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MOLECULAR INDICATORS OF RAT BILAYER MEMBRANE DAMAGE UNDER EXTREME
CONDITIONS
Vishnevsky A.

Institute of Mountain Physiology and Medicine of the
National Academy of Sciences of the
Kyrgyz Republic, Bishkek

MOJIEKYJISIPHBIE UHIUKATOPBI IOBPEKJIEHU BUCJIOSI MEMBPAH KPbIC ITPH
IKCPUMAJIBHBIX COCTOSHUSAX

Abstract

BumneBckuii A.A.
Hucmumym eopnoti pusuonozuu u meouyunst HAH KP,
buwxex

The data presented in the work indicate probable membrane indicators of functional disorders, closely re-
lated to oxidative processes (LPO) under the influence of unfavorable factors of the mountain environment.

Annomauyus

Ilpeocmagnennvie 6 pabome OanHble YKA3LIBAIOM HA 8ePOSMHbIe MeMOPAHHbIE UHOUKAMOPbL (DYHKYUOHATb-
HbIX HAPYWEeHUll, MeCcHO céa3anHble ¢ okcuoamushvimu npoyeccamu (I10J1) npu 6o3delicmeuu HebIA2ONPUAMHBIX

gaxmopoe 2coproti cpedvl

Keywords: membranes, hypoxia, low temperatures, adaptation, lysophospholipids
Kntoueewie cnosa: membpanvi, 2unoKcusi, NOHUNCEHHbIE MeMNEPamypul, A0anmayus, 1u3opochonunuos

HccnenoBanus MeXaHU3MOB, KOTOpBIE OIpeJe-
JISIFOT B3aMMOOTHOIIEHUS )KMBOTO C OKpY Karomien cpe-
JI0H, yOeXKIAI0T B TOM, YTO COBPEMEHHAs SKOJIOTHYE-
cKast (U3MOJIOTHS CTAHOBUTCS MHOrOypoBHeBoW. U
€CII CHCTEeMHBIH YpOBEHb N3y4YeH JI0CTAaTOYHO ITOJTHO
U JETabHO, TO MOJICKYJISIPHBIM aclieKT OpraHu3aluu
JKMBOTO TPH B3aWMOOTHOIICHHSAX CO Cpeloi erme
TOJIFKO HAYMHAET pa3pabaTeiBaThes [5, 6, 16]. Mexny
TeM, ere B Havgane 60-X, kopudeit oTedecTBEeHHOH KO-
normdeckor ¢umsuonornu 3.M. Bapbamosa cumurana,
YTO - ... HICTUHHAS aJalTalis] HaunHAaeTCs Ha KIIeTOY-
HOM ypoBHE” [2].

CoBpeMeHHast 9KOJIOTHs - HayKa 00 OKpYKaroliei
cpene, ¢ KOTOpOil B3aMOJICHCTBYET HE TOJIBKO OTAEIb-
HBIIl OpraHu3M, HO U BCE JKUBOE BHYTpU U BHE ero. Ce-
TOZHS ITPOM30IILIO PACIIMPEHUE TIOHSTHUS B HAlpaBJe-
HHH K Onocdepe, 1 B 0OpaTHOM HaITPaBIEHHH — B TITy0b
OpraHM3Ma, BIUIOTH JI0 MOJICKYJIIpHOrO ypoBHs. Ha
MOJIEKYJIIPHOM YPOBHE Y)K€ YCTaHOBJICHBI CIIO)KHBIC
(hopMBI 3aBUCUMOCTH (PU3UKO-XUMHUICCKUX U (DyHKIIH-
OHAJIBHBIX CBOMCTB CTPYKTYp OT YCJIOBHUH OKpY’Karo-
et cpensl 5, 6, 18]. Benmuuna pH, Temneparypa, co-
JIeBOE OKpY)KEHHE OIPENeNISIOT aKTHBHOCTh COTEH
(dhepmenToB. [ MHOTHX M3 HUX OJrpKaimieit cpenoin
CIy)KUT JIMIHUTHOE MUKPOOKPY)XEHHE, B TOM YHCIIE
KJIeTO4HbIC MeMOpansl [7, 10].

Morekybl TMIUIO0B KIETOYHBIX MEMOpaH upes-
BBIYaWHO IJIACTHYHBI U YyBCTBUTEIBHBI K JFOOBIM H3-
MEHEHMsM BHemHel cpenbl. He MeHsst cBoel oOmeit
CTPYKTYPBI B LIEJIOM, OHM IIPH 3TOM U3MEHSIOT JUIMHY
CBOUX YIJIEBOAOPOJHBIX LETEH, HACHIIIIEHHOCTh XUMH-
YECKHX CBA3EH, OPHUEHTAIMI0 MOJIEKYJ, MHKPOBS3-
KOCTh M KJIACTEpPH3aLMIO OMCIOSN M TEM CaMbIM HAa4H-
HAlOT COOTBETCTBOBAaTh HOBBIM TPEOOBAHHSAM CPEIBI.

[Tpu 3TOM NOBBIIIAETCSI TPOHUIIAEMOCTH MEMOpaH ISt
KHCJIOPOJIA U JIPYTUX BEIECTB, MOANDHUINPYETCS aK-
TUBHOCTH COTPUKACAIOIIUXCS C HUMHU (DEPMEHTOB, TOP-
MOHOB, HEHPOTPAHCMUTTEPOB U APYTUX (PU3HOJIOTHYE-
CKM aKTHUBHBIX BellecTB [16]. B aT0ii cBsA3M, KOMILIEKC-
HOEC W3ydYeHHEe MeTabolM3Ma IJIMIHUIOB W  OCIIKOB
KJIETOYHBIX MEMOpaH IO3BOJISICT, C OJHOW CTOPOHBI,
BIDIOTHYIO TIOJJOUTH K PACKPBITHIO MOJICKYJISIPHBIX Me-
XaHU3MOB TIPHCIIOCOOUTENEHOTO TPOTIecca, a ¢ APYTon
- WISHTH(UIIIPOBATH MOJIEKYJISIPHBIC HHIUKATOPHI
(GYHKUMOHANBHBIX ~HAapyILIEHHH TpH  BO3JCUCTBUU
BHEIIIHUX SKCTPEMAIIbHBIX (DAKTOPOB.

Cpenu ramMmbl  HEONArompusTHBIX — (hakTopoB
CpeIIbl, THUIIOKCHUS MPEJCTABISICT COOOH HAUOOJBIIYIO
yrpo3y Ul JKU3HEJCATEIbHOCTH YeJIOBEKa W YKHBOT-
HBIX. OHa MOKET BO3HHKATh HE TOJIBKO B YCIOBUSIX BbI-
COKOTOPbsSI, HO M TIOJ] BIUSHHEM aHTPOIOTCHHBIX BO3-
JIEHCTBUM, MIPUBOASAIINX K IOSIBIICHUIO B atMocdepe,
BOJIe, TOYBE, PACTCHUSX W JKUBOTHBIX TOKCHUYCCKHUX
WIA DPaIHOaKTUBHBIX COCAMHEHHH, CIIOCOOHBIX BBI-
3BaTh TUIIOKCHIO B TKaHAX. Kpome Toro, misd psanga 3a-
0oJIeBaHMI YENOBEKa, NMPHBOISAIINX YACTHYHOW WIIN
MOJHOW TOTepe paboTOCIOCOOHOCTH, XapaKTepHa
HHICMHUYECKasA TUIIOKCUA MHUOKapda, MO3ra U APYTUxX
TKaHei.

[Tonck MonexymsIpHbIX OHOMapKepoB Je3ajianTta-
LIUOHHBIX COCTOSIHUI B YCJOBHSIX JKOJIOTHYECKH He-
0JIAarONPUATHON Cpelbl IPEACTABISACT OOJBIION TpaK-
TUYECKHH U TEOPETHYECKUI HHTEpEC, MOCKOJbKY M03-
BOJIUT PACHIMPHUTH TPAHUIIBl YCIOBUH, MPU KOTOPHIX
YeIIOBEK MOXKET OCYIIECTBIISATH CBOIO MIPOM3BOJICTBEH-
HYIO IeATENbHOCTE 03 yiepoa s 310poBbst. Kietou-
HBIE MEMOpaHbI, ABJLICH THHAMHYECKIMH 00pa3oBa-
HUSIMH, OBICTPO pearupyroT Ha OTKIOHEHHUS B YCIOBHIX
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CYIIECTBOBaHMA M CHOCOOHBI K MOIU(HUKAIIMHA CBOSH
CTPYKTYPBI, YTO B CBOIO OYEPEb, ONpenesseT GyHKIH-
OHAJIbHbIE, a 3HAYUT, U PUCIIOCOOUTENLHBIE BO3MOXK-
HocTH opraHusma. CreoBaTenbHO, JOTHYHO IPOBO-
JIUTh TIOUCK BO3MOYKHBIX UHJUKATOPOB (DYHKIIMOHAIb-
HBIX HapyLIEHWH YHHMBEPCAJBHOTO IIIaHa Cpelu
MEeMOpaHHBIX CTPYKTYP.

buonocuueckue membpanvi
cmpecc

HccnenoBaHusAMH TOCIETHUX JIET yCTaHOBJIICHA
YyeTKasi KOPPeISINOHHAs 3aBHCUMOCTb MEXy MHTECH-
CHBHOCTBIO BO3JICHCTBHS Ha OpPraHU3M (PU3MUECKHUX
(hakTOpOB HKOJIOTHUECKN HEOIATONPUATHON Cpensl U
CTENEHBIO BBIPAKEHHOCTH OKCHJAHTHOTO cTpecca [9].
Hanugue BBICOKOTO ypOBHSI OKHCIUTEIHHOIO CTpecca
COTIPOBOJKIAETCS AKTHBUPOBAaHMEM IIPOLIECCOB IEpe-
kucHoro okucienus tunuaos (I10JI), B Tom uncie mo-
BBILIIEHUEM YpOBHS Jn3odopM dochomunumos B kie-
TOYHBIX MeMOpanax [1, 11].

OKCHIaHTHBIA CTpecc - 3TO HapylIeHHE B Opra-
HU3Me OanaHca MEXIY NMPOOKCHIAHTAMH M CHCTEMOH
AHTUOKCUIAHTHOM 3alllUThl, KOTOPBIA B pa3InYHOU
CTETICHU BBIPAKCHHOCTH COTIPOBOKAAET OPTaHU3M IIPH
SKCTPEMANbHBIX BO3JEHCTBUAX BHEIIHEH cpensl [3].

W3BecTHO, YTO NpU THIOKCHYECKUX M TEMIIEepa-
TYPHBIX BO3JICHCTBHUSIX IETHAs PEAKIHs MEPEKHUCHOTO
okucienus unuaoB Mmemopans! (I10JI) npeononesaer
OGappep AHTHOKCHIAHTOB M CTAHOBHUTCS TNPHUYUHON
BHYTPHUKJIETOYHBIX KatacTpod. DTO MPUBOIMT K U3Me-
HEHUIO TOJIIIMHBI MEMOpPaHBbI M OTPaHUYEHUIO TIOABHK-
HOCTH (hOChHOTUTNHIIOB IO BCEH TOJIIEe MEeMOpaHEI, U,
CJIeI0BATENbHO, €€ BA3KOCTH U MpOHULaeMocTH [16].

@docdomunuapl B HATUBHBIX MEMOPaHHBIX CHUCTe-
Max JOCTATOYHO Ha/ICKHO 3alUIICHBI OT He()epMEHTa-
THUBHOTO IIEPEKHUCHOTO OKHCIICHHS HalMYHeM B OWo-
MeMOpaHax aHTHOKCHAAHTOB, CTPYKTYpPHOM OpraHu3a-
uen MeMOpaH, a TaKxke cIierajJbHbIMHA
(epMEHTAaTUBHBIMH ~ CHCTEMaMH, PEryJUpPYIOLUIMMHU
KOHLIEHTPAIMK B MeMOpaHe aKTHBHBIX (JOPM KHCIIO-
poxa [4, 12]. CTopoHHHMKH TeopuH pa3BHTHs Hedep-
MEHTaTHBHOTO CBOOOJHOPAANKAIBEHOTO OKHCICHUS
NpU AEHCTBUU (QHU3NYECKUX (DAKTOPOB - paJMOAKTHB-
HBII QoH, Y D-00mydeHue, SIeKTPOMarHuTHOE ToJIe U
XUMHYECKHUX (PaKTOPOB - IECTUIIHIBL, JIEKAPCTBA-OKHC-
JIMTEIH, CMOT, a TAK)KE MPHU Psi/ie MTaTOIOTHI NPUBOIST
JUISL JIOKa3aTeIbCTBA IMPOTEKAHMs 3TOrO IpoIecca B
TKaHAX in Vivo TOT (aKT, YTO BBEACHNE aHTHOKCHIAH-
TOB CyIIeCTBEHHO CcHmxaeT yposeHs I1OJI [3, 8, 13,
14].

U  OKCUOAHMHDBI

[Ipouecc  HeepMEHTATUBHOTO  MEPEKUCHOTO
OKHCJICHHS MOYET MPUBOJHUTH K MOBPEKICHUIO WU
MoJu(UKaIMK BCEX OCHOBHBIX (DYHKIMH OHOJOrHYe-
CKUX MeMOpaH: OaphepHOiA, TPAaHCIYyIUPYIOIICH, KaTa-
mutudeckoit [10, 15]. O6pazyroniuecst B Xoz€ JIMTIONE-
PCOKUCIICHNST AUANBAETHIBI THIIA MaJOHOBOTO, 00Ja-
JIafoT CBOMCTBaMH TIOTIEPEYHO-CITMBAIOIINX
peareHTOB. OHU CIIOCOOHBI IPUBOINTD K MOJIMMEPH3a-
UM U arperandid OHoMoekyn (OeTKOB M JTUIHIOB B
MeMOpaHax), HAKOIUICHUIO JIUITYCIIMHOTIOAOOHBIX CO-
eauHenwi [6, 17].

Peakiuu, npuBonsIIMe K MONEPEUYHOMY CIIHBA-
HHIO WIN PACHICIUICHUIO IIeNIeH JINIIMI0B B MeMOpaHax
MHUTOXOH/IPHH, B KOHEYHOM UTOI'€ HHAKTUBHPYIOT OTH

opraHessl. [loBpexaeHne OAMHOYHBIX MEMOpaH JH-
30COM MOXET BECTH K MX Pa3pYIICHHUIO U BBIXOLY TUA-
POJUTHYECKHX (PEPMEHTOB, KOTOpPBIE B CBOIO OUepe/b
MorJid Obl MOBPEXAATh IPyrie LUTOIIa3MaTHYECKUe
WIIN siJIepHblE KOMIIOHEHTHI U 1a)Ke MEXKKIIETOUHOE Be-
mectBo [11, 18]. Hakonew, nepekucHbie paguKaibl MO-
TYT OCYIIECTBIATh OKHCICHHE aMHHOKHCIOTHBIX
OCTaTKOB MeMOpaHHBIX OeJKOB (B NEPBYIO O4epenb
SH-conmepxamux: THCTHINHA, TPUNTO(AHA), JIOKAIH-
30BaHHBIX B aKTHBHOM LIEHTpE (pepMEHTOB, YTO IIPUBO-
IIUT K yTpaTe (hepMEHTaTUBHON aKTHBHOCTH [3, 12].

[epexucusie Moguduuupyromue 3pQexTsr cBo-
00JHOPATNKAIFHBIX TPOIECCOB O0YCIOBINBAIOT MHO-
rooOpa3zHble MPOsIBICHHsI KaK HA YPOBHE MOJIEKYISIp-
HOW OpraHu3aluy OWOJOTHYECKHUX MEeMOpaH, TakK H,
CJIEZIOBATENLHO, B OTHOILIEHUHU UX (DPU3HOJIOTHYECKUX U
(YHKIIMOHAIBHBIX XapakTepUCTHK. MMeroTcs naHHbIe
0 pemaromeM BKiIaje HehepMEHTAaTUBHOTO JIMIOIME-
PEOKHUCIIEHUsI TIPU Pa3sBUTUHM THUIEPTOHHYECKOW O00-
ne3nu [14], npu umemMun MUOKapaa U Mosra [1], mpu
JIETOYHBIX OOCTPYKTHBHBEIX 3a00JeBaHUAX [6], mph
3mokadecTBeHHOM pocte [19. 20], mpu TpaBmax [12],
HapyIIeHUsIX (QYHKIMH MUTOBUIHOMN kernessl [13, 14],
nuabeTnaeckoi HepornaTiu [3] u APyTHX.

B 10 %€ Bpems1, He00X0IUMO UMETh BBHULLY, UTO HE
BCE aBTOPHI NPH3HAIOT HAIW4YKME He(hEepMEHTATHBHOTO
MEPEKHUCHOTO OKUCIICHUS in VIVO U €ro CYIIECTBEHHYIO
¢busroornueckyo poiib. BrsicHeHune Bkiaga Hedep-
MEHTaTHBHOT'O JINTIONEPEOKUCIICHUS] MEMOPaHHBIX JIH-
MUJIOB B JIECTPYKIHMIO MEMOpaH in Vivo HYXJIaeTcsi B
JIOTIOJTHUTEIBHBIX 9KCIIEPUMEHTANIBHBIX HCCIIE0Ba-
HUSIX.

Jluzogpocghonunuow

PaccmaTpuBas BeposiTHbIE MEMOpaHHBIC WH/IUKA-
TOpB! (DYHKIMOHATIBHBIX HAapyIICHWH, TECHO CBS3aH-
HeIe ¢ mporieccamu [10JI, MBI ocTaHOBHMCS Ha Hambo-
Jiee TIePCICKTUBHOM Onomapkepe — au3odhopmax ¢oc-
¢domumumos (lyso-PL). OT 0ObIYHBIX MeMOpPaHHBIX
dochomunuaos au30hOPMBI OTIIMNYAIOTCS TEM, YTO Y
HUX OTCYTCTBYET OJIMH >KHPHO-KUCIIOTHBIH OCTaTOK.
®dochonmnaza A, KaTaTM3UPYIOT THAPOIH3 CI0XKHO-
9(¢UpHO# CBsA3M B MOJNIOXKEHHH 2 ¢ oOpazoBanuem |yso-
PL [10, 11]. 3yuyenuto ponu 3TuX (HOCHOIUIHIIOB T10-
CBSIIIEHO OTHOCUTEIHHO HEOOJBIIOE KOJIMYECTBO pa-
60t. IIpu 3TOM HeE Bce MPUBOIMMBIE B HUX (aKThI HOA-
JAIOTCs yOeOUTeNbHOW (HU3NOIOTHIECKOW MHTEpIIpe-
Tanyu. BeposTHO, 3TH SKCHEPUMEHTAIBHBIC JTaHHBIC
00yCITOBIICHBI CTICU(PHUKON YCIOBHI SKCIEpUMEHTa
WK HcclieyeMoro Matepuana. Kpome toro, oHu Mo-
TYT SIBJISATBCS PE3yJbTATOM MPOSIBJICHUS BTOPUYHBIX
BHYTPEHHHUX B3aUMOJICHCTBUN B KIIETKE, HE OTpa)kas
WCTUHHBIH XapakTep BIUSIHUS BHEIIHMX YCIOBHH Ha
MemOpany. Ilo Bceil BUIUMOCTH, OCHOBHAs NMPHYMHA
NoBBIIIeHUs ypoBHS lyso-PL nexxur B akTuBarum cBo-
00 qHOpaTUKATBEHBIX Tpotieccos [ 1, 11]. [Ipudem, akTu-
Barms (ocdomnumas sBisieTcst CBOCOOpPa3HBIM OTBETOM
kieTkn Ha ycmwienue [10J], mockompKy ¢ochonumnassl
MOJABIISIFOT STOT MPOLECC ITyTeM BBICBOOOXKICHUS HeE-
MIPeIeNTbHBIX JKUPHBIX KUCIOT [16].

Lyso-PL — dpe3BBI4aifHO TOKCHYHBIE IPOTYKTHI
akTiBHOCTH (ocdonunazsl Ap OHE MOTyT TpaHcdop-
MHPOBATh JTUMHUIHBINA OHUCIOHN, pa3phIXIsis ero CTPyK-
Typbl. leteprentHsie cBoiictBa lyso-PL nposBistorest
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B TOM, 4TO WX HPUCYTCTBHE AEIaeT MEMOpPaHbI yTONI-
IIEHHBIMHU, THAPATHPOBAHHBIMHY, ITO3TOMY NPOHMIAE-
MOCTh MeMOpaH JUIsl Pa3jIMyHbIX BEIIECTB PE3KO BO3-
pacraer. X HakoruieHne B MeMOpaHax MUTOXOHAPUIN
NPUBOJMT K HAOyXaHUIO 3TOMX OpPTaHesll, YTo BeleT K
HapylIeHHI0 (YHKIIMOHAJIBHOW aKTHUBHOCTH M CHHXe-
HHIO CHHTE3a MaKpOdpruueckux coequHenuit [1, 18].
Lyso-PL nmoBbImaroT 10CTYNHOCTh THAPOQHIBHBIX J0-
MEHOB MeMOpaHbl U1t Boabl. Lyso-PL mmeror moBpe-
JKZIAroIIee BIMSTHAE Ha MEMOpPaHBI, BIUTOTH JI0 YIIeMJIe-
HUSI TEOMETPHUYECKHAX Pa3MEpOB OHCIIOs, YBEITHMUCHUS
€ro TOJIIWHBI, PACHIMPEHHs IUIOMAIN, 3aHUMaeMOi
KaXXT0H MOJIEKYJIOW ¥ H3MEHEHHS THIPO(POOHOTO 005~
ema MeMOpaHbL. Tak Kak 3TH COOBITHS B X0/ie (ha30BbIX
MEPEX0I0B OMCIIOS HE CHHXPOHHBI, TO 00Jiee yIIOpsI0-
YeHHbIe 00J1aCTH MeMOpaHbI COCYIIECTBYIOT C yiKe H3-
MEHEHHbIMU. OTH "medekTsl" MOTryT WHIYyIUpPOBATh
B3aUMO/ICHCTBHE OEITKOBBIX MOJIEKYJI JIPYT C JIPYTOM,
MOBBIIIATH TIPOHUIIAEMOCTH OHCIIOS, 00JIer4aTh BCTpa-
WBaHUE BHEKIICTOYHBIX COeIMHCHNN B MeMOpaHy [16].

OtpunarenpHblit dpdext Hakorenus |yso-PL
MIPU3HAETCSl OOJIBIIMHCTBOM HCCIIEIOBATENeH, I10-
CKOJIbKY 3TO SIBJICHHE HAOII0JaeTCsl IPH Pa3BUTHH Iie-
JIOTO psifia marojorudeckux cocrtosauit [1, 6, 10, 12,
13, 14 19] u mpu Bo3AeHicTBUM HEOIArONIPUATHBIX (hak-
TOpOB BHelIHew cpeapl [6, 16]. CnenoBarensHo, qaH-
HBIIl OMOMapKep BIIOJHE MOXET ObITh N30paH B Kade-
CTBE «MOJIEKYJISIPHOTO KaHAWAATa» Ha POJIb YHHUBEP-
CaIbHOTO MHIMKATOPa CTPYKTYPHBIX HapyIIeHUH, KaKk
IIpY TATOJIOTHH, TaK W NpHW Ae3amanTtauuu. s moa-
TBEPXKJICHUS! 3TOW THUIIOTE3bl PacCMOTPUM (aKTHUe-
CKHe JJaHHbIe 0 AWHaMuKe coneprkanust lyso-PL B kie-
TOYHBIX MeMOpaHax INpH BO3AEHCTBUM (PH3NYECKHX
(haKTOpOB BHICOKOTOPHON CPEABI, a TAK)KE B yCIOBHUIX
MOBBIIIEHHOTO PaJHAIOHHOTO (OHA.

METO/IMKA

N3yuenne MeMOpaHHBIX MEXaHU3MOB aJlaNTallU
K 9KCTPEMaJIbHBIM BO3/ICHCTBUSM CPE/bl BBIMOIHEHO C
NPUMEHEHHEM MOJieiel B JJaDOPaTOPHBIX YCIOBHAX U
HETIOCPEICTBEHHOM 3KCIIO3UIMEH B BEICOKOTOphe. [1pu
9TOM OTMEYaJIH CTPYKTYPHO-(DyHKIIMOHAJIbHBIE CABUTH
B MeMOpaHax Kak B KOPOTKHE IIPOMEXYTKH BPEMEHHU
TOCJIe BO3JCHCTBUS (PU3HIECKOro aKkTopa

(1 — 14 cytok), Tak u B oJiee ATUTEIBHBIC IEPH-
OJIbI TIPHCIIOCOOMTENBHOTO Tporecca (1o 150 cyTok).

AnanrarionHble 3G QEKTH BIUSHUS TOHIKEH-
HOW Temmeparypsl (+3°C) co3maBaiy B XOJOAMIHHON
Kamepe. MoJenmupoBaHNE H30JIMPOBAHHOTO BIMSHUS
BBICOTHOHM THIIOKCHH MPOBOMIIM C MTOMOIIBIO Oapoka-
Mepbl, CO3/1aBasi B Hel NaplyalbHOE IaBICHHE KUCIIO-
pona, cooTBeTcTByoMIee BeicoTe 6000 M Hax ypoBHEM
Mopst. Ha BTOpoM srame wucciieoBaiu CTPYKTYpHO-
(yHKIIMOHAJIBHOE COCTOSIHUE MEMOpaH TpH BIUSHUU
KOMIUIEKCa reo(pU3NIecKuX (pakTOPOB BBICOKOTOPHS HA
BbIicoTax 2050 m; 3200 m; 3800-4000 M.

VYposens lyso-PL onpenensinu B miia3MaTH4eCKHX
MeMmOpanax mosra. ITocie SKcTpakuuu JUmuIoB, lyso-
PL otmemstor oT apyrux (ochOIUIIIOB ¢ IIOMOIIBIO

TOHKOCIOHHOM XpomaTorpaduu (Silufol® UV254, Ye-
XHs) B CHCTEME XJIOPO(GOPM/METAaHOJ/yKCyCHasI KHUC-
morta/Bona (60:50:1:4 mo o6vemy). DTa cuctema pasze-
nser (ocarmammdITaHONAMUH, (PochaTuaIIICepUH,
¢docharunnmmaznTON, HOoCHATUANKONNH U CHUHTOMU-
enuH. JIn30(oCcOoTHITHIBI TPH 3TOM OCTAIOTCSI BOJIM3U
crapra. @pakuuio Iu30(OpPM 3ITIOUPOBAIH  XJIOPO-
(dopm-MeTaHOIOBOK cMechio (2:1 mo o0bpeMy) u ompe-
nemsutd konmuuectBo lyso-PL o conepskanmio docdo-
sunuaHoro gocdopa [6]. UarencuBHocTh [10J] B TKA-
HSIX MO3Ta U KPOBH, TI0CJIE TIEPBOHAYATIBHOM (PUKCAIT
B JKHJIKOM a30Te€, ONpEeeIsUTH 10 KOHIIEHTPALUH TIep-
BUYHBIX IpoaykToB IIOJI - nuEeHOBBIX KOHBIOTAaTOB
[10].

MonekynsapHO-CTPYKTYPHBI ~ CTaTyc MeMOpaH
SPUTPOIUTOB U IIa3MaTHYECKUX MEMOpaH MO3ra oIle-
HuBaM MetonoM mH(ppakpacHor (UK) cmexrpocko-
muu MeMOpaH. MeTox OCHOBaH Ha aHaJIU3€ CIEKTPOB
TIOTJIOIIEHUST JIEKTPOMAarHUTHBIX BOJH HH(]paxpac-
HOTO Jiana3oHa XMMUYECKIUMHU CBsI3sIMU hochonumnu-
HBIX KOMIIOHEHTOB KJIETOUHBIX MEMOpPaH M MO3BOJISIET
NOJIY4aTh UHMeZPanbHyl0 KOIMIECTBEHHYI0 HH(OopMa-
LU0 O COCTOSIHUM JIMuaHoro Oucios. MadpakpacHsie
CHEKTpPHI IIa3MaTHYECKUX MeMOpaH Mo3ra CHHMallid
na MK-cnekrpodoromerpe “Specord M 80” (I'epma-
HYs) B AuanaszoHe yactoT oT 4000 e 1o 900 cm? Ha
cTeknax u3 (umoopuna Kambuus. V3mMeHeHWe MHTEH-
CHUBHOCTH TPAaHCMHCCHH B XapaKTepHUCTUYHOHN yacToTe
1655 cM™! — npusHaK MOSBIEHUS B GUCIIOE YYACTKOB C
M3MEHEHHOH yIopaq09eHHOCThIO — KiacTepoB [9]. Us-
MCHEHHE MHTEHCUBHOCTH TPAHCMHCCHH B XapaKTepH-
ctuuHol nostoce 2836-2856 cM™! MOXKeT OBITH HCMONb-
30BaHO KaK MapameTp JJIsi ONpPEe/eTICHUs] OTHOCUTEIb-
HOU MUKPOBSI3KOCTH MeMOpaHsi [ 16].

TecTtupoBanu >KMBOTHBIX B “OTKPBITOM IoJIe” Ha
1-e, 7-e n 30-e cyTku amanrauuu B ropax. Mcmnosb3o-
BaHHOE B paboTe “OTKPHITOE TT0JIE” TPEICTABIISIIO CO-
60it manex (pazmepom 80X80 cMm), pa3nmeneHHBIH Ha
KBajpatel co cTopoHoM 10 cm. B mentpe kaxkmoro
KBaJ[paTa HaXOJWIOCh OTBEPCTHE TUAMETPOM 3,8 cM,
BBICOTa OOKOBBIX CTEHOK aKTorpada cocTaBisiia 47 cM.
[ToBenmeHwe >KHBOTHOTO B ““OTKPHITOM I10JIE” U3yYalH B
teuenue 10 muH. [IpoBogmiIM perucTparuio J0KOMO-
IUH (CMEHa KBaJpaToB), OPHEHTHPOBOYHON peakuun
(BepTHKaJIbHBIE CTOWKH), HCCIEI0BATENHCKOTO IOBE-
JeHust (BBITJISIAbIBAHAE Yepe3 OTBEPCTHsI), TPYMHHTIa
(camoounctka) [9]. [To metoauke Cnepanckoro C.B.
OIlCHUBAIU (HU3NIECKYIO pabOTOCIIOCOOHOCTh JKUBOT-
HBIX - IOJHATHE U ylepkaHue Tpy3a [16].

PazHumy cpemHMX BENWMYMH OIEHMBaIM 1o I-
kpureputo CThIOJIEHTa M BEPOSITHOCTH [P, KOTOPYIO
MpU3HAaBaMM CTaTUcTUYecku 3Haummon mpu P<0,05.
JlaHHBIC ATIST KOHKPETHBIX IKCIIEPUMEHTAIIBHBIX TOYEK
B K&K/IOM HE3aBHCHMOM OIPECICHUH MONyYaan B 8-
12-T1 KpaTHOW NOBTOPHOCTH.

PE3VJIbTAThl UCCJEJIOBAHUM W UX
OBCYXIEHUE

Lyso-PL u nebraconpusmuvie paxmopot snewineti
cpeosi
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Puc. 1 - Hzmenenue opuenmupo8oyHo-uccied08amenbCkoll akmugHoOCmu u ousuyeckoti pabomocnocobnocmu
Kpbic npu 8o30eticmeuu noHudxicenHou memnepamypwi (+3 °C; 30 cymox)

O6o3nauenus: IO OCH OpJWHAT — 3HaueHHe (u-
3MOJIOTHYECKUX TTOKa3arTesieil B % OT KOHTPOJIS; TI0 OCH
abcuuce — IHU X0JI0J0BO# agantaunm; K — KOHTpOIIb;

12 _MKrP/r

9 - *

6 4

NN N
0 . . . . .

A OPUEHTHPOBOYHO-HUCCICAOBATEIbCKAS AKTHB-
HOCTh; B — dusnueckast paborocnocobHocth; N=8; * -
p<0,05; ** - p<0,02.

KOHTPONb 1

7 14 30

Puc. 2 - Cooepoicanue muzopochorunudos 6 niazmamuieckux Memopanax noayuapuil Mo32da Kpblc
npu 30-mu cymounou adanmayuu K nonudicennou memnepamype (+3 °C).
Obo3nauenus: no ocu opouHam — cooepacanue GocGorunuoos nPueedeHo 8 MUKpospammax ocgopa na spamm
coipoti mrkanu (mxeP/2); no ocu abcyuce — onu xon00060t adanmayuu, K — konmpons; A — opuenmupogouHo-
uccre008amenbCKas akmusHocms, B — ¢husuueckas pabomocnocobnocms,; n=8; * - p<0,05; ** - p<0,02.

N3 pucynka 1 BuaHo, uro 30-mHEBHOE BO3AEH-
cTBHE TemreparypHoro ¢axropa (+3 °C) mpuBeno K
CHIDKCHHUIO OPHEHTHPOBOYHO-UCCIIEOBATEIbCKON aK-
TUBHOCTH U pU3UIECKOi paboTocriocodHOoCcTH. [TpH m3-
MEpEHUH PEKTAIBHOH TEMIIEPATypHl, y dKUBOTHBIX, CO-
Jepxamuxcst mpu temmeparype +3 °C Bo Bce CpOKH
IKCMO3UIIMH, HAOJIOIAJIACh TEHICHIIUS K €€ CHIDKEHHUIO
¢ 36,6 °C £ 0,17 B xoutpose g0 36,0 °C+0,4 - 34,8
°C+0,3. [TonoOHbIC M3MEHEHUS (PU3HOJIOTHYECKUX I10-
KazaTesel, 0e3yCcIoBHO, OBUIM CBS3aHBI CO CTPYKTYp-
HOM Moaudukanmeit nunuaHoro Oucnos. IToarsep-
JKJIEHUEM 3TOTO BBIBOJA SIBUJIOCH HAKOIUIEHHE B MEM-
OpaHax Mo3ra 3HaYHMTEJIHHOIO KOJIMYECTBa JIN30(opm
tochonumunoB. OcobeHHO O0IBIIONH yPOBEHD 3aduK-
CHpOBaH Tocje AByXHenenpHo! akkmmMarmn. K 30-m
cyTkaM conepxanue lyso-PL cHm3mioce, omHaKo,
0CTaBasICh BBIIIEC KOHTPOIBHBIX 3HAUEHUH (puC. 2).

Kpowme Toro, uadpakpacusiii (MK) crexkrp mias-
MaTHYECKUX MeMOpaH Mo3ra KpbIC, HaXOIIIUXCSA B

YCIIOBHSIX HU3KUX TEMIICPATYP CBHICTCIBCTBYET 00 M3~
MCHCHHH OTHOCHTEIEHOW MHKPOBSI3KOCTH OHOMEM-
Opansl [ 16]. Takoii BBIBOJ clielIaH HA OCHOBAHWUH BUIH-
MOTO Pa3IBOCHUS ITHKa B nuamnasone 2836-2856 cm™.

He meHee 3HaUMTENEHBIMA HaM TIPEIICTABIISIOTCS
Pe3yNbTATHI 10 BPEMEHHOM TUHAMUKE IEPEKUCHOM Jie-
rpajanyy JUIUA0B MPH aJanTalud K HU3KUM TeMIle-
paTypam U B IOCIEAYIOUIMI OCTaJalTalMOHHBIN Ie-
pHUOJ: OBICTpas HOPMaTHM3AIUs MTOBBIIICHHOTO YPOBHS
ITOJI (B TeueHME OTHOTO Yaca) MpH pealanTalui TOBO-
puT 0 ToM, uTo Tipu 30-TH THEBHOM BO3JICHCTBUM IO-
HI>KEHHOU TeMnepaTypsl +3°C He ucuepnbIBaroTCs aH-
TUOKCUJAHTHBIE PE3EPBBI.

