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Physical and mathematical sciences
du3zuko-MaTeMaTHYECKHE HAayKHu

YK 539.186.22

HEKOTOPBIE XAPAKTEPUCTHUKHA CPEJHEN MHOXECTBEHHOCTH
3APAKEHHBIX YACTHUI B ®PU3UKE BBICOKHUX SHEPI'MU

A.Y. Aoaypaxumos!, X.M. Humonos?, A.I1l. Uxpomos®
L2 kanauaar QpU3NKO-MaTEMaTHYECKUX HAYyK, JOLEHT,
3 MarucTp 1o nasepHoOi (u3KKeE, NPENOIABATEND
AHAMKAHCKUN TOCYAapCTBEHHBIN YHUBEPCUTET, Y30€KUCTaH

Annomayus.B cmamve npusedenvl pe3yibmamsl nO UCCIEO08AHUIO CPEOHEU MHONCECIBEHHOCIU 3APANCEH-
HbIX 4acmuy 6 adpoH-a0POHHBIX CMOJKHOGeHUsX npu sHepeusx >10 IB. I1o0pobHo uznodceno pasznvle 2unomessl, 8
KOMOPbIX PACCMAMPUBAIOMCS UHKTTIO3UGHBLE PeaKyUll, NPeOCKA3blEaAIOUUE UX OCHOGHBLE XAPAKMEPUCTIUKY NPU BbICOKUX
auepeusx. I1o uzyyennvim 6v110 nokazano, umo pocm <N:>om 3Hepeuu no cmamucmudeckoui mooenu (Pepmu—slanoay,
Tomepanuyk) MOdICHO C653aMb CMENneHHOU 3A6UCUMOCMbIO, A Opyeue 2Unomesvl OAiom N02APUPMULECKOL 3A8UCUMO-
cmu.

Knrouesvie cnosa: gusuxa evlcokux sHepautl, CpeoHsisi MHONCECMEEHHOCHb, PONCOCHUSL 6MOPULHBIX YACTUY,
UHKIIO3UBHBIU NPOYeCcc, CMAamucmuieckuti Mooeb.

Beenenune.B Hacrosiiee BpeMsi uMeeTcsl 0OJIBIIOE YUCIO TECOPETHYECKUX M IKCHEPHUMEHTAIBHBIX PadoT, Mo-
CBSILEHHBIX MCCIEA0BAHUIO CPEIHEN MHOKECTBEHHOCTH 3apSKEHHBIX YaCTHL] IIPU BBICOKUX SHEPTUsX.

OcoObIii MHTEpEC MPECTaBIsET M3Y4YeHHE CPEeJHEH MHOKECTBEHHOCTH BTOPHYHO 3apsHKCHHBIX YacTHII, HC-
CIeJOBaHUE KOPPEISLHUNA B POXKICHUH 3apsHKCHHBIX M HEUTPANBHBIX YAaCTUL], U3yYEHHE 3aBUCUMOCTH CpeJHEN MHOXKe-
CTBEHHOCTH T€X U APYTUX YaCTHUL OT S3HEPIUH U IPUPO/BI CTAIKUBAIOLIUXCA YACTHIL U JP.

B Hacrosmiee BpeMsi MPakTHIECKH HEBO3MOXKHO HCCIIEIOBATH MPOLECCH MHOXKECTBEHHOTO POXKICHUS C (PUK-
CHPOBaHHBIM YHCJIOM BTOPHYHBIX YaCTHII, Kak 3T0 ObuT0 caenano npu Eo <10 I'>3B. AHanorn4nast cutyanus nmeer Me-
CTO B OTHOLIEHHWH YCTaHOBJICHUS! MPUPOIBI BCEX BTOPUYHBIX YacCTHL. [103TOMYy MHOTOYHCIIEHHBIE OIBITHI, CBSI3aHBI C,
TaK Ha3blBAEMbIMH, UHKIIIO3UBHBIMU IIPOLECCAMU, B KOTOPBIX HU3Yy4alOTCS XapaKTEPUCTUKU WU BCEX 3apSKCHHBIX Ya-
CTHII MJIM YacTH U3 HUX C JTIOOBIM YHCIIOM HEHTpambHBIX YacTHll. lIMeeTcs paj TeopeTHUeCKuX Moienel, KOTophle pac-
CMaTPHUBAIOT WHKITIO3UBHBIE PEAKINH U MPEICKA3hIBAIOT OCHOBHBIE X XapaKTEePUCTHKH IIPHU BBICOKUX 3HEprusix [1].

