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TEXHIYHE OBCTEXEHHSA I'IJIPOTEXHIYHOI CITIOPY I

Pomanenko C.M.,
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Xepconcokutl depaicagnuli acpapHo-eKOHOMIUHULL YHieepcumem
M. Xepcon, Vkpaina

Abstract

The technical condition of a building or structure is a set of properties of the structures of a building or
structure that change during operation, which is characterized at a certain point in time by the values of indicators
and qualitative characteristics.

When assessing the technical condition of the structure, the technical tasks are solved: formulation of the
purpose of the assessment of the technical condition - restoration of normal operational properties of the structure;
visual and instrumental inspection of structural elements; geodetic and engineering-geological surveys; assessment
of the technical condition of structures, structural elements and structures in general; development of project doc-
umentation for reinforcement or reconstruction.

This article presents the results of a visual inspection of the hydraulic structure to determine the condition,
the actual bearing capacity and identify the impact of defects on the further operation of the structure as a whole.

The results of the survey were used in the development of working documentation for the reconstruction of
the hydraulic structure.

AHHOTALUA

TexuiuaM# cTaH OyIiBII YU CIIOPYIU — 1€ CYKYITHICTD BIaCTUBOCTEH KOHCTPYKIIH OYiBIIi UM CIIOPYIH, IO
3MIHIOIOTBCS TIPH €KCIUTyaTallii, sika XapaKTepu3y€eThCs B MIEBHUI MOMEHT Yacy 3HAUYCHHSIMH TTOKA3HUKIB 1 sKic-
HUMMHM O3HAKaMH.

[Tpu oWiHII TEXHIYHOTO CTaHy CIIOPYIM BUPILIYIOTHCS TEXHIUHI 3a/1a4i: (JOPMYIIIOBAHHSI METH OLIIHKH TeX-
HIYHOTO CTaHy — BiIHOBJICHHSI HOPMaJIbHHUX SKCIUTyaTaIlifHIX BIACTHBOCTEHN CTIOPY/IH; Bi3yallbHE 1 iIHCTpyMEHTa-
JbHE 00CTE)XEHHSI KOHCTPYKTUBHHX €JIEMEHTIB; T€0/Ie3UYHi 1 iH)KEHEPHO-TEO0JIOT14HI BUIIYKYBAaHHS; OIIHKA TEX-
HIYHOTO CTaHy KOHCTPYKIIif, KOHCTPYKTUBHHX €JIEMEHTIB 1 CIIOPYAU B IIJIOMY; po3po0Ka IPOEKTHOI TOKyMEHTa-
Ii1 miACHIeHHS a00 PEKOHCTPYKIT.

B il ctaTTi HaBeneH] pe3yabTaTH MPOBEACHOTO Bi3yalbHOTO OOCTEKEHHS TiIPOTEXHIYHOT CIIOPYH JUIA 3'51-
CYBaHHsI CTaHy, peajibHOi Hecy4oi 31aTHOCTI 1 BUSBJIEHHS BIUIMBY JepeKTiB Ha mopanbury poOOTy BCiei criopyau
B ILIIOMY.

PesynbraTi mpoBesieHOro 00CTEXKEHHS BUKOPHUCTOBYBAIUCS IPH POo3poOIi pobouoi JoKyMeHTalii peKoHC-
TPYKUIi T'1pOTEXHIYHOI CIIOPY/IH.

Keywords: earthen dam, structure integrity, gate, dam, technical inspection
KurouoBi ciioBa: 3emirsina rpe0iist, HiJIiCHICTE CTIOPYIH, 3aTBOP, AaM0a, TEXHIYHIH OTJIAL.

Jls BUpiIIeHHS TTOCTAaBIEHUX 3a/1ad OyJio 3/iiic-  HOTO CTaHy Ta HaJlaHHS y pa3i HEOOXiTHOCTI PEKOMEH-
HEHO Bi3yallbHE TEXHIYHE OOCTE)KEHHS T1APOTEXHIYHOT  JaIiil MO0 YCYHEHHsI BUSBJICHHUX HEIONMIKiB (medek-
ciopymu o3zepa Cononenb B c¢. OuiekcaHapiBKa  TiB, MOIIKOPKEHB) TS TIOJAIBINOT O€3MEeYHOT eKCILTY-
Binozepcrkoro paiiony XepcoHcbkoi oOsacti mpoBo-  ataii. [1, 2, 3]. Po3risiHyTa MOXIMBICT BHHUKHEHHS
JThCS 3 METOK BU3HAUCHHS ii ()aKTUYHOTO TEXHIY-
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aBapii Ha COpy/li BHACJIIJOK peaizalii oqHoro ado je-
KUTPKOX HACTYITHHX aBapiifHUX CUTYaIliif, 110 BiIMOBi-
JTAIOTh HACTAHHIO TPAHUYHUX CTaHiB [4, c. 405].

Knac Hacmiaky (BiOmoBigaapHOCTI) rpederns 3 1py-
HTOBHX MaTepialliB BCTAHOBJIOIOTH BIATIOBITHO A0 Tab-
mumi 1 3 BpaxyBanHsM Bumor JIBH B.1.2- 14 [5] ta
JBH B.2.4-3 [6]. Kimac HacmigkiB (BiIIOBiAaTEHOCTI)
00’exty cknamae CC2 — cepeiHi HACTIIKH.

lnopotexniuna cnopyaa miomieto 0,8613 ra, mo
00CTeXYIOThCSI, po3TaloBaHa Mixk o3epoM CoJoHer Ta
cTaBKOM Ha Tepurtopii ONeKCaHIPIBCHKOI CLIBCHKOT
panu binozepcrkoro paiiony XepcoHchKoi obnacTi. 3a-
rajpHa IJIomma cTaBka — 52,3 ra, 06’ em Boau mpu HIIT
HE BU3HAUCHHH 3a BIJCYTHOCTI BOJOTOCIIOJAapPCHKOTO
nacropTa.

OCHOBHUMH KOHCTPYKTUBHHMH €JICMEHTAMH Til-
POTEXHIYHOI CIIOPYIH, SKi MiUIATal0Th OOCTEKCHHIO,
SBIISTIOTBCS: TiO TpeOii Ta mam0Oa; KpIiIUIeHHS BepX-
HBOT'O Ta HIXKHBOTO YKOCY.

3emursiHa Tpeliis Lie cropy/a, 1o Mo0yAoBaHa s
CTBOPEHHS LITYYHOI BOJAOHMH LIISIXOM IiJICHHS BOJO-
TOKY Ha BEpXHil Ta HWXHIN 0'epu Ta 30cepemKeHHs
BOJIM y BEpXHbOMY 0'edi.

Hacumnna rpe6ns Mae TpaneuienoaiOHui nomnepe-
YHAU Tiepepi3 3 JaMaHuM podiseM HamipHOTO i HA30-
BOTO yKOCiB. /Iy 3aXHCTy YKOCIB HACUIHOI rpedii Bif
py¥iHyBaHHS Oyl 3acTocOBaHi — OeToHHI abo 3aii30-
OeTOHHI TUTUTH, O10JIOTIYHE YKPITUICHHS.

BepxHus wactuHa Hacumy rpedii - rpyHTOBa. ['pe-
6151, Ti10 s1KOi Ha 50% 1 OlbIIE CKIAIA€THCS 3 TIIMHHU-
CTHX IDYHTIB.

BincyTHill 3aXxuMCT yKOCIB HacumHOI rpeOHI Bif
pyHHyBaHHS OETOHHHUMHU a00 3aJ1i300€TOHHUMH ILIH-
TaMH.

Y HmKHBOMY 0’€di BigMidaeTbcs 3HAYHE 3pOC-
TaHHS OYepeTy.

Bepxoswuii ykic 3a3Ha€ 3Ha4HO1 abpa3ii, yHaCTiJOK
4Oro BTpaveHa JiHiIHICTh YKOCY i BiH HaOyB 0OpuBUYa-
croi hopmu.

BusiBneHo HassBHICTB OCiTaHB 1 TPIIIUH IPYHTY.

VYV Micmsax NpUMHKaHHS OCTOHHUX EJIEMEHTIB 10
I'PYHTOBUX YacCTHH CIIOPYAU CHOCTEPIraroThCs MPOMO-
{HM Ta YaCTKOBE MPOCiIaHHS.

[Tin yac TexHIYHOTO OOCTEXKEHHS OYyJM OTJISTHYTI
OCHOBHI Hecy4i KOHCTPYKIIi TiAPOTEXHIYHOT CHIOpY U
(mam0u) 3 30BHI.

Puc. 1. 3acanvuuii suenso eiopomexuiunoi cnopyou

KoncTpykuii rifpoTexHiuHoi crniopyau (aamon)
BUKOHaHI 3 MOHOJIITHOTO Ta 301pHOT0 3aJ1i300€TOHHY .

OcHOBHUMH Jie(heKTaMH 1 MOUIKOKEHHSIMHU Oe-
TOHHHX 1 3aJ1i300€TOHHUX KOHCTPYKIiH, sIKi CBiA4aTh
PO 3HW)KEHHS MIIHOCTI OETOHY €: HaJHOPMAaTHBHI
TPILIMHK; OTOJICHHS, IOCSATHEHHS TPaHUIll TEKYJYOCTi Ta
PO3pHBH apMaTypH, MOPYIIEHHS ii 34eruieHHs 3 OeTo-
HOM; KOpO3iifHe MOIIKO/KEHHSI OETOHY Ta apMaTypH;
BUMHUBAHHS LIEMEHTHOTO KaMEHIO 3 TiJla KOHCTPYKii,
BHCOJIM Ha TIOBEPXHI OETOHHUX KOHCTPYKIIiif; HemocTa-
THIH 3aXMCHHMU Iap OETOHY; 3MEHIICHHS IJIOIIAI0K
00MMpaHHs KOHCTPYKIIii; KOpO3iliHEe 3HOIICHHS CTae-
BUX KOHCTPYKIIiii.

HasiBHicTh Ha OeTOHI HapOCTIB KapOOHATY Kajb-
L0 THITOBO JJIsl KOpO3ii BuiryroByBaHHs. Kopo3sist Bu-
JIyTOBYBAHHS BIJIOyBa€ThCs MPH NPOCOYyBaHHI (PiIbT-
pauii) mpupoaHOi BOAM 4Yepe3 TOBIIy OeTOHY, NpH
IOMY 3 OCTOHY BHMHBAETHCS BUIBHUI TiIPOKCHI Ka-
JIBITIO, IO YTBOPIOETHCSI MIPH YACTKOBOMY PO3UMHEHHI
i TiAPOi3i OCHOBHHX KOMIIOHCHTIB IIEMEHTHOTO Ka-
MeHI0. BiICyTHICTh TiJpOKCHAY KaJbIil0 T'OBOPHUTH
PO 3HAYHHUI BiK BUCOJIB, @ BEJIHMKA KiIbKICTh BUCOJIIB
CBIUUTH PO BEJIHMKI 0OCSATH BOIM, 0 MPOMUIILIH Yepe3
6eToH.
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Puc 2. Iloxuna mpiwuna 3 HaonopmamusHum poskpummsam. bemownni koncmpyxyii maroms 6ioyuroodicenns

B mpomeci GaratopigHOTO 3aMOYyBaHHS OMHBa-
FOTh BOJIaMHU OCTOHHI KOHCTPYKIIii CIIOPY AN CHIIBHO KO-
ponoBaHi. Y mpoiieci Kopo3ii KOMIOHEHTH IIEMEHTHOTO
KaMEHIO PO3YMHSUINCS 1 BUMHUBAIKCS 3 OeToHYy. Bumu-
BaHHSI CKJIQIOBUX OETOHY ICTOTHO IO3HAYMIIOCH HA Mi-
ITHOCTi OETOHHUX KOHCTPYKIiH.

ITpu oOcTekeHHI BCTAaHOBIICHO TaKOX Taki nede-
KTH Ta BIIXUJICHHS:

—  BIOXWICHHS BiJ IEPBICHOTO PiBHSA SAKOCTI, (o-
pMH, GaKTUYHUX PO3MIPIB €IEMEHTIB Ta KOHCTPYKIIiH,
sIK€ BHHMKJIO ITiJ1 Yac eKCILTyaTalii abo aBapii;

Puc. 4. Bioxunenna 6emonnoi koncmpyxyii 6io npoe

e AL : v
KIMHO20 NOJONCEHHSL 8 20PUSOHMATLHOMY HANPIMKY

— BEPTHKAJbHI Ta TOPH30HTAIBHI IEpEMIIICHHS
B TiJTi 3eMJISTHOI CIIOPYIH, SIKi BUHUKAIOTH BHACIIIOK
YUIUIBHEHHSI IPYHTY CIIOPYAH HiJl Ji€I0 Bard CIOPYAH,
3aMOYYBaHHIO IPYHTY.

OjiHi€l0 3 TPUYHMH YTBOPEHHS YIIKOKEHb OETOH-
HUX 1 3aJi300€TOHHHUX KpIIUIEHb € HEsSKICHE YIIiib-
HEHHS IIBIiB, M0 B MiJICYMKY NPU3BOJUTH 10 BHHOCY
IPYHTY 3-TiJ IDIAT 1 iX MOJANBIIOr0 pyWHYBaHHS,
BTPATH MiCIIEBO{ CTIHKOCTI KPIIlJICHB.

X e i1

BusiBiieHO TOpyIIeHHS HiTICHOCTI CHOPY/M, YTPUMAaHHS y HE HAUIS)KHOMY TEXHIYHOMY CTaHi 3aTBopa (3acy-

BKH).
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Puc. 3 Konempykyis depes ’anoeo 3ameopy. Cunvha KOpo3itiHa azpecugricims Memaiesux KOHCMpYKYil 3amsopy

Ha ocHoBi anHami3y pe3yibTaTiB TEXHIYHOTO 00-
CTeKCHHS OyIiBETbHUX KOHCTPYKIIH TiAPOTEXHIYHOL
CIIOpY/H, sIKa po3TanioBana Mixk o3epoM CoJloHelb Ta
cTaBkOM Ha Teputopii OneKcaHIpPIBChKOI CLIBCHKOT
panu binozepchkoro paitoHy XepcoHCBbKOi 007acTi,
BCTAHOBJICHO, [0 Ha Yac 0OCTEKEHHS TEXHIUYHHUM CTaH
HecyuHx OyJliBeIbHUX KOHCTPYKIH MOXe KiIacu(iky-
BaTHCs sIK ctal 3. CtaH Moe Kilacu(ikyBaTUCA K HE
MPUJATHAN 10 HOPMAJBHOI eKCIUTyaTalii abo KaTero-
pist TexnigHoro crany — 3 [1, c. 6].

BucnoBkn. Ha mincraBi BisyanbHOro oobcre-
JKCHHSI BCTAHOBJICHO, 1110 TIPH BiIXWJICHHI BiJl HOPMaJlh-
HUX YMOB CKCIUTyaTallii MOKJIUBI HACIHIIKH Hal3BH-
YallHUX CHUTyaliil - CeJeBUH MOTIK MpU 3pyHHYBaHHI
rpe0JIi, CKHJT B IIOBEPXHEBI BOJIU 03€pa, Ta iX BILIHB Ha
OTOYYIOYE CEPEIOBHIIIE.

Jis 3a0e3rnedeHHs] HOPMAaJbHOI eKCIUTyatamii
CHOPYIH MOTPIOHO PO3POOUTH CreIiaibHi 3aX0H 10
YCYHEHHIO Je(eKTIB Ta MOIIKOMKEHb a00 BUKOHATH
PEKOHCTPYKIIIIO 00’ €KTY.
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EARTH SCIENCES

NEW MIDDLE-LATE DEVONIAN PLICATHYRIDINAE (ATHYRIDIDA, BRACHIOPODA) FROM
WESTERN GERMANY AND EAST-EUROPEAN PLATFORM (RUSSIA)

Abstract

Grunt T.

Dr. of Biology

Autonomous Noncommercial Organization:
Laboratory—Studio “Live Earth” Moscow, Russia
DOI: 10.24412/2701-8377-2021-4-1-8-21

Two new genera; Tumidinathyris from the Middle Devonian of the Eifel Hills (Germany) and Anathyroides
from the Late Devonian of the West and East-European basins established. Intanathyris orlovi gen. et sp. nov.
originates from the Late Devonian (Famennian Stage) of the Subpolar Urals. Classification of Superfamily Athy-
ridoidea and distribution of Subfamily Plicathyridinae in the Middle—Late Devonian deposits of Germany and

East-European Platform discussed.

Keywords: Brachiopoda, Athyridida, Middle Devonian, Eifelian Stage, Germany, Eifel Hills, Late Devonian,
East-European Platform, Frasnian Stage, Famennian Stage.

Introduction. This study keeps on the investigation
of brachiopods from the Subfamily Plicathyrididinae
(Athyrididae, Athyridida) of the Eifel Hills and envi-
rons of Aachen in Germany as well as in the Middle—
Late Devonian of the East-European Platform. In the
Middle Devonian (Givetian Stage) of the Eifel Hills
Plicathyrididinae has been ascertained now for the first
time and presented by a new genus Tumidinathyris. In
the Late Devonian (Frasnian Stage) it is presented by a
single new genus Anathyroides. In the Middle Devo-
nian (Eifelian Stage) of the East-European Platform
only solitary specimens of ?Anathyroides Grunt, gen.
nov. reported from the Timan Mountain-ridge. In the
Late Devonian of the East European Platform and its
framework Plicathyrididinae are more diverse. Anathy-
roides helmerseni (Buch, 1840) wide-spread within the
Middle Frasnian deposits of the Main Devonian Field
and Central Devonian Field. Six more species could be
provisionally attributed to Anathyroides basing their
markedly distinguishing external characteristics. Intan-
athyris Grunt, gen. nov. established in the Famennian
Stage of the Tschernyschew Ridge (Subpolar Urals).

Geological Setting. The Middle Devonian se-
quence of the Eifel Hills is subdivided into several for-
mations, subformations and members, which are sepa-
rated by both lithological and faunal criteria. The refer-
ence profile is the so called “Type Eifelian Profile”
within the Hillesheim Syncline investigated precisely
by W. Struve [1], who was the leading expert in the De-
vonian sections and faunas of the Eifel region. In 2008
Struve and his co-authors [2] presented a detailed re-
view of the stratigraphy of this territory. Detailed Main
limestone synclines within the “Limestone synclino-
rium” examined in [3].

Athyrididae are distributed nearly throughout the
complete Middle Devonian of Eifel Hills (Fig. 1) from
the Lauch Fm. to the Kerpen Fm. Their maximum is
found in the Eifelian (Lauch, Nohn, Ahrdorf, and Jun-
kerberg Fms.). The distribution of the main taxa was
considered by Alvarez and co-authors [4, text-fig. 6].
Between these, a single new genus Tumidinathyris and
T. tumida (Kayser, 1871) regarded here as its type spe-
cies attributed to subfamily Plicathyridinae Alvarez,
1990 occurs only in the Early Givetian of the Soetenish
Syncline (Eifel Hills).

GERMANY

DCoIogﬁe % \‘
3

“OAahen

Figure 1. Position of the Eifel Hills and Aahen in the territory of Germany.
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Middle—Late Devonian biostratigraphy and palae-
ontology well known from the initial works of D.V.
Nalivkin [5, 6], A.l. Ljaschenko [7, 8. 9, 10] and many
more authors. In present publication used a palaeogeo-
graphic chart of Devonian basin of the East-European
Platform (Fig. 2) elaborated by P.V. Fokin [11, 12].

Material and methods. The studied fossils (in total
more than 100 specimens) are deposited mainly in the
Museum of Natural History in Berlin (MB.B.) and in
the Research Institution Senckenberg (Museum of Nat-
ural History) in Frankfurt am Main (SMF). Several
specimens from the Eifel Hills with precisely deter-
mined modern stratigraphical data were donated by am-
ateur collectors: the late VVolker Ebbighausen, and the

late Gerd Trost. Some minor material on Anathyroides
calestiennensis (Mottequin et al., 2016) provided by P.
Sartanaer comes from the Late Devonian of the envi-
rons of Aachen.

Collection of Anathyroides helmerseni (Buch,
1840) provided by E. Sokiran from All-Russian Re-
search Geological Institute, St.-Petersburg (VSEGEI)
originates from the type locality of the Frasnian Stage
of the north-western part of the East-European Plat-
form). Intanathyris orlovi Grunt, gen. et sp. nov. col-
lected by the author in 1985 originates from the
Famennian of Subpolar Urals in Russia (Fig. 2).

Barentz Sea

ST
&‘S%’%ig
&.‘.":‘o“b‘.“s‘ oo ¢ﬁu e
S S

North Sea

Black Sea

LEGEND

3

Figure 2. Late Devonian palaeogeography of the East-European Platform [11, modified]. Legend: Main Devo-
nian basins: I-Moscow Syneclise; I1-Cysbaltic Syneclise (Main Devonian Field); 111-Volga-Uralian Region;
IV—Lvov Depression; V—Pripyat-Dnepr-Donetsk Rift System; VI-Ciscaspian Depression; VII-Timan-Pechora

Region. Sediments: 1-continental, mainly clastic; 2—off-shore marine and deltaic clastic and mainly clastic; 3—
shallow marine and lagoonal, with significant clastic component; 4-marine, mainly carbonates, and lagoonal
evaporates; 5-eroded land; 6-localities of athyridids; 7—boundaries of the Platform; 8—continental slope; 9-

oceanic crust; 10 — numbers, showing position of the main Devonian basins. .
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The available, often tope collections allowed first
intensive studies of the internal shell structures for sev-
eral species and genera which were mainly diagnosed
in the past using only external features. Investigation of
the interior structures was done by conventional meth-
ods: preparation of specimens using steel needles, ex-
amination with Nikon SMZ-JOA binocular micro-
scope, preparation of serial acetate peels, scanning of
acquired replicas with Epson Perfection 2400 Photo
scanner (depth resolution about 1cm). Illustrations of
shell interiors used the Jack Paint Shop Pro 8 program
(http//www.jack.com). All specimens figured in pre-
sent publication with prefix MB.B. are housed in the
Berlin Museum of Natural History.

Classification of the Order Athyridida Dagys, 1974
with special reference to the Superfamily Athyridoi-
dea Davidson, 1881.

A.S. Dagys [13] for the first time substantiated an
order rank for athyridids regarded for a long time as a
group of obscure systematic position. The authorship of
the order for a long time was injustice wrong attributed
to A. Boucot et al. [14]; [for details see: 3]. Dagys [13]
included in this order two suborders: Athyrididina Bou-
cot, Johnson et Staton, 1964 and Retziidina Boucot,
Johnson et Staton, 1964. Following Dagys athyridids
were accepted as a separate order subdivided in two
suborders (Athyrididina and Retziidina) by all follow-
ing authors [for example see: 15, 16, 17]. Later subor-
der Koninckinidina Harper, 1993 was also attributed to
the order Athyridida [18] and then by Alvarez et al.
[19]. Radical revision of the order Athyridida by Alva-
rez et al. [19] and then by Alvarez and Rong [20] was
done based only on a mechanic cladystic analysis of 37
external and internal characters of athyridids. Phyloge-
netic trends were completely ignored. In particular the
attribution of Koninckinidina to the order Athyridida is
extremely doubtful. In present publication subdivision
of Athyridida accepted into two suborders. Suborder
Athyrididina involves non-punctate shells, smooth or
covered by concentric lamellae, sometimes imbricated
or spinose. Radial ornament in Athyrididina not ob-
served. Suborder Retziidina characterized by “rhyn-
chonelliform” plicate or ribbed sculpture and punctate
or non-punctate structure of the wall. It divided into two
superfamilies: Retzioidea Waagen, 1883, includes
punctate shells; Athyrisinoidea Grabau, 1931, charac-
terized by non-punctate shell. Atyrisinoidea subdivided
into two families: Athyrisinidae Grabau, 1931 and
Retziellidae Rzhonsnitskaya, 1974. Dorsal valve of
Retziellidae characterized by disjunct hinge plate com-
posed of a pair exterior hinge plates and median septum
forming septalium similar to septalium of Meristelloi-
dea. Family Athyrisinidae characterized by conjunct
hinge plate.

Origin of suborder Retziidina (and the order Ath-
yridida in general) is likely connected with the silicifi-
cation of soft spiral supports by a small group of rhyn-
chonellids characterized by radial external sculpture,
non-punctate wall and well developed septalium
formed by linking of exterior hinge plates and middle
septum within the dorsal valve. The development of
Retziidina originated in two directions: Athyrisinoidea
maintained non-punctate wall of the shell, while Retzi-
oidea gathered a punctate structure.

The representatives of the suborder Athyrididina
completely lost radial sculpture in the process of histor-

ical development. Superfamily Meristelloidea charac-
terized by a smooth shell and the presence of septalium,
the same as septalium characteristic for Retzielloidea in
dorsal valve. Genus Triathyris Boucot, Johnson,
Staton, 1965 was selected as a type genus for estab-
lished in [19] monotypic subfamily Triathyridinae Al-
varez et al., 1998, which in turn became a type for the
family Triathyrididae Alvarez et al., 1998. Genus Sep-
tathyris Boucot, Johnson, Staton, 1964 was selected by
the same authors as a type genus for monotypic sub-
family Septathyridinae Alvarez et al., 1998 within the
family Triathyrididae Alvarez et al., 1998 of superfam-
ily Meristelloidea Waagen, 1883. Before now these two
genera (Triathyris and Septathyris) according to [19]
characterized by a presence of septalium in dorsal
valve, were attributed to subfamily Plicathyridinae.

Historically, the subsequent superfamily Athy-
ridoidea was formed by fetalisation of meristelloid sep-
talium and formation on its basis of conjunct hinge
plate. This conclusion is confirmed by the presence of
distinct meristelloid septalium observed at the earliest
ontogenetic stages in many genera of athyridoids. Spo-
radic appearance of thin radial striae both in the outer
surface and in the inner layers of the shell in several
genera of superfamily Athyridoidea, also indicates that
the ancestrals for this group were likely to be “rhyncho-
nelloid” forms. Thus, the development of the order
most likely evolved in two directions: on the one hand,
by preserving “rhynchonelloid” shell in representatives
of Retziidina and its loss in Athyrididina [17].

Contrary to present classification, in the variant
proposed in [20] Retziellidae are considered to be a sep-
arate superfamily within suborder Athyrididina. Athy-
risinidae attributed to the family Athyrididae in the rank
of subfamily. In the frames of this classification “rhyn-
chonelliform” representatives of Athyridida must be-
long to three different groups, which demonstrate inde-
pendent generation of radial sculpture several times
along the development of the order. However, it does
not confirm the main trends of evolution of articulate
brachiopods.

Suborder Athyrididina according to the classifica-
tion accepted in this publication includes three super-
families: Meristelloidea Waagen, 1883; Athyridoidea
Davidson, 1881 and Nucleospiroidea Davidson, 1881.
The representatives of Meristelloidea characterized by
smooth shell and disjunct hinge plates united with me-
dian septum forming septalium within brachial valve.
Superfamily Athyridoidea characterized by a smooth
shell or existence of external concentric sculpture con-
sisting of growth lines or lamellae, sometimes project-
ing anteriorly as flat solid spines. Hinge plate solid,
conjunct, visceral foramen open, sometimes infilled.
Dorsal median septum usually short or average, not
merged with the hinge plate. Occasionally inner hinge
plate may be supported by a dorsal median septum.

Athyridoidea differs from Meristelloidea by the
absence of septalium in brachial valve; from Nucleo-
spiroidea—by very diverse sculpture and otherwise type
of hinge plate in dorsal valve.

The classification of superfamily Athyridoidea ac-
cording to [21], includes three families: Hyattididae
Sheehan, 1977, Athyrididae Davidson, 1881 and Diplo-
spirellidae Schuchert, 1894. Attribution of monotypic
family Hyattididae to Athyridoidea in [21] contradicts
to the new investigations of P. Copper and J. Jin [22].
Starting from the classical monograph of D. Hall and
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D. Clark [23] all the other researchers [24, 16, 17] and
many others attribute genus Hyattidina Schuchert, 1913
to the family Meristellidae. Likewise, Copper and Jin
[22] consider Hyattidinae to be a junior synonym of
Hindellinae Schuchert, 1894. Therefore, in present
classification Hyattidinae definitely attributed to the
family Meristellidae of superfamily Meristelloidea.

Family Athyrididae according to the system pro-
posed in «Treatise on invertebrate paleontology...... ”
[21] includes 11 subfamilies (Didymothyridinae, Athy-
ridinae, Cleiothyridininae, Lochengiinae, Athyrisini-
nae, Spirigerellinag, Comelicaniinae, Pradoiinae,
Plicathyridinae, Helenathyridinae) combining more
than 70 genera, namely around a half of all known gen-
era and more than 2/3 of all known species nowadays
included in the order Athyridida. Evidently that in this
variant family Athyrididae includes morphologically
heterogeneous genera never related historically.

Contrary to the classification elaborated in [20] the
present classification of superfamily Athyridoidea sub-
divided into 5 families: Athyrididae Davidson, 1881;
Didymothyrididae Modzalevskaja, 1979; Lochengiidae
Ching and Yang, 1977; Comelicaniidae Merla, 1934
and Diplospirellidae Schuchert, 1894. Subfamily Ath-
yrisininae Grabau, 1931 in present classification con-
sidered in the rank of family within superfamily Retzi-
elloidea of suborder Retziidina. Alvarez and Rong [20]
erroneously declared Flexathyris Grunt, 1980 to be a
junior subjective synonym of Lochengia Yoh, 1929,
and therefore the Flexathyridinae Grunt, 1984 to be a
synonym of Lochengiinae Ching and Yang, 1977. In
this publication Flexathyridinae classified as Athyridi-
dae quite unrelated to exotic Chinese family Lochengi-
idae. The validity of both the subfamily Flexathyridinae
and the family Lochengiidae discussed in details in [3].
Both Alvarezites Struve, 1992 and Bruntonites Struve,
1992, which are quite similar to each other in the aspect
of external and internal structures, surely are connected
in phylogenetic aspect with the Lower Carboniferous
(Viséan) genus Flexathyris Grunt, 1980-in terms of
smooth posterior shell surface, similar outline, and in-
ternal structures and definitely belong to Flexathyridi-
nae. Subfamily Didymothyrididae in present publica-
tion considered in family rank. Comelicaniinae and
Compositinae, attributed in [20] to Athyrididae, in pre-
sent publication united within family Comelicaniidae.

Systematic palaeontology
Order Athyridida Dagys, 1974
Suborder Athyrididina Boucot, Johnson et Staton,
1964
Superfamily Athyridoidea Davidson, 1881
Family Athyrididae Davidson, 1881

Diagnosis. Shell of various dimensions and out-
line; median sulcus in ventral and fold in dorsal valves
present; additional radial folds in lateral slopes some-
times overseen. Concentric sculpture developed in a
varying degree. Hinge plate subquadrate or subtriangu-
lar in outline. Visceral foramen present, sometimes in-
filled. Hinge process poor developed or absent.

Included subfamilies. Six subfamilies: Athyridi-
nae Davidson, 1881; Flexathyridinae Grunt, 1984;
Plicathyridinae Alvarez, 1990; Cleiothyridininae Alva-
rez, Rong et Boucot. 1998; Helenathyridinae Dagys,
1974; Pradoiinae Garcia-Alkalde, 1986.

Comparison. From the rest families differs by well
developed concentric sculpture.

Occurrence. Lower Devonian—Late Permian, cos-
mopolitian.

Subfamily Plicathyridinae Alvarez, 1990

Diagnosis. Shell of medium to large size, moder-
ately to strongly biconvex; ventral interarea moderate
to extensive, almost straight, equal to or slightly shorter
than maximum width; folding mixed; anterior margin
emarginated. External sculpture consists of numerous
concentric, fine imbricate lamellae projecting out-
wards. Ventral dental plates thin subparallel or con-
verging dorsally slightly concave. Dorsal hinge plate
rather wide, concave and commonly with the median
part projecting in anteriorly-ventral direction; outer
hinge plates reduced; hinge process moderately devel-
oped or absent.

Comparison. From the rest subfamilies of the fam-
ily Athyrididae differs by its peculiar “spiriferoid” out-
line of the shell and well developed ventral interarea.

Remarks. F. Alvarez [25] erected a new subfamily
Plicathyridinae comprising Plicathyris Khalfin, 1946;
Anathyris Peetz, 1901 and a new genus Hexarhytis
within family Athyrididae. M.A. Rzhonsnitskaya and
T.L. Modzalevskaya [26] established three groups of
species within genus Anathyris: “An. phalaena”, “An.
helmerseni” and “An. tschernyschewi” considered as
phylogenetic lineages. Alvarez et al. [19] following
[26] additionally attributed genus Anathyrella Khalfin,
1960 to subfamily Plicathyridinae.

Included genera. Anathyris Peetz, 1901,
Anathyrella Khalfin, 1960; Plicathyris Khalfin, 1946;
Sulcathyris Durkoop, 1970; Hexathyris Alvarez, 1990;
Anathyroides Grunt, gen. nov.; Tumidinathyris Grunt,
gen. nov. and Intanathyris Grunt, gen. nov.

Occurrence. Lower Devonian (Lochkovian
Stage)-Late Devonian (Famennian Stage) predomi-
nately from Eurasia.

Genus Anathyroides Grunt, gen. nov.

Etymology: by external similarity to Anathyris
Peetz, 1901.

Type species: Terebratula Helmersenii Buch,
1840; Late Devonian, Frasnian Stage; East-European
Platform, Novgorod Region, Russia.

Diagnosis. Shell small to medium size, subtrape-
zoidal to fusiform in outline, equally or ventribiconvex;
hinge line slightly incurved. Maximum width confined
to the posterior part of the shell. Interarea low long poor
developed. Distinctive sulcus present in both ventral
and dorsal valves. Sculpture represented by thin, regu-
lar, dense concentric growth lamellae. Valves thick-
ened. Ventral dental plates thin divergent, well differ-
entiated. Dorsal hinge plate thin quadrangular in out-
line. Hinge process not pronounced. Visceral foramen
occupies the apex of dorsal valve and hinge plate. Num-
ber of wroles in spiralia reaches 10-12.

Other species. Besides type species several species
coming from Middle—Late Devonian of the East-Euro-
pean Platform and its framework could be provisionally
attributed to this genus basing their markedly distin-
guishing external characteristics despite the internal de-
tails of these species are still unknown. Namely they
are: ?Anathyroides angustus (Nefedova, 1955) from the
Eifelian sediments of South Timan; ?Anathyroides
monzevi (Nalivkin, 1941); ?Anathyroides svinordensis
(Nalivkin, 1941);and  ?Anathyroides  petinensis
(Ljaschenko, 1959) from the Frasnian Stage of East-
European Platform. Anathyroides calestiennensis
(Mottequin et al., 2016) occurring in the Late Devonian



12 German International Journal of Modern Science No4, 2021

of Dinant Sinclinorium in the borderland territories of
North France, South Belgium and West Germany defi-
nitely belongs to a new genus.

Comparison. Markedly differs from Anathyris
Peetz, 1901 in other external outline, incurved hinge
line, indistinctive low interarea and vast foramen. Inter-
nally it differs by thin hinge plate and absence of cardi-
nal process. From Intanathyris Grunt, gen. nov.,

Anathyroides differs by well developed sulcus in ven-
tral and dorsal valves, vast foramen, regular dense dis-
tinctive concentric lamellae and absence of external ra-
dial sculpture. From Tumidinathyris Grunt, gen. nov.
Anathyroides differs in transverse outline of the shell,
fine concentric sculpture and the absence of median
septum merging with hinge plate within dorsal valve.

Figure. 3.

1. Anathyroides helmerseni (Buch, 1840): lectotype MB.B.197.1, complete shell, in dorsal, ventral, posterior and
anterior views. Russia, East-European Platform, Novgorod Region, near llmen Lake, environs of the village Bu-
regi; Late Devonian, middle part of the Frasnian Stage, Buregi Layers (coll.G. Helmersen).

2-4. Anathyroides calestiennensis (Mottequin et al., 2016): 2—sp. MB.B. 1789, complete shell in dorsal, ventral,
posterior, anterior and lateral views; 3—sp. MB.B.1791, 3a—3f complete shell in dorsal, ventral, lateral, anterior
and posterior views; 3g—exterior sculpture; 4-sp. MB.B.1790, 4a—4d complete shell in dorsal, ventral, anterior
and posterior views; 4e — exterior sculpture; Germany, Stolberg near Aachen, Veidre; Late Devonian, Lower
Frasnian, Grenzichiefer Formation (coll. P. Sartanaer).
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Remarks. Until recently, information regarded the
internal structure of the type species of Anathyris (Spi-
rifera) phalaena Phillips, 1841, basing the type mate-
rial from the Eifelian of Great Britain absent. A detailed
description of the type species, including its internal
structures, given in [25] basing the abundant material
originating from the lower Devonian of the Cantabrian
Mountains (Spain). Rzhonsnitskaya and
Modzalevskaya [26] for the first time pointed out dif-
ferences between typical Anathyris (An. phalaena) and
two other groups of species (close to An. helmerseni
and An. tschernyschewi) regarded as separate phyloge-
netic lineages, essentially different from the “Anathyris
phalaena” group. “An. helmerseni” group in present
publication considered as a separate new genus Anathy-
roides.

Occurrence. Middle Devonian (rare)-Late Devo-
nian (usually) of East-European Platform and its north-

0.7

ern framing. One species originates from the Late De-
vonian of southern Belgium, northern France (Dinant
Synclinorium), Western Germany.
Anathyroides helmerseni (Buch, 1840)
Figs. 3.1; 4

Terbratula Helmerseni sp. n.—[27, S. 59]

Anathyris helmerseni—[15, p. 59 (see synonymy),
Pl. I, figs. 1-7]

Lectotype—-MB.B.197.1, complete slightly de-
stroyed shell; housed in Berlin Museum of Natural His-
tory (Germany); East-European Platform, Novgorod
Region, near Lake Ilmen, environs of the village Buregi
(Russia); Late Devonian, Frasnian Stage (middle part),
Semilukian Horizon, Buregi Layers; (coll. G.
Helmersen). Selected by D. Weyer, figured in [15, p.
59, PI. 1, fig. 7).

Material. 15 complete shells from the type locality
(coll. E. Sokiran, VSEGEI). .

3.2

10 mm

o

Figure 4. Anathyroides helmerseni (Buch, 1840): sp. MB.B.1788 (total length 11.3 mm); transverse serial sec-
tions showing the structure of cardinalium; Russia, East-European Platform, Novgorod Region, near llmen
Lake, environs of the village Buregi; Late Devonian, middle part of the Frasnian Stage, Buregi Layers (coll. E.
Sokiran).
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Description. Shell of small size (up to 16.2 mm
long, up to 28.8 mm wide and 11.2 mm thick), fusiform
to alar-trapezoidal in outline, moderately and equally
biconvex; maximum width confined to the hinge line;
the width considerably exceeding its length (W/D up to
1.84). Shell sharply constricting towards the front mar-
gin. Maximum thickness confined to its posterior part.
Hinge line long, slightly incurved; ears acuminate. Lat-
eral commissures straight; front commissure parasul-
cate. Ventral valve subpentagonal in outline, evenly
bent in lateral profile, rounded in transverse profile.
Sulcus

distinct, triangular, originating at the umbo and ex-
panding sharply towards the front margin; it flanked by
two symmetrical well defined rounded folds, starting
from the umbo and expanding towards the front mar-
gin. The beak is slightly incurved over the interarea.
Apical angle 115-127°. Foramen vast, rounded. Dorsal
valve fusiform in outline, flattened. The beak not de-
fined. In the middle part of the valve two distinct folds,
half-round in cross-section, beginning near umbo and
widening towards the front margin and divided by a dis-
tinct sulcus, turning into a narrow tongue. Sculpture
consists of numerous regularly spaced concentric fine
lamellae, covering the entire shell, but especially nu-
merous and dense in the front region (Fig. 3.1)Valves
thickened. Ventral dental plates short, thin slightly con-
cave in median part and converge dorsally They devel-
oped at about 0.7 mm from ventral umbo and separate
a wide pedicle cavity of sub-rectangular section, from
a pair of smaller lateral apical cavities of subtriangular
section (Fig. 4). They extend up to 4 mm from the apex
and occupy half the height of the ventral cavity in the
articulation plane. In that plane teeth are big, subtrian-
gular to rectangular. In the corresponding position the
dorsal valve has rather deep dental sockets, bordered
laterally by prominent inner socket ridges and lower
outer socket ridges. Within dorsal valve the hinge plate
thin rectangular, concave. Hinge process not pro-
nounced. Visceral foramen occupies the apex of the
dorsal valve and hinge plate. In its slopes there are two

symmetrically located pits, apparently serving for a
more certain articulation of the valves. Visceral fora-
men sometimes overgrown, and additional pits are ab-
sent. Median ridge low poor developed (Fig. 4).

Comparison. The present species differs from An.
calestiennensis (Mottequin et al., 2016) definitely at-
tributed to Anathyroides by its smaller dimensions, sub-
trapezoidal in outline and acuminate cardinal extremi-
ties. An. helmerseni (Buch, 1840) externally most allied
to a group of Frasnian species from the East-European
platform. It differs from ?An. svinordensis (Nalivkin,
1941) by a more distinctive sulcus and lateral folds of
the ventral valve, as well as by more pronounced fold-
ing of front margin; from ?An. monzevi (Nalivkin,
1941) it distinguished by larger size of the shell; from
?An. petinensis (Ljaschenko, 1959) is differs by smaller
dimensions of the shell, its smaller transverse extension
and rare growth lamellae.

Remarks. The study of specimens identified by a
number of researchers as An. helmerseni (Buch) from
the Upper Devonian of the Kuznetsk Depression gives
evidence, that the latter characterized by another type
of internal structure [26]. Among them the presence of
the cardinal process, which is absent in the type speci-
mens of this species from the East-European Platform,
more massive short dental plates and somewhat other
position of visceral foramen [15, fig. 19]. The observed
differences correspond to the generic level.

Occurrence. Late Devonian of the East-European
Platform (Russia): Frasnian Stage, Buregi Layers (usu-
ally), Svinordski Layers (rare) of the Main Devonian
Field and Central Devonian Field.

Anathyroides calestiennensis (Mottequin et al., 2016)
Figs. 3.2-4;5a, b

Anathyris calestiennensis sp. n.—[28, p. 383 (see
synonymy), figs. 4, 5, 6 (1-10)]

Holotype—IRScNBal13023, complete shell well
preserved; figured in [28, fig. 4.1-5); Late Devonian of
northern France (Dinant Synclinorium). Housed in the
Royal Institute of Natural History (Brussels, Belgium).
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Figure 5a. Anathyroides calestiennensis (Mottequin et al., 2016): sp. MB.B.1789 (total length 16,9 mm; thick-
ness 9,0); transverse serial sections showing the structure of cardinalium; Germany, Stolberg near Aachen,
Veidre; Late Devonian, Lower Frasnian, Grenzichiefer Formation (coll. P. Sartanaer).
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Figure 5b. Anathyroides calestiennensis (Mottequin et al., 2016): sp. MB.B.1789 (total length 16,9 mm; thick-

ness 9,0);b—serial longitudinal sections; numbers indicate the distance (in mm) from the top convexity of the

brachial valve; Germany, Stolberg near Aachen, Veidre; Late Devonian, Lower Frasnian, Grenzichiefer For-
mation (coll. P. Sartanaer).

Material. 5 complete specimens from Stolberg
near Aachen; Veidre, Germany; Late Devonian, Lower
Frasnian, Grenzichiefer Formation (coll. P. Sartanaer).

Description. [see 28, p. 383].

Comparison. See An. helmerseni (Buch, 1840).

Occurrence. Southern Belgium, northern France
(Dinant Synclinorium) and western Germany; Late De-
vonian, Frasnian Stage.

Pox Tumidinathyris Grunt, gen. nov.

Etymology: after the name of the species “tumida”
suggested by Kayser [29].

Type species. Athyris concentrica var. tumida
Kayser, 1871; Germany, Rhenish Massif, Eifel Hills,
Soetenish Syncline, “Scheidberg” (probably the aban-
doned “Schulz Quarry”); Middle Devonian, Early

Givetian (probably the Scheid Member of the Cuerten
Formation).

Diagnosis. Shell of medium size, subpentagonal in
outline, strongly and equally biconvex. Sulcus and fold
well developed. Front commissure strongly parasul-
cate. Sculpture represented by several coarse concen-
tric wrinkles. Up to 4-5 thin concentric growth lamel-
lae disposed between wrinkles. Shell thick. Ventral
dental plates short convergent dorsally. Dorsal hinge
plate massive sub-rectangular, supported by high well
developed median septum. Hinge process well devel-
oped bilobate, low. Spiralia consists of more than 15
wroles.