Takum 00pa3om, MOBEIINICHUE YPOBHS JIN30(OpPM
U M3MEHEHHE MUKPOBSI3KOCTH MEMOpaHBI IPUBEIH K
CTPYKTYPHBIM IIepecTpoiikaM B OWCIIOe, YTO JIUMUTH-
pOBaJO ajganTanoOHHBIE BO3MOXXHOCTH Opranm3ma. B
TO K€ BpeMsl, IS YKa3aHHBIX KaYeCTBEHHBIX U KOJIH-
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YECTBEHHBIX U3MEHEHUH B OHCII0e MPU JEHCTBUM U30-
JMPOBAHHOT'O SKCTPEMAJILHOTO (haKTOpa He BCera Io-
HATHO (DPU3UOJIOTHUYECKOE 3HAUYEHHE 3TUX IIEPECTPOEK.
HenosHoTa HamMx 3HaHUM O JUIMIHOM PEKOMIIO3U-
MM MeMOpaH TEIUIOKPOBHBIX XMBOTHBIX IPU W30JIH-
POBaHHOM BO3JCHCTBUM MHOHUXKEHHBIX TEMIIEPATyp,
ycyryousieTcst ele u TeM, 4TO NepeKpecTHas ajarTa-
IS K pa3JInYHBIM, OTHOBPEMEHHO JICHCTBYIOIINM (aK-
TOpaM MOXKET UMETh OTPHULATENbHBIN (XOJIOX U THII0-
KCHS1), WITH TTOJIOKUTEIbHBIN 3HAKN (THITOKCHS B Pau-
arust). B aToi CBsI3M, CIEAyIOMUI pa3en IMOCBSIIeH
aHaIM3y MeMOpPaHHBIX OTBETOB MPU H30JIMPOBAHHOM
neiicTBUM OapoKkaMepHOW THITIOKCHH U B BRICOKOTOPEE.

Cuwnraercs, 4To NMpU TUIIOKCHU MeMOpaHbI obora-
MIAI0TCS YCTOWYHMBBIMU K OKHCIIEeHHIO (ppakumsimu doc-
dhomunuaoB - GhocHaTHAUIXOTHHOM U CHUHTOMUEIH-
HOM, a COJICp)KaHME JIETKOOKUCISIEMBIX (ocdonnmnu-
JoB - (ocoarnamicepuna u $ochaTHIMINHOZUTONA
nagaet [10]. JaHHbIi mpoiiecc HHAYLUPYET Aerpaaa-
LU0 KUPHBIX KUCIOT B (Qochorunuaax ¢ pa3pbeIBOM
YTIIEBOJOPOIHON e W 00pa3oBaHHEM, THAPOIEpe-

KHCEH, MTUEHOBBIX KOHBIOraToOB, MHU(M(OBBIX OCHOBA-
Huil [9]. O1TH cOOBITHS BEAYT K MTOBBIIIEHUIO MUKPOBSI3-
KOoCcTH OHCIIOsi, U3MEHEHHIO TeMIeparypbl (a3oBoro
nepexoja, yMEHBUICHHIO 3JIEKTPUYECKOTO COIPOTHB-
JieHusi MeMOpaH, TOBBILICHHIO YaCTOThI TIEPECKaKUBa-
HUSI MOJIEKYJI 3 OJIHOTO CJIOSl B JPYTOM, yMEHBIICHUIO
JlaTepaNbHON M POTALIOHHON ITOIBM>KHOCTH MEMOpaH-
HBIX OenkoB [6, 16].

IIpoueccrr I10JI, BMecTe ¢ aHTHOKCHIAHTHBIMU
CHUCTEMaMH SIBIIIOTCS HETPEMEHHBIM KOMITOHEHTOM
MIPHUCTIOCOOUTENHFHON MEPECTPOUKH MEMOPAHHEBIX U MO-
JEKYJSPHBIX CTPYKTYP KIETKH, 00JIaZaomie JHaieK-
TUYECKH TPOTHUBOIOIOKHBIMU TPU3HAKAMH: CIIOCO0-
HOCTBIO TJIIyOOKOTO MOBpEXAeHHsT MeTaboImn3Ma, Ouo-
SHEPreTUKH W CTPYKTYp, INPH UX UYpe3MepHOI
aKTHBAIUK; B TO K€ BpeMs, ¢pepmentarusHoe [10J] n
¢ocdonunassl - yHUBEpCaIbHBI MEXaHU3M pa30opKu
CTapblX, HE COOTBETCTBYIOUIMX HOBBIM YCIIOBHSIM
cpenbl, MeMOpaH. Cka3aHHOE MBI IPOMJUTIOCTPHPOBAIIN
Ha cxeMme 1, pa3pabOTaHHOH ¢ y4eTOM MMEIOIINXCS B
JUTEpaType MPeICTaBICHIH U HA OCHOBE PE3yIbTATOB,
MTOJTyYCHHBIX B HAIIIMX MCCIICJOBAHUSX.
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TEMIIEPATYPHBI. CYXOCTh BO3ayXa. IIOBBINI €HHBIT pa,:mauuomxﬁ beH: CYTOYTHBIC H CE30HHEBIC

IIepernagsl TeMIIepaTyp.

Vcanenne C£BOGOAHOP ANNKATLH bIX npomeccos
y
AxTapanuss memOpansoli  docdoannazbr A2

l

Ioeemenne ypoBHsa lyso-PL B naazmMaTHYecKkHX MeMOpaHax

l

IosBiienHe HA MEOPAHAX YHACTKOB C H3IMEHEHHOH YHOPSAA09EHHOCTEIO
(x1acTepon)

IIpns saxoniaennn lyso-PL 81,5-1,8
BBl e GOHOBEIX 3HAYEHHHA

Ycxkopenne
NPHCHOCOOHTEIBHOH

CEKOMIOOZHIIHH
KJIE€TO4YHbLIX Mezuﬁp aH:

Sbochornnuanoe u
SKHPHO-KHCJIOTHOE
o0HOBIIeHHeE.
Ob6aergenne anddyznn
KHCJI0p0Ja B KIETKY.
DyHKOHOHA ILHbIE
KPHTEPHH
aJanTHPOBAaHHOCTH
opraHH3Ma.

IIpu coaep:xannu lyso-PL B 2-4 paza
Bbime (GOHOBBIX 3HAYECHHHA

[ Hzmenenne
CTPYKTYPHI H
Hapym eaHe QyHKOHHE
KJIEeTOYHBIX MeMOpaH:
HosiBJI€HHE DEeIKOB C
HeYOop X049 eHHOH
xoH dopManHeH;
H3IMEHeHHe
MHEDORRINOCTIC
PyHKOHOHA IbHBIE
KpPHTEPHH
AH3ANANTANHH.

Cxema 1
Jluzoghopmer membparvix poc@orunudos kaxk panHue UHOUKAMOPbL OKCUOAHMHO20 CIMPeccd Npu 8030eliCmeu
Qusuueckux akmopos sviCOK020Pbs

OnHako, TpH TSDKETbIX (GopMax THIOKCHH,
Hapsi/ly C MOBBIIICHUEM ITPOAYKTOB IEPEKUCHOMH Jierpa-
Januu MeMOpaHHBIX (ocdomunuaoB (ruaponepexku-
celd, JIMCHOBBIX KOHBIOTaTOB, MAJIOHOBOTO JHAJIbJIC-
rH/a), TPOUCXOAUT MOAABICHUE aKTHBHOCTH HATpHeE-
BBIX, KanueBbIX u MarHueBbIX AT®a3 [9]. [Ipu sTom
HaOMOAr0T (PparMEeHTAINIO MeMOpPaH, YBEIIMICHHE UX
TOJIIIUHBI, CBA3aHHOE C YKOPOUCHUEM IIENel KUPHBIX
KHCIIOT B (hoconmumuaax u ¢ 00pa3oBaHHEM MOIAPHBIX
OCTaTKOB, UMEIOIIMX CBOMCTBa JerepreHtoB. ['mapo-
¢bunpHOCTL MeMOpaH yBeIM4YHBaeTCs (YMEHBILACTCS
KOHCTaHTa UX TUIpo(OOHOCTH), YTO SIBISETCS OJHUM
M3 BECAYIHUX IMMPU3HAKOB €€ NOBPCKACHUA. .HI/IHI/I[['JII/I-
IIUIHbIC U 6CHOK'J'II/IHI/IZ[HIJIC BSaHMOHeﬁCTBHﬂ Hapyuia-
OTCA. DTOT TPOIECC YCHICHHOTO 00pa3oBaHUS H

HaKOIUICHHs] TIEPEKHCEH NPUBOAMT K HM3MEHEHUIO
CTPYKTYpBI OMOJIOTHUECKHX MeMOpaH u paboThl MeM-
OpanHO-cBs13aHHBIX (pepmenToB [10, 16].

O (yHKIMOHATBHBIX TOCIEACTBUSAX YKa3aHHBIX
COOBITHI MOXHO CYAMTH MO IOCTOBEPHOMY CHIDKEHHUIO
¢u3ndeckoil paboTOCIIOCOOHOCTH M W3MEHEHUIO PEK-
TaJbHOU TEMIIEPaTypHhl, CBUICTEIHLCTBOBAIIO O CHIIE TU-
MOKCHYECKOT0 CTpecca M CHHIPOME THIIOKCHYECKOH
nuxopaaku (tadauna 1). CHmkeHne Gu3ndeckoit pado-
TOCIIOCOOHOCTH B II€PBBIE TPOE CYTOK 3KCIIO3HLHUH B
Oapokamepe, BO3ZMOXKHO, OBIIIO CBA3aHO CO 3HAYMTEIb-
HBIM THIIOKCHYECKHM CTPECCOM MpPU JaHHOM YpPOBHE
Bo3zeiicTBus (6000 M).
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Tabmuma 1

V3meHeHre peKTaabHOM TeMIeparypbl 1 GHU3MYECKOi paboTOCIIOCOOHOCTH KPBIC MPH AKCIIO3UILIUH B YCIIO-
BHsiX OapokamepHo# runokcuu (6000 m; +25 °C; 3 cyTok)

Tect JnTenbHOCTh 3KCIIO3ULIUU
1 yac | 3 gaca | 6 gacoB | 24 qaca | 3 cyToK
Temnepatypa n=8 36,240,3** 34,9+0,3** 35,440,2* 36,840,2  37,1+0,2*
PaboTocnoco6HocTs N=10 63,045,2* 60,1+6,9* 58,8+7,1**  72,7+71,5 78,9+6,2

Ipumeuanue: Koumpono pexmanvrot memnepamypul - 36,6 °C; ¢usuueckas pabomocnocobHocms npueeoena 8

% om xoumpons, * - p<0,05; ** - p<0,02.

AHaNoOrn4YHbIe TPOLECCH UMEIOT MECTO M IpHU
JIeficTBUM NMOHMXKEHHBIX Temnepatyp [5, 7, 18]. Xor4,
BeposTHO, nHUIManus [1OJI B 3TUX yClIOBUSAX HIET N0
VHBIM, HEBBIICHEHHBIM ITOKa, MEXaHW3MaM. TeM He Me-
Hee, MO)KHO KOHCTAaTHpOBaTh, C JOCTATOYHOW CTeIe-
HBIO YBEPEHHOCTH, YTO B CIIyYae yCHJICHHS ACHCTBUS
Ha OpTaHW3M HeOJIaroNPHUATHRIX (PaKTOPOB, COCTOSHUE
MPOOKCHJAHTHO-aHTHOKCHIAHTHOTO PABHOBECHS CMe-
IIaeTCsl B CTOPOHY aKTUBALIUK CBOOOTHO-PaIMKaIbHBIX
MIPOIIECCOB.

JlaHHBII MOJEKYJSIPHBIH MEXaHU3M  SIBIIETCS
YHHUBEPCAIBHBIM U MOXET OBITh MPUMEHUM JJISl XapaK-
TEPUCTUKH TIPOIECCOB, JIEKAIINX B OCHOBE YCTOWYHBO-
CTH aJaNnTallMOHHBIX BO3MOXKHOCTEH opraHusma [0,
16]. IlpuBeneHHBIC TTOCTPOCHNUS, OCHOBAaHHEIC Ha JKC-
MIEPUMEHTAIBHBIX (DaKkTax, MO3BOJSIIOT BBIPAOOTATH
CJIEAYIONIYI0 CXEMY Pa3BUTHS COOBITHI: THITOKCHYE-
CKasl THIIOKCHSI MHUILIMHMPYET aKTUBAIUIO CBOOOJHO-pa-
TUKaNbHBIX Tporeccos. Ycmienue [10J1, B cBoro oge-
pelb, BBI3BIBACT M1aICHUE MEMOPAHHOTO MOTEHIINATIA U
pa3zoOuieHue okuciuTenbHoro (ocdopunupoBanms,
BBIXOJI HIOHOB KaJIbLIUsI ¥ KaJIUsl U3 BHYTPHUKICTOYHBIX
KOMITAPTMEHTOB. DTH MPOLIECCHI CBA3BIBAIOT C aKTHBA-
el pocdommmnazel A U HAKOTUIGHUEM CBOOOJHBIX
KUpHBIX KucnoT u lyso-PL [10, 11].

Takum 00pa3om, akTHUBaIMs CBOOOTHOPAANKAIb-
Horo TIOJI siBnsieTcst KIO4YEeBbIM MEXaHU3MOM IOBpE-
JKJIeHHUsT MeMOpaH Mo3ra IpH cTpecce. JDTO U HE yIUBH-
TENIFHO, TIOCKOJIIBKY MEMOpaHBl MO3Ta COAepXkar
CHJIbHO HCHACBHIIIEHHBIC JTUMUABI, TIOCTOSTHHO KOHTAaK-
Tupylomue ¢ kuciaopoaom [1, 15]. OueBnaHO, HYKHO
YUUTBIBATH IpH 3T0M, uT0 [1OJI 1t ruaponu3 Gocdomu-
nuaoB  Qocdonumazamu € obpasoBanueM |yso-PL
MPEACTABISAIOT CO00M JBa HauboJIee 3HAYUTEIBHBIX U

200 1%
150 -
100 -
50 A
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YHHUBEPCAIBHBIX Hpolecca MOANGMUKALNY JTUITUIHOTO
OHCIIOsT OMOJIOTUYECKAX MEMOpaH.

JlaHHBIE, ITOTy4YEeHHbIE B X0/ BEICOKOTOPHBIX Ce-
pHii 3KCIIEPUMEHTOB CBHAETEIHCTBOBATH O TOM, YTO
MeMOparHas auddepeHIupoBka  (GochHOTUITHIHOTO
CIEKTPa XapaKTEpU3yeTCs B BBICOKOTOPHE €€ 3aBUCH-
MOCTBIO OT TEMIIEpaTyphl BHEIIHEW cpeasl. Kak mpa-
BIJIO, CHIDKEHHE TEMIIEPATypPhl aIalTalllK BeJeT K 00-
Jiee 3HAYUTEIBHBIM CABHraM (OoCOOIUIHUIHOTO CO-
CTaBa, 4eM aJialTanys B TePMOHEHTPAIIBHBIX yCIOBHIX
(+26 °C). O1oT (haKT HABOJUT HA MBICIIb, YTO UHUIIHA-
st CBOOOTHOPAINKAIBHBIX MPOLECCOB, ¢ KOTOPHIMHU
MBI CBS3BIBAEM MOBPEXJIEHHE MeMOpaH, BEPOSITHO, B
3HAYUTEIBHON Mepe OIpeessIeTCs] CHIDKEHHBIMH TEM-
nepaTypamy.

Brixonut, nu I[1OJI npu agantauuu k 3200 M Hax
yp. M. 3a puznonornueckue npeaens? OQHO3HAYHOTO
OTBETa Ha 3TOT BOIPOC Moka HeT. OnmHaKo, B IOOOM
Cily4yae, akTHBHPOBAHHOE TP aJlallTalluy IEPEKUCHOE
OKHCJIEHHE JHIUIOB, Hapsly C APYTMMH MOJIYJISITO-
pamMu MeTaOoiM3Ma JIMIHIOB, MEHSET COCTaB MeM-
OpanHbIX (hochoaunuaos. B kiIeTouHbIX MeMOpaHax
Mo3ra HabroaeTcst yobutb (hochaTuaniIxonuHa U yBe-
nugenue lyso-PL, cHIKAIOIMX MHKPOBA3KOCTh MEM-
OpaH, COCOOCTBYIOIINX €€ KITacTepHU3alliK U yBeInde-
U0 ruapodunsHocTH. Kpome Toro, lyso-PL momas-
JISIFOT aKTUBHOCTH IIUTOXPOMOKCHIA3HOTO KOMILIEKCa
[16].

DT coOBITHS OBUTH 3a(UKCUPOBAHBI B 3PUTPOLIH-
TapHBIX MEMOpaHaX SKCHEPHMEHTAIBHBIX KHBOTHBIX,
HAXOJAWBIINXCS B YCIOBHUSAX BbICOKOTophs (3200 wm;
+10C; 90 cyTok), a Takke B MeMOpaHaxX 3pUTPOIUTOB
mobposossiiee (3800-4000 m; Ilentpanbhbiii TsHb-
[ITanp; ampenb-aBryct; 150 cyTok) (puc. 3).

KOHTPOIb

5 cyToK

150 cyTok

O gueHoBble KoHbtoraTel M Lyso-PL

Puc. 3 - Cooeporcanue ouenogwvix KoHbI02amos u yposers auzogocgonunudos (lyso-PL) 6 sapumpoyumax ueno-
sexa npu 150-mu cymounou adanmayuu 6 gvicokozopwve (3800 - 4000 m Hao yp. m.).
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ITo ocu opauHat - % OT KOHTPOJISL; MO OcH abc-
IIUCC — CPOK NPeOBIBaHMUSA B BBICOKOTOphE; * - cTaTH-
CTHUYECKH IOCTOBEPHOE OTKJIOHEHHE OT KOHTPOJISA
(p<0,05); Koutponb — Huskoropbe (760 M Haj yp. M.);
n="r.

[Npuunna Takoro yeenunyenus lyso-PL B memOpa-
HaxX TOYHO HEM3BECTHA. AHaJM3 JINTEpPaTypHBIX JaH-
HBIX M coOCTBeHHbIE pe3ynbTarhl (I=0,90) HaBoaaT Ha
MBICIIb O PEIIAIOIIEH POIH aKTHBAIIMH CBOOOXHOPAIH-
KaJbHBIX nporieccoB U I10JI, mockombKy 3TH COOBITHS
MIPHUBOJIAT K aKTHBHU3AIMH MeMOpaHHO! (hoconnmazsl
A, mpeBpamaromeii o0brgHBIN (pocdonumua B TU30-
dopmy [11]. B pesynbrare, comepkanue lyso-PL B
6uciioe MeMOpaH MOBBIIIAETCSI.

CrnexTpaibHbIH aHaAU3 SPUTPOLUTAPHBIX MEM-
OpaH 10OPOBOJIBIECB Mocie ux 150-TH AHEBHOTO Mpe-
OBIBaHUS B yCIOBHAX BBICOKOTOPHs (3800-4000 M Hax
yP. M.) BBISIBUII YCHJICHHE WHTEHCHBHOCTH TPaHCMHUC-
CHH XapaKTepUCTUYHOM monockl 1655 cm™ — mpusHak
TIOSIBJICHUSI YYACTKOB C W3MEHEHHOW YIOPSIOYCHHO-
cThio — KnactepoB [17]. Kpome Toro, otmMedeHo ycuie-
HHE€ UHTEHCUBHOCTH TPAHCMHUCCHUU B moioce 2850 e
YTO SBJISIETCS KOCBEHHBIM II0Ka3aTeIeM U3MEHEHHUS OT-
HOCHTENIFHOH MHUKpOBsI3KocTH MeMOpaH [17]. Kmacte-
pHU3aLHUI0 ¥ U3MEHEHHE OTHOCHUTEIHbHOW MUKPOBSI3KO-
CTH JPUTPOLUTAPHBIX MEMOpaH MBI CBSI3bIBAa€M, BO-
MEpPBBIX, C OOOrameHneM OHCIOos HeNpeaeTbHBIMU
JKUPHBIMU KHCJIOTaMH, BO-BTOPBIX, C JI€TEPreHTHBIM
addpexrom Hakoruienus lyso-PL.

JlaHHbIH (aKTONIOTHYECKUH MaTepHall IO3BOJISIET
cAenaTh ClIeayrolee JOrMYecKoe MOCTPOSHHE: YBEU-
yeHue copepxanus lyso-PL Gonee uem B 1,5-1,8 pasa
MPUBOJIMT K MTEPECTPOIKaM MOJICKYIISIPHOH CTPYKTYPBI
SPUTPOIUTAPHEIX MEMOpaH. BTopoii BEIBOI, BEITEKAFO-
MM U3 TIEPBOTO, COCTOMT B TOM, UTO YpoBeHb lyso-PL
B MeMOpaHax MOXHO pacCMaTpHBaTh Kak CBOeoOpas-
HBIA WHAUKATOP UHMEHCUBHOCMU CTPYKTYPHBIX H3Me-
HEeHUIt OMCIIOsI PY BO3CHCTBUH DKCTPEMATbHBIX (ak-
TOpPOB cpellbl. B paccmaTtpuBaeMoM ciiydae 3TO code-
TaHHOE JelicTBHE THITOKCHH, TTOHM)KEHHBIX
TEMIIEpaTyp ¥ JPYTHX reopu3nyeckux (HakTopoB BbI-
COKOTOPHO# cpenbl (cxema 1).

Kak u3BecTHO, B ropax IOMHMO JBYX OCHOBHBIX
(haKTOPOB — TUIIOKCHYECKOH TUITOKCHHU 1 TTIOHM>KEHHBIX
TEMIIepaTyp, Ha OpPraHW3M BO3JCHCTBYET eIle ILeas
raMMa (U3MYECKUX (PAKTOPOB, BAXHEHIINH W3 KOTO-
PBIX — TIOBBIMICHHBIH paaWanMoHHBINA (QoH. Brxon
CKaJIbHBIX TIOPO/]] HA MOBEPXHOCTh 00yCHaBIuBaeT 2-3-
X KpaTHOE TOBBIIIEHHE PaJIMallMOHHOT0 (JOHA B ropax.
Kpome Toro, B pe3ynbraTe aHTPOIIOI'€HHOTO 3arps3He-
HUS Cpelbl, B PsJic BBICOKOTOPHBIX perHoHoB LleH-
TpanbHoro Tsub-11lans mosBUIMCH OOMIMPHBIE 30HBI C
AHOMAJIBHO BBICOKHM paJHalMOHHBIM (oHOM [9].
Hama paboyast runoresa 3akiroyanack B TOM, YTO IPH
9KCTPEMaNbHBIX BO3/IEHCTBUSIX CPEJIBI - TUIIOKCHS, XO-
JIOZ ¥ TIOBBILICHHBIN palialliOHHbIA (OH UMEET MECTO
aKTUBAIHA CBOOOTHOPAIUKANBHBIX MPOIECCOB [9], KO-
TOpBIE B CBOIO OYEpEb NMPHUBOIAT K aKTHBALMH MEM-
OpanHo#t Pocdommmassr Az [10, 11]. B pesymnbraTe 00-
pasyrorcst lyso-PL — omacHble POAYKTBI aKTHBHOCTH
ykazaHHoro ¢epmenra [1, 6].

Wzyuenne cocTosHus CBOOOJHOPAAMKAIBHBIX
nporeccoB U ypoBHs lyso-PL y kpbic, HaXOAUBIIHXCS

B YCIIOBUSIX HU3KOTOPbS, IIPU MOBBIIIEHHOM PaHaIy-
onHoM ¢oHe (80-100 mxP/4; 30 cyTOK) BBISIBUIM WH-
teHcudukanuto [10J1 (p<0,02) 1 noBbIIeHHE YPOBHS
lyso-PL ¢ 5,8+0,5 mkrP/r B konrpone mo 8,1+2,0
MkrP/r (p<0,05) B rpynmnax, moJaBepraBIIUXCS JIei-
CTBHIO JaHHOTO (HU3MYecKoro ¢axTopa. IKCHEpH-
MEHTBI ITOATBEPAWIIN, AOCTATOYHO OJHO3HAYHO, YTO
TIOBBIIIIEHUE CcOJiepKaHus JHM30(opM B MeMmOpaHax
(ochonnumIIoB ABISETCS HENPEMEHHBIMH aTpHOYTOM
BO3/ICHCTBUSL OKCTPEMAIbHBIX (PAKTOPOB BHEUIHEH
cpenbl. OTH (GaKTOpsl MOTYT OBITH KaK MPHPOIHOTO,
TaK ¥ aHTPOIIOTEHHOTO TpoucxoxaeHust [9]. A lyso-PL
SIBIISIFOTCS] BEChbMA IIEPCTIIEKTUBHBIM OMOMapKepoM JUIs
WHIIMKAIUY CTelleHn "mozapyuieHHocTH" docdonumna-
3aMH U CBOOOJHOPAJAMKAIBGHBIMH HPOLECCAMH MEM-
OpaH.

Kakum >xe 00pa3oM MOXHO HUBEJIUPOBATH 3TH He-
XKeJareNbHble nporecchl? [1epBolii yTh - FHTHONpPOBa-
nue ocdonunas. [ToHATHO, YTO IPH 3TOM YTHETAIOTCS
BCe MpouHe (U3HOJIOTHYECKHE IIPOIECCHl Ha MEM-
OpaHe, MOCKOJBKY aKTUBHOCTH (pocornmmas siBisiercst
YHHBEPCAJIBHBIM MEXaHM3MOM M TOBOPHTH O KaKoOii-
00 M30MPATETbHOCTH BIHMSHUSA HA TMPOIYKIHIO (H-
3HOJIOTHYEeCKH HeoOxoammoro ypoBHs lyso-PL e mpu-
XOAUTCA.

Hawm npencrasnsiercs Oosee nepcrneKTuBHOM hap-
MaKOJIOTHYECKas KOPpEKIUs, HalpaBlieHHas Ha
HeNTpaln3aIiio caMoro MepBUYHOI0 CUTHAaa, T.€. aK-
THUBAIUHU CBOOOTHO-PaIMKAIBHBIX ITPOLIECCOB, BHI3BAH-
HBIX OKCTPEMalbHBIMH BHEIIHHUMHU BO3JIEHCTBHAMHU
(BBICOTHAS THITOKCHS, TIOHM)KCHHBIE TEMIIEPATY B, pa-
qvanys W T.4.). B mocnemHue ronsl Ui 3alUTHL OT
Ype3MEPHOH aKTHUBALMK CBOOOJHOPAJNKAIBHBIX MPO-
LIECCOB TPEIJIOKEHA IIeNasi CEpHs HOBBIX aHTHOKCH-
JTAaHTOB: MPOOYKOJ - CHW)KACT YPOBEHb XOJECTCPHHA
TUIA3MBl; TMPA3UI0I - 00JIaJaeT YHHBEPCAIBHBIM MEM-
OpaHOCTUMYJIMPYIOLIMM  JCHCTBUEM, MPEISITCTBYS
HapYUICHUIO B YCJOBHUSX TMIOKCHUHM TPOHHIIAEMOCTH
SPUTPOLUTAPHBIX, JUIOCOMANBHBIX M MHTOXOHJIPH-
aNbHBIX MEMOpaH; KOMIUIEKC celleHa C BUTaMHHAMHM-
antnokcuaanramiu (C, E, npoButamun A) — 3amumaer
JITTHIT nna3msl KpOBU U MOBBIIIAET aKTUBHOCTH aHTH-
OKCHIaHTHBIX ()EPMEHTOB B 3PUTPOLIUTAX; KIIOHUIUH —
CrocoOeH OKa3bIBaTh KOpperupymoommid >pQekr Ha
SPUTPOLUTAPHBIE MEMOpaHbl, MOBPEXICHHBIE CBO-
00HO-paINKATBFHBIME TIPOIECCaMH;, ab(da-IumnoeBast
KHCJIOTA — HCIOIB3YETCS IS KOPPEKIIMH OKHCIUTEIb-
HOTO CTpecca. DTO SHAOTCHHOE COEANHEHHE HE00XO-
JUMO Il HOPMaJIbHOTO (DYHKIIMOHHPOBAHHMS IIHKIIA
ButamuHa E, riukia ButamuHa C 1 reHeparuu youxu-
HoHa Q1g, ABJISIOMINXCS OHUMH U3 OCHOBHBIX 3BEHBEB
CUCTEMBI aHTUOKCHUJJAHTHOM 3alllUTHI OpraHusma [3, 4,
8,11, 13, 14, 18].

3AKJITOYEHHME

Bo3szeiictBue skosormueckn HeOJIarononyqHoR
Cpenpbl, TAE TUIIOKCHS, XOJIOJ X pajuanusi JeHCTBYIOT B
CJIO’)KHOM KOMILIEKCE, CTPYKTYPHbIE U3MEHEHHS B MEM-
OpaHax HOCST NMPU3HAKH OTPUIATEIFHON MEPeKpecT-
HOH ajganrtanuy. 3a)UKCHUPOBAHHBIE B ATHX YCIOBHSX
(heHOMEHOIOTHYECKHE JaHHbIE HMMEIOT JIOBOJIBHO
CJIOJKHBIHM XapakTep U. KaK OTMEUYEHO BBIIIE, HE BCETa
MOTYT II0JI1aBaThCsl YETKON (PM3HOJIOTHYECKOH HHTEP-
npeTanun. BeposTHO, XapakTep, cuiia U JUIMTEIbHOCTh
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TOTO WJIM WHOTO BO3MYILIAIOMIETO BO3IEHCTBUS SIBIIA-
IOTCA ONPEAC/IAIOMMMU U1 BKIIFOUCHUSA COOTBCTCTBY-
FOIIIX MeMOpaHHBIX IporeccoB. OQHAKO SICHO, YTO HH-
TEHCU(UKALUSI OKUCIUTEIBHOIO CTpecca M HaKoILIe-
Hue lyso-PL sBisilOTCS HEMpeMEeHHBIMH aTpuOyTaMu
9KCTPEMANIbHBIX BO3JICHCTBUI BHEIIHEH cpeabl. DTH
COOBITHS CTIOCOOHBI BBI3BATh TITyOOKHE TOBPEKACHUS
MeTabosu3Ma, OMOIHEPTreTUKU M CTPYKTYp, NMPU HX
Ype3MEepHOM YCHJICHUH. [103TOMY, CTENeHb MepeKuc-
HOW AeTpafalyi JTUNHIOB U ypoBeHb lyso-PL, Bpems
UX MOSIBJICHUSI, (PaKTOPHI M YCIIOBHUS, 00ECIIeYNBaIOIINe
UX HEWTPaIN3alHIO SBIAIOTCS YHUBEPCAbHBIMU, PaH-
HHMH, U 9acTO, HanboJjiee HaJe)KHPIMUA UHIUKATOPaMHu
HE TOJBKO CHJIBI BO3JCHCTBHS BHEIIHETO BO3MYIIA0-
mero (axTopa Cpesbl, HO M aJanTaluOHHBIX BO3MOX-
HOCTEeH MeMOpaH, a 3Ha4UT U BCEro OpraHu3Ma B Iie-
JIOM.

PaccmarpuBas npukiagHON acEKT AAHHOM Mpo-
65eMbl, He0OX0IMMO MMEThH BBHY, YTO OIpEeNICHHE
YPOBHSI OKHCIHUTEIBbHOTO cTpecca u lyso-PL kak yHu-
BEPCAILHOTO MHJMKATOpa WHTEHCUBHOCTH CTPYKTYp-
HBIX M3MEHEHHH OMOIIOTHYECKHX MEMOpaH MO3BOJUT
CYZMTB O CTENIEHN PUCKA MPENaTOIOTHUYECKHX COCTO-
SHUH. 3/1€Ch HAy9HBIH MOUCK JJOJDKEH OBITh HAIpaBIIeH
HE TOJIbKO Ha OLEHKY CTENeHW HapyllIeHHs B opra-
HU3Me OajlaHca MEXIY NPOOKCHAAHTAMH U CHCTEMOH
aHTHOKCH}IaHTHOﬁ 3allluThl, HO HA BO3MO>XXHOCTb BMC-
[IaTeNbCTBA B HEOIArONPHATHBIE MPOLECCHl C MOMO-
IBI0 OHMOPETYJISITOPOB M TUETHUECKHX cpecTB. Kpome
TOTO, BRISICHEHHE KOPPEJIAIIMOHHBIX CBA3EH H3y4aeMbIX
MOJIEKYJISIPHBIX XapaKTEPUCTHK C KOHKPETHBIMU HKO-
JIOTHYECKUMH BO3JEHCTBHSIMU ITO3BOJIMT OOOCHOBATH
npoduakTHUECKHe PEKOMEHIAIMH, HallPpaBJICHHbIE Ha
CHIDKCHHUE BEPOSTHOCTH J1€33/1alTAIlHH.
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Llenmp mepmiunoi mpaemu i nracmuunoi xipypeii,
m.[uinpo, YVrpaina

Abstract

A retrospective analysis of 68 patients with scar skin massives of different localization was performed. The
patient was divided into two groups. In the main group (MG - 28 people) used a patented method of double
purification of fat aspirate before it transplantation into scar massives. In the comparison group (CG - 40 people)
used the classic method of lipofilling. It is shown that the use of the method of double purification of autoadipocytes
aspirate allowed to increase the percentage of survival of fat cells by 20.5% (p <0,05), from 52.4% engraftment
from transplanted volume in patients with CG, to 79.5% in patients with MG (p <0.05).

Anomauin

Ilpogedeno pempocnekmuenuii ananiz 68 nayicHmis 3 pyoyesumMu Macu8amMu WKipu pisHoi 10Kanizayii, AKUx
6y10 po3dineno Ha 086i epynu. B ocnosniu epyni (OI' — 28 nodeii) suxopucmosysanu 3anamenmosanuli cnocio
NO0BIIHO20 OUUWEHHSL HCUPOBO2O ACHIPAmY nepeo tio2o MPAHCHAAHMAayicio 8 pyoyesi macusu. B epyni nopieuanus
(I'TI — 40 modeil) suxopucmosgysanu KiacuyHy memoouxy ainogininey. Iloxazano, wo 6UKOPUCMAHH CROCOOY
NOOBIIHO20 OUUWEHHS AYMOAOUROYUMIE 00360JIUN0 30LIbIUUMU BIOCOMOK NPUNCUBTICHHS JCUPOBUX KIIMUH HA
20,5% (p<0,05), 3 52,4% npuoicuenenns 6i0 nepecadsicenozo 06’emy y xeopux I'll, 0o 79,5% y xeopux O’

(p<0,05).

Keywords: scars, scar massives, surgical treatment of scars, fat cells, lipografting, autoadipocytes.
Knrwowuosi cnosa: pyoyi, pyoyesi macusu, xipypeiune nikygants pyoyis, sHcupogi kiimunu, ainocpagpmune,

aymoadinoyumu.

Beryn.

HesBaxkatouu Ha BEJNHKY KiJIbKICTh METO/UK JIIKY-
BaHHs PyOLiB, YacTOTa PEIMINBIB 30epIracThes Ha pi-
BHi 50-70 % [1,2,3]. B ocTanHi# yac i KOPEKIIii py-
O1IiB IIMPOKO 3aCTOCOBYIOTH ONeEpallii, sKi 0a3yrOThCs
Ha TpaHCIUIaHTalii K HATUBHUX ayTOJIOTTYHUX JKUPO-
BUX KiiTHH [4,5,6], Tak i kpiokoHcepBoBaHuX [7]. [le-
pecazka aHTOJIOTIYHMX aJWIIONMTIB CTajla MOMYJIsp-
Hoto micyst myoumikanii Coleman S.R., y 2001 poui [8].
OcHoBHa TpobJeMa TPy TPaHCIDIAHTAI] aJUTIONUTIB
HOJISAITAE B HEMOXIIMBOCTI NPOTHO3YBAaHHS IPHKHB-
JIeHHA 00’ €My XKHPOBOTO TpadTy B pEIHITIEHTHIN 30Hi,
TOMY IO 32 TAHUMH Pi3HUX aBTOPIB el TOKa3HHK 3HA-
YHOIO MIpPOIO KOJIUBAETHCS, Ta CKianae Big 43 no 68%
nepecamkeroro 06’emy [9,10]. V Bumaakax, Kojau pe-
[UIIEHTHA 30HA MPEJICTaBIeHa PyOI[eBUM MacHBOM pi-
3HOT IMUIBHOCTI MPOTHO3 100 MPW)KUBJICHHS Iepeca-
JUKEHHUX JKUPOBHMX KIIITHH CTa€ e OIbII CKJIQJHHUM.
Take mosioKeHHs COHYKa€e (axiBIliB 70 MONTYKY IS~
XiB MiJBUIEHHS BiZICOTKY NMPWKHUBICHHS ayTOAJHIIO-
IIUTIB 1 BITIOBIIHO TIOKPAIIEHHS PE3yJIbTaTiB KOPEKIil
pyOIiB.

Merta. IlokpaliuTud pe3ynbTaTd NPUKHUBIECHHS
TepecaKCHUX ayTOAAUIIONUTIB TIPH JTiKyBaHHI Harlie-
HTIB 3 pyOIIeBIMU MacHBaMH LIKipH 32 JTOTIOMOTOFO JTi-
nodimiHry.

