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Abstract

This article describes a method for producing acrylic film formers in the form of paints and varnishes. This
paper presents a radical method of obtaining copolymers based on MMA and AK with different content of mono-
mers in the initial mixture. To determine the composition and physicochemical characteristics of the copolymers

synthesized, TGA and DSC methods were used.
Annomauus

B oannoti cmamve onucan cnocod nonyyeHus akpuiogulx NieHKoobpazosamenell 6 8uoe JaKOKPACOYHbIX
mMamepuanog. B oannoii pabome npedcmasiet paouxaibHvlli Memoo HOLYYeHUss CONOIUMEP08 Ha ochose MMA u
AK ¢ paznuunvim cooepocanuem MOHOMEPOS 8 UCXOOHOU cmecu. [[ist onpedeneHus CoCmasd u u3uKo-Xxumuyeckux
Xapaxmepucmux CUHME3UPYeMblx CONOIUMEPO8 ucnoav3oganucs memoost TI'A u JJCK.

Keywords: Thermogravimetric analysis - TGA, differential scanning calorimeter - DSC, paintwork - LCP.

Knrouesvie cnosa:

Cpenu nepeuncnenssix JIKII, akpunar sBasercs
CaMBIM BBICOKOKAYECTBEHHBIM CBSI3YIOIINM, IPAMEHS-
€MBIM JIJISI U3TOTOBIICHHUS KPACOK ISl CTEH U TIOTOJIKOB
MIPOMBIIIJICHHO-OBITOBOTO Ha3Ha4deHHsA. Jlakokpacod-
HBIE MaTepHaibl Ha OCHOBE MOJMMEPOB IIHPOKO HC-
MOJTB3YIOTCSI B COBPEMEHHOM CTPOMTENBCTBE. JIaku co-
JepKaT ABa OCHOBHBIX KOMIIOHEHTA — IIOJIUMEp U Je-
Ty4YHi PaCTBOPHUTEIIb, @ TAKXKE CIELHANBHBIE T00aBKH,

Tepmoecpasumempuueckuil aHamu3 —
kanopumemp — J[CK, naxoxpacounoe nokpvimue - JIKII.

Tr'A, ouggepenyuanvuviii  ckanupyrowu

yJlydlIaroniue KayecTBo Marepuana. [lonumepst siBiis-
IOTCSL CBA3YIOIIUMH (IUIEHKOOOPA3yIOIIUMH) KOMIIO-
HeHTamH [2,3].

JKcnepuMeHTaAIbHasA YacTh. CHUHTE3 COIOJIH-
MepoB Ha ocHoBe MMA u AK ocy1iecTBiisiiim MeTo10M
panuKaIbHOW COTIONMMEPHU3alui B IPUCYTCTBUHN MHHU-
muatopa JIAK. CooTHomieHHe UCXOMHBIX KOMITOHEH-
TOB MOHOMEpHOI cMecu cocTaBisio MMA-AK = 10-
90, 50-50, 90-10 macc.%.



4

International independent scientific journal Ne3/2019

B Tpexronyio konOy CHaOXEHHYIO MEIIaIKON
Haymy 20 M1 cmecu MMA-AK u HarpeBaim Haz BO-
nsHOH Oaneit mo 70°C. Jobasmmm nanmmarop JAK 0.1
T, iepementiBainy B TeueHue 30 MuH. OcTanrbHOE KOJTH-
gectBo cMect MMA-AK (80 mu) mobasnsn apoOGHO
o KaruisiM B TedeHue crepytomux 40 muH. [Tocne 3a-
BEpIICHUS JOOABJICHHUS CMECH MOHOMEPOB MOBBICHIIH
Temnepatypy 10 80°C u ocyIIecTBIsIIN CUHTE3 B Te4e-
Huu 3 vacos [45].

H:C

— CH;

H:CO

H:C

[Momydennsie conomumepbl MMA-AK Bbicaxu-
BaJIM B OCAINTEIIC TEKCAaHE W BBICYIINBAIN B BaKyyM-
HOM cymmibHOM mikady. [lomydeHHBIH TakuM oOpa-
30M COTOJIMMEp OBUI NMPOAHAIN3UPOBAH PA3INIHBIMHU
(bU3HKO-XUMHUYeCKUMH MeTonaMu. CHHTE3UpOBaHHBIC
COMOJIMMEPBI JOJDKHBI UMETh CIEAYIONIYIO CTPYKTYpY
B COOTBETCTBUM C YKA3aHHBIMHU BBIIIE XapaKTEPHUCTH-
KaMH, KaK ITOKa3aHO B pEaKIusX:

o

Memoo mepmozpasumempuueckozo aHanu3a.
AHanu3 npoBoJuiIcs B aTMocdepe BO3LyXa cO CKOpo-
creto HarpeBanus 10°C/muH. Ilo naHHBIM aHanmu3a

N
CH;
H:CO ~<

CH; O
- N\ —
RHCIH
CH; ]
Lc/
RCIH
—Iimn  — —11

TIA/ATA (pucyHoxk 1, Tabmuua 1) ycTaHOBJIEHO, YTO
paszioxeHue obpasia NPOUCXOIUT B TPH dTama IS Co-
ctaBoB conoinmepa MMA-AK=10-90, 50-50 u 90-10.

Tabmuma 1.
JlaHHble TepMUYEeCKOro aHajau3a conojumepos MMA-AK
[MMA_?K] T,°C* | T.,°CP Teuneparypa ok [MoTeps maccrr® % Ocratok PDTma’C?
MoJIb. % pasnoxenus, °C Maccer* %
29.49-198.71 17.53 82.47
10-90 97.24 198.71-366.18 59.57 22.96 320
366.18-900.85 9.075 13.89
29.70-287.32 32.50 67.65
50-50 102.28 287.32-593.15 35.14 32,51 380
100 593.15-899.24 8.7165 23.76
29.80-219.07 14.76
219.07-275.67 4.54 85.24
90-10 103.01 275.67-333.32 5.59 75.15 500
333.32-438.71 14.19 40.80
438.71-899.16 20.26
a — Jlanusle mosryueHnsle Ha ocHoBaHUH JICK Tepmorpamm
6 — /larHBIe NOTyYEHHBIE HA OCHOBaHUH ypaBHEHNH Poxca
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ECE M 1 1/min
100 ¥ 1
] — 0557
20 _\_/<\\ Step -59.5792 % 0.05]
. + -673154 mg T
80 Residue 22.9672 % ]
] 2.4345 mg -0.104
70 3 Left Limit 198.71°C ]
. Right Limit 366.18 °C -0.157
60 .
] Step -17.5232 % | -0.204
50 -1.8575 mg | Step -9.0785 % .
] Residue 82.5464 % -0.9623 mg _0.253
e 8.7499 mg | Residue 13.8887 % ]
E Left Limit 29.49 0C 1.4722 mg ]
1 Right Limit 198.71°C Left Limit 366.18°C -0.304
30 \ Right Limit 900.85 °C ]
] . -0.354
207 ]
1 ez
10 4
.50, 100, 150,200, 250, 300 350, 400 450, 500 , 550,600, , 650, 700, 750, 800 , 850,°6H

0 s 10 15 20 25 30 35 40 min

%% | 1/min,
1 M2 5 50 -0.00
1007 . Step -32.5032 % ]
1 -3.5103 mg ]

] Residue 67.6533 %6 o 01:
904 7.3066 mg - . -0.0 1]
] Left Limit 29.70°C Step —gk_};:gzng ]

] : R S0 -3.795 ]
807 Right Limit 287.320C Residue 32.5126 % -0.02]
] 3.5114 mg .
70 Left Limit 287.32°C i
E -0.03]

] Right Limit 593.15°C 03]
60 Step _8.7165 % 0,04
1 -0.9414 mg -804
S04 Residue 23.7961 % ]
7 2.5700 mg 1
401 Left Limit 593.150C -0.057
: Right Limit 899.24 °C ]
30] —0.06;
20350 100 150 200 250 300 350 400 450 400 S50, 500 650, 700 750 800 S5O g

0 "5 """ "4 " "3s " " "Fo "~ " "5 " " "30 " " 35 " " " 40 min
. Step - 4.5423 ¢p = frrrin o
% ] M3 - 0.4633mg 1/min
10094= Residue 80.8545 %% 0.00:
1 8.2472 mg .
] Left Limit 219.07 °C =

B Right Limit 275.67 °C Step -14.1948 %

207 -1.4479 mg ~0.01]
] Residue 61.0643 %o ]
] 6.2286 mg g
80 Left Limit 333.32 0C 0.02]
] step _14.7639 % Right Limit 438.71 0C ]
] -1.5059 mg i
704 Residue 85.3967 % 0.034
] 8.7105 mg -0.03
1 Left Limit 29.80°C Step -20.2638 % 1
1 Right Limit 219.07 °%C -2.0669 mg ]
604 teht Limit 21907 ¢ Residue 4085.05 %  _p.04-
- Step - 5.5953 ¢, 4.1617 mg ]
] - 0.5707mg Left Limit 438.71 0C ]
S04 Residue TS.2591 %% Right Limit 899.16 °C =]
] 7.6764 mg -0.057
1 Left Limit 275.67 °C 1
403 Right Limit 333.32 °C =
1.50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 906

0 5 10 15 20 ) 2s 30 = 35 40 min

Pucynox 1. TT'A mepmozpammer cononumepa MMA-AK, M1=10-90, M2=50-50, M3=90-10, macc.%

Hanuune HECKONBKHX 3TaNoB Pa3ioKeHHsI COIO-
mimepoB MMA-AK no-BuinmMomMy 00yclioBIeHO 00pa-
30BAHUEM  HUHTEPMOJIEKYJSIPHBIX  B3aUMOJACUCTBUH
Mexny MMA n AK, Biusroniie Taxke Ha mporecc 00-
pa30BaHUsA COMOJIUMEPA, B PE3yNIbTATE YETO BOSHUKAIOT
MOTEPU MAaCCHI, CBA3aHHBIE C TIOTEPE BOJBI M CIIUBA-
HHEM KOMIIOHEHTOB COTIOJINMEDA.

IlepBass u BTOpas MmoTeps MacChl B HHTEpBAJC
17.53-59.57% Bo3HuKaeT mpu TemmepaTtypax 29.49-
366.180C mis comonmmepa MMA-AK cocraa 10-90
Mmacc.%, B uaTepBane 32.50-35.14% mnpu Temmepary-
pax 29.70-593.150C mns comoammepa MMA-AK co-
ctaBa 50-50 macc.% u B uHTepBane 14.76-4.54% npu
TeMrieparypax 29.8-275.670C mist comonumepa MMA -
AK cocrtaBa 90-10 macc.%. lanHas moTeps Macchl
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00yCIIOBIICHA HCTIAPEHHEM OCTATKOB XMMHYECKH CBSI-
3aHHOI BOJIBI 1 PACTBOPUTEIISL.

Tpertuii 3Tan NoTepyU Macchl BOSHUKAET IPU TEM-
nepaTtypax 366.18-900.850C mnst conmommmepa MMA-
AK=10-90, mpu 593.15-899.240C mns comonmmepa
MMA-AK=50-50, u ipu 275.67-333.320C mnsa coro-
muMepa MMA-AK=90-10. YeTBepThlil 1 NATHIN 3TABI
MOTEPH MAacChl BO3HHUKAIOIIUE IPH TEMIIEpaTypax
333.32-438.710C 1 438.71-899.160C nmst cononumepa
cocraBa 90-10 macc.%. JlaHHast HOoTepss MacChl MOXKET
OBITh CBsSI3aHA C OSK30TEPMUYECKUM DPa3I0KECHHEM
COOH rpynn B pe3ynbTaTe pa3pylIeHuss HHTEP- U UH-
TPaMOJEKyJISIPHOTO B3aMMOJICHCTBHSA 32 CIET BOJOPO-
HBIX cBsizel Mexny MMA u AK.

Memoo ougppepenyuansvnoii ckanupyrowieni Ka-
aopumempuu. JI7s OTY9IEHHBIX COIOJINMEPOB OBIIH
UCCIENIOBaHbl WX TEPMHUYECKHE CBOMCTBA METOJOM

M1

™!
3
i

27.01 Delta Cp = 0.150J/g™°C

v
o
in

Heat flow endo up (mW)

Onset = 91.92 0C

muddepeHIMATLHON  CKaHUPYIOMEH KaloOpUMETPHUU
(ICK). Meron JCK sBnsercs ymoOHBIM criocoOoM
OLICHKA COBMECTHMOCTH COMOJHMMEPOB U II03BOJIIET
OILICHUTH KaueCTBO MOJTy9IaeMbIX U3 HUX IICHOK. B ciy-
4ae COBECTUMOCTH COTIOJIMMEPOB Ha TEpMOTpaMMe 00-
Hapy>KUBaeTCA OJUH UK, CBUACTEILCTBYIOLIHHA 00 0/1-
Hoi Temmeparypsl crekinoBanus (Tct), B To Bpemst kak
Ha TEPMOTpPaMMax YaCTUYHO WJIA COBCEM HE CMEIIINBA-
€MBIX MJIM HECOBMECTUMBIX COETMHEHUI OOHapYy KHBa-
ercst 1Be wim 6onee Tct, mpuHaAeKanye OTAeIbHBIM
KOMITOHEHTaM COIIOJIMMEpa.

B pa6ote merox JICK ObuT Takke HCHOJIB30BaH
JUTSL OLICHKH BIIFSTHHS COCTaBa COIOJIMIMEPOB Ha CBOM-
cTBa ieHoK. Ha pucynkax 2 u B Tabnurie 1 mpencras-
nensl pe3ynbraTel JJCK aHamm3a comoamMepoB pa3ind-
HOTO COCTaBa.

ction Point = 97.24 'C
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Pucynox 10. ICK mepmozpammur cononumepoé MMA-AK, M1=10-90, M2=50-50, M3=90-10, macc.%

Ha TepMorpammax comoanmMepoB OOHapy>KHBa-
€TCsI OJIH MUK, UAeHIUpuuupyromuii Tct cononume-
pos. IIpu 3TOM U3 TepMOrpaMM BHJIHO YBEIHYCHUE
TeMIIepaTyphl CTEKIOBaHUS ¢ pocToM conepkanus AK
B COCTaBe COIOJIMMEPOB, YTO MOXKET OBITh 00YyCIIOB-
JICHO crielu()UUECKUM B3aMMOJIEHCTBHEM MEXAY Kap-
6okcunpHOM rpynmnoit AK u xapOOHMWIBHON Tpymnmoit
MMA ¢ o6pazoBaHreM BOIOPOAHEIX cBs3eit [70].

3akJirouenue. TepMOrpaBUMETPUUYECKUN aHATU3
IIMPOKO MCHONB3YETCS ISl XapaKTEPUCTHKU TTOJIUMe-
POB, B YACTHOCTH AJIsI OTIPEIENICHNS] TEPMHUYECKOH CTa-
omreHOCTH. B paboTe OBLT MpOBENEH TEPMOTPABUMET-
pHudecKuii aHaIM3 00pas3IoB COMOINMEPOB, COBMEIICH-
HbI1 ¢ TuddepeHIranbHBIM TePMOrpaBUMETPHYECKUM
ananmusom TTA/JITA.
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Abstract

In 1960, Stanislav Ulam published a mathematical problem book “4 Collection of Mathematical Problems .
In this book he mapped out a number of similarly problems of modern mathematics and lines of attack on them.
This problem book has become one of the most popular collections of unsolved mathematical problems. One of
the problems in book is the problem of “A fundamental transformation in the 'theory of equations'”. The study of
a fundamental transformation is important because the inverse of it turns the coefficients of a polynomial in its
roots.

In this paper, the concept of fixed points is used to study the fundamental transformation. A new mathematical
concept was defined - the fixed equation. The set of fixed points and fixed equations is studied. Theorems on their
number and distribution are proved. As a result, the problem for the integer case is solved completely.

Anomauisn

Y 1960 poyi Cmarnicrae Ynam onyounixysas 30ipky mamemamuynux npooaem «A Collection of Mathematical
Problemsy, 0e okpecnug HU3KY HAUOIUNCYUX 3A0aY MO2OUACHOT MAMEMAMUKYU Ma WsAxXie ix po3e'asanus. L[] 30i-
KA cmana OOHI€ 3 HAUNONYIAPHIWUX 30IPOK Hepo368 sa3anux mamemamuunux npoonem. OOHiero 3 3a0ay 30ip-
Huka € 3a0aua «A fundamental transformation in the ‘theory of equations’». [ocniocenns ¢ynoamenmanvuo2o
nepemeopeHHsi € BANCTUBUM MAK K 360pOMHe 00 Hb020 NePemBopPrE KoeiyieHmu MHO20UIeHA 8 11020 KOPeHi.

B pobomi ona eusuenns GyHoamenmanvbHo2o nepemeopents UKOPUCAHO NOHAMMS HEPYXOMUX MOYOK |
BU3HAYEHO HO6e MamemMamuine NOHAmms — Hepyxome pi@HﬂHH}Z, 00CAI0NHCEHA MHONCUHA Hepyxomux mo4okK i He-
PYXOMUX Pi6HANb, 008e0eHi meopemu npo ix KitbKicmbs i po3nodin. Ak Haciiook 3adaia 0nsl YiloYUuceaibHo20 Gu-
naoka eupiuena nOGHICMIO.

Keywords: fixed points, fixed equations, polynomial roots, coefficients of polynomials, the fundamental trans-
formation in the ‘theory of equations’.

Kniouosi cnosa: nepyxomi mouku, Hepyxomi pi6HAHHI, KOPEHi MHO2OYIEHI8, KoeiyicHmu MHO20UIEHI8, (Y-
HOaMeHmanbHe nepemeopeHHs «Meopii piGHAHb Y.

1. Bcmyn

3ajgaya BUBUCHHS (DyHAaMEHTAILHOTO IIEPETBOPEHHS «Teopii piBHAHH:» nocTaBieHa CraHiciaBoM YiamoMm,
B 30ipHHKY «He po3B’s3aHi maremarnyHi 3ama4i» [1]. Panime 141 3agada Oyna omy0iikoBaHa y KHH31 «Scottish
Book» — 36ipaHKY 3ama4, po3pobaeromy B Iloxbmii 1o apyroi cBiToBOI BilftHH. 3a1a4a oTpuMaia BU3HAHHS TiCIA
BUIaHHS 30ipHUKa [ 1] aHrmifickkoo MoBor. Ha IyMKy JesikuX MaTeMaTHKIB MOMYJSPHOCTI 30ipHUKa 3amad [1]y
JBAIIATOMY CTOpidYi MoCTymagach TIMBKH CIUCKY mpobiem [imsbepra 3 fioro momosiai Ha II MixxHapomHOMYy
Konrpeci maremarukis y [Tapmwki y 1900 poui [2]. 36ipuuk «A Collection of Mathematical Problems» Gys Buna-
Huii y 1964 pori pociiicbkoro MOBOIO ITiji Ha3Boro «HepelieHHbIle MaTeMaTHUeCKue 3amadn [3].
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B HaHiﬁ pO60Ti IMOCTAaBJICHA 3a/la4a MpPO 3HAXOMKCHHS HEPYXOMHUX TOYOK NEPETBOPCHHSA Tn — MHOXXHWHHU

KOpPEHIB piBHSHHSI Pn (Z) = O, (me Pn(Z) € MHOTOYJICHOM), Ha MHOXXHHY KOEQIIi€HTIB IIbOTO X PIBHSIHHA y
LIJIOYHCEIILHOMY BUIMAKY.
Y pobomi pose’sazana 3a0aua obuucienHs HEPYXOMUX MOYOK NEPemeopenHs Tn 0151 YINOUUCENbHO20 8UNa-

oky. Josedeno, wo ons N =1 icuye oona nepyxoma mouxa 3 yinouucensnumu koopounamamu, ona N = 2 — dsi,
a ons 6yov-sikoco N >3 — N nepyxomux mouox, ane minvku mpu 3 nux marome yinouucenvri KoopOuHam.
Po3zeé'sizana 3a0aua npo posmawyeanns nepyxomux moyok. Jlisi po3B’s3aHHs IIMX 3a/1a4 TOBEACHO PsiJi TEOPEM:

PO KUIBbKICTh HEPYXOMHX TOYOK II€PETBOPEHHS Tn , IPO CTPYKTYPY MHOXKXHHU HEPYXOMHUX TOUOK EPETBOPEHHS

Tn IUIS JIMCHOTO 1 KOMIIIEKCHOI'O BUITAIKIB.

2. Ocnoéni nonamms i 6U3HAYEHHA

. v o . n . o .o “ . .
IToznaunmo yepe3 C" n-BI/IMlpHI/II/I KOMIUIEKCHUH mpocTip, a uepe3 R n-BI/IMlpHI/II/I nivicHuii mpocrtip. Iig
(yHIaMEHTAIBLHAM TIEPETBOPEHHSIM «Teopii PiBHSIHBY», ciigyroun CraHicaoBy Yiamy, MH PO3yMIEMO IEpETBO-
PEHHSL:

T, % =(-1)' & (X, Xy, .00 %, ) 0
i=12...n @

A00 B pO3TOpHYTOMY BUTJIAII:

(1a)
n
0 = (_1) §n(X1’X2’ 1Xn)
ne é‘i, | :11 2, ey N orge | -1a eJeMeHTapHa CUMETpUYHa (QYHKIIIS BiJ 3MIHHIX X1, X21 sy Xn . Cumetpu-
YHe epeTBOPEHHS Tn BUpaXkae KoedilieHTn Xi,, i=1,2,...,n pisasHus
2"+ %2 +...+% =0 @

aepes iforo kopeni Xy | = 12,.n.
Muosusa kopenis Xy, Xpyeoo X pisnsmms Pn(z) = O, ae Pn(Z) — mHorounen crynens | Bin Z, posr-

N - . ' ' '
nagataveMo, sik Touky 1 -sumiproro mpoctopy C". 3 ismoro 6oky koxsiii Touni P = P (Xl 1 Xy yeean X, ) |

n+l

. . . . I "o
-BuMipHOTO TpocTopy C" MOKHA IOCTABUTH BiJIIOBIJIHO MHOTOWIEH Pn(Z) =7 +XZ +..+X ,iTum ca-

MUM piBHAHHA (2). CUMeTpu4HEe NepeTBOPEHHS T n 32 BU3HAYCHHSM € OJHO3HAYHHUM BiTOOPaXEHHSAM HPOCTOPY
n . . T -1 .
C" y mpocrip C", 3BopoTHe mepeTBOpeHHs |, 0odeBHAHO GaraTo3HawHe. 3 iHIIOTO OOKY BOHO MOXE PO3TIIsIa-

THUCSI SIK IEPETBOPEHHS KOPEHiB Xl’ X2 yreny Xn piBHSHHS (2).

Busnauenna 1. CykynHICTb KOpEHIB piBHSIHHS (2) 3 ypaxyBaHHAM X KpaTHOCTI Oy/eMO Ha3MBaTH MTOBHUM
PO3B’sI3K0OM piBHSHHA (2), a60 Toukoto npoctopy C".

Busnauenna 2. bBynemo Ha3uBaTu po3B’si30K PiBHSHHS (2) TpUBIaNBbHHUM, SIKIIO Cepe]] KOPEHIB piBHIHHS (2)
€ KOpiHb PIBHUI HYIIIO.

Busnauenns 3. IloBHuit po3s’s30k piBsHES cryneHs (N —1) , 6yaeMo Ha3WBaTH BiANOBIAHIM TPHBialb-
HOMY PO3B’SI3Ky PIBHSIHHS CTyIIeHs |, SIKIIO BiH OTPMMAaHMii 3 TPUBIAILHOTO PO3B’SI3KY BiAKHIAHHIM OXHOTO 3

KOpEHiB, KU TOPiBHIOE HYII0. Bynemo ropoputH, mo Touka P , iKa HaNeXuTh C", € HEpyXOMOIO TOYKOIO BiJIO-

OpakeHHs Tn , SIKIIO Tn (P) =P . MHorousnen Tn , IO BIJTIOBIIa€ HEPYXOMiil TouIli Oy/IeMO Ha3MBATH HEPYXO-

MUM, SIKIIO Tn(P) =P .
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AHaJOTIYHO BU3HAYA€MO TIOHATTS TPUBIATBHHUX 1 HETPUBIATbHUX HEPYXOMHX TOYOK, TPUBIATHHHUX 1 HETPH-
BiaJIbHUX HEPYXOMUX PiBHSHbB.
3. Hepyxomi mouxku cumempuuHux nepemeopeHs T2 ,T3 ma 8ionogioni im nepyxomi pieHAHHA

3HaI7[HeMO HepyXOMi TOYKH CUMCTPUYHOT'O IEPETBOPCHHSA T y

Xl' =—=X=X%
T, :{ , . (3)
Xy = XX,

Hexaii touxa P, manesxurs C2, ta Mae koopauaru (a@,b), To6ro P = (a,b) . Sxmo Pe HEPYXOMOIO

TOYKOIO CHMETPHUIHOTO BiOOpaKeHHS T2 ,T0 &, b — Gyne po3B’s3xoM cucTeMu piBHSHB:

a+b=-a @
a-b=b
CucteMa po3nafaeThCs Ha JBI MMiICUCTEMU:
a+b=-a )
. a
b=0
3 cucremu (4a) maemo a =0, b =0. I cucremy:
a+b=-a
(40)
a=1

3 cuctemu (46) maemo a =1, b=-2.

Takum 9MHOM BimOOpaKCHHIM TZ Ma€ Bl HEPYXOMi TOUKH le = (O, 0) Ta P22 = (1, —2) , IKAM BiJTIOBI-
JIAfOTh JIBA HEPYXOMHUX PIBHSHHS:
x? =0, ©®)
x?+x-2=0. (6)
3ayBaxxuMMo, 1110 PiBHSIHHS (5) TpHBianbHe, a piBHAHHS (6) HE TPUBIaJbHE.
3HaiiieMo HepyXoMi TOYKH CUMETPUYHOTO NEPETBOPEHHS T3 :

!

X ==X =X, = X5
. 14
To 04X, = XX, 4+ X, X5 + X, X5 (7
Xé ==X XX

Hexaii Touka P , o Hanexuts C3, Ta mexait @, b, ¢ — i koopaunaTu, To6T0 P = (a,b,c) . Sxmo P _

HEepyXoMa TOYKa CHMETPUYHOTO BiIOOpakeHHs T3 ,T0 @, b, C — € po3B’a3xK0M crucTEMU PiBHAHB:

a+b+c=-a
ab+bc+ac=Db (8)
abc=-c
Cuctema (8) 04EeBUIHO PO3MAIAETHCS HA JIBI MIJICUCTEMHU:
a+b+c=-a
ab+bc+ac=b (8a)
c=0
Ta
a+b+c=-a
ab+bc+ac=Db (86)
ab=-1

Sxkmo ¢ =0, cucrema piBHsiHb (8a) 3BOUTHCS 0 PO3B’SI3aHHS CHCTEMH piBHsHB (4). Crcrema (8) nae aBi

HEPYXOMi TPHUBiaJIbHI TOUKH Pal = (0, 0, 0) " P32 = (1, —2,0) .
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Po3B’s3yeMo cuctemy piBHSHB (80), MaeMo:

L _2-b°
bc—23 {b2+bc—2:0 b
3 3 _ 2
_2a3+cb:b — b —Cb +2—0 — b3—2_b b3+220 =
ab=-1 a:__l b
b !
b
2—b? 2—b?
c= c=
b b
— Ib b =207 —2=0 = {(b-1)(b°—2b2+2)=0. (85)
1 1
a=—— a=——
b b
3 npyroro piBnsHEs cructemu (88) Maemo D =—1 3pizxn a =1, c = —1.

3ayBakuMo, M0 TOYKa P33 = (1, -1, —1) — HepyxoMa TOYKa IEePETBOPEHHS T3 . Touka ng BiITIOBiTa€e
HEpyXOMOMY piBHSHHIO (9).
z°—7°—-z-1=0. 9)
3 apyroro piBasuHs cuctemu (88) maemo b® — 2b? + 2 = 0. 3uaiinemo kopewi pisusnus b® —2b+2 =0
. BuxopuctoByroun ¢popmyiry Kapmano [4], maemo:

A+B .A-B / /19 / /19
=A+B, b,,=- +1 3.1 A=3-1+,/[—;, B=3-1-,|—.
b 23 2 2 V3. 27 27

TaxuM YMHOM Ma€eMO IIe TPH HEPYXOMi TOUKH MEPETBOPEHHS 1 TPU HEPYXOMUX PiBHSIHHS:

Pligo_ 1 b= A+B C_A2-|—2AB+BZ—2

7 A+B’ ’ A+B
PSS = 2 _ —(A+B)+i(A-B)3 C_4+(A+B)2—6ABTLi(A2—BZ)
T (A+B)x(A-B)V3' 2 T A+B)+i(A+B)/3

(A+B)=(A-B) (A+B)=i(A+B)
s, 1 22+(A+B)2H2—(A+B)2=o
A+B A+B (A+B)
L5 2 2 (A+B)’ ¥6AB Z_4+(A+B)2—6AB¢i\/§(A2—BZ)_0
(A+B)+i(A-B)J3  (A+B)+i(A-B)3 (A+B)+i(A-B)3 N

ne A=3-1+ /E; B=g-1- |2
27 27

. ) Pl Pz. . P3 P4 P5 PG .
TaxyM YMHOM Ma€eMO J1Ba TPUBiaIbHUX PO3B’A3KK 3, 3 14oTupH HeTpuBianbHKUX , 3, g, 3, Bigno-

BiJTHUX TTEPETBOPEHHIO T3 .

4. Teopemu npo KinpKicms HEPYXOMUX MOYOK MA HEPYXOMUX PIGHAND
Mae miciie HacTymmHa:

Teopema 1. Hexait Pn (Z) — MHOTOWIEH N-0ro CTYINEeHs Bij Z TaKui, 110 Pn (Z) =0_ HepyXxoMe PiBHSHHS 3
TPUBIAJILHUM PO3B’SI3KOM P , TOJ1 BIJMIOBIAHMHA PO3B’ 30K Pln_l € PO3B’A30K JEAKOI0 HEPYXOMOIO PiBHSHHS
P"(z) =0.

Mosedenns. Tak, sk po3B’SI30K Pln PIBHSHHS Pn (Z) =0 tpusiansue, To Z =0 — kopiub piBHAHHS
Pn (Z) =0 , Takox P(0) = 0. BiamnosiaHo Pn (Z) JiauThCs Ha Z. JlomycTuMo Pn—l(z) = Pn (Z) - L. QueBuano

Pn—l(z) =0 HEepyXOoMe PiBHSHHS.
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Teopemy noBeneHO.

Hacniook 1. Hexait {Pn } — CYKYTIHICTh PO3B’SI3KiB HEPYXOMOTO PIBHSHHS CTYIEHS N, a {Pn ; 0} — MHO-
JKMHA OTPHMAaHa JIOAaBaHHIM J0 KOXKHOT'O po3B’s3ka Hyis. Toni {Pn;O} € MHO>KHHOIO {t"+l} — CYKYIHICTb
TPHMBiaNlbHMX pPO3B’A3KIB HepyXoMuX piBHSHb crymens N+1. To6to, Mae wMicue BKIIOUEHHS
{Pro}={t" = {P"*} e n=(12,...,Nn).

Hacnioox 2. Hexait P(z) =0wmnepyxome piBHAHHA i Pn (Z) = aOZ” + alsz1 +..+4a,. Sxmo
a, =0, i =12,..,N mpu i< j<n,roni 9 =0 a1 scix k(l SkSn).

JliticHo, Hexal ai =0 . I3 HepyxomocrTi piBHSIHB Pn (Z) =0 € HACJIiJIKOM, II[0 Pn (Z) Ma€ KOpiHb, TOOTO

P(0) =0, ane Toxi &, = 0. TponoBKyroUH neii mpomec oTpuMaemo, mo &, =d_j =...=ad; = 0.
TBepakeHHS NOBEICHO.
Teopema 2. Icuye N! HepyxoMux piBHAHB cTeneHi N.

-1
Hosedenna Sk 3a3Ha4anocs BUIIE, NEPETBOPSHHS Tn 3BOPOTHE CHMETPUYHOMY HEPETBOPCHHIO Tn Oara-
To3HayHO. JlilficHO, KO)XKHOMY Habopy Koe(ilieHTiB MHOTOYICHA Pn(Z) BiNOBigae Habip KOPEHIB PIBHSIHHA

Pn (Z) =0 . IIpu nupomy Habip KoedilieHTiB yIOpsSAKOBaHMIA, a HA0ip KOPEHiB — HeyIopsAaAKoBaHNi. Ha MHOXIHI
KopeHiB icHye He Oinbme N! mopsaaxis, mpuuOMy MakcUManbHe YMCIIO MOPSAAKIB AOCATa€ThCS TOMI, KOIU BCi KO-
Tt = o

peHi pi3Hi. TakuM 4rHOM, SKIIO KOPEHI pi3Hi, TO BimoOpaxeHHs Koe(ilieHTiB B KopeHi &

N! -spaune. dxuio Pe HEPYXOMOIO TOYKOIO CHMETPUIHOTO ITEPETBOPEHHS Tn :
1
(—1) O, (X, Xphe i X ) =X,

(—1)2 52(xl,x2,...,xn):x27 )

(=1)" 8, (X0 Xp1- s Xy) = X

n

sIKa PO3TIIIIAETHCS BiTHOCHO HEBITOMUX Xi y 1= 11 2! vy N , ToIi cucteMa Mae He Ginpme N! PO3B’sI3KiB.

Jlosedennsn. KoxeH i3 KopeHiB Xi B TOMY YHCIIi Xl , 32JIOBOJIBHSIE PIBHSHHIO

n
n-1_

Dax" =0, (11)

i=1
a omke, Moxke npuitvary [ 3Hauens. SIKio GyIb-sKe 3HAYCHHS, HAPUKIIAL X,,, IiACTaBUTH B chctemy (10),
TO cucTeMa OyJie eKBiBaJICHTHA CUCTEMI JJIsl CHMETPUYHOTO NIEPETBOPEHHS Tn—l BIZTHOCHO 3QJIMIIMBIIMXCS HEBI-
nomux. SIKio B MHOKeH] kopeHiB piBusuns (11) Bei kopeni pisHi, To cuctema (10) mae N! pos3s’askis. Sxmo B

) m

MHOXWHI KOpeHiB piBHsAHHA (11) mpucytHi m KOpPEHiB KpPaTHOCTI kj’ J 21,2, vy M e E kj =N, sigmno-

=
BiJIHO YHMCJIO Pi3HUX pO3B’s3KiB cuctemu (10) oueBUIHO JOPIBHIOE:

n!
k 1K,k

Jus [4].

TaxuM unHOM icHye He Ginbuie Hix N! pisHux HAGOPiB KOpEHIB, KOXKEH 3 SAKHX BiJIOBiTaE HEPYXOMOMY
piBHsHHIO 3 BpaxyBaHHsM Koperis N!.

Teopemy noBeneHO.

Hacniook. CumeTpuuHe NepeTBOPEHHS Tn mae N! mepyxomux Touok.
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3aysarcenna. BigmiTUMO, 110 iCHY€ TUTBKH JIBa HEPYXOMHX HETPUBIaIbHUX PIBHSAHHS 3 MIJIOYHCEILHAMU
Koe(ilieHTamMu:
2
2°+2-2=0, (12)
3 2
z°+2°—-z-1=0. (13)
TIpHpOHBO OCTABUTHU [IUTAHHS TIPO iCHYBAHHS HEPYXOMUX PiBHSHb 1Sl 6y 1b-sK0ro 1.
Mae Micre HacTyIHa
Teopema 3. IcHye TiNbKH ABa HEPYXOMHX HETPUBIANBHUX PIBHAHHSA 3 IIIOYUCETFHIMH KoedimieHTaMu.
Jis moBeneHHs HaM TOTPiOHA HACTYIIHA JIeMa.
Jema. Hexait

F=x"+ax"" +ax""+...+ax=0 (14)

€ HEpYXOMHM PIiBHSIHHSM, TOJI:

a,+a;+...+a, =—-2a, (15)
a+a’+...+a’=-2a,
a0o0, 110 TEX came
n
D= (16)
i=2
n
dai=-2a,, 17)

i=2

Jlosedenns. B cuny Hepyxomocti piBHsHH (14), BUKOpHCTOBYIOUH Tiepiue piBHSAHHs cuctemH (10) Maemo:

Da=-a, (18)
i=1

110 JIOBOJUTH piBHAHHA (16).

3 Ipyroro piBHSHHS CUCTEMU MaEMO Zaia j =@, , ab0 IepeTBOPIOIOYH, MAEMO:

ij=1
n n
aya+yaa =a, - (19)
i=2 i,j=2

i#]

1 n
3 (16) maemo: alz—EZai.

