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Section 1. Biology

Oxpana OKpy’KaroIeil CpeAbl B MHTepecaX COXPAaHEHHS 3A0POBbs UeAOBEKa,
B YaCTHOCTH YMEHBIICHHUS HETATUBHBIX IIOCAEACTBHI BO3ACHCTBHS BPEAHBIX PaKTOPOB,
ocTaeTcst PyHAAMEHTAABHOMN 3aAa4ell MEAUKO-OMOAOTHYeCKUX HCCAeAOBaHMIL. [Tpu
9TOM OCHOBHBIM ITyTeM GOPMUPOBAHHS CTPATErMIeCKUX HAIPAaBACHHH IT0 9KOAOTH-
9eCKO# 0€30IIaCHOCTH U UX PeaAM3aL[iU Ha COBPEMEHHOM 9TAIle SIBASIeTCS OLJeHKa PU-
CKOB U pa3pabOoTKa yIpaBAeHIECKHX PelLIeH I [0 ONITUMH3AIIUI OKPYKAIOIIEl CPEADL,
YCAOBHI1 SKUBHEAEATEABHOCTH H COCTOSIHYS 3A0POBbs HaceAenwus [ 1, 19].

3AOpOBbE — 3TO MHTETPAABHBII [IOKA3ATEAb Ka4eCTBA )XH3HU B 0ObEeKTHBHbIX ee
nposiBaeHUsX [4, 124]. Texunueckuil nporpecc, 3arpsisHeHne OKPYXKAIOIeil CpeAbl,
YCHA€HHE BO3AEHCTBUIL HA 3AOPOBbE PA3AMYHBIX OHOAOTHIECKHX, IICHXOAOTUYECKIX
U COITIAABHO-9KOHOMHUYECKHX (aKTOPOB, 3HAYUTEABHBIN POCT CTPECCOTeHHOCTH CO-
BPeMEHHOTO 06pasa XM3HU YBEAMYUBAIOT PUCK PasBUTUs 3a60AeBanmit [7, 9-13].
MHOro4iCACHHbIC HCCAEAOBAHMS COCTOSHUS 3A0POBbS HACEACHHS B CBS3U C BAMTHUEM
Pa3AMYHBIX (paKTOPOB, KOTOPBIE IIPOBOAUAKCD B HAIel CTPaHe 1 32 PyOexoM, yoeau-
TEABHO AOKA3aAM, YTO 3aTrpA3HEHHe OKPY>KaIoIIell CPeAbl M YCAOBHI XU3HEACSTeAD-
HOCTH HeGAArONpUsTHO BAMSET Ha 3A0POBbe HaCeAeHHs. Pe3yAbTaToM BO3AEHCTBIS
$aKTOpPOB OKpy>Katomel CpeAbl Pa3AMMHOI IPUPOABI (XMMUdecKol, dusnaeckoit, 6uo-
AOTHYECKO#) U XapakTepa (COLMaAbHbIX, SKOHOMUYECKHX, IPUPOAHBIX) IBASETCS YBe-
AWMEeHHe CMEPTHOCTH, 3a60AeBaeMOCTH, YXyAlleHHe GU3UIECKOTO PAasBUTHS U POCTA
9rCAa ATOAEHE C TpeMOp6uAHDBIMU cocTostHUAMH [ 13, 75-76; 2, 10-14].

XapakTepH3ysi pOAb OTAEABHBIX $aKTOPOB B pOPMUPOBAHUH 3200A€BAEMOCTH Ha-
CeAeHHS], OTEUeCTBEHHbIE H 3apY0eKHbIe HCCAEAOBATEAN MTOATBEPXKAAIOT, 4TO KXKAOE
CAeAyIOlllee YABOEHNE 3arpsi3HEHHsI 00beKTOB OKPYSKAIOIIeil CPeAbl 00yCAaBAMBAET
pocT 3a60A€BaeMOCTH Ha OLIPEAEACHHDII IIPOLIeHT. AHAAN3 AQHHBIX OIIMAEMHOAOTHYeE-
CKHX HCCACAOBAHUI IIOKA3aA, UTO YABOEHHE 3arpsISHEHHS aTMOCPEPHOTO BO3AYXa ITPU
PABHBIX APYTHX COCTABASIIOLIMX BAMSHUS IIPOSIBASIETCSI B IPHPOCTe 0b11eit 3a60AeBae-
mocTu Ha 20%, a 3360A€BaeMOCTH OPTaHOB AbIXaHUS — Ha 26% [ 14, 34].

H3BecTHO, uT0 9KOAOTHUeCcKHe YcaoBus KOxxHOTO IIpHapaabst 3a mocaeAHIe TOABI
CYIIeCTBEHHO YXYAIIMAKCH. CPeAH SKOAOTHIECKUX PaKTOPOB, BAMSIONIIX Ha COCTOS-
HIHe 3A0POBbs HaceaeHUs IIprHapaabs, cAeayeT OTMETHTD OIyCTHIHMBAHUE TEPPUTO-
pun, AeUINT AOOPOKAIECTBEHHOI IUTHEBOM BOABL, MACCHPOBAHHOE 3aCOAEHMUE 3e-
MeAb, XUMUYeCKOe 3arPSI3HeHUe IPUPOAHBIX CpeA (BOABL, BO3AYXa, [IOYBbI, PACTEHHI),
TIOBbIIEHHE CYXOCTH BO3AYXa, CHABHbIE IIeperaabl Temneparyp [ 1, S].

B mocaepHue roab HAOAIOAQETCS pe3KOe YXYALIEHIEe OCHOBHBIX [IOKA3aTeAeH 3A0-
poBbst HaceaeHus perroHa IOxnoro Ilpuapaabs. ITo AaHHBIM psipa HCCAGAOBaTeACH
COCTOSIHHE 3A0POBbS HACEACHHS IIPOAOAKACT 3HAYMTEABHO YXYAIIATHCS IO IIEAOMY
psiay nokasareaeit [ 8, 53-56]. Hauboabmre n3MeHeHIS MPOM3OIIAU B TOKA3ATEASIX CO-
CTOSTHMS 3AOPOBbSI AeTeH, KOTOPbIe B CHAY HeCOBEPIIEHCTBA 3AIUTHBIX CHA OPTaHU3Ma
HEPBBIMH CPEAU APYTHX IPYIII HACEACHHUS pearrpyioT Ha HeOAATOIPHATHYIO 9KOAO-

4



Cekuusa 1. buonorus

rudeckyro cuTyanuio B pernose IOsxuoro Ipnapaans. OLeHka COCTOSHIS 3A0POBbs
TIPOM3BOAMTCS IO COOTHOIIEHUIO MECTHDIX X PETHOHAABHBIX [TOKa3aTeAeit. Baarompu-
STHBIM IBASIOTCS BEAMHHBI TAKOTO COOTHOIIEHHS, KOTOPOE HAH PABHO EAUHHUITE, HAHK
MeHee eAMHUIIBL. He6AarompuATHBIMY SBASIOTCS BEAMYHHB, IPEBBIIAONIHE eAMHHUITY.
TTokasaTeAn COCTOSHUS 3A0POBbs AHAAUBHPYIOTCS He MeHee 4eM 32 TPEXACTHHUII Tle-
PHOA, C OTIPEACAEHHEM FOAOBBIX IIOKa3aTeAeHL.

YcTaHOBAGHHME CTAaTUCTHYECKH AOCTOBEPHBIX OTAUYHIT TOKa3aTeAel COCTOSHUS
3AOPOBbI, CBS3AHHBIX C BO3ACHCTBUEM HeGAArONPUATHBIX $aKTOPOB OKPYIKAIOIIen
CPeADL, SIBASIETCS CBUAETEABCTBOM O HAAMYMU HeGAArONPUATHOTO BAUSHHUS aHTPOIIO-
reHHOM Harpysku [ S, 130].

B HacTosimee BpeMs HAKOTIACHO AOCTAaTOYHO AOKA3aTEAbCTB OIPEAEACHHBIX CBs3el
MESKAY 3arpsI3HEeHHeM OKPY>KaIoLiell CDEABI M yBeAMYEHHUEM YaCTOTbI CAYYaeB AAAEPTH-
YecKHX 3260A€BaHUIl, HAPYIIEHHl HEPBHO-TICHXMYECKOTO U GUSHIECKOTO PA3BUTHUSL.
K «60Ae3HsIM prcKa» OTHOCATCS TaKKe HOBOOGPasoBaHus, 3260A€BaHNs HEPBHOI
CHCTEeMbI U OPTaHOB UyBCTB, BEPXHHX ABIXaTEABHBIX TTyTeil, OpraHOB MUITeBaPeHH,
MOYEITOAOBOI CHCTEMBI, KOXKH U TIOAKOXHOF KaeTdaTku [6,210].

O6Imen3BecTHO, 9TO K MHAUKATOPaM 3AOPOBbSI HACEACHHS B CBSI3H C COCTOSIHIEM
OKpY>KaIoIIeil CPeABL, peKOMeHAOBaHHbIM EBponeiickum permonaasasiv 6:0po BO3
B PAMKaX CTPATeruy «3A0pPOBbe AAS BCeX>>, OTHOCATCS aAAEPTHUECKHe 3a60AeBaHuUs
[14,230].

ITpo6aeMa aAAePTHH M aAAEPTUYECKHX 3200ACBAHMI 3aHAAA B [IOCAEAHHE AECS-
THAETHSI OAHO U3 KAIOUEBbIX MecT B MepuriHe. CTaTUCTHKA HEOTBPATUMO UKCUPYeT
CYIeCTBEHHBIN POCT AAAEPTOTNIATOAOTHH, 9TO SBASETCS, CYAS IO BCEMY, AOTHYECKUM
CA€ACTBHEM KOPEHHOTO H3MeHeHHs 06pasa SKU3HU YeAOBeKa. AaBUHOOOPa3HBbIil IPO-
1ecc ypbaHH3aI1H, CTPEMUTEABHOE PA3BUTHE IPOMBIIIACHHOCTHU U CBA3AHHOE C HUM
3arpsisHEHNe OKPY>Kaomiell CPeAbI 00YCAOBHAO MACCHBHYIO «XHMUYECKYIO arpPeCcCHIO >
Ha OpTraHM3M YeAoBeka [4, 124]. Aareprudeckue 3a60AeBanus U 0CO6EHHO 60Ae3HU
PeCIMpPaTOPHOTO TPaKTa — SKOAOTHYECKH 3aBHCHMbIE 3a60ACBAHIS, TaK KaK PeHO-
TUIIMYECKAs PeAAM3ALIMs HACAEACTBEHHOMN IPEAPACTIOAOKEHHOCTH K HUM BCETAR OCY-
IECTBASIETCS. IPU BO3ACHCTBHY $AKTOPOB OKpysKatomell cpeabl. VIMeHHO moaTomy,
Hanpumep, 6pOHXMAABHAS ACTMA, OCOGEHHO Y AeTeil, SBASETCS TyBCTBUTEABHBIM Map-
KepoM sarpssHeHus armocepHoro Bosayxa [11,193; 10, 1139-1143 ). Otmevaemsprit
32 OCAGAHHE TOABI POCT GPOHXUAABHOM ACTMBI CBA3BIBAETCS B 3HAYUTEABHON Mepe
C 3arps3HEHHEeM OKPyXalolIeil cpeabl kcenobnotukamu [9, 13].

ITpoBeAEeHHbII HAMH QHAAU3 TIO3BOAMA BBLSIBUTD, 9TO HanboAee BbICOKast 3a60-
A€BAEMOCTb AAAPTHYECKUM PUHUTOM (AAAETOTIATOAOTHS HEMEAACHHOTO THUIIA) Bbl-
sBAsieTcst cpear HaceaeHns 111 axoaormdeckoit rpymmst (Ha TepPUTOPHSX C BBICOKON
A9POTeHHOI 3arpssHeHHOCTbI0 — KyHrpaackom, Myiinakckom u TaxTakymbipckoM
paiioHax). AaHHbIe, MpeBbImaomue KOHTPoAb mpH a=0,05 1o o6meit 3a6oreBaeMocTH
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Section 1. Biology

AAAEpPTUYECKMM PUHHMTOM, BBIABASIIOTCS Takoke y xkuTeaeit I u Il rpynmsr B ycaoBusaX
CpeAHeH 3arpA3HEHHOCTH OKPY KAIOIIEN CPEADL.

PesyAbTaThl aHAAM3a IOKA3bIBAIOT, YTO IIOA BAMSHIEM Pa3AMYHBIX BPEAHBIX Be-
IIeCTB, HAPSAY C HAPYNICHUAMU HEKOTOPHIX MEXaHU3MOB HeCIeIMPHIeCcKOi pe3u-
CTEHTHOCTH OPTaHU3MA, U3MEHSIOTCS II0KA3aTeAN I'YMOPAABHOTO M KAGTOYHOTO UMMY-
uurera [3, 3-6]. PasandHble XMMUYECKIE AAACPTEHbI SBASIOTCS IIPHYNHON Pa3BUTHSA
OpPOHXMAABHOF ACTMBI, KPAIIUBHHUIIBI, AAACPTHIECKHX OPaXKeHHMI BEPXHUX AbIXaTeAb-
HBIX ITyTell, AAAePTOAEPMATHTOB U HEKOTOPBIX APYTUX 3a60A€BaHHI [12,2].

Mexanusm AeHCTBHSA AAACPTUSUPYIOIINX XUMUYECKUX U IIPUP OAHBIX COAMHEHMI
OKOHYATeAbHO He BbLCHeH. Ilo MHeHMIO psaa CIeIHaAMCTOB, HUBKOMOACKYASIPHbIE
BeIjeCTBA COEAMHSIOTCS C GEAKAMH TKAHEH, YTO CO3AAET AETIO AAAePIeHa B OPraHM3-
Me. AaAee aArepreH 3aXBaTbIBAeTCA MaKpOdaraMu HAU APYTHMH ParoLUTHPYIOIMIMH
KAETKaMH, KOTOphIe B CBOIO OUepeAb B3AaUMOACHCTBYIOT C AMM(OLUTAMH, BBI3BIBAS
HMMYHHYIO PEaKIIMIO.

B pesyAbraTe CpaBHHTEABHOTO AHAAHM3A OOl 1 IIePBUYHOM 3a60A€BAEMOCTH
HaCeAeHHsI 6OAE3HSIMHI OPraHOB ABIXAHMS C AAAPTHYECKIM KOMIIOHEHTOM B PAHKH-
POBAHHBIX 9KOAOTHYECKHX I'PYIIIAX II0KA3aA, UTO BBIIBAEHA CTATHCTUYECKH 3HAIUMA T
3aBHCHMOCTD 3a60AeBaHMs OpraHoB AbrxaHus (R = 0,65) oT rpyIiIsI 3arpssHeHHOCTH
npu yposHe 3HauumocTH a=0,0S.

ITpoBepeHHast OLjeHKA KOPPEASIIIMOHHbIX 3aBHCHMOCTEN MeKAY 061meit 3a60ae-
BAaeMOCTHU HAaCEACHHUS M PA3AMYHBIMU IIOAAIOTAHTAMH aTMOCPepHOro Bo3ayxa B Kapa-
KAAITAKCTAHe, IO3BOAMAA BBIIBUTD CBA3b, B OPIAKE 3HAYMMOCTH, C KOHIJeHTPaL[HAMHU
OKHCH YTACPOAQ, OKCHAOB a30Ta, AByOKHCHU Cephl. Takoke OTMeYaeTcs IpsAMast CBA3b
AAAePIHYeCcKOr 3a60A€BaEMOCTH C POCTOM KOAMYECTBA ABTOTPAHCIIOPTA B IIEHTPAAD-
HBIX paitoHax 06caepyemoi TeppurTopun Kapakasmakcrana.

TakuM 06pa3oM, AASI BBIPAOOTKY PaIiHOHAABHBIX TAKTHYECKUX Pelle I, HaI[paB-
ACHHPIX Ha ITOBBIIIEHUE YPOBHSA 3A0POBbS M CHIDKEHHUE IIATOAOIMYECKOH IOPaXKEHHO-
CTH HaCeAeHHsI, HeOOXOAMMO IIOAPOOHOe u3ydeHne GpaKTOPOB, OLPEAEASIONHX U POp-
MUPYIOIIUX 3A0POBbe B COBPEMEHHBIX YCAOBHAX, U Iy Tei PO PUAAKTUKY HapyITeHUE
caHOTeHe3a. Pe3yAbTaThI TP OBeACHHBIX HCCASAOBAHHI IIOKA3BIBAIOT, YTO CO3AAHHE Te-
OpeTHYeCcKH 060CHOBAHHOM AOKA3aTEABHOM 6a3bl HEOOXOAUMO AAST GOPMHPOBAHIS
4ETKHX, 9KOHOMUIECKHU [}eAeCOOOPA3HBIX M TAKTHIECKU IIPOAYMAHHDBIX MEXaHU3MOB
IIepBHYHOMN IPOYHAAKTHKH, B TOM YHCAE AASI PA3PAOOTKH CHCTEMBI ACFICTBHIA, HATIPAB-
AGHHBIX Ha IIPOIIATAaHAY 3A0POBOTO 00pa3a KH3HH.
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The creation of radiophysical devices and systems for research the influence of the
microwave radiation on biological objects is one of the main directions of the applied
modern radio-electronics development. This is necessary, on the one hand, because
of increasing level of the electromagnetic load on the population and, on the other
hand, remaining unsolved the problem of the health hazard despite a large number of
studies of the microwave radiation influence on an animal organism [1-6].

This paper describes the system intended for estimating the physiological and
biochemical parameters changes occurring small laboratory animals (mice, rats) under
microwave radiation.

The block diagram of our microwave system is shown in Figure 1.

9]
A 4
=)

Figure 1. Block diagram of the microwave system

On Figure 1 are indicated:

1 — the microwave power generator I'4-122;

2 — the 75/50 Ohm transformer;

3 — the first microwave coaxial cable with impedance 50 Ohm;

4 — the T-joint impedance S0 Ohm;

S — the attenuator —-10 dB;

6 — the power meter M3-21 A;

7 — the second microwave coaxial cable with impedance 50 Ohm;

8 — the quarter-wave whip antenna.

Our microwave system works as follows. The microwave energy source was a
microwave generator (I'4-122, USSR) — the first module in Figure 1. The genera-
tor produced a harmonic microwave signal (the maximum output power is about
100 mW, the working frequency is 1 GHz). The output impedance of the generator
was 75 Ohm, with the impedance of all the other elements of the microwave chan-
nel 50 Ohm. Therefore, to match the 75 and 50 Ohm impedances an appropriate
75/50 Ohm transformer was applied — the second module in Figure 1. The third
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Section 2. Biotechnology

module is a first microwave coaxial cable for connection the 75/50 Ohm transformer
directly attached to the generator and the T-joint. The T-joint (the fourth module in
Figure 1) is used to divide a part of the microwave power from the main channel to the
power meter (M3-21 A, USSR) (the sixth module in Figure 1) through the attenuator
(the fifth module in Figure 1). Thus, we developed the possibility of the continuous
microwave power control in the main channel of our system. The attenuator (the fifth
module on Figure 1) has the insertion power losses of 10 dB and it is necessary to
exclude the possibility of failure the measuring the thermoelectric head power meter
M3-21A. The T+joint (the fourth module on Figure 1) transmit the power at a low
level of ~20 dB from the main channel to the circuit power meter through the at-
tenuator (the fifth module on Figure 1) to provide the negligibly small effect on the
operation of this channel. The microwave power is supplied from the T-joint and
through a second microwave coaxial cable (the seventh module on Figure 1) to the
quarter-wave whip antenna (the eighth module on Figure 1). The quarter-wave whip
antenna provides the microwave power irradiation of the experimental animals.

The antenna is an open quarter wave resonator which made of copper wire
1,5 mm in diameter and 7,5 cm in length (a quarter wavelength of the 1GHz fre-
quency in the free space). The microwave power is supplied to the antenna through a
coaxial connector mounted on a metal wall of the chamber cover. The distance from
the antenna to the box walls was not shorter than 10 cm in all directions, with the
mouse being under the antenna. The covered with metal chamber had ventilation
apertures providing the air supply to the exposed animals. The metabolic chamber
(a plastic box with an attached pump providing the air supply to the chamber and a
sampling outlet) with an exposed animal was inside into the metallic cover. The meta-
bolic chamber was located under the antenna at a distance of approximately 1 cm. So,
the electromagnetic field was concentrated almost completely within the definite area
without any outside propagation.

The presence of the power meter M3-21A comprising presented setup allows
continuous monitoring of the power level of the transmission channel of microwave
energy to the irradiated object, as well as to adjust the level of power in the channel
to the desired value.

The research was performed on white male laboratory mice divided in two groups:
the first group — controls, included healthy unexposed animals; the second group
contained healthy animals exposed to the microwave electromagnetic radiation in
the installation daily for 1 hour during 10 days. The samples of the gas mixture from the
metabolic chamber were taken after 1, 15, 30, 45 and 60 minutes of exposure. The mice
blood was sampled on the 6, 8" and 10" day after the beginning of the irradiation.

The oxygen and carbon dioxide content in the gas mixture exhaled by the animal,
as well as the content of glucose and lactate in the blood were determined using a gas
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and metabolite analyzer ABL 800 FLEX (Radiometer, Denmark). The respiratory
quotient was calculated as a ratio of the carbon dioxide volume released by the animal
to the volume of the oxygen absorbed for the same time period.

The respiratory quotient is of special importance to estimate the animal metabo-
lism; since in the organism all the nutrients are subject to oxidation then, by deter-
mining the respiratory quotient value it is possible to consider what molecules: fats,
proteins and carbohydrates — are predominantly used as oxidation substrates. It is
known, that the oxidation of carbohydrates in the organism in the presence of oxygen
gives the value of the respiratory quotient equal to 1, while it is equal to 0,7 in the fat
oxidation, and 0,8 in the protein oxidation. The respiratory quotient values for the
animals of the groups under study are presented in Tables 1, 2.

Table 1. The respiratory quotient change in the group 1.

Exposure time, Sampling time
days 1 min 1S min 30 min 4S min 60 min
1 0.8+0.04 | 0.8£0.03 | 0.8+£0.04 | 0.8£0.03 | 0.7+0.05
2 0.7+0.03 | 0.7+0.01 | 0.7+0.01 | 0.7+0.01 | 0.7 £0.01
3 0.8+0.04 | 0.9+0.01 | 0.9+0.01 | 0.8+0.01 | 0.8 +0.02
4 0.7+0.01 | 0.84£0.01 | 0.7+0.01 | 0.7+£0.02 | 0.8 +0.05
S 0.8+0.02 | 0.9+0.00 | 0.9+0.01 | 0.9+0.02 | 0.9£0.01
6 0.9+0.01 | 0.8+0.03 | 0.8+0.02 | 0.8+0.01 | 0.8 £0.04
7 0.7+0.01 | 0.8+£0.01 | 0.8+£0.03 | 0.8£0.01 | 0.7 +0.01
8 0.8+0.05 | 0.8+0.02 | 0.8+0.01 | 0.8+0.03 | 0.8 £0.01
9 0.7+0.03 | 0.8+0.01 | 0.7£0.05 | 0.7+0.04 | 0.8 £0.01
10 0.7+0.04 | 0.7+0.05 | 0.8+0.01 | 0.8+0.01 | 0.8 +0.01
Table 2. The respiratory quotient change in the group 2.
Exposure time, Sampling time
days 1 min 15 min 30 min 4S5 min 60 min
1 0.8+0.02 | 0.8+0.01 | 0.8+0.01 | 0.8+0.02 | 0.8+0.01
2 0.8+0.01 | 0.8+0.02 | 0.8+0.02 | 0.8+0.02 | 0.8 £0.02
3 0.8+0.02 | 0.8+0.04 | 0.8+0.03 | 0.8+0.03 | 0.8 +0.02
4 0.8+0.01 | 0.8+0.02 | 0.8+0.01 | 0.8+0.01 | 0.8+0.01
S 0.8+0.03 | 0.8+0.03 | 0.8+0.03 | 0.8+0.02 | 0.8 +0.02
6 0.8+0.01 | 0.9+0.03 | 0.8+0.01 | 0.8+0.01 | 0.8 +0.03
7 0.8+0.02 | 0.8+£0.01 | 0.8+0.05 | 0.9£0.04 | 0.8 £0.02
8 0.8+0.02 | 0.8+0.05 | 0.8+0.05 | 0.8+£0.05 | 0.8 £0.05
9 0.8+0.03 | 0.8+0.02 | 0.8+0.03 | 0.8+0.01 | 0.8+0.01
10 0.8+0.03 | 0.8+£0.02 | 0.8+0.01 | 0.8+0.02 | 0.8+0.00
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In the control group the respiratory quotient values during the whole research
period were from 0.7 up to 0.9. Such variations of the quotient are due to the individual
metabolic feature of the experimental mice. The animals placed into the radiophysical
microwave installation, when the microwave power generator was in operation, the
respiratory quotient value was predominantly equal to 0.8. This type of respiratory
quotient value levelling in mice under the influence of the microwave electromagnetic
radiation can show the organism response to the stress caused by the influence of
an environmental factor. After the electromagnetic field exposure there occurs the
simultaneous decrease of the glucose and lactate content in the venous blood of the
animals as compared with the controls after 8 days of the irradiation. These data can
explain the shift of the respiratory quotient towards the inclusion of proteins into the
oxidation and alternative pathway of organism energy obtaining.

In general the data obtained are indicative of the adaptation startup in the organ-
ism of animals subjected to the influence of the microwave electromagnetic field.
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future time, and the gain in the time is obtained due the choice of shorter path from
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TeMl'Icpaﬂbele Moaenu napannesibHbiIX BblYUCNIEHUN

Annoranusi: ITpepraraeTcst HOBast MOAEAD ITAPAAAEABHBIX BbIYMCACHHUIT HA OCHO-
Be MaTeMaTHYeCKOIO IIPEACTABACHHUSI CHMMETPUH BpeMeHU. BBeAeHbI OHATHS TIpsi-
MOT'O ¥ 06paTHOIO aBTOHOMHBIX KOHEYHBIX aBTOMATOB. FIX OAHOBPEMEHHBIIT IIepeX0A
K 00111eMy 3aKAIOYUTEABHOMY COCTOSIHUIO S, T10 LIUKAMYECKO (pa30BON TPAEKTOPHU
OT HaYaABHOT'O COCTOSIHHA S, B IPOTHBOTIOAOXKHBIE CTOPOHBI HHTEPIIPETHPYETCS KaK
[IapaAAEAbHOE ABIDKEHIHE OT “HacTosimero” B “Oyayitee” ¥ B “IIPOIIAOE”, @ BBIUIPHILI
BO BpeMeHH IIOAYYAeTCs 32 CYeT BhIbOpa 6oaee KOPOTKOTO ITyTH OT $

Kk S .. Iloka-

beg end
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3aHa MPaKTHYECKas peaAu3alis BBACHHBIX TEOPETHIeCKIX MOACACH AASL 379 AEKO-
AVIPOBAHUSI U CIIPABACHIUSI OIIHOOK B IUKANYECKUX KOAAX.

KaroueBble cAOBa: BpeMsi, [IapaAACAbHBIE BHIYHCACHUSI, OOPATHBI ABTOMAT, LiU-
KAMYEeCKHe KOABI, AMHEITHAsI TOCAEAOBATEAPHOCTHAS CXeMa.

1. BBeaenue

OAHUM U3 OCHOBHBIX Pe3ePBOB [OBBIIIEHS [IPOU3BOANTEABHOCTH IIAPAAAEABHBIX
BBIYHMCAUTEABHbIX CUCTEM SIBASIETCSI 9P GeKTUBHOE UCIIOAb30BAHUE PAKTOPA BPEeMEeHH.

Cpean HanboAee PaCIIOCTPAHEHHBIX TEOPETHIECKUX MOAEAET [TAPAAAEABHBIX BbI-
qHCAeHHIT BpeMeHHble TapaMeTpbl yuuTbiBaroTcst B Mopear PRAM (Parallel Random
Access Machine) 1 B MopeAr KOHEUHOTO aBTOMaTa. B epBoit MOAeAU OLIeHKY BpeMeHH
PabOTBI MOXKHO CAEAATh HA OCHOBE KOAMYECTBA OOpAIleHUIT PA3AMYHBIX [IPOLIECCOB
K 00111ei1 TA06aABHOM ITaMsITH. B KoHedHOM aBTOMATE IepepaboTka HHPOPMALIUK OCY-
IIECTBASIETCS B ALCKPETHOM BPEMEHHU M AAUTEABHOCTD [IPOLIECCa MOKHO OIIPEAEAUTD
II0 TAKTHPYeMOI1 IKaAe BpeMeHH Ipada IIepexXoA0B ABTOMATA.

Takue IpeACTABACHHSI O BpeMeH!U OYeHb OIPAHHIEHb, IIOCKOABKY PACCMATPHBAIOT
BBIYHCAUTEABHbIE IPOLIECCHI TOABKO B OAHOM AMHENHOM HAIPABAEHHH: OT IPOIIAO-
ro k 6yaymemy. OAHAKO, 3AKOHBI HAYKU He ACAAIOT PA3AHYISI MEXKAY HAIIPABACHIIMI
“Briepea” U “Hasap” BO BpeMeHH | 1, 183 ]. DyHpaMeHTaAbHbIE 3aKOHDI X KAACCHIECKOT,
U KBAHTOBO AMHAMUKH [IOAPA3yMEBAIOT 9KBUBAAEHTHOCTb IPUYNH U CAEACTBUI, 4TO
BA€UeT 32 COH0I 9KBUBAACHTHOCTS IIPOLIAOTO U GyayItero. BesycaoBHO, TepMoauHa-
MHYECKast 1 KOCMOAOTUYECKAsl CTPEABI BpeMEHH HeOOPATHMBbI U HAIIPABAEHDI B OYAY-
1ee, B AAHHOM CAy4Yae PacCMaTpHUBAIOTCS TEMIIOPaAbHbIe (BpeMeHHbIE) MOAEAH TOABKO
C IMMO3UIIUIA MaTeMaTHKH.

2. O6parumMbIe BBIYHCACHHS

Bbrarcaenus, KOTOpbie BHIIOAHSIOTCS He B 06bIYHOM MOPsiAKe (OT BXOAHBIX AQH-
HBIX K BBIXOAHDBIM), 2 HA060POT, IPUHATO HA3bIBATh OOPATUMBIMHL.

BriepBele mpoOAeMa [OBBIIIEHIS IPOM3BOAUTEABHOCTH KOMITBIOTEPOB 3a CIeT 00-
PATHMBIX BBIYMCACHHI OBIAQ IIOCTABACHA B HadaAe 60-X TOAOB IIPOILIAOTO Beka. AMepu-
KaHCKMI BccaepoBaTeAb P. AaHpaaysp ycTaHOBHA, UTO S9HEPIHs B IPOLeCCe BEIYUCASHUM
PacXOAyeTCsl Ha YHHYTOXKeHHe GUTOB HHPOPMALIH (nanuur{ AaHAayapa) , [2], a ero
xoasera Y. BeHHeTC peAAOXHA HCTIOAB30BATH CIIELMAABHYIO AOTHKY (KOHCEpBATHBHYIO
AOTHKY), KOTOPasi AOAXKHA COXPAHATb U BOCCTAHABAMBATD BXOAHYTO HHpopMarmo [3].

Hauboaee usBecTHble COBpeMeHHbIE PAOOTHI II0 0OPATUMBIM BBIMUCACHUSIM CBSI-
3aHbI C IOHSATHEM OOPaTHOTO KOHEYHOTO aBTOMATA. B OAHHX CAyYasX TaKO aBTOMAT
BBIIIOAHSIET 3aAAy KpUITOaHaAn3a [4,45-48], [S, 116-119], apyrue ero npumenenus
CBSI3aHBI C BU3yaAHM3aLjHeil aATOPUTMOB IpU 06y4eHNH TporpaMmuposanuo (6, 1-3].
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B Hacrosimeit paboTe mpeaAaraeTcs HOBask TPAKTOBKA OOPATHMBIX BHIYUCAECHHI,
KOTOPBI€ BBITOAHSIOTCSI ITAPAAAEABHO C OCHOBHBIMU BHIYHCACHHSIMU HA OCHOBE MaTe-
MaTHYeCKOM MOACAH CI/IMMeTpI/IH BpeMeHI/L

3. BeruucanteAbHbIE nponecChl B TEMIIOPAADHBIX MOAECASIX

B cucTeMe KOOPAMHAT TEMIIOPAABHOM MOAEAH BpEMEHHAsI KOOPAMHATHAS OCh Ha-
IpaBAEHA B IPOTHBOIIOAOXKHbIE CTOPOHDI: TOAOXKHTEABHYIO M OTPHIIATEABHYIO, YTO
COOTBETCTBYeT pa3BUTHIO COObITHII “Briepes” U “Ha3ap” BO BpeMeHuU (MOMEHT BpeMeHu
t =0 cootsercTByer “HacTosimemy”). B 3TOi MOAEAH MOXHO PacCMaTpUBaTh pas-
AVMYHBIE BUABI BBIMHCAHTEABHBIX [IPOIIECCOB: IIOCAEAOBATEAbHBIE, [IAPAAAEABHBIE, 00-
parHble, npoTHBonOAOXKHbIe (Puc. 1).

P
A
P3
Py P
| P i
1l : : PR

Pucynox 1. - Bpemennas puarpamma temmnopaabnoit mopean: (P, P,) —
nocaepoBareasnbie npoueccel, (P, P,) u (P, P,) — mapaaaeabHbie mporiecc,
P, — o6parusnit nporece, (P, P,) u (P,,P,) — npoTusomnoAosxHbie mporjecchL.

OITPEAEAEHUE 1. ITpouecc P HaspiBaeTcst psiMbIM, eCAU OH HA4MHAETCSI B MO-
MeHT BpeMeHH { > 0 1 IPOAOATKAETCSI IO [IOAOSKUTEABHON BpEMEHHON KOOPAMHATHOM OCH.

OIIPEAEAEHUE 2. ITpouecc P HasbiBaeTcst 06paTHBIM, €CAM OH HAYUHAETCSI
B MoMeHT BpeMenH ¢ =0 1 mpoAOAXKaeTCs [0 OTPHULIATEABHON BPEMEHHOM KOOPAK-
HaTHOM OCH.

OITPEAEAEHUE 3. TIponeccs P, u P, Ha3pIBaroTCS MPOTHBOMOAOKHBIME, €CAH
OHM HAYMHAKOTCS B MOMEHT BpeMeHH | = 0 ¥ [IPOAOAXKAIOTCS 1O IIPOTUBOIIOAOXKHDIM
BpeMeHHbIM KOOPAMHATHBIM OCSIM.

ABa u 6oAee POIIECCOB MOTYT OBITH OTHOCHTEABHO APYT APYTa II0OCAEAOBATEABHBI-
MU UAH ITAPAAASABHBIMH KaK 110 IIOAOXKHTEABHOH, TAK M II0 OTPUILIATEABHOH BpeMeHHbIM
KOOPAMHATHBIM OCSIM.
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4. TeMnopaAbHbI€ MOAEAH B TEOPHS CHCTEM

PaccMOTpHM HPHHIUITBI IIOCTPOEHHUS TEMIIOPAABHBIX MOAEACH C IIO3ULIUH CHCTeM-
HOTO aHaAm3a [7,27-36].

Byaem paccMarpuBatb unTerpupyemsie puHammdeckue cucremst (AC), cocros-
Iy U3 COBOKYIIHOCTH B3aHMOCBSI3AHHBIX 0OBEKTOB. AASI TAKIX CHCTEM MOXHO AQTh
UX GOPMAAU3OBAHHOE MPEACTABACHHE B BHAE MHOXeCTBa BXop0B X = {X,,X,,...},
MHOeCTBa BBIXOAOB Y =1{¥,,¥,5...}, MHOXecTBa cocTostHMIT S =15,,S,,...} U ABYX
$yHKITHI:

nepexopoB 0 :SxX = §,

BbIXOAOB A :SXX Y.

dynkionnposanue TpapunuoHHON AC IIPOHCXOAHUT B AMCKpPETHbIe MOMEHTBHI
Bpemenu f,t,,t,5...5t.... (1, €T ). Auckpernoe muoskectso 1 He o6sa3aTeabHO
MOAEAUPYeT QpU3HIecKoe BpeMs, ero MOXKHO PACCMATPUBATh KaK YIIOPSAOYEHHYIO 10~
CAEAOBATEABHOCTb YHCeA, HyMEPYIOIIHX II0CAEAOBATEABHOCTD COOBITHUIL.

B reuenme opnoro takTa BpeMenn AC CIIOCOOHA IIEPEXOAUTD U3 OAHOTO COCTOSI-
HISL B APYTOE, T. €. 00AQAQET OIIPEACACHHDIM IIOBeAeHIeM. BripaskeHneM 3akoHa Io-
BEACHMSI CUCTEMBI IBASIETCS Ipouiecc P, KOTOPBIIT MOXKHO OIIPEACAUTD Kak ABOKKY
P ={5,6}. Ilpouecc P moxasbiBaeT ocAeAOBaTeABHOCTD CMEH COCTOSIHHIA IIOA BO3-
A€TICTBHEM BXOAHDIX CUTHAAOB U3 MHOXeCTBa BX0AOB X . B unrerpupyemsix AC mo-
CA€AOBATEABHOCTb CMEH COCTOSIHHI BO BpeMeHH 00pasyeT $pa3oBYIO TPAeKTOPHUIO
B IIPOCTPAHCTBE COCTOSIHUI CHCTEMBbL.

IMockoabky Hac urTepecytoT AC, Crloco6HbIe BOCIPUHUMATD, XPAHUTD U IIepe-
pabarbiBaTh HHGOPMALIHIO, IOITOMY Adree GyAeM pacCMATPHBATD M COOTBETCTBYIO-
myto pasnoBupHOcTh AC — Texuuueckue kubeprernyeckue cuctemsr (TKC). Ot-
AnmauTeabHOt ocobennoctsio TKC sBastercss ee neaeHampaBAeHHOCTb. lLleap
B KnOepHeTHKe — 3TO Xapakrepucruka nmoseperns TKC, HanpaBaeHHOTrO Ha AOCTH-
KEHIe OIIPEACACHHOTO 3aKAIOYUTEABHOTO COCTOSHILL. Takum o6pasoM, pasoBasi Tpa-
eKTopust GyAeT HAYMHATHCS B HEKOTOPOM HAYAABHOM COCTOSHUH S, H, IPOHAS PSA
IPOMEXXYTOYHBIX COCTOSIHHI, 3AKOHYHUTCS B 3aKAIOUUTEABHOM COCTOSIHMH S, . Co-
CTOSIHHE S,,, OTAMYAeTCS OT BCEX OCTAABHBIX COCTOSIHHIL Te€M, YTO OHO IIOAHOCTBIO
COOTBETCTBYET IIOCTABACHHOM LjeAH, HA30BeM TaKOe COCTOSIHME MAKCUMAABHO CTPYK-
TYPUPOBaHHBIM UAH YTIOPSAOIeHHbIM. COOTBETCTBEHHO, COCTOSIHUE S, HIMEEeT MeHb-
IIYIO YHOPSIAOYEHHOCTb.

O6menpuHsATO! MEPOIT OPraHIN30BAHHOCTH, YIIOPSIAOYEHHOCTH U CTPYKTYPUPO-
BAHHOCTH CHUCTEMBI SIBASIIOTCS IOHSATHS 9HTponuu U uapopmanuu. IToaTomy Oyaem

II0AAraTh, YTO COCTOSIHUE S,,, IMEeT MaKCHMMAaAbHYI0 SHTPOIIHNIO  MUHHMAADHO YIIO-

beg
PHAO‘IeHHyIO I/IHq)OPMaI_II/IIO, a COCTOsIHHUE Send — MI/IHI/IMaAbHyIO SHTPOHI/IIO 1 MaKCH-

MAABHO YIIOPSAOYECHHYIO HHGOPMAIIHIO.
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V3BecTHO, 4TO AIO6O€ YIOpSAOYeHHe HHPOPMALMH TPebyeT 3aTpar oHepru |8,
21 3—236]. CAeAOBaTeAbHO, IMEHHO BEAUYHNHA AOTIOAHHTEABHBIX 3aTPaT SHEPTHU H MO-
JKET CAYXKUTb 0OBeKTUBHOM XapaKTePHCTUKON KaueCTBa CIIO0CO0a AOCTIDKEHISI LIEAH.
AA}[ pemeHI/m MHOTI'UX HpaKTI/I‘IeCKI/IX 3aAa9Y MUHHUMU3al s BpeMeHI/I AOCTHOKEHI IIeAN
OyAeT 9KBHBAA€HTHA CHIDKEHHIO 3aTpaT 9Hepruu. B TepMuHax Teopuu cucTeM aTo
MOXeT 03Ha4YaTh IIOMCK MUHUMAABHOTO IIyTH 110 (a30BO TPAEKTOPHUHU OT COCTOSIHHS
Speg K COCTOSHHIO S, .

Crpyxrypa $pa3oBbIX TPAeKTOPHIL OLpeAeAsieTCsl cTereHbr0 cBoboab AC — Hau-
MEHBIINM YMCAOM HE3aBHCUMBIX KOOPAHMHAT, HEOOXOANMBIX AAST OAHO3HAYHOTO OIIpe-
AeAeHUsI COCTOSIHUS cucTeMbl. V3BecTHO, 4To K HHTerprpyeMbiM AC oTHOCSATCS BCe
AC ¢ 0AHOII CTereHbI0 CBOOOADL U HeKOTOpbIe pasHOBUAHOCTH AC ¢ AByMs U TpeMs
CTEINeHsIMU CBOOOABL

Orpanmanmcs oxa AC ¢ OAHOI CTeleHbI0 CBOOOADL, HanOOAee PaCIIOCTPaHeH-
HBIM ITPEACTaBUTEAEM KOTOPBIX sIBATIOTCS aBToHOMHbIe AC. Aast Takux AC paszosas
TpaekTopus — OKpyxHoctb [9, 122] (Puc. 2). IlycTs Ha 31011 $pasoBoil TpaeKTOpHH
6yaeT HaYaAbHOE COCTOSIHHE S, ¥ 3aKAIOYMTEABHO® COCTOSIHHE S, . B 0bmem cayuae

HX B3aHMHO€ PACIIOAOXXEHHE PA3ANIHO, CACAOBATEAPHO, AAHA ITyTH OT S K Se”d

beg
110 OKPYX(HOCTH B Pa3HI)Ie CTOPOHbI 6YA€T pa3AI/I‘lHOI;I.

Sheg

7

7,

Send

Pucynoxk 2. — HanpaBaeHus ABHYKEHHS OT HAYAABHOTO AO 3aKAIOUYHTEABHOTO
COCTOSIHUI IO $a30BOM TpaeKTOpHHU AAsL aBToHOMHOH AC.

O6b14HO ABIKEHHE 110 $a30BOI TPAEKTOPUHN HATIPABACHO BAOAD TOYeK (coCTOs-
HHi1), KOTOpble COOTBETCTBYIOT MOMEHTaM BPEMeHHU B MOPSIAKE UX BO3PACTAHUS, T. €.
or “HacTostmero” B “Oyaymiee”. A BOSMOXHO AU ABIDKEHHE ITO (pa30BOM TPAeKTOPUH
B 00paTHOM HalpaBA€HUN?

EcAu IpoaHaAU3HPOBATD yPAaBHEHHUS ABIDKEHIS KAACCUYECKOM GHBUKHU, TO MOXKHO
YBHAETD, YTO OHH OYAYT CIIPaBEAAMBBI IIPH 3aMeHe MOMeHTa BpeMeHu t Ha —t, T.e.
IIPOIIAOE M HACTOsIee UIPAIOT CUMMeTpuuHble poan. IToasaenue B 20 Bexe Teopun
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OTHOCHTEABHOCTH U KBaHTOBOM MEXaHMKH COXPAaHUAM OCHOBHBIE XapaKTePHCTHKU
3akoHOB HpioTOHA — AeTepMUHH3M 1 06paTHMOCTb BO BpeMeHH. Cpasy OTMeTHM, YTO
06paTUMOCTb BO BpeMeHH CIIpaBeAAnBa TOAbKO AAst uHTerpupyembix AC [9, 116-126],
HO UMEHHO TaKMe CHCTeMBI MBI i PACCMaTPUBaeM Ceidac.

TaxuM 06pa3oM, ¢ MaTeMATHIECKON TOUKH 3PEHHS He CYL[eCTBYeT 3alpeTa ABHU-
KeHHs B 0OPaTHOM HAIPABAEHHH IO $Pa30BOI TPAEKTOPHH, HMEIOIIEH BUA OKPYX-
HOCTU. ECAM MHTepIIpeTHpPOBaTh ABIDKEHHUE IO IIUMKAMYECKOH $pa3oBOil TPaeKTOPHH

OT COCTOSIHUA S, B Ppa3HbI€ CTOPOHBI KaK OAHOBPEMEHHOE ABIDKEHHE B IIPOTHUBOIIO-

beg
AO>KHBIX BpeMeHHbIX HaHpaBAeHHﬂX, TOIr'Aa MOXXHO paCCMOTpeTb 33.Aa'{y BI)II/IFPBIHIa

BO BpeMeHH 3a CYeT BbIOopa 6oAaee KOPOTKOM AAMHEL Iy TH OT S,,, K S,,,. B uTOre MbI

beg
IIPHXOAMM K HA€€ PacTiapaAACAMBAHNS BBIMMCACHHUI1 HA OCHOBE TEMIIOPAABHBIX (Bpe-
MEHHBIX) MOACACI.

Boaee AeTaAbHO IapaAAeAbHbIE IPOLIECCHI HA OCHOBe aBTOHOMHBIX AC 6yAyT Aa-

A€€ PAaCCMOTPEHDI Ha A3bIKE TEOPHUU KOHEYHDIX aBTOMATOB U AMHENHBIX aBTOMATOB.

S. TemnopaAbele MOA€EAH B TECOPHH aBTOMATOB

ByaeM ncrioab3oBaTh MOACAD ACTEPMUHHPOBAHHOIO KOHEYHOI'O aBTOMATa, KOTO-
Phli OIIMCHIBAETCA CUCTEMOM

A={X,S,Y,56,A}, (1)
rae X = {x1 ye .,xn} — KOHEYHOE MHOXECTBO BXOAOB,
S= {Sv- . .,Sr} — KOHEeYHO€e MHOXECTBO COCTOSIHHUH,
Y ={ Viseos ym} — KOHEYHOe MHOXXECTBO BBIXOAOB,

0 :5xX — S - dynkuusa nepexopos, A :SxX =Y — dyHkiua BHIXOAOB.

ByaeM moaarars, uto pyHKIHOHMpoBaHue aBTomMata A MPOHMCXOANT B AHCKpeT-
HOM BPEMEHH, T. €. B MOMEHT BPeMeHH f; aBTOMAT HaXOAUTCSL B COCTOSIHUH S, , A TIepe-
€S).

ITockoabky KoHeuHbIH aBTOMAT sIBAsIeTCSI AC, TOABKO C KOHEYHBIMH MHOX€CTBAMHU

XOA B COCTOSIHUE S;,, 3aBepIIaeTcs B MOMeHT Bpemenu £, (5,5,
X, S uY, nosromy Bce paccMoTpeHHbIe paHee pacCyxAeHus oTHOcuTeAbHO AC,
CIIPaBeAAUBBI TAKOKe M AASI KOHEYHOTO aBToMara. Kak ysxe orMedaaocn, 06paruMocTs
BO BpEMEHU CIIPaBeAArBa AASL aBTOHOMHBIX AC, [I09TOMY AaAee GyAeM paccMaTpHUBaTh
ABTOHOMHBIE KOHEYHbIe aBTOMATBl — aBTOMATBI, KOTOpPbIe He IOABEPKEHBI AHCTBHUIO
BXOAHBIX CUTHAAOB, IIepeMeHHbIX Bo BpeMeHH. Ecan aBronomuas AC umeer ¢pazoByro
TPaeKTOPHIO B BUAE OKPY>KHOCTH, TO aBTOHOMHBII aBTOMAT MMeeT OPUEHTHPOBAHHBIN
rpad, cocrosmuit u3 ukAoB [10, 197-205]. LTuka MOKET copepKaTb OAHY MAU
HEeCKOADBKO BEpIIHH.

OIIPEAEAEHUE 4. ABTOHOMHDI KOHEYHBIH aBTOMAT Ha3bIBAETCS IIPSIMBIM (aB-
tonomubim [TKA), ecau ero pabora Haunnaetcs B MoMeHT Bpement £, = 0, u momeHT

BpeMeHHU !, HaXOAUTCS IIpaBee MOMEHTa BpeMeHH f; 10 IIOAOKUTEAbHOM BpeMeHHOM

i+l
xoopaunarsoit ocu (1=0,1,2,...).
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OITPEAEAEHMUE S. ABTOHOMHBII KOHEYHbII aBTOMAT Ha3bIBAETCSI 0OpaTHBIM
(aBronomusiM OKA), ecau ero pa6ora HaanHaeTcs B MOMeHT Bpemenu £, =0, u mo-

MEHT BpeMeHH [, HaXOAUTCS AeBee MOMEHTa BpeMeHHU f; 110 OTpUIjaTeAbHOM BpeMeH-

i+l
HOM KOOPAUHATHOM OCH.

Kax caeayeT u3 BeImenpruBeAeHHbIX onpepeseHui, apToHoMHbIe [TKA 1 OKA Mo-
AGAHPYIOT IIPOTHBOIIOAOKHbIE ITPOIIeCCHI.

Ecau aBroromubrit [TKA omucbiaercs cucremott (1), To aprornomubiit OKA ormu-
ChIBAeTCsl aHAAOTUMHOI CUCTeMON, KOTOpast oTamdaercs or (1) ucroap3oBanmem 06-
paTHO# QyHKIMHU epexop0B O “u 06paTHO¥ GYHKIUH BEIXOAOB A", CaepoBareasHo,
nepexop or aproroMHoro ITKA x aBronoMHEOMYy OKA 3aKAIOYaeTCS AMIID B pelleHHH
CTAaHAAPTHO 3aAaUM HAXOKASHHS 00PaTHO GYHKIIUHU IO H3BECTHOM PSIMOI QYHKIHHL

®axruyecku asronomuble [IKA u OKA — 310 ABe CTOpOHBI (KOMUM) OAHOTO
aBTOMaTa, $YHKIMOHUPYIOUIMX 10 IPOTHBOIOAOKHBIM BpeMeHHbIM mKasaM. Obe
KOIIMK OAHOBPEMEHHO HAUMHAIOT CBOIO PA0OTY U3 OAHOTO HAYAABHOTO COCTOSIHUS §
M OKQHYHBAIOT PAOOTY B 3aKAIOUHTEABHOM COCTOSIHUHM S
HOCTD I1€PEXOAQ U3 COCTOSIHUA S,,, B COCTOSIHUE S,

ITpeasaraemast MOAAb OOPATHOTO ABTOMATA UMeeT PSIA MPHUHIUITHAABHBIX OTAH-
YHIT OT U3BECTHBIX MOAEAEH 0OPATHBIX ABTOMATOB.

Asronomubre ITKA 11 OKA paboTaoT Kak aBTOMAThI-PACIIO3HABATEAH, T. €. TAABHAS

beg
.B O6ILIEM CAyYa€ AAMTEAD-

end

AAA 06enx aBTOMaToOB padAn9HA.

I1eAb — OBICTpee AOCTHYD 3AAAHHOTO COCTOSIHUSA S,,,, . [IocAe AOCTIIKEHHUSI COCTOSHUS
S,,q AIOOBIM H13 aBTOMATOB, BTOPOI1 aBTOMAT, ‘TIPOUTPABIIHIT , TAKOKE 3aKAaHYHUBAET CBOIO
PaboTy, HOCKOABKY ITIOCTAaBA€HHASI O0IIIast 3aAa4a BRIMOAHeHa. Takim 06paszom, baaro-
Aapsi IIApaAAeAbHOM paboTe ABYX aBTOMATOB, MbI OBICTpee TTOAyYaeM HeOOXOANMDII
Pe3yABTar.

