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Chapter 1. Ecologization of plant
protection products

Thanks to advances in the creation of polymeric materials with specific functional
properties polymer systems and devices with controlled release of chemically and
biologically active substances are intensively developed nowadays. Such systems when
placed in action environment release substances at a preset concentration and time
schedule.

Studies on development of such systems are among the most promising and
popular areas of science and technology in the industrialized countries. One of
the options of excretory systems are microcapsules (MC), where the encapsulated
substance is enclosed in a polymeric shell serving as a membrane through which
release occurs by the diffusion mechanism'.

Introduction of agrobiothechnologies based on microencapsulated systems of
chemical and biochemical plant protection products is of great interest™.

! Coaoposmmk B. A. Muxpoxancyauposanme. — M.: Xumus. — 1980.

% Paxmeaos B. Y., Aursumio B. C. DK0AOTHUECKHE ACTEKTHI TPHMEHEHHS MHKPO-KATICYAHPOBAHHBIX
cucreM/ / «DKoAOTHYECKas], IPOAOBOABCTBEHHAS M MEAUIIMH-CKasl Ge30IaCHOCTh YeAOBEYECTBa>:
MarepuaAbl mepBOro MEXAYHAPOAHOTO KoHrpecca. — M.: M3a-so POY um. I B. ITaexanosa. — 2011.
— vactp 2.— C. 210-211; Awursumko B. C., Paxmepos B. Y. Buosoruueckue acrexkTsl mpUMeHEHHs
MHKPO-KaIICyAUPOBAHHBIX MECTULMAOB//MaTeprasbl MEXXAYHAPOAHON KOHdepeHun «Buroaorus-
Hayka XXI Bexa>».— M.: Maxc- mpecc. — 2012. - C. 491-493; Autpumko B. C. MuxkpoxancyaupoBaHHas
GOpMa MHCEKTHIINAA IIPOAOHTH-POBAaHHOTO AeficTBst/ /Universum: Xumst 1 GUOAOIUSI: 9AEKTPOHHBII
HayJHbIH KypHaA. — 2014.— N¢ 3 (4). URL: http://7universum.com/ru/nature/archive/item/1071
(naraobpamenns: 14.12.2015); Auaenko A.B., Aursumxo B. C. Ecologization of plant protection
products usage technology//“CoBpementsie mpo6aemsr 6noxummaeckoil Gpusuku’: Marepuast XIY
MEXAYHAPOAHOU MoroaexxHON koHdepernuu VIBX®-PAH-BY3p.— M.: PYAH. - 2014.- C. 295;
Awrumiko B. C. MUKpOKAIICyAMpOBaHHbIE HHCEKTULIMABI PEIYAHPYEMOTO Bbipe-AeHHs1/ / «IHHOBarmu
B HayKe>: COOpHHUK cTaTeii 10 MarepraraM XLV MeXXAyHAPOAHOI HayYHO-TIPAKTUIECKOM KOHPEePEeHIHIL. —
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In the application of plant protection chemicals controlled release techniques
allow us to solve the problem of prolonged input of small doses of chemicals in
quantities safe for humans, animals and the environment in general.

The microencapsulated systems of controlled release containing the
active ingredient (AI) in a polymeric cover are well known. While regulating the
thickness and permeability of polymeric covers of microcapsules (MK) is possible to
receive optimal rate allocation of encapsulated substance release.

The subject of this work is the creation of a microencapsulated form dichloran
delayed (prolonged) release'. Dichloran (0, 0-diethyl-s-dichlorosalicylic) is used as a
soil insectoacaracide to deal with soil pests.

Getting polymer membranes was carried out with method of interfacial
polycondensation® using MDI (based on the difenilmetana-diisocyanate) and
polyethylenepolyamine (in the amine composition of which Ethylenediamine,
Diethylenetriamine, 1,2-amino-ethylpiperazin are included) — to form polyurea
(PM), and ethylene glycol to form polyurethane (PU).

In both cases the granules on the kaolin with carboxymethyl cellulose (Na-CMC)
dichlorvos soaked were subjected to microencapsulation. The grain size of 0.25-
1.5 mm, determines the size of the microcapsules. As a result of polycondensation in
one case on the surface of the granules polyurea and in another polyurethane
membrane were formed.

On the basis of the developed method of microencapsulation dichloran let to
establish optimum formulations of microcapsules characterized by maximum duration
of drug action several compositions based on polyurethane (Table 1) and polyurea
(Table 2) polymers have been composed.

The given compositions of microencapsulated forms have been biologically tested.
In tables 3, 4, 5 are given the results of testing conducted in the form of a series.

Hosocu6bupck: AHC «Cubax>».—2015.-Ne S (42). - C. 39-43; Aursumxo B. C. DxoAorus mpuMeHeHus
MHUKPOKAIICYAMPOBAaHHOI ITOAMMEPHOI $OPMBI IIeCTHIUAOB/ / «IHTerpaljuoOHHbIe IPOLIECCH B HAYKe
B COBpEMEHHBIX YCAOBHSIX>. COOpHHK cTaTeit MexXAyHApPOAHON HayYHO-IPAKTUYECKON KOHe-PeHIHH.
- Ya: Asrepna. — 2016. —C. 50-51.

! LitvishkoV.S., Myaskovskaya T. V. Microencapsulation as way to increase the effectiveness
of insecticides//«Theoretical and Applied Sciences in the USA»: Selection Collection of articles based
on materials of 1-st International scientific conference. - New York: Cibunet publishing. - 2014. —
Ne § — P. 3-6; Autsumko B. C. MuKpOKaricyAnpoBaHHasi $OpMa ALXAOPOHA AAMTEABHOTO BbIAEACHHS/ /
Marepmaasr XVI MexaAyHapoAHON HaydHO-TIpaKTHYeCKoN KoHdepennmn «Hayumas awmckyccms:
BOTIPOCHI MATeMaTHKH, GUSHKHU, XUMHH, 6uororuu>». — N 4 (16), — M., « MeXAyHAPOAHbI LIeHTp HAyKU
u o6pasoBanus». -2014. - C. 165-170.

2
Awnrsumiko B. C., Auaenko A. B. Onpepeaenue cocTaBa KOMIIOHEHTOB PeaKIIUH TOAMKOHAEHCAL[HN
Mmetopom MK-criekrpockornnu//Ecrectennble u Texuudeckue Hayku. — M.: «CroyTHUK +>.— 2016. -

Ne2.- C.97-99.
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Table 1. — Composition of microencapsulated form dichloran polyurethane

Mass fraction,%
Ne Name of components 1 > 3 4
1 | Dichloran (in recalculation on 100%) | 10,0 10,0 10,0 10,0
Granules treated with Na - CMC 90,0 90,0 90,0 90,0
3 | Polyurethane (over 100%) 0,5 1,0 1,7 2,4

Table 2. — Compositions of microencapsulated form
of dikhloran on the basis of polyurea

Name of Mass fraction,%

coponents | 1 | 2 | 3 | 4|5 |6 |7 |89 |10]|11][12 13|14
Dichloran (in
recalculation [10,0[10,0{10,0(10,0{10,0/10,0{10,0{10,0|15,0{15,0(15,0|20,0/20,0|20,0
on 100%)
Granules
treated with  [90,0[90,0(90,0(90,0{90,0(90,0(90,0{90,0|85,0(85,0(85,0|80,080,0(80,0
Na - CMC
Polyurethane
(over 100%)

0,51|10|1,7 |24 |10,0/15,0/20,0|25,0{10,0|15,0|20,0{10,0{15,0(20,0

Table 3. — Persistence of microencapsulated dichloran with polyurea
and polyurethane shells at the rate of 40 mg Al kg-1 soil (series 1)

The mortality rate of beetles (weeks)
Podsol Chernozem

1 2|13 (4SS 6 |7 |8 1 2|13 (4SS

The name and

composition

Standard
(granules+10% 100|100|100|100|100| 10 | O 0 [100|100(100| 20| O
dichloran)
(granules + 10%
dichloran)+0,5% | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 92 | 100|100 | 100 | 100 | 40
PM

(granules + 10%
dichloran) +0,5% | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 90 | 100 | 100 |100| 70 | 30
PU

Table 4. — Persistence of microencapsulated dichloran with polyurea
and polyurethane shells at the rate of 40 mg Al kg-1 soil (series 2)

The mortality rate of beetles (weeks)
The name and composition Podsol Chernozem
6 7 8 4 S
Standard
(granules + 10% dichloran) 100 73 0 % 30
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The name and composition 6 7 8 4 S

-('- glizr;ﬂlflsv[ +10% dichloran) 100 9 7 70 75
%r,*;‘;l;s\; 10% dichloran) 100 72,5 67 70 25
-('— izr;/:ﬂ;lsv;— 10% dichloran) 100 1s 0 100 30
-(p-gli?)r':/?llf:; 10% dichloran) 100 37,5 12 70 25,5
_('_ glr,a;r;lll;; +10% dichloran) 100 95 37 70 1

9
0 T s | W | o | w |

Table 5. — Persistence of microencapsulated dichloran with polyurea
and polyurethane shells at the rate of 40 mg Al kg-1 soil (series 3)

The mortality rate of beetles (weeks)

The namfc 'and Podsol Chernozem
composition 9 3 4 5 2 3 4 5
Standard
(granules + 10% 100 100 80 72 100 100 52 7,5
dichloran)

(granules + 10%
dichloran) +10% | 100 100 75 57 100 100 100 12,5
PM

(granules + 10%
dichloran) +15% | 100 100 100 47 100 100 100 20
PM

(granules + 10%

dichloran) +20% 45 32 10 0 20 20 0 0
PM

(granules + 10%

dichloran) +25% 45 0 0 0 20 10 0 0
PM

(granules + 15%
dichloran) +10% | 100 100 85 7,5 100 100 82 7,5
PM

(granules + 15%
dichloran) +15% 100 100 100 80 100 100 100 30
PM

(granules + 15%
dichloran) 100 100 100 40 100 100 75 25
+20% PM
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The name and

. 2 3 4 S 2 3 4 S
composition
(granules + 20%
dichloran) +10% 100 100 85 0 100 100 100 0
PM
(granules + 20%

dichloran) +15% | 100 100 60 57,5 100 100 95 15
PM

(granules + 20%
dichloran) 100 100 100 40 100 100 70 10
+20% PM

The given data confirm the perspective of samples with shells of polyurea and
polyurethane with minimum content (samples 4, S — series 1). The use of polyurea is
the most effective. So, for sample 4, the increase in persistence on the podzol compared
to the benchmark was almost 3 weeks (1.6 times), Chernozem — 1 week (1.3 times)
at 100% defeat beetles Tenebrio molitor. The research has revealed that the features of
microencapsulated form minimize dichloran losses due to its absorption by the soil.

Thus as result of the study has been developed the microencapsulated form of
dichloran providing extended validity from pests-insects, reducing the multiplicity of
treatments and, consequently, consumption norms. This reduces the risk of overdose,
the actions of the “peak” concentrations at the initial time, which can cause poisoning
of humans and warm-blooded. From an economic point of view, the advantage of
microencapsulated form is associated with more efficient use of the insecticide, which
leads in general to the reduced economic costs of the operation.

The study of the biological activity depending on MC permeability was conducted
on the example of methylparathion (0.0-dimethyl-0-4-nitrophenylthiophosphate)
which is an effective means to control pests of cotton, legumes, tomato, fruit trees
and other crops. Samples of xylene solution of methyl parathion in the form of MC'
and emulsions were tested. A microencapsulated form is an aqueous suspension
of microcapsules with a volume-average radius of 10+5 microns with polyurea
shells, emulsion form is a water dispersion of insecticide. The content of the main
components in microencapsulated form is shown in Table 6.

! Aursumxo B. C. Muxpoxancyauposaruas popma Meradoca peryAHpyemoro Bbiseserms//
MexAyHapOAHbIH HayuHbIit XypHaA «Hayka u mup>.— Boarorpap — 2014.— N2 S (9).— tom. 3.—
C. 109-110; Awursuuko B.C. OcobenHocT MHKpOKancyanposanus Meradoca//«IHHOBarmu
B HayKe>: COOpHUK cTareli 1o MaTeprasam LIII Mesxx AyHapOAHOI HayYHO-IPAKTIYECKON KOH(epeHIIH.
— Hosocubupck: AHC «Cubak».— 2016.— wacrp 1.— Ne 1 (50).— C. 11-1S; Aursumxo B.C.,
Awnrpumko O.B., Ceaeanosa I M. Texno-skoHOMUYeCKHe MOKA3aTeAHM MHKPOKAIICYAHPOBAHHOTO
Meradoca// «IHCTPYMEeHTHI 1 MEXaHU3MBI COBPEMEHHOTO HHHOBALIMOHHHOTO pasBUTUsI»>. COOPHUK
CTaTeil MeXAYHAPOAHOM HayIHO-TIPaKTHYeCKOH koHdepermui. — Yda: Astepra. — 2016. - C. 30-33.
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Table 6. — Content of the main components in the formulations
of methylparathion microencapsulated form

Heading Name of Weight content,%
No. components 1 2 3 4 3
1 Methylparathion | 31.0 29.0 23.0 15.5 12.5
2 Polyurea 2.0 10.0 20.0 30.0 40.0

Presented compositions of microencapsulated form of methylparathion passed
biological tests in greenhouse conditions against aphids on cucumbers on protected
ground (Table 7).

Table 7. — Data of biological tests of compositions samples
of methylparathion microencapsulated form

Formulation| Concentration of Aphids death, %, on days of recording
No. methylparathion,% 1 2 3 7 11 14
1 0.0018 96.8 56.0 33.0 59.0 86.0 75.0
0.0054 98.2 97.0 93.0 90.0 88.0 77.0
5 0.0018 14.6 57.0 12.0 37.0 63.7 38.7
0.0054 42.2 83.0 39.0 47.5 78.7 72.5
3 0.0054 6.9 74.0 42.0 67.0 52.0 49.0
0.0162 34.0 68.0 27.0 92.5 88.7 90.0
4 0.0054 5.9 25.0 12.0 22.0 43.7 18.7
0.0162 5.9 46.0 44.0 48.0 70.0 47.0
5 0.0054 0.2 25.0 12.0 36.0 40.0 29.0
0.0162 2.7 36.0 16.0 25.0 53.0 13.0
0.0018 96.0 27.5 25.0 5.0 10.0 10.0
Reference 0.0054 98.0 73.7 35.0 26.2 35.0 12.5
0.0162 99.8 95.0 S1.0 6.6 40.0 5.0

The above data shows that the effectiveness of the protective action of methyl
parathion microencapsulated form against aphids increases with decreasing thickness
of the polymer shell.

Whereby, the activity of microencapsulated methylparathion (formulation 1) is
kept up to 14 days, slightly reduced after that. The reference sample (at a concentration
of 0.0054%) loses 65% activity after 2 days.

Samples of malathion [O, O-dimethyl-S- (1,2-dicarbetoxymethyl) dithiophosphate]
which are used in agriculture for controlling harmful insects, mites and pests of food
reserves in medical, sanitary and household pest control, in veterinary medicine to
combat exogenous and internal parasites of animals and birds, and for destruction of
flies and mosquitoes in livestock buildings also were tested.
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Malathion samples in a microencapsulated form were tested in comparison with an
emulsive form'. A microencapsulated form is an aqueous suspension of microcapsules
with a volume-average radius of 30+20 microns with polyurea shells, an emulsion
form is a water dispersion of insecticide. The content of the main components in
formulations of a microencapsulated form is shown in Table 8.

Table 8. — The content of the main components in
formulations of malathion microencapsulated form

Heading Name of Weight content, %
No. components 1 2 3 4 5
1 Malathion 13.44 11.04 6.03 3.90 2.63
2 Polyurea 1.47 4.94 6.81 9.46 13.38

Presented formulations of malathion microencapsulated form were tested in
greenhouse conditions against aphids using standard methods.

Biological tests results are shown in Table 9 in comparison with the reference (an
emulsive form). Treatment was made with the formulations with malathion active
substance concentration 0.012%.

Table 9. — Data of biological tests of malathion
microencapsulated form compositions samples

Formulation Aphids death,%, on days of recordin,

No. 1 R) 6 7 8 12 13 14
1 90.6 72.5 71.7 70.0 67.5 76.7 38.3 35.0

2 48.1 S1.2 76.7 55.0 63.3 63.3 25.0 -

3 36.4 38.7 45.0 7.5 - - - —

4 4.2 - - - - - - -

S 3.1 - - - - - - -

Reference 97.3 5.0 - - - - - -

The dynamics of aphids’ death in the first days of recording is shown in details in
Table 10.

Table 10. — Data of biological tests of malathion
microencapsulated form compositions samples

Formulation Aphids death,%, on days of recordin
No. 1 2 3 R)
1 90.6 76.2 70.0 72.5
2 48.1 81.2 76.2 51.2
3 36.4 67.5 55.0 38.7

! Litvishko V.S., Myaskovskaya T. V. Ecologization of agrotechnologies//«Austrian Journal of
Technical and Natural Sciences>.— Austria, Vienna, — 2015.— N2 5-6, - P. 31-34.
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Forlrll\;l(:.atlon 1 5 3 4
4 4.2 16.2 11.6 -

S 3.1 17.5 10.0 -
Reference 97.3 11.2 8.3 5.0

The above data shows that the duration of the protective effect of malathion
microencapsulated form against aphids increases with decreasing thickness of the
polyurea shell (formulations 3,2, 1). Formulations 4 and S are low active. Efficiency in
case of malathion microencapsulation (formulations 1, 2) encreases from 1 to 12 days
compared to the reference sample.

Data of biological tests shows that using the same introduction rate due to
microencapsulation the duration of the insecticides effect can be increased in several
times. This is important taking into account types of insects, geographical habitats and
agricultural technologies features.

Ecologization of agrotechnologies using microencapsulation systems with
controlled release is associated with obtaining minimal doses of insecticides to
ensure, on the one hand, persistence of the effective protection from pests, and on
the other hand, their reduced toxicity that makes drugs safe for humans and farm
animals. Whereby, the reduction of plant treatment frequency results in reduction of
the environmental burden on the soil and the environment in general.

The introduction of technologies based on microencapsulated biochemistry
protection means is of great interest. Biochemical microencapsulated forms based on
pheromones are able to dose attractant for along length of time in amounts that cause
an effective attraction of insect pests in pheromone traps at a constant release rate.

This date addresses creation of a microencapsulated form of the pheromone
with sustained (prolonged) release’. This substance (4R, 8R)-4.8-dimetyl decanal is
a synthetic analogue of the natural aggregation pheromone designed to combat
cucuid beetles and tenebrionid beetles while storage of grain stocks. Synthesis
of pheromone is developed in N.D. Zelinsky Institute of Organic Chemistry.
According to the represented data, 4.8-dimetyl decanal is an sensitive compound,
prone to decomposition when heated till 120-140°C, photochemical oxidation,
polymerization. Keeping the pheromone in the absence of lighting, as a solution in
saturated hydrocarbons, constrains its decomposition. Thereby, the most stable form
of pheromone is a hexane solution 4.8-dimetyl decanal with a concentration of 10—
50 mg/ml. Maximum attractant activity for T confusum beetles is achieved in the
range of daily doses of about 10 mg/dispenser.

! Aurpumko B.C. , Aunperxo A.B., Misckosckas T.B. Ecological systems of food protection//
MesxAyHApOAHBII Hay4HbI 5KypHaA «Hayka u mup> — Boarorpaa —2015.-N2 9 (25). - rom. 1. - C.27-29.
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Preparation of microcapsules was carried out by double dispersion method with
obtaining shells from ethyl cellulose. Kaolin granules with carboxymethylcellulose
(Na-KMTS) impregnated with dimetyl decanal solution in n-hexane was
microencapsulated. The size of granules, constituting 50-500 microns, determined
the size of microcapsules. Release of tested MC of 100-200 microns was carried out
by fractioning using a standard set of sieves.

A distinctive feature of pheromones action is their ability to exercise attractant
activity at strong preset concentration of the active substance. Increasing as well as
reducing of pheromone doses results in disorientation of species and can cause lack
of their attraction. In this regard, for MC composition (Table 11) biological tests of
pheromone microcapsules were carried out to fix an optimal dose of pheromone in
capsules (Figure 1).

Table 11. — Composition of microencapsulated form
of pheromone based on ethyl cellulose

N Name of the component Weight content, %
1 4.8-dimethyldecanal 0.05
2 kaolin granules 94.29
3 ethyl cellulose 5.66

W

[
30
20
]
10
200 400 600 300
dose, 19

Figure 1. Dependence of attraction (%) of T confusum beetles on a dose
of pheromone in the composition of a microencapsulated form

Biological tests were carried out in the olfactometer. Attractant activity was
determined on a mixed-sex population of T confusum adults. Figure 1 shows
dependence of microencapsulated pheromone in comparison with hexane solution.
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Test results indicate that the encapsulated pheromone for 16 days retained 52%
ofits activity, whereas the standard pheromone completely lost its activity after a week.
Obviously, MC shells serve as a protection of the pheromone from degradation and
chemical transformation.

[Al4] o ° 0\0
r\ S
ol \

20 -

o,

e n M " b i AN

24 € 8 s f2 fy 16 18 2D
T, day

Figure 2. Dependence of the degree of attraction (%) of T confusum
beetles on time for liquid (1) and microencapsulated (2) pheromone.

These findings of studies of the pheromone in a microencapsulated form show its
high efficiency and the possibility of permanent, sustained release of the attractant with
achievement of required emission rate mode. Obviously, while adjusting MC particle-
size indexes (size, shell thickness, surface area of capsules), and shell permeability
(using different polymers), the optimal rate of the pheromone release can be obtained.
Thus, as can be seen, the duration of the pheromone release depends on its initial
amount, and release rate.

The biological tests results evidence the protective effect of MC shells and a
substantial increase in the efliciency of the pheromone in the encapsulated form.

The given data indicate the possibility of solving environmental problems through
the use technologies based on microencapsulated plant protection products.

References:

1. CosopoBauk B. A. Muxpoxancyanposanue. — M.: Xumus. — 1980.
Paxmepos b. Y., Autumixo B. C. DxoAorudyeckrie acreKThl IPHIMEHEHUS MHKPO-
KAIICAMPOBAHHBIX CUCTeM/ / « DKOAOTHYECKAS], P OAOBOABCTBEHHAS M MEAUIIH-
CKast 6e30IIaCHOCTDb YeAOBEeYeCTBa > : MaTepUaAbl IepBOro MEeXXAYHAPOAHOTO KOH-
rpecca. — M.: MI3p-Bo POY um. I B. ITaexanosa. — 2011. —vacts 2. - C. 210-211.



Chapter 1. Ecologization of plant protection products 13

10.

11.

12.

13.

Awnrsumko B. C., Paxmepos b. Y. brosormdeckre acriekTsl IprMeHEHHS MUKPO-
KaIlCyAUPOBAHHbIX [IECTULUAOB/ / MaTeprHaAbl MeXAYHAPOAHOM KOH$epeHIIH
«buoaorus- mayxa XXI Bexa>». — M.: Makc- mpecc. — 2012. - C. 491-493.
Awntsumxo B. C. MukpokancyanpoBadHass ¢$opMa HHCEKTHIIUAA IIPOAOH-
rupoBaHHOro AeficTBust//Universum: Xumus U OHOAOTHS: 9AKTPOH-
HBI HaydHbIl >KypHaa.— 2014.— Ne 3 (4). URL: http://7universum.
com/ru/nature/archive/item/1071 (patao6pamerus: 14.12.2015).

Anaenxo A. B., Autsrmxo B. C. Ecologization of plant protection products usage
technology//“CoBpementbie pobAeMbl GHOXIMUIECKOH GU3UKK : MaTepHa-
Ab1 XTY MexayHapopHO# MoAoaesxHOH KoHdepernun MIEXD-PAH-BY 351 — M.:
PYAH.-2014.- C.29S.

Awnrsumko B. C. MUKpOKancyAnpoBaHHbIE HHCEKTUIIUABI PETYAHPYEMOTO BBIAC-
Aenwsi/ / «IHHOBaIMY B HayKe>: COOPHUK cTaTeil mo MaTeprasam XLV Mexay-
HAPOAHOI HayYHO-IIpaKTHIecKoil koHpepennun. — HoBocubupck: AHC «Cu-
Gax».—2015. - Ne 5 (42).- C. 39-43.

Antsymxo B. C. OxoAorus npuMeHeHHs MUKPOKAIICYARPOBAHHON IIOAUMEPHOM
popmsr mecTurup0B/ / «IHTerpanoHHbIe IIPOLIeCCH B HAyKe B COBPEMEHHbIX
ycaoBmsix>»>. COOpHHK craTeil MexXAyHAPOAHON HAYIHO-IIPAKTHIECKON KOHPe-
pennun. — Yda: Aarepra. — 2016. —C. 50-51.

LitvishkoV. S., Myaskovskaya T. V. Microencapsulation as way to increase the
effectiveness of insecticides// «Theoretical and Applied Sciences in the USA»:
Selection Collection of articles based on materials of 1-st International scientific
conference. — New York: Cibunet publishing. — 2014. - N¢ 5 — P. 3-6.
Awnrsumko B. C. MuxpokarncyAnpoBaHHast ¢opMa AIXAOPOHA AAMTEABHOTO BBIAE-
Aennst/ /Marepuaast XVI MexxAyHapOAHOI HAy4HO-IPAKTUIECKON KOHpe-peHIY
«Hayumast Anckyccus: BOImpochl MaTeMaTHKy, GUSHUKH, XUMuH, 6uosorum. — N 4
(16),— M., «MeskAyHapOAHBIL LieHTp HayKu 1 06pasoBanus». —2014.— C. 165-170.
Awnrsumko B. C., Aupenko A. B. OnpeaeseHne cocTaBa KOMIIOHEHTOB PeaKIfHH
noAnkoHAeHcanuu MetopoM MK-criekrpockonun//EcrecTBeHHbIE U TeXHIYe-
ckue Hayku. — M.: «CryTHHK +>.— 2016. - N2 2. — C. 97-99.

Awnrsumxko B. C. MuxpoxancyanpoBaHHas popmMa MeTapoca peryAnpyeMoro Bbl-
AeaeHns1/ / MesxxAyHapOAHBII Hay4IHbIN XXypHaA «Hayxa u Mup>. — Boarorpaa —
2014.—-Ne 5 (9).- Tom. 3. - C. 109-110.

Awrsnmxo B. C. OcobennocTuMukpokancyanposanmsimerapoca/ / «HHOBarmu
B HayKe>: COOpHUK cTareit mo MaTeprasam LITT Mexx AyHap OAHO! HayIHO-IIPAKTHU-
geckoit koHpepenrun. — HoBocubupck: AHC «Cubax».—2016. —vacrs 1. - N0 1
(50).- C. 11-15.

AwnrBumxko B. C., AurBumko O.B., Ceaepnosa I. M. TexHo-skoHOMHUYECKHE TIO-
Ka3aTeAr MHUKpPOKAIICYAUPOBAHHOTO MeTadpoca/ / «IHCTpyMeHTHI U MeXaHU3MBI



14 Litvishko Valery, Litvishko Oleg, Myaskovskaya Tatiana

14.

1S.

COBpPEMEHHOT'O MHHOBALMOHHHOTO pa3BUTHs». COOPHUK CTaTell MEXXAYHAPOAHOM
Hay4YHO-IIPaKTHYeCKoi KoHdepeHruu. — Yda: Aarepra. — 2016. - C. 30-33.
Litvishko V. S., Myaskovskaya T. V. Ecologization of agrotechnologies// « Austrian
Journal of Technical and Natural Sciences». — Austria, Vienna, - 2015. - N2 5-6, -
P. 31-34.

Awntsumko B. C., Auperxo A.B., Msickosckas T. B. Ecological systems of food
protection//MexAyHapOAHBII HayIHBII XKy pHaA «Hayka u Mup> — Boarorpaa —
2015.-N¢ 9 (25). — rom. 1.— C. 27-29.



15

Isaqov Valijon Yunusovich,

Doctor of Biological Sciences,

Professor Kokand State Pedagogical Institute
Uzbekistan, Kokand city

E-mail: odiljon.tobirov@mail.ru

Yusupova Mohidil Abdumutalipovna,
doktarant, Fergana State University,
Uzbekistan, Fergana

Tobirov Odiljon Qobiljon 0'g’li,

student, Kokand State Pedagogical Institute,
Uzbekistan, Kokand city

Chapter 2. Ecological and land reclamation
Ferghana valley and ways to improve them

Hcaxos Baiudwcon FOnycosuy,

dokmop buorozumeckux Hayk, npogeccop
Koxandckuii zocydapcmeenmuiii
nedazozuteckuii uHcmumym
Vabexucman, 2 Koxano

E-mail: odiljon.tobirov@mail.ru

FOcynosa Moxudus A6dymymarunosna,
doxmapanm,

Qepeanckuii 20cydapcmeenHulii yHusepcumern
Vsbexucman, z Qepeana

Tobupos Odurnon Koburion jeu,
cmydenm,

Koxandckuii zocydapcmeenmuiii
nedazozureckusi uHCmMumym
Vabexucman, 2 Kokarnd

MaBa 2. 3konoro-menmopaTuBHOE COCTOAHME
3emenb PepraHcKom A0JIMHbI U NYTU UX YNTYYLLEHUS

(Depranckas AOAMHA, KaK TEKTOHIYIECKasl BITAAWHA, HAYaBIIasi CBOe PA3BUTHE B ITa-
Ae030€ U SIBASIIOIIeHICST CBOUM AHUIEM TOPHOM PaBHUHOL, 0OpaMAeHa TPeMsi KYAUCAMU
TOPHBIX HOAHATHI. BepxHss kyAuca, mpeACTaBAeHHAs BbICOKMMH FOPaMH, HAXOAUTCS
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3a IpeAeAaMH Y30eKCKO YacTH AOAMHBL B IpeAeAax HU3KOM KYAHCHI U Ha YaCTH CPeA-
HeTl KYAUCHI, HAXOASIIINECS B Y30eKUCTaHe, MHUPOKO PACIPOCTPAHEHBI THIICOHOCHbIE
ceposeMsl U1 cepo-0ypsie moussl. LlenrpaspHas Qeprana 3aHsATa pasHOOOPA3HBIMU
I'I/IAPOMOP(l)HbIMI/I IIOYBaMH B pasHoﬁ CTeIleHU 3aCOA€HHbIMH U COAOHYaKaMH.

l'unconocHBIE Cepo3eMbl THUITMYHBIE M CBETABIE PACHPOCTPAHEHbI Ha HIDK-
HHUX 9aCTiIX CKAOHOB OKPY)K&IOH.H/IX AOAI/IHY I'Op Ha 9AIOBUSX M3BECTHAKOB, CAAHIICB
U II€CYaHUKOB, HAa KOABII€BBIX aApraX nu HOAI‘OPHI)IX IIOKAaTOCTSIX Ha H.Ie6HeBaTO-I‘aAe‘I'
HI/IKOBO-CYI'AI/IHI/ICTI)IX nu H.Ie6HeBaTO-MeAKO3eMI/ICTbIX, BaAyHHO-I‘aAe‘IHI/IKOBI)IX HPO-
AIOBHAABHBIX H ITPOAIOBHAABHO-ACAIOBHAABHBIX MEAKO3eMHICTBIX OTAOXKEHHSAX U Pesxe
Ha KOHI'AOMepaTaX 1. OTAH‘IHTeAbHOﬁ qepToﬁ 9TUX I1IOYB SIBASIETCS HAAUYUE T'UIICO-
HOCHOT'O FOPH30HTa MOITHOCTHI0 40—50 cM 1 6oaee, KOTOPBIi 3aA€TaeT Ha Pa3AMIHOM
ray6ue, Ho vyaue ¢ 30-70 cm. OH cocrourt us reTepOreHHbIX IPOCAOEK OTAMYAOIIMXCS
MEKAY 0001 $OpMaMU KPUCTAAAOB ruIica. IToACTHAAIOIIIIE IOPOADBI TAKOKE COAEPIKAT
PasHOe KOAMYECTBO THIICA.

T'mricoHOCHBIE cepo3eMsl cAab0- 1 cpepHecoAoHIaKoBaTbie. CopepiKaHIe Iurca
B [TIOYBEHHOM 4acTU MPOQUAS UBMEHSETCA OT AOAell poieHTa A0 9-10%, a B rumnco-
HOCHOY 0T 14 A0 80%. MakcumyM Kap6OHATOB (7—10%) MIPUXOAUTCS HA HAATHIICO-
HOCHBIH CAOH, a B TUTICOHOCHOM HX COAep>KaHHe MUHUMAAbHOE (0,41-4,5%).

TeppuTOpHsL pacpocTpaHeHUs Cepo-OypPBIX TMIICOHOCHBIX T04B B Pepranckoit
AOAVHE ITO THIICOMETPUYECKOMY YPOBHIO HAXOAUTCSA B Tosice cepo3eMoB. OpHaKO,
HCKAIOUHTEAbHASI CYXOCTh KAUMATa, BBICOKHE TeMIIepaTyphl, O4eHb YaCTO AyIOITHe
C 3aI1apa CHABHBIE BETPBI He OAAQrOMPHSITCTBYIOT IPOTEKAHHUIO II0YBOOOPA3OBAHIS
10 Cepo3eMHOMY THITy. brosormyeckue mporeccsl 3aech CHABHO IoAaBAeHBI Pac-
THUTEABHOCTD M3pPeXeHa U NMPEACTaBACHA eAMHHYHBIMH KYyCTHKAMU TIOABIHU M COASI-
HOK. MeAKO3eMUCTBII IIOKPOB UMeeT He3HAUUTEABHYI0 MOIHOCTD. AAst cepo-0ypbIx
TUIICOHOCHBIX ITIOYB q)epraHbI CBOfICTBeHHbI FaAe‘-IHI/IKOBbIﬁ HOKPOB u CAa6OTPe-
IMHOBATAs IOPUCTAsI KOPKA C TUICO-KApOOHATHBIMY HaTEKAMH Ha HIDKHEN JacTH.
BypoBaTo-KOpHUIHeBBIIl IAOTHOKOMKOBATHII FOPU30HT cAa00 BripakeH. Hepeako
TUTICOHOCHBIA TOPU30HT U3 MYYHHCTO-MEAKO3€PHUCTOTO HAH IIIECTOBATOTO THIICA
HAYMHAETCA Cpady oA rasbkoil. IllecToBaTas popma HO3APEBATO-OPHCTAs, PHIXAAS,
OOBIMHO 3aA€raeT HIDKE U [IPEACTABACHA BEPTHKAABHO CPOCIIMMCS U [IEPEeIIAeTeHHBIMU
YAAI/IHeHHO-BOAOKHI/ICTbIMI/I (I/IFOAb‘-IaTbIMI/I) KPI/ICTaAAaMI/I. HPOCAOI/I W AUH3bI MY‘IHI/I-
CTOTO M MEAKOKPHCTAaAAMYECKOTO THIICAa UMEIOT Jallje BCEro MAOTHOE CAOYKEHHE, a HHO-
rAa crieMeHTHpOBaHbL CoaepiKaHHe THIICa BApbUPYeT KaK IT0 MPOPHAIO ITOUBBI, TaK
¥ B IIPOCTPAHCTBE OT O4eHb HI3KOTO AO BBICOKOTO ypoBHs (A0 98%). CO, kap6onaros
B COOCTBEHHO-II0YBEHHOM YaCTH IIPOPHUAS IIOUBBI AOCTHTAeT 3—8%, 2 B THIICOHOCHOI

! Ucaxos B.1O. Csoitcrsa apsbixosbix mous Llenrpassuoit ®epramer. — Tamwent: PITHTU
«Ysurdopmarpornpom>, — 1991.
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He nipessimaetr 3—4%. Cepo-6ypble FUIICOHOCHbIE IIOYBbI B OOABIIMHCTBE CAYIAEB IIOA-
BepyKeHbI 3ACOACHUIO C TOBEPXHOCTH .

ITaomaab aABIPHBIX 3eMeAb II0 AOAUHE IpeBbIlIaeT 297 ThIC. Ia, 60ADBIIAS UX YaCTh
IIPEeACTaBACHA 9AIOBHAABHO-aKKYMYASITUBHBIMU THIICOHOCHBIMU ITouBaMu. HayuHble
OCHOBBI OCBOEHISI M OPOLIEHIIS TAKKX [I0YB O4eHb CAA60 pa3paboTaHbl, [I09TOMY Ha OC-
BOEHHBIX ITOYBAX CHABHO Pa3BHUBAIOTCS ITPOITeCCHI He TOABKO HPPHIAIIMOHHOMN 9PO3HH,
HO U Cy$pPO3HMOHHO-KAPCTOBbIE SIBACHUS, YTO BHIBOAUT 3HAUUTEAbHbIE ITAOLIAAU UX
u3 cTpost. IToceBBI XAOITIATHHKA F APYTHX BAATOAIOOUBBIX KYABTYP Ha IIOYBAX AABIPOB
He >KeAATEeAbHBI, TaK KAK HHTEHCHBHBII PEXXUM OPOIICHHS YCHAUBAET 3P O3HUIO U YCKO-
PsIeT BBIBOA 3eMeAb U3 060poTa. Bo-BTopbIx, HCIIOAB30BaHIE AABIPHBIX II0YB He 110 Ha-
3HAYEHHIO HCKA)XaeT TOTEHIINAAbHbIE X BO3MOXXHOCTH. TeppUTOPHIO aABIPOB CACAYeT
IIEAUKOM OTBECTH IIOA 3aCyXOYCTOMIHBBIE KYABTYPBI, ITOA CAABI M BHHOTPAAHUKH ITPH
00513aTeABHOM IIPUMeHEHUH IPOrPECCHBHOTO KAIIEABHOTO CIIOCO6A OPOIIEH .

LleHTpaAbHasI U 3amapgHast 4acTh cobCTBeHHO DepraHcKON AOAUHBI PACIIOAOXKEHA
B IIPEAEAAX ITyCTBIHHOH 30HbI, @ BOCTOYHAS — B CEPO3eMHOM ITosice. B 3amapAHO¥ IycThIH-
HOH YaCTH TEPPUTOPHUH BHIACASIOTCSI B OCHOBHOM OpOIIIaeMble AyToBbIe ITOuBbL. I lopun-
HeHHOe PaCIpOCTpaHeH e NMEIOT ITyCTHIHHO-TIeCYaHble M TAaKbIPOBHAHbIe IT0uBbl. Ha Hu3-
KHUX JaCTSIX HAKAOHHBIX IIPOCTPAHCTB, Ha AABIPHBIX OKAHMACHHSIX M APEBHHX OCTAHITOBBIX
HOAHSITISIX Pa3BUTHI CePO-0yphle [IOUBBL, OCBOEHHbIE AUIIb MECTAMI. B BOCTOYHOI ITOAY-
ITyCTBIHHOH 30He B 3aBUCHMOCTH OT BBICOTHOTO ITOAOXKEHHS MECTHOCTHU CpOPMHUPOBAHEI
CBETABI€, THIIIYHBIE U TEMHbIE CEpO3eMbl, Ha GOABIIIEl YaCTH OpOLIAeMBIE, & Ha OOAee BbI-
COKOTOPHOM YaCTH AOAUHBI — KOPHYHEBBIE U Oy PO-KOPIYHEBbIE [IOYBBL B MeXXaABIPHBIX,
32aABIPHBIX IOHIDKEHHSIX U B IPEAEAAX COOCTBEHHOM AOAUHBI (HU3MEHHOM PaBHUHBL)
PAa3BUThI OpOIIaeMble THAPOMOPHBIE U ITIOAYTHAPOMOP PHbIE TIOUBbL.

BocrouHas moaymrycTsiHHas 9acTh QepraHcKoi AOAUHBI 00Aee GAATOIPHATHA AAS
BEAGHHS CEAbCKOTO X035MCTBA. B rOpHBIX MECTHOCTSIX M TOATOPHBIX HAKAOHHBIX PaB-
HHIHAX Pa3BUTO CAAOBOACTBO. Ha HIDKHMX paBHUHHBIX 9aCTSIX TOATOPHbIE TIOKaTOCTH,
AABIPBI M TIPUAABIPHbIE IACHBI; TEPPUTOPHUH YCIIENTHO BBIPAIMBAIOT XAOITIATHHK,
3epHOBbIE, OBOIIHBIE, OaxueBble U APYTHE KYABTYPbL 3A€Ch BBIACASIETCS PANiOH Cepo-
3eMHO-0a3HCHBIX II0YB C IIOAPAHOHAMHE CTApOro M HoBoro opomenus. [Touss cTapo-
IO OpPOIIEeHNUs] — THUITUYHBIE H CBETABIE CEPO3eMBI, IIPEUMYIeCTBEHHO CYTAMHICTOTO
MeXaHHJIeCKOTO COCTaBa C XapaKTePHBIM MOIIHBIM arpOUPPHUIAIIMOHHBIM FOPU30HTOM
passutsl B CoxckoM, Mapruaan-AspwkanckoM, Hamarran-Yukyprarckos, Hycrckom
pattonax. [TouBsl HOBOTO OpOIMIEHNS — MAAOMOIITHBIE CBETABIE CEPO3eMBI Ha FAACUHH-
KaX, AeCCOBUAHBIX CYTAMHKAX U MecKax. VMM 3aHATHI ITOATOPHBIE IIOKATOCTH, AABIPHI
Y IIPHUAABIPHBIE MAeH DI 3AeCh CUABHO Pa3BUTa HPPUTAIIMOHHAS 9PO3HL.

! Ucaxos B.1O. 3acosennsie moussr Peprasmckoit aoanust/ /Bectauk Typasckof akapeMuH HayK.
-2016,-Ne 4.
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CaeAyrOmIIii IIOYBEHHO-MEAHOPATUBHBIM PAHOH CEPO3eMHOTIO Mosca — patioH
THAPOMOPHBIX IIOYB — ASAUTCS Ha ABa ImoapaiionHa. Ilepssiit — Bocrouno-Pep-
FAHCKHUI C AyTOBO-Oa3HUCHBIMU 1 6OAOTHO-AYTOBO-0a3KCHbIMI II0YBAMI CyTAUHICTOTO
U TAMHHCTOTO MEXQaHUYECKOTO COCTABa, He3aCOACHHbIe, HO YaCTHYHO 3a00A0UEHHBIE,
C IIpeCHBIMU IPYHTOBBIMU BoAaMH Ha TAybuHe 0,5-2 M, Bropoit — IIlapuxaHckuit
0a3MC C 3aCOAEHHbIMU B PA3HOMN CTENeHH CTapO- U HOBOOPOIIA€MbIMU AYTOBBIMU
U OOAOTHO-AYTOBBIMU ITOYBAMU C Pa3HOCYTAMHHCTBIM MEXAHHYECKHM COCTABOM,
€O cAa60- 1 CpeAHEMUHE PAAN30BAaHHbIMI IPYHTOBBIMU BOAAMH Ha rAyOuHe 1,5-3,0 M.

Ha reppuropuu, oTHOCSIIENCA K ITyCTBIHHOM 30HE, BHIACASIIOTCS ABA ITOYBEH-
HO-MeAHODPATHBHBIX paitona. IlepBblit paiton — 3amapbril (raasubiM 06pasom Ko-
KaHACKasl TPYTINia AAMUHUCTPATUBHbIX PailOHOB), C CA30BBIMH AYTOBO-OA3UCHBIMU
U OOAOTHO-AYTOBO-0a3HCHBIMU [IOYBAMY, IIPEUMYIECTBEHHO CO CAA00- U CpeAHe3a-
COACHHBIMH AETKOPaCTBOPHMbBIMHU COASIMHU, AETKOCYTAUHHCTOTO MEXaHIUYECKOT'O COCTa-
Ba. [pyHTOBbBIE BOABI 3A€Ch 3aA€TAIOT Ha TAyOuHe 1-3 M 1 UIMEIOT CAA6YIO 1 CPEAHIOI0
CTereH! MHHEePAAU3AIIY. DKOAOTO-MEANOPATHBHOE COCTOSIHUE 3eMeADb 9TOTO palioHa
SIBASIETCSI OTHOCUTEABHO YAOBAETBOPUTEAbHBIM. [TouBbl maopOpoaHbIe. I Ipu BrIcOKOI
arpoTexXHMKe U MPOMBIBHOM PeXXHMe OPOLIeHHS CEAbCKOXO3MCTBEHHbIE KYABTYPbI
AQIOT XOPOIIIHEe yPOXKaH.

Hauboaee cAOXKHBIM B TOYBEHHOM, 9KOAOIO-MEAHOPATUBHOM OTHOLIEHHH SIBASI-
€TCs BTOPOM PaliOH — TePPUTOPHUSL cobcTBEeHHO Ientpaasroi Oepranpl, KOTOpas
B IIPOLIAOM CAY)KHAQ IIPUEMHUKOM CTOYHBIX BOA U ObIAQ 3aHATA HEIIPOXOAUMBIMU TY-
rasiMy, 60AOTaMHU U O3epaMH, IecyaHbMU MaccuBaMi. [IIupoxoe pacnpocTpaHeHue
HMEAU THIIMYHBIE COAOHYAKH . Best 9Ta TeppUTOpHS IIpaKTHIeCKE OCBOEHA BO BTOPOIT
IIOAOBHHE TIPOIIAOTO CTOACTHSL.

OrpoMHasi TeppUTOPHSA 3aHATAS TUITUYHBIMUA COAOHYAKAMHU B KOMITAEKCE C AYTO-
BBIMM COAOHYAKaMHU U 3aCOAEHHBIMU B Pa3HOM CTEIeHU IOYBAMM HbIHE HaXOAUTCS
B IpaHHI]aX OpOIIaeMoro seMaepeAns. I1op BAUSHIEM OCBOEHYECKMX MEAMOPATHBHBIX
PaboT ¥ IIPOMBIBHOTO PeXXUMa OPOIIEHNUS HAlIPAaBACHUE eCTECTBEHHOTO MOYBOOOpa-
30BAHMS U3MEHHMAOCH B CTOPOHY OA3HCHOTO II0YBO0Opa3oBaHus. [1osBUAKCh HOBBIE
OA3UCHBbIE II0YBbI CBOEOOPA3HBIMU XUMIIECKUMH, GU3MIECKIMU CBONCTBAMU U 0CO-
6ennocTsamu’. OAHAKO, Ha GOABIION YaCTH TePPUTOPUH OBIBIIE COAOHYAKH 32 AOA-
THe TOABI OCBOEHMS U HCIIOAb30BAHUS MIPAKTUYECKU He TIOAAABAAUCH MEAOPATHBHBIM
BO3AENCTBUAM. I [pUYMHbI HETTOAATAUBOCTH K YAYYIIEHUIO 3TUX TPYAHO OCBaUBaeMbIX,
TSHKEAO MEAMOPUPYEMbIX IIOUB KpOeTcs B creruduke cTpoenus ux npoduas. [Tocaea-

! Kosaa B.A. IIpoucxoxaenue u pesxxum 3acoreHHsix mous. T. I - II. — Mocksa: Map. AH CCCP. -
1946. - 47; TTarkos M. A. TToussr Qeprarckoit obaactu. = B ku.: TToussr Ys6exckoit CCP. T. 1. — Tamxerr:
Usa. AH Y3CCP, - 1957.

? Hcaxos B.TO. 3aconennsre mousst Pepranckoit poaunbr//Becrrux TyparCcKoit akapeMuH HayK.
-2016,-N° 4.
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HHI1 COACPYKUT KPOMe BOAHOPACTBOPHMBIX COACH OTPOMHOE KOAUYECTBO T'HIICA M Kap-
6oHaroB. Obmee ux copepsxanue A0X0AUT A0 70-90%. ITpoduas n3obmaeH KapOOHAT-
HO-THIICOBBIMU 06Pa30BAHISIMHY, KOTOPbIE IPEACTABACHbI OTACABHBIMY TOPH30HTAM,
IIPOCAOSIMHE, AMH3aMH, TIAOTHBIMH KOPKaMH, APy3aMH, KOHKpenusaMu. IaaBHas Macca
[UIICA U KapOOHATOB PHHECEHA M OTAOKEHA IPYHTOBBIME BoaaMu. VIMu 3amoAHeHb!
(3aKymopeHbI) IpaKTHYECKH BCe TOPbI U TPEIUHBL, IPU 3TOM IAOTHOCTh TOPH30HTOB
cuabHO yBeandena (A0 1,7-1,8 r/cm?), nHOTAQ OKap6OHAYEHHO-3arUIICOBAHHbIE TIPO-
CAOH CLIeMeHTHPOBAHbI, 001Iasi IOPO3HOCTb YMeHbIIeHa A0 30% 1 MenbIe. IlenTpass-
Hasi 4aCTb AOAMHBI, KOTOPAasi XapaKTePU3YeTCsI O4eHb 1 OUeHb CAAOBIM eCTeCTBEHHBIM
OTTOKOM, SIBASIAACh B T€UEHHE MHOTHX BeKOB aKKYMYASTOPOM KaK AeTKOPaCTBOPUMBIX,
TaK M CPeAHe U CAAbOPaCcTBOPUMBIX COA€lL. B 3aBHCHMOCTH OT XUMIYECKOTO COCTaBa
COA€l U PaCIIOAOXKEHISI COAEBBIX OOPA30BaHUI B IIOYBO-TPYHTAX, 3AeCh CPOPMUPO-
BaHbI CaMble Pa3HOOOpa3HbIe 3aCOACHHBIE IIOUYBHL TaK, B CPEAHHX JaCTSIX KOHYCOB
BBIHOCOB MHOTOYHCAEHHBIX TOPHBIX peueK, KOTOPHIMU 0Opa3oBaHa IIOATOPHO-Beep-
Hasl paBHMHA, pacrpocTpanensl moxossle (Hardpan) nousst. Ilepudepus konycos
BBIHOCOB OTAMYAETCSI LIMPOKKUM PasBUTHEM 3aIrMIICOBAHHO-OKAPOOHAYEHHBIX 3aC0-
ACHHBIX — ap3bIKOBO-COAOHYAKOBBIX ITOYB. O3epHO-ITPOAIOBHAABHAS K APEBHEAAAIO-
BHAAbHASI PaBHUHBI 3aHATHI AP3bIKOBBIMU COAOHYAKAMH, aP3bIKOBO-COAOHYAKOBBIMH
U AyTOBO-COAOHYAKOBBIMU ITOYBAMH, AyTOBBIMH U TUITYHBIMY COAOHYaKaMu. [Tocaea-
HUle TAaoKe MMeeT PaclpoCTpaHeHre B PABHUHHO-AOAMHHOMN YacTH .

Ha srxHIX Teppacax pek, Ha Iepr¢eprsIx KOHYCOB BBHIHOCA I MeXKKOHYCHBIX ITO-
HIDKEHUSIX HbIHE Pa3BHBAIOTCS OpOIIaeMble AyTOBbIe 3aCOACHHbIE ITOYBEL B pesyabrare
IIPOMBIBHOTO PEXHMMA OPOIIEHHs OOABLIAS YaCTh BOAHOPACTBOPUMBIX COAEH K3 IIPO-
$HASI TOUBBI BEIMBITHI, OAHAKO COAH elje MHOTO. TsDKeAbIe IPYHTBI C IPOCAOSIMH ITe-
CKOB U CyIIecH, 60ABIIIIIE CKOTIACHHSI THIICA K KAPOOHATOB U CBSI3aHHOE C HUMH IIAOTHOE
CAOXXEHHeE IPeIATCTBYeT IIOAHOMY PACCOASHHIO.

CoAaoHYaKH, KOTAA-TO 3aHMMABIIHE OTPOMHbIE IIPOCTPAHCTBA, HbIHE UMEIOT CHAb-
HO OrpaHMYeHHOe pacIpocTpaHeHuye. VX MOXXHO HaOAIOAATb HA OTPHULIATEABHBIX GOp-
Max peabeda CpeAH ITeCIaHBIX MACCUBOB, BCTPEYAIOTCS OHU HeOOABIINMY YIaCTKAMU
CpeAM OpOIIaeMbIX IIOACH 03epHO-IIPOAIOBHAABHON M APEBHEAAAIOBHAABHOM PaBHU-
Hax. VIHOTAQ TIOSBASIIOTCS] B KOMIIAGKCE C CHABHO3aCOAGHHBIMH ITOYBAMHU Ha OpoIIae-
MBIX ITOASIX, KaK Pe3YAbTaT BTOPHYHOTO 3aCOAEHIL.

B gactu QepraHckoil AOAUHBI, OTHOCSIIENCS K Y30eKUCTaHy, HbIHe OPOLIAeTCs
60aee 900 ThIC. ra 3eMeAb, U3 HUX 325 THIC. I'a 3aCOACHBI ACTKOPACTBOPUMBIMH COASIMH.
ITaomapb e ITOXOBBIX, AP3BIKOBBIX M TUIICOHOCHBIX CPeAHe- M CHABHO-3aCOAEHHBIX

! Ucakos B.1O., Mupsaes V. B. Mapkasuit DaproHasa MAKAAAHTAH AP3HKAM TYIPOKAAPHHHT
XOCCaAapU BAa YAAPHUHT MHCOH OMHAU TabCUpUAA y3rapumaapu. — Tamxenrt: “@an’, — 2009;
Baproanp B. B. Covennnms. — T. 1. - M.: Hayka, — 19685.
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OpoIIaeMbIX 1 HOBOOCBOEHHBIX TI0YB, OTHOCSIIHECS K KaTeTOPHU TPYAHO MEAHOPH-
pyembix mous B [fenrpasrnon Oeprane cocrapasier okoao 150 Tric. ra.

Bce oxap6onaueHHO-3aruncoBanHble 104BbI L[enTpassHoit Gepransi crpymmupo-
BaHbI B OTA€AbHYIO IPYTIITY U AOIIOAHEHA «Kaaccuuxarnys 3acoAeHHBIX TOYB> HOBOM
rpyrmoﬁ <<ap3bIKOBO-COAOH‘IaKOBbIX IIOYB>> 1.

ITouBaM, OTHOCSIIIHIECS K 9TOM IPYIIIle, CBOMCTBEHHO PA3HOOOpasHOe COYeTaHIe
TUIICOHOCHBIX, KAPOOHATHO-THUIICOBBIX, KAPOOHATHBIX 1 3aCOACHHBIX AETKOPACTBO-
PHMBIME COASIME TOPH30HTOB U Pa3HOE COAEpIKAHIe THIICA, KaPOOHATOB U A€TKOPAC-
TBOPHMBIX COoAell. OHM OTAHYAIOTCS TAKoKe II0 MOIJHOCTH TOPU3OHTOB U II0 TAyOuHe
ux 3aaeraHys. [1ouBbI ap3bIKOBO-COAOHYAKOBOW TPYIIILI UMEIOT AOBOABHO IETKO
pasrpaHquHan?I reOXUMUYeCKUHI I'IpO(l)I/IAbl HIDKHSS 9aCTh HpeACTaBAeHa IIIOXOM —
Kap6OHaTaMI/I KaAbIIVsSI 1 MarHH:, CPEAHSUI aprIKOBbIMI/I (Kap60HaTHO-I‘I/IHCOBbIMI/I)
06pa3OBaHHAMH U BepXHss COGCTBEHHO MOYBOH (AAIOMO-CHAMKATHO-TIEPErHOMHAL)
C HeOOABIIINM COAEpIKAHHEM CMeCH KapOoHATOB U rumca. Takoe cTpoeHue IpopuAs
[I0YB OTPAKAET COOOM M3BECTHYIO 3AKOHOMEPHOCTD, COTAACHO KOTOPOIl Harboaee
TPYAHOPACTBOPUMbIE B BOAE COEAMHEHNSI — KapOOHATbI — pPAHbIIIE BCEX BBIIAAAIOT
U3 TIOYBEHHOTO PACTBOPA B TBEPAYIO Ppa3y IIOYBO-TPYHTA K IOSTOMY CKOTIACHHS 3aAe-
TAIOT TAy0yKe APYTUX COeAMHeHMIL. Turc kak 60Aee pacTBOpPUMAs COAB II0 CPABHEHHUIO
C KapOOHATaMH BBIIIAAAET U3 PACTBOPA HO3XKE U II0ITOMY €0 CKOIIACHHUS PACIIOAATa-
eTcsl Hap KapOOHATHBIM CAOEM. /AeTKOPACTBOPHMBIE JKe COAU B PACTBOPAX BOCXOASIIH-
MH KaIIMAASIPHBIMH TOKaMHU IIOAHUMAIOTCSI AO CAMOH ITOBEPXHOCTH II0YB, TA€ IO Mepe
HACBIIIEHNUS B Pe3yAbTaTe UCIIAPEHM PACTBOPOB OCAKAAIOTCS U AKKYMYAUPYIOTCSL.

Bepxnuit — Hapap3bIKOBBI CAOHM B MEAKO- U I‘Ay6OKO-ap3bIKOBbIX IOYBAX MPEA-
CTaBA€H COOCTBEHHO-TIOYBEHHON (aAIOMo-chaTHo-neperHoﬁHaﬂ) , @ B IIOBEPX-
HOCTHO-apP3BIKOBBIX OTHOCHTEABHO PBIXABIM aP3bIKOM. AP3BIKOBBIH CAOM FIMEeT MOTI]-
HocTb 0T 20-30 cM A0 2-3 M1 cocTouT 13 23 1 60Aee IIpocAOeB. BroigeaeHnst ap3bika,
B BerHefI YaCTH CAOs MEAKHE U prXAbIe, C I'Ay6HHOfI pryHH}IIOTCH, yHAOTH}IIOTCS[
U IIeMEeHTHUPYIOTCS. AP3BIKOBBIM ITPOCAOMKAM XapaKTePHO PBHIXAOE, TIAOTHOE, $ppar-
MEHTApHO- U MOHOAMTHO-CI]eMeHTHPOBaHHOe cAoKeHHe. [II0OXOBBI CAOH COCTOUT
U3 CHABHOOKApOOHAYEHHBIX [TAOTHBIX, YACTO CLIeMEHTHPOBAHHBIX IIPOCAOEB.

