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AHHOTALIUA

B coBpeMeHHOIT HH3HOIOTHN YKOPSHWINCH BEChMa YIIPOIIEHHEIE TIPEICTABICHIS O TAKOW BaKHEHTIIeH Iist
OpraHmnismMa CUCTEMC, KaK CUCTCMa IbIXaHUs. CHCcTeMHBIH aHAIN3 [oKas3ali, 4TO npu (1)1/131/1‘160[(017[ Harpyske 6oitee
50 Bt AKTUBU3HUPYCTCA MOACUCTECMA TKAHCBOI'O AbIXaHMUA, 06GCHe‘II/IBaIOH.Ia$I 06”béMHYIO CKOpPOCTb KPOBOTOKA,
AICKBATHYIO BCJIMYNHE HOTpe6HﬂeMOFO KUcjaopoaa, a B MOACHUCTEME BHCIIHCETO JbIXaHUA aKTUBUPYCETCA
peryJsinysl 1o HaNpsKEHUIO KUCIIOPOA B apTEpUaIbHOM KPOBHU, U 1€3aKTUBUPYETCS PETYIISILMS 110 HANIPSKCHUIO
JIBYOKHUCH yTieposa. [Toka3aHa poJib 4acTOTHI ABIXaHHS B YBEITHUCHHH CKOPOCTH MU GY3HUH Yepe3 abBeOSIPHO-
KalWUSIPHYI0 MEMOpaHy.

Jyist pU3UOIIOrOB, MEUIIMHCKUX PAOOTHHUKOB U TPEHEPOB.

ABSTRACT

In modern physiology, very simplified perceptions of such an essential system for the body as the respiratory
system have taken root. The system analysis showed that at a physical load of more than 50 W, the tissue
respiratory subsystem is activated, providing a volume blood flow rate adequate to the amount of oxygen
consumed, and in the external respiratory subsystem the regulation on oxygen voltage in arterial blood is activated,
and the regulation on carbon dioxide voltage is deactivated. The role of respiratory frequency in increasing the
rate of diffusion through the alveolar capillary membrane is shown.

For physiologists, medical professionals and trainers.

KiroueBble cj10Ba: TKaHEBOE JABIXaHUC, BHCUIHCC AbIXAHUC, HOTp66H6HI/Ie KUCJIOpOaa; 4aCcToTa JAbIXaHUA;

CUHOATPHUAJIBHBIN y3eI1.

Keywords: tissue breathing; external breath; oxygen consumption; breath frequency; sinoatrialny knot.

CorylacHO COBPEMEHHBIM TIPEJCTABICHUSM (1 3TO
3a()MKCHPOBaHO B (PU3MOIIOTHH) MOTOK KUCIOPOAa U3
aTMoc(epbl B KpOBb OOECIIeYMBAETCSl BEHTHIIALMEH
IBBEOJIIPHOTO TIPOCTPAHCTBA IO YIPABICHHEM
JIBIXaTEeIbHOTO IEHTpa (BHEIIHEE IbIXaHWE) W jJajee
mudoysmeii B KpOBb  Uepe3  albBEOJISIPHO-
KalWUSIpHYI0 MeMmOpaHy, a Au(QQy3UOHHBIH MOTOK
KHCJIOpPO/la W3 KPOBEHOCHOM CHCTEMBI B TKaHH
(TKaHeBOe JBIXaHWE) NPEACTABISIETCS IACCHBHBIM
AQBTOHOMHBIM IIPOIIECCOM.

Hacrosmuii cucTeMHBIM aHaaW3 II0Kasaj, 4To
TaKye TPEICTABICHUS aJeKBATHO OIHUCHIBAIOT paboTy
CUCTEMBI JABIXaHHUsl OpraHU3Ma TOJIKO B COCTOSIHUH
nokos.  OAHAaKO  COCTOSHHUE  OpraHu3Ma  He
OrpaHUYMBAETCS TOJBKO COCTOSIHMEM ToKos. [Ipupona
JIOITyCKaeT IMPOU3BOJIbHBIE, OTHOCUTEIILHO BBICOKHE,
(u3nyeckre Harpy3KH, ¥ 4eJOBEK Ha IPaKTHKE 3TUM
aKTMBHO mosb3yercs. [loaToMy ommcanue paboOTHI
CHCTEMBI JBIXaHHUS B IIMPOKOM JHana3oHe GU3NIeCKUX
Harpy3o0K SBJISIETCS aKTyaJIbHOH 3a7adue.

PesynbTarel  TPOBEAEHHOTO  HMCCIECIOBAHUS
MO3BOJIAIOT YTBEPXKAAaTh, YTO BHEIIHEE IbIXaHHUE U
TKaHEBO€  JIBIXaHHWE  SBISIIOTCSA  TIOJICUCTEMAaMH,

BXOJSIIIUMU B €MHYIO CUCTEMY JIbIXaHUS, CTPYKTypa
KOTOPOH W3MEHSETCS] B 3aBHCHMOCTU OT BEJIUYMHEI
(u3nueckoil Harpy3ku opraHusma. Takod TpaHUYHOMN
BEJIMUMHON SBIISICTCS 3HAUCHHE NpUOIM3HUTENHLHO 50

Br. Ilpu Harpyske opranuszma mo 50 Bt (manee 3to
COCTOsIHME OyZIeM OIpeNelIsiTh, KaK COCTOSIHHIE ITOKOS)

MOJCUCTEMBl  (YHKIMOHUPYIOT  TaK, Kak |
TIPEACTABISIET COBPEMEHHAsT (PM3HOJIOTHSI.
I[lpu mnpeBpeHNH  (QU3HYECKOH  HATPY3KOU

3HadYeHus npubamurensHo 50 Bt (mamee Oymem 3to
COCTOSIHHE OIpEIeNATh, KaK COCTOSHHE HArpy3KH) B
MOJCUCTEME BHENIHEro JABIXaHHS peryiaupyemas
BenuunHa (nanee, PB) (a uMeHHO, KOHIIEHTpAIs
JBYOKHCH yIJepoJa B  apTepHalIbHOM  KpPOBH)
3aMeHseTcd Ha  KOHIEHTpAIMI0O  KHCIopojga B
apTepuanbHOW KPOBH, M NPOUCXOMAAT CYIIECTBECHHBIC
W3MEHEHHsS B pEXHME pPadOTHl HCIOIHUTEIEHOTO
MEXaHM3Ma - JIETKHX, a A oOecnedeHus: padOTHI
MOJICUCTEMBl TKAaHEBOTO JIBIXaHUS, aKTUBH3UPYETCS
cucTeMa OMOPETYJIISINY C PErYJIMPYEeMON BENNINHOM —
KOHIIEHTpalUel KUCI0poAa B BEHO3HOH KPOBU.
Onucannio pabOTBl CHUCTEMBI  JBIXaHHS B
OIMPOKOM  Juama3oHe  (QU3MYECKHX  Harpy3ok
OpraHu3Ma M IOCBSIIICHA HACTOSIIAS CTaThs.
CornmacHO  COBPEMEHHBIM  IIPEICTABIICHHSIM,
PEryIsSTOPOM CHCTEMBI BHEIIHETO JIBIXaHHSA, a TOYHEE
(dhopmupoBaTenemM 3akoHa ynpasieHus (naiee, O3Y)
[2]  saBHEAOTCS  COCYOHUCTBIE  XEMOPELEHTOPHI,
PacIOJIOKEHHBIE B 30HE Pa3/IBOCHUS COHHOH apTepun
(KapOTHIHBIH CHHYC), W TIIOJAIOIIUME CHTHAaJI B
apixatenbHeld  meHtp  (masee, JIL).  Xefimancom
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(Corneille Heymans, naypear HoOeneBckoli nmpemuu
no ¢usuonornn u meauuuue 3a 1938 rox) ObuIO
YCTAHOBIICHO, YTO KOHIIEHTPALIUH JbIXaTEIbHBIX I'a30B
(PaCO2 u Pa02) 1 noHOB BOIOPOA MOIAEPIKHUBAIOTCS
B paBHOBecHMHM pe(uieKkcaMH HEpPBHOH CHUCTEMBI,
00BemUHIIOMUME: 1) COCYIOHCTBIE XEMOPEUIENTOPEI
JbIXaTeIbHBIX Ta30B, 2) JbIXAaTeNbHBIH LEHTP B
MPOIOJITOBATOM MO3re W 3) JeTKHe. JDTO W eCTh B
o0IIMX  YepraX COCTaB CHUCTEMBI  PEryJLHY,
obecrieynBaoield  OpraHu3M  KHCIIOPOIOM B
COCTOSIHUH MOKOSL.

Jleranu3upoBaHHas aBTOPOM (YHKIHMOHAIbHAs
CXeMa CUCTEMBI OMOPETYIISILNH JBIXaHNUsI B COCTOSIHUT
MIOKOsI IpUBeJieHa Ha puc. 1.

Konrponupyer 3nauenue PB ¢opmuposarens
3akoHa  ymnpaBneHus ®P3Vy, pomp  KOTOpPOro
BBINOJIHSAIOT COCYJMCTBIE XEMOPELENTOPhl JBYOKHCH
yIIeposa, PacroJIOKEHHbIE B KapOTHIHBIX CHHYCax
COHHBIX apTepuid W (QOPMHUpYIOLIIME  CHTHAI
ynpasieHus CVYr, HanpaBIsieMbIii B HCTIOJTHATEIEHBIN
Mexaam3M UMy. Crarndeckas xapaktepuctuka @3V
— Boszpacratomas [2]. MMp mnpexacraBmsier coboit
KOMIUIEKC, cocrosmuid u3 JL u mpuBOOuUMBIX UM B
nBibkeHue [4] merkux. Cratudeckasl XapaKTepHCTHKA
WM — COOTBETCTBEHHO, Maaromnias [2].

Ecniu  BeHTMnsAinMs — HexocTaroyHa, TO B
apTepualbHOW  KPOBH  HaNpsDKEHHE  JIBYOKHCH
yrnepona (PaCO2) okaxercst BbIlIE HOPMBL OTO
yBenuuuBaeT CVYr, 4To

CVy

UM
n

PaCO2

an

Jlerkue

o3y

(Cocyaucroie 2
XeMopenenTopbl

C02)

Puc. 1. @ynkyuonanvras cxema noocucmemvl HeUIHE20 ObIXAHUL 8 COCMOSHUU NOKOL:
HUMII — ucnonnumenvhoii mexanusm, @3VII — popmuposamens 3akona ynpasienusi,
CVII — cuenan ynpasnenus, PaCO2 — pecynupyemas eéenununa — konyenmpayusi CO2 6 apmepuaivHoi Kposu.

sBasiercs i JII] curHajaoM Ha yBEJNIMYEHHE
BEHTWSIIINK. YBEIWYCHHE BEHTWISAIUU yMEHbBIIAET
snaueHue PaCO2. Ho 11 ve moxet BepHyTh PaCO2 K
ucxomHoMy  3HaueHWro. OcraHeTcs  HEKOTOpOe
MPEBHIMICHAE, KOTOPOE, COOCTBEHHO, U 00eCIIeunBacT
MOBEIIIICHIE BEHTWIALMU. B TeOpHH perymsmuu 3To
MPEBHIIICHAE HA3BIBAIOT CTATHYECKOH  OMMOKOI
cucteMsl. [loaToMy NpH yBETUYEHHH MOTPEOICHUSI
KHCJIOPO/Ia OT YPOBHS OCHOBHOI'O OOMEHa 10 YPOBHS
Harpy3ku B 50 Br, PaCO2 Oymer mnpomo/mkath
PaBHOMEPHO BO3pPACTaTh € HEKOTOPOW HEOOIBIION
WHTEHCUBHOCTBIO, ompenenieMoil  CTaTH4ecKoit
OIINOKOM CUCTEMBI PETYJIISAINH.

Uro xacaercsi XeMOPEenTOPOB KUCIOpOia, TO B
COCTOSIHUU TIOKOSI OHH HE paboTarT, U UX POJb B
PETyJISIIH JBIXaHUS B COBPEMEHHOU (DU3UOJIOTHH HE
ycTaHoBJieHa. 3BeCTHO JHIb, YTO XEMOPELENTOPHI
KHCIIOpO/1a YBEJIUYUBAIOT CBOM CUTHAJ NMPHU CHHXKEHUU
koHneHTparuu Pa02. A TOCKONBKY TpPH POCTE
Harpysku B npezenax 50 Bt (T.e. B cocTosHUU NOKOS)
32 CYeT YBENMYCHUS BEHTWIALWHU aJIbBEOIIPHOTO
MPOCTPAHCTBA W YBEIHUYCHHWS Nepy3uH aibBeod,
PaO2 Tompko pacter, TO Xemoperentopsl Ha JIIT
BO3JICHCTBHS HE OKA3BIBAIOT.

Cucrema peryJIsiuy JbIXaHusl B COCTOSTHAN TTIOKOST
OYeHb NPOCTa U HaJeKHA. BaxHeWIIuM CBOWCTBOM
CUCTEMBl  SIBJIIETCS  aBTOMAaTU3M, U  Ipolecca
BEHTHIAIMH (OHA HE HY>KHAeTcs B pabOTe CO3HAHWA),
M Tpolecca TKAHEBOTO JbIXaHWs (TKAHU CcaMu

OTIPEJIENIAIOT, CKOJBKO
apTepuanbHOM KPOBH).

Ho npm HexkoropoM yBenndeHHH (U3NUECKOH
HATPy3KH B COCTOSIHHH TOKOs (B mpexpenax 50 Br),
I (y3HMOHHBIH TTOTOK KHCIOPOAAa B TKAaHH BCE K€
YBEIMIHUBACTCS, " HEN30eKHO TIOHIKEHNE
MapIHUaIbHOTO  JIABJICHHUS KHCIOPOAa B BEHO3HOM
kpoBu. [loHMXKeHHe HanpsDKEHHsS KHCIopoga B
BEHO3HOM KPOBH 710 25 MMH( siBisieTCst peieaoM st
TKaHEBOTO JBIXaHHUS.

JanbHeiimee noBbleHre GU3NYECKON Harpy3Ku
(6onee 50 BT) mpUBOIUT K CHUKCHHIO HATPSIKEHHS
PvCO2 otHocuTenbHO 3HavyeHus 25 MMHQ, 4ro
BBIHY)KJIA€T CepJIle, JUId MOANepKaHUS HampsHKEHUS
KHCJIOPOJIa B BEHO3HOW KPOBH YBEJINUNBATh 00bEMHYIO
CKOPOCTH KPOBOTOKa IIyTEM YBEJMYEHHS YacCTOTHI
cepIeuHbIX cokparienuit (manee, YCC).

®dusnonoruss He ONMCHIBACT, KaKUM 00pa3om

KHCJIOpOJia TMPUHATH U3

ceplie  MOINACPKUBACT KPOBOTOK,  aJCKBATHBIM
TEKyIeMy MOTPEOJICHUIO KHCIOPOJa OPTraHHU3MOM.
OT0  OOCTOATENBCTBO  CTUMYJIHPOBAIO  aBTOpa
BbBIJIBUHYTb TUIIOTE3Y (0] YYBCTBUTECJIBHOCTU

CHHOATpHAILHOTO y31a (nanee, CAY) kK KOHIIEHTpaIuu
KHCIIOpO/Ia B BEHO3HOH KPOBH [5], 3aKIIOYAIONTYIOCS B
ClIe/TyIOLIeM:

1. OpraHusmMy B  COCTOSHHH  HArpy3Ku
HeoOxoauMa (n OHa  HUMEET  MECTO B
JNEHCTBUTEILHOCTH) PEryJsiius OOBEMHOW CKOPOCTH
KPOBOTOKa B (DYHKIMHM BEIMYUHBI HANPSHKCHUS
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KHCJIOPOAa B BEHO3HOW KpOBU I OOecredeHus
TKaHell KHCIOPOJAOM B KOJIMYECTBE, aJ€KBaTHOM
Harpyske. U Ty pyHkuunio Moxet BoIIONHATE CAY;

2. OcobeHHO BakHA 3Ta (DYHKLUS AJISI BEpXHEH
9acTH Tela, IJIe HaXOJUTCSA TOJIOBHOM MO3T, IOITOMY
pacmionoxxenrie CAY B 30He BX0J1a, UMCHHO, BEpXHEH
MOJOM BEHBl B MpaBOe MpEACepAne  O4YEHb
MIOKAa3aTEJbHO;

3. CAY uMeeT KOHTaKT ¢ BEHO3HOU KPOBBIO, T.€.
TO, YTO ¥ HEOOXOJMMO ISl PETYISALUH B ITOJCUCTEME
TKaHEBOTO JbIXaHUS;

4. B opranusmMe He MOXeT OBITh JABYX
PEryJIATOpOB 00BEMHON CKOPOCTH KPOBOTOKA, T.K. 3TO
MPUBEJIO ObI K KOHGIIMKTY MEXIY PeryJsITopamu.

Kpowme toro, nu3BecTHbI qanHbe [ 1, ¢. 466 Tabmua
19.1], 4dYro HEZOCTaTOK KHCJIOpOJa  BBI3BIBACT
«yCWJICHHE KPYTU3HBI NMEHCMEKEPHOro MOTEHIMAaIay,
YTO TaK K€ TOBOPHT B MOJIB3Y 3asIBICHHON THITOTE3BI.

60/t o

80

0 25 mmHg

Urak, npeamnonaraeM B KayecTBE TMIOTE3bI, YTO
CAY wuMeeT 4YyBCTBUTENBHOCTb K KOHUEHTpaLUUU

KHCJIOpOoJa B BEHO3HOM KpoBHU n SABJISACTCA
(bOpMPIpOBaTeJleM 3aKOHa  YyIpaBJICHUS  CUCTEMBbL
peryjaaiuud TKAaHEBOI'O AbIXaHUA. XapaKTepI/ICTI/IKa

sToro runoterndeckoro @3V: 1) ymensmaromasics (¢
POCTOM HampsDKEHUSI KUCIOpOJa B BEHO3HOW KPOBH,
UCC ywmensmmaeTcs), u 2) HenuHewHas [3] - mpum
BBICOKMX 3HAYCHHUAX HANpsDKEHUs Kuciopona (Ooiee
25 mmHg) YCC umeeT OTHOCHUTEILHO HEOOJBIIIOE
3HAYCHHE U W3MEHseTCs B QyHKIUHN m3MeHeHus PvO2
HECYILIECTBEHHO; NPU MalbIX 3HaueHHAX (MeHee 25
mmHg) YCC  cymectBeHHO  BO3pacTaeT ¢
YMEHbIIEHUEM HarnpsHKEHUs KHCJIOPOA.
I'mnoTternueckass XapakTepuCTHKa (OPMUPOBATEIS
3aKOHa YNPABJICHUS CHCTEMBI PETYJSIIUM TKaHEBOTO
neixanus O3Vt nmpuBeneHa Ha puc. 2.

> PvO2

OHa JoHa OKos

HArpy3KH

Puc. 2. l'unomemuueckasn xapakxmepucmuxa P3YT cucmemvi
pegyayuu mKaneeo2o ObIXaHus
t — onumenvrocms nepuoda pumma cepoya (cex)

Takum 06pazom, MOKa KOHIIEHTPALUS KHCIOPOAa
B BEHO3HOH KpoBH BhIIe 25 MMHQ, @3Vt Haxogurcs
B 30He ToKOs, ¥ B CAY mpOHCXOAUT TPOIECC XOPOIIO
W3BECTHBI, Kak CIIOHTAaHHAs MeJIeHHAs
JUACTOJINYECKast JIETIOJISIPU3ALTH. Cepaue
COKpallaeTcs C XapaKTepHOH AJsI COCTOSIHUS ITOKOS
yacToToH. [Ipy CHIKEHUH KOHIIEHTpauH KKCIopoia B
BEHO3HOHM KpOBH B mperenax oT 25 mmHQ u Huke,
®3Yr1 BXOAUT B 30HY HArpy3Ku, NPOTHUBOAEUCTBYS
JlanpHeHeMy CHIDKEHHUIO. Juacromnueckas
jJenonspusanus  Boaurens  putMa B CAY
MPOTIOPIMOHAIBHO 3TOMY CHIDKEHHIO CYIIECTBEHHO
yckopsiercss, YCC npomopiuoHAIEHO YBETUIUBAETCS.
B pesymprare cepame, KaK — HCHOJMHHUTENBHBIN
MEXaHU3M CHCTEMBI PETyJSIUN TKAHEBOTO IBIXaHUS

(manee, IMrt), moaziepKuBaeT BEIMYUHY TOKA KPOBU
aJICKBaTHOW TMOTPEOJICHUIO KHUCIIOpOJa TKAaHIMHU.
T'umoretnueckas (HyHKIMOHAIbHAS CXEMa CHCTEMBI
PEryJIAIUK TKAHSBOTO ABIXaHUsI TPUBECHA Ha PHC. 3.

B cootBercTBuU ¢ 3amaHHbIM 3HaueHnem UCC,
cepame obOecreynBaeT HEOOXOIMMYIO OOBEMHYIO
CKOpPOCTh KPOBOTOKA. 3HAK CYMMHPOBAHHS Ha CXEME
YCIIOBHO 0003HAYaeT, 4TO CepIle IOJaeT B TKaHU
KpOBb, MapIUalbHOE JaBICHHE KHACIOPOIa KOTOPOH -
PaO2. TIlotpebmsass KuCIOpOA, TKAaHH YMEHBIIAIOT
HanpspkeHrne kuciopoma mo PvO2=Pa02-PtO2, rume
PtO2 - ycinoBHO 03HadaeT, Ha CKOJIBKO yMEHbIIAETCs
MapurabHOE JaBJICHHE KHCIOPOJa B PE3ysbTaTe €ro
TOTpeOJICHUST TKaHSIMHU.
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Puc. 3. l'unomemuyeckas (hyHKYUOHANbHASL CXEMA NOOCUCTNEMbL PE2YISYUU
MKAHEB020 ObIXAHUSA:
UMT — ucnonnumenvuwiii Mexanuzm noocucmemsl (cepoye),
@3VT — ghopmuposamensv 3axona ynpasnenus (CAY).

CAY pearupyer Ha Benuunny PvO2. Ecmu

PvO2>25 mmHQ, To mpoHMCXOAMT MEICHHAs
JMACTOJIMYEeCKass  Jernoysipuzanus W oO0beMHas
CKOPOCTh  KPOBOTOKAa COOTBETCTBYET COCTOSIHHIO
mokost. Ecmm PvO2<25 mmHg, to amacroimdeckas
JIETIONSPHU3AIIHS (40 MOTEHIMAaIa JIEHCTBUA)
yCKOpsieTCs, U OOBEMHass CKOPOCTh KPOBOTOKA

YBEIMYMBACTCSA. JTO HAIPABICHO HAa COXpaHEHHE
3HaueHus PvO2 Ha yposhe 25 mmHg. Ho, no mepe
YBEJIMYCHUSI MOTPEOJCHUs] KUCIOpOAa M pocra
00BEMHO¥ CKOPOCTH KpoBH, 3HaueHue PvO2 OyneT Bce

Xe HECKOJIBKO YMCHBIIATHCA Ha BCIIMYNHY
CTaTHYECKOU OIHI/I6KI/I IIOACUCTEMBI.
Takum o00pazoM, yBeIUYEHHE MOTPEOJICHUS

KHCJIOPOAA TKaHAMM TIpH (HU3MYECKHX HarpysKax
oonee 50 BT, BBI3BIBAET COIVIACHO 3asBJIEHHOM
THIIOTE3€ aIeKBaTHOE eMy yBEJIMIEeHHE IPUTOKA K HUM
apTepHaIbHON KPOBH.