[TincraBnsiemo B (19) Ta Mmaemo: —— a a; |+ aa;
(350 &

i=2
|¢J

n 2 n n n n
ITepeTBOPIOIOYH MAEMO: Zai _zzaiaj =-28, i gani Zazi + ZZ:aiaj — ZZ:aiaj =—
i=2 1j=2 i—2 ij=2 ij=2

i#] i#]j i#]

n
CKOpPOYYIOUH MAEMO: Zajz =-2a,
i=2
Takum yrHOM piBHSHHS (17) HOBEmEHO.
Jlema nosenena.
Hacniook meopemu 3. He icHye HEpYXOMUX PiBHSHB 3 IIJIOUYUCETHFHUMH Koe(illieHTaMu U n > 4.

Josedenna. 3 (16) maemMo: AKIIO PO3B’S30K HETPHUBIaIBHHMN, TO ai # 0; I = 1; 21 oy N Ante Topi |ai | >1 i

2 2
Bianosizuo 3 (17) d, + Zai = —24, . TlepeTBOPIOIOYH MAEMO:
i=3

a§+2a2+1+iai2=1:>1:(a2+1)2+iai2 (20)
i=3

i=3
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n

Are (, +1 +yal= a+1) n-2<1=
i=3
2
= 12(a+1) +n-2 = (a+1)"<3-n
Tax, sk 371iBa B HEPIBHOCTI CTOITH KBaJpaT, TO OTPUMAEMO:
2
0<(a+1)’<3-n = 0<3-n= n<3.

3BiIKE Ma€eMO: iCHY€E TUTBKH ABa HEPYXOMHUX HETPHUBiaMbHUX piBHAHHL. OOH/IBa 3 MIIOYHCETPHIMH KOe(iIli-
eHTaMu . TakuM 9WHOM iCHY€ JIHIIe ABa HETPHUBiaJbHUX PiBHAHHA 3 IIIOYUCETbHIMH Koedimientamu (12) Ta (13),
TOOTO HE iICHYE HEPYXOMHX PIBHSHB 3 LIIOYUCENbHUMU KoeditienTamu st N> 4 .

Hacrnigok Teopemu 3 moBeneHo.

Teopema 4. Icnye nuiue TpU TMIM HEPYXOMHX DiBHAHB 3 IiouncensHMMH koedimientamu: X" =0,
ney2 ney3 2

X'(x“+x=-2)=0 x"(x’-x"=x+1) =0,

ITpugomy jius N = 2,3 piBHAHHS TPUBialbHi.

Hacniook meopemu 4. IcHye nuiiie 1Ba HEPYXOMHUX HETPHUBIANBHUX PIBHSHHS 3 IIIOYNCETFHIMHA Koedirie-
HTaMH:

X’ +x-2=0
X*+x*—x-1=0
Teopema 5. lepeTBOopeHHS Tn s Gymp-skoro N > 2 Mae TiTbKH TPH TOUKH 3 UIIOYHCETLHAME KOOD/IH-

naramu: (0,0, ... ,0) — mouarok koopauuar, (1,—2,0,...,0) ta (1,—1,-1, ... ,0).

Mae Mmiciie HacTyIIHa TeOpeMa, 010 PO3TALIyBaHHS HEPYXOMHUX TOUOK MEPETBOPCHHS Tn B IIPOCTOPI Rn .

5. Teopema npo pozmautysanns Hepyxomux movox

Teopema 6. Bci HepyxOMi TOUKH ITEPETBOPEHHS T, , PO3TaIIOBaHI Ha MEPETHHI HITIHAPUIHOT TOBEPXHI

x, +1) + n x? =1
2 i
i=3

(ummisgpuyna moBepxHs yrtBopeHa (N —1) -BuMipHEUM KomoM pamiyca 1 3 meHTpoM B TOYmi

(0,-1,0, ... ,0) [5]. Bic uuninzapa napasensHa KOOPAWHATHII oci Xl ), Ta TUTOIIMHA

n
2% ==
i=2
Jlosedenns. Jlosenenns npsimye 3 popmyi (16) ta (20).

Taxum uunom, 3adaua Cmaunicraeéa Yanama, wooo HepyXomux movok nepemeopeHHs Tn 3 yinouucerbHUMU
KOOpOUHAMAMU, pO36 ’A3aHa NOGHICMIO.
Tumanna noe'szami 3 po3noOOINOM MHONCUHU HEPYXOMUX MOYOK NEPemEOpeHHs Tn 8 OCHOBHOMY 3aNUWA-

tomoucs giokpumumu. Oonax meopema 6 00360€ HAM NPOCYHYMUCS i 8 YbOMY HANPIMKY.
3. Yaam C.M. HepemieHHble MaTeMaTH4ECKHE
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Abstract

Modern situation in thermal energetics together with technologies of energy consuming in the communal field
are considered in the work. It is shown, that a price policy in the communal field is mainly determined by situation
on global energetic market and tendencies of its development. The permanent energetic crisis can be recognized
as a main tendency of development of the global energetic market. The way out from the given crisis circumstances
at the moment is found in alternative energetics and energy saving, what, according to opinion of the authors of
the present work, is far from rational approach. Perspective decisions directed to heat saving in communal and
industrial fields are discussed in the paper too.

Annomauusn

B pa6ome pacemampueaenicsi COBPEMEHHoe COCMOosARUe MenjilodHepeemuKu COBMeCcmno ¢ Mexnolo0cusimu
9HepeonompebieHus 8 KOMMYHANbHOU chepe. [lokazano, umo yeHo8yo NOTUMUKY 8 KOMMYHAIbHOU chepe 8 3Ha-
YUMeNbHOU Mepe onpeodeisem COCMOsHUE 00ue20 PbIHKA dHepeoHocumenell u meHoeHyuu e2o paszsumust. OOHoU
U3 OCHOBHbIX COBPEMEHHbIX meHOeHuuﬁ PUIHKA aﬂepeoﬂocumeﬂeﬁ AenAaemcs nepMaHeHmelﬁ 9Hep2emuquKm7
Kpuzuc. Buixoo uz crooicuswetica kpusucrotl cumyayuu 8 Hacmosiwee 8pems Uym 6 pa3eumuu aibmepHAmugHol
OHepeemuKku u 3Hepzoc6epe:)fceﬂuu, umo, no MHeHUro asmopoe cmamsvi, He CO6CemM PAYUOHAIIbHO. Bpa6ome 00-
CnycaalOMCﬂ makoice nepcnekmuensvle peulerusl, Hanpaejernnsvle Ha menﬂoc6epe9/ceﬂue 8 KOMMyHaJleOﬁ u npous-
800CmMEeHHOIL chepax.

Keywords: Energetic crisis, Energetic market, Alternative energetics, Vacuum thermal insulation
Kniouesvie cnosa: Dnepeemuyeckuii kpusuc, IHepeemuyeckuli puiHok, Anbmepnamuenas suepeemuxa, Ba-
KYYMHASL MEenI0U30NSAYUSL

OcCTpblil SHEPreTH4EeCKU KpHU3HC KOHLA Mpo-
IIJIOTO - Ha4yajla HBIHEITHETO CTOJIETHS, COMPOBOXKIAB-
mmiics OecnperieIeHTHBIM POCTOM II€H Ha SHEProHO-
CHTEJIM, O3HAMEHOBaJ COOOW HadaJo HOBOTO 3Tama
9HEprocOepexeHus], U1 KOTOPOTO XapaKTePHbI CIICIH-
(hudeckre ocoOCHHOCTH, He HaOIroAaBIIHecs B cdepe
sHepronoTpedieHus panee [1-3]. B otimmune ot mpen-
IIECTBYIONINX KPH3HUCOB, BEIPA)KABIIMXCSI B PE3KOM Jie-
¢unnTe HedTH HAa pPHIHKE, OCHOBHBIM CPEACTBOM

00pBOBI C KOTOPHIMY OBLITH MOMBITKH CHU3HUTH IIEHBI Ha
He(Th IPU TTOMOIIH YIKOHOMUYIECKUX, TIOJTUTHUECKUX U
TEXHOJOTHYECKHX METOJIOB, MOCIEIHUNA SHEpPTreTHIe-
CKHU KpHU3HC, MOCIEACTBUS KOTOPOTO €Ille JaleKO He
MIPEOJI0JICHBI, IMEJ BCEOOBEMITIONINIA CUCTEMHBIA Xa-
pakrep. B xone sToro kpusnca Ha pbIHKE MPOSBISIICS
JEQUIUT NPAKTUYECKU BCEX BUJIOB YJHEPTOHOCHTEIICH,
YTO MPUBEJIO K PE3KOMY POCTY 1ieH Ha Hux [1-3]. Cu-
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Tyalysl Ha SHEPrOpbIHKAaX B I1OCJIEIHEE BPEMS OCIIOXK-
HSETCS ellle ¥ TeHICHIINEH 0TKa3a OT sSAepHOU dHepre-
THKHU NOCJIE aBapyUU HA aTOMHOM 3JieKTpocTaHuuu Py-
kycuma (SAmonmst). XoTs B mOCHeIHHE HECKOIBKO JIET
[ICHBI Ha SHEPTOHOCUTENH M, TIPEXkKAe BCero, He(Th 3a-
METHO CHU3WJINCH IO CPAaBHEHUIO C MMKOBBIMU 3Haue-
HUSIMU B pas3rap SHepreTH4eckoro Kpusuca, yka3aHHbIe
LEHbl TMPOJOJDKAIOT OCTaBaThCSl HAMHOTO  BBHIIIIE,
HEXeNU UX MPEeIKPU3UCHBIE 3HAUCHUSI, TOITOMY FOBO-
pUTh 00 OKOHYAaHHM MOCIIEJHETO0 SHEPreTUYECKOro
KpH3HCa B HACTOSIEEe BpeMs SIBHO IPEXJIEBPEMEHHO.
Ilocneqnuii sHepreTUUECKUi KPU3KUC CTal OJHOM W3
TJIaBHBIX TPWYHH 3KOHOMHYeckoro kpusmca 2008-
2009 roa0B, MIMEBIIETO BECEMA TSKEJIBIE ITOCIEACTBHIS
JUIsI MUPOBOW SKOHOMHUKH. Eciu oT npenmecTByommx
SHEPreTUYECKUX KPU3HCOB CTpajalid, B IEPBYIO OYe-
peab, pa3BUThIE CTPaHbI 3amaja, TO MOCIEIHUN SHEp-
TEeTHYCCKUH KPH3UC UMeN Ooiee OOmUil XapakTep U
BeChMa HETraTHBHO CKa3aJcs Ha SKOHOMHUYECKUX U CO-
[UANBHBIX CUTYallUsX B OTCTANBIX, PAa3BUBAIOIIMXCS
CTpaHax M CTpaHax C NepPEeXOJHON IKOHOMUKOM, B TOM
quciIe JOCTAaTOYHO TSXKEIO 3aTPOHYT 3KOHOMHUKY
Yxpaunsl. Henb3s ckazatb, 4To ISl IPEOIOJICHUS
9HEPreTUUECKOro Kpu3uca He MpeIIpUHUMAETCSl HUKa-
KAX YCHIINH, OTHAKO 00bEM COOTBETCTBYIOIIUX MEPO-
MPUATHI, 0COOCHHO B 00JAaCTH MPOW3BOACTBA U TIO-
TpeOICHNUS SICKTPUIECKON U TEIIIOBOHM SHEPTUH, SIBHO
JAJleK OT HEOOXOIMMOTo, a HEKOTOPBIE TCHICHIINU
OOpBOBI C JHEPTEeTHYECKUM KPHU3HCOM TIPEICTABII-
I0TCSI OTHIOJIb HE OECCIIOPHBIMH.

PaccMoTpuM BO3MOXHBIE CLieHApUU OyIyIIero
Pa3BUTHA YHEPTETUKH [4, 5], CBA3BIBAas UX HE TOIBKO C
TEXHOJIOTHUECKOW 3 (HEKTUBHOCTHIO Pa3BUTHA OT-
JICNBHBIX 00JacTeil SHEPreTHKH, HO M C IKOHOMHYE-
CKMMH aclieKTaMU Takoro pa3BuTus [6]. Poct 1ieH Ha
YIJIEBOJAOPOJAHBIE SHEPrOHOCUTENN U SKOJIOTMUECKUE
MpoOJIEeMBI, CBSI3aHHBIE C TIIOOATBHBIM TOTEIUICHHUEM,
CKJIOHIIIN 0OIIECTBEHHOE MHCHHUE B PA3BUTHIX CTPaHaX
K YOSXKICHHIO O IeNIecO00pa3HOCTH OTKa3a OT TpajIu-
LMOHHOM TEIJIOBOW M aTOMHOM HHEPreTUKH B IOJb3Y
ANbTEPHATHBHEIX, IPEXK/IE BCETO BO30OHOBIISIEMBIX, HC-
TOYHHKOB 3Hepruu [7-10]. BropsiM myTeM mpeojoie-
HUS SHEPTEeTUUECKOTO KPH3HCa MPEACTaBIIETCS YHEpP-
rocOepexxenue. U ecnu saeprocdepexeHme Kak crocod
6OpBOBI ¢ HETATUBHBIMU KPU3UCHBIMU SIBIICHUSMU HU-
KaKuX COMHEHUW HE BBI3BIBAET, TO albTEpHATHBHAS
SHEPreTUKa MOXKET OKa3aThbCsA Yepecdyp AOpOrocTos-
mieid [7-10]. BeposTHO, MOBBINIEHUE IIEH HA AJIEKTPO-
SHEPIrHI0 BCJIEACTBHE HCKYCCTBEHHOTO YBEJIMYEHUS
JIOJIA aJIbTCPHATUBHBIX U BO30OHOBJISCMBIX HCTOYHH-
KOB CJ/IeJIaeT peHTabenbHON pa3paboTKy TeX MecTo-
POXKAEHUH YTIIEBOAOPOIHBIX YHEPTOHOCUTENEH, KOTO-
pBIe HEBBITOAHO 3KCIIIIyaTHPOBATH B HACTOSIIIEE BPEMs,
Omaromapst 4eMy MOKET BOSHUKHYTB IIEPHO/I SHEPTeTH-
YecKOoW CTaOMIBHOCTH MIPH BECbMa BHICOKMX IIeHaX Ha
sHepruio [1-3]. B 60ombIIMHCTBE TPOTHO30B MPEATIONa-
TaeTcsi, 4To0 (U3NYECKOE YBEIMUEHHUE TMOTPEOICHUS
9NEKTPUYECKON U TEIUIOBOM 3HEPIUU IPOMBIIIIEHHO-
CTBIO Pa3BUTHIX CTpaH B OMipKaiiimme roisl OymeT
BECbMa HE3HAUYMTENbHBIM WIM BoOOWmIe HE Oyxer
HaOIronaThes [4-5], 4ero Hesb3sl cKa3aTh O Pa3BUBAIO-
LIMXCS CTpaHax U CTpaHax C MepexoaHON YKOHOMUKOH.

3aT0 yMEpEeHHBIH POCT YHEPrOMOTPEOICHUS B KOMMY-
HaJbHO-OBITOBOM CEKTOPE Pa3BHUTHIX CTPAH U OyPHBIH,
OTIEPEXKAIOIIUH POCT SKOHOMHUKH POCT OBITOBOTO 3HEP-
TOnoTpeONIeHNs B Pa3BUBAIOIINX CTPAaHAX M CTPaHaX C
NIEPEXOHON SKOHOMHMKOM IPOTHO3UPYETCS IOYTH
BCEMH JKCIIEPTaMH, ACTAIOIINMHE aKIEHT Ha POCT YHEP-
rormotpebnenus B Kurae, Unauu, bpasumuu. Taxum
00pa3oM, eciM MporpaMMmbl abTEPHATHMBHOW 3KOHO-
MUKH, AeKJIapupyeMsle, B IepByo odepenasb, EBponeii-
ckuM Coro3oM, OyAyT peann3oBaHbl, TO B Onrkaiinme
TOJIbI CIIEeAyeT OKUAATh ONEPEKaroIero pocTa IeH Ha
ANEKTPOIHEPTHUIO NPU BEChbMa YMEPEHHOM pOCTEe LieH
Ha yTJIeBOIOPOIHBIE YHeproHocutend [7-10]. Hamuane
MO0JOOHOTO MPOTHO3a AaeT BO3MOKHOCTH MpEAIarath
OTAENBHBIC MEPBI M KOMIUIEKCHI MEpP 110 ONTHMH3ALUH
U palMOHAIN3AIMN 3HEPronoTpeOneHns Ha [OoCTa-
TOYHO JJTUTENBHBII EPHO.

DHueprocoepexenue [11-12], 6e3ycioBHO, Oyner
SIBJISITbCS. OCHOBHOW TEHJCHLMEH Pa3BUTHUS SHEPreTH-
YEeCKOro CeKTopa Kak B IPOMBIIUIEHHOCTH, Tak U B
KOMMYHaIbHOHU cdepe. U ecnu aHamu3upoBaTh U CO-
BEPILIECHCTBOBATh MPOIIECCHl 3HEPromnoTpediIeHus B
MIPOMBILIIEHHOCTH, BOOOIIE TOBOPSI, 3aTPYAHUTENLHO,
MIOCKOJIBKY 3TO CBSI3aHO C M3MEHCHHEM TEXHOJOTHH
TIPOM3BOJICTBA, TO B KOMMYHAJIBHOH cdepe, U TOH da-
CTH TIPOMBIIUICHHOTO 3JEKTPONOTPEONICHNS, KOTOpast
mo ¢gopme OmM3ka K KOMMYHAIBHOU cepe, MOKHO ¢
OOJIBIION CTETIEHBIO YBEPEHHOCTH ONTUMH3HPOBATh U
pannoHaIM3UpOBaTh paccMaTpHBaeMble Iporeccsl. B
pa3BuTHIX cTpaHax 3amagHod EBpomsr u CeBepHoi
AMeprKH KOMMYHAJIBHOE 3HEprocOepexeHne BXOAUT
B IIPOTPaMMBbI MIOTHBIX IPOEKTOB YIIyUIIEHUS ObITO-
BBIX YCJIOBUH MNPOKHBaHUs, OOBEAMHEHHBIX OOIINM
Ha3BanueM Smart House. Oxnako TexHosoruu Smart
House B 60sIbIIMHCTBE CBOEM BeChMa AOPOTH Jaxke s
Pa3BUTHIX CTpaH 3amaja, a TeM 0oJiee Uit CTpaH ¢ Mpo-
ONEeMHOI YKOHOMHKOH, K KOTOPBIM OTHOCHTCS YKpa-
nHa. TeM He MeHee, BBIIICYNIOMSHYTHIH POCT IIEH Ha
JIEKTPOIHEPTHIO W TEIUIOHOCUTENN TPHBOAUT K BBI-
BOJly O TOM, YTO PaHO WJIM MO3HO TEXHOJIOrHH Smart
House okaxyTcst peHTaOeIbHBIMI U B CTPAHaX C IPO-
6nemMHOI ’KOHOMHKOH. C JIpyroil CTOpOHBI, TOT XKe
pOCT IIEH JelaeT IpPUBJIEKATEIbHBIMH B CHCTEMax
9HEPro- U TEIUIOCOEPEIKEHUST JOPOTOCTOSIINE TEXHO-
JIOTHH, HAIpUMeEp, pa3paboTaHHbIe B PAKETHO-KOCMH-
YECKOM TEXHUKE CUCTEMBI TEIUIOBOM 3aILMUThI U TEIJIO-
M30JIIIMHU Ha OCHOBE ITyOOKOTO BaKyyMHUPOBAHUS WIIN
KOMIIO3UTHBIX MAaTEpUAJIOB CO CHELUAIBHBIMU CBOM-
CTBaMH.

OCHOBHBIMH HaIIPaBJICHUSAMH B DHEPTO- U TEIJIO-
cOepe)xeHUn B HACTOsIIIEE BpeMs SBJISIETCS ONTHMHU3A-
LsI ¥ pallMoOHaIM3anus 3HepronoTpetieHus. Pemenus
3a/a4 ONTHMH3ALUH MO3BOJISIOT ONPENEIUTh HAWTyd-
e, TO eCTh HanboJiee 3JKOHOMHBIE PEKUMBI CO CTOH-
MOCTHOW TOYKH, C TOYKH 3pEHHS SKOHOMHH YHEPTHUH,
1, HAKOHETI, C TOYKH 3PEHUS YIOBIETBOPEHHS MOTPeO-
HOCTEH MOTpeOUTENs], a STH TOUKH 3PEHHS, K COXKae-
HUIO, He Bcera coBnaaatot. [locraHoBKa 3a1aun onTH-
MHU3alMU HE BCErJa BO3MOXKHA, IOCKOJIBKY TpeOyer
(dopManuzanyu Bcex IapaMeTpoB cUcTeMbl Uil (op-
MYJMPOBKH 11eeBOH (YHKUMM Win (YHKIMOHANIA.
PaccmotpuM, k puMepy, TEMIEPATypHBIN PEKUM OT-
JIENIbHO B3STON KBapTUPBI, KOTOPBIH TOJDKEH, B IEPBYIO
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ouepenp, obecreunBaTh MaKCHUMAaJIbHBIA KOMGOPT
JKUIbIIaM (OTMETUM, YTO MaKCHUMAaJIbHBI KOM(OPT U
MUHIMAJIbHBIE 3aTPaThl 9YacTO OKAa3bIBAIOTCS B3aUMO-
UCKITIOYAIOIAMHU TPeOOBAHUAMH, TPEOYIOIUMH TN~
TENBHOTO W HE(OPMAIBFHOTO IMOWCKAa KOMIIPOMHCCA).
Camo moHsATHE KOM(OPT IUI0XO0 MojmaeTes hopMau-
3anuu. Tem He MeHee, sl OTIICIBHO B3SATON KBaPTHPHI
ymaeTcst C(OpMYIHPOBaTh 3aqady ONTUMAIBHOTO
YIPaBJICHUS PEKHUMOM OTOILICHUS (KOHIUIIMOHUPOBA-
HHS), €CJIM MOJIb30BaTENb 33/1acT JKeNaeMbli TemIepa-
TYPHBIH PEKUM, TO HCIIOJIB3YsI €ro KaK IENCBYIO (yHK-
M0 ¥ 3HAsl BHEIIHHE IOTOJIHBIE YCIIOBUS (TemIepa-
Typy, CKOPOCTh ¥ HAampaBJICHHE BETPa), MOXKHO
c(hOpMYITHPOBATh U PEIINTH CTAHAAPTHEIMHA METOIaMHU
3a/1a4y ONTHMAIBHOTO YIIPABIICHIS HA OCHOBE TIPSIMON
COTIPSDKEHHOH 3a7jaqil TeII000MeHa IOMEIIESHHS Yepe3
CTEHBI U OKHA C OKpY>Karollel cpefoi. 31ech UCIOJIb-
30BaHUE NPSMOW COMPSHKCHHON 3aadll TMPHHIUIIH-
JIBHO Ba)KHO, TOCKOJIBKY Macca CTeH M X CyMMapHasi
TEIJIOEMKOCTh MHOTOKPATHO TMPEBOCXOAUT Maccy M
TEIJIOEMKOCTb BO3/lyXa B momMerieHnu. K coxaneHuro,
HaJIMyue HCEOTaIlJIMBAEMBIX 1OABaJIOB, 4YEPIAAKOB,
noABE310B, OTKIIOYUCHHBIX OT OTOINICHHSA COCCIHHX
KBapTHP 3HAYHUTEIFHO CHIKAIOT MPAKTHUYECKYIO IICH-
HOCTh PE3YJIFTATOB PEUICHHS OIMCAHHOI BBIIIE 3a-
nmaan. Tem He MeHee, TaHHBIE 00 ONTUMAITBHBIX PEXKH-
MaX OTOIUICHUS (KOHAWIMOHHWPOBAHHSA), MYCTh JaXe
TIOJTy9YCHHBIC Ha YPOBHE MOJCITBHOM 3aa9H, IPEACTaB-
JSIOT CYHMIECTBEHHYIO IICHHOCTH JJIsI Ka4eCTBEHHOTO
MOHMMAaHHMS PaCCMaTPUBAEMOTO IpoIiecca.

Korpa moxHO# dopmanusanuy OmHCaHUS IPO-
ecca JHepromnorpedieHnsl JTOCTUTHYTh He yaaeTcs,
peLIeHUe MIPUXOIUTCS IPUHUMATh 0€3 CTPOroro Mare-
MaTH4YeCKOro 00OCHOBAHHUS Ha YPOBHE PAI[HOHAIBHBIX
paccyxnenunit. CripaBe/UIMBOCTH pajiu, CIEAYeT INpH-
3HaTh, YTO HA TaKOM YPOBHE 00OCHOBaHBI TOJABIIIIO-
mee OONBIIMHCTBO WH)KEHEPHO-TEXHUYECKUX pelIe-
HUi. He mpeteHays Ha aHAIN3 BCETO MHOXKECTBA TEX-
HUYECKUX PCIICHHA B JHEPTETHKE, TIPHUBEIEM
HECKOJIBKO MPUMEPOB PEIICHHUH, TPUHIMAEeMBIX Ha pa-
UOHAIIEHOM YPOBHE, B paMKaX TEXHOJOTHH TETLIOBOI
M30JSIIMM HAa OCHOBE TJIYOOKOIO BaKyyMHPOBAaHHS
[11]:

- B xononnoe Bpems roga Oosiee 3(h(HeKTHBHOMN
6yz(eT BHCIIHAA BaKyyMHas H30JIAUA, a B TCIUIOC —
BHYTPEHHSS.

- B mnomemeHWsX BpPEeMEHHOTO MOJIb30BAHUS
(y4ueOHbIe 3aBe/ICHUS, TBOPIIBHI CIIOPTA, KHHO-KOHIIEPT-
HBlE 3aJIbl) 11e7ec000pa3HO HCIIONb30BaTh BHYTPEH-
HIOIO JOTOJHHUTEIBHYIO TEIUIOU30JISINIO, B TOM YHCIIE
U BaKyyMHYIO, 4TOOBI HE JOIMYCTHTh H3IIUIIHETO MPO-
rpeBa CTECH, Macca KOTOPBIX HAMHOTO OOJIbIIE MAaCCHI
BO3JlyXa B IIOMEIICHHH.

- Kak B Xos10/1HO€, TaK U B TEIUIOE BpeMs To/ia 1ie-
J1eco00pa3HO MCIOIB30BAHNE JONOTHUTEIEHONW BHEII-
HEl TEIUIOBOM 3aIUTHI YKAFO3UMHOI0 THIIA, HA BHEIII-
HEW TMOBEPXHOCTH KOTOPOW pa3MelIeHbl COJIHEYHBIC
Oatapew.

- Ilpu umcrnosib30BaHWM BHEIIHEW TEIUIOBOW 3a-
IIXTHI JKATIO3UITHOTO THIIA B TETIIOE BPEMS roJja HeE0o-
X0AUMO 00ecTIeunTh HHTCHCHBHYIO IUPKYJSIHIO BO3-
IyXa MEXIy CTCHOH 3JaHus U JKaIIf03H1, YTOOBI HCKITIO-
9UTh 3P PEKT TETITOBOI JIOBYIIKH.

- XKenatenpHO TpoBECTH AMBEPCH(UKAINIO CH-
CTEM OTOIUICHHS (KOHAWUIIMOHUPOBAHUS) C TEM, YTOOBI
0azoBasi cucTeMa OTOIUICHHS (BEHTWISALMH) yCTaHaB-
JUBaJla HEKOTOPHII MUHHMAJBHBIN TeMIepaTypHbIH
¢oH, a ynpasisieMast KHUJIbLAMH JOTOJHUTEIIbHASL CH-
cTeMa — TpeOyeMbIil ypOBeHb KOMGOopTa.

IIpuMeHeHre ONMCaHHBIX BhIIIE METOAUK aHAIN3a
CYIIECTBYIOIINX U TIEPCICKTHBHBIX CHCTEM SHEPTOIO-
TpeOICHNS TTO3BOIHUT 3HAYUTENBFHO YIIydIINTh SHEPro-
cOepe)xeHre Kak B Pa3BUTHIX CTPaHaX, Tak U C B CTpa-
HaX C MPOOIEMHO SKOHOMHUKOA.
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OCOBJINBOCTI CYAUHHO-TPOMBOIIUTAPHOI'O TEMOCTA3Y Y XBOPUX HA
OCTEOAPTPO3 Y IOEJHAHHI 3 APTEPIAJIBHOIO I'TTEPTEH3I€IO

CoxoJiona LI
Buwuii oeporcasnuii nasuanvhuil 3axkiad Yrpainu
«bByrosuncokuli deporcasruli MeOuyHull YHigepcumemy

Abstract

Osteoarthritis (OA) is the most common disease of the joints within many populations and one of the main
causes of incapacity to work of Ukrainian citizens which is usually symptomatic among people who are over
40. Therefore, the role of OA in recent years has acquired a special significance and relevance, due to the signif-
icant prevalence of the disease, the rapid development of functional disorders and the disability of people of all
the ages.

Anomauin

Hattvacmiwum 3axeoprosannam cyznobie y 6aeamvox RONYIAYIAX Ma OOHIEI 13 OCHOBHUX NPUYUH Henpaiye-
30amuocmi epomaosn Yrpainu € ocmeoapmpos (OA), sikuil 3azsuuail manigpecmye 6 ocio cmapwe 40 poxie. Tomy
npobaema OA ocmaHnuim yacom Habyra 0coOAUBO2O0 3HAYEHHS MA AKMYATbHOCHI, WO 00YMOBIEHO iCIMOMHOK
NOUUPEHICMIO 3AX60PIOBAHHSL, WUEUOKUM PO3GUMKOM (DYHKYIOHAbHUX NOPYULeHb MA THEALIOUAYIEIO 0CIO PI3HO20

BIKY.

Keywords: homeostasis, osteoarthritis, arterial hypertension, endothelial dysfunction.
Knrouosi crnosa: comeocmas, ocmeoapmpos, apmepiaivha 2inepmensis, eHOOmeniaibHa OucQyHKyis.

ITutanHs KOMOpPOIZHOCTI Ta IMOJIMOPOITHOCTI €
OJHUM 13 HAWMOIIMPEHININX B CYYacCHil CBITOBIH Me-
ey [5]. Amke BiOMO, 10 OLIBIIICTH HAII€HTIB
i3 XpPOHIYHUMH 3aXBOPIOBAHHIMM MArOTh ABa 1 OiIbIIe
[aTOJIOTIYHI CTaHH, IIO0 IOTPeOye BpaxyBaHHSI BCIX
B32€EMOJIIF0YMX (AKTOPIB I PU3MKIB Ta y3rOJKEHOT Te-
parii [3].

Ha nanomy erani pociimxkens octeoaptpos (OA)
PO3TISIIAETECS K KOMIUIEKCHE 3aXBOPIOBAHHS, HpPH
SIKOMY B TIPOIIEC 3aJIy4arOThCs YCi CTPYKTYPHI KOMIIO-
HEeHTH cyrio0a [8]. Psx aBTopiB Bu3Hauae OA, sk re-
TEpOTeHHY IPYIy 3aXBOPIOBaHb Pi3HOT €TioJorii i3 TO-
TOKHUMH KIIIHIYHAMH, MOp(]OIOTiYHIME Ta OioyoTiv-
HUMH [POSIBAMH, B OCHOBI SKMX — IOIIKOKEHHS
Xpsiia, cyOXOHApaIbHOT KiICTKH, CHHOBIaJILHOT 000J10-
HKH, 3B'SI30K, KaIICy/IH Ta O1s1cyrino00oBux M s3iB [2, 4].

HaitakTyanbHilow mpoOIeMO0 Cy4acHOI Meau-
LMHH € NoIHMpeHicTs moegHanus OA 3 cepleBo-Cy-
nuHHMMH 3axBoproBaHHsIME (CC3), Tak sIK piBEHb CMe-
PTHOCTI BiJl CyJAMHHHX KaTacTpod y JaHHUX XBOPHUX
BHMINLA, HIX B 3arajipHii nonyismii (Kparos A.E., 2006;
Meungens 0.1.,2009). BapTo BiAMITUTH, 1110 HOIIHAPE-
HICTB apTepialbHOi rimeprensii (Al') cepen XBOpHUX Ha
OA o6inbie 60% (Ynuacosa H.B., 2010). OguumMm i3 Ba-
roMux YMHHHUKIB po3BUTKY AL mpu OA € XpoHIYHHI
TPUBAJIUK OiNb, KUK IMiJABUINYE aKTUBHICTH CUMIIATH-
YHO{ HEPBOBOI CHCTEMH, IO Y CBOIO UEPTy MPU3BOIUTH
JI0 30LJBIICHHS YaCTOTH CEPIEBHUX CKOpoueHb. Kpim
TOT0, PO3IIIAAETHCS MUTAHHA TUCHYHKINT €HI0TENIIO,
TOOTO ArcOaIaHC MPOTH3ANAIbHUX, Ba30INIATYIOUHX,
aHTHIPOTI(PEPATUBHUX Ta IIPOTPOMOOTHYHUX AarcHTIB
[6]. B cBoo uepry, mopyuieHHs MiKpOLMPKYJIALii

MOJKe ITOTIpIIyBaTH TPOMIKY XpsIla, SKHH OTPUMYE He-
OOXI1IHI JJI HHOTO PEUOBUHU HUIIXOM A (Dy3ii i3 CHHO-
BlaJbHOI PIAMHM Ta CYIMH CYOXOHAPAIBHOI KiCTKH
(Kosanenko B.H., boptkeBuu O.I1., 2010). Otxe, Ha-
BiTh HE3HAYHI CYAMHHI 3MiHH MalOTh 3[aTHICTh YCKJIa-
nHroBatH nepedir OA.

Merta mocaikeHHsI: BU3HAYCHHS POJIi CYJHHHO-
eHJI0TeNanbHOT TUCYHKIIT Ta NOPYIIEeHb TeMOKOary-
JSAMIT B PO3BUTKY 1 MPOTPECyBaHHI OCTE0apTPO3y y IM0-
€JIHaHHI 3 apTepialibHOIO TilepPTEH3IEl0.

O0’exkt i Meroaum pocaimkennsi: Jlus gocsr-
HEHHS IOCTaBJIeHO] MeTH Oyio obcrexeno 60 XBopux
Ha OA KosiHHMX cyTri100iB 3 sikux 81,2% sxinku ta 20
xBopux Ha OA Ta AI. XBopi 3 cepenHiM BikOM —
55,3+7,91 poky Ta 3a TPHBANICTIO 3aXBOPIOBAHHS —
9,5£7,50 poky. OA II-III pentreHonoridHoi cramii
3a Kellgren — Lawrence. KoHTposibHy rpymny cTaHo-
Brin 20 MpaKTUIHO 370POBHX 0Ci0, cepen skux 76,6%
XKIHKK BikoM — 53,148,75 poky, siki He MaiM cKapr
Ha XpOHIYHUH 0111k Oyb-s1K01 JTOoKami3amii Ta 6e3 maTo-
JIOTIYHMX 3MiH npu (izukansHOMY oOctexeHHi. Bcei
JIaJTA TIMCEMOBY iHGOPMOBaHY 3roJly Ha y4acTb Y JOC-
migkeHHi. J{iarno3 OA BCTaHOBIIIOBAIM HA OCHOBI Kila-
cudikamiianx kpurepiiB ACR 1991 misa xonmiHHEX Ta
KYyJIBIIOBHX cyrio6iB, pekomenaaniii EULAR (2010),
Hakazy MiHicTepcTBa OXOpPOHH 3I0pOB’S YKpaiHU
Bix 12.10.2006 p. Ne 676 «IIpo 3aTBepmKEeHHS IPOTO-
KOJIIB HaJaHHs MEAUYHOI JOITOMOTH 3a CIIEIaJbHICTIO
«PeBmatonorisy». [iarno3 AI' BepudikoBaHO 3TiIHO 3
Hakazom MO3 Ykpaiau Ne384 Bix 24.05.2012p. Ta pe-
KOMEHJAIIsIMH  YKpaiHChKOT acorfiallii KapioJioriB,
2012 Ta €Bpormneiicbkoro ToBaprcTBa rinepTeHsii 1 kap-
aionorii (ESC, ESH, 2013, 2016)[7, 8].
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JlocmimkeHHsT BiAMNOBIAAaIO OCHOBHHUM 0Oi0o€THY-
HUM HopMmaMm ['enbcinkcbkoi nexnapaii (1989), Kon-
BeHIil Pagn €Bponn mpo mpasa mronuHE Ta Oiomean-
uHy (1977), BIINOBITHUM MOJIOXKEHHAM BCecBITHROT
oprasizariii 0XOpoHH 340poB’ s, Mi>kHapoJHOMY KoJie-
Kkcy MeanuHoi eTuku (1983) Ta 3akonaM Ykpainu.