Apsbikossiit caoit copepxut 31-40% CaO, 1,5-5% MgO, 9-16% CO,, 9-53%
SO,,0,3-1% Fe O,, 0,4-2% SiO, n moxossrit — 17-32% Ca0, 3-12% MgO, 13-19%
CO,,0,2-5% SO, 0,4-1% Fe O, 0,3-1% SiO,. Ap3bIK, B OCHOBHOM, COCTOMT M3 THIICA
(a0 70%), xaabrura (10-35%), aosomura (3-8% ), Maraesura (1-4%), a moOX OTAM-
YaeTCsl He3HAYMTEABHBIM KOAMYECTBOM rurica (<5%) 1 MaKCHMAABHBIM COAEpIKaHUeM
kaabruTa (20-55%), Aosomuta (S—-15%) 1 MarresuTa (1,5-7%).

! MMankos M. A. ITousst ®eprasckoit obaacru. B ir.: Tloussr Ya6exckoit CCP. T. IL. — TamkenrT:
Usa. AH Y3CCP, - 1957.
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B ap3bIKOBI)IX HPOCAOHX IIO4YB HHOTAQ BCTpe‘-IaIOTCSI CyAbq)aTbI Mar"Husi 1 OHHU Ha-
XOASITCSI B TTapareHese ¢ MICOM. VM Taroke ¢ CyAbPaTOM HATPHS 0OPA30BaHBI ABOM-
Hble COAU. JacTh coAeil MarHUS HAXOAUTCS B KPHCTAAAAX THIICA, AU OHU OKPY>KeHbI
THUIICOBBIMU ITA€HKaMH.

Ap3BIKOBBIE TOYBBI XapaKTePU3YIOTCS CYAbPATHBIM THITOM 3acoAeHHs. B HoBoOC-
BOEHHBIX IIOYBAX BeCh HX IPOPHUAD 3aCOACH. B yCAOBHAX AAUTEABHOTO OpOIIEHHUS Ha-
AQP3BIKOBBIN CAOM IIPOMBIT, a B AP3bIKOBOM — COAEPIKaHHE COAEH CBEPXy BHH3 IIAABHO
yMeHbIIaeTCs. B cocTaBe coaelt peo6AasatoT CyAb$aThI KAABLIHS, MATHISI U HATPUSL
CoaeprxaHre XA0pa IPH CAAGOI U CpeAHel CTelleHsIX 3acOAeHUs cocraBaser 0,25—
0,87 mr. axB Ha 100 r mousbsl, a 1pu cuAbHOM 2,45-4,31 Mr. 3KB.

CyMMa IIOTAOII€HHbBIX OCHOBaHUM B HOBerHOCTHO-aP3bIKOBbIX II04YBax paBHa
3,2-3,5 mr. 9B Ha 100 r 0YBBI, B MEAKOAP3bIKOBBIX 4,0—6,6 MI. 9KB U OYeHb PEAKO
7-9 wmr. akB. [Toraouiennsiit Marauit cocraBasier 32—66%, kaabiui 14,8—42,7%, Ha-
Tpuit 7,5-20,1% u xaanii 4,5-8,8% OT CyMMBI TOTAOIEHHBIX OCHOBAHHI. DTH IOYBHI
copepxar 0,21-0,35% rymyca, 0,012-0,015% obmero asora, 0,07% BaroBoro poc-
¢popa u 1,21% BarOBOro KaAms. B MeAKOapP3BIKOBBIX M IAYOOKO-aP3BIKOBBIX IOUBAX
coaepxanue rymyca 1-1,5%, Baaosoro ¢pocdopa 0,11-0,16% u xaaus 1,14-1,52%.
ITo coaepixaHUIO MOABIKHBIX popM pocdopa oHU He obecrieueHHBIE, & OOMEHHBIM
KaAueM CAab0- U cpeaHeobecIeveHbl.

AyI‘OBbIe ap3bIKOBbIe IIOYBbI xapaKTeprI U AAA II€CYaHBbIX MaCCHUBOB ueHTpaAb-
Hoit Qepranpr. OTAMYNTEABHAS YePTa HX — OeAecast Kak MeA OKPACKa, CHAbHASI OMep-
reAeBaHHOCTD, OYeHb BBICOKASI TAOTHOCTD BCETrO MPOPHUAS ITOUBBI, FeTePOreHHOCTD
10 COAEPIKAHUIO THIICA U PABHOMEPHOE yBeAndeHne KapboHaToB BHI3. MakcuMyM
KapbOOHATOB CMEIIeH K CPeAHel JacTU IPOPUAS — AP3bIKOBOMY CAOIO, C UM CBsI3a-
Ha Ype3BbIYAHO BBICOKAsI MAOTHOCTD. CopepIKaHHe IUIICa B Ap3BIKOBBIX TOPU30HTAX
KoAebAeTcs B mpepeaax 12-40%, xapbonatoB — 28-47%, B moxossix — 0,7-8,7%
u 40-52% coorBercTBeHHO. CopaepKaHMe KaabIUTa paBHO 12-35%, pooaoMuTa —
8,4-16,1%, marnesura — 0,2-3,0%. KoAndecTBO CyXOro ocTaTka B COAOHYAKaX AO-
cruraer 5,3%, a B mpodruae koaebaercst ot 1,1 A0 2%. B cocraBe KaTHOHOB COAEBOTO
FOPU3OHTA IIPe0bAAAAET HATPHIL, @ B IPOPUAE — KAABIIHI, KOAMYECTBO MATHUS I10-
BBIIIeHHOE. XMMHU3M 3aCOACHUST — CyAbdaTHbIN. CopepiKaHNe ITeperHos He IPeBbl-
maer 0,54-0,80%, asora — 0,022-0,034%. KoanuecTBo BaaoBOTO $pocdopa paBHO
0,074-0,11% u BaaroBoro kaaus 0,74-1,54%. IurnconocHO-ap3bIKOBbIE COAOHYAKU
03epHO-IIPOAIOBHAABHOH PABHHUHBI XapaKTePUIYIOTCS IIO3TAXKHO PACIIOAOKEHHBIMU
COACBBIMH, TUIICOHOCHBIMU, ap3bIKOBbIMI/I U IMTOXOBBIMHU CAOSIMH. B npeAeAax IIeCYaHbIX
MAaCCHBOB UX CMEHSIOT ap3bIKOBbIe COAOHYAKU, OTAMYAIOIIIECS OTCYTCTBHEM IHIICO-
HOCHOTO TOPH30HTA.

Ha ap3bIKoBO-COAOHYAKOBBIX (0Kap6OHAYEHHO-TUTICOHOCHBIX 3ACOAEHHbIX) TTO-
YyBax HeHTpaAbHOﬁ (DepFaHbI, OTHOCAIIUXCA K KaTeroan TPYAHOMGAI/IOPI/IpyeMbIX, Ha-
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yHbIE IPHHIIUITBI PACCOAEHIS 1 IIOBBILIEHIST IIAOAOPOAMS Pa3pabOTaHBI He Ha AOAXK-
HOM YpOBHE, I09TOMY YPOXXaitHOCTb XAOITYaTHHKA 3AeCh He nmpesbimaeT 10-20 1/Ta.
Ha 3emAs1x, 3acOA€HHBIX OOBIYHBIMU AETKOPACTBOPUMBIMU COASIMEL, IIAOIFAAD KOTOPBIX
60aee 325 ThIC. Ia, ypOXKANHOCTD XAOITYATHIKA He IpeBbimaer 18-22 11/ra, 1 aTa ma0-
IAAb HY>KAQETCSI B KOPEHHBIX PACCOAUTEABHBIX Meanopansix. 1160 3pech u3-3a Hu3-
KOTO ypoBHs 3eMAeaeAns Tepsercs 20—-50% ceAbX03IpOAYKIIUM.

ITpu u3ydeHHH CBOWCTB U OCOOEHHOCTEH AYTOBBIX aP3bIKOBO-COAOHYAKOBBIX
nous Ilenrpaapnoir QepraHsl, a TaxKe MHOTOAETHHUX HAOAIOAEHISIX 32 COCTOSIHUEM
IIOCEBOB XAOITYATHUKA U APYTUX KYABTYP B XO3SHCTBAaX YAyTHapCKoOTO, S3baBaHcKoO-
ro 1 PHIITaHCKOTO pailOHOB BBISBACHBI IIPHYMHbI TPYAHOH MEAMOPHPYEMOCTH 3THX
TI0YB, HU3KOH YPOXKAHHOCTH KYABTYP U HAMEUeHBI ONITUMAABHBIE arPOMEAHOPATHBHbIE
MEpOTIPHATHS 10 TTOBBIIEHUIO HX TTA0AOpOArS. LlenTpasbnas Qeprana, mpeacTas-
A€HHas Iepru¢epUsIMU KOHYCOB BBIHOCA, MEKKOHYCHBIMH ITOHIDKEHHSAMH, 03epHO-
IIPOAIOBHAABHOMN PAaBHUHOM M ITeCYAHBIMU MaCCHBAMH, XapaKTePU3YeTCsl CAOXKHBIM
MEAHOPATHBHBIM COCTOSIHIEM 3€MEAb, YTO 00YCAOBAEHO IIPUPOAHO-UCTOPHIECKIMU
pakTOpaMH — reoMOPPOAOTHIECKUM YCTPONCTBOM, AUTOAOTHIECKUM CTPOCHHEM,
THAPOTEOXHMIIEeCKHMH U ITOYBEHHBIMH ITPOIjecCaMH. TaK, OTAOXKEHHS KOHYCOB BBI-
Hoca p. Mapruaan-Icaripam, [llapuxan, AkOypa-ApaBaH HaAOKEHBI APYT Ha ApPyTa
U CAWTBI, B UX AUTOAOTHYECKOM CTPOEHUH YYACTBYIOT ITePeCAANBAIOIIHeCs] CYyTAUHKI
U TAMHBI C IIPOCAOSIME CYTIECH U ITeCKa. AASI OGIIMPHOTO MOHIDKEHIIS], PACIIOAOXKEH-
Horo MexxAy koHycamu Coxa n IllaxumappaHa, XapakTepHbI MOIIHbIE, IOUYTH OAHO-
POAHDIE TSDKEAble CHABHO3ACOAEHHBIE, 3aTMIICPOBAHHBIE X OKapOOHAYeHHbIE TPYHTBL
O3zepHO-TIpOAIOBHAABHAS PaBHHHA IIPEACTaBACHA IIAOCKO TePPUTOPHEH, BHITSHY TON
B 3aITaAHOM HaIpaBAeHHH, HauuHas ¢ [llapuxaHcKkoro mpopsiBa, M OXBaTHIBAIOITEl
CapuIkcyiickoe, AaMKyAbCKOe U Ap. HOHIDKeHHs. OHa CAOXKeHa aAATOBUAABHBIMY, AA-
AFOBHAABHO-IIPOAIOBHAABHBIMHY, O3€PHBIMH, OOAOTHBIMH M 90AOBBIMU OTAOXKEHISIMU
C Pa3AMYHBIM MEXaHHIECKUM COCTaBOM. L[eHTpaAbHasI YacTh perroHa 3aHATA IIeCKaMH.
ITop GapxaHaMU U IPSIAAMH, HHOTAQ U B IIPOQIAE PABHUHHBIX 3aKPeIlACHHbIX IIECKOB
HMEIOTCSI KOHKPELIMOHHbIE [IeCIaHble 00Pa3OBAHIUS PYASIKOBO-KEAE3HCTON OKPACKH,
pasMepaMu OT AOA€I CAHTHMeTpa A0 1-2 M, Ha KapOOHATHOM M KapOOHATHO-TUIICO-
BOM IIeMEHTe, CAVSIHIE KOTOPBIX HEPEAKO 00pasyeT CIIAOIIHON KaMeHHO-TIAOTHBIM
FOPH30HT, ¢ 06beMHOM Maccoit 1,9-2,1 r/cm?’. TIpHIIOAHATBIE YIACTKY B IIPEAEAAX
IIeCYAHBIX MACCUBOB CAOXKEHBI HA OOABIIYIO TAYOHHY CHABHO32COACHHBIMU 3aTHIICH-
POBaHHO-OKapOOHAYeHHbIMU TAMHAMH. [10 IOHIDKeHIM HAOAIOAQIOTCS HeGOABIIIIIe
03epa-LIOphI U 6OAOTA.

IToyBeHHBIH TOKPOB PAaOHOB PaCHPOCTPAHEHHS AP3BIKOBO-COAOHIAKOBBIX IIOYB
XapaKTepHU3yeTCsl BBICOKOM KOMIIAEKCHOCTBIO [0 TAyOHHE 3aAeTaHUS X MOLIHOCTH ap-
3BIKOBBIX TOPU30OHTOB, XapaKTePy CAOXKEHHSI U BOAHO-PU3HIECKUMH KOHCTAaHTaMH,
COAEP>KAHMIO THIICA, KAPOOHATOB U ACTKOPACTBOPUMbIX coaeil. Ha uro moka mMaao
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BHUMAHIS OOPAINAIOT B IIPOEKTHO-U3bICKATEABCKHX PA0OTaX, & OHM MMEIOT BOXXHOE
MeAMOpaTHBHOe 3HadeHHe. KOHTYpBI II0 9THM ITOKa3aTeAsIM He BCETAA MOYKHO BBIAE-
AWITB IIPH [TOYBEHHBIX CheMKax Macirraba 1:10000.

Ap3BIKOBO-COAOHYAKOBBIE [TOYBBI 3ACOACHDI BIAOTD AO COAOHYAKA. OCHOBHAs Macca
AETKOPACTBOPHMBIX COACH IIPHYPOYeHA K IOBEPXHOCTHBIM U CPEAHIM AP3bIKOBBIM TOPH-
3orTaM. HipkHize, OXOBbIe TOPU3OHTHI, BOAM3H IPYHTOBBIX BOA, C MIHEPAAU3ALIIEN II0A
opomaeMbIMU oYBaMu 3—6 /A 1 ToA eanHHbIME 20—50 1/ A IMEIOT cAab0e 3acoAeHHe.
O61mre 3ammachl COAH B TPEXMETPOBO X TOAILIE KOAeOASTCsI OT 357,2 T/Ta B opolae-
MBIX IIOYBaX A0 716,5 T/ra B IleAUHHBIX, B TOM YHCA€ KOAUYECTBO TOKCHYHBIX COACH —
or 134,1 o0 254,2 T/, xA0pa — 0T 6 A0 70,4 T/Ta, Maruus — ot 10,3 A0 16,0 T/ra n Ha-
Tpust — 0T 36,7 A0 105, 2 T/ra. acTb A€TKOPACTBOPHMBIX COAEH 3aKAIOYEHA B KPUCTAAABL
THIICA U Ap3bIKA U IPEACTABASIET TOTEHIJUAABHYIO OIACHOCTD 3aCOAeHHSL. [HIIC 1 Kap-
OOHATHO-TUIICOBbIE 0OPA30BAHISI MAAOPACTBOPUMBL B BOAE, PACTBOPUMOCTD KPYIIHBIX
KPHUCTAAAOB ellje MeHblire. [T09TOMy CBSI3aHHbIEe COAH B TOYBEHHBII PACTBOP AKe IPH
YCHUACHHBIX IIPOMBIBKAX [IEPEXOAST O4eHb MeAAeHHO. I Ipy 9ToM 4acTh rurica mepexoAuT
B BBITSDKKY U [TOBBIIITAET COAEP>KAHUE IAOTHOTO OCTATKA.

CaabopacTBOpHMbIe TOKCHYHBIE COAH (THTIC U Kap6OHATHI KAABLIHS M MArHU),
He OYAyYH $pU3HOAOTHIECKY OIIACHBIMIL, IIPH BBICOKOM COAEPXKAHUM TaK JKe, KaK U Ael-
KOPAaCTBOPHMBIE COAH, IIPEACTABASIIOT MEAUOPATHUBHYIO Ipobaemy. Hakomaenue rumca
U KapOOHATOB B IIOYBAX COIPOBOXKAAETCS YMEHBIIEHNEM CBOOOAHBIX IIOP U YBEAH-
JeHHeM IIAOTHOCTH, C LleMEeHTHPOBaHUEM TOPU30HTOB B CAUTYIO Maccy. ITpu atom
U3MeHeHre BOAHO-QHU3UIECKIX TAPAMETPOB IIOYBbI 3ABHCHUT OT TAYOUHBI 3aA€TaHUS
U CAOXKEHFISI ap3BIKOBBIX TOPU3OHTOB. TaK, 00beMHast Macca IPH IIOBEPXHOCTHOM
3aAeraHMM M MEAKHX GpopMax ap3bika cocTaBasier 1,31-1,41 r/cm?, moposmocTs —
42-47%, Ipu 3aAeTaHUU B CPEAHEN U HI)KHEH YaCTAX MPOPHAS U KPYITHBIX U IIAOTHBIX
popmax — 1,6-1,71 r/cm® u 31-40% cOOTBETCTBEHHO.

ITpu cuabHOI ClleMeHTalui FOPU30HTa obbeMHast Macca yBeAIMBaeTcsi Ao 1,91~
2,07 r/cm?, a moposmocTs cHikaeTcst A0 25,09-23,3%. IToaeBast BAArOEMKOCTD BAPbH-
pyer B mpepesax 15-22%. KoadprpeHT GpuabTpanuy B 3aBUCHMOCTH OT XapaKTepa
neMenTanuit koaebaercs or 0,0017 o0 0,3 M/ cyTku. ITepedrcaeHHbIe CBOMCTBA CHABHO
YXYALIAIOT Ka4eCTBO [IOYB I UX IIAOAOPOANIE, A TAK)KE YCAOBHSI 0OPaOOTKH M OCYIIeCT-
BA€HHeE ITOAUBOB. TSDKeABIN MEXaHHYeCKUI COCTaB II0YB U IPYHTOB CO CIIAOIIHBIMU
ap3bIKOBBIMU TOPU30HTAMU CHABHO OCAOXHSIET 60pb0y ¢ 3acoseHueM. IIpombiBKy,
HecMOTps1 Ha xopomo pa3Butyio KAC, HAyT MeaAeHHO, BOAQ 3aCTaMBAETCs, [I0YBA
3aIIABIBAET, OSIBASIIOTCSI HEAOOKHUCACHHbIE OT HEAOCTATKA KHCAOPOAA TOKCHYHbIE CO-
eaunenust. HepoydeT B IPOEKTHBIX pa3pabOTKaX [TEPEUHCACHHBIX AUTOAOTUIECKIX
0COOEHHOCTe U MEANOPATHBHBIX Ka9eCTB IIOXOBO-ap3bIKOBBIX [I0YB 3apaHee OOpeKa-
eT Ha Heypady. Hanmpumep, 3akphIThii rOPU30OHTAABHBIN APEHaX, IIOCTPOEHHBIH Ha IA.
500 ra B yCAOBHMSAX IIOXOBO-aP3bIKOBBIX ITOYB BelappIikckoro paitoHa, MpaKTUYeCKH
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He paboraeT. BoApmine mAomaAY, 3aHsATbIe AP3bIKOBBIMY [IOYBAMU B SI3bsBaHCKOM
u AxyHb6a0aeBCKOM pafiOHAX, B TeYeHHe AAUTEABHOTO BpeMeHH He IIPOMBITHL, 06pa-
30BaH OY€Hb IECTPHII IOYBEHHbIN IIOKPOB. AHaAoOrMYHAS CHTYaIus HabArOpaeTCS
B 3aAQPbHHCKOM U YAYTHAPCKOM palOHAX.

Eme opHa MeAnopaTuBHast 0cobeHHOCTH 1104B Llenrpaspnoi Qeprausl cBszaHa
C 0COOEHHOCTSIME IIAAHHPOBOYHO-O0CBOEHYECKOTO BHIPABHUBAHISL. TaK, AAS peAbe-
¢a IlenrpaapHoit QepraHpl A0 UX OCBOEHHUS OBIAM XapaKTePHbI KOYKH U OYTOpKH,
YBAABI U XOAMBI, TPSIABL U GapXaHBI, 3aIIAANHKH, AOKOHMHDI 1 APYTEe GOPMbBI MUKPO-
u Mesopeabeda. B pesyabTaTe mAaHMPOBKM Cpe3aAu MOBEPXHOCTHU IOBbINIEHHS U 3a-
TIOAHMAY UMH TTOHIKeHUS. 1 [0BepXHOCTD 3eMAM AMITHAACH €CTECTBEHHOTO MOYBEH-
HOTO ITIOKPOBA, BO3HHKAA CHABHAS IECTPOTA B KOAMYECTBEHHOM M KaueCTBEHHOM
COCTaBaX AHEBHBIX FOPU30HTOB. Ha IIOBBIIEHNSIX 0OHAKUAUCH HEITAOAOPOAHBIE IIAOT-
HbIe ¥ BOAOHEIIpOHHIlaeMble IpyHThL I loBepXHOCTH OHMKeHU norpeGeHbL Iupoxo
pacmpocrpaHeHHbIe 60A0Ta U 03epa AericTBreM MomHou cucrembl KAC ocymeHst
VIx oTAOXEHMS B BUAE TOHKOCAOHCTBIX ITPOCAOEK HF AMH3, MOITHBIX CAOEB HAQ H TAeS
C CHADBHBIM 3aIlaXOM HZS OCTaAHNCH ITOA HACBIITHBIMH I‘pyHTaMI/I. T'reeBrre I'OPI/I3OHTI)I
TaK>Ke 06Hapy)KeHbI II0A ITAOTHBIMHU ap3bIKOBbIMI/I FOPI/ISOHTaMH.

ITaxoTHbIE FOPH3OHTHI IIOYB HOBO 30HBI OCBOEHIS 00Pa30BaHBI 32 CYET HACBIITHOIO
GapXaHHOTO [IeCKA, HACBIIIHOM CMECH ITeCKA U CYTAMHKA, HACBIITHOTO CYTAMHKA U TAMHBI,
MeXaHNYeCKOTO Pa3PBIXACHHS IIAOTHOTO THIICOHOCHOTO U ap3hIKOHOCHOTO cA0eB. Mor-
HOCTb TOPU30HTA B TOCA€AHEM CAy4dae He IpesbimaeT 15-20 cM, B OCTaAbHBIX — COCTaB-
asteT 30-35 cm. BceM mouBam CBOICTBEHHBI TAOXHE HAM HEYAOBAETBOPUTEABHBIE BOAHO-
dusmueckue cpoiictsa (06bemHas macca — 1,4-2,1 r/cm?, noposnocrs — 24-40%,
koadpunment dpuasrparuu — 0,01-0,001 m/cyt, HB — 13-19%). Hachinubre rpyHTDI
HOYTH ITOBCEMECTHO copepkaT Ao 20-30% rurca u ap3bika. [lecqyanucTbie TOpH30HTHI
coaepxat 0,4—1,5% AerkopacTBOPUMBIX COA€H, CyTAMHUCTbIE — 2-5%.

ITorpebenHble eperHoiHble TOPH3OHTHI UMEIOT OKPACKY OT CEPOBATOM AO KO-
PHYIHEBATOMH, CHAPHO3aCOACHbI U 3aTUIICHPOBAHbI. AP3bIKOHOCHAS YaCTh IIPOPHASL IT0-
YBO-TPYHTA UMEET IPOCAOH ITeCKa, HHOTAA AOBOABHO MOIIHbIE, TOKe IMIICHPOBAHbI,
ap3bIKOHOCHbI, HO HAMHOTI'O MEHbIIEeH ITAOTHOCTH. B HepI/IOA IIOAUBOB 1 HPOMI)IBOK
9TH TOPHU3O0OHTDI HACHIIIAIOTC BOAOfI U CTAHOBATCA BOAOHOCHBIMU, YTO OTPI/ILIaTeAbHO
BAMSIET Ha BOAHO-COAEBOM PEXXHM OPOIIAeMOTO MOASL.

Ha mecrax BOrHyThIX $pOpM IIOrpebeHHOrO peAbeda BOABI 3aCTAMBAIOTCS, HIDK-
HIHe TsDKeAbIe TPYHTBI PACKHCAIOT, B HUX IIPOMCXOAST IIPOIIECCh CYAbDAT peAyKITHH,
HTIPYHTDBI CTAHOBATCA HpaKTI/I‘IeCKI/I HeHPOHHHaeMbIMI/I. HOI‘pe6€HHbIe, HUAOBBIC 1 I'AC-
eBble OTAOXKEHIS OBIBIINX GOAOT ¥ 03ep TAKKe SBASIOTCS HEIPOHHUI[AeMbIM 9KPAHOM
KaK AAS MHQUABTPAIIMOHHBIX BOA, TaK M AAS PACTYIIUX KOPHEH. AHAAOTHYHYIO POAD
HIPAIOT AP3BIKOKOCHBIE ¥ THIICOHOCHBIE TOPH30HTHI [IOIpe0eHHBIX COAOHYAKOB. MuHe-
PaAI/I3aI_[I/ISI prHTOBbIX BOA, HeCMOTPSI Ha €>KeTOAHbBIC HPOMI)IBKI/I FPYBHI)IMI/I HOpMaMH,
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B yKa3aHHBIX YCAOBIIIX OCTaeTCsI BBICOKOM — 40—70 r/A. TT0YBBI 9THX yIaCTKOB OYeHb
TPYAHO IIOAAQIOTCSI MEAHOPATUBHOMY YAy dmIeHHi0. O OHaKeHHbIE CLieMEeHTUPOBAHHbIE
TUIICOHOCHbIE U aP3bIKOHOOHbIE TOPU3OHTHI IIOYBO-TPYHTA OYeHb CAAO0 IIOAAAIOTCS
MEAUOPATHBHBIM BO3AEHACTBISIM.

HccaeAOBAHMS IO M3YYEHHIO arpOIPOU3BOACTBEHHbIX CBOFCTB aP3bIKOBO-COAOH-
YAKOBBIX II0YB U IIOBBIIIEHHIO UX IAOAOPOAIS IIPOBEACHBI HA OPOIIAEMBIX AyTOBBIX II0-
BEPXHOCTHO-aP3BIKOBBIX X OPOIIAeMbIX AYTOBBIX MEAKOAP3BIKOBBIX [IOYBAX YAYTHAPCKOTO
paitoHa. Pe3yAbTaThl HCCAEAOBAHUS MOKa3bIBAIOT (TabAMIA 1), ITO POCT U pasBUTHE KOp-
HEBOI CHCTeMbI XAOITYATHHKA 3aBUCST OT TAYOHHBI 3aA€TaHUSI AP3BIKOBOTO TOPU30HTA
C GOABIION [IAOTHOCTBI U HU3KOM [TOPO3HOCTBIO adparjui. AP3BIKOBBIE TOPU3OHTHI AASL
KOPHEBOI CHCTEMBI SIBASIFOTCST MEXAaHIYECKIM IIPEIITCTBUEM. TAQBHBI KOPEHb XAOII-
YaTHUKA, AOVASI AO AP3bIKa, IPEKPAIAET POCT, OTMUPAET UAH XKe [IOABEPIaeTCsl IIATOAO-
THYECKIM U3MHEHHSIM, 2 GOKOBbIe KOPHHU IPOCTHPAIOTCS II0 IIOBEPXHOCTH AP3BIKOBOTO
ropu3oHTa. ITAOIAAD TUTAHKS KOPHEBOI CUCTEMbI B AP3bIKOBBIX II0YBAX OTPAHIIEHA, ITO
CKa3bIBAETCSI M Ha PA3BUTUM HAA3EMHOM YaCTU PacTeHHHl. KycThI XAOITIaTHIKA CTAHOBSITCS
HU3KOPOCABIME, YMEHBIIAETCS IMCAO KOPOOOUIEK Ha HUX, YXYALIAETCS KAYECTBO BOAOKHA.

B mouBax, rae ap3bIKOBbII TOPU30HT ¢ 06bEMHOI Maccoit 2,01 r/cm® u moposHo-
CThIO aspanun 26%, 3aseraeT Ha rayoune 15-25 cM, TAQBHBII KOpEHb XAOITYATHHKA
B KOHI|e BereTarjuu uMeA AAuHy 11-15 cM, a BpIcOTa TAQBHOTO CTEOASI AOCTHIaAA BCe-
ro anmb 26-36 cm. Ilpu aToM ypoxaiHOCTh cocraBuaa 5,8 1j/ra. AAUHA TAQBHOTO
KOPHS XAOITMATHUKA TIPH TAyOuHe 3aseranus apsbika (o6pemuas macca 1,35 r/cm?,
IOPO3HOCTH aspauun 46%) Hiwke 26—4S5 cM coctaBraa 14-34 cM, BBICOTa TAQBHOTO
cre6ast — 80-90 cM, yporxKailHOCTb XAOIYATHUKA IIpeBbicuaa 9,1 11/Ta.

HccaeAOBaHUS IOKA3AAH IIOAOKUTEABHOE BAMSIHIE TAYOOKOTO PHIXAEHIS Ha POCT
U Pa3BHTHE XAOMMATHHUKA. BBICOTA TAQBHOTO CTEOASI XAOIIATHHIKA HA AGASIHKAX C TAY00-
kuM poixaenueM (60-70 cM) 6biaa Ha 2—7 CM BBIIIE, 4eM Ha AGASHKAX 63 PhIXACHHUS.
Hab6A10AaA0Ch HEKOTOPOE YBEAMYEHIE KOAUIECTBA CHMIIOAUAABHBIX BETBEM, IMCAQ
U CPeAHel Macchl KOpoOodek. Yposkail XAOIKa-chIplia 6b1a Ha 1,2 1 6,7 11/Ta 60ab1e,
YeM Ha yuacTkax 6e3 poixaenus (Tabauma 2).

Ap3bIKOBBIE [IOYBBI OY€Hb OT3BIBUMBbI K BHECEHHIO OpraHIYeCKUX BelecTs. Hau-
6oapmmit yposxan xaonka-ceipra (10,8 1 18,1 11/ra) 6b1A MOAY4EH B BADHAHTAX, TAE
nepea pexaerneM BHecAr 20 T/ra HaBo3a. Takoi ypoxxail ChIpILia B BAPHAHTAX C OAHUM
PBIXACHHEM IIOAYYEH TOABKO HA TPETHI IOA PhIXACHIS. 3AECh 5Ke OBIAU BBICOKH M BCe
MOP(OAOTHIECKIe TOKA3ATEAH XAOITIATHHKA.

BsIcOKasI TP OAYKTUBHOCTD XAOITYATHHKA HA YAOOPEHHBIX HABO30M BAPHAHTAX, KaK
Y HU3KasI Ha BAPHAHTAX C OOBIMHOM BCIAIIKOM, ObIAA CTAOHABHAS U BCe IIOCACAYIOIITE
roabl HabaroAeHuss. HecMOTpSI Ha TOAOXKUTEABHOE BAVMSHIE TAYOOKOTO PHIXACHISI H Ha-
BO3a, COCTOSIHIE XAOITYATHHKA BCE ellje OCTAETCS yTHETEHHBIM. AaAbHelllee yBeAnde-
HYe YPOXKAFHOCTH CBSI3AHO C U3MEHEHISIMI CAOXKEHIS TOPU30OHTOB ITOYB.
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Tabnuua 1. — ComepxxaHne NerkopacTBOPUMBbIX COMeNn, rmnca u kapoboHaToB

Mr. 3kB. Ha 100 r moYBbI

o @
e e Pt s l8%
O, M| % | conms |HCOT| CF SO | Ca* | Mg™ | Na' | 2 3 =
Paszpes 14. Opomaemas AyroBas ap3bIKOBO-COAOHYAKOBAS II0YBA
0-38 1,38 0.35 0,29 | 0,36 | 19.27 | 13,75 | 4,76 | 1.74 | 4.05 | 12,61
38-80 1.29 028 | 0.19 | 0.87 | 17.64 | 14.75| 2,79 | 1,70 | 53,68 | 23,31
80-110 | 1.27 034 | 0.19 | 0,84 | 18.21 | 14.00 | 3,04 | 2,33 | 32,07 | 29.53
110-134| 1.27 026 | 0,14 | 0,73 | 17,25 | 14,50 | 2,22 | 1.84 | 4246 | 23,22
134-165| 1.2§ 022 [ 019 | 0.61 | 17.11 | 1450 | 1,97 | 1.44 | 28,73 | 24.38
165-180 | 1,22 020 | 0.19 | 0,59 | 16,71 | 14,50 | 1,97 | 1,12 | 60,19 | 19.65
Paspes 12. I'uncoH0CHO-ap3bIKOBBIN COAOHYAK
0-3 5,08 439 | 0.20 |42.87| 38,90 | 15,50 | 16.77 [49.14| 54.09 | 7.15
3-18 2,01 1,27 | 0,24 | 9,85 | 20,50 | 14.50 | 5.18 |14.01|46,94 | 12.95
19-41 2,51 1,49 | 0,24 |16.00| 18,50 | 1640 | 5,18 |17,23| 68,02 | 19,40
41-65 1.23 0,34 | 0.19 | 2.47 | 16.52 | 14.00 | 2,22 | 2.98 | 52,16 | 21.31
65-88 1.30 0.29 | 0.14 |2,22.|16.99 | 1450 | 1,72 | 2,62 | 50.46 | 26,85
88-105 | 1,26 0.31 0,29 | 2,19 | 16,31 | 14.00 | 1,97 | 2,81 | 48,31 | 25.94
105-138 | 1,49 0,37 | 019|295 |16.99 | 1450 | 2.22 | 3.42 | 44,39 | 24.54
138-165| 1.49 036 | 024 | 2,70 | 17.99 | 1425 | 2.22 | 3,29 | 27.17 | 28.22
165-195 | 1,47 0.39 | 029 | 2.95 | 17.50 | 1425 2,38 | 3.93 | 18,93 | 33,49
195-220 | 1.26 044 | 024 | 2,47 | 16,00 | 11.75| 2,46 | 4.19 | 21.88 | 34,03
Paspes 16. CBeTAbIi cepo3eM IMIICOHOCHBI
0-3 0,10 003 |039]003| 1,02 | 0,85 | orc. | 0,53 | 0,97 | 11.73
3-14 0,08 002 | 033|006 | 073 | 0,75 0,37 | 0,96 | 19,83
14-24 | 0,14 0,03 0.20 | 0,06 | 1,38 | 1,25 039 ] 1,45 | 21,94
24-90 | 0.57 0.02 |013]0.06 | 715 | 7,15 | 0,16 | 0,17 | 87,37 | 7,69
90-200 | 0.46 0,02 | 0,10 | 0,03 | 581 | 565 | 0.16 | 0,17 | 76,34 | 10,50
Paspes 162 TunudHblit cepo3eM ITHIICOHOCHBIN THIICOHOCHBIN
0-5 0.08 0,01 0,11 | 0,09 | 0,88 | 0,85 | 0,16 | 0,17 | 0,14 | 15,98
5-28 0,10 002 | 011 | 020 | 1,00 | 0,95 | 0,25 | 0,12 | 0.22 | 19,03
28-75 | 0.11 0.08 | 015|079 | 1,00 | 0,70 | 0,25 | 0,99 | 0,44 | 21.92
75-100 | 0,67 017 | 012 | 0,59 | 952 | 7,64 | 1,48 | 1,13 | 18,93 | 17.67
130-150 | 1.14 0,22 | 0.10 | 0,39 | 15.00 | 12,10 | 1,73 | 1,66 | 52,38 | 12,71
150-200| 1.08 022 | 011 | 0.59 | 1450 | 11.80| 1,98 | 1,42 | 12.15] 12.50
Paspes 111. Cepo-6ypasi rHIICOHOCHASI [I04Ba

0-8 0,20 0,07 029 ]025| 217 | 1,60 | 0,33 | 0,79 | 2,07 | 18.14
8-53 1,06 0,23 0,11 | 0,20 | 15,72 | 12,08 | 0.41 | 3,04 | 94,20 | 5,66
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Tabnuua 2. — POCT 1 ypoXarHOCTb xJIon4aTHUKa
Ha ap3blKOBO-COJIOHYAKOBLIX MOYBAX B 3aBUCUMOCTU OT FyOMHbI
ap3bIKOBOIro ropu30HTa U NPUMEHSIEMbIX arpoNpPOMOB

Bepxnsaa | I'ycrora | Ber- KoamgecTso
rAy6uHa cro- cora Koan- IAOAO3AEMEH- Bec Ypo-
3aAeraHMsi | SHHS | FAAB- | 9YeCTBO TOB OAHOI ke
Bapuanr ap3bl- pac- | HoOro | cummoan- KOpo-
KOBOI'oO TeHHUI cre- | aAbBHBIX BT.9. | Goug- H
’ 06- /
TOPH30H- | THIC 6as1, | BerBeit Kopo- | yy,r | VO
° 4 mee 4
Ta, CM mT/ra ™ 60uxn
Opomaemast AyroBasi IOBEPXHOCTHO-aP3bIKOBAs II0YBA
06
P 1225 | 147,01 | 298| 02 29 | 1,36 | 29 | 58
BCIIAIIKa
O6bryHas
+
penaia 12-25 | 1543 | 367 | 05 39 | 1,6 | 30 | 73
raybokoe
PpbIXACHHE
20 1/ra Ha-
BO3a +
6
ODPIHAA 12-25 | 130,7 | 390 | 1,0 s1 | 26 | 32 | 108
BCIIAlIKA +
rayboxoe
PpbIXACHHE
Opouaemast AyToBasi MEAKO-ap3bIKOBasl II0YBA
06
P 26-45 | 111,7 | 874 | 39 14 | 237 | 347 | 91
BCIIAIIKa
O6bruHas
BT a6 45 | 1172 | 899 | 49 130 | 32 | 41 | 158
raybokoe
PpbIXAEHHE
20 1/ra
HaBO3a +
6
DI 26-45 | 1092 | 915 | 55 147 | 39 | 44 | 181
BCIIAlIKA +
rayboxoe
PpbIXACHHE

IToBropHOE HM3yYeHHEe MOPPOAOTUH U CBOMCTB MOYB ONBITHBIX ITOAEH Yepes TpU
U CeMb AT ITOCAE IIPOBEACHIS OIIBITA, IOKA3AA0, YTO CAOXKEHHE IPOPUAET T0UB Oe3
PBIXAEHHS OCTaBAAOCD IIOYTH TAKHM e, KaK U PaHbIIe, IAOTHBIM, CIIeMEeHTHPOBAHHBIM.
B maxoTHOM rOPH30HTE TAYOOKO PaspbIXACHHDIX II0YB B IIePBbIe TOABI IIOCAE HX PBIX-
A€HHS GBIAO MHOTO OOAOMKOB ap3BIKa, HA 1€TBEPTOM IOAY OOAOMKOB CTAAO HAMHOT'O
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MeHBbIIIe, U Yepe3 CeMb AeT OHH 0OHAPYKUBAAUCH O4eHb PeAKo. Hinke Ao ray6Oumsr 70 cm
HAOAIOAQACS] CA€A PBIXACHIS B BUAE BEPTHKAABHOM IIOAOCHI — ILEAH, 3AIIOAHEHHO
prXAbIM O6AOMO‘~IHI)IM MaTepI/IaAOM, KOTOprfI B ITIOCACAYIOIIIIE T'OADBI YIIAOTHHACA.
Ho npexHIOI0 CHABHYIO CIIAOLIHYIO [JeMEHTALIHIO AP3bIKOBbIX TOPU3OHTOB He OOHa-
py>xuan; oHa mprobpesa beaee GpparmeHTapHslil xapakrep. [IAOTHOCTD U B cepearHe
MeXIeAeBOM TIOAOCHI CTaAa OTHOCHTEABHO YMepeHHOM. 3pech HabAI0AAAOCH (0cO-
6eHHO MPH MOBTOPHBIX HCCACAOBAHMSX ) 3AMETHOE KOAUYECTBO MPOHHKIINX KOPHeH,
YAYUIIHAOCH COCTOSIHHE PACTEHHUH, YBEAMIHACS UX ypoxKafi. Tak, yposkalfHOCTb XAOII-
JaTHHUKA Ha TPETHH I'OA IIOCAE PHIXACHHS Ha IIOBEPXHOCTHO-AP3BIKOBBIX TOYBAX COCTA-
BuAa 9,5 11/ra, Ha yeTBepTHI — 12,6, Ha cepapMoit — 15,2 11/ra. Ha MeAKOap3bIKOBBIX
IIOYBAX 3a CeMb A€T OHa Bospocaa ¢ 15,8 o0 20,6 1j/ra.

AP3BIKOBO-COAOHYAKOBbIE ITOYBBI OTAMYAIOTCSI HU3KHM COAEP>KaHNEM OpPTaHH-
YEeCKOTO BeIeCTBA U MUTATEAbHBIX d9AeMeHTOB. ['yMyca B TaXOTHOM CAO€ IIpH TI0-
BEPXHOCTHOM 3aAeTaHUH ap3bika Bcero aummb 0,2—0,5%, 10 HAANYHIO TOABYIKHBIX
popm asora u pocdopa ITH MOYBH OTHOCATCS K HeOOeCIIede HHbIM, IIOABIDKHOTO
KaAusg — K CAa6O O6€CHe‘IeHHbIM. ITaxoTHbIE I‘OPI/IBOHTI)I IIOYB HPI/I 3aA€TAaHHUHU
ap3BIKOBOrO rOpU30HTa Ha raybuHe 30—60 cM copepKaT 0KoA0 1% rymyca u mo co-
AepIKaQHUIO IUTATeAbHBIX 9AEMEHTOB OTHOCSTCS K cAaboobecnedeHHsM. O CHOBHOM
KOMITOHEHT ap3bIKa — I'MIIC — IpeBpalmaeT BHECEHHBIN pocPop B TPYAHOPACTBO-
PHMYIO HEAOCTYIIHYIO AASL PACTEHHI $OPMY, a TAKKe YMEHbIIAeT OTHOIeHHE Ka A
K KaAbIHIo. B urore HapymraeTcst c6aAQHCHPOBAHHOCTD IIUTATEABHBIX 9A€MEHTOB.
Pe3yAbTaThI HCCAEAOBAHUS [IOKA3BIBAIOT, YTO AP3bIKOBBIE IIOYBBL He CIIOCOOHDI
06eCHe‘1HBaTb OCHOBHBIMH ITUTATEABHBIMH dAEMEHTAMU CEAbCKOXO03SIHCTBEHHBIE
KyAbTypr.

YcTaHOBAEHO, YTO Ha OPOIIAEeMBIX AYTOBBIX IIOUBAX C PA3AMYHON TAYOHHOM 3a-
A€TaHVsI ap3BIKOHOCHOTO ropusonTa 200-250 Kr/ra a3ora sSIBASIETCS ONITUMAABHOMN
HopMmoit. Ha moBepxHOCTHO-ap3bIkoBbIX HouBax npu cootHomenuu N: P: K 1:1,0:0,6,
Ha MeAKOoap3bIKoBbix — 1:0,8:0,6; Ha mouBax Oe3 ap3sikoBoro ropusonra — 1:0,8
(0,64):0,6 (0,5). CpeaHAs ypoxkallHOCTb XAOMYATHHKA 32 TPH FOAQ IPOBEACHHUS
OIBITa COOTBETCTBEHHO cocTaBuAa 15,5,22,0 u 34,5 11/ra.

ITpumenenme Ha ap3bIKOBO-COAOHYAKOBBIX OUBaxX L]eHTpasbHO# QepraHp OTAEAD-
HbIX TPHEMOB MEAOPAIIMH JKeAaeMOro 3QPpeKTa He AAeT. YCIex 3aKAIOUEeH B KOMITACKC-
HOM U CUCTEMATHYE€CKOM HPI/IMeHeHI/II/I MEANOPATHBHBIX MePOHpI/ISITI/Ifl. Ha mmoaeBpix
OIIBITAX IIPOBEACHHBIX Ha AP3BIKOBBIX COAOHYAKAX PUIITAHCKOrO pafioHa OBIAY yUTEeHbI
IPHEMBI THAPO-, arpo- U $uTOMEANOpAITHHL. OIbIT BKAIOYAA CA€AyIOIIYEe BADUAHTBI:

0. Korrpoas. O6braHast BCIamka + IPOMBIBKA Yepe3 KYABTYPBI PHCA CO CIIAOLIHBIM
3aTOIACHUEM.

1. O6br4Has BCIAIIKA + MHOTOKPATHOE PhIXAeHMe Ha rAyouny 80 cM + OoxoBas
IPOMBIBKA Yepe3 KyAbTYPHI PUca.
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2. 15 v/raHaBo3a + 15 T/ra AUTHUHA + O6GBIYHAS BCIIANIKA + MHOTOKPATHOE PhIX-
AeHre Ha TAyOuHY 80 cM + 60KOBasI IPOMBIBKA Yepe3 KYABTYPHI PHCa.

3.30 r/ra HaBo3a + OOBIYHAS BCIIALIKA + MHOTOKPATHOE PhIXACHUE HA TAYOHUHY
80 cM + 6OKOBast IIPOMBIBKA Yepe3 KYABTYPbI PHCa.

IToae, rAe GbIA 3aA0XKEH OIIBIT, BKAIOYEH B IIAQH CeAbX03- 0bopora 10 Aer Hazaa.
ITo4Ba OIBITHOTO IOAS 32 BeCh ITPOIIEALINI IIEPHOA He II0AAABAAACh OCBOEHHUIO H YAYY-
IeHHIO, OCTABAAACh CHABHO 3aCOAEHHOH, XOTSI ©KETOAHO IIPOBOAHAH IIPOMBIBKY, AXKe
Ha G OHe rAyOOKOTO PhIXACHIS U BHECEHIs HaBo3a. KyAbTyphI-ocBOUTeAH, pasHBbIe Tpa-
BOCMECH TAKXKe He POCAIL

Harmm ccaep0BaHNS IPOBOAUAKCH B TPEXKPATHO TOBTOPHOCTH Ha pOHE MEAKOTO
3aryIIeHHOTIO BPeMEHHOTO 1 TAyOOKOTIO IOCTOSIHHOTO ApeHaxa. MexxapeHHOe paccTo-
sIHUe BpeMeHHbIX ApeH 30 M, ray6una — 1-1,2 M, rAyO1HA IIOCTOSIHHBIX ApeH — 3—4 M.

Boaonopaya HayaTa 25 Mas M3 LIEHTPAABHBIX ITIOAOC, CIYCTA 15 AHel HayaAOCh
3aTonAeHue GOKOBBIX IPHAPEHOBBIX IIOAOC.

Boaomopaua mpekpaimtena 20 cenrsops. ITousa Ha peastHKax B TedeHue 105—
220 aHelt ocTaBaAach IOA BOAOH, IOUBBI IIEHTPAABHbIX TOAOC HAXOAUAMCH TIOA BOAOI
Ha 15 AHeit AOAbIIIe, YeM MTOYBbI TPUAPEHHBIX TOAOC.

Pe3yAbraThl HCCAEAOBAHMS [TOKA3bIBAIOT, YTO HaBO3 B Koandectse 30 T/ra Ha 06-
IeM OPHHSITOM $pOHE CIIOCOOCTBOBAA AyUIIEMY POCTY M Pa3BUTHIO PHUCA,  TAIOKe Ha-
komaenuio ypoxas. Coueranue HaBosa (15 T/ra) c aurausom (15 T/ra) Takxe cospaer
XOpOIIHe YCAOBHSI AASL Pa3BUTHSI PUCA, HO [0 YPOXKAMHOCTH PACTEHHUSI 3TOTO BAPUAHTA
3HAYUTEABHO YCTYIIMAU IIPEABIAYIIEMY. YPOXKAMHOCTD PHCA COCTABHAA: HA KOHTPO-
ae — 37,8 1/ra, B 1 Bapuante — 43,7 11/ra, Bo 2-50,3 11/ra, B 3-61,3 11/ra.

Taxum 00pasom, HE3KOe A0AOpoAe TouB LlenTpassroit epranst 06bsCHIET-
ST HCKAIOYUTEABHO 0€AHOCTBIO OPTAaHUKOM M AOCTYIIHBIMU $OPMaMHU [IUTATEAbHBIX
9A€MEHTOB, HAapyLIeHnEeM COAAQHCHPOBAHHOCTH [IOCACAHHUX, BBICOKOI IIAOTHOCTBIO
Y HU3KOU BOAOIIPOHHIJAEMOCTBIO AP3BIKOHOCHBIX ropu3oHTOB. CBOCOOpasue xu-
MHYECKHX H BOAHO-PH3MYECKHUX CBOMCTB ap3bIKOBO-COAOHYAKOBBIX [IOYB OIIpeAe-
AsieT He0OXOAMMOCTD 0COOOM TEXHOAOTHH OCBOEHISI, MEAOPATHUBHOTO YAyUIIe-
HHSI U HCIIOAb30BAHUSL. B BbIIIOAHEHUH [TOYBEHHO-MEAHOPATUBHBIX HCCACAOBAHUI
ap3BIKOBO-COAOHYAKOBBIE ITOYBBI HY>KHO BBIAGASITH B OTAGABHYIO MEAHOPATUBHYIO
rpymmy. IIpu cocTaBAeHHU TeXHO-PaOOINX IIPOEKTOB OCBOEHMUS X MEAHOPATUBHOTO
YAyUILIEHHS 3eMEAb CACAYeT IIPOBOAUTD A€TAABHYIO [TOYBEHHYIO CHEMKY MACIITa-
6a 1:2000-1:5000, o6paruB ocob0e BHUMAHIE Ha TAYOHUHY 3aA€TaHUS, XapaKTep
CAOXKEHHS U MOIJHOCTb HaAAP3BIKOBOTO M ap3BIKOHOCHOIO CAO€B, Ha COAEPIKAHME
KOMITOHeHTOB ap3bika. OIpepeasifoliee 3HAYeHIE IPHU OLleHKe U IIPOTrHO3MPOBAHUH
MEAMOPATHBHOIO COCTOSIHMS 3eMeAb IIPUOOpeTaeT NCXOAHOE COCTOSIHUE peAbeda
U €r0 M3MeHeHUs IIPH [AAHUPOBOYHBIX PabOTaX, IOITOMY UX CAEAYET YIeCTh IIPU
COCTaBACHUH PabOUHX IPOEKTOB.
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AAST ap3BIKOBO-COAOHYAKOBBIX ITI0YB 0CO00€ 3HAUEHE IMeeT IIPABHABHBII BEIOOP
U pa3MeleHue KYAbTYp, IpUMeHeHHUe CIIeIMaAbHBIX HE)KeHEPHBIX M arPOMEANOPATHB-
HbIX I'IPI/IeMOB.

B xoMITA€KCe MEAMIOPATHUBHBIX MEPOIIPUSTUH 0COO0e BHUMAHIE CACAYET YACASTD
TAYOOKOMY PBIXACHHUIO, KOTOPOMY AOAXHO O0SI3aT€ABHO IPEALIECTBOBATb BHECEHNE
HaBo3a B koandectse 20-40 T/ra, CHAepalts 3eMeAb, 3aTeM ITOCeBbl MHOTOAeTHUX
TpaB, peKOMEHAyeMasi KYABTYPa — XAOITYATHUK, B CEBOOOOPOTE € KOPOTKOM pOTariuei.
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Maea 3. UccnepoBaHue 3apaym onTtuMmusaumm
KOHCTPYKLUMA MaLUUH yAAPHOro AencTeus

1. IIpoexTHpOBaHKe MAIINH YAAQPHOL'O ACHCTBHS HA OCHOBE KPHTEPHEB II0A0Oxst

CosepieHcTBOBaHNEe KOHCTPYKIIUI ITHEBMOYAQPHUKOB SIBASETCS aKTyaAbHOM
3apadeil FOPHOTrO MAIIMHOCTPOEHHS Ha COBpEeMEHHOM aTarte. Pa3paborka KOHCTPYK-
ITHii HOBBIX MAIIMH CONPsDKeHA C TPYAHOCTSMH UX IPOEKTHPOBAHMS, OIPeACACHHUS
PAIfOHAABHBIX ITAPAMETPOB, OIIEHKOH CTeIIeHH TeXHUYECKOTO K 9KOHOMHYIECKOTO CO-
BepIIeHCTBA, IPOBEACHIS HCIIBITAHUI OIBITHBIX 00PA3Ii0B, AOBOAKOIN KOHCTPYKIJHIT
AO CEepHITHOTO H3IOTOBAEHIS, BKAIOYASI Pa3pabOTKY TEXHOAOTHYECKOI U TEXHIYeCKOM
AOKYMEHTALIUH, TIPEOAOACHHE MapPKETHHIA PHIHOYHBIX OTHOIIEHHIL.

AAs yckopeHus mpoliecca MpoeKTHPOBAHUS HOBOM ITHEBMOYAAPHO TeXHUKHU
MO>KHO IIPUMEHHTb METOA IOAODI, a B KaueCTBe OIBITHOIN MOAEAU HCIIOAb30BATh
y>Ke ITOAYYHBIIYIO IIPU3HAHKE B IIPAKTUKe CEPUMHYI0 KOHCTPYKIHIO. TexHudeckue
XapaKTEePHUCTHKHU 3TOM KOHCTPYKLMU (MOAEAN) yoKe U3BECTHbI, U X MOXKHO HCIIOAB-
30BaTb B Ka4eCTBe OIBITHBIX AAHHBIX.

IIpu pa3paboTke TUIIOPa3MEPHOTO PSIAA ITHEBMOYAAPHUKOB MOXKHO HCIIOAB30BATh
U3BEeCTHbIE KPUTEPHU FeOMeTPHIeCKOr0, KHHEMAaTH4eCKOTO U AUHAMUYECKOTO II0AO-
611, Tak Kax IapaMeTpbl IIHEBMOYAAPHHKA OIIPEAEASIIOTCS IAOIAABIO 6ofika F, M; ero
Xx0A0M S, M; AaBAeHHeM Bo3ayxa p, I1a; Maccoit 6oiika m, KI, TO, BBOASI COOTBETCTBYIO-
IMe MacmTabbl Q& 0 ¥ O, , MOXKHO IIOAYYUTH IIPH MaciTabe BpeMeHu &, =1 mpo-
THO3HbIE 3HAYeHM ITAPAMeTPOB IIPOEKTHPYEMOTO YAAPHHUKA.

Tak, sHeprus ero eAMHIYHOTO YAapa, Ax

A, =Aaaa, (1)
TA€ UHAEKCBI H 1 M OTHOCATCS COOTBETCTBEHHO K HAType M MOAEAH.
Yacrora ypapos, ¢

1 1 1

o
n, =noca, ol (2)



Chapter 3. Research of the optimization problem of impact machine’s structures 33

YaapHast MOIJHOCTB, KBT

3 3 1 1
_ 3Ty 2y 2
N, =N aia’aia,’. (3)
Pacxop Bo3ayxa, M*/MuH

33 1 1
V, =Vaialaia,’. (4)

CaeayeT OTMETHTD, YTO MACIITAOHbIE KO PUIIHEHTDI AAST MOIFHOCTH U PACXOAQ
BO3AyXa OAMHAKOBBI, UTO CACAYeT M3 3aKOHA COXPAHEHHS SHEPTHUHL.

HcnoabsyeM B kKagecTBe MOAEAU ITOTPY>kHOU THeBMOYAapHUK I TI1-105-2,2 c mpo-
CTOI1 1 HAA@XKHOI CXeMOIT BO3AYXOPACIIPEACACHHS “30A0THHK Ha ITOPIIHE U IIPOU3-
BeAeM IIEPEBOA ero ITapaMeTpoB Ha mHeBMoyAapHUKHU I1-200-1 1 I1-200-2, nporxosu-
PpyeMble XapaKTepUCTUKH KOTOPBIX IpUBeAeHb! B TabA. 1 Onu paccunransi o (1)—(4).

Tabnuua 1. - CpaBHI/ITeJ'IbeIe JAaHHble NapamMmeTpoB NHEBMOYOAPHUKOB

HanmenoBanne mapameTpos TUmbt yAapHIKOE
I1-200 I1-200-1 | T1-200-2 | AHA-380
AmameTp AOAOTa, MM 200 200 200 200
AuaMeTp IIMAMHAPA, MM 148 150 150 150
Macca yAapHHKa, KT 19,3 12,8 25,6 -
YacroTa yAapos, ¢! 19 23 23 -
‘YAapHasi MOLITHOCTS, KBT 7,9 12,4 34,9 -
XO0A YAQpPHUKA, MM - 110 110 -
Pacxop Bo3Ayxa, M*/MuH 18 31 87,3 31
AaBaenue Bo3payxa, MITa 0,5 0,5 1,0 1,76
OHeprus ypapa, Ax 420 588 1176 -
OtHomenue N/V 0.439 0.400 0.400 -

Tak KaK reOMeTPUIECKHI MacCIITab MOACAUPOBAHUS O, =2 [IPH IIepeXOAe Ha Oype-
HHUe CKBaXUH ArameTpoM 200 MM 1 @, =1, TO KpUTepHii TOMOXPOHHOCTH OIIpeACAseT
cKopocTHOM MacuTab o, =, =2 . V3 kpurepus HproToHa MacIuTab Macchl yAapHUKa
OIpeAeASIeTCS Kak ., = O ¢, .