Ho cxopocThk KpoBH yBeJIIMUUBAETCS IIPH STOM U B
JIETOYHBIX KaImuuIsipax. CrenoBarenbHoO,
YMEHBIIaeTCs BpeMs IpeObIBaHNUS 3PUTPOIIUTOB B 30HE
abBEOJIIPHO-KAMWIUIAPHON MeMOpaHs! (nanee, AKM).
B coctosiHun moxost ono pasho 0,3 cek [6, c. 590].
PacueTsl MOKa3BIBAIOT, YTO OTO BpeMs MOXET
yMeHbIINTHCSA 10 3HaueHus 0,1 cex u erie MeHBIIero.
OnHako 4YeM MeHbIIe BPEMEHHM OTBOAMTCS Ha
mud¢dys3nio, TeM MEHbIIE KHCIOpOJa, NMPH TeX >Ke
MPOYMX YCIOBHAX, OyIer mepeHeceHo yepe3 AKM.
Takum o00Opa3oM, TIpH JaHHOH THUIOTETHYECKOM
CHTYyallil B CHUCTEME BO3HHUK OBl «IOPOYHBIH KpyI»:
yeMm Ooipmie ObuIO OB MOTpeOieHHE KHCIopoja B
TKaHAX, TEM CKOpee CepjIie MPOTrOHsUI0 OBl KPOBH IO
JIETOYHBIM KamWuIgpaM, TeM MEHBIIe KHCIopoaa
ycresno OBl MOCTYNHTH B JITOYHBIE KATWIIISIPHI H, TEM
HUKe Oblla OBl  KOHIIGHTpAIMs KHCIOpoaa B
apTepUuaJIbHON KpoBU. JlpyrMMH ClIOBaMH, BO3HHUKJIA
Obl TOJIOKHMTENBHAss oOpaTHas CBA3b B IIpolecce
CHIDKEHMs] KOHLEHTpPAallMU KHUCIOpOJa B BEHO3HOMU
KpOBH.  OJTO  Heu30exHO  mpuBeno  Obl K

HeorpanndyeHHOMY pocTy UCC u 3aKOHYMIOCH ObI
KaTacTpodoii Jst OpraHu3Ma.

B peanpHON cuCTeMEe 3TOTO HE NPOUCXOJMT.
Korma BcnencTBue ymeHbIIeHUsT BpeMeHN Aupdy3nn
KHCJIOPOZA B  JIETKUX, HECKONBKO  CHIDKAeTCs
HaTpsDKCHUE KUCTIOPOa B apTepuaibHOit kpou PaO2.
310  (QUKCHPYIOT  COCYIHUCTBIE  XEMOPELENTOPEI
KHACJIOPOZIA B COHHBIX apTepwsix. UYem MeHbIIe
3HaueHue PaO2, Tem OoJblie CUrHAN yHpaBIeHHs IS
HAL. Tlo stomy curnamy /L[ yBenmnumBaer 4acTtoTy
neixanus. Ilpu ysemumuenun YJI, B anbBEOJsIPHOM
NPOCTPAaHCTBE TNPH  BBLAOXE K  MapUUaIbHOMY
JaBJICHUIO KHCJIOpoJa J00aBisieTcs JAWHAMUYECKOE
JIaBJIeHNEe anbBeoJisipHoro rasza [5]. ALl mepexoaut ot
peKMMa BEHTHWLIIMU B PEXHM «HarHeTanus». Uem
Oouibllie HAarpy3Ka, TeM OOJIbIIE YacTOTa JBIXaHHs, TEM
Oosiplle AMHAMu4YecKas 1o0aBKa [aBJICHHS Tra3a B
anpBeoNlaX, TeM ObIcTpee mporecc mupdysun. B

pesyibrare, PaO2 BoccraHaBimBaeTcs, HO He
IOJIHOCTBIO, T.K. OCTAaeTCs CTaTH4ecKas OIIuOKa
CUCTEMBI, M  KOHLEHTpauus  KHUCIOpoJa B
apTepUaJIbHOMN KPOBU 110 MEPE YBEJIMUYECHUS HAIPY3KHU C
HeOOoIBIIOoi MHTEHCUBHOCTBIO IPOOJIKAET
CHUXKATBCA.

IIpnu yBemuuenun YJI, yBenuuuBaercs U

3¢ ¢eKTHBHOCTh TUPPY3UH NBYOKHCH YTIEpoaa H3
KPOBH B aJbBEOJSIPHOE IIPOCTPAHCTBO. 3HAUCHHE
PaCO2 ymensmaetcst, u curHan ympaeieaus CYn ot
COCYJIMCTBIX XEMOPELENTOPOB JBYOKHCH YIJIEpoja B
COHHBIX apTepusix npomajgaer. T.e. mpu nepexoje OT
COCTOSIHHUSI TIOKOSI OPTaHU3Ma K COCTOSIHUIO Harpy3KH,
B TMOJCHCTEME BHELIHEr0 JbIXaHUsl IMPOUCXOAUT
AaBTOMAaTUYECKasl CMEHA PETyJIMpYyeMOl BeIW4MHbI. B
COCTOSIHUH TIOKOSI PETYJIMPYEMO#l BETMYMHOMN SIBIISIETCSI
PaCO2, a B cocrosHuu Harpy3ku — PaO2.
OyHKIMOHAIBHAS CXEeMa IOJCHCTEMbI PETYJISINT
BHEITHETO JbIXaHUS JJIsI COCTOSHHUSA (Pu3myuecKoi
Harpy3KH IIpuBe/ieHa Ha puc. 4.
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Puc. 4. @ynxyuonanvras cxema noocucmemvl 6HeUlHe20 ObIXAHUS 8 COCMOSHUU HASPY3KU.:
HUMH — ucnonnumenvuoii mexanusm, @3YVH — popmuposamens 3akona ynpasnenus,
CVH — cuenan ynpasnenus, PaO2 — peeynupyemas eenuyuna.
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PE3YJIbTATBI OHEHKHN COCTOSAHUS MUKPOBUOIIMHO3A ITIOJIOCTHU PTA 1
CBEMHBIX OPTONEAYECKNX KOHCTPYKIAM

Beuepkuna K. B., Illarumosa H.A., Yupkoea H.B.,
Kanunuuenxo B.C., Kanrunuuenxo T.11.

Boponeoicckuii cocyoapemeennviti meOuyunckull yHugepcument
umenu H. H. Bypoenxo

(Poccus, Boponeoic)

RESULTS OF EVALUATION OF THE STATE OF ORAL MICROBIOCENOSIS AND REMOVABLE
ORTHOPEDIC PROSTHESES

Vecherkina Zh. V., Shalimova N. A., Chirkova N. V.,
Kalinichenko V. S., Kalinichenko T. P.

AHHOTAIUA

B nocnenHee BpeMsi cOBpeMEHHAs! CTOMATOJIOTHYECKasi HayKa yIeseT U3yuYeHHI0 HOpMO(MIOpHl YeloBeKa
cepbe3HOE BHUMaHME, Be/Ib JIOKa3aHHbBIH (aKT ee y4acTHs B ITPOIeccax MHUIIeBapeHHs, 0OMEHe BEIIeCTB, CHHTE3E
BUTAMHHOB, ()OPMHPOBAHIH MIMMYHHOTO CTaTyca 1 00IIeil HecTieupIeCcKOi pe3NCTeHTHOCTH OpraHu3Ma UMEET
MecTO ObITh. OT MHKPOIKOJIOTHYECKOTO OJarormoiyyus 3aBUCHT TEUEHHUE, NUCXOJI U MPOTHO3 OPTONEINIECKOTO
nedeHnst. MUKpOOHOIIEHO3 MTOJIOCTH PTa, KaK B HOPME, TaK U IMaTOJIOTHH, IPECTABIICH HE TOIBKO OaKTepUIMH, HO
W BHpycamH, TpubamMH, APOXKKAMHU, CIIOPOBBIMH (hopMaMH MHUKPOOPTaHM3MOB, HAXOISAIINECS B CIIOXKHBIX
HKOJIOTHYECKUX B3aWMOOTHOIIEHHSX, TaK K€, KaKk U B IPYTHX OTIeNax opranniMa. Mukpodiaopa MoJOCTH pTa
MpEeACTaBIsIeT co00W BBHICOKOUYBCTBHUTENIFHYIO MHIMKATOPHYIO CHCTEMY, pearupyromas KOIWYECTBEHHBIMH H
Ka4eCTBEHHBIMH CIBHIAMU Ha M3MEHEHHE COCTOSHUS Pa3IUYHBIX OPraHOB U CUCTEM OpraHu3Ma uenoseka. Ilog
BIIMSTHUEM pPa3HBIX STHOJOTMYECKMX (AaKTOPOB, B TOM YHCIE€ M CHEMHBIX KOHCTPYKIMH 3YOHBIX HpPOTE30B,
KOJIMYECTBEHHBIH M KayeCTBEHHBIH COCTaB MHUKPOIKOJOI'MH M3MEHSETCS M NPHBOAUT K Pa3BUTHIO JUCOMO03a
HOJIOCTH PTa, HETATUBHO JIEICTBYIOIEr0 Ha UTOT BCEr0 OPTONEAMYECKOro jedeHus. B craTbe aHanusupyercs
HEOOXOANMOCTb KOMIUIEKCHOTO ¥ HWHIMBHAYalbHOTO IIOAXOAa K BHIOOPY OCHOBHBIX MaTepuasioB Ul
M3TOTOBJICHHUS OPTONEIUYECKUX 3yOHBIX MPOTE30B W HA3HAYCHHS JIeUeOHO-TPOPHUIAKTHIECKUX MEPONPUSTHH,
KaK BO BpeMsI OPTOIIEANIECKOTO JICUEHHS C yUETOM MHUKPOOHOJIOIHIECKOTO CTaTyca, TaK U MOCHIE HEro.
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ABSTRACT

Recently, modern dental science pays serious attention to the study of the human normoflora, because the
proven fact of its participation in the processes of digestion, metabolism, vitamin synthesis, the formation of the
immune status and General nonspecific resistance of the body takes place. The course, outcome, and prognosis of
orthopedic treatment depends on microecological well-being. The microbiocenosis of the oral cavity, both in
normal and pathological conditions, is represented not only by bacteria, but also by viruses, fungi, yeast, and spore
forms of microorganisms that are in complex ecological relationships, as well as in other parts of the body. The
microflora of the oral cavity is a highly sensitive indicator system that reacts with quantitative and qualitative shifts
to changes in the state of various organs and systems of the human body. Under the influence of various etiological
factors, including removable structures of dentures, the quantitative and qualitative composition of microecology
changes and leads to the development of oral dyshiosis, which negatively affects the outcome of all orthopedic
treatment. The article analyzes the need for a comprehensive and individual approach to the selection of basic
materials for the manufacture of orthopedic dentures and the appointment of therapeutic and preventive measures,
both during orthopedic treatment, taking into account the microbiological status, and after it.

KiroueBble ciioBa: OPTOINCANICCKOC JICUCHUEC, CbEMHBIC 3y6HLIe IPOTE3HI, MI/IKpOGI/IOHI/IHOS IOJIOCTH PTa,

IUCcOM03, CTOMATUT

Key words: orthopedic treatment, removable dentures, oral microbiocenosis, dysbiosis, stomatitis.

ITonocts pTa YeJIOBEKA SIBIISIETCS
WHIUBHUAYAJIbHON 3KOJOTHYECKONH CHUCTEMOW ISt
pasHBIX MHKPOOPTaHH3MOB, KOTOPBIE (OPMUPYIOT
nmocrossHHyro ~ Mukpodmopy  [1].  HopmanbHas
MHUKpo(iopa  mpeicraBisieT  co00Oi  IIaBHYIO
COCTAaBISIIOIIYIO 3/I0POBbSI MOJIOCTH PTa M yKa3bIBaeT
Ha MaTOJOTMYECKYI0 IKOJOTMI0, KaK Ha Ba)KHEHIIMI

(hakrop, OTIPEICIISIONIH pa3BUTHE
cToMaTonorndeckux  3aboneBanuit  [6]. CocraB
MHUKPO(JIOpHl TOJOCTH pPTa B HOPME JIOBOJBHO

MIOCTOSIHEH, HO JINTEpaTypHbIE NaHHBIC MTOKA3bIBAIOT,
YTO  KOJHMYECTBO  MHUKPOOPTaHW3MOB  CHIIBHO
MU3MEHSETCS B 3aBUCHMOCTH OT CIIOHOOT/ICIICHHS,
TEeMIIepaTypbl MOJOCTH PTa, KOHCHCTCHLIUH U
XapakTepa NHIIH, XapaKkTepa >KeBaHUs M TJIOTAHMS, a
TaKke OT THTMEHWYECKOTO COAEPKaHUs MOJOCTH PTa,
COCTOSIHMSI TKaHeW W OpraHoB TMOJIOCTH pTa U
NPUCYTCTBHSL COMAaTHYecKUX 3aboneBanuit  [2,7].
MHUKpOOpPraHu3Mbl IOCTYNAlOT B MOJOCTh pTa C
nuuiei, BoJIoM, ¢ MOTOKOM Bo3ayxa. Mmerouuecs B
MOJIOCTH  pTa  CKIAAKH  CIM3HCTOM  000JIOUKH,
MEX3YOHBIX MPOMEXYTKOB, [IECHEBBIX KapMaHOB H
JIpyTHX 00pa3oBaHWH, 3yOHBIX NMPOTE30B, B KOTOPHIX
OCTAlOTCSl CIYIIEHHBIH OIHUTENNH, OCTATKH IHIIH,
CJIIOHA, OJIArONIPHUATCTBYET JJISI PA3MHOKEHHST MHOTHX
MHUKpPOOPTraHu3MoB [3].

OtMeueHo aeeHne MUKpOQIIOpHI MOJIOCTH PTa Ha
IIOCTOSIHHYI0 U HEINOCTOsIHHYr0. BupoBoil coctas
MOCTOSIHHOW MUKPOQJIIOPHI MOJIOCTH PTa, KaK MPaBUIIO,
BeChbMa CTaOWIEH ¥ CONEPXKHUT MpeIcTaBUTeNeH
Pa3NUYHBIX MHKPOOPTaHW3MOB (OakTepuu, TPHOKH,
npocTeimue, BUPYCH 1 1p.). [IpeBamnpyroT Oakrepun
aHa’pPOOHOTO  THWIA  JBIXaHUS -  CTPENTOKOKK,
JIaKTOOAINILIBI, GakTeponpl, ¢dy3obakTepun,
BEIUUIOHEIIBI W aKTUHOMUIEeThL. Cpemu OakTepuit
JIOMUHUPYIOT CTPENTOKOKKH, oOpasyrome 45-75%
BCel MHUKpPO]IOpHI POTOTIOTKH. Kpome
MepEUYHCICHHBIX BUI0B, POTOBYIO IOJIOCTh HACEISIOT
cnimpoxeThl posoB Leptospiria, Borrelia u Treponema,
mukomnasmel (M. orale, M. salivarium) wu
paszHooOpasubie npocteiinue — E. buccalis, E. dentalis,
Trichomonas buccalis u mp. [1,5].

BakTepun HEMOCTOSTHHOW MUKPO(IOPHI TMOJIOCTH
pTa BBIABIAIOTCA, B OOJBIIMHCTBE CIy4aeB, B MaJbIX
KOJIMYECTBaX M B HEOOJNBIION MPOMEXKYTOK BPEMEHH.

JlonromMy Hax0XJICHUIO U ACATEIBHOCTH UX B MOJOCTH
pTa MemamT MecTHble Hecnelpduueckue (akTopb
3alIUTHI - JIU30LUM CJIOHBI, (DarolHThl, MOCTOSHHO
HAXOJSIIMECST B TIOJIOCTH PTa JAKTOOAUMIUIBI U
CTPEITOKOKKH, CITY)KaIlIle aHTarOHUCTAMH HEKOTOPBIX
HEMOCTOSHHBIX ~ oburateneii  mojoctd  pra. K
HETOCTOSHHBIM MHKpPOOPTaHU3MaM POTOBOM MOJOCTH
OTHOCSITCS SUICPUXUH, TJIABHBIA HX MPEICTABUTEINb -

KHUIIIeUHas rajiouka, HMEET BBICOKYIO
(epMEHTAaTUBHYIO aKTHBHOCTH, a’3pOOaKTepUH, a
HMeHHO Aerobacter aerogeneS, - CHJIbHCHIIHIA

AHTAarOHUCT MOJIOYHOKHCIONH (JIOPBI TOJOCTH PTa;
MPOTEH (ero YHCio CHIBHO PACTET MPH THOWHBIX U

HEKPOTHYECKHX  Mpoleccax B  IOJOCTH  PTa);
kneOcuetel  w - mpenmymectBeHHO — Klebsiella
pneumoniae, KOTOpas yCTOW4YMBa KO MHOTHUM

AQHTUOMOTHKAM M BBI3BIBACT THOWHBIE MPOIECCH BO
pty. IIpy HapymeHusxX 0OBIYHOTO COCTOSHUS TOJIOCTH
pra OakTepuuM  HEMOCTOSHHOH  (UIOpBl  MOTYT
3aJIePKUBATHCS B HEHl M YBEIMYUBATHCS B YUCICHHOCTH
[5].

B  HOpManmpHOM  opraHm3Me  TOCTOSIHHAs
MHUKpO(hI0pa HECET CBOIO (PYHKIUIO OMOIOTHYIECKOTO
Gapbepa, OCTaHABIMBAas Pa3MHOXKEHHE IATOTE€HHBIX
OakTepuii, MOCTYIAIOMNX W3 OKpY’KaloUleH Cpemsl.
Takke oOHa NpPUHMMAeT ydYacTHe B CaMOOYMIICHUH
MOJOCTH PTa, TOCTOSIHHO CTUMYJHUpPYS MECTHBIHN
ummyHHTeT [1]. CunbHBIE TpaHChOpPMAaLUK COCTaBa U
GyHKUMA  MHKPOGIIOPHI, BBI3BAHHBIE MOHIKEHHUEM
PEaKTUBHOCTH OpraHu3Ma, YCTOMYMBOCTH CIIM3UCTOMN
00OJIOYKM TOJIOCTH PTa W MHOTHMH JIe9eOHBIMHU
MEPONPUATHIMA (sryueBas Tepanms, pueM
AQHTHOMOTHKOB,  MMMYHOMOJYJIATOPOB W  [Ip.),
TIPUBOJIAT K 00pa30BaHUIO pa3HBIX 0OJE3HEH MOIoCTH
pTa, IPUYMHAMH KOTOPBIX OBIBAIOT KaK MaTOTCHHBIE
GakTepuH, KOTOpPbIE MONAJIAI0T U3BHE, TaK U yCIOBHO-
NAaTOT€HHBIE.

MHoOro aBTOpPOB MOJAralOT, YTO OrPOMHOE
3HaY€HUE B UMMYHUTETE MOJIOCTU PTa UMEIOT KIETKU
COCAMHUTCIIPHOM TKAHW CJAU3MCTOW OO0OJIOYKH, K
KOTOPBIM  OTHOCATCS  (puOpoOIacTel M TKaHEBBIE
Makpodarn, KOTOpbIe JIETKO MEepeMemaTcs B
BOCTIAJICHHBIE TKaHHU. ['paHylIOIMTEI W Makpodaru
MIPUHUMAIOT y4JacTue B (harommro3a Ha MOBEPXHOCTH
CIIM3UCTOH  ODOJIOYKM M B IOJCIHM3HMCTOMN
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COCJIMHUTEIILHOU TKaHH, Omaromaps yemy
OCYIIECTBIIICTCS OYHMINCHUE OdYara BOCMAICHUS OT
MmaToreHHbIX OakTepwii [1,5].

OObiuHas MuKpo(opa TOJOCTH pTa BEChMa
ycToiiumBa K  JCHCTBUIO  aHTUOAKTEpHUATIBHBIX
(akTopoB poToBol kuAKOCTH. OITHOBPEMEHHO OHAa
caMa TMPUHUMAET ydYacTHE B 3alllUTe OpPraHW3Ma OT
MHKpPOOPTaHW3MOB,  IOCTyHarommx  u3BHe  [7].
AHTHOaKTEepHATLHAS JIeATEHHOCTh CITFOHBI
CIOCOOCTBYET COXpaHCHHIO JTUHAMHUYECKOTO
paBHOBeCHS ~ OOWTAlOIMMX B TOJOCTH  pTa
MHUKPOOPTraHu3MoB. [103TOMy CilOHA HE YHHYTOXKACT
MUKpOQIIOpY B TOJIOCTH pTa, a obecmeumBaeT e&
KOJINYECTBEHHOC W KAYECTBEHHOE MMOCTOSHCTBO.

Pesunentnass  mukpoduiopa  HONOCTH  pTa
BKJIIOYaeT IpeJcTaBUTeNeH BCEX KJIacCOB
MHUKPOOPIaHM3MOB:  OakTepuid,  aKTHHOMHIIETOB,

CIHPOXET, TPHOOB, MPOCTEHINNX, a TaKKe BHPYCOB.
IIpeobnmamator Oaktepun, npudeM oxoilo 85 %
MHUKPOOHBIX BHIIOB COCTaBJISIIOT aHadpoObl. Hambomnee
oOmmpHas rpynma OakTepHi, HACEIMIOMHNX MOJIOCTh
pTa, KOKKOBUIHBEIE GopMbl. OOHapyxuBaroTcs y 99,9
% moneit B cmore (B 1 M 10 106 cTpenTOKOKKOB) U B
JlecHeBbIX KapmaHax [5]. Ha xomndecTBeHHBI U
KaueCTBEHHbI COCTaB MHKPOQUIOPH BO MHOTOM

BIUSET COCTOSSHUE HMMYHHOH, TIOPMOHAJIbHOM,
HEpBHOW M JAPYIMX CHUCTEM, TaK XK€ HCIOJIb30BaHHUE
JIEKapCTBEHHBIX IpenapaTos, 0coOeHHO

AHTHOMOTHKOB, KOTOPEIC HApYMIAIOT (IIOPY IMOJIOCTH
pTa.

baxrepun MIOJIOCTH pTa, nonajas B
HECBOHCTBCHHBIE WM TKaHH, MOTYT HpuoOperaTh
MATOTCHHBIE CBOWCTBA, HANpUMep, Oe3BpeaHBIE B
MOJIOCTM pTa CTPENTOKOKKM MOTYT  BBbI3BIBAaTh
MHQEKITMOHHBIHA apTpur. MHorue YCIIOBHO-
MaTOTeHHbIE OakTepuu WrparoT OONBIIYyI0 POIb B
STHOJIOTUM W TMaToreHeze 3a00JIeBaHUN CIU3UCTON
000JI0YKH TOJOCTH pTa. B YacTHOCTH, KOHEYHBIE
MPOJYKTHI pacmajia MUTaTeIbHBIX BEIIECTB, HAIPUMeED,

OpraHHYeCKHEe  KHCIOTBI  OKa3bIBAlOT  MECTHOE
MOBpPEXKACHUE TKaHel nojoctu pra [1].

BoinbHele, TIOJTB3YIOIIHECs CHEMHBIMH
OPTONEANYECKUMH  KOHCTPYKIMSMH,  BBI3BIBAIOT

0COOBIf WHTEpec, NOTOMY 4TO TOJ 0Oa3ucaMu
MPaKTUYECKH BCErJla BOZHUKAET BOCHAJIEHUE BO BCEX
30HaX MPOTE3HOTO JIOXKA, HYEMy CIIOCOOCTBYET
HapYIICHUE OYHUIICHUS CIU3UCTON 000IOUKY CIIFOHOM,
n3MeHeHue pH 1 HOHHBIN COCTaB CIIIOHBI, TOBBIILICHHUE
Temneparypsl Ha 1 — 2 °C Ha MOBEPXHOCTH CIIM3UCTON
obonouxwu [3,4].