CynuHHO-CHIOTENaNbHY TUCYHKITII0 OyII0 moc-
JIJHKEHO 3a JIOTTOMOTOI0 BU3HAUSHHS YYTJIUBOCTI IJIe-
YOBOI1 apTepii 10 HanpyKeHHS 3CYBY HA €HIOTEIi1, yiIb-
TPa3ByKOM BHUCOKOTO po3pimenHs (7MI 1) (konsopoBa
norieporpadisi CyAnH BepXHBOI KiHIIBKH) - OyJIO BH-
MIpSIHO JliaMeTp IUIeYoBOi apTepii Ta WBUAKICTH KPO-
BOTOKY y CIIOKOi Ta NPH peakTUBHIA Timepemii. J{is
TOT0, 1100 OLIHUTH EHAOTENIH3aIeKHY Ba30IMIaTaLIII0
PO3paxoByBaJH 3MiHY HaIlpy>KEHHS 3CYBY Ta AiaMeTpa
TUIEYOBOT apTepii Npu peaKkTUBHIH rinepemii Ta 4y Tiu-
BICTB apTepil 1o HampykeHHs 3cyBy. EHmoremiliHe3a-
JIeKHY Ba30AMJIATALIIO Ul KOHTPOJIO MEpeBipsiin
npUHAOMOM TaOJEeTKH HITPOTIINEPHUHY Ta BHMIPY THX
caMuXx IMOKa3HUKIB. [1i1e4oBy aprepito JIOKyBanu B HO-
3IOBXXHBOMY TIepeTHHI Ha 2-10 c¢cM BHIIE JIKTHOBOTO
3runy, Jiamerp miaeuoBoi aptepii (d) BumiproBanu Ha
(hikcoBaHiif BifcTaHi.

Enporenin-1 (ET-1) Bu3Hayamu 3a JOHNOMOTOIO
Habopy JU1s BU3HaYeHHs eHporeniny-1-21 (Biomedica,
ABcTpist) Ha iMmyHOpepMmeHTHOMY aHamizatopi (IDA).
KinpkicTe IeCKBaMOBAHNX €HIOTEIONNTIB BU3HAYAIA

3a meroaom J.Hladovec (1978). Konnenrpauito mera-
6outiTiB NO B cupoBaTii KpoBi BU3HAYAJIM 32 JJOIOMO-
roto peaktuBy I 'pica Ha criekrpodoTomerpi CD-46.

CraH cHCTEMH T'eMOCTa3y aHajli3yBaJld 3a aKTHB-
HicTio anTUTpoMOiny III (AT III); yac pexampriudikarii
IUIa3MH; IPOTPOMOIHOBUH Yac, TpoMOIHOBHIA yac, map-
HianbHUH TPOMOOTIACTHHOBHH Jac.

CratuctuuHy 00OpoOKY pe3yJIbTaTiB JOCIIIKEHHS
nposogwin Ha I1K 3a gonomororo craHgapTHUX NPUK-
nagHux nporpam “Microsoft Excel”. OuintoBanu cepe-
nHi 3HaueHHA (M), ToXnOKy cepeqHpol apupMeTHIHOT
(m), nOCTOBIpHICTH BIIMIHHOCTEH 3a t-KpUTEpieM
Cr’roneHTa. Pi3HUIIO TOKa3HUKIB BBa)Kajl CTATUCTH-
4yHO BiporigHoo npu p<0,05.

Pe3ysbTaTH g0caigKeHHs Ta iX 00roBOpeHHs:
BcranoBneHo, mo y xBopux Ha OA y noeqHanHi 3 AT,
HaTpy>KEHHS 3CyBY Ha PEaKTHBHY TilIEPEMIIO € iICTOTHO
MEHIINM, HiX y XBopux Ha OA 6e3 cynpoBiiHOi aTo-
yorii Ta y 3mopoBux oci6. Li 3MiHH HiATBEPHKYIOTH 1
noka3HUKH KoedirieHTa K, sikuii Bkazye Ha 4y TIUBICTh
IUIEYOBO1 apTepii 10 HanpykeHHs 3cyBy. HesBakaroun
Ha Te, 110 eHJOTeNiiHe3ae)KHa AUIaTallis He CTPax-
Jlana y KOAHIN 3 TPy, HAMH 32 JOIOMOTOI0 yIbTpa3-
BYKY BUCOKOI pO3JILIbHOT 31aTHOCTI OyJIM BUSBJICHI 10~
PYIICHHS CHAOTEIH3aIeXKHOI Ba30AMIIaTalli] IIIEYOBOI
apTepil Ta 3HWKEHHsI YyTJIMBOCTI IIEY0BOI apTepii 10
HaTpy>KeHHsI 3cyBY y XBopux Ha OA i mie 61k Bupa-
eHi nmopyuieHHs y xsopux Ha OA, noeananuii 3 Al

Ta6muus 1
IHoxa3HMKH YYTIHBOCTI NV1I€40BOI apTepii 10 HANPYKeHHSA 3CYBY Ha eHJo0Teqii y Xxopux Ha OA, noeaHa-
Huii 3 AT
IIpaxkTuaHO 31pOBi 0COOU XBopi Ha OA Xsopi Ha OA i3 AT (rpyna 3)
IToxa3Huku (rpyma 1) (rpyma 2) (n=20)
(n=20) (n=60)
70 uH/cM2 40+2 39+2 38+2
1l mue/cm2 887 71+6 5245%/**
K 0,069+0,012 0,04+0,011 0,005+0,013%/**

Ipumirka: 10 — BUXigHE HANIPYXKESHHS 3CYBY,

71 — Hanpy »KeHHsI 3CYBY Y BiJIIOBI/Ib Ha PEAKTUBHY TillepeMilo,

K — uyTnuBicTh MI€40BOT apTepii 10 HANPY)KEHHS 3CYBY.

* - BigMiHHOCTI focToBipHi (p<0,05) y MOpiBHSHHI 3 TPYIIO0 3JI0POBHX 0Ci0;
** giaMiHHOCTI 1ocTOBIipHI (p<0,05) Mixk NokasHUKaMu B 2-i Ta 3-if rpynax;

AHAII3YIOUH OTPUMAaHi JaHi, BUSABICHO, IO OUIBIIICTh JOCTIKYBaHUX MapKepiB €HAOTETIaNbHOI (PYHKIIT
BIZAPI3HSIOTHCS Bifl MOKa3HUKIB KOHTPOJILHOI rpyny (Tabmuis 2).

Tabmurs 2
Hpamg:(}){g;,upom XB(O)IX Ha Xgopi Ha OA i3 AT
IToxazHuku (rpyma 3)
(rpyna 1) (rpyma 2) o20)
(n=20) (n=60)

Enporenin-1, gMons/mi 3,5 7,3* 10,8*/**
JEKx10*/n 3,68 6,47* 9,52%/**
Kinnesi metabomit NO, MKMOJIB/JT 19,1+0,57 17,09+0,95% | 16,7+0,47%/**
UYac pexanprudikaliii mrasmu 98,65+ 7,09 90,40+6,06* | 85,03+2,98%/**
ITpoTpoMOIHOBHIA Yac 25,09+3,89 21,09+£1,30* | 18,21+0,21%/**
TpomMOGiHOBHE Yac 20,42+1,89 18,90+1,12* | 15,67+0,65%/**
gaipuianmmﬁ TPOMOOMIACTHHOBHI | 37 673 50 34,55£1,97% | 29,93+1,01%/*
Anturpom6in 111 101 85,48* 67,08*/**

Ipumitka: *- gocropipHa pizuuI (p<0,05) mix rpymoro 1 ta 2

*[**-nocToBipHa pizaui (p<0,05) Mix rpymoro 2 ta 3
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EnporeniansHi KIITHHE BUKOHYIOTH Oarato ¢isi-
OJIOTIYHUX (YHKIIH BKIIOYAIOYH PETYIAIII0 CYIUH-
HOTO TOHYCY, PETYJIAIiio reMocTasy i GpibpuHomIizy, pe-
TYJISIIIO 3aMajdbHAX MPOIECiB 1 MATPHUMAaHHS Oap'epy
MIPOHHUKHOCTI 1A 3a0e31edeHHs] OOMiHy Ta aKTHBHOTO
TpaHCHOPTY cyOcTaHIiil B apTepianbHy cTiHKY. [lopy-
IICHHS CTPYKTYPH €HAOTENIaNbUX KIITHH IPU3BOANUTH
JIO0 JIOK&IBHUX 3MIH B aKTHBHOCTI EHJOTEIII0, IIO
BKJIFOYAIOTh IMiJBUIICHY NPOHUKHICTB JUISl IIa3MOBHX
JIMOTPOTETHIB Ta TUcOaNaHcy JOKAIEHUX TPOMOOTeH-
HUX cyOcTanmii. CrnocrepiraeMo MiBUILEHHS MOKa3-
HUKIB eHpoTeniny-1 ta JIEK i B ToM e yac 3MEHIICHHS
KOHIICHTpAIIil METa0OIITiB OKCHY a30TY, 10 iIMOBipPHO
OB 's13aHO 31 3HIKEHHAM akTUBHOCTI NO-cuHTa3u Ha
(hoHi opyIIeHHs GYHKIIT CHIOTEIIO.

Kpim Toro, BusBieno, mo aatutpomOin III (AT
IIT), mocToBipHO 3MeHIIMBCA y Beix rpymax. I[lpote y
rpymi xBopux Ha OA AT III 3menmmBcs Ha 15,37%, y
xBopux Ha OA 3 MC —Ha 36,58% y OpiBHSIHHI 3 TIpaK-
THUYHO 37I0pOBHMH ocobamu. BogHouac, y XBOopux Ha
OA 3 HasBHicTio MC naHuii MOKa3HUK 3MEHIIHMBCS HA
21,53% y nopiBusHi 3 rpymoro xBopux Ha OA 6e3 cy-
MYTHBOI MaToJIOTi{

SHIKCHHHS KOATryJISiHHOTO MOTEHINaNy y BCIiX
rpymax XBopux. 30Kpema, y rpynu xBopux Ha OA i3
AT gac pexanpuudikamii mia3Mu KpoBi 3HIKCHUH Ha
6,96%, mpoTpoMOiHOBHit yac — Ha 15,22%, TpomObiHO-
Buit gac — 20,62%, aKTHBOBaHUH MapIiaJbHUH TPOM-
6omnactiuHOBHH yac — 15,44% y MOpIBHSHI 3 TPYIOO
xBopux Ha OA, i BianmosinHo Ha 16,02%, Ha 37,78%, Ha
26,99% Tta Ha 27,83% y MOPIiBHSHI 3 PAKTUYIHO 3[[0PO-
BUMH 0coOamu. J[aHi pe3ysibTaTd CBiI4YaTh MPO MOPY-
IICHHS KOMIICHCATOPHUX MEXaHi3MiB reMocTasy i € ¢a-
KTOPOM JI0 PO3BHUTKY 3TYILEHHS, TFilepKoaryJisii.

OTtpumaHi JaHi TOTIOBHIOIOTH ySBY IO POJIb XPO-
HIYHOTO 3allaJIeHHs Ta PO3BUTOK €HAOTENIAIBHOI JHC-
(yHKIIT B pO3BUTKY Ta IPOTPECYBAHHS CYANHHUX ypa-
»eHb pu OA B 11epioJ1 BUpaKEHOTo 00JTIO.

Bucnoskn:

1.Y XBOpHX Ha OCTE0apTPO3 y MOEAHAHI 3 apTepi-
ANBHOK0 TINEPTCH3IEI0 CYIWHHO-CHIOTENialbHa MIHC-
(GYHKIIS CYNPOBOIDKYETHCS IMiJIBUIIEHHSM 1HTEHCHB-
HOCTI MPOLIECIB MEPOKCUAHOTO OKUCHEHHSI JIMIIIB, Je-
CKBaMOBAHUX €HAOTENIANbHUX KIIITHH y IUIa3Mi KPOBI
Ta HaNpy)XeHHsl 3CYBY Ha PEaKkTHBHY TillepeMilo, 10
CBIIYMTH PO MOPYIICHHS KOMIIEHCATOPHUX MOKIJIMBO-
CTell OpraHiaMy, Ta € BaYKJIMBUM YHHHUKOM IIPOTpPECy-
BAHHS 3aXBOPIOBAHHS.

2. [lopymieHst cTpyKTypHO-(QYHKIIOHAIbHUX BJa-
CTHBOCTEH KpOBI, 30KpeMa, 3HMW)KCHHSI aHTUTPOMOIHY
111 Ta 3HWXEHHS Yacy pekanbudikamii mIasMu Kposi,
npoTpoMOIiHOBOTO, TPOMOIHOBOIO Ta AKTHBOBAHOTO

MapIiaibHOTO TPOMOOIIIIACTHHOBOTO 4acy, MOPYITy-
IOTh 3arajbHUM KOAryJsAIiHHUN TOTEHIan KpOBi i
CTIPHAIOTh PEIUANBYBAHHIO Ta IPOIPECYBAHHIO 3aXBO-
PIOBaHHS.

3. KoMopOignicTh mependadae momyk CIiTbHHX
KIIIHIYHUX, TaTOo(i310J0TIYHNX, OIOXIMIYHUX JIAHOK,
JIOCSITA€ThCS MOTJIMOIEHHST PO3YMIHHS CYTi B3aeMOJil
MaTOJIOTIYHUX TIPOLECIB, CTBOPIOETHCS MOXKIHUBICTH
OOIpYHTYBaHHS Ta 3MAIWCHCHHS HOBOro, c¢()EeKTHBHI-
LIOT0 KOMILIEKCY JIIKyBaJbHO-TIPO(DIIAKTHYHHUX 3aXO0-
IiB.

IlepcnexkTuBM MalidyTHIX J0CTiI:KEHD

Posmmpenns po3ymiHHS 3MiH y cyriodax, eHI0-
TEeNifo Ta reMokoaryismii y xsopux Ha OA Ha Tmi AT
Ta po3poOIli cXeM MIarHOCTHKHA Ta MEIUKaMEHTO3HOI
Tepartii HoeTHAHOTO Mepediry IUX 3aXBOPIOBAaHb.
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When training future doctors, it is necessary to
draw the attention of listeners in the educational pro-
cess to the fact that health management of the popula-
tion cannot rely in their health programs on countless
individual manifestations of human health. According
to the WHO requirements, the information and meth-
odological system of the healthcare should have (or
form) a minimum set of integral indicators available for
managing people’s health that can be obtained from a
traditional database, taken on the basis of the found pat-
terns, suitable for use in any territories while solving
both “vertical" and "horizontal" tasks in the health care
management system, regardless of the current eco-
nomic models in the healthcare and, at the same time,
necessarily aimed at improving public health and their
own activities.

While system research of population health
matching of two main components of public health: bi-
ological and social was considered and searched.

The first component reflects the quality of the in-
nate (biological, genetically laid) health, the second one
shows acquired resistance to preserve this health (and
therefore life) on the whole cycle of existence taking
into account changes in the quality of the living envi-
ronment.

In this case the integral evaluation of the observed
population health (external evaluation) is carried out
using the methods of mathematical statistics. And to as-
sess the “internal” health the simple transfer of the di-
mensionless characteristics of the “external” is con-
ducted. Thus, when “external” is measured in specific
units the “internal” is measured in the same units, and
vice versa, when measuring the “internal” in its own
units a transfer allows measuring the “external” in the
same units.

In order to coordinate the “external” and “internal”
parameters of the health of the population the following
postulates (axioms) have been used:

1. There exists a maximum resource of life (or
viability) of populations. It has a temporal equivalent
termed by us the age-limit or the maximum specific (bi-
ological) life span.

2. In time (with age) this resource of viability
(the social aspect of this concept — life stableness) is
used, exhausted, according to a linear law, at that, de-
scribed in the theory of aging of Strehler — S.Mildvan.
Its expenditure is determined by the quality of the hab-
itation environment.

3. An interaction of populations with the envi-
ronment, in which their life proceeds (life activity, ex-
istence), cannot be realized without losses, ruining
health that are determined (characterized and de-
scribed) by a unique power function of their age for
each group of people (as the parameters of the inner
program of activity and the speed of using the congen-
ital health resources).

We fixed an agreement of many characteristics un-
der the concept “the resource of health”:

- the specific (biological) characteristics of the
life span;

- congenital (biological) specific steadfastness
for the preservation of life;

- congenital (biological) viability of generations
acquired from the parents;

- congenital resistance of generations to nega-
tive environmental (socio-ecological) factors of their
historical and geographical motherland.

Thus, “the resource of health” is an internal pa-
rameter of the existence of an object (population). The
demographic processes (the birth rate, mortality rate)
traditionally appear in the role as its external manifes-
tation. Health and its resource are found inside; these
are the internal parameters of the population. A coordi-
nation of the two concepts — “health” and its “resource”
is expressed in the concept — “vital capacity” — as a bi-
ological characteristic (“internal”), on the one hand,
and, on the other hand, in the concept — synonym “life
steadfastness” — as a sociologic characteristic of mani-
festations of the “internal” upon an external considera-
tion.

A dual quality of the concept “viability/life forti-
tude” made it possible to reflect the conformity of the
biological and social in an object in the best possible
way. At the same time, it enabled to span (like a foot
bridge) and show a complete interdependence of the
concepts “health” and “survival”. Their interconnection
is the following.

A generation of newborns lives a life until death
coming. Life appears as a temporal interval between the
dates of birth and death. Functionally, the definiteness
of this internal is registered by the concept “existence”.
The latter has one or another quality which is fixed ex-
ternally by the notion “survival”.

In other words the concept “existence” via its
qualitative characteristics designates practically its own
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spatial — temporal characteristics in the concept “sur-
vival” and from this point of view both these concepts
are conformably equivalent.

Outside the “existence” of an object (a human,
population, generation) the concept “the health of an
object” cannot exist. Health, as a concept becomes de-
finable, when it is “bound” to an object, in the presence,
appearance of the latter. And it may be defined, ob-
served, fixed, evaluated, measured only in the process
of the “existence” of an object: it is absent until the
“birth”, the appearance of an object, it is also absent af-
ter “death”, the disappearance of an object.

Taking this into account an interpretation that the
concept of “health” is closely associated with the pres-
ence of an object becomes an axiom. This object is ob-
served and characterized by the duration (a period of
time) of its existence the, duration of their lives — for
the population (a human).

“Health” depends on the quality of life, hereat,
(the quality of the habitation environment) and its de-
rivatives of qualitative (temporary and others) survival
parameters.

Hence, fixing the interval from the date of birth till
the date of death of the last deceased member of a con-
crete generation, one can register the length of his life
(the age of death) as a temporal index used by this gen-
eration of the “life reserve” (intended for it “the life re-
source of health”).

From this point of view the “generation health”
becomes a spatial — temporal parameter in the light of
which the traditional, well-known for a long time index
of the average life span for newborns obtained on the
basis of processing mortality tables reflects and repre-
sents in a measured form a real already used average
characteristic of the total “generation health” through-
out the entire spell of its life. That is, the index of the
life span reflects the situation of an “interaction” (the
level of “harmony” or “conflict”) of prescribed bioso-
cial characteristics of the population itself and the envi-
ronment of its existence.

One can arrive at a conclusion on this basis that
the basic characteristics of the population include the
specific age limit of life intrinsic to it, as a specific bi-
ological “resource of health” as well as congenital via-
bility/life endurance, as internal, acquired from the par-
ents steadfastness to survival, the preservation of the
species. This is one aspect of an interaction. Another
aspect is the environment of habitation, its quality from
the positions of external conditions for the preservation
of a species, its health, its survival, as a condition of its
“benevolence” or the ability of the environment to pre-
serve health and life of its members.

The said parameters at all the stages of life, being
in coordination or in a state of a “conflict” determine
the state of health of the population at any period of
time of its existence, the integral dynamics of health
and the time of its preservation (the survival rate). They
have only to be measured.

1 Graphic-analytical models to which the scale of survival be-
longs (see fig.1.) are graphic models, reflecting, the principal
features of objects under study, processes and enabling to pre-
sent different variants of solving tasks, achieving the ultimate

A morphological aspect of the survival rate of the
population is fixed in the pattern of the population of
proportions and the number of individual groups based
on the gender and age. A functional aspect — the mor-
tality rate in these groups and a genetic one (derived
from genesis — the development and its logical out-
come) is characterized by the parameters of survival
and the average life span. The concept “survival” as a
term of the preservation of health is a reverse index in
relation to mortality. In the meantime, mortality was
taken for an evaluation of health due to the fact — that
the rate of mortality is one of the most accurate and
known “manifestations of the population health” and,
apart from this, the registration of death is obligatory at
the state level on any territory.

The age of death, as a date, was used by us for a
mathematical indication (determination) of the duration
of life — the duration or the time of existence of health.
It is known that death, as a phenomenon, manifesting
inner processes in man; is a result of some causes, a
consequence of disturbances of health or, otherwise,
the result of some causes — the sequel a of health de-
rangements, or, otherwise speaking, the consequence of
injuries, diseases, which were conferred corresponding
names by the society (ICD - 10) — as causes on which
health and its complete lass — death depend.

In addition, the age of death, both as a date and as
a demographic statistical factor has enabled to coordi-
nate the scales of the time of the existence of the bio-
logical and social, id est, it has made it possible to re-
gard these or other genetic (congenital, internal) and en-
vironmental (external) characteristics of existence, both
natural (the first) unamenable to changes after birth and
as artificial ones (the second) amenable to changes,
control and correction, the limiters of the terms of pre-
serving the health and lives of people.

In other words, “the mortality rate” was chosen by
us because of a connection, including a methodical one,
with the “survival” of the population in a concrete en-
vironment (both indices are evaluated according to the
mortality tables), whereas the concept “survival” di-
rectly depends on the concept “health”. From these po-
sitions a choice of “survival” as a gauge of “health” is
fully substantiated.

The curve or the scale of “survival”! (Fig. 1.) at the
temporal cycle of “life” of generations take into ac-
count in an integral form all the events, influencing the
health of the population. It is the most informative, rep-
resents a spatiotemporal characteristic of health which
provides (when using topology) an approach to a meas-
urement of physical time (natural and social phenom-
ena) and biological time (the existence of populations,
generations, the population).

That is, the scale of survival takes into account
everything in a systemic and inalienable unity. It is a
unique socio-geographical and, simultaneously, a large
— scale — temporal “map” of the dynamics of the popu-
lation health during all the years of life under definite

goal on a real time basis on a diagram, evaluate the degree of
a conformity between individual components of objects under
study.
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political, socioeconomic, sanitary-ecological, historical
and administrative — territorial conditions.

It reflects national, age-gender, industrial (urban-
rural), medical-organizational and many other factors,
influencing on the people’s health from the positions of
their mode of life and the psychology of existence.

Undoubtedly, it does not mean that in order to
measure the dynamics of health one couldn’t use the
scales of other phenomena (for example, diseases)?. It
is possible, but the scale of survival is exclusively the
only one, which takes into consideration
EVERYTHING (including the dynamics of diseases).
The authors investigated the “systemic” environment of

1(x)

the population on its basis, in all its integrity whose in-
separable components are the population and the envi-
ronment of its habitation. Each of them has many items,
correspondingly — the aspects of consideration and on
each of the latter — its own criteria of their evaluation.

The principal active component of the “systemic”
environment is the population (a human). Its presence
and vital activity in it are always directed at its own ex-
istence and the provision of the latter (by adjusting the
environment to its own needs), in other words, oriented
at actions of changing (a correction in a desired direc-
tion) its environment — the habitation milieu.

0.8~

0.6

0.2

0 1

0 50

100

Figure 1. The scale of survival (longevity) typical of individual generations of Ukraine’s population at the end of
the XX™ century (the number of newborns is recognized as 1), x — years of life.

Taking into account the “conditions” of this envi-
ronment, a person (population) forms his (her) “life-
style” as an “order”, “organization” of the life and life
creative work in it. Hereat, “the level of life” on the ba-
ses of the style that arose (traditions, laws) as its quality
is determined by the “limits of existence” and, corre-
spondingly “the limits of potentialities to satisfy one’s
needs”. This level determines the “lifestyle” as a way
intrinsic both to a unique object (an individual, a per-
sonality) and a group of people. It is formed on the basis
of “likeness” — based on “life patterns” determined by
the quality of the “lifestyle” in groups of people and
there is a host of them. A person makes a “choice”, join-
ing some group (the choice is always general for a cer-
tain status group — according to the gender, age, social
standing etc.).

But, at the same time, a “choice” always has a
unique character — it may be only according to one pa-
rameter of the “lifestyle” of the group, the most attrac-
tive one for an individual. This “choice” motivates the
behavior of a person (and his group) in the environment
and moulds their “lifestyle”.

2 Examples of measuring and evaluating the dynamics of the
population health based on the findings of the disease inci-
dence have also been elaborated and are carried out by us in
this paper

Moreover, scientists have been concerned for a
long time with the following questions: does man pos-
sess the freedom of the will, does he choose decisions
consciously or the freedom of choice is an illusion?

To our way of thinking, a person cannot change
his (her) character, neither can he (she) change the
events of the process of development destined for him
(her), as well as desires thrust on him. He (she) can
change only his (her) milieu — only here man is granted
the freedom of the will. Only changing his (her) sur-
roundings which, in its turn will change him (her), man
can walk with vigorous strides in the direction of qual-
itatively higher world perception.

What becomes primary after all, while executing
appropriate actions? Health is primary. Health provides
a choice of “healthy social connections”, and, in the
long run, ascertains the quality of our life in the concept
“health” and makes us healthy in a broad aspect of con-
cepts. Exactly health is a “starting guiding impact”, re-
flecting the “degree of conformity” of the “internal” pa-
rameters of viability in a concrete situation (the biolog-
ical aspect for an individual, the social one — for a group
of people, the population) and the possibilities of the
environment to satisfy certain needs according to their
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orientation (quality) and nature (volumes) in conform-
ity with actions based, on the behavior, (demands) of a
person (people), this determining the parameter of their
“external” life endurance.

The principal object of theoretical studies, while
investigating the integrity considered, became regular-
ities of changes of the states of public health associated
with the consistent patterns of the processes of survival
(mortality) in the habitation environment for the pur-
pose of evaluating the extent of knowledge and indica-
tors necessary for the information support of adminis-
tering the population health both in the practice of the
department of the public health service and the practice
of other social institutions on the territory of its habita-
tion.

A series of new approaches and methods was
worked out by the authors within the framework of a
systemic study of health on the basis of detecting regu-
larities of an association of health with the parameters
of survival for the purpose of processing traditional ma-
terials of the birth rate, the rates of morbidity and mor-
tality with further obtaining on their basis a range of
measured links for an evaluation and prognosis of the
population health, the functioning of the system of
health care. A conception of an integral vision of the
processes, taking place in the systemic environment,
concepts based on the “health of the population” and
non-contradictory factors singled out inwardly, influ-
encing on the dynamics of health and the survival of the
population has been elaborated. Furthermore, an entire
spectrum of such of them which formally were singled
out traditionally only within the framework of special-
ized sciences, having little in common with medicine
and, as a rule, were not coordinated among themselves,
the latter being an obstacle for their use in the public
health care system.

Regarding health as an event — a change of the
conditions its spatial — temporal characteristics — as
processes and in their light other processes, also being
characterized by temporal characteristics, correlations
were discovered in this integrity. Health according to
EVERYTHING in a systemic environment, all the pro-
cesses proceeding in it on whose basis there appeared a
possibility to determine the integral indices of the
whole which was measured in terms of health indices.
In particular, demographic, biological, social, eco-
nomic, genetic, geographical and other aspects of a vi-
sion of this integrity, the numerical values of their inte-
gral parameters were coordinated and for the first time
a LAW, expressing an integral interrelation of
EVERYTHING in this integrity — a law of the survival
of populations was determined.

The law reflected changes of the human resource
(the dynamics of health) during a complete cycle of life
existence and, in the long run, — in variations of the life
span. The last index, both observed and measured on
the basis of using the parameters of the law, became
controllable.

It is considered, at that, that health itself is not ob-
served at the biological level. Only its manifestations
are observed there, outcomes = of a disease (or the ab-
sence as such). Health is observed only at the level of
the social dynamics of processes: survival, mortality,

morbidity. Health and disease occur (conformed) both
in individuals and in groups of people only at the level
the psychomotor system — behavior motivations, when
choosing the mode of life according to “patterns” of the
lifestyle of separate (groups) of people.

The use of the law of the survival of populations
enabled to mould a form (quality) of the health of the
population and a healthy society. Hereat, everybody
discovers “one’s own” in it. For example, the popula-
tion in the scales of the dynamics of health chooses an
“image” “after itself” and this “image” becomes a guid-
ing impact for it (it is “inside”).

With such an approach the regulation and order
(organization) of “images” become the basis of social
“taming” of a mode of production of health and a
healthy man (society) where a right as a realized will is
a system of rules, “images” which the society “sets”
and regulates. Thus, proceeding from this, prognosti-
cating health is a prognosis of the fundamentals of
building a healthy (desired) society, the foundations of
building a system of its protection and the fundamentals
of the qualitative characteristics of the environment in
which the population should live — an environment for
the preservation and reproduction of health, suitable for
its gradual improvement and an increase of the life
span. In other words, health appears in the role of a reg-
ulator of needs on the basis of natural understanding
“negatives”, risks. Simultaneously appearing in the role
of the function of internal knowledge, it shows and re-
alizes the ability and possibility of using this
knowledge and a potential laid in it according to the
triad:

<knowledge, health, a healthy person>.

It should be noted that the law of the survival of
populations exists without us — a stable interaction of
all its components in nature is observed. We only ex-
press it in one or other models (models are our concep-
tions), which may be specified. Having found these
components, having determined a form of their associ-
ations and its prognosis, one can form purposefully an
orientation of actions of the society aimed at achieving
“models” of the population health and the environment
of its habitation in conformity with them.

Proceeding from the afore-cited the forming of a
new future (its prognosis) is carried out according to the
following scheme. A “real situation” is taken into ac-
count: acting in the environment “circumstances” and
“situations” formed on their basis. “Risk factors” stand
out in the latter as “events”, changing “the condition”
of health and the systemic environment on the whole.
While evaluating this condition as ‘“normal” harmoni-
ous, equilibrium = favorable, its stability is achieved.
According to another evaluation of the condition —
acknowledgement of its “unfavorableness” on getting a
signal of a “danger” of the condition and a threat to the
latter (a threat = realized danger) a task is set = to elim-
inate this threat. In other words “risk’ as an uncertainty,
a threat to danger and an undesirable orientation of
“events”, changing “the condition” (the health of pop-
ulation society, environment) and a possibility of a “ca-
tastrophe” must automatically include “decision tak-
ing” and adequate actions towards “risk” (measures
programs), concerning its elimination.
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Public health service, exerting effects (whose ex-
ternal aspect appears to be “diagnoses”) attempts to
“extinguish” them itself handing them over into a “gov-
erning impact” of its own activity: it is incapable (act-
ing alone!) to achieve a desired result on such a basis.
Hence it should revise its lines of activity, the internal
set-up and leading functions in conformity with the sys-
temic character of the concept “the population health”,
the sources and principles of its preservation presented
in the law of survival at the life cycle of each genera-
tion, taking into account an infinite majority of its status
characteristics, “selections” of standards and the moti-
vation of behavior aimed at preserving one’s own
health.

Conclusions.

1. Inthe ideology of measuring the health of the
population, the Strehler-Mildvan theory of aging,
adapted to address the issues of public health manage-
ment, was used.

2. To calculate the age-gender parameters of sur-
vival and to build a “longevity scale” we used materials
that are common for calculating mortality tables, they

were used for the first time in scientific practice to as-
sess “health resources of the population” and the rate of
their loss (losses) over the years of life in the system
“inverse countdown “from mortality — “through the
looking-glass™, from the moment of birth.

3. The presented ideology allows passing (on the
basis of the aforementioned) to the search for and se-
lection of patterns in the dynamics of public health
throughout the entire life cycle.
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One of the main tasks of the higher medical school
is to develop the understanding of the “population sys-
tem” and the development of people's health in the dy-
namics (throughout the life cycle) related to its quality.
This knowledge forms the professional thinking of the
doctor and the choice of the right solutions for patient
care.

It is generally recognized that the environment in
general, includes physical and social components. But
proclaiming the so-called “anthropogenic” effects on
the environment the “population” itself as an object (as
an element of “morphology” and environment), as well
as “population” as a leading "function” in this environ-
ment realizing a certain “lifestyle” in it should be in-
cluded in the environment. Besides, the submitted list
of the components of the environment should include
one more component — “state of health” of the popula-
tion. (Table 1.5 presents all of the above components of
the system environment of the population in medical
and social aspects).

The morphological characteristics of the object
“population” traditionally, primarily, are represented

by the structure (distribution) of people by gender, age,
education, occupation, etc. These characteristics in the
system medical and social analysis of the population
are basic in the “morphology” of forming its health.

Similar (morphological) characteristics for the
“lifestyle” of the population are represented by a spec-
trum of specific knowledge, defining public awareness
of its own health conservation (by means of education,
training, information communications, etc.).

Morphological characteristics of the object “social
environment” (social surrounding) are reflected in the
laws of life created by the people themselves, in the his-
torically accumulated and existing traditions, in the so-
cial infrastructure of people’s settlements, including the
development and accessibility of health care, etc.

The morphology of “physical environment” is de-
termined by its fragments in a spatially confined place
of residence (where labor and household life activity of
the population passes), namely water availability and
debit, soils structure, air quality, climate and other frag-
ments that define the life and health of people.



26

International independent scientific journal Ne3/2019

Table 1

System environment from the point of view of reflecting integral states (statuses) of population health

Aspects Environment components
of sys- States (sta-
tem en- . . Social environ- Physical envi- tuses) of
. Population Lifestyle .
viron- ment ronment population
ment health
The structure of | Status of the
The laws of life the physical population by
Structure accord- and the traditions | characteristics biomedical
Mor- . Knowledge of preser- : - - .
ing to sex, age, . associated with | of place of resi- | and medical
pholog- ducati vation of human ion of q ; d social
ical education, occu- health and life preservation o lence: water, and socia
pation, etc. health and life of | soil, air, climate | characteris-
the population conditions of tics of its
life, etc. structure
Lifestyle (ob-
servance of writ- Behavior (decision, . . Interference of Status of the
. . .| Action-execution -
Func- ten and not writ- | actions, events, tradi- of laws. tradi- human and population by
tional ten laws on tions on preservation tions obsérvance physical envi- on the signs-
preservation of of health and life of o " | ronmental fac- | markers of its
health and life in the population) ' tors behavior
the settlements)
Co Quality of the
Qua!ltatlve dls.t“ Quality of life (in Quality of the physical envi- .
bution of socio- ; : : . Population
- terms of population social environ- | ronment of terri-
environmental - . status by
- health and quality of ment from the | tory of residence .
. statuses of resi- S h . medical and
Genetic living environment standpoint of of the popula- L
dents of settle- f h dDoi — ion f h social signs
ments with regard rom the standpoint preserving the tion from the of its life
. of preserving the health and life of standpoint of .
to their health pa- - . . quality
health and life the population preserving
rameters 4
health and life

Leading functional characteristic of the object
“population” is “lifestyle” of the latter oriented at spe-
cific behavior in a particular situation and leading to the
preservation of human life and health.