Martepiann i MmeToan

By1no npoBeseHo peTpocneKTUBHUH aHawi3 68 ma-
LIEHTIB 3 pyOlIEBUMHU MacHBaMU IIKIipH Pi3HOT JIOKai-
3alii, siKi JiKyBaJuch B cramioHapi 3 2008 mo 2018
POKH.

Bik mamienriB 6yB Bin 18 no 56 pokis, 3a cTarTIO
BOHM PO3MNOJUISUICH HACTYITHUM YHHOM: YOJIOBi-
KiB-25, )iHOK-43. 3 METOr0 ONTHUMI3allil TPUKUBICHHS
ayTOAMINOLUTIB BUKOPHUCTOBYBAJIHM 3araTeHTOBaHUH
croci0 TMOABIHHOTO OYWIICHHS JXHPOBOTO acHipaTy
[11]. XBopi crmoctepiramicsk Ha MPOTS3i 6 MicAMIB Ti-
cist onepartii. JlocnimKkeHAS MPOBOAMIOCS A0 Xipypri-
YHOTO JIIKyBaHHSI, Ha 3-i IeHb micis onepaitii, uepes 3
1 6 micsiiB micis onepaiiii. BUKoprcTOBYyBaN yiubTpa-
coHorpadiro AJs KiIbKICHOI OI[IHKY CTYIMEHIO MPHIKH-
BaHHS MEPecaPKeHUX KIITHH. XBOpi Oynu po3nineHi
Ha JIBi Tpymnu: ocHOBHa (n=28) i rpyna MopiBHSIHHS
(n=40). 3a BikOM, CTaTTIO Ta €TIOJIOTIYHUM MTOXOIKEH-
HSIM pYOLB Ipynu HE BiAPI3HINCH MIX COOOIO.

[Mamientam ocHoBHOi rpynu (OI') mpoBommin
OTICpAIlif0 TIEPECaJKH AyTOATUIONUTIB ICHA iX MO-
nBifiHOI mypudikarii [11], a mamieHTaM rpynu mopis-
wsaaHA (') mpoBoaMIM omeparriro 3a 3arajJbHO TIPHIiA-
HATOIO MeToaukoro [8]. ns BH3HAYCHHA BiJACOTKY
NPWKUBJICHHS ayTOAIUIIOLUTIB. BHKOPHCTOBYBAJIH
yibTpacororpadito. JlociipKeHHs TPOBOANIN PH Ha-
JIXOKEHHI XBOPHUX 0 BiJIJICHHS, Ha 3-10 100y mics
orepauii, uepes 3 1 6 Mics1iB micis onepaii. 3amipsu
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TOBIIMHY PYOIIiB Ta MepecaKeHo1 KUPOBOi TKAHUHH Y
MiJTiMeTpax.

PesyabrarTu.

[Tpu HaIXOKEHHI MAI[IEHTIB B KIIHIKY MiJ 4ac
YIBTPacOHOTPaivHOrO JOCII/KEHHS Mali€HTIB 3 aT-
podiuHME 1 HOpMOTpOdhIUHUME PYOLsIMU OYJI0 3°s1CO-
BaHO, 110 BJIaCHE pyOlieBa TKaHWHA exorpadiuHo mpak-
THYHO HE BiIPI3HSIACH BiJl yIBTPa3BYKOBOI KAPTHHH Jie-
pMu 310poBoi IIKipH. Bcei mmmapm mikipym Ha ypakeHii
TUISHII 9iTKO AA(EpeHIIiIoBaINCh Mk co0or0, iX exo-
TeHHICTh, CTPYKTYpa OyJI TOMOTeHHI i He BiIPi3HAINCH
Bix HOpMaibHOi miKipu (Puc. 1a). Y xBopux 3 rimept-
podiuaME pyOLSIMHE YIBTpa3ByKOBa KapTHHA Maia
Jiesiki ocobnmBocTi. Emigepmic B 30H1 pyOIIs MaB roMo-
TeHHY TillepEeXOreHHy CTPYKTYpy, HOro TOBIIMHA Oyrna
BUIIOI0. BriacHe 30Ha pyOIst ObLIA MIKPIIIE, HIX Y aTpo-
¢iuHuX 1 HOpMOTPO(DIYHMX 1 KoIMBanach Bix 4,1 MM 10
8,3 MM, B cepeHBOMY 6,59+1,59 MM, Maja 3araibHy ce-
PEIHIO eXOTEHHICTh, il CTPYKTypa Oylia reTeporecHHa 3

PHILIPS BREGIN mMios
14-01-06-094900 TiIS04

Philips Healthcare

232dBIC6
Frai2

06.01.2014
9:49:46

HEPIBHOMIPHUM PO3TOAIJIOM CIIOJTy9HO-TKAHUHHUX BO-
JIOKOH.

ITpu HaXOMKESHHI MAIIEHTIB B KITIHIKY, 0 IPOBE-
JIEHHsT TPOLEAYpH JINO(QLIIHTY TOBIIMHA pPYOIEBUX
TKaHUH cKiagana Big 2,61 no 4,16 mm (3,38+0,5 B ce-
penaboMy. Uepes 3 mobu micis omepartii TOBIIMHA Tie-
PECaIKEHOT0 JKUPOBOTO TPAHCIUIAHTATY CKJIajania
4,98+0,6 mm. (Puc. 16), a uepe3 6 MicsuiB micns one-
pariii TOBIIMHA TEPECcaKEHOTO JKUPOBOTO ayTOTPaHC-
IUTAHTATy 3MEHIITYBAlaCh TI0 PI3HOMY B TPYIaX IOPiB-
HsaaHA. B O TOoBOIMHA ITepecayKeHOTO TPAHCIIIAHTATY
ckianana 3,57+0,2mmM, 1o Biamosixano 79,5% nprxu-
BiueHHsA. Y xBopux [Tl Bona cximamanma 2,61+0,1, mo
Bimnosigano 52,4% npwxkusieuns (Puc. 2). Skimo me-
pecakeHa KUPOBa TKAHUHA HE PO3CMOKTYBAIACh IPO-
TATOM 6 MICSIIIB MICI Oomepariii, TOOTO TOBIIUHA YKH-
poBoro "mpoImapky" 3MEHIITyBaIach He OUTBINE HiX Ha
20%, MoxHa OyJl0 BBaKaTW, IO TPAHCIUIAHTOBaHI
ayTOaTUIOIUTH TPUKHIIHCE.

MosepxH

Gn 60
232dBIC6
Fl412

Puc.l - Yaempaconozepaghiune docnioxcenna ampoghiunozo pyoys 0o onepayii (a,)
moegwuHa pyoyesoi mxkanunu cknaoae 1,55 mm. Pezynomam oocniosicenns nicas onepayii na 3 006y (6),
MOBWUHA HCUPOBO2O MPAHCNIAHMAMY | PyOYe6oi MKAHUHU PA30M CKaaoaonms 6,55 mm.
Cmpinkamu exazana moswuna pyoyegoi 30Hu.

NPV HaAXOAXKEHHI

=== O
rm

yepes 3 gobu nicna  4yepes 6 micauis nicns
onepauii

onepauii

Puc.1 - Junamira npusicusnents aymoaounoyumie 3a OaHumMu yibmpaszeykogoi conozpagii (mm).

Takum 9HMHOM, 3aBISKH YIOCKOHAJIECHHIO METOJA
IUITXOM TPOBENEHHS MOABIMHOI mypudikarii Xupo-
BOTO acIipaTy J0 Hepecagky ayTOAIHUIIONHTIB B 30HY
PyOIIeBOT0 MacHBY BAAJIOCH MiABUIIUTH BiICOTOK IPH-
JKUBJICHHS TiepecapkeHnx KmituH Ha 20,5% (p<0,05),
IpU NMoKa3HUKY nprxuBieHHs B Ol - 79,5% ta 52,4%
B I'TL

Muckycis.

YV BCiX MaIli€eHTiB, AKi 0yJI0 BKIIOYEHO B TaHY PoO-
60Ty omepartii Ta micisonepaniiHui nepios MpoTiKamm
0e3 yCKIIaJiHeHb, 3 IOCSITHEHHAM OYiKyBaHOTO PE3yIb-
TaTy JgikyBaHHS. [IpoBemenHs omeparii mino¢imiHTY
JIO3BOJIMIIA CTBOPUTH HOBUII IIap MiIIIKIPHOT dKUPOBOT
TKaHMHU MDK pyOLsIMM Ta TKaHMHAMH, SIKI 3HaXO-
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IATBCS i pyOIieM, a TaKoK BBECTH YacTUHY ITypii-
KOBaHHX MOJBIITHO ayTOATUIIOINTIB BCEPEIUHY pyO1Ie-
BOTO MacuBY 1 TakuM YHHOM BUPIBHITH KOHTYpPH
HIKIpK 4d pyOLEBHX MAUISHOK, 3MEHIIUTH HEraTHBHI
KJIIHIYHI CUMITOMH: Oib, CBepOiX, XpOHIYHE JIOKa-
JIbHE 3alaJeHHs Ta BiIHOBUTH PyX y Cyriio0ax, MoKpa-
IIATH €CTETHYHI TTOKA3HHUKH, 1 UM CaMUM ITOKPAIUTH
SIKICTB JKHTTS TMAIli€HTa, IO MiATBEPIKYETHCS 1 po0o-
TaMu pi3HUX aBTOpiB [3,7,12]. MeTox ynbTpacoHOTpa-
(hii TO3BOTMB HaM Bi3yasi3yBaTH TOBIIWHY TPaHCIDIAH-
TOBAHOI MacH ayTOAJHITONHUTIB B TWHAMII Ha IIPOTS3i
6 MICSIIB.

OTtpumasi pe3yibTaTH MOKa3aIH, [0 3aBASIKH Me-
TOJy TIO/IBIHHOTO OYMILEHHS ayTOXKHPOBOTO acIipaTy
BUPIIIY€ETHCSI TOCTABJICHA META II[0I0 ONTHMI3allii TpH-
JKUBJICHHSI ME€PECca/PKEHUX ayTOAIMITOLUTIB NPH JIKY-
BaHHI MalLliEHTIB 3 pyOlIeBUMH MacuBaMH IIKIpH 3a J10-
MIOMOTOI0 JIIOQIIIHTY.

Onwucanuii crocid monaBiHOI mypidikarii ayTo-
JKUPOBOTO acIipary MPOCTHH y BUKOHHI, BiH MOXE BH-
KOPHCTOBYBATHCH SIK MOHOTEpAIisl METOIOM JIO(imi-
HT'y a00 y MO€THAHHI 3 TPAAUIIIHOIO IPOTPaMOIO KO-
pekuii py6uiB [1,2,6], mo [I03BOJNSE IIiABHUIUTH
e(eKTUBHOCTI JTiKyBaHHS pyOIliB B IIiTOMY.

BucHoBok.

BukopucTaHHs croco0y MOABIHHOIO OYHUINECHHS
ayTOAIUTOLHTIB I03BOJIUIIO 30UTBIIUTH BiJICOTOK MPH-
JKUBJICHHS KUpoBHX KiituH Ha 20,5% (p<0,05), 3
52,4% UPWKUBICHHS BiJ IEPECaPKEHOTO 00’€MYy y
xBopux I'TI, mo 79,5% y xBopux OI' (p<0,05).
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DYNAMIC CHANGES OF CANCER INCIDENCE WITHIN 15 YEARS
(FROM 2000-2003 TO 2016-2018) BY MEANS OF AN EXAMPLE OF THE KIROV REGION
Kononova A.
FSBEI HE Kirov SMU MOH Russia
Timkina O.
FSBEI HE Kirov SMU MOH Russia
Milchakov D.

FSBEI HE Kirov SMU MOH Russia

JAHAMMYECKUE U3MEHEHMSI B OHKOJIOT MYECKOM 3ABOJIEBAEMOCTM 3A 15 JIET
(B IIEPHAO/I C 2000-2003 W1 2016-2018 I'T.) HA IPUMEPE KHPOBCKOM OBJIACTH

Abstract

Kononosa A.B.

@I'bOY BO Kuposckuii MY Munzopasa Poccuu
Tumkuna O.B.

@I'bOY BO Kuposckuii MY Munzopasa Poccuu
Muabuakos /I.E.

@I'FOY BO Kuposckuii ’'MY Munsopasa Poccuu

Cancer incidence is increasing rapidly proceeding from statistics over the past few years. Furthermore, its
diversity is also increasing. This article presents a comparative analysis of oncologic primary disease incidence
of women in the districts of the Kirov region during the interval between 2000-2003 and 2016-2018. It is against
this background that cancer morbidity in various areas for 15 years does not permanent, so another cancer types

are detected.
Annomauus

Hcxoos uz cmamucmuyeckux OaGHHbIX NOCIEOHUX e, OHKOI02UYecKasi 3a001€60eMOCHb UHMEHCUBHO 603-
pacmaem. Taxoce sozpacmaem eé paznoobpasue. B dannoil cmamve npuedena cpagHumenbHas XapaKmepu-
CMUKA OHKOA02UYECKOU NepeuyHoll 3a001esaemMocmu Jcenyun paiionos Kupoeckoi obnacmu 6 nepuoo 3a 2000-
2003 2e. u 2016-2018 2e. Ha ocHosanuu 3mux OaGHHbIX YOAIOCH BbISACHUND, YMO 8 PA3TUYHBIX PALIOHAX HA NPOMSi-
orcenuu 15 nem onxonozudeckas 3a601e6aemocmy He 0CMaemcsi NOCMOSIHHOU, a 8bIAGIAIOMCS HOGble hOPMbl PAKA.

Keywords: cancer morbidity, cancer, dynamics of cancer incidence.
Knrwueswie cnosa: onkonocuuecxkas 3a60ﬂe6aemocmb, PAax, OUHAMUKA U3MeHeHUs 3a001e6aemMocmu pakoe.

BBenenue:

Pak — cepné3nast mpobsemMa 00IIECTBEHHOTO 3pa-
BOOXpaHCHUA BO BCEM MHUPE U BTOpAs 110 3HAYUMOCTHU
npuunHa cMeptu B Poccuiickoit @enepanum [1].

CraTuCTUYECKUE JTaHHBIC TOCICIHUX JICT CBHIC-
TENBCTBYOT 00 MHTCHCUBHOM HEYKJIOHHOM POCTE OH-
KOJIOTUYECCKHUX 3a00JIeBaHUN. DTO MOXKET OBITh CBS-
3aHO C COBEPIICHCTBOBAHHEM METOJIOB pPaHHEH ama-
THOCTHKH, a TaKke ¢ OOmUM  yXyIIICHHEM
9KOJIOTHYECKOI CHUTYaIlUH, PaclpoOCTPAaHCHUEM BpE-
HBIX MPUBBIUCK (KypeHHUE, aIKOT0JIb), YIIOTPEeOICHHEM
KaHI[EPOTEeHOB B MUy I IPUMEHEHNEM UX B OBITY,
crapeHreM HaceneHns. C TOYKH 3peHUS BO3pacTa 3a-
00JIeBaeMOCTH MOKHO CKa3aTh, UTO PaK «MOJIOJEET).

B Kuposckoii o6nactu cutyarsi UMeeT OTpHIla-
TCJIbHYIO TCHACHIUIO — CMEPTHOCTH OT OHKOJIOTUYEC-
cKkuX 3a0oiyieBanuii Beile, ueM B I1DPO u B 1eaoM 1o
P® [2,3].

Henp uccnemoBanus:

W3ydeHne u cpaBHEHNE CTATHCTUICCKUAX JaHHBIX
CpeIy TIePBUYHONW OHKOJOTHYCCKOH 3a001eBaeMOCTH
JKeHITUH paifoHoB KupoBckoit obmactu 3a 2000-2003
rr. 1 2016-2018 rr.

Matepuaisl 1 METOJIBI:

Mbl npoaHanU3UPOBAIA MEAUIUHCKYIO OTYET-
Hyto nokymenraiuio KOI'KBY3 «llentp onkonoruu u

MEIUIINHCKON PaliOJIOTHI» TI0 BHOBB BBISBIISIEMOH 3a-
00JIeBAEMOCTH OHKOJIOTHEH CPeH XKEHIIMH B 39 paiio-
Hax Kuposckoii o6iactu 3a 2016-2018 roga.

udporoit MaTepuan o0padaTHIBaCS C ONpee-
JeHueM cpeaHux mnokasareneit Ha 10 000 HaceneHwus.
[Tocne wero mpomsBoxmiiack BeIOOpka 10 paiioHOB C
HauOOJIBIIMM YUCIIOM OHKOJIOTHYECKHUX CIIy4aeB 3a00-
neBaHuid. B pecsTke BBEIOPaHHBIX PaiOHOB MBI OTO-
Opanmm 5 Hamboyee paclpOCTPaHEHHBIX BHIOB paka.
[MpousBonminock cpaBHeHue mokaszareneir 2016-2018
roxos ¢ rokaszaresamu 2000-2003 romos.

PesynbTaThl 1 UX 00CYKACHUS:

Ha xapre 2000-2003 romoB Hamboiiee pacrpo-
CTpaHCHHBIMH 38.6OJ'ICB3HI/I${MI/I ABJIAKOTCA: paK IIHUTO-
BUJIHOW JKelle3bl, pak MOJIOYHOW JKesie3bl, paK Tela
MAaTKH, paK SUYHHAKA U paK mpsMon kumku. A B 2016-
2018 romax HanboJee pacpoCTPaHCHHBIMH 3a00JICBa-
HUSIMH SIBIITIOTCS: PaK KOXKH, PaK MOJIOYHOW KEJE3bI,
PaK MOYKH, PaK TeJa MaTKH U pak 000 JOYHOHN KHUIIIKH.

Bribopka necsiti paliOHOB TPEACTABISIET COOO0i
Bsarcko-nonsuackui, Canuypckuid, JIeOshkckuid, YHUH-
ckuii, boroponckwmii, CyHcknid, Kymenckuii, Kuposo-
Yenenxuit, Korenpamuecknii 1 C1000/1CKOH paliOHBI.

B Bsarcko-monsiHckoM paiione Ha MmoMeHT 2000-
2003 rr. mpeobagaroT 3a00JIEBaHUS: PaK Teja MAaTKH,
pak SMYHUKA, paKk mpsMou KummkH, a B 2016-2018 rr. —
pak KOXKH, pak MOJOYHOM >KeNe3bl U pak 000I09HOM
KHIIIKH.
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B Canuypckom patione Ha moMeHT 2000-2003 rT.
npeo01afaoT 3a00JIEBAHUA: PAK MOJIOUHOM Keje3bl,
paK AMYHUKA, paK INpsIMoi KUKy, a B 2016-2018 rr. —
paK KOXKH, paK MOJIOUHOM JKEJIC3bI.

B JleGsnxckoMm paiione Ha moment 2000-2003 rr.
npeobiiagaroT 3a001eBanus: pak sudHMKa, a B 2016-
2018 T. — paK KOXH, pak MOJIOYHOH JKEeJIe3bl, PaK Tema
MAaTKHU.

B VYuunckom pairione Ha moment 2000-2003 rr.
npeobitafaroT 3a00JieBaHKs: paKk sUYHHKa, a B 2016~
2018 rT. — paK KOXH, pak MOJIOYHOH JKeJIe3bl, pak 000-
JIOYHOM KHIIIKH.

B Boropoackom paitone Ha MomenT 2000-2003 rr.
npeobitafaroT 3a001eBaHUs: PaK MOJIOYHOM KEIE3hI, a
B 2016-2018 rT. — pak KOXHU, paK MOJIOYHOM JKEJI€3EI.

B Cynckowm paitone Ha moment 2000-2003 rr. ma-
LMEHTOK C BIIEPBLIC BLISIBICHHLIMU OHKOJIOTHYECKHUMHU
3a0oieBaHusIMH He HaOmromaioch, a B 2016-2018 rr.

paK KOXu

PaK MOJIOYHOM >KeTIE3bI
pak 000JOYHOM KUIITKA
pax Tena MaTKH

pak Mmouku

Puc. 2. 5 pacnpocmpanennvix onxonosuyeckux 3a-
bonesanuii 2016 - 2018 ze.

BriBozibI:

TlonyyeHnHble TaHHEIE TTO3BOISIOT CACIATH CIEIY-
IOIIME BBIBOABL: II0 CPAaBHCHUIO C IPEABLIYIIUMH T'O-
JlaMM He HaOJIro1aeTcs M3MEHEHMH 110 ITEPBUYHOM 3a-
00JIEBAEMOCTH JKEHIIMH pailoHoB KupoBckoii obnactu
pakoM MOJIOYHOM >Kejie3bl M pakoM Tejia MaTku. Ho
CTOUT OTMETHUTH IOSABJICHHUE IIEPBUYHON 3a00JIEBAEMO-
CTH KEHIIIMH PaKOM KOXH, paKOM 000JOYHOH KHIIIKU U
PaKoOM MOYKH.

mpeobianaroT 3a00eBaHus: paK KOXH, paK MOJIOYHON
JKEJIE3bl, PAK ITOYKH.

B KymenckoMm patione na moment 2000-2003 rr.
npeo0OianaroT 3a00aeBanus: pak Tena MaTku, a B 2016-
2018 rT. — paKk KOKH, paKk MOJIOYHOM >KeJIE3bI.

B Kuposo-Ueneikom paiione Ha momeHt 2000-
2003 rr. mpeobagaroT 3a00JIeBaHMs: PAaK Tejla MaTKH,
paK SUYHUKA U paK IpsMou kuiku, a B 2016-2018 rr.
— PaK KOXH, paK MOJIOYHOM KeJIe3bl ¥ PaK TeIa MaTKH.

B Korenpuunueckom paiione Ha mMomeHT 2000-
2003 rr. mpeobagaroT 3a00JIEBaHK: PaK Tejaa MATKU U
pak siuuHKKa, a B 2016-2018 rr. — pak KoXu, paKk Mo-
JIOYHOM 3KeJIe3bl U PaK 000 J0UYHON KHIIKH.

B Cnoboxackom paiione Ha MmoMmeHT 2000-2003 rT.
npeo0iiagaoT 3a0o0jieBaHus: paK Tela MaTKu U pak
mpsiMoii kumkw, a B 2016-2018 rr. — pak Kok, pak Mo-
JIOYHOM JKEJIE3bI M PaK TeIa MaTKH.

paK anYHHKa
MOJIOYHOM KeJIe3bI
TCJIa MaTKHU

MPSIMOM KUIIKU

Puc. 1. 5 pacnpocmpanennvlx oHkoI02UMECKUX 3a-
bonesanuii 3a 2000 - 2003 2e.
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SOME QUESTIONS OF TEACHING PHYSIOLOGY AND PATHPHYSIOLOGY TO STUDENTS OF
THE DENTAL FACULTY

Abstract
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This article discusses some aspects of understanding the teaching of physiology to dental students. Great
emphasis in teaching is given to the development of clinical understanding. Physiology is biomedical, it provides
the theoretical training of the future doctor, lays the foundations for the subsequent scientific understanding of
pathological processes and forms functional thinking. The knowledge of the function of organs by future doctors
is an indispensable condition, the basis for understanding the pathogenesis of disorders and the ways of their
correction, because to cure is to restore / compensate for the lost function.

Keywords. Physiology, Faculty of Dentistry, teaching

Physiology is the foundation of medicine. This
statement is true for dental medicine as well as for so-
matic, because you can not adequately diagnose and
treat diseases of the maxillofacial region without know-
ing the patterns of its work, features of the function and
nature of the relationships of its parts in the life of the
body as a whole [1,2].

First of all, it is necessary to dwell on the concepts
of "organ, apparatus and system."

Organ is an anatomical concept. It is called a part
of the body, which as a result of phylogeny and indi-
vidual development has taken a certain position in the
human body, has a certain shape, structure and its in-
herent function. All four groups of tissues (for example,
the tongue) are represented in the structure of the organ
[1,4,5].

The device in contrast to the body is a physiologi-
cal concept. It is a set of organs that have one purpose.
For example, the masticatory apparatus, which includes
the dentition, the masticatory muscles, the temporo-
mandibular joint.

New curricula, not excluding traditional teaching
aids, make it possible to teach medical discipline by in-
dividual solution of practical problems and control of
the correctness of their decisions by the user. An ele-
ment of self-education is included, being the most fruit-
ful from the point the quality of the future specialist.

A system is a set of organs connected by a com-
mon function. The system concept is more integrated,
it usually includes several devices [6,7].

The activity of the maxillofacial system is diverse.
It is involved not only in ensuring digestive function,
but also in the implementation of speech, in emotional
manifestations. At the same time, reflexes beginning
with the receptors of the maxillofacial region can
change the functions of many organs and systems, such
as blood circulation, respiration, on various behavioral
reactions of the person and his social life.

The issue of teaching at the Faculty of Dentistry is
regularly discussed at meetings of the department at
methodological meetings. Without denying the im-
portance of a specialized approach in the study of each
medical subject, the future dentist must have an idea of
the work of organs and systems.

In the process of teaching normal physiology, sev-
eral problems are solved: the first is the formation of a
systematic approach in understanding the physiological
mechanisms underlying the implementation of and reg-
ulation of body functions, maintaining human health.

Since practical skills are very important for a doc-
tor, which it is necessary to form from the first courses
of study, the second most important task is to study
methods for studying the activity of organs in an exper-
iment on animals, observing people in order to assess
the level of health.

The third task of training students of the Faculty
of Dentistry is to study the patterns of the formation of
the functions of the organs of the maxillofacial region
and the processes of their interaction with other body
systems. Solving these tasks will help formation of
teamwork skills, individual approach to future patients
[8,9].

The specialty of a dentist requires a deep
knowledge of the peculiarities of the formation of phys-
iological functions and mechanisms of regulation of
physiological processes occurring in the human body,
and understanding of specific changes in the system of
oral organs and tissues of the maxillofacial area.

Students of the dental faculty master pathophysi-
ology and pharmacology and other disciplines, and
without knowledge of classical physiology this process
will not be successful.

A systematic approach to the study of physiologi-
cal mechanisms of the dental-maxillary area will allow
students not only to understand their formation in
health (norms), but also to determine the basis of their
violation, as well as to assess the features of various
special dental treatments aimed at their compensation
[10,11].

As to understand the systemic mechanisms of he-
modynamics that maintain peripheral blood flow at an
optimal level that meets the requirements of tissue me-
tabolism, requires knowledge of CNS morphology,
where the command structures of the cardiovascular
center, morphology of the autonomic nervous system,
innervating vascular secretion, cardiac innervation in-
volved in the transmission of command influences to
the target organs of the cardiovascular system, etc. We
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emphasize that the Academic Council, the Dean's Of-
fice of the Faculty of Dentistry on the basis of the de-
partment once considered it possible to change the cur-
riculum, so we teach normal physiology to students of
the Faculty of Dentistry in the 2nd year within 3 and 4
semesters after anatomy, histology and biochemistry.
Naturally, the reduction of teaching from 3 semesters
to 2, eliminating some difficulties, brings others. In par-
ticular, the pedagogical process in our version must be
precisely coordinated in the internal parts of the subject,
which includes, in contrast to the medical faculty, the
profile section of the physiology of the maxillofacial
region.

What is our approach to addressing the profile is-
sues of normal physiology? The topics of the lectures
are planned in accordance with the classes. If possible,
the illustrative part of the lectures is focused on dental
specifics. Thus, if at the medical faculty "reciprocity"
is a special type of relationship in the neural organiza-
tion of spinal motor centers, at the dental faculty it is a
special relationship in the work of the neural generator
of rhythmic chewing of the medulla oblongata. If at the
medical faculty the problem of plasticity of nerve cen-
ters is discussed in connection with the mechanisms of
compensation of motor disorders of the extremities, at
the dental faculty the same question is discussed in con-
nection with the problem of mechanisms of human ad-
aptation to dentures [12, 14].

The profile questions we present at the lectures are
almost completely presented in the control tickets of the
relevant lesson. As a rule, after 4 classes, the final test
is mandatory, and the dominant questions are the pro-
file questions of the lecture course. Lectures projected
on the physiology of the maxillofacial region are given
in conjunction with lectures on the physiology of the
CNS, respiration, blood circulation, digestion, excre-
tion, higher nervous activity. Sufficient attendance of
lectures of the basic part of students allows to expose
all questions of "dental physiology" in a lecture audi-
ence. This is a functional problem of the structures
forming the oral cavity, chewing reflexes, swallowing,
physiological masticatory tests, gnatodine-mometry,
gustometry, mastication, salivation and its regulation,
features of excitation of glandular cells of salivary
glands, electrosecretory conjugation at the level of an-
esthetics for nerve fibers, many other issues. Physiol-
ogy lectures give an idea of the subject matter and basic
concepts, and help to shape clinical thinking. The
course of practical exercises is aimed at forming a gen-
eral understanding of physiology issues, the ability of a
future technical specialist to independently navigate the
medical information with which he will have to deal
(paying attention to aspects of the functioning of the
private central nervous system, cardiovascular system
and excitable tissues, on physiological methods for as-
sessing the functional state of the human body [1,12].

In the study of physiology, the emphasis of the
study is on modern ideas about the functioning of the
tooth as a biological system, the age characteristics of
the maxillofacial region, the physiological mechanisms
of adaptation of patients to dentures. When studying the
autonomic nervous system, its importance for the nor-

mal functioning of the organs of the maxillofacial ap-
paratus is emphasized. When studying the physiology
of the central nervous system, nervous trophism and its
importance for dental health are considered. The age-
related characteristics of the structures of the oral cavity
are also described. The mechanisms of dental pain are
discussed in detail.

Practical classes on the physiology of the maxillo-
facial region are held mainly in the 4th semester in con-
nection with practical classes on digestion, analyzers,
higher nervous activity. However, such specialized
works as "pneumography at rest, with speech breath-
ing" - are carried out in breathing classes, "reflexes
from the tongue to the heart", capillaroscopy, rheogra-
phy, plethysmography, humoral effects on the vessels
of the tongue - in circulatory classes, galvanic phenom-
ena - in classes on the general physiology of excitable
tissues. At one of the meetings on the training of stu-
dents of normal physiology, we drew attention to the
fact that when republishing the "Program on the physi-
ology of the maxillofacial region™ in section VI - "Sys-
temic mechanisms of protective function of the maxil-
lofacial region™ must include the issue of vomiting. For
some reason, the mechanism of actualization of the
vomiting reflex during manipulations in the oral cavity
dropped out of the program, although this is undoubt-
edly a "profile issue". Given the lack of time, we pay
great attention to the coordination of teaching between
different departments, which is usually the subject of
discussion in the work of the Cycle Methodological
Commissions. For example, the program issues of
chemical processing of food in the oral cavity, the ac-
tivity of salivary enzymes, in addition to our depart-
ment, are even more studied at the Department of Bio-
chemistry. Questions concerning the microflora of the
oral cavity, factors of specific and nonspecific immun-
ity - are discussed at the Department of Microbiology,
drug electrophoresis, analgesics and relevant practical
work - at the Department of Pharmacology, dental pain,
stress of dental patients in the final form of pathophys-
iology. Useful cooperation by agreement is a good help
in solving the basic tasks of training students of the den-
tal faculty. Textbooks are a reserve for saturating the
course with theoretical information [11,12]. We printed
lectures for students on the private physiology of the
CNS, on higher nervous activity, on certain issues of
visceral physiology. There are manuals with the devel-
opment of classes, a list of control questions on all top-
ics of the course of normal physiology

Generalization of educational knowledge allows
you to achieve deeper assimilation material, the transi-
tion from the level of understanding and memorization
to the level of creative assimilation and application of
knowledge of pathophysiology in senior years and in
medical practice.

Modern physiology is increasingly delving into a
subtle analysis of the nature of physiological processes
down to the molecular and genetic levels. At the same
time, a very important physiological task is to form an
idea of the functioning of the organism as a whole with
its special physiological properties. A systematic meth-
odological approach based on the theory of functional
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systems developed by PK Anokhin allows us to under-
stand the mechanisms of combining parts into a single
whole, ways of combining and ways to obtain one or
another integral effect of the whole organism. In the
formation of many functional systems, the organs of the
maxillofacial region are necessary components. For ex-
ample, one of the most important homeostatic functions
of the maxillofacial region is the sensory function. The
receptor divisions of the sensory systems of the maxil-
lofacial region are a powerful reflexogenic zone, from
where the reflex reactions of various body systems
begin. The changes of digestive function arising at irri-
tation of receptors of an oral cavity are most completely
studied. The most important component of the func-
tional system that maintains the optimal level of nutri-
ents for metabolism in the blood are the processes oc-
curring in the oral cavity, the afferentation of which is
involved in the mechanisms of sensory saturation. In
addition, the processes that take place in the oral cavity
during the intake and processing of food are aimed at
achieving a useful adaptive result and another func-
tional system - the formation of a food lump adequate
for swallowing. Motor activity of various parts of the
digestive tract is carried out reflexively by stimulation
of the receptors of the maxillofacial region. The effects
of maxillofacial receptors on the cardiovascular and
respiratory systems are described. Under the influence
of impulses from the receptors of the oral cavity, me-
tabolism, muscle tone, function of hematopoietic or-
gans and other functions change. No less important in
the life support of the body are the activities of the pain
sensory system, protective, digestive, communicative,
respiratory functions of the maxillofacial region
[4,7,10]. Thus, the maxillofacial region is a zone that
forms a number of functional systems, which involve
the stability of the internal environment of the body and
the adequacy of behavior in the environment. Due to
this, the most important functions of the body are pro-
vided depending on its functional state and environ-
mental conditions. Thus, the most important aspect of
teaching normal physiology for dental students is a sys-
tematic approach that allows the study of individual
physiological processes and their totality to form a ho-
listic view of the body, which is a basic condition for
the formation of clinical thinking.

Conclusions. Teaching physiology to students of
the Faculty of Dentistry has its own characteristics. The
training of future specialists requires highly qualified
teachers, knowledge of the subject for the successful
training of future dentists. Thus, the educational pro-
cess, as a subsystem of culture, does not include only
the listed elements, but also a holistic picture of the
world created by science, synthesizing various aspects
in itself. Improving the teaching of pathological physi-
ology can and should manifest itself in strengthening
fundamental, but at the same time sufficient diversity,

variability, personal importance and maximum individ-
uality.
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Abstract

In an experiment on rats simultaneously affected by carbophos and carbon tetrachloride, the indicators of
endogenous intoxication were studied. It was found that 30 days of carbophos poisoning and the development of
toxic hepatitis (within 7 days) lead to significant disruptions in the energy supply of rats. The highest values of the
studied indicators are reached at the end of the experiment.

The enterosgel sorbent had a positive effect on the content in the serum of markers of endogenous intoxication
- a molecule of medium weight, probably reducing it in the last terms of the study. After application of enteosgel
in the liver and myocardium of the affected rats, the activity of mitochondrial enzymes increased, which was re-
duced after the defeat by toxicants.

Anomauisn

B excnepumenmi na wypax, 00HOUACHO ypadiceHux kapoodocom ma mempaxiopmemanom, O0CILIONCEHO No-
Kas3HuKu eHoo2enHol inmokcukayii. Bemarnoeneno, wo 30-mu 0enne ompyeHus Kapboghocom ma Ha mii po36umKy
MOKCUYHO20 2enamumy (npomsicom 7 OHi8) NPu36005Mmeb 00 3HAYHUX NOPYUIEHb 8 NPOYECax eHepeo3abes3neyenHs
opeanis wypis. Hatlsuuo2o 3nauenns 00Cciodncy8ami NOKAZHUKU CA2A0Mb V KiHYL eKCNepUMenny.

Copbenm enmepoceenv npossuUs NOUMUBHUL GNIUE HA BMICI Y CUPOBAMYI KPOBI MAPKepi6 eHO02eHHOI iH-
MOKCUKAYii — MONEKYIU CepeOHbOl MACU, BIPOCIOHO 3HUNCYIOUU U020 8 OCMAHHI mepMiHu docniodcents. Ilicas
3ACMOCYBAHHS eHMEeOC2et0 V Newinyi ma MiOKapoi ypasrCeHux wypie niosuuiace aKkmueHicms MimoxXoHOpialb-
HUX €H3uMi8, sAKa nicas ypasicenHHs moKCuKanmamu 6yﬂa SHUdMCEHA.

Keywords: carbophos, carbon tetrachloride, endogenous intoxication, medium weight molecules, energy sup-
ply, succinate dehydrogenase, cytochrome oxidase.

Knrouosi cnosa: xapboghoc, mempaxiopmeman, eHOO2eHHA IHMOKCUKAYIs, MONEKYIU CEPeOHboi Mac,
eHepao3abe3neyeHHs1, CyKYUHamoe2iopoeenasa, YumoxpomoKcuoasd.