Comparison. Differs from Anathyroides Grunt,
gen. nov. in isometric subpentagonal outline, coarse
concentric sculpture, thick valves, short dental plates
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within ventral valve and high median septum merging
with hinge plate within dorsal valve.

Remarks. Internal structures of “Athyris” tumida
were investigated in details by Alvarez et al. [4]. The
species was attributed to Athyris (?n. sg. aff. Al-
varezites) tumida Kayser, 1871. However it differs es-
sentially from the internal structures of Alvarezites wol-
farti (Struve, 1992) by the other type of dental plates
within ventral valve and presence of high dorsal septum
merged with the inner hinge plate within dorsal valve.
Evidently species under discussion could not be at-
tributed to Athyris or Alvarezites [for details see: 3, figs.

4c —

4, 8, 9]. Thus, it is possible to agree with the opinion
expressed in [4]. The authors assumed the possibility to
attribute this species to the taxon of supraspecific rank.
However, the possibility of its attribution to a new sub-
genus of Athyris excluded even when compared the ex-
ternal structure of the species under consideration with
typical representatives of Athyris. From the latter it dif-
fers essentially by strongly swollen shell, distinct sul-
cus and fold, and some other concentric sculpture. Bas-
ing these characteristics, it certainly must be attributed
to subfamily Plicathyridinae Alvarez, 1990.

Figure 6.

1-3. Intanathyris orlovi Grunt, gen. et sp. nov.: 1-holotype MB.B.1461, complete shell with partly destroyed left
part of hinge area in ventral, dorsal and posterior views; 2—sp. MB.B.1491, complete shell partly destroyed in
dorsal, ventral and posterior views; 3—sp. MB.B.1536, complete shell partly destroyed, in dorsal, ventral and
posterior views. Russia, East European Platform, Tschernyshew Ridge, river Sharju, middle stream, left bank,
2.5 km below “Lower Gates”’; Late Devonian, Frasnian Stage, Lebedyanian Layers, Palmatolepis marginifera Zone.
4-5. Tumidinathyris tumida (Kayser, 1871): 4-sp. MB.B.1597; complete shell in ventral and dorsal views; 4c—

exterior sculpture (coll. Kéller 1913). 5-sp. MB.B.1579, complete shell in dorsal, ventral, posterior and anterior

views. Germany, Eifel Hills, loc. Soetenish, Pielstein, Scheid limestone quarry, (Soetenish Syncline), Scheid
Member, Cuerten Fm. (type locality); Middle Devonian, Givetian Stage (coll. V. Ebbighausen, sp. No. VE 2"3/2).

Other species. Besides the type species, ?Tumidi-
nathyris pentagonalis (Kayser, 1871) from the Junker-
berg Formation of Eifel Hills provisory could be as-
signed to a new genus although the internal structures
of the discussed species not studied.

Occurrence. Germany, Rhenish Massif; Middle
Devonian, Early Givetian

Tumidinathyris tumida (Kayser, 1871)
Figs. 6.4-5; 7
Athyris concentrica var. tumida sp. n.—[29, p.
549].
Athyris (Alvarezites) tumida—[4, PI. 2, figs. 7-9;
Pl. 3, figs.11-12].
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Athyris (Alvarezites) tumida—[30, S. 84, Taf. 22,
fig. 14]

Neotype: complete shell, SMF 54822; Germany,
Rheinish Massif, Soetenish Syncline, “Scheidberg”
(probably from the abandoned “Schulz Quarry”); Mid-
dle Devonian, Early Givetian (probably, the Scheid
Member of the Cuerten Formation). Selected in [4, PI.
8, fig. 44].

Material. 7 complete shells from the type locality
(coll. S. Koeller, 1913 and V. Ebbighausen). Descrip-
tion. Shell of medium size, subpentagonal in outline,
sub equally biconvex in lateral profile; hinge line short
sharp arched, widest at shell midlength. Lateral com-
missures abruptly incurved. Front commissure parasul-
cate. Ventral valve subpentagonal in outline, umbo
thick, blunt, perforated by vast round foramen. Apical
angle about 115 degrees. Sulcus originates near the
beak, shallow, rapidly widening and deepening anteri-
orly; broad front tongue, occupying about one-third of

shell width. Dorsal valve rounded pentagonal in out-
line; maximum convexity at midlength. Umbo low
thick, rounded. Fold low wide triangular bounded by a
pair of distinct troughs in the anterior third of the valve.
A narrow median groove observed in the anterior third
of the fold (Figs. 16.4-5). Sculpture consists of several
very coarse concentric wrinkles. Up to 4-5 thin growth
lamellae disposed between wrinkles (Fig. 16 4c).

Ventral dental plates short, divergent extend ante-
riorly up to 4 mm from ventral umbo, low-grade arched
reaching a half of ventral walls. Pedicle cavity broad.
Lateral apical cavities almost completely filled by sec-
ondary shelly material. Teeth large, sub-ovate. Dorsal
hinge plate thick, sub-rectangular. Hinge process bilo-
bate, moderately developed, stout, deeply projecting
into delthyrial cavity of ventral valve, noticed at 3.2—
4.1 mm from the apex of ventral valve; visceral foramen
small. Dorsal median septum high, merged with the in-
ner hinge plate. Number of wroles in spiralia reaches
fifteen (Fig. 7).

—10mm

Figure 7. Tumidinathyris tumida (Kayser, 1871): sp. SFM 50016; transverse serial sections showing the struc-
ture of cardinalium; Germany, Eifel Hills; loc. Scheidberg, (Soetenish Syncline); Middle Devonian, Givetian
Stage (most likely, lower part, presumably Cuerten Formation, Scheid Member (after 4, fig. 13, modified).

Remarks. The internal structure for Athyrs tumida
were studied in [4, text-fig. 13); it differs strongly from
that of Alarezites wolfarti (Struve, 1992) by the pres-
ence of a high median ridge merged with inner hinge

plate within dorsal valve overseen in the earlier ontoge-
netic stages, and the presence of well developed bilo-
bate cardinal process. It was determined by Alvarez et
al. (1996) as: Athyris (?n. sg. aff. Alvarezites) tumida
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Kayser, 1871. Evidently that this species does not be-
long either to Alvarezites or Athyris [3, p. 626, figs. 3,
5, for discussion]. Athyrs tumida regarded here as a type
species for a new genus belonging to the subfamily
Plicathyridinae Alvarez, 1990.

Occurrence. Germany, Rhenish Massif, Soetenish
Syncline, “Scheidberg” (probably from the abandoned
“Schulz Quarry”); Middle Devonian, Early Givetian
(probably, the Scheid Member of the Cuerten For-
mation).

Pop Intanathyris Grunt, gen. nov.

Etymology: from the town of Inta in the north of
the Republic Komi (north of the East-European Plat-
form, Russia).

Type species: Intanathyris orlovi Grunt, sp. nov.
Russia, Polar Urals, north of East-European Platform,
Tschernyschew Ridge, river Sharju, middle stream, left
bank, 2.5 km below “Lower Gates”; Late Devonian,
Famennian Stage, Lebedyanian Layers, Palmatolepis
marginifera Zone.

Diagnosis. Shell of large size for the subfamily,
transverse winged, sub-triangular in outline, moder-
ately and equally biconvex. Front commissure sharply
sulcate. Ventral valve transverse flattened, sulcus not
prominent. Beak low, sharpened, pierced by small,
round foramen. Dorsal valve transverse semi-circular

in outline. Fold sharp not limited by lateral depressions.
The apexes of both valves are approximately of the
same height, slightly protruding beyond the hinge line.
Sculpture represented by poor expressed, thin indistinc-
tive concentric growth lamellae. An additional slight
radial striation and a more distinct radial ribbing pre-
sent in the anterior part of the shell. Valves thin. Ventral
dental plates and teeth not observed. Hinge plate within
dorsal valve thin rectangular. At its lateral margins low
trigonal appendixes not reaching the articulation plane
available.

Remarks. The present new genus markedly differs
from all known genera belonging to Plicathyridinae by
the absence of sinus in flattened ventral valve, acute-
angular transverse profile of dorsal valve and presence
of distinctive external radial sculpture in the frontal part
of the shell and another type of inner structures. Inter-
nally it distinguished by the very weakly developed car-
dinal structures in articulation plane.

Other species. Type species.

Occurrence. Subpolar Urals;
Famennian Stage.

Intanathyris orlovi Grunt, sp. nov.
Figs. 6. 1-3; 8
in memory of paleontologist Ale-

Late Devonian,

Etymology:
ksandr Orlov.

AT

' i
{
31 @'ﬂ .

3.0

Figure 8. Intanathyris orlovi Grunt, gen. et sp. nov.: sp. MB.B.1787 (total length 26,8 mm); transverse serial
sections showing the structure of cardinalium; Russia, East-European Platform, Tschernyschew Ridge, river

Sharju, middle stream, left bank, 2,5 km below “Lower Gates”,

; Late Devonian, Frasnian Stage, Lebedyanian

Layers, Palmatolepis marginifera Zone.
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Holotype: MB.B.1461, complete shell with partly
destroyed left apical region; Russia, Subpolar Urals,
Tschernyschew Ridge, river Sharju, middle stream, left
bank, 2,5 km below “Lower Gates”; Late Devonian,
Famennian Stage, Lebedyanian Layers, Palmatolepis
marginifera Zone. Housed in Berlin Museum of Natu-
ral History,Germany (Fig.6.1).

Material. Four partly destroyed and strongly re-
crystallized specimens.

Description. Shell of large size (up to 26.5 mm
long, up to 65 mm wide and up to 19.5 mm thick), mod-
erately biconvex, approximately equally biconvex,
transversely subtriangular in outline. Maximum width
confined to the straightened hinge line. The lateral com-
missures slightly depressed; front commissure sharply
sulcate. Ventral valve transverse-trigonal in outline, in-
flated or slightly convex. Sulcus not developed. Tongue
narrow triangular. Umbo low, sharpened. Beak pierced
by very small circular foramen. Umbonal shoulders are
not pronounced. Interarea triangonal low. Its length is
approximately half the length of the hinge line. Apical
angle 78 degrees. Dorsal valve transverse subtriangular
in outline, roof-shaped in transverse profile. Sharp fold
not limited by lateral depressions. Beak low, sharpened.
The apexes of both valves are approximately of the
same height, slightly protruding beyond the hinge line.
Sculpture poor expressed, concentric growth lamellae
very thin dense. On the surface of the shell, there is an
additional slight radial striation and a more distinct ra-
dial ribbing well observed in the anterior part of the
ventral valve. Beak low, sharpened (Fig. 6.1-3). Valves
thin. Ventral dental plates and teeth not observed. Only
short poor developed delthyrial keels noticed at 2.1-3.3
mm from the apex of ventral valve. Hinge plate within
dorsal valve thin quadrangular. At its lateral margins
low trigonal appendixes present. Those do not reach the
articulation plane. In the middle part of hinge plate low
swelling of quadrangular outline disposed (Fig. 8).

Remarks. Actually this species characterized by
the nearly absent cardinal structures in the plane of ar-
ticulation of the shell. Apparently this morphological
habitude could be interpreted as a nearly complete re-
duction of cardinal structures at the finalizing stage of
development of the group contemporized with the end
of the Devonian period.

Occurrence. Russia, Subpolar Urals, Tschernys-
chew Ridge, river Sharju, middle stream, left bank, 2,5
km below “Lower Gates”; Late Devonian, Famennian
Stage, Lebedyanian Layers, Palmatolepis marginifera
Zone.

Conclusion. From the Eifel Hills subfamily
Plicathyridinae Alvarez, 1990 reporte4d by two new
genera: Tumidinathyris and Anathyroides. Tumidinath-
yris tumida (Kayser, 1871) known from the Cuerten
Formation (lower part) of Scheid Member (Givetian
Stage, Middle Devonian). In the Late Devonian of Ger-
many Plicathyridinae are very rare. Only one species
Anathyroides calestiennensis (Mottequin et al., 2016)
known from the Frasnian of the Rhenish Massif, Bel-
gium and France.

In the Middle Devonian of the East-European Plat-
form and its framework solitary specimens of ?Anathy-
roides angustatus Nefedova, 1955 reported from the
Eifelian Stage (Soiva Horizon) of Timan [31]. A sup-
posedly new species of this genus from the Late Give-
tian (Chib’usskaja Formation) of the same region also
pointed in this publication.

In the Late Devonian of the East European Plat-
form and its framework Plicathyridinae are more di-
verse. In the middle part of Frasnian Stage Anathy-
roides helmerseni (Buch, 1840) wide-spread within the
deposits of the Main Devonian Field, Central Devonian
Field, Saratov Region and South Timan. Six more spe-
cies could be provisionally attributed to Anathyroides
basing their markedly distinguishing external charac-
teristics despite the internal details of these species are
not jet studied. Namely they are: ?An. monzevi
(Nalivkin, 1941) and ?An. svinordensis (Nalivkin,
1941) from the Middle Frasnian of the Main Devonian
Field ; ?An. petinensis (Ljaschenko, 1959) from the
Semilukski Horizon of the Central Devonian field; ?An.
tarchanensis (Ljaschenko, 1964) of the Volga-Uralian
Region; ?An. timanicus (Ljaschenko, 1959) and An.
solnzevi (Ljaschenko, 1973) from the Middle Frasnian
of South Timan. Intanathyris orlovi Grunt, gen. et sp.
nov. originates from the Famennian Stage (Lebe-
dyanian Layers, Palmatolepis marginifera Zone) of the
Tschernyschew Ridge (Subpolar Urals).
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Abstract

This article provides an overview of the literature on the topic «paragangliomas of the neck» and clinical
cases. References was introduced to historical sources in wich the term «paraganglioma» was first mentioned and
the productive symptoms and classification of paragangliomas was described.Presented clinical cases demonstrate
the effectiveness of various methods of diagnostic and treatment of paragangliomas of the neck. Considering the
difficulties in removing the paragangliomas of the neck due to their anatomical location and analyzing clinical
cases can come to the conclusions that competent use of modern methods of radiological diagnostics, preoperative
planning of the intervention volume, controlled hemostasis during the operation allow avoiding severe intra- and
postoperative complications.

AHHOTALUA

B ILaHHOﬁ CTaTbC NPCACTABJICH 0630p JIMTEPATYPHI 10 TEME «IaparaHrjiuoMsbl HICHU», a4 TAK K€ KIMHUYICCKUEC
cJydau. Brlu BHEeCEHBI OTCHIJIKM Ha HUCTOPUYCCKUC UCTOUYHUKH, B KOTOPBIX BIICPBBIC YIIOMUHAJICSA TCPMUH «Ilapa-
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TaHTJIMIOMa»,  TaK )ke OblIa OnucaHa MPOAYKTHBHAs CHMIITOMAaTHKa 1 Kiaccudukanus naparanrinom. [Ipencras-
JICHHBIE KJIMHUYECKUE CIIydan IEMOHCTPHPYIOT 3(G(PEKTUBHOCTD PA3IMIHBIX METOAOB IMArHOCTUKU W JICUCHUS
[IaparaHriioM IIed. Y YUTHIBas CIIOKHOCTH B YAAJICHUH MTAPAaraHTIMOM IIECH B CBSI3U C NX AHATOMHIECKUM PacCIIo-
JI0)KEHHUEM M NIPOaHAIN3UPOBAB KIMHIMYECKHE CITydaH, MO>KHO IIPHHTH K BBIBOY, YTO IPaMOTHOE HCIIOIb30BaHNC
BO3MOKHOCTEH COBPEMEHHBIX METOJIOB JIy4eBOM JHATHOCTHKH, IPEIONICPAINOHHOE INIAHUPOBAaHIE 00bEMa BMe-
IaTEeIbCTBA, KOHTPOINPYEMBIH TEMOCTa3 BO BPEMSI ONEPAIMU MO3BOJITIOT M30€XKaTh TSDKENBIX MHTpPA- U MOCIIe-

On€panuOHHBIX OCJI0KHEHHM.

Keywords: paraganglioma, vagal, carotid, radiation diagnostic, subtraction angiography, sub-adventitious

removal, embolization.

KaioueBble ciioBa: naparanriioma, BarajibHasl, KapOTHIHAsI, JTy4eBasi AUArHOCTHKA, CyOTpaKIMOHHAS aH-
ruorpadus, cyoaaBeHTHIIMAIBHOE YaJeHue, IMOOIn3alusl.

ITaparanrimoma - OImyXoJib, HCXOIAIIAs U3 KIETOK
MaparaHriimeB, OPraHOB YHIOKPHHHOW CHCTEMBI, IPO-
JOyLHPYIOIINX TIIaBHBIM 00pa30M KaTeXOJIaMHHBI B Of1-
HOBPEMEHHO SABILIIOUIMXCS JOOABOYHBIMH OpTaHAMH
HEPBHOW CHCTEMBI, OCYMIECTBISIIOINMH XEMOpELET-
TopHyto (yHkuuio. TepMHH «maparaHrivoma» Hc-
MOJIB3YIOT B OCHOBHOM IO OTHOIICHHMIO K OITyXOJISIM M3
HexpoMa(GUHHBIX NaparaHriies, 3aJIeralolyx B 00-
JacTh OuQypKaLu COHHBIX apTEPHH, JIyKOBHILIBI BHYT-
pEHHE SApEeMHOM BEHbI, OYTd aOpPThl U JIETOYHOI'O
CTBOJIA, & TAaKXKE€ HOJO3HOIO TaHINIUS ONy>KIaroIlero
HepBa.[1] Onyxoau u3 KapoTUIHBIX TJIOMYCOB B JIUTE-

Puc. 1. Pazeumue napazanenuomvt uz kapomuonozo meavya (Glenner GG, Grimley PM. Atlas of tumor pathol-
ogy, 1974)[3]

Kaporuanast skene3a BrepBbie Obita omucana Al-
bert von Haler (1743) B tpyne «De nervorum in arterias
imperlo», B koropoMm oH HaszBan ee ganglion exiguum.
Neubauer (1772) onmcain KapOTHIHYIO KEJIE3Y B CTATHE
«Descriptio anatomica nervorum cardiacorum» u
HazBau ee ganglion minutum.

I'mcronoruyeckoe u3ydeHHe 3TOH keye3bl OBUIO
ocymiectieno no3anee Andersch (1786). On oGHapy-
JKHJI JKelle3y MEXIy COHHBIMHU apTepHsIMH, B KapOTH-
HOM CHHYyCE, 00raToM HEpBHBIMHM BOJIOKHAMH W T'aH-
TIIMO3HBIME KJIETKaMHu | Ha3Bai ee ganglion intercarot-
icum. Luschka (1862) mHa OCHOBaHMHM CBOHUX
THUCTOJIOTHUYCCKUX HCCHeHOBaHHﬁ, YCTaAaHOBHUBIIUX KEC-
JIE3UCTBIA XapaKTep KapoTHIHOIo TCjla U MHTUMHYIO
CBSI3b €r0 C IIEHHOW YacThIO CUMIIATUYECKOI'O HEpBa,
OTHEC €€ K CHCTEME HaAMOYeYHNKOB 1 Ha3Bai glandula
intercarotica.

B nauane Beka naparanriiioMbl 4acTO OIIMOOYHO
NPUHAMAIIICH 32 JPYTHE OITyXOJIX I'OJIOBHI U ILIEH, B 3TO
JKE€ BpeMs IPEANPHHUMAINCH IIONBITKA BHECTH SiC-
HOCTb B UX OIpeIeleHHe U KIacCH(UKAIHMIO.

paType IpHHATO Ha3bIBaTh KAPOTHIHBIMU XEMOIEKTO-
Mamu. TepMHUH «XeMOZEKTOMay, MPEIOKEHHEIH B R.
M. Mulligan (1950)[2], oTpakaeT rHCTOTEHETHYECCKYTO
CBS3b MX C KOMIIOHCHTAMH XEMOPEUEHTOPHOW CH-
CTeMbl. XeMOIeKTOMa KapOTHIHOTO TEIbI[a, COCTABIIA-
romast 18 % Bcex BCTpedaronuxcsi BHEOPTaHHBIX OITy-
XOJIeH 1IeH, pa3BUBAETCA U3 KapOTUIHOTO riomyca. OH
pacronaraercsi B BHJIE€ OBaJbHOIO y3eJKa B COCYIH-
CTOM Bjarajnuuie OudypKauuyd COHHOW apTepuu |
HUMEET IuaMeTp NpuoIn3uTensHo 5 Mm. [omyc conep-
KHUT OCTPOBKU XEMOPELEHNTOPHBIX KJIETOK, KOTOPHIE
OKPY>KEHBI CETHIO COCYTUCTBIX CHHYCOUIOB (puc. 1).

Marchand 8 1891 roay cooOrini 0 mepBoii maparaH-
rJIMoMe KapoTuaHoro Teia . C Tex mop HMCIoNb30Ba-
JIUCh MHOTOYHCJICHHBIE TEPMHUHBI, YTOOBI OMUCATH ATH
omyxomu. OcHOBBIBasich Ha pabore Glenner u P.M.
Grimley (1974), B HacTosilee BpeMsl IPUHSAT K IXPOKO
UCTIONB3YEeTCS B COBPEMEHHON MEIMIIMHCKOW JnTepa-
Type TEPMHH «I1aparaHriInoMay.

Reigner (1880) mpennpuHsI MOMBITKY YAAICHUS
KapoTHAHOW INaparaHrinomsl. IlepBoe ycnemiHoe xu-
pYypruueckoe ynajleHue 3Toro oopasoBaHus ObUIO cle-
nano Marchand B 1891 r. (Zbaren P, Lehmann W.,
1985)[4].

B 006nacTH TOJI0BBI U 111U [TAparaHrIMOMbI Pa3Bu-
BalOTCSl B YETHIPEX MEPBUYHBIX Ouarax: KapOTHUIHOE
Telblle, SPEMHOE OTBEPCTHE, BAOJIb OJIYIKIAIOIIET0 He-
pBa U B 00J1aCTH CpeiHero yxa. Pexe BcTpeuaeMble JIo-
KaJIM3aliy - TYpPEeLKOe CeasIo, IINIIKOBHIHAS XKeJe3a,
KaBEpHO3HBIH CHHYC, rOpTaHb, OpOWTa, LIUTOBHUIHASL
’KeJe3a, HOCOIJIOTKA, HIDKHSS YeJIOCTh, MATKoe Hebo

(puc. 2) .[5]
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Puc.2. Ocnosunas JloKaauzayus napacaneiusl

[Maparaurmmoms! coctasisiror 0,6 % Beex omyxo-
neit ronossl 1 ren 1 0,03 % Bcex omyxonei [lpnbmm-
3utenbHO 80 % Bcex maparaHriiMoM SIBISIOTCSA Kapo-
TUIHBIMH TparaHriioMaMy WM TJIOMYCHBIMH IOTY-
JISIPHBIMU OMYXOJISIMHU.[6]

KiaccuyeckuM KIMHMYECKMM TPOSIBICHHEM Ka-
POTHIIHOI MaparaHrIMOMBI SBJISIETCS dJIACTHYHOE 00b-
émHOe o0pa3zoBaHHe Ha OOKOBOW MOBEPXHOCTH WIEH,
MIpU OTCYTCTBHUHM JpPyrMX cuMnTomoB. OOpasoBanne
CMEIIaeMO B TOPH30HTAIEHOM HAMpaBJICHUH, ITyJIbCH-
pyer. [lpyrue CHMIOTOMBI BKIFOYAIOT OCHILIOCTD, CTPH-
JIOp, CMELIEHHE S3bIKa B CTOPOHY, I'OJIOBOKPY)KECHHE
I71.

Baranbnas naparanriiuoMa TIposBIACTCA KakK
MeIJICHHOpacTyIIee, 0e300J1e3HeHHOe 00BEMHOE 00pa-
30BaHHe Ha OOKOBOM MOBEPXHOCTH IIeH, OOBIYHO pac-
MOJIOXKEHHOE TO03a7y yrjla HukHed gemoct (83 %
ciydaeB). IlapadapunreanpbHoe o0béMHOE 00pa3oBa-
HHe 1 00pa3oBaHne Ha OOKOBOW MOBEPXHOCTH LIEH MO-
TYT OOHapy>KUBAThCSI OJJHOBPEMEHHO (46 % ciydaes).
Menee gacto — B 16 % cnydaeB - BaraJibHasl aparas-
TJIMOMa TPOSBISIETCST KaK COJMMTapHOE IMapadapuHre-
apHOEe 00pa3oBaHUE ¢ MEJHAIbHBIM CMEILCHUEM IIpe-
TOH3WJISIPHBIX CTPYKTYp. HapymieHus co cTopoHbI
Oy KJIarolero HepBa OTMEYAIOTCS Ha IO3JHUX CTa-
IUAX Pa3BUTUS OOJIC3HH, IIOCKOJIBKY €ro BOJIOKHA
OOBIYHO pAacCIUIaCTHIBAIOTCS. BoBiieyeHne B Iporecc
JIPYTHX HIDKHHMX YepPEeIHO-MO3TOBBIX HEPBOB (IIOAB-
SI3BIYHOTO, T00ABOYHOTO U S3BIKOTJIOTOYHOTO), B BHJIE
napesa, MIMeeT MECTO Ha IO3JHMX CTagusix Ooie3HH,
0OBIYHO Yepe3 2 rojia mocye HOSBICHHS NTEPBbIX CUMII-
ToMOB ¢ yactoTo 20 - 50 %. Cunnpom ['opHepa (1T03,
MHO03, aHTH/IPO3 U SHOPTAIIBM) CO CIIaBIMBAHUEM IIEH-
HBIX CUMIATHYECKUX HEPBOB MPOUCXOTUT y 25 %
OosibHBIX. B peakux ciydasx, Kak OTJEIbHBIH CHMII-
TOM, OTMEYAETCsl MapaJIny TOJI0COBOH CKIIAJIKH.

CMepTHOCTB cpey OOJIBHBIX C KapOTHIHBIMH T1a-
paranramomMaMu cocrtaBisier 9 %. YactoTa MecTHBIX
peUUANBOB U JIOKAJIbHOW MHBa3uu cocrtaBisieT 17 %
JUIS BarajJbHbIX MaparaHriauoM u okoso 10 % - ams kxa-
POTHIHBIX .

JYUYEBASI AJUATHOCTUKA
MNAPATAHI'VIMOM

@DaKkTUYECKH BCEM TMAlMEHTaM C IaparaHrino-
MaMH T'OJIOBBI H €W IPOBOINTCS TOT MM WHOM METO.
TIOCIIONHON BHU3yallM3allii, KOMIIBIOTEPHAs TOMOTIpa-
¢ust (KT) miam MarHMTHO-pe30HaHCHasw Tomorpadus
(MPT). Kak KT, Tak 1 MPT oguHaKoBO XOpOIIO BBISB-
JISIFOT 3TH PE3KO BacKyJISIPU3UPOBAHHBIC, MITKOTKAH-
Hble 00BbEMHBIE 00pa30BaHUs HAa CKaHAX C KOHTPACT-
HBIM yCHJICHHEM. BBIOOp MeTona McciieoBaHus, Win
HEOOXOANMOCTh B APYTOM METOE, 3aBUCUT OT HAaJH-
4YMsi KOHKPETHOW amnmaparypbl B COOTBETCTBYIOLIEM
YUpEXIECHUU U OT NPEANOYTCHUN JiedaluiuX Bpadel u
PEHTIreHoIoroB.[ 8]

KOMITIBIOTEPHASI TOMOI'PA®USA

Tunnynoit KT-kapTHHOW KapOTUAHBIX HaparaH-
TJIHOM SIBJIETCS YETKO OYEpUYEHHOE, MITKOTKAHHOE,
00beMHOE 00pa30BaHKE B ITpeeIax KapoOTHIHOTO IPO-
CTpaHCTBA B CPEeJHEH TPETH 1IeH. BripaxkeHHas rumep-
BacKyJIIpHasi CTPYKTYpa OITyXOJIH BBI3bIBAE€T TOMOTECH-
HOE ¥ MHTEHCHBHOE YCHJIEHHE I10CJI€ BHYTPHBEHHOTO
BBE/ICHHsI KOHTPACTHOTO BemiecTBa. Pacmupenue 6u-
(dypxaiu 00IIel COHHOW apTepUH - THIWYHBIA [IPU-
3HaK KapOTUIHOW mMaparaHrivomel. Penkue mposieie-
HHS BKJIIOYAIOT Te€TEPOreHHOCTh YCHJICHHS H3-3a (o-
KaJIbHBIX TPOMOO30B MJIM KPOBOMJIUSHHN B OOJBIINX
OIyXOJSIX M PAaclpoCTPaHCHHE BBEPX B BEPXHIOID
TpeTh 1Ieu, oOHapyxuBaemoe B 8 % ciydaeB KapoTHI-
HbIX mapararinom [9](puc.3).
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Puc.3. KT-cumnmomamuxa kapomuoHOU napazaneiuomol

WzobpaxeHne BaranbHOM maparanrianomsl Ha KT-
CKaHaX BBITJIUT MOX0)KUM Ha H300pa’keHHE KapOTH-
HOM MaparaHriIMOMbl ¢ HEKOTOPBIMH OCOOEHHOCTSIMH.
OTH OMYXOJH CMEIIAIOT U BHYTPEHHIOI, i HAPYXKHYIO

COHHBIE apTEepHH NepeIHEMEINaIbHO, OTOABUTAS ATH
coCcylibl OT BHYTpeHHEH sipeMHOM BeHbl. Kpome Toro,
pacnpocTpaHeHHE B BEPXHIOIO TPETh IICH OTMEYaeTCs
y ZIByX TpeTeil BaraabHBIX MaparanrinoM (puc.4).

Puc. 4. KT-cumnmomamura 6azanvHol napazaneiuomvl

Iudposas cyOTpakimoHHas aHrHOTpadus SBIS-
eTcsl cCaMbIM HaJEXKHBIM ITPeJI0NepanioHHBIM METOZIOM
BU3YyaJIN3aluy AJIs OLICHKN MHBAa3WU BHYTPEHHEH COH-
HOM apTepHH, 4TO XapaKTEPHU3YETCsl €€ CYyKEHHUEM U He-
POBHOCTBIO KOHTYpOB. HecmoTps Ha 10, uto KT 1 MPT
HPEeANOYTUTEIbHBI, OHH HE BCETAa ANarHOCTUYECKH
TO4HBI. B To sxe Bpems, mudposas cyOTpakiuoHHAsS
aHruorpadus IEMOHCTPHUPYET COCYANCTOE CHAOKEHHE
(mUTaromye apTepuu W KOJUIATEPATBHBIA KPOBOTOK)
MaparaHriimoM, B3anMooTHoIIeHue omyxonu ¢ BCA n
BSIB, npoxoaumocts BB, xotopas wacto TpomMOupo-
BaHa MpH OOJBLIMX HaparaHrivmomax). AHruorpagpus

TakKe 04eHb 3(PpPEeKTUBHA IS ONIPEICTICHHS Oy X0Ier
MAaJIBIX Pa3MepoB .

KapotuaHbie maparaHrimoMbl THIIMYHO pPa3JIBU-
raloT BHYTPEHHIOIO M HapYXXHYIO COHHBIE apTEpUH
(puc. 5). Haubonee 9acTeIM NMHUTAIOMIMM COCYJOM JUIS
JOOBIX TIAparaHTIoOM TOJIOBEI U IIIEH SIBIISIETCS] BOCXO-
JSIIAs TIIOTOYHAs apTepus (depe3 MBIIIeYHO-CIIIHATb-
HYI0 apTepHIO) W BoCXozsmias meitHas aprepus. [lpu
MIPOTPECCHUPYIOIIEM POCTE OMYXOJIH MOTYT OBITh 3a7€H-
CTBOBAHBI M JPyTHe€ UCTOYHHKHA KPOBOCHAOXKEHHS W3
JIMUEBOM, S3bIYHOM, IIUTOBHUIHOM, 3aIHEH YIIHOH, 3a-
TBIJIOYHOHN M TITyOOKHX HIeHHBIX apTepuii . [10]
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Puc.5 Aneuoecpamma kapomuornou napazaneiuomol.

BaranbHble aparaHrianoMbl OOBIMHO pacroiara-
IOTCSI B BEpPXHEi TPETH e, cpasy ke Hax Gupypka-
et obrieit connoit aprepun(puc.6) Yarie Bcero mpu-
3HAKU CXOJHBI C NPUCYIIUMU KAPOTHUJHOM Iaparas-
TJIMOME, 3a UCKIIFOYCHUEM TOI'O, UYTO U BHYTPCHHSAA, U

Hapy>KHasi COHHbIE apTEPHH CMELICHBI B IEPEIHEMEIH-
IFHOM HAIPaBJICHUH. JTH OIyXOJH OOBIYHO KPOBO-
CHa0>KarOTCSl U3 BOCXOAALICH TINIOTOYHOW U 3aThLIOY-
HOW aptepuil. Pexkxe B KpOBOCHAOKEHUH y4YacCTBYIOT
sI3bIYHAs, JIMIEBas U NTyOOKHe IIeHHbIE apTepUH .

Puc.6 Aneuocpamma sazanvroll napazaneiuomel.

JIEYEHHUE

[Tpu neuennn GONMBHBIX C MAparaHrIMOMaMHM LIeH
MPUMEHSIOTCA BCE U3BECTHBIE B OHKOJIOTHM METOJBI:
Jy4eBOM, XUPYPTUUECKUM, TEKApCTBEHHBIH U UX KOM-
Ounanny. BeiGop mMerona 3aBUCHT OT XapakTepa OIry-
XOJIH, €€ JIOKAU3al1H, CTEIIEH! PaclpOCTPaHEHHOCTU
npolrecca 1 00IETO COCTOSIHUS OOJIBHOTO .

K cepennne XX Beka mydeBast Tepanust Obuia ca-
MBIM TI€PBBIM METOJIOM, KOTOPBIH CTaJIH NPHUMEHSATH
JUTS JICYCHUS TTaparaHriinoM. B HacTosIiee BpeMs Xu-
PYPTHYECKHH METOH SBISIETCS METOAOM BBIOOpa B
OOJNBIIMHCTBE KIMHUK W BBITECHSET JIyU4eBYIO Tepa-
nto. HecmoTpst Ha To, 4TO OOJBIIMHCTBO EHHBIX Ha-
paraHiuoM CYMTAIOTCS PaJAMOPE3UCTEHTHBIMH, MalH-
€HTaM ¢ HeolepalOelIbHOI OIyX0JIbI0, OCTaTOYHOH OITy-
XOJIbIO MOCJIE ONEPAIUH, a TAKXKE MAIIeHTaM, KOTOpbIE
OTKAa3bIBAIOTCS OT XUPYPrU4eCcKOro JEUCHHUs, JIyueBast
Tepamnusi MOXKeT MPOBOAUTHLCS KaK NaJUIMATUBHOE JIede-
aue.[11]

OCHOBHBIM METOJIOM JICUEHUS SBISAETCA XUPYPTH-
yeckuid. OnepanroHHBIA JOCTYN K HaparaHridoMam
LIeU OCYLIECTBIETCSA B BEpXHEH TPeTH LIeH U BMeIlla-
TEJILCTBO MPOM3BOJUTCA B 30HE COHHOTO TPEYIOJb-
HUKA — aHATOMUYECKOH 30HE CO CJIOKHBIM CTPOEHHEM,
3HAHWE AaHATOMHUHM KOTOPOW SIBISAETCS HEOOXOIMMBIM
YCIIOBHEM T'PaMOTHOW M 0e30I1acHOI XHpyprudecKoit
TexHUKA.[12]

BcecTtoponnss xnaccuduranus KapoTHAHBIX Ma-
parasiauoM, KoTopas 00beIUHSIET aHTHOTPAPUIECKYIO
KapTUHY, XUPYPTUYECKUHN MOAXOA M BO3MOXKHBIN IIO-
CIICOTIEPALIMOHHBIA HMCXOM, B HACTOSIIEe BpeMs IIH-
POKO HCIHOJIB3YETCs B JICUEHUU KAPOTUAHBIX MaparaH-
oM (tabn. 1). Busyanumzamus ¢ momompo KT u
(nm) MPT HeoOxonuMa JUtst Onpeie]ICHUsT OTITUMAIThb-
HOW XMPYPrHYeCKOHW TAKTHKH JICUCHHSI KAPOTHIAHBIX U
BarajbHBIX aparaHriivoMm.
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Tabuumna 1
Knaccudukauus naparanrjaiuom
Cragus | CtemeHb BOBJICUSHHS COHHBIX ap-
. Bun oneparin CIOXHOCTD PE3eKITNH
OTIYXOJTH TepHit
Jloxanm3oBaHHAas ¢ MUHUMAIIh- .
o Cy0anBeHTHIIATBHBIH
1 HOM CHAsSHHOCTBHIO C COHHBIMM HOIXO YMmepeHHas
apTepUsIMHU
YacTUYHO OXBAThIBACT COHHbBIE
2 Pesexmus HCA CnosxHast
apTepuun
Xupypruuecku CjI0xkKHasi C BBICO-
Pesexnus ¢ TpaHCILIaHTa-
3 OxBaTbIBa€T COHHBIE apTEPUU et BCA KHM PHCKOM OTIePAIIMOHHBIX
OCJIOXKHEHHI

Cy06aaBeHTHIIHAJILHOE YAAJIeHUEe OIYXO0JIH

BeimonHzsieTcs B TEX CilydasiX, KOTAa OMyXOJb He
pacnpocTpaHseTcs IIyOke aJBeHTHIHAIBHOTO CJ0s
COHHBIX apTepuid. Yaire Bcero 3o ObIBaeT Npu HeOOIb-
mux omyxonsax 1,5-2,0 cM, KoTopele He pacIpoCTpaHs-
I0TCSI 1aJIbllIe Pa3BUIIKK OOLIeH COHHOW apTepuH.

OnTuManbHON SIBISETCS CHUTyalus, Korja yja-
€TCsl BBIICTUTH U B3ATh HA TyPHHUKETHl BHYTPEHHIOIO U
Hapy’>KHYIO COHHBIE apTEPUM BBIIIE BEPXHETO MOJIOCA
omyxonu. CieyeT HOMHUTB, YTO BBINOJIHATh MaHUITY-
JISILUU CO CTEHKOM COHHBIX apTepHil HY>KHO KpaiiHe Je-
JIMKAaTHO, TaK KaK, Ja)ke He IIOBPEIUB CTEHKY apTepUU
IOpU yJAJIE€HUH OMYyXOJIH, MOXHO HOIYYHTh I'PO3HBIE
MIOCJICONIEPAlMOHHbBIE OCIIOXKHEHHS B BHIE TpoMO03a
BHYTPEHHEH COHHOM apTepuu u3-3a OTPbIBA aTEpoO-
CKJIEPOTUYECKON OJISALIKK MM Pa3MO3XKEHUs apTepuu
HHCTpYMeHTaMu. [10 X0y BBIJIC/IEHHS OITyXOJIM BO3HU-
KaeT He0OXOJUMOCTb B TIEPEBSI3KE OHOM UITH HECKOJIb-
KHUX BETBEH Hapy»KHOW COHHOH aprtepuu. IIo Bo3MOk-
HOCTH HYKHO IONBITATHCS COXPAHUTD NOBS3BIYHBIN 1
SI3BIKOTTIOTOYHBIN HEpPBHL. [13]

Yaajienne mnaparaHridoMbl C
HAPY’KHOI COHHOM apTepuun

Heobxonumocts pesekiuun HCA BO3HHKAET B TeX
Cllydasik, KOrjaa OIMyXO0Jib CEAJOBUIHO WA My(HTOO0O-
pa3HO OXBaThIBAET €€ CTBOJI, TPOpacTas He TOJIbKO aj-
BCHTHULIMAJILHBIN, HO U MBILICYHBIN CIION, T.€. KOTAa OT-
JICIICHUE OMyXOJH 0e3 MOBPEKIACHUS CTCHKH HapyX-
HOM COHHOM apTepuu HEBO3MOXKHO.

[MomoOHast cuTyanusi AHarHOCTHPYETCS B OCHOB-
HOM WHTPAOIIEPAIHOHHO, IIOCKOJBKY COBPEMEHHBIC
METOJBl JTy4eBOW IHATHOCTUKHA HE MO3BOJIAIOT TO-
CIIOHO BU3yaJM3UPOBATh CTEHKY apTepuu. Eciu yna-
etcsa BeieuTh cTeHKy HCA Ha mporsokxenun 0,5-1,0
CM 0T Ou(ypKaIim, TO CTAHOBUTCS BO3MOXKHBIM €€ JTH-
TUPOBaHUE.

Ecnu HeBo3moxHO nurupoBarne HCA, To nmpoBo-
JIUTCSI HAJIOXKEHHNE COCYAUCTHIX 32KUMOB Ha OOIIYIO U
BHYTPEHHIOIO COHHBIE apTE€PHUH, TIOCJIE YETO BBITIOIHS-
ercs peseximsi HCA ot mecta 6udypkannu ¢ Hajmoxe-
HHEM COCYIUCTOTO IIBa Ha 001acTh nedexta. Omyxos
yaansercss ogHuM 0siokoM BMecte ¢ BeTBsiMu HCA, ko-
TOpBIE AUCTABHEE JTUTHPYIOTCS.

pe3exkumen

Onucanue JaHHOr0 HAOIIOAEeHUSA.

IManuent Y. Knunnueckuid nuarHos: XeMoJieK-
Toma mmen cieBa. OMyxojb Ha IIee ClieBa OTMedal
okoJio 15 nmer. He neunics. B o6macTHOI 00JIBHULIE 11O
MECTY XHUTCJIBCTBA . ObLIIa npeanpuHaTa HEyaadHas
NOTIBITKA yaaieHust omyxonu. Status localis mpu mo-
CTYIUICHHH: Ha IIIee CIIeBa OT COCIIEBUIHOTO OTPOCTKA
JI0 Cpe/IHeH TpeTH 11eH, B 00s1acTi Onudypramuu oomei
COHHOHM apTepuu ONpeleNsieTcs 3JaCTHYHOE, OTPaHU-
YeHHO-CcMeIaemMoe obpasoBanue okoiio 10 cM B ama-
MeTpe. B neHTpe ero, Ha Koxe - mOcaeonepaMoHHbINH
pyben mmnHoi 3 cMm. JIOP-opranbl 0e3 matoyiorum.
JlaHHBIE KApOTHUAHON aHTHOTPAMMBI ONpPENENSIeTCS
PE3KOBBIpAYKEHHAS THIIEPBACKYJISIPHASI OITyXOIb C OC-
HOBHBIM KOMIIOHEHTOM, PaCIIOJIOKEHHBIM B 00JacTH

Puc.7-10 Dmanuw onepau-uu u makponpenapam (nopasicernue HCA).

KapoTUAHON pa3BUIKU. OMyX0Jb OTTECHAET BHYTPEH-
HIOIO COHHYIO apTepHIO Hazaj] W HapYXKHYI0 COHHYIO
aprepuio Boepexa. I'mmepBacKynsipHas TKaHb PacIpo-
CTpaHsETCs BOKPYT CTBOJIA Hapy>XKHOW COHHOH apre-
pun. KpoBocHabOxeHHEe OCYIIECTBISETCS U3 HECKOJb-
kux BetBeil HCA — BocxXosiei riI0TOYHOM, JIMIIEBOM
U BepXHEW NUTOBHUIHOW apTepuid. 3aKiIOueHue: Kapo-
TUJHAs NaparaHrjiioMa cJIeBa C BOBICUEHHEM HapyXK-
HOW coHHOM apTepuu. [IpoBeneHo ynaneHue KapoTUa-
HOH MaparaHIJIMOMBI ILIEH ClieBa C pe3eKuuei Oudyp-
Kaluu oOmeld coHHOM aprepuu .Makpompenapar
OIlyXOJIb BUIIHEBOIO IIBeTa pa3MepoM 8 x 9 cmM, mpo-
pacraeTr Hapy>KHYIO COHHYIO apTeputo. Mopdoioruye-
CKO€ 3aK/IIOYCHHE: 3pelasi MaparanrianoMa. 3akuBiie-
HHUE NEPBUYHBIM HATSHKEHHEM.
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YaajneHne NmaparaHTJIHOMbI ¢ TPaHCILUIAHTA-
nueil BHyTPpeHHeH COHHOM apTepuu

Oto HamboIee CIOXKHASL U PEIKO BCTPEUAIOIIAsICS
curyamus - 1-5%. OxHako kK HeH Hy)XHO OBITH Bceraa
TOTOBBIM, YTO TPEOYET XOPOIINX aHTHOXUPYPTHUECKIX
HaBBIKOB Y OIICPUPYIOMIETO XUPYPTa, JTHOO0 BKIIOUCHHUE
B COCTaB OIEPAIHOHHON OpHUTagBl COCYIHCTOTO XH-
pypra c omeITOM paboThl Ha OpaxuonedanbHBIX apTe-
pusix. IIpoonema Tpancmiantaiu BCA BO3HUKaeT B
TEX CIIydYasx, KOTJa OIMyXOJib MOJTHOCTBIO WA HU JIBE
TpeTu oxBaTbiBaeT cTBoa BCA, mpopacTas ee MbIIIey-
HYI0 CTEHKY, W IPU BBIICICHUU OOpa30BaHHS HEU3-
0E)KHO MTPOUCXOIUT Pa3phIB CTEHKH COCyAa. Y CIICIIHO
ocymecTBuTh mpote3upoBanne BCA BO3MOXHO TpHu
HaAJIMYAW ee CBOOOIHOTO OT OIyXOJIM yYacTKa Ha pac-
crostuud 1,5-2,0 cMm oT ocHOBaHuMsI yepena. B kauecTse
MpoTe3a C OIMHAKOBBIM YCIIEXOM MOXKHO HCIIONB30-
BaTh AyTOBEHy (Ualle Bcero - OOoNbImas IMOIKOKHAS

BeHa Oesipa) WM CUHTETUYECKUI IpoTes.
Oncolo3y.Lesnoy
Fkinfeyey

IIpuBoanM KINHHYECKOE HADIIOdeHNe.