Functional parameters of the object “social envi-
ronment” are derived from the executable laws adopted
in the community, its commitment to the traditions,
limiting action of the factors negatively affecting the
life and health of people, etc.

Functional characteristics of the object “physical
environment” are displayed by laws of relationship and
mutual influence of anthropic dependable and physical
factors that change each other at long mutual existence
(in this case the nature of the interaction is determined
by “preserving of the life and health of people™).

Genetic traits of environment components as in-
tegrity diversity of the object “population” are qualita-
tive characteristics of the latter depending on the com-
position-structural distribution of people by their status:
“young” and “old” generation (by age), its distribution
by life expectancy etc.

Genetic characteristic manifestation “lifestyle” of
the population supports the quality of its collective be-
havior from the standpoint of preserving the health and
life in the community.

“Social environment” quality manifested in the
form of the living conditions of people from the stand-
point of supporting their health and life, with a choice
of these areas with the best conditions of health param-
eters as “norms” and “standards” corresponds to the
same aspect of the object sign “social environment”.
The same applies to genetic parameters of the object

“physical environment” (“physical surrounding”),
where urban places of residence, the nature of the safety
of industrial activity, recreation, etc. are included.

Thus, all the characteristics of the components of
living conditions of the population composition are as-
sociated with its health: morphological aspect of
“health” is presented by social status based on biomed-
ical and medical-social characteristics of its structure;
functional — by status, representing the behavioral char-
acteristics of the population from the standpoint of pre-
serving health and life; genetic aspect — by status, re-
flecting the qualitative result (information product) of
systemic coherence and indivisibility (inalienability) of
the first two aspects in medical-social area.

It should be noted that the qualitative characteris-
tics of the system environment of the population are
summarized in Table 1. This is a frame, which must be
filled in at the planning stage of recreational activities
during the in-depth analysis of the health of a particular
“population” in a particular environment at a particular
time. At the same time, each researcher introduces in
the concept of the studying environment only certain
characteristics determined by him for his study, reject-
ing others not studied by him, so that in such studies
there is a tendency to exclude the possibility of the cor-
rect determination of the studied object relations - only
the so-called “not live markers” of the latter are studied.
However, taking into account the structural unity of the
object, the obtained results still partly reflect a holistic
knowledge of the object - you only need to correctly
identify their place in the studied system environment.
This is a fundamental requirement and peculiarity of
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the use of the system analysis ideology, which give an
opportunity to significantly limit the scope of research,
if the connection of the whole and its components is
accurately determined. At the same time, having
knowledge about the invariants of the state of any of
the objects of the system environment it is possible to
deductively evaluate other objects in this environment
taking into account its indivisible integrity.

The above approach captures and emphasizes the
composite connection of all components of the system
environment. When using it, a measurement of correla-
tion of one component with the other is not necessary

to gain knowledge about the state of the object under
study and, as will be shown below, does not make much
sense, eliminates the need for such calculations.

Submitted knowledge of the system environment
of the population in medico-social terms contribute to
the solution of many problems in the study of health in
the living environment, enabling you to see all the links
of the objects environment and reasonably use some ap-
proaches to measuring their condition, including the
study of public health with using the logic of the uni-
verse of bonds (Figure 2) on the “longevity scale” of
the population (Figure 1).
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The methodology of analysis of the concept
“health” and the subsequent development of methodo-
logical aspects of its measurement and evaluation using
the latter for making management solutions for the pop-
ulation health and health care will require a more sys-
tematic consideration of the concepts “risk factors”,
“lifestyle”, their links with the “health” including use
of systematic approach for the measurement.

Today, there are infinitely many studies on meas-
uring the effects of various factors (risks) on human
health, but there are no methodological and / or techno-
logical grounding of schemes of performing related
analysis - with access to constructive methodology of
classification of these factors and calculations of their
significance. Therefore, let us initially define specific
areas of system analysis of human health and public
health.

To consider the state of the population (person)
can only be based on the living environment and, as a
rule, in three main areas:

1. as an object on which the environment impacts;

2. as an object that implements the function to re-
build living area (materialized action);

3. as (dynamic) object that implements its own
laws of life, as an active system, which (as an integral
system) sends the totality of its properties to the own
selected specific condition.

Of course, given structuring deepens possibility of
health observability and enhances the possibilities of
its assessment when using system properties of the ob-
ject and phenomena derived from it in the analysis.

Logical development of this analysis (from the
standpoint of the clinic) was the need to provide a link
of set of observed changes in the population (person)
health condition with exposure activities for them:
prevention, treatment. The goal is to make these
changes manageable.

It is known that medical characteristics of the ob-
served states of objects (people, person) led to the con-
cepts of “symptom”, “syndrome”, and finally “name”
(diagnosis). The latter ensured the possibility of classi-
fying the states of the body and, at the same time, made
it possible to analyze the links of observed situations
(state of object health) with the response (actions) of
medical services and institutions.

But, both the population’s and the person’s
changes of states are associated not with one, but with
all the properties of a group of people or an organism.
Moreover, these conditions represent the entire spec-
trum of changes in the whole system (person, popula-
tion): in the morphological composition, in the nature
and functioning of the organization (genetic character-
istics).

Relationship of the population with living envi-
ronment can be represented as follows.

1. Population is an object exposed to the environ-
ment (socially — it is characteristic of settlements and
the laws by which people live, work and relax, the num-
ber and composition of the latter, their image, standards
and way of life; physically — it is a landscape, geochem-
ical composition of soil, air, water sources, wind rose
and other microclimatic conditions).

2. Population is an object that itself affects its liv-
ing environment:

- on its physical characteristics (pollution, land
reclamation, creation of artificial lakes, embankments,
landscaping etc.);

- on its social characteristics (laws, forms of work,
work organization, trade, transport, family life, includ-
ing health care etc.);

3. Population is an object that is as a totality (ac-
tive social object) implements its own rights and duties
in its own system forming its state (lifestyle and its cor-
responding mentality behavior):

- in ownership issues (implementation of eco-
nomic laws);

- in medical-social services (implementation of
relevant laws, regulations, traditions);

- in the reproduction (implementation of aspects of
demographic behavior);

- in public interaction (implementation of the right
to work, organization of domestic collective existence
favorable for health and life, information security, i.e.,
as an implementation of the laws of social communica-
tion);

- in faith — as in the psychology of implementing
your own “soul”.

In this case, you should consider the historical as-
pect of these laws - their relationship with the history,
traditions and ethnic composition of the population (in
the region), etc.

Informally, they are reduced to the implementa-
tion of the aggregate morphological properties in the
group (population) - sex-age composition as one of the
leading community coexistence parameters - as a
marker of survival of the species in the psychosocial
environment.

Functionally, they are supported by written and
not written traditions, officially adopted “statutes of
collective existence” (Constitution, legal laws, regula-
tions, holy scripture, etc.).

Genetically they are implemented by settlements
improvement (in its social characteristics), environ-
mental pollution (in its physical characteristics), quali-
tative aspects of the population behavior (in the mode
of life in the settlement), which together - along with
indicators of “population (settlement!) health” form the
concept of “settlement health” (where “population
health” is only one component of the latter).

In such description of settlement life “population
health” is defined as an invariant reflecting the result of
the manifestation of the combination of observed prop-
erties of the collective behavior (in the above broad,
three aspects sense). The consequence of this property
(observability) is the possibility of measurement (meas-
urability) and control (manageability) of genetic pa-
rameters of “settlements” (of controlled area).

Hence “population health” as one of the qualita-
tive characteristics of “settlement health” in the form of
indicators of morbidity, disability and mortality (sur-
vival) of the people is not only population health, in
fact, but also an indicator of one of the many qualities
of “settlement health”, in which an individual or popu-
lation is only one of the components (objects, frag-
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ments) of settlement system environment. And this ob-
ject, as outlined above, not only impacts the environ-
ment, but also becomes the object of the impact of this
environment.

It should be noted that, historically, the develop-
ment of medical practice and health care (individual
services and facilities network) has long focused on
serving the individual and, consequently, in general the
entire health care system was vertically (by stages of
giving help) built. It linked a set of observed changes in
the population state (morbidity, mortality, etc.) with the
characteristics of the individuals’ status, taking their
sum, excluding changes in the quality of this new sys-
tem object - the “population” (!!!), and, consequently,
has developed activities to influence it (prevention,
treatment).

This was aimed at ensuring controllability of
changes of observed state of population. However, due
to such actions management led to establishing a de-
partment - health care sector with quite narrow possi-
bilities to influence the parameters of the collective
(public) health (1). Population health, as shown above,
has absolutely different qualitative - mainly socially de-
rived- characteristics and parameters unlike the individ-
ual’s ones and, therefore, requires other (by system
content and structure) measures of the impact in so-
cial, communal and territorial system of rehabilita-
tion, care and restoration of human health.

In addition, it should also be emphasized that
changes in health state at the individual level (which
gave rise to the concept of symptom, syndrome and di-
agnosis), at the population level have contributed to the
emergence of a large and complex “International Clas-
sification of Diseases”, followed by adjustment thereto
health sector (cardiac, pulmonary, oncology and other
centers) with separate form of reporting (documents,
indicators) and ascension of individual state indicators
to “average” indicators of the individual state, but, for
some reason, giving the latter name of “public health
indicators”. The levels of reporting and assessment of
information importance of parameters of “public
health” were adjusted to these indicators, and, respec-
tively, according to the latter - the impact activities on
them, which should be assessed at this time as the meth-
odological and information inadequate and certainly
not adequate realities of practice.

Absence of direct integral health indicators, i.e.
long-term lack of possibility to measure its actual state
(as opposed to traditional measurements of its individ-
ual manifestations of fertility, morbidity, mortality,
etc.) and, accordingly, the uncertainty in the assessment
of a real connection of population health with the qual-
ity of their territories (settlements) of living - their mor-
phological composition, characteristics of functioning
and organization architecture - led to errors in deter-
mining the reasons for the prevalence of major diseases
and primarily chronic ones, leading to death, as well as
in kinds of effect on these pathologies spreading day by
day.

The above justifies the content of this monograph
- targeting health care and those responsible for the
health of the nation and people of certain territories at
the use of new system technologies in its organizational

activities leaving the best of the established models of
health.

Let us consider the number of methodological and
methodic techniques to assess the health of the popula-
tion and the factors affecting it (positively or nega-
tively).

Mathematically, if all factors affecting health were
considered in terms of causal relations (relationships)
when evaluating the states of population (human)
(which is denoted by Z, the morphological characteris-
tics of the object —by the symbol x and their perfor-
mance characteristics —by the symbol f) we would ob-
tain the formula: Z = f (x). It formally indicates that the
state of the object (Z) which we get at the output is al-
ways a genetic derivative of the biosocial composition
(structure) in the object (x) and a consequence of its in-
teraction (f) with the living environment. In other
words, the state of the object is always a regular de-
rivative of the specific (by morphological characteris-
tics) activity of an object - it is a law.

This formula has been successfully included in the
assessment of human health by J.-F.Nys, although
meaningful components of this author’s model are
completely different, not adequate to the methodology
presented above.

The formula research shows that similar patterns
can be found everywhere, even in any of the health care
subsystems: for example, in the work of clinic, where
Z is a derivative of its structure (x) and qualitative char-
acteristics of its components (f) activities (operation).
Or, in other words, the production capacity (product,
clinic services at the “output”) always derive from its
composition, units structure, staffing, employees’ qual-
ifications, material and technical provision of execution
of the intended mission and the qualitative characteris-
tics of all departments functioning: quality of services,
their availability, reliability of produced technology
and others in total unity.

Adapting the above formula to the system ideol-
ogy of health and social research provided in this mon-
ograph we can deduce that any genetic characteristic of
the object (Z) directly dependent on its morphological
components (conditions of object operation) - x, and
the immediate implementation of the intended func-
tions (activities of morphological structures) - f.

Factor dependence of public (human)health re-
quires systemic treatment of such concepts as “factor”,
“risk factor”, “anti-risk factor”, “lifestyle” taking into
consideration their subsequent use in the below meth-
odological developments in the study of “population
health”.

The term “factor” in the dictionary of S.I.Ozhegov
is designated as “a moment, important circumstance in
any process, phenomenon”. On this basis, the systemic
definition of “factor” may be as follows:

“Factor - invariant qualitative characteristics of
the processes defined in the object of specific system
environment, reflecting coherent integrity of its mor-
phological, functional and genetic aspects of this object
and determining the quality characteristics of its inter-
action direction (and, accordingly, its existence condi-
tions) together with other objects of the environment
and the environment itself”.
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Represented definition shows the relationship of
factor with a particular object causing it as well as with
specific objects of interaction in a fixed system envi-
ronment. It shows that its characteristics are determined
by the composition and structure of the object itself,
where the qualitative characteristics of its interaction
with other objects of the environment (as indivisible in-
tegrity) determine the conditions for the existence of
the latter and condition of the environment itself.

S.1.Ozhegov designates the term “risk” as “a pos-
sible danger”. On this basis, the systemic definition of
“risk factor” may be as follows:

“Risk factor - invariant qualitative characteristics
of the processes in the object of certain system environ-
ment reflecting its morphological, functional and ge-
netic aspects as coherent integrity with the possibility
of negative orientation of its functioning (while inter-
action) and the corresponding change in the state of the
environment objects, it faces, and the environment it-
self”.

Then the opposite notion —“anti-risk factor” based
on the above definition should be considered as “an-
other invariant of the state of the object that implements
the ability to support the desired (reference or standard)
characteristics of the processes in other objects that in-
teract in the environment and the environment itself”.

In the presented definitions factor morphology (its
composition and structure) are reflected in the rules of
the object functioning, functional aspect—in the param-
eters of their fluctuations (processes modifications),
and genetic - ideally, that is in defined and desired, its
scientific or historical “regulations” (numeric markers
of “norm”) of the processes in a specific object while
its being (existence and interaction) in a particular en-
vironment®).

These definitions are of generic nature. Only func-
tion of the object and the environment gives them qual-
ity certainty. For example, access to health care as a risk
factor for the health of people living in a rural area dis-
tant from the regional center, often determines its
higher morbidity of chronic diseases, disability and
mortality reflecting the flow direction of pathological
processes not only in the “health” of people, but also in
the “health” of a particular system environment, etc.

Understanding of health depending on those or
other risk factors of population (person’s) living envi-
ronment and determining their lifestyle by the latter re-
quires the presentation of the system concept “life-
style”:

“Lifestyle of the population (populations) — an in-
variant of life traditions of certain group of people,
which was formed in their living environment and rep-
resents a qualitative result of coherent unity of morpho-
logical, functional and genetic aspects of this life.”

In this definition the term “invariant” should be
understood as an established or formed (in a particular
environment at a particular time) the only option in the
spectrum of their many modifications. The notion of
“tradition” is treated as a prevailing or stable order in
people’s behavior aimed at preserving and support or
breaking their abilities to improve health (duration of

the biological and working life, the function of repro-
duction, etc.). Its morphological aspect is represented
by certain norms of behavior, functional-by schemes of
their changes (modification of the norms) and genetic—
historically established (and generated by the first two
aspects) ideals, including the quality or “comfort” of
living environment, a leading indicator for assessing
potential for conservation of health and life.

Then from socio-medical point of view the word-
ing of “lifestyle” should be as follows:

“Lifestyle of the population (populations) is an in-
variant of behavioral traditions of certain group of peo-
ple, which has evolved historically in a particular envi-
ronment of its residence, which is a quality result of a
coherent unity of its standards, change of their patterns
and ideals of life generated by them in terms of their
focus on the preservation and support (or breaking) of
certain modifications of actions to strengthen their
health and improve the quality of the living environ-
ment (habitat)”.

At the same time, in the first case, the result is a
“healthy way of life”, in the other - its opposite —“un-
healthy”, in which the flow of the object functioning
deviates from the ideal, and in the case of achieving de-
viations peak leads to the formation of a new invariant
of object state—indisposition” (illness, disability,
death), which contributes to wasting of “vital resource”
by the object (population, generation, a person) reduc-
ing its life expectancy - both biological and labor and /
or viable.

The presented definition reveals that life activity
(lifestyle) regulates the traditions, and the latter, in their
turn, based on the “feedback™ in the cybernetic object,
lifestyle. Proceeding from this, it is obvious that the real
impact on the people’s health should be directed to the
“education” of certain behavior, preservation and sup-
port of the traditions of “healthy lifestyle”, on the ef-
fectiveness of social influence on the formation of
healthy norms of behavior in relation to the physical
and social environment and own health that includes
the corresponding training of collective behavior and
their own systems.

The latter actually defines the main tasks of health
system management in general, as well as public and
medical prevention in particular.

Let us consider one of the approaches to measur-
ing parameters of certain “health” states used in the
monograph. The above method of measuring the state
of the object - [Z = f (X)] reflects a cause-and-effect re-
lations of system environment fragments, but this
model does not always correspond to the model of ob-
jects relations in it taking into account their full and co-
ordinated interdependence.

It is already noted that the interactions of any ob-
ject to be viewed from three sides: from the point of
view of its impact on the surrounding objects and the
environment in general, from the point of view of the
influence of other objects on it, as well as the point of
view of the impact of an object as an element of the
environment on itself.
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Population as an environment object
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Fig. 1. Population as a function in the system environment

Imagine that the environment in the state A; (Fig-
ure 1) under the influence of the activities of the popu-
lation - L, which changes its state, also changes itself,
goes into state A,. The difference between these states
(A1 - A2), with their measurability, provides an oppor-
tunity to make the calculations of parameters change of
environment A in units and measurement scale of the

object “population” - L, determine the direction of these
changes, their speed and the consequences for the envi-
ronment as a whole. At the same time, to measure the
subsequent impact of modified environment (Az) on the
population (L) a similar scheme (Figure 2)should be
used.

Environment A»

e

Population L;

N

Population I;

Fig. 2. Environment, as a function, in the interaction with the population

In this case (A2 - Ai) isequal to (L2 - L1). But Ais
measured in scale units of environment measurement
and L - in the scale units of the population measure-
ment, which leads to the conclusion that there is a ne-
cessity to find common parameters for measurement
both the environment and the population. Determina-
tion of such technique would allow assessing the health
of the population and the “health” of its living environ-
ment, to predict the direction, scope and possible cor-
rection of their states, to determine appropriate re-
sources for the implementation of control actions in sin-
gle scale parameters, as well as to monitor the
effectiveness of their implementation (realization).

The represented diagrams fix the fact: the popula-
tion (in the first case) and the environment (in the sec-
ond case) are, for any changes, risk factors of changing
state (“health”) of each other.

At the same time, interacting both objects can in-
fluence not only its own (and others) final state, but also
on the quality of the operation itself and, ultimately, on
the morphological structure of each other. That is, hav-
ing a measurement of one object you can always meas-
ure changes occurring in the objects interacting with it
(in units and the scale of measurement of the first!).

Taking this into account and meaningfully (in sys-
tematic analysis) combining two approaches to meas-
uring objects - modified approach of J.F.Nys (Figure 3)
and the foregoing are proposed for general use in re-
search and practice in the measurement of systemic
linkages of the model of the universe of knowledge on
the objects state of the system environment, it itself, as
well as events taking place in it and its objects (Figure
4).

State Integral set of genetic Laws of population List of processes
signs-markers functioning in the (fragments) of
Z system environment population on which
F environment influences
X1, X2, .... Xn

Fig. 3. Contents of constituent elements in the formula of J.F.Nys
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State of Laws of environment State of
environment changes environment
All f] Alz
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A% State of population health Laws of state changes: in- State of population health
E % ternal — composition and A%
R structure of population by
S sex, age etc, and external
E lifestyle 1

State of individual’s health

f

i

A3 Laws of state changes: in- State of individual’s
ternal (functioning) and ex- healthA®;
1 ternal (behavior)f;

Figure 4. The universe of knowledge on the state of the system environment and it itself, where “<>"presents
system indivisibility of the considered object (phenomenon) and knowledge about it, a + and < - a composi-
tional unity of the considered environment and knowledge about it.

Such scheme to measure and analyze the state of
the system environment and its objects takes into ac-
count the basic properties and aspects of the study of
the classical system. It allows fully and deeply analyz-
ing the main factors and relations of formation of public
(individual) health and their system environment. The
scheme establishes a harmonious relationship in the
system “population (person) — place of its habitat (life
activity)” in all aspects (ecological balance, lifestyle in
a particular socio-ecological environment, morbidity,
mortality, survival, etc.).

Presented theoretical analysis always allows iden-
tifying a unique determining of “health” for the ob-
served object. For example, for the “population health”
(of one or another group) in the n-th, a clearly defined
system environment: in the village, district or regional
center, in the region etc., taking into account certain (in
a particular settlement) laws of its functioning, as well
as the diversity of life style forms of a group of people
under study.

In addition, the precise fixing of the object func-
tions and its environment allows taking into account the
above analysis to enter the classification of the states of
the object functions and, ultimately, its habitat areas.

Finally, the presented scheme of the analysis of the
relationships of the system environment objects allows
making direct and indirect measurement of their states
and the environment in different aspects of relation-
ships in general.

The foregoing technological schemes of disclo-
sure and analysis of the relationships of public health
with leading (presented above) concepts of theoretical
and practical medicine, as well as in social ecology
were used in this monograph while the development of

medical and social techniques for studying the inci-
dence, mortality, survival, resilience and life expec-
tancy, working out strategy of development of public
health care, health care management, dealing with the
related resource and economic problems.

Conclusions.

1. Inasystematic analysis of the population sys-
tem and health, three basic aspects of the analysis were
identified: morphological, functional, and genetic.

2. The component analysis of the environment
includes the population, its lifestyle (meaning main-
taining health), the social and physical environment
(from the same positions), and the status structuring of
the population according to their health conditions.

3. In the methodology of integral measurement
and assessment of public health, systemic triads and
their mutual influence should be used.

4. The results obtained in the study formed the ba-
sis for the transition to a system-integrated measure-
ment and assessment of the public health in the dynam-
ics.
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Abstract

The effect of essential oils and aqueous extracts of some conifers on Staphylococcus epidermidis was studied.
The inhibitory activity of this strain under the influence of the studied substances was noted. It is established that
water extracts of coniferous plants can be a promising plant agent for the preparation of aseptic preparations.

Annomauusn

TIposedeno uccredosanue AUAHUSL IQUDHBIX MACEL U 60OHBIX IKCMPAKINOE HEKOMOPBIX X60UHbIX PACMEHUIL
na Staphylococcus epidermidis. Ommeuena uneubupyrowas axmusnocms 0aHHO20 WMAMMA NPU 6030EUCTNEUL
uccaeoyemplx Cyocmanyuil. YCmanoeieno, umo 600HbLe 6bIMANCKU XEOUHBIX PACMEHU MO2YM AGISAMbCSA NEPCNeK-
MUBHBIM PACMUMENbHBIM CPEOCMEOM 0I5l RPULOMOBICHUS ACENMUYECKUX NPEnapamos.

Keywords: Staphylococcus epidermidis, coniferous plants, essential oils, antiseptic properties, phytoncides.
Kmoueswie cnosa: Staphylococcus epidermidis, xeotinsle pacmenus, sghupuvie macia, anmucenmudeckue

ceoticmea, pumonyuow.

CTaMIIOKOKKH OCTalOTCA OIHUM H3 BEIYIINX
(haKTOpOB THOWHO-BOCHIAINTEIBHBIX M CENTHYECKUX
3abosieBaHmil. HeykioHHOE pacmmpeHue crieKTpa BHY-
TpUOOTHHUYHBIX HH(EKINH, POCT PE3UCTEHTHOCTH 60~
JIE3HETBOPHBIX MUKPOOPTaHU3MOB K aHTUOMOTHKAM, a
TaKXe BBICOKUH YPOBEHb 3a00JI€BA€MOCTH HACEICHUS
SBIISICTCSA aKTYaJIbHBIM BOIIPOCOM B ITOMCKE aJIbTepPHA-
THUBHBIX CPEACTB, KOTOPbIE 00JIaAal0T IIMPOKHIM CIIeK-
TpoM aHTHMUKpoOHoro neiicreus [Kepamesa C.1., 3,
10].

Ecmu XX Bek 03HaMEHOBAJICS B METUIIHE H300H-
JMEM CHHTETHYECKHX IpernapaTroB, TO B HBIHEIIHEM
CTOJICTHH OTMEYAETCsl MOBBINICHHBIN HHTEPEC K JIeKap-
CTBEHHBIM CpEICTBAaM PACTUTENBHOTO HPOHCXOXKIE-
Hus. He mpuberast K 1OpOTOCTOANTAM TEXHOJIOTHAM U
000pyIOBaHUIO, HCIIONB3YSl IEPCIEKTHBHBIE PacTHU-
TeJbHBIE UCTOYHHKH, MOKHO CO31IaTh HOBbIE d(hdek-
THUBHBIE W TP 3TOM OTHOCHTEIBHO JEUIeBBIE JIeKap-
CTBeHHBIE cpencTtBa [2,6,11]. OmanMu ©3 TakuWx
CPEICTB MOTYT OBITh XBOHHBIE PAaCTeHHS, KOTOpHIC
MMEIOT TaKue OMOJIOTMYECKH aKTHBHBIC BEIIECTBA, KaK
¢uronuuasl. EcTh MHOXKECTBO paboT OTEUECTBEHHBIX
YUYEHBIX, KOTOPBIE TOATBEPXKIAIOT BBICOKYIO 3(dek-
TUBHOCTb (PUTOHUMAHBIX QpaKIUi U SPUPHBIX Maces
XBOWHBIX pacTeHui. Hampumep, 1i1s nedeHns cBeXHUX

paH peKOMEHAYIOT MUXTOBEIH Oanmbs3am [4, 8, 12]. [Ipo-
HUKasl BHYTPb, 3(QUpHBIC Macia TOABEPTalOT JeCTPYK-
WY IUTOIUIa3MaTHIECKIe MEeMOpaHbl MUKPOOPTaHU3-
MOB, YTO IIPUBOJIHUT K CHIDKEHHUIO UX POHUI[AEMOCTH U
YMEHBIIIEHUIO aKTUBHOCTH a3pOOHOTO JBIXaHUS MHUK-
poopranu3moB [7]. B je4eOHBIX NENsIX MPUMEHSIOT
BOJIHBIE OTBAapbl, CIUPTOBBIE HACTOMKH, OS(UpPHbBIE
Macja XBOMHBIX paCTECHUM.

Llenpro TaHHOTO MCCIIEOBAHUS OBUIO M3y4YECHUE
aHTHOAKTEPHAIbHBIX CBOHCTB BOAHBIX OTBapoB U
3(UPHBIX Macel XBOWHBIX pacTeHuid. McciemoBaHus
TIPOBOAMIINCH Ha 0a3e Kadenpbl oom1ell OnoIoruu u ou-
opasHooOpa3ust MHcTtuTyTa XUBBIX cucteM OIAOY
BO Cesepo-KaBkasckoro ¢enepanbHOro yHHUBEpPCH-
TeTa B nepuoa ¢ aexadps 2017 romga mo anpens 2018
roga. OOBEKTOM HCCIEIOBAHUS IOCIYXII IITaMM
Staphylococcus epidermidis, Tak kak oTme4aeTcs, 4To
SUHUIEPMANbHBI CTa()MIOKOKK BBI3BIBACT CENTHYE-
CKHE IIPOIECCHl B HACTOAIIEE BPEeMs Yallle, 9eM 30J10-
TucThIl cTadunokokk [3, 10].Kepamesa C.I.]. Tlpen-
MET HCCIIEAOBaHUSI — aHTHOaKTepualbHOE IeHCTBHE
9(UPHBIX Macesl M BOJHBIX OTBApOB MOMOKECBEIbHUKA
OOBIKHOBEHHOTO, €11 OOBIKHOBEHHOM, COCHBI OOBIKHO-
BEeHHOU u nuxthl Hopamana.
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JUIs mosydeHns: aKTUBHOTO BEIIECTBA XBOMHBIX
PACTeHHIA UCIOJIF30BaIaCh XBOsI, COOpaHHAs B 3UMHHI
MEepHO/, TaK KaK MMEHHO 3MMON OTMEYAaeTCs] MaKCH-
MaJlbHasl KOHIEHTPALHs OMOJOTHIECKH aKTHBHBIX CO-
eauHeHwmi [9].

Bopnsie oTBaps! u 3¢UpHBIE Maciaa TOTOBHIH B
COOTBETCTBUH C peKOMEHIalusIMu u3 ['ocynapcTBen-
Hol (apmakoreu [1].

AHTHOaKTepHaJIbHYI0O aKTHBHOCTh YyCTaHABIIH-
Banu B oTHoIeHuu Staphylococcus epidermidis meto-
JIOM JIYHOK B arapoBoii cpene — metox J133P (qumerpa
30HBI 3a/IePKKU POCTa MUKPOOPTaHU3MOB) B CpaBHE-

HUU ¢ KOHTpoJieM (6e3 ydeTa nuameTrpa JTyHOK). Bemu-
YMHA 30Hbl YTHETEHHS ONpENENsia CTEEeHb YyBCTBH-
TETHHOCTH MHKpPOOa K aHTHOAKTEpHATEHOMY OOBEKTY
[5]. 3mepenne 30HBI yrHETEHUS TIPOU3BOAMIH C TIO-
MOIIbI0 MHJUIMMETPOBOM noneTku. IIlpuHuManuces Bo
BHUMaHHE CPETHHUE 3HAYCHUS C YIETOM MOTPEITHOCTH.
Pe3ynbTaThl 3KCIIEpUMEHTa yUUTHIBAIM depes 24, 48 u
72 uaca. JlocToBepHbIe pe3ynbTaThl OBIIM MOIYYEHBI
yepe3 48 yacoB KynbTHBHpOBaHuUs (Tabd:.1). Dxcrepu-
MEHT TPOBOJMWICS B JECATHKPATHOH IIOBTOPHOCTH,
TIOJICYMTBIBAJIOCH CpeHEe apu(hMETHIECKOE Pe3yIIbTa-
TOB W OTHOCHTEJIbHAs MOTPEIIHOCTh M3MepeHHs (110
¢dopmyne CTpIOfeHTA).

Ta6mmma 1

CpaBHuTeIbHAsI aHTHOAKTEpUAIbHA akTHBHOCTH Staphylococcus epidermidis BoTHBIMHE IKCTPaAKTAMHU U
MAacJaMH HEKOTOPbIX XBOHHBIX pacTeHHUI

Pactenue /133P X‘équ (mm) CTeneHb aKTHBHOCTH
KOHTPOJIb 0+0,01 y
MoskKeBeIIbHUK MacJiio 5,37+0,19 y
AKCTPAKT 8,83+0,18 M/9
KOHTPOJIb 0+0,01 y
Emp MacJiio 5,48+0,21 y
SKCTPaKT 11,11+0,18 q
KOHTPOJIb 0+0,01 y
TIuxTa MacJiio 6,46+0,2 y
SKCTPaKT 14,28+0,21 q
KOHTPOJIb 0+0,01 y
CocHa MacJiio 4,09+0,16 y
AKCTPAKT 9,46+0,17 M/9

* (p<0,05) — B cpaBHEHUN C KOHTPOJIEM.

[Ipumeuanue: X — cpennee 3nauenue [I33P; my — oTHOCUTENbHAS OTPEIIHOCTD U3MEPEHUS]; U — YYBCTBHU-

TEJICH, Y — YCTOMYNB; M/4 — MaJIOUyBCTBUTEICH

AHanu3 pe3ynbTaToOB MPOBEJSHHOIO HCCIIEeI0Ba-
HHS [I03BOJISIET YTBEPXKIATh, YTO aHTHOAKTEpHAaIbHAs
AKTHBHOCTb BOJHBIX OTBApOB M 3(PUPHBIX Macen Bcex
UCCJICIOBAHHbIX XBOMHBIX PACTEHUH B OTHOLIEHUU
Staphylococcus epidermidis makcuManbHO TPOSBIIS-
etTcst yepe3 48 wacoB. Hambompmmas 3amepxka pocra
Staphylococcus epidermidis ormeuena npu Bo3EH-
CTBHM BOJHOTO OJKCTpakTta mHXThl Hopamana
(15,14+0,1) u a¢pupHOTO Macia enr OOBIKHOBCHHOM
(11,85%0,15). OTBapsl W3 COCHBI OOBIKHOBEHHOW H
MOYOKEBEJIbHUKA OOBIKHOBEHHOTO TPOSBUIN MEHb-
HIyI0 OMOJIOMYECKYI0 aKTHBHOCTb, 3a/lepiKKa pocTa
MHUKpPOOPTaHU3MOB cocTaBmia 9,73+0,12 u 10,28+0,12.

Takum 00pa3zoM, pe3yabTaThl IPOBEAECHHOTO IKC-
MepUMEHTa TO3BOJISIOT YTBEPIKAATh, YTO BOJHBIC BbI-
TSDKKA XBOMHBIX PacTeHHH MOTYT SIBJIATBHCS NEPCIEK-
THUBHBIM PacTUTENBHBIM CPEICTBOM JJIsI TIPUTOTOBIIE-
HUS aHTHOAKTEPHAIbHBIX NPENapaToB.
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Abstract

This article provides an overview of modern rice dryers and their features. The values of productivity, drying
modes, energy consumption and ways to create new drying plants for rice are given.

Annomauusn

B oannoti cmamve npuseden 0030p cOBpEMEHHBIX CYWUNLHBIX YCMAHOBOK OISl pucd U ux 0COOeHHOCMU.
IIpuseden 3nauenus npou3600UMENbHOCMU, PEHCUMO8 CYWKY, IHEpLemuiecKue 3ampamyl U Onpeoeiensl nymu

CO30aHUSL HOBbLX CYUWUTIbHBbIX YCMAHOBOK ons puca.

Keywords: drying device, paddy.

Kniouesvte cnosa: cywunvroe ycmpoticmao, wana.

Cymka cBexeyOpaHHOTO pHUCa PE3KO OTIMYAETCS
OT CYILKH JIPYIHMX 3€pHOBBIX KYyJbTYyp. MI3BeCTHO, 4TO
pHC MOCNie CYIIKH IOJBEpraercs K MeXaHWYeCKOH
0o0paboTKE M  IONydYaeTcss OYHMINCHHBIH  pHC,
KOJIMYECTBO KOTOPOTO 3aBHCHT OT PEKHMOB CYLIKH.
VYuuTeiBas BBILICH3IOKEHHETO I CO3JaHUS HOBOM
CYIIMJIBHOH YCTaHOBKM HEOOXOJUMO HCCIIeI0BaTh
0COOEHHOCTH CYLIECTBYIOIINX YCTPOMCTB /ISl CYLIKH
puca.

BnaxHoe 3epHo

)

NI

Boa,qyx
[—

‘-E

Iensto HacTosmeit paboTsl SABIISIETCSA
O3HAKOMJIEHHE HEKOTOPBIMH BHIAMHU YCTPOICTB I
CYIIKH pHca U UX OCOOCHHOCTSAMH.

B pa6ore [1] omncana mpoMBIIUIEHHAs CYITHITBKA
B KuIsimeMm cioe (puc.l) ¢ NpOM3BOAMTEIHHOCTHIO
cymku 22 T / 9ac u e€ sHepreTrmueckuii aHamus. [o
MOJTYYEHHBIMU JAaHHBIMH OIIPENICNICHO YTO, TOJIBKO
31,18-37,01% »Hepruu pacxoiyeTcs Ha HCIApEHUE
BJIary.

—

-
| BnaHbIi BO30yX

Cyxoe 3epHo

Puc. 1. Cxema npomvliunenHou cywuiky 8 Kunsawem cioe.
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B pabote [2] wW3y4eHBl pacxon DSHEPTHH W
KauecTBO  BBICYIIMBAa€MOTO  3€pPHa  pHuca  Ha
pa3pabOTaHHON TMPOMBINUIEHHONH TOPH30HTAIBHON
OapabaHHOH cymmiKe. DKCIIEPUMHTHI IPOBEICHBI TIPH
TeMIlepaType CyIIMILHOro arenTa (Bosmyxa) 38-40°C
u ero ckopoctu 0,171 wm/c. Ilo mnpoBeneHHBIM

SKCHEPUMEHTANBHBIM  JaHHBIM  IIOJIy4€HO,  9TO
yAeTbHBIN pacxon sHepruum coctaBuin 5500...17410
KJIx/kT, a TakxKe YIy4IIeHO KadeCTBO BBICYIICHHOTO
pHca IO CPaBHEHHUIO C PUCOM BBICYIIICHHBIM B APYTHX
YCTpONCTBAX.

