group. Concentrations of lep-
tin in the blood plasma were evaluated before the
study and 6 months after the beginning of therapy
with ibadronate. After 6 months, the authors noted
a significant decrease in leptin concentration in the
patients’ blood plasma (19.48+1.60 ng / ml before
the start of treatment and 14.09+0.85 ng/ml after
the start of treatment) [52].

Conclusion. The review of literature data in-
dicates that adipokines — biologically active sub-
stances secreted by the fat tissue — play an impor-
tant role in regulating the vital activity of bone
tissue. It has been shown that the concentration of
the pro-inflammatory adipokine leptin directly
correlates with bone mineral density. The concen-
tration of the anti-inflammatory adipokine adipo-
nectin inversely correlates with bone density and
according to clinical studies high concentrations
of this adipokine are associated with an increased
risk of osteoporotic fractures.

Resistin, which belongs to the group of pro-
inflammatory cytokines, also participates in the
regulation of the processes of differentiation and
in the vital activity of bone tissue. It has been
shown that high concentrations of resistin are as-
sociated with decreased bone mineral density.

In recent decades, a large number of other
adipokines have been described, each with a wide
range of effects. Many of these biologically active
substances affect bone tissue, its development and
metabolism, but their clinical significance is not
clearly understood. Thus, adipokines are a promis-
ing subject of study not only in the aspect of the
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pathogenesis of osteoporosis, but also in the con-
text of assessing the severity of the disease, its
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BO3MO>XHOCTU HEMEJIUKAMEHTO3HOH U JIEKAPCTBEHHO
TEPAIIMU TPEBO>KHBIX PACCTPOVICTB
(0630p IUTEpPATYPHI)

M.C. TPOMIIKUI, A.P. TOKAPEB, M.B. [TAHBIIIMHA
Tynbckuti 20cyoapcmeeHHblli yHusepcumem, meduyuHckuti uncmumym, ya. bonduwna, 128, Tyna, 300012, Poccus

AunoTtauus. B 0630pe oxapaKTepyu30BaHbI IICYMXOBETETATMBHbBIE PACCTPOIICTBA, KOTOPbIE HAPSIAY C Ia-
HUYECKMMMU, (POOUUECKMMM, 06CECCUBHO-KOMITYJIbCMBHBIMU U CTPECCOPHBIMM MOCTTPaBMAaTUUECKMMU Ha-
PYIIEHUSIMU TIPEJICTABIISIIOT MpesoicHble paccmpoticmea. [IeTanbHO MOKa3aHbl MaTOMU3MOIOTMUECKIEe Me-
XaHM3MBI, JIeKalllyie B OCHOBE Pa3sHOOOpasHbIX KIMHMYECKUX IPOSIBIIEHMI 3TUX paccTpoiicTB. [TokasaHa
3aBUCUMOCTh T€UEHMS UX CUMIITOMATUKM OT a3 cTpecca, yuacTusl B ero GopMUPOBAHUM CUHTOKCUYECKMUX
¥ KaTaTOKCUMYECKMX MEXaHM3MOB afarTaiyu, 00ecreuyBaionx yIipaBleHne KU3HeaesaTeIbHOCTbI0 TaKUX
CJIOKHBIX CUCTEM, KaK OpraHm3M dejoBeka. OxXapaKTepu30BaHbl JIEKAPCTBEHHbIN 1 He MeIMKaMEeHTO3HbII
TIOAXOMbI K JIEUEHUIO MPEBOXHbIX paccmpoticma. JleKapCTBEHHBIN MOAX0 OCHOBBIBAETCS HA MPUMEHEHUU
CeJIeKTUBHBIX MHTMOUTOPOB 0OpaTHOIO 3aXBaTa CEPOTOHMHA, CEJIEKTUBHBIX MHIMOUTOPOB OGPATHOrO 3a-
XBaTa CEPOTOHMHA U HOpaapeHa/lHa, 6eH3011Ma3eMHOB ¥ HeOeH3041a3eIMHOBBIX IIperaparos. [laHa xa-
PaKTepPUCTUKA MPAHCKPAHUANLHOU 3/1eKMPOCMUMYAAYUU, KaK OCHOBbI HE MeAMKaMeHTO3HOi Tepamnuu. O1-
pelesieHbl ee MeXaHM3Mbl AECTBYSI, BOSMOXKHOCTb COUETAHHOTO MPUMEHEHMS C JIEKApCTBEHHbIMM IIperna-
patamu. OxapaKTepu30BaHbl YCTPOIICTBA IJIs IPOBEAEHUST MPAHCKPAHUANBHOL snekmpocmumyasyuu. Omnpe-
IleJIeHbl TOKa3aHMs K MCIOIb30BaHMIO TAKOTO He JIEKaPCTBEHHOTO Coco6a, Kak MPaHCKPAHUAIbHASL MAZHU-
MoCMuMyYusl.

KirroueBble CJIOBa: TPEBOXKHbIE PACCTPOICTBA, TPAHCKPAHMAIbHAS SIEKTPOCTUMYJISLINS, IICMXOBEreTa-
TUBHbBIE PAaCCTPOICTBA, CeJEKTMBHbIE MHIMOGUTOPbI 06PATHOrO 3axBaTa CEPOTOHMHA, OEH30AMa3elyHbl,
HeOeH301a3eMHOBbIE IIperaparhl.

[McuxoBereTaTuBHbIE PACCTPOIICTBA B KOM- cuMnToMoB TP: BeretaTMBHbIE CUMIITOMBbI, CUM-
IJIeKce C TaHuveckumu, ¢obuueckumu, obcec- IITOMbI KOTHUTMUBHOM OUCHYHKIINM, OOIIME CUM-
CUBHO-KOMIYJbCMBHBIMM HapylleHUsiMu (OT JarT. MITOMBbI, CUMIITOMBI CBSI3aHHbIE C OpTaHAMM TPY/-
obsessio — «omepXKMMOCTb umeeii» u compulsio — HOJi KJIETKM ¥ OPIOIIHOI TOJIOCTH, Hecneuupuue-
«TIPUHYXXIEHMEe»), UM HeBPO3€e HaBSI3UMBBIX CO- cKye cuMnTombl. Takast pasHOOOpasHAsl CUMIITO-
CTOSITHUI, B COUETAHUM C TTOCTTPAaBMAaTUUYECKUMU MaTtuka nipy TP AMarHOCTMYECKM 3HauuMma mjisi
CTPECCOPHBIMU PAaCCTPOIICTBAMM — IIPEACTABIISIIOT Bpaueii pasHbIX CHeluaabHOCTEN — KapAMOJOroB,
mpesgoxcHole paccmpoticmea (TP). Ilpu stom micu- aKylIepoB-TMHEKOJIOTOB, TaCTPOIHTEPOIOroB. Ha-
XUUYeCKue CUMIITOMbI TPEBOTM COCYLIECTBYIOT U 6JTI0Iat0TCsT 6OJIEBBIE CMHIPOMBI C PA3JINYHOI JIO-
B3aMMOJENCTBYIOT C COMAaTUUYECKMMU U HEBPOJIO- Kajm3anyeil (XpoHM4Yeckasi TOJIOBHAsE 60Jb, MUT-
TUYeCKUMMU MIPOSIBIEHUSIMU [2]. peHb, 607 B CIIMHE, B IUIEYE U Ip.). A TaKkKe He

JNuAeMmuoIoruyeckue ucciaenosanus Kess- 60j1eBble CUHIPOMBI — TPYOHOCTb 3acChIaHMA,
ler R.C. et al. (2009) mokasanu, 4TO pacIpocTpa- OIllyIIleHKe KOMa B TOpJie, OJbIIIKA, cepAaledue-
HeHHOCTb TP cocrasnsier 5,1% B nmonynsium [41]. HUe, TOJIOBOKPYKeHMe, CYXOCTh BO PTY, y4dallleH-
OCHOBHAs CMMIITOMAaTUKa 3TUX PaCCTPOICTB 3a- HOe MOYEeMCITyCKaHMe, TPYAHOCTU 3achITaHMS.
KJII0YaeTCsl B CTOMKUX, TPYAHO NOAAAIOIIUXCS IMpu TP yacTo HAGIIOAAIOTCS MMaHMYECKME aTaKu
KOHTPOJII0, OGECIIOKOCTBE M TpPeBOTe — OTHOCU- (IpUCTymIbl CWIBHOTO CTpaxa, auckomdopTa,
TeJIbHO OTpeIeJIeHHBIX COOBITUI, JIUII U AeMCTBUIA, omfylileH/e HepealbHOCTU TPOUCXOASINEro, Ha-
CYIIEeCTBYIOMUX 6oyee 6 MecsieB B rogy. Kpome pacrarmye 3a 10 MUHYT ¥ TPOAOIKAOIIMECS 10
TOT0, HAOJTIOAIOTCST — HapyIIeHMe CHa, pa3apaski- 45 MuHyT). 3a4acTyi0 pa3sBMBAETCS azopagdobus —
TEJIBbHOCTb, MBIIIEYHOE HAMNpsDKeHUe, 3aTpynHe- 00SI3Hb CUTYallMM, B KOTOPOJ pa3BMBAETCST TTaHM-
HMEe KOHIIeHTpaluu BHUMAHMUS, OLNYIIEHUEe <«Ty- yeckas aTaka (mpebObIBaHMe Ha BBICOTE, B udTaXx,
MaHa B TOJIOBE», IIOBBILIEHHAs YTOMJISIEMOCTb, B TPAHCIIOPTE, B JIOJHBIX MeCTax), YTO OTpuUla-
HEYCUIUMBOCTb, HEBO3MOXHOCTH PaCCIabUTbHCS. TeJbHO CKa3bIBaeTCsl Ha KaUueCTBe XU3HU [42,46].
Kpurepun MKB-10 [48] omnpenensitoT ngTh IPYIIL B ocHOBe pasBUTHUS [ATOJOTMYECKUX CUM-
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IITOMOB JIeXKaT pasauyHbie TaTObMU3MOIOTIYecKue
TICUXOHENPOMMMYHOJIOTUYECKME MeXaHU3MBlI,
00yC/IOB/IEHHbIE BIMSIHMEM 3K30T€HHBIX M JHJIO-
Te€HHBIX CTPECCOPHBIX areHTOB C Pa3BUTHEM 3K30-
T€HHOTO WJIM 3HAOTeHHOTO CTpecca C pa3sBUTUEM
pasimnuHbix a3z crpecca. [lepsas ¢pasza crpecca —
aKTUBAIUS KAMAMoOKCUUeCKUx npozpamm adanma-
yuu (KIIA) - cuMMMOaToaApeHaNoBOl CUCTEMBI,
OKUCIUTEIbHOM aKTUBHOCTU TUIa3Mbl, CBEpPThI-
BalONIMX CUCTEM C MMMYyHOAaKTMBalyeii, KoTopas
COTIPOBOXKIAETCS  OTTOpPXXKEHMEM CTPEeCCOPHOTO
areHra (cata — mpoTuB). Bmopasa ¢asa ctpecca —
aKTUBAIMS CUHMOKCUYECKUX NPozpamMm adanmayuu
(CITA) — xXonMHepruyecKux, aHTUOKCUAAHTHBIX U
MPOTUBOCBEPTHIBAIOLIMUX CUCTEM C MMMYHOCY-
Tpeccueii, Mpy KOTOPOi HAGJIOAAETCS COCYIECT-
BOBaHMeE OpraHuMsma CO CTPeCCOPHbIM areHTOM
(syne — Bmecte). Tpemss (paza cTpecca — BHOBb
aktuBauysa KIIA, BIIOTh 0 paspylieHus (QyHK-
IIMOHAIIbHBIX CUCTEM M3-3a OOJIBIION MOIIHOCTU
cTpeccopHoro areHra [1,13,17,20,21,35].

B peamuzanuu CITA u KITA cymecTBeHHYIO
POJIb UTPAIOT SHIOTEHHbBIE CUHIMOKCUHBL (HePTUIID-
Hble GaKkTophl, cepoToHuH, TAMK, aleTMIXoJuH U
Ip.) M KamamoKcuHs! (aApeHaJIH, HOpaJapeHaInH,
naaueHmapsili - a-1-muxpoenobynux  (IIAMI'-1),
MIPOJIAKTUH, uHTepnevikud WI-1 u ap.) [11,30,32].

Bszaumopericteue CITA u KITA B pamMkax Icu-
XOHepOMMMYHOJIOTUYECKUX TIporpaMM ajarira-
LMY KaK pa3s U JeXUT B OCHOBE COMATO(OOPMHBIX U
MICUXOCOMATUYECKUX PaCCTPOJCTB, SBISIETCST Oa-
30BbIM B passutuu TP [33,36].

Ipu ompeneneHuu Ccroco6o jevenus TP
Ba)XKHO YUMUTHIBAThH MOJyUeHHbIE B MTOCTIeAHME TOIbI
pe3yJabTaTbl TEOPETUUYECKUX U TPAKTUUECKUX UC-
CJIeTOBaHMI, MPOBEIEHHBIX B paMKaxX pa3paboTKu
meopuu xaoca u camoopzarudayuu cucmem (TXC), u
000CHOBaHMSI Mmpemvpeli napaduzmsl, obecIeun-
Bawlleli CUHepreTuueckoe MpeLcTaBIeHne O 4ve-
JI0OB€YeCKOM OpraHusMe, KaK CJIOXHOI CUCTEeMbI
(complexity) [7,12,15,29].

B cooTBeTCTBUM C MSATHIO MPU3HAKAMU TaKUX
CJIOKHBIX CUCTEM, [Jisi TPOBeNEeHUs afeKBaTHOM
Tepanuy JI00bIX 3a00IeBaHMiT BasKeH nepeblii npu-
3HaK, TIOCTYJIAT CUHEPTeTUKU, CBSI3aHHBIN C OAHO-
POOHBIMU CUCTEMaMM, B KOTOPbIX M3ydaeTcs Au-
HaMMKa TOBeJleHMs BCeil CUCTeMbl B 1IeJIOM, a He
OTJIe/IbHBIX ee 3/1eMeHTOB [31]. MHOTOypOBHEBBIN,
Mepapxmuyecku IIOCTPOEHHbIN, CaMOpPETyJIUpPYyIo-
IIUACS LEJIOCTHBIA OpraHu3M BOCOPUHUMAET
yIIpaBisilole BO3AENCTBUS CIleLMaan3upoBaH-
HBIM pelenTOpHBIM ammapaTom. BosmeiicTBus
MOTYT OBITb XUMWYECKUMM, DU3NMUECKUMM, TICU-
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XOJIOTUYECKUMMU — B PA3JIUYHBIX COUETAHUSX, C
pasIMyHOV MHTEHCUBHOCTBIO M TMOCIeH0BaTENb-
HOCThI0. B 061iem Buge yedyenue TP Moxker ocy-
IIECTBJSITbCS MeIMKAMEHTO3HbIMM (JIEKapCTBEH-
HBIMM) U He JIEKaPCTBEHHbIMM (HEe MeauKaMeH-
TO3HBIMM) CITOCO6AMM.

B cooTBeTcTBUM C peKoMeHaausiMu Becemup-
HOJ opraHusainuy OMOJOTMUYECKON TICUXUATPUK
(WSFSBP) nipenapataMy Bbibopa mpu Tepanuu TP,
0COOEeHHO, TAHMYECKUX aTak, SIBJISTIOTCS CeeKmus-
Hble UH2UOGUMOpblL 06paAMHO20 3ax8ama cepomoHUHA
(CHUO03C) [38]. K CUO3C, npuMeHsieMbIM [JIsI Jie-
yenus TP, orTHocaTcs - acyumanonpam (10-
20 mr/cyTkn), yumaionpam (20-60 mr/cyTku), ¢ay-
sokcamuH (100-300 mr/cyTku), payokcemun (20-40
MT/CyTKM), nhapokcemun (20-50 Mr/cyTku), cep-
mpamun (50-150 mr/cytku). Kypc neueHus pac-
CUMTaH Ha 6-12 Mec.

K CHO3C u Hopadpenanurna (CKO3CH) oTHO-
csaTes genagarcun (75-225 mr/cyTku) u dynokce-
muH (60-120 mr/cyTku). 3TU IpenapaTrbl TakKKe
TIPUMEHSIIOTCS /118 JieueHUs TaHUYeCKMX aTak.

B neuenvu TP mIMpoKO MUCIIOIb3YIOTCS O€H30-
duasenuHst — annpodaiam (1,5-8 Mr/cyTku), K10Ha-
3enam (1-4 mr/cytku), duazenam (5-20 Mr/cyTku),
aopaszenam (2-8 mr/cytku). OmHako 6eH3ommase-
NMHBI MOTYT BbI3bIBaTh SIBJI€HMS] MPUBBIKAHMS,
3aBUCUMOCTM ¥ CUHAPOM OTMEHBI, UTO KpaiiHe
HeskeaTe/lbHO.

K nebGeH3o0uazenuHossim TiperiapaTam OTHOCST
0ycnupoH (20-30 Mr/cyTKu), KyIMUPYOUIUii TPOSIB-
sieHust TP B coueTaHUM C HapylIeHUeM JesiTebHO-
CTM OpraHOB INuiueBapeHus [43,44,47], a Tarke
mocguzonam, 3HGEKTUBHBINA TPU PasIUUHBIX CO-
MaTU4YeCKMUX PacCTpoiicTBax [4,42].

ITo mauueiM Nazari et al. [45], ycraHoBieHa
spderTuBHOCTD 6ycnupona mpu TP, BbI3BaHHBIX
NpeIMeHCTPYaabHbIM CMHAPOMOM. BbISIBIE€HO 1O-
JIOKUTENIbHOE BIMUSIHME OYCNUpPOHA Ha TeueHue Ia-
HUYECKUX aTaK, CONPOBOXKAAIOIIUXCS azopagobueti
[39,40].

MenukaMeHTO3Has (JIeKapCTBEHHAsI) Teparus
TP mo3BoJisieT pa3pemuTb M KymMpoBaTh COCTOSI-
HMe OCTpOit TpPeBOTM, a TaKKe OCYIIEeCTBUTh Kyp-
CoOBOe, 6O JINTENbHOE TO/IepKUBalolee Jieye-
HMe. B cooTBeTCTBUM C MAaTOPU3MOIOTMYUECKUMMU
MeXaHM3MaMy, YYaCTBYIOIMMHU B (POpMUPOBAHUM
CTPeCcCOpPHBIX paccTpoiicTs, u TP, B wacTHOCTH, —
MpaKTUYECKU BCe JieKapCTBEHHbIE Ipernaparsl,
ucrnonb3yemMsole B jeueHun TP, ABISIOTCS CUHMOK-
CcuHamu.

VIMeHHO TI03TOMY 11€1eCO00Pa3sHO MpUMeEHe-
HMEe KJIMHUYECKM aIllpoOMPOBAaHHBIX He MeayKa-
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MEHTO3HBIX CIIOCOO0B PEryisiuy KU3HeIesTeb-
HOCTM opraHusma dyeyioBeka. K Takum criocobam
OTHOCUTCS, TpPEXIe BCEro, MmMpPAaHCKPaHUanibHas
anekmpocmumyasyus (TIC).

IMog metomom TOC moHMMaeTcs o6oe Jje-
yeOGHOe BO3[eiCTBMEe UMIIYIbCHBIM TOKOM Ha ro-
JIOBHOJM Mo3r. Hambojiee 4acTo MCHOIb3yeMbIM
napamerpoM TIC SsIBASIETCS 4acCTOTa CJIeLOBaHUS
uMIysibcoB ot 75 mo 80 T, TOC-Tepamnus obaaaa-
€T CBOJICTBOM ITOBBIIIATh CEKPELVI0 HelpOmenTu-
IOoB. JTO cBolcTBO TOC-Tepanum MCMHOIb3YeTCs
Kak ajbTepHATMBA aKyIyHKType, MpuUMeHeHMe
KOTOPOJ4, B YacCTHOCTHU, bepeMeHHBIM ¢ TP o 006b-
eKTMBHBIM IpUYMHAM He 1ejaecoobpasHo. TIC
SHIOP(PMHHBIX CTPYKTYp paspaboraHa B UHCTUTY-
Te dusnonorum um. W.I1. ITaBnosa PAH [8,9,27].

OIHMM U3 COBPEMEHHBIX YCTPOICTB IJIST OCY-
mectsienus TAC sgpnsercs npubop MATHOH-IIKC
(perucTpaiiOHHOE YA0CTOBEpEeHME oCP
2011/11238 ot 08.12.2015 r.), mpegHa3HAUYEeHHbI
IS TIpPOBeJIeHMsT MMKPOTIONSIpU3ali TOJIOBHOTO
Mo3ra, IpolieAyp 37eKTPOCHa, TpPaHCKpPaHMaIbHOM
3JIEKTPOCTUMYJISIIINM, Me30au3HIIepaTbHOMN MOTyY-
JIIUA, IIEHTPaIbHOM 3JIeKTPOaHaIbre3suu U Jpyrux
BapMaHTOB TpaHCLiepeOpabHOM AMArHOCTUKU. B
peXxuMe aBTOMAaTU3MPOBAHHON AMArHOCTUKM arl-
rapar IO3BOJISIET OINpenenuTb ONTUMAaJbHbIE IS
MamyeHTa rmapamMmeTpbl UMITYJIbCOB 3JIEKTPUUECKOTO
TOKa, Ha3bIBaeMble PEe30HAHCHBIMM, KOTOpbIE MC-
TTOJIb3YIOTCS IPU TIPOBEIEHNM TpaHCIIepeOpaTbHbIX
npotemyp ¢ 605b11107 3¢ GHEKTUBHOCTBIO. B yCTpOii-
CTBE peann30BaHa BO3MOXXHOCTh PEryJIMPOBKU Yac-
TOThl UMITYy/IbcOB OT 1 I'p mo 2000 I', a Takke —
MpoBeJleHNe CTaHAAPTHBIX ITPOIeAyp 3JeKTPOCHA
(uactoThl OT 1 mo 200 I'). ObecrieunBalOTCs TAaKKe
— mpouenypsl TOC (wactoTel oT 75 mo 80 I'1r), Me3o-
IusHIedanbHO MOAYISUMM (4acToTel oT 70 mo
90 I'ty), LEeHTPaJIbHO 3JIEKTpOaHaabre3um (4acToThl
ot 100 o 2000 I'w).

Heitpodusmonornueckuit  mexanusm TIC
BKJIIOUAET MOIaBIeHNe HOLIUIIENITUBHBIX CUTHAJIOB
IIepBUYHO Ha liepe6pasbHOM, a 3aTeM U Ha APYTUX
HIDKe JieXXallluX YpPOBHSIX cIielupuueckux U He-
crienyduueckux ahGepeHTHbIX CUCTEM, Te3aKTH-
Baluio camonopnaepxkuBatomeiicss I[TAC, Boccra-
HOBJIEHE TOMUHMPYIOIIE aKTUBHOCTY (PU3MOIIO-
TMYecKoii mpoTuBoboseBoit ®C, a Takke yyacTe B
MeXxaHM3Max Ieprentuu 6o [24].

OTKpBITBI MHOTOUMC/IEHHbIE TI0JIOKUTENbHbIE
OTBETHbIEe peakuuu opraHmsMa Ha TOC, BKIIO-
yallye BOCCTaHOBJIEHME LIEHTPaJbHOI peryns-
UMM TeMOAMHAMMKY, HOpMaau3anuioo nepudepu-
YeCKOr0 KpOBOOOpallleHMsI, BOMHO-COJEBOTO U
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a30TUCTOTO OOMEeHa, AaKTUBU3ALMIO ITPOIECCOB
oKkucauTenbHoro Gocdopunmponanns [19,27].

dddekTsr TAC 06/1amaI0T ABYMSI OCOOEHHOCTSI-
MM: MMEIOT TOMEOCTaTUUECKUi1 XapaKTep — HOpMa-
Ju3yiolee BO3JENCTBYE MIPOSIBIISIETCS] TOJBKO B OT-
HOILIEHUM HapYIIEeHHbIX (QYHKIMIT; TPOSBISIOTCS
KomruiekcHo. Kimunueckass sddektmBHOCTh TIC-
Tepanuy 6blla TOATBEPKIEHA OMBITOM IpaKTHUUe-
CKOro TipuMeHeHMsl. TIokasaHbl MMMYHOMOYJIU-
PYIOLINMI ¥ UMMYHOKOpperupytommmii a¢ddextsr TIC
¥ OCHOBHbIE MEXaHM3MbI MX peamsanyn. AKTMBA-
LM SHAOT€HHOM OMUOUIEPTUIECKOV CUCTEMbI IIpU
nomony TOC ycTpaHseT HapylleHMs B AesSTeIbHO-
CTV UMMYHHOJ CHCTEMBbI, 00YC/IOBIEHHbIE CTPECCOM,
B/sieT Ha (OPMMPOBAHME MMMYHHOTO OTBETA U
pasBuTHe ajuieprudyeckux peakumit. TOC-Tepanus,
OCHOBaHHAs Ha M30MPATEebHON aKTUBALUU IHIOP-
(OMHHBIX ¥ CEPOTOHMHOBBIX MEXaHM3MOB MO3ra,
SIBJISIETCST  BBICOKO3()(EKTMBHBIM  Ge3/ieKapCTBEH-
HBIM JieueOHbIM Bo3elicTBreM [23].

Ha cerogHsmiHMit 1eHb JOCTOBEPHO YCTaHOB-
JIEHBI U CUCTEMAaTU3VPOBAHbI OCHOBHBIE JieueOHbIe
s¢pdextpr TIC-Tepanuu, KOTOpble MOKHO pasme-
JIUTh Ha TPU TUIIA: IEHTpaJbHbIe, Mepudepude-
cKue U cMmeniaHHbie. K meHTpanbHbIM 3¢ derTam
OTHOCSIT aHaJIbre3UI0, CTAOMIM3ALMIO TeMOIMHA-
MMKM, KynupoBaHue 6oseBoro cuHapoma. Cpenau
nepudepmyeckmx 3¢bdeKToOB BbIIEIIIOT: 3aMe/ije-
HMe POCTa OIyxoJjeit, MOOYISIIMI0 TMHAMMUKA OCT-
podaszoBoro oTBeTa IMpU BOCMATEHUM, CTUMYIISI-
LMSI TIPOLIECCOB pernapauuy (YCKOpeHue 3axkKuBe-
HMSI KOXKHBIX PaH, I3BEHHBIX Ae(eKTOB CIN3UCTOI
000JI0YKM KeJTyIKa, ouara HeKpo3a mpu nHpapkTe
MuoKkapaa). M3 cMmemaHHbIX 3¢ (PeKToB Haubosee
M3BECTHBI AHTUCTPECCOPHBI 3(PdeKT, HopMaIu-
3a1us ICUX0GM3MOIOTUIECKOTO CTATYCa, aHTUAT-
JIepruueckuii, aHTUTOKCHYecKuin s¢dektsl. Tak
Kak JII000J1 XpOHMYEeCKuii 60JIeBOI CMHAPOM COvYe-
TaeTcsl C SMOLVOHAIbHO-JIMYHOCTHBIMM Hapylle-
HUSIMU U UTO CTPECCOBbIe (DAKTOPBI M CBSI3aHHbIE C
HUMM TPEBOXHO-JEPECCUBHBIE PACCTPOIICTBA
SBJSIIOTCS TIPEeIUKTOPaMM BO3HMKHOBEHUSI PA,
BJIMSIIOT HA €T0 aKTMBHOCTb ¥ BO3MOXKHbIN MCXO]T
[28], ucnonb3oBanne TIC mpu PA moxkeT ObITH
060CHOBAaHO B TOM YMCJI€ M C JAHHBIX TO3UIIUIA.
TOC BbI3BIBAET OOCTOBEPHOE MHOIo(aKkTOpHOe
pa3BUTHME amamnTalyuy K CTPeCCY 3a CYET aKTMUBA-
MU CTPECC-IMMUTUPYIOIINX cuctem [18,22,25-
27,32,34,37].

VimeroTcs cBeieHMs O TOTEHIMPOBaHUM -
dexkra TOC aMMHOJIOHOM, MCIIOJb30BAHUEM Kile-
TOYHBIX TEXHOJIOTMIA, TIPU JIEUEHUM IICUXOIMO-
[MOHAJIBHOTO CTpecca y HAayYHbIX PabOTHUKOB,
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rpu npodecCcMoHaIbHOM CTpecce, y CIIOPTCMEHOB, TpaguMLUMOHHO 3TOT BUJ BO3AENCTBUS MUCIIONb3Y-
rpu nicuxornarosioruu [3,5,6,10,14,16]. €TCS MPU BOCCTAHOBJIEHUM IIOCJIE€ MHCY/IbTA, OJIS
IpyruM criocoboM HeJeKapCTBEHHOI KOppek- JIeueHUsI Ierpeccuii, mmusodpeHny, mocTTpaBMa-
uun TP gBisgeTcs mpaHcKpaHuanisHAask MAazHUMHAs TUYECKOTO CTpecca, MaHMaKa/JIbHbIX CUHAPOMOB U
cmumynayust (TMC), OCHOBHbIMM ITPeUMYIIIECTBAMU IPYTUX TICUXMYECKUX 3a6oeBaHuii. IIpMMeHsIeTcs
KOTOpOJi SIBJISIeTCS PUTMMUUecKass MarHUTHAsT CTU- TaKKe MPU JIeUueHUM HepPBHOI CUCTeMbl: HeBpoOIia-
myssius 20 T co 100%-7i mHTeHCMBHOCTBIO. KO- THUYeCKUX 6oseit, Murpesu, 6osesHu [lapkuMHCOHa,
JINYeCTBO CTUMYJIOB, ITOAABAa€MbIX YCTPOICTBOM SNUIETICUU U T.J,.
nns TMC Bo BpeMsi ogHOoro ceanca, — mpo 10 000. IMockonbKy 3ddertsi TIC-Tepanuyu MUMEOT
[Tporpammuoe  obecrieuenue  «Heiipo-MC.NET» CUCTEMHBIII MEeXaHM3M, OHM XapaKTepU3YyITCs
OCYIIECTBJISIET BeJleHye Oa3bl JaHHBIX MMAlVIEHTOB U rOMeOoCTaTUYecKoi HampaB/eHHOCTbIO U TIPOSIB-
yIpaB/ieHKe JIeueOHbBIMM Kypcamu. 06j1acTu Ipu- JISTI0TCS B KomIuiekce. TOC-Tepamnuio BBITOAHO OT-
MeHEeHMS — IICUXUATPUS], HEBPOJIOTHS. JIMYAIOT: BBICOKAST 3(DGEKTUBHOCTb M IOBTOpSsie-
B MarHuTHOM CTUMYJSITOPE MCIIONb3YIOTCS MOCTb Pe3y/lbTaTOB; HEMHBA3MBHOCTDb U MPOCTOTA
KpaTKOBpeMeHHbIe MarHMUTHbIE MMITY/IbChl. B03- MCII0/Ib30BaHMs; 6€30IMacHOCTb U OTCYTCTBUE I10-
HMKamIlllee OJIEKTPOMarHMTHOE TII0jie BbICOKOM 004YHBbIX 3(pPeKTOB; OrpaHNUYEHHOE YMCIO MPOTU-
MHTEHCUMBHOCTM CBOGOJHO IIPOHMKAaeT CKBO3b BOITOKa3aHMii; BbICOKAsI peHTabelbHOCTh (3a CUeT
OfeKIay, KOCTU ueperia U MsTKue TKaHU U BO3Aeii- COKpallleH!sI pacXxoJl0B Ha MeAMKaMeHTbl, COKpa-
CTBYeT Ha I/TyOOKMe HepBHbIE IIEHTPHI, mepude- IIeHUsI CPOKOB JieueHMUs, IPOOWIAKTUIECKOTO
pUyYecKre HepBbl, TOJIOBHOM U CIIMHHOM MO3T, He- 3¢ dexrTa); BO3MOXHOCTb MCIIOIb30BAHUS B J0-
OOCTYITHbIE /IS IPYIUX CIIOCOGOB CTUMYJISLIMMA. MAaIllHUX YCIOBUSIX.

POSSIBILITIES OF NON-MEDICINE AND MEDICINAL
THERAPIES OF ALERT DISORDERS
(literature review)

M.S. TROITSKY, A.R. TOKAREV, M.V. PANSHINA
Tula State University, Medical Institute, str. Boldina, 128, Tula, 300012, Russia

Abstract. The review describes psycho-vegetative disorders, which, along with panic, phobic, obses-
sive-compulsive and stressor post-traumatic disorders, represent anxiety disorders. The pathophysiological
mechanisms that underlie the diverse clinical manifestations of these disorders are shown in detail. The de-
pendence of the course of their symptoms on the phases of stress, participation in its formation of synthic
and katatoxic mechanisms of adaptation, providing control of vital functions of such complex systems as
the human body is shown. The drug and non-pharmacological approaches to the treatment of anxiety dis-
orders are characterized. The drug approach is based on the use of selective serotonin reuptake inhibitors,
selective serotonin and noradrenaline reuptake inhibitors, benzodiazepines and nonbenzodiazepine drugs.
The characteristic of transcranial electrostimulation as a basis of not medicamental therapy is given. Its me-
chanisms of action, the possibility of combined use with drugs have been determined. The devices for carry-
ing out transcranial electrostimulation are characterized. Indications for the use of such a non-medicinal
method as transcranial magnetic stimulation have been determined.

Key words: anxiety disorders, transcranial electrostimulation, psychovegetative disorders, selective se-
rotonin reuptake inhibitors, benzodiazepines, nonbenzodiazepine preparations.
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Annotanusa. HubenunuH - jiekapcTBeHHOe CPeCTBO, MIMPOKO MPUMMEHSIONeecss B MeAUIIMHCKOM
MPaKTHUKE B KauecTBe 6J0KaTOpa MeJJIEHHBIX KaJIbIIMEBBIX KaHAIOB 1 06/1a/aoliee TOKCUUYECKMMY CBOMCT-
BaMM II0 OTHOLIEHMIO K TEIJIOKPOBHBIM OpraHmu3mam. TOKCMYHOCTDb JaHHOIO BellecTBa U Haluuye ciaydaeB
CMEpPTeJIbHOTO OTpaBieHus Hu(eIUMHOM OTIpe/Ie/sieT ero CyJe0HO-XMMUYecKoe 3HaUeHme.

BaskHOIT 3aauelt Cyme6HO-XMMUYECKOTO UCCAeIOBAHNS SIBJISETCS BbISIBIEHUE OPTaHOB U OMOXMUIKO-
CTel, B KOTOPBIX OTPABJIAIONIEe BEMECTBO MPYUCYTCTBYET B HAMOOIBIINX KOJINYECTBAX.

C 9T0J1 1ebI0 O6bUIO TIPOBEAEHO M3YUeHMe 0COOeHHOCTel pacrpeaeneHnss HudeaunMHa B OpraHmusme
BCESITHBIX TEIJIOKPOBHBIX KMBOTHBIX (KPBICHI) MOC/IE BHYTPVOKETYLOYHOTO BBEIE€HMS TOJIOBUHHO JIeTallb-
HOJl [T03bI OTPABJIAIONIErO BelnecTBa. V3omupoBaHue HUdeaUMHA U3 OPTAHOB, UX COAEPKMMOIO U 6MO-
SKUIKOCTEN SKMBOTHBIX ITPOBOJIM/IM alleTOHOM B PeskMMe ABYKPATHOTO HacTauBaHMS (IO 45 MMHYT Ha KasK-
JIOM STaIle) Py MacCOBOM COOTHOIIEHNUM M3OJIUPYIOLIEN KUAKOCTU U 61ioMaTpuIibl 2:1.

OUMCTKY M3BJIEUEHHOTO COEOMHEHMsST OCYLIeCTB/SIM XpomaTtorpadueit B KonoHke «Cumacop6 C-18»
30 MKM (9/TIOEHT — alleTOHUTPMI-Boa (7:3 1o 00béMy). 151 uaeHTUOUKAIUY U KOJTMYECTBEHHOTO OIpe/ie-
JIeHUSI UCC/IeSyeMOT0 COeMHeHMUs UCIOAb30BaaM MeTObl TOHKOC/IOMHOI xpoMaTorpadun, ra3oBoit Xpo-
maTtorpaduu B coueTaHUM C Macc crieKTpoMetpueit u Y®-crnekTpopoToMeTpun.

[pucyTcTBME HAMOOMBIIUX KOJIMYECTB UCCIEAYEMOTO BellecTBa 3aUKCUPOBAHO B XKeIyAKe C COMep-
>KMMBIM, TOHKOM KMILIIEYHMKE C COILEepXMMBbIM, MBINILAX, Ceje36éHKe U IedyeHU. [losiyueHHbIe pe3ysbTaThl
MTO3BOJISIIOT PEKOMEH/I0BATh JaHHbIE OPraHbl B KAUECTBE OCHOBHBIX OOBEKTOB CyHeOHO-XMMUYECKUX IKC-
MepTH3 P OTPaBIeHUY HUDETUTTUHOM.

KiioueBbie c10Ba: HUu(eIUIH, pacrpeeNieHe B OpraHu3mMe, CyIe6HO-XUMUUECKUIi aHaIN3.

Hudenumma (2,6-mymetnin-4-(2-HUTpodeHun)- PIDKENTyIOYHOM BBeIEeHMM J1abopaTOPHBIM KU-
1,4- guruaponupuanH-3,5-TMKapOOKCUIAT) SIBJISET- BOTHBIM cocTasjiseT 1022 mr/Kr. I3BeCTHBI citydyan
CS1 @aHTarOHUCTOM MOHOB KaJbLViSl ¥ OKa3bIBAeT CO- JIETAJILHOTO OTpaBJIeHUsT Jitofelt HudeaunmMHoM
CcyZopaclimpsmollee, OTPULIATETIbHOE MHOTPOITHOE MIpY OMIMOOYHOM IIpMEMeE, 3aBbIIIEHUN 103 B MPO-
IeiicTBME, YMeEHbIIAeT TOTPeOHOCTh MMOKapAa B 1ecce JieueHus WM C 1eIbl0 camoybuiicTBa. OT-
KUCJIOPOZie, a Takke 00/1aaeT ¢1aboii aHTUapUTMU- MeUyeHbl MHOTOUYMC/IEHHbIE JIE€TajJbHbIE OTpaBle-
YyecKoi aKTUBHOCTHIO [1,2,5]. HusT HUeauUIMHOM Joneit Ha Tepputopum Poc-

Mo ¢usmueckum cBoiicTBaM HUGETUIUH -— cuiickoit @egepatiuy u 3a pyobeskom [6,7,9].
SKEJIThIM KPUCTA/VIMYECKUIi TOPOIIOK C TemIepa- Tokcuueckye CBOJCTBA, LIMPOKOE IPUMeEHe-
Typo mnaBieHusi 172-174°C, oueHb XOpOUIO pac- Hue HudbemunuHa, HaIMUYMEe CIydaeB JieTaabHOTO
TBOPUMBIII B XjI0podopme, MPaKTUUECKU Hepac- OTpaBJIEHNS [IeJIAIOT €ro MOTEeHIMATbHbIM 00beK-
TBOPUMBIN B BOJIE U TPYAHO PaCTBOPUMBIN B 3Ta- TOM CymeOHO-XMMMUYECKOTO WccaemoBaHus. st
HoJte [2,7]. M30IMPOBaHUST HUGbEOUITMHA U3 TPYITHOTO MaTe-

JlaHHOe BelecTBO TOKCUYHO [JISI TeIlJIOKPOB- pmana OMNMCAHO WCIIOAb30BaHME KIACCUYECKUX
HBIX )XMBOTHBIX U 4eyioBeka. Ero LDsy pu BHYT- MeTOJI0B, KOTOPbIE He IMO3BOJISIIOT JOCTUYb BBICO-
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KOl CTereHM M30JMPOBAHUSI pacCMaTpUBaeMOro
BellleCcTBa (CTeneHb u3BaedeHUs 7-30%) u OTHO-
CUTEebHO MaJIOYyBCTBUTEIBHBI [3,5].

s ompenmeneHus] OPTaHOB M GMOKUIKOCTEN
— Haubosee 11e71eco06pasHbIX 06BEKTOB UCCIENO0-
BaHMsS TpU 3KCIIepTU3e CjIydyaeB OTpaBjeHUS —
HeoOXOIMMO TIpeBapUTEeIbHOE M3yUeHMe Ha Jjia-
60paTOPHBIX KMBOTHBIX OCOGEHHOCTEN pacrpene-
JIeHUSI OTPAaBJSIONIEro BellleCTBa B OpraHu3Me Te-
TJIOKPOBHBIX

Ilenp uccnenoBaHuUsI — M3ydyeHue Xapakrepa
pacripefenenuss HudeguHa B OpraHu3Me Bce-
SIIHBIX TEIJIOKPOBHBIX (KPBICHI) TIpU JIETATbHOM
OTpaBJ/ieHMM, BbI3BAHHOTO BBEJEHMEM OTPaBJISIO-
IIero areHTa B XeayAoK.

Martepuansl M MeTOAbI MCCIeTOBaHUS.
O6bexT McciefoBaHusl — cyocTaHuus Hudeaumnu-
Ha C coJlep>KaHMeM OCHOBHOTO BellleCTBa He MeHee
99,9%, cooTBeTtcTBytomias HJI.

B xome 5sKcmepuMEHTOB MCHOJIb30BAIUCH
KpbIChI mopoasl Wistar (Bo3pacT — 4 Mmecsiia, Macca
— 230-245 1), 13 KOTOPBIX ObLIM CHOPMUPOBAHBI 5
OTIBITHBIX I'PYII U 1 KOHTPOJbHAs, B KOKIYIO U3
KOTOPBIX BXOOWJIO IO 5 ocobeit. JKMBOTHBIM
OTBITHBIX IPYIII Yepe3 IJIaCTMAaCcCOBbIN 30HA, BBO-
IWIN paccMaTpMBaemMoe BeIeCTBO B KeTyNOK B
BUJie BOOHOM CyCIieH3uu B KoimuecTBe 1022 Mr Ha
1 kr maccsl KpbICh! (LDs IIpu 11epopaibHOM BBejie-
Hun). Iocme TOro, Kak >KMBOTHBIE TTOTMOAIU, UX
TPYIbl TIOABEPTATNUCH BCKPBITUIO, OAMHAKOBBIE
610JI0TMUeCKMEe 00bEKTHI (OpTaHbl UM OMOKUAKO-
CTU), B3ITble OT MOTMOLIMX 0COOei BHYTPU KasK-
IOt U3 TPYIIH, OObeIVHSIIN U MCCIeNOBaIM Ha Ha-
Juumre B HUX HudenunuHa. IMapamienbHo Mogo6-
HBIM 00Pa30M MCCJIeIOBAIY OpPraHbl U OMOKUIKO-
CTM XXMBOTHBIX KOHTPOJIbHOV TPYTIIIHI.

B KkauecTBe aHaJIUTMUUECKMX METOIOB pac-
CMOTpEeHbI MOoHKOCA0liHas xpomamoepapus (TCX),
3IeKTPOHHAS CIIeKTPOodOTOMETpUS U 2a30801i Xpo-
mamozpaguu u macc cnekmpomempuu (I'X-MC), Tak
KakK MpMMeHeHMEe MHCTPYMEHTAJIbHbIX BUIOB KO-
JIOHOYHOJ xpomarorpadum B aHanusze Hubenu-
MMHA M3BECTHO U3 JIMTEpPATYPHbIX MCTOYHUKOB
[8,10-12].

Cxema u3onuposarus. B xaxxgom ciaydae oripe-
JleIEHHOe KOJMYeCcTBO M3MeIbYeHHOro (CpenHue
pasmepnl yactuil 0,2-0,4 c¢M) MapeHXMMAaTO3HOIO
WU TIOJIOTO OpraHa, COAep>KMMOTro IT0JIOr0 OpraHa
WY GUOKUAKOCTY 3aJMBAIM KOJMYECTBOM alleTo-
Ha, B [IBa pasa (1o Macce) MpeBblllaBlIeM KoauJe-
CTBO Guosornyeckoro ob6bvekra. Cmech 6Gmomare-
puajia ¢ U30JMPYIOIIMM areHTOM BbIIepsKMBaIu B
TeueHMe Toydyaca, mepuoanuvecky mepemeninBas.
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[To ucTeyeHMM YKa3aHHOTO BpeMeHM SKUIKYIO YacCTh
cMecu (alleTOHOBOE U3BJIeYeHlMe) OTHeIsiu OT
TBEPAOrO OCTaTKa, a MPoLecC HacTauBaHMS MOBTO-
psUIM B OTIMCAHHOM BbIllle pexkuMe. [lepBoe 1 BTO-
poe alleTOHOBbIe M3BJIeUeHUS CIMBAIM B OJHY BbI-
MapuUTeNbHYIO YalllKy, paCTBOPUTE/b U OCTATKU BO-
IIbl MCTIAPSITA B TOKE BO3[TyXa (TeMIlepaTypHbIii NH-
TepBan 18-22°C) mo mMOMy4yeHUsI CYXOrO OCTaTKa
[4,5].

Ouucmka useneueHHozo coeduHerus. Cyxoii oc-
TaTOK IoABepraayu 06padboTke 2,1 M alleTOHUTPU-
na, mipubasnsm 0,9 MJI BOJBI, MOTyYaeMblii pac-
TBOP BHOCMJIM B MaKPOKOJIOHKY copbeHTa «Cuia-
cop6 C-18» 30 MkM (pasmep KOJIOHKM 120x11 mm.
AHanmUT SAI0MPOBAIM U3 KOJOHKMU JBYXKOMIIO-
HEHTHBIM TOJISPHBIM 3JIFOEHTOM alleTOHUTPUI-
Boja (7:3). ®pakuuy 3mr0ara, MCTEKawllero us
MaKpOKOJIOHKM (T10 2 MJI Kaskhast) cooupasiu B rpa-
IoyvipoBaHHbIe Mpobupku. Cepuio dpakuuii ¢ 4 1o 6
CIVBAJIM B BBITAPUTEIbHYIO YallIKy, @ PaCTBOPUTE-
JIV YOSV U3 YalIKU, TOMeIasi e€ B OTOK BO31y-
Xa KOMHATHO! Temmepatypbl. [locie ypaneHus
pacTBOpuUTesieii OCTaTOK obpabaTeiBaaM 5-7 M
9TaHO/Ia, KOJIMUECTBEHHO MepeHOCWIN B MepHYIO
KOJI0y BMECTUMOCTBIO 10 MJI M TOBOAMIIY STAHOJIOM
0 MeTKM (MICXOOHBII pacTBOP).

B nBe dapdopoBbie BhIMapUTe/bHbIE YAIIKU
(N°1 u N92) BHocuiau mo 1,0-4,5 Ma MCXOHOTO
pacTBOpa U yAAIs/IM U3 Her0 PacTBOPUTENb B MO-
TOKe BO3/yxa KOMHATHO TeMIlepaTyphl.

Hoenmudgukayus 8 moHKoM cnoe copbeHma.
OcTaToK, Haxomgmuiica B vaike N21, o6pabaThi-
BaJlM HEOONBIIMMU TOPIUSIMM dTaHojAa 1o 0,2-
0,3 MJI, KOJMYECTBEHHO MePEHOCs PacTBOP B BUIE
ITOJIOChI HA JIMHUIO CTapTa XpoMaTorpaduueckoii
riacTuHbl «Copoduin» IITCX-AD-A-VO. Pagom Ha
JIMHUIO cTapTta HaHocwm 5-10 mkia 0,08% pacTtBo-
pa (B 3TaHO/E) BelleCTBa-CBUAETENS. XpOMaTo-
rpadupoBaIM, MCIOAb3YS SJIIEHT XJIOpodopM-
IyokcaH (2:8). [TomyyaeMble TOHKOCJIOHbBIE XPO-
MaTOrpaMMbl TIPOSIBJISIIN, 00y4as ux YP-cBeToM
¢ muHOM BOJHBI 254 HM. Hudenunuu, nmeHTtn-
duumpoBanu o BeanumHe Rf.

Hoenmugukayus u xonuuecmseHHoe onpedee-
HUe ¢ ucnonv3ogavuem Y®-cnekmpogpomomempuu.
YacTp XpomaTorpamMmbl C HaxXOASIIMMCSI Ha Hei
MSTHOM MCC/IelyeMOTO BellleCTBa BbIpe3asi, BHO-
CUIY B TPagyMPOBaHHYIO TPOOMPKY BMECTUMO-
cTbio 10 MJI U 3TI0MPOBAIM BEIECTBO U3 COPOEHTA
B TeueHue 15 muuyT 10 MJI 3TaHO/MIA B pEKMMeE TTe-
puogmuyeckoro mnepeMmemnBaHus. Ilomy4yeHHbIN
3TaHOJIbHBIN 3/II0aT OTAES/IM B KBapIeBYylo KIoBe-
Ty C IJIMHOI OMNTUYecKoro mytu 10 MM U MpoBO-
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IWIN UCCIefoBaHMEe ero CBEeTONOIJIONIeHNSI B
IuarasoHe minH BosH oT 200 mo 500 HM Ha cIiek-
Tpodoromerpe momenu CD-2000. Ecm onTtuye-
CKasl IJIOTHOCTD 3/1I0aTa Ipesblllana 1,2, ero pas-
6aByisIM 3TaHONIOM. KoyMMuecTBEHHOe Ompe[erie-
HMe HudeouImHa TPOBOIMIN B 00/1aCTH 325 HM.

Hoenmudgpukayus memodom I'’X-MC. Cyxoit ocra-
TOK, HaxXOOSILMIACS B BbINApPUTENbHON yallike N22,
obpabaTbiBa/i 2 MJI TPUXJIOpPMETaHa. 4 MKJI, B3SIThIe
13 TIOTyYeHHOTO pacTBOpa, BBOIMIM B XpomaTorpad
dupmbr Agilent Technologies (CIIIA) momerm 6890N c
MacC-CeNeKTMBHBIM KBaAPYTIOJAbHBIM [Ie€TeKTOPOM
mopenmu 5973N (Agilent Technologies). IIporecc xpo-
MartorpadMpoBaHMsT OCYLIECTBIISIM B KOJIOHKe DB-
IMS (J&WScientific, CIIIA) ¢ HETTOABVIKHOM SKUIKOM
($a3oit IMMEeTUITIONUCWIOKCAH (IyIMHA KOJOHKMU 30
M, BHyTpeHHMi1 nuameTp 0,25 MM, TONIIMHA TIEHKA
¢dasbr 0,25 Mkm). HavanbHas Temriepatypa Tepmo-
craTta KonoHku coctasssiia 80°C (3afiepykka Ha 2 MU-
HyTy). TemniepaTypa nporpammuypoBanacs ot 80°C no
250°C co ckopocTtbio 40°C B MMHYTY C BBIIEPSKKOI
MIpU KOHEYHOI1 TeMrepaType 6 MUHYT. Temiiepatypa
mHxkekTopa cocrasisiia 280°C, TemriepaTypa MHTep-
(deiica — 300°C. B KauecTBe rasa-HOCUTEJIS UCIIOJb-
30BaJIcs renumii. Ilogava raza-HOCUTENSI TPOU3BOAM-
JIach €O CKOpocThio 39 cm/c. ITpoba BBogMIach B pe-
KuMe 6e3 mesreHus IOTOKa, 3ajepskka 3 MyuH. dpar-
MeHTalMsI MOJIEKY/T aHaJIuTa B MOHM3ALMOHHOI Ka-
Mepe OCYLIECTB/SIACh C MCIOIb30BaHMEM 3JI€K-
TpoHHOTo ymapa (70 3B). OGHapyskeHMe BeIlecTBa
MPOBOAWIOCh B PEXMME PETUCTPALMU TI0 TOTHOMY
MOHHOMY TOKY (OMama3oH cKaHupoBaHus 40-
550 m/z). AHanmusupyemoe coemyiHeHUe UIeHTUDU-
LMPOBA/IM KaK IO 3HAUEHMIO BpeMeH! yIepsKMBaHMS,
Tak M TI0 COBIIJIEHUIO €ro Macc-CIieKTpa € Macc-
CIIEKTPOM CTaHgapTa Ha 86% u 6onee.

PesynbTaThl M MX 00CyKaeHue. [Ipy nmeHTH-
ukauym B TOHKOM CJIoe copbeHTa HUbEIUITNH
MPOSIBJISIICS HA XpoMaTorpamMmax B YO-cBeTe B BUIe
TEeMHBIX PO30BO-(MOJIETOBBIX IISITEH Ha OoJiee CBeT-
JioM o01mieM ¢GoHe TIaCTMHBI. AHAIU3MPYEMOe Be-
IIECTBO MAEHTUOUIIMPOBAIM HAa OCHOBE COBIAZEHNS
3HAUEHMsI ero abCOTIOTHOI XpoMamozpauieckoii noo-
suxHocmu (Rf) B TOHKOM €JI0e CMIMKAaresisi CO 3Haue-
HueM Rf BemmectBa-cra"gapTa (0,85+0,03).

ITo pesymbTaTaM upeHTUGUKAIMKM HuUbeIN-
muHa MeTonoM YO-crekTpodoTOMETPUM OTMeda-
eTcst coBmazeHue (GopMbl CIIEKTPATbHBIX KPUBBIX
aHAINTA, M3BJIEYEHHOTO U3 GMOMATpPUII, & TaKKe
MOJIOKEHMST B HUX MakKcMMyMoB (mipu 240 u
337 HM) C 3TUMMU XK€ XapaKTepUCTUKaMU BelleCT-
Ba-CTaHAapTa.
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[To BesmuMHE OMNTUUYECKOV TMJIOTHOCTU 3Ta-
HOJIBHOTO 9J1l0aTa, WM3MEPeHHO! B 0b6yacTu
325 HM, paccCUMTBHIBAJIM KOJMYECTBEHHOE CONEep-
skaHMe HudenuIHa, MUCIOoAb3ys YpaBHeHMe Ipa-
IYVUPOBOYHOTO IpaduKa, KOTOPOE B HACTOSIIEM
cJIyJyae MMeJIo CJIeyIONInii BUI:

A=0,062517xC+0,025457 (ko3¢ duiieHT KOp-
pensiumu 0,99955), B KOTOpOM A — OIITUYecKas
IIOTHOCTb hoTOMeTpupyemMoro pactsopa, C — co-
mepkanue HudbemunuHa B GHOTOMETPUPYEMOM
pactBOpe (MKr/MI). [TosydeHHbBIN pe3yibTaT nepe-
CUMTHIBAIM Ha HEOOXOIMMOE KOJIMYECTBO TOW WU
MHOJ 6MOMaTPUIIBI.

IMpu uccnemoBaHuy M3BJIEUEHMII U3 OMOMAT-
pUII, B3SITBIX OT KPbIC, HE TIOyYaBIIMX HUbEAUTINH,
YCTaHOBJIEHO OTCYTCTBME AAHHOTO BellecTBa B Ia-
PEHXMMATO3HbIX M TIOJIBIX OpraHaX, MX COHEepsKu-
MOM, a TaKKe B KPOBU JKMBOTHBIX KOHTPOJIbHOJ ce-
pun. VisamepeHHoe 1ipu AjinHe BoiH 240 HM hoHOBOE
TIOIJIONIEeHMe 3JTI0aTOB U3 Y4aCTKOB XpOMaTOrpamMm,
10 IUIOMIAM U TIOJIOKEHMI0 OTHOCUTETbHO JUHUM
cTapTa COOTBETCTBYIOIIMX aHAIM3UPYeMOMY Bellle-
ctBy, He mnpeBbinaio 0,19 eguMHUI] OMTUYECKON
TUIOTHOCTY JIJIST PA3/IMYHBIX OMOJIOTMYECKUX OOBEK-
TOB B ITepecyéTe Ha 5 T 6MomMarepuaa.

B 1mpennoskeHHBIX YCAOBUSIX TIPOBeIEHUS
UIEHTU(GUKALMM COUETAHUEM  2A30HUOKOCMHOL
xpomamoepagpuu (I’KX) 1 macc-cenekKTUBHOTO Je-
TEeKTHMPOBAaHMS 3HAUeHMEe BpeMeHM YyIepsKMBaAHUS
HudeOuIMHa, M3BJIEUEHHOro U3 6GMoMarepuaia,
COBITa/IAJI0 C TAKOBBIM BellleCTBa-CTaHIAapTa U CO-
OTBETCTBOBa/IO MHTepBay 9,18+0,12 MUHYTHI.

ITpu cpaBHEeHMM XpOMATOrpPaMM MCC/IieIyeMo-
ro COeIMHEeHMs C XpOMaTorpamMmoii BellecTBa-
craHgapra (MeTof, Ta30BOi Xpomarorpaduu wu
MaccC CITIEKTPOMETPHUM) He HaOIImanoch MPUCYT-
CTBME IOMOJHUTENbHBIX MMKOB X 3aMETHOr0 CMe-
nieHust 6a30BOi JIMHUYM B 30HE, COOTBETCTBYIOIIEN
MPOMEXYTKY 3HAUYeHMII BpeMEHU YIepsKMBaHUS
8,50-9,50 MmuH.

CpaBHeHMe MacC-CIeKTPOB BelllecTBa-
cTaHgapTa ¥ HudeIuImHa, BbIIeJeHHOro U3 610-
MaTpHll, TTOKa3bIBAIOT, UTO B MaccC-CIIeKTpe CTaH-
Oapra HudeaunuHa, TaK Xe KakK M B Macc-
CIIeKTpax MccaeqyeMoro BelecTBa, M3BJIeUéHHOTO
"3 OGMOJIOTUYECKUX OOBEKTOB, B3SITBIX OT OTPAaB-
JIEHHBIX JKMBOTHBIX, OTMeYaeTCs IIPUCYTCTBHUE
CUTHAJIOB XapaKTEePHBbIX OCKOJIKOB (3apsisKeHHBIX
YyacTull), Hambosjee MHTEHCUBHBIMM U3 KOTOPBIX
SIBJISIIOTCSL 9acTUIBl ¢ Maccamu (m/Z): 224, 284 u
329. OCHOBHBIM (Macca KOTOPOTO IPMHMMAETCS 3a
100%) siBAsIeTCST OCKOMOK € Maccoi 329.
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Tabnuya

Pe3ynbTaThl U3yUYEHUS paclpeneeHms

HUdegUIIMHA B OPTaHN3Me TEIUIOKPOBHBIX (KPbICHI)

PesynbTaThl OpeesieHNs pacCMaTpUBaeMOTO

coeguHeHust B 10 6Monornueckux ob6bekTax (Ima-

PEHXMMATO3HbIX OpraHax, IIOJIbIX OpraHax M MX

COZEPKUMOM, OGUOKUAKOCTSX), B3SITHIX OT TPYIIOB

Macca op- Haiigeno uudenumnmaa
raHoOB (CyM-
MapHast 1ist )
Oprad mmu | 5 ocoGeii), MI B UCCIEAYE- |\ 5 100 1 6¥0- [MeTposornueckne
GuoKuIKOCTS| B3stTas s |MOM Macce Gto- JIOTMYECKOTO | XapaKTepUCTUKU
JIOTMYECKOTO 6 p P
CHQ,ZLZ)I](S:&HI/IH, o6meKTa oopee
T
1 2 3 4 5
7,02 2,090 29,775 x=28,255
7,34 1,962 26,736 5-1,928
IMoukn 7,42 2,074 27,955 5=0,862
6,85 2,123 30,994 Ax=2,397
6,94 1,771 25,516 £=8,48
8,33 2,573 30,890 x=33,234
8,33 2,745 32,956 5=3,178
TeyeHnb 8,33 3,130 37,575 Sy=1,421
8,33 2,958 35,513 Ax=3,952
8,33 2,410 28,936 e=11,89
3,38 1,041 30,793 x=32,636
3,23 1,164 36,023 $=2,440
Cepaue 3,51 1,027 29,249 $=1,091
3,62 1,248 34,480 Ax=3,034
3,36 1,086 32,336 £=9,30
4,50 0,718 15,965 x=17,169
4,21 0,774 18,373 5=1,429
Jlérkue 4,82 0,813 16,869 8$=0,639
4,47 0,673 15,061 Ax=1,777
4,63 0,893 19,277 ¢=10,35
8,33 0,334 4,013 x=4,567
8,33 0,426 5,114 5=0,198
Kposb 8,33 0,416 4,995 S5x=0,088
8,33 0,346 4,148 Ax=0,246
8,33 0,355 4,263 £=5,38
8,33 36,894 442,905 x=467,607
O 8,33 41,006 492,273 5=38,556
S— 8,33 34,865 418,549 Sx=17,243
8,33 43,040 516,689 Ax=47,935
8,33 38,928 467,319 £=10,25
8,33 3,361 40,349 x=38,797
8,33 3,111 37,342 5-1,916
JKemymox 8,33 3,456 41,493 S$=0,857
8,33 3,002 36,038 Ax=2,383
8,33 3,204 38,461 £=6,14
8,33 48,613 583,593 x=673,928
COIEDIKIMOE 8,33 63,663 764,258 S=71,177
)ﬁeg o 8,33 52,364 628,615 Sx=31.831
vA 8,33 59,913 719,247 Ax=88,491
8,33 56,113 673,629 £=13,13
8,33 3,998 47,996 x=50,556
8,33 4,330 51,986 5=1,786
MBIIILIBI 8,33 4,092 49,126 85=0,799
8,33 4,186 50,256 Ax=2,221
8,33 4,425 53,116 £=4,39

OTpaBJIEHHbIX JXMBOTHBIX, MPEICTaBIeHbI
B Ta0JI.

Kak BumHO "3 Tabn., HUbEIUTUH
TIPUCYTCTBYET B HEM3MEHHOM BUe KaK B
opraHax, Tak ¥ B KpOBM IOTMOLINX Opra-
HM3MOB. Haubosblnie KoJMYeCTBa OT-
pasisioniero Bemiectsa (Mr B 100 r opra-
Ha WM GUMOKUIKOCTM) OOHAPYKUBAIOTCS
B COIEPKUMOM KemyaKa
(673,928+88,491), TOHKOM KUIIEUYHUKE C
comepkuMbIM (467,607%47,935) MbIIIILIbI
(50,556%2,221) u xxemymox (38,797£2,383),
HECKOJIbKO MEHbIIINE — B Cejle3eHKe
(36,506%2,793), meuenu (33,234%3,952),
cepaie (32,636%3,034), MMOYKU
(28,255+2,397), nerkue (17,169%0,639), u
KpoBu (4,567%0,246) OTpaB/leHHBIX >KU-
BOTHBIX.

[IpoBen€HHbIE MCCIeAOBAaHMS TO3BO-
JISIOT ClleJiaTh CAeqyiollyie BBIBOJBI:

1. UsyueHo pacrpeneneHue Hude-
IUTKHA B OPTaHU3Me TeIVIOKPOBHBIX K-
BOTHBIX (KpbIChI) IIpU BBedeHuUM LDs
IAaHHOTO OTPAaBJISIIOIIErO BEIecTBa B Ke-
JTYIOK.

2. Tloka3aHO, YTO OTpPaBJSIOLINIA
areHT OOHAPY)KMBAETCS B 3HAUMTEIbHbIX
KOJIMYECTBaxX B TPyIax MOTMOMIMX OT OT-
paByieHMsI KpbIC B HEM3ME@HHOM BUJIE.

3. Haubosbliue KoauuecTBa Hude-
IUTMHA TIPUCYTCTBYIOT B COAEPXKUMOM
xemyaka (673,928+88,491), TOHKOM Ku-
meyHuke  (467,607+47,935),  MbIIILbI
(50,556%2,221) u meuenu (33,234+3,952).

DISTRIBUTION OF NIFEDIPINE IN THE ORGANISM OF WARM-BLOODED ANIMALS

L.L. KVACHAKHIYA, V.K. SHORMANOV

Kursk State Medical University, K. Marx street 3, Kursk, 305041, Russia

Abstract. Nifedipine is a medicinal product widely used in medical practice as a slow calcium channel
blocker and possessing toxic properties in relation to warm-blooded organisms. The toxicity of this sub-
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stance and the presence of cases of fatal poisoning with nifedipine determine its significance for forensic
chemistry.

An important task of a forensic chemical study is to identify the organs and biofluids in which the poi-
son is present in the greatest amount.

To this end, a study was carried out of the distribution of nifedipine in the body of omnivorous warm-
blooded animals (rats) after intragastric administration of a half-lethal dose of the poison. Isolation of nifedi-
pine from the organs, their contents, and biofluids of the animals was carried out with acetone in the mode of
double infusion (45 minutes at each stage) with a mass ratio of the isolating liquid to the biomatrix 2:1.

Purification of the recovered compound was carried out by chromatography using a 30 um Silasorb S-18
column (acetonitrile-water eluent (7:3 by volume)). For determination and quantification of the analyte we
used thin layer chromatography, gas chromatography in combination with mass spectrometry (GC-MS), and
ultraviolet spectrophotometry.

The largest quantities of the analyte were found in stomach with its contents, in small intestine with
intestinal contents, as well as in muscles, spleen and liver. The obtained results make it possible to recom-
mend these organs as the main objects for forensic chemical examination in cases of nifedipine poisoning.

