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Abstract: The effects of saffron extract (Crocus sativus L.) on the EEG of the Central structures
of the visual analyzer in rabbits are considered. It is shown that the introduction of the drug into
the lateral ventricles of the brain enhances coherent links between the visual cortex and subcortical
centers of the analyzer in the theta and alpha ranges of EEG.
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OCOBEHHOCTHU BJINAHNA SKCTPAKTA LUADPPAHA
HA KOFrEPEHTHbIE CBA3U CTPYKTYP
3PUTEJIbHOIO AHAJINSATOPA

Paboma svinosnena npu punarcosoti noddepxucke Ponda

Passumus Hayxu npu Ilpesudenme Asepbaiidscarckoti Pecnybauku.

Ipanm No EIF KETPL-2-2015-2(25)-56/42/3-M-46

AnnoTanus: PaccMoTpenst addexTsl BAMsAHUA aKcTpakra madpana (Crocus sativus L.) nHa

O30T LIeHTPAABHBIX CTPYKTYP 3PUTEABHOTO aHAAM3aTOpa Y KpoAukoB. IlokazaHo, 4To BBepeHUe

Ipernapara B OOKOBbIE )KEAYAOUKH MO3Ta YCHAUBAET KOTePEHTHBIE CBS3U MEXXAY 3PUTEABHOI KOOl

U TIOAKOPKOBBIMH IIeHTPaMU aHAAM3ATOPA B TATA U aabda Auanazonax IOI.

KaroueBblie cAoBa: 3puTeabHas cucrema, JOI, madpaH, KorepeHTHbIN aHAAU3.

VccaepOBaHUSI MEXaHU3MOB HENPOMOAYASILIUH
B IIOCAEAHHE TOABI IPHOOPETAIOT 0COOYI0 3HAUUMOCTb
IIPY peLIeHNH BOIIPOCOB ONTHMHU3ALIU HEPBHbIX IIPO-
I1€CCOB, KaK B HOPMe, TaK ¥ IIPU PA3BUTHU PA3BAUIHOTO
poaa QyHKIMOHAABHBIX HapymeHuit. [To Mepe yray-
GAEHIS CYIeCTBYIOLIUX IPEACTABACHHUI O IPHUHIIUIAX
OpraHM3aL[IX HEPBHBIX IIPOL{ECCOB, U COBEPLIEHCTBO-
BaHWSI METOAOB UCCACAOBAHMS BbIABASIFOTCS BCE HOBbIE
acreKThI 9TOM pobAeMbl. OAHUM M3 TaKKX ACIIEKTOB
SIBASIETCSI TIOMCK SHAO- U 9K30T€HHBIX MEXaHU3MOB Ha-
[IPaBAEHHOM HEMPOMOAYASILIUH AKTHBHOCTH Pa3AMY-
HBIX QYHKIIMOHAABHBIX CHCTEM MO3Ta [2, 6].

Oco06bIil HHTEpEC C ITON TOYKU 3PEHUS IIPeA-
CTaBAsSIeT OMOAOTHYECKH aKTHUBHBIE KOMIIOHEHTbI
madpana (Crocus sativus L.). MsBecTHo, 4TO mad-
PaH COAEPKHT Kpacsiljiie BeLeCTBa, KAPOTUH, dPup-
HOE MAaCAO, B COCTaB KOTOPOT'O BXOASIT TaKue 6Ho-
AOTHYECKU aKTHUBHbIE COEAMHEHUs, KAaK BUTAMHUHBI,
THAMUH 1 pUO0PAABHH, PAABOHOUADL, H30PAMHETHH,
KeMidpepoA i T.A. CIUTAETCSI, 9TO IKCTPAKT madpaHa
AeiCTByeT BO30y KAQIOIe Ha HEPBHYIO CHCTEMY, 00-
AAAQET CIIOCOOHOCTBIO TIOAABASITH A€TeHEePATHBHBIE
IIPOLIECCHI B CETYATKE [AA3d, YCUAUBAET aKTUBHOCTD
doropenenropos [ 1,7, 8].

BMmecTe C TeM cAeAyeT TOAYEpPKHYTh, YTO UCCAE-
AOBAHUS BAUSHUS GHOAOIMYECKU aKTHBHBIX COEAH-
HeHMI madpaHa Ha MEXaHU3Mbl HEPBHOM A€STEABHO-
CTH HOCAT QparmMeHTapHbIit xapakrep. He A0 koHIa
IIOHATHBI He TOABKO KA@TOYHbIE, HO U CHCTeMHbIE Me-
XaHM3MBI Y9aCTHUs AKTUBHBIX KOMIIOHEHTOB madpaHa
B PEryASIUU TIAACTHYECKHX CBONCTB Mosra. C aToit
TOYKM 3peHus 0COOBII HHTEpeC MPEACTABASIET HCCAL-
AOBaHMe BAUSHHS 9KCTPAKT MadpaHa Ha IPOCTPaH-
CTBEHHO-BpEMEHHYI0 OpTaHHM3aIUI0 CYMMAapHOM
AKTHBHOCTH L|eHTPAABHBIX CTPYKTYP 3PUTEAbHOM
CHCTEMBI MO3Ta.

B HacTosimee Bpems HauboAee aAEKBATHBIM Me-
TOAOM AASL pellleHHs TOAOOHBIX BOIPOCOB CYMTAET-
cs1 korepenTHsbrit anaau3 DOI. Xotsa B auTeparype
¥ CYIeCTBYIOT PA3HOYTEHHS [0 3TOMY BOTIPOCY, TeM
He MeHee, KOTePeHTHOCTb ToTeHuaros T B Ha-
CTOsimee BpeMsl UPOKO UCIIOAB3YETCS AASL KOAYE-
CTBEHHOI1 O1[eHKH YPOBHS CHHXPOHH3AI[UK HEPBHBIX
nponeccos [3, 4]. VIcXoAs U3 BIIEN3A0XKEHHOTO,
HACTOsIIee MCCAGAOBAHUE IIOCBSIIEHO BAMSHHUIO
skcrpakra madpana (Crocus sativus L.) Ha pacmpe-
AeAeHue KorepeHTHbIX cBszeit DI cTpykryp 3pu-
TEABHOTO aHAAU3ATOPA.
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MarepHaA H METOABI HCCAEAOBAHUS

HccaepoBaHHS IPOBEAEHDI B YCAOBHSIX XPOHHUYe-
CKUX 9KCIIEPHMEHTOB Ha 6 GOAPCTBYIOIIMX IIOAOBO3-
PpeAbIX KpoAHKax BecoM 2,7-3,0 KI. AAd perucrpanuu
OO0I' mpuMeHSIAM HHUXPOMOBBIE MAaKpPOSAEKTPOADI,
IPeABAPHTEABHO BXKHBACHHBIE B PA3AUYHbIE CTPYKTY-
PbI 3pUTEABHOM CHCTeMbL. Perncrpanuio moreHIMac0B
spureabHOit kopbl (3pK), BepxHuX 6yrpoB 4eTBepo-
xoamus (BBY) u napysxHoro koaeraroro reaa (HKT)
OCYIIIECTBASIAU B 9KPAaHHPOBAHHOM 3aTEMHEHHOM Ka-
mepe. Boanbiit axcrpakr madpana (Crocus sativus L.)
BBOAHAH B O0OKOBBIE XKEAYAOUKH MO3Ta B KoAndecTBe 60—
80 Mxr rcxops u3 KoHuenTpanuu 40,9 mxr/ 1,0 Ma. Ye-
peaHeHHble 3Hauenus korepenTHOCTH (Coh) AAs cTan-
AApTHBIX 4acTOTHBIX Auanazonos DT (8, 6,a, 11 f2)
BBIYUCASIAUCH C ITOMOIIBIO TPOrPAaMMHOTO obecrie-

yenus “Brainsys” (Poccus). ITocae 3aBepmenms aKc-
[IePUMEHTOB JKMBOTHBIX IIOABEPIAaAU 9BTAHA3HHU AAS
IIPUTOTOBAEHISI CPE30B MO3Ta C LIEAbI0 BepUPHKALINY
IIOAKOPKOBBIX 9AEKTPOAOB.

Pe3yAbTaThI HCCAEAOBAHHS U UX 06CyKACHIE

Ha (puc. 1) mpeacTaBaeHbI 0cO6€HHOCTH pac-
IIPeACACHVSI KOTEPEHTHBIX CBSI3€Hl HMCCAEAYEMBIX
CTPYKTYP B YCAOBHUSIX CIIOKOMHOTO OOAPCTBOBAHIUS
9KCIIepHUMEHTAABHbIX XMBOTHBIX. V13 IIprBeAeHHbIX
AQHHBIX BHAHO, 9TO AASI 3PUTEABHOI CUCTEMBI B IIe-
proA GOHOBOI aKTUBHOCTH XapaKTePHBI HEBBICOKHE
KOTE€PEHTHASI CBSI3U MEXAY UCCAEAyEeMBIMU CTPYK-
Typami. 3HaUeHHsI KOT€PEHTHbIX CBSI3€il HAXOASTCS
B npeaesax 0,5-0,6, npu aTom HanboAee BBICOKHUE
sHaueHust Coh HabaroparoTcs mexay 3pK u HKT
B 06AacTH HU3KKX 9acToT DT
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0 : e
5 e a Bl p2
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PucyHok 1. OcobeHHOCTU pacnpeaeneHns KorepeHTHbIX cBa3en Q3 mexay
Pa3/INYHbIMM CTPYKTYpPaMU 3PUTENIbHOIO aHanmM3aTtopa B YCIIOBUSIX CIOKOMHOIO
00apCTBOBaHUS Y KPOJIMKOB. A — CyMMapHasi akTUBHOCTb, b — pacnpeaeneHue

cpenHux 3HaveHmn Coh no ctaHaapTHbIM gnana3oHam O3l

MHast KapTHHA HAOAIOAQ€TCS IIPH AaHAAM3€ CBSI-
3ell MocAe BBEAEHHS BOAHOTO 9KCTpPaKTa madpaHa.
B aroit axcriepuMeHTaAbHOM CUTYalJud OCHOBHbBIE
M3MeHeHUs IPOCTPAHCTBEHHON OPraHM3aIUH II0-
TEHIMAAOB HaCTyIaAM ciycTa 5—10 MUH 1 HOCHAM
¢asosblit xapakrep. [lepprynas $pasa peaknmu xa-
pakTepusyeTcsi yMeHbIleHneM BeauunH Coh, Ha-
OAIOAQETCS B IIepBble MUHYTBI BBEACHHS IIperapaTa
U CBHAETEAbCTBYeT 00 YMeHbIIEHHU COTAACOBAHHO-
cru DII' mporjeccoB MexAy cTpykTypamu. Bropas

¢asa peakiuu HacTynaet cycta S—10 MuHyT mocae
BBEAEHMSA U COTIPOBOXKAAETCS YBeAUYeHHEeM Koppe-
AMPOBAaHHOCTH ITOTEHITHAAOB MEXAY KOPOH U TIOA-
KOPKOBBIMH IjeHTpaMu aHaAu3aropa. OcobeHHOCTH
nepepacnpeAeAeHrs KOTePeHTHBIX CBs3ed B 3Ty
¢asy peakijuu npuBepeHsl Ha puc. 2. Ma npuseaen-
HBIX AQHHBIX CAGAYET, 4TO IIOA BAUSHHEM 9KCTPAKTA
nradpana sHageHnst Coh Bo3pacTaioT Ha BCeX UCCAe-
AYeMBIX YaCTOTAX, IIPH 9TOM 60Aee BHIPAXKEHBI CBSI3H

3pK-BEY u 3pK-HKT B o6aactu 0 u a vactor D3I
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Takum 06pa30M, PE3YADBTATHI IIPOBEACHHBIX HC-
CAeAOBaHI/IfI CBHAETEABCTBYIOT O HEKOTOPBIX OCO-
OEHHOCTSIX BAUSHUSI BOAHOTI'O 9KCTPaKTa ma(l)paHa
Ha BBIPAXKEHHOCTb KOTE€PEHTHDBIX CBsA3en MEXXAY
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3pK LN\./WW*'\WW‘.\WMA

a

OEHTPAABHBIMH CTPYKTYpPaMH 3pUTEADPHOI'O aHAAH-
3aTOpPa, XapaKTE€PHBIE AASL COCTOSHUS CIIOKOMHOTIO
6OAPCTBOB3.HI/I5[ Y UHTAKTHBIX KPOAHKOB.

a Bl B2
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PucyHok 2. BnmnsaHue akcTpakTta wadpana (Crocus sativus L.) Ha korepeHTHble cBsA3m I3l
MeXAY LEHTPasbHbIMU CTPYKTYypaMu 3pUTENbLHOIO aHanmaartopa
y Kponunko. OB03HA4YeHNS KaK HA pUCYHKe 1

PaHee HaMH OBIAO ITOKA3AHO, YTO IAEKTpHUe-
CKasl CTUMYASIIIAS BOCXoAsimert komnoneHTs S-HT-
eprudecKoy CHCTeMbl 3HAYUTEAbHO PeOpraHu3yeT
CAOXKUBIIYIOCS B pOHE KAPTUHY MEXCTPYKTYPHbIX
CBsi3ell B 3puUTeAbHOM cucTeMe Mo3sra. [Ipeacrasas-
eT HHTepec TOT PaKT, YTO, XOTS YACTOTHBIM AMaIa-
30H AOMHHUPYIOIUX MEeXKCTPYKTYPHbIX CBA3€H IOA
BAMSIHMeM madpana u akrusaun S-HT-epruyeckoi
CHCTeMbl HECKOABKO Pa3AMYeH, TeM He MeHee, Ha-
IIPaBAEHHOCTb HAOAIOAQEMbIX U3MEeHEHHI B 060ux
CAYYasX HOCHT CXOXHIT XapaxTep [S].

IlpunsaTOo cuMTaTh, YTO CHHXPOHHOCTD U KOTe-
peHTHOCTb moTeHnuaAoB JOI onpeaeasroTcs ean-
HBIM 00II[eMO3TOBBIM (aKTOPOM IPOCTPAHCTBEH-
HO-BPEMEHHOM CONPSKeHHOCTH CTPYKTYp MO3ra

[4]. TIockoABKy 9AeKTpHYECKast aKTHBHOCTD MO3Ta
TECHO CBS3aHA C ero GYHKIHOHAABHOM ASTEABHO-
CTBIO, TO MOXKHO ITPEATIOAOXKHTD, YTO 0COOEHHOCTH
pacrpepeAeHHs] KOTePEeHTHBIX CBsI3ell OTPaXKAIOT
CTelleHb BOBA€UEHHOCTH KOHKPETHOMH CTPYKTYPHI
B CHCTEMHYIO AeSITeAbHOCTb Mo3ra. ITpu atom om-
TUMaAbHBII ypoBeHb Coh siBAsIeTCST OAHMM 13 He00-
XOAUMBIX YCAOBHI AASL HOPMAABHOTO IIPOTEKAHI
HePBHBIX ITPOIeCcCOB. B 1jeAOM pe3yAbTaThl HACTO-
SI[ero UCCAEAOBAHUS CBUACTEABCTBYIOT O TOM, UTO
COBOKYITHOCTb OMOAOTHYECKH aKTUBHBIX COEAMHE-
Huit skcTpakTa madpana (Crocus sativus L.) mosxer
CAY>XUTb OAHUM M3 PpaKTOPOB, CIIOCOOCTBYIONMIMX
HaIIPaBA€HHOM HENPOMOAYASLIMU B 3PUTEABHOM
CHCTeMe MO3Ta.
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INFLUENCE OF SOWING TERM AND NORMS
ON WINTER CROP CAPACITY

Abstract: The following article outlines the results of research of influence of wheat sowing norms
on crop capacity. There were recorded that sowing norms for winter wheat in Mirzachul conditions
in October per hectare contained S million, in November 6 million and in December 6.5-7 million
grains. The increase of sowing norms has a positive effect on winter wheat varieties in field conditions.

This indicates the importance of paying attention to soil fertility conditions that tend to be salinated

and timing. The sowing term and norms have influenced on formation of crop capacity and yield

elements of winter wheat varieties and caused their variability. This became an important basis for

determining the variability and cross-linking of winter wheat quantitative signs.

Keywords: Sowing term, sowing norm, yield element, crop capacity, productivity.

Introduction

Crop capacity is one of the main indicators in the
selection and evaluation of agricultural crops. The
main purpose of crop cultivation, including crops,
is to obtain high quality products. Therefore, par-
ticular attention is paid to crop capacity indicator.
Crop capacity is formed by the combination of the
external environment and the genetic resources of
the genotype. The high yield of plant varieties can be
considered as a positive feature of this varietal gene.
For this reason, special attention is now given to the
selection and creation of varieties that are suitable for
soil climatic conditions in each region [1].

At the same time, crop capacity is one of the
most complex and powerful variable signs. The
strong variation of this indicator is due to the inter-
connection of the external environment (moisture,
temperature, sowing term and norms) and hered-
ity (aging, plant height, weight and length, weight
of 1,000 pieces of grains) [2]. Therefore, it is pos-
sible to note the specific difficulties in selection of
crop capacity. According to the scientific literature,
the yield efficiency ratio is 0.2-0.3. This indicator

shows that crop capacity is 70 to 80% dependent
on the environment [3].

Itis well known that the grain-growing sector has
developed intensively since the independence of our
republic. In the short-term, the yield has risen from
12-14 centner to 40-45 centners per hectare. The
achievement of these results can be attributed to the
correct selection of varieties that are appropriate to
the territory of our country and that the scientific
basis for their care is properly developed [4].

Potential opportunities of winter wheat varieties
are even higher, with a yield of 70-80 centners per
hectare or higher. Therefore, it is necessary to study
the potentialities of winter wheat varieties, and de-
velop criteria for selective breeding [S].

