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Abstract

Almaty branch, Kazakhstan, Almaty

The analysis of the world market of nanotechnology is carried out. In the course of the analysis it was revealed
that nanotechnology is already affecting to the production of consumer goods, allowing us to develop products
with new functions and quality. The level of development of the nanoindustry in Kazakhstan can be characterized
as the initial one. Kazakhstan is far behind the world nanotechnology leaders. These forces developing countries,
including Kazakhstan think about the problems of integration into the global evolutionary process. In order to
develop in unison with the world civilization, Kazakhstan must also correspond to or approach its level of devel-
opment, including nanotechnology. There is analyzed the problems of nanotechnology development of Kazakhstan

and the ways to solve them in the article.
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In modern understanding, nanotechnology is an
interdisciplinary field of fundamental and applied sci-
ence and technology, dealing with a set of theoretical
knowledge, practical methods of analysis and synthe-
sis, as well as methods of producing and using products
with a given atomic structure by controlled manipula-
tion of individual atoms and molecules. The emergence
of nanotechnology and nanoscience goes back to the
period when its theoretical concepts were laid and the
first experimental studies were conducted, that is, by
the end of the 1950s, although the fundamental discov-
eries in this field of science were made in the 1980s and
1990s. The origin of the conceptual provisions of nan-
otechnology is associated primarily with the names of
Richard Feynman, Norio Taniguchi, C. Eric Drexler
and Richard Smalley [1].

Nanotechnology is already affecting to the pro-
duction of consumer goods, allowing us to develop
products with new functions and quality, with easily
cleaned surfaces, scratch-resistant, for example, mod-
ern non-aging textiles, “smart” clothes with integrated
electronics, new food products and cosmetics.

Nanotechnologies are the main vector of rapid
technological development in the 21st century. Consid-
ering the history of nanotechnology, a very promising
chemical innovation, it can be argued that nanotechnol-
ogy is now part of our technological common sense.

Fourth-generation nanosystems, including hetero-
geneous molecular nanosystems, in which each mole-
cule has a specific structure and plays a different role
will develop in 2020-2030.

The creation of new atomic and molecular ensem-
bles is expected to become increasingly important.
Among them are targeted macromolecules of self-as-
sembly, nanoscale machines, subcellular interventions,
directed and multiscale self-organization, controlled in-
teractions between light and matter, related to energy
conversion and the use of quantum control. To create
this generation of nanosystems, the convergence of
nano-bioinformatical and thought sciences will be of
great importance.

Currently, nanotechnology has developed in three
main areas:

* production of electronic circuits from atoms;

« creation of mechanisms and robots the size of a
molecule;

+ assembly of various objects from molecules and
atoms [2].

By imparting fundamentally new qualities to ma-
terials and systems, nanotechnology can ensure pro-
gress in virtually all existing areas of activity (from the
automotive industry and computer technology to fun-
damentally new treatment methods).

It can be said with confidence that in this century,
nanotechnology will become a strategic direction for
the development of science and technology, which will
require a fundamental restructuring of existing technol-
ogies for the production of industrial products, medi-
cines, weapon systems, etc .

Kazakhstan has integrated into the global econ-
omy, where nanotechnologies are becoming in line
with digital, information and biotechnologies.

The purpose of the study is to justify the state and
prospects of development nanotechnology in Kazakh-
stan

The level of development of the nanoindustry in
Kazakhstan can be characterized as the initial one. To-
day, Kazakhstan is far behind the world nanotechnol-
ogy leaders - the United States, Japan, the European
Union countries, and Russia in absolute terms of the de-
velopment of science, technology, the degree of indus-
trial development and commercialization of nanoindus-
try. Therefore, to reach a modern level, Kazakhstan
needs to find its niches in this industry and correctly
apply technology transfer in the framework of major in-
ternational projects [3-4].

With significant economic and human capital, rich
natural resources, basic production infrastructure, a
sustainable financial system, Kazakhstan is able to
transform the challenges created by the current global
economic crisis into new opportunities for achieving
balanced and sustainable development, including
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through the development of nanoindustry and the intro-
duction of nanotechnology.

Problems in the development of nanotechnology
in Kazakhstan, in particular:

« There is no tradition for the creation and devel-
opment of nanotechnology;

* There is no Coordinating Center for the imple-
mentation of the state policy in the field of nanotech-
nologies, the development of innovative infrastructure
in the field of nanotechnologies, the implementation of
projects for the creation of promising nanotechnologies
and nanoindustry;

« insufficient funding of research and development
in the field of nanotechnology;

* lack of long-term scientific and technical pro-
grams; laboratories are practically not provided with
modern technological equipment for the production of
nanomaterials;

* lack of qualified personnel to support the indus-
try; There are no permanent large-scale nanotechnol-
ogy forums and world-class conferences;

* low level of information support on nanotechnol-
ogy issues, lack of information in the state language;

* there is no uniform terminology on nanotechnol-
ogies and nanomaterials regulating the regulatory and

methodological framework for measuring, testing and
monitoring, establishing the criteria for compliance,
quality and safety of nano-objects, nanomaterials and
other nanotechnological products;

* low share of high-tech and high-tech products.

Prospects for the development of nanotechnology
in Kazakhstan have the scientific potential for the or-
ganization and development of the production of nano-
products.

This is seen by the projects received by the Sci-
ence Fund of the Republic of Kazakhstan. These in-
clude many projects on nanotechnology worth more
than 300 million tenge, on bio-and nuclear and other
technologies totaling more than 10 billion tenge (Table
1). At the same time, Kazakhstan needs to find its niche
in the world market of nanoproducts [5].

In Kazakhstan, in accordance with the Messages
of the President of the Republic of Kazakhstan N. Naz-
arbayev, all large universities are involved in the devel-
opment of scientific topics, including the development
and introduction of nanotechnology. They have more
than 5 national and dozens of engineering laboratories.
The main task is the integration of all engineering la-
boratories with world science.

Table 1

Segmentation of the nanotechnology market by research areas of Kazahkstan in 2015,%/

Creating new materials 30-35
Semiconductors 18-25 18-25
Storage Devices 15-20
Biotechnologists 9-14
Polymers 3-12
Electrochemical 3-5
Optics 2-4

The Program of Industrial-Innovative Develop-
ment, developed by the Government of Kazakhstan un-
til 2015, once stirred up scientific thought. As you
know, the natural process of evolution is high technol-
ogy, without the introduction of which in the modern
world it is impossible to imagine progress. Here mate-
rials and systems must acquire fundamentally new
qualities in all areas of human activity and will be pro-
vided by their nanotechnology. More than 30 devel-
oped countries of the world have long been engaged in
the development and improvement of research in the
field of nanotechnology.

For example, in the United States at the stage of
implementation, the National Nanotechnology Initia-
tive, which is constantly under the control of the gov-
ernment and Congress. State expenditures for the im-
plementation of this initiative of the program are con-
stantly increasing and amount to more than a billion
dollars a year.

Therefore, the government of Kazakhstan should
develop domestic demand for nanotechnology prod-
ucts. This will require a transition from the scientific
development of nanotechnology to industrial produc-
tion. In this regard, great attention should be paid to in-
ternational programs and projects, attracting foreign
scientists and investments for the development and dis-
semination of nanotechnology across all sectors of the

country's economy. Government support is needed for
small and medium

There will be great prospects for the development
of nanotechnology. The support of the development of
nanotechnology in the republic can be large national
companies that have partnerships with foreign leading
institutes for the development of nanotechnology. It is
also necessary to effectively use the scientific and tech-
nical potential of all sectors of the economy of the Re-
public of Kazakhstan [6].

For increasing of efficiency and focus, forecast
should be placed on the development of nanotechnol-
ogy works in priority innovation clusters:

- nuclear energetic complex;

- agro-industrial (nanobiotechnological) cluster;

- medicine and pharmaceuticals;

- environmentally pure and highly efficient solar
and hydrogen energy systems, as well as energy saving;

- micro-, nanoelectronics and information technol-
ogies;

- transport and engineering;

- construction, mining and metallurgical indus-
tries, petrochemical industry;

- development of methods and hardware for the
synthesis and analysis of nanomaterials and nanostruc-
tures.

Kazakhstan also has a program for the develop-
ment of nanotechnology [4-5]. It is necessary to create
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a modern infrastructure. At the same time, it is neces-
sary to pay attention to training in the field of nanotech-
nology. This will give in the future the opportunity for
Kazakhstan to adequately enter to 30 developed coun-
tries of the world.

For this, Kazakhstan needs to:

- develop normative legal acts for support of
nanoindustry;

- select the priority nanotechnology areas and
identify ways of commercialization with increased ef-
ficiency;

- conduct marketing research, both in the domestic
and foreign market in order to identify real consumers
and investors.
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Abstract

The article notes the features of hops (Hamulus lapulus L.) grown in the soil and climatic conditions of the
Chuvash Republic. The characteristic of habitats of species composition is given. The limiting factors influencing
the chemical composition of the products are considered, the criteria of rarity are substantiated.

AHHOTAN NS

B crathe oTMeueHbl 0coO0eHHOCTH XMelst 00bikHOBeHHOTro (Humulus lupulus L.) BeipamiBaemMoro B mou-
BEHHO-KJIMMaTH4eCKUX ycinoBuax Yysauickoi PecriyOnuku. Jlana xapakrepuctuka MecTooOUTaHHUI BUAOBOTO CO-
craBa. PaccmarpuBaroTcst TMMUTHpYONIHE (pakTOpbl, OKAa3bIBAIOIIUE BIMSHAE HA XUMHUYECKHH COCTAB IOJTyJae-
MOH NMPOAYKINH, 000CHOBBIBAIOTCS] KDUTEPUH PEIKOCTH.

Keywords: potato, seed production, crop protection, chemical preparations, weed vegetation.

KaroueBblie ciioBa: KapTO(I)eJ'IL, CCMCHOBO/JCTBO, 3allliTa NOCAA0K, XUMHUYCCKHUC IIpCHIapaThbl, COpHasA paCTu-

TCIBbHOCTD.

XMenb SBISETCS LIEHHOW CENbCKOXO03SUCTBEHHOM
KynbTypoil. IIIMIIKOBOE XMEJIEBOE ChIPbE HCIIOJNIB3Y-
€TCs1 BO MHOTHX 00J1aCTAX MPOMBIIIIJIEHHOTO MPOU3BOI-
CTBa: MMBOBApEHHE, MPSHO-BKYCOBAsI, PHIOHAS, KOCME-
TUYecKasi, MEIMLIMHCKas, JJakokpacouHas u ap. [1]. Ho
80 % XMeneBoro ChIpbs IPUMEHSETCS B TUBOBAPEHHOM
MPOMBIIIJIEHHOCTH, TIO3TOMY OCHOBHAsi Macca COPTOB
COOTBETCTBYET TPeOOBAHUSAM MUBOBAapeHHs. PacTeHus
XMeJIsl ONPeeIEHHBIM 00pa30M pearupyroT Ha yCIo-
BUS OKpY’Karomiel cpenbl. PasHbie KOMOMHAIINY KO0~
TUYECKNX (aKTOPOB OOYCIABIMBAIOT IMPOIECC POCTA,
Pa3BUTHSA ¥ HAKOTUICHHUS CIIENU(PUISCKUX KAUeCTBEH-
HBIX COCTABIIAIOIIMX IHIIeK xmens. Ha pacreHus
XMEJS BIUSTHUE OKa3bIBAIOT KaK METEOPOJIOTHUECKUE
JlaHHBIe (TeMrepaTypa, BIaXHOCTh BO3Ayxa, 00Jad-
HOCTb, OCaQJIKH, HamlpaBJieHUEe W CUJIa BETpa, TYMaHbI,
MEPUOTUIHOCTh KOJIeOaHusl (HaKTOPOB W Mp.), TaK U

MECTHBIE JJIEMEHTHI Cpelbl OOuTaHUs pacTeHuil (pe-
nbed, IKCMO3MLUS, PACTUTENBHOCTD, 3alIMIIEHHOCTh
ydacTKa OT BeTpa U 1p.). Bapuanuu Bcex 3Tux axTo-
POB MOTYT 3HAUMTEIHHO OTIMYATh IMOKA3aTeNH Ypo-
JKaMHOCTU M Ka4eCcTBa MPOILyKIHH.

XMEeNneBoCTBO — 3TO MallooObEMHAsI OTpPACIh
cenbekoro xo3siicrBa. Okono 90 % xMmenst npou3Boau-
Moro B Poccun BeipanuBaercs B Uysanickoit Pecmy6-
nuKe. ENUHCTBEHHOE CENbCKOXO3SMCTBEHHOE Npea-
npusatue B Poccuiickoit denepanyy uMerlee B KO-
neknuu 6osee 250 copToB Xmens — 3To UyBamicKuit
HUNCX — ¢punnan ®PTBHY «PAHII Ceepo-BocToka
nmern H.B. Pynaunxoroy. [Ipuuém, 12 copToB BrIBe-
JICHBI ¥ BHECEHBI B TOCPEECTP 3TUM MHCTUTYTOM, pac-
moJyiokeHHOM B T. [{mBunbck Uysamickoit Pecry6muku
— Yysammu [2].

I'eoMopdoorust TeppUTOPUN — MECTHOCTD PacHo-
JIOKEHa B CEBEPO-BOCTOYHOM uacTu [IpHBOIKCKON
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BO3BBIIIEHHOCTH, Ha3biBaemMoi UyBanickum mato. Pe-
nhed) IpeCcTaBisieT c1abo CKIIOH I0r0-BOCTOYHOM KC-
no3unuu. lIpeBsIlieHne Hax ypOBHEM MOPS COCTaB-
nset 110 M. Koopaunaramu nenrpa L{luBuinbsckoro paii-
OHa MOXKHO cuuTaTh 55°49' c.mn. u 47°29' B.1. Ocobas
[IEHHOCTh 3TOTO YHHKAJHHOTO paifoHa 3aKII0YaeTCs B
ero ruzaporpaduueckoil ceTH, KoTopasi IpeicTaBiIeHa
pekamu bompmoit ueuib, Mansiii LluBunb, VYHra,
AHu ¢ ux npurokamu. bonsmoit Lusune mo Teppu-
TOpUM paiioHa npoTekaeT 50-KUIOMETPOBBIM yyacT-
KOM cpenHero TedeHusi. HamOonee KpyIHBII JIeBBII
nputok bonpmoro Lusunsg — Yara. Maneiit {usuns o
TEppUTOpUU paiioHa mpoTekaeT 20-KHIOMETPOBBIM
Y9acTKOM HIDKHEro TedeHus [3]. OcoOblIit KIMaT rmpu-
CYIIHi TaHHOMY MECTOPACIIONIOKEHUIO BIUACT Ha Ka-
YeCTBEHHBIE ITOKA3aTeNn XMelsl. Tak Kak TeppUTOpUS
3emterionb3oBanmst HUMCX cocenctByeT ¢ pekamu
Bonbimoit u Manelit LluBuiie, a XMENbHUKH pacnojara-
10TCs OJMOKE K TToMiMaM peK, pacTeHHs 4acTo IoJiBepra-
IOTCSI BO3JIEHCTBUAM TYyMaHOB, 0Opa3yIOLIUXCs H3-3a
BBICOKOW BIa)KHOCTH NPHUIIOMMEHHBIX MECT. DTO OKa-
3BIBACT CYIIECTBEHHOE BIMSHUE Ha 0Opa3oBaHuUE O- U
B-KHCTIOT, a Takke apoMaTHYeCKHX COEAMHEHUIl B
TIIHATITKAX XMEJIS.

Teppuropus 3eMIeTIONb30BaHMUS XO3SIHUCTBA pac-
TIOJIOXKCHA B IIEPBOM arpOKIIMMATHICCKOM paiioHe pec-
mMyOJIMKA, AIMEET BBITAHYTYIO (OpMy C I0ro-3amajga Ha
CEBEPO-BOCTOK, XapaKTEpU3YeTCA CHIBHO BOJHH-
CTBIMH, H3PE3aHHBIMI TTyOOKUMH U IIHPOKO Pa3BeTB-
JNEHHBIMH OBparamH, u 6aikamu. B nanmmadgre paiiona
npeobIalaloT OTKPBIThIE MPOCTPAHCTBA IOJIEH, Cpelu
KOTOpBIX pa30pocaHbl OTIENbHbIE HEOOJbIINE ayO0-
paBbl, yuacTku Oepé3oBoro jeca. LluBuIbCKuii paiioH —
OJIMH U3 HaMEHee JIECUCTHIX pallOHOB, €ro JIECUCTOCTh
cocrapisieT 9,3 %. bonpuine miomaay TeppUTOPHUH 3a-
HSTHI JIyTaMH ¥ CTEITHBIMH ydacTkamu (1o 13 %).

[TouBo0Opa3yromye MOPOIBI MPEICTABICHEI JIeC-
COBHIHBIMH TiIHHAMH. OIBITHOE IOJIE PACTION0KEHO
Ha TEMHO-CEPBIX JIECHBIX TSDKEIOCYTITMHUCTBIX IT0Y-
BaX. [ToYBeHHEBIIT TOKPOB BCETO OIBITHOT'O MO OJTHO-
poneH. IlouBBI cabO’POAMPOBAHHEBIC, THIT JPO3UU
BoAubI. O0OBEMHAs Macca MOYBEI B MTAaXOTHOM citoe 0-
25 cM-1,23 r/cm®. BiaskHOCTL YCTOHYMBOTO 3aBsIaHUS
6 %, npeneabHO-TOJIEBas BIAaroeMkocTh B cioe 0-30
cM 29 %. MakcumanbHasi TurpockonuaHocTth 4,48 %.
Conepxanue rymyca B cioe 0-30 cm 4,1 %, amruintyna
3,6-5 %. KucnotHocth mouBHI — 5,4, aMIDmTyna
pHKCI -5,2-5,7. 3aconennoctu mous Het. ObecneueH-
HocTh (pochopom (P20s) — 27 mr Ha 100 r mMOUBBL
Ob6ecnieuennocth kamuem (K2O) — 23 mr ma 100 r
TTOYBBIL.

Knumarndeckue ycimoBus, XapakTepHble it Uy-
Bamickoro HUMCX M0XHO oxapaKTepu30oBaTh CIEdy-
IOIIMMHU TTOKA3aTeISIMH: TPUX0A (POTOCHHTETHUECKUI
aKTUBHOM paJualiiy 3a MepruoJI BereTaruu xmens 1,5-
2 MIIpA. KKaJjl/Ta; CpeTHEeT0I0Bast TEMIIepaTypa BO3Iyxa
+ 3,1°, makcumasibHast Temieparypa jietom + 39° C,
MHHHMaJIbHAs Temneparypa 3umoi — 42° C; cpenHsist
TeMIiepaTypa 1o MecsilaMm roja: sHeaps — 12,8, ¢es-
pams — 12,7, mapt — 7,0; anpens — 3,2; mait — 12,3;
utoHb — 17,0; uronms — 18,8; aBryct — 17,3; ceHTI0ph —
10,9; oxTs10ps — 3,4; HOsOpE — 4,0; nexadps — 10,2° C;

cymma TemrepaTyp 6ombire 10°C B cpemHeM 3a ToJ Co-
craBimsier 2100-2200° C; romoBast cyMMa OCaakoB B
cpemHeM cocTaBiisieT 491 MM, a 3a mepuoj ¢ TemIepa-
typoii Beime 10° C — 250-275 mm; I'TK B cpenaem pa-
BeH 1,1. [Ipo1oIKUTENBHOCTD BEr€TALIMOHHOIO NIEPH-
oJlla XMeJs palOHUPOBAaHHBIX copToB 95-115 mHeit — ¢
10 mas mo 15 aBrycra — 5 ceHTS0ps; KpallHUE CPOKHU
BECEHHE-JIETHUX 3aMOPO3KOB — 10 HIOHS; HAYaJl0 OCEH-
HUX 3aMOPO3KOB — 10 CeHTIOpsI; 3aCyIUINBBIC YCIOBUS
MOTO/bI B CPOK BEreTaluy XMeJsl OTMEYaroTcs pas B 3-
4 rona.

OTMe4€eHO, YTO MOTOIHbIE YCIOBUS BIUSIOT Ha Ka-
YeCTBEHHBIE W KOJMYECTBCHHBIC XapaKTEPHCTHUKU
xmensa. Tak, cyMMa akTHBHBIX TEMIIEPAaTyp MOXKET
OBITh, KaK B XMEJICBOJUECKNX paiioHax ['epmanuu, rae
BEI3PEBAIOT MTO3/IHECTICIIBIE COPTA, HO, IPH HU3KOI BiIa-
roo0eCIeYeHHOCTH ypOKail XMEJIS B €ro KauecTBo 0y-
JeT Ha MOPANOK XyXKe, YeM B YCIOBHAX YMEPEHHOTO
knumata. [lo cBoum xapakrepuctukam lluBunbckuit
paiion Uygsaickoi#t PecryOauku cOOTBETCTBYET OITH-
MaJbHBIM KJIMMaTUYECKUM TPeOOBaHUSIM pacTECHUS
XMEJIA.

BaxxHbIM NpU3HAKOM XMEJS SIBISIETCS COJepKa-
HHUE OOMINX TOPBKHX BEUIECTB, B TOM YHCIe anbda Kic-
noT. Hanmmame cMOTUCTHIX COSTUHEHNUH, TIPEICTaBIIIO-
OIMX CMECh pPsZia BEIIECTB, PETYIUPYETCS OOIBIINM
grcioM reHoB. CopepkaHue anb(a-KACIOT H TOPHKIX
BEIIECTB ONpEAeIIeTCs JOMUHAHTHRIMU TeHamu. Ko-
JITYECTBO CMOJIUCTHIX COSTMHEHNN ITepeaaéTcs MOTOM-
CTBY >KEHCKUMH M MYKCKHUMH pPacTeHUSIMU. Apomar
pacTeHuil 0OyCJIOBJICH J(QHUPHBIMU MaciaMH, JETY-
YUMHU OPraHMYECKUMU KHUCIOTaMH (MypaBbHHAS, YK-
CyCHas U Mp.), IbJIETHIaMH1, CMOJIaMH U IPOYNMHU Be-
mecTBaMu. ApoMat xmeds onpenessitot 6onee 200 xu-
MHueckux coeauHeHud. [lpu 3TOM OCHOBHBIMU
BelecTBaMy, OOyCIaBIMBAIOMIMMHU apoMaT IIHIICK,
SIBITIOTCS. 3(UpHBIE Macya. MIMeHHO 3Ta Tpymma Be-
mects (0,2-3,5 %) onpeneinser 3anax cCOpToB apOMaTH-
yeckoil rpynmnsl. KonauuecTBeHHBIH M KayeCTBEHHBIN
cocTaB 3(QHPHBEIX Macell OmpeneiseT BKYC M apoMaT
MUBA, IPUAAET EMy XMEIIEBOH XapaKTep U 00yCIOBJICH,
B IIEPBYIO OYEPEb COPTOBBIMU OCOOCHHOCTSIMH KYJIb-
Typsl. BeicokoapomaTuueckue copTa Hanbosee moaxo-
JIT JUTSE BBIICITICHUS d(PUPHBIX Macell, IPUMCHSIEMBIX B
MUBOBapEHUHU, METUITMHE U KOCMETHKE. XOPOIITUe apo-
MaTHYECKHE COpTa INIaBHBIM 00pa30M HCIOIB3YIOT AT
MIPOU3BOJICTBA BHICOKOKAYECTBEHHOTO NMBa. Ha Mupo-
BOM pBIHKE OHH IICHATCS MPUMEPHO B 3 pa3a JOpoxke
TOPBKUX COPTOB, KOTOPBIE B OCHOBHOM WAYT Ha M3rO-
TOBIICHHUE YKCTPAKTOB.

Cpenn CeNEeKIHOHHBIX COPTOB B HACTOsIIEE
BpeMsI BBIACTSAIOT 3 COPTOTHIIA XMEJs: apoMaThH4ie-
CKHM, TOPbKO-apOMaTHYECKUN U TOPbKUIA, U3 KOTOPBIX,
IIPU COOTBETCTBYIOMIEH TEXHOJIOTHIECKOH 00paboTke
MOXHO TIOJIYYUTh aHAJOTHYHbIE TOBapHBIE COpTa
[TUIIIKOBOTO XMEJIEBOTO CHIPhsl. APOMATHYECKUE COPTa
XMeJIsl comepkaT okoiio 15 % obumx ropekux Be-
mecTB, B T.4. ambda-kucior 3-6 %. Takue copra
HUMEIOT TOHKHMH, HEXHBIH apomar. [Ipu cobmroneHnn
ONTUMAITBHBIX TEXHOJIOTHIECKHX PEKUMOB HCIIOJB30-
BaHUS XMEIlA, UBO, MOJIy4aeMOe U3 apoOMaTHIECKOTO
CBIPBSI, IMECT MPUATHYIO TOPEYb ¥ XOPOIIUI XMEIIEBOM
apomatr. CopTa ABOMHOIO Ha3HAuY€HUs COBMELIAIOT B
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ceOe BBICOKOE COJIepiKaHne TOPHKUX BEIIECTB M dPHP-
HbeIX Macen. Conmepikanue anb(ha-KUCIOT B HUX KoOJieO-
aercst ot 6 o 10 %, a sdupusix macen 0,4-2,6 %.
CopTa XMeJst TOpbKO-apOMaTHIECKOTo THIIA OoJee -
(heKTHBHO HCTIONB3YIOT B NHBOBAapeHHH. B coctaBe
apOMaTHYECKUX BELIECTB 3TOM TPYyNIBI BO3PACTAET
JIOJISI CMOJIMCTBIX KOMIIOHEHTOB, 00JIaJalOlINX CIIeIH-
(uueckuMm 3amaxoM. ['opbkue copTa XMmemns coaepkar
710 28 % 00UIMX rOPHKHUX BELIECTB, B T.4. aJIb(a-KUCIOT
oonee 6 %. I'opbkue copTa mpu JA00aBICHUU B MUBO
NPUIAIOT €My CHIIBHO IPOSIBISIONIYIOCS, IpyOyro ro-
peub U MeHee BBIpaXXEHHBIH XMelneBoit apomar. CMOJIBI
XMeJs 00JIagaroT COOCTBEHHBIM MIPHPOTHBIM 3aIIaXO0M,
SBIISTIOTCST BechbMa 3()(EeKTUBHBIMU (HKCATOpaMH, TO-
BBIIIAOIIUMH CTOHKOCTH Jpyrux 3amaxoB. Hambomee
3(h(eKTUBHBIM CHOCOOOM HCIOIB30BAHUS TOPHKHX
COPTOB XMEJISL SIBJISICTCS MX MEPepadoTKa B 3KCTPAKTHI.
B cootBeTcTBMHM € 3THM IIMIIKA TOPBKHX COPTOB
MOXHO KJTacCH(UIMPOBATH KaK XMEJIEBOE CHIPhE rOpb-
KOT'O COPTOTHIA JUIs TEXHUYECKON MepepadoTKH.

g oTHeceHUs COPTOB XMeJsl K IpyINIaM Kade-
CTBa MPUMCHSAIOT OPraHOJICIITUYCCKUEC U XUMHUYCCKUC
nokazarenu [4]. s nuddepenipanuu copToB apoma-
THYECKOTO ¥ TOPHKOTO COPTOTHIIOB MOKHO HCIIOJIB30-
BaTh 4 KpUTEpHSA: OO0 alb(a-KUCIOT B OOIIMX CMO-
Jax; COOTHOWICHHE aib(a KHUCIOT M OeTa-KHCIOT;
JIOMIO ab(a KUCIIOT B OOIIMX MATKHX CMOJIaX; COOTHO-
IICHHEe MCXOIHBIX anb(da- u Oera-kucinor. Hambomee
JOCTYIIEH IS IPAKTHYECKOTO MCIONb30BaHNS IEPBBIi
KPHUTEPUHA — J0JIS1 allb(a-KUCJIOT B OOIINX XMEJIEBBIX
cMmonax. /Iyt CopToB rOpbKOTr0 COPTOTHUIIA 3TO COOTHO-
menue coctapisieT 35 % u 6onee, a sl COPTOB apoMa-
THYECKOro copToTuna — He MmeHee 20 %.

Ha nannsbiii MomenT B Poccuu mpennoyreHue ot-
JaéTcs copTaM ¢ BBICOKOM M cTaOMIBHOM yposkaitHO-
CTBI0. XMEIb JOIDKEH OBITh yCTOWYMB K (hUTOMATOTE-
HaM, BPEANTEISIM, HETATUBHBIM (PAaKTOpPaM OKpYIKaro-
el cpesl. PacTeHnst 1OKHBI XOPOIIO OT3BIBATHCS Ha
COBpPEMCHHBIC MHTCHCHBHBIE TEXHOJIOTHH BO3JIEJIBIBA-
HUA, cOopa, XpaHeHus u nepepadotku. Llnmkn xmens
JIOJDKHBI 00J1a/IaTh XOPOIINMH TTMBOBAPEHHBIMHU Kade-
CTBaMH — COOTHOIIICHHE O U [} KUCJIOT, 3(QUPHBIX Macell,
Kapuo(UIIEHOB, TYMYJICHOB, (hapHE3eHOB, MHpIIEHA
[5].

I'opbkue U ropbKo-apoMaTHYECKHUE COPTa Xapak-
TEpEeH BBICOKUM COJIEp)KaHHEM T'OPbKUX U apoMaTHye-
CKHUX BEIL[ECTB, YTO MO3BOJISIET MOIYYaTh BHICOKOKAYE-
CTBEHHBIC COPTa ITMBA C XapaKTepHOIl XMeIeBOH rope-
ypt0 ¥ spkuM apomartoM. Coxepxanue Anbda-

KHCJIOTHI B copTax 6,5-8,4 %, Bera-kucnorer 7-8,9 %,
a¢upnBIX Macen 0,6-1,5 %.

Copra YyBamckoro XMeis y4aCTBOBAJIU B BHI-
cTaBKe «XMenb, MUBO U coyond Poccum», Te 3a CBOH
0COOEHHOCTH, KaueCTBCHHBIC M KOJIMYECTBCHHBIC IIO-
KazaTenu noaydyunu Menans «Iluso Poccumm».

Yysamckuiit HUUCX sBnseTcd chnenuaiusupo-
BAaHHBIM XO3SHUCTBOM IO MPOU3BOACTBY JJIUTHBIX Ce-
MSIH OCHOBHBIX CEJIbCKOXO3SUCTBEHHBIX KYJIbTYp B
Pecniyonuke. Kpome Toro, 4epeHkr Xmelsi, BHIBEICH-
HBIX U BO37IeJIbIBaeMBbIX copToB B Hysanickom HUMCX
— ¢wmane ®I'BHY ®AHI] CeBepo-Bocroka 3akyna-
I0TCS XMENETIPOU3BOAAIMMYI OPTaHU3ALMSAMH [ BbI-
paIIMBaHUS B CIEAYIOIINX PEeCIHyOJnKax, Kpasx u 00-
nmactax: Anraiicknit, Ilensenckas, bpsuackas, Mapwuii-
CKas, Kypckas, Bopounexckas, Yamyprckas,
BamkopTocTan u KoHE4UHO *e, B UyBamckoil Peciry0-
JIUKE.

B 3akiroueHue CTOUT MOABECTH UTOT, YTO COpPTa
xmens BeiBeeHHbIe YyBamckum HUWCX paznudanbie
0 CBOMM XapaKTCPUCTUKaM MOT'YT YHAOBJICTBOPHUTH
mo0ble 3ampockl. Bo3zgesnbiBaHME apOMaTHUECKUX H
TOPBKO-apOMATHYECKUX COPTOTUIIOB MO3BOJISET TOMY-
YyaTh NPOLYKIHIO AJS MOIYYEHHs OT JETKUX, apoMat-
HBIX COPTOB MHBA O TOPBKHUX KCTPAKTUBHBIX.
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Abstract

Ashes of sunflower peel after burning under oxygen deficiency have sorption activity. It was used to obtain
a sorbent capable to entrap oil products. Its capacity in laboratory conditions takes 1,5-3 g/g, but efficiency of
water purification can reach 90% and more. Black ashes received after pyrolysis of sunflower peel possesses ex-
cellent sorption properties and it isn’t inferior to the best grades of active coal by its quality. Surfacing of water or
sewage with the offered sorbent is carried out at temperature from 0 to 100°C. It’s possible to provide reactivation
of the sorbent used by treating with hydrocarbon solvents (petrol, kerosene, etc.) or with other organic solvents

(alcohols, etc.) or their mixtures.

Keywords: sorption, coal, oil, water, ecology, sunflower peel, nanotubes.

Introduction.

Materials used in production of sorbents for cap-
ture of oil and products thereof were several kinds of
vegetative and natural raw: buckwheat and sunflower
husk, oats and rice peel, corncobs (wastes), processing
waste of grasses, straw, chopped cane, reed inflores-
cences. Use of all materials which are potential domes-
tic raw for production of sorbents allows to combine
waste recycling in agricultural production with envi-
ronment protection activity [1-2].

The sorbent on basis of peel and nanotubes is a
porous material consisting of 5-10% of silicon oxide
and 80-90% of carbon (by weight). Prototype tests of
natural sorbents was held in laboratory conditions.

Results of Experiments

Obtaining of sorbents.

To obtain the sorbents with different proportions
of SiO;: C the batch of sunflower peel has been sam-
pled. After applicable rinsing with 10% sulfuric acid
and subsequent rinsing with distilled water the washed
batch was incinerated in muffle furnace in air atmos-
phere to remove volatile substances at temperature

400-500°C during 30-60 min., as at this temperature
forming of adsorption centers occurs according to the
reference data. On the carbonization stage the frame of
future active coal forms — its fundamental porosity and
hardness [4].

According to thermal analysis data the main part
of organic constituent of a peel is already removed at
temperature 400 - 500 °C.

Indispensable part of carbonized organic matters
is determination of carbon content as the extent of wa-
ter purification from oil and oil products depends on
carbon content therein. With this aim we have provided
studies of carbon content in the sorbent received.

Study of sorbents for their carbon content.

For the purpose to determine carbon content and
ash in the received sorbent its heat treatment was pro-
vided at 800°C during 2 hours. At this temperature
complete burning of carbon occurs, then almost white
ash of carbonized wastes remains. The data about
modes of obtaining of sorbents with different SiO,:C
proportion are resulted in tab. 1.

Table 1.