3axBOpIOBAaHHS MEUYiHKHM, 30KpeMa TOCTpi TOK-  HIATPUMII TIOMEOCTa3y, 3HEMIKO/DKEHHI KceHoO0io-
CHYHI TeNaTUTH, 3aJMIIAIOTHCS OJHIEI0 3 OCHOBHHX  THKIB, € 00’ €KTOM MacOBAHOTO BILIMBY CTOPOHHIX CIO-
mpoOJIeM OXOPOHU 3IIOPOB’s, 3aiMAIOTh 3HAYHE MiClle  JYK 1 XIMIYHOI arpecii, OCKUIbKH OUIBIIICTh TOKCH-
B KIIHII BHYTPIOIHIX XBOPOO Ta € OJHI€I0 3 MPUYMH  KAHTIB MAlOTh TeNAaTOTPOIHY CIPSIMOBAHICTH CBOET
3aXBOPIOBAHOCTI Ta cMepTHOCTI HacenenHs [1,2].  Toxcwmumoi mii abo sk MeTaboizyroTecs B Hiit [3,4]. Ce-
[Teuinka sik opraH, IO Bifirpae MpoOBigHY POJb Y peTy-  peld TOKCHYHHWX [UIA OpraHi3My CHOIYyK OXHeE i3
namii oOMiHYy pEYoBHMH, MLIJIICHOCTI  OpTraHi3My,
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3HAYHHUX MICIb 3afMarOTh IIPOMHUCIIOBI OTPYTH Ta BiA-
XOZM BiJl BUTOTOBJIEHHS MIPOIYKTIB CLIBCHKOTO TOCIIO-
JapcTra [S] opraHiuni 1o0puBa.

ToxcMyHMH BIUIMB Ha OpraHi3M MPOSBISIOTH
BUXIJIHI, TPOMDKHI Ta KIHLIEBI IPOLYKTH XIMI4HOT PO-
MHCJIOBOCTI, TIPEJICTABHUKOM SIKHX € T€TpaxjopMeTaH
[6]. B ocHOBI 1Oro mecTpyKTHBHOI [il JIEKHUTH
3/IaTHICTB MiIIABATUCH Y MIEUiHI[I METAOOIIYHUM TIepe-
TBOPEHHSM, y PE3YNbTaTi YOTO YTBOPIOIOTHCS BUCOKO-
axtuBHI pagukanmu (CClz, HOCI, C1), mo iHIIiI00Th
MOSIBY aKTUBHHX (DOPM KHCHIO, aKTHBYIOTH IPOIECH
MIEPOKCUIHOTO OKUCHEHHS JIIIIB Ta MPOTEIHIB, KOBa-
JICHTHO 3B'A3YIOTHCS 3 PI3HIMHU MaKpOMOJIEKyJIamH [7].

Cepen opraniuHUX J0OpHB, SKi IHUPOKO BUKOPHU-
CTOBYIOThCS Y CUITLCBKOMY TOCIIOIApCTBI HAMOLIBII 1M0-
mmpeHumMu € pocdopranivni cnoiayku (POC). besmiu
TokcnuHUX epexTiB POC € HacHigKOM B3aeMoii 3 piz-
HUMH MeENiaTOPHHUMH CHUCTEMaMH, NPHUTHIYCHHS €H-
3UMiB, 30Kpema cykuuHataerigporenasu (CII). Le
MIPHU3BOIUTH J0 NMPOSIBY IuTOKcH4HOTO edekry POC,
KW TIOYNHAETHCS 3 JIe30praHizaliii KIITHHHOTO MeTa-
00Mi3MYy 1 3aKiIHUYEThCS 3arHOCIITI0 HEHPOHIB, TemaTo-
Ta Kapaiomiorwmris [6,8].

BusHayansHIM KOMITOHEHTOM TOKCHYHOI Ii1 pIy
KCEHOOIOTHKIB € TIPUTHIYCHHS (YHKIIOHATIHHOTO
CTaHy MITOXOHJPIH, 10 MPHU3BOIUTH O BHCHAKECHHS
€HEepPreTUYHUX PeCcypCiB Ta BIAMOBIIHOTO MOPYIIEHHS
PsILy KHUTTEBO BaXITUBHX MPOILECiB. MITOXOHIPIT 4yT-
JIMBO pearyloTh Ha HETaTHWBHI BIUIMBU 3MIHOIO aKTHB-
HOCTI MEMOpPaHO3B'I3aHIX CH3UMIB [9].

3rigHo 3 maHuMu Jitepatypu [10], ypaxkeHHS 11y-
PiB TETpaxJIOPMETAaHOM TIPU3BOANTH JI0 3HAYHHUX TIOPY-
IIEHb IPOLECIB eHepro3ade3nedyeHHs yKe Ha IepIry
00y €KCIIEpUMEHTY y TBapHH YCiX BIKOBUX TPYIIL.

Y peanbHOMY JKUTTI HEPIZIKO TPAIUIIETHCS KOMOi-
HOBaHa i IEKIIbKOX TOKCUYHUX YHHHHKIB, SIK1 3aJIe-
’KHO BiJI YMOB, MOKYTb MOPYILIUTH PIBHOBAary OKMCHIO-
BJILHHUX MPOILIECIB B OPraHi3Mi Ta MPU3BECTH 10 BaXK-
KHX 3aXBOPIOBAHb.

[lepcrieKTUBHUM METOIOM 3HEIIKO/KEHHS Ta BH-
JIaJIeHHs] TOKCUYHUX IPOJAYKTIB 13 OpraHi3My BBa)<a-
€TBCSl GHTEPOCOPOIIis, 110 3HAKMIUIA ITUPOKE 3aCTOCY-
BaHHJ 32 IHTOKCHKamii pi3Horo reresy [11,12]. Ocran-
HIM 4YacoM y MEIW4Hiil MpakTHIi BUKOPHCTOBYIOTh
COpOCHT eHTEepOCTellb, AKTHBHA PEYOBUHASKOTO — Me-
THJIKpEMHI€BA KACIIOTA Y BUTIISAI TipoTrento Tiapodo-
O0HOI mpuponan, 3maTHa aacopOyBaTH TOKCHYHI CIO-
JIYKH, 1[I0 yTBOPIOIOTHCS T2 HAKOIMIYIOTHCS Y Ha/UTHIII-
KOBIff  KUIBKOCTI MpH TOCTPHX Ta XPOHIYHHX
3aXBOPIOBAaHHIX a00 MOTPAIUISIOTH B OPraHi3M 330BHI.

Inrencudikanis npouecis BPO min niero ADO,
SKi YTBOPIOIOTbCS 3a PI3HMX MaTOJOTIYHUX CTaHiB,
NPU3BOJNUTH J0 YTBOPEHHS 3HAYHOI KiJIBKOCTI €HJO-
TeHHHUX TOKCHHIB, 110 CIIPUYMHSIOTH MOPYIIEHHS IPO-
HHUKHOCTI Ta CTPYKTypH MeMmOpaH opranen. OcraHHE
MPU3BOJUTS JI0 MOPYIICHb O10€HEPTeTHYHHX MTPOLIECiB
[13,14].

Metor0 po6oTn Oyio DOCTITUTH CTYIiHb €HIO-
TEHHOI 1HTOKCHKAIlil Ta aKTHBHICTh 010€HEPTeTUIHUX
MIPOIIECIB Yy IIypiB 32 YMOB OJHOYACHOTO ypa)KeHH Ka-
pbodocoMm Ta TETpaxJIOpPMETaHOM W IICIA 3aCTOCY-
BaHHS CHTEPOCTEIIO.

Martepiaa Ta MeTOIH TOCTiTKEHHS

Jocainu mpoBeneHi Ha OLMKX IIypax Macoro Tiina
175-200 r, mO yTpUMYyBalMCh Ha CTaHIAPTHOMY
paifioni BiBapito TepHOMUIBCHKOTO HAI[IOHAILHOTO
Menu4uHoro yHiBepcurery imeHi I. SI. ['opbaueBchkoro
3 JIOTPUMaHHSM YCiX TIpaBHjJ poOOTH 3 XpeOeTHHUMH
tBapuHamu [15]. Ulypn Oymu posmineHi Ha IeB'sITh
rpym: 1-a — IHTAaKTHUH KOHTPOJIb; 2-a — TBAPUHH, ypa-
xeHi kapbodocom npotsirom 10 aHiB Ta 4-Ta 1oba ypa-
JKEHHS TEeTpaxJIOpMETaHOM, 3-s Tpyma TBapuH (ypa-
JKEHHS SIK y 2-01 TpyIH Ta MiCJIs 3aCTOCYBaHHS SHTEepO-
cremio); 4-a rpyna —10 qHIB ypaxeHHs Kapoodocom Ta
7-ma no6a orpyernas CCly, 5-a rpyma — mrypu, ypakeHi
kapbodocom npotsirom 10 nHiB Ta 7-a 7062 PO3BUTKY
TOKCUYHOTO TeNaTuTy (TBapUHU Ii€i Tpynu OTpH-
MyBaJIi eHTepocrens npotsirom 10 aHiB); 6-Ta rpyna —
mypH, ypaxeHi kapoogpocom npotsirom 30 nHiB Ta 4-Ta
n00a PO3BUTKY TETPaxJIOPMETAHOBOI'O T'eNaTHUTY, /-a
rpyna — IIypH, sIKi Ticisl ypaKeHHsI TOKCHKaHTaMH SIK
y HonepeHii rpyTi, Ta Mmicis KOpeKLii eHTepocreaeM
MPOTITOM BCHOTO EKCIIEPHMEHTY; 8-a TpyIa TBapHH —
30 mHiB BBeneHHA KapOodocy Ta 7-a m00a ypakeHHS
CCls ; 9-a rpyna — ypaxkeHi mypH gk y 8-iif rpymi ta
micns 30-1eHHOTo BBEIEHHS €HTEPOCTEITIO.

Kapbodoc BBoaMIM IIOACHHO BHYTPIITHBOILTYH-
KOBO y BUTJISAI BOJHOTO PO3YMHY 3 po3paxyHKy 20
MI/KT MacH Tijia TBApUHH, 1110 cTaHOoBUTH 1/10 Bix LDsg
[3]. TerpaximopmeraH BBOAWIM BHYTPIIIHBOUEPEBHO,
JIBOPA30BO - uepe3 100y y Burisiai 50% odiiHoro pos-
yuHy y n03i 1,0 m/kr macu tBapunHm [16]. EHTepoc-
rejlb TBAPHMHU OTPUMYBAJIH IIOJJEHHO IHTparacTpagbHO
3 po3paxyHky 120 mr/kr macu Tina. Jlo3a migoupanacs
EMITIpHYHO, BHUXOISIYM 13 CEpeAHbOTEpPAIeBTHYHOT
JI03H 1S JTI0ZIeH Ta mepepaxyHKy 1 Ha TBapuH [17].

[ypiB migmaBamy eBTaHa3ii 3 BAKOPUCTAHHSAM Ti-
OmeHTary Hatpito. s qocmiKeHs 00palii CHpOBaTKY
KpOBi, MiOKap[l Ta MediHKy TBapuH. KpoB 3abupanm i3
ceplisl TBapuH, siKy HeHTpudyrysamu npu 3000 06/xB
npotsiroM 30 xB. OTpUMaHy CUPOBATKY KPOBi BUKOPH-
CTOBYBaJIM IJIsl TIPOBEJICHHS JOCIHI/PKeHb. BiniOpany
neuiHky ta cepue (250 mr) moapibiroBadM METOI0M
JTUQEpEHIIfHOI0 TOMOT€HI3yBaHHS, SKE IMPOBOAMIN
miciist nonepenHboi nepdysii 3 2,5 mit dizionoriuHoro
pO3UHHY.

CrymiHb CHIOTCHHOI IHTOKCHKAIIIT OI[IHFOBAIH 32
BMIiCTOM Mouekyn cepennboi Macu (MCM) y cupoBa-
TIi KpoBi 11ypiB [ 18], iIHTEHCHBHICTH MPOIIECiB EHEPTO-
3a0e3neueHHs 3a cykuuHatnerinporeHasHoro (CHI)
[19] ta muroxpomoxcuaazuoto (L1O) [20] akTuBHICTIO.

OTpyMaHi eKCIIepUMEHTAIbHI JIaHi CTAaTHCTHYHO
00pOOIIAT METOZOM Bapi-amiiHOI CTATHCTHKH 3a J10-
MOMOTOI0 CTaHJIAPTHOTO MaKeTy CTATUCTUYHOI MpO-
rpamu "Statistica 6.0". BusHawanu cepenHbOKBaIpa-
TUYHI BIIXWJICHHS, JUCIICPCIIO Ta IHIII CTATHCTHYHI Ma-
paMeTpu, pPO3paxXyHKH IIOXMOOK  BHMIpPIOBaHHS
BCTaHOBJIIOBAJIM IIPY BUKOPUCTaHHI t-kpuTepito CThio-
JeHTa. 3MiHM BBaXkanu Biporigaumu npu p < 0,05 [21].

PesyabTaTH gocaigkeHHs Ta ix 00roBopeHHst

[ToTparuisiHHS IO OpraHi3My €K30T€HHHX TOKCH-
KaHTIB CYIIPOBOJIKYETHCS PO3BUTKOM OKCHIATHBHOTO
CTpecy Ta HarpOMaKeHHAM TOKCHYHHMX HNPOAYKTIB Y
pizamx opranax. [Tokasnuk piBas MCM BBaxaroTh oc-
HOBHUM O10XIMIYHMM MapKepoM, IO BimoOpaxkae



22

International independent scientific journal Ne19/2020

PiBEHBb CHIOTOKCEMIl Ta MATOJIOTIYHOIO MPOTETHOBOIO
MmeTabomizmy [18].

Hamu Bigmiveno Biporimae (p < 0,05) minsu-
mieHHs  Bmicty  ¢pakmiii CMi  (mepeBaxkaroTh
JIQHITFOTOB1 aMiHOKHUCIIOTH ) Ta CM; (TIepeBaXkaroTh apo-
MaTH4HI aMIHOKHCJIOTH) Yy CHpOBAaTIi KpOBI IIiJI0-
CJIIHNX UIypiB TPOTAIOM YCHOTO TEPMiHY JIO-
CJII/DKEHHS TICISl OJJHOYACHOTO X Ypa)KeHHS TeTpax-
JopMeTaHOM Ta Kapbodocom (Tadm. 1).

B ocranHiil TepMiH ypaskeHHs1 TOKckanTamu (30
nHiB kapoodocom ta 7 muis CCI4 Bmict CMI1 migsu-
umBes B 2,3 paza, CM2 — B 2 pa3u. Take miBHIICHHS
BMICTY IIPOAYKTIB Ierpaaailii MaKpoOMOJICKYJI i ITBEp-
JOKY€E TPOrpecyrode MOrUOIEeHHS eHAOTeHHOI 1HTOK-
CHKallii B Oprani3Mi IIypiB 3a yMOB HOTPAILISIHHS B Op-
TaHi3M IIypiB TETPaxJOpPMETaHy Ta Kapoodocy.

Taomums 1

Bmict MCM y cupoBarii kpoBi (YM.0Z/1T) 32 OJTHOYACHOTO ypaXKeHHS LIypiB TeTpaxJIopMeTaHOM Ta Kapbodocom
micist 3actocyBanus enTepocreno (M+m; n = 54)

['pynu TBapuH/TEPMiH JOCTIHKEHHS CupoBatka KpoBi CupoBatka KpoBi
[HTaKTHUI KOHTPOIIB 0,99+0,10 1,11+0,16
ypaxesri |0K+4CCly 1,62+0,02* 1,68 £ 0,04*

ypaxeHri 10K+4CClst+enTepocrens 0,96+0,03** 1,18+0,04**
ypaxesri |0K+7CCly 1,79+0,04* 1,90+0,05*
ypaxeni 10K+7CClst+enrepocrens 1,17+0,03%* 1,24+0,05%*
ypaxeri 30K+4CCly 2,21+0,04%* 2,13+0,03*
ypaxeni 30K+4CCls+enTepocrens 1,33+0,05** 1,54+0,03**
ypaxeri 30K+7CCly 2,30+0,05* 2,18+0,03*
ypaxeni 30K+7CCls+enrepocrens 1,52 £0,03%* 1,75+0,04**

Ipumimka:

* - 8IPOCIOHT 3MIHU MIXHC NOKAZHUKAMU MEAPUH THMAKIMHO20 KOHMPOIIO Md YPANCEHUMU MOKCUKAHMAMU,
** - IpOCIOHI 3MIHU MIJNC NOKAZHUKAMU YPANCEHUX MEAPUH A MUMU, KL HA ML YDAXNCEHH. OMPUMYSATU eHme-

poceeib

3acTocoBaHMI HaMU €HTEPOCTENb NPOSIBUB MO3U-
TUBHMH BIUTMB Ha JaHi nokasHukH. Bmict MCM o60x
¢pakuiii BiporinHo 3HmKyBaBcs (p < 0,05) y cuposarii
KpOBI ypakeHHX IIypiB y BCi TEPMIHH IOCIiIKCHHS.
Jlo KiHII eKCIIepUMEHTY JJaHUH MMOKa3HUK OyB 3HMXKe-
HUM, ajie piBHSI TBapHH IHTAKTHOTO KOHTPOJIO I HE
nocar. Ha TpuausaTy Ta ckoMy 10OM BBEICHHS TOKCH-
KaHTIB MiCJIs 3aCTOCYBaHHS KOPUTYBAJILHOI'O YHHHHKA
BMicT ¢pakiii CM;1 y cupoBaTiii KpoBi 3HU3UBCS Ha 79
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%, dpakuii CM; — Bignosigao Ha 38 %, MOPIBHIHO 3
ypaXxeHHMH TBapuHaMu (puc.1).

3a yMOB MOTpAIUISHHS JI0 OpraHi3My KCeHoOio-
THUKIB BiIOYBAa€THCS OTPYEHHS SIK €K30T€HHUMH TOKCH-
KaHTaMH, TaK 1 MPOAyKTaMH ix meraboiizmy, ToOTO
BTOPUHHMMH €HJOTCHHHUMH TOKCHHAMH, IO IMOTJIHO-
JIOIOTH 3arajibHy iHTOKcHKamifo. Lle miaTBepmKyeThes
OTPUMaHMMH HaMH JTaHHUMH 3 IOCIIJDKCHHS BMICTY
MCM.

CcM2

T0OK+4CCI4+Er
W 30K+4CC14
W 30K+7CCI4+Er

Puc.1 Buicm MCM y cuposamyi Kpogi wiypis, ypasjiceHux mempaxaopmemanom ma kapooghocom,
nicis 3acmocy8anHs enmepoczento, %

Tlpumimka:

* - GIPOCIOHT 3MIHU MIXHC NOKAZHUKAMU MEAPUH THMAKIMHO20 KOHMPOIIO Md YPANCEHUMU MOKCUKAHMAMU,
** - ip0OCIOHI 3MIHU MIJHC NOKAZHUKAMU YPAICEHUX MBAPUH ThA MUMU, AKI HA ML YDA CEHHI OMPUMYBAIlU eHme-

poczens

Bimomo, 1110 3a akTHBaIii IepoKcuaanii MeMOpaH-
HUX JIIIIIB Ta HArPOMAPKEHHS 3HAYHOT KIJIBKOCTI TOK-
CHHIB 3HIDKYETBCSl €Hepro3abe3neueHHs] KIIITHH BHa-
CIIZIOK PO3’€JHaHHS IUXaHHS U OKMCcHOTrO (ochopu-
JIOBaHHS B  MITOXOHJpISIX Ta CIOCTEPIraeThes
PO3BUTOK iXHBOT MUCyHKIIT [14,22].

VY HammMx IOCHIPKEHHSX BHSBJICHO MOPYILEHHS
(bYHKIIOHYBaHHSI MITOXOH/IPIi, TIPO 1110 CBIAYUTH 3HU-
xennst akruBHocti CAIN 1 O y newinni Ta miokapai
YPaKEHUX TBapHH.

Pesynbratu mociimkenns akruHocti C/IT HaBe-
JleH1 y Tadmui 2.
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Bigmiueno, 1o no kinug excriepumenty CII ak-
TUBHICTb y TIEUiHII 3HU3WIIACh Y 2 pa3u, y MioKap/i — B
1,6 paza.

Ilpu nmecsiTuaeHHIA IHTOKCHKAILT KapOodocoM i
Ha CboMY A00y BiJI MOYaTKy NOTPAIUISIHHS B OpraHi3M
TeTpaxJIOpMeTaHy I Ticis BUKOPHCTaHHS EHTEpOC-
TeITto el MMOKa3HUK 30UTBIIMBCS Y TediHIi Ha 14 %, y
Miokapi — Ha 9 % BIZIHOCHO ypaKeHHX TBapHH.

[Ticna TpuanATHAEHHOTO BBEAEHHS Kapbodocy Ta
Ha yerBepTy A00y orpyenHs CCI4 mpu 3actocyBaHHI
EHTEPOCTEIII0 MM CIIOCTEpiraiid 30UIbILEHHS! AKTHB-
nocti CAT y meuinmi Ha 27 %, y miokapai — Ha 6 %.
Ha Ttpuansry ta chomy A00M BBEICHHS TOKCH-
KaHTIB IICII1 BUKOPUCTAHHSI €HTEpOCOPOEHTY aKTHB-
nicte C/I 36inpmmiack y nevini Ha 20 %, y miokapai
—Ha 31 % MopiBHAHO 3 ypaXEHUMHU TBapHHAMH.
Tabmums 2

AKTHBHICTh CyKIIMHATACTIAPOTeHA3N Y TIeUiHIli (MKI/XB) Ta MiOKap/i TBapWH 3a KOMOIHOBaHOI Jii TeTpaxiopme-
TaHy Ta kapbodocy micns 3acrocyBants enrepocrenio (M £ m; n =54)

r TepmiH mociiKeHHS, 100U
pyra TBapuH 10K+4CCI, 10K+7CCI, | 30K+4CCI, | 30K+7CCI,
Ileuinka
[HTaKTHUI KOHTPOIIB 1,47+0,06
ypaxXeHi TOKCHKaHTaMH 1,30+0,06 1,08+0,07* 0,88+0,07* 0,75+0,04*
ypaxeHi+eHTepOoCTelb 1,35+0,17 1,28+0,17 1,28+0,12%* 1,05+0.13
Miokapz
[HTaKTHUI KOHTPOIIB 1,06+0,06
ypaxXeHi TOKCHKaHTaMH 0,91+0,07 0,83+0,06 0,76+0,05* 0,65+0,06*
ypakeHi+eHTepocrenb 0,95+0,06 0,92+0,11 0,83+0,07 0,98+0,08
Ipumimka:

* - 8IPOCIOHT 3MIHU MIXHC NOKAZHUKAMU MEAPUH THMAKIMHO20 KOHMPOIIO Md YPANCEHUMU MOKCUKAHMAMU,
** - ip02iOHI 3MIHU MIXHC NOKAZHUKAMU YPAXHCEHUX MBAPUH ThA MUMU, SKI HA ML YPAX*CEHHI OMPUMYBAlU eHme-

poceeib

BBeneHHS ypakeHMM TBapHHAM EHTEPOCTEII0
BiporimHoro migBuieHHs aktuBHOCTI C/AI y Miokapi
HE BHKIHMKAJIO MPOTATOM BCHOTO EKCIEPUMEHTY. Y
neviHni ypaxxeHnx TBapuH akTuBHicTs C/II" BiporigHo
(p < 0,05) migBumMIaCh Ha TPHUOIATY Ta YETBEPTY
001 BBE/IEHHSI TOKCUKAHTIB (B 1,5 pasa).

AHaNOTIYHI 3MiHH MH CIIOCTEpiraiu mpu BHU3HA-
yerHi aktuBHOCTI 11O. Ilpm iHTOKCHKAIil OpraHi3My
KCEHOOI0THKaMH HaMu 3a(iKCOBAHO 3HIDKECHHS aKTHB-
HOCTI I[bOTO €H3MMY MPOTITOM BCHOI'O €KCHEPHUMEHTY
y MeviHIll Ta MioKap/i ypaxeHux TBapHH (Tadi. 3).

BceranoBieHi 3MiHM aKTUBHOCTI €H3UMIB JIUXaJlb-
HOTO JIAHLIOTa CBiAYaTh NPO HPUTHIYEHHS (GYHKIT
MITOXOH/IPiii, 10 MOXE CYIPOBOMKYBATHCH 3HIKEH-
HSM BMICTy MakpOEpriYHUX CIIOJYK Ta HETaTUBHO

BIUIMBAaTH Ha nepelir 610XiMIYHKUX MPOIECIB Y MEYiHII
IpU  ypakeHHI KapOo(pocoM 1 TeTpaxIOpMETaHOM.
3menmenns aktuBHOcTi CHIN 1 11O mpusBomuTh 10
3HW)KEHHSI aKTHUBHOCTI 1Kty KpeOca, Hanpy»xeHoCTi
MIEPEeHOCY E€JEKTPOHIB Ta TOpPYMIEHHS Yy IIpoleci
OKHCHIOBaJIBHOTO (ochopuimroBanHs. OCKiIbKHA eHep-
TeTHYHANA OOMIH € 0a3ucHuUM, w0 3abe3mnedye
(YHKIIOHYBaHHS BCiX CHCTEM YXHBOTO OpPTaHi3My, TO
MOPYIICHHS B JIAHI[I CHCTEMH €HEPTONPOIYKIlii MOXKe
MPU3BECTH JI0 BUCHaXEHHS EHEepPropecypcis, M0 B
CBOIO YEPry CIPHUSAE PO3BUTKY MATONOTIYHHUX PEAKIIii,
BUHHMKHEHHS 3aXBOPIOBaHb 1 HaBiTh 3arubeni op-
ranizmy [10,22].

Tabmums 3

AKTHBHICTh IUTOXPOMOKCHIA3H Y TIEHiHII (MMOJIB/KT*XB) Ta MioKapAi (MMOJIB/KT*XB) TBApHH 32 KOMOIHOBaHOT
Jii TetpaxsiopMeTany Ta kapoodocy micns 3actocyBaHHs eHtepocrento (M £ m; n =54)

r TepMiH TocimKeHHs, 100U
pyna TBapHH 10K+4CCL, | 10K+7CCls | 30K+4CCL | 30K+7CClL
ITeuinka
[HTaKTHUI KOHTPOJIb 1,77£0,04
ypaxeHi TOKCHKaHTaMH 1,62+0,03* 1,47+0,03* 1,33+0,04* 0,85+0,02*
ypaxeHi+eHTepoCTelb 1,5540,10 1,58+0,10 1,4540,11 1,33+0,09%*
Miokapn
[HTaKTHUI KOHTPOJIb 1,20£0,07
ypaxXeHi TOKCHKaHTaMH 0,93+0,09 0,75+0,01* 0,65+0,01* 0,58+0,07*
ypaxeHi+eHTepoCTelb 0,96+0,09 1,12+0,06** 0,87+0,10 0,85+0,09**
Ipumimka:

* - GIPOCIOHT 3MIHU MIXHC NOKAZHUKAMU MEAPUH THMAKMHO20 KOHMPOIIO Md YPANCEHUMU MOKCUKAHMAMU,
** - ip0OCIOHI 3MIHU MIJHC NOKAZHUKAMU YPAICEHUX MBAPUH A MUMU, AKI HA I YDPAICEHHI OMPUMYBATU eHme-

poceeib
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Buxonsun 3 qanux TabmuUIli, IpH AECATUACHHOMY
BBEJICHHI KapOodocy Ta Ha 4eTBepTy 00y micis ypa-
skeHHs1 CCly 3acTOCYBaHHSI €HTEPOCTENIO HE MPU3BEIIO
IO BHpaxkeHMX 3MiH y aktuBHOcTi 11O (mokasHuk
30inbIIMBCS B y nediHni — Ha 4 %, y miokapai — Ha 3
%).

Taka cama TeHzeHLIs criocTepiraiach IpH Jecs-
TUACHHIN iHTOKCHKaIii kKapbodocoM i Ha chkoMy 00y
micnst BBEJCHHS TeTpaxiopMerany. Ilicis 3acrocy-
BaHHSI COpPOEHTa BiMIYCHO MiIBHIICHHS aKTUBHOCTI
1O y meuinmi Ta Miokapzi Ha 6 % BiTHOCHO IIOKa3HUKA
y OTPYEHUX TBApHH.

[Micna TpuAUATHAEHHOTO BBEACHHS Kapbodocy
Ta Ha 4eTBepTy 100y orpyennsi CCls npu BBeZieHHI eH-
TEPOCTEII0 JaHUI MOKA3HUK 3pic y mevinii Ha 7 %, y
miokapai Ha 18 %. Ha tpuausrty ta ckomy 100U BBe-
JICHHS] TOKCUKaHTIB IPH BHKOPUCTaHHI copOeHTa ak-
tuBHIcTh 11O 30impmmiacek y nedinmi Ha 27 %, y Mio-
kapai —Ha 23 % (p < 0,05).

Otmxe, COPOCHT EHTepoCreNb MPOSBUB MO3UTHB-
HUH BIUIMB HA MPOIECH €HEPreTHYHOTO OOMiHY B Op-
TaHi3Mi MIypiB MICIA OJHOYACHOTO YpaKEHHS Kap-
6odocoM Ta TeTpaxJIOPMETAHOM, HPO IO CBITYHUTH
BiTHOBJICHHSI aKTHBHOCTI MiTOXOHAPIaJIbHUX €H3MMIB.

BucHoBkm.

1. B yMoBax 0JHOYaCHOTO OTPYEHHS LIypiB Kap-
60(hocoM Ta TETPaxJIOPMETAHOM IOTJIUOIIOETHCS CH-
JIOTEHHA IHTOKCHKAIlisl OpraHi3My, Ipo IO CBIAYMTH
Ti/IBUILIEHHS B CUPOBATIIi KPOBI LITyPiB BMICTY MOJIEKYJI
cepeHbOl MacH (10 KiHIS eKCIIEPUMEHTY BMICT (hpak-
i1 31 BMICTOM JIAHITFOTOBUX aMIHOKHCIIOT MEPEBHIILY-
BaB PiBEHb IHTAKTHUX TBapHH y 2,3 pa3a, BMicT (ppakiii
3 IepeBa’kaHHAM apOMaTHYHUX aMiHOKHCIIOT y 2 pa3u
TIEPEBUIIINB HOPMY).

2. InTokcHKauis TBapuH KapObodocom Ta Te-
TaXJIOPMETAHOM TPHU3BOAUTH JIO TMOPYIICHb y MPOIie-
cax eHeproza0e3neyeHHs] OpraHi3My HIypiB, IO MiJT-
BEPIKYETHCS BIPOTITHUM 3HIKCHHSIM aKTHBHOCTI M-
XalbHUX CH3UMIB — CYKIMHATIACTIAPOTCHA3H Ta
IMUTOXPOMOKCHJIA3U Y TICHIHII Ta MIOKapi MICls ypa-
JKEHHSI.

3. Cop0OeHT eHTepoCTellb MPOSBUB MO3UTUBHUIMA
BIUIMB Ha IOKa3HUKU €HAOTeHHOI 1HTOKCcHKarii. [Ticis
HOTo 3aCTOCYBaHHS B CHPOBATI KPOBI ypaKeHHX TBa-
PHYH 3MEHIIHMBCS BMICT MOJIEKYJ CEPEeIHBOI MacH, II0
BKa3ye Ha JOIIBHICTh 3aCTOCYBaHH SHTEPOCOOIIii 3a
YMOB OTPYEHHS TOKCUKAHTAMH Pi3HOTO TIOXOKECHHSI.

4. B orpyenux kapbodocoM Ta TeTpaxiopMmera-
HOM IIIypiB MiCNIs 3aCTOCYBaHHS €HTEPOCTENI0 CIIOCTE-
pirajgoch BiIHOBJICHHS aKTHBHOCTI MITOXOHAPIaAIbHUX
eH3MMIB y neuiHui Ta miokapai (Ha 30 100y ypakeHHs
kapOodocoM Ta 7 100y PO3BUTKY TETPaxJIOPMETaHO-
BOTO TeNaTUTy aKTHUBHICTh CYKIMHAT/ET1APOreHa3u y
nediHmi migsummiack y 1,4 pasza, y miokapai — B 1,5
pasza). Y mei ke TepMiH aKTHBHICTh IUTOXPOMOKCH-
nas3u BiporigHo (p < 0,05) migBunmmiacek y 000X 10Ci-
JUKyBaHHX opraHax. OTpuMaHi pe3yJbTaTH MiATBEp-
JOKYIOTh €(eKTHBHICTh 3aCTOCYBAaHHS €HTEPOCTENIO 32
YMOB OTPY€HHS XIMiYHIMH TOKCHKAHTaMH.
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Abstract
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Theoretical modelling of fillings and substitutions with a small step of fractions is used to predict new effective
materials. Structural stabilities and thermoelectric properties of Ce and Yb filled skuterrudites are studied for
three models, namely conventional bulk (32 atoms), 1x2x1 (64 atoms) and 2x2x2 (256 atoms) supercells, composed
of one, two and eight unit cells, respectively. The minimum theoretical filling fractions as 0.5, 0,25 and 0.0625 are
possible according to these geometries, with full possible voids of 2, 4 and 16, respectively. Simulations are per-
formed with the first-principle SIESTA code, Seebeck coefficients are calculated with the Boltzmann transport
theory. Densities of states and band structures are analyzed in details when fractions are increased. The best
filling fractions are found to be 0.25 for Yb and 1.00 for Ce, in agreement with the experimental values. Extra-
filling of single Ce atom with 1.25 fraction is simulated. Thermoelectric applications are discussed for proposed

materials.

Keywords: skutterudites, thermoelectrics, rare-earth elements, density functional theory.

1 Introduction By the principle of “phonon glass
— electronic crystal” (PGEC) new generations of ther-
moelectric materials should conduct electricity as good
as crystalline conductors, and conduct heat as bad as
glasses. Relatively large holey-like crystalline cubic
cells and the possibility of filling atoms in the holes
make skuterrudites, clathrats [1], and other porous-like

crystals [2] perspective PGEC materials for thermoe-
lectric applications. Skutterudites are found to be the
one of the most effective thermoelectric materials, es-
pecially at high temperatures [3]. Rare-earth elements
as fillers have larger atomic masses, that increases pho-
non scattering and reduces thermal conductivity. This
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makes filled skutterudites the best candidates for auto-
motive and any other possible high-temperature renew-
able energy conversion. The key to more widespread
acceptance of thermoelectric is the development of
novel materials (superlattices, fillings, dopings, substi-
tutions etc.) that are capable of higher conversion effi-
ciency to open new applications and markets [4]. Both
p- and n-legs are needed to create couples for practical
using in TEG generators [5].

Experimentally, the synthesis process and the re-
lationship between the microstructures and the thermo-
electric properties of the nanostructured thermoelectric
bulk skuterrudite materials with an enhanced ZT value
were reviewed [6]. From theoretical point of view, very
recently Ag and Au [7] fillings and the substitutions of
Co atoms with Ni atoms [8] had been studied. The
supercells of 128 atoms were simulated for studies of
thermoelectric stability of alkaline earth (Ca, Sr, Ba)
and rare earth (La, Ce, Yb) filled skutterudites [9] and
electronic structures with single-filled Ba, Ca, La, Nd,
Eu, YDb, In, Tl and Sn for 0.125 filling fraction [10].

In this report, we calculate structural stability and
thermoelectric properties of Ce and Yb filled CoxFea.
bz skutterudites in the different ranges of filling
fractions from minimum possible value of 0.0625 for
supercells of 256 and 64 atoms.

2 Method

The periodic DFT calculations have been carried
out using the SIESTA program [11] with only valence
electrons described by basis sets of numerical localized
atomic orbitals included in calculations. The general-
ized gradient approximation with the Perdew—Burke—
Ernzerhof scheme [12] was employed for the exchange-
correlation functional to predict the electrical transport
properties. Core electrons were replaced by norm-con-
serving pseudopotentials using the improved Troullier-
Martins scheme [13] in the Kleinman-Bylander factor-
ised form [14]. In the present work we used the molec-
ular-dynamics technique with variable cell shape and
coordinate optimization by conjugate gradients as pro-
vided within SIESTA. To find the equilibrium atomic
positions, the structural relaxations are stopped after the
forces on all atoms are less than 0.05 eV/A. Brillouin
zone is sampled in the k-space within Monkhorst-Pack
scheme by different mesh points. Densities of states
(DOS) are analyzed near the Fermi energies.