Grain-growing farming has been practiced in our
country since ancient times. They were mainly engaged
in dry farming. During the years of independence,
winter wheat varieties are being cultivated on irrigated
lands. Therefore, data on the effect of external influenc-
es on the yield of winter wheat varieties, including the
sowing norm and term, are incomplete [5]. In addition
to this, we can show different level of salinity in the most

8
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part of our regions irrigated crop areas. It is necessary
to pay attention to the sowing terms and norms in the
soil that tend to salinity [6].

In order to be optimal of sowing norms and term it
is necessary to completely cover the soil surface with
vegetation. This prevents the secondary salinization
of the surface layer in soil contaminated with irrigated
salinity [7]. Moreover, the balance of sowing norms
allows to effectively use the soil productivity and the
given water and mineral fertilizers. Therefore, the sow-
ing terms and norms are now at the center of attention
of researchers [7].

Object and methods of the research

Chillaki, Polovchanka and Bayaut-1 varieties of
Triticum aeustium seeds were selected as the object
of the study. The experimental sowing season is Octo-
ber 1, November 1 and December 1, and the sowing
capacity is 2 million, 3 million, 4 million, S million,
6 million and 7 million hectares cereals were used

in options. At the same time, the sowing norm was
studied during three sowing periods. Experiments
(2011-2015) were carried out at 1 sq.m of 4 repeti-
tions at Gulistan State University’s medium saline
field. Phenomenal observations and calculations have
been done on the basis of guidelines. Studied signs
were analyzed by using SPSS-14 [8].

Obtained results and their analysis. Changes
in crop capacity were observed in changes of yield
elements (Table 1). When the sowing norms make
up 200 grains per 1 sq.m., sprouting 66.69%, 300
71.52%,400-73.41%, 500-75.94%, 600-75.34% and
700 grains contained 80,05%. These data show that
the growing seasonal patterns of wheat varieties can
grow in field conditions. This is crucial for the soil that
tend to salinate. Because of the fact that full winter
wheat varieties, which tend to salinization, are one of
the actual problems of grain growing. In this case, it is
important to emphasize the importance of planting,

Table 1.-Impact of sowing term and norm of planting on winter
crop capacity and yield elements (average three years)

Sowing norm and statistical indicators (in the example of 1 m> grain)
Indicators 200 300 400 500 600 700
X * X * X * X * X * p. g
October 1 (average three years)
Productivity% 66.69+1.04 | 71.52+1.36 | 7341£1.29 | 7594+£0.87 | 7534+£0.97 | 80.05+0.84
Height of the plant, cm 91.21+£1.59 | 90.97+£191 | 93.82+1.55 | 96.57+1.28 | 97.87+1.26 | 110.69 +2.86
Grain quantity 1 m*> (pc) | 218.30+7.92 | 322.79 £ 8.79 [411.58 + 10.21[519.33 + 12.20|633.52 + 13.41| 727.19 + 16.10
Weight of 1 grain, gram 1.41 £0.05 1.21 +£0.04 1.16 £ 0.03 1.12 +£0.02 1.03 £0.03 0.74 £0.01
Length of the grain, cm 9.59+0.17 9.08 £0.13 9.48 £0.13 9.90 +£0.14 9.40£0.13 8.95£0.12
Crop capacity, gram 259.57 £4.11 | 356.79 £6.15 | 455.53 £5.61 | 562.89 £ 5.53 | 552.14 £4.77 | 523.22+4.28
November 1 (average three years)
Productivity% 53.55+1.18 | 68.01+1.16 | 75.72+£0.55 | 69.58+1.02 | 72.21+1.11 | 75.33+0.77
Height of the plant, cm 86.7£131 | 90.05+£1.25 | 93.66+£0.82 | 94.59+1.24 | 96.07+£1.12 | 99.12+1.09
Grain quantity 1 m? (pc) | 208.5+7.59 [295.44 +10.46|392.99 + 10.84 | 459.58 + 8.91 [577.15 + 11.61| 620.61 +23.11
Weight of 1 grain, gram 1.28 £0.04 1.16 £ 0.03 1.05 £0.03 0.98 £0.03 0.93 +£0.02 0.69 £0.01
Length of the grain, cm 9.29+0.14 879+£0.12 | 9.15+0.114 | 891+0.10 8.33£0.10 8.43+£0.12
Crop capacity, gram 2224 318 £3.29 393.8+£6.61 | 492.9+6.24 | 525.7+3.85 | 508.9+5.03
December 1 (average three years)

Productivity% 33.51+£0.64 | 5448+7.34 | 6420£7.42 | 5649£095 | 72.75£1.15 | 64.34%0.68
Height of the plant, cm 80.18 +1.26 | 8347+127 | 86.07+1.15 | 88.18+1.29 | 921+132 | 91.66+1.08
Grain quantity 1 m* (pc) | 122.46 £9.03 [210.94 + 12.32]292.83 + 18.54|329.56 + 15.65(603.01 + 12.55| 562.99 + 19.87
Weight of 1 grain, gram 1.20 + 0.04 0.98 £0.02 0.82 £0.02 0.77 £0.02 0.98 £0.03 0.66 £ 0.01
Length of the grain, cm 8.76 £0.14 8.16£0.11 8.13 £0.09 7.92 £0.09 8.92£0.14 7.88 £0.12
Crop capacity, gram 121.9+4.70 | 187.4+£6.86 | 221.6+7.73 | 248.6+5.56 |288.45+4.36| 314.1+11.31
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The sowing norm was 200 pieces per 1 sq. m.
area, or 2 million grains per hectare. The yield was
259.57 grams per square meter, 356.79 grams in
300 and 562.89 grams in 500. It is clear that the in-
crease in sowing norms has resulted in higher yields
(Table 1). Thus, it is desirable to plant S million grain
per hectare for planting winter wheat varieties at the
beginning of October.

One of the factors influencing the crop capacity
of winter wheat varieties is the number of spikes in
the area of 1 square meter (productive grain). At the
same time, when sowing norm was 200 pieces, it was
equal to 218.30 pieces. Increasing the sowing norm,
in turn, will lead to an increase in the yield of crops.

The weight of a grain of wheat is one of the ele-
ments that affect the yield. This figure was 1.41 grams
per hectare of sowing varieties in October, while the
sowing capacity was 700 grams and the weight of
one kilo was 0.74 grams per hectare. In this case, the
increase in sowing norms led to a reduction in the
weight of corn in grain.

The sowing term is one of the main factors affect-
ing crop capacity. It should be noted that research-
ers have different views on the sowing terms. Most
researchers have noted that the sowing terms for the
territory of our country is the optimal time for the
first decade of October [6-7].

The results of the research to determine the ef-
fect of sowing terms on fertility are given in (Table
2). The data from the table indicate that the sowing
norm was similar to October, when the sowing norm
was at the beginning of November. The increase in
sowing norms led to an increase in crop yields. In
this case, when the sowing norm was 600 seeds per
hectare, the yield was 523.73 grams. This results indi-
cate that the sowing term should be increased when
it is late.

Fertility of winter wheat varieties has increased
with the increase in sowing norms. When the sowing
capacity was 200 seeds, the yield was 53.55%, while
the sowing norm was 700, and the productivity was
75.33%.

Height of the plant is one of the most important
indicators that contain genetic opportunities of va-
rieties. With the increase in sowing norms, the plant
height has also increased. This situation was noted
in the October, November and December versions.

The change in sowing term has changed dramati-
cally in the yield of winter wheat varieties. The sow-
ing norm was 200 grams per 1 sqm and when har-
vesting took place in October, the yield was 259.51g,
222.4gin November and 121.9 gin December. Simi-
lar results were also recorded in other variants, i.e late
implementation of sowing term would result in lower
crop yields. This has led to not only crop yields, but
also reduction in the weight of one kilo of grain, the
number of grain and the length of the grain.

High productivity in October, the sowing norm
was S million pieces per hectare. 552.92 t/ha in the
formation of grain and 572.58 c/ha in 2011-2012
harvest and 563.17 c/ha in 2012-2013 harvest. It
should be noted that 2013-2014 harvest year yields
were lower than in other years.

In November, the sowing capacity is relatively
high, i.e the sowing capacity of hectare is about 6 mil-
lion grains. In 2011-2012, amounted to 531.95 ¢/ha,
522.67in2012-2013 and 522.56 ¢/hin2013-2014
harvest.

The sowing rate of wheat varieties harvested
in December is about 7 million pieces per hect-
are. 2011-2012 harvest amounted to 251.75 c/ha,
2012-2013 harvested 445.42, and in 2013-2014
harvest —245.25 ¢/ha.

In general, the sowing term and the norms affect
the yield and yield elements. This can be clearly seen
from the data in the tables.

Conclusion

1. Increasing the sowing norms has led to an in-
crease in yields. For winter wheat varieties planted in
October, it was noted that the sowing norm should
be about 5 million pieces, 6 million in November and
6.5-7 million in December.

2. The increase in sowing norms had a positive
effect on winter wheat varieties in field conditions.
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This indicates the importance of paying attentionto ~ mation, and led to their variability. This, in turn, was

sowing norms and terms in soil fertility conditions.  animportantimpetus for determining the variability

3. The sowing term and norms of winter wheat  and interconnection levels of winter wheat quantita-

varieties, influencing the productivity and yield for-  tive signs.
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NMPOrPAMMHOE OBECNE4YEHUE BUOMEANLMHCKON
UMH)XEHEPUU

AHHOTaI.II/ISI: B craTtpe paccMaTpHBaeTCA 6I/IOMeAI/II_II/IHCKa$I HWHXXE€HEPpH, O6’beAI/IHI/IBH.IaSI

HH)KEHEPHDbIE METOADBI 11 PaCI€ThI C AOCTIDKEHISIMHU MeAPILIPIHCKOfl 1 6MOAOIMYEeCKOM HayK C II€AbIO

MOBBIIIEHUS KaueCTBA )XU3HU. AHAAM3 IIpOrpaMMHOTO obecrieyeHns AAA 06Pa6OTKI/I N PEAAKTHPOBAHNA

AByMepHbIx usobpakenuit ¢ KT, MPT aast cozpanmns 3D Mopeaeit ¢ AAAPHEIIINM HCIIOAb30BAHIEM

AASI TIOCTPOEHHS pacyeTHBIX MOAeAeH B IporpaMMHOM komraekce ANSYS.

KaroueBble cAOBa: GroMexaHHYeCKas: HHXKeHepHsl, KOMIIbIOTepHOe MoaearpoBanue, ANSYS

Workbench, Mimics.

Koner XX — Hagaao XXI Bexa 03HaMeHOBAAUCH
CTPEeMHTEAbHBIM Pa3BUTHEM BBICOKUX T€XHOAOTHUH,
YTO IIOCAY>KMAO OCHOBOH AASI IIOSIBAEHUS HOBBIX
HAIlPaBAGHUH B HayKe AU Ka4eCTBEHHOIO M3MeHe-
HUS y>Ke CyILIecTBYIOMUX. SpkuM ToMy npumepom
SIBASIETCSI OMOMEAUIIMHCKASI UHXKeHepUsl, KOTOpast
00beAUHSIeT MH)XKEHEPHBIE METOABI U IIPUHI[HITBI
C AOCTIDKEHUSMH MEAMITUHCKOMN U OMOAOTHYeCKOM
HAyK C IIeABIO YAy YLIeHHS 3AOPOBbSI YeAOBEKa, IIOBBI-
[IeHMUA KauyeCTBa ero >KU3HMU.

BroMeAUIIMHCKAS HH)KEHEPHsI BKAIOYAET B ceOs
COBOKYIIHOCTb CPEACTB, CIIOCOOOB 1 METOAOB, Ha-
IIPAaBAEHHBIX Ha OPTaHH3AIMIO U IIPOBEACHUE AUA-
THOCTHKH U A€4EHUS C IpHMeHeHHeM HHCTPYMeH-
TAABHBIX H aINIIapaTHO-IIPOTPAMMHBIX CPEACTB,
B MEAUIIMHCKHX YUPEKACHISX PA3AHYHOTO IPOPHUAS;
00CAy>KMBaHHE COBPEMEHHOT'O MEAUIIUMHCKOTO 060-
PYAOBAHIISI IOAMKAMHIK, OOABHUI] 1 OHOAOTHYECKHX
Aaboparopuit; 06paboTKy OHOMEAUIIMHCKOM HHOP-
MAallUY, CO3AAHME M IKCIIAYATAI[UI0 MEAUIIMHCKHX
6a3 AQHHBIX, UCIIOAb30BaHIEe COBPEMEeHHBIX ITAKETOB
IMPHUKAAAHBIX IIPOTpaMM HHPOPMAIMOHHOM ITOA-
AEPKKHU AUATHOCTHYECKOTO U Ae4eOHOTO IIPOLIeCCOB.

KaroueBbIM HanpaBAeHHEM HHTETPAIlUU MEAU-
IJUHCKUX U TEXHUYECKUX HayK SIBASIETCS IO3HAHIe

PaboThI OpraHU3Ma KaK EAUHOM IIEAOCTHOM CHCTEMBI
Ha 6a3e MeXXAUCIIUIIANHAPHBIX IPUHIIUIIOB: CHHTE3€e
METOAOB U AOCTIDKEHHUI TEXHUYECKHX HAYK, METOAOB
U AOCTIDKEHHI MEAUIIMHCKUX HAYK B TIO3HAHUK O1O-
MEAMILIMHCKUX SIBA€HHI U IIPOLIECCOB Ha Pa3HbIX Mac-
IITAOHBIX YPOBHIIX.

CoBpeMeHHbINI TEXHOAOTUYECKUI (YHAAMEHT
OHOMeAULIMHCKOM HHKeHepHU BO3HHUK U Pa3BHBAeT-
Csl IMEHHO «Ha CThIKe HAyK >, HA OCHOBE IIOTEHI[aAd
Pa3AMYHBIX 00AACTEN HAYKK U TEXHUKH, OOBEAUHSIE-
MOro 06mumu mpobAeMaMi GHOMEAUIIMHCKOM Ha-
IIPaBA€HHOCTH.

Kpyr BoIpocoB, OTHOCSIUXCS K KOMITETEHIJUN
OHOMEAHIIMHCKON HEDKEHePHH, HeOObIYAHO MIHPOK:

— Hay4HBIE HCCAEAOBAHUSI HA CTHIKE <KHUBOE
U HEXXUBOE > ;

— AMATHOCTHMYECKHe MCCAeAOBAHUs, AedyeOHbIe
IPOLIEAYPHI U peabHAUTALVSI B YCAOBHSIX OHOMEAU-
IIMHCKHX [[eHTPOB;

— OuoAoruveckue 9KCIIEPUMEHTHI B YCAOBHUSIX
OMOCTAHIMI, OMOAOTHYECKHUX HMCCACAOBATEAbCKUX
AabOpaTOPHIL K 9KOAOTHIECKUX L{EHTPOB;

— pa3paboTKa HECTAHAAPTHBIX METOAMK IIPO-
BepKU, KAAUOPOBKY U TECTUPOBAHISI MEAULITHCKOTO
060pyAOBaHuS;
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— pa3paboTKa HOBBIX METOAOB HCCAEAOBAHUS
COCTOSIHMS GMOAOTHMYECKUX OOBEKTOB U yIIpaBAe-
HUS OTUM COCTOSIHHEM, a TAKXKE HOBBIX MEAUIIMHCKUX
TEXHOAOTHI C TPHMeHeHHeM BbICOKO3(PeKTUBHBIX
TEXHUYeCKHX 1 KOMITbPIOTEPHBIX CPEACTB;

— obOpaborka OuOMeAMIIMHCKON HHPOpPMa-
IJUH, CO3AQHUE U 9KCIIAYaTallMsi MEAUIIMHCKUX 6a3
AQHHBIX, 9KCIIEPTHBIX, MOHUTOPHbIX CUCTEM C HC-
IIOAb30BaHMEM COBPEMEHHbIX ITAKeTOB IIPUKAAAHDBIX
IIporpaMM HHPOPMAITMOHHOM IOAAEPKKU AUATHO-
CTHUYECKOTO U A€4eOHOrO IIPOLIeCcCOB.

DyHAAMeHTaAbHBIE HCCAEAOBAHUS B obAaacTu
OHMOMEANLIMHCKON MH)XKeHEePUH B HACTOsIIee BpeMsI
Pa3BUBAIOTCS 110 CACAYIOIUM HAIlPaBACHUSM:

— OMOHAHOTEXHOAOTHH;

— aNmapaTHO-MPOTPaMMHBIE KOMITAEKCHI AAS
AVArHOCTHUKH, TePAITUH 1 IIPOTHO3UPOBAHMUSA COCTO-
SIHMS OPTaHMU3Ma;

— HMHAYCTpUS peHTTE€HOAOTHYECKUX CPEACTB;

— TEAEMEAMI[MHCKHE CHCTEMBI;

— OMOMEAMILIMHCKHE UCCAEAOBAHHMS B COYeTAaHUHI
C MaTeMaTH4eCKUM U KOMITbIOTePHbIM MOAEAUPOBaA-
HHEM IIOBEACHMS, TeHe3Hca U IMATOAOTHI XUBOTO
OpraHHU3Ma;

— CpeACTBa IOAAEPKaHUS KU3HEAESTEAbHOCTH
ITOKOAEHS;

— CO3AaHHE HOBOT'O IIOKOAGHHMS UMIIAQHTHpYe-
MbIX 39AKTPOKAPAHOCTHUMYASITOPOB;

— MHOTOQaKTOpPHbIE dHEPreTUIeCKHe BO3AeH-
CTBUS B AMAaTHOCTUYECKUX U TepareBTHIeCKHX IJeAsIX
Ha CHCTEMBbI, OpTaHbl ¥ TKAHU OPTaHU3MA;

— ayAHMO, BU3yaAbHbIE, MAHYaAbHBIE X UM [I0AO0-
Hble TEXHUYECKUE BO3AEHCTBUS C AAAIITUBHOM OHO-
AOTHYECKOI 0OpaTHO CBSI3bIO;

— CO3AaHME MCKYCCTBEHHbBIX OPTaHOB U TKaHeH,
B TOM YHCA€ THOPUAHBIX;

— MUKPOAHAAU3 OHOAOTHYECKHUX >KUAKOCTEH
U TKaHeW;

— CO3AaHME KOMITPIOTEPHBIX CHCTeM U TeXHUYe-
CKHX CPEACTB PeabHAUTAIIMU — MEAULIMHCKOM, IPO-
¢$eccroHAABHOMN U COITMAABHOM;

— IIHPOKOe BHEAPeHHe OHOCEHCOPHBIX CUCTEM
U TEXHOAOTUI B Pa3AUYHbIE OOAACTH MEAMILIUHBI
1 OUOAOTHY;

— HCIIOAB30BaHUE IIOCAEAHUX AOCTIDKEHHUIL B pa-
AVO9AEKTPOHHUKE.