OG6parHBbIi1 aBTOMAT, HCTIOAb3yeMbli1 B Kpurrorpaduu [4, 501, [S, 114], pabotaer

end

Kak aBTOMaT-Hp606PaSOBaTeAb, 3aAa9a KOTOPOI'O BOCCTAHOBUTD HEU3BECTHYIO ITIOCAE-
AOBATE€ABHOCTDb BXOAHBIX CUTHAAOB IIO U3BECTHOU IIOCACAOBATCABHOCTH BBIXOAHBIX
CUTHAAOB. AAI/ITEALHOCTB Pa6OTbI TaKOTO O6PaTHOI'O aBTOMATa He MOXKET ObITh MEHbIIE
AAUTEADHOCTH pa6OTI)I HCXOAHOTO aBTOMaTa.

6. IIpuMeHeHNe TeMIIOPAABHBIX MOAEA€EH B 3apadax
MOMEXO0YCTOHIHNBOro KOAMPOBaHHS

TpapuIMOHHBIE TOAXOABI K PELIeHHI0 MHOTHX KAACCHYECKUX 3aAa4 OPHEHTHPO-
BaHbI Ha IIOCAEAOBATEABHYIO 00PabOTKY AAHHBIX U AASL PACIIAPAAACAMBAHIS BbIYHCAE-
HUH 4Yallie BCero UCIIOAb3YIOT AGKOMIIO3HIIUIO IT0 AAHHBIM, peXe — ASKOMITO3HIIUIO
110 GYHKITUSIM (noAsaAaan).

ITapasseansm Ha OCHOBe TEMIIOPAABHBIX MOAEACH IIPUHAAACKHUT K KaTeTOPUU
CKPBITOTO [IAPAAAEAU3MA U AASL €TO BBISIBACHHUS TPeOyeTCs TAYOOKHUIT aHAAU3 pelae-
MBIX 32A24. B HEKOTOPBIX CAyUasIx HEOOXOANMO IIepePpOPMYAHPOBATH HCXOAHYIO 3aAa4y
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B PAMKaX TAKOTO MATEeMATHYECKOrO aIllapaTa, KOTOPbIi [I03BOASIET HCIIOAB30BATD 06-
paTHMBble BO BpeMeHHU BbIYHCACHHA.

VIMeHHO TaK 0OCTOHT ACAO B 32AAUAX IIOMEXOYCTONYHBOIO KOAUPOBAHMS Ha OCHOBE
LIMKAMYIECKHIX KOAOB. AASI 9TOIO KAACCA KOAOB Pa3PabOTAHBI PASAMYHbIE BUABI AHAAUTH-
JeCKHX IMPEeACTaBACHHIL: IIOAMHOMHAABHO®, MAaTPUYHOE, Yepe3 KOPHHU HOPOXKAAIOIIEro
mHOro4aena [ 11, 116-131]. PaspaboTaHHbIe Ha OCHOBE STHX IIPEACTABACHHUIT RATOPHT-
MBI A€KOAMpOBaHus (Harpumep, aAroput™ Bepaexamita-Meccn) 1A0xo ¢OpMaAn30BaHbI
U MAaAOTIPUTOAHBI AAS PACIIAPAAACAMBAHUS HA OCHOBE TPAAUIOHHOM AKOMITO3UITUH.

Hanboaee mepcrieKTHBHBIM B [IAAHE TTAPAAAEABHOM 0OPabOTKH SIBASIETCS ABTO-
MaTHOe IPeACTaBACHHE ITMKANYECKHX KOAOB. ByaeM paccMaTpuBaTh AMHEHHbIE aBTO-
MaTbl — CITEIJMaAbHBII KAACC KOHEUHBIX ABTOMATOB, KOTOPBI 0a3HpyeTcsi HA OCHOBE
AOTHYECKUX MCYHCACHHI ¥ TTOAe#t [aaya. AuHeriHbIe aBTOMATHI 60A€e M3BECTHDI KaK
AuHelHbIe ocAepoBaTeabHOCTHBIE cxembl (ATIC), moaToMy B AaabHefimeM Gyaem
TAKKe HCIIOAB30BaTh TOT TePMUH.

Coraacno [12,45-47] ATIC c | Bxopamu, 11 BHIXOAAMH M T 3A€MeHTaMH aMATH
B AMCKPeTHble MOMeHTbI BpeMeHH ¢ Hap noaem [asya GF(q) onucpisaercs gpynxuueit
IIePeX0OAOB

S(t+1)= AxS(t)+Bx X(t), GE(q)
U QyHKIIHeH BHIXOAOB

Y(t)=CxS(t)+DxX(t),  GF(q),
rx/'C=|Cif ,D:|d,.j

,B=|p,

e A= |a,.j —xapakTepuctrieckue MaTpurpl AI1C;

rxr mxr mxl

S= |5i|r, U= |u,. |Z, Y= |yi|m — BEKTOPbI COCTOSTHUH, BXOAHOM U BBIXOAHOM.

Bri6op xapakrepucrudeckux marpur ATIC onpeaeasiercs Tpe6oBanueM I -ympas-
asiemoctu AIIC, T. e. BOSMOXXHOCTH [IEPEXO0AR U3 AI06OTO COCTOSHUS S, B COCTOSIHUE
S, He Goaee, uem 3a T TakTOB paboTsI aBToMara. PasmeprocTu marpun AIIC 1 mapa-
MeTpb! rukAmdeckoro ( 11,k )-kopa €2 csazambi yepes K0apPUITHEHT T, KOTOPBII AAS
KOAQ PaBeH YHCAY KOHTPOABHBIX Pa3pPSIAOB KOAOBOTO Bektopa F mpu cucremariaeckom
xopuposarmu (1 =1 —k ). Hap moaem Taaya GF(2) B ATIC c oAHEM BXOAOM U OAHEM
BBIXOAOM MOJKET GBITh HCIIOAB30BaHa TaKas Marpuma A :

0 0 0 ... g
1 0 0 ... g
A=l0 1 0 ... g]|. (2)

00 0 1 g,

DAeMeHTbI TocAeAHero cToAb1a MaTpunpl A u3 (2) mpeacTaBasior co60it K03 d-
duIMenTH TOpOKAAIONero Muorouaera ( 71,k )-kopa € :
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gx)=g, +gx+gx +...+g X" +gx .

AAsI HAIIIMX 3aA29 MOXKHO OTPaHUIHTBCS TOABKO aBTOHOMHOM ALTC, dyHKImOHH-
pOBaHUe KOTOPOH He 3aBHCHT OT BXOAHBIX BO3ACHCTBHI U OTIUCHIBACTCS GYHKIIUSIMHU
IIePEX0AOB U BBIXOAOB:

St+1)=AxS(t), Y()=S(t), GF(2), (3)

BsepeM o6OparHyo aBroHOMHYI0 ATIC, $yHKIOHIPOBaHHE KOTOPOU OIMCHIBA-
eTCS CACAYIOIMMY GYHKIJUSIMH ITEPEXOAOB H BBIXOAOB:

S(_t - 1) = Aim, x S(_t)> Y(_t) = S(_t)) GF(Z) ) (4)

Marpuny A, o6parHoit aBroHoMHOI1 AIIC A€rKo OIIpeAeAUTD B pe3yAbTaTe pe-
meHus MaTpuaHoro ypasHenust A, X A = E orHocureapHO epnHIIHON MaTpuipl E
nussectHoi MaTpunpl A . Kax pooxasano B [ 13, 36], aas Matpunpt A Bupa (2) Matpu-
na A, uMeer BUA:

g 1 0
g, 0
Ainv=
g, 0 0 - 1
g 0 0 ... 0

Asronomuas ATIC ¢ ¢pynxumsamu (3) n obparnas asronomuas ATIC ¢ pynkims-
mu (4) coorsercrsytor aBToHoMHbIM IIKA 1 OKA B 06bI4HOI aBTOMAaTHO MOAEAN.

Paccmotpum rpad nepexopos G, (V,,,W,,) ATIC nap noaem laaya GF(2), B xo-
TOPOM BePIIMHbI U3 MHOYKECTBA BEPIIMH V;, COOTBETCTBYIOT BHYTPEHHUM COCTOSIHISM
ATIC, a aoyru u3 MHOXKecTBa Ayr W, MOKa3bIBAIOT HATIPABAEHHUSI IEPEXOAOB MEKAY BHY-
TPeHHUMH COCTOsIHMsIMI. B 061menm cayuae us Bepumnst v, (V; € Vi, ) MoeT BBIXOAUTD
HYABAsI Ayra ¥ eAMHIYHAS AYTa, 3 TAKKE MOTYT BXOAUTD HYACBAsI AyTa M AHUYHAS AYTA.

Ecan nopoxaatomuit MHOrodaeH g(X) sBAseTCS HePUMUTUBHBIM AU PaBeH IPO-
M3BEACHHIO HECKOABKHX MHOTOYACHOB, TOrAa rpad epexopos G, coAepXKUT HEKOTOpOe
KOAMYecTBO HyAeBbIx 1iKkA0B (HL]) AamHbI He Goaee 11, 06Pa3OBAHHBIX HyACBBIMH Ay-
ramu. Ot HL] MOXHO yropsiAouuTh 10 cAeAyromum yposrsM [ 14, 81-82].

Ha nyaeBom yposHe 6yper pacrioaararbcst Tpusrasbtbiit HL (THLY), cocTosmmit
U3 OAHOF BEPIIMHBI V,, , AASI KOTOPOH BXOASIIIAS U BBIXOASIIAsI HYAEBBIE AYTH OO bEAUHSI-
I0TCSL M 06PA3yIoT MeTAIO. \aAee, Ha IePBOM ypoBHe Haxoputcs ocHosHoit HLT (OHLI)
AAMHBI 11, KoTOpBIH cBs3aH ¢ THL] mapoit mpoTHBOMOAOKHO HaIPaBACHHBIX @AMHIIHBIX
Ayr. Bee ocraapupie HLI, kotopsie 6yaem umenosars nepudepuiiasmva HLT (ITHLI),
PACTIPEACASIIOTCSI IO CACAYIOLIMM YPOBHSM TakuM obpasom. Ha Bropom ypoBHe pacrio-
aarazorcst te ITHI, xaskb1it u3 kotopbix cesazan ¢ OHL] ¢ momoImbio AByX map mpoTHBO-
TIOAOYKHO HapaBAeHHBIX eAUHIYHbIX AyT. Ha (T +1)-om yposHe kasxapit [THL] umeer
(7 +1) map mpoTUBOMOAOXKHO HampaBAeHHDBIX eAuHIHDIX AyT ¢ ITHL] 7 -ro ypoBHs
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¥ OTCYTCTBYIOT eAunmanble ayri ¢ [IHI] yposneit (T —1) umenee (7 =1,2,3, ... ). Takue
eAVHUYHBIE AYTH GYAEM TakKe MMEHOBATh “BepTHKAABHBIME , iprrdeM Ayru oT HIT 7 -ro
yposrs k HLT (7 +1)-ro yposHs 6yaeM NMeHOBATH MPSIMbIMU “BePTUKAABHBIMU ) & AYTH
orHIT (7 +1)-ro yposus xk HL] T -ro ypoBHs 6yAeM IMeHOBaTh 06PaTHBIMY “BEPTHKAAD-
HBIMI . AAst KKAOTO HIT MOXHO OCTaBHUTD I10 OAHOY ITape “BEePTHKAABHBIX EAMHUIHBIX
AyT. Taroxe MOKHO OTOPOCHUTB BCe OCTAABHBIE AUHIYHBIE AYTH, KOTOPbIE CBSI3bIBAIOT
MexAy coboit Bepmurs BHyTpr HLT it HIT opnoro yposest. B xaxxaom HIT MoxxHO BBI-
AeAuTb ocobple BepumHbl V,, (“BepTHKaAbHbIE” CBSI3bIBAIOIUE BEPIINHBL), C TOMOLIBIO
koTopsix HIT cocepAHNX ypOBHETT CBSI3aHbBI MEXXAY COOOI EAVHIUIHBIMU AYTAMU.

IoAyueHHasi B pe3yabTaTe rpadoBasi MOAEAD OyAET COOTBETCTBOBATH Ipady mepe-
xop0B aBToHOMHOI AIIC, 3a ICKAIOUeHHEeM OCTAaBIIMXCS eAMHHYHBIX AyT Mesxay HIJ
PasHBIX YPOBHEH.

Ecan na Bxopst AIIC, Haxopsmiefics B HyaeBoM HadasbHOM coctosaun S(0), mmo-
AaTh kopoBbIit BexTop F rukanueckoro (#,k )-xopa {2, Toraa mpu orcyTcTBIE B HeMm
omu6ox ATIC wepes /I BpeMeHHBIX TAKTOB CHOBa Bo3BpaTutcs B coctosirue S(0).
[pu Haawauu omm6Kky kparHOCTH T B KopoBoM Bektope F,. ATIC uz S(0) mepetiper
B HEKOTOPOe HeHYAeBOe COCTOSIHUE S¥(n), KOTOPOMY 6YAET COOTBETCTBOBATH Bep-
muHa omubku v, B opHoM u3 HIJ Ha 7 -M yposre. CyTb MeTOAQ ITOKCKA OMIHOOK
o rpa¢oBoit Mopear ATTC cocToUT B MOMCKe KOAOBOTO ITyTH 110 TPady OT BEPIIUHBI
V,. K BeplInHe V. DTOT KOAOBBIA ITyTh OYAET IPOXOAUTD BHYTpHU HekoTopsix HIJ
AO COOTBETCTBYIOIINX OCOOBIX BEPIIMH V,, U AAA€€ II0 COOTBETCTBYIOIIMM OOPaTHbIM
“BePTHKAABHBIM €AUHUYHBIM AyTaM.

B repMIHAX TEMIIOPAABHOM MOAEAH OCOObIe BepiuuHbl v, B KaxkaoM HIT urpator
POAB 3aKAIOYUTEABHBIX COCTOSIHUI B $a30BOM TPAEKTOPUHN. YCKOPUTb IIPOLIEAYPY IIO-
HCKa U MCIIPABAEHMS OIIHOOK MOXKHO 3a CYET COKPAILEHNsI ITyTH B OTAeAbHbIX HIJ
K 0co6pm BepmmaaM v, . C aToil teabo B oAHux HIT HanpaBAeHIHe ABIDKEHISI CACAY-
eT BBIOMPaTh B OAHY CTOPOHY, B Apyrux HII — B IpOTHBOIIOAOKHYIO CTOPOHY. AHa-
AUTHYECKU TaKasl 32AQ4a COCTOUT B OAHOBPEMEHHOM BBIYHCAEHUM COCTOSIHUI aBTO-
somuoit ATIC u ob6parnoit aTonomHo# ATIC 1 BBIOOpe BapHaHTa C MUHUMAABHBIM
KOAOBBIM IyTeM. B ntore 6yAyT peaAr30BaHbI [TapaAAE€AbHbIE BBIYUCAEHYIS IIO [IPSMO
U 0O6paTHOI IIKaAAM BPEMEHH.

Ha puc. 3 nokasan pparment rpada mepexopos G, aas (9,3)-koaa c moposkaatomim
muorouaerom g(x)=1+x"+x°. B arom rpade, copepamenm tpu yposust HIT, musu-
MAABHBII KOAOBBII ITyTh OT BepUIMHBL V, K Bepumne V, Toapko B HI] repsoro yposrs
(OHLI) coBraaaer c HampaBAeHHeM HYAEBBIX AYT, a B Apyrux HL] oH mpoTHBOmoAOseH.

Ha ocHoBe rpadoBoit u aBTOMaTHOI MoaeAeit Hap moaem Laaya GF(q) (q>2)
MO>KHO aHAAOTHYHBIM 00pPa3oM AEKOAUPOBATh M MCIIPABASTH OIMOKU B KoAax Pupa-
Coaomomna [13,39-40].
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Yposens 0

VYposens 1

(™ VYposens 3

Pucymnox 3. - ®parment rpada nepexopos G, ans (9,3)-Kkoaa c moposxaromuM
muorouserom g(x)=1+x"+x°. Tpsmoir (mrrprrxosast Ammst) 1 06parHbrit (mrrpux-
IYHKTUpPHAS AMHUS) My TH 110 Ayram rpada G, oT Bepmmssl v, K Bepmmse V.

PaccMOTpeHHBIE AATOPUTMBI ACKOAMPOBAHIS U UCIIPABACHIS OIIHOOK PEAA30-
BaHBI IPOrpaMMHO Ha A3bIKe C++ € HCIIOAb30BaHKEM TeXHOAOTHH APAAACABHBIX BBI-
gyncaernit OpenMP.

7. 3akAr0oueHue

MopeAn cAOKHBIX CHCTeM, K KOTOPBIM IpuHapsexaT U AC, CHMMeTPHYHBI OT-
HOCHTEABHO Npeo6pasoBaHuil MpocTpaHcTBa-BpeMenn [15,43] u npepsoskeHHas
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TEMIIOPAAbHAS MOACAD BBOAUT HOBBIM TUII HAPAAACAM3MA — MAPAAACAVI3M IIO IIKA-
AaM BpeMeHHU. DTOT THII TAPAAACAU3MA He CTOAb OUYEBHAEH M H0OAee AASL CAOXKEH AASI
IpUMeHeHMs, TOCKOABKY TpebyeT He MeHee ABYX BAPUAHTOB PELICHHS 3aAa4H IIPU
U3MeHSAEeMbIX BpEMeHHBIX 3aTpaTax.

Hcroab30BaHMe BBIYHCAUTEABHBIX IPOLIECCOB “BIlepeA” M “Ha3ap’ BO BpeMeHH sIB-
ASIETCSI AMIIb MATeMATUYeCKO abCTpaKIjiesl, OAHAKO B KOHEYHOM HTOTE MbI IIOAyYaeM
OIIy TUMBIH BHIUTPBIII B QUIMIECKOM BpeMeHH. Aajke IIPH HCIIOAb30BAHMHU TOABKO ABYX
IPOTUBOMOAOXHbIX B MATEMATHYECKOM BPEMEHH IIPOIIECCOB B CPEAHEM B ABA Pa3a OblI-
cTpee moAydaeTcst TpebyeMblit pesyasTar. Eire 60Abieit 9¢pGeKTHBHOCTH MOXKHO AO-
CTHYb [IPU COBMECTHOM HCIIOAb30BAHHH PA3AMYHbIX TUIIOB ITAPAAAEABHO 06PabOTKH.

TpeOyrOTCsI AAABHEMIINE MCCACAOBAHMS AASL CO3AAHHSI TEMIIOPAABHBIX MOAe-
Aeil BBIYMCACHHI B AMHAMHYECKHMX CHCTEMAX C HECKOABKUMH CTEIIeHSIMU CBOOOADI
U C He3aMKHYTOH $pa30BOil TPaeKTOpHUEH.
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Strengthening of the transfer of angular
profiles in the stream brake machine

Abstract: The given laboratory experiment is brought on searching for optimum
mode thermal processing of building renting for Kazakhstan producers. In the given
work the opportunity of improvement of quality of reinforcing bar from uninterrupt-
edly-casted bars by deformation and thermal hardening is researched. Complex re-
searching and development of technology of deformation and thermal hardening of
reinforcing bar from uninterruptedly-casted bars.

Keywords: steel, profiles of rolling, continuously cast bars, thermal hardening

Shaped profiles of rolling (angular, channels, double-T and others) are character-
ized by irregular distribution of metals in section, which demands regulated selection
of heat from different parts of their section in combined deformational and thermic
working with rolling heat. During thermic correcting and deformational and thermic
working of corner profiles it is necessary to consider that metal volume per unit top,
therefore it is necessary to supply increased heat selection from the cornet top for
equal cooling. In this connection the water quantity given to the top must be more
over 15-20% than on the leg [1, 586-589].

26



Cekuus 4. MaTepuanoBeneHue

For the providing with equal structural and phase transformation in section of
the profile the water outlay correlation per unit cornet surface from above and below
for the legs must be 1:1, for the top 1: (1,2-1,4). The researching shows that in the
process of interrupted heat strengthening hogging happens to the side of more inten-
sive cooling. In the result of this the maintenance in the process thermal hardening of
given water outlay correlation from above and below for the top and it will provide
equal cooling and prevent hogging [2, 126].

According to these conditions the universal installation of intensive and regulated
cooling was used for the thermal correcting and hardening of equal corner profiles,
which allowed, from the first side, to prevent large thermic and phase voltage calling
hogging and from the second side, to intensity cooling process, which is important
for thermal hardening low-carbon steel (Art. 3, art. 5) with high sense of critical heat
strengthening speed.

The installation of rapid and regulated cooling includes two important blocks: the
block of selected cooling of different elements of corner profile water stream and the
block of deep cooling in vertical water stream.

Owing to good steam conditions and uninterrupted blows of steams on the metal
surface film boiling stage by stream cooling is practically absent, that is conform to
the cooling increasing.

Moreover at the result of rich inflow to the cooling surface and short — term
contact with its water has no time to overheat and its cooling ability does not change.
Stream cooling dignity, which is realized in the installation of rapid cooling, is an op-
portunity of intensive cooling changing in wide limits due to the changing of quantity
and speed of water stream from the nozzle, and also cooling zone width by means of
nozzle turning in collectors during tuning on definite profile size.

High cooling effectiveness in the second knot — in the rapid water stream on big
stages of vertical water stream — may be explained by intensive diversions and team
condensation, and also uninterrupted renewal incoming to the reaction water volume
on the whole surface of cooling corner part, which is not possible to reach on the other
ways of cooling.

For the installation of the technological factors on the mechanical means of corner
profiles from the art. 3 kp and art. 3 sp. the deformational and thermic working was
realized by different conditions. Temperature of rolling rinks was changed, and also
duration of a pause between the end rolling rinks and the beginning of intensive cool-
ing. Duration of intensive cooling and pressure of water in the chamber of intensive
cooling constantly supported. Keeping Si in the steel was estimated on its mechanical
properties. Technological conditions of processing and measured on standard meth-
ods mechanical properties of the strengthened structures from steel art. 3 kp and art.
3sp. are presented in the table 1-2.
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Table 1. - Mechanical properties of steel art. 3kp after rolling

and intensive cooling during 2 seconds under pressure 0,6 MPa

O-B GT

t °C At o,,%
o H /mr’ H /mn’ ’
900 390 280 24
1000 < 370 250 25
1070 <1 365 235 25
940 S 370 260 25
1000 S 355 245 26
1070 S 350 230 25
940 10 365 240 25
1000 10 350 235 26
1070 10 345 225 26

Commentary — st. 3kp (%: — 0,19; Mn — 0,56; Cr — 0,23; Si — 0,04;
P < 0,04; S< 0,04).

Table 2. — Mechanical properties of steel art. 3sp after rolling

and intensive cooling during 2 seconds under pressure 0,6 MPa

GB GT

t °C At o,,%
o H /mr’ H /mn’ ’
900 <1 580 400 14
975 1 525 380 19
1070 <1 485 370 21
900 S 560 385 15
975 S 515§ 375 20
1070 S 485 345 21
900 10 515 375 16
975 10 480 340 19
1070 10 460 325 20

Commentary — st. 3kp (%: — 0,19; Mn — 0,56; Cr — 0,23; Si — 0,04; P <
0,04; S< 0,04).

The given tables show, that important technology factors thermal hardening of low
carbonic steels in which strengthening processes during and upon termination of hot
deformation proceed with the big speed, is t, r, and r, directly influencing temperature
and final mechanical properties of a strengthened product.

The temperature of the rolling end has special value, which for the investigated
angular structures makes 880-900 °C. Cooling from such temperatures can pass pro-

28



Cekuus 4. MaTepuanoBeneHue

cesses static cell formation and recrystallization that changes structure in comparison
with that, which was at the moment of the end of rolling.

Therefore among parameters on which the structure formed during hot rolling is
estimated, for results of deformational and thermal hardening its thermal stability is im-
portant. As it was already marked, it is connected with the structure and properties of
martensite, formed at deformational and thermic hardening, in many respects inherit
subgrain structure and dislocation textures of initial heat formed austenite. In this con-
nection the preservation of optimum structure, formed during and upon termination of
hot deformation, has important and in some cases defining value [3, 58].

In determining of a chemical composition of a material for mass production of thermally
strengthened fittings from rolling heating plays a role of an effective alloying and a micro al-
loying. The widest distribution has received silicium because of relative availability and low
cost in metallurgy which is entered into steel as a deoxidant and the alloying element.

Silicium besides ability to oxidize steel actively, due to the ease of transfer of its va-
lence electrons from an external cover $s23p2 to the atoms of oxygen having an ex-
ternal electronic cover 2s22p with achievement of steady electronic configurations
2522p6 as aresult of it. There is an available very useful property for alloys hardening:
ability to raise firmness of martensite against tempering.

Silicium makes difficult and ambiguous impact on toughness, plasticity and im-
pact strength of iron and steel. This influence changes depending on the content of the
silicium, other alloying elements in steel and nature of its thermal processing.

The majority of researchers [4, 47] express unanimous opinion that silicium at its
contents to 1,5-2%, as well as manganese, makes strengthening effect on iron and steel,
practically without worsening thus plasticity. However, the estimate of influence of
silicium on impact strength and resilience to fragile destruction of iron also became
considerably more contradictory. A.P. Guljaev has showed that in pure (0,002% C)
iron of vacuum smelting adding 1% of Si is essentially reduce T_and only during
further increasing of its concentration in an alloy, It is observed the increasing of the
temperature, though at 2% of Si iron appears even less inclined to fragility, than in its
absence. This positive effect is connected with oxidize effect of silicium in steel.

M. P. Brown considers that silicium, especially in a complex with manganese and
lame, provides significant reinforcement while saving high plasticity and viscosity if
the content of carbon isn’t higher than 0,25%. while working with steel 0,35% C, in
the tempered and high-released condition it was found out that unlike manganese,
when we increase the content of silicium to 2,5% plasticity continuously improves.
The presence of silicium in high-thermo strengthened steels is obligatory, in connec-
tion with its beneficial effect on sub-structure of martensite. There is data that silicium
(under 2%) reduces a tetragonality of initial martensite lattice and reduces tendency
to formation of hardening cracks as reduces a sample deformation during hardening.
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At the same time, there are also other estimates of influence of silicium on proper-
ties of iron and steel. So, increase of the content of silicium up to 0,6% doesn’t influence
on impact strength of technical (0,05% C) castiron, but at further growth its concentra-
tion it sharply decreases L.1. Gladstein and D. A. Litvinenko have noted the increase T_in
the normalized construction steel from 1,46% of Si. It is specified (K. Taffner, K. Meyer)
that at the contents over 0,5% silicium makes negative impact on T of hot-rolled con-
struction steel, and at the contents over 0,37% silicium makes an adverse impact on
work of distribution of cracks in normalized and improved steels with 0,15-0,20% of C.

Provided analysis of the researches results from various authors testifies that influ-
ence of silicium on a ratio of durability, plasticity and tendency of iron and steel to fragile
destruction is ambiguous. It is in a difficult dependence on the content of carbon, other
elements in steel, technology of its production and thermal processing. Therefore ac-
cording to data it is not possible to choose the optimum maintenance of these elements.

Systematic researches were required [ S, 20] in this field, especially when we know
the specificity of the final product — high-strength fixture steel of periodic profile
which has active-operating concentrators of tension (system of cross-section and lon-
gitudinal edges of rigidity) and testing difficult influence of external and internal forces
during a work in preintense beton.

As a result of the carried-out laboratory researches of fixture steel of 35 GS at in-
crease in the content of silicium up to 1,5% on weight strength goes up to 100-140 MPas,
a fluidity limit goes up to 50-120 MPas, relative lengthening reduces to 2,4-2,9%.

From experimental data follows, that decrease in the end of rolling with 1070 C
up to 900 Cleads to growth of strong properties though at pauses 3 s and 6 s growth of
strengthening properties weakens in a greater degree, than more pause (6 s). Mechani-
cal properties of carbonaceous steel St.3 sp by deformational and thermic hardening
can be raised up to alevel of mechanical properties of low-alloyed steels 12G2S, 09G2S
by the standard 27772-88 rolling for thew building steel constructions. It gives the
opportunity to replace low-alloyed steel 12G2S, 09G2S by deformational and thermic
hardening of carbonaceous steel with the economy of alloying elements. Besides such
replacement allows to improve technology of hot rolling as a rolling of firmer and
less plastic alloyed steel, it is replaced soft rolling with more plastic low-carbon steel.
The experiments show, that, despite of heat of the end of rolling, the effect of high-
temperature machining expressed in additional increase of durability at satisfactory of
plasticity in comparison with properties, received at usual training from oven heating,
comes to light absolutely definitely.

This article was prepared within the program of basic and applied researches of the
Ministry of Education and Science of the Republic of Kazakhstan on a subject from
1796\ GF «Development of technology of the integrated production of high-strength
fixture hire from continuously cast preparations>.
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The formation of the elbow joint within
chronic injuries in children

Abstract: The work is devoted to the formation of the elbow joint in chronic
fractures and fracture-dislocation of elbow joint in children in the untreated or im-
properly treated cases. The author describes feasibly stage and of the formation of the
elbow joint. The work is based on clinical observations in 1954. The formation of the
elbow joint in old cases has four consecutive stages. The severity of injury, especially
the vascularization and growth of bone and cartilage structures determine the forma-
tion of the elbow joint.

Keywords: formation, elbow, joint, chronic, injuries, children

Introduction.

After any kind of injuries to the elbow joint, whether it was a fracture or disloca-
tion if the treatment is carried out adequately, after a period of joint recovers com-
pletely without any complications [1, 7, 18, 22, 26, ]. The situation is different when
the injury is not treated at all (for various reasons) or treatment is carried out correctly
(the so-called “folkbone-setter “). Chronic injuries of the elbow joint in children is a
kind of a “cocktail” of anatomical and biomechanical changes [2, 3, 4, 6, 8, 11, 13].
Of great interest is the reconstruction of the elbow joint in the above cases. At first
glance it seems that the outcome of each known injured bone structures of the elbow
joint in the untreated or improperly treated cases [, 10, 12, 16, 25]. Despite the fact
that the joint is a three joint osteochondral structure them so intimately connected
that a injured unit necessitates other injury. In addition, all of these pathological pro-
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cesses occur in the context of a growing organism that is sure to affect the fate of the
elbow. Our observations of age-old injuries of the elbow confirm these data, at the
same time opened up new aspects of these complex lesions. Since the injury before
the final formation of bone and cartilage structures of the elbow goes through several
successive stages of development. Duration of the finish of the pathological process
can drag on for several years. After reviewing the relevant literature data, we found no
study devoted to the formation of the elbow joint, and we consider it appropriate to
enlighten this area [14, 15, 17, 19, 20, 21, 23, 24].

What exactly is the formation of the elbow joint in a child’s life? The process of re-
covery and growth of bone and cartilage structures of the elbow after no treatment or im-
proper treatment of injuries. As we know, trauma interferes with the normal anatomy of
the elbow joint, and need be to restore its structures. On this basis, to adequately reflect
the recovery process, it is appropriate to use the term “formation of the elbow joint.”

These injuries of the elbow occupy a leading position in chronic pathologies of
childhood, making up 67% of all joints. Almost all chronic injury in adulthood appears
osteoarthritis of the elbow. Disability in this case reaches 35%.

The purpose of the research work. To study mechanism of the formation of the
elbow joint in chronic injuries.

Materials and methods.

At the Children’s Hospital of Traumatology during the period of 2000-2010 treat-
ed 612 children in consultation department clinic counseled 1,342 children with age-
oldinjuries of the elbow joint. Boys accounted for 65% andgirls 35%. Right-handed in-
jury prevailed, accounting for 67%. Patients up to three years of age accounted for
13%, from 4 to 7 were 38%, 8—15 years of age accounted for 49%. All patients received
standard radiographic studies, multidetector spiral tomography performed for 58 pa-
tients. All radiographs are susceptible to radiographometry. Ultrasound examination
of the elbow joint performed for 38 patients. Statistical data processing carried out
on a personal computer.

Results and discussion.

As mentioned above, the formation of the elbow is in growing bone and cartilage
structures of the elbow. This creates, in some cases a positive effect, restoring volume
deficits. For example, an inadequate treatment of fractures of the humerus block ob-
served its aseptic necrosis, but over time, if the degree of necrosis is low, the amount of
power is restored completely. But in other cases the growth of bone and cartilage struc-
tures leads to volumetric expansion, for example, chronic dislocation radial head it is
often observed due to the lack of physiological hypertrophy stimulator (humerus
head\capitis of humerus).

By studying and analyzing the process of the formation of the elbow joint, we
have divided it into four stages. In the four stages there is no sharp boundary, ie, one
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step smoothly into the next. The first stage of destruction of the normal anatomy of
bone and cartilage structures of the elbow, which arises as a result of the application
of mechanical force. This step is a starting point in the formation of chronic injuries
of the elbow when the treatment is not carried out, or is carried out inadequately.

The early stage of pathological biomechanics (Early: different types of traffic re-
strictions). In the process of fusion is commonly observed physiological limitation of
movement. Vicious union leads to the volume deficit or a sliding block is complex.
For example, a vicious union transcondylar fracture of the humerus in the position of
extension due to the filling of bone callus fossa Olecranon, limited extension (deficit
of the cubital fossa). In this case, the forced movement during the development of
apex Olecranon observed spreading and increasing its transverse dimension that is
atypical strain. Vicious union head of the condyle also leads to restriction of move-
ment at the elbow creating a sliding block is complex. If there is a partial subluxation
of diskongruentnost it eventually leads to a decrease in the thickness of the articular
cartilage in the area of increased pressure (in closer contact of the articular surfaces).

Stage formed Pathology (Later). At this stage in the bone and cartilage structures
observed aseptic necrosis, volume deficit and the volume strain. This stage is the final
stage of anatomical changes.

Abnormal biomechanics (Later). At this stage of clinically manifest different types
of instability, rigidity, and this is the final stage of the formation of the elbow joint after
an untreated or improper treatment of fracture-bone of the elbow.

The formation of the elbow joint with slipped capital femoral epiphysis and epiph-
yseal separation of head of humerus (capitis humerus).

Isolated slipped capital femoral epiphysis and epiphyseal separation extremely
rare. Usually these injuries unit joins the humerus fracture. This is due to the fact that
the head is intimately connected with the condyle of humerus unit, moreover, that the
lateral part thereof consists of cartilage due centric arrangement ossification nucleus.
On the other hand, the angular disposition of the traumatic forces also play a role.

The outcome of slipped capital femoral epiphysis and isolated epiphyseal separa-
tion depends on the seam. With proper or acceptable adhesion of any deviation from
the norm is observed.

In cases of improper splice with a cross or angular displacement without distal
extension head of the condyle, in the following violations were observed. If there is
a vicious union peripheral fragment in the distal direction there is a self-locking hu-
meroradial joint. Subsequently, the observed displacement and volumetric deficits
atypical strain condylar head and a head beam. In these cases, the elbow joint extends
all the pathological formation step.

When there is nonunion, the outcome may be twofold: whether as a result, sub-
acute circulatory deficiency (when the vascularization of the head of the condyle is
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mainly due to the metaphyseal portion of the humerus) is observed avascular necrosis,
or false joint head of the condyle (when the head of the condyle has an indepen-
dent vascularization through the tendon vessels).

As a result of avascular necrosis observed volume deficits and deformity of the
head of the condyle. But these effects on the function of the elbow joint is not adversely
affected. But due to the premature closure of the growth zone is lagging distal-lateral
aspect of the humerus, and there is valgus deformity of the elbow. If the degree of
hallux valgus is very large, there are dislocation of the olecranon fossa of the ulna and
surround conflict and contracture of the elbow.

Figure 1. Patient. A. 8 years old. After 2 years after surgical
treatment for the chronic unknitted epiphyseal separationof head
of humerus (capitis humerus). Explanation in the text.

In some cases, due to the loss of physiological support, head of radius hypertrophy
or exposed to atypical strain often leads to contracture of the elbow.

When epiphyseal separation or slipped capital femoral epiphysis with a fracture
of the condyle head unit with injury to the humerus vertical and horizontal areas of
growth are observed volume deficits, and volume strain block the humerus due to
avascular necrosis or stunting. Unit volume changes humerus certainly lead to con-
tracture of the elbow joint (Fig. 1).

Formation of elbow joint within injuries at block units of humerus.

With isolated fractures of the humerus block often due to injury to the cartilage
of the sprout and autonomy of vascularization observed growth retardation, aseptic
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necrosis of the articular cartilage and volume deficit. Because of the volume deficit is
not only limited to the movement of the elbow, but there is another phenomenon:
during extensor-flexion movements olecranon makes reciprocating motion (antero-
posterior instability) with respect to block the humerus. In extreme flexion increased
pressure from the block on the coronoid process, and at the extreme unbending on
the apex of olecranoni. And thus increases the distance between the elbow and the
coronoid process. Damaged the sphericity and the depth of the ulnar notch, and this
exacerbates the subsequent contracture of the elbow (Figure 2).

Figure 2. Patient B, 14 y/ o. Posttraumatic extensor-flexion
contraction elbow joint. Atipic deformation incisura trochlearis,
breach sphere, chronic dislocation forearm bones.

Formation of elbow joint within injuries in the proximal end of the forearm bones.

For fracturesof the olecranon with residual out of angular offset frontal plane was
originally created in the radial -ulnar joint subluxation. With the growth of angular
deformation increases and sprains of the radial head anteriorly and laterally. Observed
hypertrophy and volume deformation of the radial head, and excessive growth in the
length of the radius. The above mentioned changes lead to a limitation of motion of
the elbow joint.

When injury of Brecht, where no reduction is still front dislocation of the radial
head are observed, as has been said above, hypertrophy and excess growth in length.
Sometimes atypical volume strain is so pronounced that the dislocated head can not
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straighten a native bed. Usually distorted and elongated head beam limits the move-
ment of flexion (Figure 3).

Figure 3. Patient K, 12 y/o. Chronic dislocation forearm
bones. Posttraumatic extensor-flexion contraction elbow
joint. Atipic deformation head radius, breach sphere.

For fractures of the coronoid process is often observed hypertrophy and volume
strain. The result is a volume limit conflict and elbow joint flexion (Figure 4).

Figure 4. Patient T, 10 y/o. Posttraumatic extensor-flexion contraction
elbow joint. Atipic deformation processus Coronoideus.
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Thus, the formation of the elbow joint in chronic lesions is the step-wise char-
acter and its final depends on many factors, the most injury and the characteristics
of the vascularization of the injured structure, the intensity of growth of bone and
cartilage structures and microorganism.

Conclusions:

1. Chronic injury to the elbow joint is a “cocktail “very advanced anatomical and
biomechanical changes.

2. Despite the polymorphism of clinical manifestations of chronic injuries of the
elbow joint, it is possible to predict the final results of the injury.

3. Between stages for chronic injuries of the elbow joint is no clear distinction,
and one stage gradually merges into another.

4. Despite the serious violations of the correct choice of surgical treatment can im-
prove the quality of life of patients.
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Potable water quality in the Karachunyvskyi reservoir

Abstract: Practical experience of research, carried out in the SE ‘Dnipropetrovsk
Medical Academy Ministry of Public Health of Ukraine’ covered results of ecologi-
cal methods usage in the branch of preventive medicine. On the basis of Kryvyi Rig
powerful iron mining enterprises (Ukraine) complex experimental research covered
long-term foundation secondary landscapes on the dumps surface after mining exploi-
tation process carried out. The poorer quality soils are dangerous for environment,
surface- and groundwater and human health. Under the influence of dumps quality of
water taken from Karachunyvskyi reservoir dropped wildly. Well water in the settle-
ments, which are situated near the dumps, is forbidden for drinking purposes. Our data
characterise priority in the sphere of potable water supply and main problem of water
supply and potable water quality, actual for many regions of Ukraine, including Kryvo-
rozskyi district — major rural part of Dnipropetrovskyi region, which population
received potable water with deviations on some indicators from hygienic standards.

Keywords: chemical composition of water, over normal value, mineral compo-
nents of water, potable water, centralizes, decentralizes sources.

Background and Study Propose. Since 1971, the CDC, EPA, and Council of
State and Territorial Epidemiologists (CSTE) have maintained the collaborative na-
tional Waterborne Disease and Outbreak Surveillance System (WBDOSS) to docu-
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ment waterborne disease outbreaks (WBDOs) reported by local, state, and territorial
health departments. WBDOs were recently reclassified to better characterize water
system deficiencies and risk factors; data were analyzed for trends in outbreak occur-
rence, etiologies, and deficiencies during 1971 to 2006 [1]. A total of 833 WBDOs,
577,991 cases ofillness, and 106 deaths were reported during 1971 to 2006 [2]. Trends
of public health significance include a decrease in the number of reported outbreaks
over time and in the annual proportion of outbreaks reported in public water systems,
anincrease in the annual proportion of outbreaks reported in individual water systems
and in the proportion of outbreaks associated with premise plumbing deficiencies in
public water systems, no change in the annual proportion of outbreaks associated
with distribution system deficiencies or the use of untreated and improperly treated
groundwater in public water systems, and the increasing importance of Legionella
since its inclusion in WBDOSS in 2001 [3]. The proportion of outbreaks (28) as-
sociated with groundwater sources increased 87% from the previous reporting pe-
riod (15 outbreaks), and these outbreaks were primarily associated (60.7%) with
consumption of untreated groundwater [4]. Recreational water outbreaks involving
gastroenteritis doubled (36 outbreaks) from the number of outbreaks reported in the
previous reporting period (18 outbreaks). These outbreaks were most frequently as-
sociated with Cryptosporidium parvum (68.2%) in treated water venues (e. g., swim-
ming pools or interactive fountains) and by Escherichia coli 0157: H7 (21.4%) in
freshwater venues. The increase in the number of outbreaks probably reflects improved
surveillance and reporting at the local and state level as well as a true increase in the
number of WBDOs [5].

Mineral composition of potable water influenced to the taste and caused non-in-
fectious diseases among population. In the conditions of Ukraine investigations in the
field of potable water had become an actual hygienic problem [6]. One can consider
that total mineralization of potable water and its influence on the human body studied
sufficiently [ 7]. Daily using of potable water with dry residue more than 1000 mg/dm?,
accompanied by increasing such diseases as stones in the kidneys and urolic system
diseases, illnesses of blood circulation system, hypertensive illness, ischemic illness of
heart, cardiomyopathy, hypertension, etc [8]. Water with high level of mineralization
can cause diarrhea disorders among persons, who had changed their place of residence
[9]. It’s connected with magnesium sulphate, which irritated mucous membrane of
the intestines, increasing their motility [ 10].

Aim is study samples of mineral and chemical composition of potable water,
which was taken from Karachunyvskyi reservoir, main source of centralized water
supply system at the industrial city Krivoy Rog.

Material and Methods. Quality of potable water from Karachunyvskyi reservoir
was studied by 14 indicators for the period 2008-2012 years (n=102).
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Database of chemical substances potable water from Karachunyvskyi reservoir in-
cluded average daily concentrations of the following compounds: total hardness, dry
residue, chlorides, sulfates, calcium, magnesium, sodium, potassium, nitrogen am-
monia, nitrite, nitrates, iron, manganese, copper, fluorine. There were counted such
statistic indicators: average values and their errors (M+m), median (Me), (25-75)%
confidence interval (CI). Results of laboratory researches presented in units of mul-
tiplicity excess of SSRN 2.2.4-171-10. [11]

Results and Discussion. Tendency to decrease total hardness from (10.83+0.13)
untill (9.09£0.23) mol/m? had been revealed during 2008-2012 years. Excess of
hygienic rates had been established in (1.55-1.29) times, according to the level of
this indicator (7.0 mol/m?).

Tendency to decrease was registered by dry residue. Average annual level was in
the measure from (1344.92+23.32) to (1081.17+27.15) mg/dm?> It was deter-
mined that dry residue exceeded hygienic standard (up to 1000 mg/dm?) during
2008-2012 years in 1.34-1.08 times. The highest value of dry residue was observed in
2009, being in the measure (1373.25+11.22) mg/dm?, exceeding standard value in
1.37 times. At the same time (25-75)% confidence interval (CI) of this salt compo-
nent ranged from (1348.5 to 1415) mg/dm?>.
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Fig. 1. Values of salt components in the potable water samples, which
were taken from Karachunyvskyi reservoir during 2008-2012 years.

By an average value of chloride samples in the potable water, taken from Ka-
rachunyvskyi reservoir till 2008-2012 years, were not registered excess more than
normal content (< 250 mg/dm?), according to SSRN 2.2.4-171-10. Content of
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chloride in the potable water annually decreased and ranged from (139.58+2.49) to
(104.33+1.80) mg/dm?>.

Salt composition of potable water was characterized by over normal contents
of sulphates: in 2.23 times (2008); in 2.31 times (2009); in 2.13 times (2010); in
1.96 times (2011); in 1.84 times (2012). The highest content of this salt was record-
ed in 2009 and amounted (578.00+5.09) mg/dm?* Value of (25-75)% CI sulphates
was (560-589) mg/dm? (Fig.1).

Calcium in the potable water is not standardized, its average amount varied from
(91.1740.97) till (82.25+3.51) mg/dm?, the highest meaningwas (95.50+0.92) mg/dm?
in 2009 year. Such chemical substances as copper and fluoride in the potable water from
reservoir decreased until 2008-2012 years: Cu was in the measures (0.0056+0.001) —
(0.0031%0.0006) mg/dm®; F (0.313+0.021) — (0.2660.164) mg/dm® Magnesium in
the potable water from reservoir during 2008-2012 years characterized by the tendency
to decrease from (76.57+1.19) to (58.85+2.64) mg/dm?* Sodium — potassium, which
was regulated at the level (<200 mg/dm?), excess maximum admissible concentration
(MAC) Na+-K+: (1.18 MAC) in 2008, an average value (236.58+4.83) mg/dm?;
(1.18 MAC) in 2009, an average value (236.42+4.70) mg/dm?; (1.11 MAC) in 2010,
content Na+-K+ions (222.17+13.12) mg/dm® Until period of observation water in the
Karachunyvskyi reservoir never excess MAC by an average content of iron. Instead in
2010, where was registered excess concentration of this chemical substance (1.71 MAC).

1,58
1,6

1,4
1,23 1,204

1,2 1,09
1,002
1

0,8

0,6
0,393 0,373
0,4
0,2 0,22 0,208

0,2 5

2008 2009 2010 2011 2012

B Ammoniac nitrogen Nitrites ™ Nitrates

Fig. 2. Values of ammoniac nitrogen, nitrites, nitrates in the potable water samples,
which were taken from Karachunyvskyi reservoir during 2008-2012 years.
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In the potable water samples, taken from reservoir negative growth trend, charac-
terized for ammoniac nitrogen, against increase an average concentration of nitrates
during 2008-2012 years, caused infringement at the process of natural self-purification
and sequence process of nitrification organic compounds (Fig.2).

Average concentration of iron in 2010 was (0.342+0.003) mg/dm?, (25-75)%
CI fluctuated in the measure (0.02-0.045) mg/dm?, due to the presence of iron on
the environmental objects, including water sources such industrial city as Krivoy
Rog. Content of manganese exceeded average value: in 2008 (1.42 MAC), in 2009
(1,3 MAC), in 2010 (1,54 MAC), probably due to the high background content of
this element on the environmental objects, and discharge highly mineralized waters
from mining enterprises.

Conclusions. The results of scientific research clearly show that:

1. Potable water, using for centralized water supply at an industrial city of the
Dnipropetrovsk region, mismatches SSRN 2.2.4-171-10. It’s connected with natu-
ral conditions of their forming and with an anthropogenic pollution water sources.
During 2008-2012 years was established over normal concentrations such salt com-
ponents in the potable water of Karachunyvskyi reservoir: general hardness (1.55-
1.29 MAC); dry residue (1.34-1.08 MAC); chlorides (1.39-1.04 MAC); sulphates
(2.23-1.84 MAC); ions Na+-K+ (1.18-1.11 MAC); Fe (1.71 MAC); Mn (1.42—
1.54 MAC).

2. Low efficiency outdated water treatment technologies, having been used in
the Karachunyvskyi reservoir, poor sanitary condition water distribution network
contribute to secondary contamination of the potable water, which complicates prob-
lem of access high-quality water, according to the requirements SSRN 2.2.4-171-10.
Outdated treatment technology were not perform adequate barrier function to many
contaminants reservoir, which corresponds to the 3rd class (moderate quality) sources
of water supply and waterworks designed for efficient purification 1 class of potable
water (best quality).

3. Alternative way to improve water supply among the population of industrial
city with high-quality potable water is water supply by the using well-room com-
plexes, points of spill additionally cleaned potable water and packaged potable
water.
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The comparison assessment of effectiveness
of low-dose aspirin in women with gestational
endotheliopathy for prevention of preeclampsia
depending on beginning of treatment

Abstract: We are estimated the effect of low-dose aspirin (75 mg/day) depending
on beginning (gestational age 11-14 vs. 16-20 weeks) in women with gestational
endotheliopathy, on the incidence of preeclampsia and other perinatal complications.
Our investigation showed statistically significant effect of low-dose aspirin initiated in
11-14 weeks in preventing the incidence of preeclampsia and IUGR in women with
gestational endotheliopathy.

Keywords: gestational endotheliopathy, low-dose aspirin, preeclampsia, IUGR.

Preeclampsia (PE), which affects about 2-8% of pregnancies, is a multisystem
complication that occurs after 20 weeks of pregnancy [6]. PE is estimated to affect
8370000 women worldwide every year and is a major cause of maternal, fetal and neo-
natal morbidity and mortality. Early-onset preeclampsia means that the delivery of the
baby is needed before 34 weeks of pregnancy because the disorder is having an adverse
effect on the mother s or the baby s condition. Although less common than the late form
of the disorder, early-onset preeclampsia contributes most to the mortality and morbid-
ity statistics. There is evolving evidence that both the degree of impaired placentation
and the incidence of adverse fetal and maternal short- and long-term consequences of
preeclampsia are inversely related to the gestational age at onset of the disease [2].

Early in normal placental development, extravillous cytotrophoblasts of fetal ori-
gin invade the uterine spiral arteries of the decidua and myometrium. These invasive
cytotrophoblasts replace the endothelial layer of the maternal spiral arteries, trans-
forming them from small, high-resistance vessels to high-caliber capacitance vessels
capable of providing adequate placental perfusion to sustain the growing fetus. In
preeclampsia, this transformation is incomplete. Cytotrophoblast invasion of the spiral
arteries is limited to the superficial decidua, and the myometrial segments remain nar-
row. Fisher et al. showed that in normal placental development the cytotrophoblasts
assume an endothelial phenotype in a process called pseudovasculogenesis, or vascu-
lar mimicry, by down-regulating the expression of adhesion molecules characteristic
of their epithelial cell origin and adopting an endothelial cell surface adhesion phe-
notype. The underlying cause of preeclampsia is thought to be abnormal placenta-
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tion, characterized by defective invasion of trophoblast cells and remodeling of the
uterine vasculature (cytotrophoblasts do not undergo this switching of cell-surface
molecules and thus are unable to adequately invade the myometrial spiral arteries),
resulting in reduced uteroplacental perfusion, which leads to activation of mecha-
nisms promoting maternal vasoconstriction. Intravascular volume is shunted, across
the " ‘leaky” capillaries, to extravascular spaces. PE can characterized as a clinical mani-
fested gestational endotheliopathy, with microalbuminuria, and increased levels of
proinflamatory cytokines, vascular cell adhesion molecule and a disturbance of the
tPA/PAI-1 [5,6]. Preeclampsia is associated with an impairment of endothelium-
dependent relaxation in maternal resistance arteries. The endothelium is believed to
be a primary target of mediators generated by the placenta [9].

Primary prevention of preeclampsia is controversial and subject of active research,
particularly with regard to the use of anti-inflammatory agents and micronutrients in-
cluding calcium, vitamin D and antioxidant vitamins C and E supplements. The only
definitive treatment for preeclampsia is termination of pregnancy/delivery of the fe-
tus and placenta, though some women with preeclampsia also present a transient
aggravation of the disease in the postpartum period. Management of women with
preeclampsia aims at minimizing further pregnancy-related complications, avoiding
unnecessary prematurity and maximizing maternal and infant survival [4].