BaxupiM  dakTOpoM  sBISETCS  TO,  UTO
opToleInYecKass KOHCTPYKIHS CHEMHOIO 3YOHOTO
MpoTe3a YacTO WrpaeT pojib U MEXaHUYECKOTo, M
HapyUIalolIero TUTHEeHY, pa3gpakKuTelisd, TaKk KakK Ha
BHYTPCHHEH W Hapy>XHOH IOBEpXHOCTH 0a3uCOB
COXpaHACTCS MUKPOIIOPUCTOCTH 0A3UCHOTO MOJIUMEPA,
a [IEPOXOBATOCTb HA BHYTPEHHEH ABIIAETCS UJI€aTIbHON
TMMOBEPXHOCTHIO JJIA aAr€3UU MUKPOOPTAaHNU3MOB.

Jpyro#i pazmpaxaronuii GakTop - TEPMUIECKHIA.
ITox 6a3ucom popmupyeTcs TepMOCTaT ¢ HEM3MEHHOM
TeMINEepaTypol U BIAXKHOCTBIO, a TaK)Ke H3MEHSETCS
CaMOOYHINEHHE CIM3UCTON OOOJOYKM MPOTE3HOTO
JI0Ka, 4TO CHOCOOCTBYET MIPUKPETLICHUIO,

KOJIOHHM3AIIMU ¥ Pa3MHOKCHUIO Pa3IMYHBIX MUKPOOOB,
pa3BuTHIO MHUKpOOHOW muieHKU. [Ipu 3TOM TIyOHHA
3apaKEHHOT'O CJIOSl MOXKET IOCTHTaTh 10 2, 5 MM. [4].
Htak, MHUKpOOHBIC TOKCHHBI JOBOJILHO 4YacTo
BBI3BIBAIOT MPOTETUUECKHE CTOMATHUTHL. Y Oosee 60%
MAITMEHTOB, MOJB3YIOMUXCSA 3YOHBIMH TPOTE3aMH,
TOSIBIIICTCS KaHAWAO3, XapaKTepU3yIoIuiics OoIbIo,
JOKCHHEM, THIIEpeMHed B 00JacTH  CIM3UCTOU
000JIOYKH MTPOTE3HOTO JI0KA, MOPAKEHHUEM YTIIOB PTa B
¢dopme 3aex. [lamHas Tpynma MAaUeHTOB OTMEYaeT
HEMPUATHBIA ~ 3amax W30  pTa,  MEMIAoUIUi
KOMMYHHUKAI[MM B TIOJHOM O0BEME H B LEJIOM

YXyALIAIMKUKA KadecTBO Jku3HU. lIpeamoceuikoit
HETIPUATHOTO 3amaxa H30 pra SIBJISIIOTCS
MapOAOHTONATOT€HHbIE MHKPOOPTaHU3MBI,

KCEPOCTOMUS, NPHUBOAAIAS K YBEIMYEHHIO 4YHCIa
OakTepuii W HApYILICHHI0O MHUKPOOHOTO paBHOBECHS
pPOTOBOM TONOCTH, YCWICHHIO (HEepMEHTATHBHBIX
MPOIIECCOB M3-32 YEero BO3HHUKACT WHTOKCHKAIUSI
opranu3Ma. Tak Hanmmuue 3yOHBIX IPOTE30B CaMO IO
cebe  CBHICTENBCTBYET O  HEOIArOMOIYyYHOM
COCTOSIHUM TKaHEH 3yOOYEIIOCTHOM CHCTEMBI, TaK Kak
yTpaTa 3y0OB BCIEICTBHE OCJOXHEHHOIO Kapueca B
HACTOsIIIIee BPEeMs BCTPEUAETCS TOpas3lio pexe, 4YeM B
pe3yipTaTe BOCHATUTENBHBIX IPOIECCOB TKaHEH
MapoJlOHTa, M K MOMEHTY IPOTE3UPOBaHHUI Yy
NalMeHTOB YK€ UMEET MECTO OBbITh MaTOJOTMYECKUM
U3MEHEHHUAM B NMapOJOHTAIBHBIX TKAHSIX.
BrrmensnosxxeHHO CBUJICTEIIECTBYET 0
HE00XOIUMOCTH AKIECHTHPOBAHU 0oJpIIero
BHUMAaHHSA TPAKTHKYIOMINX CTOMATOJIOTOB OPTOICIOB
HAa TEPCOHUGUIMPOBAHHBIA TOAXON TpHU BEIOOpE

KOHCTPYKIIMOHHBIX ~ MaTepuajoB W JIeueOHO-
MPOQUIAKTHYECKUX  MEPONPHATHH  BO  BpeMs
OPTOIEANYECKOTO JIeUeHUs c y4eToM

MI/IKp06I/IOJ'IOFI/I‘IeCKOI‘O craryca.
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IIpoBenéH 0030p IUTEpaTyphl MO MPOCIEKTUBHBIM PaHJOMU3UPOBAHHBIM HCCIEIOBAHUAM JICUEHUS TPBIK
MHIIEBOJHOIO OTBEpPCTUS nuadparMpl, a TakKe OIEHKa pPe3yJbTaTOB COOCTBEHHOTO ONbBITA IUIACTUKHU IPH
OOJIBIINX ¥ TMTAHTCKUX IPhDKaX MHIIEBOHOTO OTBEPCTHS AUa(parmbl.

ABSTRACT

A review of the literature on prospective randomized studies of the treatment of hiatal hernias, as well as an
assessment of the results of our own experience of plastic surgery for large and giant hiatal hernias, was carried

out.

KuawueBble ciioBa:
MAMICBOAHOTO OTBEPCTUA I[I/Ia(I)pal"MLI.

Keywords: large hiatal hernia, giant hiatal hernia.

BaxHy!0 poib B JIGYEHHUH TPBDK IMHUIIEBOIHOIO
oTBepcTHs HuadparMbl UTPAOT pa3Mepsl TedeKTa.

CormacHo  JUTEpaTypHBIM  JAaHHBIM  OHHU
pa3femsIoTca Ha Majbli ¢ IUTOIMAAbIo Jedexra MeHee
5cm?, cpemuuit — 6-10 cm?, Gombiuoit — 11-20 cm?,
TUTAaHTCKHH C IDI0Maapio nedekra 20 cM2,

CIIOKHOCTBIO B XUPYPIUX OOJIBIINX U THTAaHTCKUX
TPBDK MHIIEBOIHOTO OTBEPCTHS JHadparMel SBISETCS
OoJIbIIOE  KOJIMYECTBO AHATOMMYECKHX DPELHINBOB.
CornacHo pexomenaauusiMm «SAGES» pesynpTaTsl
AIUTOTUTACTHKH TTOKa HEJOCTATOYHO yoeauTenbHsl [1].

Llens wuccnenoBaHMA: aHAIU3 XHUPYPTUYECKOTO
JiedeHust OOJIBIINX ¥ THTAHTCKUX TPBDK MHIIEBOTHOTO
oTBepcTUs IuadparMbl W ONpejaeieHune Haumboiee
3(h(HEeKTHBHOTO METO/IA X TUTACTUKH.

MaTtepuaibl U MeTOABI. AHaIN3 JIUTEPATyphI MO
MPOCIEKTUBHBIM PaHIOMU3UPOBAHHBIM
UCCIIEIOBAaHUAM  JIEYEHHUs  TIPbDK  IHIIEBOAHOTO
oTBepcTHs uadparmel, a TaKXKe OIEHKa Pe3ybTaToB
COOCTBEHHOI'O OIbITAa IUIACTUKH TNPH OOJBIIMX U
TUFaHTCKUX  TIPbDKaX  MUINEBOJHOIO  OTBEPCTUS
nradparmsr.

PesyabTtatel u o0cyxnenusi. [lo maHHBIM
JUTEPaTypel MpH OONBIINX W TUTAHTCKUX TPBDKAX
MUIIEBOJHOTO OTBEPCTHA JauadparMbl  IOKa3aHO
JIeYeHHEe C HCIOJBb30BAaHHEM  aJUIOINIACTUKH U
kpypopaduu [2]. IlpoBeneHue 1anapoOCKOMUUECKUX

OoubLIne TPbDKU MNHUIICBOAHOTO OTBEPCTUA Z[I/Ia(bpaFMLI, TUTAHTCKUEC TI'PbDKA

omepanuii — cepb€3Hass mpobiema, o0co0eHHO B
OCIIO’)KHEHHBIX M YPTE€HTHBIX CITydasix.

Cornacio  Nguyen N. T. jamapockomus 1o
MOBOJIy TPBDK TMHIEBOJHOTO OTBEPCTUS AuadparMbl
OOJIBIINX ¥ TMT'AaHTCKUX Pa3MEpOB BhIMOJHEHa B 81%
CIIy4aeB, IPU HAJIMYHUU OCIOKHEHUH B 57% [3].

B pabote Ballian N. 4acToTa
MOCJICONIEPAlMOHHBIX OCHOXHEeHU pocturiaa 20%,
OCJIO’)KHEHHBIE CIy4yau Jajd PUCK JieTalbHOCTH 88%
[4].

Bropas mpobiemMa —3TO BBICOKAasg YacToTa
AQHATOMMYECKHX PELUUINBOB, COCTABIAIOIIAS TPH
kpypopadun 40%, a mpH OIEHKE OTJAIEHHBIX
pesynbratoB 60%. EE& cHmkeHHE BO3MOXHO TIpU
AIJIOTUIACTHKE.

CornacHo wuccnenosanuo, Huddy J. R. wacrora
AHATOMUYECKUX pPELUIUBOB cocTaBmia — 25,5% ¢
IUIACTUKOM CHHTETHYECKHMMHU MMILIaHTaTamMu u 14,5%
C IUTACTUKOM OMOJIOTHYECKUMU UMIDTAHTaTaMu [5].

B 0030pe Targarona E. M. 4acToTa
AHATOMHYCCKHUX PEIHIABOB MPAKTUYCCKH OJJUHAKOBA.
[6,7,8,9].

[Ipoanamm3upyeM pe3ynpTaThl HCCICIOBAHUSA C
2008 mo 2015 rox mo mOBOAY TPBDK HHIEBOTHOTO
OTBEPCTHUS nuadparmsl, OCHOBAHHOTO Ha
280 ucropusix OOJIe3HM W  TPAKTUKU. bBonbHbIE
pacmipenielieHsl Ha  TPYNIBl 10 METOJIUKE


https://www.doi.org/10.31618/nas.2413-5291.2020.2.60.306

12

Hauwnonanbnas accormanus yuensix (HAY) # 60, 2020

Granderath F. A.  Cpennuit
52,6 ner.

IlepBas rpynma — 122 manueHta ¢ OOJBIIUMHU
TPBDKAMH  THIICBOJHOTO OTBEPCTUS  Auadparmsl,
KOTOPBIM BBITIOJIHSIACH Kpypopadus (moarpymmna A —

BO3pacT NanuecHTOB

47 genoBek) WJTH AJUTOTIACTHKA
(moarpynma b — 75 genoBek). B momrpymme by
40 manmeHTOB HCIIONB30Ballach «onlay» 1mactuka

UMIUTAaHTaTOM, a y 35 OONBHBIX — IUIACTHKA C
WCIIONIb30BaHUEM OPUTHHAIFHOTO UMIUIAHTATA.

Bropas rpynma — 148 manueHToB c
THTAaHTCKUMH TPbDKaMHU  IHUIIEBOIHOTO OTBEPCTHUS
JquadparMbl, KOTOPBIM BBINOJHSIACH aJUIOIUIACTHKA
(moarpynma A — 108 denoBek) WM HOBas METOJUKA
HEHATSDKHOM AIJIOTIACTHKH (monrpynmna b —
40 wenoBex). B  moarpymme Ay 32 manueHToB
UCII0JIb30BaNach «onlay» TUTaCTHKA
MOJIUTIPOITMICHOBBIM UMIUTaHTATOM, a y
76 6opHBIX — «sublay» TIacTHKa ¢ UCIOIB30BAHUEM
OpPUTHHAIEHOTO HUMIUTaHTATA. Hcnonp3yercs
METOJIUKY JIanapOCKOMUYECKON JIBYXCJIOMHOMN
AUIOTCPHUOIUIACTHKY  MHUIIEBOJHOTO  OTBEPCTHS
muadparMel OONETYEHHBIM CETYATHIM JABYXCIOHHBIM
HMMILIAHTAaTOM: HIEPBBIN ciou YaCTUYHO
paccachIBacTCsl, BTOpPOH cjol — OuokapOOHOBas
I€HKa Ha OCHOBE KapOuTa. JaHHas KOHCTPYKLUS
MO3BOJISIET MUHIMH3UPOBATh YaCTOTY aHATOMUYECKHUX
PEUINBOB.

YacrtoTa aHATOMHYECKHUX PELUAMBOB MEXIy
noarpynnoi A u  moarpynnod b 1-if rpynmsl
ommyanach B moib3y amwtormnactuku (P =0,0011), a
yactota  gucarmm — B TONB3Y  Kpypopaduu
(p =0,0220). CpaBHeHHE METOAMK AJUIOTLIACTHKH
UMIUTAaHTaTOM  «onlay» © aBTOPCKOH  BEBIIBHIIO
YBEJIIMYCHUE YAaCTOTHI AUC(HATUU MPHU HCIIOIB30BAHUU
nepBoro — 13,6% mo  cpaBHeHuto ¢ 3,6%
cootBercTBeHHO (p = 0,0008). /TaHHBIE 006 OTCYTCTBUU
PEIUINBOB u OJTHOBPEMEHHO MHUIEBOIHBIX
OCJIOXKHEHHUH mMoiydyeHsl HamMu TepBbIMH. C yuérom
pe3yJIbTaToOB HaMHU B 2015 rony HayaTo
MPOCTIEKTUBHOE PAHJOMU3UPOBAHHOE HCCIIEIOBaHUE
3((EeKTHUBHOCTH HOBOTO METOJAa II0 CPAaBHEHUIO C
OCTaNEHBIMU.

BrIiBoOaBI:

BreisiBiena mpoOiiema JiedeHUs OONBIIAX |
TUTAaHTCKUX ~ TpbDK  MHULIEBOJHOTO  OTBEPCTHUS
JradparMsl.

IIpakTuyeckum mnyTéM [OKa3aHO, 4YTO IIpU
OoNpmMX  TpBDKaxX  MHUIIEBOAHOTO  OTBEPCTHUS
nuadparMbl  ONTHMANbHOW  TEXHUKOW  SIBIISIETCS
OpUIMHAJIbHAS METOJUKA.

IIpyu  ruranTckMx  rpbDKax  IUILEBOAHOIO

OTBEPCTUA HI/Ia(l)paFMI)I NEPCIICKTUBHBIM  METOAOM
SABJIACTCA HCHATs)KHasA IIJIaCTHKa 6I/IOKap6OHOBI)IM

YaCTUYHO paccachIBAIOIIIMCS CETYaTHIM
UMILIAHTATOM.
Jlutepartypa:
1. Angamsa A. A. buokapboH, cmocod ero
MOy YEHUS 51 YCTPOMICTBO TS €ro
ocymectieHus [ A. A. AnamsH, B.T. Ba0Oaes,

M. B. I'yceBa u mpyrue // ITatent Ha n3zobperenne Ne
2095464. — Omny6nukoBan 1997.

2. Pozendensn U. U. Otnanénuble pe3ysbTaThl

JIanapoCKONU4YecKoi IJIACTUKH XHUaTaJIbHBIX
rpbok / U. Y. Pozendensa // Te3ucer
VI Bceepoccuiickoit MEKBY30BCKOM Hay4HO-

MIPaKTHYECKOH KOH(EpPEeHIMH MOJOABIX YYEHBIX C
MEXIyHapoAHBIM  ydactTueM  «Momoné&xe U
MeIWIWHCKas  Hayka». — Teepp: ®I'BOY  BO
Teepckoit MY Munszapasa Poccun. CoBeT MOJIOIBIX
yaéHbIX U cryaeHToB. — 2018. — C. 56-57.

3. Pozendensx U. U. Krnaccudpukarms
HETaTWBHBIX  PE3YJBTATOB  JAMAPOCKOIMYECKHUX
onepanyii IpU TpbDKax IHUIIEBOAHOTO OTBEPCTHUS
nuadparmset / . U. Posendennn,

B. A. Axonsin // Marepuanst X1 MexaynapogHoi
Hay4HO-TIPaKTUYEeCKOW KOH(EPEHIMH M CTYAEHTOB U
MOJIOBIX yUEHBIX-MEINKOB
«Moiosexp — INPaKTUIECKOMY

3npaBooxpaneHnio». — Tseps: PI'BOY BO Trepckoit
I'MY Munsapasa Poccun. CoBeT MONOABIX YUEHBIX U
cryaentoB. — 2018. — C. 856-858.

4. Pozendensa U. U. Jlamapockonmgeckast
IUIACTUKA TpPH OONBIIMX W TUTAHTCKUX TPBDKAX
MTUIIEBOTHOTO OTBEpPCTHSA
muadparmet / U. U. Pozendensn, M. JI. Yunukuna //
Marepuansl MexayHapoIHOro MoJjoa&xHoro gopyma
MOCBSAIICHHOTO 80-neTHEMY 100HITCIO
CTaBpOMOJIbCKOr0 TOCYAapCTBEHHOTO MEIUIIMHCKOTO
YHHUBEPCUTETA «Henens HayKd —
2018». — Craspomnons: PI'bOY BO CraBpononsckuit
I'MY Munsapasa Poccun. — 2018. — C. 408—-409.

5. Pozendensn . U. OcHoBHBIE TPOOIEMEL,
BO3HMKAIOIINE TIPH IUIACTHKE TPHDK MHIIEBOJHOTO
OTBEPCTUS nuadparmer / Y. Y. Posenderna,
J.JI. Ynnmkuaa /' Matepuansl  MexIyHapoTHOTO
Mosoaé&xHoro Gopyma mnocssmeHHoro §0-ieTHeMy
1001IIeI0 CTaBpOMOJIBCKOTO  TOCYJapPCTBEHHOTO
MeIUIMHCKOro yHHMBepcuteTa «Henenst Hayknm —
2018». — Craspomnons: PI'BOY BO CraBpononbckuit
I'MY Munsapasa Poccun. — 2018. — C. 409-411.

6. Pozendensn M. 1. Onenka pe3ynbTaToB
HCIIOJIb30BaAHUA CETUAThIX HUMILJIAaHTAaTOB pu
QUIOIJIACTUKE  TPBDK  IHIIEBOJHOTO  OTBEPCTHUS
nmadparmsr / U. 1. Pozendensn,
O. JI. Yunukuna // UccnenoBanuss ©W — MpakTHKA B
menunuae. — 2018. — T. 5, Ne 4. — C. 82-90.

7. Ballian N. A clinical prediction rule for
perioperative mortality and major morbidity after
laparoscopic giant paraesophageal hernia
repairc / N. Ballian, J. D Luketich, R.M Levy et
al. // Journal of thoracoscopic and cardiovascular
surgery. — 2013. — Vol. 145, Ne 3. — P. 721-729.

8. Granderath F. A. Laparoscopic ~ Nissen
fundoplication with prosthetic hiatal closure reduces
postoperative intrathoracic ~ wrap  herniation:
preliminary results of a prospective randomized
functional and clinical study /F. A Granderath,
U. M. Schweiger, T.Kamolz et al.// Archives of
surgery. — 2005. — Vol. 140, Ne 1. — P. 40-48.

9. Huddy J. R. Laparoscopic repair of hiatus
hernia: Does mesh type influence outcome? A meta —
analysis and European survey study /J. R Huddy,
S. R Markar., M. Z. Niet al. // Surgical
endoscopy. — 2016. — Vol. 30, Ne12. — P.5209-
5221.
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[IpennoxkeH OpuUrHHAJIBHBIA CIIOCOO JABYXCIOWHOH ajyIOT€pHUOIUIACTUKH MEAMIIMHCKUM OHOKapOOHOM C
(uKcanyen ceTKH 1o3aau HOXKEK AnadparMbl B KOMOMHAIMK C Kpypopadueii.

B uccnenoBanuu npuHano yyactue 124 nanuenTa, u3 HuX 66 4enoBeK KOHTPOJIbHOU rpyninsl I (mnactuka no
TPaAWIIIOHHOMY METOAy) M 58 UeloBeK — HcCiIeAoBaTeNbCKas Tpynmna II, MM BBIIONHSIN OpPHUIHHAIBHBIA
(ukcaoHHEIH crmocod. Kputepum BKIIOYEHHS B HCCIEJOBaHMWE: BO3pacT cTapmie 18 jer, orcyTcTBHe
COMAaTHYECKOH NAaTOJOTWH, WH(POPMHUPOBAHHOE COTNIACHE MAIMeHTa. Pe3ysibTaThl OICHMBAINCH B paMKax

MMMJIOTHOTO MCCIEIOBaHMA 1O IIKane « VAS».
ABSTRACT

An original method of two-layer allohernioplasty with medical biocarbon with mesh fixation behind the legs
of the diaphragm in combination with cruraphy is proposed.

The study involved 124 patients, including 66 people from the control group I (plastic surgery according to
the traditional method) and 58 people from the research group um, they underwent the original fixation method.
Study inclusion criteria: age over 18 years, absence of somatic pathology, informed consent of the patient. The

results were assessed in a pilot study on the VAS scale.

KiroueBble cjioBa: TCPHUOIIIACTHKA; OoJIbIIHe TPBDKU MUIICBOAHOI'O OTBEPCTUA ,I[I/Ia(bpaFMBI, TUTAaHTCKHUE

T'PbIKU NHUIICBOAHOTO OTBEPCTUA ,E[I/Ia(l)pal"MBI.

Keywords: hernioplasty; large hiatal hernia, giant hiatal hernia.

Bompoc  ¢ukcanmm  uMIUTaHTaTa  KpaifHe
aktyaneH. [lo gamHeiM  Sajid M. S.  oTcyTcTBHE
(uKcalMy HE MOBBINIAET PUCK €r0 MHIPALUH I
BO3HMKHOBEHMSI pELMIMBA, HO JaHHas anpodaus
METOJIUKK TIpH TPbDKaX MHUIIEBOJHOTO OTBEPCTHUS
muadpparmer  (I'TIOJ) He mpoBemeHa. B pabore
Tam K. W. TOBOPUTCS, 4TO BBIIIOJIHEHUE
XHpyprudeckoil omepauuu 0e3 Qukcanuu ceTku He
BJICUET K MOBBILIEHUIO peUnanBOB [1, 2, 3].

Hans HpeTyTpexICHHS penuInBOB
PEKOMEHAYETCSl  WMCIOJIb30BAaTh  CETKY  pa3MepoM
10x15 cm, mnpm pa3Mepax TpeDKH Ooiee 4 cMm

UMIUIAaHTAPOBATh CETKY C OOJBIIMMH ITapaMeTpaMH,
Hampumep, 12x19 cm [4, 5].

Cuuraercs 4T0 KECTKUE MOJHUIMPONUICHOBBIE U
KOMIIO3UTHBIC MaTepHajbl — CaMmble HaAEKHBIC B
IUIaHe MPOPWIAKTHKN PElUINBOB, a CeTdaThle
MMIUIAHTATHl JAIOT OCIOKHEHUs ¢ dacTtoToii 2—25%.
bronornueckne UMILUTaHTaTBI HAOOOPOT, XOTS U JAOT
MUHHMAJIBHBIA TPOIEHT OCIOKHEHHH, HO YacToTa
aHATOMHUYECKUX peuuInBOB (AP) pu ux
ncnoibs3oBanun — 10-50%, 4TO SIBJISICTCS
HenpueMJieMbIM [6].

Lenp wuccrnenoBaHUs: OMUCAHUE MPHEMYIICCTB
KOHIICTIITH METOIMKH JIBYXCIIOWHOM
aJUTOTEPHUOTUIACTUKY YaCTHYHO PacCachIBAIOIUMCS
00JIEr4EHHBIM CETYATHIM UMILJIAHTATOM.