FN AN P\ FIN
[ | 2

]

-3

Puc. 2. [lpombiuinennas 20pu3oHmanvbias 6apadbanias cyuuibKa.
1-cywunenouii 6apaban,; 2-nepghoposannvie nucmol,; 3-unm, 4- 6030yx0600;
5-6030yx00me600; 6-nwiibHUK, 7-0yx08Ka,; 8-ycmpoicmea Hazpesa;
9-6enmunayuonnas osepyv, 10-senmunsimop 11-snexkmpoosucamens npusooa bapabana.

B pabote [3] onucaHbl KpUTEPHU BIUSIONINE HA
MPOM3BOJUTEIHHOCTh  CYIIKM ~ OJHOM  TOHHBI
CBE)KEYOpPaHHOTO puca ¢ BIAXHOCTBIO 18-24% B
MEPEeNBIKHOM CYIIMIBHOM ycTpolcTBe. Kpurepum
BIMSIOIIME  HA  TPOU3BOJUTENBHOCTh  CYIIKH
OTIpeZIeIeHbl TIPH TEeMIlepaType CYHIMIBHOTO areHTa
60°C. Ilo mOJNlyYeHHBIMH JKCHEPUMEHTAIbHBIM
JaHHBIM  TIOJMyYeHbl  3Ha4deHUs  Kod(d¢uuneHra
MOJIE3HOTO neiictBus 0,18, k03¢ duLueHT
WCIIONBb30BaHusl TerioBod sHeprum 0,82, TerumoBas
s dhextuBHOCTH 46,83%.

B paborte [4] ObLIO POBEICHO UCCIIEAOBAHUE IS
OIIGHKH BJIMSHUS TEMIIEpPAaTyphl CYIIKH M CKOPOCTH
MOTOKa BO3JyXa Ha JHEPromnorpedlieHne M KauecTBO
puca TpH CYIIKE C TOMOLIBIO HPOMBIIIICHHOH
CYyIIWJIKA C HAaKIOHHBIM CIJIOEM CO cCcpenaHei
BMECTHMOCTBIO 15 TOHH B KomIuiekcax Padiberas
Nasional Berhad (BERNAS). Ilpu cHmwkeHHH
coJiep KaHus Biaru B pucoBoit Mmacce ¢ 22% 1o 23% Bo
BIIQYKHOM COCTOSIHHH 10 TipuMepHo 12,5% ynenpHOE
noTpebJIeHHe TEIUIOBOH SHEPTHHM BapbHPOBAIOCH OT
2770 no 3470 KIx/kr. AHanmu3 mokasai, 4To yJeabHOe
noTpebieHne  JIEKTPUYECKOH  JHepruu  ObUIO
npuMepHo Ha 20% MeHbIe, a yaeabHoe ToTpeOIeHne
TEIUIOBON HHEPTHH YCTPOHCTBOM OBUIO HMPHUMEpPHO Ha
10% BbIlIe IpHU CyIIKe ¢ TeMOepaTypol Bozayxa 41—
42°C, nmo cpaBHeHHMIO ¢ cymkod npu 38-39°C mpu
YMEHBIICHNH BIAXHOCTH PHUCOBOM Macchl oT 22-23%
J0 12,5% . Ilpu mouTH OAMHAKOBBIX MOJAX CYIIKH B
YCTPONCTBA 3KCIIEPUMEHTHI IIOKA3aJIH, YTO CyLIKa IpU
temrniepatype 38-39°C naér Ha 1-4% poct BbIXOZA
puca, a Taxke yIydlieHne OeIn3HbI prca IpH TOMOJIE.

B pabGorte [5] nccaenoBaH mpolecc CyImKa puca B
Ppa3IUIHbBIX peKIMax c MOMOIIBIO
SKCHEPUMEHTANBHOMN YCTaHOBKH. VYBennuenune
TEMIIEpaTypsl M CKOPOCTH CYIIMJIBHOTO —arcHTa
NPUBENIO K YMEHBUICHHIO BPEMEHM CYIIKH, a

YBEJIMYEHUE HCXOJHOM BIAXHOCTU IPHUBEIO K
YBEJIMYCHUIO BpEMEHU CYILKH. o
9KCIIEPUMEHTAIBHBIM JaHHBIM TIPUBEACHO, YTO TPH
HU3KUX 3HAYEHHUAX CKOPOCTH M MCXOIHOH BIaXXHOCTH
YIIy4IIeHbl SHEPreTHUECKHE TIOKa3aTelu.

B paborte [6] pa3paboTaHO KacceTHOE CYIIMIEHOE
ycTpoiicTBo 1uis 3epHa. MccnenoBanne CyMIMIIBHOTO
yCTpoicTBa TIPOBENEHO TMpU YIEIbHOM pacxope
sHepruu 8425 Br-u/kr, Temmneparype CyHIMIBHOTO
arenra 60£2,5 °C 1 1OCTUTHYT BIarockem 5% 3a onuH
MIPOXOI.

B pabote [7] pa3paboTaHa SKCIEpUMEHTAIBHOE
WHJIyKIIMOHHOE CYIIWJILHOE YCTPOWCTBO ISl 3€pHAa U
JIOCTUTHYTO HOBBIIICHHE TIPOU3BOJUTEIILHOCTH CYIIIKH
32 CYET YCOBEpIICHCTBOBAHHS KOHCTPYKTHBHO-
TEXHOJIOTHYECKHX rapaMeTpoB BHUHTOBOH
MIOBEPXHOCTH ycTpoiicTBa. [1o moiydyeHHBIM JaHHBIM,
MIPOU3BOIUTEIBHOCTh CYHMIKH cocTaBisieT 40kr/4ac,
yAeTmbHBIN pacxox sHeprum coctaBiser 3200-3600
KJx/xr npu HanpspkeHnu Toka 220B, cute Toka 4,5A
# gacToTel ToKa 30 I'm.

B pabote [8] moBblllieHa MPOU3BOAMTEIHLHOCTH
CymKH W  obecmedeHa  I0XKapoOe30MacHOCTh
ycrpoiicTBa. B pabore [9] MOCTHrHYTO K MOBBINIEHHE
MIPOU3BOJUTEIBHOCTH M CHIXKEHHE MaTepHaIbHBIX
3arpar Ui mporecca cymkd. OJHaKO, OCHOBHBIMH
HepocTaTkaMu padot [8] u [9] ABNAOTCA TO, YTO OHU

CTalMOHAPHBI W HWMEIOT OoJlbIine TabapUTHEIC
pa3Mepsl.
3aKIII0YCHHA:

JIJiss IpOEKTHPOBaHUS HOBBIX CYIIMIIBHBIX yCTa-
HOBOK JUIsl prica 0c000€ 3HaYeHHE UMEIOT CIIEIYIOIINe
MOKa3aTelH:

-yBennueHne ko3 uItnenTa nojae3HbIX JecTBUI
YCTpPOMCTBa,

-CHI)KEHHUE TIOTEPH TeTlIa B OKPYXKAIOIIYIO CPEdy
C MCIIOJIb30BAHNEM TEIUIOM30JISIIMOHHBIX MaTEPHATIOB;
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-CHIDKCHHE YNIEMBHOTO Pacxoia TeIuia I IMpo-
1ecca CyIIKH;

-HCCIIEIOBAaHNE ONTHMAIBHON TEMIIEPATypPhl MPH
CYIIKE pHca, TAaK KaK OT €€ 3HAUCHNUS 3aBUCHT Ka4eCTBO
¥ KOJINYECTBO KOHEYHOTO TTOJIy4aeMOTO MPOAYKTa;

-CHIDKCHHE  MaTepHATOEMKOCTH  YCTpOIiCcTBa,
obecrieueHre KOMITAaKTHOCTH.
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IMPROVING THE SYSTEM OF ENVIRONMENTAL PROTECTION FROM DUST RESIDUES OF
ASPHALT CONCRETE PLANTS
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Abstract

The article analyzes the ways to reduce the anthropogenic impact of emissions to the environment from dust
emissions in unmanaged sources of asphalt concrete plants; It is recommended to increase the efficiency of dust
removal and ventilation systems by improving their location systems in view of the improvement of the

technological process.

Keywords: asphalt concrete, environmental protection, dust, drum

Asphalt mixing plants for the construction, repair
and reconstruction of roads are active sources of envi-
ronmental impact. In addition, the main contribution to
air pollution is the emission of inorganic dust up to 20
microns in size.

The most intensive emissions of dust are charac-
terized by stationary (open storage of materials, crush-
ing of crushed stone, cargo buckets - measuring bun-
kers, etc.) and non-stationary unorganized emission
sources.

The complex of organizational and technical
measures aimed at reducing air pollution by emissions
from unorganized sources mainly increases the effi-
ciency of hydrotreatment, including reagents for hy-
drotreatment and moistening of dust particles. How-
ever, such measures will provide only short-term ef-
fects, and uncontrolled emissions will be 2-5 times
higher than the standard of permissible norms.

In addition, some chemical moisturizers and
foamy substances can adversely affect asphalt concrete,
so it is necessary to first assess their compatibility, and
the distance from engineering communications to pro-
duction platforms creates technological difficulties in
organizing a hydraulic replacement system.

Thus, it is important to solve the problem of im-
proving the efficiency and production of environmental
measures at plants for the production of asphalt con-
crete mixtures.

On the other hand, the experience of industrial en-
terprises has shown that the existing dust-based venti-
lation systems are unstable and do not work effectively,
mainly due to the drawbacks of the system layout and
the stability of the process. As a result, 6-8% of pro-
cessed products are excluded from the process equip-
ment, which leads to the loss of mineral raw materials
in the form of dust emissions.

Improving the efficiency of ventilation systems to
remove dust also creates environmental and economic
difficulties.

The work was carried out in accordance with the
thematic plan for the development of the Kyzylorda
ecological complex, as well as the research and devel-
opment works of the Kyran Asphalt Concrete Plant.

The aim of the work is to reduce the anthropogenic
impact on the environment from dust emissions from
unorganized sources of asphalt concrete plants; Im-
proving the efficiency of dust removal and ventilation
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systems by improving their layout, taking into account
the hospitality of the process.

To achieve this goal the following tasks were
solved:

- evaluation of technological processes of concrete
mix production;

- dust emission sources that determine dust emis-
sions to the atmosphere;

- assess the effectiveness of organizational and
technical measures to reduce dust emissions from un-
structured sources;

- analysis of the effectiveness of used ventilation
systems;

- the study of the basic physicochemical properties
of the solid dispersion composition;

- dust and dust in the production of asphalt mixes;

Improving the physical and mathematical model
describing the processes of dust removal from a source
of unorganized dust;

- Theoretical and practical assessment of the effec-
tiveness of measures to reduce dust emissions from un-
controlled asphalt concrete plants;

- Theoretical and experimental evaluation of the
effectiveness of the ventilation system of dust cleaning,
organized according to the scheme.

The main idea of the work is to use possible sto-
chastic approaches to predict the levels of air pollution
from stationary unmanned dust emissions from asphalt
concrete plants.

The reliability of scientific statements, conclu-
sions and recommendations is based on planning the re-
quired amount of experiments using the classical rules
of aerosol mechanics and aerodynamics in modeling
the processes under study, confirmed by analyzing the
results of other authors and the results of experimental
studies performed in industrial conditions.

Warehouses for the storage of inert materials are
intended for the external storage of asphalt concrete
(sand, gravel or shale) inorganic materials, and open
materials are open sites on railway platforms or roads.

Depending on the type of transport used for the
delivery of materials, the warehouses are equipped with
appropriate access roads. After the material is seized,
the bulldozers are bulldozed. Observed open tanks, es-
pecially sand storage, as well as significant evaporation
of dust in the process of filling materials. From these
sources, dust appears continuously throughout the day,
and its intensity depends on the speed of the air flow.

Drying drums for drying and heating of mineral
materials to the required temperature (180-200 ° C).
These include a rotating drum, a fire extinguisher, a fuel
tank, as well as a heating system and fuel tanks. Mate-
rials are heated by the principle of inverse proportion.
The dryer drum is mounted on a horizontal axis in the
direction of the furnace, and the material is loaded on
the opposite side of the drum with a special loading de-
vice. There are special shelves for material drums in-
side the drum.

When drying asphalt mix in a tumble dryer, hot
and cold materials come into contact as a result of in-
tense evaporation. Due to the pressure in the closed
drum housing, it passes through the steam leak and re-
moves large amounts of fine dust. The deposition of
dust from the drying drum depends on the fractional
composition of the prepared mixture and the perfor-
mance of the installation.

When developing the maximum permissible emis-
sion standards, it is recommended to determine the spe-
cific emissions of dust from the drying drum depending
on the amount of sand in the asphalt concrete mix [1,
2,]. Also, the practice of enterprises shows that specific
emissions of dust differ significantly from the recom-
mended values (Table 1).

Table 1
Specific dust emissions from the dryer drum
The content of fine fractions in the Recommended values of specific dust emis- | Actual dust emission,
mixture,% sion, kg / t kg/t
20pm and less than 8 10
from 20 microns to 50 microns 10 12
more than 50 microns 12 14

Field studies conducted at enterprises of the
Kyzylorda region showed that the dust mass of 6-8% of
the dried mineral material is up to 300 mg / m3 with a
permissible mass of 150 mg / m3.

A special group of enterprises for the production
of asphalt mixes consists of unmanned dust emissions,
which can be divided into two types:

- sources of origin of the original dust, ie,
technological equipment and processes, dust emissions
(garbage removal, loading and unloading, moving
materials, etc.) as a result of certain operations. In
addition, sources of this category may be dustproof due
to leaks in process and aspiration installations;

- second-order dust sources, which arise from
external factors, which are supplied with auxiliary
equipment, such as atmospheric air and dust (dust
bubbles on the surface of inert materials, earthworks,
movement in the enterprise, etc.).

When crushing, crushing and transporting raw
materials, the volume of emissions into the atmosphere
varies depending on various industrial enterprises [3, 4,
5,6,7]

Concentrations of harmful substances in asphalt
and other plants should be clearly calculated. To assess
the effectiveness of measures to reduce dust emissions
in asphalt plants, measures to reduce dust emissions
from unorganized sources have been identified as
preventive and preventive.

In many cases, homeless shelter for unorganized
sources is practically not implemented, depending on
the specifications of the process or equipment. The
complex of organizational and technical measures
aimed at reducing air pollution by emissions from
unmanned sources mainly increases the efficiency of
hydrotreatment, including reagents for hydrotreatment
and moistening of dust particles.
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However, such measures provide short-term ef-
fects, and excess emissions are 2-5 times higher than
MPE standards. In addition, some chemical moisturiz-
ing and foamy substances can adversely affect asphalt
concrete, so it is necessary to pre-evaluate their com-
patibility, and the distance from utilities to the produc-
tion site causes technological difficulties in organizing
a hydraulic replacement system.

A feature of the production of asphalt additives is
to conduct the process in open areas, as a result of
which a significant amount of dust - especially from un-
controlled sources - enters directly into the environ-
ment.

In this regard, the development of standards for
emissions into the atmosphere and the organization of
compliance with the established standards, assessment
of the environmental characteristics of the technologies
used, assessment of the impact on emissions into the
environment, as well as planning and assessment of the
environmental impact will depend on each component
of the equipment and the entire enterprise. However,
the methods for calculating the mass emissions of dust
on asphalt concrete plants currently do not fully cover
the features of dust formation and the distribution of
aerosols in atmospheric air.

At the same time, modern organizational and tech-
nical measures to reduce dust emissions (for non-or-
ganizational sources - hydraulic pressure, including the
use of surfactants and the installation of exhaust dust
gases for organized sources) do not meet the require-
ments and fully comply with the requirements of prac-
tice. The above factors have determined the choice of
the field of study: the study of the features of the for-
mation and distribution of dust from the least unsettled
emissions for asphalt concrete plants; development and
justification of technical measures to reduce dust emis-
sions from fugitive dust emissions; Improving dust
placement systems for organized sources.

Conventional methods do not reliably estimate
dust emissions from asphalt concrete plants from
sources of unregulated emissions.

Organizational and technical measures to prevent
dust emissions from unorganized sources have short-
term effects and low efficiency.

In the aspiration systems for the drying drum, de-
fective dust removal installations were found, reducing
the dust collection efficiency.

Directions of research aimed at removing dust
from asphalt plants are not defined.
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Abstract

In the article, key preconditions for development of mine safety control systems with the use of production
environment remote control methods are described. It is shown that development of the mine safety remote control
systems is a complex but solvable problem, which consists of a complex of theoretical and practical tasks on
development and integration of not only different software packages, but also different methods of obtaining and
processing raw information. The proposed complex of solutions for configuration of safety control system allows
to unite the following processes in one expert center: obtaining and analysis of informative parameters of envi-
ronment monitoring coming from various automated systems, forecast methods and algorithms for assessing sce-
narios of event development, up-to-date methods of risk control. For the mine safety control system, structure of
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software classes was determined for digital 3D model, which made possible to monitor geotechnical systems in
real time.

Annomauusn

B cmampve ompasicenvbl OCHOBHble npednocwﬂku onsa pa3pa6omku cucmem KOHmpOoJis bezonacrocmu waxm ¢
UCNONIL308AHUCM MEMOO08 OucmaHquHyoeo KOHmMpOois I’lpOLL?GO()C‘WlG@HHOﬁ Cpedbl. HOKCL’%ZHO, ymo pa3pa6om1<a
cucmem y0aneHHo20 KOHMPOo.isa 0e30NACHOCIU Waxm npedcmasiiem coOO0U CLOANCHYIO, HO peulaemyio npoonemy,
Komopas eKjidaent KOMNnJiaeKc meopemudecKkux U npaxkmuiyeckKux S’a()all no pa3pa6omke u 06‘b€C)UH€HuIO He
MOJILKO PA3HBIX NPOSPAMMHBIX NAKEMO8, HO U PAZHBIX MEMOOO0I02Ull NOJLYHeHUs: U 00pabomKu nepeuyHol UHGOp-
mayuu. Komnnexc npe()ﬂOche‘HHbl)C pemeﬂuﬁ NnO KOMNOHOBKE cucmemvbl KOHmpOo.Jisi beszonacHocmu no360asem co-
e()l/lHui’I’Ib 68 00HOM IKCNEepmHoOM yenmpe.: nojydeHue u aHaius qubopmamueHblx napamempoe MOHUMoOpuUHaa
Cpe()bl om pa3iludHblX ABMOMAMUIUPOBAHHbIX CUCMeM, MeWIOObZ npocHOo3a u ajicopummbsl OYeHKU cyeHapues pas-
eumusl CO6blmuZZ, COBpEMEHHblE Memoowl ynpaejierHusl puckamu. ﬂﬂ}l Cucmemsvl KOHmpOoJisi 6e30naCHOcmu waxm
onpeodeniena CMPYKMypa NPOSPAMMHbLIX KIACCO8 YUPDPOBOU MpexmepHol Mooenu, no3eoaaouel npoussoouns

KOHMpPOJ1b 2EOMEXHUUECKUX CUCTMEM 8 PedfCUMe pedlbHOc0 6pEMEHU.

Keywords: mining operation safety, control of geotechnical systems.
Knroueewie cnosa: bezonacrnocmo COPHbIX pa6om, KOHMPOJlb ceOmMexnuvyecKux cucmem

Co3nanue Ha 6aze COBpeMEHHBIX MH(OpManoH-
HBIX ¥ LU(POBBIX amlmapaTHBIX TEXHOJOTHIl CpeacTB
MpPEJOTBPAIICHUS aBapuil, KOHTPOJS TEKyIIUX, aBa-
PUIHBIX U IIOCJIECaBAPUNHBIX COCTOSHUN 3JIEMEHTOB
TOPHOTEXHUUYECKON CHUCTEMBI SIBIAETCS OOHOW U3
Hanboliee aKTyalbHBIX MPOOJIEM TOPHOTO MPOM3BOI-
CTBa. DTO Kacaercsi, MpeXk/ie BCET0, COBEPIICHCTBOBA-
HUS CHCTEM MOHHTOPHHTA W OLECHKH YpOBHEH pHCKa
aBapyy Ha OCHOBHBIX TEXHOJIOTHYECKUX YJaCTKaX, CO-
3IaHUSI CHCTEM OTIEPATHBHOTO PEardpOBAHUS HAa BHE-
3aITHO BO3HUKIIIME OYard aBapuu. Taxke OTCYTCTBYIOT
yKa3aHus N0 pa3paboTke 3JIEMEHTOB cHCTeM Oe3omnac-
HOCTH, YYUTHIBAIOIIMX COCTOSIHHE IOPOIHOTO Mac-
CHBa, YTO YacCTO HE MO3BOJIIET MPUHATH BEPHbIE pelle-
HUS TT0 6€30MaCHOCTH TOPHBIX PaboT.

CucteMbl MOHHTOPHMHIA IIapaMeTPOB CpEeIBl,
obecrieueHnss 0€30MaCHOCTH M YMPABICHUsI TEXHOJO-
THYECKUMH TporieccaMi 3H(HEKTUBHO IPUMEHSFOTCS U
xopormro ce0st mokaszanu Bo MHorux crpanax: CIIIA u
IOAP (umdpoBsle HHTEIUIEKTyalbHBIE BEICOKOpa3pe-
IAOIIIE CUCTEMBI TSI CEHCMOJIOTHYECKOTO MOHHUTO-
puara u xoHTponst «ISS»), Amcrtpammu, I'epmanun
(«STWA-2000»), SImonun u Kurtae (AMOHCKO-KUTAM-
ckag cuctema «CONSPECy), Ilompme (cucrema
«EMAGY), Ucnanmu («RELIF-2000»), P® (cucrema
ceifcmonornueckoro MoHuTopuara «GITS», xkom-
miekchl «baiikan» u «Jlenmsta T'eon»), Kazaxcrane
(ombIT mpuMeHeHUs cucTeMbl «Quanterray WHCTUTY-
TOM Teopu3nuecKux uccienoBannii), Kanane u np. B
YacTHOCTH, Ha IaxTax BennkoOpuTaHuy nmpuMeHeHne
CHCTEM MOHHUTOPHHIA H YIIPABJIEHHs COCTOSIHUEM 000-
pyZOBaHUs, a’porasoBoil cpensl U Ap. (paspaboTka
«Trolex Ltd», «Continental Conveyor Ltd»), mo3Bo-
JIUJIO HE JIOMYCTUTh KPYIHBIX B3PHIBOB U IOXKAPOB B Te-
YeHHE TIOCTIEeTHIUX JAECATKOB JIET, a BHEAPEHIE Ha TIPO-
M3BOJICTBE pemeHuit komnanuu Cisco It KOMMYHHKa-
Ui ©W 1eHTpoB 00paboTKM HaHHBIX Ha 0Oase
texHosoruit Wi-Fi (o0bennHenune moei, mporeccos,
JTAaHHBIX 1 000PYyIOBaHUS B CETh) B TOPHOAOOBIBAIOIICH
kommanuu Dundee Precious Metals mo3Bonio yBenu-
YuTh 00bEM NMPOU3BOJCTBA B YeThIpe pasa (¢ 0,5 MiH.
ToHH 70 2,0 MJIH. TOHH exeroaHo [1]), 3a aBa roaa
CIKOHOMUTH 2,5 MiH. gomnapoB CHIA Tonbko Ha pac-
XOJaX Ha CBs3b, KapJMHAJIBHO MOBBICUTH Oe3omac-
HOCTb TpyJa FOPHSKOB.

Jlng moBBIIEHUS YPOBHS O€30MacHOCTH IIaxXT
CleTaH 3HAYMUTENBHBIA IIar B COBEPUICHCTBOBAHUU
CIIOCOOOB M CPEJICTB KOHTPOJISI a3POra3oBOro pexuma
LIaXT, TEXHOJIOTHUECKUX NTapaMeTPOB U HAIIPSDKEHHOTO
COCTOSIHUSL NOPOJHOTO MaccHBa. B wacTHocTH: cH-
creMbl «AIICC-1» u «3YA-98» mporHosa BBIOpOCO-
OIIaCHOCTH IIJIACTOB Ha 0a3e aKyCTHYECKHX METOJIOB;
TENEKOMMYHHKAIIOHHAs CHCTEMa JUCIETYEPCKOTO U
aBTOMATH3MPOBAaHHOTO YIPAaBJICHHUS TOPHBIMU MAalllU-
Hamu U koMmiuiekcamMu «YTACy (yHudumpoBaHHas
TENeKOMMYHHKAIIMOHHAS! aBTOMAaTU3HUPOBAHHAS CH-
cTema, paspaboraHa mo JjwuieH3uu «Continental
Conveyor Ltd»), obecrieunBaer OecripepbIBHbIE H3Me-
peHHs TMapaMeTpOB COCTOSHHUS INPOMBIIUICHHBIX H
TOPHO-TEXHOJIOTHYECKUX OOBEKTOB; aBTOMAaTH3UPO-
BaHHasl CHCTEMa IPOTUBOABAPUIHON 3allUThl IIAXT
«ACIIA3IIl», (pa3paboTaHbl TOJBKO OMBITHBIE O00-
pasmbl  anmapaTypsl POTHBOIIOKapHOTO KOHTPOJIS
«ITITK», cucTeMbl KOHTPOJISI HOAAYH BO3AyXa U TEMIIe-
paTypHBIX pexxuMOB B BbIpaOoTkax maxT «CKIIT»);
annapatHo-nporpaMmMHas cucreMa «KAI'My, Bkimoua-
Io11ast KOMITIEKC «MeTaH», MeTaHOBBIE peJie M arapa-
TYpYy aBTOMAaTH4eCKOI0 KOHTPOJISI pacxona BO3IyXa B
OYHUCTHBIX 3a0051X, 00pabaThIBaeT U MepegaeT JUCTIeT-
4yepy uHdopmanuio 06 a3porazoBoii 00CTaHOBKE B rop-
HBIX BBIpabOoTkax; cucrema «AJIEPT», BbImosHsAET
KITAaCCU(UKAIIUIO TEKYIIETO COCTOSHUS 0€30MacHOCTH
IIaXTHl, aBTOMAaTHYECKOE HM3BEIIEHHE O MpeaaBapHii-
HOM U aBapUIHOM COCTOSHUSX; ceiicMoaKycTHUecKas
anmaparypa «APUCy» niis BeIABIEHUS 30H OMAaCHOCTH
BIEpear 32005 U Apyrue cuctemsl [ 1-4].

CoBpeMeHHass aBTOMATU3UPOBaHHAs CUCTEMaA
KOHTpOJISI 0€30I1aCHOCTH IIaxXT JI0JDKHA 00ecreynBaTh
(GYHKIHMH: TOJYYEHHs IUCIIETYEpPOM HHPOpMAIUU O
XO07Ie TEXHOJIOTHYECKHX MIPOIIECCOB, COCTOSTHUH 000PY-
JIOBAaHUS | MOSIBIICHUH OTIACHBIX CUTYaIlMi Ha KOHTPO-
JUPYEMBIX 00BEKTaxX, B TOM YHCIIE U B PEXKIME pPeajb-
HOTO BPEMEHH; OINEPaTHBHOTO BMEIIATEIhCTBA B pa-
60Ty 000pyIOBaHUs MPU BOSHUKHOBEHUH HEIITATHBIX
U aBapUMHBIX CUTyalud; KOHTPOJSI IPOXOXKICHUS
YIPaBIJISIOMMX KOMaH]{ U oJla4y NpeayIpeUTeNbHbIX
CUT'HAJIOB; aHAJIN3a paboThl 00BEKTOB; TMCTAaHIIMOHHOM
HACTPOUKHU U IUATHOCTUPOBAHMS KOHTPOJITIEPOB; BEMIE-
HUSL OTYETHBIX JOKYMEHTOB M >KypHAJIOB ACHCTBUI B
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aBapuUUHBIX cuTyauusx u np. [loatomy naxe crannapt-
Has CHCTEMa T'OPHOTO MOHHTOPHHIA M KOHTPOJIS Oe3-
OTTaCHOCTH MPEICTABISIET cOO0I CIIOXKHBIN anmapaTHO-
MIPOrPaMMHBIM KOMILJIEKC, KOTOPBIA BKJIIOYAET: CETh
JaTYNKOB, IU(POBEIX TEIEMETPUUECKUX KaHAIOB
CBSI3H, CEPBEPHI I XPAHEHHMS TIOJTydaeMoi HH(pOpMa-
1Y, a TAaK)Ke MPOrpaMMHOe oOecrieyeHue 1Jisi o0Hapy-
JKEHUSI ¥ 00pabOTKU MOCTYNAIOUIMX CUI'HAJIOB, pealu-
3yIOIllee METOABI M aJITOPUTMBI OLIEHKH 0€30MacHOCTH
BEJ/ICHHsI TOPHBIX paloT.

HauOonee mnepcrneKTHBHBIMH M BOCTpeOOBaH-
HBIMH Ha IPOW3BO/ICTBE SIBJISIOTCS CUCTEMBI INCTAHIIN-
OHHOTO KOHTPOJISI, KOTOPBIE MO3BOJIAIOT 0€3 JocTyma
MIepCOHAa B OMACHBIE 30HBI MONyYaTh HEOOXOIUMYIO
MH()OPMALUIO O COCTOSIHUH T€OTEXHUIECKOH CHCTEMBI.
TepMHH «TE€XHOJOTHS YAAIEHHOTO JOCTYIa) OIpeae-
ner B Crangapte NIST SP 800-53 [5] amepukaHCcKOTO
HaIlMOHAJILHOTO MHCTUTYTA CTAaHAAPTOB M TEXHOJOTHI
(National Institute of Standards and Technology,
NIST) ans npuMeHeHUs] B MPaBUTEIbCTBEHHBIX WH-
¢dopmaronnsix cuctemax (kox 800 mpucBamBaercs
pexomenaaiusam «Special Publications, SP» pernmamen-
TUPYIOIIMM 00JacTh WH(OPMAIMOHHON Oe30macHo-
ctn). «PekoMeHmyemMble cpeacTBa KOHTpos Oe3omac-
HOCTH A7 (peepanbHbIX HHPOPMAIIMOHHBIX CHCTEM U
opraum3anuii» (Recommended Security Controls for
Federal Information Systems and Organizations) — sto
onuH n3 Habopos crannaptoB CLIA, BEITYyIIICHHBIX O~
HUM K3 HanOoJiee TMHAMHYIHBIX HHCTUTYTOB CTaHIap-
TU3aLUU B 00JIaCTH MHPOPMAIMOHHBIX TEXHOJIOTHH —
nabopatopueii nHpopmaroHHbIX cucteM (Innovative
Technology Ltd, ITL). CoriacHo mokymenty NIST SP
800-53 TexHOJIOrnH yJaIeHHOTO JIOCTYIIAa — 3TO TEXHO-
Joruu, o0ecrnevynBaroIne 001 T0CTy (KOMMYTHPY-
eMBIi JIOCTYI, HMIMPOKOMIOJIOCHBIN TocTym U Gecrpo-
BOJHYIO CBSI3b) K OpraHM3allMOHHOW HMH(OpMannoH-
HOM cHCTeMe T[OJb30BaTel0 (WM  Iporeccy,
JEWCTBYIOIEMY OT UMEHH TI0JIb30BATEIIS ) K OCYIECTB-
JSTFOLIME CBSI3b Yepe3 BHEUIHIO ceTh (Hanpumep, 1H-
TepHET). DJIEMEHTHI TEXHOJIOTHH yIAJICHHOTO AOCTYTa
MPUMEHUMBI K WH(QOPMAIMOHHBIM CHCTEMaM, OTJIHY-
HBIM OT OOIIENOCTYIHBIX BEO-CEPBEPOB WM CHCTEM,
CIICOHUAJIBHO TIPECAHA3HAYCHHBIX JII OTKPBITOI'O I0-
cryna. B otnnuue oT TeXHOJIOTHM y1aJIleHHOTO JIOCTYTa
CETh CHUTACTCA BHyTpeHHeﬁ, €CJIM COCANMHCHUEC MEKIY
KOHTPOJMPYEMBIMHU KOHECYHBIMU TOYKaAMU HE 3aBUCHUT
OT BHEITHUX CETEH IS 3aIUThl KOH(PHUICHINATIbHOCTH
WY 11eJ0CTHOCTH nH(popMannu. OXHUM U3 OCHOBHBIX
NPU3HAKOB TEXHOJIOTHH YAAJIEHHOTO JOCTyHa SIBJIA-
€Tcsl UCTIONIb30BAaHHUE CepBepa M CEPBUCOB YAAJIEHHOTO
noctyna RAS (Remote Access Services), kotopbie
MIO3BOJISIIOT MTPUIIOKEHHSM YCTaHABIIUBATh y/aJICHHbBIE
COEIMHEHUs. Y JaleHHbIE COeTUHEHUS MOTYT HCIIOJb-
30BaTh npotokonsl PPP (Point-to-Point Protocol) mmm
SLIP (Serial Line Internet Protocol).

[penstcTBreM A7t 3¢ (EKTUBHOTO HCIIOIB30Ba-
HU CUCTEM YHPABJICHUA T'OPHBIMU ITPOLECCAMM ABJIA-
€TCsI HeJIOCTATOYHAsI COTIIACOBAaHHOCTH CIIOCOOOB aHa-
mM3a  MH(POPMATHBHBIX IapaMeTpOB MOHHUTOPHHTA
Cpeabl Pa3IMYHBIX aBTOMAaTH3UPOBAHHBIX CUCTEM, OT-
CYTCTBUE QITOPUTMOB OLICHKHM TEKYIIEH CUTyalluu U

CIIEHAPHEB Pa3BUTHUS COOBITHH, a TAKKE OINPEACICHUS
YpOBHEH omacHOCTH W puUCKOB. [loaToMy OCHOBHO¥M
HAy9YHOH TIPOOIIeMON TPH CO3AAHWH aImapaTHO-TIPO-
TPaMMHOH apXHUTEKTYphl CHCTEM JAWCTAHIIMOHHOTO
KOHTPOJIS1 0€30MaCHOCTH IIaXT SABILIETCS] CHCTEMAaTH3a-
LIUsI KOMITIEKca HH(OPMATUBHBIX TAPAMETPOB MO3EM-
HBIX BBIPa0OTOK M HapyIIEHHOW TOPHBIMH pPabOTaMu
reoJIorn4ecKkoil cpeabl, pa3paboTka METOAONOTHH U
CHHTE3 alrOPUTMOB OLICHKH, IIPOTHO3a WM CILCHApHEB
Pa3BUTHsI T€OMEXaHUYECKUX M TEXHOIOTHYECKUX IIPO-
LIECCOB.