Finally, the dependence of Seebeck coefficients on
the temperature is determined by the Boltzmann
transport semiclassical theory. Seebeck coefficients are
estimated with monoelectronic formulation in the ap-
proximation of a constant relaxation time. Integrals

over the first Brillouin are calculated numerically by
sampling the band structure and using en equally
spaced cubic 32x32x32 k-points grid for each band
[15]. Only the cases in the first model are calculated
because a very dense k-points grid is needed. Calcula-
tions are performed by means of the BoltzTraP package
[16].

Three basic models of skuterrudite are used to
simulate fillings and substitutions. First of them is
based on conventional unit cell with 32 atoms (8 Co and
24 Sb). The second one is 1x2x1 supercell which is
twice extended in y direction with 64 atoms in the unit
cell. The third model is 2x2x2 supercell with two cells
in each direction. Consequently, it contains 256 atoms
in the large super box. The k-pont grids are chosen in
order to keep uniform density of k-points. Thus, for the
first model 1x1x1, 4x4x4, 16x16x16 and 32x32x32 k-
point grids are used. For the second model the 8x4x8
grid is used as the most reliable taking into account cal-
culation possibility and accuracy. For the third model
only the simplest 1x1x1 grid are utilized because of the
difficulties for calculations with large number of atoms.
According to these three geometries, the filling frac-
tions starting from 1/2, 1/4 and 1/16 are possible, re-
spectively. The simplest symmetry P1 group is used for
all calculations.

3 Results

3.1 Model N1 Figure 1 shows results for a first
model of usual 1x1x1 cell. The influence of Fe substi-
tution on the lattice parameters of FexCo04.xSb1, (X=0,
0.5,1,15, 2,25, 3, 3.5, 4) and electronic properties of
YbyCo4Sh1, (y=0.5, 1.0) skutterudites are studied for
this usual crystal model.

The calculated lattice parameters exceed experi-
mental value of 9,03 A only 3 %, in agreement with
other DFT calculations [8]. The lattice parameters are
linearly increased with increasing substitution numbers
of Fe atoms from 9.33 A (0 Fe) to 9.43 A (8 Fe). The
band gap of CosShi, equals to ~0.25 eV in good agree-
ment with the value of 0.22 eV as calculated by Sofo et
al. [17]. The band gap is decreased to ~0 eV for full Fe
substitutions in FesSbhio.

The calculated band gaps are zero for both 0.5 and
1.0 fractions, but densities of states have deep valleys
near Fermi energy of unfilled CosSbi, skutterudite.
This fact means that these materials could be narrow-
band semiconductors with the positive gap near 0, ta-
king into account usual underestimation and even ne-
gative value of band gaps with DFT calculations
whereas the band gap is positive in reality [18].



28

International independent scientific journal Ne19/2020

~e—Co.Shr

—*—Yb, Co,5Sb, ]
Yb0,5C04Sb12

—4—Fe,Sb,;

C —l—YbHCO‘Sb,Z /O O &
2007 Lo—ce, FesSb &
150 4 o/
100
'] '—F._._-h'H'H'—--‘.‘
e 50 _/'/o L
= o
04
= i /
o 50 .
-100
-150
-200 ¢
T T T T
400 600 800 1000
T, K

Figure 1 - Structure (a), densities of states (b), and Seebeck coefficients (c) for
Model 1 of conventional 1x1x1 cell.

The Seebeck coefficient is calculated for
YbosCo4Shi2 and CegsFesShi, in a broad temperature
range. It changes from negative to positive at 350 and
460 K, respectively, and then decreases with tempera-
ture. The maximum values are 75 | V/K at 600 K for
YbosC04Sb1r and 217 C'V/K at 800 K CegsFesSby, re-
spectively. The electronic structure near the Fermi en-
ergy has several types of bands since the Seebeck coef-
ficient changes sign, in agreement with other calcula-
tions [19].

Thus, skutterudites can be fruitfully used for auto-
motive (for tailpipe of benzine or gas cars) and any
other high-temperature applications, like extremely
heated instruments on factories to collect additional en-
ergy.

3.2 Model N2 Since it is not possible to calculate
0.25 filling fraction step with a first model, it is calcu-
lated with 1x2x1 model of doubled cells, as shown in

Figure 2,a and Figure 2,c for Ce as a filler and Fe as
partial substitutes of Sh. In the case of Ce filled Co4Sb1,
skutterudite, the gap is decreased to the values of ~0.1
eV with Fermi energy in the middle of the gap. The en-
ergy levels are shifted practically to the same values
both for 0.5 and 0.75 filling fractions. Ce fractions are
studied also for skutterudite with substitutions of the
two and six Fe atoms (for 1x2x1 cell) instead of Sb at-
oms. Fe-based skutterudites in a whole are metallic or
at least narrow-band semiconductors, and they should
have higher electrical conductivity but lower Seebeck
coefficients. So, additional engineering of these mate-
rials is needed to shift the Fermi energy. It should be
noted the band gap of ~0.25 eV is not changed in the
case of Ce;CoFesShi, when it is compared with perfect
bulk Co4Sb,, in contrast to all other calculations within
this model. Nevertheless, the Fermi level is shifted to
conduction bands.
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Figure 2 Structure (a) and densities of states (b, d) for Model N2 of 1x2x1 supercell, and the model of extra-fill-
ing (c), where the position of extra-atom of Ce is shown by arrow.

High Seebeck coefficient can be engineered with
the special element filling and substitution, as it is ex-
pected for Ce;FeCosSbhi,, as shown in Figure 2,b. The
1.0 filling fraction of Ce create a sharp peak on the DOS
as shown at the energy -0.2 eV below the Fermi level
with increasing of states in the factor of 200 in compar-
ison with Ceg.75C03Sb1,

A general formula for filled skutterudites is Aj-
x T4E12, which implies that the maximum content of an
A metal is limited to 1.0. This reflects the occupancy of
the crystallographic positions of the space group Im3.
They are 2a for A, 8c for T, and 24g for E. Extra-filling
with broking symmetry is calculated for the case of
Ce1.25CoFesShi, skutterudites with 1+0.25 filling frac-
tion of Ce. Thus, only one extra atom is added to the

maximum possible symmetry-based amount of 68 at-
oms. The crystallographic position of the extra-atom of
Ce is indicated by arrow in Figure 2,c.

3.3 Model N3 Figure 3 shows the results for a
third model composed with 2x2x2 supercells. The Yb
filling fractions are simulated in the range of 0.0625 -
0.3125 with a step of 0.0625. In these cases Yh-doping
plays also important role on the charge carrier types. In
order to analyze the most effective fillings it is conven-
ient to use Mott’s relation, where Seebeck coefficients
is described as the slope of the densities of states at the
Fermi energy with additional coefficients [11]. For
electron conductive materials the negative slope corre-
sponds to positive Seebeck and vise versa.
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Figure 3 Structure (a) and densities of states (b) with details of electronic structure near Fermi energy (c)
for Model N3.

When the concentration reaches 0.195 value, the
materials became n-type conductor. Unfortunately,
these data are only in a qualitative agreement with
experimental data but not in a quantitative agreement,
because of the sign of Seebeck coefficient. This
happens because of the simplest k-sampling during
integration over Brillouin zones and a neglecting of
temperature. Nevertheless, the absolute values of
Seebeck coefficients should be increased in the
subsequent set of 0.195 — 0.250 filling because of
increasing slope, and then it should be smaller starting
from 0.3125 fraction. Finally, the best ZT should be in
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the case of 0.250 filling fraction, that is very close to
the experimentally observed 0.3 value [6].

3.4 Band structure Band structure calculations
are reported in Figure 4 for Yb filling and in Figure 5
for Ce filling. The band structure are studied over the
G-H-N-G-P-H-N Brillouin zone path. It should be no-
ticed that for 0.25 Yb filling fraction the Fermi energy
of skutterudite is shifted to the conductive bands, there-
fore it is a n-type conductor. For 1.00 Ce filling fraction
the Fermi energy of skutterudite is shifted to the va-
lence bands, therefore it is a p-type conductor.
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Figure 4 - Band structure calculations for third model of skutterudite Co4Sb12 without Yb filling (a)
and with 0.25 filling fraction (b). The Fermi energies are shown as horisontal lines.



International independent scientific journal Ne19/2020

31

EF-462eV |

E=-476 eV

Figure 5 - Band structure calculations for third model of skutterudite ColFe3Sb12 without Ce filling (a)
and with 1.00 filling fraction (b). The Fermi energies are shown as horisontal lines.

In contrast to undirect gap of bismuth tellurides
[20,21] the gap of skutterudites is direct. That finding
obtained from the rigid bands model are in an excellent
agreement with known experimental data on
skutterudites. Nevertheless additional integration of
bands is needed to find correct values of Seebeck coef-
ficients and electrical conductivities.

4 Summary

In summary, fruitfulness of theoretical engineer-
ing on the examples of different structural models of
filling (Yb, Ce) and substitution (Fe) of Co4Shi,
skutterudites are shown, including with the smallest
possible fraction of 0.0625, and maximum fraction of
1.25. Electronic properties of filled skutterudites are
calculated within DFT method for three models. Rare-
earth filled skutterudites are narrow band semiconduc-
tors (both p- an n- types) with gaps <0.25 eV (Yb fill-
ing) and <0.1 eV (Ce filling) and with high DOS at the
Fermi energy.

Different filling fractions with the same elements
(Yb and Ce) are calculated in broad interval

for different models of supercells. Model N1 and
N2 are correct, while Model N3 is only qualitative suit-
able to experimental data. According to Mott's model,
the best filling fractions are found to be 0.25 for Yb;
from the electronic structure the best value for Ce fill-
ing is found to be 1.00. These values are in a good
agreement to the known experimental values of 0.3 and
0.9, respectively. Extra-filling with negative values of
x=-0.25 in the usual formula for skutterudites as A;-
xT4E12 are simulated.

All results supply to the known experimental and
theoretical data. DOS and band structure calculations
have highlighted the details of electronic structure and
shifting of Fermi energy, band gaps and slopes when
going from the smallest filling fraction to the highest
one for different models of skutterudites.
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Abstract
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The defects in bismuth telluride are studied with the first-principle and the molecular dynamics methods.
Vacancies and antisite defects of different concentrations are calculated with hexagonal supercell models. Ther-
mal conductivity is found with a non-equilibrium scheme, simular to the hot-plate experiment setup. Thermal con-
ductivity decreases for 30 % and 70% in the case of antisite (2%) and vacancy (4%) defects, respectively. Seebeck
coefficient and electrical conductivity over relaxation time are calculated for these optimal concentrations of de-
fects. The simulated thermoelectric figure of merit ZT of the ordered Te antisite defect (~1.7%) is found to increase
by a factor of 27 in relation to a conventional bulk value. The increasing power factor of the structures with the
ordered Te antisite defects of low concentration can be a major factor for the increasing ZT.

Keywords: bismuth telluride, thermoelectrics, antisite defects, density functional theory

1 Introduction

Ideal thermoelectric material should possess large
Seebeck coefficient, high carrier mobility and low ther-
mal conductivity. Bismuth telluride based materials are
known to be low thermal conductive materials because
of large cell sizes and sandwich-like structure with van
der Waals interactions between layers. Defected bis-
muth telluride bulk materials structured by alloying, su-
perlattices and grains have become the basics in the
thermoelectricity improvement at room temperatures.

Experimentally, the synthesis process and the
relationship between the microstructures and the
thermoelectric properties of the p-type and n-type
semiconducting nanostructured V,VI; materials with
enhanced ZT values are reviewed [1,2]. From

theoretical point of view, recently single antisite and
vacancy were simulated for Sb,Tes and Bi,Te; crystals
with extended lattices [3,4].

In this report, we study the effects of band
structures and densities of states on the antisite and
vacancy bismuth and tellurium defects. Bismuth
telluride superlatttice models of 60 atoms (2x2x1) and
3840 atoms (8x8x4) in hexagonal representations of
cell has been utilized.

2 Method

Calculations are performed with the first-principle
SIESTA code [5]. To find equilibrium atomic positions,
the structural relaxations are stopped after the forces on
all atoms are less than 0.05 eV/A. To predict electrical
transport properties, the electronic calculation are done
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by the generalized gradient approximation (GGA) with
the exchange-correlation energy functional of Perdew-
Burke-Ernzerhof (PBE) [6]. Improved original
Troullier-Martins pseudopotentials are developed for
these calculations. The valence orbitals for ground state
valence configurations of Bi (652, 6p3) and Te (5s2,
5p4) are used during pseudopotential generations.
These configurations represent electronic structure
well, because of d electrons do not imply on the
densities of electronic states [4]. Spin-orbit interaction
is not included in this calculation also because of the
additional effect is negligible [3]. Brillouin zone is
sampled in the k-space within Monkhorst-Pack scheme
by 16x16x4 mesh points for 2x2x1 supercell. Finally,
densities of states (DOS) are analized at the Fermi
energies. Seebeck coefficients and electrical
conductivities over relaxation times are calculated by
means of the Boltzmann semiclassical theory
(BoltzTraP package [7]).

The prediction of the thermal conductivity of
BiyTe; is made by the direct NEMD method with
LAMMPS code [8], which is similar to the hot- and
cold-plate experimental setup [9]. Two-body intera-
tomic Morse potential is used, which gives a quite good
description of the thermal properties [10]. The heat flux
is simulated along the z direction. The planar slab heat
source and heat sink are located at the % th and % th of
the simulation cell, respectively. The resulting temper-
ature profile is symmetric according to the positions of
the two thermostats, which are perpendicular to the z-
direction. After reaching the steady state, the tempera-
ture profile and the heat power of the two thermostats
are collected. The average temperature of the system
was kept constant, while the thermostats were set with
a temperature difference of 10% in comparison to the
average temperature of the system. Then, the thermal
conductivity was determined by using the Fourier’s law
by using 8x8x4 supercell, which contains 3840 atoms.
The aim was to understand the impact of vacancy and
antisite defects on the thermal conductivity by compar-
ing with the thermal conductivity of the bulk Bi,Tes.
Finally, several stoichiometries of monocrystalline
Biso-xTes0+x have been studied.

Finally, the dependence of Seebeck coefficients on
the temperature is determined by the Boltzmann

transport semiclassical theory. Seebeck coefficients are
estimated with monoelectronic formulation in the ap-
proximation of a constant relaxation time. Integrals
over the first Brillouin are calculated numerically by
sampling the band structure and using en equally
spaced cubic 32x32x32 k-points grid for each band®®.
Only the cases in the first model are calculated because
a very dense k-points grid is needed. Calculations are
performed by means of the BoltzTraP package'®.

3 Results

3.1 Densities of electronic states Figure 1 shows
the model and results for ab initio calculations of DOS.
The calculated lattice parameters (a=0.873 nm, c=3.247
nm) differ of the experimental ones on 2-7 %, in an
agreement with other DFT calculations [1]. They are
changed with different k-point grids with the best a/c
value and the lowest total energy for 16x4x4 k-grid.

The key question of the electronic structures is the
position of the valence band maximum and conduction
band minimum in the Brillouin zone. In terms of the
rigid band model the energies below and above this
band gap simulate p- and n-doping respectively [11].
The results of band structures and DOS for ideal and
defected bulks impact on strongly dependence of the
electronic structure on the type of defects. The single
Bi antisite and vacancy defects shift the Fermi energy
to the valence bands, while single Te antisite and
vacancy shift it to the conduction bands.

According to this model Bi antisite and vacancy
defects create p-type semiconductor, while Te antisite
and vacancy defects create n-type semiconductor.
These findings are in agreements with other
calculations [4] and data on liquidus composition of Te-
rich BiyTes [12,13].

Ordered antisite and vacancy defects correspond
to concentrations of ~1.67%. Doubling the
concentration (~3.34%) of the antisite Bi and Te defects
(so-called exchange pair defects) does not change the
chemical formula of the composition, but the cohesive
energy becomes higher [14] in comparison with the
lowest value of the ideal crystal. It should be especially
noted that antisite defected crystals are much more
stable than vacancy ones for both Bi and Te defects and
exchange pair defects. This effect is related with the
atomic reorganizations of atoms near vacancies.
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Figure 1 Bismuth telluride 2x2x1 supercell in different projections with the positions of the single defects as in-
dicated by arrows (a), and electronic density of states for different types of single-defected bismuth tellurides as
Bi and Te antisite and vacancy defects in comparison with ideal Bi2Te3 bulk (b).

The important thing here is the type of the
conductivity when going from one type of defect to
another one. Te vacancy defects lead to change the type
of conductivity, in contrast to Bi vacancy defects. The
density of states are summarized for all of these cases
to compare difference of antisite and vacancy defects in
Figure 1,b.

In order to analyze the most effective fillings, it is
convenient to use Mott’s relation, simply describing
Seebeck coefficients as the value of a slope of the

densities of states at the Fermi energy with additional
coefficient. For electron conductive materials the
negative slope corresponds to positive Seebeck and
vise versa. According to Mott’s model high values of
Seebeck should be expected for both antisite and
vacancy defects of Bi. In the case of Te defects the
situation is much more difficult because of decreasing
of Seebeck coefficients for vacancy defects.

3.2 Thermal conductivity calculations
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Figure 2 - Thermal conductivity as a function of concentrations for antisite (a) and vacancy (b) defects
in comparison with ideal Bi2Te3 bulk (x=0).

In the case of both Bi and Te antisite defects the
thermal conductivity for both or substitutional defected
structures decreases in comparison to the thermal con-
ductivity of stoichiometric Bi,Tes, but the decrease is
much smaller than in the vacancy defected case. All the
stoichiometries show constant thermal conductivity be-
haviour, with a reduction of 20-30% with the minimum
about 2 % concentrations of antisite defects.

The vacancy defects give decreasing thermal con-
ductivity on more than 60% for 5% of Bi vacancy con-
centration and on more than 70% for 4% of Te vacancy
concentration. In both cases there are optimum values
of vacancies to achieve the minimum.

The obtained values of significant reduction of the
thermal conductivity are used further to calculate the
thermoelectric figure of merit.

3.3. Seebeck coefficient and electrical conduc-
tivity calculations

The Seebeck coefficient and the electrical conduc-
tivity with respect to relaxation time are calculated
from DFT models in crystals for cases where the ther-
mal conductivity is at its lowest value, especially for
single (double) antisite defects and triple vacancy de-
fects. These numbers of defects are correlated with the
minima of thermal conductivity calculated with MD as
shown in Figure 2.

Figures 3-5 show the graphs for each type of de-
fect to find the optimal values in the cases of antisite
and vacancy defects of different atom types: Single an-
tisite defects corresponds to concentrations of ~1.67 %
(Figure 3); Double antisite defects corresponds to con-
centrations of ~3.34% (Figure 4); Triple vacancy de-
fects corresponds to concentrations of ~5.00 % (Figure
5). It should be noted that antisite defected crystals are
more thermodynamically stable than vacancy ones for
both Bi and Te defects. This effect is related to the
atomic reorganizations of atoms near vacancies.

The key point here is the type of the metallic be-
haviour when shifting from one type of atomic defect
to another one. Increasing the Te antisite defect concen-
tration to 3.34% indeed leads to a metallic type of con-
ductivity with a decrease of the Seebeck coefficient,
which makes that material useless to thermoelectric ap-
plication. Experimentally, no information is available
on the conduction types for this concentration of Te.
Additionally, Te vacancy defects lead to a change of the
type of conductivity, in contrast to Bi vacancy defects.

Seebeck coefficients are calculated with respect to
ideal bulk: vacancy defected structures provide a con-
siderable reduction of the Seebeck and the electrical
conductivity compared to that of the antisite defected
structures. The increase of the Te antisite defect con-
centration leads to a metallic type of conductivity and
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futher decreases ZT, as expected, below that of usual
bulk. Thus, synthesis of bismuth telluride single anisite
defected structures is a promising way to increase ZT.

The Seebeck coefficient of conventional Bi,Tes is
found to be 100 puV/K at 300 K, while in presence of
antisite defects the values are: 100 pV/K (Te) and -30
puV/K (Bi). The sign of the Seebeck coefficient for 4%
of Te antisite defects corresponds to experimentally
measured value [15]. Nevertheless, at low tempertures
below 150 K the sigh of Seebeck coefficient is
negative, as also expected with Mott's formula [16]
from density of the electronic state on Figure 1,b. The
corresponding formula for Seebeck coefficient is a
linear function of density of states at the E=Ek.

For double defects, both electrical conductivities
and Seebeck coefficients are lower than the ones of the
ideal bulk (see Figure 4). This type of doping is there-
fore not effective in spite of the low values of the ther-
mal conductivity. For vacancy defects, the values of
Seebeck coefficients are 25 pV/K (Te) and -90 pV/K

(Bi).

In spite of a relatively high value of the Seebeck
coefficient for Bi vacancies, the electrical conductivity
is one order of magnitude smaller in comparison to the
one of the conventional bulk. A low ZT is therefore ex-
pected. For Te vacancies instead, ZT should be calcu-
lated because the electrical conductivity is higher than
the one of the ideal bulk.

It is interesting that for Te antisite defects, See-
beck coefficient has the maximum value at 300 K. Elec-
trical conductivity of Bi,Tes is not affected very much
by Bi antisite defects and its value remains similar to
that of the stoechiometric crystal, especially with tem-
peratures higher than 300 K.

Nevertheless, in the case of Te antisite defects, the
electrical conductivity is unexpectedly increased at
least by one order of magnitude with a high expected
value of ZT. In order to analyze the most effective fill-
ings, it is convenient to compare all calculated numbers
of defects on the same graph.
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Figure 3 - Seebeck coefficients (left) and electrical conductivities over relaxation time (right) for single
(Te and Bi) antisite defects in comparison to bulk Bi2Te3.
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Figure 6 and Figure 7 summarize the electrical
conductivities over relaxation time and Seebeck coeffi-
cients, respectively, as a function of temperature for the
same atom types (Bi and Te) for a set of concentrations.

Seebeck coefficients change its signs when shift-
ing from low to high temperatures. Themaximum val-
ues are found for Te; (100 pV/K) and Biz (-300 pV/K)
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antisite defects. Electrical conductivities are found to
be higher than the one of usual bulk for T=300 K only
in the case of Biy, Bis, and Tey, Te, antisite defects. So,
additional analysis of ZT are needed to find optimal
concentrations.
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Figure 6 - Electrical conductivities over relaxation time for different concentrations (1) — (4) for Bi (left)
and Te (right) antisite defects in comparison to bulk Bi2Te3.
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(right) antisite defects in comparison to bulk Bi2Te3.
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Additional models with increased number and or-
dering of defects should be used to find the most opti-
mal material with the highest figure of merit.

3.4 Thermoelectric figure of merit ZT Figure 8
summarizes results for ZT calculations. ZTs* were cal-
culated from the values of all the simulated parameters:

$?, 671, k, of the defected crystals normalized by the
ones of the stoechiometric crystal. We thus obtain the
set of values according to the formula:

S? (defected, DFT) x o/t (defected, DFT)

K (defected, MD)

ZT*=

S? (ideal,DFT) x 6/t (ideal,DFT)

K (ideal, MD)

for each numbers of defects, and, additionally, for
different temperatures. For the sake of simplicity, ther-
mal conductivities were estimated as the average values
of both types of defects.

The average thermal conductivity divided by the
one of the stoechiometric crystal are input in the ZT*
expression and are 1.33 for Bi and 1.45 for Te antisite,
respectively. The absolute maximum ZT=27 (p-type) is
found for single Te antisite defect, as shown in Figure
8. The best value ZT=5 (n-type) for Bi are found for
triple antisite defects. Other types of antisite defects are
worst than the one of ideal crystal or at least have the
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same value of ZT. This nearest value is only ZT=1.2 for
four antisite defects of Te. The other types of defects
create materials with ZT*<1, which means that they are
worst than a conventional bulk material.

It is intersting to note that the best materials (with
1 Te and with 3 Bi defects) change their types of con-
ductivity when reaching temperatures below 100 K, in
accordance with the rigid band model and Mott's for-
mula, as confirmed by our previous calculations and
commentary. For vacancies, ZTs are relatively smaller,
ZT=1.1 for triple Te vacancies and ZT=0.15 for triple
Bi vacancies.
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Figure 8 - ZT of the structures with antisite Te (left) and Bi (right) defects of different concentrations normalized
by the ZT of bulk Bi2Te3.

3.5 Band structure of defected Bi>Tes We have
studied the alteration of band structures due to antisite
and vacancy bismuth and tellurium defects. Bismuth
telluride superlatttice model of 60 atoms in its hexago-
nal cell representation has been implemented, see Fig-
ure 1. The positions of the single defects are indicated
by arrows.

The band structure of Bi and Te antisite and va-
cancy defects are studied over the G-M-K-G Brillouin
zone path. Firstly, the full paths G-M-K-G-A-L-H-A
have been studied but the results on the G-M-K-G and
A-L-H-A paths are found to be practically the same.

We have thus considered the G-M-K-G paths in all the
following models, as it is done for thin films [17].

The band structures for an ideal bulk (Figure 9), a
Bi antisite (Figure 10) and a Te vacancy (Figure 11)
system reveal the strong dependence of the band struc-
ture to the type of defects. In contrast to direct gap of
skutterudites [18] the gap of bismuth tellurides is undi-
rect. The single Bi antisite and vacancy defect cases
shift the Fermi energy to the valence bands (Figure 10),
while the single Te antisite and vacancy shifts it to the
conduction bands (Figure 11).
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Figure 9 - Band structure model of bismuth telluride in a hexagonal setting along the main GMKG line
in Brillouin zone. The Fermi energy is shown as a horizontal line.

Figure 10 - Band structure model of bismuth telluride with Bi antisite defect. The Fermi energy (eV) is shown
as a horizontal line.

Figure 11 - Band structure model of bismuth telluride with Te vacancy defect. The Fermi energy (eV) is shown
as a horizontal line.
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4 Summary

In summary, thermoelectric properties of defected
bismuth tellurides are calculated for two models of
supercells, namely 2x2x1 (density functional theory)
and 8x8x4 (molecular dynamics). Combined
molecular dynamics and first-principle calculations
showed cffectiveness for studying thermoelectric prop-
erties of defected structures, especially vacancy and an-
tisite defects. DOS calculations have highlighted the
details of electronic structure and shifting of Fermi en-
ergy and slopes when going from the single defects to
doubled ones. With a rigid band model, Bi antisite/va-
cancy defects create p-type semiconductors, while Te
antisite/vacancy defects create n-type semiconductors.
Thermal conductivity decreases for 30 % in the case of
antisite defects and even for 70% in the case of vacancy
defects. So, vacancy defects are more effective in de-
creasing the thermal conductivity than antisite defects.

Figures of merit are calculated in respect to ideal
bulk: maximum value 27 is found for the ordered Te
antisite defect, while only 0.3 for Bi antisite defect. It
should be noted that the same relaxation time is used
for all cases, and there is no information on scattering
phenomena which are probably responsible for such a
large increase of electrical conductivity. In spite of
vacancy defected structures give much more
considerable reduction of the thermal conductivity
compared to the antisite defected structures, figures of
merit are relatively smaller, 1.1 for 3 Te vacancies and
0.15 for 3 Bi vacancies (~5%). Thus, synthesis of
bismuth telluride anisite defected structures with
concentration of 1-2 % can be a promising way to
increase the thermoelectric figure of merit.

Additional models with increased number and
special ordering of defects could be used to find the
most optimal material with the high figure of merit, as
well as for nanotubes of bismuth telluride [19].
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®OTOI'PA®YBAHHS OB’EKTIB ITPU JOCJALIPKEHHI 35P0O1, FOEITPUIIACIB TA
KOHCTPYKTUBHO IIOAIBHUX INMPEJIMETIB

AnToHIO0K O.

Tonoenuil cyoosuti excnepm cekmopy 00CHi0NceHb 30poi 6i00iLy KPUMIHANICMUYHUX 6UOI6 OOCNIONCEHD
Xmenvnuyvroco HIEKI] MBC Ykpainu

Kyumnipyk O.

€y008uUll ekcnepm ceKmopy 00CHLONCeHb 30poi 6i00iY KPUMIHANICMUYHUX 8UQi6 D0CTIOdCeHb XMenbHUYb-
xoeo HIJEKL] MBC Vxpainu

Abstract

The article is devoted to photographing objects in the study of weapons, ammunition and structurally similar
objects. Scientific, legal and organizational tasks of photographing objects during forensic ballistic examination
are considered. An analysis of the concept, classification and structure of firearms. The concept, classification,
structure and methods of photography in the study of ammunition for firearms are defined. The peculiarities of the
mechanism of formation of traces of weapons on bullets and shell casings during a shot, as well as the issue of
research of traces of a shot are determined. The scientific bases, methods and techniques of forensic photography
are considered. Methods, content and methods of forensic (fixing) and forensic (expert) photographs are
considered. It is established that for fixing of traces of a shot it is necessary to use, first of all photographing of
knot of a scene where this or that trace of application of the firearm with production of a detailed measuring
(scale) photograph of object of firearm character is found. The necessity of inspection of the object is determined,
and the results of the inspection are described in detail in the protocol of the investigative action. It is noted that
common to the description of all objects and traces is the mandatory indication in the protocol of the position
(location) of the object or trace at the place of detection with reference to at least two landmarks.

The authors point to the accumulation of advances in the theory and practice of photographing objects in the
study of weapons, ammunition and other traces of their use, which are essential for the investigation, detection
and prevention of crimes.

Anomauisn

Cmamms npucesuena gomoepagpyeantio ob’ekmie npu 00CrioxicenHi 30poi, 6oenpunacie ma KOHCMpYyK-
MuUBHO nodiOHUX npeomemis. PozensHymi HAyKo8i, npagosi ma oOpeauizayitHi 3a60aHHs pomozpaysarHs
00 ’exmie npu nposedeHHi cy0oeo-oaricmuunoi excnepmusu. Ilposedeno po3oip nowsmms, kiacugixayii ma oy-
008U goeHenanibHoi 30poi. Buznaueno nowsmmsi, Kiacugixkayiro, 6y008y ma Memoouxy goomozpadysanms npu 0o-
COMHCEeHHI OOLLOBUX NPUNACIB 00 80HENANbHOI 30poi. Busnauerno ocobnusocmi mexanizmy ymeopenHs ciioie 30poi
Ha KYIsaX ma 2inw3ax nio 4ac nOCMpIny, a maxkoic NUMAanHs 00CaiOxCen s ciioie nocmpiny. Posenanymi Haykogi
OCHO8U, Memoou ma nputiomu cy0ogoi gpomoepaghii. Pozensinymo memoou, 3micm ma nputiomu cy0o80-onepa-
mueroi (gixcyrouoi) ma cyooso-0ocuionuyvkoi (excnepmuoi) pomoepagpiii. Bcmanoeneno, wo ona ixcayii
cidie nocmpiny HeobXioHO euKopucmosygamu, Hacamnepeo omozpaysants 8y31a micys nooii, oe 8UsABIEHO
mou 4y THWUL C1i0 3ACMOCYBAHHS 80SHENANIbHOT 30pOi 3 8U20MOGIEHHAM OeMAIbHO20 BUMIPIOBAILHO20 (MAC-
wmabHo20) GomosniMKy 00'ckma 6ocnenanvbHo2o xapakmepy. Busnaueno neobxionicme o2nsidy 0b6'exkma, a pe-
3yAbMamu 02110y 0emaibHO ONUCY8AMU Y NPOMOKONI Ciowoi Oii. 3aznaueno, wjo 3a2arbHuM 0Js ONUCY BCIX
00'ekmis i cidie € 0008'I3K06¢ BKA3AHHS Y NPOMOKOJIL NOJIONCEHHsL (DO3MAWLY8aAHHsL) 00'ekma uu cnidy Ha micyi
BUSIBTIEHHSL 3 NPUB'A3KOI0 00 He MeHue 080X OPICHMUDIB.

Asmopu 6xazyrome Ha AKYMYII08AHHS 00CACHEHb Meopii ma npakmuxu homospadysanisi 06’ €kmis npu 0o-
CiOdCceHH I 36poi, boenpunacie ma HWUX C1i0I8 IX 3aCMOCYBAHHS, SIKI MAIOMb CYMMEBE 3HAYEHHSL 0N PO3CIOY-
BAHHSL, POZKPUINMSL | NONEPEONCEHHS 3N0UUNIE.

Keywords: scene photography, object photography, weapons, ammunition research, forensic photography.
Knrouosi cnosa: pomozpaghysarns micys noodii, pomoepaghysanus 06 ’ekmis, 0ocriodrcenns 30poi, boenpu-
nacis, cyoosa ¢pomozpagisi.



42

International independent scientific journal Ne19/2020

3 MoYaTKOM BHKOPHCTAHHS BOTHETIAIBHOI 30poi y
3JI0YMHHHX [UIAX 0COOIMBOI aKTyabHOCTI HAOyIIO MTH-
TaHHS HEOOXiHOCTI AOCIIKEeHHsI Takoi 30poi, HaboiB
JI0 Hel, iX YaCTHH Ta CJIEMEHTIB, 3 METOK BHKPUTTS
BUHHUX y BUMHEHHI 3JI0YMHY Ta BCTAHOBJICHHS 1CTHHU
y crpasi. Ha cborogHi 1i nmuTaHHSA BUPIMIYIOTHCS Y
npoleci  IMPOBEJEHHS  PI3HOMAHITHHX  CYJOBO-
OaJicTUYHMX eKCHepTH3. 3a OCTaHHId yac BaroMmui
BHECOK Y PO3BHTOK TEOpii Ta NPAKTUKH CyIOBOI
Gamictuku 3aidicanm HaykoBii: I1. 1. binenayk, O. A.
Bopinsko, A. B. Iimenko, A. B. Kodanos, B. B. Hosak,
T.B. TroTronuk Ta 6arato inmmx. OgHaK TUTaHHS HAY-
KOBO-ZOCHigHOI  ¢ororpacii, mpaBuma ¢ororpa-
(yBaHHS BOTHENANbHOI 30pOi, KyJb, I'lb3, a TAKOXK
CJIIZIIB MOCTPLITY 3aJIMIIAIOTHCS 11032 YBAroko.

BunHeHHsI KpUMIHAIBHUX MPABOIOPYIIEHb 13 3a-
CTOCYBaHHSM BOTHEMAIBLHOI ab0 XoJOomHOI 30poi
MiBUIye pIiBEHb CYyCHiNbHOI HeOe3nekn. Bukopwu-
CTaHHs CHeLiaIbHUX 3HaHb y MPOIECi eKCIIEPTHO-KPH-
MiHATICTHYHUX IOCHTIKEHb MiIBUIIYE e()EeKTUBHICTH
po3ciiTyBaHHA TaKuX 37M04MHIB. OIHUM 3 TakWX aO-
CITI/UKEHB € CyJOBO-0allicTHYHA EKCIIePTH3, SIKa SBILE
c00010 KPUMIHANICTHYHY EKCHEepTHU3y IIOJ0 J0-
CJTIDKEHHST BOTHENAJIbHOT 30poi, Oo€enpHItacis i CIijiB
MOCTPLUTY IUIS BCTAHOBJICHHS (aKTiB, MOB'SI3aHUX 13 3a-
CTOCYBaHHSM IIi€i 30pof.