Modes of obtaining of sorbents

Ne|Temperature of carbonization, °C Time of carbonization, min. Carbon content,%  |Ash content, %
1 400 30 95 25

2 400 60 90 4

3 500 30 80 10

4 500 60 60 10

As it can be seen from tab. 1, the most effective is carbonized sample Nel. For further studies of water puri-
fication from oil the sorbent with the highest carbon content (received at 400°C during 30 minutes) has been
chosen. The main index characterizing efficiency of sorbents is their sorption capacity, that is capacity to take the
maximum possible quantity of a sorbed matter by weight unit of a sorbent [5]. With this aim studies of oil and oil
products (petrol) consuming by sorbents have been carried out.

Results are presented in tab. 2.
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Table 2.

Full absorption capacity of sorbents

The sorbent received at temperature: Sorption time, hour Full absorption capacity, g/g
of oil of petrol

1 0,39+0,03 0,22+0,01

400°C 2 0,57+0,04 0,18+0,01
24 0,81+0,07 0,21+0,02

1 0,33+0,03 0,18+0,01

500°C 2 0,35+0,03 0,21+0,02
24 0,72+0,06 0,21+0,01

In the presented studies of oil capacity within 1 hour 1 g of the sorbent is capable to take 0,39 g of oil following
further increase at prolongation of sorption time. The sorption capacity for petrol also raises with increase of
sorption time. Kinetics of sorption capacity of the synthesized sorbent have been studied also. The dependence

found is resulted on fig. 1.
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Fig. 1. Dependence of sorption capacity of the sorbent on time

As data presented in tab. 2 shows, complete sorp-
tion capacity of the received product is very low, which
don’t allow to use them for gathering of poured oil and
oil products of different types, however, it is known
from reference data that application of carbonized car-
bon-containing substances is the most effective sorp-
tion method for sewage cleaning. Proceeding from our
results, it was decided to increase sorption capacity of
the sorbent by presence of nanotubes therein, obtained
after coke pyrolysis.

Study of dynamic capacity of the sorbents.

After additional processing (pelletizing, chemical
modification) high-quality sorbents similar to active
coals by their parameters can be received from active
coals. Careful studies are also indispensable to check
quality of the received active coal under the require-
ments shown to absorbent coals, for example, by total
porosity in accordance with GOST 17219-71 and deter-
mination of coal adsorptive activity for methylene blue
according to GOST 4453-74.

For the purpose to prove the possibility of sewage
cleaning from oil and oil products by means of
sorbents, their sorption characteristics under dynamic
conditions were studied by filtering of purged mud
through fixed adsorbent bed. To evaluate sorption char-
acteristics under dynamic conditions we considered

water throughput rate and oil concentration in purged
water.

Initial concentration of oil in water was deter-
mined by gravimetric method [7] based on extraction
of oil products from water with hexane, their chroma-
tographic separation from compounds of other classes
in a column filled with aluminum oxide.

Studies of sorbent efficiencies were valued for wa-
ter contaminated with oil at concentration 23 mg/I. Pre-
liminarily studies have been carried out to evaluate ex-
tent of water purification depending on its throughput
rate through a bed of fixed sorbent. Volume flow rate
of water through fixed sorbent bed was 5, 15 and 30
ml/min. A column 50 cm high and 3 cm in diameter
was filled with a sorbent 20 cm in height, starting mud
was fed from above and it freely flew through a sorbent
bed.

Processed water was collected into receiver by
portions of 250 ml. In oulet of a column water was
transparent and corresponded to requirements of GOST
3551-46, treated water was odorless. It was already im-
possible to determine residual content of trace amounts
of oil in water by gravimetric method. It is used, as a
rule, for analysis of strongly contaminated samples and
cannot be used for analysis of samples containing oil
products on level of maximum concentration limit as
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the lower boundary range of the compounds is 0,3
mg/dm? in volume of an analyzed sample of 3-5 dm?.
Maximum concentration limit of oil in water for house-
hold water use is 0,05 mg/I.

The main methods of quantitative chemical analy-
sis applied now for determination of oil products in wa-
ters are gravimetric, IR-spectroscopic, gas chromatog-
raphy and fluorimetry. The data about concentration of
oil in processed water obtained by fluorimetry are pre-
sented in the table 3.

Table 3.

Qil concentration in water after application of sorbents from vegetative raw materials

Name of the sorbent

Oil concentration in water at different flow rate of filtering, mg/ml

0 ml/min

15 ml/min 35 ml/min

The sorbent obtained at 400°C

during 30 min. 0.045

0.07 0.25

These data show that concentration of oil in water
is below maximum concentration limit level at filtering
of water with flow rate of 5 and 15 ml/min (volume
flow rate of filtering is chosen). At high filtering rate of
30 ml/min concentration of oil is 0,25 mg/l that falls
below maximum concentration limit for waters of fish-
ery application, where maximum concentration limit is
0,5 mg/l.

At water purification filtration rate plays an im-
portant role as duration of water contact with a sorbent
makes seconds, and it is very critical that for this short
time water become purged of oil completely. Depend-
ence of cleaning efficiency of contaminated water on
filtering rate is demonstrated on fig. 3.

0.3
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Oil concentration in water, mg/l
N

0.1

0.05

—

0

O

15 32

Filtering rate, ml/min
Fig. 3. Dependence of cleaning efficiency of contaminated water with initial concentration of 23 mg/I
on filtering rate through a sorbent bed.

Chemical reactivation is meant as sorbent treating
with liquid or gaseous organic or inorganic reactants at
temperature, as a rule, not above 100°C. Reactivation
of the abovementioned sorbents by chemical methods
is economically inexpedient as it requires consumption
of great volumes of reactants, and also further waste-
handling becomes another problem.

For the purpose to clean contaminated coal the
most effective and cheaper methods have been chosen.
Reactivation of the used sorbent was provided by mix-
ing of the waste sorbent with petrol, then after its clean-
ing the sorbent was exposed to furnacing at 500°C for
complete remove of oil products.

Thus, it has been found that due to high hardness
it’s possible to recover it repeatedly.

Separately it’s necessary to note the results con-
cerning sorption characteristics of the sorbent based on
carbonized sunflower peel and nanotubes, received af-
ter coke pyrolysis. Being a product of waste-handling

of vegetative raw materials and carbon-containing mat-
ter with nanotubes, the sorbent provides high extent of
water purification from oil products [8].

Discussion of results

Effective removal of insoluble, dispersed oil prod-
ucts from water is reached due to ability of their adhe-
sion on surface of filtering material. Therefore oil
sorbents which physico-chemical properties corre-
spond to the technical requirements for filtrating load-
ings can be applied to remove oil products from sewage
on the stage of filtering.

The synthesized coals from sunflower peel used
on the stage of deep penetrating after-purification pro-
vide possibility for removal of dissolved oil products in
case of conformity of parameters of sorbent porous
structure to the sizes of admixture molecules.

Active coals can be applied as filtrating loading if
their physico-chemical properties meet the require-
ments for such materials. In sewages oil products can
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be in free, bound and dissolved states. Coarse dis-
persed, free oil products are removed as a result of set-
tling. For removal of finely dispersed and bound oil
products floatation methods of cleaning, electrocoagu-
lation and electrofloatation are used traditionally. As a
result of these processes oil products in concentrations
up to 20 mg/l remain in water. Deeper cleaning from
finely dispersed, especially emulsified, oil products
down to 10 mg/l is reached in filtering processes. Re-
moval of dissolved admixtures down to 0,5-1 mg/l oc-
curs on stage of sorption after-purification.
Conclusions

The analysis of results in dynamic sorption of oil
products has demonstrated that the maximum sorption
is reached by use of the sorbent received at 400°C in
the range of 30 minutes.

Temperature regimens were optimized for obtain-
ing of the sorbent from sunflower peel and nanotubes
received after pyrolysis of coke with different carbon
content; for all these materials hydrophobicity and lip-
ophilicity of their surface is common.

The complete sorption capacity of the sorbents for
oil and oil products is determined. Processes of
sorbents adsorbability in dynamic conditions was stud-
ied. Efficiency of sorption, specific capacity of sorbents
was investigated.
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Abstract

Clinical and instrumental examination and biochemical studies of 72 patients with the consequences of hem-
ispheric ischemic stroke at the age of 52 to 65 years (average 59.1 + -5, 2 years) were carried out.

The work shows that increasing blood pressure, disorders in the hemostatic system, lipoprotein metabolism,
cholesterol, blood glucose are included in a single cluster, worsening the manifestations and recovery of neuro-
logical symptoms. Moreover, the causality processes reflecting both the clinical manifestation of cognitive impair-
ment and their regression depend on the completeness of its filling. It was confirmed that the severity of the initial
neurological deficit was significantly higher in patients with a more complete accumulation of the cluster of these
factors.

Patients who received the traditional treatment and rehabilitation complex in the recovery period, including
additional differentiated prescription for the basic therapy of the means of adequate correction of hemostasis, lipid
metabolism, hyperglycemia and blood pressure according to indications, were examined after 3.6 and 12 months
from the start of treatment.

Based on a comparative assessment of the clinical and neurological status on the MMSE and NIHSS scales,
independence and self-care levels on the basis of the Barthel index, it was established that the developed drug
rehabilitation program contributed to a more complete normalization of biochemical parameters and faster regres-
sion of cognitive disorders than when using only basic therapy. A significant decrease in the severity of neurolog-
ical disorders was noted after 3 months in 69.4% and in 86.1% after 12 months in patients receiving an extended
rehabilitation complex, which was 31.4% and 36.1% higher than the similar data from patients treated with the
traditional method.

It was established that the prognosis of the outcome of post-stroke neurological consequences most closely
reflects the Barthel index.

AHHOTALUA

HpOBeZ[eHO KIIMHUKO-UHCTPYMCHTAJILHOC 06CJ‘I€Z[OBaHI/I€ 1 OMOXHUMHYECKHE HUCCIICA0OBAaHUA 72 OONBHBIX C
MOCIIEACTBUSIMU TeMHUC()EPHOTO UIIEMUYECKOTO HHCYIBTa B BO3pacTe OT 52 1o 65 et (B cpeanem 59,1 +-5, 2 ner).

B pa60Te IMOKa3aHO, YTO MOBBIMICHUC apTCPUAJIBHOI'O IaBJICHUSA, HAPYIICHUA B CUCTEME Ie€MOCTa3a, oOMeHe
JIMIIONIPOTEUHOB, X0OJIECTEPUHA, COJEPKAHUS ITIFOKO3bl KPOBU BXOJAT B €UHBIN KJIACTEP, YXYyAUIAIOIMIUNA IIPOSIB-
JICHHUA 1 BOCCTAHOBJICHUS HeBPOHOFI/I‘IeCKOﬁ CUMIITOMATUKHU. Hpnqu OT IMOJIHOTHI €T0 HAITOJIHCHUA 3aBUCUT IIPU-
YUHHO-CJICACTBEHHBIC MPONCCCHI, OTPAXKAIOIHNE KaK KIIMHUYECKOE MPOABJICHUC KOTHUTUBHBIX HAPYHICHUAX, TaK
u ux perpecc. [IoATBEPKACHO, YTO TSKECTh HCXOJHOTO HEBPOJIOTMIESCKOro aeduITa Obliia TOCTOBEPHO BBIIIC Y
OOJIBHBIX ¢ 00JIeE TTOJIHBIM HAKOIUIEHUEM KJ1acTepa nepeUrCICHHbIX (1)aKTOp0B.

HaI.II/IeHTLI, MOJIy4aBIIME€ B BOCCTAHOBUTCIILHOM IICPUOAC TPAAUIIMOHHOC JICUCHHUC U pea6HJ‘IPITaL[PIOHHBII71
KOMILJICKC, BKJ'IIO‘IaIOH.[I/Iﬁ JOIIOJIHUTCIIBHOC JIH(I)(i)CpeHLIPIpOBaHHOf: Ha3Ha4YCHUC B 6aBI/ICHyIO TEepalro CpCaACTB
aZLeKBaTHOﬁ KOppEeKIHU remocTasa, JUIUAHOT O 06M€Ha, TUOCPTIIMKEMUHN U apTCPHUAJIBHOTO JaBJICHUS 110 ITOKa3a-
HUSIM ObLIH 00cie1oBaHbl yepes 3,6 nl2 MecsieB oT Havyasa JIe4eOHbIX MEPOIIPUITHH.

Ha ocHoBanuu cpaBHUTEIHHON OLEHKU KIMHUYECKOTO U HEBPOJIOTUYECKOro cTaryca no mkaiaMm MMSE u
NIHSS, ypoBHeli HE3aBUCUMOCTH M CaMO00CTy>KMBaHUs 10 UHJIEKCY bapTena ycTaHOBIeHO, 9TO pa3padoTaHHast
MporpaMMa MeJANKaMEHTO3HON peaduTaIliK CIIOCOOCTBOBAIO 00Jiee MOTHOIEHHOW HOpMaTH3aui OUOXUMHU-
YeCKUX ToKazaTenell U 0ojiee OBICTPOMY PETpecCy KOTHUTHBHBIX PACCTPOUCTB, Y€M P HCIIOIH30BAHUH TOJIBKO
0a3ucHON Tepanuy. 3HAYUTEIHHOE CHIDKEHUE BBIPA)KEHHOCTH HEBPOJIOTHUECKUX PACCTPOMCTB OTMEUaeTCs depes
3 mecsma 'y 69,4 % 'y 86,1 % uepes 12 mecseB y OOIBHBIX MOTyYaBIINX PACIIMPEHHBIA peaOuInTallMOHHbIA
KOMIUTEKC, 4To Ha 31,4% u Ha 36,1% mpeBbIIano aHAIOTUYIHBIE TaHHbIE O0JIBHBIX, MPOJICYCHHBIX TPAAUIIHOHHBIM
METOAOM.
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YCTaHOBHeHO, YTO IPOrHo3 UCXoaa NOCTUHCYJIBTHBIX HEBPOJIOTHICCKUX MOCJICACTBUN B HAaMOOJBIICH CTe-

MIeHU OTpakaeT uHuekc baprena.

Keywords: ischemic stroke, hyperglycemia, dyslipidemia, cognitive impairment
KiroueBble ¢j10Ba: HIIEMHYCCKUNA HWHCYJIBT, TUIEPTIIUKEMUA, TUCITUITNAEMHUA, KOTHUTUBHBIC HAPYIICHUS

B Ykpaune 3a007¢BacMOCTh MIICMHYCCKHM WH-
CYJIBTOM OCTA€TCsl OJJHOM W3 CaMbIX BBHICOKHX B MHpE.
Esxeronno peructpupyetcs 6onee 100000 HOBBIX city-
YaeB OCTPOTrO HapyLIeHUS MO3TOBOTO KpoBOOOparie-
HUS 3aKaHYUBAIOIIHNECS PA3BUTHEM CTOMKOTO HEBPOJIO-
THYECKOTO NIC(UIINTA, OMPECIIAIONIEr0 BRICOKYIO Ya-
CTOTYy WHBAIMOM3AIUA W CMEPTHOCTH HAaCEICHUI
[1,2,3].

B mocnennee nmecstuierne W3y4eHHE KITMHHKH,
JTUAarHOCTHUKY U JICYCHHUS HIIEMHYECKOTO HHCYIBTA O-
Jy4UJIO MOIIHOE Pa3BUTHUE. Y CTAHOBJIEHO, YTO YACTOU
MIPUYIMHON, OTPUIATEIHHO BIUSIONMICH Ha peabwinTa-
IIUE0 OOJIBHBIX, CTPAIAIOIINX ITHM 3a00JICBaHUEM, SB-
JIAKOTCA CIICACTBCHHBIC U3MCHCHHUA B Heﬁponcnxono—
TMYCCKON M SMOIMOHATIBHOH cdepax. [Ipu stom oco-
0oc BHHMaHHC O0OpallalT Ha ce0s KOTHUTHUBHBIC
HapyLIEHHS IIPHU IIPOTPECCUPOBAHUH KOTOPHIX ITAIIUEHT
TepseT paboTOCTIOCOOHOCTh, COIMANBHYIO U OBITOBYIO
He3aBUCUMOCTH [4,5,6].

HecmoTps Ha (yHZaMEHTaTBHOCTH HCCIIEIOBa-
HUH NTaHHOH TpoOIeMBl Ha CErOAHAIIHUN JEHb OCTa-
IOTCSl HEIOCTATOYHO BBISICHEHHBIMH, a IIOPOH U MPOTH-
BOpPEYHBEIMH BOIIPOCHI, Kacaromuecs: (GaKkTopoB, OKa-
3bIBAOIUX OTPULATCIIBHOC BJIHMAHUE Ha IPOSABICHUC
KOI'HUTHUBHBIX paCCTpOﬁCTB B BOCCTAHOBUTCIIBHOM IIC-
pHoJie ¥ UX MocIeACTBY. BoNbIIMHCTBO HUccienoBaTe-
JIel eAVHOAYUIHO NPU3HAKOT HEraTMBHYIO POJb B pe-
rpeCcCcc¢ KOTHHUTUBHBIX HapyI_HeHI/Iﬁ OTACJIIBHO B3ATbhIX
THIIEPTOHUYCCKON OOJIC3HM, TUCIUICICMHUM, IOBbI-
MICHHOW aKTHBHOCTH CBEPTHIBAIOIICH CHCTEMBI KPOBH
u runeprivkemut [7,8]. [lo-BuauMomy, coueTanue rne-
pEUUCIICHHBIX (PAKTOPOB y KOHKPETHOTO OOIBHOTO
00ycIaBIMBacT HE TONBKO BEICOKUH PUCK pa3BUTHUS TS~
JKEIIOTO TIPOSIBJIICHUS KOTHUTUBHBIX HApYIICHUH, HO U
OKa3bIBacT BIHSHHE HA OCOOCHHOCTH IIPOLECCA BBI-
X0JIa U3 MOCTUHCYJIBTHOTO TIEpHOJIA.

B Hacrosiee BpeMst HET Tipenapara-naHareH, Ko-
TOPBIN MOJIOKUTEIBHO BIUSUT Obl Ha BCE COCTABIISIO-
M€ KJIAcTepa, BKIIOYAIONIETO TUMEPTEH3HIO, THUIIeP-
JUNUAEMUI0, TUNICPIIIUKEMUIO U TOBBINICHHYIO BA3-
KOCTb KpoBU. [losTOMy TIpeAcTaBiseT WHTEpEC
W3YUYCHUSI BIISIHAS COYETaHHOH, CTPOTO TUdQepeHIn-
POBaHHOM TMIIOTEH3UBHOM, TMIOTIMKEMUYECKON, T'H-
MEePIUMAAEMAICCKOM, THIIOKOATYIISIIIHOHHOW KOPPEK-
UM Ha KOTHUTHBHEIC PACCTPOMCTBA Yy OOJBHBIX C
MOCTUHCYJIETHBIMH TTOCIICICTBUSMH.

eap McciIe0BaHUsI: ONTHMH3ALUS 0a3MCHOTO
JIe4eHnst OOIBHBIX C TIOCTUHCYJIbTHBIMU TOCJICIACTBU-
SIMA Ha OCHOBE KOPPEKIIMU TOKa3aTeled apTepuaib-
HOTO JaBJICHWs, Te€MOCTa3a, JIMIMUAAHOTO OOMeHa |
YPOBHEH I'IIFOKO3bI KPOBH.

MarepuaJjbl 1 METOAbI HCCIIETOBAHUS.

B ocHOBY HacTOsIEro Hccaea0BaHus MOT0KEHBI
COOCTBEHHBIC KITMHHYECKIE, HEBPOJIOTUIECKHUE U J1a00-
paTopHbIe HaONIOJICHUS 3a 72 MAlUCHTAMH C TIOCTHH-
CYJIbTHBIMH TTOCIICICTBUSIMH, ITONYYaBIIUMH pPa3JIHy-
Hbl€ BAapUaHThl KOHCEPBATHBHOW MeEIMKAMEHTO3HOH

peabwnurarmu. Cpemu  oOClieIOBaHHBIX ObLIO 27
(37,5%) xenwmun u 45 (62,5%) MyX4HuH B BO3pacte OT
52 no 65 ner. CpenHuii BO3pacT MallUEHTOB COCTABUII
59,1 £5,2 ner.

BonbHbIe OBUTH BKITFOYCHBI B UCCIICIOBAHNUS B PaH-
HEM BOCCTaHOBHTEJILHOM IEpHOJIE CriycTs 3-4 Mecsina
ocJIe IEPEHECEHHOT0 OCTPOTO HAPYIIECHUSI MO3TOBOTO
KpOBOOOpAIIeHNsI B Hadale HAaXOAWINCh Ha CTaIlHO-
HapHOM JICYCHUH B HEBPOJIOTHUECKOM OT/ICIICHUH, a 3a-
TEM 10/ aMOyJIaTOPHBIM HaOIIOCHUEM.

JlnarHos 3a0o0eBaHMs YCTaHABIUBAJICS COTIIACHO
MPUHATOH B YKpawHe KIacCH(UKAIIUH COCYIHCTBHIX
MIOPaXCHUH TOJIOBHOTO U CIIMHHOTO Mo3ra. B nccneno-
BaHKE BKJIFOYAJIUChH MAMEHTHI C MArHO30M, MOJTBEP-
JKJICHHBIM JTAHHBIMH KOMIIBIOTEPHON ToMorpaguu u
otreuanu pyopuke MBKbB10 - ummemuueckuii HHCYJIbT
MPaBOil WK JICBOW CPEeIHUX MO3rOBbIX aprepuii (1-63
G-46.0)

B uccnenoBanus He BOIUIN JIHIA, C YCTAHOBIICH-
HBIM JIHaTHO30M CaXapHBI qHa0deT, THPEOTOKCHKO30M,
mTuQPy3HEIMH ~ 3a00JIEBAaHMSIMH  COCIMHUTEIHHON
TKaHH, BBEIPA)KCHHBIMU HapYIICHUSAMH (QYHKINH cep-
JIEYHO-COCYIUCTON CHCTEMBI, IIEYeH! U IOYeK, OPOH-
XHMaJbHON acTMOH M OHKOJIOTHUECKUMH 3a00JIeBaHU-
SIMH.

Knunudeckoe oOcnenoBanue OOIbHBIX, IEPEHEC-
LIMX UIIEMUYECKU HHCYNIBT 0a3upoBaiach 10 €AMHON
ob1enpuHsaToit cxeme. Ha ocHOBaHMM onpoca naiyeH-
TOB OLICHUBAJIACh BBIPAKEHHOCTh TaKHX CYOBEKTHB-
HBIX CHMIITOMOB, KaK TOJIOBHas 0OJb, TOJIOBOKpPYKe-
HHUE, IIyM B TOJIOBE, HApYyIICHHE CHA, IOBBIIICHHAS
YTOMIIIEMOCTh, CHIKCHHE TIAMSITH, COCTOSTHUE TICHXH-
YECKOH M COMaTHYECKOW TPEBOKHOCTH.

BceM 0oOdBHBIM TPOBOAMIICA TIIATENBHBIA COOP
aHaMHe3a, aHallM3 MEIWIMHCKOW TOKYMEHTAIlUH, 00-
clleZioBaHHE OOIIECOMAaTHYEeCKOT0 W HEBPOJIOTHYE-
cKoro coctostHusA. OneHuBaIach 04aroBas HEBPOJIOTH-
YecKasi CHMIITOMATHKA.

OOBeKTHBHAs OLIEHKA TSKECTH HEBPOJIOTHYe-
ckoro neduimra ocyuectsisiack no mkaine NIHSS
(National institute of Health Stroke Scholl).

OTCyTCTBHE W3MEHEHHI HEBPOJIOTHYIECKOTO CO-
CTOsTHUS (Ie(UINTa) COOTBETCTBOBAJO- () OaJIIOB, TEp-
MHUHAIIFHOE COCTOSHHUE- 5 0alioB.

J1st 00BeKTUBU3AINH MPOSIBICHNAS KOTHUTUBHBIX
(GYHKIHH SMONMOHANBEHOTO PEarupoBaHUS HCIIONB30-
BaJlaCh KpaTkas mkajna uccienoBanuii MMSE B koTo-
PYIO BXOJIUT Pl UCCIIEIOBAHUM Pa3HbIX KaTeropuil Ko-
THUTUBHBIX HApYIICHHUH ([1aMsITh, BHUMaHHE, OPUEHTA-
musi). Pesymprar Tecta 30 OamuoB COOTBETCTBYET
Hanbosiee BBICOKMM KOTHUTHBHBIM CIOCOOHOCTSIMH,
4eM MEHBIIIE KOJMIECTBO OANIIOB, TEM 0oJiee BBIPAKEH
KOTHUTHUBHBIA NEUIUT.

Omnpenenenne ypoBHEH HE3aBUCHMOCTH B ITOBCE-
JTHEBHOH KHM3HH, CIIOCOOHOCTH K CaMOOOCITYKUBaHUIO
1 JTaOUIIBHOCTH TIPOBOJMIIOCH C IOMOIIBIO TECTa, IpeJi-
noxeHHOro baprenom. OueHKa COCTOSHHS OBITOBOWM
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AKTHBHOCTH PaCCYUTHIBAJIOCH 110 CyMMe OaJlIoB, TOJTY-
YEHHBIX U3 BCEX pa3zesioB TecTa. COTIacHO HTOTOBBIM
JaHHBIM IIKajbl baprena Tspkénast crenens GyHKINo-
HaJILHBIX HAPYIICHUH COOTBETCTBYET cyMMe 50 OaymroB
u HIwke; cpenasst 51-70 6amnos; nerkas 71-80 Gamros
(pu HOpMe Oomee 80 GamoB).

[Tnan nabOpaTOPHBIX HCCIENOBaHUN BKIIOYAI
KJIMHUYECKUH aHaIn3 KPOBU M MOYH, OMOXUMHYECKHUH
aHaJIM3 KPOBH, KOAryJorpaMMy, ONpeesIeHue JTHITHI-
HOTO CIIEKTPA U YPOBHS IIIOKO3bI KPOBH.

W3 nokazaTeneil TMIMIHOTO OOMEHa ONpeaeIIsTH
KOHLIEHTPAIMIO B CHIBOPOTKE KPOBH OOIIEro Xoyecte-
pura (XC), tpurmuuepunos (TT), xonecrepuHmnno-
npoTennoB Beicokoi mioTHOCcTH (XCJIIIIBII), HU3KOI
(XCJITTHIT) n ouens Hu3koi (XCJIIIOHII) utoTHO-
CTH. Koaddumment aTepOTEeHHOCTH
(KA) paccunteBanics mo ¢opmyrne: KA = (XC-
XCJIIBIT) : XCJIIBII.

KoHIIEHTpaliio TIIOKO3bI B CHIBOPOTKE KPOBHU
HATOLIAK BBISIBISUIM OPTONYMIMHOBBIM CIOCOOOM U
TJIFOKO300KCHUJIa3HBIM METOJIOM C HUCTIOJIb30BAaHHEM I'0-
TOBBIX HA00pOB GupMbI «Dia Sys» Ha aBTOMATHUECKOM
aHanuzatope. JlMHamKKa colepKaHHs TIIIOKO3bI B
KpPOBH OIIEHHBAJACh Ha IPOTSHKCHHH BCETrO INEpHoia
HaOMIOEHUI.

HccnenoBanne TpoMOOIMTApHOH M KOATYIISIIMOH-
HBIX 3B€HBEB IeMOCTa3a, aKTUBHOCTH (PHOPUHOIUTHYE-
CKOH CHCTEMBI IPOBOJMIIACH Y BCEX OOJIBHBIX JI0 JIeUe-
HUS U TI0 €T0 3aBepIIeHUIo, B kKaramMHe3e (depe3 6-12
MmecsueB). Onpeneism kosnnuecTBo TpomoouuToB (T),
aKkTHBHOE BpeMs pekanbuudukanuu (BP), akruBupo-
BaHHOE YaCTHYHOE TPOMOOIUIACTUYECKOE BpeMs
(AYTB), nporpombunoBsiil unaexc (I1M), mporpom-
o6unosoe Bpems (I1B), xoHuenrpammo ¢pudprHOreHa
(®I'), conepxkaHue pacTBOPUMBIX (HUOPHH-MOHOMEP-
HBIX KoMIUTekcoB (POMK), aktuBHOCTS prbprHOII3A
(AD).

J171s OLIEHKH COCTOSTHMS CBEPTHIBAIOIIEH CHCTEMBI
BBISIBIIUIH B KPOBH ypoBHU aHTUTpoMmOuHa I1I. Mccie-
JIOBAaHWE TIPOBOJWIM MO OOLIETIPUHATON METOIUKE C
MCIIOJIb30BaHUEM CTaHIapTHBIX HaOopoB ¢pupmbr” Tex-
nonorus Crangapt” (Poccus).

B mporiecce sedenwst, 1o ero 3aBepIIeHMIO U B Ka-
TaMHe3€ HEOJHOKPAaTHO OCYIIECTBIIAIOCH ABYXPa30Boe
CYTOYHOE H3MEpPEHHE apTePHAIBbHOIO ABJICHUS HIIH
MPOBEICHUsI MOHUTOPUPOBAHHUS €r0 COCTOSHHUS B TE€Ue-
HUH 24 gacoB Ha ammapate ABPM OLM (Meditech,
Benrpus).

Jnst cpaBHUTENBHOTO M3ydeHus! 3PPeKTHBHOCTH
MPOBEJIEHHOI KOHCEPBATHBHOW MEJUKAMEHTO3HOM pe-
abumTanuu ObLTH C(OPMHUPOBAHKI 2 TPYIITEI OOIBHBIX
COIIOCTABUMBIE TT0 BO3PACTY, MOy, C IPUMEPHO HICH-
THUYHBIMH KIIMHUYECKUMH Moka3zarensiMu. CtaTucruyie-
CKM 3HAYMMbIX Pa3IMYMi HCXOJHBIX MapaMeTpoB Ha
MOMEHT BKJIFOUEHHSI B HCCIIEIOBAHHS MEXKIY IBYMS
rpyImnaMu He ObUI0. B KOHTPONBHYIO TPYIIITY BXOAMIO
36 yenoBek, KOTOPBIE MPOLLIN JICYSHUE COTJIACHO pe-
KOMEH/IalMsIM €BPOIEICKON WHCYJIbTHOW oOpraHu3a-
mn (ESO, 2008) mporokona, ctanpapram MO3 Ykpa-
WHBI, HAIIPABJIECHHYI0O Ha HOPMaJIM3alMI0 HEHpOMeTa-
OoJIMUeCKMX W BAaCKyJSTOPHBIX IIpoleccoB. B
BOCCTaHOBUTEJIHLHOM IIEPHO/IE MOTYYaI CUMIITOMATH-

YECKyI0 Tepanuto. {1 yaydnIeHus IpoLeccoB MUKPO-
LIUPKYJSIOUY ¥ CHWKEHHS BSI3KOCTH KPOBM Ha3HAJYalll
acnipuH 1o 10mr B Aenb wim Kapauomarawmt o 25 mr
MIOCTOSTHHO. AHTHTHIIEPTECH3UBHOE JICUCHHUE BKIIFOYAIIO0
HCTIOBF30BaHUE aMJIOJUNKHA 0 5-10 MT Wiu aHampu-
nHa 5-10 Mr B KOMOMHAINY C AXypeTHKaMu. B ciydae
THIEPJIMIUIEMUAN OOJIbHBIM PEKOMEHJOBAaHA THITOXO-
JIECTEpPUHOBAs JHETA.

B peabunuTanmoHHBIAH MEINKaMEHTO3HBIH KOM-
IIEKC OCHOBHOM rpymibl (36 4eI0BeK) BHOCUIUCH KOP-
pEeKTHBBI. JIOMONHUTENBHO K MPOTOKOJBHOMY Jiede-
HUIO, TIpoBoMIIach AU depeHInpoBaHHas Tepamnus B
3aBUCHMOCTH OT MCXOJHOTO COCTOSIHHSI YPOBHS apTe-
PHATBHOTO JaBICHUS, JTAaHHBIX KOAryJOrpaMM, JIMIH-
JOTPaMMBI, COJEpKaHNE TIFOKO3bI B KpoBu. I1o moka-
3aHMAM TAlMEHTaM Ha3HAdalach KOPPEKLHS IeMOo-
CTa3a aMHUHOTPUNTWIMHOM (TI0 75 Mr) Ha HOYb B
KoMOWHaIwH ¢ aciupuHoM (1o 30 MT) B CyTKH, OOMeHa
JIMIUOB € MOMOIIBI0 CTaTHHOB (Baszojwuma mo 20- 40
MT B CYTKH, UJI CHMBOCTHHA B CyTO4YHOH 03¢ 40 MT B
JICHb Ha TPOTSDKEHUU 6 MEecsIeB, a IpU HEOOXOAUMO-
CTH IIpemapaT HCIOJb30BaM MOCTOSHHO). Coxmepika-
HHE TJIFOKO3bI KPOBHU ITyTE€M HCIOJIb30BaHUS KOMOWHH-
poBaHHOTO TIpemapara ucteoH (mo 2 M B 200mi dus.
pacTBOpa BHYTPHBEHHO, KalleJIbHO 2 pa3a B CyTKH Ha
MpOTsDKeHNH 4-5 nHel). AHTUTHIIEpTEH3UBHAST Tepa-
TIUsE TOAOKMpaach HHANBUIYAIbHO T10/1 KOHTPOJIEM Cy-
TOYHOTO MOHHUTOPHPOBAHUS apPTEPUATIBHOTO JaBICHUS
2-3 pa3oBOTO M3MEPEHHs apTepUaIbHOTO IABICHUS B
CYTKH, (IIpecTapuyM 1o 5-10 Mr exkeTHEBHO).

O¢ddekTUuBHOCT, KOHCEPBATUBHONW MEIUKAMCH-
TO3HOW pea0uiaHuTanuy OOJIBHBIX INEPBOW M BTOPOH
rpynn oueHuBaynach uepe3 1,3,6 u 12 mecsnes mocie
JICUEHUs] C Y4EeTOM AWHAMMYECKHX W3MEHEHHH KIIH-
HUKO HEBPOJIOTHYECKOTO CTaTyca U TabOPaTOPHBIX MO-
KazaTeseu.