MaTtepuanasl 1 MeToabl: Omnepariei BBIOOpa pu

racTpoa3odareaabHOR pedmarokcHOM Oone3Hu,
accommupoBanHoi ¢ ITIOJI, mpu3HaHa TMJIACTHKA
MUIIECBOTHOTO OTBEpCTHUS nmadparmel u

¢yHnommkanus 1o HucceHy, 3¢ ¢eKTUBHOCTH
KoTOpoi cocraBisier 86-95%. Haumbomee wacto
UCTIONIB3YIOTCS BapUaHThl (pUKcanuu: GuKcanus CeTku
NOBepX HOXeK auadparMel 1mocie Kpypopaduu u
¢bukcanyst kpaéB CeTKM K HOXKaM nuadparMel 0e3
Kpypopaduu [7].

IIpennoxen OpPHUTHHAJIBHBIN croco0
JIBYXCJIOWHON  aJIJIOTEPHUOIUIACTUKKA  MEAUIIMHCKUM
OnokapOOHOM C (pUKcamuedl CeTKH TO03adu HOXKEK
mmadparMel B KOMOWHAIMM ¢ Kpypopaduei.
OOner4yéHHbI MMIUIAHTAT COCTOWUT M3 JBYX CIOEB:
TIepBBIi YacTUYHO paccacbIBaeTcs,
BTOpOil — OMOKapOoHOBass ~ IIEHKA Ha  OCHOBE
kapourta. CTpyKTypa Mo3BOJIIET CHU3UTH pUCK AP, Tak

KaKk I[pU  KIACCHYECKOH  METOJIUKE  MOXKET
(opmupoBatbcs Tpybast pyOmoBas TKaHs [8].
B HCCIIeIOBAHUN MPUHSLIO ydactue

124 nanuenra, W3 HHUX 66 YEIOBEK KOHTPOJIBHOM
rpynmsl [ (TutacTika 1O TPagUIIMOHHOMY METOAY) H
58 yenoBek — wuccnenoBarenbckas rpymma I, um
BEITIOJTHSJIA OPUTUHATBHBIN (DUKCAITMOHHBIN CrOCco0.
Kpurepun BkIIOYEHMS B HCCIEIOBaHHE: BO3pacT
crapiue 18 jer, OTCyTCTBUE COMAaTUUECKOH MaTOJIOTUH,
WH(POPMHUPOBAHHOE COTJIACHE MalueHTa. Pe3ynbraThl
OLICHUBAJIUCh B paMKaxX MUJIOTHOTO HCCIEAOBAaHUS IO
mkaige «VAS». [lanueHTsl oOmNpanmMBaMCh TeEpen
omepaneii, Ha 3-ii IeHb TOCIIE ONepaluu U Yepe3
1 rox. Kputnuecknii ypoBeHs 3HAUNMOCTH OBLT MEHEE
0,05 mo ITupcony.

PesyabTaTsl U 00Cy:KIeHuUs:
npeacTaBieHa OpUrMHAJIbHAS

BIIEPBBIC
KOHLICTIS
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AJUIOTCPHUOIIACTUKA  JId  JICHCHUS OOIbLINX U

rurantckux  [TIO. IlpeanokeHHas  MeToauKa
OCHOBaHa Ha KIMHHYECKHUX peKOMeHaIMIX
«SAGES».

[To kKOHTPONBHOM TpyNIIe HEOOXOAUMO OTMETHTH,
4T0 O0JIEBOIT cCHHAPOM oTMeuancs y 53,3% nmanueHTos.
Y 7 OONBHBIX CTENCHb HWHTCHCUBHOCTH OOIM IO
BU3yaJIbHON aHAJOTOBOM IKajie coctaBmia 1-3 Oarna,
OIVH OTMEYal YMEpPEHHYI0 OOJb II0 aHaJOrOBOH
mKaine B 4—6 6ama, y OIHOTO TMAalMeHTa M3 TPYIIIHL C
(hDUKCUPOBAaHHBIM TIPOTE30M HaOIIONANCA CHIBHBII
6oueBoit cunnpom (7-10 GamnioB).

boneBoii cuHAPOM B 3KCIIEPUMEHTAILHOM IPYIIIIE

MaIEeHTOB 3HAYUMO YMEHBILIICS B
MOCJECONEepPalluOHHOM ~ Iepuoje, IO  BU3YaIbHOM
aHaJoOroBoil  mKanme  cocraBun -3 0amia y

noarpynnsl b. Hu y ogHOro 3 nmanueHTOB OCHOBHOM
TPYTITEI HE OTMEYAJIOCh CHIIbHOW XPOHUIECKOH OOIIH.
BriBOaBI:
1. BriBneHa mpoOinemMa B XHPYPTHIECKOM
nedenun ['TIO/], nposBistomascss B BBICOKOM pPUCKE

BO3HMKHOBEHHs 0OJEBOrO0 CHHApPOMAa M  PHUCKA
peruauBoB mpu ['TIO/.

2. Jlokazana [IEPCIEKTUBA ONTUMHU3AUU
XUPYpPru4ecKoro Merona s npoduiaktuku AP Ha
OCHOBE OpPUTHUHAIILHOTO criocoba
AJUTOTePHHUOIIIACTHKH.

3. Tlomy4eHbl TOJIOKHUTENBHBIE KIMHUYECKHE
Pe3yNbTaThl HOBOM METOAMKH 110 O0JIEBOMY CHHAPOMY.
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menunuae. — 2018. — T. 5, Ne 4. — C. 82-90.

8. Bittner R. Guidelines for laparoscopic (TAPP)
and endoscopic (TEP) treatment of inguinal hernia
(International endohernia society [IEHS]) / R. Bittner,
E. Arregui, T. Bisgaard et al. // Surgical Endoscopy. —
2016. — No 25. — P. 2773-2843.
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AHHOTALUSA

HGJ’IBIO HalInux I/ICCJ'I@I[OBaHI/Iﬁ - CPaBHHUTCJIIbHOC HM3Yy4YCHUC XO3SIMCTBEHHO — OMOJIOTHYECKHX IOKa3aTelei
MPOAYKTUBHOCTH PA3JIMIHBIX COPTOB 03UMOH MIICHUIIBI B YCIIOBUAX paBHI/IHHOﬁ opomaeMoﬁ 30HBI I[areCTaHa.

B nanHOl craTthe paccmarpuBaercsi npobieMa npousBoacTBa mumeHunsl B Poccun ¢ 2010 mo 2019 rr. Ha
OCHOBC aHa/In3a CTPYKTYPbI IOCEBHBIX rmomaz[eﬁ, JUHAMHUKHU ypO)KafIHOCTPI 1 BaJIOBOI'O c60pa NIICHUIIBI.

HpI/IBOILHTCH PE3YIbTAThI I/ICCJ'IGL[OBaHI/Iﬁ IO M3Yy4YCHHUIO CpaBHI/ITGHbHOﬁ MNPOAYKTHUBHOCTU COPTOB 03UMOK
MIIEHUIIBI Pa3HOW CEJIEKI[MU B YCJIOBHSIX PaBHUHHOM 30HBbI Jlarecrana. PaccMOTpeHBI BOIIPOCH! aJlallTUBHOCTH
COPTOB K KOHKPETHBIM KJIMMaTUYECKUM yciaoBUAM. [IpuBeeHa cpaBHUTENbHAS yPOXKANHOCTh U Ka4€CTBO 3€pHA
COPTOB O3MMOH MILIEHUIbI PA3HON CENEKIUU B YCIOBUAX PaBHUHHOM opouiaeMoi 30Hb! Jlarectana.

ABSTRACT

The purpose of our research is a comparative study of the economic and biological indicators of productivity
of various varieties of winter wheat in the conditions of the flat irrigated zone of Dagestan.

This article examines the problem of wheat production in Russia from 2010 to 2019. based on the analysis of
the structure of sown areas, dynamics of yield and gross harvest of wheat.
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The results of studies on the comparative productivity of winter wheat varieties of different breeding in the
flat zone of Dagestan are presented. The issues of adaptability of varieties to specific climatic conditions are
considered. The comparative yield and grain quality of winter wheat varieties of various breeding in the conditions

of the flat irrigated zone of Dagestan are given.

KaoueBble ciaoBa: O3umas MnimeHuna, CopT, aJallTUBHOCTb, CCJIICKLHA, MPOAYKTHBHAsA KYCTUCTOCTD,

YPOXKaWHOCTh, KAYECTBO 3epPHA.

Keywords: Wheat, variety, adaptability, yield, grain quality.

AKTyaJbHOCTB. B mociiennne rosl BHyTpEeHHEE
moTpeOieHHe  3epHa  MPAKTHYECKH  MOJIHOCTHIO
o0ecrieunBaeTcsi OTEYECTBEHHBIM IPOMU3BOJICTBOM, H
Poccuss Bomwta B rpymmy  BeOyIIMX —MHPOBBIX
akcropTepoB mureHunbl. Ecniu B 2010 romy ObLIo
BbIBe3eHO 18,3 MiIH TOHH 3epHa, To B 2019 rony — yxe
54,9 MIH TOHH, TO €CTb B TpH pasza Oomblue. J{oms
Poccun B MUPOBOM 3KCHOPTE MILEHHUIBI B TEKYIEM
3epHOBOM ce30He coctaBuT 19,3% (l-e MecTo).
BasoBoit c60p 3epHa B mponuioM roay coctaBmi 121,1
MJIH T, 3TO OOJIbIlIEe, YeM TOAO0M paHee, Ha 6,5%, win
7,5 maa 1. Ha gomto mmenunsl npuniock 61,6%
poccuiickoro ypokas 3epHa. Ee BajgoBod cOop
coctaBui 74,3 MaH T. 910 Ha 3 % 0O0JbIIIE, YeM rOA0M
paHee. OTo XOpomuii  IOKa3zaTeslb,  a IJIaBHOE-
BO3MOXHOCTh JlaTbHEHUIIero YBEIMUYEHUS
pou3BojICcTBa xjeba [3,7,10].

B Mlarecrane 3a nociegHue rojpl paiiOHUPOBaHbI
HOBBIE,  COBPEMEHHBIE  KOMIUIEKCHO-YCTOHYHBBHIE
(mMopo30-
3UMOCTOHKOCTB, YCTOMYUBOCTE K 3acyXe, OONE3HIMHU
BPEIUTENIM) COpPTa O3MMOHN TIICHHIBI, MOTCHIIHAT
KOTOPBIX OYEHb BBICOK, IT0 KOTOPHIM HA HAIll B3I,
UCXONS W3 MEHSIOIUXCA KIUMAaTHIeCKAX (aKTOpPOB,
HEOOXOIMMO U3yUUTh aJaNTHBHBIC CBOMCTBA COPTOB K
KOHKPETHBIM TIOYBCHHO-KITUMATHYECKHM  yCIIOBHSIM,
JIaTh XO3SIMCTBEHHO — GHOIOrUYECKyTO OIeHKY [1,2].

B cBA3M Cc 3TUM, U3yuYeHHE XO3AUCTBEHHBIX
MoKa3aTejei COPTOB, YCTOMYMBBIX K KOHKPETHBIM
arpoOKJIMMATUYECKUM, [MOYBEHHBIM U  IOTOJHBIM
YCIIOBHSAM, OBIJIO M OCTaeTCs aKTyaJIbHOW MPOOIEeMOi,
TeM Oomee, dYTo HabOp HEraTUBHBIX (HAaKTOPOB,
BIHSONINX HAa PAaCTCHHUs, IMOCTOSIHHO PACHIMPSETCS B
CBSI3U C M3MCHCHHUEM KIIMATa.

YciaoBusi, 00beKT U MeTOAbI MCCJIeT0BAHMIMA.
MartepuaaoM HCCIeIOBaHUN CIYXKWIH COPTOOOPA3ITLI
o3umoii mmennisl cenekunn BHUM3K mv. W.T.
Kanunenko, a taxoxke HUMCX um. ILIL JlykpsaneHko.

Uccnenoanus nposoguiuck B 2017-2019 rr. Ha
KOJUICKI[HOHHOM Y4YacTKe Kadeapbl pacTeHHEBOJCTBA
u xopmonpoussoactea ®I'bOY BO «Jlarectanckuit
TI'AVY». TlouBa ONBITHOTO y4yacTKa — THUIHYHAS IS
paBHUHHOUW 30HBI JlarecTana, JyroBO-KalITaHOBasl.
Paszmep nelsHOK — 25 M?, HOBTOPHOCTH 4-X KpaTHas.
MeTtonuka oOmienpuHsTasl.

PesyabTaThl HCCeA0BaAHUIA. Pesynbratht
HCCIIEI0OBAaHUM MMOKAa3aly, YTO B YCIOBUSAX PAaBHUHHON
opomaemoii 30HBI JlarecraHa ONarompUsTHBIE TOJMBI
BO3MOXKHO IIOJIyYeHHE ypokas O3MMON MmIeHHUnsl 50
1/ra u donee.

HaubonpImas npoayKTUBHOCTh U KQ4eCTBO 3€pHA
03UMOM  MINEHUIIBl TOJIy4eHa y COBPEMEHHBIX
HMHTEHCUBHBIX copToB I'poM u besocras 100 cenexiu
Kpacnonapckoro HUMCX ILII. JlykpsiHEHKO 3a cyeT
BBICOKOM 03€PHEHHOCTH u MPOIYKTUBHOM
KYCTUCTOCTH, KOTOpblE M B TNPOLIIOM TOAy
BBIACISUINCH [0 TIOKa3aTeNlssM MPOLyKTUBHOCTU. B
cpelHeM 3a 2 roja ypOKallHOCTh AAHHBIX COPTOB
coctaBuna 58,6 u 57,0 1/ra COOTBETCTBEHHO.
MuHuManbHbIE IOKA3aTeNN ypOKaiHOCTH OKa3anach y
cpenHecnensix copros — IlaTpuapx u batbko.

ITo maHHBIM HAIIMX HCCIIEIOBAHUM, XOPOIIO cebs
PEKOMEHIOBal WHTEHCHBHBIE M TIOJYUHTEHCHUBBIC
copra cenekuuu BHUMW 3epHOBBIX KynbTyp um. M.I
Kanmnenko — I'ybepnatop Homa, [om 107 wu
PocrtoBuanka 5 (Tabm.1).

Tab6muma 1.

X035 iCTBEeHHO-0M0/10rHYecKas XapaKTepHUCTHKA COPTOB 03UMOIi NMILIEHNIBI CeJIeKINU
Kpacnonapckoro HUMCX um. ILIL Jlykbsinenko u BHUU3K um. U.I'. Kasunenko, 2017-2019 rr.

= qm; N = ks
o ° < A
g 3 =2 TAEEE
= 8 g = o =3 g3
HasBanue copra S = S ~ 8B = & 2o 53
% - g g = 29| EE
) < ‘:(’ > = oa,
2. 3 3 5 g = 22
> § 5 = R
Besocrast 1(KOHTPOIIH) 36,2 45,4 31,6 96 1,3 302
Hon-107 46,5 43,2 26,6 98 2,4 296
I'y6epnatop JloHa 47,6 428 28,0 92 2,2 295
PocroByaHka 5 50,9 44,0 29,0 95 15 296
Besocras 100 57,0 37,6 28,4 85 1,9 298
I'pom 58,6 42 4 26,8 84 2,1 300
Cuna 51,3 41,0 34,0 103 2,3 299
TTatpuapx 38,6 40,6 28,0 95 1,2 297
Batbko 40,3 40,4 28,0 93 1,6 298
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JlnvHa BereTalMoOHHOrO NEpHUOAa H3YYAEMBIX
copToB coctaBmwia 295-298 nueit, yto Ha 3-5 aHei
MeHbl1e, yeM y copTa besocras 1.

Onnum u3 OCHOBHBIX XO3SIIICTBEHHO-
OMOJOTMYECKUX  MPU3HAKOB  O3UMOW  MIICHMIIBI
SBIISICTCS KAa4eCTBO W KOJNMYECTBO KICHKOBHHBI B
3epHe. Hanuuue KJIETKOBUHBI omnpeaenseT
XJIe00neKapHOe Ka9eCTBO MYKH, TTOTyYeHHOH U3 3epHa
meHuIsl. Tak, B coorBerctBuu ¢ I'OCTom 9353-90
3epHO: BBICIIETO Kjacca IOJDKHO comepkaTh 36%
KJeiKoBuHEL; 1-ro — 32%; 2-ro — 28%; 3-ro — 23%
u 4-ro — 18%. 1o naHHBIM HAMIKUX HCCIEAOBAHUN BCE
M3ydaeMmble COpPTa MOXKHO OTHECTH K CHJIBHBIM U
LUEHHBIM MIIEHUI]AM T0  COJEPXKAHUIO  ChIPOH
KieitkoBuHbI (26,6-34,09%) 2-0if rpymmbl KauecTsa.

3axuodenne. OnHOW M3 OCHOBHBIX (DaKTOPOB,
BIUSIONIMX Ha YCTOMYMBOCTH M  AJalTUBHOCTH
pacTeHHM, SBIAIOTCS arpOKIMMATHYECKUE YCIOBHS
TEPPUTOPUU  BBIpamuBaHui. [lodToMy u3ydeHHE
IUHAMUKHA ~ YPOXKaWHOCTH B 3aBHCHMOCTH  OT
U3MEHSIOIINXCS TIOTOAHBIX YCIIOBHH MOXET BBISIBUTH
HanboJliee IICHHBIC aJalITHBHBIC COPTa C HANMEHBITUMHI
KoJe0aHUSIMU YPOKAMHOCTH, YTO TIO3BOJIUT TOBBICUTH
MPOAYKTHUBHYIO CTAOMJIBHOCTH O3MMOM IIIICHUIIBI B
PaBHHHHO 30HE pecmyOnuku. [IpencTaBieHHbIC cOpTa
03UMOH TIIIEHUIIBI B YCIIOBUSIX BBICOKOU
W3MEHYMBOCTH TMOTOJHBIX U OHMOTHUECKUX (DaKTOpOB
cpenbl B3aMMHO JOTMOJHSIOT Jpyr JApyra, U HX
BO3ZETBIBaHIE OyIeT crocoOCTBOBATh CTAOMIM3aLIUU
MIPOM3BOJICTBA 3epHA B JlarectaHe.

CpaBHHBass HOBBIE COpPTa WHTCHCHUBHOTO U
MOJYUTCHCUBHOTO THIIA, MOKHO OTMETHTB, YTO COPTA
Kpacnomapckoro HUMCX wum. ILII. JlykbsiHEeHKO
OKa3aMCch Ooyiee TMPOAYKTUBHBIMH B  yCIOBHSIX
paBHMHHOM 30HBI PecrryOnuku Jlarectas.
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ABSTRACT

Analysis and prospects for the development of effective application of various ways of using bioenergy.
KiroueBble cjioBa: OM03HEpreTHKa, albTepHATUBHAS SHEPIeTHUKA, 3KOJIOTHs, SHEPTHUsl.
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IIpsimoe cxwuranue Oumomaccel B artmocdepe
BO3/lyXa WM KUCJIOPOJa — OJMH U3 Hanboyee CTaphix
CHoco0OB IMOTyYSHHS TEIUTOBOH 3Heprin. OTHAKO IS
JIOCTIDKEHUSI HanOoJjee IMONHOTO CTOpPaHWs TOIUIHBA
HEOOXOIMMBI TEXHHUYECKHE YCTPOMCTBA, TakWe Kak
ne4yd, TONKH, KaMepbl cropanus. IlpuMeHeHue
TEXHAYECKUX YCTpOICTB HE MO3BOJISIET
o0Opa3oBaBIIeMycst JHOKCUIY YTIepoJa HAHECTH Bpe
OKpY’Kalollel cpese.

buomacca MoOXeT KCNOIb30BATHCS MOCPEACTBOM
MPSIMOTO CKUTAHUS B DHEPreTUUECKUX YCTaHOBKAaxX B
(akene, KumAMIeM WM YIUIOTHEHHOM CJO€ C
JlaJTbHEUIIUM OJy4YeHHEM TEIJIOBOM U AJIEKTPUUECKOM
sHeprur. (OCHOBHas TMPOMBIIUICHHAS TEXHOJOTHUS
3TOr0 HAmNpaBJIEHUS — MPSAMOE CKUTAHHE B KOTJIE U
TCHEPHPOBAHUE SJICKTPOIHEPTHUH B MAPOTYpPOHHHOU

YCTaHOBKE.
BI)IHCJ'IHIOT ciaeayrmue OCHOBHEIC
OHEPrOTCXHOJIOI'NMYCCKUC METOAbI nepep aboTKHU

OroMacchl — TEPMOXMMHYECKHUH, OMOXMMHYECKHH M
arpOXUMHUYECKUI.

K  rtepmoxumuueckum
MUPOITU3 M Ta3U(pHKAIIHS.

IMuponu3 - mporecc HarpeBaHus OoMacchl MO0
B OTCYTCTBHE BO3/1yXa, JHOO 3a CUET CropaHus
HEKOTOPOH €€ 4YacTu IpU OrPaHUYEHHOM JOCTyIe
Bo3ayxa wmu kuciopopa. KIIJ| mpouecca nuponusa
jpocturaer 80-90 %. McxomHsIM NpOAyKTOM B
mpolecce MNHPOIM3a MCHOIB3YIOTCS OPraHUYECKOe

METOoAaM OTHOCATCA

TOIIMBO (yTOJIb, CIAHIBL, TOPQ U T. A.), JPEBECHbIC
OTXOJIbl, CEJIbCKOXO3IHCTBEHHBIE OTXO/bI (CoJOMa,
00TBa pacTeHUH U T. I.) U T. 1 [1].

lasudukanus 6momaccel — 310 TpeoOpa3oBaHUe
TBEpAbIX OTXOJOB OHOMacchl B TOpIOYHE Ta3bl
MOCPEACTBOM HEMOJHOTO WX OKHCJICHHS BO3IyXOM
(kucmopooM, BOJSHBIM TAapoM) TNPH  BBICOKOM
Temrieparype. [asudumpoBaTh MOKHO HPAKTHYECKH
a000e TOIUIMBO, B pE3yJIbTaTe 4YEro IOJy4aroT
TeHepaTOpHBIE Ta3bl, UMEKIINE OOJBIION JMana3oH
UCIIOJIb30BaHMs — B KQUECTBE TOIUIMBA IS IOy YEeHUsI
TEIJIOBOW JHEPTUH B OBITY M Pa3IMYHBIX MPOIeccax

MPOMBIIIIJIEHHOCTH, B JABUTaTCIIAX BHYTPEHHETO
Cropanusd, B Ka4Y€CTBE€ CBIpbA IA TOJTYUYCHUA
BOgOpOJa, aMMHakKa, MECTUIIOBOTO crapTa u

CHHTETHYECKOTO J>KHIKOTO TorumBa. HecMoTpst Ha
Oonpmioe pasHooOpasue crocoO0B ra3u(UKaIum, BCe
OHH XapaKTePU3YIOTCS OAHUMH M TEMH JKE€ PEaAKIHSIMHU.
lNaznguxaropsr HUMEIOT pa3INuHyIO0
MIPOM3BOINTEIBHOCTh C PAa3HBIM BBIXOJOM 3HEPIUH B
TOITMBHOM Ta3ze. Hu3KkokanmopuitHeIil Ta3 MOXKET OBITh
MoJTy4eH razuduKanuei pa3inuHbiX BUJOB OHOMACCHI
— OpraHUYEeCKHX KOMIIOHEHTOB TBEP/BIX TOPOICKUX
OTXOJIOB, OTXOJIOB Ji€Ca, CEJIbCKOXO35HCTBEHHBIX
oTXx0J10B [4].

Bbruoxumuueckuii MeTo]1 nepepaboTKu OHOMAaCCHI
BKJIIOYAET aHA3POOHOE PasoKeHHne U (OTOIH3.