Bujold et al. [7] reported that when low-dose aspirin is started after 16 weeks
of gestation there is no significant decrease in the risk of the disease, whereas with
treatment starting at or before 16 weeks there is a halving in the risk. This finding sug-
gests that early administration of aspirin may reduce the risk of preeclampsia, possibly
by improving placentation.

The aim of this paper was to determine the effect of the lowdose aspirin started at
12 weeks of gestation on the risk of preterm and term preeclampsia in a population of women
at gestational endotheliopathy.

Methods

We enrolled 44 pregnant women between 11 and 14 weeks of gestation (clinical
group N¢ 1) and 26 pregnant women between 16 and 20 weeks of gestation (clinical
group N2 2) with gestational endotheliopathy who were receiving prenatal care at the
maternity hospital N 1 in Vinnytsya between 2010 till 2012. We included patients with
gestational endotheliopathy, which were diagnosed when microalbuminuria more
than 3,4 mg/mmol (screening test), and endothelium-dependent vasodilation less
than 10% (approving test) [ 1]. We excluded patients with multiple gestation, diabetes
mellitus, pre-existing hypertension and renal disease, autoimmune disease.

Each participant received 1 pill (75 mg) of aspirin per day. Participants were
scheduled for clinical follow-up every three to four weeks. Each visit from this point in-
cluded the following: arterial pressure measurement, using the auscultatory method
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with mercury sphygmomanometers, to measure of microalbuminuria, and to measure
of endothelium-dependent vasodilation.

Acceptable reference standards for preeclampsia were persistently as hypertension
(systolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm Hg, or both)
and proteinuria (>300 mg/24 hours) presenting after 20 weeks of gestation in women
known to be previously normotensive. We also assessed several neonatal end points,
including preterm birth (born before 37 weeks of gestation), birth weight, small for
gestational age (according to institutional charts), and APGAR scores.

Ethical permission for the study was obtained from the Vinnitsya National Medi-
cal University Trust Ethical Committee, and all subjects had given informed written
consent for participation.

Continuous variables between study groups were compared using the indepen-
dent sample t-test and categorical variables by chi-square test. Relative risks and odds
ratio were calculated to compare the risk of each outcome between aspirin (starting
from 11-14 weeks) and aspirin (starting from 16-20 weeks) groups [8].

Results and their discussion

70 women were observed, with good balance between the treatment groups for
the main characteristics. Of the women enrolled, we didn’t found any differences be-
tween maternal age (24,2 + 2,5 versus 24,6 * 2,6), 51,4% were primigravidae. Post-
delivery follow up forms were obtained for 94 63% of the observed women (42 allo-
cated aspirin from 11-14 weeks and 24 allocated aspirin from 16-20 weeks), and these
women had 66 infants. Reported compliance with study treatment was good, with no
difference between the clinical groups allocated aspirin. Of the 70 women initially
recruited into the aspirin trial, 4 women were left out of the study. Women were lost
to follow up or discontinued for various nonmedical reasons, two of these were in the
first clinical group and two in the second group.

We conducted an intention-to-treat analysis, in which we included all observed wom-
en. The relative risk (RR) in the groups allocated aspirin were as follows for: preeclampsia
0,29 (95% CI 0,1-0,85), placental insufficiency 0,57 (95% CI 0,23-1,33), intrauterine
growth restriction 0,36 (95% CI 0,13-0,97), preterm delivery 0,14 (95% CI 0,02-1,21).
The odds ratio (OR) in the groups allocated aspirin were as follows for: preeclampsia
0,21 (95% CI 0,05-0,80), placental insufficiency 0,47 (95% CI 0,15-1,48), intrauterine
growth restriction 0,27 (95% CI 0,08-0,95), preterm delivery 0,12 (95% CI 0,01-1,16).
The overall rate of preterm birth was also reduced in women used aspirin in the first trimes-
ter, although this was not because of a reduction in spontaneous preterm births (preterm
premature rupture of membranes or preterm labor). We found no difference in mean as-
sessment by APGAR score. No maternal deaths occurred. We did not find concerning side
effects during treatment by aspirin. However, caution is needed in women with peptic ulcer
disease, as administration of aspirin may worsen their symptoms.
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In recent meta-analyses aspirin and other antiplatelet agents have shown a mod-
erate but consistent reduction in the risk of preeclampsia. In the Paris collaboration
meta-analysis of 32217 mothers, which included randomized studies regardless of
their inclusion criteria, the relative risk of preeclampsia was 0,9 in women receiving
antiplatelet agents compared with control women. Whereas this reduction was not
sufficient to warrant treatment for all pregnant women, the authors recommended low-
dose aspirin started in early pregnancy to women with high-risk of preeclampsia [4].
However, specific criteria for a high-risk group could not be identified based on the
reviewed literature. Results of our investigation, together with the results of the meta-
analyses by Bujold et al. are in agreement with previous suggestions that aspirin in
prevention of preeclampsia should be started in early gestation, before the second
active phase of trophoblast invasion, which takes place from 14 weeks of gestation.
During that phase the trophoblast invasion is completed [7].

Although in our study aspirin was started between 11 and 14 weeks of gestation (the
first group), an even earlier start of treatment might carry more benefits. This was suggested
by a recent study, in which women received aspirin or placebo from the time of in vitro
fertilization until 12 weeks of gestation. The incidence of hypertensive complications was
lower in the aspirin group (3,6% vs. 26,9%, P = 0,02). However, this was not confirmed in
another study in which aspirin was also started before pregnancy and the incidence of
hypertensive pregnancy complications did not differ significantly between the low-dose
aspirin (n = 52) and placebo (n = 52) groups (15,4%vs. 18,2%, P =0,7) [3].

Placental dysfunction is a result of the shallow invasion of trophoblast into the pla-
cental bed spiral arteries, which leads to reduced placental perfusion and ischemia. This
activates platelets and causes an imbalance of the prostacyclin-thromboxane ratio in
favor of vasoconstrictive and aggregatory thromboxane. Prostacyclin is produced by
endothelial cells and is vasodilatory and antiaggregatory. The dosage of 0,5-2,0 mg/kg
of aspirin significantly inhibits the production of thromboxane but leaves prostacyclin
production unaffected [2]. It is however of note that this process is most likely to be
active in early-onset, severe preeclampsia. The investigation, performed by us and
others, support the hypothesis that aspirin started early is effective in preventing pre-
eclampsia. However, further studies are needed, especially to assess the effectiveness
of aspirin on early-onset preeclampsia [3].

In conclusion, many women who develop severe preeclampsia are nulliparous
with no other known clinical risk factor. To include them in a prevention trial, an early
predictive marker such as markers gestational endotheliopathy (microalbuminuria and
endothelium-dependent vasodilation) would be necessary. We determined that daily
low-dose aspirin (75 mg/day) initiated from 11-12 weeks of gestation was associated
with a significant decrease in the incidence of preeclampsia and TIUGR in women, who
has gestational endotheliopathy and identified to be at risk for preeclampsia.
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HoBble acnekTbl B natoreHese Jinxopaaku Q

AHHOTAnMA: COCTOSHYE TPOMOOLUTAPHOIO 3BEHA FeMOCTa3a CBUAECTEABCTBYET
06 aKTHBHOM y4acTHH TPOMOOLUTOB B IaroreHese Auxopaaku Q Kak IEepPBUYHOTO
6appepa Ha myTu BHeppenust Coxiella burnetii B 9HAOTEAMIT MUKPOLIPKYASITOPHOTO
pycaa. Pe3yApraTbl MOAEKYASIPHO-TEHETHYECKOTO AHAAN3A BBIACACHUS BO3OYAUTEAS
U3 TPOMOOLIUTOB y GOABHBIX AAHHOTO PUKKETCHO32 IIOATBEPIKAAET ITOT B3TASIA,

KaroueBbre cAOBa: PUKKETCHO3, arperawist TPOMOOLIUTOB, TPOMOOLUTOIIEHHS,
Coxiella burnetii.

Mopdoaoruaeckue ocobernoctu Coxiella burnetii 06ycaoBanBaioT moBcemect-
HOe pacnpocrpaHenue Auxopapku Q U TOAUMOPPH3M ee KAMHIIECKHX IIPOSIBACHHIL.
OHa OTAMYAeTCSI OT APYTUX BUAOB PHUKKETCHIT MUHUMAABHBIME Pa3dMepaMu, HAAUIUeM
TPEXCAOMHON MeMOPAHBI C TAOTHO IPHAETAIOIIIM CAOEM IPAHYASIPHOM PUKKETCHO-
IA23Mbl, KOTOPAsi OrPaHIYeHHA OCMO(HABHOI [IAA3MATUYECKON MEMOPAHOIL. A Tak jxe
I0A BAUSIHHEM aHTHOAKTEPUAABHBIX CPEACTB AAHHASI PUKKETCHS CIIOCOOHa TpaHcdop-
MupoBaThCs B L-GopMbl, 4T0 crrocobcTByeT pOpMUPOBAHHIIO XPOHIIECKOTO TEYEHHSI
AanHoi undekunu [ 1, 679-688; 2,297-309; 3,219-26].

Ha sxcniepumenTaabHOi MopeAr Auxopapku Q 6bIA AOKA3aH TPOIIM3M BO3OyAHTE-
ASL K KA€TKAM COEAMHHUTEABHON TKAHU U PETHKYAOIHAOTEAUAABHOM CHCTEMBI, a TaK JKe
BO3MOXXHOCTD €TI0 Pa3MHOXKEHHSI B THCTUOIIUTAX COCYAUCTBIX CIIACTEHHUIT 1 AABEHTHIIH-
AABHBIX KAeTKaX BeH [4, 309-326; 5,219-226; 6,75-83; 7, 80-86.]. Ocoboe BHUMaHHUE
3aCAY>KHBAIOT COOOIIEHNS O AAUTEABHON LIUPKYASILIHN BO3OYAUTEAS] B OPTaHU3ME YeAO-
Beka. B pesyabrare aToro pa3susaroTcsi TpoM60(pAEOHTDI, AaHEBPH3MA A0PThI, MHOKAp-
AWTBI, 9HAOKAPAUTBL, TeHe3 KOTOPhIX HEITOCPEACTBEHHO CBSI3aH C CHCTEMOI reMOCTa3a
[1,679-688; 8,382-387;9,635-640; 10, 505-514; 11,350-356 ], uto B cBOIO 0O4epeAb
He FICKAIOYaeT BEPOSITHOCTD B3anMoAercTusi pomboruTos ¢ Coxiella burnetii

ITeAb nccAeAOBAHUS: OIIPEASAUTD CBSI3b HAPYIIEHUI B CUCTeMe IeMOCTa3a C Ipsi-
mbiM BansianeM Coxiella burnetii Ha TpoMOOLUTBI Kak OAHOTO U3 KAIOUEBBIX MEXAHU3-
MoB naroreHe3a Auxopaaxu Q.

Marepuaast u MeToAbL. C 2009 1o 2010 rT. Ha 6a3e ACTpaxaHCKOMH FOCYAAPCTBEH-
HOMI MeAUITMHCKOM akapeMur 1 O6AaCTHOM KAMHMYECKOM MHQEKIMOHHON 60ABHUIIBI

52



Cekumnsa 5. MeguumHa

I. AcTpaxaHu GBIAO IIPOBEACHO KAMHHKO-AA0OpaTopHOe 06caepoBarme 41 60ABHOTO
B BO3pacTe 39,90£0,75 AeT c AmarHo3oM Anxopaaka Q, ITOATBEPXKACHHOTO BbIACACHH-
eM reHOMa BO36YANTEAS] METOAOM IOAMMepa3Hoit ienHoi peaknmeit ([TL[P) u B peak-
uun ummyHodepmenTHoro anaansa (®A) c anrurenom Coxiella burnetii.

3a00p KpOBHU y MALIMEHTOB OCYIIeCTBASACS Ha (OHE AMXOPAAKH Ha BTOPOI AeHb
FOCIHTAAM3ALUY B CTALIMOHAP, YTO B CPeAHeM COBITapaAo ¢ 5,7010,38 poneM 6oaesHu.
Cuer TpPOMOOIIMTOB B BEHO3HO! KPOBH, H3ydeHre UX $YHKIJMOHAABHOM aKTHBHOCTH
npoBoarAH ¢ omombio mporpammbl AGGR (Bepcenst 2.53) Ha aHaAm3aTope arperauuu
HOITBHUOAA (Mmopeas 230LA). C ucnioapzosanuem ITLIP renomuyro AHK Coxiella
burnetii BBIAGASIAY 13 AHIKOLIUTAPHOTO OCAAKA, IIOAYIEHHOTO COTAACHO HHCTPYKIIU
no npuMeHenuto TecT-cuctemsl « AmmanCenc Coxiella burnetii-Fl» (LJHUU amm-
Aemuoaorun, Mocksa), 1 0capka TPOMGOLIMTOB, OTMBITBIX OT AEHKOLJUTOB H 3PUTPO-
IIUTOB. B 0CHOBY BhIA@ACHHS KPOBSIHBIX IIAACTHHOK 6514 ToAOKeH MeToA A. Camilletii
1 coasr. (2001) c M3MeHeHHeM HEKOTOPDIX 3TANOB IOATOTOBKU GHOAOTHYECKOTO Ma-
Tepuaaa [12,382-386; 13, 45].

Pesyaprarsl. CymecTByeT MHeHHe, UTO AAST AMXOpapku (Q He XapaKTepHO pas-
BHUTHE TeMOPPAarnieckoro CHHAPOMa, OAHAKO MHOTHE KAMHHUIIUCTBI B TEPHOA pasrapa
0OA€3HH OTMEYaAN TPOMOOIIMTONEHHUIO, TPH 3TOM 6oAee ueM B 20% cAydaeB peru-
CTPUPOBAAY KAMHHYECKHE ITPOSBACHHUS TeMOKOAryAsIIIMOHHBIX HApPYIIEHHUIH B BHAC
reMOpparudecKoi ChIU U PA3AMYHbIX KpoBoTedenuil [4, 309-326; 14,2-10]. Cpean
Ha0AIOAQeMBIX GOABHBIX TeMOPPATHIeCKye SIBACHIS ObIAY BBUIBACHSBI B 34,7% cayda-
€B U IPeMMYIeCTBEHHO B IEPUOA CE30HHOTO MopbeMa 3a60aeBaeMocTH (ampeasb-
mionp ). Hanboaee yacTo pmarHoctupoBasu remarombl (27,2%), BOSHHKAIOIUE
Ha 7,91£0,86 aeHb 60AE3HH B MECTAX UH'BEKIIUI H AABACHUS MATKUX TKaHeil. MoMeHT
HX PerpecCHH HACTYIIaA B CpeAHEM depe3 TPOoe CYTOK C ITOAHBIM paspeleHHeM K MO-
MeHTy Bbimucku Ha 15,40+2,17 aenb 6oae3nn. BocmaauTteabHast Peaxius CAUSHCTOM
B BUAE OTEYHOCTH M THIIEPEMHH BCETAQ MPEAIIeCTBOBAAA KPOBOTOUYHMBOCTH ACCEH
(2,4%). [TperMyImecTBEHHO PETMCTPUPOBAAM He OGHAbHbIE M KDATKOBPEMeHHbIE HO-
coBble kpoBoTedeHwst (9,2% ). AMCTIeTICHYeCKIIT CHHAPOM COIPOBOKAAACS HAAUMHEM
IIPOXKMAOK KPOBH B PBOTHBIX Maccax (3,4%) nau B Bupe Meaensl (4,5%). Vismenenns
CO CTOPOHBI KOXKH GbIAH IPEACTABACHBI IOSBACHIEM PO3€0Ae3HO-TIAITyAe3HbIX (22,1%)
U TeMOpparu4eckKix IAeMeHTOB ( 9,3%) CBIIIX B CPeAHEM Ha YeTBEPTHII AeHb 00AE3HHL.
Y AByxX 60ABHBIX OTMeYaAACh TPAHCPOPMALIUS PO3EOA B [IETEXHU Ha ILIThle CYTKH 3a-
00AEBaHMU, 2 Y OCTAABHBIX OAHOMOMEHTHOE IIOSIBACHIE MEAKOTOYEYHBIX TeMOPParuil
[pEeNMYIIeCTBEHHO Ha HIDKHAX KOHEYHOCTSIX U OOKOBBIX TOBEPXHOCTSIX TYAOBHIIA.

HccaepOBaHMS COCTOSTHHS IeMOCTa3a BBIIBHAU B OCHOBHOM U3MEHEHHS TPOM-
OOLITAPHOTO 3BeHA HE3aBUCUMO OT KAUHIYECKUX IIPOSIBAEHUI FeMOPParudeckoro
cuappoMa. Beiaa oTMedeHa TeHAEHINS K CHIDKEHHIO KOAMYeCTBa TPOMOOLIUTOB B IIe-
puoa pasrapa (93x10°/a14,10), 2 B 27% cAy4aeB perucTpHPOBAAU TPOMOOLUTONIEHHIO
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A0 27x10°/a. Crenenn arperanyy, OTpaskamojas KOAMIeCTBO KPOBSHBIX MAACTUHOK,
Y4aCTBYIOLIUX B [IPOL}eCCaX arperariui, yMeHbIIAAACh B YeThIpe pa3a OT KOHTPOABHBIX
sHavenwit (6,10%+0,81 u 24,30%+1,40 coorBercTBeHHO). [IpOMeKyTOK BpemeHH,
32 KOTOPBII TPOMOOLIUTHI COXPAHSIAH CLIOCOOHOCTD K IIPOLIeCCaM arperariuy U Ae3arpe-
TaIjuy COKPAIaACS (79"i 1,40 u 241"+0,50 COOTBeTCTBeHHO). CxopocTb arperanum
Ob1Aa yBeAndeHa B 1,5 pasa, IIpy 9TOM PaAMyC arperaroB AOCTOBEPHO YMEHBIIAACS
A0 4,81 ea. = 0,30 mpu KOHTPOABHBIX 3HaYeHHAX 6,50 ep. £ 0,70.

IToxasaTeAM KOAryAsIfHOHHOTO 3BeHA IeMOCTa3a KOAeOAANCh B IIPEAEAAX KOH-
TPOABHBIX 3HaueHui1. ToAbKo B 50% cAydaeB OBIAO OTMEUEHO YBEAUUEHUE COAEPIKa-
Hysl ubpuHOreHa B, KOTOPBI B HacTOsIIIee BpeMst PACCMATPHBAIOT KaK [TOKA3aTeAb
BOCITAAEHMS COCYAUCTOM CTEHKH.

TakuM 00pasoM, y HabAIOAQEMBIX ITALHEHTOB U3MEHeHHUS B CHCTeMe eMOCTasa
OBIAY BBISIBACHBI IIPEUMYIIECTBEHHO B TPOMOOIIUTAPHOM 3BEHe, YTO AAeT OCHOBAHIIS
IIPEATIOAAraTh BO3MOXHOCTD mpsiMoro Bosaerictust Coxiella burnetii Ha kpossiHbre
IIAACTHHKH [IOAOOHO KaK IIPY BUPYCHBIX U GaKTePHAABHBIX HHPEKIHIX C BA3OTPOIHBIM
Bo3peiicTBHeM Bo3byaureas [ 15, 103-108; 16, 1593-1595; 17, 727-755].

AaHHOe IIpeATOAOXKeH e HAIIAO OTpaKeHHUe B pedyabrarax BbipeseHnss AHK
Coxiella burnetii B ocapxe Tpombonuros MmeropoMm ITIIP y Bcex HabAIOAQeMBIX:
y 22% — TOABKO 13 TpOMOOIUTOB U B 78% — KaK U3 ACHIKOLIUTOB, TaK U TPOMOOIIH-
ToB. OayopecrienTHbIi curHas B ITLP B pesxuMe peaAbHOTO BpeMeHH AeTEKTHPO-
BAACS paHbIe B KPOBSHBIX IIAACTUHKAX, @ UMeHHO B 54,8% cayyaeB 1 TOABKO B 43%
— B AEHKOIIUTaX.
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Pucynox. Kpusbie $pAyopecIeHTHOTO CHI'HAAQ B PeXXHME PEaAbHOIO BPeMeHH:
a) BayTpentero kouTpoas (BKO) 6oabnoro A; 6) avnanpukauu Coxiella burnetii
paHblle, YeM B OCaAKe AeHKOLUTOB 6oabHOTO A; B) BHyTpeHHero kouTpoasd (BKO)
6oabnoro K; r) avnandukaruu Coxiella burnetii Toabko B Tpomborurax 60asroro K.
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Kpussie $pAyOpeCIieHTHOTO CUI'HAAQ B PEXXHME PEAaAbHOIO BpeMeHHU Ha PUCYH-
Ke B BAPHAHTAX «a» U «0>, CBUAETEABCTBYIOT O TOM, 4TO B CpeAe C TpoMbonu-
Tamu petexuus renoma Coxiella burnetii npoucxoaut panpme (Tr- 17,39 y.e.),
geM B ocapke Aefikonutos (Le-23,2 y.e.). A B BApHAHTAX «B>» M «I'>» CUTHAA 6bIA
3adUKCUPOBaH TOABKO B cpeae ¢ Tpombonuramu (Tr- 26,36 y.e.). B mexoToprix
CUTYALMsIX 9TO MOTAO GBI IIOBAUSITH HA IPABUABHOCTh KAMHMYECKOTO AMArHo3a
¥ TAKTHKY Tepanuu 6OAbHBIX. B AAHHOM HCCAAOBAHUH B YeTHIPEX CAYYasiX AMa-
rao3 Auxopaska Q He 6bIA IIOCTaBAEH B BHAY TOTO, YTO PE3yABTATHI BHIACACHUS
redoMa ITIIP 13 AeIKOLIUTAPHOTO OCaAKa ObIAU OTPHUILIATEABHBIMH, & H3-3a paHHeM
BBIIIMCKY GOABHBIX M3 CTALIMOHAPA OTCYTCTBOBAAA BO3MOXXHOCTb IIPOBEAEHUSI Ce-
poAOru4eckoi BepuUKaIHH.

O6cyskaeHYe 1 BBIBOABL Pe3yAbTaThI HAyYHbIX H3BICKAHHIT IIOCAEAHHX AET C IIOMO-
IIbI0 METOAOB IIPOTOYHOM ITUTOMETPUH, arperaToMeTpUH 1 TeHOAMArHO CTUKY HHpeK-
LIMOHHbIX 60A€3HET I03BOAUAH OIIPEAEAUTH TPOMOOLIUTHI KaK [IEPBbLI1 Gapbep 3alyuThL
OpraHusMa OT MHQEKLHOHHOIO areHTa. B HacTosIee BpeMsi pacCKpbITbl MEXAaHU3MBL
B3aUMOAECTBYSL KPOBSIHBIX IAQCTUHOK C HEKOTOPBIMH BUAAMH BUPYCOB M 6aKTepHit
KaK in vivo, Tak u in vitro [15, 103-108; 16, 1593-1595; 17, 727-755;]. 1o pan-
ubm T. Youssefian u coasr. [18,4021-4029] TpoM60LKMTHI AKTHBHO QaroLiuTHPYIOT
30AOTHCTBIN CTAQHAOKOKK 6AQroAapsi THAPOAUTHYECKUM pepMeHTaM, HAKOIIAEHHBIX
B AM30COMAABHBIX IpaHyAax, 1 NO, KOTOPBIi1 IIpU 9KCTPEMAABHBIX COCTOSHUSX B HUX
CHHTE3HPYeTCsl B AECATKH pas 60ablle, 4eM B Helrpoduaax [19;28-32].

HccaepoBanus 1. N. Gavrilovskaya u coasr. (2010) cBHAETEABCTBYIOT O TOM,
9TO KATKAMH MHIICHSIMHU AASL XAHTaBUPYCOB SIBASIOTCS HE TOABKO 9HAOTEAHAABHbIE
KAETKH, HO U TpombouuTsl. [20,4832-4839;21, 1163-1168]. O6HapyskeHue apeHo-
BUPYCOB U BUpycoB Kokcaky B TpOMOOLUTAX [IO3BOASIET YTBEPSKAATH, YTO BUPYCHL
CIIOCOGHBI OKa3bIBaTh IPSMOE BO3AEHCTBIE Ha QYHKIOHAABHYIO AKTUBHOCTD KPO-
BSIHBIX IIAACTHHOK M T€M CaMbIM BbI3bIBATh HAPYLIEHUS B CUCTEME [eMOCTa3a, KOTO-
pble 3HAYUTEABHO BAUSIOT Ha TSDKECTb TEYEHNUSI U MCXOA UHPEKIIMOHHbIX 320A€BaHMUI
[22,4866-4871;23,456-461].

Pe3yAbTaTBI AAHHOT'O UCCACAOBAHIS BHISIBUAU yYaCTHe TPOMOOLUTOB B [IaTOre-
Hese Auxopapku Q. IToATBepXAeHNE MOAEKYASPHO-TEHETUYECKIM aHAAU30M C BBI-
AeAeHHeM BO3OYAUTEAS] U3 TPOMOOLIUTOB IIO3BOASIET PACCMATPUBATD B IIEPHOA Pas-
rapa 3a60AeBaHNsI TPOMOOLUTOIIEHHIO CO CHIDKEHUEM arperaljiOHHON aKTUBHOCTH
KPOBSIHBIX ITAQCTHHOK KaK ¢axT B3anmopericTus ux ¢ Coxiella burnetii, npu atom
OHM BBICTYIIAIOT IIEPBHYHBIN OapbepoM Ha myTH BHepApeHust Coxiella burnetii B on-
AOTEAVI MUKPOLPKYASITOPHOIO pycAd. MeXxaHU3Mbl X B3aMOAEHCTBUS TpebyroT
AQABHEHIIETO U3yYeHNUs], OAHAKO [IPH KAMHUYECKOM HAOAIOACHNH 32 GOABHBIMY IIPU
AQHHOM PUKKETCHO3€¢ HeOOXOAMMO OLIEHHBATh COCTOSIHIE TPOMOOLIMTAPHOIO 3BeHa
AASL OTIPEACACHYIS] TAKTUKY GpapMaKOTepaIuu.
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Treatment and prevention of
wound infection after episiotomy

Abstract: Whatever the effective measures of a General effect on the organism, to
localize the infection, wound dictates the need forlocal, not less than effective treatment
[2]. The combination of neomycin and bacitracin (baneuoqin), with a wide antibacterial
spectrum of action on aerobic and anaerobic flora, contributed to the study of the
effectiveness of treatment and prevention of wound infection after episiotomy.
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Annoranus: Kakumu 651 Hu 6611 3¢ PeKTUBHBIMU MepPbI 001ero BO3AeHCTBUS
Ha OPTaHU3M, YTOOBI AOKAAM30BaTh HHPEKIIHIO, paHa AUKTYeT HEOOXOAUMOCTD MeCT-
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HOTO, He MeHee 3 PeKTHBHOTO AeYeHNUS [2]. KoM6HHAIINA HEOMUIIUHA 1 GanuTpanuHa
(fameorun), obaapast LIMPOKUM aHTHOAKTEPHAABHBIM CIIEKTPOM ACHICTBIS Ha a9po6-
HYIO M aHadpOOHYI0 GAOPY, CIOCOOCTBOBAAA U3YUeHHMIO dPPEKTUBHOCTH ACUEHHS
U IPOPHUAAKTUKH PaHEBOM MHPEKIIUH IIOCAE SITU3UOTOMUHM.

KaroueBbIe cAOBa: paHeBas HHEKIIHS IIPOMEXHOCTH, JIIH3HOTOMUSL, OaHEeOLIHH.

ITocaepopoBble MHEKIHMOHHbIE 3a00AEBaHUS, [0 AAHHBIM PasHBIX aBTOPOB,
BcTpedarorcs B 2—-10% caydaes [ 1] 1 AOBOABHO YacTO SIBASIOTCS IPUYUHOM MAaTEPUH-
cxoit cMepTHOCTH. OAHOI U3 AKTYAABHBIX 3AAQ4 AKYIIEPCTBA U THHEKOAOTUH SIBASIETCSI
NpOQUAAKTHKA U AedeHNe HHPHUIMPOBAHHBIX TOCACONEPALMOHHBIX paH [3]. YacToTa
pasBUTHS paHeBOH MH(EKINU IIOCAe AKYIIePCKUX U THHEKOAOTHYECKUX OIepariuit
cocraBaser ot 15,5% A0 30% cAy4aeB u He UMeeT TeHACHIIMH K cHukeHuo [6]. Ot un-
$eKIMOHHBIX aKyMIePCKUX OCAOXKHEHHI BO BCEM MHUPe eXerOAHO YMHPAIOT OKOAO
150 rsic. sxenmuH. K mocaepopoBbiM HHEKIIHOHHBIM 3200AEBAHISM B IIEPBYIO O4e-
PEeAb OTHOCSTCS BOCIIAAUTEAbHbIE 3a00A€BAHS IIOAOBOM CHCTEMBI: HHPUIUPOBaH-
Hasl paHa IIPOMEXHOCTH, HAPY>KHbIX IIOAOBBIX OPTaHOB, BAATAAMIIA, PAHbI [IepeAHel
OPIOLIHOM CTEHKH II0CAE KeCapeBa CeYeHMs], SHAOMETPHUT, FEMATOMETPA, IIAPAMETPHT.

ITo panubv R. Sweet 1 W. Ledger, paHeBast HHeKIfHsI SIIM3MOTOMUU HAOAIOAQ-
Aach B 0,35%, mo pauubiM J. Owen u Hauth J. C. [10], — B 0,05%, o paunbiv S. Ramin
u coasT. [12], pacxoxaenue panbl mocae anuznoromun — B 0,5% cAydaes, U3 HUX
B 80% BcaeacTBre nudekimi. [To sanupiv N. Franzblau u coasr. nadexuus B obaactu
IIPOMEXHOCTH 0TMe4aAach B 0,35-10% caydaes. MIHuUITpOBaHHbIe paHBI Yallle BO3-
HUKAeT II0CcAe paspsiBoB mpoMesxxHocTy [V crenenu, kotopasi, no saussiM K. Golda-
ber u coasr. [9], B Parkland Hosproi Ha6aropasacs B 2% Bcex POAOB, IIPH 9TOM pac-
XOXAEHHE PaHbI OTMeJaAnCh B 1,8%, nadexnus u pacxoxxpenue — B 2,8% U TOABKO
undpexiust — B 0,8% cayuaeB. OnucaH cAydail CEIITHIECKOrO IIOKA KAK Pe3YAbTaT
MHQULMPOBaHHO paHbl TOCAe snu3noToMud [ 13].

DoHOM AAST BOBHUKHOBEHHSI [IOCAEPOAOBBIX THOMHO-CENTHYECKUX 3a00AeBaHHIT
SIBASIETCSI OCAOYKHEHHOE TeUeHNe TeCTAIIOHHOTO [IePHOAA: XKeAe30AeUITUTHASI aHe-
ML, [IPEIKAAMIICHS, TeHUTAAbHASI MHQEKIINS, TMeAOHEe PPHT, OaKTEPUAABHDII BarHHO3.
Pacx0XAEHHIO paHbI TOCAE SIU3HOTOMHH CIIOCOOCTBYIOT HapyIleHre CBEPThIBAOLe
CHCTeMbl KPOBH, KypeHHe, HAAMYUe IAMMAAOMABUPYCHOI nHexmu [ 12].

BaxHyio poAb B pasBUTHH HHPEKIHOHHOTO [IPOILIeCCca UTPAeT UMMYHOAEPUIIUT
recrarjioHHOro rneproaa. [To poanusiM Muaosarosa A. I1., BO3HUKHOBeHHIO HHEKIIU-
OHHOTO IIPOLIeCCa II0 MECTY aKYLIEPCKOM PaHBI CIIOCOOCTBYET BTOPUYHBII IMMYHO-
Aederut u ocaabaeHre 3aIUTHBIX CHA OPTaHU3MA POAUABHULB! [4]. Bosbyanuteaem
[IOCAEPOAOBOI MHPEKIIMH MOTYT OBITh a9POOBI: SHTEPOKOKKH, KHLIEYHAS] [TAAOUKA,
KAeOCHeAAR, CTPENITOKOKKY I'PyIIbl B, cradpuAoKokKy, a Takke aHadapobbl: GakTepo-
uAbL, Ppy3o0aKTepunH, IENTOKOKKH. TSDKeAOe TedeHHe Ipoljecca 06YCAOBAEHO Ha-
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AMYHEM a9POOHO-aHAIPOOHBIX acconuanuil. B coBpeMeHHOM aKyImepcTBe BO3POCAA
POAb XAAMUAMMHON M MUKOTIAA3MEHHON MHQEKITHIL, I‘pI/I6OB. Kannnueckoe Teuenue
II0CAEPOAOBOTO HH(EKIIMOHHOTO IIPOIeCCa 3aBHUCHUT OT ee BUAA. AHAIPOOHBIE rpaM-
HIOAOXKHTEAbHbIE KOKKH He OTAHYAIOTCSI 0COOO0M BHPYAEHTHOCTBIO, TOTAQ KaK IPaMo-
TPHULATEAbHBIE CIIOCOOCTBYIOT PA3BUTHIO TSDKEAON MHPEKIINM.

CaMbIM pacpoCcTpaHeHHbIM BO3OyAUTeAeM aKyLepckort neextmu sBastercst E. coli.
30AOTHCTBI CTadHAOKOKK BBI3bIBAET PAHEBYI0 MHEKIIHIO U IIOCAEPOAOBDIi1 MacTuT [7].
Harnoerue pansl B 06AaCTH IPOMEKHOCTH, B TOM YUCAE U IIOCAE SIIM3HOTOMHY, IO AQH-
ueM Yepryxu E. A, Habaroparocs B 0,82% cAydaeB, BIOPHUHbIE LIBBI OBIAM HAAOXKEHbI
B0,2% cay4aes [7].ITo aannbmv J. Owen u W. Andrews [ 11], pareBas nHeK1us BbI3bIBa-
€TCsl MOHODAKTePHSIMU I'PYIIIIBI A — B-reMOAUTHYECKIM CTPENITOKOKKOM, Yallle HeCKOAD-
KMMU MUKPO6GaMH 1 pexke HeraToreHHbiME Mukpo6amu [ 12 ]. Kaxumu 6b1 vyt 66141 3 dex-
THUBHBIMU MePBI OOIIET0 BO3ACHCTBIS HA OPTAHU3M, YTOOBI AOKAAU30BATh MH(EKITHIO, paHa
AMKTYET HeOHXOAMMOCTb MECTHOTO, He MeHee 3¢ PeKTUBHOTO AedeHus [2].

AeyeHue paH B aKyLIepCTBE NMeeT CBOU 0COOEHHOCTH, XOTS 00II1e 3aKOHOMEPHO-
CTH paHeBOro IPOLjecca He 3aBUCST OT AOKAAU3AIIMU PAH H XapaKTepa MOBPEXKACHHIL.
PasangaroT 3a’kuBAeHMe paHbI IePBUYHBIM HaTsSDKeHUeM — per primam intentionem
(p.p.) m BropmunbIM HatsbkeHMeM — per secundam intentionem (p. s.). Boiaeasor Tpu
OCHOBHbIe (a3bl B 3AKUBACHHH AIOGOM paHsbl: 1) BOCIIAAMTEABHAS. HAM SKCCYAQTHBHAS
$aza, B x0A€ KOTOPOI IPOMCXOAST U3MEHEHHsI, 00YCAOBAMBAIOIIHE BECh AAABHEHIIIHIT
XOA 31KMBACHHS PaHbl; 2) TpOAUQepaTuBHas Ppasa, IBASIOMIASICSA OCHOBHOI B BOCCTA-
HOBAGHHM TKaHe! paHbl U HAIIpABACHHAs Ha pa3BUTHE I'PAHYASILIUM; 3) daza audpdepen-
yuanmy (peopraHu3alim), BRAIOYAIOIas co3peBaHue 1 o6pasosanue pybua. Bocnaan-
TeabHas (9KCCyAaTHBHAA) Pa3a HAYMHAETCS C MOMEHTA PAaHEHHS U B pH3MOAOTHYeCKUX
YCAOBHSIX TIPOAOAYKAETCSI OKOAO Tpex AHell. Ha coBpeMeHHOM aTare mpepsaraeTcst
00ABIIOE KOAMYECTBO METOAOB, CIIOCOGOB, AHTHMUKPOOHBIX IIPEIIAPATOB AAS Aede-
Hysi. OAHAKO BBICOKHI ITPOLIEHT HHPEKIIMOHHBIX OCAOXKHEHHUI Y OOAbHBIX, pa3BUTHE
Pe3UCTEHTHOCTU MUKPOOPIaHU3MOB K HCIIOAb3yeMbIM A€KAPCTBEHHBIM IIpelapaTaM,
CHIDKeHHe 001erl 1 MeCTHOM IMMYHOAOTMYECKON PeaKTUBHOCTH OpraHu3Ma Tpebyer
AAABHEIIIEro U3y4eHus, pa3pabOTKU B COBEPIIEHCTBOBAHNUS METOAOB AedeHns [S].
IToBbICHTD KaueCTBO A€YeHUSI MECTHON PaHeBON MHPEKI[HH BO3MOXXHO He TOABKO
3a CueT pa3pabOTKU HOBBIX A€KAPCTBEHHBIX CPEACTB, HO U 32 CUET HCIIOAB30BAHHS pa-
IIMOHAABHBIX KOMOMHAIINI aHTHONOTHKOB. KoMOUHAI¥sT HeOMUIIMHA 1 GalUTpaLiuHa
(6aneonuH), 06AaAasl IIMPOKUM aHTUOAKTEPUAABHBIM CIIEKTPOM ACHICTBHUS Ha 29p06-
HYIO H aHa9POOHYI0 GAOPY, CTOCOO6CTBOBAAA U3y UeHUIO P PEKTHBHOCTH ACIEHHS Pa-
HeBOM MHPEKITHU ITOCAE AMU3UOTOMUH.

IeAp mccaepOBaHMS:

Ouenuts 3G PeKTHBHOCTD MECTHOTO A€YeHHMsI OOABHBIX C HHYHUIIMPOBAHHBIMH
paHaMu MOCAe SMU3HOTOMUM KOMOMHALMel HeOMUIMHA 1 6anuTpanuHa (Masp 6a-
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HEOIIH I10 Pe3yAbTATaM KAMHUYECKHX, GAKTePUOAOTNYCCKUX, [eMATOAOTUYECKHX HC-
CAEAOBAHUMH.

Marepnaa B METOABI HCCACAOBAHHH:

Kpurepusivu oT60pa NaIrueHTOK AASL ICCAEAOBAHIIS ObIAU: HAAWYKEe HHPHIPO-
BAaHHOJ PaHbI [IOCAE JIH3HOTOMHOTO Paspe3a B 9KCCYAATUBHOM $pase paHEBOro Mpo-
1ecca; HaAndre $OHOBOTO TeHUTAABHOTO HHPUUMPOBaHKs (6aKTepHaAbHOTO KOABIIH-
Ta, BUPYCa IIPOCTOTO TepIIeca, XAAMUAHMIHO NHPEKIHH), GaKTepHaABHOTO BATHHO3A.

Pa6oTa IpeACTaBACHA Pe3yAbTaTAMU KOMIIAEKCHOTO 06CACAOBAHHSI, ANHAMUYECKO-
ro HabAroAeHUS U AedeHus 10 POAMABHUI] — C MHPUIIUPOBAHHBIMU TM31OTOMHBIMU
paHaMM U YACTHYHBIM PACXOKAEHHEM SIU3HOTOMHOTO IIBA, B $pa3e BOCIAAECHHS, C Ha-
AMYHEM I'€HUTAaAbHOTO I/IH¢HHHPOB3HH§L

B ocHOBHYIO TpyIITy BXOAUAM S POAMABHMI] C MHPUIIUPOBAHHBIMU TIU3HOTOM-
HBIMU PAaHAMU H YACTHYHBIM PACXOKAEHHUEM SIIM3MOTOMHOTO IIBA, KOTOPBIM IIPOBEAE-
HO AeYeHHe PaHeBOI MHPEKIUN AHTUCEIITUKOM 1 6aHeOLHOM. BoAbHBIM OCHOBHOM
rpymisl B Gpase BOCIAACHHUS MECTHOE A€YeHHe OCYIIECTBASAOCH CACAYIOIIUM CIIOCO-
60M: paHy 06pabaThIBaAU AHTHCENITHKOM, 3aTeM Ha PAHY IPUKAAABIBAAK CTEPHABHYIO
MapAeBYI0 CaAdeTKY, IPOIUTAHHYIO Ma3bi0 GaHEOIMHA.

B xonTpOAbHOM IrpymIIe OBIAO S MAIUEeHTOK C HMHQUITMPOBAHHBIMU STIM3HOTOMHBI-
MH PAHAMH F YaCTHYHBIM PACXOXKACHHEM SIIU3UOTOMHOTO 1BA. B KOHTpOABHOM rpyII-
Ile IAIEHTKY B $pa3e BOCIAACHHS IOAYIAAU TPAAUIIMOHHOE MECTHOE A€UEeHHUE: PaHy
06pabarbiBaAM aHTUCENITHKOM, 3aT€M HA MAPAEBON CTEPUABHOI caadeTKe Ha paHy
IPUKAAQABIBAAM Ma3b ACBOMHIKOAD.

BaHeonH-KOMOUHIP OBaHHBII AHTHOAKTEPUAABHBII ACKAPCTBO AASL HAPYKHOTO
npumeHenns. COAEPIXUT ABa aHTHOMOTHKA, OKA3BIBAIOIIHX GAKTEPHUIMAHOE ACHICTBHE,
HEOMHULIMH U GaluTpanyH. BanuTparius SBASeTCS OANIIENITHAHBIM AHTHOHOTHKOM,
KOTOPBII HHIUOMPYeT CHHTe3 KAeTOYHO 060A0uKM OakTepuit. Heomurus siBAsieTcst
AHTUOMOTHKOM-aMUHOTAMKO3HAOM, KOTOPBIA HHIUONPYeT CHHTe3 6eAKOB GaKTepuil.
BanurpanyH aKTHBeH B OTHOIICHHH IPAMIIOAOXKHTEABHBIX 6akTepuil: Streptococcus
spp- (B T. 4. reMoanTHYecKOTO cTpenTokokka), Staphylococcus spp., Clostridium spp.,
Corynebacterium diphtheriae, Actinomyces spp., Treponema pallidum; rpamorpu-
naTeAbHbIX OakTepmit: Neisseria spp., Haemophilus influenzae, Fusobacterium spp.
YeroiauBocTb K 6anuTpanuHy passuBaercsi peako. Obaapaer xopolei TKaHeBOi
I1epEeHOCUMOCTBIO; MHAKTHBAI[MH GHOAOTHYECKIMU IIPOAYKTAMH, KPOBBIO M TKAHEBbI-
MU KOMIIOHEHTaMH1 HE OTME€YaeTCA. HeOMI/ILII/IH AKTHUBEH B OTHOILICHHUH I'paMHOAO)KI/I-
TeAbHBIX baxTepuit: Staphylococcus spp., Streptococcus faecalis, Corynebacterium
diphtheriae, Bacillus antracis, Listeria monocytogenes; rpaMOTpHIIaTeABHBIX OaKTe-
puii: Proteus spp., Enterobacter aerogenes, Klebsiella pneumoniae, Salmonella spp.,
Shigella spp., Haemophilus influenzae, Pasteurella spp., Vibrio cholerae, Bordetella
pertussis, Escherichia coli, Neisseria meningitidis, Mycobacterium tuberculosis,
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Borellia spp., Leptospira interrogans. Baaropapsi 1CroAp30BaHNI0 KOMOMHAIIME 9THX
ABYX AHTHOMOTHKOB AOCTUIAETCS IUPOKHI CIIEKTP ASHCTBHS IPENapara ¥ CHHEPIU3M
AEHCTBHA B OTHONIEHUH PSIAQ MUKPOOPTAHH3MOB.

Pe3yAbTaThI HCCACAOBAHMS H HX 00Cy)KACHHE:

ITpoBepeHHbIE GaKTePHOAOTHYECKUE UCCACAOBAHMS 10 MAIIMEHTOK MOKA3aAH, YTO
B IIOCAEPOAOBOM IIEPHOAE HA PAHEBOH IIOBEPXHOCTH POAMABHHUIT HCCACAYEMBIX IPYIIIT
HIMeAACh a3pobHast 1 GaKyAbTATHBHAS AHAIPOOHAST PAOPA, OTAEAbHbIE TIPEACTABUTEAN
KOTOPOH BXOAAT B COCTaB PE3HASHTHOH GAOPHI FeHHUTAABHOTO TPAKTA U SABASIOTCS BO3-
GyauTeasmu koabruta. Y 9 (90%) poAMABHHI] B PAHEBOM 9KCCYAATE MMEAH acCOLa-
LM HECKOABKHX MUKPOOpTraHu3MoB. Jaire Bcero 06HapyskuBaAuch: Micrococcus spp.,
Enterococcus raffinosus, Escherichia coli Staphylococcus aureus. YcraHoBAeHHBII IT0-
AMMOPPH3M MUKPOOHOI PAOPBI U IIPe0bOAAAAHITE ACCOIUALIT MUKPOOPTaHHU3MOB B Pa-
HEBOM 9KCCYAATe MOXKET OBITh TAK e 00'bsICHEH MHHIIPOBAHHOCTBIO TKAHEH AO POAOB.

K 4-M cyTKaM AedeHHs y POAMABHHI] OCHOBHOM IPYIIIBI HAOAIOAAAM CTATHCTHYE-
CKH 3HAYMMO€ yMeHbIIeHNe OTeKa U FUIePeMHH, OBICTpOe OYMIjeHre PaHeBO I10-
BEPXHOCTH 10 CPABHEHMIO C KOHTPOABHOM Ipymosi. BusyaspHo B paHe HabAIOAAAK
CKyAHOE CepO3HOe OTAeAseMOe, yMePeHHOe KOAUYECTBO MEAKO3EePHHCTHIX IPaHyAS-
L[UH, BHITOAHAIOIUX CTEHKU M AHO PaHbl, YMEHbILIEHHE TIAOLIAAN PaHbL.

B KOHTPOAbHOfI rpyiire ¢ IpUMEHEHHUEM TPAAUIIMOHHOIO ACYEHHS OYUIIEHNE
PPaHbI AOCTHTHYTO AMIID K 8-M CyTKaM. B ocHOBHOM rpymmie Ha S-e CyTKU AeYeHH OTeK
He OIIPEAEASIACS, TOTAQ KaK B KOHTPOAbHOI rpyIie — B 90% BU3yaAbHO OIIpeAeAsSAC
OTeK TKaHU PaHeBOM IIOBEPXHOCTH; TurepeMusi orMedeHa B 20% B OCHOBHOI rpyIie
1 60% B KOHTPOABHO I'PyIIIie; ”THQHABTPAIIUS OTMEUeHa TOABKO B KOHTPOABHOH IPYTI-
ne B 40% cayyaes. SIpkue rpaHyAdI[ul B OCHOBHOM rpyIie coctaBuau 90%, B rpyrmme
koHTpoAd — 20% cAydaes.

HesaBucumo oT MUKpOGAOPDI TP A€YeHHE PaHEBON MHPEKITMU OCHOBHOM IPyII-
IIbI OTMEYAAOCh KYITHPOBaHKe HHPEKITMOHHO-BOCIIAANTEABHBIX IBACHHI M OUHIT[eHIe
THOMHBIX paH K 4-M cyTkaM (4,4+0,7) OT Ha9aAa TepamyH, B KOHTPOABHOM K 8-M CyTKaM
(8,3i0,4). CpeAHsisi IPOAOAKUTEAPHOCTD IIPeObIBAHIS B CTALHOHAPE POAHABHHUI] OC-
HOBHOH IpymITbl cocTaBraa 9,3+2,4 cyTOK, B TO BpeMsI KaK CPOKH A€JE€HHS POAUABHHI]
KOHTPOABHOM I'PYHIIbI cocTaBuAM 13,8+2,7 cyToxk.

9P PeXTUBHOCTD OAHEOLMHA OIIPEACASIETCS, IPEXAE BCETO ero IMUPOKUM CIIeK-
TPOM AEHCTBHS, BKAIOYAIOIINM KaK I'PaMOTPHUIIATeAbHbI, TAK ¥ I'PAMIIOAOKUTEAbHBIE
MHKPOOPraHU3MbL. BAaropapsi KOMOMHAIIMN 9THX ABYX QHTHOHOTHKOB AOCTHIAETCsI
ITMPOKMII CIEKTP AGHCTBHSA IIpeIlapaTa U CHHEePTH3M B OTHOUICHUH PSIAQ MHKPOOP-
raausMoB. IIpy MecTHOM HaHeceHHHU Ha KOXXKHBIE IIOKPOBBI, PAaHEBYIO IIOBEPXHOCTD
OaHeOIMH MepeHOCHACS XOPOIIO, He BBI3IBAA PA3APAKEHHUSL.

ITprumeHeHne KOMOMHIPOBAHHOIO AHTUMHUKPOOHOTO CPEACTBA HaHEeOI[HA MeCT-
HO y TIAIJeHTOK OCHOBHOM I'PYIIIbI ITIO3BOAUAO AOCTHYb HCUE3HOBEHU I HHPEKIOHHO-
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BOCITAAUTEAbHBIX SIBACHUMN (rnnepeMHH, oTeKa, THPUABTPAITUU TKaHei1) Ha 3-it CYTKH,
TOTAQ KaK IIPH TPAAUIIMOHHOM A€UEHHH — Ma3bI0 AeBOMUKOAD, TAKHE JKe Pe3yAbTATHI
OBIAY ITOAYYEHBI TOABKO Ha 5-€ CYTKH.

Ha ocHOBaHNM IPOBEAEHHOTO A€UEHNUS paHeBOH HH(EKITUH ITOCAE STIM3UOTOMHHU
KOM6I/IHI/Ip0BaHHbIM npenapaTOM 6aLII/ITpI/IHa 1 HEOMHUIITMHAa MO>XHO OTMETHUTD €Ir0 BbI-
COKyI0 9pPeKTUBHOCTb.

3akAroueHue:

1. IlpumeHeHre HaHeOLMHA [IPH A€YeHNUH PAHEBOIO IpoLiecca, B ¢pase BOCIaAe-
HHSL, CIIOCOOCTBOBAAO MIOAABACHHUIO. & TAKKE HMPEAYIIPEKACHUIO PeUHPHITIPOBAHIS
PaHEeBOI1 IOBEPXHOCTH; 3HAYUTEABHO COKPAINAAO CPOKHU IIPeOBIBAHIS OOABHBIX B CTa-
IIFIOHApe.

2. cnioab3oBaHue 6aHEOMUIIMHA AAS MECTHOTO ACUeHUS panc aHTI/IMI/IKp06HbIMI/I
KOMIIOHEHTaMI II03BOASIET 60OA€€e PALJMOHAABHO HCIIOAB30BATh AaHTHOAKTEPHUAABHbIE
Iperaparsl, COKPATUTb AAUTEABHOCTD CHCTEMHOM aHTHOAKTEPUAABHON TePAIIHH.

3. BareolnH OKa3bIBaeT AHTUMUKPOOHOE ASHCTBIE Ha BCEeX OCHOBHBIX BO30yAUTe-
AeH THOMHOH MHPEKITHH, YTO OIPEAEASIeT ero BHICOKYI0 9 GeKTHBHOCTD IIPH ACUeHUN
U IPOPHUAAKTUKH PaHEBOM MHPEKIIUH IIOCAE SITU3UOTOMUHM.