Keywords: nifedipine, distribution in the organism, forensic chemical analysis.

Nifedipine (2,6-dimethyl-4-(2-nitrophenyl)- Materials and methods. The object of re-
1,4-dihydropyridine-3,5-dicarboxylate) is an anta- search is nifedipine (substance) with basic compo-
gonist of calcium ions, a vasodilator with negative nent content not less than 99.9%, in correspon-
inotropic effect, reducing myocardial oxygen de- dence with the product specification file.
mand and having weak antiarrhythmic activity Experiments were carried out on Wistar rats
[1,2,5]. (age - 4 months, weight — 230-245 g), of which

Physically, nifedipine is yellow crystalline there were formed five experimental groups and
powder with a melting point of 172-174 °C, very one control group, each of which consisted of five
soluble in chloroform, almost insoluble in water animals. The animals in the experimental groups
and sparingly soluble in ethanol [2,7]. received the analyte intragastrically through a

This substance is toxic to warm-blooded ani- plastic tube in an aqueous suspension in the
mals and man. Its LDs after intragastric adminis- amount of 1022 mg per kg weight of rat (oral LDs).
tration to laboratory animals is 1022 mg/kg. There After the animals died, their bodies were subjected
are recorded cases of fatal poisoning of people to autopsy, identical biological objects (bodies or
with nifedipine as a result of maladministration or biofluids) taken from the dead animals within each
overdosing in the process of treatment, or for group were pooled and assayed for nifedipine. Bi-
committing suicide. Numerous cases of fatal nife- ofluids and organs of animals in the control group
dipine poisoning of people have been recorded were also examined in the same way.
both in the Russian Federation and abroad [6,7,9]. The applied analytical methods included thin

Toxic properties and widespread application of layer chromatography (TLC), electron spectropho-
nifedipine, as well as the available records of fatal tometry, and gas chromatography and mass spec-
poisoning cases make it a potential object of forensic trometry (GC-MS), as the use of instrumental types
chemical research. Classical methods of isolating of column chromatography in analysis of nifedi-
nifedipine from cadaveric material have been de- pine is known from the literature [8,10-12].
scribed which do not allow to achieve a high degree Isolation procedure. In each case, a certain
of isolation of the substance in question (recovery — amount of morselized (average fragment size of
7-30%) and are relatively insensitive [3,5]. 0.2-0.4 cm) parenchymal or hollow organ, con-

To determine which organs and biofluids tents of a hollow organ, or biofluid was put in the
could be the most appropriate objects for exami- amount of acetone twice (by weight) exceeding the
nation of poisoning cases, it is necessary to con- amount of the biological object. The mixture of
duct on laboratory animals a preliminary study of biomaterial and isolating agent was kept for half
peculiarities of the toxic substance’s distribution an hour with intermittent stirring. After the speci-
in the organism of warm-blooded animals. fied time the liquid portion of the mixture (ace-

Purpose of the study is analyzing the charac- tone extract) was separated from the solid residue,
ter of distribution of nifedipine in the organism of and the infusion process was repeated in the mode
warm-blooded omnivores (rats) after fatal poison- described above. The first and second acetone ex-
ing caused by delivering the toxic agent into the tracts were poured into one dish, and the solvent
stomach. and the remaining water were evaporated in an air
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stream (temperature interval 18-22 °C) until solids
were obtained [4, 5].

Purification of the extracted compound. The sol-
ids were treated with 2.1 ml of acetonitrile, then
0.9 ml of water was added, and the resulting solu-
tion was put into a 30 um Silasorb C-18 sorbent
macrocolumn (column size 120x11 mm). The ana-
lyte was eluted from the column using binary polar
acetonitrile-water eluent (7:3). Fractions of the
eluate flowing from the macrocolumn (2 ml each)
were collected into graduated tubes. Fractions 4 to
6 were poured into an evaporating dish, and the
solvents were removed from the dish by means of
placing it in a room temperature air stream. After
removal of the solvents, the solids were treated
with 5-7 ml of ethanol, quantitatively transferred
to a 100 ml capacity volumetric flask and made up
to the mark with ethanol (initial solution).

The initial solution was put into two porcelain
evaporating dishes (No. 1 and No.2), about 1.0-4.5
ml each, and the solvent was removed from it in
room temperature air stream.

Determination in a thin layer of sorbent. The sol-
ids in dish No. 1 were treated with small portions of
ethanol (0.2-0.3 ml), and the solution was quantita-
tively transferred in the form of a stripe onto the
start line of a Sorbfil PTSH-AF-A-UF chromato-
graphic plate. Next to the start line there was ap-
plied 5-10 ml of 0.08% solution (in ethanol) of the
tracking substance. Chromatography was carried
out using dioxane and chloroform (2:8) as eluent.
The resulting thin-layer chromatograms were
stained by irradiation with UV-light of wavelength
254 nm. Nifedipine was identified by the Rf value.

Determination and quantification by UV spec-
trophotometry. The part of chromatogram with the
spot of the analyte on it was cut out, put into a 10
ml capacity graduated test tube, and the substance
was eluted from the sorbent for 15 minutes with
10 ml of ethanol with intermittent mixing. The
resulting ethanol eluate was collected into a
quartz cuvette with an optical path length of 10
mm, and a study of its light absorbance was con-
ducted in the wavelength range from 200 to 500
nm using an SF-2000 spectrophotometer. If the
optical density of the eluate exceeded 1.2, it was
diluted with ethanol. Quantification of nifedipine
was performed at 325 nm.

Determination by GC-MS. The solids in evapo-
rating dish No. 2 were treated with 2 ml of trichlo-
romethane. 4 ul of the resulting solution was in-
jected into 6890N (Agilent Technologies, USA)
chromatograph system with 5973N (Agilent Tech-
nologies) quadrupole mass selective detector. The
chromatographic process was carried out in DB-
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IMS (J & WScientific, USA) column with dimethyl-
polysiloxane liquid stationary phase (column
length 30 m, internal diameter 0.25 mm, phase
film thickness 0.25 mm). The starting temperature
of the column oven was 80°C (2 minute delay). The
temperature was programmed to change from
80°C t0250°C at a rate of 40°C per minute and to
hold at the final temperature for 6 minutes. The
injector temperature was 280°C, the interface
temperature — 300°C. Helium was used as the car-
rier gas. The carrier gas was supplied at a speed of
39 cm/s. The sample was injected in splitless
mode, with 3 min delay. Fragmentation of analyte
molecules in the ionization chamber was per-
formed using electron ionization (70 eV). Detec-
tion of the substance was carried out in the mode
of registration by total ion current (scan range 40-
550 m/z). The analyte was identified both by the
value of retention time and by the coincidencece
of its mass spectrum with the mass spectrum of
the standard by 86% or more.

Results and discussion. When identified in a
thin layer of sorbent, nifedipine showed up in the
chromatograms under UV light as dark pink-
purple spots on a lighter overall background of the
plate. The analyte was identified by the match of
its chromatographic mobility (Rf) in a thin layer of
silica gel to the Rf value of the standard substance
(0.85+0.03).

The results of identification of nifedipine by
UV spectrophotometry indicated that the shape of
spectral curves of the analyte extracted from bio-
matrices and the position of their maxima (at 240
and 337 nm) matched the same characteristics of
the standard substance.

The value of the ethanol eluate absorbance
measured in the region of 325 nm was used to cal-
culate the quantitative content of nifedipine using
the equation of the calibration curve, which in this
case had the following form: A=0.062517
C+0.025457 (correlation coefficient 0.99955),
wherein A - absorbance of the photometrically
scanned solution, C — the content of nifedipine in
the photometrically scanned solution (ug/ml). The
obtained result was calculated in terms of the re-
quired amount of this or that biomatrix.

A study of extracts from biomatrix taken from
rats which had not received nifedipine revealed
the absence of the substance in parenchymal and
hollow organs and their contents, as well as in the
blood of the control group animals. Measured at
the wavelength of 240 nm, the background absor-
bance of the eluates from the portions of chroma-
tograms corresponding to the analyte in their size
and position in relation to the start line did not
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exceed 0.19 absorbance units for different biologi-
cal objects, calculated for 5 g of biomaterial.

Table

The results of the study of nifedipine distribution in
the organism of warm-blooded animals (rats)

Weight of | Amount of nifedipine
the organs found
Organ or (tota}l for5| mg 1n.the mg per 100 | Metrological
biofluid specimens) St}ldwd of the [characteristics
taken for | weight of b'g .
the study, | the biologi- | 10108ical
Y, ;08 bject
g cal object 0b)
1 2 3 4 5
7.02 2.090 29.775 x=28.255
7.34 1.962 26.736 S§=1.928
Kidneys 7.42 2.074 27.955 Sx=10.862
6.85 2.123 30.994 Ax=2.397
6.94 1.771 25.516 e=8.48
8.33 2.573 30.890 x=133.234
8.33 2.745 32.956 S§=3.178
Liver 8.33 3.130 37.575 Sx=1.421
8.33 2.958 35.513 Ax= 13,952
8.33 2.410 28.936 e=11.89
3.38 1.041 30.793 x=32.636
3.23 1.164 36.023 S=2.440
Heart 3.51 1.027 29.249 Sx=1.091
3.62 1.248 34.480 Ax=3.034
3.36 1.086 32.336 e=9.30
4.50 0.718 15.965 x=17.169
4.21 0.774 18.373 S5=1.429
Lungs 4.82 0.813 16.869 Sx=0.639
447 0.673 15.061 Ax=1.777
4.63 0.893 19.277 e=10.35
8.33 0.334 4.013 x=4.567
8.33 0.426 5.114 S§=0.198
Blood 8.33 0.416 4.995 Sx=0.088
8.33 0.346 4.148 Ax=0.246
8.33 0.355 4.263 e=5.38
8.33 36.894 442.905 x=467.607
Small 8.33 41.006 492.273 S=38.556
intestine 8.33 34.865 418.549 Sx=17.243
8.33 43.040 516.689 Ax=47.935
8.33 38.928 467.319 e=10.25
8.33 3.361 40.349 x=138.797
8.33 3.111 37.342 S=1.916
Stomach 8.33 3.456 41.493 Sx=0.857
8.33 3.002 36.038 Ax= 2,383
8.33 3.204 38.461 e=6.14
8.33 48.613 583.593 Xx=673.928
Gastric 8.33 63.663 764.258 S§=71.177
contents 8.33 52.364 628.615 Sx=31.831
8.33 59.913 719.247 Ax=88.491
8.33 56.113 673.629 e=13.13
8.33 3.998 47.996 x=150.556
8.33 4.330 51.986 S=1.786
Muscles 8.33 4.092 49.126 Sx=0.799
8.33 4.186 50.256 Ax=2.221
8.33 4.425 53.116 e=4.39

In the proposed conditions of identification
using a combination of gas-liquid chromatography
(GLC) and mass selective detection, the value of

JIurepaTtypa

1. Mamxkosckuit M.J. JlekapcTBeHHbIe CpeACTBa. 16-€
u3m., nepepab., ucop. u gomn. M: HoBas BosaHa, 2012.

the retention time of nifedipine extracted from the
biological material coincided with that of the
standard substance, and corresponded to the in-
terval 9.18+0.12 minutes.

Comparison of the chromatograms of the ana-
lyte with the chromatogram of the standard sub-
stance (by method of gas chromatography and mass
spectrometry) did not reveal additional peaks or
significant baseline shift in the area corresponding
to the retention time interval of 8.50-9.50 m.

Comparison of the mass spectra of the stan-
dard substance and of the nifedipine isolated from
biomatrices shows that in the mass spectrum of
nifedipine standard, as well as in the mass spectra
of the analyte extracted from the biological objects
taken from the poisoned animals, there are signs
of characteristic fragments (charged particles), the
most intense of which are particles with the fol-
lowing weights (m/Z): 224, 284 and 329. The main
fragment (the weight of which is taken as 100%) is
the one with the weight 329.

Results of determination of the analyzed
compound in 10 biological objects (parenchymal
organs, hollow organs and their contents, biologi-
cal fluids) taken from cadavers of poisoned ani-
mals are presented in the table.

As seen from the table, nifedipine is present
in intact form both in organs and in the blood of
dead organisms. The greatest amounts of the toxic
substance (mg per 100 g of organ or biofluid) are
found in gastric contents (673.928+88.491), small
intestine and intestinal contents
(467.607+47.935), muscles (50.556%+2.221) and
stomach (38.797+2.383), slightly lower amounts —
in spleen (36.506%2,793), liver (33.234 #*3,952),
heart (32.636%3.034), kidneys (28.255% 2,397),
lungs (17.169+ 0.639) and blood (4,567%0,246) of
the poisoned animals.

The study has led to the following conclusions:

1. The distribution of nifedipine in the organ-
ism of warm-blooded animals (rats) has been stu-
died with LDs of the toxic substance administered
intragastrically.

2. It has been shown that the poisoning agent
is found intact in significant amounts in cadavers
of the rats killed by poisoning.

3. The greatest amounts of nifedipine are
present in gastric contents (673.928+88.491), small
intestine (467.607%47.935), muscles
(50.556%2.221) and liver (33.234 +3.952).
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9KCITPECCHUA MPHK HIF-1a Y HIF-30,YPOBEHb HUTPOTUPO3UHA, ul'M® U UHTEPJIEMKHOB B
TOMOT'EHATE MO3I'A MOHI'OJIbCKUX ITECYAHOK C OCTPbBIM HAPYIIEHMEM MO3I'OBOI'O
KPOBOTOKA

E.C. IUTBMHEHKO', C.C. KNPEEB™

"3anopoxcckuii zocydapcmeaenHblii MeOUUUHCKUL YHU8epcumenn,
np-T Masikoecvkozo, 26, 3anopixois, 3anopizvka, 69000, YkpauHa
"®I'BOY BO «Tyavckuii 20cydapcmeentblii yHusepcumenm», MeOUYUHCKULl uHcmumym,
yi. Bonduna, 128, Tyna, 300012, Poccus

AHHoTanms. YCTaHOBJIEHO, YTO MOJeIMPOBAHMe UIIeMUM TOJIOBHOTO MO3Ta MPUBOINUT K 3HAUNUTEIb-
HOMY YBEJIMUYEHUIO IKCIIPECCUM MATPUYHO pUOOHYKIEMHOBOI KUCIOTHI hypoxia-inducible factor 1-alpha n
He3HAUMTENbHOI SKCIIpeccuy MATpuuHas puOOHYKIEMHOBast KUCIOTA hypoxia-inducible factor 30 Ha 4-i
IleHb MOZEIbHOI MaTOJIOTUM B TKaHM TOJIOBHOTO Mo3ra. KypcoBasi MHBERIMS MCCIeAyEMbIX JIEKAPCTB B Te-
yeHue 4 IHel Moc/ie SKCIIepUMEHTAIbHOM UIIeMUM TPUBOAUT K 3HAUMTEIbHOMY YBEIMUEHUIO SKCITPECCUN
Hypoxia-inducible factor 1-alpha, npyBOOSIIETO K 3TOI TIIYTOKCUMY 3TO cepuy (B 37 pa3s BbIllle KOHTPOJIb-
HOJi Ipy1Ibl) >selenase (B 20 pa3 60Jiee BBICOKMII KOHTPOJIb) > mupateram (B 17 pa3 6osee BbICOKUIT KOH-
TPOJIb) > TIyTapeloKcuH (B 15 pa3 6Gosiee BBICOKMII KOHTPOJIb). DTO YBEJIMYEHME SKCIIpeccum hypoxia-
inducible factor 1-alpha yBenuuMBaeT yCTOMUMBOCTh HEPOHOB K rurokcun. CiaegyeT OTMETUTD, UTO MHbEK-
LMY TAyTapedoKCHMHa TMPUBOIUIN K YBEIMUEHUI0O MATPUUYHO PUOOHYKIEMHOBOM KMUCIOTHI SKCIIpeccum hy-
poxia-inducible factor 3-alpha 110 cpaBHEeHMIO C KOHTPOJbHBIMM 3HAUEHUSIMM, a CeJieHa3a U TII0TOKCUM CY-
IIECTBEHHO He M3MEHSUIM SKCIIPECCUIO ITOTO TeHa. PesynbTaThl 3TUX MCCIeIOBaHMIi TOKA3bIBAIOT, UTO I10
CpPaBHEHMIO C JKMBOTHBIMM, OOYMaHHBIMM 3B€peM, IPYIIIa IMeCYaHOK C MHCYJIbTOM IT0Ka3ajaa 3HaUUTeIbHOe
yBeJlnueHMe ypoBHe HUTPOTUPO3UHA, tumor necrosis factor alpha interleukinlf v cHU>XeHMe ypoBHeit gua-
nine cyclic monophosphate, interleukin-4. Kypc nedeHusi cejieHa3oit, IIIyTOKCMMOM ¥ TyTapegoOKCMHOM IO-
BBINIAET YpOBeHb interleukin 4 v CHUKaeT YpoBeHb HUTPOTUPO3NHA, tumor necrosis factor alpha- v guanine
cyclic monophosphate. Pe3ynbTaThl TOATBEPXKIAIOT HATMUME HEIPOIIPOTEKTUBHBIX CBOVCTB B CejieHase, IITy-
TOKCMME U TJIyTapeqoKCHMHe. DTU CBOVCTBA ObUIM MAEHTUMUIIMPOBAHBI 110 X CIIOCOOHOCTM BOCCTAHABIIMN-
BaTh OajaHC TUOJAUCYIb(MIA, TOBBIIIATh YPOBEHb interleukin 4 u skcmpeccuto hypoxia-inducible factor 1-
alpha v CHYKaTh BBICOKME YPOBHY HUTPOTUPO3MHA U MMPOBOCIIAUTEbHBIX MHTEPIENKMHOB MIPU UIIEMMUYe-
CKOM TTOBPEXIEHUMN.

KiioueBsble ciioBa: 1iepebpanbHas uiemus, Hypoxia-inducible factor 1-alpha, vHTepIeiKMHBI, ITUKIA-
YeCKMit ryaHo3MHMOHOdochaT, HUTPOTUPO3WH, CeleHas3a, TITyTOKCUM, TyTapeqoOKCUH.

BBenenne. BbICOKMIT PUCK CMEPTHOCTY U VH- alpha (HIFs). [laHHble O€JIKM UrpaloT BemyIIYIO
BaJIMAM3AIMYU B TIOCJEACTBUE OCTPOIi 1Iepedpatb- pOJIb B CUCTEMHOM OTBeTe OpTraHM3Ma Ha CHUKe-
HOJM MIIeMUM OUKTYeT HeoOXOOMMOCThb ITOMCKa HMEe KUCIOPOJaA, ¥ CUHTE3UPYIOTCSI B GOJIbIIVHCTBE
HOBBIX IOAXONOB (apMaKoJIOTMUeCcKoit KOppeK- TKaHel, a MaKCUMasbHas UX 3KCIIPeccusi OTMeue-
MK JaHHo nmatosnoruu [1,2,9]. Tlouck sdpdexTns- Ha B HelipoHax [11-18].

HBIX HEMPOIIPOTEKTOPOB Ha CETOIHS UET MO0 ABYM T'urniokcus siBiseTcs: GakToOpoMm, Py KOTOPOM
HampaB/eHUsIM: IlepBoe 3TO TOBbBILIEHME YCTOI- KJIETKU TepexoisiT Ha HUTPATHO-HUTPUTHOE JbI-
YMBOCTY HEPBHON TKAaHU K YCJIOBUSIM TMIIOKCUU U xaHue ¢ obpasoBaHueM okcuda azoma (NO), KOTO-
BTOpO€e OrpaHMUYeHMe MHTEHCUBHOCTY OKCUIATHUB- PBIif B YCUIOBMUSIX OKCUIATUBHOIO CTpecca B HEPB-
HOTO ¥ HUTPO3AaTUBHOIO CTpecca, CHIDKEHME Me- HOJ TKaHM 06pasyeT TOKCMYHbIE aKTMBHbBIE Jdepu-
CTHOM BOCHAJIMTENBbHOM peakuuu U IOCaAeACTBUM eamst nepokcuHumpum (ONOO), UoH HUMPO30HUSA
MIeMuy/TUIokcum Tkaueii [1,10]. (NOY, Humpoxkcun (NO°) u duazommpuokcud (N-Os),

B cBere mpo6GyieMbl TMIIOKCUM TIpU liepeod- KOTOpbIe SIBJISIIOTCS TJIaBHbIMM (DaKTOpaMyu HUTPO-
PaJIbHBIX MATOJIOTUSIX TOJIOBHOTO MO3Ta, GOJIbIIOe 3upylollero crpecca mpu uiemun. Ilpu dboxanbHOi!
3HAUeHUe YOeNsIeTCsl PeryisiTOPHbIM OeKkaM, KO- dbopme wumemmunu K 3-4 CyTKamM TUITEPIIPOIYKIIMS
TOpble MHAYLUMPYIOTCSI B OTBET Ha TUIIOKCUIO — TOKCUYHBIX (DOPM a30Ta B YCIIOBUSIX COXPAHSIOINIETO-
6enkam cemeiictBa Hypoxia-inducible factor 1I- Cs1 OKCMIATUBHOTO CTpecca SIBJISIeTCSI Pe3y/IbTaTOM
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nevictBus MHAYIM6eaHoi NOS, KOTopast MHTEHCUB-
HO TIPOOYLMPYETCS aKTUBUPOBAHHBIMU TJIMATbHbBI-
MM KJIEeTKaMM ¥ KJIeTKaMM BOCIIaJIeHMsI TIPU YUaCTUN
MTPOBOCIIAJIUTENIbHBIX LIMTOKUHOB, tUMor necrosis
factor alpha (TNF-a,), interleukin1p (IL-15) [6].

®akropel Hypoxia-inducible factor 1-alpha
(HIF-10) n hypoxia-inducible factor 3-alpha (HIF-
3a), KoTOpble y4yacTBYIOT B hOPMUPOBAHMM OCHO-
BBl JOJITOBpEMEHHON ajanTaliuy K TUIIOKCUM, a
TaKKe peryasauusi rurneprnponykuun APA m ak-
TUBHOCTU NOS SBASIIOTCS TEPCIIeKTUBHBIMM MMU-
MIEHSIMY )T pa3paboTKY CTPaTeTruu JeYeHs OCT-
pBIX HapylleHuil MO3TOBOTO KPOBOOOpAIeHMS, B
reHe3e KOTOPBIX BeOYIIYIO POJb UTPAET TUIIOKCHS.
B snutepaTtype mmeroTcsi ybenuTeNbHbIE TaHHBIE
TTOJIOKUTEBHOTO OeiCTBUSI MHAYKTOpOB Hypoxia-
inducible factor 1-alpha (HIF-1a) M MHTMOUTOPOB
NOS 1o orpaHMyeHMI0 MPOrPeCCUPOBaHUS MUIle-
muu mosra [11].

Lenp uccaemoBaHMsI — M3YUUTh XapakTep
9KCIIpeccUm MadmpuuHoti puboHyK1etiH080li KUciomol
(MPHK) HIF-1ao u HIF-3a, ypOBeHb LUTOKMHOB
guanine cyclic monophosphate, interleukin-4. (IL-4),
(TNF-a), (IL-1f), HUTPOTUPO3UHA U YUKAUUECKO20
2yavo3uHmoHopocpama (UI'M®P) B romoreHare
Mo3ra MOHTOJIbCKUX MeCcYaHoK C
SKCIIEPMMEHTAIbHOM  ocmpoli  HedocmamouHocmu
M03208020 KpogoodpaweHus (OHMK) Ha doHe
KypCOBOTO JIEUEHUS] MOIY/ISITOPAaMU  CUCTEMbI
IJyTaTMOHAa -  CejleHasbl, [JIYTOKCUMMA U
TJTyTOpeIOKCHHA.

OOBEKTHI M METOAbI MCCIENOBAHUA. DKC-
MepMMeHTa/IbHAsI 4aCTh BbIMOJHEeHA Ha 60 caMIax
MOHTOJIbCKMX TecuaHok (Meriones unguiculatus)
maccoii 60-80 r. JKMBOTHBIE COAepsKaJuCh Ha
CTAaHAAPTHOM pallMOHe NIUTAHUS U MUThS ¢ 12 ya-
COBBIM LIMKJIOM CMEHBI CBETA/TEMHOTHI Ha ITPOTSI-
SKEHMM BCEro 3KCIepmMmeHTa. VccimemoBaHusl Ha
SKUBOTHBIX TPOBOAWINCH B COOTBETCTBUU C [Iu-
pektuBoit EBponerickoro Corwsa 2010/10/63 EU.
OKCIiepUMMeHTa/IbHbIE T'PYIITEl (GOPMUPOBAIU 10
10 ocobeit omuHakoBoro Beca B rpyime. CoriacHo
C TIpOrpaMMOoii MCCeIOBaHMsI, MCIIOIb30BaIu 06-
HIETIPUHATYI0 B JaHHOe BpeMs MOJesib 3KCIIepu-
MEHTaJIbHOTO OCTPOTO HapylleHusI MO3TOBOTO
KpOBOOOpalieHnss — Heo6paTUMYI0 OJHOCTOPOH-
HIOIO TTepeBsI3Ky 00611eit cOHHOI apTepun. Omnepa-
IO BBITIOJHSUIA TIOJ TMOTIEHTAIOBBIM HapKO30M
(40 Mr/KT), MyTEM XMPYPrMueCcKOro AOCTYIIA BbIge-
JISTA OOIIYI0 COHHYI0 apTepuio, TMOIBOIMIN TIOf,
Hee MIEJIKOBYIO JIMTATypy U TiepeBs3biBamu. s
MU3yUYeHUs OeMCTBUS IperapaToB XKMBOTHBIM BBO-
ounu ceneHasy (Arzneimittel GmbH, Germany) -
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50 mkr/kr, rmyrokeum (PAPMA-BAM, Mocksa) —
50 mr/kr u rayrapemokcuH (Sigma, Aldrich) -
200 MKJI/KT B TeUYeHMe BCEro CpoKa HabIIomeHus
(4 cyToK). [IpenapaTtbl BBOOUIN BHYTPUOPIOLUIVMHHO
1 pa3 B cyTku. JKUBOTHBIM KOHTPOJILHOM T'PYIIIbI
Ha TPOTSDKEHUM SKCIIePUMMEHTa BHYTPUOPIOMIMH-
HO BBOAMIM (PU3MOTOTUUECKMII PAaCTBOP B 3KBU-
BaJICHTHOM o6beMe. JKMBOTHBIM TPYIIIbI CpaBHE-
HMSI IO TO¥ ke cxeMe BBOJWIM MupaieTaM B Jlo3e
500 mr/kr. B KayecTBe MHTAKTHOJ T'PYIIIbI MUC-
MOJIb30BAIM  JIOSKHOOTIEPUPOBAHHBIX SKMBOTHBIX,
KOTOPBIM BBIEJISIM COHHYIO apTepuio, HO He Te-
peBsi3biBasiM. [0 OKOHUAHMM SKCIIEPUMEHTA CO-
[JIACHO TPOTOKOJNy MCC/IeOBaHUS, SKUBOTHBIX
HAapKOTU3UPOBAJIM TUOIIeHTaaoM HaTpus (40
MTI/KT), AeKallMTUPOBAIM, BCKPBIBAIM YEPEITHYIO
KOPOOKY ¥ M3BJIEKAJIY TOJIOBHOI MO3T.
VccnenoBaHue 6GMOXMMMUUYECKUMX MapKepoB
MPOBOAWIN B TOMOTeHaTe roJIOBHOTO Mo3ra. Mosr
npombiBanu B 0,25 M caxaposHoMm 6ydepe (pH 7,4)
oxnaskgeHHoM 110 2°C u usmenbuanu B 10 KpaTHOM
obbeme aToro ke 6ydepa, MCIIONB3YST TOMOTEHU-
3atop Silent Crusher S (Heidolph). Tpy6yioo 4acTb
roMoreHaTa yaajasiIv ITyTeM IHeHTpUPYTUpoBaHMS
npu 4°C Ha uentpudyre Eppendorf-5804R tipu
3000 o6/muH B TeueHue 20 MuH. ComepskaHue
HUTpOTUpO3nHa, YI'M®, IL-4, IL-15, TNF-a ornpe-
IenasiM C TIOMOIbI0 TBeproda3HOro MMMYHO-
(epmenTHOro ananmsa merogom ELISA ¢ UCIIONb-
30BaHMeM TecT-HabopoB («HyCult biotechnology»,
«e-Bioscience» u «<ENZO») B COOTBETCTBUM C IPUIA-
raeMbIMM K Ha60paM MHCTPYKLVSIMMA.
IonumepasHo-yenHas peakyusi 6 pexcume pe-
anbHO20 8pemMeHuU. JIJisl oTIpefieieHUsT YPOBHST 9KC-
MPeCcCU UCCIeTyeMbIX T€HOB MCIIOIb30BAIM aM-
mwinduratrop CFX96™Real-Time PCR Detection
Systems («Bio-Rad Laboratories, Inc.», CIIIA) u Ha-
60p peakTMBOB mJisl mpoBedenust IIIIP-PB B mpu-
cytctBum SYBR Green R-402 («CuHTOM», Poccus).
OuHanbHas peakusl cMecu ISl aMIUTMUKaLun
BK/IOUana kpacurenb SYBR Green, JHK — monn-
Mepasy SynTaq ¢ WUTUOGUPYIOIIMMM aKTUBHOCTD
dbepmenTa anTuUTenamu, 1Mo 0,2 MKJI IMPSIMOro U
obpaTHoOro creiupuieckux mpaimepos, dNTP —
Ie3oKkcuHyKaeo3uaTpudocdaTsl, 1 MKI MaTpPUIIbI
(k[HK). PeaKIIMOHHYIO CMECh AOBOIMIIN 10 O6IIIe-
ro oobeMa 25 MK gob6aBjaeHueM NeMOHU3UPOBaH-
Hoii H,O. Cneunduyeckue napsl mpaiimepon (5-
3’) miIs aHa/iIM3a MCCaeayeMbIX U pedepeHC TeHOB
O6bUIM TIOMOOpaHbl C IMOMOINBIO IMPOrPAMMHOIO
obecnieuenust  PrimerBlast (www.ncbi.nlm.nih.
gov/tools/primer-blast) u W3rOTOBJIEHbI (UPMOIL
ThermoScientific, CIIIA. AMmiudukanust Mpoucxo-
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Iuia IpyU TakKuX YCJIOBUSIX: MHULIMMPOBAHHAS Jie-
Hatypanusa 95°C — 10 muH.; ganee 50 UMKIOB: Oe-
Hatypamusa — 95°C, 15 cek., OT>KUT IIpaliMepoB —
58-63°C, 30 cek., s;uoHrauusa — 72°C, 30 cek. Pe-
TUCTPALUS MHTEHCUBHOCTU (DIyopecleHIIny mpo-
MCXOOMIa aBTOMaTUYECKU B KOHIIE CTaAUM JITIOH-
raium Kaskgoro IMK/Ia Mo KaHaly aBTOMAaTUYeCKU
SybrGreen. B xauecTBe pedepeH-reHa Jjisl onpese-
JIeHUS OTHOCUTEJbHOTO 3HaueHUs W3MeHEeHUs
YPOBHSI 9KCIIPECCUM UCCIEAYEMbIX T€HOB OBLT MC-
MoJb30BaH TeH actin, beta (Actb). HopmanbHOCTD
pacripefie/ieHusl OlieHMBaAM 1Mo Kputepusm Koi-
moropoBa-CmupHoBa (D) u Shapiro-Wilk (W). Tlo-
JydeHHbIe JaHHbIEe OBLIM MPOAHAIM3MPOBAHbI Ba-
PUAIMOHHO-CTAaTUCTUUECKMM METOJOM C UCIIONb-
30BaHueM Kputepus U-napamerpa MaHHa-YUTHM.
PesynbTaThl McciiegoBaHUsI 06paboTaHbI C IIPUMe-
HEeHMEeM CTAaTUCTUUYECKOrO IMaKeTa JMUIEeH3MOHHOM
nporpammbl  «STATISTICA® for Windows 6.0»
(StatSoft Inc., N° AXXR712D833214FANS5). Bce pe-
3yJIbTaThl IpeICcTaBjeHbl B Buge M*m, roe M —
cpenHee 3HaYeHMe, M — OIIMOKA CpegHero, s
BCeX BUJIOB aHa/IM3a CTATUCTUUYECKU 3HAUMMBIMU
cunTtanu pasnunums npu p<0,05.

Tabnuya 1

IToxasaTtenu sxkcnipeccut MPHK HIF-1a
B rOMOreHaTe M03Tra MOHT'O/IbCKUX MeCYaHOK C
OHMK u Ha ¢pone neuenus (M+m, n=10)

Ikcnpeccun mPHK HIF-1a,y.e.
I'pyma sKMBOTHBIX ITo otHOweHu1o | Ilo OTHOLIEHMIO K
kJIO KOHTPOJIIO
Jloxito- 1.00000£0.32381
ONepypoBaHHbIE
OHMK 1.00000%0.21165

OHMK+ceneHasa 0.88749+0.06702 | 20.36108%1.03035*

OHMK+TIyTOKCUM 1.56550+1.27181 [ 37.89533+7.18197*

OHMK+rnyrapenokcyus | 0.70213+0.13905 | 15.74745+3.05498*

OHMK+nupaueram | 0.73577%0.30162 | 17.07044+4.36168*

[TpumeuaHue: *— oTanums goctoepHsl (p<0,05) 1o oT-
HOULIEHMIO K IPyTITie KOHTPOJIS

Pe3syiabTaThl M UX OOCYXAeHMe. AHaIU3
skcrpeccunt MPHK HIF-1a u HIF-30. y >KUBOTHBIX C
OHMK mnpeacrasiaeH B Tabna. 1 u 2. INokasaTenn
skcnpeccun MPHK HIF-1¢ B rpynmax, Moay4vaBIInX
uccienyemMble Mpenaparsl, UMET OTHOCUTENBHO
KOHTpOJISI Goyiee BbICOKME LM(POBbIE 3HAUEHMSI,
YyeM COOTBETCTBYIOLIME 3HAUEHMS 110 OTHOILIEHUIO
K JIO rpynne. Xapakrep skcapeccuu MPHK HIF-3a
B OKCIIEPUMEHTAJIbHbBIX TPYIINaxX MOJyYaBUIMX MO-
nynstopsl T/IC, uMeeT 06paTHYIO 3aBUCUMOCTh —
6o/iee HU3KOe 3HAUYEHME IO OTHOIIEHWIO K KOH-
TPOJIIO U 6ojiee BBICOKOE 3HAYEHUEe B OTHOIIEHUU
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JIO, 4TO MOKXEeT 0OBSICHITbCS KCIIPeccueii JaHHO
usodopmel B 60jiee paHHEM TUIIOKCUMYECKOM IIe-
puone.

Tabnuya 2
Ilokasartenu skcupeccun MPHK HIF-3a

B rOMOreHaTe MO3Tra MOHTI'0JIbCKUX TeCYaHOK C
OHMK wm Ha ¢doHe neuenust (M+m, n=10)

Ikcnpeccunt MPHK HIF-3a,ye
I'pynna >KxMBOTHBIX ITo oTHOWIEHNIO ITo oTHOLIEHMIO K

K JIO KOHTPOJIIO

Jloxio- 1.00000£0.23806
OTlepPUPOBaHHbIE

OHMK+ceneHnasa 1.00000£0.08766
OHMK+TIyTOKCUM 0.12623%0.07283 | 0.08465+0.04886
OHMK+rnytapegokcut | 2.66670%£0.26479 | 1.78905+0.17758
OHMK+nupateram 9.02424+2.68003 | 6.05445+1.84938*
OHMK+nupaieram 1.65044%0.12303 | 1.10734*0.08257

IMpumeuanue: * — oT/IMuMs JOCToBepHBI (p<0,05) 110
OTHOIIEHMIO K TPYIIIe KOHTPOJIS

HIF-1 mRNA expression
5 T

H -

Relative Normalized Expression
[

t
HIF{
Target
=== =T

Puc. 1. Okcnipeccuss MPHK HIF- 1o

HIF-3 mRNA expression
?1
i
Ml — ]

HF3
Target

Em o mo

Puc. 2. 3kcnpeccus MPHK HIF-30 1 — ceneHasa;
2 — TNIyTOKCUM; 3 — IJIyTapelOKCUH; 4 — upaleram, C-
KOHTPOJIb

HarnsinHo BUAHO M3 puc 1,4TO KypCcoBOe Ha-
3HauUeHMe MCCaeqyeMbIX ITperapaToB B TeueHUe
4 cyTok mocne momenbHoii OHMK, mpuBOAUT K
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IOCTOBEpPHOMY MOBBIIIEHUIO 3Kcripeccun HIF-1a,
JIMAVPYET B 3TOM POy ITyTOKCUM (B 37 pas Bblllle
KOHTPOJIBHOI TrpyIinbl)>ceneHasa (B 20 pa3 BbllIe
KOHTpOJI) >nupaneTram (B 17 pa3 Bblllle KOHTPO-
7s1) > yTapelokcuH (B 15 pas Bblllle KOHTPOJIS).
Takoe wuHAOyLMpyollee OeiCTBUE WUCCAeLyeMbIX
npernapaToB Ha 3kcrpeccuto HIF-1o umeeTt gocTa-
TOYHO Ba’KHOE 3HAUeHMe B YCIOBUSIX TUIIOKCUN.
CrabunusupoBanHast HIF-1, BIIOC/TIeICTBUM aKTU-
BUPYET 3KCIIPECCUIO T€HOB CITOCOOCTBYIOMIMX Kile-
TOYHONM afanTalyy K 3TUM ycaoBusm. K HUM OT-
Hocsitest EPO, VEGF, HSPs, Genku yBelIMYMBAIO-
myie MeTabomM3M IVIIOKO3bI (TIepeHOCYMKY TITI0KO-
3bl, TIMKOMUTHYEeCKMe dhepMeHThI). HekoTOpbie 13
reHoB, Takux Kak EPO u VEGF, obecneuuBaioT
NpSIMYI0  3aIIUTY KJIETOK OT TUIOKCUYECKOTO
ctpecca. Ipyrue, Takue kak HSPs, MOTYT TOBBI-
martbh ypoBeHb GSH, CIOCOOCTBYSI CTaGMIM3aLyU
HIF-1. Kpome TOTO psifi 3apyOeskHbIX pabOT yKa3bI-
BaeT Ha TO, 4T0 HIF-1 MOXeT NMOBbILIIATh YPOBEHD
GSH B MO3re KpbIC, MOABEPXEHHBIX TUMOKCUU
(Shrivastava et al, 2008), uTO MpuUBeIET K ITOBBIIIIE-
HUIO BBDKMBAEeMOCTU HEWMPOHOB B YCJIOBUSIX TU-
MOKCUM U UCTOILEHUM aHTUOKCUIAHTHON 3aIUThI
KJIeTKM. B paHHUX HalllUX UCCIIeJOBAaHMSIX TTIOKa3a-
Ha CITIOCOOHOCTD Y M3y4aeMbIX IMpPerapaToB MOBbI-
maTb ypoBeHb GSH B  yCIOBUSX  T'MIIOK-
cvy/uimemun [3-5], 9To ¢ Ipyroii cTopoHbI obec-
MeYMBaeT ONTUMAJIbHbIE YCIOBUS OIS CTabMIM3a-
uuu HIF-1. Bce BblllleCKa3aHHOE YKAa3bIBAIOT Ha TO,
yTO noaAepskaHue ypoBHS GSH U CHUKeHMe TOK-
cuuHoctu  ROS  gBnasiercss  4vactbo  HIF-1-
OIIOCPeIOBAaHHOI HeMpo3alIuThl MOH, AeiCTBUEM
npoBoauMoit Tepamuu [12,14,15]. Kak BugHO M3
Tabs1. 2 ¥ puc. 2 focroBepHbie oTanuus ( p< 0,05) B
OoTHoleHuu sKcmpeccumn HIF-3¢, mokasaa TOJbKO
[JIYTOPEIOKCUH (B 6 pa3 Bbillle IPYIIIbI KOHTPOJIS).
V3MeHeHMs1 3TOrO IOKasaTessl IIpU JIeYeHUM OC-
TaJbHBIMM IIperapaTaMy HOCWJI JIUIIb XapaKTep
TEeHJIEHLIMM a cejieHa3a BOOOIe oKasajaach He 3(d-
(dexTMBHOIt B OTHOWeHMU 3kcupeccun HIF-3a.
BoisiB/IeHHBIV Y TayTapemokcuHa 3(¢ekT, MosKeT
ObITh OOYCIOBIEH CTAOWIM3UPYIOIEH Y MHIYIIN-
pymoleil posblo aAgyKTOB I[MyTaTMOHA, 06pasyio-
IMUXCSI B PEKUUSX S-TIYyTaTUOHUIUPOBAHUS TIOJ,
nevictBueM GRx-1 B yortoBusix umemun [15]. ITo-
JIy9YeHHbIE€ B XOJle SKCIepUMEHTa JaHHble CBUe-
TeJIbCTBYIOT, UTO 3Kcrpeccusi HIF-1o, obecrieun-
BaeT 3alUTy Ha GoJiee MO3THMUX ITAIIaX TUTTOKCUMA,
Torga Kak HIF-3a, oKa3biBaeT MO3UTUBHOE MOAY-
JIMpyIollee AeiicTBYe B [IepBble Yachl UILIEMUM, UTO
COTJIaCyeTCs C IUTepaTypHbIMUM MCTOYHMKaMu [11].

JlokasmpHOe BOCIIAJieHMe SIBJSIeTCS 00si3a-
TeJIbHBIM MOCAeCTBMEM OKCUIATUBHOTO U HAUTPO-
3UPYIOIIETO CTpecca, Pa3BMUBAIOILETOCS BCIEACT-
BlM€ MILIEMMM MO3Ta, YTO MPUBOAUT K aKTUBALUU
MUKPOI/IMU. AKTUBUPOBAHHAS] MUKPOTJIUS SIBJS-
eTCs UCTOYHUKOM Tunepnponykunm APA, APK u
MHOynuo6enbHoit NOS. B mosyueHHOM Hamu Ha 4
CYTKM MII€MUM TOMOTE€HaTe MO3ra MOHTOJIbCKUX
MEeCYaHOK OTMEUEeHO CTATUCTUYECKM 3HauMmoe
(p<0,05) moBbINIEHME YPOBHS HUTPOTMPO3MHA (B
4.3 pasa), TNF-a (B 4,6 pa3sa), IL-18 (B 2,5 pa3sa) c
OHOBpeMeHHBIM CHIDkeHueM ylI'M® Ha 33,3%, 4TO
TOBOPUT O TOBBIIIEHUM TPOLYKLUM TOKCUYHBIX
IepuBaTOB OKCUAA a30Ta M CHUKeHUM Omomoc-
TynHOCTU NO B yCJIOBUSIX TUIIOKCUM. YPOBEHD IL-4
cHu3micad Ha 82,9% B cpaBHeHUM C JIOXKHO-
OIEepUPOBAHHBIMU KUBOTHBIMU, UTO CBUJETEJb-
CTBYET O HaJIMYMUM JIOKAJbHOM BOCHAIUTEIbHOM
peakiuM B 30HE SKCIEPUMEHTAIbHON MIIeMUU
(Tabm. 3).

Tabnuya 3
VYposeHnsb uI'M®, HUTPOTUPO3UHA U BUTOKVHOB IIPU

sKkcnnepuMmeHTaasHOM OHMK u ipu Tepanuu MOZAy-
asaropamu T/IC (M£m, n=10)

I'pynmet
SKMBOTHBIX

Hurporupo-
3MH,
HMOJ1b/2
TKaHU

IL-4,
ne/mn

TNF-a,
ne/mn

IL-1p,
ne/mn

yIr'Mao,
MmMons/mn

JIOo 10,90+1,28 | 0,170,061 |0,16+0,04612,90,25 | 0,12%0,0032

OHMK

47,60%4,20% | 0,79%0,18* | 0,4*0,13* |7,05%0,14*|0,09%0,0032*

OHMK+cene

21,40+2,24# | 0,24+0,026# [0,39+0,057|7,880,52#|0,080,0021#

Hasza

OHMK+1myTO
KCUM

12,40%1,15# | 0,19%0,038# |0,370,0768,72%1,28#0,037+0,004#

OHMK+rnyTa|
peOKCHUH

11,90%1,13# | 0,540,2# |0,31%0,12 [8,44%0,75#|0,045+0,038#
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IIpumeyaHnue: * — U3MEHEHMSI CTATUCTUUECKY 3HAUMMBI
1o oTHoUeHuO K rpymie JIO (p<0,05), # — usMeHeHUsI
CTaTUCTUYECKM 3HAUYMMBI 10 OTHOILIEHMIO K IPyIIIIe
KoHTposs (p<0,05)

KypcoBasg Tepanus MOZy/ISITOpaMU CUCTEMBI
[JIyTaTMOHA TMPUBOAUT K CTAaTUCTUYECKU 3HAUU-
Momy (p<0,05) IOBBIMIEHUIO COMEPSKAHMUS TPOTU-
BocnanuTenbHoro IL-4 (cenenasa Ha 11,8%, riy-
TOKCUMM Ha 23,7% u rayrapelOKcuMH Ha 19,7% B
CpaBHEHUM C TPYIIIOA KOHTPOJISI). Takoe MOBBI-
meHue IL-4 mopasisieT TPOBOCHAIUTEIbHYIO aK-
TUBHOCTh MaKpodaros u cexkpenuio umu TNF-o u
IL-1B. DTo BbIpaxkaeTcs B moctoBepHoM (p<0,05)
cHykeHun cogepxkauusi TNF-o y BCe€X M3y4yaeMbIX
npemnaparoB (cejeHa3a Ha 69,6%, TITyTOKCUMM Ha
75,9%, riyrapemokcuH Ha 31,6% B CpaBHEHUU C
KOHTPOJIBHOI TPYIIIOi), CHI>KeHMe YpoBHS IL-1f
He M0Ka3aJi0 CTaTUCTUYECKU 3HAUMMBIX OTIAUYUNA
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B CPaBHEHUM C IPYIION KOHTPOJS Y HOCUJIIO JIUILb
xapaktep TeHAeHUMU. OIKUCAHHOE U3MEHEHMe
COOTHOIIIEHMI MeXIy MPOTUBOBOCIAIUTENbHBIMU
U TIPOBOCTIJINTE/NIbHBIMU IIMTOKMHAMU IIepBOe
OrpaHMYMBAET JIOKAJbHYI0 BOCIAJIUTENbHYIO pe-
aKlM0 B 30He UIIeMUUYECKOil MOJIyTeHU, YTO MO-
BBINIAeT IIAHChI HEPBHOM KJIETKM K BbDKUBAHUIO, U
BTOpOe TIpe0oTBpaliaeT IUTOKUH- OMOCpPeIOBaH-
HOe TIOBBbIIIEHME aKTUBHOCTY MHIYLMOETbHOI
NOS. TlocnenHee, MpOSIBASIETCSI B CHUKEHUU TU-
nepnponykiuuu NO (cHkeHne ypoBHsT yI'M® ce-
nmeHasa Ha 11,1%, riyrokeum Ha 58,9%, riytape-
IOKCUH Ha 50%), a Takke YPOBHSI TOKCUMYHBIX Je-
pPMBAaTOB OKCKIA a30Ta-HUTPOTUPO3MHA (B TpyIIIe
C BBeJeHMeM [NIYyTOKCUMMA — Ha 73,94%; ceneHassl
- Ha 55%; rnyrapenokcuHa — Ha 75%). Bce Bbiiie-
repeuncieHHoe TPUBOAUT K CHYDKEHUIO IIUTOTOK-
CMYECKOTo OTeKa B 30HEe MeHyMOpbI B OCTPHIt me-
pUOJ, UIIEMUM U OTPAaHUYEHUIO Peakuuii HUTPO-
3upymoilero crpecca. CHUKeHME KOHIEHTpaluuu
MPOBOCIMAJUTENbHBIX [IUTOKVMHOB TIO7, AeiCTBUEM
M3ydyaeMbIxX MperapaToB BO3MOXKHO OKa3bIBaeT IO
HallleMy MHEHMIO TIO3UTMBHOE peryaupyioliee
neiicTBue Ha aKTUBHOCTD pelloKc-
YYBCTBUTEIbHBIX TPAHCKPUIIIIMOHHBIX (DaKTOPOB
(NF-1, AP-1, NF-kB), rmaBHbIX YYaCTHMKOB aIlOII-
TOTMUYECKOTO M HEKPOTUYECKOTO ClieHapus Tubenn
KieTku. Takum o6pas3soM, CBOMCTBa CejeHasbl,
JIyTOKCMMA U TyTapeJoKCMHA OTPaHUYMBATh pe-
aKLMM OKCUAATUBHOTO ¥ HUTPO3AaTUBHOIO CTpecca
33 CUeT UX aHTUOKCUAAHTHOTO, SHEPTOTPOITHOTO U
MUTOIPOTEKTUBHOTO AeiicTBus [3-5,7,8] momon-
HSIETCS CIIOCOGHOCTBIO CHIDKATh IIMTOTOKCUYECKUIA
OTeK B 30He MUIIeMMUM U MOBBIIIATh YCTOWUNBOCTD
HefpoHa K TUIIOKCUM, YTO OOBSICHSIET BO3MOXK-

HOCTb MX WCIIOJIb30BaHUS B KauyecTBe CpPeJCTB,
BTOPUYHOJ HEPOIIPOTEKIUN.

BoiBOABI:

1. MogenupoBanue OHMK npuBOAUT K JOC-
TOBepHOMY moBbilieHUi0 MPHK HIF-1a, HIF-3a
HUTpoTtuposmHa, TNF-a u IL-1f8, ¢ omHOBpeMeH-
HbIM CHIDKeHueMm IL-4 u yI'M®.

2. KypcoBoe HaszHaueHue mopyastopoB T/[C
(ceneHa3sspl, TIYTOKCUMA U TJIyTOPeIOKCMHA) MPU-
BOOUT K CTaTUCTUYECKM 3HAYMMOIN SKCIIpeccumn
MPHK HIF-10, 4TO oImpepnesieT Ba)kHOCTb 3TOTO
reHa B OTAAJ€HHOM Iepuoze r’UIMOKCUN.

3. BaugHue wucciaenyeMbiX IIpernapaToB Ha
srcnpeccuio MPHK HIF-3¢0. He OKa3auChb IOCTO-
BEPHBIMM, KpOMe TPYIMIIbl [NIyTapegoKCUHA, UTO
MO-BUAMMOMY CBSI3aHO CO CIIOCOGHOCTBIO Y IIpe-
rapara TOBBIIIATh 3KCIIPECCUI0 MaHHOTO TeHa B
TepBbie Yachl TUTIOKCUNA.

4. KypcoBoe BBeJleHMe MpenapaToB (CejieHa-
3bl, TTYTOKCUMMaA U TJIyTapeJOKCUHA) MPUBOAUIO K
OTpaHUYEHUIO pPeakliuii HUTPO3UPYIOIIEro cTpecca
(CHIKeHMe 3HAUeHUI HUTPOTUpOo3uHa u yl'Mad)

5. Tepamus M3yyaeMbIMM MperapaTaMyu OKa-
3aJI0 MO3UTUBHOE BIMSIHME Ha COOTHOILIEHNE MPOo-
BOCHaMUTENbHOTrO UUTOKMHA TNF-0 u IL-4 B 10JIb-
3y MOCJIeJHero.

6. BBefeHne ceneHasbl, IJTyTOKCUMA U TJIYTO-
peloKCHHA He 0Ka3aio JOCTOBEPHbBIX OTAUUMIA OT
IPYIIIBI KOHTPOJIS Ha IToKasartens IL-15.

7. llonyyeHHble NaHHbIE SBJSIOTCS 3KCIIEPU-
MEHTaJbHBIM OOOCHOBaHMEM [JI1 IIPUMEHEHMUs
[JIyTOKCUMMaA, TIyTapeqoOKCUMHA U CeJieHa3bl B KOM-
TJIEKCHOV Tepanuy OCTPOTO HapyIIeHUs MO3TOBO-
ro KpOBOTOKA.

THE MRNA EXPRESSION OF HIF-1A AND HIF-3A, NITROTYROSINE, CGMP AND INTERLEUKINS IN
THE MONGOLIAN GERBILS BRAIN WITH ACUTE ISCHEMIA

E.S. LYTVYNENKO, S.S. KIREEV”

‘Zaporozhye State Medical University, Mayakovsky ave., 26, Zaporozhye, Zaporozhskaya, 69000, Ukraine
“Tula State University, Medical Institute, Boldina street, 128, Tula, 300012, Russia

Abstract. It has been established that the cerebral ischemia modeling leads to a significant increase
matrix ribonucleic acid expression of hypoxia-inducible factor 1-alpha and insignificant mRNA expression of
hypoxia-inducible factor 3-alpha on the 4th day of model pathology in brain tissue. The course injection of
the study drugs within 4 days after the experimental ischemia leads to a significant increase in the expres-
sion of hypoxia-inducible factor 1-alpha, leading in this series glutoxim (37 times higher than the control
group) >selenase (20 times higher control) >pyratsetam (17 times higher control) > glutaredoxin (15 times
higher control). This increase in hypoxia-inducible factor 1-alpha expression increases the neuron's resis-
tance to hypoxia. It should be noted that injections of glutaredoxin resulted in an increase in matrix ribo-
nucleic acid of hypoxia-inducible factor 3-alpha expression relative to control values, and selenase and glu-
toxim did not significantly change the expression of this gene. The results of these studies show that com-
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pared with the sharm operated animals, the group of gerbils with stroke showed significant increase of ni-
trotyrosine, tumor necrosis factor alpha interleukin 4 , levels and a decrease in interleukin 4 guanine cyclic mo-
nophosphate levels. A course of treatment with selenase, glutoxim and gutaredoxin increase of IL-4 level
and decrease nitrotyrosine, tumor necrosis factor alpha- and guanine cyclic monophosphate levels. The results
confirm the presence of neuroprotective properties in selenase, glutoxim and glutaredoxin. These proper-
ties were identified by their ability to restore the thiol-disulfide balance, to raise the level of interleukin 4
and the expression of hypoxia-inducible factor 1-alpha and reduce the high levels of nitrotyrosine and pro-
inflammatory interleukins in ischemic brain injury, resulting in the reduction of neuronal loss following a
stroke.

Keywords: cerebral ischemia, Hypoxia-inducible factor 1-alpha, interleukins, cGMP, nitrotyrosine, sele-
nase, glutoxim, glutaredoxin.
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BBIX MEIUIIMHCKUX TeXHOJIOTHUIT» 3a 5 JIeT B CpaBHEHMM C aHAJIOTMUYHBIMU TTOKa3aTeIIMU KypHasia «BeCTHUK
POCCUITICKOI aKaJeMuy HayK». YCTaHOBJEHO, YTO BCe aHAAM3MPyeMbIe ITOKA3aTeNIy MMEIOT OrpaHMYEHHYIO
LIeHHOCTb. HecMOTpsI Ha 3HauMTesbHbIN pas3pbiB B mokasartene SCIENCE INDEX - 0,392 u 11,960, Bce oc-
Ta/IbHbIe TIOKa3aTeau XKypHajlia ¢ HU3KMM MHAEKCOM IIPeBbINIAIOT TOKa3aTeau KypHaia, 3aHMMalollero
1 mecTo B pejiTunre. CaeaaH BbIBOJ, 0 HEOOXOAMMOCTM Pa3pabOTKM MHOI CUCTEMBbI OLIEHKM OMOIMOMEeTpU-
YeCKO¥ aKTMBHOCTY, YIUTHIBAIOIIEN TTEPCIIEKTUBDI ¥ TPEHIbI Pa3BUTHS KYPHAIOB, a TAKKe — MPUBJIEYEHNE
HOBBIX aBTOPOB C UX UAESIMU U MPAKTUIECKUM BOILIOIIEHUEM.

KiroueBsle cjioBa: 6MOIMOMeTpuYecKast akTUBHOCTb, UMIIAKT-(akTop PUHII, kosdhduimeHT camony-

TUPOBaHMS, MHAEKCA XephuHaasI-XypIIMaHa.

JKypHan «BecmHUK HO8bIX MeOUYUHCKUX mex-
Hosoeuti» (BHMT) oOTHOCHUTCS TO pybpuUKaTopy
(OECD) x 6 Hampasiaenuio — Medical and health
sciences.

AHanus OMOIMOMETPUYECKUX IIoKasarTeei
OLIEHKM XYPHAJIOB COMPSDKEH IpeXae BCero ¢ Imo-
HaTHeM <«JIByXJeTHMII uMnakT-pakTop PUHII».
ITox HMM TMOAPa3syMeBAETCS «UUCIO0 UTUPOBAHUI
B TEKyIeM IOy CTaTeji, OIy6IMKOBaHHBIX B KypP-
HaJsie 3a MpeaplayIlKe roja, nojeaeHHoe Ha YMUCII0
3TUX cTaTei». VIMmakT-¢GakTop, TaKUM 06pasoM,
OTpaskaeT cpefHee YMUCIO LIUTUPOBAHUS OIHOIA
cratbu. Yem 60Jbllle BOCTPEOOBAHHOCTH SKYp-
HaJIbHBIX CTaTe (T.e. UeM BbIllle MMIIAKT-(haKTop),
TeM 3HauuMmeli xypHaa. OpHaKo, 3Ta OLIEHKA 3a-
BUCUT Takke U OT KO3(DUIMeHTa caMOLUTUPO-
BaHMSI, 3aBUCSINETO OT CChIJIOK aBTOPOB Ha CTaTby
B 9TOM 3Ke >XypHae.

Hago ormeTruTts, uTO pasHble 6ubamMorpadpu-
yeckyue 6asbl MMEIOT pasHble 3HAYEHUS] VIMIIAKT-
(akTOpa pasMelleHHbIX B 3TOi 0ase >KypHaJOB.
Ins Web of Science — ato mpocto Impact Factor
(IF). Ona PUHI] - 310 umnakT-dakrop PUHLL (Im-
pact Factor RSCI) [5-7,9].

IByxneTHuit ummaxrt-daxkrop PUHII ¢ yueTom
LIMTUPOBAHUSI U3 BCEX MCTOYHMUKOB — BKIIIOYAeET,
KpOMe CChUIOK Ha JXypHAJIbHBIE ITyOIMKAINNA,
CCHUIKYM U3 MOHOrpaduii u coopHuKoB. Ias BHMT
oH yBemmuwics ¢ 0,158 mo 1,975 3a 5 et (puc. 1).

3a 5 yieT OBYXJIETHUII MMITIAKT-(haKTOP XKypHa-
jia BHMT Beipoc ¢ 0,120 mo 1,288 (puc. 2).
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Puc. 1. IByxneTHuit ummnakT-daxkrop PUHII c yueTom
LUTUPOBAHMS U3 BCeX MUCTOYHMKOB
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Puc. 2. IByxneTHui umnakt-daxrop PUHI]
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Puc. 3. IByxneTHuit Ko3ahHUIMEHT cCaMOIIUTUPOBAHMS B %

IOByxneTHUit KO3DGULIMEHT CaMOIUTUPOBa-
Hust cHuswicst ¢ 20% mo 15,7% (puc. 3).
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IMockonbKy B 80% 3apybekHBIX KYPHAJIOB KO-
3bGUIMEHT caMOIUTUPYEMOCTM He MPEBBIIIAET
20% — MOXHO OTMETUTb MO3UTUBHYIO €r0 ITMHA-
MMKY A0 II1dp He MpeBhIMIaImmnX 16%.

HyxmaeTrcs B mepecMoTpe (YTOUHEHMM) MOKaA-
3aTesb caMOUMTHpoBaHus. Ecnu paccmarpuBaeTcst
HayyHas TMpo6semMa, BBIOBMHYTAS ¥ pelleHHas
BIIEpBbIE aBTOPOM, TO TpeGyeTcs MOBeCTU e€ Mo
CBeIEHUST HAyYHOI OOIIeCTBEHHOCTU. B BBICOKO-
PEMTUHTOBbIX OTEUECTBEHHBIX KypHajJaX OITyOJIu-
KOBaTh [JaHHbIE MOAYAC He TPEeACTaBIsIeTCs] BO3-
MOXHBIM TOJ, TIPeJIIOTOM, YTO 3TU CBeIeHUS «pa-
Hee He MyOJIMKOBAINCh B BHICOKOPETYHTOBBIX 3a-
PYOEXKHBIX KypHajaX». A IIPOOUTHCS B 3apybexK-
Hbl€ KYpHaJbl MOKHO TOJIbKO MPU HAIUUUU TIPO-
TEeXKMPOBAHMS, JIMUHBIX CBsI3€l, BKIIOUEHUS MHO-
CTPaHHBIX aBTOPOB B COaBTOPBI, MO0 Uepe3 MHO-
TO3TaIHYI0 CUCTEMY OIUIaThl ITepeBOJOB U CaMoii
myonmukanyu. Takoi KOPPYIIMOHHBINA ITOXOH, B
HayKe — Bps[ Ju LiejiecoobpaseH. [TosTomy B psize
CJIy4aeB UM UCIIONb3yeTCsl aBTOPaMM (M COaBTOPAMM)
CaMOIIMTUPOBaHMe, KaK CII0CO0 MOBEAEHUS Pe3yib-
TaTOB CBOMX MCCAeA0BaHMIA (IPUOPUTETHBIX) Uepes
pasnuMuHble TMeYaTHble MCTOYHUKU IO IIMPOKO
ayouTOpMK. 3HAUMMOCTb MOKasaTensi CaMOIUTU-
pOBaHMS [TOJKHA 3aBUCETb OT CTENleHU HOBU3HBI
MaTepuasa 1 aBTOPCKOTO B HEM y4acTHsI.

CylecTBeHHOE BIMSIHME Ha GMOGIMoMeTpuye-
CKMe TIOKa3aTe/y OKa3blBaeT MMHMMAaIbHOE 3Ha-
yeHMe uHaekca XepbuHpansi. To ecTb — 4yeM OH
MeHb1ie, Tem Jyduie. [To BHMT oH coctaBmuia 3a
5 et — 453 — 769 — 498 — 574 — 480. 3T0 110 Op2a-
Husayusm asmopos. Ilo yumupyrowum xypHaiam —
275 — 483 - 571 - 544 - 816.

Hudexc Xepgunoana-Xupwmana (MXX) — ato
CyMMa KBaJpaTOB MPOIEHTHBIX [I0Jelt JXYpHaIOB,
IUTUPYIOIINX JAHHbINA, IT0 OTHOLIEHNIO K 06IIeMy
o6bemMy mmMTHMpoBaHMs. CUMTAIOTCS CChUIKM 3a
npenpiayiue 5 jger (B T.4. CAaMOIMTUPOBAHMUE).
YeM 6osbllle KOTMYECTBO HUTUPYIOUIUX SKypHA-
JIoB, TeM BennumHa XX — meHsb1e. [Ipy ccbikax
M3 OHOTO XypHa/ia HAaGII0aeTcsl MakCMMabHOe
3”HaueHue — 10 000. 3Hauenne XX B npegenax 1
800 — 10 000 cooTBeTCTBYeT BBICOKOMY YPOBHIO
MoHonomm3auuyu, or 1 000-1 800 — cpenmuwmii,
«HOpMaibHblii», MeHee 1 000 — HE MOHOIIOIN3U-
poBaHHbIN. XX no opzaHuzauusm aemopos OTpa-
sKaeT My6IMKalyy aBTOPOB, PabOTAIOMIVX B OTHOM
opraumsauun. UXX no ucmouHukam yumuposaHust
— MOHOITO/IM3ALMI0 PbIHKA MCTOYHUKOB IUTUPO-
BaHUS (UMTUPYIOTCS CTATbU U3 OAHOTO-IBYX XKYpP-
Ha/oB) [4].

Takum o6pa3oM, MO OpraHM3aLuysiM aBTOPOB
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BHMT UXX - He mpeBbliaet ypoBeHb 500, Kone6-
Jisich B mpepenax 453-498. U tonbko B 2013 r. oH
cocTaBmiI 769. A IO TUTUPYIOIIMM XypHajliaM KO-
nebanus UXX ot 275 mo 574, u Tonbko B 2016 T.
OH cocTaBua 816, 4TO CBSI3aHO C LMTUPOBAHUEM
U3 emje 2 KypHajJoOB, He BXOASIIUX B IlepeuyeHb
BAK, m3paronuxcs B Tyie. Takoe 1osioskeHne gen
OTpa3uIo CTpeMJIeHMe TIONHSATh PEMTUHT KypHasa
s BxoxkaeHud B sigpo PYHIIL 3 1000 xxypHaioB B
pa3BepHYBIIeics KOMIITaHUM aHKeTUPOBAHUS
SKYPHAJIOB B II€JISIX TaK Ha3bIBaeMOJi «00OIIeCTBEH-
HOI1 3KCTIepTu3bi». [IOHSITHO YTO «CTapbie» XKypHa-
Jibl, u3pawinvecs B MockBe, MOAb3YIOTCSI TPaau-
LIMOHHBIMU CBSI3SIMM, B TOM UMC/ie JTUUHBIMU, Me-
KAy C000i. DTO MO3BOJISIET KOJIMYECTBEHHO U Ka-
YeCTBEHHO IPeIoIpeleuTh VCXO «00IIeCTBeH-
HOJL 3KCIIEePTU3BI».