AHaspoOHOE pasoKeHHe - MPOLECC MOIyUYSHUs
9HEPruM M3 OMOMAacChl  MHUKPOOpPraHU3MaMH
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(aHa’pOOHBIMU OAKTEPHUSIMHU) B OTCYTCTBHE WM TPH
HeJocTaTKe  Kuciopoaa W cBera. [lomne3nblit
JHEPreTUYECKUM MPOIYKT ITOTO Mpoliecca - Ouoras.

B aHanormuHeIX YyCTaHOBKAaX MPOU3BOAMUTCS
9TaHoj. B Hacrosiiee BpeMs CTOMMOCTb TOIUTMBHOTO
STaHOJIA CPaBHUMA CO CTOMMOCTBIO OCH3HMHA, IPHUYEM
HaOJII0TaeTCS TCHACHIINS e¢ CHIDKeHHUS. BMecTe ¢ Tem
STaHOJI XapaKTepu3yeTcs 0ojee BRICOKMM OKTaHOBBIM
YHUCIIOM.

ATrpoXUMHYECKUN METOJ nepepadoTKu
TpeIoiaraeT SKCTPAKIHIO TOIUINBA, T.€. MOJXy4YeHHE
JKUJIKUX WA TBEPIBIX TOILUIUB MPSMO OT PACTCHHUH HIIN
JKUBOTHBIX. [IpOIyKIINIO pacTeHU MOXKHO pa3JesiuTh
Ha cliefyrolue kateropuu [2]:

- CeMEHa - TIOJICOJHEYHHK C
conepxanueM Macia a0 50 %;

- OpexH - MaJlbMOBOE Macilo, KOMpa KOKOCOB C
MaccoBBIM cozepkanueM macia a0 50 %;

- TUTOJTBI - OJTUBKH,

- JINCTHA - ABKAJHIT C MAaCCOBBIM COJICPIKAHHEM
Macia 110 25%;

- COK pacTEHHI - COK KaydyKa;

- MPOAYKTHI MEPepabOTKH OTXOJOB PACTCHUH -
Macia W pactBopurenu g0 16 % cyxoit Macchel

MacCCOBBIM

(Hampumep, ckumuaap, KaHU(OJb, MAaCISHUCTHIC
CMOJIBI U T. [T.)
BuosHepreTnyeckue  CTaHIMU  SABJSFOTCS

HauOoJIee FIKOJIOTUICCKU OE30MaCHBIMU 110 CPABHECHUIO
C TPaIUIIMOHHBIMH 3JICKTPOCTAHIUSIMA U APYTUMH HE
BO300HOBNISIEMBIMH ~ WCTOYHHUKAMH dHepruud. OHHU
n30aBAT OKPYXKAWIIYID Cpeay OT 3arpsi3HeHUs
BCEBO3MOXKHBIMHU O0TX0aMu [5]. BceM u3BecTHO, 9TO B
KPYIHBIX  (epMEpPCKHX  XO3SHUCTBaX HMMeEeTcsl B
Oonpmmx KONMMYecTBax HaBo3. Ero 1menecooOpasHO
HCIIOJIb30BaTh B KQUECTBE OPTaHUYECKOTO yI00pEHHUSI.
O/HaKO HABO3HBIC MAacChl B IEPBO3IAHHOM BHJIEC HE
HCIONB3YIOTCs, HE0OX0oquMa ux mnepepaboTka. [locme
BHCCCHHS MOJIYYCHHBIX YIOOpPCHUI MOYBEHHBIN CIOMH

3eMIIU CTAHOBUTCS PBIXJIBIM, BO3/IYIIHBIM,
TeMIeparypa MOBBIILIAETCH, a KHUCIIOTHOCTh
yMeHbIIaerTcs. BHocuMBIC yHIOOpeHHS — COAepiKaT

¢docdop, azor, MomubOACH, KanbLUWi, Kalui, Memb,
MarHuil U JpyTHE SJIEMEHTHI, KOTOphIe 00eCIIeYnBaIOT
ONMarompuATHYIO Cpeoy M 3I0pOBOTO poOCTa U
Ppa3BUTHS paCTEHUH, BIUSIOT Ha Ka4eCTBO IPOIIECCOB
OyTOHU3AINH U IIOJOHOIICHHUS [3].

Tab6nuna 1

Cpojka JaHHBIX 0 NPOAYKIMH, 0Jy4aeMOii B pe3yJbTaTe OHOJI0rHYeCKOro npeodpa3oBaHus Noj
BO3/1eliCTBHEM COJTHEYHBIX JIy4deil

Pecypcht [Tporueccrl DHEProHOCUTETH ITotpeburenu
Temora, IIpOMBIIIIIEHHOCTD,
Coxuranue N
NIEKTPOIHEPTHUS OBITOBOH CEKTOP
I"azoo00pa3ubie [TpOMBILIIIEHHOCT,
Cyxas 6uomacca lasudukarus TOIIHBA (METAHOM) TPaHCIIOPT
JpEeBECHHA U ee Bopopox, ammuak | XMMHYECKOE IIPOU3BOICTBO
OTXOJBI [IpoMBIIIIEeHHOCTD
[Muponus Hedp, cMmoma, a3 p ’
TPaHCIOPT
Tunponus u TpaHcnopt, XUMHUYECKOE
/P OrtaHon p pT,
MeperoHKa MIPOU3BOJICTBO
JKunkas 6momacca
CTOYHBIC BOJBI U [IpoMBIIIIEeHHOCTE
( A AmnaspoOHas (epMeHTaIus Mertan P . ’
BOJIHBIC )KHBEIC OBITOBO CEKTOP
OpTaHU3MBI)
Caxap (coxu TpancnopT, XUMHYIECKOE
p ( ’ depMeHTaIMS U TIEPETOHKA OraHon p PT;
LIEJJTI0J103a) MIPOU3BOJICTBO
DOTOXUMHYECKUE IIpOMBIIIIIEHHOCTD,
Bona (oTtocuntes, Bonopon XUMHUYECKOE MTPOU3BOCTBO,
KaTaIu3u(OTOCHHTES TPaHCHOPT
[IpombIIeHHOCTh
Mycop Cxxuranue Terutota P - ’
OBITOBOM CEKTOP

Bce e xodeTcst OTMETHTh, 4TO OMOIHEpTreTHKa B
MEHBIIIEH CTerneHW, HO Bce JKe€ HeOJIaromnpusTHO
BO3ACUCTBYET Ha OKpyXKarolyr cpeny. Hampumep,
IpsIMOE COKUTAHHWE JIPEBECHHBI JaeT 3HAYMTEJLHOE

KOJIM4YECTBO TBEPAbIX qacTull, OpraHUYCeCKUX
KOMIIOHCHTOB, OKHCH YyrJjiepoJa U JApyrux ra3oB.
KOHIIGHTpaHI/ISI XKE HEKOTOPBIX SarpﬂSHHTCHGﬁ

3HAYUTEIIBHO BBIIIE, YEM Y IPOIAYKTOB CrOpaHus HedTu
1 ee MPOW3BOJHBIX. buora3 sBisiercss 06ojee YUCTHIM
TOTUIMBOM, dYeM JpeBecuHa. OJHAKO HEOOXOIMMO
cobmoaaTh MepBbI MIPEIOCTOPOKHOCTH npu
MIPOM3BOJICTBE M MOTpeOJIeHnH Ouorasa, Tak Kak MeTaH
B3pbIBOOIIaceH. Hamo m30erath yTedek mpu XpaHeHUH,

TPAHCIIOPTUPOBKE U HcTosib3oBaHuU. [loaBoas utory,
CTOUT OTMETHTh CICAYIOUINEe HEOIaronpusITHEIC
BO3JICHCTBUSI OMOAHEPTETUKU Ha 3KOJIOTHIO: BBIOPOCH
TBEP/BIX YACTHII, KAaHIICPOTCHOB, OMOTa3a W CIHPTA;
M3MEHECHHE TEIUIOBOTO OailaHca M3-3a BEIOPOCOB TEIIa;
B3PBIBOOIIACHOCTB; 3HAYUTEIIBHOE KOJINYECTBO
OTXOJIOB B BHJIC TIOOOYHBIX MPOYKTOB.
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ABSTRACT

Analysis and prospects for the development of the bioenergy industry in the world.
KiroueBble cjioBa: 6103HEpreTrKa, aTbTePHATUBHAS SHEPTETHKA, SKOJIOTHs, SHEPTHSL.
Keywords: bioenergy, alternative energy, ecology, energy.

B Hacrosmiee BpeMs MHpOBas IHEpPreTHYecKas
OTpacilb TO-TIPeXHEMY B 3HAYUTENHHOH CTENEeHU
3aBUCUT OT CXuranusi HedptH. Mwup B Hamem
NPUBBIYHOM TIOHMMaHMU CTajl TakuM OJyarojaps
YII€BOAOPOAHOMY TOIUIMBY. Pabora wMammH U
MEXaHU3MOB Ha IPOU3BOCTBE, TEIUIO U CBET B IOMaX,
aBTOMOOWIN M camMoJeTsl, VHTepHeT M MOOMIBHAs
CBA3b - BCA COBPEMEHHas  HMHIYCTpHAJIbHAs
[UBIIM3AIMS TPAKTHYECKH MOJHOCTHIO 3aBsf3aHa Ha
JICTIEBOM IPUPOIHOM ChIpbe. OT HE(TAHBIX U Ta30BBIX
pecypcoB  naxke  3aBUCHT  paboTa  aTOMHBIX
3JIEKTPOCTAHIIUH.

Ha nipoTsbkeHUM HOCHeTHUX JIBYXCOT JIET J00bIYa
«UEpHOro 30J0Ta» €XECEeKyHJHO YBEIHNYUBANIACh,
YIOBIIETBOPSISL HAIIN NOTpeOHOCTH. OTHAKO 3KCIIEPTHI
CXOIMTCS BO MHEHHMH, YTO B 0003pHMOM Oynymiem
KpYITHEHIIe CTpaHbl-He(PTeTOOBITINKH MUHYIOT IHK
JIOOBIYM, TIOCTIE YeT0 HAYHETCS HEMHHYEMBIH claf, u
3TMO0Xa JEIIEBBIX  YIJIEBOJOPOJOB  OKOHYATEIBHO
3aBepIInTCs. TOYHOE KOJINYEeCTBO HE(TH, HMEIOIIeecs
B MHPOBBIX 3aIlacax, He MOXKET HUKTO IMoAcYuTaTh. [1o
HEKOTOpPBIM IPOTHO3aM, MpPH HBIHELUIHEM YPOBHE

JoOblUM W 0o0beMax JOKa3aHHBIX 3alacoB 3TOTO
HCKOIIaeMOT0 HaM XBATHUT elle npuMepHo Ha 50 rer.
Hedrsnbie 3amacs! Poccun cienmanicTsl OLIEHUBAIOT B
77 mnpa. Gappenei, KOTOPBIX HaM XBaTuT Ha 20 JeT
[1].

[TonHas ucuepnaeMocTs MPUPOTHBIX PECYPCOB HE

SIBJISIETCS €JUHCTBEHHOW yrpo3oi. TpaaunvoHHas
SHEpreTHKa ryOuTeNnbHO CKa3bIBaeTCA Ha
9KOJIOTHYECKOM COCTOSHUHM TulaHeThl. OrpoMHbBIE
KOJIMYECTBA  YIJIEKUCIOIO  ra3a,  BbI3BIBAIOLIETO

MTapHUKOBBIH 3(h(heKT, BEIOPOCH! OKCHIIOB CEPHI U a30Ta,
MIPUBOJSIIIME K 00pa30BaHHUIO KUCIOTHBIX JOXKAEH, -
9T0 Majas jgonsi TiobansHOro Bpena. OTnenbHO
XOYeTcss OTMETUTh AaTOMHBIE  3JIEKTPOCTaHIIMU,
nepepaboTka M XpaHeHHE OTPabOTaHHOTO TOILUIMBA
KOTOpBIX ocTaercs Oonpmioii mpodinemoit. M sTo He
cantast puck aBapuii Ha ADC, KOTOpbBIEe YyXKe
HEOJHOKPATHO CTaHOBHWJINCH MPUIHHON
9KOJIOTHUECKHUX KaTacTpod.

B KoHe4YHOM WTOTe anbTepHATHBHAS SHEPreTHKA
CTaHOBHTCS €/1Ba JI HE EAMHCTBEHHOH BO3MOXXHOCTBIO
CIAacTU Hally IUIaHEeTy, YCTaBUIy0 OT BJIUSHUS
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4enoBeka. Pa3BuTre BO3OOHOBISIEMOW SHEPTETHKH HU
Oonplie, HH  MCHBIIC  BONPOC  BBDKUBaHUS
WHTyCTPHATIBHOMN [IUBUIIH3ALINY.

BuosHepreTrka — 3TO CroCco0 MOTyYCHHS SHEPTHH
n3 Ouosoruyeckoro toriuea[S]. [lepBHYHBIM U caMbIM
MPOCTBIM ~ CHOCOOOM — TIONYyYEHHS  DHEPTUH W3
OMOJIOTHMYECKOr0 TOIIMBA sABIsieTcs Omomacca. K
Omomacce OTHOCHTCS oOOIIasg Macca pacTeHUH,
MHUKPOOPTaHMU3MOB W JKMBOTHBIX, NPUXOAAIIasicI Ha
eAWHUIy IUIOman wWin oObeMa wuX OOWTaHUS.
Bromaccy pactenunit mpuHATO Ha3BIBaTh (YUTOMACCOH,
6uomaccy >KMBOTHBIX OpPraHU3MOB — 300Maccoil [3].
Hcnons3oBanue ¢dbuTOMAaCCHI, KOMMYHAJTbHBIX
OTXOJIOB, OTXOJIOB PACTCHHEBOJCTBA, IIOJyYCHHUS
Oouorasa, TOIUIMBHOI'O »JTaHOJAa K OHOIMU3EIHHOTO
TOIUIMBA B KauyecTBEe BO300HOBIsIEMBIX TOP - 310
BOIIPOCHI, KOTOPBIM yIIEJISCTCS CEPbE3HOC BHUMAHUE.

Ha cerogsAmmHuil 1eHh MOYTH TPETh HACEICHHUS
3eMam BCe eIIe HCHONB3yeT Omomaccy B BHIC
JIPEBECUHBI KaK OCHOBHOM MCTOYHHUK TOILIHBA. TepMHUH
«bnomacca» 00O3HAYAaeT COBOKYITHOCTh JKHBOH U
HEXXUBOW, pPAaCTUTENbHON M XUBOTHOM MaTepuu Ha
Hameil muadere. Croga OTHOCATCS OTXOMBI, HAaBO3,

BBIOPOCHI MSCHBIX H  MOJOYHBIX KOMOWHATOB,
CKOTOOOCH, IMBOBAapCH, THHUJIBIC OBOIIM, OCTATKH
CEJIbCKOXO03SIICTBEHHBIX KYJIBTYP Ha MOJISX,

OpraHUYecKUe MPOMBIIUICHHbIE U OBITOBBIE OTXOJIBI,
OTXO/JIBI JIECHOT'O XO035MCTBA,
3epHOIepepadaThIBAOIINX, TEKCTHIIHHBIX,
[EIJTI0JI03HO-OyMaXKHBIX KOMOWHATOB U T.11. brmomacca
SBIISICTCS BO3OOHOBIIIEMBIM, JOCTYITHBIM U JCIICBBIM
WUCTOYHHKOM SHEPTHH [UI1 OOJBIIUHCTBA CEIBCKUAX
JKuTener mianeTel. B D¢uonun, Henane, Tan3annu, B
Cubupn u Amazonmu, B CesepHoit Kanage um Ha
ocrpoBax Ilonmuuesun, Mukpone3uu, B Manaiizuu
Oomaromapst Omomacce ynosnerBopsiercs  80-90%
notpeGHOCTeH B ToIuMBe. Jlake B TAaKUX Pa3BUTHIX
ctpanax, kak CIIA, [Ieeuus, Hopserus, Kanana,
JIOJIS DPHEPTHUH, TMOJIydaeMol u3 Ouomacchl, B OOIIeM
obbeme sHepruu cocrasisiet 4-10%[9].

MupoBoe HaydHOE COOOIIECTBO pa3pabaThIBacT
MEPCICKTHBY HCIOJIB30BaHUS OMOMAcChl PACTCHUH,
BEIPAIIMBACMBIX CICIHANBHO I JHEPreTHYCCKUX
HeNeH, WA CeNTbCKOXO03SHCTBEHHBIE OTXOIBI M OTXOIBI
JIPYTUX TPOU3BOJICTB, HCIOJB3YEMBIX B KauecTBE
WCTOYHHKA SHEPTHHM, OCOOCHHO M IPOU3BOJCTBA
KUJKUX ~ TOIUIMB, a TakXke /s BbIpabOTKH
anekTpodHepruu [2,4]. B kadecTtBe OmoTOIUIMBA IS
oborpesa, HanpuMep, MAPHUKOB, JABHO UCIIONB3YIOTCS
COJIOMHUCTHI HaBO3, PACTUTEIBHBIE OCTaTKH, TOP(,
JpeBecHbIC OMWIKH. buomacca sBIsSeTCS BaKHBIM
MCTOYHHMKOM ISl OJTyYSHUSI XUMUYECKUX MPOITYKTOB
(rmnepona, Gypdypona, copburoina, manaurona). 1o
Mepe YBEJIMUYCHHS CTOMMOCTH HE(PTEXHMMHUYECKOTO
CBIPbsl PACTET MHTEPEC K MCIOJIb30BaHUIO B KaYECTBE
ChIpbsi OnMoMacchl. B HEKOTOpPBIX ciydasx CIHPT,

IOy 4EHHBIN IyTeM (epMeHTanUH 3epHa,
KOHKYpHUpYET c CUHTETUYECKUM CIHPTOM,
MIPOU3BEACHHBIM U3 3TUJICHA.

OpHako  NOpPOM3BOACTBO U HCIOJIb30BaHUE

OroOMacChl UMEET CBOU MPEUMYIIECTBA M HEIOCTATKH.
K npenmyiiecTBaM CTOUT OTHECTH BO30OHOBIISIEMOCTb,
BO3MOYXHOCTh HX CO3JaHHs C IIOMOIIBI0 HATHYHEIX
pecypcoB pabodell CHIIbI U MaTEPHUANIOB, YMEPEHHbBIC
LIEHBI, SKOJIOTHYECKasi 0e3BPeIHOCTh U 0E30IaCHOCTS,
OTCYTCTBHE YBEJIMYCHUSI KOJUYECTBA aTMOCHEPHOTO
yIJIEeKUuCIoro rasa. Bwmecre ¢ TeM 3TOT  BH[
MPOU3BOJICTBA HWMEET CBOM TmpoOjeMbl. [aBHas
mpobiieMa COCTOMT B TOM, YTO HMMEETCS OrPOMHAs
KOHKYPCHIIUST CO CTOPOHBI JPYTUX BapUAHTOB
WCIIOJNB30BaHUS 3€MEJb, TaK KaK €XKEroIHO pacTeT
moTpeOHOCTh B 3eMENbHBIX Iuom@aasx. s Ooiee
SKOHOMMYHOI'O MCIIOJIL30BaHUsI OMOMACCHI JOCTATOYHO

noJiydyaTb 3HCPrur0 M3 OTXOA0B, HC 3aHHUMAaAg
JAOIIOJIHUTCIIBHO 3CMCJIbHBIC YI'OJbs. buomacca kak
TOIIIUBO HUMCCT 00JIbIION IoTeHOHAaI u
BOCCTaHOBHUTCIbHBIN XapakTep, BO3MOXHOCTH

CYIIECTBEHHO YMEHBIIHUTh BHIOPOCHI YTIICKUCIOTO ra3a
B aTMoc(epy, BHOCUT 3HAYUTEIIBHBIH BKJIAJI B pELICHUE
9KOJIOTHYCCKUX MpoOiieM Oarojapsi UCHOIb30BAHUIO
pa3J'II/I'~IH])IX O0TXO00B, qTo ImoMoracT peIHeHI/IIO
COUAJIBHBIX BOHpOCOB u 3KOHOMI/I’~ICCKOMy paSBI/ITI/IIO
peruoHoB [5].
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AHHOTALUSA

BOCHpI/IHTI/Ie BOJUTECIAMHU TPaHCIIOPTHBIX CpCACTB PCKIaMHBIX IIUTOB, YCTaHaBJIMBAEMbIX Ha
aBTOMO6I/IJ'II)HI>IX JAoporax, pacCMaTpuBacTCsa B BUIEC HEUYETKON CUCTEMBI. OHa HUMCCT JIBa BXOJHLIX IMapaMeTpa,
OIMMCBIBAEMBIX JIMHI'BUCTUYCCKUMU NIEPEMCHHBIMHA «beszonacnocmv om manuuus PEKNAMHBIX WUmos 6 nojioce
omeooa» U «Bocnpusimue pexnamuoi ungopmayuu 6ooumensimuy. BbIXOTHBIM MapaMETPOM CUCTEMBI SBJISIETCS
€e COCTOsIHUE, XapaKTepu3yeMoe JTMHIBUCTHYEeCKOU niepeMenHol « Coenacogannocmy cucmemuly. JIns pemeHus
3aJa4uu UCTIOJIb3YECTCA TCOPpHA HCUCTKUX MHOXKCCTB. (DyHKLII/II/I MPUHAAJTICIKHOCTU CTPOATCA 11O JaHHBIM 06p8.60TKI/I
pE3yNbTaTOB aHKETHOIO ompoca Boautenel. IlpuBeneH npumep, WUIIOCTPUPYIOLUIUN NPUMEHEHHUsS] HEYETKUX
MpaBuIL.

ABSTRACT

The perception of vehicle drivers of billboards installed on highways is considered as a fuzzy system. It has
two input parameters described by the linguistic variables «influence of billboards on traffic safety» and
«perception of advertising information by drivers». The output parameter of the system is its state, characterized
by the linguistic variable «system consistency». The fuzzy set theory is used to solve the problem. The functions
of belonging to a fuzzy subset of system States are based on data from processing the results of a questionnaire
survey of drivers. An example is given that illustrates the use of the mechanism of fuzzy inferences about various
States of the system under study.

KiroueBble c10Ba: aHKETHBIM OIpoc, MH(GOPMAIMOHHOE NMPOCTPAHCTBO BOAMTENS, PEKJIAMHbIE IIHUTHI Ha
Joporax, Teopusd HEYECTKUX MHOXKCECTB, JTUHIBUCTUUCCKUE TIEPEMCHHBIC, (I)yHKIII/II/I MPUHAAJTIC)KHOCTHU

Keywords: questionnaire survey, driver information space, billboards on roads, fuzzy set theory, linguistic
variables, membership functions

B mnmponecce JABHIKCHUA 110 aBTOMOOMIILHOM CCHCOPHOC

IIPOCTPAHCTBO BOJIUTCIIA.

JOpore BOAWTENb HAXOOWTCS B  HACHIIIGHHOM  [lepeHacChIIEHHOCTh IIOJIOCHI OTBOJA HOCHTEISIMU
MHQOPMALHOHHOM MPOCTPAHCTBE, " 4ToOBl  MH(OPMAIMU HPUBOAUT K TOMY, YTO BOJIUTEIb MOXKET
o0ecreynTh 6e3omacHoe JBIDKEHHE CBOEro  HE 3aMETUTb JOPOKHBIH 3HAK MK CBETO(POP, HOATOMY
ABTOTPAHCIIOPTHOT'O CPEICTBA, OH NOJIKCH NPUHATH U Hpo6neMe BIIMSAHUSA HpH}lOpO)KHOﬁ PEKIaMbl  Ha
nmepepaboTaTh  OONBIIOE  KOJIWYECTBO CHUTHAJIOB,  OE30MAacHOCTh  ABIDKEHHS  yJeiseTcs  OoubInoe

MOCTYMAIOIINX W3 OKpPY’Karomero mpocrpaHcrsa. Ho
TaK KaKk 110 JIaHHBIM IICHXOJIOTOB YeJIOBEK CIIOCOOEH
BOCIIPUHATH M HepepaboTars He Ooinee 16 coObITHI B
CceKyHny [5], To BOOUTENb pPEANbHO BOCIPUHHMAET

OrpaHUYCHHOC MHOXECTBO CHUT'HAJIOB, KOTOpOEC
HaXOJUT OTPAXCHUC Yy HETO U IpeBpaliacTtcsa BO
MHO>XECTBO Cy6L€KTI/IBHBIX BIICYATJICHHIA. 910

MHOXECTBO BIIEUATICHUN HA3bIBAE€TCSI CEHCOPHBIM
MPOCTPAHCTBOM HIJIM IPOCTPAHCTBOM BrIeHaTieHui [1].