CpaBHeHHe ABYX IpOeKTHPYeMbIX yaapHUKOB 11-200-1 u I1-200-2 ¢ peaabHBIM

N
yaapHuKOM I1-200 rmoxasbIBaeT, YTO KX MOITHOCTD, TO €CTh OTHOLIEHHe v’ IIpUMEePHO

Ha 10% Hipke. DTO 03HAYALT, YTO H3MEHEHHE MACC U AABACHHS He AAeT 9KOHOMUYECKUX
IpeUMyIeCTB HOBBIM THIIAM YAAPHHUKOB. FICXOAHO! KOHCTPYKIHEH AASL paCYeTOB SB-
aseTcs mHeBMOyAapHUK ITI1-105-2,2, KoTOpbIit HeAb3SI CAUTATh HACAABHON MOAEABIO,
[I09TOMY Pe3yABTATBI MOAEAHPOBAHHS MAIIIMH HA OCHOBE KPUTEPHEB IIOAOOHS B AQH-
HOM CAy4Yae HOCSAT CKOpee MeTOAMYECKHI XapaKTep, 4eM KOHKpPeTHas PeKOMeHAALH
006pas1ioB, KOTOpbIE HIMEIOT OIIPEACACHHbIE OTPAHIUEHHS IIPH PEAAN3ALUU B CHCTEM-
Ho¥1 orfeHKe. OAHAKO IIPOCTOTA M AOCTYIIHOCTD METOAA ITO3BOASIIOT HAACATLCS Ha €T0
IpHMeHeHHe B 00AACTH CO3AAHUS HOBBIX TOPHBIX MAIIHH. BbITOAHNM CpaBHUTEABHbIN
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aHAAM3 KOHCTPYKIIUH, B KOTOPBIX MOAEABIO siBAsteTCs yaapHUK I1-160 B. ITapameTps
CpaBHEHM IIOKA3aHBI B Ta0A. 2.
Tabnuua 2. — CpaBHUTENbHbIE aHHbIE NapaMeTPOB NMHEBMOYOAPHNKOB

HanMeHOBaHHe XapaKTePHCTHK Mojean nHeBMOyAIpHHKOB
I1-160 B I1-160 B1 I1-160 B2
AnaMeTp CKBaXKUH, MM 160 160 160
AnaMeTp yAapHHKA, MM 122 122 122
Macca ypapHUKa, Kr 11,3 11,3 8,0
Xoa yAApHUKA, MM 115 162 162
AaBaeHue Bosayxa, mIa 1,7 1,7 1,7
YacroTa ypapos, ¢! 31 26,3 31
Oueprus yaapa, Ax 340 480 401
YaapHas MOIHOCTD, KBT 10,5 12,5 14,8
Pacxop, Bo3Ayxa, M/ MuH 24 33,8 33,8
VaeAbHast MOI[HOCTD, KBT/M?/Mun 0,438 0,369 0,438

ITreBMoypapruk I1-160 B2 110 cBomM KauecTBeHHbIM IOKA3aTEASIM COOTBETCTBYET
CBOEMy IIPOTOTHITY, HO OTAHYAETCsI O0Aee BHICOKON YAAQPHOM MOILJHOCTBIO Ml MOXKET
IPeTeHAOBATh Ha TeXHUYECKoe IPOeKTHPOBaHue. MeToArKa ITPOeKTHPOBAHUS MAIIHH
Ha OCHOBE KPUTEePHEB II0AOOHSI II03BOASIET BBIITOAHUTD [IPOEKTHBII TOUCK [TAPAMETPOB,
006eCreYnBaOIIKX IPOU3BOAUTEABHYIO PAOOTY MAAOTa0APUTHBIX YAAPHUKOB.

2. OnmpepeAeHHe MEHHMAABHOM YAQPHOM MacChI ¥ HA4aABHOM CKOpOCTH OYy-
PeHHSA NOrPy>KHBIX IHEBMOYAAPHHKOB

OaeMeHTapHast paboTa cuabl yaapa F Ha 6ecKkOHEYHO MaAOM HHTepBaAe IepeMe-
LIeHNs] yAQPHUKA Ha AAUHY dx onpepeasiercst kak A=Fdx, Ho F=kx, moatomy

x kxz
A= [kxdx = i (5)

rae k — >xecTKOCTb yaapHuKa, Hv ™.
AAsl yAapHHKA CedeHHeM S, AAMHOI [, IIPY MOAYA€ YIIpyrocTy Marepuasa E u or-
HOCUTEABHOI AepOpMALIH €

E 2
Ao Slze . 6)
Boipaxenue (6)! mpeacTaBasieTcst kak
V Eg’
A= —028 : (7)

rae V, — o6beM yaapHuKa, M.
O6DbeMHYI0 TAOTHOCTD 9HEPTUH YIIPYToi AeGOPMAI[IU MOXKHO BHIPA3HTh IKBH-
BaAHTHBIMHU APYT APYTY BbIP)KeHUSMU

! Tepmenson E. M., Masos H. H., Marcypos A. H. Mexanuka. — M.: Akaaemust, — 2001.
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_E¢' oce o’

w=—=— (8)

2 2 2E
Ipu pacTsbkeHUH 06pasLja U3 YTAEPOAUCTON CTAAU IIPEACAbHASI OTHOCHTEABHASI
AedopMaIys AASL 30HbI AMHEMHBIX COOTHOLIEHU
o 3,3-10°
e =—=2"__=1,65-10", 9
np E 2 . 1011 ( )
TAe O, — IpeAeA TekydecTu cTaay, ITa; E — moayab ynipyrocry, I1a.

3Has €,y MOKHO HaHTH U IPEACABHYIO 00BEMHYIO IIAOTHOCTD S9HEPIUH Aepop-
Malui

=7 =0,710° T (10)

Aas mHeBMOypapHEKa M48 06eM yaapHO# Macchl cocraBaster V, =3,59-107 M3,
II09TOMY IIPEACABHAS] 9HEPTUSI YAAPA, C KOTOPOI MOT ObI pPabOTATh AQHHBII YAAPHHK
coorserctByer A, =V,0 =3,59-10"-2,7-10" =96,93 Ax.

IloAy4eHHBIH Pe3yAbTAT IPAKTHIECKH COBITAAAET C IIACTIOPTHBIM 3HAYCHHUEM dHep-
run yAapa aasa M48 pasroit 93,3 Axx. OTO CBUACTEABCTBYET O TOM, YTO CHIDKATh MacCy
TAaKOT'O YAAPHHUKA IIPU YCAOBUH POCTA IHEPTHH yAAPA IIOYTH HeBO3MOXKHO. OAHAKO Tak
KaK IpeAeAbHbIe HANPSDKEHMS CXKATHS MOTYT IIPEBhIIIATh IPeAeA TEKYJeCTH IIPU Pac-
TSDKEHHUH, 2 AMHAMUYECKUH MOAYAD YIPYTOCTH OTAMYAETCSA OT CTATUYECKOTO, TO OCTa-
eTCs pe3epB yBeAMIeHHU S IHEPTHHU YAAPA.

HPI/IMeHeHI/Ie AE€TUPOBAHHbBIX CTaAe! IOBBIIIAET TIIPEAEA X YCTaAOCTHOfI IIPOYHO-
cTH 6oAee YeM B ABa pasa [0 CPABHEHHUIO C yTAEPOAUCTON CTaAbIO, 9TO 110 (8) yBeAmdn-
BaeT OoAee yeM B UeThIPe pasa 00beMHYIO IAOTHOCTD 9HEPIHUH YIIPYToil AeGOpMALIUH.
OTOT BBIBOA BCEASIET HAAXKAY HA YCIIEITHOCTh MOAPHM3AI[IU TUIIOBBIX KOHCTPYKIHI
OTeYeCTBeHHBIX ITHEBMOYAAPHHUKOB 33 CYeT YBEAMYEHH A XOAA YAAPHHKA H YMEHbIICHIA
€ro Macchl.

OTa upes 6b1aa 3aa0xKeHa B aterTe PO N2 2209914 «ITorpysxHoit IHEBMOYAQD-
HuK> '. CyTb IIaTeHTa 3aKAIOYAETCSI B CACAYIOIEM:

B xopiryce HaXOAUTCS yAQPHHK, KOTOPBIN OCHAIEH OTOAOBHUKOM. YAQPHHK Ha-
HOCHT YAQpbI [I0 AOAOTY, B3AUMOAEHCTBYIONeMY C IIOPOAHBIM 3260eM CKBaYKHHBIL.
OroAOBHHK BBITOAHSIETCS M3 BBICOKOIIPOYHOTO MaTePUaAd, KOTOPBIA 00AAAAET BbI-
COKHM YPOBHEM IIPEAEABHOM 0OBEMHOM 9HEPIHH YIPYTHX AepOopMarfiit W, Taxum
MaTepHaAOM MOXKeT 6bITh BOAbPpaMo-K06aabTOBbIi caaB BK25, o6aaparomyii Bbl-
COKMM ypOBHEM YAQPHOM BASKOCTH, TpeaeAoM npounocTy o, =3500 MIIa n Mmoayaem
yupyrocru E=4320 MITa’.

! Kanmos B.T,, Tuassnosa A.H., Marseesa A. V1. TTorpyHOil TTHEBMOYAAPHHK AAS GypeHEst
ckBaxxuH. ITar. 2209914 PO.

% Vsanos K. V1., Taasysos B. H., Hapuon M. ®. Cospemennbie MeTOAbI GypeHHS KPeITKIX OPOA. —
M.: Tocroprexusaar, — 1963.
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Io (8) mpeaeAbHas oHEpPrus ynpyrux AepopmariHit COCTaBHT
o = Oa_ 3500°10"

" 2E 2-4320-10°

INpnmnmas k pacuery w, =140x10°Ax/m’ n3-32 He N3y IEHHOCTH IPEAEAA YCTAAO-

= 14178-10° 2

M
CTH BOAB$PAMO-KOOAABTOBBIX CIIAABOB, TOAYYaeM BO3MOXKHOCTD 3HAUUTEABHO YMEHb-
IINTh MACCY YAQPHHUKA M €TO Pa3Mephl, TaK KaK MAOTHOCTD craaBa BK 25 B ABa pasa
BblIIIe, YeM [IAOTHOCTb CTAAH IIPU COXPAHEHUH SHEPIHH EAUHHIHOTO YAAPA.

Eme 60Aee BBICOKHM yPOBHEM BpPeMEHHOTO COIPOTHUBACHIS CXKATHIO OOAaAaeT
criaaB BKS8. Y mero w5=5860 MIIa, uTo yABauBaeT 3HaUCHHE @, TIO CPAaBHEHHIO CO CTIAQ-
Bom BK2S.

Hcnoap3oBaHIe IIpeAAaraeMOro ITHeBMOYAAQPHUKA II03BOAUT IIPH MAABIX rabapu-
TaX OTOAOBHHUKA U YMEHBIIEHUU MACChI YAAPHUKA [IOBBICHTD IIPEACABHO AOITyCTUMYIO
9HEPTHUI0 eAUHUYHOTO YAAPA HAU yBEAUYUTD YaCTOTHOCTb IIPOLIECCa, YTO B KOHEUHOM
pe3yAbTaTe MO3BOAUT ITOBBICUT YAAPHYIO MOLJHOCTD ITHEBMOYAAQPHHUKA.

IToAy4eHHDII pe3yAbTaT B PaBHOM Mepe OTHOCHTCS M K OYpOBbIM KOPOHKAM, KOp-
IIyca KOTOPBIX TAK)Ke PAGOTAIOT B YCAOBUSIX IIPEACABHBIX HATPY30K.

OT0 03HAYALT, 4TO MACCA KOPOHKU M, AOAXKHA OBITH He MeHee YAAQPHOM MacChl m, .

PaccMOTpHM BAUSIHYIE MAacChI HA HAYAABHYIO CKOPOCTb OypeHust. B MoMeHT OkoH-
YaHHs Pab0Yero XoAa yAAPHOM MAacChl M, OHa CO CKOPOCTBIO V, YAAPSET 110 HETOA-
BIDKHOMY 6YpOBOMY HHCTPYMEHTY C MAcCOH m,.

ITo 3aKOHY COXpaHeHHUs UMITyAbCa'

my, +myv, =mu, +mu, (11)
TA€ V, — CKOPOCTb KOPOHKH AO YAQpa (v2=0) , U, ¥ U, — CKOPOCTH COOTBETCTBYIOIIUX
Macc IOCAe yAApa.

OKcIeprMeHTaAbHBIE HAOAIOAEHIS 32 IIPOLIECCOM COYAQPEHHS CTAHAAPTHBIX KO-
POHOK M PeaAbHBIX YAAPHBIX MACC M IPU UX CHAOBOM B3aUMOAEHCTBHH C IOPOAOH 110~
Ka3bIBAIOT BO3MOKHOCTD AOTTYIIEHUS U =1, =U, TAK KaK TPH COM3MEPUMBIX 3HAYEHUSIX
m, ¥ M, OTCKOKA YAAPHUKA OT KOPOHKH HAMH He HaOAIOAQAOCh.

ITosromy (11) mpeo6pasyeTcs Kk BUAY

myv, =(m, +m,)u (12)
HAU
m
U=y — 13
m, +m, (13)

AnasorugHbii pesyabraT moaydeH Ocerkum B. M. npu aHaanse cxeM 6asAucTy-
JeCKOTO MasTHHKA. FICXOAS M3 3aKOHA COXpaHEHHs SHEPTHHU U IPHHATHIX YCAOBHI
myv,’ =(m, +m,)u’ +cy’ (14)
TA€ ¢ — KeCTKOCTb 326051, HM™
y — TepeMeljeHne KOPOHKH 33 OAUH YAQp, M.

! Ocenkuit B. M. Texanaeckas MexaHuKa. — M.: Tocroprexusaar, — 1962.
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Us (14) c yaerom (13) caeayer, uro

(1)

Tax xak sHeprus yaapa

10 (15) mpuMer BuA

(16)

EcAu pacKprITh 3HaYeHHE C M IPUHATS M =m., T0 (16) mpumer Bu

A A
=—2 =2 17
7 ¢ EF wy o F ( )

n“n"n non

raee, E 0 uF — cOOTBETCTBEHHO, OTHOCUTEAbHAS AedOPMALIHS, MOAYAD YIIPYTOCTH,
HaIpsDKeHHe B IOPOAE H MAOIAAb KOHTAKTa HHCTPYMEHTA C IIOPOAOXL.

ITo cBoemy copepxanuio (17) packpbiBaeT QU3HYECKYI0 IPUPOAY POPMYABI
FO.T. KonstmyHa ' 10 pOU3BOAUTEABHOCTH THEBMOYAQPHUKOB B Ha4aAe IpoIiecca
OypeHus.

ITpu 3apaHHBIX 3HAYEHHAX XOAQ YAAPHHUKA, AABACHMS CXKATOTO BO3AYXa, TIAOIIAAEH
YAQpPHHKA B KaMepax pabouero 1 XOAOCTOTO XOAOB yMeHbIleHre M1 IPHBOAUT K pOCTy
YAQPHOM MOIJHOCTH.

OtrocureapHoe 3Hauenne m /m, B (16) IOKA3bIBAET CYIECTBEHHYIO POAD AAS
OLIeHKH IPOHU3BOAUTEABHOCTH [THEBMOYAAPHUKOB, XOTSI A0COAIOTHOE CHIDKEHHe
BEAUYUHBI /1, OTPAHUIUBAETCS 06HeMHON MTAOTHOCTDIO 9HEPTUH YIIPYToi Aedop-
MaIuH.

BrimoAHeHHbIM aHAAU3 TO3BOASIET IIPOEKTHPOBATb KOHCTPYKTHBHbIE CXeMbI ITHEB-
MOYAQPHHKOB U KOPOHKH AASI HUX ITO MUHMMAABHBIM 3HaueHUsM Macc. Boabdpamo-
K06aABTOBbIE IOPOAOPA3PYIALOIHE 9AeMeHTDI 110 (8) 06AaAAIOT YHHKAABHBIM YPOB-
HeM ITPeAeAbHOI 00beMHOI 9Hepriu AepopMariui. ITpeaeAbHbIe HATIPSDKEHUS CKATHS
W-Co cmaaBoB B 10-20 pa3 mpeBbIIIAIOT COOTBETCTBYIOIUE TOKA3aTeAU AAS KOH-
CTPYKIMOHHBIX CTAACH, YTO MO3BOASIET OTIPEACAATD UX W = 140x10-280x10 Asx/m.
ITpu aToM 6oAee BHICOKHE 3HAUEHHSI OTHOCSTCS K CIIAABaM C 60Aee HU3KHM COAEp-
KaHHeM KobaabTa. IIprBeAeHHbIE KOHCTAHTHI [IO3BOASIIOT IIPOEKTHPOBATh OYpOBOIt
HMHCTPYMEHT 3aAaHHOM ITPOM3BOAUTEABHOCTH.

! Usawos K. V1., Aarsimes B. A., Auapees B. A. Texuuka 6ypers mpu paspaboTke MECTOPOXACHHUIT
ITOA€3HBIX HcKomaeMbix. — M.: Heppa, — 1987.
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3. DKcnepuMeHTaAbHas MPOBEPKa IPHHINIIOB MOACAHPOBAaHHS ITHEBMO-
YAQPHHKOB

C yBeAndueHnEM AQBACHIS CKATOTO BO3AYXA B CETH CKOPOCTD OypeHIs eppopa-
TOpaMU U THEBMOYAAPHHMKAMU BO3pacTaeT. ICIpITaHNs IOKa3bIBAIOT, YTO MeXaHIJe-
CKasI CKOPOCTb Oy peHHUs [T0 IIOPOAAM PA3AMYIHOM KPeIIOCTH IIPU POCTe AABACHUSI BO3-
AyXa HOCHT AMHEHHBIA XapaKTep L CpaBHUTEAbHbIE AAHHbIE TIOKA3aHHI U pacyeTHbIe
3HAYeHHs POCTa YAAPHOI MOIIHOCTH IO (3) npuBeAeHs! B TabA. 3. Tak kak mpousso-
AHUTEABHOCTD Oy peHIs, XapaKTepu3yeMast ee CKOPOCTHIO, IPOIOPLINOHAABHA YAAPHOI

3

_.2 _ o }
MOIHOCTH, TO CPaBHEHHE a,=d , U aQ—sz/ V;l, TAE sz u Vpl COOTBETCTBEHHO CKO
pOCTH 6ypeHuUs PU AABACHHAX P, U P, AAeT BO3MOXKHOCTD OII€HUTb AOCTOBEPHOCTD

(3). OTKAOHEHHE PesyAbTaTOB B IpepeAax S—23% IOATBEpPXKAET CIIPaBeAAnBOCTD (3)
npu p, o0 1,2 MITa.

Tabnuua 3. — IameHeHne ckopocTu GypeHnsi 1 pacyeTHOM yaapHO MOLWHOCTH, %

Pocr noxasareaen INorpemHOCTD AaBACHHS, %
T rOPHBIX IOPOA, o o
Q N
Cuenursl 164 183 11
CxapHsl 154 183 16
MarueTuTs! 144 183 23
CaaHnpbl 350 370 S

AHaAOTHMYHbIE PE3YABTATHI CPABHEHIS POCTA CKOPOCTH OypeHMs ITHEBMOYAApP-
HukoM COP42 mpu yBeanuenun paBaeHus Bospayxa ¢ 0,6 oo 1,8 MIla onpepeasiror
HECOOTBETCTBHS pacyera 1o (3) B Bupe 33% OTKAOHEHWs Pe3yAbTaTOB. PesyAbTaTs
cpaBHeHHs paKTUYECKO CKOPOCTH OypeHuUsI THeBMOYAAPHUKOM YY-47 ¢ pacyeTHOMN
ee BEAUUMHOI IIPY POCTE AABAEHHS CKATOrO BO3AYXa IIPUBEAEHSI B Ta0A. 4.

Tabnuua 4. — CpaBHUTEbHBIE AaHHbIE CKOPOCTU BypeHus

AaBAeHHE BO3AY- Cxopocrs Gypermst, /s Pacxosxpenus
xa, MIla ’ pe3yabraros,%
OmnbiTHAS Pacuernas
0,4 37 37 0
0,5 60 51 14
0,6 83 68 18
0,7 89 75 4

! Kanmos B.T,, Tuabsuosa A.H., Marseesa A. V1. [TorpyxHoit TTHEBMOYAAPHUK AAS GypeHus
cxBaxuH. [Tat. 2209914 PO.

% Taryaus M. B. CoBpemenHbIe CrIOCOGH! 1 TEXHOAOTHSI 6y PeHES B3PbIBHBIX CKBR)KHH IIPH IOA3EMHOIT
orborike pya. — M.: Hayxka,1967.
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YAOBAETBOPUTEABHOE COBITAACHHE PACUCTHDIX F pAKTHIECKUX AAHHBIX CBUACTEABCTBY-
€T O IIPUEMAEMOCTH HCIIOAb30BAHHS POPMYA MOACAMPOBAHHS ITPU U3MEHEHNH AABACHHS.

B raba. S mokasaHsI paKkTUIECKUe U PACIETHBIE AAHHBIE [THEBMOYAAPHUKOB YY-4
u I1I1-105-2,2. ITpu atom I1I1-105-2,2 cunTaeTcs MOAGABIO IIHEBMOYAAPHHKA C IIapa-
MeTpaMH HaTYPBI, B POAM KOTOPOI BBICTYIIAeT THeBMOYAAPHUK YY-4. O6a nHeBMOY-
AQPHIKA CIIPOEKTHPOBAHbI AASL OYPEHIS CKBOXUH AraMeTpoM 105 M.

Tabnuua 5. — CpaBHeHNe GakTUHeCKNX 1 PacHeTHbIX
JaHHbIX MOJENVMPOBaHMS NapamMeTpoB

THIbl yAapHHKOB
Haumenosanune napamerpos | I1I1-105- vv4 | yva1 Orkaonenne, %
2,2
Awnamerp 6orika, MM 75 80 80 0
Xop 60rika, MM S5 45 45 0
JHeprus yaapa, Ak 73,5 58,8 67,9 +13,5
YacroTa ypapos, ¢ 32,5 40 38,0 -5,0

YAOBAETBOPUTEABHOE COBIAAEHHE IPOTHO3HBIX IAPAMETPOB ITHEBMOYAAPHHKA
YV¥-41 ¢ pakTHueckuMu mapaMeTpaMu PeaAbHON KOHCTPYKIMH YY-4 IOATBEPKAAIOT
BO3MOXXHOCTD UCIIOAb30BAHIS METOAMKHI MOACAMPOBAHHS IIPH IIPOEKTHPOBAHHH Pe-
AABHBIX KOHCTPYKITHIL.

Brimoanum MoaearpoBanue napamMeTpos nHeBMoypapHuka ITI1-10S npu ucmoan-
30BaHHH B KAUeCTBE MOAEAU KOHCTPYKTHBHBIX PelIeHUH IIBEACKOrO THeBMOYAAPHHUKA
COP-42. Macmrab macc a, =3,2:113,3=0,283; macmrab xopa a =55:136=0,404; mac-
mTab AQBACHMS ap=0,5: 1,8=0,273; maciurab ceueHwuit a=1.

PacueTHblit MacmTab pacxoaa Bosayxa o (4) cocrasur

a,=0,2783 x13/* x0,404 ' 0,283 "> =0,174
IIporaosupyemslii pacxop BO3AyXa COCTaBUT
V=V xa =19x0,174=3,3 M’ /mun.

Tax kak nacmopTHBIE pacxos mnHeBMoypapHuka IIIT-105-2,2 cocraBasger
5,5 m*/mun, To koHCTpyKTUBHBIE pemenns COP42 obecrneunsaror 40% cHibKeHHEe
pacxoaa Bo3ayxa.

CpaBHHuTeAbHAS OIIEHKA Pe3yAbTaTOB MOACAMPOBAHUS ITHEBMOYAAPHHUKOB C pe-
AABHBIMH OIBITHBIMU AQHHBIMH II03BOASIET KOCBEHHO HAM HEITOCPEACTBEHHO YAOCTO-
BEPUTLCSI B IPABOMOYHOCTHU IPEAAAraeMbIX IPUHIJUIIOB IIPOEKTUPOBAHMUS U BHIOOpa
IapaMeTpOB 06OPYAOBAHHS PACCMATPUBAEMOTO THIIA.

4. Onpepesenne NPOYHOCTH TBEPAOCIAABHBIX HHCTPYMEHTOB

ITpumeneHre BOAbYPaMO-KOOAABTOBOTO CIIAABA B KAYeCTBE [IOPOAOPA3PYIIALO-
IJUX 9AeMEeHTOB, 3HAUUTEABHO IIOBBIIIACT IPOM3BOAUTEABHOCTD TPYAA. DTO AOCTH-
raeTcsi 3a CUeT SKECTKOTO COOAIOACHMST TeXHOAOTHUECKOTo pesxuma. M3BecTHo, uTo
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TBePAbIe CITAABbI HOAy‘IaIOT METOAOM CII€KaHHsI KOMIIOHEHTOB HPI/I BBICOKHX, BbIIIE
1600 °C, Temmneparypax. OaHAKO, Ha IIPOLECC CIIeKAHMS OKA3bIBAIOT 3HAYHUTEABHOE
BAWSIHEIE OOABIIOE YHCAO PA3AUYHBIX GaKTOpOoB. OHU Pa3HOOOPA3HBI ITO CBOEN IPH-
POA€ U CTelleHH BAMSIHIS Ha Iportecc. FICX0AS U3 He0OXOAMMOCTH o0ecredeHus TpeOy-
€MBIX XapaKTEePUCTHK TBEPAOCIIAABHbIX H3AEAUIT, BOSHUKAIOT BOIIPOCHI HICCAEAOBAHMS
camoro nporecca criekasust. Oco6blil HHTepeC IIPeACTABASET MEXaHHU3M IIPOLeCCa, ero
001mre 3aKOHOMEPHOCTH, OIFCAHUe KOTOPBIX II03BOASIET ITePETH K pOPMAAU3ALIUL
poriecca. BrIAM IPOBeAECHBI NCCAEAOBAHIS KHHETHKH IIPOLIeCCa CIIEKAHUS C [IEABIO
IIOAYYeHIS 3aBHCHMOCTE, HeOOXOAMMBIX AAS TOCTPOEHIS F MACHTHQHUKALINI MOAEAH
IpoLjecca CIIEKAHI U OIIPeAeACHISI KUHETHIe CKUX KOHCTAHT Iponecca. OmpeaeseHue
KMHeTHYeCKIX 3aBUCHMOCTEH POBOAMAOCH METOAOM PUBHIECKOIO MOACAUPOBAHMS ',
B pesyabrare 06pabOTKHU OAYIEHHBIX 9KCIIEPUMEHTAABHBIX AQHHBIX OBIAQ IOCTPOEH
MaTeMaTHIeCKasi MOAEAb IIPOLIeCCa CIIEKAHNS TBEPABIX CIIAABOB:

dy GV-VG

&V
rae dy — nsMeHeHue TAOTHOCTH CIIAABa 3a BpeMsl CIIeKaHwus, I'/ cM

(18)

dt — Bpemsi, MUH.;

V — ob6beM craasa, cm;

G — yAeABHBII Bec CIAaBa, I/ cM>.

OTa 3aBUCUMOCTD MOXKET ObITh MCIIOAB30BAHA AASL IIPAKTUYECKON PeaAr3aliuy,
OAHAKO HAAO IIOMHUTb, 9TO C [IOBBILIEHUEM TEMIIEPATYPbl IIOBBIIAETCS AKTUBHOCTbD
3epeH, 9TO BeAeT K M3MEHEHHIO UX ACAOKALIMU B CTOPOHY yrAoTHeHuUst. CHIDKeHue
TEeMIIEPATyPbI 1, BOBMOXXHO CKOPOCTH [POLIECCa, OTPA3UTCS Ha TEXHUKO-9KOHOMMYeE-
CKHX IIOKA3aTeASIX IIPOLjecca.

B npouecce criekaHNs AOMUHUPYIOIIMME CTAHOBSTCS YAAACHHE AETYYUX, POCT
3epeH KapbuAa BOAbPpaMa U yIIAOTHEHHE B IIPUCYTCTBHHU KUAKOI Ppasbl, KOTOPbIE
OKa3bIBAIOT HaMbOAE€ CYLIeCTBEHHOE BUASHYE Ha KAY€CTBO FOTOBOTO IIPOAYKTA.

H3y4yeHne 0CHOBHBIX 3aKOHOMEPHOCTEN CIIEKAHNS, IPOTEKAIOLIErO B MyPpeAbHON
IIeYH, IPEACTABASIET 3HAYUTEABHDIN HHTEPEC AASL PELICHNST KOHEYHOMN 3309l — pas-
PabOTKY OIITUMAABHOM CHCTEMBI YIIPABACHHS, U IIO3BOAUT PELIUTDH BOIPOC 06 OITH-
MaABHOM TEMIIEPATYPHOM PEXFME U IIPOU3BOAUTEABHOCTH [1€4H, A TAKXKE OLIPEACAUTD
KPUTEPHUI OIITUMAABHOTO YIIPABAEHHS IIPOLIECCOM .

B pesyabrare nccaepOBaHEE IPOLiECCA CIIEKAHUS OBIAO YCTAHOBAEHO, YTO BBIXOA-
HbIE [I0KA3aTEAH IIPOLIECCA OMPEAEASIOTCS TEMIIEPATYPOH U IIPOAOAKUTEABHOCTDIO
criexaHusl. Bpian onpepeaeHb! XxapakTepHble 3aBUCUMOCTH [IAOTHOCTDIO CIIAABA U TEM-

! Haaumos B.B., Yepmosa V. A. CrarucTiueckine MeTOAB! TAAQHHPOBAHMS 3KCTPEMAABHBIX
axcrepuMeHTOB. — M.: Hayka, — 1965. - 340, ua.

2 Tam xe.
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[epaTypoii ClIeKaHHsL. DTO BAXKHO AASI IOHUMAHHSI OAHO3HAYHOCTH IIPUBEACHHBIX Xa-
PAKTEPUCTHK CIIAABA U S9HEPTUH AePOPMAITHHU 1 HAIIPSDKEHUS CKATUS H3ACAUSL.

AAS oIIpeaeAeHIs XapaKTepa H3MEeHEeH IS BBIXOAHBIX XapaKTePHCTHK CIIAABA OBIAQ
IpOBeAeHa BBIOOPKA Ka4eCTBEHHBIX [TOKA3aTeAeH CIIAABA II0 HECKOABKIIM MapKaM.
Br160pKa IIPOBOAHAACH 32 TOA; OPAAUCH Te AQHHbIE, KOTOPbIE COOTBETCTBOBAAM HOP-
MaAbHOMy paﬁo‘leMy pe)KI/IMy. HO HOAy‘IeHHbIM AQHHBIM 6bIAI/I HOCTPOGHI)I KPI/IBbIe
pacIipeaeAeHHs, OlpeAeACHbI MATEMATHIECKIe OXKUAAHMS M [, Aucriepcus Dy U CpepHe-
KBAAPATHYHOE OTKAOHEHHE 0. AHaAM3 TIOAYYEHHBIX KPHBBIX IIOKA3aA, YTO UMEeTCsI
He3HAUUTEABHBII Pas0poC IapaMeTPOB, BRIXOASIIUI 38 IIPEAEA CTATUCTHIECKH AO-
IyCTHUMOTO HHTepBaAa 30. OaHAKO, TPeOOBAHMS CTAHAAPTA BBIIIE, OIIPEAEAsET HeO00-
XOAHUMOCTD HpHMeHeHH}I CUCTEM OIITUMAABHOTO praBAeHHH HPOHGCCOM.

B HaireM cAy4yae OIITUMAABHOCTD ONIPEAEASIETCS IIOKA3aTeASIMU Ka4eCTBA FOTOBOTO
IPOAYKTa:

K:f(yv-yz’ys):a1y1+a2y2+a3y3 (19)
TA€ Y|, ), ¥, — TOKa3aTeAl KauecTBa (yAeADBHDIit Bec, TBEPAOCTD U POYHOCTD )
Ha Ka>xABIiT apIyMeHT AQHHOTO $YHKIJIOHAAQ UMEIOTCS OTPaHUIeHUs, 00yCAOB-
AeHHBIe TPeOOBAHISIMU CTAHAAPTA:
min t max
Sy Sy (20)
— IPaHUIIBI AOITYCTUMOTO [TOKA3aTeASI KAIeCTBa;

min ,, max

yl )yl

y, — TapaMeTp KavecTsa.

Kpurepuit B COBOKYITHOCTH C TapaMeTPaMU Ka4eCTBa 00pasyeT LieAeBYI0 GpYHKIIHIO
YIIPaBA€HIIS IIPOLIECCOM. AAS PEAAN3ALINY IPHHSATOrO KPUTEPUSI HeOOXOAUMO pa3pabo-
TaTb AATOPHUTM YTIPABAEHHS IIPOIECCOM, OTIPEAEASIOIIHI IIOPSIAOK PAcdeTa C TIOMOIITHIO
OBM 3HaueHIsI PeXXUMHBIX [TAPAMETPOB, 00eCIIEUNBAIOLIIX YCAOBUSI OIITHMAABHOCTH.

AASI TOATBEPXKAEHIISI 9TOTO Te3Kca ObIA IIPOBeAEH IIACCUBHBIN SKCIIEPUMEHT, KOTO-
PBIiT BBISIBUA HanbOAee 3HaIMMble [TAPAMeTPB, IIPITOAHBIE B AAABHENIIIEM AAST YTIPABACHI
IPOIIeCCOM. YTOUHEHHeE CBA3el MeXXAY ITapaMeTPaMH IIPOBOAMAH C ITOMOIIIBIO aKTHBHOTO
9KCIIepUMeHTa. AKTHUBHbII 9KCIIEPUMEHT ObIA OCHOBAH Ha raare boxca — Yuacona'.

B nepByio ouepeab ObIAM OIIpeAeAeHbI IIAPAMETPbI BAPbUPOBAHIIL M BBIXOAHbIE.
B xagecTBe mapaMeTpoB BapbUPOBAHUS UCIIOAB30BAAKCH T€ IIAPAMETPHI, KOTOPbIe
MaKCHMAAbHO OTPa’KaAH CBSI3H, HAWAEHHBIE TIPH ITACCHBHOM dKCIIepUMeHTe. brian
OTOOpaHBI BOCEMb IIAPAMETPOB. YIUTHIBASI GOABIIOE YUCAO OIIBITOB IIPU IOAHOM (ak-
TOPHOM 9KCIIEpHMEHTe, OBIAO PelLIeHO BRIOPATh APOOHBIA GAKTOPHBII IKCIIEPHMEHT
1/16 peranka tuma 2°~* 1 AASI HETO COCTaBA€HA MATPHIIA. AASI OTPAHITIEHIIS BAMSHI
CAYYalHBIX BO3ACHCTBHI BO BPeMs IPOBEACHHS 9KCIIEPUMEHTA OIIBITHI 6b1AU panao-
MU3HpPOBaHbI BO BpeMeHU COTAACHO TabAHIIe MAABIX CAyJaliHbIX drceA. HampaBaeHue

! Haaumos B.B,, Yepwosa 1. A. Craricruueckite METOABI TAAHHPOBAHHS IKCTPEMAABHBIX
akcriepuMeHTOB. — M.: Hayxa, — 1965. - 340, na.
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ABIDKEHMS [IPH [IOYICKE ONTHMAABHOM 06AACTHU CYIeCTBOBAHMUS IPOLjecca ObIA IPO-
BEACH «IIePEBAABHBII> OIIBIT .

YKa3aHHbII 9KCIIEPUMEHT IIPOBOAMACS Ha IIPOMbILIACHHON meyn. ITocaepoBaTeAnb-
HOCTb OIIBITOB OCYILIECTBASIAAC I10 IIPHHATON MaTpuLie. CriedeHHbIe U3ACAUS AHAAU3H-
]POBAAKCH Ha AEABHDIIT BEC, TBEPAOCTB, IPOYHOCTD Ha n3rub. OmpeaeaeHre OKa3aTeAeit
IIPOBOAMAOCH 10 CTAHAQPTHBIM MeTOAUKaM. [ ToAydeHHBIe pe3yAbTaThl 06pabaThIBAAUCH
Ha OBM, BCAEACTBYIE YETO IOAYYEHBI yPABHEHIS] MHOXKECTBEHHOI PerpecCHI:

7= 11,53 +0,000924t,+0.00132t,+0.0175Q,, +0,0281V +0,0775WC-

~0,0235C0+0,131C, +0,033IN, 1=0,825 (21)
7, = I7075+0,04925t,+0,06625t,-003725 Q,,-0,0729V,409125WC-~
~0,1545C0+0,669C_+0,138N.  1=0,997
7, = 92,88-0,0749(,+0,005424,-0,0775 Qu 0,148V, H082WC—
~0,00517C0+0,0312 C,+1,42 N, 1=0,955

HOAy‘IeHHbIe 3aBHCHUMOCTH ITO3BOASIOT CACAATD BBIBOA O TOM, UYTO CYIIECTBYET
OIITUMAABHBIN TEXHOAOTHYECKUN PeXuM IIporecca, IIpu KOTOPOM AOCTHUIAETCs Han-
Ay4llIee Ka1€CTBO CIIAaBa. Beaununna kauecTBa criaaBa OIPEAEASIETCS YPOBHEM BXOAHBIX
IMapaMeTpPOB — COAEPIKaAaHHEM Kap6I/IAa BOAbCI)paMa M YTA€POAQ, a TAKXKE BEeAUYUHOM
3€pHa KaP6I/IA,a BOAb(l)paM&, TeMnepaTypoﬁ U BpEMEHEM CIIEKaHMS.

OTC}OAa CA€AYET BBIBOA, ITO CTOfIKOCTb, a, CACAOBATEAbHO, Ka4€CTBO, MHCTPYMEHTA
3aBHUCHUT OT TEXHOAOTHUH €ro U3rOTOBAeHHUS. B AQHHOM CAyYa€ pe4db MAET O TBEPAO-
CIIAABHOM 6YPOBOM HHCTPYMEHTE. FOBOPI/ITI) O €ro NpeNMyIeCTBAaX HE IIPUXOAMNTCH,
TaK KaK OHU OY€BHUAHDI. HeOGXOAI/IMO TOADBKO IIOAYEPKHYTb, YTO IIPH €TI0 IIPOU3BOACTBE
Tpe6yeTc51 BBICOKUM YPOBEHD TEXHOAOI'MH M KYABTYPBI IIPONU3BOACTBA.

! Anaep FO. 1, Topcxumit B. T TTaanupoBasite pOMBIIIACHHBIX SKCIIepUMeHTOB. — M.: MeTaaayprus,
- 1974. - 264 c., ua.
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Maea 4. AHanu3 NUTaHUA LUKOJIbHUKOB
M pOJib NOBeAEeHYEeCKUX CTepeoTnnoB
B dPopmMUpoBaHUMN NULLEBbIX MPUCTPaCcTUMn

Annoranmst: CoraacHO HAIIUM Pe3YABTAaTaM IIPABUABHBIN PEXKHM AHS IIPUCYT-
CTBOBAA AVIIb y HE3HAYUTEABHOM AOAM YYAIUXCsL. Y OOABIIMHCTBA PECIIOHAEHTOB,
OCHOBHOJI IIPHeM ITHIIY [0 00beMY U KAAOPUIHOCTH PUXOAUTCS Ha BedepHee BPeMsl.
ITo pesyabraTraM ompoca TOABKO 52% IHOAPOCTKOB BKAIOYAIOT B CBOM PAL[UOH CBEXXHe
oBOWU U PPYKTHI EXKEAHEBHO. B panjoHe moApocTKOB Npeo6AaAaeT YrAeBOAHBIN
KOMIIOHEHT 3a CYeT My4HBIX n3AeAuil. OCHOBHbIE MUTAaTEAbHbIE BEI[eCTBA PALJHOHOB
[IOAPOCTKOB He COaAQHCHPOBAHBI [T0 COAEPIKAHUIO OEAKOB, JKUPOB U YTAeBOAOB. Ox-
BaT I'PYTIIOBOH HOA MPOPHUAAKTHKOM B ITKOAAX C UCIIOAB30BAHHEM HOACOAEPIKAIIUX
IpenaparoB cocTaBAsIA 13,49, 9TO ABASIETCS HEAOCTATOUHbIM.

KaroueBrie cAOBa: 3A0pOBbe, IOAPOCTKH, PallMOH IIUTAHUS, TUTHEHUYeCKHUe Tpe-
0OBaHUSI K [THIEBOI IIPOAYKIIHH.

BBeaenne YpoBeHDb pasBuTHe OOIIECTBA BO MHOTOM OIIPEAEASIETCSI COCTOSIHHEM
HOITYASIIIUOHHOTO 3A0POBbSI IIOAPOCTKOB, KOTOPhIe OKAa3bIBAIOT 3HAYMMOE BAUSHHE
Ha $OPMHPOBaHUE 3A0POBbS HALIUK B IJeAOM U B AaAbHeHIeM GOPMUPYIOT ee KyAb-
TYPHbII, THTEAAEKTYaABHBIM, IIPOM3BOACTBEHHBIH M PEIPOAYKTHUBHBII IIOTEHIIHAA .
B HacTostmee BpeMs B MUpe HACIUTHIBACTCSA 1, 2 MHAAMAPAOB IIOAPOCTKOB; BO MHOTHX
CTPaHAX KAXADIN IIATHIH — IIOAPOCTOK, 9TO IIPEATIOAATaeT MHBECTUIIUH B 3A0POBbe
IIOAPOCTKOB, KOTOPBIE AQIOT TPOMHOIO AOXOAHOCTB. AASI AT0OOF CTPAHbI 3AOPOBbE
3TOM BO3PACTHOM IPYIIIBI — AKTYaAbHAs COLIHAABHO-AeMOrpadrdeckas mpobaema,
a UX TeHAEHIIUH, IPUIMHBL ¥ BO3PACTHO-IIOAOBAS CIIEIU(HUKA SIBASIOTCS 00BEKTOM
IPHUCTAABHOTO U3YUeHIs. DTO 0OYCAOBAECHO TeM, UTO 3a IIOCACAHIE TOABL COCTOSIHIE
3A0OPOBbBSI TOAPOCTKOB YXYAIIMAOCDH BO BCEX PeTHOHAX CTPaHbI U B Mupe. BoipaskenHbre
HeraTUBHbIE CABUTHU B COCTOSIHIH 3A0POBbSI ATeH IOAPOCTKOBOTO BO3PACTa yoKe ITPH-

! Baparos A. A., Hamasosa-Bapanosa A. C., Aasburixuit B. 0., Tepaenkast Pumma HukoaaesHa,
Anronosa E. B., CocrosiHue u mpo6aeMbl 350pOBbsi TOAPOCTKOB B Poccru/ /TTpo6aeMbl conpasbHO
THTHEHDI, 3APABOOXPAHEH S U HCTOPUH MeaunuHbl, — 2014, — N 6, — URL: http://cyberleninka,ru/
article/n/sostoyanie-i-problemy-zdorovya-podrostkov-v-rossii (aara o6pamenus: 24.11.2016).
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BEAH K CePbe3HBIM MEAUKO-COIIMAABHBIM IIOCACACTBHSAM — YXYAIICHHIO PEIPOAYK-
THBHOTO 3AOPOBbsI, OTPAHIUYIEHHIO B IIOAYIEHUH TPOGECCHOHAABHOTO 00Pa3oBaHus,
TPYAOYCTPOCTBE, YMEHBIIEHHIO YICAQ IOHOLIEH, TOAHBIX K BOeHHOI cayxbe'. Ho-
Bas crpaterust BO3 aast EBpomsr «3p0posbe-2020>, kotopyio PernonasbHoe 610po
paspabaTbiBaeT B mapTHEPCTBe ¢ $3-Ms rocypapcTBamMu-uaeHamu B EBpomnerickom pe-
rMOHe, B Ka4eCTBe KAIOYeBbIX 3aAa4 CPOPMYANpPOBaAa YKpelAeHHe 3A0POBbs HaceAe-
HUS M COKpallleHHe HeCIIPaBeAAMBOCTH B BOIIPOCAX 3A0pOBbs. Pemenue Bonpocos,
KacCaromuxcst CONUAAPHBIX ACTEPMHUHAHT 3AOPOBbA U COKPAIIEHM S, CBA3aHHBIX C 3TUM
HECITPaBEAANBOCTEN B OTHOIIEHHUH 3A0POBbSI 3aHUMAIOT IIEHTPAABHOE MECTO B IIO-
AnTHKe «3p0poBbe-2020>. OcHOBHOE BHUMaHUE IISTOTO MEXAYHAPOAHOTO OTYeTa
HBSC cocpea0TOUEeHO Ha COLIMAABHBIX AeTepPMUHAHTAX *. MccaepoBaTeAN B ABCTpaANH
M3YJaAU ONITHMAABHOE COOTHOIIEHHE MEXAY yBeAHUYeHNeM PU3NIeCKON aKTHBHOCTH
U yMeHbIIIeHHeM KOAUIeCTBA eABL. B Bo3pacTaHnu MacIITabOB OXXUpPEHIsS B Pa3BHBAIO-
IUXCSI CTPAHAX IIOYTH IIOAHOCTBIO BUHOBHO IIePeeAaHNe, d He CHASYHIIL 00pa3 XKU3HI.
HccaepoBanne smmpemun oxxupenus B CIIA, nposoarmoe COTpyAHHYAIONUM IfeH-
Tpom BO3 1o mpeaympesxpennio oxxupenus B YaupepcuTere AukuH, Buxropms, As-
CTpaAns], IOKA3aA0, 4TO 3a mocAepHre 30 AeT He OBIAO 3HAYUTEABHOTO YMeHbIICHHS
ypOBHeH $pU3HIECKO aKTUBHOCTHU. 110 ero pesyapraraM, OOBUHATb HAAO M30BITOK

! Bapanos A. A., Hamasosa-Baparosa A. C., Aasbunxuit B. YO., Tepaenkast Pumma HukoraesHa,
Anronosa E. B, Cocrosiaue u npo6aembl 3A0p0Bbst TOAPOcTKOB B Poccun//TIpo6aeMsl coluasbHOM
CHIHEHb, 3APABOOXPAHEHHs U HCTOPHH MeauLHbl, — 2014, — Ne 6, — URL: http://cyberleninka,ru/
article/n/sostoyanie-i-problemy-zdorovya-podrostkov-v-rossii (para obpamenus: 24,11,2016),;
Bapanos A.A., Hamazosa-Bapanosa A.C, Miabun A. T, CoxpaHeHuUe 1 YKpeIIAeHHe 3A0POBbs IOAPOCTKOB
— 3AAO0T CTABUABHOTO Pa3BUTHS 06wIeCTBa U rocypapcTsa (cocrosuue npobaemsr), Becrank PAMH, —
2014.-N° 5-6: — 65-70.; Bareesa J.P, Xamurosa P.5I, Prucku popmupoBaHus 60Ae3Hei CpeAr yIAIUXCsT
06pa3oBaTeAbHBIX yupesxAeHurt, [urueHa u canutapus, — 2006, - Ne 6, — C, 54-55.; Baaeesa O.P,
Cremanosa H.B., Kamaaosa @. M., Cepazeraunosa O.V, AkTyasbHbIe IIp0OAEMbI 3A0POBbSI TOAPOCTKOB
Pecry6anxu Tarapcran, CoBpemeHHbIe IpobaeMbl Hayku 1 obpasosanust, — 2015, — Ne 6-0, — C, 239,;
Baseesa O.P,, Cremanosa H.B.,, MaxmyTosa O.P., PernoHaasHble OCOOEHHOCTH 3a00A€BaeMOCTH
noppoctkoB Tarapcrana, Iuruena i canurapust, — 2015, — T. 94. - N0 4. — C. 70-72.; Tao6aAbHast paModHast
[IPOrpaMMa yCKOPEHHbIX ACHICTBUI B OTHOLIEHHUH 3A0POBbs OAPOCTKOB «AA-HA», URL: http://
www,who,int/maternal_child_adolescent/topics/adolescence/adolescent-health-global-framework-
brochure-ru,pdf?ua=1ccriaka

% Patton G. C.,, Ross A., Santelli J.S., Sawyer S. M., Viner R. M., Kleinert S., Next steps for adolescent
health: a Lancet Commission, Lancet, — 2014; — 383: — 385-6, — doi:10,1016,/S0140-6736(14)60039—-
8.; Young people today: time to act now, Paris: United Nations Educational, Scientific and Cultural
Organization, — 2013, Aokaaa 0 MuposoM passurun — 2007 I,: pa3BUTIE U HOBOE IIOKOAeHHe, BamuHrrom:
Bcemupnsiit 6ank; — 2006 1, IToaoxeHue pereit B Mupe, — 2011 I,: HOAPOCTKOBBII BO3PACT — BO3PACT
BO3MOXXHOCTeH, HbIo-PIopK: Aercxmit porp Opranmsarmu O6peannenssx Hawmit; — 2011 1, Progress for
children: a report card on adolescents, Number 10, New York: United Nations Children’s Fund; — 2012,
Generation of change: young people and culture, New York; United Nations Population Fund; — 2008,
Marrying too young — end child marriage, New York: United Nations Population Fund; - 2012.
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KaAOPHIL. DTOT 5Ke Pe3yAbTAT HCCAGAOBATEAN OXKHAAIOT ITOAYUHUTD ITPH IIOBTOPEHHU
9THX HCCACAOBAHUI B ADYTUX CTPaHaX. 3A0pOBbe OTPAXKALT TAKKe HHAMBUAYAAbHBIE
U KyABTYpPHbIE XapaKTePUCTHKH, TaKHe KaK COIIMAABHBIN CTATyC, TeHAepHasl, dTHIJe-
CKasl IPHHAAAEKHOCTD, BO3pacT .

BO3 mpeaocraBasieT TexHmYecKre pexoMeHaaruu [ao6aabHOI crparermu [ewe-
paabHoro cexperapss OOH 1o oxpaHe 3A0pOBbsI KEHIINH, AeTel U IIOAPOCTKOB U CO-
TpyaHmdaeT ¢ Apyrumu yupexaerusimu OOH u maprHepamu B o6aacTu paspaboTku
Tro6aabHOI PaMOYHOM ITPOrPaMMbl YCKOPEHHBIX ACHCTBHM B MHTEPECaX 3AOPOBbS
noapoctkos (AA-HA!), mpeAHasHaueHHO# AAS COAHCTBUS CTPAHAM B IIPHHATHH pe-
LIIeHFI B OTHOLIEHHH TOTO, YTO U KAK ACAATH B 00AACTH OXPAHbI 3A0POBBSI IOAPOCTKOB .

B Poccun HarjroHaAbHBI IIPOeKT «3A0pOBbe > ObIA Pa3pabOTaH B CBSI3U C yXYALIIe-
HHeM AeMOTPadpHIECKOH CUTYAIUH M 3AOPOBbSI HACEACHHS, @ TAKKe AAS MCITPABACHHS
HETaTHBHbIX ITOKA3aTeAeH CHCTeMBI 3ApaBOOXpaHeHus. IIpoekTy mpeacTosiao pemmuTsb
HanboAee BOXKHbIE IIPOOAEMBI, HAKOIMBIIINECS B OTPACAU. AOASI BHYTPEHHEr0 BAAOBOTO
IPOAYKTA, PACXOAYEMOTO Ha HYXKABI APABOOXPAHEHS], B IIOCAEAHIIE ASCSTUAETIHS ObIAQ
B ABa-TPH Pa3a HIDKe, YeM B CTPaHaX C HU3KON CMePTHOCTBIO, TPUTOM, uTO U cam BBII
B pacueTe Ha Ayury HaceAeHus B Poccun 6b1A B 2—4 pasa HIDKe, 4eM B 9THX CTPAaHax’.
OAHNM 13 BaKHBIX HallpaBAeHUH HalfrroHaAbHOTO TpoeKTa SIBASIeTCS] pa3BHTHE IIPOQPH-
AAKTUYECKOM COCTABASIOIIEI MEAUIIMHCKOL IIOMOIIH U IIPOIIAraHAQ 3A0pOBOro o6pasa
XKU3HU. B OTHOIIEHNHU IIOCAEAHETO ITOKA He CAEAYET OXKUAATH OBICTPBIX KAPAMHAABHBIX
H3MeHEeHHI, [IOCKOABKY $OPMUPOBaHIe CO3HAHNSL, YCTAHOBOK, IOTPeOHOCTe! — ropas-
AO 60Aee CAOXKHBIE U AAMTEABHBIE IIPOLIECCHI, IeM Afobast pepopma. Kpome Toro, Heapsst
He YYHUTHIBATD, YTO COCTOSHYE 3A0POBbsI HACEACHHS 3aBHCHT, KaK U3BECTHO, OT CHCTEMBI
3APABOOXpaHeHHs AUlIb Ha 15-20%, a pemaromjasi poAb IPUHAAASKHT 00Pa3y KUHU
Atopert. TakuM 06pa3oM, B YCAOBISIX COPMHPOBABIIEHCS B IIOCACAHEE AECSITHAETHE
HETaTUBHOM AMHAMUKY IIOKA3aTeAel OOIIeCTBEHHOIO 3A0POBbSI HACEACHHUSI HIMEHHO
LIOAPOCTKH CTAHOBSITCSI OAHOM M3 HalOOAEe COLIFAABHO YSI3BHMBIX IPYIII HAaCEACHUS,
a BOTIPOCHI MX 3AOPOBbsI — IPEAMETOM CIIEIJFIAABHOTO PACCMOTPEHHSL.

ITeAp mCCAeAOBaHMI: N3yJeHHEe KaueCTBEHHOTO COCTAaBa paIlOHa IHTAHMSI
HOAPOCTKOB u pOAb ITOBEACHYECKUX CTEPEOTUIIOB B (bOPMI/IpOBaHI/II/I ITNIIEeBbIX HPI/I-
CTpacTHUH.

! Tocyaapcrsennsiit AooxAap <O COCTOSHHM CaHHTAPHO-3MHACMHOAOTHYECKOTO GAATOMOAY IS
HaceAeHus B Pecrry6anke Tarapcras B — 2015 roay>.

% TaoGaAbHAs CTPATETHs OXPAHBI 3AOPOBbSI XKEHIIHH, AeTei n moapocTkos (2016-2030) URL:
http://www,who,int/maternal_child_adolescent/documents/global-strategy-women-children-health-
ru,pdf?ua=1B

3 Xypasaesa I1. B., Usarosa A. IO. Yayunrur axt Hanmonaabsbiit mpoext «3A0poBbes cOCTOsHIe

3AOPOBbs HOAPOCTKOB? MHTepHeT KoHPpepeHuus «Aeru 1 Moaopexkb» URL: http://ecsocman.hse.ru/

text/33372905
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Marepras H METOABL: B COOTBETCTBUM C IIPOrpaMMOI HCCAEAOBAHI ObIAA Pa3pado-
TaHa KapTa «MeANKO-COIMaAbHAS U THTHEHIIeCKa sl XapaKTePHUCTHKA ITUTAHHSA TOAPOCT-
Ka>. AASI BBITOAHEHFIS II0CTABACHHOM I]eAU, HAMH OBIAO IIPOBEACHO AHKETUPOBAHIE ITOA-
pocTkoB B Bodpacre 10-17 aet. CrpyKTypa CTepeOTHIIOB [IOBEASHIS IIOAPOCTKOB ObIAa
OIpEACACHA B PE3YABTATE AHAAK3A PAIIHOHA U PEXKHMA ITHTAHIS, IIUIEBOTO IIOBEACHHSL.

PesyabraTpi: ITuTanme 9T0 OAMH U3 TAABHBIX (paKTOPOB CPEABI obuTaHMs, OKa-
3BIBAIONIMX BAUSHHE Ha COCTOSIHUE 3A0POBbsS IOAPOCTKA. ParoHaApHOe ITUTaHKe
SIBASIETCST MOIHBIM (aKTOPOM IPOPHAAKTHKA MHOTHX 3a00A€BaHUIT, OHO CIIOCO6-
CTBYeT IIOAAEP>KAaHHIO OPTaHM3Ma B ONTHMAAbHOM (H3HOAOTHIECKOM COCTOSIHUH,
TIOBBIIIEHHI0O KMMYHHMTETA U COITPOTUBASIEMOCTH OpraHM3Ma K He6AaI‘OHpI/I5[THbIM
dakTopam oxpyxaromeri cpeabl. HopMaabHOE QyHKIIMOHUPOBaHHE 3alIUTHO-aAAI-
TAIJOHHbIX CUCTEM TOAPOCTKA 3ABHCHUT OT 00€eCIIedeHHOCTH OPraHU3Ma BCeMH He00-
XOAVMMBIMH HY TPHUEHTAMMU. 3a ITOCAEAHHE TPU I'OAQ OXBAT INKOAPHHUKOB I'OPSYHUM IIMTA~
HueM B 1eAoM 1o Pecrry6anke Tarapcrad yBeanduacs u B 2015 roay cocrasua 94,4%.
Temn IpupocTa 3a 3 roAa IOAOKUTEABHDI 1 cOCTaBHA 2,2% (Taba. 1).

Tabnmual. — OxBat ydyawmxcs obuieobpas3oBaTesibHbIX
opraHusauun ropsynum NnnTaHmem, %

TOABI Temmbr PO
Bcero NnpHpPOCTa
2013r. | 201471 | 201S5T. 1 2013 roay,% 2014r.
Bcero 94,2 94,2 94,4 2,2 88,1
1 e
¢ lromo 4+ 97,1 | 982 | 984 1,3 96,3
KAACCBHI
- 11-it

¢ Srono Lt 922 | 914 | 916 0,7 81,9
KAACCBI

VBeAnueHue OXBaTa IMIKOABHUKOB FOPSYMM IIMTAHUEM B [JEAOM 00YCAOBAEHO po-
CTOM AQHHOTO ITOKa3aTeAs B 14 aAMHHICTPAaTHUBHBIX TEPPUTOPILIX pecirybauku. Hau-
Ooabmast pabora mposeseHa B EAaGyKCKOM 11 AAbMEThEeBCKOM PaiiOHAX, TAE OTMeYaeT-
Cs1 pOCT OXBaTa FOPSIIUM [UTAHIEM YIaIUINXCsl 00Ie00pa30oBaTeABHBIX OPTaHU3ALIUI
Ha 8,5% u 7,0% cooTBeTCTBeHHO. B 1jeAOM OXBaT rops/dMM IHMTaHHEM IIKOABHUKOB
[O-IIPEKHEMY, HIDKE CPEAHEPECITyOAMKAHCKOTO IT0Ka3areas, Kak i B 2014 roay, ot-
meuaercs B Yncromoapckom (87% ), Hixnexamckom (93,3%) paitonax u B r. H. Yeanst
(93,0%). I1o cpaBrenuio c 2014 ropoM B psiae paitoHoB B 2015 roay oTMedaeTcs CHU-
JKEHIe AOAU A€Tel U IIOAPOCTKOB, IIOAYYAIOIIHX rOpsidee IUTaHKe B 06meo0pasoBa-
TeAbHBIX yUpexAeHusx: Ha 4,7% B CrracckoM paitoHe, Ha 1,6% B A3HaKaeBCKOM paiioHe,
Ha 1,1% B r. H. Yeans], Ha 0,8% B HrxuexamckoM paiione, Ha 0,3% B MeHAeAeeBCKOM
patione, Ha 0,1% B BepxueycaoHcKoM parioHe. OLieHKa IIOKa3aTeAs] OXBAaTa MIKOABHH-
KOB TOPSIYMM [IMTAaHHUEM [I03BOASIET OTMETHTb, YTO C HAYAAOM HOBOT'O y4eOHOIO roaa
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OAHOKpATHOE ropsiyee MUTaHKe MoAydaoT 230432 mxoabuuxos uan 60,6% (2014 r.
~60,4%). 3a mepuoa ¢ 2013 mo 2015 rr. Ha 1,2% yBeAUUHACS YACABHbIt BeC oXBara
YYaIUXCS ABYXPasoBbIM ropstaum ruranuem (2013 r. -34,6%, 2015 r. — 35 ,8%),9TO
00yCAOBAEHO yBeAUIEHHEM OXBaTa ABYXPa3OBbIM IOPSIIUM ITUTAHIEM IIKOABHUKOB
HepBoit 00pasoBaTeAbHOM crymeHn. B 2015 roay B 13 paitoHax pecrryOANKE OXBaT
IIKOABHHKOB ABYXPa30BbIM IOPSYMM NMUTaHKeM npeBbices 50%. OpHAKo B psae Tep-
PUTOPHI ABYXpa3oBOe ropsidee IUTAHKe B 00IIe00pa3oBaTeABHbIX YIPEXKACHUSX I10-
IpeXXHEMY B CTaAMH opranusanuu: basanackuit, Bynncknit, Tykaesckwuit, MycatoMmoB-
cxuit u [lecTpeunHckuil palioHbL.