OcHoBHas 4yacTh.lccnenoBaHne MHOXECTBEHHOH T'€HEpAallMl YacTHIl MO3BOJSAET M3YYHMTh JUHAMHUKY 3THX
IIPOLIECCOB, a TAKXKE MPOBEPUTH CIIPABEIMBOCTD CYIECTBYIOIIUX TEOPETUUECKUX MOJEIIEH.

SIHrOM | ero COTpyAHHMKaMH ObLIa BRICKA3aHa cleayromas rumnoresa. MHBapuanTHoe nuddepeHmaibHoe ce-
YCHHE

do
Ed_p':F(S’ P//, PL)

o a6
B J1aDOpaTOPHOIl cCUCTEME KOOPAMHAT CTPEMHTCS K MPEACIbHOMY 3HAUSHHUIO TIPH S—>00 M OTPaHUYEHHBIX P// .

Nim . P, PO=i(P, P) ®

F‘//Hk‘rmelme

a6 o
qaCTI/IHLI, Y KOTOPBIX F)” OCTacTCA OTPAaHUYCHHBIM B J'IaGOpaTOpHOI/I CUCTEME ITIpU S—o0 coriacHo HHFy n

JIp. curTaroTcsi pparMeHTaMu (OCKOJIKHM) MUIIECHH. [ MITOTe3y MOXHO MOSCHUTH CIEAYIONIEH HArJISTHOW KapTHHOM.
B nabopaTtopHoii cucTeMe KOOpAMHAT Ha YacTUIy — MHIIEHb HaJeTaeT yacTHla u3 rmydyka. Hanmeraromas ga-
cTHna B pe3ynsTare JIOpEHIIOBCKOTO COKpaIeHus mpuodperaeT GopMy IUIOCKOTO JFCKA C IMOIEePeYHBIM pasMepoM R n

TOJIIMHOMN
Ry1- /3

© AbnypaxumoB A.Y., Humonos X.M., Ukpomos A.LL. / Abdurakhimov A.U., Nishonov Kh.M., Ikhromov A.Sh., 2019
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(B=vlc,roe v — ckopocTh YacTuiibl). B cBOKO oYepenp AMCK, MPOXOAs Yepe3 MHIIeHb, BO30yxknaer e. Bo30yxnéHnas
cucTeMa pacrnajgaercs Ha parMeHTsl. JlanpHeliee yBeaMYeHUe SHEPTHU MaAl0IIei YaCTUIIbI IPUBOAUT K eI 00b-
LIEMY CXKaTHIO JIMCKa, OJHAKO, HAYMHAS C HEKOTOPOTO MOMEHTA 3TO C)KaThe He BIMSET Ha mpouecc gparMeHTanuu. B

3TOM pachpeneieHnr (parMeHToB MpU (PUKCHPOBAHHOM P// JOCTHUTAET CBOETO IIPEJeiia, HE 3aBUCSIIETO OT HEPTUU

HEPBUYHON YaCTHULBI. APTYMEHTOM B II0JIB3y TAKOTO YTBEPIKACHHUS SBISIETCS MOCTOSHCTBO IMOJIHBIX CEUCHHUI B T P, TP,
K™p B3ammopericTBIH py OONBIIHAX HEPTUAX [3].AHAIOTHYHOE SABIICHHE UMEET MECTO U B 3epKaJbHOI CHCTEME KOOp-
JIMHAT, TJIe TOKOUTCS My4KOBas yacTHla. B aToM cirydae Mbl uMeeM 1ienio ¢ e€ (hparMeHTarmeii.