MMauunentra Il. Knuandeckuii [uarHos: naparas-
raoma men cieBa. Cuurana cebs 60spHON Okomo 3
JIET, KOTJla BIIEpBbIe 00paTmia BHUMAHUE HA IOSBHUB-
mreecst B MSITKNX TKaHSX IIEH CiieBa 00pa3oBaHUE; OT-
Medaja ero MeIeHHbIH poct. Status localis mpu mmo-
CTYIUICHUH: PETHOHApHBIE TUM(aTHIecKue Y3l 0e3
NaTOJIOTMYECKUX M3MEHEHUU. B BepxHell Tperu 1eu
CclieBa NMaJBIIMPYETCs] OrpaHHYEHHO-CMelIaeMoe 00pa-
30BaHue OKOJIO 4 cM B auamerpe. JlaHHbIe KapOTUIHON
anruorpadpun (puc. 11): Beime Oudpyprxaumn OCA
OllpeAeNseTcs LIAPOBUIHASA, C YETKUM KOHTYpOM,
pe3K0o THUIEepBacKyJsIpHas OMyX0jib, My(TooOpa3HO
oxsatbeiBaromas HCA u Ha Tpu uetBeptr - OCA c He-
3HAUUTEJBHON N€BUALMENl HAa3BaHHBIX apTEpHUil B Ie-
penHe3zagHeM HampapieHHH. OIyXoilb KpoBOCHaOXa-
etcs u3 Heckonbkux BeTBed HCA. 3akitouenue: kapo-
THIHAs [aparaHryiioMa cjJeBa C  BOBJICYCHHEM

Hapy>KHOU U BHYTPEHHEW COHHBIX apTepHil.

Poltaran,Nadeznd
$ 188303 0GS

Puc. 11. Aneuoepamma nayuenmiu I1.

[TpoBeneHo ynaneHne OIyXoJH IIEH CIEBa C pe-
3eknuell Oudypkammu oO0ImeH COHHOW apTepuw,
Hapy»XHOU COHHOM apTepHH, y4acTKa BHYTPEHHEHN COH-
HOW aprepuu u TuiacTukod aedekra BCA ywactkom
00JIBIIION TTO/IKO’KHOI BEHBI C TIPaBoOro Oenpa .

Bpemst mepexxaTtusi oOmiell COHHOM apTepuu 10
BOCCTaHOBJIEHHSI KpOBOTOKa coctaBuiio 40 muH. Jlis
YCHJICHHSI PETPOTPATHOTO KPOBOTOKA BO BHYTpPEHHEH
COHHOM apTepHH BO BPeMsI €€ TIepeKaThs MPOBOANIOCH
HCKYCCTBEHHOE IOBBIIICHHE CHCTEMHOTO apTepHallb-
Horo nasienust (AJl) no ypoBHst cuctomudeckoro Al -

He Hmwke 180 MM pt cT. C 1enpio npoQuTakKTHKH TPOM-
6o3a BCA BhIme Mecra mepexaTHs OBIIIO BBEICHO
5000 exn. remapuna. IlocieonepanMOHHBIN NEpPUOL
MPOTEKAJ TJIAKO, 03 MPHU3HAKOB UIIIEMHUH TOJIOBHOTO
Mo3ra. 3aKUBJIeHHE IEpBUYHBIM HaTsDKeHueM. Makpo-
rpenapar : OIyXOJib BUILIHEBOTO LIBETa pa3mMepom 3 x 4
CM, TIpopacTaeT BHYTPEHHIOIO W HAPYKHYIO COHHYIO
apreputo. Mopdosiornueckoe 3akIOUYCHHE: MaparaH-
TJIHOMa, aJIeHOTIOA00HBIN BapUAHT.

VYabTpa3ByKOBOE HCCIEAOBaHHE 30HBI ONEpanyu
gepe3 1 MecsI] mokas3ano, 4To ayTOBEHO3HBIH aHACTO-
MO03 (yHKIHOHUpOBAI (puc. 12).
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Puc 12. YV3U nayuenmxu I1. uepes 1 mecay nocie onepayuu (aymoseHO3Hbll MPAHCHIAHMAM QYHKYUOHUPYeN)

Bo3MOXHBIE OCIIOKHEHUS, CBA3aHHBIC C yjaie-
HHEM KapOTHIHBIX IaparaHrifioM, BKIIOYAlOT MOBpe-
JKICHHSI YeperHO-MOo3roBbIX HepBoB (18-44 % ciy-
YaeB), HHTPAONEPAlMOHHYIO JIeTalbHOCTh (1-29 %) u
HMHTpaomepaoHHbIH HHCYIBT (10 1 %). OcnoxHeHus,
CBSI3aHHBIC C yNAJIICHWEM BarajlbHbIX IaparaHriinom,
BKJIIOYAIOT Iape3 4YepernHO-MO3roBBIX HEpBOB (67 %
ciaydaeB)[14], game Bcero Omykmaromiero Hepa (X
napa). Jlpyrue ocloXXHEHHUS, CBSI3aHHBIC C yAaICHHEM
BCEX OOJNBIIMX IAparaHrInOM OCHOBAaHWS 4Yepera,
BKJIIOUaroT JukBopeto (11 % cimydaes), acnmparmio (5
%) ¥ TMOBpEeXIECHUE BHYyTpeHHEW coHHOW aprepuu (1
%). Pexoncrpykius BCA mokaszaHa, korma OOJBHEIC
HE BBIJEPKUBAIOT NpoOy Martaca, 4To BCTpeyaercs
npubnzuTensHo y S — 20 % ¢ nopaxennem BCA.

IIpenonepauuoHnas 3Mooau3aLus

[MpenonepanoHHas 3MO0IN3alHMs CUUTASTCS MO~
JIE3HBIM JIOTIOJIHUTENBHBIM METOAOM IPY IUIAHWPOBaA-
HUH XUPYPrUYECKOro yaaneHus maparanrimom [15].
YMeHbIICHHE BacKyJISIpHU3alH OIyXOJH U €€ pa3Mme-
POB C TOCIEIYIOUIeM CHIKEHHEM HHTPAONEPAIMOH-
HOH KpOBOIIOTEPH SIBIISIETCSI OCHOBHOM IEJIbIO IIPOIIe-
Iypbl. OOIIENPHHATO, YTO OITyXO0JIb pazMepoM Ooiee 3
CM HICAJIBHO MOJXOIUT sl SMOOIHN3AIHH .

JA71st TOTO 4TOOBI HOJIHOCTHIO 3MOOIM3UPOBATH T1a-
paraHriiioMy, JOJDKHBI ObITh OKKITIO3UPOBAHbBI BCE K-
TaloMye coCyIbl. BONBIIMHCTBO apTepuii MOXKET OBITH
3MOO0JIM3UPOBAHO C UCIIOJIb30BAHUEM HACTHUI] MOJIHUBHU-
HITankoronsa pasmepom ot 140 mo 250 mxm. AnbsTep-
HATUBHbBIC 3MOOJIM3AIMOHHBIE MAaTEPUAIIbl BKIIIOYAIOT
n300yTHI- 2 IMaHAKPHUJIAT, CMEIIaHHBIN C JIUIIHOO-
JIOM, KHAKHE SMOOJIM3alMOHHbIE MaTepralsl (OyKpH-
JIaT U CUIIMKOH), U abcopOupyemble SMO0IN3aIIMOHHBIE
Marepuainsl (JacTHIbl reMocTarnieckoi ryoku). [1pu
OJTHOKOMIIOHEHTHBIX OITyXOJSIX BCSI OIyXOJb MOXKET

OBITh yCHEUTHO YMOONTM3NpPOBaHA Yepe3 ONUH IHTA0-
IIAHA COCYJT C UCTIONB30BAaHUEM JKUIKOTO IMOOIIH3aIIH-
OHHOTO MaTepHaja B ONTUMAJIEHOM COCTOSHUM.

VYcnenHolt cuuraerca 3MOonHM3anusd, B pe3yib-
TaTe KOTOpPOH MPOMCXOJUT YMEHBIICHHE OILyXOJIH.
Josst yenemHsix amM0Oomu3anuii coctapisier 80 %. Pe-
KOMEH/1yEeMBbIi IEPHOI MEXAY IMOOIM3aIueit u onepa-
uuei - 1-4 1Hd, B TeYeHHE KOTOPHIX YMEHBIIAeTCs JI0-
KaJbHBIA OTEK, BBI3BAHHBIN dMOOJIM3aLMell , HO He 00-
nee 2 Heleb BO m30eKaHne BOCCTAHOBJICHHUS ITPOCBETA
mUTarIero cocysa.[16]

IIpuBoanM KIMHNYECKOe HADIIOlEHUEe

IManuenr JI. KiinHudyeckuil nuartHos: BarajibHas
naparaHriioma crpasa. bojen B teuenue 1,5 net, xo-
IJ1a OTMETHJI TIosIBIIeHHEe 00pa3oBaHus Ha miee. Status
localis mpu mocTyruieHHH: Ha OOKOBOW MOBEPXHOCTH
IIeW CIipaBa Ha IpaHUIE BEpXHEH TPEeTH U CpellHen
TPETH MOJ] KUBATEIbHON MBIIIIEH MaJbIIUPYeTCs IUIOT-
Hoe oOpazoBaHue 10 4,5 CM B AMaMETpe, OTPaHUICHHO
cMeIaeMoe, MmyJIbCUpYIoIIee. MPOBeAeHa KapOTHIHAS
anruorpadus . [Ipu npaBoCcTOpOHHEH KapOTUIHOW aH-
ruorpaduu (puc. 13) onpenensercs pe3ko rUnepBacKy-
JISIpHAS OITYXOJIb, PACIIONIOKECHHAS BEIIIE OMdypKamun
oOmiell COHHON apTepuy, CMEMIAoIIasi BHYTPEHHIOK 1
Hapy>KHYIO COHHbIE apTepHUH BIepe] U MeAranbHo. [Tu-
TaIIIMKN COCYJ] €eAMHCTBEHHBIN — BOCXOAIIAs TJI0TOY-
Has apTepus. BelmeHa3BaHHAS apTepHst KaTETEPU3UPO-
BaHa KaTeTepoM KaimopoM 5F ¢ ¢opmoii KOHIIEBOTO
n3ruba Headhunter 1. BeimonHena cymnepcenekTuBHas
aprepuorpadus. B muratomuii cocyn BBeaero 100 mr
YyacTUI] NOAUBUHUNAIKOros pazMepoM 200 - 300 MxM.
KonrponbHas anruorpadus nocie sMO0IM3any Moa-
TBEpANIIA MOJHYIO JIE€BACKYJISIPU3ALMIO OIyXOJH (pHC.
14).
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Puc.13-14. Kapomuonas aneuoepamma nayuenma JI. 00 ambonuzayuu u nocie smMO0au3ayu SpaHyiamu noiu-
BUHULANKO2OIA.

[IpoBeneHo ynaneHne OMyXOJIH IICH CIIpaBa ¢ Te-
pecedeHreM OJy KIaroLIero HepBa CIpaBa. 3a)KHBIIC-
HHUE NCPBUYHBIM HaTsHKeHHEM. Mopdonornueckoe 3a-
KJIFOYEHHE: CoNMuaHas maparanriuoma. Status localis
MY BBIMUCKE: PErHOHAPHBIC TUM()ATHUCCKUE Y3IIbI HE
omnpezenstorcs. [locneonepaunoHHslii pyber Ha 1ee
crnpasa 0e3 ocobeHHocTei. [IpaBas MOJOBHHA TOPTAHH
HENOJBI)KHA, TOJIOCOBAs IIENb IS IBIXaHUS JOCTa-
TOYHA.

[NaparaHrimmoMsl - peakue 3a00JIeBaHUs 00JaCTH
TOJIOBBI M IIIEH, CcOCTaBlsmomue Toibko 0,6 % Bcex
oryxoJei 3Toi 30Hbl. OHE OOBIYHO OOHAPY>KHUBAIOTCS
B TPEX JIOKAJIM3ALHUIX: KAPOTHHOE TeJIblie B Oudypka-
U 00Iel COHHOU apTepuu (OMyXO0Jib KapOTHIHOTO
TEeNbLA), B IPEMHOM OTBEPCTHH (IJIOMYCHas IOTYJIISIp-
Hasl OITyXOJIb, BaraibHas MaparaHriiioMa), i B CpeIHEM
yxe (TIOMyCHasi TAMITAHUYECKast OTYXO0JIb). DT YETKO
ouepueHHbIe 00BEMHBIE 00pa30BaHUsl OOBIYHO HE BbI-
3BIBAIOT CEPHE3HBIX KIMHUYCCKUX MPOSBICHUH, He-
IDIOTHBIE, MeUIEHHOpacTyIe. B cBs3u ¢ 0coOEHHO-
CTSMH JIOKaJIHM3allMd HanOoiee YacThIM CHMIITOMOM
SIBIISICTCS TIApE3 YEPEITHO-MO3TOBBIX HEPBOB, 0COOCHHO
JUTSL OITyXOJIeH, pacTyIIuX BOJU3U OCHOBaHHS Yepera.
BonpmuHCTBO TaparaHTIoM JOOpOKadeCTBEHHBIC.
HeCMOTpH Ha 2TO, MaparanrjinoMbl €U NPEACTABIIAIOT
CIIOKHYIO NIPOOJIEMY JIsl JIeU€HHS M3-3a JIOKAIN3AINU
B 00JIACTH TIPOXOXKIACHHUS COHHBIX apTepuid. DTO CBS-
3aHO C TEM, YTO IIPH ONEPATHBHOM JIEUYCHHUH, KOTOPOE
SIBJIIETCS. OCHOBHBIM METOJOM, B TOM WJIM MHOW CTe-
TIEHU BCET/Ia MPUXOAMUTCS TMPOBOJUTH XUPYPTUICCKUC
MaHUIYJSIUU C dTHMHU apTepusMu. TimatenpHOe 00-
clieZloBaHUE ¢ 00sA3aTEFHBIM BBITOJHCHUEM METOJIOB
MMOCIIOWHOTO CKaHUPOBAHHS C OOJFOCHBIM KOHTPACTH-
pOBaHHEM TIO3BOJISIET TOYHO OLIEHUTH PaCIPOCTPaHEH-
HOCTH OITyXOJIM W CIUIAHHPOBAaTh O00BEM XHPypruve-
CKOTO BMEIIATENIHCTBA, B TOM YHCIE - IIACTHYECKUE
orepaiuu Ha cocynax. KaporugHas aHruorpadus u
IpeaonepanuoHHas dMO0IM3ays BETBEH HapyKHOH
COHHOW apTepuH, KPOBOCHAOKAIOMINX OITyXOJIb, 103~
BOJIIIOT ©0JIee TOYHO ONPEAETUTh HCTOYHHKH KPOBO-
CHA0XEHNS W YMEHBIIUTh KPOBOTOK B OITyXOJH, UTO
obJieryaeT e€ BbIACICHIE BO BPEMsI OTIEPALIMH U TT03BO-
JSIET MIPOBOAUTH OoJiee IaisIine BMELIaTesbcTBa 0e3
MIEPEBSI3KM COHHBIX apTepuid. 'paMoTHOE MCHoNb30Ba-
HUC BO3MOXKHOCTEH COBPEMECHHBIX METOJOB JIYYCBOM

JUarHOCTHKY, TIPEJONEpPalMOHHOE  IUIAHWPOBaHHE
00bEéMa BMeIATENbCTBA, KOHTPOJIUPYEMBIH reMocTa3
BO BpEMs OllEpally MO3BOJIAIOT M30€XaTh TSHKENBIX
HHTpa- U IOCJIEONEPAllMOHHBIX OCIO0KHEHHH, TaKHX
KaK KpOBOT€UEHHUE U UHCYIBT. [Iporuo3 npsmo cBsa3ax
C JIOKaJW3alMeill OIyXOoJH: Jydllne pe3yibTaThl y
OOJIBHBIX C KAPOTUAHBIMH MaparaHrJIMOMaMu.

DuHAHCUPOBAHME

HccnenoBanme u mporecc myOnukanuu o63opa
(MHAHCHPYETCS YaCTHBIM JINIIOM.

Konduaukr unTepecon

B marHOM 0030pe MOTCHIMANBEHBIX KOH(IHUKTOB
HHTepeca HeT.
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Bce aBTOpBI 1M coriacue Ha Iy OIUKaluIo.
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Abstract

Objective. To compare the indicators of quality of life in patients with high-risk non-muscle invasive bladder
cancer during adjuvant intravesica lhyperthermic chemotherapy and BCG vaccine therapy.

Materials and methods. Depending onthetype of treatment, patients were dividedinto 2 groups. The 1st
groupin cluded patients whoreceived adjuvant therapywith BCG vaccine (BCG therapy group; n = 44), the 2nd
group - patients (HIVEC therapy group; n = 41), whounderwentintra vesical chemotherapy using a device fo rlocal
hyperthermia Combat BRS HIVEC.

Results. Accordingtothe EORTC QLQ-30 questionnaire, results were obtained that confirm the better quality
of life ofpatientsinthe HIVEC therapy group, especially interms of physical condition, level of social adaptation
of patients, and indicators of intoxication. According to the FACT-BL questionnaire, the best results were obtained
in the group of HIVEC therapy interms of social and functional well-being, quality of urination and according to
the scale "BladderCancer".

Conclusions. A higher quality of life was found among patients receiving intravesical hyperthermic chemo-
therapy. The lower standard of living in patients with BCG therapy is associated with a large number of side effects
and, accordingly, with a higher level of toxicity of BCG therapy.

AHHOTALUA

HeJ’lb. CpaBHI/ITBHOKaSaTeHI/I Ka4yeCTBa JXKM3HU MAIUCHTOB C MbINICYHO-HCWUHBA3WBHBIM PaAKOM MOYEBOTO ITY-
3bIPSI BBICOKOT'O PUCKA IPU MPOBEACHUU a{bIOBAHTHON BHYTPHUITy3bIpDHOM I'MIIEPTEPMHUYECKON XUMHOTEPANIUU U
Tepanuu BakuHoi bIDK.

MaTtepuanbl M MeToAbI. B 3aBUCHMOCTH OT BHA JIEYSHNUS, MAIIUEHTHI OBUTH pa3JiesieHsl Ha 2 rpynmsl. B
MEPBYIO I'PyHITy BOLIN MNAIIMEHTBI, KOTOPBIM aIbHOBAHTHAsA TEpAIllid NPOBOANUIACHE C TOMOIIBIO BaKIIWUHbBI BL[)K
(rpynna BIDK tepanuu n = 44), Bo BTOpy!o rpynmy - naunuentsl (rpynna HIVEC tepanuu n = 41), koTopeiM
BHYTPHITY3bIpHAsI XUMHOTEPAITHsI IIPOBOJIMIIACHEC TOMOIIBIO annapara Jyist JokaibHoi runeprepmuu Combat BRS
HIVEC.
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Pe3yabTatsl. [locie aHanu3a AaHHBIX, TOJIYYEHHBIX MPHU OMPOCE MAMeHTOB ¢ noMoulbio anketsl EORTC
QLQ-30, 6putH MOIYYCHBI PE3YIIbTaThl, TOATBEPIKIAIOIINE Iy YIIHH YPOBEHh KAUeCTBA KH3HH Y MAI[HEHTOB 10~
JYy4YaBIINX THIIEPTEPMUICCKYIO XUMHUOTEPAITHIO, OCOOCHHO 10 (PU3MUYECKOMY COCTOSHHIO, IT0 YPOBHIO COITHAIIb-
HOW aJlanTaIriy MayueHToB, 110 TToKa3aTeJsIM HHTOKCUKanuu. [1o nanaeiM aHanm3a ankeTsl FACT-BL y manueH-
toB rpymnmsl HIVEC Tepanuu ObIUTH MOTyYeHBI JTYYIIHE PE3YJIBTATHI IO TIOKA3aTeNsIM COITUAIBHOTO U (PYHKIIHO-
HAJILHOTO OJIaroIOTydnsi, KadeCTBa MOYCHCITYCKaHHUS | 10 JAaHHBIM IIKaJBl «Pak MOUEBOTOITY3BIPSI».

BrsiBoasl. bosee BrICOKMI ypOBEHB KadecTBa JKU3HU OB BEISIBIICH YIIAIIMNEHTOB, MOIYYaBIINX KypC BHYTPH-
My3bIPHOM TUMIEPTEPMHUUECKON XUMUOTepanuu. bonee HU3KMiA ypoBeHb xU3HU y nauueHToB rpymnmnsl BIDK Tepa-
MUY CBSA3aH ¢ OOJBIINM YHCIOM MTOOOYHBIX 3()()EKTOB U, COOTBETCTBEHHO, C 00JIee BRICOKAM YPOBHEM TOKCHYHO-
ctu BIK Tepanun.

Keywords: Non-muscle-invasive bladder cancer, intravesical hyperthermic chemotherapy, BCG therapy.

Karouesble ciioBa: MbledHO-HEMHBA3UBHBIN PaK MOYEBOTOIY3bIPsl, BHY TPHITY3bIpHast THIIEPTEPMHUYECKAs

xumuotepanus, BIDK Tepamms.

AxkTtyanpHocTh: COTIIaCHO KIMHUYECKHAM PEKO-
MeHnauusm EBpomnetickoii accoruaiuu yposioros 2020
CTaHJapTHBIM METOAOM aJIbIOBAHTHOTO JICUEHUS Mallu-
€HTOB MBIIIIEYHO-HEUHBA3UBHBIM PAKOM MOUYEBOTO Iy-
3b1pst (MHPMII) cpenneli 1 BBICOKOH IpyII pUCKa CO-
rinacHo knaccupukaunu EORTC, saBnsiercst BHyTpHITY-
3pIpHas MMMYyHoOTepanus BakiuHoii BIDK [1].
JocraTo4Ho 00JbLIOE KOJMYECTBO MCCIIEIOBAHHUMN I10-
Kazanu npesocxoactBo BIDK Hax npoBeneHnemM BHYT-
puny3bipaoit xumuoteparmuu (BIIXT), B wacTHocTH
JIaHHBIE STUMETAaHATIN30B MOATBEPAWIN, UTO IPUMeE-
venue BI2K mocne TpaHCypeTpaibHOUM pe3eKIuu MOo-
gesoro my3sipsA(TYP) nmpeBocxomut Toapko TYP wim
TYP + BHyTpHUIY3BIPHYIO XUMUOTEPAIHIO JIJISl TIPEIOT-
BparmieHus penuausa MHPMII (ypoBeHb moka3aTellb-
HoctH la) [2, 3,4].

Taxk, P. U. Malmstrom ¢ kosneramu B MeTaaHa-
nu3e 9 paHIOMHU3UPOBAHHBIX KIMHHYECKUX HCCIEN0-
BaHUM, BKJIIOUaBIIeM B ce0s1 2820 mannueHToB, CpaBHU-
Bayn 3¢ dexruBHocTh BLIK-Tepanuu u BHyTpHITy3bIp-
HOM XUMHUOTEPANH MuTtomunraom-C. B
WCCIIEIOBaHMX, B KOTOPBIX NALMEHTHI [IOJIydau Tepa-
nuto BakiuHod BIDK B ocHOBHOM W moaaepuBaro-
[IeM PEeKUMax, OBLIO IPOJEMOHCTPHPOBAHO CHIKCHUE
puckapeun1uBoB Ha 32% 1o cpaBHEHUI0 CMUTOMUIIN-
HOM— C [5]. OmHako, OoJblliee KOJTUIECTBO TOOOYHBIX
3¢ eKTOB JeUeHUsI U NPOSBICHUE TOKCHYHOCTH Bak-
nuHbl BIK mo cpaBuenuto ¢ BITXT (ypoBenb noka3za-
TENBHOCTH la), COXpaHSIOT aKTyaJbHOCTh METO0Ja
BIIXT u 3acTaBisitOT MCKaTh Iy TH IIOBBIIIEHUS €TI0 OH-
KOJIOTHuecKoi 3P PeKTUBHOCTH [6].

OnHOM U3 TaKUX METOJIUK, MOBBIMIAIOIICH MPo-
HUIAEMOCTh CTEHKH MOYEBOTO ITy3bIPsl ISl XUMHO-
MpenapaToB, SBISETCS NPOBEACHUEBHY TPUITY3bIPHOM
XUMHUOTEpAIHU ¢ TOMOUIbIO JIOKATbHON TUIIEPTEPMUH,
KOTOpasi JOCTUTaeTcs 3a CUET MOCTOSTHHOTO armnapar-
HOr0 HarpeBa BOAHOro pactBopa Muromunuza-C 1o
43-44 rpanycos Lleascus ( Hyperthermic intra vesical
chemotherapy - HIVEC) [7,8,9].

Henb: cpaBHUTENbHAS OIEHKA KAUYECTBA KU3HH
MaIMEeHTOBMBIIIIEYHO-HEMHBA3UBHBIM PAKOM MOYe-
BOTO ITy3BIPSI BRICOKOTO PHCKA MIPY MPOBEIECHUH aTb-
IOBAaHTHOH BHYTPUILY3bIPHON THIIEPTEPMUIECKOM X1-
MUOTEpanuu u Tepanuu BakiuHoil BIDK.

Marepuansl u MeToABI: B 06cnenoBanne Boumn
85 mamentoB MHPMII BricOKOTO prcKa, KOTOPBIE MO-
Jy4yaJluB aMOyJIaTOPHOM PEXHME aJbIOBAaHTHYIO BHYT-
pUIY3BIPHYIO Tepamnuio Ha 0Oa3e YHHBEPCHTETCKOU
xnuHukn OHMenVs nepuon ¢ 2013 mo 2019 .

Bce uccnenoBanus NpoBOAWINCE B COOTBETCTBUU
¢ Konsennueit Coseta EBponsi «O 3amuTe mpas ueno-
BEKa U 4eJIOBEYECKOI'0 IOCTOMHCTBA B CBSA3U C UCTIONb-
30BaHHUEM JOCTHXKEeHHH Onosornu U Meaunuubl (ETS
Nel64)» o1 04.04.1997 r., m XeabCHHCKOM TeKJIapaiu
Bcemupnoii MeaunmHcKol acconuaruu (2008) (mpo-
Tokoi Noll17A 3acemanmsa Komuccum 1o OMOITHKHA
Onecckoro HAMOHATIBHOTO MEJUIIMHCKOTO YHHBEPCH-
teta ot 12.05.2017 p.). [lepen BKIIOYCHUEM TaIMCH-
TOB B HPOTOKOJI HCCIEAOBAaHMS OBUIM IOIYy4EHBI HX
JIMYHBIE TUCBMEHHBIE JOOPOBOJIBHBIE COTIACHS Ha y4a-
CTHE B HCCJICIOBAHUM U MIPUHATHI BCE MEPHI I obec-
HeYeHHsI aHOHUMHOCTH MallHeHTOB.

B 3aBucuMocTH OT BH/A JI€UCHUS, MAIIUEHTHI ObI-
JTUNOAETCHEI Ha 2 Tpynmbl. B 1-fo rpymmy (cpaBHEHU)
BOLIUIM TAIMEHTHI, KOTOPHIM aAJbIOBAHTHAS TEPAITUs
nociie TYP npoBonunace ¢ nomounpio Bakuuasl BIDK
(rpynmma BCG tepanum; n = 44), Bo 2-10 rpymmy (mc-
crenyemyro) —manueHTsl (rpymmnaHIVEC tepamuu; n
=41), KOTOPBIM BHYTPHITy3bIpHAsI XUMHOTEPAITHUSI IPO-
BOJIMJIACHC IOMOIIBIO alapaTa AJs JIOKaJIbHOH THUIep-
tepmun Combat BRS HIVEC.

IIpotokon neuenus mamueHTtoB Tpymmsl BIDK
BKIIOYaNl B ce0f MHCTWIISIIMK PacTBOpa BaKI[MHBI
BIDK, Temnepatypa xotoporo 20-21°C, oguapas B He-
Jem0 B IYCTOW MOYEBOW ITy3BIPHOJAHOPA30BBIM
ypeTpaibHbIM KateTepoM. [lanmeHT moimkeH ObUT BbI-
JIepKUBATh BPeMs SKCHO3ULUU | gac JO akTa MOYeHc-
myckaHus. OCHOBHOH KypcC JIEYEHUsI COCTaBIsUI 6 He-
JIENBHBIX MPOLEAYP.

IIpoTokos nedeHust NalUeHTOB 20H TPyl CO-
CTaBJBUILIECTUHEENBHBI Kypc HMHCTWLIALUAMuUTO-
munirHa — C B 103€40 MT. ¢ TOCTOSTHHOM TeMIIepaTypoi
43-44 °C na npotsbkeHnr 60MHHYT OJIMH pa3 B HeJe-
mocnomonipio cucteMbiCombatBRS HIVEC.

XapaKTepUCTHKA MCCIeTyEeMbIX TPy IPEACTaB-
neHa B Ta0n. 1. CpaBHUTEIBHBIN aHAIN3 UCCIIETyeMbIX
[apaMeTpPOB B IPyNIEe CPABHEHUS IPOBOAMIH 10 METO-
JMKe «XHU-KBazpar.
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Tabuumna 1
XapakTepucTHKa rpynn cpaBHeHHsi corsiacHo crpatudukanun EORTC.
[Mapametp I'pymma BCG I'pymma HIVEC

n(%) n(%) P value
[on
Mykckon 36 (81,8) 8 (18,2) 0,48
Kenckmii 31 (75,6) 10 (24,4)
Bospacr 66,39 £10,99 (95%11:63,18- 67,15 +11,38(95%/11:63,61-70,66) 075

69,45) '
[epBuuHbIE 37 (84) 27 (66) 0.051
PeunnuBHbIE 7 (16) 14 (34) !
Ta 4(9,1) 3(7,3) 076
Tl 40 (91) 38(92,7) '
Kon-Bo omyxouneit
Opnna 21 (47,7) 23 (56) 0,44
2-7 23 (52,3) 18 (44)
Jwnametp omyxonen
<3 22(50) 20 (48,6) 0,91
>=3 22 (50) 21 (51,2)
CIS 10 (22,7) 8 (19,5) 072
Gl 4(9) 2(5)
G2 24 (54,5) 17 (41,5) 0,26
G3 16 (36,4) 22 (53,7)

MakcumanbHOE KOJTMIECTBO COIYTCTBYIOIINX T1a-
TOJIOTUICO CTOPOHBI PA3IMYHBIX OPTAaHOB M CHCTEM
6b110 OTMEUCHOB 1-i rpymme — 256 %; Bo2-ii rpymme
— 291 % (B cBs13u ¢ HaNTMUUEM y | MarueHTa HeCKOJIb-
KHXCOIYTCTBYIOIIMX 3a0oJieBaHUN 00Iias cymma co-
crasunabosiee 100 %). B ocHoBHOM Tipeobrnamany ma-
TOJIOTHM ~ COCTOPOHBI ~ CEPIEYHO-COCYAUCTON  CH-
crembI(B 1-i1 rpynme — 173 % COOTBETCTBEHHO, BO 2-
it rpyne — 168%). CpeaHee KOIMYECTBO [IUKIIOB Jie-
yerns B rpymmne BCG tepanuu coctasmino 5,02 + 1,4
(95%A1: 5,59-5,93), B rpymme HIVEC rtepamuu 5,78
0,57 (95%A1: 5,24-5,88)(p=0,041).

HccnenoBanne kauecTBa )KU3HU OOJIBHBIX ITPOBO-
JIMJIOCH TIPH TTOMOIIH 2 ONPOCHUKOB, Han0oJIee IMOJTHO
OTBEYAIONINX TPEOOBAaHMAM OLIEHKH KauyecTBa JKU3HH
OHKOJIOTHYeCKHUX OONbHBIX. IIepBbIii — coBpemMeHHas
Bepcus omnpocHuka EBpornelickoil opraHuszanuu IO
m3yuenuton nedenmto paka EORTC QLQ-30 (v. 3)
(QualityofLifeQuestionnaire-Core 30
ofEuropeanOrganisationforResearchand TreatmentCan
cer), opurnmansHO yTBepXKIaeHHas ['pynmoi u3ydeHus
kadectBa xku3HH EORTC u pasperiennas ans npume-
HEHUs B Hay4yHbIX uccaenoBanusix [10,11].

Bropoii ONPOCHUK — FACT-G
(Functional AssessmentofCancerTherapy-General) ¢
MozayneM BL(umkana ¢pyHKIMOHAIBHOHN OLICHKH Jiede-
Hust PMIT; Bepcust 4). OnpocHUK UMEET TOTIOTHUTENb-
HBIE BOIIPOCHI TTIOMpoOIeMaM MOUYEBBIACICHHUS U YIep-
KAHOSA MOYM, (QYHKIUH KHIIEYHHKA, CEKCYalTbHOM
¢dysxomn [12,13,14].

Bce 85 60nbpHBIX, yUaCTBYIOIIHNX B HCCIICIOBAHNH,
OTBEYAJIM Ha BONPOCHI 00EMX AHKET MHepel KaKIbIM
LIKJIOM BBEJCHUS JEKaPCTBEHHOTO BEUIECTBA. AHAIN3
MOJyYSHHBIX JAHHBIX MPOBOJMIN C MOMOIIBIO CTaH-
JapTHBIX METOJOB CTaTUCTUYECKOHW 0OpaboTKM naH-
HBIX C HCIIOJIb30BaHUEM IIPOTPaAMMHOTO obecreueHus
SPSS v. 26 ¢ ycTaHOBJICHHBIMHU ITakeTaMH 00pabOTKU
onpocankoB QLQ u FACT-BL. Craructuueckyo 00-
pabOTKy HOJyYEHHBIX PE3yJIbTaTOB MPOBOJIIN METO-
JlaMH HEeTIapaMeTPUIECKOH CTaTUCTHKH, C HCIIOJIb30Ba-
HueM U-kputepuss ManHa-YutHu U Tecta Buikok-
coHa. Taxke MOJIydeHHbIE JIaHHBIE IMPEACTABICHBI B
BHJIE MeuaHbl, 95% NOBEpUTENBLHBIN HHTEpBa KOTO-
POl OIIEHUBAJICS C UCIIOIB30BAHUEM MOJIEIIEH ciTydaii-
HBIX ¥ (PUKCHPOBAHHBIX 3P PEKTOB.

Pe3ysabTaThl 1 00CyKICHUS:

Omnpocank EORTC QLQ-30

CornacHO MPOBEJCHHOMY HCCIIEOBAHUIO IO Ka-
YEeCTBY)KHU3HU TMAIIHEHTOB C MBIIIEYHO-HENHBA3UBHBIM
PMII BbICOKOTO pHCKa, MOJYYaAIOUIUX aAbIOBAHTHYIO
BHYTPHITy3bIpHYIO0 Tepanuioo, mo onpocHUKYEORTC
QLQ-30 momydeHb! pe3ysbTaThl, MOATBEPKIAIOINe-
BBIIIIE ypOBEHb OOIIEro KayecTBa XHM3HU IMAIMEHTOB
IpU TNPOBEJECHUU BHYTPUITY3BIPHOH TUIEpTEpMUYE-
CKOi xumuoTepanuu MutoMuuHOM-C , 0COOEHHO 110
(U3MYECKOMY COCTOSIHHUIO,IO aaNTalH MAllMeHTOB B
obmiectBe (poseBast U COIMANTBHBIE IIKAJBI), IO MMOKa-
3aTenssM HWHTOKCHKAIIMM — CHMITOMaM yCTaJlOCTH,
TOIITHOTHI/PBOTHI, OOJIEBOTO CHHAPOMA, TIOTEPH arlre-
TUTa, TUApEH, a TAK)KE B OTHOIICHUH JEHE)KHBIX 3aTpaT

(tabm. 2).
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Tabuma 2
I'pynma BCG I'pynna HIVEC Pivallie
IIxana onpocHuKa™* n(%) n(%)
Mopna | Meanana mkai, %
100 |80 100 | 87
Omnueckas yHkis (OD) (95%]TH: 73 — 87) (95%T11: 80 — 93) ,001
83167 83183
HomeEa (s () (95%JTH: 50 — 83) (95%J1M: 83 — 92)) 000
100 83 100 | 83
KorantusHas dpyakmus (KO) (95%T11: 67 — 100) (95%]TH: 83 — 100) ,086
92192 9292
OMornmonanpHas GyHKIHS (OD) (95% I[Hil 75 _92) (95% I[H! 83— 92) ,549
83167 8383
ConmansHas ¢pysknus (CD) (95%]TH: 67 — 83) (95%JT1: 80 — 83) ,000
I1Ikaspl CHMIOTOMATHKH **
44144 3333
Yyeranocts (95%J11:44 — 44) (95%JIU: 22 — 33) ,000
17|33 0|0
s (95%]111: 83 — 85) (95%J1I4: 0 — 0) 000
17|33 0|0
e (95%]TH: 83 — 100) (95%]T1: 0 — 17) ,000
0|33 0|0
Aucnros (95%J111: 0 — 33) (95%J1U: 0 — 33) ,338
0|0 0|0
becconnmua (95%JIH: 0 — 0) (95%J1H1: 0 — 0) /182
IloTeps ammeTuTa 33133 0 000
(95%JI1: 33 — 33) (95%JI1: 0 — 33) ’
00 0|0
Hamop (95%]TH: 0 — 0) (95%JTH: 0 — 33) 459
33|33 0|0
Huapes (95%J11: 33 — 33) (95%J11: 0 — 0) ,000
67|67 3333
e (95%J11: 67 — 83) (95%J11: 22 — 33) ,000
67|67 83|67
OO1m1ee Ka4ecTBO XKU3HU (95%]T1: 80 — 83) (95%J1H: 50 — 83) ,009

* Boicokre 0auibl 0 OCHOBHBIM IIKATaM OTPaXKaroT 00Jiee BBICOKUE MTOKA3aTeNH Ka4eCTBA )KU3HH.
** Bpicokue 0asUIbI IO IIKaJaM CUMIITOMATUKY OTPAXKAIOT 00Jiee HU3KUE MTOKA3aTeIIH.

[Tpu cpaBHEHNU MeIMAHHBIX MOKa3aTenel 1o ¢u-
3MYECKONH HPOJICBOW IIKajlaM JaHHbIE MAIMEHTOB II0
rpynne BCG tepanuu xyxe rpynnsl HIVECrepanun,

OpH JIeTABHOM pa3bope MmapameTpoB, HECMOTPS Ha

Lkana pnandeckas hyHKUMA
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OJIMHAKOBbIE MOABI 0a/IOB OTBETOB 11O LIKOJIE POJIeBast
(byHKHI/IH, MEAHAaHbI OTBECTOB CTATUCTUYECCKU pa3jinya-
1otcs (puc. 1,2).
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@d
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ITo »>MOIMOHANILHON IIKaJle MEJUaHbl HaOIIoIe-
HHUS paBHBI B 00eMX TpyImax, HO JeTajbHAas OLECHKa
BCEX OTKJIOHEHUH TMoOKazaja, 4yTo BO 2-i rpymnme uMe-
IOTCSl TIAIMEHTHI C MEHEe BBIPAKEHHBIMH OTKJIOHCHU-
SIMU B dMOITHOHaNBHOU cepe (puc. 3).IIpu onenke 00-
el mkaiasl «KadecTBo )KU3HM» ITOKA3aTeNH 110 MEIN-
aHe B 2 TpyNIIax paBHbI, HO TaHHAS IIKaIa HE SBJISICTCS
WHTETPAIBHOHN, TIO3TOMY NPH UHTEPIIPETANNN TaHHBIX

LLkana amounoHanbHas (hyHKLUMA
NeveHune

HIVEC BCG

120,00 120,00

100,00

100,00

2  sm 50,00
)4 . .

e

60,00 0,00

4000 40,00

25 20 15 10 5 0 5 10 15 20 25

YacTtoTa YacTtoTa

Puc. 3

[lo cumnromaThueckod IIKanaM «YCTalnoCThb,
«Tomuora», «bonb» u «Iloreps ammeruta» pa3dpo-
CIIOKa3aTesel B XyIIyI0 CTOPOHY BBILIE CPEAX Malu-
€HTOB 1-¥ TpyMIIBI, YTO TOBOPHT O O0JIee BEIPAKECHHBIX
CUMIITOMAaX UHTOKCUKALMH Y MALMEHTOB, MOTyYaBIINX
BHyTpuMy3sIpHYI0 BCG Tepanuto.llo mo3HaBaTenpHOI
1IKajie, N0 CUMOTOMAaM OJIBIILIKY, HAPYILIEHUS CHA, 3a-
Mopa He BBIABJICHO CTATUCTHYECKH 3HAUUMBIX OTIIHYUI
cpeny NalueHToB 2 rpyn.

Onpocuux FACT-BL

[lo naHHBIM aHalM3a COCTOSIHUSI TMALUEHTOB C
npumeHeHrneM aHkeTsl FACT-BL Gbun monaTBepxieH
JYYIIMIYpPOBEHb KauecTBa )KM3HHU Y NAL[UEHTOB, NOJY-
YaBIINX BHYTPUITYy3BIPHYIO THUIEPTEPMUYECKYIO XU-
MHOTEpANHi0 B aJbIOBAHTOM pPEXHME, 0COOCHHO IO

HEO0XOUMO OLICHUBATH JOMOJHHUTEIBEHBIC TAPAMETPHI
9TO# LIKaJbI, & TAKIKE YUYUTHIBATH OKA3aTENH, MOy~
YCHHBIC TI0 BCEM IITKAJIaM OMPOCHHUKA.

Takum 00pa3oM, y MAalUEHTOB, I[OJYYaBIIHX
BHYTPHITY3bIPHYIO THICPTCPMHUICCKYI0 XHMHOTEpa-
MU0, OTMEYeH OoJiee BBHICOKUI YpOBEHb Ka4yecTBa
JKH3HH MTOCPABHEHUIO C JAHHBIMU ITAIIUCHTOB TPYIIIHI
BCG Tepamuu(cm. puc. 4).

LLkana obLWee Ka4ecTBO KU3HW

NevyeHue

HIVEC

BCG

120,00 120,00

100,00

100,00

0,00 80,00

OKOK
A0

60,00 60,00

10,00 40,00

20,00 20,00

15 10 9 o S 10 15

YacToTa
Puc. 4

YacToTa

MIOKa3aTEeISIMCOMAIBHOTO U (YHKIIMOHATIBHOTO Oia-
ronoy4us (BOIpPOCH Kacajluch paboThl MO AOMY), a
TaKkKe MO KAaueCTBY MOUYCHCIYCKaHHS M IO JIaHHBIM
CIEeIHAIBHONW TMOJIIKAIBI, pa3spabOTaHHOM I Malu-
€HTOB C JHArHO30M paK MOYEBOTrO My3bIps (Tabi. 4).