OyHpaMeHTaAbHBIE MCCAEAOBAHHSI B 00AACTH
OHMOMEAUIIMHCKON HEDKEHEPUH Pa3BHBAIOTCS BBICO-
KMMH TEMIIAMU BCAEACTBHE IIUPOKOTO IPHUMeHeHHsI
HOBBIX MHOBAI[MOHHBIX TEXHOAOTHH M CITEI[HAAU3U-
POBAHHOTO IIPOrPAMMHOTO ObeCIIedeHusI.

Ha ceropnsiutmit AoeHb pa3paboTaHbl COTHH IIPO-
rpaMM, 00eCIIeYNBAIOIINX AUATHOCTUKY H BU3YaAU-
3anui0 (PeHTreHOCKOMHUS, MATHUTHO-PE30HAHCHAS
TOMOTpausi, IO3UTPOHHO-IMUCCHOHHASI TOMOT'Pa-
¢us, KOMITBIOTepHAsI TOMOT'PaQUs, YABTPa3ByKOBbIE
aIImaparsl, ONTUYECKAs U 9AEKTPOHHASI MUKPOCKO-
IUA U T.A.).

Oco60 caeayeT BBIACAUTH POAb KOMITBIOTEPHOTO
MOAeAUpOBaHUs [ 1] B GHOMEAMIIMHCKON HHXKeHe-
pun. Ha ocHOBe KOAMYeCTBEHHBIX AQHHBIX HCCAE-
AOBAHUI IIPOTPAMMICT CO3AAET MOAEAU OHOAOTH-
YeCKHX IPOLIECCOB U CTPYKTYP; COOTBETCTBYIOLIUE
IIPOrpaMMbl [IO3BOASIIOT IIPEACKA3aTh [IOBEACHUE
OHOAOTHYECKOM CTPYKTYPBL, CUCTEMbI AU OPTaHHU3-
Ma B 3aBUCHMOCTH OT BHEIIHUX BO3AEMCTBUI, A€Ye-
HUS ¥ Pa3BUTHSI OOAE3HML.

KoMmmbroTepHble MOA€AU CIIOCOOHBI IPHOAU3H-
TEABHO OIICATh MEXAHUKY PabOTHI Pa3AUYHBIX Ha-
CTell TeAd, HaI[pUMep, 3y 00UEAIOCTHOM CHCTEMBI, Ta-
300eApEeHHOrO0 cycTaBa U Ap. MOXKHO HCIIOAB30BaTh
MOAEAHUPOBAHHE U AASI AHAAU32 BO3MOYKHbIX U3MEHe-
HUI B KOHCTPYKIJHU IIPOTE3a, A TAKXKE CBSI3AHHOTO
C HEMH PUCKA AASL OOABHOTO.

O630p AUTEpPATYPHBIX HCTOYHUKOB [TOKA3bIBA-
€T, 9TO TIOAABASIOIIEe OOABITMHCTBO NCCACAOBAHMUI
B 9TOM HAIIPaBAEHHU IIPOBOAUTCS C HCIIOAB30Ba-
HUeM H3BECTHBIX MHOTOIIPOPUABHBIX IIPOTrPAMM —
NASTRAN, COMSOL, ANSYS [2], SolidWorks
[3] 1 HeKOTOPBIX APYTHX.

Ha atoM ¢poHe HeAb3s HE OTMETUTH CIIELFAAH-
3UPOBAHHBII IIPOIPAMMHBII IIPOAYKT KOMITAHHUU
«Marepuasaitz» (Beabrus) — Mimics Innovation
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Suite [4], KOTOPBI OpHEHTHPOBAH HETOCPEACTBEH-
HO Ha COBpPeMEHHbIe OHOMEAUIINHCKIE HCCAEAOBA-
HUS U Pa3paboTKu. TOT MPOAYKT COCTOUT U3 TPex
KOMITOHEHTOB, KOTOpbIE MOIYT HCIIOAB30BATHCS
OTAEABHO, HO AQIOT MAKCHMAABHBINA 9P PEKT IpH CO-
BMECTHOM HCIIOAb30BaHUH: Mimics — mporpamMmHoOe
obecrieueHe AAS 0OPabOTKI MEAUIIMHCKUX U300pa-
KeHHI U CHUMKOB; 3-matic — mporpamMmmHoe obecrre-
YeHMEe AASL AM3aiHA, CO3AAHUS U ONITUMU3AI[UN I'e0-
MeTpuy; Services — IPOeKTUPOBaHHe U Pa3paboTka
MPOrpaMMHOTO ObecIiedeHHs oA 3aKa3.

ITporpammpr Mimics u 3-matic mpepoCTaBASIOT
BO3MOXXHOCTb 0OpabaThIBaTh 1 KOPPEKTUPOBATH KAK
AHATOMHUYECKHE CTPYKTYPhI, TAK  CO3AAHHBIE MOAE-
AH, 00'BEMHbIE CTPYKTYPBL, ONITUMU3UPOBATD HX I'e0-
MeTpHIo. Bo3aMOXkeH aKCITOPT-UMIOPT TPeXMepHBIX
Aanubix mamnuenta B CAD, CAM u CAE cucremsr
C TIOCAEAYIOIUM KOHEYHO-9A€MEeHTHBIM aHAAU3OM.

Mimics Innovation Suite mo3Boasiet o6pabarsr-
BATh U PEAAKTUPOBATh AAHHbIE AByMEPHBIX H300pa-
xennit ¢ KT, MPT, muxkpoKT u npounx ckanepos
aas cospanua 3D moaeaert. MIHcTpyMeHTHI cer-
MEHTAI[MU [TO3BOASIIOT BBIAEAUTh aHATOMUYECKHE
crpykrypst Ha MPT /KT usobpaskeHusix, mpous-
BeCTH U3MEPEeHHs U BBIIIOAHHUTD IIOCTPOEHHE KOH-
CTPYKIIUH HEITOCPEACTBEHHO Ha TPEeXMEepPHbIX MO-
AEASIX TTAlIHEeHTOB.

TpexmepHble AaHHBIE M3 IporpamMmbl Mimics
MOT'YT OBITH HCIIOAB30BaHBI B Iporpamme 3-matic
AASL BBIIIOAHEHHS Pa3HOOOPA3HbIX OIEePALUil [0 KOH-
CTPYMPOBAHHIO U CO3AAHUIO TeOMETPUIECKHUX 00'b-
eKTOB HeIIOCPEACTBEHHO Ha aHATOMHYECKHX AQHHBIX
6e3 mporecca pekoHcTpykimu 3D, uro moBsimaeT
TOYHOCTDb U 9KOHOMUT pecypchl. MOXKHO MOCTPOHTD
BHUPTYAABHYIO TPEXMEPHYIO MOAEAD Ha OCHOBe Hab0-
Pa IMIIOPTUPOBAHHBIX AByXMEPHBIX H300paKeHHUIL.
[TporpammHOe obecriedeHre TO3BOASIET C BBICOKOM
TOYHOCTDIO U3BMEPHUTD PACCTOSHHSA, YTABL, AUAMETPhI

MAM TIAOTHOCTU KaK Ha ABYXMEPHBIX CHHMKAX, TaK
Y HEIIOCPEACTBEHHO Ha TPEXMEPHOM MOAGAH.

Mimics Innovation Suite mo3BoasieT co3paTb CBO-
€ro poAa BUPTYaAbHYIO OIepaljiOHHYIO, TA€ MOXHO
COCTaBASITD ITAQHBI OIIEPAITHii, HCXOAS U3 IIpeABapH-
TEABHOH OIIeHKH AQHHBIX, TOAYYEHHbBIX PAa3AUIHBIMH
MeTOAAMH, IIPOBEPSITD IIPABUABHOCTD U3TOTOBACHIL
MMIIAQHTATOB ¥ BHOCUTb M3MEHEHUs B IIAAH OIlepa-
ruu. Tak, mpeo6pasoBaHue HMHPOPMALIMH, IOAYIEH-
Hoii ¢ KT, B 3D MopeAn, ¢ HCITOAb30BaHHEM CPEACTB
cermMedTanMu Mimics U 06beAuHEHUS O0OBEKTOB,
IIOCTPOEHHBIX Ha OCHOBAaHUH PAa3AMYHBIX Pa3 CKa-
HUPOBAHUS, IPEAOCTABASIET XUPYPTY TPeXMepHYIO
PEeKOHCTPYKIIUIO ITeYeHH U MarkCTPAAbHBIX COCYAOB.
Ha nmoayuennoit 3D MopeAr MOXeT OBITH IIpoU3Be-
A€Ha BHUPTYyaAbHas pe3eKIus AAS IAAHUPOBAHMUSA
ONTHMAABHOTO pa3pe3a, YTO MUHHUMHU3UPYET PUCKU
IIOTepU KPOBH, YMEHbUIAET IPOAOAKHTEABHOCTD
Ollepaliy U PeabHAUTALIMOHHOTO IIEPUOAQ.

HurepecHsie paspaboTku B 006AacTH 06paboTKn
MEeAMIIMHCKUX H300pakKeHUIT peaAusyeT COBMECTHOe
nporpaMMHoe obecredeHne xommanuit Materialise
1 ANSYS [5]. [Tocaepnss Bepcust Mimics mo3soaster
IIOAb30BATEAsIM dKCIIOPTUPOBATh PaiiAbl B popmMar
ANSYS Workbench. B pesyasrate Mimics Temeps
SIBASIETCSI OAHMM M3 HHCTPYMEHTOB IIPH ITIOATOTOB-
Ke pacueTHbIX MoaeAerr B ANSYS aas nccaepoBa-
HIsI GHOMeXaHWYeCKUX sIBAeHUI. B HOBOI Bepcuu
Mimics mosiBUAACh BO3MOXXHOCTD ITOCTPOEHHS 00D-
€MHBIX KOHEYHO-9AeMEHTHBIX ceTOK. COo3AaHHbIE MO-
AeAar roToBbl Aas pacyeTa B CAE nakerax.

B 3axaroueHne caepyeT OTMETUTD, YTO Pa3HOTIIAQ-
HOBBIE 3aAQ4H, CTOSIIME IIepeA OHOMEANIIHHCKOM HH-
JKeHepHel U 6HOMeXaHHKOM, TPeOYIOT IOATOTOBKH
CIIeITMAAMCTOB COOTBETCTBYIoIero yposHs. M Takas
IIOATOTOBKA YK€ BeACTCS] B HEeKOTOPBIX By3ax YKpa-
UHbI, B TOM 4ncAe, 1 B OAECCKOM rOCyAapCTBEHHOM
aKaAEMHH CTPOUTEAbCTBA U APXUTEKTYPBL
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LEVER ELEMENT IN THE STRUCTURE OF THE OSCILLATORY
SYSTEM: STRUCTURAL INTERPRETATION

Abstract: The article proposes a method and technology for constructing mathematical models

for the emergence and implementation of lever linkages in mechanical oscillatory systems. A

methodological basis for the evaluation of lever linkages is developed for various constructive forms

of constraints created by couplings of typical elements of the system.

Keywords: lever linkages, quasi springs, reduced stiffness, articulation, dynamic modes.

Introduction. The interaction between the el-
ements of dynamic oscillatory systems and vibra-
tion isolation systems, in particular, was considered
in detail in the works on the theory of mechanical
circuits [1-6]. A significant expansion of the idea
of the capabilities brought about by the lever link-
ages implemented in the interactions of system ele-
ments is associated with the development of robot-
ics, mechatronics, and the growth in requirements
for ensuring the reliable performance and the safety
of machine operation under conditions of intense
vibration loading [7-9]. Many questions related
to the problems of the dynamics of oscillatory sys-
tems, which include lever mechanisms and motion

transformation devices, have been represented in
recent publications [10-13]. The proposed article
deals with the formation of mathematical models of
mechanical oscillatory systems with lever linkages
formed by intermediate mass-and-inertia elements
in the form of solids introduced into vibration pro-
tection systems in addition to the vibration protec-
tion object.

I. General provisions. Statement of the re-
search task. The computational scheme of a vibra-
tion protection system (Figure 1) consisting of a
protection object of mass m with support surfaces
I, 11, III, each of which can be the source of the cor-
responding kinematic harmonic perturbation (z,,
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z,, z,) is considered. It is assumed that the protec-
tion object (m) can have a power disturbance Q. The
protection object makes small vertical oscillations
with respect to the stable equilibrium position. The
coordinate system is connected with a fixed basis.
The mechanical oscillatory system has two degrees
of freedom, since, in addition to the object of protec-
tion (m), an intermediate solid body having a fixed
point of support (p.0), which is connected to the
support surface II, is introduced into consideration.
The position of a solid body represented by a weight-
less rigid rod (A, A)) is determined by the angular
coordinate ¢. At the ends of the rods (lengths | and
,), respectively, there are material points A , A, with

m

masses m, and m,. Thus, the intermediate solid body
has a moment of inertia
J=ml’+m);. (1)
It is assumed that the mass of a solid M = m_ +
m, and the center of gravity coincides with the lever
rotation point (p. O). The placement of a solid body
in the computational scheme (Figure 1) and the pe-
culiarities of its connections to the support surface
IT and other elements of the system, predetermine,
in this case, the possibility of considering an inter-
mediate solid body as an inertial lever of the second
kind [14]. At pp. A, A, the lever is connected to the
elastic elements of the system (linear springs with
stiffnesses k , k, and k).

Zq /Q

Q=

7 I

Figure 1. The computational scheme of a vibration protection system with
an intermediate solid body (an inertial lever of the second kind)

The system performs small oscillations with re-
spect to the position of static equilibrium in the co-
ordinate system, is associated with a fixed basis.

I1. Construction of mathematical model. We
consider the case of force perturbation, thatis, Q #0

forz =0, z, =0, z, = 0. To construct the math-
ematical model, we use approaches based on the
Lagrange equation of the second kind with subse-
quent Laplace transformations of linear differential
equations [15, 16].

We write the expressions for the kinetic and po-
tential energies:

1 . 1 :
T=—m* o (m +mi ), (2)

1 1 1 1
I =5ky2 +5kl(y—ll¢)2 +5k2(12¢)2 +5k3(y+lz¢)2. (3)

After anumber of transformations, the equations
of motion take the form:

7 (mp* +k+k+k) =g (kI -kL)=Q, (4)
8| (il +mB)p* + kB 4k + k|- 7 (kL —kl,)=0.(5)

The block diagram of the initial system is shown
in (Fig. 2).
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klll — kslz
1 _
o
i kl — Tl — ki, (ml? +myl; )p* +
mp”® +k+k +
o P Ty +d? + (e, + Ky )2
Figure 2. Block diagram of the vibration protection system with
two degrees of freedom in force perturbation
The aim of the research is to study the condi- o = kI + kL + kL . (7)
tions for the formation of lever linkages that are in- ’ J
troduced into the vibration protection system by an Interpartial constraints in the system (Figure 2)
intermediate solid body. are among the elastic ones and are implemented by

As follows from (Figure 2), the block diagram  a typical elastic link with reduced stiffness
consists of two partial systems, for which the par-

K =kl kL. (8)
tial frequencies are respectively determined for the
protection object and the intermediate solid body The input power disturbance Q in this case acts
(or inertial lever): on one input.
2 = krkrk (6)
m
a) k k (klll B k312 )2
M 3+( 12 12)2 klZ (k k)ZZ
mly +myly |Jp~+ il K, TR ),
1 y
mp® +k
b) A
(-) 1 y
f mp® +k o=
o

Figure 3. Transformed block diagram with the exception
of the coordinate ¢ : ais the detailed scheme; b is the generalized form
(in Figure 3b the transfer function of the feedback loop is denoted by A)

The block diagram in (Fig. 2) can be transformed We note that in the equations of motion (4), (5)
in such a way as to exclude the coordinate ¢  andthe block diagramsin (Fig. 2), as well as in subse-
(Fig. 3 a,b). quent expressions and figures, the following notation
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isused: p = jw isa complexvariable, the icon () over
variables denotes the Laplace transform.

Figure 3a shows a block diagram in which the
original structure in (Fig. 2) is transformed by iso-
lating the basic model of the vibration protection
system in Fig. 1. The basic model consists of two
elements: an object of protection of mass m and an
elastic element with stiffness k, resting on the sup-
port surface I. Fig. 3a, the basic model is interpreted
by a link with a transfer function

The spring with stiffness k corresponds to the
notion that, with respect to the protection object
as such, and having the transfer function of the
second-order integrating unit, negative feedback is
introduced with a gain equal to k. The transformed
block diagram (Fig. 3 a) shows the possibility of
isolating a separate feedback loop in relation to the
base model with the transfer function (9). In
(Fig. 3b), this feedback is indicated with the use of
a transfer function A(p).