4. Huskasi CTOUMOCTb Ipernapara, BBICOKast 3¢ GpeKTUBHOCTD U 6€30IaCHOCTD OIIpe-
AEASIIOT BO3MOXKHOCTB IIMPOKOTO IPUMeHeH s GaHeOLINHA IIPY ACIeHIN PaHeBOM UH-
$exiuu ocae SIMU3UOTOMUH.
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3HavyeHune a4pblllKa BO B3aMMOCBA3U nosivnJiongumn
U MHOIo 11epHOCTU Ne4YeHO4YHbIX KJ1IeTOK

A}IOTaI[I/UI: Pa6ora IIOCBAI€HA NCCACAOBAHUIO MEXAaHN3MOB 06pa30BaH1/151 6u-
U IIOAMHYKA€apOB B II€YEHH. Ha MaTe€pHaA€ II€YEHHU ITOAOBO3PEADBIX KPOAHKOB, HC-
IIOAB3YsI CBETOONTHUYIECKNE METOADI HCCACAOBAHM ITOKA3aH BbIXOA SAPBIIIKA U3 JAPA
TermaTolruTOB U €TI0 TpaHC(l)OPMaIlI/ISI B HOBO€ SAPO. KPOMQ TOTO, YCTAaHOBAEHO, UTO
B HEKOTOPBIX CAyYasdX ITOCAE BPIXOAQ SAPBILIKH, CTapO€ AAPO HOI‘I/I6a€T, €ro MecCTo
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3aHHMaeT TpaHC(l)OpMI/IPOBaHHOC SIAPBILIKO. HPGAHOAaFaeTCﬂ, 4TO IIPX HYKACOAOHY-
KAeapHOfI TpaHC(l)OpMaLII/II/I YCTPAHAIOTCS IIOAOMKH I'€HETHYIECKOTO MaT€pHaAd, TEM
CaMbIM 06ecreYynuBaeTcs AOATOBEYHOCTDb KACTOK B MEAACHHO 0OHOBASEMbIX OpraHax
B TeueHUe BCeH XKU3HU OpraHu3ma.

KaroueBbre cA0Ba: MOPOAOTHS, IIeUeHb, OHHYKAEAPBI U IIOAMHYKAEAPbI IIPe0b-
pasoBaHue.

B mocaeaHne roabl HOSBUANCH MHOTOYHCACHHbIE HCCAEAOBAHMS, YKA3bIBAIOIIHE
Ha OAUQYHKIMOHAABHOE 3HAYeHue sapbika [ 7,9,10,14,16 ]. Hapsiay ¢ kaaccudeckoit
¢yHKIMel 6roreHe3a puOOCOM, OBIAO IIOKA3AHO YIACTHE SIAPBIIIKA B PEIYASIIUI KA€-
TOYHOTO ITMKAQ, IPOAHQepaliK KACTOK, H3MeHeHHe ero IIPY CTPECCOBBIX COCTOSHMUAX,
OIIyXOAEBBIX IIPOLIeCCAX, BUPYCHBIX IOPAXKEHISIX, €CTECTBEHHOM I'1OeAr KAeTKH, B 00-
PpasoBaHUM O1- B IIOAMHYKAEAPOB, CTAPEHUH OPraHI3Ma U AQKe [P HeKOTOPBIX I1aTO-
Aormsx yeaoBeka (cunapom Beprepa, anemun Auamonp-Baexrona, Tpuuep koaanHs
curapom, Pormynp -Tomcon cunppoM 1 T. A. [8,11-13,15,19]. Hccaeays cTpykrypy
KAETOYHOTO SIAPA TIeIeHH KPOAUKOB, HAMU OBIAO BBISIBAEHO 3HAYUTEAbHAS BapHabeAb-
HOCTb GpOPMBI, KOAUYECTBA, 1 AOKAAU3AITMHU SIAPBIIIKA, 2 B HEKOTOPBIX CAYJAsIX ero
BBIXOA U3 SIAPA B IIUTOIAA3MY C ITOCACAYIOIIUM IIpeBpaIieHieM B HOBYIO CTPYKTYPY.
B Hacrosiimeit paboTe IPUBOASITCS AAHHbIE 00 YIACTHH SAPBILIKA B IIpoIjecce 06paso-
BAaHUH OU- 1 IOAHHYKA€APOB, a TAIOKe 3AMeHe CTAPOTO SIAPA MOAOABIM SIAPOM, cdop-
MHPOBAHHbIM 3a CIET TPAHCHOPMHUPOBAHHOTO SAPBIIIKA.

MarepuaAbl M1 METOABI HCCACAOBaHHS. MaTepHasOM CAYXXHAY IIedeHb IIOAOBO3-
peabix kpoaukos (n=36) o6oero moaa mMaccoit 2,5-3,0 Kr, COAEpXaBIIHXCS B 06bIY-
HBIX yCAOBISIX BuBapusl. JKUBOTHBIE ¢ COOAIOAEHHEM ITHYECKIX HOPM IIOA ACTKHM
9HPHBIM HAPKO30M 3a0MBAAKCD ITyTeM AeKanuTanuu. Kycouku TKaHM ImedeHn AAs
THCTOAOTHYECKHX HCCAEAOBAHHI [IOCAe GUKCALIMU 1 0OPabOTKH 3aANBAAY B TAPAdUH.
Cpe3bl A CBETOOITHYECKHX HCCACAOBAHMI OKPAIIUBAAK TeMATOKCHANH — 303HHOM,
a 3aTeM POCMaTPUBaAK [IOA UMMEPCHOHHBIM 06 bekTnBoM (x100) MEKpOCKOTa MoAe-
Au N-800 M. AAsi 2AeKTPOHHOMUKPOCKOITHIECKUX HCCAGAOBAHHUH YaCTh TKAHH IIeUeHH
IIOCA€ COOTBETCTBYIOIIEl 00PabOTKH IIPOCMATPUBAAK IT0A MEKpOcKoroMm JEM-100S.

PesyAbTaThl HCCACAOBaHMS:

ITevens KpOANKa, OAOOHO II€IEHH U APYTHX MAEKOIUTAIOIINX, COCTOUT U3 IIede-
HOYHBIX ITAACTHHOK ¥ CHHYCOHAHBIX FeMOKAITHAASIPOB, OPHEHTHPOBAHHBIX K IIeHTPAAb-
HO¥H BeHe. [emaronuTsl GOPMHUPYIOT IIeYeHOYHbIE TIAACTUHKH, HMEIOT TIOAUTOHAABHYIO
¢$opmy, UTOIAA3MA UX OKpAIlleHa B CBETAO-PO3OBBIH I[BET H B LIEHTPE COAEPIKHUT OAHO
nAm ABa sapa (puc. 1-3). AAS siAep TeNaTOLUTOB XapaKTepHO MOAMMOPOU3M, HAPSAY
C KPYTIHBIM, BCTPeJaeTCsl CPEAHHE F MEAKHE SIAPA C MEAKO PaCIIHIAGHHBIM XPOMAaTHHOM
U HeOOABIIIMM CKOIIAEHHEM €ro IIOA IAEPHOI 000A0UKOIL. B siApe kpoMe XpoMaTHHa BbI-
SBASETCS OAHO MAU ABA KPYITHBIX, U3PEAKA 3—4 MEAKMX SAPBIIKA. AHAAM3 COCTOSHUS
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SAPA TIOKa3aA, 4TO B HEKOTOPBIX CAYYasX SAPBIIKH COBEPIIAIOT BBIXOA B IIATONAAZMY
¥ [IPEBPAIAIOTCS B HOBOe 06pasoBanme. [[prueM BbIXOA COBEPIIAIOT CPEAHHE HAH KPYTI-
Hble SIADBIIKH ¥ BHYTPH AP OHH MMEIOT HedeTKUe KOHTYPBL, Kpasl X Pa3MasaHbl HAU
COAEpYKaT TeMHble 06Pa30BaHKs, BEPOSITHO, TABIOKM XPOMATHHA, KOTOPble CAMBAIOTCS
¢ kapuomaasmoii (puc. 1 a). [Tocae BHIXOAQ B IUTOMAA3MY Kpasi CTAHOBSITCS TAQAKUMH
¥l OTYETAMBO BBIAEASIOTCS B UTOTIAA3Me (B HWOKHET 9acTh 3Toro pucyHka. 1 a). O6braHo
B [IePUIIOPTAABHOM 30HE PACIIOAATAIOTCS, MeHee AU depeHIpOBaHHbIE TeTATOLUTBI,
COAEpIKAIIITE OAHO MAM ABA IAPA. B HAIIMX HCCAEAOBAHMSIX BBIXOA SAPBILIKA 4aCTO BCTpe-
YaACs B KAETKAX 3TO# 30HbL. Bce aTaribl BbIXOAA SAPBIIKA U €r0 MPeBpAIleHUs. MOXKHO
IIPOCAEAUTD Ha pHCyHKe 1 6. B HadaAe, B SApe TeNaTonKTa IPOMCXOAUT 3HAYMTEABHOE
yBeAMMeHHe PasMepa U YIAOTHEHHUE SAPBIIKA C IIepeMeIleHIeM K SIACPHOM 060A0YKe
(1), 3aTem coBepIIAETCS BBIXOA B LIUTOIIAA3MY, HO ellje HAXOAUTCS B KOHTAKTE C SAEPHOI
060a0uKoii (2). Ha caeayromenm aTarie SAPBIIIKO CBOGOAHO PACIIOAATAeTCs B IUTOMAA3ME
¥ uMeet maoTHbI BUA (3 ). [Tocaeaytomme M3MeHeHNS CBSI3aHbI CO CTPYKTYPOii CaMOTO
SIAPBIIIKA, IPOCBETASETCS HyKACOAOTIAA3MA, YBEAUHBAETCSL 00'eM, AOCTUTAs [OYTH
IIOAOBUHY MaTepUHCKOTro sapa (4). DTOT mpoljecc MpOAOATKAeTCsl, IOKA TAOTHOCTB
HYKA€OAOTIAA3MBI He CTAHeT aHAAOTUYHbIM KApHOIIAA3Me MATePUHCKOTO AP, 2 06beM
AOCTHUTHET BEAMYMH, OAMBKIX K MAaTepHHCKOM ( 5). Ha xoHe4HOIt cTaAMM pa3BUTHS, 006-
Pa30BaBIIIKECs HOBbIE SIAP IOYTH He OTAMYAETCS OT MATePUHCKOTO SApa (6). Boimeamee
SAPBILIKO B [IUTOMAA3Me BHAYAAE [IOSBASIETCS B HEIIOCPEACTBEHHOM GAM30CTH OT SIADa,
a MHOTAQ AQKE TIPOCAEXKHMBAETCS COEAUHSIOMMI X TOHEeHbKuil crebeaek (puc. 1 B).
ITocae BHIXOAQ SIAPBIIKA 06EM CAMOTO SAPA HECKOABKO YMEHBIIAETCs, KAPHOTAA3MA
HE3HAYUTEABHO TIPOCBETASIETCS], @ BHIACAMBILIEECS IADBIIIKO PUOGPETaeT OKPYTAOe
OuepTaHMe, IMeeT TEMHYI0 OKPACKY M HAXOAUTCS PSAOM C MaTepPHHCKUM SApoM. B Heko-
TOPBIX CAYYasIX, CO3AQETCS BIIEYATACHHE, YTO BMECTE C SAPDIIIKOM BBIAEASETCS YaCTh
COAEPKMIMOTO SIAPA, @ BBIAGAMBIIASCS MAcca HATIOMUHAET «IIASIIKY Ipubas, Bee eme
CBSI3AHHBIH C SIAepHOI MeMOpanoii (puc.1r).

B nuromnaasMe SIAPBILIKO Yale BCEro MOSIBASIETCS. PIAOM C MATEPUHCKIM SAPOM,
AM60 KaK CaMOCTOSITEABHOE MaAEHbKOE SIAPO B LIeHTpPe LUTONAA3MbL. I1ocae Bhxoaa
SAPBIIIKA KAPHOTAA3MA OCTABIIETOCS MATEPUHCKOTO AP IPOCBETASETCS], KOHTYPbI
SAep CTAHOBHTCS M3BHAMCTBIM, CAMO SIAPO IOCTEIIEHHO CMOPIIMBAETCS M OT HETO OCTa-
eTCS TOABKO He6OABIIAs TeHb. Ty KAPTUHY MOYKHO YBUAETb Ha PHC. 2 a U 6, A€ Ha OA-
HOM M TOM € PHCYHKEe, HO B Pa3HbIX QOKyCaX CHATBI, BbIIEALIEE SAPBIIKO (B OAHOM
doxyce) u ucuesaromee crapoe sApo (B Apyrom dpoxyce). B koneunom urore raxoe
SAPBIIIKO Mpeo6pasyercs B HOBOE SIADO U BMECTE C LIUTOMAA3MON GOPMUPYET «MO-
A0AYI0>»> KAeTKY. Ha 3aBepmiaromeit cTaguu ¢OpMUPOBAHHS HOBOM MOAOAOM KAETKH
PasMepbl SAPBIIIKA YBEAMYMBAIOTCS, B €€ KaPHOIAA3Me MOSIBASIETCS HOBOE TEMHOE
obpasoBanre — 6GyayInee SIADBILIKO M TAQBHOE, TPAHHIIBI TAKOH KAETKU OTYETAMBO
OTpaHMYEHBI OT COCEAHUX KACTOK (puc. 2 B).
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Puc. 1. 3pech u pasee (puc. 2,3,4)-nevens kpoauka. Oxpacka
reMaTokcuAuH — 903uHoM. Ok.10. 06. 100 (ummepcus).

A-8 LEHTpE PUCYHKa OAHOﬂAeprIfI renaTonuT C KPYITHBIM SIAPBIIIKOM. B mox-
HeH 9acTu PpHuCYyHKa BbIIIEALIIEE B IIUTOIIAA3MY SIAPBIIIKO (yKa3Ka).

b - BbIXOA MHOTOYHMCACHHBIX SIAPBIIIEK, ACMOHCTPUPYIOIHE PA3AHYIHbIE CTAAHH
BbIXOAQ U €TI0 TPaHC(l)OpMaLII/II/I B HOBOE€ SIAPO.

B- BbIIIEAIIIEE B HUTOIIAA3MY SAPBIIIKO UMEET BUA MEAKOI'O ITAOTHOI'O TE€AbIIA.

T - BBIIIEAIIEE SIAPBIITKO HMHOTAQ HAITOMUHAET <IIASIIKY rpnﬁa»
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Puc. 2.A u B. OpuH 1 TOK >ke PHCYHOK Ha pa3HOM ¢okyce.

A — BblIIEeAIIIee SAPBIIKO B GOKyCe, OTYETAMBO BUAECH €T0 KOHTYPDIL.

b — mpocBeTaenue xapronaasmer u AoepopManus KOHTYPOB MATEPHUHCKOTO SAPa.

B - nepunopraspHas 30Ha ne4eHOYHOM AOABKH. B OrpaHUYHBIX reNaTOLUTaX IPo-
U30IIAO BHIXOA CPa3y BHIXOA ABYX SADBIIIEK, HAXOASIIUECS Ha Pa3HON CTAAMHU Pa3BUTHAL.

I' - yBeAmueHHe 00beMa BHIACAUBIIIETOCS SIAPBILIKO, IPOCBETACHHE HYACOAOIIAA3-
MBI M ACCTPYKIJHS CTAPOTO SIAP, 00Pa30BAHKE MOAOAOM KAETKH, C BHOBb TPaHCPOP-
MHMPOBAHHBIM SAPOM, A IIUTONAA3MA OKPY>KeHa pPasTPaHMYUTEAbHON AMHHEH.
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Puc. 3.dopmMupoBaHye IOAMHYKACAPOB.

A — BBIXOA ABYX SAPBILIEK 3 OAHO SAEPHOTO TeNaToLyTa..

b — BbIXOA Cpasy ABYX SIApBIIIEK U3 ABYX SIACPHOTO IelaToIHTa.

B BepxHeii 4acTH 9TOr0 5Ke PUCYHKA OOHAPYIKIBAETCS BBIXOA SAPBIIIKA, HYKACOAOTIAA3-
Ma KOTOPOTO Yy Th IIPOCBETAEHO, HO ellje He COAEPYKHT TEMHOE TEAbLIe, OAHAKO eA€ 3aMETHbI
CIIaBIIMECs KOHTYPbI PACHaAAROIIErocs MaTepHHCKOTo Aapa. IlocrenenHoe yBeandenue
00'beMa HyKACOAOTIAA3MBI SIAPBIIIKA F €r0 MPe06pasoBaHue B HOBOE SIAPO, C OSIBACHHEM
TEMHOM TOYKH Ha OAHOM ITOAFOCE XOPOIIIO 3aMEeTHO Ha PUCYHKe 2 I. BOABIIMHCTBO KA€TOK
3TOM II€PUTIOPTAABHOM 30HBI IEI€HOYHOM AOABKH ABYSIA€PHBIE F€IIaTOLIUTDI, OAHAKO CPeAr
HMX BCTPEYAIOTCA KACTKH, B KOTOPBIX OAHO U3 SAEP AMILIEHDI IAPBIIIEK MAU YACTUIHO MAK
MIOAHOCTBIO cMOpIeHbL. Kax 13BecTHO, B eveHM CyIIecTBYIOT He TOABKO ABYSIACPHBIE,
U3peAKa BCTPeYaroTcs 3-X, AU 4-X sAepHble remaTonuThl. Hamu Takoke BbIIBAEHO, 4TO
B PEAKHX CAYYasIX M3 OAHOTO SADA TeTlaTOIUTa MOXXeT COBEPUIAThCsl OAHOBPEMEHHO BbIXOA,
AByx siapbimek (puc. 3 a) a HHOTAQ ABYX SAPBIIIEK C ABYSIA€PHOTO rermaroryra (puc. 3 6).
OueBHAHO, TaKIM 06pa30M, YOPMUPYIOTCS He TOABKO ABYSIACPHbIE, HO M MHOTOSIAGPHbIE
reratonuThL. Takum 06pa3oM, BBIACAUBIIIEECS SIAPBIIIIKO TOCTETIEHHO [IPEBPAIAETCS B ITy-
3bIpeBUAHOE Chepreckoe 0OpaszoBaHIe — HOBOE SIAPO, PSIAOM C MATEPHHCKHM, TakK Gpop-
MHPYIOTCSI OF — ¥ IIOAMHyKA€AphL. B cAydae caMOCTOSITEABHOTO OTXOKAEHHS SIAPBIIIKA
HAM PacIiapd CTaporo siApa OpMUPYETCsT «MOAOAAS> KACTKA, @ HEOOABIIIASI TEMHAS TOUKA
B HYKA€OAOIIAA3Me TTPe0OpasyeTcsi B HACTOsIIIIee SiApbIIKo. HoBOposkAeHHOE SIADO MMeeT
OKDYTAOE OYepTaHHe, KAPHOTIAA3Ma BHITAIAUT TOMOTEHHOM 1 ellle He COAEPYKUT 3ePHUCTbIE
UAY TTHIABUAHBIE 9A€MEHTbI XPOMATHHA, UMeeT HECKOADKO MEHBIIIHX PAa3MePOB 1 HA OAHOM
KPAI0 OOHAPY)XMBAET YIIAOTHEHHOE TEAbIle, OYEBHAHO OyAyIee sAPBIIKO. B 1jeaom, Tak
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COBEpUIAETCS HyKACOAOHYKACAPHAS TPAHCPOPMAIIUSL, AAHHAS OHMHYKACAPHAS HAM <MO-
AOAQST> KACTKA HH YeM He OTAMYAETCS OT PAAOM PACIIOAOKEHHBIX.

O6cysxAeHHe TOAYYEHHBIX Pe3YABTATOB

PesyAbTaThl MpOBEASHHBIX HCCACAOBAHHIT ITOKA3BIBAIOT, YTO BOSHUKHOBEHHE ABYS-
A€PHBIX [eTIaTOLUTOB CBSI3aHbI HE TOABKO C 9HAOMHUTO30M (1.4), HO TaKke C BBIXOAOM
SAPBILIKA U3 SAPA U €TI0 IpeBpalieHneM B HoBoe sIAPO (S). OBbrHO, epes BHIXOAOM
SIAPBILIKO yBEAMYUBAETCS B 0ObEME, YIIAOTHSIETCS U ITePeMelIiaeTcsi K IAGPHO 060A0uKe.
YBeAneHe ero 00beMa, II0-BUAUMOMY, CBS3aHO C YCHACHHBIM CHHTE30M PHOOCOMAAb-
HBIX TeHOB SAPBIITKOBIMU OPTaHM3aTOPAMH, @ TAKXKe CKOIIACHHEM OIIPeASACHHOM YaCTH
AHK BOKpyT caMOro sIApbILIKa. YCHAECHHBIH CHHTe3 pHOOCOMAABHBIX TEHOB € 00pa3oBa-
HHeM MHOXecTBa sApbimek (amnanduxanus reros pPHK), 06HapyskeHO B 0oLuTax am-
$ubwit [ 8]. ITo MHeHMIO 9THX HCCAeAOBaTeAeH, aMITANHKALS pUOOCOMAABHDIX TE€HOB,
XapaKTepPHO TOABKO AASI TIOAOBBIX KACTOK, IIOTOMY — YTO B OTAMYME OT COMATHYeCKHX,
B HUX He HaOAIOAQETCsI IIOAUITAOMAMBALISL. B IPOTHBOIIOAOKHOCTD 9TOMY, FeIIaTOLHThI
MAEKOIUTAONIUX M YeAOBEKA ABASIOTCS IIOAMIAOUAHBIMU. CAeAOBATEABHO, yBeANYeHHUEe
06beMa SAPBIIIKA B TIOAUTIAOMAHBIX KAETKAX ITeYeHH, OYEBUAHO OOYCAOBACHO He TOAb-
KO YCHAEHHBIM CHHTE30M PUOOCOMAABHBIX IeHOB, HO U Takke peayrankarmeir AHK,
CBETOOIITHYECKH BhIPAXKAIOIIeeCss KOHACHCAIIEH XPOMATHHA BOKPYT YKPYIIHEHHOTO
SAPBILIKA. DTH AQHHbIE COTAACYIOTCS C HCCAEAOBaHMAMY [ 1], KoTOpbIe ycTaHOBHAY,
uto B ssppbuike kpome pPHK (12-15%), copepxurcs taroke u AHK (2-10%). Kpo-
Me TOTO0, KaK M3BECTHO, APBIIIKO eAUHCTBEHHAS CTPYKTYPa KACTKU He OKPY>KeHHasI
000AOUKOI, TOATOMY BHYTpH SIADA HIMeeT PaCIIAbIBYAThIe KOHTYphL IIpu nenerparmu
SIAEPHOI 060AOUKH SAPBILIKO, OYeBUAHO, 0OBOAAKHMBAETCS IAEPHOI MeMOPaHOI 1 I10-
3TOMy B LIUTOIAA3ME IPUOOPETAET rAAAKKIE KOHTYPBI U Iapoobpasuyio dopmy. ITocae
BBIXOAQ B IIUTOIAQ3MY B SAPBIIIKE IIPOMCXOAUT BHYTPEHHSS IIePeCTPOHKA CTPYKTYPbI
SIAPBIIIKA, 4eM 1 00YCAOBAEHO IPOCBETACHHE KAPUOIIAA3MBI, A TAIOKe YBEAMYEHUE €0
00'beMa, AOCTUTAOIIINI Pa3MePhI MATEPHHCKOM. B KOHEYHOM HTOTe TAKOE MOAOAOE SIAPO
3aHHMaeT MeCTO PSAOM C MaTepHHCKHM. OAHAKO, B HEKOTOPBIX CAYJasIX IIOCAE BRIXOAA
SIAPBIIIKA MAaTEPUHCKOE SAPO IIOABEPraeTCs CepbE3HBIM M3MEHEHHUAM, a IIUTOMAA3MA
TAKOH KACTKH OTYETAMBO OTTPAHUYHMBAETCS OT OKPYKAIOIIUX KACTOK. MOXKHO Ipea-
IIOAOXKHUTD, 4TO B HEKOTOPOI JaCTH CAyYaeB MATEPHHCKOE SAPO OKKETCS Ha BTOPOi
IIOAOBHHE KAETKH, 4er0 HeBO3MOXKHO B IPUHIJHIIE OTPHULATh. BMecTe ¢ TeM, 6bIAO BbI-
SICHEHO, 4TO MOCAE BBIXOAQ SAPBIIIKA, MATEPUHCKOE SAPO (KPOMe TeX cAydaes, KOIAQ
$opMHpyeTCcs MOAMHYKAeaphl) CHadaAa HabyXaeT, KApHOIAA3Ma CTAaHOBUTCS CBETAOH,
sIAepHast 060AOUKA CITAAAETCS M IAPO BBITASIAUT Ae(OPMUPOBAHHBIM. A HA IIOCAEAYIOIIUX
CTAAMSIX SIADO YMEHBIIAETCS B 0O'beMe, TOAHOCTBIO PACTBOPSIETCS U HCde3aeT. Borxop
SAPBILIKA U PACIIAA CTAPOTO (MATEPHHCKOTO) SIAPA, IO-BUAUMOMY, COIPOBOXKAAETCS 32-
POKACHHEM HOBOH KACTKH, IIPH KOTOPOM SAPBIIIKO TPAHCPOPMHUPYETCS B COBEPIIEHHO
HOBOE SIAPO 1 00pa3yeT «MOAOAYIO> KACTKY BMECTe C OKPY>KakOIIefl ero IIUTOIAA3MO.
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BeposiTHO, UMEHHO TaKOi1 MEXaHH3M «OMOAOXKEHHSI» AXKHT B OCHOBY AOATOBEYHOCTU
KAETOK HeKOTOPBIX MEAAEHHO OOHOBASIEMbIX, BOSMOXKHO U CTAOMABHBIX OPraHOB, B TOM
uricAe 1 medeHn. OAHAKO 3A€Ch, He BCe SICHO, KaKUM 00Pa3oM SAPBIIKU MOTYT $pop-
MHPOBATb [IOAHOI]EHHOE SIAPO. [TpeATIOAOXKHTEABHO, MOKHO YKAa3aTh Ha ABE OCHOBHBIE
BO3MOJKHBIe BapHaHThL. IlepBoe, IIpH BRIXOAE SIADBIIIKU BMeCTe C HMM 3aXBaThIBAETCSI
gacts AHK (AonycmM U3 TETPAIAOUAHON — AUTIAOMAHAS YACTh, YTO IIOATBEPIXKAACTCS
He6OABIIMM CKOTIACHMEM XPOMATHHA BOKPYT SIAPBIIIKA), @ [IOCAE BBIXOAQ B LIATOTIAA3MY
IIPOKICXOAMT NOAHOE packpyurBanue crmpaseit AHK, B cBsi3n, ¢ yeM HykaeaorOmAA3Ma
npocBeTAsieTcs. Bropoe, uto MeHee IIpaBAOIIOAOOHO, ITOCA BBIXOAA SIAPBILIKM Ha OCHOBE
Moaexyabl PHK crpoutcst mosexyaa AHK. HexoTopbie IIpeATIOCBIAKH AAST 9TOTO HaM
AQIOT OOHAPY>KeHHbIe B BUPYCaX 0OpaTHAsI TPAHCKPHIIIKS, T. e. GOPMUPOBAHHE MOA€-
xyast AHK, B pesyabTare Tpanckpummuy ¢ Moaekyast PHK.

Taxum 00pa3oM, BBIXOA SIADBILIEK U3 SIAPA IPUBOAHT K ABOSIKM Pe3yAbTaTaM. B cay-
Jae 0OPa3OBAHKSI ABYX, TPEX U YeTHIPEX SACPHBIX TeTIATOLJUTOB, CTapble SAPa Oe3 cymje-
CTBEHHBIX H3MEHEHMUI1 COXPAHSIOTCS BMECTE C HOBBIM MOAOABIM <SIADOM>. B HekoTOpBIX
CAYYasIX [IOCA€ BBIXOAQ SIADBIIIKA CTAPOE SIAPO PACIIAAAETCS M HCYe3AeT, YCTYIIAsi MeCTO
MOAOAOMY SIADY. AHAAUBHPYSI BECh 9TOT HPOLIECC, MOKHO 3AMETHTb, YTO IIPH 3TOM BKHYIO
POAB HIPAeT SIAPBIIIKO, KOTOPOE BHITOAHSIET GYHKIIHIO IEPEHOCUHKA IAGPHOTO MATEPHAAA.
Boaee TOr0, B pe3yAbTaTe 9TOro Iporecca GOPMUPYIOTCS He TOABKO G- M IOAUHYKAEAPDI,
HO TAlOKe IPOUCXOAUT 0OPA30OBAHHE «MOAOABIX> KACTOK. MOXKHO IPEATIOAOKHUTD, YTO
IIOAOOHBIM 06pasoM obecreunBaeTcst GecrpephIBHOE OOHOBACHHUE, HAH ITO APYTOMY, <OMO-
AOXKeHHe > KAeTOK. OUeBHAHO, BCAEACTBHE TAKOTO IEPUOANIECKOTO OOHOBACHHS SIAGPHOTO
anmapaTa CaMOYCTPAHSIOTCS BO3HHUKIIME FeHeTHYeCKIe IIOAOMKH IIPU IIOBTOPHOR CaMo
c6opke moaexyast AHK. Baaroaapst aTomy, Tak AOATO (B TedeHue Beeil )XU3HH), KACTKU
HAIIIEr0 OPTaHM3Ma, He HAPYIIIAs BHITOAHSIIOT CBOM OCHOBHbIE YHKIIHIL

CaeAyeT YIIOMSIHYTb, 9TO BBIXOA SIAPBIIIKa, KpOMe Haelt [4 ], Tacoke onucbiBaercs
B EAMHCTBEHHOI1 paboTe [2], rAe aBTOPBI KOHCTaTHPYIOT TOABKO AMIIb IIPOLIECC BHIXOAA
SIAPBILIKA B IJATOIAA3MY, ¥ TO y HU3LIMX )XMBOTHbIX, & IMEHHO B KATKAX GUCCYCHOI
JKeAe3bI MOAAIOCKA MUAMH. DTH HCCACAOBATEAU TIOAATAOT, YTO BBIACAUBIIEECS SIAPBILI-
KO B IJUTOIIAA3Me YYACTBYeT B IIporiecce obpasosanuu cekpera. O6 yuacTre sSApbIIIKA
B IpoIjecce 0OPa3oBaHMU CeKpeTa 6e3 BhIXOAA B [IUTOIAA3MY YKA3bIBAIOT 1 HEKOTOPBIE
ApyTHe aBTopsI [ S]. BbIX0A COCTaBHDBIX 9acTell SIAPBIIIKH, 0COGEHHO PHOOCOMAABHDIX
CyO'beAMHMII 13 SIAPA B LIUTOIIAA3MY SIBASIETCSI OOIieIpU3HAHHBIM PpakTOM. Borxoa 60aee
KPYIIHBIX $PArMEHTOB SAPBIIIKOBOTO MATEPHAA], KAK 3TO 0O03HAYAETCSI B AUTEPATYPe
«<3AUMHUHALMS SKCTPAXPOMOCOMAABHOTO MaTePUAAA> OIUCAH B OOLUTAX PA3AMYHBIX
HACEeKOMBIX, Pakoo6pasHbIx, psi6 1 amdubuii [ 8] Takum 06pasoM, pe3yAbTaTsl IpOBe-
AEHHBIX HCCAEAOBAHMI [TOKA3BIBAIOT HA HOAEE BAXKHYIO POAD SIAPBIILIKA B [IPOLECCE XKH3-
HepesiTeAbHOCTH KaeTKH. Kpome curresa pubocomaasupx PHK, siappimiku yyacTByror
B 00pa3soBaHuy O¥- 1 IIOAUHYKAEAPOB, 4 TAKKE B IIpoIleccax OOHOBAEHUS KAETOK, ITy-
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TeM 3aMellleHHsI CTAPBIX SAEp, 32 CYeT IpeobOpa30oBaHMs SIAPBIIIKA B HOBOE SIAPO. Boixop
SIAPBIIIKA, [I0-BHAUMOMY, 3aKOHOMEPHBIF IIPOLjeCC, HAIPABACHHDIN AASL OOHOBAEHIS
TeHeTHYeCKOTO MaTePHA], TO eCTh CAMOYCTPAHEHHS IIOAOMOK B SIAPHOM arlapare.

BriBoabI:

1. B mevenu obpazoBaHue OU U IMOAMHYKACAPOB IIPOMCXOAUT 3a CYET BBIXOAQ
SIAPBILIKA U eTO MpeBpaljeHNs B HOBOE SAPO;

2. B meueHu, Kak B MEAACHHO OOHOBASIEMOM OpTaHe, IEPUOANIECKH COBEPIIAETCS
rubeAb CTApOro U 3apOXKAEHIE HOBOTO 32 CYET BHIXOAQ SIAPBIIIKA ¥ €0 TpaHcpopMa-
ITMH B HOBO@ MOAOAOE SIAPO.

3. B mpomecce meproandecKoii 3aMeHbI CTApOTO SIAPA HA MOAOAOE, IIO-BHANMOMY,
YCTPAHSIeTCsI IOAOMKH I'eHeTHIeCKOTrO MaTepHaAa IPY IIOBTOPHOI CaMO COOPKH HOBO-
IO SIAPA 32 CYET BBIACAUBIIETOCS SIAPBIIIKA.
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Levels of proinflammatory cytokines (IL-1, IL-6, IL-8)

in women with physiological pregnancy, who
were delivered by cesarean section

Abstract: In this article are offered the results of examination of 40 women with

physiological pregnancy, who were delivered by cesarean section at the age from 21 till
40 years. Are presented women were divided into 2 groups of nulliparous (20 pregnant
women) and of multiparous (20 pregnant women). The levels of proinflammatory
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cytokines (IL-1B,IL-6,IL-8) in the endometrium and blood plasma were detected by
enzyme immunoassay. There was found that women in group I in endometrial tissue
hasincreased concentration of IL-6, but reduced IL-1f compared with women I group.
However, in plasma women II group has a relative increased in the concentration
of IL-8 and decreased IL-6.

Kyewords: proinflammatory cytokines, IL-1pB, IL-6, IL-8, pregnant women,
endometrium, blood plasma.
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IToTanmosa Mapus Buxroposna, PocTosckuit locypapcTBenHbIi MeAUITMHCKUI
YHuBepcHuTeT, aCIMpaHT, KapeApa aKyIepcTBa U rHHeKoAoruy NO 1

AobaeBa Haraapss MuxaitaoBHa, Pocrosckuit TocyaapcTBeHHbIN MeANIIHMHCKIIT
yHI/IBepCI/ITeT, KaHAHUAAT XUMHUYIECKUX HAYK, AOLIEHT

YpoBeHs nposocnaauTeabHbx GUTOKHHOB (MA-1f, IA-6, VIA-8) y sxeHmuH
¢ PU3NOAOTHIECKOM HepPeMEeHHOCTDIO, POAOPA3PENIeHHBIX ITyTeM KeCapeBa CedeHHs.

AnnoTanusi: B HacTosimeit paboTe IIpeACTaBACHBI Pe3yABTATHI 0OCAEAOBAHIS
40 >xeHIMH C GUMOAOINYECKOM OePeMeHHOCTIO POAOPA3PELIEHHBIX IlyTeM Ke-
capeBa cedeHus B BodpacTe 21-40 aeT. BepemeHHbIe OBIAU TOAEAEHBI HA IPYIIIIbL:
20 6epeMeHHBIX — MEPBOPOASIIIHE XKeHIUHBI, 20 6epeMeHHbIX — IOBTOPHOPOAS-
mue. Mccaep0BaH ypoBeHb COAPXKAHMS IPOBOCIAANTEABHBIX IUTOKHHOB (MIA-1p,
HA-6, I/IA-S) B 9HAOMETPUH U NAA3Me KPOBH METOAOM UMMYHOPEPMEeHTHOIO aHa-
Au3a. B pesyabrare nccaepOBaHUS OBIAO YCTAaHOBAEHO, 4TO y II rpymimsl skeHIUH
B TKaHU 9HAOMETPHS MOBbBIIIeHHas! KOHI[eHTparms MA-6, Ho cHIwKeHHast I/IA-IB
OTHOCHTEeABHO >XeHmuH | rpymmsr. BmecTe ¢ TeM B maasMe KpOBH y IIOBTOPHOPO-
ASIIUX SKEHITUH OTMeYaeTCs OTHOCUTEAbHOe IOBblIeHre KoHleHTpanuu MA-8
u cHwkeHne MA-6.

KaroueBbre cA0Ba: mpoBocmasuTeAbHble uToKuHb, MIA-1pB, IA-6, FIA-8, 6epe-
MeHHbIe )KeHII[UHBI, SHAOMETPUH, IIAa3Ma KPOBH.

Bseaenue. HecMoTps Ha MOCTOSHHBIH IIOMCK HOBBIX METOAOB ACUEHHS U ITPO-
$HMAAKTHKH, JACTOTA ITOCACOIIEPAIIMOHHDIX BOCITAAUTEABHBIX OCAOXKHEHHUH AO Ha-
CTOSIIIIEro BpeMeHH 0cTaeTcst BIcoKoi [ 1,21-29]. OcnoBonoAararomum ¢akropom
B Pa3BUTHM AQHHBIX OCAOXKHEHHI SBASETCS Pe3HMCTeHTHOCTD M PeaKTHBHOCTD Ma-
KpoopraHusMa. FIHOrAQ y pOsKeHHUI] OCAOKHEHHsI PAa3BUBAIOTCS 0e3 BUAMMBIX KAU-
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HUYeCKUX MPU3HAKOB, TO €CTh UMEIOT CTePTYI0 MaHUeCTAI[HUIO0, B OCHOBE KOTOPBIX
ACXHUT HCXOAHOE U3MEeHeHIe MMMYHHOT'O CTaTyCa, HapyIleHHe aAAIITUBHBIX CBOHCTB
[2,3-5]. i3BecTHO, 4TO aKTHBAIKA HecTleupHIECKUX U CeUPUIeCKIX MMMYHHBIX
PeaKITHii CBsI3aHa C BAMSHIEM Ha Pa3AMYHbIEe TOMEOCTATHYECKHe CUCTeMBI OPTaHM3Ma
LIEAOTO PSIAQ YHUBEPCAABHBIX MEAHIATOPOB, CPEAH KOTOPBIX 0CO60€ MECTO 3aHIMAIOT
OUTOKHHDI, KOHTPOAI/IPYIOH.II/IQ npoueccm peaAnsauHH I/IMMYHHOfI U1 BOCIIAAHUTEAD-
Ho# peakruBHOCTH |3, 37-40]. Ha AaHHBII MOMEHT OCTaeTCsl OTKPBITBIM BOIIPOC
0 MaTo$U3NOAOTUYECKUX OCOOEHHOCTSX TeYeH sl BOCIIAANTEABHOT'O IIPOLIecca y po-
AVABHHUILI,

Ieap nccaepoBannsa. OnpeaeAuTs ypOBEHDb IPOBOCIAAUTEABHbIX IIUTOKIHOB
(VA-1B, VIA-6, 1A-8) B 9HAOMETpPHH U IIAA3Me KPOBH Y SKEHIIUH C PU3NOAOTHIECKO
OepeMeHHOCTDIO, POAOPA3PeIIeHHbIX [Ty TeM KecapeBa CedeHH L.

MatepuaAbl 1 METOADL. AAS BBIITOAHEHFS ITOCTaBAGHHOH 3aAa4H B ICCAEAOBaHHUE
BKAIO4eHbI 40 GepeMeHHbIX KeHIUH B cpoke 3840 HepaeAb recTanuy, B Bo3pacre 21—
40 AeT peKOMeHAOBAaHHBIE Ha MAAHOBOE KeCcapeBo cedeHHe, Haxopusmecs B MBY3
«I'B N 1 um. Cemamxo H. A. . PocToBa-Ha-AoHy>» poapome N 1, TOATIMCABITHX HH-
$OpMHUPOBAHHOE COTAACHE HA YIACTHE B HCCAEAOBAHHN. BepeMeHHbIe OBIAU [TOACAEHDI
Ha rpymmsL IlepByro rpymmy cocraBuau 20 6epeMeHHBIX C IIEPBBIME POAAMI B aHAM-
nese (n=20). Bropyo rpynmy cocraBuau 20 6epeMeHHBIX C IOBTOPHBIMU POAAMU
(n=20). CpeaHnit BospacT 6epemenHsIx B I rpymme cocrasua 28,5 + 4,7 aer, o 11
rpymme — 30,5 £ 5,9 aeT.

BrIOAHSAAOCH ONpepeAeHHE COAEPKAHHS IPOBOCITAAUTEABHBIX IJUTOKHHOB
(I/IA-I [3, HA-6, I/IA-S). MarepuaroM AASI ICCAAOBAHUS CAY>KHAH TIAA3Ma KPOBH U 9H-
AOMETpUI1, 3a0paHHBII Cpasy e IIOCAe U3BACYEHIS IIAOAQ.

Hccaep0BaHME IPOBOAHAOCH METOAOM MIMMYHO(pEPMEHTHOIO aHaAN3a Habopamu
xomnanuu «Bexrop Becr» (Poccus). Cratncruaeckas 06pa6oTka BHIIOAHEHA C UC-
ITOAB30BAHHEM NPOTPAMMBI « Statistica 6>, MeToAaMU ITapaMeTpHYeCKOH U Helapa-
MeTPHYeCKON CTATHCTUKH 10 KpuTepusiM CrbropeHTa 1 ManHa — YurHu. Pasanans
CUMTAAHU CTATHCTHYECKH 3HAUMMbIME TTpH p<0,0S. OmucareAbHast CTATHCTHKA 0TOOpa-
JaAa KOAMMeCTBeHHYI0 HHPOpMaruio: cpeaHee 3HadeHne (M), cTaHARPTHYIO OmHU6Ky
cpearero (m), mepuany (Me) 1 nepueHTHAH.

Pesyaprarsi u 06cysxAennst. [Tpu nccaepoBarny kounenTparmu FIA-1( B Tkanu
9HAOMETPUSI OBIAO OTMEYEHO AOCTOBEPHOE CHIDKEHHUE €TI0 YPOBHS B IPyIIIIe IOBTOP-
HOPOASIIVX SKEHIMH OTHOCUTEABHO mepBopoasmux (p<0,04). HanpoTus, KoHiieH-
Tparus MIA-6 B TKaHH 9HAOMETPHS y SKeHINHH I rpymmsI A0CTOBEpHO IOBbIAAACH
OTHOCHTEABHO MePBOPOASIIIUX XXeHmuH. ITpu nccaepoBaHum koHIeHTparun MA-8
AOCTOBEPHBIX Pa3AHYMUIl He 6BIAO OTMeueHO. BMecTe ¢ TeM, KOppeASIIOHHAS CBS3b
mexay IA-6 u VIA-8 6piaa ormeuena kax B Irpymnme (r=0,79; p<0,00005), Tax 1 Bo 11
rpyme (r=0,83; p<0,00002) (Taba. 1).
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Tabawura 1. — CopepskaHue IPOBOCIAAUTEABHBIX [JATOKUHOB
(VA-1B, IA-6, IA-8) B TKaHU S9HAOMETPHSL

HA-1f nr/ma HIA-6 ir/mMa VIA-8 nr/ma
I'pyn- [25-75] [25-75] [25-75]
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Ipumedanne: ¥ — pasAMYUS CTATUCTUYECKHU 3HAYMMBI B CPABHEHHU C IIEPBOPO-
asmpumu (p<0,05).

Hanporus, npu nccaepoBarnu KonerTpanuu F1A-8 B riaasme kpoBu 65140 0TMe-
JEeHO AOCTOBEPHOE ITOBBIIIEHHE B IPYIIIe IOBTOPHOPOASIIHX KeHIIUH OTHOCHTEABHO
nepsopoasmux (p<0,05). B To Bpems kak yposenb coaepkanus IA-6 B maasme mo-
BTOPHOPOASIIMX KEHIMH CHUXKAACS B CPaBHeHHUH ¢ epBopopsmumu (p<0,03). Tlpu
uccaeposanuu FIA-1p A0CTOBepHO 3HAYMMBIX OTAMYHIL He OB1A0 0TMedeHO. [Tpu aToM
B ] rpymme >KeHIIUH MPHUCYTCTBOBAAA IIOAOKHTEAbHAS KOPPEASIIHOHHAS CBSA3b MEXAY
WA-6 u 1A-8 (r=0,48; p<0,003). Bo II rpymime mpucyTcTBOBaAa KOPPEASIIHS MEKAY
HA-6 u IA-8 (r=0,41; p<0,06), a Tawxe mesxay A-8 u A-1B (r=0,41; p<0,06)
(Taba.2).

H3BecTHO, YTO IIeHTPAABHOE MECTO B GH3HOAOTHIECKOH PETyASIIUI BPOXKAEHHO-
IO IMMYHHOT'O OTBETa 3aHUMAIOT ITUTOKUHBL. MHOIHe aBTOPhI YKa3bIBAIOT Ha TO, UTO
BO BpeMsi bepeMeHHOCTH IIPOMCXOAUT yMeHbllleHHe CHHTe3a HUTOKHHOB Thl u un-
ayxrst nurokrios Th2. CoraacHo aToMy, OepeMeHHOCTb SIBASIETCS IPOTUBOBOCIIA-
AUTEABHBIM COCTOSIHUEM, U CABUT B THIIE IIPOAYLIUPYEMBIX IIUTOKHHOB MOXET ITpUBe-
CTH K OCAO>KHEHISIM OepeMeHHOCTH U IIOCAEPOAOBOTO Ieproaa. Psip nccaepoBaTeseit
PaccMaTpUBAIOT GepeMeHHOCTb KakK COCTOSIHUE, COCTOsIIIee U3 TPeX IMMYHOAOTHYe-
CKHUX (a3, TA€ IIePBBII TPIMECTP OepeMEeHHOCTH U [IEPHOA [IepPeA POAAMI SIBASETCS
IIPOBOCHAAUTEABHOM Pa30ii, a BTOPOX TPUMECTP — MPOTHBOBOCHAAUTEABHOM (pa3oit

[4,601-610].
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Tabauna 2. — CoaepkaHue IIPOBOCIAAUTEABHBIX LITOKUHOB (I/IA-IB, HA-6,
HA-8) B ra3me KpOBH

WA-1fnr/ma HA-6 nir/Ma HIA-8 ir/ma
Tpyn- [25-75] [25-75] [25-75]
mel | Mtm | Me nepueH- | M+m | Me nepreH- | M+m | Me TepIieH-
THAKR THAK THAK
IR vy @
=) k- =)
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Ipumeyanue: ¥ — pasAMdMsI CTATUCTUYECKU 3HAYHUMbI B CPABHEHHH C [IEPBOPO-
ASIIIAMY;

Ipu HccAeAOBAHHY ITePBOPOASIIHX XKEHITUH OBIAO OTMEUEHO YBeAHIeHHe KOH-
LIeHTPALIMHU B TKAHH 9HAOMETPHSI TAKOTO [IPOBOCIIAAMTEABHOTO IIUTOKHHA KaK FIA-1.
MO>HO IPeAIIOAOKHTB, YTO TPOMCXOAUT AOKAAbHAS IIOATOTOBKA MATKH K poaaM. M3-
BECTHO, YTO POABI XaPAKTEPU3YIOTCS IIPUTOKOM HMMYHHbIX KACTOK B MHOMETPHI, KO-
TOpBIe AKTHBH3UPYIOT BOCIIAAUTEABHBIH IPOIIECC, YTO CIIOCOOCTBYET COKPAIIeHUIO
MaTKH, U3THAHHUIO peOeHKa U OTTOPXKEHHIO MAAIIeHTHL. BMecTe ¢ TeM, KOHIIeHTpariusl
MA-6 B TKaHH 9HAOMETpUS OBIAA CHIDKEHA, HO MTOBbINIIEHA B TTAa3Me. Bo3MOXKHO, 3TO
CBSI3aHO C TeM, 4TO IA-6 SIBASIeTCS TUIMYHBIM PAHHUM HHAYIIHOEABHBIM IIHTOKHHOM,
KOTOPBIH OBICTPO HAKAIIAUBAETCS B LIUPKYAITOPHOM PYCA€ IIPH Pa3BUTHU BOCIIAACHHSL.

VHas xapTHHA OTMEYAAACh Y XKEHIINHH, KOTOphIe B AaHAMHe3e YKe MIMEAH ollepa-
THBHOE popopaspernenue. Tak B TKAHM 9HAOMETPUS ObIAA [TOBBIIIEHA KOHIJeHTPALIH
MA-6, 1o camwkena MIA-1p. TTpu aToM B I1Aa3Me OBBIIIAAOCH copepskanue MIA-8. Jare
BCETO IIOCAE OIIEPaTHBHOIO POAOpAa3pelIeH s OPMHUPYeTCs XPOHIIECKOe BOCIIaAe-
HHe, B CBS3HU C 9TUM IIOBbIIIeHHAs KoHIjeHTpanus VIA-6 sBasgercs aormusoiL. LsBect-
HO, 4TO IIPY XPOHUYIECKOM BocraseHuH FIA-6 mposBAseT cBOM IPOBOCIIAAUTEABHBIE
CBOJICTBA, TOTAA KaK IIPH OCTPOM — IIPOTHBOBOCIIAAMTEAbHbIE [S].

3akarouenue. Y nepBOPOASIIMX KEeHIIUH B TKAHH S9HAOMETPH:s OTMeYaeTcs Imo-
BbimeHue copeprxanust IA-1p u camkenne FIA-6. Bmecte ¢ TeM, 0TMe4aeTCs TOAOKHU-
TeAbHAsI KOPPeAsIfOHHAsI CBsi3b MexAy FIA-6 u 11A-8. B maasme kpoBu HabAIOAQ€TCSE
cumxenue MIA-8, Toraa kak kornenTpanus MIA-6 yseanunsaercs. IIpucyrcrByer mo-
AOXHTeAbHas Koppeasinus Mexxay MIA-6 ulA-8.

Y IIOBTOPHOPOASIIHX SKEHIIMH B TKAHH 9HAOMETPHS HAOAIOAQ€TCSI TOBbIIIEHHAS
koHnerrpanus MA-6, Ho moxmwkenune MA-1p. Takke Kak U B IEPBOJ IPyIIIIe IIPHU-
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CYTCTBYeT IIOAOXKHTEAbHAsI KOPPEASIIUOHHAS CBsA3b Mexxay MIA-6 u MIA-8. Hapsay

C 9TUM B ITAA3Me KPOBU OTMeYaeTCs IOoBbIlleHHe KoHLeHTpanuu MA-8 u camxenue

VIA-6. ITpu 9TOM IPUCYTCTBYET IIOAOKHUTEABHAS Koppeasrius Mexay VIA-6 u IA-8,
a raioke Mexxay MIA-1B u FIA-8.
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Influence tripoli Kamyshlovsky deposit on quality of pork

Abstract: The article presents the results of studies on the use in the diets of young
pigs tripoli Kamyshlovsky deposit. Found that the inclusion in the diet of pigs tripoli
Kamyshlovsky deposit had a positive impact on productivity and quality meat pork.
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BnusHue tpenena KambiLWNOBCKOro MeCTOpPOXAEeHUs
Ha nokKa3aTeJiu Ka4yecTBa CBUHWHbI

AnHoTanus. B cTaTbe mpeAcTaBAeHbI Pe3YABTATbI HCCACAOBAHHI II0 HCIIOAB30BA-
HUIO B paIlMOHAX MOAOAHSKA CBUHeH TpereA KaMbIIMAOBCKOT0 MeCTOpOXKACHUA. YcTa-
HOBAEHO, YTO BKAIOUEHHE B PaIlOH CBUHOK TpereA KaMbImAoBcKoro MecTopoxaAeHISI
OKA3aA0 IOAOKUTEABHOE BAVSIHYE HA MSCHYIO IIPOAYKTUBHOCTD F KA4eCTBO CBUHHHBL

KaroueBble cAOBa: X1Basi Macca, yOOMHbIN BBIXOA, AAMHHERIIAsT MBILIIA CIIHHBL,
TperieA, CBUHKIL

Crparerueil pa3BUTHSA MACHOTO >KHBOTHOBOACTBA B Poccuiickoit QOepeparmu
A0 2020 ropa, npepAycMaTpUBaeT yBeAMYeHHEe AOAM OT€UeCTBEHHOTO IIPOM3BOACTBA
MsICA C I[eAbI0 GOPMHUPOBAHUS MSICHBIX PECYPCOB, IOBBIIEHHSI KOHKYPEHTOCIIOCO0-
HOCTH ¥ HHBECTHIUOHHOM IIpHBAeKaTeAbHOCTH [ 1]. PocT 065eMOB IpOM3BOACTBa
CBUHUMHBDI U ITOBBIIIEHHS 9P PEKTUBHOCTH CBHHOBOACTBA AOCTHIAIOTCS, IIPEXKAE BCETO,
3a CYeT IMOBBIIIEeHHS IIPOAYKTHBHOCTH JKUBOTHDIX IIPH PAlliOHAABHOM HCIIOAb30BAHHU
KOPMOBBIX pecypcos [2]. OAHAKO MCIIOAB30BaHUe HHTEHCHBHBIX TEXHOAOTHI1 BbIPa-
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LIMBAHHS )XUBOTHBIX, 0COOEHHO B CBHOBOACTBE, IIPHBOAUT K TOMY, YTO COAEpPKAHMe
BUTaMHHOB U MUHEPAAbHBIX COEAUHEHMH, NX KOANYeCTBEHHOE COOTHOUIEHHE B XKHU-
BOTHOBOAUECKOH IIPOAYKIIME He BCETAQ COOTBETCTBYIOT IIOTPEOHOCTSIM OpraHMU3Ma
yeaoBeka [3].