[Tpu cpaBHUTEIBHOM aHaJM3€e MapamerpoB Gpusu-
YEeCKOTO COCTOSTHMS, (QYHKIIMOHUPOBAHUS JKEITYJOUHO-
KHIIEYHOTO TPaKTa (10 CUMIITOMaM JIHapeH, CHIKEHUS
MAacCHI TeJla) MEeANaHBI BO 1-if U 2-# rpymmaxpaBHbL, HO
IIPY JIETANBHOM OIIEHKE IIKaJl MaKCHUMaJIbHbIEOTKIIOHE-
HUSI B CTOPOHY XyJIIINX MOKa3aTelel BBISIBICHBICPEIN
narrenToB rpynnsiBCG tepanuu.

ITo mKaxesMOIMOHANBEHOTO O1aroNoTyYHs HE BBI-
SIBJICHO CTaTUCTUYECKH 3HAYMMBIX DPa3IMYMi MEXIy
rpyIaMu.

Tabauna 4.
I'pynma BCG I'pynna HIVEC P value
IlIxana onpocHUKa n n
Menuana mxkaj, 0aisl
23|21 27|26
®dusuueckoe coctosiaue (OC) (95%21[:'22 _28) (95%111:'24 _28) ,001
22|21 28|24
ConmanpHoe cocrosaue(CC) (95%21[:| 17 - 24) (95%111:' 19 — 28) ,011
22|20 21|20
OMouuoHanbHoe coctosHue (OC) (95% lllzl 18 - 24) (95% ﬂlil 18 - 24) ,486
17|16 19|18
OyHKIIHOHANEHOE cocTosiHuE (DD) (95% I[Iil 11-22) (95% ﬂlil 15— 27) ,549
Hommxanst FACT-BL
7|6 91|19
«Moueucmyckanuey (95%J11: 5 — 10) (95%11: 8 — 12) ,009
«CHuxeHHe MacChl TeIa» (95% ;& 53 6) (95% 4I[{ 64 8) 338
ol O — o/l 4 — '
30127 36|34
«Pak MOU€BOTO My3BIPS» (95%]11: 28 — 32) (95%J11: 30 — 40) ,026
N 102 |96 127123
«O6mmuit magexc FACT-BLy (95%J11: 91-116) (95%J11: 111-129) ,005
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BriBoabl

e Ilo mamueM ompocankoB EORTC QLQ-30,
FACT-BL Gonee BBICOKHI ypOBEHb KauecTBa >KA3HU
BBISBJICH CPEIU MALEHTOB 2- TPYMIBI (TOTyJaBIINX
KypC BHYTPUITY3bIpHOM aJbIOBAaHTHON TEpamnuu B pe-
KM€ THIePTePMITYECKON XUMHOTepanun). boiee Hu3-
KU YPOBEHB KHU3HU IOATBEPKICH y MAIIEHTOB, TIOJTY-
YaBIINX KYPC aJbIOBAHTHOW TE€PaIMH C TIOMOILBIO BaK-
uuabel BCG (1-s1 rpymma), 4To CBsi3aHO ¢ OOMbLIMM
YHCIIOM NOOOYHBIXI(PEKTOBH, COOTBETCTBEHHO, C 0O-
JIeeBBICOKUMYpOBHEMTOKCHYHOCTUBCG Tepanuu.

* Bo3MOXHOCTh INEpEHECTH TOJIHBII Je4eOHbIH
IUKJ aJbIOBAHTHOW Tepamuu 0Oe3 MOTepH KadecTBa
JKU3HU SBIAETCSA ONHUM M3 KpUTEpHEB 3P PEKTHBHOCTH
nedeHust 6onpHBIX. [Ipn BEIOOpE MeTo1a aTbIOBaHTHON
Tepanuy npu MelliedyHo-HenHBazuBHoM PMII cnenyet
PYKOBOJACTBOBAaTHCSI HE TOJIBKO OHKOJIOTHYECKOW 3(h-
(heKTHBHOCTBIO, HO M MEPEHOCHMOCTBIO JIEKAPCTBEH-
HOM CXeMbl, 0COOCHHO y BO3PACTHBIX MAIUEHTOB C CO-
IIyTCTBYIOLIEH MaTOJIOTHEH.
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Abstract

The article shows that the relativistic formulas of the existing generally acknowledged version of the special
theory of relativity (STR) are incorrect; they have been incorrectly explained by using the incorrect principle of
light speed non-exceedance and entailed wrong conclusions consisting in existence of only our visible universe
and physical non-existence of concrete imaginary numbers. Therefore, the existing version of the STR is incorrect
and it was not created in the 20" century. Moreover, it could not be created at that time, since the experimental

data required for this were obtained only in the 21% century.
Therefore, an alternative version of SRT, free from the indicated disadvantages, is presented. It is based on:
e experiments carried out in the 21% century that prove the general scientific principle of physical reality of
imaginary numbers refuting the principle of light speed non-exceedance;
o (ata obtained by the WMAP and Planck spacecraft, which allow us to determine the metrics and structure

of the space in which our hidden Multiverse exists;

o proposal for astronomical observations in anomalous zones, which will allow, by registering constella-
tions in their starry sky, to experimentally prove the existence of invisible universes..

The alternative version of the STR has made it possible to explain the phenomenon of dark matter and dark
energy, as well as the existence of antimatter that does not annihilate with matter and tachyons that do not violate

the principle of causality.

Keywords: imaginary numbers; special theory of relativity; dark matter; dark energy; dark space; Multiverse;

Hyperverse; invisible universes; anomalous zones.

1. Introduction

Creation of the special theory of relativity (STR)
[1] - [3] was the most outstanding scientific achieve-
ment of 20"-century physics. The STR has been repre-
sented in all university and even school physics text-
books. Ironically, the existing physics of real numbers
can’t explain the main result of the theory, its relativ-
istic formulas. At hyperlight speeds, whenV > C, the
formulas

A=)
At = At, 1—(%)2 @
=1 1Y) @

where My is the rest mass of a physical body;

M is the relativistic mass of a moving physical
body;

Ato is the rest time of a physical body;

At s the relativistic time of a moving physical
body;

|0 is the rest longitudinal length of a physical
body;

| is the relativistic longitudinal length of a mov-
ing physical body;

V is the velocity of a moving physical body;

C is the speed of light

actually lead to the results that are measured by
imaginary numbers discovered 500 years ago, but un-
explained until very recently. And no one can ex-

plain what is, for example, 21 kilograms, 31 seconds,

51 meters (where | = \/—_1 is the imaginary unit) in
our space of real numbers.

However, the creators of the STR couldn’t actu-
ally admit that they didn’t know how to explain the rel-
ativistic formulas of their theory, since the theory
would no longer be necessary. Therefore, the principle
of light speed non-exceedance turned out to be in de-
mand in the STR. Moreover, the principle has been
proved in the STR neither theoretically nor experimen-
tally. Thus, it has been just a postulate, i.e. unproven
assumption. As shown below, it turned out to be wrong.

Besides, the formulas (1) - (3) were misexplained
with the use of the incorrect principle of light speed
non-exceedance. This led to wrong conclusions about
the absence of any physical content in imaginary num-
bers and the uniqueness of our visible universe.

In 1958 Pavel Alekseevich Cherenkov, Igor Evge-
nievich Tamm and llya Mikhailovich Frank received
the Nobel Prize for the discovery and interpretation of
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Cherenkov radiation [4], emitted when charged parti-
cles move through a transparent medium at a speed
greater than the speed of light in that medium. Appar-
ently, the discovery refuted the principle of light speed
non-exceedance in its original formulation. However,
the situation was saved by correcting the formulation of
the principle of light speed non-exceedance. It was clar-
ified that the principle implied movement of a physical
body only in a vacuum.

This, of course, raised doubts about the truth of the
principle of light speed non-exceedance. There were
also natural doubts about its infallibility, despite the al-
most triumphant recognition of the STR. Even Albert
Einstein wrote: “There is no single idea, which I would
be sure that it will stand the test of time”. Over time the
doubts only strengthened due to failure to explain many
fundamental astrophysical problems, such as the phe-
nomenon of dark matter and dark energy, the existence
of antimatter and tachyons, etc, using the STR. And the
development of the STR ceased.

Therefore, there emerged a necessity of an exper-
iment that would dispel doubts and either confirm or
refute the principle of light speed non-exceedance and
the physical reality of concrete! imaginary numbers.
The highly publicized OPERA experiment that was
meant to detect superluminal neutrinos seemed to be
the right one. On September 23, 2011, the OPERA col-
laboration published a sensational report [5] on regis-
tration of such neutrinos and refutation of the STR.
However, on March 15, 2012, the ICARUS collabora-
tion published a no less sensational report [6] on refu-
tation of the OPERA experiment. That has even created
illusion of irrefutability of the STR.

2. The principle of physical reality of imaginary
numbers

As evidenced by facts, creation of such illusion
was likely to be the true goal of the OPERA and
ICARUS experiments. Thus, results of alternative ex-
perimental studies of processes in linear electric cir-
cuits [7] - [12] that indisputably proved physical reality
of imaginary numbers were actually published in 2008-
2010, i.e., prior to publication of OPERA experiment
results. And since “mathematics is an experimental sci-
ence” as according to Oliver Heaviside, the language
of mathematics is the common language of all exact sci-
ences. Therefore, the principle of physical reality of im-
aginary numbers is both general scientific and physical.
Besides, the experimental studies that have proved the
principle of physical reality of imaginary numbers are
simple and can be repeated and verified in any radio
engineering laboratory. Consequently, they are quite
reliable and convincing, unlike the unsuccessful
OPERA experiment. They even made the OPERA ex-
periment unnecessary. The OPERA and ICARUS col-
laborations have not commented on either these or sub-
sequent radio engineering experimental studies [13] -

! |.e. provided with references to units used to measure pa-
rameters of corresponding physical objects and processes

[23]. Nevertheless, these studies have never been re-
futed.

Publications [11] - [26] covered even three differ-
ent experimental proofs in favour of the principle of
physical reality of imaginary numbers:

e A proof resulting from the study of oscillatory
resonant processes [11] - [10], [12], [14], [15], [16],
[23]. It implied that there would be neither television,
nor radiolocation, nor GPS trackers, nor mobile phones,
nor many other things without which modern life would
be unthinkable, if the STR assertion that imaginary
numbers weren’t physically real were true;

e A proof resulting from the study of oscillatory
transient processes [12], [13], [15], [16], [23] in linear
electric circuits. It implied that church bells and pianos
would not sound, there would be no tsunami, and even
children’s swing wouldn’t sway after being pushed by
parents, if the STR assertion that imaginary numbers
weren’t physically real were true;

e A proof resulting from the use of Ohm’s law
in the interpretation of Steinmetz [17] - [23]. It implied
that the principle of light speed non-exceedance could
be refuted even before creation of the STR.

How much dogmatic the modern higher physical
education is, that people who received it turned out to
be incapable of understanding all this, in particular, the
world created by nature and engineers, the world they
live in and the word that refutes dogmas they have
learned, at every turn, whenever they turn on the TV or
start talking on a cell phone, whenever they hear music
or a bell ring, whenever they see a child on swing or use
a GPS tracker in their car to get to work quicker. And
one can’t but wonder how people with such an educa-
tion can be able to think so creatively as to understand
the structure of distant universes and processes taking
place therein, if they do not understand things that sur-
round them, even things taught at another college or at
another faculty of their college.

3. Relativistic formulas of the existing version
of the STR are incorrect

That is why it has not been understood so far that
the relativistic formulas (1) - (3) of the existing version
of the STR are actually incorrect. But since the princi-
ple of physical reality of imaginary numbers proved in
radio engineering is generally scientific, it is obligatory
for use in physics as well. Therefore, both branches on
the graphs of relativistic formulas (see Fig. 1 a, b, c),
on the interval 0<V<C and on the interval
€ <V <0, must be explained. If the graphs of the rel-
ativistic formulas (1) - (3) do not correspond to the laws
of nature and therefore are inexplicable on the interval
C <V <, then the formulas are incorrect. “Tertium
non datur (Lat.)”, i.e. there is no in-between.
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Fig. 1. Graphs of functions (1) - (3) corresponding to the existing version of the STR, and (7) - (9) correspond-
ing to its alternative version

4. Refutation of the principle of light speed non-
exceedance

Since the graphs of relativistic formulas (1) - (3)
corresponding to the interval C<V <oo might be
physically real despite their inexplicability, the princi-
ple of light speed non-exceedance is also incorrect.
There can be no other conclusion. Experiments inevita-
bly refute postulates. Although in all other respects the
existing version of the STR is mathematically flawless,
it collapses like a house of cards without the principle
of light speed non-exceedance.

And this is precisely the reason for persistent dis-
regard of all the mentioned experimental proofs of the
principle of physical reality of imaginary numbers. On
the one hand, they can’t be refuted, and, on the other
hand, corporate interests do not allow acknowledging
them, as it would mean declaring the STR version de-
scribed in textbooks incorrect. Then it would require
creation of an alternative version of the STR.

5. Relativistic formulas of the alternative ver-
sion of STR

What kind of version could be alternative? An-
swers to this question can be widely different. And, per-
haps, the only thing that is beyond doubt in this new
theory is that it should stipulate existence of our visible
universe. Since something physically real must corre-
spond to the interval C <V <00, it is logical to assume
that our universe is one of many similar universes.
Therefore, graphs of relativistic formulas for unknown
worlds corresponding to the interval C <V < o0 should

2 Therefore, each universe in such a hidden Multiverse has
two adjacent universes in the dimension (

3 Since they do not intersect despite their infinity
4 Consequently, the physics of imaginary numbers is the
physics of an invisible world, whereas the physics of real

bear a resemblance to the graphs shown in Fig. 1 a, b,
c. For example, as in Fig. 1 d, e, f, for which relativistic
formulas take the following form

. moi * _ Mg @
J--af 1=

At = At [1- (% - q)" = A" 1- (/)7 (9

=1 [1- (Y - )" =li* [1-(W))* 6)

where q=|_%J is the ‘floor’ function of argu-

V/ .
ment c

W=V-—(C is the local velocity for each universe,
which can take values only in the range 0 SW<C;

V is the velocity measured from our universe.

The parameter ( in these formulas is the fourth
spatial dimension?, whose integer values correspond to
the coordinates of different parallel® universes. Here-
with, the quantity =0 corresponds to our visible uni-

verse, since it is on the interval 0 <V <C on the
graphs 1 d, e, f, and the quantity g =1 corresponds to
the adjacent invisible universe?, since it is on the inter-
val C <V < 2C on the same graphs and, thus, beyond

numbers is the physics of a visible world. However, an invis-
ible world exists; for example, in the form of the next room
with all its contents, invisible from the room we are in at the
moment
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the event horizon. Let’s, therefore, call it a tachyon uni-
verse by the name of eponymous faster-than-light par-
ticles. By a similar argument our universe should be re-
ferred to as tardyon universe. Subsequently, the quan-
tity =2 corresponds to a tardyon antiverse invisible

on the interval 2¢ £V < 3¢, since i? =—1 for it. The
quantity g =3 corresponds to a tachyon antiverse in-

visible on the interval 3¢ <V <4c,since i® =—i for
it. The quantity =4 corresponds to another tardyon
universe® invisible on the interval 4¢ <v <5cC, since
i*=1 forit. The quantity =5 corresponds to an-
other tachyon universe invisible on the interval

5¢<V<6C,since i° =i forit, etc. Thus, the rela-
tivistic formulas (4) - (6) of the alternative STR imply
that there exists a Multiverse consisting of mutually in-
visible parallel universes (and, therefore, referred to as
hidden), rather than a Monoverse, as claimed by the ex-
isting version of the STR.

Moreover, invisible parallel universes have actu-
ally no fixed location in the hidden Multiverse. They
slowly drift, touch each other and even slightly pene-
trate into each other, generating a sort of transitional
zones, usually called portals or star gates [24] - [27].

6. Use of data obtained by the WMAP and
Planck spacecraft

Although the WMAP and Planck spacecraft were
launched for the purpose that was not related to the is-
sues discussed in the article, valuable data obtained by
them allowed determining the metric of the space we
live in and clarifying the structure of the hidden Multi-
verse. Therefore, we recall that according to WMAP
data [28] total mass/energy of the entire universe (actu-
ally the hidden Multiverse) consists of 4.6% of ordinary
(baryonic) matter, 22.4% of dark matter and 73.0% of
dark energy. And according to more recent Planck data
[29], total mass/energy of the entire universe (actually,
again, the hidden Multiverse) consists of 4.9% of ordi-
nary (baryonic) matter, 26.8% of dark matter and 68.3
% of dark energy.

However, it is still unclear what dark matter dis-
covered by Jan Hendrik Oort [30] and Fritz Zwikky
[31] in 1932-33, as well as dark energy discovered by
Saul Perlmutter [32], Brian Schmidt [33] and Adam
Riess [34] (who were awarded the Nobel Prize for their
discoveries) in 1998-1999 are.

The phenomenon of dark matter and dark energy
has been called as such for its incomprehensibility [35]
- [38]. Itis unclear why dark matter and dark energy are
completely invisible in all ranges of electromagnetic
oscillations and registered only by their gravitational
manifestations. It is even more unclear why neither
molecules, nor atoms, nor even subatomic particles
have been found in dark matter and dark energy, alt-
hough their total mass/energy is about twenty times
greater than the mass/energy of our visible universe.
And this completely does not comply with modern con-
cepts of physical chemistry about the essence of matter.
Many other things are as well incomprehensible.

5 It is shown below that our Multiverse contains more than
twenty mutually invisible parallel universes

Therefore, explanation of the phenomenon of dark
matter and dark energy is the most important issue in
physics. In this regard, Nobel laureate Professor Adam
Riess believes: “Humanity is on the verge of a new
physics of the Universe. Whether we want it or not, we
will have to accept it”.

Nobel laureate Professor Albert Einstein ex-
plained the reasons for incomprehensibility of this phe-
nomenon very clearly: “Insanity: doing the same thing
over and over again and expecting different results”.
Sir Isaac Newton was of the same opinion: “No great
discovery was ever made without a bold guess”.

In fact, when seeking an explanation for the phe-
nomenon of dark matter and dark energy, only one of
all the possible solutions to this problem has been con-
sidered so far; and it should certainly correspond to the
existing version of the STR, which states that we live
in the Monoverse.

If one makes a bold assumption and tries to solve
this problem differently, for example, using the hypoth-
esis of the hidden Multiverse, the solution would be
surprisingly simple and clear [39] - [47]:

e dark matter and dark energy are invisible be-
cause they are generated by invisible universes of the
hidden Multiverse, provided that dark matter is gener-
ated by invisible universes adjacent to our visible uni-
verse and dark energy is generated by other invisible
universes of the hidden Multiverse more distant from
our visible universe;

¢ neither molecules, nor atoms, nor subatomic
particles can ever be detected in dark matter and dark
energy, because dark matter and dark energy are just an
image (gravitational, rather than optical and still less
electromagnetic), a sort of a shadow, rather than a ma-
terial substance.

In accordance with the Occam’s razor criterion
suggesting that the simplest explanation is the most cor-
rect, the above explanation of the phenomenon of dark
matter and dark energy is most probably true here.

Therefore, taking into account the data obtained
by the WMAP and Planck spacecraft and believing that
the mass/energy of each invisible universe become al-
most the same as the mass/energy of our visible uni-
verse due to presence of portals and exchange of phys-
ical content with other universes through them, we can
conclude that:

e the entire hidden Multiverse consists of
100%/4.6%=21.8 invisible parallel universes according
to the WMAP data and 100%/4.9%=20.4 invisible par-
allel universes according to the Planck data, i.e. the hid-
den Multiverse contains approximately 20...22 invisi-
ble parallel universes;

e dark matter is generated by 22.4%/4.6%=4.9
invisible parallel universes according to the WMAP
data and by 26.8%/4.9%=5.5 invisible parallel uni-
verses according to the Planck data, i.e. approximately
5...6 invisible parallel universes;

e dark energy is generated by 73.0%/4.6%=15.9
invisible parallel universes according to the WMAP
data and by 68.3/4.9%=13.9 invisible parallel universes
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according to the Planck data, i.e. approximately 14...16
invisible parallel universes.

And it was naturally impossible to guess such re-
sults by any postulates. Therefore, the Nobel laureate
Steven Weinberg spoke very clearly about postulate-
based theories: "Scientific theories cannot be created
by purely mathematical reasoning."

7. Relativistic formulas of the alternative ver-
sion of the STR (continued)

My (1) (1,)" (i)™

However, the results do not correspond to the rel-
ativistic formulas (4) - (6), since according to the
WMAP and Planck data, our tardyon universe has five-
six adjacent universes, rather than two. Consequently,
the hidden Multiverse has actually three extra dimen-
sions, rather than one.

Therefore, relativistic formulas of the STR (4) -
(6) should be once more corrected as follows

My (i) i) (i)
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Fig. 2. Six-dimensional space of the hidden Multiverse

where 0, ', S are the extra dimensions;

Uy Iy 1 Sy are the coordinates of our visible uni-
verse in the hidden Multiverse;

V is the velocity measured relative to our visible
tardyon universe;

C is the speed of light;

W=V—(gq+r+s—q,—TI, —S,)c isthelo-
cal velocity of the universe corresponding to the coor-
dinates d;1',S | that can take values only in the range
O<w<c;

il, i2, i3 are the imaginary units in hypercom-

plex numbers [48], called quaternions, that are inter-
connected by the following relations

i7 =i =i} =1 (10)
iyl = ipigiy =igii, =—1 (12)
yigi, = i,y = igii, =1 (12)

Consequently, metric of space (see Fig. 2) of the
hidden Multiverse [49] is determined by the formula

fors (XY, 2) +1L,Q+i,r +i,S, where



German International Journal of Modern Science No4, 2021

43

Dark matter

Tachyon i;
JF Universe

Tachyon i, ’

Tachyon i;
Anti'\);erse

Antiverse

\ Tachyon i
, Antﬁ);ersez

Universe

|
|
|
|
other I
Multiverse Universe l
" our Tardyon 10
r ‘ ----- a s< Universe | ! 1!
I Tachyoni, ' Tachyoni; |
I f Antiverse i : Universe
1 - -
i Y e W, ORI cfin i st
1 Tachyon i; : ' Tardyon Tachyon i;
| Antiverse _1, Antiverse Universe
e —— A o _l
I Zi'acthyon i Tachyon i, ’
ntiverse N Tardvon

Tardyon
) . Antiverse

TTTY— &

dy >\Universe \
Tachyon i;
\

— Tachyoni,
Universe

Tachyon i, f

Tardyon

|
|
|
|
|
|
|
|
Universe :
|
|
|
|
|
|
|
|

Universe

\ Tachyo

. )< Universe
ni; =

) other

/ Antiverse

|

|

|

|

|

|

|

|

|

|

|

: Tachyon i,
|

|

|

|

|

|

1 Tachyon i;
|
|

|

|

)€< -

1y Tardyon r— other :
Antiverse ___, Antiverse . Multiverse |
e T — d

Multiverse

Dark space/

Fig. 3. An example of the quaternion structure of the hidden Multiverse

Fig. 3 shows an example of the structure of the
hidden Multiverse corresponding to the results of math-
ematical processing of data obtained by the WMAP and
Planck spacecraft and containing twenty-two parallel
universes. As can be seen, the structure is screw. In this
structure, tardyon universes and antiverses alternate
with tachyon universes and antiverses il, i2 ,i3.

According to the formula (7) they are interconnected by
numerous bidirectional portals shown by single bidirec-
tional arrows. According to the formulas (8) and (9)
tachyon universes and antiverses are interconnected by
unidirectional portals shown by single unidirectional
arrows. Thus, invisible tachyon universes and anti-
verses adjacent to our tardyon universe evoke the phe-
nomenon of dark matter, whereas other invisible uni-
verses of the hidden Multiverse evoke the phenomenon
of dark energy. Besides, some universes of our hidden
Multiverse are connected through their portals to invis-
ible universes located outside the hidden Multiverse
and evoking the phenomenon of dark space [50] - [52].

8. How to see invisible universes

Thus, the alternative version of the STR has come
in useful in solving the problem of explaining the phe-
nomenon of dark matter and dark energy.

It turns out to be no less useful in solving the prob-
lem of existence of antimatter that does not annihilate
with matter [53]. In the hidden Multiverse, matter and
antimatter are in tardyon and tachyon universes and an-
tiverses, respectively, and do not annihilate because
they are alternate with each other (see Fig. 3), i.e. arein
different dimensions. That is way the problem could
not be solved within the idea of Monoverse correspond-
ing to the existing version of the STR. The problem of
existence of tachyons, not violating the principle of
causality, in the hidden Multiverse is solved by the fact
that tachyons are located in tachyon, rather than in tar-
dyon universes and antiverses, i.e. in different dimen-
sions. Therefore, it can be assumed that the alternative
version of the STR would be useful in solving other as-
trophysical problems.
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Nevertheless, the alternative version of the STR
could be considered complete, only when experimental
evidence of existence of invisible universes of the hid-
den Multiverse is received. And it turns out to be pos-
sible [54] - [56]. This requires the same thing we do at
home, for example, after hearing a strange noise in the
invisible room next to us. We should approach the door
of the room and look inside to see what is going there.
In the same way, we should look inside the adjacent in-
visible universe through a portal to see its constellations
in the starry sky. However, this is not easy. Firstly, no-
body has invited us there and so it is not clear how we’ll

be met. Secondly, the transition through the portal can

g I

W2 A t
Fig. 4. Main Astronomical Observatory of the National Academy of Scien

And some portals for such a shallow and, there-
fore, safe penetration into them are available and they
are described in the literature [57]. Moreover, in some
anomalous zones, which are the entrances to the por-
tals, there are even observatories. As, for example, the
Main Astronomical Observatory of the National Acad-
emy of Sciences of Ukraine, located 12 km from the
center of its capital Kiev.

Such an experimental evidence of existence of in-
visible universes would be much more sensational than
the similar experiment conducted by Sir Arthur Stanley
Eddington [58] in 1919 or the discovery of America by
Columbus.

9. About relativistic physics

However, despite the fact that Albert Einstein
failed to complete creation of the STR and, as shown in
this article, the created STR version turned out to be
incorrect, we can’t overestimate his merits in creating
the alternative version of the STR. The alternative ver-
sion of the STR would not have probably been created
soon, if the existing, albeit erroneous, but universally
recognized version of the STR had not been created,
published in textbooks, and so successfully promoted.
Albert Einstein failed to create a correct version of the
STR, just because he was ahead of his time. Experi-
mental data required for creating a correct version of
the STR was not yet known in the 20™ century:

® For example, when water is being heated to 99 °C its tem-
perature is rising; however, when water reaches 100 °C it
turns into steam

be quite long and you can get lost in it, since the portals
are, presumably, invisible labyrinths And thirdly, it just
does not need to be done. The fact is that constellations
in the starry sky of different universes by which they
can be confidently identified are extremely different.
And the starry sky map would change gradually, but
distinctly during transition through portals. Therefore,
even with slight penetration into the portals, constella-
tions would change so much that they could probably
be registered. Such registered changes in constellation
configuration would be the most indisputable experi-
mental evidence of existence of universes that are in-
visible outside the portals.

-
S L aM
s x

e

ces of Ukraine

e no experimental evidence of physical reality
of concrete imaginary numbers was obtained (for 400
years before Albert Einstein);

e the spacecraft WMAP and Planck did not re-
ceive data that made it possible to determine the metrics
and structure of space in the hidden Multiverse;

¢ no one knew how astronomical observations
in the anomalous zoness could experimentally prove
existence of mutually invisible universes of the hidden
Multiverse.

He had to guess all this by postulates. However,
the postulate of light speed non-exceedance turned out
to be erroneous. Therefore, all the relativistic formulas
of the STR turned out to be incorrect.

What is much more important is that the principle
of relativity proposed by Albert Einstein in the STR laid
the foundation for creation of a physics of the future,
the relativistic physics, where, unlike in classical phys-
ics, some physical quantities can depend on others. In
the STR, this is velocity dependence. Other similar de-
pendencies will inevitably be revealed in the future.
Moreover, not only quantitative, but also qualitative®
changes can correspond to the dependencies. While in
the existing version of the STR, all relativistic depend-
encies are only quantitative, in the alternative version
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of the STR qualitative change (transition to another di-
mension) is added, when a moving body reaches the
speed of light.

10. Conclusion

Thus, the version of the STR created in the 20™
century turned out to be just a draft of the theory. And
this is quite natural, since it takes a lot of time, specifi-
cally, more than human life, to create such an outstand-
ing and very serious theory. Therefore, Albert Einstein
and his contemporaries tried to anticipate, ahead of
their time, experimental data that weren’t available in
20™-century science by postulates. However, they did
not guess all the postulates. Very important and neces-
sary for explaining the relativistic formulas obtained
was the principle of the physical reality of imaginary
numbers, which has not yet been discovered at that
time. And this prevented the physics of real numbers
existing until very recently from becoming the physics
of complex and hypercomplex numbers, which would
allow completing the STR.

Nevertheless, the STR version created in the 20"
century laid foundation for a new physics, the relativ-
istic physics, in which, unlike in the classical physics
that existed before the 20" century, some physical
quantities may, under certain conditions, depend on
other physical quantities. And the dependencies can be
guessed by no postulates. Therefore, experimental stud-
ies are the most important thing in physics. They alone
allow obtaining reliable knowledge. Postulates are use-
ful only in trying to guess the most promising trends of
experimental studies.
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The article examines the water resource as an unconventional source of electric energy. Water as a dipole

liquid consists mainly of H,O molecules, one mole of which contains approximately 10* C/mole of electricity. The
development of water electricity began with the Kelvin water-drop electrostatic generator (1867). Currently, many
laboratories and research centers around the world are working on devices for generating electric current from
water droplets using the balloelectric and triboelectric effects. The power produced by such generators is insignif-
icant, however it is sufficient for home and street lighting, recharging of wearable electronics. Applying balloelec-
tric and triboelectric effects to easily available water resources will lead to the creation of autonomous electric
generators to replace the currently used hydrocarbon, nuclear ones, etc.

AHHOTALUA

B craTtbe paccmarpuBaeTcsi BOJHBINA pecypc Kak HETPAAUIIMOHHBIM HCTOYHUK 2JIEKTpUUecKor 3Hepruu. Bona
KaK JHIO0JIbHAS KUAKOCTh, COCTOUT MPEUMYIIECTBEHHO 13 Mojiekya HoO, 1 MOJIb KOTOPBIX COACPIKUT MPHOIH3H-
tenbHO 10* Ki/Moiib snekTpudecTsa. OCBOEHHE 3IEKTPMUYECTBA BOJIBI HAYAJIOCh ¢ KaneabHuisl Kenbeuna (1867
roga). B HacTosmee BpeMst MHOTHE 1Tab0paTOpHH MUpa pa3padaTIBAIOT TeHEPATOPHI I MOTYICHHUS dJIeKTpUye-
CKOTO TOKa M3 Kareib BOJBI, HCHONB3Ys OAJIIOAIEKTPUIECKHA B TpHOOo3IeKTpuueckuil apdexr. [lomyuaemeie
MOMNIHOCTH TaKUX TCHEPATOPOB HE3HAYNUTEIBHBIC, HO JOCTATOYHBIC /I JOMAITHETO U YIIMYHOT'O OCBEIICHUSA, MO~
3apsAAKA HOCUMOH 3JIeKTPOHUKH. [IpuMeneHne 6a1o3IeKTPHIecKoro H TpHO03IeKTpUIecTBO 3(p(PEKTOB K JIerKo-
JAOCTYIHBIM BOJIHBIM peCypcCaM IMO3BOJUT HPUBECTU K CO3JaHNIO ABTOHOMHBIX 3JICKTPUYCCKUX I'€HEPATOPOB B3a-
MCH UCIIOJIb3YEMBIX B HACTOSAIICC BPEMS YTJIECBOAOPOAHBIX, AACPHBIX U JIP.

Keywords: Renewable sources of energy, water structure, balloelectric and triboelectric effects, electric cur-
rent generators.

KiroueBble ciioBa: Bo3oOHOBIsIeMble ICTOUHUKH YHEPTUH, CTPYKTypa BOJIBI, OaJUIOTIEKTPHUIECKUI U TPH-
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Beenenne

Pacrymuii B MUpOBOIl 5KOHOMMKE CIIPOC Ha JIEK-
TPUUYECKYIO SHEPTHIO 00YCIOBINBAET HEOOXOAUMOCTh
TIOMCKa HOBBIX 3HEPrOHOCHTENICH M CO3JaHUSI HOBBIX
TEXHOJIOTHH MOJyYeHHsI M Iepeiauyn 3JIEKTPUYeCcTBa.
3TO CBS3aHO C TEM, YTO CYIIECTBYIOLIas CTPYKTypa
9HEPreTHYECKOro0 KOMIUIEKCa HE SIBISICTCS COBEPILCH-

HOW JJIsI Pa3BHBAIOLICHCS DIIEKTPUGPHUKAIIMA BCEX BH-
JIOB TPAHCIIOPTa ¥ JIeKapOOHHU3aNN MUPOBOH HHEPTe-
TuKH. Heo0XomauMocTh OTPaHWYEHHOTO HPUMEHEHUS
TPaJULIMOHHON 3HEPreTUKH C MCIOIb30BAHUEM YTJe-
BOJIOPOJHOTO TOIUIMBA U SJCPHOHW 3HEPreTHKH BO3-
HUKJA B CBSI3U C 3arpsS3HEHUEM OKPYXKAOLIEH cpefsl,
MOTEMJICHUEM KJIMMaTa, HCYEprnaeMOCThI0 HEBO300-
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HOBJIIEMBIX UCTOYHHKOB SHEPTUH U psiaa APYrux dax-
TOpoB. Pa3BuTHE 3HEPTETHKN Ha OCHOBE BO30OHOBIISIE-
MBIX ¥ HETPAJUIHOHHBIX ICTOYHUKOB YHEPTETUKH MO-
JKET MIPUBECTH K CYIIECTBEHHOMY U3MEHCHHUIO B TPAIH-
LIUOHHOM DHEPreTHKE, OCHOBAHHON HA UCTOJIb30BaHUH
YIJIEBOJAOPOJHOIO TOIIUBA, SIAEPHON U TEPMOSIIEPHON
SHEPreTHUKH, OTPaHIICHUIO BEIOpocoB CO».

SnepHas sHepretuka («MHUPHBIH aTOM») MOCIe
YepHoObUIT M DyKycHMBI IPEACTAaBISIETCS BechbMa
OIacHOM Kak B SKCIUTyaTallHOHHOM OTHOIIEHUH, TaK U
B COZIEP’KaHHH OTXO/I0B IIPOU3BOJICTBA, KOTOPHIE NPEI-
CTaBJIAIOT YTPO3y AJIS 4ETIOBEKA U OKPY KAIOLIEH cpeibl
B TEUEHHE MHOTHX CTojeThi. HemamoBaxxHbIMHU (ax-
TOpaMHU SABJISIIOTCSI TaKKe HCTOIICHHE YTIEBOJIOPOA-
HBIX PECypCOB, M3MEHEHHE KIMMaTa, BHI3BAHHOE aH-
TPOTIOTCHHBIM TOTEIUICHHEM, HEPAaBHOMEPHOE pactpe-
JICTICHUE BOJHBIX pecypcos, YBEIHUYCHUE
HapOJIOHACEIICHUS U pAl Apyrux (axropos [1].

B nacrosmiee BpeMs Hapsiy € TpPagULMOHHBIMU
HCTOYHHUKAMU DYHEPTeTHKH BEAYTCS MOUCKH M UCIIONb-
3YIOTCSI BO30OHOBIISIEMbIe UCTOYHUKU 3Hepruu (BUD)
[2,3 u ap.]. K HUM OTHOCSTCS renno3HepreTuka, Kpy-
TOBOPOT BOJIBI B NPHUPOJE, SHEPTUSA OKeaHa, BeTpa U
IIyOMHHBIX CIIOEB 3€MJIM, PACTUTENIBHBIN M )KUBOTHBIH
MUp, BpalleHue 3eMiu [4] u apyrue npupoaHbIe sBIIe-
HUA # mporeccel. Pecypcet BUD, obs3aHHBIE cCBOMM
MPONCXOK/ICHUEM COJHEYHOW JHepreTuke, Ha Onu-
Jkamue 5 mupy. siet, noka CosHLEe He MPEBPATUTCS B
OembIit Kapiuk [5], ABNArOTCS HemcdepnaeMbIMu. [Ipu
paccMOTpPEHUH BO3MOXKHBIX HCTOUHHKOB B HE0Ox0-
JUMO pPaccMaTpUBaTh MOTEHIHAJIBHYIO YHEPTHUIO BOA-
HBIX PECYpCOB, B M30BITKE HAXOANIMXCS Ha 3eMIe, a
Takke oOHapyxeHHbIX Ha JIlyne, Mapce u np. miaHe-
Tax[6,7,8]. B npunonspHeIx paiioHax JIyHbI mpu TeM-
nepatype Hibke 110K JTyHHBIN TpyHT COIEPKHUT BOLY
Ha miomanud 18600 km? B palioHe I0KHOTO MOJII0CA
Jyusl 1 14750kM? B OKPECTHOCTSIX CEBEPHOrO IIO-
moca[6].

Boxmy MokHO paccMaTpuBaTh M Kak TpaJWIHOH-
HbIi uctounnk SHeprun (I'DC u ap.) u kak HBUD, T.e.
HETPaJUIMOHHBIH BO30OHOBISIEMBI MCTOYHUK 3HEp-
run (OayuiodnekTpudeckuii 3¢(GeKT, IeKTpocTaTuye-
ckue reseparopsl, MI'l u ap.). BUD paccmarpusaercs
HKCHEPTaMH KaK HPUBJIEKATEIbHBIM C TOYKH 3PEHUS
peHTabenpHOCTH cekTop. CennamucThl MEeXTyHapOI-
Horo aredtctBa mo BUD IRENA cuutaroTt, uto uepe3
HECKOJBKO JIET CTOMMOCTH JHEPTHH, Te€HepUpyeMOil
BUD, Oyzaer B pa3bl HUXKe, YeM TPaIUIIHOHHO[9].

- 0)
AN
SR € p— 0 H

BopaHbie pecypchl 3emMiid 3aHUMAIOT OOJBIIYIO
gacTe ee moBepxHOCcTH (~71%). Boma B Hacrosmee
BpeMsI - IPAKTHICCKH 00s3aTEeIHHBII KOMITOHEHT BCEX
TEXHOJIOTHIECKHX MPOIECCOB B KHU3HEACATCIHHOCTH
genmoBeka. Co Bpemenu JI. Yarra (1871r.) uenoBeue-
CTBO HCTIOJIB3YET MEXaHNIECKYIO SHEPTHIO BOIBI H BO-
JSTHOTO Tapa, MOIy4aeMoro IMyTeM HarpeBaHUS BOJHI,
JUTSL TEHEPALlUU DJIEKTPUUYECKOro Toka. OHOBPEMEHHO
SIBJISISICH HOCUTEJIEM MEXaHWYEeCKOW PHEPTHH BOJAA SB-
JISIETCSl HOCUTENIEM JJIEKTPUUECTBA, TaK KaK MOJIEKYyJa
Boiel (H20) coctouT u3 nonoskurensHo (HY) u otpuia-
tenbHO (OH') OAMHAKOBO 3apsKEHHBIX YaCTEH, SBJIS-
SICh B LIEJIOM HENTpanabHOU. B cTatbe npuBoguTcs onu-
CaHHE CTPYKTYPHI BOABI M pPacCMaTpPUBACTCS BO3MOXK-
HOCTH  €¢  WCHOJB30BaHUSA  UII  TCHEpaluu
AIEKTPHYECKOTO TOKA.

CTpyKTypa BOJBI U JibJa

B cBa3u ¢ mpemrokeHHEM 00 HCIIONBE30BAaHUH
BOJIBI KaK pabodYero Tena s MOTy4eHHUS JICKTpUUe-
CKOI SHEPTHH I1eJIeCO00pa3HO MPOBECTU aHAIIU3 UCCIIC-
JIOBaHUii, KaCaIOIIMXCsI OCOOCHHOCTEH COCTOSIHUS U
CTPYKTYphI BoAbl. Ha OCHOBaHMM TaKOTO aHajIn3a MO-
TyT 6I)ITI) OIIpeACJICHbI OCHOBHBIC IMOJIOKEHUA O BOAC
KaK JMIOJBHON JKUIKOCTH, KOTOPbIE MOTYT OBITH HC-
MTOJTF30BAHBI JUISI TEHEPAIlUH IEKTPHUECKOTO TOKa. B
MPHUPOJIC BOJA HAXOAWBCSA B TpeX (Ha30BBIX COCTOS-
HUSX: BOISHOW Tap, KUAKAs BOJA M TBEPIAOE COCTOSI-
Hue (n€x). JIEm MOKeT HaXOAUTHCS B HECKOJIBKUX KPH-
CTAJUIMYECKAX COCTOSHUSAX, W3BECTHBIX B HACTOSIICE
BpeMsl, B 3aBHCHMOCTH OT TEMIICPATYphl U ABJICHUS
[10].

Mounekyna BoJbl 00Ja1aeT MaKCUMaIbHOUW dHEP-
THMEH CBS3H U HaI/I6OJ'H>I_HI/IM IMOTCHIIMAJIOM MOHU3aAIIUU
cpeau npyrux Mosekyin. Pacnpenenenue 31eKTpoHHOU
TUIOTHOCTH 3apsiaa no mojekyne HoO anuzotponHo. Ha
aromax H* cocpenorouensl 3apsiasl O~ +0,3e u 3apsij
g~ - 0,3e Ha pagukane OH", roe e ~ - 1,6:10"19Kn 3apsa
anekrpoHa. OxuH Moibs Boasl (~ 0,012kr) comep:kut
TTOJIOKUTEIBHBIN U OTPHUIATEIBHBIHN 3apsIbl:

g~ 0 - Na~1,6.10"° * 6,022 10 2* Kin/monb ~
10*Kn/mons, rae Na — nocrostaaas Asoranpo. (1)

Ha MonekymsipHOM ypOBHE BOJa MPEACTaBISET
co00 COBOKYITHOCTh CIIy4ailHbIM 0Opa3oM pacroJo-
JKEHHBIX BOJOPOJHBIX CBsi3el. B kuakoii Boae, Kak u3-
BectHO [11,12 m xmp.], BomopoxaHas CBsi3b oOpa3yercs
MEXIy aTOMaMH BOJIOPOJia OJTHOM MOJIEKYJIbI BOJBI U
aTOMOM KHCJIOPOJIa APYTOil MOJEKYJIIBI BOABI COTIIACHO
cxeme (puc. 1.):

I o

H------- O H H

Puc. 1 Booopoonas cés3b 600wt [11]

BonoponHast cBsi3b — 3TO KOJJIEKTUBHOE B3aUMO-
JIECTBUE MOJIEKYJI, UTPAOILEe OCHOBHYIO POJIb B JH-
HAMHYECKUX M CTPYKTYPHBIX CBOHCTBax BOABI. Bomo-
poIHas CBA3b OOBICHAETCS TEM, YTO AIIEKTPOH aToMa
BOJIOpoa c1abo CBSA3aH C MPOTOHOM M JIETKO CMeIa-
eTCs K DIIEKTPOOTPHUIATEIFHOMY aTOMYy KHCIIOpPOJA.
HccnenoBaHMsIMH TakKe YCTAHOBICHO, YTO aTOM BOJIO-
pola, KOBAJICHTHO CBA3aHHBIA C aTOMOM KHCJIOPOAA,

MOXET BCTYIATh B CBS3b €LIE C IPYTUM aTOMOM TaKOTO
ke aneMeHTa. Takas OCOOCHHOCTH aroma BOJIOpOJa
00ycJIOBJIeHA TEM, YTO, OTIaBasi CBOW JJIEKTPOH Ha 00-
pa3oBaHuE CBSA3M C aTOMOM KHCJIOpPO/a, OH OCTAETCs B
BHJE S/Ipa OYEHb MAaJIOTO pa3Mepa, HOYTH JIHIICHHOTO
AJIEKTPOHHOU 0007049Kkd. [T03TOMY OH HE UCTIBITHIBACT
OTTAJIKUBAHUS OT SJIEKTPOHHOHW OOOJOYKH IPYTOTO
aToma, a Ha00OPOT, MPUTATUBACTCA U MOXKET BCTYIIATh
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c Hel Bo B3aumopeiicTBue. B pesyibrare cozmarorcs
ycmoBus ans commkenus aromoB O...0 [13,c.81]. B
CBSI3U C 3TUM B paborte [14] oTMeuaeTcs, 4To BoJa KaK
KUJKOCTh C TOYKH 3PEHHUS XMMHH HE MOXET OBITh
MPE/ICTaBICHA €AMHCTBEHHBIM HA0OPOM OJMHAKOBBIX
monekyn H>O, a mpencraBnser coboii BOTHBINH pac-
TBOp. MoJens BOAHOTO pacTBOpa SIBISIETCS HEPABHO-
BECHOW CHCTEMOH M ee CBOWCTBAa MOTYT MEHSTBCS CO
BpeMeHeM. [IpeanoxkeHHass Mozeab BOJBI Hpenrnoa-
raetT o0pa3oBaHHe HAaHOKJIACTEPOB, B KOTOPHIX MOJIe-
kynsl H2O u H202 o0benuHEeHB! MOCPEACTBOM BOJIO-
POIHBIX cBsi3eil. Boma — 3To ciokHas cuctema pasiand-
HBIX MOJIEKYJ, HOHOB M acconuaToB. B pesympraTax
M3y4deHUs MOPQOIOTUH MOBEPXHOCTH BOJBI, NpPHBE-
JIEHHBIX B pabote [11], 6putn 3adymkcHpoBaHBI HAIMO-
JIeKyJSIpHBIE CTPYKTypHBIE 00pa3oBaHus B BUAE Gud-
PWILI, ACHAPUTOB, JaMmenel, chepoauToB. DTO yKasbl-
BAaeT Ha HAJIWYHE IEPOXOBATOCTH TOBEPXHOCTH BOJIBI.