B YCIIOBHUAX PBIHOYHOM 9KOHOMHUKH
MHQOPMALIMOHHOE  TPHUAOPOKHOE  MPOCTPAHCTBO
JIOTIOJTHUTEIBHO HACBILLAETCs 3pUTENBHBIMU

CUTHaJIaMU OT PEKJIaMHBIX IIUTOB, YCTaHABJIMBACMbIX
Ha Joporax, TEM CaMbIM CLIC Ooiee 3arpyakas

BHHMaHHME. B criermaisHOM HOPMAaTHBHOM JOKYMEHTE
T'OCT P 52044-2003 paspaboranbl TpeOOBaHHS K
Pa3MEIIEHUI0 PEKIaMHBIX KOHCTpYKuui [4]. B Hem
BBEJICHO IIOHATHE KOpHIOpa O€30MacHOCTH, B
mpejenax KOTOpPOro 3amlpeliaeTcs YyCTaHaBJIMBaTh
HOcUTENMM pexyiamMHoi uH(popmauuu. [lapamerpsl
Kopuzopa 0€30MacHOCTH ONPENENAIOTCS M3 YCIOBUS
obecrieyeHns] BUANMOCTH JIOPOXKHBIX 3HAKOB |
CBETO(OPOB TPU IBIIKEHUN aBTOMOOMIIS C pacueTHOM
CKOPOCTBIO, TO €CTh YTOOBI peKIaMHBIE KOHCTPYKIIUI
HE 3aTOPaXUBAJN TEXHIHYECKUE CPEICTBA 00ECTICUeHHUS
6esomacHocTH  ABIKeHHA.  OnHako  (akToOpEI,
CBS3aHHBIE C WH(QOPMALMOHHONW HACHIIIEHHOCTHIO
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HOPUIOPOXKHOIO  TPOCTPAHCTBA, B
JIOKYMEHTE HE yUUTBIBAIOTCSL.

HccnenoBanue BIUSHUS Hapy>KHON peKyaMbl Ha
BOCIIPUSATHE JIOPOXKHOH OOCTaHOBKHM MPOBEICHO B
pabote [8]. B Hell npencraBieHsl (akThl HEraTHBHOTO
BO3JICHCTBUSI CPEACTB pPEKIaMbl Ha y4YacTHHKOB
JOPOXKHOTO  JIBIDKEHHS, @ TaKXKe  H3JI0XKEHBI
pe3ynbTaTel  SKCHEPHMEHTAa,  «LEIbI0  KOTOPOTO
ABJSUIOCH ONPENCNICHUE BIUSHNASA MECT YCTAaHOBKH
PEKJIAMHBIX KOHCTPYKIHI Ha PACCTOSIHUE IEPBUYHOTO
pacro3HaBaHUs TEXHUYECKHX CPEACTB OpraHW3alni
JIBIDKCHUS.

B crarbe [6] ommcaHBl MCCIIEIOBAaHMS BIIMSHUS
pekyiaMbl Ha 0€30MacHOCTh JIBHDKEHHST B TOpOJE.
AHKeTHBII onpoc xurtenel r. KopeHoBcka mokasan B
LEJIOM MX HEWTpaJbHOE OTHOILIEHHWE K peKkiaMe Ha
yIIInax.

Ouenka BOCHPUSATHS BOJIUTEISIMHU
MH()OPMAMOHHOTO TIPOCTPAHCTBA C TOYKH 3PEHUS
OezomacHocTH ObUla TpOBEJCHA IIyTEM OIpoca
y4acTHUKOB JBmxkeHuss B [l]. B cnoeumansHO
pa3pabOTaHHOW aHKeTe BOJWTENSIM IPEAJarajgoch
MPOCTO OTMETUTH (DAKTOPBI, KOTOpBIE, B IEPBYIO
ouepenb, MNPHUBIEKAIOT MX BHHUMAaHHE BO BpeMs
JBIDKEHUS TI0 J0pOTe, T. €. SBJIAIOTCS 3HAaYMMBIMU. B
cnucke u3 10 ¢$pakTopoB YNOMHUHAIKNCh U PEKIaMHBIC
mutel.  [lo  pesympratam  0o0pabOTKM  OTBETOB
pEeKIaMHBIE HIUTHI HAaXOJATCSI B CEpeauHE CIIHCKa
(haxTOpPOB, MPUBIEKAIOIINX BHUMAHUE BOAUTEIS.

B HOBOM aHKETHPOBaHHMHM BOAWTEISIM YyKe
IpeIarajJoch CaMiUM NPOPAHKUPOBATh (HaKTOPHI, Ha
KOTOpBIC OHHM OOpaIafoT BHUMAaHWUE NPH yNPaBICHUN
TPaHCHOPTHEIM cpencTBoM [2]. B wutore, ¢akrop
«PexiaMHbIe OIUTHD) B JIBYX OIpOcax okaszajcs Ha 9 u
10 mecte. BmecTe ¢ TeM, OCHOBHas 3a7jaua pEeKIaMHBIX
IIMTOB 3aKJI0YAETCs KaK pa3 B TOM, YTOOBI IIPUBIIEYb
BHUMaHNE BOJINUTES, 3aMHTEPECOBATh ero
peKiIaMHpyeMOi IPOTyKIHUEH.

Takum o0pazom, BO3HHKaeT 3ajada, B KOTOPOH
HeoOX0muMO S(G(GEKTUBHO  «pa3[e/iiTh BHHUMAaHHE
BOJIUTEJICI» TaK, YTOOBI JOTIOJIHUTEIBHBIE CUTHAIIBI OT
pEKIIaMBbl, pa3MeraemMoit B TIPUIOPOKHOM
MPOCTPAHCTBE, HE CHIDKAJIM 0E€30TIaCHOCTD JIBMKEHHS,
HO ¥ BOCIPHHUMAJNCh BOJUTEISIMH C  IEJbIO
BO3MO>KHOTO TIOTPEOIICHHS PEKIIaMUPYEMBIX TOBAPOB 1
yeayr. K ee pereHnto Mo>keT ObITh TPUMEHEHa Teopus
HEUETKUX MHOXKECTB, TO3BOJIAIOMIAS HAWIYUIINM
00pa3oM CTPYKTypHpOBaTh BCE TO, YTO pa3feicHO HE

HOPMAaTuBHOM

OYeHb TOYHBIMH TpaHWIAMU (MBICTb, SI3BIK U
BOocTIpusATHE y JroAed). B Hel  yumThIBaeTcs
BO3MOXHOCTb MOCTETIEHHOTO nepexona oT

NPUHAIJIEKHOCTH K HETPHHAJUIC)KHOCTH JJIEMEHTa K
MHOXxecTBY [7,9]. Torma naHHyO 3agady MOXHO
paccmarpuBaTb B BHJIE  HEUYETKOW  CHCTEMBI,
YBSI3BIBAIOLICH BIMSHHE PEKJIaMbl Ha 0E30IIaCHOCTh
JIBIDKEHUS u 3G PEeKTUBHOCTH MOTpeOIeHUs
(BocTIpHATHSI) PEKIaMHOM IPOAYKIUH BOAWUTEISIMH.
Cucrema JomKHA 00ECIEYUTh COTIIACOBAHHOCTD 3THX
JBYX (paKTOpPOB.

3a OCHOBY BO3bMEM CHUCTEMY C JBYMsI HEUETKUMH
BXOJIHBIMH ~ [ApaMeTpaMH ¥  OJHHM  HEYETKUM

BBIXOJHBIM mapameTpoMm [9, c. 223]. BxonHsle
rmapamMeTpel X M Yy, OIHUCHIBAIOTCS  JBYMS
JIMHTBUCTUYECKUMU NepeMeHHBIMU: «be30nacHoCTb OT
HaJIM4YUsl PEKJIaMHBIX IIUTOB B MOJIOCE OTBOAA» M
«Bocrnpusitre pekiiaMHON HHPOPMAIMU BOIUTEIISIMID.
BBIXOZHBIM MapaMeTpoM CHUCTEMBI SBISIETCS €€
COCTOSIHHE  Z, ONHCBIBAEMOE  JIMHTBUCTHYECKOM
nepeMeHHOH «COoriaacoBaHHOCTh CHCTEMBI.
Jlnana3oH BIMAHUS pPEKIAMHBIX IOUTOB HA
0e30MacHOCTh IBIKCHHUS TIPEICTABISET COOOH HEKoe
HEYETKOE MHOXKECTBO X, KOTOPOE ONpENeNsieTCsl KaKk
COBOKYIHOCTh YHOPSJOYEHHBIX Hap BHOAA < X, [y >.
Hns  xaxmoro »siemeHta x € XcTemeHb [y €To0
MIPUHAUISKHOCTH ~ MHOXeCcTBY X ONHCBIBAETCS
(GyHKIMEH NpuHAIUIEKHOCTH [Uy(x). OHa craBUT B
COOTBETCTBHE KaXIOMy 3HAUYCHHIO X 3aJaHHOMN
epeMeHHO# HeKoTopoe 4rcio u3 uaTepsaia [0, 1]:

ux(x): X - [0, 1], vx € X. (D)

OyHKIMS MPUHAUIEKHOCTH OKA3bIBACT, B KAKOH
CTENEeHN OOBEKT 00ManaeT BHIOPaHHBEIM CBOHCTBOM X.
Ecm  uy(x) =1, TO »2NeMeHT X OJHO3HAYHO
OPUHAUICKUT HEYETKOMY MHOXKecTBy X, ecim/
Ux(x) = 0, TO 3JIEMEHT X OTHO3HAYHO HE MPHHAUICKHUT
HEYETKOMY MHOXECTBY X.

JlunrBucTHYECKas mepeMeHHas «bezonacrhocme
OM HAMUYUA PEKNIAMHBIX WUMOE 8 NOJ0Ce 0MBOOa» B
caMOM TPOCTOM IIOCTAaHOBKE 3a7add WMEET J(Ba

3HAYECHUS:  «BbICOKAA» W «HU3BKAA», KOTOPBIM
COOTBETCTBYIOT  JIBA  HEYETKHX  MOJMHOXKECTBa
COCTOSHUII CEHCOPHOTO MpPOCTPAaHCTBA BOJIUTENS.
Heuerkoe  noaMHOxecTBO X  COOTBETCTBYET

COCTOSIHHUIO, KOoT1a 0e30macHOCTh Beicokast (Large mmm
L). Heuerkoe moaMHOXecTBO Xs — 0e30MacHOCTb
auzkas (Small wmmm S). DTm gBa mMOAMHOXECTBa
JOMOJIHAIOT APYr Apyra, T. €. JUII HUX BBIIOJIHAECTCS
yCIIOBUE pa3OueHus €AMHHULIBL:

i, 0O+ () =1, VXEX, (2

T7Ie [y, (X) ¥ fyg(X) — COOTBETCTBEHHO DYHKIMM
MIPUHAJICKHOCTHU K MIOJMHOXKeCcTBaM X U Xs.

OyHKIUA MIPUHAITICKHOCTH
py, (x) = 1 — e~00432¥” 5L nonyuena B paote [3]
Ha OCHOBE OOpabOTKH pe3yJbTAaTOB aHKETHPOBAHUS
poaureneit. [To 10 6amapHOM MIKale BOAUTEIN JOIKHBI
ObUTH OIICHHUTH CTEICHb BIIMSHUS PEKJIAMHBIX IIHTOB
Ha 0€30MacHOCTh JIBWXKEHHS, TOITOMY OOJIACTHIO
OTIpeieNIeHNs] TIEPEeMEHHON X sBisieTcst mHTepBan [0,
10]. B  coorBerctBMHM ¢  ycuoBmeM  (2)
pxg(x) = e=00432x% I'padukn QpyHKUME TpUBEAEHBI
Ha puc. 1.

JluarBuctuueckass mnepemeHHas «Bocnpusarue
pexIaMHON WH(POPMALUU BOIUTEISAMI» TaK)Ke UMEET
JIBA 3HAYCHUS: «3HAYUTEIBHOCY» H «HE3HAYUTEIBHOECY,
KOTOPBIM COOTBETCTBYIOT JBa HEYCTKUX
MOJIMHOKECTBA MHOXKECTBA COCTOSIHMM CEHCOPHOIO
MPOCTPAHCTBA BOTUTEIS Y.
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Pucynox 1. @ynxyuu npunaonedsicnocmu; L — py, (X); S — pxo(x)
Heuerkoe moaAMHOXKECTBO YL COOTBETCTBYET  OKCIEpTOB  pacxomsarcs.  OmHH — CHOEHHaTUCTHI

COCTOSIHMIO, KOTJa 3(@QEeKT OT YCTaHOBKH pEKJIaMbl
3HaunTenbHbIM  (Large  wmm L), Heuerkoe
MOZIMHOXECTBO Ys — HesHauuTenpHbiit (Small win S).
3nech TakKe BBINOJHACTCS MPaBWIO pa3OUeHUs
€INHHMLIBL:
() +uy() =1 Vvyey, (3
e Uy, (¥) u pyg(y) cooTBeTCTBEHHO (yHKIMM
MPUHAUISKHOCTH K TOAMHOXecTBaM Y. u  Ys.
[lepemeHHass Yy TpHHUMAET 3HAYECHHUS TaKXKe U3
unTepsana [0, 10].
ITo 3¢ dexTnBHOCTH MCTIONB30BAHUS PEKIAMHBIX

MIPUICPIKUBAIOTCS MHEHUSI, YTO PEKJIAMHBIE IUTHI Ha
Joporax oueHb 3(p(PEeKTUBHBL, T. K. X BUAUT OOJIBIIOE
KOJIMUECTBO yYaCTHUKOB JBIDKeHUs. J[pyrue cuuraor,
YTO OHM HA000pPOT Majod((HeKTHBHBI, MOTOMY HTO,
mpoe3kass ¢ OOJNBIIONW CKOPOCTHIO, BOAUTEIb HE
ycrneBaeT 3aUKCUpOBaTh HMHPOPMAIMIO U HE
BBIJICISICT PEKIAMHbIE IIUTHI M3 OOINEro MOTOKa
uHpopmanmoHHoro  myma. B cmiy  9THX
MPOTUBOIOJOKHBIX ~ MHEHHI  JIOTUYHO  (DYHKIIHK
MPUHA/UICKHOCTH CYUTATh JTHHEHHBIMHU, BUIl KOTOPBIX
npuBefeH Ha puc. 2. OYHKIMHM BBIpaXKaroTCs
MaTeMaTHYeCKHUMH 3aBUCHMOCTSIMH:

by, ) =01y upy (y) =1-0,1y.

IIUTOB Ha aBTOMO6I/IJ'IBHbIX ;[oporax BBIBO/IbI
= 1.0
|__|
e
E 0.8
% 0.6 —~L
% 0.4 -5
% 0.2
2
2 0.0
g« 0.00  2.00 4.00 6.00 8.00 10.00 v, Oamisl

Pucynox 2. @ynxyuu npunadnedxcrocmu; L — py, (¥); S — py(y)

JInarBHCTHYECKAS NEepEMCHHaAsA
«Coenacosannocmo cucmemboly) AMEET TpU 3HAYCHUS:

«wmanas», «CpeoHsisy M «Oonvuwias», KOTOPBIM
COOTBETCTBYIOT ~TPH  HEYETKHX  IOJMHOKECTBA
MHOXecTBa Z. Zs — HEYETKOE IIOAMHOKECTBO
COCTOSTHU I CHCTEMEI, npu KOTOPOM ee

coriacoBanHocTh Manas (Small wiu S), Zy — cpenuss
(Middle wmu M) u Z, — Gonsmas (Large wu L). Tns
HHX BBITIOJTHSCTCS IPABHJIO:

HZS(Z) + ﬂZM(Z) + HZL(Z) =1 VvzeZ,4)

B paccmaTtpuBaeMoil HeueTkoil Mojenu 3anaHa
cucTema npaBui [ 7] ¢ morndeckumu oneparopamu « M
u «JIN»:

R1: ECJIU (x € X5) U (y € Y5) TO (z € Zs),

Ry ECIIU (x e X)) U(y €Y,) TO (z € Z}),

Rs: ECJIU ((x € X5) U (y € Y})) WIH ((x € X)
U (y € Y5)) TO (z € Zy).
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Jlornueckomy omneparopy «M» coorBercTByeET
repeceyeHre JBYX HEYETKHMX MHOXXECTB U (DYHKLUS
MPUHAATIEKHOCTH NepecedeHuto [9]

Bxny = min( py(x); uy (¥)). 4

Jlornueckomy oneparopy «JIN» cooTBeTcTBYET
00BEANHEHNE NBYX HEUETKHX MHOXKECTB M (DYHKIUS
MPUHAIIIEKHOCTH K HEMY

Uxuy = max(px(x); ty (¥))- (5)

PaccmoTpuMm  peanm3anuio 3THX TIpaBHJl  Ha
npumepe. IlycTs skcnepT omeHun 06€30IaCHOCTH OT
HaJlM4yMsl PEKJIaMHBIX IIUTOB B IOJOCE OTBOJA B 3
Oaya, a BOCHpUATHE PEKIaMHOW MH(pOpManuu Ha 6

6ammoB. OIneHUM CTEeNEeHb MNPHUHAUICKHOCTH K
HEYETKUM ITOJIMHOKECTBAM, OIHUCBLIBAEMEIMU
COOTBETCTBYOIIUMHU JIMHTBUCTHYECKUMU
TIePEMCHHBIMH.

Ipu x=3 ¢byHKIHSA MIPUHAJIEKHOCTH

txs(3) = e004323% = 0 68 CreoBaTenbHO, JUIA
JUHTBUCTHYICCKON TepeMeHHol «bezonachocms om
HAnu4us pPeKIAMHbIX WUMO8 6 HNOoJ0ce O0mBooa»
CTETICHb NPUHAIIC)KHOCTH K HEUETKOMY MHOXKECTBY Xs
(nuskast) cocraBnsier 0,68. OYHKIMS MTPUHAIICKHOCTH
fy, (3) = 1—e™004323* = 93,

Torma cremneHb

MPUHAUIEKHOCTH K HEYETKOMY MHOXECTBY XL
(evicoxas) pasua 0,32.

[pu y=6 byHKIUA MIPUHA]JIEKHOCTH
,uys(6) =1-01:-6=0,4. CnenoBareilbHO, I
JIMHTBUCTHYECKOU MepeMEHHOMN «Bocnpusmue
PDEKIAMHOU  UH@opmayuu  800umensmMu»  CTCICHb
MPUHAUIEKHOCTH K HEUYETKOMY MHOXECTBY Ys
(nesnauumenvnoe) paBHa 0,4. OyHKIUA

TPUHAIEXKHOCTH Uy, (6) = 0,1-6 = 0,6, mosTOoMy
CTETeHb IPUHA/IE)KHOCTH K HEYETKOMY MHOXECTBY YL
(snauumenwvnoe) pasua 0,6.

[MpaBuno R: racur, 4to eciau 6e30MacCHOCTH OT
BIMSIHUSL PEKJIaMbl HU3Kas W BOCIPHUSTHE PEKJIaMBbI
HE3HAYMTENbHOE, TO COIVIACOBAHHOCTH  CHCTEMbI
Maiasi. Tak kaK B IpaBUIIe UCIIONB3YETCs JOTHYSCKON
omepatop «M», TO cTemeHb NPUHAMICKHOCTH
MEePECCYCHHUIO IBYX HEUCTKUX MHOXKECTB OLECHUM I10

bopmye (4)

HXSHYS = min(”Xs(x)' ”Ys(y)) =
min(0,68;0,4) = 0,4.

Takum o00pa3oM, cTemeHb MPUHAJICKHOCTH K
HEYETKOMY TIOJIMHOKECTBY, OIMCHIBAEMBIM TEPMOM
«Coenacosannocms cucmemvl mManas» pasHa 0,4.

OmnpenenrM aHAJOTHYHBIM 00pa3oM  CTEIEHb
MPUHAIJIC)KHOCTH IO MPaBHiy Ro.

",'XLOYL = min( HXL(x)' ”YL (y)) =
min(0,32;0,6) = 0,32.

OTO 03HAuaeT, YTO CTENECHb NPUHAIIEKHOCTH K
HEYETKOMY IOJMHOXKECTBY, OIMCHIBAEMOMY TEPMOM
«Coznacosannocms cucmemvl 60avuian» pasHa 0,32.

HakoHen, onpenenyM cTeNeHb MPHHAIIICKHOCTH
MHOXKecTBY — «Coenacosannocms — cucmemul» 10
npaBuiy Rs.

OyHKIMS TPUHAUISKHOCTH K TOAMHOXECTBY,
OIICBIBaeMOMY TepMoM «Co2nacosanHoCcmy cuchmembl
CpeOHssAy ONPENETUTCS 10 TIPABUILY:

Bxsny)uonys) =

max ((min(y, (3); py, 6))); (min(pay, (3); 1y, (6))) ).

CreneHp NPHHAMICKHOCTH K IIEPECEUCHHUIO
MTOIMHOXECTB Xg N Y, OIEHWM C IMOMOIIBI0 (HyHKIHN
I"‘XsﬂYL = min(ﬂxs(:;)l
[l.yL(6)) =min(0,68;0,6) = 0,6.

CreneHs TPHHAUICKHOCTH K MEPECCUCHHIO
noaMHokecTB X, N Y BbuMcIuM 10 (QyHKIMH
MPUHAICKHOCTH Hx,nvg = min(py, (3);
1ty,(6)) = min(0,32;0,4) = 0,32,

DyHKIMS NPHHAIEKHOCTH
HxsnyuxXpnys) = max(O, 6;0, 32) =0,6. Torma
CTENEHh  NPUHALIEKHOCTA K MEPECEUECHUIO
moamuokects (Xg NY,) U (X, N Ys) pasua 0,6.

CpaBHuBas TIONYYEHHBIE 3HAYCHUS CTEIEHH

OPUHAICKHOCTH K  Pa3IMYHBIM  [OJJMHOYKECTBAM
cocrosiauii cuctemsl (0,4; 0,32 u 0,6), MOXKHO caenaTh
BBIBOJI, YTO MPH 3HAUCHHUAX X = 3 u Yy = 6 cucrema B
OOJIbILICH CTEEHHU MPUHAICIKHUT COCTOSHUIO CPEIHEH
coriacoBaHHOCTH (co cTeneHbio 0,6).

ITo pesynpraTam paboOTBl MOXHO CHENAThH
CIIEAYIOLINE BBIBOABIL.

1. Jlms OIEHKHM B3aUMOACHUCTBHUS  BIMSIHUA
pexiaMbl  Ha  0€30HacCHOCTh  JBIDKEHHS |

3¢ (GEKTHBHOCTh HUCIMOJIb30BAaHMS PEKJIAMHBIX IUTOB
MOJKET OBITh MPUMEHEHA TCOPHSI HEUCTKUX MHOXKECTB.