Craructndeckyio 00paboTKy pe3ysIbTaToB IIPOBO-
JWIM C TIOMOIIbIO MAaKeTa IMPUKIAAHBIX IPOTPaMM
”STATISTICA 10,0 (StatSoft Inc., CILIA). [lns rpa-
¢udeckoit 00pabOTKH MaTEpPHAIIOB UCTIOIH30BATH Ia-
keT npukianaaeix nporpamm Microsoft Excel (2007).
Omnpenemnsiioch 3HaueHue cpeaneir (M), cpeaHero
KB/IDATUYHOTO OTKJIOHEHHs1 (0), CpeiHel OuIHMOKH
(m). Pe3ynpTatel npeacTaBieHsl Kak M+m. Xapakrtep
pacnpeneneHus OnpeAessuIcs IpH MOMOIIH KPUTEPHUEB
Hlammpo-Yunka (n<30) wu  Kosmoroposa-Cmup-
HOBa(n>30). [Ipn HOpMaTEHOM paclpeeieHIH Iepe-
MEHHBIX JUI OIpENEICHUS PACXOXKICHHUS MEXKIY
JBYMsI 3aBUCHMBIMU ¥ HE3aBUCHMBIMH TPYIIIAMHU HC-
10JIb30BAJIMCH NMAPHBIN U HeMapHBIN t-kputepuu CTbio-
JICHTa, a TIpH HellapaMeTpUYecKoM - Kpurepuii Bui-
KOKcOHa M Bunkokcona-MaHHa-YUTHH COOTBET-
CTBeHHO. Jlng  ompeneneHHst  CBS3M  MEXIY
HCCIIEAYeMbIMH KIMHUYECKHMH, JTaOOpPaTOPHBIMH U
WHCTPYMEHTAJIBHBIMH TOKA3aTeISIMA HCIIOIB30BAJICS
METOJ] KOPPEJSIIMOHHOTO aHAIN3a I IapaMeTpude-
CKMX W HemapaMeTPHYECKHX KPHUTEpHUEB — KPUTEPUHU
[Mupcona n CimpMeHa COOTBETCTBEHHO.

Pe3yabTaTsl Hcc/ieqoBaHuii U UX 00Cy:KAeHHe.

BeinosHeHHBIE HCCIIeI0BaHUS POJIEMOHCTPHPO-
Balu CIIOCOOHOCTH I depeHInpoBaHHON MeuKa-
MEHTO3HOW Tepanuu B OOJbIIEH Mepe, YeM Tpajuiy-
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OHHBIC PEaOWINTALOHHBIE MEPOIPHATHS, IOJ0XKHU-
TENIBHO BIUSITH Ha 00111ee CyObEKTHBHOE COCTOSIHUE T1a-
IIIEHTOB, PErPecc HEBPOIOTUIECKUX U HEHPOIICHXHYe-
CKUX HapyIIeHUH U Ta00paTOPHBIX MOKa3aTeleH.

Brurtouenne B cxemy JedeHHs OOTBHBIX OCHOBHOM
TPYINBl  AHTHATPETAllMOHHBIX TIPENapaToB aMHHO-
TPUNTWINHA U acCHPHHA 00ECIEeYHBAIO Ha MPOTSKE-
HUM TpeX MecsIeB Oosee BBHIPAKEHHYIO HOpMain3a-
IIMIO MTOKa3aTeliel CBepThIBaIONIel cCTeMBI U (HUOpu-
HOJIN3a, YeM Y TIPEICTaBUTENEH KOHTPOIBHON TPYIIIBI
(tab.1)

AHanu3 NUHAMUKHU I0Ka3zaTesell roMeocTasa Io-
Ka3aJl, YT0 HOPMaJIN3alysl OOIIEro KOJIMIECTBO TPOM-
OOITNTOB, BpeMEHH PeKaIbIH(PUKAIIUH TUIA3MBI, TPOM-
OMHOBOTO HWHIEKCa, YPOBHEW aHTHTPOMOWHA 3, KOH-
neHTpaunn  ¢ubpunoreHa, AYTB, TpomOnHOBOTO
BpemeHH, ¢ubpunonmmsuca 1 POMK nmocturayra y
94,4% 60JbHBIX OCHOBHOM IpymNIibl Uy 72,2% nanueH-
TOB KOHTPOJIbHOM TPYIIIIBL.

OHOBPEMEHHO BBISBJICHO OJaronpHsATHOE BIHA-
HHe (PU3HOJIOTMYECKUX YPOBHEH IreMOoCcTa3a Ha BOCCTa-

HOBJIEHHE HEWPOIICUXOJOTHIECKUX (QYHKIUN 1 KOTHH-
TUBHBIX PACCTPOIMCTB: HOPMaJM3alMs T'eMOCTa3a Co-
MIPOBOXKIATIOCH BBIPAXKEHHBIM PETPECCOM KOTHUTHB-
HBIX paccTpoiicTB (91-100 6amma mo mxane baptena).
IIpu coxpaHeHUM HapylIEHUH B CHUCTEME IemMocTasa
yIIydIIeHne TMoKaszaTenel OBITOBOI CaMOCTOSTEIhHO-
CTH B NOBCEJHEBHOH >kn3HM ObUTO B mpenenax 70-90
6aoB. M3 aToro cienyer, 4To yiy4lleHHe IToKa3are-
JIed KoaryliorpaMM M arperatorpaMM y OOJBHBIX C
MOCTHIIEMUYECKHUMH TOCJIEICTBUSMH B BOCCTaHOBH-
TEILHOM TIEPUOZEe YPE3BBIYANHO BAXKHO, TaK KaK HMX
HOPMaJIN3aIHs CIIOCOOCTBYET YIy4IIEHHIO reMOInHA-
MHKH ¥ MHKPOLHMPKYIAIUH ¥ TEM CaMbIM IIOJIOXKH-
TEJIbHO CKa3bIBACTCSl HAa PETrpecc KOTHUTHBHBIX pac-
cTpoiictB. Cka3aHHOe 0OOCHOBBIBAET HCIIOIH30BAaHUE
TOKa3aTeield BSI3KOCTH KPOBH B KadeCTBE OJHOTO M3
KPHUTEPHUEB, ONPEACIAIOMINX MPOTHO3 OIarONpHsITHOTO
1 HeONMaronpuATHOTO HPOSABJICHUS MpoIecca perpecca
KOTHUTUBHBIX HAapyIICHUH B BOCCTAHOBUTEIHLHOM IIe-
puosie y OOJNBHBIX C IMOCJIEACTBUSIMU TeMHC(EpHOro
HIIEMHUYECKOT0 HHCYJIbTA.

Tabmunal.

JluHaMMKa noka3aTeJieil COCTOSIHHS CBePThIBAIOLIEH cHCTeMbl KPOBH 1O/ BJIMAHUEM KOHCePBATHBHOM
MeJIUKAMEHTO3HOM peadMIuTallM, HCII0JIb3yeMOil Y 00JIbHBIX OCHOBHOI U KOHTPOJIbHOH rpyniL.

['pymer o0cmeyemMprx
1 rpynmna (n=36) 2 rpymma (n=36)
Ilokasarenn o pea- Yepes 3 B xaTamHese Jlo pea- Yepes 3 me- B xaramnese
Oum-Ta- yepes 12 me- yepes 12 mecs-
MecsIa OMJIN-TALINN csia
nun Cs1IEB 1ICB
Komriectso | pes 0198 | 254,002,6 | 256,842,8 | 262,42,6 | 239,4422% | 242,842.4%
TPOMOOIIITOB
Bpewms pe- 109 4
Kambunduka- | 109403 | 1204203 | 1294203 | 113,980.6* | 116,2 £0,7%x
1A (CeK) )
Ipotpombu-
HOBBIH MHACKe | 94,4402 | 97,6404 96,8+0,4 94,640,3 | 95,140,3%w |  954+0,3%
(%)
AUTB (cex) | 32,840,8 | 33.6£0,7* | 42,4+0,7* 32,6:04 | 44,580,5% | 44,040,5%
q’“%‘j;”"*‘* 5,10,2 4,203 4,9+0,2 5,10,2 3,9+0,1% 3,8+0,1*
Tpombunosoe | 156,05 | 162403 16,0+0,4 16,6+0,2 15,0+0,4 15,040,2%4x
BpeMs (cek)
q’“‘?%‘;‘)’m 92404 | 7,6+0,4* 7,40 4% 9,9+0,3 6,440, 1%+ 6,140, 1%+
AHT{E‘E%‘SHH 80,8+0,6 | 79,3+04* | 74,6+0,7* 80,9404 | 88,9+0,6%w | 88,3+0,4%w
POMK 4’9:‘:0,3 4’6:|:0’3* 4,8:|:0’3* 5’8:|:0’2 3,4:&0,3**;: 3,6i0,3 Ko
mr/100MmiT)

Hpumeuanue: * - p < 0,05 docmoseprocmv paznuuuii Mexcoy noKa3amensimu 00 U nocie KOHCep8amusHoOU

MEOUKAMEHMO3HOU pedaburumayuu.

*xx_p < 0,05 0ocmogeprocmy pasnuyull Mexicoy epynnamu.

W3BecTHO, YTO THIEPIUIUIESMUS sBISCTCA (ak-
TOPOM PHUCKa Pa3BUTHS OKKIIFO3UU B COCYAaX MEJIKOTO
JlMaMeTpa, KOTOPO€ MOKET MPUBOIAUThH K Pa3BUTHIO U
nojepxaHuio uiemuu Tkane. [losromy B Haueil pa-
06oTe MBI ynesieM 0co00€ BHUMaHUE OIICHKU BIUSTHUS
Pa3IUYHON KOHCEPBATHBHOW MEIUITMHCKON peaduim-
Taly Ha U3MEHEHHE JTUMIIHOTO OOMeHa.

Y OOJNBHBIX KOHTPOJBHOW TPYHIBI OTMEYEHO
JIMIIb CTATUCTUYECKH 3HAYMMOE IOBBILIEHHUE YPOBHS
XOJIECTEpHUHA JIMIIONPOTEUA0B BBICOKOW MMJIOTHOCTHU

(XCJIBII) u cHmkeHne ko3 UIIMEeHTa aTeporeHHO-
CTH HAa MOMEHT TPEXMECSYHOIO JIeUeHHUsS] OOJIBHBIX C
MOCTHIIEMUYECKHMH TOCIIEACTBUSIMU. B TOXe Bpems,
KaK ypoBHH xojectepuHa (XC), xoJecTeprHa JIUIO-
npotenaoB Hu3koi miotHoctu (XCJIHIT), xomecrte-
pHHA JIMIIONPOTEU/IOB OYEHb HHU3KOW IUIOTHOCTH
(XCJIITOHII), TT' mposBIsLTH TEHACHINIO K HEKOTO-
POMY CHW)KEHHIO, YTO TOBOPUT O HEOCTATOYHOM BJIH-
SIHUM TPAAULHOHHOTO MEIMKaMEHTO3HOTI'O JIEUSHUsI Ha
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YTIIEBOJHBIN 0OMEH, Tak M O KpaiHe HHU3KOH 3¢ dek-
THUBHOCTH JHETOTEPANNH B [UIAHE HOPMAJIU3AINHT 3THX
MoKa3aTesiel TUMUIHOTO CrieKTpa (Tabiuma 2).

PeaOunuranoHHBIH  MEIMKAMEHTO3HBIH KOM-
IJIEKC OCHOBHOMW I'PYyIIbI BKIIOYAIOUINI cUCTEMaTHdE-
CKHMH IpHUEM JIMIIUAOKOPPETUPYIOLIEH TEpanuu CTaTh-
HaMu (Ba30JIMIIOM WJIM CUMBACTHHOM) OKa3bIBaJl BBIpa-
JKEHHOE BIIMSIHME Ha MOKa3aTeNU JUMUAHOTO CHEeKTpa
KPOBH.

B pesynbraTe TpéXMecsuHON Tepanuy y OOJIBHBIX
C MIIEMHYECKUMHU MOCIEICTBUSIMU yCTAaHOBJIEHO CHU-
JKEHHUE TO0Ka3aTelNiel JMIMUIHOTO OOMEeHa JI0 I'PaHHUIIbI
YCIOBHOI HOpMBI 001mero xonecrepuna Ha 35, 6% (c

5,12 mmonp/n mo 3,62mmounn/n), TI' Ha 28% ( ¢ 1,5
MMOJIB/TT 10 1,08 MMOJIB/TT) TTOBBINIEHUE XOJIECTEPHUHA
JUTMONPOTENIO0B BEICOKOH mmoTHOCTH Ha 23,3 % (¢ 1,46
MMoOITB/1 0 1,80 MMOTIB/1T), TaieHue YPOBHS XOJIECTe-
pUHA JTUIMONPOTEHAOB HU3KOH IUIOTHOCTH M XOJIECTE-
pHUHA JTUIONPOTEHAOB OUYeHb HU3KOW IUIOTHOCTH B CHI-
BOPOTKE KPOBH COOTBETCTBEHHO Ha 24,4% u Ha 53,8%
(¢ 3,44 mmonbe/n 10 2,6 MMoib/a u ¢ 0,52 MMOIB/T 10
0,24 mmoub/i), ymeHblleHHe KodddunueHra arepo-
rerHoctu Ha 31,3% (¢ 2,81 no 1,93). B To ke Bpems
JUHAMHMKa W3MEHEHMs TOKasaTeJed JIMIHIHOTO 00-
MEHA y MAlMCHTOB KOHTPOJILHOW TPYIIIBI OKa3aliach
MeHee BeIpakeHHOH (p < 0,05).

Tab6muma 2.

JAuHamMuka nokasareJeil JUIIMAHOTO0 00MeHA M0/ BJIUSIHUEM PAa3JIMYHOi KOHCEPBATUBHOI MeUKAMEHTO3-
HO#i peadMIUTALMM, HCII0JIb3YeMOil Y OCHOBHOI W KOHTPOJIbHOM IPyIIL.

I'pymmel 06ce xyeMbIx
Moxasaten 1 rpymma (n=36) 1 rpymma (n=36)
Mo menuka- | Yepes 3 me- B ka- Mo menuka- Uepes 3 me-
JIMITATHOTO . . B karamuese
MEH-TO3HOM | cslla MOocie | TaAMHE3€ 4e- | MEH-TO3HOH csla Mocie
oOmeHa gepe3 12 me-
peabunu-ta- | peabmmu-ta- | pe3 12 me- | peabwim-ta- | peabuiu-Ta- .
aviizt IUH CSILIEB UHA 197054 1
XC MMOB/1 5,62+0,2 4,93+0,2 4,88+0,26 5,62+0,15 3,6240,21" = 3,8340,4"
TI MMoab/1 1,4240,06 1,38+0,19 1,40+0,16 1,5+0,04 1,08+0,09"«x 1,140,06
XCIJIIBIT * * * *
1,45+0,16 1,62+0,09 1,60+0,08 1,46+0,13 1,80+0,04 "« 1,7620,06 "+«
MMOJIB/JT
XCJITHIT 34240,18 | 325502 | 3304025 | 3,440,16 | 2,60£030% | 2,7+03%
MMOJIB/JT
XCIMIOHIT |6 49.0.04 | 0480,06% | 0,54+0,04 | 0,52£0,14 | 024+0,02% | 0,36:0,03"
MMOJIB/JT
KA 2,87+0,3 2,04+0,3 2,05+0,3 2,81+0,22 1,8340,2 1,1740,2"

Ipumeuanue: * - p < 0,05 docmoseprocmv pasiuuuii Mexcoy noKa3amensimu 00 U nocle KOHCeP8amusHoOU

MeOUKAMEHMO3HOU peadurumayuu.

*xx_p < 0,05 0ocmogeprocmy pasnuyull Mexicoy epynnamu.

JloCTUTHYTBIN perpecc AWCIUIUAEMHH COXpa-
HsUICS y OOJBPHBIX OCHOBHOM TPYIIIBI U Uepe3 6-12 me-
csmes (Tabnumna 2). B aToT nepuox HabroIeHAS OTMe-
4aJoCh JIMIIb HEKOTOPbHIE IIOBBIMICHHE B CPEIHEM
YPOBHE OOLIEr0 XOJIECTEPHUHA, XOJIECTEPHUH JIMIONPO-
TEUJOB HHU3KOW IJIOTHOCTH, WHJIEKCA aTepOreHHOCTH
Ha ()OHE MaJio BBIPRKEHHOI'O CHIDKEHHUS XOJIECTEPUH
JIMIIONIPOTEUHOB BBICOKOH IUIOTHOCTH. IIpn HOpManu-
3alK TOMEOCTa3a M JIMIUIAHOTO CHEKTPa B BOCCTaHO-
BUTEJILHOM IIepuojie oTMedanu Oojee OBICTPBIN pe-
rpecc HeHPONCHXOJIOTMYECKUX M YMOLIMOHAIBHBIX pac-
crpoiictB mo wmkagam MMSE u NIHSS wu
YBEIMYHMBAJIACh CTENEHb CaMOOOCTY)KUBaHUS HAallMeH-
ToB. Tak mHAEKe baprena B Takux cirydasx HAXOANICS
B npepenax 81-95 6amnoB (B cpemnem 88,9 +4,7 Gan-
JIOB), CpEeHHE IMOKA3aTeNM IIKal UMENU CYLIeCTBEeH-
HYyI0 TeHJCHLHUIO K HopManu3aiuu: mkaasl MMSE -
29,8 £ 0,2 6amnos, mikansr NIHSS - 4,5 + 0,3 6amma. B
TOXE BpeMsl Y O0JIbHBIX KOHTPOJILHOM IPYIIITbI H3MEHE-
HHE [IapaMeTPOB ATUX TECTOB B ATOT MEPHOJI UCCIIEI0-
BaHMsl CBHJCTEJILCTBOBAJIM O HEKOTOPOM CHIKEHUH
KOTHUTUBHBIX (yHKIUH (cooTBeTcTBeHHO 74,9 + 0,4
barna; 25,8 £ 0,5 6amnos; 6,9 + 0,4 6aiwtos; p < 0,05).

Jlo Hayana peaOMIMTAlMOHHBIX MEIMKaMEHTO3-
HBIX MEPOTIPHUATHH THIIEPTIIMKEMUS PETHCTPUPOBANIACH
y 12 (33,3%) 6onbHbIX Tpynmsl cpaBHenns n'y 11 (30,5

%) OOIBHBIX OCHOBHOM rpymnmsl. [Ipruém, runeprinke-
Mus TIpeobianana y OONBHBIX ¢ YMEPEHHBIMU HEWPO-
MICUXUYECKAMHU paccTpoiicTBamMu. [IMHaMuKa ypoOBHS
KOHIICHTPAIIUH TITFOKO36I B KPOBU OONBHBIX C JISTKUMHU
KOTHUTHUBHBIMHU HapyIICHUSIMU OOHapy>KuBaja JIHIIb
TEHICHINIO K HE3HAYNTEIbHOMY TTOBBIIICHHUIO.
YMeHbIICHHE CTENeHH TUMEePIIIMKEMHH COIpo-
BOXKIIAJOCh  J0cTOBepHbIM  (p<0,05) ymydmeHuem
HEBPOJIOTHUECKOTO CTaTyca y BCEX MAI[MEHTOB C IIO-
CIICACTBUSAMH TeMHC(EPHOTO HIIEMHYECKOTO UH-
cynbTa. JIOCTUTHYTas C TOMOMIBIO JICUeOHOTO KOM-
IUIeKCa OCHOBHOW TPYIIBI aJeKBaTHAs KOPPEKIUS yT-
JNeBOgHOTO  OOMEHa,  CONpOBOXAajdack  Oojee
BEIP2)KCHHBIM BOCCTAaHOBJICHHEM KOTHHUTHBHOM IIPO-
nyktuBHocTH 1o mkaiaM MMSE u NIHSS, u uro oco-
OeHHO Ba)kHO, 10 1mKaje baprena, uem y 60JIbHBIX, 1O-
Jy4aBIIUX AUETY, OOCTHEHHYIO YTIICBOJaMH.
[TpuBeneHHBIC BBIIIE JaHHBIC KITUHUYESCKUX U HH-
CTPYMEHTANIBHBIX  HCCIEIOBaHUII  OOOCHOBBIBAIOT
He0o0xoIuMOoCTh MU PepeHITUPOBAHHOTO BKIIOYSHUS B
peabuIUTaMOHHBI KOMIIEKC OONBHBIX C TIOCIEA-
CTBUSIMH TEMHC(HEPHOTO HWIIEMHYECKOTO HHCYIbTa
CPE/ICTB, HOPMAIIM3YIOIINX YTIEBOIHBIH 0OMEH, a Kop-
peKLUs YpOBHS caxapa B KPOBHU IO3BOJISIET MOBBICUTD
3¢ EeKTUBHOCTB JIeYeOHOTO MpoIiecca.
Hcnonp30BaHHBI Hamu JIe4eOHO-BOCCTAHOBH-
TEJILHBIA KOMILICKC, BKITFOYAIOIIUI HHINBHIYATbHYIO
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L[eJICHATIPABJICHHYO KOPPEKLUIO TUIIEPTCH3HUH, TI03BO-
117y OOJBHBIX C ITOCIEICTBUAMH T'eMUC(HEPHOTO HIIIe-
MHYECKOTO MHCYIbTa CHU3UTh ypoBHU CAJ] 1 IAJ] no
HOpMAallbHBIX 3HAYEHUIl B TeueHWe 1 Mmecama W 1O-
OUTHCS CTAOMIN3AINH HECTAOMIIBHOTO apTePHAIBHOTO
JIaBIICHNUS B TIOCJICAYIOIINE CPOKH HAOIIOACHHS.

[Ipn MOHHUTOPHPOBAHUM APTEPUAIHHOTO JIABIIE-
HUS Ha (OHE HCIOJIL30BaHUA pPeabWIINTAIOHHBIX
KOMIUIEKCOB Y OOJIEHBIX 00€UX I'PYIII BBISBICHO CHHU-
xenne ypoueir CAJl u IA/l. OmHako, Gonee cytie-
CTBEHHOE yMEHBIIEHUE U3BECTHBIX ITOKa3aTeNei oT™Me-
YeHO y OOJIbHBIX OCHOBHOH Tpynmsl. ['MIoTeH3MBHOE
JICHCTBUE INpecTapuyma MposBISIOCh depe3 1 mecsn
normkerneM CAJl Ha 19,4% u JAJL 10,6%. [Tpume-
HEHHE JHAJANpUiIa B KOMOWHALMK C aMJIOJUIIMHOM B
KOHTPOJILHOM IpyIIe OONBHBIX MOKa3bIBala MEHBIINI
runoteH3uBHbIN dekt - CAJl monmsmincs Ha 5,8%
JA sa 4,1%. HopManu3zanus apTepraIbHOTO AaBie-
HUS y OOJIBHBIX MOCTHHCYJIBTHBIMU MOCJIEICTBUSMHU B
BOCCTAHOBUTEJIFHOM MEpHOJE CIIOCOOCTBOBAJIO IIPO-
Leccy perpecca HapylIeHUH HEHPONCUXMUYECKUX
¢ynkuuid. [Ipy 5TOM THKBHIANWS KOTHUTHBHBIX pac-
CTpPOMCTB npoucxoauia Haunbosee 3pdexkTHBHO B paH-
HEM BOCCTaHOBHTEIIFHOM IIEPHOJE Yy JIUI OCHOBHOM
TPYIIIBL, YTO TOATBEPIKAAIOCH BBICOKUMH OaJIaMy UH-
Jexca bapTena moixy4eHHBIMU 110 3aBEPLICHUIO peadu-
JMTaIMOHHBIX MEPONPHUITHI.

Hanbonee anexBaTHOE BOCCTAHOBIICHUE YTPauCH-
HBIX KOTHHTHBHBIX (pyHKIMH uepe3 3 mecsma mocie
MPOBECHUS PCaOMIMTAIIIOHHBIX MEPOIPUATHI 3ape-
TUCTPUPOBAHO y 69,4% OGONBHBIX OCHOBHOM TPYMIIBI U
TonbKO Yy 38,7% HaOmromaeMbIX I'PYMIBl CPaBHEHUS,
yepe3 12 mecsiieB cooTBeTCTBEHHO Yy 86,1 % uccnemy-
eMBbIX OCHOBHOH rpymnnsl Uy 50,0 % G0NBHBIX TPYTIIIBI
CpaBHEHUSL.

Taxum 06pa3om, B pe3yiabTaTe MPOBEICHHOTO HC-
CJIC/IOBAHUS YCTAHOBJIEHA BO3MOXKHOCTH ITOBBIIIICHUS
3¢ PEeKTUBHOCTH peabWINTAMOHHBIX MEAMKAMEHTO3-
HBIX MEpOMNPHATHH, NPUMEHSEMBIX Yy OOJBHBIX C
MOCTHHCYJITHBIMH TIOCIIE/ICTBUSIMH B BOCCTaHOBH-
TEJILHOM IIEPHOAE, 3a CUET JOCTIIKCHHS aJeKBATHOMN
KOPpPEKLUHU apTEePUAIILHOIO JaBICHUA, U3MEHEHUS 110-
KazaTesjell CBEpTBIBAIOIIEH CHUCTEMBI KPOBH, JIMITHJI-
HOT0 0OMEHa U YpOBHSI TTIOKO3bI B KpOBH. OOBEKTHUBHU-
3anus MPEeUMYIIECTBa TaKOTO MOJX0/a HATJISAHO Je-
MOHCTpUpYeTCs 6onee CYIIECTBEHHBIMHU
JMHAMWYECKUMH HM3MEHEHUSIMH TIOKas3aTeneil IiKai
MMSE u NIHSS, otobpaxaromux perpecc HeBpOJIO-
THYECKOW CHMIITOMATHKH, a TAKKe YITydIICHHS TIOBCEe-
JTHEBHOM aKTUBHOCTH M HE3aBHCHMOCTH IO HHJIEKCY
Baprena y manueHTOB OCHOBHOW TPYIIIBI, IO CPaBHE-
HUIO C aHAJIOTMYHOHM AMHAMUKOM B TPYIINE CPAaBHEHHSI.
IIpu CKpUHUHT OLICHKE TMHAMUKHA KOTHUTUBHBIX HApYy-
MIEHUH y OOJIBHBIX C TMMOCTUHCYJIbTHBIMHU MOCJICIACTBH-
sSMH HauOoJbIIel WH(POPMATHBHOCTHIO 00Ja1aeT MH-
nekc baprena, oTpaxaronuii mapaMmeTpsl OBITOBOH, CO-
[MaJbHOW  HE3aBUCHMMOCTH W  CIIOCOOHOCTH K
€aMo00CITy)KHBaHHIO.

BoiBoabl

1. Hammune B BOCCTAaHOBHTEIBHOM IIEPHOIE Yy
OOJIBHBIX NEPEHECIINX MIIEMHUYECKUN HHCYIBT THIIEP-
TEH3HUH, THIEPXOJIECTEPUHEMHUH, ITOBBIIICHHUS BS3KO-
CTH KPOBH YXYALIAET MPOSIBICHUE U PETPECC HEBPOJIO-
THYECKOH CHMITOMATHKH.

2. JlononnurenbHoe, tuddepeHIupoBaHHOE (T10
MIOKa3aHHUsM), BKIIIOUYEHHE B MPOTOKOJBHOE 0a3ucHOE
JieyeHne OOJIBHBIX C MOCTHHCYJIBTHBIMHU HOCJIEICTBH-
SIMU JIEKAPCTBEHHBIX CPEJCTB HOPMAIM3YIOIIUX apTe-
pHaibHOE AABJICHHE U KOPPUTHUPYIOLIMX IIOKa3aTesln
reMocrasa, JIMIHJHOTO OOMEHa U COJEPXKaHUS IIIo-
KO3BI B KPOBH CITOCOOCTBYeT OoJiee OBICTPOMY U TIOJ-
HOMY BOCCTAaHOBJICHHIO YTPAu€HHBIX KOTHHTHBHBIX
¢ysakunit. [lokasaHo, 94TO MpH Takoil peaObMIUTAIOH-
HOH CTpaTernyl 3HAYNTENILHOE CHUKEHHE BBIPaKCHHO-
CTH HEBPOJIOTHYECKHUX PAaCCTPOHCTB NOCTHraeTcs de-
pe3 3 mecsina y 69,4% nponeueHHBIX, B KaTaMHe3e (4e-
pe3 12 mecsuen) y 86,1 % GonpHbIX uTo Ha 31,4 % 1 Ha
36,1% npeBslIano aHAJOTHYHBIE JaHHBIC Y OOJIBHBIX
MOJTY4YaBIIUX IPOTOKOJIBHYIO CTAHAAPTHYIO TEPAIHIO.

3. OOBEeKTHBHOMW OLIEHKOH perpecca HEBPOJIOTH-
YEeCKOW CHMIITOMAaTUKH B Ipolecce peadHIuTaluu
OOJIBHBIX C ITOCTHHCYIBTHBIMH MTOCIEACTBUSIMUA MOTYT
CIy)XWTh JJaHHBIC AMHAMHYCCKUX M3MEHEHUH IOKa3a-
teneit wkan MMSE, NIHSS u baprena.
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Abstract

Family caregivers of patients with endogenous mental disorders experience psycho-emotional changes asso-
ciated with family burden, resulting from having a mentally sick family member. The article focuses on determi-
nation of psychoemotional components of family caregivers’ burden, that may provide better understanding of
family processes in families of patients with paranoid schizophrenia and affective disorders in order to find strat-
egies and set targets for improving psychosocial functionality of patients and their family caregivers through im-

plementation of appropriate psychoeducational and psychological support system.

Keywords: family anxiety, family caregivers, endogenous mental disorders, psychoemotional components,

family burden.

Up to 60% of all patients discharged from psychi-
atric hospitals return to their families and the over-
whelming majority of them retain tight interpersonal
contacts with their relatives. Thousands of families
each year face psychiatric disorders and necessity to
solve related problems [1, 7, 9]. Factors, that positively
influence the success of rehabilitation of patients with
schizophrenia and affective disorders in outpatient set-
tings include initial preservation of social functioning
in socially significant spheres and sustaining satisfying
relationships with family environment [6, p. 163].

Family caregivers of patients with endogenous
mental disorders are exposed to increased stress. Often,
family caregivers become recipients of frustration of
patients and their behavioral disorders. Due to lack of
proper training, insufficient understanding of the dis-
ease and psychological distress, caused by abrupt
changes in mental state of family member, family care-
givers undergo great tension and burden, which is now
widely known as "family burden” [8, 11, 12]. Objective
negative effects of living and interacting with a men-
tally ill family member include negative impact on
health of family caregivers, family life changes, and in-
creased costs, while subjective effects include feelings
of isolation, loss, anxiety, anger and frustration [4, 10,
12].

One of the significant components of subjective
family burden is family anxiety. Concept of "family
anxiety" is used to describe the state of increased anx-
iousness in one or more family members, often poorly
understood and not sufficiently localized by the cause
of occurrence [3, p. 56]. A characteristic feature of this
type of anxiety is that it manifests itself in doubts and
fears, that relate primarily to family life - health of fam-
ily members, their travels and late returns, clashes and
conflicts that arise in intra-familial interactions. This
type of anxiety usually does not extend over spheres of
out-of-family activities such as working activities, rela-
tions with friends and neighbors, etc.

As a rule, the basis for "family anxiety" is insuffi-
ciently perceived feeling of uncertainty in some im-
portant aspects of family life. This may be uncertainty

in the feelings of a partner, self-doubt, etc. Family
member displaces a feeling that may manifest in family
relationships and which does not fit into his perception
of himself. Thus, this type of anxiety is manifested in-
directly, and often - differently in different family
members. An integral part of “family anxiety" is also a
feeling of helplessness or a feeling of inability to influ-
ence the course of events in the family and to direct it
in the proper direction, which is especially relevant for
the families of patients with endogenous mental disor-
ders. A person with family-related anxiety does not feel
significant in the family, regardless of the position he
takes in it and how active his role is in reality.

Despite a fairly large number of studies on the ef-
fects of endogenous mental disorders (EMD) and asso-
ciated psychological stress on family caregivers as in-
dividuals, constantly interacting with the patient, there
is still no holistic understanding of psychoemotional
disadaptation in families, where patients with endoge-
nous mental disorders live. At present time, attention is
drawn to a small number of scientific researches in this
direction in Ukraine, as well as the lack of effective
psychoeducational and psychocorrection systems for
family caregivers of patients with EMD.

The aim of our study was to determine the psy-
choemotional components of family burden in family
caregivers of patients with EMD in context of their psy-
chosocial functioning.

Material and methods of study. To achieve this
aim, according to the principles of bioethics and medi-
cal ethics, under the informed consent conditions, 243
family caregivers (FC) of patients, who were diagnosed
with paranoid schizophrenia (PSch) - 168 persons
(main group of family caregivers of patients with PSch,
G1) and patients with affective disorders (AD) - bipolar
disorder, recurrent depressive disorder - 75 persons
(main group of family caregivers of patients with AD,
G2), were examined. The inclusion criteria were: in-
formed consent for filling up the questionnaire, clinical
and psychological examination and psychological test-
ing, absence of previous appeals to a psychiatrist, ab-
sence of craniocerebral trauma, 1-2 degree of affinity
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to a mentally sick family member. There were 49
wives, 25 hushands, 94 mothers/fathers of patients in
G1. There were 20 wives, 25 husbands, 30 - one of the
parents of patients with AD, included into G2. Re-
spondents were in the age range from 26 to 63 years
(average age: "wife" 37.5 + 0.8 years, "husband" 42.3
+ 0.9 and "one of the parents" 60.3 + 3.7 years). Most
of the relatives (64.5%) had a sufficient educational
level (secondary and higher education), 55.1% had per-
manent job. 70.4% of the respondents of G1 and G2
rated their living conditions as satisfactory, while
23.1% indicated an unsatisfactory financial state of
family, which changed after the appearance of a patient
with a mental disorder in family. Analysis of family re-
lationships showed that presence of adequate relation-
ships was stated by 19.5% of the G1 and 28.6% of the
G2 respondents, while 46.2% of G1 and 26.4% of G2
respondents described their family relationships as full
of conflicts and emotionally unstable. Control group
(CG) included 55 mentally healthy persons (35 female
and 20 male), in whose families there was no mentally
ill patient and who never sought help from a psychia-
trist.

Methods of research: anamnestic, social-demo-
graphic, clinical-psychological, psychological testing,
statistical. To study the psycho-emotional sphere of FC,
the Spielberger-Khanin Anxiety Inventory and Zung
Self-Rating Depression Scale (SDS) were used [2]. The
closer analysis of family anxiety level was performed
by the “Family Anxiety Analysis” Test (AFA) by E. G.
Eidemiller and V. Yustitskis [3, p. 570].