TeopeTnueckue pacy€Tsl MOKA3bIBAIOT, UTO BEJIU-
YMHA SHEPTUHM BOJOPOJHOW CBSI3H B BOJE COCTABIISET
npubnsutensHo 10-50x/x/mMons. B mepecuére Ha
OJTHY MOJIEKYJTy (Kax/asi CBSI3b OTHOCHTCS K IByM MO-
nekyiaam) 3to Oyzaer okosno 0,1 3B/monekyna. B mo-
PSIKE COTIOCTABIICHHS, HOHHAs CBs3b cocTaBiseT 8-10

JIto6as Monekymna MOXeT OBICTPO CMEHHUTH OKpY-
JKarolue e€ coceIHME MOJIEKYJIbl. TeroBoe IBIKeHNE
MOJICKYJI BOJBI XapaKTepU3yeTcs MepruojoM Kojeba-
HUH MOJICKYJIBI OTHOCHUTEIBHO IOJIOKCHHS PaBHOBE-
cust, papHoro 1073¢ u BpeMeHeM «oce10i KU3HMY, CO-
CTaBIIAIOMMM Ui uncToil Boasl 10, mna nppa ato
BpeMs 3HaunTeNBHO Gonbuie — 105c. B Boste wacts Bo-
JIOPOJHBIX CBsi3eH OKa3bIBaeTCs pa3opBaHHOM. [lpum
CBOEM IEepeMENICHNH 0 00bEMY MOJIEKYJIa BOJBI MO-
XeT ObITh OKpyXeHa 4-5 u nmaxe 6 Moyekynamu. B
CpelHeM ke MOJieKyJia BoJsl uMmeet 4,4 cocenelt - Ko-
OpAMHAIIOHHOE YHCIIO MOJIEKYJI BOJIBI paBHO 4,4. LleH-
TPBI MacC COMPHUKACAIONTUXCS MOJIEKYJ HaXOAATCS Ha
pacctostHuu 2,94 A, s Teaa - 2,76 A. KoHnenTparust
MOJICKYJI BOIBI —

5B/monexyna (10%k]]x/Monb), koBanentHas - 5 - 10
sB/Monekyna, cuina Ban-mep-Baansca paBHa mpu-
mepHo 1072 3B/ monexyna(0, 1-1x]]x/mos). TIpu nepe-
X0Jie BOJBI B map pacxoxyercs sHeprus 0,39 3B/ moie-
Kyna, a mpH miaBieHun jpaa - 0,06 3B/ monexyra.
Ecmu cunrtaTh, 94TO MIEpexo. BOAKI B map TpedyeT paz-
PpBIBa BceX BOJOPOIHBIX CBS3CH, a EPEX0/ JIbAA B BOLY
- TOJIEKO MAJIO# 4acTH uX, To 310 Oynet Bcero 0,06/0,39
~15%. CnenoBatenbHO, B BoAe coxXpaHstoTcs ~ 85%
BOJIOPOJIHBIX CBs3ei JibJja. BmecTe ¢ Tem naxe B ra3o-
00pa3HOM COCTOSIHUM HEKOTOPOE YHCIIO MOJIEKYJT BOBI
COXpaHseT BOJOPOIHbIE CBs3U. [10JIHOCTBIO BOJOPO/-
HBIE CBSI3M OYyAyT pa3OpBaHBI JIWIIb B BOASHOM Iape
mpu T = 600° C[12].

Pasmeps! u (hopMa MOIIEKYIT BOABI 3aBUCST OT CO-
CTOSHUSI BpAIaTeNFHOTO, KOJEOATENIFHOTO M DJICK-
TPOHHOTO BO30Y)aeHus1. OCHOBHASI CTPYKTYpHAS CIH-

HHIA BOJBI COCTOMT M3 IUIACTHH Pa3IMIHOTO pa3Mepa,
HUMEIOIIHX KaK MONI0oXUTenbHbIe 3apsaanl (H), Tak u ot-
punatensusie (OHY). 3a cuer aumosneii Boaa ancopOu-
pyeT M HMOHBI, U 3JeKTpoHBL Ilogo6HO mommMepam,
BoJa HUMeeT aMOp(hHYI0 W/WIU KPUCTALUTMYECKYIO

CTPYKTYpY (pHc.2).

3,34*%10%cm3, mpaa -3,1%10% cm3, macca Mode-
KyJIbl BOZBI - 2,99%1023 1,

Ecnmu nomycTuTh, 9TO MOJEKYyIa BOIBI MPEICTaB-
nsier co0ol «TBEPABIN mapuk» pagmycom 1,4A, To
oA b, 3aHMMaeMas OJHOM MOJeKyJoH, Oyner
paBHa 6,15 10%cm?, Ha 1 cM? IWIOIAaK BILTOTHYIO pas-
MecTuuch 6b1 1,63%10 monexyn. Ha camoM e ziene
MOJIEKYJIl MpH "IJIOTHOM yNakoBKe" 3aHMMAIOT
Tonbko 0,53 yacTh wtomany u 0,38 yacte 00béMa 00-
meit Macchl BoJpl. Ha puc.3 mokazana Karist BOJBI 10T
MHKPOCKOIIOM, OTYETIIUBO BHUIHBI KJIACTEPHI MOJIEKYT
BOJBI U IIyCTOTHI MEXIy HUMH, aTOM KHCIIOpPOZa pac-
MTOJIOKEH MEXIy ABYMS aToMaMu Bogopoaa[15].
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Pucynox 3. Kanns 60061 noo muxpockonom [15].

Pactipenenenne 35eKTpHYECKOTO 3apsiia B MoJle-
KyJie BOJBI ONHCHIBACTCS MYJIBTHIOIBHBIMH MOMEH-
tamu (dpopmyia 2[16]). Ecau p(r) - mioTHOCTH 3apsiaa
€ KOOpIMHATAMH I, TO KOMIOHEHTHI AUTIONBHOTO (L),
KBaJPyMONbHOTO (Qop) U OKTYMOJIBHOTO ({24p,) MOMEH-
TOB OTPENEISIFOTCS COOTBETCTBEHHO Kak L=/ Tq p(r) dr;
Qup= [ Tarpp(r) dr;

Qopy= S T Iply p(N)dr; 1 (X,Y,2); 11=X; r2=Y, 13=2.(2)

OKCHEPUMEHTAIBHO OIpEessieTcss TOJIBKO M-
TOJIGHBIA MOMEHT JIJIsl BOJASIHOTO T1apa, KOTOPBIA ecTh
Npou3BeeHHe JUTMHBI aumnous | Ha 3apsg ero moioca
e: o = le. Topsmok Benmuuunbl i, 102°, Tak kak oTpH-
aTe bHbIH 3aps 3IeKTpoHa paseH 1,6021892-101°Kn
(3meMeHTapHBIN 3IEKTPHUECKUI 3aps), a AJTMHA U-
TOJISl — BEJIMYHMHA TOTO K€ MOPSAKA, YTO U THAMETP MO-
nexynsl. s Bogsl pg = 6,13-10%° Kin-m. OcTanbHble
KOMIIOHEHTBl MYJIBTUIOJIBHBIX MOMEHTOB PACCUUTHI-
BaIOTCS METOJAMU KBAHTOBOI MEXAHUKU B IEKapTOBOMI
cucteme koopauHat[17].

Hanmumne aunonbHOro MOMEHTa y BOJIBI TIOKa3bl-
BAeT, YTO MOJIEKYJIa BOJbI HE 00JIaaeT LIEHTPOM CHM-
METpUH, a €r0 BEJIMYHHA 3aBUCUT OT COCTOSIHUS BOABIL.
JIMIoIbHBIE MOMEHT M3MEHSIETCS IIPpU BO30YXKICHUU
MOJIEKYJIBI B CBSI3U C U3MEHEeHHeM ero reomerpun. Ko-
ne0aHusl SJIEKTPOHHOM IUIOTHOCTH B Tpenenax Kax-
JIOTO aTOMa BBI3BIBAIOT KOJIEOAHUS AIIEKTPUIECKOTO
(AIMTOTIBPHOTO) MOMEHTa B BOJE, YTO CKa3bIBAETCS Ha
MOSBIICHUN HPUTSDKEHUSI MEXAY TBEPABIMH W Ta30-
BBIMH YaCTHIIAMH CO 3HAKOM (+) M ra3aMH CO 3HAKOM (-
) C TPOTHBONOJIOXKHBIMH II0 3HAKy 3apsAgaMd MoJie-
KyJbl BoJibl. [ToaToMy, 3a cuer numosnieil Boaa ajgcopou-
PYET U MOJIOKUTEIbHO U OTPULATENIEHO 3apsKEHHBIE
YaCTHUIBI, SIBISAACH NPH 3TOM YHHUBEPCAJIBHON MOIIIO-
HIAIOLIEH CUCTEMOH.

ONEeKTPONPOBOAHOCTE XMUMUUECKU YHCTOH BOJBI
00ycCJIOBJICeHa YaCTHMYHOM JMCCOLMAlMEH MOJICKYJ
Bozbl Ha MoHel H* u OH" [Iuccoupmaliys BOIbl COCTaB-
nser 107 rMons/n. OCHOBHOE 3HAYEHHE IS DIEKTPO-
MPOBOAHOCTH BOJABI W JbJa HMMEIOT IIEPEMEIICHUS

noHOB H*(IpOTOHHBIE MEpecKOKH). DIEKTPOIPOBOA-
HocTh (S) xumudecku umctoi Boasl npu 18°C pasna
3,8 10® omlcm?, a 2meKTPONpPOBOIHOCTL MOPCKOIL
Bozbl okono 5102omlem™. CymecTennyro xapaxre-
PUCTHKY CBOWCTB BEILECTBA JAaeT OTHOCHTEIbHAS IH-
ANEeKTpHYEeCKasl MPOHUIIAEMOCTb. Y BOJIBI OHAa MMEET
BENMYMHY B mipenenax 78-81, y npaa 3,26; y BOASHOTO
napa 1,0075.

PesynbraTer m3mepernit ko3¢ ¢umnrenToB auddy-
3MM arperaTHhIX COCTOSIHUM BOJBI MOKA3aJld, 4YTO 32
1 (y3HI0 MOJIEKYIT BO JIbAY OTBETCTBEHEH MEXaHH3M,
P KOTOPOM MOJIEKYJIBI BOZOPO/ia ABHXKYTCS KaK Iie-
Jasi MOJIeKyJia Mt Kak pamgukan OH™. Dta rpymma o6-
nagaer OOoJbIION MOABMIKHOCTBIO U SIBJISIETCS HOCUTE-
JIeM 3apsiia U OTPHUIATEIbHOM 3HEpPruM aKTHUBAIMU
3TOTO Mporecca. ITO CBUAECTEIBCTBYET O TOM, YTO BO
JBAY HWMEET MECTO MEXaHH3M [IBI)KEHHS BOJHBIX
HOHOB (IIPOTOHHBIE Nepeckokn) [12,18].

JIBOIiHOM 3JICKTPHYECKHIl CJ1011

N36upatenbHble CBOWCTBA IOBEPXHOCTH BOJBI
CBSI3aHBI C ABOMHBIM 3ekTprueckuM cioeM ([19C) Ha
rpaHuIle Boja-aTMoc(hepa Wil —MeTall, UK —H3JIeK-
TPUK U Ap. kKoMnoHeHThl. JI9C Ha rpaHule Boga-aTMo-
cdepa obpasyercs B pe3ysbTare HECUMMETPHIHOCTH
MOJIEKYJIbI BOJBI, COCTOSIILEH M3 JBYX Pa3sHOPOAHBIX
aToMOB. B pe3ynbraTe 3TOr0, B MMOBEPXHOCTHOM CIIO€
KHUJIKOCTH CYIIECTBYET CIIOW OPHEHTHPOBAHHBIX MO-
JIIPHBIX MOJIEKYJI BOJBI, iprudeM Moitekysl HoO Ha mo-
BEPXHOCTH BOJBl OPHUEHTHPOBAHBI OTPHUIATEIHHBIMHU
MTOJIIOCAMH HAPYXKY, a MOJOXKHUTEIbHBIMH BHYTpb. Co-
rinacHo Teopun SI. V. @penkens [19], usdbuparensHas
aicopOIMsT NOHOB MOBEPXHOCTHIO BOJIBI OOBSICHIETCS
Ooyiee JIETKUM TPOHHUKHOBEHHWEM OTPHLATEIBbHBIX
HOHOB uepe3 JBOWHOW IIEKTPUUYECKUH CIIOH, 4eM Io-
JIOXKUTEIBHBIX. DTO 00YCIIOBICHO TEM, YTO IO/ BIIHS-
HUEM 3JIEKTPUUECKOTr0 MOJII OPUEHTUPOBAHHBIX JUIO-
neit (puc.3) MONIOKUTENBHBIC MOIIOCH Y MOJIEKYJ BOJIBI
B KaIlUle HampaBICHBl B CTOPOHY IycToT. OTpHma-
TEJILHO 3apsDKEHHBIE MOHBI, MOMAAIONIe Ha BOJHYIO
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MOBEPXHOCTh, HAUMHAIOT JABUIaThCS BHYTPb KalUlW, a
TIOJIO’KUTEIbHBIC MOHBI OCTAIOTCS HAa MOBEPXHOCTH U
MOTYT HCTIapAThCS TaKKe, KaK U HEHTpaJbHBIE MOJIe-
KyJIBI BOJIBL.

B pesynbrare paznudus SHEPTETHIECKUX 3aTpaT
Ha IIPEOJOIEHHE TTOBEPXHOCTHOTO CJIOSI HOHAMH IIPO-
THBOTMOJIOKHBIX 3apAIOB IO 00€ CTOPOHBI OT BOJHOM
MOBEPXHOCTH MTPOUCXOIUT (hOpMHUPOBaHUE 00IacCTel C
INEKTPUYECKUM 3apsiIOM IPOTHBOIIONIOKHOTO 3HAKa, U
PaBHOT'O 3HAYEHUSI, TO €CTh HA IOBEPXHOCTU BO3HUKAET
J3C. Cospemennas Teopus ctpoenus IC, npemo-
xeHHas LltepHoM, 00600mIaeT /Be CyIecTBOBaBIINE
panee Teopuu ['enbmronbua-Ileppena u I'yu-Uenmena
[20]. CornmacHo 3TO¥# TeOpHH B )KUIKOCTH pacIioyiara-
eTcsl psiT MOHOB OJTHOTO 3HAKa, a B MIPHIICTAIOIIEM BO3-
IyX€ WIN, HalPUMEp, METAJIe YacTh HOHOB IIPOTHUBO-
TIOJIO’KHOTO 3HaKa (IIPOTHBOMOHOB), KOTOPBIE PACIIOINO-
skeHbl B citoe Tonmuaoi d AJIC (cmoii I'enpMromsia),
a Jipyras 4acThb NPOTUBOMOHOB 00Opa3syeT andy3noH-
HBI cioi (cimoi I'ym), B KOTOpOM KOHILIEHTpAIlHs
HMOHOB U3MEHSETCA 10 SKCIIOHEHINATIbHOMY 3aKOHY 110
Mepe yJIaleHHus OT MOBepXHOCTH Bojbl. IloTeHiman B
a/IcCOPOIIMOHHOM cJloe yObIBaeT JIMHEHHO, a B Auddy-
3HOHHOM CJIO€ TI0 3KCIIOHEHLMANIbHOMY 3aKOHYy. 3a
TONMIHUHY NU()(Y3HOHHOTO CIIOS NPUHUMAIOT PACCTOA-
HHE, Ha KOTOPOM TIOTeHIInaI yobIBaeT B ¢(2.718...) pas.

IIpn yMeHBUIEHWH TEMIEpaTyphl XaOTHYECKOE
JBIDKCHNE HOHOB 3aMeuIsieTcs, ¥ TomuuHa quddysu-
OHHOTO CJIOS YMEHBIIAETCS BIUIOTH 0 TOJIIUHBI aj-
copO1moHHOTrO c110s. [I0BepXHOCTBIO BOIBI 3aXBaThIBA-
I0TCSI TOJILKO HOHBI, Y KOTOPBIX KHHETHYECKast SHEPTUs
Oouibllle 3HAYEHUs MOTEHIMaIbHOrO Oapbepa A. Ha
rpaaunax takoro JI9C ckauok MOTEHLMAla PaBeH -
0.26 B, a Tonmuna cnos passa 5-10° m. U3-3a nanuuus
N30MpaTeIbHBIX CBOWCTB BOJHOW MOBEPXHOCTH TNPHU
OJIMHAKOBOM IPOBOJMMOCTH TIOJIOKHUTEIBHBIX U OTPHU-
[aTeJIbHBIX MOHOB, MOBEPXHOCTh BOJBI OyJeT 3aps-
JKaThCSI OTPHULIATENBHO.

[Ipumenurensno k kamusiv, H.C. HIumkuHbIM
OBLIO TTOKa3aHO, YTO TOJIBKO B CIIy4ae, KOT/1a IIPOBOAH-
MOCTb TTOJIOXKUTEIBHBIX HOHOB IPUMEPHO B J[Ba pas3a
MPEBBINIAET IPOBOAUMOCTE OTPHULIATEIILHBIX HOHOB, 3a-
psIl BOAHOM MOBEPXHOCTH CTAHOBUTCS PABHBIM HYIIIO
[21]. H.C.IlInurkuH eHOMEHOIIOTHYECKH y4enl u30u-
paTeibHbIE CBOWCTBA MOBEPXHOCTH Kamenb s Iwd-
(hy3MOHHOTO peXUMa 3JIEKTpU3aluu. BmecTe ¢ Tem,
0oOHapy>XUBaeTCsA TEHICHINA K YBEIMUYCHHIO PACcXOXK-
JICHUI MeX/y Teopheld M SKCIEpHMEHTOM II0 Mepe
YMEHBILECHNUS pa3Mepa YacTHII.

3aMeTHM, 4TO B LIEJIOM IIpobiemMa OInpeneIeHus
BoIpaxkeHUH a1 IDC cBsi3aHa ¢ ONMHUCAHUEM TPEXMeEp-
HBIX CITy4alHBIX OJTy’K1IaHUH HOHOB B CPEZIE CO CITyyaii-
HBIMH MCTOYHUKAMU MOHOB (KThl MOHU3ALMH) U CIIy-
YaHBIMH CTOKaMHU (a3p030JIbHBIE YACTHIBI, TSKEIIbIE
WOHBI, KAk | T. 1.). [locTpouTs Takyro TeopeThye-
CKYIO CXEMY YPE3BBIYalfHO CJIOXKHO, TaK YTO OOBIYHO
OTPAaHUYMBAIOTCS PEIICHHEM Ooiee MPOCThIX 3a1ad. B
HUX HCTIOJIb30BaHbI CIIEIYIOIINE TTPEIOI0KCHHUS:

- DIIEKTPU3YIOIIKE YACTULBI HE B3aUMOAECHCTBYIOT
MEXIy COOOM;

- mporiecc (OPMUPOBAHUSI TOKA HOHOB Ha YaCTHILY
CTal[IOHAPEH;

- UIMEIOTCSI TOJIbKO OJHO3aPSAHbIE UOHBIL.

[TpuMeHNMOCTh TEPBOTO IPEIIOIOKEHUS 10/
TBEpPXK/JCHA MHOTOYHCIICHHBIMH OIleHKamMH. COriacHo
H. A. ®ykcey [22], Bpems nepecTpoiKy Mol KOHIICH-
Tpanuu aTMOC(EPHBIX HOHOB (TP W3MEHEHHH 3apsiia
NIEKTPU3YIOMIEHCS YacTUIIBI) MEHBIIE CPETHETO Bpe-
MEHHM MEXIy aKTaMH 3aXBaTa JaCTHUIEH HOHOB, TO €CTh
CIIPaBEIIIMBO BTOPOE MPEIIOIOKEHHE.

BiusiHre BOWHOTO 3JIEKTPUYECKOro CJIos Ha 3a-
PSDKCHHBIE YacTHIBI HEHUTpalu3yeTcs NMpH H30BITOY-
HOM OTpPHIATENILHOM 3apsijie BOJBI, KOTOPBIA cO3JaeT
AJIEKTPUUYECKOE TOJIE, PABHOE 110 MOAYJIIO U MIPOTUBO-
MIOJI0)KHOE M0 HAINpaBJICHUIO DJICKTPUYECKOMY IIOJIIO
JBOWHOTO clod. B paBHOBECHOM COCTOSIHHUM CKadoK
roreHImana B 19C Ha MOBEpXHOCTH KaIUTH KOMITCHCH-
pyeTcs JNIEKTPHUYECKHM IIOJIEM OTPHUIATEIHHOTO 3a-
psiia Karm:

¢ = Qldnreg, )

rae ¢ - ckauok norennuaia B I19C; ey — ausnex-
TpHAYECKas IPOHULIAEMOCTh BaKyyMa, I'- paauyc Karui
(m).

OTciona, 3HayeHWe paBHOBecHOro 3apsiia Q
karutu paBHo (Ki):

Q =4znreop (4)
Ha noHs1 neficTByeT anekTpocTatuueckas cuia,k:
F = Qq/4nreo, 5)

[Tpu 5TOM HANPSIKEHHOCTD YJIEKTPHUECKOTO MOJIS
paBHa:

E = Q/4mr?eo, (6)

a moTeHIMaIbHas YHeprus (W) IOI0KATEBHO 3a-
PSKEHHOTO HOHA!

W = Qq/4rren @)

B cootBercTBuu ¢ 3akoHOM BosnbiiMana, pacrpe-
JICJICHHE MOHOB B TI0JI€ BOKPYT KAk OyAET OMHUCHI-
BaThCst (HOPMYJION:

N.(r) = Nx(o0)exp(-Q0/4nreokT), (8)

rae N:(r) — KOHLEHTpAlUs HOHOB Y TIOBEPXHOCTH
Karuti; Ni(c0) - KOHIIEHTpaLUs HOHOB Ha yJalleHUH OT
Karuiy.

Ha ocHoBaHMM NpUBEAEHHBIX BBIPAXKEHUI MOKHO
MOJyYUTh CKOPOCTb M3MEHEHUs 3JIEKTPUYECKOTO 3a-
psina xarum [21]:

dQ/dt = q+ar?V+N+(0)exp(-Qq/4areokT)exp(-A/KT) +
g-7r2V-N-(c0)exp(-Qq./4xreokT), 9)

Tae Vi - Cp€aHAd TCIIOBAasA CKOPOCTh ABUKCHUA
HOHOB.

BeIpakeHne AJ1si paBHOBECHOTO 3apsia Karuid (+
= (- MoxeT ObITh nosyueHo npu dQ/dt = 0:

Q = 27zreokT/ q+{IN(V+N+ (0)/ V-N-(0)) — A/KT}(10)
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ITo dopmyne (10) TeOpeTHUECKU OMPEACISIIOTCS
npe/ieNbHbIe 3aps/bl Kalesb: MaKCUMaJIbHbIN TOJ0XKH-
TenbHbId 3apan Q*max(r) = 4mreo2-107°Kn u makcu-
MalbHbIH OTpULATENbHbIA Q max = 4772e010°Kn. Eciu
BelimunHa (Q MPEBOCXOAWUT MaKCHMAIbHBIN 3apsf
KaIlTH, TO YHEPTHs DIIEKTPOCTATHIECKOTO MOJIS 3apsiaa
Karum Oyner OoJbIle ee TOBEPXHOCTHOH »Hepruu. B
3TOM CIIy4ae MPOUCXOTUT APOOJICHNE KA U3-3a OJIu-
30CTH OJIHOUMEHHBIX 3apPsI0B

ITpu nornomeHny HOHOB M AJIEKTPOHOB, OBLIO HO-
Ka3aHo, 4TO NP JAHHOH HANpPsDKEHHOCTH DJIEKTpHYe-
CKOTO IIOJISI ¥ MPU JAaHHOM pa3Mepe YacTHUIlbl Cylie-
CTBYET MAKCUMaJbHO BO3MOXXHBIM 3apsa 3Toi 4a-
ctunpl. s Karensb pa3IndHbIX Pa3MEpOB BO3MOXKHBIE
3HAYEHHS NMPECTbHBIX 3apAN0B U Ipeaeisl Panes npu-
BeJICHHI B Ta0. 1.

Tabmuna 1.
IIpenenbHOe YHCJI0 3JIEMEHTAPHBIX 3aps/I0B (€) HAa KaIuie Boasbl [23].
JwnamMertp yacTui, MKM
Hpezen 0,01 10 100
WoHHbII 3,47 - 10? 3,47-10° 3,47- 1010
DNeKTPOHHBIIH 1,72 - 10 1,72 10° 1,72- 10°
Ipenen Panes 4,45-10 4,45-10% 4,45 - 107

MakcumanbHOE KOJIMIECTBO HOHOB 1 3JIEKTPOHOB
Juist Karmy auamerpoM 100 MKM cocTaBisieT 3,47-10%0
u 1,72-10° coorBercTBeHHO. [l CpaBHEHHS, HA JOK-
JieBoi Karute auameTrpoM 10 MM B Ipo3y HaxXOJUTCS
okosio 4-10® seMeHTapHBIX 3apA/0B, YTO COCTABJIAET
1% mnpenenbHoro 3apsna[26]. Y ucnapsmoomuxcs Ka-
nens npezen Panes noHmxkaeTcs ¢ yMEHbIIEHHEM pas-
Mepa kamy. IloaTomy, y Kamnens, KOTOpbIe MOTYT HC-
MapsThCs, TUaMeTp OylIeT yMEHbIIAaThCs IOoKa He COo-
ctaBuT 0,01 Mxm. [Ipoucxoaur 31To B cuily TOro, 4TO Ha
MOTJIOIIEHHE KaljIed HOHOB (3JIEKTPOHOB) HAaKJIa/(bIBa-
eTcsl JIONOJHUTENbHOE OrPaHWYEHHE, IOIy4HBIIEe
Ha3zBaHue «mpeznen Panes» [23], mo uMeHu ydeHoro,
oTKpeIBIIEro ATOT 3ddekt B 1882r. [24]. 310 MO3BO-
JIHII0 OOBSICHUTE 00pa30BaHKE OCAIKOB U3 TEIIBIX 00-
JIAKOB M PACKPBHITh MEXaHU3M pa3JeNICHHUs IOI0XKH-
TEJIHHBIX U OTPUIATENILHBIX 3apsiIoB B oOake [25]. M3-
BECTHO, YTO 3apsDKeHHas Karuisl OyAeT ucrnapsthes J0
TeX MOp, OKA BHEIIHS CHJIa 3JIEKTPUYIECKOTO MOJIS Ha
MOBEPXHOCTH KaIlTM HE TPEBBICUT BHYTPEHHIOIO CHITY
ee MOBEPXHOCTHOTO HaTspkeHHs. Torma, m3-3a Gum30-
CTH 3apsiJIOB OJTHOTO 3HAKA KAIUIS Pa3JIeTUTCS Ha 9acTH,
00pa3zyst HECKOJIbKO 00JIee MEJIKMX Kallellb.

Bannosaexkrpuueckmii 3¢ et

BriepBrie anekTpu3anus KUIKOCTH TPpH JIpo0ite-
HuH Obla 3amMeueHa y Bojxonaznos LBeitrapun B 1786
roay [18]. C 1913 roga siBjIeHHE MOTYYMIIO HA3BAaHHE
GaimosnekTpudeckoro ¢ ¢dekra. Hambomee 3HauuM-
TeNBbHBIA 3 (EKT 3IEKTPU3AUH BO3AyXa HaOI0ma-
€TCs y CaMbIX OOJBITMX BOJOIAI0B MUpPa — Y BOAOMAA
Uryaccy Ha rpanune bpasnimmn u ApreHTHHBI U y BO-
nonana Bukropus Ha pexe 3ambesn B Appuke[18]. ¥
BoJIoNaia BukTopus 3a cuer ApobiaeHus BObI BO3HHU-
KaeT 3JEKTPUUECKOE I0JIe HaNpsHKEHHOCTbIO 10 25
kB/M. C ynanennem ot BogocOpoca 3TO HoJe YMEHb-
HIaeTCsl, U Ha PACCTOSHUM OKOJIO 1,6 KM 1O rOpH30H-
tanu u 0,5 KM 110 BEpTHKAIN IEKTPUIECKOE TOJIEe BO-
JIOTIa/1a IEPEXOUT B HOPMATBHOE SJIEKTPUUECKOE TTOJIe
3eMHOM moBepxHocTH. [Ipu 1pobiaeHnn mpecHoil BOAbI
B BO3/IyX IEPEXOUT OTPUIATEIBHBIN 3aps. B pesynb-
TaTe 4ero, B BO3AyX€ Y BOAOIMAI0OB KOINIECTBO OTPH-
[[aTeJIbHBIX HOHOB TPEBBIIIAET KOJNYECTBO IOJIOXKH-
TEJbHBIX.

VY Hebobmoro Bogonana Yuan-Cy B Kpeimy ot1-
HOLIEHHE OTPHULATENILHBIX HOHOB K KOJIMYECTBY IOJO-
JKUTEIbHBIX paBHO 6,2, a y Bononaga Ax-Cy B CpegHeit

A3un OHO cocTaBisieT okojo 4. Y OeperoB Mopeit Bo3-
JyX BMECTO OTPHLATENBHOTO 3apsiaa IpHoOpeTacT mo-
JIOKUTEIbHBII BCIEICTBUE TOTO, YTO 37€Ch NPOUCXO-
JUT pa30phI3TUBaHKUE HE YHCTOM, a cojieHoi Boasl. Ha
MIOBEPXHOCTH MOPEH U OKeaHOB pa30pbI3rUBAHUE BOJIbI
MIPOMCXOJUT MPU CKOPOCTHU BeTpa Oonee 10 m/cek, ko-
I7la Ha BOJHAX MOSBIAIOTCS Irpebenku neHsl. OTHoIIe-
HUE TIOJIOKUTENBHBIX 3apAJ0B K OTPUIATEIbHBIM B
BO3IyX€ HaJ MOpeM IpH OypHOM Mope mocturaet 2,04;
ipu 36101 0HO O1M3Ko K 1,48 [18].

HanGomnpimas snexTpusanms Bo3gyxa HaOmona-
eTcsl IpH pa30phI3TUBAaHMU YHCTOH Bonbl. C yBenmde-
HHEM KOHIEHTPALUH IPUMECEH, HIICKTPU3aLs yMEHb-
mIaeTcs M Aajee MEHsET 3HaK (B eCTeCTBEHHBIX YCIIO-
BUSIX, Hampumep, y OeperoB Moped M HaJl MOPCKOH
MOBEPXHOCTBIO). BBIXOJ »3JeKTpudecTBa pasiHyueH
IpU pa30OpBI3TUBAHUM Kamelb pPa3HOW BEJMYMHBL. J[nd
KaIuld TuaMeTpoM 4,4 MM IpH CKOPOCTH HajeHus 6,8
M/c BeicBOOOKHaerca 3apsaz 0,89-1072 K/em®, B To
BpeMs, Kak At Karui quametrpoM 0,4 MM TIpH CKOpo-
CTH TIaicHus 4M/CeK OTAaya 3apsga COCTaBISICT 10712
K/cm®. TIpy HauGonbIneil HHTEHCUBHOCTH Pa3OpbI3ry-
BaHUs HAaONIOMACTCS BBIXOJ 3apsia MOpsIKa 107 Kn
Ha KaIuIio.

Banmosnexkrpuueckuit  apdexr  Habmomaercs
TOJIBKO Y AMIOJNBHBIX XUAKOCTeH. OCHOBHON IpHYHU-
HOM 3 deKTa ABIAETCS HATMUKE Ha TTOBEPXHOCTH KH/I-
KOCTH CJI0Sl OPHEHTHPOBAHHBIX JHITOJIEH, KOTOPBIE CO-
3/1a10T JABOMHOM AJIEKTPUYECKUI CI0M BHYTPH XKHUIKO-
CTH. DJIEKTPHUYECKOe T0JIe U0 MPOCTUpaeTCs Ha
HEKOTOPYIO TITyONHY BHYTPb KUAKOCTH U KOHIICHTPH-
pyer BOIH3H ee TpaHul] CBOOOHBIC 3apsisl [12].

Tak kak npu pa3OpBI3TUBaHUM JKUAKOCTEH 00pa-
3YIOTCSI ITy3bIpH, B TOHKOM IIEHKE KOTOPBIX 3aps] MO-
BEPXHOCTH JKHJIKOCTH YK€ He OyJeT CKOMIEHCUPOBaH
3apsI0M BHYTPEHHHX CJIOEB, B BO3JYX BMECTE C MEJb-
YaWIIMH YaCTHUIIAMH JKUAKOCTH YXOIUT W H30BITOY-
HBIN 3apsil TOHKOW TJICHKH Iry3bipeii. [Ipu ancopbunu
MTOBEPXHOCTHIO JKUAKOCTH CBOOOIHBIX 3apsAOB H3 €€
BHYTPEHHHUX CJIOEB ITPOMCXOIUT yMEHBIIEeHNE 3P dek-
TUBHOH BEJTMYUHBI AJIEKTPUIECKOTO MOJISI BHYTPEHHETO
JBOMHOTO 3JIEKTPHUUYECKOTO CIOs, M 3aTEM H3MCHEHHE
€ro 3HaKa. ITHUM OOBSCHSETCS N3MEHEHHE 3HAKa JJICK-
TPU3alMU NPU IPOOJIEHUH AWIONBHBIX JKHUAKOCTEH C
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nobasienueM K HUM npumeceii [18]. Teopus anexrpu-
3aliy PU Pa30PBI3TUBAHUH Karellb pa3padaThiBaiach
JIx. MeticoHOM U [ip. UcclieoBaTeNsIMHA [26].

I'enepauus 3j1eKTpUYeCKOH 3Hepruu TpuodO-
3JIeKTpU4YecKuM 3pdexTom

Tpuboamextpudectso [13, ¢.768] - 370 eme oquH
HCTOYHUK BO30OHOBIsIeMon sSHepruu. IlepBrie cmo-
COOBI MOJTyYEHHs SIEKTPUUECKUX 3apsi/ioB M AIIEKTPO-
cTatmueckux noner (tpubosnektpuuectBo (T.)) 3a-
KIIOYaJuCh B TPEHUHM Pa3HOPOIHBIX MaTepUallOB
(cMombl, cTekia, Mexa u jp.). [Ipu TpeHun AByX oau-
HaKOBBIX TEJ TOJIOKHUTENILHBIN 3apsiy mojiydaeT Oosee
IUIOTHOE M3 HUX. MeTaulsl IIpU TPEHUH O AUIIICKTPHK
3MEKTPU3YIOTCS KaK OTPUIATENBHO, TaK W IIOJIOKH-
TenbHO. IIpu KOHTakTe MeTannaa ¢ IUdJIEKTpukoMm T.
BO3HHMKACT 3a CUET IEPEX0/1a IEKTPOHOB U3 METAINIA B
IVNIEKTPUK. T. XHUIAKOCTEH CBA3aHO C MOSBICHHEM
J2C Ha rpaHunax >KUAKOCTb — TBEPIOE TENO. DJEK-
TpU3aLUA ABYX XHUIKUX JUIJICKTPUKOB OCYIIECTBIIS-
ercst mo mpaBuny KosHa, T.e. XUAKOCTH C Oonbliei
JJIEKTPUYECKOW IIOCTOSIHHOM 3apspKaeTcsi IOJIOKHU-
TeJIbHO, C MEeHbIIeH oTpunareibHo [13, ¢.768]. Cuura-
ercs, 4yTo T. NPUBOIUT K HEXKelaTeIbHOMY HaKOILIe-
HHUIO DJIEKTPHYECTBA B JMDIEKTPUKAX. B OBITOBBIX
ycnoBusix T. MpOSIBISIETCS B CTATHYECKUX 3apsAax, KO-
TOpBIE HE MPUHUMAIOT BO BHUMaHHUE. B cBsA3M ¢ He3Ha-
YUTEJIFHBIM KOJIMYECTBOM JIEKTPHIECTBA C HUM TIPea-
MOYHTAIOT HE CBA3BIBATBHCS, @ MOJydaTh SHEPTUIO OT
MpeCKa3yeMbIX U HAJCKHBIX MHAYKIMOHHBIX TeHEpa-
TOPOB, BPAIIaeMbIX CHJION Tapa, BOJIbI, BETpa W Jpy-
rux BUD.

HanpsoxeHus u 3apsiibl IPU HMEPBBIX CIIydasx IMo-
nmydenus T. OblM KpaiiHe Manbl. B nanbHeiimem mis
MOJYYEeHNSI BBICOKMX HANpsDKEHUI OBIIHM  CO3aHBI
AJIEKTPOCTATUYECKHUE T'€HEPaTOphl C BPAIIAOIIMMUCS
JIMICKaMH, Ha OCHOBE JJICKTPOCTATHYECKOTO HaBEJCHUS
(vanynupoBanus). TakUMHU yCTPOWCTBaMH SIBIISUINCH
3JIEKTPOCTATUUECKHIE T€HEPATOPHI BEICOKOT'O HAIPsKe-
Hus. HanbGonee n3BEeCTHBIM M3 HUX SIBISIETCS CO3JaH-
HBIH B 193 11. amepukanckum ¢usukom P. Ban ne I'pa-
a¢oM TeHepaTop, Ha3BaHHKBIN ero UMeHeM [27].

B nocneaue rop! B CBSA3U ¢ OBICTPHIMH TEMIIAMH
Pa3BUTHS IEKTPOHUKH YCHJIMINCH TOMBITKH HAWTH
CrocoOBl MPOM3BOJCTBA JIIEKTPUYECTBA, HCIONIB3YS
MaJble YHepreTHYecKue pecypchl. B pesymprare 3THX
YCHIIMHA PacKphUINCh MOTEHIMATIbHBIE BO3MOXKHOCTH
HCIIONIB30BaHMUS TPHUOOAIeKTpHdecKkoro 3¢ dexra B aB-
TOHOMHOI BBIpa0OTKE 3JEKTPOIHEPTUU B HEOOIBIINX
KOJINYECTBAX, AOCTATOYHBIX JUIi HOCHMOM 31EKTpo-
HUKH. B Hacrosimiee Bpemst CymecTByeT 00JbIIoe KO-
JIM4ECTBO Mojenel renepatopos [27,28,29,30 u ap.], B
TOM 4HCJIe HaHOTCHEPATOPOB HAa OCHOBE TPUOO3JIEK-
Tpryeckoro 3¢gdexra. [Ipr KOHTAKTHOH INEKTpU3aIUN
(Tpenme, crubaHue, CPecCOBBIBAHNE) IBYX MaTepHa-
noB (3nekTpoaoB) u3 psima Papanes [13, ¢.768] naxe
MIPY X0/160€ MM MPUKOCHOBEHUH MIPOMCXOJUT T'eHepa-
IS TIOJIO’KUTENFHBIX U OTPHULIATENIBHBIX 3apsAnoB. [Ipu
MOJKITIOUEHHE MEXIy IBYMS ATHMH DJIEKTPOJaMH
JJIEKTPUYECKOI Harpy3ku OyJeT co3iaBaThesi HeOOIb-
110€ KOIMYECTBO IEPEMEHHOT0 TOKA, IOCTATOYHOE ISt
HOJ3aps KU HOCUMOM 3JIEKTPOHUKU. DHEPrusi, Moiy-
yaeMmas 3THM CIOCOOOM HE3HAuuTelIbHA, HO HMEEeT
MHOTI'OYHCJICHHBIE IPEUMYIIECTBAa BO MHOTHX aCIEKTax

KHU3HEJESATEIbHOCTH YEI0BEKa IIPU OTCYTCTBUU CTallH-
OHAPHBIX UCTOYHHUKOB dJIeKTponuTanms [31].

Kopetiickne mmkeHepsl pazpabotanu TpuOO3IeK-
TPUIECKUH TeHEepaTop ¢ (raTTep-mpuBOIOM, TO €CTh
puodop, MO3BOJIIOMINI MOTydaTh IEKTPHUECTBO U3
BHOpary. Bubpariu co3naroTes ¢ MOMOIIBI0 THOKUX
(aroB u3 MPOBOMAMICH TKAHU, MPUKPEIUICHHONW Of-
HUM KOHIIOM K JKECTKOH Iu1acTuHe. PasHuna noreHuu-
aJI0OB CO3JAeTCS MEXIY KOHTAKTUPYIOIIMMH ILIOCKO-
CTAMH B pe3yibraTe Konebanui ¢ara Ha Berpy. Ha
KECTKOH MOBEPXHOCTH (HOopMHpPYETCsi M30BITOK 3JEK-
TPOHOB, a Ha APYrol — HeAOCTaTOK. Pa3HOCTh MOTEH-
I[MaJIOB Ha TOBEPXHOCTSAX KOMIICHCHPYETCS 3a CUET
BHEIITHEH IETIH, a IOBEPXHOCTHU, CONPHUKACASICh JIPYT C
JpYTOM HAauMHAIOT HOBBIM NEPHOM TPEHUS, T.€. MOIy-
yeHns1 snektpuuectBa[32]. Ilpum ckopoctn BeTpa B
15m/c xopetickuii reaepartop BeipadateiBaeT 200B, mpu
cwie Toka 50 muuamnep u yacrore 158 repu. Cpen-
HsS MOIIHOCTh TaKOTO reHepatopa cocraBiseT ~ 0,86
MULIUBATT. [10700OHBIE HCTOYHUKH SHEPTUU MOTYT UC-
MIOJIB30BATHCS JUISl YIMYHOIO OCBEIIEHHUS B paifoHaX C
YCTOWYMBBIM BETPOM WJIM TOPHOU MECTHOCTH.

Mexanu3M 00pa3oBaHus JJIEKTPUYECKOI0 TOKA B
JAUIJIEKTPHKAX

W3 pmecsitn THaBHBIX NpOOJIEM 4EIOBEYECTBA B
cienyromme 50 neT ¥ ganee Ha MEPBOM MECTE CTOUT
3JEKTpO3HEprust ¥ Boja [2]. OcBOeHHE HCTOUHUKOB He-
JOpOroi, Oecrepe0OHHO MOCTYNarome YHEPTUHN 1103~
BOJISIET MIMETh B JOCTAaTKe YHCTYI0 Boxy. OOmanas 3a-
TTacaM¥ BOABI M SHEPTUH MOXKHO peIaTh U APYTHe Ipo-
OnmeMbl HApOJOHACEeJIEHHs M THMTaHHS, a TakKxke
OCBOCHMS KOCMHYECKOro mpocrtpaHcTBa. Haubonee
YCIIEIIHBIM Pa3BUTHEM SHEPTeTHKH Ha NEPBOM JTalle
MOXkeT ObITh coueTanne BUD ¢ mpupoaHbIM razoM u
OCBOEHHE HeTpaauIoHHOM sHepreTrky (HBUD).