OreHKa COCTOSIHUS MAacCUBA MOPOJ U TOPHBIX BbI-
paboTok Hamboee >3PpPeKTHBHA IPU COUYCTAHUU BU3Y-
AJIBHOTO, HHCTPYMEHTAIIBHOTO ¥ Te0()U3NIECKOTO KOH-
TpOJIi C YMCICHHBIM aHAJIN30M HalpsDKEeHHO-Aedop-
MHPOBAaHHOTO COCTOSIHUSI ITOPOA METOJOM KOHEYHBIX
snemMeHToB [6, 7]. Takoi moaxoa mo3BOJISIET, C OJTHON
CTOPOHBI, TIPOBEPHUTH JIOCTOBEPHOCTH BBIYMCIICHHH,
YCTaHOBHUTH CTaJMI0 JieOpMalMOHHOTO Tpolecca U
COBMECTHTh OOBEKTHUBHBIC JNaHHBbIE WHCTPYMEHTAJIb-
HBIX HAONIONEHUI C JaHHBIMH, TOJyYCHHBIMH B pe-
3yJbTaTe pacyeTa Mojenei cocrosiuuii mopoxa. C npy-
roif CTOPOHBI, MOJICTUPOBaHUE aHATUTHYECKUMH METO-
JaM{  TIO3BOJIICT  TOJMYYUTh PO  TEKYMIUX U
MIPOTHO3UPYEMBIX IapaMeTpOB, KOTOPBIC METOIAMH
HaTypHBIX UCCIIEJOBAaHUN MOIYYNUTh HEBO3MOKHO HIIH
KpaiiHe 3aTpynHHTEenbHO. K TakuM mapamerpam,
TIPEXJIE BCETO, OTHOCATCS: 30HBI HEYNPYTHX Aedopma-
WA W pa3pbiBa CIUIOUIHOCTH (pacnpoCTpaHEHHOCTS,
00BEMBI, TPAaHUIBI, CKOPOCTh H3MEHEHHs, IPOTrHO3,
Tabn. 1); HampsbkeHus B MaccuBe (MakKCUMajbHbIE
IJIaBHBIE HANPSIKEHHS, CKOPOCTh M3MEHEHHs, IpO-
THO3); cMeleHus 1 Gpopmbl Jedopmanuii KOHTypa rop-
HBIX BBIPA0OTOK (CMEIEHUs KPOBJIH, MOYBHI, OOKOB,
CKOpPOCTh HX H3MEHEHHs, IporHo3). OleHka Hamps-
KEHHO-/1e()OPMHUPOBAHHOTO COCTOSHHS MacCHBa II0O-
PO TPOM3BOANTCS ITyTEM YHCIEHHON peann3aln Ko-
HEYHORJIEMEHTHOT'O PEIICHUS] TeOMEXaHHYECKOH 3a-
Jayd C TIOMOIIBIO  KOMIUIEKCa IPOrpaMMHOTO
obecnieuenns «GEO-RS» [8, 9].

Hudopmannst o cOCTOSHUN KpeNX ¥ BMELIAIONINX
BBIPA0OTKY IOPOJ] MOKET OBITh IOJIy4eHa HHCTPYMEH-
TQJIBHBIMH METOJAaMM ITyT€M KOHTpPOJIS IapaMeTpoB,
OTIPENICNIAIONINX YCTOHYUBOCTh TOPHBIX BBIPAOOTOK.
Ha npaktuke npumeHsieTcsi 60JIbIIOe YHCIO METOI0B
HATYPHBIX H3MEPEHHH, B pe3yNIbTaTe KOTOPHIX OMpee-
JIieTCAd OAWH WJIM HECKOJIBKO MapaMeTpPOB KOHTPOJIS
cocTostHust 00bekTa ynpasieHus (tadu. 1). K nanasim
napaMeTpaM OTHOCSITCS TPELIUHbBI U PACCIOCHUS MpHU-
JIETAIOIIETO MOPOAHOTO MAacCUBa, CMELIEHHS KPOBIH,
MOYBBI 1 OOKOB BbIpabOTOK. B 3amaum HaTypHBIX Hc-
CIIEZIOBAaHUM BXOJAT: KOHTPOJb CMEIIEHUI KOHTypa
OOHa)KeHW, KOHBEPTeHINH OOKOB M KPOBIH-TIOYBEI
BBIPAOOTOK C TOMOIIBIO 3acCeUeKk Ha pamax apoyHOH
KpETH M yCTAaHOBKH KOHTYPHBIX PEIIEPOB; 3aMephI CMe-
IICHUH MOPOJI KPOBJIM M MOYBBI BBIPAOOTOK C TTIOMO-
IIbI0 TIIyOMHHBIX PETEepOB; OIEHKAa CMEIIECHUH MOpPO.
10 JUTMHE BBIPAOOTOK MapKIIEHIepCKoil HUBEIHPOB-
KOH. MOHMTOpPUHT NTPOU3BOAUTCS HA Talax MpoBeae-
HUSI BBIPAOOTOK M BCETO TTOCIIEYIONIEro CPOKa UX IKC-
ITyaTaluu.
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Tabm. 1.

AHaJIUTHYECKHE U NHCTPYMEHTAJBbHBIC METOAbI KOHTPOJIS HpOH3BOI[CTBeHHOﬁ CpeAabl IIaxT

IMapameTtpsl
U MeTO/Abl KOHTPOJIsI

Annaparypa,
1o

Konrposaupyemsie
npouecchl

Konrposaupyemslii napa-
MeTp

AHaIUTHYECKHE METOJIbI OLICHKH OE30MACHOCTU I'€OTEXHUYCCKON CUCTEMBI

Hampspkenus B maccuBe M olie-

01 — MAaKCHUMAaJbHBIC TJIAaBHBIC

aTUBHBIN MPOTHO3 €ro COCTOS Tporpamma Harpysici B nopoatom HaIPSDKSHUS;
P p GEO-RS® MaccuBe b ’
HUs Ao1' — CKOPOCTh U3MEHEHHUS 01
uY — TIOMHBIE CMEIEHUSA
KPOBIIH, IIOYBBI U OOKOB BBIpa-
CMmemenuss koHTypa TropHBIX | [Iporpamma Jedopmanun KoHTYpa ST
BBIPaOOTOK GEO-RS® BBIPAOOTOK It
du®/dt — ckopocTh H3MEHEHUS
wy
AV — usmenenue 00HEMOB
IIpornos pacnpocTpaHEHHOCTH 3HJ;
p pacmpoctTp " | Iporpamma ;
30H Heynpyrux nedopmannit GEO-RS® Pazpymenune nopon Vid; — oobem 3H/L;

(3HM) u pa3pbiBa CILIOMIHOCTH

higz — paccrosiHEe OT KOHTypa
BEIpabOTKH 110 Tpanui 3H]

MeToapl aBTOMATH3H

OBaHHBIX CHUCTEM KOHTPO

JIA

aMIUIUTYABl  CUTHAJIOB, 4Ya-
Axkyctmdyeckue u ceiicmoaky- | AIICC-1 DHepreTuyeckass  ak- | CTOTbl MAaKCUMAaJIbHBIX aMILIU-
cTHdecKne Meronpl, Meroasl | 3YA-98 TUBHOCTb MAacCHBa MO- | Tyl, MHTEHCUBHOCTb CEHCMO-
a’pOra3oBOro KOHTPOJIS YTAC pOJ, Ta30BbIACIICHUE AKyCTHYECKOM SMHUCCUH, KOH-
LEHTpaLUU Ta30B
MeToap!l IaXTHOrO KOHTPOJISA
. . | U3— CMeIIEeHHs KOHTYpa Kpeny;
3aceukn Ha paMax apovHOI Jedopmanmm apounoit ypa Kpentt,
Pynerka V3 — CKOPOCTb CMEUICHUI
Kpenu Kpenu
Kpenu
Us — CMCIICHUSA KOHTypa II0-
pon;
AAs — KOHBEpreHIUs KPOBIH-
Penepr, py- | CmemeHuss 1 KOHBEp-
KontypHsIe penepsl MIOYBHI;
JIeTKa TeHIUS TIOPOJ
AB4 — KOHBEpIeHIUsI OOKOB;
V4 — CKOPOCTb CMELICHUI KOH-
Typa
T IVGHHHbLE OTHOcUTENbHBIE pac- | Ahs — BeIWYMHA PACIIMPEHUS
I'myOuHHBIE peniepbl el?lle . HIMPEHUS Y4YacTKOB | MOPOJ B KPOBJIE, TIOUBE M OOKax
penep MaccHBa BBIPA0OTKH
HaGmonenne 3a cocrosiHHEM Pyierka Buemnne moBpexpae- | Up — CMELIEHHsI KOHTypa B Me-
Kpenu Y HUS CTe MOBPEXKJACHHS KPENH
h2 — ryOuHa BeIBaNa;
HaOmonenue 3a oOHaxeHUEM Pynerka BriBasnel mopox

V2 — 00beM BbIBaja

Mapkieiiepckast HUBEIUPOBKa

Hugenup u
pelku

CMerieHus: mopoj BbI-
paboTKH

Us — CMEIIIEHUSI KOHTYypa IOpOoJ
0 JUTMHE BBIPAOOTKHU

h7 — rmy6GuHa oTcI0eHNS;

Bubpoakyctudeckuit koHTpoib | [Ipubop MCK- N .
['panuipl oTcnoeHnit A7, B7 — mpooyIbHEIA U TOTIE-

10 KOHTYPY BEIPAaOOTKH 1111 .

PEUHBIH pa3Mepbl OTCIOCHHS
OnexTpornpoprnpoBaHue [Tpubop ['panumpl 30H Heynpy- | hg — TiryOWHA TpaHMIBI 30HBI
BJIOJTb BEIPAOOTKHU HNNC-3M rux nedopmanui HEYNpYTuX nedopmartiii

he — ryOuHa rpaHUIBl 30HBI

[Tpubop I'panune! 308 Heynpy- o

B33 omacHBIX yyacTKOB HIAAC rix nedpopmatmii HEYNpyrux nedopmanuii Ha

OINACHBIX y4aCTKaX

[Ipearnoceikoit JyuIs BBIIOJIHEHHS Teodusnye-
CKOT'0 KOHTPOJISI SIBIISIETCS] HEOCTATOYHBIN 00bEM 1 Ka-
YECTBO MOJTY4aeMBbIX JIaHHBIX, HEOOXOUMBIX JUIS TEKY-
IIei OIIEHKH COCTOSHHS BBIPaOOTOK, [7]. ['eoduznye-
cKuit KOHTpPOJIb s dexTuBeH, MOCKONBKY
MPOUCXOSIINE B TOPOAHOM MacCHBE U3MEHEHHUS (DUK-
CHPYIOTCA TeO(PU3MIECKUMH METOAAMH 3HAYUTEIHHO
paHbIle, YEM NPOSIBIISIOTCS BU3YaJIbHO. DJIEKTPOMET-

PHUYECKUI METOJT HCITONIB3YETCs ISl OLICHKH TPEIIHHO-
BAaTOCTH U OOBOJHEHHOCTH MOPOJHOTO MACCHBA BO-
KpYT TOPHBIX BEIPAOOTOK.

MeToabl HATYpPHBIX HCCICHOBAHUHA Pa3InYaroTCs
(U3NYeCKUMU IPUHIIATIAMHE, IPUMEHIEMOI! armapary-
POii, TOYHOCTBIO U HAJIEKHOCTHIO MIOTY4aEMBIX PE3YJlb-
TaToB. BuOpoakyctmuecknii MeTon (MCTIOIB3YeTCs
npubdop MCK-111 pazpadborku UT'TM HAHY) no3so-
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JSIET ONPENCIUTh OINACHBIE TCOMEXAHHYECKHE IIPO-
LIECCHI ITyTEeM KOHTPOJIS CIUIOIIHOCTH M OLIEHKH OTCIIO-
€HHI B IPUKOHTYPHOM MacCHBE TOPHBIX TIOPOJ (BBISB-
JIEHUS TPaHULl BKIKOYEHUM, KaBEPH, PACCIOCHUH, Tpe-
IMUH | JIp.), U3y4eHUs] KHHETHKH pa3pymieHus. Meron
OCHOBaH Ha PETUCTPALUH YNPYTUX KoJeOaHWH, BO3-
Oy>XIEeHHBIX B KOHTPOJIMPYEMOI KOHCTPYKIIMH (B JaH-
HOM cily4yae BO30YKJIaf0TCs yIapoM 110 opoye). Peru-
CTPHpYETCsl 4acTOTa, aMIUIMTY/a U BpeMs KoJieOaHHH.
OreHKa pe3ysbTaTOB NMPOM3BOAUTCS 110 HAMOOJBIIEH
U3 aMIUIUTY/1 KoJieOaHui B YaCTOTHBIX 110JI0CaxX, 0TO0-
paXkaeMoro HHANKAaTOPOM cIieKTpa. Tak Kak pa3OuThIi
TPEIINHAMHU MAaCCHB OCaJOYHBIX TOPHBIX MOPOJI, JaIle
BCETO SIBJISIETCS INIOCKONAPAIIIENIbHOM CTPYKTYpOil, TO
B 3aMKHYTOH cucreme (npu A<2a/n, Tne A — AnuHA
BOJIHBI, M; N — HOMEP MOJBI; g — IIMPHUHA BOJIHOBOJA,
M) BO3HHMKAIOT pE30HAaHCHbIC KomebaHusa. IlosTomy
MOXHO OTIPEAEIATH NIyOHHBI TPAHUII 30H TPELIHMHOO00-
pa30BaHUsl O KPUTHYECKHM YacTOTaM IEPBBIX Pe30-
HaHCHBIX MOJ OJHOPOAHBIX HOPMaJIbHBIX BOJIH, KOTO-
pble BO3HHUKAIOT IIPH yJIapHOM BO3JICHCTBUU HA OTCIIO-
UBIIMICS TOpoaHbIH MaccuB [10]:

a=Vg.n/2fy, )

rae @ — IiyOuHa OTCIOEHMS, M; Vs — CKOPOCTb
CIIBUT'OBBIX BOJIH, M/C; fr — pe3oHaHCcHas yacToTa, ['II.

W3 31eKTpOMETpHYECKIX METOJOB M IOyde-
HUS TIEPBUYHBIX JAaHHBIX BO3MOXKHO HCIIOJIb30BaHUE
MPOJOIBHOTO CHMMETPUYHOTO NPOQMINPOBAHHUA U
BEPTHKAIBHOTO 3JEKTPUIESCKOTO 30HINPOBAHUS Ha TIe-
PEMEHHOM TOKE HH3KOH YacTOTHI. DJIEKTPUYECKOE CO-
MIPOTHUBJICHHE TOPHBIX MTOPOJ 3aBUCHUT OT HOPUCTOCTH U
TPELIMHOBATOCTH MOPOJI, KOTOPOE C YBEIMYCHHUEM I10-
PUCTOCTH M TPEIIMHOBATOCTH yMEHbIIAIoTCA (3a HC-
KIIFOUEHUEM CITy4asi, KOT/ia TPEIUHBI 3aII0JTHEHbI BO3-
JyXOM, YTO HPHUBOAUT K YBEIHUYCHHIO CONPOTHUBIIEC-
HUs). [ BBINOJTHEHUS JIEKTPOMETPUH IIPUMEHSAETCS
nopratuBHas anmaparypa IMHUC-3M (pa3paboTka
WUI'TM HAHRY).

Takum 00pa3oM, IIAXTHBIA OTEPATHBHBIA KOH-
TPOJIb IIPEAYCMATPUBACT MOTYYEHHUE JTAaHHBIX U3MeEpe-

HHEM CMEIICHUI MOPOA Ha KOHTYpE BBIPAOOTOK, Je-
(hopmanuii Kperu, pacciIoeHUH BMEIIAIONUX MOPOI U
OIIPEZEIICHIE TPAHMUI] ONACHBIX 30H (OTCIOCHHMH, TEK-
TOHHYECKHUX HAPYIICHUIN).

[IporpaMmHasl 4acTb HPOMBILUIEHHON CUCTEMBbI
KOHTPOJIS IAaXTHI MPEICTaBIAeT co00i HAbOp TMAKEeTOB
MIPUKJIAAHBIX IPOTPaMM, KOTOPBIE IPeJHa3HAYCHBI AT
MIPOrHO3UPOBAHUS IIPOLIECCOB CHENMATU3UPOBAHHBIMU
MOJIENSIMU, BBITIOJTHEHHUS PACUETOB HHTEIPAJIbHBIX KPU-
TepUeB YPOBHEI ONACHOCTH U CLIeHapUeB HauboJiee Be-
POSITHOTO pa3BUTHS COOBITHH, a TaK)Ke MaHUITYJINPOBA-
Hust 6azamu 3HaHWH. CHcTeMa ornepupyeT MOAEISIMHU
CUTyalluii ¥ CIEHapUsAMHU Pa3BUTHS COOBITHH Ha OC-
HOBE TTyOOKOTO, B TOM YHCJIE W MHTEIUIEKTYaJIbHOTO
MAaIIMHHOTO aHAJINM3a MMEIOUIMXCS JAHHBIX 0 CyHIe-
CTBY peLIaeMOro Bonpoca. MIHTeeKTyanbHbIN aHaIu3
JaHHBIX 0a3UpyeTcs Ha COBOKYITHOCTH METOJIOB, OCHO-
BaHHBIX Ha IPUMEHEHUH IBOJIOLOHHOTO IPOrpaMMH-
PpOBaHusA, M'CHCTUYCCKUX aJI'OPUTMOB, KOPPECIAUOH-
HOTO U PErpecCHOHHOTO aHAJIN3a U JP., TO3BOJISAIOMINX
TIOJIYYUTH HOBBIC IMOJIC3HBIC IJIA MPAKTUKH 3HAHUA. Ta-
Kasi TEXHOJIOTHS aHai3a 00JIbIINX 00beMOB HH(OpMa-
WU TMMO3BOJIACT OIEPATUBHO MPUHUMATD O6T)CKTI/IBHI)IC
9KCTIEPTHBIC PELICHUS B YCIOBHUSX IC(PUIUTAa BPEMEHH
1 HEOIIYCTUMOCTH CEPbE3HBIX OMINOOK.

Lentp ymnpaBieHUs CHCTEMBI YAAJICHHOTO KOH-
Tpouisi 0€30MIaCHOCTH IIAXTHI CTPOUTCSI B BUIE OIEpa-
LUOHHOTO 3alla, OCHALIEHHOTO CHCTEMOH JKPAaHOB U
CPEZICTB BOCTIPOM3BENICHHSI BHU3yaldbHOW MH(pOpManmu
U 3ByKa, puc. 1. B coctaB TUMOBOI 3KCIIEpTHOH cH-
CTEMbI BKIIOYAKOTCA: aBTOMATHU3WPOBAHHLIC pa60‘II/Ie
MeCTa ¢ IIaKeTOM CIIEeHHANBHBIX IPOrpaMM, obecredn-
BAIOMIMX BHU3yalIn3anuio mudpoBoil TpexMepHOH Mo-
JCIH IaXThl MyHI;THMeL[HﬁHLIMPI Cp€acTBaMu; 3aliu-
IIEHHBIC OT COOEB M MEPErpy30K CUCTEMBI CIIEIHAIIb-
HOW M TeneOHHOM CBS3M AJS Nepenadd AaHHBIX OT
KOHTPOJIUPYEMBIX 0OBEKTOB B LICHTP YIPABIICHUS U I'a-
PaHTHPYIOIINE JOCTaBKYy HH(GOpPMAlUd B pEKUME
Ype3BBIYANHON CUTYaAINH; CHCTEMa 3aIIUTHl HH(OpMa-
LUH; paCUETHO-aHAIUTUIECKUH cepBep.
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BE3OMACHOCTU

3AN YNPABNEHUA CUCTEMOW ‘
YOANEHHOIO KOHTPORA

3KCMNEPTHBLIV LIEHTP NPEANPUATUA |

LEHTP
YAANEHHOIO AIOCTYNA

&

Pacnonoxenne
yAanesHoro
3KCNePTHOro

o B1
e D1

LeHTpa

KYP3

KY9

Pabouue mecta (PM):

NPEANPUATUE

K1...K8 — PM knveHTOB LeHTpa;
KY9 — PM ynpasnexus
NPOCMOTPOM;

KYP1...KYP3 — PM ynpasnexus n
PenaKTMpOBaHUS AaHHbIX;

C1 - PM cuctemHoro
aiMUHUCTPaTOpa

Unteprer Lnto3

oy ol

Pacnonoxenne
npeanpuATUA

Puc. 1. Cxema sxcnepmmnozo yeHmpa npuHamus onepamuHbIX peuleHuti no 6e30nacHOCU Waxm ¢ UCNoab306a-
HUem MexHoI02Ull YOaieHHO20 00CYyNna

LleHTp QYHKIMOHUPYET B TPEX OCHOBHBIX PEXH-
Max: MOHHTOPHHIA (BBINOJHsETCS (pUKcanus HEOXH-
JIAHHBIX BCIUIECKOB HJIM MPOBAJIOB MOKa3aTelel); mia-
HOBBIM (BBIIIOJIHSACTCSA (UKCAIMS PELICHUH, dKCIepT-
HBIIl aHaK3, pa3paboTKa MpOrpaMM pelIeHHs 3a/1a4);
KPU3UCHBIM PEXUM — 3a/IeHCTBOBAHbI BCE TEXHOJIOTU-
YEeCKUE BO3MOXKHOCTH LIEHTpA, TIPH 3TOM OIEPATHBHO
coOuparoTcst 1 00pabaTHIBAIOTCS OOJBIINE MACCHBEI
Pa3sHOPOJHON WMH(OPMAINH, MPOUCXOIUT MOJECIUPO-
BaHME CUTYaIlMM U Ha 3TOH OCHOBE 3KCIIEpTaMH Tpel-
JIararoTCsl BAPUAHTHI pemeHus npodiaeMsl. LlenTp mos-
BOJISIET HE TOJILKO TIPHHSATH PEIICHNE, HO 1 CMOJIEITPO-
BaTh M CIIPOTHO3MPOBAaTh CIEHAPHH  Pa3sBUTHUS
CUTYaLUU.

OCHOBHOM 3Tar NOCTPOEHHSI CHCTEMBI 6€30I1aCHO-
CTH COCTOUT B aHAJIU3€, CUCTEMATU3ALIUN U B3aUMHOM
COIJIaCOBaHUM MH(OPMATHBHBIX NapaMeTpPOB JHCIIET-
YEepCKOil ¥ aBTOMAaTHYECKHX CHCTEM MOHHMTOPHHTA CO-
CTOSIHHSI TOPHOTO MacCHBa, M BKIIIOYAET:

- cOop, aHaJH3 ¥ 0000IIEHHIE FeOIOTHIECKOH, reo-
(u3nyeckoil M TexHOJIOrHYecKoil MHOpMaLUK: 0Co-
OeHHOCTEl I'e0JIOTMYEeCKOr0 CTPOCHUSI, HAIWYHS TEK-
TOHUYECKHX HapyIIEHHH, 30H MOBBIIIEHHOTO TOPHOTO
JIaBJICHUS], TPEIIMHOBATOCTH U JIp.;

- BBISIBJICHUC U CUCTCMATHU3allUI0 OITACHBIX q)aKTO-
POB, KOTOPBIE KIACCUPHUIMPYIOT MO HCTOYHHKAM HX
BO3HHKHOBEHHS: OT IOPOAHOTO MaccuBa (0OpymIeHus,
BHE3aIHbIE BBHIOPOCHI, 3aTOIUICHHUS U Jp.), OT BHYTPH-
MIaXTHOW Cpenbl (3ara3oBaHHOCTH, CKOIUICHHE IBLIH,
MO’KapOONacCHOCTh U JIP.), OT HEIITATHOW pabOTHI TEX-
HOJIOTHYECKOTO 000py10BaHMs (OTKA3bl CUCTEM JKH3-
HeoOecreueH!s, BKIIIoYasi CHCTEMBI I10Jja4 BO3/yXa,
JJIEKTPOIHEPTHH, OTKAYKH BOBI, TIOJIOMKH TPAHCIIOPT-
HBIX CPEACTB M JIp.), OT HepcoHana (HeoocTaTo4Has
KBaJTH(UKALYS, YCTAIOCTh, 3I0POBBE U JIP.);

- QHAJIM3 ¥ CUCTEMATU3alNI0 MH(POPMAINH, CHU-
MaeMoM ¢ JaTYUKOB TUCTIETUYEPCKON U IPYTUX aBTOMA-
TU3UPOBAHHBIX CHCTEM MOHUTOPHHTA: 00 aTMochepe B
TOPHBIX BBIPAOOTKaX (BIAXKHOCTH, CKOPOCTH IBHXKE-
HUs Bo3nyxa, razoB CHa, Oz, CO, COy, ...), 0 cocTosI-
HUU TIOPOJHOTO MAacCHBa (HAIPSIKEHUAX, CEHCMOaKy-
CTHYECKOH IMHCCHUHU. ..); O paOOTEe TOPHOTEXHUUYECKOTO
000pyI0BaHUS U 1. ;

- YHHQUKAIHIO CIOCOOOB (DUKCAIIMH CUTHAJIOB
OITaCHOCTH O BBIOPOCAxX MOPOABI, YTJIs, ra3a, IPOphIBax
BOJIBI, B3PBIBaX IMbUIH, MOKapax M JPYTHX BO3MOXKHBIX
aBapUHHBIX CUTYalUsX, BEIpaOaTHIBAEMBIX CHCTEMaMHU
KOHTPOJIS;

- BBIOOP KOMITIEKCAa ONTHMAIbHBIX HH(POPMATHB-
HBIX NTAPaMeTPOB 1 HOPMHUPOBAHUE IEPEUHS UCXOAHBIX
JaHHBIX JJISl almapaTHO-NPOrPaMMHON apXUTEKTYpbI
LIEHTpa MO MOBBIIICHUIO YPOBHS 0€30IaCHOCTH HIaXTHI.

LleHTp KOHTpOJISI OE30MAaCHOCTH 00ECIeYrBaeT B
OIIEPaTHBHOM PEXHMME MOHUTOPHHT ITapaMeTPOB IOy~
ABTOMATHYECKHUX CUCTEM cOOpa MepBUYHOM MHpOpMa-
LINH O COCTOSTHUM LIAXThI, OIIEHKY €€ TEeKYIIEro ypOBHs
0€3011acHOCTH, TOJAEPKKY PadOThl aHTHABAPUIHOTO
mrabda, BEIPaOOTKY NMPEBEHTHBHBIX MEp IO IMOBBIIIE-
HUIO YpOBHs 0€301acHOCTH, aHAIN3 HCHOJIB30BaHUS
MepCOHaa ¥ €r0 IIOATOTOBKY K YpPE3BBIYAWHBIM CHTYa-
uusiM. BakHeMIIMMH NpeuMyIlecTBaMHu Ipejajiarae-
MOW CHUCTEMBI SIBJISIFOTCS: ONTHMHU3AIINS TPUHIMAEMbIX
peueHu myTeM MOAEIUPOBAaHUS U 3KCIEPTHOU
OILIEHKH CHUTYAIlHi C IIOMOIIBIO COBPEMEHHBIX HH(OP-
MAaIMOHHBIX TEXHOJIOTHIl; MOBBIIICHUE KAauecTBa aHa-
n3a MHGOPMAIMK M BBIPAOATHIBAEMOTO PEICHUs 32
CUET MHTETPALMH CPEJICTB CBSI3H, aHAJIUTHYECKOI 00-
paboTKH ¥ BU3yanu3auuu HH(POpMaIHy; odecrieueHne
OIIEPaTHBHOTO JOCTYMA K JIOCTOBEPHON W MOJIHOW WH-
(dopmaruy 1o npodiaeMe IS IPUHUMAIOIIUX PEIICHUS
pyKOBOAUTENEH.
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CurHanel cHUCTEeM KOHTpPOJS HOCTYHAalOT dYepe3
610K o1IPPOBKH Ha BXOJ] CEpBEpPa CHCTEMbI KOHTPOJIS
6e3omacHocTH, prc. 2. UHTerpupoBanHas 6a3a JaHHBIX
npeqHa3HaYeHa JUIsl XpaHeHUs HHPOpMAaLK, KOTopast
3arpy’xaercs ¢ OIpeeIeHHON IePUOANIHOCTBIO OT CH-
CTEM MOHHMTOPHWHTIA INAXTHI AJIsL aHAIN3a U ITOJICPIKKH
npuHATUS pemieHnid. OHa HE MCIOJB3YET PeCypChl
TpaH3aKIIMOHHOM CHCTEMBI M HE HapyIlIaeT ee CTaOuIIb-
HOocTb. CepBep COAEPKUT NPOrpaMMBbI JIOKAIBHBIX MO-
JieTiel coCTOsTHUSL 00BEKTOB M CPEbl, MOJIeNel CUTya-
IMA ¥ anropuT™Mbl (OPMHUPOBAHMS NapaMeTpOB CH-
creMbl. ['eoMexaHu4yeckue MoJeau He0OXOIUMBI IS
pacueToB METOJaMH MaTeMaTHYeCKOrO0 MOMIEIUPOBa-
HUSA TpaHcopMarii HampspKeHHO-Ie(OpMHUPOBAH-
HOTO COCTOSIHUSI ITOPOJHOTO MacCHBa C y4ETOM €ro

e

fed
rL Cuctema gucnetyepa

CTPYKTYpBI U ocoOeHHOCTeH ehOpMHUPOBAHHS T€0JI0-
TUYECKOM Cpelbl, a TaKKe MPOTHO3HOW OLIEHKHU H Clie-
HapueB pa3BUTHA OMACHBIX mporeccos [7, 11-13]. Jlo-
KaJbHBIE MOJENH YHU(PUIIPYIOTCS 10 TIPOCTHIX CXEM C
YETKUMHM MHCTPYKIMSAMH W TIOJIHOM aBTOMAaTH3aIueit
MIPOIIECCOB BBOJA MCXOIHBIX TAaHHBIX 1 00pabOTKH MO~
nmy4yaemoil uH(popmanu. Mozpenu cutyauuii npegHa-
3HAYEHBI JUIS POTHO3a PACIIPOCTPAHEHUS Ta30B U pa3-
pylIEHHH BBIpaOOTOK OT OYara aBapuH, ITyTeH BBIXOAA
moneit u np. [Iporpamma hopMupoBaHus mapaMeTpoB
CHCTEMBI CIY)XUT JJIs aHAJIM3a B3aUMOCBS3EH MEXKIY
MpoLeccaMi U COOBITHSMH, BBIYMCICHHS WHTETPalb-
HBIX ITAPaMETPOB U KOAPPHUIIMEHTOB, IIOATOTOBKH JaH-
HBIX JUIA 0TOOpaskeHHs Ha TH(POBOH MOJIENN IMaXTHI.

K P DR
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Puc. 2. Pacuemnuie nocnotinvie deghpopmayuu Kposu Ha cpanuye ompabomanHo2o u no020MosJIeHHO20 K
ompabomke 6bleMOUH020 CIMONOA: A — MUHUMAIbHbLE 21A6Hble HOPMAbHbIE dehopmayuu (Usmenenue 0ovema
nopo8020 NPOCMPAHCMEa); 6 — 0esUaAMOPHAsL Hacmv 00beMHOU depopmayuu (MAKCUMAIbHbLE 0eopMayuu
coguea)

OpnHa W3 BaXKHBIX OCOOEHHOCTEM METOIOB aHa-
32 JaHHBIX COCTOMT B HArJISIAHOM MpPEJICTaBICHUU
PE3yJIbTaTOB BBIYUCIEHU, YTO O3BOJISIET BHIBECTH Ha
9KpaH KOJUICKTUBHOTO MOJH30BaHUS WH(POPMALHNOH-
HBI MTOTOK B YIOOHOM MJISi BOCIPHUSATHS SKCIIEPTaMH
BUJE M HCIOJb30BAaTh CHUCTEMY JIIOJbMHU, HE HUMEIO-
IMMU CHEIUaIbHON MaTeMaTH4eCcKOl IOATOTOBKH.
IIpu pazpaboTke cUCTEMBI KOHTPOJISI 0€30TacHOCTH, B
MIEPBYIO OYepeib, MPOU3BOAUTCS CO3AaHMe TUPPOBOI
TPEXMEPHOH MOJENH NPEANPUATUS BBICOKON TOUYHO-
CTH, KOTOpas BKIIIOYAET 0a3bl TEOJIOTHUECKUX U JPYTHUX
WCXOIHBIX JAHHBIX U CITYKUT MaKETOM JJIsI HAJIOKEHUS
BCEX DIIEMEHTOB CHCTEMBI O€30IIaCHOCTH, CIICHAPHEB
Pa3BUTHSA YPE3BBIYAIHBIX CUTYALMH U CXEM BBIXOJA U3

HuX. Mozens npezacraBisieT co0oif o6peMHOE M300pa-
KEHHE TEOJOTHYECKOTO U TEKTOHHMYECKOTO CTPOCHHUS
MTOPOHOTO MAacCHBA C MIPOBEICHHBIMU B HEM TOPHBIMHU
BbIpabOTKaM1 ¥ 0003HAYEHNEM MECTOIIOIOKEHHUS JIaT-
YUKOB MOHHUTOpHHTA. COJEPKHUT TPHU OCHOBHBIX 3J€-
MEHTa: MOJIEJIb T€0JIOTNH TIOPOTHOTO MaccuBa (CTPYK-
TYpbl, TEOJIOTMYECKHX HApYUICHHH, BBIKIMHUBAHUN
IUTaCTOB M Jp.); MOJIETH TOPHBIX BEIPAOOTOK ¢ 0003HA-
YEHUSIMUA KPUTEPHsl OMACHOCTH JJISl KaXK/IOTO y4acTKa
BBIPAOOTOK; MOJIETb YCTAaHOBKH 3JIEMEHTOB KOHTPOJIS
MOPOIHOTO MacCHBa U BHYTPUIIAXTHOM cpeabl (nar4au-
KOB KOHTPOJIS1: METaHA, BPEHBIX ra30B, CEHCMUYECKON
U aKyCTUYECKOW aKTUBHOCTH), pUC. 3.
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| 1. MOOENL rEONOrM NOPOJHOIO MACCUBA

| Nporpammb u knacc:

| dhopMupoBaHMe AaHHBLIX ANA TPEXMEPHOI MOAENH NOPOGHOTO MAacCHBa

- BbIHMCNEHWE KOOPOWHAT CKENeTa CTPYKTYPbl NOPOAHOIO Maccuea

- BbIYWGNEHWE KOOPAMHAT TEKTOHUHECKUX HApYLLEHWH

- (hOpMHUpOBaHWe MaccKBoB ANA GyHKUMA DirectX Graphics

I BU3yanu3auuu TpeXxMepHOA MoAenu reonoruu NopoaHoro Maccuea

- obbeauHeHue n NapCUHI AaHHbIX AN DTDﬁpa)KeHVIFI MHQJDDM&L[I:‘IH
- ANEMEHTDBI YNpaBneHWA Leno4Kami U rpynnami JaHHblX

I pefakTop reonornyeckKux JaHHbIX

- MHCTpYMEHTBI ANA pEAakTUpOBaHMA re0NnorM4ecknx AaHHbIX

- UHCTPYMEHTBI ANA YTEHWA U COXPAHEHWA TEONOrMYeCKMX OaHHbIX

| basbl faHHbIX:

| nporpamma ynpaenexus 6azamm gaHHLIX

I - MHCTPYMEHTbI ANA pEAaKTUPOBaHWA bas JaHHbIX

I Haszbl reonoOrMYecKMX AaHHbIX (I'ID reocnoropaspeoyHbiM CKBaKUHaM U Bb\paﬁOTKaM)

- KOOPAMHAT CTPYKTYPbI 3aneraHns nnactos

- fi]MSMKD—MeXﬂHW—IeCKMX CBOWCTB nopona

- TEKTOHWYECKIX HapyLIeHWA

- BOJJOHOCHbBIX TOPU30OHTOB

I 2. MOJENb NOPHLIX BLIPABOTOK

| Nporpammel u knacc:

| chopmupoBaHUA faHHEIX ANA MOAENM FOPHLIX BbIPaBOTOK

I - BblHUCNEHWE DﬁLLleFD MaccHBa KOOPAMHAT Y4acTKOB Bb\pﬂﬁDTDK

| Buzyanusaumm TpexmepHon MogEnM ropHbIX BbIpaboTok

- 0BbeaMHEHUE JaHHBIX B TPEXMEPHYID MOAENb

- ANEMEHTbI YNpaBneHusa DTDEpﬂ}KeHHeM TOpPHbIX BblpﬂﬁDTDK

| Basbl panHbIx:

| a3kl ropHeIX BLIpaBoToK

- KOOPAWHAT YHaCTKOB rOpHbIX BblpﬂEDTDK

- TOPHbIX BprHEDTDK M0 HA3HAYEHWIO (MHAEKCUPOBAHHKIE)

| 3. MOAENbL YCTAHOBKW SNEMEHTOB KOHTPONS

| Mporpamms: u knacch:

| hopmuposakusa gaukeIx Ans Mogenn

I - BblHUCNEHWE DﬁLLleFD MaccHBa KOOPAMHAT TOYEK KOHTPONA

I BU3yannsauun Moaenn YCTAaHOBKWA 3NNEMeHTOB KOHTpONA

- 0DbEAMHEHWE NAHHBIX B TDEXMEPHYIO MOJENL

- ANEMEHTbLI YNpaBneHuA DTDﬁpa}KeHHeM SNEMEHTOB KOHTPONA

Puc. 3. @ynxyuu npoepammmnozo obecneuenus yupposou mpexmepHo Mooeiu 3KCNEPMHO20 YEHMPA CUCMEMbl
KOHMPOJisi 6€30NACHOCMU WAXMbl

Cucrema KOHTpOJS O€30MAaCHOCTH TaK)Ke BKIIIO-
YyaeT MporpaMMHbIE WH(OPMAIMOHHBIE CHCTEMBI, KO-
TOpPBIE PEAN3YIOT CIECAYIOMINE METOBI U alTOPUTMBI:

1) 06paboTKK 1 aHATH3a OIIEPATHBHBIX COOBITHIA:

- CHEKTPAIBHOTO aHaJIM3a aKyCTUYECKHUX JJaHHBIX;

- NPUBENEHNs] BXOJIHBIX JAaHHBIX K OJHOMY (op-
Mary;

- (opMHUpOBaHUs 1IETICBOM (QYHKIMU pacyera JIo-
KaJbHBIX M HHTETPAIbHBIX IIOKa3aTeseil 0€30macHOCTH
(TmocTpoeHue B3aMMOCBS3EH «ITapaMeTphl TEXHOJIOTHH-
OTacHbIN (aKkTOp-ypoBeHb OE30IACHOCTN);

- CHCTeMaTH3alil MHTETPAIbHBIX MH(OpMaTHB-
HBIX TapaMeTpPOB IMPHU3HAKOB ONACHOCTU IPOU3BOJ-
CTBEHHOM Cpefbl;

2) OLEHKH W INPOTHO3a CUTyallMi MOJeIMpOoBa-
HHEM IPOIIECCOB:

- JIOKAJHHBIX T€OMEXaHWIECKIX MOJAETICH COCTOS-
HUSL 00BEKTOB (TOPHBIX MOPOI, KPENH BEIPabOTOK);

- MoJieneif OIIeHKH JIOKAJIbHBIX YPOBHEH OIacHO-
CTH U PUCKOB OT F€OMEXaHHIECKUX (haKTOPOB;

- MOJEJIEH ITyTeH BBIXOJA JIIOJEH NIPU aBaApUHHBIX
CHUTYaIUsSIX;

- MOJieNiel MPOTHO3a PaCIPOCTPAHEHHSI OT 04aroB
aBapuM Ta3oB, pa3pymeHWH U Apyrux (akTopoB c
0TOOpaXEHHEM JaHHBIX Ha IM(POBOH Moy,

- Mozenel oueHkH 3()(heKTUBHOCTH TIpeoarae-
MBIX MEPONPHUATHI 10 MOBBIIICHHIO YPOBHs Oe3omac-
HOCTH;

3) o0y4eHus ¥ TPEHUHTOB IIepCcoHaIA.