2. TlpumeHeHHe TpaBWJI HAJ  HEYCTKHMH
MHOYECTBAMH MO3BOJISIET MOCTPOUTH KIacCu(UKATOP
COCTOSIHU I uH(pOPMAITMOHHOTO MPOCTPAHCTBA
BOJIUTEIIS, BIUSIONINX KaK Ha 0€30M1aCHOCTh BOJIUTES,
TaK ¥ Ha 3P HEKTHBHOCTH UCMOIB30BAHMS PEKIAMHBIX
[IUTOB Ha aBTOMOOUIIBHBIX JIOPOrax.
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yraexumun CO PAH, 2005. — C. 70-76.
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PU3UKO-MATEMATHUYECKHUE HAYKHA

O CYLIIECTBEHHOCTH ONITUMAJIBHOI'O YIIPABJIEHUS B CMBICJIE
BBICTPOJENCTBUSA

AHHOTALUS

T'yceiinoea Aiizron Hazum k.

B pa60Te HCCIICAYETCA 3a/lada ONITUMAJIbHOI'O YIIPpaBJICHUA, OIMChIBacMasl YPaBHCHUEM TCIIJIOIIPOBOAHOCTH

C HEKJIACCUYCCKUM KPACBLIM YCJIOBHUCM.

[Tyctp ympaBnsieMblii TIpoOIECC  ONUCHIBAETCS
¢ynkmerr  y(x,t), Koropas BHYTpH o00JacTu
Dr ={(x,t):0<x<1,20<t<T}
YZIOBIIETBOPSIET YPAaBHEHHIO

o _ o
E - 9x2 + p(x)u(t), (1)

a Ha rpanHuue Dip
YCIIOBUIO

YAOBJICTBOPSACT HAYAJIBHOMY

yx 0 =y,(x) (2

1 'PAaHUYHBIMU YCIIOBUAMUA

y(0,8) =0, 2222 y,(1,t) = ¥,(0,0),

©)

rae p(x) #0, yo(x) - 3amannbie Qynkuum, a u(t) -
YIPABJISIONINI ITapaMeTp.

MHOKecTBO JOIYCTUMBIX yIIpaBJIeHuUi
u(t) el ={u,2u(t) €L,(0,7), 2 ul®) <1
MOYTH BCIOY }.

Ormetum, uto npu p(x) € L,(0,1), 2 yo(x) €

W;'(0,1), 2 y,(0) = 0 u s KaKIOrO JOMYCTHMOTO
yrpasieHust U(t) CyIEeCTBYET pelleHre MOUTH BCIOLY
y(x,t) 3amaun (1)-(3), koTOpOE C TOMOIIBIO (PYHKIIUU
G (x, s, t) MOKHO TIPE/ICTABUTH B BHIE

y(x,t) = fol G(x,s,t)y,(s)ds + fot fol G(x,s,t —T)p(s)u(r)dsdr (4)

Iycte ¢(x) - 3amannas ¢ynxmus u3 L,(0,1). B
BBIODAaHHOM  KJlacce  JIOMYyCTUMBIX  YIpaBICHUMN
Tpebyercst ykaszath ympaBienue u*(t) € U, Takoe,
4TOOBI COOTBETCTBYyIOIIEE emy pemienue y*(x,t)
3agauu (1)-(3) yAOBIETBOPSIIO YCIOBHIO

Y (%, 7o) = o (x) (%)

IIPpU 3TOM Ty~ HWKHASA I'PaHb 3HAYCHHI T, I KOTOPBIX
BBITIOJTHACTCA yCJIOBUEC

y(x,7) = ¢(x)
st Hekoroporo T € (0,T), tme y(x,t) - pemeHue
3amaun (1)-(3) mnpm  HEKOTOPOM  JIOMYCTUMOM

ynpasienun u(t).
Teopema 1. IlycTs cymiecTByeT ynpaBlieHUE
u(t) € U3 Takoe, dYTO COOTBETCTBYIOIIEEC €My

pemrenney(x,t) 3amaunm  (1)-(3) ymoBieTBOpsET
yenoButo y(x,T) = ¢(x) s Hekoroporo T € (0,T) u
u*(t) € Uy - onTuManpHOE YINpPAaBJICHUE B CMBICIIE
opicTpopeiicTBus. Torma

|[u*(t)| = 1 noutu Bcromy Ha (0,74). (6)

Cnucok auTepaTypsbl.

1. Homxkun H.U. Pemenue onHONW KpaeBoit
3a/1a4M TEOPUH TETUIOTPOBOJIHOCTH C HEKIACCHYECKUM
KpaeBbIM ycioBueM. [luddepenu. ypasuenus, 1977, T.
X, Ne2, ¢.294-304.

2. Jlameoxenckas O.A. KpaeBbie 3amaun
MaTematudeckoi pusuku, M., «Haykay, 1973, ¢.403.

METOABI YAEPKAHUA JIEKTPOHOB KAK YACTHUIl HA OPBUTAJIAX ITPOTOHOB HA
OCHOBE JIEKTPOMATHUTHOM JIOBYIIKH Y B3AUMOJIEMCTBHSA ITIPOTOHOB B
MOJIEKYJIE BOJOPOJA, A TAKXKE ®OPMUPOBAHUE ITPUHIUIIA ITAYJIN
ACAMIITOTUHYECKAS CBOBO/Ibl BO B3AMMOJIEMCTBAN YACTHI]

AHHOTAIUA

Kysneuoe Bacunuii FOpvesuu
Kanouoam mexHuyeckux Hayx
DOI: 10.31618/nas.2413-5291.2020.2.60.305

B HaHHOﬁ CTaTb€ pacCMaATpUBACTCA MCETOH YACPKAHHA IJJICKTPOHOB KaK YaCTHUI[ Ha op61/1Tax aTOMOB

MPOTOHAMHM Ha OCHOBE pabOTHI IPOTOHOB KAK 3JIEKTPOMArHUTHBIX JIOBYIIIEK JUISI SJIEKTPOHOB, IIPEAIaraeTcst METO/
B3aUMOJICHCTBUSI TIPOTOHOB B MOJIEKYJIE BOAOpOJa, oOBsicHsercss (opmupoBanue mnpuHuuna Ilaynu wu
ACHMIITOTHYECKasi CBOOOIBI BO B3aNMOJICHCTBUHN YaCTHII.
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KiaioueBblie ciioBa: YACPIKAHUEC DJICKTPOHA KaK YaCTULIBI IPOTOHOM, B3aHMOﬂeﬁCTBHe IIPOTOHOB B MOJICKYJIC
BOJAOpPOAA, (bOpMI/IpOBaHI/IC IpUuHIUIIA Haym/l, ACUMIITOTHYCCKAs CBO60IIa.

Meton ynepKaHus IPOTOHOB B MOJICKYJIE

BOJZIOpOJIa

PaccmoTpuM  mpeampHOE — pacmoiokeHHe 2

MPOTOHOB HANPOTHB JpPYyr Apyra B NapauIeIbHBII

TUTOCKOCTSIX ¥ PACIIONIOKEHHUH TPSHB IPOTUB IPpaHH IIPH

COBIIAJAOIIIX HATIPABJICHUAX MX CIITHOB UCXOIS U3 UX

¢opmer  cormacao [1]. TlockompKy ¥X 3apsiabl

OIMHAKOBEI TO OHU OynyT oTraikuBatbes. Cra
B3auMOJEHCTBUS 2 3apsaoB [2]:

_ q14>
41reyr?

IToCKOBKY MX CIIHHBI OIMHAKOBBI M HAIIPABICHBI
B OJHOM HANpPAaBJICHHH TO M TOKH B HHUX TEKYyT B
OIMHAKOBBIX HANPABICHUSIX M JTa CHIa Oyzer
npuTsaruBath. Cra B3auMOIeHCTBIS 2 TIPOBOJHUKOB C
TokoM [2]:

_ toli I, L

F
2nr

Tak kak 2 MPOTOHA 3TO MOJIEKYJIa BOAOPOJIA U OHA
CTabMIBHA TO CyMMa BTHX CHJI JOJDKHA OBITH paBHA
HyTI0O ¥ TOTAA YYUTHIBAS YTO MATHHTHEIH MOMEHT
IPOTOHA T0JIOKUTENIEH U paBeH i = 1028 orc*mn [3]

u onpedensiemcs Kkaxk [Py = IS 2], m.x.npomon

Hp
Haxooumcs 6 éaxyyme, omxyoa I = ~» TO IIpH JutiHe

CTOPOHBI TPEYroOJbHOTO KOHTYpa a HCXOJs, YTO
CTOPOHAMH A3TOTO TPEYTOJHHOTO KOHTYypa SIBISIOTCS
KBapKH IPOTOHA, ITOTy4aeM:

V3 2
koltp/ N 5 a2

2nr

1)

4megr?

_V3a?
rIe S_T RIOMAb PABHOOEIPEHHOTO TPEYTOJIbHUKA

(xoHTYpa)
Ir=0.7416 aarcrpeM paccTosHHE MEXKIY aTOMaMHU
B MOJIEKyJIie BojopoJa [4]

V3a®
q? Ho (#p/(T))z
5= 3a
4meQT 2nr

2 2 2

q Ep_ 23 16pp 16pp
—_— = a= 3a=—; -
2UpEQT (\/532 ) 3a% 3a3

4

& = 32.“12;#0507”
q?
a=4.9*10"14Mm.

CoOTBETCTBEHHO PaiInyC B KOTOPBII BIIMCHIBACTCS
TPEYTONBLHUK cO cTopoHol a=4.9*10"1% m. Gyaer 7*10°
14 M , 4TO COOTHOCHTCS ¢ OOIIETPUHATEIM 3HAUYEHHEM
auameTpoMm mnpotoHa B 1 ¢emromerp. Heobxommmo
y4ecTb, YTO 3TO HE HAPYXHBII pa3Mep MPOTOHA C
y4€TOM TOJIIMHBI KBapKa, a pa3Mep BHYTPEHHEIO
TPEyroNbHUKA oOpa3zyromerocs BHYTPEHHUMH
CTOpPOHaMHM KBapKOB - MCXOJS MX 3TOTO IONEPEUHBIIH
pa3mep kBapkoB Oyznet nopsinka 0,175 demromerpa.

Crporast (pUKCHPOBAaHHOCTH YIJIOB 00Pa30BAHUS
XMUMHUYECKUX CBSI3€H NPH PacCMOTPEHHOM  BBIIIE
METO/ie yJEep)KaHHs IIPOTOHOB B MOJIEKYJIE BOAOPOJIa
IIpU TPUMEHEHHWH 3TOr0 METOJa K HHBIM aToMam
yKa3blBaeT Ha (PUKCUPOBAHHOCTH IMPOTOHOB KaK B
MPOCTPAHCTBE fAJpa TaK U ONpEeAeNEHHOU UX
OpHEHTAIH B 3TOM IIPOCTPAHCTBA.

Mertop yepKaHUsl JJIEKTPOHOB Ha OpOUTAIIAX
IIPOTOHOB Ha OCHOBE 3JIEKTPOMArHUTHOH JIOBYIIKH

B [1] 6pU1a paccMoTpeHa CTPYKTYpa MPOTOHA Kak
TPEYTrOoJbHON aHTEHHBI T.€. 3aMKHYTOTO KOHTypa. B T0o
K€ BpeMs H3BECTHO, YTO €CIH 3JIEKTPUYECKOe
CONPOTHBJIICHHE DPAaBHO HYJIO, TO BO30Y>KACHHBIH B
CBEPXIIPOBO/IAIIEM KOJIbIIE TOK OyJeT CyIecTBOBATh
6eckoneuHo ponro. ®opma MarHUTHOTO mMOJis OymeT
noj00Ha Moka3aHHOMY Ha Puc. 1 u BIojgHe MOAXOIUT
Ha POJIb 3ePKABHOTO MAarHUTHOTO 3epKaia, KOTOpbIe
HCTIOJIB3YIOTCS TIPU CO3JJAHUU 3€PKaJIbHBIX MAIHUTHBIX
JOByIIEK [5].

Puc. 1 He3amyxazou4uﬁ MoK 6 ceepxnpoeodﬂmem KoJjivye u cozoasaemoe UM MacHumHoe noJe.

CyTb 3epKajibHOM MarHUTHOM JIOBYILIKK COCTOMT B
UCIIOJIE30BAHUH MarHUTHBIX MPOOOK, WIIM MAarHUTHBIX
3epKay, — 00JacTeil, B KOTOPBHIX HANPsHKEHHOCTH
MarHUTHOTO TIOJI1 CHJIBHO (HO IUIABHO) BO3PACTaET.
Takue 06IacTi MOTYT OTPaXKATh «IIAJAIOIINE» Ha HUX

BJIOJIb CUJIOBBIX JIMHUH TI0JIs1 3apshKeHHbIe yacTuiibl. Ha
Puc. 2 wu300pakeHa TpPaeKTOpUS YaCTHIBI B
HEOJHOPOJHOM MArHUTHOM TMOJie, HANPSHKEHHOCTH
KOTOPOTO MEHSIETCSI BJIOJb €r0 CHJIOBBIX JIMHH.
O¢ddekr orpaxkeHus O0OYCIOBICH TeM, 4YTO MpH
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MPOJABUKCHUUN 4YacCTUIIbI B o0macte 0Oosiee CHIIBHOIO
MoJjisA TpU HEKOTOPBIX YCJIOBUAX eé nonepeyHas
CKOpPOCTbB VA BO3PACTACT U YBCIMYMUBACTCS CBSA3aHHAsA C
3TOU CKOPOCTBIO «IIONE€pEUYHad ODHEPTUsA» YaCTULIbI

1
EmVAz. Ho mnonnas OHCPIrud 3apsHHKCHHOU YaCTHUIbI

1 1
Ezzmv||2+EmVA2 IpH JBWXEHUU B MATHUTHOM IIOJIE HE

u3MeHsieTcs, Tak kKak cwina Jlopenna, Oymyum
MepIECHANKYJISIPHA CKOPOCTH, pabOThl HE IPONU3BOJIUT.
IlooToMy OJHOBPEMEHHO C  yBEIHUCHHEM  Va,
yMeHbl1aercs V|.B kakoi-To Touke V| MOXeET CTaTh
PpaBHOH HyJI0. B 3TOM TOUKE U IPOUCXOAUT OTPAKECHUE
YACTHUIIBI OT KMATHUTHOTO 3epKaiay. [5]

Puc. 2 Tpaexmopus wacmuyvl 6 HeOOHOPOOHOM MACHUMHOM NOJE, HANPANCEHHOCMb KOMOPO2O
MeHSIemcsi 800JIb €20 CUNLOBLIX IUHUTL

PaccuntaeM MUHUMAaNbHBIA YroJl OTPa)KEHUS
3JEKTPOHA OT MPOTOHA.

JUJIt MAarHUTHOTO TOJIS B BAKYyM€ HaIIPSKEHHOCTD
MarHUTHOTO MOJISI ONIPEAENeTCs BhIpaxkeHueM [3]:

H=—
Ho

MaruauTHas HHAYKIUS B IIOCKOCTH
TPEYTOIBHOTO JJIEMEHTA (poToHAa) paBHa
TEOMETPUYECKOH CyMME MAarHUTHBIX HWHIYKIHCEH,

CO37]aBaEMbIX KaXXIOW CTOPOHOH B OTJAECIBHOCTH OIS
TPEYTOIBHOTO BUTKa OyAeT

B=B1+B2+B3

6 - 3u,l 3v3 el
=———=0C0S ;= ———
2may3 ! na

roe a - JUIMHA CTOPOHBI TPEyroibHHKA (KBapka
MIPOTOHA)
[Tnomans paBHOOEAPEHHOTO TPEYTOJILHUKA

CoSs o¢;

V3a?
S=
4
COOTBETCTBEHHO
_ Ay
V3a?
12p01,
B=———cosm
a

HanpspkeHHOCcTh (H) B meHTtpe paBHOOEApPEHHOTO
TpeyTOoJIbHHUKA (IPOTOHA)

2P cos @, =2.81%1014 A/m )

1
na3

H =

Pagnyc mepBoii opOMTEI B aToMmMe BOJOpOJA
R=5,291772085910—-11 M [6]

HanpspkeHHOCTh TIOJIT OT TPOTOHAa Ha pajauyce
repBoif OpOUTHI BOIOPOA HA OCH NMEPIEHANKYIISIPHON
K IUTOCKOCTH BUTKA MIPOTOHA

__ 12y
0 7 n(R2+a2)3/2

cosa; = 223570 A/m
®)

MuHuMaNbHBII Yrojl BXOJa 3JIEKTPOHA B IOJIE
MIPOTOHA C NEPBO OPOUTHI BOZOPO/1a YTOOBI OH OBLT HE
oTpaxk€H HainéMm u3 ¢opmynsl [5 ¢opmyma 2.21
ctp.39]

Hy

sin? «,

. HO -5
sin = = 2.82 %10

orcrona o<,= 0.001610

B cmydae xpyroBoir Qpopmsl
3HaueHus 2 u 3 Oyxayr emé G6onbmie, a yroa X emé
MEHbIIIE.

ONEeKTPOH HEOTPaKEHHBIN U UAYIIUI IO HOPMaNU

K NPOTOHY HCXOAA U3 IMPCACTABJICHHSA IMPOTOHA KakK

MpOTOHA
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BUTKA IMOMPOCTY MpPOWAET dYepe3 LEHTP MPOTOHA,
3aTOPMO3HUTCS U MOUAET K MPOTOHY 0OpaTHO.

Takum  oOpasoM mpoTOH  paboTaeT  Kak
JNIEKTPOMArHUTHAsE ~ JIOBYIIKA  JUISL  3JEKTPOHA.
TTOCKOJIBKY BJIEKTPOHBI OTPaXasiCh OT MArHHUTHOTO

3epkajia OynyT oTOpachIBaThCsi OT IPOTOHA TO U
CTaOMJIbHOW OpOUTHI OHM UMETh HE OYyIyT 3aHHMMast
Xa0THYECKHE MeCTa MPOCTPAHCTBE KaK yKa3aHO Ha
Puc.3:

Bricoxas BepoaTHOCTE

Huzxaa BepoaTHOCTE
OBHapYXHTE 3NEKTPOH

Anpo

Puc. 3 Amomnas opoumans (A0) smo obaacme npocmpancmea,
8 KOMOPOUL 6€POSAMHOCIb HAXONCOEHUSL INEKMPOHA MAKCUMATbHA.

Ho HeoOXoouMo yd4ecTb, 4YTO YJep)KUBaHUE
3JIEKTPOHOB JJIEKTPOMArHUTHBIM TIOJIEM IIPOTOHOB HE
JaT DIEKTPOHAM HAXOOUThCS B JO00H TOuke
IPOCTpaHCTBA BOKPYr TpoToHa. JlaHHBIN akT

a Square of 2sc, wave function

TIOATBEPKAACTCS UCCIEeNOBAaHUSIME [7] KOTOpBIE Janu
CIIEAyIOIIee paclpelneliecHHe KBaJpaTa BOJHOBOM
(YHKOHN BYXAJICKTPOHHOW CHCTEMBI B MOJICKYJIC
Bogpopona (Puc. 4) [7]:

d Image by photofragmentation

R=16au. KER 9-11 eV
90° 90°
120° 25 60° 120° N 60°
1509 \ 30° 150° (30°
180° 1 0° 180° 0°
210° '330° 210" /330°
240° T __s="300° 240°~._ Y . 300°
270° 270°
b R=14au. e KER 11-13 eV
90° 90°
120° = 60° 120° i g N 1
1507 \, 30° 1507 . 30°
@
4 [+]
‘ g
[ \ [ \ S
| °
180° - 10° 180°F 10°|B
| | \ | ©
/ 2
[*]
-]
€
210° '330°  210° 330° | €
240° = '300° 240° ———"300°
270° 270°
G R=12au. f KER 13-15 eV
0° 90°
120° — 60°
1507 . 30° 1509 . 30°
180° 0° 180°" H0°
210°" /330°  210° 330°

"300°

240°

EG

Puc. 4 Keaopam 601106011 (hyHKYUU 08YXINEKMPOHHOU CUCTHEMbL 8 MOJIEK)YIe 8000P0OOA NPU PACCOAHUU
Mmedxncoy siopamu amomos 6 0,85 anecmpema. M. Waitz et al./ Nature Communications, 2018 [7]
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Tak jxe W3BECTHO, YTO Ha KaXIOW OpOHTAIH
MOTYT MAaKCHMaJbHO pa3MeEINaThCs JBa 3JICKTPOHA,
obnajaromue paBHOW SHEPIuei, HO OTIMYAFOLIHECs
civHOM. [IpuHimn uckimrodeHus [laymu yTBepkaaert,
9TO JBa OJJCKTpOoHa (WIM [Ba JIOOBIX JPYTHX
(epMroHa) HE MOTYT MMETh OJHHAKOBOE KBAHTOBO-
MEXaHUYECKOE COCTOSIHHE B OJHOM aTOME WU OJHOM
Monekyine [8, 9] B pamkxax nanHOro Meroma 3TO
OOBSCHSIETCSI TEM, YTO JABUTAACh B MArHUTHOM II0JIE
NPOTOHA 3JIEKTPOH, O0Jiafas TakKe MarHHUTHBIM
nojieM, TaKk e OyJeT OpPHEHTHPOBATHCS CIIMHOM
OPOTOHA HE CMOTPS HA CBOM JBHXKCHUS BOKPYT
MPOTOHA ¥ TeM caMbIM (opMupys npuHiun [laymu. A
MOCKOJIbKY TPOTOHBI CBSI3BIBAIOTCSI CBOUM CIIMHOM,
OPUCHTHUPOBAHHBIMH CHMMETPUYHO, TO ¥ CITHHEI
9JIEKTPOHOB y O3THX IPOTOHOB OyIyT HaIlpaBJICHBI
TAaKXKe CHMMETPUYHO. UTOOBI CHHMH 3JIEKTPOHA OBLI
HAMpaBJeH aHTUCHUMMETPUYHO K CIHUHY MPOTOHA OH
JOIDKeH OBITh CTPOrO  aHTUIAPAUICNICH — CIUHY
MPOTOHA, B MPOTUBHOM CIy4ae OH OyJeT MOBEPHYT /0
MapauIeIbHOCTH MATHUTHOMY MOJISI IPOTOHA.

Heobxoaumo 3aMeTHTh, YTO B JAHHOW MOJEIH
OJIMH TPOTOH MOXKET YJEP)KUBaTh 2 DJIEKTPOHA — IO
OJTHOMY IO pa3HbIM CTOPOHAM IUIOCKOCTH HaX0KJCHUS
KBapKOB ITPOTOHA.

AcumrntoTndeckas cBoboaa

IIpunATO CUUTATh, YTO CUILHOE B3aUMOACUCTBUE
KOpOTKOZeHcTBylomee: ero pamuyc 10 cwm.
OCOOEHHOCTBIO €r0, SBISETCS TO, YTO MPUTHKCHHUE
MEXKIy KBapKaMu pacTéT ¢ yBETHUCHUEM PACCTOSIHUS
Mexay Humu. C Apyroil CTOpPOHBI MpPU COMKEHUN
KBapKOB B aJIpOHAaX HMX B3aWMOJCHCTBUE OcrabeBaeT
(acummToTHYecKas cBoOoma). OOpaTuM BHUMaHHE Ha
B3anmoeiicTeue (1)

‘E_az 2 2
Wl /Ct 50 0t g gy

2nr 4megr?