1

Wob(p):mp2+k' (9)
_ k +k)(ml+m2)p* +kk, (L +1) + k2 (k +k
A(p)=(1+ 3)(m11+m22)p+13(1+2)+22(1+3)

Expression (10), in the physical sense, deter-
mines the properties of a quasi-elastic element or the
so-called quasi-spring [ 17]. From (10), the reduced
dynamic stiffness of a quasi-spring can be found. Let
us note that the dynamic stiffness A(p) =k, (p)de-
pends on the frequency of the external influence.

III. Properties of the quasi-spring. The in-
troduction of an intermediate solid body in this
problem of a vibration protection, with respect to
the object of protection mass m and a force pertur-
bation Q, leads to the considering of a well-defined
structure (or structural formation) in the form of an
inertial lever. The situation can also be represented
in such a way that the quasi-spring, by its properties,
determines the functional capabilities of a mass-and-
inertia lever of the second kind with a supporting
point O (Figure 1).

Let us consider a number of special cases:

1.If k, =0, then

2 2 2 2
o (7)< A(5) = k (ml +ml)p* +kLk, ()

(ml+mB )k kT

o (1)~ A(p)= k, [(ml +m,i’ )p2 + kziz]

l

where ; — 2 is the second kind lever ratio.

, (12)

(m1 +m,i’ )p2 +k +k,i’

1

(10)

(m I} +m5) p* + k] + Kl + K l;

If k, =0, k; =0, then

_ kl(m1 +m2i2)p2

km, (P) = A(p) = (13)

(m1 +m2i2)p2 +k

If k, — o, then it follows from (11) that when

k,=0, k, =0,
ki, (p):Z(p):(m1+m2i2)p2. (14)

The resulting expression (14) corresponds, in the
physical sense, to the attachment of additional mass-
es to the object of protection (m1 +myi’ ) In this case,
the block diagram of the initial system takes the form
as shown in (Fig. 4).

If m, - o0 and m, — ©, that is, an intermediate
solid body or a mass-and-inertia lever has a vanishing
low inertia, then its effect in the absence of elastic
constraints (k, = 0, k, = 0) does not appear.

If we assume that the lever has tangible mass-and-
inertia properties and it is structurally related to the
elastic elements, then, in terms of taking into account
the dynamic properties, the system will have two de-
grees of freedom for k # 0, and the features of the
lever transfer function will depend on the values of
the spring stiffness k , k, and k. In this case, the iner-
tial lever acts as a complex additional element, which
significantly affects the properties of the system under
force disturbance to the object of protection.
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a) (m1 +m,i’ )p2

(-) 1

y
mp® +k o=

b)
1

y
(erml +m2i2)p2+k
i@

Figure 4. Block diagram of the system with an intermediate body at k, > « (dynamic oscillator
damper): a is the additional inertial-type feedback; b is the generalized scheme

The system transfer function under the force perturbation Q has the form

(mf +mL)p* + Kkl +(k, +k, )

w(p)=2<= :
G g ke [ =)o 2 e
( ) _(klll _kslz)
+k1 +k3 +k1112 +(k2 +k3)122

In the system, a dynamic damping mode at the When using quasi-springs, it is necessary to take

frequency is possible: into account the dependence of reduced dynamic
y kil +(k, + k)L ko (k, +ky)i* (16)  stiffness on frequency.

Y mPrmlP mAmit 1. If k,, =, the denominator of the transfer

where ; _ L isthelever linkage ratio. function is zero, and the dynamic reduced stiffness
h will be infinitely large.

If k, — o, then the system loses one degree of As is known, such a situation is typical for the
freedom: mode of dynamic damping of oscillations. In this
w'(p)= J_ . 1 _.(17)  case,when an external harmonic force is applied to

Q (m +m, + mzlz)P2 +(k2 +k3)’2 +k the object of protection, the object m remains im-

mobile, and the mass-and-inertia lever (or inertial
lever) will oscillate with an amplitude that can be
determined from the transfer function (15).

) I >

f
0

Figure 5. Block diagram converted to determine dynamic stiffness
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In this case we get that

(k+k +k)(ml +m, ) p* +k, [kzlj K2 k(1 + 1, )2} +hk,E K2 (K, +,)

A(p)=

Expression (18) differs from (10) in that the
numerator (18) takes into account the stiffness k
connecting the protection object to the support
surface I (Fig. 1).

The zero value of the dynamic stiffness corre-

sponds to the frequency
- k, [kzi2 +k+k(i+ 1)2} +hki* +ki* (k, +k,) (19)
o (m, +m,i* ) (k+K, + K, ) '

At a frequency from (19) the ratio of the oscilla-
tion amplitudes with respect to the coordinates y,
and ¥ is determined

Vi _k+k +k (20)
W 21 2Tt
w(p)=3 k, — ik,
If the following condition is fulfilled
k, > ik, (21),

the denominator of expression (20) will be posi-
tive: the ratio of the amplitude of the oscillations

(18)

(mf +mb ) p* + k] + K + k],

%1/ will be positive, which corresponds to the
concept of the joint motion of masses in free vibra-
tions in the first form.

Conclusion

It is shown in the paper that the lever linkages
that arise in the dynamic interactions of system
elements can be considered using mathematical
models. Such models can be obtained on the ba-
sis of certain methods, including the preliminary
obtaining of equations by the standard method
(the second-order Lagrange equation is applied),
followed by the use of structural models and the
interpretation of results. This is done by the intro-
duction of extremely large values of the parameters
(in this case, the stiffness coefficients of elastic ele-
ments) into transfer functions and expressions for
reduced dynamic stiffness.
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Annoramms: [ IpuBeaeHbp! pe3yAbTaThl 9KCIIEPUMEHTAAbHbIX HCCAEAOBAHMI UI3MEHEHHS TPOYHOCTH
beroHan pruOpobeToHa cTeueHHeM BpeMeHH. [ IpoBeAeHbI HCIIBITaH S Ha CKaTHe 00pasIioB KyOHIecKot

24



COMPARATIVE ANALYSIS OF STRENGTH OF CONCRETE AND FIBER-REINFORCED CONCRETE IN TIME

GopMbI 1 HCIIBITAHUS HA pacTsDKeHHe 00pasiioB B popme rantean. [leproa HaOAIOAEHIT OXBATHIBAET

400 cyTok. AHAAU3 pe3yABTATOB II0KA3aA, YTO BCE IIPOYHOCTHBIE XAPAKTEPUCTHKU CTaAepubpobeToHa

IIPY IIePBUYHBIX HCIIBITAHUSX BBIIIIE, YeM y 00br9HOro 6eToHa, Ha 5+10%. C yBeAnueHHeM Bo3pacTa

6eToHa 3TO IPOLIEHTHOE COOTHOILIEeHHe Bo3pacTaeT A0 30%.

KaroueBbre caoBa: 6eToH, prOpoOeToH, cTasbHast HOPa, IPOIHOCTS, CKATHE, PACTSDKEHIE, BpeMsL.

OTBIT 9KCIIAYaTaLMK O€TOHHBIX 1 )KeAe300eTOH-
HBIX KOHCTPYKITHI ¥ pe3yAbTaThl SKCIIEPHMEHTAAD-
HBIX MCCACAOBAHUI ITOKA3bIBAIOT, YTO C TeYeHUEM
BpeMeHH IIPOYHOCTb 6eTOHA BO3PACTaerT.

MsBecTeH IeAbIl psiA AHAAUTHYECKUX 3aBHU-
CHMOCTel, CBSI3bIBAIOIIUX IIPOYHOCTb OeroHa R
u ero Bo3pacT. Hanboaee 9acTo cchlaaroTCs Ha AO-
rapudMHUYECKyI0 3aBUCHMOCTD, IIPEAAOKEHHYIO
B.T. Cxpamraesbm [1]:

R, = lg_t Ry, (1)
1g28
rae Ry, u R, — xyb6uKoBast mpo4HOCTD GeTOHA B BO3-
pacTe 28 CyTOK U t CyTOK COOTBETCTBEHHO.

OaHaKO Ha XapakTep TBepAEHUS GHeTOHA BAMSIET
CTOAD 60ABIIOE KOAUMECTBO PaKTOPOB (Temmeparypa,
BAQXHOCTb, MapKa IleMeHTa, KPYIIHOCTD 3alIOAHUTEAS
¥ AD.), YTO Pe3yABTaThI HCCAEAOBaHMI [ 2, 3 ] 3adacTyro
AAAEKH OT 3aKOHA, OIIUCHIBAEMOTO 3aBUCHMOCTBIO (1).

Bompoc 06 usMeHeHHH IPOYHOCTH cTarepUOpo-
6etoHa [4, S] BO BpeMeHM NPAKTUIECKH He HCCAE-
AOBaH.

ITeAbr0 AQHHOM PAOOTBI SIBASIETCSI CPABHUTEAD-
HbIN QHAAU3 U3MEHEHMUS [POYHOCTHBIX CBOUCTB Oe-
TOHA 1 cTaAe$prOpPOOeTOHA C TedeHneM BpeMeHH.

AAS IPOBeAEHHS HCIIBITAHUE ObIAQ H3TOTOBACHA
cepusi 06pasrioB 13 6eTOHA, APMUPOBAHHOTO CTAAD-
Ho# ¢ubpoit. [Ipu aToM BapprpoBaAcs poLeHT u-
6poBoro apMupoBaHUsI, KOTOPbIit cocTaBasia 0,5%,
1,0% u 1,5%, a Taxoke MaKCHMaAbHBIN pasMep KpyIl-
HOTO 3alOAHHUTeAs! (TPaHUTHBII me6eHDb ) — ¢ pasme-
poM ¢paxnyu <10 MM B IIepBOM CePUHU MCIIBITAaHUI
u <20 MM — BO BTOPO¥.

B sxcnepuMeHTax MCIIOAB30BaHA CTAAbHAS PHU-
6pa c 3arHyThIMHM KOHIfaMH, Bbiryckaemas JAO
«IIO «CraapkaHar-Cuayp>>» B COOTBETCTBUU
c Esponetickum cranpaprom EN14889-1: 2006 [6].

Pe3yAbTaThI IIpeABapUTEABHBIX UCIIBITAHUI I10-
Ka3aAHM, YTO ONITHMAABHBIMU XaPAKTePUCTHKAMH PU-
OpOOETOHHOM CMeCH SIBASIETCSI MATPHUIIA C KPYIIHBIM
3armoaHuTeAeM ¢paxiuu <10 MM npu 1,0% $ubpo-
BOT'O APMUPOBAHHUSL.

Ha BTOpoM oTame U3 yKasaHHON CMeCH H3-
rOTOBAEHBI ABe cepuu 06pasios  (ky6uxos
100x100x400 mMM) U3 06br9HOTO GeTOHA U PubPO-
6eToHa. McnbITaHUS IIPOBOAMAY 110 CTAHAAPTHOM
MEeTOAUKE B COOTBETCTBUH C AEHCTBYIOIIMMU PeKO-
MeHAarmsamu [7].

Ha puc. 1 npuBeaeHb! AaHHbIE 00 H3MeHEHUU
IPOYHOCTH OETOHHBIX U CTaAePpUOPOOETOHHBIX KY-
60B Ha C)XaTHe BO BpEMEHH.

V3 nprBeAeHHbIX Pe3YABTATOB BAHO, YTO IIPOY-
HOCTb 06BIYHOTO GeTOHa 32 Bpems Habaoaerus (400
cyToKk) Bbipocaa Ha 3,5 MITa, uto cocraBaser 11,3%.
ITpounocTs pubpoOeTOHA 32 TOT XKe IIePUOA BBIPOC-
AaHa 10,1 MIIa, T.e. Ha 31%.

M ecan K MOMEHTY HabOpa MapOYHOI IIPOYHOCTU
6eTona (28 cyTok) MpovHOCTD GpuOPO6ETOHA AMIID
Ha 4,7% mpeBbIlIaAa IPOYHOCTD OOBIYHOTO OeTOHa,
TO IPAKTUYECKH Yepe3 FOA ITO PA3AMYUE YBEAHUHU-
AOCH A0 24%.

CaeayeT Taioke OTMETUTb IPHHIJUIIHAABHOE
pasAmyKe B XapaKTepe pas3pyIleHHs HCIIbIThIBAeMbIX
Ky60B. Ecan 6eTOHHbBIE 06pa3Iibl Pa3pyLUIAIOTCS 110
KAACCUYECKOMY CIIeHAPHIO, TO KyObl U3 cTaredu-
6pobeToHa 1 IIOCAE IOTEPH HECYyLiel CIOCOOHOCTH
(paspymeHust) He MEHSIOT CBO€il FeOMeTPHYeCKOi
¢opmbl. EAMHCTBEHHOE 3aMeTHOE pa3AMdHe <«AO
U [IOCA€>» — HAAWYHE TPEIUH U yBeAWdeHUe II0-
IIepeYHbIX Pa3MePOB B HAIIPABACHUH, ITePIIEHANKY-
ASIPHOM TIAOCKOCTH AeiicTBus Harpysku (c 10,0 a0
10,4 cm).
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PucyHok 1. U3meHeHne npo4yHOoCTm 6eToHa n ctanedpmndbpobeToHa

[TapaaaeAbHO € HCCAEAOBAHUEM IIPOYHOCTHU be-
TOHOB Ha C)KaTHe IIPOBOAUAKCh AHAAOIMYHBIE HCCAL-
AOBAHIHS TIPU PACTSDKEHHU. AASI 9TUX IjeAefl Oblaa
H3rOTOBAEHA CITEIIHAAbHASI OTTAAyOKa B BUAE «TaHTe-
An>. PacTarusaroniyie yCHAKS OT pa3pbIBHOM Malllu-
ubl (pecca) Ha 6ETOH MepeAABAAKCH Yepe3 apMaTyp-
Hble crepxxHu D10 MM. Ao 6eTOHHPOBAHHS CTEPXKHU
yCTaHaBAMBaAM (MOHTUPOBAAU) HA KOHIIEBbIX yIaCT-
KaX 9KCIIepHMEHTAAbHBIX 00pa3IoB. AAMHA AaHKEPOB-
ku He nipesbimasa (10 + 12) @. CBo6oaHbIe yIacTKu

i 0 Mila

Hanpsicenus
b

CTep>KHeM 3aITpaBASIAU B 3aXBaThl Pa3phIBHON MalllU-
Hbl. Harpysky npuxaapbiBasu crynensmu mno 1 xH
C BBIAEPIKKOM Ha KQXXAOM CTYIIeHHU 110 2+3 MUHYTHL.
B mporjecce HarpyskeHus H3MepSAN yCHANSA U Aedop-
MAaL[{H PacTSHYTOro 6eToHa. AAsI 9THX IleAell Ha ABYX
IIAOCKHX TPaHsIX 00pasIioB KPeHAU HMHAUKATOPBI
JacoBoro tuna c reHoi aeaenus 0,001mm. ITo pe-
3yAbTaTaM 9KCIIePHMEHTa IIOCTPOEHbI AUarpaMMbl
o—¢ (puc.2).

— -4
. —
.~

T ‘f\‘ "

Py 'S\ S‘

1 o o

Z N

7 o2 of
/ oo‘ w e10”
| N B R
I 2 3 4 5 6 7 3 9 0

Omuocumensras depopmaiyis

PucyHok 2. narpammbl pacTsaxkeHnsa 6eTtoHa u pubpobeToHa
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COMPARATIVE ANALYSIS OF STRENGTH OF CONCRETE AND FIBER-REINFORCED CONCRETE IN TIME

3 AQHHBIX ITPEACTABA€HHDBIX Ha PHC. 2 BHUAHO,
4TO XapaKTep Ae(l)OPMI/IPOBaHI/I}I HCCAEAYEMBIX be-

TOHOB 0AMHAKOB. OpHaKko Aepopmariuy B 6eTOHHBIX

06pasijax HECKOABKO BBIIIE, YeM B AaHAAOTHYHbIX PH-
6pO6OEeTOHHBIX.

A\aHHbIe, TOAYYEHHbIE B Pe3yAbTATe IKCIIEPHMEH-
TaAbHBIX HCCAEAOBAHMUIL, IPUBEACHBI B TaOA. 1:

Tabnmua 1. — Pe3ynbtatbl 9KCNepMMeEHTasNbHbIX UCCNEN0BAHUN

XapakTepHCTHKHA ®ubpoberon | O6brunsbIii 6eTon | CooTHOmEHHE,%
MopyAb yIpyroCTH IIpH PacTsDKEHUH 3,8-10* MITa 3,45-10*MIla 10%
IIpouHocTb Ha pacTsDKeHHe 2,93 MIIa 2,35 MIla 25%
ITpepeAbHAsI OTHOCHTEAbHAS AeOpMaIns 82-10°° 93-10° 13%

ITpo4HOCTD UCCAEAYEMBIX HETOHOB Ha PaCTsIKe-
HHe KPOMe WCIbITAHUI HECTAHAAPTHBIX 00pa31joB
(ranTeneit) ompeaeAsiAach MyTeM cKaAbIBaHUsL (Cpe-
3a) ky60B 110 MeToauKe [7]. PesyabTaThl HccaepOBa-
HUI [IPUBEAEHDI Ha PHC. 3, U3 KOTOPOI'O CAEAYET, 9TO
B T€YeHHE TOAQ IPOYHOCTH cTaredpubpoberoHa Ha
A Rr MIla

2,51

cmaneghubpobemon

HpO'—!HOCWlb bemona Ha pacmsdicee

2.0t 1,56/
o

pacTspkenue Beipocaa ¢ 1,96 MITa a0 2,55 MI1a, T.e.
Ha 31% (TO4HO TaK >Kke, KaKk ¥ MPOYHOCTD Ha CKATHUE).
3a TaKoil e MPOMEXYTOK BPEMEHU aHAAOTUYHAS
IIPOYHOCTD 0OPA3IIOB U3 OOBIYHOrO HETOHA BBIPOC-
AaHa 15,7%.