Takum 00pa3zoM, B pe3ynbTaTe MPOBEICHHBIX HC-
CJICIOBAaHHH OTIpEJIeIICHbI OCHOBHBIE IIPUHIUIIBI pa3pa-
OOTKH CHCTEM AMCTAHIIMOHHOT'O KOHTPOJIS Oe30macHo-
CTH IIAXT C IPUMEHEHHEM TEXHOJIOTHH YIaJeHHOTO
noctymna. IlpeanmoxxeHbl MOIXOABI, KOTOPBIE YYHUTHI-
BAIOT CHeNU(HUKY TOPHOTO TIPOU3BOJICTBA U IIPECTAB-
JISIFOT cO00M KOMIUIEKC PEIIeHUH 10 KOMIIOHOBKE CH-
CTEMBI KOHTPOJIs 0€30M1aCHOCTH, YTO ITO3BOJISIET COCIH-
HUTh B OJHOM OKCIIEPTHOM LIEHTpE: MOJyYeHHEe U
aHanM3 WH)OPMATHUBHBIX IApaMeTPOB MOHUTOPHHTA
Cpelbl OT pa3lIMYHBIX aBTOMATU3UPOBAHHBIX CHCTEM,
METOJbI MPOTHO3a U AJTOPUTMBI OLEHKH CLIEHApUEB
pa3BUTHUS COOBITHH, COBPEMEHHBIE METOMbI YIpaBJe-
HUSI pUCKaMH. [t cucTeMbl KOHTPOIIST 0€301acHOCTH
LIaXT OIpeJesieHa CTPYKTypa MPOrpaMMHBIX KIIACCOB
nudpoBoi TpexmepHOH Moxenn. Pa3paboTka HOBBIX
3JIEMEHTOB CHCTEM KOHTPOJIS1 0€3011aCHOCTH TTO3BOJISIET
BHEAPUTH COBPEMEHHBIE METOJBI YIIPABICHHUS PHC-
KaMH, HAy9HO 00OCHOBaTh TEXHHYECKHE M OpraHH3a-
LUOHHBIE MEPOIPUATHS, KOTOPBIE 00ecIiedaT MOBBIIIe-
HHUE YPOBHS 0€30MaCHOCTH MPOU3BOJICTBEHHOM Cpesl
IIaXT.
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In article the comparative analysis of grind of fibrous weight is given in a semi-industrial disk mill with use
of various designs of fonts. The impact of change of the drawing of a razmolny font on the processed material at

all other equal parameters is graphically presented
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Annomauusn

B cmamve npusedén cpasnumenvmblii ananu3 pasmonda 010KHUCTOU MACChL 8 NOLYIPOMBIUACHHOU OUCKOBOT
MenbHUYe ¢ UCNOIb308AHUEM PA3TUYHBIX KOHCMpYKyull eapuumyp. I paduuecku npedcmasneno eiusHue usmeHe-
HUSL PUCYHKA PAZMOTIbHOU 2APHUMYPbL HA 00padamuléaemvlii MAMepUal Npu 6Cex NPOYUX paeHuIX NAPAMEmMpPax

Keywords: Grind of a fibrous semi-finished product, cellulose, a font with an evolvent form of knives, a set
with a crescent form of knives, a set with a rectilinear form of knives, a semi-industrial disk mill, gain of degree
of a grinding, temperature of weight and indicator of energy consumption at grind

Knruesste cnosa: Pasmon eonoxnucmozo nonygabpuxama, yeinonos3d, 2apHUmMypad ¢ 380J1b8eHMHOU (Pop-
MOTL HOJICEl, 2apHUmMypa ¢ CepnosuoHoOl YOPMOIL HOJICEl, 2APHUMYPA ¢ NPAMOIUHEUHOU QOPMOTL HOdICel, NOJLY-
npombvluiiennas ouckoeas MelbHUYa, npupocm cmeneHu nomojid, memnepamypa maccvl U nokasanmejb dHepeono-

mpebaenus npu pasmore

Jlec — BaxXHEHIINN HCTOYHUK CBIPbS JUI BCETO Ye-
noBedyecTBa. B HacTosmee Bpems Oomee 5000 mpo-
MBIIUIEHHBIX TPOLECCOB MPEeIyCMaTPUBAIOT HCIOJIb-
30BaHHUE IPEBECHHBI B KadecTBe ChIpbi. K Hamboiee
BOXHBIM JIepeBOOOPa0ATHIBAIOIIMM OTPACISIM  TIPO-
MBIILIJIEHHOCTH OTHOCHUTCS MPOU3BOJACTBO LIEJIIHOI03bI
u Oymaru. B GONbIIMHCTBE UHIYCTPHAIBHO Pa3BUTBIX
CTpaH MOTpeOICHNE APEBECHHBI HENPEPHIBHO BO3pac-
TaeT. B Poccum Ha HyXApl LENII0I03HO-OyMaskHON
MIPOMBIIIJICHHOCTH €KETOIHO BEIpybaeTcs 43 MITH. Ky-
6omeTpoB seca. Bospacraromuii pacxon 0anaHCOBOI
JIPEBECUHBI HE MOXET OBITh MOKPHIT 33 CUET COOCTBEH-
HBIX PECYPCOB, YTO, C OJJTHOM CTOPOHBI, BEIHYKIAeT M-
MOPTHPOBATh OOJBIINE KOIMYECTBA APCBECHHEI, a C
Jpyroil pa3pabaThIBaTh TaKUe TEXHOJIOTHUECKHE TPO-
IIeCChl, KOTOphIe obecnednBanu Ob1 Oonee 3(hdexTus-
HOE HCIIOJIb30BaHKE IPEBECUHBI 1 BTOPHUHYIO Ilepepa-
0GOTKY HCIHOJB30BAHHOM LIEJITIONO3bl U MaKyJIaTypbl
0e3 cepbE&3HOW MOICPHHU3ANNN TEXHOJIOTHUECKOW ITH-
Hud [1].

[Ipouecc pasmosa OCHOBHOM 3Tal MPOU3BOJACTBA
o6ymaru. CaM 1o ce0e OH CITOKHBIN, SHEPTrOEMKHN 1 Ma-
TepHANBHO 3aTpaTHBIA. OqHuM U3 3P PEKTHBHBIX My-
TeH MOBBIIIEHUS KaYe€CTBA TOTOBOM IPOAYKIIUH O€3 MO-
JIEpHU3ALMHY TEXHOJIOIMYECKOTO MOTOKa U, KaK CIlei-
CTBHE, 0€3 TOBBIIICHUS CEOECTOMMOCTH IPOIYKIIUI
SIBIIIETCSl YCOBEPILIEHCTBOBAHUE MIPOLIECCA pa3MoJIa 3a
CYeT HCHOJB30BAHUS MPHUHIUIMHAIGHO HOBBIX BHJIOB
rapHUTypHl [2]. PasMainpiBaronas rapHATYpa — OCHOB-
HOW pabouuii OpraH MENbHHMIIbI, OCYIIECTBISIOMUN

HETOCPEJCTBEHHOE BO3ICHCTBHE HA BOJIOKHA B IIPO-
mecce ux oOpaborku. Pabodast MOBEpPXHOCTh TapHH-
TYPBI XapaKTEPU3YETCs YUCIIOM U pa3MepaMu HOXKel u
KaHABOK M UX PACHOJI0XKCHUEM Ha IOBEPXHOCTH. B co-
BOKYIIHOCTH C YaCTOTOI! BpallleH!uss pOTOPHOIO TUCKa U
moTpeOIIsIeMO MOITHOCTBIO TapaMeTpPhl TapHUTYPHI
OTIPEJIeJIAIOT KauecCTBO pa3Mojla MaccChl, TPAHCIIOPTH-
PYIOIIYIO CTIOCOOHOCTH METHHHUIIBL, €€ TEXHUKO-IKOHO-
MHYECKHUE Tokazarenu [3].

Jis moATBEp)KICHUS TEOPETHICCKUX HCCIICI0BA-
nuii Ha kapenpe MAIIT Cubl'Y um. M. @. PemetHena,
OBLTH TIPOBEICHBI SKCIICPUMEHTATBHBIEC HCCICIOBAHIS
I10 BJIMSTHUEO PUCYHKA FapHUTYPHI Ha 00padaThIBaeMbIit
MaTtepuan. Pasmoiny moaBepranachk XBoliHas OenéHas
cyibdartHas nemtono3a ¢puwiman AO «ILIM T'PYTIID»
r. bparck npommnomaaka JIIK. Pazmon npoBoauics B
NIOJIIIPOMBIIIUIEHHON TUCKOBOH MEIbHUIIE, IIPU Clle-
JQYIOUTUX TEXHONOTHYECKUX MapaMeTpax: 4acToTa Bpa-
mieHus poropa 1500 o6/mMuH, 3a30p MEKAY HOKAMH PO-
Topa u cratopa 0,1 MM, KOHIIeHTpanus Maccol 1, 2 u 3
%.

VIHTeHCHUBHOCTh NPHUpPOCTA CTENEHH IIOMOJIA BO-
JIOKHHUCTHIX TOTY(aOpUKATOB IO3BOIISIET CYIUTH O
MPOU3BOJUTEILHOCTH Pa3MOJbHONW YCTAaHOBKH IPHU
OTIpeNIeIEHHOM KadecTBE MOMOJIA U yICNBHBIX 3aTpa-
Tax JJIEKTpodHepruu Ha pasmon [4]. Ha pucynke 1
mpeJcTaBieHa rpadudeckast 3aBUCUMOCTD CTETICHH I10-
MoOJIa BOJIOKHHCTOTO ToJyabpukara OT BPEMEHH 3a-
TPaYeHHOTO Ha Pa3MOIL.
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Tapnumypa c s6onv6enmuoil hopmoii nodxceii: 1 — konyenmpayus maccol 1 %,
2 — koHyenmpayus maccol 2 %,; 3 — konyenmpayus maccel 3 %
Tapnumypa c cepnosudnoti hopmoii noxceii: 4 — konyenmpayus maccol 1 %,
5 — konyenmpayus maccol 2 %, 6 — konyenmpayus maccol 3 %
T'apnumypa ¢ npamonunetinoti popmoii Hodxceti: 7 — konyenmpayus maccol 1 %;
8 — konyenmpayus maccor 2 %, 9 — konyenmpayusi maccwl 3 %
Pucynox 1 — 3asucumocms epemenu pazmona om 8eauyuHbL 3a30pa MeHCOY HONHCAMU POMOPA U CINAMOpa
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N3 pucynka 1 BUAHO, 4TO HamMeEHbIIEE BpEMs
pa3Mosia HaOIIOAEeTCsl Y TApHUTYPHI C BOJILBEHTHOMN
(opmoii HOXell. IHTEHCHBHOCTD NPHUPOCTa CTEIICHH
MIOMOJIa Ha MOPSIJIOK BBIIIE, YEM Yy APYTHX BHUIOB Tap-
HHUTYpP, OCOOCHHO B CPaBHEHHH C TAPHUTYPOIl C IPsIMO-
nuHEeHHONH (QopMoil HOXeH. DTO MOXKHO OOBSCHHTS,
MEXaHN3MOM BO3JICUCTBHSI HAa BOJIOKHO - XapaKTepoM
TEUCHHMs BOJIOKHUCTOH CyCIIeH3UHU B paboueii 30He pas-
MOJIa TIpH MEHSIOIINXCS TEXHOJOTHYECKUX Iapamer-
pax rapHHUTypbl. ClienoBaTeNbHO, U MPOU3BOIUTENb-
HOCTh pa3Mojla NPH HCIOJIB30BAHUEM TapHUTYPHI C
9BOJILBEHTHOW ()OPMOI HOXKEH, yBENW4MBaeTCS IO
CPaBHEHHIO C IPYTUMH BHJIAMU TapHUTYD.

[Ipu pazmorne BoIOKHHCTOTO TIONTyadpukara cy-
IIECTBEHHOE BIMSTHHE Ha MPOIIECC OKAa3bIBACT MOBBIIIE-
HHE TeMIlepaTypa Macchl. [IoBBIIIEHNE TeMIepaTypbl
Macchl BEJET K OOIBIIOMY YKOPOUYEHHIO BOJIOKHA, TaK

KaK BOJIOKHA B TEIJIOW BOJE XyXke HaOyXxaroT, CTaHO-
BATCS MEHEE ITACTHIHBIMU, IPOYHOCTH OyMaru oHH-
XKaeTcsd, a IyXJOCTh M BIHUTHIBAIOIIAS CHOCOOHOCTH
YBEIHMUUBAIOTCSI, TAK JK€, CKOPOCTh pa3MoJIa yMEHbIIIa-
etcs [5]. B ¢BsI3u ¢ 3THM MHOTHE HCCICIOBATEIN TIbI-
TAIOTCs, B MPOIIECCE HOKEBOT'O Pa3Moiia BOJIOKHUCTHIX
noxyadpuKaToB, 00ECIEYUTh CPABHUTEIBHO HEBBICO-
Kui poct temneparypbl. Ho, k coxaneHuto, B 00Jb-
LIMHCTBE CIy4aeB 3TO MEPOIPUATHE IJIOXO pelaeTcs.
J11st TapHUTYPBI C 3BOJIBBEHTHOI (hOPMOIi HOKEH aBTO-
paM yanoch pemuTh 3Ty 3aAauy.

Ha pucynke 2 npexacraBieHa 3aBUCUMOCTb H3Me-
HEHHS TEMIIEPaTypbl OT BPEMEHH pa3Moiia Ui TPex
BHJIOB TApPHUTYP: TApPHUTYPA C SBOJIEBEHTHOHN (OpMOit
Hoxkel (ITatent Ne 2365695) [6], rapHUTYpa C ceprio-
BunHOH (opmoit Hoxkedl (Ilatent Ne 2365695) [7] u
TapHHUTYpa ¢ IpsMoIrHeHHOH popmoit Hoxel ([TaTeHT
Ne 2314381) [8].
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Tapnumypa c s6o106enmuoil popmoii nodiceil: 1 — konyenmpayus maccot 1 %;
2 — konyenmpayus maccel 2 %, 3 — konyenmpayus maccel 3 %
Tapnumypa ¢ cepnosuonou gpopmoti nodxceui: 4 — konyenmpayus maccol 1 %;
5 — konyenmpayus maccel 2 %,; 6 — konyenmpayus maccel 3 %
Tapnumypa c npsimonuneiinoi popmou nodiceil: 7 — konyenmpayus maccol 1 %,
8 — konyenmpayus maccor 2 %,; 9 — konyenmpayus maccel 3 %
Pucynox 2 — 3asucumocms memnepamypuvl Maccvl Om 6peMeHU 3ampaieHHO20 Had Pa3MOJL

W3 pucynka 2 BUIHO, YTO IPU POCTE CTEIICHH IO-
MoOJIa BOJIOKHHCTOM MacChl Ha BCEX BHAAX TapHUTYP
Ha0Jro1aeTCs MOBBIIIICHUE TEMIIEPATyPhl, YTO HE IMPo-
THBOPEUUT PE3YJIbTATOM UcciieqoBanuid. Ho B oTnuune
OT TapHHATYPHI paHee HCIOIb3YEMBIX, Ha TApHUTYPE C
9BOJILBEHTHOH (HOpMOH HOXKeW HaOII0AaeTcs 3HAYH-
TEJIbHO MEHbIIasi MHTEHCUBHOCTh POCTa TEMIIEPATypPhl
IpU OPOUYUX PaBHBIX ycnoBusx. Kpome toro, ecnu mist
JPYTUX TapHUTYp HAOJIONAETCS POCT TEMIIEpaTyphl
Beimie 60 °C, npu AOCTHXKEHUU cTeneHu nomosa 70
°IIP, TO A7Ist rapHUTYPHI C HBOJIBBEHTHON (POPMOIi HO-

Kel, HaOmoJaeTcsl 3HAYUTEIIbHO MEHBIIIee HHTEHCHB-
HOCTh TOBBIIIEHHUS TeMIepaTypsl. M1 camoe BaxkHOe,
YTO TPHU pa3MoJie BOJOKHUCTOTO ToimydadpukaTa 3Ha-
YeHrne TeMmepaTypbl Maccsl He mpesbimaer 35°C u
JaTpHEWIINi €€ pocT He HaOJIIoJaeTCs, YTO B 3HAYH-
TEJIEHOW Mepe MOJIOKUTEIBHO CKa3bIBACTCS Ha TIOKa3a-
TensiX (PU3NKO-MEXaHWYECKUX XapaKTEPUCTHK T'OTO-
BBIX H3JICIHNA. DTO MOKHO OOBSICHUTh KOH(PUTyparmen
HOXEH TapHUTYpHl oOecreunBaronieii WHTEHCHBHOE
THJPOJMHAMHYECKOE TEUEHUE CYCHEH3MH B pabodmx
OpraHax pa3MoOJIbHOW YCTaHOBKH.
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Tapnumypa c s60nv6enmuoil hopmoii nodxceii: 1 — konyenmpayusa maccol 1 %,
2 — koHyenmpayus maccel 2 %,; 3 — konyenmpayus maccel 3 %
Tapnumypa c cepnogudnoti hopmoii nodxceii: 4 — konyenmpayus maccol 1 %,
5 — konyenmpayus maccol 2 %, 6 — konyenmpayus maccol 3 %
Taprnumypa ¢ npsamonunetinoi popmoi nooiceii: 7 — konyenmpayusi maccol 1 %;
8 — konyenmpayus maccer 2 %; 9 — konyenmpayus maccot 3 %
Pucynok 3 — 3asucumocms yoenosnozo pacxooa snekmposrepeuy om cmenenu nomouid

Kak BumHO U3 prucyHKa 3 mpH pa3Molie BOJIOKHH-
CTOH MacChl Ha TapHHUTYpPE C HBOJIBBEHTHOW (opMoi
HOXKEH yIeNbHBIN Pacxo]] AIEKTPOIHEPTHH TIpaKTHye-
CKM MaJIO 33aBHCHT OT KOHIICHTPAllMH BOJIOKHHUCTOM
CYCIEH3UH B OTIMYHE OT TAPHUTYP APYTHX KOHCTPYK-
IUHA. YAENbHBIN pacXo 3JEKTPO’HEPTHU Ha MOPSIOK
HIpKe. Ha Hamr B3riisi 5To MpoOUCXOIUT 3a CHET TOBBI-
IICHUS TEXHOJIOTMYECKUX MapaMeTpoB, TAKUX Kak ce-
KyHIHasi pexyluas JIMHa W IUIOLA]b MOBEPXHOCTH
pa3Mmoia, a TakXkKe XapaKTepoM THAPOIUHAMUYIECKOTO
TEUEHHs] BOJIOKHUCTOW CYCHEH3MH pabouMx OpraHoB
HOKEBOH YCTaHOBKHU.

BriBoabI:

1. Hcnonb3oBaHUS TapHATYPHI C 3BOJIBBEHTHOU
(opmoil HOXell, 3HAYNTEIILHO BBIMTPBHIBAECT C BBIIIE
YKa3aHHBIMH F'APHUTYPAMH B TIOBBIIICHUHN TIPOU3BOIH-
TEJILHOCTH Pa3MOJIbHOHW YCTaHOBKH, CHIDKCHHUE YIEIb-
HBIX 3aTpaT JIEKTPOIHEPTHH U HE MEHEE BaXKHBIM SIB-
asiercst pakT, MOBBIIICHHE TEMIIEPATYPhl MAaCChl Ha Be-
muunHy, He 6onee, 40 °C. Ilpu nanpHelmeM pamose
BOJIOKHHUCTOU CyclieH3uu 10 cTerniernn nomosta 80 °IIP
POCT TeMIepaTyphl IpekpamaeTcs. Bce 3To mo3sosser
obecrieunth Oosee dhPEeKTHUBHBIE YCIOBUS pa3Moia
BOJIOKHHUCTOTO MoTy(hadpukara.

2. Tax e 3pPeKTHBHOCTb MCIIOIb30BaHHUS JAaH-
HOM TapHUTYPBI MOXKET OBITH IOCTUTHYTO PEryJIMpOBa-
HHEM OCHOBHBIX TEXHOJIOTMYECKHX (CEKYHIHO PExXy-
I1ast JUTMHA) ¥ KOHCTPYKTHBHBIX TapaMeTpOB IIpoliecca
pa3mouia (BuJ 0OpabaTsIBaEMOro Marepuaia, H3MeHe-
HHE 3230pa MEK/1y HO>)KaMH POTOpa U CTaTopa, KOHIEH-
TpaLn¥ BOJIOKHUCTOH Macchl).

CIIMCOK JIMTEPATYPbI:

1. OmxepmeH, A. llemmonosa. Bymara. / A.
Onxepaen, JI. Duraepr, X. IlIBen3on u np. — M.: Jlec-
Has npoM-cTb, 1980. - 472 c.

2. @nsare, . M. CpoiictBa Oymaru: Y4eOHOE 1M0-
cobue [Tekct] / . M. ®usare. - CII6. : U3maTenbcTBO
«Jlaapy», 2012. — 384 c.

3. Jlerouxkuii, C. C. Pa3maisiBaroiiee 000pymIo-
BaHME U MMoJroroBka oymaxHoit maccel / C. C. Jlerou-
kuid, B. H. I'onuapoB. — M.: JlecHas npombllLIEH-
HOCTB, 1990, — 222 c.

4. Amnamxesny, 10./]. Brusaue pucyHka rapHu-
TYpbI Ha IIPOLIECC pa3MolIa BOJOKHUCTHIX 1oJyhadpu-
katoB. Yacts 1. [Tekct] / FO.[1. Anamkesnd, B.1. Ko-
BajeB, A.A. Habuesa. — Kpacunospck: Cu6l' TV, 2010.
— 168 c.

5. POZNAYKA - To3naiika. Opr - CaiiT 3Ha-
HUMH. / DakTOpHI, BIMSIONINE Ha IPOLIECC pa3MoIa 1el-
JFOJIO3I  — B OTKPBITOM  JocTyme  https://poz-
nayka.org/s103227t1.html

6. 10.J. Anmamkesnu, B.M. Kosanes, E.E. Ila-
xaps, JI.B. Hecrepor / Ilatent Ha m3o0pereHme Ne
2365695  PasmanmpBaromass ~ rapauTypa  MIIK
D21D1/30 (2006.01)B02C7/12 (2006.01).

7. 10.J. Anamkesuu, B.M. Kosanes, B.®. Xa-
puH, A.Il. MyxaueB / IlareHr Ha u3o0pereHne Ne
2307883  PasmanbiBaromass ~ rapHutypa  MIIK
D21D1/30 (2006.01)B02C7/12 (2006.01).

8. 10.J1. Anamkeruu, B.l1. KoBanes, A.A. HaOu-
eBa / [latenT Ha n3o06perenue Ne 2314381 Pa3manbiBa-
olas rapHUTypa Ui auckoBod MenbHUIEI MITK
D21D1/30 (2006.01)B02C7/12 (2006.01) .



https://poznayka.org/s103227t1.html
https://poznayka.org/s103227t1.html

52 International independent scientific journal Ne3/2019

MATHEMATICAL RELIABILITY MODELS LARGE TECHNICAL SYSTEMS

Shamanov V.
Russian University of Railway Transport, Russia

Abstract

The article presents the results of the development of mathematical models of reliability for large technical
systems, taking into account their three states: operational, pre-failure, failure. Systems of differential equations
of A. N. Kolmogorov and stochastic matrices of probabilities of transitions from one state to another are used.
The probability of the distribution of states at the zero moment of time is given by the column vector. An example
of using the model is given. Models can be used to analyze the level of reliability and maintainability of a particular

system during its development, as well as to analyze the quality and adjust the methods of its maintenance.

Keywords: large technical systems, system states, transitions between states, graph-model, differential equa-
tions, transition probabilities, probabilities of the system being in the considered states.

Introduction. Large technical systems include
complexes of production and auxiliary objects func-
tioning as a whole within a single technological pro-
cess. The key features of such systems are operation in
a single technological cycle and close connection of the
system components with each other, when no compo-
nent can be excluded from the overall system.

The specificity of large technical systems de-
signed to control responsible technological processes is
that some of their failures, called dangerous, can lead
to serious or catastrophic consequences. Such systems
include, for example, control systems of nuclear power
plants [1], safety management systems in civil aviation
[2], train safety management systems on the main rail-
ways [3] and in the underground railway [4].

The required level of reliability of such systems is
provided by the choice of its elements with appropriate
initial reliability and safety, the development of sys-
tems with the implementation of special requirements
for their safety, the maintenance of elements, as well as
multiple major repairs and replacement of parts of the
elements to compensate for the effects of their aging
processes.

Systems designed for the control of a responsible
technology-related processes must be highly reliable
and the coefficient of readiness can exceed the size of
0,9997 [3]. In this area, the behavior of the "tails" of
different laws of probability densities loses its individ-
uality, and all of them can give the same result with suf-
ficient accuracy for practice. This explains the possibil-
ity of using the one-parameter exponential law in the
analysis and calculations of the reliability of these sys-
tems.

However, in the problems of predicting the behav-
ior of such systems when increasing the resource due to

any measures or in the problems of assessing measures
to improve reliability within the limits beyond the value
of the adopted service life, it is necessary to choose
other laws of distribution, taking into account the phys-
ics of the processes of aging, wear and misalignment.

The general theory of controlled random processes
is used to develop models of the operation of such sys-
tems, one of the applied directions of which is the the-
ory of operation of large systems [5, 6]. The work [7]
is devoted to the specific problems of reliability and
maintenance of various systems of the considered type.
Methods for ensuring the reliability of aging elements
in systems and the effect of interference on the stability
of their work are considered, for example, in [8, 9].

1. Graph-model of protective failures and re-
coveries. Hazardous failures in the systems under con-
sideration are rare events. Not as critical failures at-
tributed to defensive failures. They trigger the transla-
tion process of the system functioning in a protective
condition when to stop the execution of system func-
tions. Therefore, shielding failures do not result in
events, which may result in the violation of the safety
of the flow of the managed process.

Large systems designed for the control of the re-
sponsible technological processes are long-lived sys-
tems, so the most interesting stage of their life cycle
from start-up in the former operation until cancellation.

Hazardous failures in such systems are rare events.
In the generalized model of states of the operated tech-
nical system intended for control of movement of
trains, both dangerous, and protective failures are con-
sidered [10]. The extreme rarity of hazardous failures
causes that the problem of optimization of large sys-
tems is solved only taking into account protective fail-
ures [7].
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Fig. 1. Graph - model of protective failures and restores

The graph-model for protective failures and re-
stores of a large technical control system of responsible
technological processes in the period of time from the
end of the state of the running after its start-up to ex-
ploitation is shown in fig. 1.

In this model, N is its new state, when all the pa-
rameters of the system that determine its reliability are
within the limits prescribed for the start-up of the sys-
tem in normal operation.

Immediately after the start-up of the system, the
consumption of its resource under the influence of deg-
radation processes in its elements begins. The aggrava-
tion of these elements eventually leads to the appear-
ance of deterioration failures. The probability of sudden
failures also increases as the elements age [3, 8]. There-
fore, in the developed graph model, the aging state A is
identified, when the action of degradation processes
leads to a noticeable deterioration of some parameters
that determine the reliability of the system.

The pre-failure state P of the system occurs when
at least one of its elements reaches the pre-failure state.
In a state of protective failure F system goes when it
fails at least one element. The transition of the system
from the state of failure of F to a new state N or in the
aging state A depends on the depth and quality of work
to restore its ability to efficiency

The graph model in one state of the system R —
repair reduced all work on the modernization of the sys-
tem and the replacement of devices in it, as well as
work on capital repairs. It is also believed that the peri-
ods of the state of the running in the devices after the
work, united in the state of R, can be neglected.

The values of the intensities of the transi-
tionsAng, Aaps Aags Apsr Angr Apr dependent on the
speed of occurrence of degradation processes in the el-
ements of the system. Transition intensity 4,,, and A,¢
is basically the intensity of catastrophic failure. How-
ever, the intensity of transitions 1, may include the in-
tensity of gradual failures, when the pre-failure state of
the aging object for some reason was not detected in
time.

Intensities A, Agq, App, Ay take into account the
fact that during the considered period of time the state
of the system may not change, and it will remain in the
same state.

The values of the recovery intensities i, , Usq,
Urn » Hen depend on the adaptability to the recovery of
the system elements. The intensity of the transition
from failure to pre-failure is considered unlikely and is
therefore not taken into account.

2. Differential equations A. N. Kolmogorov for
the system. Modernization of the considered systems,
replacement of devices and capital repairs in them,
taken into account in the graph - model state R, are rel-
atively rare. Also, there is a small probability of the
event that after the restoration of efficiency, the system
becomes as new. Therefore, the processes of changing
the states of the system along the A — P — F ring are of
great interest. System of differential equations of A. N.
Kolmogorov for this ring:
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dp, (t)/dtz_[lap (t)+ﬂ“ ( ):I ( )+fupa (t)Pp (t)+lufa (t)R‘ (t) :
de (t)/dtZJ“ap (t)Pa (t) [ ( )+'upa (t)] Pp (t) ;
(

dP, (t)/dt=A, (t)P, (t)+ A, (1)P, (t)— 1 (V)P (1).

)

af

The probability of the system being in any of the three states under the initial conditions is found by the
solution of the system equations (1):

P, (t)=a,+b exp(—xt)+c exp(—xt) ; )
P (t)=a,+h,exp(—xt)+c,exp(-x.t) ; 3)
R ()-1-R (0)-R,(), X

where Xl, X2 are the roots of the characteristic equation

2 +[(ﬂ’ap +ﬂ’af +ﬂ’pf +:ufa +/upa) (1+/upa)+ﬂ’p/ufa]

Q)
— L |:(2/af + ;ufa) (ﬂ’pf + Hpa ) + ﬂ’ap (ﬂ/pf + Zﬂfa )] =0.
Intermediate variables are adopted to simplify the notation of formulae (2) to (4),

al:I:(Ildz/X1_|2d1/X2):ufa:|/(Ild2_|2d1); (6)
a, = 1 0id, (17 %, 1/ %) |/ (d, - 1,d,) ; Q)
61 ={[(1_a1)d2 +a2|2]|1}/(|1d2 _|2d1); (8)
{[(1 al)d + a'2|2:|dl}/(lld2 _12d1)' (9)
Cl {[(ai 1)d ]Iz}/(lldz - |2d1); (10)
. 11
2 =l -1)d; - azll]dz}/(|1d2 —lpd); 4y
dl = ﬂ“ap (/upa - Xi) : (12)
dy = Ay (L =%,) ; (13)
Ilz(xl_ﬂ“pf_:upa) (Xl_:upa) ; (14)
IZZ(XZ_ﬁ“pf_:upa) (Xz_lupa) : (15)

Exponential functions (2) — (4) asymptotically approach the limit probabilities of states:

P =limP. (t) :1/[1+(1ap 200 )ty + g 1 (A + )=

(16)

ap/upa (ﬂ"pfﬂfa—l—ﬂpa/ufa )i| !
P, =limP, (t):l/[lmpf !t + (2 + e ) 2 +

o a7
+/1ap (ﬂ“pf +:upa) /(ﬂap:ufa )] ’

Pf = Itlmpf (t)=1—l/{ 1+ /Iap (be _;taf)/l:lufa (/Iap +/1pf +/’lpa):|+ ( )
e 18

+2’af /:ufa} '
Hence, the probability of failure-free operation of the devices for protective failure given the fact that for real
large system Ag,, K Upq and Agr K pigq

P = Pa + Pp :1/|:1+ﬂ“af //ufa +ﬂ’pfﬂ“ap /#fa:upa _ﬂ“afﬂ“ap /:ufa:upa:l ' (19)
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The most complete is the reliability model, when
there are possible transitions between all considered
states of the object (fig. 1). Such a model can be de-
scribed, for example, the operations of rail lines as
channels of information transmission in train control
systems. This model is convenient for analyzing the in-
fluence of the rail line state on the reliability indicators
of its conductive insulating elements in the relative cir-
cuits of railway automation and telemechanics [3].

For example, the process of changing the state of
the upper structure of the path as a result of the action
of degradation processes and repair work can be repre-
sented as a process of changing the states of the aging
system over time.

Let's number the numbers 2, 3, 4, 5 of the evalua-
tion "unsatisfactory", "satisfactory”, "good" and "excel-
lent”, which are set monthly for each kilometer of the
railway track according to the results of automated con-
trol.

A system having S states {Sii =2, 5} is

checked at discrete equidistant moments of time
t=0, 1, ..., as a result of which one of its states be-

comes known 1€S. The sequence of states
{S,: t=0, 1,...} is described by a Markov chain

with stationary transition probabilities
P = P{St+1 =jlS, :|},

satisfying the conditions

5
pijzo’j_zzpiizl' p52>0’ Pss >0 (21)

(20)

3. The Stochastic matrix of transition probabil-
ities. The mathematical model of the process includes
a column vector, which gives the probability distribu-
tion of states at the zero moment of time

P0)=ps(0). p,(0). p;(0). P, O)]

and stochastic matrix of transition probabilities
from one state to another

p55 p54 p53 p52
p45 p44 p43 p42

P.=|p.|= .
! H p JH p35 p34 p33 p32
p25 p24 p23 p22

Such probability matrices are convenient to use for
comparing the state of different systems or their sub-
systems in terms of reliability; when planning works
that are carried out to compensate for the action of deg-
radation processes that cause a decrease in the reliabil-
ity of the system; and when analyzing the effectiveness
of these works. Process analysis and planning are usu-
ally carried out on a limited period of time, so the ma-
trix can be considered homogeneous, and the system-
statistically stable.