[IpoBeneH CpaBHUTENbHBIN aHAIN3 [TOKa3aTe-
neit BHMT, sanumaroiero mo 2016 r. 180 mecro
(mokazartenb — 0,392) B peiitunre SCIENCE INDEX
u3 514 XypHaJoB IO TeMaTuke «MemuiiMHa u
37 paBOOXpaHeHNe» U KypHasa «BecmHuK poccuti-
cKoli akademuu meduyuHckux Hayk» (BPAMH), 3a-
Humaromero B 2016 r. 1 MeCcTo B peiTHUHIe IIO
9TOI Ke TeMaTuKe (MOKasaTe/lb B peUTUHre
11,960). IIpu Tako¥ 3HAUMUTENbHOI pa3HUIIE TOKa-
3aTesieil B peTUHTe CPaBHEHME OPYTUX [MOKa3aTe-
Jelt — He B noyib3y BPAMH.

OByxneTHuit ummnakrt-¢akrop BPAMH -
1,159, y BHMT - 1,288. [IByxXJIETHUII MMIIAKT-
daktop y BPAMH c yueToM IIUTUPOBAHUS U3 BCEX
ucrounukos — 1,601, 8 BHMT - 1,975. OmHako
IBYyXJIeTHUIT MMNakT-dakrtop mo sapy PUHIL y
BPAMH - 0,514, y BHMT - 0,070. 3To cBUIETEND-
CTBYeT O MepeKpPeCcTHOM LUTUPOBAHUU B >KypHa-
Jiax BbIlTycKaeMbix a MockBe. To ecTb TOT ke (ak-
TOp, KOTOpbIi obecreunBaeT pasuuily B UHUX.
Takum 06pa3oM KypHasIbl, Jaxke ITPOrpeccUpylo-
IIyie B CBOEM Pa3BUTHUM, 0OpeUeHbI Ha IJIUTEIbHOe
orpaHmMdeHue 1o BXOKIeHuo B siapo PULIH.

K ToMy ke  OBYXJIETHUII MMIIAKT-(haKTop,
pacCyMThIBaeMblii MO TakMM >KypHajaM, Kak
BHMT, peructpupyetcsi ¢ 2008 r. exxerogHo, a y
BPAMH - Tonbko ¢ 2014 r., YTO BbI3bIBAET OIpe-
IejeHHbIe BOIpochkl. KetaTu, umciio crateit omy6-
JIMKOBAHHBIX 3a 2 IocjaegHux roga B BPAMH -
208, a B BHMT - 243, a 4unci0 UUTUPOBAHUS CTa-
Tel 3a 3ToT nepuon u3 BPAMH - 333 (B T.u. u3
XypHanoB — 241), a us BHMT - 480, B T.4., u3
SKypHaJIoB — 313.

[ THUaeTHWIT UMITaKT-(GaKTOp MOYEMY-TO JIJIS
BPAMH - He nogcunTbiBasics, g BHMT - 0,588.
[MpuuMHa OTCYTCTBUS moacueTa 3a 5 ser y BPAMH
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— He TIOHSITHA. [IoTOMYy UTO €XXerogHO MOACYUTHI-
BaJIOCh UMCJIO CTaTeii, 3a MpenpIayIlue 5 jier, 1Mo
BHMT - ot 1549 mo 2493. Uncjio UMTUPOBAHMIL 3a
5 ymeT cOOTBETCTBEHHO (HECMOTPSI HA OTCYTCTBME
3aperMcTPUPOBAHHBIX OMYOJIMKOBAHHBIX CTaTeli!)
o BPAMH - ot 441 go 695, a mo BHMT - ot 305
Io 911.

O6111ee YMCIO LUTUPOBAHUS KypHajla B Te-
kymem 2016 romy coctaBuiao 1837 gnst BPAMH u
2029 nisa BHMT.

Yucimo aBTOPOB 3a 5 JjieT Kojaebaysoch IO
BPAMH - ot 437 no 221, a mo BHMT - ot 470 mo
291, a uncao HOBBIX aBTOpPOB 10 BPAMH - ot 142
oo 249, mo BHMT - ot 97 mo 356. CpegHee unciio
aBTOpoB B cTaThe mo BPAMH or 3,9 mo 5,1 co
cpenHuM MHAekcom Xwupia [2] ot 8,4 no 11,9 u
cpegHuM Bo3pacTtoM ot 47,8 no 56,4. A mo BHMT -
¢ uHgekcoMm Xupiia ot 4,0 no 8,4 u BO3pacToOM OT
48,1 mo 49,3, cpegHee 4MCIO aBTOPOB B CTaTbe —
3,1-3,4.

HecatmieTHuit MHIOeKC Xuplia y aBTOPOB
BPAMH - ot 16 mo 20, y aBTopoB BHMT - ot 8 o
19. Yncao cChIIOK HAa CaMylo [UTUPYEMYIO CTaThIO
BPAMH - ot 8 mo 57, B BHMT - ot 49 mo 80. Ywuc-
JIO TIPOCMOTPOB cTaTel 3a rog mo BPAMH - ot 7
600 mo 28 561, mo BHMT - ot 17 449 mo 40 974.

Umncino 3arpysok 3a rog crateit BPAMH - ot 12
1o 1 356; BHMT - ot 6 241 o 13 114 ¢ BeposSITHO-
CTbI0O UMTUPOBaHMS Tocae npouTeHus: u3 BPAMH
— ot 0 mo 8%, nu3 BHMT - ot 4,3 go 13,2%. Ynucio
TIOJIHBIX TEKCTOB craTeil Ha elibrary.ru us BPAMH
— ot 50 go 182, mo 2016 r. — 50, u3 BHMT - ot 81
mo 323, mo 2016 1. — 117.

W3 mpuBegeHHBIX IUGP CIeIyeT, UTO PENTUHT
SCIENCE INDEX wMeeT cCyllleCTBeHHbII MHbpa-
CTPYKTYPHBII HEOCTAaTOK, MOCKOJbKY HE YUUTHI-
BaeT MepCHeKTUBbl U TPEH[bl Pa3BUTHUS XKypHa-

JIOB, HEOOXOOMMOCTD TPUBJIEYEHNUSI HOBBIX aBTO-
pOB, UTO TpebyeT MOIEePHMU3ALMM CUCTEMBI Peii-
TUHI'OBOI OLI€HKMU.

OpueHTaLus Ha COCTOSIHME TaKUX U3BECTHBIX
B MWUpe XypHajaoB, Kak «Nature» u  «Science»
MPUHIMIIMANBHO  Hellelecoob6pasHa. KoneuHo,
VMUK 3TUX JXYDHA/IOB IIOOTPEBAETCSI MHOIO-
JeTHell pekiaMoii — abCoMOTU3UPOBAT UX 3HA-
YMMOCTb. J[OCTATOUHO OIyGJMKOBATH CTAThIO B
«Nature», HampumMmep, KaK IMOSB/SIETCS BO3MOX-
HOCTb noyuntb 200-300 CCBIIOK HA 3Ty CTAThIO
Kak MMHMMyM [8]. B 3Tux >XypHajax OrpoMHOe
YMCJIO COABTOPOB B KaK/ION CTaThbe, 1esiecoobpas-
HOCTb U JOCTOBEPHOCTb TaKOTO COCTOSIHMS Jiel —
He IIpOBepsieMbl.

HymaeTcsi, i1 OT€YECTBEHHON HAayKU BEKTOP
pa3BUTHS XKyPHAJIOB JOJDKeH ObITh HaIlpaBjieH Ha
coBepuieHcTBoBaHue PUHI] [1,3].

K coxaneHuio, B JOKYMeHTax IO IIpefoCTaB-
JIEHMIO OTeYeCTBEHHBIX I'PAaHTOB Ha HayuyHbIE UC-
cremoBaHus, B TpeboBaHusix BAK Kk my6nuKaiy-
OHHOJi aKTMBHOCTY HAay4HbIX PabOTHUKOB, peii-
TUHIOBOJM CHUCTEME OLIeHKM [OesTeIbHOCTU YHU-
BEPCUTETOB 3aJI0KeHbl KPUTEPUU yUACTUS B ITy6-
JIMKaUMsIX pasMelleHHbIX B Scopus 1 WoS. 1 oHu
SIBJISIIOTCSI OIIPEEISIOIMMU.

KoneuHo, Hayka He umeet rpanun! Ho B yc-
JIOBUSIX, KOTAA MPUXOOUTCS «UTPaTh» IO TpPaBU-
JlaM, B KOTOPBIX OTeYecTBeHHbIe pa3paboTUMKK He
MPUHMMAIU y4acTusi, He0O6XOIMMO MUCITOIb30BaTh
aJIbTEpPHATUBHbIE TTOAXObI. B X B3aMOAeiCTBUMA
¢ TpaguuyoHHbiMU (ayig EBpombi, CHIA) kpure-
pUSIMM — IO/DKHA BbhIpaGOTaThCS HOBasi, 060K0/10-
3HauMMasi U 00000y OBIETBOPSIONIAs CUCTEMA
616IMOMEeTPUYECKOIT AaKTUBHOCTY YUEHBIX.

DYNAMICS OF THE BIBLIOGRAPHIC INDICATORS OF THE JOURNAL "BULLETIN OF NEW MEDICAL
TECHNOLOGIES" FOR 5 YEARS (2012-2016)

A.A. KHADARTSEV, E.V. DRONOVA, V.A. KHROMUSHIN, S. Yu. SVETLOVA

Medical Institute, Tula State University, Boldin Str., 128, Tula, 300012, Russia

Abstract. The article presents an analysis of the evaluation indicators of the bibliometric activity of the
journal "Bulletin of New Medical Technologies" for 5 years in comparison with similar indicators of the
journal "Bulletin of the Russian Academy of Sciences." It is established that all analyzed indicators have li-
mited value. Despite the significant gap in the index SCIENCE INDEX -0.392 and 11.960, all other indicators
of the journal with a lower index exceed the index of the journal, which ranks 1st in the rating. The authors
concluded that it is necessary to develop another system for evaluating bibliometric activity, taking into
account the prospects and trends in the development of journals, as well as attracting new authors with

their ideas and practical implementation.
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AHAJIU3 CPEJTHEN IMPOJIOJDKUTEJIBHOCTU JXKVU3HU HACEJIEHUS TYJIbCKOW OBJIACTU B
2016-2017TOOAX

A.A. TPETBSIKOB', K.I0. KHUTAHMHA", A.T. IACTOBELIKAI ™, B.A. XPOMVIIIVH"

‘Munucmepcmeo 30pasooxparerus Tynsckoti o6nacmu, ya. OboporHas, 1142, Tyna, 300045, Poccus
“Tynsckuii 20cydapcmeenHbiii yuusepcumem, Ipocnexm Jlenuna, 92, Tyna, 300028, Poccus,
" LenmpaneHaiti HUH opzanusayuu u uHpopmamusayuu 30pasooxpaHeHus,
ya. Tobpontobosa, 11, Mockea, 127254, Poccus

AnHoTanus. [leTanbHbIl aHAIU3 CpeaHel MPONO/DKUTENbHOCTU XM3HM no knaccam MKB-X, mpo-
BOJIMMBII 3apaBooXpaHeHueM TyabCKOi 06JaCT¥ B paMKaX MOHMTOPMHIA CMEPTHOCTU, OOJIafaeT BbI-
COKOJ1 BOCTPeOOBAaHHOCTBIO OpPraHM3aTOpaMy 3ApaBOOXpaHEHMs IJISI OILeHKM pe3ylabTaTOB paboT u
TIPUHSITUSL YIIPaBJI€HUECKUX peIleHuii.

B crathe MeTOmOM CyMMapHOJ (0606Iaoleii) OIeHKM CMEpPTHOCTM HaceJeHMs MpOBeIeH aHaIu3
CpelHel MPOAO/DKUTENbHOCTU Xu3HM 1o utoram 2017 roma B cpaBHEHUM C TIpeAbIAyIIuM rogam. JJocTo-
BepHOCTDh MHpoOpMaIuu obecrieurBasach BCTPOEHHBIMM B PETUCTP MTPOrPaMMHBIMM CPeICTBaAMM, METOIM -
KaMu u, MpeXae BCero, BHEIITHUM MOZYJIEeM aBTOMAaTUUYeCKOTro OMpefeseHus] TepBOHAYaaAbHOM MPUYMHBI
CMepTH, UCIOIb3YEMBbIM B PETMOHAJIIBHOM PETruCTpe CMEpPTHOCTM.

PacueToMm yCTaHOBNIEHO, UTO CpemHSISI MPOLOJIKUTENBHOCTD KM3HU HACeJIeHUsT 10 BCEM KjaccaM Co-
craBisier B Tynabckoii obmact B 2017 rogy 71,468 rom, B TOM umcie My>KUMH — 65,296, skeHIuH — 76,817,
a B 2016 rogy 70,642, B TOM umciie My>KUMH — 64,368, skeHIIUH — 76,311; mosst He foskuBIIMX 10 50 et (B
%) mo BceM Kiaccam cocrtapisier B Tynbckoit obmactu B 2017 romy 10,470, B TOM uMcae MYKUYMH —
16,199, xenmuu — 5,505, a B 2016 rogy 11,561, B TOM umciae My>KuMHbI — 17,922, skeHIuHbI — 5,814. Ilo-
KasaHo, uto mno kinaccaMm X, IX, II; XI; XX MKB-X ynyuiieHue cuTyaumuyu, a o Kiaccy I - yxyznmeHue.
Haunyumias nuHaMuKa HaOmogaetcs 1o kiaccy XI, rae cpemHssl MPOAO/DKUTENbHOCTb KM3HM 3aMETHO
yBenuumiach B 2017 rogy.

Ha ocHOBaHMM BBITIOJTHEHHBIX PAaCUYE€TOB CAeAaHbl BbIBOALI IO TEHJOEHIMM YAyUIIeHUS] CUTyalun
110 MHOTMM KjaccaM Oojie3Heil, Ile CMepPTHOCTb HambOoJIblasl, a METO CYMMAapHON OLIEHKM CMepTHO-
CTM HacejeHMsI o TpeM (akTopaM (FOoJisi yMepIInX, CpemHss IIPOIO/KUTENbHOCTD XXU3HH, OIS He JI0-
SKUBIIMX A0 50 JIeT) MO3BOIWIT OIEHUTh AVMHAMUKY (aKTOPOB pa3HOi HapaBIeHHOCTM.

KnioueBsble cjI0OBa: MOHUTOPUHT, aHa/IN3, CMEPTHOCTb, CpeIHsIS MIPOAO/DKUTENbHOCTh JXU3HU.

BBepenme. MOHUTOPUHT CMEpPTHOCTH, IIPO- BBOAMJIACh YUPEXIEHUSIMU 3ApaBOOXpaHeHUs B
BOAMMBIIi 3apaBooXpaHeHneM TyibCcKoii 06sac- peructp ¥ BepuduiMpoBajach B HeM. [laHHbIe
TU, T[O3BOJISIET MPOBOAUTH IETAJbHBIA aHAIU3, 3a 2017 rog HakaIUIMBaJIUCh B OOJACTHOI MH-
B TOM YMCJIe CpefHell MPOJOKUTENbHOCTU dbopmauyonnoit cucreme <«MHOKIMHMKA» C
sknm3uu 1o kmnaccam MKbB-X [1,2,7]. Takass uH- MOC/IeAYIONIEell BBITPY3KOi B peructp. JocTtoBep-
dopmaiusa 06/agaeT BBICOKOM BOCTPeGOBAaHHO- HOCTb MHGpOpMauuy ob6ecrieunBagach BCTPOEH-
CTPIO OpraHM3aToOpaMy 34paBOOXpaHEHMS IJIsl HBIMM B PETUCTP MPOTPAaMMHBIMU CpeICTBAMMU,
OIIEHK!M pe3yJbTaTOB paboT U MPUHSITUS YIIPaB- MeTOAuKaMM U, TIpeXae BCero, BHEIITHUM MO-
JIeHYeCKMX pelleHuit. YCIeuHoMy BeIeHUI0 MO- nynem ACME (CDC, USA) aBTOMaTuU4yeCcKOro Of-
HUTOPUHTA CMEPTHOCTU CIIOCOOCTBYeT peaam3a- peneneHus TIePBOHAYAIBHOV MPUYMHBI CMEPTU B
LIMsl IPUHLUIIOB, U3JIOKEHHBIX B CTaThe [8]. COOTBETCTBMM C OOIIMM TPUHIIUIIOM, TpPEMsI

Ilenp paGoThl — aHa/IU3 CpeaHeli MPOHOoJ- MpaBMIaMM M IIecTblo Moaudurauusimu. Pe-
>skutenbHOCTH B 2017 romy B CpaBHEHMM C Tpe- TUCTP CcMepTHOCTU MedSS 6bUT cO3maH 3[apaBoO-
IBIOYIIMM TOJIOM. oxpaHeHueM TyIbCKOIM 006J1aCTVM B paMKax MeXK-

OOBEKTHI M METOABI UCC/IeTOBaHUs. B Ka- IYHAapOAHOTO MCC/IeOBaTENbCKOTO IIPOEKTa B
YyecTBe MCTOYHMKA MHAOOpMaUuUM ObLT MCIIOJb- 2003 romy [4,5]. HOng aHanm3a CMepPTHOCTH, B
30BaH PErvMOHAJbHBIA  PErucTp CMEPTHOCTHU TOM YMC/Ie CpelHell MPOAO/DKUTENbHOCTU KU3-
MedSS. danubie 3a 2016 rop HernocpeacTBEHHO HU, ObUla CO37aHa CrelyuaJbHas IIporpaMma
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AnMedSSk [3].

B ocHoBe aHami3a ObLI MCIOJb30BAH METO/I
CyMMapHOJ (0600ILIEHHOI) OLIEHKM CMEPTHOCTU
HaceJIeHMsI, KOTOPbIii MOAPO6GHO M3JIOKEH B CTa-
Tbe [9]. DTOT MeTo[ 00beauHseT TpU HaKkTOpa:

1. Oons ymepunx: V=C/D, tme C — 4mucio
yMeplux 1o a”Hanusupyemomy kinaccy MKB-X; V
— YCJI0 YMeplIuX 1o BceM kiaccam MKB-X.

2. OueHKa 10 cpefHel MPOIOKUTETbHOCTU
skusau: P=T/P, rme T — cpeaHssl IPOOO/IKUTENb-
HOCTb XM3HM 110 BceM Kiaccam MKB-X; P — cpef-
HSIS TPOJIO/DKUTEIbHOCTD SKM3HU 110 aHaIu3upye-
momy knaccy MKB-X.

3. OLleHKa HEeJIMHENHOCTU OMHAMMUKU CMepT-
HOCTU: R — OISl yMepIIMX JINL], He JOXKUBIIUX [0
50 nert [4].

CymMmapHast OIeHKa C Y4eTOM 3SKCIEePTHOI
JI0JIEBOJA OLIeHKU:

V- k.D +Kk,S +k;R
k, +k, +Kk,
rme k; — BecoBOii KO3(pGUIMEHT, BbIOMpPaeMblii
SKCIIEPTHBIM ITyTEM IIO JIIOOOJ IIKase.

PesyinbTaThl U UX 00CyXAeHUe. PacueTom
YCTAHOBJIEHO, YTO CpemHsISI MPOJOKUTENBbHOCTD
SKM3HUM HacejJeHMsI 0 BCeM KJIaccaMm COCTaBJsieT
B Tynbckoit obmactu B 2017 rogy 71,468 rop, B
TOM 4YMC/ie MYXXUYUH — 65,296, skeHIINH — 76,817,
a B 2016 rony 70,642, B TOM uucC/ie MYKUYUH —
64,368, xxeHuIuH — 76,311. Kpome ToOro, mos He
Ioxkusiux go 50 yet (B %) Mo BceM KjaccaM CO-
craBasier B Tynabckoit obmactu B 2017 romy
10,470, B ToM unciie my>kuuH — 16,199, >keHIINH —
5,505, a B 2016 rogy 11,561, B TOM uuciie MyxK-
yyHbl — 17,922, 5keH1yHbI — 5,814.

PesynbraThl pacyetra cpegHeil MPOIOJIKA-
TEJIbHOCTU XKU3HM 10 K&KAOMY M3 KJIacCOB IMPU-
BeleHbl B Taou. 1.

IOnst 06GOOIEHHO! OLIEHKM [0 BCEM TPEM
dakTopam (moJist yMepUIUX, CPEeTHSSI TPOIOJIKI-
TEJIbHOCTD KM3HU, TOJIST He TOXUBIIUX M0 50 jerT)
ObLT TIPOBEIEH pacyeT I10 YKa3aHHOMY BBIIe
anroputmy (Tabi. 2).

W3 mnpusemeHHOi Tabg. 1 BUOHO, UTO IO
ykazaHHbiM Kkiaccam MKB-X, kpome I (Hekoro-
pble MHGEKIVOHHbIe U IapasuTapHble 06o0Jes-
HM), MMeeT MeCTO YyBeJuueHue CpenHeit IMpo-
OOJDKUTETbHOCTY XM3HU, a Takke B OOJbUIMH-
CTBE Cay4yaeB IpeXAeBPEeMEHHbBIN YXOI U3 >KU3-
HU (He moxkwiau Ao 50 jer), mpexme BCero y
MyxuMH. Tem He MeHee, cymMMapHas (0606-
IeHHas) oleHKa (Tab. 2) CrIakKUBaeT 3TOT OIl-
TUMMCTUUECKUIA B3IJIAA Ha CUTyaluio, yMeHb-

mas IMOJIOKUTEJIbHYIO OLI€HKY.

Tabnuya 1

Cpe,umm MPOOO/DKUTE/NIPHOCTD JKU3HM HacCeJIeHUs

Tyabckas oonacte B 2016 - 2017 rogax

Kiacc| 2016 rop, 2017 ro

I,

MKB- daxkTopbI

Bce M XX | Bce M

K

I |{Jons ymepunx (V) 10,0102/0,0136/0,0071/0,0082/0,0107

0,0060]

CpeIHsIs TpOAoJI-

43,997144,05243,90044:3,248{43,280,
PKMTEJIbHOCTD KM3HU

43,199

[TOJIST He JOKUBILMUX

imo 50 net (%) 70,238

70,000[70,652(71,053|70,435

72,000}

II [Jonsa ymepmunx 0,151]0,170|0,134|0,160|0,186

0,138

CpenHsISI TpOAOJI-

67,715
PKUTEJIbHOCTbD JKU3HU

66,42869,194168,212/66,786

69,874

[ToJIs1 He JOSKMBILMUX

10 50 neT (%) 6,727

6,390|7,114 6,665 | 6,015

7,423

IX [Jons ymepuimx 0,42710,400|0,451|0,457 |0,418

0,490

CpenHsIs IpOJOJI-

74,275
PKMTENbHOCTD XU3HU

68,090(79,232(75,262(69,083

79,834

[ToJIs He MOKUBIINX

imo 50 et (%) 5,962

10,406 2,400 | 5,171 | 8,735

2,533

o151 ymMmepiumx 0,045 0,061 0,031 /0,043 0,057

0,031

CpenHsIs TpOAoJI-

70,091
PKUTEJIbBHOCTD KU3HU

66,739176,10772,131|67,961

78,815

1o/ He JOKUBILUX

1o 50 et (%) 11,300/13,966 6,516 |110,03013,029

5,222

XI |Joss ymepmux 0,053]0,059|0,048|0,053 | 0,064

0,045

CpenHsIS TpOAoJI-

61,204{56,669/66,273|62,68958,677,
PKUTENbHOCTb KM3HU

67,440)

[ToJIST He JOSKMBILMUX

10 50 ner (%) 26,008[33,429

17,71324,919/30,988

17,730

XX |[Jonst ymepmmnx 0,075]0,120(0,034 | 0,066 0,110

0,028

CpeIHsIs TpOJoJI-

50,23548,191
PKMTENbHOCTD XU3HU

56,815/50,89348,621

58,506

ToJIst He TOKMUBIIMX

49,595/52,970[38,724148,56452,966

imo 50 et (%)

33,807
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Tabnauya 2

CymMmMapHas oLleHKa
(k1=0,2; k2=0,7; k3=0,3)

2016 rog, 2017 rog,

Knacc

MKB-X| Bce M X Bce M X

I 1,11390|1,02962|1,19182(1,14297|1,05794

1,218291

II 10,65053|0,60955|0,68345|0,65451(0,61636| 0,682

85

IX |0,64087|0,644130,64299|0,64302(0,64286| 0,649

29

X ]0,62367(0,60769|0,60635|0,61021(0,60253| 0,586

77

XI |0,74714|0,75599(0,72397|0,73615|0,73727| 0,716

27

XX [0,95679(0,93157|0,88598|0,95157(0,93414

0,85509

Takoro poja MHTerpajbHbIii pacueT obna-

IaeT HeIOCTaTKOM: BBIOOP BeCOBBIX K03hduiu-
€HTOB (KO3(PUIIMEHTOB BAKHOCTU) OCYIIECTB-
JIIETCST DKCIEPTHBIM TIYyTEM, UTO BHOCUT HEKO-
TOPYI0 CYOBEKTMBHOCTb B  Pe3YJIbTUPYIOIIYIO
OIIeHKY. B paMKax BBIIIOJTHEHHOTO HaMM pacue-
Ta M3MEHEeHUS 3HaueHUil 3TUX KO3(P UIMEHTOB
B Ipefenax Pa3yMHOTO He IIPUBOAMI K Cylle-



BECTHUK HOBBIX MEJUIIMHCKUX TEXHOJIOTUM - 2018 - T. 25, Ne 1 - C. 91-95

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P.91-95

CTBEHHBIM U3MEHEeHMSIM pe3yabTUpyolLen
oneHky Y. HeobxomyMo OTMETUTb, UTO B IPU-
BEeIEHHBIX pacueTrax (TabJ. 2) MeHbIIEMY 3Hade-
HUIO DPe3yJbTUPYIOLIEl OLIeHKM Y COOTBETCTBY-
10T Jiyylnas CUTyalus.

Hauxymmas cutyarus Habmiomaetcss 1mo [
KJIacCy, THe CpemHss MPOAODKUTENbHOCTDh >KU3-
HM CTaja MeHblle 44 jeT U TPOAODKaeT
yMeHbIIaThcsd. KpoMe TOro, HaG/MOgaeTcss OYeHb
Gosbllasg DO He JoXMBIIMX mo 50 ner.

TpaBMbl M OTpaB/ieHMs], IpenCTaBIEHHbIE
XX kimaccoMm (BHeIIHME MPUYMHBI 3a60/IeBaeMO-
CTU U CMEPTHOCTM), TaKXKe XapaKTepu3yroTcs
HeOOJIbIION CpeaHell MPOMO/KUTEIbHOCTU JKU3-
HM, BBICOKOI [JoOjeil He JOXMBIIMX m0 50 ner,
HO B MeHbIIeil cremeHu. IIpuM 3TOM HabGmOHa-
eTcsl HeOoJbIllas TEeHOEHIMsS YBEeJIUUEeHUS Cpem-
Heil TMPOAO/DKUTENBHOCTM JKM3HM, OCOGEHHO
3aMeTHasl y JXKeHIIVH.

Haunyumas aguHaMmuka Ha6momaeTcs IO
knaccy XI (bomesHu oOpraHoB MuileBapeHUs),
rae CpedHsiss TMPONOJDKUTENbHOCTh >KU3HM 3a-
MeTHO yBenuumnachk B 2017 rogy. Xopowast gu-
Hamuka BuaHa 1o II kiaccy (HoBoo6GpasoBa-
HUST). 3HAYMMOCTb 3TOTO YCUIMBAETCS OGOJIBIIUM

YUCAOM YMEPIIMUX U, B TOXKE BpeMs, YBeIUUU-
BaeT MHTErpajbHYI0 OLIEHKY.

Ilo 6onesHsM opraHoB nbIxaHusl (kiaacc X)
MpPOCMaTpUBAETCs TIOJMOXKUTE/NbHAsI OMHAMMUKA B
CcpelHeil MPOAO/IKUTENbHOCTU >XU3HU, Ipexie-
BpeMeHHOM yXofAe M3 XM3HU U MOATBEpPXKIaeT-
¢ yMeHbIlIeH/EeM BeJIMUMHbl MHTErpajbHOM
OLIEHKN.

BonesHu cucrtembl KpoBooGpareHus (Kiaacc
IX) xapakTepmsyloTcsi yBeIMYEHMEM WUX OONU,
yBe/lMueHreM  CpellHeii  MPOJOIKUTETbHOCTU
SKM3HM, HO CyMMapHas (MHTerpajbHas) OLleHKa
yKa3blBaeT Ha KOMIIEHCALMIO CpelHel MpOomoJi-
SKUTEIBHOCTU KMU3HU yBeIMYEHNEM CMEPTHOCTMU.

Panxupys pe3yJbTaThl VHTErpaIbHOM
OLleHKM (OT JIy4IlIero K XynlieMy) MOayuYuM:

mias Bcex B 2017 ropy - X, IX, II, XI, XX, I;

o myxkumH B 2017 ropy - X, II, IX, XI, XX, I;
mis xkeHmuH B 2017 ropy — X, IX, 11, XI, XX, I.

BoiBOABI:

1. TIpuBeeHHbIE pacUeThl YKa3bIBAIOT HA
TeHIEHIMI0 K Y/IydllleHUIo I0 MHOTMM Kjaccam
60J1e3Hel, Ime CMepTHOCTh HauboJIbIlas.

2. Meton cyMMapHO! OLIEHKM CMEpPTHOCTU
HacejeHMs TIO3BOJISIET OIEHUTh OUHAMMKY (hak-
TOPOB pa3HO} HaIpaBlI€HHOCTMU.

ANALYSIS OF THE AVERAGE LIFE STANDARDS OF THE POPULATION OF THE TULA REGION IN
2016-2017

A.A. TRET"YAKOV’, K.YU. KITANINA™, A.G. LASTOVETSKIY ™, V.A. KHROMUSHIN™

"Ministry of Health of Tula region, str. Oboronnaya, 114g, Tula, 300045, Russia
" Tula State University, Lenin Avenue, 92, Tula, 300028, Russia
“* Central Research Institute of Health Organization and Informatization,
Dobrolyubova Str. 11, Moscow, 127254, Russia

Abstract. A detailed analysis of the average life expectancy in the ICD-X classes conducted by the
healthcare of the Tula region within the framework of mortality monitoring is highly demanded by the
health care organizers to evaluate the results of work and make managerial decisions.

In the article, the average life expectancy at the end of 2017 was compared with the previous year by
the method of summary (generalizing) estimates of the mortality of the population. Reliability of the infor-
mation was provided by software tools, methods and, above all, an external module for automatic determi-
nation of the original cause of death, used in the regional mortality register.

The calculation found that the average life expectancy of the population in all classes is 71,468 in the
Tula region in 2017, including men - 65,296, women - 76,817, and in 2016 70,642, including men - 64,368,
women - 76,311 ; the proportion of those who did not reach the age of 50 (in%) for all classes is 10,470 in
the Tula region in 2017, including men - 16,199, women - 5,505, and in 2016 11,561, including men - 17,922,
women - 5,814. It is shown that, by classes X, IX, II, XI, XX, ICD-X, the situation improves, and in class I -
deterioration. The best dynamics is observed in class XI, where the average life expectancy increased signif-
icantly in 2017.

Based on the calculations performed, conclusions were made on the tendency of improving the situa-
tion in many classes of diseases, where mortality is greatest, and the method of summary estimation of the
death rate of the population in three factors (the proportion of the deceased, life expectancy, and the pro-

93



BECTHUK HOBBIX MEJIWIIMHCKUX TEXHOJIOTUI - 2018 - T.25, Ne1 - C.91-95

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P.91-95

portion of those who did not reach the age of 50) made it possible to evaluate the dynamics of factors of dif-

ferent orientations.

Keywords: monitoring, analysis, mortality, life expectancy.
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MATEMATUYECKOE MOJEJIMPOBAHME OIITUKOAKYCTUYECKOI'O CUTHAJIA OT
PUTPOLINTOB

H.A. KPABUVK, N.5. CTAPYEHKO

@IrAOY BO «FOxcHbili pedepanvhelii yHusepcumem» HHIII, yi. Illeguenko, 2, kopn. «E» , 2. TazaHpoez, 347922,
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Aunortauus. [IpoBefeHO MaTeMaTHMUYECKMEe MOMEIMPOBAHME TeHepaly ONTOAKYCTUUECKOTO CUTHAIa
OT UCTOYHMKA chepuueckoit popmbl. ITockoabky 80% 3pUTPOLNTOB UMEIOT chepudecKyio GopMy, ITIOITOMY
paccMaTpuBagach Mofiesib chepuueckux MCTOYHMKOB ONMTOAKYCTMUECKOTO CUMTHaja. IIpy BO3meiicTBUM Ha
OMOKUIKOCTD (KPOBb) JIa3epPHBIM MMITY/IbCOM, MPOMUCXOOUT TEPMUUECKOE pacIlMpeHye B KUIKOCTU, KOTO-
poe TMpezAcTaBseT co60i MPOIeCC MOIJIONIEHNMS CBETa B OIPaHMUEHHOM 06beMe C MOC/eAYIoNIell TEerIoBO
penakcaiyeit 1 u3aydeHmueM yIbTPa3BYKOBBIX BOJTH. MeXaHM3M TEeIJIOBOTO paciMpeHys MpeacTaBIsIeT UH-
Tepec IJis MPYMEHEeHUSI B MEeIUIIMHCKOI AMAarHOCTUKE, T.K. OH SIBJISETCSI HEMHBA3MBHBIM METOIOM MCCIIe-
IOBaHUt. 3Hast 3aKOHBI GOPMUPOBAHMS ONITOAKYCTUUECKOTO CUTHAIA OT 0OBEKTOB cepuueckoit GopmMbl, B
pes3yabTaTe BO3OEMCTBUS Jla3epa, MOKHO OIpeIeIuUTb KOIMYECTBO KPOBSHBIX Tesyel. OITOaKyCTUUECKe
CUTHAJIbI MOTYT MCIIOJIb30BaThCs ISl M300pakeHNsI IIPOCTPAHCTBEHHOIO pacIipefiesieHus ONMTUYECKUX I10-
rjaotuteseit. B pabore paspaboTaHa MaTeMaTHuecKast MOJeb, OMMChIBAOIIAs Ipoiiecc GopMuUpoBaHMs OII-
TOAKyCTMYECKOrO CHUTHA/IAa OT SPUTPOLUTOB HAIIIAHO JeMOHCTPUPYET BO3MOXKHOCTb CO3JAaHMS JIa3€PHOTr0O
yumomempa in vivo. PellleHO BOJTHOBOE ypaBHEHME [JIT KOPOTKOTO JIa3€pPHOTO MMITY/Ibca U chepuuecKoit
(opMBbI MCTOUYHMKA ONTOAKYCTMUECKOTO CMTHAJIA B KMAKOCTU. PaccuMTaHbl aMILIUTYAbI 3BYKOBOTO JaBJe-
HMSI, IOCTPOEH YaCTOTHbIN CIIEKTP CUTHAJA [/ISI PeaJbHbIX Pa3MepPOB 3PUTPOIIMTOB C YIETOM CPEbI IIOTJIO-
IIeHNS JIAa3€PHOTO U3TyUeHMs .

KiroueBble jioBa: jia3ep, AMArHOCTMKA, ONITOAKYCTUUECKIE BOJIHbI, 6MOKIMAKOCTDb, SPUTPOLIUTEI, cde-
pUYecKme MCTOUHMUKMN.

BBenenme. OmnTuuyeckue U TepMOYIPyTue oTtobpaskaTh 6o0jiee TITy60KMe TKaHY MO0 CPAaBHEHUIO
CBOVICTBA TKaHM MOSKHO MCCJIeIOBaTh ITyTeM OOHa- C TpPagUIIMOHHBIMM YJIbTPa3BYKOBbBIMM MeTOHaAMU
py>keHMsI BOJIH 3BYKOBOTO [aBJe€HMs, C MCIIOJIb30- BU3yaIM3aluu. MeTolbl ONTOaKyCTUYECKON IMOTO-
BaHMEM YJIbTPA3BYKOBBIX TEXHOJIOTMIA, MOCTE OC- KOMETPUM TaKKe MCIIONb30BANCh i1 OOHapysKe-
BEIeHMS JIa3epPHbIM U3ITyYeHeM. ITOMY CIIOCO6y HUSI IIUPKYAUPYIOMIUX KJIETOK MeJaHOMBbI B KPOBU
MIPUCYIIU ABa MpeuMylnecTBa. [Ipu onroakyctuue- yejioBeKa U auM@aTuieckux ysnax [7]. B gpyrom
CKOJ BU3yalM3aluu, TKaHU OOBIYHO OOTYYAIOTCS uccmenoBanuu OA MeTonm  Hapsimy € OOBIYHBIM
Jla3epoM C KOPOTKMM MMITyJabCcOM. TKaHM MOrJo- YJIbTPa3BYKOBBIM OTOOpakeHUEM ObLT peasn3oBaH
IIAI0T SHEPIUI0 MaAaloliero u3jayyeHus, HarpeBa- IUIST OOHApY>KeHMS M CTaaMpOBaHMs TPOMOO3a IITy-
IOTCS, TIOABEPTralTCs TEPMOYIPYTUM PaCIIUPEHU- 60KMx BeH [8]. BosbIas yacTb 3pUTPOIIUTOB, a ITO
SIM M 3aT€M reHEPUPYIOT Y/IbTPa3BYKOBbIE BOJHBDI. 80%, MMeeT OBOSIKOBOTHYTYIO cepuueckyio dop-

V306paskeHusT MOTYT OBbIThb CreHEPUPOBAaHBI C my. Okosio 20% MOryT MMeTb OPYTYIO: OBAaJbHYIO,
JIy4Illeii KOHTPAaCTHOCTbIO, YeM OOBbIUHbBIE YJIbTpa- yaieobpasHyw, chepuyeckyio, CEproBUIHYIO, T0-
3BYKOBbBIE M3006PaKEHMs, a TAKKe M300pasKeHMs C 3TOMY HaMM U TPOBOAMIUCH UCCIeNOBaHUS TeHe-
nomoujpto onmoaxkycmuueckozo cueHana (OAC) moryt pauuy ONTOaKyCTMYECKOTO CMrHala JJIsl pacceuBa-
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Teneit chepuyeckoit Gopmbl.

ILlenp mccnemoBaHMsA — paspaboraTh MaTe-
MaTUYECKyI0 MOZE/Tb OIMMCHIBAIINYI0 (HopMMpo-
BaHue OAC oT chepuueckoro MCTOYHMUKA ITOTJIO-
LIeHUs Ha IpUMepPe 3PUTPOLUTA.

BonHOBOe ypaBHeHMe [Js1 JaBJeHMs, CO37a-
BaeMOro IMpy IOIVIOIEHUM OTNTUYeCKOro M3Jyde-

HMS TIPY YCIIOBUM T€PMOM3OJISILIVIN :
\v& _L@z_ﬂaiH
viott  C, ot
rome f — Ko3(pduiMeHT u306apHOro0 TEIIOBOTO
paciiupenusi, Cp — TeIIOEMKOCTb Ha eIMHUITY

Macchl, V, — CKOPOCTb 3ByKa B OCBeILIeHHO} 00-

Jactu. 3aech H — TerioBasi 3Heprusi, BoiaessieMast
ONTUYECKUM MU3Ty4YeHUEM B eIUHUIY BpEMEHU U
ob6beme [5].

Permiasg HeogHOpPOHOE ypaBHEHME B YaCTHBIX
MPOU3BOJHBIX, MOXXHO TOJTYUYUTh aHAJIUTUUECKIE
pellieHUs] ypaBHEHUS [JiS HEKOTOPBIX IMPOCTHIX
reoMeTpuii (Hampumep, cjios, HUAUHAPA, chepbl U
T. [I.) C UCIIOJb30BaHMEM COOTBETCTBYIOLIUX TI'pa-
HUYHBIX YCJIO0BUIA, @ UMEHHO HelpepbIBHOCTY JIaB-
JIeHUSI ¥ HOPMAaIbHOM COCTaBJSIIOIIE CKOPOCTU
vactul,. JaBnenne OAC i1 paBHOMEPHOTO OCBe-
meHust chepuuecKkoro TOIIOTUTENST Ha PacCTosI-
HUM ' B OKpYsKaloliei cpefie MOXKHO HalTH Kax [5]

27C,(r/a) 2, ; N sing
ol

q

—cosq-%—ip\:sinq

rae 6e3pasMepHasl 4acToTa ¢ , o — PajMUyC MOIJI0-
TUTeNs chepudeckoir GopmMbl, 6e3pasMepHbIie Be-

JMYMHBL p=p [ p, W v=v, /v, IPENCTABISIOT CO-

6071 OTHOIIIEHMS TUIOTHOCTU ¥ CKOPOCTM 3BYKa CO-
OTBeTCTBeHHO. VIHAEKCHI S U f COOTBETCTBYIOT I10-
[JIOTUTEJII0 U OKpYKawluei XKUAKOM cpene COOT-

A

BETCTBEHHO, 7 0Oe3pa3MepHOe BpeMsl.
Marepuanbl ¥M MeTOABI MCC/IeIOBaHMA.
[IpoBegeHO ABYMEepHOe MOAeNMpOBaHMEe HA MPU-
Mepe 06pasiia KpoBy cocTosIeit Ha 98% u3 spuT-
POIIMTOB, BKJIAJ B IOIJIOIIEHME ONTUYECKOTO M3-
JYYeHUs JIeMKOIUTAMU Y TPOMOOIIUTaMU HaMy He
yunTbiBasics. CpenHMii paauyc SPUTPOIUTOB
MpuMeM pPaBHBIM 2,7 MKM, IUIOTHOCTb B 3PUTPO-
uuTax ps =1090 Kkr/m®, ckopocTb 3Byka 1090 m/c.
3HaueHMe TUIOTHOCTU Cpelibl B KOTOPOI HaxOoOu-
JIUCh 3PUTPOIUTHI pr=1005 Kr/mM> M CKOPOCTU 3BY-
Ka v=1498 m/c. [7] CumTanoch, 4TO KJIETKU MOJ-
Beprajiucb BO3OEMCTBUIO Jjla3epa C ITOCTOSIHHOM
MHTEHCUBHOCTbIO HE 3aBUCMMO OT MX OpUEHTa-
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uyy. IlapaMeTpbl Jiasepa ObUIM BBIOpAHbI ISt
umMerorericst ycraHoBku LIMO 100-532 /1064-U
nasep Nd:YAG ¢ pUKCUPOBAHHOJ OJIVMHONM BOJIHBI
1064 HM, OJIUTENBHOCTHIO UMITY/IbCa 84 HC, 4aCTO-
TOW MOBTOpeHMs UMITY/JbCOB 10 KI'L, C 1e/bIo
JanbHeNIlel MpoBepKU pe3ysbTaTOB MOZEIUpPO-
BaHMS C IOMOLIbIO SKCIlepuMeHTa [1-4].

Bymem cumuTaTh, 4TO aKyCTUUYECKME BOJIHbI
reHepupyeMble 4acTUIIAMM He B3aMMOENCTBYIOT
MeXay coboit ¥ He MMEIOT MHOTOKPATHOIO pac-
cestHusl. Takum ob6pasom, umest OA cUTHAI OT Of-
HOT'O MCTOUYHMKA MOSKHO, YUUTBIBasE MHTepdepeH-
IIVI0 BOJIH ABJIEHUS OT HECKOJIBKUX CHepuIecKmnx
MCTOYHMKOB M0 MPUHIIUITY CyTIePIIO3UIIMii, MOXHO
3amucatb (GOPMY/IY 3aBUCUMOCTYM HABJAEHMS Ha
MHOXeCTBa MUCTOYHUKOB

em, (Ir=r|-2)

{sin g—qcos q:i N

ooa [ ) iupI Vi
b I(q]: C

» ; [l_bj[sit? /
q
IMonyueHHass ¢opMy/ia OIMCHIBAET 3aBUCHU-
MOCTh aKyCTMUECKOTO HABJEHUSI OT UCTOUYHUKOB
chepuueckoii GOpMbI ¢ yUeTOM ITPOCTPAHCTBEHHO-
IO pacIpeeeHus: SpUTPoLuTOB. e r — paccTos-
HIMe [0 TOUKM HaOJIOIeHMsI, BEKTOP 7, YKa3bIBaeT
HaripaBjIeHye Ha N-3i SpUTPOLUT B IIPOCTPAHCTBE.

el ‘r*rn‘

]—cosqﬂpvsinq

Hasnexnne P

.
308
x10°

i i i i i
392 343 294 365 396 397
Bpewmat, ¢

i I
39 39

Puc. 1. CurHas mony4eHHbI IPpU MOJAENTUPOBAHUN OT
OJHOTO 3pUTPOLUTA

PesyabTaThl M UX 06CYKaeHMe. Mogenupo-
BaHMeE IPOBOAWIOCH 6e3 yueTa arperauyuym SpuUT-
POLIUTOB, OpMa SPUTPOLIUTOB CUMTAIACh chepu-
yeckoit. D@deKTbl ABOIHOTO ¥ MHOTOKPATHOIO
paccesTHUsI CBETOBBIX BOJIH IMPeHEOPEKMO MaJlbl.
KoadduumeHTsl ONTUUYECKOTO ITOTJIOIIEHUS ST
chepmueckux KIE€TOK CUUTAIUCh OOMHAKOBBIMMA.
Mogenb 6bl1a TPOCTPOEHA M paccuuTaHa B 060-
nouke Matlab, pe3ynbTaThl pacyeTOB IpeICTaBIe-
HBbI Ha puc. 1 u 2.
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ITo pesynbTaTaM pacueToB BUIHO, MOJeNb
IeMOHCTPUPYET YBeJMUeH)e aMIUIUTYIbl CUTHAIa
10 Mepe yBeJIM4YeHMs KOHIIEHTpaIuu yactuil. Yem
BbIIlIe KOHILIEHTpALVs, TeM OOJbIIE MCTOYHUKOB
reHepanuy ONTOaKyCTUUECKOTO CUIHAJIA.

w10’

i 1 L 1
0 100 200 300 400 500 600
Yacrora f, My

Puc. 2. YacTOTHBII CIIeKTp, GopMUpyeMblit OGHUM
sputpounToM chepuueckoit GopMer
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Puc. 3. YacTOTHBI# crieKTp, GOpMUPYEMblii IBALLIATHIO
sputpountamu chepnyeckoit Gopmsl

BeiBoasbl. briio 0TMeueHO, yTO ypoBeHb OA
CUrHaJla MOHOTOHHO BO3pacTaj 10 Mepe yBejauye-
HUSI KOHIIEHTpalUM 3PUTPOIUTOB. AMIUINTYIA
cnektpa OAC Bo3pacTana C yBeJM4YeHUeM Koamye-
CTBa MCTOYHMKOB (DOPMMPOBAHUS OMTOAKYCTUUE-
cKkoro curHana puc. 3. Ilo pesynbratam MOZE/IN-
pOBaHMS, MOXXHO TOBOPUTb 06 aJeKBaTHOCTU
MpenJIOKeHHOV MOZENM pacueTa IOJsl ONTOaKy-
CTUYECKOTO CUTHaJIa OT chepruueckux MCTOUYHUKOB
TOT/IOIIeHUSI.

[pennoxkeHHass Teopust TpebyeT MalbHEIIero
PasBUTHUS IS CJTy4YaeB, KOrjga OYAyT YUUTHIBAThCS
3¢ deKTbl MHOTOKPATHOTO PacCesTHMSI, HeperyJsp-
HOCTb (DOPMbI SPUTPOIIUTOB, KUCIOPOJAOHACHIIEH-
HOCTb M YPOBEHb arperanuu. PaspaboraHHas Mo-
Jlelb TI03BOJISIET, 3HAs 3aKOH (POpMMpOBAHUS aM-
IVIUTYObl OaBlI€HUS OT HEeCKOJIbKUX MCTOUYHUKOB

K [
ONTOAKYCTMYECKOTO CHTHANMA P (qj, OCTpO-

UTh MOJIE/Tb TI0JTy4aeMOro CMTHaJIa OT chepuuecKux
SPUTPOLUTOB. JIJIs 3TOr0 HeO6XOAMMO 3a1aTh CITy-
yajiHoe paclipejiejieHi e SPUTPOLINTOB B 3aJaHHOM
obbeMe C yueToM reMaTOKpUTa M YPOBHSI arpera-
uym. Takoit mogxon TpebyeT MPOIO/DKEHMsT UCCITe-
JIOBaHMIA B 00J1aCTV M3YUYEeHMS ITpoliecca reHepauymn
OIITOAKyCTUUECKOTO CUTHAJIA B pe3yJibTaTe BO3el-
CTBUS Jla3zepa Ha Mpoby KpoBu. Ecim o6ydath j1a-
3epHBIM MMITYJIbCOM OMOKUAKOCTDb, COAEPSKAIIYIO
remorio6uH, To OAC B KpoBU OYAET UMETb YHU-
KaJIbHBIM BUJ, COOTBETCTBYIOIIMIT BIIOJIHE OIpene-
JIEHHOMY KOJIMYECTBY KPaCHbIX KPOBSIHBIX TeJIell.
TakuM 00pa3soM, MOKHO OLIEHUTh COCTaB KPOBU U
KOJIMYECTBO KPOBSIHBIX Tejiell. [[poBeleHHOEe Mofe-
JIMPOBaHMe TO3BOJISIET MPOAODKUTh PaboThI MPO-
BonmuMble B [1-3] mo pa3paboTke ajropuMTMa Ayar-
HOCTUKM KI€TOK B KPOBOTOKE METOZOM IPOTOYHO¥
LIMTOMETPUH in Vivo.

MATHEMATICAL MODELING OF OPTOACOUSTIC SIGNAL FROM ERYTHROCYTES

D.A. KRAVCHUK, I.B. STARCHENKO

Southern Federal University, Taganrog, Shevchenko street, 2, building. "E", Taganrog, 347922, Russia,
e-mail: kravchukda@sfedu.ru

Abstract. The authors have carried out mathematical modeling of generation of an optoacoustic signal
from a spherical source. Since 80% of erythrocytes are spherical, it is a model of spherical sources of optoac-
oustic signal that was considered. When biofluid (blood) is exposed to a laser pulse, it undergoes thermal
expansion, which is the process of absorption of light in a limited volume followed by thermal relaxation
and radiation of ultrasonic waves. The mechanism of thermal expansion is of interest for medical diagnos-
tics, as it is a non-invasive method of research. Knowing the laws of formation of optoacoustic signal from
spherical objects as a result of exposure to laser makes it possible to determine the number of blood corpus-
cles. Optoacoustic signals can be used to represent the spatial distribution of optical absorbers. The paper
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presents a mathematical model which describes the process of formation of optoacoustic signal from eryt-
hrocytes, and clearly demonstrates the possibility of creating a laser-based in vivo cytometer. The wave equa-
tion is solved for short laser pulse and spherical shape of the source of optoacoustic signal in the fluid. The
amplitudes of sound pressure are calculated, and the frequency spectrum of the signal is constructed for real
sizes of erythrocytes, taking into account the laser radiation absorption medium.

Keywords: laser, diagnostics, optoacoustic waves, biofluid, erythrocytes, spherical sources.

Introduction. The optical and thermoelastic
properties of tissues can be investigated by detect-
ing sound pressure waves using ultrasound tech-
nology after illumination with laser radiation. This
method has two advantages. With optoacoustic im-
aging, tissues are usually irradiated using a short
pulse laser. The tissues absorb the energy of the
incident radiation, heat, undergo thermoelastic ex-
pansions, and then generate ultrasonic waves.

Images can be generated with better contrast
than in the case of conventional ultrasound im-
ages; moreover, the images received using optoac-
oustic signal (OAS) can represent deeper tissues as
compared to conventional ultrasound imaging
techniques. Methods of optoacoustic flowmetry
were also used to detect circulating melanoma
cells in human blood and lymph nodes [7]. In
another study, the optoacoustic method was used
along with conventional ultrasound imaging to
detect and stage deep vein thrombosis [8]. Most of
the red blood cells, and that is 80%, are of bicon-
cave spherical shape. About 20% can be of some
other shape: oval, cup-shaped, spherical, sickle-
shaped; therefore, we conducted research of op-
toacoustic signal generation for scatterers of
spherical shape.

The goal of the study was to develop a ma-
thematical model describing the formation of OAS
from a spherical absorption source using an eryt-
hrocyte as an example.

The wave equation for the pressure created
when optical radiation is absorbed under the con-
ditions of thermal insulation:

2 1 azp _
viott  C, ot
where £ is the isobaric thermal expansion coeffi-

B oH

cient, Cp is the heat capacity per unit weight, v, is

the speed of sound in the illuminated area. Here, H
is the thermal energy released by the optical radia-
tion per unit time per unit volume [5].

Solving the non-homogeneous partial diffe-
rential equation, one can obtain analytical solu-
tions of the equation for some simple geometries
(for example, a layer, a cylinder, a sphere, etc.)
with the appropriate boundary conditions, namely,
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the continuity of pressure and the normal compo-
nent of particle velocity. The pressure of an OAS
for uniform illumination of a spherical absorber at
distance r in the surrounding medium can be
found as [5]

i,u,BFV: %d . |:sinq7qcos q:|

P [T]=2nCp(r/a)_J; q { . . R .
2 sing A
q (lfp) —— |—cosq+ipvsing

~igr

e

q

where dimensionless frequency is 4, a is the ra-
dius of the spherical absorber, dimensionless val-

ues p=p, /p, and y= v, /v, are density and sound

velocity ratios, respectively. The subscripts s and f
correspond to the absorber and the surrounding

A

liquid medium, respectively, and 7 is dimension-
less time.

Materials and methods. We have carried out
two-dimensional modeling using the example of a
blood sample consisting of 98 per cent erythro-
cytes, not taking into account the contribution of
leukocytes and thrombocytes to the absorption of
optical radiation. The average radius of erythro-
cytes is assumed to be 2.7 yum, the density for
erythrocytes p=1090 kg/m3, the sound velocity
1090 m/s. The value of the density of the medium
in which the erythrocytes were placed
p~1005 kg/m? and the speed of sound v=1498 m/s.
[7] It was assumed that the cells were exposed to
laser of constant intensity, regardless of their
orientation. The parameters of laser were chosen
for the available LIMO 100-532/1064-U equip-
ment: Nd:YAG laser with a fixed wavelength of
1064 nm, pulse duration of 84 ns, pulse repetition
rate of 10 kHz, with a view of further verifying the
modeling results by means of experiment [1-4].

We shall assume that the acoustic waves gen-
erated by particles do not interact with each other
and do not have multiple scattering. Thus, having
an optoacoustic signal from one source, it is possi-
ble, taking into account the interference of pressure
waves from several spherical sources based on the
principle of superposition, to write the formula for
the dependence of pressure on multiple sources:
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q

The obtained formula describes the depen-
dence of acoustic pressure on sources of spherical
shape taking into account the spatial distribution
of erythrocytes. Where r is the distance to the ob-
servation point, and the vector r, indicates the di-
rection in space towards the nth erythrocyte.

Results and discussion. The modeling was
performed without taking into account the aggre-
gation of erythrocytes; the shape of the erythro-
cytes was assumed to be spherical. The effects of
double and multiple scattering of light waves are
negligible. The optical absorption coefficients for
spherical cells were assumed to be the identical.
The model was built and calculated in the Matlab
shell, the results of calculations are presented in
fig. 1 and 2.

x 10
T

s

W

Pressure P

34 365 398 397
Timet, s w10

L I
392 393

Fig. 1. The signal from one erythrocyte obtained as a
result of modeling

The results of the calculations show that the
model demonstrates an increase in the amplitude
of the signal as the concentration of particles in-
creases. The higher the concentration, the greater
is the number of sources generating optoacoustic
signal.

Conclusions. It was noted that the optoac-
oustic signal level increased monotonically as the
erythrocyte concentration increased. The ampli-
tude of the OAS spectrum increased with increas-
ing number of sources generating optoacoustic
signal (fig. 3). The results of modeling allow us to
speak about the adequacy of the proposed model
for calculating the field of optoacoustic signal
from spherical absorption sources.

100

0 100 SO0

Fig. 2. The frequency spectrum formed by a single
erythrocyte of spherical shape

Amplitude spectrum

L | L
300 400 500 600

Frequency f, MHz

i
200 700

Fig. 3. The frequency spectrum formed by twenty
erythrocytes of spherical shape

The proposed theory requires further devel-
opment for cases in which multiple scattering ef-
fects, irregular shape of erythrocytes, oxygen satu-
ration, and aggregation level will be taken into
account. The developed model makes it possible,
knowing the law of formation of amplitude of
pressure from several sources of optoacoustic sig-

several

nal p, (q), to construct a model of the signal

received from spherical erythrocytes. To do this, it
is necessary to define a random distribution of
erythrocytes in a given volume, taking into ac-
count the hematocrit and the aggregation level.
This approach requires further research into the
process of optoacoustic signal generation as a re-
sult of exposure of a blood sample to laser. If a bi-
ofluid containing hemoglobin is irradiated with a
laser pulse, the OAS in the blood will have a
unique form corresponding to a quite definite
number of red blood cells. Thus, the composition
of blood and the number of blood cells can be es-
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timated. The performed modeling makes it possi-
ble to continue the work carried out in [1-3] to de-
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velop an algorithm of detecting cells in the blood
stream using the method of in vivo flow cytometry.
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TOMEOCTATUYHOCTDb HEMPOCETEM MO3Tr'A
B.B. ECBKOB’, B.®. I[TISITUH™, JI.T. KJIIOC’, A.B. MUJIJIEP’

'BY BO «Cypzymckuii 2ocydapcmeaenHolii yuusepcumemy, ya. Jlenuna, 1, Cypzym, 628400, Poccus,
e-mail: firing.squad@mail.ru
“@I'BOY BO «Camapckuii 2ocydapcmeeHtpili meOuyuHckuli ynusepcumem» Murnsdpasa Poccuu,
ya. I'azapuna, 18, Camapa, 443079, Poccus

AnuHoTtanms. B cBs3u ¢ oTKpbITHEM 3¢ dekTa EcbkoBa-3MHUEHKO B OMOMeXaHMKe AJisI BcexX (DYHKIMO-
HaJIbHBIX CUCTEM OpTaHM3Ma YeIoBeKa JEMOHCTPUPYETCS CTOXacTMUYecKast HecTabuIbHOCTD. B 11e710M, GyH-
JaMeHTaJbHOI Mpo61eMOoli COBpeMEeHHBIX HelfpOHAaYK SIBJISeTcs MpobjieMa rpaHull MPUMEeHMMOCTH CTOXac-
TUYECKOro MOoJxX0/a. ITO 0O3HaYaeT OrpaHMueHe BO3MOXXHOCTY MTPUMEHUMOCTY CTaTUCTUKU (M CTOXACTUKU
B 11€JI0M) JIJIs OTIMCAHMSI pa3IMyHbIX IIPOIeCCOB B HeltpoceTsix Mo3ra. Hamu npeacTraBiaeHbl JOKa3aTeabCTBa
OTCYTCTBUSI CTATUCTUYECKOV YCTOWUMBOCTM Yy TIOAPSH, IOTyUYaeMbIX BBIGOPOK 3J€KTPO3HIIedasorpaMm y
OJHOI'0 UCITBITYEMOTO B HEM3MEHHOM roMeocTase. Ecium HeT ycToituMBoCT B paboTe HeiipoceTeli Mo3ra, TO
BO3HMKAaeT IpobaeMa xaoca 1 B 3¢ eKTOpHBIX opraHax, KOTOpbIe YIIPABISIOTCS HelipoceTsamMu Mo3ra. B ua-
CTHOCTHM, ITOKA3aHO OTCYTCTBME CTATUCTUUECKOI YCTOMUYMBOCTY B paboTe MbIIII. MaTpuIlsl MapHbIX CpaB-
HeHMiT BbIOOPOK 3JIEKTPOMMOTPAMM TOKE MOKAa3bIBAIOT HEYCTOMUMBOCTH CTATUCTUMUECKMX (DYHKLMIT pac-
npeneneHus f(x) s 3MeKTPOMMUOTpaMM B HeM3MeHHOM romMeocTtase. B 3Tom ciyyae umcso rmap coBnageHumii
BBIOOPOK k yMeHbItaeTcs ¢ k;=33 (ois anexktposuiiedanorpamMmm) no k,=12 (mas snekTpoMuorpamm). Bbicka-
3bIBAIOTCSI TIPENTIONIOKEHUSI O MeXaHM3MaX TaKOM CTOXaCTUUECKON HEYCTOMYMBOCTU KaK CyHephno3ULUu
Xa0ca MO3Ta C Xa0COM GMOTMOTEHIIMAIOB MBbIIIILI.

KnroueBbie cj1oBa: xaoc, HeiipoceTH, addekT EcbkoBa-3MHUEHKO, SJIEKTPOMMUOIPAMMEBI.

BBenenue. B ecTecTBO3HaHUM Ha3peBaeT raTeibHbIMU QYHKIMSIMY UeloBeKa.
npo6jeMa OTPaHMYEHHOCTM B OMMCAHUM PETYIIsI- OpHOBpeMeHHO, M3y4YyeHMe MBILIJIEHUS] U 3B-
UMY IBUTATEIbHbIX (DYHKIMIT CO CTOPOHBI UeH- PUCTUYECKON AEeSTETbHOCTY MO3Ta OObIYHO Jajlb-
mpaneHoli HepeHoli cucmemst (IHC) ¢ mosuiium Ille B paMKax CTOXaCTMKM He IPOUCXOIUT. Bcs
CTOXaCTUKU. B paMkax HOBOro mozpxona (meopus TICUXOJIOTUS TOKe 6a3mMpyeTcss Ha CTOXACTUUECKUX
xaoca-camoopzanusayuu — TXC) [1-6] mbl mocTy- MeTofax u3ydyeHus. B 1iejiom, B HelipoOHayKe [O0-
JIMpyeM ceiiuac KOOIlepanyui Xaoca M caMoopra- MMUHUPYET CTOXaCTUYeCKUi IOAX0, a MbI IIpeJia-
HM3aIMM, UTO COCTABJSIET NBOVCTBEHHYIO OCHOBY raemM Apyroi IOAXOA M TOHMMAaHMe TPUHIIUIIOB
C o0mieit HeonpeJeeHHOCThI0 B MPUHIIMIIAX pa- paboThl MO3ra. B OCHOBe 3TOro MojxoAa — Xaoc U
O0THI HelipoceTeii MO3ra, KaK M OPYTUX Peryis- camMoopraHmu3aiys, KOTOpble BBIXOIST 3a pPaMKu
TOPHBIX CTPYKTYp OpraHmusma uejioBeka [6,7,13- JleTepMUHNU3Ma U CTOXaCTUKHA.
16,20,25]. 06 3TOM BHEpBbIEe  3arOBOPWI Xaoc 1 HellpepbIBHASI CAMOOPraHu3aLys B M-
N.A. Bernstein [3] B 1947 r. HaMMKe HelpoceTeil TeMOHCTPUPYIOT OTCYTCTBUE

Hayka yske Goree cTa JIeT UCIONb3yeT IeTep- CTaTUCTUYUECKOM YCTOWYMBOCTM BBIOOPOK X; Tapa-
MMUHMCTCKME U CTOXaCTMYeCKyue MOAXO0bl B U3yJe- METPOB TrOMEeOCTaTu4YecKoro mosra. Her ycroiiun-
HUIU OTAEeIbHOTO HeVpOHA U HelpoceTell Mo3ra B BOCTM CTaTUCTUUYECKMX (YHKIMIT pacipemeneHus
uesoM. Momeny Ha ocHOBe (DYHKITMOHAIBHOTO aHa- BBIOOPOK  ITapaMeTpOB  3JlIeKMposHyedanozpamm
Ju3a — ypaBHeHue bisiipa, mopenb XOIKKMHA- (23r). Insa wHeitpocereit Habmomaercs fi(x)#fii(xy),
Xakciau, KOMNApmmeHMHO-KIACmepHast — meopust rme j — HoMep Jt060Jt BBIOOPKM B IMHAMMKE TTOBE-
Hetipocemeti (KKTH) mosra u ap., a Takke U pas- IeHus 060 OMyISLUY HeifpoHOB (Ia U IJIsd Ka-
JIMYHBIE CTOXACTUUeCKMe IOAXOAbl B BUZE Helipo- SKOOTO OTAENbHOTO HelipoHa Toxke) [4-7,13,14]. Pe-
SBM (H3BM), ceteii [Tntca-Mak-Kannoka u 1.1. (Ha rynsauus IBVoKeHui (B runortese N.A. Bernstein [3])
OCHOBE CTOXaCTMYeCKOro nopxozpa). Bce sTo cBu- MIPOUCXOAUT B pexkume «I[IoBTOpeHMit 6e3 oBTOpe-
JleTeJIbCTBYeT O JeTepMMHUCTCKO-CTOXaCTUYeCKOM HMUif», UTO ceituyac mokaszaHo B Bupe sddekra Ecb-
JOMMHAHTE B M3YyUYEHUM IJI0OATbHOI IPO6IEeMbI: KOBa-3MHUYEHKO He TOJbKO B OMOMEeXaHMKe, HO U B
MO3T YeJIOBeKa M 0a30Bble IPUHIUITBI ero (PyHK- pabore HejipoceTeii Mo3ra (Ha mpumepe I3I' B Ha-
LVOHUPOBAHMS TIPU yIIpaBJIeHU, HATlpuMep, OBU- cToseM coobreHun) [6,7,13-16,20].
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IMpo6i1eMa CTaTUCTUUIECKOI HEYCTONUNBO-
CTM AMHAMMKM Helipocereit. C mosuuum Oe-
mepmuHucmckot u cmoxacmuueckoil Hayku (JCH)
HeMpOHAayKyM M COBpeMEeHHOe eCTeCTBO3HaHMue B
LIeJIOM JOCTUI/IU ONpefe/leHHbIX ycrexoB. OIHaKo
BCerja OCTaBajlach B 3TUX MUCCIELOBAHUSAX IIPO-
6/leMa XaOTUMUYECKOM MOUHAMMUKY HaOII0gaeMbIX
6MO3MeKTPUUeCKUX TMpoleccoB (y Hac 3to IJIT).
CunTaIOCh, YTO MPOIECCHl BO3OYXKIEHUS OTIENb-
HbIX HEIPOHOB M MyJIOB — 3TO 06bekT JCH, KOH-
KpPeTHO cToxacTuku. [Ipu 3TOM CHenuasucTsl B
obsiactu brain research MHOIa LOTaAbIBAINCD, UTO
TTOBTOPUTD JII060J MPOILIECC B HEPOCETSIX MO3Tra B
pamax JICH Becbma mpobiemMaTHM4HO. Brepsbie
OTKDBITO M apryMeHTMPOBAaHO Ha 3TO yKas3al B
1947 r. H.A BepHiuTeliH [3], KOTOPbI BBIIBUHYII
TUIIOTE3Y O «MMOBTOPEeHMUM 6€3 TIOBTOPEHUSI» B CUC-
TeMax opraHmsauum aBvoKeHuit. Ho 310 Oblia
TOJIKO TUITOTE3a, 6e3 JTOIKHOTO KOJIMYECTBEHHO-
ro usyvyenus [6,7,13-16,18,19,21-24]. [lokasarenb-
CTBO HayKo¥ 3()GheKTUBHOCTU CTOXaCTUKU B U3Y-
yeHUy paboThl HelpoceTell OTCYTCTBYET U IO Ha-
cTosero BpemMenu [6,7,13-16,20].