2,55
X

X /
o

© bemon

100

cymiku
200 300 400
Bpemsa

PucyHok 3. — l3MeHeHne BO BpEMEHM NPOYHOCTU HA PacTsXkeHne

CaeayeT OTMETHUTD, 4TO 06pa3iibl (Ky6bl) U3 0ObIY-
HOTO 6ETOHA IIPU CKAABIBAHIU BCEIAA AGASITCS Ha ABE
JacTH, 00pasrpl U3 crareduOpobeToHa, 0COOEHHO
B 3PEAOM BO3pPacTe, KaK IPABUAO, OCTAIOTCS eAUHBIM
MACCHBOM C OAHOH CKBO3HOM IIPOAOABHOM TPEIUHOM.

Taxum 06pasoM, BCe IIPOYHOCTHbIE XapaKTePH-
CTUKH cTaAepuOpPOOETOHA IIPU MEPBUYHBIX UCIIBI-
TAQHMSIX BBIIIE, 4eM Y 0ObI9HOro 6eToHa, Ha 5+10%.
C yBeandeHneM Bospacra 6etoHa (rop 1 6oaee) ato
IIPOLeHTHOe COOTHOMeHHe BodpacraeT (A0 30%).

Cnucox AuTeparypsl:

1. Ckpamraes B.T. Mcnbitanne npounocTu 6eToHa B 06pasuax, uspeansx u coopyxenmsix / B.I. Ckpamraes,

M. IO. Aemunckuit.— Mocksa: Crpoiiuspat,— 1964.— 176 c.

kuH — M.: Crpoiuspat,— 1978.— 432 c.

lerixun A. E. CTpouTeAbHbIe MAaTEpPUAABL YIeOHUK AAs By30B.— M3a. 2-¢, mepepa0. u aom. / A. E. Illeit-
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3. Baxenos I0. M. Texnoaorus 6etona. Yue6nuxk.— 3-e usp. / FO. M. Baxxenos — M.: M3a-80 ACB,— 2002.—
500 c.

4. Pabunosuu @. H. KoMmosuTs! Ha 0CHOBe AMCIIEpPCHO-apMUPOBAHHBIX 6eTOHOB. Bompocs! reopuu
U IPOEKTUPOBAHUSL, TEXHOAOT M, KOHCTpyKiuu: MoHorpadust / . H. Pabunosua.— M.: Mzp-8o ACB, -
2004.- 560 c.

S. Taaantosa K. B. Crase¢ubpobeToH ¢ 3aAaHHBIMY CBONCTBAMHU U CTPOUTEAbHbIe KOHCTPYKIIUHU Ha €0
OCHOBE: AHICC. ... A-pa. TexH. Hayk / K.B. TaxanrtoBa.— Bapnaya,— 2013.- 287 c.

6. EN14889-1:2006. Fibres for concrete. Steel fibres. Definitions, specifications and conformity.

7. BSENTOCT 10180-2012 Beronst. MeTOABI OIIpeAeA€HHs IPOYHOCTH IO KOHTPOABHBIM OOpasLaMm.
MeXTocyAapCTBEeHHBIN CTAaHAAPT.
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Abstract: Possible fundamental solutions of the problem of natural oscillations of an orthotropic
plate are considered. The problem is solved by the numerical-analytical method of boundary ele-
ments. The transition from the two-dimensional problem to the one-dimensional problem is carried
out by the variational method of Kantorovich-Vlasov. It is shown that for the complete solution of the
problem it is necessary to obtain analytical expressions of 64 fundamental functions. A transcendental
frequency equation is given.

Keywords: orthotropic plate, method of boundary elements, fundamental function, frequency.

Cypuvanunos Huxoraii Ieopzuesuy,

dokmop, mexHueckux Hayx, npogeccop,

3asedyroujuii Kadedpoii crpoumesbHol MexaHuKu,

Odecckas 2ocydapcmeennas akademus cmpourmeAbCmea u apxumexmypol,
Ykpauna, Odecca

E-mail: sng@ogasa.org.ua

Baadyk Iases I'eopauesun,

Kandudam, mexHueckux Hayx, npodeccop

KagedpolL CrpoumesbHol MexaHuxk,

Odecckas 2ocydapcmeennas akademus cmpourmeAbCrmea u apxXumexmypol,
Ykpauna, Odecca

E-mail: pavel9baldook@gmail.com

29



Section 3. Mechanics

Maxoskuna Tamvana CepzeesHa,

acnupanm, Kagedpvl cMpoumeAbHoll MeXanuxuy,
Odecckas 2ocydapcmesennas akademus
CIMPOUMEAbCINBA U APXUMEKNYPbI,

Yikpauna, Odecca

E-mail: odessal222@rambler.ru

OYHOAMEHTAJIbHbIE PELLEHUA 3AAAYU
O KOJIEBAHUSIX OPTOTPOMNMHOW NJIACTUHbI

A}IHOTaHIfI}I: PaCCManI/IBaIOTCSI BO3MOJKHBIEC CI)YHAaMeHTaAbeIe peneHuns 3apa4u o COOCTBEHHBIX

KOAeOaHMAX OpTOTpOHHOfI ITAQCTHUHBI. SaAaqa peumaeTcsa YHCACHHO-aHAAUTHIECKHMM METOAOM I'pa-

HHNYHBIX S9ACMECHTOB. Hepeon oT ABYMepHOfI 3aAauHn K OAHOMepHOfI OCyI€CTBACH BapHallMOHHBIM

METOAOM KaHTOPOBH‘Ia-BAaCOBa. HOKaSaHO, 9TO AAS IIOAHOI'O peIIeHUS 3aAa9H HGO6XOAI/IMO ITOAY-

YUTh AHAAUTHYECKUE BhIpaskeHUs 64-X pyHAAMeHTaAbHBIX GyHKIHIL. I IprBeAeHO TpaHCIIeHAGHTHOE

4aCTOTHOE YpaBHEHHE.

KaroueBbie caoBa: OPTOTPOIIHAA ITAACTHHA, METOA I'PAHNYIHBIX JAEMEHTOB, qDYHAaMeHTaAbHaSI

QyHKIUS, YacTOTA.

3apauu ompeAeAeHHUs CIIEKTPa COOCTBEHHbIX Ya-
CTOT U ITOCTPOEHHUS COOTBETCTBYIOIIIX UM pOPM KO-
AeDOaHUI CTEPXKHEBbIX CHCTEM, IIAACTUH 1 000A0YEK
SIBASIFOTCSI aKTYaABHBIMU M BXKHBIMH IIPU HCCAEAO-
BaHUU AMHAMUYECKOTO IOBEAEHHS KOHCTPYKIIHI,
IpUMEHSIeMBIX B PA3AMYHBIX OTPACASIX IIPOMBIIIACH-
HOCTH M CTPOUTEABCTBA.

AAsi MX peleHusI pa3dpabOTaHO MHOXKECTBO METO-
AOB, CPEAU KOTOPBIX MOXKHO BBIAGAMTD METOADBI CHA
¥ nepeMentenuil [ 1], MeToas KOHeYHbIX pasHOCTEN
(MKP) [2], meTop xoHeuHbIX aseMenToB (MKDJ)
[3] 1 Ap. Bce 9TH METOABI NIMEIOT T€ HAY MIHBIE HEAO-
craTku. Tak, METOABI CHA U IIepeMeleHUH IT03BOASI-
0T OIIPEAEASTb TOYHBII CIIEKTP YACTOT COOCTBEHHBIX
xoAebanwmii (B PaMKax AOMIYLIEeHUH, IPUHATHIX IIPH
BBIBOAE AUQPepeHIIAABHBIX YPaBHEHHI KoAaeba-
HUI1), HO YaCTOTHbIE YPaBHEHHs STUX METOAOB CO-
A€P>KaT TOYKH Pa3phIBOB 2-TO POAQA [4]. BoamoxHO
TAKKe TOSIBAeHHe QUKTUBHBIX U IIPOITYCK ACHCTBH-
TEABHBIX YaCTOT BCAEACTBHE 3aMeHbI 3AAQHHOM pac-
YeTHOI CXeMbl Ha OCHOBHYI0 cucremy [S]. B MK3
JaCTOTBI OIPEAEASIIOTCSI U3 BEKOBOTO YpaBHEHUS
[6], rae crekTp 4YacTOT, BO-NIEPBBIX, OrpPaHHYEH,

BO-BTOPBIX, HeTOY€EH 13-32 3aMeHbI CHCTEMBI C OecKo-
HEeYHDBIM YMCAOM CTeIleHel CBOOOABI CCTEeMOI C KO-
HEYHDBIM YHCAOM CTEIIeHeN CBOOOADI. AHAAOTUYHbIE
HEAOCTATKH UMEIOTCS M Y APYTHX METOAOB.

IIpeoposeTh HEAOCTATKM CYI€CTBYIOIIUX Me-
TOAOB, COXpaHssd IIPU 3TOM HUX AOCTOMHCTBA, T.€.
pelIaTh 3aAaUM AMHAMUKHY Ha O6oAee 9¢pPpeKTHUBHOM
YPOBHE, TO3BOASIET YMCACHHO-aHAANTHIECKHMI METOA
I'PAHUYHDBIX IAEMEHTOB [7].

3apauu AMHAMHUKHU TOHKOM aHH30TPOITHOM IIps-
MOYIOABHOM TIAAQCTMHBI ITOCTOSHHOM TOAIJUHbI
B paMKax runoTte3sl Kupxroga-AsBa cBoasTCS K pe-

meHuio AnQPepeHImarbHOTO ypaBHeHus [ 8
2 4
Owlx,yt) 1|5 Owlopt) o

o*wix, y,t)
2 11 4 16 +
ot ph 0x

ox’0y

4
aW(XJ’,t)_I_ (1)
ox’ 0y’
o*w(x, y,1) o'w(x, y,1)
26 ); + Dzz 4)’
0x0y oy

+2(D,, +2D,)

+4D

AAs OpTOTpOMHOM mAacTHHBI ypasHenue (1)
IIPUHKMMAET BUA
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2 4
o"w(x, y,t) +D 0'w(x, y,t)

h
P50 T ot

+

4 4
a W(zca )’2) t) + D2 a W(x>4)/, t) — O (2)
0x"0y oy
TA€ J)KeCTKOCTHU OHPEAeA}IIOTCﬂ q)OpMyAaMI/I
EW E R
:—x ; D =
12(1 - ”xyluyx)

+2D,

1

P20 pp,)

Gh’
D,=Du,+2D,=D,u, +2D;; D, = P ;

E.,E, — MOAyAM yIPyroCTH B HAaIIPaBAEHUSIX
oceil; G — MOAYADb CABUTa; 1 — TOAIIMHA TAACTHHBI;
Hy» 1, — KOG urpmenTsI [Tyaccona; w(x, y, t) —mpo-
rub; P — MAOTHOCTb MaTepHaAQ.

Byaem uckath pemenue ypasHenus (2) B Bupe

w(x,y,t):w(x, y)cosot (3)
TA€ W —4aCTOTa COOCTBEHHBIX KOACOAHUI.
Torpa ypaBHen#ue (2) MOXHO MepenucaTh TakK:

4
—pho’*w(x, y)+ D, Twix,y) W(ji’ .,
ox
) \ (4)
o'w(x, y) 0"w(x, y)

+2D

> ox’oy’ ooyt =0

Ypasuenue cBo6oAHBIX KoAebanuit (4) umeer
94eTBEepPThIN MOPAAOK U sBAseTCs AuddepeHIuaAb-
HBIM yPaBHEHHEM B JaCTHBIX TPOU3BOAHBIX. DyHK-
st W(X, y) , IBASIFOIAsICS pellieHHeM 9TOTO ypaBHe-
HHSI, 3aBHCHUT OT ABYX IlepeMeHHbIX, T.€. IMeeT MeCTO
AByMepHas 3apada. B To xe Bpemsa aaroputm A
MI'3 [7] npeanoaaraer pemeHne OAHOMEPHO 3a-
Aaun. Ilepexop oT AByMepHOI 3aAa4U K OAHOMEPHOM
MOYKHO OCYIIIeCTBUTD ITyTeM IIPUMeHeHHs BapHaliu-
onHoro Meroaa Kanroposmuua-Baacosa.

Pazaoxxum iporu6 w(x, y) B pyHKIMOHAABHBIN PSIA
w(x, y) =W, ()X, (x)+ W, ()X, (x)+..+ W, ()X, (x)
Y OTPAHUYMMCS TOABKO IIEPBBIM YAEHOM 3TOTO PsIAQ
w(x,y) = W(y)X(x), 9T0, Kak mokasaHo B [7], aaer
BIIOAHE TIPHEMAEMYIO AASI HHSK€HEPHBIX PacyeTOB

TOYHOCTb.
Toraa moAy4nm:
D X"W +2D,X"W" + D,XW" - pho’WX =0. (5)

Ymuoxum o6e vactu (S) Ha X 1 npounTerpupy-
eM B pepeAax [0; 1], Tae | — pasMep IAACTHHbI B Ha-
IIPaBAEHUHU OCH X :

Zl Z1
DW [ X" Xdx +2D,W" [ X"Xdx +
0 0

ll ll
+D,W" [ X?dx = pho' W | Xdx =0,
0 0
BBepeM 0603HaUeHUA:
A A b
D, [X’dx=A; 2D,[X"Xdx=B; D,[X"Xdx=C,
0

0 0

TOTAQ
2
WY A+ WB+WC— P W —o,
2
HNAN
WY —2PW"+5'W =0, (6)
rAe
2 B 4_ g _P ho’

2A A D,
Pemenme ypasrenus (6) 3aBUCUT OT KOpHeH COOT-

BeTCTBYIOI_HEI‘O EMY XapaKTepI/ICTI/I‘IeCKOI‘O YpaBHeHI/ISI
K*-2r'K*+s* =0,

K, , =+\r’ £r' =5 (7)

BekTop COCTOSIHMS IIAACTUHBI COAEP>KUT 4 KOM-
nonenta (W,0,,M,,Q, ), a xapakrepucrudeckoe
ypaBHEeHUe HMeeT 4 KOpPHS, IO9TOMY AASI IIOAHOTO
pelleHHs 3aA91 O KOACOAHHSIX OPTOTPOIIHOM IIAA-
CTHUHBI HEOOXOAUMO ITOAYYUTD AHAAUTHIECKUE BbI-
pakeHHsa 64-X pyHAAMEHTAABHBIX QYHKITHA. Bua
9TUX QYHKIHI OIIPEACASETCS] COOTHOLIEHHEM MEXKAY
T ¥ S, KOTOpOe 3aBUCHT OT I'PAaHMYHBIX YCAOBHI Ha
TIPOAOABHBIX (BAOAD OCH ¥ ) KPOMKAX TAACTHHBL

Bo3MOXxHbI Takue COOTHOIIEHMS MEXAY T U S,
Ka)KAO€ M3 KOTOPBIX ITO3BOASIET TOAYYHTD 16 aHaAM-
THYECKUX BRIPOXKEeHHI QpyHAAMEHTAABHBIX QYHKIIUHI
A, (,j=1,2,3,4):

|s| > |r| =K, ,=tatif};
s'<0; P 20=> K, =%a; K,, =%if3;

st>0; s|< ; P >0= K, =+ia; K,, =+if;

s'>0 <0 r'=s">0=> K, =ta; K,, =%f.

ITocae ¢opmupoBaHMA MATPHIBI A, MOXHO

r

OIIPEAEANTDb YacCTOTbI CO 6 CTBC€HHBIX KOAe6 AHMI.
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3Aer HpeAHOAaI'aETCH, qTo I'paHI/I‘-IHbIe CTaTUYECKHE
1 KMHEMaTU4YE€CKHE napaMeprI ITAQACTHUHDBI 6YAYT OoT-
AWYIHBI OT HYASI, €CA1 OTAMTYHDBI OT HYASI O606H.IeHHbIe
CTaTHUYECKHE U KNHEMAaTHYE€CKHE napaMeprI OAHO-
MepHOI MopeAd. Toraa TpaHCIleHAGHTHOe ypaBHe-
HHEC CO6CTBeHHbIX 3HAYEeHUI MAACTHHBI IIPUMET BUA

A (o) =0, (8)
TAE A - KBaApaTHasA MaTPI/II_[a FPaHI/I‘IHbIX 3HAaYeHHUH
$yHAAMEHTAAPHBIX OPTOHOPMHUPOBAHHBIX QYHKIIMI
C KOMIIEHCHPYIOIMHUMH 9AEMEHTAMH, OITHChIBAIOIIH-
MU TOIIOAOTI'MIO CHCTEMBI.

Marpumna A. obAapaeT MHOTUMU YHUKAABHBIMH
cporictBaMu. OHa SIBASIETCS BeCbMa PaBPe)KEHHOIjI
MaTpHIieil 00IIero BUAQ, ee CUCTeMa pyHAAMEHTAAD-
HbIX OPTOHOPMI/IPOBaHHbIX (]?YHKHHfI o6ecr[e‘mBaeT
Xopouryro YCTOIZ‘II/IBOCTB YHCAEHHOTO ITponecca pe-

IIeHHs KpaeBOM 3aAa4H, B OTIPEAEAUTEAE OTCYTCTBY-
0T TOYKH Pa3pbIBa 2-T0 poaa, popmupyercs 6e3 npu-
BAEYEHUS] MATPUYHbIX OTlePAITHIL.