ITpoaoAXKAIOT MMeTb MeCTO GAKThI HECOOTBETCTBHS ITUTHEHNIECKUM TPebOBaHIIM
KaJyecTBa BBITYCKaeMOH ITHIIeBOM MPOAYKITHH, HAPYIIEHHS TeXHOAOTUH IIPUTOTOBAC-
HUS M CPOKOB PEeaAU3AIIUK FOTOBBIX OAIOA (Ta6A. 2). IIpu atom B 2015 roay He peru-
CTPUPOBAAKCH HCCAEAOBAHUSI TOTOBBIX OAIOA, HE COOTBETCTBYIOLINE IUTHEHITIeCKIM
TpebOBaHIIM [I0 COAEPIKAHHIO IIeCTULHAOB, rucTamuna, MO, paAHOHYKAHAOB, a TaK-
’Xe He BBIIBASIAACD TIATOTeHHAs MUKPOpAOpa.

Tabnuua 2. — YaenbHblil BeC HecTaHAapTHbIX MPO6 rOTOBbIX
65104, B OpraHn3aumsx ans aeten u noapocTkos,%

ITokasareAn 2013r. 2014r. | 201Sr. Tevn nprpo-
craxk2013r.

CaHnTapHO-XUMUYeCKHe 3,7 3,0 1,5 -59,5
Muxkpobroaoruieckre 2,9 2,8 2,5 -13,8
KaropuitHOCTD M TTOAHOTA 9.4 9.4 72 234
BAOXKEHHSI TIPOAYKTOB
Baoxxenue Burammna C 4,9 2,4 6,1 +24,5
KavecrBo Tepmuueckoit 2,0 B 02 90
obpaborku

OTpuIiaTeAbHBIN TeMIT IPUPOCTAa CBUAETEABCTBYET O CHIDKEHHH YAGABHOTO Beca
P06, HECOOTBETCTBYIOIIMX HOPMATUBHBIM TPeOOBaHMIM. 3arpssHe e IIHLIH MUKPO-
OpraHU3MaMy, CIIOCOOHBIMY HAHOCHTb BpeA 3AOPOBBIO pebeHKa, OCTAaeTCsl BOKHOM
IPO6AEMOFT B OPraHU3ALH IIUTAHS B ACTCKIX OPraHM30BaHHBIX KOAAEKTHBaX. MUKpO-
Orosorudeckasi 0e30MaCHOCTb MUY OIIUPAETCSL, TIPEXAE BCETo, Ha COOAIOACHIE CAaHUTAP-
HO-THTMeHIYeCKIX TPeOOBaHHI IIPH IPOU3BOACTBE [IUIEBBIX IIPOAYKTOB. [ To BceM THITam
AETCKUX U TIOAPOCTKOBBIX OPraHM3aI[HIl B TPeXACTHEH AMHAMUKE OTMEJaeTCs CHIDKeHIe
€2,9% A0 2,5% YACABHOTO Beca HCCAEAOBAHHII TOTOBBIX OAIOA, He COOTBETCTBYIOLIUX HOP-
MATHBHBIM TPeOOBaHISIM II0 MUKPOOHOAOTHYeCKUM IoKasareAsiM. CAeAyeT OTMETHTD,
YTO [TOAOXKUTEABHASI AUHAMUKA AQHHOTO TIOKAa3aTeAsl IPOCAEKHBAETCS IO 001eobpa-
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30BaTeAbHBIM OPTAHU3ALISIM, COLAABHBIM YIPEXKACHIBIM AASL A€Tel, OCTABIIMXCS Oe3
TIOTICYEHHUS] POANTEACH, 1 YIPEKACHHIAM AAST OTABIXA M O3A0POBACHHS ACTET.

O6pa3 >KU3HI COBPEeMEHHOTO MTOAPOCTKA IIPEACTABASIET COOOI BBICOKHIT PUTM, TAE
BOIIPOCAM IIUTAHIS He BCETAA YACASIETCSI COOTBETCTBYIOIIee BHIMAHIIE, pedb O charaH-
CHPOBAaHHOM pallMOHe IIMTAHUS U BOBCE MOXKET U He paccMarpuBaTbes. 13 246 ompo-
IIIEHHBIX PeCIIOHAeHTOB 15% 6b1An B Bo3pacTe 10 aet, 27% — 11 AeT 1 23% — 12-AeTHHE
22% —13 aetHue,13% —14 aeTHue.

Cpean popuTeAert IpeobAAAAAY AHIIA CO CPEAHE-CIIELIMAABHBIM 00pa3oBaHUeM
(68%), KasKADIiT TPETHIL OTEL] K MaTh MIMEAHU BbICIIee 06pa3oBaHue U AMIIb 1,5% U3 HUX
OBIAU C HETIOAHBIM CPEAHHM OOPa3OBaHUEM.

ITpu xapakTepHuCTHKe CeMel IT0 HAAUYIHIO POAUTEAEH IIPHHATO ACAUTD Ha TOAHbIE
U HermoAHbIe. IToAHBIe COCTOAT M3 POAUTEABCKOM MAPhI M UX ACTeH, He COCTOSIIIX
B 6pake. Ha MoMeHT ompoca, cpeAr IOAPOCTKOB IIPOXXUBAAK B IIOAHBIX CEMBSIX %
OHpOIJ.IeHHI)IX, K HemoAHBIM CeMbSIM OTHOCSTCS Te, KOTOpre COCTOMAT U3 MaTePI/I AN
OTIIa C ACTHMH.

BoabmuncTo yuamuxcst (83,4%) BOCIHTBIBAAMCH B MAAOAETHBIX CeMbSX
(c 1-2 pebenkom), B MHOTOAETHOI cembe (c 3 u 6oaee peTbmu) — Aumb 14,7%. Pe-
CIIOHAEHTHI OIIeHUAN IICUXOAOIMYECKHM KAUMAT B 96%, Kak YAOBAETBOPHUTEADHBIL,
xopommi — 3%. Msyuenne pesxuma nuraHus ydamuxcs r. KasaHu mokasaao, 4To OHI
qame easT 3 pasa B AeHb (29,4%) uau 4 pasa (44,8%); S pas npunuMator muuty 17%,
6 pas u 6oree — 8,1%. IToayueHHBIE AQHHBIE CYIIECTBEHHO PA3AMYAIOTCS OT PE3YAb-
TaTOB IPEAbIAYIINX UCCAEAOBAHMI: 45% IIKOABHUKOB IPUHUMAIOT THUIY 3 pa3a B ACHb
129% — 4 pasa’. Kaxapuit mecroit mxoabHuk (17,3%) mmeer ropsiane 6AI0A2 TOABKO
OAMH pa3 B AeHb. Te, KTO MMeA BO3MOXXHOCTb IIPHHUMATh Fopsiare 6AI0Aa 2-3 pasa,
cocraBasiau 69,4%, 4 pasa u 6oaee — 13%.

3aBTpakaioT AOMa peryasipHO 81% pecroHACHTOB, HO OAHAKO KaXKABIH ITATHIA
pebeHoK He ecT yTpoM. PeryasipHo xymaroT B mKkoAe 85% mopApocTkos, 15% Her.
ITpudeM, y GOABIIMHCTBA PECIIOHAEHTOB, OCHOBHOII IIpHeM IHINH II0 06beMy U Ka-
AOPHﬁHOCTH HPI/IXOAI/ITCSI Ha BeqepHee BpeMﬂ. AaAee MBI BBISICHUAH HPHCYTCTBI/IG
B HEAEABHOM PAIIOHe OCHOBHBIX HEOOXOAMMBIX IIPOAYKTOB. ITo pesyapraTam ompoca
52% TOAPOCTKOB BKAIOYAIOT B CBOH PAaIMOH CBEXHe OBOITH U GpPYKTHI eXKeAHEBHO
HAU KaK MUHUMYM 3-4 pa3a B HepeAlo, pepko — 13,3% pecroHAeHTOB. Hauboaee
YaCTbIMH OBOIIIaMH 6I)IAI/I Ha3BaHbI OI'YPL[I)I, HOMI/IAOPI)I, KapToq)eAb H KaIlyCTa, a pe,A,—
KHUME — PEAC, THIKBY, Kabauku i 6000Bbie. Cpeall $PYKTOB AMAUPYIOLIHE IIO3H-
LIMH 3aHSAU SIOAOKH, GaHAHBI U UTPYCOBbIe. I Ipi aHAAM3e YaCTOTHI YIIOTpeOAeHNSI
MOAOYHBIX IIPOAYKTOB OBIAO YCTAHOBAEHO: COBCEM He BKAIOYAIOT AQHHYIO TPYIIILY

! Bapamos A. A., Hamasosa-Baparosa A.C, Uabun A.T., CoxpaHenue u yKperACHIE 3A0POBbS
IIOAPOCTKOB — 32A0T CTAGHABHOIO pa3BUTHs 061iecTBa U rocyaapcrsa (cocrostHue mpobaemst), Bectaux
PAMH, - 2014. - N¢ 5-6: - 65-70.
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IIPOAYKTOB B palioH 1% MOApPOCTKOB, KpatiHe peako — 25%, 3-4 pasa B HeaeAlo —
41% ompomnreHHBIX, U exXepAHeBHO — 33%. CpeAr Ha3BaHHBIX MOAOYHBIX ITPOAYKTOB
CaMBIMH MOMYASIPHBIMH SIBASIOTCS MOAOKO, ftorypT (kedup) (Takoit oTBeT pasu S7%
u 44%) , ToAbKo 10% ompoIeHHbIX He YHOTpe6A5HOT MoAO0Ko. ExxepAHeBHO B CBOI pa-
LIMOH BKAIOYAIOT MaitoHe3 36%. OAHa IIITasi PECIIOHAEHTOB He YIIOTPEOASIIOT ChIp.
Ecan 64% ynoTpeOASIIOT Opex, TO KaXKADBII CEAbMOI He BKAIOYaeT UX B CBOM pa-
nuoH. ITo pesyabraraM aHKeTHPOBAHMS OBIAO BBIIBAEHO, 4TO y 10,5% moppocTkoB
B HEAGABHOM PaIIUOHE PEAKO IIPUCYTCTBYeT MSICO. ExxeAHEBHO YIIOTPEOASIIOT MSCHBIE
IPOAYKTBI TOABKO 67%. AOCTATOYHO YacTO B PAIIOHE IIOAPOCTKOB IIPHCYTCTBYET
MSICO ITTHIIBL,  IMEHHO KypHIja. BoAee II0AOBHHBI BCeX aHKETHPYeMbIX YIIOTPeOASIOT
MsIco Kypuubl 3-4 pasa B Heaeato (81%). Heckoabko B MeHbIeM o6beme yrnoTpebas-
I0T PBIOY 1 MOPEIIPOAYKTBI, TOABKO 66,8% peCIIOHAEHTOB YKA3aAU Ha IPUCYTCTBUE
B UX HEAGABHOM PallMOHe AQHHOU IPYIIIBI IPOAYKTOB. He ymorpebastior pioy 6%,
H YIIOTPeOASIIOT «KpaitHe peako>» — 8,2%, 21% 1 pa3 B AeHb yOoTpeOAsieT COCHCKH.
B parmone nuTaHNS TOAPOCTKOB AOCTATOYHO YaCTO BCTPEYAIOTCS MYYHbIE H3ACAH
B pasAnYHOi popMe (MUpPOXKKH, GYAOUKH, KEKCBL, TUPOYKHDIE U T. A.). Y 77,9% ormeue-
HO eXeAHEBHOE IIPHCYTCTBHE AAHHOH I'PYTIIBI IPOAYKTOB, ¥ 7,3% — MyqHbIE H3ACAHS
BCTpevaroTcsi 3—4 pasa B HeAEAIO, peAKo yrorpebasior — 9,8%. Koudersr, moxoaap
He PEeryAspHO yIOTpeOAsioT TOAbKO 5%, 3 pasa B AeHb — 3% pecroHAeHTOB. BaxHo
YUYHUTBHIBATD HE TOABKO KaKOB Ka4eCTBEHHBIN COCTAaB ITPOAYKTOB, HO B KAKOM BHAE OHU
ymorpebasirorcs. Toapko 10,2% y9amuxcs yKasaAl Ha TO, 9TO YIOTPEOASIOT IIHIY,
MIPUTOTOBAEHHYIO Ha Mapy. Boabimas yacts (62,3%) MpeANOYUTAIOT XKaAPEHYIO MHIY.
OcrasBmmecs 27,5% OTBapHUBAIOT IPOAYKTHIL.

Y4uThIBas PUTM XKU3HH COBPEMEHHOTO ITOAPOCTKA, OYeHb YaCTO BMECTO MTOAHO-
LIeHHOTO [IUTAHS IPHXOAUTCS IIPUOEraTh K YIIOTPeOACHHUIO eABl U3 KATeTOpHHU «pacT-
$ya». Boapmas vactp moapocTkos (75,8%) ykasaam, 410 yHOTPeOASIOT «dacT-$ya>,
3% peCIOHAEHTOB OTBETHAM, YTO PEAKO. B KaTeropHio peryaspHO yIoTpebAsSIomux
eay 6bICTpOI‘O IPUTOTOBAEHUS MTOITAAU TOABKO 7% OIPOIIEHHBIX, 2% PeCIIOHAEHTOB
MIOAHOCTBIO HCKAOYAIOT «acT-Pya> U3 panuoHa. Ilpeasnourenne caapkoMy, rasu-
POBaHHbBIM HAITUTKAM OTAAIOT 83% 1 Tak ke ToAbKO 2% uckaoydaior. [Ipucasusaror
iy 60Aee OAOBHHBI orpomeHHbIx (64% ), Autb 6,3% He. 13 IPOAYKTOB, KOTOpbIe
OOBIMHO YUAIIecs UCIIOAB3YIOT AASL CTHMYASILIUEL YMCTBEHHO ASTeABHOCTH, ObIAM
HA3BaHbI <IMOKOAAA>»> — 53%, «kope>» — 42%, «MACOIPOAYKTHI> — 25%.

KagecTBeHHas XapakTepUCTHKA PAIIMOHOB IIUTAHMUS TI03BOASET TOBOPHUTD O AeDH-
LUTe OTpebAeHIsT 6eAKOBOM IHIIY Y 3HAYUTEABHON YACTH IIOAPOCTKOB.

Oco6eHHOCTBIO 9KOAOTHYeCKOH cuTyanuu B Pecrrybanke TatapcTan siBAsieTCS
IIPUPOAHBII A6 QUIIUT HOAQ, B CBSI3H, C 9eM IIPOBOAUTCS paboTa, HalpaBA€HHAS Ha IIPO-
$HMAAKTHKY HOAACPUIIUTHBIX COCTOSHHM, B TOM YHCA€ B AETCKHMX OPraHH30BaHHBIX
KoAAeKTHBaX. C 9TOM II@ABIO HCITOAB3YIOTCS KaK CPEACTBA MACCOBOH MPOPUAAKTHKI
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MUKPOHYTPHEHTHO# HEAOCTATOYHOCTH (HCIIOAB30OBAHHE IIPOAYKTOB MUTAHMS MACCO-
BOTO ITOTPeOACHIST: HOAUPOBAHHAS COAB, IOAPOBAHHBIE XAeOOOYAOUHbIE X MOAOUHbIE
IPOAYKTBL), & TaK M CPEACTBA IPYNIOBOi npoduaakruku. B 2013 r. oxsar rpymmo-
BOI HOATIPOPUAAKTUKON AeTeit 06me06pa3OBaTeAbeIx IIKOA M AETCKUX y4YPexAe-
HUI PeCITyOAUKY C HCIIOAB30BAHUEM HOACOAEPKAILIMX IIPEIAPaTOB (<<I;IOAOMapI/IH>> ,
«Muxpoitoanp>, «Kaaunitoanp >, <<HaHTeI710A>>) cocraBasiA 13,4%, KOTOPBII MOXXHO
OLIEHUTD KaK SIBHO HEAOCTATOYHbIN. KpoMe TOro B HEKOTOPBIX paitOHaX peciryOANK
(AsmakaeBckui, Bricoxoropcxuit, Aanmesckuit, Bepxueycaonckuit, Hypaarckuii, Ax-
TAHBIMICKUI) OTMEYAETCs TIPOAOANKHTEABHOCTD OAOTIPOJHAAKTHKY B Te4eHUe AH60
1 Mecsitfa, An60 0T 1 A0 6 MecsiIIeB, 9TO A€AQET IPYIIIOBYIO HOAIPOPUAAKTHKY HedP-
$eKTHBHOH, ITOCKOABKY HOA OTHOCHTCS K 9CCEHIJHAABHBIM MHKPO3AEMEHTaM, KOTOpHhIe
He 00AaAQI0T CIIOCOOHOCTBIO HAKAIIAMBATHCS B OPIaHI3Me F IOTOMY AOAYKHBI IIOCTO-
SIHHO IIOTIOAHSITHCS. YPOBHU 3200A€BaeMOCTH ¥ PACIPOCTPAHEHHOCTH AUPPY3HBIM
(sHAeMHIUECKUM) 3060M, CBSI3aHHbIE C HOAHOI HEAOCTATOYHOCTBIO U APYTUMH $Op-
MaMU HeTOKCHYECKOTO 3002 cpear MoApocTkoB 15-17 aer o PT (oruernast dopma
N2 63) 3a HcCAeAyeMble TOABI TOKA3AAU CHIDKEHHe TI0Ka3aTeAeil, 4TO BeposTHee BCero
MOXHO OOBSICHITb HEAOCTATOYHOCTBIO AQHHBIX IIPH COOpe IIepBUIHOM HHPOPMALIHU

(Taba. 3, 4).

Tabnuua 3. — PacnpocTpaHeHHOCTb AN DY3HOro (3HAEMUYECKOrO)
300a, cBA3aHHas C MOAHOW HEA0CTAaTOYHOCTbIO U APYrMX GOpPM
HeTokcuyeckoro 306a cpean nogpocTtkoB 15-17 net

TOABI
2009 2010 2011 2012 2013 2014

SApETHCTPHPOBATIO 821 | 675 | 534 | 567 | 599 | 485

BCEro

yyucAeHHOCTb Haceaenus | 41301 | 36353 | 33650 | 36607 | 31731 | 30067

f{ zclngoooap AHEHHOCTD 199 | 186 | 159 | 155 | 189 | 161

Tabnuua 4. - 3aboneraeMocTb ANDPY3HLIM (SHAEMUYECKMM) 3060M,
CBSI3aHHaM C MOAHOW HEAOCTATOYHOCTbIO 1 APpYrMMn hpopmMamm
HEeToKcu4yeckoro 306a cpeauy noapocTtkoB 15-17 net

TOABI
2009 | 2010 | 2011 | 2012 | 2013 | 2014

3aperucTpUpOBAHO
BIIEPBbIe

yyucAeHHOCTb Haceaenus | 41301 | 36353 | 33650 | 36607 | 31731 | 30067
3aboaeBaemocTs Ha 1000 3,5 1,8 34 3,3 49 1,5

143 67 115 119 15§ 46
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BI)IBOA];I: CoraacHoO HaITUM peSyAbTaTaM HpaBHAbeIfI pe)KI/IM AHA HPI/ICyTCTBO-
BaA AHIIb y HE3HAYUTEAPHOM AOAM y4aITUXCS. HPI/I'-IeM, y 6OABIIMHCTBA pecrnioHpeH-
TOB, OCHOBHOJ IIpHeM IIHINH 110 00beMy U KAAOPHUIHOCTH IIPUXOAUTCS HA BedepHee
Bpems. [To pesyabTaTam onpoca TOABKO 529% HMOAPOCTKOB BKAIOYAIOT B CBOH PallMOH
CBe)XXHe OBOIIU U GPYKTHI eKEAHEBHO. B parjoHe IIOAPOCTKOB IIpe0OAAAAeT yrae-
BOAHBII KOMITOHEHT 3a CYeT KapTOQeAs, MyIHBIX 1 MAKAPOHHbIX U3AeAUTL. Takum 00-
PasoM, OCHOBHbIE [INTATEAbHbIE BEIeCTBA PALJIOHOB IIOAPOCTKOB He COHAAQHCUPOBAHBL
II0 COAEP>KAHUIO OEAKOB, XKUPOB U yTAeBOAOB. OXBaT IPYIIIOBOM HOAIPOPUAAKTHKOM
B 001/e06pa30BaTEeABHBIX IIKOA C UCIIOAB30BAHHEM HOACOAEPIKALINX IPEaPaTOB CO-
ctaBasiA 13,4%, 9TO SBASIETCS HEAOCTATOYHBIM.

CaepOBaTeAbHO, PA3BUTHE NMPOPUAAKTUIECKON COCTABASIONIEN MEAHIIMHCKOM
IIOMOIIY ¥ IIPOIIATAHAQ 3AOPOBOrO 00pa3a SKHU3HU SIBASETCSI OAHOM M3 BOKHEMNIINX
COCTaBASIOIINX MEAUIIMHCKO IpodraakTrKY. Takum 06pa3zoM, HEOOXOAUMO COBep-
IMICHCTBOBATb nporpaMMm IIKOABHOTO ITUTAHUS, YIUTbIBAS peI‘I/IOHaAbeIe, HAaITHOHAAb-
Hble 0COOEHHOCTH 1 $OPMHUPOBATH CTPATEIHH IO IUTAHUIO K IPOIIATaHAE 3A0POBOTO
00pasa KU3HH IIOAPOCTKOB.
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Chapter 5. Features of histological structure
of placentas in minor females

Abstract: The article analyzes the features of histological structure of placentas in
minor females compared with women of middle reproductive age. It was found that
placentas in minor females are characterized by significant hypertrophy (559,5£10,5 g
-478,7£12,9 g, respectively) and pathological immaturity (33,8%-4.0%) with a sig-
nificant degree of circulatory injuries (40.5%-12.0%), reduction in the frequency of
compensatory-adaptive reactions (86,5%-100%) and a greater frequency of inflam-
matory changes of both exudative and productive character (35,1%-0%).

Keywords: histology of placenta, pregnancy and childbirth in minor females,
chronic placental insufficiency.

Introduction. The placenta is an essential component of the system “mother-
placenta-fetus”" and serves as the object of histological investigation for a long time.
The features of its development, compensatory and pathological reactions to various
exogenous and endogenous impacts, including the cases with pathology of pregnancy,
are widely represented in many domestic® and foreign* manuals.

At the same time, pathomorphological features of placentas in young pregnant
women are studied significantly insufficiently; and literature data have a fragmentary
character. The authors denote principally a smaller volume and weight of placentas or
more marked compensatory-adaptive reactions in placentas of minor pregnant women*.

Insufficiently comprehensive literature data and accumulated material served as
the basis for the present study.

! Garmasheva NL., Konstantinova H. H. Patofiziologicheskie osnovy okhrany vnutriutrobnogo
razvitiya cheloveka. L.: Meditsina; 1985. (In Russ.). P. 2.

? Milovanov A. P. Patologiya sistemy mat’ - platsenta— plod: Rukovodstvo dlya vrachey. M.; 1999.
(In Russ.). P. 3.

3 Benirschke K., Kaufman P. Pathalogy of the human placenta. - New York: Springer-Verlag, 1995.

* Mgute S.D. The course of pregnancy and delivery, placental morphology in young nulliparous.
Tr. Krymskogo GML. 1976; 71: 7-8. (In Russ.). P. 9.
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The objective of the present study was to examine the features of histological structure
of placentas in minor pregnant women compared with women of middle reproductive age.

Materials and methods of research. In total, we examined 74 placentas of mi-
nor patients, who were divided into 2 groups. The first group included 8 placentas of
patients at the age of 13—1S years, the second group — 66 placentas of patients at the
age of 16-17 years. The comparison group consisted of 25 placentas from condition-
ally healthy women of middle reproductive age (20-30 years).

Placentas were studied according to the standardized scheme' that included mac-
roscopic analysis, cutting of material and histological study. We conducted the weigh-
ing and examination of placentas. Moreover, we determined shape, number of lobes,
type of vessel development and place of attachment of the umbilical cord. Cutting of
material was done as follows: 6 pieces of placental tissue (2 — from marginal tissue,
2 — from paracentral tissue, and 2 — from central zones), fragment of the umbilical
cord from middle part and the helix from membranes.

After sampling, the material was fixed in 10% solution of neutral buftered formalin
within 24 hours. Then the samples were dehydrated in alcohols with increasing con-
centration (70-95%), placed in xylene and embedded in paraffin using the automatic
station “Leica TP1020”. Paraffin sections with density of 3—7 micrometers were used
for histological examination. Hematoxylin and eosin were used for survey staining.
Placentas were estimated using light microscopy with Olympus CX-31 ( Japan): struc-
ture of the villous tree, compensatory-adaptive reactions, structure of the vascular bed
and the plates of placenta (basal, chorionic), presence or absence of inflammatory and
dystrophic changes in placentas. Fetal membranes: ratio of anatomical components
(amniotic layer, trophoblastic epithelium, decidual membrane), presence of inflam-
matory reaction and dystrophic changes. The umbilical cord: condition of Wharton’s
jelly, number and condition of vessels, presence of inflammatory changes.

Statistical analysis of obtained data was performed using the program “STATIS-
TICA 6.1” (Statsoft Inc., Tulsa, USA). Determination of reliability of differences in
rates between the compared groups was performed using Fisher’s test (F) or Chi-
square () according to the standard formula, with account of Yates’ correction for
paired comparisons and Bonferroni’ correction for multiple comparisons. In order to
estimate differences of clinical parameters between different groups, we used Mann-
Whitney U-test or Student’s T-test for independent samples.

Research results. The average age of patients in the first group amounted to
14,9+0,2 years, in the second group — 16,2+ 0,2, and the average age in the compari-
son group was 26,3 +0,7.

! Milovanov A. P. Patologiya sistemy mat’ - platsenta— plod: Rukovodstvo dlya vrachey. M.; 1999.
(In Russ.).
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The average gestational age by the time of delivery in the first group amounted to
39,1 + 0,2 weeks, the weight of newborns was 3475,0 + 158,5 g (2740,0-4090,0 g.),
the length of newborns — 51,4 + 0,7 cm, the values on the Apgar scale were estimated
to be 7-8 scores. The weight of placenta amounted to 510,4 10,7 g, the placental-fetal
ratio was 0,16 £ 0,01.

The average gestational age by the time of delivery in the second group amounted
to 39,2 + 0,2 weeks, the weight of newborns was 3381,7 £ 57,6 g, the length of new-
borns — 51,2 £ 0,3 cm, the values on the Apgar scale were estimated to be 7-8 scores
(6 scores — in one newborn). The weight of placenta amounted to 561,1 + 10,9 g, the
placental-fetal ratio was 0,17 + 0,01.

The significant difference between the abovementioned parameters in the first
and second groups were not detected (p>0,05).

The average gestational age by the time of delivery in the comparison group (wom-
en of middle reproductive age) was 39,4+0,2 weeks, the weight of newborns — 3492,4
+42,5¢(3170,0-3830,0 g), the length of newborns was 51,7 + 0,3 cm, the values on
the Apgar scale were estimated to be 7-8 scores. The weight of placenta amounted to
478,7 12,9 g, the placental-fetal ratio was 0,14 + 0,003.

Table 1 presents main clinical and morphological features of the fetal-placental
system in minor pregnant women (all minor females were at the age of 13-17 years,
without division into groups by age (considering the lack of significant differences on
the first stage) ) and in women of middle reproductive age.

Table 1. — Clinical and morphological features of the fetal-placental system in
minor pregnant females and women of middle reproductive age

Minor females Women of middle repro-
(n=74) ductive age (n=25)

Age, years 16,3+0,2 26,3£0,7
Delivery date, weeks 39,2%0,2 39,4%0,2

Weight of newborns, ¢ 3391,8 £53,9 34924+ 42,5
Length of newborns, cm 51,3+0,3 51,7+0,3

Apgar scale, scores 7-8 7-8

Weight of placenta, g 559,5+10,5* 478,77 +12,9
Fetal-placental ratio 0,17 + 0,003* 0,14 + 0,003

*p<0,001

As can be seen in the table above, the average delivery date, weight and height of
newborns and Apgar scale values did not have significant differences between minor
females and women of middle reproductive age.

It should be noted that the weight of placentas in the group of minor females
amounted to 559,5 + 10,5 g and was significantly bigger than the weight of placentas
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from women of middle reproductive age (478,72 £ 12,9) (p<0,001). The placental-fe-
tal ratio in the group of minor females made up 0.17 + 0.003 and was also significantly
higher compared with the group of women of middle reproductive age (0,14+0,003)
(p<0.001).

Our results contradict the literature data', which indicate a significant decrease in
the weight of placentas obtained from minor pregnant women compared with women
of middle reproductive age.

The afterbirth is a provisional organ of the fetus and consists of placenta, fetal
membranes and umbilical cord. In the mature placenta that corresponds to the full-
term pregnancy (37-41 weeks) the predominant generation of villi is represented by
terminal chorionic villi that comprise 60-80% out of the total number of villi. Villi
ofintermediate type make up about 15-30%, while mature forms of intermediate villi
constitute the highest percentage, and intermediate immature villi amount to only
3-5%. Moreover, in the structure of villous tree there are stem villi and anchoring villi,

Figure 1. Histological structure of normal placenta in healthy 24 year old woman in
case of full-term gestational age. Terminal development of villous tree with
moderate blood filling of the villous vascular bed. Hematoxylin and eosin, X100

The histological examination of placentas in women from the first group (minor
females aged from 13 to 15 years) revealed that they corresponded to gestational age in
7 cases (87,5%) and were characterized by terminal development of the villous tree.

! Tarasova N.S. Clinico-morphological features of placentas in young nulliparous women. Vestnik
Rossiiskogo universiteta druzhby narodov. 2006;4 (36):80-84. (In Russ.). P. 10.
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In 1 placenta (12,5%) we detected chronic placental insufficiency of dissociated form,
compensated stage with persistence of intermediate mature chorionic villi in the struc-
ture of villous tree and decrease of the number of terminal villi.

On the part of the vascular bed, we marked the prevalence of a moderate degree of
circulatory injuries with moderate, in some places uneven, blood filling of the arterial-
venous bed. The state of capillary bed of chorionic villi had no pathological changes. In
3 cases (37,5%) the circulatory injuries were strongly marked and were characterized
by hypervascularization of the capillary-venous bed mainly of intermediate and termi-
nal chorionic villi with diapedesis of erythrocytes in the villous stroma. In addition, we
marked the unevenly marked spasm of arteries mainly of stem villi and uneven blood
filling of intervillous space.

In all examined placentas we observed moderate compensatory-adaptive changes
with a small number of syncytial knots and preservation of lumen of the intervillous
space.

Inflammatory changes in placentas were identified in 2 cases (25,0%) and had
exudative character. In 1 case (12.5%) we marked inflammatory changes with presence
of polymorphonuclear leukocytes in fetal membranes and placenta with formation
of parietal exudative choriodecidua and exudative subhorionic intervillusitis. In addi-
tion, in 1 case (12.5%) inflammatory changes affected not only fetal membranes and
placenta, but also had exudative character in the umbilical cord with development of
exudative phlebo-funiculitis.

Histological examination of placentas from women of the second group (minor
females at the age of 16-17 years) showed that the villous tree structure of placenta
corresponded to the gestational age in 42 cases (63,7%). Chronic placental insufficien-
cy was diagnosed in 24 cases (36.3%) and had dissociated and hyperplastic types in
compensated and (in 1 case — 1,5%) sub-compensated forms of placental insuffi-
ciency. Circulatory injuries in mature placenta that corresponded to the gestational age
were presented by marked, moderate and mild degrees of manifestations. Moderate
and marked degrees of circulatory injuries were detected in nearly the same percent-
age of cases (40.5% and 45.2%, respectively), however, it should be noted that the
marked degree of changes in the villous vascular bed was detected in S cases (55,6%)
in placentas after cesarean section and presented reactive changes after artificially cre-
ated acute disorders of utero-placental circulation. Mild degree of circulatory injuries
was identified in 8 examined placentas (19,0%). Moderate degree of circulatory inju-
ries was manifested by normal ratio of venous-capillary vessels without pathological
changes in the arterial bed, which was marked by uneven blood filling.

It should be noted that chronic placental insufficiency represents a complex re-
sponse of the fetus and placenta to the influence of pathologies in maternal organism
with possible formation of “fetal growth retardation” syndrome. Dissociated form
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of chronic placental insufficiency was detected in 20 cases (83,3%) out of the total
number of cases with chronic placental insufficiency in the second group and was char-
acterized by dysmaturity of the villous tree with persistence of intermediate mature
chorionic villi and reduction in the number of terminal villi (Figure 2). Hyperplastic
type of chronic placental insufficiency was diagnosed in 4 cases (16.7%), where the
presence of terminal villi of the villous tree constituted more than 80,0% out of the
total volume of the examined placental fragments. In this case the terminal villi had
a small size, and most of them were characterized by a reduced number of capillar-
ies (2-3). Compensated condition of placentas was marked by birth of a child with
normal values on the Apgar scale — at least 8 scores.

Figure 2. Chronic placental insufficiency, compensated stage.
Predominantly, intermediate development of the villous tree with
sclerosis of the villous stroma. Hematoxylin and eosin, X100

In 1 case (1,5%) we detected the dissociated form of placental insufficiency in the
sub-compensation stage with marked circulatory injuries and birth of alive full-term
baby with hypertrophy of I degree, extracted by caesarean section, with 7 scores on
the Apgar scale.

Estimation of the circulatory bed in placentas with chronic placental insufficiency
revealed a predominance of moderate degree of circulatory injuries in more than half
of the cases (13 cases — 54,2%) with uneven blood filling of vessels of all levels,
without formation of arterio-venous anastomoses.

It should be noted that in 1/3 of all cases (8 cases — 33,3%) we detected the
marked circulatory injuries with hypervascularization of chorionic villi of intermediate
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and terminal types with paresis and plethora of the vascular bed. As for the intervillous
space, we observed uneven plethora. In 1 case (1,5%) there were minor changes in
blood supply of the chorionic villi.

The study of compensatory-adaptive changes in placentas showed mostly a mod-
erate degree of manifestations in 56 cases (84,8%) and was characterized by a small
number of syncytial knots, preservation of the intervillous space lumen with a mod-
erate blood filling, and absence of ischemic and hemorrhagic infarctions (Figure 3).

&

Figure 3. Villous tree of placenta with syncytial buds and

emerging syncytial knots. Hematoxylin and eosin, X400
Inflammatory changes in placentas of the study group were identified in 24 cases
(36.4%) and had exudative and productive character (17 cases (25,8%) and 7 cases
(10,6%), respectively). The detection rate of exudative inflammatory process, that af-
fected only fetal membranes (bacterial contamination of the 1 stage — membranous)
and all components of placenta (bacterial contamination of the 3 stage — umbilical),
was much the same: 6 cases (9,1%) for the membranous stage and 7 cases (10.7%) for
the umbilical stage of bacterial inflammation. In the structure of exudative inflammatory
process we observed the predominance of affection of fetal membranes (parietal chorio-
decidua and membranitis) and placenta (subchorionic intervillusitis, placental chorio-
amnionitis) — in 10 cases (15,2%), while inflammatory changes in the umbilical cord
(phlebo-funiculitis and vascular-stromal funiculitis) were detected in 7 cases (10,6%).
Hematogenous infection in placentas was diagnosed in 7 cases (10,6%) and was
manifested by development of disseminated productive villusitis in 3 cases (4,5%) and
development of productive deciduitis with parietal and basal localization in 4 cases
(6,1%) out of the total number of inflammatory changes in the study group (Figure 4).
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b.

Figure 4. Hematogenous infection of placenta.
a — productive villusitis and destruction of chorionic villi.
b — parietal productive deciduitis. Hematoxylin and eosin, x100

It should be noted that in 2 placentas (3,0%) we detected abnormal development
of the umbilical cord in the form of agenesis of one of its arteries.

Table 2. — Main histological features of placentas in minor
pregnant women and women of middle reproductive age

Minor fe- Wor'nen
mal of middle
(n—;:)) reproductive
B age (n=25)

Terminal development of the v1110u's tree 49 (66,2%)"™ 23 (93,0%)
(placenta corresponds to the gestational age)
Degree of circulatory injuries
- mild 14 (19,0%) 4 (16,0%)
- moderate 30 (40,5%) 18 (72,0%)
— marked 30 (40,5%)** 3 (12,0%)
Compensatory-adaptive changes (moderate) 64 (86,5%)* 25 (100%)
Chronic placental insufficiency 25(33,8%)** 1(4,0%)
— dissociated form 21 (28,4%)* 1(4,0%)
— hyperplastic form 4 (5,4%) 0
Inflammatory changes 26 (35,19%)**
— exudative inflammation 19 (25,7%)
-1 stage (membranous) 6(8,1%) 0
-2 stage (affection of membranes and placenta) 7(9,5%)
-3 stage (umbilical) 6(8,1%)
- productive inflammation 7 (9,5%)

*p<0,05 **p<0,01
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We did not detect any significant differences in frequencies of various histological
features between the first group (13-1S years) and the second group (16-17 years)
( p>0.05).

Histological examination of placentas of women form the comparison group
(women of middle reproductive age) revealed the structure of placentas with terminal
development of the villous tree, what corresponded to the gestational age in 23 cases
(92,0%). Condition of the circulatory bed was represented primarily by moderate
(18 cases ~72,0%) and mild (4 cases —16,0%) degree of changes in the vascular bed.

In 3 placentas (12,0%) after the planned caesarean section we revealed a marked
degree of circulatory injuries, caused by operative treatment.

Compensatory-adaptive changes had a moderate degree of manifestation in all
placentas. Chronic placental insufficiency was diagnosed in 1 placenta (4%) in dis-
sociated form, compensated stage. Inflammatory changes in placentas of the study
group were not detected.

Table 2 presents main histological features of placentas in minor pregnant women
(all minor females were at the age of 1317 years, without division into groups by age)
and women of middle reproductive age.

Discussion. Most often, according to the literature data', in placentas of young
women we morphologically revealed the predominance of intermediate differenti-
ated villi, which are similar to histogenesis of placentas during 21-32 weeks of gesta-
tion, when leap in the development of intermediate branches normally takes place”.
Another variant of pathological immaturity is predominance of chaotic sclerosed villi,
which occurs nearly during 25-30 weeks as a result of dyschronosis in the formation of
small villi and obvious development delay of their capillary bed?. Our results confirm
the data obtained by N.S. Tarasova, who noted that most of pregnant minor females
were diagnosed with pathological immaturity of the villous tree?, what denotes evi-
dently troubled gestation course in IT and especially III trimester, what chronologically
coincides with the time when most complications with pregnancy occur.

Condition of the circulatory bed in the group of minor females was presented
mainly by marked and moderate degree of changes in the vascular bed, while condi-
tion of the circulatory bed in the group with women of middle reproductive age was
presented mainly by moderate and mild degree of changes in the vascular bed.

! Tarasova N.S. Clinico-morphological features of placentas in young nulliparous women. Vestnik
Rossiiskogo universiteta druzhby narodov. 2006;4 (36):80-84. (In Russ.).

2 Milovanov A. P. Patologiya sistemy mat’ - platsenta — plod: Rukovodstvo dlya vrachey. M.; 1999.
(In Russ.).

3 Ibid. P. 9.

* Tarasova N. S. Clinico-morphological features of placentas in young nulliparous women. Vestnik
Rossiiskogo universiteta druzhby narodov. 2006;4 (36):80-84. (In Russ.).
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Compensatory-adaptive changes in placentas of minor females were revealed sig-
nificantly less seldom (p<0.0S) than in placentas of women of middle reproductive
age and were moderate in all cases with a small number of syncytial knots.

The increase in the number of syncytia-capillary membranes in villi provides
a significant growth in diffusion capacity of placenta, intensification of transport of
amino acids, microelements, vitamins and other nutritional substances through the
placental barrier'. The above-mentioned finishing reconstruction of terminal villi with
a sharp increase of their vascularization serves as a particular indicator of compensa-
tory possibilities of the villous tree and indirectly characterizes readiness of the fetus
to enter into new ecological conditions. Such finishing reconstruction of the villous
tree does not occur in young women, or it is carried out insufficiently, because the
specialized terminal villi are found in young females significantly less seldom than in
adult women®.

Chronic placental insufficiency in minor females was detected significantly more
often (p<0.01) compared with women of middle reproductive age. The dissociated
form with dysmaturity of the villous tree, persistence of intermediate mature chori-
onic villi and decrease in the number of terminal villi were found to be a predominant
form of chronic placental insufficiency in the group of minor females.

Our results were comparable with the data obtained by N. S. Tarasova, who in-
dicated the leading role of unfavorable variant ratio of morphological immaturity
of villi and reduction in the amount of specialized terminal villi and therefore deficit
of syncytium-capillary membranes®.

Inflammatory changes in placentas of minor females were identified in 35.1% of
cases, whereas inflammatory changes were not identified in placentas from women of
middle reproductive age. The exudative process served as a predominant form of in-
flammation in placentas in every fourth case, while productive inflammation was diag-
nosed in every tenth patient. The affection of fetal membranes (parietal choriodecidua
and membranitis) and affection of placentas (subchorionic intervillusitis, placental
chorioamnionitis) prevailed in the structure of exudative inflammatory process in
10 cases (13,5%), while inflammatory changes in the umbilical cord (phlebo-funic-
ulitis and vascular-stromal funiculitis) were detected in 7 cases (9.5%). Hematog-
enous infection in placentas was diagnosed in every tenth case and was manifested
by development of disseminated productive villusitis and productive deciduitis with
parietal and basal localization.

! Milovanov A.P. Savel’ev C. B. Vnutriutrobnoe razvitie cheloveka: Rukovodstvo dlya vrachey. M.;
2006. (In Russ.).

% Tarasova N. S. Clinico-morphological features of placentas in young nulliparous women. Vestnik
Rossiiskogo universiteta druzhby narodov. 2006;4 (36): 80-84. (In Russ.).

3 Ibid.
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Conclusion. According to the results of histological examination of placentas in
minor females and women of middle reproductive age, we revealed that these groups
had no significant differences in weight/height indicators of children and their val-
ues according to the Apgar scale. However, the research results showed that histo-
logical structure of placentas in minor pregnant women compared with women of
middle reproductive age is characterized by a significant hypertrophy, pathological
placental immaturity and a significantly greater rate of chronic placental insufficiency
with marked degree of circulatory injuries. In placentas of minor females the degree
of compensatory-adaptive reactions was lower, and inflammatory changes were de-
tected significantly more often. Chronic placental insufficiency at the time of birth of
the child, which is detected significantly more often in minor patients, may influence
the violation of adaptive mechanisms and the quality of life of children in postnatal
period. Moreover, it should be noted that the placental weight and placental-fetal
ratio in the group of minor females compared with women of middle reproductive
age were significantly higher, what may point at unfavorable conditions of prenatal
fetal development and fetal-placental interrelationships in minor pregnant women.
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Maea 6. OueHka pucka n Bo3pacTHas
YYBCTBUTEJIbHOCTb K ,eUICTBUIO XMMNYECKUNX
BeLLeCcTB, NOCTynalLwWwmnx ¢ NMTbeBOn BOAON

Buepperue B npaktuky QepeparbHOR CAYKOBI IO HAA30PY B cdepe 3aIUTHI IIPaB
noTpebuTeAeit U OAATOIIOAY IS YeAOBEKA HOBBIX 9 PeKTUBHBIX HAyKOEMKIX HHCTPY-
MEHTOB, 0beCIIeurBaeT yIpaBAeHIe CAHUTAPHO-3MHAEMUOAOTUIECKOI 06CTAHOBKOM
Ha pernOHAAbHOM M MYHUIIUIIAABHOM YPOBHSX. OAMH U3 TAKUX HHCTPYMEHTOB — MeTO-
AOAOTHS aHAAM3a PHCKOB 3A0POBbIO HACEACHNS, CBA3AHHBIX C HeTaTUBHBIM BO3AEHCTBHEM
HebAArOIPHUATHBIX PAKTOPOB CPeAbI 0OUTAHMSL. YKa3aHHAS METOAOAOTELS, [IO3BOASIET HIC-
TIOAB30BaTh HAACKHbIE KOAUYECTBEHHbIE OlleHOYHbIe KPUTEPHH U ITHPOKO IPUMEeHSeTCs
B crpaHax EBpocorosa, CIIIA, Kanaae 11 psiae APYTHX TOCYAQPCTB C LIeABIO O0ecredeHust
0€30I1aCHOCTH AASI 3AOPOBbSI YeAOBEKA CPEABI OOUTAHIIS, TIPOAYKIIIH, IIPOU3BOACTBEH-
HbIX TEXHOAOTHII M TIPOIIECCOB, B TOM YHCAE IIPH FAPMOHH3AL[HHU 3aKOHOAATEABHbIX OCHOB,
IPABOBbIX HOPM, CAHUTAPHO-TUTHEHIMIECKUX CTAHAAPTOB 1 TpeOOoBaHHuit .

Ha ceroamstmHmit AeHb, KpaiiHe BOYKHDBIM SIBASIETCSI BHIIIOAHEHHE PaboT 110 OLjeHKe
PHCKa C pa3BUTHEM METOAOB pOPMUPOBAHIS AOKA3ATEABHOM 6a3bI PeAA3AIUH PHCKOB
AAS3AOPOBbSL B BUAE TIOPA’KeHUI 3A0POBbs (Yepes SIMAEMUOAOTHYECKUE AH YTAYOACH-
Hble MeAMKO-6uoAorrdeckue uccaepoBanus). OLeHKa PUCKa O3BOASIET 3HATUTEABHO
CY3HTb KPYT IIOMCKA, Kak GaKTOPOB BO3AEHCTBHS, TaK U BEPOSITHBIX HAPYIIEHHH 3A0-
POBbsI 9KCIIOHUPYEMOTO HACeACHHS U CYIIeCTBEHHO COKOHOMHUTD BpeMs U CPEACTBA
Ha cOOp AOKA3aTeABHOIT 0a3bl, TOATBEPIKAAIOIIl HAAMUKE BpeAd 3A0pOBbIO. B mocaea-
HUe AeCSTHAETHS BHUMAHHe BCETO0 MHPOBOIO COO0IeCTBa IIPUBAEYEHO K IIpobaeMe

! Onumenxo [ T. Onenxa u ympasaeHre PHCKAME AAS 3AOPOBBSI KAK 3 (K THBHbII HHCTPYMEHT
pelIeHus 3aAa 06 eCIIeYeHIs CAHUTAPHO -OIMAEMHOAOTIMECKOTO GAATOMOAyHs HaceaeHus Poccuiickoit
Depepanun//Anaaus pucka 3poposbio. 2013. N0 1 C. 4-14.
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OLIeHKH BAMSIHIS paKTOPOB OKPY>KAIOILeft CpeAbl Ha 3A0pOBbe AeTeil. MHOrourcAeHHbIE
HMCCAEAOBAHUS [TOKA3hIBAIOT, YTO BO3SAEHCTBHE OAHUX U TEX K& XMMUYECKUX BeIleCTB
MOKET BbI3BIBATH Pa3AUYHbIE 9P PEKTHI AAS BAOPOBbSI BBpOCABIX U AeTell . DKCIIO3HIMSL
AETCKOJ TIOYASILIUH K 3aTPSI3HAIONIUM BellleCTBAM OKPYIKAIOIel CPeAbl 3HAYUTEABHO
OTAMYAETCS OT TAKOBOH Y B3POCABIX B CHAY Pa3AMYHBIX IPHYHH, CBSI3AHHBIX C aKTHBHO-
CTBIO U IIOBEACHHUEM, IINTAHIEM AeTell, PHBNOAOTHIECKUMU 0COOEHHOCTSIMI MeTab0-
AM3Ma, IPOHHIIAEMOCTBIO KOXKHBIX IOKPOBOB H T. A. AHAAM3 HCCAEAOBAHHIT IO OIleH-
Ke pHCKa B Haelt crpaHe u Pecrrybanke TatapcraH MokasaA HaAUMHe METOAMYECKUX
U TOKCHKOMETPUIECKHX IIPOOAEM, IPUBOASIIUX K HEAOOLIeHKe (AKTUIECKOTO YPOBHS
PHCKa 3AOPOBBIO AETCKOTO HACeACHHS, CBSI3aHHBIX C HEOIPEACACHHOCTSIMH OLJeHKH
9KCIIO3UIIUH, OTCYTCTBHEM PETMOHAABHBIX U BO3PACTHDIX PA3AMYHUIL B PAKTOPAX IKC-
[IO3ULIUY U TyBCTBUTEABHOCTH K KaHIleporeHaM. Kax MOKasbIBAIOT HCCAEAOBAHMS, AET-
CKasi BOCIIPHUMYHBOCTD K 3aTPA3HUTEASM OKPYXKAIOIIeH CPeAbl MOXKET CYILIeCTBEHHO
BapbUPOBATHCS B 3ABUCHMOCTH OT CTAAMH XU3HH . [IpHHsITHE ATeHTCTBOM II0 OXpaHe
oxpy»xatomeit cpeapr CIIIA (US EPA, 2005 a) CTaHAQPTHOTO HabOpa BO3PACTHBIX
TPYIIII AETCTBA AOKA3bIBAET BAXKHYIO POAb B YAYYIIEHHIH HALIeH CIOCOOHOCTH 3allfy-
IDaTh AeTel IPH OOAee TOCAEAOBATEAPHOM PACCMOTPEHUH H3MEHEHHsS KI3HEHHOTO
aTala IpH OLjeHKe BO3ACHCTBUS, AO3BI U PUCKA. B HacTosleM AOKAaAe paccMaTpuBa-
IOTCSI YHUKAABHbBIE MOACAH [IOBEACHIS A€TeH, KAk IPYAHOe BCKAPMAUBAHHE, IIOA3AHHE,
0COOEHHOCTH [OBEACHIS 1 ASITEABHOCTH. BaXKHOCTD pacCMOTpeHMS Pa3AMIHIl paHHeH
JKHU3HU B 9KCIIO3UIIUH M PUCKA 6bIAa SICHO IIPOAEMOHCTpPUpPOBaHa B AoKyMeHTe EPA
“Drinking Water: Perchlorate Supplemental Request for Comments” (Federal Register,
2009). AOKyMeHT IpeAyCMaTpHBaeT AAbTepPHATHBHbIE YPOBHH CIIPABOYHBIX [TOKA3aTe-
Aeit (ypoBeHD BO3ACHCTBHS, HIKE KOTOPOTO HeT CyIjeCTBeHHOTO PUCKA He CBA3aHHOTO
C IPOSIBACHUSMH OXKUAAEMOTO paKa) AASI Pa3AMYHBIX CTAAMI XH3HEHHOTO IjuKaa. EPA
OOHAPYKMAH, YTO MAAEHbKHE AETH OBIAY B HAMOOABIIIEH OIIACHOCTH, KOTAQ MIX OTHOCH-
TeAbHOE BO3AEHICTBHE PACCMATPUBAAOCH CO CCBIAKOM 3AOPOBbsI YPOBHEI Ha IIOPSIAOK
HIDKe, 4eM Te, KOTOpble OCHOBaHBI HA METOAAX OLIeHKHU AAS B3POCABIX. B cBoeM Aormoa-
HuTeAbHOM PykoBoacTBe Supplemental Guidance for Assessing Susceptibility from
Early-Life Exposure to Carcinogens (EPA, 2005 c), AreHTCTBO O 0XpaHe OKpYyaio-
IIeft CpeABI Pa3paboTaA0 BTOPOL, AOIOAHHTEABHBIN HAOOP A€TCKHX BO3PACTHBIX IPYIIIL,

! Stepanova N.V.E.R. Assessment and Zoning of the Urban Area According to The Level
of Heavy Metal Pollution/N.V. Stepanova, S.F.Fomina, E.R.Valeeva//Research Journal of
Pharmaceutical, Biological and Chemical Sciences. — 2016. - V. 7(6). - P. 1148 — 1157; Yarypsuy T. H.,
Hosukos C. M. Pe3yAbTaTsl OLjeHKU PHCKa 3A0POBBIO HaceAeHHsI Poccru IIpy BO3AEHCTBIN XMMUYECKIX
BEIeCTB IIUTHEBOM BOADI (0630p AnTepaTypr) //Turnena u canurapust. — 2014. - Ne 1. - C. 19-24.

2 Firestone M. Protecting children from environmental risks throughout each stage of their
childhood//Journal of Exposure Science and Environmental Epidemiology. — 2010. - V. 20. — P. 227—
228; — doi:10.1038/jes.2010.10
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OCHOBAHHbIN Ha TOKCHKOAOTHYECKON TyBCTBUTEABHOCTH K KAHI[€POr€HAM, ACHCTBYIO-
LM Yepe3 My TareHHsI crocob aeiictais '. Koraa poaHHBIe A032-peaKIiys [0 KOHKpeT-
HBIM XMMHYECKHM BellleCTBaM He AOCTYIIHBI, PYKOBOACTBO PEeKOMEHAYeT HCIIOAb30BaTh
KOPPEeKTHPOBKHU KU3HEHHOTO 9Talla HA OCHOBE KaHI[epOTeHHOTO 3HAYEeHH I IIOTeHI[HI
(TO ecTh MOTEHIMAA, YTOOBI BEI3BATH paK) AASL CAGAYIOIITHX BO3PACTHBIX I'PYIIIT (a3 —
32 OrPaHMYEHHOCTH AAHHBIX, EPA OBIA BBIHY>KAEH KOHCOAUAHUPOBATh 6oace pacum-
]EHHbIIT HabOP BO3PACTHBIX IPYILIL, HCIIOAb3YEMBIX ITPH OLJeHKe BO3AEHCTBI ACTCTBA).
IIpy MOBTOPHBIX HCCAGAOBAHHUIX BO3ACHCTBHS MyTareHHBIX XMMHUYECKHX BENecTB
B [IOCTHATAABHOM U B3POCAOM BO3pacTe 06OCHOBAHbI IlepecueTHbIE KO PUIIHEHTbI
AASL KOAMYECTBEHHOM OITeHKH KaHIIepOTeHHOTO MOTEHIIMAAA C YIeTOM BO3PacTa (mo-
TpaBoYHbIe BO3pacTHble KoapduimenTsl, age-dependent adjustment factor — ADAF).
ITorrpaBouHbIe BO3pacTHBIE KO3 PUIMEHTDI, cOTAacHO pekoMmeHparmsaM US EPA, oc-
HOBAHbI Ha 3aKAIOYEHUH O TOM, YTO KaHI]epOTeHHbIe PHUCKH B I]eAOM BbIIIIe IIPH IKCIIO-
3UIMAX B PaHHUE ITePHUOABI XH3HH IT0 CPAaBHEHHIO C AHAAOTHIHBIMH SKCIIO3UIIMAMU
B 60Aee cTapurem BospacTe. Aasi akcrosuuii B Bospacte ot 0 A0 < 2 aer ADAF papen
10, 012 < 16 AeT — 3. Aast 9xcrosuiuit mocae 16-aet u crapme ADAF e npuMeHsteTcs.
PykoBOACTBO peKOMEHAYET HCIIOAB30BaTh BO3PACTHbIE ITONTPABOYHBIE KOIPOHIIHEHTEI
(ADAFs) AAS TeX cAy9aeB, KOTAQ XUMUUECKHE KOHKpEeTHBIE AAHHBIE OTCYTCTBYIOT IIPU
OIleHKe PHCKA Pa3BHUTHI PaKa, HO TOABKO AASI KAHIIEPOTEHOB, KOTOPbIE ACHCTBYIOT M-
TareHHBIM CII0CO00M AeicTBIsL. COBpeMeHHOe IOHMMAHNE GHOAOTHIECKIUX IIPOLIECCOB,
BOBA€UEHHBIX B KaHI[epOTeHe3 IPUBOAUT K Pa3yMHOMY OCO3HAHMUIO TOTO, ITO AeTH Hoaee
BOCIIPHUIMYHBBI K HEKOTOPBIM KaHI[epOTeHHbIM areHTaM, 4eM B3pocasie’. Hekoropere
ACIEKTHI TOTEHIJHAABHO MOTYT IPUBECTH K ITOBBIIIEHHON BOCIPHUMYHUBOCTH ACTel
MAaAIIero Bo3pacra. boaee yacroe peaeHne KACTOK B IIpOLiecce Pa3BUTHS CIIOCOOCTByeT
YCHACHHIO GHUKCAI[IN MY TaI[Ii U3 — 32 COKpPAIeHHs] BpeMEHH, AOCTYITHOTO AASI pEMOH-
ramoBpexxpenuit AHK, u, cooTBeTcTBeHHO, KAOHAABHAS SKCITAHCHS My TAHTHBIX KACTOK
AaeT GOABIIYIO MOIYASIUIO MyTaHTOB. HekoTOpble KOMIIOHEHTH IMMYHHOM CHCTe-
MBI He TIOAHOCTBIO pYHKIJHOHAABHBI B ITPOIIeCCe Pa3BUTHS, A TOPMOHAABHBIE CHCTEMBI
PaboTAIOT Ha pa3HBIX YPOBHSX Ha PA3AMYHBIX dTaIax sKku3Hu . FIHAYKINST aHOMaAMI

! Supplemental guidance for assessing susceptibility from early Life exposure to carcinogens:
EPA/630/R-03/003F March 200S.

2 Barton H.A.,, Cogliano V.J., Flowers L., Valcovic L., Setzer,R.W,, & Woodruff T.J. (2005).
Assessing Susceptibility from Early-Life Exposure to Carcinogens. Environmental Health Perspectives,
- 113(9), - 1125-1133. URL: http://doi.org/10.1289/ehp.7667

% Slikker W. IIT, Mei N. Chen T. N-Ethyl-N-nitrosourea (ENU) increased brain mutations in
prenatal and neonatal mice but not in the adults. Toxicol Sci. — 2004; 81(1):112-120.