Cronetusmu (Bech 19-it u 20-ii Beka) 610JI0-
v, (U3NOJOTU U TICUXOJOTU OBLIM YBEPEHBI B
MOpPGhONIOrNYecKoil  MOBTOPSIEMOCTH  CTPYKTYP
MO3ra ¥ CO3[laBajiach WLIIO3MUs, 4TO Mopdoaoru-
YyecKkoe MOBTOpPEeHMe (OISl 3TOTO CyLIeCTBYeT aHa-
TOMMS ¥ aT/jachl MO3ra) JOJIKHO 00ecreuuBaTh U
CTATUCTUUECKOE TTOBTOPEHME AMHAMMUKU GUoCUC-
TeM. Ho 9TO 6bIIO MJITIO3MEN U YTBEPXKIEHUEM U3
obmactu rtunote3. Mopdomornyeckasi ycToitum-
BOCTb U CXOXKECTb CTPYKTYpP MO3Ta aBTOMaTU4YeCKu
IepeHoCcuIach Ha SIKOObI OJIMHAKOBOE YCTPOIICTBO
GYHKIMI M peryasuuii B HelpoceTsX Mo3sra. bo-
Jlee TOTO, COBpeMeHHas brain research 6a3upyeTcst
MMEHHO Ha CTOXaCTUYeCKOM MOJAXOME, UTO COBEP-
IeHHO omub6ouHo [17-24,28,29].

HecarwneTvssMu  HepodU3MOIOTUST  U3ydasia
CBSI3U MEXIy SIIpaMM, pasiNyHbIMM CTPYKTypamu
MoO3ra M IMpU 3TOM BO3HMKAjJA BTOpas WLIIO3US O
SIKOObI KaKMX-TO 3HaHMSAX, O (QYHKIMSIX MO3Ta
[26,27,29,30]. Eciu mopdonmorus momobHa, TO U
(yHKIMM HejtpoceTelt Toxke MOZOOHbI (OMMHAKOBBI).
B aTOoM Bce 6bIIM ITYOOKO YBEPEHDI, U, 3Hast MOPGO-
JIOTUIO (CTPYKTYPY MO3Ta) U XapakTep CBSI3ei MeXIy
CTPYKTypamu (SiHpaMu, TPyIIamMy HEMPOHOB), TIbI-
TamCch chOPMYIMPOBATh 3HAHMS O paboTe Mo3ra.

MopdodyHKIMOHAIbHAS OpraHM3aIys Mo3ra
ceifuac SIBJSeTCSI OCHOBOJM HEBPOJIOTMM, HENPO-
610I0TMM, TICUXOJIOTUM U APYTUX Hayk. Ilocmen-
HMe TOJbl aKTUBHO MPUBJIEKAIOTCS HOBelile Me-
TOMbI CKAaHMPOBAHUS CTPYKTYpP MO3Ta, Haxozsile-
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rocs B pa3HbIX yCI0BUSIX. BO3HMKAIOT Jake HOBbIe
rUIoTe3bl 0 paboTe Mo3ra, HOBble 3HAHME O
CTpoeHUM U GYHKIUYU MO3Ta, er0 OTAENOB, POBO-
ISUUX TTYTSX, CUCTEMAX PETyISILMU U YIIpaBJIeHUs
[4-7,13-16,17-24,28,29].

OpHako MpyU 3TOM HUKTO He M3ydyaeT MOBTO-
pPSIeMOCTb 3TUX CBSI3€il U PeruMcTpuUpyeMbiX MpPO-
11eccoB BO30OYKmeHms. EcTb /M Kakas-1nb6o BO3-
MOYXHOCTb ITOBTOPUTH TOT MJIM MHO BUM, BO30YK-
IeHUsI, TY YWIM VHYIO BbIOOPKY DIT' mam anekmpo-
Hetipozpammat (AHI')? UTO 1 KaK MOXKHO ITOBTOPUTD
U 0 Kakol crereHu noBTopsitoTcsa 33 u OHI B
HepoceTsxX mo3ra? Cnenys COMHEHMUSIM
H.A. BepHuiTeliHa OTHOCUTEBHO MOBTOPSIEMOCTU
IBVOKeHUI, ceilyac MOXHO TMIIOTETUYECKU TOBO-
puth 0 He moBtopsiemoctu I3I' u DHI. OpHako,
YTO M3 ITOTO 3HAUMMO 51 Helipodusmonoruu,
TICUXOJIOTMM U Bceli HayKu? O KaKoii TIOBTOPsSieMOo-
CTU MOXEeT UTU pedb, ecii Mbl U3y4aeM roMeo-
CTaTUUHBIV MO3T, HAXOASIIUICS B CIIOKOMHOM
COCTOSTHUU (peslakcaiiuy) U B IKOObI HEM3MEHHOM
Mopdonornyeckom coctossHuu [4-7,13,19-24,28]?
YTO MOHMMATh MOJ, U3MEHEeHUSIMU UM HEeyCTOM-
YMBOCTHIO B paboTe HelipoceTeit mo3ra?

3a 70 jeT ¢ MOMEeHTa OIMyOJIMKOBAHMS PAOOTHI
H.A. BepHirreiiHa [3] HUKTO He MBITAICS pacimd-
pPOBaTh U U3YUUTH IUIIOTE3Y «IIOBTOpPEHME 6e3 I0-
BTOpEHMi», a ec/Iv ¥ BO3HMKaJIa Takas mpobjeMa,
TO OHa OCTaBajach Oe3 oTBeTa. JIOMMHUpPOBaIA
JloTMa eCTeCTBO3HaHMSI: BCe MpPOllecchl (BKIOYas
paboTy Mo3ra) MOKHO OIMCBIBaTb B paMKax
(yHKIIMOHATBPHOTO aHa/IM3a WIN C TO3ULIUU CTO-
xacTuku. CUMTANOCh, YTO MOCTATOYHO MOCTPOUTH
ypaBHEHME WM HANTU CTATUCTUYECKYIO QYHKIIVIO
pacripefieieHus f(x), ¥ Mbl y:ke o61amaeM ITOTHOI
mHbopmaimeit o mporecce [25-27,29,31].

B pamkax (yHKIMOHAJIBHOIO aHaiu3a ObLIa
IMOCTpOeHa Teopusi XOMKKMHA-XaKC/IM U 3amnuca-
Hbl ypaBHEHMS [ TPAHCIIOPTa MOHOB Ha MeM-
OpaHax. Paspaborumkyu monyumian HobemeBckue
MpeMuy, HO P 3TOM HUKTO He 3aAajcs BOMPO-
COM O TIOBTOPEHMM B OIMMCAHUU TeHepaluy Mo-
TEHIUATOB [AEVCTBUS OOHUM HEIPOHOM MU CyM-
MapHO# OMO3/IeKTPUYECKOi aKTUBHOCTY TTOITYJISI-
UMM HelpoHOB (Hampumep, B Buzae III) [5-7,13-
16].

ITepBbie COMHeHMUS 3apOAUINUCD y
H.A. BepuirreiiHa [3] B 1947 r. B CBSI3U C U3yUEHU-
eM MM OpraHmsalum IBMKEHMI, KOrga OH JeKa-
pUpOBaI HaJIMuMe Kak MuHUMyMm 1St (A, B, C, D,
E) cucrteMm peryasium o60ro Buaa apuskennit. OH
YTBepKIajl, 4YTO POJIb U 3HaUeHue (BeC) ITUX CUC-
TeM HeNpephiBHO (a MbI ceifuyac mgobGaBisseM — U
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XaoTU4YEeCKM) U3MeHSTC. Torga, AelCTBUTENb-
HO, JI0Oble ABMKEHMS ITPOU3BOJLHO ITOBTOPUTH
HEBO3MOKHO

C mo3miumM CTOXaCTUKM, Mbl lOKasaau, 4YTO
JI000Jt aKT ABVMKEHMS He MOXKET ObITh ITPOU3-
BOJIbHO CTaTUCTMUUECKU IMOBTOpeH. Bce mpoucxo-
IUT 6e3 TOBTOPEHMIT C MO3ULIUU CTOXACTUKU U
TeM 6osiee B paMKaxX (PYHKUIMOHATBHOTO aHAIM3a
[1-7,13-16]. B mncuxonoruyu ycTaHOBIeH 3(deKT
EcbkoBa-3MHUYEHKO, KOTOPbIN JOKa3bIBaeT CTATU-
CTUYECKYI0 HEYCTOMUYMBOCTD JIFOOOTO aKTa ABUKE-
HUS B 6momexaHuke. M 3T0, KaK OKa3aJI0Ch, Kaca-
eTcs ¥ MPOU3BOJbHbBIX, U HEMPOU3BOJbHBIX ABU-
skeHmi [12,17-23,30].

s mpumepa u3 06acTU HelipoceTeil Mo3sra
MbI TIpe/iCTaBjisieM MaTpUIy MapHOTO CpaBHEHUS
15-t1 BBIGOpPOK IIT (TAbs.) Y ONHOTO M TOTO K€
MUCTIBITYEMOTO B Heu3MeHHOM romeocTase. U3
9TOM TaGMUIIBI CAedyeT, UTO MO CTOXaCTUKU B
orleHke I3[ He TpeBbIlIaeT BeposTHOCTU p<0.33
(ocTanbHbIE APhI BBIOOPOK DII' HENIb3s OTHECTH K
O HOI TeHepaJIbHOJ COBOKYITHOCTHM). XaoC MpeBa-
mupyetr u B DMI, rme o6bryHO k=12, 4TO KpaiiHe
maso [16-23]!

Marpuia mapHoro cpaBHeHMsI BBIGOPOK

37IeKTpo3HIIedaIorpaMM OJHOTO ¥ TOTO JKe
340pPOBOrO YejIoBeKa (4Mc/I0 MOBTOPOB N=15),

MCITIOJIb30BAJICSI KpUTEPUs Buinkokcona

(kpuTepwuit sHaunmocTu p<0,05, unciao coBnageuanii k=33)

OpHako, cTereHb 3TOTO Xaoca HUKTO He M3Mepsi
" He MOAENNPOBA, MHOTME yUeHble ObUIM yBepe-
Hbl B MOAENSX AMHaMU4eckoro xaoca JlopeHiua
IIpY ONMCAHMUM [OBVDKEHUI M HeipoceTeil MoO3ra.
HeT KonmMuecTBEHHBIX HAHHBIX B 3TOI 00J1ACTU C
MO3ULIMM COBpeMeHHO} Hayku. Mbl ocTaemcs B
paMKax CTOXaCTUMYECKO/ MOrMbl 06 YCTOUMBOCTH
(cTOXacTUUeCcKoi) B CUCTEMax Perymsiiuu JBusKe-
HMI1, B YaCTHOCTH, B paboTe HelipoceTei Mo3ra.

HeHTpanbHas morma (MauU UII03USI?) eCTecT-
BO3HaHMS (M 0COOEHHO Teopust HeiipoceTeii Mo3Ta
M BCcelt HAyKM O MO3re) MPOJoKaeT TOMUHUPO-
BaTh BO BCel MeAUIIMHE, 6MOIOTUM U TICUXOTOTUMA.
MbI Bce U3MepsieM B paMKaxX CTOXaCTUKM WIM [Oa-
ke B pamMKax (QYHKIMOHAAbLHOTO aHanm3a [3-7,13-
16,20]. dTo KacaeTcsl M HelpoHAyK, KOTOPbIE aK-
TUBHO OIEPUPYIOT CNEKMPAnbHbIMU NI0MHOCMAMU
cueHana (CIIC), asemoxoppenayuoHHoimMu A(t) u
(dbpakTasbHBIMU pa3MepPHOCTSIMMA.

AHanor npuHIUIIa HeonpenejleHHoOCTH leii-
3eHOepra B Teopum Heripocereit. TeopeTuueckas
6uodusmuKa 1 HeipoObMOIOorMs C MOMEHTa CBOEro
BO3HMKHOBEHMSI TIOCTOSTHHO TIBITAIOTCSI HAMTH aHa-
JIOTM TTOBEIEHMM CJIOXKHBIX OU0I02UUecKUx duHamuye-

ckux cucmem (BIC) u 0OGBEKTOB HEKMBOI

Tabmuya  poymonst B o6acty ICH.
CylecTBeHHO, YTO B 3TMX MHOTO-
YMCMEHHBIX  TOMBITKAX  CYIeCTBYET

O4Ye€Hb MaJIO ITOIIBITOK YCTaHOBUTbL aHaA-
JIOTUN  MEeXOy 00beKTaMM KBaHTOBOI
MEXaHMKN U cucmemamu mpemose2o muna

11234567 )]8]9]10J11]12]13]14]15] (CTT). B pamkax meopuu xaoca-
1 0.00]0.32[0.05[0.10[0.64]0.01[0.55]0.00/0.28[0.31]0.00[0.90]0.00[0.00| camoopeanuszayuu (TXC) Mbl BBeM
2 [0.00 0.00[0.00{0.00{0.00[0.00{0.00[0.00{0.00]0.00]0.00]0.00]0.00]0.58 B ~
3 10.32[0.00 0.75]0.00]0.03]0.67]0.19]0.00]0.010.30]0.02]0.10]0.00[0.00] "PYHIMII HEOTPENETEHHOCTH (,2 ro ™
4 [0.05/0.00{0.75 0.00[0.07]0.83[0.00]0.00]0.00]0.06]0.03]0.04[0.00{0.00] &) AIst cnoxkHbIx CTT-complexity, koro-
5 [0.10/0.00[0.00]0.00 0.00{0.00]0.41]0.38]0.66[0.03]0.00]0.21[0.00{0.00] pbI/i gBASETCS HEKOTOPBHIM AHAIOTOM
6 |0.64]0.00[0.03]0.07[0.00 0.21[0.86[0.00{0.21{0.52[0.00{0.66[0.00[0.00| ooTHOmEHMS Teiizen6epra [17-
7 10.01]0.00[0.67]0.83[0.00]0.21 0.02]0.00]0.00]0.01]0.19]0.00]0.00[0.00 4 5¢ 217 6 )
80.55/0.00]0.19]0.00]0.41|0.86]0.02 0.08]0.93/0.15]0.00[0.97]0.00{0.00 ,28,31]. Onnaxo npobnema Heonpese
9 [0.00]0.00[0.00]0.00[0.38[0.00{0.00[0.08 0.06/0.00/0.00]0.07[0.00[0.01] /IeHHOCTM OVMHAMMKM IIOBeJeHUSI 00beK-
10]0.28(0.00]0.01{0.00{0.66]0.21{0.00{0.93]0.06 0.00(0.00(0.36(0.00{0.00] TOB MMUKpPOMMpA MOXeT peajibHO UMEThb
11]0.31{0.00[0.30{0.06[0.03[0.52[0.01]0.15[0.00]0.00 0.00/0.05[0.00[0.00
12]0.00{0.00[0.02{0.03]0.00[0.00{0.19]0.00[0.00[0.00[0.00 0.00[0.00[0.00] HEKOTOPLIE obupte KOPHM ¢ OGbeKTaMM
13]0.90{0.00{0.10[0.04]0.21]0.66]0.00]0.97]0.07]0.36]0.05[0.00 0.00]0.00] MakKpomupa, HallpUMep, CO CIOKHBIMU
14]0.00{0.00[0.00{0.00[0.00]0.00[0.00]0.00]0.00]0.00{0.00]0.00]0.00 0.00] 6uocucremamu (complexity).
15]0.00{0.58[0.00{0.00[0.00[0.00]0.00]0.00[0.01]0.00[0.00]0.00]0.00]0.00 Ha 5T0 obpaman BHUMAaHMe W

IMpu usydyeHuM pabOThI HeiipoceTeil mbIxa-
TeJMbHOTO IieHTpa B 70-e rombl 20-ro Beka ObLIO
IOKa3aHo, UTO OymeTe JIM Bbl PETY/SIPHO IbIIIATD
(co3HaTebHO), WIM ObINIaTh BO CHe (6ecco3Ha-
TeJIbHO), HO TMIOBTOPUTD JII0O0I aKT BIOXA UJIU BbI-
Jl0Xa B paMKaxX CTOXaCTUKM — BeCbMa 3aTPYLHU-
TeJIbHO. Bce MpoucxoauT XxaoTMaHo «6e3 MoBTope-
HMIT», Kak npearnosaran H.A. bepriireiin B 1947 r.
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M. Gell-Mann B CBOEM M3BECTHOM OOpallleHUM I10
npobsemMe HeomnmpeneNeHHOCT s complexity, HO
IIpY 3TOM HOOEeJIeBCKMIT JIaypeaT OCTaBaJICS B paM-
Kax ICH. OH cumtan complexity 06beKTOM AMHA-
mudeckoro xaoca JlopeHua. IIpmHLMIIMAMbHAS
HeIpeaCcKa3yeMOCTb M HEMOBTOPMMOCTDb AMHAMMU-
KM TIOBEIEHMSI CJIOKHBIX OUHAMMUYECKUX CUCTEM
06ycOB/IeHa OCOOBIMM CBOJCTBAMM  CJIOKHBIX
BJIC, koTopble MBI celiuac ornpegesnsem, Kak CTT.
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B coBpemeHHOJI TeopeTnueckoil 6uodusuke
CTT ompegnensitor, Kak complexity, HO Ipy 3TOM HeT
CTPOroro omnpeneneHus 3TUX CUCTEM U UX CBOJCTB
[17-24,28,29]. Ceituac Mbl TOBOPUM O HEM3MEHHOM
roMeocrase mo3sra (ero HelpoceTeii), eCiu Coxpa-
HSIOTCS TTapaMeTphl keasuammpakmopos (KA) 93T,
OHI i OMT y ucnbITyeMoro (B ero HeM3MeHHOM
romeocrase). IIpu aTom BbIGopku 3T, DMI Hemnpe-
PBIBHO M XaOTUUYECKM M3MeHSIoTcs (Tabm.1). OHu
IEeMOHCTPUPYIOT  CTOXaCTUUYECKyl) HeyCTONuu-
BOCTb, KOIZA IIOJYUUTh IPOMU3BOIBHO [i(X)#fii(X)
MPAKTUYECKN HEBO3MOXHO [1-7,13-14].

[lepBble MOMBITKM BBECTM HEKOTOpbIE TOHS-
s o CTT ObuiM BbINIOJHEHbI 68 JleT Hasamn
W. Weaver B ero u3BecTHOI ITybauKanuu «Science
and complexity». OmHaKO, BBOIS TIOHSITVE OPraHM-
30BaHHONM CJIOKHOCTYM, OH TOTJa He BbIIOJIHUII
CUCTEMATU3AIUI0 TaKMX OOBEKTOB, MX OCHOBHBIX
CBOIICTB U, IJIaBHOE, He TIPeJI0KWI MEeTOAbI U MO-
ey [jisl ux onucanus. Ero reHnanbHas O0rajka,
Kak u rurnore3a H.A. BepHIrTeliHa 0 «MOBTOpPEHUM
06e3 IOBTOpEHWUIi», OCTaBalach 0e3 M3ydeHUS U
I0OKa3aTeybCTBa. ['0CmoAcTBO (DYHKIMOHATBHOTO
aHa/M3a M CTOXAaCTUKM B OMOMeEAVIIMHE TIPOHOJI-
JKaeTcss U ceifyac. JTO Ke COCTaBI/SIET U OCHOBY
COBpeMeHHbBIX HeiipoHayK (Brain research).

TpaguioHHble (Qu3nyeckre TMOAXOObI B
6modusmke Ha ypoBHE complexity, Kak 3TO U Mpef-
crass B 50-x romax 20-ro Bexka A. Hill, He manu
HYKHBIX Pe3yJbTaTOB U3-3a 0co0biX cBoitcTB CTT
[1-6]. MHorouucnenHsle mnonbiTku H. Haken un
LR. Prigogine B 00/1aCTV CUHEPTeTUKU U TEOPUU
complexity Tax)ke 3aKOHUMINCH 6e3pe3yIbTaTHO B
IJIaHe BbIIEJIEHNST 0COO0T0 MaTeMaTUUYeCKOro ar-
rmapara M 0COObIX MOJeJei IJIT ONMMCAHUS COm-
plexity c camoopraumsanmueii [8-11,13,16,17-24,28].

Bonee toro, cam LR. Prigogine ocobbiM 06pa-
30M BBIJENMUJI CUCTEMbI B MIPUPOJE, KOTOPbIE CO-
BpeMeHHasl Hayka He M3ydyaeT M He OIMUChIBAeT.
Peub uméT 06 YHMKAJIBHBIX CUCTEMax, 6e3 UX Io-
BTOpeHMs B IIPOCTPAHCTBe U BpemeHu. OmHAKO
MMEHHO 3TM CUCTEMbI U COCTaBJSIOT OCHOBHbBIE
00beKTBI B Owonormu u Meguiuue [1-7,13-
15,26,27,29,31]. CTT cocTaBisSIOT OCHOBY BCeii CO-
BpEeMEHHOJ MeIUITMHbI, 6MIOJIOTUM U TICUXOJIOTUMN.

Bo-nepBsix, Bce CTT (complexity B TpaKTOBKe
[TpurosknHa-XakeHa) He MMEKT TOYEK IIOKOSI B
TpaguuyoHHoM (¢ mosuuuu JICH) nnane. Hampu-
mep, oy CTT HMUKOrma ux 6eKmop COCMoOsIHUsL Cuc-
memot (BCC) x=x(t) He CMOXeT MPOJEMOHCTPUPO-
BaThb CTALIMOHAPHBINA pekuM B Bume dx/dt=0. Ins
mo6oit CTT ux BCC B ¢hazosom npocmparcmae co-
cmosHuti (PIIC) ucIbITPIBAET HENPEPBIBHOE U Xa0-
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TUYECKOe ABVKeHMe. DTO ABMKeHMue (KaK U OBU-
>)KeHMe 3JIEKTPOHa B YCAOBUSIX 3SHEpreTMuUecKuUx
OrpaHMYEeHMI, HallpuMep, B MOTEHIMATbHON SMe
WM Ha ONpeJle;IEHHOM 3HepreTuuyeckomM ypoBHE B
aToMe) OrpaHMYEHO OMpeJe/IEHHbIMM paMKaMMU,
HaK/aabIBaeMbIMM Ha (pa3oBble KoopauHaThl. Ta-
KuM o6pasoM, CTT He MMeeT CTallMOHAPHBIX pe-
skumMoB B acrnekTe JICH, Ho ux aBmkeHue B ®IIC -
orpanudeHHoe [5-7,13-15]. DTu orpaHuueHud
MMEIOT aHaJorM C IpUHIUIOM [eiiseHOGepra B
KBaHTOBOJi MexXaHuKe, HO ecTb u crenyuduka CTT
[16-21].

Bo-BTOphIX, B OMOMexaHMKe Takumu daso-
BbIMM KOOPAMHATAMU SIBJSIOTCS TIOJOKE€HUEe KO-
HEYHOCTM (Tanblia MpU MOCTYPaIbHOM TpPeMODE)
10 OTHOIIEHUIO K PEeruCTPUPYIONIEeMYy NATUUKY —
X;=x1(t) U CKOpPOCTb IepeMelleHUsS KOHEUHOCTU
X2=X(t)=dx,/dt. Insg 39T u OMI KoopauHaThI 610-
MOTEHIMANOB Xi(t) 06pasylT (Ga3oBoe MPOCTPaH-
CTBO BeKTOpa x=x(t)=(x1,Xx;)T, rme x,=dx,;/dt, a mio-
manb keasuammpaxkmopa (KA) S=Ax-Ax; toe Ax; —
BapMalMOHHbIE pasMaxy JI000J KOOPAMHATHI X;
[5-7,14-16,20]. B xauecTBe IpMMepa MbI IIpe[-
ctapisieM (a3oBble TpPaeKTOpuM (MIOPTPEThI) s
93T u OMT (puc. 1, 2).

Ha as30Boit IJIOCKOCTM BeKTOpa X=(X1,X2)7
MOYXHO peajbHO MOCTPOUTD (ha30Bble TPAeKTOPUH,
KOTOpbIe BCE-TakM OYyOyT MMETh OIpemeéHHbIe
rpaHuIbl B Tpenenax (asoBOro IPOCTPAHCTBA.
O™ TpaHuIbl 00pas’yloT HEKOTOPYIO 00JacTh B
@IIC, xoTopast xapakTepusyeT ¢uU3MoJIoTUUYecKoe
(TICUXUYECKOE) COCTOSTHME CYObeKTa (MCIIBITYyeMO-
r0) M KOTOPYIO Mbl 6ygeM 0603HauaTh Kak KA [1-
7,13]. O6bém (mnn ero 1iomanb S) KA (Vi) siBis-
eTCsl BasKHOI XapaKTepUCTUKOM 00beKTa, i OH MUC-
MOJIB3YETCSl ceifyac HaMM B GMOJIOTMM, TICUXOJIO-
MY Y MeJUIVHe IJIsI IMarHOCTUKY (YHKIIMIT Op-
raHu3Ma ucneiTyeMoro [23-29,31].

Takum ob6pasom, KA — BaskHasi xapakTepu-
ctuka jo6oit CTT (complexity), IUHaMUKU TIOBE-
meunst ux BCC. 'omeocTa3 mo3ra TOXe OIMCbIBA-
ercst KA [15-24,26,28,29], eciiu Mbl OyzieM orpeie-
JISITh B KauecTBe (a30BOi KOOPAMHATHI BEIMUMHY
OMOTIOTEHIIMAIOB X;(t) M ee CKOPOCTb M3MEeHEHMsI
X,=dx/dt.

CosmaBaemass Hamu TXC BKiIO4aeT B cebs
5 npuniumnoB opranusaiuy CTT: KoMOapTMEHT-
HO-KJIaCTepHOe CTPOeHMe, CBOWCTBO «MepIaHusI»
CTT (xorma HempepbIBHO dx/dt#0), sBomtoninio CTT
U UX TeJe0JIOTUYECKOe IBIDKEHME K HEKOTOPOMY
KoHeuyHOMY KA, HakoHell, BO3MOKHOCTb BbIXOJa
He TOJIBKO 3a 3 curMbl, HO 1 3a 10, 20-Tbh CUTM, UTO
B CTOXaCTMKe UCK/IIOUEHO IMOJHOCThIO. [TocienHee
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CBOJICTBO TMTaHTCKUX OTKIOHEHMIT OT KOOpAMHAT KOMhapmmeHmHo-K1acmepHol meopuu 6uocucmem,
neHTpa KA xapakrepHo Tonbko gjs BIC. KOTOpas OLIEHMBAEeT uepapxmuyuecKkyue CUCTEMBI B

VIMeHHO 3TV IPUHILUIIBI X 3TU HOBbIE METOABI paMKax IeTepMUHNUCTCKUX MOJiesieit, HO C 0COObIM
(pacueta KA) u jexar ceifuac B OCHOBe pabOThI XaOTUYECKUM MU3MEHEHMEM IlapaMeTpoB CaMMX
MO3ra, OpraHu3aluy akTUBHOCTU ero HelpoceTeii 9TUX MoAeseli. 3TO HOBOe HallpaBJeHUe B HENPO-
[15,20,17]. TlomuepkHeM, UTO HEMipOCETU MO3Ta, UX ouosorvu U (PU3MOIOTUM UEHMPANbHOL HepeHOl
XaOTUYHAsI IMHAMMKA 3aJaeT OOILIMiT XaOTUUHbBII cucmemsl, U OHO TpeOyeT CyIIeCTBEHHBIX Iepe-
HETIPEePBIBHBIN  KaJeMIOCKON  CTaTUCTUUYECKUX CMOTPOB B MOJe/IMPOBaHUM HelipoceTeli MO3ra.
dbyHKUMI pacnipenenenus BbI6opok IIT, Beeit ad- OnuceiBaTh UX C TMO3ULIUKU CTOXACTUKU He
(hexTOPHOIT yacTH. B mIepByI0 ouepenb peub UAET O MMeeT CMBIC/IA, T.K. JII00AsT perucTpupyemasi BbI-
HEPBHO-MBIIIEUHON CUCTEME, KOTOpasl Peryamnpy- 6opka D3I (mm OMI) aBnseTcs yHUKanbHON. Ee
eTcsl CTPYKTypaMu Mo3Ta. CTATUCTUUECKME (PYHKIMM U CTATUCTUUECKUE Xa-

3akmoueHue. Ceiiyac Mbl TOBOPUM O rOMeEO- PaKTEPUCTUKM HEMOBTOPUMBI ITPOU3BOIBHO. [0
CTaTMYHOM MO3T€, er0 roOMeoCTa3 MPOSIBISIETCS B CTOXaCTUKM B IMHaAMMKe TIOBeAeHMS] HeltpoceTeii
HEeU3MEHHOCTM ITapaMeTpPOB K8a3uammpaxkmopos MO3ra He IpeBbIIIaeT 00bvHO 30-35%, U He TONIb-
OMO3/IeKTPUYUECKOI aKTUBHOCTU HeipoceTeil Mo3- KO B 6MOMEXaHMKe, HO U B U3YYEHUU TOMEOCTATH-
ra (y Hac aTo J3T u kak ciencrsue, DMI B Tab1.). YeCcKOro Mo3ra uejoBekxa.

T'omeocTas mo3ra (M ero vacreii, KJIacTepoB)
ceifiyac akTMBHO HaMM MOAENMPYeTCS B paMKax

HOMEOSTASIS OF BRAIN NEURAL NETWORK
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Abstract. In connection with the discovery of Eskov-Zinchenko effect in biomechanics, stochastic in-
stability is demonstrated for all functional systems of the human body. The fundamental problem of all neu-
roscience today is that of the limits of applicability of the stochastic approach. In fact, it means answering
the question of the applicability of statistics (and stochastics in general) to describe the various processes in
neural networks of the brain. The paper presents evidence of lack of statistical stability in consecutively re-
ceived samples of electromyograms (EMG). If there is no stability in the work of brain neural networks, we
also encounter the problem of chaos in effector organs, which are controlled by brain neural networks. In
particular, the study demonstrated the absence of statistical stability in the work of muscles. The pairwise
comparisons matrices of EMG samples show greater instability of distribution functions f(x) for EMG. In this
case, the number k of matching pairs of samples decreases from k;=33 (for electroencephalograms) to k=12
(for EMG). The paper presents assumptions about the mechanisms of such stochastic volatility.

Keywords: chaos, neural networks, Eskov-Zinchenko effect.

Introduction. Natural science has encoun- approaches for more than a hundred years to study
tered the problem of limitations connected with the individual neuron and the neural networks of
describing the regulation of motor functions by the brain as a whole. Models based on functional
the central nervous system (CNS) from the stand- analysis — the Blair equation, the Hodgkin-Huxley
point of stochastics. In the framework of the new model, the compartment-cluster theory of neural
approach (the theory of chaos-self-organization - networks (CCTNN), etc., as well as various stochas-
TCS) [1-6], we are now postulating cooperation of tic approaches in the form of a neurocomputer,
chaos and self-organization, which forms a dual McCulloch-Pitts networks, etc. (based on the sto-
basis with a total uncertainty in the functioning chastic approach). All this testifies to the determi-
principles of neural networks in the brain, as well nistic-stochastic dominant in the study of the
as of other regulatory structures of the human global problem: the human brain and the basic
body [6,7,13-16,20,25]. This was first mentioned principles of its functioning in regulating, for ex-
by N. A. Bernstein [3] in 1947. ample, the locomotor functions of man.

Science has used deterministic and stochastic At the same time, the study of thinking and of
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heuristic activity of the brain within the frame-
work of stochastics, as a rule, does not go any fur-
ther. All psychology is also based on stochastic
methods of research. In general, neuroscience is
dominated by the stochastic approach, and we are
offering a different approach and a different un-
derstanding of brain functions. This approach is
based on chaos and self-organization, which go
beyond determinism and stochastics.

Chaos and continuous self-organization in the
dynamics of neural networks demonstrate the lack
of statistical stability of samples x; of homeostatic
brain parameters. There is no stability of statistic-
al functions for the distribution of samples of elec-
troencephalogram (EEG) parameters. For neural
networks, fi(x)#f+1(x;), where j is the number of any
sample in the behavior dynamics of any popula-
tion of neurons (and for each individual neuron as
well) [4-7,13,14]. Regulation of movements (in the
hypothesis of N. A. Bernstein [3]) is carried out in
the mode of “repetition without repetition”, which
has now been proven in the form of the Eskov-
Zinchenko effect not only in biomechanics, but
also in the work of neural networks of the brain (as
shown on the example of EEG in the present pa-
per) [6,7,13-16,20].

The problem of statistical instability of the
dynamics of neural networks. From the point of
view of deterministic and stochastic science (DSS),
brain research and modern natural science in gen-
eral have achieved a certain success. However,
these studies have always faced the problem of
chaotic dynamics of the observed bioelectric
processes (in our case, EEG). It has been believed
that the processes of excitation of individual neu-
rons and pools are the object of DSS, more specifi-
cally, stochastics. Some specialists in the field of
brain research suspected that repeating every
process in the brain neural networks in the frame-
work of DSS is very problematic. This was for the
first time openly and convincingly demonstrated
in 1947 by N.A. Bernstein [3], who put forward the
hypothesis of “repetition without repetition” in
the systems of movement organization. But that
was only a hypothesis, not supported by proper
quantitative research [6,7,13-16,18,19,21-24]. The
effectiveness of stochastics in studying the work of
brain neural networks has not been scientifically
proved up to the present day [6,7,13-16,20].

For centuries (throughout the 19 and 20t
century), biologists, physiologists and psycholo-
gists were sure of the morphological repeatability
of the brain structures, which created the illusion
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that morphological repetition (that is what the
anatomy and brain atlases are for) should also en-
sure statistical repetition of biological systems
dynamics. But that was an illusion and a hypothet-
ical statement. Morphological stability and simi-
larity of brain structures were automatically trans-
ferred to the supposedly identical design of func-
tions and regulation in neural networks. Moreover,
it is on the stochastic approach that modern brain
research is based, which is completely erroneous
[17-24,28,29].

For decades, neurophysiology has studied the
connections between nuclei and various structures
of the brain; as a result, a second illusion emerged —
that of supposedly having some knowledge about
the functions of the brain [26,27,29,30]. If the mor-
phology is similar, then the functions of brain neur-
al networks are also similar (identical). Everyone
was deeply convinced of that and, knowing the
morphology (the structure of the brain) and the na-
ture of the connections between the structures
(nuclei, groups of neurons), they tried to formulate
knowledge about the work of the brain.

Morphofunctional organization of the brain is
now the basis of neurology, neurobiology, psy-
chology and other sciences. Recent years have
seen active use of the latest methods of scanning
brain structures under different conditions. There
are even new hypotheses about the work of the
brain, new knowledge about the structure and
function of the brain, its regions, conductive
pathways, systems of regulation and control [4-
7,13-16,17-19,21-24,28,29].

However, no one is studying the repeatability
of these connections and the recorded excitation
processes. Is there any way to repeat this or that
kind of stimulation, this or that EEG or electroneu-
rogram (ENG) sample? What and how can be re-
peated, and to what extent are EEGs and ENGs re-
peated in the brain neural networks? Following the
doubts of N.A. Bernstein concerning the repeata-
bility of movements, we can now hypothetically
speak of the non-repeatability of EEG and ENG.
However, what of this is significant for neurophy-
siology, psychology, and the whole of science?
What kind of repeatability can we talk about if we
study the homeostatic brain in a calm state (state
of relaxation) and in an allegedly unchanged mor-
phological state [4-7,13,19,21-24,28]? What is im-
plied by changes or instability in the work of neur-
al networks?

For 70 years since the publication of the work
of N.A. Bernstein [3], no one tried to decipher and
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study the hypothesis of “repetition without repeti-
tion”, and if such a problem arose, it remained un-
solved. The dogma of natural science had domi-
nant influence: all processes (including brain
work) can be described in terms of functional
analysis or stochastics. It was believed that it is
sufficient to construct an equation or to find the
statistical distribution function f(x), and we will
already have complete information about the
process [26,27,29,31].

Within the framework of functional analysis,
the Hodgkin-Huxley theory was constructed, and
equations for membrane ion transport were writ-
ten down. The developers of the theory received
Nobel Prizes, but no one questioned repetition in
the description of the generation of action poten-
tials by a single neuron or of total bioelectric ac-
tivity of a neuron population (for example, in the
form of an EEG) [5-7,13-16].

The matrix of pairwise comparison of electroencephalogram
samples of the same healthy person (the number of repetitions
N=15), according to the Wilcoxon test (significance p<0.05, the

number of coincidences k=33)

framework of functional analysis [1-7,13-16]. In
psychology, the Eskov-Zinchenko effect has been
established, which proves the statistical instability
of any motor act in biomechanics. And this, as it
turned out, concerns both voluntary and involun-
tary movements [12,17-23,30].

As an example from the sphere of brain neural
networks, we present a matrix of pairwise compari-
son of 15 EEG samples (Table) in the same subject in
unchanged homeostasis. From this table it follows
that the stochastic share in the assessment of EEG
does not exceed the probability p<0.33 (the remain-
ing pairs of EEG samples cannot be referred to one
population). Chaos also prevails in EMG, where
usually k=12, which is extremely little [16-23]!

Research of the neural networks of the brain
respiratory center in the 1970s showed that
whether you breathe regularly (consciously) or
breathe in your sleep (unconsciously), it is ex-
tremely difficult to repeat any act of
inhalation or exhalation in terms of
stochastics. Everything happens chaot-
ically  “without repetition”, as
N.A. Bernstein supposed in 1947. How-
ever, the degree of this chaos has not

Table

been measured or modeled, many

112 3]4]5]6 7 )]8]9]10[11]12]13]14] 15
1 0.00[0.32]0.05[0.10{0.64[0.010.55[0.00]0.28[0.31[0.00{0.90[0.00] 0.00 | scientists were confident that the Lo-
210.00 0.00]0.00)0.00{0.00{0.00)0.00{0.00{0.00]0.00{0.00{0.00]0.00| 0.58 rentz models of dynamic chaos could
3(0.32[0.00 0.75/0.00/0.03[0.67]0.19]0.00]0.01[0.30]0.02[0.10]0.00[ 0.00 . o
470.05[0.00[075]  10.00[0.07]0.8310.00]0.00[0.00]0.06]0.03[0.04]0.00] 0.007| P¢ used in describing movements and
50.10]0.00]0.00]0.00] __|0.00]0.00]0.41]0.38]0.66/0.03|0.00[0.21[0.00] 0.00 | Prain neural networks. There are no
6 10.64]0.00{0.03]0.07[0.00 0.21]0.86[0.00]0.21{0.52|0.00{0.66/0.00[ 0.00 | quantitative data in this area from the
7 [0.01]0.00{0.67]0.83[0.00[0.21 0.02/0.00[0.00[0.01[0.19]0.00]0.00] 0.00 | ' standpoint of modern science. We re-
80.55/0.00{0.19[0.00[0.410.86[0.02 0.08(0.93]0.15]0.00[0.97(0.00] 0.00 G
970.00[0.00[0.00]0.00]0.33]0.00{0.00[0.08] __[0.06]0.00]0.00]0.07]0.00] 0.01 | ™Main within the framework of the sto-
10[0.28[0.00{0.01[0.00{0.66]0.21[0.00[0.93]0.06 0.00]0.00[0.36/0.00[ 0.00 | chastic dogma of (stochastic) stability
11[0.31[0.00{0.30[0.06{0.03]0.52[0.01[0.15]0.00[0.00 0.00[0.05[0.00] 0.00 | in the systems of movement regula-
12[0.00[0.00{0.02[0.03{0.00{0.00[0.19[0.00[0.00{0.00[0.00 0.00{0.00] 0.00 L . . .
13[0.90[0.00{0.10[0.04[0.21]0.66[0.00[0.97[0.07|0.36[0.05 | 0.00 0.00] 000 ] tom In particular, in the work of brain
14[0.00[0.00{0.00{0.00]0.00]0.00{0.00[0.00]0.00]0.00]0.00{0.00]0.00 0.00 | neural networks.
15[0.00]0.58/0.00]0.00{0.00{0.00{0.00]0.00]0.01]0.00]0.00{0.00{0.00{0.00 The central dogma (or illusion?) of

N.A. Bernstein had the first doubts [3] in 1947
in connection with his study of movement organi-
zation, when he declared the existence of at least
five (A, B, C, D, E) systems of regulation of any
kind of movements. He argued that the role and
significance (weight) of these systems are conti-
nuously (and, as we are now adding, chaotically)
changing. Then, indeed, one cannot repeat any
movements voluntarily.

From the standpoint of stochastics, we have
proved that any act of motion cannot be repeated
voluntarily and in a statistically significant way.
Everything happens without repetition from the
standpoint of stochastics, and especially in the
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natural science (and especially of the
theory of brain neural networks and the whole
brain science) continues to dominate throughout
medicine, biology and psychology. We measure
everything in terms of stochastics or even in terms
of functional analysis [7,13-16,20]. This applies to
neuroscience as well, which actively operates pow-
er spectral densities (PSD), autocorrelations A (t),
and fractal dimensions.

Analogue of the Heisenberg uncertainty
principle in the theory of brain neural net-
works. Since their inception, theoretical biophys-
ics and neurobiology have been constantly trying
to find analogues of the behavior of complex bio-
logical dynamic systems (BDS) and inorganic natu-
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ral objects in the field of DSS.

It is noteworthy that among these numerous
attempts there are very few attempts to establish
analogies between objects of quantum mechanics
and third type systems (TTS). Within the framework
of the theory of chaos-self-organization (TCS), we
have introduced the principle of uncertainty
(second type) for complex TTSs (complexities),
which is a kind of analogue of the Heisenberg’s
relation [17-24,28,31]. However, the problem of
uncertainty in the dynamics of the behavior of mi-
crocosm objects may actually have some common
roots with objects of the macrocosm, for example,
with complex biosystems (complexities).

M. Gell-Mann also drew attention to this in his
famous statement on the problem of uncertainty
for complexity, but the Nobel laureate remained
within the framework of DSS. He considered com-
plexity as an object of the Lorentz dynamic chaos.
The fundamental unpredictability and uniqueness
of the dynamics of behavior of complex dynamic
systems is due to the specific properties of com-
plex BDSs, which we are now defining as TTSs.

In modern theoretical biophysics, TTSs are
defined as complexities, but there is no strict defi-
nition of these systems and their properties [17-
119,21-29]. Now we speak about unchanged ho-
meostasis of the brain (its neural networks) if the
parameters of quasi-attractors (QAs) of EEG, ENG
or EMG of the test subject remain unaltered (in his
unchanged homeostasis). In this case, EEG and
EMG samples change continuously and chaotically
(Table 1). They demonstrate a stochastic instabili-
ty, when it is practically impossible to obtain vo-
luntarily fix)#f..(x;) [1-7,13-15].

The first attempts to introduce some concepts
concerning TTSs were performed 68 years ago by W.
Weaver in his famous publication Science and com-
plexity. However, introducing the concept of orga-
nized complexity, he did not then systematize such
objects, their basic properties and, most important-
ly, did not offer any methods or models for their
description. His ingenious conjecture, like N.A.
Bernstein’s hypothesis about “repetition without
repetition”, remained without investigation or
proof. The biomedical science still remains domi-
nated by functional analysis and stochastics. The
same remains the basis of modern brain research.

Traditional physical approaches in biophysics
at the level of complexity, as represented by A. Hill
in the 1950s, did not yield the desired results be-
cause of the special properties of TTSs [1-6]. Nu-
merous attempts by H. Haken and LR. Prigogine in
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the field of synergetics and complexity theory also
yielded no results in terms of suggesting a special
mathematical apparatus or special models for de-
scribing a complexity with self-organization [8-
11,13,16-19,21-24,28,29].

Moreover, LR. Prigogine himself specifically
singled out the systems in nature that modern
science does not study or describe. Those are
unique systems not recurring in space or time.
However, it is these systems that are the main ob-
jects of biology and medicine [1-7,13-
15,26,27,29,31]. TTSs form the basis of all modern
medicine, biology and psychology.

First, all TTSs (complexities in the interpreta-
tion of Prigogine and Haken) have no rest points
in the traditional (from the position of DSS) un-
derstanding. For example, for TTSs, the system
state vector (SSV) x=x(t) will never be able to dem-
onstrate a steady-state regime in the form dx/dt=0.
For any TTS, the SSV in the phase space of states
(FSS) undergoes continuous chaotic movement.
This movement (like the movement of an electron
in the conditions of energy constraints, for exam-
ple, in a sink or at a certain energy level in the
atom) is limited to certain constraints imposed on
the phase coordinates. Thus, TTSs do not have
steady-state regimes in the aspect of DSS, but
their movement in the FSS is restricted [5-7,13-
15]. These constraints have analogues to the Hei-
senberg principle in quantum mechanics, but TTSs
have their own specific features as well [16-21].

Secondly, in biomechanics, such phase coor-
dinates are the position of the limb (finger, in
postural tremor) with respect to the recording sen-
sor — x;=x;(t) and the speed of limb movement
X2=Xx3(t)=dx;/dt. For EEG and EMG, the coordinates
of the biopotentials x;(t) form the phase space of
the vector x=x(t)=(x;,x2)7, where x,=dx,/dt,, and the
area of the quasi-attractor (QA) S=Ax-Ax;, where
Ax; is the variation range of any coordinate x; [5-
7,13-16,20]. As an example, we present phase tra-
jectories (portraits) for EEG and EMG (Fig. 1, 2).

On the phase plane of the vector x=(x;,x;)7,
one can actually construct phase trajectories
which still have certain constraints within the
phase space. These boundaries form a certain area
in the FPS, which characterizes the physiological
(mental) state of the subject (testee) and which we
will refer to as QA [1-7,13]. The volume (or its area
S) of QA (V) is an important characteristic of the
object, and we now use it in biology, psychology
and medicine to diagnose the functions of the sub-
ject’s body [23,24,26-29,31].
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Thus, QA is an important characteristic of any
TTS (complexity), the dynamics of the behavior of
their SSV. The homeostasis of the brain is also de-
scribed by QA [15-24,28,29] if we take the value of
biopotentials x;(t) and the rate of its change
xs=dx;/dt as the phase coordinate.

The TCS we are creating involves 5 organiza-
tion principles of TTSs: compartment-cluster struc-
ture, the “flickering” property of TTSs (when
dx/dt#0 is continuous), the evolution of TTSs and
their teleological movement to some finite QA, and,
finally, the possibility of going beyond not only 3
sigma, but also beyond 10 or 20 sigma, which is
completely excluded in stochastics. The latter prop-
erty of giant deviations from the coordinates of the
QA center is characteristic only of BDSs.

It is these principles and these new methods
(of calculating QA) that now lie at the basis of the
work of the brain, of the organization of its neural
networks activity [15,17,20]. We emphasize that
neural networks, with their chaotic dynamics, pre-
determine the general chaotic and continuous ka-
leidoscope of statistical distribution functions of
EEG samples, of the effector part in general. First
of all, we are talking about the neuromuscular sys-
tem, which is regulated by brain structures.
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Conclusions. We are now talking about the
homeostatic brain; its homeostasis manifests itself
in the invariance of the parameters of the quasi-
attractors of brain neural networks bioelectric ac-
tivity (in this case, EEG and, as a consequence,
EMG - see Table).

We are now actively working on a model of
brain homeostasis of the (and its parts, clusters)
within the framework of compartment-cluster
theory of biosystems, which estimates hierarchical
systems within the framework of deterministic
models, but with a specific chaotic change in the
parameters of these models themselves. This is a
new direction in neurobiology and physiology of
the central nervous system, and it requires signifi-
cant revision of brain neural networks modeling.

There is no sense in describing them from the
stochastic point of view, as any recorded EEG (or
EMG) sample is unique. Its statistical functions
and statistical characteristics cannot be voluntari-
ly repeated. The share of stochastics in the dynam-
ics of the brain neural networks does not usually
exceed 30-35%, not only in biomechanics, but also
in the study of the homeostatic brain of a person.

References

1. Bazhenova AE, Bashkatova YuV, Zhivaeva NV.
Khaoticheskaya dinamika FSO cheloveka na Severe v
usloviyakh fizicheskoy nagruzki. Tula; 2016. Russian.

2. Beloshchenko DV, Yakunin VE, Potetyurina ES, Ko-
rolev YuYu. Otsenka parametrov elektromiogramm u
zhenshchin pri raznom staticheskom usilii v rezhime
povtoreniya [Assesment of electromyogram parame-
ters in women with different static physical loads dur-
ing repetitions]. Klinicheskaya meditsina i farmakolo-
giya. 2017:3(1);26-31. Russian.

3. Bernstein NA. O postroenii dvizheniy. Moscow:
Medgiz; 1947. Russian.

4. Bodin ON, Gavrilenko TV, Gorbunov DV, Samsonov
IN. Vliyanie staticheskoy nagruzki myshts na parame-
try entropii elektromiogramm [Influence of static load
of muscles on parameters of entropy of electromyo-
grams]. Vestnik novykh meditsinskikh tekhnologiy.
2017:24(3);47-52. Russian.

5. Gavrilenko TV, Yakunin EV, Gorbunov DV, Gima-
diev BR, Samsonov IN. Effekt Eskova-Zinchenko v ot-
senke parametrov teppinga [Eskov-Zinchenko effect in
the estimation of tapping parameters]. Vestnik novykh
meditsinskikh tekhnologiy. 2017:1(24);9-14. DOI:



BECTHUK HOBBIX MEIUIIMHCKUX TEXHOJIOTUM - 2018 - T. 25, Ne1 - C. 102-113

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne1 - P. 102-113

6. EcpkoB B.B. MaremaTuyeckoe MoOAeIupOBaHME
He3ProJANYHBIX TOMEOCTaTUYeCKux cuctem // Bect-
HUK HOBBIX MeOMLIMHCKMUX TexHojorui. 2017. T. 24,
Ne 3. C. 33-39.
DOI:10.12737/article_59c49db14e5153.41167665

7. EcbkoB B.M., 3unuenko [O.II., ®umatoB M.A.,
Wnsienko JI.K. Teopema I'mencgopda - IIpuroxmuHa
B OMMCAHUM XAaOTUYECKOV OUHAMMUKU Tpemopa Ipu
XOJ0A40BOM CTpecce // DKkosorusi yenoBeka. 2017.
N2 5. C. 27-32.

8. EcpkoB B.M., XamapuieB A.A. VHTepBanibl CTa-
LMOHAPHBIX PEXMMOB (DYHKIMOHMPOBAHUSI OMOJIO-
IMYECKUX AMHAMUUYECKNX cucteM // CO0pHMK cTaTeit
«[TepcrieKTMBBI BY30BCKOJ HayKu: K 25-ymeTuio By-
30BCKOTO MEAMIMHCKOTO 06pa3oBaHMsI M HayKu
Tynbckoit obaactu». Yacts 2. Tyna: Usa-Bo Tyal'y,
2016. C. 16-25.

9. EcwkoB B.M., Xanapiies A.A. Hopma u natonorust
C TIO3UIMM TEOPUM Xaoca M CaMOOpPTaHM3alUM CUC-
TeMm // C60pHMK cTaTeil «IlepCcreKTUBbI BY30BCKOI
HayKu: K 25-71eTu0 By30BCKOTO MEAMIIMHCKOTO 006-
pasoBaHust ¥ Hayku Tyabckoit o6mactu». YacTh 2.
Tyna: U3n-Bo Tynl'Y, 2016. C. 121-128.

10. EcbkoB B.M., XagapueB A.A., EcbkoB B.B., Bo-
xmuHa H0.B. XaoTuueckas IMHaMMKa KapAUOUHTEP-
BQJIOB Yy TPEX BO3PACTHBIX TPYIN IIpeficTaBUTeet
KOPEeHHOTO0 U NpuIlljioro HaceneHus I0rpei // Ycnexu
repoHTonorun. 2016. T. 29, N2 1. C. 44-51.

11. EcbroB B.M., Xagapues A.A., EcbkoB B.B., ®una-
TOoB M.A. XaoTuueckuii oAaxon B HOBOI MHTepIpe-
TauumM romeoctasa // KinuHmuueckass mMeIuiMHa U
dapmakosmorus. 2016. T.2, N23. C. 47-51.

12. 3unoB B.I'., XapapueB A.A., EcbkoB B.M., Ecb-
k0B B.B. OkcnepuMeHTanbHbIE UCCAENOBAHUS CTATU-
CTUYECKOI YCTONUYMBOCTY BBIGOPOK KapaAMOMHTEP-
BaJIOB // BrojyieTeHb 3KCII€PUMEHTAIbHOM 6MOIOTUM
u meaunyHbl. 2017. T. 164, N2 8. C. 136—139.

13. 3unuenko 0.I1., Xagapues A.A., ®unarosa O.E.
BBenenne B 61M0GM3UKYy TOMEOCTaTUUECKUX CUCTEM
(complexity) // CnosxkHocTb. Pasym. ITocTHEK/IacCHKa.
2016. N2 3. C. 6-15. DOI: 10.12737/22107

111

12737/25236. Russian.

6. Eskov VV. Matematicheskoe modelirovanie neergo-
dichnykh gomeostaticheskikh system [Mathematical.
modeling of non-ergodic homeostatic systems] //
Vestnik novykh meditsinskikh tekhnologiy.
2017;24(3):33-9.

DOI:10.12737/article_59c¢49db14e5153.41167665. Russian

7. Eskov VM, Zinchenko YP, Filatov MA, Ilyashenko
LK. Teorema Glensdorfa - Prigozhina v opisanii khaoti-
cheskoy dinamiki tremora pri kholodovom stresse [The
Glensdorf-Prigozhin theorem in the description of the
chaotic dynamics of atremorin cold stress]. Ekologiya
cheloveka. 2017;5:27-32. Russian.

8. Eskov VM, Khadartsev AA Intervaly statsionarnykh
rezhimov funktsionirovaniya biological dynamic sys-
tems [Intervals of stationary modes of functioning of
biological dynamic systems]. In: Collection of articles
“Perspektivy vuzovskoy nauki: k 25-letiyu vuzovskogo
meditsinskogo obrazovaniya i nauki Tul’skoy oblasti”.
Part 2. Tula: Izdatelstvo TulGU; 2016. Russian.

9. Eskov VM, Khadartsev AA Norma i patologiya s pozitsii
teorii khaosa i samoorganizatsii sistem [Norm and pa-
thology from the position of the theory of chaos and self-
organization of systems]. In: Collection of articles “Pers-
pektivy vuzovskoy nauki: k 25-letiyu vuzovskogo medit-
sinskogo obrazovaniya i nauki Tul'skoy oblasti”. Part 2.
Tula: Izdatelstvo TulGU; 2016:121-8. Russian.

10. Eskov VM, Khadartsev AA, Eskov VV,
Vokhmina YuV. Khaoticheskaya dinamika kardiointerva-
lov u trekh vozrastnykh grupp predstaviteley korennogo i
prishlogo naseleniya Yugry [Chaotic dynamics of car-
diointervals in three age groups of representatives of the
indigenous population and newcomers of the Ugra]. Us-
pekhi gerontologii. 2016;29(1):44-51. Russian.

11. Eskov VM, Khadartsev AA, Eskov VV, Filatov MA.
Khaoticheskiy podkhod v novoy interpretatsii gomeos-
taza [Chaotic approach in the new interpretation of
homeostasis]. Clinical medicine and pharmacology.
2016;2(3):47-51. Russian.

12. Zilov VG, Khadartsev AA, Eskov VM, Eskov VV.
Eksperimental’nye issledovaniya statisticheskoy us-
toychivosti vyborok kardiointervalov [Experimental
studies of statistical stability of samples of cardioin-
tervals]. Byulleten’ eksperimental’noy biologii i medit-
siny. 2017;164(8):136-9. Russian.

13. Zinchenko YP, Khadartsev AA, Filatova OE. Vve-
denie v biofiziku gomeostaticheskikh sistem (complex-
ity) [Introduction to biophysics of homeostatic sys-
tems (complexities)]. Slozhnost’. Razum. Postneklassi-
ka. 2016;3:6-15. Russian. DOI: 10.12737/22107



BECTHUK HOBBIX MEIUIIMHCKUX TEXHOJIOTUM - 2018 - T. 25, Ne1 - C. 102-113

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne1 - P. 102-113

14. XagapiieB A.A., EcbkoB B.M. BHyTpeHHue 60j1e3-
HM C TO3ULMM TEOPUM Xaoca M CaMOOpraHM3auuu
cucTeM (HayuyHbIii 0630p) // TepaneBt. 2017. NQ 5-6.
C.5-12.

15. IllupokoB B.A, Tomuyk A.T, Porosckuii [I.A. Cto-
XaCTUYECKUI U XaOTUYECKUII aHAJIU3 BEPTEOPOHEB-
pOJIOTMYeCKMX TIOKa3aTesieil MalyeHTOB IPU OCTeOo-
XOH/IpO3e MO3BOHOYHMKA B YCJIOBUSX ceepa // Kmm-
HMuYeckas MeauiuHa u (apmakonmorus. 2017.
T.3, N2 1. C. 34-38.

16. SIxno B.I'., bemomenko [.B., BaskenoBa A.E.,
Bamkaroa 10.B. ITapamokc EcbkoBa-®unaToBoii B
OlleHKe TapaMeTpoB 6GuocucTeM // BeCTHMK HOBBIX
MeouUMHCKMUX TexHoyorui. 2017. T. 24, N@ 3. C. 20—
26.

17. Eskov V.M., Bazhenova A.E., Vochmina U.V.,
Filatov M.A., Ilyashenko L.K. N.A. Bernstein hypo-
thesis in the Description of chaotic dynamics of in-
voluntary movements of person // Russian Journal of
Biomechanics. 2017. Vol. 21, No. 1. P. 14-23.

18. Eskov V.M., Eskov V.V., Gavrilenko T.V., Voch-
mina Yu.V. Formalization of the effect of “repetition
without repetition” discovered by N.A. Bernshtein //
Biophysics. 2017. Vol. 62, Issue 1. P. 143-150.

19. Eskov V.M., Eskov V.V., Vochmina Y.V., Gorbu-
nov D.V., Ilyashenko L.K. Shannon entropy in the
research on stationary regimes and the evolution of
complexity // Moscow University Physics Bulletin.
2017. Vol. 72, No. 3. P. 309-317.

20. Eskov V.M., Filatova O.E., Eskov V.V. and Gavri-
lenko T.V. The Evolution of the Idea of Homeostasis:
Determinism, Stochastics and Chaos-Self-
Organization // Biophysics. 2017. Vol. 62, No 5.
P. 809-820.

21. Eskov V.M., Khadartsev A.A., Eskov V.V., Vokh-
mina J.V. Chaotic dynamics of cardio intervals in
three age groups of indigenous and nonindigenous
populations of Ugra // Advances in Gerontology.
2016. Vol. 6 (3). P. 191-197.

22. Eskov V.V., Gavrilenko T.V., Eskov V.M., Voch-
mina Yu.V. Static Instability Phenomenon in Type-
Three Secretion Systems: Complexity // Technical
Physics. 2017. Vol. 62, No. 11. P. 1611-1616.

23. Filatova D.U., Veraksa A.N., Berestin D.K., Strelt-
sova T.V. Stochastic and chaotic assessment of hu-
man's neuromuscular system in conditions of cold

112

14. Khadartsev AA, Eskov VM. Vnutrennie bolezni s po-
zitsii teorii khaosaisamoorganizatsii sistem(nauchnyy
obzor) [Internal medicine from the perspective of the
theory of chaos and self-organizing systems (scientific
review)]. Terapevt. 2017;5-6:5-12. Russian.

15. Shirokov VA, Tomchuk AG, Rogovskiy DA. Stok-
hasticheskiy i khaoticheskiy analiz vertebronevrologi-
cheskikh pokazateley patsientov pri osteokhondroze
pozvonochnika v usloviyakh severa [Stochastic and
chaotic analysis of vertebro-neurological parameters
of patients with osteochondrosis of the spine in condi-
tions of the north]. Klinicheskaya meditsina i farmako-
logiya. 2017;3(1):34-8. Russian.

16. Yakhno VG, Beloshchenko DV, Bazhenova AE,
Bashkatova YuV. Paradoks Eskova-Filatovoy v otsenke
parametrov biosistem [The Eskov-Filatova paradox in
assessing the parameters of biosystems]. Vestnik no-
vykh meditsinskikh tekhnologiy. 2017;24(3):20-6.
DOI:10.12737. Russian.

17. Eskov VM, Bazhenova AE, Vochmina UV, Fila-
tov MA, Ilyashenko LK. N.A. Bernstein hypothesis in
the description of chaotic dynamics of involuntary
movements of person. Russian Journal of Biomechan-
ics. 2017;21(1):14-23.

18. Eskov VM, Eskov VV, Gavrilenko TV, Vochmi-
na YuV. Formalization of the effect of “repetition
without repetition” discovered by N.A. Bernshtein.
Biophysics. 2017;62(1):143-50.

19. Eskov VM, Eskov VV, Vochmina YV, Gorbu-
nov DV, Ilyashenko LK. Shannon entropy in the re-
search on stationary regimes and the evolution of
complexity. Moscow University Physics Bulletin.
2017;72(3):309-17.

20. Eskov VM, Filatova OE, Eskov VV, Gavrilenko TV.
The evolution of the idea of homeostasis: determin-
ism, stochastics and chaos-self-organization. Bio-
physics. 2017;62(5):809-20.

21. Eskov VM, Khadartsev AA, Eskov VV, Vokhmi-
naJV. Chaotic dynamics of cardio intervals in three
age groups of indigenous and nonindigenous popula-
tions of Ugra. Advances in Gerontology. 2016;6(3):191-
7.

22. Eskov VV, Gavrilenko TV, Eskov VM, Vochmi-
na YuV. Static instability phenomenon in type-three
secretion systems: Complexity. Technical Physics.
2017;62(11):1611-6.

23. Filatova DU, Veraksa AN, Berestin DK, Streltso-
va TV. Stochastic and chaotic assessment of human’s
neuromuscular system in conditions of cold exposure.



BECTHUK HOBBIX MEIUIIMHCKUX TEXHOJIOTUM - 2018 - T. 25, Ne1 - C. 102-113

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne1 - P. 102-113

exposure // Human Ecology. 2017. No. 8. P. 15-20.

24. Filatova O.E., Eskov V.V., Filatov M.A., Ilyashen-
ko L.K. Statistical instability phenomenon and evalu-
ation of voluntary and involuntary movements //
Russian Journal of Biomechanics. 2017. Vol. 21, No.
3. P. 224-232.