WIH B 0oJiee 00IIIEM BHUIE

Molalz v q1q2 _
2nr ATTEgT2
s HETO BHUJIHO, 4TO peanusyercs

B3aMMO/ICHICTBHE OMMCAHHOE BBIIIIE MEX Ty KBAPKaMH -
NP YMEHBIICHUH PAcCTOSHHS CHJIA OTTAJIKHBAHUS
BO3pacTaeT YHEPIrHYHEH YeM CHIIa IPUTSHKEHUs, a IPU
YBEIIMYCHUH PACCTOSHUS CHJIa OTTAJIKMBAHHS IajaeT
OblcTpee uYeM cwia TPHUTSHKEHUS TIpU  SAEPHBIX
Macmitabax paccrosHui. Hanpumep npu oTkIOHEHHH
OT TOYKM pABHOBECUS Ha TMOPSNOK B CTOPOHY
YMEHBIICHNS  PAcCTOSHHA ~ CHJa  NPHUTSHKCHUS
yBeJIMYHTCS ToNbKO Ha 10 pa3 B TO Bpems Kak cuia
orrankuBasg Ha 100 pa3, B ToKe BpeMs [IPH OTKIIOHEHUHT
PacCTOSIHUS B CTOPOHY YBEIMUCHHS CHJIa IPUTHKCHUS
YMEHbIIUTCSA TONBKO Ha 10 B OT BpeMs Kak cuia
orrankuBaHus ymeHpmuTcs B 100. ITockombpKy KBapKu
00J1a/1a10T Kak 3apsAA0M TaK M MarHUTHBIM II0JIEM TO
STOT MEXaHW3M Ipeaaraercsi paccMOTpeTh B
MEXKKBAPKOBOM  B3aMMOJEHCTBUM yUYUTHIBAs, UTO
KBapKH 00J1a/1atoT KakK 3aps/I0M TaK U CITUHOM.

Ha  ocHOBaHMH  H3JI0)KEHHOTO  BBIIBUTAIO
MPEIONI0KEHHE, YTO 3JEKTPOHBI YIEpKUBAIOTCS Ha

opOuTax aToOMOB BCIIEACTBHE MOMNAJaHNsl B MAarHUTHOE
1oje MPOTOHOB, KOTOpoe (OpPMHUPYETCS B BHUJE
JJIEKTPOMAarHUTHOro  3epkayna. Kak  ciencrBue
pacriojio)keHue CBs3eH MeXIy aroMamu Oygjer
OIIPEAEIATHCS TOJIOXKEHHEM HPOTOHOB B CTPYKTYype
sIApa aToMa, TIOCKOJIBKY TP PON3BOJIBHOM BpPAICHNE
MIPOTOHA JIEKTPOH OYAET BHOCUTHCS BHYTPb Apa 4ero
He Habmomaercs. Ctporas (UKCHPOBAaHHOCTH YTIIOB
o0pa3oBaHus XMUMHYECKUX CcBsI3eH pu
PacCMOTPEHHOM BBIIIE METO/IE yICP KaHHS IPOTOHOB B
MOJIEKYJIE BOZOPOA IPH IPUMEHEHHHN 3TOTO METO/A K
WHBIM aToMaM yKa3blBaeT Ha (DUKCHUPOBAHHOCTH
NIPOTOHOB Kak B MPOCTPAaHCTBE sjpa Tak U
OIpeAEIEHHOI MX OPHEHTAIH B 3TOM IIPOCTPAHCTBA.
Tak e CTOMT OTMETUTh, YTO CIHHBI IIPOTOHOB,
YYacTBYIOUIMX B OOpa30oBaHMM XUMHYECKUX CBSI3EH,
JIOJDKHBI OBITH OZIMHAKOBO HAIIPABJICHBI.

Kpome »3Toro, ecnmm cBA3M MEXIy aToMaMu
BBICTPAMBAIOTCS 110 JIMHUH TO CIIMHBI OyIyT ClaraTbes
W TONydYaeTcss MarHWTHBIA Martepuan. B ciydae
00pa3oBaHMs CBA3CH 0[] Pa3INYHBIMK YTIIAMH CITHUHBI
OyZyT B3aMMHO OCIAOJATHCS U MaTepual MarHUTHBIM
He Oynmer. Kpome »Toro, ecimm BBICTPOUTH aTOMBI
BOJOpO/Ja B ICIMIOYKY C OJJHOHAIIPABJICHHBIMU CIIMHAMU
TO TaKoil MaTepHai J0JKEH NPHOOPECTH MarHUTHBIE
CBOMCTBa

HaBopopoxuBaH#e CI0)XHBIM 00pa3oM BIIUSIET Ha
MarHuTHbele cBoiicTBa ctanu. Jlo ompeneneHHOM
TIOJTHOTHI HACHIIICHNS METAJIIa BOJOPOAOM MarHUTHBIE
CBOMCTBa MEHSIOTCS €J1a00. 3aTeM MMPOUCXOANT PE3KOE
YMEHbBIIICHUE MaKCHMaJIbHOH MarHuTHOHN
MIPOHUIIAEMOCTH M OCTATOYHOI'O MarHeTW3Ma M eIe
Oosiee pe3Kkoe BO3pacTaHWE KOAPILMUTHBHOW CHIIBI.
Cnemana momeITKa OOBSICHEHHS ATHX 3(dexron
BJIMAHUEM BHYTPHUIIOJIOCTHOTO JAaBJICHUSA, MCHAIOIIETO
MEKaTOMHBIE DPACCTOSIHUSI B PELIETKE M COCTOSIHUE
OJICKTPOHHBIX Op6I/IT yhopaBJjAmEee MarHuTHBIMA
xapakrepuctukamMu [10 c. 21]. B pamkax naHHOI
pa6OTI:-I 9TO OOBICHSIETCS TEM, YTO IIPU HACBIIICHUU
BOZIOpOJIoM 0e3 00pa3oBaHUs THUAPWUIOB MAarHUTHBIE
MOMEHTBI aTOMOB BOJIOPO/Ia PACIIONIAraloTCs Xa0THIHO
U TeM CaMbIM MPOTHUBOAEHCTBYIOT MAarHUTHBIM
MOMEHTaM aToMOB kene3a. COOTBETCTBEHHO CTEIEHb
0CJTabJIeHNs] MarHUTHBIX CBOWCTB 3aBHCHUT OT CTETIEHH
HaChIICHUs] CTaly BOxOpoioM. B  Toxe Bpems
00pa3oBaHKe THIPUAA JKeJie3a IPUBOJUT K YCHICHHIO
MAarHuTHBIX CBOﬁCTB, YTO OOBACHAETCI B paMKax
HaHHOﬁ pa6OTBI TEM, 4TO K CIIMHOBBIM MAarHUTHBIM
3HAYEHHUSM aTOMOB Keje3a JOOAaBJISIIOTCS CIHHOBBIE
MAarHvMTHBIC 3HAYCHUA aTOMOB BOJI0OPO/JiA, T.K. BCE OHU
OyayT OpHMEHTHPOBATHCS OJHOHAIPABICHO B CBOMX
cBsa3sx [11].

[ornomenne NpOTOHaM SHEPTUM TNPHUBEAET K
pOCTYy  HampsHKEHHOCTH  IOJsL  TPOTOHOB U
COOTBETCTBEHHO K  YAQJICHHIO 3JIEKTPOHOB  OT
IIPOTOHOB, T.€. IEPEBO/IY Ha OoJiee BBICOKHE OPOUTAIIH.
B pamkax 1aHHOTO MeTO/a NOTJIOIEHHE 3JIEKTPOHAMH
QJICKTPOMArHuTHOI'0 M3JIYYCHUSA HE UMECT HUKAKOI'O
3HaUeHHs ISl Iepexoja 1o opOuTaisM aroMa 3a
HUCKIIIOYEHUEM TIPAMOTO CTOJIKHOBCHUA C q)OTOHaMI/I
BBICOKHUX SHEPTHil.
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Synthesis of 2-methylpropanol-1 from ethylene and ethanol at high pressure was investigated. The process
parameters were determined and the effect of temperature and reaction time on the product yield was studied.
Key word: ethylene, ethanol, synthesis on the base of ethylene, telomerization, high - pressure and catalytic

reactions.

Saturated monatomic alcohols are a great practical
importance on an industrial scale. For example:
isopropyl alcohol is used as a raw material in medicine,
the chemical industry and at production of acetone;
isoamy| alcohol - in the production of validol, solvents,
carbon dioxide and in the perfume industry; isomers of
octyl alcohol are plasticizers, surfactants, perfume
compositions, etc. [1-4].

It should be noted that from aliphatic alcohols only
methyl and ethyl alcohols are produced in the Republic,
but other aliphatic alcohols necessary for various
industries are not produced. It is necessary to note that
the highest aliphatic alcohols and compositions on their
base, including isopropyl, octyl, lauryl alcohols are
used as surfactants, plasticizers, flotation agents and
they are imported. In the Republic there are
possibilities for the production of these alcohols on the
base of local raw materials [5,6].

CH;— CH,OH + H,C~CH,
CH3— CH,OH + 2H,C=CH,
CH;—CH,OH + 3H,C=CH,

CH3—CH,OH + 4H,C=CH,

The telomerization reaction has included
following stages with the participation of ethanol and
ethylene:

Saturated alcohols were synthesized from ethanol
and at this acetone, compounds of titanium and
aluminum were used as catalysts [1].

One of the unconventional ways of produce
alcohols necessary for industry is telomerization
reactions. In this case more high-molecular alcohols are
synthesized. Ethylene is used as telogen and raw -
materials at production of propanol and butanol.
Organic peroxide is used as a catalyst. The process was
carried out mainly at temperature 100° C, pressure of
6.0 MPa and reaction time of 1-6 hours, and various
telomeres corresponding to the initial alcohol are
formed [2]. The type of product has depended on the
process temperature, ethylene pressure and especially
the reaction time. By selecting technological
parameters it is possible to control the type and volume
of products.

The process can be presented in general by the
following reaction equations:

PTE ~ C3H,0H
PLE - C4HgOH
LK . CgH;,0H
“LE > CioH, OH
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CoHsOH + CoHy P ¢ HgoH 5™ CoH,30H 5
H,C= CH, H,C= CH
E— C8Hl7OH PTK C10H21OH 2P,T,K 2 C12H250H

Synthesis of 2-methylpropanol-1 using this
method is important, isobutyl alcohol is used in various
industries, it can also replace butanol-1, due to its low
cost. In addition to nitrocellulose, rubber, and printing
inks [3], it is used as a component of varnish, a gel-like
liquid, as a paint remover, and in perfumes [7].

The process was carried out in a sealed reactor at
high pressure. Ethyl alcohol and gaseous ethylene were
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used as the initial materials [8,9]. Synthesis of 2-
methylpropanol-1 was performed under various
conditions: temperature of 30-100° C and pressure of
10-40 ATM., the reaction duration was 2-6 h. The
influence of the reaction time on vyield of 2-
methylpropanol-1 was studied (Fig. 1).

45

4 5 6 7

Reaction time, h.

Fig. 1. Influence of reaction time on yield of 2-methylpropanol-1

With increasing reaction time from 2 to 6 h. the
yield of 2-Methylpropanol-1 has increased from 17 to
53%. A further increasing reaction time caused
decreasing of yield of the product: for example, during
6 h. the yield was equaled 45%.
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The influence of temperature on the product yield
was also investigated. Experiments were performed in
the range of 30-80° C (Fig.2).

4 5 6 7 8

Temperature, °C

Fig.2. Influence of temperature on the yield of methylpropanol-1
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During of experiments optimal conditions namely
temperature 60° C, pressure of 10 ATM. and a reaction
time of 5 have been determined.
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The structure of synthesized 2-methylpropanol-1
was proved by IR spectroscopically (Fig. 3).
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Fig.3. The IR spectrum of 2-methylpropanol-1

Spectrum analysis showed that the intense signal
of the hydroxyl group of 2-Methylpropanol-1 in the IR
spectrum was observed in the region of 3321 cm™, the
intense valence vibration signal of the hydroxyl group
(C-OH) bound of to carbon was observed in the region
of 1044 cm™. The signal of asymmetric stretching
vibrations of methylene group (CH2) was observed in
the region of 2927 cm™* with high intensity, the signal
of spindle oscillations was observed in 1328 cm™,
stretching vibrations of methine group (CH) under
2885 cm'l; asymmetric stretching vibrations of methyl
group (CHs) were observed in the range of 2973 cm!
with high intensity, the signal of asymmetric and
deformation vibrations were observed in the range
1448 cm™.

Thus, the synthesis of 2-methylpropanol-1 on the
base of ethylene and ethanol was investigated. The
influence of reaction time and temperature on the
product yield was determined, the process was
optimized and the structure of obtained products was
proved using IR spectroscopy.
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ABSTRACT

Nanoporous anodic aluminum oxide (AAO) tubular membranes were fabricated from aluminum alloy tubes
in sulfuric and oxalic acid electrolytes using a two-step anodization process. The membranes were investigated for
characteristics such as pore size, interpore distance and thickness by varying applied voltage and electrolyte
concentration. Morphology of the membranes was examined using light optical and scanning electron microscopy
and characterized using Image software. Results showed that membranes having narrow pore size and uniform
pore distribution with parallel channel arrays were obtained. The pore sizes were ranging from 10 to 100 nm and
the wall thicknesses 60 pum.

The catalysts are obtained by impregnation of 3d metals into nanosized pores of aluminum oxide. The
obtained catalysts based on nickel and porous Al,Os are studied by scanning microscopy (SEM-EDX). The results
of SEM-EDX analysis shows that a spongy structure with filament sizes of 100 nanometers containing particles

of 3d metals formed on the surface of the aluminum oxide matrix.
Keywords. Nanoporous anodic aluminum oxide (AAO), carbon nanotube (CNT), tubular membrane,

thickness, anodising, porous aluminium oxide film.

1. Introduction

Electrochemical oxidation, also known as
anodizing, imparts an integral corrosion and abrasion
resistant coating on industrially important metals.
Aluminum and aluminum alloys have been treated
using anodizing for nearly a century. These metals react
spontaneously with ambient oxygen to form a thin
oxide coating. Unlike other metal oxides, aluminum
oxide does not flake; the oxide adheres to the metal
preventing further oxidation. To exploit the corrosion
and abrasion protection provided by aluminum oxide,
forced thickening of the coating is accomplished
electrochemically.

Anodization is an electrochemical oxidation
process employed to increase the thickness of the native
oxide layer on the surface of metals (e.g., Al, Ti, Hf, W,
Nb, Sn, Zr, etc.) or semiconduc-tors (e.g., Si, InP,
GaAs, etc.) [1].

Nanoporous anodic aluminum oxide (AAQO) has
become a commonly used material with potential
applications in a wide range of areas, such as catalysis,
electronics, photonics, and sensing. Owing to their
regular structures and narrow size distributions of pore
diameters and interpore spacings, porous alumina
membranes are used in the fabrication of nanometer-
scale composites. The nanoporous AAO sheet
membrane has been investigated for a potential
application in hemodialysis by measuring the hydraulic
conductivity and comparing it to those of hollow fiber
polymer dialysis membranes. It is known that carefully
controlled anodization of aluminum in an acidic
electrolyte produces a thin layer of dense aluminum

oxide, followed by an ordered array of smaller-sized
nanopores [2,3].

The main disadvantage of the catalysts based on
nickel nanoparticles is the rapid deactivation of the
catalyst due to various factors, for example, coke
deposits. To prevent agglomeration and sintering, the
active phase is applied to various inorganic substrates
— Al03, SiOy, and CaCOs [4]. The use of films, for
example, Al,Os as a matrix, allows combining the
flexibility of the electrochemical method for obtaining
catalysts and stabilizing nanoparticles in the inert
matrix of porous aluminum oxide. Catalysts on
substrates have several advantages, but they have low
thermal conductivity. In this regard, it is relevant to
create and study of nickel catalysts on metal substrates,
to identify patterns of influence of synthesis conditions
on the surface structure and to establish the relationship
among synthesis conditions, surface structure, and such
catalytic properties as an activity, stability of activity
and resistance to carbonization of catalysts in the
hydrogenation of olefins. Also, it is very important to
have a developed surface for all metal catalysts, i.e.
search the ways to increase their specific surface area.

Indeed, the establishment of their structure and
nature of interaction with reagent molecules provides
valuable information on the mechanisms of catalytic
processes. It is the substrate that largely determines the
size, shape, and the electronic state of the deposited
particle [5-7].

Anodic aluminum oxide ~ AAO, which is usually
prepared by the anodic oxidation of Al in an acid
solution [usually sulfuric (H2SQOs4), oxalic (H2C204), or
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phosphoric (HsPO4) acids] [6], is one of the typical self-
organized structures with a nanochannel array. Thus
AAO has been commonly used to fabricate nanometer-
sized structures via the template-mediated process
because of its relatively low cost and ease of fabrication
compared with conventional lithography-processed
materials [8].

Recently, many researches have been focused on
the nanostructured materials due to some of their
significant physical properties. Although several
techniques like photolithography, etching, or gas phase
synthesis can produce nanowires or nanotubes, a
template-assisted growing approach of nanoporous
AAO is considered as one of the most prominent
methods due to the advantages of a controllable
diameter, high aspect ratio, and economical way in
producing [9].

In this study, acid solution was used to create the
aluminium oxide film with controlled morphology.
However, the porous aluminium oxide film properties
is strictly influenced by anodising process parameter
such as anodising voltage, electrolyte temperature, acid

concentration and duration of anodising process. Thus,
in this study new hypothesis will be generated with
exploring the relationship between electrolyte
temperature and formation of aluminium oxide film on
aluminium substrate in order to enlarge its applications.

2. Experimental part

In our experiment a high purity aluminum foil
(99.999% purity, 5 mm thickness) was used as a
starting material. Prior to anodizing the aluminum foil
was annealed at 500 °C in air for 2 h and degreased in
acetone. Then the samples were electropolished at
room temperature in 1:4 volume mixture of HCIO,4 and
ethanol at constant current density at 25 mA/cm? for 5
min. The hard anodization technique was applied using
oxalic acid containing 0.1 M as electrolyte. During the
anodization the electrolyte temperature of all samples
was kept constant at 20-25 °C. This anodising process
was done at 40 V with temperature for 120 minutes.

Anodizing of Al-plates is carried out in a two-
electrode chemical cell which is a Teflon glass with 4
sm opening in diameter in this area and mounted on a
brass stand (Fig. 1).

cathode

3_»
4_E8

=

anode

Figure 1. Experimental equipment used to produce anodized aluminum oxide.
1-Teflon glass, 2-rubber seal, 3-sample (Al-foil), 4-brass base, 5-voltage source.

The conditions of anodic oxidation depending on
the selected electrolyte is given in Table 1.

Table 1.

The conditions of anodic oxidation

Oxidation steps Electrolyte Anodizing voltage and current, B; The duration of oxidation,
A hours
. _— 0,1M .
The first oxidation (COOH), 40; 2 1
The second 0,1M .
oxidation (COOH), 40,2 !

The preanodization step for 10 min was applied to
produce a thin porous oxide layer (about 500 nm thick)
to create a protective layer against burning at high
voltages [10]. As we know in each electrolyte mixture
[11] the appropriate voltage for pre-anodization is
related to the current and we choose this voltage such
that the current density to be in the range of 1.5 mA/cm?
< J < 2.5 mA/cm?. After preanodization (in voltage
lower than 40 V), the anodization voltage was increased
to a final constant value by a suitable rate that is exactly

related to the concentration of sulfuric acid [11]. To
investigate themorphology and self ordering degree of
nanopores, the SEM images were taken from the Al
surface (imprint barrier layer) after selective etching of
the porous alumina film by a mixture of 6 wt.% H3PO4
and 1.8% H,SO, at the end of each process. The
morphology and structure of porous aluminium oxide
film obtained were characterised by Scanning electron
microscope (SEM) model NVision 40-38-50 SEM.
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3. Electrodeposition

Metal/metal alloy can also be filled into the
nanochannels of AAO-CNTs using a conventional
electrodeposition technique. When an electric field is
applied, metal ions in the electrolyte solution migrate
and are deposited onto an electrode by passing a current
through an electrochemical cell. Therefore, metals can
be filled into the cavity of AAOCNTSs by using the
electrodeposition method under a direct current [15-17]
or alternating current [18]. In general, a layer of Au is
first deposited on the surface of a both-side open AAO
film using ion sputtering technique. Then, metal
foreigner can be deposited into the hollow core of
AAOCNTSs by using the pre-deposited Au layer and

graphite plate as working-electrode and counter-
electrode, respectively. However, it is rather difficult to
handle during the electrodepositon process owing to the
fragile property of AAO films.

The synthesis of nickel nanoparticles into a matrix
is carried out by the method of periodic dipping with
sequential drying. The aluminum oxide porous plate is
alternately dipped in aqueous solutions of Ni(NOs3)a,
then it is washed in water, dried and again immersed in
the solution. After a certain number of impregnation
cycles, the plate is annealed in the air at 550°C.

Basic geometric parameters of experimental
samples and parameters of the surface morphology of
Ni columns for samples. (Table 2.)

4. Results and discussion

The advantage of using porous alumina as a
template is that it enables selected nano-pore
fabrication using general laboratory equipment, see
Figure 1. The proportionality of the cell size with
respect to the electrochemical conditions allows one to
macroscopically dictate the growth and final size of the
pores manufactured. The equation is a simple one
where an Al substrate is used with a particular acid to
achieve nano-pores with an empirical derived set of
electrochemical conditions.

Al + acid + voltage = nano-pores

Initially, the quality of the Al substrate, its surface
structure and/or any surface pre-treatments will have a
significant impact on the morphology and the resulting
nano-structures formed on the substrate surface during
the anodization process. To begin with, the Al substrate
will have a pre-existing oxide layer over its surface,

try € ] ] &
analysis diffraction of aluminium substrate.

Table 2.
Properties Diameter pore, nm Interpore diameter, nm Cross-section pore, um
AAO 90+25 90+25 80+20
AN
Al Al
|
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which is normally produced by the ambient oxygen in
the atmosphere. In addition, the substrate could also
have a pre-existing surface structure produced by a
mechanical, thermal, chemical and electrochemical
process. All of these surface treatments prior to
anodization can have a significant impact on the self-
ordering of the pore structures that form on the surface
of the substrate during the anodization process. This is
because the pore nucleation mechanism is a
combination of both random nucleation and nucleation
produced by the effects of surface defects, such as
scratches, pits, impurities and grain boundaries. It
should also be pointed out that during the anodization
process, surface defects are favored sites for pore
nucleation. Furthermore, studies have shown that the
presence of alloying elements in the Al substrate not
only tend to reduce the rate of growth of the forming
oxide layer, but also influence the structure of the oxide
layer during the anodization process [12].
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Morphology and pore size of porou

Figure 2 shows the morphology of the film anodised in temperatures, from 20 °C to 25 °C respectively.

s film:

v:.‘fﬁ NES
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Figure 3: SEM images of aluminium oxide films formed in (COOH)2 at 20-25 °C.

The average pore diameter anodised in 20-25 °C
was 100 nm. The pores were more irregular and
smaller. This trend of result is similar with Shawagfeh
[13] which has reported that the formation of oxide film
in phosphate based solution was increased at
temperature to 25 °C, but it decreased when the
temperature reached 30 °C. The effect of temperature
on the formation of oxide is well-defined because it
affects the rate of ion transport across the barrier layer,
the oxide dissolution from the pore wall as well as the
oxide surface and heat transport rates within the pore
and the bulk electrolyte.

Date 11 Feb 2020
Time :19:35:22

Signal A=NTSBSD
Phata No. = 6763

EHT = 15.00 KV
WD = 85mm

An increase in temperature resulted to an increase
in the growth rate of aluminium oxide film formed in
phosphoric acid electrolyte. At temperature 20°C to
25°C, the mass of oxide film increased. When the
temperature rises up to 30°C, the mass of oxide film
decreased. The effect of temperature on the formation
of aluminium oxide film is noticeable because the
temperature affects the rate of ion transport across the
oxide layer, the oxide dissolution from the pore wall
and heat transport rates within the pore and the
electrolyte [13,14].

EHT = 15.00 KV
WD = 85mm

Signal A= NTS BSD
Phata No. = 6762

Date 11 Feb 2020
Time :19:28:20

Figure 4: SEM image of cross sectional film anodised with temperature 20-25°C.

5. Conclusion

In summary, the nanostructured catalysts based on
3d metals (nickel) with a matrix of porous aluminum
oxide was obtained. The morphological studies by
SEM-EDX demonstrates a spongy structure with
filament sizes of few nanometers is formed on the
surface of the aluminum oxide matrix and this structure
contains nanoparticles of nickel.
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