4 Anderson L.M., Diwan B.A., Fear N.T,, Roman E. Critical windows of exposure for children’s
health: cancer in human epidemiological studies and neoplasms in experimental animal models. Environ
Health Perspect. —2000; — 108(suppl 3): — 573-594.
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PasBUTHSA MOXKET MIPUBECTH K IPEAPACIIOAOXKEHHOCTH K KaHIlepOreHHbIM 3 dexTam
B AaAbHeiei sxu3Hu. HakoHer, TeopeTuyeckuil aHAAU3 TIO3BOASIET IPEAIOAOKUTD,
4T0 AU PepeHIIaAbHAS BOCIIPUUMINBOCTD OYAET 3aBHCETh, B YACTHOCTH, OT CIIOC00a
AeficTBHA (TO eCTh, Ha KAaKOM 9TaIle B mporecce paKa(OB) ITPOU3OUIAO XUMUYECKOE BO3-
ACHICTBHIE) U UTO CpeAHsIsl CyTOYHasl AO3a MOXKeT IPUBECTU K HEAOOILIEHKe UAM Iepe-
OLIEHUBATh PUCK PaKa, KOLAQ PYICKU 3aBHUCAT OT BpeMeHH AeHCTBIsT . XOTs HeT HH OA-
HOTO «IIPaBUABHOTIO>» HaOOpa BO3PACTHBIX IPYIII, IIPHHSTHE OOIIell KOHBEHIIUH AAS
OIIpeAeACHHS BO3PACTHBIX IPYTII MO3BOAUAO YYEHBIM Ay4Ille IIOHATb PAa3AMYUS B TIOA-
Bep>KeHHOCTH K PUCKy 4epe3 3Tallbl XXM3HU U PaKTOPhI, KOTOPbIe MOTYT Y4eCTh TaKue
PasAMYMs, KAK COCTOSIHHUE MUTAHUS, PACIIPOCTPAHEHHOCTb HEKOTOPBIX 3a00A€BaHHI],
9THUYECKUX,/ KYABTYPHbIX HOPM B OTHOIIEHUH IATTEPHOB AKTUBHOCTHU HAY IIOBEACHUS,
reHeTUYEeCKUX XapaKTePUCTHK HACEACHMS, METEOPOAOTHMIECKHMX YCAOBUH, Teorpadpuu
U COIIMAABHOTO cTpecca. EcTb 1 Apyrue aTamsl XKU3HH, IOMUMO AETCTBA, KOTOPbIE MO-
JKeT OBITh BOXXHO YIUTHIBATH IIPH OL}eHKe BO3AECHCTBISI M PUCKA YEAOBEKA, BKAIOYAS
OepeMeHHOCTB, YXOA 32 GOABHBIME, 1 CTAPOCTb.

Takum 06pasoM, pa3paboTKa U IpHMeHe e HHPOPMALIHY AAS PEAAU3ALIIHU OLjeH-
KU AETCKOTO PUCKA AASI 3AOPOBbS HA OCHOBE CTAHAAPTHbIX U PeTHOHAAbHBIX GaKTOPOB
9KCIIO3ULIUHY SIBASIETCS] aKTYAABHOM 00AACTHIO HAYYHOTO HCCAEAOBAHIISL.

OcnoBHBIM AOKyMeHTOM B P®, B KOTOpOM H3AO0KEHbI IPHUHIIUIIB BHIITOAHEHHS
OLIeHKH PHCKA AAS 3A0POBbA sABAsdeTCs PykoBoacTBo P 2.1.10.1920-04 «PyxoBopcTBO
IO OIleHKe PHCKA AASI 3AOPOBbsl HACEAEHMUs IIPU BO3AEHCTBUU XUMHMYECKHX BelleCTs,
3arps3HSAIONIKUX OKPYXKAIOIIYIO cpeay>. Ha ceropHsAmHuui AeHb, 04€BUAHO, UTO pelle-
HHUE 33091 BHEADEHH HHTETPAAbHOM 'MTHEHNYECKON OLIeHKHU KadeCTBa MUTheBOM
BOABI HEBO3MOJKHO €3 HAyYHOTO 000CHOBAHUSI H Pa3pabOTKI HOBBIX METOAOB OLJeHKU
ee 0e3BPEAHOCTH C YIeTOM KAHIIepPOIeHHbIX 1 HeKAHI[epOTeHHBIX 9 $peKTOB XuMude-
CKHX BeIlleCTB, KOTOpPbIe AOAKHBI COOTBETCTBOBATh COBPEMEHHOMY YPOBHIO 3HAHHI
B 00AACTH OOIIeHAYIHON METOAOAOTHH OLJeHKH PHCKa 3A0POBBIO HaceAeHus. I1pu-
MeHseMble ITPH OljeHKe PUCKA TOAXOADI TIO3BOASIIOT K TOMY K€ BbIABUTb KOHKPETHbIe
HCTOYHVIKY U IIPUYIKHBI 3aTPSI3HEHUS CPEAbI OOUTAHIISL, OIPEACAUTD AOAEBBIE BKAAABL
ITyTell MOCTYNAEGHUS U KOHKPETHBIX PaKTOPOB OMacHOCTH. M3 xummudeckux ¢pakTo-
POB, 3arpsA3HAIOIINX IIUThEBYIO BOAY, CEPbe3HYIO OIIACHOCTD M3-32 BOZMOXKHOCTH Ha-
PYILEHNUSI COCTOSIHUS 3A0POBBSL, B TOM YHCAE META0 OAMYeCKIX HAPYIIeHHI (maroaorum
SKHPOBOIO ¥ YTAEBOAHOTO obMmeHa), IIPU XPOHHYECKOM II€POPAABHOM TIOCTYIACHHU
IPEACTABASIIOT TPUTAAOMETAHBI, B YACTHOCTH XAOPO$OpM>. XAOp U €ro COeANHEHUS

! Goddard MJ, Krewski D. The future of mechanistic research in risk assessment: where are we
going and can we get there from here? Toxicology. — 1995; — 102:53-70.

2 Oxupenue 1 H3GHITOUHEIT Bec: HHPOPMAITHOHHBI GroaseTers BO3 — Ne 311. Susaps — 2015 1.
[Daexrponnniit  pecypc]. — URL: http://www.who.int/mediacentre/factsheets/fs311/ru/(aara
obpamenus: 17.01.2017).
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IIpY IOCTYIAEHUH B OPraHU3M B IIpoljecce 6HoTpaHcPOpMAILIMU 06pasyioT 6osee
TOKCHYHBIE, II0 CPABHEHUIO C HCXOAHBIME 3arPSI3HEHNSIMU, META0OAHTBI, CIIOCOOHbIe
IIPEOAOAEBATH TeMATOdHI[ePAAMIECKUI U [IAALIEHTAPHBIIA Oapbepbl, KYMYAHPOBATbCSI
B XMPOBOit TKAHH, IlyTeM AAKMAMPOBAHHSA U (MAM) CTHMYASIIHH IIePEKHCHOTO OKHC-
A€HUSI AMIIHAOB, [IOBPEXAATH [IAA3MATHYECKUE F BHYTPUKAETOUHBIE MEMOPAHBI, 3a-
IIyCKasl KaAbIIMeBble MEXaHU3MBI ITHOEAU KACTOK U HApyIIeHIe AUIHMAHOTO OOMeHa.
TToBblmeHHOE COAEpIKAHHUE B IUTHEBOI BOAE XAOpOpraHudeckux coepnseruit (XOC)
SIBASIETCSI 3HAYUMOM IIPHYUHOF OIIACHOCTHU AASI 3AOPOBbSI HACEACHMSI, YBEAUYHBAET
YPOBEHb 001Ijeit U ACTCKOM 3460AeBaEMOCTH, SBASIETCs] PAKTOPOM PHCKA PA3BUTHS I1a-
TOAOTUH PeryASITOPHBIX CEICTEM U OCHOBHBIX BUAOB 06MeHa . ccaepoBanmst o6ocHO-
BAaAH reHeTHYeCKHe II0KA3aTeAN YyBCTBUTEABHOCTH K BO3ACHCTBUIO XAOPOPOPMA AAST
AMArHOCTUKY META0OAMYeCKIX HAPYIIEHHH 1 PeaAU3aL[iU TEXHOAOTHIL IIPOPHAAKTHKI
u3bprrounocty nutanus u oxupenns (MKB: E67.7- 66.0) y aeteit, moTpebasiomux
IIUTHEBYIO BOAY C IIOBBIIIEHHBIM COAEPYKAHIEM XAOPOPTaHUIECKIX COCAMHEHMUI”.,

AASL OLIEHKM HEeKaHI[epOTEeHHOTO PHCKA MCIOAB30BAAU IIOAXOA, OCHOBAHHBIN
Ha 6e3omacHbIx (pedepeHTHbIX) A03aX U CyMMapHble HHAeKchl onacoctu (THI)?.
AAS OLIeHKH KaHI|epOreHHOT'O PHCKA HCIIOAb30BAAH CPEAHECY TOUHbIE TO)KU3HEHHbIE
ao3pt (LADD), dpakropsr karreporentnoro norennuasa (SF) u ADAF. Hexannepo-
TeHHBII M KaHLIePOTEHHbII PHCK OLIEHUBAAU AAS PAKTOPOB IKCIOZHIMH (CTAaHAAPT-
HbIX M PeTHOHAABHbIX) Ha ypOBHe MeAnanbl (Me), O6BIMHbIf AUANIA30H SKCTIOZHUIIHH),
u 95-ro nponeHTuAs (P95, MakcuMaAbHO pasyMHas aKcro3unus). 3a AOITYy CTUMBIH
YpOBeHb HeKaHIjepOoTeHHbIX 3¢ pexroB npuHnMan sHaverns THI or 1,1 a0 3,0, ana-
nasoH 3HaveHni THI or 3 A0 6 paccMaTprBan Kak HACTOPAXKUBAIONIUH yPOBEHD PH-
cka, a THI Bpime 6 — Kak BBICOKHI. AASI KaHI}epOT€HHBIX 3P PEeKTOB AOITYCTUMBIM
ypOBHeM prcKa siBAsIAOCH 3HadeHue TCR, pasroe 1,0x107°.

LTeAb paboOTHI — OLIEHUTDH PHUCK 3AOPOBBIO AETCKOTO HACEACHUS IIPU ITOCTYIIAE-
HHMHU XUMUYeCKUX BeIIleCTB C IUTbeBOM BOAON Ha OCHOBE PeTrHOHAABHBIX H CTAHAAPT-
HbIx pakropos axcrnosunuu (0.9). OneHKy pucKa IPH MOCTYTIACHUN XUMHYECKUX
BEIIECTB C IIMTHEBOI BOAOI (r[epopaAbeIﬁ r[yTb) IIPOBOAUAM AASL A€TEH B BO3pacTe
oT 3 A0 6 AeT, IpOKMBatoUIKX B 4-X paitonax (3onax) r. Kasaub, 4T0 MO3BOAMAO MUHH-
MH3UPOBATh HEOIPEACACHHOCTH, CBSI3AHHbIE CO CrIePHIeCKUMHI PErNOHAABHBIMH

! Kpacoscxmit T. H., Eroposa H. A. XAopupoBanme BOABI Kak $aKTOp TOBHIIIEHHO OTTACHOCTH AAS
3AOpPOBbS HaceaeHus/ /Turuena u caruTapust. — 2003. —Ne 1. - C. 17-21.

2 Aywenxuit K.IT, IlypIL3, Verumosa O.F0, u ap. OIleHKA HMHANBHAYAABHOTO PHCKA
MeTabOAMYECKUX HAPYIIEHUI Y AeTel IPU 9KCIIO3HLIMH XAOPOYOPMOM C IIHTheBOI BOAOI/ / AHAAU3 pUCKa
3poposbio. — 2015, - Ne 4 (12). - C. 28-35.

3 PyKOBOACTBO IO OIjeHKe PHCKA AAS 3A0POBbSI HACEACHFS ITPH BO3ACIHCTBHH XMMUYECKUX BEl[eCTS,
3arps3HSIOMIX OKpyxaromyIo cpeay. P 2.1.10.1920-04. - M.: ®eaepasbubiii nentp [occansmupanapsopa
Munsapasa Poccum; — 2004. — 143 c.
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IapaMeTpaMH B OIjeHKe SKCIIO3UIINH, B YIeCTh BCe ACIIeKThI Ce30HHON M CyTOYHOMN
A€ATEAPHOCTH U3-3a MEHBIIIEN IIOABEPXKEHHOCTH AETEH K BHY TPUTOPOACKOM MUTPALIUH.
BriaeAeHre 30H IPOBOAMAY HA OCHOBAHHH PACIIOAOKEHHS TIOCTOSIHHBIX IIOCTOB Ha-
OAIOAEHIIS 32 3aTPsI3HEHHEM aTMOCPEPHOTO BO3AYXA H OOCAY KHBAOLIVX STH PAFOHbI
aetckux noaukauauk (N2 4, 6, 10, 11) 1. OreHKy pucKa OCYIIeCTBASIAU TIO AAHHBIM
pernoHaapHOro nHPopMarmonHoro $pouaa (PYD) conparbHO-TUTHEHNECKOTO MO-
HUTOPHHIA U pe3YAbTaTaM YICCAeAOBaHHﬁ, BBIITOAHEHHBIX Ha 6a3e aKerAPITOBaHHOfI
Aaboparopruu OPBY3 «LleHTp rurueHs: u snuaeMuoAoruu B Pecrry6anke Tarapcras>».

HSY‘IeHI/Iﬂ MECTHBIX q)aKTOPOB IKCITO3HUIJUKN BBIIIOAHEHO B HOHepe‘IHOM HcC-
caepoBanmy. [IpoBeaeHO aHKeTHPOBaHO poauTeAei (HsaHb, 6abymek) 1250 peteit
(o1 3 A0 6 AeT). AHKeTa, paspaboTaHHas coTpyaHukamu MHcTUTYTa yHAAMEHTAABHOI
meannunsl 1 6uosoruu K (IT) Y, Brkarouasa caepyronryio uHOpMALHIO 0 GaKkTOpax
SKCTO3MLMMU: Macca Teaa pebenka (kr), poct (cM), KOAHHECTBO OTPebAseMOit MUThe-
BO# BOABI (A/CYT), KOAMMECTBO BOAHBIX IIPOLeAyp (MbIThe pyk) — (pas/cyT), mpuem
pyma (BaHHDBI) — pa3/HeAeAI0, IPOAOASKHTEABHOCTD BOAHDIX MporieAyp (Mum/cyT),
AAUTEABHOCTD BO3AEHCTBUS (,A,Heﬁ / roA). ITpu onjenxe O3, CBA3aHHBIX C MTUTHEBOM BO-
AOT1, OIIPeAEACHO COOTHOLIEHHE HCTOYHUKOB BOAOIIOTpeOAeH s HaceAeH s B cTpyx-
Type HOTpebAeHUS IUTHEBOI BOABI TOPOACKHM HaceAeHHeM IIPe0bAaAaeT BOAOIIPO-
BoAHasI Boaa. ITopada Boab! skuTeassm KazaHu ocyImecTBASeTCS OT IIOBEPXHOCTHOTO
BOA03260pa «BoaKCKHIT>, TOA3EMHBIX BOAO3200POB I ApTE3HAHCKIX CKBOXHUH. Boao-
3a60p «Boaxckuii» obecreynBaeT NUTheBOM BOAOH 80% HaceAeHHs ropoAa, B TOM
aucae Kuposckuit (1 3ona) u Baxurosckuit paitonsi (3 sona). Haceaenue Coserckoro
paitona (2 30Ha) TOAB3YeTCS MUTHEBOI BOAOH CMENIAHHOTO xapaxrepa («Bonkckuii»
BoA03a6op U TTIOA3E€MHbIE BOAOMCTOYHUKU AKH, AZUHO U COAI/IAapHOCTb). ITpuBoax-
cKuil paiton ropopa (4 30Ha) obecreynBaeTCs: CMEMAHHOMN BOAO# U3 BOAO3a60pOB
«Mupasrit>, « TarkoppoM> 1 «Boaxckuit>. IloayueHHbIE B TOIIEpeYHOM HCCAEAOBA-
HHH Pe3yABTaThI [IOKA3aAH, ITO AETH B CpeAHeM, Ha ypoBHe 95-ro nponentuas (Perc)
noTpebastior 2,0 A/CyT, 9TO COOTBETCTBYET 3HAYEHHIO CTAHAAPTHOTO $aKTOPa IKCIIO-
sunuu (CPD) Aas B3pocabix. Macca Teaa y ACTCKOTO HaceAeHHsI COCTAaBHAR Ha yPOBHe
Me — 10,3 k1, a Ha ypoBHe BepxHero 95-ro npouentuas (Perc) — npesbicuaa Ha 1,4 kr
cranpapTHOe 3Hauenue. CpaHenue c AannbiMu Exposure Factors U. S. EPA (2011)
MIOKA3aA0 CHIDKEHHE PerHOHAABHBIX paKTOPOB 9KCIIO3UIIUU (P®I) Ha yposue POJ
u PO, (Perc), cooTBercTBenHo Ha 8,3 u 9,8 kr (Taba. 1).

TopoBast 9KCIIO3UIIMSA TOPOACKOTO ATCKOTO HaceaeHus I. Kasanb Ha yposHe Me
(296) menbie cranpapTHOTO 3HaYeHus (350 AHEll BTOAY), 4TO 3HAYHTEABHO CHUKAET
BEAMYMHY XPOHUYECKOM CpeaHel CyTOUHOM A03bL. Pasandnsa B cpepHei MPOAOAXKH-

! Cremanosa H. B., Baaeesa 3. P, @omuna C. . [TOAXOABI K PAEKHPOBAHUIO TOPOACKOI TepPHTOPHH
TI0 yPOBHIO 3arpsI3HEHUS TsDKeAbIMI MeTaaramu/ /Turuena u casurapus. — 2015. — N2 94(S). - C. 56-61.
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TeAbHOCTHU TOAOBOI 9KCIIO3UIIUH HAa YPOBHE 95-T0 (Perc) npesbicuan COI Ha 16 pHeil.
Bxaap oraeapnbix @O B pacyeT HOCTYIIACHUS XMMUYECKUX BEIeCTB C IIUTheBOI BOAOH
BBISBHA Pa3AHYMS B BEAUYHMHE CPEAHECYTOYHOM A03bL. Pazamdust peruoxasbHbix OO
Ha yposse Me u 95-ro (Perc) cocrasuau B 2-3 pasa.

Tabnvua 1. — MecTHble 1 cTaHaapTHble GakTopbl
39KCMNO3NUMKN AEeTCKOro HaceneHus r. KasaHm

Aern .
Aetn 3-6 aet 0-6 ex Children 3 to <6 years
Exposure Fac-
P
PakTop IKCHO3NIUH ©9 ced tors U.S. EPA (2011)
. 95th
Me (?)i:z) Me Percentile
mL/day
Bec, kr 10,3 16,4 15,0 18,6 26,2
Koanuecrso nmorpebase- 1,0 2,0 1,0 - -
Mot Boabt, A/cyT (Ma/cyT) | (1000) | (2000) | (1000) | 382 mL/day | 999 mL/day
II ;
POAOIDRHTEADHOCTD BO™ | 556 | 90,0 | 20,0 24,0 60,0
AHDIX [IPOLIEAYD, MUH/ CYT
ANHTEADHOCTD BO3ACH- 296 | 364 | 350 350 365
CTBUSL B TOAY, AHEl

Wsyueno copepxanue 19 mpropUTeTHRIX XUMUYECKUX 3ar PA3HUTEAEH, B TOM KC-
A€ TpexX KaHI[epOreHOB, B MUTheBOH Boae I. Kasanp 3a 2010-201S rr. B cBs3u ¢ Tem
9TO pacrpeseAeHHe 3HAUeHHI (paKTOPOB SKCIO3UIIMH U KOHIIEHTPAINi 3arpsA3HSIO-
IIVIX BEIeCTB OTAUYAAOCh OT HOPMAABHOTO PaCHpPEACACHHUS, AAST X TIPEACTABACHHS
ncroabsosasu 95-it mponentran (P9S). IlpeBbimenye rurueHUYECKUX HOPMATUBOB
He SIBASIAOCh TAABHBIM KpUTepHeM IPUOpUTeTHOCTH. O CHOBHBIM KpHTEPUEM OBIAO BbI-
SIBAGHHE COeAUHEHHIT, 94CTOTa OOHAPY>KEHISI KOTOPBIX B IPOOAX TUTheBOI BOADI IIpe-
BbIMaAa 5% Ha BCeX MICCAEAOBAHHBIX TeppUTOpHAX. OIjeHKa HeKaHIIePOTeHHOTO PHCKa
IIPHU TTIEPOPAABHOM ITOCTYIIACHHH XMMHYECKUX BeIeCTB C MUTHeBOH BOAO BBIABHAA
Pa3AMYHS B YPOBHE PHCKA ITPH PeTHOHAABHBIX 3HAUeHUSX B cpaBHeHnH co CPD. Pe-
3yABTAThI OL}eHKH HEKaHIIePOTeHHOTO PHCKA ITPHU ITepOPAABHOM ITOCTYTIACHUH XUMHUYe-
CKUX BEIIIeCTB C IUTheBOH BOAOM ITOKA3aAH, YTO BEAMYMHA CYMMAPHOTO PHUCKA TOABKO
B 1 30He TOPOAA COOTBETCTBYET AOITYCTHMOMY YPOBHIO. Bo Bcex Apyrux 30oHax, Hesa-
BHCHMO OT 3HaueHUs paKTOPOB IKCIOZUITUHY, CyMMapHble K03 PUIIUEHTHI OMTACHOCTH
CBHAETEABCTBYIOT O HACTOPKUBAIOIIEM H HEIPHEMAEMbIX YPOBHAX pucka (Taba. 2).

Henpuemaembiit yposens cymmaproro pucka (HI = 11,8 u 9,9; H_ =
14,8 u 12,5) oTmeuaercs Bo 2 U 4 30HaX Ha YPOBHE MeAMaHbI U 95-TO MPOLeHTHAS
(Perc). 3HaueHus CyMMapHbBIX HHAEKCOB OTIACHOCTH, PACCUMTAHHbIE HA yPOBHE CTaH-
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AapTHBIX OO AAs pAeTckoro HaceaeHnus (kpome 2 30HbI (TOuKH) U 4 30HDBI (KPOBD),
He MPeBbIAIOT BepxXHeil rpanulbl pedepentroro yposus (3,0). Onenka sHavenwuit
CYMMapHbIX THAEKCOB OIIACHOCTH, PACCUMTAHHBIE HA OCHOBE PEIrMOHAABHBIX PaKTOPOB
skcrosuLuu (MeAUaHHBIX KOHIleHTparwit u 95-ro nporentuas (Perc) aast AeTcKoro
Haceaenus r. Kasanb nokaszasa (kpome 1 30HbBI) peBblIleHHe BepXHeil TPaHHULIBI pe-
depentHOro yposns (3,0) AAS TPeX CHCTeM: KPOBb, OYKH U CEPAEYHO-COCYAUCTAs
cucrema (puc. 1).

Tabnuua 2. — KoadppurumeHTtsbl onacHoctr (HQ) ans
BELLECTB OZHOHAMNPaB/IEHHOr O AENCTBUS

HQ c ucioap3oBanuemM

HQ c ucioapsoBannem | HQ ¢ ncmoap3oBanueM Q
PernoHaAbHBIX paKTo-

CTaHAAPTHBIX (paKTO- | perHOHAABHBIX PaKTO-

BemecrBa POB 3KCHO3HIMH

POB 3KCHOZALAH pos axcnozunuu (Me) (95% Pers)
0
13. | 23. | 33. | 43. | 13. | 23. | 33. | 43. 13. | 23. | 33. | 43.
Arromu-
HHﬁMH 0,02 | 0,03 | 0,03 | 0,04 | 0,04 | 0,04 | 0,04 | 0,06 | 0,05 | 0,05 | 0,05 | 0,07

Bapuit 0,02 | 0,03 | 0,04 | 0,02 | 0,03 | 0,05 | 0,06 | 0,03 | 0,04 | 0,06 | 0,08 | 0,04
YKeaeso | 0,17 [ 0,36 | 0,40 | 0,15 | 0,26 | 0,55 | 0,61 | 0,23 | 0,33 | 0,70 | 0,77 | 0,28
Mareuit | 0,14 [ 0,37 | 0,49 | 0,28 | 0,21 | 0,56 | 0,75 | 0,42 | 0,27 | 0,70 | 0,94 | 0,53

H

HIPFE 10,39 (1,00 | 1,04 2,35 [ 0,59 | 1,51 | 1,58 [ 3,57 | 0,75 | 1,90 | 1,98 | 4,48
(mo NO3)

Hurpurst | 051013026 | 0,13 [ 0,05 | 0,19 [ 039 | 0,19 | 0,06 | 0,24 | 0,49 | 0,24
(moNO,)

Kaammit | 0,09 [ 0,08 | 0,08 | 0,00 | 0,14 [ 0,12 | 0,12 | 0,00 | 0,17 | 0,15 | 0,15 | 0,00
Mapraser; | 0,00 | 0,06 | 0,00 | 0,01 | 0,00 | 0,09 | 0,00 | 0,01 | 0,00 | 0,11 | 0,00 | 0,02
Csumer; | 0,13|0,07|0,14 | 0,07 | 0,19 (0,10 | 0,21 [ 0,11 | 0,24 | 0,13 | 0,26 | 0,14
Crpomumii | 0,11 | 0,07 | 0,10 | 0,07 | 0,16 | 0,10 | 0,15 | 0,11 | 0,21 | 0,13 | 0,19 | 0,14

Meap 0,07 10,06 | 0,05 |0,09|0,11|0,09|0,08|0,14| 0,13 | 0,11 | 0,10 | 0,18
uak 0,01|0,01|0,020,03]|0,01]0,02|0,03]|0,05]0,01|0,03]|0,04]| 0,06
®ropuapr | 0,32 10,50 | 0,61 |0,41|0,48| 0,76 | 0,92 | 0,62 | 0,60 | 0,96 | 1,16 | 0,78
Xaop 0,58 | 0,00 | 0,00 | 0,66 | 0,88 | 0,00 | 0,00 | 1,00 | 1,11 | 0,00 | 0,00 | 1,26
Hedre-

mpoaykrel | 0,04 | 4,25 0,21 | 2,15 | 0,06 | 6,45 | 0,32 | 3,27 | 0,07 | 8,10 | 0,41 | 4,11
(cym)
Xaopo-
$opm
HI 2,79 | 7,76 | 4,40 | 7,19 | 424 | 11,79 | 6,69 | 1093 | 5,33 | 14,8 | 8,4 | 13,7

0,68 10,76 |0,94| 0,74 | 1,03 | 1,16 | 1,43 | 1,12 | 1,29 | 1,45 | 1,79 | 1,40
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~l

Hl kpoBeb

il — mChd
®3 Me

O ®3 95Perc
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PucyHok 1. CymmapHble nHgekcbl onacHocTu (HI kpoBb) Ang BewecTs
OJHOHaMNpPaB/IEHHOIr0 AENCTBMUS, paccuynTaHHble ¢ ncrnosib3oBaHnem CO3 n PO

OCHOBHOI1 BKAAA B Pa3BUTHE O0IeTOKCUYECKUX 9P PEKTOB CO CTOPOHbBI KPUTHYE-
CKMX OPTaHOB U CHCTeM, OKa3bIBAIOT BO 2 1 4 30Hax HedpTermpoaykTsl (0T 29 A0 54,7%),
BO Bcex 30Hax — xaopopopm (ot 10 Ao 30,6%) u nurparst (ot 12,8 A0 35,9%),
B 3 30He — MarHumit (A0 11,2%) u dpropuabt B 1 u 3 sonax (ot 13,7 po 14,3%).

OreHKa KaHI[EpOT@HHOTO PUCKA IIPOBOAMAACH AASL 3 BEIIECTB, COACPIKAIIXCS
B IMTbeBOM Bope (Taba. 3).

Tabnuua 3. — O6Lme cBeaeHUs 0 XMMNYECKMX KaHLLepOoreHax B MMTLEBO BOAE.

CAS Bemecrso SFO (paxrop MAUP EPA
HAKAOHA) I'pynna KaHIEPOreHHOCTH
7440-43-9 Kapmwmit 0,38 1 Bl
7439-92-1 | Csunen 0,047 2A B2
67-66-3 | Xaopopopm 0,0061 2B B2

B coorBercTBum ¢ kaaccudpukanueit MAVIP xapmuit oTHOCHTCA K rpymme 1 — us-
BeCTHble KaHL}ePOTeHbI AASL YeAOBEKa, CBUHeL] — K rpyriie 2 A (BeposTHble KaHLjepore-
HbI K XAOPOQOPM, K TPpYTITie BOZMOXKHBIX KaHIleporeHoB. CyMMapHBIH KaHIlepOTreHHbIH
PHCK ITPY BO3ACHCTBUH KaHI[ePOT€HOB BOADI IBASIETCS AOITYCTUMBIM TOABKO B 4-11 30He
IIpH BCeX U3y4eHHbIX pakTopax akcrodunuu i npu COI Bo Beex 30Hax. Mcnoar3osa-

uure PO (kpoMe 4-it 30HbI) CBHACTEABCTBYET O MPEBbIIEHHH AOITYCTUMOTO YPOBHS
(Taba. 4).
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Tabnuua 4. — CymMapHbIl kKaHueporeHHbii puck (TCR) ans 340poBbs
LEeTCKOro HaceneHus Npuy BO30ENCTBUN KaHLLEPOreHOB NMMTLEBOWN BOAbI

30HbI
TCR 1 2 3 4

PO 1,03E-05 9,35E-06 1,23E-05 7,4E-06
IO 1,31E-05 1,17E-05 1,55E-05 9,3E-06
COO 6,80E-06 6,15E-06 8,12E-06 4,87E-06
Paszaraus, pas:

PO /CDD 1,5 1,5 1,5 1,5
P03, /COI 1,9 1,9 1,9 1,9

Pacuer ypoBHe#i KaHI|epOreHHOTO PUCKA AAS 9THX KaHI[ePOTeHHbIX BeIlleCTB IIPo-
BOAHUACS C MCTIOAb30BaHHEM CTaHAAPTHBIX 3HAYEHUH 1 perHOHAAbHBIX GaKTOPOB JKC-
nosunuu Ha yposHe Me u 95-ro perc. Pasanuns B BeAnuriHe ypoBHeH KaHIIepOTeHHOTO
pucka cocrasuan 1,52 mpu @3 | /COO 1 1,91 mpu @3 |, /COI. OcHOBHOM BKAAA
B BEAMYHHY KaHL]ePOTEHHOTO PHCKa BO BCeX 30HaX BHOCUT xaopodopm (o1 52% —78%)
u cauner (ot 15% — 26%).

Cpear Tpex KaHI[epOTreHOB COACPIKAIIXCS B IUTheBOM BOAE FOPOAQ, TI0 AAHHBIM
AMTEpATyPBl, TOABKO KAAMUI K CBUHEI] 00AAAQIOT TeHOTOKCHYECKMM MEXaHU3MOM Aeii-
crBust'. PacueT ypoBHelt KaHI[epOTEHHOTO PHCKA AASI 9THX KaHI|EPOTeHHBIX BElleCTB
IIPOBOAMACS C HCTIOAB30BAaHUEM TIOIIPABOYHBIX KO3)PUITEHTOB AAS PpaKTOpa KaHIle-
poreHHOro noTeHnuaAd. XAOPOGOPM, COAEPIKAIIUICS B TUTHEBOI BOAE He 00AapAaeT
IPSMbIM FeHOTOKCHUYECKUM AeHCTBHEM, TIO3TOMY KaHIlepOTeHHBIN PHCK AASI HETO pac-
CYUTBIBAACA €3 IPHMeHeHNs BO3PACTHBIX KO3 PuLueHTOB (Taba. S).

Tabnuua 5. — CymmMapHbIli kaHueporeHHbii puck (TCR) ans 340poBbs
[EeTCKOro HaceneHuns Nnpm BO3OENCTBUN KaHLLEPOreHOB NMTLEBOMN
BO/bl C YH4ETOM MOMPaBOYHbIX BO3PACTHbIX KO3POULNEHTOB
(age-dependent adjustment factor — ADAF)

30HbI

TCR npn: 1 ) 3 4
PO 2,02E-05 1,6E-05 2,21E-05 1,05E-05
PDO e 2,54E-05 2E-05 2,77E-05 | 1,32E-0S
Co3 1,33E-05 1,05E-05 1,45E-05 6,93E-06
Pazanumns, pas
c ADAF/6e3 ADAF:
PO | 1,96 1,71 1,79 1,42
PO o 1,96 1,71 1,79 1,42
Craupaptasie @3 1,96 1,71 1,79 1,42

! Xyaoneit B.B. Kamieporembi: XapakTepUCTHKH, 3aKOHOMEPHOCTH, MEXAHH3MbI ACHCTBHS /
B. B. Xyaoaeit. — CIT6.: HUM Xumuu CIT6T'Y, 1999. — 419 c.
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B TabA. S mpeacTaBAeHSBI 3HAYEHMS O0IIEr0 CYMMAPHOTO KAaHIIEPOIeHHOTO PUCKA
(TCR) IIPU BO3AENCTBMH TPeX KaHIIePOTeHOB MUThEBOM BOABI — KaAMH:, CBHHIIA
uxaopopopma. TCR, paccunTannsiii ¢ yaerom ADAF, mpeBbInTaeT AOITyCTHMBIH yPO-
Benb 0T 1,96 B 1 30me u 1,7 (1,79) pas Bo 2 u 3 30HaX Ha ypOBHe BCeX 3HAYEHMIT SKC-
nosunuu. B 4-it soHe oranmums onpeaeasiorcs B 1,42 pasza. CpapHeHHe pe3yAbTaTOB
OIeHKH KaHIIePOTeHHOTO PHCKA, BRITOAHEHHOE C yYeTOM K03 PUIHEHTOB BO3PaCTHON
9YBCTBUTEABHOCTH I1O CpaBHeHI/IIO C TpaAI/ILH/IOHHbIM IIOAXOAOM, BBISIBUAO 3HAUYUTECAD-
Hoe pasanure B ypoBHAX pucka. TCR, paccanTaHHBIH ¢ HCITOAB30BaHHEM BO3PACTHBIX
K03 durmeHTOB, B 1,42—-1,96 pasa mpeBslilaeT ypOBHH PUCKA, IIOAyYeHHBbIe 6e3 yeTa
BOCIIPHUMYIMBOCTH K KaHI[epOreHaM Pa3AMYHBIX BO3pacTHbIX rpymir. Harboaee Bbico-
KUH YPOBEHb KAHIIepOTeHHOTO PUCKA PerucTpupyercs B 1-# u 3-eif 30HaX Ha ypOBHe
95 Perc (MakcnMaAbHO pasyMHast OKCIIO3UIIHSA).

Taxum 06pa3oM, CpaBHUTEAbHASI OLJEHKA CTaHAAPTHHIX, pekoMeHAyembix US EPA
¥l peTMOHAABHbIX 3Ha4eHH i1 PakTopoB axcriosurmu (O3), ycTaHOBACHHBIX Ha HCCAEAO-
BaHHBIX TeppuTOpHsx (30Hax) r. KasaHu, mokasasa pasandus MexAy 6OABIIMHCTBOM
U3 HUX, AOCTUTAIOIIUE AASI AETCKOTO HaceAeHMA A0 2—3,5 pas. Pazanuns B peruoHaAb-
HBIX M CTAHAAPTHBIX 3HaueHISIX OO BAUSIOT Ha YPOBHHU PHCKA 3A0POBBIO HACEACHHSI.
AHaAM3 ypOBHEH PHCKa C MCIIOAB30BAHHEM MECTHBIX $aKTOPOB M BO3PACTHBIX Pa3-
AWYHN B 9KCIIO3NITNH XUMHUYIECKUX BEIECTB, IIOCTYIIAIOIMINX nepopaAbHo C MUTHEBOM
BOAO¥, ITOKa3aA, 4TO MPHMEHeHHEe CTAHAAPTHBIX 3HAYeHHH B METOAOAOTHH OIfeHKU
PHCKa, IPUBOAUT K HEAOOIIeHKe PpaKTHIeCKOTO HEeKaHIIePOreHHOTO U KaHI|epOTeH-
HOTO PHCKA AAS 3A0POBbsSI AETCKOTO HaceAeHus B 1,5 pasa (#a yposne Me) u 1,9 pasa
(95-ro mponentuas (Perc) ). 3nauenus 061mero CyMMapHOTO KaHIIepOTeHHOTO PUCKA
(TCR) IIPU BO3AEHCTBMH TPeX KaHIIePOTeHOB MUThEBOM BOABI — KaAMH:, CBHHIIA
u xaopodpopma, paccuuranHble ¢ yaeroMm ADAF, npeBplaoT ypoBHU PUCKa, TIOAY-
YCHHbIC 663 y4eTa BOCIIpHUMYHBOCTH K KaHHePOI‘eHaM Pa3AHMIHBIX BO3PaCTHbIX I'pyl'[l'[
B1,42/1,71 11,92 pasa (B pasan4HbIX 30HAX) He 3aBHCHMO OT UCTIOAB3YeMOTO pakropa
9KCIO3UIK. BbICOKast AOAS HEYAOBAETBOPUTEABHBIX Hp06 IO AAIOMHUHUIO, 6ap1/110,
JKeAe3y, HI/ITPaTaM, HI/ITPI/ITaM, KaAMHIO, MapraHiry, CBHHIIY, CTPOHLII/I}O, MEAH, HUHKA,
HeTempoAyKTaM, XAOPOGOpMy 00YCAABAUBAIOT Pa3BUTHE HEKAHIIEPOTeHHbIX 3 ek-
TOB CO CTOPOHBI ITOYEK, CEPACYHO-COCYAUCTOMN CHCTEMBI M CHCTEeMBI KPOBH U HEITPH-
€MAEMBbIH KaHIIePOTEHHbIM PUCK 3A0POBBIO AETCKOTO HACEACHUS.
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Chapter 7. Monitoring the fuel combustion
process based on actual measuring of
oxygen concentration in the air

1. Introduction

Combustion process notably determines the reliability and efficiency of the boiler
unit. One of the major purposes of the process of furnace operation is combustion
control which provides support of the required power and efficiency of the unit.

Typically, the characteristic that determines the efficiency of the combustion
process while burning any types of fuel in different flue devices is the excess air coef-
ficient (EAC, a). While the operation in different modes of formation it's necessary
to maintain the optimal EAC in which the summary loss of heat with gases and losses
from chemical incomplete combustion is minimal.

However, it's necessary not only to support EAC, but also check its value periodi-
cally. Determination of the EAC, is usually determined by the composition of the com-
bustion products, including the residual O, concentration in the outgoing flue gases:

21 ’ (1)

““aj0,,
where [O,] — is the volume concentration of oxygen (VCO) in the outgoing flue
gases, %.

For the efficient quality control of the combustion process it s possible to use vari-
ous types of gas analyzers, their principle is mostly based on the formula (1), which
states the VCO in the ambient air at level 21%.

However, it's indicated in the number of studies' that this level may vary depending
on several parameters: temperature, pressure and humidity. Thus, the considered method
for EAC determination in the gas analyzers contains a significant systematic error.

1
MeTOAPIKa pacyeTa KOAIeCTBa KHCAOPOAQ B aTMOC(l)epHOM BO3AyX€ Ha OCHOBE METEOPOAOTHIECKUX
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Error characterizes the imperfection of measurements (caused by inaccuracy of
the measurers, the incompleteness of our knowledge about the phenomenon, dif-
ficulty of taking into account all incidental factors affecting the measurement). Their
positive feature is accuracy.

The accuracy is the quality of measurements that reflects the closeness of the
results to the actual value of the measured value. In metrology accuracy is usually
characterized incidentally because of the measurement error — the more accurate is
measurement, the lower is it"s error.

In this work, by increasing the accuracy of EAC measurement it's necessary to
understand the increasing of the proximity degree of the EAC value founded by the
way of the indirect measurements EAC value with its real (conventionally true) value.

2. Analysis of the existing methods

Currently, there is a number of known methods for the determination of gas-
eous substances in the products of combustion boilers'. They are divided into three
categories: physical, chemical and physico-chemical (Fig.1). The use of mechanical
methods to control gas mixture, despite the selectivity, universality and simplicity, is
not acceptable because of the low accuracy, low sensitivity and a considerable length
of the analysis time. The range of magnetic methods application is narrowed to the
analysis of gases, which have paramagnetic properties (for example O,, NO).

Control methods

Figure 1. Classification of the methods of controlling
the composition of gaseous substances

IapaMeTPOB € LIeAbIO POTHO3UPOBAHUS METEOTIATHIeCKHX 3 PeKTOB aTMOCPephL: [ MeTOA. peKoMeHAaL ]/
TA. ynip. aede6.-ipouaaxr. momomy; coct. B. @. Osuaposa. — M.: M3 CCCP.- 1983.- 13 c.

! Kouprianov, V.1. Applications of a cost-based method of excess air optimization for the improvement
of thermal efficiency and environmental performance of steam boilers/V.1. Kuprianov//Renewable
and Sustainable Energy Reviews.— 200S.- Vol. 9, Issue 5.- P. 474-498; Kouprianov, V.I. Optimization
of excess air for the improvement of environmental performance of a 150 MW boiler fired with Thai
lignite/V.1. Kouprianov, V. Tanetsakunvatana//Applied Energy. - 2003. - Vol. 74, Issue 3—4. — P. 445-453.
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Thermal methods of analysis are characterized by non-linearity calibration char-
acteristics, electric dependence of thermal conductivity on the ambient conditions
(temperature of the gas environment, atmospheric pressure fluctuations, velocity of
the gas exchange, etc.) and large inertia.

Acoustic methods are based on measuring the absorption or velocity of sound
propagation and ultrasonic waves in a gas mixture. This method is not selective, and is
usually used only to determine CH,, O,, H, in binary and pseudo binary blends.

Thus, the use of physical methods class is impractical in the gas analysis in the
determination of the wide range of materials (especially at low concentrations).

Determining the quantitative characteristics of weight and volumetric methods
of chemical analysis sometimes causes difficulties, the main of them are:

« the necessity of prior separation of the analyzed substance from impurities;

« low sensitivity that limits the definition of small concentrations of test material;

« long duration of analysis (especially in a weight method).

Physicochemical methods (Fig. 2) differ with a high sensitivity and selectivity,
that' s make it possible to use them in determination of extremely low concentrations
of these substances. Among the advantages of such methods is also no need to use in-
dicators, selectivity and small sample analysis'.

Thus, physical and chemical methods differ by expressivity, selectivity and high
sensitivity, allowing to apply them for determination of flue gas using gas analyzers.

Today with a large number of electrochemical methods of gases analyze the most
widely used are conductometric, polarographic, potentiometric and coulometric.

Conductometric method of gas analysis is based on the change of the electrical
conductivity of the solution due to selective absorption of a specific element from the
controlled mixture. During the analysis (before and after the absorption of the corre-
sponding element) the electrical conductivity of controlled mixture of  is measured.

Conductometric analysis is characterized by the need to build a calibration char-
acteristics of the solution conductivity characteristics from the concentration the
studied gas in it.

The dependence of conductivity from temperature is determined by the equation:

x=x 1+A-t+B-t*), (2)
where x — electrical conductivity of the solution at 0 °C; A, B— factors that depend
on the nature and concentration of the electrolyte; T — temperature.

Conductometric method of analysis is sufficiently accurate, rapid and objective.
The relative error of some electrolytes by this method is £1%, and with titration — no
more than +2%.

! Anaparso-mporpamue 3a6esmeven s MOHITOPHHTY 06 '€KTiB reHepyBaHHs, TPAHCIOPTYBAHHS Ta
CIIOKMBAHHs TeTAoBo] eHepril: Monorpadis/B. IT. Babak, C. B. Ba6ax, B. C. BeperyH ra in.; 3a pe. 4a.-
xop. HAH Vkpainu B.IT. Ba6aka/ — K., In-1 Texniunoi remodisuxu HAH Yipainu, 2016. - 352 ¢
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Phisicochemical

A 4 A

Figure 2. Classification of physicochemical methods of
controlling the composition of gaseous substances

However, the application of the method is limited by the fact that the electrical
conductivity depends on the concentration of all the electrolytes that are available in
solution that describes the low selectivity of the conductometric method.

The accuracy will increase if the electrolytic cell would be placed in a thermostat,
and make the measurements of the changes of resistance of the solution on each dis-
crete portions of titrant after the setting the constant temperature.

Polarographic method is based on measuring the strength of the current, which is
dependent on the voltage during electrolysis in case when one electrode (cathode) has
a rather small surface area, and the other (anode) has a higher surface area.

The power of current at which the full discharge of all ions of analyzed that en-
ters the space due to diffusion electrode is achieved, is called the limiting diffusion
current. The magnitude of this current is proportional to the initial concentration of
the studied substance (ions) in solution. The amperage on the inpatient solid elec-
trode is determined by the equation:
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I(t)=706-n-D" -m™ -t .C, (3)
where I(t) — current strength; n — number of oxidation/restore electrons, which
entered in reaction with the ion; D — diffusion factor of the ion; m — mass of mercury
that flows from the capillary; C — concentration of oxidation/restore ions.

The main difference of the polarographic method is the use of the indicator elec-
trode during electrolysis. Due to the small surface area of the current the density of
the current on it is relatively large. As a result in part of the solution, which is located
along with the electrode, the concentration of the ions in the process of electroly-
sis sharply decreases. It causes the rapid establishment of equilibrium process when
all ions that reach the electrode by diffusion discharge and the current intensity sets
constant (diffusion current).

Today the polarography on solid electrodes has spread widely because of the sev-
eral advantages of this method:

« work in the field of positive potentials, where the use of mercury drop elec-
trodes is limited due to the anodic dissolution of mercury;

« use of thickened/solid electrolyte and metal electrode selection according to
the peculiarities of a particular type of gas;

« continuous analysis of the flow of controlled size.

Amperage on inpatient solid electrode is determined by the equation:

I:F~D-S~n-%,

(4)

where F — Faraday number; D — diftusion coefficient; S — surface area of the elec-
trode; n — the number of electrons taking part in the reaction; C, — molar concentra-
tion of the substance in solution; C, — molar concentration of the substance at the
electrode surface; § — thickness of diffusion layer.

Gas analyzers that are based on polarographic methods are used to determine
gases, which have redox properties (SO, NO,, H,, CL, O,, O,), while the accuracy
of the classical polarography is +2-3%. Also among the advantages of this method
there is it s selectivity and high sensitivity.

Potentiometric method is based on measuring the potential of the indicator elec-
trode immersed in the sample solution, which changes as a result of chemical reactions
and depends on the temperature and concentration of the solution.

The potential of the indicator electrode is measured with the help of comparative
electrode. During measuring the potential difference the current passing through the
cell must have sufficiently small values (ranging 105-10"* A) to prevent the electrodes
polarization.

The solubility of most gases such as SO,, H,, CO, and others is small and their
concentration in the dilute electrolyte solutions is very close to the activities, therefore
the direct potentiometric method is used to determine these gases.
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In a potentiometric titration in the place of equivalence when the concentration
of the studied gas is low, a sharp change in the potential of the indicator electrode
means the need to end titration. Potentiometric titration method is more sensitive
and excludes subjective error that occurs during the visual finding the moment of
titration completion.

Coulometric method. This method of analysis is based on full electrooxidation or
electroreduction of the electrically active substance. Also the total amount of current
required for electrochemical conversion of the substance is fixed. The total amount
of matter that had transformed is determined according to the received information,
and it’s concentration is calculated.

Faraday’s law is base of the coulometry:
M-It
oML (s)

where m — mass of electrochemically converted substance; M — molar mass of the
substance; I — current strength in electrolysis; t — time of electrolysis; F — Faraday
number; n — the number of electrons involved in oxidation/restore of a single ion.

To make coulometric analysis output of the substance on the current must be
100%, that is all the current flowing through the cell must be spent on the elec-
trochemical reaction involving the studied matter. The basic requirement of cou-
lometry implementation is the need to except the adverse reactions (chemical and
electrochemical) involving the controlled sample, otherwise the error will be in-
troduced in the analysis.

Table 1 shows the comparative characteristics of these methods to determine
the main components of the flue gas of the boiler plant and associated gases, mainly

used in gas analyzers.

As a result of comparing it’s determined that the most informative methods in
controlling the composition of flue gas boiler installation is conductometric and po-
larographic methods (8 of 10 analytical parameters). Their symbiosis is important as
conductometric method can not measure the concentration of NO , and polarograph-
ic can not measure the concentration of CO,. Consideration of these magnitudes is
a necessary factor while regime-adjustment works and integrated ecological heating
engineering testing of boilers.

3. Methodology

Air is a mixture of natural gases, which is 98-99% composed of nitrogen and oxy-
gen, and carbon dioxide, water, hydrogen, rare gases and others (Table 2). In industry
and home air oxygen is used in combustion processes, with its concentration is one of
the most important parameters in the optimization of burners.

Traditionally, when calculating the EAC, level of the VCO in air is 21%. However,
long-term climate-physical studies allowed not only to refute allegations about the
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stability of VCO on the plains, but also offer a new option of oxygen, which is part of
the air — the partial density.

Table 1. — Comparative characteristics of electrochemical
methods for the analysis of flue gas

Conduc- Polaro- Potentio- .
Gas ) . i Coulometric
tometric graphic metric
Hydrogen (H,) ¥ i B N
Carbon monoxide
(CO) + + - -
Carbon  dioxide
(CO)) + - + +
Hydrocarbons
(CHO) + + - +
Nitrogen  oxides
(NO) - + + -
Oxygen (O,) + + -
Ozone (O,) - + - +
Sulfur oxides (SO ) + + + +
Chlorine (Clz) + + - +
Fluorine (F,) + - + +
Table 2. — Air composition
Mass concentra- Volume concentra-
Component Formula . .
tion,% tion,%
Nitrogen N, 75.50 78.08
Oxygen O, 23.15 20.95
Argon Ar 1.29 0.93
Carbon dioxide CO, 4.68x10~* 31.4x1073
Neon Ne 1.4x1073 18.18x10™*
Methane CH, 8.4x10°° 2x107*
Helium He 7.3x107° 5.24x10°*
Krypton Kr 3x10° 1.14x10™*
Hydrogen H, 8x10°° 5x10°°
Xenon Xe 4x10°° 8.7x107¢

As a result of these studies it was found a change in the partial density of oxy-
gen in the air on the plains. It lies in the fact that the daily (seasonal) dynamics and
fluctuations of the basic meteorological characteristics (temperature, absolute humid-
ity, absolute barometric pressure) resulted by the dynamics of atmospheric processes,
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takes place the redistribution of the partial density of oxygen in the air and time,
resulting in a daily (seasonal) frequency and weather anomalies.

The analytical value of the partial density of oxygen (E, g/m?) is directly propor-
tional to the atmospheric pressure (P, hPa) excluding partial pressure of water vapor

(e, hPa) and inversely proportional to the air temperature (T, K):

E:23.15~103-1;_;, (6)

where R is specific gas constant for dry air; 23.15% — mass concentration of oxygen in
dry air. In this case, the partial pressure of water vapor:

e=-p,, (7)
where ¢ is the humidity of air,%; p,  is the quantity, which can be determined accord-
ing to recommendations of the Guide to Meteorological Instruments and Methods
of Observation (Switzerland)®:

P (PT) = (P)-r(T): (s)
£(P)=1.0016+3.15-10" - P—0.074- P, ®
r(T')=6,112-¢ 77, o

where T is the temperature of air in the Celsius degrees, °C

Transition to the VCO was held with the following equation:

0,)= 2202, (1)
PM,

where [O, ] is the VCO in the air,%; P’ is the atmospheric pressure, mm Hg; M, is
the molar mass of oxygen, g/mol.

The final analytical representation of functional dependence of the VCO in the
air on meteorological parameters takes the form®:

[0,1(P, T, ) :20.957-(1—@). (12)

During the research it was analyzed the change of the main meteorological pa-
rameters (temperature, pressure, humidity) during 20142016 in 3 cities: Vienna
(Austria) (Fig. 3), Kiev (Ukraine), Moscow (Russia) and obtained seasonal changes
of VCO in the air in these areas (Fig. 4).

! Guide to Meteorological Instruments and Methods of Observation/World Meteorological
Organization, - 2008. - N¢ 8.- 119 p

? Babax B.IL BAusiHEe METEOPOAOTHMECKMX —ITapaMETPOB HA  ONTHMH3ALMIO MPOLECCa
ropennst/B.T1. Ba6ax, A. A. 3anioposxer, A. A. Peapko//Hayunsie ussecriss HTCM. — 2015. - Ne 2. —
T. 16S. - C.361-364; Peapro O. O. AocAipKeHHSs aABTePHATUBHOT'O METOAY BUMipIOBaHHS KOHIJEHTPAIlil
kucHio B 1oBirpi/O. O. Peppko, B. M. Mokiitayk, A.QO. 3anopoxens//IarerpoBani iHTeAeKTyaAbHI
poboTo Texuiuni kommaekcy: Marepiaau IX MiKHApOAHOI HayKOBO-IpakTU4HOI KoHpepenuii (17—
18 Tpasus, — 2016 p., m. Kuis; Harionaapnuii aBianiitauii ynisepcuret. — Kuis. — 2016. - C. 136-138.



Chapter 7. Monitoring the fuel combustion process based on actual measuring of oxygen... 85

T, oC
30

P, hPa
10401

10301

10107
1000

990 T

980

Days

o, %

270 360 450 540 630 720 810 900 990 1080 1170

- §
=]
—
oo
=]

Days
c)

Figure 3. Changes of temperature (a), pressure (b),
humidity (c) in the air in Vienna in 2014-2016
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Taking into account the above data about the VCO in the air it's an urgent task
to incorporate the daily/seasonal changes in climatic environmental parameters and
operating conditions during the combustion process control.

Therefore, recommended to consider an amendment to the current value of
the VCO in the air that is possible in 2 technical methods described in the next section.

Fig. 5 shows the twoparametric dependence of the amendment (correction for
error of method of EAC measurement) from its arguments, which is calculated as

follows!':
[0,],, -(21-[0,])
Va([0,),0,],) = . 2 ' 1
a([ 2][ 2]0,4:) ([OZ]_[Oz]out).(21_[02]0’”) ( 3)

For obtaining the true result in the table 3 shows the values of some corrections
that must be subtracted from the measured value of the EAC.

varl[0, ][0 )

20.4

1

[Oz ] % . " ! [OZ]DUt' g

Figure 5. Twoparametric dependence of the amendment
(correction for error of method of EAC measurement) from VCO in
the air [0,] and the VCO in the output gas [O,]

out

Table 3. — Correction for error of method of EAC measurement

[E’Ozljut 11 12 13 14 15 16 17 18 19

204 | 0.070 | 0.095 | 0.132 | 0.188 | 0.278 | 0.436 | 0.750 | 1.500 | 4.071
20.5 10.058 [ 0.078 | 0.108 | 0.154 [ 0.227 | 0.356 | 0.607 | 1.200 | 3.167
20.6 | 0.046 | 0.062 | 0.086 | 0.121 | 0.179 | 0.278 | 0.472 | 0.923 | 2.375
20.7 1 0.034 | 0.046 | 0.063 | 0.090 | 0.132 | 0.204 | 0.34S5 | 0.667 | 1.676
20.8 | 0.022 | 0.030 | 0.042 | 0.059 | 0.086 | 0.133 | 0.224 | 0.429 | 1.056
20.9 | 0.011 [ 0.015 | 0.021 | 0.029 | 0.042 | 0.065 [ 0.109 | 0.207 | 0.500

! 3amopoxenp A. O. ITiABUIeHHs TOYHOCTI BUMIpIOBaHHS Koedilli€HTa HAAAMIIKY HOBITpS
B KOTAOArperarax i3 3acTOCYBAaHHSM Ia30aHAAI3aToOpiB eAexkrpoximiunoro tumy/B.II. Ba6ak,
A. O. 3anopoxens, O. O. Peppko/ /TTpombimaensast renaorextuka. — 2015. - Ne 1. - C. 82-96.
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The figure 4 shows the approximated sinusoidal functions for the values of O, cal-
culated by the formula (11) from the meteorological. For each received approximated
function it was calculated the coeflicient of determination R?, whose values for most
of the surveyed cities are more than 0.71. These interpolants shows the unevenness of
the VCO change in different cities around the world during 2014-2016.

4. Technical realization

It's possible to control the process of fuel combustion in the following ways:

« visually by such characteristics of the torch as it" s length, color, luminosity, etc.
For possession of this subjective evaluation method it's necessary to have a large
professional experience;

« by the composition of combustion products produced by a gas analyzer.

During the analysis of the composition of combustion products firstly it's neces-
sary to pay attention to the content of carbon monoxide CO. The absence of CO in
the analysis data indicates the complete fuel combustion of fuel and absence of the
heat loss from the chemical combustion incompleteness.

If CO is present in the combustion products it's necessary to increase the air
supply in order to minimize or eliminate it's content in the combustion products
according to the production instruction or regime map.

The absence of CO from the combustion gases number in the combustion prod-
ucts doesn 't indicate the quality fuel combustion. It's also necessary to control the
content of oxygen and triatomic gases RO, in the dry combustion products. Using
data about the contents of these components it's possible to set an important quantity
characterizing the quality of combustion — EAC.

One of the options to define this value is the calculation by “nitric formula”, which
has the following form for complete combustion:

[N,] (14)

"IN,]-3.76-0,]
where [N, ], [O,] — volume concentration of N, and O, in dry combustion products;

3.76 — the ratio of nitrogen to oxygen in the air.
Thus to determine the stoichiometric coefficients of air-fuel mixture using the
following dependence':

M, o-(ktl/d-m/2) (15)
(k-a+l-b+m-c)-[0,]

where M, — molar mass of air; k, I, m — number of atoms of carbon, hydrogen and

oxygen (hydrocarbon fuel — C HO, ); a, b, c — atomic weight of carbon, hydrogen

and oxygen, K — mass stoichiometric coefficient.