25. Khadartsev A.A., Nesmeyanov A.A., Yeskov V.M.,
Fudin N.A., Kozhemov A.A., Filatov M.A., Weidong
Pan Fundamentals of Chaos and Self-organization
Theory in Sports // Integr Med Int. 2017. Vol. 4.
P. 57-65.

26. Mezentseva L.V. Computer modeling of ventricu-
lar fibrillation // Biophysics. 2012. Vol. 5, N2 2.
P.247-252.

27. Mezentseva L.V. Mathematical modeling of atrial
fibrillation // Bulletin of Experimental Biology and
Medicine. 2012. Vol. 153, N2 5. P. 800-804.

28. Mezentseva L.V., Pertsov S.S. Computer model-
ing — based analysis of the persistence of different
modes of heart- rate dynamics // Biophysics. 2015.
Vol. 60, N2 5. P. 823-826.

29. Mezentseva L.V., Pertsov S.S., Kopilov F.Yu., Las-
tovetsky A.G. Mathematical analysis of the stability
of heart- rate dynamics in postinfarction patients //
Biophysics. 2017. Vol. 62, N23. P. 499-502.

30. Zilov V.G., Eskov V.M., Khadartsev A.A.,
Eskov V.V. Experimental confirmation of the effect
of "Repetition without repetition" N.A. Bernstein //
Bulletin of experimental biology and medicine. 2017.
Vol. 1. P. 4-8.

31.Zilov V.G., Khadartsev A.A., Eskov V.V,
Eskov V.M. Experimental Study of Statistical Stabili-
ty of Cardiointerval Samples // Bulletin of experi-
mental biology and medicine. 2017. Vol. 164, N¢ 2.
P. 115-117.

113

Human Ecology. 2017;8:15-20.

24. Filatova OE, Eskov VV, Filatov MA, Ilyashenko LK.
Statistical instability phenomenon and evaluation of
voluntary and involuntary movements. Russian Jour-
nal of Biomechanics. 2017;21(3):224-32.

25. Khadartsev AA, Nesmeyanov AA, Yeskov VM, Fu-
din NA, Kozhemov AA, Filatov MA, Weidong Pan.
Fundamentals of chaos and self-organization theory in
sports. Integr Med Int. 2017;4:57-65.

26. Mezentseva LV. Computer modeling of ventricular
fibrillation. Biophysics. 2012;5(2):247-52.

27. Mezentseva LV. Mathematical modeling of atrial
fibrillation. Bulletin of Experimental Biology and Med-
icine. 2012;153(5):800-4.

28. Mezentseva LV, Pertsov SS. Computer modeling—
based analysis of the persistence of different modes of
heart-rate dynamics. Biophysics. 2015;60(5):823-6.

29. Mezentseva LV, Pertsov SS, Kopilov FYu, Lasto-
vetsky AG. Mathematical analysis of the stability of
heart-rate dynamics in postinfarction patients. Bio-
physics. 2017;62(3):499-502.

30. Zilov VG, Eskov VM, Khadartsev AA, Eskov VV.
Experimental confirmation of the effect of “Repetition
without repetition” N.A. Bernstein. Bulletin of expe-
rimental biology and medicine. 2017;1:4-8.

31. Zilov VG, Khadartsev AA, Eskov VV, Eskov VM.
Experimental study of statistical stability of cardioin-
terval samples. Bulletin of experimental biology and
medicine. 2017;164(2):115-7.



BECTHUK HOBBIX MEJIUIIMHCKUX TEXHOJIOTHUM - 2018 - T.25, Ne1 - C. 114-124

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V.25, Ne1 -P. 114-124

VIK: 615.477.21

DOI: 10.24411/1609-2163-2018-15932

VH®OPMALIMOHHAS CUCTEMA OBPATHOW CBSI3U
B MMOJJIEKTPUYECKUX MMPOTE3AX BEPXHUX KOHEYHOCTEN

SI.A. TYPOBCKUI, K.11. PYICEHKO
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Annotaums. OTCYTCTBME CUCTEMbBI 0OPATHO GMOIOTMYECKOI CBSI3Y MEXKIY IMTPOTE30M KOHEUHO-
CTU YeJIoOBeKa U IMOJIb30BaTeseM SIBJIIETCS] OMHUM M3 IJIABHBIX HEJIOCTATKOB ITPAKTUUECKM BCEX MMO-
9MIEKTPUYECKUX MTPOTE30B. ITa MpobiieMa 0Co060 SIPKO MPOSIBJISIETCS B HEKOPPEKTHONM paboTe 6O0JIb-
IIejt 4acTy MpoTe30B BepXHMX KOHEUHOCTel . B paMKkax CcTaThy mpenjaraeTcsl omyucaHue MmpoBeIeH-
HOJ1 paboTHI 1O BOCCO3JAHMIO OMOIOTMYECKOl 06paTHOI CBSI3U B MMO3JIEKTPUUECKUX TTpOTe3ax. 1H-
dbopMmaronHas cyucremMa paspabaTbiBasiaCh KaK TOIOJHUTEIbHBI MOOY/b, PaCHIMPSIONNiT PyHK-
LIMOHA/IbHbIe BO3MOXKHOCTH TIPOTE3a, aBTOHOMHBIN MJIM YACTUYHO MHTETPUPYEMbIil B MICKYCCTBEHHYIO
KOHEYHOCTb. B Xo/le co3maHus MPOTOTHUIIA CUCTEMBI OblIa MCIOIb30BaHa BUOpALMOHHAS OpraHu3a-
LIMSI TUIIA CBSI3Y, KAaK He MMeIasi KPUTUUECKUX HeJOCTATKOB IIpU mepenave MHGOPMALU U B CBSI-
3Y C OTCYTCTBMEM CEPbe3HbIX PMCKOB MIPUUMHEHMS Bpeaa IJis 3M0POBbS MOIb30BaTes. JIOKaIM30Ba-
HBI TIOCTYTIAIOII}ME C JATYMKOB Ha KUCTU IIPOTE3a CUTHAJIbI M HAlIEHO ONTUMAIbHOE KOJIMYECTBO TaK-
TUJIbHBIX TaTUMKOB MCXOMS U3 TEXHUUYECKMX TpebOBaHMI K pa3MepamM, CTOMMOCTH U MPOYMM Xapak-
TepucTuKaM usnenus. Co3maHbl TAKTWIbHBIE CTUMYJISITOPDI, TIepefaloniye JaHHble 00paboOTKM CUT-
HaJla Ha Apyrue 4acTy Teja. [losyuyeHHble pe3yibTaThl MOTYT IIPMMEHEHbI AJI CYIIeCTBEHHOTrO pac-
mpeHus QyHKIMOHAIA MUOJIEKTPUUECKUX ITPOTE30B Pa3IMUHBIX KOHCTPYKIIUIA.

KiioueBpie cj1oBa: Gmosoruveckas oopaTHasi CBsI3b, JATUYMK, MUOJIEKTPUUECKNIL TTPOTE3, CTU-

MYJISITOPBI.

BBenenue. BaxHocTb pacivpeHus ¢GyHK-
IIMOHAJBHOCTY KaHajia 00paTHOI CBSI3U B IIPOTe-
3aX BEpPXHUX KOHEUHOCTel He BbI3bIBAET COMHE-
Huii. OTCYTCTBME Ja’ke CaMbIX MPOCTBIX OIIYIIe-
HUIA, TepeJaBaeMbIX C IpOTe3a IOJb30BaTeNI0,
JOCTAaTOYHO 4YaCTO NPUBOAUT K MHOXXECTBY He-
yI0OCTB BO BpeMSI MCIIO/Ib30BAHMS VICKYCCTBEHHO
pyku. B kauecTBe npumepa MOKXHO IPUBECTU U3-
OBITOYHOE WM XK€, Haob0pOT, HEeJOCTATOYHOE
JlaBJIeH/e MeXaHM3MOB IIpOTe3a Ha IpelMeThl, C
KOTOPBIMM OH IIPOBOJIUT B3auMozeiicTBue. B 3Ha-
YUTEJNbHOV YaCTU COBpPEMEHHBIX IPOTEe30B pery-
JUPOBaHME TMPUIOKEHHbIX YCWINIL COCTOUT B
OlleHKe MapaMeTpPOB CKaTUSI MeXaHU4YeCKOl YacTu
U YIPaBJIEHUU YCUIUI UCKIIOUUTETBHO C TTOMO-
1[I0 MTPOrPAaMMHO-AMNMNapaTHBIX PelleHnl, MUHYS
rnmosib3oBaTesis. Takum 06pasoMm,  HeZOCTATOY-
HOCTb MH(OpMaIMM 0 XxapakTepe 3aXBaTbIBA€MOTO
MAaHUITYJIITOPOM OOBEKTa SIBJISIETCSI CEepPbe3HOI
npo6sieMoit TIpU ero UCIOIb30BaHMUM, TaK Kak 4ye-
JIOBEK BBIHYKIEH ONMPATbCsS UCKIOUYUTETbHO Ha
3PUTENIbHBIN aHAIN3aTOP U COOCTBEHHBIN OIIBIT.

Lenp uccaegoBaHust — cospaHue nHdpopma-
LIMOHHOI CHCTeMbl TaKTWJIbHOJ OOGPaTHO CBSI3U
IJIST MMOSJIEKTPUUECKOro IIpoTe3a BepxHell KO-
HEYHOCTH.
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Martepmuanbl M METOAbI WUCCIELOBAHUS
(peanusanus IpPOrpaMMHO-aNnapaTHOro
KoMIuIeKca). PaboTy cucTeMbl 06paTHOI CBSI3U
MOXHO TIpeACTaBUTh CHEOYIOIMM  0O6pa3oM
(puc. 1). TIpu B3auMoOmeiiCTBUU MMOIJIEKTpUUe-
CKOTO IPOTe3a C OKPYKAIOIIeil cpenoii u pasiand-
HbBIMM OOBEKTaMM [OATUMKM, YCTAHOBJIIEHHbIE Ha
KUCTU MCKYCCTBEHHOI DPYKM, MOJy4alOT JaHHbIE,
KOTOpble TepelaloTcsl Ha KOMIIbIOTEp (BK/IHOYasi
MMUHMATIOpPHbIE ONHOIIATHBIE PellleHus1), TIe OHU
MpeobpasyioTCcsa M 3aTeM OTIPAB/ISIOTCS Ha TakK-
TUJbHBIE CTUMYJSTOPBI, YCTAHOBJI€HHbIE HA MaH-
SKeTKY, OJIeTyI0 Ha MoJib30BaTesisd. Bo Bpems1 pas-
pPabOTKM pacCMaTpUBAJICS YPOBEHb aMITyTallMU OT
HIDKHEN [0 cpefiHell TpeTu mnpeprvieubsi. OgHAKO
pe3ynbTaThl MOTYT OBITh MepeMacIITabypOBaHbI
Ha 1106071 YypOBEHb aMITyTallUM MCXOMS U3 MU3JI0-
SKEHHBIX HIKE aarOpUTMOB. Kakapiit n3 cTumyssi-
TOPOB TlepeaeT CUTHAI C COOTBETCTBYIOIETO eMy
yJacTKa KUCTU TpOTe3a Mpy IMOMOIIM BuOpaiu-
OHHOTO TUIIA Pa3ApakeHus .
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TaKTUbHBIR CTAMYNATOP

Puc. 1. Cxema pab0oTbI CHCTEMBI 0OPATHO CBSI3U

Cpeny BapuaHTOB CBSI3U [IJISI CUCTEMbI B Kaue-
CTBE CTUMYJISIIIVIA OBLIM PACCMOTPEHBI: SJIEKTPU-
yeckasi, BMOpAIMOHHAs, IepeMenieHns] KapeTKu
(TakTW/IbHAS), 3BYKOBasi U CBeTOBas. Bepcun uH-
(bopmaLMOHHOI CUCTEMBI CO 3BYKOBOI U CBETOBOIA
CTUMYyJISIMel ObUIM TPU3HAHBI HEYIOOHBIMU B
pabore c mpoTe3oM. Hampumep, mpyu UCHOIb30Ba-
HUU CBETOBOII — TMO/Ib30BaTe/ib HellpeMeHHO OT-
BJIEKAJICS OT CBOEil HeIoCpeICTBEHHOM pPaboThl,
TepeBois B3IJISIA Ha 610K 06paTHOI CBSI3MU, yCTa-
HOBJIEHHBIIT Ha MpoTe3e. BapuaHThI ¢ mepeMelie-
HMEM KapeTKu ObLIM TPU3HAHBI CIUIIKOM Mac-
CMBHBIMM ¥ HENMOAXOASIIMMU [JiSI CUCTEMBI C
OOJIBIIMM KOJIMYECTBOM CTUMYJISITOPOB. CITOCOOBI
BUOPAILIMOHHOM ¥ 3JIEKTPUYECKON CTUMYJISIIUU
MMEIOT CXOIHbIe BO3MOKHOCTM Tepenaun mHpop-
MalMM C TaKTWIbHBIX HATYMKOB. IIpu BbIGOpE
MepBOTO BapMaHTa MCIIOAb3YyeTCS IPepPbIBUCTHIN
BUOPALIMOHHBIA CUTHAM C MPAKTUYECKM OTCYTCT-
BYIOILIMM Yy HEro puCKoOM MpUUYMHEeHUS Bpeaa 340-
POBBIO UejIOBeKa. B ciiyuyae BbIOOpa IMomxoda Ha
OCHOBE 3JIEKTPUYECKOTO pasapakeHust MOJ00HbIe
PUCKM YBEIUUYMUBAIOTCS, HATPUMEDP, MOSKHO JIETKO
BBI3bIBaTh PE3KO OTPUIIATE/IbHYIO Peakiinio y ye-
JIOBEKA Ha MOJ0OHYI0 CTUMYJISIIIAIO, €CJIV OHA TIpe-
BBINIIAET 6OJIEBOI TIOPOT, B CBS3M C YEM 3TOT Bapu-
aHT 6bIT OTBEPrHYT. [IoMMMO 3TOTO CMJjIa U Xapak-
Tep pa3gpaxkeHUs] CUJIbHO 3aBUCUT OT COCTOSTHUS
KOXM TOJIb30BaTesl, YTO JaeT HeyCTOMUMBbIe pe-
3y/lIbTaThl B IJIaHE CTUMY/ISILIMU. ITo3TOMY BMUGpa-
LIMOHHBIN CrIoco6 opraHusaluyu OO6PaTHON CBSI3U
OB MCITOJIb30BaH IIPM peaau3alluy CUCTEMBI 06-
paTHOJ CBSI3U.

IJig peanmsaliy TaKTUIBHOM CBSI3M HE0HXO-
JIVIMO UCIIONIb30BATh PSIJT KPUTEPUEB, CBSI3aHHBIX C
610JIOTMYECKUMM 0COOEHHOCTSIMM 4deyoBeKka. Tak,
TOYHAsI M MpaBUbHAs paboTa CUCTEMBI 3aBUCUT
OT KOPPEKTHOTO MO3UIIMOHMUPOBAHMUS JaTUMKOB B
3aBMCUMMOCTM OT 3TUX ITapamMeTpPOB.

[TepBblit TapamMeTp — MPOCTPAHCTBEHHBIN I10-
por, HeoOXOAMMBIN AJISI pacro3HaBaHUs KoJMye-
CTBAa OJHOBPEMEHHBIX pa3JpakeHuit, TMoayJyae-
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MBIX OT TaKTUJIbHBIX CTUMY/ISTOPOB. TaKkTUIbHbIE
JaTuYMKM HeOOXOOMMO pPacCTaBUTh HA MMOIJIEK-
TpUUECKOM ITpoTe3e UCXOAs U3 1ieJieit 1 3a1ad ero
dbyakuyonupoBanus. [IIOTHOCTh UX PACIIOIOKE-
HMSI JOJDKHA OBITh MaKCHMMaJIbHO BO3MOXKHOI, a B
ugeane — CTPEMUTBHCS K IJIOTHOCTM PacIoJioxkKe-
HMS aHAJIOTMYHBIX PelleNITOPOB Ha 3I0POBOJ pyke
yenoBeka. CenoBaTeIbHO, KasKIbli TaKTUIbHBINM
CTUMYJISITOP, PAaCMOJIOKeHHbIN Ha IMoJib30BaTere,
JIOJDKeH COOTBETCTBOBATh OTHOMY JATUMKY.

Bropoit mapameTp — a6COMIOTHBIN HOPOT (IT0-
pOT OIIyIIeHMsI) B pamMKax Hallleil CUCTeMBbI 3aBU-
CUT OT CWIbI, HEOOXOOMMO AJIT HaXKaTUSl TaK-
TWJIBHOTO JaTuuKka. [Ipy BBITIOJIHEHUM MMO3JIEK-
TPUYECKMM MMPOTE30M aKKypaTHON U JeJIMKaTHOM
paboThl MOMOOHOE YCUIINE JOJIKHO OBITh HEBBICO-
KMM, CXOXVM C MUHUMAQJIbHOJM CUJION pa3gpaxe-
HMSI, BbI3bIBAIOIIEN BO3OYKAEHMe B BUIE OLTyIIe-
Husa. Tak Kak B CUCTeMe MCIOJIb3yIOTCS He Mpo-
MOpLMOHAbHbBIE, a8 AUCKPETHbIE TAKTUIbHbBIE IaT-
YMKM, TO 3HAUeHMe 3TOro mapamMeTpa IeJIUMKOM
3aBUCUT OT TEXHMUECKMUX XapaKTepUCTUK AATUMu-
KOB. JlaTYMKM UCIIOb3yeMble B MHOOpMAaIMOHHO
cucTeMe OOpaTHOI CBSI3YM UMMEIOT CUITY CpabaTbi-
Banus 0.25 HeloTOHa.

Eciu yBeIuMumuThL KOJMMYECTBO AATYMKOB, TO
TOYHOCTb OTpefie/ieHusl MOoyyaeMoii IMojib30BaTe-
neM uHbOPMALMKM O IpeJMeTaX, € KOTOPbIMU OH
B3aMMOZENCTBYET C MOMOIIbIO MpPOTe3a, TakKe
YBEIMYUTCS, Clef0BaTelbHO, CHU3UTCS MPOCTPaH-
CTBEHHBIN TOPOT MEXITY MaTYMKaMM, 3TO YCUJIUAT
(byHKIIMOHAIbHBIE BO3MOKHOCTM CUCTEMBI 0OpaT-
HOIl cBsa3u. HO u3-3a pasmepa caMux OAaTYMKOB
BO3HMKAIOT JIOTIOJIHUTEIbHbIE OTpaHMYeHNMs Ha UX
YICIO, B pe3y/lbTaTe CHIDKAETCSI KauyeCTBO U IOC-
TOBEPHOCTD NAHHbBIX, MIPUXOASIINX MOJIb30BATENIO.

Tpetuii mapameTp — BaKHBIN [JIsT pabOThI
CUCTEeMBbI OOPATHO CBSI3U - IIOPOTOBasi Cuja. Bbi-
paxkaeTcsl OH B BUe HauMeHblllel CuIbl pa3apa-
KeHUSI TaKTWJIBHOTO CTUMYJISITOpa, CIIOCOOHOI
BbI3BaTh BO30OYXKIeHNE COOTBETCTBYIOUIMX pelel-
TOPOB Yy To/nb30Barens. MHAMBUAyanbHas Ha-
CTpOJiKa AJIs1 KaXKIOro TOJb30BaTess 3TOro mapa-
MeTpa I03BOJUT IPOTe3y B3aMMO/EeiCTBOBATh C
npegMeTaMy, UbM CBOJMCTBA M XapaKTEPUCTUKU
(Bec, TIPOYHOCTD U T. 1.) OOBIYHO 3aTPYIHSIIOT UC-
MOJIb30BaHMe MUCKYCCTBEHHbIX PYK.

Pe3ynbTaThl M X 00CYKaeHMe. [IJis1 mpoBe-
IleHUs MCCIefoBaHUii MO PacCIlONOKeHUI0 TakK-
TUIbHBIX JATUYMKOB HEOO6XOOMMO ObLIO CO3LaTh
MakeT MMO3JIEKTPUYeCKoro mpoTe3a. B kauecTBe
OCHOBBI CTajJla pykKa M3 OTKPBITOTO amnmapaTHOro
KoJla aHTpornoMopdHOro poborta rpoekrta InMoov
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[1]. B xome paboThl, OIIBITHBIM ITyTEM OBLIIO OTIpe-
JeJIeHO OITUMAa/IbHOE KOJMUYEeCTBO TaKTUIbHBIX
JATUYMKOB [OJi1 KUCTU B KoaudecTBe 18 mrTyk. Ux
KOHEYHOe YMCca0 ObUIO OOYCIOBJIEHO OrpaHuye-
HUSIMMU, CBSI3aHHBIMM C TEXHUUECKUMMU OCOOEHHO-
CTSIMM, pasMepamMy OaTUMKOB, KOHCTPYKIIMeli
KUCTU, TapaMeTpaMy BUOpalMy Ha UejiOBeKe U
MIPOCTPAHCTBEHHOTIO IIOPOra.

B panbHeiiieM 6bUT IPOBEHEH ITOMCK OIITHU-
MaJbHOIO MECTOHAXOXKIEHMSI OJIOKa TaKTWIbHOM
CTUMYJISIIIMM Ha PyKe UCIBITYyeMOro. B xome mpe-
BapUTEIbHBIX MCIBITAHMUII KOHCTPYKIUM II€PBOTO
MPOTOTUIIA TAKTUIBHOTO CTUMYJIITOPA OBbLIM OIpe-
JleJIEHbI ONTVMAJIbHbIE TOYKM YCTAHOBKM Ha TIpeI-
IJIeYybe 4YeJioBeKa [JIS BCero KOMILIEKTa TaKTWUJIb-
HbIX CTUMYJIATOPOB. II0 IOJYYEHHBIM JAaHHBIM
pas3paboTaH MepBbIii MPOTOTUIT CUCTEMbBI 06PATHOI
CBSI3Y. VI3rOTOBJIEHHBI KOMIUIEKC GbIT MHTETPUPO-
BaH B MaKeT MCKYCCTBEHHOI KMUCTU pyKu. Tarke
ObLIO ITOATOTOBJIEHO HEOOXOAMMOe IIPOrpaMMHOe
obecrieueHme [Ijs1 MpeaBapUTEIbHbIX MCIIbITAHUIA
Hallleii CCTeMbI 06PaTHOI CBSI3M.

IMocne 3aBeplieHNUsT 3TOrO MPOLecca Mbl MO-
JIYYUJIU TOTOBYIO K IIPOBEpKe JIab0pPaTOPHYIO yCTa-
HOBKy. [Iji1 ampobaiuy Halleil CUCTEMBI ObLIU
MpOBeAEeHbl IIpeIBapUTe/IbHbIE OMbBITHI. B Xome
MCIBITaHMI T0/b30BaTe/b JO/DKEH ObLI JIOKAIU-
30BaTh aKTMBHYIO 06j1aCTh HAa MakKeTe IpoTesa. I1o
pe3yibTaTaM HauyaJbHbIX OIBITOB OGHAPYKMIACh
wrabass  3aIIMIIEHHOCTh KOHCTPYKLMM I1€PBOTO
MPOTOTUIIA OT (U3SUUYECKUX BO3AENCTBUITI MaH-
SKETKM M PYKM Ha KOPITyC CTUMYJISITOpa. IIpu He-
JIIOCTAaTOYHO AaKKypaTHOM WMCIIOJb30BaHUM YyCTa-
HOBKYM YBEJIMUMBANIACH BEPOSITHOCTb ITOJIOMKMU
CTUMYJIITOpPA M KOMILUIEKCa OOpaTHOM CBSI3N.
[IpyMuMHOV 3TOTO CTaJIO OTCYTCTBUE 3aIIUTHOTO
KOKyXa MEXOY CTUMY/ISITOPOM M KOXKeil Ha mpef-
IUleybe II0Jb30oBaTess. JlaHHast O0COOEHHOCThb
Cepbe3HO OrpaHMYMIA PECYPC SKCITyaTalluy CUC-
TeMbl, He MpeBbIIIaBIINII TpeX UCIbITaHU. s
yCTpaHeHMs 3TOTO HeJOCTaTKa HauyaJbHbIl Bapu-
aHT KOHCTPYKIMM CTUMYJISTOPA ObLT CYIIeCTBEHHO
M3MeHeH: ObLIY M3TOTOBJIEHbI 3aIIUTHbIE KOKYXMA,
VHIVBUIYaJbHbBIE ST KAKOOTO CTUMYJISITOPA, YTO
MTO3BOJIMJIO KOHMUTYPUPOBATh UX B 3aBUCUMOCTHU
oT (hOpPMBI ITpeILIeUbs M0JIb30BaTEIs.

B pesynbTaTe OMBITOB IJIST KAKIOTO CTUMYIISI-
TOpa ObLIT CO3[IaH aTIOMUHMEBBIN KOPIyC, obecrie-
YMBAIOIINIA JOIMOJHUTENIBHYIO 3aIUTy KOHCTPYK-
uyyu. Hanumume 3TOro Kopmyca CyIeCTBEHHO ITOA-
HSJIO Pecypec MCIIOJb30BaHMUSI YCTPOICTBA, MOC/Ie
npoBenennss 20 9KCIEPUMMEHTOB MPU3HAKOB pas-
PYIIeHUIT KOMILJIEKCA CTUMY/ISITOPOB OOHAPY>KEHO

116

He ObUTO. Bepcuio TakKTUIBHOTO CTUMYJISITOpA C
IOTIOJIHUTENIBHBIM KOPITYCOM Jajnee OymemM ume-
HOBAaTh KaK BTOPOJ OMNBITHBIN BapuaHT. [js anpo-
Gauyy 97Ol Bepcum Npubopa GbLT MPOBEMEH Clie-
JOYIOIIUIA 3Tall UCIbITAHU, aHAIOTUYHBIN TIpeLbl-
IyiieMy. DTU OIIbITbI BBISBWIM DS, CepPbe3HbIX
HEeJOCTAaTKOB BTOPOTO OMBITHOTO BapMaHTa TaK-
TUIBHBIX CTUMYJISITOPOB, KOTOPbIE€ BOSHUKIU TIPU
IOpaboTKe KOHCTPYKIUN.

ITepBbIM OOHAPY;KEHHBIM HEOOCTATKOM BTO-
pOTO TMPOTOTHIIA SB/ISIACH Majias Cuia BUOpaIy-
OHHOTO pasApaxkeHusi. DTO MPUBOAUIO K COBEP-
[IeHUIO TI0JIb30BaTe/IeM OIIMOOK IO JIOKAIU3aIUK
IaHHBbIX. B pesynbTaTe OJig yaydlleHUs] yKa3aHHO-
ro rnapamerpa ObLia IepejesiaHa cxeMa Kperuie-
HMS TaKTUJIbHBIX CTUMYJ/SITOPOB K Hecylleit MaH-
>KeTKe Halllero KoMmruiekca. M3 KOHCTPYKIIuU Kpe-
TJIeHMs ObLIM YOpaHbl QUKCUPYIOIIVE 3JIeMEHTHI,
BBICTYMAWIIME B POJAM MNOCATOYHBIX THE3M, MOJIs
TaKTUJIBHBIX CTUMYJISITOPOB. [locie BHeceHUSI B
CUCTEeMYy OOPaTHOI CBSI3Y M3MEHEHMH MPOBeIeHbI
VICTIBITAHMSI, II0 Pe3yJbTaTaM KOTOPBIX ObLIO 06-
HapykKeHO, YTO BTOpast MOAUGbUKAIIMS 3HAUNTEb-
HO yBeMuMuMjaa CWIy BUOPAIIMOHHOIO pasapaske-
HMUSI, CIle/laB ee AOCTATOYHOM it (popMupoBaHUs
BUOPALMOHHBIX OIIYIEHN Y IT0Ib30BaTEIS.

IpyruM BbISIBJE€HHBIM HEJOCTAaTKOM IPU TecC-
THUPOBAHUM OKa3aJics HeJJOCTATOYHbIN yUyeT B pac-
TOJIOKEHMU TaKTUJIbHBIX CTUMY/ISITOPOB B 3aBU-
CMMOCTM OT MPOCTPAHCTBEHHOIO TOpPOTra MCIHbI-
TYyeMOT0 HOBOM IIPOTOTMIIE CUCTEMBI OOPATHOI
cBs13K. JaHHbIA 3G @PEeKT BO3HMKAI U3-3a OTPaHU-
YeHHOI IUIOWIaAM TTOBEPXHOCTU TpeAIvieubs ye-
JIOBeKa, Ky[a yCTaHaBIMBAETCS cUCTeMa 00part-
HOJ CBSI3M, almnapaTHO-TEXHUUECKUX W3AEePXKeK
KOHCTPYKIIMM KOMIIEKCA ¥ U3MEHMUBIIUXCS U3-3a
3aMUTHONM 000JIOUKM pa3MepOB TaKTUIIbHBIX CTU-
MyJIITOpPOB. Perienue mpo6ieMbl HECOOTBETCTBUS
MPOCTPAHCTBEHHBIX  TOPOTOB  PaCIOI0XKEHUIO
CTUMYJIITOPOB B CHMCTeMe 0OpaTHO CBSI3U pa3BU-
BaJIOCh Cpa3y HECKOJIbKMMM CIIOCOOaMMU.

ITepBblii peasM30BaHHbI CIOCO6 — 3TO (GOp-
MMPOBaHMe OJIOYHOM CTPYKTYPhl YCTAaHOBKM CTU-
MYyJISITOpPOB. PaspaboTaHHBII BapMaHT TMO3BOJISIET
YMECTUTb BCE€ YCTPOMCTBA TaKTUIBHOTO paspake-
HMSI HA OTPaHMUYEHHOM IPOCTPAHCTBE Tperieybs
UCIIBITYEMOTO WM KYyJIbTUM MHBAIMUIA B Ja/ibHEl-
11eM, YYMUTHIBAsI COOTBETCTBME MTPOCTPAHCTBEHHBIX
MOporoB. Bcero ObIIO TpeAiOsKEHO [IBe BeEPCUMU
pasMelleHNs] TAKTWIbHBIX CTUMYJISITOPOB B G/I0KaX.

CaMpblit MPOCTOI IMYTh — 3TO MMOCTPOEHME TISITU
GJIOKOB JIMHUI «Taiel-1afoHb». Ha MLTIOCTpUpo-
BaHHOJ cxeMe TaKoro ropxoda (puc. 2) pasHbIMU
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Mapkepamy (KBagpaTHbIN, MSTUYTOJIbHBIN, KPYTJIbIA,
TPEeYTOJNbHBINA, IPSIMOYTOJbHBIA) OG03HAYEHBI 3TU
6J10KM. B GJIOUHOJI CTPYKTYpPE pacro3HaBaHMe VCIIbI-
TyeMbIM pa3ApaskeHuii, BOSHUKAIOIMIMX BHYTPU y3/1a
(6710Ka), CTAHOBUTCS TPYIHEE, 8 B KOHKPETHOM CJTy-
yae CHIDKAeTCsl MHTYUTUBHOE pasfesieHue U JIOKa-
JIU3aLYST CUTHAJIA C JATYMKOB, HAXOMSIIVXCSI B 06-
JIACTSIX, KOTOPbIe HEOOXOAMMO Pa3invaTh sl KOp-
peKkTHoro (GYHKIMOHUPOBAHUSI cucTeMbl. Harmpu-
Mep, OuUcTajabHast dajaHra najablia ¥ 00J1acTh Jam0-
HU, BXOASIIAS B COCTAB TOTO JKe 6JI0Ka.

Puc. 2. OTKII0HeHHOe B X0 UCIIbITaHUI
6JI0YHOe pa3zesieHle JaTIYMKOB

Bropoit BapuaHT (puc. 3) CTPYKTYPHOTO pa3-
IleJIeHMsI BKJIIOYAJT B cebs cyiemytoniye 6JI0KM: OC-
TaJbHbIN (TPEYroJibHbIN), CpegHUIl (MISATUYTOJIb-
HbI), IPOKCUMAIbHBIVA (KPYIJbIA) W JaJOHb
(xBazpaTHblit). IIo pesynbTaTamM UCIBITAaHUN Tep-
BBbIIf METO[ ObIJI OTBEPTHYT, TaK KaK BTOPOIi CITO-
co6 TPYNOMPOBKM TOKAa3aja JIyUIIve pe3ylbTaThl
II0 TOYHOCTY OIIpefeseHMs] KOoau4yecTBa pasapa-
SKeHUM, BBIMOTHEHHBIX TAKTUJIbHBIMU CTUMYIISI-
TopaMu. [IooTOMY OH GBI BEIOpPAH KaK OCHOBHOIA
I7Is1 JanbHeiero UCroab30BaHMs B CUCTEME.

Ha msobpaxkenun (puc. 4) BUIHO, Kak ycTa-
HOBJIEHbI TAKTUJIbHbIE CTUMY/ISTOPBI Ha MaHKeTKe
B COOTBETCTBUM C HyMepalyeil JaTYUKOB (pUC. 5).
OmHa M3 0COOEHHOCTEN pPacIioNoKeHUsT OGJIOKOB
CTUMYJSTOPOB — YCTaHOBKA UX IOIEepeK Mpearie-
Ybs yejoBeKa. ITopsamoK 6;J10KOB Ha MaHKeTKe CHUC-
TeMbl OOpPaTHOI CBSI3M MOET OT JIOKTS K KUCTU
MOJIb30BaTeNs CIeNyIOUM 06pa3soM: IUCTaTb-
HbII, CpeIHUIT, TPOKCUMAJIbHBIN U JIafOHb. Tako
BapMaHT ObUT BHIOpaH, IMOTOMY YTO IMCTAJIbHbIN
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U cpegHue 6JI0KM UMEIOT HaubOoIbIlIee KOJIMIeCTBO
CTUMYJISITOPOB, MO 5 INTYK KaXXOblii, COOTBETCT-
BEHHO, 3aJa4ya COOTBETCTBUSI IIPOCTPAHCTBEHHOTO
Iopora VIpoIIaeTcs, ecauM UX PacIoioKUTh Ha
BepxHeil YacTy Mpearieubs, Tak Kak OHO pacIiy-
psieTcs OMKe K JIOKTEBOMY CyCTaBy. IIpokcu-
MaJIbHbIN 610K 1 6JI0K, OTBEUAIOUIMi1 32 JATUUKH,
pacIiojIOKeHHbIe Ha JIaJOHM, WMEIOT MeHbliee
KOJIMYECTBO CTUMY/ISITOPOB — 4 IITYKU, TTOITOMY
OHM OBbUIM CMeIeHbI 6/IVKe K 3aIISICThIO Ue/IoBeKa,
13-3a TOTO UTO B 3TOJi 06JIACTH MpeaIieube uesao-
BeKa CY)KMBAETCSI, U, COOTBETCTBEHHO, YMeHbIIa-
eTcsl BO3MOKHASI TIOIIAAb IS YCTAHOBKU CUCTE-
Mbl OOpaTHONM CBSI3U. YBeJMYEHUE ITPOCTPAHCT-
BEHHOIO IOpOra TaKTWJIbHBIX PEIeNTOPOB OT 3a-
TISICThS K JIOKTEBOMY CYCTaBYy He OKa3ajJi0 HeraTUB-
HOT'O BJMSIHMSI HAa TOUHOCTD PACIiO3HABaHUSI ITOJIb-
30BaTeieM JaHHbBIX.

Puc. 3. VTBepKIeHHOE B X0/Ie UCITbITaHMIT 6JI0UHOe
pasfeyieHre JaTUMKOB

Hpyroit nyTh pelieHus 3a4auu COOTBETCTBUS
MIPOCTPAHCTBEHHBIX TTIOPOTOB TAKTUIBHBIM CTUMY-
JisiTopaM 6bUT Hambosiee KapaAuHaIbHbIM. OH 3a-
KIIOUajICS B pa3paboTKe ¥ co3maHuy 6Gojiee MMu-
HMATIOPHOTO BMOPALIMOHHOTO pa3ApaskuUTeNsT B
CpaBHEHUM C UMEIOUIMMUCS. B COBOKYITHOCTM 3TU
TpeajIoKeHMs 0 M3MEHEeHNIO BTOPOTO OIBITHOTO
MMPOTOTUIIA CUCTEMBI OOPATHOV CBSI3M BIUIOTHYIO
MOBEMM K CO3JaHMI0 KOHEUHOro o6pasma Tak-
TUJIBHOTO CTUMYJISITOpa. Vcronb3oBaHue 000MX
CITI0COO0B pemeHust Po6IeMbl B HOBOM ITPOTOTHUIIE
He TOJIbKO M306aBMJIO €ro OT BbIIIEYKa3aHHOTO Je-
(dekTa, HO ¥ KAPOMHATBHO M3MEHMUJIO ero XapaKkTe-
PUCTUKY B HEOOXOIMMBIX HAM HarlpaB/IeHMSIX.
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KWcTb ucnbityemoro

16 12 8 4
15 11 7 3
18 14 10 6 2
17 13 9 5 1

JNokoTe ucneityemoro

Puc. 4. PacrionosxkeHue CTUMY/ISITOPOB Ha MaH)XXeTKe
(KaKZOMY CTUMYJISITOPY COOTBETCTBYET JaTUMK C PUC. 5)

Puc. 5. Hymepaliys JaTYMKOB Ha MaKeTe KUCTU PYKU

B KayecTBe OCHOBBI OOHOBJIEHHO} KOHCTPYK-
MY TaKTUJIIBHOTO CTUMYJIATOpa ObLT BHIOpPAH BUO-
poanexktponsuratens QX-4A [2]. OpgHOBpeMeHHO
C 3TUM IIpU pa3paboTKe HOBOIO BapuaHTa ObLIU
YUTeHbI ITPO6JIeMbl MPEeIbIaYIINX 00pasoB. st
peleHust BOIMpoca (GU3NUECKOH 3alIUIIeHHOCTU
KOHCTPYKI[MM CIIPOEKTMPOBAHA CIlenMasibHas 3a-
IMUTHAsT MeTa/UIMUeCKast TUIb3a, He BAMSIONAs Ha
TOPOTOBYIO CUJTY BMUOPALMOHHOTO Ppa3ApaskeHusI.
[Tocne BHeIpeHMs B alIapaTHYIO 4acTb CUCTEMBbI
06paTHOIT CBSI3Y HOBOW KOHCTPYKUIMY TaKTUJIbHBIX
CTUMYJISITOPOB BO30OHOBUIMCH PabOThI B 00J1aCTH
YBEJIMUEHMsS] SPrOHOMMYHOCTM CHUCTEeMbI. Bbuin
IOBEeIEHbI 10 YIOBAETBOPUTEIbHBIX IapaMeTphl,
CBSI3aHHbIE C AHTPOIIOMETPUYECKOII COBMECTUMO-
CTbIO KOMILJIEKCA.

Ha mocsiemHeM 3Tare M3TOTOBJIEHMSI CUCTEMbI
MoTpeboBaiach pa3paboTKa MPOrpaMMHOro obecrie-
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YeHMs 10 MCITOJIb30BaHMIO 3TOTO KOMITIEKCa obpat-
HOI4 CBSI3M JJ1S TIPOTE30B Pa3IMYHbIX TUIIOB, & TAKXKe
TTOMOTAIOIIETO B OIpeIeJIeHUM TBepAOCTH Y (hOPMBI
MpeIMeTOB C TTOMOIIbI0 CUTHAJIOB, KOTOpble (op-
MUPYIOT TaKTUJIbHbIE CTUMYJISTOpPbL. [lepBoit ua-
CTbI0 MMPOTPAaMMHOTr0 KOMILJIEKCa CTajia Mporpamma,
obpabaTpiBalolas MHPOPMAIINIO, KOTOPYIO ITOTYUM-
JIa OT TAKTWIbHBIX AATYMKOB. DTa (YHKIUST peain-
3yeT CIIOCOGHOCTD Tepeauy MHGOPMAIK O B3ITOM
MIpoTe30M IpeMeTe, B YaCTHOCTH, ero ¢dopme. Tak-
ke TporpaMma TepefaeT peoOpa3OBAHHYIO WH-
(opmanio Ha TaKTUIbHBIE CTUMYJISATOPHI. BTOpas
rporpaMMa BU3yalIM3UpYyeT 3a/eiiCTBOBaHHbIE B
paboTe JIOKAIM30BaHHbIE YUYACTKM KUCTU MMUOIJIEK-
TPUYECKOTO ITpOTe3a, SIB/ISIETCS BayKHEIIe COCTaB-
JISTIOIIEN Kypca TOATOTOBKM TOTb30BaTeNsl K paboTe
¢ cucremorii. Ilo pesysnbTaTam MPOBEOEHHBIX HATYP-
HBIX UCIIBITAaHMII ObLIA OTpefiesieHa cepbe3Hast PoJib
MMEHHO 3TOT0 paKypca o0ydeHus. B cOBOKyIHOCTM
3TU TPOTPaMMBbl COCTABJISIOT KOMIUIEKC, KOTOPBIN
MOXHO TIPUMMEHUTb Kak cdepy MOATOTOBKM K MC-
MOJTb30BaHMIO PA3pPabOTAHHON CUCTEMbI 0OpPaTHOIN
CBSI3U MHBaJIUIOM.

Utorosasi KOHCTPYKIMS CUCTEMBI TIPOIIIA UC-
MbITaHMeE, B KOTOPOM TpUHSIIM ydacTue 30 mcrbi-
TyeMbIX (22 MY>KUYMHBI U 8 JKEHIIVH) B BO3pacTe OT
18 no 28 ner. Ilepen 5KCIIEPMMEHTOM WUCIBITye-
MOMY HEOOXOAMMO OBLIO IMPOITH TECT Ha MCCIe-
IOBaHMe TPeBOKHOCTU (orpocHMuK Crimibeprepa),
10 OKOHYaHUIO TeCTa UCIbITYEMbII MEPEXOOUT KO
BTOPOMY 3Tany. BTopoii sTam 3akioyaeTcsl B OI-
peleseHUM TOpOTa UyBCTBUTENbHOCTU TpPU TO-
MOIIM IMPKY/IsT BeGepa B 06jacTy MpeAruieybs,
Ha KOTOPOM IUIaHMPYETCSI YCTaHOBKA yCTPOJICTBA
TaKTWJIBHOM CTUMY/ISIIMN. B ganpHelineM Ha pyky
UCIIBITYEMOTO, B YKa3aHHYIO BbIllle 06/1aCTh, Hafle-
BaeTCsl YCTPOWCTBO ob6paTHOI cBsI3u. CremeHb
TUIOTHOCTY KOHTaKTa amfapaTHO 4acTu CUCTeMbI
¢ Koxeit popMmupoBasach UCXOOs U3 MOKeTaHUIA
MCITBITYEMOTO OTHOCUTEIBHO ero ymooctsa. Iloce
00DbSICHEHUSI CXeMbl paboThl IpubOpa IMMPOBOIAM-
JIOCh 0O0yYeHMe, Ha KOTOpOe OTBOAMIOCh 10 mMu-
HyT. 3a 9TO BpeMsl IOJIb30BaTe/lb TPEHUPOBAJCS
OTIpeIeNSITh MeXIY c060i 6JI0KY CTUMYJISITOPOB U
COOGCTBEHHO BUOPAIIMOHHbBIE PA3IPAKUTENN BHYT-
pu 6JI0Ka, aKTUBHO MCIIOJIB3YSl TTPOrPAMMHYIO CO-
cTaBsonIyio. 1o 3aBepiieHny OCHOBHOTO 06yue-
HUST TPOBOJIWIIUCH UCTIBITAHMS, COCTOSIIIVE U3 TPEX
(as. Kaskgast mpepncrapiisia co60il SKCIIEPUMEHT, B
TeueHMe KOTOPOTO MUCIMbITyeMblii JIOKAIU30Bal U
onpejiensii akTUBHYIO 30HY Ha MakeTe MUO3JIeKTPU-
YeCcKOTro MpoTe3a C MOMOIIbI0 CTUMY/STOpPOB. Ilocie
18 mombITOK ITepBast ¢asa 3aBeplanach, 1 C MoJIb30-
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BareieM MPOBOAUIOCH JOTOJHUTEIbHOE KOPPEKTH- 3. JlokanM30BaHbl IIOCTYMAIOIIVE C KUCTU
POBOYHOE 00yUYEeHME IJIUTEIBHOCTBIO OT 1 10 2 MU- MpoTe3a CUTHAJIbI Hecylye MHGOpMaIuK 00 ak-
HYT, B HEKOTOPBIX CTy4yasiX MUCTIBITYEMbIi HE MCITbI- TUBHOCTY T€X VIV UHBIX JATUMKOB UMUTUPYIOIINX
ThIBAJI HY>KIbI B TOIIOJIHUTETLHOM OOYUEHUM, M OHO TaKTUIbHYIO aKTYMBHOCTb.
3aMEHSI/IOCh 2 MUHYTHBIM IIepephiBOM. BTopas u 4. CospmaHbl BMOpalMOHHBIE CTUMYJISTOPBI,
TpeThsl (hasbl IKCIEPUMEHTA TaK K€ BKIIOYAIM B nepefamMe pesyabTaT o6paboTKM CUTHAIa Ha
cebst 10 18 MOMBITOK Kakaast. Meskmy HUMM IIPOXO- IpyTye 4acTy Tejla Mojb3oBaTens. [1o utoram uc-
IV 00s13aTe/IbHbIN TepephiB B 2 MUHYTBI, HO YK€ CJIeIOBaHMSI MOKHO CO3[AaThb CUCTEMY C OOJIBIINM
6e3 BO3MOXHOCTM JOTOTHUTEILHOTO OOyJYeHMSI. KOJIMYECTBOM CTUMYJISITOPOB PasIMUHOM Hampas-
[IpoBemeHHbIe TpexsTalHble OMbIThI Aanu 44,26% JIEHHOCTMU.
TOYHOCTh PAcCIIO3HABaHMSI AaKTUBHBIX 30H Jjabopa- 5. Co3zmana mHbOpMaIMOHHAS cUcTeMa 00y-
TOPHO YCTAHOBKM ITPOTE3a OTHOCUTELHO KaKIOTO yeHMsI ITI0/Ib30BaTeNsT paboTe C MMOIIEKTpHUYe-
CTUMYJISITOPA. CKMMM IIpOTe3aMM, KOTOpbIe 00/Iafal0T 00paTHOI
3akiaoueHue: TaKTUJBbHOI CBSI3bIO. B pe3ysibTaTe MpOeKTUPOBa-

1. Pa3paboTaHbl MOAXOObI IO YCTAHOBKE U HMsI OblIa BhIOpaHa BMOpALIMOHHAS OPraHU3aLys
PACIIOIOKEHUIO TaKTUIbHBIX JATUYMKOB Ha KUCTU 0o6paTHOI CBSI3M, KaK HE MMeEIIas Cepbe3HbIX
MpoTe3a B 3aBUCUMOCTM OT aHaTOMMUYECKUX OCO- HEJIOCTAaTKOB IIpM mepemave MHPOpMAIMKU U OT-
GeHHOCTE PYKM U BO3pacTa MoJib30BaTes. CYTCTBUIO PUCKOB JJIsl 3[J0POBbSI TTOJIb30BATEIS.

2. OrmpeneneHoO ONTUMAaJbHOE KOJIUYECTBO [TonyyeHHbIe pe3ynbTaTbl MOI'YT IIPUMeEHEHDI
TaKTUIbHBIX JaTUMKOB MCXOOS U3 TEeXHUUECKUX IUIST CYLECTBEHHOTO pacipenus (GyHKIMOHAIa
TpebGOBaHMiII ¥ OrpaHMUYeHMT MHGOPMALIVIOHHO MMOSJIEKTPUYECKUX ITPOTE30B Pa3IMUYHBIX KOHCT-
CUCTeMbI OOpaTHOI O6MOJOTUYECKON CBSI3U IS PYKLIMIA.

MMO3JIEKTPUYECKOTO MTPOTE3a.
INFORMATION SYSTEM OF FEEDBACK IN MYOELECTRIC UPPER-LIMB PROSTHESES
YA.A. TUROVSKY, K.I. FISENKO
Voronezh State University, Universitetskaya Sq., 1, Voronezh, 394018, Russia

Abstract. The absence of a system of reverse biological communication between the limb prosthesis
and the user is one of the main disadvantages of almost all myoelectric prostheses. This problem is especial-
ly evident in the incorrect work of most of the of the upper-limb prostheses. The present article offers a de-
scription of the conducted work on the reconstruction of biological feedback in myoelectric prostheses. The
information system was developed as an additional module (autonomous or partially integrated into an ar-
tificial limb) that expands the functional capabilities of the prosthesis. In the course of developing the pro-
totype of the system, vibration feedback organization was used, as it has no critical disadvantages concern-
ing the transmission of information, and presents no serious risks of harming the user’s health. Incoming
signals from the sensors to the prosthesis hands were localized, and the optimal number of tactile sensors
was determined based on the technical requirements for the size, cost and other characteristics of the prod-
uct. Tactile stimulators were created, which transmit signal processing data to other parts of the body. The
results obtained can be used to significantly expand the functionality of myoelectric prostheses of various
designs.

Keywords: biological feedback, sensor, myoelectric prosthesis, stimulators.

Introduction. The importance of extending a significant part of modern prostheses, control of
the functionality of the feedback channel in up- applied force consists in evaluating the mechani-
per-limb prostheses is beyond doubt. The lack of cal part compression parameters and adjusting the
even the simplest sensations transmitted from the force solely with the help of hardware-software solu-
prosthesis to the user often causes a lot of incon- tions, bypassing the user. Thus, the lack of informa-
venience in the process of using an artificial hand. tion about the nature of the object grasped by the
As an example, there is excessive or, on the con- manipulator is a serious problem hampering its use,
trary, insufficient pressure of the prosthesis me- due to which the user is forced to rely solely on his
chanisms on the objects with which it interacts. In visual analyzer and his previous experience.
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Purpose of the study is creating an informa-
tion system of tactile feedback for myoelectric up-
per-limb prosthesis.

Materials and methods (software and
hardware complex implementation). The op-
eration of the feedback system can be represented
as follows (Fig. 1). When a myoelectric prosthesis
interacts with the environment and with various
objects, the sensors installed on the artificial
hands receive data that are transferred to the
computer (including miniature single-board solu-
tions), where they are converted and then sent to
the tactile stimulators installed on the cuff that
the user is wearing. During the development
phase, we considered the levels of amputation
from the lower third to the middle third of the fo-
rearm. However, the results can be re-scaled to
any level of amputation based on the algorithms
outlined below. Each of the stimulators transfers
the signal from the corresponding part of the hand
prosthesis with the help of vibration-type stimula-
tion.

—»

Feedback sensor

-

Environment _;b Feadback sensor ~—> Signal reading board |—

s Feedback sensor

I T #  Tactile stimulator —

-

PC processing the data {—» Signal transfer board ¥ Man

Tactile stimulator  —#

»  Tactile stmulator  —

Fig. 1. Diagram of the feedback system

The following communication types were con-
sidered as stimulation options for the system:
electrical, vibration, carriage movement (tactile),
sound and light stimulation. The information sys-
tem versions with sound and light stimulation
were recognized as inconvenient in working with
the prosthesis. For example, when using light sti-
mulation, the user was invariably distracted from
his actual work, always looking at the feedback
unit installed on the prosthesis. Variants with car-
riage movement were recognized as too cumber-
some and unsuitable for a system with a large
number of stimulators. Vibration and electrical
stimulation have similar possibilities of transfer-
ring information from tactile sensors. With the
former option, an intermittent vibration signal is
used, which presents practically no risks to human
health. If the approach based on electrical stimu-
lation is selected, such risks increase; for example,
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it is very easy to cause in the user a sharply nega-
tive reaction to such stimulation if it exceeds the
pain threshold; therefore, this option was rejected.
In addition, the strength and the nature of the
stimulation strongly depend on the state of the
user’s skin, which gives unstable results in terms
of stimulation. Therefore, it is the vibration type
of feedback organization that was used in the im-
plementation of the feedback system.

In order to provide tactile communication, it
is necessary to use a number of criteria related to
the person’s biological characteristics. Thus, accu-
rate and correct operation of the system depends
on the correct positioning of the sensors depend-
ing on those parameters.

The first parameter is the spatial threshold
required to recognize the number of simultaneous
stimuli obtained from tactile stimulators. Tactile
sensors must be placed on the myoelectric pros-
thesis depending on its purposes and tasks. The
density of their location must be as high as possi-
ble, and ideally must approach the density of simi-
lar receptors on a healthy human arm. Therefore,
each tactile stimulator located on the user must
correspond to one sensor.

The second parameter — the absolute thre-
shold (the stimulus threshold) — depends in the
framework of our system on the force required to
press a tactile sensor. When a myoelectric pros-
thesis is performing accurate and delicate work,
such effort should be low, similar to the minimal
stimulus that causes excitation in the form of sen-
sation. Since the system uses discrete tactile sen-
sors rather than proportional ones, the value of
this parameter depends entirely on the technical
characteristics of the sensors. The sensors used in
the feedback information system have an actua-
tion force of 0.25 N.

If the number of sensors is increased, then the
accuracy of determining the information received
by the user about the objects with which he or she
interacts with the help of the prosthesis will also
increase; therefore, the spatial threshold between
the sensors will also decrease, which will enhance
the functionality of the feedback system. However,
because of the size of the sensors themselves,
there are additional restrictions on their number,
which results in reduced quality and reliability of
the data received by the user.

The third parameter important for the opera-
tion of the feedback system is the threshold
strength. It is expressed as the least strength of
stimulus delivered by a tactile stimulator which is
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capable of causing the excitation of the corres-
ponding receptors in the user. Adjusting this pa-
rameter individually for each user will allow the
prosthesis to interact with objects whose proper-
ties and characteristics (weight, strength, etc.)
usually make it difficult to use artificial hands.

Results and discussion. To conduct research
on the location of tactile sensors, it was necessary
to create a model of myoelectric prosthesis. The
model was based on the hand from the open-
source hardware code of the humanoid robot of
the InMoov project [1]. In the course of the re-
search, the optimal number of tactile sensors for
the hand was determined experimentally to be 18.
Their finite number was due to limitations related
to technical peculiarities, the size of the sensors,
the design of the hand, the parameters of vibration
on the person and the spatial threshold.

Then, we searched for the optimal location of
the tactile stimulation unit on the subject’'s arm.
During the preliminary tests of the first tactile
stimulator prototype, the optimal points of instal-
lation on the human forearm were determined for
the whole set of tactile stimulators. On the basis of
the obtained data, the first prototype of the feed-
back system was developed. The complex was in-
tegrated into the artificial hand model. We also
prepared the necessary software for preliminary
tests of our feedback system.

When this process was completed, we received
a ready-to-test laboratory unit. Preliminary expe-
riments were carried out for approbation of our
system. During the tests, the user had to localize
the active area on the prosthesis model. The initial
experiments showed that the design of the first
prototype did not provide adequate protection of
the case of the stimulator from the physical con-
tact with the cuff and the human arm. If the unit
was not used carefully enough, the probability of
breakdown of the stimulator and the feedback
complex increased. The reason for that was the
absence of a protective cover between the stimula-
tor and the skin on the user’s forearm. That signif-
icantly limited the service life of the system, which
did not exceed three tests. To eliminate this short-
coming, the initial version of the stimulator design
was significantly changed: protective covers were
manufactured individually for each stimulator,
which allowed them to be configured depending
on the shape of the user’s forearm.

Following the experiments, an aluminum case
was created for each stimulator in order to provide
additional protection for the unit. The presence of
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this case significantly increased the service life of the
device; after 20 experiments, there were no signs of
damage to stimulator complex. The version of the
tactile stimulator with an additional case will be fur-
ther referred to as the second experimental version.
In order to test this version of the device, the next
phase of testing was carried out, similar to the pre-
vious one. Those experiments revealed a number of
serious disadvantages of the second experimental
version of tactile stimulators which arose when the
design was modified.

The first shortcoming of the second proto-
type to be discovered was the small strength of
vibration stimulation. This resulted in the user
making mistakes in data localization. As a result,
to improve the abovementioned parameter, we
changed the way of fixing tactile stimulators to the
supporting cuff of the complex. Fixing elements
acting as mounting sockets for tactile stimulators
were removed from the fastening structure. After
making changes to the feedback system, tests were
carried out, which showed that the second modifi-
cation significantly increased the strength of the
vibration stimulation, making it sufficient to gen-
erate vibration sensations in the user.

Another disadvantage revealed during the
tests was that the location of tactile stimulators in
the new feedback system prototype failed to ade-
quately reflect the spatial threshold of the subject.
This effect was due to the limited surface area of
the human forearm, where the feedback system
was mounted, to hardware and technical costs of
the design of the complex, and to the size of tac-
tile stimulators, which changed as a result of add-
ing the protective cover. The search for solution to
the problem of discrepancy between the spatial
thresholds and the location of stimulators in the
feedback system developed in several ways.

The method that was implemented first was
developing a block structure of stimulator installa-
tion. The developed version makes it possible to fit
all tactile stimulation devices in the limited space
of the subject’s forearm or, in future, of a disabled
person’s stump, taking into account the corres-
pondence of the spatial thresholds. In total, two
versions of tactile stimulators block placement
were proposed.

The simplest way is to build five blocks of
“finger — palm” lines. In the illustration of this
approach (Fig. 2), these blocks are designated by
different markers (square, pentagonal, round, tri-
angular, and rectangular). In this block structure,
recognition of the stimuli arising within a unit
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(block) becomes more difficult for the test subject,
and in specific cases we can observe a decline in
the intuitive separation and localization of the
signal from the sensors located in the areas that
need to be distinguished for the correct function-
ing of the system. One example is the distal pha-
lanx of the finger and the area of the palm which is
part of the same block.

Fig. 2. Block division of sensors declined as a result of
tests

The second variant (Fig.3) of the structural di-
vision included the following blocks: distal (trian-
gular), middle (pentagonal), proximal (round) and
palm (square). Based on the test results, the first
method was rejected, since the second grouping
method showed better results in the accuracy of
determining the number of stimuli coming from
the tactile stimulators. Therefore, it was chosen as
the main one for further use in the system.

The illustration (Fig. 4) shows how the tactile
stimulators on the cuff are positioned in accor-
dance with the numbering of the sensors (Fig. 5).
One of the specific features of this placement of
the stimulator blocks is that they are positioned
across the human forearm. The order of the blocks
on the feedback system cuff going from the user’s
elbow to the hand is as follows: distal, middle,
proximal and palm. This option was chosen be-
cause the distal and the middle blocks have the
largest number of stimulators, five stimulators
each, therefore, the problem of spatial threshold
correspondence is simplified if they are placed on
the upper part of the forearm, which becomes wid-
er closer to the elbow joint. The proximal block
and the block responsible for the sensors located
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on the palm have a smaller number of stimulators
— four stimulators each, so they were displaced
closer to the wrist, due to the fact that in this area
the human forearm becomes narrower, and, accor-
dingly, the area available for positioning the feed-
back system also becomes smaller. The increase in
the spatial threshold of the tactile receptors from
the wrist to the elbow joint did not have any ad-
verse effect on the accuracy of data recognition by
the user.

Fig. 3. Block division of sensors approved as a result of

tests
Hand of the test subject
16 12 8 4
15 11 7 3
18 14 10 6 2
17 13 9 5 1

Elbow of the test subject

Fig. 4. Location of the stimulators on the cuff
(each stimulator corresponds to a sensor in Fig.5)

Another way of solving the problem of the
correspondence of spatial thresholds to tactile
stimulators was the most cardinal one. It consisted
in the development and creation of a more minia-
ture vibration stimulator in comparison with the
available ones. Together, these proposals on
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changing the second feedback system prototype
brought us close to creating the final version of
the tactile stimulator. Using both ways of solving
the problem in the new prototype not only made it
possible to rid it from the defect mentioned above,
but also radically changed its characteristics in the
necessary directions.

Fig. 5. Numbering of sensors on the hand model

The updated design of the tactile stimulator
was based on QX-4A electric vibration motor [2].
At the same time, when developing a new version,
we took into account the problems of the previous
prototypes. To solve the problem of physical secu-
rity of the structure, a special protective metal
sleeve was designed that does not affect the thre-
shold strength of vibration stimulation. After in-
troduction of the new design of tactile stimulators
into the hardware component of the feedback sys-
tem, work was resumed in the field of increasing
the ergonomics of the system. The parameters re-
lated to the anthropometric compatibility of the
complex were brought to a satisfactory level.

At the last stage of constructing the system it
was necessary to develop software for using this
feedback complex for prostheses of various types,
as well as for helping the user to determine the
hardness and shape of objects using signals gener-
ated by tactile stimulators. The first part of the
software complex was a program that processes
the information received from tactile sensors. This
function makes it possible to communicate infor-
mation about an object grasped by the prosthesis,
in particular, about its shape. Besides, the program
transmits the transformed information to tactile
stimulators. The second program visualizes the
localized parts of myoelectric prosthetic hand
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which are involved in the work; it is a major com-
ponent of the course of training a user to work
with the system. The results of field tests revealed
the special significance of this particular aspect of
training. Together, the described programs consti-
tute a complex that can be applied as a field of
preparation for the use of the developed feedback
system by the disabled.

The final version of the system underwent a
test which involved 30 subjects (22 men and
8 women) aged 18 to 28. Before the experiment,
the subject had to undergo an anxiety test (Spiel-
berger's questionnaire), at the end of which the
subject passed to the second stage. The second
stage consists in determining the sensitivity thre-
shold with the help of Weber's compass in the area
of the forearm, where the device of tactile stimula-
tion is planned to be installed. Then, the feedback
device is put on the arm of the subject in the
above-mentioned area. The closeness of contact
between the system hardware and the skin was
determined based on the subject’s wishes regard-
ing his or her convenience. Explanations concern-
ing the operation principle of the device were fol-
lowed by a training session, which took 10 mi-
nutes. During this time, the user trained to distin-
guish the stimulator blocks, actively using the
software component. After the completion of the
basic training, tests were carried out, which con-
sisted of three phases. Each phase was an experi-
ment during which the subject localized and de-
termined the active zone on the myoelectric pros-
thesis model using stimulators. After 18 attempts,
the first phase was completed, and additional cor-
rection training of the user took place, which took
1 to 2 minutes; in some cases the subject did not
need additional training, and it was replaced by a
2-minute break. The second and third phases of
the experiment also included 18 attempts each.
Between them there was a mandatory 2-minute
break, but without the possibility of additional
training. The conducted three-phase experiments
yielded 44.26% accuracy of recognition of the ac-
tive zones of the laboratory prototype of the pros-
thesis for each stimulator.

Conclusion:

1. Approaches have been developed to the in-
stallation and placement of tactile sensors on the
prosthetic hand depending on the anatomical fea-
tures of the hand and the age of the user.

2. The optimal number of tactile sensors has
been determined based on the technical require-
ments and the limitations of the biological feed-
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back information system for the myoelectric pros-
thesis.

3. The signals arriving from the prosthetic
hand and carrying information about the activity
of certain sensors imitating tactile activity have
been localized.

4. Vibration stimulators have been created
which transmit the result of signal processing to
other parts of the user’s body. Based on the results
of the study, it is possible to create a system with a
large number of stimulators of different types.
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5. An information system has been created for
teaching the user to work with myoelectrical pros-
theses with tactile feedback. As a result of the
project, vibration feedback organization was cho-
sen, as having no serious disadvantages concern-
ing the transfer of information and posing no risks
to the health of the user.

The results obtained can be used to signifi-
cantly expand the functionality of myoelectric
prostheses of various designs.
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MP-TOMOTPA®US AOPTAJIbHON CTEHKU C ITAPAMATHUTHBIM KOHTPACTHBIM YCUW/IEHUEM
B OHEHKE 3®®EKTUBHOCTH JJIMTEJIbHOTO ITIPUMEHEHNSI MEKCUIOJIA ITPA
ATEPOCKIJIEPO3E AOPTbI

B.I0. YCOB’, M.IL. INIOTHUKOB', O.A. IEJIb™, B.®. MOPZIOBVH', O.!. BEJIMYEHKO™, T.A. BAMOIINHA™

"HUU kapouonozuu THHUMI] PAH, nep. KoonepamusgHutii 5, 2. Tomck, 634009, Poccus
“HayuoHanvHolli uccnedosamensckuli Tomckuli 2ocydapcmeeHnHtslli yHugepcumein,
np. JlenuHa, 36, 2. Tomck, 634050, Poccus
"HHM cnopmusHoti meduyurst Poccutickozo T'ocydapcmsennozo Yuusepcumema (usuueckoii Kyasmypol,
cnopma, mMoJsiodexcu u mypusma, Cupetessiii 6ynveap, 0. 4, 2. Mockea, 105122, Poccus

AnHoTanus. [1o JaHHBIM PETPOCIIEKTMBHOIO aHaaM3a pe3yabTaToB MP-Tomorpadgmueckux mccieno-
BaHMIi aOPTaJIbHOI CTEHKU C MMapaMarHUTHBIM KOHTPACTHBIM yCUJIEHMEM OlleHUBAJIOCh aHTMOIMPOTEKTUB-
HOe BO3[elicTBMe MeKcudona (STUIMETUITUAPOKCU-TIMPUAMHA CYKI[MHATA) HA aOPTAJbHYIO CTEHKY Y IMali-
€HTOB C PacClpOCTPaHEHHBIM aTepPOCKIEPO30M U apTEPUATBHON TUIEpPTeH3Mel C JOCTUTHYTHIM IeeBbIM
ypoBHeM AJl. Bce maieHTsl B TeueHue 4-6 MeC. IpUHUMAaIN MeKkcudon (IpousBojcTBa Bekrop-®apm, Poc-
cus) B mose 500-750 mMrx2-3 p/meHsb. JIo U mmociie KypcoBOro Mpuema MpoBoamiach MP-Tomorpadust HUCXO-
ISIIEel a0PTHI C TapaMarHUTHBIM KOHTPACTHBIM YCYJIEHMEM, TIPY 9TOM Y BCeX OOJIbHbIX ObUIN ITOTy4eHsb! T1-
u T2-B3BemieHHble MP-ToMorpammbl aopThl, npu TR=400-600 mc, TE=10-15 mc. [TapaMarHUTHOE KOHTpa-
CTHOE yCWIeHMe MPOBOAWIOCH C UCIIO/b30BaHMeM ragoBepcetamua (Onrumapk, np-sa P-dapm, Poccust) B
cra”HgapTHo go3uposBke 0,1 MM Ha 1 Kr MaccChl Tena.