Ha BO3MOXXHOCTH HCIIOJIB30BAHUS IPOBOASIINX
TOK XHMJKOCTEH- TU3JIEKTPUKOB, IBIKYIIUXCS B Mar-
HUTHOM TI0JI€, JUIS TeHEPAaIH 3JIEKTPUYECKUX TOKOB
ykazan B 1831r. M. ®@apaneit [13, ¢.379]. Onnako, uc-
TI0JIb30BaHNE BOJIBI KaK JMAJIEKTPUKA IS WHITYKINH
JIEKTPUUECKOTO TOKAa OKa3aJloch Oe3yCIeIIHBIM, CO-
rnacHo ero ombitaM [33]. Tem He Menee M. @apanei,
J.K. Maxkcsenn [34] u ap. cienany Benuvaumme oT-
KPBITHS JJIS YeJIOBEUECTBA, KOTOPBIE SBUIMCH OCHOBOM
JUIsl IPOBEACHUS ATIbHEMIIUX UCCIIEJOBAHUM U OTKPBI-
TUH. B )KUAKOCTSX Apyrue yCciaoBUs paclpOCTPAHEHUS
AIEKTPHYECKOT0 TOKA B OTIIMYMH OT METAJIJIOB, TaK KaK
OH B3aHMOJEUCTBYET C MOJIEKyJIaMH BoJibl. CuuTaercs,
YTO B JUIIEKTPUKAX OTCYTCTBYIOT 3aps/bl, UTO HE OT-
HOCHUTCSI K JUIOJIBHBIM XKHUAKOCTSIM. [loaToMy nenbro
HCCIIeIOBAaHUN NSl TOXY4YEHUsS 3IEKTPUUECKOr0 TOKa
13 BOJBI SIBISIETCS CO3JAHME TAKUX YCJIOBHM, IPU KO-
TOPBIX JIEMEHTHI MOJICKYJIBI BOABI MOTJIM OBl HadaTh
CBOE JBIDKEHHE U BO3HHK IIpoIiecC 00pa30BaHuUs 3JICK-
TpUUYECKOTO TOKa. B pabote [35] skcnepuMeHTaIbHO
MMOKa3aHo 00pa3oBaHMWE B BOTHOHN cpeie THAPOTHPO-
BaHHBIX 3JIEKTPOHOB IIPH TEIUIOBOM AIIEKTPOMArHHT-
HOM BO3JCHCTBHH B TEMIEPAaTypHOM JAWama3oHE OT
10°C mo 80°C u BIHMsHUE Ha 3TOT HPOLECC AEHTEPHPO-
BaHHOH Boxbl (D20). B pesynbrare paspbiBa cBsI3U B
MOJIEKyJie BOABI Ipoucxoaut obpasoBanne H* u OH
paaukanoB. Pamgukan H* npuBomur k 06pasoBaHUIO
THJPaTHPOBAHHOTO JIEKTPOHA IBYMS CIOCOOAMU:
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I.H -H"+eu2. H +OH -H20 +e . (11)
Curyanmsi KapJWHAJIGHBIM 00pa3oM MEHSETCs,
€CJIM TIPOILIECC COTPOBOXKIAACTCS BHEITHHUMH BO3JCH-
CTBISIMH Ha BOXy, TAKUMH KaK WHAYKIINS MarHUTHOTO
MOJIsL I TypOyIIEHTHOE TIepeMenInBaHne Ipu BHOpa-
LIHUOHHOM BO3JEHCTBUU.

Jis TeHepanuu AIIEKTPUYECKOTO TOKAa M3 BOJBI
cJleNlaHbl JIUIIB epBble mard. [[oneITku HCIoIb30BaTh
OaymosneKTpuueckuii  3QQPEeKT  MpeanpUHUMAINCH
MPaKTHYECKU C BpEMEHH ero OTKpbITHs. Hanbonee 3Ha-
YUMBIM OBUI T€HEpaTop 3JIEKTPOCTATHYECKOTO Harpsi-
seHus, nzooperenHslit Y. Tomconom (stopn KenbBun)
B 1867r., M3BECTHBIN IO €r0 MMEHEM - 3TO KaIlellb-
auna Kenpeuna [36]. KanenpHuma obecrieduBaeT mo-
nyuyeHue HamnpspkeHus nopsaka 10 xB. YcerpoiictBo
MPEACTaBIsIeT Cco00i Tapy MeTaUIM4ecKuX OaHOK,
Ka)x1asi M3 KOTOPHIX CBSI3aHa C METAJUTHICCKUM KOIIb-
[IOM — WHAYKTOPOM, TIO/IBEIICHHBIM Hall Apyroi OaH-
Koil. Uepe3 MHIYKTOPBI U3 BEPXHET0 coCynaa B OaHKU
BBITEKAIOT CTPYHKH BOJBI, KOTOPBIE pa3feisitoTcs Ha
KalUIM TIepe]l MHAYKTOPOM. YCTaHOBKa He TpedyeT
CTapTOBOM 3apsaKu 0aHOK. B pe3yibrate aiekTpocra-
TUYECKON MHIYKIIMM METaUTN4eCKUe KOJblla HaBOASAT
B 0aHKax C BOJOW IPOTHBOIOJIOKHBIEC 3apspl. YcTa-
HOBKa OCTaeTcs paboTococoOHOH, ToKa OaHKH He 3a-
TIOJHSITCS BOAOH. B mpuHITHIIE ycTaHOBKA MOKET pabo-
TaTh aBTOHOMHO TIPH JIFOOBIX CKOPOCTSIX BOITHBIX HC-
TOYHHUKOB, CIIOCOOHBIX HATIONHATH BOJOW BEPXHHH
COCYJ M YCTaHOBKH CJIMBA BOJBI TIPH 3aIllOJHEHHUU Oa-
HOK. 1 XOTS MOCTUTHYTHIC pe3yNbTaThl IMOKa BeChMa
CKpoMHBIe, uccrnenoBanus HBUD mnpomomxkatoTcs
MHOTUMH YUEHBIMHU.

HOxHOKOpeiickue uccneaoBaTeN ¢ PU3MIECKOro
(axynpTeTa IlycaHCKkoro HallMOHAIBHOTO YHUBEpPCHU-
TeTa pa3paboTaal TEXHOJOTHIO JJIs OCBEIEHHS DJIeK-
TPUYECKOH SHEprHell TOPOJCKOW KBAPTUPHI IISCTHIO
CBETOIMOJHBIMU JTAMITIOYKAMHU OT OJHON KATUTA BOJBI
[37]. CornmacHo 3TO¥ TEXHOJOTHUH, KAILIIO BOJBI IIOME-
IIAI0T MEXY IBYMsI 3JICKTPOIIPOBOISAIINMHU METAJLIH-
YECKHUMH IUIACTHHAMU. VI3MeHsIomeecss pacCcTOsSHHE
MEXIy HUMH 3apsDKaeT M pa3psuKaeT CIeIHaibHBIC
JIByXCJIOMHBIE AJIEKTPUYECKHE KOHIEHCATOPHI, B pe-
3yJbTaTe BO3HHUKAET JJIEKTPUYECKUH TOK, JOCTaTOY-
HBIA J1s1 oOecrieueHust paboThl HECKOJIBKUX CBETOMIU-
OAHBIX JIaMrioyek. [1o MHEHUIO F0)KHOKOPEUCKUX yde-
HBIX, B CKOPOM BPEMEHH OJHEpPrusi BOABI Oyner
OCBEIIaTh HE TOJIBKO OTAEIBHBIC 0Ma, HO M IIEJbIe
VIUIBI U TOPOJAa. AHAIOTUYHBIA CIOCOO BBIPAOOTKU
JJEKTPUYECTBA U3 KAIUIU JOXKS pa3padoTalid yueHbIe
U3 TOPOJICKOTO YHUBepcHuTeTa ['oHKOHra. YcTpoicTBO
MOJKET KpaTKOBPEMEHHO reHepupoBaTh140B u3 ognoit
Karum 1oxas [38].

Pemenne crodmux mpoGieM 1o HCIIOIB30BAHUIO
BO300HOBJISIEMBIX HCTOYHHKOB J3JIEKTPHUECKON JHEP-
THH 3aBHCHUT IIPEXKAE BCETO OT CaMOTr0 YeJIOBEYECTRA.
Kak ckazan anrnuiickuii yuensrit nops KenbBuH, npo-
6yemMa CBOAMTCS K CICIYIOMEMY: «MOYKEM JI MBI CKOH-
CTPYHPOBATH COOTBETCTBYIONIYI0O MEXaHHYECKYIO MO-
Jenb». B Hactosiiiee BpeMs, OYEBUAHO, peUb UAET O
TOM, YTO CMOJKEM JIU MBI HCIIOJIb30BaTh MPEIOCTaBIIS-
eMble MPUPOION BO30OHOBISIEMbIE MCTOYHUKH DHEp-
THH, B IEPBYIO OUEPEb COTHEUHYIO PaJUaLUIO U BOIY,

JUIL aBTOHOMHBIX JJICKTPOTCHEPAaTOPOB Ha HAmeH u
ommkaimux miaHeTax CoJIHEYHON CUCTEMBI.
BruiBoabl

1. Bomnsle pecypcsl, 3aHnMaromue ~ 71% 3eMHO#
MTOBEPXHOCTH, ABIISIOTCS BO30OHOBIISIEMBIMHI HCTOYHH-
KaMU SHEPTruy Ha OIDKaHIe HeCKOJIIFKO MIUIITHAPIOB
JIET.

2. PaccMoTpeHo cTpoeHre BOAbI KaK KHUJIKOTO JH-
anekTpuka. HeliTpanbHas MoOJeKyna BOJBI, Kak JH-
MOJIb, MMEET TOJIOKUTEIILHBIC U OTPHIIATCIILHBIC 3a-
psaast HY 1 OH' . DnekTprueckuii 3apsii 0THOrO MOJIs
BOJBI cocTaBigeT ~ 10* Ki/mons. OnHako Bona, Kak
CIIO’KHAS CHCTEMA Pa3IMIHBIX MOJIEKYJ, HOHOB H acco-
[HATOB, €Il HEJTOCTaTOYHO U3yUeHa U HCCIIeJOBaHa.

3. OgHAM W3 CBOWCTB BOMBI ABJISETCS IBOIHON
QIEKTPUUYECKUIA CIIOM Ha TpaHHUIE Boma- aTMmocdepa
WM BOJa- METaJLI, FUTH ApyTHe KOMIIOHEeHTHL. [Ipu pasz-
OpBI3TUBaHUK BOABI HaOIrOmaeTcs OajlTodIeKTpHUe-
ckuii 3ddekr, co3maromUil IIEKTPHUUSCKOE TMOJIC
HaINpsHKEHHOCTHIO 710 25 KB/M.

4. CTpyKTypa BOJBI MO3BOJSET MOMy4YaTh JJIEK-
TPUYECKUH TOK U3 Kalellb HE3HAYUTEIIBHOM MOIIHO-
CTH, HO TOCTaTOYHOM JJIsl MOA3APSIKU HOCUMOM dJIeK-
TPOHHKH, B PE3yJbTAaTe HCIOJIb30BAHUS OallIO3JICK-
TPUIECKOTO B TPUOOAIIEKTPHIECKOTO 3P PeKToB.

5. Ilpn majeHWH Karenb BOIBI Ha TBEPAYIO IO-
BEPXHOCTh IPOUCXOANT DIICKTPHU3ALHUS TIOBEPXHOCTH B
pe3ynpTare TpubolNIeKTpuIeckoro apdexra. Pazpado-
TaHHBIE YCTPOICTBA MOTYT KPAaTKOBPEMEHHO T'€HEPH-
poBath 140-200B u3 onHOM Kamiu gOKASL.

6. YBeIn4YeHHe MOIIHOCTH 3JIEKTPUUECKOTO MOH-
HOT'O TOKA U3 BOJIbI BO3MOKHO MPH COUETAHUH HUCTIOIb-
30BaHUs IBOWHOTO AJIEKTPUIECKOTO CIIOS C TPUOOIIIEK-
TpudeckuM 3ddexrom.
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Abstract

Size effects are inherent in all nanostructures and continue to attract the attention of not only physicists, but
also biologists, physicians, and other specialties. In addition to fundamental problems, optical phenomena (includ-
ing luminescence) in nanostructures are of great practical interest.

In the present work, an empirical multilevel model of the surface layer of solids is proposed, which explains
all the observed size effects in nanostructures, including luminescence.

To obtain the equations, we used the method of nonequilibrium statistical thermodynamics.

The surface layer of a solid body consists of three layers - a de Broglie layer do ~ ((0.01-0.1) nm for metals)
and layers d(I) and d(11). Size effects in a layer d(l) are determined by the entire collective of atoms in the system
(collective processes). Such “semiclassical” size effects are observed only in nanoparticles and nanostructures.
The layer d(l11) should have many dimensional effects associated with a certain critical characteristic parameter:
the mean free path of carriers in transport phenomena, the dimensions of domains/domain walls, the diameter of
the Frank-Read loop for gliding dislocations, etc. When h=d in the surface layer, a phase transition occurs. It is
shown that the thickness of the surface layer d(l) is determined by one fundamental parameter - the molecular
(atomic) volume of a solid, which is different for metals, amorphous solids, glasses, and polymers. The proposed
multilevel model of nanostructured states in solids, which explains all the observed size effects in nanostructures,

including luminescence.

Keywords: nanostructure, multilevel model, size effects, luminescence, small particle, surface.

Introduction

Alexander Leonidovich Chizhevsky is one of the
greatest scientists of the past century. It is quite logical,
for those times, and what happened to Chizhevsky later.
In 1942, he was arrested and sent to the lvdellag con-
centration camp in the Sverdlovsk region, then stayed
in the Karlag and Steplag camps in Kazakhstan. The re-
pressions did not end there, because after the expiration
of the camp period in 1950, he lived in a settlement in
Karaganda for four years, and when the settlement ex-
pired, he still remained in Karaganda, permission to
live in Moscow was never received. He had a job there
at the Oncological Dispensary, where there was a de-
cent laboratory, and he had the opportunity to conduct
scientific research. In the same place, in Karaganda, he
collaborated with the scientific research institute of the
coal industry. The year 1958 has come. Chizhevsky
was finally rehabilitated and he returned to Moscow.
The famous "Chizhevsky Chandelier" is still popular
with us, which ionizes the environment and can clean
the air from dust. lonization is often accompanied by
luminescence, which we will discuss in this work.

Luminescence of small particles of crystal phos-
phors. The significant dependence of the luminescence
efficiency of phosphors and the luminous efficiency of
fluorescent lamps on the size of the phosphor grains has
been paid attention for a very long time. In many works

(see reviews [1, 2]), the effects of a decrease in the lu-
minescence brightness during grinding of crystal phos-
phors are explained by a sharp increase in the specific
surface area of the phosphor in the layer and, accord-
ingly, an increase in the scattering of exciting light,
which ultimately leads to losses. Investigating the ef-
fect of grinding of halophosphate phosphors on the ef-
ficiency of fluorescent lamps, the authors of [3] found
that it leads to a significant (up to 10-15%) decrease in
the luminous efficiency of lamps. In [4], on the basis of
the theory of "turbid" media, it was concluded that the
reason for the decrease in the luminous efficiency of
fluorescent lamps is the presence of "ultra-small” parti-
cles with sizes up to 3 microns, which increase the scat-
tering of ultraviolet radiation back into the discharge
gap of the lamps. However, this model does not agree
with the results of studies on X-ray luminescence (see
review [5]), where the critical grain size of the phos-
phor is 2040 pm, from which the quantum yield of X-
ray luminescence also drops sharply. Naturally, for par-
ticles of this size, X-ray scattering is negligible. Sum-
marizing the results of the experimental data, the au-
thors of [5] proposed an empirical dependence of the
relative intensity | on the size r of the phosphor grains:

| = (L-d/r)’ )
where d is the thickness of the "dead" layer. Ac-

cording to the authors of [5], a “dead” layer is a layer
from which thermalized (hot) charge carriers emerge to
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the surface. The release of charge carriers from a depth
d competes with their recombination at the emission
centers, which leads to the quenching of luminescence
in the "dead" layer (Fig. 1). The dimensional relation-
ship between temperature and concentration quenching
of intracenter luminescence was noticed long ago and
was explained by us only in [6] on the basis of the ther-
modynamic approach (where Q ~ I and N ~ r) (Fig. 2).
Within the framework of this approach, the following
expression ils obtained:

18F
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| 0,1 0,2 03 0,4 r,mm
2_
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N
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. d~20pm
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| | | \Ll
0 10 20 30 1/r, mm"

Figure 1 - Dimensional dependence
of the intensity of X-ray luminescence
on the grain size of the phosphor [5]

Size effects in luminescence of crystal phosphors.
The end of the 19th century coincided with the begin-
ning of the development of nanotechnology, a distin-
guished feature of which was the size effects when the
particle size decreased below certain critical sizes. The
first review of size effects in luminescence, in our opin-
ion, was made in [7]. An analysis was carried out on the
size effects during the grinding of crystals of photo-X-
ray-cathode-electroluminophores. Figures 3 and 4
show examples of these effects.
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Figure 3 - Dependence of the brightness
of cathodoluminescence (Zn, Cd)S - phosphor on the
particle size [7]

Size effect in the optical properties of semicon-
ductor quantum dots

Semiconductor quantum dots (QDs) are usually
called elementary (quasi-zero-dimensional) crystal
structures bounded in all three directions, the sizes of
which are comparable to the de Broglie wavelength for
an electron (ae) and a hole (ah) or (u) with their Bohr
radii of the Wannier exciton Mott in this material [8-

| = const = exp(-2ov/ rRT)= const(l-d, /1), ()
where the depth of the "dead" layer is:

d, =2cv/RT. &)

Here o is the surface tension of the phosphor grain,

v is its molar volume, R is the gas constant, T is the

temperature. Since (1-d/r)3=(1-3d/r), then equations (1)
and (2) coincide up to a constant factor, and d;=d/3.

Q,eVA
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| |
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Figure 2 - Dimensional dependence
of the activation energy Q on the concentration of lu-
minescence centers for KBr-TI [6]

It was stated that near the surface of an individual
powder particle there is a layer with an increased con-
tent of biographical defects, the optical properties of
which generally differ from the properties of an ideal
surface. An increase in the number of these defects dur-
ing powder grinding and a decrease in the average par-
ticle size leads to a decrease in the luminescence inten-
sity and an increase in the absorption index of the ma-
terial. However, the very mechanism of the size effect
in the luminescence of various crystals remained un-
clear.
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Figure 4 - Dependence of the luminescence brightness
of the X-ray phosphor ZnS

on the particle size [7]

10]. The first experimental observations of the effect of
dimensional quantization in the optical properties of
semiconductor nanocrystals several nanometers in size
were published in the early 1980s by Russian physicists
(see literature reviews in [8-10]). As an example, Fig. 5
and 6 show the size effects in QDs of CdS and Ag2S
crystals.
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Figure 5 - Stationary luminescence spectra
of CdS nanoparticles of different sizes.

An analysis of the scientific literature [8-10] indi-
cates a great interest in the study of size dependences
and photophysical processes with the participation of
localized states in semiconductor colloidal quantum
dots CdS and Ag:S. Interest in these structures is due to
the possibility of their use in optoelectronic devices and
biomedical applications. At the same time, the success-
ful development of most applications using colloidal
QDs is hindered by the lack of unambiguous data on

o va cuum

. surface layer
LR

- == transition layer
Afh) = Ag(l - 1

0.5d

WY Afh)
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volume phase
Afh) = Ay = const

I/ld

3 4 & 8 10
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Figure 6 - Dependence of the quantum size effect

in quantum dots Ag.S [10]

detailed studies of the size dependence in the absorp-
tion and luminescence properties of Ag.S QDs and the
role of localized states in the formation of these prop-
erties.

An empirical model of the surface of solids

In [11-13], the proposed model of the surface layer
of atomically smooth crystals is generalized. This
model is shown schematically in Figure 7.

0 vacuum

v
r, nm

do - de Broglie layer; d; - surface layer; d; -
transition layer; d., - bulk phase layer

Figure 7 - Schematic representation of the surface layer

The de Broglie layer do = Agg = h/p for metals
ranges from 0.01 nm to 0.1 nm. Quantum dimensional
effects begin in this layer. The main quantum-dimen-
sional structures include structures with a two-dimen-
sional electron gas - epitaxial films, MIS structures,
heterostructures, etc .; structures with one-dimensional
gas - quantum threads or wires; structures with a zero-
dimensional gas - quantum dots, boxes, crystallites
[14]. To determine the thickness of the surface layer of
various compounds, we used the dimensional depend-
ence of the physical property A(r) Layer d(l) = d is de-
scribed by the dependence:

A=A, -(-d/(d+r)), dysr<d. @

In the d(l) layer with pure metal atoms, there is a
reconstruction and relaxation associated with the rear-
rangement of the surface [15]. For gold, the lattice con-
stantis d (1) = 0.41 nm and the surface is rearranged at
a distance (d(l)au = 1.2/0.41=3) of three atomic mono-
layers. The size effects in the d(1) layer are determined
by the entire group of atoms in the system (collective
processes). Such “semiclassical” size effects are ob-
served only in nanoparticles and nanostructures [16].
Layer d(I1) is described by the dependence:

A=A -@-d/r), r>>d. (5
The parameter d is related to the surface tension o
by the formula:

d =26v/RT . (6)
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Here o is the surface tension of a massive sample;
v is the volume of one mole; R is the gas constant; T is
the temperature. In [13], it is shown that with an accu-
racy of 3% the following is fulfilled:

6=07-10"T , (7)
where Ty, is the melting point of the solid (K). The

ratio is fulfilled for all metals and for other crystalline
compounds. At T = T we get:

d(1)=0.17-10"v. (8)

Equation (8) shows that the thickness of the sur-

face layer d(l) is determined by one fundamental pa-

rameter - the molar (atomic) volume of the element (v

= M/p, M is the molar mass (g/mol), p is the density

(g/cm?®) ), which periodically changes in accordance

with the table D.I. Mendeleev. The d(I1) layer extends

80

70

approximately to the size d(II) ~10d = d«, where the
bulk phase begins. Dimensional properties begin from
this size. By nanomaterials it is customary to mean ma-
terials, the main structural elements of which do not ex-
ceed the nanotechnological boundary of ~ 100 nm, at
least in one direction [17]. A number of researchers are
of the opinion that the upper limit (maximum size of
elements) for nanostructures should be associated with
some critical characteristic parameter: the mean free
path of carriers in transport phenomena, the size of do-
mains / domain walls, the diameter of the Frank-Read
loop for sliding dislocations, etc.. This means that the
layer d(I1) should contain many dimensional effects as-
sociated with optics, magnetism, and other physical
properties according to Eq. (5). As an example, Fig. 8
shows the size dependence of the luminescence of lith-
ium uranates [18].

0 5 10

20 25 30 r,nm

1-  LipUOy4; 2- LisUOs; 3- LiU207;4- LioU3010; 5- LiUgO19

Figure 8 - Dimensional dependence of luminescence of lithium urinates

Further research prospects are as follows

Our proposed multilevel model contains:

- de Broglie layer do = Ags = h/p in which quantum
size effects begin;

- layer d(I) defines “quasi-classical” size effects
that are observed only in nanoparticles and nanostruc-
tures;

- layer d(11) contains many dimensional effects as-
sociated with optics (luminescence), magnetism, and
other physical properties according to equation (2).

In the near future, detailed theoretical and experi-
mental studies of the proposed multilevel model of
nanostructured states in solids are urgently needed.
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CPABHUTEJIbHBIN AHAJIN3 MATEMATHYECKUXMO/JEJEA AHADPOBHOI'O BPOKEHUSA
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The analysis of existing models of anaerobic fermentation of biomass is carried out. The possibilities of

choosing the optimal process parameters for different types of biomass are considered. A systematic numerical
experiment with the Kobozev model was carried out. The optimal values for the studied types of biomass were
found for the main physicochemical and input parameters. At present, a great deal of experience has been accu-
mulated on the production and use of biogas.

AHHOTALUSA

[IpoBeneH aHanMM3 CYMIECTBYIOIIUX MOJETCH aHa’dpoOHOTO OpokeHHWss Owmomaccel. PaccMoTpeHBI
BO3MOXKHOCTH BBI60pa ONITUMAJIBHBIX MapaMETpOB IIpolecca Jid Ppas3HbIX BUIOB OHMOMACCHI. HpOBeZ[eH
CUCTEMATHYCCKHI YHCIICHHBIN OKCIICPUMECHT C MOJCIIBIO KobGo3esa. Haﬁ;[eHBI ONTUMAJIBHBIC JIsI UCCIICAYCMbIX

BHUI0B OHoMacc 3HaYEHHUs OCHOBHBIX (PPISI/IKO'XI/IMI/I‘ICCKI/IX 1 BXOJIHBIX IMapaMeTpOB.

Keywords: biogas, model, anaerobic, Kobozev, parameters, numerical, experiment, fermentation, biomass,

analysis

KaroueBble ciioBa: Ouoras, Mojeb, anaspo0, Ko6Go3es, mapaMerphl, YHCIEHHOE, SKCIIEPUMEHT, OPOIKEHHE,

oromMacca, aHaJIu3.

[ocne onmy6imkoBanus n3BecTHOM KHUTH B. baa-
Jiepa U p. omyOJMKOBaHO OOJIBIIOE KOJMYECTBO pa-
00T, TaBIIMX UMITYJIEC PA3BUTHIO HAYKH O OMOTOILIUBE.
Ha Hamn B3rsi1, TIMPOKOMY PacIipOCTPAHSHUIO MaITbIX
Y CPEJIHUX I10 MOIITHOCTH OMOTa30BBIX YCTAHOBOK IIpe-
IATCTBYIOT ciexyromme obcrositenscTa: 1. Crolpbe
(bnomacca), ucronp3lyemMoe ISl HOJNydeHHs] Ouorasa
MMeeT MHOXECTBO (PH3UKO-XMMHUYECKHX ITapaMeTpoB,
pasHble ISl TaHHOW MECTHOCTH W BpeMeHH roja. Ilo-
3TOMY, JJa’Ke CEpUIHBIE TPOMBIIIUICHHBIE YCTAHOBKH HE
MOTYT JIaTh 0’KAJAEMOT0 BbIX0/1a rasa. 2. Cam mporecc
OpOo’KeHHs TOBOJIHHO MEAJICHHBIN, I BBIXOZA Ha OII-
TUMH3AIMOHHBIN PEXUM ITOTPEOYIOTCS B CpeTHEM, He-
CKOJIBKO JIECSTKOB JIHEH. DTO HE AaeT BO3MOMKHOCTHU
JIOCTaTOYHO OBICTPO pearupoBaTh Ha U3MEHEHHUS BXOA-

HBIX [IapaMETPOB U BBINTH HAa ONTUMAaJIbHBIH, 110 Kpaii-
Hell Mepe, Ha paroOHANIBHBIN pexuM. 3. IlomydeHHbIH
Ha TEepBbIX MOpax OMoras UMeeT BHICOKYIO 10 CpaBHe-
HUH, HAIIPUMEP CO CTOMMOCTBIO TBEPJOTOIIMBHBIX U
JKHMJIKOTOIUIMBHBIX HEPrOoyCTaHOBOK. 4. Manouucien-
HOCTb CONOCTaBUMBIX TEOPETUKO-PACUETHBIX U DKCIIE-
PUMEHTANIBHBIX JAHHBIX MO BIUSHUIO THAPOANHAMHYE-
ckux( K NpHMepYy, BIMSAHUS CKOPOCTH IepeMelInBa-
HUS) U TEIJIO- MAacCOOOMEHHBIX XapaKTepUCTHUK Ha
BBIXOJ Ta3za. DPQPEKTUBHBIM CIIOCOOOM MPEOIOTCHUS
STHX HEJAOCTATKOB ABISACTCS MAaTEMaTHIECKOE MOIEIH-
posanue. IIpu 5ToM NOsBIAETCSA BO3SMOXKHOCTh MHOTO-
KpaTHO YCKOPHTh PELICHUE 331a4H BHIOOpA ONTHMAIb-
HBIX 3HAQYEHUH BBIIICHA3BAaHHBIX TaPaMETPOB, IPUUEM
C MEHBIIMMU MaTepUaNbHBIMU U BPEMEHHBIMU 3aTpa-
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TamH. Pe3ybTaToM Takoro 1oaxo/1a J0JDKHbI ObITh MO-
JEITH, QJITOPUTMBI, IPOTPaMMBI X HA UX OCHOBE-HHXKE-
HEpHbIC METOANKHU PacyueTa MOJHOTO NUKIIA MpoLecca,
C BO3MOJKHOCTBIO BBIOOpA ONTHMAJTBHBIX MapaMETPOB
mpo1iecca sl IIpoKoro Habopa BUIOB 0OpabaTriBae-
Moii 6momaccel. [loatomy, 3amada co3maHus dQdex-
THUBHBIX MaTEMATHYECKUX MOJIEINEH, JOCTATOYHO TOUHO
OIMUCHIBAIONIMX TPOLECCH aHa’POOHOTO OPOIKEHUS
OHrOMacChI SIBIISETCS aKTyaJbHOM.

B Hacrosimee Bpemsi, paccMmarpuBas OpOKEHHUE
Oromacchl (HarpuMmep, IpH aHA3POOHOM PEKHME) Kak
XMMHUKO-OHO-TEXHOJOTHYECKUI Tpolece, MOIydeHO
OOJIBIIOE KOJIMYECTBO MAaTeMAaTHUYECKUX Mojenei. B
JOCTATOYHO TPOCTOH MOCTAHOBKE OHM IIPUBEICHBI, K
npuMmepy, B pabotax [1-3]. OgHako B Takoil mocra-
HOBKe 1OTpeOyeTcst 00BII0e KOTHIECTBO (PH3HKO-XH-
MHKO-OHOJIOTHYECKHUX TTAPAMETPOB, YHCICHHBIC 3HAYC-
HHUS KOTOPBIX 3a4acTyl0 DPa3IMYaloTCs Ha MOPSAOK,
Jae 1711 OMoMacc, OTHOCSLIMXCS OJTHOMY M TOMY K€
Tuny. ECTECTBEHHO, UTO IIPU TaKOH IOCTAaHOBKE MOJE-
JIMPOBAHUS PE3YJIbTATHI HIMEIOT, CKOPEE KaueCTBECHHBIN
XapakKTep, HEXeJM KOJIMYECTBEHHbIM. TeM He MeHee,
KaK [M0Ka3aJM YHCICHHbBIC SKCIEPUMEHTHI, OHU JI0CTa-
TOYHO TOYHO ONHCHIBAIOT OCHOBHBIE 3aKOHOMEPHOCTH
nporecca aHa3poOHOT0 OPOXKEHHUS TS CAMBIX PACIPO-
CTPaHEHHBIX BHAOB OMOMAacCCHI-OTXOIb! KUBOTHOBOJI-
ctBa (OX), pacturensHoro npoucxoxneHus (PII), pas-

xxeHHble ObiToBbIe 0TX0Ab! (PBO) [1-4]. Anddepen-
[MaJIbHbIe YpaBHEHHs U BBbIXoJa rasa mo KoGosesa
UMEIOT BU:

ax
= =bLX —pX
& = p(Lo — L) — abLX, 1)
av
HauyasbHbIe ycC0BHUA:
X(0) = Xo, L(0) = Lo, V(0) =V, = 0. (2

B 3amage Kommu (1)-(2) ucnonb3oBaHbl cienyro-
mme oOo3HaueHWs: X — KOHIEHTpamus OaKTepHid,
Kr/mM3; L — KOHIEHTpalusl MUTAaTeIbHOTO BELIECTBA,
yCcBOSEMOro 6akTepusMu, Kr/mM>; V — BbIxoj1 Guorasa,
M3; p — CKOpOCTb TIPMOABKU MUTATEIbHBIX BELIECTB B
OHOpeaKTop, CyTY; b — KO3 (HUIMEHT CKOPOCTH POCTa
6axtepuit, M3 /(kr - cyT);a —6e3pasMepHbIii kK03hdu-
LUEHT OCBOCHHs OaKTepHsIMHU IUTATEIBHOTO Belle-
CTBa; ¥ — KO3 (ULNEHT MPEBPaIICHHS TUTATEILHOTO
BelecTsa B 6uoras, M® /kr. JIjisi TOro 4ToObl, CPABHUTH
pe3ymibTaTel MozenupoBaHus 1o Kobo3eBy u aByxma-
paMeTpuuecKoil MOJENH, WCHONb3yeM HalJeHHBIE B
pabote [1] onTumanbHEIE (CKOpee BCETO, paliOHab-
HBIC) 3HaYE€HHUsI OCHOBHBIX IIApaMEeTPOB, NIPUBEICHHBIC
B cnemyOmeit Tabmuie (OXK-0TX0abl )KUBOTHOBOJICTBA,
PII-6nomacca pacturenpHOTO TpoucxoxaeHus, PBO-
Ppa3KuKeHHbIE OBITOBBIE OTXObI).

Tabnuna

OnTrMabHbIC 3HAYCHHUS (PH3HUKO-XMMHUYECKUX MMAapaMETPOB Mpolecca

ITapamerp Buabl Gnomacchl
PIT OX PO
b 0.006 0.008 0.010
a 1.885 1.390 1.085
y 1.519 1.314 0.8806
K 0.042 0.068 0.085

Pesynbrarel uncienHoro pemreHus 3agaqn (1)-(2) meromom Pyrre-Kyrra 4-mopsiika TOYHOCTH PUBEACHEI

Ha puc.1-2.
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Puc.1. /lunamuxa xonyenmpayuy numamenbHblX 6eUWecma 8 NepuUoOULecKom pexcume Oisi mpexsuoos
ouomaccwr: 1-OXK, 2- PII, 3-PFO, mouxu-daunvie onvimog [1-3], kpusvie-pezyromams pacuema.
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Kak BunHO U3 prCcyHKOB 1,2 KOHIIEHTpaIUs MUTa-
TEJILHOTO BEIECTBA, YCBOSIEMOTo OaKTEepUsIMH, CUIIBHO
cHmkaercs K 14-15 cytkam. 3a 3To BpeMsi KOHIIEHTpa-
st GakTepuil yBennauBaetcs 10 55%.
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BUKOPUCTAHHA MYJbBTUATEHTHUX CUCTEM Y KEPYBAHHI PIBHAMH
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Abstract

On the basis of the conducted experiments the possibility of development of means of control of an
electromagnetic situation in industrial conditions with variable electric loading and a large number of electric
consumers with invariable volt-ampere characteristics on the basis of multiagent systems is considered. A detailed
review of which discusses the following areas of application of multi-agent technologies in the study of power
systems and their management: - monitoring and diagnostics of equipment and system facilities; - diagnostics after
emergencies that occur after systemic disturbances; - creation of distributed control systems to solve the problems
of recovery of the power system after accidents, control of active distribution networks, control of micro-systems,
control of ship electrical systems; - creation of new protection schemes, tolerant to disturbances and capable of
self-coordination; - the use of multi-agent systems (MAC) as a platform for modeling and simulation in the study
of market interactions of entities, planning the development of electrical networks, simulating different situations
in the power system, as well as for integration and coordination of different models and software.

AHoTanis

Ha ocHOBI IpoBeieHUX JOCIIAIB PO3MIIAA€THCS MOXKIIMBICTh PO3pO0IIeHHS 3aC00iB KepyBaHHS eJIeKTpoMar-
HITHOIO 00CTaHOBKOIO Y BUPOOHUYMX YMOBaX 31 3MiHHHUM €JICKTPOHABAHTAKEHHSM Ta BEJHKOIO KIJTBKICTIO €JIeKT-
pOCHO)KI/IBa‘liB 3 HE3MIHHUMH BOJIbT-aMIICPHUMHU XapPAKTCPUCTHUKAMH Ha OCHOBI MYJIbTUAr€HTHUX CHUCTEM. I[eTa-
JIBHUAHN orjsa aKux 061"0B0p}0€ HaCTyrIHi HaIllpsIMKHU 3aCTOCYBAHHSA MYJIbTUAI€HTHUX TEXHOJIOTIH B ZLOCJ'IiH)KCHHHX
EEC i ynpaBiiHHI HUIMU: - MOHITOPHHT Ta JIIarHOCTHKA CTaHy OOJIaJHAHHS Ta 00'€KTIB CHCTEMH; - IIarHOCTHKA
TICIIS aBapiifHNUX CUTYamil, 10 BHHUKAIOTH ITICJI CHCTEMHUX 30YPEHB; - CTBOPEHHS PO3MOIUICHIX CUCTEM YIIPaB-
JIHHA A7 BUpiIIeHHs 3aBnaHs BinHoBneHHS EEC micns aBapil, ynpaBimiHHS peXMMaMHi aKTHBHUX PO3MNOIUTEHUX
Mepex, yIpaBIiHHI MiKpPO-CHCTEMaMH, YIPaBIiHHSA KOpaOeTbHUMH €JIeKTPUYHUME CHCTEMaMH; - CTBOPEHHS HO-
BHX CXEM 3aXHCTy, TOJEPAHTHUX 10 30yPeHb 1 3JaTHUX IO CaMO KOOPAWHAIIT; - BUKOPUCTAHHS MYJIbTHAT€HTHUX
cucreM (MAC) sk muratdopMu U MOJETIOBaHHS Ta iMiTaIlil B 3aadax JOCIIPKEHHS PUHKOBUX B3aeMO/iii cy0'-
€KTIB, TJIAHYBaHHS PO3BHUTKY EJIEKTPUYHUX Mepex, iMitauii pisHux cutyaniii B EEC, a takox st inTerpauii i
KOOpJMHALIi PI3HUX MOJIEJeH 1 TporpaMHuX 3aco0iB.

Keywords: multiagent systems, electromagnetic fields, level control, alternating load, monitoring and diag-
nostics of the condition, diagnostics after emergency situations.
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Kiro4oBi cjioBa: MyJIbTHATCHTHI CUCTEMH, €JICKTPOMATHITHI ITOJIsI, KEPYBaHHS PIBHSIMHU, 3MIHHE €JICKTPOHA-
BaHTAXKEHHs, MOHITOPHHT Ta JIlarHOCTHKA CTaHy, A1arHOCTUKA IiCIIs aBapiiiHUX cUTyallii.

CydJacHOIO TEHJICHIII€I0 PO3BHTKY TEXHOJIOTIH €
MABUIICHHS KUTBKOCTI Ta Pi3HOMAHITHOCTI €IeKTpHY-
HOTO Ta eJIEKTPOHHOTO 00JIaTHAHHS, 3a/1iTHOTO Y BHPO-
OHMYI nissbHOCTI. OCOONHBO 1€ CTOCYETHCS MPHUMI-
IIeHb, y SKUX PO3TALIOBaHE OOJaJHAaHHA KEpyBaHHS
BUPOOHMYKMMH TIpoliecaMu. ABTOMATH3AIlis MPOIECIB
KepyBaHHS y TPAHCIIOPTHIH raty3i — KepyBaHHs MOBIT-
PSIHUM PYXOM, €JIEeKTPOTPaHCIIOPTOM TOLIO NepeOyBae
y cranii MoaepHi3alii, 1110 00yMOBIICHE 3MIHOIO TapKy
MOBITPSHUX CYJEH, PyXOMOTO CKIaJy CICKTPHIHOTO
TpaHcnopty. HaBemeHe o00yMOBIIOE HEOOXiTHICTH
CTBOPEHHS ISl TIEPCOHATY HaJIeXHUX yMOB mpami. Ha
BiMiHY Bix iHIUX (i3n9HAX (PaKTOpiB BUPOOHUIOTO
cepenoBHuINa (TeMIeparypa, BillHOCHa BOJIOTICTb, IIIBH-
JKICTh CIIPSIMOBAHOTO PyXy HOBITPS) KEPyBaHHS €I€K-
TPOMArHiTHOIO 00CTaHOOBKOIO € JIy’Ke CKIIaHOIO 3a]1a-
4el0, BUPILICHHIO K0T Maike He NPUALIAIOCS yBarH.

J1o Toro  BOHA OB’ s3aHa 3 IHIIUM eJIeKTpo3ae-
JKHUM (DaKTOPOM — 10HI3aLI€I0 TTOBITPSL, L0 € OKPEMOIO
HayKOBO-IIPAKTHYHOIO 33]]a4ueto.

Oco0NUBICTIO Cy4aCHUX BUPOOHUYUX MTPUMIILEHB
€ 3MIHHICTP €JICKTPOHABAHTAKCHHS Uepe3 pi3HUH Killb-
KiCHHUH Ta AKICHUH CKi1a] o01agHaHHS, 3a]IisTHOTO y BU-
pOOHUUI IpoIecH AJIs BUPIIEHHS KOHKPETHUX 3aad.
IIpu poMy TiepeBakHa OUIBIIICTH TAKOTO 00T THAHHS
Ma€ HENIMITHI BOJIbT-aMIICPHI XapaKTEPUCTHKH 1 €
JDKepEeIIOM TapMOHIK Ta iHTEpPrapMOHIK 3MiHHOTO
CTPYMy IIPOMUCIIOBOI YaCTOTH, SIKUH Y CBOIO Yepry, re-
HEepy€ HEKOMIIEHCOBAHI MAarHiTHI MMOJIS TIFIEHIYHO 3HA-
yymux piBHiB. HaBenene notpebye Bu3HaueHHs HEOO-
XITHUX MEX KepOBaHOCTI Ta PO3POOJICHHS HPHHHST-
HOTO 32 SKICHUMH TIIOKa3HMKaMH E€KOHOMIYHO
OOTPYHTOBAHOTO CIIOCOOY aBTOMAaTH30BAHOTO Kepy-
BaHHS EJIEKTPOMArHiTHOIO O0OCTAaHOBKOIO B yMOBax Il
CKJIQIHOI AMHAMIKH.

CyuacHi cucTeMHu KepyBaHHS Ha OCHOBI CTBOpe-
HHUX MYJbTHArC€HTHHX CHCTEM JIO3BOJITIOTH BHKOHATH
11 HAWIPOCTIIIMMHI METOIaMH 3 OTPHUMAHHSIM ONTHMa-
JBHOTO pe3ynbTaTy. Mera MyIJIbTHareHTHUX CHUCTEM
(MAC) - xoopauHallis HE3aJeKHHUX MPOILECiB. ATEHT
HpeJICTaBiIsie CO00I0 KOMI'IOTEPHY CYTHICTBh Y BUTIISIL
nporpaMu abo pobota. AreHTa MOXKHA BBaKaTH aBTO-
HOMHHM, OCKIUJIBKM BiH 3[aTHHH aJanTyBaTHCS HpPU
3MiHi cBoro cepenoBumia. MAC ckimagaeTbes 3 HAOOpy
KOMIT'TOTEPHUX TIPOLECIB, SIKi BiJIOYBarOTHCS OJIHOYA-
CHO 1 iCHYIOTh B OJIMH i TOW %€ 4ac, OOMIiHIOIOThCS 3a-
rajJbHUMH PECYpCaMH 1 CHIKYIOTBCS OJWH 3 OJIHHM.
Kirouosoro mpobiemoro B MAC e popmarizarist Koop-
IrHAil MK areHTaMu.

Orusig niTepaTypHHX JzKepeJI.

Ha cporoaHimHil 1eHs TPAKTUIHO BiJCYTHI JTOC-
JI/DKeHHS 1 PUKJIAIHI po3poOKH MO0 KepyBaHHS pi-
BHSIMH €JICKTPOMATHITHUX IOJIIB y BUPOOHHYUX yMO-
Bax. Y OUIBIIOCTI TOCTYNHI POOOTH CTOCYIOTBCS parli-
oHaxizamii (omTmmizarii) po3MimeHHs OOJaTHAHHA 3
TOYKH 30py €JIEKTPOMAarHiTHOT 06cTtaHoBKH [ 1] abo BH-
3HaYeHHs (DPAKTMYHOTO €JEKTPOMArHiTHOro HaBaHTa-
>)keHHS Ha cepenosuile [2]. IIpu upomy 3HauHa vac-
THHA JIOCIIIJPKEHb CTOCYETHCSI MOHITOPHHIY EJIEKTPO-
Mar"iTHOi OOCTAHOBKHM SIK BHUXIZHUX HAHAX U

PpO3poOICHHS 3aX0MiB Ta BIPOBAKCHHS 3ac00iB Mij-
BHIIEHHS Oe3meku [3].

VY poborax [4, 5,10] po3pobneHO cCHCTEMH aBTO-
MaTH30BaHOTO PETYIIOBaHHS PiBHIB MATHITHUX IOJIB.