While studying psycho-emotional sphere of FC of
patients with EMD using Zung Self-Rating Depression
Scale, it was found that 68.4% of respondents in both
main groups had shown signs of depressive reacting
(61.7% - mildly depressed, 6.7% - moderately de-
pressed), in particular, among respondents of G1 -
70.7% (65.9% - mildly, 4.8% - moderately depressed),
and among respondents of G2 - 66.1% of the surveyed
(57.5% - mildly, 8 , 6% - moderately depressed). In the
overwhelming majority of respondents from CG
(80.8% of respondents), depression was not detected,
and depressive symptoms were found only in 19.2% of
surveyed from CG, mainly due to the level of light, sit-
uationally caused depressive condition - 17.1% (Fig. 1).

Significant results were obtained while analyzing
presence and severity of depressive symptoms among
respondents of G1 and G2, depending on the duration
of the disease in a family member. Groups were divided
as follows — Gla and G2a (duration of EMD in a family
member up to 4 years), G1b and G2b (duration of EMD
in a family member from 5 to 8 years), G1c and G2¢
(duration of EMD in a family member from 9 to 12
years).

Thus, 46.5% of Gla respondents were diagnosed
with depressive symptoms (36% with mild level and
10.5% with moderate level). Among the respondents of
G2a (disease duration up to 4 years) depressive symp-
toms were found in 56.3%, among which mild depres-
sion level diagnosed in 50.3%, moderate - in 6.3% of
the surveyed.
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Figure 1. Depression levels in family caregivers of patients with endogenous mental disorders (SDS)

In the surveyed G1 and G2 respondents, content
analysis showed that in the structure of depressive state
key symptoms were as follows: low mood, inhibition,
feelings of guilt, early, middle and late insomnia, de-
crease in efficiency and activity, loss of interest in the
activity, general somatic symptoms - heaviness in the
extremities, head, back, muscular pain, feeling of ex-
haustion.

In CG were found some manifestations of low
mood and difficulties in falling asleep.

According to the Spielberger-Khanin Inventory,
57.1% of G1 respondents, 48.9% of G2 respondents

and 9.9% of CG respondents revealed signs of consid-
erable situational and personal anxiety, but the levels of
anxiety in CG respondents didn’t reach severity of anx-
iety disorder.

The study of severity of anxiety manifestations de-
pending on the duration of EMD in a family member in
both main groups showed a tendency to gradual reduce
of psychopathological symptoms with increasing of the
duration of disease in a mentally ill family member.
Manifestations of pathological anxiety reaching the
anxiety disorder level were diagnosed in 41.5% of Gla
and 36.7% of G2a respondents, 38.7% of G1lb and
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31.3% of G2b respondents, 29.2% of Glc and 27.8%
of G2c respondents.

Thus, the tendency towards psycho-emotional dis-
orders in FC of patients with EMD was revealed in
comparison with the CG respondents, with prevalence
and severity of anxiety and depressive manifestations
quantitatively and qualitatively prevalent among G1 re-
spondents in comparison with G2 and being the highest

among interviewees, in whose families there is a patient
with EMD with duration of the disease up to 4 years.

Further study of psycho-emotional features of FC
of patients with EMD was carried out with the use of
the "Analysis of family anxiety" Test (AFA) by E. G.
Eidemiller and V. Yustitskis (Table 1).

Table 1

Indicators of family anxiety level in family caregivers of patients with EMD (mean score, M &+ m)

Group Family guilt Family anxiousness Family tension Composite score
G1 (n=168) 4,2140,5* 5,9741,1%* 6,8140,7** 16,141,7**
G2 (n=75) 3,2840,9 5,14+1,6%* 5,18+1,1%* 13,72+£1,5%*
CG (n=55) 3,08+0,5 2,18+0,1 2,13+0,7 8,19+0,9

Note: * - the indicators are statistically significant (P<0,05); ** - (P<0,001)

In general, assessment of the family anxiety level
in FC was based on three basic constructs - family guilt,
family anxiousness and family tension.

According to the “Family guilt” subscale (G1 4.21
+ 1.1 and G2 3.28 £ 0.9; CG 3.08 £ 0.5, P <0.05), ob-
tained scores indicate that FC of patients with PSch in
contrast with the G2 and CG respondents tend to feel
guilty about what is going on in the family, and in the
background of the family situation often feel unneces-
sary, experience feelings of inconvenience and incoher-
ence.

Scores on the “Family anxiousness” subscale (G1
597+1.1and G2 5.14+£1.6; CG 2.18 0.1, P <0.001)
indicate that FC, in whose families a patient with EMD
lives, deal with significantly high feelings of helpless-
ness, powerlessness, pessimism in assessing their own
efforts, chronic experience of unpredictability and un-
certainty of the family situation in general.

The scores obtained for the “Family tension” sub-
scale (G1 6.81 £0.7 and G2 5.18 £ 1.1; CG 2.13 £ 0.7,

P <0.001), show a hidden sense of dissatisfaction with
the family situation, feeling overwhelmed by family af-
fairs and responsibilities, experienced for family af-
fairs, constant need to restrain oneself in situations of
interpersonal interaction in the family.

The composite evaluation (G1 16.1 = 1.7 and G2
13.72 £ 1.5; CG 8.19 £ 0.9, P <0.001) indicates, that
FC of patients with EMD are generally concerned about
the family situation, caused by having a close family
member with a mental disorder.

When studying the dynamics of indicators of so-
cial anxiety in FC of patients with EMD the following
patterns were revealed (Table 2): in FC of patients with
PSch and AD high levels of family anxiety persist
within the duration of the disease up to 4 years and from
5 to 8 years, after which family anxiety level reduces to
levels slightly different from CG data. This might be
explained by gradual distancing from the current family
situation with a switch to other important areas of life.

Table 2

Indicators of family anxiety in family caregivers relatives of patients with endogenous mental disorders
depending on the duration of the disease (mean score, M + m)

Group Family guilt Family anxiousness Family tension Composite score
Gla (n=57) 5,21+0,5% 5,87+1,1%* 4,81+0,7%* 18,141,7%*
G1b (n=58) 4,72+0,5 4, 7+1,5 3,41£1,3 13,12+0,5
Glc (n=53) 4,6+0,6 3,24+1,0 3,11+0,5 10,82+0,7*
G2a (n=34) 4,28+0,9* 5,14+1,6%* 5,18+1,1%* 13,7241,5%*
G2b (n=22) 4,0540,6 4,35+1,2% 4,08£1,1** 12,37+0,6**
G2c (n=19) 3,15+1,0 4,09+1,0% 2,1+1,5 9,12+0,5
CG (n=55) 3,08+0,5 2,18+0,1 2,13+0,7 8,19+0,9

Note: * - the indicators are statistically significant (P<0,05); ** - (P<0,001)

Level of family anxiety and the psycho-emotional
state of FC of patients with EMD generally influence
the formation of a certain type of subjective attitude to-
wards a mentally ill family member, which, in turn, de-
termines the readiness of the family to participate in the
treatment and rehabilitation process, as well as patient's
family support resource.

Revealed data indicate, that in the course of devel-
opment of endogenous mental disorder in the family
member, family caregivers gradually deplete emo-
tional, individual-psychological and communicative re-
sources, which eventually leads to distancing and
avoidance in situations of inter-family interaction.

These patterns can be of double importance - on
the one hand, such changes are accompanied by a grad-
ual reduction of anxious and depressive psychopatho-
logical symptoms in family caregivers with increasing
of the duration of disease in a mentally ill family mem-
ber, and on the other hand, - have a detrimental effect
on the treatment and rehabilitation of patients, lacking
adequate support and understanding from the family
environment.

Acceptance of the illness by the family and aware-
ness of individual manifestations, combined with a
willingness to participate in the provision of psychoso-
cial rehabilitation and readaptation of a mentally ill
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family member, is an important factor in psychosocial
treatment of endogenous mental disorders. In the fami-
lies of patients with EMD almost always there is a prob-
lem with the awareness and acceptance of the person-
ality and behavior changes of a family member result-
ing from the disease. As a rule, most family caregivers
maintain formal acceptance of the disease. Underesti-
mating the severity of endogenous mental disorders and
their influence, family caregivers often have demands
on patients, that they are not able to fit in. This situation
leads to increased conflict and dysfunctionality of the
family system as a whole, the emergence of communi-
cation barriers, which can result in both exacerbation of
mental disorders in patients with EMD, and a general
decrease in quality of life of all family members.

Conclusions and prospects for further research.
Psycho-emotional sphere plays an important role in
overcoming stressful and problematic situations and
maintaining productive interpersonal communication
in families, where patients with endogenous mental dis-
orders live. A balanced and adequate psycho-emotional
state provides effective emotional and behavioral cop-
ing, which determines the ability of the family caregiv-
ers' personality to have adaptive emotional and behav-
ioral responses in the presence of a mental disorder in
a close family member. The prospect for further re-
search is to consider the identified features and patterns
in the development and implementation of an appropri-
ate system of medical and psychological support for
family caregivers of patients with endogenous mental
disorders.
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Absrtact

The article is devoted to the analysis of the doctrine of the mechanisms of therapeutic action of oxygen under
high pressure of Professor A. N. Leo-Nova and the main provisions of its adaptive-metabolic theory of hyperbaric

oxygen therapy
AHHOTaNUA

Cratbs nocBsimeHa pa3dopy yUeHUs 0 MEXaHU3Max JIeueOHOTo AeHCTBUS KUCIOPOAa O] TIOBBIIICHHBIM JaB-
nenueM npodeccopa A.H. JleoHOBa 1 OCHOBHBIX MOJIOKEHHH €r0 a/lalTallHOHHO-MeTa00IMYECKOi TeOpHH THIIep-

Gapuueckoil KUCIOPOAHON Tepanuu

Keywords: hyperbaric oxygenation, mechanisms, therapeutic effect
KaroueBrble ciioBa: rI/Inep6aqueCKasI OKCUIrcHanusi, MCXaHU3MBbI, eueOHoe L[efICTBI/Ie

Bes nctopus runepbapudeckod MEAUIIUHBI €CTh
HH YTO MHOE KaK, 3aTSHYBIIAsCS HA HECKOJIBKO CTOJIE-
TUH, TIONBITKA UCCIEA0BATENEN U Bpauel MOHATH CyLI-
HOCTH JIE4eOHOr0 AEHCTBUSI BHAYalE «CTYHIEHHOTO
BO3JlyXa», a 3aT€M KHCJIOpO/ia MO TIOBBIIICHHBIM /1aB-
nenueM. Ilo cyru, peus unér o GpopmupoBaHum Hayd-
HOTO MHPOBO33pEHUsI, HE00X0AUMOTO ISl P PEKTHB-
HOro M 0e30MacHOrOo WCIIOJIb30BaHMs THnepodapuye-
ckoro kucnopona (I'BO.) B KIMHWUYECKOW MpakTHUKE.
AHanu3 3BOJIOIMM HAYYHBIX MPEACTaBICHUH 0 Mexa-
HHU3Max JIe4eOHOro JeHCTBHUS «CTYHIEHHOTO BO3AyXan-
I'BO,, moka3siBaeT, 4T0 WX (POPMHUPOBAHUE OA3HPOBA-
JIOCh UCKITIOYNTEIBHO Ha TEX 3HAHMAX, KOTOPBIMH pac-
Trojaraja HayKa Ha COOTBETCTBYIOIINI UCTOPHIECKUI
MepUOJ PAa3BUTHUS THIepOapudIeckoii MenuuHbL [41].
IlepBbiM yuenuem, Bo3HUKIIMM B XVII Beke, mbiTaB-
muMcs 00BSICHUTh MEXaHN3M JIE4eOHOTO NEHCTBHS Ha
OpraHu3M, “CryHICHHOTO BO3/1yXa» Oblla MeXaHHYe-
ckas Teopus [24]. CBoeMy co3maHHIO OHa OO0s3aHa
JIByM BEJHUYaIIUM OTKPBITHSM. OTO OTKPBITHE Y UIIb-
sMoM [apBeeM KpyroB KpOBOOOpAIEHHUs, PacKpbIB-
IIEr0 MEXaHWKY JBHXXEHHIO KpPOBHU IO cocyaaMm. Bo-
BTOPBIX, 0OHapykeHue yueHukoM I 'anuneo I'anumes 3.
Toppudennn HaIM4IKsA Y BO3AyXa MacChl M MJIOTHOCTH
(aro cobcTBeHHO M oABHIIO Pobepra botins k co3na-
HUIO TIEPBOY B MHUpE KOMIIPECCHOHHOW Kamepsl). [1o-
3TOMY OOBSCHEHHE JIe4eOHOTO AP PeKTa «CTYIEHHOTO
BO3JlyXa» C IO3HMIUH MEXaHHYECKOTO IepepacIiipese-
JICHUsI KPOBH OT TIOBEPXHOCTHBIX TKAHEH K TIIyOOKHM,
JUI TOTO BPEMEHHU OBIJIO €CTECTBEHHBIM. «MexaHnde-
CKasi TCOPHsD» OKa3aaach OTIPABHON TOYKOM POPMHUPO-
BaHUS HAyYHBIX IPEACTaBICHUI 0 MeXaHHU3Max JeH-
CTBHSI Ha OpPraHM3M IIOBBIIICHHOTO U TOHMXEHHOTO
JIaBJIEHUH.

SIBMBIINCH AJIS1 CBOETO BPEMEHH IPOTPECCUBHBIM
Hay4YHBIM SIBJICHHEM, OHA BIIEPBBIC [TOKa3aa 3HAYCHUE
OHMOJIOTHYECKOTO ACUCTBHS THIEpOapUIEcKOro (¢ax-
Topa [24]. Kpoe Toro, oOBsACHSIS TeMOIUHAMUYIECKHN
3G EKT «CTYMEHHOTO BO3LyXa» IepepacipeiesicHueM
KPOBH OT ITOBEPXHOCTHBIX TKaHEH K TITyOOKHM, HaIlll
Janékre TPEeANIeCTBEHHUKH, IO CYTH, O0003HAYMIN
onH 13 bnosorndeckrx 3¢ pekTor runepOapuIecKoro
kucnopona (I'bO2). DTo «runepokcuyeckas IeHTpaIn-
3anus KpoBOOOpaIIeHU ), KoTopas (GopMHUpYyeTCs pu
MOMIATaHUN OPTaHMW3Ma B THIIEPOKCHYECKYIO CPEny H
nposiBisgeTcst BasoKoHCTpHKIeH [10,41]B TkaHAX H
opraHax (HauboJjiee BRIPaXKEHO B KOXKE) IIPH OJHOBpE-
MEHHOW THIEPOKCHUYECKOH Ba30AMIIATAIINH JTETOYHBIX
cocyznoB [40]. Jlaunslii Ononornueckuii 3¢ ¢GexT rurme-
pokcuH cOpPMHUpPOBAJICS M 3aKpemwics B Hpolecce

SBONIIONNHA M C OOmIeOMOJIOTHYECKNX MO3MIUN pac-
CMaTPHUBACTCS KaK 3aIIATHO-TIPUCIIOCOOUTENIBHAS pe-
aKIUsl IIEIOCTHOTO OpTraHW3Ma Ha €ro CBEpPXHACHIIIe-
Hue kuciopoaom [10,26,40,41]0xnako, B XVII Beke
KHUCJIOPOJ emIé He ObUT OTKPHIT, 2 JOMUHHUPYIOMIAst B TO
BpeMsI CXOJIACTHYECKasl TeOPHs (DIOTHCTOHA, CACPIKH-
Baja JaTbHEHUITNX X0 HAYYHOMN MBICITH.

Otxkpertue k. Ilpuctiou B 1774r. xucnopona, ¢
OIHON cTOpoHBl, U pabora A.JlaBya3zpe «Okcmepu-
MEHTHI 110 U3yYCHHIO JBIXaHUS )KUBOTHBIX U H3MCHE-
HUSI KOTOPBIE IPEeTepIeBaeT BO3AYX IIPU MPOXOKICHUN
yepe3 JETKUE» OMyOIMKOBaHHAS B TOM JK€ TOAY, HO-
CITY’)KWJIM MOIIHBIM TOJYKOM W3YUCHHIO POJIU KHCIIO-
poma B xuBoM Mupe. Ha 06aze 3Tmx uccienoBaHHN
CTail GOPMHUPOBATHCS HOBBIC MIPEACTABICHUSI O MeXa-
HU3MaX JAEUCTBHS «CTYHMIEHHOTO BO3IyXa» Ha opra-
HU3M. B pesymprarte k cepenmnae XIX Beka copmupo-
Baylach (PM3MKO-XUMUYECKasi TEOPHsl AEHCTBUS KUCIIO-
pola TmOJ TOBBINICHHBIM JIaBICHHEM, KOTOpas
0JaronolyyHo CyIIECTBYET M JO HAIIMX JHEi
[5,27,29,49,50]. E€ co3nanue Ge3yCIOBHO CHITPAo KO-
JIOCCAJIBHYIO POJIb, B CTAHOBJIICHUU U PAa3BUTHUU TUIIEP-
0apu4ecKol MEAMLMHBI, «PACKPbIE 3AKOHOMEPHOCTU
nepeHacvilyeHus: HCUOKUX Cped OP2aHusMd, Kax yCio-
851 OJ11 BEPOSAMHBIX 8 NOCAEOYIOUeM NONE3HbIX U Pe0-
HbIX UBMEHEHUL 20MeoCcmasd KIemKU U OpeaHu3Ma
yenomy» [24]. Ita Teopus CHIOCOOCTBOBANIA TOHUMAHHIO
TOKCHYHOCTH KHCJIOpPOAa TP OMpPeNeNEHHBIX YCIIO-
BHSIX, OTIPE/ICIIMB 10 HANPaBIICHHE B HAyKe, H3y4da-
IOIllee MCKIIFOYMTENILHO TOKCHUECKHE CBOMCTBA THIIep-
Gapudeckoro kucioposa [9,12,13,16,29]. duznyeckuit
ACIIEKT 3TOW TEOPUH OTKPBUI UCTHHHYIO POJIb CBOOO/I-
HOT'0, HECBS3aHHOTO C I'eMOIVIOOMHOM KHCIIOpPOZA, M
€ro poJib JJisi OOJILHOTO OpraHu3Ma B YCJIOBHSIX I1aTO-
noruu [24]. IIpu 3TOM CIOCOOHOCTH OpraHu3Ma 00Xo0-
JIUTCS B YCIIOBUAX CBEPXHACKHIIIECHHS KICIOPOAOM TIPH
3aMeHe KpOBH Ha (PU3UOJOTHUYECKUH pacTBOp («Ku3HB
6e3 xpoBu» . bopema) mociyxuia TOTdKoM Uit Oyp-
HOTO Pa3BHUTHUS TaKOTO METOJA JICUCHHUS Kak rumepoda-
pudeckas okcureranus (I'bO) [27,33], a 3amematormii
(arTUrnnokcnuecknit) 3¢pdexr 'O ObUT TONOXKEH B
OCHOBY ITOHUMAaHHUSI JIeueOHOrO NeUCTBUS THIIEPOKCUH
[10,27,29]. TlpaBoa «npu smom NOAYHULO ANPUOPU
cyocoenue 0 MoAHCOeCMBEHHOCTNU MeXAHU3MO8 Oeli-
CMBUsL KUCIOPOoOa Npu HOpMO- u cunepoapuuy [24].

OnHako, 4yem OoJibllie BHEIpsUIaCh THIepOapuye-
CKasi MEJIUIHA B KIIMHUYECKYFO IIPAKTHUKY TEM OOJIbIIe
nepe]] KIMHAUCTaAMU BO3HHKAJIO BOIPOCOB, Kacaro-
mmxcsl HaOIromaeMbIXx Ononorudeckux 3hGeKToB ru-
TIEPOKCUH, KOTOPbIE HE BO3MOXKHO OBUIO OOBSCHHUTH C
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MO3UINH TEOPUH « CBEPXHACHIIIEHNSD) OPTraHU3Ma KHC-
JIOPOJIOM. DTO B BO3MOXKHOCTH THOETM OOJILHOTO Opra-
HU3Ma BO Bpems ceanca ['bO [4,36,48], aTo u anmuTens-
HOe coxpaHeHwue eaeOHoro apdexra 'O B moctrume-
pokcmdeckoMm mepuoxae [28,32,37], B TOM Uucie u B
YCIOBUSIX BOSHUKHOBEHHS MOCTTHUIIEPOKCHIECKOW TI'H-
nokcuu [37,43]. dopmupoBaHHEe OTCPOYCHHOTO 3(-
¢dexra I'bO [28,43], monumopdusm pazHOHAINpaBiIeH-
HBIX H3MEHEHHH B OKCHUT€HHPOBAHHOM OpTaHU3MeE
[26,46,47], rumepokcudveckas TUiIaTaIMs JIETOYHBIX
cocynos [40], pedpakTepHOCTh K runepokcuu [39], ru-
MEepOKCHUYECKOe MPEKOHANLIINOHUPOBaHME [45]- BcE 31O
HE BO3MOXHO OOBSICHUTP C IMOZUINHA (PH3UKO-XHUMUIE-
CKOH Teopuu rurepOapuIeckoil MeAUIIHEI, BIPOUYEM,
KaK U C TO3UIIIA TeoprH 001mer3nonornaeckoro-o0-
MIETOKCHYECKOT0 AeHCTBHs Kucaopoma [15,16].

[ombITKH «OOPOTBCA» C TOKCHYSCKUMH CBOIi-
CTBaMH KHCIIOpOJa Ha3HAYEHHEM aHTHOKCHIAHTOB
[34], moucku cnenuanbHbIX mpemnapaTtoB [11,31], HU K
yeMy He MIPUBEJH, a TOJBKO 3aBENIH HCClIeAoBaTeNeH B
Tymuk. Oxaszanoch OeclepCreKTUBHBIM —IpHIaHNe
I'BO;, cBolicTBa (hapmakonoruueckoro arenta [33] ndo
Cpa3y BO3HHKAJI BOIPOC O TOM, YTO CUUTATh PELEHTO-
pamu I'BO2 B opranusme, U Kak pacCUUTaTh «IIpaBUIb-
Hyto» 103y I'BO. [Tocneanee B HacTos1IEE BpeMs SIBJIS-
eTcsi 00bEKTOM IIMPOKOH NUCKYCCHH B HAYYHOH JINTE-
patype u che€3nax cnenuanuctos no I'bO [15,29,36].

AHanu3 Hay4yHBIX paboOT IO paccMaTpUBaEMOM
npoOJieMe MOKa3bIBaeT, YTO HAYMHAsl CO BTOPOH IOJI0-
BUHBI XX BEKa, HEKOTOPbIE UCCIIEI0BATENIN CTAIU IIPU-
XOJUTb K MBICIIH O HEBO3MOXKHOCTH OOBSCHHUTH JieueO-
HbIH 9P PEeKT runepoKCum TOIBKO aHTUTUIIOKCHYECKUM
nerictBueM ['6O2. C 3TUX MO3UIMIA ObLITH HETIOHSATHBI
pa3NUYHbIC peaKIMy OPTraHU3MOB C OJJTUHAKOBOM CTeTe-
HBIO TMITOKCUH Ha O/IMH U TOT ke pexkuM I'BO. Onako,
Janbllle KOHCTATalluH, TMOJyYCHHBIX B SKCIEPHMEHTE
WM 0OHAapyXEHHBIX NPH KIMHUYECKOM HCIIOJIb30Ba-
aun ['BO, dakroB meno He muro. HyxxHa Obla HOBast
KOHILETIIIUS, JAIOIiasi OTBETHl Ha IOCTABJICHHbBIE BO-
MPOCHI, HO, ISl TOTO TPeOOBAJIOCH YCTAHOBHUTH EPBO-
MPUYHHY TOW JIOTHYECKOH OIMOKH Ha KOTOPOH CTPOU-
Jack (PU3UKO-XUMUYECKasi TEOPHSI «CBEPXHACBIIICHHSD
OpraHu3Ma KHCJIOPOIOM, KOTopasi, TeM HE MEHee I10JI-
HOCTBIO coryacyercsi ¢ (PU3MYECKHMH 3aKOHAMHU pac-
TBOPEHMS Ta30B B XUAKOCTH [24]. lns pereHus 3Toi
mpobaeMbl TpeboBaJIOCh TIIATENHHO MPOAHAIUZUPO-
BaTh NCTOPUUYECKHUN X0/1 HAYYHON MBICITH B TOHUMaHUH!
3¢ PeKTOB rHNepOaPUIECKOr0-THIIEPOKCHIECKOTO BO3-
JEWCTBHS Ha OPraHW3M M ONPEASIUTH OIMOKHU, MpH-
BE/IIIME K HEBEPHOMY TOJIKOBAHHMIO ITOJIYYaEeMbIX 3KC-
MEPUMEHTANBHBIX W KIMHHUYECKHX pPEe3yNbTaToB; H,
HaKoHell, pa3paboTaTbh TAaKyl0 METOAWYECKYIO0 0a3y
HKCIEPUMEHTA, KOTOPasi MMO3BOJIMIIA OBl B IIOJTHOW Mepe
BBISIBUTH M U3Y4YHUTh BCE MCTHHHBICE MEXaHU3MBI M103H-
TUBHOTO 1 HeraTuBHOTO BiHAHUA [ BO2 Ha 370pOBHIi 1
60116HOI opranu3M. VIMEeHHO Ha peleHnH 3TUX BOTIPO-
COB MOTJIO OBITH CPOPMHUPOBAHHOE HOBOE HAYIHOE MHU-
POBO33pEHHME, TAIOILYIO KITI0Y K TOHUMaHHIO BCeX Ono-
norndeckux 3¢ ¢exToB runepokcuu. OcraBasioch
TOJIbKO HATU TOTO y4y€HOro, KT0 3TUM 3aiiMércs. m
OKazajcsl coBeTCKMH maroduanoior npogeccop A.H.
JleoHos.

TmarenpHO TMPOaHANN3UPOBAB HCTOPHIO Pa3BH-
THA TUNepOapUIeCKO METUITMHBI B Poccuu, M3ydnB
paboOTBl PYCCKUX W 3apyOeKHBIX Bpaued, 3aHUMaB-
mmxcs B 3Toit obnactu, A.H. JleoHOB mpumén x ciemxy-
IOIIIEMY BBIBOJTY, UTO TJIABHOM NMPHYUHON HECTIOCOOHO-
CTH, CYIIECTBOBABIINX KO BTOPOii mooBrHEe XX Beka,
Teopuil runepoapuYecKoil MEIUIIMHBI OOBSCHUTD «HE-
nousiTHele 3ddextsl '6O2» wnm HeBepHas, ¢ TOYKU
3pEeHUs JIOTUKH, TPAKTOBKA KaK HETaTUBHBIX, TaK U I0-
3UTHBHBIX 3(Q(QEKTOB TUIIEPOKCHUH, OKa3ajach OaHaib-
HOE HECcOONIOJeHHWEe TeX NPHUHLUIOB, Ha KOTOPBIX
JIOJDKHA CTPOMTCS JIt00asi OMOJI0THYecKast TEOpHsl: OT-
pakaTh 0o0LIME 3aKOHOMEPHOCTH PA3BUTHS TOTO WIIH
WHOTO SIBJICHUS IPUPOJBL. FIcX0ns U3 3TOro B MOCTPO-
eanu Teopun [ BO OKHBI yIUTHIBaThCS YHHBEPCAIIb-
HBIE 3aKOHOMEPHOCTH MPO(HIAKTHIECKOTO, TEPaIeB-
THYECKOTO W TOKCHYECKOTO IEHCTBHSA KHCIOPOJA IOJ
MOBBIIICHHBIM JaBICHUEM HA OPTaHU3M, KacaroIuics,
IIpeXk/ie BCEro, afanTallid BHYTPUKICTOYHBIX CHCTEM
notpebnenus kuciaopoaa [24]. Beé ato ykassiBano Ha
HEOOXOAMMOCTh Pa3padOTKH HOBOT'O METO/O0JIOTHYe-
CKOT'O TOJIX0/a, OTPAXKAIOIETo, BOJIIOIMOHHOE BO3-
3peHUE Ha A/IalITOTEHHYIO POJIb KHCIIOpoa duocgepsl.
U 3TOT METOAO0IOrMUecKUil MOAX0, PAaCKPBIBAIOIINN
o01e 3aKOHOMEPHOCTH aJaNTalliy OpraHu3Ma K KHC-
JIOPOAHON cpelie, M ONpENeIsIoIe Peakui opra-
HHU3Ma Ha TUIIEPOKCHIO OBLI JeTasbHO pa3paboran A.H.
JleoHOBBIM MpU cOo3MaHUM UM B KOHIE 60-X ronoB XX
CTOJICTHS TIEPBBIX MOJ0XKEHUH aJanTanioHHO-MeTa0o-
JIMYECKOH KOHIENIMK THHepOapuvecKod KUCIOPOA-
Ho#t Tepanuu [17,18,19].

ITono6H0 V.M. Me4HUKOBY, CyMEBIIEMY «pa3riis-
JITb» B TeJIe MEIY3bl, IPU3HAKH HEU3BECTHOTO JI0 TOTO
BpeMEHHM OHOJIOTHUECKOTO SBIEHHS - (haronurosa,
A.H. JIeoHOB cymMen «3aMETUTh» TO, Ha 4TO JIpyTHe He
oOpaimany BHUMaHuA. [Ipexre Bcero, 3To TecHeHmast
B3aMMOCBSI3b HBOIOLMOHHOTO Ilepexoza dnocgeps! oT
OECKHCIIOPOHOTO K KHCIIOPOJHOMY THITy XXH3HU H
(bopMupoBaHUs Ha 3TOM (POHE CIIOXKHBIX PEaKIHi pH-
CIIOCOOJIeHNS )KMBOTHOTO MHPa K HAPACTAIOIIEMY /1aB-
JleHuto kuciopoa [22]. B pesynbrare atoro «Kucno-
PpOO mpedcman KAk ecmecmeeHHbulll adanmo2eHHblll
gaxmop, npedxcde 6cezo 8 nocmpoenuu memaboaute-
ckux cucmem. Hauas ceoii nymo ¢ pexoncmpyKyuu
buocgepvl Kax namoee,, KUCIOPOO NPeSPAMUICH 8
MOWHDBIL a0anpmozeH, npeoodpazosasuiuli O6UOOUHA-
MUKY KIemKU Ha yposHe eno- u cenomunay [24]. 9t1o
JIaJI0 MIPaBO FOBOPUTH O TOM, 4YTO npH Aeiicteuu 'O,
Ha OPTaHM3M B ITOCIIEAHEM MPOUCXOIUT MOOMIN3AIIHS,
c(OPMHUPOBABIINXCS M 3aKPENUBIIUXCS B IpoOIecce
9BOJIIOLIUH, PEAKINH aIaNTaliy K IIOBBIIICHHOMY 1aB-
JeHuto kucinopoja. UMeHHO ¢ 3TH mo3uuMii u cie-
AyeT paccMaTpUBaTh MeXaHU3MBbI Kak JieyeOHOro,
TaK M NMAaTOreHHOro BO3/elCTBHS THUIEPOKCHH Ha
OpraHusMm.

PazpaboTtka A.H. JleoHOBBIM mOOXKEHHUS 00 00-
IIUX 3aKOHOMEPHOCTSIX aJaNTaliy OpraHu3Ma K KHc-
nopoanoi cpene [19,20,22,25], mo3BoiuiI0 emMy BbIje-
JIUTH TPU CTAJNU PA3BUTHS TMIIEPOKCHYECKUX U TOCT-
THIIEPOKCHYECKHUX COCTOSTHUH (puc. 1)
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Puc.1 Cxema euneprcuueckux u nocmeunepoxcuyeckux cocmosinuti no A.H. Jleonogy [26]

VX BbIIeNeHHE UMEeT Ba)KHOE 3HAYEeHHE KaK IS
KIIMHUKH, TaK U IS CIICNMATNCTOB N3yYaronINX MeXa-
HHU3MBI JIe4eOHOTO M TOKCHYECKOTO BIMSHUS THIIEPOK-
CHCH Ha OPTaHU3M, TOCKOJIBbKY IMEHHO B a/IallTaIllHOH-
"yt ctaauto 'O, «gvizvieaem modbunuzayuio ynxyu-
OHANLHO-MEMADONUYECKUX, Mopogozenemureckux
pesepsos,  co30arouux NOMeHyuas 6vi300pP0GIeHUs
(canozenes), onpeoensouux 0CHO8Y KIUHUYECKO20 pe-
synomama 1’50 [24]. IMeHHO B 3Ty CTaUIO 3aIlyCKa-
I0TCS. MEXaHHM3MBI, JETEPMHUHUpYIOIIKE (OPMUPOBA-
HHUE MMOCTIHIIEPOKCUYECKOro cocTostHus [26,38] u a¢-
(hexTsl THIEPOKCHYECKOro mnocieneicTeus [26,43].
JUTMTeNnbHOCTD aJlalTallMOHHON CTa K THUIIEPOKCHYE-
CKOTO CaHOT€HE3a HaXOAWTCS B IIPSIMON 3aBUCHMOCTH

HPEKJIE BCETO OT «MemadoIuyecKkoll akmusHocmu Kie-
MOK, ORPeOensIouuUx Ux PYHKYUOHANLHOE COCIOIHUEY
[17].