! 3amopoxxenp A. O. AOCAIAXKEHHST CTeXiOMeTPUYHOI CYMillli «IIOBIiTpPS-IAAUBO> OPTAHIYHUX
crioayk. Yactuna 2. Aakenn, aaxinu/A. O. 3anoposkenp/ /Haykoemni exsoaorii. — 2014. -N¢ 4. — C. 393~
399; 3anopoxxenp A. O. AOCAiIAXKEHHS CTeXiOMeTPHYHOI CyMillli «OBITPSI-TIAAUBO > OPTaHIYHUX CITOAYK.
Yacruna 1. Aakarn//Haykoemsi Texaoaorii. — 2014. - Ne 2. - C. 163-167.



Chapter 7. Monitoring the fuel combustion process based on actual measuring of oxygen... 89

In practice, the standard formula for determining the EAC is used (1).

The basis of the invention is the task of improving the standard method for de-
termining the EAC, by measuring the VCO in the environment, which provides an
exception of the methodological errors and improve the accuracy of this method.

The problem is solved in that way that determination the EAC, is realized by the
formula':

2 _] otk .
[O ] [cz out 120.957.(|_(”))) [O (16)
2 Z]Out

Measuring the VCO in the environment allows to exclude correction of existing
method; to increase the accuracy and stability of EAC, determination, to reduce the
operating costs in the combustion process.

The method of determining the EAC, that is based on the measurement of VCO in
the environment, is implemented using the circuit shown in Fig. 6.

The proposed methods are implemented as follows®.

Method (a). In the hole of the flue path an inside oxygen sensor that measures
the residual oxygen concentration in the flue gases is set. External oxygen sensor is
placed in the environment (outside flue tract) and measures the VCO in the air. The
signals from both sensors come to the analytical unit, which determines the EAC by
the formula (16).

Method (b). With the help of gas analyzer a preliminary measurement of VCO in
the environment is made. The value of this parameter is stored in the analyzer's
memory as [O,]. Then the sensor of the gas analyzer is placed inside the smoke
tract and the EAC measurement is made by the formula (16) assuming parameter
[O,] constant.

Method (a) has greater accuracy of the EAC as it takes into account daily/sea-
sonal fluctuations in the VCO in the air, but the method (b) does not require ad-
ditional number of sensors that are financially advantageous in developing the gas
analyzers.

! Ba6ax B.TI. BAusiHiE ~MeTEOPOAOTHUECKHX TAPAMETPOB HA ONTHMEBAIHIO TPOIECca
ropenus/B.I1. Ba6ak, A. A. 3anoposker;, A.A. Peapko//Hayunsie ussecrust HTCM. - 2015.— N2 2. —
T. 165.- C. 361-364.

2 3amopoxenp A. O. Crucrema SKOCTi FOPiHHS HOBITPAHO-TIAAMBHOI CyMillli B KOTAOATperarax MaAoi
Ta cepeprbol motyskHocti/B. IT. Babax, A. O. 3anoposxerp/ /MeTOAK Ta IPHAAAK KOHTPOAIO SIKOCTI. —
2014.-Ne 2 (33).- C. 106-114; TTar. Ne 110761, Ykpaina, MIIK F23N5/18, GO1N27/419. Cnoci6
BU3Ha4eHHs KoediljieHTa HapAnuIKy noBiTpsi/Babax B.I1., 3anoposxkens A. O., Peapko O. O.; 3as1BHUK Ta
mareHTOBAACHUK [HCTHTYT TexHiuHOI Temaoisuku HAH Vkpainy; sassa. 19.02.201S; omy6a. 10.02.2016,
Broa. Ne 3; TTar. N2 111568, Ykpaina, MITK GOIN35/00, GOIN33/00, GO1N1/22. Crioci6 rpapyioBaHHs
razoaHaaisaropa/Ba6ak B.I1., 3amoposkenp A. O.: 3asBHUK Ta NATEHTOBAACHUK IHCTHTYT TeXHiYHOI
renaoizuk HAH Yipainn; 3assa. 22.07.2015; omy6a. 10.05.2016, Broa. Ne 9.
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Based on theoretical calculations it was shown that the use of the proposed ways
to determine the EAC reduces correction (to 0.4 values of the EAC) improves energy
efficiency by burning various types of fuel and reduce operating costs.

In articles' showed that a comparison of numerical results of uncertainties of
the VCO values measured by the direct (0.104%, with gas analyzers) and indirect
(<0.03%, based on meteorological parameters) methods reveals that the former can
be applied in practice for the calculation of VCO with a better accuracy.

The proposed methods and technical solutions used in the monitoring and diag-
nosis of power objects systems’.

2 2
—_— — T > > —_— — T > >
—_— — 1 —> — —_— — 1 — —
—_— — —_— — —_— — —_— —

(a) (b)

Figure 6. Methods of increasing the measurement accuracy of
the EAC: (a) — with using two oxygen sensors; (b) — with using a
single oxygen sensor. 1 - flue gases; 2 - internal oxygen sensor,
3 - analytical unit, 4 — display, 5 — external oxygen sensor

S. Conclusions

Today the problem of fuel resources saving is very actual for the whole world, so
monitoring combustion processes in boilers should as accurate as possible.

The proposed methods to improve the accuracy of EAC measurement in boilers
using gas analyzers (including electrochemical type) has extraordinary promise as it
takes into account correction, which is built into the electronic system of calculation
of the devices. To determine the EAC of the gas analyzer it's necessary to determine
the current VCO in the flue gases and compare it with the value of the VCO in the air,
which is considered to equal 21% (1).

! Babak, V.P. Improving the efficiency of fuel combustion with regard to the uncertainty of
measuring oxygen concentration/V.P. Babak, V.M. Mokiychuk, A.A. Zaporozhets, A.A.Redko//

Eastern-European Journal of Enterprise Technologies. - 2016. — Vol. 6.— Ne 8 (84). - P. 54-59.

? Ba6ax B.IL. Texuoaoris Smart Grid B cHCTeMaX MOHITOPHHTY OG'EKTiB TETAOEHEPreTHKH
/B.IL. Ba6ak, A.O.3anopoxeus, A.A.Cseppsosa//IIpomsiuaensast Temaorexuuka. — 2016.—
Ne 6.— T. 38.— C. 71-81; CsepasoBa A. A. Pazpaborka MHOTOYPOBHEBOM CHCTEMBI AMATHOCTHKH
TernAoTeXHUYecKoro o6opyposanus/A. A. Cepasosa, A. A. 3anopoxen, A.A. Peabko//Myabrupmuc-
LUITAMHAPHBIN HayYHBIN )KYpHaA «ApxuBapuyc>».—2016.-Ne 13.-T. 1.- C.9-13
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However, this option is not constant and depends not only on the height of the
object of control, but also on such parameters as humidity, temperature and pressure.
The final formula for determining the EAC considering the current VCO in the airis:

[0,]
[0,1-[0,],,

Thus, the application of the proposed methods of improving the accuracy of EAC
measurement in gas analyzers will improve the EAC measurement accuracy to 10%.

Of course, the results obtained by the proposed article (formula 12) to calculate
the VCO are approximate and require further investigation.

The determined level of oxygen in a specific point on the earth may also depend
on the distance of measuring devices from the control zone, accuracy of the devices,
and especially polluting gases that are present in the air. With the last factor it's con-
nected the “23.15” coefficient of the formula (6), because the mass concentration of

the oxygen in dry air is not a constant value.
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Maea 8. MeToabl UCCNneaoBaHUS N MPOEKTUPOBaHUSA
3J/1IeKTPOTEXHNYECKNX KOMIMJ1IeKCOB OypPOBbIX YCTAaHOBOK

BypoBasi ycTaHOBKA — 9TO CAOXHBIN KOMIIAEKC arperaToB M MAIIKH, IPeAHa3Ha-
YEeHHBIX AASI IPOM3BOACTBA PaboT 10 6ypeHnio ckBaxuH. [ToBbllIeHre 9HEPrOeMKO-
cTi 6ypOBBIX YCTAHOBOK, 00YCAOBAEHHOE 3HAYMTEABHBIM PACIIMPEHHEM 3aAa4 IIPU
OypeHNH HeTerazoBbIX CKBKUH (HEOOGXOAMMOCTD GypeHNs B HOBBIX pallOHAX, yBe-
AWdeHVe TAyOuH Oy peHHs], TOPH3OHTaAbHOE GypeHue), a B [IOCAEAHee BPeMs B CBA3H
C Pa3BUTHEM TEXHOAOTHIT H3BACUEHHS TPYAHOU3BAEKAEMBIX 3aI1ACOB HEPTH U IOCTO-
SHHBII POCT 1jeH Ha 9HEPrOHOCUTEAH IIOBBIIAIOT TPeOGOBAHMS K CHIDKEHHIO PACXOAQ
9AEKTPOIHEPIUH, PeCypPCoChepeXeH IO IIPH OYPEHHIH, C OAHOBPEMEHHbBIM yBeANde-
HUeM Tpe6OBAaHMI K IPOUBBOAUTEABHOCTU OYPOBBIX YCTAHOBOK, HX 9KOHOMUYHOCTU
¥ K ONTHMH3AIIMK PEXIMOB yIIpaBAeHus.. Takue IOBbIIIEHHbIE TPeOOBAHIS MOXKET
YAOBAETBODHTD TOABKO PEI'yAUPYEMBIil IAeKTPOIPHBOA U CPEACTBA ABTOMATH3ALIUH
TEXHOAOTHYECKHX IIPOL[ECCOB.

OCHOBHBIMU [IOTPEOUTEASIMH IAEKTPOIHEPIHH Ha 6y POBBIX yCTAHOBKAX SIBASIIOTCSI
TAQBHbIE MEXaHU3MBL: GypoBasi AebeAKa AASI CITYCKA M [IOABEMA KOAOHHbI 6y PHABHBIX
Tpy0, 6YPOBOIL pOTOP AASI BpalljeHHsI KOAOHHBI Oy PHABHBIX TPy6, OypOBbIe HACOCH
¥l CHCTeMa BEPXHETro PUBOAA AAS BPAIJeHUsI KOAOHHBI Oy PUABHBIX TPY6 M aBTOMATH-
3AIMH CITyCKO-TIOAbEMHBIX OIIePaIjHil.

B Hacrosiuee Bpemst B 6y peHUH IHPOKO MCIIOAB3YIOTCSI Oy POBBIE YCTAHOBKH KaK
C HeperyAUpyeMbIM, TaK H C PEIyAHPYeMbIM AKTPOIPUBOAOM. AASI IPUBOAA GYPOBBIX
Ae6eAOK, POTOPOB U HACOCOB HA YCTAHOBKAX C HEPETYAUPYEMBIM 3AKTPOIIPHBOAOM
IPUMEHSIOTCS. CHHXPOHHBIE M aCHHXPOHHbIE ABUTaTeAr. BypoBble ycTaHOBKH ¢ pe-
IyAHPYeMBIM 3A€KTPOIIPHBOAOM, B Ka4eCTBe IPHBOAOB 'AABHBIX MEXAHU3MOB HMEIOT
9AEKTPOABUTATEAH ITOCTOSTHHOTO TOKA, a BCe BHOBb BBOAHMbIE Gy pOBbIe YCTAHOBKU —
9aCTOTHO-PEryAHpyeMble ACHHXPOHHBIE 9AEKTPOABUIATEAH.
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ITpumeHsieMble Ipu OypeHUH CKBOXHUH POTOPHI IPEAHAZHAYAIOTCS AASL Ilepe-
AQYH BpaljeHUs] 6YpHABHBIM TPY0OaM, IIOAAEPIKAHIS Ha BeCYy KOAOHHBI Oy PHABHBIX
U 00CAAHBIX TPYO [PH UX CBUHYMBAHUY U PAa3BHHUMBAHUM,  TAKOKE AAS BBIIOAHEHIS
AOBHABHBIX OIIE€PALUIL.

Ipu Typ6uHHOM Oy peHHU POTOP YAEPKUBAET KOAOHHY Oy PHABHBIX TPy0 OT Bpa-
II[eHUSI B CTOPOHY, IIPOTHBOIIOAOXKHYIO HAIIPABAEHHIO BPAIIEHIST AOAOTA U HCIIOAB3Y-
eTCsT AASI IEPUOAMYECKOTO [IPOBOPAYUBAHIIT HHCTPYMEHTA.

8 6 5

7

PucyHok 1. KnHemaTtunyeckasa cxema potopa

Ha Beaymenm Baay 2 potopa (pucyHOK 1) MOHTHpYyeTCs Ha IIIOHKE LeIHOe KOAe-
co 1. Beaymmit BaA 2 HaXOAMTCS Ha ABYX CAMOYCTaHABAMBAIOIUXCS POAMKOBBIX ITOA-
munHEuKax 3. Ha AeBoM KOHCOABHOM KOHIJe BEAYIIero BaAd HATAyXO HaCa)KUBAETCS
KOHHMYeCKas IecTepHs 4, HaXOAMAsACS B IOCTOSHHOM 3allelTAeHUH C KOHHYeCKHM
3y04YaTBIM BEHIJOM S, CBSI3aHHBIM CO CTOAOM 6 pOTOpA.

Croa poropa onupaeTcs Ha OCHOBHYIO onopy 10, BOCIPHHIMAIOIIYIO Harpy3Ky
OT Beca KOAOHHDI 00CAAHBIX MAM OYPUABHBIX TPYO. AOIOAHHTEAbHAS OIIopa 9 BOC-
IPYHUMAET HATPY3KH, ACHCTBYIOIIE B 0OPATHOM HAIIPaBACHHH, BO3HUKAIOIIHE [IPH
BHOpALISIX HHCTPYMEHTA U IIPU IIPOPaboTKe CTBOAA. BHyTpH cToAa poTOopa MOHTH-
PYIOTCS BKAAABIIIU U 3a5KMMbL. Bce pAeTaAn poTopa MOHTHPYIOTCS B CTaHHHE 7, KOTO-
pas BOCIIpHHHUMAET U ITepepaeT Ha QyHAAMEHT pOTOpa BCe Harpy3Ku Kak B IIpoljecce
OypeHHs, TaK 1 IPH CITYCKO-TIOABEMHbIX OIIePAIIHSIX.

Potop nmeeT HeBpamaromuiics Koxyx 8. IIpuop Ha poTOp OCylIjecTBASETCS AOO
IIpY IIOMOIIY I[eTIHOM TTepeAays, AUOO IPH MOMOIIH KAPAAHHOTO BaAd, TOTAQ BMECTO
3Be3A0YKHM 1 Ha BaA pOTOpA yCTAHABAMBAETCSI KAPAAHHOE COYAEHeHHe ',

! Aarueasa A.A. BypoBble MammHBI ¥ MeXaHU3MbL LI3paHme BTOpOe, AOIIOAHEHHOE
u nepepaboransoe. — M.: Tocromrexusaar, — 1961.— 490 c.
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Brrbop BHAQ IPUBOAQ U €TI0 XAPAKTEPHUCTHK BBIIOAHSIOT C YIETOM CAEAYIOIIHNX
Tpe6OBaHMIT i TEXHOAOTHYECKUX 0COOeHHOCTEH paboThI ':

— IIPHBOA POTOPA AOASKEH OBITH PeBepCUBHbIM;

B OCHOBHBIX Pab0YUX PEKXHUMAX PAOOTH POTOP AOAXKEH BPAIATHCS B OAHOM (np,q-
MOM) HAIIPaBAEHUI; 0OpaTHOe HAllpaBA€HHe BPAIeHHs HeOOXOAUMO TOABKO B HEKO-
TOPBIX BCIIOMOTATEAbHBIX PEXHUMaX, II03TOMY AOITYCTUM PeBepC MOCAE OTIePATHBHBIX
MepeKAIOYeHUH C KPaTKOBPeMeHHbIM IepephIBOM MUTAHUS;

— PeXXHM pabOTBI — AAUTEABHBIIL, IPIYeM MOMEHT HATPY3KU MOXKET OBITH IIOCTO-
SIHHBIM MAM KOA€0AThCS B HEKOTOPBIX IIPEAeAaX (BIAOTD AO MAKCHMAABHOTO);

— [IPH peryAUpOBaHNY YACTOTHI BpAljeHUs HIDKe HOMUHAABHOM IIPUBOA AOAXKEH 00e-
CIIeYUBATH BO3MOXKHOCTb AAUTEABHOM PAbOTHI IIPH HOMHHAABHOM MOMEHTE HarpysK,
IIPH pEryAMPOBAHUH YaCTOTBI BbIIIE HOMUHAABHON — IPH IIOCTOSHHON HOMHHAABHOM
MOIHOCTH, OAHAKO IIPHBOA POTOPA pabOTaeT IPH MEHBIINX MOMEHTE 1 MOIIHOCTH,
B CBSI3H C 9eM ABTOMATUYIECKOe O0ecIedeHre YKa3aHHBIX YCAOBHIT He TpebyeTcs;

— I[yCKOBBIE XapaKTEePUCTUKHU [IPUBOAA HE PETAAMEHTUPYIOTCSI, HEOOXOAMMO AUIIB,
9TOOBI MOMEHT Ha POTOPE He IIPEeBHIIIAA MAKCHMAABHOT0, KOTOPBII COCTAaBASIET OOBIU-
Ho 1.5 ... 1.6 HOMMHAABHOIO;

- Tpe6yeMbn71 CTaTU3M MEXAaHUYECKON XaPAKTEPUCTUKH B IPEACAAX HOMUHAABHOM
Harpy3Ku AOAKEH 6bITh He 60aee S ... 10% HOMMHAABHOM YaCTOTHI BpaIleHHus;

— TPeOOBAHII K TAABHOCTH PEI'YAHPOBAHIS YaCTOThI BPAILEHS 3aBUCST OT PACIETHOMN
rAyOUHDI GypeHst (IIAaBHOE PeryAMpOBaHIE HEOOXOANMO Ha yCTAHOBKAX IAy60Koro Gype-
HHSI, @ HA IPOYHX YCTAHOBKAX AOITYCTHIMO CTYIIEHYATOe U3MEHEHHe YaCTOThI Bpamemm) ;

— crienu$pUIeCKUM SIBASETCS TPebOBaHIe OrPAaHUIeHIS MOMEHTA HHEPLIH IIPHBOAQ.

PoTop IIPHBOAKT BO BpalljeHIe AANHHYIO YIPYTI'YI0 KOAOHHY TPY6. AAst yMeHblIre-
HIUST AUHAMUYECKHX HarPy30K B TPyOax IIpY 3aKAUHUBAHIU AOAOTA IIPUBOA AOAKEH
HMeTb BO3MOXXHO MEHBIINI MOMEHT UHEPIIMU.

CucTeMa BepXHEro IPUBOAA B IIOCAEAHEE BpeMs CTAHOBUTCS HanOoAee IOIIy-
ASIPHBIM CIIOCO60M OypeHns HeTSHBIX U Fa30BbIX CKBAKHIH. DTOM CHCTEMOM 000-
PYAYIOTCSI KaK MIMIIOPTHBIE, TAK 1 OTeYeCTBEHHbIe 6ypOBble yCTaHOBKHY. B mpuHnuIe,
BEPXHUH NPUBOA IPEACTABASIET co60i1 TOABUXKHBII BpalaTeAb ¢ CAAbHUKOM-BEPT-
AIOTOM, OCHAII[@HHBI KOMIIAEKCOM CPEACTB MEXaHHU3AI[UU CITyCKO-TIOAbEMHBIX
onepanuii — cuA0BOH BepTAlor. Ilpu ero ucnoAb30BaHUU He HYXHbI 6ypI/IAbHaH
BeAywjasi TpyOa 1 myp¢ moa Hee, a TAKKe HAMHOTO 00Aer4aeTcs TPYA MOMOIIHIKA
OyPHABIIKKA, IIOCKOABKY 9A€BATOP MEXAaHIYIECKHU ITOAAETCS B HEOOXOANMYIO II03H-
0. BMecTo HapamuBaHul OAUHOYHBIME TPYyOaMu («OAMHOYKAMHU > ) MOXHO Ha-
palMBaTh 6y pHABHYIO KOAOHHY CBEYAMU.

1 .

Beaos M.I1. ABTOMAaTH3HPOBAHHbIN SAEKTPOIPHBOA TUIIOBBIX IPOM3BOACTBEHHBIX MEXaHH3MOB

1 TEXHOAOTMYECKUX KOMITAEKCOB: y4eGHUK AASL CTYA,. BbicuL. yueb. 3aBepernit/ M. IT. Beaos, B. A. Hosukos,
A.H. Paccyaos. — 3-e usp,., ucrp. — M.: MspaTeabckuii eHTp «Akasemus>, — 2007.— 576 c.
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Kpome Toro, mprMeHeHNe CHCTeMBI BEPXHETO IPHBOAA IIPEAYCMOTPEHO IIpa-
BHAAMH 0€30MIaCHOCTH B HeQTSHOM IIPOMBIIIAEHHOCTH [P YCAOBHUM, 9TO AAMHA FO-
PH30HTAABHOTO y4acTKa cocTaBasieT 6oaee 300 m'. OOmumit BUA CHCTEMBI BEpXHETO
IIPHBOAQA ITOKA3aH HA PUCYHKe 2.

CrcreMa BepXHero IPHBOAA KPEIIITCS C TOMOIIBIO IIOABECKH 1 K TaneBOMY OAOKY,
BCSI CHCTEMa ABIDKETCSI BEPTUKAABHO 110 HAIpaBAstiomyuM 2. OCb CUCTEMBI COBIIAAAET
C OCBIO CKBOXKUHBL I IpHBOAHOE YCTPOMCTBO COAEPIKUT ACHHXPOHHBII 9AEKTPOABHTA-
TeAb 3 C KOPOTKO3aMKHYThIM POTOPOM H peAyKTOP 4. BypoBoil pacTBOp IOABOAMTCSA
IIpH IIOMOIIY IMOKOTO MIAAHTA K TPybompoBoay S. B mporjecce CITycKO-IIOAbEMHBIX
OIepaLHil K CHAOBOMY BEPTAIOTY C IIOMOLIBIO IITPOIIOB 6 MOABEIINBAETCS 9ABATOP
7, KOTOPBII CAYXKUT AAS 3aXBaTa BepXHe MypTbl Oy pUABHON TPYOBL.

ITpu 6yperny 9AeBaTOp CHUMAETCSI, BEPXHUI KOHEL] 6y pUABHOM TPy OBl IPUBHHIH-
BAETCsI K COEAUHUTEABHOMY YCTPOMCTBY 8, KOTOPOE IO CYILIeCTBY SIBASIETCSI BBIXOAHBIM
BAAOM IIPUBOAHOTO yCTpoiicTBa. IIpu HEOOXOAMMOCTH peBepC KOAOHHBI OCYIIIeCTBAS-
eTCsl peBepCHPOBAHUEM ABUTATeAs. PeakTHBHbIN MOMEHT, BO3HHKAIOLIHI TP paboTe
CHCTeMbI BEPXHET0 IIPUBOAR, BOCIPHHUMAETCSI HAIIPABASIIOLIUMHE 2.

1 = 9

PucyHok 2. O6wmii B, cMcTeMbl BEPXHEro npueoaa

! [Mapadyransos V. V1. Bepxuuit cnaosoit mpusoa/ /Byposuk. — 2013. - Ne 4 (11).- C. 3.
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ACHHXPOHHBIH 9AEKTPOABHUIATEADb 3 SBASETCS TAABHBIM ABUTATEAEM U MMeeT CH-
CTEMY OXAQKAEHMS], COCTOSIIYIO M3 DAEKTPOABUIATEAS o6ayBa 9 1 BozpayxoBoaa 10.
AAst obecriedeHnss 06PATHOM CBSI3U ITO CKOPOCTH HA BAAY 9AEKTPOABHTATeAs 3 pac-
[IOAOYKEH 9HKOAEP.

CrcreMa BepxHEro IIPUBOAA ObecIenBaeT' IIOCPEACTBOM TAQBHOTO ABUTATEAS
3 (pucyHox 2):

— BpameHye OYPHABHOM KOAOHHSBI IIPH OYpeHNH, CIIyCKO-IIOAbeMHBIE OIIePALIUH,
HIpOpabOTKy U pacIINpeHre CTBOAA CKBAXKUHBI METOAOM <«CBEPXY BHH3> H <«CHU3Y-
BBEPX>;

— CBHHYMBAHUE, 3aKPeEIIACHNE, PACKPEIIACHIE U PAa3BUHINBAHME OYPHABHBIX KO-
AOHH; 3aKpeIIAeHHe TPYOHbIX COEAMHEHUIT C KOHTPOAUPYEMBIM 6y PHUABLIMKOM MO-
MEHTOM;

— IPOBOpaYUBAHIE OYPHABHOM KOAOHHSBI IIPH Oy peHUM 3a00MHbIM ABUTATEACM.

ITpu oMoy mTpornos 6 (pUCyHOK 2), 060pyAOBAHHBIX THAPABAUYECKHMU IITPO-
MOOTKAOHUTeAIMH 12 1 cTomopHOro kato4a 13, obecrednsaromero pUKCanuo Tpyob:

— IIPOBeAeHMe CITCKO-IIOAbEMHbIX OIIePaLiHLL;

— IIPOBeAeHNe OIIePALiUiL [0 CITYCKY 06CAAHBIX KOAOHH;

— HapaluBaHue 6yPUABHON KOAOHHBI CBEYaMHU U OAHOTPYOKaMU.

BAaropapst HAAMMHIO TPYOOIIPOBOAQ S, HHTETPUPOBAHHOIO B CUCTEMY BEPXHEIO
IPHBOAA 00eCIIeIHBAETCSI IPOMBIBKA CKBXKUHBI, A TAIOKE PACXKUBAHIE C IIPOMBIBKOI
Oy PUABHBIX KOAOHH IIPH AMKBUAALIAY ABAPUIL U OCAOKHEHHSIX.

47469
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PucyHok 3. MexaHnyeckas xapakTepucTmka CUCTEMbI BEPXHErO NpMBOga

! Mlapadyrauros 1. W. Bepxuuit ciaosoit mpusoa//Byposuk. — 2013. - Ne 4 (11).- C. 3.
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OcHOBHBIE IPENMyIeCTBa CHCTEMbI BEPXHETO IIPHBOAA:

— cokpamenue 06beMa U BpeMeHH BCIIOMOTATEeAbHBIX OTlepariuil (HanpumMep, Ha-
pamuBanue Tpy6 npu GypeHun);

— pacIIpeHHe CTBOAA CKBAXXHHBI IIPH CITyCKe U MOAbeMe HHCTPYMEHTa;

— [OBBIIIEHUE TOYHOCTH IIPOBOAKY CKBXHH IIPY HAIIPABACHHOM OypeHu;

— yMeHblIIeHre BpeMeHH [IePBOOYEPEAHBIX ACHCTBUIL OYpOBOI OPUTaAbL IIPH ITep-
BBIX [IPU3HAKAX Ta30-BOAO-HE(PTEIIPOSIBACHUSIX M CHIDKEHIE BePOSTHOCTU BRIOpOCA
(AIOHIAQ U3 CKBOKHHDI Yepe3 Oy PUABHYIO KOAOHHY;

— COKpaljeHre PHCKOB BEPOSTHOCTH IIPUXBATA OYPUABHOTO HHCTPYMEHTA;

— obAeryeHue Crrycka 0OCapHBIX TPYO B 30HAX OCAOKHEHHMI 3a CYET BpallleHHs
U IIPOMBIBKUY;

— MOBBILIEHUE 0€30IIACHOCTH OYPOBOM OPHUraAbL;

— COKpaleHre CPOKOB OYPeHIs U B [IEAOM CTPOUTEABCTBA CKBAKHH.

Ha pucynke 3 mokxaszana Mexanndeckas xapakrepucruka CBII. Yaacrox A-B sB-
ASIETCSI KPHBOM MOCTOSTHCTBA PAa3BHBAEMON 9AKTPOIPHUBOAOM MOIFHOCTH, YIaCTOK
B-C — pexxuM MocTosHCTBAa MOMEHTA, IIPH 9TOM MAaKCHMAABHBIH « CTOIIOPHBIH > MO-
MEeHT AOCTHTaeTcs B Touke D. B pesxuMe MUHMMaABHOTO MOMEHTA BBOAUTCS B ACHICTBHE
AOIIOAHHUTEABHOE JKE€CTKOE€ OTPaHMYEHHEe MOMEHTA (yqaCTOK A-Al).

Br16op TOrO MAM MHOTO M3 PACCMOTPEHHbBIX PEXXUMOB IIPOU3BOAUT OYPHABIIHIK
IIPY TOMOIIY COOTBETCTBYIOLIHX [IepeKAIoYaTeAel Ha mwyAbTe. [Tpu Oypenuu ryp6o6y-
POM C OAHOBPEMEHHBIM IIPOBOPAYMBAHIEM KOAOHHBI Oy PHABHBIX TPy yCTaHABAMBaAET-
CS1 PeSKUM MUHUMAAbHOTO MoMeHTa (yuacTox A-Al); PE&XXHM MOCTOSHCTBA MOITHOCTH
HCIIOAB3YeTCS IIPU OYpEeHHH C HCIIOAb30BaHUeM raaBHOTO ABurareas CBIT, mepeparo-
IIero BpalieHue Oy PUABHBIM TPYOaM; IPH AUKBUAALINY IPUXBATOB K T. II. HCIIOAB3YETCSI
pexum nocrosiHcTsa MoMenTa (yyacrok B—C). Pa6ora Ha yuactke C-D mpoucxoaut
B MOMEHTHI CBIHUYMBAHIS U Pa3BUHIUBAHISI Oy PUABHBIX TPYO.

MomHocTs, pasBuBaeMast 6ypPOBBIM POTOPOM H CHCTEMOI BEPXHETO IIPUBOAA
Ha BaAy 9AEKTPOABUTATEAS] B PA3AMYHBIX PEXKHIMAX, MOXKET ObITb IIPEACTABACHA KaK
CYMMa TPeX COCTaBASIONIUX:

— MOIITHOCTb, PACXOAyeMast Ha XOAOCTO® BpallleHHe KOAOHHBI OypUAbHBIXTYO N ;

— MOIITHOCT, PACXOAyeMast Ha pa3pyIieHHe FOPHOM IOPOABI Ha 3a60€ CKBOXUHBI N ;

— MOIJHOCTb, PaCXOAyeMas Ha TIOTePH B MeXaHU3Max MpuBopa N .

MomHOoCTB, pacxoAyeMasi Ha XOAOCTOe BpallleHHe KOAOHHBI 0y pHABHBIX TPYO,
OIpeAEASIeTCSI B 3aBUCHMOCTH OT HOABIIOTO YHCAA $AKTOPOB — TAYOHMHbI, AMAMETPa
U IPOUASI CKBKIHDI, [IAPAMETPOB PEXHIMa Oy peHIs, COCTOSHIUS IIOPOA U BHAQ IIPO-
MBIBOYHOM YKUAKOCTH. AAS IPAKTHIECKHUX PACIETOB MOXKHO BOCITOAB30BAThCS IKCIIe-
PHMEHTAABHBIMU POPMYAAMU AASI BEPTUKAABHBIX CKBAXKUH C YTAOM HAKAOHA A0 75 ':

! [la6anos B. A., Hukyaus O. B. O6 0cO6eHHOCTSX SKCITAYATALHH 9AEKTPOOGOPYAOBAHIS I CPEACTS
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N_=55,8-10"k -k -k, (1+0,44-cosp - (0,9+20-8)) - k- q-d-n"=. L% (1)
rpe k| — K09 HUIIMEHT, YIMTHIBAIOIIMIL THII COCAUHEHHS Gy PUABHBIX TPY6 (AAs HUII-
TIeABHOTO coeprHenus k, =1; Aast My$TOBO-3aMKOBOIO — k,=1,3);

k, — KO3 GHITHEenT, yIUTBIBAIONIHET BUA TTPOMBIBOYHOM XXHAKOCTH U IIPHMEHEHHe
AHTUBHOPALIMOHHOM CMa3KU (npn IIPOMBIBKE TAMHUCTBIM PAaCTBOPOM k2= 1,1+1,3; mpu
TIPOMBIBKE BOAOH k,=1; P HCIIOAB30BAHMH AHTUBUOPAITMOHHOM CMA3KH HAH AMYAb-
cuonHoro pacteopa k.=0,4+0,6);

k, — K02 QUIIMEHT, YIHTHIBAOIIHIT XaPAKTEP CTEHOK CKBXHMHBI (AAS HOPMAABHO-
ro paspesa k,=1; B CAOSKHBIX T€OAOTHYECKUX YCAOBHSIX k,=1,5+2);

k, — KO3 QHIMEHT, yINTHIBAIOIIHIT MAaTEPHAA GyPUABHBIX TPY6 (AAS CTAABHBIX
6ypHuABHBIX TPY6k,=1; AASL aAFOMHHHEBBIX 6YpHABHBIX TPY6 k 4=0,75) ;

8= (D-d)/2 - 3a30p MeKAy CTEHKaMU CKBOKHHBL M 6y PHABHBIMU TPy6aMu, M, TAe
D — pAnaMeTp CKBa>KUHBI, M;

d — anameTp 6ypHABHBIX TPYO, M;

q —Macca 1 M OypUABHBIX TPY0, KI/M;

#1 — 9aCTOTA BPAILIEHUS AOAOTA, C';

L — ray6O¥Ha CKBaXKHHBI, M;

COSf} — KOCHHYC yIAa HAKAOHA CKBA)KHHBL

AAS OIIpeaeAe ST MOLTHOCTH, HeOOXOAUMOI AASI XOAOCTOT'O BPAI[eHHs CTAABHOM
Oy pUABHOI KOAOHHBI IIPH Oy pEeHHHU CKBOXUH C yTAOM HAKAOHA MeHee 5° FICIIOAb3YeTCsI
HoAyaMIupIIecKas popMyAa, npearoxxernast A. E. CaposiHom':

N_=13,5-10"°.L-d* (60-n)"5- Dy, (2)
TA€ Y, — YAGABHBII BeC MPOMBIBOYHOH xuAKOCTH, H /M3,

Aas Tpy6 u3 Aerkmx criaaBoB N CHHKaeTCS IPOTIOPIMOHAABHO YMEHBITEHHIO
YA€ABHOTO Beca MaTepuaAa Tpyo.

MomHOCTD Ha pa3pyIlleHHe IOPOABI IIPY OYPEHUU 3aBUCHUT OT THIIA IOPOAO-
Pa3pyLIAONIero HHCTPYMEHTA U IIAPAMETPOB PEXKIMA Oy peHIsL.

ITpu 6ypeHnH TBePAOCIAABHBIMU KOPOHKAMH MOIIJHOCTB, PACXOAyeMasi Ha pas-
PpYlIeHre TOPHOI IOPOADI OIIPEAEASIIOTCS 10 GOpMyAe

N,_.=53-10.0,1-P-60-n-D_,- (0,137+y) (3)
rae P — oceBas narpyska, H;

D, — cpeaHuit AuameTp KOpOHKH, M.

D_=D,+D,/2 (4)
rae D, u D, —Hapy>XHbIA 1 BHYTPEHHHUI AMAMETP KOPOHKH, M;
¢ — K09 Q QUIIHEHT TPeHNs Pe3Lj0B KOPOHKHU O IOPOAY 3a00sL

aBTOMATU3ALUU CUCTEM BepXHero mpuBopa/ /Rogtec Poccuiickie Hedrerasossie paspaborki, Boimryck —
45,-2016,- C. 40-50.

! Drillings.ru Byposoit mopraa. MommsocTs Asurareaeit, pacxosyemas Ha Gypenne. URL: http://
www.drillings.ru/mosch (aata obpamenus: 26.12.2015).
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Koa¢duipeHT TpEHNS pe3IioB O MOPOAY 3aBHCHT OT MHOTHUX GAKTOPOB H SIBASETCS
BEAMYMHOM IPUOAIDKeHHOM. Ero 3HaYeHIs 3aBUCAT OT [TapaMeTPOB pexKuMa Oy peHus,
COCTaBa OYMCTHOTO areHTa, IIPOXOAUMBIX IIOPOA U PSIAA APYTHX PaKTOPOB.

3HaYeHNUsI [ AAS Pa3HBIX TUIIOB IIOPOA IIPUBEAEHBI B Tabaue 1.

Tabnuua 1 — KoapduumeHT TpeHns pesuoB KOPOHKK 0 nopoay

K
Tun po6ypHBaeMOi HOPOABL 03P unHEeHT TPEHHS PE3IOB KOPOHKH
0 mOPOoAY 32605t
IIeCKH, CyTAMHKU 0,2
TIeCYaHUKU, TAUHBI 0,3
AOAOMMTBHI, U3BECTHSIKH 0,35
ITpu 6ypeHnu aAMasHBIME KOPOHKaMU
N, =2-10*.01.P-60-n-D_ . (3)
ITpu 6eckepHOBOM OypeHNH
N_=(3+4)-0*%0,1.P-60-n-D. (6)

ITpu 1crnoAb30BaHMH MAPOIIEYHBIX AOAOT MOXKHO PaCCYMTHIBATh MOIJHOCTD, 3a-

TpauMBaeMyIo Ha 3a00e, TaloKe 110 GpopMyae
N _=107-4-0,1.P-60-n-D. (7)

Aas posot pnamerpom 0,076 M u 6oaee pu=0,17, amamerpom 0,059 m i meree p=0,10.

V13 60ABIIOTO YKCAA 3aBUCHMOCTEH 10 BEIYMCACHHIO MOIHOCTH, 3aTPAYUBaeMOM
Ha paboTy mapouredHsx AOAOT Auamerpom 0,12-0,45 M oTmeTHM GopMyAy GHpMBI
«}03> (CIIIA), noAy4eHHy0 Ha OCHOBAHUHU CTEHAOBBIX HCIIBITAHHI TPEeXIIapomey-
HBIX AOAOT ITPH Oy PeHHH B IIeCYAHHKe, U3BECTHSIKE 1 FPAHHTE

N_ =c-107-(1000-P)"3- 60 -1 - (0,001-D)* (8)
TAe ¢ — KO3 HUIMEHT KPEIOCTH IOPOA, IPUHIMAEMBIN AASI MSATKUX ITOPOA €=2,06;
AASI TIOPOA CpeAHelt TBepAOCTH ¢=2,3; AAsl Kpenkux c¢=1,85; AAS H3HOIIEHHBIX AOAOT
BeAMYMHA C yBeAnunBaercs B 1,5 pasa.

Ipu 6ypennn AoaoTamu pexxymie-ucTuparomiero runa N, 3HAMUTEABHO BO3PAcTa-
er:npu D =0,19m,n=1,16 c' u P, =50 + 150 xH pacxop MOImHOCTH Ha paspymieHue
HopoAbI poocTuraeT 11-36 kBr.

MomHuocTh, pacxoAyeMasi Ha HOTePH B MeXaHM3MAxX mpuBoaa N 3asucut
OT KO3 GUITHEHTA TIOACSHOTO ACHCTBHS PEAYKTOPA 1] , U OTIPEACASIETCS TTO YOpMyAe

1-n
N, =(N, +N,)—*" ()
p.
MOH.[HOCT]J, pa3BHBaeMaﬂ Ha BaAy BAQKTPOABI/II'aTeAﬂ CBH, B KOHKPeTHOM pe)KI/IMe
onpeAeA}IeTCﬂ CyMMOﬁ Tpex COCTaBAAIOIUX
NCBH=NX4B+N3a6+Nn ( 1 O)
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B TabAuiy 2 CBeAeHBI IapaMeTpPBl 9KCIIAYATAL[OHHOTO OypeHMs CKBaKH-
Hbl N2 21021 mo pauueiv 6yposoit kommannu OOO VK «Tarbypuedrs» mpu
HCIIOAB30BAHUM LIAPOLIEYHBIX AOAOT. ONTHMAaAbHASI YACTOTA BpAIIEHHS AOAOTA
Ha K&KAOM 9Tarle OypeHus 3aAaeTCsI TeOAOTaMU U [IPUBEAEHA B TabAuIie 2.

Bcero nporecc 6ypeHus coaep>KuT ceMb 9TaroB. Ha mepBbix Tpex oTamax 4acrora
BpAILIeHUS AOAOTA COCTAaBASIET 2 ¢, a Harpy3ka Ha poaoto 29,42 xH. Ha yeTBepToM
U ILITOM 9Tamax 6e3 M3MeHeHNs YaCTOThI BPAIeHUs YBEANUUBAETCS HarpysKa Ha AO-
40T0 A0 176,52 kH, a Ha IIecTOM 1 CeAbMOM 3TaIaX yBEAYMBAETCS YACTOTA BPAIleHISL
AOAOTA A0 2,92 ¢! be3 H3MeHeHNUSI HArPy3KU Ha AOAOTO.

3 TabAUIBI 2 BUAHO, YTO Ha KQKAOM 9TaIle OYpeHIs MOIHOCTD, PACXOAyeMast
Haxoaocroe BpameHue KBT 1 Ha paspyleHre ropHOI IOPOABI Ha 3a60€ IIPU IIOCTOSH-
HO YaCTOTe BPAIIeHIs 3aBUCST TOABKO OT TAYOUHBI CKBXHHbI F HATPY3KHU Ha AOAOTO,
COOTBETCTBEHHO, T. K. IAPAMETPBI Oy PeHHs. He U3MEHSIIOTCS B IIPEACAAX HHTEPBAAOB
6ypenus. [Toatomy npeacrasum popmyast (1) u (7) B Bupe

NM=C b3 1075, ( 1 1)
N _=K.n-P, (12)

rae C u K — oo puijieHTbI, yUHTHIBAOIIE ITAPAMETPBI Oy PeHHS CKBAXKUHBL

Bypenne cxBaxxuup N¢ 21021 Ha epBBIX ABYX 9TallaX OCYIECTBASAOCH C HCIIOAD-
30BaHHEM B KadeCTBe IIPUBOAA AOAOTA CHCTeMy BepxHero npusopa. Ha ocTaapHbIX
3TAIlaX UCIIOAB30BAACS TYpboOyp. ITpu 6ypennnu TypOHHHBIM crIOCOO0OM Tpebyemas
JaCTOTA BPAIjeHHs AOAOTA 0DeCIeurBaeTCst IPOU3BOAUTEABHOCTHIO OYPOBBIX HACOCOB.
MormHocTs, TpebyeMasi AAS pa3pyILeHUs TOPHOI IIOPOADI Ha 3a00€ TaK JKe IIepepaeT-
s oT 6ypoBbIx HacocoB. IToaTomy mpu 6ypeHHH TYpOHHHBIM CIIOCOOOM MOIITHOCTD,
pasBuBaeMas Ha BaAy SAEKTPOABUTATEAS CHCTeMbI BEPXHETO IPUBOAQ, 3aTPAYHBAETCs
TOABKO Ha XOAOCTOE BpallleHHe KOAOHHBI OyPHUABHBIX TPYD U Ha IIOTEPH B MEXaHH3-
Max. CAeAyeT OTMETHTb, YTO IPH OypeHHH TypOUHHBIM CIIOCOOOM, YACTOTA Bpaile-
HHs CHCTeMBbI BepxHero npuBoaa cocrabasier 0,3—0,5 OT 4acTOTHI BpalleHHs AOAOTA,
H OLIPEAEASIETCSI TOABKO TeXHOAOTHYeCKOI HeOOXOAMMOCTDI0. Tak, HaurHast C TpeTbero
aTama 6ypenus ckBaxuHbI N¢ 21021, gacToTa BpalleHUs CHCTEMbI BEpXHETO IIPUBOA
n, cocraBasiaa 1 ¢,

B Tabanie 3 mpuBeAeHbI pe3yAbTAThl PAaCUETOB MOLJHOCTEMH, K09 PHIIEHTOB
C u K, 9acTOTHI BpallleHHs X MOMEHTA Ha BaAY ABUTATEAL.

Ha pucynke 4 mokxasaHa MexaHMYeCKas XapaKTePUCTUKA CUCTeMbl BepXHero IpH-
BOAQ M pacueTHbIe KPHUBbIE IO AAHHBIM, IIPUBEACHHDBIM B TabauIie 3. Bypenne HaunHa-
€TCs B TO4Ke 1 C MCIIOAb30BaHMeM CHCTeMbI BepXHEro IIPUBOAA B KadeCTBe MPUBOAA AO-
AOTa U IPOAOAXKAETCSE A0 ToukH 2. Touka 2 sIBAsIeTCsI KOHITOM BTOPOTro 3TaIa 6ypeHus.
B Touke 3 HAUMHAETCS TPETHF dTAM Oy peHNs TYpOUHHBIM CIIOCOOOM K ITPOAOAXKAETCS
Ao Touku 4. M3 pucyHKa 3 BUAHO, YTO CHCTeMa BePXHEro IpUBOAA HEAOHCIIOAb30Ba-
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Ha [10 MOIHOCTH, II09TOMY IIPEACTABASIET HHTEPEC HCCACAOBAHUSI PAbOTHI IIPUBOAL
Ha BCeX MHTEPBAAAX OypeHus 6e3 HCIOoAb30BaHMS TypOOoOypa.

B Tabauie 4 mpuBeAeHbI Pe3YABTATHI PACIETOB IPH Oy PEHHI CKBAKIHbI C HCIIOAD-
30BaHHEM B KaJeCTBe IIPUBOAA AOAOTA CHCTEMbI BEpXHEro IIPHBOAA Ha BCeX JTaIax
oypenms, koo punuentst Cu K mpu aTom ocTaroTcst Temu xe. 113 TaGAHIIBI BHAHO, 4TO
MOIIJHOCTD Ha BaAy 9AEKTPOABUTATEAS CHCTEMbI BEpXHETO ITPUBOAA AOCTHUTAET CBOETO
HOMHHAABHOTO 3HAUEHIS K KOHITY ILITOTO 9Tamna Oypenus B Touke 2. Hauunas ¢ aToro
MOMEHTA Ha ISITOM 9TaIle 6y peHIs B TOUKe 2 CAeAyeT OTPAaHMIMBATH YACTOTY BpalljeHIs
ABHTaTeAS] CHCTeMBI BEPXHETO ITPUBOAQ.

Toraa mporecc 6ypeHust OyaeT IpOTeKaTh [0 KPUBOI IOCTOSHCTBA MOIIHOCTH
AO TOYKH 3, MOLITHOCTb IIPUBOAA OYAET UCIIOAB30BaHA ITOAHOCTBIO. [TlecTort i cepbMOIT
3TAIIbI IOAHOCTBIO GYAYT IIPOTEKATD II0 KPUBOI IIOCTOSHCTBA MOIIHOCTHL

Tabnuua 3. — Pe3ynbTaThl pacyeToB nNpu bypeHumn
CKBaXWHbI BEPXHMM NPUBOAOM U TYp60OYpOM

oman | || K| | e | | e | L
I 2 0,084 | 0,000472 0,000 27,798 | 3,089 | 30,887 | 153,89 | 0,201
2 | 0,084 | 0,000472 | 11,527 | 27,798 | 4,369 | 43,695 | 153,89 | 0,284
1 2 0,084 | 0,000827 11,475 | 48,647 | 6,680 | 66,802 | 153,89 | 0,434
2 | 0,084 | 0,000827 | 15,851 | 48,647 | 7,166 | 71,665 | 153,89 | 0,466
10 1 0,083 | 0,000827 4,428 - 0,492 4,920 76,94 | 0,064
1 0,083 | 0,000827 6,017 - 0,669 6,685 76,94 | 0,087
v 1 |0,066 | 0,00062 | 4,744 - 0,527 | 5,271 | 76,94 | 0,069
1 0,066 0,00062 6,764 - 0,752 7,515 76,94 | 0,098
v 1 |0,118 | 0,00062 | 12,106 - 1,345 | 13,451 | 76,94 |0,175
1 0,118 0,00062 22,398 - 2,489 | 24,886 | 76,94 |0,323
Vi 1 | 0,062 | 0,000453 | 11,766 - 1,307 | 13,073 | 76,94 |0,170
1 |0,062 | 0,000453 | 13,402 - 1,489 | 14,891 | 76,94 |0,194
VII 1 0,139 | 0,000453 | 30,280 — 3,364 | 33,644 | 76,94 |0,437
1 | 0,139 | 0,000453 | 37,798 - 4200 | 41,998 | 76,94 |0,546

VcnoabzoBaHue CHCTeMbI BEpXHETro IIPHBOAA B KaueCTBe MPUBOAA AOAOTA Ha ITPO-
TSDKEHUH BCETO IIMKAA CTPOUTEABCTBA CKBAXHHBI He BCETAQ BOSMOXHO. DTO CBA3AHO
C TEXHOAOTHYECKUMHU OCOOEHHOCTSME Oy peHNsI — HeOOXOAUMOCTDIO HCIIOAb30BAHHS
Ty600YPOB-OTKAOHHTEACH AAST ODeCIIedeH s HeOOXOAUMOTO HAKAOHA CKBXKHHBI, UC-
IIOAb30BaHHEM CIIEIIMAABHON KOMIIOHOBKU OYPHABHOM KOAOHHBI C TeAGMETPUIECKHIM
000pyAOBaHHEM U T. A. MOIIHOCTb IIPUBOAA B OCHOBHOM OIIPEAEASIETCSI HEOOXOAMMO-
CTDBIO PA3BUHYHMBAHHS TPYO C GOABIIMM MOMEHTOM IIPU IIPOBEAECHHH CITyCKO-TIOABEM-
HbIX OIlepaliiii, MOMEHT Pa3BUHYMBAHMA KOTOPBIX MOXeT AocTurarh 100 kH-m.
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Mg, 3
kH:m

25 1

15 7

05 7
5 4 ]
3

4] 50 100 150 200 250 300

LU 1Y
paz'c

PucyHok 4. PacyeTHble KpuBble Npu BypeHumn
C UCMNOJIb30BaHNEM BEPXHEro npueoaa 1 Typoboobypa

Tabnuua 4. — Pe3ynbTaTthbl pac4yeToB nNpu bypeHumn
CKBaXXWMHbI BEPXHUM MPUBOAOM

Jran r N, x.8) N 3a6” N, o’ N, CBIV waA’ )Y

KBT KBT kBT KBT paa/c KH.-m

=

nu

: 2 0,000 | 27,798 | 3,089 | 30,887 | 153,89 | 0,201
2 11,527 | 27,798 | 4,369 | 43,695 | 153,89 | 0,284

I 2 11,475 | 48,647 | 6,680 | 66802 | 153,89 | 0434
2 15,851 | 48,647 | 7,066 | 71,665 | 153,89 | 0,466

. 2 15,743 | 48,647 | 7,154 | 71,545 | 153,89 | 0465
2 21,392 | 48647 | 7,782 | 77,821 | 153,89 | 0,506

v 2 16,867 | 218,930 | 26200 | 261,997 | 153,89 | 1,703
2 24,047 | 218930 | 26997 | 269,975 | 153,89 | 1,754

v 2 43,042 | 218,930 | 29,108 | 291,080 | 153,89 | 1,892
1,831 | 67,752 | 200,431 | 29,798 | 297,981 | 140,88 | 2,115

- 2,541 | 64,831 | 203,362 | 29,799 | 297,992 | 19551 | 1,524
2,473 | 70271 | 197,920 | 29,799 | 297,990 | 19028 | 1,566

- 2,0027 | 107,922 | 160,281 | 29,800 | 298,003 | 154,10 | 1,934

1,869 118,717 | 149,580 | 29,811 298,108 143,81 2,073
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PucyHok 5. PacuyeTHble kpuBble npu 6ypeHun
C MCMONL30BaHVEM BEPXHEro NpuBoaa

®opmyant (1) — (8) cripaBesAMBBI Tak Xe K AAS POTOPHOTO bypenus. MomHoCTs,
pacxoayemas Ha IOTEPH B MEXaHH3MaX MPUBOAA poTopa N . mMeeT HoAee CAOKHYIO
3aBHCHMOCTD. DTO CBSI3AHO C T€M, YTO ITepeAada K POTOPY OCYIIeCTBASIETCSI AUDO depe3
PEAYKTOp U KOPOOKY IIepeMeHbI IIepeaad AeOeAKH P KOMOUHHPOBAHHOM 9AEKTPO-
IPHBOAE, AUOO Yepe3 PEAyKTOP U KAPAAHHBII BaA [IPH PETYAUPYEMOM 3AEKTPOIIPH-
BOAE, TO €CTb CO CAOXKHOM KMHEMATHYeCKOH CXeMOJl. B IpaKTH4YeCcKuX pacyeTax AAs
onpepeAeHus MOIHOCTH N ., 3aBUCATIEH OT TUITA, COCTOSHHSA 060PYAOBAHHS U YaCTO-

THI BpaueHus, npuMersiorcst opmyast b. M. Tlatoma u B. C. ®epoposa':
N, =kl (13)

_ 2
N, =a, n+a, n,, (14)
A€ a, 4, k — KO3 UIMeHTbI, 3aBUCSNIHE OT THIIA TPUMEHAEMOTO 060PYAOBAHHUS;
n_— YIAOBasi CKOPOCTb POTOPA.
p Y p porop
OO61wmuM CyIecTBeHHbIM HEAOCTATKOM OYpPEeHHsI C HCIIOAB30BAHIEM B KauyeCTBe
IIPUBOAA AOAOTA CHCTeMBbl BEPXHETo IIPHBOAA M POTOPA SBASETCS 3HAYUTEAbHbIE II0-

Tepy MOLJHOCTH Ha XOAOCTO€ BpalljeHIe KOAOHHbI OypHAbHBIX TPy6. M3 TabAmIbI

! DAEKTPOIHEPreTHKa HePTAHBIX U TA30BBIX MPOMbBICAOB: IPOU3BOACTBEHHOE (TIpaKTHYeCKOe)
uspasune/mnop pea. T. A. Atakummesa. — M.: Heapa, — 1988.- 221 c.
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4 BUAHO, 4TO IO Mepe yBeAUdeHHs TAYOUHBI CKBKUHBI MOIIHOCTD N cTaHOBUTCS
CoM3MepHMa C MOIHOCTbIO Ha pa3bypusanue mopopst N . Tem He MeHee, HCTIOAD-
30BaHMeE CHCTEMbI BEPXHETO IIPUBOAA SKOHOMIYECKH OIIPABAAHO BBUAY BBICOKO aB-
TOMATH3ALUK CHCTeMBI yIpaBaeHust. CucTeMa BepXHEro IPHBOAA IIO3BOASIET BECTH
KOHTPOAB U PeIyAUPOBAHIE YaCTOTHI BPALI€HISI I MOMEHTA, aBTOMATU3HPOBATh IIPO-
Iecc GypeHms i IIPOBeAEHHS CIIyCKO-IIOABEMHBIX OIIePALIHit .

BypoBast Ae6éaKka IpepHa3HAYEHA AAS TIOABEMA U CIIyCKA KOAOHHBI OYPHABHbIX
TPY0 C LIeABIO 3aMeHBI H3HOCHBIIETOCS A0AOTA. [Iporiecc mopbeMa U3 CKBasKHHBI KOAOH-
HBI, COCTOSIIIe U3 OTACABHBIX CBeUell, IIPEACTABASIET COOOI YepeAOBaHUe OCHOBHOIM
1 BCLIOMOTATEABHBIX OIEPALUI:

— OCHOBHAsI OI€PaLHsl — MOABeM OYPHABHOM KOAOHHBI HA AAUHY OAHON CBedn
(ox0A0 25 M);

— BCIIOMOTaTeAbHbIE OIEPAL[MU: YCTAHOBKA KOAOHHBI HA CTOA POTOPA; OTBHHYH-
BaHe [IOAHSTON CBEYM OT OYPUABHOM KOAOHHBI U YCTAaHOBKA ee BHYTPU OypoBOit
HA IIOACBEYHHUK;

— CITyCK He3arpy>XeHHOTO 9A€BATOPA AASI 3aXBATa KOAOHHBL

CIryCcK KOAOHHBI IIPOM3BOAST B OOPATHOM II0CAEAOBATEABHOCTH. I IpOAOAKHITEAD-
HOCTb IIOABEMA U CITYCKA K&KAOM CBEYM CKAAABIBAETCS M3 MAIIMHHOIO M MAIIMHHO-
Py4HOro BpeMeHH. MalnHHOe BpeMsI — 3TO IPOAOAKUTEABHOCTD PabOTHI TAABHOTO
IIPHBOAQ M IIPEACTABASIET cOBOI BpeMst ToAbeMa (CITycKa) KOAOHHDI Ha AAUHY OAHOM
cBeul. Bpems, 3aTpaunBaeMoe Ha MAIIMHHO-PYYHBIE OMEPALIH — 9TO BPeM BBIIIOA-
HEHUSI BCIIOMOTaTEABHBIX OePALIHiL.

Kpome crycka 1 moabema OypHABHBIX 1 0OCAAHBIX TPYO C IOMOLIBIO AeOeAKH
BBIIIOAHSIIOT TAKOKE CAEAYIOIINE OIIePALNH: yAePXKaHUe KOAOHHBI TPY0 Ha BeCy B IPO-
riecce OypeHMUsI HAU IIPU IIPOMBIBKE CKBAXKUHBI; IIPUIIOABEM OYPHABHOM KOAOHHSI 6Y-
PHABHBIX TPy0 IIpU ee HAPAIIUBAHHHU; BCIIOMOTATEAbHBIE PAGOTHI 10 CBIHIMBAHHIO
U Pa3BHHYMBAHUIO TPYO; II0 IIOATACKIBAHUIO B GYPOBYIO 000PYAOBAHIS, TPy 1 Ap.