LeAp mccAeAOBaHMI — U3YYUTDH BAMSAHKeE Tpenesa KaMbIImAoBCcKOTo MecTopox-
AEHMS Ha ITOKA3aTeAU KauecTBa CBUHHUHBL

AAS peaAM3aIii OCTABACHHOI ITeAU Ha 6a3e yueOHO-OIBITHOTO X03s7icTBa To-
Menckoit 'CXA 65140 cOpPMHUPOBAHO YeTHIpe IPYIIIBI CBUHOK, 110 10 roAOB B Kax-
aoit. Ipymmbt popMHUPOBAAKCH C YIETOM BO3PACTa, XKUBOM MacChl U PH3HOAOIUYECKOTO
COCTOSIHUSL. YCAOBUSI KOPMACHHS M COAEPIKAHHS AASL BCEX TPYIIT OBIAM OAHHAKOBBIE,
HO Pa3sAMYHe COCTOSIAO B TOM, YTO CBUHKH 1-# OTIBITHOM IPYTIITbI AOTIOAHMTEABHO K OC-
HOBHOMY pPalLJOHY IOAy4JaAu 2% Tperneaa Kamprmaosckoro Mecropoxaenus Ceepa-
AOBCKOJ 00AaCTH, BO 2-if OIBITHON — 3% Tpereaa, B 3-it ONBITHON — 4% Tpereaa
OT CYXOro BelllecTBa.

OrreHKa MSCHOM IIPOAYKTUBHOCTH XXMBOTHBIX H OIIPeACACHHUE e€ YPOBHS eljé pu
JKU3HH MPOBOAMACS B OCHOBHOM I10 3KMBO# Macce. ITpu aToM HanboAee rmoAHas eé xa-
PAKTEPUCTHKA BO3MOXKHA AUIIb IIPH YOO€ XUBOTHBIX. [109TOMY 110 3aBepIIIeHHIH OITbITA
6ObIA POU3BEACH KOHTPOABHBIA Y601t H3ydaeMbIx cBUHel (110 3 TOAOBBI M3 KaXKAOM
rpymsy). IIpu oreHKe MACHO# MPOAYKTUBHOCTH YIMTHIBAAH IpeAy6OiiHyI0 Maccy,
MAacCy MapHOM U OXAQKAEHHOM TYIIH, ITAOIAAb «MBIIIEYHOTO TAA3Ka >, BBIXOA MsCa
U TOAIUHY IIIIHKA.

HMccaeAOBaHMSIMM YCTAaHOBAGHO, YTO HAMOOABIIAS ITPeAyOOFHAS SKHMBasl MACCa Ha-
OAI0AQAACH Y CBUHOK 2-H OIIBITHOM I'PYIIIIbI, YTO AOCTOBEPHO IIPEBOCXOAMAA Ha 18,3%
(P<0,001) xoHTpOAbHYIO rpymmy. B 1-i 1 3-i onbITHBIX rpymnax npeay6oiinas Mac-
ca 6b1Aa AOCTOBepHO 6oAbire Ha 13,2 (P<0,001) u 9,4% (P<0,05), uem B KOHTPOAE.
Macca 0XAQXXAeHHOM TyIIH B 1-if 1 2-i ONIBITHBIX IPYIIIIaX ObIAA AOCTOBEPHO OOAbIIIe
Ha 15,4 (P<0,001) u 21,0% (P<0,001) no cpasHeHuIo ¢ KOHTpoAeM. B 1-it onbITHOI
IPYIIe 9TOT MOKa3aTeAb 6bIA AOCTOBepHO Goabme Ha 11,0% (P<0,001) xoHTpoAS,
HO MeHbllle, YeM B 1-i1 ¥ 2-1 OTIBITHBIX IPYTIIaX.

BaskHBIM TTOKa3aTeAeM, XapAKTEPHU3YIOIIIM yOOMHbIe Ka4eCTBA YXUBOTHBIX, SIBASI-
eTCs1 yOOFHbIN BHIXOA, KOTOPBIi MpeBbIIIaA B 1-51 onbiTHOM rpymie Ha 1,4%, Bo 2-it
onpITHOM — Ha 1,9%, B 3-11 onbITHON — 1,1% 10 CpaBHEHHUIO C KOHTPOAEM.

ITAOImaAb «MBIIIEYHOTO TAA3Ka» BO 2-I ONBITHOM Ipymiie ObiAa Bbimre Ha 9,4%,
4eM B KOHTpOAe. B 1-i1 1 371 OIBITHBIX I'PYIIIIaX 9TOT ITOKA3aTEAb ObIA BBIIIE KOHTPOAS
Ha 5,7 1 3,7%. I'To ToAmuHe 1ITiKa Hap, 6—7 rPYAHBIMHU O3BOHKAMH OITbITHbIE IPYIIIIbI
YCTYIIaAM KOHTPOAIO Ha 4,0—7,6%. CTaTHCTHIeCKOH AOCTOBEPHOCTH MEXAY I'PYIIIIAMU
He HaOAIOAQAOCH.

Aast 6osee 06DEKTUBHOR OIIEHKH MSICOCAABHBIX KaueCTB CBUHEH MbI IIPOBEAH ITOA-
Hy10 06BaAKy moayTym (Taba. 1).
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Tabawurra 1 — MsicHble KageCTBa CBHHOK KPYITHOM O€AOM ITIOPOABL

I'pynma
ITokasarean
KOHTpOAbHasi | 1 ombiTHast | 2 ombiTHAsE | 3 OmbITHAS
M ~
ACCA OXRDKACHHON| 35 7541,37 |41,25£0,92 | 43,2540,62*** | 39,70+0,67*
[TOAYTYIIH, KI'
B T.4. MsCa, KT 19,840,60 | 23,2+0,98** | 24,5+0,76™** | 22,2+1,11
JKHPa HapY>KHOTO, KI' 11,9+0,83 12,4+0,49 12,9+1,03 12,2+0,83
KOCTeM, KT 4,05+£0,33 |5,65+£0,20***| 5,85+0,43** | 5,30+0,42*

*P<0,05; ** P<0,01; *** P<0,001

Anaaus pesyabraTos nokasaa (taba. 1), uto copepskanue Msica B 1-i u 2-if OTIBITHBIX
rpymmax 6b1aa AocToBepHO 60abmie Ha 17,2 (P<0,01) u 23,7% (P<0,001) mo cpasme-
HUIO C KOHTPOAeM. B 3-i1 OIbITHOM IpyIIIie cOAepIKaHMe MsICa OBIAO GOABIIIE KOHTPOAS
Ha 12,1%, HO MeHbIIe, YeM B 1-i1 1 2-i1 onbITHBIX rpymmnax. CopepsKaHHe XXUpa HAPYXK-
HOTO B OIBITHBIX IPymIIax 6b1A0 60AbIIe Ha 2,5-8,4% 110 CPaBHEHHIO C KOHTPOAEM.

AAST OLleHKHM KadeCTBa CBHHUHBI HAMY OBIA H3YYeH XMMUIECKHUI i AMHHOKHCAOT-
HBIN, BATAMUHHBIA 1 MUHEPAABHBIN COCTAB B MBIIIEYHOM TKAHH.

Mccaep0BaHMAMHU YCTaHOBAEHO, UTO COACPIKAHHE CYXOTO BeleCTBA B AAMHHEHII el
MbITIIT]e CTIMHDI B 1-H 1 2-i1 OMBITHBIX rpymmax 6614 6oabme Ha 3,9 (P<0,001) u 2,0%
B CpaBHEHUHM C KOHTPOAeM. B 3-11 OIIBITHOM rpymIe 5TOT IIOKa3aTeAb 6bIA Hroke Ha 0,3%
B CpaBHEHUH C KOHTPOAbHOU rpynmoil. CoaepxaHne 0eAKa B AAMHHETIIEN MbIIIIje
CIIMHDI BO 2-H ONBITHOI! IpyTIIe 6b1A0 AOCTOBepHO Goabme Ha 4,1% (P<0,001) B cpas-
HEHUY C KOHTPOAeM. B 1-11 1 3-i1 OIIBITHBIX IPYIIIIAX COAePIKAHIe OeAKa B AAMHHeFIIel
MBIIIIe CIIMHBI 05140 60AbmIe Ha 1,0 11 0,7% O CpaBHEHMUIO C KOHTPOAEM.

Boaee BbICOKOE COAEPIKAHIE KUPA B AAMHHEHIIIe N MBIIIIITe CIIMHBI OBIAO OTMEYeHO
B 1-11 ombITHO rpy1Inte, 4TO 60AbIe Ha 0,7% 110 CpaBHEHHUIO ¢ KOHTpoAeM. Bo 2-i1u 3-it
OIIBITHBIX TPYIIIIAX COAEPXKAHIE JKHPA B AAMHHENIIeH MBIIIIje CIIFHbI OBIAO MEHbIIe
Ha 2,2 u 1,2%, yeM B xoHTpOAe. Copep>KaHUe 30ABI B AAMHHEHIIeH MBIIIIle CITHHbI
BO 2-I U 3-1 OIBITHBIX IPymIIax Ob1A0 60AbIre Ha 0,2% B CPABHEHUH C KOHTPOAEM.
B 1-it ompITHO! rpyTIIIe COACPKAHUE 30ABI B AAMHHEHII e MBIIITIe CTIMHbI ObIAO MEHbIIE
Ha 0,03% 110 CpaBHEHHIO C KOHTPOAEM.

KauecrBo 1 ycBOsIeMOCTb OTPeHASIEMOTO MSICa BO MHOTOM OIIPEAEASIETCSI He TOAB-
KO COAEPIKAQHHEM B HeM IIHIEBOTO 6eAKa, HO 1 COAAQHCHPOBAHHBIM COCTABOM BXOASI-
IIYX B HETO AMHHOKICAOT, YTO OfecIiednBaeT HOPMAABHYIO QH3UIECKYIO U YMCTBEH-
HYIO A€ATEABHOCTD YeAoBeKa [4].

Hanboaee BBICOKHIT TOKa3aTeAb TPUNTO(AHA B AAMHHEHIIe MbIIIIIje CIIMHBI Ha-
OAOAQACSI BO 2-11 OIIBITHOM I'PYIIILE, 4TO 60AbLIe HA 21,4% B CPABHEHMIO C KOHTPOAEM.
B 1-#1 u 3-11 onBITHBIX TPYTIIAX COAEPYKaHKE TPUNTO(aHA B AAMHHEHIIel MBIIILe CIIMHBI
05140 60abIre Ha 14,3 1 10,7% mo cpaBHeHuUIo ¢ KOHTpoAeM. [To copep>KaHHIO OKCH-
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IIPOAMHA B AAMHHEMNIIeH MBIIIIle CITHHBI IIPEBOCXOAUAM 06pa3ub1 2-1 1 3-1 OIIBITHBIX
rpynm Ha 12,2 u 6,1% 1o cpaBHeHHIO ¢ KOHTpoAeM. B 1-i1 ONbITHO rpyIIIe STOT IO-
KasaTeAb Ob1A HiDKe Ha 19,5%, 1eM B KOHTpoAe. beAKOBbIiT KaueCcTBEHHBDII TOKA3aTEAD
B OIIBITHBIX I'PyIIIaX 6bIA GoAble Ha 4,6—-36,8% 10 CpaBHEHUIO C KOHTPOAEM.

CerpmaHI/Ie N30AEHIIMHA B AAMHHEHNIIEN MBIIIIe CIIUHBI B 1-11 1 2-1 OIIBITHBIX
rpynmax 65140 60abire Ha 8,2 u 9,3% O CPaBHEHMIO C KOHTPOAeM. B 3-it ombITHOM
TPYIIIIe 3TOT IIOKa3aTeAb ObIA 0OAbIIEe KOHTPOAS Ha 7,2%, HO MeHblIle, 4eM B 1-i1 1 2-i1
OIIBITHBIX IPYIIIIAX. CerpmaHHe TPEOHHMHA B AAMHHEMNIIeH MbIIIIe CIIMHBL B 1-#1 1 2-1
OIIBITHBIX IPYIIIaX Ob1A0 GoAbIre Ha 15,5 1 18,9%, yeM B koHTpOAe. B 3-i1 ombITHOI
rpyIIIie COAEPKAHIEe TPEOHNHA B AAMHHEMNIIE! MBIIIIe CIIMHBI ObIA0 60AbILIe Ha 6,7%
KOHTPOAS, HO MEHbIIIe, YeM B 1-# 1 2-i1 ONBITHBIX IPyTIIaXx.

CerpmaHHe AAQHMHA U BaAMHA B AAVHHEMNIIEeH MBIIILe CIIMHBI B 1-11 OIIBITHOM
rpymie 0b1a 6oabire Ha 13,5 u 15,3%, Bo 2-i1 ombiTHOM — Ha 16,7 u 18,0%, B 3-i1
OTIBITHON — 6,3 1 7,2% 110 CpaBHEHMIO C KOHTPOABHOM IPYIIIIOM.

B o6pa3uax 1-#1 1 2-# ONIBITHBIX IPYIIIT COAEPIKAHNE METHOHHHA B AAMHHeNIIeH
MBIIIIIe CIHHBI 6b1A0 6oAbine Ha 20,8 1 22,9% B cpaBHEHMH C KOHTpoAeM. B 3-it
ONBITHOM I'PYIIIIe 3TOT MOKA3aTeAb OBIA BblIe Ha 8,3% IO CPAaBHEHHIO C KOHTPOAb-
HOM IPYTIIION. Ilo COAEPYKAHMIO AM3WHA B AAMHHEMIIEH MBIIIIlE CIIUHBI IIPEBOCXOAUAN
OIBITHBIE 00pasusl Ha 7,6-9,5% 1o cpaBHeHHIO ¢ KOHTpoAeM. CopepKaHUe AeHIIHA
B AAMHHEMIIeH MBIIIIie CIIMHBI BO 2-1 OIBITHOM IPYIIIIe AOCTOBEPHO 6oapmre Ha 17,4
(P<0,001) B cpaBHeHHH C KOHTpOAeM. B 3-i1 OIbITHOM rpyTiTe copepIKaHHe AeHIHA
B AAMHHePIIe MBILIIle CIIMHBI OBIAO BbllIe Ha 5,3% I10 cpaBHeHMIO ¢ KOHTpoAeM. O6-
pasLibl Ipo6 1-i1 OIBITHOM IPYIIIIbI AOCTOBEPHO YCTYIAAU KOHTPOAIO II0 COAEPIKAHUIO
AeIIMHA B AAMHHEMNIIIeN MbIIIIIe CITUHbI Ha 7,9% (P<0,05).

COACP)KaHI/Ie $eHMAAAAHNHA U APTUHUHA B AAMHHeHIIeH MbIIIle CIIUHBI AOCTO-
BepHO 60AbIiIe Bo 2-i1 onbiTHOM rpymnme Ha 18,0 (P<0,05) 1 30,1% (P<0,001) B cpas-
HEHMH C KOHTpoAeM. B 1-#1 1 3-i1 OIbITHBIX TPYIIAX CopepKaHue (peHHAAAAHUHA
B AAVHHEJIIIe MBIIIIle CIIMHBI Ob1A0 OoAbIIe Ha 14,7 1 8,2%, aprununa 13,3 u 6,2%
II0 CPAaBHEHUIO C KOHTPOAEM.

HcnoabaoBanue Tpenesa KaMbImaoBckoro MecToposKASHHS B paIfiOHaX CBUHOK
(TabA. 2) cIOCOGCTBOBAAO yBeAMYEHHIO KaAbLHS U GOcPOpa B AAMHHENIIeN MbliIe
CITUHBI B 1-i1 onbITHO¥M rpymme Ha 17,5 u 31,2%, Bo 2-# ombiTHOM — Ha 32,5 u 25,0,
B 3-11 onpiTHOM — Ha 15,0 1 12,5%, ueM B KOHTpoOAe.

Cerpx(aHHe MAarHus B AAMHHeHIIe H MBIIIIle CIIMHBI BO 2-1 1 3-1 ONBITHBIX TPYII-
rax 65140 6oAbLIe Ha 3,2%, YeM B KOHTPOAe U B 1-i1 ombiTHOM rpymie. ITo copaepika-
HUIO X€Ae3a B AAMHHEMIIEH MBIIIIIe CIIMHBI ITPEBOCXOAMAN o6pa3um 1-#1 u 3-11 ombIT-
HBIX rpyrm Ha 10,6 1 7,2% 110 cpaBHEHHIO C KOHTPOABHOM IPYIIOi. B 2-i1 onbITHOM
IpyIIIie COAEPIKAHHE XKeAe3a B ANMHHEIIeH MblIIIIje CIIMHBI OBIA0 MeHbIe Ha 2,9%
IO CpaBHEHHIO ¢ KOHTpoAaeM. Copep>KaHHMe MapraHIla B AAMHHEHIIe  MBIIIIle CIIU-
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HBIL B 1-i1 U 2-i1 ONBITHBIX IPyIIIaX AOCTOBepHO 6oabme Ha 42,8 (P<0,05) u 64,3%
(P<0,05), uem B KoHTpoOAe. B 3-if onbITHOM rpyme 3TOT moKa3areAb 6b1a GoAbIIe
KOHTpOAS Ha 28,6%.

HauboAbinee copepkaHne MeAU B AAMHHEHIIE MBIIIIe CIIMHbI HAOAIOAAAOCD B 1-i1
U 2-1 ONIBITHBIX TpymIax Ha 26,8 u 34,1% 1o cpaBHeHUIO C KOHTpOAeM. B 3-1 ompiT-
HO IPyIIIe COAEPIKAHIE MEAV B AAMIHHEHIIel MBIIII{e CIIHHbBI Ob1A0 GoAbIIe Ha 14,6%
B CpaBHeHUH C KOHTpoAeM. [To copepxaHMIO IUHKA B AAMHHEHIIeH MBIIIIe CIIMHbI
IIPEBOCXOAMAM OIIBITHBIE 06pasIpl Ha 2,1-5,7% 110 CpaBHEHHIO C KOHTPOAEM.

CopeprKaHIe BUTAMIHOB B AAMHHEFIIeH MbIIIIIe CITHHBI IPEACTABACHO Ha PHCYHKe 1.

KonTpoanHas
1 onbITHaANA

2 onbITHAsA

3 onbITHANA

BE, mMr Bl,mr EB2,mMmr EB3,mMmr NEB5 wmr B6,mMr B B12, MKT

Puc. 1 — Copep:xaHue BUTAMHHOB B AAMHHEHIIEH MbIIIIie CITUHbI, MT.

MaxcumaabHOe copeprkanue BuTamuHa E B oauHHelmert Mpime cnuust (puc. 1)
HabOAIOAAAOCH BO 2-H OIIBITHOM I'PYIIITe, 4TO O0AbIIe Ha 3,4% B CPABHEHUH C KOHTPOAEM.
B 1-1 1 3-i1 ONBITHBIX IPYIIIIAX TOT ITIOKA3aTeAb ObIA Bblllle KOHTpOAs Ha 1,9 1 0,5%.
Ilo copeprxanmio BuTamMuHa B B AAMHHeMIIEH MbINIIEe CIIMHBL AOCTOBEPHO TIPEBOC-
XOAMAH OTIbITHBIE 06pasipt Ha 14,4 (P<0,001) — 17,7% (P<0,001) mo cpasHenuio
c koHTpoAeM. Boaee BhicokOe copepikanye BuTaMuHa B, B AAMHHerIeN MbIIIIL}e CTIMHBL
OBIAO OTMeY€eHO B 1-1 M 2-11 OIIBITHBIX I'PYIIIaX, 4T0 60AbIue Ha 2,0 1 3,2% B CpaBHEHHU
C KOHTpoAeM. B 3-i1 ombITHO rpyIIIe 9TOT MOKa3aTeAb ObIA Bbime Ha 0,4% 1o cpas-
HEHMIO C KOHTPOAbHOM rpynmoit. Copepikanne BuTamMuHa B, B AAvHHeriIIeN Mpluiie
CIIUHBI B 1-11 OIbITHOM Tpy1ie 65140 Ooabie Ha 9,1%, Bo 2-it ombITHON — Ha 6,9%,
B 3-i1 onpiTHOM — 3,0% 1O cpaBHeHHIO ¢ KOHTpoAeM. I1o coaepiaHmio BUTaMUHA
B, B AAMIHHeiIIIe# MbIIIIIIe CTIUHBI AOCTOBEPHO IPEBOCXOAUAM 06pasiibt 1-i 1 2-it OTIBIT-
upix rpynm Ha 9,0 (P<0,01) n 6,8% (P<0,05) o cpaBHeHHI0 ¢ KoHTpOAeM. B 3-i1 ombrt-
HOJ1 IpYTIIle 9TOT [IOKa3aTeAb ObIA OoAbIIe Ha 2,7%, 4eM B KOHTPOAE.
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Hawuboabiee copepixanie BUTaMIHA B, B AAMHHEHTIEHN MPIIIITE CITIHBI HAOAIOAAAOCH
BO 2-J1 OIIBITHO¥ IPyIIITe, 4TO 60AbIIe Ha 3,4% IO CpaBHEHUIO C KOHTpOAeM. B 1-it 1 3-i1
OTIBITHBIX IPYTIIAX COACP)KAHKE BUTAMUHA B B AAMHHeFMIIe  MBIIIIITe CIIMHBI 6HIA0 60AD-
me Ha 2,0 u 0,8%, yem B konTpose. Coaepxanue BuTaMuHa B | B AAunHermed mpite
CITHHBI B OIIBITHBIX IPYIIIAX 66140 60AbIIe Ha 0,8—3,2% 110 CPaBHEHMUIO C KOHTPOAEM.

B pesyapTare mpoBeAeHHBIX HCCACAOBAHHI MOXKHO CAEAATD BBIBOA, UTO BKAIOUCHHUE
paroH cBUHOK TpereA KaMBIIIAOBCKOTO MECTOPOXKAEHHUS CIIOCOOCTBOBAA yBeAHYe-
HUIO )XUBOM MACChl, YOOMHOTO BBIXOAQ U OKA3aA IIOAOSKHTEABHOE BAMSHHE HA ITHTA-
TEABHYIO IJeHHOCTb CBUHUHBL
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Reproduction in simple commodity production

Abstract: In this article the essence of macroeconomic circuit (IC) as a general
model of the reproduction of capital and product, its design elements (stocks and
flows, sectors, markets, goods, money, assets) and their graphical representation.
Consider the methodology of construction and use of the interbranch balance (MB)
reproduction as harmonized with the MC numerical model to the vectors and matrices
MB design blocks and aggregates.

Keywords: a macroeconomic circuit, model of reproduction of the capital
and product, interindustry balance, system of the market, product and in given
classifications.
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Bocnpou3eoacTBO NpU NPOCTOM
TOBapHOM NPON3BOACTBE

Annoranust: B cratpe pacKphIBaeTCs CyIIHOCTD MAKPOIKOHOMUMECKOTO KPyroo60po-
ta (MK) Kax 0611eft MOAEAH BOCTIPOM3BOACTBA KAITUTAAA H ITPOAYKTA, €T0 KOHCTPYKTHBHbIE
aAeMeHTHI (3aTachl ¥ MOTOKH, CEKTOPbI, PIHKH TOBAP, ACHbTH, aKTUBbI) U MX rPadirdeckoe
oTo6paxenue. PaccMaTpUBaeTCsl METOAOAOTHS IIOCTPOEHHS M HCTIOAB3OBAHMS MEXKOTPAC-
Aesoro 6ararca (MB) Bocpon3BoACTBa Kak rapmonusuposanHoit ¢ MK uncaenHoit mo-
AEAH, TIO3BOASIFOLIEN U3 BEKTOPOB 1 Marputy MB KoHCcTpynpoBarb OAOKH U arperarsL.

KaroueBble cAOBa: MAKPOIKOHOMHYECKHI KPYrOO6OPOT, MOACAH BOCIIPOU3BOA-
CTB2 KAIIUTAAA U IIPOAYKTA, MEXXOTPACAEBOM GAAAHC, CUCTEMA PBIHKA, IIPOAYKTA U 60-
raTcTBA B 34 AAHHBIX KAACCHPUKALHUSIX.

KoHCTpyKTHBHBIE BOCIIPOU3BOACTBEHHBIE MOACAN SKOHOMUKY IIO3BOASIT PELIATh
MeTOAMYECKHe 1 TPAKTHIECKHe BOPOCh! (HATpUMep, TAe TIPOUSBOAUTCS TPOAYKT U 60-
TaTCTBO CTPAHBI, KAKOBBI TPAHHI[bI POM3BOACTBA), TPHHUMATb 060CHOBAHHbIE PeIeH s
IO CTPATETNYeCKOMY IIAAHMPOBAHMIO HA YPOBHE [IPEAIIPUSITUIA C YI€TOM MAKPOOKOHOMH-
YECKUX YCAOBHI BOCIIPOU3BOACTBA, C OAHO CTOPOHDI, U [I0 FOCYAAPCTBEHHOMY PEryAH-
POBaHMIO PEATIPHHUMATEABCTBA Ha BCEX YPOBHSIX XO3SFICTBOBAHSL, C ADYTO CTOPOHBL

MopeAn BOCIIPOM3BOACTBA SKOHOMUIKH 1 €€ YaCTell OT PHPMBI AO PETHOHA, CTPAHBI
Y MHPA, AOA’KHBI [TOMOYb B OTPAXKEHUH COCTOSIHISL M U3MEHEHNS 3aI1acoB U IIOTOKOB
TOBapOB, ACHET U KAIIUTAAOB, B AHAAHU3€, IIPOrHO3MPOBAHNHI U ONTHMU3ALIN S9KOHO-
MUYECKUX CHCTEM [0 KPUTEPHsM, 06eCIIeYnBAIOLINM COTAACOBAHUE HHTEPECOB BCEX
XO3SIACTBYIOIUX CyOBEKTOB 1 OOIIECTBA B IIEAOM.

O61wast MOAEAD BOCIIPOM3BOACTBA KAlIUTAaAd U IIPOAYKTA, Er0 KOHCTPYKTHBHbIE
aAeMeHTbI (3aMachl ¥ IOTOKHU, CEKTOPHI, PHIHKH, TOBAP U ACHBTH, aKTUBbI) M UX Ipa-
pudeckoe oTo6paxKeHHE IPEACTABASIET COOON MAKPOIKOHOMUYECKHI KPyroo6opoT
(MK). B MOA@ASIX TOKA3BIBAETCS METOAOAOTHS TIOCTPOEHHS H HCTIOAB30BAHHUS MEKO-
Tpacaesoro 6aranca (MB) BoCIpousBoACTBa Kak rapMoHH3upoBanHoit ¢ MK unc-
AEHHOU MOAEAH, [I03BOASIIOLIEN M3 BEKTOPOB 1 MaTpuyy MB koHcTpynpoBarb 6A0ku
U arperatsl Kak aaemMeHTs! MK, ¢ OAHO#T CTOPOHDI, U TePEXOAUTD OT arperaTos (Kom-
nouentos MK) k pasBepHyTO# cucTeMe PHIHKOB, MPOAYKTA U GOTATCTBA B 3aAAHHBIX
KAQCCHPUKALMSX M KOAAX AASL ABTOMATH3ALUH, C APYTON CTOPOHBL

B cooTBeTCTBIN € METOAOAOTHEN KOHCTPYKTHBHON 9KOHOMUKHU KXKABLI TUII BOC-
[IPOU3BOACTBA Ha MUKPOYPOBHE aHAAU3HPYEM C IPHIMEHEHHEM TPeX B3aHMOCBSI3aHHBIX
HHCTPyMeHTOB (POPMYA U CXeM BOCIIPOM3BOACTBA, MEXKOTPACAEBBIX 6AAAHCOB).
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PacImpeHHOe BOCIIPOM3BOACTBO OGIIECTBEHHOTO MPOAYKTA U KAIIUTAAA IIPH
TIPOCTOM TOBAPHOM NIPOU3BOACTBE PACCMOTPEHO Ha pucyHke 1. IHAUBHAyaAbHOE
BOCIIPOM3BOACTBO IIPOUCXOAUT KaK KPyroo60poT ToBapoB (IIPOAYKTa B HATYpe 1 pa-
60Yell CHABL AOMAIIIHETO XO3SHCTBA) C HCIIOAb3OBAHHEM TOABKO PhIHKA TOBApoB 6e3
npeBpameHus paboueii cuasl B ToBap [2, 38].

YcaoBHEM 06IIeCTBEHHOTO BOCIIPOU3BOACTBA [P IIPOCTOM TOBAPHOM IPOM3-
BOACTBe SIBASI€TCSl HAAMYHE B 3a11acax OraTCTBa AOMAIIHUX XO3SIICTB XOTsL 651 Ha OAMH
Kpyroo6opor npoaykra, pasaoro (V+M +F) (puc. 1), 1 BO3MOXHOCTB €ro IIOTOAHE-
HIs 9epe3 BHEIIHHe PHIHKH AASL KOMIIEHCALMA AMGHOTO M IPOHM3BOACTBEHHOTO 110~
TpebAeHNS B IIPolLlecce BOCIPOU3BOACTBA.

A—T(MF) ..I..T—A
S—

Pa6ot- ~ |
HHUKH

BC

Puc. 1. CxemMa HHAUBHAYaABHOTO BOCIIPOHU3BOACTBA

IIpH IPOCTOM TOBAapPHOM IIPON3BOACTBE

rae: P — cTOMMOCTD IIpOAYKITUH, IIPOM3BEACHHOM AASI ITPOAQKH Ha PBIHKE;
A — aoxop (peHbrm), IIOAYYEHHBIH 32 IIPOAAHHYIO TP OAYKIIHIO.
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O61mecTBeHHOE BOCIIPOM3BOACTBO IPU IIPOCTOM TOBAPHOM IIPOM3BOACTBE IIPeA-
CTaBAEHA B BUAE TAGAHIIbI MEXKOTPACAEBOTO HaAAHCa BOCIIPOU3BOACTBA GOraTcTBa (aK-
THBOB) 1 IPoAyKTa (TabA. 1) [1,60]. Bce 6a0Ku peasbrbix i punancoBbix akTiBos (I,
Ir, 111, IVa) B HEH OTPAKaI0T MAaT€PHAABHO BEI[eCTBEHHYIO0 CTOPOHY M CTOMMOCTHYIO
cTOpoHYy 3amacos 6orarcrsa. [To aTHM [OKa3aTeASM MOKHO FOBOPHUTb O COCTOSIHUU
¥ MI3MeHEeHHUH AKTHBOB, KaK HCTOYHMKOB POCTA 9KOHOMHUKH 1 $aKTOPOB IIPOU3BOACTBA.
BBO3 1 BBIBO3 aKTUBOB (B3aMMOOTHOWIEHHS! C BHEIIHEH CPEAOI) O3BOASIIOT CYAUTD
06 3¢ $eKTUBHOCTH BOCIIPOM3BOACTBA GOTATCTBA 3a CYET BHENIHEH CPEABL

Tabauna 1. — Mesxorpacaesoit 6araHC IIPOAYKTA U aKTHBOB
IIPU IIPOCTOM TOBAPHOM IIPOHM3BOACTBE

bBaaanc HeprHAHCOBBIX AKTHBOB
AKTHBbI Ha HA12A0 Vsmenenus aktusos dRa Ra
nepuopa Ra, !
1 2 3 4 S 6 7 8 9
\Y4 Vv 0 0 A4 16
F (Ia) F dF | (I1a) 0 F 0151-
M M dM 0 M Ra
DRa Ra, dra' | dra® | Dras dRa Ra, !
BasaHc IpoU3BOACTBA U pacnpeAeAeHHUS IIPOAYKTA
IIpomesxyTounoe Brem-
Koneunoe ucnoapsosuue
noTpebaeHre Bcero HAS
IToxymarean | Bcero IToxymnaTtean Bcero cpeaa
P V()| w » Rar
1 1 1
U Mu, ()| ' 0 yur', 0 yu', U Rau
M M, M Yu yI Ys Y P+U Ra
ITaareabmuku ITocpepnnku
F F F
fa
A4 Vv (Iv) Vv o
M P-M=
10 N -F
Bac 27 z Wi Wik WBy, Wi Z;=ra
11
BB Pj P 0 ra+fa
bBaaanc puHAHCOBBIX aKTHBOB
AXTHBBI Ha Ha2A0 MepH- Wsmenenus axrusos dFa Fa
opa Fa 1
dfa = | Dfa Fa =
1 2 1
DFa | Fa; Fa, F+M+V F4M -V F+M+V EAMAV
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1 2 3 4 S 6 7 8 9
0 0 0 F+M \%
F B et 0 F (Iva) F F Héu-
oM
(0] o, 0 M \ M+V M+V
HaI.II/IOHaAbHOC 60I‘aTCTBO M OCTAABHOM MI/Ip

Baaance mponsBoacTBa M pacnpepeAeHNUs IPOAYKTA IIOKA3bIBAIOTCSA Kak B MDB,
npudeM B [-m 1 II-M KBapApaHTaxX IMOKA3BIBAIOTCSA MaTePHAAbHO-BEIleCTBEHHbIE II0TO-
k1, a B III-m u IV-M — puHaHCOBbIE IOTOKH, TO eCTh TOTOKH AcHer. OCOOEHHOCThIO
BOCIIPOM3BOACTBA ITPU IIPOCTOM TOBAPHOM IIPOU3BOACTBE C MaTepHAABHO-BEIleCTBEeH-
HO1 CTOpOHBI SIBASETCS PacrpeAeAeHHe IpousseaeHHoro mpoaykra (I- 11 ksappanTs)
TOABKO Ha HeTIpou3BoACTBeHHOe roTpebaenue (V) uBbisos (T), B TO Bpems Kak Ipo-
MEXyTOUYHOE IIOTPebAeH e 1 YACTHIHO AMYHOE [I0TpebAeH e 00eCIIeIHBAIOTCS 38 CIET
BBo3a (U). Co cTOMMOCTHO# CTOPOHDBI 0CO6EHHOCTb POCTOTO TOBAPHOTO IPOH3-
BOACTBa (KaK M HATYPaAbHOTO XO3SIICTBA) 3aKAI0YAeTCs B OTCYTCTBHH PUOABOYHOTO
npoaykTa (m) B BAAOBOIT A06ABAEHHOM CTOMMOCTH (A€ACHHS CMEIIAaHHOTO AOXOAR
Ha 3apIAATy U IPU6BIAB HeT). [I03TOMY HCTOYHMKH paciMpeHus POU3BOACTBa (ecan
oHU 6yAyT) Bceraa 6yAyT u3 BHemHel cpeab (pasbrit croaber; MB). Cpasrenue Be-
AmuuHbI ipoussepennoro npopykra (P =V+T) B Harype (I kBaApaHT) ¢ BeAMMMHO
3arpar Ha mpousBopacTBo (V+F+M) mossoasier cyautb 06 3¢ $eKTUBHOCTH MpOus-
BOACTBA M UHQASIIUH B TOTOKAX.

ITo BBO3y M BBIBO3y (PUHAHCOBBIX aKTHUBOB, ImpeacraBaeHHbIX B MK u Mb
(puc. 1 uTaba. 1), MOXKHO CYAUTD O COCTOSIHUU M AUHAMHKE BOCIIPOU3BOACTBEHHBIX
nporeccos. CpaBaeHue 6A0KkoB I-a ¢ 6a0koM I1I-a oxasbIBaeT CBSI3b MEXXAY aKTHBAMH
U [TACCHBAMH B CTOMMOCTHO CTPYKTYpe€ 3aIacOB IIPOU3BOACTBA, a 640k0B II-a ¢ 6a0-
koM [V-a — CBS3b MeXAy H3MeHEeHHeM PeaAbHbIX U GUHAHCOBBIX aKTHBOB (Hermocpea-
CTBEHHOTO MOTPe6AeHHUS 1 HAKOTIAEHHS), TO eCTh HHPASIUY B 3aracax.

ITporecc TpyAa U MpoLiecc MPOU3BOACTBA (IIPOU3BOAMTEABHOTO TIOTPebACHHS
CPEACTB IPOM3BOACTBA) B HEM TaK K€, Kak B HATyPAAbHOM XO3SICTBe, Hepa3AeANMBL.
Pa60THUK caM UCTIOAb3yeT CBOto pabouyto cuay (V), COeAUHSS ee cO cpeACTBaMU
npoussoacTBa (mpeameramu Tpyaa (M) u cpeactBamu pyaa (F)). Oanako, 4To6b1
noAy4uth cpeactsa npoussoactsa (F) u (M), paboTHHK AOAMKEH UX B3SITh M3 BHEII-
Heil CpeAbI 4epe3 PHIHOK TOBapOB (IIPOMEXYTOYHBIX 1 HHBECTHI{OHHDIX), HMesl AAS
oOMeHa ACHDBIH.

Pa6oTHHK, OH ke COGCTBEHHHK, beper u3 BHemHel cpeabl (TpUpoabt u (MAw)
paHee HAKOTIAEHHOTO 3aIlaca) YacTh HeOHXOAUMbIX AASL IPOM3BOACTBA U AUGHOTO T10-
TpebaeHNs TOBapoB (HEOCPEACTBEHHO HAH Yepe3 PBIHOK ), 06pasysl TOBApHbIi 3amac
nipoussoputeasHoro norpebaenus (T), HCIIOAb3yeMbIit B TIPOLiecce TPYAR, PE3YABTa-
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TOM KOTOPOTO SIBASIeTCS HOBBIi IPOAYKT (P), mocTynaromuii u3 IpoOM3BOACTBA IPSIMO
Ha PBIHOK KOHEYHBIX TOBAPOB AAS IIPOAQKHL.

YcAOBHEM TAKOTO BOCITPOU3BOACTBA ABASETCS HAAUUME BHEIIHEH CPEABI, U3 KOTO-
PO AOMaIIHEe XO3SCTBO HEMIOCPEACTBEHHO AAS OTpPebAeHMs (AMYHOTO U IIPOH3-
BOACTBEHHOTO) MAH ITyTeM 06MeHa H3AUIIKOB POU3BOACTBA Ha HEAOCTAIONHE IIPO-
AYKTBI IOAY42eT (MOKET IIOAYYUTD ) CPEACTBa IOTPeGAEHHS F CPEACTBA IIPOM3BOACTBA.
B coBpeMeHHbIX yCAOBUSX TaKOM yKAaA (KaK MaAblil GM3HEC) UIPAET He MOCAEAHIOH0
POAB, IPUYEM OTAEAUTD €I'0 OT HATYPAABHOTO XO3SHCTBa MOXKHO TOABKO YCAOBHO (ecan
ATITX 60ABIIYIO YaCTh MPOAYKIJMH IIPOAAET HA PBIHKE, €T0 MOXKHO CYHTATh IIPOCTHIM
TOBAaPHBIM IIPOU3BOACTBOM, ECAU HA0OOPOT, IPOAAET TOABKO U3AUIIKUA — HATYPAAD-
HBIM XO3SHCTBOM).

I'naBHOe e OTAMYHE POCTOrO TOBAPHOIO IPOU3BOACTBA COCTOHUT B TOM, 4TO
no croumocrr ToBapHsiil popyKT (T) (nosbrit ToBap (P)) pasen cymme saTpar
cpeacts npousBopctBa (M, A) u poxoaa pabotruka (V) (6e3 paspesenus nocaeste-
IO Ha ONAATY TPYAR M HPUOABOUHYIO CTOUMOCT ), TO €CTh IPUOABOYHAS CTOUMOCTD
B TaKOM [IPOM3BOACTBE OTCYTCTBYyeT (He cospaercst). Ha cxeme MakposKOHOMIYeCKOTO
KpPyroo60poTa OTPasuM IIPOLeCC IIPOU3BOACTBA B BUAE IIPSIMOYTOABHHKA, OAHA CTOPO-
Ha KOTOPOTO ITOKA3bIBAET 3aTPaThl, IPOTHBOIIOAOXKHASI CTOPOHA — BBIIIYCK, IPUYEM
CTOPOHBI (3aTPaThI U BBITYCK) paBHbl (cM. puc. 1).

Bo Bcex cAyuasix ¢ ApeBHUX BpeMeH 001jeCTBEHHOE BOCIIPOM3BOACTBO IIPH IIPO-
CTOM TOBAapHOM IIPOM3BOACTBE, KK U B HATYPAABHOM XO3SIHCTBE, AOIIOAHSIETCS TO-
BapHO-ACHEXXHbIMU OTHOIIEHHSMH 4epe3 BHEIIHIOW TOProBako (puc. 2). B otanune
OT MHAMBHAYaABHOTO BOCTIPOM3BOACTBA (pHC. 1) Ha cXeme PUCYHKa 2 IPEACTaBACHbI
TpHU PHIHKA BHEMHKX (110 OTHOIIEHHIO K BHYTPEHHEMY PBIHKY) SKOHOMUYECKHX OT-
nomeHuit ( ppiHOK BHemHel ToproBau PBT, pemox paboueit cuabt PPC, ppiHOK pAeHer
BPA), 4epes KOTOpble AOMAIIHUE XO3SCTBA OCYIIECTBASIOT CBSI3b C OCTAABHBIM MHU-
pom (BC).

BaraHC IpOU3BOACTBA 1 HOTPeOACHHUS IIPOAYKTA CACAYIOLIHIL.

O6peM BBIITYCKA IIPOAYKIJHHU OIIPEAEASIeTCS IO GOpMyAe:

V+M+F=D;

O6mvem pacipeaeAeHHs POAYKTa (IPOM3BEACHHOTO M BBOSHMOTO) AOMAIIHHX
XO3SMCTB PaBeH:

Y +Y =P

M +Y =U, rae

Y — 06beM HepOM3BOACTBEHHOTO IOTPeOACHIS U3 IPOU3BEACHHOTO IPOAYKTA;

Y — 06peM BbIBO3a IIPOAYKTA B OOMEH Ha AEHbIH;

M, Y, — o06beM BBO3a IPOAYKTA AAS TIPOMEXYTOYHOTO M AMMHOTO TIOTPebAeH S
AOMAIITHUX XO35CTB;

U — o6muit 06eM BBO3a IIPOAYKTA.
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A—T(MF) ..II.. T —A

Pa6or- -~ |

Puc. 2. Cxema 001,eCTBEHHOTO BOCIIPOU3BOACTBA

IIpH IIPOCTOM TOBApPHOM IIPOM3BOACTBE

BocmpousBoAcTBO IpH MPOCTOM TOBAPHOM XO3SHCTBE KaueCTBEHHO He OTAMYAeT-
Cs1 OT BOCIIPOM3BOACTBA TIPH HATYPaAbHOM. Kpyroo6opoT coBepmiaroT TOABKO TOBapbI
(mpoayKTBI 1 paboyast cHAa) B OAHOM HAIPaBAEHHH, XOTs Bce ToBaphl (kpome paboueit
CHADI) IPUHMMAIOT CTOMMOCTHYI0 GOpMY, 1 AeHbIH (IIpHYeM BHy TPEHHUM HCTOYHIKOM
VX IBASIETCS] 06MeH OCHOBHOI! YaCTH [POM3BeACHHOTO MPOAYKTA Ha PBIHKE), KOTOPbIe
ABIDKYTCSI B 0OPaTHOM HAIIPaBACHUH M 00ECIIeUHBAIOT CBSI3U C BHEIIHEH CPeAOHt IIpU
BOCIpou3BOACTBe. KoArdecTBeHHO® OTAMYIE 3aKAIOYAETCS B TOM, YTO OCHOBHAS YaCTh
TIPOU3BEASHHON IPOAYKIIMH AOAKHA IPOAABAThCS HA PHIHKe (B HATYPaAbHOM XO3SIICTBe
AuIIb He6OABIIAs 4acTb ). BoCHpOM3BOACTBa KanMTaAa HeT, TaK KaK U AGHbIH 1 3arIachl
PeaAbHBIX aKTUBOB (CPEACTB IPOM3BOACTBA) He IIPEBPAIIAOTCS B KAIIUTAA, TaK JKe Kak
paboyasi CHAa He IpeBpaLjaeTcs B TOBAp (He OTIy)KAAETCs OT pabOTHHUKA), @ BCS COBAQH-
Has UM CTOMMOCTD, BOTIAOIIIeHHAsl B HOBOM TOBApe, UM JKe U IIPHCBAaUBAeTCs KaK AOXOA.

90



Cekumsa 6. CenbCKOX035CTBEHHbIE HAYKN

Cnncox AuTeparypsi:

1. Kuaun IT. M. MeTop cedeHHs: MAKPOIKOHOMHYECKOTO KPyroo60opoTa MpOAyKTa
peruona. Monorpadus. Tiomens, TioMI'HI'Y, 2008.- 470 c.

2. KuaunIl.M., Yexmapesa H. M. KoHcTpyKTHBHASI 9KOHOMHKA IIPEAITPUHIMATEAS.
Mouorpa¢us. Tiomens, TroMI'HI'Y, 2011.- 99 c.

Eshpulatov Shavkat Yakhshiyevich, Fergana state university,
senior teacher, chairs soil science
E-mail: Shyal973@mail.ru

Features of oasitic soils sierozemic belt and influence
of irrigating waters on fertility of light gray soils

Abstract: In article features of oasitic soils of a sierozemic belt on an example
of Fergana Valley are considered the general. Genesis of irrigated light gray soils
and influence of an anthropogenous factor on soils.

Keywords: Oasis, gray soil, irrigation, fertilizer, anthropogenous factor, cultural
soils.

Swnyramos Hlaskam Axuuesun,

Qepeanckuii 20cydapcmeenHuiii yHusepcumen,
cmapwuii npenodasament, kagedput nougosedere
E-mail: Shyal973@mail.ru

OCco06eHHOCTU 0a3UCHBbIX MOYBCEPO3EMHOIro
nosica U BIMsiHUE OPOCUTEJIbHbIX BO,
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KaroueBbie caoBa: Oasuc, ceposeM, OpolIeHHs, yAOOpeHNe, aHTPOIIOreHHbII
$akTOP, KYABTYPHBIE TTIOYBBL.

OaHa U3 BEAUKHX AOCTIDKEHHI AOKYYaeBCKOTO II0YBOBEACHHUS COCTOUT, KaK H3-
BECTHO, B HICKAIOUMTEABHOM T'AyOUHe TeOpeTHIeCcKOi OCHOBBI 9TON HayKH. DTU reHe-
THYeCKHe OCHOBBI He TOAbKO 6oaee 100 AeT MUTAIOT caMO ITOYBOBEAEHHE, HO K 060-
ramaiT cMenleHHble HayKu. Oco000 BeAHKa POAb AOKYYAeBCKUX HAEH B reHesHce
U reorpa¢uu moys.
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CaepyeT 0c000 IIOAYEPKHYTH, YTO IIOCAE OTKPBITHS HOBOM GHOKOCHOM CHCTEMbI
rouss! B. B. Aoxy4aeB OTKpBIA GHOKOCHYIO CHCTEMY HOA€€e BEICOKOTO PaHTa- AAHAIIA(T
¥l CO3A2A Ha 3TOI OCHOBE y4eHHe O 30HaX IPHPOABI [ S . Ero upen 6p1an pasButhI yue-
HHKaMH 1 TIOCAEAOBATEASIMH.

B HeKOTOPBIX arp OXMMUYECKUX M MEANOPATHUBHBIX POHAX OTAEABHO ITOYBEHHO- T'e0-
rpadHIecKyX PerHoOHaX IaAdeT KOIPPUIHEHT TOAE3HOTO ACFICTBIS YyAOOPEHHIT U 0-
TEHIIMAABHBIX 3aI1ACOB IIUTATEABHBIX BEIIECTB B [T0YBaX. I [peAOTBpaTHTh 9TO BO3ZMOXKHO
CO3AQHMEM OAATOIPUSTHOIO AASI IIOA€3HBIX 9AEMEHTOB HCKYCCTBEHHOTO [eOXUMUYe-
ckoro poHa. Heo6X0AUMO OTMETHUTS, UTO COBCEM M30EXATD IIepeMeleHISI 9AEMEHTOB
B TEOXMMHYECKHX AAHAIIAPTaX HeBO3ZMOXKHO. [109TOMY, BO3HHKAET ApyTast 3aAada.

3Has IIyTH MUT pallii 1 BTOPH‘{HOI:I AKKYMYASIIUH ITOAE€3HBIX SIAEMEHTOB B KYABTYP-
HOM FeOXMMUYECKOM AQHAIIATE, HEOOXOAMMO PACIIOAATATh CEAbCKOXO3SCTBEHHBIE
pacTeHMs TAKUM 0OPa3oM, YTOOBI Ha I TSAX ABIDKEHUS 9AEMEHTOB M OHO2AEMEHTOB
CTOSIAM EMKVe, MOIIIHbIE [IeAOOUOAOTIIeCKIEe Gapbepbl UPOKIE, OOABIIE, YeM B eCTe-
CTBCHHBIX ITOYBAaX AAHHOTO THIIA.

3HaHue MHTI'PpallMi XUMHUYIE€CKHX SAEMEHTOB B KYABTYPHBIX ITOUBAX CAYXXHT T€O-
PeTHUIeCKON OCHOBOM AASI Pa3MeIleHHS B ITPEASAAX TEPPUTOPHHU KYABTYP C PACIeTOM
HarboAee IIOAHOM MX YTHAU3ALINHL.

HakormaeHve ocAeAHIX MOXKET OBITH CBSI3AHO KaK C €CTECTBEHHBIM [IPOLeCCaMH,
TaK U C IPOMBIIIACHHOM M CEAbCKOXO3SMCTBEHHOM AU APYTOM A€ATEABHOCTDBIO 9€AO-
BeKa, K KOTOPBIM MOXHO OTHECTH IIPOMBIIIACHHOE 3arps3HeHHUe ITOYB U BOA, AKKYMy-
ASIIS TePOULIIAOB, SIAOXFIMUKATOB ¥ AP.

OAeMeHTapHBbIe IIOYBEHHbIE TIPOLIECCHI: OTACEHHe, 3ACOACHHS, ACCCHBAaHNE M UX
CouYeTaHHe II03BOASIET PeKOHCTPYHPOBATh HAITPABACHHOCTD PA3BUTH U TEHE3HC ITOYB
U [TOYBOOOPA3yIOLIVX IIOPOA, HAMETHTD 9BOAIOLIHIL

KasxABIH reHe THYe CKUI THII ITOYB XapaKTePHU3yeTCsl OTNPeAeACHHBIMU CBOMCTBAMHU
u DIIIT. B cBsi3u ¢ TeM, 4TO ITOYBA 3€PKAAO AAHAIITAPTA, TOYBHI, [TOYBEHHBIE IIPOIjec-
CBI — $aKTOPBI IOYBOOOPAZOBAHI COOTBETCTBYET OIIPEASACHHDIM THIIAM AQHAIIA(TA.

AASL ITO3HAHS HACTOSIIET0 HEOOXOANMO 3HATh OBIBIIETO BO B3AUMOAEHCTBHY 06-
IeCTBa ¥ IIPUPOABI B KOMIIAGKCHOM aHaAu3e. I1o pe3yabraTaM KOTOPOro MOXKHO ITpO-
THO3MPOBATh BO3HHUKAIOIUX B TeOrpadpHIecKOl CpeAe pe3yAbTAaThl HEeIIPOAYMAaHHOM
AV TIAQHOBOJ, CTHXHITHOM 9KCIIAYaTAL[MH IPUPOADL 1 €€ IIPe0OpasoBaHus CO CTOPOHBI
veaoBeka. [Tpu aToM 0cob0e 3HaYeHIIe UMeeT TA0HAaABHAS 9KOAOTHYECKAS KATacTpoda
U MHOTOYHCACHHbIE PETHOHAABHBIE AQHAIIAQTHO-9KOAOTHYECKHUE IIPOOAEMBL.