YpaBuenue (8) sBASIeTCA TpPaHCL}EHAEHTHBIM
YJaCTOTHBIM ypaBHEHHEM, KOPHU KOTOPOTO AQIOT
IIOAHBII CIIEKTP YaCTOT COOCTBEHHBIX KOAeOaHHMIT
IIAACTHHBL B oTAMYME OT CyIIeCTBYIOIIUX METOAOB,
onpepeAuteb (8) COAEPXKHT TOABKO cucTeMy GyHAR-
MEHTAABHBIX QYHKITHIH, YTO IIO3BOASIET CYIIIeCTBEHHO
YIIPOCTUTD MMOUCK YACTOT COOCTBEHHBIX KOAEOAHMIA.
VuTepBaa, copepKamuil KOpeHb ypasHeHus (8),
¢uKcupyeTcs Mpu U3MEHEHUH 3HaKa OIPEAEANTeAS
HAM TIPU €TI0 CTPEMAEHUH K HYAIO.

[ocae ompepeseHHs KOpHeit ypaHenus (8)
MO>KHO HalTH GOPMbI U OTHOCHUTEAbHbBIE AMITAUTYADI
COOCTBEHHDIX KOAEOAHHUIL.
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AND CAPACITANCE PROPERTIES OF THE PRODUCTIVE
HORIZON WHEN IT IS OPERATED BY HORIZONTAL WELLS

Abstract: The article considers the influence of the skin zone on the reservoir’s filtration-capaci-
tance characteristics. The analysis shows that the disturbance near the bottom hole zone of the well
due to plugging of the porous space of the reservoir leads to the formation of a zone with a lower
permeability and additional pressure losses — the skin zone. Therefore, before making decision about
the impact on the bottom hole zone of a horizontal well, it is necessary to estimate the magnitude of
the pressure drop in the skin zone and compare it with the overall pressure difference between the
formation and the bottom, the permeability of the skin zone with the formation permeability. This
comparison is necessary for timely impact on the bottomhole zone of the well in order to improve
the permeability of this zone and increase the productivity of the well.

On a specific example, pressure losses were calculated for horizontal and vertical wells. It is established
that at the same value of the positive skin factor, the pressure loss in the skin zone of the horizontal well is
always less than its value in the vertical well.

Keywords: collector, wells, production rate, depression, permeability, skin factor, skin zone.
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METOAO0JIOFT'MYECKUE OCHOBbI OLUEHKU ®PUJIBTPALLUOHHO-
EMKOCTHbIX CBOMCTB NPOAYKTUBHOIO FTOPU30OHTA NPU
IKCMNYATAUUUN ETO TOPU3OHTAJIbHbIMU CKBAXKUHAMU

AHHOT&HHH: B cTatpe PacCMOTPEHO BAMSIHNE CKUH—30HbI Ha (I)I/IAbTPaL[I/IOHHO-eMKOCTHbIe Xa-
PaKTEPUCTUKH ITAACTA. HPOBeAeHHbIﬁ dHaAH3, ITIOKA3bIBAET, YTO HapylIeHHE€ B OKPECTHOCTH IIPpH-
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3a00ITHOM 30HBI CKBOKUHBI BCAEACTBHE 3aKyIIOPHUBAHMS IIOPOBOrO IMPOCTPAHCTBA KOAAEKTOPA
IIPUBOAUT K 0OPAa30BAHHIO 30HBI C IOHKEHHO! IPOHUIJAEMOCTBIO U AOTIOAHUTEABHBIX ITOTEPb
AABAEHHS — CKUH-30HBL [ToaToMy, mpeaBapuTeAbHO mepep NPUHATHEM PeIleHHs O BO3ACHCTBUHU
Ha [IpU3abOMHYI0 30Hy TOPU3OHTAABHON CKBAXKHUHBI, HEOOXOAMMO OLI€HUTh BEAUYUHY ITAACHUS
AQBA€HUS B CKUH-30HE M CPAaBHUTD ee C OOIIUM [IepeIlapOM AABAEHUS MEXKAY IIAACTOM U 3a60eM,
IIPOHUIIAEMOCTb CKMH-30HBI C IPOHUIIAEMOCTBHIO ITAACTA. AAHHOE CpPaBHEHIEe HEOOXOAMMO AAS CBO-
eBPEeMEHHOT0 BO3AEHCTBISI Ha IIPU3a00IHYI0 30HY CKBAXKHHBI C [J€ABIO YAYULIEHUS IPOHHUI[AeMOCTH
3TOM 30HBI U IOBBIIEHU IPOAYKTUBHOCTH CKBAXKHHBIL

Ha xoHKpeTHOM IprMepe OBIAY IIOACYUTAHBI IOTEPH AABACHHI AASI TOPU3OHTAABHBIX M BEPTUKAAD-
HBIX CKBO)KHH. YCTaHOBAEHO, YTO ITPH OAHOM M TOM K€ 3HaUueHUH ITOAOXKUTEABHOTO CKHH-(aKTOpa 1o-
TepHU AABA€HHS B CKUH-30He TOPU30HTAABHOM CKBa)KMHBI BCETAAQ MEHbIIIE er0 3HAYeHHS B BepTUKAABHOM.

KaroueBbie cAoBa: KOAAEKTOP, CKBaJKHHDI, ,A,e6I/ITbI, Iepernap AaBA€HHS, IIPOHUIIAEMOCTDb, CKHH-

PaxkTOp, CKUH-30Ha.

C meapro 3QPeKTHBHOIO yIpaBAEHUS MPOIiec-
COM H3BA€UEHHS HePTH U3 IIAACTOB U AASI pellleHus
po0OAeMBI YAy4IIeHNsT GHUABTPALIMOHHBIX CBOFICTB
$AIOMAOB, yBeAHIeHHS HePTEOTAAUH ITAACTOB AAS Ha-
JaAa He0OX0AUMO 00AaAATH HHPOPMALIHET O CTPO-
€HUH U CBOMCTBAaX HePTSHBIX IAACTOB, 00 YCAOBHSIX
cocpepoToueHHs U GuAbTpanuu B HUX HePpTH. Kak
M3BeCTHO, HePpTb HEPAaBHOMEPHO IPOIHTHIBAET TAY-
6oKo3aAeraliye MAOTHbIE, IOPUCTbIE, B OOABIIIH-
CTBe CAy4YaeB U B OOAbIIel 4acTH 0ObeMa 3aAexedt
cAabONpOHHIjaeMble TIOPOADI — IIECYAHHUKHU, U3BECT-
HSIKU UAM AOAOMUTBIL. COBepIIeHHO 6eCCHCTEMHO 13-
MeHSI0TCA Qu3ndeckre U PUABTPALMOHHO-eMKOCT-
Hble CBOMICTBA HepTera3oHOCHbIX ITAACTOB, KOTOPbIe
0ecropsIAOYHO pacyAeHeHBl HelPOHHUIIAeMbIMH
AVMH3aMH, CAOSIMH U IIPOIIAACTKAMH, BCAGACTBHUE Yero
¥l TOAI[MIHA UX 6ecrnopsA04HO uaMensiercs [1,2].

M Tak HedTerazoBblii KOAAEKTOP — FOpHasi IOpPO-
A2, KOTOpast 06AapaeT CBOMICTBAMH, IIO3BOASIIOLIINE,
HaKallAMBATb a3, HepTh, BOAY U QUABTPOBATD UX IIPH
HAAMYHY [TePerapd AABACHHS.

OcHoBHbIE KpUTEPUHU KOAACKTOPA HepTH M ra3a —
ero eMKOCTHAsI U pUABTPAITOHHAS XapaKTePUCTUKH,
ompepeAseMble MTOPHUCTOCTDBIO, MPOHHUIIAEMOCTDIO,
a B 60Aee 061I[eM BUAE — TUIIOM KOAAEKTOPA.

PazAmyaroT caepyronirie BUABI KOAAEKTOPOB Hed-
TH U ra3a: TeppUreHHble U KapOOHATHBIE.

TeppureHHble KOAAEKTOPBI IIPEACTABAEHBI 00-
AOMOYHBIMH OCaAOYHBIMHU HOPOAaMI/I u BQPHaMI/I MHU-
HEPAAOB PA3AMYHbIX Pa3MePOB, CLieMEHTHPOBAHHbIX
IleMeHTaMU pa3AngHOro Tuna. OObIYHO ITH IOPOABI
CAOXKEHBI B Pa3HOM Mepe CLIeMEeHTHPOBAHHBIMHU ITeC-
YAHMKAMI, AA€BPOAUTAMH, A TAKOKE B BUAE CMECH UX
C TAMHAMU U QPTUAAMTAMU U [T0 MUHEPAAOTHIECKOMY
COCTaBy — KBaplLjeBble U IIOAUMHKTOBBIE.

TeppureHHble KOAAEKTOPBI XaPAKTEPUIYIOTCS
OYeHb UIMPOKHUM AHAMA30HOM (UABTPALIMOHHBIX
coiicTs. IIponunaemMocTs ux uamensercs or 3—5
Ao 0,0001-0,001 mxMm?, a mopucrocts — ot 25-26
A0 12-14%.

KapOoHaTHBIE KOAAEKTOPBI CAQrarOTCs U3-
BECTHSIKAMHU U AOAOMHUTAMU U B OCHOBHOM Pa3AU-
YArOTCS 10 TUILY IIyCTOTHOTO IIPOCTPAHCTBA U eM-
KOCTHBIM XapaKTePHCTUKaM. MeAKO3epHUCTHIE,
caabonpoHHIIaeMble, MEAKOTIOPUCTbIe KapOOHAT-
Hble KOAAEKTOPBI IIPEACTABASIIOT COOOI CHABHO
TepeKpUCTaAM3UPOBaHHbIE MOPOAbI (MaTpuUIIbL),
KOTOpbIe 00AAAQIOT HU3KOI IIOA€3HOM €MKOCTHIO
U MAOXMMH QUABTPALJMOHHBIMU CBOMCTBAMHU: I10O-
pucroctb 8—-15%, nponunaemocts 0,0001-0,001
MkM®. EMKOCTHBIE CBOMCTBA KapOOHATHBIX KOA-
AEKTOPOB 3TOrO THIIA CBSI3aHBI C MOPUCTOCTHIO
MaTpuL, a PUABTPALIMOHHBIE CBOICTBA — C TPEIH-
HOBAaTOCTBIO IIOPOA.
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BricokxonopucTsle, BBICOKOIIpOHMIIaeMble Kap-
OoHATHbBIE KOAAEKTOPHI — XOPOIIUe OOBEKTBI AAS
paspaboTku.

PaccMOTpHM OCHOBHBIE KOHIIEIIIUY Pa3dpaboTKu
KOAAEKTOpPA U X IPUKAAAHOE IPUMEHEHHe K TOpH-
30HTAAbHBIM M BEPTUKAABHBIM CKBAXKMHAM.

M3BecTHO, 4TO BOKPYT CTBOAA CKBAXKHHBDI C U3-
MEHEHHOM MAM YMEHBIIEHHOM MPOHUIJA€MOCThIO
(cKkMH-30Ha) MMeeTCs 30HA AOIIOAHUTEABHBIX ITO-
Tepb AaBAeHUA. B pesyabraTe yero mpu ompepe-
AEHHOH CKOPOCTH IIOTOKA 3aMEPEHHOE IAACTOBOE
AABAEHHE OKa3bIBA€TCS MEHBIIIE, YeM TEOPETUIECKU
paccuutanHoe. [Ipu 6ypeHnu cCKBaXXHHBI HEOOXO-
AUMO HUMETHb IIOAOKUTEAbHOE AABA€HUE B CTBOAE
CKBA)KHHBI AAS TIPEAOTBPAlleHH s IPUTOKA ITAACTO-
BBIX QAIOMAOB B CKBOXHHY. DTO IPUBOAUT K IIPO-
HUKHOBEHHIO HEKOTOPOTO 06beMa OypoBOro pac-
TBOpPa B KOAAEGKTOP, U TBepAas Ppa3a, HAXOAAIAsACA
B 6ypOBOM pacTBOpe, MOXeT 3aKyIOPHUBATh IIO-
poBO€e IMPOCTPAHCTBO IIAACTA — KOAAEGKTOpa. DTO
IIPUBOAUT K OOpA30BaHMIO B CTBOAE CKBAXKHHBI
30HBI C TIOHKEHHOM IpOoHuUIjaeMocTu. Ban OBep-
AureH u XepCT Ha3BaAH 9TO 30HOM IPOHUKHOBEHHUS
¢uABTpaTa UAM TIOBPEXKACHHOM 30HOH, CKUH-30HOH,
U CBSI3aHHOE C 9TUM 30HOM CHIDKEHUE AABACHHS KaK
ckun-addexr [2, 3,4, S, 6].

Kaxk n3BecTHO, MOPOABI C BbICOKOH IPOHUIJAEMO-
CTBIO UMEIOT 60Aee IIPOTSDKEHHYIO 30HY IIPOHUKHO-
BeHUsI OypOBOTrO PacTBOpa, HO IIPH 9TOM CHIDKEHHE
IIPOHHUIJAEMOCTH B 3THUX ITOPOAAX HE3HAYUTEABHO,
U IOAOXXHUTEAbHBbIE 3HAYeHHs CKHMH-(aKTOpa NpH
3TOM TaK’Ke He3HauuTeAbHbl. Hamporus, B mopopax
C HU3KOM IIPOHMIIAEMOCTHIO TOAIIMHA 30HbI BTOPKe-
HUS HEe3HAYUTEABHA, HO IIPU 9TOM CHIDKEHHUE IIPOHU-
11aeMOCTH B 3TON 30He 3HAYUTEAbHO, 1 KaK CAEACTBHE
BBICOKOE TIOAOXKMTEAbHOE 3HaueHHe CKUH-(PaKkTopa
nocae Oypenus. I1o Bceit BEpOsSITHOCTH, 3TO CBsI3a-
HO C TeM, 4TO BbICOKOIIPOHHIIaeMble IIOPOABI UMEIOT
6oABIIHE pa3MephI IIOPOBBIX KAHAAOB, KOTOPbIE He
MOAHOCTBIO OAOKHMPYIOTCSL. A BOT HU3KOIIPOHHIIae-
Mble IIOPOABI C MAAEHPKHMU Pa3MepaMH ITOP IOAHO-
CTBIO OAOKHPYIOTCS TBEPAOH Gasoil.

Hapymenne mnponuraeMocTu mnpu3abonHON
30HBI CKBa)XMHBI OKa3bIBaeT CHAbHOE BAMSHHE Ha
BEAUYHHY IOHIDKEHHS 3a00IHOTO AMHAMIYECKOTO
AQBAEHUSI, COOTBETCTBYIOIIETO 3aAAHHOMY AeOUTY
CKBQ)KHHBI, 3 CAGAOBATEABHO Ha BEAUYHHY K03 du-
IJMeHTA IPOAYKTUBHOCTHU CKBa>KHHbIL.

OO6BIYHO CKHMH-$AKTOPbI OLIEHUBAIOTCS C IOMO-
IIBI0 ONPOOOBAHMSI CKBRKUHBI UCIIBITATEAEM IIAQ-
CTOB MAU METOAOM BOCCTAaHOBAEHMS AABAEHM . 3Has
CKHMH-(PaKTOP, MOXKHO PaCCUYUTATh IIOTEPU AABACHUS
BAOAD ITOBP@XACHHbBIX 30H.

AAsl BEpTHKAABHOM CKBaXKHUHbI TOTEPH AABACHUS
AP; 3aBucsr ot q/h, T.e. OT AeOHTa Ha AVHUITY AAUI-
HbI IIAACTA.

SuBq
( S)BEP. = 2kmh (1)

Caep0BaTeAbHO, AASI TOPU3OHTAABHON CKBAXKHHBI
AP, 3aBucHT OT /L, T.e. OT AeOUTa IPUXOASAIIETOCS
Ha €AVHUITY AAUHBI TOPH30HTAABHOTO CTBOAAQ.
SuB
(aR),,, =222 (2)
2krn L

rae S — CKMH-QAKTOp; Y — BZKOCTb; B — 06peMHbIit

K03 PUIIEHT; k — IPOHUI]AEMOCTD;  — AeOUT CKBa-
KUHBI; h — MOIFHOCTB IABCTA; L — AAMHA 320051 ropu-
30HTAAbBHOM CKBa>KUHBI.

Baxxnenmum ¢akTopoM cuMTaeTcs, 4TO IpHU
OAHOM M TOM >X€ 3HAUYeHUH ITOAOKUTEABHOTO CKHH-
dakTopa MoTEpH AABACHHUS B CKUH-30HE TOPU30H-
TAABHOM CKBa>KHHbBI BCETAQ MEHbIIe €ro 3HAUeHHs
B BePTUKAABHOMN. JTO CBA3aHO C TEM, YTO BEAIHMHA
AebUTa, IPUXOASIIASICS HA AAMHY BCKPBITOM TOAIIIU-
HbI ITAACTA AASI TOPU3OHTAABHON CKBAXKHHBI, HAMHO-
ro MeHbIIle, YeM AASI BEpTHKAABHOM.

PaccMOTpHM 3TO Ha CAeAyIOIeM IpHUMepe.

AAsI THTepIIpeTaIlui AAHHBIX B Ka4eCTBe IIpuMe-
pa OBIAM HCIIOAB30BaHBI AQHHBIE [I0 BEPTUKAABHOM
ckBaxuHe ASS M ropu3oHTaAbHOMN cKBakuHe C27
MecTopoxAeHHst «N>. OmpoOupoBaHe AAHHBIX
CKBa)XMH MTOKA3aA0, YTO CKUH-PAKTOP IOAOXKUTEAD-
HbIii ¥ paBeH S = + 1. Ilo BrimenpuseaeHHBIM GpopMy-
AaM (1) u (2) 6bIAM TOACYMTAHBI TAACHHS AABACHHSA
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B CKHUH-30HE, T.€. IOBPEXAEHHOH 30HE, AASL KAXKAOHN
U3 PACCMATPUBAEMOM CKBAJKHH.