Okaszanocv, umo no daHHeiM MP-momoepaguu ¢ napamazHumHsiM KOHMPACMHbIM YCULEHUEM MEKCUION
IOCTOBEPHO TOAABJSIET MMATOJOTUYECKUIT HEOAHTMOTeHe3 B TOJIIIE CTEHKM aOpThl, CIIOCOOCTBYET COXpaHe-
HUIO ee reOMeTPUUYeCKMX ITapaMeTPOB U MPENsITCTBYET Pa3BUTUIO AUIaTallii a0OPThI.

ITo marHbIM MP-TOoMoOrpaduu ¢ IIMK, mekcudon obnamaeT JOCTOBEPHBIM aHTUMAHTMOTE€HHBIM 3D heKTOM
B OTHOIIEHUM (GOPMMUPOBAHMS IMATOJOTMUYECKUX VASA VASOrum aopTajabHOV CTEHKM U TPENsSITCTBYET Ipo-
IPEeCCUPOBAHMIO ATEPOCKIEPOTUUECKOTO MOPaKeHUS aopThl. IHAYLIIMPOBAHHOE MeKCUd0oM CHUKeHME TIa-
TOJIOTUUECKOV TTPOHUILLAEMOCTU COCYIMCTOM CTeHKU MUKPOCOCYJIOB MeIUM aOPThl CHMKAET PUCK COCYAU-
CTBIX KaTacTpod.

KnioueBsbie cioBa: MPT, napaMarHUTHOe KOHTPACTHOe yCUJIeHMe, aTepOoCKIepo3 aopThbl, MEKCUAOII,
ITUIMETWITUAPOKCU-TIUPUAMHA CYKIIMHATA.

BBepeHmne. ITWIMETWITUIPOKCUTTUPUAMHA TOJIOTUUECKUX TIPOLeCCOB B COCYAMUCTON CTEHKe
cykuuHat, Mexkcudon (M) mpexacTaBisieT OO0V aopThI M KPYIHBIX apTepuit 6buta co3maHa 6y1aro-
OIVH M3 HamboJjiee MMPOKO UCIOIb3YEMBIX IIpe- Iapsi pasBUTUIO MAZHUMHO-PE30OHAHCHOLU MoMmo-
rmapaToB C KOMIUIEKCHBIM, B MEPBYI0 ouepeib — epadpuu (MPT) ¢ napamazHumHsiM KOHMPACMHbIM
AHTUOKCUAAHTHBIM JelicTBueM [1], KOTOpBI [O- ycuneHuem (IIMK) nuiib B 1mociegHee OeCsTUIIET-
Kazaj cBOIO 3Q(eKTUBHOCTh IIPU OCTPHIX TOBPEXK- HMe [4-6]. Mexxny TeM cerofHsi Kak HUKOT[a Ben-
IEeHMSIX TOJIOBHOTO MO3Ta M XPOHUYECKOI Ieped- Ka MOTPeOHOCTh B MperapaTax, KOTopble Obl BbI-
POBACKY/ISIPHOI HENOCTaTOYHOCTM, TIPU IMpUMe- CTyMaayu, HapsiAy C OpPraHOINpPOTEKTUBHONM aHTU-
HEeHMUM B BUJE MOHOTEpanuu U Ipu COUeTaHHOM UIEMUYECKON ¥ aHTUOKUCIUTENBHOM aKTUBHO-
MCITOJIb30BAaHUM C IIperapaTaMy IPYIIIIbl CTATMHOB CTbIO, TAK’KE U aHTMOITPOTEKTOPAMM B OTHOLIEHUN
[2]. OnHaxo, 3¢ )eKTUBHOCTD B OTHOIIEHUY MATO- COCYMCTOM CTEHKM, MCKIIOUUTEIbHO BeJMKa, B
dusmonornueckx MexaHM3MOB aTepoCKiepo3a B MepBYI0 ouepenb 6yaromapst BCe BO3PACTAIOIIEMY
COOCTBEHHO TOPaKeHHOM COCYOUCTON CTEeHKe, B 06beMy pe3y/lbTaTOB B O3y IPEMMYIIECTBEH-
MepBYyI0 ouepelib —IMaTOJOrMYeCKOro HeoaHTrmore- HOJ ¥ TIEPBUYHON POy B GOpMUPOBAHMM aTepO-
Hes3a M HapylIeHW TMCTOTeMaTUYecKoro 6apbepa CKJIepo3a TIaTOJIOTMUECKOTO HeoaHrMoreHesa B
vasa vasorum aopTajbHOM CTEeHKM, OCTaeTcs [Jis COCYAMCTOM CTeHKe aOpThl U KPYITHBIX apTepuii, a
3TOrO IMpenapara HeM3y4yeHHOA. He TOJIbKO HapylleHMii MexaHM3MOB CHHTe3a U

Bo3MOXXHOCTh HEMHBa3UMBHOTO M3y4YeHMS Ia- pacripeneynieHusl JIUIIONMPOTEUIOB B OpraHusme
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[5,7].

Ilenp uccnenpoBaHMUA — MPUMEHUTh BO3MOX-
Hoctu MPT ¢ mapamMarHUTHBIM KOHTPACTHBIM YCU-
JIeHVeM [J151 BUSYAJIbHOM U KOJIMYEeCTBEHHO OLIeH-
K 3h(eKToB MeKkcudosia B OTHOIIEHMU aTepo-
CK/IEPOTUYECKOTO MOPaskKeHMS CTEHKM aOpThI Y JINULI,
ITUTETbHO TTPUHUMABIIUX MeKcudol B COUeTaHUM C
MeOMKaMeHTO3HbIM KOHTposieM AJl, Mo cpaBHEHUIO
C MalueHTaMu, He MOayJYaBIIMMy M TOMOTHUTEb-
HO K aHTUTUTIEPTEH3UBHOI Tepanunu.

Marepuansl M MeTOAbI WMCCIAETOBaHUSI.
Hauuenmor. VicciemoBaHue HOCWIO peTPOCIIEK-
TUBHBI/ XapakTep. B OCHOBHyW TIpymmy ObuM
BKJIIOUEHbI 23 MallMeHTa, ¢ BepuU(PUIMPOBAHHBIM
pacrpocTpaHeHHbIM aTepoCKIepo30M, U apTepu-
QJIbHOJ TUNEPTOHMEN 1-2 CT ¢ OOCTUTHYTBIM Ha
(oHe MemMKaMeHTO3HOI Tepanuy 1ieyneBbiM Al (B
cpegHem 138+8/88+5 MM PT. CT.), KOTOPbIM Hapsi-
Iy C OCHOBHOI KapAMOBACKYJISIDHON Tepamnuen
OeTa-6/I0KATOpaMM, AaHTAarOHMCTaAMM  KaJbIus,
MHTMOUTOpPAMM  aHTMOTEH3VH-IIpeBpalllaiollero
(epMmeHTa 1 TIpMeMOM aTopBacTaTHHA TaKXke Ha-
3Havascss M B mo3upoBke 500-750 Mr/cyT B Teue-
Hue 2,5-6 mec (B cpegHeMm 3,5+0,7 mec.). Ha mo-
MEHT OOC/IeOBAHUSI Y TPeX M3 HUX UM MeCTO
TepeHeceHHblii B CPOK 6ojiee 6 Mec. OCTPbIil He-
TPaHCMYPaIbHBIN MHPAPKT MUOKapIa JIEBOTO Ke-
Jymouka 6e3 GopMMUpOBaHMUS CEPAEUHON HeI0CTa-
TOYHOCTM ¥ 6e3 MapOKCU3MaIbHbIX TaXUCUCTOJI-
IMYeCcKMUX HapylleHUi pUuTMa cepala.

B kauecTBe KOHTPOIbHOI TPYIITbl BBICTYHAIU
16 mMauyueHTOB CXOAHON KIMHUUECKON TSIKECTU U
pacrpoCcTpaHEHHOCTY aTePOCKIEPOTUYECKOTro IOo-
pakeHMsl, apTepualbHOIO [OABJIeHUs, KapAuOBa-
CKY/ISIPHOIi Tepamnuu, HO KOTOpble MeKcudosl B J0-
MoJIHeHMe K Hell He monydaau. Hu B ofgHONM U3
TPYTIII JIUII C TIOYE€YHOV HeJIOCTaTOYHOCTBIO He ObI-
JI0.

MPT aoptel ¢ [IMK y Bcex manueHTOB BbI-
TTOJTHSITIACh IBAKIBI — IO HAYasIa Ipuema MeKcudo-
Ja u ciycra 2,5-6 mec (B cpemHeM 3,5+0,7 mec.).
Bcem mammeHTaM BbBIIIOJHSIACh, Kak 4yacTb MP-
TOMOrpauueckoro MCCieoBaHUS MMoOKapaa u
KpyIHbIX apTepuit, MP-Tomorpadusi cTeHOK aop-
Tbl ¢ [IMK. MP-Tomorpaduueckue mcciernoBaHus
BKIIOUau B cebst T2- u T1- B3B. crinH-3X0 MPT B
aKCHaNbHBIX U CATUTTAJIbHBIX IUIOCKOCTSX, OO U
cnyctst 12-15 MUH moc/ie 1mapaMarHUTHOTO KOH-
TpactupoBanus. [IMK ocyiecTBasiiocs ¢ UCHOJb-
30BaHMeM ragoBepceTaMmmuaa — Komruiekca Gd
(Ontumapk, npoussoactsa P-dapm, Poccus), kak
0,1 mM/Kr macchl Tejia. Bbuiu MCIOAb30BaHbI Clie-
IOyiomye mapaMmeTpbl MP-Tomorpaguueckoro mc-
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cnemgoBaHus: B T1-B3BellleHHOM peskume: TR=450-
600 mc, TE=10-15 Mmc, 3amich B MaTpuiry 256x256,
rpu pasmepe mons 3penus 250x250 mm. Ha ypoB-
He BbIle OTXOXIEeHMSI TOYEeYHBIX apTepuil IIo
JaHHbIM T1-B3BEIIEHHOrO M300paskeHUsI OIeHM-
BaMNCh Takue nokasatenu MPT, kak auametp
aopThl, TOMIIMHA AaOPTaJbHOM CTEHKU, MaKCU-
MajabHas UPKYASIpHas MPOTSHDKEHHOCTb 30HbI
ycunenust creHku npu [IMK, mHpOekc ycuneHus
nsobpaxkenus creHku npu I[IMK, paccunMThiBaB-
MINICS KaK OTHOIIIEHNE CpeJHUX UHTeHCUBHOCTEN
n3obpaxkenunit T1-B3B. MPT mocjie KOHTPAaCTHOTO
YCUJIEHUS K UCXOOHOMY, TOKOHTPACTHOMY:

1Y = (Cpedn.Him. T1-636 MPT) - ! (Cpeds.Hm. I1-635. MPT)m "

Bce wuccnemoBaHus mnposBoawauch Ha MP-
tomorpadax Toshiba Titan Vantage (tip-Ba Toshiba
Medical, ¢ vumyKkumuein MmarautHoro monst 1,5T), u
Magnetom Open (rip-Ba Siemens Medical, ¢ MHIYK-
uuelt marHuTHoro moss 0,22T).

Cratuctuueckass o6paboTKa C CpaBHEHUEM
pe3yJbTAaTOB TIOC/Ie Tepanuu MeKCUdosoM U UC-
XOJIHBIX — MPOBOJAMIACH C TIOMOIIIbIO MPUKIIATHOTO
cratuctuueckoro makera Origin 6.1 (Origin Lab
Inc., CIIIA), ¢ ucnonb3oBanuem Kputepusi CTbio-
IleHTa JJi9 TIapHbIX BBIOOPOK, IMPU 3TOM ITOPOTOM
JIOCTOBEPHOCTY pasinumsi cunrtagoch p<0,05. Pas-
JMYMST B YACTOTE TMaTOJOTMYECKUX CUHAPOMOB B
IpyIIax OLeHMBaINUCh IT0 KPUTEPHIO ¥ .

Pe3ynbTaThl M MX 00CYKIeHMe. B nuHaMuKe
Ha6II0IeHNsT BBISIBUJIMCH CIeOYIOIIe Pe3ylbTaThl
U MEeXTPYIIIOBbIe pa3auuus 1o mokasarensm MP-
ToMorpaduueckoro ucciaemoBanms aoptel ¢ IIMK,
B TpYIIIax JUII, MOJy4aBIINX U He TIOaydaBmmx M,
Kak IpefcTaBjeHo B Tabn. 1. B wacTHocTH, mpu
rpuemMe Mekcudosa OKa3bIBAJIOCh, YTO WHIEKC
ycuienust T1-83B. MPT ¢ KOHTpPacTHBIM yCUIEHU-
eM, JOCTOBEPHO YMEHbIIAJICS, PaBHO KakK LIMPKY-
JiIpHasi TPOTSDKEHHOCTh 3TOTO BKIIOUEHUS TI0
CTeHKe aopThl. B oTCyTCTBMe mpuemMa Mmekcudona
OTMeuajiaCh HeKOTOpasli TeHIAEeHLUs K POCTYy 3TUX
Tokasarejieli, a He perpeccy, Kak IIpM MCIIOIb30-
BaHuUM M.

BusyanbHO KapTHHA Y BCeX NAllMEHTOB, He T0-
JIYJIaBIIMX MeKcudo, XapaKTepu3oBasiach Heus-
MEHHOCTbIO, MO0 IIPOTPeCcCUPOBAHMEM — TaK, UTO
BU3YyaJIbHO MHTEHCUBHOCTb BK/IIOUEHMSI B CTEHKY
aopThl IPU UCC/IeIOBaHMUM C TTapaMarHUTHBIM KOH-
TPACTHBIM yCUJIEHMEM HapacTasa, MO0 KaK MUHU-
MYM OCTaBajaCb HEM3MEHHON. TUMMYHBIA KIVMHU-
YeCKuii pumep rpeacTaBieH Ha puc. 1.



BECTHUK HOBBIX MEJIMIIMHCKUX TEXHOJIOTUI - 2018 - T. 25, Ne1 - C. 125-132

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P. 125-132

Tabnuya 1

OuHamuka nmokasaresieit MP-tomorpadguy cTeHKU

aopTHI Yy NAIMEHTOB C apTepuaJbHOJ rMIepTeH3M-
ei, MoJIy4YaBIINMX, ¥ He MOJTyYaBIIMX MEKCUAO0J (KaK
M=o, roe M - cpegHee, ¢ — cCpeJHeKBaJgpaTUYHOe

OTKJ/IOHEeHMe)
WHpexc
Tommusa YCUIIeHUS
Tpynma IOuameTp CTOHK T1- LupkynsapHas
aopThl, B3B.CITMH- |TPOTSKEHHOCTh,
MaleHTOB aopThl,
MM MM 9x0 MPT |ycunenus, rpag,
CTEHKM
aopThI
Ucxomuo(32+4 mm| 2,5%0,3 |1,27+0,08 237+21
Mexenzor, 1,20%0,05 155%23
n=23 - + + AV Ly -
4-6 mec. | 30£3 mm | 2,4%0,2 (p<0,05) (p<0,05)
Konrpons, [AcxonHo| 31£3 mm | 2,4+0,1 |1,26+0,09 228+24
n=16  |4-6 mec.|32+4 Mm| 2,6%0,2 |1,27+0,07 225%22

B cnyuae mpocmeKTMBHOTO HaGIIOIEeHMS 3a
COCTOSIHMEM aopThl ¢ nomoiuipio MP-ToMmorpaduu
aopTaJIbHON CTEHKM C NTapaMarHUTHBIM KOHTPACT-
HBIM YCUJIEHMEM Y JIUIIL MTOTyYaBIIUX MeKCUdoJl 10
500-750 Mr/cyT. B mBa — TpM IIpMeMa, OKa3ajoCh,
4TO COycTs 4-6 MecsleB y TakuX MalyeHTOB Mpo-
MCXOOUT BU3YaJbHO 3aMeTHOEe CykeHMe 00J1acTu
BKJIIOUEHMS] TTapaMarHUTHOTO KOHTPAaCTHOTO Ipe-
rapara u ocyiabiaeHne MHTEHCUMBHOCTM BKTIOUEHMS
rnapaMarHeTMka B CTEHKY, YTO O3HA4aeT CHIDKe-
HME MHTEHCUBHOCTYU MaTOJIOTrMYeCKOr0 HeOBaCKY-
JIoreHe3a, MOCKOJbKY MapaMarHUTHOE KOHTPAacCT-
HO€e yCWJIeHMEe COCYIMUCTON CTEHKU U B YaCTHOCTU
nokasarenb MY — sBnsieTCss TOYHBIM MapKepoM
IVIOTHOCTY COCYLOB B NIOPaXEHHOJ aTepOCKIepo-
30M CTeHKe, KaK 3TO ObLIO IMOKA3aHO IMPY MPSIMOM
CpaBHeHMM KOHTpacT-ycuaeHHO MPT m maHHBIX
MOPQOJIOTMUECKOr0 MCcCaeqoBaHus (GparMeHTOB
OJIIlIeK M COCYAMCTOV CTEHKM Y4YaCTKOB aTepo-
CKJIEPOTUYECKOTO TOPaXKeHUs, YyAaJeHHbIX IIpu
XUPYPIUYeCKOM BMellaTenbCTBe [4]. TUnmMUHBIN
MIpUMep TaKO¥ MOJIOXKUTEIbHOM IMHAMUKU MPES-
CTaBJIEH Ha pUC. 2.

Kpome Toro, B pe3ynbTaTe KIMHUYECKOTO Ha-
6/TI0IeHNsT 3TUX O00CTeIOBAHHBIX OKAa3aJioCh, UTO
cpenu 23 mManyeHTOB, MPUHUMABIIUX MeKCUOON B
TeueHMe YeThIpex 1 60Jiee MecsIeB, TOIMBKO Y IBYX
MPOU30LIM HeJeTalibHble HeTpaHCMypaabHble
MHGAPKTHl MMOKapaa, B 060MX CJIydasx He Ipu-
BeJilliMe K MPOrpecCMpOBaHMUIO TSKECTU He[oCTa-
TOYHOCTM KpPOBOOOpAIIeHMs, Win K GOpMUPOBa-
HUIO CTOMKMX HApYLIEHUI PUTMa, MHBIM OCIOXK-
HEHUSIM.

HampoTus, cpeau 16 nuii, He IpUHUMAaBIINX
M, y IByX Ipou3olies HejleTaJlbHblil OCTPbI UH-
dapkT Muokapza, a y 0JHOTO TalyeHTa uMesl Me-
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CTO OCTPBIi MH(PAPKT MMUOKApa MepegHeit CTEHKU
JIEBOTO >KeMyo04yKa, MPUBEAILNI K KApAVMOTEHHOMY
IIOKY ¥ CMepTH mnainueHTa. Kpome Toro, y ogHOro
nanMeHTa IPOM30ILIa Paccjioiika HUCXOISIIeN
aopThI, TOTPEOOBABIIAS €€ SKCTPEHHOTO MPOTE3U-
pOBaHMs, U Y OAHOTO Mal[MeHTa — OCTPbIi ULIeMU-
YeCcKuii MO3TOBOW MHCYJbT, YTO B UTOTE AOCTO-
BEpPHO OT/JMYAET 3Ty TPYIILYy OT JIUII, IPUHUMAaB-
myx Mmekcumodn (p<0,05 mo Kputepuio y2).

McxopHo Nocne NMK

L)
-~

_—

CnyecTa 5 Mec

-~

Mocne NMK

Puc.1. Innamuka kaptvsl MPT B T1- B3B. pexkume
rapamMarHMTHBIM KOHTPACTHBIM YCUIEHMEM Y
TalMEeHTKM C paclipoCTPaHEHHBIM aTepOCKIePO30M
aopThI U ee BETBeI 1 apTepuanbHOl ruepTeH3nell, He
TMOJTyYaBIleil MEeKCUIOI B POMEKYTKe MEKIY
MCXOIHBIM M KOHTPOJIbHBIM MCC/IefoBaHueM. AopTa
BbIZle/IeHa Ha BCeX M0IIepeyHbIX Cpe3ax OKPYKHOCTBIO.
Kaptuna IIMK npakTuyecky Heu3MeHHa UCXOTHO U
criycts 5 mec. OTMevaeTcsl paciiMpeHue IuamMeTpa
aopThI 3a BpeMs HabmogeHus Ha 1-1,5 Mmm

Hcxoano

Ao NMK Mocne NMK

CnycTa 4,5 mec

”~
’

Mocne NMK

Puc. 2. Iunamuka kapTuHbl MPT 061acTi HUCXOASIIEH
aopTsl B T1- B3B. peXkuMe C MapaMarHUTHbIM
KOHTPACTHBIM yCUJIEHNEM Y Mal/ieHTa C
pacopocTpaHeHHbIM aTepOCKIePO30M a0PThI U ee
BeTBell U apTepuaabHON rUIepTeH3uel, MoayJyaBInuM
MeKCUION B 03UpoBKe 250 Mr X 3 p/cyT Ha
MIPOTSDKEHUM BCETO Iepuoaa MKy MCXOLHBIM U
KOHTPOJIbHBIM MCC/IeloBaHMeM. AOpTa OTMeueHa Ha
BCeX IOMePEeYHbIX Cpe3ax OKPYKHOCThI0. KapTuHa
IapaMarHMTHOTO KOHTPACTHOTO YCUJIEHUS CITYCTS 4,5
Mec Teparuu Mexcudos0M TeMOHCTPUPYET 3aMeTHOe
YMeHblIlIeHMe IVPKYISIPHOV NPOTSsKeHHOCTY 30HbI [IMK
CTeHKMU a0pThI, U CHIDKeHM e MHTeHCUHOCTHU
KOHTPaCTUPOBAHMS, TIO CPAaBHEHMIO C MCXOIHOMA.
IviamMeTp aopThl Heu3MeHeH (29 MM) 3a 3TO BpeMs
HaGIIomeHMs
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D(bEKTUBHOCTb MEKCUAO0JIA KaK MPEeACTaBUTE]IS
TPYIIbl 3-OKCUIIMPUAMHOB — MOIIHOTO OpraHo-
MPOTEKTUBHOTIO CPENCTBA M B YACTHOCTU aHTUOK-
CUOAHTA TIpM PasIUYHBIX MIIEeMUYECKMUX pac-
CTpOJCTBaX MHOTOKPATHO JOKa3aHa He MOIJIEKUT
coMHeHMI0 [1-3]. OpHako B ciay4yae Hayda/lbHBIX
craguii  GOpPMUPOBAHUSI  aTEPOCKIEPOTUUECKUX
MOpakeHUl OH KaK CPeJiCTBO 3aIUMUThI a0OPTaTbHOM
CTeHKM KaK PaBWIO He pacCMaTpUBaeTCs, YCTy-
masi SMOKCUIIMHY (IpPYyroMy IPOU3BOAHOMY 3-
OKCUTIMPUAVHA), VI BOOOIEe Takasi Tepanusl He
Ha3HavaeTcsl, OrPaHUUYMBASICh HA TpaKkTUKe Ipe-
rapaTraMmu IpyInbl CTaTUHOB [2].

Hamu naHHble, TpefcTaBleHHbIE 3[4€Ch, TO-
3BOJISIIOT TOBOPUTD O TOM, UYTO M 006Js1afilaeT aKTUB-
HOCTBIO IO NOAABJIEHMI0O HEOAHTMOTeHe3a B COCY-
JOJCTOI CTEHKEe aopThl y MAlMEHTOB C aTepPOCKe-
pO30M, U MO3TOMY MOXET pPaccMaTpuBaThCs Kak
CaMOCTOSITe/IbHBIN QHTHATEPOCKIEPOTUUECKUTA
Ipeniapar, BAMSIONIMII Ha BaKHEN 3Tall TaTOreHe-
3a aTepoCK/Iepo3a, MOCKOAbKY MMEHHO HEOaHIMO-
reHe3 B apTepUaNIbHOIN CTEeHKe 00ecreunBaer
TIPOHUKHOBEHME B ee TOJIIY KaK JUTIUAHBIX, TaK U
KJIETOYHBIX 3JIEMEHTOB, M SIBJSIeTCS Hambosee
PaHHMM U BaKHENMIINM B Pa3BUTUM aTEpPOCKIEPO-
TUYECKOTO TMOopaxXkeHus1 5]. YBepeHHOCTbh B TaKOM
BBIBOZIe TIpUAAET TOT (PakT, UTO paHee AoOKa3aHa
crtoco6HocTh MPT ¢ TIMK TOYHO OLIEHUTb MMEHHO
IUIOTHOCTb MATOJOTMYECKUX BHOBb 0OPa30BaHHbIX
COCYZ[OB B TOJILIE CTEHKU UM aTepOCKIepOTUIe-
CKO¥i 6rsuIky [4].

Hame ucciemoBaHue He HOCWIO XapakTep
MIPOCIIEKTUBHO PaHJOMU3MPOBAHHOIO, a MEKCUJOL
y JINIL C aTePOCKIePO30M U YCTaHOBJIeHHON Al He
TIPUMEHSIICS. M He MOT IIPMMEHSITbCS B BUAE MO-

HoTepanuu. OnOHaKoO, OOCTOBEpHasl pa3HuULA B
COCTOSIHMM CTEHKM aopThl Ipu Tipueme M u 6e3
TaKOBOTO, MTPOBOAMBIIASICS OOBEKTUBHBIMM He3a-
BUCUMBIMM  BBICOKOBOCIIPOM3BOAMMBIMM  CTaH-
gaptHbiMMu cpenctBamu MPT ¢ mapamMarHUTHBIM
KOHTPACTHBIM YCUJIEHMEM, MTO3BOJISIET Y)Ke Telepb
YTBEPKAATh UYTO STUIMETWITULPOKCU-TIUPUINHA
CYKLIMHAT, HApSAAY C ero APYrMMy MO3UTUBHBIMU
a(pdexrramu, MoaaBisieT MporpeccupoBaHue are-
pOCKJIepo3a, ClIOCOOCTBYET COXPAHEHNIO 6UMOIOTH-
YeCcKux U OGMoMexaHMYeCKUX CBOWCTB aopThl [2].
KocBeHHBIM CBUIETENBCTBOM 3TOTO SIBIISIETCSI U
IOCTOBEPHO 6oJjiee HU3KAS YACTOTA OCIOKHEHMI
aTepockiepo3a, NpPOUCLIeNIINMX B TPyIIe JINILI,
MIPUHMMAaBIINX MEKCUAOII .

3axkmoueHue. B 11e10M, yKe ceromHs o6oc-
HOBAHHO IIpeAriojaratb, 4To no gaHHeiM MPT c
IMMK, mekcumon obnamaeT JOCTOBEPHBIM aHTUAH-
rMoreHHbIM 3¢@eKToM B OTHOIIEeHuU (QopmMupo-
BaHMS TTATOJIOTUUECKUX Vasa vasorum aopTaabHOM
CTeHKU U TIPEeNSTCTBYeT MPOTPEeCCMPOBAHMIO aTe-
POCKJIEPOTUYECKOTO TOpakeHus: aopTbl. UHIayIIM-
pPOBaHHOE MEKCHUA0JIOM CHMKEHMEe TIaToJIornye-
CKOJ POHUIIAEMOCTH COCYAUCTOV CTEHKU MUKPO-
COCYZIOB MeJIuM aOpThbl CHUXKAET PUCK COCYAUCTHIX
KkatacTpod. IlpakTudeckoe IpuMMeHeHME MEKCU-
Jona Ojasi 9TUX 1iejeii 6e3ycIOBHO IOTpedyer
JaIbHEMIINX MIMPOKUX UCCIeq0BaHUIA.

MPT aopTanbHOI M apTepuaabHOM CTEHKU C
IMIMK MokeT 6GbITh GoJjiee LIMPOKO MCIIOJb30BaHa
KaK MeTOJI, IPOCIEeKTUBHOM OI[eHKM MUKPOIUPKY-
JISUUU CTEHKU aoOpThl B UCCIAENOBAHUSX KIMHUYE-
CKOJ MMHAMMKU aTepocKiepo3a Ipu ero dapama-
KOJIOTMUECKOJ Teparuu.

CONTRAST-ENHANCED MRI OF THE AORTIC WALL IN THE EFFICIENCY EVALUATION OF
ETHYLMETHYLHYDROXYPYRIDINE SUCCINATE (MEXIDOL) LONG-TERM USE TO PREVENT
AORTIC ATHEROSCLEROSIS PROGRESSION

V.YU. USOV', M.P. PLOTNIKOV", O.A. DEL’", V.F. MORDOVIN", O.I. BELICHENKO™,
T. A. ZAMOSHCHINA™

"Cardiology Research Institute, Tomsk National Research Medical Center of the Russian Academy of Sciences,
trans. Cooperative 5, Tomsk, 634009, Russia
“National Research Tomsk State University, Lenin Ave., 36, Tomsk, 634050, Russia
““Research Institute of Sport Medicine of Russian National State University of Fitness, Sport, Youth and Tourism,
Lilac Boulevard, 4, Moscow, 105122, Russia

Abstract. The angioprotective effect of ethylmethylhydroxypiridine succinate (mexidol) on the aortic
wall was studied retrospectively based on the contrast-enhanced MRI data of patients with extensive athe-
rosclerosis and arterial hypertension (AH) with achieved target values of arterial pressure. All the patients
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were receiving mexidol (Vector-Pharm, Russia) at a dose of 500-700 mg 2-3 times per day in courses of four
to six months (4.7 months on average). Before and after the course of treatment, contrast-enhanced MRI of
the descending aorta was carried out in T1- and T2-weighted spin-echo mode with TR=400-600 ms, TE=10-
15 ms, using gadoversetamide (Optimark, R-Pharm, Russia) at a standard dose of 0.1 mM/kg of body weight.
Based on the data of contrast-enhanced MRI, it was shown that mexidol effectively suppresses pathologic
neoangiogenesis in the aortic wall, facilitates preservation of its geometric dimensions, and prevents the

progression of aortic dilatation.

Contrast-enhanced MRI data demonstrate that mexidol has significant antiangiogenic effect and sup-
presses the progression of aortic atherosclerosis. The reduced pathological microvascular permeability in
the aortic media induced by mexidol results in reduced risk of severe vascular events.

Keywords: MRI, contrast enhancement, aortic atherosclerosis, mexidol, ethylmethylhydroxypyridine

succinate.

Introduction.  Ethylmethylhydroxypiridine
succinate, Mexidol (M) is one of the most widely
used drugs with complex and, first of all, antioxi-
dant effect [1], the effectiveness of which has been
proven in treatment of acute brain injury and
chronic cerebrovascular insufficiency, when used
as a monotherapy and as part of combined therapy
with statins [2]. However, its effectiveness regard-
ing pathophysiological atherosclerosis mechan-
isms in the affected microvasculature and primari-
ly regarding pathological neoangiogenesis and
disorders of histohematic barrier of the aortic wall
vasa vasorum has not been studied yet.

The opportunity for non-invasive research of
pathological processes in the vessel wall of the
aorta and large arteries arose only due to the de-
velopment of contrast-enhanced magnetic reson-
ance imaging (CE-MRI) in the recent decade [4-6].
Meanwhile, today there is an ever greater need for
drugs that, along with organoprotective antii-
schemic and antioxidant activity, would also have
angioprotective effect on the vessel wall of the
aorta and the large arteries, primarily due to the
increasing volume of results indicative of the fact
that predominant, primary role in the formation of
atherosclerosis is played by pathological neoangi-
ogenesis in the vessel wall of the aorta and large
arteries, and not only by violations of the mechan-
isms of synthesis and distribution of lipoproteins
in the body [5,7]

The purpose of the study was to apply the
possibilities of contrast-enhanced MRI for a visual
and quantitative assessment of the effects of mex-
idol on atherosclerotic disease of the aortic wall in
patients who received mexidol for a long time in
combination with drug control of blood pressure,
as compared with patients who did not receive M
in addition to antihypertensive therapy.

Materials and methods of research. Pa-
tients. The study was retrospective. The main
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group included 23 patients with verified extensive
atherosclerosis and stage 1 or 2 arterial hyperten-
sion with the target blood pressure achieved
against the background of drug therapy (138 * 8/88
* 5 mm Hg on average), who, along with the basic
cardiovascular therapy with beta-blockers, calcium
antagonists, angiotensin-converting enzyme inhi-
bitors, and atorvastatin, were also given M at a
dose of 500-750 mg per day for 2.5-6 months
(3.5%0.7 months on average). At the time of the
examination, three of them had an acute non-
transmural myocardial infarction of the left ven-
tricle which they had suffered over 6 months ago
without development of heart failure or paroxys-
mal tachysystolic cardiac rhythm disorders.

The control group consisted of 16 patients
with similar clinical severity and extension of
atherosclerotic disease, similar arterial pressure
and cardiovascular therapy, but who did not re-
ceive mexidol in addition to it. Neither of the
groups included patients with kidney failure.

CE-MRI of the aorta was performed in all pa-
tients twice — before they started taking mexidol
and 2.5-6 months after that (3.5%0.7 months on
average). All patients underwent CE-MRI tomo-
graphy of the aortic walls as part of the MRI ex-
amination of the myocardium and the large arte-
ries. MRI examinations were carried out in T1- and
T2-weighted spin-echo mode in axial and sagittal
planes, before and 12-15 min after paramagnetic
contrast enhancement. CE was carried out using
gadoversetamide — Gd complex (Optimark, pro-
duced by R-Pharm, Russia), as 0.1 mM/kg body
weight. The following parameters of the MR tomo-
graphy were used: in the T1-weighted mode:
TR=450-600 ms, TE=10-15 ms, matrix size
256x256, field of view 250x250 mm. At the level
above the origin of the renal artery, according to
the T1-weighted imaging, the following MRI indi-
cators were evaluated: aortic diameter, thickness
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of the aortic wall, maximum circumferential ex-
tent of the wall enhancement with paramagnetic
contrast, the index of enhancement of the wall
image with paramagnetic contrast, calculated as
the ratio of the mean intensities of the T1-
weighted MRI images after contrast enhancement
to the initial, pre-contrast ones:

El=(Meanint of T1-weighted MRI )PM rontrast"f (Meanlnt of T1-weighted MRDinitial'

All the studies were performed using the MR-
tomographs Toshiba Titan Vantage (Toshiba Medi-
cal, with magnetic field induction of 1.5T) and
Magnetom QOpen (produced by Siemens Medical,
with magnetic field induction of 0.22T).

Table 1

Dynamics of the aortic wall MRI indicators in pa-
tients with arterial hypertension receiving and not
receiving mexidol (as M*c, where M is the mean dev-
iation, o is the standard deviation)

Index of
Grou Aortic Aortic enh‘?)rflcTelrflemCir(:umferential
of b diameter. .wall weighted extent of
. ’thickness, - enhancement,
patients mm mm spin-echo deerees
MRI of the g
aortic wall
dol Initial |32+4 mm| 2.5%0.3 1.27+0.08 237+21
Mexidol,|
n=23 | 46 |zn. . 1.20+0.05 155%23
month530_3 mm| 2.4+0.2 (p<0.05) (p<0.05)
| Initial |31+3 mm| 2.4+0.1 1.26+0.09 228+24
Control,
n=16 mgr'li’hsszﬂx mm| 2.6¢0.2 | 1.2720.07 |  225%22

The statistical processing involving the compar-
ison of the results after mexidol therapy to the initial
ones was carried out using the applied statistics
software package Origin 6.1 (Origin Lab Inc., USA),
using the Student’s test for paired samples, with the
significant difference threshold p<0.05. Differences
in the incidence of pathological syndromes in the
groups were assessed by the y? criterion.

Results and discussion. The dynamics of ob-
servation revealed the following results and inter-
group differences in the indicators of CE-MRI of
the aorta between the group of patients who re-
ceived M and the group of patients who did not, as
shown in Table 1. In particular, in the case of re-
ceiving mexidol, it turned out that the enhance-
ment index of T1-weighted contrast-enhanced
MRI significantly decreased, as well as the circum-
ferential extent of uptake along the aortic wall. In
the absence of mexidol, there was a certain tenden-
cy to increase in these indicators, rather than de-
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crease, as in the case when M was used.

Visually, the picture in all patients who did
not receive mexidol was either unchanged or cha-
racterized by progression — so that visually the
intensity of uptake by the aortic wall during con-
trast-enhanced examination increased, or at least
remained unchanged. A typical clinical example is
shown in Fig. 1

In the case of prospective observation of the
aortic condition using contrast-enhanced MRI of
the aortic wall in patients receiving 500-750 mg of
mexidol a day in two or three doses, it turned out
that after 4-6 months in such patients there was a
visually noticeable narrowing of the area of para-
magnetic contrast agent uptake and a weakening
of the intensity of the uptake of the paramagnetic
substance by the wall, which means a decrease in
the intensity of pathological neovascularization,
since the paramagnetic contrast enhancement of
the vessel wall and, in particular, the EI index, is
an exact marker of the vessel density in the wall
affected by atherosclerosis, as was shown in a di-
rect comparison of contrast-enhanced MRI with
the results of morphological study of fragments of
plaques and the vessel wall of the atherosclerosis-
affected areas removed during surgery [4]. A typi-
cal example of such positive dynamics is shown in
Fig. 2.
Before CE

Initially After CE

_—

After 5 months

-~

Before CE

Fig.1.Dynamics of T1-weighted contrast-enhanced MRI
in a female patient with extensive atherosclerosis of the
aorta and its branches and arterial hypertension, who
did not receive mexidol in the period between the initial
and control studies. The aorta is marked with a circle on
all transverse section images. The picture of CE after 5
months is practically unchanged. The aortic diameter
enlarged by 1-1.5 mm over the observation period

In addition, clinical observation of these pa-
tients revealed that out of 23 patients who took
mexidol for four or more months, only two had
non-lethal nontransmural myocardial infarctions,
which in neither of the cases lead to progression of
the severity of circulatory insufficiency, to devel-
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opment of persistent rhythm disorders, or to other
complications.

oty Before CE After CE

~
Before CE

Afterd,5 months ~

L
’

Fig. 2.Dynamics of T1-weighted contrast-enhanced MRI
of the descending aorta in a patient with extensive
atherosclerosis of the aorta and its branches and with
arterial hypertension, who received mexidol at a dose of
250 mg 3 times a day throughout the period between the
initial and control studies. The aorta is marked with a
circle on all transverse section images. The picture of
contrast enhancement after 4.5 months of therapy with
mexidol reveals a significant decrease of the
circumferential extent of contrast enhanced area of the
aortic wall. The aortic diameter remained unchanged
(29 mm) during the observation period

By contrast, among the 16 people who did not
take M, two had non-lethal acute myocardial in-
farction, and one patient had an acute myocardial
infarction of the anterior wall of the left ventricle,
which led to cardiogenic shock and death of the
patient. In addition, one patient had a dissection
of the descending aorta which required its emer-
gency replacement, and another patient had an
acute ischemic cerebral stroke, which ultimately
significantly differentiates this group from the
group of patients who took mexidol (p<0.05 by the

2 criterion).
The effectiveness of mexidol as a 3-
hydroxypyridine - a potent organoprotective

agent having, in particular, an antioxidant effect
in various ischemic disorders — has been repeated-
ly proved beyond doubt [1,2,3]. However, in the
case of initial stages of atherosclerotic lesion area
formation, it is usually not considered as an aortic
wall protector, being regarded as inferior to emox-
ipin (another 3-hydroxypyridine derivative); in
other cases, such therapy is not prescribed at all,
and the treatment is limited to statins [2].

The data presented here allow us to say that M
actively suppresses neoangiogenesis in the vessel

JIuteparypa

1. HOanwmaosa JI.I. JIMnuoHblit oOMeH M aHTUOK-
CUOaHTel // MeXayHapoOHbIl >KypHaJl IIpuU-
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wall of the aorta in patients with atherosclerosis,
and therefore can be considered as an independent
anti-atherosclerotic drug affecting the most im-
portant stage of the pathogenesis of atherosclero-
sis, since it is neoangiogenesis in the arterial wall
that provides penetration into its thickness of both
lipid and cellular elements, and functions as the
earliest and most important factor in the devel-
opment of atherosclerotic disease [5]. What makes
us confident about this conclusion is the fact that
the possibility of using CE-MRI to evaluate pre-
cisely the density of pathological newly formed
vessels in the thick of the wall or of the atheroscle-
rotic plaque has been proven earlier [4].

Our study was not a prospective randomized
one; mexidol in individuals with atherosclerosis
and previously established AH was not and could
not be used as monotherapy. However, the statis-
tically significant difference in the state of the
aortic wall with M and without it, carried out by
objective independent highly reproducible stan-
dard MRI instruments with paramagnetic contrast
enhancement, now allows us to assert that ethyl-
methylhydroxypyridine succinate, along with its
other positive effects, suppresses the progression
of atherosclerosis, contributes to the preservation
of biological and biomechanical properties of the
aorta [2]. Indirect evidence of this is a significantly
lower incidence of complications of atherosclero-
sis that was observed in the group of patients tak-
ing mexidol.

Conclusion. In general, it is reasonable to as-
sume even now that, according to CE-MRI data,
mexidol has a significant anti-angiogenic effect on
the formation of pathological vasa vasorum of the
aortic wall and prevents the progression of athe-
rosclerotic lesion areas in the aorta. Decreased
pathological microvascular permeability in the
aortic media induced by mexidol reduces the risk of
severe vascular events. The practical use of mex-
idol for these purposes will certainly require fur-
ther extensive research.

CE-MRI of the aortic and arterial wall may be
more widely used as a method of prospective eval-
uation of microcirculation in the aortic wall in
studies of the clinical dynamics of atherosclerosis
against the background of drug therapy.
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AHHOTanmMA. AHaAMM3UPOBAINCH MTapaMeTpPhbl CEePAeYHO-COCYAUCTON CUCTEeMbI IIKOJIbHUKOB T. CypryTa
TIpU JeCTBUM pasauUuHbIX KiumaToreorpaduueckux (pakTopos. PesynbTaT MpoBeeHHOTO MCC/IeIOBAHUS
TOKasaJl, YTO KapAuopecnypaTopHasl cucTeMa o6c/iefyeMbIX ABYX TPYIIT pasHbIM 00pa3oM pearupyeT Ha
nepee3s 1 0370poBiaeHne. OUeBUIHO, YTO IIPOJIOHTALIMS 03/I0pOBUTeIbHOrO 3ddeKkTa y meBoyek (B Buae
YCTOMUYMBOTO CHMKEHMSI 00bEMOB K8a3UAmMmpakmopos Aaske IOC/e BO3BpAIIEHUS U3 03I0POBUTETHLHOTO
jlarepsi) MOXKeT JIeSKaThb B OCHOBe UX 6oJiee MPONOKUTENbHO Ku3HM B 6ymymem Ha CeBepe PO. [leBoukm
60Jj1e€e YCTOMUMBO COXPAHSIIOT TIOJIOKUTEIbHBIN 3(PGhEKT OT 030POBUTEIBHBIX MEPOIIPUSTHIA, a TapaMeTpPbl
cepoeuHo-cocyoucmoti cucmemsl MaJIbUMKOB OBICTPO BO3BPAIIAIOTCS B MCXOAHOE COCTOSIHME. DTU JAaHHBIE
TTOJTyYeHbl Ha OCHOBE pacyeTa IapaMeTpOB K8d3uammpaxmopos IJisl cepoeuHo-cocyoucmoti cucmemsl B IIec-
TUMepHOM (ha30BOM ITPOCTPAHCTBE COCTOSIHMIA. B 3TOM cityuae y meBOUYeK K8a3uammpakmopsl YCTONUMUBO
YMEHbIIAITCs (3KCIIOHEHIIMAMbHO aaloT), a Y MaJbUMKOB MMeeTCs BO3BpaT B UCXOAHOE ([0 JeueHUsT) Co-
cTosiHMe. Bce 3TO okasbiBaeT HMU3KME alalITMBHbIE BO3MOKHOCTY MYXKCKOTO OpraHM3Ma (faxke B IOHOCTH),
YTO CAyYaeTcsl C BO3PacTOM (IIPOAOJIKUTENIbHOCTD KM3HM MYKUMH Ha 10-15 jleT HMKe yeM y KeHIIUH).
Ocob6eHHO 9T0 pasnnuaeTrcs Ha CeBepe PO, rae cpeqHMii BO3pacT MY>KUMH HipKe 60-TH JIET, YTO COTIaCyeTCs
C IIEHCMOHHBIM BO3PacTOM.

KnioueBbie c/I0Ba: CepeuyHO-COCYAMCTasl CUCTeMa, amarTalus, KB3uaTTpakTopsl, 3¢dekt EcbkoBa-
3MHYEHKO.

Beenenmue. [IpokuBaHue B CEBEPHBIX PETUO- JIETCKOTO OpraHu3Ma UM 3TO SIBUJIOCh MpeIMeTOM
Hax P® oTknanmpiBaeT OmnpeAeneHHbI OTIIEeYaTOK MU3YUYeHUS] Ha TIpuMepe cepdeuHo-cocyoucmoti cuc-
Ha paboTy DPa3MIUUHBIX (YHKYUOHANbHBIX CUCTEM memot (CCC) mKonpbHMKOB Ha npumepe CCC, kak
opeaHusma (®CO) yenoBeka. KomIuiekcHOe BO3- BaxkHovi ®CO venoseka [1-4,7,8,10].

Ie/iCTBME SKCTPEMabHbIX (DaKTOPOB OKpPYKalo- Ilens ucciemoBaHMsl — YCTaHOBJIeHMe (u-
el cpelibl IPUBOAUT K HaMpPSDKEHUIO MeXaHU3- 3MOJIOTUUECKMX 3aKOHOMEPHOCTE TOBeAeHMS
MOB PETYJISIIUA Y UCTOIIEHNI0 (PYHKIMOHATBHOTO napaMmerpoB CCC mkonpHMKOB XMAO - IOrpsi
pesepBa opraHmusma uyejgoBeka. OcoOblii MHTEpecC IIpU WUPOTHBIX IepemelnieHMsix (¢ Cesepa Ha IOr
NpefcTasiaseT WCCIefoBaHMe peakluil CcTpecc- P® 1 06paTHO) U AEMCTBUYU PA3JIUYHBIX KIMMATO-
JTUMUTUPYIOIIMX CUCTEM [IeTCKOTO OpraHusma, reorpaduueckux GakTopoB.

T.K. IPUPOIHO-KIMMaTUUECKME YCIOBUS KasKIOro OGBEeKTHI M METOJbI McCIesoBaHusA. B ac-
ceBepHOro peruoHa P® crnenuduuHbl, a peakuyun TeKTe BHeApeHMS HOBbIX METOAOB MCIOJIb30Ba-
Pa3JIMYHBIX CUCTEM OpraHu3Ma pebeHKa 0CO6eHHO JIUCh PE3YNbTAaThl MOHUTOPUHTOBOTO 06C/IeIOBa-
YYBCTBUTEIHHBI K UX BIUSHUIO [5,6,9,12]. HUSI COCTOSTHMSI BereTaTMBHOrO cTaryca 55 yua-

B Hacrosiee BpemMsi OTCYTCTBYeT KOMILIEKC- muxcs r. Cypryra, 7-11 nmet. IIpenmerom aHanu3a
HbIVi TIOAXOA, B M3yYeHUM aJamnTallMOHHON peak- SIBWINCb M3MeHeHMs IioKa3zaTejieii aKTUMBHOCTU
UMM EeTCKOTO OpraHu3Ma Ha BO3LEeNCTBUE Cypo- BeretatTuBHON perymsuunu CCC yyammxcss 0opu
BBIX KIMMaTuueckux daxropoB CeBepa P®. Bue- IIUPOTHBIX IepeMelIeHNUsIX U MPOBeAeHUn 03[40-
IpeHVe HOBBIX METOJOB IMO3BOJUT pa3paboTaTh pOBUTENIbHBIX MeporpusaTuii Ha Ore P®. Uccie-
HOBble (U3MONIOTHYECKME METOAUKU [JISI CKPU- IOBaHMSI TIPOBOOMINCH B MapTe, TeMmIiepaTypa
HMHTOBBIX 00C/Ie00BaHMi 1 OOBEKTUBHOI OLIEHKU Bo3ayxa B . Cypryte coctasisiia (-8°C mo - 16°C)
aJanTalMOHHBIX U (QYHKIMOHAIbHBIX pE3epBOB B Tyamnce (+8°C mo +22°C). Kpumepuu 6KitoueHus:
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OTCYTCTBME KaJI00 HA COCTOSIHME 3I0pPOBbS B TIe-
pyop mpoBeaeHus obcaemoBanuii. IIIKOIBHUKY MO
IT0JIOBOMY MPU3HAKy ObLIM Pa30oUTHI Ha IBE TPYII-
bl MCClieloBaHMsl. B Kakmoit Tpyrire TecTUpoBa-
HMe BBITIOJNHSIJIOCh B 4-X pa3sHbIX BPEMEHHBIX ITPO-
MeXyTKax: 1-i1 3Tam - 70 OThe3na JeTeil B 0340~
pOBUTEbHBIN Jarepb «FOHbili HepmsaHuk» (I0H); 2-
oy aramn - no npwiety B IOH; 3-it aTam B KOHIe
oTHabIXa mepen BolieToM u3 IOH; 4-7 sTtam Hemo-
CpefCTBEHHO 10 mpuieTy B I. CypryT.

Vudbopmanuio o COCTOSTHUM TTapaMeTpoB 8d-
puabenvHocmu cepdeurozo pumma (BCP), yaammxcst
Mbl TOJlyJa/ii HEMHBA3UMBHBIM METOJOM ITyJIbCO-
uHTepBasorpadumyu, Ha  Oaze  amnmapaTHO-
MPOrPaMMHOIO  KOMIUIekca  (My/JIbCOKCUMETP
9JIOKC-01 M). B ycTpoiicTBe ucIonab3yetcst GpoTo-
OTNITUYECKMI TATUMK, C TIOMOIIbI0 KOTOPOTO Peru-
CTPUPYETCST ITyJIbCOBAsI BOJTHA C OJHOTO U3 Iajb-
1IleB MCITBITYEMOTO B ITOJIOKEHUU CUJISI, B TeueHue
5-MMHYTHOTO MHTepBajia M3MEHEeHUs (COIIacCHO
pekoMeHOanusiM, EBporieiickoii  accouualment
KapauosioroB). IIporpammubiii  mpoaykT «Eg3-
f.exe» KOTOphIM CHabkeH NMpuOGOpP B aBTOMAaTHUYE-
CKOM peskuMe O0TOOpaskaeT B BUIe psija rmokasaTe-
Jieil U3SMeHeHMs MeXaHU3MOB Peryasuuu cepaua,
C OJHOBPEMEHHBIM ITOCTPOEHMEM TUCTOTPaMMBbI
pacripefieieHus JJINTeNbHOCTU KapououHmepeaios
(KN). Putm cepoeyHbIX COKpallleHUN SBJISIeTCS
Haubosiee MOCTYIIHBIM [JIT perucrpanuu Qpusmo-
JIOTUYECKMX TMapaMeTpPOB COCTOSIHUSI 8ezemamus-
Ho-HepeHoll cucmemost (BHC), muHamuueckue xa-
PaKTEPUCTUKY KOTOPOTO TTO3BOJISIIOT OII€HUTD BbI-
pakeHHOCTh CUMITATUUECKUX U IapacuMiaTuie-
CKUX CIBUTOB TIpU M3MEHEHUM COCTOSIHUS UCCie-
nyemoro [3-10,12,13,20].

IMosmyyeHHble pe3y/ibTaThbl IepPBOHAUATbHO
00pabaThIBaIMCh METOJAMM MAaTeMaTUYEeCKO
CTaTUCTUKU C TIOMOILbIO TPOrPaMMHOTIO MPOAYKTA
Statistica version 6.1. OmHOBpeMeHHO MJIsl yUé€Ta
3/IeMEeHTOB Xaoca, B AMHaMmuke napameTpos CCC,
HaMM MCITOJIb30BaJMCh HOBbIE METOIIbI B paMKax
meopuu xaoca-camoopearusayuu (TXC). Cnenmyer
OTMETUTH, UTO Yy BCEX MCC/IeyeMbIX MMapaMeTpOB
BbISIBJIEHA 3aKOHOMEPHOCTb IPeMMYIIeCTBEHHO
HellapamMeTpUYeckoro pacmpeneneHus. Bcienct-
BMe 3TOro, JajibHeiillne MCCIefOBaHUS 3aBUCU-
MoOCTeli TpOM3BOAWINCH MeTOoJaMM HellapameT-
pUYECKON CTaTUCTUKU. Pe3ynbTaTsl CTaTUCTUYE-
CKOJi 00paboTKM maHHbIX Mokasateneit CCC
IIKOJIbHMKOB B YCJIOBMSIX IIMPOTHBIX TepeMelle-
HUU TIpeJCTaBlIeHbl HUXKE.

Pe3ynbTaThl M UMX OOCYKAeHMe. B mepBoM
Kyactepe paboTsl moayyeHHbie KV 3amyichiBalInCh
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B Bujie ¢ailyioB 1 06pabaThIBaIMCh B BUIE MaTPUILL
MapHbIX CpaBHEHUII BHIOOPOK C MTOMOIIBIO KpPUTe-
pust BunkokcoHa. IIpy 3TOM CpaBHUBIUCH BCe Ta-
PbI, TO €CTb JJIs1 KKI0i cepum CTpouaach MaTpu-
ma (25%25 g manbumkoB U 30x30 11 1eBOYEK B
KaXkAol TOuke MCC/IeIOoBaHMS), M3 MATPULIbl U3bI-
MaauCh OUaroHajJbHbIe 3JIeMEHThI (TIOJTHOE COBITA-
IeHye OOMHAKOBBIX BBIOOPOK) M Opajach MOOBY-
Ha U3 OCTaBIIMXCSI, TaK KaK KapTUHA MOJydanach
CUMMeTPUUHOI. Onpenensyioch YMCI0 map COBIIa-
IeHuii k, KoTopoe MOKHO ObIIO GbI OTHECTH K OfI-
HOI TeHepaIbHOM COBOKYITHOCTH.

PesynbTaThl aHa/MM3a MaTpULL, TAPHOTO CpaBHe-
Hus BbIOOPOK KU B 4-X TOUKAX MCCIIeIOBAHUS TIPE/I-
CTaBjIeHbI B TaOJ. 1. AHA/IIM3 MOKa3aj, 4YTO B IPYIIIIE
MaJIbYMKOB Bcero 7-10% map MmokasbpIBalOT BO3MOX-
HOCTb OTHECEHUsI JaHHBIX IBYX BbIOOPOK K 1-0i1 re-
HepalbHOJ COBOKYITHOCTHU. B rpyrmire neBoyek Takyo
BO3MOKHOCTh AEMOHCTPUPYIOT MeHee 7%. Eciu
MPOBECTU aHAJIOTUYHBIV aHAIN3 Y OSHOTO UCIIBITYe-
MOTO, BO3MOXKHOCTb OTHECEHMSI TAaHHBIX IBYX BbIOO-
POK K 1-0Ji reHepanbHOM COBOKYITHOCTU MOKa3bIBa-
10T MeHee 17% map. 3To meMOHCTpupyeT 3ddekT
EcbkoBa-®unaToBoii, KOrga OAMH YejIOBEK MOXKET
TOKa3bIBaTh TAKOE K€ KOIMYECTBO Map COBIMafeHUiA
BBIOOPOK (Y HAC MMEIOTCS MaTpulibl 1o 10% B rpyrime
My OIHOTO YeJIOBeKa), KaKk ¥ pa3Hble UCIIbITyeMbIE B
HeM3MEHHOM roMeocTase.

[MapameTpsl KU mposIBASIIOT HEYCTONYMBOCTD
dbyHKUMI pacrnpeneneHus OJisI PasaUUHBIX IIPO-
MEeXYTKOB BpeMeHM usMmepenmit [11,20,23-28].
CremoBaTesbHO, IJ151 PETYISILIMUY CepILeYHOTO PUT-
Ma CBOJMCTBEHHA XaoTMuecKasl AMHaMuKa. JIro6bie
MHTepBaIbl BbIOOPOK KU, rMomyueHHbIE IPU peru-
cTpanum, 6yayT YHUKAIbHBIMMU, TO €CTb BHYTPEH-
HSISL perynsiiusi, OYOyT HeIpepbhIBHO M3MEHSITCS
(Daxke B COCTOSTHUM ITOKOS). I[To3TOMY IO/TyYeHHbIE
pes3yJabTaThl C UCIOAb30BaHMEM CTOXaCTUYECKOTO
a”Haym3a OymyT ob6iamaTh HeOGOJNbIION MHGOpMa-
TUBHOCTbIO. TOMBKO [JiI JaHHOTO MPOMEXYTKa
BpeMeHM, OyIyT XapaKTepHbI JaHHbIe M3MeHEeHMs
B M3y4aeMbIX mapaMeTpax 1 GyHKIUSIX pacipeae-
nenus f(x). VimeeM CTaTUCTUUECKYIO HEYCTOWNUM-
BOCTb BBIOOPOK mMapameTpoB KU, uTo B 6MoMexa-
HMKe 0003HaueHO Kak 3¢¢deKkT EbckoBa-3MHUEHKO
[14-19,21-28].

Ipy u3MeHeHMM KIMMaTOreorpaduIecKmx
(akTOpPOB KOMMYECTBO Map COBIAAeHUIt Oymer
HeInpepbIBHO M3MeHsieTcsl (Tabi. 2). PesynabTaThl
cpaBHeHMSs BbIOOPOK KU B 4 TOUKAxX MCC/IeTOBaHMS
MPOAEMOHCTPUPOBAIN B TPYIIIe MaJbuMKOB BCETO
6,7-9,1% map coBmnajieHui1, y feBouex 4,5-7,4%.
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Tabnuya 1

PesynbTaThl IAPHOTO CPaBHEHMST BBIOOPOK KU
25-1 MasnbuMKOB U 30-TH JAeBoueK B 1-4 Toukax
VICC/IEIOBAHMS C TIOMOIIBIO KPUTEPUS IO
BunkokcoHy (kputepuit 3HaunmocTu p<0,05)

I'pymnina manbumky (n=25) | I'pynna neBouku (n=30)

1 2 3 4 1 2 3 4
TOYKA|TOYKA|TOYKA|TOUKA|TOUKA|TOYKA [TOUKA

TOYKa

YMCJIO COB-

o 24 21 20 30 30 22 21
rmajeHnii k

19

Tabauya 2

CpaBueHMs BbI6OOpOK KU MIKOJIbHMKOB B 1-4 3Tamax
uccaenoBaHus (IIonapHoe cpaBHeHue 1o Buaikokco-
Hy (KpuTepwuit 3HaunmocTu p<0,05) coBnamenwnii (k)

KA y manbumkoB ymeHbmimwics B 4,8 pasa, a y ne-
Bouek B 1,8 pasa 1o cpaBHeHMIO C 1 TOYKOI (IO
oTbe3ga). Ilocie 2-X HeOeIbHOrO OTAbIXa O0bEM
KA 1IKOTBbHMKOB MPOAOIKAeT CHMXKATbCS, UTO
CBUJIETENILCTBYET 00 aKTUBU3AIMU PEryISITOPHBIX
mexaHu3moB CCC 1 xopoiiem 0340paB/iuBaIEM
s¢dexTe IBYXHeIeNbHOIO MpebbIBaHMUS OeTeil Ha
IOre P®. ITo mpuiéty B r. CypryT (4 TOuka) 00bEM
KA y meBouek MpooJiskaeT CHIKAThCS, a Y MaJlb-
UMKOB Pe3K0 BO3pacTaeT B 6 pas3, TO eCTb y JeBO-
yek peakiust CCC 6ojiee BhIpaskeHHAas U CTOJKasl,
yeM y MaJbUMKOB, KOTOPbIE MTOKa3aau B 4-if TOUKe
YaCTUYHBI/A BO3BpAT B MCXOJHOE COCTOSHUE, TO
€CTh HeIOCTATOYHYI0 ChHOPMMPOBAHHOCTb amar-
Tal[MOHHbIX MEXaHU3MOB.

I'pyrina MajbuuKoB (n=25) B 1eJioM, o6bem KA mociie rnpuesna JIOMO]‘/)[ )

1n2|1n3|1u4(2u3|2u4(3u4] MambuMKoOB B 2,3 pasa, a y OeBouek B 4,7 pasa

Ym0 coBranenmit kus obwero| oo | 4o | o | 49 | 57 | 49 | MeHbme Habmomaemoro o6vpéma KA B 1 TOUKM

yycia nap cpaBHeHuit N=625 .

Tpynna aesoex (n=30) UccaenoBaHus. XapaKTePHO, YTO AE€BOUKM B 3-eii

1u2[1u3[1u4[2u3[2u4[3u4| TOUKe MMeEIOT MOBbIIIEHHOE 3HaUeHMe Vi ajisg KA,

umeno cosnanenmit ks odumero( o | oo | 41 | 43 | 54 | 67 HO OHM JAIOT YCTONUMBYIO KAPTUHY CHIDKeHUs Vi
yycsa nap cpasHeHuit N=900

[TapaMeTpbl KaskgOTO UIKOJIbHMKA CO CBOUM
Hab0pOM ITPM3HAKOB 3aJa0TCSI TOUKON B (ha3080m
npocmparcmee cocmosinuti (PI1C), a ux rpymra 06-
pasyeT HEKOTOPYIO «O06JIaCTb» K8a3uammpakmop
(KA). B Hammx uccaemoBaHMSIX B KaueCcTBe Auar-
HOCTUYECKUX TMPU3HAKOB ObLIM 3HAUEHMS WMHTe-
rpanbHO-BpeMeHHbIX mapaMmeTpoB CCC. I'pynrmsl B
pa3sHbIX (U3MOTOTUUYECKUX COCTOSTHUSIX 00paso-
BbIBAJIM pasHbie «obmactu» B QIIC. [MoryuyeHHbI
KA MOXHO OrpaHMUUTb HEKMM MHOTOMEPHBIM
napasiesienuIeioM M U3MePUTb ero KOOPAMHATHI,
YCTAHOBUTb KOOPJMHATHI IIEHTPa U BEJIMUMHY €ero
obbeMa. YBemmueHne oobeMa KA, monrBepskpaer
Yype3MepHOe HaIlpsbkeHMe U MOoCaeyolyio nepe-
CTPOJIKY peryiampymrolnein cucteMel. PesynbraTom
3TOI TepecTPOiKU U SIBJISIETCS BbIpaskeHHas Xao-
THU4eckas AMHaMMKa MCCIeAyeMbIX MapamMeTpoB.
VmMenbiieHne o6béma KA MokasbiBaeT CHIDKEHME
ypoBHSI pa3bpoca B ®IIC koopamuat BCC u cTabu-
nusauuio napametrpos CCC ams Bceli TPymIibl (UTO
KOJIMYECTBEHHO OlleHUBAeT aJlanTaluio).

i 06paboTKM CTATUCTUYECKUX JAHHBIX MC-
MoJb30Ba/IaCch  3alMaTeHTOBAaHHAs  MporpaMmma
Identity 4. TIporpamma 10 KpaifHMM TOYKaM OIIpe-
IensieT 06beM MapaieNenuiena ¥ aBToMaTuue-
CKU OTpefesisieT ero reoMeTpuyecKuii LeHTp, Tak
Ha3bIBAEMbIi1 XaOTUYECKUI LIEHTP.