Po30epemo, 1110 € 00'ekTamMH CyJOBO-0aTiCTHYHOT
eKCIIePTU3U:

- CcTpijenpka BOTHeNalbHa 30posi MPOMHCIIO-
BOTO i KyCTapHOTO BUPOOHMIITBA 3 BHECEHUMH CaMO-
poOHMM  crocoOOM  KOHCTPYKTUBHUMH — 3MiHaMH;
Goenpunacy (TaTpOHU Ta IXHI YACTHHN); TPAITAIS IS
00CITyroByBaHHSI BOTHENANbHOI 30poi (KoOypH, 40XIH
TOII0); CXOBAaHKH (HATIPUKIIA, KHIDKKA 3 BHPI3aHUMH
3armuOJIeHHsIMH); CHEHialbHI TpWiIagd sl CIIo-
PSIDKSHHS PYIIHWYHHX TiIb3; CMYXKKH, 3JIUBKH
CBUHIIO; mpec-GOPMH [UIS BiJUIMBAHHS CHapsIIB;
IMIMaTKH TIOBCTi, KapTOHy, Mamepy Ta IHIIUX Ma-
Tepiais;

- caMOpoOHiI TPHUCTPOI, IO MalOTh KOHCTPYK-
THUBHI 03HAKU BOTHEMAJIBHOT 30p0i uu Mo 1i0Hi 10 Hel 3a
30BHIIIHIM BUIIISAOM, Y TOMY YUCI W BUTOTOBJIEHI 3
BUKOPHCTaHHIM BY3JIB 1 JieTaneil BOrHenajabHOI 30poi
MIPOMUCIIOBOTO i KyCTapHOTO BUPOOHUIITBA,;

- 30pos MPOMUCIIOBOTO BHPOOHMIITBA, ITOIi0HA
32 30BHILIHIM BUIJIAOM YU OKPEMHMH KOHCTPYKTHB-
HUMH eJIeMEHTaMH JI0 BOTHENaJBHOI 30poi, aje Taka,
10 Ma€ iHII MPUHITUIH YpaKeHHA 1iji Ta (abo) mke-
pena eHeprii (MHeBMaTH4Ha, ra30Ba Ta iH.);

- TPUCTPOi, IO HE € BOTHEMAIBHOIO 30pOE€lo,
ajie MarTh 13 HEI CXOXKICTh (IPOMHUCIOBOTO BHPOO-
HHITBA TOCHOJApPCHKO-IIOOYTOBOTO, BHPOOHUYOIO,
CHELiaIbHOTO0 IPU3HAYCHHS, [I0 MaloTh 30BHIIIHI
O3HAKN Y¥ OKpeMi KOHCTPYKTHBHI €JIEMEHTH, BIIaCTUB1
BOTHETANIbHIA 30poi, a00 B KOHCTPYKLIIO SKHX IIi
O3HAKHU Ta eJIEMEHTH BHECEHI CaMOPOOHHM CIIOCOOO0M,
CTapTOBi, OyMiBEJbHI MICTONETH TOIIO);

- pEYOBHHHU: NUMHHUHA Ta OE3OUMHHN TOPOX,
Maca CipHHKOBHX T'OJIOBOK; KiNTSBa IOCTPLITY Ha 30poi,
Tib3ax; KiNTsBa, BUWIyYeHA 3 JOJIOHEH PyK TOTO, XTO
CTPLIAB; YACTOYKU METAITy Ha IHCTPYMEHTAX, 110 BHKO-
PHUCTOBYBAJHCA U TIEpepoOJIeHHs aTPOHIB 1 30poi;

YaCTUHKHU MACTHIL, ipKi Ha BMiCTHIHIIAX 30poi (Ko0y-
pax, CXOBaHKax TOIIO);

- Ooemnpunacy BOTHENaNbHOI CTpilienbKol 30poi
MIPOMHCIIOBOTO BUPOOHUIITBA Ta OOENpPUIIACH 3 BHECE-
HUMU CaMOpPOOHHMM CIIOCOOOM KOHCTPYKTHBHHMH
3MiHaMH;

- TIOIIKOJ/DKEHHS: KYJIBOBI Ta IIPITHI; PO3ILYTTS
it po3puBH 1y1; nedopMarii Tiib3, KyJib;

- pi3HI BHIU XONOTHOI 30p0i, KOHCTPYKTHBHO
CXO0Xi 3 HEl BHPOOM Ta TMOIOHI 3a MPHU3HAYCHHAM
npenmern [1].

VYci mepepaxoBani 00’€KTH CyIOBO-OallicTHYHA
eKCIIepTH3a BHPINIye 3a JOMMOMOTOI0 CYIOBOi (POTO-
rpadii. CynmoBa ¢ortorpadiss — me raiay3b KpH-
MIHaJICTHYHOT TEXHIKH, sIKa po3pobisie pororpadiuni
3aco0u, MPUHOMH 1 METOIU BUSBIICHHS, (pikcarlii Ta 10-
CIIJDKCHHS JTOKa3iB. 3MicT cymoBoi dotorpadii cra-
HOBJISITH HAyKOBI TOJIOKEHHS 1 NMPAaKTHYHI PEKOMEH-
namii mojao BUKOpUCTaHHS ¢ortorpadii B posciimy-
BaHHI 3nmounHiB. [IpenmeTom cymoBoi dotorpadii €
¢dororpadivHi MeTOAN i MPUITOMH, IO BHKOPHCTOBY-
FOTHCS [T BUSBIICHHS, (iKcallii Ta JOCTiHKEHHS CyI0-
BHX JOKa3iB. MeTOl 3acTOoCyBaHHA CYHOBOi (OTO-
rpadii € mMBHAKE PO3CIiAYBaHHA, PO3KPHUTTS, MOIEpe-
JOKCHHS 3JI0YMHIB 1 BHUKPUTTS 3JOYHMHIIB 32
JIOTIOMOTOF0 HA0YHO-JJ0Ka30BHX Matepiaiis [2].

CymoBa ¢ororpadist onepye HayKOBO OOIPYHTO-
BaHUMH METOJaMH ¥ 3acobamu (ororpadiunoi dikca-
1ii, 10 3aCTOCOBYIOTBCS Ul PO3CIITyBaHHS Ta PO3-
KPUTTS 3JI0YMHIB, TOMY Hacamiepel LUM BOHa
BiZIpi3HsIETHCA BiX 3aranbHOl. [Ipu mpoBeneHi cymoBoi
ekcriepTu3n 30poi (cmimiB 30poi Ha KyJsaX, TiTb3ax;
CITIZIIB TTIOCTPUTY Ha ypaKeHNX 00’€KTax) MOXYTb CTa-
BUTHUCH HACTYITHI TIUTaHHS:

- 3i 30poi sxoro Bumy (3pa3ka,
BHCTPIJISTHA KyJIsi?

- 31 30poi sikoro BuIY (3pa3ka, Kaniopy) cTpiisiHa,
rinb3a?

- Uu He cTpinsiHa Kyuns (Ti1b3a) 3 HaJaHOl Ha J10-
CJIiJ[KCHHS 30poi?

- Uu € ymKo/pKeHHs Ha ypakeHoOMY 00’ €KTi BOT-
HenaabHUM?

- IMoctpimom 3i 30poi sikoro BHAY, CHapsAIOM
SIKOTO BUY (KasiOpy) yTBOpeHE BOTHETIAIBHE ITOLITKO/I-
s)xeHHs? [3, 44].

ToMy oTprMaTH BiMOBI i HA ITi TUTAHHS TOTIOMa-
rae ¢pororpadyyBaHHA MicUs Oi1, BOHO Ma€ HU3KY IIe-
peBar mepex iHIMMMMHA (OMHCOM, 3JIIITKAMH, CXeMaMH)
cnocobamu dikcarii. DoTO3HIMOK-IOKYMEHT Ma€ TaKi
XapakTepHi 0COOIMBOCTI SIK:

- 00°€KTHBHICTB;

- TOCTOBIPHICTB;

- IEPEKOHJINBICTB;

- TOKyMEHTAJIbHICTb;

- HAOYHICTb;

- BUCOKa TOYHICTH y nepeaadi iHpopmarii;

- IBUAKICTB Tporiecy (ikcarii;

- BiIHOCHA IIBUAKICTH BiITBOPEHHS.

[Ipote dororpadist He mo3daBIeHA HEMONIKIB, a
came:

- IVIOLIMHHUN XapakTep 300pakeHH;

Kamiopy)
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- BUNAQJKH BHUKpHBJICHb (abeparii ¢poToonTukw,
KOMa, JWCTOp3is, acTurmMaTu3M) abo HaBMHCHI
KOMOIHaII1 OTONEepEeKPyUCHb;

- MOYKJTMBA HESKICHICTh 3HIMKIB;

- OOMeXEeHICTh Iepesiadi KOJNbOpIB MPU YOpPHO-
6iomMy 300paskeHHi;

- HEMOXIIUBICTH 3a()iKCyBaTH NWHAMIKY IPOLIECY
(pororpadis mae TUTBKKM CTATHYHE 300pakeHHS
00‘exTa, mo QikcyeTbes).

Haioinpm ckIagHUM DOCIIKEHHSAM € 1IeHTH-
(hikarist BOrHETIANBHOT 30p01 32 CTPUISHUME KYJISIMHU Ta
rine3amu. [lopiBHSIBHE MOCHIKEHHS CIiNIB Ha Kyl
(Tinp3i), BUSBIEHNX Ha MICII MMOJii, Ta CIiIiB HA Kyl
(rinp3i), OTPUMaHHMX EKCIEPHUMEHTAIBHUM ILUISXOM,
MPOBAJMTHCS IUIIXOM CITIBCTAaBJICHHS 32 JONOMOTOIO
MOPIBHSUIBHOTO MIKpOCKOMa i 3a 30i1pmeHuMH (oTo-
3HiMKamu. s orpumanHs (oTorpadiuroro 300pa-
JKEHHSI PO3TOPTKHM KyJli 31 CiliJjaMd Hapi3iB KaHay
CTBOJIa BUKOPHCTOBYIOTECS CIELiaJIbHI HPUCTPOI OII-
TUYHOTO (oTopo3ropTanHs. [Ipu Takiit 3itomiii Ha ¢o-
TO3HIMKY OTPHMYETHCS IOCTIIOBHO PO3TOPHYTE 300-
PaKEHHS MIWTIHIPUYIHOIT ITOBEpXHi Kyii. J{7s BUBUCHHS
CIiAiB Ha Kymi 3a TaubuHO0 (mpodireM) 3acToco-
ByeThCsl mpodinmorpadivamii metox (y mpodinomerpi
PO3MILIYIOTH KYJIIO, /1€ 3a IOOMOTOI0 aJIMa3HO{ TOJIKH
OTPUMYIOTH MTapaMeTPH CIiMIiB Ha Hil, a MOTIM, BHKO-
PHCTOBYIOUH 11 1aHi, Oyay10Th npodinorpamu) [4].

SIK1110 B mpoILIeci JOCIIKEHHS BUSBJICHI HECIIPaB-
HOCTI 30pOi: 3HOIIEHHS JeTaiel, HempaBHIbHE CKJa-
JIaHHS, CaMOpPOOHE TX BUTOTOBJICHHS Ta iHIINI, HEOO-
ximHO cdororpadyBaTtu BiANOBigHI Jetami W pobdoui
MIOBEPXHI, 3a30pH MK HUMH.

SIK NOpIBHSUTBHUH MaTepian JOLUUIBHO TakoxX (o-
TorpadyBaTH aHaJoOTidHi Jeraigi W BY3IH CIpaBHOI
30poi Ti€el camoi cucteMu. J{o BHCHOBKY MOXYTh OyTH
JOJTaH1 CXeMH BY3JIiB i MexaHi3MiB 30poi [5].

Hnst ekcniepTHOro (hoTOrpadyBaHHs 3aCTOCOBY-
I0Th CYKYIHICTh CHOCO0IB (TIpaBHJI 1 peKOMEHalliii)
o0 00paHHS (OTOTEXHIYHHX 3aCO0IB 1 MPHUIOMIB.
Jo 3aco6iB cymoBoi ¢doTorpadii BigHOCATH (HOTO-
rpagiuHy amaparypy, NPHHAIEKHOCTI 1 MpHCTOCY-
BaHHS, CBITJIOUYTJIMBI MaTepiaiy 1 XiMiYHI PO3UMHH,
amapaTHO-TIPOrpaMHi 3acOo0M AJIsl BBEACHHSI, TIEPETBO-
peHHs 1 00poOKu 1udpoBuX 300paskeHb. CriocoboM €
MOPSIIOK [ii, CIpsMOBaHWMII Ha BUpIIICHHS 3aBAaHb
00 BUKOpUCTaHHA (ororpadii: mo, 5K, y sKid
IMOCJIIIOBHOCTI, 32 JIOIMIOMOTOI0 SIKMX 3ac00iB; 1110 1 SIK
moka3atu Ha POTO3HIMKaX. 3aCTOCOBYIOTHCS BUIH 3HO-
MKH — II€ CYKYITHICTb METO/IIB 1 IPHHOMIB, IO BUKOPH-
CTOBYIOThCs Ui (ortorpadyBaHHs ClHiguux i Ta
00‘exTiB (3HOMKY Miclsl MoJii, KyJbOBHUX OTBODIB,
CJIiJIIB, IPEMETIB — PEYOBHUX JTOKA3iB, JOKYMEHTIB, (h0O-
TO3HOMKY MU MPOBEJCHHI 00IIYKY, Ipe/1‘ IBICHHI 1151
BITi3HaHHS TOWIO). TakoX MOKJINBO BUKOPHCTOBYBATH
npuiioMH 3HOMKH — 1€ CYKYIHICTh IPABWJI 1 pEKOMEH-
Janif mojao BUOOpPY TOYOK 3HOMKHM (HAmNpsIMKY, BH-
COTH, TIOJIO)KEHHS, BIJCTaHi), BITHOCHO KOXXHOTO 3
00‘eKTiB 3MOMKH (HANpUKIaA, MAHOPAMHY 3HOMKY
MOJKHA BHKOHATH 3 OJHI€1 TOUKH, MOBEPTAIOUU (POTO-
anapar HaBKpPYTU, TaKUP NPUHOM HAa3UBAaKOTh KPYIro-
BoI0 mnaHopamoro). CymoBa ¢ororpadist moaiiseTbes
Ha ¢ororpadito cymoBo-onepatuBHy ((ikcyrouy) Ta
CYJIOBO-IOCIITHUIIBKY (eKcepTHY) [2].

OTxe, cyoBo-onepariBHa Gororpadis siBise co-
0010 CYKyIHICTh METO/IB, IPHUHOMIB Ta 3ac00iB, 10 3a-
CTOCOBYIOTBCS TIPH TIPOBKEHHI CIIAYMX 4YM OIepa-
TUBHO-PO3LIYKOBUX il Juiss Qikcamii 0O0CTaHOBKH,
ciifiB Ta iHIMX 00°‘exTiB. O0’€KTaMu CyI0BO-OMEepa-
TUBHOI ()OTO3HOMKH €: MiCIIEBICTh 1 TPUMIIIICHHS, a Ta-
KOX 1X OKpeMi AUISHKH, IPEIMETH, CITiIN, TPYIIH, )KUB1
0co0u, OKpeMi i1 y4acHUKIB CIiTYMX Ail Ta IX pe3yiib-
TaTu.

Cyooso-onepamusna ghomoepaisi BAKOPUCTOBYE
METOIH:

1) nanopamnuii (MOIATAE B CYyBOPOMY TTOCIITOB-
HOMY (oTorpadyBaHHI YaCTHH MICIEBOCTI UM
MPUMIILEHHS 32 TOPU30HTAIUIIO YU BEPTHKAJUIIO, a Ta-
KOX JIOBTMX, BHCOKHX CIODPYIl 1 OKPEMHX BEITHKHX
00‘€eKTIB, IO HE BMILIYIOTbCS B OAMH KaJp BEJIUKOTO
riady. IToTiM 3 okpemux 3adiKkCOBaHMX YacCTHH CKJa-
JIAIOTH OJIHE 3aralbHe 300pakeHHs, SKE Ha3UBAETHCS
¢oronanopamoro. Po3pi3HAIOTE MiHIIHY, KPYToBYy Ta
SAPYCHY ITAaHOPaMH);

2) sumiproganbru (IPU3HAYCHUH JUIS OJIePIKAHHS
(OTO3HIMKIB, 32 SKUMH MOYKHA BHU3HAYHTH PO3MIipH
cororpadoBanmx 00°€KTIB i BiicTaHi Mi>k HUMH. Taka
3iOMKa MOXKe OyTH BHKOHaHA KUTBKOMa CIIOCO0aMu: 3
MacIITabHOIO JIIHIAKOIO, 31 CTPIYKOBUM (TITHOMHHHUM)
abo KBaJipaTHUM MaciTabom);

3) cmepeockonivunuil (METO OJIEpIKAHHS 3HIMKIB,
SIKMH JTa€ 3MOTY TOBHilIe cripuiiMaTy o0car coTorpa-
¢doBanux mpeametiB. O6 ekt doTorpadyerses 3 1BOX
PI3HMX TOYOK, SIKi BiINOBIAAIOTH MMO3MILIT JIIBOTO 1 Tpa-
BOro okxa. /[Ba 3HIMKM YTBODIOIOTH CTEpeomnapy, Ky
PO3TIISAAI0TH Yepe3 CTEPEOCKOII);

4) penpooykyitinuil (cucTeMa npuiomiB dikcamii
IUIOMKHHNX 00‘ekTiB. BinrBopeHHS (oTorpadivanm
IUIXOM JOKYMEHTIB, MAIIFOHKIB, CXeM, (DOTO3HIMKIB,
PYKOITUCHHX 1 MAIITMHOTIMCHUX TEKCTIB Ta 1HIIIHUX TIOC-
3MICTY, PO3MHOXKEHHS y JificCHOMY MaciiTadi, 31 3MeH-
IICHHSAM 4H 30ibIIeHHsIM. JlaHa 3/OMKa BUKOHY€ETHCS
3a JOTMIOMOTO0 clienianbHoi abo 3BHYaiiHOi (oroana-
partypH, AJIsl HOTO 3aCTOCOBYIOTh PENPOYKIIiiHI ycTa-
HOBKH: TIOPTaTUBHI Ta CTAI[IOHAPHI;

5) cuenanemuunuii (poTorpadgyBaHHs SK KUBHX
0ci0, Tak i TPYIIB 3 JOTPUMAHHIM BU3HAUYCHUX MTPABHUIL
3acTocoByeThest I (ikcanii 30BHIITHOCTI 3704MHIIIB,
3 METOI0 BHKOPHCTAHHSA iX 3HIMKIB Y KPHMiHATiCTHY-
HOMY OOJIiKy, TIi/T 9ac po3MIyKy Ta igeHTudikarii, a Ta-
KOX OO HEBITI3HAHMX TPYIIB IS iX 00JiKy Ta BCTa-
HOBJICHHSI 0Ci0 3aru0IuX);

6) maxpockoniunuii (3oMKa IpiOHUX 00'€KTIB
(kymi, wTpuxu OYKBH, UU(PPH, CIIIU MiJYUCTKH,
BCTaBKH, IOMTMCKHU Y TEKCTI) 13 30UIbIIEHHSM 0€3 BUKO-
pHCTaHHSI MIKpOCKONa. 3AiHCHIOEThCS JI3epKaTbHUMU
¢oToanaparamMu i3 3aCTOCYBAaHHSM BHIOBXKYBAIBHHUX
Kizens. MoxkimBe 3017bIIeHHS — [0 IT'ITH Pa3iB).

Cyooso-0ocrionuyvka pomoepaghis — 1ie cucrema
CIIEIiaIbHAX METOIB, IPUIOMIB Ta 3ac00iB, 10 3aCTO-
COBYIOTBCS JUISl OJICPXKAHHS HOBUX (DAaKTIB IPU IPOBE-
IeHHI cymoBuX ekcreptu3. OO6’exkTamMu CyIOBO-I0-
cmigHUIbKoi hotorpadii € peyoBi moKa3M, sSKi migma-
IOTBCS  €KCIEPTHOMY JAOCIHIKEHHIO, TMOPIBHSUIBHI
3pa3Ky Ta MaTepiajiy, 0 BUKOPHUCTOBYIOThCA MiJ dac
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ekcriepTu3u. Taka dororpadis 3AIHCHIOETCS 32 0CO0-
JMBUX YMOB OCBITJICHHS, HPOBEICHHSIM 3HOMKH B
HEBHJMMUX TPOMEHSIX, 3HOMKOIO JIFOMiHECLEHIIii, M0~
CHJICHHSIM KOHTPACTIB, 13 BUKOPHCTAHHSIM PO3PI3HEHHS
KOJIbOPIB, METOIOM MikpodoTorpadii Tomro [2].

CynoBonocnigaa Qotorpadis Mae cBoi MeTOIH

1) mikpogpomosiiomka (METON JOCTIKEHHS
00°eKTiB 1 CiiB, HEBUIUMHUX HEO30POEHHM OKOM 32
JOTIOMOT'O}0 ONITHYHOI CHCTEMH MIKPOCKOIIa);

2) ¢omoepagiuna smina rxoumpacmig, edext
KOHTPAcCTy 3a KOJIbOPOM (BIAMIHHOCTI 00°€KTIB 4M ix
YaCTHH 32 KOJIbOPOM), TIHBOBHI KOHTPACT (BUHHUKAE 32
PaxyHOK TiHEH, SIKi yTBOPIOIOThCS B/l HEPIBHOCTEH IM0-
BEPXHI 00 °‘€KTa);

3) xonvopoposnodin (pouec 301IBIIEHHS KOJb-
OpOBOTO KOHTPACTY IUIIXOM AOCIiKeHHsS abo ¢doTo-
rpadyBaHHS 00°€KTa Kpi3hb CICI[ialbHUA  CBIT-
JI0QiIBTP);

4) homosiiomka 6 HeGUOUMUX NPOMEHSIX CREKMPA
(iHppauepBoHMX — Te (oTo3ioMKa 00°e€KTa, SKUN
OCBITIIFOETECS TEIUIOBUMH MPOMEHSMH; yJbTpadione-
TOBHX — METOJI, 3aCHOBAaHUH Ha [il yIbTpadioIeTOBUX
MIPOMEHIB, BIIOUTHX Bij 00°€KTa 3HOMKH; pEHTT€HIBCh-
KHX — METOJl OJep>KaHHA TiHBOBOTO 300pa’keHHS 3a
paxyHOK 1ii Ha ¢oTomarepial PEeHTTeHIBCBKUX MHpO-
MEHIB, sIKi MPOHIUN Kpi3b coTorpadoBanmii 00°eKT)
[6].

Meromu cynoBoi dotorpadii He ciij 3MinryBaTu
3 BUJAMH CYyJIOBOI 3HOMKH, [0 SKHX HaJeXarhb:
Opi€eHTYIOYa, OTJIs/I0Ba, By3JIOBa, AeTanbHa. OpieHTy-
104a 3WoMKa - (Qikcallis meBHOro 00‘ekra abo Micis
nozii pasoM i3 OTOYYIOUMMH WOTO TIpeIMETaMH,
OymiBisimMu, micuesicTio. OrisagoBa 3HOMKa 3aCTOCO-
BY€ETBHCS 11 (pikcarlii 3arabHOTO BUTIIALY MICIIS MO
0e3 oTouyoYHX MpenMeTiB. By3mosa 3itomka — 11e 3io-
MKa 4acTvH (BY31iB) 00‘exta. By3on — me yactuHa
MICIIS TTOfii, 16 BUSABJICHO CIigH 3704HHY. JleTtanbHa
3fOMKa — I1e 3HOMKa OKPEMHX CJIiIiB, IPSIMETIB, IeTa-
Jelt 00CTaHOBKH MicIs MO

[lizcymoBytoun HaBejieHe, CIiJ KOHCTATyBaTH,
mo it Qikcarii caiIiB NOCTPily BUKOPHUCTOBYIOTS,
Hacamrepes ¢poTtorpadyBaHHs By3na Micls MO, 1€
BUSIBJICHO TOM Y IHIIMH CIIiJ 3aCTOCYBaHHS BOTHE-
nanbHO1 30poi. IloTiM BHTOTOBISETHCS AETATBHUIN
BUMIpIOBAIBHUN (MacmTabHUI) (OTO3HIMOK 00'ekTa
BOTHENAJBFHOTO Xapakrepy. [licis mporo 00'ekT orus-
Jal0Th, & PE3YNIBTATH OTJLLY JIETAIBHO OIHCYIOTh Y
MPOTOKOMI CIiAYOi Aii. 3aralbHUM JJIsl OMUCY BCIX
00'eKTiB 1 CIiliB € 00OB'SI3KOBE 3a3HAUCHHS Y MPOTO-
KOJIi TT0JIOXKEHHS (po3TallyBaHHs) 00'eKTa UM CIiny Ha
Micli BHSIBIEHHS 3 TPHB'A3KOI0 J0 HE MEHIIE JIBOX

opieHTHpIiB. Y BHCHOBKY IOBHHHI OyTH BimoOpakeHi
03HAKH, M0 HAWBIAYaTi3ylOTh KOHKPETHHH OO0 €KT i
BIJIPI3HSIIOTH #WOro Bia momiOHmx. Ha mid cranmii mo-
ciipkeHHst 00’ektu QortorpadyroThes B 3i0paHOMY 1
po3ibpanomy ctani. [Ipu gocmipkeHHI camMOpOOHUX
IpeAMETIB HEOoOXiTHO 3acTOCOBYBATH TEpPMiHH, IIO
NIpUTaMaHHI aHaJoriyHid 30poi Ta HabosM 3aBOJICH-
Koro BurotoBiieHHs1. Dororpadysarn caMopoOHY BOT-
HenampHy 30pOoI0 HEOOXiTHO O EKCIIEPUMEHTAIBHOI
CTPiBOU, OCKUTBKH B ii Ipo1ieci Moske BiIOyTHCS HOTII-
KOJDKEHHS JIOCIiDKYBAHOTO 00’ €KTa.
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Abstract

The article provides basic information about the processing of whey protein concentrate from subsurface
serum. The problem of using whey protein substances is caused by the lack of full-fledged proteins in the diet of
various groups of the population. Isolation of protein substances from serum allows you to get protein concentrates
and dairy products of high nutritional and biological value.

AnHomayusn

B cmamve npedcmasnena ocHo8Has uHGopMayusi 0 nepepadbomke KOHYeHMpama CbleOPONMOYHbIX HEK08 U3
noocuipHoll coieopomiu. Ilpobrema ucnonv306anus OEIKOBbIX 6eWecme Col8OPOMKU 00YCI06IeHA depuyumom
NOJIHOYEHHbIX bOenxkoe 6 numaHuu PA3TUYHbIX cpYNNn HACENEeHUA. Buvioenenue 6enxosuix eeulecme U3 CbleOpomKu
noseoJisient noy4unisv benkosvie KOHYyenmpamaosl U MOJIO4YHblIE npodykmbz BbICOKOU nuu;eeoﬁ u buono2uyecKkol YEH-

HOoCmu.

Keywords: Whey, proteins, whey product formation, filtration, processing.
Knrwouesvie cnosa: Cvigopomxa, beiku, 06pazosanue cbleOpOmMo1H020 npodyKkma, Quiempayus, nepepa-

bomka.

[loxceipHast CHIBOPOTKA SIBIAETCS >KAIKUM MO-
JIOYHOOETIKOBBIM  JIAKTO30COJEPKAITUM TIPOLYKTOM,
MOJIy4aeMbIM pU MPOM3BOACTBE chipa. CocTaB moj-
CBIPHOW CBHIBOPOTKM 3aBHCHUT OT BHJa BbIpabaThIBae-
Moro chipa. ClIafKyo ChIBOPOTKY ITOJYYarOT MPH MPO-
W3BOJICTBE TBEPJBIX CHIPOB, TAKUX KaK YCANEp WU
HIBeHIapCKUH CBIP.

CBIBOPOTKA SBJISIETCS TOOOYHBIM MTPOAYKTOM IPH
MIPOU3BOJICTBE CHIPA, TBOPOTA, IMHIICBOTO U TEXHUYEC-
ckoro kazewHa. CBIBOPOTKA OTAETACTCS TOCIE KOary-
JISIITAU MOJIOKA (TOYHEE, MOJIOYHOTO0 OelTka - Ka3eHHa) B
pe3ynbTare m3MeHeHus (cHkeHns) pH no 4,6 enuHAL
MOJ eHCTBHEM MOJIOYHOW KHCIIOTHI, 00pa3oBaHHON
MHKPOOpPTaHU3MaMH, WM HCKYCCTBEHHO BBEIEHHOH
KaKOH-TN00 KUCIOTOMN, WIIH B pe3yJIbTaTe BO3ACHCTBUSA
NPOTEOJIUTHYECKUX (epMEHTOB (ChIYYXHBIH ep-
MEHT).

CBIBOPOTOYHBIE OEITKH - 3TO TIIOOYIISIPHBIE OCIKH,
BBIJICTICHHBIE W3 IIETIbHONW CBHIBOPOTKH. [IpencraBieHsl
65% Oera-nakTansOymuaOM, 25% anbha-rakTanasoy-
MHUHOM U 8% CBIBOPOTOYHBIM aJIbOYMHUHOM.

Bce chiBopoTOUHBIE O€NKHM UYYBCTBHTENBHBI K
HarpeBaHHI0O B COOTBETCTBUM C MX MOJEKYISpHOU
CTPYKTYPOH, XOTs U B pa3Hoil cTenenu. [Ipu HarpeBa-
Hun ot 60°C 1 BhImIe B-naKTorIo0yIMH pasiaraercs Ha
MOHOMEpBI, KOTOpBIE Yxke Ipu TemnepaTtype 75°C ar-
PETHPYIOTCS 3a CYET 00pa30BaHUS JUCYIb(PHUIHbIX CBSI-
3eif B BHUIE BBICOKOMOJIEKYJIAPHBIX OEIKOBBIX KOM-
IUIEKCOB. 0-JIakTOaTbOyMUH M3-3a €T0 BEICOKOU THIIpa-
Taruu OoJiee TePMOCTaOMIIeH, YeM [3-TaKTOTTOO0YITHH.
[loBrImIeHHasT YCTOMYMBOCTH O-TaKTOAIBOYMHHA K
HarpeBaHMIO 00yCIIOBJIEHA HAJIUYHEM B €r0 MOJIEKYJIe
0O0JIBIIIOTrO KOIMYECTBA TUCYIb(OUIHBIX cBsi3el. ChIBO-
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POTOUYHBI aNBOYMHUH M MMMYHOTJIOOYJIMHBI HeoOpa-
TUMO JEeHATypUpYyIOTCca 10 P-makrornoOynwmHa. OHH
ocaxxaarorcs gaxe npu 70°C. @paxuus NpoTeo30nern-
TOHA SIBJIICTCS HAM0O0JIEe TEPMOCTONKOM YaCThIO CHIBO-
poTouHbIX OesikoB. [IpoTeo3HbIe MENTOHBI HE OCAXAA-
tores rpu pH 4,6 nocne HarpeBanus a0 95 ° C B Teue-
Hue 20 MuHyT. [1]

ChIBOpOTKA, JKUIKUAH TOOOYHBII IPOAYKT POU3-
BOJICTBA CHIpa, SIBJIAETCS OJHUM M3 KPYMHEHWIINX J10-
CTYIHBIX CETOHSI NCTOYHUKOB JHETHYECKOTO OeTKa.

Henasaue nccneqoBaHus MOKa3bIBAIOT, YTO CHIBO-
POTKa SIBIIIETCS] HAanOOoJIee [IEHHBIM C TOUKU 3PEHUS IH-
TaTEIbHOCTH OEIKOM, MO3TOMY HEYIUBHTEIBHO, YTO
MIPOU3BOIUTENH NMPOAYKTOB MUTAHUA, TAKUX KaK CIIOp-
TUBHBIE, 03/I0POBUTEIIBHBIE U IETCKOE NMUTaHUE, BKJIa-

JBIBAIOT 3HAYUTENILHBIE CPEICTBA B MOJIOYHYIO IIPO-
MBIIUICHHOCT. biarogaps momHoMmy HaOopy «ecte-
CTBEHHBIX TOHKOCTEH», TAKUX KaK JKeJIUPOBaHHE b-
JaKTornoOyJrHa, SKBHBAJIEHTa OejKa MaTepHHCKOTO
MOJIOKa a-JaKTalbOyMHHa, JakTopeppruHa U HUMMY-
HOIJIO0YJIMHA, a TAaKXKe HaJM4Me BELIeCTBA-IIPe/lie-
CTBEHHHUKA MPOOUOTHYECKHUX TAJIAKTOOIMIOCAXapUIOB
(T'OC), criBOpOTKa CTAHOBUTCS OJJHOM M3 CaMBIX BKYC-
HbIC HCTOYHHKH JOCTYIHBIX CETOJJHS TUTATEIBHBIX Be-
mectB. TeopeTHyecKuii BEIXOI MOJOYHOH CHIBOPOTKH
cocraBisierT okoo 90 % oT konuyecTBa mepepadaThl-
BaeMoro ceIpbsi. C yueToM MoTeph B HACTOSIIEE BpeMs
HPUHATHI CJIEIYIOIIIe HOPMBI BBIXO/Ia IIOJICBIPHOM CBI-
BOPOTKH: MpU BbIpabOTKe chipa HaTypajibHoro - 80%,
OpBIH3BI K HU3KOXKHUPHOTO ChIpa - 65%. [5]

Tabnuua 1
IIpuMepHSBIi cocTaB OTAEICHHON ChIBOPOTKH, %o
[NozaceipHas KucIOTa Consnas kucnora KazenHoBast CbIBOPOTKa

IMHrpenueHT % %

Cyxue B-Ba 6.0 6.4

Boxa 94 93.6
DKup 0.05 0.05
UwucTeIii Oenok 0.60 0.60
HebenkoBble a30THBIE COSAMHEHNUS 0.20 0.20
UlakTo3a 4.5 4.6

3osia (MUHEpaIBHBIE BEIIECTBA) 0.5 0.8

Kampruii 0.035 0.12
Docdop 0.040 0.065
Harpwuii 0.045 0.050
Kauii 0.14 0.16
X mopubl 0.09 0.11
MosouHast K-Ta 0.05 0.05

Crnoco0 OYHCTKH CHIPHOHM CHIBOPOTKH OT OEJKO-
BBIX BEIIECTB OCYIIECTBIIAETCS CIIEIYIOMINM 00pa3oM.
ChiBopoTKa HaTypaibHas 00e3KMpeHHas ChIpHas C
TUTPpYeMO# kuciotHOCcThIO 18-25 © T, obumMm coxep-
xanwem asora 0,100-0,136. (0,63-0,83% Gappereit)
HarpeBaercs 10 90-95 C, BBlOep)KHBaeTCs MPH STOH
temnepatype 20-30 muayT. B 3TOM ciydae Tepmorna-
OusibHBbIE (pakMK B pe3ysbTaTe HAapyIIEHHs arpera-
TUBHOW YCTOMYMBOCTU OEIKOBBIX INIOOYN ICHATYpH-
PYIOT ¥ KoaryaupyroT. OcaxxaeHHbIe OSlIKU OTACISIOT
JOOBIM M3BECTHBIM CIIOCOOOM, B OYMIIEHHYIO TaKUM
00pa3oM CBHIBOPOTKY BBOAST IIEPMaHraHaT KaJiis ¢ 00-
muM conepxkanreM asora 0,072-0,088% (0,46-0,56%
oemka) B kommdectse 0,008-0,01% x Macce ovHICH-
HOM cbIBOpOTKU. B Buzae 5% BogHOro pacreopa, Tia-
TENBbHO NepeMemars U Beiaepxkars 10-15 munyt. Ilox
JEWCTBUEM CHIIBHOTO OKHCIIUTENSA - TIEpMaHraHaTa Ka-
TMsA, KOTOPOTO HE XBaTaeT Al OEIKOBOW YaCTHIIBL,
MPONCXOIUT YACTUYHOE PA3I0oKeHHE OEKOBOH LeTH.
B pesynbrare oOpa3syercss KOMIUIEKC, MPEIIOIONKH-
TEJIHO COCTOSIIUI 13 OEIKOBOrO OCTaTKa, CBSI3aHHOTO
¢ npoaykramu BocctaHoBienus KMPOD. Kommneke
MPEJCTABISCT COOON KPYIMHYIO YacTHUILY, CIIOCOOHYIO
OCaX/1aThCs B BUJIE 0CAJIKa, KOTOPBIHA OTAENAIOT OAHUM
U3 W3BECTHBIX croco0oB. B pesymbrare momydaercs
OYMIIIEHHAsI CBIBOPOTKA C CO/IEPXKAHUEM OOIIEero a3ora
0,035-0,044 (0,229-0,280% 6Genka), ONTUYECKOM MIOT-
HocThio 0,060 0,070 exuHmII.

ChIBOpPOTKA, SIBIISIOIIASICS TOOOYHBIM TIPOAYKTOM
TIPOM3BO/ICTBA TBEPABIX, IMOJYTBEPABIX M MATKHX ChI-
POB, a TaKXKe CHIYYXXHOTO Ka3eHHA, Ha3bIBACTCS Claj-
KOH chIBOpoTKO# U umeet pH 5,9-6,6. IIpu npousson-
CTBE Ka3eWHa, OCAXJICHHOTO HEOPIraHUIECKUMH KHCIIO-
TaMu, o0pasyeTcs Kucnas ceiBopotka ¢ pH 4,3-4,6. B
Tabmuie 1 moKa3aH MPHUMEPHBIA COCTaB CHIBOPOTKH,
MOJTY4EHHOM NPU MTPOU3BOJICTBE ChIPa M Ka3eHHa.