CymiecTByeT oOpaTHast 3aBUCHMOCTD CTEIICHH JIe-
yeOHOTO 3¢dekra 'BO oT mmuTenpHOCTH TpeArHIie-
POKCHYECKOTO MEpPHO/a, YTO XOPOIIO BHIHO Ha NPH-
Mepe BBDKHMBAEMOCTH >KMBOTHBIX C OCTPOH HEBO3MeE-
méHHoi kposomnorepeit (OK), momyuusmmx I'BO B
pa3Hble CPOKM IIOCTT€MOpPPAaru4eckoro mepuojia
(puc.2). Kax BunHO U3 puc.2, ¢ yAIHMHEHHUEM BpPEMEHU
HPEArUIePOKCHUECKOT0 IEPHO/Ia CHIXKAJICS JieueOHbIH
sapdexr I'BO,.
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? O 2yg

40 111 f; l"’/’ 4 4yq
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Puc.2 Buisicusaemocmso kpuvic (camyul, 240 2) nocie ocmpotii kposonomepu (OK) 6 3asucumocmu om Orumensho-
cmu npedeunepokcuyeckozo nepuoda OK — evizvisanace kpogonyckanuem uz beopennou apmepuu 00 AI 40-50
mm pm cm 8 06véme 1 % maccor scusomnoeo; I'BO (3 ama. 50 mun, 1 ceanc) coomeememeenno cpasy nocie
0CmaHo6Ku Kpogomeuenus, yepes 2 u 4 uaca.
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ITosTomy Bblaenenne A.H. JIeoHOBBIM cTaguiiHO-
CTH aJanTaliy OPraHu3Ma K THIIEPOKCUH IPEIOTIpeae-
JWUIO0 CO3JaHHE KOHLENIHUH «IIOJrOTOBKH OONBHOTO
opraam3Mma BocupuHuMaTh [ BO,, kak nedeOHbIH pak-
Top» [42]. E€ mpu3Hanue MMeeT BaKHOE 3HAUCHHE IS
noBeimeHns 3¢ dexruBHoctn 'BO Tepamuu B cirydae
JUIMTEJIBHOTO TPEATUIEPOKCHYECKOTO IIepHoJa, YTO
MPUBOAMT K UCTOLIEHUIO CUCTEM aHTHOKCHAAHTHOM 3a-
IIUTHl ¥ CHIDKEHUIO €CTECTBEHHOTO CAaHOTEHHOTO IO-
TEHLIMaJa TeX OMOJIOTMYECKUX CHCTEM OpraHu3Ma, KO-
TOpBIE CIIOCOOCTBYIOT TPOSIBICHHIO Je4eOHOro 3¢-
¢exra T'BO. Hanpumep, Bocmonnenne OLK
KPHUCTAJUIONAHBIMH PAacTBOpaMM TIPH TeMOpparude-
CKOM LIOKE BBI3BAaHHBIM MMHHO-B3PBIBHON TpaBMOMH
nepen ceancamMu ['BO cmocoOGCTBOBaNO MaKCHMAalb-
HOMY TIPOSIBJICHHIO JICYeOHOTO 3 PeKTa THIIEPOKCHH,
toraa kak 'bO Ha (poHE HEMMKBUANPOBAHHOH THIIOBO-
JEMUH YCHJIMBAJa MAaTOJOTWYECKHE IIPOIECCHl y pa-
HeHHbIX [4]. IIpuumHON TOMY SIBHJIOCH, BBI3BAHHOE
MAacCCUBHOM KpOBOIIOTEpEHd U HE KOMIICHCHUPOBAHHOE
BHYTPEHHEH IeMOJUIIOLUEH, KPUTUUECKOE CHIXKEHUE
00BéMa MIa3sMBl KPOBH, KOTOpas, KaK M3BECTHO
[10,18], ecTh «ryiaBHBIH OOBEKT» CBEPXHACHIIICHHUS
KpoBH B ycinoBusax I'BO.

B mponecce pa3paboTku agantannoHHO-MeTa0o-
JIMYECKOW KOHIENIHMH THUnepOapuuecKol KHCIOpOa-
Holt Tepanuu A.H. JleoHOBBIM OBLTH BIiepBEIE CHOPMY-
JMPOBAHBI TIOJIOKEHNUS O TPEX MYCKOBBIX MEXaHU3MAaX

601 MM pT et

TUTIEPOKCHUYECKOTO BO3IEUCTBUS Ha KIeTKy. K HuM OoT-
HOCSTCSA TIpsIMOE (BKJIIOUEHHE KHCIOpOJa B 3JIEK-
TPOHHO-TPAHCIOPTHBIE IETTH MHUTOXOHAPHUH W 3HIO-
IUIa3MaTHIECKOTO PETHKYITyMa), OTIOCPEIOBaHHOE (de-
pe3  cBOOOmHBIE  pamuKanbl ~ OMOMOJNEKYlT H|
COTIPSDKEHHBIE METa0OJIMYECKUE MyTH) U pedIieKTop-
Hble (4epe3 peuentopsl) Bo3aeiictBue 'O, Ha opra-
Hu3M. VM ke Oblia npeyioxKeHa nepeas naTopu3noso-
rudyeckas Kiaccu(uKanus MEXaHW3MOB JEHCTBUS
I'bO> Ha opranusm [18,19].

Cienyet OTMETHTb, YTO CO3/[aHUE aJanTallHOHHO-
METabOJIMUECKON KOHLEIINU THIIepOapHIecKol Kuc-
nmopoxHo#t Teparmu [17,18,19], e€ tpanchopmupoa-
HUe B Teopuro [20,22], a 3aTeM B YICHHE O TUTIEPOKCH-
4ecKoM caHoreHese [23,24,25], craimo BO3MOXHBIM
Onaromapst TpaMOTHO BBICTPOSHHOW METOJHKH KCIIe-
PUMEHTANIBHBIX HCCIEIOBaHUN B 1a0OpaTOpHH, PYKO-
BOAMMOW MM Kaeapbl MaTOIOTHIECKOH (PH3HOIOTHH
BOpOHEKCKOTO MEAMIIMHCKOTO HMHCTUTYTa. MM OB
TPEAIONKECH U YCTICHIHO HpI/IMeHéH €ro yYeHUKaMu Me-
TOA NapajuICJIbHO-CPABHUTCIIbHOTO U3YUYCHU S BJIUAHUA
THIIEPOKCUH Ha (DYHKIIMOHAIBHO-METa0OIHMYECKUE CH-
CTeMbl M MOP()OTeHETHYECKYID OCHOBY OpraHH3Ma.
CyTs ero cocTosuia B TOM, YTO OJMH U TOT XK€ PEXUM
I'BO uccnenoBacs kKak Ha 3OPOBOM, TaK U OOJIHLHOM
XHUBOTHOM. IIpm 3TOM 00BEKTOM HCCieOBaHUS OBII
OJIVH M TO K€ OpTraH, TKaHb, (pu3noiorndeckast QyHK-
st WM (pyHKIHMOHANIBHAS CHCTEMA OPraHU3Ma.

I pyrre! #MEBOTHBIX

et L LAl it al s Lol sl s Al
$442029999944490000000028

-
Lid

Puc. 3 Peaxyus pO2 mxanu Kopvl OOIbUUX NOIYUAPULL 20]I08HO20 MO32d 300POBLIX KPLIC NPU KKUCIOPOO HOU

npobey Ilo ocu abcyucc- seruyuna pO2 Kopwvl 20106H020 MO32a Kpbic, 1o ocu opounam pacnpedenenue epynn

JHCUBOMHBIX RO MUNAM PEASUPOBAHUSL HA 2UNEPOKCUIo: 1 epynna- adanmueHsil mun peacuposanus, 2 epynna-
caabwiil mun peacuposanus, 3 epynna- apeakmuguwiii mun. Ilo mamepuanam [48].

Ocoboro BHHMaHHE 3aCIIy)KMBAIOT JKCIIEPHU-
MeHTHI ero yueHnkos B.M. Ceposa u B.A. bapcykoBa

(1980), noxazaBmIMX B 3KCIIEPUMEHTE Ha KpbIcax, Cy-
1IeCTBOBaHNE (PMIIOTEHETHIECKH IETEPMHUHUPOBAHHOMN
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Pa3IMYHON YyBCTBUTEILHOCTH )KUBOTHBIX K CBEPHACHI-
IMIEHUIO MX KHUCJIOPOAOM, KOTOPAask ONPENEseT MPOsiB-
neHue JiedeOHoro d((deKTa TUMEPOKCHH B YCIOBHUSAX
naronoruu [48]. g sToro mMu BHavane ObLTa H3y-
YeHa M3MEHEHUS HanpsDKeHns Kucioposa (pO2) B Kope
Oonpmux norymapuii romosaoro mosra (BIII'M) B ot-
BET Ha «KUCIOPOJHYIO poOy» (10 MuHyTHOE MpEedbI-
BaHHE B YCIOBUSIX HOpMOoOapuueckoil runepokcun). B
pe3ysbTaTe ObUIO BBISIBICHBI TPU THIIA PEAKLUH Opra-
HHU3Ma Ha runepokcuio (puc.3). Y oJHHX >KUBOTHBIX
yBenuueHnue pO, B kope BIII'M B 2 pa3za npesbliano
UCXOJHBIN YpOBEHb. TaKO! TUI PeaKUUU HA FUIEPOK-
CHIO aBTOPBHI Ha3BAIH AIaNTHBHBIM. Y IPYTHX )KHUBOT-
HBIX ipupocT pO2 cocTaBmi Toasko 10-15 M pt cT. OTH

KHMBOTHBIC OBUIM BBIJICNICHBI B TPYIITY CO CIa0bIM TH-
TIOM aJanTaliy K TMIepoKcuu. Y HakoHel| oKa3anach
HeOOMbIIas TPYIIA KUBOTHBIX y KOTOPBIX HE NPOMC-
xoamio m3mereHuit pO, B kope BIII'M Bo BpeMs «kwuc-
JIOPOTHOM TPOOBI». DTY TPYIITY MBI OTHECEM K apeak-
TUBHOMY THIIy pearnpoBaHus Ha runepokcuio. Korma
)K€ Yy )KUBOTHBIX BCeX TPEX IpyIm ObLJI CMOAEIUPOBaH
reMOpparuieckiii MoK KPOBOIYCKaHUEM M3 OeApeH-
HOM apTepHuu O CKOPOCTHIO 1% Macchl >KUBOTHOTO JI0
noctrxeHus BeamuuHsl A/l 50-60 MM pt. ct. (50% uc-
XOJ/IHOTO), TO TOCJEYIOIIee OJHOKPAaTHOE IpHMEHe-
nue ['bO (3 ata, 60 muH) BeIsIBIIIO crieaymomiee (puc.4).

pO2 ==Cmmpynna =O==2 rpymna

2;<0T- .; rpynna 02 rpynna 120 - 3 rpynna
. MJi/lOO I /MMH 100 {MM pPT €T
80 -
150 A 60 -
100 - 40
50 A 20 A
O r r . O T T T 1
HOpMa LIOK I'BO ri Hopma mok I'BO  III'TI
OBII
80 -
MB
60 o
40 |
20 A
’ | g I'bO | IIT'TI |
-20 4 HOopMma IHKA
-40 -

Puc 4. Hanpsocenue xuciopooa (pO2), okuciumenvro-goccmanogumensruvii nomernyuan (OBI)
kposomok (KT) 6 bonvuiux nonyuapus 20108H020 M032a Kpblc npu cemoppacudeckom woxe u I'bO.
Ilo mamepuanam [48]

1 epynna — adexeammuwiti mun peazupoganusi; 2 epynna — ci1abwvliti mun peazupoeanusi;

3 epynna — apeakmugnbiii mun peacupo8aHus Ha «KUCIOPOOHYIO NPOOY»

VY XKMBOTHBIX C a/IeKBaTHBIM THIIOM PEaKINH YKe
MIPY BEHTWIAIHN OapoKaMephl IPOUCXOIMIIO yBeIH4e-
Hue pO2 ¥ OKUCIHUTENFHO-BOCCTAHOBUTEIFHOTO TOTEH-
mana (OBIT), kotopsriii ¢ +13 MB npu moke yBennun-
BaJICs Ha BBICOTE JIeueHus a0 +58 MB, a mocie nexom-
npeccuu cHuxkazucs 1o +46 mMB. Mo3roeoil kpoBOTOK
nocjue AeKOMIPECCHH COCTABISL 55% UCXOAHOM Benu-
ynHbl (puc.4). [Iporuo3 aist )Ku3H" y KUBOTHBIX 3TOH
TpYIIBI OKa3aJcsl OJIaronpusSTHBIM. Y >KHBOTHBIX CO
CITa0BIM THUIIOM pEarupoBaHUS B YCIOBHAX IIOKA CHH-

xanuch pO2, Mo3roBoii kpoBoTok 1 OBII, npuaém mo-
cieganii 1o —8 MB. B ycnoBusax I'BO Bemmanna pO2
MpOJI0JIKaNIa CHIKAThCs, ogHako OBII yBenmuucs 1o
+34MB, npeBbliIas UCXOAHBIN yPOBEHb MOCIE JEKOM-
npeccun Ha +14 MB. CoBceM nHast kapTUHA BBISIBIEHA
y )KUBOTHBIX C apE€aKTUBHBIM THUIIOM PEaKIMM Ha THUIle-
pokcuro. B mpornecce pa3BUTHA I0Ka y HUX OTMEYEHO
cHkeHue B 4 pasa pO2 u xpoBoroka, a OBII cHmxa-
Joch 10 —22 MB. Mano toro B ycinoBusax I'bO npozgo:n-
XKasock mporpeccupytomee cHkenne OBII mo —31
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MB (puc.4). HecirygaifHO 9acTh KMBOTHBIX ITOTHOAIHN
yke B 0apokamepe, a OCTaJIbHBIE ITOCIIE JEKOMIIPECCHH.

W3BecTHO, YTO OKHCIUTEIHFHO-BOCCTAHOBUTEIIH-
HBIE TIPEBpAIleHIsI B TKAHAX CBSI3aHBI C IEPEHOCOM
3JIEKTPOHOB MEKAY MOJICKYJIaMH ¥ HOHAMH C OJTHOBPE-
MEHHBIM M3MEHEHHEM HX 3apsanoB. [lockompky oTaaga
U TIPUCOEAMHEHHE AIEKTPOHOB MPOUCXOSAT OJHOBpE-
MEHHO, TNPOLECCHl HX MEXMOJEKYISIpPHOH mHepenayu
Ha3bIBAIOT OKUCIUTEIHbHO-BOCCTAHOBUTEIHHBIMU MPO-
neccamu. [Ipu mocTosiHHO# CKOpOCTH MepedpPOCKH BO-
JIopoJia U 3JEKTPOHOB LEMbIO OKUCIUTEIHHO-BOCCTA-
HOBHUTENBHBIX epmenToB: HAJI/HAJTH, ®AJI/OAJTH
U OIUTOXPOMOB MEXKIy KOHIICHTPAIHAMHU OKUCITUTEIh-
HBIX ¥ BOCCTAHOBUTEIBHBIX POPM (PEpMEHTOB B KIICTKE
yCTaHaBIMBaeTCS TUHAMUYECKOE DPaBHOBECHE, KOTO-
poe  XapakTepu3yeTcsi ONPENCIEHHON BEIMYMHOU
OBII. IIpu runokcuu, KOTAa MPOUCXOTUT 3aMEIICHUE
TpancnopTa H 1 € B AbIXaTebHOM Ieny ¥ HaKOTUIe-
HHE BOCCTaHOBJICHHBIX (hopM coenuneHuid, To OBII B
TKaHAX CHIDKaeTcs. OTO CBS3aHO KaK C YTHETCHHEM
MIPOIIECCOB OKUCIICHUS BCIIEJCTBHE HEOCTaTKa KUCIIO-
pola M HapyLICHHS KaTalUTHYECKOW CIIOCOOHOCTH
OKHCJINTEbHO-BOCCTAHOBUTEIBHBIX (DEPMEHTOB, TaK U
C aKTHBAIMEH IIPOLIECCOB BOCCTAHOBIICHUS B XOJI€ TJIH-
konuza. @opmupoBanue OBII gerepMuHUpPOBaHO CO-
psHKEHHOM pabOTOH ONpeneIéHHOr0 KOTndecTBa OHo-
xumudecknx peaknuii [30]. B cBoro ouepens, GpyHKITH-
OHaJbHAs TMOJHONEHHOCTb OSTHUX peaKkuud i
BEITIOJTHEHHUA o00meil pabotel mo co3manmio OBII
KJIETKA B HOPME U MPH aJanTaluu K JEHCTBUIO Ype3-
BBIUAITHOTO pa3ipa)kKUTeNsl AeTePMUHUPOBAHA TCHETHU-
YECKH, B BUJIE, 3AJI0KCHHON B FeHOME MH(OPMAIHHU O
KaXJIOM (epMeHTe, KaTalu3UPYIOIIEM KOHKPETHYIO

OnoxuMuueckyro peaknuio. IlosTomy skcmepumeH-
TaNbHBIC JaHHEIE, momydeHnbie B.J1. CepoBbiM n B.A.
BapcykoBsIM [], TO3BOJISIIOT TOBOPHUTE 00 y4acTHH Te-
HOMa KJICTKH HE TOJBKO B TMIIEPOKCHYECKOM CaHOTE-
He3e [24,44], HO u OPMHUPOBAHNH WHIMBHIYaJHHOMN
qyBCTBUTEIHHOCTH OPTraHN3Ma CBEPXHACHIIICHHIO KHC-
JIOPOJIOM Kak B HOPME, TaK M B YCJIOBHUSX MATOJOTHH.
U3 skcnepumentoB B.U. CepoBa u B.A. bapcykosa
BBITEKAIOT OYEHb BAKHBIX C TEOPETUUECKOM M MPAKTH-
YEeCKOW TOUEK 3PEHHS BBIBOJIBL:

Bo-niepBbIX, B MOMYJISIIUSAX BBICHINX )KUBOTHBIX (B
TOM YHCJE M 4YeJIOBEKa) CYIIECTBYET ONpeNes€HHAs
rpymnma ocobeit He cmocoOHast BocrpuHHMaTh 1'BO>
KaK JIedeOHBIH (haKTOp MPH MATOJIOTHH.

Bo-BTOpBIX, HaNMUYKE B UETOBEYECKOM MOMYIIALUN
WHIUBHUIYYMOB C apCaKTUBHBIM THIIOM PEAKIIH HA I'H-
MIEPOKCHIO, TIO3BOJIIET MOHATh NpUIHHYy Hed(pdekTns-
Hocti I'BO Tepammu mpu OOBEKTHBHO OXHIAEMOM
nposiBiieHuH steueonoro aeicteus ['6O;.

B-Tperpux, ecTh HEO0OXOJMMOCTH JETAIBLHOTO
W3y4YCHUS] TIPUYUH ITOM apeKTHBHOCTH M pa3pabOTKH
METOA0B, U CHOCO6OB HX BBIABJICHUSA, U MPCOJOJICHUA
(MOXET MyTEM «TMIEPOKCHUYECKHX TPEHHUPOBOK» HH-
nuBHIa?)

ITockonbKy aHaJIOTHYHbIE pe3yIbTaTaM HCCIIEN0-
Banus B.U. CepoBa u B.A. BapcykoBa , 6pun momy-
yeHbl B.A. Ky3He0BbIM Npy aHaJIOTMYHOM NAaTOJIOTUU
IIPU UCCIIEJOBAaHUU KHCIIOPOIAHOTO PEKMMa U KPOBO-
TOKa B CKEJIETHBIX MbIIIIAX [14], TO NepCIEKTUBHOCTD
Hay4YHOI'0 HalpaBJICHUHU, YKa3aHHOT'O BBIIIEC, SABJIACTCA
BIIOJIHC OLIYTUMBIM. HpHMeaneano, YTO UHAUBUOY-
abHasi YyBCTBUTEIHHOCTh K TUTIEPOKCUH Y JtoJeH ( 1o
W3MEHEHHI0O MUHYTHOTO 00BEMa KpOBOOOpaleHHs)
OBLTH OMUCAaHbI HAMHOTO To3/Hee [16].

B BIII'M O meyeHbL
%
1501 *
* *
100
) ﬂ ﬂ ﬂ
0 L
Nn.C. 1 2 3 4 5 6

Bpemst peiictBust 'O (dachr)

Puc.5 Codepoicanue c60600HbIX pAOUKATIO8 8 20I08HOM MO32€ U NEUEeHU KPbLC
6 ounamuxe I'5O-6o30eticmeus (3 ATA) [1]
BIIT'M- 6onvuue noaywapus 2onosnozo mosea, U.C. -ucxoonoe cocmosnue,
*(p<0,05) - oocmoseprocms paznuuuii N0 OMHOULEHUIO K UCXOOHOMY COCTROSIHUIO
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[TpuHOMT 3BOTIOIMOHHOTO AETEPMHUHU3MA, SBIIS-
I0Iuiics €MUHCTBEHHBIM HAYYHBIM NPHUHIIMIIOM ajarl-
TallMU KJIETKH W OPTaHU3Ma B yCIOBUSIX KHUCIOPOIHOMN
cpensl [22,23], u 3anmoxeHasiit A.H. JIeoHOBBIM B yue-
HHE O THUIEPOKCHIECKOM CAHOTEHE3€ HAaéT BO3MOX-
HOCTh TOHMMAaHHMS BCEX MPOOJIEM B3aMMOOTHOILICHUS
OpraHu3M- THIepOapu4ecKuii Kuciaopoa. B wactHocTy,
Bonpoca o TokcuuHoctd ['bO2, C mo3unuit 1eoHOB-
ckoro ydenus: TokcndHocts ['BO2 He ecTb cnencrue
MepBUYHOI aKTUBALIMY paIKao0pa30BaHUs B KIIETKE,
a (pYHKIMOHAIILHOM HETOJHOLEHHOCTHIO (B PEe3yJib-
TaTe HapyILICHHs, UCTOILCHNS) aHTHOKCUIAHTHBIX pe-
aKIui, cOPMHUPOBABIINXCS B OPTaHU3ME B IPOIIECCE
SBOJIIOIHOHHOTO TIpeoOpa3oBaHus Omochepsl u3 0e3
KHCJIOPOJHOW B KHCIOPOAHYIO cpexy obmranus. [Ipm
3TOM «aHTHOKCHIAHTHBIE PEaKIHH 3aIlUTHl OTCTaH-
BalOT HE TOJHKO HACTOAIIMI YPOBEHb XH3HH, HO U
YTBEpKIAIN B TPOIUIOM >KH3HECTIOCOOHOCTH a’3po0-
HBIX OPTaHM3MOB Ha Ka)kJIOH DBOJIIOI[IOHHOW CTYIEHU
MOBBIIICHHUSI KOHICHTPAIIMA aTMOC(HEPHOTO KHCIIO-
pona» [22]. C 3Tux NO3UIMH yKe MO-MHOMY paccMat-
pHBaeTcsi pojib CBOOOHBIX PaJNKAIOB KHCIOPOAA AJIs
KIeTKu [35].

OpHUM U3 JOKA3aTEIbCTB 3HAUNMOCTH aHTHOKCH-
JAHTHOM 3aIIWTHI KJIETKE B aJalTallid K THIEPOKCHHU

%
150

HOpMA

SIBISTIOTCS MccnenoBanns B.A. bapcykoBa o cooTHomIe-
HUW 00pa3oBaHUS CBOOOIHBIX paJUKaIOB B KOpE
BIII'M 1 neueHu B 3aBUCUMOCTH OT JUIMTEIBHOCTHU T'H-
nepokcud [ 1]. Kak BugHO U3 pHc.5, TKaHU MIIEKOIIHTA-
IOINX 00JaNaloT Pa3iIuYHON YCTOWYMBOCTBIO K ICH-
creuro ['bO2, 49ro ompenensercs WHANBHIYaIbHOM
0COOEHHOCTBIO UX AHTHOKCHJIAHTHBIX CHCTEM BBIIIEp-
KHMBaTh JUINTEIBHYIO THIIEPOKCHYECKYIO0 HarpysKy.
Crnenyer OTMETUTh, YTO AHTHOKCHIAHTHAs CHCTEMa
(unoreHeTn4ecKy 6oJiee MOJIOI0N TKaHH (KOopa rojoB-
HOT'O MO3r'a), B OTJINYUE OT aHAJTOTUYHON CUCTEMBI T1e-
YEeHU HE UCTOLIMIIACh B XO/€ 6-TH YacOBOTO JAEHCTBUS
T'BO2, Torma Kak B aHTHOKCHIAHTHAs 3alllUTa IEeYEHN
«JI0Manacek)» Ha 4-M 4Jace TMIEPOKCHYECKOTO BO3JCH-
CTBHSI.

CoBceM nHas KapTHHA BBEIPHCOBBIBACTCS B CIIydac
MpUMEeHeHHs1 OgHOKpaTHoro ceanca I'bO (3 ara. 60
MHH) y 340POBBIX XHBOTHBIX M IIPH OCTPOI KPOBOIIO-
tepu (OK) [2]. B nepeom ciyuae npumenenne I'BO He
BbI3bIBAJIO YBCJIMYCHNA YPOBHA CBO6OI[HLIX paaukKajioB
B kope BIII'M u neuyenu. Y xxuBotHbIX ceanc 'O OK
OIpaHMYHMBAJI CTUMYJIUPYIOIIEE BIMAHUE LIUPKYJIATOP-
HOW THIIOKCMU Ha paJuKallooOpa3oBaHUE B IEUCHH,
CTa0WIM3UPYsI €r0 Ha yPOBHE, COOTBETCTBYIOLIEM |
(aze pa3BUTH MATOJIOTHIECKOTO Tporecca (puc.6).

B BIII'M O neyenn

*

nillin

1 ¢aza OK 2 ¢paza OK OK+I'BO

3x+I'BO

Puc.6 Hsmenenue cooepaicanus c60000HbIX pAOUKALO8 8 OOLLUUX NOJYUAPUSIX 20]108H020 Mo32a (BIIT'M)
u nevenu kpuvic npu ocmpoit kposonomepe (OK) u I'BO (3 ama,40 mun) [2]
1 gpaza OK (30 munyma om nauana xpogonyckarnus. Tom yac nocne e2o OKOHUaHUS),

2 ¢aza OK (60+10 munyma om nauana KpOBONYCKAHUS NPU NOABLEHUU A2OHATLHO20 ObIXAHUS).
Kposonyckanue ocywecmensnu uz npasou apémuoil eenvl 6 006véme 2,8 % K ecy HcuUB0MHO20 CO CKOPOCMbIO
1% uepes kaosicovie 10 munym); 301c- 300posbie HCUGOMHbIE,

*(p<0,05) - odocmoseprocmb paznuuuii N0 OMHOWEHUIO K HOpMe

Yro kacaercsa BIII'M, To runepokcust He MpemnsT-
CTBOBaJla CHIDKEHHIO, MOBBIIEeHHOH B 1 ¢daze OK
YPOBHSI CBOOOJHBIX PaJNKaJIOB B MO3TOBOH TKaHH, K
70-ii MuMHYTE HOCTTHIEpOKcHdeckoro mepuona. Om-
HAaKO €CI HEOKCHTCHHPOBAHHBIE AHEMU3UPOBAHHEIC
KMBOTHBIE IOrubany B epsbie gack nocie OK, To ok-
CUT€HHUpOBaHHbIE ocTaBajuch xuBbl [2]. Ilpencras-
JIEHHbIE Pe3yJbTaThl HE TOJIBKO MOATBEPXKIAIOT 3aBH-
CHMOCTh peaKUuH (yHKIHOHAIbHO-META00INUECKUX

cucreM Ha ['BO oT uX cOCTOSHUS HAa MOMEHT OKCHTeE-
Hanuu [17,47], nemoHCTpUpyIOT criocodHocTh ['BO;
TOPMO3WTH TIOBBINIEHHOE paauKagooOpa3oBaHUE B
YCIIOBHUSX TATOJIOTUH, HO ¥ MTOKA3BIBAIOT pa3HOHATIPAB-
JIEHHOCTh aJalTUBHBIX W3MEHEHUH PEaKInii, perysu-
pYIOIIMX paguKagooOpa3oBaHue, B TKaHIX OOJHHOTO
OpraHu3Ma Mpu UX CBEPXHACHIILIEHUEM KHUCIOPOJIOM.
OnHuM U3 HaAEXHBIX KPUTEPHUEB KU3HEHHOCTH
MO00H HAYYHOTO YYCHHs SBISETCS HE TOJIBKO MOJ-
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KpEIUJICHHUE €ro MOJIOKEHUH MPAKTUKOM, HO U BO3MOX-
HOCTb €T0 JAJIbHEHIIEro pa3BUTHs Ha (JOHE HAKOILIE-
HUS HayJYHBIX ITAHHBIX, PACKPBITUS PaHEE HE H3BECT-
HBIX 3aKOHOMepHocTel. [IpumepoM ToMy sIBIISETCS CO-
3maHue TeopuH (yHKOHOHANBHBIX cucTteM [LK.
AHoxuHa, 0a3upyIOMeNcss Ha OCHOBHBIX ITOJIOKEHISIX
yuenus o HepsusMme H.I1. ITaBnosa.

JIeoHOBCKOE yueHHE O THIEPOKCUYECKOM CaHOIe-
He3e IMOJYYMWIo CBOE pa3BUTHE B OOBSICHEHUH Jieuel-
HBIX 3()(PEKTOB rUIIEpOKCHH B KIIMHUKE [3,36], mocTpo-
€HHMU KOHIEIIMHA MOCTTHIIEPOKCHYECKOTO COCTOSIHUS
[8,38,43], rumepokCHUEcCKOro MpPeKOHAUIMOHUPOBA-
HUs [41,45], MOMBITOK co37MaHMsI COOCTBEHHBIX KOH-
nenmuit euednoro neiicteus ['bO; [6,7]. Chopmymnu-
poBaHHOe 1 o6ocHOBaHHOE A.H. JIeOHOBBIM IpeacTaB-
JEHHE O  KHCIOpOJe, KaKk  YHHBEPCAIbHOM
9BOJIOLMOHHOM 3/IalITOTCHE, MO3BOJIMIIO ONPEAEIUTH
Takue creruduyeckne omonornaeckue 3pQexTsr ru-
MEPOKCUH, KaK THIEpPOKCHUYECKas AWIaTaius JEroy-
HBIX COCYJIOB M MOCTIHIIepoKcHdeckas runokcus [40].
Beinsunyroe A.H. JIeoHOBEIM B miporiecce popMHPO-
BaHUs a1alITAIIHOHHO-METa00IHYCCKOM TSCOPUH THIIEP-
GapryecKkoil KUCIOPOIHOM Tepamnuu MOJ0KEHUE O TO-
JICPaHTHOM aJanTaluy K TUIIEPOKCHH, TIOCITYXHIH OC-
HOBOM JUT pa3pabOTKH KOHLETIUH PePPaKTEPHOCTH K
THIICPOKCHH, KaK OIHOW M3 OMONOTHYECKHX peaKunit
OpTaHM3Ma Ha CBEPXHACHIICHAE KHCIOPOIOM, U OIIpe-
JENUTh TUTBL pedpakTepHOCTH [39]. ITO MMeeT Baxk-
HOE 3HAuCHHE B OLICHKE KpUTEPHEB d3PPEKTUBHOCTH U
HeappextuBHOCTH ['BO-Tepanuu, BhIOOpa pEXKUMOB
I'BO u moka3zanuii K NPOAJICHUIO WM MPEKpaIIeHUIO
OKCUTE€HOOapOTEpaITHH.

XoueTca HaAEAThCS, UYTO JICOHOBCKOE YYEHHUE O
THIIEPOKCUYECKOM CaHOTeHe3e OyIeT U Janblie ocTa-
BaTbCsl «PYKOBOJICTBOM K JICHCTBHIO» KaK CIICIHaJIN-
CTOB B 00JIacTH THNEpOApHIECKON MEAWIMHBI, TaK U
Bpadeil —runepOapucToB.
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Abstract
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Plants of the genus Salix (family Salicaceae) have long been used in traditional medicine and are promising
objects for study. They are sources of highly active natural compounds.
The aim is to determine the component composition of volatile compounds and organic acids of the raw

material of Salix argyracea E.L. Wolf.

The samples of Salix argyracea E.L. Wolf. shoots were collected in 2016-2017 years by the National botanical
garden named after M. M. Grishko National Academy of Sciences of Ukraine were analyzed on an Agilent Tech-
nologies 6890N chromatograph by the method of chromatography - mass spectrometry.

By the method of GC/MS 43 volatile compounds have been identified in Salix argyracea E.L. Wolf. shoots,
among them eugenol, geraniol and squalene prevail. There are also 39 carboxylic acids, and among aromatic acids
2-methoxybenzoic and salicylic acids dominate by their content.

The GC/MS study of the chemical composition of the raw material of Salix argyracea E.L. Wolf. gives the
possibility of improving methods for quality control of the raw material itself and medicines from it.

Keywords: Salix argyracea E.L. Wolf., GC/MS.

Willows - one of the largest genera of wood spe-
cies in temperate climate. It is believed that in the world
there are about 350-370 species. Of these, 23-25 spe-
cies are naturally growing in Ukraine. [10, .c.175; 11,
200 c.]. Plants of the Salix genus are the promising ob-
jects for study. They are the sources of highly active
natural compounds used in folk medicine for a long
time as anti-inflammatory, diuretic, antipyretic, disin-
fectant, haemostatic, astringent, sedative, wound heal-
ing, choleretic and antirheumatic drug for the treatment
of many diseases. Some species of the genus are offic-
inal in the European countries. [12, ¢. 520].

As a result of the research conducted at the De-
partment of Pharmacognosy of the National University
of Pharmacy the presence of phenolic glycosides, salic-
ylates, flavonoids, tannins (mainly condensed group),
coumarins, hydroxycinnamic acids[5, c. 27]., volatile
compounds[2, c. 468], polysaccharides, amino acids[3,
c. 53], higher fatty acids, macro- and microelements[1,
c. 61] in the raw material of the Salix genus (Salix
caprea L. [4, c. 209], S. purpurea L., [6, c. 53] S. vimi-
nalis L., S. triandra L. [3 c. 181], S. cinerea L. [2, c.
468], S. fragilis L. [6 c. 53], S. rosmarinifélia L., S. myr-
sinifolia Salisb., S. acutifolia L., S. nigricans Smith., S.
fragilis 'Bullata’, S. daphnoides Vill.,, S. incana
Schrank., S. sachalinensis F. Schmidt., S. caspica Pall.,
S. repens Gren., S. elaesagnos Scop., S. adenophylla
Hook., S. dasyclados Wimm., S. tenuifolia Turcz. ex E.
Wolf., S. alba 'Vitellina', S. alba 'Splendens' of the
Ukrainian flora) has been found. [7, ¢.106].

Salix argyracea E.L. Wolf.. (willow) is a low shrub

of the Salicaceae family. In nature, the species range co-
vers the south-eastern regions of Kazakhstan, Kyrgyzstan
and the Xinjiang Uygur Autonomous Region. Grows on
the banks of rivers. Shrubs to 5 m tall; bark gray. Branch-
lets yellowish to brown, glabrous, tomentulose when
young. Buds brown, ovoid, at first tomentulose, glabres-
cent. Stipules lanceolate or ovate-lanceolate, caducous;
petiole brown, 5-10 mm, tomentose; leaf blade obovate,
oblong-obovate, rarely oblong-lanceolate or broadly lan-
ceolate, 4-10 x 1.5-2 cm, abaxially densely tomentose,
shiny, adaxially green, glabrous, base cuneate, margin
glandular serrulate, apex shortly acuminate, when young
gray tomentose; lateral veins 8-18 each side of brownish
midvein. Flowering precocious. Male catkin ca. 2 cm, sub-
sessile; bracts black, ovate, densely long gray pubescent,
apex acute or slightly obtuse. Male flower: gland adaxial;
stamens 2, distinct, glabrous; anthers ovoid, apex obtuse.
Female catkin 2-4 cm, shortly pedunculate, elongate in
fruit; bracts as in male catkin. Female flower: gland adax-
ial; ovary ovoid-conical, densely gray tomentose, subses-
sile; style brown, ca. 1 mm; stigma ca. as long as style,
lobes diverging. [8, 307 c.].