BoHu npuzHaueHi Ui BUPILICHHS 33134 eJeKTPO-
MAarHiTHOI CyMICHOCTI OOJagHAaHHS, PO3MIIICHOTO Y
o0MeXeHHUX IMpocropax. Ane Takud Mmiaxin (peryio-
BaHHS PIBHS MarHiTHOrO MOJIS aKTUBHUMH 3aco0aMn)
HaWOIIbIN e(eKTUBHUN 1 HENEPCIeKTHBHUHA. 3Ha4Ha
KUTBKICTB ZOCIIIKEHB 1 pO3pOOOK CTIpSIMOBaHa Ha KOM-
MIEHCAIiI0 PEaKTUBHOI MOTYKHOCTI y €IeKTpOMepexax
3 HEIHIHHAM HaBaHTaKEHHSM 1 JDKeperaMu TapMOHIK
Ta iHTeprapMoHik [6, 7]. L1i poGOTH CTOCYIOTECS Mepex
KHBJICHHS IyTOBUX CTAICIUIaBIJIBHUX II€UeH Ta MoTy-
KHUX TIEPETBOPIOBAYIB YAaCTOTH, CIIPSIMOBAHI, Y IEpIIy
4yepry, Ha 3a0lIaDKeHHS elieKTpoeHepril. B Toil ke
4ac, HasBHICTb €JIEKTPUYHOTO CTPYMY 'APMOHIK Ta iH-
TeprapMOHIK IIPOMHUCIIOBOT YaCTOTH 0OYMOBJIIOE y Ha-
BKOJIMIITHBOMY MPOCTOPi HAsBHICTH MAarHiTHOTO IOJIS
TaKHMX 4acTOT, IKE MOJKE IaTH J{y’Ke BEJIHKI aMILTITYIH]
3HaueHHs. [Ipy npoMy Taki MO HE KOMIIEHCYIOThCS,
10 MiABHINYE iX BHECOK Y €JICKTPOMAarHiTHy oocTaHo-
BKy [8]. Takum 4MHOM, THydYKa CHCTeMa KOMICHCAIIT
PEaKTUBHOI MOTYXXHOCTI Ta NPHAYIICHHA TapMOHIK
MOJKE CTaTH OCHOBOIO JJISI aBTOMAaTH3allii KepyBaHHS
€JICKTPOMArHiTHOI0 0OCTaHOBKOIO BUPOOHMYIOTO cepe-
JIOBUIIIA.

MeTta po60oTH — pO3pOo0IICHHS 3aC00iB KEpyBaHHS
€JIEKTPOMArHiTHOIO 0OCTAaHOBKOIO Y BUPOOHHUYNX YMO-
Bax 31 3MiHHMM €JIEKTPOHABaHTAXECHHSAM Ta BEIHKOIO
KUIBKICTIO €JIEKTPOCIIOKUBAYIB 3 HE3MIHHHUMH BOJIBT-
aMIIEPHUMH XapaKTePUCTHKAMHU.

MynbTHATEHTHI TEXHOJIOTii HaOyBarOTh Bce OLTb-
IIIOTO TMOIIMPEHHS B €JIEKTPOSHEPTETHYHNX CUCTEMAaX B
JIBOX acIeKTax: sIK METOJMUYHHUH amapaT AJsl MOZEIIo-
BanHs EEC npu BupilreHHi pi3HAX 3aBAaHb 1 5K IJI1aT-
¢dopma mnms mOOYOOBH CHUCTEM YIPABIIHHA PIi3HOTO
npusHadueHHs1 B EEC. Jlo TenepimHporo yacy HaKoIu-
YeHUU JOCUTh MPEICTABHUIIBKUAN JOCBIA BHKOPHC-
TaHHS MYJIFTHar€HTHOT'O I1JIX0/ly CTOCOBHO JI0 Pi3HHX
npoOJieM eJIEKTPOSHEPTreTHKU. 30Kpema, AeTajbHUi
OrJIsT OOrOBOPIOE HACTYITHI HANPSMKH 3aCTOCYBaHHS
MYJBTHATeHTHAX TEXHOJIOTiH B mocmimkeHHsx EEC i
yIpaBIiHHI HIMU: - MOHITOPHHT Ta JiarHOCTHKA CTaHy
00/1agHaHHs Ta 00'€KTIB CUCTEMH; - JIarHOCTUKA IIiC-
NsaBapiiHUX CUTYAIi, [0 BUHUKAIOTP MiCIsI CHCTEM-
HUX 30ypeHb; - CTBOPEHHS PO3IOAUIEHHX CUCTEM YII-
PaBIIiHHS JJIs BUPILICHHS 3aBJaHb BimHOBICHHS EEC
TTiCIIs aBapid, ynpaBiliHHS peKUMaMH aKTUBHUAX PO3IIO-
OUIBHUX MEpeX, YHPaBIiHHA MiKpO-CHCTEMaMH, YII-
PpaBIiHHS KOpaOENbHUMH €JIEKTPUIHUMU CUCTEMAMU; -
CTBOPEHHSI HOBHX CXEM 3aXHCTY, TOJIEPAHTHHUX J10 30Y-
peHb 1 3JaTHHUX 10 CAMOKOOPIMHALI(; - BAKOPUCTaHHS
MynsTHareHTHUX cucteM (MAC) gk mmatdopmu s
MOJICITIOBAHHSA Ta iMiTallii B 3a7ja9ax AOCIIKEHHS PH-
HKOBHX B3a€MOJH CyO0'€KTiB, IUIaHyBaHHS DPO3BHUTKY
SJICKTPUYHHUX MEPEeK, iMiTalii pisuux curyauiii B EEC,
a TaKoX JJIs iHTerpanii 1 KoopaAuHaLii pi3HUX Moenei
1 IporpaMHux 3aco0iB.
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B 0CHOBI pO3MOAIICHOrO MYJIBTHATCHTHOTO ILIa-
HyBaHHSI JISKUTH 1HIIWH. Bupimenns npobiem Hey3ro-
JOKEHOTO 1 KOH(IIIKTHOI MOBEMIHKA 1HTENEKTyallbHIX
areHTiB. lys1 (bOro Oyay€eThCs IJIaH, B SKOMY OIHUCY-
FOTHCSI BCIISIKI i1 areHTiB 11X B3aeMOii, HEOOX1IHI1 s
JOCATHEHHS CHUIBHOI TI100ampHOT MeTH. B mporeci ¢y-
HKI[IOHYBaHHS 1HTEJCKTyallbHI areHTH B3a€MOIIIOTH 3
METOI0 BHECEHHS TOIPaBOK B CBOI 1HJMBIIyalbHI
TUTAHY JI0 THUX Mip, IIOKU BCi KOHMIIKTH HE OYIyTh yCy-
HCHI.

Po3rnsgaioTbes MOTEHLINHI TepeBard MyJbTHA-
TeHTHUX TEXHOJIOTii B HACTYNHHUX IEPCHEKTUBHHUX
EIIEKTPOCHEPTETUIHUX HAMPSMKaX:

- MyJIBTHAT€HTHI CUCTEMH K METOIMIHUH iAXi
JUII KOHCTPYIOBAaHHS POOACTHHUX, THYYKHX i PO3BHBa-
1oTecs cucteM - Kk EEC, Tak i cucreMm ympaBiiHHS
HHMU;

- MyJIbTHAT€HTHI CHCTEMH SIK TEXHOJIOTis MOJe-
JIFOBaHHS [IPH BUPILICHHI CKJIaIHUX MPOOJIeM 1 CHCTEM
B €JICKTPOCHEPTETHIII.

3HU3UTH PiBHI EIEKTPOMArHiTHUX TOJIIB Y IIPUMi-
IICHHAX MOJYKHa Y JIBa CIIOCOOM: 3aeKpaHyBaTh JIXKe-
pena mois CrieliajlbHUMH 3aXHCHIMHU MarepiallaMy Ta
3MEHILHUTH aMILIITYIY OB 32 PAXYHOK TEXHIUYHHX Pi-
meHs. OcTaHHI# coci0 equHAN TPUOATHAN s IHKe-
pen MOJiB, IKUMH € €JIEMEHTH CUCTEMH E€JICKTPOMKHB-
JICHHS TEXHIYHHX 3aco0iB. MaKCHMalibHO MOXKIIUBE
3MEHILICHHS EIEKTPUYHHUX CTPYMIB YaCTOT FAPMOHIK Ta

IHTEprapMOHIK IIPOMHCIIOBOI YaCTOTH IPAKTUYHO JIiK-
BiJlye MariTHi MOJIA ITUX 4acTOT. [Ipu oMy BaxIn-
BHM € ¥ Te, 10 Ha CHOTOJHIMIHIIN IeHP BUKOPHCTOBY-
FOTHCSl TIPWJIAAN KOHTPOJIO EJEKTPOMArHiTHUX MOJIB
poMHUCcIOBO1 yacToTH (knacy [13-50), ixmri HagHI3BKI
Ta HI3BKI YaCTOTH HE KOHTPOIIOIOTHCS depe3 Opax 00-
JIaTHAHHS.

BpaxoByrouwn, 3a3Buyaii, 3BOpOTHY KBaJIpaTHIHY
3aJIeXKHICTh 3racaHHs aMIUTITYJ¥ MarHiTHOTO IOJs 3
BiJICTAaHHIO (IPUHAWMHI JUII CTPYMOBHUX KOHTYPIB),
CKJI/IHI aBTOMATU4HI CUCTEMH JUIsl IPUIYIICHHS rap-
MOHIK Ta iHTeprapMOHiK CTpyMy (HaIpyrH) MPOMHUCIIO-
BOI 9aCTOTH, IPUHANMHI [UIA IiJIeH eleKTpOoMarHiTHOT
0e3MeKH, € HAUIMIIKOBUMU. B TOM »ke yac 3Buyaiini ma-
cuBHi LC-}inpTpu He 3a10BONBHAIOTH Cy9acHI BUMOTH
yepe3 MIiHJIMBICTD TapMOHIYHOTO CKJamy eJIeKTPO-
cTpyMy ((piTBTpH HAJAIITOBAHI Y pE30HAHC 3 HAOLITBIT
MOIIMPEHIMH TapMOHiKaMH). ToMy IOIIEHO BIIPOBa-
JUTH QIIBTP TIOPUAHOTO THITY, SKHUH € KOMOiHali€e
MACUBHOTO (IIBTPY Ta €INEKTPOHHOIO CHIIOBOIO PEry-
JsiTopa Ha 0a3l akTHBHOTO (iIbTpa MaJloi HOTY KHOCTI.
Takuil perynstop Moxke OyTH OJOKOM KepyBaHHS,
SIKMH JIOAaTKOBO BUKOHYE (DYHKIIT KOHTPOJIO 1HIIMX
KPUTUYHHX YHHHHKIB — EJEKTPOCTPYMIB BHTOKY Ta
eJICKTpH3allii ITOBEPXOHb.

SIK OZIMH 3 MOAYJIiB MyJIFTHAT€HTHOI CHCTEMH PO-
3TIITHEMO TiOpuAHUN (QITBTp U TPUIYIMICHHS Tap-
MOHIK IIPOMHCIIOBO] YaCTOTH

—1 1 J_

pd

Puc. 1 — Cxema 2ibpuonoeo ginempa 015t npudyuieHts 2apMoHIK nPOMUCIO80T Yacmomu
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Ha puc. 1 naBeneno cxemy ribpuaHoro ¢insTpa
st onniel ¢asu: Ui — mkepeno >KUBICHHS, Z — Omip
Koua, lo — mkepesno BUIuX rapMoHiK. QUIBTp BKIFOUAE
emHicTh C, Ka pO3paxOBY€ETHCS 3 YMOBH KOMIICHCAITIT
PEaKTHBHOI TOTYXKHOCTI HEINiHIITHOTO HaBaHTaXCHHS
[9]. TonoBHIMHU By37mamMu € AaBad CTPYMOBOI 3aBajad
(3), sxuit € maBadeM HaNpyTH, IO KEPYETHCS CTPY-
MoM, Ta KommeHcyrounid Tpacdopmarop (KT). Bro-
punHi oomotku /13 Ta KT 3B’s13aHi Mixk coboro mijcu-
JIFOBa4YeM 3 JI0JaTKOBHM JIKEPEJIOM JKHUBJICHHS 1 CHCTE-
Molo KepyBaHHs (610K kepyBaHHs BK).

V naBeneniii cxemi 13, KT ta BK € xanamom ak-
TUBHOI (inmbpTparii y nanomy riopugaomy ¢imetpi. KT
BUKOHY€E (DYHKIIIO iIHAYKTUBHOCTI TAaCHBHOT YaCTUHU I
OJTHOYACHO € BXiJHUM OIIOpOM IiiciimroBada. Bin mpa-
IIO€ SIK aKTHBHUH YOTHPUIONIOCHUK 3 KEPYBaHHAM I10
Harpy3i, H0ro iHAYKTUBHICTh MOKE 3MIHIOBATHUCS y 3a-
JISKHOCTI BiJI CHTHAITY KEpyBaHHS.

Pe3oHaHcH MOKHA OTPUMATH Ha HU3L F'APMOHIK:

O =—F (1)

ne: C—3HaueHHS €MHOCTI KOHJeHcaTopa (ijb-
Tpa,

L1 — iHAYKTHBHICTH MEPBUHHOI 0OMOTKH KOMIICH-
cyrouoro tpancopmaropa KT.

['pannyHmii BUXIZHUN CTPYyM IMiACHIIOBaYa JUIS
OJITHi€1 TApMOHIKH:

|
Iy, = : 2)
@2 -C-K,,/LL,

M

K- K, =
* N T

M — B3aemHa iHAYKIs 06MoTOoK KT.
BiamnoBinHO rpaHYHA HANpyTa MiJCHITI0BaYa JIJIst
OJTHIET TAPMOHIKH:

U =—1" @ 3
o -C-K, ©
ne @ = i;
L2

[TapameTpn eneMeHTIB MacUBHOI YacTHHH (ilb-
Tpa pO3paxOBYIOThCS 32 CTAHAAPTHUM CITiBBiIHOIICH-
HSIM.

Iadopwmanis 3 BK mocrynae y cucremy kepyBaHHS
1 103BOJISIE y aBTOMAaTHYHOMY PEXKUMI BIICTEKYBaTH Ta
KOpHUT'YBaTH PiBHI €JIEKTpOMarHiTHUX MOJIiB, TeHepoBa-
HUX CHJIOBOIO MEPEXKEIO EIEKTPOXKUBIICHHS.

AJte 1oy TaKuX JDKEpeIl € He €IMHAMH He JIOKa-
J30BaHUMHU Y ITPOCTOPI, SKi BAYKKO €KPAHYIOThCS 3aXH-
CHMMH KOHCTPYKLISIMH (TaKUX SIK HOJISI OKPEMHX TeX-
HiYHUX 3ac00iB). Sk moka3ano y [10], 3HauHU# BITUB

Ha eJIEKTPOMAarHiTHy OOCTaHOBKY CKJIaJlal0Th CTPYMH
BUTOKY Y METaJIeBUX KOHCTPYKISAX Ta IHKEHEPHUX Me-
pexxax. KoHTpomb HasBHOCTI CTpyMiB BHTOKY [IOi-
JIBHO 3[1IHCHIOBATH BUMIPIOIOYH PiBHI IX MarHITHUX I10-
niB. Kpim Toro, Mae micie HAKOIMYEHHS €IeKTPOCTa-
TUYHHAX 3apsiiB Ha HEMETAICBHX MOBEPXHAX Ta
4acTHHI 00TaTHAHHS, KOPITYCH SKHX BUTOTOBJICHI 3 TIO-
JIMEpHUX MaTepialiB Ta HE MOXXYTh OYTH 3a3eMJICHI.
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Abstract

The article describes the features of concurrent engineering. A method for calculating the generalized crite-
rion for the manufacturability of the product design for series production is proposed.

AHHOTAI NS

B craThe m3110%KeHBI 0COOCHHOCTH MapaJUIeNIbHON HHKeHEpHOH pa3padoTku. [Ipeanoxen MeTox pacuera
0000IIEHHOTO KPUTEPHUS TEXHOJIOTUIHOCTH KOHCTPYKIIMH U3/CNHUS UIs CEPUIHOTO MPOU3BOICTBA.

Keywords: concurrent engineering; manufacturability; technology.
KiroueBble cioBa: napajijiejibHass MHKCHCPHAA pa3pa60TKa; TCXHOJOI'MYHOCTDh, TCXHOJIOI'UA.

B Hacrosiiee BpeMs M3BECTHBI TPH MOX0/1a K UH-
JKEHEPHOU pa3paboTKe: MOCleJ0BaTeIbHbIN (TpaguiIy-
OHHBIN), MapaUIeIbHO-TIOCIEAOBATEIbHBII U Mapa-
JIEJIbHBIN.

IIpu mocnenoBaTeIbHOM MOJXO0/IE BCE ITAIIBI pa3-
pabOTKH KOHCTPYKTOPCKOW JOKYMEHTAIINH OCYIIECTB-
JISIOTCS IO IOOYEPEHO: TEXHUYECKOE 3aJaHHe, ICKU3-
HBIIl TIPOEKT, TEXHUYECKHH MPOEKT, pa3paboTka pado-
yel KOHCTPYKTOPCKOM JokyMmeHTauuu. Ha kaxxnom
JTarne paboThl KOHCTPYKTOPCKAs JOKYMEHTalusl Ipo-
XOJUT TEXHOJIOTHUECKUl KOHTpoIb. [Tocne yTBepxkae-
HUS TO pabodell KOHCTPYKTOPCKOHM TOKyMEHTaIluu
OCYIIECTBIISICTCS TEXHOJIOTHYECKasi MOJATOTOBKA IIPO-
M3BOJICTBA U M3TOTABIMBAETCS OIBITHAS MApTH JeTa-
nei.

Hpyroii nogxon — opranuszanus napamuiebHO-To-
CIIEZIOBATENIFHOIO BHIMONHEHHUA paboTel. Ilpn Takom
MOJXO0/I€ pean3yercs 3a/1aua COKPAILIEHUsI CPOKOB BbI-
NOJIHEHHMs paboT 3a cyeT JiesieHus paboT Ha OoJiee Men-
KHe, C OpraHu3aluell mporecca BBITOTHEHUS OTIENb-
HBIX paboT HapauieNIbHO APYT IPYyTY, HE 3aBUCUMO OT
YPOBHS 3aBepILICHUS pa0OTHI B LIETIOM.

Tperuii noaxo/: napajuiejbHas UHXEHEpHas pas-
paboTka. DTO CHCTEMaTH3MPOBAHHBIA OpraHU3aIM-
OHHO - TEXHHYECKHI ITOAXO0I, 00eCIIeYnBAIOIIHIi HHTE-
TPUPOBAaHHOE W, B 3HAYUTEIHLHOW CTEIIEHH, OJHOBpPE-
MEHHOE NPOEKTUPOBaHME, KaK CaMHUX H3ACIHH, TaK 1
MPOIIECCOB MX MpousBojcTBa. [1] [Tpu TakoM moaxome
MPOMCXOJUT B3aMMHOE CIHMSHUE IIPOLECCOB paspa-
0OOTKH KOHCTPYKTOPCKOMH JIOKYMEHTALMH 1 TEXHOJIOTH-
4eCKOH MOATrOTOBKU MPOU3BOACTBA. OCHOBONOIOXKHHU-
KOM J[IaHHOTO IOAXOJa MOXHO CYMTaTb COBETCKOIO
koHcTpykTopa B.I'. I'pabuna. [2] Hecmotpst Ha TO, 4TO

Takas pa3paboTka MMeeT POCCUHCKUE KOPHH, B COBpE-
MEHHOM IIPOM3BOJICTBE OHAa HE HAXOIHUT JOJDKHOTO
IpUMEHEHUs. JIaHHBIM METOJl OCHOBBIBAECTCA Ha COB-
MECTHOW pPaboTe KOHCTPYKTOPCKHX M TEXHOJOTHYe-
CKUX CITy’K0, IMEHHO 3TOMY IOCBSIIEHA OpraHU3alH-
OHHAasl 4acTh MMOJAX0Aa. BmecTe ¢ 3TUM cymiecTByeT U
JpyTas 4acTh JAHHOTO MOJIX0JAa — TEXHHUYECKasl, KOTO-
past COCTOUT B MHCTPYMEHTAJIEHOM 0OecIeueHus mpo-
ecca pa3pabdoTKH JOKyMEHTAIMH 1 B pa3padOTKe Me-
TOJOB OLEHKH KPUTEPUEB TEXHOJIOIMYHOCTH KOH-
cTpykuuu. MIMEHHO 3Ta 4yacTh MOAXOAA B HACTOSIIEE
BpeMs HeJIOCTaTOYHO M3YyUCHA.

ITon mOHATHEM TEXHOJOTMYHOCTH KOHCTPYKIIMU
U3ETUsT MBI TIOHMMaeéM COBOKYITHOCTh CBOWCTB KOH-
CTPYKIIMH HU3JENUs, ONPEACIAIOINX €€ MPHUCIOCcOo0-
JICHHOCTh K JIOCTM)KEHHIO ONTHUMAJBHBIX 3aTpaTr IpH
MIPOU3BOJICTBE, TEXHUYECKOM OOCITYy)XMBaHHUH U pe-
MOHTE JUIsl 33JJaHHBIX [TOKa3aTelei, KauecTBa, oobeMa
BBIITyCKa M YCJIOBUIT BbINONHEHUS padot. [3] Onenka
TEXHOJOTHYHOCTH KOHCTPYKLIUH U3AEIHS OCYLIECTB-
JISIeTCA O KPUTEPUSIM TEXHOJIOTMYHOCTH, KOTOPBIE Jie-
JIITCSL HA KPUTEPUH IPOU3BOJCTBEHHONW TEXHOJIOTHY-
HOCTH ( c€0ECTOMMOCTh M3TOTOBIICHHS, TPYAOEMKOCTh
M3TOTOBJICHHS, METAJFIOEMKOCTD, yJebHAs TPYI0eM-
KOCTh, K03(pumeHT yHn(UKaum KOHCTPYKTHBHBIX
9JIEMEHTOB, KOA((HUIMEHT MPUMEHIEMOCTH MaTepH-
ana), a TaxKe KPUTEPHH SKCIUTyaTallHOHHON M PEMOHT-
HOW TEXHOJOTHYHOCTH (KO3 HUIMEHT CcOOpHOCTH,
TPYAOEMKOCTh MOHTaa, TPYJOEMKOCTh TEXHUYECKOTO
peMOHTa U 00CIy)KUBaHUS, CTOUMOCTb TEXHUYECKOTO
pEeMOHTa U 00CITy>KUBaHUsI, TIPOJOIDKUTEILHOCTh TEX-
HUYECKOTO peMoHTa u oOciyxuBaHusi). Kpome enu-
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HUYHBIX KPUTEPHEB OLIEHKH TE€XHOJOTMYHOCTH CyIlie-
CTBYIOT TaKXX€ KOMIIJICKCHBIC KPUTEPHH TEXHOIOTHY-
HOCTH: CpeTHeapu(PMETHICCKHE, C yIETOM KOdPPHIIH-
€HTa BECOMOCTH, MHOTOIIapaMETPHUIECKHIE KOPPEISIIHU-
OHHBIC MOJIENTH y4eTa MHOTUX (haKTOpOB. [4]

Bonbimoe KomM4ecTBO KPUTEPHUEB, a Takxke (op-
MyJ pacdeTa KOMIUIEKCHOTO KPUTEPHs TEXHOIOTHIHO-
CTH CO3/1aeT YCIJIOBHSl HMHAMBUIYaJbHOCTH B OIICHKE
TEXHOJIOTUYHOCTH JUISl Pa3HBIX NPEIIPHUSTHI, 8 3HAUUT
W, B 3HAYUTENILHON Mepe, CyObEeKTHBHOCTH Hpolecca.
B ponu ocHOBHOTO KpHTEpHUsi TEXHOJIOTUYHOCTH BBI-
CTynaeT ce0eCTOMMOCTh U3TOTOBIICHUS IPOIYKIUH. A
9TO CaMblii TPYAHO MPOrHO3UPYEMBIH KpUTEpU
OIICHKH TEXHOJOTHIHOCTH Ha 3Tare pa3padoTku pabo-
yell KOHCTPYKTOPCKOM JOKYMEHTALUU.

HccnenoBanus MOKa3bIBAOT, YTO Ipolecc obec-
MEYCHNSI TEXHOJOTUYHOCTH KOHCTPYKTOPCKOM JIOKY-
MEHTalWH TTOAIUHAECTCS OOINM 3aKOHOMEPHOCTSIM HC-
cieoBanust omnepauuid. OCHOBOIIOJIOKHUKOM HCCIIe-
JIOBaHMH B o0JsiacTh OOEBBIX orepaiyii Oblia AHIIIHS B
40-x rogax 20 Beka. [5] CxoaCTBO IPOIIECCOB COCTOUT
B TOM, YTO Ha MOMCHT IMPUHATUA PCHICHUA IO TEXHO-
JIOTUYHOCTH JIeTalel CYIIECTBYET TOJIBKO O0IIee Mpea-
CTaBJIEHUE O Mpoleccax, KOTopble OyayT 3aJelcTBO-
BaHbI PH U3rOTOBJIEHNH. COOTBETCTBEHHO, HA MOMEHT
MPUHATHUS PELICHHSI BO3MOXKHO ONIEpHPOBaTh, B 3HAUH-
TENBHOHM Mepe, ONpEeeTICHHON BEPOSITHOCTHIO B YacTH
MpeBUACHUS 3aJaHHOTO Ka4eCTBA 110 Pe3yIbTaTaM H3-
TOTOBJICHUS ACTATIEH TI0 MPEII0IaraeMOMy MapIIpyTy
€€ N3TOTOBIICHHS.

B paborte MBI paccMaTpuBaeM CEpHHHOE MPOU3-
BozcTBO. KakoBsl ke ero ocobennoctu? Jlns egquHmy-
HOTO MPOU3BOACTBA IHNPOKO HUCIIOJB3YIOTCA MCETO/bI
TMOJATOHKH, CBA3AHHLIC C MHAWBUAYAJIbHBIMU TEXHUYEC-
CKMMH DpEIUCHUSMHU H3rOTOBIEHUS JeTtaneid. Takoe
MPOU3BOJICTBO XapaKTEPU3YeTCsl HATMYUEM OOJIBIIOTO
KOJIMYECTBA BBHICOKOKBATH(HUIIMPOBAHHBIX PadOYnX, B
OTJIMYKE OT MAaccOBOTO NMpou3BoacTBa. CepuitHOE ke
MPOU3BOJICTBO HAXOAMTCS TAE-TO MOCEpEeNUHE - IS
HEro XapaKkTepHO INPHCYTCTBHE OIPEAEICHHON M0IN
BBICOKOKBAJIN(PUIIMPOBAHHBEIX PabOUIHX OT CIIICOYHOTO
cocTaBa, CIIOCOOHBIX BBIMOJHSITH WHIUBUAYAJIBHBIC, B
KaKOW-TO Mepe HeCTaH/IapTHbIC 3a1aHHS.

B COBPEMEHHBIX BBICOKOTCXHOJIOTUYHBIX KOH-
CTPYKIOHUAX, HAIPUMEDP, aBUA-ABUTATCIICCTPOCHUA, 1IN~
POKO MPUMEHAOTCA TOHKOCTCHHBIC KOHCTPYKIIUH, IIPH
H3rOTOBJICHUN KOTOPBIX SaﬂeﬁCTBOBaHBI MHOXECTBO
TEXHOJIOTMYECKHUX IPOLECCOB, TAKUX KaK: IITaMIIOBKa
JMCTOBOTO MaTepHalla, CBapKa, TepMooOpaboTKa, TO-
KapHO-(pe3epHas o0paborka u xapyrue. OCHOBHbIE
npoOJieMbl KayecTBa W3TOTOBJICHUS JeTalleil MOTyT
BO3HUKATh Ha CTHIKE 3THX IponeccoB. Hanpumep, s
KaueCTBEHHOW CBapKu Tpedyercs obecriedueHue 3a30-
POB B CTBIKEC 1 COBMEIICHUA KPOMOK, KOTOPBIC TPYAHO
BBIITOJIHUMBI JJIsI TOHKOCTCHHBIX aeTaneﬁ. Mexanude-
ckasg o0paboTKa CTHIKOB KPOMOK IOJ CBapKy TECHO
cBsi3aHa (hOpMoit 3aroTOBOK, KOTOPAasi UMEET OrpaHuye-
HHS 110 TOYHOCTH METOJa IPOU3BOJCTBA (HApUMeEp:
IITaMITOBKA JINCTOBOT'O MaTepuaia). B ciydae BoisiBite-
HUSI OTKJIOHEHUH KauecTBa CBAPKH TpeOyeTcs pazeiKa
CBapHOTO IIBa C BBIIOJHEHUEM 3aBapKH AE(PEKTHBIX
MECT, 4TO B CBOIO OY€peib, M3-32 HEPAaBHOMEPHOCTH
Harpesa, BJICUET 32 COOOW IMOSIBICHNUE HENIOIYCTHMBIX

OTKJIOHEHHH 1o ¢opme neranu. Jlnst ucrpaBiIeHUs
(dopMbI Takux JeTanell TpeOyroTCs WHIMBHIYaJbHbBIC
METOJbI, CBA3aHHBIE C TEPMUYECKON U MEXaHUIECKON
obOpaborkoit. Tem He MeHee, Hamu4re HEOOIBIION
JIOJIY TAKHUX MCIIPABIEHUH SBIISETCA JOITyCTUMBIMU IJIS
CEpPUMHOTO MIPOU3BOJCTBA CIOKHBIX KOHCTPYKLHN CO-
TJIACHO CPaBHHUTEJIBHOTO pacdeTa ceOeCTOMMOCTH II0
CPaBHEHHMIO C IPYTMMHU METOJIaMH U3TOTOBJICHUS AeTa-
neil. To ecTb I OLEHKH TEXHOJIOTUYHOCTU B 3TOM
Cllydae MbI IOJKHBI OLIEHUBATh TaKoOll mapameTp Impo-
U3BOJICTBA, KaK CTAOMIILHOCTh TEXHOJIOTHYECKOT0 PO-
ecca, a 9T CBSI3aHO C MHIMBHAYAIbHBIMU 0COOCHHO-
CTSIMH OPTaHM3ALHN Ka)KJOr0 KOHKPETHOTO ITPOU3BOI-
crBa. Takum o00pa3oM, HMEHHO YydYeT Ha JTaime
MIPOEKTHUPOBAHUS KOHCTPYKTOPCKOH JTOKYMEHTALlUU
CTaOMIBHOCTH OCBOEHHBIX TEXHOJOTHUYECKHX peIIIe-
HUH NPOU3BOJCTBA, HA KOTOPOM IJIAHUPYETCA U3TOTaB-
JIMBATh J€Tallb, OOECIICUYMBAET INPOEKTUPOBAHHUE IIO
MIPUHIUIIAM TapaJJIeIbHON HH)KCHEPHOH pa3paboTKu.
1o ananoruu ¢ JUCUUILIMHOM UCCIIEJOBAHUS Olle-
parmii, obecrieueHue TEXHOJOTHYHOCTH MOXKHO PasJio-
JKHUTh Ha IOCJE0BAaTEIbHOCT BBIIOIHEHHUS CIEIYIo-
LIMX ATATOB: BEIOOD JeTal-aHajIora, COCTaBJICHHUE Te-
peyUHia BO3MOXXHBIX TCXHOJIOTHYCCKHUX CHOCO6OB
M3TOTOBIIEHHS AETalld, ONMCAaHUE MPOLECCOB M MapIll-
PYTOB H3rOTOBIICHHS JE€TaleH, BBIBICHUE IPOTUBOPE-
YU MEXAY TEXHOJIOTHEH U TpeOOBaHUAMHU KOHCTPYK-
TOPCKOW TOKYMEHTallH, BBIOOP KpuTepus dhdeKTus-
HOCTH TIPUHATUS pEIICHHs, MHOHCK 3((HEKTHBHOTO
peLIeHuUs IO BEIOpaHHOMY KPUTEPHIO, aHATH3 PE3yiIb-
TaTOB M IIPUHSTHE pemeHus. B atom cnyqae I CPaB-
HEHHS IByX TEeXHHYECKHX pelieHHii a'v @’ Ha sTare
HNPOEKTUPOBAHUS KOHCTPYKTOPCKOW OKYMEHTAIHH
JOJI’KHBI 6BITI> PaCcCMOTPEHBI U ONIPEACITICHBI TaKUE I1a-
pameTpsl, Kak P;— oxupaeMol MOIE3HOCTh TEXHHUYE-
ckoro pemienust u U; - BEpOSITHOCTBIO OOeCIeYeHUsI
O’KHJaeMOoH osne3HocTu. B aToM citydae nporecce npu-
HSTHUS PELLICHUS MO)KCT OBITH ormcaH hopmymoii:

a—Z(P *U)—Z(P U, ()

rie P/ u Ul- - OKHzIaeMast IoJIe3HOCTh U BEPOST-
HOCTh 00ECIICUCHUs OKUAAEMOW TIOJIE3HOCTU TPUME-
HEHMs TeXHHUeCcKoro pemenus a’; P; u U; — oxuae-
Mas TTOJIE3HOCTH M BEPOSITHOCTh 00eCIIeUeH s OXKuae-
MO TI0JIE3HOCTH MPUMEHEHHS TEXHUIECKOTO PELICHHUS
a.

ITpu (a>0) - mpeAnoYTHTEIBHEE SBIAETCS BBIOOD
crparerud a’; npu (a<0) — mpemmoYTHTENBHES ABIISI-
eTcst BEIGOp cTpateruu a . [Ipu cpaBHEHHH GOIBIIETo
KOJIMYECTBA CTPATETHH CIIeyeT MPUHUMATh Ty CTpaTe-
THIO, U1 KOTOPOW CyMMa MPOU3BEAEHUN OXKMJIaeMON
TI0JIE3HOCTH M BEPOSITHOCTH 00ECIIeUeHUsI 0KUAaeMOI
MOJIC3HOCTH OyJeT OoJbIIe.

JUi KONM4YeCTBEHHON OLIEHKU TEXHOJIOTMYHOCTH
TaKOro MpPOU3BOJCTBA aBTOPOM CTAaTbU IpeIaraercs
BBITIONTHSATE PacyeT 0000IIEHHOTO K0P DHUITEHTA TEX-
HOJIOTUYHOCTH TI0 hopmyTe:

KT=2—Z(1+a1+a2+...+an), )

riae Cy, u Cg- ce0ecTOMMOCTh U3rOTOBIICHHS BHOBb
MIPOEKTHPYEeMOH W 0a30BOM JEeTali COOTBETCTBEHHO,
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py0.; a;, a5, a,, — MOMPABOYHBIC KOAPDHUIIMCHTHI, 3aBH-
CSIIIIME OT MHANBUAYaIbHBIX OCOOEHHOCTEH MPON3BOI-
CTBa.

IIpu K, < 1, To TEXHOIOTMYHOCTH BHOBB pa3pa-
60TaHHOI KOHCTPYKLUH AETATH HA CYLIECTBYIOIIEM
MPOM3BOJICTBE BBIIIE TEXHOJIOTMYHOCTH 0a30BOM je-
Talld, Pe3yJbTaT TaKOrO COBEPLICHCTBOBAHUS OyaeT
nosoxxkurenbHbld. Ilpu K. > 1, TEXHOIOTMYHOCTH
BHOBb Pa3pa0OTaHHON KOHCTPYKIMHU AETal Ha Cyllle-
CTBYIOILIEM IIPOU3BOJICTBE HUKE TEXHOJIOTHYHOCTH Oa-
30BOif JeTanu. B 3ToM ciydae He0OX0IUMO BEpHYTHCS
K IIEPECMOTPY KOHCTPYKIIUH JACTaIH.

PaccMoTpuM mpoOM3BOACTBO KOPIYCHBIX AeTaleil
ra30TypOMHHBIX ABUTaTeNeH. [y yuera monpaBOYHBIX
K03 PHUINEHTOB AJISI CEPUIHOTO IPOW3BOICTBA aBTO-
POM CTaThU MpeAIaraeTcs OIEHNBAThH BIUSHUC CICIy-
IOIIMX MapaMeTpoB: BPEMEHH, 3aTpauuBaeMoro Ha UH-
JUBHIyaJIbHbIE TEXHUYECKHE PEIICHUs, IIUKIbI U3ro-
TOBJICHMsS JeTajed ¥  3aTpaThl, CBSI3aHHbIE C
MEpBUYHBIM OCHAII[CHUEM MPOHU3BOACTBA. B aTOM ciy-
Jae opMmysa pacyeta 0000IIEHHOTO KPUTEPHS TEXHO-
JIOTUYHOCTH IIPUMET BU:

K, =E—“(1 + K, * (%)& + Ky 4 Ky *@) 3)
6 6 g 3n

rae C,- cebecTONMOCTh U3rOTOBJICHUS BHOBB IIPO-
extupyemoil netanu; Cg — ce0eCTOMMOCTh U3TOTOBIIE-
HUsA 0azoBoit geranmm; AT, — PazHuma Bpemenn ycpen-
HEHHOW UHJUBUIYaJIbHOM TOPaOOTKH BHOBb ITPOEKTHU-
pyemoii u 6a3oBoii neramu; Tg- TpymoeMkocTb
M3rOTOBJIEHUSA OazoBoit neranu; Al — Pa3Huia B LuK-
JlaX M3TOTOBJICHUS BHOBb MPOEKTUPYEMOH U 0a30BoOi
JIeTaIIN; g —
IIMKJI U3rOTOBJIEHUs 0a30BoH geTanu; A3n- Pas-
HHIA TUIAaHUPYEMBIX 3aTpaT Ha MEPBUYHOE OCHAIICHHUE
BHOBB IPOCKTUPYEMOH AeTanu u 6a30Boi geranu; 3 -

3arparhl Ha NMEPBUYHOE OCHAIICHUE 0a30BOil JeTanu;
Ki, K, K3, K4— k03 dunuenTs, 3aBucsiue OT WHIU-
BHIYaJIBHBIX OCOOCHHOCTEH TPOM3BOJICTB, HA KOTOPHIX
IUTAHUPYETCS M3TOTOBJICHHUE JIETaJICH.

Takum 00pa3oM, MOIXOA K OICHKE TEXHOJIOTHY-
HOCTH KOHCTPYKIIMH JAETAIN C YIETOM OIIEHKH BEPOST-
HOCTH 00€CIIeUeHHs] CTa0MILHOCTH TEXHOJIOTMYHOCTH
MPOLIECCOB MIJIsl CEPUHHOTO MPOU3BOJACTBA MO3BOJISAET
BBIOMpPATh HAUOOJICE ONTUMANIEHYIO KOHCTPYKIIHIO JIe-
TajH, aaliTUPOBAHHYIO MO YCIOBHUS PEATBHOTO MPO-
W3BOJICTBA C €r0 MHAMBUIYAIBHBIMUA OCOOCHHOCTSMH,
YTO XapaKTepHO JJISl MapajljiesIbHON MH)KEHEepHOU pasz-
paboTke.
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Abstract

The paper formulates and substantiates the signs of harm caused to the health of the animal, which are of
medium severity and are used during the forensic veterinary examination of subject animals. The research was
performed using the methods of scientific knowledge, in particular: formal-legal, dialectical, comparative-legal,
system-structural analysis, logical-grammatical, modeling, clinical and pathomorphological.

The obtained results allow us to conclude that the criteria for damage to the health of an animal of moderate
severity are: the absence of signs life-threatening; no consequences of damage to the health of the animal in the
form of loss of any organ, part of the body or loss of organ functions; long-term health disorder lasting more than
21 days; persistent long-term loss of the animal's ability to work for more than 21 days, but it must not be longer
than 30 days.

Assess the severity of the damage caused to the health of the animal, including and moderate, appropriate for
results that have been determined over time and have the final appearance of post-traumatic injuries, ie after
complete healing of injuries or other consequences of the post-traumatic process, but not earlier than 30 days after
injury. The consequences of damage to the health of a moderate animal must be directly related to such damage
in a causal relationship and must be confirmed by objective clinical studies of the subject.

AHoTauis

B po6orti chopMynboBaHO Ta OOTPYHTOBAHO O3HAKH IITKOJIH, 3aTI0IiISTHOT 3I0POB 10 TBAPHUHHU, IO BiHOCATHCS
a0 Cepe,HHLOT TSKKOCTI Ta BUKOPUCTOBYIOTHCA B Hi)l qac MpOBCACHHA CyaOBO-BCTCpI/IHapHOI CKCIICPTU3U Hi)ICKC-
MEPTHUX TBAPUH. I[OCJ'IiH)KCHHH BUKOHAHI 3a JOIIOMOI'OKO MCTO,HiB HAyKOBOI'O HiSHaHHSI, 30Kpema: q)OpMaJ'H)HO-
HOPpUAUYHOT O, ZliaﬂeKTI/I‘IHOFO, HOpiBHﬂJ‘IbHO-HpaBOBOF 0, CUCTCMHO-CTPYKTYPHOT'O aHani3y, J'IOFiKO-I‘paMaTI/I‘{HOFO,
MO/ICTFOBAHHSI, KIIIHIYHOTO Ta MaTOMOP(OIIOTidHOTO.

OtpuMaHi pe3yJbTaTH 03BOJISIIOTH 3pOOUTH BUCHOBOK IO T€, 1110 KPUTEPISIMH IIKOHM, 3aII0/iSHOI 37I0pOB 10
TBapUHU CEPETHBOT TSHKKOCTI €: BIICYTHICTh O3HAK HEOE3MEUHUX /IS KUTTS; BIICYTHICTh HACIIAKIB IIKOIH, 3a-
MOJiSTHOI 37I0POB’T0 TBAPHMHH, Y BUTJIAII BTPATH OYy/Ib-sIKOTO OpraHa, YaCTHHH Tijla 200 BTpaTH OpraHoM Horo ¢y-
HKII}; TpUBaJIMi po3yaj 340POB’s CTPOKOM MoHax 21 moly; criiika TpuBaja BTpaTa poOOTO3IaTHOCTI TBAPHUHH
cTpokoM ToHan 21 1o0y.

OMiHIOBATH CTYIiHb TSDKKOCTI IIKOJH, 3aIOIsTHOI 3I0POB’I0 TBAPUHH, B T.4. i CEPENHBOT TSHKKOCTI, JOIIi-
JIBHO 3a pE€3yJibTaTaMH, 10 BU3HAYHUIIUCA 3 YaCOM 1 MAXOTh OCTATOYHHUMA BUTJIAA IMTOCTTPABMATUYHUX YINKO/KCHb,
TOOTO I1iCJI IIOBHOI'O 3arO€HHS YHIKO/JKCHb YU 3a 1HIIHX HaCJ‘IiL[KiB HpOTiKaHHﬂ MOCTTPAaBMAaTUYHOT'O POLIECY,
npote He paHime Hix yepe3 30 1i0 Bix MOMEHTY TpaBMyBaHHs. Haciinku 1Koy, 3anoisiHol 310pOB 10 TBapUHU
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CEpPEeHBOTO CTYIICHS MOBUHHI NepeOyBaTH 3 TAKOO IIKOJIOK0 Y MPSIMOMY HEOOX1THOMY IPUYMHHO-HACIIAKOBOMY
3B’SI3Ky Ta Ma€ OYTH MiATBEPIKEHUH 00’ EKTUBHUMH KITIHIYHAMH JAOCITIIDKEHHSIMH IT1IEKCIIEPTHOI TBAPUHH.

Keywords: forensic veterinary examination, damage to animal health, moderate severity.
KuiouoBi ciioBa: cynoBo-BeTepHHAPHA €KCIIEPTHU3a, IIKOJa, 3alo/isHa 3J0pOB 10 TBAPHHU, CEPEIHS TSIK-

KICTb.

Beryn

[TuraHHIO IpaB TBapHUH Ta IX 3aXUCTY BiJ HACWIIb-
CTBAa, JXOPCTOKOTO TIOBOXKEHHSI, KaJIiLITBa i HEOOIpyH-
TOBaHOTO BUHUILCHHS NPHJIJICHa yBara 0araTbox J0c-
JITHUKIB, aJke XpeOeTHI TBapUHU 3JaTHI BiAUyBaTh
(i3muHI # CUXiYHI CTpakIaHHs, TOMY Oyab-SKe iX BH-
KOPHCTaHHS HE ITOBHHHE CYIIPOBOJDKYBATUCS CIPHYH-
HEHHsM 00JIt0, My4YeHHs, CTPaxy, IPUTHIYCHHAM CTaHy
a00 Oyap-akuM iHmmMM auckoMdoprom [1-3]. Ipote,
BHUIAJIKU TaKUX TIPABONOPYLIEHb K B YKpaiHi, Tak i B
CBITI HHHI 3aJIUINAIOTHCS JOCHTH PO3NOBCIOJPKCHUMHU
[4-11].