AXTYaAbHOCTD M3y4YeHHUS 9THX IPOIeCCOB He BBI3bIBAT COMHeHHe. [Ipu aTom
He CAeAyeT 3a0BbIBaTh, YTO UAET pe3KOe U3MeHeHIe OTHOLIeHHe K COOCTBEHHOCTH,
BEAEHISI PHIHOYHBIX OTHOIIEHNI. JTO TpedyeT OllepexXaloLNX ero pOrHo3a uaMe-
HeHe 9BOAIOLIUY II0YB U II0YBOOOPA3YIOLINX [IOPOA, KOTOPbIE SIBASIFOTCS 6AOKAMH
JAEMEHTAPHBIX M KACKAAHDBIX AaHAH.Ia(l)TOB, TA€ IPONCXOAUT OCHOBHbIE U3MEHEHUE ITy-
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TeM Mnrpaunn, aKKyMYAﬂHHH JAEMEHTOB U UX COGAHHeHHﬁ, AeI'YMy(l)I/IKaLII/II/I nu ApyI‘I/IX
nporneccos. TpebyeT paccMOTpPeHNsI AABTePHATUBHBIX BAPUAHTOB Pa3BUTHA IIPUPO-
Aoroab3oBanust. HasBaHHas MUCCHS reorpaduaecKorl HayKu TpebyeT OT YUeHHBIX
HACTOMYMBBIX IIOMCKOB, HOBBIX HAYYHBIX METOAOB, COBEPIIEHCTBOBAHUH reorpaduye-
CKOTO HCCAEAOBAHUS, aKTYaABHOCTb KOTOPBIX He BHI3BIBAIOT COMHEHHSI.

B navasro XX Bexa Bepraackuit B. 1. chpopMmyanpoBas MBICAb O TOM, YTO 4EAOBEK
CTaA BEAUKOW reOAOTUYECKON CUAOM MAAHETDI, UTO €ro AESITEAbHOCTD CTaAd COIIOCTA-
BHMA C IIPUPOAHBIME IIPOLIECCAMH, OIIPEACASIIOIIMMU H3MeHeHue OHocdeps [6-375].

BaxHBIM BHAOM aHTPOIIOT€HHOTO BO3AEHCTBHS SIBASIETCSI TeOXUMITIECKASI ACSITEAD-
HOCTb B pe3yAbTaTe KOTOPOTO HapyIIaeTcst 0aAaHC BeIleCTB U 9AEMEHTOB B OIIPEACACH-
HOM 9A€MEHTAPHOM U KaCKAaAHOM AQHAIIA(Te, H3ydeHHe KOTOPOTO TakoKe SBASETCS
axryaAbHbIM. OH CBSI3aH C TeM, UTO B Pe3yAbTaTe BAMSHHE YeAOBEKa MEHSIOTCS COCTOSI-
HHe ITOYBBI, CTPYKTYPa AAHAIIATa, HATPAaBACHHE U KOAMIeCTBEHHbIE XapaKTePUCTUKH
IPUPOAHBIX TeOXHMHYECKUX ITOTOKOB 9AeMEHTOB U BeIjeCTB.

BansHUE M BO3AEHICTBHE OKa3bIBaeMOe YeAOBEKOM Ha IMPUPOAHYIO CPeAy, Ha ITo-
9By CTAAO ITOYTH IIOBCEMECTHO. Bo3pacTaromue BANSHIE aHTPOIOT€HHBIX paKTOPOB
Ha AQHAIIAQT MOXKET ObITh, KAK CO3HATEABHBIM, TaK U HEIIPOAYMAHHbBIM UAU CAyYail-
HBIM. YeAOBeK pacraxuBasi, OpOIIast IEAUHHBIX U ITAXOTHBIX 3€MEAb CO3AAA, CO3AAET
CEeAbCKOXO3SHCTBEHHBIE U APYTHE BHABI IPOAYKTOB. KpoMe TOTrO, Ha OCHOBe OCBOEHHe
U OpOIIIeHHe YeAOBEK CO3AAA HOBbIE COPTA PACTEHHI. DTO YaCTh OCO3HAHHAS IleAeHa-
IIPaBAEHHASI AeSITEABHOCTD YeAoBeKa. C ApyToil CTOPOHBI, Ha PACTUTEABHbIN TOKPOB
OyAb OH eCTeCTBEHHBIM HAU HCKYCCTBEHHDBIM BAUSIOT Pa3BUTHS IIP OMBIIIACHHBIX IIeH-
TPOB, a TAK’KEe MEXaHM3AIUs ¥ XUMHU3AITHS CeAbCKOXO03SIFICTBEHHOTO IIPOM3BOACTBA.

B rjeaeHanpaBAeHHOH X03SIFICTBEHHOH AeSITEABHOCTH YeAOBEKa SIBHO BHIACASTIOTCS
MTOAOXKUTEAbHBIE U OTPHIJATEABHbIE TIOCACACTBUS AASI IIPHPOAHBIX 9KOCHCTEM B TOM
YHCAe TeOXMMHIECKUX AQHAIITAQTOB.

K 4ucAy MOAOXKHTEABHBIX MOXKHO OTHECTH CA€AyIOlee: OOoralieHHble abuoreH-
HOM GAOPBI M payHbI 32 CUET BBEACHHE HOBBIX CEAbCKOXO3SHCTBEHHBIX KYABTY P, CO3AQ-
HHS peKpeallMOHHBIX 30H, CTPOUTEABCTBO COOPYKEHHI AAS TIPEAYTIPEKACHHI CEAEBBIX
IIOTOKOB, 9PO3HOHHBIX IIPOIIECCOB A€CCOHAKACHHUH, CO3AAHNUS arPOUPPHUTAIIMOHHBIX
TOPU3OHTOB ITI0YB M T. A.

K 4ncay He0CO3HAaHHOM AESTEAPHOCTU OTHOCSIT TaKHe BHABI BAMISTHUE Ha AQHA-
ma¢T, KOTOPHIE BHI3BIBAIOT HEITPEABHACHHbIE, 2 TOUHEe OTPHUITATEABHBIE TOCACACTBHE
TaKye Kak OOMeAeHHe peK, PasBUTHE dPO3UH [I0YB, NCIe3HOBEHNE BIAOB PACTEHMUIT,
3arps3HeHHe M I3MeHeHHe [TOYB 1. T.A. JeA0BeK MOXKeT OKa3aTh BAUSHUE Ha PACTUTEAD-
HBII1 [IOKPOB, )KUBOTHBLI MUP HEIIOCPEACTBEHHO HAY KaK OBIAO YIIOMSIHYTO KOCBEHHO.

HPI/IMQPOM HPHMOI‘O BAUSHUE CAY}KI/IT 3aTOIIACHIE OHpeAeAeHHOﬁ 30HbI l'[yTeM
CTPOUTEABCTBO BOAOXPAHHAMIL, 00pa3oBaHMUsI OOAOTHBIX TAKBIIOYB, TO €CTh 3a00Aa-
YUBaHUE 3eMEeAD B IIPeAeAax OAM3U BOAOEMA.
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IIpuMmepoM KOCBEHHOTO BO3AEHMCTBHS Ha U3MeHEHHU PU3NIeCKHUX, XMMHUYEeCKUX
CBOMCTB ITOYB CAY>KUT OpPOIIEHIe MACCHBA B Pe3yAbTaTe, KOTOPOTO IOYBO-TPYHTHI de-
Ppe3 OIpeAeAeHHOrO IIPOMEKYTOK BpeMeHH 3aCOASIOTCS, 320 0AAIMBAIOTCSL.

AaHAIITa$THO-reOXUMHIeCKHe, TOYBEeHHO-XUMHIeCKHe 3aKOHOMEPHOCTH POPMH-
pOBaHMe IIOYB M TeOXUMHIECKUX AAHAIIAPTOB C TedeHHe BpeMeHH H3MEHIeTC . JTO
HIOATBEPXKAAETCS KaK aPXeOAOTMYeCKHMH, ITAASOIIOYBEeHHbIMH, TAK ITAACOTeOXUMITIe-
CKHMH U ADYTMMH METOAAMHU U3YIE€HI.

OcHoBHas 3aAa9a ITAACOT@OXHMHUH, TAACOIIAOAOAUTHH BOCCTAHOBACHUE KAPTHU-
HBI PEAABHON UCTOPHH PA3BUTHUS PACIIPOCTPAHEHUS OTACABHBIX OAOKOB AQHAIIA(TA
TaK U B IjeAOM. VI3BecTHO, YTo ncTOpHsa $OPMHPOBAHYE B AUHAMHKA APEAAOB KapTUH
COBpPEMEHHOT0, HEPEAKO BeChbMa IIPHIYAAUBOTO 1 3aTaAOYHOTO PACIIPOCTPaHEHHUE OT-
AEABHBIX OAOKOB AAHAIIA(TA HEAB3SI TIOHSTD B CBETe BAMSHIE AHIIDb HbIHE ACHCTBYIO-
IIUX YCAOBUM CPEABL.

TTpHUXOAUTCSI HCXOAUT U3 TOTO, YTO COBPEMEHHOE COCTOSIHIE [I0YB MAU APYTHX 6AO-
KOB AQHAIIATA OCYIIECTBASAOCDH B TeUCHHE AAMTEABHOTO HCTOPUYECKOTO IIePHOAQ.

H3zBecTHO, 4TO 0K0AO 4,280 ThIC. ra 3eMeAb B Y30eKuCTaHe Ha IPOTDKEHUM AAU-
TEABHOTO BpEMeHH HaXOASATCS B YCAOBHAX OPOIIAEMOTro 3eMAeACANs. B cBA3M ¢ aTHM
U3ydJeHHe B3BeNIeHHBIX Bel[eCTB U MUHEPAAM3aIUs, a TAKKe XMMHYECKOro COCTaBa
PEYHBIX ¥ IOAUBHBIX BOA, HTPAIOT OOABIIIOE TEOPETHYECKOE U MIPAKTUYECKOe 3HAYCHHEe
B AeA€ ITOBBIIIEHHS ITAOAOPOANE II0YB.

Cseaenre 0 BaAoBOM cocTase B3Beceil p.Huaa a Tawke Muccucumu 6biAn mpu-
BeaeHBI B cBoe BpeMst O. Kaapkom.

Aaaee u3ydeHreM B3BeIIeHHBIX —HAHOCOB peK 3aHMMaAKCh B. A. Moaoarios 1964, HT
Kysnenos, 1. H. Karoxanosa n.ap 1987, A. Makcyaos, M. A6ayasaes 1984 u ap [1,2,3].

O6peM HCCAEAOBAHMIT BeljeCTBEHHOTO COCTABA B3BELIEHHBIX HAHOCOB PeK M OPO-
CHTEABHBIX CHCTEM AOCTATOYHO 60ABIIOI. VccAepOBaHME 3aKAIOYAANCH B OCHOBHOM
U3y4eHUH BAUSHUE MEeXaHHIeCKOT0, BAAOBOTO COCTaBa HAHOCOB Ha ITAOAOPOANIE ITOYB.

B cBa3u ¢ aTuM, TepBOCTENIeHHOE 3HAYEHHE UMeeT BOIPOC O IIeHHOCTH HPPHTaliH-
OHHBIX HAHOCOB U Ka4ecTBO BOAbL OpolreHre OKa3bIBaeT OTPOMHOE BAMSHHUE Ha OC-
HOBHbIE CBOFICTBA [I0YB, B TOM YKCA€ U Ha XMMIYeCKHe, U3nIecKre 1 OMOAOrHIeCKHe,
4TO CBA3aHO HE TOABKO ACHCTBHEM ITOAMBHBIX BOA, HO M KA4eCTBAMU M KOAMIECTBAMU
HOCTYIAIONMIMHE Ha IIOASI TBEPABIMU HAaHOCAMH.

Cocras TBEpAOTrO CTOKA Pa3HOOOPa3eH, U B3BECH, OTAUYASICh HA TIOASIX, UTPAFOT OOABIIYIO
POAb B pOPMHUPOBAHMH, KAk IIOYBEHHOTO IIPOQHAS, TAK M arPOXUMHYECKUX CBOKCTB IIOYB.

Mop¢oarorndeckne 1 GUINKO-XUMUIECKHE, arPOXUMUYECKUE XapaKTePUCTHKU
AAUTEABHO OPOIIAEMBIX II0YB KOPEHHbBIM 00Pa30oM H3MEHSIOTCS. /\eHCTBIE TOANBHBIX
BOA, TIPU HETIPAaBUABHOM HMCIIOAB30BAHHU OPOCUTEABHBIX BOA 0€3 AOCTATOYHOTO Ha-
YYHOTO 0OOCHOBAHHS HA MOYBbI HEOAHO3HAYHO: B HUX MOXKET MATH OTPHUIJATEAbHbIE
IIPOIIeCChI, KaK BTOPUYHOE 3aCOACHNUE, CHABHOE YIIAOTHEHHe, KOPKOOOPA3OBAHHE H T. A.
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Taxoxe MOXXET MATH YAy IIIEHHE PeXXMMa BAQKHOCTH, IIOYBEHHOTO BO3AYXA, MUKPO-
KAMIMATa U APYTHX CBOFICTB ITOYB U, CACAOBATEAbHO, IIOBbIIIEHNE HX TAOAOPOAMSL.

H3BecTHO, 4TO pevHbIe BOABI, BKAIOYAS B3BellIEHHbIE HAHOCHI, COAEPIKAT OIIpeAe-
AEHHO€ KOAMYECTBO II0YTH BCEX OCHOBHBIX BUAOB 9A€MEHTOB IIUTAHISI, HeOOXOAUMBIX
AAST HOPMAABHOTO POCTA M Pa3BUTHS CEAbCKOXO3SHCTBEHHBIX pacTeHuil. Kpome a3oTa,
pocdopa U KaAVs, OHI COAEPIKAT B AOCTATOYHO HOABIIOM KOAMYECTBE KAABIIHI, Mar-
HUI, Cepy, OKICH HAM OKHCABL U PSIA 61OQHUABHBIX MUKPO- X MAKPOIAEMEHTOB.

Y4uThIBasi, 4TO OpOIIaeMble I0YBbI PETHOHOB B HAIIEH CTPaHe KpaiHe OeAHbI dAe-
MeHTaMH IIUTaHHS PACTEHHH, TOAOXKUTEABHAsI POAD B3BEIIeHHBIX HAHOCOB PeK U pac-
TBOPHMBIX Bel]eCTB B HUX HECOMHEHHa.

Ho He caeayeT 3a0BIBaTh TO, 9TO B €CTECTBEHHO-UCTOPUYECKHIT [IEPHOA TPAHCIIOP-
THPOBKA B3BeCeH CONPOBOXAALTCS AU PepeHITHaIIIeH XUMITIECKHIX SAEMEHTOB H FIX CO-
€AMHEHUH BHU3 110 TEYEHHIO PeK U B CUCTeMe peK- KaHaA- APBIK- OPOIITaeMOe ITOAC K T. A.

B cBs13u ¢ TeM, YTO M3MeHeHNe KPYyTOBOPOTa BEIeCTB U 9HEPTHH IPH YIaCTHH
AHTPOIIOTreHe3a MEHSETCSL, TO ITOM IPOOAEMe Teleph YACASIETCSI HCKAIOUUTEABHOE
BHHMaHHE. HPI/I IIOAWBAX Y€AOBEK HPI/IBOAI/IT K BBIITAACHHUIO OAHHUX 9ACMEHTOB HAN X
COEAVHEHUI 13 TeOXUMIYEeCKUX HAY OHMOTe OXUMITIEeCKUX [IUKAOB U YCKOPEHOTo 0bMe-
Ha APYTHX. DTO H eCTb, 110 onpepeaernio A. E. ®epcmana, reoxumus Texsorenesa [4].

CAeAyeT OTMETHUTD, YTO aHTpOHOI‘eHHaﬂ I/IPPI/II‘aHI/IOHHaﬂ (1)338, BO MHOT'OM HPI/IH-
IJUITHAABHO OTAMYAETCS OT IIPHPOAHOTO IfuKAA. I Tpu aTOM, KpOoMe TeppUTOpHUaABHOTO
IepepacipeAeAeHIs BellleCTB, IPOUCXOAUT H UX TIepepaclipeAeAeHre BO BpeMeHH.

Y4yeHbIMH YCTAHOBAEHO, YTO B MEXaHHYECKOM COCTaBe peuHbIX Boa CpeaHeit A3un
u Kasaxcrana mpucyTCTBYIOT 1€ OHUCTbIE, TeCYAHBIE, IIBIA€BATHIE, TANHOBATHIE K KOA-
AOUAHBIE YACTHUIBI IIPH 9TOM HaUOOAbIIIEe KOAMYECTBO B3BELIEHHBIX HAHOCOB IIPU-
XOAUTCS Ha AOAIO KpymHO-TibiAeBaThIx yactury 0,05-0,01 MM, coaepkaHue KOTOpUX
B baccerinax pexk CrIpaapsu BapbupyeTcs B pepesax 25,1-40,1%. KapboraTHOCTH
aTmx B3Beceit cocrapaser 0,9-182 r/m> [2, 56].

B BaAOBOM COCTaBe B3BELIEHHBIX HAHOCOB PEYHbIX BOA KX KAPOOHATHOCTB IIPOSIBASIET-
€51 B TOHIDKEHHOM COAEP>KaHUY KPeMHe3eMa, TOBBIIIEHHOM — OKHCAOB KaABIIUS M MATHHS
(rabauna 1.). Copepsxanue SiO, B KapGOHATHBIX B3BeCsX AOCTHIaeT 45-52%, a B BOAAX
pIllaxumapaancait 5TOT IIOKa3aTeAb IIPAaKTUYECKH B ABa pasa Hike (25,03% rabanma 1.).

B pexax AOAMHBI B IIMPOKUX NpeAeAax H3MeHsieTcs coaepskanne CaO, ot 7 40 15%,
HO IpU 9TOM MCKAloueHHe cocTaBasieT IllaxumapaaHcaii, rae coaepkanue CaO
B HaHOCax cocTaBaseT 31%, a copepsxanme MgO aoxopur oo 3%.

Copepixanne Al O, ormedero 9,4%, uto kacaercs oxuck xeaesa (Fe,O,), To oxo
npaxtiyecku B 10 pas Huke, uem copepxanue Al,O,

Ba>XHBIM 2TarloM B 9TOM IIpoOIlecce SIBASIETCS COAep)KaHMe I'yMyca, KOTOPBIH
B B3Becsx p. [llaxumappancaii cocrasaser 0,4% (tabanna 1.).Caeayer oco6o mopuep-
KHyT5, 9T0 BoAb! p.Illaxumapaarcait umeror pH-7.6 KOTOpPbIi CLIOCOOCTBYeT BbITaAe-
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Huio Fe, O, B 0cap0K, KaK B Ka9eCTBe 0CAAOIHOTO MATEPHAAQ, M TaK B KAYeCTBE OKCHAR
>KeAesa.

MsHoroaeTHee cpepAHeB3BeIIeHHOe CoAepKaHHe HaHocoB B p.IllaxumapaaHcaii co-
craBaster 0,792 r/A. MUHEPAAU3AIHIS T. €. IIAOTHBII OCTATOK PEYHO BOABI BApbHPYeT
Brpepaesax 0,732 /A. TUmIoTe TH4e CKUIT COAeBOI COCTAB BOABI YKa3bIBaeT Ha 6oAbIIOE
coaepxanne Ca (HCO,), u MgSO, .

Tabaura 1. — BaaoBOi XUMHUYECKHI COCTAB HAHOCOB M OTAOYKEHHI
pIlaxumappancait, % (Kysueros, Katoxanosa, Canun, 1987)

Mecto ITorepu npu .
ot6opa | mpoxasmsammu Tymyc | SiO, | ALO, | Fe,O, CaO MgO
Byappia 27,65 0,4 25,03 9,40 0,96 30,91 2,66

Heo6x0AnMO OTMETHTB, UTO C OAHHM AUTPOM TAKOH BOABI IOCTYIIAET BCETO
0,73 r coan u emte 0,73 r/A B3BelIEHHBIX BEL[eCTB, B OPOLIAeMbIe CBETABIE CEPO3e-
mp1 fOra @eprans! mpu 5TOM KOAMYECTBO MOCTYHAIOIUX BEIeCTB Ha OpOIIaeMble
noas coctaBasgeT 50:50 mpoIeHTOB PacCTBOPUMBIX COACH U B3BeIIeHHbIX BelleCTs.
ITpu opocureaproit HopMe 5000 M*/ra B cAydae copepsKaHHe B3BEIIEHHbIX Ha-
HOCOB, IIAIOC BOAHO-PACTBOPHMBIX COAeil 1,5 I'/A; A€TKO IIOACYUTATD, YTO 3a TOA
Ha Ka>KABIN reKTap IOAMBHOM 3€MAH AOTTOAHUTEAbHO BHOCUTCS 7,5 T. Oprano-mMu-
HepaAbHBIX BellleCTB, KOTOPbIe HEIOCPEACTBEHHO IOBBIAET YPOBEHD IIAOAOPOAUS
CBETABIX CEPO3eMOB.

Wsyqennsle $pakThl TO3BOASIOT AyMaTh, YTO B HACTOsII]ee BpeMs aHTPOIIOreHHas
AESITeAbHOCTD IIPOSIBASIETCS HACTOABKO CHABHO, UTO €€ BO3AEHCTBHE Ha BeleCTBEeHHBIH
COCTAB II0YB MOXKET B OTAEABHBIX CAyJasiX Pe3KO IIPeBBICUTD UIUKO-reorpaduaeckue
¢axTopsr. Msyuenne sakoHOMepHOCTel OPMUPOBAHMSA arpOUPPUTraIHOHHbIX TOPH-
30HTOB B OA3HCHBIX CBETABIX CEPO3eMaxX IPEACTABASIET He TOABKO HHAMBHAYAAbHbIN
U TIPaKTHYeCKUH HHTepec, OHO IIOMOTAaeT M3y4eHMIO TaKUX GpYHAAMEHTAABHBIX ITPO-
0AeM KaK reOXUMHYeCKHe 3aKOHOMEPHOCTH Pa3BUTHSA X pOPMHUPOBAHHE arPOUPPH-
raljMOHHBIX TOPU30HTOB M PacIIpeAeAeHHe MAaKPO-MUKPOIAEMEHTOB 1 AP. BO BpeMeH!
KOTOpbIe HEOOXOAUMO AASI PEIYAUPOBAHMS IIAOAOPOAMS TIOUB.
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Abstract: the paper considers the use of modern means of mechanization, the
example of the cable machine DS-WS 15. A method for assessing the complexity
of work to dismantle the structures for the Belarusian enterprises operating in the
construction industry, where the application of this technology effectively.
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OC00EeHHOCTN 3KOHOMUYECKOro 000CHOBaHUS
MCMOoJIb30BaHUA CPeacCcTB MaJion MexaHn3auum
B CTPOUTENIbCTBE B YCJZIOBUSIX HEYCTOMYUBOM
TPYAO0EMKOCTU BbINOJIHEHUS paboT

AHHOTAnUA: B CTaTbe PpaCCMOTPEHO IIPHMEHEHHe COBPEMEHHBIX CPEACTB MeXa-
HU3aI[UH, Ha TpuMepe kaHaTHoM MamuHbl DS-WS 15. IIpeasoskeHa MeTOAMIKA OLI€HKH
TPYAOEMKOCTH BBIIIOAHEHUS PabOT [0 AEMOHT)XY KOHCTPYKIIUE AASL O€AOPYCCKIX
HPeAPUATHI, pabOTAIOIINX B CTPOUTEABHON OTPACAH, IIPH KOTOPOU IIPUMEHEHHEe
AQHHOM TeXHOAOTHHU 3P PeKTHBHO.

KaroueBbie cA0Ba: cOBpeMeHHbIE TEXHOAOTHH, 9 PEeKTUBHOCTD HCIIOAb30BAHH,
TeXHUKO-9KOHOMHYECKHe HayKH.
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B PecrryOauke Beaapych AOCTaTOYHO GOABIION ITOTEHIIMAA AASL PA3BUTHS CTPOU-
TEABHOM OTPACAH, TAK KAK CBOY BKAAA BHOCAT IPEATIPUSTHS MAAOTO O13Heca. AaHHbIe
IPEATIPHATHS OKA3BIBAIOT CIIEJUAAN3HPOBAHHbIC YCAYTH, T€M CAMbIM IOBBIMIAS Ka-
9eCTBO IIPEAAATAEMBIX YCAYT M BHEAPSS COBpeMeHHbIe TexHoAoruu. IToaTomy mepes
MPEATIPHSTHSIMU CTPOUTEABHO OTPACAU HaHOOAEe OCTPO CTOHMT IMPOOAeMa IpHMe-
HEHMHs COBPEMEHHBIX TeXHOAOTHI HOBOTO IIOKOACHH S, TAKMX KaK KAHATHAS Pe3Ka JKe-

Ae306€TOHa U 6ETOHHBIX KOHCTPYKLUil COBpEeMEHHbIMI CHCTEMAMH, TAKUX KAK 9A€K-
Tpudeckas kanarHas Mamuna HILTI DS-WS 15 (pucysox 1).
i

~OQ

=2

Pucynox 1 -Kommaexr Daexrpuyeckas kanarHas Mamuaa HILTTDS-WS 15

BeimoaneHne paboT HEOOXOAMMO IIPOBOAUTD CHCTEMOM KAHATHOM Pe3KHU IpeA-
CTaBACHHO! Ha pUcyHKe 1 (B KOMIIAEKT BXOAUT: IPUBOA, GAOK yIIPaBAEHHS, KOM-
npeccop, poankosble cToitku DS-WS JPP — 2 mit., Habop HHCTPYMeHTOB, GOPCYHKH
¥ IIAQHTHU AASL TIOAQYHU BOADL).

ITprMeHeHMe AAHHO TEXHOAOTHH IIPEACTABASIET COOO# TOAHOCTHIO YIPABASIEMBII
I'IPOLICCC HPI/I BBIIIOAHCHHH pe3KI/I W HE 3aBUCHUT OT I‘AY6I/IHbI U TOAITTHBI pe3aHI/15[, CcTe-
IIeHH QpMUPOBAHUS U COCTOSIHIS IIOBEPXHOCTH CTPOUTEABHOM KoHCTpyKuuH [ 3]. Ota
TEXHOAOTHUS SIBASIETCS] O4eHb TOUHOH. OAHAKO UCIIOAB3yeMOe 000PYAOBAHHE SBASICTCS
OYeHb AOPOTOCTOSIIIUM U He KAKAASL CTPOMTEAbHAs] KOMIIAHHS MOXKET IIPHOOpecTH
Takoe 000pyAOBaHHE, [I0ITOMY HEOOXOAMMO OLIeHHTDb 3 PeKTUBHOCTD IPUMEHEHHS
AQHHOTO CPEACTBA AASI CTPOUTEABHDIX OPraHH3aIHIA.

Tak Impu IpUMeHEHUH CHCTeMbI CYIIeCTBYIOT PUCKHU IOBBIIIEHHS TPYAOEMKOCTH
BBIIIOAHSIEMBIX Pa0OT, IIPY BOSHUKHOBEHHU KOTOPBIX OPTAHM3AIHSI MOXKET TOHECTH
3HAYHMTEAbHBIE YOBITKH, YTO B CBOIO OYePeAb He OIIPABAAET IPHMEHEHHEe AAHHOTO CPeA-
cTBa MexaHu3anuu. I109TOMy HEOOXOAUMO OTBETHTb BOIIPOC KAKOBA PaKTHIECKAs
TPYAOEMKOCTD BBIIIOAHEHHs PAOOT AAHHOTO 060PYAOBAHHSL.
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CeropHsIIHIE METOABI OLeHKH He PACCMATPUBAIOT BOSHUKHOBEHHUE IIOHIDKEHHO
prAOeMKOCTI/I HPI/I BBIITOAHEHHUHU Pa60T C HPI/IMeHeHHeM KaHaTHOM CHUCTEMBb], A aHAAU-
3UpyeTcs HepaBHOMEpPHAs TPYAOEMKOCTb IIPU Pa3HBIX ycAOBHSX paboT. CaepoBaTeAb-
HO, BOHHKAeT BOIIPOC O TPYAOEMKOCTH BbITIOAHEHHH paboT, IPU KOTOPOI, HCIIOAB30-
BaHUe AQHHOI TeXHOAOIUH AAMA3HOM pe3KU OYAET 9P eKTUBHbBIM.

ITpoussoputeapnocts HILTI MosxxeT BapbupoBatbes oT 2 M” pesa oo 10 m> pesa
B yac (TIpM pe3aHuH MpH MOHIKEHHOI CKOpoCTH (4acToTa 060pPOTOB AMCKA) OGBIIHO
PEKOMEHAYeTCSL B CAOSKHBIX YCAOBHMSIX, HAIIP., [PH MOBBIIEHHOM COAEPYKAHHMH CTAAU
AN HPI/I pe3aHHH IAEMEHTOB C TSDKEABIMHU HAIIOAHHUTEASIMH U T. r[.)) B 3aBUCHUMOCTHU
OT BO3HMKHOBEHHS AOTIOAHUTEABHBIX GaKTOPOB, yKasaHHbIX B Tabaune 1. [1,3,6]

ITpu pa6oTe C KaHATHOI CHCTEMO Ha TPYAOEMKOCTb OKa3bIBAIOT BAMSIHHE CACAYIO-
II1e 4acTo BO3HUKAOM[Ke GpaKTOPbl PHCKA OBbIIEHHs AU IOHIKeHUS TPYAOEMKOCTH
BBITIOAHEHHS paboT, KOTOPbIe PeACTABACHHbIE B Tabautte 1.

Tabauma 1. — dakTOpDI, OKa3bIBAIONIUE BAUSHUE HA PUCK
OBBILIEHHS TPYAOEMKOCTH BBIIIOAHEHHS PaboT.

(DaKTOPI)I, BAMSIOIHME Ha TPYAOEMKOCTD

HOCAEACTBI/I}I BO3HHKHOBCHHA (1)aKTOPOB

OcobeHHOCTH KeAe300€TOHHOM KOHCTPYK-
ruu (Tun 6eToHa):

JKeaesoberon (cTanpapTHOE apMEpOBaHUe)
k=0,9-1

JKenesoberon (BbicOKOe apMupoOBaH¥e)
k=1,05

JKeaesoberon (cTarpapTHOE apMEpOBaHUe)
criedennbii k=1,1

JKeaesoberon (BbicOKO€ apMuEpOBaHIe) CITe-
yennbit k=1,15

JKeaesoberon (cTarpapTHOE apMEpOBaHUe)
rasbBanuka k=1,20

JKenesoberon (BbicOKOe apMupOBaH¥e)

raabBanuka k=1,25

CHmKeHHe TPyAOEMKOCTH, POCT IIPOU3BO-
AUTEABHOCTH CHCTeMbI

CHxeHHUe IPOU3BOAUTEABHOCTH CUCTEME],
PocT TpyAOEMKOCTH BbIIIOAHEHH s paboT
CHmXeHHUe IPOU3BOAUTEABHOCTH CUCTEMEI,
PocT TpyAOEMKOCTH BbIIIOAHEHH s PaboT
CHmXeHHe IPOU3BOAUTEABHOCTH CUCTEME],
PocT TpyAOEMKOCTH BbIIIOAHEHH s paboT
CHmXeHHe IPOU3BOAUTEABHOCTH CUCTEME],
PocT TpyAOEMKOCTH BbIIIOAHEHH s paboT
CHmXeHHe IPOU3BOAUTEABHOCTH CUCTEME],
PocT TpyAOEMKOCTH BbIIIOAHEHH s paboT

Hcrounuk: CocTaBAeHO aBTOPOM Ha OCHOBE BUAOB JKeae306eToHa [4,6].

Vcroap3yst IOAOSKEHHE O COCTaBe 3aTpar | 8], paspaboTaeM METOAMKY pacyera dak-
THYECKOM TPYAOEMKOCTH, 9KCIIAYATAL[IH KAHATHON CHCTEMBI, KOTOPast OyAeT IIPOBOAUTHCSE
B 6asucHbx erax 2006 roaa, coraacao metoaam PHTL] [ 1], T. k. B crponTeabHOM oTpacan
pacueTsl IPOH3BOASTCS B IjeHax 2006 roaa, a 3aTeM IIPH IOMOIIN HHAEKCOB H3MeHEeHHs
CTOMMOCTH B CTPOMTEABCTBE OCYIIECTBUM IIEPEBOA B TeKyimue rerst 2013 ropa [1].

ITpoBepeM pacyeT CTOMMOCTb OAHOTO MaIlL-4. B 6a3ucHbIX teHax 2006 roaa, a 3a-
TeM C IpUMeHeHHeM HHAEKCA IjeH B CTPOUTEAbCTBE IIPUBEAEM ero K YPOBHIO IleH Te-
KYILIero roaa
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6 _ (N 6 6
S Maw—u _(N a+3H pu6+R M6n+R an)xKucnchnom (1)
S =((N6ﬂ+3H”pa6+R6W+R IxK,_ xK_ )xI™ (2)
Hcrounnk: CobcTBeHHas paspaboTka.
rae N, - HopMa aMopTH3aIMK HA BOCCTAHOBACHHE MEXaHU3Ma, Py0./MalL.-4;

Mauw—4 CIOXK )

311 6Pa6 — 3apraara pabounx, paboTAIOIKX C MEXaHU3MOM, PYO./MalL.-4;

R’ .- pacxoas! Ha 3ameny MBI, py6./manr.-u;

R’ -3arparsI Ha aAeKTPOSHepIHIO, py6./ManL.-y;

K, - koopdunmenT ncroabzosanus MamuH, He 6oaee 1;

K., - K09$pPULHEHT CAOKHOCTH, 3aBICUMOCT OT COCTaBa KOHCTPYKLIUH, IIPH-
uumaercs ot 1 a0 1,285.

I™ — Texymuit HHAEKC H3MEHeHHU LieHbI B i-M FOAY, IPHMEHSIEMBbIi B CTPOMTEAD-
crBe, coraacuo pauabiM PHTLI. [1]

Aasee poBeAeM pacueT HOPMATHBHOTO IIOKA3aTeAS] AMOPTU3ALIMOHHBIX OTIHCAEHII

Ha BOCCTAHOBAEHUE MaIlvH, B 6a3ucHbIx ieHax 2006 ropa u B Tekymjux neHax 2013 roaa.

S xA
Nzooeﬁa =22 - (3)
%100
S xA
N.mek — obop X H XITneK (4)
0 x100 l

rae t — CPOK 9KCIIAyaTallK MEXaHU3Ma, MaIlL.-4./TOA
A — ropoBas HOpMa aMOpTHU3ALNH, %

£ = (365 - (52 x2+1IP, + Hepepbtebt)) xK, xK, (5)
£ =((365—(52x2+IIP, + Iepepuisnt ) ) x K, x K_)x I" (6)

rAe 365 — KOAMYEeCTBO AHEH B TOAY;

II,, -kOAMIECTBO IPASAHIUHBIX AHEH B TOAY, 9 AHE;

ITepepniBbl — HTOrOBOE KOAMYECTBO AHEH B FOAY B TeUEHHUH KOTOPBIX MEXaHH3M
He paboTaerT, u3-32 HEOOXOAMMOCTH II€PEpPHIBOB 1 IIEPEBO3KU MEXaHU3MA C OAHOTO
MecTa Ha Apyroe, 92;

K,.- npoposxuTeabHOCTD paboueit cMeHbI, MarL-4/cMeHa, 8;

K, - xoadppunment cmennocTH, cMeHa/ AeHb, 2.

Pacuer 3aTpaT pabounx OyaeM IPOBOAUTD B 6asucHbIX IteHax 2006 roaa u B TeKy-
mux reHax 2013 ropa mo popmyae.

3H20066pu6 = quupi (7)
i=1

3Himekpa6 — Z}:qmapi X IimEK (8)

rae 9, - 9acoBast TapudHas CTaBKa i-ro paspsaa

mapi
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11 — KOAMYeCTBO PaOOTHHKOB 3aAeHCTBOBAHHBIX IIPU PAbOTe C MEXaHU3MOM, YeA.
AAs oTipeaeAeHNS TPYAOEMKOCTD BbIITOAHEHHUS UCTIOAb3yeM GpOPMYAY
TPi = Hapmu XKmp (9)
rae -H_ . — HOpMaTuBHASI TPYAOEMKOCTD BBIIIOAHEHHS PAbOT, YeA.-4.
K., - xoapunpenT TPyAOEMKOCTH, IPHHHUMAETCS PAaBHBIM OT 1 A0 2 B 3aBHCHMO-
CTH OT BHAQ )X€A€300€eTOHA, COOTBETCTBEHHO.

opma

Pacxoa MBII onpepeasiem B Texymux riesax 2013 ropa
T L (0
i t,
IA€ 1 — KOAM4ecTBO BUAOB MBI, 1uT;
N — xoamdecrBo MBI, onpepeaeHHOro BHAQ, IIT.;
§"*, ~ ccronmocts MBIT AQHHOTO BHAQ B TEKYIIUX LIEHAX, C ACTIOAB30BAHHEM HH-
AeKca ILjeH IIPOU3BOAUTEAH AASI IPUBHAEHI K 0a3UCHBIM, Pyo.:
t — HOPMATHBHBIH CPOK CAYX661 MBI, mant.-4.
ITepeuenr MBII npuaaraeTcs K MacIoOpTy CHCTEMBL.
3arparsr Ha MBIT paccunrsiBaercs B 6asucHsix reHax 2006 ropa B B TEKYIIUX
nenax 2013 ropa mo ¢popmyae,
3 ¢ _(rixszuﬁamm)XS K (11)

2006 MBITi i MBITi pem

HOpMAMUE

i
3 mex. _ (rl x T pa6omb1) S
i MBIl i x MBITi

HopMamue

XK, xI"™ (12)

rae i — HanMmeHoBanue MBI,
7. - MBII -ro Bupa,

i

- paxrIIeckoe BpeMst paborsl i-ro Buaa MBI,

pabomut
i

sopwamus. — HOPMATHBHBIN CPOK CAY>K6b1 i-ro Bupaa MBIT.
S, - CTOUMOCTB i-ro Bupa MBI
K, - koo durment sarpar Ha sameny MBIT, npusnmaem pasubmv 1,02
OrmpepereHne PacXOAOB Ha 9IAEKTPOHOCHUTEAH OIIPEAEASIIOTCS B Ga3HCHBIX IjeHaX
2006 ropa u B Texymux riesax 2013 ropa mo popmyae mo popmyae
4 —
320063/1 - Npucx x Sak x K.?Il (13)
mex mex
31' o Npuwc X Sak X K3Il X Ii (14)
rae N, — HOpMa Pacxopa 9AeKTPOIHEPTHH MEXaHU3MOM, 15 KBr-u.;
S, - croumoctp 1 kBr-4. sHepronocureas
K., - xoapdunment ncnoapsosanus snepronocureas, 0,1.
K macopry sa HILTI DS-WS 15 mpuaaraercsi BeAOMOCTb HeOOXOAUMBIX 000-
POTHBIX CPEACTB Ha Pe3KY JKeAe300eTOHHBIX KOHCTPYKIIMK Ha BbIIIOAHEHHe 00beMa

pabot no peske sxeaesoberona 100 m* [2].
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OmnpeaeAuB CTOMMOCTD MaIIL-4, aMOPTH3AIIMOHHbIE OTYHUCACHHS, TPYAOCMKOCTD
) )

AASL OTIpEAEACHHOTO 00beMa paboT, IpoBeAeM OLIEHKy CPOKa OKyIlaeMocTH [9] AaH-

HOTO MeXaHH3Ma, 110 popMyae.

200

PP=N_+— (1s)
ﬂneob

rae I —mepBOHaYaAbHbIE BAOKEHHS,

N,,, — roaa, mpealecTByoImMe oAy OKyIaeMoCTH,

JII ,, —AMCKOHTHPOBaHHDII ACHEXHBI OTOK [ 9]

ITposeaem aHaAM3 3¢ GeKTHBHOCTH HCTIOAb30BaHHUS AAHHOTO CPEACTBA MeXaHU3aL[U
AASL 6@AOPYCCKUX IIPEATIPHSTHIL MAAOTO OM3HECa, PAOOTAIONIHX B CTPOUTEABHON OTPACAHL.

ITo HOpMaTHBHO¥ AOKYMEHTALIN KOMIIAEKC PAOOT IT0 BHIIIOAHEHUIO PE3KHU JKeAe-
306€TOHHBIX KOHCTPYKLUI HEOOXOAMMO BBIIIOAHATD 3BeHOM B cocTase [2]:

— OIlepaTop KAHATHOM CTEHOPE3HOM CUCTEMBI 6-TO paspsapa — 1 yeroBek;

— cAecapb CTPOHUTEAbHBIN 4-T0 paspsisa — 1 yeroBek;

— cAecapb CTPOHUTEeAbHBIN 4-T0 pa3pssa — 1 yeroBex.

HopmatuBHast TpyA0@MKOCTb cOcTaBAsieT 47,93 uea.-d.

Pacyers! 6yaeM IPOBOAUTD B 6a3uCHBIX IjeHax 2006 roaa, 3aTeM MpH ITOMOIIN
MHAEKCOB H3MEHEHNUs LIeH B CTPOMTEABCTBE MOXKHO IIPHBECTH K TeKyIUM LieHaM. [ 1]

CTOMMOCTD AQHHOTO MeXaHHM3MAa MEXAHHU3AIMK cocTaBasieT 183,619 MaH. bea. pyo.
B rienax 2006 roaa, cTonmMocTh pesa M” cocraBaser ot 738,170 Toic. 6ea.py6 a0 1,291 MaH.
6ea. py6. (B nenax 2006 ropa) u omara lyea.-a. 13,822 Toic. 6ea. py6., Ha 100 M> pesa
Heobxoprmo 105,26 M aAMasHOro KaHaTa, CToMMOCTbI0 324,979 ThiC. Gea.pyod.

3arparst Ha MBIT n mexanusmst Ha 100 M” pesa npeacTaBaeHsl B TabauLe 3 U Ta-
6Auite 4 COOTBETCTBEHHO.

Ta6anua 3 — Ilepedens MBIT na HILTI DS-WS 15 na 100 M” pesa

200

:9/1_[ Haumenosanue MBIT Koa-Bo, mrt. HEH::OTZPE;SS;LSHM
1 2 3 4

1 Baa mycToTeanrit 1 8028,02
2 Baa mycroTeasrit 1 19211,68
3 Koasro 3aoproe 70%2,5 4 202,74
4 Hampasasromue koaeco DS WS 200 6 24277,12
S TToamumHYK IMapUKOBBIA 25%47Xx12 18 243,49
6 CaapHuxk Baaa AS35x47X7 14 30,66

7 Caapnuk Bara AS25x47x7 8 30,66

8 TTopmunamx S5 14 2662,57
9 Ocp 1 2 11642,57
10 Kanarusiit 6a0x DS WS S200 2 15409,09
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1 2 3 4
11 CronopHbIe KOABITA 4 1883,43
12 Ocp 1 12131,88
13 Kanarnsiit 6a0x DS WS S280 6 37482,15
14 IToamunauk mapukosbiid 30x55x13 10 298,26
15 CronopHble KOAbIIA 6 2038,07
16 Caapuuk Baaa ASL40xS55x7 10 34,40
17 Koasuo 6 986,64
18 OcBoboxparommit poauk DS-WSRW 1 40845,53
19 Poauxosas croiika DS-WS-PP 2 155887,82
20 Beaymue xoaeco DS WSWDS280 2 24338,59
21 ITHeBMaTHYeCKUIT IUAMHAD 2 76452,59
22 | IlHeBMaTHYeCKUIl IITYILIEP 2 27196,28
23 | Kuomka ynpasaeHus 2 63473,39
Uroro 524787,65

Hcrounnk: CocTaBA€HO aBTOPOM Ha OCHOBe macropra mpraoxkenust K Hilti u ao-

KyMEHTOB IPeApUATHSL. [2 ]

Tab6auna 4. — Ilepeuenn mexanusmos Ha HILTI DS-WS 15 Ha 100 M” pesa

Hera s ba- Croumocrs B 6a-
° Haumenosanue Koa-Bo SHCHPIX LiEHax 3HMCHBIX IJeHaX
n/m Ha 01.01.2006 ., 12 01.01.2006 1.
Ha eA. U3MepeHHs
1 AAMA3HBII KaHaT, M. 105,26 324,979 34207,2895
2 CoeAUHNTEAD, IIIT. 50 905,367 45268,35
4 Cwmennsiit mrudt, DS-WS, mr. S0 665,495 33274,75
S Anxep HKD-DM12, mr. 200 740,03 148006

HMcrounnk: CocTaBAeHO aBTOPOM Ha OCHOBe MacropTa npuaoxenus k Hilti u po-

KyMeHTOB NpeAnpusTus. [2]

AMOPTH3AIMOHHBIE OTYUCAEHIS COCTaBASIHOT 11 956,8172 Gea.pyo.
3arparsl Tpysa pabodero 6-ro paspsiaa cocrassr 16728,408 6ea.pyo.
3arparsl Tpysa pabodero 4-ro paspsiaa cocrassr 13822,846 6ea.py0.

3arpaTsl HA 9HEPTOHOCUTEAM COCTABST 334,668 Gea.pyo./4ac.

3arparsl Ha 9KCIIAYATALMIO 1 MaIll.-4 KAHATHOM CHCTeMbI COCTaBAT 7,069 ThIC.OeA.
py6. (B menax 2006 ropa), B TabAmIe S TIPeACTABACHA CTOMMOCTD MAIIL-Y., B 3ABHCH-

MOCTH OT BHAQ KaHATa.

CroumMocTth pa60Tm KaHATHOM CUCTeMBbI 1 TpyAOeMKocTb Ha 100 M P B 3aBHCUMO-

CTH OT BUAQ )KeAe300eToHa B Tabaure S.
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Ta6anua S. — Pacuer cronmocTy man.-4. Ha 100 M> pesa

Bup, xxeaezoberona
2 2 2
! N ! —~~ 1 L
T N ") = KR} = )
< = 3 = 5 = Ehal 2 =2 E‘ T 8 | N 3
H o (-t B g [ H @ o R oE 5
O m ~ @ O m I ~ g O m ~ &
— O T /@ — O g ol ~ o | z & |l
T oo\ o 9w ooy o O = T o o O =
ITokxasarean S E s SR S 5B & 80x S § g & &g
SEZn | e85 | 8AE| 9SS E| gAE|©EE
O & o a, ! o %‘ foul o a, = o %‘ oo Q a, o
Q e 9 o) ® & & 2 IS IR
® 8 Y @ 9 = Y Y o 9 3 ) 2
9 O <2 o v © 7 2 o 5 o O < o
< T 3 9 <z g 3 9 0 < @ 2 3 o 2
Jd H % % Y B g % é 5 v B 4 % g <
LS S LS 8 L 8 =
< < <
o> <t \O 0 (o]
CroumMocTsh 3 3 2 g " 3
9KCIIAyaTa- o~ - 0 >y \lg S
Y IN foN o> Q I%e)
oUu  Mexa- o ) =) I) < o))
S S 3 S °\ %
HU3Ma 2 2 3 Y x
TPYAOEM-
Py 47,93 57,516 67,102 76,688 86,274 95,86
KOCTb

B reuenun ropa y opranusanym 65140 90 3aKa30B Ha pesKy 5KeAe300eTOHHBIX KOH-
CTPYKIIMH, TPY Pa3AUIHbIX YCAOBHSAX pe3a. AaHHBIE IO GaKTHIECKOH TPYAOEMKOCTH
[peACTaBAEHbI B TabAmIie 6.

Tabaura 6. — QaxrIdeckast TPyAOEMKOCTb Pe3KH XKeAe300e TOHHBIX KOHCTPYKIIUI

Tpyao- Ob6wpema pesa, M

04246 15 | 16,64| 20 | 23,44 3523 | 40| 108 |200| 231 | 246 | 250 | 444

1|2
0,67 3
42 2
13,74 2 2 3
18 2|5 2
26 2
45 4 |1
47
65 4 3 2
91 S
103 2
127 2 3 2
188 4
209 2
21044 4
213 3 .
234

3| 4 N 6 7 8 9 |10 | 11|12 |13 | 14| 1S
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1 2 |34 S 6 7 8 9|10 | 11 | 12| 13| 14| 1S
278,47 S
300,2 2
344 1
356 1
436 3

Hcrounnk: CocTaBA€HO aBTOPOM Ha OCHOBE AeSTeAbHOCTH OPraHH3aIfHH.

Kaxk BupnO 13 TabauIisL, uto 20,7% paboT COCTABASIOT pabOThI He6OABIIOTO 00'B-
eMa U [IOHIDKEHHOM TPYAOEMKOCTH; 32,4% — 9TO pabOTHI C [OBBIIEHHON TPYAOEMKO-
cTbio M 06BeMoM pesa 6oaee 100 M%; 27,9% — 3T0 pabOTbI € BBICOKOI TPYAOEMKOCTDIO
1 06beMoM pesa 6oaee 200 M2,

TakuMm 06pa3oM IpH aHAAU3E AeSTEABHOCTH OPTaHM3AINK B 00IeM o6beMe 3a-
Ka30B OYAYT IPUCYTCTBOBATH PAOOTHI C PA3AMYHOM TPYAOEMKOCTBIO, K KOTOPBIM IIPH-
MeHUM IIOHIDKAIOIIKe ¥ IIOBBIIIAoIe K03 PuIfeHTs! TpyaoeMKocT KTp paBHbIM
0,9; 1,1 u 1,3 cooTBeTCTBEHHO.

BeIpyuxa oT peaAM3alliy MPOU3BEACHHBIX PAOOT AQHHBIM MEXaHU3MOM COCTABHAQA
459,9 man.6ea. py6., ipu 3aTparax 661, Man.6ea. pyo.

ITpoBeaeM pacuer cpoka OKyIaeMOCTH IIPoekTa B rjeHax 2006 roaa mpu cTaBKe
AMCKOHTHpOBaHus 11%

PP =2,92 ropa.

Takum 06pasaM IpHUMeHeHIe AAHHOTO CPeACTBA MEXaHUBAIUH AAST O@AOPYCCKHX
IPEATIPUSTHIT MAAOTO OH3HeCa CIEIMAAMZHPYIOIUXCS Ha paboTax CBA3aHHBIX C Ae-
MOHTAKeM JKeAe300eTOHHBIX KOHCTPYKIHI 9KOHOMHIYECKH IIeAeCO0OPasHo.
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Fa30TypOMHHDbIV CTPYHHbINV ABUraTesnb

AnnoTtanmst: ITpeproxkeHa KOHIIENIINS Fa30TYyPOUHHOIO CTPYHHOTO ABUTATEASL.
ITeab pa3paboTKy — IIOBBbIIIEHHE TEPMUIECKOTO KO3 GHUIIMEHTA IIOAE3HOTO ACTICTBISL
(KIIA) ABMTaTeAs 3a CYET yBeAMdeHHS TeMIIepaTypsl pabodero Teaa.
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Karouesple caoBa: razorypbunnsiit opurareab (I'TA), comnao, ucrederne npu
KPUTHYECKUX YCAOBHSIX, CHAA PEAKIJHH UCTEKAIOIUX CTPYHL, CETHEPOBO KOAECO, MHOTO-
CTyIeHYaToe PacIMpeHne, SKUAKOMETAAAMYECKUI1 TETIAOHOCUTEAD.