BypoBas aebeAKa COCTOHT U3 CBAPHOM PaMBbl, Ha KOTOPOI YCTAaHOBAEHBI IOABEM-
HBIFl M TPAHCMUCCHOHHBIH BaABIL, KOPOOKa [epeMeHbl Ilepeaad, TOPMO3HAsI CHCTEMA,
BKAIOYAIOI]asi OCHOBHO! (AGHTOYHBII) U BCTIOMOTATeAbHBIH (peryAnpyiomuit) Top-
MO3a, ITYABT yIPaBACHUSL. Bce MeXaHU3MbI 3aKPBITH IIPEAOXPAHUTEABHBIMH IUTAMIL
IToabeMHBII BaA AeOeAKH, TIOAYYasl BpallleHHe OT KOPOOKH IIepeaad, Ipeobpa3oBbIBa-
eT BpalljaTeAbHOE ABIDKEHIE CHAOBOTO IIPUBOAA B [IOCTYIIATEABHOE ABIDKEHIE TAAEBO-
IO KaHATa, IIOABIDKHBII KOHEL] KOTOPOTO 3aKpellAeH Ha OapadaHe IIOABEMHOIO BaAa.
Harpy>xeHHBIIT KPIOK IOAHUMAETCSI C 3aTPATOM MOIITHOCTH, 3aBUCSIIEH OT BeCa MOA-

! [laanos B.A.,, Huxyams O.B. O6 0COGEHHOCTSIX 3KCMAYATAUH IAEKTPOOGOPyAOBAHIS
U CPeACTB aBTOMATH3ALMK CUCTeM BepxHero npruBopa/ /Rogtec Poccuiickie Hedrerasossie paspaboTki,
Boimyck 45, - 2016, - C. 40-50.
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HIMaeMBIX TPY0, & CITyCKaeTCsI [I0A ACICTBHEM COOCTBEHHOTO BeCa TPY0 MAU TAAEBOTO
0AOKa, KPIOKA H 9A€BATOPA, KOTAQ 9AEBATOP OIIyCKAETCsI BHU3 3d OYePEAHOI CBEUOIL.
Aast mossimrennst KITA Bo BpeMst moAbeMa KOAOHHBI IIepEMEHHOTO Beca Ae0eAKy
HAYL ee IIPUBOA BBIIIOAHSIIOT MHOTOCKOPOCTHBIMH. [TepeKarodeH e ¢ BICIIIEH CKOPOCTH
Ha HU3IIYIO ¥ 06PATHO OCYINeCTBASIETCS. YPUKIHOHHBIMY OLIEPATHBHBIMU MyTaMH,
obecreYnBaOMUMU [AABHOE BKAIOUeHHe. Bo BpeMsI ToAbeMa KOAOHH Pa3sAHYHOIO
Beca CKOPOCTU B KOPOOKaxX Imepepaad IepeKAIOYAIOT IePUOAMIECKIL
AAst moabeMa KOAOHHBI OYpUABHBIX TPy6 BecoM QQ C yCTaHOBHBILENCS CKOPO-
croio V| moTpebyeTcst MOmHOCTD '
P=QV . (15)
ITpu mopbeMe KOAOHHBI ITO Mepe YMeHbIIIeH IS YICAA CBeYel AAMHA 1 BeC KOAOH-
HbI 6YPI/IAbHI)IX pr6 AHCKPeTHO YMEHDBIIAKOTCS. HPI/I 9TOM AMCKPETHO YMEHDIIAETCS
MOMEHT CTaTHIeCKOTO COIPOTUBAEHIS Ha BAAY IIPUBOAHOTO 9AeKTpoABuraTeas. Hau-
0OABIIAS IPOU3BOAUTEABHOCTD A€DEAKH U ITIOAHASI 3arPy3Ka IPHBOAA MOXKET OBITH AO-
CTHTHYTA, €CAH 10 Mepe II0AbeMa TPy0, CKOPOCTb II0AbeMA OyAeT YBEAUIHUBATHCS TAK,

4TO6BI AASI MOIITHOCTH P , Ha BaAY ABUTaT@AS BHITTOAHSAAOCH YCAOBHE

M

-,
— 6 [
P, =—"—*=const,

rae M, — MOMEHT CONPOTHBACHHS Ha BaAy 6apabana AebeAKH; @, — yTAOBas CKOPOCTh
Oapabana aebeaky; § — KITA Bcex mepeaad or ABurareast k 6apabany Ae0eaKuL.

AASL BBIITOAHEHUS IPHUBEACHHOTO YCAOBHS 9AEKTPOIIPUBOA OYpOBOIL AebeAKH
AOAKEH 00ecIIeurBaTh MHOTOCTYIIEHYATOE PEryAHMPOBAHME CKOPOCTH BPAILjeHIsL.
IlepeaaTounble 4nCAa, YUCAO IEPEAAY U AMATIA30H PeryAUPOBAHUS YaCTOTHI Bpale-
HIS 9AEKTPOABUTATEAS] BEIOMPAIOT TAKUM 00pa3oM, YTOOBI XapaKTePICTUKA IIPUBOAL
Ob1Aa 6AM3KA K KPUBOM IIOCTOSIHHON MOIJHOCTH, KOTOPOU B KOOPAMHATaxX Q, w cOOT-
BETCTBYeT «KPHBAast MOCTOSIHCTBA MOLJHOCTH > Ha PUCYHKe 6.

B cay4ae ecau ckopocTh mopbeMa KOAOHHBI PeI'yAUPYeTCs C IIOMOIIbIO YeThIpex-
CKOPOCTHOM (I, 11, 11, IV) TPAaHCMHUCCHHU U B KQ4€CTBE IMPHUBOAA HCIIOAB3YETCS CHH-
XPOHHBIN ABUI'ATE€Ab, Y KOTOPOTO CKOPOCTb He 3aBUCHT OT MOMEHTAa, BMECTO Hellpe-
PBIBHOI ITapaOOABI B KOOPAMHATAX Q, w IIOAyYaeM YeThIPEXCTYIIEHIATYI0 AOMAHYIO
1-2-3-4-5-6-7-8, mpOoXOAAIIYIO HIKe KPUBOH ITIOCTOSHCTBA MOITHOCTH. [ToaTomy mmo-
TpebAsieMast OT ABUraTeAs MOIIHOCTD IPU AF06OM Bece KOAOHHSI (Kpome Togek 1,3, S,
7) 6yAeT MeHblle HOMUHAABHOR, M ABUTATEAb GYAET IIPAKTHYECKH BCETAQ HEAOTPYSKEH.
ITpu sTom KITA 1 k09 $UIIMEeHT MOIHOCTH ABUTaTeAS] OYAYT HIDKe HOMUHAABHBIX,
9TO IPUBEAET K IOBBINIEHHIO TOTePh JACKTPOIHEPTUH, KaK B ABUTaTeA€, TAK U B IIH-
TaloIeN CeTH.

! Moroxeiin B. 1., ITapperos B. M. Daexrponpusop 6ypossix ae6eaox. — M.: Heapa,— 1978. -
304 ¢; Mouoxesn B. 1., TTapdpenos B.M., Inuaesoit B. A. DAeKTponpuBop, 9AeKTOOOPyAOBaHHE
U 9AeKTPOCHabKeHIe OYpOBbIX yCTAHOBOK. — TtomeHp, — 1999. - 263 c.
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AAst yBeAIeHSI cpeAHero K03 UIIeHTa 3arpy3KU AeKTPOIIPIBOAA Oy poBoiiAe-
6eAKH B HadaAe pa60Tb1 Ha KXXAOL] U3 Tlepepad (B Toukax 1, 3, S, 7) AOITyCKaeTCs mepe-
Ipy3Ka ABHTaTeAsL. AOITyCTUTMbIe KO HIIHEHTI Ileperpy3Ky 3aBHCST OT THIIA OypOBOIL
YCTaHOBKY U MOIHOCTH IIPHUBOAA . B KadecTBe mmprvMepa paccMOTPUM PeXXIMBI PabOTHL
oyposoit aebeaxr ABY-750. HoMmuHaabHAst MOITHOCTD 9AeKTpopBHraTeast 315 kBr. Cxo-
POCTH [IOABEMA KOAOHHbI U TPY30IIOABEMHOCTB Ha KPIOKe AeOEAKH IIPUBEAEHBI B TabAmIIe 4.

KpuBast mocTosIHCTBa MOITHOCTH ABHTATEASl M MEXaHHYECKasl XapaKTepUCTHKA
Oyposoit aebeaku ABY-750 1o AaHHBIM TaOAMIIBL 4 IIpuBeAeHH! Ha pucyHke 7. Kak
BUAHO M3 PUCYHKA B TOUKaxX 1, 3, S ¥ 7 2AeKTpOABUTaTEeAb PAbOTAET C IeperpysKox,
a B TOYKAX 2, 4 11 6 9AeKTPOABHTaTEAb HEAOTPYKEH.

®A
KpHEBas
IIOCTOSHCTBA MOITHOCTH
At I Y
8
|
I | ——+ — 8
T
! 1 “'-.___ 3
I ——+-+-=1
| | 1 M
I i B e L
; I I I I
1 ! ! ! |
0 Q4 Q3 Q2 Ql Q

PucyHok 6. 3aBMCMMOCTb CKOPOCTY NOABbEMA KOJSIOHHBLI OT YCUWIA (BEca) Ha Kpoke

Tabnuua 4. — TexHnyeckne xapakrepuctukmn 6yposotii nebenku JIBY-750

Ckopocru Yucao o6oporos Ckopocrp I'py3sonoabeMHOCTD,

Aebepxn 6apabana, 06/mMuH | moabema, M/c kH

I 85 0,37 750

II 144 0,52 640

111 248 0,89 360

v 420 1,99 190

KparkoBpemeHHast aBapHitHasI HATPY3Ka
Ha MepBOil CKOPOCTH 0,32 1000

! Moroxeitn B. 1., [Tapderos B. M. Daexrponpusop 6ypossix aeGepox. — M.: Heapa,— 1978. -
304 ¢; Monoxeitn B. 1., TTapdpernos B.M., IInuaesoit B. A. DAeKTpOIIPUBOA, 9AEKTOOOPYyAOBaHHE
U 9AEKTPOCHAOKeHHe Oy POBBIX yCTaHOBOK. — TiomeHs, — 1999.— 263 c.
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CpeAHsIT MOIIIHOCTB Ha KKAOH TepeAade IPUOANBHTEABHO OCTOSIHHAsL TOUHOE paBeH-
CTBO CPEAHHX MOIITHOCTEH Ha KYKAOM M3 [IEPeAad 6yAeT B CAyJae PaBEeHCTBA IAOIAACH MEXKAY
KPHBO IIOCTOSIHCTBA MOIITHOCTH U CTYIIeHYaTO: AOMAHO! 3aBUCHMOCTH CKOPOCTH IIOAbEMA
KOAOHHD! 6y pHABHBIX TPY6 OT ycnamii (Beca) Ha Kproke. [ Ipy HeperyArpyemMoM IpUBOAE 3TO
MO3KeT OBITb AOCTHTHYTO COOTBETCTBYIOLIMM BHIOOPOM UHCAA CBEY, IOAHMMAEMBIX Ha KK-
Aoit u3 repepad. OAHAKO M IPU PaBHBIX CPEAHHX MOIIHOCTSIX ABUTaTeAb BO BpeMs [IOABMA
He GyAeT paboTaTh B HOMUHAABHOM PEXKIMe: OH OyAeT AUOO [IeperpysKeH, AUOO He AOTPY>KeH.

B oredecTBeHHBIX 6y POBBIX YCTAHOBKAX C HEPEI'YAPYEMbIM 9AEKTPOIIPHBOAOM Oy-
POBOIT AeOeAKH IIPIMEHSIOTCSI ACHHXPOHHbIE ABUTATEAU C Ga3HbIM POTOPOM CepHIL
AKDB 1 AKCB u cuaxponssie aApuratean cepurt CABO B coueTaHNM C 9AeKTPOMarHuT-
HO My$TOM CKOABXKEHUSI ', KOTOPbIE MIMEIOT MATKYI0 MEXaHIIEeCKYIO0 XapPAKTePUCTHUKY.

v, M/c
1.99 7

p-Q=const

089 f-——-————-—
| \
|
0,52 ‘
? T | \;ﬁ
037 ———————— d e 1‘ *********** 1

|
| |
| |
1 1
0 190 360 640 750 Q,.xH

PucyHok 7. 3aBUCMMOCTb CKOPOCTU NoAbEMA OT YCUIINIA Ha Kpioke BYpOBOIA
nebepnku JIBY-750 npu HeperynmpyMmomM CUHXPOHHOM MprBOAE

Ecau nipusoa, OypoBoit Aebeaku GyAeT UMETh MATKYI0 MEXAaHHYECKYIO XapaKTepH-
CTHKY, TO IIPY CHIDKEHUH Beca Ha KPIOKe CKOPOCTb ABUraTeAs! GyAeT HeCKOABKO BO3pac-
Tarh. [Ipy aTOM OYAET pacTH U CKOPOCTH ITOABEMA KOAOHHBI X BMECTO TOPH30HTAABHBIX
y4acTkoB 1-2, 3-4, 5-6, 7-8 moAyurm KpuBble, IPUOAMDKAIOIIMECS K KPHBOM TOCTOSHCTBA
MomHOCTH (TI0Ka3aHbI ITyHKTHPOM Ha PUCYHKe 6).B pe3yAbTare Harpy3Ka ABHraTeAs 0y-
AeT IPUOAMDKATBCS K HOMUHAABHOR, HO ABUTATEAD BCE PABHO OCTAETCSI HEAOTPY>KEHHBIM.

Hcnoab3oBaHue ABUraTeAei ¢ MArkoi MeXaHH4eCKOM XapaKTepHUCTHKOM HECKOABKO
YMEHBIIAEeT pa30pOC Harpy30K ABUTaTeAs.. AAsI TOCTPOEHHS MEXaHUIECKOH XapaKTepH-

! Menbmos B. T, Cya . Y. DaexrpoTexsirieckue yCTpoicTBa 6ypOBbIX yCTaHOBOK. — M.: Beicuras
mxoAa, — 1986. - 191 ¢; Moroxeitn B. 1., ITapderos B. M. Daexrponpusop 6ypossix aebepox. — M.:
Heapa, - 1978.-304 ¢
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CTHKH AeOEAKH C 9AEKTPOABUIaTEAEM, UMEIOIUM MSTKYI0 MEXaHUIECKYIO XapaKTepH-
CTHKY, OIIPEACASIIOT MOMEHTbI Ha BAAY ABUTaTeAs B TouKax 1,2, 3,4, S, 6 u 7 mo popmyae

M=

i,1,1
rae Q, — Bec KOAOHHBI Ha KPIOKe Ha i-i1 Imepepade, C y4eTOM Beca KpIOKO-0A0Ka, KH;
r — paauyc 6apabana Ae6eAKH, M; i,,,i, — IepeAaTOUHbIe OTHOIIEHHS TAACBOM CHCTe-
MBI ¥ pepykTopa; 1 — K.IT. A. Bcex mepepad OT KOAOHHBI AO ABHTaTEAS.
VYaacTok paboyeil XapaKTEPUCTUKH ACHHXPOHHOTO ABUTATEAS MOXKHO IIPUHSITH
AMHENHBIM, TOTAQ
wza)o—Mi-(a)o—a)w), (16)

HOM

rae M, — HOMHMHAABHbIA MOMEHT 3AeKTpOABHraTeast, KHM; w — Jacrora Bpamenus
MarHUTHOTO II0AsL, 06/MUH; w ,,, — HOMHUHAABHAS YACTOTA BPAILCHHUSL.

ITo popmyae (16) ompeaasieTcst 4acTOTa BPAILeHUs. ABUTaTeAs IIPH [IOABEME I10-
CAeAHEl CBEUH Ha KaXXAOH M3 Iepepad. AaAee depes IepeAaTOYHble OATHOIIeHH |
U PAARYC TIPUBEACHHS P OIIPEAEASeTCSl CKOPOCTD IToabeMa KPIoKa v

Cy:

i
PesyabTaThl pacuera cBeaeHb! B Tabauity S (pacaerst Bbimoanenst O. B. Huxyaunbmm) .

Tabnuua 5. — MexaHn4eckre napamMeTpbl pexxurma padoTbl nebeakm
JIBY-750 npwn HepEerynmpyemMom aCUHXPOHHOM MPUBOAE

Cxopocrtp I 11 111 v

Touxa

XapaKTepI/ICTI/IKl/I 1 2 3 4 5 6 7 8
Mowment. kHm 3,37 2,88 4,88 2,74 4,72 2,49 4,22 0,7

i 11,758 6,94 4,034 2,379
P, M/pan 0,0415 0,0345 0,034 0,045

o, pan/c 99,95 | 1006 | 97,86 | 100,8 | 98 | 1012 | 987 | 103,68
(06/ M) (955) [(961,6)| (935) [(963,5)| (937) |(966,8) | (943,7) | (990,6)
v,mlc 0,352 | 0,355 | 0,486 | 0,5 | 0,825 | 0,853 | 1,867 | 1,96

KpuBast OCTOSIHCTBAa MOLJHOCTH M MEXaHMYECKAsI XapAKTEPUCTHKA OYPOBOIL Ae-
6eaxn ABY-750 1o pAaHHBIM TabAUIBL S IPHUBEACHBI Ha PUCYHKe 8.

W3 pucyHka 8 BUAHO, YTO 9AEKTPOABUTATEAD C MSITKOM MEXaHUYeCKOI XapaKTepH-
CTHKOM IIeperpyskaeTcsi MeHbIIe, 4eM € KeCTKOH. OAHAKO HepaBHOMEPHOCTD HAIIPY3-
KU OCTAeTCsI CYLeCTBEHHOMN M HArPy3Ka 9AEKTPOABHUIATEAS. B OOABIIEN YaCTH LIUKAOB
ITOABEMA AAAEKA OT OIITUMAABHOM.

! [IaGaros B. A. OCHOBBI PeryAHpyeMOro 3AeKTPOIPHBOAA OCHOBHBIX MEXAHH3MOB GypeHus,
AOOBIuH U TpaHCIOpTa HedTH: yueb. mocobue. — Yoa: Mza-8o YTHTY, - 2009.- 156 c.
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A s TOTO, 9TO6BI IPUOAUBUTHCS K KPUBOI IIOCTOSHCTBA MOILHOCTH IIPUBOA Gy po-
BOI1 AebeAKH AOAKeH OBITH peryarpyeMsiM. [Ipu peryaupyeMoM mpuBoae AAst 6ypoBoit
Aebepxn ABY-750 ckopocts B TouKe 1 mpu paboTe Ha IepBOIL ITepepade cAeyeT obe-

CIEYHUTD PABHOI
_ P, n _ 315-0,8

v, =0,34 m/c.
Q1 750
v, M/C
1,99
1.96 _
1,897
p-Q=cosnt
0,853 n
0,825~~~ |
05 | _____ +
6486 _____ 1 E%
0.352 o T T
| | \ .
0 190 360 640 750 Q.xH

PucyHok 8. 3aBMCMMOCTbL CKOPOCTM NogbeMa OT YCUINI Ha Kptoke BypoBoii

nebenku ¢ aIeKTpoABUraTenemM ¢ MArkoi MexaHM4ecKom XxapakTepucTuKom

CKxopocTb BpalleHHs] JAeKTPOABUraTeAs IIPU ITOM cocTaBuT 96.4 paA/ C
(921 06/mun).

CxopocTb B TouKe 2 AOAKHA ObITH

v = P,n _ 315-0,8
Q1 640

CkopocTh BpaljeHHsI 9AeKTPOABUTATeAs IpH 9ToM cocraBur 110,5 paA/ C
(1055,7 06/mun).

Taxum 06pa30M, HavyaAbHasl CKOPOCTH IIOAbEMA KOAOHHDI 6ypm\mex pr6

=0,39 m/c.

Ha [IePBOIT IlepeAade PH MAKCHMAABHO Harpyske AoaxHa 0b1Tb 0,34 M/c, a 3aTeMm
10 Mepe AUCKPETHOTO CHIDKEHHMS HarpPy3KH CKOPOCTb AOAXKHA IAABHO YBEAUYHTHCA
A0 0,39 M/c. Harpyska Ha BaAy 9A€KTPOABHIATEAS [IPH 9TOM GYAET HOMHHAABHO.
PesyAbTaTbl pacuera AASI APYTHX [TePEAAY CBEACHBI B TAOAUILY 6.

Tabnuua 6. — MexaHndeckue napameTpbl BJ1
npwv perynnpyemMom a1ekTponpreoae

Ckopocrtp I 11 111 v
Toma 1 2 3 4 S 6 7 8
XapaKTepI/[CTI/IKI/I
v, m/c 034 | 039 [039] 07 | 07 | 1,33 | 1,33 | 1,99

96,4 | 1105 | 784 | 1408 | 83 | 1573 | 702 [105,19
@ , pan/c (06/mnm) (921) |(1055,7) | (749) | (1345) | (793) |(1503) | (670) |(1005)
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HomuHaABHAS 9acTOTA BpalleHHs IPUBOAHOTO 9AEKTPOABUTATEAS] COCTABASIET
1000 06/mun (104,6 paa/c), ITpu aTom B TOuKax 4, 6 1 8 Tpebyemas CKOPOCTb Bpalte-
HULS 9AEKTPOABHTATEAS IIPEBBIIIAeT HOMUHEABHYI0. OIpeAeAnM MAKCUMAABHYIO CKO-
POCTD moAbeMa KPIOKA AAST KXKAO [IePEeAAUH, HCXOASL M3 TOTO, 9TO CKOPOCTH BpalljeHIs
9AEKTPOABUTATEAS] HE AOAXKHA IPEBBIATh HOMUHAABHYO. [TOAyIHMM MaKCHMAaABHO
AOITyCTHMbIE CKOPOCTH moabeMa Kpioka v, = 0,37 m/c; v, =0,52 m/c; v, = 0,88 M/c;
v,=1,99m/c.

CpaBHUBasI MOAYYeHHbIE 3HAYEHHS C AAHHBIME TaOAUIBI 6, MOXKHO CA€AATh BbI-
BOA, YTO IIPH PETYAHPYEMOM 3AEKTPOIPHBOAE MOXKHO HAYUHATH TOABEM KOAOHHDI
Ha BTOPOY ITepepade 1 paboTaTh Ha Hell AO AOCTIDKEHIUSI CKOPOCTH OAbEMA KOAOHHbI
0,52 M/c. 3aTeM CAeAyeT EePeKAIOYNTHCS HA Y€TBEPTYIO IEPEAAUy U IIPOAOAXKATH Pa-
60Ty A0 AocTIDKeHHsE ckopocTH 1,99 M/ c.

MexaHuuecKast XapaKTepPUCTHKA IIPH paboTe OypOBOI AeOEAKH Ha ABYX ITepeAAIax
IpUBEACHA Ha PUCyHKe 9.

v, M/¢
1,99

F 3

0 126 484 750 Q,xH

PucyHok 9. MexaHn4eckas xapakTepucTuika 6ypoBol NeGeku C perynnmpyeMbiM
3NEKTPONPUBOLOM MPU UCMONb30BaHUK ABYX Nepeaad TPaHCMUCCUn
3aBHCHMOCTD 9aCTOTHI BPAIEHHS 9AeKTPOABUTATEAS] OT YCHAHIT Ha KPIOKe IIOKa-
3aHa Ha pucyske 10.

B coBpeMeHHBIX peryAUpyeMBIX 9AKTPOIIPUBOAAX OYPOBBIX YCTAHOBOK HCIIOAD-
3YIOTCSI AAUTATEAH, KOTOPBIE AOIIYCKAIOT PaboTy € MOBBIIEHHBIMY CKOpocTsMu. [Ipu
3TOM OCHOBHAsI 9aCTh LIUKAOB CITyCKO-IIOAbEMHBIX OIlePALINil BHIIOAHSETCS IIPU CKO-
POCTSIX BBIlIIe HOMUHAABHOM .

! [IaGaros B. A. OCHOBBI PeryAHpyeMOro 3AeKTPOIPHBOAA OCHOBHBIX MEXAHH3MOB GypeHus,
AOOBIuH U TpaHCIOpTa HedTH: yueb. mocobue. — Yoa: Mza-8o YTHTY, - 2009.- 156 c.
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1, 06/MIH,

1000

653

263

\
\
\
b
0 126 205 750 Q,xH

PucyHok 10. 3aBNCMMOCTL HaCTOThI BPALLEHNA 3NeKTpoABMraTens
6ypoBoi nebeaku 0T YCUNI Ha KPIOKe C PEryanpyeMsim
371eKTPONPUBOAOM MPY UCMOL30BAHMN ABYX Nepeaay TPaHCMUCCUN

AaBAeHUe p Ha BBIXOAHOM AMHUH OyPOBOTO HACOCA OMPEAEASIeTCSI KaK CyMMa TH-
APaBAMYECKHMX COIPOTUBACHHUI B KOKAOM dAEMEHTEe CUCTEMBbI KPYTOBOTO ABIDKEHMS
IPOMBIBOYHOM KMAKOCTH ':

Pat = Po + Do+ P+ Doy + Py (17)
rAe p,,, — obulee AaBAeHHe Ha BbIXOAHOM AuHuH, MITa; p,, — rHApaBAMYecKHe mo-
TepH B KOAbIIeBOM IpocTpaHcTBe, MIla; p, — morepu B poorote, MIla; p,  — mo-
Tepu B HarlopHO# AuHuM, MIIa; p,;, — moTepu B yTsDKeAeHHO! OYpUABHOI TpPyOe,
MITa; p,, — notepu B 6ypuabHbIX Tpybax, MITa.

INoTepy B HaOPHO# AMHUM (MaHNPOABA, CTOSIK, 6ypOBOI IIAAHT U BEPTAIOT, KBa-
ApaTHasl IITAHIa) ONIPEAEASIOTCS IO GOopMyAe:

p. =, pQ, (18)

TAe &, . — KO3 UITMEHT, IPONOPITMOHAABHbIN KO3 PUITUEHTY COIIPOTHUBACHHS AASI

HAIOpHOM AuHuUY, ¢, , =0,0034; p — yAeABHBII BeC P OMBIBOYHOM KUAKOCTH, I'/ cM>.

[Mapenus paBAeHMIT B GyPUABHBIX p ., B yTSOKEACHHBIX OYpPUABHBIX TPy6ax p,

B KOABLIEBOM IIPOCTPAHCTBE p 1 AOAOTE P MOTYT ObITb OTIPEAEAEHDI ITO GOPMyAaM

pET:aBT'p'QZ'L’ (19)
Pysr =Qyr - P 'QZ 'ZVBT’ (20)
P, =0, pQ-L (21)
D.. :aa_'p'Qz’ (22)

TAC Ay Ay @,y @ — KOIQQUIMEHT, IPONIOPIIMOHAABHDII KO3 G GUIMEHTY COIPOTHB-
AEHUSI AAST OYPHABHBIX H yTSDKEACHHBIX Oy PUABHBIX TPYO, KOABIIEBOIO IPOCTPAHCTBA

! Bapenuit FO. B. Bypenue nedrstubix u razosbix cksaxus. — M.: Heapa, — 1967. - 400 ¢
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M AOAOTA, COOTBETCTBEHHO; L, [ . — AAMHA KOAOHHBI Oy PHABHBIX H yTSKEACHHBIX
Oy PUABHBIX TPy, COOTBETCTBEHHO, M.

I'mapaBAMYecKue IOTEPH B AOAOTE, IIOTEPH B HAIIOPHOL AUHHH, IIOTEPHU B yTsDKe-
A€HHBIX OyPHABHBIX TPYOax IIPU IIOCTOSHHON MOAAYe He 3aBHCST OT TAYOHHbI CKBa-
kuHbL [ToTepu B KOABLIEBOM IIPOCTPAHCTBE IPOIOPLINOHAABHBI TAYOHHE CKBAXKUHBL
(L). Iorepu B 6ypuabrbix Tpy6ax mpomnoprmonaasusi psuse Tpy6 (L, =L —L )"

IMoTepu B Oy pUABHBIX TPY6AX CKAAABIBAIOTCSI U3 IIOTEPH B YTSDKEACHHBIX OV PHAB-
HBIX TPy0ax U IOTePb B OCTAABHOM YaCTU KOAOHHBI OypHABHBIX TPYO. B caydae Typ-
OMHHOTO OypeHHUsI K CyMMe THAPaBAMYECKUX COIIPOTHBACHUI AODABASIETCS IIEPEIIaA,
AaBAeHUI B TypboOype (BMHTOBOM 3a60/THOM ABHTaTeAE U T.1L.).

MoIHOCTD HArpy3KH Ha BAAY 9AEKTPOABHUTATEAS [IPOIOPLIMOHAABHA IIPOU3BEAL-
HUIO [I0AQYH HACOCA HA PA3BUBAEMBII M HATIOP

P:(Q’psH)/nH.; (23)
n, — KITA 6yposoro Hacoca’.

B Hauase OypeHHS CKBOKHMHBI AABAEHHE, CO3AaBaeMOe HACOCOM, HEBEAMKO.
ITo Mepe yrAyOAeHUsI CKBaXKIHbI, BCAGACTBHE YBEANUEHIS THAPABANIECKOTO COIPO-
THBAEHS TPY0 BO3PACTAET U AABACHHE Ha BBIXOAE HACOCA, KOTOPOE OrPaHIIeHO IPod-
HOCTBIO AeTaAeil Hacoca. [T0aToMy, HAYMHASI C OIIPEACACHHON TAYOMHBI CKBAXKHHBL,
II0AQYY HACOCa He0OX0ANMO OrpaHuduBarh. C TOUKY 3pEHUS CHIDKEHIS ITIOTEPD MOLI-
HOCTH OIITUMAABHBII PEXIM PaboThl OypOBOro HaCOCA XapaKTEPHU3YeTCsl IOCTOSH-
CTBOM Pa3BHBAE€MO MOITHOCTH, PABHOM HOMHHAABHOM PHOM., TO ecTh’.

P =p-Q=const. (24)

ITpu BBIIOAHEHUH 9TOTO YCAOBHUS IIPHBOAHOM 9AEKTPOABHUTATEAb OYAET PabOTaTh
c Han6oabmum KITA, Yeaosuio (24) B koopauHaTax p—Q COOTBETCTBYeT KpHBas, H30-
OpaxeHHas Ha pucyHKe 11.

ITpu6AUBUTHCS K PEKIMY IIOCTOSIHCTBA MOLHOCTH IIPU HEPEryAUPYeMOM IIpH-
BOAE MOXKHO 32 CUeT [IPHMEHEHHS] IHAMHAPOBbIX BTYAOK Pa3HOIO AFIAMETPA, OAHAKO
MOIIJHOCTb IIPUBOAA OYAET HEAOHCIIOAB30BAHA U SAEKTPOABHUTATEAD OYAET HEAOTPYIKEH.

! Huxyaus O.B. OnTumusanis: CMeHBI BTYAOK TIPH YCTAHOBKE MpeobpasoBaTeAeil 4acTOThI
AASL TIpEBOAA2 6ypoBbIX HacocoB Y8-6 M//Bypenne u Hedrs.— 2009.— Ne 6.— C. 27-30;
Huxkyaus O. B. YacTOTHO-peryAnpyeMblil CHHXpOHHbII1 9AeKTPOIpUBOA 6ypoBoro Hacoca (paspaborka
1 HCCAEAOBaHMe): AKC. ... KaHA. TEXH. HayK. — Yda, - 2012. - 141 c.

% Huyams O. B. YacTOTHO-peryAupyeMbiil CHHXPOHHBIH 3ASKTPOIPHBOA GypOBOTO Hacoca
(paspaboTka 1 nccaepoBaHuUe): AHC. ... KaHA. TeXH. HayK. — Ya,— 2012. - 141 c.

% Memubmos B.T, Epmos M. C,, Spusos A. A. OAEKTPOTEXHIIECKIe YCTaHOBKH
M KOMIIAEKCHI B HepTerasoBoil IPOMBIMIACHHOCTH: y4el. aast By3oB.— M.: Heapa,— 2000.- 487 ¢;
[Ta6anos B. A. DAexTp006OPYAOBAHHE U IAEKTPOIIPHUBOA YCTAHOBOK Oypenusi: yued. mocobue. — Ya:
Youmckuit HeQTAHOM HHCTUTYT, — 1992.— 75 c.
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ITpeatoAOKUM, ITO OypeHHe HAYMHAETCS B TOUKe 1 IIpU AQBACHHH Ha HAarHeTa-
TEABHOM MaTpy6Ke p < p, MpH BTyAKe AameTpoM D3 umpoaoaxaercs oo Touku 2. [Tpo-
AOAXKATh pa60Ty C BTYAKOM AuaMeTpoM D3 Bblllle TOYKM 2 HeAb3sl, TaK KaK AABACHUE
IIOAHMMAETCS BbILe p, (uTo HeaoTTyCTHMO) H, KPOMe TOro, 6yAeT IeperpyskeH IPHUBOA.
IToaToMy B TOUKe 2 HEOOXOAMMO 3AMEHHUTH BTYAKY AnaMeTpoM D3 Ha BTYAKY AHaMe-
TpoM D2. 3To npuBeAET K I3MEHEHHIO THAPABANYECKOH XapaKTepUCTHKU Hacoca. [Ipu
3TOM IIOAQYa Hacoca yMeHbIHTCS 0T Q3 A0 Q2 M B COOTBETCTBUE C THAPABAUYECKOH
XapaKTePUCTUKON MaHI(POAbAA M CKBAXKUHBI AABACHHE, Pa3BIBaeMOe HACOCOM, CHH-
3UTCS CKA9KOM OT p, (B TOuKe 2) AO AaBACHHS, COOTBETCTBYIOIErO TOUKe 3.

Pa

p-O=const

PucyHok 11. Pexxm paboTel 6ypoBoro Hacoca

HB1, HB2, HB3 — xapakTepHCTHKH HACOCA IIPU PA3AUYHBIX AMAMETPAX BTYAOK;
ML1, ML2, ML3 — XapakTepHCTHKUA MAaHUPOAbAA U CKBAKUHBI B 3aBCUMOCTH OT TAY-
OMHBI CKBOXKHUHBIL

Ecau npopoaxars bypeHue ¢ BTyakoit Aonamerpom D2, To 10 Mepe yrayOAeHws
CKBA)XUHDI AABACHHE B TOUKE 4 AOCTUTHET p,, T. €. IPEACABHOTO 3HAYEHHUS], IPH KOTOPOM
HeOOXOAMMO 3aMEeHHTD BTYAKY AameTpoM D2 Ha BTyAKy auamerpom D1. CaepoBa-
TEABHO, B CAyYae HePeryAupyeMOro IPHBOAA HACOCA H IIePHOANYECKOM 3aMeHbI BTYAOK
IpoLecc IpoTeKaeT 1o otpeskaM 1-2, 3-4, S-6 (pucynok 11). Yeanuusas ancao
THIIOPa3MePOB BTYAOK, MOSKHO TOABKO MIPUOAMBUTLCS K KPUBOH prQ= const, HO Mo
HOCTb IPHBOAA OYAET HCIIOAB30BAHA HE TOAHOCTBIO .

! DAEKTPOIHEPreTHKa HePTAHBIX U TA30BBIX MPOMbBICAOB: IPOU3BOACTBEHHOE (IpaKTHYeCKOe)
uspasune/mnop pea. T. A. Atakummesa. — M.: Heapa, — 1988.- 221 c.
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ITpu peryanpyeMoM 3AeKTPOIPUBOAE MOKHO IPHOAMBHTHCS K KPHBOU IIOCTOSIHCTBA
MOLHOCTH ITyTeM CHIDKEHHS YaCTOTBI BPALeHIs IIPHBOAHOTO ABUrareast. Toraa mponecc
OyAeT IPOTEKATB I10 CTYIIEHIATON AOMAHOM AMHUY 1-2—-3"-4-5"-6, mpudeM 110 OTpe3Kam
1-2,3-4, 5-6 6ypeHue HAET IIPU OCTOSHHOM CKOPOCTH BpalIleHIst DA, a 10 TOPH30H-
TaABHBIM OTpe3Kam 2—3’ 1 45" Ipu peryaupyemoii ckopocru (pucysok 11)1.

HaiipeHHbIe 3HaYEHNSI MOIIHOCTH GYPOBOIO POTOPA, CHCTEMbI BEPXHETO IIPUBOAQ,
MOMEHTA COLIPOTHBAEHS, YTAOBOI CKOPOCTH 6apabaHa OypOBOIt AOEAKH U MOLIHOCTH,
CKOPOCTH [IOABEMA KPIOKA, AABACHHIT 6y POBOTO HACOCA, IBASIIOTCS HCXOAHBIMH AQHHBIMU
AAsL pacdéTa OCHOBHBIX 9A€KTPOMEXaHIYECKHX IAPAMETPOB PabOTHI IAEKTPOIIPHBOAOB.

Tunossie pe>xuMbI paboThI 6y pPOBBIX MEXaHU3MOB

ITepeyeHb TEXHOAOIUIECKUX OIIEPALIHIL, 06ECIIeYNBAIOINMX COOPYIKEHUE CKBAXKU-
HbI, BKAIOYaeT:

— paspylIeHHe TOPHBIX IIOPOA Ha 3a60€;

— OYHCTKY CKBXHHBI OT IIAAMA;

— peryAupoBaHue BHYTPUCKBKUHHOTIO AABACHIS;

— peryAupoBaHue GpU3HKO-XUMUYECKOTO B3AMOAEHCTBUSI CKBKUHBI C OKPYKa-
IOLIMMY FOPHBIMH IIOPOAAMUY;

— UB0ASLIUIO APYT OT APYTa TEXHOAOIUYECKH HECOBMECTHMBIX M OCAOXKHEHHbIX
MHTEPBAAOB CTBOAQ;

— BCKPbITHE [IPOAYKTHBHbBIX TOPU30HTOB;

— 3aMeHy H3HOILIEHHOTO [IOPOAOPA3PYILAIOIIEr0 HHCTPYMEHTA, IIOA3EMHOTO 000-
PYAOBaHHS U yCTPOMCTB;

— KpeIAeHHe CTBOAQ CKBAXKIHDI;

— co3paHMe GUABTPA B IPOAYKTHBHOM YACTH CTBOAA CKBA)KHHBL;

— BBI30B IIPUTOKA PAIOMAQ U3 IIAACTA HA AHEBHYIO IOBEPXHOCTS;

— OCBOEHHE CKBKUHBL

Heo6X0AMMO OTMETHUTD, YTO, II0 Mepe YIAYOACHHS CKBOXKIHBL, BCAEACTBHE yBeAHde-
HUSI THAPABAMYECKOTO COLIPOTUBAEHUS TPYD BO3PACTAeT U AABACHHE Ha BBIXOAE HACOCA®,
TO eCTh YBEANIUBAETCSI HATPy3Ka OypoBoro Hacoca. OAHOBPEMEHHO C 3TUM BCACACTBHE
YBEAMYEHHS AAMHBI KOAOHHBI Oy PUABHBIX TPY6 (TAYOUHBI CKBRKUHBI) yBEAMYHBAETCS BEC
Ha KPIOKe, YTO IIPHBOAUT K POCTY HArPY3KU Ha 6y POBYI0 A€6EAKY, CUCTEMY BEPXHETO IIPH-

! Hukyaus O.B., [lla6anos B. A. Onerxa 3¢ eKTHBHOCTH IPHMEHEHHS YACTOTHO-PEryAHPYeMOTo
3AEKTPONPHUBOAA 6yPOBbIX HACOCOB B AsHakaesckoM YBP//Onepreruka Tarapcrana. — 2008. - Ne 1 (9). -
C.74-81.

? Bacapwirus FO.M, Byaaros A. U1, TIpoceaxos FO. M. Texsoaorus Gypers HepTSHBIX i ra30BbIX
cxBakuH. — 2001.

3 Huxyaun O. B, Illa6anos B. A. Onerxa 3 $eKTHBHOCTH IPHMEHEHHS 4aCTOTHO-PEryAHPYeMOTo
3AEKTPONPHUBOAA 6yPOBbIX HACOCOB B AsHakaesckoM YBP//Onepreruka Tarapcrana. — 2008. - Ne 1 (9). -
C.74-81..
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BoAa 1 potop. Takum 06pasoM, HaMOOABLIKE HATPY3KH B 9AEKTPUIECKOI CETH BO3HHIKAIOT
K KOHI[y CTPOUTEABCTBA CKBAKHHBL

CrpouTeABCTBO CKBKUHBI COIIPOBOXKAAETCS OOABIINM Pa3HOOOPa3HeM TeXHOAOTU-
YECKUX OIIePALIUil, H3MEHSIOINECS T€OAOTUYECKUE YCAOBHSL Oy PEHIS CKBAKUHDL, a TAKKE
IIPY CTPOMTEABCTBE CAOKHBIX CKBKHH, HATPUME, C BBIXOAOM Ha AHEBHYIO [IOBEPXHOCTD,
IPUBOAST K TOMY, YTO B IIPAKTHKe Oy PeHNUsI BO3MOXKHbI PA3AUMHBIE PEXXUMBI pabOTBI 060-
PyAOBaHISI 6y pOBOI yCTAHOBKY. 113 Bcero pasHOOOpasyst pesXiMOB PabOTBL, HEOOXOAUMO
BBIOpATh TaKKe PEKUMBL, B KOTOPBIX 000pyAOBaHHe paboTaeT B HAUOOAEE TDKEABIX yC-
AOBIISIX 9KCIIAYATALIHH, KAK C TOYKH 3PEHIs SHEPreTHIeCKIX [IAPAMETPOB, TAK 1 C TOYKU
3pEHIs TEXHOAOTHH IIPOBOAKH CKBAKUHBL.

C To4KY 3peHusI BBIOOpa PEXXIMOB PAOOTHI 2AEKTPOIIPHUBOAOB Oy POBBIX MEXAHI3MOB
OyA€eM pacCMaTpPHBATh PEXKIMBI PaGOTHI 6y pOBOIL yCTAHOBKIL, CBEACHHbIE B TAOAMITY 7 B Ha-
JaAe, KOrAQ HarpysKa Ha GypoBble MeXaHI3MbI He BEAVKA, U B KOHIJe IIporjecca Oy peHus,
[IPY MAKCHMAAbBHOM 3arpy3Ke.

Tabnuua 7. — TexHonormyeckne pexmnmol paboTbl 6ypoBOIA yCTaHOBKM

TexHoAo- Byposbie mexa-
Ne | ruueckume Omnucanne TEXHOAOTHIECKOTO Mpomecca HHU3MbI, 06ecmeun-
onepanun BaloIIHe MPoIecc

~ paspylieHHe TOPHBIX IOPOA Ha 3260¢€;

— OYHCTKA CKBAXKMHDI OT IIAAMA;

Typ6uHOe |- peryanpoBaHue BHyTPHCKBOKUHHOTO AQBACHUS;
P peryhvp VTP " | Byposbie Hacocht

6ypenue — peryaupoBaHue QpU3UKO-XMMUIeCKOTO B3aUMO-

ASHCTBUS CKBOKUHBI C OKPY)KAIOLUMH TOPHbIMU

HOPOAAMHU

— paspylIeHre FOPHBIX IIOPOA Ha 3a00€;

— OYMCTKA CKBaXKMHBI OT ITAAMA;
Bypossie Hacoc,
PotopHOe |- peryampoBaHMe BHYTPHCKBOXUHHOTO AABACHUS;
OTOP, CHCTEMa
OypeHue — peryaupoBanue GpU3NKO-XHMHIECKOTO B3aHMO- porop,
3 BEepPXHEro MPHBOAA
AHICTBHSA CKBAXXUHBI C OKPYIKAIOITUMI TOPHBIMI

IIOpOAAMHU

— Hapamusanue KBT;
Crmycxo-
— 3aMeHa M3HOIIEHHOTO II0OPOAOPa3pyIIaloLLe-

3 | moabeMHbIe Byposas aebeaxa

O MHCTPYMEHTA, IIOA3€MHOTO 060PYAOBAHIS

oIeparuu 9
H yCTPOICTB
— UBOASILIUSI APYT OT APYTa TEXHOAOTHYECKH HeCo-
BMECTHMBIX H OCAO)KHEHHBIX HHTEPBAAOB CTBOAQ;

Bcnomo-
— KpeIlA€HHE CTBOAA CKBA)KHHBI; BcnomorareabHbie

4 | rareAabHbIE .
— co3paHue GpUABTPA B IPOAYKTUBHOM YaCTH CTBO- | MEXaHH3MBbI
omepanum

Aa CKBaYKMHBI;

— IIPpHUTOTOBACHUE 6YPOBOI‘O PacTBOpa U T. A.




118 Nikulin Oleg Viktorovich

TexHOAOTHYECKHE H IAeKTPHIECKHE MApaAMeTPhI Ipomecca Oypenust

AASI COOpY>KeHNs HallpaBACHHBIX CKBAXKHH HCIIOAB3YIOTCSI CIIeIIMaAbHbIe YCTPOH-
CTBA M MEXAHU3MBI, II03BOASIIOIINE U3MEHSTh TPAeKTOPHIO ABIDKEHHS pabodero oprata
0 KOMaHAe oreparopa’. OHHU [O3BOASIIOT KOMIIEHCHPOBATh BAMSHUE IPAKTHIECKH
BCeX Pa3HOHANPABACHHBIX OTKAOHSIONIHX (paKTOPOB, SBASIOIUXCS IIPHINHON H3Me-
HeHUsI [IePBOHAYAABHOTO Kypca. Kpome Toro, yrpasasiemslit pabouunit opras mosBso-
ASIeT MMPOKAAABIBATh CKBAXKUHBI CO CAOXKHOM TPAEKTOPHEH, BKAIOYAIOIIEH ITIOBOPOTHI
B Pa3HBIX AOCKOCTSIX .

INepcreXTHBHBIM HAITpaBACHUEM Pa3BUTUS AAHHON OOAACTH SIBASIETCSI [IPHIMEHe-
HIe COBpeMeHHBIX HHPOPMAIIMOHHBIX TEXHOAOTHH OCHOBAHHBIX Ha HCIIOAb30BAHHI
HOBBIX ITOKOACHHH H3MEPUTEABHBIX CHCTEM H HCTIOAHHTEABHBIX MEXaHH3MOB, K KOTO-
PBIM OTHOCSTCS:

— Teaemerpuaeckrne MWD cuctemsr (Measurement While Drilling), o6ecrieun-
BAIOIie TOYHOE OIpeAeAeHre GOPMBI TPAeKTOPUK CKBAKHHbI B IIPOLIeCcCe OypeHus;

— TeAeYIIpaBAsIeMble MCIIOAHUTEABHbIE MEXaHU3Mbl, O0eCIIeIHBAIOIIIEe OLIePATHB-
HYIO KOPPEKIHIO TPAEKTOPUN ABIDKEHIS Oy POBOrO HHCTpyMeHTa B IpoLjecce OypeHms®.

Pocr 06’5eMOB HAKAOHHO-HAIIPABAEHHOTO OYPEeHHsI CKBOXKHH C YTAAMH OTKAOHE-
HUSI CTBOAQ CKBAKHH OT BEpPTHKAAU O60aee 60° 00yCAOBUAU OrpaHUYEHUSI II0 IPUMe-
HEHUIO TPAAUIMOHHBIX METOAOB HCCACAOBAHMI C TIOMOIIBIO AMITAPaTyPBhl, CITycKae-
MO B CKBOXVHY Ha KabeAe, U BBI3BAAN HEOOXOAMMOCTD PaspaOOTKH CIIEL[HaABHBIX
TEXHOAOTHI AOCTaBKU CKBOXUHHBIX IPUOOPOB B MHTEPBAA UCCAEAOBAHMIL. PerreHre
3TOM IPOOAEMBI BO3MOXXHO C IIOMOIIbI0 H3MEPUTEABHBIX TEAEMETPUIECKUX CUCTEM,
yCTaHABAMBAaeMbIX B KOMIIOHOBKY HU3a 6ypOBOI1 KOAOHHBL TeAeMeTpidIecKye CHCTEMBL
PETHCTPUPYIOT MHGOPMALIHIO O IIapaMeTpax OypeHrs Ha OCHOBE AATIMKOB, YCTAHOB-
ACHHBIX B Heil, ¢ OCAeAyIomelt mepepadeii (10 KaHaAy CBSI31) U3MEPUTEABHOH UHPOP-
MAaLi1 B peaAbHOM MacIITa0e BpeMeHH Ha Ha3eMHYIO0 CTaHIHIO ",

! Pri6axos A. 1. Ocuosbt Gecrparmeiinbix rexuoaoruit/ /M.: IIpecc Bropo.— 2005. - Ne 1.

2 Aannaos B. B., Cmoasaunxuit B. H., Yemun A. O. I[TepcriekTHBbI pa3BUTHS TEXHOAOTHI HAIIPAB-
AEHHOrO GypeHHs CKBOKHH B [IPOYHBIX TOPHbIX opopax/ /Murepakcno Ieo-Cubups, -~ N2 3/ —Tom 2/ —

2015, - C. 49-53.

3 Hyraes 1. ®., Bacuabes B. 1., Aaumbexos P. V1., Illysaxos A. C. ABTOMATH3HPOBAHHAS CHCTEMA
YIIpaBA€HHS TPAEKTOPUSIMU HePTEra30BbIX CKBAXKUH C IPUMEHEHHEM IIPOrHO3UPYIOIINX MOAEA€i1/ /
BecTHuk Y)HMCKOTo rocyAapCTBEHHOTO aBHAIJMOHHOTIO TEXHUYECKOTO yHHBepcuTeTa, — N 5/ — ToM
8/ -2006,- C.27-32.

* Beasxos H. B. ManorabapurHast 3a0OMHAs TeAeMeTpPHUYECKass CHUCTeMAa KOMOMHHMPOBAHHBIM
kanaaoM cssizu/ /HTB AVIC Kaporaxsuk. — 1997. — N 30.— C. 60-67; Toaopusix E. B., Bopuxos B. H.
PeTpaHCASLIMOHHBIA MOAYAb AASL TEAEMETPHYECKON CHCTEMbI ¢ JAeKTPOMATHUTHBIM KaHAAOM CBsi3u//
DynpamenTaspabie uccaepoBanmsa — N S,— 2015, - C. 269-273; laisan A.I. OO0 «THI-Tpymm>:
HAIIPABACHUS PAa3BUTHSI T€OHABUTALIMH TIPU IIPOBOAKE TOPU3OHTaABbHBIX cKBakuH/ /Teopecypesr, — No 3

(45),-2012,- C. 64-67.
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HemaaoBaxHOe 3HAUEHUE AAS yIIPaBACHIS Oy peHIeM nMeeT HHPOPMALIHS II0 TeX-
HOAOTHYECKHM ITapaMeTpaM Kak C YCThsl, Taku 3a60st ckBaxuHbl. CoBpeMeHHBbIe 3a0011-
HbI€ TEAECHCTEMBI II03BOASIIOT IIOAYIHTb CACAYIOIIYIO HHGOPMALIHIO CO CKBAXKUHBL ':

— KpHUBBIe FaMMa-KapOTaXa, HHAYKIIHOHHOTO KapOTaxa;

— Harpys3Ka Ha AOAOTO;

— 060pOTHI BaAa ABUTATEAS];

— BHEIHEE AABACHHUE;

— 3CHUTHBIHN YTOA;

— YTOA ITOAOKEHUS] OTKAOHUTEAS];

— Q3UMYTAABHBIN YTOA;

— eCTeCTBEeHHAsI PAAMOAKTHBHOCTb OKPYXKAIOIIUX CKBAXKUHY TOPHBIX IIOPOA;

— TeMIIeparypa;

— YAEABHOE 9AEKTPUYECKOE COIIPOTHBACHHE TOPHBIX IIOPOA;

— AUTOAOTHMYECKOE PacuAeHeHre pa30yprUBaeMbIX IOPOA.

O6peM HHPOPMALINH, IOAYIEHHOM CO CKBAKIHbI B IIPOLieCCe OypeHs, 4acTo I1o-
3BOASIET OTKA3aThCSI OT IIPHUBSI30YHBIX KAPOTAXKET, YTO COKPAIIAET BPeMsi X CTOUMOCTb
OypeHusl, yCKOpsIeT IPOXOXKAEHIE IIPUXBATOOIACHBIX 30H .

Kpome nrdopmarium o mapamMeTpax, IOAyIaeMbIX C 320051 CKBOXKHHBL, B IIPOLIECCe
OypeHHUS AASL OIIEPATHBHOTO YIIPABAECHIUS IIPOLECCOM OYpEHIs U IIPEAOTBPALeHIs
ABAPUIHbIX CUTYALNI HeOOXOAUM KOHTPOAb PabOTHI HA3eMHOTO 000PYAOBAHMS. JTO
obecIreynBaeTCst CUCTEMO HA3eMHOTO KOHTPOAS IIAPAMeTPOB Oy peHust, KoTopast obe-
CIIeYMBaeT U3MepeHNUe, PETUCTPALINIO U HHAMKALIUIO [IAPAMETPOB TEXHOAOTHIECKOTO
nporjecca OypeHHs TAKUX KaK’:

! Vuaiicuma E. C., Poitrman M. C. Ornucanue Trrma 3a60iHOM HHKAMHOMETPHYECKOTT TeAeCHCTEMBI
3TC-11//XV MexaAyHapoaHas Hay4HO-IIpaKTHdecKas KoHpepeHuus «CoBpeMeHHble TeXHHKa
¥ TEXHOAOTUU>, — 218-220.

% Taitsanr A.T. OO0 «THI-Tpymm>»: HATpaBAGHHS PAa3BUTHSA TEOHABMIALMH TIPH TIPOBOAKE
ropusoHTaAbHbIX ckBaxkut/ /Teopecypeny, - N¢ 3 (45), - 2012, - C. 64-67.

% Cucrema konTpOAS mapamerpos Gyperust «[eorexs//PaspaboTka u HCIIOAB3OBAHHE AIITAPATHO-
HPOrPaMMHBIX KOMIIAEKCOB c60pa 06pabOTKU M aHAAU3A AQHHBIX O IIPOLIECCE CTPOMTEABCTBA CKBAKHH
TEOTEK. URL: http://geotek.ru/ktts.php?Page=control_sys (aara o6pamenus: 06.11.2016); Cucrema
koHTpoAs npotecca 6ypenus (CKITB) «<TEOCEHCOP»//O00 HayuHo-ponsBoACTBeHHAS. $prpMa
«Topusont>. URL: http://www.npfgorizont.ru/html/geosensor.html (aara obpamenus: 06.11.2016);
CrcTeMa TeXHOAOTHYECKOTO KOHTPOAs IapameTpos Gypenmst «CI'T-muxpo>//3A0 Mockosckoe CKB
«OPEOA». URL: http://www.skboreol.ru/Products/products1.htm (aara obpamenus: 06.11.2016);
KoMIaeKe cpeacTB KOHTPOAS yrpasaenus mponeccom Gypenust KYB-2//Kommanust «<TEOQUT>.
URL:  http://geofitru/index.php?id=8&Itemid=9&option=com_content&view=article ~ (aara
obpamenus: 06.11.2016); Cucremsl koHTpOAs TapameTpoB Gypernss ADMS//LlenTp koMmAeKTanuu
«CnenTexuoPecypcs. URL: http://td-strru/file.aspx?id=11666 (aa-ta obpamenns: 06.11.2016);
Cucrema KOHTpOAs ITapameTpoB Gyperus “Burdata”//Kommanms Asrocdepa. URL: http://burdata.ru/dis.
html (aara o6pamenus: 06.11.2016); Cucrema konTpoast napamerpos 6ypernst <KKOHTYP-2»//000
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— COCTOSIHHE BO3AYIIHOM CPEAbI Ha 3ara30BaHHOCTb;

— MOMEHT Ha POTOpE;

— BecC Ha KpIOKe OypoBoil Ae0eAKH;

— MOMEHT Ha OypPOBOM KAIOUE;

— IAOTHOCTb IIPOMBIBOYHOI JKUAKOCTH;

— AABA€HUE [IPOMBIBOYHOM XXUAKOCTH;

— Pacxop IpOMBIBOYHOM XXHAKOCTH;

— YPOBEHD IIPOMBIBOYHOM KHAKOCTH B TEXHOAOTUYECKIX EMKOCTSIX;

- JacToTa BpaleHus 6apabana 6ypoBoit Aebeaky;

— 9HCAO ABOMHBIX XOAOB LITOKA OypPOBOTO HACOCA;

— 9aCTOTa BpalleHust 6ypOBOro pOTOpa;

— MOMEHT Ha OypOBOM poTOpe.

CymecTByeT TpU OCHOBHBIX CIIOCO0A MIEPEAAUN AQHHBIX OT 3a00MHOM TeAeCH-
CTeMBI Ha [TOBEPXHOCTD B PEAABHOM BpeMEHU: 9AEKTPOIPOBOAHBIIL, THAPABAMYECKUI
¥l 9A€KTPOMATHUTHBII KAHAABI CBSI3HU.

CoBpeMeHHbIe TeAeCHUCTEMBI AASI KAPOTAXKA B IpoLjecce OYpeHns B OCHOBHOM
HCIIOAB3YIOT THAPABAMYECKHI U 9AeKTPOMATHUTHBIIA KaHAABI CBs3U. IIpu aToM mpu
OypeHHMU CKBaXHH IAyOUHHOM 60Aee 1 KMAOMETpPA B OCHOBHOM HCIIOAB3YIOT THAPAB-
AMYECKUI KaHaA CBSI3H .

OAEKTPOIIPOBOAHOI KAHAA CBSI3H” 00AAAAET IIPEUMYIIECTBOM IIePeA BCEMU H3-
BECTHBIMH KQaHAAAMU CBSI3H, TAK KaK SBASIETCSI HANOOAee HHPOPMATHBHBIM, OBICTPBIM
U ToMex0ycTorauBbM. OAHAKO ero mpuMeHeHue IIpy 6ypeHnH 3aTpyAHEHO Heo6x0-
AMIMOCTBIO IIPOKAAAKH KabeAst B Oy pUABHOI KOAOHHE.

TeAecrcTeMBI C THAPABAMYIECKIM KAHAAOM CBSI3H® OTAUYAIOTCS OT APYTUX HAAU-
4HeM B HUX yCTPONCTBA, CO3AAIOLIETO B IOTOKE GYPOBOrO PACTBOPA UMITYAbCHI AABAE-
HUSL. AASI TeHepUPOBAHMS HMITYAbCOB AQBAEHIS B OYpPOBOM PacTBOPE HCIIOAB3YIOTCSI
HECKOABKO Pa3AMYHBIX 10 THITY yCTpOicTB. CUTrHAA, CO3AABAEMBII MU, IOAPA3ACAS-

HIIIT «Teocdepas. URL: http://www.geosferatver.ru/control /kontur-2 /kontur-2.php (para o6pamenus:
06.11.2016); Kommnaexc cpeacts Hasemuoro koutpoast TM KYB//AO HIT® «Terpan>. URL: http:// tngi.
ru/production.html (aara o6pamerus: 06.11.2016); Crannus xonrpoas napamerpos 6ypenus (CKIIB)
Ha OCHOBe H3MepuTeAbHOro kommaekca IBO-50//3A0 «Ilpeanpusrue B-1336>. URL: http://v-1336.
ru/ru/produkciya/novye-razrabotki/ckpb.html (aara o6pamenus: 06.11.2016).