The aim of our work was to determine the compo-
nent composition of volatile compounds and organic
acids of the raw material of Salix argyracea E.L. Wolf.

The objects of research were samples of Salix ar-
gyracea E.L. Wolf. shoots were collected in 2016-2017
years by the National botanical garden named after M.
M. Grishko National Academy of Sciences of Ukraine.

The chromatography - mass spectrometry study
of the raw material was conducted on an Agilent
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Technologies 6890N chromatograph with a mass
spectrometric detector 5973N by the method [9, c.
1106; 13, c. 26; 14, ¢ 61]. To determine organic and
phenolcarboxylic acids the internal standard (50 pg
of tridecane dissolved in hexane) and 1.0 ml of the
methylating agent (14% BCI3 in methanol Supelco
3-3033) were added to 0.05 g of the dried plant raw
material in a 2 ml vial. The mixture was kept in a
sealed vial for 8 h at the temperature of 65°C. During
this period the exhaustive extraction of the plant ma-
terial, hydrolysis and methylation of fatty acids took
place. At the same time free organic and phenolcar-
boxylic acids were methylated. The reaction mixture
was decanted from the precipitate of the plant mate-
rial and diluted with 1 ml of distilled water. To ex-
tract methyl esters of organic acids 0.2 ml of meth-
ylene chloride was added, gently shaken for an hour,
and the resulting extract of methyl esters of organic
acids was chromatographed on an Agilent Technol-
ogies 6890N chromatograph with a mass spectromet-
ric detector 5973N. The sample injection into the
chromatographic column was carried out in the split-
less mode, and the rate of the sample injection was
1.2 ml/min for 0.2 min. The conditions of determina-
tion were as follows: the INNOWAX chromato-
graphic capillary column with the length of 30 m and
the internal diameter of 0.25 mm was used; the car-
rier gas was helium; the flow rate of the carrier gas
was 1.2 ml/min; the temperature of the sample injec-
tion heater was 250°C; the thermostat temperature
was programmed from 50°C to 250°C at the rate of
4°C/min; the detector temperature was 250°C.

To obtain the essential oil the method allowing to
isolate it from a small amount of the plant material was
used [9, c. 1106; 13, c. 26; 14, ¢ 61]. For distillation 22
ml “Agilent” vials (part number 5183-4536) with open
lids and silicone seal were used. The study of volatile
compounds was also performed by GC/MS on an Ag-
ilent Technologies 6890 chromatograph with a mass
spectrometric detector 5973 using the DB-5 capillary
column with the internal diameter of 0.25 mm and the
length of 30 m; the rate of the sample injection was 1.2
ml/min for 0.2 min; the flow rate of the carrier gas (he-
lium) was 1.2 ml/min; the temperature of the sample
injection heater was 250°C; the thermostat temperature
was from 50°C to 320°C at the rate of 4°C/min. The
following procedure was used. A weighed quantity of

the material (0.5 g) was placed in a 20 ml vial, and the
internal standard was added. As an internal standard
tridecane in the amount of 50 ug per a sample weight
was used with the subsequent calculation of the con-
centration of the internal standard obtained, which was
then used for calculations. To the sample 10 ml of water
was added, and the volatile compounds of the sample
were distilled from it with water vapor for 2 h at reflux
using an air refrigerator. In the process of distillation
the volatile substances were adsorbed on the inner sur-
face of the reflux condenser. After cooling the system
the adsorbed substances were washed by gradually add-
ing 3 ml of extra-pure grade pentane in a 10 ml dry vial.
The washing was concentrated by purge (100 ml/min)
of ultrapure nitrogen to the residual volume of 10 ul of
the extract completely taken by a chromatographic sy-
ringe. Further concentration of the sample was carried
out in the syringe to the volume of 2 pl. The sample
injection into the chromatographic column was carried
out in the splitless mode, i.e. without the flow separa-
tion, and it allowed introducing the sample without the
loss to splitting and significantly (in 10-20 times) in-
creasing the sensitivity of the chromatographic method.
To identify components the NIST05 and WILEY 2007
mass spectra library with the total number of spectra
more than 470000 was used in combination with
AMDIS and NIST programs for identification. For
quantitative calculations the method of the internal
standard was used. Calculation of the content of com-
ponents was carried out according to the formula: C =
K1 * K2, mg/kg, where K1 = A1/A2 (Al — is the peak
area of the test substance, A2 — is the peak area of the
reference standard), K2 = 50/W (50 — is the weight of the
internal standard (ug) introduced into the sample, W —is
the sample weight (g)).

By the method of chromatography - mass spec-
trometry 43 volatile compounds have been identified in
Salix argyracea E.L. Wolf. shoots, among them euge-
nol, geraniol and squalene prevail. There are also 39
carboxylic acids, and among aromatic acids 2-methox-
ybenzoic and salicylic acids dominate by their content.
The significant content of hydroxycinnamic acids de-
rivatives is of considerable interest.

The results presented in Tables 1, 2 and Fig. 1-2
give more detailed information about differences in the
content of substances in the samples under research.

Table 1.
The carboxylic acids of Salix argyracea E.L. Wolf. Shoots
No. Retention time Component Content (mg/kg)
1 5.837 caproic acid 26.02
3 10.756 oxalic acid 794.81
4 13.26 malonic acid 285.91
5 14.443 fumaric acid 26.85
6 14.766 levulinic acid 217.43
7 15.218 succinic acid 151.46
8 15.848 benzoic acid 179.14
9 17.566 pentadicarboxylic acid 6.79
10 18.804 phenylacetic acid 3.91
11 19.161 salicylic acid 1357.76
12 19.819 lauric acid 39.18
13 23.689 malic acid 744.94
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14 24.068 myristic acid 223.17
15 25.111 2-methoxybenzoic acid 1565.78
16 25.987 pentadecanoic acid 74.24
17 26.344 azelaic acid 201.30
18 28.151 palmitic acid 3221.26
19 28.407 palmitoleic acid 73.42
20 28.563 a- hydroxyphenylacetic acid 88.46
21 29.824 heptadecanoic acid 190.51
22 31.162 citric acid 2222.21
23 31.525 stearic acid 300.45
24 31.893 oleic acid 421.74
25 32.763 linoleic acid 1317.75
26 33.811 linolenoic acid 1237.00
27 34.196 vanillic acid 121.05
28 34.821 2- hydroxypalmitic acid 191.93
29 34.871 arachic acid 63.50
30 36.438 henucanoic acid 39.26
31 38.016 behenic acid 245.47
32 38.184 n-coumaric acid 60.95
33 38.518 hexadicarboxylic acid 354.35
34 39.249 p- hydroxybenzoic acid 127.09
35 39.427 tricosanoic acid 83.83
36 39.667 syringic acid 52.00
37 40.113 gentisinic acid 99.57
38 40.955 tetracosanic acid 263.09
39 42.428 ferulic acid 174.87
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Fig. 1. The chromatogram of carboxylic acids of Salix argyracea E.L. Wolf. shoots.

In Salix argyracea E.L. Wolf. shoots 39 carboxylic
acids have been identified by the method of chromatog-
raphy - mass spectrometry, among them there are 11
fatty acids — 7 saturated and 4 unsaturated ones (oleic,
linoleic, linolenoic, arachic acids). Among unsaturated
acids essential polyunsaturated acids — linoleic (omega
3) and linolenoic (omega 6) acids significantly prevail
by their content. These acids play an important role in
the normal functioning of the human body. They are the
main components of fatty oils of flax and soy, which
are successfully used as antioxidant, hypolipidemic,
membrane-stabilizing, antiaggregant drugs when treat-

ing atherosclerosis and various dermatological dis-
eases. Among the saturated acids identified palmitic
acid greatly dominate by its content. It is part of natural
waxes. In Salix argyracea E.L. Wolf. shoots 13 ali-
phatic acids (azelaic, caproic, oxalic, malonic, fumaric,
succinic, heptadecanoic, malic, citric) and 8 aromatic
acids (benzoic, phenylacetic, salicylic, vanillic, 2-
methoxybenzoic, 4-hydroxybenzoic, syringic, ferulic)
have been also identified. Among aliphatic acids oxalic
and citric acids are noticeably prevalent by their content
compared to other aliphatic acids. The composition and
the content of aromatic acids identified in shoots have
attracted the most scientific interest. These acids are
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presented by salicylic acid, benzoic acid, its deriva-
tives. Among aromatic acids 2-methoxybenzoic
(1565.78 ma/kg) and salicylic (1357.76 mg/kg) acids
prevail by the content. To some extent it allows ex-
plaining the high pharmacological activity of drugs
from willow.

Salicylic acid possesses the antiseptic, irritating
and cheratolic (in high concentrations) properties and
are used in medicine externally in ointments and solu-
tions in the treatment of skin diseases; it is in the com-
position of Lassar's paste, “Galmaninum” dusting pow-
der, such medicinal products as corn removing liquid
and corn plaster. In pharmacies it is sold in such dosage
forms as alcoholic solution for external use (with the
content of salicylic acid of 1 or 2%) and ointment (2, 3,

5 and 10%). Derivatives of salicylic acid are also used
in medicine (sodium salicylate), its (amide salic-
ylamide) and acetylsalicylic acid (aspirin) are used as
antipyretics, antirheumatics, anti-inflammatory drugs
and analgesics; phenyl salicylate — as an antiseptic;
para-aminosalicylic acid (being structurally close to p-
aminobenzoic acid, which is necessary for tuberculous
myobacteria, and therefore, metabolically competing
with it) — as a specific anti-TB drug.

In chromatographic analysis the essential oil was
divided into 30 components, which were then identi-
fied.

The composition of the volatile components and
their quantitative content in the essential oil are pre-
sented in Table 2.

Table 2.
The volatile components of Salix argyracea E.L. Wolf. Shoots
No. Retention time Component Content (mg/kg)
1 8.716 2-oxybenzaldehyde 2.30
2 9.163 trans-linalool oxide 11.47
3 9.502 nonanal 6.29
4 9.61 linalool 8.72
5 9.803 phenylethyl alcohol 269.32
6 12.008 epoxylinalool | 8.12
7 12.332 p-ment-1-en-8-ol 14.25
8 12.81 decanal 4.77
9 14.09 citronellol 40.54
10 14.715 geraniol 370.27
11 16.041 2- methoxy-4-vinylphenol 111.19
13 17.521 eugenol 367.37
14 18.354 damaskenon 7.96
15 20.274 iso - eugenol 93.57
16 20.559 geranilacetone 23.78
17 21.376 B-ionone-5,6-epoxide 39.69
18 21.446 B-ionone 12.36
19 22.625 2,4-bis(1,1-dimethylethyl)phenol 96.42
20 24.029 nerolidol 45.44
21 24.931 lauric acid 20.05
22 24.962 benzophenone 5.97
23 25.247 megastigmathenon 13.17
24 26.442 a- bisabolol oxide 7.48
25 26.635 B- bisabolol oxide 6.70
26 21.722 tetradecanal 24.43
27 29.272 myristic acid 58.94
28 30.906 pentadecanoic acid 14.88
29 32.14 palmitoleic acid 35.56
30 32.232 palmitic acid 114.83
31 33.522 heptadecanoic acid 17.35
32 33.905 phytol 271.67
33 34.191 linoleic acid 2.80
34 34.229 linolenoic acid 15.55
35 34.283 stearic acid 46.54
36 34.391 stearic acid 2.94
37 36.01 tricosane 83.06
38 36.635 tetracosane 11.00
39 37.043 pentacosane 4441
40 38.061 hexacosane 154.79
41 39.912 heptacosane 152.09
42 40.891 squalene 299.48
43 41.608 nonacosane 43.20
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Fig. 2. The chromatogram of essential oil of Salix argyracea E.L. Wolf. shoots.

Among the compounds identified aromatic com-
pounds, compounds of the sesquiterpenic nature, alco-
hols of aliphatic series, alkanes, isomers of the alde-
hyde nature, and oxygenated compounds have been
found. Geraniol (370.27 mg/kg), eugenol (367.37
mg/kg) and squalene (299.48 mg/kg) prevail among
terpene compounds. The chromatography - mass spec-
trometry study of the chemical composition of the raw
material of Salix argyracea E.L. Wolf. gives the possi-
bility of improving methods for quality control of the
raw material itself and medicines from it.

REFERENCES:

1. Elemental composition of Salix caprea L. //
Borova E.B. Borodina N.V. // AxryanbHi NHTaHHS CTBO-
PCHHS HOBHX JTIKAPCHKUX 3aC0O0IB: Te€3W IOTOBINCH MiXK-
HApOJHOI HAYKOBO-TIPAKTHYHOT KOH(EpEeHIIii MoIoIux
BYCHUX Ta cTyAeHTiB (23 kBiTHs 2015 p.). — X.: Bun-Bo
Hday, 2015. - C. - 62.

2. Research of volatile compounds from Salix ci-
nerea L. // Borodina N.V. //.Oxford Review of Education
and Science No.1. (11), January-June, 2016 Volume V
“Oxford University Press” 2016. — P. 468 — 473.

3. AHanM3 aMHHOKHCIIOTHOTO COCTaBa MOOEroB
Salix triandra L. // bopoauaa H.B., Kosames B.H.// XXII
Poccuiickuit Hannonanshstii Konrpece «Uenosek u ne-
KapcTBOY»: COOPHUK MaTepualoB KoHrpecca (Mocksa, 6—
10 anpenst 2015 1.). — M. 3A0 PULL, - C.181

4. W 3ydenue netyunx komrnonentos Salix caprea
L.// H.B. Bopoxuna // 30ipHUK HayKOBUX MaTepialis,
Proceedings of 4th European Conference on Biology and
Medical Sciences (January 13, 2015). Vienna, 2015. — P.
209-213.

5. CpaBHUTENBHBIN aHATH3 (HEHOIBHBIX COCIHHE-
Huit moberos Salix caprea L., Salix purpurea L., Salix

viminalis L., ¢mopsr Ykpauusr.// Bopoanna H.B., Kosa-
nes B.H.// ®enompHBIE coenuHEHUS: (yHIaMEHTAIb-
HBIE W TIpUKIaaHbIe acTiekTel: COopHMK MarepruaioB IX
MexnyHapoaHoro cumnosuyMa. Mocksa, 20-25 ampens
2015.—C.27-33.

6. CpaBHUTENBbHBIH aHAIW3 AMHHOKHCIOTHOTO
cocrasa moberos Salix purpurea L., Salix viminalis L.,
Salix fragilis L. // H.B. bBoponuna, B.H. Kosanegs, O.H.
Komesoit // Becthuk HOxHo-Ka3zaxcranckoit rocy-
JIApCTBEHHOU (apMarieBTHIecKoi akanemuu. — Kazax-
cTaH, 2014. - Ne3(68), Tom 4 -C.53-55

7. Xpomaro-Macc-CIEKTPOMETPUIECKOe H3yde-
Hue nucTheB Salix caprea L. // Bopoxina H.B.// Axty-
QIBbHI TTUTAaHHS PO3BUTKY MeamyHUX Hayk y XXI cT.:
30ipHHK Te3 HAYKOBHUX POOIT MiXKHApOIHOI HAyKOBO-
npaktnaHoi koHpepeHmii ( M. JIeBiB 29-30 TpaBHA
2015 p.). — JIeBiB.: JIpBiBCHPKAa MEOWYHA CITUIBHOTA,
2015. - C. 106-108.

8. Skvortsov, Alexei K. Willows of Russia and
Adjacent Countries. Taxonomical and Geographical
Revision. — Joensuu: University of Joensuu, 1999. —
307 pp.

9. Il’ina, T. V., Kovaleva, A. M., Goryachaya, O.
V., Vinogradov, B. A. (2013). Terpenoids and aromatic
compounds from essential oils of Cruciata laevipes and
C.glabra. Chemistry of Natural Compounds, 48 (6),
1106-1108

10. ®yymno .., Cournas M.B. 2011. UBH ec-
TecTBEHHOU JieHapodiaopsl YKpanHbl. PanmnonansHOe
HCIONB30BaHUE PECYPCHOrO IOTEHIHAlla PETHOHOB
Poccun u conpenensHbix rocyaapcTs. bpsiaek: U3a-Bo
«Kypcusy, C. 175-180

11. ®dyuuno, A. JI. Bepbu VYxpainu (6iomoris,
eKoJIoTisl, BUKOpUCTaHHs): MoHorpadis / . [I. Dy-
yuio, M. B. Coutna. — K. : Jloroc, 2009. — 200 c.



Norwegian Journal of development of the International Science No 33/2019 37

12. European Pharmacopoeia. 2005. 5th ed.
Council of Europe, European Department for the
Council of Medicines. Strasbourg, France.

13. Komosuit O. M., Ilepenepiii €. O., Ocomnoxn-
gyerko T. I1. Ta in. 201 1. JocmimkeHHS 1301peHOiTHOTO
CKJIaTy Ta aHTUMiKpOOHOT aKTHBHOCTI TYCTOTO €KCTpa-
KTy JIMCTs maBiii jikapcbkoi. Kiminiuna dapmamis. T.
15, Ne 1. C. 26-29.

14. Yepnoropon JI.b., Bunorpamor  B.A.
DdupHbIe Macia HEKOTOPBIX BUIOB poaa Achillea L.,
coneprkantie ¢parpaHoi // PacturensHble pecypehl. —
Canxkr-IlerepOypr. — 2006. — T.42. — Bem. 2. — C. 61 —
68

PLANT PHENYLPROPANOIDS AS SOURCES OF NEW MEDICINES

Kuznietsova V.

Candidate of Pharmaceutical Sciences, Associate Professor

Dean of Pharmaceutical Department
National University of Pharmacy
Kharkiv, Ukraine

Kyslychenko V.

Doctor of Pharmacy, Professor

Head of the Department of Chemistry of Natural Compounds

National University of Pharmacy
Kharkiv, Ukraine

Goryachaya L.

Candidate of Pharmaceutical Sciences

assistant of the Department of Chemistry of Natural Compounds

National University of Pharmacy
Kharkiv, Ukraine

®EHUJIIPOITAHOUIbI PACTEHUI KAK HCTOYHUKH HOBBIX JIEKAPCTBEHHBIX
CPEJICTB

Abstract

Ky3nenosa B.1O.

Kanouoam gapmayesmuieckux HayK, OOyeHm
Oexan papmayesmuyeckozo gaxynvmema
Hayuonanvuvii papmayesmuueckuti ynusepcumen
2. Xapvkos, Yxkpauna

Kucanuenko B.C.

00KMmMOp papmayesmuiecKux HayK, npogeccop
3a6e0yrwas Kapeopou Xumuy nPUpOOHbIX COeOUHEHU
Hayuonanenoiii papmayesmuueckuti ynusepcumem
2. Xapvkos, Ykpauna

T'opsiuas JI.

Kanouoam apmayesmuieckux Hayx, accucmenm
Kapeopol Xumuu nPpUPOOHbIX COCOUHEHU
Hayuonanvuvii papmayesmuueckuii ynusepcumen
2. Xapvkos, Ykpauna

The results of a study of medicinal plant materials containing phenylpropanoids as promising sources of new
drugs are presented in article. The content of phenolic acids and flavonoids in the Black currant fruits, Cranberry
fruits, Shepherd's purse herb and Onion peels was determined by high-performance liquid chromatography

(HPLOC).
AHHOTALUA

B crartse npencTaBieHbl pe3yabTaThl HCCIEN0BAHUS JIEKAPCTBEHHOTO PACTUTENILHOTO CHIPhsSI, COJECPIKAIIETO
(heHIITIIPOITAHONIBI KAaK TIEPCIEKTUBHBIX HCTOYHHKOB HOBBIX JIEKAPCTBEHHBIX CPECTB. MeTOIOM BBICOK03(]dek-
TUBHOH >KUAKOCTHOHN xpomartorpaduu (BOXKX) B mmomgax cMOpOIUHBI YepHOH, KIFOKBBI MEIKOIUIOTHOH, TpaBe
MacTyIIbEH CYMKH U IIENTyXe JTyKa Perr4aToro OnpeaeseHo coaep)kaHue (peHOIbHBIX KUCIOT U (hJIaBOHOU/IOB.

Keywords: HPLC, phenylpropanoids, Black currant, Cranberry, Shepherd's purse, Onion
Katouesnie ciaoBa: BOXX, ¢enunnponanonapl, cMOpoanHa YepHas, KIIFOKBa MEJIKOIIOAHAs, MacTyIIbs

CYMKa, JIyK perqaTslit
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BBenenne. JlekapcTBeHHBIE PACTEHUSI IIMPOKO
UCTIONB3YIOTCS I CO3AaHus (UTONpEnapaTros, KOTO-
pBle MPUMEHSIOTCS KaK JEKapCTBEHHBIE CPEACTBA IS
JIedeHMsI Pa3NIHBIX 3a0oneBannid. Kommureke 6noio-
rudeckd akTHBHEBIX BeniecTB (BAB), cogepikammxcs B
JIEKapCTBEHHBIX PACTCHUSX OINpEAeisIeT ux (apMako-
JIOTHYECKYI0 aKTUBHOCTh. BAB pacTteHust mpencras-
JICHBI PA3IMYHBIMUA XUMHYECKUMH COCAMHEHUSIMH, KO-
TOpBIE CHHTE3UPYIOTCS B OMOXUMUYECKHX PEAKIHIX
MEPBUYHOTO U BTOPHYHOTO MeTabosn3ma [4].

deHnnmponaHonabl - apoOMaTHYECKHe COEIHHe-
HUS, COAEpIKallhe B CTPYKTYPE OJHUH MM HECKOJIBKO
C6-C3-pparmenToB. B kadecTBe CcaMOCTOATEIHHOI
rpynnsl BAB oHn OpliM BBeZleHBI B (DapMaKOTHO3HUIO
npodeccopom Kypkuasim B.A. B 1992 romy.

CornacHo knaccudpukammu Kypkmaa B.A. de-
HIWITPONIAHOUIBI JETISTCS Ha!

- TpocThle (PEHUINPONMAHOWABI - KOPHUYHBIC
CIHPTHI U UX NMPOU3BOJHEIE (3PUPBI, TITMKO3HIbI); KO-
pUYHBIE KHCJIOTBI M MX MPOHM3BOJAHBIE (CIOXKHBIC
3(HUPBI, TIMKO3U/IBI U IPYTHe TPOU3BO/IbIE); IMHHAMO-
WJIAaMH]Ibl; KOPUYHBIE aJIbJICTHIbI;

- CJIOKHbIE (PeHMIITIPONaHOUBI: (PEHUIIIPOIIAHO-
WJIHBIE TTTUKO3UABI Ha OCHOBE (DEHUIIITAHOMIOB H IIPO-
JIYKTBI OKHCIMTEIFHOTO B3aUMO/IeiicBIS (heHHUITITpOTIa-
HOMZIOB (JIMTHOWABI): (IAaBOJIMIHAHBI, KCAHTOHOJWI-
HaHbl,  KyMapWHOJIWIHAaHbI,  aJKaJOWIOJIUTHAHBI,
HEOJINTHAHBI, JINTHAHBI (IUMEPBl M OJIMrOMeEpHl de-
HWJITPONaHOUIOB),

- (¢aBoHOUIBI, H30(ITABOHOUIBI,
CTHJIBOCHOUIBI, KypKYMUHOHIBI [2].

B pacteHusx (QEeHWINPONAaHOUIBI BBIMOJIHSIIOT
pasznuuHble QYHKIUH, Cpeld KOTOPBIX 3allUTa pacTe-
HHUH OT MOpa)XEHHs PAa3IMYHBIMU IaTOT€HAMHU, BKITIO-
Yasi HACEKOMBIX, OaKTepHu, pUOBI, 3alUTa OT yJIbTpa-
(hMOIeTOBOTO M3ITYUYEHUS U KJICTOUHAsK CUTHAIU3AIIHS.

JlekapcTBEHHOE PacTUTENBHOE CHIPBE, COZIEpKa-
mmee (IIaBOHOW/IBI, MIMPOKO MTPUMEHSETCS B MEINIIMH-
CKOH NPaKTHKE B Ka4eCTBE MCTOYHHKA JKEITUCTOHHBIX,
TenaToNpOTEKTOPHBIX, aHTHOKCHJIAaHTHBIX, aHTHOIPO-
TEKTOPHBIX, ANYPETHUECKHX, IPOTHBOBOCHAINTENb-
HBIX, MPOTHBOS3BEHHBIX, CIAa3MOJIMTUYECKUX JIeKap-
CTBEHHBIX cpeacTB [3].

I'MApOKCUKOPHUYHBIE KHCIIOTHI, Kak U (JIaBOHO-
WJIbl, UMEIOT LIMPOKHUH CIIEKTp (HapMaKoJIOruuecKoro
nevictBus. Hampumep, 11si XJIOpOr€HOBOM KHCIOTBI
9KCIIEPUMEHTAILHO YCTAHOBJIEHO, CIIOCOOHOCTH YCH-
JIMBaTh MHTEHCUBHOCTH OEIKOBOT0 0OMEHa B MO3TOBOH
TKaHH, HHT'HOWPOBATh BCACBIBAHHE TIIIOKO3BI, YTO CIIO-
COOCTBYET peryJMpOBaHHIO YPOBHSI caxapa B KPOBH

[1].

KyMapHHBI,

WnTepec k peHmImponaHonaaM, Kak HCTOYHAKAM
JUTSL CO3JaHMS JIGKAPCTBEHHBIX CPEACTB, 00J1aTafOIIIX
BEIPQXEHHBIM  (PapMaKOJIOTHYECKIM  JCHCTBHEM,
HETPEPHIBHO pacTeT. B ¢BS3M C 3THM, H3yUeHHE pacTe-
HUH, comepkamux (HEHIIIPOIaHOU B H TIPOU3pacTa-
IOIINX HA TEPPUTOPUH YKPAHWHBL, C IEIBI0 CO3TaHUL
HOBBIX JIEKAPCTBEHHBIX CPEJCTB SIBJIAETCS AaKTyajb-
HBIM.

Lenbto nanHOW pabOTHI OBUIO M3YUSHHE KOJIHYE-
CTBEHHOTO CO/IEpXKaHUsl (PeHUIIPOTIaHOU 0B ((heHOIb-
HBIX KHCJIOT M (PJIaBOHOMJIOB) B TpaBe MAacTyIIbEH
CYMKH, IUI0JIaX CMOPOIUHBI YEPHOH, 1IeTyXe JIyKa per-
4aToOT0 KPAaCHBIX COPTOB W IIOZOB KITFOKBBI MEJKO-
TUIOTHOM.

Matrepuansl 1 MeTOAbI. 111 HCCIIEOBAaHUS UC-
monp30Banu 0,3 T (TOYHAs HaBECKa) 0Opas3IOB CHIPHA
(JacTHIIBI, TPOXOMAIINE CKBO3b CHTO C BEIWYHHON
nraMetrpa oTBepcTHi 0,5 MM). DKCTpakIMIO MPOBO-
aum 10 M1 MeTaHoua Ha yJIbTPa3ByKOBOW OaHe B Te-
yenue 20 muHyT npu temmneparype 20 £ 2 °C, 3atem
¢buIbTpOBANN M 1OBOIMIH 110 0O0beMa 50,0 M1 TeM xe
pactBopureneM. OmnpexeneHue (GeHUIPONaHOUIOB
(peHONBHBIX KHCIIOT U (DTABOHOMIOB) MPOBOUIH Me-
tonoM BDXX c¢ wucmomp3oBaHMEM 000pYIOBaHHS
Shimadzu Nexera X2 LC-30AD (Shimadzu, SInmouus),
COCTOAMICH M3 YETBEPTUIHOTO HACOCA, OTICPATHBHOTO
JerazaTopa, peryisiTopa TeMIepaTypsl B KOJIOHKE, aB-
tocamiuiepa SIL-30AC (Shimadzu, Smonwus); tepmo-
crata CTO-20AC (Shimadzu, Slnonwus), a Takxe Iu-
oaHO-MaTpuyHOTO fAetekropa SPD-M20A (DAD).

Xpomarorpaduieckoe pazieseHue MPOBOAMIN C
ucnons3oBanueM kosnoHkn ACE C18 (250 mm X 4,6
MM, 5,0 mxMm; TlencunsBanus, CHIA). DntoupoBanue
MIPOBOJMIIN TIPH CKOPOCTH noToka 1 mi/muH. [ToxBrxk-
Has ¢asa: moeHT A (YKCycHas KHCJIOTa, BOjAa) U
amoeHT B (ameronurpmm). Temmeparypa KOJIOHKH
oputa mocrostaHOM 30°C. O0BeM BIIpBICKa pacTBOpa
obpasma cocraBmsir 10 M. JIeTEKIIUIO TTPOBOIMIH
ripu JirHe BOHBI 270 1 330 HM.

Pe3yabraTsl u 00cy:xaenus. B pesynbrare npo-
BEJICHHOT'O UCCIICIOBAHUS (DIIABOHOHUIOB B CMOPOINHEI
4yepHOH IIojax OoOHAapyKeHO 5 COEOUHEHHH, B Jyke
pemnyaToro meinyxe - 4 CoeTMHEeHUs, TpaBe MacTyIIbeH
CYMKH - 7 COEIMHEHUH W B IJIOJAX KJIIOKBBI MEJIKO-
IUTOJTHOM - | coenuHeHne. XpoMaTorpaMMBI IIPeCcTaB-
JICHBI Ha pUCYHKax 1-4, Bpems yaep KUBaHUS U COAEP-
YKaHWE HMICHTH(OUITUPOBAHHBIX (IIABOHOHMIOB B Tal-
qaue 1.
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Puc. 3 Xpomamoepamma praeonoudos cmopoourvl YepHotl n10008
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Puc. 4 Xpomamoepamma ¢pnasonoudog niooos KiroKevl MeiKoni100HOU
B mojax KITFOKBBI MENKOTUTONHOW OBLIT OOHAPYXKEH TOJNBKO KBepieTuH. CoaepkaHue KOTOPOro COCTABUIIO
0,164 mr/r.

B cMopoauHe 4epHOH IoAax MO KOJIWYECTBEHHOMY COJIEp)KaHHIO Tpeodiajai almMreHUH-/-TIIIOKO3H]
(0,276 mr/r). KommyecTBeHHOE COmepKaHHE TUIIEPO3HAA, KBEPLECTHHA W W30KBEPLMTPHHA OBLIO NMPaKTHYCCKH
oxuHakoBbIM — 0,160 mr/t, 0,148 mr/r Ta 0,129 MI/r COOTBETCTBEHHO.

AnureH-7-TIIIOKO3U]] U H30KBEPLHUTPUH JOMHHHPOBAJIHN IO KOJIMYECTBEHHOMY COJICPIKaHUIO (hJIAaBOHOUJIOB B
Tpase nmactymseit cymkn (0,629 mr/r Ta 0,573 MI/T COOTBETCTBEHHO).

B pesynbpraTe M3ydeHUs (ECHONBHBIX KHUCIOT B IUIOJAX CMOPOIMHBI YEpHOH ObLIM MICHTH(HLUPOBAHBL:
mpaHc-KOpUYHasi, XJIOPOreHOBasi U KodelHast KUCIOTHI; B INIOAAX KIFOBBI MEJIKOIUIOJHON — XJIOPOI€HOBasI, He-
OXJIOpOTeHOBast, KoeitHast U mpanc-KOpUUIHAs! KMCIIOTHL; B TPaBE MACTYIILEH CYMKH — XJIOPOTE€HOBast, HEOXJIOPO-
TeHOBAs, Mpanc-KOPUYHasi, (epysIoBasi ¥ TaIoBast KUCIOTHI; B IIENyXe JIyKa PemyaToro — XJoporeHoBast U KO-
(eiinas KUCIOTH. XpOMaTOrpaMMbl MPEICTABICHBI HA PUCYHKaX 5-6, BpeMsl yIep KUBaHUS UACHTU(DUINPOBAH-

HBIX KUCJIOT — B Tabnuue 2.
mAL

a0

40

30+

45 50
min

T
25

Puc. 5 Xpomamozepamma eronvrux kucrom mpagvl nacmyuivei cymru (1 — Heoxnopozenosas kucioma,; 2 —
Xnopoeenogas kucioma, 3 — ¢hepynoeas kucioma, 4 — mpanc-kOpu4Has KUCI0ma)

mAU

Puc. 6 Xpomamozepamma penorbHbIx KUCIOM KIHOKEbL MEAKONA0OHOU NI0008
(1 — neoxnopoeenosas kucioma, 2 — x10po2enoeas Kucioma, 3 — Kogetunas Kucioma,

4 — mpanc-xopuunas xucioma)
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B menyxe myka pemyaTtoro oOHapy>KeHbI XJIOPO-
TeHOBasi M KO(eifHasi KUCIIOTHI, COJIEPKaHUE KOTOPBIX
cocrasuiio 0,040 mr/r ta 0,012 Mr/r COOTBETCTBEHHO.

TpaBa nmacTyuibeil CyMKU COAEPHKHUT XJIOPOTEHO-
BYIO, HEOXJIOPOTEHOBYIO, (DEPYIIOBYIO U mpaHCc-KOpUd-
HYIO KACIOTHI B KoHneHTparuu 0,043 mr/r, 0,015 mr/T,
0,011 mr/r 1 0,008 MI/r COOTBETCTBEHHO.

Xnoporenosas (0,109 mr/r) u kodeitnas (0,095
MI/T) KHCJIOTHI IpeoOJiaialii B IUIOJAaX CMOPOAWHBI
YEepHOMH, coJiepKaHUe MPAHC-KOPUIHOW KHCIOTHI CO-
ctasuiio 0,007 mr/r.

Cpenn oOHapyXeHHBIX (EHOJBHBIX KHCIIOT B
TUTO/IaX KITFOKBBI MENKOTUIONHON cofepykaHue Kodeii-
HOU M mpaHc-KOPHUIHOH KUCIIOT OBIIIO0 Hanboee BBICO-
KHUM M cocTaBmiio cooTrBeTcTBEHHO 0,126 Mr/r Ta 0,098
mr/r. ComeprkaHue XJIOPOTEHOBOHW KHCIOTHI OBLIO B 2
pa3a MeHbIIIe, YeM COAEPKaHNE JOMUHUPYIOUINX KUC-
7ot — 0,054 Mr/r, HEOXJIOpOTEHOBAs KHCIIOTA COIepIKa-
Jach B He3HauUTEIbHOM KojmuecTse (0,009 mr/T).