Tazoryp6unnsie psurarean (I'TA) HUMeEIOT psA MPeMMyIIECTB MO CPABHEHHIO
¢ nopuHeBbIMH ABHraTeAssMi. OHHU 06AaAQIOT GOABLIEN YAEABHON MOLIHOCTBIO, 6Aa-
TOIIPUSTHBIM AASI TPAHCIIOPTHBIX MAIlIMH U3MeHEeHUeM KPYTAIIero MOMEHTAa, T. €. Ay4-
M K09 PHIIMEHTOM IIPUCIIOCOOASIEMOCTH, OOABIINM B 2—3 pasa pecypcoM 3a CIET
YPaBHOBEIIEHHOCTH U CBEACHIS K MUHIMYMY TPYLIHXCS IIOBEPXHOCTEH, MEHDIIHM
PaAcXOAOM CMA304HBIX SKMAKOCTEH, HU3KUMU TPeGOBAaHUSIMU K Ka4eCTBY TOIAHM-
Ba HE3aBHUCHUMO OT OKTAaHOBOT'O YMCAQ, MEHBIINM BpeMeHeM ITOATOTOBKH K 3aITyCKY,
0CO6EHHO IIPY HU3KHX TEMIIEPATyPax, MEHbIIEN TOKCHYHOCTHIO BBIXAOIIHBIX Ia30B.
Mexay teM, ['TA npourpbsIBaloT HOPITHEBBIM ABUTATEASIM II0 SKOHOMHYHOCTHU. JTO
OIIpeAeASIeTCS. HEAOCTATOYHO BHICOKUM TePMHUYECKHM K09 PUIIMEHTOM II0AE3HOTO
aeiictaus (KITA ) — OTHOIIEHUIO TTIOAE3HOT PabOTHI K 3aTPAYEHHOMY TETIAY — BCACA-
CTBHE OIPaHMYEHHUSI TEMIIEPATYPbl Ha BXOAE B TYPOUHY [0 IPUYKMHE HEAOCTATOYHOMN
JKapOIIPOYHOCTH MaTepUaAa TyPOUHHBIX AOIATOK. [TOHIDKeHHE TeMIIepaTyphl ra3oB
AO AOIIYCTHMBIX IIPeAEAOB B u3BeCTHBIX ['TA AOCTHIraeTcs 3a cyer mopauu HOABLIOrO
KOAMYECTBA BO3AYXQ, 3HAYUTEABHO IIPEBbIIIAONiee TPeOyeMOoe AASL COKUTAHSI TOIAU-
Ba [IPU CTEXUOMETPHIECKOM COOTHOIIeH!HU. Ha npokauky H30BITOYHOTO BO3AYXa 3a-
TPAYUBAETCSI AOTIOAHUTEABHASI MOLHOCTH. I TOBbIIIEH e AOIyCTUMOI paboyeil TeM-
HepaTypbl B U3BECTHBIX CAYYasiX AOCTHIAETCS 32 CYeT YBEAHMYEHHS KapOIPOYHOCTH
TYpPOUHHBIX AOIIATOK, HAIIPUMEP, IPUMEHEHHUS TepMOOAPbEPHBIX IIOKPHITHI HA OC-
HOBe METaAAOKePAMHUKH U (MAM) BHyTPEHHErO OXAQKAGHHUs AOTIATOK. B HoBeftmrix
I'TA TeMmepaTypa ra3oB Ha BxoAe B TypbuHy socruraer 1500°C, ¢ mepcrekTusoit ee
yBeandeHus oo 1700°C [1] , OAHAKO 9TH 3HAUeHMsI CYIeCTBEHHO HIDKe TeMIIePaTy Pbl
TOPeHUs CTEXHOMETPUIECKUX CMeCel YTACBOAOPOAHBIX TOIIAYB C BO3AYXOM, PaBHBIM
~2300°K [2]. To ecTh MOTEHITMAABHO HMEIOTCS ellle BO3MOXKHOCTH ITOBHIIIEHHUS TeM-
HepaTypsl pabodero TeAa M, CAEAOBATEABHO, YBEAUYEHUS SKOHOMUYHOCTH ABUTATEASL.

I'TA, ycTaHaBAMBaeMble Ha Ha3eMHbIe TPAaHCIIOPTHbIE CPEACTBA, UMEIOT CPABHHU-
TEABHO HeOOABLINE MOLJHOCTH U, CAEAOBATEABHO, MAABII PACX0A Bo3ayxa. Auamerp
pabodero koaeca TypOHHbI B 9TOM CAydae IIOAYIAeTCSI HeOOABIINM, U [P HAAMYHN
PabounX AOIIATOK BO3PACTAET OTPULIATEABHOE BAMSIHIE OTHOCHTEABHOIO YBEAMYEHHSI
3a30pPOB MEXAY POTOPOM U CTATOPOM, 9KOHOMHYHOCTD TYPOUHBI [TAAAET.

C 11eABIO IIOBBIIICHU S 9KOHOMIYHOCTH IIPEACTABASICTCS [TePCIIeKTUBHBIM CO3AAHUE
CTPYHHOTO Ta30TyPOUHHOTO ABUTATEAS C Bpamaromeiicst kamepoit cropanus (KC) uuc-
TeYeHreM pabovero Teaa U3 PEaKTUBHbIX COIIEA II0 THITY U3BECTHOIO U3 Kypca QpUSHKH
CerHepoOBa KoAeca. B 9ToM cAydae ycTpaHsIOTCs TypOUHHBIE AOIIATKH, YTO [IO3BOASIET
HOBBICUTD TEMIIEPaTyPY, H HICUE3AIOT 3a30PbI MEXKAY POTOPOM U CTaTOpOM. Bpairaromuit
MOMEHT Ha BaAy CO3AAETCA 33 CUET CHABI PeaKIHU CTPYH, HCTEKAOIIIX U3 COIIeA.

ITo cymecTBy, peaanusyeTcst yCTPOMCTBO C BPAIAIOLUIMMUCS PaKeTHbIMHU ABHIa-
TeASIMHU, TePMOAUHAMUYECKas! 3 PEKTUBHOCT KOTOPBIX, Kak u3BecTHO [3], [4-72],
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[5-73], conocraBuma ¢ 3¢ $eKTUBHOCTBIO TOPIIHEBbIX ABUraTeAeil. ViMeromuiics 60-
TaTBII OIBIT OXAQKAEHHS COIIEA PAKETHBIX ABUTATEA€H, PAOOTAIONIHX IIPU OYEHb BBI-
COKHUX TEMIIEPATyPaX, II03BOASIET HAACSATHCS HA BO3MOXKHOCTD PeaAM3aIMH MPoIjecca
FOPEHHUS! YTAEBOAOPOAHDIX TOTIAUB IIPH CTEXHOMETPUIECKOM COOTHOIIEHUH.

ITpeAAOKEHHBIIT CTPYHHBLA ABUTaTeAs [6, 7] nmeer Bpamaromyrocst KC ¢ ucre-
YeHHeM ra3a U3 TAHTeHIIMAABHO PACIIOAOXKEHHBIX HePACIIUPSIIOMXCs comeA. Kcre-
JeHHe IIPOUCXOAUT CO CKOPOCTBIO 3ByKa P KPUTHIECKOM Ilepernape AaBaenus. [Tpu
PaBEHCTBE AQBACHHS B CTPye U B IIOAOCTH MCTEYeHUs CTPyH (pacdeTHOM peskume)
YCTPAHSIOTCS BOAHOBBIE IIOTEPH AABACHNS, BOSHHKAIOIIKE B CAydae CBEPX3BYKOBOTO
uctedenust. OAHAKO MCIOAB30BAHUE COTIEA CO 3BYKOBBIM HCTEUEHHEM He MO3BOASIET
IIOAHOCTBIO PACIIMPUTD paboyee TEAO B OAHOM CTYIIEHH, TPeOyeTCss MHOTOCTyIIeHYa-
Toe pacmupenue. [Tocaeayromee pacimupenye pabo4ero TeAd Ha TypOMHHbIX CTYIEHSIX
C TPAAUI[OHHBIMU AOTIATKAMHU A9POAMHAMUYECKOTO MPOPHAS IPUBEAO OBI K MAAOK
CTeIIeHH MAPIINAABHOCTH KOAEC M OOABIINM BEHTUASIIMOHHBIM TToTepsim. IToatomy
B PACCMaTPUBAEMOM ABUTIaTeAe PaCIIMpeHHe paboyero TeAa MPOUCXOAUT B HECKOAD-
KUX BpaljaoIuxcs Kamepax (poTopax), mocaepoBareapHo oxsarsisaiomux KC, ancao
KOTOPBIX 3aBHCHT OT AABACHHSI, CO3AABAEMOTr0 KOMITpeccopoM. Poropsr Taioke ocHa-
IIIeHBI IT0 MepUQePHU TAHTEHIJMAABHO PACIIOAOKEHHBIMU COITAAMH, CO3AAIOIIMME pe-
AKTUBHYIO CHAY TPU HCTEUEHHHU U3 HUX I'a3a U, COOTBETCTBEHHO, BPAIAIOIIHI MOMEHT.
CyMMapHast IAOIIAAb IPOXOAHOTO CeYEHHUS COIIeA KaXKAON MOCACAYIOIIEH CTyIeHH
IIOAOGMpaeTCsi TaKUM 06Pa30M, YTOOBI 06ECIIEUHTh PACYETHBIN PEXKUM HCTEYEHH S H3 CO-
TI€A IIPEABIAYIIEH CTYTIEHH.

Bparmatoruii MOMEHT POTOPOB CyMMHUPYETCS C IIOMOIIbIO PEAYKTOPA H IEPeAAeT s
Ha BaA 0TO0pa MOIHOCTH. POTOPBI BPAIJaiOTCsl B3AMMO3ABHCHUMO C YUCAAMHU 0O0POTOB,
TIOAYJeHHBIMH B Pe3yAbTaTe Fra30ANHAMUYECKOTO PACyeTa IPOTOYHOTO TPAKTA ABHTATEAS,
IIOCPEACTBOM CIIEIJUAABHO MTOAOOPAHHBIX TePEAATOUHBIX OTHOIIEHHUI ITap IIeCTePeH.

Bo Bpamaromerics KC 1 B IOCAGAYIOIIMX CTYIIEHSX PACIIHPEHHUS IPOUCXOAUT
npeo6pasoBaHye XUMUYECKOH SHEPIHUH TOIIAKMBA B MEXaHUYECKYIO PaboTy, HOITOMY
B COOTBETCTBUH C 3aKOHOM COXPAHEHHs SHEPIUH, BEAMYHHA PabOThI COOTBETCTBYET
MIOHIDKEHHMIO 9HTAABIINU paboyero TeAa. TemirepaTypa rasa Ha BBIXOAE M3 COIIEA KaXK-
AOIT CTyIIeHH OYAET IIOCAEAOBATEABHO IIOHIDKATHCS M, YUHTHIBAS BO3MOXXHOCTD IPH-
MeHEeHHS AOCTATOYHO TePMOCTOMKHMX MATEPHAAOB, CTYIIEHH, CACAYIOIIHE 32 KaMepOi
CrOpaHws, He MOTPEOYIOT IPUHYAUTEABHOTO OXAKACHHSL.

OxaaxkAeHMe KaMepbl CTOPAHMUS H COIIeA KaMePHI OCYIeCTBASETCS IOCPEACTBOM
JKMAKOMETAAAMYECKOTO TeIAOHOCHTeAs. (CAaB Harpwmil + Kaawmit). Ilpu aTOM OX-
Aaxaenne kopryca KC u comea AOCTHraeTcst ropasao Ipolie, 4eM AOIATOK TypOuH
B M3BeCTHBIX ycTpoiicTBax. COPOC Teraa OT TEIAOHOCHTEAS K BXOASIIIEMY BO3AYXY
OCYIJeCTBASIETCSI TOCAE MTOCAEAHEH CTYIIeHH KOMIIPeccopa, 06ecreurBas TeM CaMbIM
pereneparnuio Termaa. Jto nosbimaer KITA aBuraress.
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Ha pucynke mokasaHa KOHCTPYKTHBHas cxeMa ABUTaTeAst. I'TA coaepxut kopryc
1, LIeHTPOOEXKHBII KOMIIPECCOP 2, YCTPOFICTBO IIOAAUH TOIIAUBA 3 B KAMEPY CTOpaHIS 4.
Bpamaromasics xkamepa cropanus 4 1 ycTaHOBA€HHbIE KOAKCHAABHO C Helt OXBaTbhIBaIO-
1IjHe ee CTYIeHH! PACIIMPeHHs pabodero Teaa S, BRIIOAHEHHbIE B BUAE TOABIX POTOPOB,
CHaG)KeHbI Io HepI/Iq)epI/IH TAaHI€HIIMAAPHO YCTAHOBACHHBIMU PEAKTUBHBIMH COIIAAMHU
6. Kamepa cropanus cBszaHa ¢ 6apabaHoM pabodnx AOIIATOK KOMIIPECCOpa 2 U IpH-
BOAMT ero Bo Bpamernue. ITopaua Tomausa B KC ocymecTpasercs yepes GpopcyHku
7. Ka>KABIFl pOTOP YCTaHOBAEH B ITOAIIUITHUKAX 8 C BOBMOXKHOCTBIO HE3aBHCHMOTO
OT KaMepBbI CTOPaHH BpaleHus], IIPHYeM HallpaBACHHE BPAIleHI KKAOTO ITOCACAY-
IOIET0 POTOPA IMPOTUBOIIOAOXKHO HAIIPABASHHIO BPAIEHIS IPEABIAYIIETO POTOpa,
MeXAy cob0#1 BpalljeHIe pOTOPOB KHHEMATUIECKH CBSI3AHO II0OCPEACTBOM PeAyKTOpa
9, epeAQIOIIero KPy TSI MOMEHT Ha Baa 0T6opa MomuocTH 10.

Kamepa cropanmst 4 mMeer py0alIKy OXADKACHHS, COAEPXKAIIYIO <IOPSIYIO>
11 1 «xor0pHYI0> 12 TIOAOCTH, 3aIIOAHEHHbIE XUAKMM MeTasroM. IToaoctu COO06IAr0T-
CS1 MeXAY COOO# Ha MAAOM PAAHyCe PyOAlIKi OXABKAEHHS X Ha GOABIIIOM PaAryce depes
orBepcTus 13. OTaaua Temaa K OXALKAAIOIIEMY BO3AYXY OCYIIECTBASETCS Ha YIaCTKaX
14 py6auiky oxamKAeHIS. LIUPKyASIIS KIAKOMETAAAMIECKOTO TEIIAOHOCUTEAS IIPOUC-
XOAWIT 32 CU€T LIeHTPOOEKHBIX CHA B COYETAHUI C TEPMOCHPOHHBIM 3 PeKTOM, [IPOSIBASIIO-
IIAMCS BCAGACTBHE CHABHOM 3aBUCHMOCTH IAOTHOCTH KUAKOTO METAAAA OT TeMITePaTyPhL.

Bsicokoe paBaenue pabouero reaa B KC n Bpamaonuxcst poTopax yAep>KHUBaeTcst
ITOCPEACTBOM OAHOTHUITHBIX Aa6I/IpI/IHTHI>IX YIAOTHEHMIM.
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Tasodunamuueckuii pacuem npomourozo mpaxma dsuzamens

B xauecTBe mpuMepa MPHUBOAMTCS IMOPSIAOK PACUETa ABUTATEAS] AAS IIPEAIIOAA-
raemoi noaesHoi momHoctu N = 100 kBT npu ucroAb30BaHUU YTA€BOAOPOAHOTO
TOTIAMBA C TEIIAOTBOPHO¥ criocobrocThio H = 42700 KAX/KT.

IToAHast MOIIHOCTD TYpPOUHBI AOAXKHA OBITH OOAbIIIE C yIeTOM K0P PHUIHEeHTa II0-
aesuoti paborer @ =1—1, /1, 1pe | [ — cooTBeTcTBEHHO PaGOTH KOMIIpECCOPA M TYD-
6ump [8]:

K1

¢ =1- TGKT ’

TAE: T= Th/T1 =288/2300 =0,1252 — OTHOIIEHHE TEMIIEPATYPHI HAa BXOAE B KOM-
npeccop T, k Temmeparype mepea COMAOBBIM ammaparoM T COOTBeTCTByOIen
TeMIIepaType FOPeHHUs CTeXHOMETPHIECKON CMeCH XXHAKOTO };FAEBOAOPOAB. C BO3-
AYXOM.

0, — CTeTeHb CKATHA KOMIIPeccopa; k = 1,4 — moka3aTeAb aAMabaThI AAS BO3AYXa.

AAST ©KaTHs BO3AYXa BO3MOXKHO IIPIMEHeHNe IIeHTPOOEeXHOr0 ALO0 0CeBOro KOM-
npeccopa. B ocsoennbix mpompnmaeHHOCTBIO I'TA AByXCTyIeHUATBIIN ueHTp06e>Kan71
KoMmpeccop obecrieunsaer crenenn oxarus o = 16 [9]. [Tpumenm sauenue 0, = 20, ko-
TOpPOE MOXKET OBITh AOCTHIHYTO B MHOTOCTYIIEHIATOM LIEHTPOOEKHOM KOMIIPeccope.

Pacuer aaet ¢ = 0,7. Taxum ob6pazom, 30% MoIHOCTH TYPOUHSBI OYAET 3a0UpaTh
KOMIIPECCOp, ITOITOMY MOIJHOCTh TYPOUHBI «OpPyTTO>» AOAXKHA 6bITH OKOAO N =
130 xBr.

Mexxay TeM, OIITHMaAbHASL CTEIIEHb CKATHS AASL YKa3aHHOTO 3HAYEHUS T, COOT-
BeTCTBYIOIasi HAUBBICIIEN 9KOHOMUYHOCTH [ 8], ompeaeasemas dopmyaoit:

x
G =V
T

AOCTHTaeTCsl IPH CTENeHU CKaTus 0 = 38 U, COOTBETCTBEHHO, UMEIOTCS TIepCIek-
THBBI pOPCUPOBAHHUS ABUTATEAS [10 ITOMY ITapaMeTpy.

Pacxoa, TOmAMBA g AASI IOAYYEHHS 3AAAHHOM MOIJHOCTH C y4€TOM THUITUYHOTO AAS
COBPEMEHHBIX TEIIAOBbIX ABUIATeAE! TEPMUIECKOTO K. ILA. 7], (n L E 40%):

g=N/n,H =0,0076 xr/cex.

MaccoBslit pacxop Bo3ayxa G, TpeOYIOMUIACS AASL CKUTAHUS 9TOTO PACXOAQ TO-

TIAMBA, OTIPEACASETCS CTEXHOMETPUIECKHM KO3 prmentom [ = 14,3:
G =g¢1,=0,0076-14,3=0,1088 = 0,1 1xr/cex .
I'TA OTHOCHUTCS K ABUTATeASIM CTPyitHOTro TuMa. YaeabHast (Ha 1 Kr pacxoaa mMac-

ChI) TIOAHASI SHEPTHUs Ha BXOAE B COTIAQ | , OTIPEAEASIETCS SHTAABIIHEN | K CKOPOCTBIO W
2

i =i+—
0
2
PacyeT KaXAOU CTYTIEHH ABUTATEAS BHIIIOAHSIETCS B CAEAYIOIIEN TOCAEAOBaTeAD-
HocTu. ONPEeACASIOTCS CKOPOCTD HCTeYeHus Ta3a u3 conaa (kpurudeckas) [10]:
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‘/\/* = 2_KRT [M/CeK]
K+1 |

Aast mpoayxros cropanust: k = 1,33; R =288,12 Axx/KrXrpaa.

Kunernyeckas oneprus crpyu: E = [xBrt]

CyMMapHaS[ IIAOILIIAAD KPUTHYECKOI'O CEYEHH COIIEA:

=93 [
m- p,

rae: m = 0,0397 (kr+rpap/Asxk) %S AAS IPOAYKTOB CTOPaHHUSsI yTAEBOAOPOAHOTO TOTIAUBR;

P, [H/M?] — moAHOe paBA€HUE B IPEACOTIAOBOM obbeMe.

Yucao coreA B poTOpe IIPHHSTO PABHBIM YeTHIPEM.

Kunernyeckasi aHeprus MCTEKAOIKUX CTPyi E, AOAKHA IPeoOpa3oBbIBATHCS
B SHEPTHIO BpameHus kamepsl cropanus (poropa) N. Aas uaeaabHoro cayuas (6e3
y4eTa oTepb ) 3TO 3aIIUIIETCS B BUAE:

E. =N =PxW [Hxm/cex] = [Br] (1)
3aech: P=1 —pZXR — CHAQ TATH COIIEA;

W [M/cex] — OKpy>Hast CKOPOCTb COTIEA;
I=p xFf(,)..[H] — nmmyasc crpyn;
P, — AABACHHUE B TIOAOCTH IIOCAEAYIOIIETO POTOPA, KYAQ HCTEKAIOT CTPYH;

-1 €
f(A,)= (A’ +1)(1_K_1)v*2)'<71 =1,2591 (aagd.=1) — $YHKIIMS UMITYAbCA;
K+

w
A, = — — K03 PHUIMEHT CKOPOCTH;
a*

a, — CKOPOCTb 3ByKa, COOTBETCTBYIONIAs TEMIIEPATyPe IPH KPUTHIECKOM HC-
TeYeHUH;

Aast pacaeTHOrO pexuma Tedenusi: p, = p, X7 (,)
k—-1_,-~
w(A)= P (1- —1/12 )*™ — QYHKIMSL, OTIpeAEASIONIAs OTHOIIEHUE AABACHHS
K+
0

B IIOTOKe K TOAHOMY AaBaenwio. 7 ()= 0,5404 aas ), = 1 mpu k = 1,33.

U3 popmyast (1) mo usectHOM MomHOCTH N OTIpeAeASeTCst OKPY>KHAs CKOPOCTb
COTIeA:

W =N/P [m/cex]

ITo ckopoctu comea W n pmameTpy D BX PacIIOAOKEHHUS OMPEAEASETCS YHCAO
06opoToB poTopa.
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ITo ommcaHHOMY aATOPUTMY BBIITOAHSETCS pacyeT CTyTeHel ABUraTeAs, IpUHH-
Masd B Ka4eCTBe HCXOAHBIX TapaMeTphl, IOAYYEHHbIE B Pe3yAbTaTe pacyeTa IPeAbIAyIIeit
cryneHu. PeayabraTsl pacyeTa ra3oAMHaMHUYECKUX IAPAMETPOB AAS YeThIpeX CTyIeHel
ABHrareAs npuseaeHs! B Tabaurie 1.

Tabaumna 1.
ITapamerp 1 erymens 2 crynenb | 3 cTynmeHb | 4 CTymeHb
(KC)
Temmeparypa °K 2300 1935 1628 1370
AaBaenne, MITa 2,0 1,08 0,57 0,30
Cxopocrs nereseris 870 805,0 7384 6774
crpyi, m/c
MomHocTs cTynenu, kBm 41,6 35,6 30,0 25,2
CMZ‘)’”aA" KPUL CELEYMML 10,6781 1,1625 2,00 3,432
AvaMeTp OAHOrO COIAQ, 464 6,1 8,0 10,5
MM
Wmmyasc crpyit, H 167,3 153,2 149,8 129,2
Tsara coma, H 95,6 88,2 82,1 74,7
Otnomenme:  wara/my-| o oo 0,576 0,582 0,578
IIYABC
Anamerp  OKpyXHOCTH
pacrioaoxeHust comea, D 0,25 0,30 0,35 0,40
]
OKpy>KHast CKOPOCTb M/ cex 43S,7 336,6 261,44 211,3
ducao oboporos  n| 44000 25717 19969 16142
[1/vunH]
YIAORAS  CKOPOCTE @ 346 3 2693,1 2091,1 1690,4
[1/cex]

OxpyskHas ckopocTb conea W, 3Ha4UTEABHO MEHbIIIE CKOPOCTH UCTEYEeHHs ra3a
u3 coriea W, , T. €. OCTaeTCsl He HCTIOAb3OBAHHOM 6OABIIAS YACTh KUHETHYECKOH 9Hep-
ruu crpyn. Boabmas pasHocts ckopocreii (W, — W,) o6ycaoBauBaeT HaTeKaHue
CTPyHU Ha BHYTPEHHIOIO IIOBEPXHOCTD IIOCACAYIONIEr0 POTOPa C OTAAYel MMITyAbCa
crpyu poropy. IToaTromy 1ieaecoo6pasHo OpraHH30BaTh BpalljeH e KAXKAOH aphl IIpe-
ABIAYIIIETO H ITOCAEAYIOIIEr0 POTOPOB B IPOTUBOIIOAOXKHDIX HAITPABACHHUSX.

ITonmxkenue TeMIepaTypbl B Ipollecce HCTeUeHHUs U3 COTIeA OLIeHHBAETCs IO H3-
MEHEHHIO SHTAADIIMH ra3a B MPEATIOAOKEHHHU IIOAHOTO TOPMOXKeHHMs CTPYH B mOCAe-
AYIOIIUX pOTOpaXx:

N=c,(T,~T,)G
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3aech: ¢ = 1,055 [KAX/KT rpas] — TemA0eMKOCTb POAYKTOB CrOpaHHS IIPH 110-
CcTOSHHOM AaBAeHHH. OTCIOAQ OTIPeAeASIETCS TEMITEPATyPa B IOCACAYIOIIH CTYTIeHH:

N,
T,=T, —— [rpaa]
G
P

IIpu aToM moapasymeBaeTcs, 4TO IIOAHAS SHTAABIINSA B ITPOIjecCe APOCCEAUPOBa-
HUA paboyero Teaa coxpansercs [11].

Ocrarounble mapaMeTphl rasa 3a 4eTBEpPTOH CTyNeHblo: Temmeparypa T =
1152°K, paBaeHue 1,62 aTa, AOCTATOUYHBI AASI TPEOAOACHHUS COIIPOTUBACHHUS BHIXAOTI-
HOII CUCTeMBL. B AQaHHOM cAydae 4eTbIpe COMAOBBIX CTYIIEHH O0eCIeYHBAIOT IIPAKTHU-
4eCKH IOAHOE paclIpeHie pabodero Teaa.

CyMMapHast MOIITHOCTb ABUTaTEeASI CKAAABIBAETCSI U3 MOIITHOCTH BCEX CTYIIEHeH:

N, =41,6 + 35,6 + 30,0 + 25,2 = 132,4 xBr.

W3 sToro 3sHaueHUs HY>KHO BbIYECTb MOIIHOCTD, PACXOAYEMYIO HA IIPUBOA KOM-
npeccopa [8]:

k-1

| =c T, (c ¥ -1) =408,03 (kA /xr]
kK ph

3aech k = 1,4 — moxasaTeAb aAHabaThl AAS XOAOAHOTO BO3AYXa.
MomHocTb, 3aTpaynBaeMast Ha IPHUBOA KOMIIpeccopa:
N = le G =408,03x0,11 = 44,88 xBr.

BuaHO, 9YTO MOIIHOCTD HEOOXOAUMAS AASI IIPHBOAQ KOMIIPECCOPA COMOCTABHU-
Ma C MOIJHOCTBIO TIEPBOM COMAOBOM CTYIIeHH — BpPallalOIeNcs KaMephl CrOpaHus
(CM. Ta6Anuy 1) , DTO AAeT BO3MOXKHOCTD MPUMEHHUTD “ABYXBAABHYIO™ CXEMY ABHUTATEAS
C He3aBHCHMBIM IIPHBOAOM KOMIIpECCOpa OT Bpamjaromeiics: kamepsl cropanus. Kak
H3BECTHO, 3TO OAATOIPHSTHO C TOYKH 3PEHHUSI YAy YIIEHHSI MOMEHTHBIX XapPaKTEPHUCTHK
rasoryp6uHHOrO ABUraTeAs [9].

IToaesHast MOIIHOCTD OyAeT paBHA CyMMe MOIJHOCTel 2—4 CTyIeHeit:

N = 35,6 +30,0 + 25,2 = 90,8 xBr.

AAsL OTIpeAEAEHIS YAEABHOTO PACXOAQ TOIIANBA HEOOXOAMMO YTOYHHUTH TEPMITIe-
AT, -AT,,

AT,
3aeco AT =T — T =2300-677,8 =1622,2 — noaorpes B KC;
T, =2300 —temneparypa ropenus B KC;

ckuit KITA 1, o pesyasraram pacuera. [8]: ', =

k-1
T =T,(0,)* =677,8°K — TeMneparypa BO3AyXa MOCA€ KOMIIPECCOPa;
Ame = me — Th =1152-288 = 864° — TeMIIepaTypHbIil Ieperiap C yXOASINME
rasamu;
T, =288°K — TeMmeparypa oKpy>Xarommei CpeAbl.
Pacuer paer: 1, = 0,467.
YAEABHBIN YaCOBOM PACXOA TONAMBA IIPU BIYMCAEHHOM 3HAUEHUHN q’t:
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.= (g1,:3600)/5’ N = 0,0076-0,4-3600/0,467%x90,8 = 0,258 [xr/xBr ac].

IToAygeHHOe 3HaYEHHE YAEABHOTO PACXOAQ TOIIAVBA BeCbMa OAM3KO K 9TOMY IIO-
Ka3aTeAIO AAS TOPIITHEBBIX ABUTATEACH.

Kpome aT0ro, B pacuerax GbIAM YITEHBI AOIIOAHHUTEAbHbIE PAKTOPHL: MOTEPU
Ha TPeHHe ra3a B MeXXAMCKOBBIX IPOCTPAHCTBAX, BO3ACHCTBHIE HAaTEKAIONIUX CTPYH
Ha [I0CAGAYIOLIHE COIAOBbIE CTYTIeHH (POTOPBL), pereHeparys Teraa OT CUCTEMbI OX-
AaxpeHIsL. TTOpSAOK 9THX pacueTOB U3-3a OTPAHIYEHIS 00beMa CTAThHU He IIPUBOAUT-
Cs, a BBIYMCAGHHbBIe 3HAaUeHM YIIOMAHYTBIX BeAMIUH cAaepyromue. MomHocTh noTephb
Ha TpeHHe cocTaBAseT nopsaka 40 BT, MOIHOCTD CTPYHHOTO BO3AEHCTBHA — OKOAO
22 kBT, nospleHre 9KOHOMUYHOCTH ABUTATEAsl OT pereHepaliu Ternaa — OKOAO
1,5%. IToay4eHHbIE IOAOXKUTEAbHBIE (pAKTOPDI HE YITEHbI B IPUBEACHHBIX BbIIIEe 9KO-
HOMHYECKHX IoKa3areasx cTpyiHoro I'TA, n ocTaBAeHBI B KauecTBe KOMITEHCAITHH
HETOYHOCTeM HPH6AI/DK€HH])IX BBIYHCAEHHH.

BrIA BrIOAHEH OIIeHOYHBIN TEMAOBO pacdeT ABUrareas. Ilokasano, 4ro mpu mao-
mapu c6poca teraa (ros. 14 Ha $ur.) mpeBbImAONIEl MAOIIAAD TOBEPXHOCTH KaMepbl
cropanusi B 10 pas, TeMieparypa XHAKOMETAAAYEeCKOro TeraoHocuTeast 6yaer 600 °C,
9TO BrioAHe AOTTYCTUMO [ 12]. LIMpKyASILUA TEAOHOCUTEAS] BOSHHKAET B Pe3yAbTaTe Aeii-
CTBUS LIEHTPOOEKHBIX CHA, KOTOPBIe ITpH pa3HOCTH TeMrieparyp 100° B “ropsiueit> u “xo-
AOAHOMN” ITOAOCTSIX py6am1<1/1 oxaaxperms KC BrispiBator meperap aaBaenuii 4,7 mIa.
Takast pasHOCTD AABAEHHUIT AOAXKHA 00eCIIeUHTD LIUPKYASIIHIO TEIAOHOCUTEASL.

3akArouenune

BbIroAHeHHbIe pacyeTHbIe OLJeHKH [IOKA3bIBAIOT, YTO [a30Ty POUHHBIN CTPYHHDIIA ABUTa-
TeAb 00€CIIeUHBAET AOCTHIKEHME [TOCTABACHHOM LIEAM — ITOBbIIIEeHNEe SKOHOMUYHOCTH I TA.

ABUraTeAb SBASIETCS “OCTPO HACTPOEHHBIM™ HA ONITUMAABHBIN PeXUM pa60TbI,
[I09TOMY €ro IpHUMeHeHue, I0-BHAUMOMY, HanboAee 1jeAeCO00PasHO B YCAOBISIX I10-
CTOSIHHOM Harpy3KH, HAIIPHMep, Ha aBTOMOOUASIX THOPHAHBIX CXeM — AASL 3apsIAd
aKKYMYASITOPOB, MAHM HAa MAAOMEPHBIX CYAAX B Ka4eCTBE CYAOBOTO ABUTaTeASl.

ABTOp HIIJeT BO3MOXXHOCTHU B3aUMOBBITOAHOTO COTPYAHMYECTBA C 3aUHTePeCOBaH-
HBIMU AMIIAMHU C LI@ABIO CO3AAHHS U 9KCIIEPUMEHTAABHOTO MCCACAOBAHUS OIBITHOTO
obpasua pBurareast. BosamoxxHast 6a3a AAs pasBepThIBaHUS 9THUX paboT — HMucTuTyT
TeOPEeTHYEeCKOM 1 IPUKAAAHOI MexaHuky Cubupckoro otaeaernst Poccuiickoit aka-
Aemuu Hayk um. C. A. Xpucruanosuda (MUTIIM CO PAH).
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Questions modeling of dynamics of
drilling tools on the bottom hole

Abstract: The paper deals with the dynamics of drill bit cutting-abrasive type
as a function of their geometrical parameters. Famous experimental and theoretical
concepts are put to the methodology of this research. The ultimate goals of this research
were describing analytically the condition of deterministic relationships of geometric
parameters of specific designs and results on the bottom hole during drilling.

Keywords: drill bit, deterministic analytical modeling, the dynamics of arms bits,
essential issues.

Currently, more and more attention is paid to the type of drill bit PDC. Therefore,
as our model, we take the drill bit blade type. Of course, this model is far from the
actual construction, but the results of our research to a large extent will characterize the
dynamics of any structural complexity of these bits. No minor role in the understand-
ing of the dynamics arm of these structures and the very methodology of our research.
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In operation, the blade bits on the bottom hole, we need to know the real param-
eters described and inscribed environmental and real coverage area of the blades on the
bottom of the well. This is due to the fact that the blade does not revolve around a bit
structurally defined axes, and as a rule occurs rolling n-hedra in the (n +1)-polyhedra,
where n — number of blades [1].

In order to find mathematical relations of the above parameters it is important to
know the whole range of geometric constraints with the already well-known opera-
tion of such instruments. And as the initial data should serve only two geometrical
parameters: the radius of the drill bit — R (mm) and number of blades — n (pcs).
This aspect we consider in our research.

To achieve this goal, we need to observe the following procedure for finding the
mathematical relationships (Fig. 1, 2).

1. Need to find the interior angles and n (n +1)-polytopes.

They are in the following form

2 360
a, == (1)
n n
2 360
a .= = 2)
n+l n+l n+l

2. Need to find the angles at the base and the n (n +1)-polytopes.
They are in the following forms

2 3
B Cma, T, mn )
n 2 2 4n
27
s :ﬂ_mzn(n+l-2):ﬂ(n—l) (4)
n+l 2 2n+1)  4n+1)

3. We now find the angle of rotation of the unit n-hedra in the n +1-polytopesi.e.
OAB around point A (see Fig. 1.).
It exists in the form of

z(n-1) n(n-2) 27
=2 - = - =
J/n (ﬂn+1 ﬁﬂ) n+1 n n(n+1)

(5)

4. We now find the radii of — RoP and inscribed — RVP circles. The radius of the
circle found from (see Fig. 1.)
AC =Rcos B =R, cos ﬁn+1

Hence

R —R cos B, (6)

OIl
€05 Be)
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e}

Fig.1. Scheme of rolling a four-blade chisel in pentahedron

The radii of the inscribed circles are the same for even and odd number of
blades in various forms.

For an even number of blades (see Figure 1), the radius of the inscribed circle
found from the condition

2R, -2R=AR
Then
Ry =R(1- tgﬂnﬂ -cos By, +sin ;) (7)

Now, as to the quantities covered areas bladed paddle bits in different modes of
rotational motion, it should be borne in mind constructively predetermined rotation
mode drilling tools and real i. e. regularity dictated by energy costs from the forces of
resistance to motion [1,2].

For a given mode constructively covered area per revolution are just tools in the
form of

S=n-nR’

(where n — number of blades, pcs.; R — given constructive tool radius, mm).

As for the areas covered by the same mode of rolling blades n-hedra in (n
+1)-polyhedra, it is necessary to find the areas covered by these blades during rotation
around the peripheral point of one blade at an angle y,. Then the sum of the areas
covered by all the blades to be added and multiplied by the value of (n +1), i.e. the
number of single turns to rolling n-hedra in the (n +1)- polytopes.

In calculating the area covered by the blades when you turn around the edge
(periphery) of the point of a blade at an angle y, to consider only the central values
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of the angles between the blades. As an illustrative example we will find the area
covered in heptahedrons six-blade chisel (Fig. 2).
Here, when you turn the blades around the point A

S1 + S2 y(ZR) -area covered by the blades of OA and OD.

S3=5, = 7(R)? -y (Reos ﬂl) +7(AF)? -y(Rcos ﬁl -areas covered by the blades
ofOB and OF

S5 = 5'6 =y(2Rcos B, )2 - j/R2 -areas covered by the blades of OC and OE.
Now the sum of the areas covering all the blades in rotation through v exists in
the form of

6 2 2 2 2 2 2
Zsj:y(ZR) +2y7(R) -2;/(Rcos[5'1) +2yR —27/(Rcosﬂl) +27/(2Rcosﬁl) -
1

3
-27/R2 = 6}/R2 +4ij2 cos2 ﬁl = 67/R2 +4;/R2 —= 6}/R2 +37/R2 = 9}/R2
4
2
2 9-27R° 3
Asourangley =7, = .7 , then we find 9yR? = 2 _CaR%
67 7

0

Fig.2. Scheme for constructing formulas calculate areas covered
six bladed chisel in rolling it into heptahedrons

However, this value must be multiplied by (n +1) = 7, and then obtain the total
area coverage with six blades per revolution due to rolling in heptahedrons bit.
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6, 3
ZS]'=7~—7rR2 = 37R?
1 7

In the time of rotating the same sixbladed chisel around structurally defined center in

6
one revolution, we would have ' g . = 67 R that is twice as large as the coated area.

The entire picture of the changes in the geometric parameters of n-bladed chisel between
n =1+ 10in given constructive and real modes of operation are summarized in Table 1.

Table 1. — Geometric relations functioning
n-blade instruments on the surfaces of well bottom

n | a B | B, | 7, . R /B R |(R/R)| S S| (8/9)
(pes)| (deg) | (deg) | (deg) |(deg)| (mm) |-100% | (mm) |-100% | (mm?) | (mm?) | -.100%
1 360 0 0 /1 R 100 R 100 nR? nR? 100,0
2 180 0 30 n/3 | 1,1547R | 115,5 | 0,8453R| 84,5 2nR? 2nR? 100,0
3 120 30 45 n/6 | 1,2247R | 122,5 | 0,6339R| 63,4 3nR? | 1,117R?*| 37,0
4 90 45 54 |=®/10|1,2029R | 120,3 |0,7969R | 79,7 4nR?> | 0,75nR?*| 18,75
S 72 54 60 |m/15|1,1754R | 117,6 |0,7909R| 79,1 StR? | 0,57nR?*| 11,4
6 | 60 | 60 |64285|m/21|1,1526R| 1152 [0,847SR| 84,8 | 67R> | 0,57R> | 8,3
7 51,428 |64,285| 67,5 |m/28|1,1340R | 113,4 [0,8534R| 85,3 | 7aR® [2,987R?| 42,6
8 | 45 |675| 70 |m/36|1,1189R | 111,9 |0,8810R| 88,1 | 87R> | 2aR> | 25,0
9 40 70 72 n/45(1,1068R | 110,7 [0,8870R | 88,7 9nR?> [ 0,337R*| 3,6
10 36 72 |73,636| /55| 1,0969R | 109,7 |0,9031R| 90,3 | 10nR> | 3z=R? 30,0

Analysis of the results shows that with increasing number of blades radius of
the inscribed and described circles tend to constructively given. At the same time,
the surface area of coating the well bottom with the number of blades decreases. This
latter finding is similar ways to reduce the exposure of arms drill bit running in the
steam rotation with decreasing interaxial eccentricity [3,4].

Based on these findings need to be kept in mind three aspects of the design of drill
bits cutting and shearing action.

1. The studies now allow varying the geometric parameters of drill bits, to get the
final result in the form of dynamic criteria for evaluating their performance.

2. It is first necessary to look for the same work load projections blades of bits in
the form of functions of geometric parameters.

It seems to us that such problems are now in the short term to resolve.
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Pa3BuTtue ropHoro o6opyanoBaHus — 3T0
HOBbII 3Tan yBeJINYEeHUd NPON3BOANTESIbHOCTU
yronbHbIX WwaxT B Poccuu u 3apyb6exom

Annsoranus: B cratbe uper peus 06 YTOABHOM IPOMBIIIACHHOCTH, €€ COCTOSIHHIE
kak B Poccuu Tax u 3a rpaHurieil. B Hell mpeACTaBA€HBI HOBbIE MACHU 110 YBEAMYEHHUIO
A06bran cpipbsi. Co3paHMne HOBOTO U YCOBEPUIEHCTBOBAHIE CTAPOr0 FOPHOTO 060py-
AOBaHHUS CMOTAN 6b1 YAYYIIUTD CUTYaIJHIO B I‘OpHOAO6bIBaIOH.IeI:I TIIPOMBIIMA€HHOCTH.

KaroueBbie cAOBa: THAPOKAPOOHATDI, TOPHASI MHAYCTPHS, TEXHUYECKOe OCHA-
IeHwe.

B coBpeMeHHOM MUpe 9KOHOMUKH GOABIIMHCTBA CTPAH OCHOBAHBI HA TOAUBHOM
coipbe. IlepBoe 1 BTOpoe MeCTO 3aHUMAIOT COOTBETCTBEHHO HeQTh M IIPHPOAHBIH I'a3,
HO IIPAaBUTEABCTBA TAIOKe He 3a0BIBAIOT U 00 yIAe.
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Cekums 8. TpaHcnopT

B Teuenune MHOrux Aet yI'OAb 6bIA TAAQBHBIM CprbIM pECYPCOM B MI/Ipe. Ho Te-
Hephb ypOBeHb YTOABHON MPOMBIIIACHHOCTH 3HAYUTEABHO YMEHBIIHACS. 1o AaHHBIM
Ha 2012 rop Ha epBOM MecTe IT0 IPOM3BOACTBY YTAsl Haxoauacst Kurait, Poccus 3a-
HUMaAa rsroe mecto [ 1]. Bo Bpemena CCCP Hama crpaa 6piaa Ha AMAMpPYIOLEt
nosunuu. Takoe moaoxxenue Poccus 3aHMMaeT MOTOMY, 4TO 9KOHOMHUKA HAIeH CTPAHBI
OCHOBaHa Ha AOObIYe YTABOAOPOAOB (HeTH 1 rasa), Tak e Ha 9TO IIOBAMSA M pa3Basa
Coserckoro Corosa. B Te BpemeHa MHOTrHe AOOBIBAOIIHE MAXTHI M PA3Pe3bl OBIAM 3a-
KPBITBI ¥ PACPOPMHUPOBAHBL

TOABKO B IIOCAEAHIE HECKOABKO AT GOABIIMHCTBO IIAXT BO30OOHOBHAU PaboTy
II0 YCOBEPIIEHCTBOBAHHIO IIPOIIECCOB AOOBINM, TPAHCIIOPTHPOBKHU U 0OOTraIeHUIO
MOAE3HBIX HCKOTAEMBbIX.

ITepBoit mpOOAEMO¥, C KOTOPO¥ CTOAKHYAKCDH BAAACABIIbI IIPEATIPUSTHIL, CTAAd
MoAepHH3anus 060pyaoBaHiss. OHU IOHUMAAH, YTO IOKYIIATh HHOCTPAHHOE 060-
PYAOBAaHHE AOPOTO, U CBSI3H C 9THM BO3HHKAA HAES CO3AATH Ha POCCHHCKOM PhIHKE
KOMITAHHIO II0 IPOM3BOACTBY TOPHOAODBIBAION]Er0 060PYAOBAHHSL.

Tak B 2004 6p1aa cO3paHA rpymma-kommanuit OMT (O6’L€AI/IH€HHI>I€ Mammso-
crponTeabHbie TexHoAorny) Ha 6ase yoke CyIIeCTBYIOLIMX TOPHBIX IPEAIpHsTHA [2].
OmHa crasa nepBo¥ pUPMOH, IPOU3BOAAIeHl KaueCTBeHHOe I‘OPHOAO6I>IBaIOH.Iee o6o-
pyaosanue B Poccumn.

ITpu ycoBepIeHCTBOBAHHUE 00OPYAOBAHIISI, BpeMsl Ha BBITOAHEHUH PAbOT yMeHb-
LIIHAOCH, a IPOM3BOAMTEABHOCTD AOOBIUH TOAE3HOTO HCKOMIAEMOTO YBEAHYHAACH TAK JKe
KaK A0X0p mpeanpusaTus. K mpuMepy, mepBbIM HOBBIM 9KCIIAYaTAIOHHBIM METOAOM,
M3BECTHBIM KaK KPYToBasi POXOAKA 3200s1: KOTAA B BBIPAOOTKE MOXKET Pa3BePHYThCS
IPOXOAYECKHFT KOMIIAEKC, YTO O3HAYAET, HCUe3aeT HeOOXOAUMOCTD ITepeMeIaTh 060-
PYAOBaHUSA OT 32605 K 326010 (TO eCTb IepeMemaTh BCe ACTAAM MAIIMHBL IO OAHOIL),
B Poccu Takoit mporiecc MOXKeT 3aHSITh OAMH 1 O0Aee MecsIIieB.

Kpyrosas mpoxoaKa 1jeA0ro 3a60si, [0 CBOEMY CUETY, AOBOABHO CAOYKHBII IIPOLeCC
U B Pe3yAbTaTe MIPHBOAUT K IOTepe IIPOU3BOAUTEABHOCTH IO CPABHEHHIO CO CTAHAAPT-
HBIMH OTIePALMSIMHU, HO BBIUIPHIBAET 33 CYET yMEHBIIEHHs] BpPeMeHH IIPOCTOsI 060-
pyaosanust. Ha opno# 13 mmaxT COKOAOBCKOTO 6acceiiHa 3TOT Crtocob ObIA yCIemHo
BBIIIOAHEH ILITh Pas. DTOT IPOL[eCC BKAIOYAA B Ce0sI TOBOPOT KOMIIAEKCA BOKPYT CBO-
eit ocrt Ha 180° ¥ BOBMOXHOCTD HA4aTh Pa3pabOTKy HOBBII yIaCTOK Ha IIPOTHUBOIIO-
AOXKHOJ CTOpOHe. Aake BO BpeMsi IIOBOPOTA, OCTABAAACh BO3BMOXKHOCTb AOOBIYM YTAS
Ha ypoBHe npr6AnsuTespso 180,000-190,000 /M. Bcé 910 cTas0 BOBMOKHO IOCAe
YCOBEpIIEHCTBOBAHIS FOPHOAOOBIBAOIIETO 0OOPYAOBAHMA.

S xoreAa 6b1 AOGABHTD, YTO HOABIIOE KOAHYECTBO HHOCTPAHHBIX TOPHBIX IIPEA-
HPHATUI He XOTST BIIYCTYIO TPATHTb CBOE BPEMs M ACHBI'M BO BpeMsl pa3paboTku
naacra. Hanpumep, B Apxrrke Ha HopBexxckoit maxTe Shpitsberger konseiteprr 6b1a1
YCTaHOBAEHBI OT 30051 AO MECTa Pa3rPy3KHU yTAsl, YTO 3HAYHTEABHO YMEHBIIAAO BPeMs
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Section 8. Transportation

TPAHCIIOPTHPOBKH U KCKAIOYaA0 BO3MOYKHOCTb HCTIOAB30BaHHe OyAbA03epoB [3]. OTn
IIPOLIECChI YBEAUYHAH AOXOABI IIPOU3BOACTBA (OT 210 MMAAMOHOB TOHH A0 360 MuUA-
AVMIOHOB) M YMEHBIINAH PACXOABI Ha HCTIOAb30BAHHIE AOTIOAHHTEABHDIX [IOTPY34HKOB.

ITo MOeMy MHEHHIO, aBTOMATU3ALHS X MEXAHU3ALMSI TOPHOTO 060PYAOBAHMUS IIPU-
BOASIT K YAYYIIEHHUIO IIPOLIECCOB AOGBIYH, COKPALIEHHIO [IOSIBACHHS BPEAOHOCHBIX Be-
LIeCTB, HETATHUBHO BAMSIOIIMX HA AIOAH, U IIOAYYeHHIO 60AbIIel mprbbian. Byaymee
FOPHOAOOBIBAIOILET! IIPOMBIIIAEHHOCTH — 9Ta IOBCEMECTHASI KOMIIBPIOTEPH3aLIUs BCEX
IIPOLIECCOB AOOBIUM.

CnHcox AuTepaTypsbI:

1. http://www.bp.com/statisticalreview
2. http://www.omt-gum.ru/rus/files/St_8.pdf
3. http://www.fennerdunlop.com/arctic_Mining
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Solution of the boundary value problem of
equation modeling process electromembrane
cleaning of bedded and waste water

Abstract: The method of the asymptotic decision of system of the
dekompozitsionny equations within mathematical models of electromembrane
processes of water purification for binary, ternary and tetrarny types of the electrolytes,
opening possibility of the approximate solution of regional tasks for more difficult
systems of the electrodiffusive equations is offered.
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PeweHune kpaeBoi 3apa4m CUCTEMbI YPaBHEHUN
MoAeIMpPYIoLLEe NPOoLEecC 31IeKTPOMeMOpaHHOM
OUYMUCTKU NMNJIACTOBbIX U CTOYHbIX BOA,

AnnoTtanus: [IpeproxeH MeTOA aCHMITOTHYECKOTO pelleHUs CUCTEMbI AeKOM-
MO3UIIMOHHbIX YPABHEHHI B PAMKAX MATEMATHIECKIX MOACAEH 9AeKTPOMEMOPaHHBIX
IPOIIECCOB OYUCTKU BOABI AAST OMHAPHOTO, TEPHAPHOT'O 1 TETPAPHOTO TUIIOB IAEKTPO-
AHTOB, OTKPBIBAIOIIUI BO3MOXXHOCTb IPHOAKEHHOTO PelIeHIsT KPAeBbIX 3aAY AAS
00Aee CAOXKHBIX CUCTEM 3AEKTPOANPY3HOHHBIX YPaBHEHUIL.

KaroueBble CAOBa: CTOYHBIE BOABI, MATEMATHIECKOE MOACAUPOBAHHE SAEKTPO-
MeMOPaHHBIX [IPOLIECCOB OUUCTKU BOABL
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Section 9. Physics

BBepenne. Aast paspaboTku 9¢pPeKTUBHBIX METOAOB GOPBOBI C 3arpsIBHEHNUSIMU
OKPY>KAIOIIlefl CPeAbI CTOYHBIME BOAAMH, OOPA3yIOIMMIICS B IIPOIlecce AOOBINU HepTH
HeOOXOAUMO MAaTEMATHIeCKOe MOAEAHPOBAHIE PA3AUIHbIX [IPOLIECCOB OUKCTKU BOADL,
B TOM YHCA€ 1 9AeKTPOMEMOPAHHBIX.