Ha puc. mpencrapieHa guHaMUKa U3MeHEHMST
o6bemMoB KA mHTErpaabHO-BpeMEeHHbBIX MapaMeT-
POB IIKOJIBHUKOB B 4-X cocTosiHUsX. [Tocie mpues-
Ia B O3IOPOBUTENbHBIN Jarepb (2 TOUKa) 06bEM
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B XOJle OTAbIXa U MO BoO3BpameHuo B I0rpy. ¥V
MaJIbUMKOB 3Ta BeJIMUYMHA MMeeT BUJ Mapabosibl (C
TOYKOJ MMHMMYyMa B KOHIle OTAbIXa (3 Touka)). Of-
HaKo, Bo3BpaileHue B IOrpy ma€r Bo3BpaT B UCXO-
Hoe coctosinue mapametpoB CCC (puc.).

e\
. \
E 4 \ = ManbUMKK
>D 3 \ v 3 mllile 1€ BOUKM
o ~\ /
k-_/
! o~ T
o

17ouka 2 Touka 3 Touka 4 Touka

Puc. lunamuka nsMeHeHust o6bemon KA (y.e.)
MHTerpaabHO-BpeMeHHbIX TapameTpoB CCC MIKOIbHU-
KOB IIpU IIMPOTHBIX ITI€peMenieHUsIX

VcroitunBoe cHUKeHre 00beMoB KA B rpyrime
JleBOYEK, CPAaBHUTEJIBHO C MaJIbUMKaMM I1OC/Ie 03-
IIOPOBJIEHUST CBUMAETENbCTBYET O CHUKEHUU CTe-
ey pas6bpoca B ®IIC KoOpAMHAT BEKTOpa CO-
crosgHmsl cuctembl. OpgHako napametpbsl CCC yke
CUTHaJIM3UPYIOT O HEYIOBJIETBOPUTENbHON ajam-
Taluy, OTKIOHEHUM OT HOPMBI. [IeBOUKM 3TO He
MOKa3aiu, Yy HUX BbIpakeHHas peakuusi (yCTonum-
BOe CHIDKeHMe 06beMoB KA) mpyu nmpoBemeHui 03-
JIOPOBUTEbHBIX MepONpUITUIL. ITO, BO3MOKHO,
OOBSICHSIET OOJBIIYIO IPOIO/IKUTETBHOCTD KU3HU
>KeHCKoTo HaceneHus HOrpsl (y my>kunH Ha 10 meT
MPOIO/IKUTETbHOCTD HIDKE).
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3akmoueHue. HoBbIl MOAXOA UM MPOrpamMm- YMKOB, KOTOpPbIE TPEOYIOT 0CO60r0 BHMMAHMS.
Hble MMPOAYKTHI PEKOMEHIYETCS MCII0Ib30BaTh Op- Hamu ycTaHOB/IEHO, UTO NE€BOYKM JEeMOHCTPUPYIOT
raHaMm yIipaBJieHUsI 0Opa3oBaHMEM [IJiT BbIpaboT- 60Jiee YCTOMUMBYIO IMHAMMKY YIYUIIEHUS BCEX 6-
KU MPOUIAKTUUECKUX MEPOIIPUSITUIL TI0 OXpaHe ™ mmapameTpoB CCC (ueM MaybuMKu), U 3TO Xa-
30pPOBbSl HEeTCKOro HacejaeHus IOrpel, a Takke pakTepu3yeT UX BBICOKMIT aJalTUBHbIN TOTEHIIM-
06BEeKTUBHOJI OIIEHKM KauyecTBa IIPOBOAMMBIX Me- an.

POIIPUSATHI, 0CO6EHHO 3TO AKTYaJbHO MJIS Majb-

CHAOS OF CARDIOVASCULAR SYSTEM PARAMETERS IN SCHOOLCHILDREN UNDER CONDITIONS
OF LATITUDINAL DISPLACEMENTS

L.A. DENISOVA’, S.A. PROKHOROV", L.S. SHAKIROVA™, D.YU. FILATOVA™

‘Omsk State Technical University, Prospect Mira, 11, Omsk, 644050, Russia

“Samara State Aerospace University, Moskovskoe shosse, 34, Samara, 443086, Russia
“"Surgut state University, Lenin street, 1, Surgut, 628400, Russia, e-mail: firing.squad@mail.ru

Abstract. The authors analyzed parameters of the cardiovascular system of schoolchildren in Surgut
under the influence of various climatic and geographic factors. The results of the study showed that the car-
diorespiratory system of the two groups that were surveyed reacts differently to moving and recreation. Ob-
viously, the prolongation of the recreational effect in girls (in the form of a steady decrease in the volumes
of quasi-attractors even after returning from the health camp) may be the basis for their longer future life
under the conditions of the North of Russia. Girls more consistently retain the positive effect of recreational
activities, while in boys, the parameters of the cardiovascular system quickly return to their original state.
These data were obtained on the basis of calculating the parameters of quasi-attractors for the cardiovascu-
lar system in the six-dimensional phase space of states. In this case, the quasi-attractors steadily decrease in
girls (fall exponentially), while boys show a return to the initial (before the treatment) condition. All this
testifies to the low adaptive capabilities of the male organism (even in adolescence), which happens with
age (the life expectancy of men is 10-15 years lower than that of women). This difference is particularly ob-
vious in the North of Russia, where the average life expectancy for men is under 60 years, which is close to
the retirement age.

Keywords: cardiovascular system, adaptation, quasi-attractors, Eskov-Zinchenko effect.

Introduction. Living in the northern regions example of cardiovascular system (CVS) in school-
of the Russian Federation leaves a certain imprint children, as an important human FS [1-4,7,8,10] .
on the work of the various functional systems of the The purpose of the study is establishing
human organism (FS). The combined effects of ex- physiological patterns of CVS parameters in
treme environmental factors put body regulation schoolchildren of Khanty-Mansi Autonomous
mechanisms under pressure and lead to depletion Okrug - Yugra under conditions of latitudinal dis-
of functional reserves of the human organism. Of placements (from the North to the South of the
particular interest is studying the reactions of Russian Federation and back) and influence of var-
stress-limiting systems of the child’s organism, as ious climatic factors.
the climatic conditions of each of the Russian Objects and methods of research. Taking
northern regions are specific, and the reactions of into account the need to introduce new methods,
various systems of the child’s organism are partic- we used the results of a monitoring survey of the
ularly sensitive to their influence [5,6,9,12]. autonomic status of 55 schoolchildren from the

Currently, there is no comprehensive ap- city of Surgut, aged 7 to 11. Our analysis concen-
proach to the study of the adaptive reaction of the trated on the changes in the activity indicators of
child’s organism to the impact of the harsh climat- the autonomic regulation of the CVS in school-
ic conditions of the North of Russia. Introduction children under conditions of latitudinal displace-
of new methods will allow to develop new physio- ments and in the course of recreational activities
logical techniques for screening and objective as- in the South of Russia. The studies were conducted
sessment of adaptational and functional reserves in March, the air temperature in Surgut was (-8°C
of the child’s organism; this was studied on the to - 16°), while the temperature in Tuapse was
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(+8°C to +22°C). Inclusion criteria: absence of
health complaints during the period of surveys.
The schoolchildren were divided by gender into
two study groups. In each group, tests were carried
out at 4 different time intervals: stage 1 — before
children left for the Yunyi Neftyanik (YN) summer
camp; stage 2 — on arrival at YN; stage 3 — at the
end of vacation, before departing from YN; stage 4
— immediately upon arrival in Surgut.

Information about the status of the heart rate
variability (HRV) parameters in the schoolchildren
was received noninvasively by means of cardioin-
tervalography, using a hardware and software sys-
tem (ELOX-01 M pulse oximeter). The device uses
a photo-optical sensor which records pulse wave
from one of the testee’s fingers in the sitting posi-
tion during a 5-minute variation interval (accord-
ing to the recommendations of the European So-
ciety of Cardiology). Eg3-f.exe software product
installed on the device automatically displays
changes in heart regulation mechanisms in the
form of a number of indicators, while constructing
RR-interval (RRI) distribution histograms. Heart
rate is the most easily registered physiological pa-
rameter of the status of autonomic nervous system
(ANS); its dynamic characteristics allow one to
assess the intensity of sympathetic and parasym-
pathetic responses accompanying a change in the
testee’s condition [3-10,12,13,21].

The results obtained were initially processed
by the methods of mathematical statistics using
Statistica version 6.1 software product. Simulta-
neously, to account for elements of chaos in the
dynamics of CVS parameters, we used new me-
thods in the framework of the theory of chaos-self-
organization (TCS). It should be noted that for all
of the studied parameters the study revealed a pat-
tern of mainly nonparametric distribution. Conse-
quently, further studies of the dependencies were
carried out using nonparametric statistical me-
thods. The results of statistical processing of indi-
cators of schoolchildren’s CVS under conditions of
latitudinal displacements are presented below.

Results and discussion. During the first
stage of our work, the obtained RRIs were recorded
as files and processed in the form of matrices of
pairwise comparison of samples using the Wilcox-
on test. It is noteworthy that all pairs were com-
pared, i.e. for each series we built a matrix (25x25
for boys and 30x30 for girls at each point of the
study), withdrew diagonal elements (complete
coincidence of identical samples) from the matrix,
and took half of the remaining elements, as the

resulting picture was symmetrical. We determined
the number k of matched pairs that could be as-
signed to one general population.

The results of analyzing the pairwise compari-
son matrices for RRI samples at 4 points of the
study are presented in table 1. The analysis
showed that in the group of boys only 7 to 10% of
the pairs show the possibility of referring the data
of the two samples to one population. In the group
of girls, such possibility was exhibited by less than
7%. If we carry out the same analysis for one tes-
tee, the possibility of assigning two data samples
to one population is shown by less than 17% of
couples. This demonstrates the Eskov-Filatova
effect, when one person may show the same num-
ber of matched pairs of samples (we have 10% ma-
trices for the group and for one person) as differ-
ent testees in unchanged homeostasis.

RRI parameters show the instability of the
distribution functions for different periods of mea-
surement times [11,20,24-29]. Consequently, regu-
lation of heart rate is characterized by chaotic dy-
namics. Any intervals of RRI samples received in
the process of recording, will be unique, i.e. inter-
nal regulation will continuously change (even at
rest). Therefore, the results obtained using sto-
chastic analysis will have little informative value.
These changes in the studied parameters and dis-
tribution functions f(x) will be characteristic only
of the given period of time. We get statistical in-
stability of RRI parameter samples, which is
known in biomechanics as the Eskov-Zinchenko
effect [14-20,22-29].

Table 1
Results of pairwise comparison of RRI samples of

25 boys and 30 girls at study points 1-4 using the
Wilcoxon test (significance p<0.05)

Boys group (n=25) Girls group (n=30)

point|point|point|point|point|point|point| point
1 2 3 4 1 2 3 4
number kof | 5, | o1 19 | 30 | 30 | 22 | 21 | 19
coincidences
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Under conditions of changing climatic factors,
the number of matched pairs will continuously
change (table 2). The comparison of RRI samples
at the 4 points of the study yielded only 6.7-9.1%
of matched pairs in the group of boys, and 4.5-
7.4% in the group of girls.
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Table 2

Comparisons of RRI samples of the schoolchildren at
stages 1-4 of the study (pairwise comparison using
Wilcoxon test (significance of coincidences (k) p<0.05)

reaction of the girls’ CVS is more pronounced and
persistent than in boys, who, at point 4, showed
partial return to the original state, that is, in-
quate maturity of adaptation mechanisms.

In general, the volume of QA after arriving

Boys group (n=25) home is 2.3 times less in boys and 4.7 times
e land2|land3|1and4|2and3|2and 4| Sand4 | jooq iy gir]g than the QA volume observed at
dences kout of the | 49 5 “ 57 49 point 1 of the study. It is noteworthy that the
total number OfCOHE- girls have increased Vg value for the QA at
parison pairs N=62 Girls group (=30) point 3, but they show a steady decline of Vg
land2]land3|land4|2and3]2and 4] 3and4 | during the vacation and after return to Yugra.
number of coinci- In boys, this value has the shape of a parabola

dences k out of the . o . .
48 52 41 43 54 67 (with the minimum point corresponding to the

total number of com- . :

parison pairs N=900 end of vacation (point 3)). However, return to

Parameters of each of the schoolchildren with
a specific set of features are set by a point in the
phase space of states (FSS), and a group thereof
forms a certain “area” — quasi-attractor (QA). In
our studies, we used integral-temporal CVS para-
meters as diagnostic features. The groups of tes-
tees in their different physiological states formed
different “areas” in the FSS. It is possible to deli-
mit the resulting QA with a kind of multidimen-
sional parallelepiped and to measure its coordi-
nates; to set the coordinates of the center and the
value of its volume. An increase in the QA volume
testifies to excessive stress and subsequent reor-
ganization of the regulatory system. Such reorgan-
ization results in pronounced chaotic dynamics of
the studied parameters. A decrease in the QA vo-
lume testifies to a decrease in the dispersion of the
AVS coordinates in the FSS and to stabilization of
the CVS parameters for the whole group (which
quantifies the adaptation).

For processing statistical data, we used the
patented Identity 4 software. The software deter-
mines the volume of the parallelepiped by its ex-
treme points, and automatically determines its
geometric center, the so-called chaotic center.

The Figure shows the volume dynamics of the
QAs of integral-temporal parameters of school-
children in 4 states. After arrival at the health
camp (point 2), the volume of QA decreased
4.8 times in boys and 1.8 times in girls as com-
pared with point 1 (prior to departure). After a 2-
week rest, the QA volume in schoolchildren con-
tinued to decline, indicating activation of regula-
tory mechanisms of the CVS and good revitalizing
effect of the two-week stay of children in the
South of Russia. Upon arrival in the city of Surgut
(point 4), QA volume in girls continues to decline,
while in boys it sharply increases 6 times, i.e. the
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Yugra results in a return to the initial CVS
rameters (Fig.).
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Fig. Dynamics of QA volumes (conventional units) of
integral-temporal parameters of schoolchildren’s CVS
under conditions of latitudinal displacements

The steady decrease in the QA volume in the
group of girls after recreation, as compared to the
boys, indicates a decrease in the degree of disper-
sion of system state vector coordinates in the FSS.
However, the parameters of the CVS themselves
signal unsatisfactory adaptation, deviation from
the norm. The girls did not show the same, they
had pronounced reaction (steady decline in QA
volumes) during recreational activities. This may
explain the greater life expectancy of the female
population of Yugra (men’s life expectancy is
10 years less).

Conclusion. The new approach and the soft-
ware are recommended to be used by education
authorities for the development of preventive
measures for protecting the health of Yugra child-
ren, as well as for objective assessment of the
quality of the taken measures, which is especially
true for boys, who need special attention. We have
found that girls exhibit more stable dynamics of
improvement of all six CVS parameters (as com-
pared to boys), which characterizes them as having
high adaptive potential.
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AnHoTanus. IIpeacraBieHa HOBasl TPaKTOBKA rOMeOCTa3a ¥ TOMeoCTaTUUeCKUX CUCTeM, KOTOpbie OT-
JINYHBI OT CTOXaCTUUYECKUX cUcTeM. JIJIsI TOMeOCTaTUIeCKUX CUCTEM XapaKTepHO HeIlpephIBHOE U XaoTuue-
CKoe M3MeHeHye GQYHKIMIA pacripemeseHus f(x) i CBOMX BbIOOPOK Ha paBHBIX MHTepBaiax At; BpeMeHMU
u3MepeHus. KOMIIOHEHTBI X; BCETO BEKTOPA COCTOSTHMUS CUCTEMBbI x=x(t), I/ 9TUX BbIGOPOK HEIpephIBHO (U
Xa0TUYeCKM) U3MeHSIOTCS. VIX ceKkTpasibHble TJIOTHOCTU CUTHAJIOB U aBTOKOppensiuit A(t), KOTopbie He
CTpeMSITCS K HYJ/II0 TIPU YBeJIMUeHUM BpeMeHM t, TOXKe XaOoTMUeCKU M3MEHSIOTCS NPy HeM3MeHHOM TOMeo-
crase. [I;11 HUX HET CBOJCTBA MepeMellMBaHMsI, a HayaJbHbIe TTapaMeTpbl BeKTopa X(t) B Buae x(t;) HeBO3-
MOXXHO TIOBTOPUTH IPOM3BOJAbHO. CpaBHeHME COCTOSIHMUI TaKMUX CUCTEM IIPOMU3BOAUTCS B paMKax HOBOI
Teopuyu Xaoca-caMOOpraHM3aluy Mo IapamMeTrpaM KBas3MaTTPaKTOPOB, BHYTPU KOTOPBIX HEIPEpPbIBHO U
XaOTUYECKU ABMKETCS BEKTOP COCTOSIHUS CUCTEMbI X(t). BBOOIMUTCS MOHATME rOMEoCTa3a TakKuxX 0COObIX CUC-
TeM, KOTOpble He OTHOCSITCS K IeTepMMHMPOBaHHOMY xaocy. I'mmoTesa LR. Prigogine u M. Gell-Mann o B03-
MOXHOCTM IIpMMEHEeHMSI IMHaMM4YecKoro xaoca JlopeHIa He MOATBEPAWIACDH IJISI TOMEOCTaTUIECKUX CHUC-
TeM. Jloka3aHa CTaTUCTHUECKAs HEYCTOMUMBOCTDb He TOJIBKO CAaMMX BBIGOPOK IMapaMeTpoB FOMeOCTasa X;, HO
U UX CIEKTPaJbHBIX IJIOTHOCTEN CUTHA/IA U aBTOKOPPEISIIIUMOHHBIX A(t). XaoC TOMeOCTaTUYeCKUX CUCTEM
SIBJISIETCST 0COOBIM Xa0COCM, KOTOPBINi He Hab/i0JaeTcsl B GU3NUECKUX U TEXHUUECKUX CUCTeMaX.

KnioueBbie c/I0Ba: roMeocTaTMyecKMe CHUCTeMbI, SHTPOIMS, KBa3maTTpakTopbl, 3¢dekT EcbkoBa-
3UMHYHKO.

Beenenue. W.Weaver 69 net Hasapn mpeznjo- 91oT 3(PdeKT TOKe OTHOCUTCS K TOHSITUIO TOMEO-
SKMJT BBECTU KyIaccudUKaInio BCex CUCTeM MPUpo- CcTa3a (HepBHO-MBbIILIEYHOV CUCTEMbI YeJOBeKa) U
Iobl (cM. «Science and complexity») B paMKax TpEx 3TOT rOMEeOCTa3 BeCcbMa CJI0XKHO (KaK ceifyac HaMu
TIOHSITUI: MPOCTbI€ CUCTEMBI, HEOPraHM30BaHHAs IIOKa3aHO) OIMCHIBATb CTATUCTUUECKUMMU (PYHK-
CJIOKHOCTh U OPTaHM30BAaHHASI CAOXKHOCTb, WU yusmu pacnpedeneHuss f(x), X CheKMpaibHbIMU
cucmemsl mpemoezo muna (CTT). TToske 6GblIa pas- naomuocmsamu cuevana (CIIC) u asmoxoppensyu-
paboTaHa mepMoOUHAMUKA HEPABHOBECHDIX CUCIEM OHHbIMU yHKyuamu A(t) [8,9,12,14,16-19,21,24].
(THC), koropas 6buta co3maHa LR. Prigogine [31] JIvHaMMKa IOBeIeHMs MaKpOCUCTeM B BUIe
IJIST  OMMCAaHMsI OMOCUCTEM HA MOJIEKYISIPHOM Pa3JINYHBIX OMOJOTMYECKUX PETYISITOPOB, KOTO-
YpOBHe (TeHeTMKa M MOJEKyJIsSIpHasi 6MoIorus). pble C O6MOIOTMYECKONM TOUKYM 3PeHMUs CUMTAITCS
OnHaKo peajabHO CJIOKHBIE 6MocucTeMbl — CTT He rOMeOoCTaTUYeCKMMHM, T.e. HEM3MEHHBIMU, HEe CO-
OTHOCSITCSI K TaKUM cucteMam [16-26]. Ux onuca- OTBETCTBYIOT CTOXacTuKe. ['omeocTtaTnieckue Cuc-
HMe B paMKaxX (PyHKIMOHAJIbHOTO aHAIM3a U CTa- TeMbI, HAXOASIIMEeCsT SIKOObI B CTAIIMOHAPHBIX CO-
TUCTUKM 3aTPYOHUTENBHO [2,5-14,16,24]. BiepBbie CTOSTHUSIX, HE MOTYT OBITb 06b€KTaMM CTOXaCTUUe-
Ha 3TO O6GpaTW BHMMAaHME BBIJAIONINIICI HU3UO- cKoro moaxopa [3,11,15-22,24,26].
sor H.A. BepHiureiin moutu 70 set Hasapg, [2] npu I'paHuIIbI CTATUCTUKM B OLI€HKE rOMeOoCTa-
MU3ydeHUM QU3UOIOTUM IBUKEHUIA. 3a. [Jo3HaHMe aMepIkKeHTHBIX CUCTeM, complexity

3a 9TOT [JUTENbHBbIN mepuopn (IocyIegHue — CTT, xaK peayibHOJi T7106a/IbHO TPo6IeMbl G-
60 J1eT) He MOSIBWJIOCh PabOT, KOTOPhIE ObI OMMCHI- suonorun ®CO, 6asupyeTcsl Ha OBYX OCOOEHHO-
Baymu B pamKkax THC cioskHbIe 6MocucTeMbl (com- CTSIX: 80-Nepebvlx, HeT CTPOTOrO Ompefe/ieHUs] ro-
plexity, sMmepaKeHTHbIE CUCTEMBI), HAIIpUMeEpP, Ha MeOCTa3a KMBBIX CUCTEM, 80-8MOpPbIX, GU3MOIO-
YPOBHE  (DYHKYUOHANBHBIX  CUCMEM  OpeaHusma I'USI OCTAETCSI B paMKaxX CTOXacTUMKMU. B HacTosiem
(®CO) uenoBeka, KOTOpbIe BBEJ U OMUCHIBAJ €Ille COO0IIeHN MbI JaéM BeCcbMa KpaTKoe ompejese-
B 30-e romst 20-ro Beka II.LK. AHoxuHn [1]. OgHO- HUe TroMeoCTaTUUYeCKMX CUCTeM: romMeocTaTuye-
BPEMEHHO OCTAETCSI OTKPBITHIM U 3G (EKT «IOBTO- CKMEe CHUCTEeMbl JeMOHCTPUPYIOT HeNpepbIBHbIN
peHue 6e3 roBTopennii» H.A. BepHiuTeiiHa B 610- XaoC UX BEKTOpa COCTOSIHUS X(t) B IIpeJiesiaX HeKo-
MexaHMKe, KOTOPBI OH npeactaBua B 1947 r. [2]. TOPBIX KBasMaTTpakTopoB [18-22,25,26]. ['omeo-
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CTaTUUYECKME CUCTEMBI OTIMYAIOTCS OT (Gusnue-
CKUX, XUMMYECKUX, TEeXHUUECKMUX CUCTEM MU3-3a
HeIpepbIBHOTO Xaoca x(t). 'omeocras u romeocra-
TUYECKME CUCTEMbI HE MOTYT OBITh ITPEACTABIEHbI
omgHO¥ (yHKIIMel pacripenmeneHus f(x), OmHONM
CIIC, omHoit A(t) win B Buie (QYHKUMOHAIBHOTO
ypaBHeHwus1. Habop f(x), CIIC u A(t) Toxke He Xapak-
Tepusyer ®CO, Kak ToMeoCcTaTuYeCKue CUCTEMBI,
CTOXaCTUKa JOaeT HMU3Kkuit 3¢pdekT B U3ydeHUU
®CO [5-9,12,14,27-30].

I1.K. AHOXMH, 13y4ast PYHKIMOHUPOBAHME XKI-
BbIX (TOMEOCTaTUUYeCKUX) CUCTEM, CO3LaN TEOPUIO
yHKYUOHANbHBIX cucmem opzaHuzma (PCO) uesno-
Beka [1]. dTa Teopust ®CO um 6b11a CHOPMYINPO-
BaHa B 30-e rogn! 20-ro Beka, 1 OHa BOIIJIa COCTaB-
HOIT 4acThio B 06uiyto meoputo cucmem (OTC). Ceir-
yac teopus O®CO sBnseTcsS OOHMM M3 pa3fesioB
o611elt TeopuM romMeocTasa, HO rJ106asbHasT HEOI-
pelleIéHHOCTb M HeCTAOMIBHOCTb AMHAMUKH TTOBeE-
IeHus1 mapaMmeTpoB 060t ®CO ocTaércs Majo
M3yYeHHOI 06syacTbio pusmonornu. OTMETUM, UTO
HeOllpeJleJIEHHOCTh KOHEYHOI'O COCTOSIHUSI BEKTOpa
X(t;), KOTOPBIi onychIBaeT 06bie mapameTpsl ®CO
[16-19,21,24], 6buta 3ameHeHa [1.K. AHOXUHBIM 6O-
Jiee OGIIMM TTOHSITYEM: TIONIE3HOCTH JIsI OpraHU3Ma
[1]. Oisg ©CO Mbl Bcerma mmeemM HENOBTOPUMOCTb
HauyanbHOro coctosiHus @CO B Buze x(tp) M KOHEU-
HOTO COCTOSIHMS B BuAe (GYHKIUII pacmpeneneHus
f(x) ¥ 3TO COCTOBJISIET OCHOBY HOBOJ1 TEOPUY TOMEO-
CTas3a opraHu3Ma 4yejoBeKa.

T'omeocTas obGecrieunBaeT YCTONUMBOCTb Op-
raHM3Ma, HO TIOHSITYE CaMOI TaKOWM YCTONYMBOCTU
MaTreMaTH4ecku He 6buia cHOpPMYIMPOBAHA HU
BepHuiTeiiHOM, HM AHOXUHBIM. DTOT TePMUH (YC-
TOMYMBOCTb CJIOKHBIX OMOJOTMYECKUX CUCTEM —
complexity) ocTaércs u ceifyac MOJHOCTHIO He OII-
pelieJleHHbIM, T.K. OH CBSI3aH C CaMMM ITOHSITUEM
romeocTa3s (B omnpefeleHHOM CMbIC/ie 3TO CUHO-
HUMBI), a HuUsnUeckoe MOHSITUE YCTONUMBOCTU B
otHomieuuu CTT - complexity TpocTO He yMeCTHO
[16-19,21,24]. V CTT, XMBBIX rOMeOCTaTUYECKUX
CUCTEM HeT HM JeTEPMMUHUCTCKOM, HU CTOXaCTU-
YeCKOi YCTOMUMBOCTM, UTO U IBITAJICS BBIPA3UTh
H.A. BepHiuTeitH B cBOEM 3 deKTe «IOBTOPEHUE
6e3 moBTOpeHmit» [2], a II.LK. AHOXMH B BuIe IO-
JIe3HOCTU Jj1s1 opranusmMa [1].

O61Ien3BecTHO, UTO Gopmanusaims TpedyeT
YTOUHEHUSI U BbiflelIeHUsI 0COObIX CBOVCTB, KOTO-
pble Heo6xoauMo HOPMaTN30BaATh U JIJIST KOTOPBIX
HeOOXOIVMO YCTAHOBUTb HEKOTODPbIE 3aKOHBI U
mogpenn. Ceitdac, eciim OTKasbIBaTbCsS OT CTaTU-
cTmMyeckoro nopxona B onvcanum ®CO, kak xa-
paktepHbix CTT, cpa3y BosHMKaeT mpobiema co3-
JaHMs HOBOTO amrapara JAjisi OMCaHus U MOZeu-
poBaHus oco6oro xaoca CTT, UX HepepbIBHBIX U
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XaOTUYECKUX M3MEHEHMIl MapaMeTpoB X; JTI060T0
BekTopa coctossHus ®CO B Bupe x(t). IIpu stom
COBpeMeHHasl MeIUlIHA TepeiiTu K HOBbIM MeTO-
Iam meopuu xaoca-camoopzarudayuu (TXC), B KO-
TOPOM HEeT CTAaTUCTUUYECKOM YCTOMYMBOCTU MJIs
TIO/IPSA[T, TIOTTYYaeMbIX BBIGOPOK X;(t) [16-22,24-26].

dKcnepuMeHTaIbHbIE JOKa3aTebCTBa
xaoca CTT - ®CO. [Io HACTOSIIEr0 BpeMeHU OT-
CYTCTBYeT CTpPOroe IOHATHE IMomobus (KpUTepus
omVHaKoBocTu  cocrosiHms) ®CO  (CTT -
complexity) ipu romeocTase, OTCyTCTBYIOT TOUHbIE
KPUTEPUU 3TOTO MoAo6usi. HeT KoMMueCcTBEHHOTO
omucauus u a¢deKTa «IIOBTOpeHUsT 6e3 MOBTOpe-
Huit» H.A. bepHIiITeliHa, KOTOPOE MMEET IIPSIMOE
OTHOILIeHME K TOMeOoCTasy Kapoduo-pecnupamopHoli
cucmemst (KPC) u HepeHO-MblWUEUHOU cucmemol
(HMC) uenoBeka, kak 6a3oBsix ®CO.

Cejiuac B MOHATUE 2omeocma3 (clefoBaTesb-
HO, ¥ ONTMMAaJbHOIO COCTOSIHMSI OpraHu3Ma 3a
cuet paboTel ®CO B TpakToBKe I1.K. AHOXMHA) MBI
BKJIaibIBaeM (OPMYIUPOBKY OTHOCUTEIBHOTO T0-
CTOSTHCTBA BHYTpEHHe! cpedbl ¥ COOCTBEHHBIX
dbyukunit opranmsma. Ilpu 3TOM caMoO MOHSTHE
OTHOCUTEIbHOCTHM TTOCTOSTHCTBA HUKeM He dopma-
JM30BaHO U BOOOIIe He paccmarpuBaercsi. Ceituac
B pamkax TXC MblI 0OKa3a/I1, YTO BC€ KOMITOHEHTHI
x; Bcero x(t) nnsi CTT HempepbiBHO M3MEHSIIOTCS
(dx/dt#0, x#const), a camu GQYHKIMM paciipejesie-
Hus f(x;) O BBIOOPOK X; Ha JIIOOBIX MHTEpBaiax
BpeMeHU u3MepeHus Atj ToXKe HeIIpepbIBHO M3Me-
HSIOTCS (HET CTOXaCTUYeCKOM YCTOMYMBOCTHU!).
@aKTUYECKM [IJIS TI0JTyYaeMbIX TTOAPSI, BbIOOPOK X;
Ha paBHBIX MHTepBaiax At; Mbl HE MOXeM IIONIy-
YUTh OJMHAKOBble GYHKIUM pacipeneneHus
(fi(x)#f-i(x)). [IBe cocemHyue BBIOOPKM X; HEBO3-
MOKHO OTHOCUTD K OJIHOJ reHepaJbHOl COBOKYII-
HocTH, ecniu 6uocuctema (CTT - complexity) Haxo-
IUTCS B TOMeocCTase (SIKOObl HeM3MeHHOM (pu3uo-
JIOTMYECKOM coCTOsiHUM). OOHOBpeMEeHHO, Kak
0Ka3alocCh, U CNeKmMpanbHbvle NAOMHOCMU CUZHANO08
(CIIC), u aemoxoppenayuotHosle GyHKyuu A(t) BeK-
TOpa X(t) TOXe XaOTUUeCKU WU3MEHSIOTCI, UX
dyHKIIMM pacnipeneneHus f(x) HelPepPbIBHO U3Me-
HSIOTCS (XaOTUYECKN).

B pamkax HoBoro nogxoga (TXC) ctaHOBUTCS
BO3MOSKHBIM KOJIMYECTBEHHO OMNMUCHIBATH TOMEO-
CTa3 M TOTJa BO3MOXHO IIpeojiojieHl e peaibHbIX
HeonpegeneHHocreii CTT, KoTopble B pamKax
Teopuu complexity win JIeTepMUHUPOBAHHOTO
Xaoca COBEpPIIEHHO HEeBO3MOKHO o06o0iiTu. Ilosic-
HMM O YEM MOET peuyb Ha KOHKPETHBIX MpUMepax,
HO OHM XapaKTepHbI [JIsl JIIOOBIX TOMeOoCTaTude-
ckux CTT - complexity, xaoTuuecKux 6MUOCUCTEM
(CKMBBIX CUCTEM) U LI€JIOTO psifia CUCTEM HEKUBOM
IPUPOALI (MeTeoIlapaMeTphl).
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B Hacrosiiiiee BpeMsI Mbl 3apermcTpuUpOBaIN
BbIGOPKM mapameTpoB KPC 1 HMC y 6osee 20-Tu
THICY UCIBITYeMbIX (6osee 1 MWIIMOHA BBIOO-
POK), KOTOpbI€ eIVMHOOOPA3HO MOKAa3bIBAIOT: IJIS
romeoctatuueckux CTT mpu moBTOpax wm3aMepe-
HMI UX X; HA MHTepBanax BpeMeHU At;=At=...=At,
Mbl He MOXXEM YAEepKaTh X QyHKIMM pacrpene-
neuust f(x). OBbIYHO TOMy4YaeM, 4To fi(x)# fa(x)#
f3(x))#..., T.e. BBIOOPKU X; IJISI TOMEOCTATUUYECKUX
CUCTEM TIOUTU BCerpaa Ijs Kaxmoro Ag (= 1, 2,...,
n) 6yAayT pasJMUHBIMM, NPM ITOM TOMEOCTa3 He
usmeHsiercsi. Harmpumep, 1151 TpemMopa Mbl MMeeEM
5-7% map coBmameHwuit, Oas tenmuHra — 15-18%,
IJIST KapOVIOMHTEPBAJIOB B mpenenax 15-25%, mis
anekmpomuozpamm (AMI) u  anekmposaryegpano-
epamm (33T) 5-10% u T.0. [Ipy 3TOM peub UAET O
MapHbIX CpPaBHEHMSX BCeX BBIOOPOK (@ He MBYX
MOAPSAA[ TIoyuaeMbix). Harpumep, B Tabs. mpen-
CTaBJIsSIEM MaTPUIIbI TAPHBIX CPABHEHMIT BHIGOPOK
TpeMoporpamMM 15-TM MOBTOPOB MCITBITAHMIA, TJI€
YUCJIO COBMafieHuit (map) BBIOOPOK k;=4 (MUCITbI-
TyeMmblii ['/1B).

Tabruya

Marpuija mapHOro cpaBHeHMsI BBIGOPOK 15-Tu
TpeMoporpamMm OgHOro ucnsiryemoro I'/IB mipu
TMIOBTOPHBIX 3KcIiepuMeHTax (k;=4), 1o KpUTepuio
BuinkokcoHa (Oj1s1 HemapaMeTpUIecKoro
pacnpeneneHus)

BTOpax y OJHOTO MICIIBITYEMOT'O OOBIYHO OJMHAKO-
BO B TaKMX Tabiauiax. OTO OUeHb Masiasi BeTuIuHa
(3 105 pasHbIX IMap) ¥ OHA WMJUTIOCTPUPYET UNC-
JIECHHO TUIIOTEe3y «IIOBTOpeHMe 6e3 MOBTOpPEHMIT»
H.A. BepHurreitHa, 3ddekt EcbkoBa-3MHUEHKO U
BeChb TOMEOCTAa3 HEPBHO-MBIIIEYHON CUCTEMBI Ue-
JIOBeKa. ITO XapaKTepHO IS JII060TO roMeocTasa
opraHmusMa d4ejoBeKa (KapAyuo-pecryupaTOpHON
CUCTEMBI, OMOIMOTEHLMAJIOB MO3ra M MBIII, U
T.HI.), HO UMCI0 K 3aBUCUT OT (PM3MUOJIOIMUECKOTO
COCTOSTHMUSI UCTIBITYEMBIX, M OHO OTJIMYHO JJIS1 Te-
nuHra (06b619HO k~20%) u ayig Tpemopa (k=5%).
HoBoe moHMMaHMe romMeocTasa O3Hayaer
TOJIBKO OJHO: 0 HACTOSIIEro BpeMeHU O6MOIOTHS
M MeIMLMHA XWIM B MMUpe WUIIO3UI, KOrjga B
paMKax CTaTUCTUKU, TEOPUU BEPOSITHOCTU, ITbITa-
JIUChb M3y4yaTb T[OMEOCTa3 OpraHM3Ma uejioBeKa
(mobas BeIGOpKA 6YIeT eOMHUYHOM U CIyJaiiHOl,
XaoTu4eckoit). Mbl moxkasanau, UTo ToMeocTas (Ipu
CpaBHEHMM) HOPMBI U MaTOJIOTUU OTIUYAETCS Me-
KOy co00it, HO B IIpefesiax TOJIbKO OIHOI HOPMbI
WM OIHOV MaTOJIOTUU YJIOBUTb CTATUCTUUYECKYIO
OJVHAKOBOCTh (CXOMCTBO) OUE€Hb MPOOGIEMATUUHO
MyTEM MCIOIb30BaHMS Pa3HbIX BBIOOPOK U CTATU-
CTUUECKMX MeToAoB. Hampumep, 151 cTaTUCTude-
ckuxX GyHKOUIA pacrpenenenus (f(x)), ux CIIC u

A(t) IS TOAPSIZ, TIOJTy4aeMbIX BBIOOPOK X; Y OJTHOTO

MCITBITYEMOTO BCE€ 3TU XapaKTepUCTUKM (M Tapa-
METpPbl) M3MEHSIIOTCS HEeINpPepbIBHO U XaoTuye-

1|2|3[4|[5[6|7[8]9][10]11]12

13] 14

15

cku. [Jons CTOXacTMKM KpaiiHe Mana |[5-

0.00[0.00§0.00[0-00]0.01{0.00]0.00{0.00[0.00J0.00[0.00]0.00[0.00/0.00

0.00]

0.00[0-00§0.00[0-000.00|0-38]0.00{0.00]0.00{0.00]0.00]0.00(0.00]

9,12,14,16,17,19,21,24].

0.00§0.00]

0.000.00§0.00]0.00[0.00[0.00]0.00[0.000.00[0.00]0.000.00]

MbI HEe MOKEM IOJYYUTDH TTOBTOPOB f(X) TI0

0.00j0.00/0.00j

0.000.00{0.00]0.000.00{0.000.02{0.00]0.00[0.00/0.00

3-4 pasa (oapsn), 3TO OUeHb peaKoe SIBJIeHUe,

0.00j0.00}0.00{0.00

0.00]0.00]0.00[0.470.00(0.000.00{0.00]0.00/0.00)

JJIS Pa3HBIX MHTEPBAJIOB BPEMEHNM pErmcrpaunumn

0.01]0.00]0.00j0.00{0.00;

0.00/0.00]0.00{0.00[0.00{0.00]0.00]0.00[0.00

0.00]0.00]0.00j0.00{0.00/0.00 0.00

0.00[0.00[0.00{0.00]0.00]0.00{0.00

At (j=1,2,...,n) MBI HEe MOXeM HaOIIOIATh OIM-

0.00[0.38]0.00j0.00{0.0010.00j0.00

0.000.00[0.00[0.00[0.00]0.00[0.00]

HakoBble f(x). OTHOBPeMEHHO HeNpephIBHO U

O[O0 ~T|ON| U1 [N =

0.00/0.00/0.00j0.00{0.47|0.00/0.00J0.00

0.00[0.00[0.00[0.00]0.00[0.00]

XaO0TUUECKM U3MEHSIOTCSI aBTOKOPPeIsiunm A(t),

0.00]0.00]0.00§0.00{0.00/0.00]0.00{0.00]0.00,

0.00[0.00]0.00[0.00[0.00

CIIeKTpaJIbHbIE IIJIOTHOCTM CUI'HAJIOB TakK >Xe He-

0.00]0.00]0.00j0.02{0.00]0.000.00{0.00]0.000.00 0.00{0.00

0.000.00

0.00/0.00/0.000.00{0.00{0.00}0.00j0.00{0.00}0.00j0.00

0.06]0.02

0.00]

NpepbIBHO WM3MEHAIOTCA I TpeMoporpaMm,

0.00{0.00/0.00j0.00{0.00/0.00}0.00j0.00{0.00}0.00j0.00{0.06;

0.26]0.00

TeMNIIMHIpaMM, 3JIEKTPOMMOIpaMM, 3JIEKTPO3H-

0.00]0.00]0.00j0.00{0.00/0.00]0.00{0.00{0.00/0.00j0.00{0.02/0.26

0.00]

nedasorpaMM, KapAMOVHTEPBAJIOB OJHOTO WC-

0.00]0.00/0.00j0.00{0.00{0.00/0.00{0.00{0.00}0.00{0.00{0.00]0.00

0.00

MBITYeMOro (B OJHOM HeU3MeHHOM roMeocTase)

Onsa  cnekmpanvHselx naAOMHOCMell CUZHATIO08
(CIIC) aTOro ke UCIbITYyeMOTO Mbl MMeeM UUCIIOo Kk
coBmagennit Boi6opok CIIC k,=20. [Ias1 9TOrO Ke
ucmbiTyemMoro I'IB Mbl MMeeM ks=32 IJiT aBTOKOP-
pensimit A(t). O6bruHO k=5, k=20, k5=30 u 3TO
XapakTepusyeT Xaoc Tpemopa, ero CIIC u A(t), T.e.
YICJIO COBIIAJIEHUIT HEBEIMKO. B Tabs1. pe3yabTaThl
o751 15-Tu BbIGOPOK, MOTYYEHHBIX TTOAPSL, Y OJHO-
TO U TOTO >Ke UCIBITYyeMOT0, Maji0 YeM OTJINYAI0T-
Cs MIpU CpaBHEHUM MX C TPEMOpOrpaMmMamMu AOjis
15-TM pasHBIX UCIIBITYyEMbIX. UMCIO «COBIIAeHMII»
map BbIOOPOK Y Pa3sHbIX MCIBITYEMBIX U IIPU IIO-
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[18-22,25,26].

[Ipuuyém 0 HaACTOSIIEr0 BpeMeHU UCCIeI0Ba-
Tenu He obpalllaly HMKAKOTO BHMMAaHMUS Ha 3Ty
Xa0TUUYECKYI0 AMHAMMKY f(x) romMeocTaTUuyeCcKux
cucteM. Becex ycTpauBain MeToibl leTeEpMUHMU3MA
Y CTOXaCTUKM B OMOJIOTUM M MeOulluHe, a HabIio-
JaeMble OTCYTCTBUSI COBHAJEHMII BbIOOPOK X; MH-
TEepPIPEeTUPOBATNICH PA3HBIM 0O6pa3oM: MJIM B paM-
Kax MOTPeNIHOCTY U3MePeHMit, UJIX TIPOCTO Opain
mo6oe (caydaiiHOoe) 3HaueHMe X; 32 OCHOBY M Ha
HEM CTPOWMJIM OMNMCAHME CUCTeMbI. 3a BCHO MCTO-
pUIO pa3BUTHUS HAYKM JUIIb oauH H.A. BepHiuTeix
MBITAJICS BBICKA3aThb 3Ty MbICJb, HO €ro Iocjie
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KpUTUKM pediekTopHOi Teopum IlaBioBa yke
HUKTO He BocrpuHuMas. IToutu 70 jneT ero «mo-
BTOpeHMe 6e3 IOBTOpeHMit» ObLI0O B 3a6BeHUMU
[2,16-19,21,24].

VIMeHHO TaKo¥ MoAXoy, ceityac pacnpoCTpaHeH
B MeOMIMHe, KOTAA 4acTOTa IyJbCa OLleHUBAEeTCs
10 OLHOMY (pa30BOMY) M3MEpPEeHMIO U IOIyYeHHOe
X; 0003HAYAIOT KaK cpemHee 3HaueHue <x;>. [lpu
9TOM MBI ITI0Ka3bIBaeM, 4TO IJII K&KAOrO0 MHTEepBa-
na usMmepenus At; = (j=1, 2, ..., n) MbI 6yieM UMeTb
pasHble BLIOOPKM U pasHble <X;>. DTU cpemHue (In
MOZbI) He GYAYT COBIaAaTh, PYHKLMM pacIipenesie-
HUS f(X;) XaOTUUYECKM U3MEHSIIOTCSI, HO 9TO UTHOPU-
pyeTcs ceiiyac B eCTeCTBO3HaHMM. bosee Toro, ceii-
yac B usyueHunu KPC BO3HUK ellje OAMH Hapamokc
EcpkoBa-Ounarosoii [14,31]. OH 3akio4aeTcs B
TOM, UTO YMCJIO k; map CTaTUCTUUECKMUX COBIIaje-
HMIT BBIGOPOK Kapduounmepsanos (KU), momydae-
MbIX Y OJHOTO UCHBITYeMOTO (B OJTHOM, HEM3MEH-
HOM) TOMeOCTa3e, MOKeT ObITh MeHbIIe YeM YMCIIO
map k; B marpuiie 15x15, rme cpaBHmBaioTcs 15
pasHBIX MCIBITYeMbIX MO X Bbi6opkam KU [10].
[MonygaeTcst, uTo 15 pasHBIX UeIOBEK (MX BBIOOPKU
KW) 6onee moxoskm Apyr Ha Apyra (y HUX G0sbuIast
TOJISI CTOXaCTUKMU, Ki5>K;), UeM OIMH U TOT Ke Yesio-
BEK B peX/Me MHOTOKPATHBIX IOBTOpeHUit. OauH
yeJIoBeK MeHee CTaTUYecKyu yCTOiuuB, ueM 15 pas-
HBIX UCTIBITYEMBIX, T.K. €ro K;>kis Y pasHbIX JIIOJeii.
Kak Torma BooOIe CpaBHMBATh PA3HBIX MUCIBITYE-
MBbIX, TIle UX UHAUBUAYAIbHbIE Pa3INumsl, eCIU OHU
6onee moxoxu (1o K1) mexxmy co60ii, ueM KaskIblii
YyesioBeK B OTHENbHOCTU B pPEXMME HEeU3MEHHOIO
roMeocTasa.

KBaHTOBbIE OOBEKTHI M TOMEOCTATHKA. [Jis1
TOMEOCTaTUYECKUX CUCTEM TepPSIeTCSI TPaIUIVIOH-
HbBIMT CMBIC/I CTATUYHOCTU B Bume dx/dt=0 viu Heus-
MEHHOCTM XapaKTepUCTMK M TapaMeTpoB YHKIMIA
pacripeneneHus f(x). B mocienHem crydae Mbl TOJDK-
HbI 6BLIM TIOJYYUTD TTOAPSA, BIOOPKM (M UX (DYHK-
LMW paclpeneneHnsi), KOTOpble MOXXHO OTHECTM K
OOHOM TreHepanbHON coBOKynHOcTH. [nsg CTT-
complexity, T.e. TOMEOCTaTUUECKUX CUCTEM, MbI He
MO3KeM FOBOPUTD 00 X HEM3MEHHOCTU Ha MHTepBa-
J1ax At; 1 Aty 13-3a TIOTyYeHMS pa3HbIX BBIOOPOK IS
Xi(t) Ipu M3MepeHMSIX IOApsT IMapaMeTpOB TaKuX
aMepmKeHTHbIX cucteM. Iloatomy B TXC BBOAST
Ipyrue Kputepun HensmeHHoOCTU coctosiauit CTT u
Ipyrue Kputepuu usmeHenuit ux x(t) 8 ®IIC B Buze
TpebOBaHMT IBOIOIMYM KBAa3UAaTTpakTopoB B PIIC.
T'omeoctas u spomonyust B TXC mpuobperamT Co-
BEpLIEHHO OPYToil CMBIC/I, YeM MPOCTOE IBVDKEHUE B
MexaHMKe (KaK M3MeHeHue x(t)) U CTallMOHAPHOCTD B
TPaJMUIMOHHOV HayKe, KOTOpbIE€ CTOJETUSIMU MBbI
Habmogam (M U3MepSUIN) IJIs1 OOBIYHBIX — CUCTEM
(cuctemsl 1-to u 2-ro Tumna no W. Weaver), T.e. Tex-
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HUYECKNX, (UBNUECKUX, XMMUYECKUX, HEe OTHOCS-
myxcs K xkuBoit nipupoge (CTT-complexity) [16-22].

OnnoBpemenHo, njs CTT-complexity, romeo-
CTATUYECKUX CUCTEM BBOIUTCS HOBBIN (6MOIOTU-
YeCcKuil) TIPUHLUUI HeOIpeaeleHHOCTM, KOTOPBIi
MMeeT HEeKOTOPYH aHaJIOTUMI0 C KBaHTOBO-
MeXaHMUYeCKMM TPUHIIMIIOM HeoIllpee/IeHHOCT!
l'eii3eHbepra. dTa aHAJOTUS IIPOSIBJISIETCS B TOM,
YTO AJis 1106071 KOOPAMHATHI X; BCEro X(t) MOKHO
Bcerja o6pa3oBaTh TpéxmepHoe ¢a3oBoe IMpo-
CTPAHCTBO TaKoi JII0O0J KOOPAMHATBI X; BCETO
BekTOpa Xi(t)=(Xi, X Xi3)T, TOe Xi(t)=dx:/dt,
Xs3(t)=dx;z/dt, T.e. xiz(t) — 9TO CKOPOCTh U3MEHEHMUSI
Xi; a X;3 — YCKopeHue. B menom, moboe m-mepHoe
IIPOCTPAHCTBO IJi X(t) UMeeT 3 m usMepeHuin u B
KaXIOM TaKOM TPEXMEPHOM IOLIPOCTPAHCTBE
(O KaskAoro X;) Mbl OymeM HaOIoAaTh XaoTuUue-
CKYI0 IMHAaMUKy BEKTOpa X; — JI0OO¥ i-ii Koopau-
HaThl x(t), B npenenax ceoux KA, npu romeocrase
CTT - complexity [5-9,12,14,16,24,31].

Vicrionb3ys GpuU3UIeCcKuit TOAXoMd, IPUXOIUM K
MPUHIUITY OTHOCUTEJbHOCTU [BMKeHUs x(t) B
@IIC, KOTOpBIii BecbMa crienyuIeH A1l CJIOKHBIX
6uocuctem — complexity. Ero cMbIC/ 3aK/ITI0YaETCS
B YCJIOBHOCTU (MJIM OTHOCUTEIBHOCTU) IOHATUS
IBVWXKEHMS, T.e. TO, UTO B TPAAULIMOHHO} HayKe
XapakTepusyeTcsl Kak ABIDKeHMue (TIpU 3TOM Mbl
MMeeM CKOPOCTb M3MEHEHMSI BCeX KOOpIOMHAT X;
BeKkTOpa X(t) B Bume dx/dt#0), B pamMKax Teopuu
Xa0Ca-caMOOPTaHMU3alMY MOXET ObITh NMpeACcTaB-
JIHO KaK IIOKOM, roMeocTta3. JTO IPOUCXOIMUT,
eciu He U3MEeHSIIOTCS TapaMeTpbl KBa3uaTTPaKTO-
pa, BHYTPU KOTOPOTO MbI MMeeM HeIlpepbIBHOE U
xaoTuveckoe nBmwkeHue x(t). F'omeocras mnsg CTT
O3HauaeT HEM3MEeHHOCTh IapaMeTpOB KBa3uaT-
TpakTopa, ero o6bema Vg1 KoopauHaT 1eHTpa KA
— Xic. [Ipy 3TOM 3HaueHUs X; HEIPEPBIBHO U3Me-
HstoTcs (dx/dt#0, x#const), T.e. Mbl UMEEM JIBIKe-
HMe x;(t) B ®IIC ¢ no3suumiti u NeTepMUHUCTCKOTO
noaxona (dx/dt#0), u ¢ mosuiuii croxactuku (f(x)
HEMpPepbIBHO M3MeEHSIeTCsT). DTO Mbl 0603HaYaeM
HeonpeneneHHOCTbI0 2-TO TUIIA B TEOpUM Xaoca-
CcaMOOpraHmM3aluy, OHa XapakTepHa ISl BCeX Io-
Meocratuueckux cucrem — CTT [18,20-22,25-29].

BoiBOBI:

1. Inst GyHKIMOHAIBHBIX CUCTEM OpraHM3Ma
XapaKTepHa TUITOTe3a «IIOBTOpeHMe 6e3 MoBTope-
Huit» H.A. BepnmreitHa u 3dderr Ecbkopa-
3MHUYEHKO, IpM KOTOPOM BCE HeNpepbhIBHO M3Me-
HSeTCsl (XaOTUUYHO), HET CTATUCTUYECKON YCTOM-
YMBOCTU BbIOOPOK. [IpM 3TOM XaoC TaKux GMOCHUC-
TeM (complexity) OTIMYEH OT AeTepMUHUPOBAHHO-
ro xaoca, o kortopom nucaimu LR. Prigogine,
J.A. Wheeler u M. Gell-Mann. CrtaTucTuyeckue xa-
PaKTEepUCTUKM U TIapaMeTpbl (CTaTUCTUUECKUE
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dyakuumn pacrpenenenus f(x), CIIC, aBToKoppe- YMBO MOJIOKUTENbHBIX KOHCTAaHT JISAITyHOBa, 3TO
JISSIIMOHHBIX QYHKIIMIA A(t) v Op.) OJISI TTOJTyIaeMbIX Ipyroii Xaoc 6mocuctem — complexity.
BBIOOPOK Xi BEKTOPa COCTOSTHMS X(t) 110607 ToMeo- 3. DBOJIOLMI0 TOMEOCTaTUUYEeCKUX CUCTEM
CTaTUYEeCKOi CUCTEeMbl He COXPAHSIOTCSI — OHU MOSKHO TIPMMEHSITh B OMMCAaHUM 3aKOHOB Tepexo-
Xa0TUYECKM U3MEHSIOTCS. Jla OT caHOTeHe3a (HOpMOreHe3a) K MaToreHe3y U
2. [ TOMeOCTaTUYHBIX CUCTEM BBOAUTCS o6paTHo. TpaauuoHHbBIN (usuko-
noHsitue KA, BHYTpM KOTOpPOTO HeIpepbIBHO MaTeMaTU4eCcKuii ITOAX0M He Bcerma obecrieunBa-
dx/dt#0, x#const, f(x) XaoTUUeCKU U3MEHSIIOTCS, HO eT 0ObeKTUBHYIO PETUCTPALINIO IMHAMUKA Pa3BU-
rnapamMeTpbl KBa3uaTTPaKTOpa COXPAHSIOTCS — 3TO TS 3a6ojeBaHuit (0COGEHHO B BOCCTaHOBUTE/Ib-
u ectb romeocta3 CTT. B Takom xaoce agmokoppe- HOJi MeauIlMHe) ¥ OOpaTHbIN Iepexon — BbI3ZO-
JIAYUOHHble pyHKYUU A(t) Iis x(t) He CTpeMsTCs K poBJieHMEe OOBLHOTO M3-3a2 0COOBIX HeoIpedeneH-
HYJII0, HET CBOJCTBA IlepeMellnBaHus, HeT YCTOM- Hoctelt CTT — romeocTaTUYeCKUX CUCTEM.

CHAOS OF HOMEOSTASIS PARAMETERS OF FUNCTIONAL SYSTEMS OF THE HUMAN BODY
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"Samara State Medical University of the Health Ministry, Gagarina Street, 18 , Samara, 443079, Russia
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Abstract. The authors present a new interpretation of homeostasis and homeostatic systems, which are
different from stochastic systems. Homeostatic systems are characterized by a continuous and chaotic
changing of the distribution functions f(x) for their samples at equal measurement time intervals At;. The
components x; of the entire system state vector x=x(t) for these samples change continuously (and chaotical-
ly). Their spectral densities of signals and autocorrelations A(t), which do not tend to zero with increasing
time t, also change chaotically in unchanged homeostasis. For them, there is no mixing property, and the
initial parameters of the vector x(t) in the form x(t;) cannot be repeated arbitrarily. A comparison of the
states of such systems is performed within the framework of the new theory of chaos and self-organization
by parameters of quasi-attractors, inside which the system state vector x(t) moves continuously and chaoti-
cally. The authors introduce the concept of homeostasis of such special systems that do not refer to deter-
ministic chaos. The hypothesis of I.R. Prigogine and M. Gell-Mann on the possibility of using the Lorentz dy-
namic chaos was not confirmed for homeostatic systems. Statistical instability was proven to be characteris-
tic not only of the homeostasis xi parameter samples themselves, but also of their spectral signal densities
and autocorrelation functions A(t). The chaos of homeostatic systems is a special kind of chaos, which is not
observed in physical or technical systems.

Keywords: homeostatic systems, entropy, the quasi-attractors, Eskov-Zinchenko effect.

Introduction. 69 years ago, W. Weaver pro- terms of TNS, for example, at the level of function-
posed classifying all systems of nature (see Science al systems of the human body (FS), which were in-
and Complexity) using three concepts: simple sys- troduced and described back in the 1930s by
tems, disorganized complexity and organized P.K. Anokhin [1]. At the same time, the issue of
complexity, or third type systems (TTS). Later, the effect of “repetition without repetition” dis-
thermodynamics of non-equilibrium systems (TNS) covered by N.A. Bernstein in biomechanics in 1947
was developed, which was created by LR. Prigogine [2] remains open as well. This effect also refers to
[31] for the description of biosystems at the mole- the concept of homeostasis (human neuromuscu-
cular level (genetics and molecular biology). How- lar system) and this homeostasis is very difficult
ever, really complex biosystems — TTSs — do not (as we have now proved) to describe using the sta-
belong to such systems [16-26]. They are difficult tistical distribution functions f(x), their spectral den-
to describe within the framework of functional sities of signals (SDS) and autocorrelation functions
analysis and statistics [2,5-14,16,24]. This was first A(t) [8,9,12,14,16-19,21,24].
noticed by the outstanding physiologist The dynamics of the behavior of macrosys-
N.A. Bernstein almost 70 years ago [2] in the tems in the form of various biological regulators,
course of studying the physiology of movements. which, from the biological point of view, are con-

Over this long period (the last 60 years), no sidered homeostatic, i.e. unchanged, do not cor-
works have appeared that would describe complex respond to stochastics. Homeostatic systems that
biosystems (complexity, emergent systems) in the are supposed to be in stationary states cannot be
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objects of stochastic approach [3,11,15-22,24,26].

The limitations of statistics in the estima-
tion of homeostasis. The knowledge of emergent
systems, of complexity — third type systems, as a
real global problem of physiology of FSs, is based
on two specific features: firstly, there is no strict
definition of homeostasis of living systems; se-
condly, physiology remains within the framework
of stochastics. In this paper we give a very brief
definition of homeostatic systems: homeostatic
systems demonstrate continuous chaos of their
state vector x(t) within the limits of some quasi-
attractors [18-22,25,26]. Homeostatic systems dif-
fer from physical, chemical, technical systems due
to the continuous chaos x(t). Homeostasis and
homeostatic systems cannot be represented by a
single distribution function f(x), one SDS, one A(t),
or as a functional equation. The combination of
f(x), SDS, and A(t) does not characterize FSs as
homeostatic systems either; stochastics produces
little effect in the study of FSs [5-9,12,14,27-30].

P.K. Anokhin, while studying the functioning
of living (homeostatic) systems, created the theory
of functional systems of the human organism (FS)
[1]. He formulated this FS theory in the 1930s, and
it became an integral part of the general systems
theory (GST). Nowadays, the FS theory is one of the
sections of the general theory of homeostasis, but
the global uncertainty and instability of the dy-
namics of parameters of any FS remains an insuffi-
ciently studied field of physiology. It is noteworthy
that the uncertainty of the final state of the vector
X(ty, which describes any FS parameters [16-19,21,
24], was replaced by P.K. Anokhin with a more
general concept: usefulness for the organism [1].
For a FS, we always have the uniqueness of the
initial state of the FS in the form x(t;) and the final
state in the form of distribution function f(x),
which constitutes the basis of a new theory of the
human body homeostasis.

Homeostasis provides the stability of the
body, but the concept of such stability itself was
not expressed mathematically either by Bernstein
or Anokhin. This term (the stability of complex
biological systems - complexity) has not been
properly defined even now, as it is related to the
very concept of homeostasis (in a sense, they are
synonyms), and the physical concept of stability in
relation to a TTS — complexity is simply not appro-
priate [16-19,21,24]. TTSs, living homeostatic sys-
tems, have no deterministic or stochastic stability,
which N.A. Bernstein tried to express in his effect
of “repetition without repetition” [2], and
P.K. Anokhin - in the form of usefulness for the
organism [1].
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It is well known that formalization requires
clarification and identification of special proper-
ties that must be formalized and for which it is
necessary to establish certain laws and models.
Now, if we abandon the statistical approach in de-
scribing FSs as characteristic TTSs, the problem
immediately arises of creating a new apparatus for
describing and modeling the special chaos of TTSs,
their continuous and chaotic changes in the para-
meters x; of any FS state vector in the form x(t). At
the same time, modern medicine is moving to new
methods of the theory of chaos-self-organization
(TCS), in which there is no statistical stability for
consecutive samples x;(t) [16-22,24-26].

Experimental evidence of the chaos of
TTSs — FSs. Even now, there is no rigorous notion
of similarity (criterion of state uniformity) of FSs
(TTS - complexity) in the state of homeostasis,
there are no exact criteria of this similarity. There
is also no quantitative description of N.A.
Bernstein’s effect of “repetition without repeti-
tion”, which is directly related to homeostasis of
the human cardiorespiratory system (CRS) and neu-
romuscular system (NMS), as base FSs.

At present, speaking about the concept of ho-
meostasis (and, therefore, about the optimal state of
the organism due to the work of FSs as understood
by P.K. Anokhin), we imply relative constancy of the
organism’s internal environment and its own func-
tions. The very concept of the relativity of constancy
has not been formalized by anyone and is not consi-
dered at all. Now, within the framework of TCS, we
have proved that all components x; of the entire x(t)
for a TTS change continuously (dx/dt#0, xi#const),
and the distribution functions f(x;) for samples x; at
any intervals of measurement time At; also change
continuously (there is no stochastic stability!). In
fact, for consecutive samples x; at equal intervals At;,
we cannot obtain identical distribution functions
(fitxp#fi-i(x)). Two neighboring samples x; cannot be
attributed to one population if the biosystem (TTS -
complexity) is in homeostasis (supposedly unchanged
physiological state). At the same time, as it turned
out, both the spectral densities of the signals (SDS) and
the autocorrelation functions A(t) of the vector x(t)
also change chaotically, their distribution functions
f(x) vary continuously (chaotically).

In the framework of the new approach (TCS), it
becomes possible to quantify homeostasis and, as a
result, to overcome the real uncertainties in TTS,
which cannot be evaded within the framework of
the theory of complexity or deterministic chaos.
We’re going to explain what is meant using specific
examples, but the same it typical of any homeostat-
ic TTS - complexity, of chaotic biosystems (living



BECTHUK HOBBIX MEJUIIMHCKMUX TEXHOJIOTUM - 2018 - T. 25, Ne 1 - C. 143-153

JOURNAL OF NEW MEDICAL TECHNOLOGIES - 2018 - V. 25, Ne 1 - P. 143-153

systems) as well as of a number of systems of in-
animate nature (meteorological parameters).
Currently, we have registered samples of CRS
and NMS parameters in more than 20 thousand
testees (over 1 million samples), which uniformly
prove: for homeostatic TTSs, when their x; mea-
surements are repeated at time intervals
At;=At,=...=At, we cannot retain their distribution
functions f(x). Usually we get fi(x)# f2(x)# f3(x)%...,
i.e. samples x; for homeostatic systems will almost
always be different for each At; (=1, 2,..., n), but
the homeostasis will not change. For example, for
tremor we have 5-7% of coincidences, for tapping
- 15-18%, for RR-intervals — within the range of
15-25%, for electromyograms (EMGs) and electroen-
cephalograms (EEGs) — 5-10%, etc. In this case, we
are speaking about pairwise comparisons of all
samples (rather than two consecutive ones). For
example, in Table we present matrices of pairwise
comparisons of samples of tremorograms of 15
test repetitions, where the number of matches
(pairs) of samples k;=4 (testee — GDV).
Table

The matrix of pairwise comparison of samples of 15
tremorograms obtained for one testee (GDV) in a
series of tests (ki=4), using the Wilcoxon test (for

nonparametric distribution)

2[3]4]5]6]7]8]9]10]11]12]13]14

15

0.00/0.00]0.00j0.00{0.01]0.00] 0.00|0.00 0.00{0.00/0.00 0.00|0.00

0.00

0.00] 0.00]0.00]0.00{0.00; 0.000.38|0.00 0.00{0.0010.00 0.00l0.00

0.00

0.00[0.00] 0.00]0.00]0.00{0.00} 0.00l0.00 0.00[0.00/0.00 0.00l0.00

0.00

0.00[0.00/0.00 0.00/0.00/0.00 0.00|0.00 0.00[0.02/0.00 0.00|0.00

0.00

0.00{0.00/0.00j0.00 0.00{0.00] 0.00|O.47 0.00{0.00/0.00 0.00l0.00

0.00

0.01{0.00)0.00j0.00{0.00; 0.00] 0.00l0.00 0.00{0.00/0.00 0.00l0.00

0.00

0.00{0.00]0.00j0.00{0.00]0.00] 0.00(0.00 0.000.000.00|0.00|0.00

0.00

0.00{0.38)0.00j0.00{0.00/0.00]0.00 0.00 0.000.000.00|0.00|0.00

0.00

0.00{0.00]0.00)0.00{0.470.00]0.00)0.00 0.000.000.00|0.00|0.00

0.00

0.00{0.00]0.000.00{0.00{0.00]0.00j0.00{0.00 0.000.00l0.00l0.00

0.00

2|8 ]e|e|~|o|u|k|ufn|~

0.00{0.00]0.000.02(0.00/0.00]0.00 0.00|0.00 0.00] 0.00]0.00]0.00

0.00

—
N

0.00{0.0010.000.00{0.00/0.00]0.00 0.00|0.00 0.00{0.00] 0.06(0.02

0.00

130.00{0.00)0.00j0.00{0.00}0.00/0.00 0.00l0.00 0.00{0.00/0.06 0.26)

0.00

14{0.00{0.00}0.00j0.00{0.00}0.00/0.00 0.00[0.00/0.020.26

0.00[0.00

0.00

15(0.00{0.00{0.00}0.00}0.00/0.00{0.00 0.00|0.00 0.00{0.00]0.00]0.00{0.00

For the spectral densities of the signals (SDSs) of
the same testee, we have the number k of matches
of SDS samples k,=20. For this same testee GDV, we
have ks;=32 for autocorrelations A(t). Usually, k;=5,
k2=20, ks=30, which characterizes the chaos of the
tremor, its SDS and A(t), i.e. the number of matches
is small. In Table, the results for 15 consecutive
samples obtained from the same testee are not
much different as compared to tremorograms for 15
different testees. The number of “coincidences” of
sample pairs for different testees and for a series of
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tests for one testee is usually the same in such
tables. It is a very small value (out of 105 different
pairs), which serves as a numerical illustration of
the hypothesis of N.A. Bernstein’s “repetition with-
out repetition”, the Eskov-Zinchenko effect, and
the entire homeostasis of the human neuromuscu-
lar system. This is typical of any homeostasis of the
human body (cardiorespiratory system, brain and
muscle biopotentials, etc.), but the number k de-
pends on the physiological state of the testees, and
it is excellent for tapping (usually, k=20%) and for
tremor (k =5%).