BeiBoabI. Pe3ynbTaThl IPOBEAEHHBIX UCCIIENOBA-
HUH CBUACTCIILCTBYIOT O 3HAYUTCIILHOM COJACPIKAHUN
(eHMIIIPOIaHOUIOB B HCCIIEAYEMBIX OOBEKTax, 4TO

JTaeT BO3MOXKHOCTh PACCMaTPHUBATh UX B Ka4ECTBE ITep-
CTHEKTHBHBIX WCTOYHHUKOB UIS CO3JIaHHA JIEKapCTBEH-
HBIX TIPETapaToB C BHICOKOW (HapMaKOJIOTUIECKOW aK-
THBHOCTBIO.
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Tab6muma 1

Bpems yaep:kxuBaHusA U cofiep:kaHue (JJIABOHOU/IOB B ChIpbe CMOPOJIMHBI YePHOIi, KJIIOKBe MeJIKOII0A-
HOM, JIyKe pen4yaToM U NacTylibeil cyMKe 00bIKHOBEHHOM

CMopoauHbI uep- KiroxBel Menko- | IMactymbeit cymku | Jlyka pemyatoro
HOH IIJIO/IBI TUIOTHOM TLTOJTBI TpaBa menyxa
Co-
HasBanne ¢raBononIa Bp. Conep- Bp. ziep- Bp. Conep- Bp. Copnep-
ynep., | *xaHue, yzep., xKa- ynep., | xaHue, | ynmep., | >KaHWe,
MHH Mr/T MHH HUE, MHH MI/T MHH MI/T
MI/T T
l'unepo3un 23,220 0,160 - 23,208 0,084 23,254 | 0,011
W30KkBepuuTpUH 25,369 0,129 - 23,661 0,573 - -
AnUreHuH- 7 -TII0K03U] 33,111 0,276 - 34,210 0,629 33,117 0,009
Jlroteonun - - - 43,351 0,010 - -
Ksepuerun 43,554 0,148 43,536 0,164 43,429 0,007 43,507 | 10,221
Kemngepoin 48,810 0,021 - 48,429 0,001 49,135 | 0,129
6,7-Iuruapoun3odaaBoH - - - 48,591 0,002 - -
Tabauna 2

Bpems yaepaxuBaHus U coeps:kaHne GeHOJIbHBIX KHCJIOT B CbIpbe CMOPOIUHBI YePHOIi, KJIIOKBe MeJl-
KOILJIOTHOH, JIYKe pen4aToM M NacTylibeil cyMke 00bIKHOBEHHOI

CMOpOIUHEI uep- KiroxBel Mmenko- | IMactymseit cymxn | Jlyka permuaToro
HOW IUIOJBI IO AHOW TUIOIBI TpaBa esyxa
Co-
Kucnorst Bp. Conep- Bp. ziep- Bp. Conep- Bp. Copnep-
yaep., | *aHue, yzep., xKa- yaep., | XaHwe, | yzaep., | >KaHUeE,
MHH Mr/T MHUH HHE, MHH MI/T MHH M/t
MT/T
T"annoBas 5,899 0,107 - 5,843 0,008 - -
Heoxusoporenosas - - 9,243 0,009 8,832 0,015 - -
XJtoporeHosast 11,034 0,109 11,051 0,054 11,148 0,043 11,134 0,040
Kodeitnas 13,932 0,095 13,696 0,126 - - 13,941 0,012
DepynoBas - - - 22,599 0,011 - -
Mpanc-KOPUUHAas 44,873 0,007 43,815 0,984 43,351 0,008 - -
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FUNDAMENTAL PROPERTIES OF ELECTRIC WIRED TOROIDAL CURRENT STRUCTURES

Grigorev E.
private researcher

®YHIAMEHTAJIbHBIE CBOMCTBA DJIEKTPOITPOBO/THBIX TOPOUJIAJIBHBIX TOKOBBIX
CTPYKTYP

Abstract

I'puropres E.A.
YacmHulll UCCIe0068aMeNb

The existence of an external magnetic field and the structure of the internal magnetic field in toroidal struc-

tures with a poloidal current are shown.
AHHOTANUA

ITokazaHo CyIiecTBOBaHHE BHEITHETO MarHUTHOTO TIOJISI M CTPYKTYpa BHYTPEHHETO MarHUTHOTO TIOJIS B TO-

POMAIBHBIX CTPYKTYpPax C MOJIOHJATBHBIM TOKOM.

Keywords: tori, external magnetic field, continuous confinement of thermonuclear plasma.
KiroueBble cjioBa: TOphl, BHEITHEE MAaTHUTHOE T10JIE, yAepKaHUE TePMOSICPHOH IIa3MBl,

16 auBapsa 2000 roga crenaHo 0oJbIIOE HAYYHOE
OTKPBITHUC - BIICPBBIC B JJICKTPOAMHAMHKE YHCJICHHO

pacCYUTAHO U SKCIICPUMCHTAJIBHO U3MCPCHO BHCIIHECC

MarauTHOEe Tmone (MII) »JeKTpONpOBOMHBIX TOPOU-
JAIBHBIX CTPYKTYpP C MOJOWAaIbHEIM TokoM (Puc.l).
PaHee, B KJIaCCUYECKOM DJICKTPOANHAMHUKE, OTO CHHUTA-
JIOCh HCBO3MOJXXHBIM. I/ICTOpI/IIO OTKPBITHUA U €TO0 BO3-
MOJHBIC TIOCJICACTBHUA MOKHO Y3HATHL Ha calitax
http://thermonuclear.narod.ru u http://thermonuclear.ru
— 1am packpbIThl Bce Hoy-xay. Crpesnkamu, 0003Ha-
YCHHBIMH |, TIOKa3aHbI BEKTOPBI 3JIEMEHTOB TOKa. Pac-
CMaTpUBAIUCh TOPBI ¢ oTHOIIeHHeM R /r~1uR/r=

2. Pe3ynbTaThl pacyeToB BBIBEICHBI B BUJIE IPaKOB
KanTtopa. JInHumn Ha rpadukax MokasbIBalOT CEUCHHE
MOBEPXHOCTEN YpOBHsS paBHOI HampspkeHHocTH MIL
I'paduku — B ycnoBHBIX equHAINAX. HampaBieHne Bek-
Topa HampspbkeHHOCTH MII — NepHneHIuKyIsIpHO K
IUIOCKOCTH N300paKEHHS, TaK KaK CHIIOBEIe TnHIHA MIT
AMEIOT UCKITFOYUTENFHO a3UMYTANbHYIO (WA TaHTCH-
OUABHYIO, WIIN KAaCaTeIbHYIO K OKPYXHOCTH, KOTOpast
JIeXKUT B III0CKOCTH XY U € IEHTPOM Ha ocH Z) COCTaB-
JISIOIIYIO.

Bnauane paccuutsiBanocs MII BHyTpu TOpa.

Top ¢ otHomenueM R/ r ~ 1 (Puc.1).

Y <«— >
Puc.1

Ceifuac MHOTHE MaTeMaTUKU U (U3UKH BCEPbE3 B3SUINCH 32 M3YUCHHE TOPOMIAIBHO-BUXPEBBIX CTPYKTYP.
Tak 4T0 TOPHI €Ié >KAYT CBOMX MCCIIEOBATENEH, KOTOPHIM OHU OTKPOIOT CBOU TAHHBI.
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Top ¢ otHomenueM R / r = 2 (Puc.3).

T
o]

Puc. 4

Ha rpadwukax (Puc.2, Puc.4) BunHo, uro ctpykrypa MII BHyTpH TOpa He coOTBEeTCTBYET cTpyKkType MII Gec-
KOHEYHOT'0 MpPSIMOT0 NMPOBOJHUKA C TOKOM, KaK CUMTAJIOCh JO CHX MOpP B KIACCUYECKOW TEOPHUHU 3IEKTPOMAarHe-
TH3Ma. Jt1a cTpykrypa MII cooTBETCTBYET MO0, CO3JaBAEMOMY OTAEIbHBIM 3JIEMEHTOM TOKA, PACIIOJIOKEHHBIM

B IICHTPE TOpa Ha €ro TJIaBHOH OCH M HaNpaBJICHHBIM BJIONb 3TOH ocHu. ['paduk 3Troro MII nmokazan Ha Puc. 5.
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Puc. 5

3arem Obw10 paccuntano BHEITHEE MIT Bae Topa B rutockoctit XZ B ee wact Y (cM. Puc. 3).

400
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200—\ /
100—3{%’0-009 0.009@

=106

=200

=0.009 0.009

-300

—400 T T 1 T T 1
-60 =45 =30 =15 0 15 30 45 60

B
Puc. 6

Hampsokernnocts MIT B utockoct Y' (y = 0) B Buze rpaduka Kanropa.

-0.05 | | |

Puc. 7

200,

Hanpspxkennocts MIT Bons npsimoii L - L; [ y =0, X = const, B = f(2) ].
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QO

) C

Bosmooicuwiil mexarusm o6pa3oeauuﬂ anomHo20 ﬂdpa usz mopou()aﬂbelx uacmuy.

Ha rpaduxe (Puc.6) Bugasno, uro BHEIIIHEE MII
Topa cyuiectByeT. [ paduk Ha Puc.7 BeisBisieT ocoOeH-
HocTb 3Ttoro MII - Tpu skcrpemyMa u asa Hyus. Ilo-
nobHoe MIT u3mepeHo s3kcnepuMenTanbHo. 13 Puc.7
BUJIHO, YTO TIPH OCEBOM COJIMKEHUH ABYX TOPOB BHA-
yaJle BO3HUKAET UX OTTAIKMBAHUE, a MTOCIE MPEOJOe-
HUSI TIOTEHIIMAIBHOTO Oapbepa - mpuTsbkeHne. Cucrema
BXOJWT B COCTOSIHHE C MUHUMAJIbHBIM MArHUTHBIM IO-
TOKOM (MUHHMAJBHOW YHEPTUEH) U CTAHOBUTCS yCTOM-
YUBOH.

Pacuer Bremnero MII, co3gaBaemoro cuctemoit
13 IBYX COOCHBIX TOPOB U Mexay HuMH (Puc.8) moka-
3BIBACT, YTO OHO MMEET MHHHMYM I10 TPEM KOOpIUHA-
TaM B IIEHTPE CUCTEMbI U HANPSKEHHOCTHIO, HApacTa-
IOIIEH 110 HAITPABJICHHIO U3 IIEHTPA KPUBU3HBI CUIIOBBIX
nuanii (Puc.9). Bee 310 mokassiBaeT OECIIEPCIEKTUB-
HOCTb yJ€pKaHus I1a3Mbl BHyTpeHHUM MII B 3aMkHY-
TBIX JIOBYIIIKaX C TOPOMIAIBLHON KoH(uUrypanueid MII

tuna “Tokamak” u “Cremnaparop” - yaep:kaHue BO3-
MOXKHO TOJIbKO B OTKPBITOH IUIa3MEHHOI JIOBYILIKE
BHemHUM MIT cuctembl JBYX COOCHBIX TOPOB MPOU3-
BoJbHOM KoHpuryparmu. Ilomo6noe MII m3mepeHo
9KCIIEpUMEHTaNIbHO. PacuéThl, Tarkke, MOKa3bIBAIOT,
YTO M3 IEHTPa TAKOH CHCTEMBI BIOJb OCH Z OYIET BBI-
nerats Kopotkas (0.1-0.5 M) mra3MeHHas cTpys ¢ TeM-
neparypoi 100 miH. rpagycoB u ckopocthio 10000
KM/CEK, KOTOpasi MOXET OBITh HETOCPEICTBEHHO HC-
TI0JIb30BaHa KaK B MOJJBOAHBIX U @3POKOCMUYECKHX all-
raparax, Tak M Iocje OXJIaXJCHUS 0 TeXHOJOTHde-
CKHU-TIpUEMJIEMBIX Temmeparyp (ayinHa CBOOOIHOTO
mpobera a-4acTuIlbl ¢ 3Heprueii 2-4 MsB B Bo3ayxe -
4-9 cm) mpeoOpa3zoBaHa B MEXaHMYECKYIO PaboTy C Io-
MOIIBIO aHAIPOOHBIX U BEICOKOA(P(PEKTHBHBIX IBUTATE-
nert CTUPJIMHI'A. D10 HOBas MMpOBas SJHEPTeTHKA.
Tepmosinepubie Hoy-xay packpbITbl Ha caiiTe
http://thermonuclear.ru/treg_r.html
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CrpyKkTypa BHELIHEr0 MarHUTHOTO IOJIsl CETMEHTHPOBAHHOTO TOpa B IockocTH Y' (XZ) B BUze rpaduka
Kanrtopa. Iloka3aHbl ceueHMs NMOBEpXHOCTEH YpOBHS paBHOHM HampsbkeHHocTH MII. BekTop HampsbkeHHOCTH
HaIpaBJIeH NEePHIEHIUKYISPHO INIOCKOCTU PUCYHKA.
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EVALUATION OF HEAT LOSS FROM THE ENDS OF THE MEASURING CYLINDER WHEN
DETERMINING THE THERMOPHYSICAL PROPERTIES OF LIQUIDS

Naziyev J.

doctor of technical sciences, professor of «Physics» department of
Azerbaijan State University of Oil and Industry (Baku, Azerbaijan)

Abstract

It is necessary to make a number of corrections to calculate the thermophysical properties of substances from

experimental data. One of the important corrections is the correction for heat loss from the ends of the measuring
cylinder. In the absence of compensation cylinders, this correction is calculated theoretically. In this paper, an
equation is given, using which and the temperature difference with time between the core of calorimeter and au-
toclave, the error allowed in measuring the temperature in the center of the core and using it in the calculations of

thermal conductivity and isobaric heat capacity can be calculated.

Keywords: heat transfer, thermal conductivity, heat capacity, calorimeter.

To determine the thermophysical properties of lig-
uids can be used both stationary and non-stationary
methods of investigation. Non-stationary methods in-
clude monotonous heating methods and bicalorimeter
methods [1, p. 320-332], [2, p. 347-373].

When calculating the thermal conductivity and
isobaric heat capacity from experimental data, it is nec-
essary to take into account the heat loss from the ends,

in the absence of compensation cylinders [3, p. 14]. The
latter leads to a violation of the temperature field along
the length of the cylinders. The calorimeter scheme is
shown in Figure 1. Core 1 is inside the autoclave 2. The
test liquid is filled into the gap 3 between them. The
tube 4, inside of which there is an electric heater with
power W, and thermocouple, passes along the axis of
the core.

T
RN

Fig. 1.
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In the state of equilibrium in the cell, the electric heater is turned on. The core temperature rises. To calculate
the coefficients of thermal conductivity and heat capacity, it is necessary to measure the temperature difference

between the core and autoclave 0 with time at a certain value of W.
Let us estimate the heat leaving the ends of the core. The temperature field along the core is given in Figure

2.
t
[ r"
m
ta - Elr!
0 ar 7 X
Fig. 2

The heat balance equation for the elementary volume of a core dV with a length of dx

Gx — Qx+ax — dq1 +dq, —dq; =0, €9)

2
Here qy — Qyrax = Ana%dx — is the heat obtained due to thermal conduction along the core, dq; =

anﬁdx- is the heat entering the autoclave through the annular fluid layer, dq, = %dx = %dx— is the heat
0

generated by the electric heater, dg; = cpdVaa—f = c,0bdx- heat that the volume dV absorbs. Here o is the cross-
sectional area of the core, 4, c,- is the thermal conductivity and volumetric heat capacity of the core material,
K, = i—z - is the ratio of the radii of the annular fluid layer, b is the core heating rate,
1

WO lO
- - W = 7 ul= E .
From the expression (1) we obtain
d?6 5
W —m6=0. (2)
Here m2 = 2 n=2_"_ 4 -isthe coefficient of thermal diffusivity of the core material.
AnolnK a Anpol

When solving this problem, we assume that the temperature does not change along the length of the autoclave,
the heat capacity of the liquid is negligible compared to the heat capacity of the core, and the core is strictly
concentric inside the autoclave.

For the final cylinder, the solution (2) is

0= —%+A1emx+A2e_mx. 3)
Given the boundary conditions
atx=0(2) =0
dx/ g
dae A

atx =1 —/1(;)0 =20,
where 67 is the temperature difference in the end layer of the liquid,6 = R, — R;; we get

A6T 1

A =4, = T Apem eml_e-ml”

Also from equation (3)
n e™4+e™ 10,

o= ——— , 4
m? e™ —e ™ ) &m )
or expressing through hyperbolic sinus shx = ~=>— and cosine
e*+e*
chx = ——

o - _l_ch(mx) A6, _ )

Average temperature along core length

1t n A0,
91=Tf9dx=_
0

m2  A,6m?l’

(6)
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Then

A8 [ml- ch(mx)
0=0,- - (7N
A6m2l|  sh(ml)
Determine when 8 = 6,
ml - ch(mx)
— " —1=0,
sh(ml)
1 1
x =— arch [—sh(ml)] . (8)
m ml
Considering ml < 1
m2 2 m2 2
ch(mx) =1+ 5 sh(ml) = ml + 6
Then
l
X =—.
V3
Average core surface temperature
R
$.6, +S,0; O1+570r
F = _ = R ) (9)
51=5 1+57
where S;, S, - are the areas of the cylindrical and end surfaces of the core.
We consider @ as constant over the surface of the nucleus.
Considering
n A, 6m sh(ml)
Or =——— (10)
m?  A,0m sh(ml) + Ach(ml)
from expression (9)
9_Zl(n+AGT+R1> 11
F7214+R, \ m?2 " 2,6m2l 21°7)° an
Comparing expressions (5) and (11) we find
ch(mx)  n Ry 1,6m 2l A,6mR A,6m? — 22 12
sh(ml) =~ m22l+R, 26, 2l+R, A 21,6m?2l (12)
Find the value of x for which 8 = 6. Denoting the right side of the expression (12) by B, we get
1
x=_ arch[B sh(ml)]. (13)
Let’s simplify expression (12).
When mi<z from expression (10) with some degree of error, one can write
L m2[1+ A cen( 1)]— m2[1+ A (1+ml)] 14
0 n /1n6mc mIE T Adm\ml 3 /1° 14
And from (12)
2x2
T+ LR
1+ mél2 321+ R,
Then
1 1+ R, 6+ m?l? 15
=Bl T2+R 3 (15)
If m?1? « 6 we can accept that
S L 16
=B 2R (16)

Using (15) you can determine the distance from the center of the core, where the thermocouple will show the
average surface temperature difference. Equation (16) was proposed earlier [1], but equation (15) allows for more
accurate measurements.

Let us find the equation that replaces equations (12) and (13) for cases when the core is made of insulating
material or for an ampoule filled with liquid. If ml>z

eT™ =0,e ™ = 0.

Then from (8)
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1
=1——In(ml).
x mn(m)

Under this condition 6 = 6,.
With some assumptions
Or

om?2l

9 = 91 -
When Bsh(ml) > 1 from (13)

[mle‘m(l‘x) -1].

1
x=1——InB7t.
m

At ﬂ: )Ln

B=arrrym (2

- R15m2 -

nR16)

T

We calculate the error when measuring the temperature in the center of the core and using it in the calculations
of 1 and ¢,. From (5) we define 6,, and then compare it with 6. For a solid copper core 68 = 0,930,, the meas-
urement error with 7%. For a thin-walled ampoule 8. = 0,936, and the error will be 18%.
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OPI'AHI3ANIA EKOJIOTTYHOI'O MOHITOPUHI'Y BYIIBHULITBA
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acnipanm kagedpu opeanizayii ma ynpaeninHs 6y0IGHUYMEOM

Abstract

The scientific substantiation of the organizational and functional structure of environmental monitoring dur-
ing the construction of industrial and civil structures has been performed. Models of organizational and functional
structures include the purpose of creation and the main purpose (function) of the structure, organizational or func-

tional schemes, as well as logistics.
AHoTanis

BukoHaHi HayKoBi OOIpYHTYBaHHS OpraHi3amiiHoi Ta (yHKIIOHAIBHOI CTPYKTYPU MOHITOPHHIY NOBKIJIISA
mix yac Oy/AiBHUIITBA CHOPYA HPOMHCIOBOIO Ta IMBUILHOTO NMpH3HAueHHs. Mojeni opraHizauiiHoi i ¢pyHKIio-
HaJIbHOT CTPYKTYP BKIIFOUAIOTh METY CTBOPEHHS Ta OJIOBHE Npu3HaYeHHs (QyHKLIs) CTPYKTYypH, OpraHizaiiny
a00 (yHKIIOHATILHY CXEMH, a TAKOXK MaTepialbHO-TEXHIYHOTO 3a0e3MeYeHHsI.

Keywords: building processes, environmental monitoring, environmental protection
Kurouosi ciioBa: mporecr OyIiBHUITBA, €KOJIOTIYHUI MOHITOPHHT, 3aXUCT JOBKIJIIA

IHocranoBka npodJemu

OOcsr OyniBHHITBA B YKpaiHi, sSIK KpaiHH 3 PO3BHU-
HEHOIO TTPOMHCIIOBICTIO, XapaKTEPU3YEThCS K BEIMKO-
MacIITaOHUH, TOMY OyZiBellbHA raly3b 3aliMae BaXKIIHBE
Miclie cepell YMHHHUKIB TIEPETBOPEHHS 1 3a0pyIHEHHS
HABKOJIMITHBOTO ~ CepeloBUIA. AJie ICHYIOYi Op-
raHi3allifHO-TEXHOJIOTIYHI PpIIIEHHs Ta 3aXOAW II0J0
OXOPOHH HABKOJIMIITHBOTO CEPEIOBHILA B TIpoLIeCi OyIiB-
HMIITBA [IPOMHCIIOBUX Ta LUBLUIBHUX 00’ €KTIB HEIOCTAT-
HBO IIPOPOOIICH] Ta JETANi30BaHi, HE 3BE/ICHI Y BIOPSI-
KOBaHy CHCTEMY, IIO CYTTEBO 30UIbIIye BHTpaTH
cy0’ekTiB OyIIBHUITBA HA IXHE BiIHOBJIICHHS. 3ayuINa-
IOTBCSl BIIKDUTUM TIMTAHHS OINEPATHBHOTO BiJCIIAKO-
BYBaHHs 32 CTAHOM JIOBKUUISI Ta ONEPaTHBHOTO IIPHIi-
HSITTS PIllICHb [I0/10 JIOKAI3aIlii BUSBICHUX HETATHBHUX
BUKH/IIB PSYOBHH 1 BIUTUBIB.

AHani3 frocizkeHb i myoJtikaniii

Pi3Hi acnekTH IOCTaBJIEHOTO IPOOJIEMHOIO IH-
TaHHS, CTOCOBHO BJIOCKOHAJIGHHS OCHOB IPHUPOI00XO-
POHHUX 3aXO0/(iB B OyJIBHHUIITBI, Y TOMY YHCIIi OpraHizarii
€KOJIOTIYHOTO MOHITOPHHTY, BHCBITICHI y TpaIisix aB-
TopiB [1-5] Ta iHIMX MpaIsIX BUCHUX MHPOBOTO CITiBTO-
BapHCTBA.

Po3pobieni aBropom knacudikanii dakropis [6] i
TOJIOBHHX JUKEPEN HEraTUBHOT'O BILTHBY [7], a TAKOX CH-
CTE€Ma THUIIOBUX OpraHi3allifHO-TEXHOJOTIYHHUX DIIlICHb
peBitamizanii mpomeciB OymiBeTbHOTO BHPOOHHIITBA,
YIIOPS/IKOBAHOI 32 3HAYYIIICTIO 00’€KTIB MOBKLLIA, IO
3aXHIAFOTHCS Ta BITHOBIIOETHCs [8], mocTaTHi e st
e()eKTMBHOTO BUKOPUCTAHHSI ITi]] 4aC MPOCKTYBAHHS TEX-
HOJIOTI] Ta opraHi3arii OyiBHAIITBA 00 €KTiB. ToMy mH-
TaHHS ONEPATHBHOTO JIKBiTyBaHHS HACTIJIKIB 3a0pyI-
HEHHS JOBKUUIA M 4Yac OyAiBHHUIITBA 3aJIHIIAIOTHCS
BIJIKPUTUMH.

Mera crarrTi

HaykoBi oOrpyHTyBaHHSA oOpraHi3amiiiHoi Ta
(YHKIIOHATBFHOT CTPYKTYPH MOHITOPHHTY JOBKIJUIA
i yac OyAIBHHUIITBA CIIOPYI 0Opano 3a memy 0anoi
cmammi. MeTa eKOJIOTIYHOTO MOHITOPHHIY — oTepa-
THBHE pearyBaHHsS Ha 3MiHH KOHTPOJIbOBaHHX Iapa-
METpiB, L0 ONMUCYIOTh MOTOYHHMH CTaH IOBKULISA 1€
BifIOyBa€eThCst Oy/iBHUITBO. TOMY 3aBJIaHHIM MOHITO-
PHUHTY €, no-nepute, CBOEYaCHe OTPUMAHHS iHPOpMAaIIii
PO CcTaH MAOBKULIA, a, no-opyze, OIEpaTHBHA JIO-
KaJli3allisi HeTaTUBHOTO BILJIMBY.

OcHoBHHUIT MaTepiaJ

OOTpyHTYBaHHS OpraHi3allifHOI Ta PYHKIIOHATH-
HOI CTPYKTYPH €KOJIOTIYHOTO MOHITOPHHTY 3/1iHCHEHO
HIIIXOM €KCIIEPUMEHTAIbHOTO MOJIEITFOBAHHS MOJKIIN-
BUX OpraHi3aliiHO-TEXHOJOIIYHUX pIllieHb; TMpH
bOMY ITPEJMETOM MO/JIEIIIOBAHHS OYJIH:

A. OpranizauiiiHa CTpyKTypa IYHKTY €KOJOTid-
Hoi Oe3meku (IIEB) 3 aBTOMaTH30BaHOIO CHCTEMOIO
ekoJsioriunoro MoHiropunry (ACEM);

B. ®yskmioHampHa CTPYKTypa
MOHITOPHUHTY.

Moneni opranizariitHoi i pyHKIIIOHAITEHOT CTPYK-
Typ BKIIO4arOTh: 1. MeTy cTBOpeHHs CTpykTypH; 2. ['o-
noBHe npusHadeHHs (pyHkuis) crpykrypw; 3. Op-
rafizaniiHa abo QyHkmioHansHa cxema; 4. Ma-
TepiaIbHO-TEXHITHOTO 3a0e3MeUCHHS.

A. Opragi3aniffHa CTPYKTypa MyHKTY €KOJIOT19HOL
6esneku (ITEB) 3 aBTOMAaTH30BaHOIO CHUCTEMOIO €KO-
sorignoro MoHitopuary (ACEM).

1. Mera cTBOpeHHS i (YHKIIOHYBaHHS ITYHKTY
eKoJIoTigHO{ Oe3MeKn — 3aXUCT 00’ €KTiB HAaBKOJIHUIIHB-
Or0 Cepe/OBHINA BiJI HEFATUBHOI'O BIUIMBY IPOIECIB
OymiBeTbHOTO BUPOOHUIITBA.

€KOJIOTIYHOr' O
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ITyHKT ekoJioridHOi O€3MeKH CTBOPIOETHCS Ha
KOXXHOMY OymiBeIbHOMY MalgaHduKy Ta (DYHKITIOHYE
Ha TPOTI3i BChOTO TepMiHy OyMiBHHIITBA 00’ €KTY.

2. TomoBHe mpW3HAYEHHS ITYHKTY EKOJIOTIYHOI
Oe3IeKn — HeTalHe Ta IIBUAKE BHOAJECHHS 3 MaiigaH-
9uKy OyAiBHUIITBA HEOE3MEUHUX 3a0pyaIHEHb Ta OIe-
paTHBHA JIOKaJli3allisl HETATHBHOTO BIUIMBY, IO BHUSB-
JICHUH 3ac00aMU €KOJIOTTYHOTO MOHITOPUHTY.

['omosa IIEB

BMKOHPOO

3. Opranizamiiina cxema ITEB (puc. 1).

[TepcoHan MyHKTY €KOJIOTIYHOI O€3MeKH Mpu3Ha-
YaeThCsl HAKa30M KepiBHUKA OyIiBeNLHOI opraHizaiii,
MePCOHANIbHUI CKIIaJ SKOrO0 (OPMYETBCS B MeEkKax
ICHYIOWOTO IITATHOTO pO3KIaxy OynmiBexbHOI Op-
raHi3armii.

BinmosinamsHyi
BHIKOHABELb

Mamcrep

BukoHnaBenp

IHXeHep-
€/1eKTPOHH MK

Puc. 1. Opeanizayitina cxema nynkmy exonoeiunoi 6esnexu (I1EF)

Oyukiii rogosu [IEB HagarThes BiNMOBimab-
HOMY BHKOHABII0 pPOOIT (BHKOHpPOOY, HayalbHUKY
JUIBHUIN), BIAMOBINATBHOTO BHUKOHABISI — MAaHCTPY
(BUKOHPOOY), a BHUKOHABI — IHXKCHEPY-CICKTPOH-
HUKY, SIKii 3aJydaeThCs IO TOCTiHHOI poboTH Ha
OyaiBeTbHOMY MaiiTaHIHKY.

JonatkoBi peBitamizamiiiHi poOOTH i 3aX0IU BH-
KOHYIOThCSI OyIiBeTPHUMHU POOITHUKAMH, IO 3aHHATI
Ha BUKOHAaHHI OyIiBeNbHO-MOHTQXXHHX pOOIT, Ta
BIZIIKOJIOBYIOThCS 38 PaXyHOK 3araJbHOOYIiBEIbHUX
BUTpAT.

4. MarepianbpHo-TexHiuHe 3a0e3neyenns [1EB.

MarepiaqbHO-TeXHIUHE 3abe3mneueHHs
3IIICHIOETBCSI HA OCHOBI KoMIUtekTyBaHHs [IED kom-
TUIEKCOM CIIelialbHO Mi1i0paHoro iHBEHTaplo, INpH-
JTaaiB 1 o0JagHAHHS Ta M0 CKIIAAAETHCS 3:

1. Komnnexmy ingenmaplo niasi HEralHOTO Ta
IIBUAKOTO BUAAIECHHS HeOe3MeyHnX 3a0pyAHeHb; KOH-
TeHEepH 3 cOpOEHTaMK, KOHTEHHEPH AJIsl IePEeBE3CHHS
paniamiifHIX peduoBHX, EMHOCTI 3 MICKOM IS 310paHHs
MacTHiIa, aluBa, XIMIYHUX J00aBOK;

2. Komnnexmy npunadie i J1nabopamoprozo
0b6naonannA. — Ta30-, MUIO- 1 [IYMOAHaIi3aTOpH,
BUMIpIOBaui €JIeKTPOMArHiTHOIO BUIIPOMIHIOBAHHSI Ta
pamiamii, 00’€¢IHAHWX Yy aBTOMAaTH30BaHy iH(QOp-
MariifHy cucreMy 30WMpaHHS Ta aHaJi3y [aHUX
(ACEM) mus 3mificHEeHHS TMOTOYHOTO MOHITOPHHTY
CTaHy €JIEMEHTIB JOBKULIA, MO PyHHYIOTBCS, — CTY-
MIeHI0 3a0pyAHEHHS aTMOC(EpHOTO TMOBITPs, BOI BO-
JIOWM, IPYHTY 1 TPYHTOBHX BOJ, piBHI IIyMOBOTO
BIUIMBY, CJICKTPOMArHITHOTO Ta pajialiiHOrO BH-
NPOMIHIOBAHHS, XapaKTepy Ta PIiBHIB MOMIKOKEHH:
pocinuHHOCTI Ta (ayHu.

CrpykTypa 3a3HaYeHHX KOMIUICKTIB 3a CBOIM
CKJIQJIOM 1 KUIBKICTIO 3aJIe)KUTh BijJl OOCSTIB MOXIIH-
BOTO BHKHJYy HEOE3NEeYHHX pEYOBHH, YMOB OyiB-
HUIITBA, XapaKkTepy po3MoJuTy HOro Ha TEXHOJIOTIUHI
30HH Ta MPUUHATOTO CKJIATy BUKOHABIIB — KUTBKOCTI
OJTHOYACHO TMPAIOI0YNX JIAHOK POOITHUKIB.

B. ®ynkiioHanbHAa CTPYKTypa €KOJIOTIYHOTO
MOHITOPHHTY PEriIaMeHTY€ B3aEMOZI0 iH(pOpMaIiiHO-
KEpYIOUu0i CHCTEMH 3 CHCTEMOIO JAaTYUKIB Ta 00’ €KTOM
OyniBHuLTBa (pUC. 2)
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‘06’ exT Oy AIBHULITBA
'3 CHCTEMOIO JTaTYUKIB

Puc. 2. BzaemoOis ingpopmayitino-kepyouoi cucmemu 3 CUCmemo0 0amuuxie i 00'ekmom 6yodisHuymea:
1,2, 3, ..., N— oamyuxu

CBoevacHe oTpUMaHHs iHQOopMaIii Ipo CTaH JI0B-
KU 3a0e31meayeThest (PYHKIIOHYBaHHIM aBTOMATH30-
BaHOT CHUCTEMH eKoJIoTigHOro MoHiTopuHry (ACEM),
K 1H(QOpMAaIiHHOI-KepyI040i CUCTEMH Y CKIJIaJi amna-
PaTHO-TIPOTPAMHOTO KOMILIEKCY y BUTIISII
KOMIT  FOTEPHOT CUCTEMH HOTPIOHOT MPOAYKTHBHOCTI Ta
CHCTEMH IIiJ’€JIHAHUX JaT4UKIiB, (IKCyHOUMX Beiu-
YMHM KOHTPOJILOBaHMX THapameTpiB (puc. 2): 1)
CTYMiHb 320pyAHEHHS aTMOC(EpHOTOo NOBITPsI (ra3o- Ta
MUJI0aHa i3aTopu); 2) CTyIiHb 3a0pYAHEHHS BOJ BO-
JIOWM, TPYHTY 1 IPYHTOBHX BOJ (aHalli3aTOpH BOJH,

IPYHTY, IOHHUX BIOKIaniB); 3) piBHI IIYMOBOTO
BIIMBY (UIyMoaHami3atopu); 4) piBHI eleKTpomar-
HITHOTO Ta paniarmiifHoro BHIIPOMIHIOBaHHS
(BUMipIOBadi €JIEKTPOMArHITHOTO BHIIPOMiHIOBaHHS Ta
pamiarii).