B pesyabraTe pacuera BeAMYHMHA ITAAEHHUS AABAe-
HUS AAS BEPTHKAABHOM CKBaXKMHBI COCTAaBHMAQ
(AR)

(AP S )rop
IIpYMepa CTAHOBHUTCS SICHBIM, YTO (APS )

sep. = 3 MII1a, @ AASI TOPU3OHTAABHON CKBAXKHHBIL

=0,12 wmITa. Kak BUAHO U3 IPUBEAEHHOTO
IopP > (AI)S ) BEP
. 9TO AaeT BO3MOXXHOCTDb HAM CYAUTD O TOM, 4TO IIPH-
MeHeHHe KOHKPETHOT'O METOAQ BO3ASHCTBUS Ha IIPH-
3200MHYI0 30HY I1AACTA C IIeABIO YAYUIIEHUS IIPOHH-
I1AeMOCTH B CAy4ae FOPH30HTAABHOM CKBKHHbI OyAeT
HMeTb MEHbIIYI0 3¢ PEeKTUBHOCTD, C TOYKH 3PEHHS
HOBBILIEHHUS €€ IIPOAYKTUBHOCTH, YeM BePTUKAABHOM

ckBaxuHbL. [109TOMY, IpeABAPUTEABHO IIEPEA IIPU-
HSITHEM PelLIeHUs O BO3ACHCTBIU Ha PU3a0O0MHYI0
30HY FOPU30HTAABHOM CKBAKHHBI, HEOOXOAIMO Olle-
HUTb BEAMYHHY IIAAEHUS AABAEHHS B CKUH-30HE
¥ CPAaBHUTb €€ C OOIINM ITeperragOM AABACHIUSI MEXKAY
[IAQCTOM U 3a060eM, MPOHHUIIAEMOCTb CKUH-30HBI
C IIPOHHUIAEMOCTBIO [TAACTA. JTO CPABHEHHE MOXET
OBITH B AAABHETIIIIEM HCIIOAB30BAHO AASL OIIPEAEACHIS
HeOOXOAUMOCTH CBOEBPEMEHHOTO BO3AEHCTBHS Ha
IpU3a60MHYI0 30HY CKBXUHBI (THAPOPA3phIB TAQ-
CTa, KHCAOTHasi 0bpaboTka 3a60s, mepdoparnms
H T.A.) C IIEABIO YAYYIIEHHS IPOHUI[AEMOCTH 3TOM
30HBI U IIOBBILIEHUSI IIPOAYKTHBHOCTH CKBOXKHHBL
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THE ACCOUNT OF A STAGNANT ZONE FOR DEFINITiON
OF PERMEABILITY IN GAS LAYERS

Abstract: Numerous laboratory and field studies have shown that the basic laws of fluid filtration
are also valid for the filtration of gases. However, often in the process of drilling and operation a new
zone with different physical properties appears. This zone can influence the productivity of the pro-
duction gas well both positively and negatively. This zone is called the Skin zone. For the first time,
American researchers drew attention to this effect. Thus, the appearance of the Skin Zone affects the
shape of the initial sections of the bottomhole pressure tracing graphs. In this regard, the concept of
the Skin effect has been introduced into the course of underground hydrodynamics, which, in sense,
should be translated as the influence of the bottomhole zone (that is, the effect of the formation
permeability in the vicinity of the investigated well) on productivity.

Keywords: Skin effect; collector; permeability; radius; well pressure; contour pressure; dynamic
viscosity.

Aadawzade Mupsza Axmed ozavi,

K.m.H., doyenm kagpedpot «Hedmezazosas unmcenepus>
Asepbaiidnanckuti Tocydapcmeennoiii Yuusepcumem Hedmu

u ITpomvisennocmu (AT'YHII)

E-mail: mirza_dadashzade@mail.az

Anues Hrnzaab Hamuk ozavl,

duccepmanm, accucmenm kadedput «Hedmezazosasunncenepus>
Aszepbaiidnanckuii [ocydapcmeennviii Yuusepcumem Hedmu

u ITpomviwaennocmu (AI'YHII)

E-mail: inglab_aliyev@hotmail.com

YYET SACTOMHOM 30HbI AJ19 ONPEOENEHUSA
NMPOHULUAEMOCTU B TrA3OBbIX INJIACTAX

Annoranms: B nporecce OypeHust u 9KCIIAyaTanuu npy $UABTPALUK IOTOKAX BO3HUKAET HOBAsI
30HA, C MHPIMHM PpH3UYECKUMHU CBOMCTBAMH. AaHHAS 30HA MOXKET BAMATDH Ha IIPOM3BOAUTEABHOCTD
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BKCHAyaTaHI/IOHHOEI ra3oBOM CKBAa>XMHBI KakK ITOAOJKHUTEADBHO, TaK K OTPULIATEABHO. Takast 30Ha Ha3bI-

Baercst CkuH-30HO1L. VccaepoBaTeAn 0OpaTrAM BHUMaHUe Ha AQHHBIN 9 PpeKT. Tak, BOSHUKHOBeHIe

CKUH-30HBI BAUSIET HA (l)OPMY KpHUBBIX BOCCTAHOBACHUA AABACHHUS. B cBsa3u ¢ aTuM B KypcC IIOA3EM-

HOM TMAPOAMHAMUKH BBeAeHO MoHsaTHe CKUH- 9deKTa, KOTOpoe IO CMBICAY CACAYeT IepeBecTH

KaK BAMSHHE TPH3a60MHO# 30HBI (TO eCTh BAMSIHUE MPOHHUIIAEMOCTH MAACTA B GAMDKAIIeH K CTEHKe

OKpPECTHOCTH HCCACA}’CMOIX CKBa}KI/IHbI) Ha IIPOHU3BOAUTEADPHOCTD.

Karouesblie caoBa: CKUH-3QPeKT; KOAAEKTOP; IPOHHUIIAEMOCTD; PAAUYC; AABACHHE B CKBAXKHHE;

AABACHME HAa KOHTYp€; AUHAMHYeCKas BA3KOCTb.

ITpu uccaepOBaHUM CKBXHH HA CTAIIMOHAPHOM
pexxuMe GHABTPALIMHY, YACTO HA3BIBAIOIIEMCS] METO-
AOM YCTaHOBHBIIETr0Csl 0TOOpa i 6a3HPYOIerocs Ha
CBSI3M MEXAY yCTaHOBMBIIMMUCS 3260itHbIMH (yCTbe-
BBIMH) AQBAEHHSAMH U A€OUTOM rasa Ha Pa3AUYHBIX
PeXMMAX, AAeT BO3MOXKHOCTD OIIPEAEAUTD CACAYIO-
mue napamerpsr: [ 1+7].

a) 3aBUCUMOCTb AeOHTa rasa OT ACTIPECCHH HA
TAACT 1 AQBACHHE Ha YCTbe CKBaYKHHBI;

6) Hexoropble 0CO6EHHOCTH M3MEHEHHs 3a-
OOMHOrO U YCThEBOTO AABAEHHUI OT AeOUTa ra30BOM
CKBQYKHHBI;

8) Koadduupent nponuiiaeMocTy;

r) YdeT KoAN4eCcTBa BBIHOCHMBIX )KHAKHUX 1 TBEp-
ABIX IIPHMeCe#t IIPH PA3AUYHBIX PeXKHUMAX pabOTBHI ra-
30BOM CKBa)KMHBI.

A) YcaoBuS paspymieHus Npu3aboitHON 30HBI
Y BOBHUKHOBEHHE 3aCTOMHON 30HbI;

e) Pa3AnuHbBIe TApaMeTpPbl TEXHOAOTUYECKOTO Pe-
KM paboTbI ra30BbIX CKBAXKKH;

) YaeT BAMSHHSA KO3 PUIMEHTA THAPABANYE-
CKOTO COIPOTHUBAEHUS TPYOBI Ha PEXHUM PabOTHI
CKBQ)KHHBL

OTMeTHM, YTO IIepeA HAYAAOM UCCACAOBAHHIL Me-
TOAOM YCTaHOBHUBIIHXCSI OTOOPOB AABA€HHUE HA YCThe
CKB)KHHBI AOAXKHO OBITb PAaBHBIM CTaTHYECKOMY,
KaK ITPAaBHAO, NCCAEAOBAHUE TIPOBOAUTCS TIPSIMBIM
XOAOM, TO €CTh, HAYMHAsI OT MEHDIINX AeOUTOB K 60-
Aee BBICOKMM. [a30ByI0 CKBOXXHHY ITyCKAIOT B pabo-
Ty C HeOOABIINM A€OHTOM AO IIOAHOM CTAOUAM3ALINI
AAaBAEHMS M ITPOU3BOAUTEABHOCTH, HEIIPEPHIBHO pe-
TUCTPHUPYIOTCS IIOAYYeHHbIE Pe3yAbTAThI, KOTOPbIE
HCIIOAB3YIOTCSI AASL OTIIPEACACHHSI TAPAMETPOB IIAQ-

CTa, B TOM YHCA€ AASI OTIPEACACHHS IIPOHUIIAEMOCTH.
ITocae mpoBeAeHHMS COOTBETCTBYIOIIMX 3AMEPOB AAB-
AeHUS Ha 3a00e, Ha yCTbe, B 3aTPyOHOM U MeXTPYO-
HOM IPOCTPAHCTBAX B HEOOXOAUMBIX TOUKAX CKBa-
KUHBI 3aKpbIBAIOT. [Ipy 9TOM AaBAeHHE B CKBOXKHHE
HAYMHAeT BOCCTAHABAMBATBCS U IIPU ITOM IIPOIiecC
BOCCTAHOBAEGHHS AABACHHSI TAlOKe OTMEYAeTCsl He-
IPepPBIBHO, YTO IIO3BOASIET IIPU COOTBETCTBYIOIei
06paboTke OIpeAeAUTD MapaMeTPbl KOAAEKTOPA.

HaAnuuy 3HAYHTEABHOTO KOAMYECTBO BAArd
B IIPOAYKITMU 3a00MHOTO AABAEHHE II0 3aMepaM Ha
YCTbe CKBOXKMHBI B QOHTAHHBIX TPyOax OIpeAeAsieTcst
IPHOAM3UTEABHO C HCIIOAB30BAaHHEM COOTBETCTBYIO-
mero K03 PuIeHTa CONPOTUBACHUS C YIeTOM KO-
AMYECTBA BAATH B A0OuBaemoM rase. Ecau rasoBas
CKBO)XMHA IIepeA HAYaAOM HCCAEAOBAHHS paboTaaa,
TO CAEGAYeT ee 3aKPBITb AASL BOCCTAHOBAGHHS AAB-
AGHHSI AO CTAaTHYECKOTO, 3aTeM U3MEPUTb AABACHHE
U TEMIIEPATyPY C LIeAbIO OIIPEASACHHUS TAACTOBOTO
AAaBAEHUSI.

B pasBeAOYHbIX, NHXKEKIJIOHHbIX X 9KCIIAyaTaIH-
OHHBIX CKB)XUHAX AOCTOBEPHOCTD ITOAYYEHHBIX pe-
3YABTATOB CYILeCTBEHHO 3aBUCHUT U OT 00pa3oBaHMs
KOHAEHCATa Ha 3200e, a TAkKe OT KOHCTPYKIIUH CKBa-
kuH. TTOAHBII IIMKA UCITIBITAHUS HAa CTAIJHOHAPHBIX
pexxuMax QUABTPAIIMM Ta3a MOXXHO OCYIeCTBUTD
IIpH BCECTOPOHHEM UCIIOAb30BAHUH CYIIIeCTBYOMIX
CPEACTB AASI MCTIBITAHHS CKBAYKHH.

ITpu 06paboTKe pe3yAbTaTOB HUCIIBITAHUS ra30-
BBIX CKBO)XHH HCIIOAB3YIOT Pa3AMYHbIE PAAUYCBI CKBa-
’KHHBI, KOHTYP MIUTAHUS HAM KPYTOBYIO HEIIPOHHMIIae-
MYIO TPaHHITY, IPHBEACHHO! CKBAXXUHDI U BHEIIIHIE
TPaHHIBI BO3MYyIeHHON obaactu. IlorpemHocts
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IIpY ONIPEeAEACHHH AQHHBIX TapaMeTPOB CBsA3aHa C I'U-
APOAMHAMUYECKHUM HeCOBEPIIEeHCTBOM CKBa>KHHBI,
H3MeHeHIeM reoMeTpuu 326051 B Iporiecce GypeHus
U 9KCIIAYaTallUH.

B mporecce 6ypeHHs U 9KCIIAyaTallUd BOKPYT
326051 0Opa3yeTcsi HOBast 30Ha C HOBBIM IIapaMe-
TpoM QUAbTpanMM. /aHHas 30Ha Ha3bIBaeTCs 3a-
CTOMHOM 30HOM IAACTA U XapakTepusyercs « CkuH-
PaxTOopOoM>.

HccaepoBaHME TIOKA3BIBAET, YTO B HOABIINHCTBE
CAy4aeB AAsL OOpabOTKU Pe3yAbTATOB HCIIBITAHUS
CKBOXUH METOAOM YCTAaHOBHUBIIHUXCSI OTOOPOB HC-
IIOAB3YIOT METOADBI, pOPMYADI, TP BHIBOAE KOTOPIX
K03$PUIINEeHTbl AMHAMUYECKON BSI3KOCTH IIOCTO-
ssHHBL. OAHAKO IIPU BHICOKUX ITAACTOBBIX AABACHUSX
U OOABIIIHIX AETIPECCHSX AOIYILIEHHE O IOCTOSIHCTBE
AMHAMHYeCKOM BS3KOCTU IIPUBOAUT K MCKKEHHIO
oIpeAeA€HHbIX ITapaMeTpoB. B AaHHBIX cAydasx uc-
MIOAB3YIOTCSI OPMYADI, YIUTHIBAIOIIME H3MeHeHHe
PeaAbHBIX CBOMCTB Ia3a OT AABACHHSL.

ITpoBepeHHBIE MCCAGAOBAHUS TIOKA3BIBAIOT, YTO
IIPOHMIIAEMOCTb KOAAGKTOPA AAS Ia3a SBASETC
yHKIel CpeAHe AAMHBI CBOOOAHOTO pobera Mo-
A€KYA, CAEAOBATEABHO, IIPOHHI[AEMOCTD OyAeT 3aBU-
CeTb OT AABACHHUS, TeMIIEPATypPbl K OT COCTaBa rasa.

W3 aureparypbl [1, 2, 3] usBecTHO, YTO pu
$UABTpAIIUU IPUPOAHOIO Ira3a 3a CYeT U3MEeHeHHUs
TeMIIepaTypbl U AABA€HMs, BO3HMKAeT 30Ha, B KO-
TOPOM YBEAUYHBAETCS CONPOTHUBACHUE IIOPUCTOTO
KoAAekTopa. Takyro 30Hy Ha3bIBAaIOT 3aCTOMHOM UAH
«CKHH-30H0M>. Bo3HMKHOBEeHME AQHHOM 30HBI 3a-
BUCHT OT HAAMYHS XKUAKOCTHU BOAbI, BOASTHOT'O ITapa,
KOHAEHCATa, BbI3BaHHOE TePMOAMHAMHUYECKUMH yC-
AOBHSIMU B ITPOIeCcce ABIDKEHHS Ia3a HAM Fa30KOHAE-
caTa B aacre. JacTo aTOT Mpoljecc BO3HUKAeT 3a CYeT
00BOAHEHHOCTH ITPOAYKIIUH, 3aKAYKU AHTUTHAPATOB
HAY QaHTUKOPPO3HOHHBIX UHTHOUTOPOB B CKBAXKUHY,
3arpsisHeHHeM 326051 CKBRKHHbI TAUHUCTBIM PACTBO-
POM, MeXaHM4YeCKMMH YaCTHILIAMU U TaK AdAee.

AAs pelieHus AAHHOM 3aAaYH IIPUMEM YTO, IIPH-
POAHBIN ra3 B IIAACTe QUABTPYETCS IIPU PAAMAABHOM
YCTaHOBHUBIIEMCSI ABUDKEHUH 110 AUHEITHOMY 3aKOHY.

B cayyae papmasbHOIT GUABTpAIIMM MaccOBasl CKO-
POCTb OIIPEAEASIeTCS KaK
kp _dP
M =vpF = P pfs (1)

u o dr
TA€ U — CKOPOCTDb UABTPALIUH Ia3a;

F —TIAOIIAAb Ia3a B yCAOBUSAX IIAACTA;
k — IpOHUIIAEMOCTB IIAACTA ITO ra3y;

dp
—— — IPAAHEHT AABAEHISL
dr
W3 xypca oA3eMHOI THAPABAMKH U3BECTHO, YTO

IIAOIIAAD CE€YEHMS IIPU OAHOMEPHOM PaAHAABHOM
YCTaHOBUBIIEMCS ABYDKEHHUH Ta3a MOXXHO OIIpeAe-
AHTD KaK:

F=2nrh (2)
ra€ h — MOITHOCTD MAQACTA;

7" — NICKOMBIX papryC.

IToacTaBAsS M peliasi AAHHOE YpaBHEHHE B yPaB-
HeHMU PHABTPAIINH, C y9eTOM U30TePMHIECKUX ITPO-
I]€CCOB, B Ka4eCTBe YPAaBHEHM COCTOSHUS I'a3a MOXK-
HO IPUHATD:

P =Py g (3)
0
rae P, — aTMocdepHOe AABACHHE;

0, — MAOTHOCTb ra3a IIpx aTMOC(EPHBIX YCAOBHUSIX;

P — 3apaHHOE AABACHHUE.