If, for example, the efficiency of works on the
technical operation of the system is analyzed, the nu-
merical values of the members of the transition proba-
bility matrix (23) depend on the behavior strategy of the

(23)

service person. The strategies differ in the scope and
location of preventive and repair work to improve the
reliability of the system.

In train traffic control systems, the source of in-
tense interference with the operation of automation and
remote control devices is traction. The degree of degra-
dation of conductive and insulating elements of rail
lines has a significant impact on the intensity of these
disturbances [10]. In turn, the state of the elements of
the rail lines correlate with the quality of the track way.

To assess the impact of these degradation pro-
cesses on the intensity of these disturbances, the prob-
abilities of changes in the path states can be used on the
basis of the above-considered point estimate of these
states. As an example of numerical estimates of proba-
bilities, data for one of the railway sections of Kazakh-
stan can be given [3]

060 0,22 017 0,01
031 033 033 003
s = 012 017 060 0,03
002 026 044 0,28

0,26

0,19

Ip)=]

0,12

The numerical values pij may differ by several

times in different areas. Little only change the proba-
bility p,, and p,..

Such assessments can be used to compare the state
of the track on different sections of the railway or to
assess the degree of change in these states after specific
work and therefore to determine the effectiveness of the
work.

The described process is ergodic, since from each
state it is possible to get to any other state, and the limit
values of the probabilities of states do not depend on
the initial conditions. For ergodic chains, the limiting
probabilities can be found according to the Markov the-
orem [9], when the matrix-string of the required proba-
bilities is obtained by raising the transition matrix to a
sufficiently large degree. This is a relatively time-con-
suming way, but the use of digital computers removes
this difficulty.

4. Probability of stay of system in a particular
state. Also interesting is the mathematical model of a
large technical system, when analyze all possible tran-
sitions between states N, A, P, F. This model provides
a more complete description of the changes in the reli-
ability of the system over time.

At known or found on probabilities pi,- of intensi-

ties of transitions /Iij dependences on time of probabil-

ities of stay of system in i-m state can be found, without
taking into account 4., the solution of the following

system of differential equations of Kolmogorov:
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dP (t)/dt:—(/l + op g ) P e Po + 110 Py + 110 Py 5 )

dP, (t)/dt =24,
d

P, (A + Aug + o ) P+ 11 Py + 115 P,
P (t)/dt—/’t By 2P = (A + th + 0 )Py + 1R ¢
0P, (t)/dt = Ay Py + Ay Py + Ay Py — (s + s + 1) P

(24)

P+P+P +PR =L /

The formulas resulting from the solution of this
system of equations for calculating the examined prob-
abilities P,, P, P, and Py the values of the intensities of
transitions from state to state are cumbersome and
therefore inconvenient for practical application. It is
more convenient to find considered probabilities at
known numerical values of transition intensities by di-
rect substitution of numbers in the system of equations
(24) with its subsequent solution on computers.

Conclusion. Large technical systems change their
state from new to failure during their intended use,
passing through aging and pre-failure states. Failure
and recovery rates depend on the quality of the system
design and manufacture, the quality of construction and
installation work, as well as the operating conditions
and the quality of technical service.

Mathematical models of reliability of large tech-
nical systems at the stage of their operation with the use
of graph models of protective failures and recoveries,
differential equations are developed of A. N. Kolmogo-
rov and stochastic transition probability matrices. The
use of these models allows us to find the probabilities
of the system in a particular state at known numerical
values of failure rates and conditions.

The developed mathematical models of reliability
of large technical systems can be used to analyze the
level of reliability and maintainability of a particular
system in its development, as well as in the analysis of
quality and correction of methods of its maintenance.
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Abstract

The article considers the issues of clinical evaluation of individual indicators of cattle leukoformula, analyzed their
diagnostic value in assessing the severity of the pathological process.

Annomauusn

B cmamve paccmompenut 60npochl KIuHU4eCKol OYyeHKy 0OmoenbHbIx nokasamenei Jeikogop-myist Y KPYRHO20
po2amoz20 cKoma, nposedeH aHalu3 ux OUASHOCMUYECKO20 3HAUEHUs NPU OYeHKe-CIMENneHy MANCeCmU Namoaocuye-

CKOcO npoyecca.

Keywords: blood, cattle, leukoformula, leukocytes, lymphocytes, neutrophils, basophils, eosinophils, monocytes.
Kniouesvle cnoea: Kkpoew, Kpynmwill pocamolii CKOM, JEUKOGOPMYIA, AEUKOYUMbL, JTUMPOYUMDbL, HeUmpoguibl,

6azo@uibl, 303UHODUIBL, MOHOYUMBL.

O)IHI/IM nu3 l'[yCKOBI:IX MCXAaHHU3MOB pa3BI/ITI/I$[ HUH-
(hexroHHBIX 00JIe3HEN B COBPEMEHHOM KHUBOTHOBO/I-
CTBC ABJISICTCA CHHIXXCHHUC HMMyHOHOFH‘IeCKOﬁ peaK-
TUBHOCTH OpTaHNW3Ma, BRI3BAHHOE TOKCHKO3aMH, HEJ[0-
CTaTOYHBIM W HecOaTaHCHPOBAHHBIM KOPMIICHHEM,
BO3ACUCTBHEM Ha OpPraHM3M >KUBOTHBIX DPa3IMIHBIX
cTpecc-(hakTopoB U JIp. B 3THX ycIOBHSAX OpraHn3M HE
B COCTOSHHH TIPOTHBOCTOSTH OTKJIOHSIONINM (haKTO-
paM u BO30YAMUTENIAM Ja)K€ C HEBBICOKOW MaTOTE€HHO-
cTeio. Ha sTomM (oHEe MpOMCXOAMUT pa3BUTHE KEITy-
JIOYHO-KHILEYHBIX U PECIIMPATOPHBIX NATOIOTUH, IPU-
BOIAIINX K <<3ep1<anLH0My» N3MCHCHUIO CO CTOpOHBI
KJIeTOYHOTOMMMYHHUTeTa. 1lpn nedeHnn u npoduak-
THKe OOJIE3HEN BCETga MOYXHO BBIJEINUTH HECKOJIBKO
HaIpaBJIEHUH, HO KOPPEKIMINATOr€HETUUECKON Tepa-
MUY B KaXIOM KOHKPETHOM Cly4yae JOJKHA IMPOXO-
JIMTH TIOCJIE JIeTaJHU3aliM I1aTOJOTMYEeCKUX H3MEHe-
HUH, IPOUCXOAUIUX B OpraHU3MeE.

JuarHocTudeckoe 3HAYCHUE KAPTHHBI OCIon
KPOBH IIPH Pa3IUYHBIX 3a00JICBaHUSIX ONpPEACISICT CO-
BOKyHHOCTB cneﬂy}omnx HpI/ISHaKOBZ

- obIee KOMMYeCTBO JIeHKkonuToB B 1 MM kpoBuy;

- HAIM9He SASPHOTO CIBUTA HEUTPODIIIOB,;

- HpOHeHTHOC COOTHOILICHHUEC OTACJIIBHBIX BUI0B
JICHKOITUTOB.

HsmeHenne oO0IEero KoJW4ecTBa JIEHKOLUTOB
HAOJIOIaeTCsl, KaK IPABWIO, B BUJAE THIICPIICHKOIU-
TO3a WU JEHKOIICHUH.

B cBoeii 0CHOBE JIEHKOLIUTO3 3aBUCUT OT PEAKTUB-
HOT'O COCTOSTHHSI KOCTHOTO MO3Ta U €ro0 JICHKOIo3THYe-
CKOM JeATeNnbHOCTH. B CBA3M ¢ 3TUM NMOHATHO, IOYEMY
y OCJIabJICHHBIX JKUBOTHBIX C IUIOXOH 0O0ImIei compo-
THBJISIEMOCTBIO OPraHM3Ma, HEB3Upas Ha HAUINYNE BOC-
MAJTUTEIEHOTO WIJIM THOWHO-CENTHYECKOro Ipoliecca,
JIEWKOIINTO3 MOXET OTCYTCTBOBaTh. B IpakTHKe H3-
BECTHO HEMaJO CIydaeB OaKTepHaJIbHOW ITHEBMOHUH,
OCTPBIX BOCTIAJIUTENBHBIX MPOIIECCOB U APYTUX 3a00J1e-
BaHUM, MPOTEKAIOIINX HE TOIBKO 6e3 JTeHKOINTo3a, HO
HEPEIKO COMPOBOXKIAIOMIUXCS Jaxe JICHKONeHHEH.
Bwmecte ¢ TeM cieqyeT MOMHUTH, 9YTO COCTOSIHUE JIeH-
KOIOITHYECKOH JAEATENIFHOCTH OMNpedenseTcs He
TOJIBKO PEaKTHBHOCTBIO CaMOT0 KPOBETBOPHOTO Op-
raHa, HO M Pa3Jpa)KUTeIeM - €0 XapaKTepOM U CHIIOM.
[ToaToMy HE MPUXOAUTCS YAUBIATHCA TOMY, YTO HpPU
HaJIMYMY THOMHOTO Mpoliecca, pu KOTOPOM THOM CBO-
00/HO BBIIEJISICTCS HAPYKY, MMEETCSI HOPMAJIbHBIA
JICKOLUTAPHBIN COCTaB KPOBH MM JICHKOIEHUS C He-
KOTOPBIM sIJIEpHBIM CABUTOM HeWTpoduinos. Takoii co-
CTaB KpOBH HE OyJeT MoKa3aTelieM «IOCTaTOYHOCTH
WIA HEJOCTATOYHOCTH)» PEAKIUN KPOBETBOPHOTO all-
rmapara 1Mo OTHOIICHHUIO K MH(EKIHH, Kak He OyaeT u
moKaszaresieM «OJIaronpusITHOTO WM HeOIarompusr-
HOTO XapakTepa 3a00IeBaHus.

VBenuyeHne KOIUYECTBA JIEMKOLUUTOB MOXKET
OBITH NATOJIOrMYECKUM M (pusnonornueckuM. Ilaroso-
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TUYECKUH JIGUKOIIMTO3 OTMEYAIOT MPU THOMHO-BOCIIA-
JWUTENBHBIX MPOLECCaX, COMPOBOXKAAIOIINX ITHEBMO-
HHIO, OPOHXONTHEBMOHUIO, IUIEBPHUT, EPUKAPIUT, pe-
THKYJIOTIEPUTOHHT, IIEPUTOHHT, aOCIIECCHI IEUYEHH, SH-
JIOMETPUT W MHOTHE nIpyrue Oone3Hu. BreipakeHHBIN
JEHKONNTO3 Y KPYITHOTO POraToro CKOTa HAaONIOAAI0T
npu psine MHPEKIMOHHBIX 00JIe3HEeH, XUPYPTrUUECKOi
nHdekyy, Jeiikozax. Bo3HUKaeT OH mox BIMSHHEM
TOKCUYECKHX BEIIECTB, HOHU3UPYIOIEH pagualuu B
MEepBOIl ero cTaguu, yKycax sIOBUTBIX HACEKOMBIX U
3MeH, a TaKKe MPH BBEACHUH OOJBIINX 103 OCITKOBBIX
IpenapaToB, BaKIHH, CBIBOPOTOK. Du3nosormueckuit
YMEpEeHHBIH JIeHiKonnTo3 OBIBaeT MpU OCpEeMEHHOCTH,
mocie (U3UOJIOTHYECKIX HATrpPy30K, IpHeMa Ooratoit
Oemkamu UK (OEIKOBBIN TIEPEKOPM), TIPH CTpeccax.

Jletikoriennst HaAOIIOLAeTCd OBOJIBHO 3aKOHO-
MEpHO TPH HEKOTOPHIX WH(eKmmiax (Opyuees, 3a-
TSDKHOM CENTHYECKUN SHAOKAPINT U JIp.) ¥ KOJUTar€HO-
3ax.

IIpu BocnanuTENbHBIX U THOMHO-CENITUYECKUX 3a-
OoneBaHUSAX CMEHa JIEHKOIMTO3a JICHKONEHUEH Ciy-
JKUT IOKa3aTejeM YIHETEeHHsS KpOBETBOPEHHs, 4YTO B
CBOIO Ouepe/b ABIIETCS KpUTEpUEM MOHMKEHHOU pe-
aKTHBHOCTH opranmsMa. IlogoOHoe TeueHue Bocmanm-
TENBHO-THOMHOTO 3aboieBaHusa 0e3 JnelHkonnTo3a
HaOII0aeTCs y UCTOLIEHHBIX )KUBOTHBIX.

JlefikoneHuel CONMPOBOXKAAIOTCA TAKXKE pazIny-
Hble 32007I€BaHMUS CHCTEMBl KPOBH: HEKOTOPHIE CIIIE-
HOTIATHH, MPOTEKAIOIIUE CO CIUICHOMETAlNeH, TUIOo-
TUIACTUYECKHE COCTOSHUS KPOBETBOPEHHs, Halmonae-
MbI€ IPU XPOHUYECKONM MHTOKCUKALIMU, JIy4eBOH
00JIE3HH, MOXKET OBITh CIIEACTBHEM IJIMTEIHHOIO BBE-
JICHUSI B OPraHu3M OOJIBLIMX /103 CYJb(haHUIaMHJIOB,
JICBOMUIIETHHA, CHHTOMHIIMHA, TIIPENapaTtoB pPTYTH,
MBIIIbSIKA U BUCMYTa, 0apOUTypaTOB, pa3IHyYHBIX ILH-
TOCTaTUUECKHX IIPENapaToB U Jp.

OcoOpIii WHTEpeC TPENCTABIIOT JICHKOICHHUH,
BO3HUKAIOIME B PE3YJIbTaTe IOBBIIICHHOTO BBHIBEIE-
HUS JISHKOIIMTOB 13 opranusma. [Ipn HeKoTophIX Boc-
MAJIUTEJIFHBIX 3a00JIEBAHUSX B CHIIy aHATOMHUYECKHX
0COOCHHOCTEH CTPOEHHs OpraHa CO3/Al0TCsl YCIIOBHUS
JUI CBOOOJTHOTO OTTOKA NMPOAYKTOB BOCHAICHHS U HO-
BBIIICHHOTO BBIBEICHUS W3 OpraHU3Ma JIEHKOIUTOB.
Oro BieueT 3a coboil morepro Oenka U HyKJIEHHOBBIX
KHCJIOT, HEOOXOIUMBIX JUISI TIOCTPOCHUS TPaHYJIOIH-
TOB, B pe3yJbTaTe UEro MOHWKAETCS pe3epBHAS BO3-
MOXHOCTb JICHKONOITHYECKOW (YHKIMU KOCTHOTO
MO3ra ¥ yCTaHaBJIMBAETCsl HOBOE paBHOBecHe Ha Oosree
HHU3KOM YpPOBHE OOIIero KosmuecTBa JieHkonuToB. K
YHUCIy TaKUX MATOJOTUH MOXKHO OTHECTU TracTPOIHTE-
PHT MOJIO/IHSIKA, 3a00JI€BaHHS, POTEKAOIIIE C CUMTO-
MOKOMIUIEKCOM KOJIUTA, XOJIELUCTUTA, SJHAOMETPUTA U
HEKOTOpBIE APYTHE.

Haxonen, cpenu JIeHKONMEHUYECKHX COCTOSHUMN
BBIJICJIAIOT TPYIITY JISHKOTIEHUH, pa3BUBAIOIINXCS TIPU
SHIIOKPUHHBIX 3200JIeBaHUAX (aKpOMETaMH, THPEO-
TOKCcHK03€). [lo-BHaMOMYy, B 3THX CITy4dasx pedb HAET
0 YHCTO IepepacIpeeTuTeILHOM XapaKTepe JIeiikorne-
HHH.

Jlelixonenus y yacTu «IpaKkTUUYECKU 3JOPOBBIX»
JKMBOTHBIX MOXKET OBITH JIMOO CIIEICTBHEM XpOHHYE-
CKUX BOCIIAJIMTEJIBHBIX IPOLIECCOB, IIAaBHBIM 00pa3om

OpraHoB OPIONIHOH IMOJIOCTH, JINOO PE3yIbTaTOM (YHK-
LIUOHAJIBHOTO HAPYIIEHHS PETYIISALMN KPOBETBOPEHHUS.

Takum 00pa3oM, NpH TOCTAaHOBKE OKOHYATEIb-
HOTO JIWarHo3a, MoJjlaraTbCs TONBKO Ha KOJIHUYECTBEH-
HBIE U3MEHEHHUS CO CTOPOHBI KIIETOK «0esIoi KpOBM» HE
mesrecoodpa3Ho, HeOOXOIUM aHaN3 W3MEHEHHE IIPO-
LIEHTHOTO COOTHOUICHUSI OTJENIbHBIX BUIOB JIEHKOIH-
TOB.

B OonpmHCTBE CiydaeB JICHKOIMTO3 CBS3aH C
YBEJIMYEHUEM 4HClia HEHTPO(DIILHBIX IPaHYJIOLUTOB.
HeiitpoduibHblii nelikonunto3 (HeWTpoduims) conpo-
BOXKJJAE€TCS YBEJIMUEHUEM B KPOBU CETMEHTOSIEPHBIX U
MAIOYKOSAEPHBIX HEHTPO(DMIIOB, TAKKe IOSBICHUEM
IOHBIX, anHOT/1a M MuenonuToB. Heiitpodumms ¢ pes-
KHM PETEHEPATHBHBIM CIBHUIOM JO MHUEJIOLUTOB YyKa-
3BIBAET HAa YCHJICHNE BOCHAIUTENBHBIX IpoueccoB. Ta-
KO€ sSIBJICHUE HAOIOaeTCsl TPH MHPEKIUAX, TIPOTO30H-
HBIX OOJIC3HSX, IIPU CENTUYECKHUX MpOIeccax

SInepHsblii cIBUT HEUTPODUIIOB, KaK PaBUIIO, CBS-
3aH C MOSIBIIGHHEM B T'eéMOTpaMMe MOJIOJBIX U JAeTeHe-
paTtuBHBIX (HOPM HEHTPOPHIIOB,UTO SIBISETCS Xapak-
TEpHBIM HPU3HAKOM, CBOMCTBEHHBIMIUIA MH(EKIHMOH-
HBIX ¥ BOCTIAJIUTENBHBIX MIPOIIECCOB, 31T0KaYeCTBEHHBIX
HOBOOOpPa30BaHMH, PA3IMIHOTO PO/IA HHTOKCHKALIMH.

PazmiuaroT ciaenyromue BHABL IAEPHOTO CABUTA!
pereHepaTUBHBIN, JETEHEPATUBHBIN U JIEHKEMOUIHBIH.
IIpu pereHepaTUBHOM CABUTE YBEIUYHMBACTCS COIEP-
KaHUE MAJOYKOSAEPHBIX U IOHBIX HEHTPO(HIOB; IpH
JereHepaTUBHOM — TOJIbKO MAJIOUKOSIEPHBIX HEUTPO-
(GUIOB Hapsiy C JEeTeHEepPaTHBHBIMH HM3MEHEHHSMH B
KIIETKaX. JIEHKEMOUIHBIN CABUT XapaKTEpU3yeTCs I0-
sIBJICHUEM OoJiee He3pesbix (GopM (MHETOIUTOB, MPO-
MHEJIOLUTOB, a HHOTJAa U MUEN00IaCTOB), CUMYIHPYS
Hoj9ac KapTUHY KPOBHU IPH JIeHKo3ax KPYIHOTO pora-
TOTO CKOTA.

PereHepaTuBHBINA CABUI' OOBIYHO NPOTEKACT IPH
YBEJIIMYEHHOM KOJIMYECTBE JICHKOLUTOB U SABJISIETCS MO-
Ka3aTeleM MOBBIIIEHHON JIeATEIbHOCTH KOCTHOIO
Mo3sra. OH HaOmoaeTcs riIaBHBIM 00pa3oM IpH BOC-
MAJIATENBHBIX U THOMHO-CENTHYECKHUX MPOLECCaX.

JlereHepaTHBHBIN CABAT — MOKa3aTeldb QYHKIH-
OHAJIBHOTO YTHETEHUS] KOCTHOTO MO3Ta M €ro JIEHKOIIOo-
9THYECKOW JesiTeabHOoCTH. OOBIYHO OH COINPOBOXKIA-
eTcd JIEWKOIEeHHEeH M BCTpedaeTcs MpHU HH(EKIHAX,
MPOTEKAIONIUX IO/ BUJIOM HEHTPOTEHHUYECKOH (a3bl
yrHeTeHus. VIcKiroueHne coCTaBisAI0T pa3TUIHbIe HH-
TOKCHKALIUU, CONPOBOXKAAIONINECS HAPSALY C BBIPAXKEH-
HBIM JIET€HEPAaTUBHBIM CABUTOM HapacTaHHEM OOIIero
yycia JeMKOIUTOB.

JlelikeMOUTHBIE CIIBUTH SIBISIOTCS OOBIYHO OTpa-
YKEHUEM CBOCOOpa3HOM peakTUBHOCTH OOJIEHOTO Opra-
HU3Ma. JIUIIb B UCKIIOUUTENBHBIX CIy4asX pa3BUTUE
HX CBSI3aHO O crienudukoi Bo3oyaurens. [To kapTune
KpPOBH JICHKEMOHIHBIE PEAKIIMH Yallle BCETO HAIlOMH-
HAIOT XpOHUYECKUNMUETIONENKO3.

B xinmHHMKE OCHOBHOE 3HAUEHHE MMEET CTEICHBb
AJEpHOTO CIBUTAa HEUTPOQIIOB (Tak Ha3BIBAEMBIN
ANCpHBI MHIEKC CABHIa) KaK BaKHEHIINH KpuTepuit
TSDKECTH 3a00JI€BaHMS.

Wunexc sipepHoro ciusura onpenensercs: Gopmy-
JIOM:
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T +p +1
B 1)

~

rae | - muenomurs;
P - ronsle HelTpOdUIIH;

I - MaJIOYKOSACPHBIC HEHTPODIITHI,

N- cermenTosnepubie HeiTpod L.

B nopme paBen 0,05—0,08. U3 kimuHUYeCKHX
HaOJIOZEHUH BBITEKAET, YTO TsDKEJble MH(EK-IMU U
THOMHO-cenTHYecKne 3a00JIeBaHusl y KPYITHOTO pora-
TOTO CKOTa MPOTEKAIOT C BHICOKUM MH-JIEKCOM C/IBUTA
(OT eAMHMIBI U BBILIE)- PE3KUH CIBUT BIEBO; 3a0o0Ite-
BaHMS YMEPEHHOH TSHKECTH XapaKTepPH3YIOTCS MHACK-
com crura ot 0,3 10 eqUHMIIEL, TIPH JETKOW CTETICHH
3aboneBanns MHIEKC caBura He mpeBbimaet 0,3. Pes-
KU CIBUT BJIEBO PAcIEHHMBAETCS KaK HEOIArompusT-
HBII TPOTHO3 B TeueHue 3aboieBaHus. Ero, kak mpa-
BHWJIO, CBSI3BIBAIOT C HCTOLICHHEM PE3EPBOB OPraHU3Ma,
a B JICYCHHUHU KMBOTHBIX JIENAIOT aKIICHT Ha BOCIIOJIHE-
HHE IUTACTHYECKUX BEIIECTB M IMMHUTHPYIOIINX (PaKkTo-
pOB.

B HekoTOphIX cilydasx oOTMedaercs sACpPHBIN
C/IBUT HEHTpo(hU JI0B BIpaBo ¢ nHAeKcoM cisura 0,04
W MeHbIIe. B 3THX cioydasx cpemu HEUTpOoGHIOB
00BIYHO MPeoOIANAIOT 3penbie POP-MBI C TSTHIO-IIIe-
CTBIO CETMEHTaMH BMeECTO OOBIMHBIX Tpex. CaBur
BIPaBO BCTPEUAETCS IIPH AHEMUH, JIy4eBOH O0JIe3HM, a
Taoke y 20% 310poBbIX KUBOTHBIX. [Ipn nHbEKINOH-
HBIX W BOCIAIMTEIbHBIX 3a00JIEBaHMAX IOSBICHHE
C/IBUTa BIPABO yKa3bIBaeT OOBIYHO Ha OJaromnpusTHOE
TedyeHue 3a00JIeBaHMs, TaK KaK MOCJE BBI3ZOPOBICHUS
CBWT MCYE3aeT U JeMKorpaMma HOpMau3yeTcs.

D03uHOMWIUS TI0 COBPEMEHHBIM IpeZCTaBlie-
HUSIM SIBJIIETCSI CBO€OOpA3HOM peakiueil opraHu3ma Ha
MOCTYIJICHHE B HETO YYyXEepOJHOro Oenka M THUCTa-
MuHA. OHa CBSI3aHA C aHTUT'MCTAMUHHOW, aHTUTOKCH-
YeCcKOU | (aronuTapHoOi GyHKIUAMH 303HHOPIIOB. C
9TOH TOUKHM 3pEHUS S03UHO(UIIBI UTPAIOT OCOOYIO POIh
B T€UEHHE AJUIEPTHYECKUX PEAKIHH.

Do3uHO( WU HAOIIONAETCS B CIEIYIOMNX CITy-
qasx:

[Tpu mapa3utapHsIx 3a001eBanusax. [Ipu Hanuaun
JKMBBIX I1apa3HTOB B TKaHIX OpraHu3Ma (Hampumep,
NPy TUKPOLIMIIMO3€) S03MHODUIIUSIBBIpaKEHa Ooliee
OTYETJIMBO, YEM TP KHUIICYHBIX HHBA3HSX.

[Tpu pasnuuHBIXa/UIEPTro3ax (IepMaTo3bl U 1. ).

[Tpu seueHNn HEKOTOPHIMU MEIMKaMEHTO3HBIMHU
cpeacTBaMu (aHTHOMOTHKY, cyibdanumamuasl, AKTI
U JIp.) — JIEKapCTBEHHASITUIIEPIO3UHODUITHSL.

IIpn HEKOTOPBIX 3HIOKPUHONATHIX (KaxeKCHH,
MHKCEJEME).

IMpn wnHpexMoHHBIX 3a0oieBaHUAX (TYyOepKy-
nes).

KauecTBeHHYIO OIIEHKY 203MHO(DHUINN B TEUCHUU
BCSAKOTO MAaTOJIOTHYECKOTO IpoIecca cienyeT IaBaTh
TOJIBKO TIPH Y4YeTe OCTAJbHBIX KOMIIOHEHTOB I'€MO-
TpaMMBI. Y BEIHYCHHE YHCIIa Y03MHO(HUIIOB TIPH OTCYT-
CTBHH SIJIEPHOTO CIIBUTa — [10KA3aTeNlb HeMH(PEKIINOH-
HOH npupois! 03uHoGmmy. [Ipu 3aboneBanusx, Ipo-
TEKAOUIMX C  HEHTPOMHIBLHO-203MHONCHUYECKON
peakuueld (BOCHAINUTENbHBIE W THOWHOCENTHYECKHE

TIPOIIECCHI), MOSBICHHUE 203MHO(MMIIOB Ha (hoHE TUMPO-
LUTO3a M HE3HAYUTEIHLHOTO SIIEPHOTO CIIBUTa HEUTPO-
(UIIOB SIBISIETCS MPEABECTHUKOM BbI3HopoBieHuUs. Co-
YeTaHue THUIEPIO3NHOPHIIH ¢ TUM(OTICHUEH 1 3HAUH-
TEJBHBIM ~ SIIEPHBIM ~ CIBHUTOM  HEHTpOQHIOB
HabomaeTcs MpH MH(PEKIHOHHO-aJUIEPTHISCKUX 3a-
OoneBaHusX (TyOepKyJie3, KoJulareHo3sl u jap.). Uunu-
BU/IyaIbHAsl OIEHKa S03MHOMMINHM BO3MOJKHA JIMIIb
TIPY MPABUIIEHOM Y4eTe OCHOBHOT'O 3a00JIEBaHMSI.

D03MHOIICHNST U aH303MHO(WINS HaOIIOqaI0TCS,
Ha BBICOTE HEKOTOPBIX OCTPHIX MH(EKIHIA, B aroHaIb-
HOM CcOCTOSIHMH. [IporHocTHYeckoe 3Ha4YeHHWEe OHHU
HMEIOT JINIIB B KOMIUIEKCE C JPYTMMH KOMIIOHEHTAMH
TeMOTPaMMEI (¢ OOLIIM YHCIIOM JICHKOITUTOB U CTeTIe-
HBIO SIIEPHOTO C/ABWTa). YMCEHBIIECHHE KOJIMYECTBA
S05MHO(MMIIOB ¢ JIEHKOIECHNWEH WIN HEe3HAYNUTEIbHON
HEUTpouINeil cleayeT cIuTaTh MPU3HAKOM TTOHHXKE-
HUsI UMMYHHOH CONIPOTHBIISIEMOCTH opraHmiMma. Ilpu
cTpeccax B CTaJIMU TPEBOTH HAOJIONAIOT yBEIMYCHUE
Yucia 03UHO(PUIIOB, a B CTaJMU PE3UCTEHTHOCTH U
YTHETEHHS] OTMEYAlOT J03WHONCHUIO M aH>03UHO(H-
JHIO.

Kinaunueckoe TosikoBanue TUMQo1nnTO3a 3aBUCHT
OT TOTO0, TT0 KaKOMY I'€éMaTOJIOTHIECKOMY THILY IIpOTe-
KaeT naHHoe 3aboneBanue. [Ipn 3a0oneBanmsIX HEUTPO-
(UITPHO-303MHONCHUYECKON TPYMIIBI TTOSIBICHNE JTHM-
¢dommro3a ykaszpiBaeT Ha (azy BBI3AOPOBICHUS
(moctun(pekmmonHbit  MUMdoruTo3). [Ipu xponmue-
CKUX HHPEKIUAX (TyOepKyie3) TUM(POIUTO3 TAKKE SB-
JsieTcsl ONaronpUsTHBIM MpU3HAKOM. OTHOCUTEIBHBIN
TMM(GOLUTO3 MPHU HEHTPONEHNUECKUX WHPEKIUIX Xa-
paKkTepu3yeT riaIkoe TeueHre HHPEKIIMU U yKa3bIBaeT
Ha OTCYTCTBHE B JaHHBI MOMEHT OCJIOXKHEHUH (TTHEB-
MOHHH, TaCTPOIHTEPHUTA U JIP.), IPH MOSBICHUH KOTO-
poix JuMdonuTo3 cMeHsercst tumdonenuen. Jlumpo-
LIUTO3 TIPH arpaHyJIOIHUTO3€e WK JIUM(paTHIECKOH JIeH-
KEMOWIHOH peakIuu SBISIETCS HEOIaronpHUsITHBIM
MIPU3HAKOM, CBHIETEIBCTBYIONIMM O CHHXEHHUH MHK-
potarouuTapHOi GYHKIMH OPraHU3Ma BCIIEICTBHE UC-
TOLIEHHs TpaHyJsonos3a. JIumdornuros BcTpedaeTcs
TaKKe MPH HEKOTOPBIX YHJOKPHHOMATUSIX (THPEOTOK-
CHKO3€, MHKCceleMe, THIO(YHKIUH SHMYHHUKOB), BO
BpeMsI TEUKH.

JlumbouuroneHus, OTHOCUTEIbHAs U abCOJIOT-
Has, BCTPEYaeTCsl B IIEPBOM Iepuoje UH(EKIHOHHBIX
3a00JIeBaHUN W THOMHO-CENTHYECKUX MaTOJOTUsX.
Pe3koe najeHne abCOMIOTHOTO KOJIMUECTBA JIUMQOIH-
TOB B T€UeHHE NH(DEKIIMOHHOTO 3a00JIeBaHMS SIBIISETCS
TUTOXMM TIPOTHOCTHYECKUM IPU3HAKOM. AOGCOJIOTHAs
TMM(OLUTONIEHN BMecTe ¢ aOCONIOTHOM HelTpore-
HHUEH MOXKET pa3BHBaThCs IPH BO3AEHCTBUH Ha Opra-
HU3M HOHM3MpYIOIIEH paguanuu (IydeBast 00JIe3Hb),
Me/IMKaMEHTO3HbBIX CPEJICTB.

MOHOIMTO3 PACIEHHBAIOT Kak IOKa3aTesb 3a-
LIMTHBIX MPOILIECCOB B OpraHu3Me, HO TOJBKO MHpHU
YCJIOBUH YBEJINYEHHS a0COIIOTHOTO YHCIIa MOHOLIUTOB
(a He 3a cyer HelTponieHHH). MOHOIIMTO3 OTMEYAETCs
IIPH OCTPHIX MHPEKIIMOHHBIX 3a0oaeBanusax. [lpu xpo-
HUYECKHX MHPEKIMAX, TAKUX Kak Opyuemies, TyOepKy-
JIe3 IEPKUTCS TIPOJIOJDKUTENILHOE BpeMsl (MHOT/a B Te-
YEHUE HECKOJbKMX MECSLEB) KaK IMOKa3aTelb aKTHB-
HOH peakuud PEeTUKYJIO-TUCTOLUTAPHOW CHCTEMBI.
KonnuecTBO MOHOIIUTOB MOKET OBITH YBEJIIMUEHO NPU



60

International independent scientific journal Ne3/2019

3JI0Ka4E€CTBEHHBIX OITyXOJX, JHUM(OrpaHyIemMarose,
TenaToJIMEHAIbHOM CHHAPOME, MHO- M SHIOKAPIUTAX,
0COOCHHO TIPH 3aTSKHOM CENTHYECKOM SHIOKAPIHTE.
IIpu arpanymonnuTo3e abCOMOTHHIN MOHOITUTO3 paciie-
HHUBAIOT KaK IPOTHOCTHYECKH OIArONpHSTHBINA IpHU-
3HAK, YKa3bIBAIOIINH Ha HAYAJO BBI3TOPOBIICHUS.

bazoduimsa. OtHOCHTENBHO pos 0a30(HIOB B
MaTOJIOTHU JI0 CHX IOP H3BECTHO €lle Ype3BbIYAHO
Maio. JlaHHble TUTEpaTyphl CBUIAECTENBCTBYIOT O TOM,
4TO 3TO (DYHKIMOHAIBHO aKTUBHBIE KJIETKH, JICTIOHHU-
pyloIue BaKHEHIINEe MEIHaTOpbl TKAHEBOro oOMeHa
(remapvH, TUCTAaMMH U Jp.) U NPUHUMAIOLINE y4acTHe
B QJUICPTHYECKUX M aHA(WIAKTHIECKUX DPEaKIUAX, a
TaKkKe B TPOIECCE CBEPTHIBAHUSA KPOBHU. YBEIUUCHHE
MX KonudecTBa cBbime 1% BcTpedaeTcs TaBHBIM 00-
pa3oM Ipu TUNO(YHKIIMY ITUTOBUAHON KEJIE3bI.

B mpomnecce nedeHust HepeaKo BO3HUKAIOT 3aTPy -
HEHUsI, CBSI3aHHBIE C TT0J00POM CPEJIICTB M METOJIOB Te-
panuu TManueHTa. AHamu3 JIeHKO(GOpMyIbl 3HAa4YH-
TCJIbHO pacIIMpACT HAIIW IMPEACTABJICHUA O TCUCHUU
[IaTOJIOTHYECKOTO Mpoliecca, a B psjie CilydaeB JaeT
BO3MOXXHOCTH JIJIs1 BRIOOpa palioHaIbHON Tepamnui.

B 3akiroueHnu cieyeT OTMETHTD, YTO IIOCKOJIBKY
KapTHHA KPOBH SIBJIACTCS JIUIIb TPUOIMKEHHBIM 0TO0-
pa’KeHHEM IaTOJIOTHYECKOTO MPOIIECcca, AUATHOCTHIC-
CKO€ 3Hau€HHE OHa MPHOOPETAET TONBKO B KOHKPETHOM

CBSI3W C KJIMHMYECKOW CHUMITOMATHUKON MpU yCIOBUH
JUHAMUYECKOTO KOHTPOJIS 32 COCTOSTHAEM ITallNeHTA.
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