I'unotes3a deliHMaHa 3aKII0YaeTCs B TOM, YTO TP OOJIBIINX S HHBapHAaHTHOE AU depeHINaNbHOE CEYCHUE

d *
E*d—(j:F(S, X, PL) 3aBUCUT TOJIBKO OT PLI/I X= 2P/, /\/g
P
limF@S, x, P )=fx P)) 2)

*
rae P// - HpOL[OJ'II:HLIﬁ UMIIYJIBC B CUCTEMC LICHTPAa UHCPLHU.

I'unotesa delinmana [4] MOJIHOCTHIO SKBUBAJICHTHA TUIIOTE3€ TIPEIENbHOM (hparMeHTauu SIHra npu yciaoBuu

P/[>>m  m, =,m’+P’

TaK Ha3blBaeMasl IIOIEepedHas Macca. JTO yCIOBHE UYepe3 IMEPEMEHHYI0 X BBIPaKaeTCs ‘X‘ >>2m n /S

OkpecTHOCTH ‘X‘ <<2m N /S (umr x~0) OOBIYHO HA3BIBAIOT LIEHTPAILHOU 00JACThIO. B IIeHTpaIbHOM

obnactu MPOABJIIACTCA pa3INInUC MCIKIAY 00erMU THIIOTE3aMU.
OTHOCUTEILHO 3TOM 00macTu DeliHMan BBIABUHYJI JOMMOJHUTCIBHOC NPCAIIOJIOKCHHUEC!

limFxx, P )=1(P,) ()
OOBIYHO TS M3YUYCHHS 3TOH 007aCTH YHOTPEOIIIOT IIePEMEHHYTO

.1 E*+P/
o=
2 E*-P,

(nponosbHas GeicTpoTa).IlepeMeHHYI0 X MOKHO BBIPA3UTh YEPE3 Y CIIEAYIOMIUM 00pa3oM:

2P 2 s
X=— = — +J_Sh*,(PJ_: J_)
Js s Vm sy f

OTKy1a BU/IHO, 4TO JI000H KOHEUHBIH HHTEPBAJ 0 ) TIEPEXOUT B GECKOHEUHO MaJyl0 OKPECTHOCTh X=0 IpH

S—0o0 u pUKCHpOBaHHOM Pl TTosromy nepemenHas y 0coGeHHO ya00HA IPK MCCIIEN0BAHIN PACTIPEIENEHUS YaCTHIL B

HeHTpaibHO# obnactu. CornacHo DeifHMaHy pacmpenelieHne CTpyKTypHou (yHKmuf( PL , ¥*) o y" nomkHO paciuu-

PHUTBCS TIPU 3aJlaHHOM X B S—o0. UTo Kacaercst 3aBUCUMOCTH <N+> (CpelHasi BeJMYMHA 3apSDKEHHBIX BTOPHYHBIX Ya-
CTHII) OT 3HEPTHH, TO IIPH HATMYHH MacIITaOHONW MHBapHaHTHOCTH (1o DeliHmany) [4]

<n>=A+BInE* (4)

CyIecTBYIOT MHOTO TEOPETUYECKUX MOJENEH, KOTOPBIE MOCBSIEHB! UCCIEJOBAHUIO T€X UM UHBIX XapaKTe-
PHUCTHUK YaCTHILl, POKJCHHBIX B aJpOH-aJJPOHHBIX CTOJIKHOBEHHUSX.