MaccormepeHOC HOHOB COAH C yIeTOM AUCCOLIHAL[IHU-PeKOMOHHAIIIN BOABL 1 IIPO-
CTPAHCTBEHHOTO 3apsiAd OIUCBHIBAETCS AASL OMHAPHOIO, TEPHAPHOTO U TETPAPHOLO
TUIIOB CUCTEMOM 9AeKTPOANPPY3NOHHDIX YPaBHEHUHN B AGKOMIIO3UIIMOHHOHN dopme
AAS HATIPSDKEHHOCTH dAeKTprrdeckoro noast E(x) u gpymxmuu @ (x) [2, 3, 4], mpuuem
CHCTeMbI AeKOMIIO3UIIMOHHBIX YPABHEHHI AASL PA3AMYHBIX TUIIOB SAEKTPOAUTOB OT-
AMYAIOTCS ypAaBHEHUEM AAS HATIPSUKEHHOCTHU 3AeKTPHYECKOro 1oas (B 6espasmepHOM
BuAe, ipuyeM x €(0,1)):

2(I, -D,®'(x) )(I +D,'(x))
Ja-7(x)= =P

X

w(D,+D,) (1)
) E\/E_\/(IW—D;D x))(I, +D,®'(x))

(D,+D,)
— AASL GHHAPHOTO THIIA:
d’E ¢ D, -D 21 (2)
=—E3 _ _ 10)) E-——= 3 (D' _ w S )
e (on @+ @(x) D,+D, (*) D,+D, '

— AAS TEPHAPHOIO THIIA:

sdE3: Ed—E+q3lsE d—€+ ]1+D“_D3<D’(x)+ 2L, -q,,6E LdE_
dx Edx dx D,+D D,+D, E dx

3 4

D,-D D,-D, 21
e Bt W . ol - “— |E 3
( ) [(qSI j (x)+q3,1]1 ]2+q3,1D D j + ( )

D,+D, D,+D, . +D,

&
+q3,3 EE4 —q;; (]nx_a +(D(x))E2
— AAA TeTpapHOI'O THUIIA

d'E (35615 ]d3E (sdE 38( j J, D.=D, ®(x)
e 4.6 - +

+ R —— — —
dx' E d dx’ | E dx’ E D +D, E
2 _ Q' _ "
oMy L dE g |4E [ 31 dE_ D,-D ®(x)dE D -D '(x)
D,+D,E 7 dx dx E*dx D,+D, E dx D,+D, E
21, 1 dE D,-D 21 dE
+],+9' ], 2! (x)——q,, ——+q,,6E* |——
D +D, E dx (*)=-4., q“D +D, (*) q‘“D3+D4 s dx
_D.-D, S @"(x)-ED"(x)- ]3E2——D4_D3E2®'(x)——ﬂw E +
" D,+D, D,+D, D,+D,
D,-D " ’ D,-D '
+4,, D4+D3 E® (x)+q4,1]2E2+q4,1(D (x)EZ_qu]lEz —4,, D4+D3 (x)Ez_

3 4 3 4
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., ZIW Ez_q4,4§Es+q4,4 (]ox_a+(p(x))E3’ (4)

D, +D,

KpaeBbie yCAOBHS AASL ITUX CHCTEM CTaBATCA AAs $yrkimm E(x) mpu x=0 u x =1,
aaast @(x) Toabko ipu x =0,

AASL aCUMIITOTUYECKOTO pelleHUs] MCIIOAB3YIOTCS CACAYIOLIKE TIPEATIOAOXKEHM S,
CIIPaBEAAMBOCTb KOTOPBIX 6bIAa paHee 060CHOBAHA B psae pabor aBTopos [1, 2]:

1. BespasmepHslit Andy3HOHHBIIN CAOY ACAUTCSI Ha ABE OCHOBHbIE 06AacTH: 06-
AACTDb 9AEKTpOHEHTPaAbHOCTH [0, X, | 1 06AACTD C IPEUMYTIECTBEHHO 3AKTPOMHUTPA-
IHOHHBIM MEXaHU3MOM ITepeHoca [X,, X, |, XapaKTepHCTHKM KOTOPBIX AQIOTCS HUKe
1, KPOMeE TOTO, pa3Mep OCTaAbHBIX 00AaCTEN [xz, xz] u [’%: x]] mpu € >0, d—0
OAM30K K HYAIO.

2. B obaactu aaekrpoHeiTpasbHOocTH (0, X,) moAaraeM & =0 U IPEATOAOKIM,
YTO B HAMIPSDKEHHOCTD SAEKTPHUIECKOTIO ITOAS IIPEACTABHMA B BHAE £ (x, &)= E(x) +o(g)

u E/d mano. Toraa us (2)- (3) moayumm caeayromtyio sapaay Komm aas @(x):

o v

3 4

1,(D,+D,)
@'(0)=0. (8)

Pemenue 3apaun (S) UMeeT BUA:

@D(x)=—?3;g“ -\/4de4 +(~1,-x+d(D,-D,))

VA" () ==—

,x€(0,x,), (0)=0,

2
: L,(D, —DA)H\/E(Q +D,)
2-D,D, 2-D,D,
(6)
B cuay masoctu d 1mocae psiaa IpeoOpasOBAHUIL IIOAYYUM ABA BHIPOKEHHUS AAS
$yHKIIUN @(x) , KOTOpbIE MOT'YT OBITh HCIIOAb30BAHBI AASI IIOCTPOEHHS ACUMIITOTHKH
anst E(x):

a) (D(x,d)z —II)—Wx+\/ED3+D“ +o(\/a),

D
6) O(x,d)= ;—Wx+\/ED3;D"+0(\/E). (7)

3

Awumenno, ioacraBass @ (x) u @'(x) BypaBHeHHe AAS HATIPSXKEHHOCTH 9ACKTPH-
YeCKOTO TOAS, TIOAyYaeM ypasHenue Aas E(x) (aAst mpuMepa paccMoTpHM 3AeCh CAY-
4aii (a), T. K. ypaBHEHHUS AAS HAIPSDKEHHOCTH SAEKTPUYECKOTO MOAS BO BCEX TPEX CAY-
qasx GyAyT UMETb TOT e BUA, 2 OTAUMATHCS AUIIb KO3 PHUIIHEHTAMH) :

— AASL OMHApPHOTO THIIA

E(xd) = bt 2 +o(V); (8)

aD, +(I,, ~D,-J,)x—d(D, +D,)
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— AAA TepHapHOI‘O THUIIa
dE N N
E:(Alx"'Az)E (X)—A3-E (x)) (9)

4 1

ke 1, a D.+D
TAe ak:Ik+(_1) D_M, k:0:1:2)3,A1:q3,3a_0,A :—b(a+\ﬂ#],
[0

1
A3 = a_(q3,lal _az);

1

— AASL TETPApHOTO THIIA:

d'E =2[d_Ej +BEL BE BE, (10)

dx*  E\dx X

a a a D,+D
TAE B] =q,, _jr Bz :q4,1_2+q4,z __31 Bz =4, (aox_a"'-\/g#j-

1 1 1 4

CaepyeT oTMeTHTb, 4To ypasHenws (8)— (10) He copepyKaT MAAbIX TApaMEeTPOB H 3Ha-
YHTEABHO IPOIIje NCXOAHON KPaeBOM 3aAa4M AASI AAHHBIX TUIIOB. Harprvep, Ao06aBasit
K ypasHenuio (9) HavaabHOe ycAoBue u3 [ 2], moaywim 3apady Ko, koTopast coBMecTHO
c ypasHenueM AAst pyrKimH D (x) B 06AACTH 9AKTPOHEHTPAABHOCTH 3HAYHTEABHO TIPO-
IIje ICXOAHOM KPaeBOM 3aAaIH AASl TepHApHOTO THIA. Ee pemenue He mpeacTaBAsieT Tpyaa
HAMTH CTAHAAPTHBIMU METOAAMH, HaIlpuMep, MeToaoM Pyrre-KyTra 4-5 mopsiaka.

3akarouenue. ITpeprOKeHHDIN METOA ACHMITOTHYECKOTO pelIeHHs OTKPhIBaeT
BO3MOXXHOCTD IIPUOAIDKEHHOTO PellIeHIs KPAeBbIX 3aAaT AASI 60Aee CAOYKHBIX CHCTEM
9AeKTPOAUPPY3HOHHDIX yPaBHEHHIL

CnHcoK AHTepaTypbI:

1. Bacuavesa A.B., ByTysos B. ©. AcumMnroTHyeckiie METOABI B TEOPUH CUHIYASIP-
HbIX Bo3aMyIeHui. M.: Beicimas mxoaa, 1990. 208 c.

2. 3ab6osouxuit B.M., Huxonenko B.B.,, Kopxenxo H. M., CeuposP.P, Ypre-
HOB M. X. BAMsIHUE TeTepOAUTUYECKOM AUCCOITHAIIMI BOABI HA MACCOIIEPEHOC HO-
HOB COAH B 9A€KTPOMEMOPAHHO# CHCTeMe IPK HapyIIeHUH JAeKTPOHEATPAABHOCTH
B 06AacTH AN Py3uoHHOrO cA0sL./ / DnexTpoxumust. 2002. T. 38.Ne 8. ¢. 911-920.

3. Kopxenko H.M., Cenpos P.P,, Yprenos M. X. QaxTopusanus u KaaCCHPUKAIIHS
MAaTeMATHIeCKHX MOAEAEH MACCOIEPEHOCa C YIeTOM AUCCOLIMAIIMH BOABI U IIPO-
CTpaHCTBeHHOTO 3apsiad./ /“TIpobaeMbl GH3UKO-MaTEMATHIECKOTO MOAEAUPO-
BaHus , MexBy30BCKuil TeMaTHIecKuit cOopHUK, KybaHckuil rocyaapCcTBeHHBIN
TeXHOAOTHYeCcKUH yHuBepcuTeT, KpacHopap, 1997, c. 102-106.

4. Yprenos K. M., Ycosa E. C., Xpomsix A. A., Uy6s1ps H. O. IToanas pexoMmosumust
CHCTEeMBI TPEXMEPHBIX IAeKTPOANDPysronHbIX ypasHeHuit/ /CoBpeMeHHOE CO-
CTOSHHE U HPI/IOPI/ITCTI)I PaBBHTH}I (PyHAaMeHTaAbHBIX HayK B peI'I/IOHaX: prAbI VI
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TeMITepaTyphl MArHUTHOH KOMITeHcaruu aToro peppomarsernxa T, = 250 K. O6Ha-
PY>KEHO, 4TO IIPU ITHX TePEXOAAX AOMEHHAs CTPYKTYpPa Ha MATHUTOOIITHIECKOM H30-
6paxkeHHnH 00pasija He HCYE3aeT M OKA3bIBAET CYLeCTBEHHOE BAMSHUE HA IIOAECBYIO
U TeMITepaTypHYIO 3aBHCHMOCTH dpPexra Dapapes.

KaroueBbIe cAOBa: TeMIIepaTypa MArHUTHOM KOMIIEHCALIH, AOMEHHAS CTPYKTY-
pa, appexr Papases

Beeaenne. BoabmmHCTBO pepkozemeabHbIx dpeppuros-rpanaros (P30I") xapak-
TEpHBYeTCs TaK HA3bIBAEMOI TOUKOI KoMIeHcary — Temreparypoit T (Hmke Tem-
neparypsi Kiopi), pu KOTOPOiA KX CIIOHTAHHBI MATHUTHBI MOMeHT M, o6paaercs
B HyAb. M3BecTHO, uT0 B6AM3M T MHOIHE $r3MuecKie CBOMCTBA (TEMAOEMKOCTD, MOAYAD
fOHra, 9acToTa $eppPOMArHUTHOTO PE3OHAHCA H T. A.) 3TUX PepPUMArHEeTHKOB PE3KO
merstioTcs [ 1]. B moaaBastiomeM 60ABIIMHCTBE OCBSIEHHBIX AAHHOMY BOIIPOCY 9KCIIe-
PHMEHTAABHBIX U TEOPETHYECKUX PabOT HcCAeAOBaAOCH TToBepeHHe P3PI" B okpect-
HOCTH TOYKHU KOMITIEHCAITUU B YCAOBHSAX OAHOPOAHOM HaMarHMYeHHOCTH KPHCTaAA
(B oAHOAOMeHHOM cocTosHMM 06pasia) [1]. OaHaKo B cA26OM MarHUTHOM MOAE, KOTAQ
B KpHCTaAA€ CyIjecTByeT AooMeHHas cTpykrypa (AC), u3sMeHeHue GUBHIECKUX CBOICTB
P3®T npu T>T, MOXeT CymIeCTBEHHO YCAOKHUTbCS. OUeBMAHO, YTO 06AaCTh CAAOBIX
MarHUTHbIX [I0A€H, HanbOAee, AKTyaAbHA C TOUKH 3PeHHUS PAKTUYECKOTO UCIIOAb30BAHIS
P3O Bmecre ¢ TeM Bansgane AC Ha MX QpU3MYecKre CBOMCTBA IIPH IIEPEXOAe TeMIlepa-
Typbl Yepe3 TOUKY KOMIIEHCAI[HH BCe ellle OCTaeTCs MAaAOM3y4eHHbIM. B mocaepnue roap:
HHTepeC IOAOOHOTO POAAM HCCACAOBAHISIM CTUMYAHPYETCSI ITePCIIeKTHBOI pa3paboTKu
Ha ocHoBe P3DI" MaTepras0B AAS 9AeMEHTHO¥ 0a3bl IPHOOPOB CIIHOBOI 9AEKTPOHUKH
HOBOTO IIOKOAEHMSI, IPUHITUII PA0OThI KOTOPBIX OCHOBaH Ha m3MeHeHnH AC MaTepraa
TIOA AEFICTBHEM HEOAHOPOAHOTO AEKTPHYECKOTO MOAS [2].

B oot cBsI3M OBIAM IIPOBEAEHBI 9KCIIepHMeHTaAbHbIe HccaepoBanmus AC u mpo-
Ijecca TeXHUYeCKOTO HAMArHUYMBAHH MOHOKPUCTAAAMYECKOM IIAACTHHKYU eppu-
ta-rpanara Tb,Fe O, B TemeparypHO#t 06AaCTH B OKPECTHOCTU TOYKU MAarHUTHOH
xommencanuu (T=248.6K [3]), pe3yAbTaTsI KOTOPBIX IIPUBEAEHDI HIKE.

MeToAHKa 9KCIIepAMEHTa M 06pa3nbl. VI3BeCTHO, YTO MPOIjecC TeXHUIECKOTO
HAMarHMYMBAaHMA MaTHETHKA B 3HAYMTEABHOM CTeIIeHH OTIPeACASIeTCS PeaAu3yIolei-
cs B HeM AC. B Tb,Fe O, ocsiMu AeTKOTo HaMarHMMMBAHHS ABASIOTCS KPHCTAAAO-
rpaduyeckue Hanpasaenus tuna (111) [1], T.e. B KpUCTarre UMEIOTCS YeTBIPe OCU
AETKOTO HAMarHUYUBAHMS, BAOAb KOTOPBIX MOXKET OPUEHTHPOBATHCS BeKTOp M : TpH
AeTKHe ocH 00pasyioT pebpa TeTpasApa, HAKAOHEHHbIE IIOA YTAOM =22° K KPHCTaA-
aorpadudeckoit maockoctu (111), a yersepras och (och [111]) sBasercs BbicoTOl
3TOTO TeTpadapa. Takas MHOTOOCHOCTb KPUCTAAAQ CYIIIECTBEHHO YCAOXKHSET BUA €T0
AC. Y008I yIIpOCTHTb CUTYAIINIO, B HAIINX KCIIEPUMEHTAX HCIIOAB30BAACS 0bpa-
3erj moHokpucTassa Th Fe O, B Bupe maockonapasreAbHON MAACTHHKH TOAIMHOM
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~100pm, BBIpe3aHHOM Tak, 9T06b1 ocb [111] cocTaBasiAa ¢ HOPMAADIO K €€ IAOCKO-
ctu yroa = 10° a oana u3 oceit (111) nmeaa MeHbIIMIT HAKAOH K TAOCKOCTH 06pasia
IO CPABHEHHIO C ABYMsI APYTUMH (OmH6Ka KPHCTAAAOTPadHrIecKoil OpHeHTaLMH 06-
pasta ~+2°). [IpeAloAaraA0Ch, 4TO B 3TOM CAy4ae M3-3a Pa3HHUILIbI B BEAMMHHE Pa3-
MarHUYMBAOLIero (pakTopa BAOAb PA3AUYHBIX HAIIPABACHHUI B TAOCKOIIAPAAACABHOM
IIAACTHHKE BeKTOpbI M B AOMEHAX BbICTPANBAIOTCSI BAOAD TO! U3 OCeH (111), KOTOpas
COCTaBAsIeT HAaMMEHBIINI YTOA C TAOCKOCTBIO 06pasiia. IToaToMy B copreHTHpPOBAH-
HOM TaKHM 06pa3oM obpaslie AOAKHA CYIeCTBOBATh OObIHAS OAOCOBas 180°-Has
AC (c soomennbivu rpanumamu (AT'), mapasreAbHbIMU IPOEKIJUH BBIAEACHHOM ACTKO
OCH Ha AOCKOCTb 06pa3Iia), U3MeHEeHUs: KOTOPOU MOA AeHCTBHEM BHeIIHero moas H
u TeMr[epaTypr MOI'YT 6I)ITb AOCTAaTOYHO AETKO HHTepHpeTI/IPOBaHI)L

ITporecc TeXHUYECKOIO HAMArHIYHBAHIS HCCACAYEMOTO 00pasLja H3yIaACs Mar-
HUTOONTHYECKIM METOAOM, OCHOBaHHBIM Ha 3¢ pexte Papapes (JD): 6p1an nccaepo-
Banbl AC, TeMIrepaTypHas 1 roaesasi 3aBucuMocTu O D. AAst HAMArHUYKMBaHHS 06pas-
I1a HCIIOAB30BaAOCh MarHuTHOE ToAe H < 60 Oe, oprieHTHpOBAaHHOE B €I0 IIAOCKOCTH,
co3paBaeMoe ITPH ITOMOIITH ITaphI Karymek [eabMroasija. B kayecTse ncToyHuKka ceeTa
BO BCeX 9KCIIePHMEHTaX IPUMEHIAACh FAAOT€HOBAsI AaMITa HakaauBaHUsA. OCHOBHOe
BHHMAHUE B BBLIIOAHEHHBIX HCCAEAOBAHIISIX YAEASIAOCH TeMIIepaTypHOit 06aacTu 200
295 K, BkArogaromen TC KPHCTAAAQ.

Caeays [1], HIDKe OYAeM HCXOAUTD U3 ABYXIIOApemeToqHO! Mopear P3OT: opny
MarHUTHYIO IIOAPELIeTKY KPUCTaAAd OOPA3yIOT HOHBI XKeAe3a, BTOPy0 — P3-1oHsl,
CIIOHTAHHBIT MarHUTHBIA MOMeHT M = M, + M, (M, 1 M,) — COOTBETCTBEHHO
CIIOHTAaHHbI€ MAarHUTHBIE MOMEHTHI YKEAE3HON U P3-HOApellleTOK) , B KOAAMHEApHOM
MarHUTHOM (pase KpUCTarAa BeKTOpbI M, 1 M, aHTHIIAPAAACABHDI; BO BHELIHEM Mar-
HUTHOM I10A€, HAIIPAaBAEHHOM BAOAB AeTKoM ocH, ipu T = T Bexropst M, u M, passo-
pauuBarorcs Ha 180°. B pamMkax aToi MOAGAU IIPH HOPMAABHOM ITAACHHH CBETA Ha ITAO-
CKOCTB 06Opasia cionTaHHs OO B TbsFeSO1 , MOXET OBITD IPEACTABACH B BHAE (4]

¢=+(aM,, cos8, +bM, cosb, )! (1)
3aech a 1 b — 3aBUCSIIKE OT 9aCTOTHI CBETA MATHUTOONTHYECKUE KO PHIIMEHTSI,
0,-0, yrapi, obpasosanmbie BekTopamu M, 1 M, ¢ HOPMaABIO K TAOCKOCTH 06pasiia
(8 YCAOBHSIX HAIIMX 9KCIIEPUMEHTOB YTAbI 0 " 0 L~ 18 0°), — ToAmUHA obpasra, 3HaK
IIAOC II€PeA CKOOKOI OTHOCHUTCS K 00AACTH TEMIIEPATYP BBILIE,  3HAK MIHYC — K 06-
Aactu remieparyp Hike T. O4eBUAHO, 4TO IPH Haamauy B o6pasite 180°-noi AC npu
3acBeTKe ero MAOIAAY, 3HAYUTEABHO IIPEBBINIAIONIe TAOIIAAD OTAEABHOTO AOMEHA,
I Gyaer onpeAeASTHCS TAK
O=9 (5. —8)/S, 2)
rae S — 3acBeveHHAs MAOMAAb 06pasifa, S 1 S — mAOTaAU AOMEHOB C IIPOTUBOTIO-
AoXHOH opuenTanueit Bekropa M. CaepoBaTeAbHO, Bup 3aBrcumocTeit O (T)ud (H)
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0Tpa>KaeT AVMHAMHUKY H3MEHEHIA AC HPI/I U3MEHEHHUHN TeMnepaTypr nu Hapr[)!(eHHOCTI/I
BHENIHETO MAarHUTHOTO ITOA.

Kax suaso us (1), (2), 6ansu T (mpu M = M, ) OO B Hyab He o6pamaercs,
¥ TOABKO B CAMO TOUKe KOMITeHcaLuu (BCAEACTBHE CMEHBI 3HaKa papaAeeBCKOro Bpa-
IeHsI 32 CYeT Pa3BOpOTa BekTOpoB M, 1 M, Ha 180°) yroa ¢ = 0. 910 o6crosiTenn-
CTBO A€AQEeT MATHUTOONITUYECKUI MEeTOA OOAe€e IPEATIOUTHTEABHBIM AAST U3y IEeHIS
Hpoﬂecca TEXHHUYE€CKOTO HaMarHU4YBaHWA HPI/I T= ’I'c 110 CpaBHeHI/IIO C MAarHUTHBIMH
MEeTOAAMH, B KOTOPBIX H3MePSIeTCs HeIIOCPEACTBEHHO HAMAarHUYeHHOCTb MAM MarHHUT-
Hasl BOCIPUHMYUBOCTh MATEPUAAQ.

AC 06pasiia BU3yaAU3HPOBAAACH C IOMOIIBIO OASPH3ALMOHHOTO MUKPOCKOTIA: AOMe-
HbI HAOAIOAQAKICH <« Ha IIPOCBET> [P HOPMAABHOM ITAACHUH CBETA Ha [IAOCKOCTH 00pasiia;
KoHTpacT u3obpaxkerit AC BO3HHKAA 33 CYET PA3HOTO 3HAKA YTAA IOBOPOTA MAOCKOCTH
TIOASIPM3ALIMH TIPOXOASILETO CKBO3b COCEAHHE AOMeHBI cBeTa (moppobHee cm. [S]). Us-
MepeH¥s yraa $papaseeBCKoro BpameHus O IpOBOAMAKCH METOAOM HelPEPHIBHO BpaIlja-
romerocs anaausaropa [ 6]. [Toaesbre saBucumoctu @ (H) (nerau rucrepesuca OP) 6biau
HOAy‘IeHI)I 8 (0] CTaHAaPTHOfI WHTEHCUBHOCTHON METOAHNKE B HepeMeHHOM MarHUTHOM ITIOA€,
M3MEHSIOIeMCs II0 FApMOHMUYECKOMY 3aKoHy ¢ yacToToit 25 Hz. B aTux akcepumenTax
IIpH pa3BepTKe MATHUTHOTO MOASI M3MepsiAach BeardrHa otHomenmst Al/L tae Alul —
COOTBETCTBEHHO IIepeMeHHAsl M MOCTOSIHHASI COCTABASIOIINE HHTEHCHBHOCTU CBETA,
IIPOILIEALIETO CHCTEMY IIOASIPHU3ATOp — 0bpasel] — aHAAM3ATOP IPU OPHEHTALIIH Ocelt
TIPOITYCKAHHS TTOAPU3ATOPA U AHAAU3ATOPA TIOA YTAOM 45° APyT K ApyTy. B 9TOM CAyuae
(c yaeToM HesHauMTEABHOI BeAMMUHBI M3MepsieMbix yraos @) 2 & = AI/I[7].

OKCrepuMeHTaAbHbIe Pe3yAbTaThI. Kak mokasaAu HabAIOAEHMS, BO BCeM HC-
CAeAOBaHHOM HHTepBae Temmeparyp 85-295 K (3a uckarouennem yskoit Temmepa-
TypHoOit o6aacTy B6An3u T.) mpu H=0 AC 06pasia 06pa3oBBIBAAK AOMEHBI B BUAE
CBeTABIX (BM3yaAbHO — KPACHOTO LjBETa) U TEMHBIX KBA3UIIPSIMOYTOABHBIX TIOAOC
anMepHo paBHOfI H.II/IpI/IHbI C YeTKNMHU I'paHI/II_IaMI/L HPI/I 9TOM BHEIIHEE MarHUTHOE
IOA€, TAPAAAEABHOE CpeAHeMY HarpaBAeHUI0 A, CHABHO BAMSAO HA IIMPUHY AOMe-
HOB, TlepeBOAS 00paser) pH HeKOTOpOoM 3aBucsimum ot T sHaueHnn H B 0oAHOpOAHOE
(OAHOAOMEHHOE) COCTOSIHHE, B TO BPeMsI KaK II0A€, OPUEHTUPOBAHHOE B IAOCKOCTH
o0pas1ia mepreHANKYASIPHO K AT IpakTHYecKu He U3MEHSIAO IIUPHUHY AOMEHOB BIIAOTb
AO MaKCHMaAbHOH HCIIOAB3yeMOH B 9KCIiepuMeHTe HampspkeHHOCTH H= 60 Oe. Takoe
noseperrie AC 04eBUAHO O3HAYAET, 4TO BEKTOPDI M, B COCEAHMX AOMEHAX aHTHUIIA-
PAAAGABHBI APYT APYTY U OPHEHTHPOBAHBI BAOAD AT, T. €. B 06pasIie B COOTBETCTBUM
C OKHUAQHISAMHE peasusyercs moaoconast 180°-nas AC.

HPI/I IIOAXOAE TeMnepaTypr K TOYKE KOMIT€HCAITH1 H.H/IPI/IHa AOMEHOB U HCPI/IOA
AC moHOTOHHO yBeAnmuuBaroTcst. OAHAKO B TeMIIEPATyPHOM HHTEpBaAe IMHPHHON
npumepro T+ 10 Knpu T > T, HabAropaeTcs n3sMeHeHHe pOPMBI YaCTH CYIIECTBY-
IOIMX AOMEHOB: Ha QOHE ,CBETABIX> (,TeMHBIX>) AOMEHOB ,TeMHble” (,,CBeTABIE> )
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AOMEHBI CyIeCTBYIOT B BIAE TOHKHX KAHbEB, AAMHA M IIUPHHA KOTOPBIX U3MEHATCA
npu usMeHenun T. ITpy 9TOM MEHSIIOTCSI [IBETOBbIE OTTEHKH HAOAIOAAEMBIX AOMEHOB.

Kpome aToro, 66140 ycTaHOBAEHO, YTO TeMiepaTypHsbie ndMeHenus AC conposo-
KAAIOTCS TEMIIEPATyPHBIM FHCTEPe3nucoM (IIpeBbIIAIIMM OIMOKY SKCIIePUMEHTAAD-
HOTO onpepeaeHus Temieparypst ~ 0.5 K): xors o6mmit xapakrep usmenenust AC npu
Harpese-OXAQKACHHU 06paslja KadeCTBEHHO He OTAMYAEeTCS], IIMPHHA CYIjeCTBYIOUINX
npu 3apaHHOM T AOMEHOB 3aBUCHT OT TOTO, OXAQKAAACS 00pasel] OT KOMHATHOR TeM-
HepaTypsl HAH, HA0OOPOT, HArPEBAACS OT MUHUMAABHO AOCTHDXKUMOI B 9KCIIEPUMEHTe
T = 85 K. B xayecTBe npumepa Ha puc. 1 nmpuseaeH psia ¢pororpaduii, MOAyIeHHBIX
npu H=0 B nponecce Harpesa o6pasua ot T = 85 K (ckopocts Harpesa ~0.2K/s),
HAAIOCTPUPYIOIMX 001Hit XapakTep u3MeHeHus ero AC B 3aBUCHMOCTH OT TeMITepa-
TypsL Ilepecrpoitka AC 06pasija mpy H3MEHEHHH TeMIIEPATYPbI IPOUCXOAHT IIepe-
cKOKOB A" M3 OAHOT'O MeTaCTaOMABHOTIO IIOAOKEHIS B APYTOE.

1.5 mm

F i

Puc. 1. VIzobpakeHne AOMEHHOI CTPYKTYpPbl 00pasiia, MOAyYEeHHbIE IPU PA3HOI
TeMIepaTypsl B porecce ero otorpesa: 225 (a), 255 (8) 1295 K (¢).

Ha puc. 2 mpeacTaBaensl rpa¢uku TeMnepaTypHoit 3aBucuMocTu O D, moAydeHHbIe
NP Pa3AMYHbIX 3HAY€HUSIX MATHUTHOTO MIOASI, OPUEHTHPOBAHHOTO BAOAb CPEAHETO Ha-
npasaenus AL Vs puc. 2, B 4acTHOCTH, BUAHO, 4TO noAy4denHble kpusbie ® (T) xapak-
TepH3YIOTCS 3aMETHBIM TeMIIEPATyPHBIM rHcTepe3ucoM, npudem untepsas (T, — T,),
rae T u T, — COOTBETCTBEHHO TeMITepaTypsl, mpu KOTOpbix P obpamjaercs B HyAb
IpH HarpeBe 1 OXAUKAEHUH 00pasIia, yMeHbIIaeTcst ¢ poctoM H.

Kax y>xe 0TMe4aA0Ch, OAHOAOMEHHOE COCTOSIHHE 00pasIja MOXHO OBIAO Ha-
OAIOAQTH IIOA ACTICTBHIEM BHEIIHero oAst H, MMeIoIero mpoeKIHio Ha HallpaBA€HHe
AT Tax, B 110A€, OpHEeHTHPOBAHHOM B IIAOCKOCTH 00pasria BAOAb HampaBaeHus Al
BO Bceil nHTepecyomeit Hac obaactu 200 < T < 295 K opHOAOMEHHOE CcOCTOsIHME 06-
pasia peaausyercs ipu H > 30 Oe. B atux ycaoBusx Hamaruuausanus kpussie @ (T)
TIPAKTHYECKH He PA3AMYAIOTCSA MEKAY COBOI M MMEIOT O6bIMHBIH, cAepytomuii us (1),
(2) Bua co cmenoit snaka O B6ansu T 2 (puc. 2, a).
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Boaee caoxnoii oxaspsaetcst opma kpusbix O (T) B ob6aactu H < 30 Oe: 3aBucu-
moctp @ (T) He cummerpryna oTHOCUTeAbHO T'; n3veHenue Beanarts: DD compoBo-
xAaeTcst ckaukamu Bapkraysena; pasmax kpusoit @ (T) yseandusaetcs ¢ poctom H, ipu
3TOM MAaKCHMaAbHAs BeAMdrHa yraa O nmprbArKaeTcsi K BEAUYHHE, COOTBETCTBYIOIeN
YCAOBHIO MAarHMTHOTO HachlmeHus;; B otanue ot kpusbix O (T) noayyennsx mpu H >
30 Oe, 13 KOTOPBIX CAEAYET, 9TO EPEBOPOT BeKTOPOB M, 1 M, IPOUCXOANT CKaYKOM
OAHOBPEMEHHO BO BceM 0ObeMe 00pasLia, B oAee cAAObIX MATHUTHBIX [IOASIX [IPOLIECC
nepeopuenTaiuu M, u M, IPOMCXOAUT B HEKOTOPOM TeMIIePaTyPHOM HHTePBaAe.

“ b J

200 250 300 200 250 300 200 250 300
T.K T K I 'K

Puc. 2. TemneparypHssle 3aBucumoct adppexra Gapapest, mosydeHHbIE IPU PA3HbIX
3HaveHusAX MarHuTHOTO moAst: 30 (a), 4 () u 2 Oe (e) (BexTop H napaasesen
CpeAHeMy HaIpaBAEHUIO AOMEHHBIX IpaHHuI]). CTpeAKaMy I0Ka3aHO HAllpaBACHHe
M3MEeHEeHHS TeMIIePaTyPhL

Ha puc. 3 mpeacTaBAeH psip OCITMAAOTPAaMM ITeTeAb MATHUTHOTO rucrepesuca O,
IIOAYYEHHBIX IIPU HarpeBe 00pasia Ipu OpHeHTanuu BekTopa H BAOAD cpeaHero Ha-
npasaeHus AI' mpu pa3AmdHOM TeMIlepaType, U3 KOTOPBIX BUAHO, uTo Iipu 1" TC IIIH-
PHHA MIETAM THCTEPE3UCa PACTET, OAHAKO B HETIOCPEACTBEHHOM 6ausoctu k T, meras
THCTepe3nca IPAKTUIECKH CKAYKOM CXAOIIBIBAETCS, IPEBPAIIIAsiCh B FOPH3OHTAABHYIO
npsiMyto. ,CxaomHyTas” metast rucrepesnca OO HaOAIOAQETCS B TEMIIEpPaTyPHOM HH-
TepBase 245-247 K npu oxaaxxpeHnn obpasia u B uaTepBase 248-250 K npu ero
Harpese.

10¢

50 O

Puc. 3. OcrmaaorpaMMel eTeAb MarHUTHOTO IHCTepesnca adppexra Gapapes
B HICCA€AOBAHHOM 06paslie, HOAyYeHHbIe IPU pa3HOil Temmeparype: 200 (a), 249
(6) u 280 (c) (Bexrop H napasseseH cpepHeMy HAMPaBACHUIO AOMEHHBIX TPAHHI]).
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TakuM 06pa3oM, 3a HCKAIOYEHIeM 9THUX TEMIIEPATyPHbIX HHTEPBAAOB HCIIOAb3Ye-
Moe B 9KCIIepHMeHTe ITlepeMeHHOe MarHUTHOe MmoAe aMnauTypoit H = 60 Oe co3paer
YCAOBHE IIOAHOTO IIepeMarHUYMBaHUsI 06pasIia BO BCell MHTepeCyolieil Hac 06AaCTH
TeMIeparyp.
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Synthesis of copolymers of decylmethacrylate
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Abstract: The results of synthesis of copolymers of decylmethacrylate with
4-methylpentene-1 by method radical polymerization in the presence of the initiator
are given in this article. The synthesized copolymers were studied as viscosity addi-
tives for petroleum oils.
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Lubricating oils have a composite structure, and contain various additives
of functional action. Among these polymer additives occupy a special position,
as additives, along with other performance characteristics improve the viscosity-
temperature characteristics of lubricants, i. e. increases the viscosity index. If base oil
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on viscosity index value does not meet the requirements, then on the basis thereof a
lubricant composition is not developed [1, 139].

In order to improve the viscosity-temperature features of oil, the viscosity
additives, synthetic components for petroleum oils, blending them with synthetic
oils are used.

Viscosity additives, relative high polymers or copolymers of vinyl monomers
(M = 8000-12000) are used in concentrations of up to 3%, and economically very
beneficial. However, during operation they are subject to degradation and viscosity
of oil thickened by them drops below the minimum rate, which leads to premature
failure of the machinery.

Synthetic components, a relatively low molecular weight oligomers of a- olefins
(M= 3000-5000) are used at a concentration of 20-30%, and very resistant to
disruptive influences. However, the way to improve the viscosity-temperature
properties of petroleum oils is not economically profitable.

Finally, the use of a synthetic oil composed of mineral oils. This way is forced, because,
in some cases, petroleum oils, despite the presence of the most effective additives in them
do not satisfy the increasing demands of modern technology. In such cases, semi-synthetic
or partially synthetic oils are used for the development of lubricating compositions.

In our opinion, a more simple and cost-effective way to obtain oils with
good viscosity — temperature characteristics is the use of viscosity additives
that are highly resistant to the destructive influences, i.e. development of more
advanced viscosity additives.

Among the known viscosity additives polyalkylmethacrylates have advantages
before the hydrocarbon polymers — they are obtained by a more ecological technologies
(by free radical polymerization), and they are irreplaceable to improve the viscosity-
temperature, especially the low-temperature properties of petroleum oils [2, 36-52].

Based on the above, studies have been conducted on the synthesis of viscosity
additives copolymerization Decylmethacrylate with 4-methylpentene-1.

Decylmethacrylate was prepared in the laboratory by reacting methacrylic acid
and decyl alcohol.

4-methylpentene -1 some kind of dimer propylene:
CH,=—CH + CH,=—=CH —— CH,=—= CH—— CH,—— CH——CH,

CH CH, CH

3 3

Both monomers are used in the copolymerization in freshly distilled state. This
copolymer was synthesized buy us for the first time.

Copolymerization of these monomer pairs is conducted by radical
polymerization in the presence of an initiator — benzoic peroxide. The influence
of various factors on the results of the process (Table1) has been studied.
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Table 1. — Copolymerization decylmethacrylate with 4-methylpentene-1

Copolymerization conditions Copolymer characteristics
Decylmethacrylate: ToC Initiat(.)r Output% | Molecularweight
4-methylpentene —1,% consumption, %
90: 10 60 0,7 92,5 12000
90: 10 70 0,7 92,8 11000
90: 10 80 0,7 92,8 10000
80:20 70 0,7 84,3 9000
70: 30 70 0,7 76,9 7000
90:10 70 0,3 65,4 13000
90: 10 70 0,5 72,4 12000

As seen from Table 1, the temperature increase in the range of 60-80°C results in
a lower molecular weight of 12000 to 10000. This is because the temperature rise
accelerates all reactions, including reactions that lead to the cessation of growth of the
polymer chain. At that the output varies slightly.

Increase of composition of 4-methylpentene-1 in the initial monomer mixture
reduces both the output and molecular weight of the copolymers. As it is known,
a-olefins are not polymerized by a radical mechanism, therefore their involvement in
the copolymerization on radical mechanism for inhibitory effect on the process.

Reduction of consumption of initiator of less than 0.7% of a mixture of monomersis
purposeful, so at that a reduction in output of the copolymer occurs.

The composition and structure of the synthesized copolymers are studied by
methods of elemental analysis and spectroscopy. The formation of a mixture of
decylmethacrylate homopolymer with the copolymer of decylmethacrylate with
4-methylpentene-1 was established. On the basis of these studies the following general
formula for the copolymer is suggested:

CH,

CH,—C CH, CH —

COOC,H,, /" CH,CH(CH,),

Where n = 3-40; m = 5-70

The synthesized copolymers were studied as viscosity additives for petroleum
oils. First their effect on viscosity-temperature characteristics of less viscous industrial
oil VI-12A is studied.
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H-12A oil was solidified to a viscosity level 8+0,5 mm?/s. For comparison
polydecylmethacrylate and industrial viscous additive Viscoplex of brand V-2—
670 were used. The results of these studies are shown in Table 2.

As can be seen from the data presented in Table 2, the increase in the composition
of a- olefin units in the copolymer significantly affects the viscosity-temperature
properties of solidified oils; a slight deterioration in viscosity- temperature properties
occurs: viscosity index decreases from 140 to 134, the kinematic viscosity at minus
18 °C increases from 1300 to 1400, due relatively short substituent in the molecule
of 4-methylpentene-1 as compared to decylmethacrylate.

Table 2. — Affect of copolymers decylmethacrilate with 4-metylpentene
(4-MP-1) on viscosity-temperature characteristics of oil 1 -12A

Characteristics of solidified oil
Number of chains of ) o ) ) ) Kinematic viscosity,
4-MP-1 in copolymer,% Kinematic viscosity at Viscosity mm?/s, at minus
100°C, mm?/s Index 0
18°C
0 8,2 140 1300
(polydecylmethacrylate)
S 7,9 136 1320
10 8,00 134 1350
15 8,10 134 1350
20 8,20 134 1400
25 8,06 134 1400
V-2-670 7,30 126 1400

However, these values obtained are within the permissible norms on GOST
(State Standard) 17.479.1-8S. Solidified oils with viscosity at 100° C should have
aviscosity index not leas than 125 and a kinematic viscosity at minus 18 °C not more
than 2600 mm?/s.

The next step in study of the influence of the synthesized copolymers on
the viscosity- temperature properties of solidified by them oil 11-12A was to study
the effect of molecular weight values to the specified index. The results of these studies
are shown in Table 3.

As can be seen from Table 3 1-12A oil is solidified with copolymers of different
molecular weights to the same level of viscosity about ~ 8 mm?®/s. Regardless of
the molecular weight of the copolymer used to thicken the H-12A oil, viscosity-
temperature properties of the base oils are within normal range.

However, it should be noted that with the reduction of molecular weight of the
copolymer its consumption to solidify to achieve the desired kinematic viscosity at
100° C increases.
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Table 3. — The influence of the values of the molecular weight of the
copolymer on the viscosity-temperature characteristics of the oil FI-12A

Characteristics
Copolymer Solidified oil
Molecular Concentration, Viscosity, mm?/s at . .
weight % temperature, "'C Viscosity Index
100 minus 18

7000 10,0 8,0 1700 130

9000 8,6 7,9 1650 134
11000 7,8 81 1500 136
13000 6,0 7,9 1400 138
15000 51 8,0 1300 140

Therefore, the composition and molecular weight of the copolymer used as
the viscosity additives is determined from the specific requirements for the quality of
the developed solidified oil.

Another important indicator of viscosity additives is their resistance to thermal
shocks. There are various methods for determining the thermal stability of the polymer
compounds. With respect to viscosity additives more effective additives are a common
method [1], the essence of which is in heating of 5% solutions of the samples in
the turbine oil “L” at 200°C for 12 hours. During testing at intervals the reduction
of viscosity (r.v.) is determined according to the following formula:

v,—V.

rv.=

100%v,
"

u

Where V, - Initial kinematic viscosity of solidified oil

V- The same after the test

The results of the study of the thermal stability of the copolymers
decylmethacrylate — 4-methylpentene-1 are shown in Table 4.

As can be seen from Table 4, the increase of molecular weight of copolymers
within 1000-14000 limits reduces their thermal stability, reducing the viscosity of oil
thickened by degradation increases from 2.1 to 4.8%. So, macromolecules affect their
behaviour during heat exposure - a relatively high molecular weight samples hardly
move without breaking the chemical backbone.

Increase of composition of units of 4-methylpentene-1 in the copolymer leads to
anincrease in stability of solidified oils — reducing the viscosity drops from 4.8 to 2.6%.
So a a-olefin unit in the polyalkylmethacrylate chain has a stabilizing effect on the
copolymer. This is due, firstly, formation of new connections during copolymerization
(chemical modification), i. e. copolymerization is a method of directional changes in
physical and mechanical properties of polymeric compounds. Second, poly-a-olefin
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polymers are characterized by a higher resistance to the destructive effects than
polyalkylmethacrylates.
Table 4. — Results of thermal degradation of copolymers
decylmethacrylate 4-methylpentene-1 (4-MP-1) in the oil

. Reduction of viscosity%, due to destruction
Copolymers characteristics .
at duration of tests, hours
Composition of

Molecular | 4 i of4-MP-1in | 1 4 8 12

weight 0
copolymers,%

10000 10 0,4 0,8 1,3 2,1
12000 10 0,6 1,9 2,3 3,0
14000 10 1,8 2,0 34 48
14000 20 0,4 1,5 2,2 2,9
14000 30 0,4 1,4 2,0 2,6

Therefore the introduction of units of a-olefin in the polymer chain increases the
thermal stability of the samples tested.

By changing the molecular weight of the synthesized copolymers and their
composition their thermal stability can be regulated in order to obtain the desired results.

Thus, summarizing the results of the research, it can be concluded that
by copolymerization of decylmethacrylates with 4-methylpentene-1 polymer
compounds were obtained, which when examined as viscosity additives meet modern
requirements. In this direction, the Institute of Chemistry of Additives of the National
Academy of Sciences of Azerbaijan conducts extensive studies. The material presented
here is a special case of the studies conducted.
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Power Determination of Harmonic
Current in the Complex Form

Abstract: The paper describes particular derivation of equations for determining
the power of the harmonic current when the current and the voltage are expressed in
the form of complex amplitudes. It’s shown which combinations of the complex
amplitudes of the currents and voltages, as well as complex conjugate with them values
correspond to active and reactive powers of harmonic current. The derivation of
mathematical equations can be useful for detailed study of disciplines on electrical
engineering theme.

Keywords: current, voltage, power in complex form.

As the experience of teaching students in disciplines related to electrical and radio
engineering, certain problems happen during learning process of studying the topic of
calculating the power for harmonic currents in the complex form. In scanning of this
material, even skilled reader has question of rigor in obtaining equations describing the
power harmonic current in the complex form. With a closer inspection, it turns out that
this question is not accidental. In fact, detailed examination figure out that getting a rigorous
solution for complex power is taboo subject for some authors of modern textbooks and
[1,2],and for founders of the theory of electrical circuits and electrical [3]. All these sources
[1-3] give modifications of resulting formula for detecting the power of the harmonic
current in the complexform P, using the complexamplitude of the current I, in the circuit

and the voltage U, across it and the complex conjugate values I and U,, with them:
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P=P+j-Q=

o neu o, U, -
]

4. ] ( 1)
1 T B PR R
_ 4 2
where: P — the complex power of harmonic current in the circuit, VA;

P — the active power of harmonic current in the circuit, W;

Q — the reactive power of harmonic current in the circuit, var;

j — the imaginary unit;

1, and I, — the complex amplitude and its conjugate values of the current in the
circuit (or branch of the circuits) for which power is determined, respectively, A;

U, and U, — complex amplitude and its conjugate value of the voltage drop on
the circuit (or branch of the circuit) for which power is determined, respectively, V;

Ix— rms value of the complex conjugate of the current value of the complex
amplitude of the current circuit (or branch of the circuits) for which power is
determined, A;

U, — rms value of the complex amplitude of the voltage drop value on the circuit
(or branch of circuits) power for which power is determined V.

We provide a detailed derivation of the equation (1). To do this, put
the instantaneous value of the current in the circuit as a harmonic function i(#) with
zero initial phase:

i(t)=1,-sin(ow-1), (2)
where: i(t) — the instantaneous value of current in the circuit, A;

I,, — the peak value of the current in the circuit, A;

o — the angular frequency, rad/s;

t — the current time, s.

Since the current and voltage in the harmonic current does not generally
coincide in phase, the instantaneous voltage value U () at the circuit is as well as a set
of harmonic functions, but with a nonzero initial phase ¢:

U(t)=U, sin(w-t+¢), (3)
where: U(t) — the instantaneous value of the voltage on the circuit, V;

U, — peak voltage on the circuit, V;

¢ — the initial phase of the voltage on the circuit, rad.

The instantaneous value of the power of the harmonic current P(t) in this case is
equal to the product of the instantaneous current i() in the circuit (the equation (2))
for the instantaneous voltage U(#) on the circuit (the equation (3)):

P(t)z[lm~Um]-[sin(w~t)'sin(a)~t+¢)]. (4)

Another form contains values of instantaneous power, absorbed in the circuit P, ()

and instantaneous power is coming to the reactive elements of circuit Q,,, (£):
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P(t)z . coSgh- [1 cos(2-m-t ]+ U, -sing-sin(2-w-1) =
=P, (t)+Q,,(t)=P-[1-cos(2-w-t) ]+Q-sm(2-a)-t)
where: P, ( ) — instantaneous power absorbed in the circuit, W;
Q.. (t) — instantaneous power coming to the reactive elements of circuit, var.
Full equivalent of the equation (S) in the complex form does not exist because of
nonconformity between originals of harmonic functions and its mappings in complex
plane. This discrepancy occurs when there is a need of physical interpretation of complex

) (s)

2ot

rotation operators ¢’ and e”*” to the transformations of sinusoidal instantaneous
functions current, voltage or power. In particular, when we have mappings of harmonic
multipliers in the equation (), the rotation operator e’** can represent rotation factor
as for sinusoidal function sin(2-®-t) well as for cosine function [1 —cos(2-o-t )} . This
leads to ambiguity mapping of the original harmonic functions in a complex plane. For
this reason, when we transform an instantaneous function in equation () to the complex

form, it is necessary to turn down harmonic multipliers and convert only the active P

Jj 2ot

and reactive Q parts of harmonic current power.

The converting for active component P of complex power P of harmonic current
gives four possible equations for the active power through complex and conjugate
currents and voltages:

=l~{Um-1'm+Um~1'm}; P=l-{Um-1m+Um~Im};
4 4
=i~{Um-im+Um-1m}; P:i-{UM-ImLUm-I'm}. (6)

As a result of substitution in each of the equations (6), values I, Im , U and U ,
expressed in terms of their real and imaginary components, it is obtained:

{U 04U I} ~Re[U, |-Re[ I, |+j-Im[I, |- Re[U, ]}, (7)
{U Tt Un-T, } -{Re[U ] Re[1,]-j-Im[1,]-Re[U, }} (8)
P=e{U, L U L= e[, J R, ][0, ][]}, (9)

P:i{UM-}n,+L}m~I,n}z%'{Re[Um]'Re[I'J+Im[Um]Im[imJ}, (10)

P=

P=

»-lkl»—‘ »-l>|

where: Re[i m], Im[fm] — the real and imaginary parts of the complex amplitude of
the current in circuit (or in branch of circuit); power for them is determined,
respectively, A;

Re [U } , Re [ U, ] — therealand imaginary parts of the complex amplitude of the voltage
on the circuit (or on branch of circuit); power for them is determined, respectively, V.
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The first equation (7) and the second equation (8) of this system (7) — (10) can
not be solutions for finding the active power P in the circuit harmonic current, since
part of these equations has the imaginary component. Third (9) equation of system
allows negative value of active power, not due to mismatch of the current directions
and voltage in the circuit (the branches): —[Im[Um}Im[I‘mﬂ . Only a fourth (10)
equation of system (7) — (10) meets all the physical reasons for the expression of
active power P: this equation does not contain imaginary components, and does not
contain elements that allow the emergence of negative power, not due to mismatch
between the directions of current and voltage in the circuit (or branch).

Similarly to executing the above (6) conversion can be done for the reactive
component Q of the complex power P. Conversion of the reactive component Q of
the complex harmonic current power P circuit also gives four possible expressions
for the reactive power through complex and conjugate currents and voltages:

Q— 1 {U I —U I} Q— {U e Um~1m}}

Q:L-{Um~1'm—Um-1m};Q:—,-{Um-Im—Umjm}. (11)
4.9 4.5

We substitute the values I, }m , U, and U in terms of real and imaginary

4-j
1

components and substitute them into each of the expressions in (11):

Q——] {U 1 U, 1} 2.],~{—Im[Um}Im[I'm]+j-Im[I'm}-Re[Um]},(12)

Q=—{U L-U. I",} 2.].-{Im[U",}Im[I'm]+j-Im[Um]-Re[fm]}, (13)

J

Q=1 {Um-I'm—(}m-}m}z%~{Im[1'm]-Re[UmJ+Im[Um}Im[I'm]}, (14)

41

Q== {U Tu=U.- 1} 2{ im[ 1, ]-Re[U, ]+Im[U, |-Re[ 1, ]},  (15)

4-j

Equations (12) and (13) comprise active components, and therefore can not
express the pure reactive power. Although expression (14) does not contain the actual
components as previously in the expressions (12) and (13), but, at first glance, it may
express the reactive power Q. Nevertheless, it is also not suited for this role. The
equation (14) does not allow to reactive power take negative values, but this must be
bound to happen when the impedance of the circuit take place active- capacitive
character. The last equation (15) satisfies all the criteria, which may determine the
reactive power Q : it contains only reactive components, and may have different signs
depending on the reactance of circuit.

Thus, the result of matching equations from (7) to (10) for the active power P
expression, is finding only one equation (10) which satisfy all physics conditions; for
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the reactive power Q, from all possible equations (12) — (15), it is equation (15).
In this case, the complex power P in circuit with harmonic current will be determined

by the equation:
. ) T(- = = ) 1 (- 5
4 4-7
Coo b et T g
=—U, I +—UuIl +—U, I ——UsIl ==U, I =U, Ix
4 4 4 4 2 _
Equations, obtained in this paper for the complex harmonic current power P circuit
(16),itsactive P (10) and reactive Q (15) components, coincide with literature [1-3]
results. The process of formula (1) derivation, which is demonstrated in this paper, shows
that this ratio has no physical meaning, and is purely formal, and it can be used only for
practical calculations, and can not be used for any physical interpretation to the concepts

of power which used in electrical and electronics engineers.
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