Jlnst aBroMaTH3aLii npoleciB 300py MOTOYHOT 1H-
¢dopmanii Ta il craTUCTUUHOI OOPOOKHM BHUKOPHCTO-
BYETbCS pO3po0iieHa MNpUKIagHA MiAnporpama, pe-
ayrizoBaHa B CepeIoBHIII MS Excel,
PPMDovkillia@wpovednastasia (nyp_ puc. 3).

10. PPMDovkilliaOsypovaAnastasia.ulksk - Excel

Bcraoka  Pasmcrka crpanmusi Gopeynot fanrmie  Peucromponanne  Bug

ABBYY FincReader 12

© Uro seixomnTe caenaTs? Anexcanap Gegoposnu | £ D6LwmiA gocTyn

o Y EoBeranums - | X - A
[ = ) 2 o aY
By - B Yaanums ~ | [+
Berasums i = e Yecnoewoe  @opmaruposats Crnm | o, Copruposka  Haiimu
- = $opmaTaposatue = kakTabamuy » Aueex- | B0 @opMat | & =y punern o aienuTe -

Bydep obmena & Wpnbt 5 Buipasrmnsarne o Yneno ) Crinm Aueiicn Peaaxtuposanme -~
| B2 v| g ‘ x v & ‘ Nianporpama - PPDovkillia Osypova Anastasia ~
4|0 O ey — 0 C R o SR e SRR | 3 O O O O | OSSO STV  NTY  Yc YY S Y  J v Y J [
g (=
2 Mignporpdma - PPDovkillia OFeve Anestesia

3| CaTICTMMHa OLiHKa NapemeTpy A0BKinAA © A. 0. Gcunosa

all

s Habimerysanna ob'exty: _|

s | fata__ |Napametp- |sayroeuii muex, 36

7 1

] 2| 161218 42 Prun= 28 MIHIMAnNbHE 3HAUEHHA p=[13,12]ei sa o %

s 3| 17.12.18] 45 P o= 80 MaKCHMa/IbHe 3HAUEHHA

= i1 i it } i

10| al 181218 53 Po 54,47| cep { fmama napameTey Ocuoeni Bypieancwi npousem

| 5| 19.1218 55 s= | 15,45 cTaHpapTHe BiaXHAEHHA - .

2 6  20.12.18] 28 s*= | 238,7 auenepeia - BeTHYBaHHA KapKaCY

B 7| 211218 67 Pa= (P o~ 8,6745) HUNHE SHAUEHHA -

1 8 221218 77 Py= (P 5+ 0,6745] 8EPXHE IHAUEHHR @

15] 9| 251218 54 = roediuienm neodropionocmi =

16 10| 26.12.18| 48| kp= koegriyienm duckpemuocmi “

” 11| 27.12.18] 37 = 15 3aranbHa TPUBaNICTb CNOCTEPEKEHHA, BHIB = L]
12 12| 28.12.18] 79| Toous= 6/ CNOCTEPEKEHHA He 3AIACHIOBANNCH, AHIB =

19] 13 29.12.18 20 toHnous = 21 nepiof cnocTepemMeHHs, BHIB "
x 14| 30.12.18] 24 posmax W= 52 (P o~ P rin} tlam o 2

| E E El

1 1 37.12.18 v] wip.= na 23 ] 3 3 =]

Amerl | ez | e | 1 ™

Puc. 3.
Tpagpiuna obononxa nionpozpamu PPDOVKillia®¥PovaAnastasia _ oo qmycmyuna oyinka napamempy doexinns
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[Ipuknan cratucTHaHOi 00pOOKHM MOTOYHOI iH(pOpPMAIii MOJ0 MAaKCHMAIbHUX JOOOBUX PIBHIB 3BYKOBHX
THCKiB, BUMIpSHHUX Oe3mocepeTHpo Ha 00’ €KTi OyAiBHHUIITBA HaBEACHUI Ha pHC. 4.

90

80 77

[fa)
=
0

60
50
40
30
20
10

5355
4245 [

28

7980 70 nb

54

57

. 51
48 14 ]
37

KanennapHui gui

Puc. 4. Juuamira 38ykoeux muckie (P, 0B) na 06 ’exmi 6ydisnuymea (0xce-
peno uwymig)

Amnaui3 mokasye, 1mo 21 ta 27 i 28 rpyaHs notou-
HOTO POKY 3BYKOBI THCKH NEPEBHIIYBaJl TPAaHHYHO
JIOTTYCTUMI [T )KHUTI0BOI 320y moBu (0 70 ab).

OnepaTuBHa JIOKaJTi3allisi HEraTHBHOTO BILTHBY
3IIMCHIOETBCSI  HIISIXOM ~ BHKOHAHHS  JIOJIAaTKOBHX
peBiTam3alifHux pooiT 1 3aX0/iB, y TOMY YHCII i3 3a-
CTOCYBaHHSIM HasBHOTO KOMIUICKTY iHBEHTapro Ui
HEraifHOro Ta IBHIKOrO BUAAICHHS HeOe3NMeYHnX 3a0-
PYIHEHb.

JlomaTkoBi peBiTaiizaliiini podoTu 1 3axoad, y
BUTIISIL Kepylodoro BILHBY (KB, nuB. puc. 2), hopmy-
1otbest OIIP Ha ocHOBI:

- OTpUMaHoi iH(opMaLil TPO NOTOYHUI CTaH J0B-
KiJUIs1, HassBHOCTI Ta piBHIB nepesunienHs 1K 3a ce-
penoBuiamMu (MOBITPS, BOAA, IPYHT TOWLIO) Ta 3a PiB-
HSMU HEraTHBHUX BIUTMBIB (IIyM, CBITJIO TOIIO);

- paKTUYHO BUKOHAHMX Y HiIrOTOBYMIA IIepio]] 00-
CSITH peBiTaNi3aliiHUX POOIT 1 3aX0IiB;

- 06a3u ganux (54) npo tunosi OTP,-koMIutekcn
[7] Ta nmani po paHinie BUKOHaHI peBiTami3amiiiHi 3a-
XOJI Ha iHIIX 00’ €KTaX OyAiBeIbHOI OpraHi3arii.

Hampuknan, 3a pe3ylipTaTaMH aHali3y IMHAMIKH
3BYKOBHUX THCKIB Ha 00’€KTi OyAiBHHIITBA (1UB. puc. 4)
Ta JpKepenl iXHBOTO MOXO/KEHHS (Hexail me pobota
pyunux nepdoparopiB) norpidHo obiagHaTH podOUi
MicIisl 3BYKOTIOTJIMHAIOYMMH €KPaHaAMH.

CtpykTypa i KUIbKICHUH CKJIaJ CHCTEMH JaTYHKIB
Ta TXHE pO3TalllyBaHHS Ha KOHKPETHOMY OyIiBHHLITBI
BPaXOBYE:

1) HasBHI HETaTHBHI BUKH/IY i BIUIMBH, 11O T€HE-
PYIOTBCS T1iJ] YaC BUKOHAHHSI POLIECiB BUOIPKOBO-EKC-
TPEMAJIbHOI CTPYKTYPU;

2) ¢isuko-reorpadivme TIOJIOXKEHHS,
MIKpOKJIIMaTH4Hi, TE€0JIOTI4HI Ta TiAPOJIOTivHI Xapak-
TEPUCTHKU MaiiJaH4YnKy OyIiBHULITBA; BU3HAYAIOTHCS
3a gaHuMHU BiamoBimHux po3xinie OBHC, mo po-
3polbiseTecs y CKaui pododoro mpoeKTy;

3) wmicToOyaiBHI 0COOIMBOCTI: BUJ aHTPOIOTCH-
HOro na"gmagTy, MO NEePETBOPIOEThC (THXa abo
LIyMHA BYJIUIIS, TAPKOBA 30HA TOIIO);

4) HaONMKEHICTh 10 MPUPOJI0-OXOPOHHUX, JKHUT-
JIOBUX 1 NMPOMHCIIOBUX 30H, MaM’SITOK apXiTEKTypH i
ictopii To1o.

[puknaa po3TanryBaHHS CUCTEMH JATYUKIB €KO-
JIOTIYHOTO MOHITOPHMHTY HaBEIEHO Ha pucC. 5, a IXHs pe-
KOMEHJIOBaHa TUTIOBA CTPYKTypa — B Tabm. 1.

PosramryBaHHS JaTYHKIB BpaxoOBYye po3y BITpiB
(matumk Ne 2 — aHami3aTOp 3alMICHOCTI MOBITPS
Walcom HT-9600) ta HasiBHUI npUpOAHii penbed —
matguk Ne 6, IO KOHTPOIIOE MOBEPXHEBI 1 IPYHTOBI
BOJIM, PO3MIIIICHUH Y MOHITOPHHTOBUI CBEPUIOBHHI Y
migHDKKS cxuity, a mymomip TM 103 — 6ist mxepen
LIyMmy.

BucHoBok

OOrpyHTOBaHi Ta poO3po0JicHI opraHizaiiiiHa Ta
(byHKI[IOHAJIBHA CTPYKTYPH € MPUKIaJHUMH OCHOBAMH
Oprasizaiii eKoJIOTiYHOT0 MOHITOPHHTY OYAiBHUIITBA,
CIIPSIMOBAHOI'O Ha BHUKJIIOYEHHS IIPUYMH HETaTUBHOTO
BIUIMBY IIporeciB Oy/iBeIbHOr0 BUPOOHHUIITBA HA HAB-
KOJIMIITHE CEPEIOBHIIIE.
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Tabmumg 1
PexoMeH/10BaHA THIIOBA CTPYKTYPa AaTYHKIB-IPUJIALiB MYHKTY eKOJIOTiYHOI fe3neKu
HaiimenyBanHs npmnany Ta cdepa 3aCTOCYBaHHS [TpumiTkn

1. T'azoanamnizartop testo 535,

IIPOMUCIIOBUH ra3oaHamizatop testo 350

Lina*: 6 482,92 rpH - 249 013,88 rpH.

KonTtpoms 3a0pyaHEeHHS MOBITPS BiAIPaIbOBAHUMH Tra3aMi

2. Amnanizarop 3anwierocti nmositpst Walcom HT-9600

Lina*: 5040,00 rpu

O11iHKa SIKOCTI HOBITPS IUITIXOM BU3HAYECHHSI BITHOBHUX MIKPOMICIIEPCHHUH YacTH-
HOK TMTAITY 1 IHTaJSAIIHAX YaCTUHOK ITHITY B TIOBITPi, @ TAKOX I BUMIpIOBaHHS Te-
MIIEpaTypH i BiITHOCHOT BOJIOTOCTI MOBITPs

3. Iymomip-peecrpatop 3 migxmodenssm go [IK Tenmars TM-103

ina*: 7000,00 rpu

KoHTponb nrymMoBoro 3a0pyIHEHHs cepeIOBHINA Y 3arajibHOMY Jliarna3oHi 4acToT
30 ... 130 nb

4.  AmnamizaTop iHTCHCHBHOCTI MarHiTHOTO IIOJIs1 MpOoMHCIIOBoi yactotn EZODO
EM-191

Hina*: 2230.00 rpu

BumiproBanHsa MarHiTHOI iHIyKMii B Aiama3oHi Hu3bkux yactoT (EMF) Bix 30 mo
300 I'o.

5. Hosumerp-pamiomerp MKC-05 "TEPPA"
Hina*: 7896,00 rpu
Jo3uMeTpudHUH i paioMeTpUIHHNA KOHTPOJIb Ha MaiiIaHYuKy OyIiBHUAIITBA

6.  Amnanizatop TSS PORTABLE

Hina*: 7530,00 rpu

MOHITOPHHT TOBEPXHEBUX BOJI, IPYHTY 1 IPYHTOBHUX BOA y Lrypdax, aHami3 poc-
JIMHHOTO IIapy Ta TOHHUX BIIKIAIIB

* - [liHa HaBeJieHa Ha 1MovyaTok KBiTHA 2019 poky
(cymapHa BapTiCTh KOMIUIEKTY NpuiaiiB — 36,2 ...37,0 Tuc. rpH)
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GAS MOTION SPEED CONTROL SYSTEM IN THE GAS TRANSPORT SYSTEM
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CHUCTEMA KOHTPOJISI CKOPOCTH JIBUKEHUS I'A3A B TA3OTPAHCIIOPTHON CUCTEME

Kpacnos A.H.
Kano. mexn. nayx, doyenm

Ypumckuii cocyoapcmeennwiti negpmanou mexuuueckuu ynueepcumem (YIHTY)

Abstract

Ipaxosa M.10.

Jloyenm, YITHTY
Xopomasuna E.A.

Kano. mexn. nayx, ooyenm

Hydrate formation in process pipelines seriously complicates the operation of the gas transmission network,
therefore, a special inhibitor, most often methanol, is added to the gas stream. To determine the required methanol
flow rate, it is necessary to know the gas flow rate. The article proposes a system for monitoring the gas velocity
in loops, in which it is determined by a specially created pressure wave.

AHHOTALUA

FI/IZ[paTOO6p330BaHI/I€ B TCXHOJIOIT'MYCCKUX pr60r1p0130;[ax CCPHE3HO OCIIOKHACT IKCILTYaTaAllUI0 Ia30TPAHC-

HOpTHOﬁ CCTH, MOITOMY B IIOTOK rasa I[O6aBJ'IiHOT CIIeIATbHBIN I/IHI"I/I6I/ITOp, Yqami€ BCE METaHOJI. I[J'IH ompeaesie-
HUsA Tpe6yeM0r0 pacxoJia METaHOJIa HeO6XOI[I/IMO 3HAaTh CKOPOCTh ABUIKCHHSA Ia30BOT'0 IMTOTOKA. B ctatbe npeaia-
ra€Tcsa CUCTEMa KOHTPOJIA CKOPOCTH JABUKCHUA rasa B mneﬁ(bax, B KOTOpOﬁ OHa OINpECACIIACTCA MO CIICIUAaIbHO

C03/1aBa€MOM BOJIHE JABJICHHUSI.

Keywords: hydrate formation, gas transmission network, gas plume, methanol, pressure wave, gas flow

movement

KiaroueBbie ciaoBa: FI/IZ[paTOO6paSOBaHI/I€, ra30TpaHCIIOPTHAs CCThb, ra3oBBIN LHJICfI(l), METAaHOJI, BOJIHA J1aB-

JICHUA, IBUXKCHHUEC I'a30BOI'0 IIOTOKa

OcHOBHOH MPoOIIEMOii TTpH pa3paboTKe Ta30KOH-
neHcaTHeIX MectopoxkaeHuit (KM) sBusercs mpo-
Oiema tuaparoobpaszoBaHusi. OCOOEHHO OCTpO OHa
CTOUT U CEBEPHBIX MECTOPOXKICHUH, HA KOTOPHIX B
Poccuu B HacTostmee Bpemst moobiBaetcs 90 % mpupo-
Horo rasza. OOpa3oBaHWEe THIPATOB HAa KOHKPETHOM
yuactke razorpaHcnopTHoii cetn (I'TC) 3aBucur
TIPEX/Ie BCETro OT TepMOOapHIECKUX yCIOBUH, COCTaBa
W IJIOTHOCTH ra3a, a TakXke OT 0OBOJAHEHHOCTH CKBa-
JKUHHOHM mpoxykuuu [1]. B ciyuae BO3HUKHOBEHUs
YCIOBUH  TI'MApaTooOpa3oBaHMs Ha  KaKOM-IHOO
y4yacTke Ta3olpoBoJia rHapaTHas IpoOKa OBICTPO yBe-

mmuuBaeTcsa. [loMnMoO CHIKEHHS KOJIMYECTBa TpaHC-
MIOPTUPYEMOTO Ta3a 3a CUeT CyXeHHs TpyOorpoBoja,
THIpaTHBIE TPOOKH MOTYT MPHUBECTH K TIOIHOM €ro 3a-
KYIOpKE, UTO SIBIISIETCA YK€ aBapuiHON cuTyarme [2].
Oco0eHHO YacTo 3aKyNMOpKH Ta30MpoBoOjJa ObIBAIOT B
3UMHUH nepuoa B CBA3U C CHUJIIBHBIM OXJIAXKXKICHUEM
JBIDKYIIETOCS B TpyOONpoBoe ra3oBoro moroka. s
00pBOBI ¢ THAPATOOOPA30BAHUEM HCIIOIB3YIOTCS pas3-
JIMYHbIE METOIbI, HO HanOosee 3 PEeKTUBHBIM HA CETO-
JHSALIHUHA JI€Hb SBISETCS 3aKauyMBaHUE B I'a30BBIN MO-
TOK MHTHOWUTOpA I'MApaTooOpa3oBaHus, KaK MpaBHIIO,
MeraHoa. OH BBOJUTCS HENOCPEACTBEHHO HA YCTHE
ra3oBBIX CKBaKHH, a paclipe/ielieHHe MEeTaHoja II0
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JUTHHE TIeia MpOuCXomuT 3a CUYET ero mepeHoca ra-
30BBIM MTOTOKOM. [TocKOIBKY 00IIast IiHa TpyOompo-
BozioB ['TC MOXeT HOCTUraTh JNECSITKOB KHUIOMETPOB,
JIOCTaBKa METAHONA OT TOYKM ITOJA4d IO OIMACHOTO
ydacTKa MOJKET 3aHHMATh 3HadnTelsHOe Bpems. [lo-
3TOMY BJIOJb OOIIIETO Ta30COOPHOTO KOJICKTOPA U OT-
JICNBHBIX IIICH(OB MPOKIAIBIBACTCS CICIUANBHBIN
METaHOJIONIPOBOJI 1 C IOMOIIBIO MaHENeH pacnpeaee-
HUS METaHOJIA HHTUOUTOP JOMOJHUTEIEHO BBOJAUTCS B
ra3oBbIi IMOTOK B HECKOJBKHX Toukax muieida. Dd-
(heKTUBHOCTh MHTMOUPOBAHHS 3aBHCHUT IIPEIKIC BCETO
OT KOPPEKTHOCTH pacyera KOJIMUeCTBa BBOAUMOIO Me-
TaHOJA, a TAK)KE OT CKOPOCTH €0 IBIKEHUS 10 TpyOo-
npoBoxy. Brtopoit dakrop smBiseTcs 0oOBEKTOM He-
CKOJIBKHX HCCIeN0BaHmi, HanpuMep [3 — 5]. B [6] mo-
Ka3aHO, YTO BpeMsI JIBIDKEHIS METaHOIIA (BpeMsl, dyepes
KOTOpoe TpeOyemas KOHIICHTpamus MeTaHona OyneT
JIOCTUTHYTA TI0 BCEeH [UTMHE TPYOOIPOBOIA) OTIPEIeIs-
eTcsl IPEHMYIIECTBEHHO PEXHMOM paboThl Huielda:
BBIHOC XUJKOCTHU HJIM €€ HAKOIIJICHHEC. HJ’IH OJHUX U
TeX JKe TePMOOAPUUECKUX YCIOBUIT BpeMsl HACHILICHUS
TpyOOIpPOBOa METaHOJIOM Koseoercst oT 20 — 50 mu-
HYT Iociie Hauyana ero noaa4u 1o 270 gacos. IIpu sTom
JIUarHOCTHPOBaHHE 0OBOAHEHHOCTH MUIei(a camo 1mo
cebe sBIseTCS CIOXHOM 3amadeit [7, 8], uro 3aTpyn-
HieT ero y4eT. [loaToMy m3MepeHne TeKymero 3Haue-
HUS CKOPOCTH Ta30BOTO MOTOKA B HUIei(ax sSBIseTCS
AKTyaJIbHOM Hay4YHO-TEXHHYECKOW 3anaded, T.K. M03-
BOJIICT ONTHMHU3UPOBATh PACIIONIOKEHIE TOYCK BBOJA
METaHOJIa U NICPUOJUIHOCTD €I0 MoJa4u.

Kak n3BecTHO, CKOPOCTh paclnpoCTpaHEeHUs JaB-
JICHUsI B IOTOKE ra3a paBHa CyMMe CKOPOCTH 3BYyKa B
HCTIOABUIKHOM I'a3€ U CKOPOCTH ABUIKCHUSA ra3a B TPYy-
6ompoBoje. DTa 3aBUCUMOCTh YaCTO UCTIOIb3YETCS IS
OIIpeJIeTICHUs MECT MOBPEKICHHS B ra30IpOBOJIaX: IpU
BO3HIKHOBEHHH YTEYKH BO3HUKACT BOJIHA JTABJICHUS,
KOTOpasi, pPacIpOCTPAHSACh C OIPENCIICHHONH CKOpO-
CTBIO, JOCTHTACT YCTAHOBICHHBIX B TPYJE NAaTINKOB
naBiieHUs. C TIOMOIIBIO Pa3IMYHBIX aJlTOPUTMOB OIpe-
JIeJsieTCs pacCTOSIHUE 10 MecTa yTeuku [9].

CKOpOCTh Ta30BOTO MOTOKA B IDIeH(aX 3aBUCUT
OT AaBJICHUSA, HAJIMYHSA MCCTHBIX COHpOTHBHeHHﬁ, Jae-
OWTa MOJKIIOYCHHBIX K NUIeH(y CKBaXKUH, COOTHOIIE-
HUS (a3 B CKBAKMHHOMW NMPOJYKIIMU U HE IIPEBbIIIaeT 7
— 10 m/c. Bo3Hukiast o Kakou-1nb0 MpuYrHEe BOJIHA

JaBJeHUs (HapuMep, B PE3ylIbTaTe OTKPHITUS HarHe-
TaTeIbHOIO KiamaHa) OyJeT pacipoCTpaHAThECS B 00€
CTOPOHBI OT TOYKH BO3MYIIEHUs. MI3MepuB BpeMs mpo-
XOXKICHUS €10 OTPENCIICHHOTO PACCTOSHUS 10 MOTOKY
1 HaBCTPEUy €My, MOXKHO ONPEAEIUTHh CKOPOCTh MO-
TOKA.

CrpykTypHas cxema IpeanaraeMoil CcHcTeMbl
KOHTpOJISI CKOPOCTH JIBM)KEHHMS T'aza B IUIeH(e Moka-
3aHa Ha pUCYHKe |.

Ha mneiide dpopmupyercss naMepuTensHblil yua-
CTOK, JUIMHA KOTOPOTO MOET OBbITh Pa3IMYHOM, HAIIPHU-
Mep, oT 5 1o 10 kM. OcHOBHOE TpeOOBaHHE K ATOMY
Y4acTKy — OTCYTCTBHE MECTHBIX CONpOTHBIEeHHH. O1-
TUMAaJbHBIM BapUaHTOM M3MEPUTEIBHOTO Y4acTKa SB-
JISIETCS Y9aCTOK, Ha KOTOPOM PACHOJIOKEH KIalaH I
BBOJIa BOJOMETAHOIBHOTO PAacTBOpPa, KOTOPHII OynmeT
SIBIISITBCS YaCTHIO UCIIOMHUTENBHOTO0 O1oKa |11. Ha omu-
HaKOBOM PACCTOSIHUH OT 3TOTO KJIAllaHa yCTaHABINBA-
1otcst uamepurensHble onoku |, 1. Ilentpanphbiii Ook
IV pacnonaraercs B JUCTIETYEPCKOM ITYHKTE.

Kaxxnpiii u3aMepuTenbHbId OJIOK BKIIIOYAET JBa
natuvka gasinenus (1 u 112, /I3 u J14), ycTaHoBjeH-
HBIE TIapaMU Ha Lulelde Ha ONpeNeNICHHOM PaccTos-
HUH JPYT OT IpyTa, PETUCTPATOP TEXHOIOTUIECKHX T1a-
pametpos (PTII1 u PTII2) 1 naTank BpeMEHHBIX METOK
(ABM1 u IBM2) B Bune GPS npuemuunkos. B kaxxnom
OJI0Ke OJWH W3 JAaTYUKOB, PACHOIOKEHHBIH CO CTO-
POHBI M3MEPHUTEIHHOTO y4YacTKa, YCIOBHO CUMTACTCA
BHYTPEHHHM, a BTOPOH, CO CTOPOHBI OCTAIBHOTO
nueiiga, — BHEIIHUM. PaccrosHue Mexny HaTYuKaMu
MOJKET cOCTaBIATh OT 10 10 50 MeTpOB, B 3aBUCUMOCTH
OT pAacCTOSHHUA MEXIY H3MEpPHTENbHBIMH OJOKaMU.
HcnoaHuTeNbHBINA OJIOK COCTOHUT M3 PECHUBEpa, PaIuo-
ympasisieMoro kianana K1 u oOpaTtHbix knananos K2
u K3. PecuBep coeHEH ¢ METaHOJIOMPOBOIOM H 00-
pasyeT BMECTE€ C HUM YCTPOHCTBO CO3JaHHS BOJIHBI
nasneHust YCB/I. LlenTpansHeiii 610K B cocTaBe 6a30-
Boii cranmu 1 APM omneparopa (iepcoHaIbHBIH KOM-
MIBIOTEP) COETMHEH C OCTAJIbHBIMH YCTPOMCTBAMHU CH-
CTeMBbl OECIPOBOJHBIMH JIMHUSMHU CBs3U. JIOKanbHbIE
y3nbl (peructpatopsl PTII) pa3smemarorcs Ha TpaHu-
[ax M3MEPHUTENbHOro ydacTka nuiedda (B 30HE map
JATYNKOB JIaBJICHNUS), IICHTPAJIbHbIN OJIOK — B AUCIET-
YepCKOM ITyHKTE.
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Pucynox 1. Cmpyxmypuas cxema cucmemuvl KOHMPO.Isi CKOPOCMU 08UdICEHUs 24306020 nomoka 6 utrietigax I'TC
M1 — ][4 — oamuux oaenenus; PTI1] — PTI13; JIBM1 — JIBM3 — oamuux epemennvix memox (GPS npuemnux),
K1 — paouoynpasnsemviii knanan; K2 — K3 — obpamuviti kianam,

I, Il — usmepumenvnoiit 610x; 11l — ucnoanumensnoiii 610k, IV — yenmpansnouii 610K

Jlist co3maHust BOJIHBI JaBJICHUS UCTIONIb3YeTCs pe-
CHBE, IaBJICHHE B KOTOPOM HArHETAETCS MPH IIOMOIIN
METaHOJIbHOH JMHUN. TakuM 00pa3oMm, pH OTKPHITUH
BBIITYCKHOTO KJIallaHAa pPECHBEpa B TEXHOJIOTHYECKUI
TpyOOIIpOBOA TOJ JaBJICHWEM BBOJIUTCS Ta30MeTa-
HOJIbHAsI CMECh, CO3/IafoNIast JOKIBHYIO BOJIHY JaBie-
HUSL.

PecuBep, naBneHne B KOTOPOM H3MEPSIETCS PErH-
ctparopom PTII3, mocToSHHO 3amojHEH Ta30M W3
uuiedida. [Ipy HEOOXOIMMOCTH M3MEpPEHHsT CKOPOCTH
ra3oBOro IOTOKa Ha paaHoyIpasisieMblil kiaman Kl
MOCTYNAaeT CHUTHAJd OT NEHTPAJIbHOTO KOMIIBIOTEpa
APM, B pecuBep HaYMHACT MOCTYIATh BOJIOMETaHOb-
HBII pacTBOp. Korja naBnenne B pecuBepe IOCTUIHET
3apaHee 3aJaHHOTO 3HAYeHHs, cpalbaThIBaeT KilaraH
K3. B mueiid nmomaercss BOJOMeTaHONBHBIA PacTBOp U
OJTHOBPEMEHHO CO3/1aeTCs BOJIHA JIABIICHUSL.

[pu ycraHoBuBIIElcs padoTe nureiida odba PTII
M3MEPHUTENBHBIX OJIOKOB MOCTOSHHO TOJIYYal0T METKH
BPEMEHHU C 3a/laHHBIM PABHOMEPHBIM HHTEPBAJIOM C
nomortisio cBoux GPS mpuemnnkos. Bee matanky naB-
JICHWS TaKXX€ HENPEphIBHO MNPOM3BOIAAT H3MEpPEHHE
3HAYCHHH JaBJICHUS T'a30BOT0 IIOTOKA B IBYX CEUEHUIX
Ha KOHIIaX M3MEPHUTEIBHOTO yJacTKa menbga. Pe3yns-
TaThl U3MEPEHMs BHEIIHEr0 M BHYTPEHHETO JaT4uKa
Ka)KJJOM Tapbl CPaBHUBAIOTCSI MEXIY co00i. Dra mpo-
neaypa HeoOXoaMMma Uil WACHTHQHMKALUK HCKYC-
CTBEHHO CO3/1aHHOM BOJIHBI JJaBJICHUSI.

Orta BojHA OyAeT pacmpocTpaHsAThCS B 00€ cTo-
poHbI OT Touku Bo3mymieHus. C nomonisto PTIT usme-
PUTEIBHBIX OJIOKOB  (DUKCHUpYeTCS IPOXOXKICHHE

BOJIHBI JABJICHUS Yepe3 00e Maphl JaTYUKOB JIABICHHUS.
Janee orneHMBaeTCS CHHXPOHHOCTh CTYNEHYATOTO H3-
MEHEHHS IaBJICHHS HAa 000MX KOHIAX N3MEPHUTEIHLHOTO
ydacTka Iuiei¢a: abcomoTHOE 3HaUYeHNE Pa3HOCTH Me-
TOK BPEMEHHU, MOIYYEHHbIX ¢ omoulsio GPS nmpuem-
HUKOB KaXIOW TMapbl JaTYHMKOB M COOTBETCTBYIOLIUX
CPaBHHMBAaeMbIM 3HAYECHHUSM JIaBJICHHS, MU3MEPECHHBIM
nataukamu J[1 — /14, He MODKHO TPEBBINIATH 3ajaH-
HYI0 BEJIMYHMHY 3aJIepXKKHU 10 BpeMmeHH. Kpome Toro,
AHATIM3UPYETCS MOCIeI0BAaTEIbHOCTh N3MEHEHNUS aB-
JICHUS Ha KaXXAOM U3 JaTYUKOB COOTBETCTBYIOIIECH
Mapbl: Ha 000MX KOHI[aX H3MEPHUTEIBHOTO YIacTKa CTy-
IIEHYaTOe U3MEHEHHE JIaBICHUS BO BHYTPEHHEM cede-
HUM menb(a IOIDKHO TPOM3OMTH paHbIle, YeM BO
BHemIHeM. [Ipy BBINIOJIHEHMH BCEX IEPEUNCICHHBIX
YCIIOBHI TICHTPaJIbHEIN KOHTpouiep APM ¢ukcupyer
MIPOXOX/ICHNE MCKYCCTBEHHO CO3JJaHHOM BOJIHBI JaB-
JICHUSL.

st onpenenenus ckopoctu C pacrpocTpaHeHus
BOJIH JIaBJICHUS B MOTOKE Ta3a HCIONb3YIOTCS METKH
BPEMEHH, COOTBETCTBYIOIIME CTYHNEHYATOMY H3MEHE-
HUIO JaBJIEHUs, 3auKkcupoBaHHOMY AaTtyukamu J{1 —
J14 ma o000MX KOHIIAX W3MEPUTEIHLHOTO Yy4YacTKa
nuteriga:
L, — L,
T,—-T{

rze L1, Lo — KoopAnHATH KOHIIOB H3MEPUTEIBEHOTO
ydacTtka nuieiida, m;

T1, T> — METKH BpeMEHH TIPOX0/1a BOJIHBI JaBje-
HUS Ha KOHIIAX y4acTKa, C.

CKOpOCTb Ta30BOT0 MOTOKAa BBIYUCISAETCA IO

C =
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dhopmyie
(-G
vV=—7
2
rae C1 u C; — CKOPOCTH pacTpoCTPpaHSHHS BOTHBI

JIaBJICHUS 110 TIOTOKY T'a3a M IPOTUB MOTOKA.

MrHOBeHHBIE 3Ha4€HHSI CKOPOCTH COXPAHSIOTCS B
apxMBe, TJe N0 O3THM JaHHBIM MOXXHO IOJYYHUTh
OLICHKY CpeJHEH CKOPOCTH 32 ONpEeNICHHBIN MepUoa
BpPEMEHHU.

[peanaraemast cuctemMa AJsi K3MEPEHUsI CKOPOCTH
ra3oBOTo MOTOKA B TPYOOIIpoBOIax ra3ocOOpHOil cetn
MO3BOJISIET MOJYyYaTh 3HAUYEHHE ITOM CKOPOCTH B pe-
JKHME pPealbHOro BpeMeHu. Ilo 3ToMy mapamerpy
MOXHO, Hapsy C TEMIIEpaTypoil U JaBIeHHEM, KOC-
BEHHBIM 00pa30M OIEHUBATh COCTOSIHUE nuTeHida. 3Ha-
YEeHHE CKOPOCTH JIBW)KEHHS ra30BOro IOTOKA B IIIEH-
(hax ra30cOOpPHON ceTH MO3BONSET 0O0Jee TOYHO pac-
CUMTaTh  BpeMs  JBW)KEHHS  MeTaHoia 110
TpyOOIIPOBOAY, YTO, B CBOIO OUYepE/b, NO3BOJISIET BbI-
6paTI> OIITUMAJIbHBIC TOYKH BBOIa ME€TAaHOJIa B ra3oBbIf
MOTOK ¥ NEPUOAUYHOCTH €r0 BBOJIA.

IMpu TeXHUYECKON pealn3aluu CUCTEMbI MOXHO
UCIIOJIb30BaTh YK€ YCTAHOBICHHBIE HA TPYOOTIPOBOIAX
PErHCTPATOPhl TEXHOJIOTHYECKUX IMApaMeTpOB C pa-
JIMOKAHAJIOM, TTAHEJId BBOJAA METaHOJIA M Jp., YTO Je-
JIaeT €€ SKOHOMUYECKH BBITOIHOM.

Hcnonb30BaHHE CHCTEMbI IMO3BOJIUT TOBBICHUTH
3G GEKTUBHOCT IKCIUTyaTalUH Ta30KOHICHCATHOTO
MECTOPOXKJCHUS, OCOOCHHO Ha 3aBeplIaloleil cTaanu
AKCILTyaTall, KOT/1a BEPOSITHOCTh HAKOILICHUS BOJBI
W THIpaTooOpa3oBaHus B nuieiidax CyIecTBeHHO BO3-
pacraer.
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