ChIBOPOTKY 4acTo pa3daBisitoT Bojoi. [IpuBeaen-
HBIE BBIIE HUPPBI OTHOCITCS K Hepa30aBICHHOM ChI-
BopoTke. Uto kacaercs ¢pakuuu NPN (HeOenkoBbie
a30THCTBIC COCTUHCHUS ), TO OHA puMepHo Ha 30% co-
CTOMUT U3 MOUEBHHBIL. OCTalIbHBIE - 9TO AMUHOKHUCIIOTHI
1 NeNTHB (TIIMKOMAaKPOTIENTH/, ITOYYEHHbIH ChITYX-
HOW Koarymsuei). [3]

Joctmxenust B obimacté MeMOpaHHOH (uIbTpa-
UM ¥ XpoMaTorpauu 3ajJ0KWIN OCHOBY ISt 9KOHO-
MHYECKH KU3HECTIOCOOHBIX MPOMBIIIEHHBIX IPOIIEC-
COB PAa3JICNICHNsI CHIBOPOTKHM Ha OCJIKM BBICOKOHM YH-
CTOTBI W TMPOM3BOJHBIC JIAKTO3bI, 4YTO IO3BOJISIET
KOHEYHBIM I0JIb30BATENISIM UCIIOIb30BaTh PA3IMUHbIC
(YHKIMH OTIENBHBIX KOMIOHEHTOB CHIBOPOTKH. OXH-
JIAETCSI, YTO dTa TEHICHLUSI COXPAHHUTCS, MOCKOJbKY
UCCIIEIOBAHMS [TOKA3bIBAIOT HOBbIE OMOJIOTHUECKH aK-
TUBHBIC CBOWCTBA, a NOTPEOUTENN y3HAIOT OOJbIIE O
MUIIEBOM LIEHHOCTU CHIBOPOTKH. [4]

Kak >xupopacTBopuMBble, TaK U BOJOPACTBOPUMBIE
BUTaMHUHBI MEPEXOJAT B CHIPHYIO CBIBOPOTKY M3 MO-
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JI0Ka, a BOJOPAaCTBOPUMbIE BUTAMUHBI IPOXOAT B I'0O-
pazno OoJbIICH CTEHNEeHH, YeM IKHPOPACTBOPHMBIE.
Urak, crenenp mepexona (B%) cocTaBisieT: THaMUH
(B1) - 88%, pubodaasun (B2) - 91%, xobanuu (B12) -
58%, ackopounosas kucnota (C) - 78%, petunon (A) -
11%, Toxodepoin (E) - 32%.

Crneunguyeckuii >KeNTOBaTO-3€JICHOBATHIN I1IBET
CBIPHOW CBIBOPOTKH OOYCIJIOBJIEH HanuuueM pudodia-
BruHa. Cozep)xaHHe BHUTAMHHOB B CHIBOPOTKE KpPOBH
TTOJIBEP)KEHO KOJIEOaHMIM B PE3KO CHIKACTCS IIPU Xpa-
HEHHH.

Cpenu opraHMYeCKHX KHCIIOT CBIBOPOTKA COJEp-
JKHUT MOJIOUHYIO, TUMOHHYIO, HyKJIEHHOBYIO H JIETy4IHe
JKHPHBIE KUCIIOTHI - YKCYCHYIO, MypPaBbHUHYIO, ITPOIIHO-
HOBYIO, MaCJISHYIO.

OCHOBHBIMM ~ HalpaBJICHUSIMH  HCIIOJIb30BAHUS
TIOJICEIPHOM CHIBOPOTKH SIBJISIETCS: HCIOJIb30BaHue 0e3
00paboTkH (B HATypaJIbHOM BHJIE); IIEpepadoOTKa U Mc-
MOJIb30BaHNE B BHJIE KOHIIGHTPATOB; BBIICICHHUE U UC-
I0JIb30BaHKE HanboJIee IIEHHBIX KOMIIOHEHTOB; OHOJIO-
rH4ecKas ImepepadoTKa.

HartypanbHyio TOACBIPHYIO CBIBOPOTKY HCIIOJb-
3YIOT TIPH BEITIEUKe XJI1e0a 1 XIe000yT0UHBIX H3IETHH,
mpu 3ToM XJied oforamaeTcs MOJTHOLEHHBIM OeIKOM,
YTO yJIydIIaeT ero OMOMOrHYeCKUe U BKYCOBBIE Kade-
CTBa, BBE/ICHHE CHIBOPOTKH YJIyYIIAeT NPOLECC TECTO-
MPUTOTOBJICHUS] U BHEUIHUI BUJ W3IEIHH, OBBILIAET
CTOMKOCTD XJI€000YJIIOUHBIX HM3IENUi TPU XpaHEHHH,
3aMeUIsIeT YepCTBEHHE.

Kpome Toro, HaTypasibHasi CHIBOPOTKa HAET Ha
MIPOM3BOJICTBO KOHIUTEPCKUX M3AENH (Badenb, nede-
HbsI, IPSTHUKOB) U JI€CEPTOB (KHCENb), YTO MO3BOJISET
YMEHBIIUTE B PEUENType 3THX W3ICIHH KOJINYECTBO
CBEKJIOBUYHOTO caxapa. [6]

Hamubonee npuOBUTEHEIM HaIpaBJICHUEM TIepepa-
OOTKH CHIBOPOTKH SIBIISICTCS IPONU3BOJICTBO BHICOKOKA-
YECTBEHHOTO MOJIOYHOTO caxapa (J1aktossl). JlakTo3sa,
KaK M BCE YIJIEBOABI, CIY)KHUT MCTOUYHHKOM DHEPTHH,

HEeoOXOOUMOH 11l peanu3auu OMOXMMHUYECKUX MPO-
1eccoB B opraHusme. Jlakrosa, momnazas B OpraHu3M,
MIPaKTUYECKH MOJTHOCTHIO BcachiBaeTcd. Ero crnamocts
B 6 pa3 MeHbIIIE, UEM Y Caxapo3bl.

[Tpuem akTo3bI OJIArOTBOPHO BIHSET HA METa0O-
JIU3M YTJIEBOJAOB, XHUPOB U XojecTepuHa. IIuimesas,
JeTHyuecKas U jgedeOHast IIEHHOCTD JIAKTO3bI 00YCII0-
BHJIa HEOOXOIMMOCTh €€ IIPON3BOJICTBA KaK MPOAYKTa,
B KOTOPOM HET JIpyTUX KOMIIOHEHTOB MOJIOKa. B 3aBu-
CHUMOCTH OT Ha3HAYCHUS IPONU3BOIAT Caxap-ChIpel MO-
JIOYHBIN, KPUCTATUTMICCKUH, padTHUPOBAHHBIN U (ap-
MaKOIICHHBIN. [2]
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Abstract

The article examines the state of nuclear energy in the leading countries of the world and identifies existing
problems of investment attractiveness of nuclear energy at the international level. Information is given on the
dynamics of the capacity of nuclear energy in the regions of the world, as well as the advantages and disadvantages
of the design of promising reactors of the fourth generation.

Anomauisn

Y ecmammi 0ocnidoiceno npoeros pozeumky si0eprux enep2obnokis IV nokoninus y npogioHux Kpainax ceimy
i 8usAGIEeHI HAAGHI NPOONEeMU THBEeCMUYILIHOT NPUBAOIUBOCI AMOMHOL eHepeemuKU Ha MIdDCHapoOHoMY pisHi. Ha-
8e0eH0 IHgopmayiio npo nepesazu i HeOOIKU KOHCMPYKYIl nepcnekmuerux peakmopis IV noxkoninHs.

Keywords: nuclear energy, nuclear power plants, construction of new nuclear power units, type of reactor

unit.

Knrwowuosi cnosa:. soepua enepeemuxa, amomui elekmpudni cmanyii, OyO0i6HUYmME0 HOBUX AOEPHUX eHep2O-

610Ki8, Mun peakmopHoi yCmaHo6Ku.

CBIT CTHKA€ETHCS 3 HOBOIO KOMILIEKCHOIO MPo0dJie-
MOIO IIATPUMKH €HEepreTHYHO1, EKOHOMIYHOI Ta €KOJIO-
TiYHOT Oe3MeKH i1 3a0€3MeYCHHS CTAIOTO JJOBIOCTPO-
KOBOT'O PO3BHUTKY JIFO/ICTBa. PirieHHs naHoi npobieMu
BUMAarae o0'eJHaHHS 3yCHIIb Y TIOIIYKY iHHOBaIliHHIX
HaIpsAMKIB TEXHOJIOTIYHOTO PO3BUTKY, SIKi 3a0e3medy-
10Th cTabinbHe i 3a0e3neyene maitbyTHe. Chopmybo-
BaHi OOH Ha ocHOBI 3aramsHOTO po3yminaa Lini cTa-
JIOTO pO3BUTKY Ha riepiox 1o 2030 poky BUXOAATH 3 He-
00XiMHOCTI ageKBaTHO pearyBaTd Ha IIPOOIEMHU
CY4YaCHOCTI, PO3POOJIATH CTIHKI MO, SIKi JO3BOJIS-
I0Th peaNizoByBaTH JIOBFOCTPOKOBI cTparerii, Mo
BKIIIOYAIOTh PIllIEHHS IMX mpobiem [1]. AHami3 mpo-
THO3IB PO3BHUTKY €HEPreTHKH CBiUUTh, IO MO
2040 poxy OYIKYEThCSA ICTOTHE 30UTBIICHHS YaCTKU
0e3BYyIJIeLEeBOi TEXHOJIOTI], 3HIKEHHSI BHECKY BYT1JIb-
HOI Ta 3pOCTaHHs ra30BOi CKIAJOBUX CIIOKUBAHHS TIe-
PBUHHHUX eHepropecypciB. 30UIbIIEHHS BHECKY sAEp-
HOI TeHepallil B eHepreTHIHNH 0alaHC MOKIIMBO Y pasi
nepexoxy Ha HoBy Texnomoriuny miatdopmy. 3a iHi-
miatmBu CIIIA Oyma crtBopena mporpama «Iloxo-
minus-4» (The «Generation 1V, International Forum,
(GIF-1V)) [2]. Bona mepenbauae CTBOpPEHHS Ta BIOPO-
BajpKeHHs 10 2030 p. ofHIET UM IEKITBKOX KOHKYPEH-
TOCHPOMOKHHX SIIEPHUX CHCTEM €HEpPrornocTayaHHs, B
SAKUX OYyAyThb BHUpIIIEHI NMPOOJIEeMH eKCIUTyaTamiiHol
Oe3reKy, MOBO/KEHHS 3 PaioaKTHBHUMHU BiAXOZaMH
(PAB), HEpO3MOBCIOKCHHS SICPHUX MatepianiB. Y
BCiX TPOEKTax OCHOBHA yBara CIpsIMOBaHa Ha TEXHO-
JIoTi1, TTOB’s13aHi 3 TIOKPAIIEHHSIM TEXHIYHUX XapakTe-
PHUCTHK SIIEpHUAX ycTaHOBOK. ChOTOMHI MIXXHAPOTHOIO
CHUTBHOTOIO BiANIPabOBYIOTHCS MIIXOAM MIOAO CTBO-
peHHs peakTopiB HOBOro |V MOKOMIHHS, SIKI MOBHHHI
BeTynuTH B 1110 B 2020-2030 pokax. ®opym GIF (the
Generation IV International Forum) 6yB cTtBOpenwmii B
2001 poui. Bin Hanmiuye 10 akTUBHUX Y4YacHHKIB - 1€
CIIIA, Kanana, @pantis, Snowis, [TAP, ITisnenna Ko-
pes, Beitnapis, €8patom, Kuraii i PO. V¥ 2002 poui
3a pe3yJsibTaTaMy po3risiny monasa 100 pi3HUX TPOEKTIiB
Oyyn 00OpaHi IWICTh IHHOBAIIMHUX SIEPHUX CHCTEM (B
TOMY YHCII IHHOBAIlIfHUX SIEPHUX IUKIIB). Ydac-
HUKA GIF Takox y3roAwin TUIaHU MOJANBIINAX Jil 110
KOXKHIH 3 IIECTH CUCTEM, IO TIepe0avaroTh TPH STAIN
3arajbHO0 TPUBATICTIO KiJIbKA AECATHIITh:

® eram HayKOBOTO OOTPYHTYBaHHS - Bix 5 10 15
POKIB;

® cTam OIIpaIfOBaHHs
poeKT) - Bix 5 go 10 pokis;

(KoHIIENTYaITbHUI

® [eMOHCTpauiiHM{ eramn (TeXHIYHHN MPOEKT i
MiATOTOBKA J0 MPOMHUCIOBOI peaiizaiii) - Bix 3 10 6
POKiB.

JomosienocTi B pamkax GIF oXorumoloTs TibKn
mepri 1Ba etamy. Peanizamis 3aKIF09HOTO JeMOHCTpPa-
miffHoro eramy Oyze 3IifiCHIOBAaTHCS B paMKax OKpe-
Mux yrox mMix ydacaukamu GIF, ockiigpku BiH BBaxa-
€THCS 3aHAATO OJIM3BKHUM J0 IPOMHCIIOBOI €KCILTyaTa-
mii. B pamkax mnporpamu GIF peamizyerses 10
npoektiB: SFR - gorupu, VHTR - tpu, GFR - onun,
SCWR - gotupu. TexHOIOTIYHA TOPOXKHS KapTa Po3-
poOKu peakTopiB mokoiHHs [V nepenbavae mpuaisaT
3HAYHY yBary MaTepiajlo3HaBUUM JIOCIIDKEHHAM siJie-
pHOTO TajMBa i MaTepiajiB, SIKi BHKOPHUCTOBYIOTHCS
JUIs OOOJIOHOK TBEINIB i BHYTPIIIHBO KOPITyCHUX HpH-
CTpPOIB

Mertoro poboTH € aHaji3 MEepPCHeKTHBHUX KOHC-
TPYKLIN simepHUX peakTopiB [V MOKOMIHHS: IIBUAKIHA
HATPIEBUI peaKTop, IMIBHIAKWN CBUHIIEBHH PEaKTop,
LWIBUAKUAN Ta30BUM peakTop, MOHAJ KPUTHUYHUI BOAS-
HUIA peakTop, piIKOCOJIBLOBHII peakTop i MOHa | BUCOKO-
TEMIIEpaTyPHUI Ta30BUI peakTop s peanizaii cTpa-
Terii pO3BUTKY aTOMHOI EHEPTreTHKH.

V SKOCTI MEPCIEKTUBHUX JJIsl pO3pOOKH B paMKax
MixHapoaHoro ¢popymy mo mpoektam (M®PII) Oyiu 06-
paHi IWiCTh PEaKTOPHHUX TEXHOJIOTiH [3]:

e mBHUIKHUI HaTpieBui peakTop (LLIHP);
mBuAKUH cBuHIEeBHi peaktop (ILICP);
MBUAKAN Ta30Bui peakrop (ILIT'P);
moHaJ Kputnaaui Bogstauit peakrop (IIKBP);
piakoconwoBuit peaxtop (PCP);

® [IOHAJ BUCOKOTEMIIEpaTYpHUIl ra30BUM peak-
top (IIBTI'P).

Bumoru, 1o npen'siBIsSOTECS 10 XapaKTEPHCTHK
PEaKTOPHUX CHUCTEM 4-TO MOKOJIHHSA, sKi chOpMyIIbo-
BaHi B pamkax M®II, HaBeneHni B Tabm.1.
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Tabmums 1.
PeakTopHa crcTeMa Criextp HEHT- | ocii TeMnepaTypa Ha [TanuBuuii | IloTyxHIiCTB,
pPOHIB Buxoni 3 a.3., °C LUK MBTe,
50-150
[IBunkuit HatpieBuii peakrop | LlBuakuit Harpiii 500-550 3aMKHEHU I 300-1500
600-1500
20-180
[IBunkuii ceuHLeBmid peaktop | LlBuakuit | CauHelb 480-570 3aMKHEHU I 300-1200
600-1000
[11Bu KMl ra30BUI peakTop IIBuakuit [eniii 850 3aMKHEeHUH 1200
[Monax xpuTHuHKi BoasHUiA pe-| Termosuit / i Binkpurnii/ 3a-|  300-700
AKTOD IBuakwmit Bona 510-625 MKHEHHUH 1000-1500
PinkocomboBuii peakTop Termom/mv/ Coni (I)TOp - 700-800 3aMKHEHUH 1000
HIBunkuit 1B
[lowan BHCOKOTeMIEPATYPHHMH| r oo\ onii | Fepiis 900-1000 Biakpurhit 250-300
ra3oBHI peaKTop

PosrmssHemMo OLIBII TOKITATHO OCHOBHI XapakTe-
PUCTHUKA PEAKTOPHHUX CHCTEM 4-TO TIOKOJIiHHS.

1. IIBuAKi peakToOpH, IO OXOJIOIKYIOTHCS Ha-
TpieMm.

ExcriepuMeHTH 3 MOIOHUMHU PEaKTOpaMH MPOBO-
JITHCSL BITPoIoBK S0 POKiB y BOCBMH KpaiHax. Y mo-
PIBHSIHHI 3 ITONIEPEAHIMH PO3POOKaMH B HOBUX PEAKTO-
pax He nependavaeThCs HassBHICTH biiankera. B sikocTi
MaJBa MOXYTh BUKOPHUCTOBYBATHUCS Pi3HI HOTO BUAH.
Temmeparypa MIaBJIcHHS HATPIO MOMITHO MEHIIIE, HiXK
y Pb i Pb-Bi. Enexrpoeneprist BupoOiseThecs 3a 0110-
MOTOI0 BTOPHHHOT'O HAaTPi€BOTo KOHTYpY. Peakropn Ha
IIBUJKUX HEHTpPOHAX PO3paxoBaHi HA BUPOOHHIITBO B
60-70 pa3iB Oinble eNeKTPOSHEPTil 3 BUKOPHUCTAHHSIM
ypaHy, HiX HUHIITHE TIOKOJIIHHS TETUTOBUX PEaKTOPiB.
3aBIsAKK PEUUPKYJISLIT BiAMPAIbOBAHOTO MAIKMBa 1 BU-
KOPUCTaHHIO «IIBHJKUX» HEHTPOHIB (IO YTBOPIO-
I0ThCS TiJI Yac MOALTY HEHTPOHIB, SIKI HE CIIOBUILHIO-
IOTHCS CIIOBUIBHIOBAYEM), I1i PEAaKTOPU € BHCOKOS(hEK-
TUBHHMMH, BHUPOOJISIIOTH Habararo MeEHIIE SAEPHUX
BiJIXOJIIB 1 MO’KYTh MAaTH BEJIMKUN MOTEHINA IS HEee-
JIEKTPUYHUX 3aCTOCYBaHb SIEPHOI eHeprii, 0co0INBO B
POMUCIIOBUX Mponecax. Ha manwmit yac Benersest po3-
po6xa npoekri LITHP 3 TpuKOHTYpHUMH CXeMaMH SIK 3
TPaIUIIfHAM TApOBOISHUM TPETIM KOHTYPOM, TakK i 3
ra30BUM OpalTOHIBCKMM ITMKIOM Ha 0a3i BXXe OCBOE-
HUX MapaMeTpiB 3a TEMIIEPaTYPOIO I HATPIEBOTO Te-
IUIOHOCIsA. barato yBard mpHIUISETHCS IMiIBUIICHHIO
Oe3neku 3a paxyHOK MaKCHMAallbHOTO 3aCTOCYBaHHS
MACHBHHUX CHCTeM OE3MeKH 1 BHYTPIUIHBO HMpPUTAMaH-
HHX BJIACTUBOCTEH O€3MEKH.

HAAKP 3 po3po6xu IITHP npoBoasiThCs B pamkax
TaKuX MpoekTHUxX yroa MOII:

e 3 0C3MEKH i eKCILTyaTarlii;

® 33 BJJOCKOHAQJICHUM IAJINBOM;

® 32 IIpoeKTaMu oOJamHaHHS i OJOKY IepeTBo-
PEHHS eHeprii.

B sikocTi Termonocis IITHP BukopucToBye pinkuit
HaTpiH, o 3a0e31edye BUCOKY IIUTbHICTh €HEPTOBUII-
JICHHS 3 MaJIUM 00'€eMOM TEIUIOHOCIS 32 HU3BKOTO TH-
cky. [IpoexT 6a3yeTpes Ha mpubmm3Ho 390 peakTopo-
pOKax eKcIulyarallii peakTopiB Ha HIBUAKHX HEWUTpO-
Hax 3 HaTPIEBMM OXOJIOPKEHHSIM HPOTSTOM IT'ITIECITH
POKIB Y BOCbMH KpaiHax, Bijl TO4YaTKy BUCTYIIaB HaMIIi-
kaBimoro st Gopymy GIF Texnomorieto i 3amuma-
€THCS Ha MEPIINX MTO3ULISNX, He3BaXKAIOUH Ha Te, 1110 M0~
TpeOye HAasBHOCTI TEPMETHYHOI CHUCTEMH OXOJIO-
JoKeHHS. Y sxocti mammBHOI  Matpumi ITHP
BUKOPHCTOBY€ 30iMHEHMI ypaH, TeMIeparypa TeIuio-
Hocig ctaHoBUTH 500-550°C, 1110 103BOIISIE BUPOOIATH
€JIEKTPOCHEPTiI0 Ha JPYyroMy HATpi€BOMYy KOHTYpI,
TOJI SIK Ha TEPIIOMY MiATPUMYEThCS OMM3BKHUI 10 aT-
MochepHoro Tuck. [IpormoHyeTbcst Tpu BapiaHTH: MO-
JyJBHOTO THITy, moTyxHicTio 50-150 MBT(e), 3 BBe-
JICHHSIM aKTHHIJIB B ypaHOBO-IUTYTOHIEBE MeETajeBe
MAJUBO, SKE MOTPEOye eICKTpoMeTanypridiHoi (mipo-
MeTaypriiHoi) 00OpoOKHM Ha MicIli; 0aCCHHOBOTO THUITY,
notyxHicTio 300-1500 MBT(e), ananoriyHoro momepe-
JTHBOMY; KOHTYPHOTO THITY, MoTyxHicTio 600-1500
MBT(e), Ha cranmapraomy MOKC nanuBsi, MOXIIHBO 3
MOJIOAUIMMH aKTHHIZaMH, 1 TOJIIIIEHOI0 pereHepa-
II€I0 Y BOASHOMY CEpeOBHIII y IIEHTPaxX IMepepoOKH.

Haii6inpmn cyqacHUME MPOEKTaMH Ha CHOTOIHI €
eneprernuanii peaktop BH-800 Ha Binmospcekiit AEC
B Pocii (BBeneHwmii B exkciuyaTaiito y 2016p.) i mpoto-
TUMHUI peakTop-Opinep «Kanbmakkamy MOTYXHICTIO
500 MBTt(e) B Inpaii (BBeZieHHs B eKCILTyaTallito 3aria-
HoBaHoO Ha 2020p.). BH-800 € exciepuMeHTaIBHUM pe-
aKTOPOM JUIs JOCIiKeHHs TanuBa. Ha MixkHapogHOMY
(dbopyMi BiJ[3HAYATOCH, IO JAHY TEXHOJOTII «y Hai-
Omk4oMy MaiiOyTHHOMY MOXKHa OyIe BIPOBAIUTH
JUTsE poOOTH 3 akTHHiZaMm». 3HavHa yactuHa HIJIKP
B Ii# ramy3i Oyzxe cupsMoBaHa Ha sifepHe manuBo. Oc-
HOBHI xapakrepuctuku [ITHP mpoekTis, 1m0 po3rmsga-
10ThCs B pamkax M®II, HaBezneHi B Ta0u. 2.
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Tabmums 2
IIpoekTHI mapameTpu JSFR KALIMER AFR ESFR
EnexTpruHa NOTYXHICTh, MBTex 1500 600 100 1512
TernoBa notyxHictb, MBT; 3570 1500 250 3600
Kongiryparis I koaTypa [letnpoBa BbakoBa BbakoBa Bbakosa
IKK/1 enepro6ioky, % 42 40 41,9 42
Temneparypa TemaoHOCIsI Ha Buxoi a.3., °C 550 545 550 545
TeMneparypa TemIoHOCIsI Ha BXOi a.3., °C 395 390 395 395
Temneparypa roctpoi napu, °C 503 503 - 490
Tuck rocrpoi napu, MIla 16,7 16,5 - 18,5
TpuBasicTh KaMIiaHii, pOKiB 1,5-2,2 1,1 30 1,35
KinpKicTh mepeBaHTa)KEHB ITAJIMBA 4 5 1 5
[liameTp a.3., M 51 4.2 <3,0 472
IBucora a.3., M 1,0 0,89 1,1 1,0
By manusa MOKC+MA | Meran (U-Pu-10%Zr) | Meran (U-Zr) [MOKC
KoHcTpyKuiiHMil MaTepian AYO HT9M HT9 AYO
36arayenns 3a Pu, % 13,8 25,2 - 15,7
[nubuna Buropsiaust, [Br- noba/t 150 139 101 150
KoedilieHT BiITBOpEHHS 1,0-1,2 0,74 0,8 1,0-1,2

B pamkax npoektHoi yrogu M®II 3 cucTeMHOT iH-
terpauii Ta ouinku IIIHP npoBoauTkcst omiHka KOHIE-
niiit mepcrnektuBHUX npoekrtiB IIIHP Ha ix Biamoria-
HICTh BUMOTaM, III0 BHUCYBAIOTHCS JI0 YCTAHOBOK 4-TO
MoKOJTiHHA. Ha maHwii yac 3asBICHI Ha PO3TIISAA Taki
KOHLIETIL:

e gmoHchKoro JSFR;

e eBponelicekoro ESFR;

e miBgeHHokoperickkoro KALIMER;

e amepukancbkoro AFR-100.

Hepnomixy mBHIKOTO peakTopa 3 HATPIEBHM OXO-
JIO/KEHHSIM.

Jly>)xHi MeTany MaroTh BEJIUKY XIMIYHY aKTHB-
HicTh. HaiibOlbiny HeGe3neky CTaHOBUTh PEakKIlisi 3 BO-
noto. ToMy B cucTeMax 3 napoBOASIHUMH IIMKIAMH I10-
BUHHI OyTH nepes0adeHi npucTpoi, mo 3a0e3neuyoTh
BUOyX00€3MeuHicTh. 3ITKHEHHS 3 Maporo abo 3 KUCHEM
NOBITpsl HeOe3MeuHo (MATPUMKH Peakiiii TOpiHHS He-
Mae), aje n00 YHUKHYTH OKHCIICHHS METaly, B3aEMO-
JIist fi0T0 3 MOBITPSIM Ma€ OyTH BUKJIFOUCHA, TaK SIK OKHC
Na He po3unHHHi B pinkomy Na i Na-K, a BxroueHHs
OKCHJIB MO>XKE ITPUBECTH JI0 3aKYTIOPKH OKPEMHX KaHa-
niB. HasBHicTs B pinkomy Na i Na-K okcuziB HaTpito
MOTIPIIy€e TaKOX KOPO3iiHi BIACTHBOCTI TEIUIOHOCIIB.
Harpiii i Na-K noBunHi 36epiraTucs B cepeoBHIL iHe-
prroro ra3y (He, Ar a6o Ny).

AKTHBALliSl TETUIOHOCISI IPU3BOJUTH JI0 HEOOXia-
HOCTI BJIAIITOBYBaTH JJIsl 30BHIIIHBOT YaCTUHHM KOH-
TYpY CHCTEMH TeIuIonepenadi OioJOTiYHMH 3aXHCT.
Bupinienns 1iei npobiieMu yCKIIaHIOETHCS TIPH Y-BH-
MPOMIHIOBaHHI BUCOKOI eHeprii abo MpH raJbMiBHOMY
BumnpominroBanHi. [30Tonu Na i K marots mani nepionn
po3smany, ane npu 3a0pyIHEHHI METaTy aKTHBHIMH J10-
MIIIKAMH 3 BEITUKUM TIEPiOIOM PO3Iaay 3aBIaHHS 3a-
Oe3redeHHs 3aXUCTY Bijl aKTUBHOCTI YCKIIAHIOEThCS, 1
HEOOXiTHO CTBOPUTH TaKy KOHCTPYKIIIO, sIKa JO3BO-
nsuta 6 BUBOIWTHU BECh PIIKUI METaN 3 CHCTEMH y pasi
ii peMoHTY. 3a3HaueHi 0OCTaBMHU 3MYILYIOTh ITPE'SIB-
JISITH MIABHUINEHI BUMOTH J0 XIMIYHOT YHUCTOTI PIIKUX
MmetauniB. Piki MeTanu € 0JHOATOMHUMHU PEYOBHHAMH,
ToMy mpoOyieMa pajialiiiHIX NOpYIIeHb B TEIUIOHO-
CisiX He BUHMKa€E. Xo4a Jiesika YaCTUHA aTOMIB PiJIKOTO

MeTay i IepeTBOPIOETHCS B IHIIUI MeTall (HanpuKIIaj,
24Na nepexonuts B 2*Mg).

2. IIBuaki peakTopH, M0 OXOJOMKYIOTHCSH
CBHHIIEM.

B pamkax M®II 3 HICP y sikocti pedepeHTHHX
posrisinatoThest Tpu npoextu HICP:

® TIPOEKT €BPOMNEWCHKOTO CBUHIIEBOTO IIBHI-
Koro peaktopa ELFR;

e mpoekt peakropa BPECT-O/1-300;

® TIIPOCKT MOZYJBHOTO CBHHIIEBOTO PEAKTOpa
SSTAR.

Kopnoparieto FALCON 3a ninTpumku €Bpatomy
BEAEThCS PO3pO0Ka EKCIIEPUMEHTAJIBHOIO peakTopa
ALFRED rtemnoBow mnotyxHuictio 300 MBrt,, skuii
IUIaHyI0Th po3mictutu B Pymynii. ¥ beunsrii criopy-
JUKYETBCS TocIiaHuIbKa yctaHoBka MYRRHA 3i cBu-
HIIeBO-BicMyTOBUM TerutoHocieM. IIICP - 6ararorinbo-
BUI PEaKTOp Ha MIBUJIKUX HEUTPOHAX, SIKUI MOXKE BH-
KOPUCTOBYBAaTH NajMBHI MaTpHlli 30iHEHOr0 ypaHy
a00 TOPIIO 1 BUMATIOBATH aKTHHOIAN 3 TIAJIMBA BOASHUX
peaxTopiB. OXOJOMKEHHS PIAKAM METaIOM (CBUHEIb
a00 BITHOCHO JIETKOIUIaBKWH CBHHIICBO-BiCMYTOBHA
CIUTaB) MPOXOANTH 32 AaTMOC(HEPHOTO THCKY BiJl IPHPO-
JMHOT KOHBEKIi (pUHAWMHI - U1 BIABOIY 3aJIHUIIKO-
BUX TEIJIOBHIIUICHB). B SKOCTI maniBa BUKOPHCTOBY-
€TbCsl MeTal 200 HITPUAHE MATUBO 3 PEriOHANBHUX 200
LEHTPaIbHUX 3aBOJIIB 3 pereHepalii sepHoTro NnaaBa,
3 MOBHUM pPEIUKIOM akTuHiniB. [lepenbadeHo mmpo-
KMH JAiana3oH PO3MipiB YCTaHOBKH - Bifl «aKyMyJIs-
TOpa» 3aBOJICBKOTO BUTOTOBJICHHS 3 TEPMIHOM CITy>KOH
15-20 pokiB 17151 HEBENMMKUX Mepek abo KpaiH, 1o po-
3BHBAIOTHCS, O MOAYJIBHAX YCTaHOBOK ITOTYKHICTIO
300-400 MBrT(e) i BelHKHUX OJHOOIOKOBHX YCTaHOBOK
notyxHicTio 1400 MBTt(e). Poboua Temmeparypa Bxe
csarae 550°C, mpore mependavacThesi JOBECTH ii 10
800°C 3a 1OOMOTO10 MaTepialliB 3 TOKPAIIICHUMH BJIa-
CTUBOCTSIMH JIJIsl HAJIAHHS CBHHIIIO KOPO31HHOT CTiiKO-
CT1 32 BUCOKHX TEMIIEpaTyp, SKi 3a0e31mevars TepMoxi-
MiuHE BHPOOHMITBO BOAHIO. Ilepenbadaerscst IBOX
eTalHa rnporpaMa po3BUTKY JJIsl IPOMKCIOBOTO BIPO-
BajpKeHHs: 2025p. - A7 peakTopiB, SIKi MPALIOI0Th 32
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BIZTHOCHO HM3bKHX TEMIIEPATyp 1 IIIJIbHOCTI €HEPrOBH-
ninensst, i 70 2040p. - 115 BMOCKOHAJIEHUX BHUCOKOTE-
MIIepaTypHUX peakTopiB. OXO0JIO/KEHHS PIAKUM MeTa-
soM (Pb abo Pb-Bi) 3ailicHIOETBCSI TPUPOTHOIO KOHBE-
KIli€ro. B sikocTi manuBa ciry>xath 3011HEHI MeTaleBUi
ypas abo HiTpuA, a Takoxk Topii Bei akTuninii nepepo-
ONSIOTBCSL LEHTPAJbHUM ab0 pPETiOHALBHUMH 3aBO-
JlaMU 3 TIepepoOKH. Y CTaHOBKH MOXKYTh OyTH pi3HUX
po3MmipiB Bix BupoOeHoi Ha 3aBoi "OaTapei" mo Momy-

JIB 3 eNeKTpuuHOoo notyxHictio 300-400 MBrT i Benu-
KHX BUPOOHMITB 3 HMOTYyXkHicTi0 101400 MBT. Poboua
Temnepatypa 550°C Jierko qocsaraTtucs, ajie Moxe OyTu
nigumeHa 10 800°C, 1o poOUTh MOXKIMBUM BHUPOO-
HULTBO BoAHIO. Henomikom Pb B sikocTi TemioHocis €
Horo Brcoka Temriieparypa miasieHss (328°C), y (Pb-
Bi) Bona icrotHo Hmx4e (127°C). KoncrpykuiiiHi ma-
Tepiali MaloTh HU3bKY KOPO3iiHY CTIHKiCTh 3 0OoMa
TeroHociiMA. OCHOBHI XapaKTepHCTHKH pedepeHT-
uux npoekTie LLICP HaBeneHi B Ta0u. 3.

Tabmums 3.
IIpoekTHi mapameTpu ELFR |BPECT- OJ1-300|SSTAR
[EsilekTpuyHa NOTYXHICTh, MBTey 600 300 20
TerioBa noTyxHicTh, MBT; 1500 700 45
Konoiryparis I koHTypa Baxosa Bakosa Baxosa
KK/I enepro6mioxy, % 42 42 44
Temneparypa TemIoHOCIsI Ha BUXoi a.3., °C 480 540 567
Temneparypa TemJI0HOCIsI Ha BXOA1 aKTHBHOI 30HH, °C 400 420 420
IPo6oue cepenoBuie 2 KOHTYPY mapa-Bojal  mapa-Boaa CO>
Temnepatypa Ha BXoji B TypOiny, °C 450 505 553
Temneparypa pobouoro cepenoBHuiia 2 KOHTYpy Ha Bxoi B I1I'/TO, °C 335 340 402
Tuck Ha BXozi B TypOiny, MIla 18,0 18,0 2,0

3. lIBuaki peakTopu, 10 0XOJOIKYIOTHCS Ta-
30M.