A new understanding of homeostasis means
only one thing: until now, biology and medicine
have lived in a world of illusions, where, in the
framework of statistics and probability theory,
they tried to study the homeostasis of the human
organism (any sample will be single and random,
chaotic). We have shown that the homeostasis of
norm differs from the homeostasis of pathology
(when compared), but within the limits of only one
norm or one pathology it is very difficult to cap-
ture statistical sameness (similarity) by using dif-
ferent samples and statistical methods. For exam-
ple, as for statistical distribution functions (f(x)),
their SDS and A(t), in the case of consecutively
obtained samples x; for one subject, all these cha-
racteristics (and parameters) change continuously

and chaotically. The share of stochastics is ex-
tremely small [5-9,12,14,16,17,19,21,24].

We cannot get f(x) repetitions 3-4 times (in a
row), that is a very rare thing, we cannot observe
the same f(x) for different intervals of the record-
ing time At; (j=1,2,...,n). At the same time, auto-
correlations A(t) change continuously and chaot-
ically; the spectral densities of signals also
change continuously for tremorograms, tappin-
grams, electromyograms, electroencephalo-
grams, RR-intervals of one testee (in one un-
changed homeostasis) [18-22,25,26].

Up to the present time, researchers have not
paid any attention to this chaotic dynamics of
f(x) of homeostatic systems. The methods of de-
terminism and stochastics in biology and medi-

cine were good enough for them, and the observed
absence of coincidences of samples x; was inter-
preted in different ways: either they explained it in
the terms of measurement error, or simply took
any (random) value x; as the basis for their descrip-
tion of the system. Throughout the history of the
development of science, only N.A. Bernstein tried
to express this idea, but no one took him seriously
after his criticism of Pavlov’s reflex theory. For
almost 70 years, his “repetition without repeti-
tion” remained in oblivion [2,16-19,21,24].
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It is exactly this approach that is common in
medicine nowadays, when the pulse rate is esti-
mated by a single (one-time) measurement, and
the resulting x; is taken as the mean value <x>.
Meanwhile, we have shown that for each mea-
surement interval At; = (j=1, 2, ..., n), we will have
different samples and different <x;>. These means
(or modes) will not coincide, the distribution func-
tions f(x;) vary randomly, but this is ignored now in
natural science. Moreover, while studying CRS, we
have come across another Eskov-Filatova paradox
[14,32]. It consists in the fact that the number k; of
coinciding samples of RR-interval (RRI) obtained
for one testee (in a single and unchanged homeos-
tasis) may be less than the number k; of pairs in
the 15x15 matrix of comparison of 15 different
testees by their RRI samples [10]. It turns out that
15 different people (their RRI samples) are more
similar to each other (they have a greater degree of
stochastics, k;s>k;) than one and the same person
in the mode of multiple repetitions. One person is
less statically stable than 15 different testees, be-
cause his k;>k;s for different people. How, then,
can we compare different testees, and what about
their individual differences, if different people are
more similar (according to RRI) among themselves
than each person individually in the regime of un-
changed homeostasis?

Quantum objects and homeostatics. For
homeostatic systems, the traditional sense of stat-
ic state in the form dx/dt=0, or the invariance of
the characteristics and parameters of the distribu-
tion functions f(x), is lost. In the latter case, we
would have to obtain consecutive samples (and
their distribution functions), which could be attri-
buted to one population. As for TTS-complexity,
i.e. for homeostatic systems, we cannot speak of
their invariance in the intervals At; and At;.;, be-
cause different samples will be obtained for x;(t) as
a result of consecutive measurement of parame-
ters of such emergent systems. Therefore, in TCS,
other criteria are introduced for invariance of TTS
states and other criteria for changing their x(t) in
the FSS, in the form of requirements for the evolu-
tion of quasi-attractors in the FSS. Homeostasis
and evolution in TCS acquire a completely differ-
ent meaning than simple motion in mechanics (as
a change in x(t)) and stationary state in traditional
science, which we observed (and measured) for
centuries for conventional systems (first type and
second type systems, according to W. Weaver), i.e.
technical, physical, chemical systems, not refer-
ring to living nature (TTS-complexity) [16-22].

Simultaneously, for the TTS-complexity, for
the homeostatic system, a new (biological) uncer-
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tainty principle is introduced, which is somewhat
analogous to the quantum-mechanical Heisen-
berg’s uncertainty principle. This analogy is mani-
fested in the fact that for any coordinate x; of the
entire x(t) it is always possible to form a three-
dimensional phase space of any such coordinate x;
of the entire vector xi(t)=(xi, X Xi3)T, where
Xio(t)=dxy/dt, xs(t)=dx/dt, i.e. xi(t) is the change
rate of x; and x5 is the acceleration. In general,
any m-dimensional space for x(t) has 3 m dimen-
sions, and in each such three-dimensional sub-
space (for each x;) we will observe chaotic dynam-
ics of the vector x; — of any i-th coordinate of x(t),
within its QA, with homeostasis of the TTS-
complexity [5-9,12,14,16,24,32].

Using the physical approach, we come to the
principle of relativity of motion of x(t) in FSS,
which is very specific for complex biosystems -
complexities. Its meaning lies in the conventionali-
ty (or relativity) of the concept of motion, i.e. what
is characterized as motion in traditional science
(in this case we have the rate of change of all coor-
dinates x; of the vector x(t) in the form dx/dt#0) can
be represented as rest state, homeostasis, within
the framework of the theory of chaos-self-
organization. This happens if the parameters of
the quasi-attractor within which we have conti-
nuous and chaotic motion x(¢) do not change. For a
TTS, homeostasis means the invariance of the pa-
rameters of the quasi-attractor, of its volume Vg,
and the center coordinates of the QA - xi. In this
case, the values of x; change continuously (dx/dt#0,
xi#const), i.e. we have motion x;(t) in the FSS from
the positions of both deterministic approach
(dx/dt#0) and stochastics (f(x) is continuously
changing). In the theory of chaos-self-
organization, we refer to this as uncertainty of the
second type; it is characteristic of all homeostatic
systems — TTSs [18,20-22,25-29].

Conclusions:

1. Functional systems of the organism are
characterized by N.A. Bernstein’s hypothesis of
“repetition without repetition” and the Eskov-
Zinchenko effect, in which everything changes
continuously (chaotically), and there is no statis-
tical stability of samples. Moreover, the chaos of
such biosystems (complexity) is different from the
deterministic chaos described by I.R. Prigogine, J.A.
Wheeler and M. Gell-Mann. The statistical charac-
teristics and parameters (statistical distribution
functions f(x), SDSs, autocorrelation functions
A(t), etc.) for the obtained samples x; of the state
vector x(t) of any homeostatic system are not pre-
served - they change chaotically.
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2. For homeostatic systems, the concept of QA
is introduced, inside which dx/dt#0, x#const, f(x)
change continuously, but the parameters of the
quasi-attractor are preserved - this is what is
meant by homeostasis of a TTS. In such chaos,
autocorrelation functions A(t) for x(t) do not tend to
zero, there is no mixing property, there are no sta-
ble positive Lyapunov exponents, this is another
kind of chaos of biosystems — complexity.
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3. The evolution of homeostatic systems can
be used in describing the laws of transition from
sanogenesis (normogenesis) to pathogenesis, and
vice versa. The traditional physicomathematical
approach does not always provide objective re-
cording of the dynamics of the development of
diseases (especially in restorative medicine) and
the reverse transition - recovery of the patient due
to the specific uncertainties of TTSs — homeostatic
systems.
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ya. Cosemckas, 6, Openbype, 460000, Poccus
“Camapckuti 20cydapcmeeHHblli aspokocmuueckuii yuusepcumem um. akad. C.II. Koponesa (HUY),
Mockoeckoe wocce, 34, Camapa, 443086, Poccus
"BY BO «Cypzymckuii 2ocydapcmeeHHblii yHusepcumemy, yi. Jlevuna, 1, Cypeym, 628400, Poccus

Annoranusa. B pamkax noareepxkaenust agdexkra EcbkoBa-3MHUEHKO U3 06/1aCTY OGMOMEXaHUKY U3Y-
YaeTcsl CTaTUCTUYeCcKast HeyCTOMYMBOCTD IMapaMeTPOB CEPAEYHO-COCYAUCTON CUCTEMBI MOJIOZEKHOTO Hace-
neunust XMAO-IOrpsr — CeBepa P®. B paboTe mpeacTaBieHbl pas3anuius apaMeTpOB KBa3UaTTPAaKTOPOB B
mecTuMepHoM (Ga30BOM IPOCTPAHCTBE COCTOSTHMII MHTETpPaJbHBIX IIOKAa3aTeNeil CepaeudHO-COCYAMCTOM
cucTeMbl QYHKIIMOHAIBHOM CUCTEMBI Y MPUIIJIOTO AETCKO-IOHOIIECKOro HaceneHus (yuammecs: COIIl N2 4
ropopa Cypryra). Takke npencraBiieHO CpaBHEeHME [IapaMeTPOB KBa3MaTTPAKTOPOB KapAMOMHTEPBAJIOB JJIst
3TUX XKe YUalMXCsl, Pa3[leJIEHHBIX 0 MTOJOBBIM MPU3HAKaM, a TAKKe M0 BO3PACTHBIM rpynram. YCTaHOBIIe-
HO, UTO CpemHsis BO3pacTHasl TPYIIa JeBYIIEeK M IOHOIIei Oojee ysI3BMMa K afalTallMOHHBIM YCIOBUSIM
npoxkuBaHus Ha CeBepe P®. Dta rpynma mokasbpiBaeT Haubojiee OTAMUMTEIbHbIE 3HAUYEHUST MapaMeTpOB
KBasuaTTPaKTOPOB B MHOromMepHoM (a30BOM IIPOCTPAHCTBE COCTOSIHMIA, YTO MOXKET IPOSIBISTHCS B
yMeHbIIIeHNM YCTOMUMBOCTM (PYHKIIMOHATBHBIX CUCTEM OpraHu3Ma uejoBeka Ha CeBepe He TOJIBKO B MOJIO-
IIOM, HO ¥ MOXXET YCUIMBAThCSI B O0Jiee 3peioM BO3pacTe. B 11e/IoM COCTOsIHME CepAeYHO-COCYIUCTOI CHUC-
TeMbI IKOJTbHMKOB CeBepa PP xapakTepusyeTcs Kak Ae3aJanTUBHOe. DTO MPeICTaB/IsSeTCs B 0CO60M KoJie-
6aTeIbHOM XapaKkTepe M3MeHeHUs IMapaMeTpoB KBa3MaTTPaKTOPOB C BO3pacToM. B mectumepHoMm aso-
BOM IIPOCTPAHCTBE COCTOSIHUI MHTETPAIbHBIX MapaMeTpbl KBA3MaTTPAKTOPOB IE€MOHCTPUPYIOT OOJIBIIYIO
HEYCTOMYMBOCTD, UeM B IByMepHOM (a30BOM IPOCTPAHCTBE (ITapaMeTpbl KapAMOVHTEPBAIOB JeMOHCTPHU-
PYIOT CHVDKEHVE TIIOIAAM KBa3uaTTPaKTOPOB).

KnioueBsie ci10Ba: AETCKO-IOHOIIECKOTO HAaceleHue, KapAMOMHTEPBaJI, KBa3UaTTPAKTOpP, CePIEYHO-
cocyaucras cucrema, apdexT EcbkoBa-3MHUEHKO.

Beenenmue. Opranusm skurteneii CeBepa PO HeM (GU3MUECKOTO 3I0POBbSl, YCKOPEHHBIMMU BO3-
(OYHKIMOHMPYIOT B YCJIOBMUSIX BO3IENCTBUSI psina pacTHBIMU M3MeHeHMsIMU psifia rokasareneit @CO.
IIOBOJIBHO CYPOBBIX KIMMAaTUUYECKUX (PaKTOpOB. B ycnoBusix CeBepa PO uesioBeK BBIHYXXIEH afiari-
[MocegHue OKasbIBAIOT BJAMSIHME Ha COCTOSIHUE TUPOBATHCS K XOJIOAY M PEe3KMUM Mepenagam CyToY-
rokKasarTeJieii 340pOBbSl HacCe/JieHUs B CUJIY TOTO, HbIX TEMIIEpaTyp He TOJIbKO 3MMOI, HO U BECHOJ,
YTO 4aCTh Pe3epBOB KaK OTHEJIbHBIX OPTaHOB, TaK oceHbI0 (opoii 6osee 9 MecseB B rogy). Heratus-
" yHKyuoHansHblx cucmem opzarusma (PCO) 3a- HOe BIMSIHME HU3KUX TeMIepaTyp Ha MpUes Ui
JlelicTBOBaHbl B Mpolleccax ajamnTtaiuy K 3TUM KOHTUHTEHT COIPSDKEHO C pPasBUTHMEM B JIETKUX
CJIOKHBIM YCJIOBMSIM M HampasjieHa Ha GopMupo- MOPGOIOTMYECKNX M3MEHEHMI, CBUAETETbCTBYIO-
BaHMe MPUCIOCOOUTENbHBIX peaKklyii roMeocTasa. mmx o (GOpMUPOBAHUM CHEIUPUUIECKOTO CTPYK-
IIp BO3JENCTBUM 3KCTpPeMasbHbIX (PaKkTOpOB TYPHOTO MPeMopouaHOTo cocTostHus [20-24].
MPUCTIOCO6/IIEMOCTh OpraHusMa (Iopoil IMmyTemM Ina aHanmsa 3P QGeKTUBHOCTU ITPUMEHSIEMBbIX
CJIOKHBIX TIepeCcTPOeK) AOCTUTAETCS 3a CYeT oIpe- Jieue6GHbIX BO3AECTBUI 0COOYI0 3HAUMMOCTh MPHU-
IeJeHHbIX M3MEeHeHUii, Ha3bIBaeMbIX «OMOCOIIN- obperarT MeTonbl MoHUTOpMHTa PCO 1, B YaCTHO-
anpHOM 1aToi» [1,5,20-24]. IniutenbHOe CymecT- CTU, HEMHBA3MBHbIE METOIbl BAPUALIMOHHOI IyJib-
BOBaHME B TaKuX YCAOBUSIX IPUBOIUT K Oojee comerpun. LleHHOCTb MaTepuasoB, MOTyYeHHBIX
YacTOMY BO3HMKHOBEHMUIO MPeATNIaTOIOTUUECKUX U MpY TIOMOILLIM METOAO0B MaTeMaTU4eCKOro CUCTEeM-
MaTOJIOTMYECKUX COBUTOB, OCOGEHHO B TEX CUCTE- HOTO aHamm3a eapuabdenbHocmu cepdeuHozo0 pumma
Max ¥ OpraHax, B KOTOpPbIX HauboJiee IMOJHO 3a- (BCP), moaxperuiseTcsl UCHOAb30BaHUEM IS aHa-
JIeliCTBOBAHbI pe3epBbl U BbIPAKEHbI alalITUBHbIE Ji3a UCC/IeAyeMbIX MaCCMBOB TAHHBIX OPUTUHAJIb-
TepecTPONKN. HBbIX aBTOPCKMUX METOMIOB, 6a3MPYIOIINXCS Ha 1meo-

V3BecTHO, UTO CceBepsiHE OTIMNYAIOTCS MEHb- puu xaoca-camoopzarusayuu (TXC), 0CHOBaHHBIX Ha
MMM afanTalMOHHbIMY CITIOCOGHOCTSIMM OpPTaHOB UCC/IeIOBaHMM TapaMeTPOB  Ke8a3uammpakmopos
IObIXaHUSI ¥ KPOBOOOpAIEeHNs, CHYSKEHHBIM YPOB- (KA) ouMHamMuKM TIOBeleHUSI 6€KmMopa COCMOSIHUS
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opezaxusma uenoseka (BCOY) B pazosom npocmpau-
cmee cocmosiHuti (PIIC) u MmeHTHGUKALMM pac-
CTOSIHUIA MeXHOy LeHTpamMu xaotuyeckux KA, a
umeHHO BCOY, xapakTepu3yoIIUX KOJIUYECTBEH-
HYI0 Mepy 3(GGeKTUBHOCTM JIeUeGHOTO BO3[IENCT-
BUSI YIIpaBSIIONMX (PU3MOTepaneBTUUYeCKMX BO3-
neictamii [1-9,13-19,25].

Ilens MccnegoBaHUS — BbISBUTH Pa3InNuns
mapaMeTpoB KA B 6-Tu mMepHOM (ha30BOM ITpO-
CTPaHCTBE MHTErpaJbHbIX U BPEMEHHBIX IOKa3a-
Teneit cepdeuro-cocyducmoti (CCC) u sezemamus-
Hotl HepeHoll cucmemst (BHC) y mpunuioro feTcko-
IOHOIIIECKOTO HACeJIeHMSI, YJalluxcsl cpedHeli 00-
uieobpazosamensHoti wkoast (COI) N2 4 ropopma
Cypryra.

OO0BeKTHI M METOAbI MUCC/IeooBaHMsI. B Ha-
CTOSIIIIel paGoTe MPUBOOSTCS Pe3yabTaThl UCCIIE-
IOBaHUS TOKasaTeseil sapuabdensHocmu cepdeuHo-
20 pumma (BCP) y yuamuxcsa COII N2 4 ropopa
CypryTa, KOTOpbIe SIBJASIOTCS MPUILIBIM Haceje-
HMEM M MPOXMBAKT B yciaoBusax CeBepa PO Ha
MPOTSDKeHMM 6oJiee MSATH JIeT. 3a OCEHHUI ITepuoy
661710 06cenoBano 150 yuammxcs, B JaJbHeNIeM
TPYIIIbI 0OC/IeyeMbIX ObUIYM TTOZAENIEeHbI 0 IT0JIO-
BOMY MPU3HAKY [EBOYKU (AEBYLIKM) U MaJTbUUKU
(ToHOIIM), & TaKKe IO BO3PACTy Ha CAemyIolue
TIOATPYIIIBI IO 25 yenoBeK B Kaxknoit: 7-10 ner —
mMiIaniiee 3BeHo; 11-14 net — cpegHee 3BeHO; 15-
17 net - crapiiee 3BeHO.

Ing aHanu3a MCIOAb30BAIUCH DPa3INYHbIe
napaMmeTtpbl BCP. KoopanHaThl X; COCTOSIIN U3: X1 —
SIM - mokasaTe/ib aKTMBHOCTU CUMIATUYECKOTO
otgena BHC, y.e.; x; — PAR - noka3areyib aKTUB-
HOCTM TIapacUMIIaTMUeCKOTO OTAena, y.e.; X3 —
SDNN - cTaHapTHOE OTKJIOHEHUE U3MepseMbIX
KU, mc; x4 — INB — ungexc HanpspkeHus (1o P.M.
BaeBckomy); xs — SSS — umuciO ymapoB cepAlia B
MUHYTY; Xs — SpOz — YpOBeHb OKCUTEHAIIUU KPOBU
(YypOoBeHb OKCUTeMOIIO6MHA) [26].

O6cemoBaHMe MKOILHUKOB OCYIIECTBIISIIOCH
HEMHBA3MBHBIM METOIOM C TMOMOIIbIO ITY/IbCOK-
cumetpa «3JIOKC-01 M», pa3paboTaHHBIi U U3TO-
toByneHHblii 3A0 MMII «Hosbie ITpubopsi», 1. Ca-
Mapa. MOHUTOPUHT YydYaIluxcs TPOUCXOIUI B
ONVHAKOBBIX YCJIOBUSX B TeUeHMEe 5 MUHYT B I1O-
JIOXKEeHUM CUS B OTHOCUTENbHO KOM(POPTHBIX yC-
JIOBUSIX.

NccnegoBaHue mapaMeTpOB [OBVDKEHUST 6eK-
mopa cocmosiHuss opeavusma (BCO) maineHTOB
X=X(t)=(X1,X3,...,Xn)" B OIIC IIPOU3BOAMIOCH METO-
mamy TXC, B paMKax KOTOPO# MAEHTUQUIMPOBA-
nuch mapaMmeTrpbl KA ¢ ucrnonb3oBaHMeM aBTOD-
CKOTO TpOrpaMMHOrO TipoaykTta «IIpozpamma
udenmugukayuu napamempos ammpaxkmopos no-
gedeHuss 8ekmopa COCMosHUs Ouocucmem 6 m-
MepHoMm pazosom npocmparcmee» [10-19].

MeTozbl OCHOBAHbI Ha MAEHTUGMKALIMM 00bEMA
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KA B @IIC nepBoHavajabHO [JI OJHOTO KJIacTepa U
Ianee nyst fpyroro [17-21]. 3ateM OCyIiecTBIsIeTCs
MO3TAIHO (TIOOYepeIHO) MCKIIUEHMe U3 pacyéTta
OTAENbHBIX KOMIIOHEHTOB BeKTopa coctosiuusi ®CO
C OJHOBpEMEHHbIM aHaIM30M mnapaMeTpoB KA u
CpaBHEHMEM CYIIIeCTBEHHbBIX WM HeECYIeCTBEHHbIX
u3MeHeHMIi B mapaMmeTpax KA 1ocsie Takoro UCKIIio-
YyeHUs1. AJITOPUTM TaKoO¥ IporeAypbl OCHOBBIBAETCS
Ha HECKOJIbKMX BJI0KaX pacueToB.

Ocoboe mMecTO B pSIAY 3TUX METOMOB 3aHMMA-
€T HOBBIN cI1oco6 MAeHTUPUKALM MATPULL, Z Me-
SKaTTPaKTOPHBIX paccTostHmii. Criocob peanusyer-
Cs [Jig TPYNIIOBBIX CpaBHEHMH, KOTAa MMEIOTCS
HECKOJIbKO K/IacTepoB MaHHbIX (KaXIblii KaacTep
IJIST KXo TPYIIIBI 00CaeayeMbIX, VI IJIsT KaK-
IIOTO TUIIA BO3MIE/CTBIUII Ha TPYIIIIbI 06CIeTyeMbIX)
M 3T KaacTepbl onucbiBawTcst cBouMm BCOY, Bxo-
IOdiero B obciaenyeMylo Kk-10 TPYIIy B BUe
Xk=(xk;,x*,...,x%,), TOE i=1,2,....m — HOMEpP OMUAarHo-
CTMUECKOTO TpM3HaKa (llapamMeTpa OpraHusma
obciemyemMoro), a k — HoMep Kjactepa (Homep
TPYIIIbl UCIBITYEMbBIX WJIM HOMEpP KOHKPETHOTO
BO3meicTBu, T.e. k=1,2,...,p. TIpy 3TOM IJIsT KaK-
Ioro BekTopa X B ogHoM 1 ToM xe ®IIC pasmep-
HOCTBIO M UMEIOTCSI OOMHAKOBbIe HaGOPhI KOMITO-
HEeHT (AMarHOCTUYECKMX IIPU3HAKOB), XY, KOTOpbIE
B CBOIO ouepelb MMEIOT Habophl (OOIIMM UMCIOM
n, TAe n - 410 MalMeHToB B IPyIINe, a j — HoMep
naluyeHTa B rpymre, j=1,2,...,n) KOHKPETHbIX MHO-
’KeCTB 3HaueHMil caMuX OMAarHOCTUYeCKUX Ipu-
3HAKOB I10 KaXXAOM M3 KOOpAMHAT XY, KOTOpBIE
OIMCHIBAIOT COCTOSIHME Kaskgoro (f-ro) maieHTa
(u3 xacTepa k) B BMle TOUEK Ha COOTBETCTBYIO-
IIMX i-X ocsax B m-mepHom OIIC.

Takum ob6pasom, Kaxkmas TpyIina obciaemye-
MBIX Ha [-0i1 OCU X; UMeeT CBOI0 COBOKYITHOCTb TO-
YeK, M3 KOTOPOI BBIAESIOTCS KpaiiHe JieBble KO-
opavHAThI (X nin) ¥ KpajiHe MpaBble KOOPAMHATHI
(% max). PA3HOCTD 3TUX BeJMUMH (XX min = XXi max =D%)
obpasyer oTpe3ok B OIIC, a COBOKYIHOCTD 11T K-
OJi TPyHITbI 0OC/IEAYEMbIX BCEX OTPE3KOB (IpaHeil)
B m-MepHOM (a30BOM IIPOCTPAHCTBE 0Opasyer m-
MepHbII MapayiesenuIies,, KOTOPbI MpeacTaBIs-
et B OIIC onpenenénneli KA, BHyTpu KOTOPOTO
nBisketcst BCOY (Bcex o6ciieryeMbIX, COCTaBIISIIO-
LIMX OIpelesIEHHYIO rpymy) [27].

Pe3ynbTaThl M MX 0OCY)KHgeHMe. [[eHHOCTb
MaTepuasoB, TOJyYeHHBIX MPU MOMOIIM MeTOHOB
6uonHpopMalMOHHOro aHanmusa BPC, mogkperuisi-
eTCcsl UCIO/Ib30BaHMeM ISl aHa/lin3a MCCIeLyeMbIX
MacCUBOB [JaHHBIX — OPUTMHAJbHBIX aBTOPCKUX
MeTonoB, 6asupyomuxcsd Ha TXC, OCHOBaHHBIX Ha
uccienoBaHuMu napametpoB KA nyHaMuKu moBe-
menust BCOY B ®IIC u mmeHTUdUKALMM PACCTOSI-
HMI Z; MexXnay ueHTpamu xaotnuecknx KA - BCOY,
XapaKTepU3yIIUX KoaUueCcTBeHHYI0 Mepy 3ddex-
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TUBHOCTU BO3HeMCTBUS yrpasisomux @CO agar-
TalyM K yCJIOBUSIM ITpoxkuBaHus Ha CeBepe PO.

W3BeCcTHO, UTO M3MeHEeHMsI TOKa3aTeleil puUT-
Ma cephlia MpU CTpecce HACTyIaeT paHblle, yeM
TIOSIBJISTIOTCSI BhIPasK€HHbIE TOPMOHAJIbHbIE U 610~
XUMUYECKMEe CABUTH, TAaK Kak peakuus HEpPBHOM
CUCTEMBI OOBIYHO OIlepeskaeT [IeiicTBUEe TyMO-
panbHbBIX (PAaKTOPOB. DTO MAET OCHOBAHME ITPEIIIO-
JlaraThb MCIOAb30BaHME TaKMX IoKasaTeneit s
UaeHTUGUKAIMY XapaKTepa MPOTeKaHUs Pas3ainy-
HBIX XPOHUYECKUX MTaTOIOTUIA.

YuuThIiBasl, YTO B METOAMYECKOM IIJlaHe Hau-
60j1ee 060CHOBAHHBIMM ¥ M3YUYEHHBIMM HA CETO-
IHSIITHUI TeHb SIBJISIOTCS MoKa3aTeau U MeToaMKa
uccinenoBanusi BPC, mpensoxkeHHsie B 1996 romy
rpymmoit skcrieptoB CeBepoaMepUKaHCKOTO 006-
IIECTBA JEKTPOCTUMYJISIIUM U 3TEKTPOPU3MOIIO-
roB u EBporeiickoro o6iecTBa KapImuoaoros, oc-
HOBHOe BHMUMaHMe yAesseTcs MeToJaM MaTema-
TUYECKOro aHanu3a rnokasaresneit BCP B cooTset-
CTBUM C IPUHSTBIM CTaHAapToM [13].

Tabnuua

PesyabTaTsl cpaBHeHVsI napaMmeTpoB BCP neBouek
¥ MQJIBYMKOB (1nN=25) ¢ MIOMOIIbIO KPUTEPUS
Kpackena-Vomnnca (Ipy KpUTUIECKOM YPOBHE
3HAYMMOCTY MPUHATHIM p<0,05)

1pim|1p2m|1a3m|2aIm|2a2m (203m |3a1m|302M | 3a3mM

SIM (1,00 | 1,00 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
PAR | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
SDNN | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
INB | 1,00 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
SPO2 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
pNN50| 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
TINN | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
§Ss | 1,00 | 0,00 | 0,02 0,31 | 1,00 | 1,00 | 0,15 | 1,00 | 1,00
VLF | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
LF 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
HF 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 { 1,00 | 1,00 | 1,00
total | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
LF(@) | 1,00 | 1,00 | 0,00 | 1,00 | 1,00 | 0,00 | 0,60 | 1,00 | 0,64
HF(@) | 1,00 | 1,00 | 0,00 | 1,00 | 1,00 | 0,00 | 0,60 | 1,00 | 0,64
LF/HF | 1,00 | 1,00 | 0,00 | 1,00 | 1,00 | 0,00 | 0,89 | 1,00 | 0,61

Heo6xogyMo OTMETUTb, UTO CUCTEMAa KPOBO-
obpallleHNsI MOKET PacCMaTpPUBATbCS KaK UYBCTBU-
TeJIbHBIV MHAMKATOP AafalTallMOHHbIX peakKIunii
1IeJIOCTHOTO opraHmsma, a BCP xopoiio oTpaxkaet
CTEeIleHb HATIPSSKEHMS PETY/ISITOPHBIX CUCTEM, 00Y-
CJIOBJIEHHYIO BO3HMKAWIIE B OTBET Ha Jiioboe
CTPEeCCOpPHOEe BO3AEICTBME aKTMBALMEN CUCTEMbI
runodu3-HAAIIOUeUHNKM ¥ peaklyeil CUMIIATo-
aJipeHas0Bo cuctemsl [27,28].

Ilo pesyabTaTaM CTaTUCTUYECKOTO aHaiM3a
nokasaresieii BCP meTCKOo-I0OHOIIeCKOTO Hace/leHMsI
XMAO-IOrper (Tabsn.) JOCTOBEPHO 3HAUMMBIX M3-
MEeHEHMI B MOKa3aTessIX CIIeKTPaJbHOTO aHaIM3a
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He BbIsIBIeHO (p<0,05), 3a UCKIIOUEHMEM TPYIII 110
rnokasareysiMm SSS: 1-51 rpymnna eBOoYeK U 2-5 TPyT-
1a MaJbUMKOB, a Takke 1- Tpynmna AeBodYeKk U 3-5
rpynna roHomei. Takke pasauums HaOII0IAI0TCS
no nokasarensm LE(p): 1-4 rpynmna geBouyek U 3-5
TpyIIia I0HOIIeN, 2-9 Tpymna AeBYyIIeK U 3-51 Tpym-
1a roHo1ueit; HF(p) u LF/HF aHamorn4Ho.

Ecnu paccmatpuBaTh pesyibTaTbl CpaBHEHUS
TOJIBKO IpeACTaBUTENbHULL )KEHCKOTO IMoJia mapa-
meTpoB BCP Tpé€x BO3paCTHBIX TPYIII, TO Pasjiu-
yus 6yayT 1o rmapaMeTrpam SSS: 1-s1 u 2-s TpyIIa,
a trakke 1-5 u 3-g rpynna p=0,00. [To mokaszarensam
LF(p), HF(p) v LF/HF cOOTBeTCTBEHHO pa3IuUuMs
oymyT mexxny 1-it u 3-1 rpymnmoit p=0,02.

V npencraBuTesneii My>KCKOro Ioja KpuTuye-
CKMi1 ypoBeHb 3HauuMMocTu p<0,05 6ymeT HabIIO-
JaTbCsl MO mnapaMmeTpam SSS mexpy 1-it u 2-ii
rpynmnoit p=0,01, a taxke 1-ii u 3-i1 rpynmnammu
p=0,03. [Tomumo napametpoB LF(p), HF(p) v LF/HF
Y pasnumuit BO BCex Mmexnay 1-i u 3-7, a Takke 2-7
U 3-1 TPYIIOi, pa3nuuue MpenoCTaB/sSeT Mnapa-
meTp LF mexxmy 1-i n 3-1 rpymoit p=0,05.

Iauubie pacuéra xapduournmepeanos (KU)
TPYIIbl TIPUIIOTO AEeTCKO-IOHOIIEeCKOTO Haceje-
HUS — X; U CKOpPOCTU u3MeHeHus 3tux KU, T.e.
xz=dx;/dt, no3BomsitoT noctpoutb KA mjaa KU Bcex
150 yesnoBexk (rpyIa o6caenyeMbIX), a UX OOLIMIA
kBasuaTTpaktop KA; mornotut Bce KU ucmbiTye-
MBIX 3TOJ BO3PaCTHO I'PYIIbI. YCTaHOBJIEHO, UTO
IS TPUIIOTO [AEeTCKO-IOHOLIeCKOTO0 HaceleHUs
IEeBOYKM MJIAAIIel rpymmsl 7-10 et 9ToT o6Immii
KA; umeer mromanp S;=0,079x10° y.e., a mis
MaabunkoB S;=0,105x10° y.e., ciemoBaTeIbHO U
06bEéM KA; B TpéxmepHom PIIC BekTOpa X3=(X1, X3,
x3)T, rme xs=dx;/dt IipeCcTaB/IsIeT YCKOPEHNE U3Me-
Henust KU — x,(t); ,To)Xe OymeT BIOJHE OIpeje-
JIEHHBIM Vi ¥ OTJIMYHBIM OT 06BEMOB KA mpyrux
BO3paCTHBIX TPYIIN, @ UMeHHO cpenHeit 11-14 et
u ctapueit 15-17 ner.

Takue gByMepHbIE BEKTOPBI X? 11 TPEXMEpPHbIe
BEKTOPBI X> OMMCHIBAIOT PeabHbI/i TOMeOCTas Io
OIHOMY TIapaMeTpy Kapouo-pecnupamopHoli Cuc-
Tembl (KPC) — 1o 3HaueHusiMm KU, HO 3TO yKe 06b-
eKTMBHAas XapakTepucTuka. B atom KA; Mbl MeeM
XaoTUYeCcKoe IBIDKEHMe X;, X; WIN Jaxe Xz (IS
BekTOpa X%), ux f(x), CIIC u A(t). dtot napamerp (S
win Vi) peajibHO XapaKTepusyeT COCTOSIHUEe To-
Meoctaza KPC mNpuUILIOTO [OETCKO-IOHOLIECKOTO
HacejieHMs Mylaguieli Tpymibl.

Cnemyromasi BO3pacTHas rpymmna (CpemHuit
Bo3pacT 11-14 yer) 6ymeT JAeMOHCTPUPOBATH IPY-
roe 3HaueHue KA, u 1o riomaay S v mo oo6vémy V.
Hampumep, mjisi meBOoueK cpemHero Bospacta 11-
14 ner mbl umeem S;=0,076x10° y.e. B ¢dasoBom
MPOCTPAHCTBE  COCTOSIHMUI, UTO 3HAUUTENbHO
MeHblIe S; IJ1s1 MIafuiel TPyIbl JeBoYeK, B OT/IN-
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une ot S;=0,101x10° y.e. B ¢a30BOM ITPOCTPAHCTBE
COCTOSTHUI MaJIbBUMKOB CpeJiHeli TpynIibl (puc. 1).

Takum 06pa3omM, Mbl MOKEM Telepb CPaBHU-
BaTh COCTOSIHME TOMEOCTa3a Pas3sHbIX BO3PACTHBIX
TPYIII, 06CIeIyeMbIX C MOMOIILI0 pacuéra mapa-
MeTpPOB KBa3uaTTpakTopoB KA, KA, 1 KAs.

Ha puc. 1 npepacraBiieHa craTucTuyeckas 06-
paboTka maHHbIX MO pacyétam KA KU Bcex Tpéx
BO3PaCTHbBIX IPyIn TIPUILLIOTO JIeTCKO-
IOHOIIECKOTO Hace/leHUsI, pa3fe/IEHHbIX He TOJIbKO
110 BO3PACTy, HO U IO IOy (ZEeBOYKM U Maabuu-
ku). Takoil mOAXO UCTIONb3YEeTCS B CTATUCTUKE U
TXC. JJaHHbBIEe ITOKa3bIBAIOT BO3MOXXHOCTb ITOHSITh
B paMKax CTapbIX (CTaTMCTUUECKUX) KaTeropui
Kak M3MEHSIIOTCSI peasibHble TMapamMeTpbl TrOMeo-
crasa KPC y mnpuimioro IeTCKOro-lHOIIECKOIrO
HaceJIeHMs TPEX BO3PaCTHbIX rpymi [9-19,24].

. 0,105
—
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l . :
1 2 3
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0 368 51622
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ye
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Puc. 1. TpaduK 3aBUCMMOCTH 3HAUEHMI1 TapaMeTpPOB
kBasuatTpakropos KU y mpuiuioro geTcko-
IOHOIIECKOTO Hace/leHUsI TPEX BO3PACTHBIX TPYIIIL:
a — IeBOYKM, 6 — MaJTbuUMKI
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Puc. 2. TpaduK 3aBUCMMOCTH 3HaUeHMit mapameTpos KA
B IIeCTMMepHOM (Pa30BOM MPOCTPAHCTBE
MHTerpaabHbIX ¥ BpeMeHHbIX nokasaresneit CCC u BHC
y IIPUILJIOTO JeTCKO-IOHOLIECKOTO Hace/leHNs :

a — IeBOYKM, O — MaJTbUMUKA

IToguepkuéM, uTo ¢ mo3unuit TXC 3TO He co-
BCEM KOPPEKTHO, T.K. y>ke B TXC MbI MMeeM Agpyrue
KpUTEpUM TOMeoCTa3a U U3MeHeHMii roMeocTasa B
Bugme sBomoiiuy KPC. TTokasaTenb 06bEMa II€CTH-
mepHoro (1o mapametpam CCC) mapainenenurmesa,
BHYTpM KoToporo Haxonutcs KA nosenenus BCOY,
TaKKe pasjiMuaeTcss Ha HeCKOIbKO MOpPsSIAKOB. ITpu-
yéM OH GoJIblile Y TIpeICTaBuUTes el KeHCKOro ToJja
MIPUIIJIOTO HaceJleHusl: Miaflias Ipynmna, JeBOYKU

1,06x10° vy.e.; cpemHss Tpymma, OEBOYKU —
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0,019x10° vy.e.; crapmiasg Tpymma, OEBOYKU —
1,02x10%y.e. DTa 3aBMCUMOCTb KOTOPbIX ITPeICTaB-
JieHa Ha puC. 2 AJ1s1 MaJIbUMKOB U JIeBOUeK.

Takasi )xe KapTuHa HAOJTI0IaeTCs U Y TIPeiCTa-
BUTeJIe)l IPOTUBOIOJIOXKHOIO I10ja MIPULUIOTO
JeTCKO-IOHOIIEeCKOIO HaceJleHUs TPEX BO3PaCTHBIX
rpyni ot 7 7o 17 net. TlokasaTenb 06b€Ma mapai-
JiejlenuIesa COCTaB/IsIeT COOTBETCTBEHHO: MJIA[-
mas rpymmna, manbunky — 0,023x10° y.e.; cpemHsas
rpymnmna, MmanbuuMku - 0,012x10° y.e.; crapumias
rpymna, manbunky — 0,014x10%y.e.

Hanuume pa3bpocos B mapameTrpax BCOY mis
yuamuxcss COII N2 4 r. Cypryra NpuIUIOro OeT-
CKO-IOHOIIIeCKOTO HacejieHUs TOKa3bIBaeT Halu-
yye OU3afaNTallMOHHBIX IPOLIECCOB B QYHKLUUSIX
BHC opranmnsma yvyammxcsl.

OuHamuka nosegenuss BCOY, y mpencraBu-
TeJIbHULL, XKeHCKOTo nosa yvamuxcss COLI N2 4 r.
Cypryra xapakTepusyeTcsi OGOJbLIIE/l XaOTUYHO-
CTbIO, UTO MPOSBISETCS YBeJIMYEHMEM IapameT-
poB KA. TlociegHee MOXET MPOSIBISTHCS B
yMmeHblieHUn ycroimumBoctu PCO dvenoBeka Ha
CeBepe He TOJIBKO B MOJIOZOM, HO Y MOXKET YCUJIN-
BaThCs B 6oJee 3pesioM BO3pacTe.

BeiBoabl. Pe3yibTaTbl KOMIIIEKCHBIX Hayu-
HBIX MCCJIeJOBaHMIl IIOKa3bIBAIOT, YTO COCTOSIHME
3I0POBbS JIIOAEel, MUTpUpoBaBIux Ha CeBep, 6e3-
YCJIOBHO, OT/IMYAeTCsS OT HOpMbL. Ilpoucxomut
MpoLiecc afanTauuyu ¢ YYETOM MPUHLINIIA 1ie/leHa-
MMPaBAE€HHOCTH, KOTOPBIM 3aBUCUT OT OIpPeIeneH-
HbIX KpUTepueB. B paMKkax TepMOAMHAMUYECKOTO,
KMOEpPHEeTUUYECKOro, GMOJOTUUEeCKOr0 ITOAXOI0B
JIlaHHble KPUTEePUU MPUBOJISIT K U3MEHEHUIO U UC-
towmeHno ®CO, a TakkKe PeryasiTOPHbIX MEXaHU3-
MOB. CeplledHO-COCYAMCTast CUCTeMa >KUTesei
CeBepa noaBepkeHa MOBBIIIEHNIO apTepPUaTbHOIO
JaBJI€HNS Y YCUJIEHUIO TOHMYECKOTO HalpsKeHUSs
nepudepuyeckux cocynon. IIpu atom mo KU pme-
BOYKM II0Ka3bIBAIOT JIyYlllMe pe3yybTaThbl (puc. 1)
YyeM MaJIbuMKU, Ha mectumMepHoM OIIC Manbumkmu
JIeMOHCTPUPYIOT MeHbIe 06beMbl K.

Oco6eHHOCTD ajanTanuy — 3To becriepeboii-
Has paboTa opraHu3Ma, KOTopasi BO MHOTOM 3aBU-
CUT OT YCJOBUII OKpYKawllel cpenbl, a TaKke
MIOJBEP>)KEHHOCTM CTPECCOBBIM BO3AEWCTBUAM. Y
JeTCKO-IOHOIIeCKOTO  HaceJeHMs] OKa3bIBAaeTcs
YeTKO BbIpakeHHOE BJMSIHME Ha Bce (QYHKYUO-
HA/IbHblE CUCMEMbl Op2aHU3Md, B TOM YUCIE€ U Ha
KPC. BiusiHMe 3Koorm4eckux HakTopoB CYIIeCT-
BEHHO M3MeEHSIeT mapaMeTpbl BasKHO >KM3HEHHBIX
MPOLIECCOB, MPOUCXOASAILIMX B OPTaHM3Me 4YesioBe-
Ka, murpupywuiero Ha Cesep PO. ®CO uyenoBeka
OTPAKAIOT paHHME MPOSBICHUS HeOIarompusiTHO-
r'0 BO3JeicTBUS (haKTOPOB CPeMbl, YTO CKA3bIBAET-
cs1 B yBesimuenuu o6veMoB KA kak KU, tak u ma-
pameTtpoB CCC B mectumepHom PIIC.
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COMPARATIVE ANALYSIS OF THE CHAOTIC DYNAMICS OF THE CVS ALIEN YOUTH OF UGRA
POPULATION

[.V. MIROSHNICHENKO', S.V. PROCHOROV", K.A. ELMAN™, M.A. SRYBNIK™

‘Orenburg State Medical University, Sovetskaya st., 6, Orenburg, 460000, Russia
“Samara State Aerospace University, Moskovskoe sh., 34, Samara, 443086, Russia
"“Surgut state University, Lenin pr., 1, Surgut, 628400, Russia

Abstract. According to Eskova-Zinchenko effect from the field of biomechanics it was investigated sto-
chastic instability of cardiovascular parameters of young population of Russian North - Khanty-Mansiysk
Autonomous Okrug-Yugra. This paper presents the differences of parameters of quasiattractor in the 6%-
dimensional phase space integral and the temporal parameters of the cardiovascular and autonomic nervous
systems in alien youth population, pupils of school N2 4 of the city of Surgut. Also provides a comparison of
parameters of quasiattractor of R-R intervals for these students separated by gender and also by age groups.
It was founded that average group of boys and girls us not demonstrate good adaptation to conditions in the
North of Russian. The group demonstrate more differ value of quasiattractors parameters in multidimen-
sional phase space which can be manifested in a decrease in the stability of human FSO in the North, not
only in the young, but can also increase at a more mature age. At all the schoolchildren in the North of Rus-
sian of cardiovascular systems is characterized as disadaptive. It was demonstrated special oscillatory
change of quasiattractors parameters under aging changes of tested subjects. The quasiattractors parame-
ters us 6™-dimensional phase space of state it was demonstrated more variation and instability then for car-
diointervals in two-dimensional phase of space. The cardiointervals demonstrate the stable decrease of
square quasiattractor value.

Keywords: children and youth population, cardiointervals, quasiattractor, cardiovascular system,

Eskov-Zinchenko effect.
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KupeeB CemeH CeMeHOBUY

Pomnuncs 14 deBpansg 1943 r B c. UepHblit PhIHOK
Kusnsapckoro pariona darecrtanckoit ACCP. B 1968 r.
OKOHUMWIT BoeHHO-MemuuuHCcKuii daxkynapTeT Capa-
TOBCKOTO MeOUIIMHCKOTO MHCTUTYTA. BblJT HAaUa/JIbHU-
KOM MEIUIIMHCKOM CJIy>KObI BOMHCKOM 4YacTu U
BOEHHBIM aHEeCTEe3MOJOTrOM-PeaHMMaTOJIOTOM.
Paboran BpauoM-aHeCTe3MOJIOroM YepHUTOBCKO
006/1acTHO 60/IbHNIIBL, a ¢ 1972 roma — aHeCcTe3MoI0-
roOM-peaHUMaTOJIOTOM OTAeNa CepleuHO-COCyAUCTOM
xupypruu Kmesckoro HUU Ty6epKysnesa u rpygHOM
xupypruu. B 1976 r. 3alU T KAHOUIATCKYIO AUCCep-
Tanuo, ¢ 1976 1. — accucTeHT Kadeapsl aHeCTe31oI0-
TMM Y PEeaHMMAaTOJIOTUM 3aloOpPOKCKOTO MHCTUTYTA
YCOBepIlIeHCTBOBaHMS Bpayeli, ¢ 1982 r. — accucTeHT
Kypca aHeCTe3MOI0TUY U peaHUMAaTOI0TUM 3alI0POSKCKOTO MeAUIIMHCKOTO MHCTUTYTA. B 1986 r. 3a1iu T JOKTOP-
CKYI0 AuccepTaumio «JIMarHoCTMKa UM MHTEHCUBHASI Teparusl OCIOKHEHHBIX OCTPBIX AeKOMIIeHCMPOBAHHBIX
JIApMHTOTpaxeuToB y AeTeii» B HUU neguatpuu u netckoir xupyprum M3 PO (r. Mocksa). C 1987 r. — mpodeccop
Kadenpsl geTckoil xupyprun. B 1989 r. mpucBoeHo yueHoe 3BaHMe Ipodeccopa 1o Kadenpe aHeCTe3MONOTUN U
peanumaronoruu. B 2000-2002 r.r. — mpodeccop Kadeapbl XUpypruueckux 60me3Helt 1o Kypcy aHeCTe3VOIOT U U
peaHuMaToNIOrU MeOUIIMHCKOTO (hakyabTeTa Tynbckoro FocyunBepcuteta, B 2002-2007 1. — mpodeccop Kabeapsl
IIeTCKOW XUPYPTUU U aHEeCTe3UOJOTUM-PeaHMMAaTONOTUM 3aropoXkcKoro l'ocymapCTBEHHOTO MeAUIIMHCKOTO
yHuBepcurteTa. B 2007 r. — mpodeccop Kadeapbl XUPypriuueckux 601e3Helt 1o Kypcy aHeCTe3MOJIOT UM U peaHuMa-
TOJIOTUM MEIUIIMHCKOTO (aKkyabreTa TyabCKOIO rOCYHMBEPCUTETA, a ¢ 2008 T. — 3aMeCTUTEIb IUPEKTOPa MeIu-
LIMHCKOr0 MHCTUTYTa TyJIbCKOrO FOCYHUBEPCUTETA U 3aB. Kadenpoii aHecTesnooruu u peanumatosoruu. C 2010
— npodeccop Kadeapsl AETCKOM XUPYPTUU U aHECTE3MOIOTMM 3aTT0POYKCKOT0 TOCYapCTBEHHOTO MEeIUIIVTHCKOTO
yHuBepcuteta. C ceHTIOpst 2012 I. — IUPEKTOP LIeHTpa MMOATOTOBKM U MEePEIOATOTOBKM MEOUIIMHCKUX KapOB,
3aMeCTUTeJb AUPEKTOPa MeIUIIMHCKOTO MHCTUTYTA, 3aBeAylonnit Kadeapoit aHeCcTe3MoNIOrM U peaHMMaToN0-
rvu TybCKOTO rOCyIapCTBEHHOTO YHUBEPCUTETA.

ViMeeT BBICIIYI0O KaTeropuio MO aHECTe3MOJOTUM-PeaHMMAaTONOTUM, HarpaXkJAeH HarpygHbIM 3HAYKOM
«OTmmuHuk 3apaBooxpaHeHus: CCCP», opmeHoM «3a 3aciyru» u mepaibio B.H. Herosckoro, EBpomneiickori
akajgemueit ecrecTBeHHbIX HayK (FaHHOBep). ABTOp OKoj0 180 HAy4yHBIX M yuyeOHO-MeTOgMuecKux pabort, 6
aBTOPCKUX CBUAETEIbCTB M IATEHTOB U 6Gosiee 60 palMOHANIM3ATOPCKUX IpemJjIokKeHuit. PykoBomuTenb 5
KaHAMOATCKUX muccepranyii, ooyumn okoao 200 KIMHUYECKUX OPAMHATOPOB, MHTEPHOB U aCIMPAHTOB, B
HacCTosIee BpeMsi pyKOBOAWII 2 KAHAUIATCKUMU U OIHOV JOKTOPCKOM nyccepranusimu. OCHOBHbIe HATPaBIeHUS
HayuYHBIX paspabOTOK: MMepuoIepaMoOHHbIi MTepuon B XUPYPTUM, TMHEKOJIOTUY, HEOHATOJIOTUY U TIeAUaTPUM,
pecnuMpaToOpHasl Tepanus IMpU KPUTUUYECKUX COCTOSIHUSIX Y HOBOPOXKAEHHBIX U AeTeli, IKCTpakopIiopa/ibHbie
MeTOAbl B peaHuMMallMM M MHTEHCUBHOI Tepanuy (Ouanam3Has Tepamusl U Iuiasmadepes), aHecTesus u
MHTEHCUBHAs Tepanus Py YeperHOMO3TOBOV TpaBMe.

C centsiopst 2011 1. — KCIIepT HAIMOHAJIBHONM ITporpamMmmbl «[lepuMHaTaabHble LIEHTPbl YKpauHbI» IIPU
aIMMHUCTpaLVK Npe3ueHTa YKparHbl 1 M3 YKpauHbl, WieH Mpe3uanyMa acCouanyy HeOHATOIOTOB YKPauHbI.
Bosee 30 1eT 6611 BHEIIITATHBIM IJIABHBIM JI€TCKMM aHECTE310JIOTOM 3aIT0POSKCKOIT 06/1aCTH.

UYneH penakiMOHHOTO COBeTa KypHasia «BeCcTHMK HOBBIX MeIUIIMHCKMUX TEXHOJIOTHUii», «HeoHaATONMOTis,
Xipyprisi Ta MmepuHaTajbHa MeAuIMHAa». AKaJeMMUK U ujeH oTaeneHus QGyHIaMeHTaJIbHBIX MeIuKOo-
OMOJIOTMYEeCKUX MCCaenoBaHMii EBpormeiickoii akageMuy eCTeCTBeHHBIX HayK, aKaJgeMMUK AKageMuy MeIyKO-
TeXHUYeCKUX HayK.

Pedaxuyus xcypHana «BecmHuk HO8bIX MeOUUUHCKUX IMEXHOI02ULI»
no3odpasnsem LOWIAPA U Heeaem emy Ka8KA3CK020 20pHO20 300pP06bs
U ycnexoe @ peanusayuu 3a0yMaHHbIX NPOEKINos.



IHHAMATH TOBAPHIIIA

Poccuiickasg MenuiuHa MoHewIa TsDKenylo yTpaTy. Ha 82 romy >kM3HUM OT Hac yuien
BUIHBIA COBETCKMUIA U POCCUICKMI TeparieBT, akageMMK PocCCuiicKoil akameMun
menuiHckux HayK (PAMH) ¢ 1999 r. u Poccuiickoii akagemuu Hayk (PAH) c 2011 r.,
nupektop KnuHuku Heponorum, BHyTPEHHMX U ITPodeCcCrMoHaIbHbIX 3a60/I€BaHMIA M.
E.M. TapeeBa, 3aBenmywiuii Kademapoii Tepamuu 1 MpodeccuoHaNIbHBIX Ooe3Hel
[TepBOro MOCKOBCKOIO TOCYAAaPCTBEHHOT0 MeIULIMHCKOro YHuBepcutera um. M1.M. Ceu-
€HOBa, 3acay)XKeHHbII fesTenb Hayku PO (1997 r.), IBaxkabl naypeat ['ocymapcTBeHHOM
npemuu CCCP, OKTOp MeIUIIMHCKUX HayK, Tpodeccop — Hukomnait AnekceeByd MyxuH.
Ponwiicst 4 mexabpst 1936 roga B Mockse. B 1960 r. oH 3akoHYMIT MOCKOBCKYIO MEIUIIVIH-
cKylo akagemuio mvenu V.M. CeueHOBa, MOCTYIMJI B acCMPaHTypy Ipu Kadbeape
Tepanuu 1 pod6oIe3Helt, ocie paboTbl BpauOM MOJISIPHBIX CTaHIMiT 3eMan OpaHIia-
Wocuda (1960-1962). Ha kadempe tepanuu u npod6onesHeir Hukonait AnexceeBuu
TPYIMUIICS CHauaIa B KaueCTBe acCUCTeHTa, 3aTeM JIOIeHTa, Tpodeccopau ¢ 1986 rona —
3aBefyronero kabeapoit u AMpekTopa KIMHUKY HedPOoIoTH, BHYTPEHHUX U ITpodeccu-
OHaTbHBIX 60se3Helt umenn E.M. Tapeesa.
H.A. MyxuH cTas BpauoM, y9eHbIM, IefaroroM IO, PyKOBOJCTBOM U IPU COTPyIHUYEC-
TBE C BBIJAIOLMMCS KIMHMUIMCTOM COBpeMeHHOCTM akagemukoMm E.M. TapeeBsiM,
1936-2018 22 MHOTMe IOfibl PYKOBOIMBIIIVIM 3TO¥ Kadenpoit

Huxonait AnekcaHapoBUY BCerga COOTBETCTBOBAJ MpMHIMIIaAM 1mikosibl E.M. TapeeBa —
HACTOWYMBBIM M3yUeHMEeM STUOJIOTMI, BHUMAaHMEM K Ka3yUCTUKe, CUCTEMHBIM ITOIX0/IOM K OIleHKe 3a601eBaHmii, TIATeTbHbIM
KJIIMHUYECKMM aHaIM30M C yUeTOM HOBEMIIMX HayYHBIX JaHHbIX. OH I0C/Ie10BaTeIbHO MPOA0IIKA 3TU TPAAULIMN, OCYILLEeCTBIISIT
VX Ja/ibHeliIIee pa3BUTHE.

BaskHBIM HaIlpaB/ieHVEM HayYHO gesitenbHOCT H.A. MyxuHa 6b110 M3ydeHue po6ieMbl Hepomoruu. AMUIONI03 TIOUEK
OCBeIIleH B ero Kauauaarckoii (1966) u noxropckoii (1980) mucceprauusx. 3a pa3paboTky npobimemsl ammiongosa H.A. Myxuny
BMecTe ¢ E.M. TapeeBbim, B.B. CepoBbim, O.M. Bunorpagosoit npucyxkgena I'ocygapcrsenHas npemusi CCCP (1983). Hukonait
AJtekceeBMY HACTOWMUMBO BHEIPSIT STUOJIOTUYECKUI MPUHITATI U3YUEHUST MEXaHM3MOB ITPOTrpeccupoBaHs HepuTa, HEMMMYH-
HBbIX MEXaHM3MOB Pa3BUTHUsS Oone3Hu. 1o ero pyKoBOACTBOM BBITIOJIHEHBI PAGOTHI IO BBISBJIEHMIO POV HEMHGMEKIIVIOHHBIX
(akTOpPOB (aJIKOTOJIsT, HAPYLIEHWT 0OMEHa MOYEBO KUCIOThI), SKOJIOTMYECKUX (CBMUHEI], KaIMUIi), TIeKaPCTBEHHBIX (AaHATbIeTH-
K1) BIVSTHUI. DTU MICCIeN0BaHMS, CTOCOGCTBOBAIM Pa3BUTUIO IO ISIIIMOHHO-TTPOMMIaKTUECKOTO HATTPaBIeHNS B HehPOIOTUI
C CO3JaHMeM TIPOrpaMM IMOMY/ISIIMOHHBIX MCCAEAOBAaHMUIA M pa3pabOTKOl MepoIpusTHii 1o NpoduaakTuke. ViM BriepBbie
BBIZIBMHYTA KOHIEMIIVS TUITEePYPUKEMIUECKOTO BapyaHTa JATeHTHOTO HepUTa C BblieJIeHMEM PaHHEl YPUKO3YPUUECKO ero
CTafiuy, yCTAaHOBJIEHME (aKTOPOB PUCKA, Mep MPOPMIAKTUKM Y STUOJIOTUUECKOTO JIeUeHMsT 3TOr0 Buaa HepuTa. VIM MIMPOKO
JICTIONIb30BaHbl /11 MPOTHO3MPOBAHMSI PE3Y/IbTAaTOB JIeUeHUS IMIOKOKOPTUKOMAAMMU — METOJ OIpefeseHMs] TeHeTU4YeCKU
06YyCJIOBJIEHHO YYBCTBUTEIbHOCTY K HUM KJIETOYHBIX PEIIENITOPOB. 3a JOCTMKEHMS B M3yUEeHUM MIPOOIEMbI IJIOMepy/IoHedpuUTa
H.A. MyxuHYy C TpyIII0ii ydeHbIx 6b1a IpucyskaeHa BTopas locymapcrBenHas mpemust CCCP (1991).

MyYXUHBIM M €r0 COTPYJHMKAMM MHOTO CAENaHO JJis MOHMMAaHMS CYNIHOCTM MHTEPCTUIMATbHBIX OONe3Hel JIETKUX —
MOMOTIaTUIECKOTOo (h16PO3MPYIOLIEro aabBeoanTa M CapKouI03a.

ITox pykoBozpcTBoM H.A. MyxXmHa M3y4aauch MPo6IeMbl reraToNIOT I STUOOTMYECKOM POV BUPYCOB TeIaTUTOB B Pa3BU-
TUU TIOPaXXeHMsI TTeUeH), BHeIIeYeHOUHBIX MTPOSIBIEHMI XPOHMUYECKUX BUPYCHBIX TeaTUTOB, BO3MOKHOCTU ITPOTUBOBUPYCHO
Tepanuu, peaxkue Gopmbl — 601e3Hb BuibcoHa-KoHoBaoBa, MEPBUYHBIN CKIEPO3UPYIOINIT XOJTAHTUT, OMIMapHbIe MOpaXkeHNUs
TevYeHN.

H.A. MyX1HBIM BHECEH CYII€CTBEHHbBIN BKJIa[ B M3y4yeHMe pasHOOOPasHbIX CMCTEMHBIX BACKYJIMUTOB, B TOM umcie AHIIA-
aCCOIMMPOBAHHbIX, M pellleHe Mpo6aeMbl Anbdy3HbIX 3a60/1eBaHN COeIMHUTETbHO TKAHN.

Cpenu ny6nukauuit H.A. MyxuHa — pasneibl B QyHZaMeHTaIbHbIX pYKOBOACTBAxX «OCcHOBBI Hedponorum» (1972), «Knnuu-
yeckast Hedposorus» (1983), «Hedponorus» (2000), moHorpadust «[InarHoCTUKA U jedeHne GonesHeil mouek» (1986, 2002),
«CripaBOYHMK 110 Hedposorun» (1986). ABTOp 11 coaBTOP 0KOJI0 250 HaYUHBIX CTATEl B OTE€UECTBEHHBIX 1 3aPYOEsKHBIX JKypHaJIax.
H.A.Myx1H 4aCTO BBICTYIIAeT C JOKIaJaMi Ha Chbe3[ax TepaneBTOB CTPaHbl, MeXXIYHAPOLHbIX M HAI[MOHATbHbBIX KOHTPeccax.

Huxkomnait AnekceeBuu 067aman 0COObIM TeIarorMuecKuM AapoM — €ro JEeKUWM AJIA CTyOeHTOB M Bpadeil OTIMYaIiCh
aKaZieM13MOM, HOBM3HOJ 1 JOCTYITHOCTbIO M3JI03KeHMSI. Ero 60JIbIII0I OTTBIT IIefarora Halies OTpaskeHue B IByXTOMHOM Y4e6HM-
ke «BHyTpenHue 6one3uu» (1990, 2002), «IIporeneBTrKka BHYTPEHHUX Gone3Hei». IIpy HayYHOM KOHCYJIbTUPOBAHUM U TIOT,
pyxoBoacTBoM H.A. Myx1Ha BITIOJIHEHO 8 MOKTOPCKMX U 48 KaHAMIOATCKUX JUCCePTALIAIA.

Huxomnait AnekceeBud Besl GOJBIIYI0 pabOTy B KauecTBe TpeacenaTessl MpaBieHus] POCcuiickoro Hay4yHoOro o6IecTBa
HedposIoroB, wieHa npe3uanyMa Bcepoccuitckoro HayyHOTo 06IIeCTBa TepaneBTOB, ieHa MpaBaeHnss MOCKOBCKOTO HAayYHOTO
06I1IecTBa TePATNeBTOB, WieHa SKCIIePTHOTO coBeTa 1o Tepanuu BAK, uieHa pefkosuieruit BeQyIux TeparneBTUUeCKIUX XKyPHAIOB
«TepamneBTHYeCKUi apxuB», «KiMHMueckas MeguIHa», «KimHndeckas (papMaKoIorysi M Tepanmsi», «Bpau».

Bbein HarpaxkzgeH opaerom [Tovera (1991), memansavu, 4pyruMy 3SHaAKaMy OTIANYMS.

H.A. MyxuH, cnenys 3aBetam E.M. TapeeBa, ITOCTOSIHHO MOAAEPKMBAJ HAYYHO-TIPAKTUUECKYIO CBSI3b C BpayaMy PEerMOHOB.
Eskeromuo mpoBoawinich TapeeBcKye uTeHus B T. Tyse, [ICKOBe U ip. COBMECTHO C KOJIJIEKTMBOM PETY/ISIPHO OKa3bIBaj 6€3B03Me3-
THYIO KOHCY/IbTaTUBHYIO ITOMOIIIb TPAKTUYECKMM BpavyaM Ha repudepun.

Iamams o Hukonae Anekceesuue Gydem eeuHo ¢ Hamu!
Pedakuyus ycypHana «BecmHuk HO8bIX MeOUUUHCKUX MeXHOI02ULLy.
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