Ilig yac po3sciigyBaHHS IMPAaBOIOPYIICHB MO0
YKOPCTOKOTO MOBOJIKEHHSI 3 TBAPUHAMH, CyJI0BO-BETE-
pHHapHAa eKCIEePTU3a TIIECHUX YIIKOKEHb € OJTHIEIO 3
HaWOUIBII CKIAHUX 1 aKTyalIbHUX Mpo0ieM B YKpaiHi
Ta cBiti [12, 13].

BUKITIOYHO 32 JOIMOMOTOI0 CYIIOBO-BETEpHHAPHOL
SKCIIePTU3HM OPraHH JOCYIOBOTO PO3CIiTyBaHHSA i CyI
OTPUMYIOTh 00’ €KTHUBHY, OOIpYHTOBaHY, IPABUIBHY 1
MpaBAMBY iHQOPMAIIIO MO0 MPUYIHHHA PO3NIATY 3710-
pOB’S UM CMEpTi TBapHHH, MEXaHI3My YyTBOPCHHS
VIIKOJKSHHS; JABHOCTI, YEPTrOBOCTI W MOCITIIOBHOCTI,
NPWKUTTEBOCTI YW MOCMEPTHOCTI MOTO BHHUKHEHHS;
CTYIEHS TSHKKOCTI ILIKO/TH, 3aII0/1isSHOT 3/10pOB’10 TPaB-
MOBaHOT TBapHHH; MPUYUHHOI 3aJIEKHOCTI MIX TpaB-
MYBaHHSIM Ta HOTO HaCJIIKaMH Y BUIIISII pO3JIay 3/10-
POB’s1, KAITiITBa YM cMepTi TBapuuu [14].

Kpim TOro, HAHI BIICYTHSA FOPUANIHO 3aKpillicHa
periaaMeHTaliss MPoLeaypU eKCIIePTH3H TBapUHH, SKa
HOCTpaXKAaa Bill YKOPCTOKOTO MOBODKeHHs. OTXKe, po-
3poOJICHHS IMX Ta iHIIMX MUTaHb CYJ0BO-BETEpPUHAP-
HOT €KCIEPTH3H 3yMOBJICHE TOTPEOOK MPaBOOXOPOH-
HUX OpTaHiB JJIs IPaBUIHHOT KBaTi(iKaIlil MpaBomopy-
HIeHb TMPOTH KHUTTA 1 3[0POB’S TBapHH, a TaKOK
CyCIIBCTBA — y CIIPaBENTHBOMY CYIOYHHCTBI [15].

Cepen iHIIMX 3aBAaHb CYJJOBO-BETEPUHAPHOT €KC-
MepTU3M BaroMe 3HAYCHHS MA€ BU3HAYCHHS CTYIEHS
TSHKKOCTI IITKOJIH, 3aTI0TiSTHOT 3/I0POB 10 MiIeKCTIePTHOL
TBapUHH, IPOTE 1ie MUTAHHS HUHI 3HAXOAUTHCS B IIPO-
neci po3poOku i anpoOaii. Ta, He TUBIAYNCE Ha IIE,
HaMu copMysbpoBaHi i OOIPyHTOBaHI IHTaHHS, SIKi
CTaBJIATHCSI IPAaBOOXOPOHHUMH OpraHaMHy YH CY/IOM B
JOKyMEHTI TIpO IPU3HAYCHHS CyJI0BO-BETEPHHAPHOI
eKCIIepTU3H Ha BHUpilIeHHs excrepTa [14], 3’scoBaHo
0COOJIMBOCTI BUCHOBKY CYZIOBO-BETEPHHAPHOTO €KCIIe-
pTa 3a pe3ysbTaTaMu JOCIHIKSHHS TpyIa TBapHHH 3
O3HaKaMM HAaCUIILHHIIBKOI cMepTi [16], Bu3HaueHi cy-
JIOBO-BeTEpHHApHI KpHTepii W O3HAKM IIKOAM 370-
pOB’10, HeGe3meuHOT TSt KUTTs TBapuuu [17], BUCBIT-
JICHO TIOPSZOK CyJIOBO-BETEPHHAPHOIO BHU3HAYCHHS
CTYNEHS TSDKKOCTI IKOJH, 3aI0/isSHOI 3710pOB’I0 TBa-
punu [18]. TIpoTe, cyq0BO-BETepUHAPHA XapPAKTEPHUC-
THKa 03HAK IIKO/IH, 3aI0/isTHOT 3[0POB’I0 TBAPUHHU Ce-
PEIHbOT TSHKKOCTI 3aJIMIIAETHCS HE COPMYIIbOBAHOIO,

a, BIATIOBIZHO, il HE OOIPYHTOBAHOIO, L0 MOKE MPU3-
BOJIUTHU JI0 IOMHJIKOBOTO PO3YyMiHHSI IMX O3HAK Ta 3a-
CTOCYBaHHS X eKCIepTaMH Ha MPaKTHII.

TakuM 4YMHOM, TIUTAaHHS CyJOBO-BETEPHHAPHOTO
BU3HAYECHHS CTYIEHS TSDKKOCTI LIKOAM, 3arojisHOl
3/I0POB’I0 TBApHHU, € aKTyaJbHUM [UIS BETEPUHAPHOI
MEIUIMHY Ta IOPUCTIPYACHIIT, Ma€ SIK TEOPETHIHE, TAK
1 TpaKTH4YHE 3HAYCHHs, 30KpeMa ITiJ[ Jac pO3Ciimy-
BaHHS IIPaBONOPYIICHB I[0J0 TBAPHH.

Meta po6oTH — chopMyITIOBaTH Ta OOTPYHTYBATH
O3HAaK{ IIKOAHM, 3aIOJiSHOI 30POB’I0 TBAPHHH, IO
BITHOCATHCS JI0 CEPEAHBOT TAKKOCTI.

Martepian i meromu. B poGoTi BUKOpHCTAHO
Cy4acHi METOAM HayKOBOTO ITi3HAaHHS, 30Kpema:
(hopMabHO-IOPUINYHHH, JaJIeKTUYHUH,
MOPiBHSJIBHO-TIPABOBUIA, CHUCTEMHO-CTPYKTYPHOTO
aHaizy, JIOTiKO-TpaMaTHYHHH, MOJICTIOBaHHS,
KIIIHIYHUH Ta TaTOMOP(OIOTITHAN.

Emmipuany 0a3y IOCTiKEHHS CTAHOBHTH aHAII3
BHCHOBKIB €KCIIEPTIB 33 pE3yJIbTaTaMU IIPOBEACHHUX
CYZOBO-BETEpPUHAPHUX EKCIIEPTU3 W00 >KOPCTOKOTO
TIOBOJDKEHHS 3 TBapMHAMH, IPOBeAEHHX B biopo cy-
JIOBO-BETEPUHAPHUX JOCHTIKEHb XapKiBChKOI epiKa-
BHOI 300BeTepHHApHOI akaaeMii mpotsrom 2010-2020
POKIB, a TakoX B J1abopaTopil KPUMIHAIICTUYHUX J0C-
nipkeHb HarioHanbpHOro HaykoBoro uneHTpy «lHcTH-
TYT CyJ0BuX ekcrieptus iMm. 3aci. mpod. M. C. bokapi-
yca» MinicrepctBa toctunii  YKpaiHH MpOTSIromMm
2017-2020 poxiB.

Pobota € gactuHOIO HaykoBOi TeMu «TeopeTnko-
NpaBOBI 3acajii CYJOBO-BETEPUHAPHOT EKCIIEPTU3U
TBapyH 3 03HAKaMH )KOPCTOKOTO TIOBOIXKEHHS 3 HUMU,
sIKa BUKOHY€ETHCS Ha 0a3i kadenpu BeTepHHApHO-CaHi-
TapHOI eKCIIEPTH3HM Ta CYAOBOI BETEPUHAPHOI MEIH-
OuHE XapKiBCHKOI JIep)KaBHOI 300BETEPUHAPHOI aKa-
JIeMii, JepXaBHHHA  peecTpaliiHuid  HOMep  —
0118U004677, a takoxx HarioHaJsHOTO HAYKOBOTO
LHEeHTpY «IHCTUTYT CynoBHX ekcnepTus iM. 3aci. npod.
M. C. Bokapiycay, nep>xaBHUH peecTpaliiiHuii Homep
—-0120U101976.

Pe3ysabTaTH AocaigKeHHs Ta iX 00roBopeHHs

BusHaueHHs CTyHeHs TSXKKOCTI IIKOJAW, 3a-
TIO/TiSTHOT 3/I0POB 10 TBAPUHU, TPOBOIUTHCSI JIJIST OI[IHKU
YIIKO/KEeHb, BUABJIICHHUX ITiJT 9ac Cy/I0BO-BETEpUHAPHOI
€KCIIEPTHU3H KUBOI TBAPUHU, TPyIla YU HOro YacTUH, a
TaKOX TPOBEJCHHI CYJOBO-BETEPHHAPHOI €KCIIEPTU3N
3a MarepiajlaMH CIIpaBH.

3arajgpHi BUMOTH, IO CTaBISTHCSA B YKpaiHi /10
CKJIQ/IAHHS CY/I0BO-BETEpPUHAPHUX JIOKYMEHTIB i/ 4ac
BH3HAYECHHS IIKOJM, 3all0JisSTHOT 37J0pOB’I0 TBapHHH,
nepeoaveHi [HCTpyKIi€ero po NpU3HAYESHHS Ta IPOBe-
JICHHSI CYJIOBUX €KCIIEPTH3 Ta EKCIIEPTHHUX AOCIIIKEHb
(mami Tactpyxkmist) [19], mpaBa Ta 000B’sI3KK eKcTiepTa
nependadeHi KpumiHaIbHAM TIPOLIECYyaTbHUM KOJEK-
com Ykpaiam, Ne 4651-VI [20], 3akoHoM Ykpainu
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«IIpo cymoBy ekcneptuzy» Ne 4038-XI1 [21], «IucTpy-
KIII€I0 TIPO MIPU3HAYCHHS Ta MIPOBEACHHS CYAOBUX EKC-
MEPTHU3 Ta EKCIIEPTHHUX JOCTIKEHB» [19].

[IIxonma, 3anoisiHa 37J0POB’ IO TBAPUHH, TTOJIATAE Y
THMYacoBOMY a00 CTiikoMy MOpYyIIeHHI QYHKIIIH op-
ra”iB i (a00) cUCTeM OpraHi3My, BHACHIJIOK YIIKO-
JOKEHHS, 3aXBOPIOBAHHS, MATOJOTIYHOTO CTaHy, SKHAN
3YMOBHUB TUMYACOBY YH CTiHKy BTpaTy 3BUYHOI KUTTE-
JUSUTEHOCTI T2 POOOTO3IaTHOCTI TBAPUHH.

3 TOYKH 30py CYAOBO-BETEPHUHAPHOI EKCIIEPTU3U
TUIECHUMH YIIKODKEHHSMH (TPaBMOIO) € IIKOJA 3J10-
POB’I0 Y BUIJISIII THMYACOBOTO HOT0 PO3JIay, KailTBa
a00 cMepTi OJHIH UM KiJTbKOM TBapHHAM, [0 BUHHKIIO
Bix Aii ogHOrO a00 KiJIBKOX YMHHHUKIB 30BHIIIHLEOTO CE-
penoBumia ((hi3UIHUX: MEXaHIYHHX, OaPOMETPUYHHUX,
TEPMIYHHUX, IPOMEHUCTHX; XIMIYHHUX, OIOJOTIYHUX Ta
IHIITUX 1 TPOSBISIETECS TIOPYIICHHSIM aHATOMIYHOT ITiJTi-
CHOCTI 200 (i3iosoriuHoi (GYHKINT TKAHWUH, OPTaHIB YU
YaCTHH Tijla TBAPHHHU.

Cy0’exTaMu CyIOBO-BETEPHHAPHOIO BU3HAYCHHS
CTYIICHSI [IIKOJTH, 3aT0/IisTHOT 3/J0POB’10 TBAPHHU, B Y K-
paiHi € daxiBui, KOTpi MalOTh KBaJi(iKalilo CyI0BOro
eKcrepra 3a crieriaibHicTio 18.1 «Berepunaphi nocii-
JOKEHHSD).

Po3pi3HSIOTE TPH CTYIICHS TSHKKOCTI IIKOH, YMH-
CHO 3aIlOJIisSTHOI 3IOPOB’I0 TBApWHU: TSDKKHH, cepel-
HBOI TSDKKOCTI 1 JIETKHI.

Kpurepissmu mkomu, 3amomisiHOT 370pOB’I0 TBa-
PHHU cepelHbOi TSHKKOCTI €:

a) BIJICYTHICTh O3HAaK, HEOC3MCUHHX JIJIS JKUTTS;

0) BIZICYTHICTh HACJIIIKIB KO, 3aMOISTHOT 3/10-
POB’I0 TBAPHHH, Y BUIIISAI BTPaTH Oy 1b-SIKOTO OpraHa,
YaCTHHH TiJIa a00 BTPATH OPraHOM HOT0o (YHKIIIH;

B) TPUBAJIMK PO3JIaJ 30POB’ sl CTPOKOM ToHaT 21
100y;

') cTifika TpHuBaja BTpaTa poOOTO3HATHOCTI TBa-
pUHH CTpOKOM ToHax 21 mo0y.

[epmM  kpuTepieM MIKOAYW, 3amOMisHOL 3J10-
POB’I0 TBapWHH CEPEIHBOI TSDKKOCTI, € 8i0CYmMHICHb
03HaK Hebe3neuHux 05 xcumms meapuny. TakuMm qu-
HOM, TIKOJIa, 3alo/issHa 3[JOPOB’I0 TBAPUHH, € Hehe3-
neyHoIo OA Hcumms B MOMEHT 3allO/liIHHS (3aBJaHHA)
4H, siKa Yepe3 MeBHUI MPOMIKOK Yacy NPU3BOMTH JI0
MOSIBU 1 PO3BHUTKY 3arpO3JIMBUX JUIS OPraHi3My SIBHIL,
KOTpi 0e3 HagaHHSI HEOOXiTHOI i TOCTaTHLOT BETepH-
HapHO{ JOTIOMOTH, 3a 3BUYaHUM CBOIM mepebirom, 3a-
KiHIYETBCS UM MOXE 3aKIHUUTHCS CMEPTIO.

Jlo mikonu, 3amo/isiHOI 340pOB’I0 TBAPHHU TSIK-
KOT'O CTYTICHS, SIKa € HEOE3MEeUHOIO IS XKUTTS TBAPUHHU
CJIiT BITHOCUTH: POHUKAIOY] YIIKOJDKEHHS B UEPEIHY
MOPOXKHHUHY, 3 YIIKOJUKEHHAM a00 0e3 YIIKOMKEHHS
TOJIOBHOTO MO3KY; BIIKPHUTI ¥ 3aKpHUTI NEpeIoMH Kic-
TOK MO3KOBOTO BiJIIITy Uepera; BiIKPHTi i 3aKpHTi 1e-
peloMH BEpXHBO1 Ta HUYKHBO] IIeNIell, KOTPi IPUBOAATH
JI0 HEMOJKJIMBOCTI HOPMAJIBHOTO NPUHOMY KOpPMY i
BOJIH TIICJISl 3arO€HHS YIIKOJPKEHHS; OBHA abo yact-
KOBa BTpaTa BEPXiBKH 1 Tija A3MKa; BIAKPHTI i 3aKpUTI
MepesioMH KICTOK HOCa 3a HassBHOCTI 3arpo3JIMBUX IS
JKHUTTS SIBUIL 200 SIKIIO MPUBOJATE A0 MOPYIIEHHS (Y-
HKI[iT 30BHIITHBOTO JUXaHHS; 3a0ili TOJIOBHOTO MO3KY
TSOKKOTO CTYIICHS sIK 31 3/IaBJICHHSAM, Tak i 0e3 3/1aB-
JICHHSI TOJIOBHOT'O MO3KY, a TaKO 3a0iii TOJIOBHOT'O MO-

3Ky CepeIHbOI TSDKKOCTI 32 HasIBHOCTI CUMIITOMIB ypa-
JKEHHS CTOBOYpPOBOi IiISIHKH; BHYTPIITHbOYEPEITHI
KPOBOBIJIMBH 3a HASBHOCTI 3arpPO3JIMBUX OIS KUTTS
SIBHUIIT, MEXaHIYHI YIIKOHKSHHS Oy Ib-SIKUX BIII1IIB TO-
JIOBHOTO MO3KY, @ TaK0XX 3a0UTTS TOJIOBHOTO MO3KY Y
pa3i BUABICHHS KJIIHIYHUX 03HAK (HEBPOJIOTIYHUX PO3-
naziB, MOp(OJIOTIYHNUX 3MiH TOJIOBHOTO MO3KY, ITiITBE-
PIOKeHI 00’ €EKTUBHUMHU METOJIaMU TOCIIKCHHS ); TIPO-
HUKAIo4l YIIKO/PKEHHS XpeOTa 3 YIIKOKEHHsM 1 6e3
YIIKO/PKEHHS! CIIMHHOTO MO3KY Ta Horo 0o00JI0HOK; 3a-
KPHTI YIIKO/DKEHHSI IIMHHOTO BiAJUTY CIIMHHOI'O MO-
3KY; 3aKpUTI YIIKOJDKEHHS TI'PYJHUX, HMONEPEKOBHUX 1
KPMXKOBHX CETMEHTIB CIIMHHOT'O MO3KY, KOTpi CyIpo-
BOJUKYBAJIMCh TSHKKMM CIIMHAJIBHAM IIOKOM YU TIOPY-
meHHSIM (QYHKIIH OpraHiB, SIKi 3HAXOATHCS B TPYIHIH,
YepEeBHIH 1 Ta30Bil OPOKHUHAX; TIEPEIIOM UH TIEPEIIO-
MOBHBHX OJHOTO a00 KITBKOX IPyIHHUX YH IONEPEKO-
BHX XpeOIliB 3 MOPYIICHHSIM (YHKIIiT CHHHHOTO MO3KY
a00 32 HasBHOCTI KIIIHIYHO BCTAHOBJICHOTO LIOKY TSDK-
KOIrO CTYIIEHS; IIEPEIOM JOPCAIBHOI UM BEHTPaIbHOL
JyTU TEpIIOro MIUIHOro Xpedllsd, NepeIOMOBUBUX Ta
TIePESIOMH TiJT YH YT 3 JPYTOro MO ChOMUM IHUHHI Xpe-
0111, 8 TAKOK MEPEIOMH 3y00MOAI0HOTO BiJPOCTKA IPY-
rOro MIMHHOTO XpeOlls, y TOMY YHCHIi 3 MOPYIICHHAM
a0o 0e3 mopymeHHS MITICHOCTI W (YHKIT CITMHHOTO
MO3KY; BUBUXH U IiIBUBHXH IMIHHHUX XPEOIIiB 3a Hasl-
BHOCTI 3arpO3JIUBHX IS KUTTS SIBHII; YIIKOKECHHS 3
TTOBHUM IMOPYIICHHSM IUTICHOCTI CTIHKHU (yCiX 000J10-
HOK) TJIOTKH, CTPaBOXOAY, TOpTaHi, Tpaxei, TOJIOBHUX
OpOHXiB, HE3aJECKHO BiJ TOro, 3 OOKY IIKIPSHUX MOK-
PHBIB 4H 3 00Ky CJIM30BOT 000JI0HKH (TIPOCBITY OpraHa)
BOHU 3aIl0JIisIHI; 3aKPUTI NEPEIOMH ITi/1’ I3UKOBOT Kic-
TKH, 3aKpUTI ¥ BIJKPUTI YIIKOKEHHS €HIOKPHUHHHX
3aJ103, SIKi pO3TalIOBaHi B JUISHII MU (LU TOIOIOHOT,
HapanmTonoioHo1, TAMyca — y MOJIOANX TBApHH) — 32
HasiBHOCTI 3arpo3NIMBHX ISl JKUTTS SIBHUIL, YIIKO-
JDKEHHSI TPYIHOI KIITKH, KOTpi MPOHMKIM B IJIEBpa-
JIbHY TTIOPOXXHUHY, TIOPOXXHUHY IIEPUKap.Ly UM Cepelio-
CTIHHS, B TOMY YHCHi i 0€3 YIIKOKeHHS BHYTPIIIHIX
OpTaHiB; yIIKO/PKEHHS )KHBOTA, KOTPl IPOHHUKIIN B Ue-
PEeBHY HOPOKHHMHY, Y TOMY YHCIi i 0€3 YIIKOMKESHHS
BHYTPIILIHIX OpraHiB; BIIKPUTI YIIKOJDKEHHS BHYTpIlL-
HIX OpraHiB, pO3MIIIEHHX B 3204EPEBHHHOMY ITPOCTOP1
(HUpPOK, HaTHUPHUKIB, MiIUTYHKOBOI 3aJ1031) 1 B TO-
PpOXKHUHI Ta3y (CEYOBOTO MiXypa, MaTKH, S€IHHUKIB, Mi-
XypIeBoi, MepeaMixXypoBoi, IHOYIHHO-CediBHUKOBOI
3aJ103, IEPEAHBO] 1 CepeAHBO] TPETHHH MPSIMOT KHIIKH,
Ta30BO{ YACTHHH yPETPH); 3aKPHUTI YIIKOKEHHS Opra-
HIiB Tpy/HOI, YepeBHOI i Ta30BOI1 MOpPOXHUH, Aiadpa-
I'MH — 32 HassBHOCTI 3arPO3JIMBHX IS )KUTTS SIBULLL; Bi-
JKPUTI TIEPEIOMH Tija IJIeY0BOi, CTETHOBOI 1 OLIBIIOT
TOMIJIKOBOT KiCTOK, KICTOK Ta3y 3a HasBHOCTI 3arpO3JIH-
BUX JUISl KHUTTSI SIBUIILL, YIIKOJKEHHS, 110 CIIPHYMHUIIN
LIOK TSDKKOTO CTYIIEHS, MACHBHY KPOBOBTpPATY, KOMa-
TO3HHUI CTaH, TOCTPY HUPKOBY, NEYIHKOBY HEIOCTAT-
HICTB, TOCTPY HEJIOCTaTHICTh AUXAaHHA, KPOBOOOIry, ro-
pMOHANBHY AUC(HYHKIIIO, TOCTPi pO3Nagu perioHap-
HOTO 1 OPraHHOTO KPOBOOOIry, >KHPOBY YH Ta30BY
eMOO0JTi10; YIIKO/PKEHHS BEJIMKNX KPOBOHOCHHX CYANH
32 HasBHOCTI 3arpO3JIMBHX JUISl JKUTTS SIBHIL; YIIKO-
JDKEHHS1, CHPUYMHEHI 3arajibHOIO JII€10 BUCOKOT TeMIIe-
patypH, TEpMIYHHUX OMIKIB Ta OIMIKiB, CHPUYMHEHUX
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JIEF0 KOHIICHTPOBAHUX PO3UMHIB IIKMX XIMIYHUX PEYO-
BUH 32 HAasSBHOCTI 3arpO3JMBUX JUIA JKUTTS SIBHIL
YIIKO/KEHHS, CIIPHYMHEH] BINIMBOM HU3BKOI TEMIIEpa-
TypH, TPOMEHEBOI1 €HEprii, eIEKTPUIHOTO CTPyMy, a
TakoX 0apoTpPaBMOIO 3a HASBHOCTI 3arpO3JMBHUX IS
JKUTTSI SIBUIL; OTPYEHHSI PEUYOBUHAMH OYyIb-SKOTO IO-
XOJDKSHHS 3 TIepeBaroro sSK MiCIeBOi, Tak i 3arajabHOi
il (y ToMy 4YMcii 1 KOpPMOBI TOKCHKOiH(eKwii) 3a
YMOBH, 1110 B KJIIHIYHOMY TIepe0iry Majii MicIe 3arpo-
3JTUBI JUIS XKUTTS SBUILA; YCI BUIM MEXaHIYHOT acikcii,
10 CYNPOBOPKYBAIUCS KOMILJIEKCOM PO3JIa/iiB (yHK-
i1 IeHTpaIbHOT HEPBOBOT CHCTEMH, CEPLIEBO-CYANHHOT
CHUCTEMHM Ta OpTraHiB AWXaHHS, KOTPI 3arpoXXyBasld
JKUTTIO TBApHHH, 33 YMOBH, IIO II€ BCTAHOBJICHO
00’ €eKTHBHUMHY KIIIHIYHUMH JaHAMHU.

Jlpyrum KpuUTepieM IKOIH, 3aOAisTHOT 310pOB 10
TBapUHHU CEPEAHBOI TSIKKOCTI, € 8I0CYymMHICMb HACAIO-
Ki8 wKOOU, 3an0disaHoi 300p0os8 10 meapunu, y 6uisoi
empamu 6y0b-5K020 OpeaHnd, uacmuxu miia abo
empamu opeavom toeo @yuxyit. Ilin HacTiaKOM
YIIKOJUKEHHST HEOOXiJTHO pPO3YyMITH TIOBHE 3aro€HHs
VIIKO/UKEHHSI 1 3HMKHEHHS XBOPOOJMBHX 3MiH, SKi
Oynu HUM 00yMoBeHI. [[e He BUKIIOYAae MOXKIMBOCTI
30epeKeHHs CTIMKMX HACIIJKIB YIIKO/KEeHHs (pyO1s,
aHK1JI03y, YKOPOUYEHHS KiHIIBOK, AedopMariii cyrioda
Tomo). HacimigkoM ImIkoau, 3amo/IisTHOT 310pOB’I0 TBa-
PHHHU MO>Ke OyTH OJVH 3 TaKUX: IOBHE OXyXKaHHSI, Ka-
JIITBO i CMEPTH.

He 3arpoznuBumu A7l KHUTTS YIIKOMKECHHSIMHU,
III0 HaJIeKaTh /10 TSDKKUX 3a KIHIEBUM PE3yIbTaTOM Ta
HAaCJIiIKaMH1 € BTpaTa Oyb-sIKOI'0 OpraHa 4u BTpaTa op-
raHoM #oro QyHKUii: BTpaTta 30py, ClyXy, HIOXY, KiH-
IBOK, s13MKa, 3y0iB, PENpPOJYKTUBHOI 34aTHOCTI TBa-
PHHHU.

TpetiM KpUTEpieM LIKOIHM, 3arOisTHOT 310POB’ IO
TBapHHHU CEPEIHBOI TSIKKOCTI, € TPUsAIuil po3iad 300-
pos’s cmpokom nHa() 21 000y.
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Pucynox 1. I[losepxnesi, 8ioxpumi,
He NPOHUKArYL, 3a0umi panu epyo-
HOT KIHYIBKU COOAKU 34 KIUUKOIO
«Bapcuxy. Makpogpomo cmanom
na 21.11.2019

Pucynox 2. Pybyi 6 dinauxax mpa-
MU epyOHOI KinYieKku cobaxu 3a
kauuxoro «bBapcuxy. Makpogomo
cmanom Ha 26.12.2019

[ix pozradom 300pos’s HEOOXIMHO PO3YMITH IO-
pYIIEHHS HOPMabHOI IisTILHOCTI OpraHi3My, CTiiike
TOPYIICHHS PEKUMY 3BUIHOT'O iCHYBaHHS (OKUTTS) J0-
MaIllHbOT TBAPUHH, BTPATY HEIO 3IATHOCTI [0 3araib-
HOTOCTIOJIapChKOTo ab0 CHemialbHOTO BUKOPHCTAHHS,
BTpaTy MOXIIUBOCTI CAMOCTIHHOTO iCHYBaHHSI IUKOi U1
OC3MPUTYJIHHOT TBAPHHH B OTOYYIOYOMY CEpPEOBHIIT,
a00 PO3BUTKY XBOPOOIMBOIO MPOIIECY, SKi Oe3mocepe-
JTHBO CIIPHYUHCHI PI3HUMHU CK30TCHHUMU YAHHUKAMH.

B uinomy, po3naj 310poB’ s TBAPUHU, 33 TPUBATI-
CTIO B 4Yaci, MOXe¢ OyTH: TUMYAaCOBHM (KOPOTKOYAC-
HHUM), 1[0 Ma€ HE3HAYHI CKOPOMUHYIL HACiIKH, TPH-
BAJTICTIO HE OUIBIN SK 6 1i0; THMYacOBHM (KOPOTKOYA-
CHHMM), M0 CIPUYUHHIO KOPOTKOYACHUH pO3iaj
3JI0pOB’sl TPUBAJICTIO TIOHAA 6-U 1Ti0, TpoTe He OibIme
21 mobwu; TpuBamuM — moHax 21 no0y; cTikuM (Imoc-
TIHHAM), SKIIO MPOTATOM YChOTO YKHTTS TBAPUHH iICHY€E
HE3BOPOTHA BTpaTa HOPMabHOI (PyHKII opranizmy,
KOTpa TMOBHICTIO BJKE HIKOJIM HE BiTHOBUTHCS.

Haenemo mpukian i3 BIacHOi CyIOBO-€KCIEPT-
HOI MPAaKTUKH. [3 MOCTaHOBHM CJIIT90T0 B1IOMO, 110 I'PO-
MaJIsIHAH, peali3ylouu CBil 3JI0YMHHUN YMHUCE, CIIps-
MOBAaHMU Ha 3HYNIAHHS HAJ TBAPUHOIO, MOPYIIYHOYH
3araJibHOMPUUAHATI HOPMHU TOBEAIHKH, MPUB’SI3aB CO-
0aKy /10 CBOro aBTOMOO1JIS 32 TOTIOMOTOI0 METAJICBOTO
JIAHITIOTA, ITCIISA YO0 CiB 3a KEPMO Ta PO3MOYaB pyX,
00paBIIN TaKy IIBHIKICTb, IO co0aka He BCTHTaB Oi-
T'TH MIOPYY 3 aBTOMOO1LIeM, HE MaB 3MOTH CTaTH B TIPH-
pPOJIHE aHATOMIYHE IOJIOKESHHS, TOOTO Ha YOTHPH KiH-
IIBKH, Ta BIIaB 1 BOJIOYHMBCS 1O ac(aibTOBaHIH q0po3i
mo3any aBromMoOins. TakuM dYuHOM, TBapuHi OyI0
CIIPUYMHEHO OlJIb, MYKH, CTPaXKIAHHS, 1110 BUPA3HIIOCS
B OTPUMaHHI CO0aKOI0 3a KIIMYKOK «Bapcuk» ymiko-
JOKEHb aHATOMIYHOI 1iTicHOCTi TKaHuH (puc. 1-3).

)1.]'[51 BCTAHOBJICHHA CTYTICHA TH)KKOCTi mIKOaH, 3a-
TIOJIIsTHOT 3/I0POB’I0 TBapHHi, CIiM4uM Oylo HpHU3HA-

Pucynox 3. Pybyi 6 oinanyi
npagozo ikmvo6020 cyenoda y
cobaxu 3a knuuxorw «bapcury.

Maxkpogomo cmanom na
26.12.2019

(I3 apxiey HHI] «Incmumym cyoosux excnepmus im. M. C. Boxapiyca», m. Xapkis)
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3a pe3ynbTaTaMu MpoBEICHOI IEPBUHHOI CYI0BO-
BerepuHapHoOi excrieptn3u 21.11.2019 poky, To06TO Ha
4—y noOy micnsg momii MPaBOMOPYIICHHS, EKCIEepPT
MIPUAIIOB 10 BHCHOBKY, IO BU3HAYUTH CTYIIiHb TSK-
KOCTi IIKOAM, 3aIOAisTHOI 3M0pOB’t0 colari 3a KIIN4-
Koo «bapcuk» He BUABISETHCS 32 MOYKIINBE, OCKIITBKHI
KIIHIYHI 03HAKH TIICCHUX YIIKOIKEHb 3HAXOIATHCS B
cTajii rocTporo 3anajeHHs 1 nporuec 1X 3aroeHHs Tpu-
Bac. Ha MOMEHT NpoBeneHHS EKCHEepPTU3H YIIKOJ-
JKCHHSI, CIPHYMHEHI colami 3a kinmukoro «bapcuky,
CYMICHI 3 KUTTSIM, a KJIIHIYHUI cTaH co0aKu xapakTe-
PH3YETBCS CEPEHBOIO TSKKICTIO.

3a pesymbTaTaMH MpPOBEACHOI JOMATKOBOI Cy-
JIOBO-BeTepuHApHOi excmeptm3u  26.12.2019 poxy,
T00TO Ha 35—y MO0y TicIs MoAii MpaBOMOPYIICHHS, eK-
CHEpT MPHUHIIOB O BUCHOBKY, 1[0 cO0aKa 3a KIMIKOI0
«bapcuk» B MOCTTpaBMaTHYIHOMY TIEPiOAi MICIIA 3aBep-
IICHHS JIIKyBaHHS 3HAXOJUTHCS B 3aJJ0BITHPHOMY CTaHI.
VIIKOMKEHH, 3an04isiHi coballi, € TakuMH, L0 He
CIPUYMHWIN HEOE3NEeKH JUIs KUTTS, BIACYTHs BTpaTa
Oy/ab-sIKOro opraHa, BIJICYTHS BTpaTra OpraHaMu ix
(byHKIIH, BIICYTHE 3HIBEYSHHS OKPEMHX JUISTHOK TiJa,
MpOTE BCTAHOBJICHO TPHUBAJIMU PO3Jaj] 3[0pOB’sl TBa-
punu (35 ni0), Mo mpu3BEIO A0 OOMEKCHHS IKHT-
TEMISTIBHOCTI TBapWHU MPOTSATOM [bOTO TepMiHy. Lli
O3HAKH CBi4aTh IPO Te, IO BUABJIICHI TIIECHI YIIKOI-
JKeHHS y co0aky 3a KIMIKOI0 «bapcuky, BITHOCATHCS
JIO CEPEIHBOTO CTYICHS TSHKKOCTI 3 TPHBAINM PO3Ja-
JIOM 3710pOB’s1, ToOTO TIoHax 21 mo0y.

UYeTBepTUM KpPHUTEPIEM IIKOAM, 3aMOIISHOI 310-
POB’I0 TBAPHHHU CEPEIHBOI TSKKOCTI, € cmitika mpu-
eana empama pobomo30amuocmi cmpoxkom nouao 21
000y.

Brparta po6oTo31aTHOCTI — Ll Takuid cTaH 370-
poB’st (dbyHKUiH opraHizMy) TBapHHH, 0OyMOBIEHHUI
3aXBOPIOBaHHSAM, HACIIJKOM TpaBMH, ITaTOJOTIYHUM
CTaHOM, KOTPHH YHEMOXXJIMBIIIOE BHKOHAHHS POOOTH
BHU3HAYEHOTO 00CSTY, XapaKTepy Ta SKOCTi (3arajbHO-
TOCIIOJIAPCHKE 1 CIIeIiallbHe BUKOPUCTAHHS ) 0€3 KON
310pOB’sl.

[ig 3aeanvHo20CnOOAPCHKUM — BUKOPUCTNAHHAM
meapunyu HEOOX1MHO PO3YMITH ii 3IaTHICTH IO BHKO-
HaHHS KOPUCHOI «HekBani(ikoBaHOD» PoOOTH, TOOTO
TaKo1, /I BUKOHAHHS K0T HE MOTPIOHO TBAPHHY CIIe-
IaJIbHO JPECUPyBATH UM IIPUBYATH ISl BUPOOJICHHS i
3aKpiIUICHHS B Hel pi3HNX HABHYOK HA OCHOB1 YMOBHHX
pedraexciB (MAMOPSIIKYBaHHS JIOJUHI, TEPEBE3CHHS
BaHTaXIB TOIIIO).

Cneyianvhe suxopucmanns meapunuy nependaydae
i 37MaTHICTP O BHKOHAHHS KOPHCHOI «KBadipikoBa-
HO1», CIeniani3oBaHol poOOTH, TOOTO TaKOi, sl BUKO-
HaHHS KO MOTPiOHO HijecnpsiMoBaHO (opmyBaTh i
3aKPIMTUTH KOMIUIEKC TOTPiOHMX JIFOJIMHI HAaBUYOK (aB-
TOMATHYHOI i1, 110 3MIHCHIOEThCS 6€3 TOMITHO1 y4acTi
CBiJIOMOCTi, paIliOHaJbHO, JOCUTHh HIBUAKO 1 TpaBU-
JIBHO, 0e3 3aiiBUX BUTpaAT (i3WMYHOI Ta NCUXIYHOI eHep-
rif) Ha OCHOBI PI3HMX yYMOBHHX pPE(IEKCIB ILIIXOM
CHeLiaJIbHOTO JPECUPYBAHHS YU NMPUBYAHHS 3 METOIO
MOIIYKY MaTepialbHUX 00’ €KTiB Oy/b-IKOTO THITY, 3a-
XHCTY B NEBHHX OOCTaBMHAX, OXOPOHHU 00’€KTIB I10-
BKIJUUISI, y4acTi B CIIOPTUBHUX Ta BUJIOBUIIHUX 3aX0AaX
TOLIO.

B ninomy, BrpaTa po60TO31aTHOCTI TBAPHHOIO 3a
TPUBAIICTIO B 9aci MOKe OYTH: KOPOTKOYACHOO — TPH-
BaJIiCTIO HE OLIBII SIK 6 11i0; KOPOTKOYACHOIO, IO CIIPH-
YHHWIA PO3JIaJ 3J0POB’S TPUBAIICTIO TIOHAX 6-H 1i0,
mpote He Oinpiie 21 nobu; TpuBainoro — monan 21 nooy;
CTIMKOIO (MTOCTIHHOIO), SIKIIO MPOTITOM YCHOTO JKUTTS
TBapHHHU ICHY€ HE3BOPOTHA BTpaTa HOPMaJbHOI (DyHK-
il opraHi3My, KOTpa MOBHICTIO BXKE HIKOJH HE BiTHO-
BUTHCS.

CynioBo—BeTEepHUHapHa EKCIIEPTH3a 3 METOI0 BCTa-
HOBJICHHSI CTYNEHS TSHKKOCTI IIKOJH, 3aroJlisTHOT 3710~
POB’I0 TBapHHH NPOBOJHUTHCS CYyI0BO—BETEPHHAPHUM
EKCIePTOM IIITXOM BETCPUHAPHOTO 0OCTEKEHHS ITi Te-
KCIIEpTHOI )KMBOI TBApUHU, TPyIla TBAPUHU YU HOTO Ya-
CTHH, a TAKOX IIPOBEICHHI EKCIIEPTU3H 3a MaTepiaraMu
crpaBu. Y pasi BiZICYTHOCTi TaKOTO €KCIepPTa, BETepH-
HapHE IOCIHIHKEHHS TOTEePILIO] TBApUHE MOXKe OyTH
NPOBEJICHE JIIKapeM BETEPUHAPHOT MEIVLUHM, SKHA
Mae OCBITHil1 piBeHb crieniajicra abo MaricTpa i € KoM-
MIETEeHTHUM B 11i#i cepi BeTepruHapHOi aisuibHOCTI. [Tpn
UBOMY Liel (haxiBelb CTYNEHs TSHKKOCTI IKOJH, 3aI10-
JistHOT 37I0pOB’I0 TBApHMHH, HE BU3HAYa€, BKa3ylOUH
JIUIIE JIOKAJI3aI[i10, XapaKTep, BUJ] YIIKOKECHHS TOIIO
Ta (ikcye 1i BiIOMOCTI Y BEeTEpUHAPHUX JOKYMEHTax
(icropii xBOpoOU TBapHHH, KapTIi aMOYIaTOPHO XBO-
pOi TBApHHH TOLIO).

Hacunigku mwkoau, 3amofisiHoT 310pOB’ 10 TBAPUHH
CEpeAHBOTO CTYICHS MOBHHHI HepeOyBaTH 3 TaKoOo
OIKOJIO0 Y TIPSIMOMY HE0OXiTHOMY MPHUINHHO-HACIII-
KOBOMY 3B’S3Ky Ta Mae€ OyTH HigTBepIKCHHH
00’ €KTUBHUMHU KJIIHIYHUMH JOCHIIKEHHIMH IieKCIIe-
PTHOI TBapUHU.

OIiHIOBATH CTYIiHb TSHKKOCTI IIKOIH, 320 TiTHOT
3I0POB’10 TBAPHHH, B T.4. i CEPEIHBOIT TIKKOCTI, JOITi-
JILHO 32 pe3yJIbTaTaMH, 1[0 BU3HAYMIIMCS 3 4aCOM 1 Ma-
I0Th OCTATOYHWIl BHIJISAI MOCTTPAaBMATHYHHX YIIKO-
IDKEHB, TOOTO TiCJIsl IOBHOTO 3arO€HHS YIIKO/DKEHb YH
3a IHIMUX HACNIJKIB MPOTIKaHHSI MOCTTPABMATHIHOTO
mpoIiecy, npoTe He paHimre Hix gepe3 30 mib Bix Mome-
HTY TPaBMYBaHHSI.

BucHoBku

1. 3ampormoHOBaHI O3HAKU IIKOAM, 3aMOisSHOT
3I0POB’I0 TBAPUHHU CEPEIHBOI TSHKKOCTI 0a3yrOThCs Ha
MPUHIUIAX (OPMATBHOI JIOTIKH, MiaJIeKTHKH, CHUCTE-
MHO-CTPYKTYPHOTO aHali3y, MOJCIIOBaHHS, IMOpPiB-
HSTHHSI.

2. KpurepisimMu IK0/TH, 3a110/1isTHOT 3/J0pOB 10 TBa-
PHHH CEPEeAHBOI TSKKOCTI €: BIICYTHICTD O3HAK HeOe3-
TIEYHUX JUIS XKHUTTS; BIICYTHICTD HACIIJIKIB IIKO/H, 3a-
TIOJIISTHOT 3710pOB’I0 TBApUHH, y BUIJISA/I BTpaTH OyIb-
SIKOTO OpraHa, YaCTHHU Tijia ab0 BTPAaTH OPraHOM HOTo
(YHKIIN; TpUBANIU pO3Najg 30POB’S CTPOKOM ITOHAM
21 noOy; cTilika TpuBana BTpaTa poOOTO3AaTHOCTI TBa-
puHH CTpoKoM noHax 21 1o0y.

3. OWiHIOBATH CTYIiHb TSHXKKOCTI IIKOH, 32110 Tis-
HO{ 3/I0pOB’I0 TBapWHH, B T.4. § CEPEAHBOI TKKOCTI,
JIOLIIILHO 32 Pe3yJibTaTaMu, 1110 BU3HAYUIIUCS 3 4aCOM
1 MaloThb OCTATOYHWH BHUIJISAJ IIOCTTPaBMAaTHYHHUX
YIIKO/PKEHb, TOOTO IICJs IOBHOT'O 3arO€HHS YIIKO-
JDKEHb YU 3a IHIIUX HACJIAKIB IIPOTIKaHHS MOCTTPaB-
MaTHYHOTO TpolLecy, NpoTe He paHile Hix depe3 30
110 Bl MOMEHTY TPaBMYBaHHSI.
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4. Hacnmiaxku IIKOIW, 3amofisHol 3A0pOB’I0 TBa-
PUHH CEPEeIHBOTO CTYICHS MOBHUHHI TIepeOyBaTH 3 Ta-
KOO IIIKOJIOK0 Y MPSIMOMY HEOOXiTHOMY IPHYUHHO-HA-
CITIIKOBOMY 3B’S3Ky Ta Ma€ OYTH TiATBEpIKECHUIH
00’ €EKTUBHMMU KJIIHIYHUMH JOCHIIKEHHIMH ITiIeKCIIe-
PTHOI TBapUHH.

5. Cy0’exktaMu CyJ0BO-BETEPUHAPHOI'O BH3HA-
YeHHS CTYTICHS IKOH, 3aII0 IiSTHOT 3T0POB’ 10 TBAPHHH,
B YKpaiHi € Jikapi BEeTepUHAPHOT MEJUIIUHU, KOTPi Ma-
I0Th KBaJTi(hiKaIlifo CyJI0BOTO €KCIepTa 3a CHellialbHi-
ctio 18.1 «BeTepuHapHi JOCHTIHKCHHS.

6. Po3po0iena, cucreMaTu3oBaHa i 00TpyHTOBaHA
HAMH CHCTEMa O3HAK IIKOIM, 3amoJisHOI 3710POB’IO
TBapHHU CEPEIHBOTO CTYIIEHS, 34aTHA ITIO3UTHBHO
BIUTMHYTH Ha ¢(peKTUBHICTH IPOBEICHHS 1 pe3yIbTaTHU-
BHICTh CYJOBO-BETEpHHAPHOI CKCIIEPTU3H, HaJaHHI
OOTPYHTOBAHOTO i 00’€KTUBHOI'O BUCHOBKY €KCIIEpTa
B KaTErOpUYHIN (HopMi.
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