C y4eToM BbIlIe CKa3aHHOTO, pellasi OTHOCHTEAD-
HO AABACHMS U PAAMYCa UMEeM:

Mupk, dr__pgp (4)
2rhkp, r

I'panMyHbIE yCAOBHS B pacCMaTpUBaeMOM CAydae

PaAuaAbHOM QUABTPAIIUH Ia3a CACAYIOIHE:

r=R; P=P;
r=R; P=P; (5)
r=R; P=P.

rAe R — papnyc AeMCTBYIOIIeN CKBa>KMHDI;

R, — papnyc KOHTypa IUTaHUS;

R, — papuyc KOHTYypa 3arpsi3HeHHOM 30HBI, TO
ectb CKUH-30HBbI;

P — paBAeHUME Ha 3a60€ CKBa>KMHbI;

P. — AaBA€HHME Ha KOHTYpe IIUTAaHUS;

P, — paBaenue Ha KOHTYpe CKUH-30HBL
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Ha ocHoBe 3aKOHOB IOA3EMHOM THMAPaBAMKU
npuMeM, 4yTo B 30He CKHMHA IIPOHHUIIAEMOCTb OTAH-
9aeTCs OT MPOHUIIAEMOCTH, 9TO CBA3aHHO C 3arpss-
HeHHeM AQHHOM 30HbL. C y4eTOM Bblllle CKa3aHHOTO,
IIOACTABASIA TPAHUYHbIE YCAOBUS, UMEeM:

RS

Mtk | [ Ldr ¢ 1dr

P, R,
= [ pdp+ | Pap (6)
2rchp, 5 H

s

i k. r R k r

IIpoBeas ympormeHys 1 BBeAeM HOBBIH ITapaMeTp
C TIOAOXXUTEAbHBIM U OTPHI]ATeAbHBIM 3HAUEHHSIMU
BBHAC | | R,

Cc

2 p2
Mpk kln&+ln&+ln&—ln& _B R (7)
2rnhpok| k, R R, R, R, 2
AeAaeM rpynnupoBKy:
Muk, m& 5_1 +In R R =P’ - P’ (8)
mhpk| Rk, R R

Temnepp B AaHHOe ypaBHEHUE BBEAEM IOHSTHE
Ckun-¢akrop:

R (k
S=In—x| —-1 9
o 2 9)

C s
TOI‘Aa, B KOHCYHOM BHAEL, IMEEM:
Mk,

Muky | g e =p’-p’
whpk

(10)
AaHHOE ypaBHEHHE MOXKHO PeIIUTh OTHOCUTEAD-

HO IIPOHMI]A€MOCTH:
MuP R
e MR iRl )

who, (B2 -2) R

B panBOM dopMyAe MPOHUIAEMOCTD ABASIETCS
obuest mpoHuLaeMocTsio ¢ yaetom CkuH-daxropa.
B cayuae, xoraa nMeem U3BeCTHYIO QOPMYAY AAL pa-
AVAABHOM QUABTpALIUU.3aMeHsIsl MACCOBBIN PacXOA,

(12)

HaXOAWM:
k=k, +k,

TAE
QUuE, R,

k =—————In—= Quby
! nh(PKZ—PCZ) R

S (13)

TAE kn ukS — COOTBETCTBEHHO IPOHHUIIAEMOCTD I1AA-
cta 1 CKUH-30HBL

ITpombicAOBasi MpaKTHKA TOKA3bIBAET, YTO BEAH-
uynHa CkuH-¢pakTopa 06pr9HO MeHbIne 20. Bosaeii-
CTBMe Ha IMPH3a0OMHYIO 30HY IAACTA MOBBIIIAET
npoHuraeMocTb CKHH-30HbI, YTO SIBASIETCS Pe3yAb-
TaTaMU OTPHUIIATEABHOIO AAQHHOTO IapaMeTpa
(S <0). ITpakTrKa IIOKA3BIBAET, YTO HIDKHMIL IIpe-
Aea 3HaueHHns CkuH-pakTOpa (§=-5). IIpu aTom,
HEOOXOAMMO OTMETHUTH, YTO YMeHbIIeHUe IIPOHHU-
I1aeMOCTH IIPU3a00MHOM 30HBI IAACTA XapaKTepH-
syeTcs moaoxuresbHbiM Ckun-dpakropom (S>0).
B caygae, xoraa mponunaemocts maacta u CkuH-
30HBI paBHBI, BEAUYMHA AQHHOTO ITapaMeTpa paBHA
Hyato (S=0).

C yyerom CxuH-$aKTOpa MOKHO 3aIUCATh:

k=k +k,

(14)

To ecTs, B cAydae Koraa nmpu3aborHas 30Ha 3a-
rpsI3HEHa, B Ipoliecce Oy peHHs HAU 9KCIIAYATALINH,
TO B 9TOM cAy4ae (k) MMeeM OTpHIjaTeAbHOE 3Ha-
4eHHe, TOrA2 00IIast IPOHHUI[AeMOCTb YMEHbIIAeTCS,
a B CAyuae, KOTAQ IIPOBEAEHBI AOTIOAHHTEAbHBIE Me-
POIPUALTHS II0 YAYHIIEHHUIO IIPU3a6O0NHOT 30HbI, TO
npoHuIjaeMocTh CKUH-30HBI UMeeT ITOAOXKHTEAD-
Hoe 3Hauenue (S<0), Tak Kak o6mas MpoHHTIAe-
MOCTb YBEeANYUBAETCA.

BriBopBI

1) Boaee AOCTOBepHbIE AAHHbIE IPU UCCAEAOBA-
HUU pabOTbI CKBKHHAAET yueT CKUH-30HBL

2) Ha ocHoBe nmoay4eHHbIx 3HadeHMN CKUH-
30HbI MOXXHO ITAQHMPOBATh T€ MAM HHbIE 3aIlAa-
HUPOBAaHHbBIE MEPOIIPUSITHS B IIPU3aOONHOMN 30HE
CKBa>KMHBL.

3) Pe3syAbTaThl AQAFOT BOSMOXKHOCTb OIIPEACAUTD
HMCTHUHHOE 3HayeHMs ITPOHMIIAEMOCTH, KOTOpas
B AQHHOM CAyYae SBASIeTCS CYMMOM 3HaUeHHH ABYX
IPOHMI]AEMOCTeMH, 3aBUCSIIUX OT BeAUYnHbI CKUH-
¢axropa.

4) Yaer CKMH-30HBI IPU OTIPEAEACHAU KO3 P PH-
IJUeHTa IIPOHMIJAeMOCTH YTOYHSET AAHHBIN Iapa-
MeTp U AQeT BO3MOXKHOCTb PEryAHPOBATh PabOThI
IO YAYIIEeHHIO IIPU3a00MHOM 30HBL.
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IIO3BOASET IIOAYYaTbh HAa OCHOBE IIPOMBIIIA€HHBIX OTXOAOB MaT€pHaAbl, KOTOpbI€ MOIYT 6bITb

HCIIOAb30BaHbI BKAY€CTBE MEANOPAHTA 1 BKAYECTBE YAO 6p CHILI AASIIOBBIIICHUA CEAD CKOXO03SIICTBEHHOM

ITPOAYKTUBHOCTH 6OAOTHCTbIX, COAOHOBATBIX, KAIMECHHUCTBIX 1 CMECIUIQHHBIX ITOYB.

KaroueBbie caoBa: bypoBbie maambl, MPUPOAHbIE PECYPChI, MEAUOPAHT, TEXHOAOTH S, HePTAHas

H TOpPHOPYAHAsS IIPOMBIIIACHHOCTbD.

Ha coBpeMenHOM aTarne pasBUTHA LIMBUAU3AIIUN
IepeA YeAOBEYECTBOM BO3HHUK IIEABII PsiA TpoOAeM
rAOGAABPHOTO XapaKTepa CBSI3aHHBI C IIOCTOSIHHO
PaCTyIIMM aHTPOIIOIeHHbIM BO3AEHCTBHEM Ha IPH-
poay. Cpeant Hanb0Aee peaAbHBIX OMACHOCTEN AASI
JKU3HH M 3AOPOBDSI AIOAEH, B IIEPBYIO OYEPEADb CACAY-
€T YKa3aTh Ha Pe3KOe CHIDKEHME 3aIlacoOB IIPEeCHOM
BOADI, TOBBIIIEHHE COAEP)KAHMS B IIOYBE M BOAE
TOKCHUYHDBIX COGAI/IHeHI/IIjI, yBeAI/I‘-IeHI/Ie BpeAHbIX BbI-
6pocoB B aTMOCepy, IOCTOSIHHO PACTYILUil ypo-
BeHb PAAUALIMH T.I1. 3HAYUTEABHYIO 9KOAOTHYECKYIO
OIACHOCTD IPEACTABASIIOT TaKXXe BCe IPOLIECCHI,
CBsI3aHHOE C AOOBIUell, XpaHeHHeM, IiepepaboTKo
U TpaHCIOPTUPOBKO#H HedpTr.IA06aAbHOE 3arpsi3He-
HUE OKPY>KaIOILIEN CPEADI, C OAHOM CTOPOHBI, U OY€Hb
OBICTpOE UCTOLIeHNE IPUPOAHBIX PECYPCOB, C APY-
TOM CTOPOHDI, MOTYT IPUBECTH K MUPOBOMY KPU3HCY
Bce yeaoBedecTBO. O1jeHKa COBPeMEHHOTO 9KOAOTHU-
9ECKOTO COCTOSIHHS ITAQHETHI B IIEAOM YKa3bIBaeT Ha
HeOOXOAMMOCTDb 6€30TAATaTEABHOTO pellleHHs IIPo-
6AeMbl OXpaHbI OKpYy>Karolei cpeabl. B aToi cBssu
BECbMa OCTPBIMU SABASIIOTCS BOIIPOCH YTUAU3ALMHI
IIPOU3BOACTBEHHBIX OTXOAOB. PanmonaapHOe mc-
ITIOAB30BAHHUE ACIIEBOIO M HEHCYEPIIAEMOTO ChIPhS —
OTXOAOB Pa3AMYHBIX TPOU3BOACTB SBASETCS AKTYaAb-
HBIM, KaK C 9KOAOTUYECKOM, TaK U 9KOHOMUYECKOM
TOYKH 3PEHUS.

BypoBoit maaM, CBaAeHHBIN BOKPYT OypOBBIX
BBIIIEK, ITPOAOAXKAET OCTaBaTbCA HCTOYHMKOM
IIBIAK — A€TOM, @ 3UMOY IIPUYINHOT 320 0A04€HHOCTH,
KaK B TOPHBIX, TaK U B PAaBHIUHHBIX 00AACTSIX. DTO BbI-
3bIBA€T HAPYLIEHHE 9KOAOTMIECKOIO PAaBHOBECH S, 3a-
rpsi3HeHMe MecTa OOUTaHus, MacTOmIL, arMocephl,
rUApOCdepbl U AUTOCPEPDI, U ABASETCS IPUIHMHON
Pa3AUYHbBIX 3a60aeBaHmil. C KaxAO0IL AEHCTBYIOLEN
CKBa)KMHBI 33 IIEPHOA IKCIIAyaTaIl[uH MOoAy4aroT 80—

100 m* maama. C Apyroit cropoHsl, 6ypOBBI€e LIAAMBI,
OTAMYAIOTCSI HAAWYMEM MHOTOYHCACHHBIX MaKpo-
U MHKPOAEMEHTOB, i MOT'YT OBITHUCIIOAB30BAHBI
IIPH MOAYYEHHH MOAM(PUIIMPOBAHHBIX COEAMHEHUH],
00AAAQIOIIMX CBOMCTBAMU 3ALIUTHI PACTEHHUIL.

AHaAM3 HayYHOH AMTEPATyPhI TOKA3aA, 9TO CY-
IeCTBYIOT Pa3AMYHBIE CIIOCOOBI yTHAU3ALUK OypO-
Boro maama [ 1-4]. OpHakxo, H3BeCTHbIE CIIOCOOBI
MMEIOT TaKHe HeAOCTATKH, KaK TPYAOEMKOCTbD IIpO-
Ilecca yTHAM3ALNH, HCIIOAb30BaHIe AOPOroro 06o-
PYAOBAaHHUSI M CIIEIJHAABHBIX PEareHTOB, BBICOKAs
CTOMMOCTD IIporiecca yTuansanuu. Kpome roro He
MOAHOCTBIO YCTPAHSETCs] TOKCHYHOCTb OYPOBBIX
IIAAMOB, IIOAYYE€HHBIN MaTePHAA He COAEPXKHUT AO-
CTATOYHOE KOAMYECTBO ITUTATEAbHBIX BEIIECTB U He
06AaAaeT KaueCTBOM, IO3BOASIIOLIUM OCYILeCTBASITD
XVMHYECKYI0 MEAUOPAITUIO TIOBPEXKAEHHbBIX 3eMeAb
AAS TIOBBIIIEHUS UX CEAbCKOXO3S1CTBEHHOM ITPOAYK-
TUBHOCTH.

C y4yeToM BBIIIEN3A0KEHHOTO HAMH HCCACAOBA-
HUS IIPOLIeCC U Pa3dpaboTaHa TEXHOAOTHS KOMITAEKC-
HOJ IepepabOTKU OTXOAOB HePTSHOI 1 TOPHOPYA-
HOM IIPOMBIIIAEHHOCTH.

AAsI TPOBEAEHUS NCCAEAOBAHMUI OBIAY HCIIOAB30-
BaHbI CAEAYIOIIHE OTXOABI HeQTSHOM U TOPHOPYAHOM
P OMBIIIAEHHOCTH.

Byposoit maam npouecca 6ypeHust HeQTSHBIX
CKBa)KHH, XUMHUYECKHI1 COCTaB 00pa3IjoB KOTOPOro
IpeAcTaBAeH B Tabauiie 1.

— caepytomero coctasa (Macc.%): Na 0 1,64-2,3;
Mg20 2,39-3,37; Al1,0, 8,93-14,55; Si0, 37,85~
-60,05; P,0, 0,14-0,16; SO, 0,98-5,40; K,0 0,97~
-2,10;Ca202,27-5,88;Ti0,0,7-0,91; Mn20 0,039~
-0,059; Fe 0,2,71-5,78; BaO 1.82-15.15; X xoMm-
TIOHEHTBI, BbiAeAseMble pu Temneparype 950° C)
(%)11,76-19,10.
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Tabnuua 1.

Ne | Na,O | MgO | AL Os | SiO, | P,O_ | SO, | K,O | CaO | TiO, | MnO | Fe 0, | BaO | X

1. | 23 |273 12,13 37,85]| 0,14 | 540 | 0,97 | 427 | 091 | 0,052 | 2,71 | 15,15 | 15,15
2. | 1,84 | 3,23 | 13,80 41,90 | 0,15 | 297 | 1,29 | 517 | 0,79 [ 0,058 | 4,18 | 5,52 | 18,20
3.1 1,70 | 3,37 | 14,55 [ 42,09 | 0,15 | 2,51 | 1,26 | 523 | 0,77 [ 0,059 | 422 | 4,67 | 19,10
4. 1,64 | 3,09 | 893 |4687| 0,14 | 5,02 | 1,04 | 435 | 0,88 | 0,053 | 2,92 | 9,34 | 15,70
S.| 1,80 | 297 | 917 | 5485 0,16 | 1,32 | 1,54 | 588 | 0,73 | 0,058 | 5,78 | 2,46 | 12,30
6. 2,12 | 239 | 10,32 | 60,05| 0,15 | 0,98 | 2,10 | 227 | 0,70 [ 0,039 | 4,74 | 1,82 | 11,76

Kaanit u pocpopcoaepskamast ranHa Xa3bIHCKO-
ro MecTOpoxAeHus Asepbaiipxanckoil Pecrry6au-
KU CAeAytolmero coctasa (Mac.%): Na O 2,62-2,71;
Mg20 1,92-2,11; A1,0, 10,28-11,30; Si0, 63,50
-63,86;P,0,0,98-1,03;K,0 1,54-3,66; Ca20 1,67~
-1,83;TiO,0,79-0,84;Mn200,11-0,19; Fe 0,6,26-
-6,44; KT (k0oAM4eCTBO KOMIIOHEHTOB, BHIAEASEMbIX
nipu Harpesanuu) 0,66-0,78.

XPbI3BIHCKASI TAMHA, COAEpXKaljasi MHOXEeCTBO
MaKpO-, MUKPO U APYTHUX IUTaTEAbHBIX 9A€MEHTOB,
ByacTHOCTH K 0, ncroapsyercs B HacTosmee Bpe-
mst Ha 50-60%. OTpaboTaHHas a30THAS KUCAOTA
IIPOMBICAQ TI0 AOOBIYE MEAHO PYABI MEAHBIX PYA-

HuKOB ['epabexa Asepbaripxanckoit Pecrrybanky,
copepskamas (mac.%): HNO327-35; F0,01-0,03;
Cu 0.011-0,02; Ni2 0,01-0,02; Cr 0,02-0,05;
Mo 0,02-0,04; H,0 - ocTasbHOe.

ITpombicaOBast BoaAa MeAHBIX PyAHUKOB I'epabe-
Ka Azepbaiipxanckort PecrrybAanky, KoTopast HMeeT
caeaytomuit coctas (r/a): Cu 25-37; Zn 5,6-8,9;
Cd0,31-0,66; C 0,2-0,6; Ni0,010-0,015; Mn 4-7;
Si0, 0,22-0,33; H 0 - ocTasbHOE.

OTtxop Ilypabapckoro MecTOpOXAEHHUS paKy-
mevHHKa A3epbaiipkaHckoi Pecirybanku ¢ pasme-
poM ¢ppakuuu < SMM.

TexHOAOTHYECKAsI CXeMA BKAIO-
vaeT: OyHKep 1 AAs mAaMa, OYH-

kep 2 AAd XbI3BIHCKOMIAWHBI,
TpaHcropTep 3, A03aTop 4, pe-
3epByap C KHCAOTOH S, cMecH-
TeAb 6