! Teitrean6aym A.B., Baacos A.A. BrCTpble aATOPHTMBI ACKOAMPOBAHMS AAHHBIX 3a6OFHOI
TeAECHCTEMbI, UCTIOAb3YHOLEl THAPABAMYeCKHIt KaHaA cBsi3u/ /MHrepakcno Teo-Cubups, - Ne 3/ -T.2/ -
2014.

? Poraues O.K., Avimenko A. A. TTo-pyccku — reaemerpust, mo-auramiicku - MWD/ / Cospemennoe
mamunocrpoenue. URL: http://www.sovmash.com/node/62 (para o6pamenus: 06.11.2016).

3 Drilling Services//Schlumberger. URL: http://www.slb.com/services/drilling.aspx (para
obpamenus: 06.11.2016).
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eTCs Ha TPH BHAQ: TIOAOKUTEABHbIN FMITyAbC, OTPHIJATEABHBIN UMITYABC HAM Hempe-
pbIBHAs BOAHA .

K HepocTaTkaM AQHHOTO KaHAAA CBSI3M MOXXHO OTHECTH HH3KYIO HHPOpPMATHB-
HOCTD M3-32 OTHOCHUTEABHO HH3KOH CKOPOCTH IT€PEAAYH, HU3Kasl TIOMEXOYCTONIH-
BOCTB, IIOCA€AOBATEABHOCTD B IIepeAade HHPOPMAI[UHL.

CucTeMbl ¢ 9AeKTPOMATHUTHBIM KaHAAOM CBS3H HCIIOAB3YIOT SACKTPOMATHHUTHBIE
BOAHBI (TOKH paCTEKaHHsI) MEKAY H30AMPOBAHHDBIM y4ACTKOM KOAOHHBI 6y PHABHBIX TPY6
u niopoaoit. Ha moBepXxHOCTH 3eMAM CUTHAA IIPUHHUMAETCS KaK Pa3HOCTD IIOTEHITNAAOB
OT pacTeKaHIsI TOKA [I0 TOPHOI IIOPOAE MEXKAY OYPHABHOI KOAOHHOM U IIPUEMHOM aH-
TEHHOW, yCTAHABAUBAEMOI B IPYHT Ha OIIPEAEACHHOM PACCTOSIHUY OT Oy POBOI yCTaHOB-
ku. K mpenmymecrsam DMKC oTHOCHTCS HECKOABKO 60Aee BbICOKAS MHPOPMATUBHOCTbD
TI0 CPaBHEHHIO C THAPABANYECKIM KaHAAOM cBs3U. K HepocTaTkaM — AQABHOCTD CBSI3H,
3aBUCSIIIAS OT IIPOBOAMMOCTH U [IePeMe)kaeMOCTH TOPHBIX IIOPOA, CAA0ast TOMEXOYCTON-
YHBOCTD, CAOXKHOCTD YCTAHOBKY AHTEHHBI B TPYAHOAOCTYIIHBIX MECTax’,

B xauecTBe Ha3eMHOI CHCTeMbI KOHTPOAS IIAPaMeTPOB OyPEHIs HCIIOAB3YeTCs
AMHAMOMeTp dAeKTpoHHbI ADA-140 (150)3, NpUHUMAIOIMI CHTHAABI AATYHKOB
B PEaABHOM BpeMeHH, 00pabOTKy U3MepeHUIl i IepeaaTy 00paboTaHHbIX AQHHBIX .
ITepepada AQHHBIX B OOABIINHCTBE CAYYd€B IPOMCXOAUT II0 IIPOBOAHBIM AHHIIIM. Ko-
TOpPbIE UMEIOT TaKHe HEAOCTATKH, KaK 3HAYUTEAbHOE BpeMsl Pa3BEPTHIBAHMUS, HU3KYIO
MOHTaXXeCIIOCOOHOCT, YI3BUMOCTb OT MEXaHUIEeCKOTO BO3AEHCTBHIL, YTO MOXKET IIPH-
BECTH K OCTAHOBY IIpoIiecca OypeHus. AAsl pellleHUsI 9TUX IPObAeM IIPeAAaraeTCst
HCIIOAB30BAHIE 6eCIIPOBOAHBIX TEXHOAOTHIL

Kourpoanpyewmsie mapamerpsr AJA-140 (150) — Harpyska Ha Kpiok 6ypoBoit
AefeAKH, HArPy3Ka Ha AOAOTO, KPYTSINHMI MOMEHT POTOPA, BEAUYHHA U AMHAMUKA
TEXHOAOTHYECKUX AABACHUIL 1 AP®. CBSI3b MOAYASL YIIPABACHIS C AATIHKAMU TEXHOAO-
IMYeCKMX ApaMeTpoB ocymecTBAsgeTcs mo Texnosorun Wi-Fi. Aas casu no Wi-Fi
HCIIOAb30BaH MUKPOKOHTpoAAep ¢ unrepdericom Wi-Fi.

! Poraues O.K., Avmerxo A. A. [To-pyccku — Teaemerpus, no-auraniicki - MWD/ / Copemenroe
mammumnocrpoenue. URL: http://www.sovmash.com/node/62 (aara obpamenus: 06.11.2016).

% Texamueckue CPeACTBa, METOAUYECKHE Pa3pabOTKI, TEXHOAOTHH, YCAYTU B 00AACTH Te0 pUBUIECKUX
HCCAeAOBaHUI CkBaKuH. KpaTxuit xaraaor//OAO HIIII BHUMN Teopusmueckux mccaepoBaHMIT
ckBaxxus. URL: http://vniigis.com/pdf/Karaaor%20 BHUHUI'T1C%202016.pdf (sara obpamenus:
06.11.2016).

% Cucrema KOHTPOAS TEXHOAOTHHUECKHX TAPaMeTPOB Gy pertst i pemonTa cksaxut/ / Chepa, Hedrp
mras, - N¢ 3 (41),- 2014, - C. 142-144.

* Kpamnus I IT. Opranusanus npoH3BOACTBA 1 SKOHOMUKA Gypenms cksaxun. — M., Heapa, -
1984.-245 c.

S Kommaexe ADA-150/ «Ilerpoaaitn-A>» URL: http://pla.ru/products/del-150 (Aara o6pamenus:
08.01.2017.).
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Taxk xax B pouHaMoMeTpe ADA-140 (150) HCITOAB3yeTCs CTaHAAPT RS-48S, To ans
CBSI3H MOAYASL YIIPABAEHIS M AATIUKOB C MUKPOKOHTPOAAEPOM HCIIOAB3YETCSI IIPe0d-
pasoBaTeAb HHTEPEFCOB, KOTOPHII Ipeobpasyer RS-485 B TpaH3HCTOpHO-TpaH3H-
CTOPHYIO AOTHKY. AASI aBTOHOMHO¥ PabOTHI AATIMKOB HCIIOAB3YETCSI AKKYMYASTOPHAS
6aTapest. AAsI COTAQCOBAHIS yPOBHS IUTAIONIErO HAMPSDKEHIS HCIIOAB30OBAH PEryAUPY-
€MBbIH ITOHDKAIOIHIT npeo6pa3OBaTeAb. HcnoapsoBanue 66CHPOBOAHI>IX TEeXHOAOTHI
IIO3BOAUT OTKA3aThCS OT IPOKAAAKU KaOEABHDBIX COEAMHEHMIT, TOBBICUTH THOKOCTD
U 00eCIednuTs MOOMABHOCTD CHCTEMBI KOHTPOAS TApaMeTpoB OypeHust .

ITomMuMO HeOOXOAMMOCTH ITOAYYeHHsT MHGOPMALIUH C 32605 U Ha3eMHOTO 000-
PYAOBAHIS IIpU OYpEeHUN CKBOXUH B YCAOBILIX 3aBEPIIAONIell CTAAUN Pa3spaboTKu
HeTSIHBIX U ra30BbIX MECTOPOXKAEHHI BBIPOCAH TPeOOBAHMS K SAKTPOIPHBOAY
OCHOBHBIX — OYpPOBBIX Ae6€AOK, POTOPOB, HACOCOB M CUCTEM BEPXHETO IIPHBOAA —
U BCIIOMOTaTeABHBIX MEXAHI3MOB OypOBBIX yCTaHOBOK. Hanboaee moAHOe HCIIOAD-
30BaHH€e MOIJHOCTH OCHOBHBIX OYPOBBIX MEXaHU3MOB, BO3SMOXXHOCTb OIITUMAABHOTO
BeACHIS TEXHOAOTMYECKHUX IIPOLeCCOB OypeHus, TOBbIIIeHHE TOKa3aTeAel OypeHust
B L]eAOM 00eCIIeInBaeT peryAupyeMbIil 9AKTPOIIPHBOA>.

B mporecce yraybAeHus CKBOXKMHBI MOXKHO H3MEHSTD OIpEAEACHHbIE ITapaMe-
TPBL, KOTOpbIE IIPUHATO HA3BIBATh IAPAMETPAMU PEKHUMA OYpeHHs’: 0CeBYIO HArpys-
Ky Ha A0AOTO G (AMHAMHYECKYIO M CTATHYeCKYI0), PACXOA POMBIBOYHOMN HUAKOCTH
¥ TapaMeTpbl, XAPAKTEPHU3YIolee ee CBOICTBA, 4YaCTOTY BpameHns AOAOTa (nam 6y-
PHABHO KOAOHHBI — AASL POTOPHOTO GypeHus).

Bes mpekparmeHus Ipoliecca YAy OASHIS CKBKHMHbI MOXKHO H3MEHSTb AABACHUE
Ha BBIKMAKE OypOBOro Hacoca UAM B OYPHABHONM KOAOHHE U BPAaLjaTEABHBI MOMEHT
AASL pabOTBI AOAOTA MIAM Ha BaAy 3a00MHOIO ABUTATEAS (PH, Mli Hu MA). WMsmenssa Tor
HAHU MHOM ITAPaMeTpP CPeACTBAMHU PETyAUPYEMOTO IAEKTPOIPHBOAA C HCIIOAb30BaHHEM
HMHPOPMALMOHHBIX AQHHBIX C 32005 X HA3eMHOTO 00OPYAOBAHMS MOXKHO AOOHUTHCSI
OITHMAABHOTO pexxuma Oyperns®.

! Xycuues A. C., Hukyaun O.B., Xaitaapos P.P. BecrpoBoaHast mepeaata AQHHBIX B CHCTEMe
KOHTPOASI IIapaMeTpoB 6ypeHusi/ /MaTepuaAbl perHOHAABHON HAyYHO-IIPAKTHYECKON KOHpEepEeHIUK
«Hayunaa ceccus cryaentoB AHM>» 21-25 mapra 2016 r.— AAbMeTbeBCK: AAbMETbEBCKHI
rOCyAQpCTBeHHbIN HedTaHOM HHCTUTYT, 2016.— C. 126.

? [lla6aros B.A., Huxyaun O.B. VccaepOBaHHe —pPEXHMOB  9ACTOTHOTO — PEryAHPOBAHHS
CHHXPOHHOTO 3AEKTPOIpUBOA2 6ypoBoro Hacoca//ITIpo6AaeMbI CTPOUTEABHOTO KoMIIAeKca Poccuu:
MaTepuaabl 14-it MexayHapoAHOH HayYHO-TeXHUYeCKOM KOHPepeHIHHU ITpu 14 — crieraAusMpoBaHHOM
BoicraBke «Crponreapcrso. KommynaabHOe x03stiicTBO. JHeprocbepexxerues. — 2010.- C. 59-60.

% Osununnkos B.I1., Tpaues C.U1., ®poaosA.A.Crpasounux 6yposoro Macrepa: yue6.-
npakT. mocobue. — M.: Mudpa-Mrwxenepus, — 2006. - T. 1. - 608 ¢; Opunnanukos B.I1., I'paves C. 11,
®ponros A. A. CripaBounuk 6ypoBoro macrepa: ydeb.-npaxr. mocobue. — M.: Muppa-Hmkenepus, —
2006.-T.2.- 608 c.

* Baapenxo A. ®., Bepsexun A. B., TTaorauxos B.M. ITyTu AQAbHEIIIEro COBEpIICHCTBOBAHES
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MeToaNKa OlleHKH 3 PEeKTHBHOCTH AOTIOAHHTEABHBIX 3aTPAT IPH BHEAPe-
HHH YaCTOTHO-PEryAHPYEeMOro 3AeKTPOIPHBOAA 6ypOBOro Hacoca

OxoHOMUYeCKasT 9P PEKTUBHOCTD YACTOTHOTO JAEKTPOIIPUBOAA Oy POBOrO HAacoca
00yCAOBA€HA CHIDKEHHEM BpeMeHH Oy peHNsI CKBOKUHbL; CHIDKEHHEM II0TePb MOIIHO-
CTH U 9ACKTPOIHEPTUH B 9AeKTPOABHUTATEAE M CHIDKEHHEM PaCXOAA 9AKTPOIHEPTHU
Ha IIOTEPU AABACHIISI B MaHH(OAbAE .

CHmKeHHe BpeMeHH OypeHHsI 3a CYeT PeryAupyeMOro 9AeKTPOIIPUBOAA. DHep-
rus1, TpeOyeMast AAS pa3pyLIEHHS IOPOADL TP HePEryAUPYeMOM W, A peryaupyemom
Wpee_ 9AEKTPOIPHBOAAX, OAHA M Ta JKe Wﬂep, = W'Pa. Torpa 6yayT PaBHbI ¥ IPOU3BEACHH
CPEeAHHUX OTPeOASIeMBIX MOIFHOCTEH 32 BpeMsi OypeHus’

vz L = e T, (25)
tae P u P cpeaHue MONIHOCTH BO BpeMs OypeHIs IpU HEPETryAUPYeMOM U pery-
aupyemom IIT Ha yyacTkax; TWP' u Tpa' BpeMsI Ha pa3bypHBaHUe IOPOABI IIPU Hepery-
AVPYEMOM U PEryAUPYEMOM SAeKTPOIIPUBOAL.

ITo Mepe yrAyOAeHUSI CKBOXKHHBI PACTYT IIOTEPH HAIIOPA B CKBAKUHE, 4, CACAOBA-
TEABHO, PACTeT M AABAGHHE Ha BBIXOAe Hacoca. IIpu mocTosHHOM mopade Hacoca aTo
IPUBOAUT K POCTY HArPY3KHU 9AEKTPOABUraTeAs. IIpu HeKOTOpOIT rAybune GypeHus
MOIITHOCTD HaTPY3KH 9AeKTPOABHTATEAS AOCTUTAeT HOMHHAABHOTO 3HadeHwHs1. C 3TOT0o
MOMEHTA HaYMHAETCS PeTryAupOBaHHUe YaCTOTHI BPaljeHUs dIAeKTpoABHTaTeAst. Ecau pe-
T'YAMPOBAaHHE BBIITOAHATD 10 3aKOHY IIOCTOSHCTBA MOIFHOCTH, TO MOIITHOCTD HAaTPy3KH
B IIpoliecce OypeHs OyAeT OAAEPIKIBATHCS IPUMEPHO [IOCTOSHHOM. TakuM 06paso,
TPH PEryAMPYeMOM 9ACKTPOIPUBOAE CPEAHSSI MOIHOCTh PABHA HOMHHAABHON P
TOTAA M3 BRIpakeHus (25) moaydaem

P
= 2 Ty (26)

To ecTb BpeMst Oy peHUsI IPU PETYAUPYEMOM JAEKTPOIIPHUBOAE CHIDKAETCSL.

CHwkeHHne MOTeph MOIIHOCTH M SAeKTPOIHEPTHH B 3AeKTPOABHraTeAe IIpU
4aCTOTHOM PeryAUpOBAHHH O0YCAOBAEHO MOBbIIIEHHEM KOIPPHIIMEHTa 3arpysKy 5
u KIIA n aaexrpopsuratess. Ecau peryaupoBaHue BHIIOAHATD 110 3aKOHY ITOCTOSIHCTBA

TeXHOAOIMM OypeHUs CKBAXHMH C IPUMEHEHHeM BHHTOBBIX 3a00MHbIX ABurareseit//BecrHux
ITHUITY. T'eosorus. Hedrerazosoe nuropnoe pero. —2016. - T. 15, - N¢ 19. - C. 165-174; Bepsexun A. B.
K Bompocy aBroMarusanuu npouecca 6ypeHus HeQTIHBIX U [a30BBIX CKBOXKUH BHHTOBBIME 320 0MHBIMU
asurareasmu/ /Becruuk ITHUITY. Teoaorus. Hegrerasosoe uropuoe aeao. — 2014. - N0 10, — C. 49-65.

! [la6anos B. A., Hukyaun O. B. neproc6eperarouii CHHXPOHHbII 4aCTOTHO-PEryAHpPYeMbIit
9AEKTPOIPHBOA GypoBoro Hacoca//DHeproaGeKTHBHOCTD U IHEProGE30MACHOCTD Ha MPEAIPUSITHSX
IPOMBIIIACHHOCTH M >KHAUIIHO-KOMMYHAABHOTO XO3siicTBa. Tpyapl Bcepoccmiickoro Hay4yno-
IPaKTHYECKOTo ceMuHapa B I. CaaaBar. — Yga: «Tmaem>.—2010.- C.213-217.

% Illa6asos B.A., Hukyaun O.B. OnpeseseHue XapakTepHCTHK HaCTOTHOTO PEryAMpOBAHEs
CHHXPOHHBIX ABHTaTeAeH Ha MPUMepe CHCTEMbI aBTOMATHYECKOTO PEryAHPOBAHHUS SACKTPOIPUBOAA
6yposbix HacocoB//Duepreruka Tarapcrana. — 2008. - Ne 3. - C. 72-80.
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momuocTH, To KITA aaexTpoaBHraTeAst GyAyT IOAAEPIKUBATHCS PUMEPHO IIOCTOSIH-
HbIM U PaBHbIM HOMUHAABHOMY 3HadeHu:0. Pab6ora DA ¢ KITA, 6AU3KMM K HOMHHAAB-
HOMY, BIIAOTb AO AOCTIDKEHHS IIPEAEABHOTO AABAEHIS Oy POBOTO HACOCA, MOXKET OBITh
obecIiedeHa ITyTeM UCIIOAb30BAHIS PAa3AEABHOTO PEryAUPOBAHIIS HALIPSDKEHMS, 9ACTO-
ThI BPAILleHIs] ¥ TOKA BO30YxxAeHusL. [Ipu 9TOM peryAnpoBaHre 4aCcTOTHI IIUTAOIE
ceTH obecrednBaeT TpebyeMy0 YaCTOTY BpalljeHHs U [I0OAATY HAacOCa [0 Mepe yraybae-
HUST CKBOXKUHBI, PeIYAMPOBAHIe HAPSDKEHISI CTaTOpa 00eCIIednBaeT MOAAEPIKAHE
TOKA CTaTOpa Ha HOMHHAABHOM ypOBHe. PeryAnpoBaHue TOKa BO30YKACHHUS MOYXKET
HCIIOAB30BATHCS ALOO AASI IIOAAEPIKAHISI 3AAQAHHOTO K03 QHIIeHTa MOLIHOCTH ABH-
raTeAs], HATIPUMep, PABHOT'O AUHHIIE, AUOO AASI COXPAHEHIS 3AAQHHOM ITeperpy304HO
CIOCOOHOCTH. B mepBoM cAydae CHIDKAIOTCS IIOTEPH MOITHOCTH B 9AEKTPOABHUIATEAE,
BO BTOPOM IIOBBIIIAETCS YCTONIUBOCTD PA0OTHI 9AEKTPOIIPHBOAQA IIPU PE3KHX U3Me-
HEHISIX AABACHIIST Ha BBIXOAE HACOCA.

Ipu neperyaupyemom mpusope KITA MoxxeT ObITh HANAEH [0 BBIPOKEHISIM

1 1-
polip 1T

- )

2 "o,
AP=P,+B’AP, ; (27)
n= Puep.
P +AP

Hep
HOTepI/I IACKTPOSOHEPIHHU B IACKTPOABUTATEAE IIPH HEPETYAHUPYEMOM ASHCP_ Hpe-

ryaupyeMoM AD  aAeKTpoI HUBOAEC OITPECACAAKOTCS IO BbIPAXKCHUAM
pee

1 —
Aapee = Pum.‘ ’ Tuee T, (28)

pee.
Mo

1-n
Agﬂep. = P"”P ’ n ’ TMBP.‘ (29)

Pacxop 3AeKTpO3HepruH Ha MOTepH AaBAeHHI B MaHHQoAbAe. [ToTepu AaBae-
HUS B MaHU(OABAE OTIPEAEASIOTCs 110 BolpaxkeHnio ! p=c- N, tae N ; — IHCAO XOAOB
nopuHs B MUHYTY, ¢=0,0166, koHcTanTa. Toraa pacxop 9A€KTPOIHEpPIUH Ha IIOTEPU
AABAEHYISI [IPU HEPETr'yAUPYeMOM IIPHBOAE OYAeT

83, =c-N',-Q, T, (30)

TexHOAOTHYECKH HEOOXOAUMOE KOAMYECTBO [IPOMBIBOYHOIO PACTBOPA B AUTPAX
B CEKYHAY Q? = 0,07-1_[3, rae 0,07 — mepeBoAHDIN KO PUITHEHT; H3 — nAomaAb 32605
CKBaXkuHbl, cM”. ITpeBblerne npounssoanTeabHoCTH BH Hap BbIMHCACHHOI 11O AQH-
HOMY COOTHOIIEHHUIO BEAYUHOI He IIPHBOAUT K CYI[eCTBEHHOMY M3MEeHEeHHUIO MeXa-
HHYeCKOH CKOPOCTH ITPOXOAKH.

N, =y (31)

pee. Q Hep. )
Hep.

! Bapenxuit FO. B. Bypenue nedrsispix 1 razosbix cksaxus. — M.: Heapa, — 1967. - 400 c.
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4 PacXOA 9AEKTPOIHEPIUH Ha IIOTEPU AABACHIL IIPH PETYAUPYEMOM IIPHBOAE
Aatm- =c szer- ’ Qpee. : Tpee. (32)
AASL OLIeHKH CpOKa OKYIIAeMOCTH IIPUMEHIM MeTOA IIPUBEACHHBIX 3arpar. I1pu-
BeACHHbIE 3aTPaThl PaBHbI'
3=EK+C, (33)
rae E — HoOpMa AMCKOHTa, OmpeaeAsieMast Ha yPOBHE KPEAUTHBIX CTABOK C yI€TOM
puckoB; K — xamuraapHble BAoxkeHusT; C — TeKyIjie 9KCIIAYaTAI[MOHHBIE 3aTPAThL
KarmraabHsle 3aTpaTsl, KpOMe 3aTpar Ha IPHOOpeTeH e YaCTOTHOTO IIPeobpa3oBa-
TeAsl, AOAXKHBI BKAIOUATb APYTHE 3aTPAThl, HAIPUME], 3aTPATHI Ha IO TPAHCIIOPTHPOBKY,
cospaHne GpyHAAMEHTA, MOHTXHO-HAAAAOUHBIE PAGOTBI, a TAKOKe HAyIHO-UCCACAOBA-
TeAbCKUE U OIIBITHO-KOHCTPYKTOPCKIIE PabOTBI, CBSI3AHHBIE C CO3AAHUEM 1 BHEAPEHIEM
IPOEKTHPYEMOTO 3AKTPOIIPHBOAA. COCTABASIOIMIE KAIINTAABHBIX 3aTPAT, OAHAKOBbIE
B CPABHIBAeMBIX BAPUAHTAX, BO MHOTUX CAyYasiX MOKHO He YHThIBATb.
Texymye 9KCIIAyaTALOHHbIE 3aTPATHI PABHBI

C=C,+C, +C,, (34)
TAC Cu —_— aMOPTI/IBaI_II/IOHHbIe OTYUCACHUS; Cpu— SanaTbI Ha PEMOHT u O6CAY>KI/IB3.-

HUE; C3 — 3aTpaThl HA SAEKTPOIHEPIHIO.
AMOPTHU3AITHOHHbIE OTYHCACHUS PABHBI
Cu :paupan 'K) (35)
TA€ Py — HOPMa aMOPTU3ALMOHHBIX OTYMCACHMM.
3anaTbI Ha PEMOHT U 06CAY>KI/IBaHI/Ie
C K, (36)

TA€ Py — HOPMA OTUHCAEHHIT HA PEMOHTBI K OOCAY)KUBaHIE 00OPYAOBAHIISL.

0 = Ppoupon

Pa3HOCTD 9KCIIAyaTaMOHHBIX 3aTPAT PaBHA

AC =~(Papon + Propn ) Koo +AC,, (37)
rae AC, =C, —C, — pa3HOCTb OIIAATHI 32 IAEKTPOIHEPIHIO [IPH OTCY TCTBHHU U HAANYUH
9aCTOTHO-PErYAHPYEMOTO 9AEKTPOIIPUBOAA.

Cpox oxymaemocTu*
1

T, =%c . (38)

KX (Paw D poupon )

upan

! [la6aros B. A., Huxyaus O. B. Onerxa 3¢ GeKTHBHOCTH IPHMEHEHUS YaCTOTHO-PEryAHPYEMOTO
9AEKTPOIPHBOAA GYpOBBIX HacocoB B AsHakaeBckoM YBP//Duepreruka Tarapcrana. — 2008.— N 1. —
C.74-81.

2 AsexceesB.B,  Aaexcees M.B.,, Ilessipés }O.B., ®épopos O.B.//Ouenka  rexHuko-
9KOHOMUYECKUX [TOKA3aTeAH IPH BHIGOPE SAEKTPOIIPHBOAA B T€OAOIOPa3BeAOUHON oTpacan/ TexH.,

TEXHOA. ¥ OPT. T€OA.- pasBeA. pa-6or: O63opHas uadopmarus. -M.: OO0 «Teourpopmrrentp>, — 2002. —
Bpm. 3.- 94 c.
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MeTOAHKA HCCAEAOBAHHSI Pa6OThI IAeKTPOABHUTaTEAEH IIOCTOSIHHOTO TOKA
6ypOBBIX MEXaHM3MOB IPH HAPYIIEHHSIX B CHCTeMe Bo36y>kaenust. B ocHoBe aHa-
AM32 CBOVICTB ABHTaTeAS IOCTOSIHHOTO TOKA I[P HAPYLIEHHSX B CHCTeMe BO36YKACHNUS
AEKUT pacyeT MarHUTHOI term. IIpy NcIe3HOBEHUM TOKA B YaCTH KaTyIIeK Bo36ysk-
ACHHS M3MEHSIOTCSL ITy TH IIPOTEKAHKS MATHUTHOTO IOTOKA M M3MEHSeTCsl ypaBHEeHne
PaBHOBECHs HAMArHMYMBAIOIMX CHA. B HOpMaAbHOM pexxuMe paboThI Bee YeThIpe 10~
ATOCA MATIIHbI CO3AAI0T MarHUTHbIE TOTOKH, OAMHAKOBBIE TI0 BEAUYUHE U OAUHAKOBO
pacrpeaeaeHHbIe B 3a30pe. [109TOMy pacdeT MarHUTHO L€l AOCTATOYHO BECTH AASL
OAHOI [TapbI [IOAIOCOB AASL CPEeAHEl AMHUM MarHUTHOTO MIOTOKA. MarHuTHas nems
MAIIMHBI TOCTOSIHHOTO TOKA, TOKA3aHHas Ha pUCYHKe 12, pa3sbura Ha y4acTKu: BO3-
aymHbIii 3a30p (8), 3y6up sixops (h,), sipmo (cepaeunnk) siopst (2L ), moasocsr (h, ),
u sipMo craropa (cranmusr) (2L).

Ly =
/’/’ \\‘
s . \\\
N hZ ’

- \ 0 : \
I/ o P\
/ . s \\
7
h - \

/ 7 \
i DY e 1
! » La { |
i ] | A R
h ‘ h
Da a pi

PucyHok 12. MarHnTHas uenb MallvHbl MOCTOSHHOMO TOoKa

B HOpMaAbHOM peXxiMe pabOTHI MATHUTHbIE TOTOKK BCEX IIOAIOCOB PACIIpeAEAEHbI
oauHakoBo. IIpu aToM ypaBHeHHe 110 3aKOHY IIOAHOTO TOKA AAS MATHUTHOM I1eTH 3a-
IIUCBIBAIOT AUOO AAST OAHOTO IIOAIOCA', A6O AASI OAHOI IIApBI IIOAIOCOB?. YpaBHeHMe
MAarHUTHOM LTI AASL OAHO ITAPbI [IOAIOCOB 6e3 yueTa peakiuH SKOPsI UMeeT BUA:

F=[Hdl=2H,5+2H h +2H,L +2H h +2H L, (39)

rAe
F=2wji, (40)
— MAaTHUTOABIDKYILASI CHAQ, COBAQHHASI TOKOM BO30OYXKAEHIS ABYyX 0OMOTOK BO3-
Oy>xAeHust; H — BeKTOp HAIPsDKEHHOCTH MATHUTHOTO IIOAST; dl — aAeMeHT AyTH,

IO KOTOpO¥ BeaeTcst mHTerpupoBanue; 8, h, L, h , L — ToKa3aHHbIe HA PUCYHKe
12 reomerpuaeckue pasmeps;; Hy H, H, H , H — HanpsbkeHHOCTH MarHUTHOTO

! Kompiaos V. IT. Daexrpuueckue marmumst. — M.: Bricmas mkoaa. Aoroc.— 2006.— 667 c;
HBanos-Cwmoaenckuit A. B. Daexrprdeckre Mammabl: YueOHUK AAst By30B. B AByx Tomax. — Tom 2. — M.:
Uspareavckuit oom MO, — 2006. - 532 c.

? Boabaex A. V1. Daexrprueckue MamuHbL. YireGHUK AAS CTYACHTOB BHICIIL TEXH. y4eGH. 3aBeAeHHiL. -
3-e u3p., mepepab. — A.: Oneprus, — 1978.— 832 ¢; ITnorposckuit A. M. DAeKTprdecKie MAMAIINHbL —
M-A.: Tocoreprousaar, — 1960. - 531 c.
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IIOAS Ha COOTBeTCTByIOH.H/IX y‘{aCTKaX,' (1)6 — YHMCAO BHUTKOB 06MOTKI/I BOBGY}KAeHI/Iﬂ
Ha TIOAIOC; i, — TOK BO30Y>KACHUSL.

ITpu sanucu ypasueHns (39) AAS OAHOTO MOAIOCA AOCTATOYHO AEBYIO H IPABYIO
4acTH paspeAuTdb Ha ABa'. MarnuTHsli notok @ B sipMax cTaropa u SIKOps B ABa pasa
memnbiie moroka O B 3azope. [T0aTOMY HAMPSHKEHHOCTDH MOASL B CTAHHHE H SIKOpe
B ypasHenuu (39) COOTBETCTBYeT IOAOBHHE MarHUTHOTO IIOTOKA B 3a3ope O= /2.

B cAy4ae BbIXOAQ U3 CTPOSI OAHOI U3 YeThIPeX 0OMOTOK BO30OYXKAEHMUS, TOK BO3-
Oy>KAeHIS OYAET IIPOTEKATh II0 0OMOTKAM BO30YIKAEHHS TOABKO OAHOI IIapbl IIOAO-
COB U CI/IMMeTpI/I}[ MAarHUTHBIX IIOTOKOB HapYHlaeTCﬂ. MaruauTHsie eIy MalllnHbI I10-
CTOSIHHOTO TOKA M3MEHSTCS U PUMYT, BUA, TIOKA3aHHbII HA pUcyHKe 13. B otandne
OT pUCYHKa 12 AAsI aHAAM3a HEOOXOAMMO PacCMaTpUBATh ABA MAarHUTHBIX IIOTOKA P
u (I)1 OTAMYAIONIMXCS AAMHOM MarHUTHOM ITenu. AAUHbBI KOHIIeHTPHUYECKUX YIaCTKOB
L nL aasanoroxa @ HapucyHke 13 yBeANIMBAIOTCS IPUMEPHO B TPy pasa. Tak, ecan
AAmMHA ydacTka L Ha pucynke 12 moroka @ ompeseasiercst o dopmyae’:

’ 4p 2

(41)

TA€ p — YHCAO IIOAIOCOB,

TO A y9acTKa L | Ha puCyHKe 13 AAMHA MArHUTHO ITeTTH GYACT OTIPEACASTBCS BHIPUKEHHEM
D, —2h ~h,) h
(D.=2h-h) b, )

4p 2

T
L,=3

PucyHok 13. MarHuTtHas uenb MallyHbl MOCTOSIHHOMO TOKa npu
TOoKe BO30OYXXaeHUs TONbKO B OHOI Nnape nositocoB

! Boabaex A. 1. Daexrpuueckue MammHbt. YaeGHHK AAS CTYACHTOB BbICIIL TEXH. yueGH. 3aBeACHHUL. —
3-e u3a,., mepepab. A.: Oneprus, — 1978.- 832 c.

2 Boabaex A. V1. Daexrprueckue MamuHbL, YieGHUK AAS CTYACHTOB BBICIIL TEXH. y4e6H. 3aBeAeHHiL. —
3-e u3p., mepepab. — A.: Oueprus, — 1978.- 832 ¢; ITnorposckumit A. M. DAeKTprdecKie MAMAIIUHBL —
M-A.: Tocareprousaar, — 1960. - 531 c.
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AmnarorudHO AAsyuacTka L moroka @ ero pamHa ompeseasiercst o dopmyae ':
n(D,+(6+h,)+h
L= ( +(8+h,) )+h—
4p 2

(43)

apasydactka Ll

(D +(6+h )+h h

(D.+(5+h)+h) 1
4p 2

TOI‘Aa YpaBHeHI/Ie I10 3aKOHy IIOAHOT'O TOKa AASL KOHTypa CIIOTOKOM q)l HPI/I OTKa3e

L =3

al

(44)

OAHOM M3 KaTyIIeK MOXKHO 3aITHCAaTh B BUAE:
F=[Hdl=2H,6+2Hh +2H L, +2H h +2H L, =20, (45)
MarunutHas nenb Ha pucyHke 13 copep>KuT ABa Hen3BeCTHbIX TOTOKa D u @ 1 AAs
ee pacueTa HeOGXOAMMO pelaTh CHCTeMY U3 ABYX ypaBHeHwHit: ypasHenus (39), samu-
CAaHHOTO AAS pECYHKa 13, 1 ypaBHenus (45). PaccMOTpHM KaueCTBeHHO, KaK U3MEHHT-
Cs1 HAMATHUYUBAIOIIASI CHAQ B BO3AYILIIHOM 3a30pe IIPU HCIe3HOBEHUH TOKa BO30YKAe-
HISL B OAHOY ITape 00MOTOK. ITpy HensMeHHOM TOKe BO30Y>KAEHIS MATHUTOABIDKYIIAsT
cuaa F no ypasrenuio (40), cospaHHast TOKOM BO36Y>KAEHHUS AByX 06MOTOK BO36Yx-
AEHUSI, OCTAeTCsI HEM3MEeHHOMN
F=2wi = const. (46)
[NoaToMy CymMMa HAMarHHYMBAKOMKX CHA TI0 ypaBHenusM (39) u (45) aas Beex
YYaCTKOB MarHUTHOM IleITi Ha puCyHKax 12 u 13 Taxoke ocTaercs HenaMeHHOM. OpHa-
KO, TaK KaK AAMHbI KOHLIEHTPUIECKUX yIaCTKOB CTaHUHbI U ikopsa L L Ha pucynke
13 60AbIIe AAMHBI KOHIJEHTPHYECKHX y4acTkoB L u L , To moTok @ 6yaer 60abme
IIOAOBHHBI IIOTOKA B 3a30pe. B To Bpems kak Ha pucynke 12 notok @ paBeH mosoBuHe
IOTOKa B 3a30pe. [13 aToro caeayeT, 4To OTHOCHTEABPHOE 3HAUCHHE MArHUTOABIDKYIIIIX
cua (110 OTHOIIEHHIO K MATHHUTOABIDKYIeit cuae F 1o ypasrenuio (40) ), AAsl y9acTKoB
CTaHMHBI U SIKOPS HAa PUCYHKe 13 yBeAMYMTCS IO CpaBHEHUIO C pucyHkoM 12. ITpu
3TOM, BCAGACTBHE PAaBEHCTBA Pe3YABTHPYIONINX HAMaTrHUIHMBAOIIIX CHA AASI ITOTOKOB
AO H ITOCA€ BBIXOAQ M3 CTPOSI OAHOM 13 KaTyIIeK BO30Y>KAEHIS, HA PUCYHKe 13 AOASKHBI
CHU3UTDHCS HAMAarHWYMBAIONIHE CHABI B 3a30PaX MarHUTHOM ITeIH. DTO MOXeT IIpo-
H30UTH TOABKO BCAEACTBHE CHIDKEHISI MarHUTHOTO ITOTOKA B 3a30pe.
MeTopHKa HCCACAOBAHHS KAaUeCTBA IACKTPHYECKOH SHEePIHH
IeAbto rccA@AOBAHMS KadeCTBa IACKTPUIECKOH SHEPTUH SBASETCS aHAAU3 KaJecTBa
9AEKTPOSHEPIHH Ha GYPOBBIX YCTAHOBKAX C HEABTOHOMHBIM IIMTAHHEM B IIOAEBBIX YCAO-
BIHTX, a IMEHHO — H3yYeHHe BAUSHIS PEryAUPYeMOTO SAeKTPOIIPHBOAA OCHOBHBIX MeXa-
HU3MOB OYPOBOIT yCTAHOBKY Ha OCHOBHBIE IIOKA3aTEAN KA9eCTBA IAEKTPUIECKO SHEPIHI
B CETH 1 COOTBETCTBHE MX HOPMaM, 3aAAHHBIM COOTBETCTBYIOIIMMHI CTAHAAPTAMH, C yIé-
TOM 9K30T€HHbIX (aKTOPOB.

! Boabpex A. 1. Daexrpuueckue Manmabt. YaeGHIK AAS CTYACHTOB BbICIIL TEXH. yueGH. 3aBeACHHUI. —
3-e usp,., mepepab. — A.: ueprus;, — 1978. - 832 c.
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AHaAM3 apHOPHOI NHGOPMAIMK IPOU3BEAEH AASL OYPOBBIX YCTAHOBOK C aBTOHOM-
HbIM M HEABTOHOMHBIM IMUTAHNEM, B TOM YHCA€ IIPMMEHUTEABPHO K (]?YHK].{HOHHPYIOH.[HM
Ha meAbde a30Bo-gepHOMOpCcKoro bacceitta (Pecrrybanka Kpomv, I'YIT «YepHOMOp-
Hedreras» ) ' u Ha MecTopoxxaeHmsix Peciry6anku Taraperan (OO0 «Tar6ypredrn> ).
Bansane HecuHyCOMAQABHOCTH (pOPMBI KPHUBBIX HAIPSDKEHHS U TOKA B CETU IPHBOAUT
K CACAYIOIIIMM OCHOBHBIM HETAaTHBHbBIM SIBACHHSIM:

— YBEAUMHUBAETCS TPAHCIIOPTHPYeMasi IO IAKTPOCETH MOIHOCTD;

— CHIPKaeTCsl K09 PUITMeHT MOITHOCTHU CETH;

— BO3PACTaeT BePOSITHOCTb HECAHKIIHOHMPOBAHHOTO CPAOATHIBAHIS ABTOMATHYECKHX
BBIKAIOYATEAeH B CeTH;

— BOBMOYKHO AO’KHO€ CpabaThIBAHUE YCTPOVCTB PEACHHOM 3aIIUThI;

— BOBHMKAIOT BUOPAIUK U IIePErpy3KH PA3AMYHBIX MEXaHH3MOB;

— CHIDKAETCS PEaKTHBHOE COIPOTHUBAGHIE KOHAGHCATOPOB, YTO MOYKET IPUBECTU
K ITOSBACHHUIO PE30HAHCA M BOSHUKHOBEHHUIO ABAPHEIHbIX CHTYALHI B CETH;

— BOBHHKAIOT OIIMOKH B IIOKA3AHUSIX KOHTPOABHO-H3MEPHTEABHbIX IIPHOOPOB;

— BOBHMKAIOT HECTAOMABHOCTH B 9HEPrOCHCTEMAX;

— BOBHMKHOBEHHE IIOMeX, HAPYIIAOIINX CTAOMABHOCTD PAOOThI CHCTEM AaBTOMATHKH,
AHAAOTOBOH U IUPPOBON PAAHOIAECKTPOHHOM aIapaTyphL.

B xoHEYHOM HTOTE, B pe3yAbTaTe AHAAK3A OBIAU YCTAHOBACHDI CAGAYIOIIE OCHOBHbIE
YCAOBHSI IPOBEAEHHS TOAEBOTO KCIIEPHMEHTA:

— IAQH IPOBEACHIIS SKCITEPHMEHTa;

— PEXMMBI 9KCIIAYaTaIU OYPOBO#T yCTAHOBKH, B KOTOPBIX HEOOXOAMMO IPOU3BECTH
H3MEepeHHs;

— KOHTPOABHO-M3MePUTEABHOE 000PYAOBAHHE;

— KOHTPOABHbIE TOUKH M3MePEHHIT Ha CXeMe 9IAeKTPOCHAOKeH s Oy POBOFT yCTAHOBKY;

! Kusenxos A. A., Yepnsiit C.T. ViccaepOBarue aBTOKOAEGATEABHBIX IPOIIECCOB B KOMBHHUPO-
BaHHBIX aBTOHOMHbIX 3AeKTpO9HepreTudeckux cucremax//KoHrpoas. Auarsocruka. — 2016.— N 5. —
C. 61-67; Hpipxos A.IL, JKusenxos A.A., Yepnrii C.I. MopeAM MOHUTOpPHHIAa M YIPABACHUS
IPOIjeccaMy CTAOMAM3AIIN OOMEHHbIX KOAeOAHHMIT MOIJHOCTH B QBTOHOMHbIX 9AKTPOIHEPIeTHIeCKUX
cucremax//TIpo6aemst ynpasaenus. 2016. N2 4. C. 22-28; JKuaenkos A. A., Yepnsuit C. T, Turos M. A,
Boparor A. C. YTouHeHHasI MaTeMaTUYECKAsk MOAEAD Ta30AM3EAS AASI HICCACAOBAHUS MHOTOT€HePATOPHbIX
cucrem/ / Aaranku i cucremsr. — 2016. - Ne 8-9 (206). - C. 33-41.

% Illa6amos B.A., Huxyaun O.B. VccAeaOBaHHe —pEXHMOB YACTOTHOTO — PEryAMpOBAHES
CHHXPOHHOTI'O 9AeKTPOIpUBOAA 6ypoBoro Hacoca//IIpo6AaeMbI CTPOUTEABHOTO KoMIIAeKca Poccum:
MaTepHraAbl 14-it MexAyHapOAHOM HayYHO-TeXHUYECKOM KOHpepeHIMHU TpU 14 — crieruaAuspoBaHHON
BoI-craBke «CrponreapcTBo. KommyHaabHOe x03s1icTBO. DHeprocbepesxenue>. — 2010. - C. 59-60;
Huxyaun O.B., ITa6anos B.A. Orenxa 9¢p$eKTUBHOCTH NPHUMEHEHUSI YaCTOTHO-PEryAUPYeMOro
9AEKTPOIPHUBOAA GypOBbIX HacoCOB B AzHakaeBckoM YBP//Duepreruka Tarapcrana. — 2008.— Ne 1
(9).-C.74-81; Ma6anos B. A., Huxyaus O. B. Peryanpyemblit 9AeKTpOIPUBOA GyPOBBIX HACOCOB U €T0
BAMSIHIE Ha 9AeKTPHYeCcKyIo ceTh/ /Rogtec Poccuiickue Hedrerasossie paspabork. Boimyck 44. - 2016. -
C.70-81.
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— BXOAHbIE U BRIXOAHBIE AQHHBIE 9KCIIEPUMEHTA: TTapaMeTphl PeXXUMOB, aMIIANTYAR,
FapMOHHMYECKHMI COCTaB TOKOB U HATIPSDKEHUM U T. A.;

— METOABI 00PabOTKHU Pe3yABTATOB 9KCIIEPHMEHTa;

— MaTeMaTH4YeCcKasi MOACAD IIPEACTABACHHUS U CTATUCTUYECKOTO AHAAN3A TOAYYEHHDIX
9KCTIEPHMEHTAABHBIX AQHHBIX.

/AaHHbIE YCAOBHS HCIIOAB30BAAMCH ITPU OPTaHU3AIMK POBEACHHS IIOAEBOTO JKCTIe-
pHMeHTa.

B xauecTBe axcIieprMeHTAABHBIX HCCAEAOBAHHMI KadeCTBa IAEKTPOIHEPIHUH B dACK-
TPO9HEPIeTUIeCKO CUCTEMe C HeAMHENHOM Harpy3KO# OBIAM IIPOBEACHDI pA6OTHI [0 AUa-
THOCTHIKE CHCTEMBI 9AeKTPOCHAOKe s HaseMHo# BY trrma MBY 3000/170 HI3.

AHaAU3 PabOTHI CHCTEMBI 9AEKTPOCHAMKEHUS IIPOBOAMACS C IIOMOILIBIO H3MEPUTEAS]
IapaMeTpoB KadecTBa asekTpudeckori sHepruu « PECYPC-UF2M>, cooTBeTCTByOm Uit
tpebosarmsiM [OCT 8.655-2009 «CpeacTBa H3MepeHuil TOKa3aTeAel KadeCTBa JAEK-
TPUIECKON 9HePIHH OOIIIYe TEXHIIECKIEe TPeOOBAHMSI».

AAst moAydeHHS 1 06PabOTKY Pe3yABTATOB H3MePeHHI IIPUMEHSIAOCD IIPOTPAMM-
Hoe obecreuenne «UF2 Plus», «Monitor-UF2», «UF2 Plus Sprint>, «Pecypc-
UF2 Opera».

H3mepenus, 06paboTKa 1 aHAAU3 TIOAYIEHHBIX AQHHBIX BBIITOAHSIAVICH B COOT-
BercTBuH ¢ TOCT 51317.4.30-2008 «MeToabI H3MepeHHIT OKa3aTeAeH KauyecTBa
9AEKTPHIECKOM SHEPTUH >,

C mOMOIIBIO AQHHOTO KOMIIAEKCA OBIAU IIPOBEACHBI 3aMePBI, [IO3BOAMBLLIIE IIPO-
M3BECTH aHAAU3 CPEAHEKBAAPATHYHBIX U IIMKOBBIX 3HAYEHHI TOKOB M HAITPsDKEHHI,
HOTpe6A5[eM0171 AKTUBHOM U PEaKTUBHOM MOITHOCTH, KO3 PUI[EHTa MOITHOCTH, KO-
3¢ PULIMEeHTOB UCKAKEHUI POPMBI TOKA U HAIIPsDKEHM s, 3HAYeHUI rapMOHUK TOKA
U HalpsDKeHHUs], CYMMApHBIA K03 GHIMEHT TapMOHUYECKUX HCKKEHNH, TapaMeTphl
AHCOAAQHCA CHCTEMBL.

W3smepeHus npoBOAUAKCh BO BpeMs OCHOBHBIX PEXKUMOB dKCIAyaTanuu BY:

- bypeHue;

— CITyCKO-TIOAbEMHbIE OIIePAITHH;

— BCIIOMOTAaTeAbHbIe TEXHOAOTMYECKIe PEKUMBL

Bp160p yKa3aHHBIX PEXXUMOB ITO3BOAMA OLIEHUTD LjeAeBbIe [IAPAMETPHI BO BCEM
AHMAIla30He MOIJHOCTeM, IIOTPebAsieMbIX 6YPOBOI YCTAaHOBKOM IO AMHUH 9AEKTPO-
CHAOXKeHISL.

Heo06x0AMMO Tak 5Ke OTMETHTB, YTO, II0 Mepe YTAYOACHUS CKBRKUHBL, BCACACTBIIE
YBEAMYEHHsI THAPABAMYECKOTO COIIPOTHBAEHISI TPYO BO3PACTAET U AABACHIE HA BEIXOAE
Hacoca', TO eCTh YBeAUIUBAETCsI HArpy3Ka 6ypoBoro Hacoca. OAHOBPEMEHHO C 9THM

! Hukyaus O.B., [lla6anos B. A. Onerxa 3¢ GeKTHBHOCTH IPHMEHEHHS YACTOTHO-PEryAHPYeMOTo
3AEKTPONPHUBOAA 6yPOBbIX HACOCOB B AsHakaesckoM YBP//Onepreruka Tarapcrana. — 2008. - Ne 1 (9). -
C.74-81..
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BCAGACTBHE YBEAMEHHUs AAMHBI KOAOHHDI 6y PHABHBIX TPY6 (TAYOHHBI CKBAXIHDI) yBEAH-
YIBAETCSI BeC Ha KPIOKE, UTO IIPHBOAUT K POCTY HATPY3KU Ha Oy POBYIO .A€OEAKY, CHCTEMY
BEPXHETrO IPUBOAA B poTop. Taxum 006pa3oM, HAMOOABIINE HAIPY3KH B 9ACKTPIIECKOL
CeTH BO3HUKAIOT K KOHITY CTPOMTEAbCTBA CKBAXKHHBL I [0aTOMy H3MepeHMs IIPOBOAMAKICH
B [TEpPUOA, OAMBKHIT K OKOHYAHUIO OYPEeHISI CKBKHHBI M CAAUHU B 9KCIIAYATALIUIO.

OpAHOAMHEMHAA cxeMa 3AEKTPOIHEPreTHIECKOM CHCTEMbI 6yp0130171 YCTaHOBKU
IIPEACTAaBACHA Ha pUCYHKe 14,

KPY1
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=< e

2 . . .
KPV2 [ ]
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1C5 m TC6 m
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y BT y BT
4. AT 4. AT
. [ L4, C2
\ \ A Ez] HA Ez]
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A C3 14, C3
T3 (2 TC+ ) ™ 0 ﬁ = B3] I\ ﬁ = B3]
@) 2, . < i p{<a o i BT
e B4 — B4
Benoworatemiie  BIMOTIERNE  orepomaporencpazope 1 i“‘""E“‘ — i“““’E“‘ L
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Byposoit macoc Ne 1 Byposoit Hacoe Ne 2

Jlebenxa Porop

PucyHok 14. OgHoNMHenHasa cxemMa an1ekTPOCHabXeHNs
OypoBow yctaHoek MBY 3000/170 U13:

KPY1 — KPY6 — komniexmuvie pacnpedesumervtvte ycmpoticmea; TC1 -
TC 6 - curosvte cyxue mpancpopmamopot; TM — cur060ii macasHblil
mpancpopmamop; IT9 — npeobpasosamers vacmomui; I/, — arekmpodsuzamenn;
B — soinpamumenv; 1 — unsepmep; CBIT — cucmema sepxrezo npusoda; Al —
AS, B1 - BS, C1 - CS — cunosvie aueiixu IT9 ¢ muozoyposnesoii [IIIAM

OCHOBHBIMU 9A€KTPOIIPHBOAAMH B SAEKTPOSHEPIeTIYeCKON CUCTeMe Oy pOBOI ycTa-
HOBKY SIBASIFOTCSL ABHTATEAH TIEPEMEHHOTO TOKa (3AEKTPOIPHBOABI AeGEAKH, POTOPA, 6y~
POBBIX HACOCOB ¥ CHCTEMBI BEPXHETO IPHBOAR), KOTOPbIE YIIPABASIOTCA Yepes3 peot-
pasoBaTeAr YacTOTHL TakuM 06pa3oM, OHH SIBASIFOTCSI MOLITHOM HEAUHEIHOM HArPy3KOM
M OKA3bIBAIOT OCHOBHOE BAMSHME Ha KQY€CTBO JIACKTPOSHEPIUH B HCCACAYEMOM IAEKTPO-
9HEPreTUIECKON CUCTEMBL

OCHOBHOIT aHAAM3 PaBOTHI CUCTEMBI OCYIIECTBASIACS B ABYX TOUKAX:

—na KPY1 (touxa 1 Ha pucynxe 14);

— na KPY2 poimedno-ae6ep0usoro 6a0ka (Touka 2 Ha pucyske 14).

BsiBoabI. OCOOEHHOCTBIO MATEMATUYECKOTO OIIMCAHUSI HCCAEAYEMBIX SAEKTPO-
IIPUBOAOB SBASIETCS BBIACACHHE HArPY30K B HAYAA€ U KOHIIE€ CTPOUTEABCTBA CKBAXKHUH.
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I'raBHas OTAMMHTEABHAS YePTa, 3AKAIOUAETCS B TOM, YTO OHH SIBASIIOTCSI CHCTeMaMH C ITe-
PEMeHHOI Harpy3KOH — B HadaAe OypeHrst Harpy3Ka He BEAUKA, IT0 Mepe YTAyOAeHIs
CKBa)XHNHbI, HAIpy3Ka pacTeT; B aBapI/IIjIHI)IX pe)KI/IMaX (A_I/IKBI/IAaL[I/ISI HPHXBaTOB UT. H.)
3AEKTPOIPHBOABI MOI'YT PabOTATh C KPATKOBPEMEHHBIMH [IEPerPy3KaMIL

BriaeAeHHe U3 GOABIIOTO YHCAQ PEXHUMOB PabOTH 6YpOBOro 0OOPYAOBAHIS
HeOOABIIOr0 KOANYECTBA THIIOBBIX PEXXHUMOB, HAMOOA€E TSDKEABIX C TOUKH 3PEeHHsI
BAUSIHUS HA 9AeKTPUYECKYIO CeTb, IO3BOASIET CYIeCTBEHHO COKPATHTb YUCAO AaHAAU-
3UpYeMbIX BADHAHTOB IIPU pacyére dHEPreTUYeCKUX XapaKTePUCTUK PeryAHPYeMbIX
3AEKTPOIPHBOAOB OYPOBBIX yCTAHOBOK.

HamepureAbHbIe 3a00HbIE TEAECUCTEMBI U Ha3eMHBIE CHCTEMBI KOHTPOAS ITapaMe-
TPOB Gy PeHHUSI ITIO3BOASIIOT IIPOKAAABIBATD CKBAXKUHBI CO CAOXKHON TPAeKTOPHE, BKAIO-
Jaolljel II0OBOPOTBHI B PA3HbIX MAOCKOCTSIX, pUKCUPOBATH TEXHOAOTHYECKHE TAPAMeTPhI
OypeHIST AASI AAABHENIIETO UX COIIOCTABACHIS M AHAAN3A C SAEKTPHIECKIIMU [TapaMe-
TpaMI/I perAI/IpyeMbIX 3AeKTPOHpI/IBOAOB TAAQBHBIX ME€XaHH3MOB 6YPOBI)IX YCTaHOBOK.

Ha ocHOBe TeXHUKO-9KOHOMHMYECKOTO IIOAXOAQ Pa3paboTaHa METOAUKA OIpeAe-
AeHS 9pPeKTHBHOCTH YACTOTHO-PErYAUPYEMOTO 9AEKTPOIPHBOAA OyPOBOro Hacoca.
MeTOAMKa OCHOBBIBAETCS HA COMOCTABACHUH IPUBEACHHBIX 3aTPAT U OIPeAeACHUH
pasHUIIBI 9P PEKTUBHOCTH AOTIOAHUTEABHBIX HHBECTUIUI B YaCTOTHO-PEryAUpPYyeMbIi
9AEKTPOIPHBOA U CPOKA OKYIIA€MOCTH.

B03MOXHOCTB pabOTHI Y€ THIPEX IIOAIOCHOT'O 9AEKTPOABHUTATEAS IIOCTOSIHHOTO TOKA
He3aBHCHUMOTO BO30YKAEHIS IIPHU AaBAPUIHOM HCIe3HOBEHU TOKA B OAHOM HAM G0Aee
KATYIIKaX BO30Y KAEHIS SIBASIETCSI AKTYAABHOM HAYYHON U IPAKTUYECKOM 3aAadeil.
OAeKTpOABUraTeAN Oy POBBIX MEXAHI3MOB 9KCIIAYATHPYIOTCS B TSDKEABIX YCAOBHSIX —
HAaAWYHNE BAAr'H, IbIAU U BI/I6PaLII/II/I, 4TO IIOBBIMIAET BEPOATHOCTD OTKA30B B Pa60Te
Kak OypOBBIX MEXaHM3MOB, TAK U HX dAEKTPOABHraTeAeil. 113 ommbiTa 9KCIIAyaTaIuu
H3BECTHBI CAyYal HCUE3HOBEHHUS TOKA B OAHOM MAM HECKOABKUX KATYIIKAaX OOMOTKH
BO30Y>XAEHIS ABUTaTeAel! IIOCTOSIHHOTO TOKA, YTO HApYILIAeT HOPMAABHYIO paboTy
9AEKTPOABUTATEAS] I MOXKET IPHBOAUTD K OCTAHOBY IIPOIlecca OypeHusL.

PocT HeAMHENHBIX TOTpeOHTeAEl SAeKTPOIHEPIUY KAaK B 6y POBBIX KOMIIAHISIX,
TaK U B IPOMBIIIAEHHOCTH B L}EAOM 00OCTPHA IIPOOAEMY KadecTBa SAEKTPOIHEPIHU
B aCIIeKTe MCKKEHUSI CHHYCOUAAABHOCTHU HAIPSDKEHUS CETH U YXYALICHHUsI K0adu-
LIMeHTa MOILHOCTH IIOTPeOUTeA L.

YxyaleHre K09 $UIIHEHTa MOIHOCTHU IIPUBOAUT K TOTPeOAEHHIO U3 CeTH 9Hep-
T, KOTOPAsI MOTAQ OBI ITOMTH Ha COBEPIIEHIE IOAe3HOMN PAbOTHI, K yBEAMYEHUIO TOKA
AO 3HAYEHUIT, KOTOPBIE He Hy KHBI AASI BBIIIOAHEHISI AAHHOM PaOOTBHL, 4, CAEAOBATEABHO,
U [IAAHUe HAIPSDKEHHs], CIOCOOCTBYSI BBICOKUM IOTEPSIM SHEPIHU B CHCTEME, K AO-
HOAHHTEABHBIM 3aTPATaM JAEKTPOIHEPIUHL.
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