Sk 1 iHIIII, 110 B)XE eKCIUTYaTYIOThCs a0 Ie po3-
POOJSIIOTBECS PEAKTOPH 3 TENEBUM  OXOJIOKCHHSM,
I'IP, aBaATEMYTHh COO00 BUCOKOTEMITEPATYPHI peak-
TOpHI ycTaHOBKH - 850°C. B HUX 3aCTOCOBY€ETHCS Ta K
TEXHOJIOTIS, IO 1 Y BUCOKOTEMIEPaTypHUX PEeaKTopax,
sIKa MAXOIUTh JJIs BUPOOHUIITBA CHEPTii, TePMOXIMid-
HOTO BUPOOHHMIITBA BOJHIO 200 iHIIOTO TEXHOJOTId-
Horo Teruta. Po3paxynkoBa notyxHicts ['TIP crano-
BuTh 2400 MBT(T)/1200 MBT1(€), 10 IOCTATHBO JIS
0e330MTKOBOTO BiATBOPEHHS sACpHOTO maimBa. [Ipo-
eKT Ma€ TOBCTOCTIHHHUI CTaJeBHH KOPITyC i TPH KOH-
Typu notyxHictio 800 MBT. [Inst BUpoOieHHs enekt-
poeHeprii yepe3 MepUIMi KOHTYpP MPOXOAUTH HEps-
MU [IUKI 3 TENiEM, Ha IPYTroMY - ra30noAiOHui reii
Oe3nocepeIHbO MycKae B XiJ| Ta3oBy TypOiHy (3a IHK-
nom BpaiiToHa), a uepe3 TpeTii KOHTYpP IPOXOAUTH a-
poBuii muki. ['enieBuii TEMIOHOCIH BUTIAHO BiIpi3Hs-
€TBHCS B/l HATPIFO XIMIYHOIO iIHEPTHICTIO BITHOCHO BOJTH
i moBitps. Kpim Toro, #foro BUKOpHCTaHHS TPU3BOINTH
JI0 OIJIBII >KOPCTKOTO CIIEKTPY HEWTPOHIB i, OTXKe, 10
Oinpmoro KoegimieHTy BigTBOpeHHS. [Ipy BHpOOHMII-
TBi €JIEKTPOCHEPTii BUKOPHCTOBYETHCS JBOCTYIICHEBA
cucrema. [lannBo Moke MicTUTH 30iIHEHWH ypaH i
i Marepianu. BiampainsoBaHe manuBo mepepoOIis-
€THCS HAa MalITaHYMKY, a BCI aKTHUHII IOBTOPHO PELH-
KJTFOIOTBCS JIJIs1 MiHIMi3amii BUPOOJICHHS TOBIO iCHYIO-
YUX PATIOAKTUBHUX BigxojiB. HaiOinbm mepemoBuii
Ha CBOTOJHI Ta300X0JOKyBalbHHN peakTop - HTR-
PM B panmii yac cnopykyerscs B Kurai. et momy-
JBHUH peakTop NMpU3HAYEHHUHN JUISl ONITUMI3allii eHepro-
e()eKTUBHOCTI 1 iIealIbHO MiAXOMUTh JUIS JTOIAAaBaHHS
HEBEJIMKUX MOTYXKHOCTEH B enekrpomepexi. Lleit tun
peaxkTopa TaKoX JoOpe MiaX0AUuTh Ui KOMOIHOBaHOTO
BHUPOOHHUIITBA TEIIa Ta €IEKTPOCHEPrii, 30KpeMa s
BUPOOJIEHHSI TEXHOJIOTIYHOTO TEIlIa 32 BUCOKHX TEM-
neparyp. B pamkax cucremuoi nomosnenocti M®II o

I'IP nie omHa MpOEKTHA yrofa 3 KOHIENTYaJbHOTO
mpoekTy 1 6e3meku. B skocTi pedepeHTHOI po3risaa-
erbcsi  konnernuiss 1P  Benmmkoi  mortyxHOCTI
(2400 MBT). Po60oTy 3 MiArOTOBKH IO MiAMHCAHHS
MPOEKTHOI YroJ¥ MO0 IajJHBa, MaTepialliB aKTHBHOI
30HM NpunuHeHo. Ha naHuii yac OCHOBHUI aKLIEHT po-
OuThCS Ha po3poOKY 1 peari3ailo MPOeKTy eKCcIiepuMe-
HTaneHoro peakropa ALLEGRO.

4. loHaAKPUTHYHUI BOASHUIA peakTop.

Le#t peakTop mpalioe 3 BOJOIO BUILE KPUTHUHOT
touku (374°C, 22Mma) mig Trickom 25 MIla i remnepa-
Typi 510-550°C, sixa OesmocepeqHhO HAIXOAWTH Ha
TypOiny. Lle mo3Bomsie mocAraTu TeMIepaTypHOi edek-
TUBHOCTI MPHUOJU3HO B TPOE OLIBIIOT, HIX Ha 3BUYAii-
HUX BOJSIHUX pEakTopax. Y SKOCTI MalvBa CIYXHTh
JIBOOKHC ypaHy, TaKOXK sK 1y BiikputoMy nukm. On-
HaK peakTop Moxke OyTH MOOYMOBaHUM 1 SK IIBUIKUI
peaxTop 3i 3BUYANHOI0 MepepoOKoro akTuHiAiB. [Toun-
Hatoun 3 2002 poxy Hanpsmok SCWR (IIKB-
peakTopiB) € OJHIEI0 3 6 PEaKTOPHUX TEXHOJIOTIH, 00-
panux B [TokoinHi-4, sk HalO1LIBII TEpCIIeKTHBHI y 21
cTomiTTi [4]. 3'sIBUBCS psii KOHIENTYaJbHUX IPOEKTIB
onunokoHTypHHX (CILIA i fAnownis [5]) i miBTOpakoHTY-
panx (Kopes [6]) AEY 3 peakropamu, 0XOJOKyBa-
HUMH BOJSTHUM TEIUIOHOCIEM 3 poOOYHM THCKOM B pe-
akrtopi 1o 25 MIla i cepeqHbo 3MillIaHOIO TeMIIepary-
POIO TEIUIOHOCIS Ha BHXOAI 3 peakropa B Jiana3oHi
(500 - 560)°C. Po3rismaroThCs TPU OCHOBHI BapiaHTH
kontenmiii [IKBP koHIennis €Bponeiicbkoro Kopiyc-
Horo tpusaxigaoro I[TKBP (HPLWR);kananceka KoH-
neruist [IKBP 3 tpybamu min THCKOM; KUTalChbKa KOH-
nerist [TIKBP 3 koprycom mix tuckom CSR1000. B pa-
Mkax CucremHoi nomosieHocti M®IT o ITKBP xirots
nmBa [IC 3 TemnorigpaBiiku Ta Oe3mekw; 3a Marepia-
mamu 1 ximii. Ha nanrwmit 9ac po3poOKu 3 11i€i TeMaTHku
BeIyThCs OLTBII HiX B 15 kpainax (Tabm. 4) [7].
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Tabmuusg 4
Tapamerp SCWR SCLWR CANDU* HPLWR SCWR SCFR
(Kopest) | (Anonis) (Kanana) (€Bpocoro3) (Kutait) | (Smowis)
[ToTyxHicTs, MBT:
TEILIOBA 3989 2273 2540 2188 2284 3832
CIIeKTpHYHA 1739 950 1220 1000 1000 1698
KK/, % 437 42 48 44 43 44,3
Temneparypa, °C:
BOJIU 350 280 350 280 280 280
mapu 510 508 625 508 500 523
Tuck napu, MIla 25 25 25 25 25 25
Butpatu BosH, KI/C 2518 1816 1312 1113 1177 1897

5. PinkocoJiboBi peakTopu.

Po3pobka TexHOMOTI] BUKOPHUCTAHHS PO3IIIaBIe-
HUX COJIEH B SIKOCTI TEIUIOHOCIS SIK ISl TETUIOBHX, TaK
1 JUI IIBUIKNAX PEaKTOPiB MPOBOAMUTLCS BXXKE HE OAUH
JecsIToK pokiB. OcTaHHIM YacoM IIpH po3poOIli peakTo-
piB IV mokomnizHS iHTEpEC 0 HOTO HAIPSIMKY TOMITHO
3pic [8].

B pamkax M®II o PCP po3srisgatoTses ABa oc-
HOBHHUX HAaIpsSIMHU PO3pPOOOK:

® 3 PIJKOCOJIBOBHM NAJTMBOM (IIAJIMBO SIK IIUPKY-
JIFOFOUMH PIJKUIA PO3ILIaB);

® 3 TBEPJIUM ITAJIIMBOM 1 TEIUIOHOCIEM HA OCHOBI
PO3ILIABIB COJNEH.

B paMkax mux ABOX HarpsMKIiB PO3TISIAIOTECS 4
konnemnii PCP:

e xonuernmis PCP i3 mBuIKuM CIEKTpOM HEHT-
poniB (MSFR) (®pantis, €Bpoatom);

e CIIA i Kutaii po3po0isitoTh KOHIETIIIO BU-
COKOTEMIIEpPAaTypPHOTO peakTopa 3 TBEPJUM IalIuBOM,
IO OXOJIOJUKYEThCS PO3IJIABOM coJied  (TopuiB
(FHR);

o Kuraii, Snonis i IliBnenna Kopes po3BuBa-
10Th KoHnenuito TopieBoro PCP (TMSR) 3 rpaditoBum
CTOBUIEHIOBAYEM.

Icuyrots nBa Bapiantu PCP: neprmmii - mBuakuid
peakTop 3 MarepiaioM, IO AUIMTHCA, PO3ZYMHEHNM B
IUPKYJIIO0Yiil MaMUBHIN COJIi; IPYTHHA - 3 MAIUBOM Y
BUTJISIAI TBEPAWX YAaCTHHOK y TpadiToBiit mMaTpumi i
CLIITIO, sIKa BUKOPHCTOBYETHCA JIMIIE B SIKOCTI TETIIO-
Hocis. B ycraHOBKaX, siKi pO3IIsiialoThCsl B IKOCTI Oa-
30Bux PCP, ypaHoBe manuBo po34MHEHO B TEIJIOHOCIT
- comi ¢TopucTOoro 3'€qHAHHS, SKa LUPKYJIIOE KaHa-
JaMu rpadiToBOi KIIaJK1 aKTHBHOI 30HH, 110 MPU3BO-
JIUTH JI0 HAJITETUIOBOTO CHIEKTPY HEHTPOHIB.

[oTyxHicTh PO3PaxXyHKOBOi YCTAHOBKH - [0
1000 MBt(e). IIpoaykTu mofiny BHAAISIOTHCS IOC-
TIHHO, a AaKTHHIAW TOBHICTIO PEUUKIIOIOTCS, MPH
IIbOMY MO>KJIMBE JI0IaBAaHHS ILTYTOHIIO Ta IHIUX aKTH-
HiZiB pa3oM 3 ypaHoM-238 6e3 HeoOXiTHOCTI BUPOOHH-
ITBa ManuBa. TemmepaTypa TEIIOHOCIS CKJIAJae
700°C, 3 moxuBicTro 36inbmenHs 1o 800°C. Bropun-
HHUH KOHTYP OXOJIO)KEHHSI BUKOPUCTOBYETBCS JIJIsl BH-
poOJIeHHS eleKTpoeHeprii, KpiM TOT0, MOXIIUBO Tep-
MOXiMiuHE BUPOOHHUIITBO BOJIHIO. Y MOPIBHSIHHI 3 TBe-
PAONAIMBHUMHU peaxkTopamy, CHUCTEMU PCP
BUKOPHCTOBYIOTh MEHIIIE MaTepiaily, 110 JUIMTHCS, B
AKTHBHIH 30HI, XapaKTepU3yIOThCS BIJICYTHICTIO 0OMe-
JKCHb 32 paJiallifHiM VIIKOKEHHSM IIiJ] 9ac BHUIO-

PSIHHS TJIMBA, BiJICYTHICTIO HEOOXiTHOCTI y BUPOOHH-
ITBI TBEPAOTO MaJMBa Ta OMEPALisX 3 MTOBOMKECHHS 3
BiZIIPaIbOBaHUM TBEPHMM ITAJIUBOM, a TAKOXK OJHOPI-
IHUM 130TOITHHM CKJIQJIOM TaimuBa B peaktopi. Li Ta
1HIII XapaKTePUCTHKN MOXKYTh 3a0e3neunt PCP yHi-
KaJIbHAMH MOXJTUBOCTSIMH 1 PEeHTa0EIbHICTIO TIO CIIa-
JIOBAHHIO aKTHHIJIIB 1 HAPOIITYBAaHHIO NATUBHUX PECy-
pciB. THCk mapu pO3IUIABJICHHX COJICH, HaIpHKIA
2LiF-BeF?, LiF-NaF-KF Ta in., Ki BUKOPUCTOBYIOThCS
B SIKOCTI EPBHHHOTO XOJIOIOAr€HTY, AY>K€ HU3bKHUH 1
MIPaKTHYHO HE 30UIBIIYETHCS MPHU MiABHUIIEHHI TeMIe-
patypu Bix npubmmzao 5S00°C no nmpubmmzao 1400°C.
(Bomuo-BosHi peakropu (BBEP / PWR) mpamtorots
npu Temmepatypi 6mm3pko 315°C 3a treky 150 atmMoc-
¢ep). Kpim TOr0O, BOHM MafOTh TOCHUTH XOPOIIIi TEIUIO-
TIepeatodi BIIaCTUBOCTI, HE YIIKOUKYIOTHCS! BUITPOMi-
HIOBaHHSM, HE pearyioTh 3 IOBITPSIM abo BOJIOIO 1 iHe-
PTHI A0 KOHCTPYKIIMHMX MartepianiB. Peakropm 3
PO3IUIABICHIMH COJIIMH MOXYTh aIanTyBaTUCs JI0 Pi-
3HUX SIACPHUX NATMBHUX LUKIIB (TaKMX SIK IUKIA
YpaH-TUTyTOHIH 1 TOpiii-ypaH), siKi J03BOJISIFOTh TIO/I0B-
KHUTH TaIMBHI pecypcd. BoHHM Tako MOXyTb OyTH
cnpoekToBaHi Ak Opizepu. MSR Ha TemnoBux HEUTpoO-
HaX MOXYTb €(EKTUBHO MPALIOBATH B MAJIUBHOMY ITH-
ki 2%2Th - 283U B sxocti Topiesoro 6Gpinepy 3 Harmpa-
moBauHaM 22U, Y mamusaoMy mukii 22°Pu - 238U pe-
KUM Opiep MOMJIMBHHA Ha IIBHJIKUX HEHTpOHAX.
PeakTopn 3 po3IIIaBIEHOIO CULTIO BOJOIIOTH ITOTCH-
HifHAMA TIepeBaraMu B TIOPIBHSAHHI 31 3BHYAHUMHA
TBEPJONAIMBHIMH BOAHO-BOJSIHUMHE peakTopamu. Ye-
pe3 HU3BKHI TUCK B TIEPBUHHOMY 1 BTOPUHHOMY KOH-
Typax BiJnaaae HeOOXiMHICTh CTBOPIOBATH JOPOTY Iie-
PBHHHY 3axHCHY 000J0HKY (KoTein). Bucoki Temmnepa-
TypH  XOJIOJIOAreHTiB  3a0e3Me4yloTh  BHCOKHHI
tepmoauHamiunuii KK/, 1o 103B0sisie mo10BXUTH Tia-
JIMBHI pecypcH.

Henomniku pikocoab0BOT0O peakTopa:

1 HeoOXimHICTh OpraHi30BYBAaTH NEpPepoOKy Ia-
nuBa Ha AEC;

2 OITBII BUCOKI J030Bi BUTPATH MPH IMPOBEICHHI
peMoHTy 1-To KOHTYpY B nopiBHsHHI 3 BBEP;

3 uusbkuit koediuient BigrBopenns (KB ~ 1,06
nns MSBR-1000) B mopiBHSHHI 3 piAKOMeTaIeBUMH
peaktopamu 3 HatpieBuM temnonocieM (KB ~ 1,6 mst
BH-600, BT-800)

4 3HayHO BeuKi (B 2-3 pa3u) B HOPIiBHSHHI 3 BOJIO-
BOJISTHUMH PEaKTOpaMH BUKUAW TPUTIIO, 110 MOXKIIMBO
BUIIPaBUTH HIJSIXOM MiA00PY KOHCTPYKIIHHUX MaTepi-
aniB TpyOONpoBOIiB 1-T0 KOHTYDY.
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6. [lonax BUCOKOTeMNepaTypPHHIi ra30BHii pea-
KTOP.

Ha nanwmit yac y cBiTi po3BUBAIOTHCS JBa HaIps-
MKH (BEIlyThCSI PO3POOKH JBOX THIIB) IIOHAJ BUCOKO-
TemrepaTypHoro razosoro peakropa (IIBTI'P), wo Bi-
JPI3HSIOTHCSl KOHIIETIIIE€I0 aKTUBHOI 30HU. KOHCTpYK-
1ist akTHBHOT 30HU amepukanchkux [IBTI'P 3acHoBaHa
Ha BUKOPHCTAHHI TeKCaroHaJIbHUX IPU3MAaTHYHHX Tpa-
(itoBux OmokiB. Apyruit Hanpsimok po3Butky [IBTTP,
SKAW 3armo4aTKoBaHO B HimeuuwHi, 3aCHOBaHMI Ha
KOHIIENIIi 3aCUITHO{ aKTHBHOI 30HH, II0 CKJIAAETHCS 31
cepUYHAX TEIUIOBHAULIIOUNX eneMeHTiB. OOuasi
KOHILIETIII XapaKTepH3yIOThCsS BHUKOPUCTAHHAM TIpa-
¢biTy B SIKOCTI MMOTJIMHAYA 1 CIIOBUIBHIOBAaYa, TOOTO ISt
000X KOHCTPYKIIii MpUTaMaHHUH OJHAKOBUI MaTepia-
JIBHHUN CKJIaJ aKTHBHOT 30HH. [10piBHIBHMI aHATI3 Te-
o i3MYHNX acrekTiB npodiemu Budopy tumis TBE-
JIiB gns [IBTTP mokasag, 1o OB BUCOKI Koedilie-
HTH TEIUIOBiIadi B KyJIbOBIH 3aCHIII (32 OJHAKOBHX
BTpaTaxX THUCKY), B TOPIBHSIHHI 3 MPU3MATUIHUMHU I1a-
JUBHUMU 30ipKaMu, KOMIICHCYIOTHCS TTiABUIIICHUM Te-
pMigEEM oniopoM camoro cdepuanoro TBEJly. A B -
JOMy KOeQiIlieHTH TeIUIOBiAadi BiJ] MIKpOIIajanBa 10
ra3zy s o6ox tumnis TBEJIis [IBTI'P BusBnsrorscs
npubm3HO oxHaKOBUMHU. [1pn BHOOpI KOHIIEIIT aKTH-
BHOI 30HU BEJUKUI BIUIMB MAIOTh IIUTAHHS IPOEKTY-
BaHHS, TEXHOJIOTIYHOCTI, peKUMY pPOOOTH peakTopa,
BapTICTh BUTOTOBJIEHHs. [IpobieMamMu CTBOpEHHS BH-
COKOTEMIIEPAaTYpHUX PpEaKTOpiB 3 TNPU3MATHIYHUMHU
TBEJIamu € TpynHOIII peatizarii nepeBaHTaXKeHHs BH-
TOpiJIOro majMBa, MOB'S3aHi 13 3yNUHKOIO PEaKTopa,
CKHJIAaHHSIM THUCKY, PO3XOJIOJUKYBaHHIM PEeaKTopa.

3 BHCOKHM piBHEM TeMIIepaTyp MOB'S3aHi ayke
CYBOpi BUMOTH i3 3a0e3nedeHHs cTabinpHOCTI Gopmu,
CHIBBICHOCTI OTBOPIB TSI TPOXOAY TEIUIOHOCIs. OcHO-
BHOIO TIEPEBArol0 T'eKCaroHaJIbHUX OJIOKIB € Te, II0
BOHHU MalOTh CTPYKTYPHY MIIIHICTb i IEBHY ['€OMETPIIO.
ToMy MOXJIHMBO BUKOPHCTOBYBAaTH KEPYHOUl CTPHIKHI
3a MeKaMu 00J1acTi, Jie PO3MIILIIEHO MAIUBO, 1 PO3MOi-
JIUTH HaBaHTAXXEHHsI Ha BCIO CTPYKTYpY. TexHiuHi npo-
omemu po3sutky [IBTT'P Bkito4aroTh B ceOc MUTAHHS
OTpPHUMaHHS BUCOKOI TEMITEpaTypH TEIUIOHOCIS B peak-
Topi. [lanuBo, sike pPoO3pOOIAETHCS 1 3aCTOCOBYETHCS
ceoronHi aist peakropiB [IBTIP mae O6ytu TtepmiuHo
CTIHKMM B HOPMaJBHUX YMOBaxX poOOTH JaHOTO peak-
topa 900 - 1200°C [9]. Peaktopu Ty IIBTTP maroth
HAMCTIPUSTIMBINI XapaKTepUCTUKU IIoa0 Oesrmeku. B
IIUX PeaKTopax NPaKTHYHO BUKIFOUEHO PO3IIIABICHHS
AKTHBHOI 30HH, SIKa CKJIQJIAEThCSI B OCHOBHOMY 3 Tpa-
¢ity, mo Mae remnepatypy cyouimariii ~ 3600°C. ITo-
TpibHO Big3HauuTy, o [IBTT'P matoTh BHCOKHMII Hera-
TUBHHH TeMITepaTypHHUH KoedilieHT peakTuBHOCTI. L[5
oOcraBuHa € HalBayMBIIUM (akTopoMm Oe3neky,
TOMY IIIO BiJIIrpa€ poJib 3aro0’KHUKA 3HAYHOMY MHMO-
BUIBHOMY 301TBIIEHHIO ITOTY>KHOCTI B TTOJIOHMX peak-
TOpax. 3aCTOCYBaHHS B OLITBIIOCTI BHIAJKIB B SKOCTI
TEIUIOHOCIS Telif0 BUKIIOYAE XiMigHI peakmii #oro 3
MAIMBOM 1 KOHCTPYKIIHHUME MaTepianaMu. Bukoprc-
TaHHsI TeJIII0 B IKOCTi pOO0YOTO TiNla B TeTieBUX TypOo-
ycraHoBkax qo3BoJsie migsumuTa KKJI eaeproycrano-
BKH TIPH MOJAJBIIOMY IiJBUIIEHHI TEMIIEPAaTypH a3y
Ha BHXOJi 3 peakropa. Tak 3a TeMmepaTypH Temiro
900°C KK/ (uetro) nocsirae 45%, a 3a 1000°C - 50%.

[Ile onHMM Ba)kKIMBUM €JIEMEHTOM, 110 3a0e3nedye Ha-
niftHicTh peaktopis IIBTI'P, € xopmyc 3 momepenHso
HaIpYXEHOTo 3a1i300€TOHY (Uil PEKTOPIB BEIHMKOI
noryxkHocti). Moro oco6muBicTs 1e BifcyTHICTH Hebe-
3[€KM MUTTEBOIO pyHHyBaHHsA. Takox 10 InepeBar
[MBTTP cnix Bignectu:

1) BUCOKMI HEraTUBHUI TeMIIepaTypHUH Koedii-
€HT PEaKTHBHOCTI;

2) MOXJIHBICTh TTACHBHOTO BiJIBOJTY 3aJIUIIIKOBOTO
TEIUIOBUITICHHS;

3) MOXIIMBICT OTPHMAaHHS BHCOKOTEMIIEpaTyp-
HOTO TEeIUIa JUIsl BAPOOHUIITBA BOAHIO Ta iH.;

4) MOXIHBICTH MTEPEPOOKH BiIPAIILOBAHOTO Si/Ie-
PHOTO MayMBa B peakTopax Ha MBHJIKUX HEHTPOHAX.

Y NOpIBHSIHHI 3 peakTopaMu 3 PiJIKOMETaIeBUM
(HaTpiil) TEMIOHOCIEM, B PEaKTOpax 3 Ta30BUM TEILIO-
HOCIEM BHKJIIOUAETHCSI TIOXKEKOHEOE3IeKa IPH B3aEMO-
Jii HAaTpio 3 BOJOIO 1 MOBITPSM y pasi HOro BUTOKY, a
TaKOX TPHCYTHICTh MO3UTHBHOI PEaKTUBHOCTI 3a Ma-
POBMIiCTOM TIpY KUTIIHHI HATPIIO B aKTHBHIN 30HI peak-
TOpA.

Xoua [IBTI'P maroTh 3HauHi mepeBard B IMOpiB-
HSHHI 3 IHIINMH THTIAMH PEaKTOpPIB, ajleé BCe-TAKH iX
KOHCTPYKIIiI BHMAarae po3paxyHKOBO-TEOPETHYHUX 1
MPAKTHIHHUX JTOCTIKEHb, TOB'3aHUX 3 BUPIMICHHAM
mpobJieM 11010 3a0e3MeYeHHsT HaAIiHOCTI Ta Oe3MeKy.
A came: 3 po3po0OKOI0 3aMKHYTOTO MaJIUBHOTO IUKITY,
BuOopoM ontumansHoro tumy TBEJIB, cTBopeHHsM
MarepiaiiB sl TEMII00OMIHHUX 1 TETIIOTPAaHCHOPTHHX
CHUCTEM, 10 MPAIOI0Th B YMOBAaxX AY)KE BUCOKHUX TEM-
neparyp.

BucHoBku

3a ocTaHHI POKH B siiepHil eHepreTuni Oyno 3a-
MIPONIOHOBAHO KiIbKa MKHApPOIHWX IHILIATHB, CIIpPS-
MOBAaHHX Ha pPO3POOKY HOBUX IPOEKTIB I 00 €n-
HAHHS 3yCHJIb 0araTboX KpaiH y CTBOpEHHI IHHOBAIiH-
HUX SIIEPHO-CHEPreTHYHUX TEXHOJIOTIH, 3 METOIo
3a0e3neueHHs] CHePreTHYHOT Oe3MeKH, 3HIKEHHS pH-
3MKIB PO3MOBCIO/DKEHHS SIEPHUX MaTepiaiiB Ta BUPi-
LIEHHsT MPOOJEeMHU pPaJioOaKTUBHHUX BinXoniB. Pe3yinb-
TaTH TPOBEAECHUX OI[HOK IOKa3ajH, IO ICHYyIoUi
TUIaHH Ta ITPOTPaMH PO3BUTKY HEPCIIEKTHBHUX PEAKTO-
paux TexHonoriit «[lokomians IV» He a03BOISAIOTH
OTpPHUMaTH MTOBHI BiIOMOCTI, 5IKi IIPH BiIKPUTOMY 00TO-
BOPCHHI B IIMPOKOMY KOIi (haxiBIiB HAYKOBOI CITiJIb-
HOTH MOXXYTh HAMITUTH 200 HaBITh BUSHAYHUTH JOLLTH-
HICTBh TOTO YH{ IHIIOTO HANPSIMKY TETEPilIHiX Ta Maii-
OyTHIX IOCHiIKeHb. Y TIpoleci yIOCKOHAJICHHS
SACPHUX TEXHOJOTI HOBOTO MOKOJIHHS HEOOXITHO
BpPaxOBYBaTH pPsija JOAATKOBUX (haKTOpiB: po3poOka
[MpuHnuniB 3a0e3neYeHHs TPUUHATHOCTI, €(hEKTUBHO-
CTI Ta €KOHOMIYHOI KOHKYpPEHTOCHPOMOXXHOCTI aTOM-
HOI €HEepreTHKH, 3a0e3Me4eHHs] CTabiIBHOCTI, SIepHOT
Ta pamiaiiiHoi Oe3MeKu i HaIIHOCTi, HEePO3MOBCIO-
JOKEHHS 1 PI3MYHOTO 3aXHUCTY.
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Abstract

The main reason for slowing down the transition to an innovative type of development of the agricultural
sector of Ukraine's economy is the lack of a clear direction for domestic enterprises to develop the poultry industry
on the basis of innovation. Poultry farming in Ukraine belongs to one of the branches of the agro-industrial com-
plex, which has been developing most rapidly and dynamically in recent years. Of great importance for poultry
farming is the incubation of eggs and innovative means of processing them (ionization, ozonation, UV irradiation)
to improve the quality of incubation and increase the yield of young. The quality and quantity of young animals

affect the quantity and quality of poultry products.

The purpose of the article is scientific - theoretical and practical deepening of the importance of organiza-
tional and managerial innovations and determining the prerequisites for their implementation in the management
system of agricultural enterprises. Especially enterprises in the poultry industry.

Keywords: agro - food products, agricultural management, innovation activity, pricing, poultry farming, in-

cubation.

Domestic agricultural enterprises do not have a
high level of innovation activity, however, stable and
competitive operation of agricultural enterprises is im-
possible without the implementation of innovative ac-
tivities. Widespread introduction of innovations in all
areas of agricultural enterprises contributes to: increas-
ing productivity, saving various types of resources, re-
ducing costs and reducing the cost of agricultural and
food products, increasing the volume and increasing the
efficiency of agricultural production.

Introduction of methods of organic farming allows
to provide production of ecologically pure production,
to carry out rational nature use and use of natural re-
source potential of an agro-industrial complex. Compe-
tition between commodity producers is intensifying and
the practical use of agro-innovations is being stimu-
lated. In turn, the emergence and introduction of new
technologies make appropriate demands on the system
of agricultural management, a qualitatively new level
of professional education and behavior of employees.

This article considers the further development of
poultry farming, which requires constant improvement
of the technology of the incubation process, aimed at
increasing the output and improving the quality of
young birds using innovative technologies.

One of the factors driving the increase in poultry
production is innovation in genetics, breeding and feed-
ing. Of great importance is the introduction of new hy-
gienic techniques and technologies based on scientific
research, which should go in two main directions: lev-
eling the following violations of breeding conditions,
keeping birds and stimulating their growth and devel-
opment at various stages of ontogenesis, including in
the embryonic period.

An urgent task at the present stage of development
of agricultural production is the development and effec-
tive implementation of innovations in the system of ag-
ricultural management. All this requires a revision of
established stereotypes of thinking and the transition to
new forms, methods and ways of management, which
would be focused exclusively on the innovative type of
development.

In the unstable world financial and economic situ-
ation, the agricultural sector of Ukraine's economy is
constantly increasing the level of quality requirements
and pricing conditions, as well as showing stable
growth trends, and the organic market is one of the most
dynamic food markets in the world produced during in-
tensive poultry farming.

An important tool for increasing the competitive-
ness of the agricultural sector of Ukraine's economy is
an innovative model of development. Improving the ef-
ficiency of agricultural production at the present stage
is largely due to the widespread implementation in
practice of domestic and world achievements of scien-
tific and technological progress, the strategic role of
which belongs to innovation

In world economics, there are different views on
the definition of “innovation". Thorough innovation
theories have been developed by foreign scientists [4,
p.264].

The founder of the economic theory of innovations
J. Schumpeter in his works introduced into scientific
circulation a new concept of "creative destruction”. Ac-
cording to the scientist, entrepreneurs are innovators
who produce new products or implement new technol-
ogies or methods of production. That is, creative de-
struction is a process of transformation that is accom-
panied by radical innovation and cleanses the economy
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of all obsolete. With the help of innovations, entrepre-
neurs expand the limits of the economy, cutting off
from it inefficient production, forming a new, more ef-
ficient structure of the economy [1, p.85].

At the origins of innovation theory was your com-
patriot. Back in 1894. In his work "Industrial crises in
modern England, their causes and impact on people's
lives" Mr.Turgan - Baranovsky outlined and proved the
cyclical nature of economic development and its de-
pendence on loan capital and investment. The name of
this Ukrainian economist, the first Minister of Finance
of the Ukrainian People’s Republic, was introduced to
the founders of the theory of business cycles and eco-
nomic growth. The research of Mr.Turgan-Baranovsky
became a powerful impetus for the continuation of the
work of his student — Mr. Kondratiev.

Today the process of formation of the innovation
system in Ukraine, in particular in the agro-industrial
complex, takes place under very unfavorable condi-
tions: insufficient provision of scientific and material
resources, limited information resources, limited infor-
mation resources, loss of highly qualified workers, etc.
[3, p.45].

Innovation - innovations in engineering, technol-
ogy, labor organization and management, based on the
use of scientific advances and best practices, as well as
the use of this news in a variety of fields and areas of
activity. With regard to agro-industrial enterprises, in-
novations are the implementation in economic practice

of the results of research and development in the form
of new varieties of plants, breeds and species of animals
and poultry, new or improved food, materials, new
technologies in crop, livestock and processing indus-
tries, new fertilizers and pesticides plants and animals,
new methods of prevention and treatment of animals
and poultry, new forms of organization and manage-
ment, which provide an opportunity to increase yields,
productivity, efficiency and production of environmen-
tal products, which provides enterprises with profitabil-
ity, competitiveness and stability.

The essence of the concept of "innovation in agri-
culture or" agro-innovation "is insufficiently studied.
We consider these concepts as identical and interpret
the meaning of this category as the introduction into the
agricultural sector of technological, technical, organi-
zational, economic, environmental, breeding - genetic
and other innovations in order to obtain economic ef-
fect that will change the quality of life and wildlife
component (animals or plants). In agriculture, it is nec-
essary to distinguish a specific type of innovation - se-
lection - genetic, which creates conditions for increas-
ing crop yields several times and the productivity of all
agricultural production.

The classification of innovations in the activities
of agricultural enterprises should be considered taking
into account industry characteristics. (Table 1)

Table 1

Classification of innovations in the activities of agricultural enterprises.

Signs

The content of signs

According to the degree of novelty

-basic
-improving
- modification
- applied

By industry, which are implemented

-crop production
-aculture
-irrigation agriculture

By period of implementation

-long-term
-medium
-short-term

By origin

-external
-internal

By subject and scope

- selection - genetic
-socially - ecological
- technical and technological
-biological
-chemical
- management
-marketing
-legal

The overall innovation strategy dictates the logic
of enterprise development in order to ensure its long-
term competitiveness and profitability in a changing
market environment. Under favorable conditions, it
forms an innovative business model, which will be
chosen by the company to ensure product
competitiveness and profitability on the basis of
innovation both individually and as a whole business
[6, p.25].

To increase the quantity and quality of poultry
products, much attention is paid to the quality of egg
incubation and the percentage of hatching, which
depends on a large number of factors and before the
incubation treatment of eggs.

Existing egg disinfectants before laying in the
incubator and during the incubation period need to be
revised to take into account new innovative approaches
to assessing their effectiveness. Formalin is used as the
main disinfectant in most countries of the world. This
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disinfectant is relatively cheap and has good
bactericidal and bacteriostatic properties. However,
formaldehyde is mild, extremely toxic and, according
to the IARC, is officially recognized as carcinogenic to
humans. Many new drugs have appeared to replace
formalin [2, p.24].

lonizers and ozonators, which are currently used
indoors for caged poultry, have a common
disadvantage - the difficulty of obtaining a fairly stable
and homogeneous concentration of ions and ozone in
the respiratory zone of birds. Based on this, the author
of this work proposes a method of ionization and
ozonation of air in cages for laying hens through the use
of local ionizers, ozonizers, which allow to obtain a
stable and homogeneous concentration of ions and
ozone in the bird's breathing zone, and pre-incubation
treatment of chicken eggs the use of flow ionizers -
ozonators, excluding chemically harmful drugs
(formaldehyde, etc.), which do not provide the required
level of disinfection and disinfection, in addition, can
penetrate the egg shell and change its quality content.
The use of air ion-ozone mixture for pre-incubation
treatment of chicken eggs, along with disinfection, can
stimulate embryonic development and hatching of
chickens. In this case, the embryo, according to the
author, uses eggs more intensively, reduces the
duration of incubation and increases hatchability [5,
p.559].

As arule, an ozone concentration of about 300 mg
/ m3 is used for egg treatment, and the treatment
duration is 60 minutes, after which the premises are
thoroughly ventilated. Ice notes that ozone acts on
absolutely all viruses and bacteria. That in our time it is
very important. Since embryos develop in an isolated
incubator cabinet, ozone promotes better air exchange
between the embryo and the environment. Ozone does
not form harmful substances, so in recent years it has
become increasingly used in poultry, especially in the
establishment of production of automatic high-power
0zone systems.

The use of ozone in poultry should be widespread.
There are all grounds for this: the production of
ozonators of different power and automatic devices for
monitoring the concentration of ozone in the air of any
environment has been established. But the restraining
factor is the lack of regulations for the operation of
devices depending on a number of factors, namely the
level of air exchange in the room, which depends on the
season and ambient temperature; the presence of living
beings in the room and their number; the degree of
pollution and gassiness of the premises; the number of
metal equipment and the level of its corrosion activity,
etc .. In addition, such equipment should be serviced by
experienced professionals [7, p.15]. That is, to solve
this problem it is necessary to conduct a number of
studies in both laboratories and production. Since the
incubation of poultry eggs is a dirty part of production,

the introduction of ozonators in incubators of different
levels (especially those in the area of residential areas)
is a priority of science and practice.

Conclusions. At present, most enterprises in the
agricultural sector are well aware of the importance and
regularity of expanding production and increasing
profitability through innovation. In this situation, the
prominent place belongs to the state support of the
strategy of innovative development, which should be
carried out on a systematic and consistent basis. All
participants in the innovation process should be
interested in combining their interests and efforts in the
creation and application of new knowledge and
technologies in order to enter the domestic and foreign
markets with high-tech products.

Thus, the key organizational and managerial
innovations in the management system of an
agricultural enterprise is that they create the conditions
for innovation receptivity to implement innovations of
all types. Ultimately, managerial innovations over time
transform the very way enterprises operate and lead to
effective results of production and economic activity.
Therefore, awareness of the role of organizational and
managerial resources as a system catalyst in the
implementation of the strategy of economic
development of agricultural enterprises, is a key task of
the management of any enterprise, including
agricultural.
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