OcHOBHasl ujiesl IPUMEHEHUS] CTATUCTUKHU JJIS1 BBIYUCICHHS XapaKTEPUCTHK MHOKECTBEHHBIX IPOLIECCOB BIEP-
BbIe OblIa BbickazaHa O.Pepmu. B Mmoznenn depmu npeamonaranocs, 4To aJpoH-aIpOHHBIX CTOJIKHOBEHUIX 00pasyeTcs
eInHas KOMIayH/I-CHCTeMa, U3 KOTOPOH JOJKHBI BBIJIETAaTh, HE B3aMMOACHCTBYS, Bce KOHEUHBIe yacTHIbl. C yBemnue-
HHEM SHEPTHUH TeMIlepaTypa CUCTeMBI pacteT. [Ipu 3ToMm mpoucxoaut cxarue e€ 00bEMa.

HoBas Mozens cTayio mMpoKo MPUMEHSATHCS I OOBSICHEHNS IKCIIEPIMEHTAIBHBIX TaHHBIX ITPH HU3KHUX dHEP-
X (Eones =~ 2+3 I'9B) Kora pomaoTcst OHa MK 1Ba HOBBIE YaCTHIIB.

9
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3akarodyenue. B Hauane pe3ynbTaThl UMENU XOPOIIEE COINIACUE C MPEACKA3aHUSAMHU CTaTUCTUUECKON Moaenu
®epmu. Onnako npu nepexose K 00abUM Eoras OOHAPYKHIIOCH HECOTJIacHe KCIIEPUMEHTAIbHBIX TaHHBIX C 9TOH MO-
Jienbro. [ 1aBHas NpUyYMHA 3aKIII0YAeTCsl B TOM, YTO B ITOJABIIIONIEM OOJIBIIMHCTBE COYJapeHUil OTHIONb HE CIpaBell-
JIMBa OCHOBHAsI THUIIOTE3a 00pa30BaHMsl €ArHas KOMIayH-cuctemMa. Haseraromas yactina oObIYHO ITPOCKAKUBAET BIIe-
pen, oraaBas Ha 0Opa3oBaHME HOBBIX YAaCTHIL JIMIIBL YacTh CBOEH sHepruu (“muaupyromas yactuna’). Jlanee BbIsICHU-
JIOCh, YTO C POCTOM SHEPTUH NEPBUYHOI YaCTHIIbI, TPUMEHUMOCTb MoJien DPepMu OrpaHudeHa COOBITUSIMH C OOJIBIION
MHO>KE€CTBEHHOCTbIO BTOpHUYHBIX yacTull. Ha ocHoBe moaenu ®epmu, [lomepanuyk u Jlannay B OHO U TOXKE BpeMs
MOCTPOWIIN O0JIee COBEPIICHHYIO CTaTUCTHUECKYIO Mozenb. I1o 3Toif Monmenyu mpenmonaraeTcs, 9To NpH COYIApEHUH
JIBYX aJpOHOB 00pa3yeTcsi KOMIAayH/-CUCTEMA, & JaCTHIBI B3aMMOAEHCTBYIOT APYT C IPYTroM J0 TE€X IOp, IOKa TeMIIe-
paTypa CHCTeMBI He CTaHeT ~ My (M, — Macca n-Me30Ha). [Ipn 9TOM 00BEM CHCTEMBI PACIIHPSETCS, 8 MHOKECTBECHHOCTD
JaCTHI B KOHEYHOM COCTOSIHUH PACTET.

CpenHss MHOKECTBEHHOCTh 3apsDKCHHBIX dacTHIl 1o Moxaenn depmu-Jlanaay nMmeer cienyromee COOTHOIIE-
HUE

<n>= 2B (a=1/4) (5)

rne Eo—(3Heprus HaJeTalonel YacTHIbl B Ta00paTOPHOH CUCTEME) B eAMHUIAX HYKIOHHON MAacCHI.

Kpome Toro, o npeackasaHuio CTaTUCTUYECKON MOJIENN, OCHOBHYIO JIOJIO BTOPUYHBIX YaCTHIl COCTABIISIIOT T~
me30HsL. [Ipu 5ToM 06pa3zoBanue T-Me30HOB (1, ', 1°) IPOMCXOMMT ¢ PABHOMN BEPOSTHOCTHIO.

TakuMm 00pazoM, MOXKHO JieJaTh CIEAYIOUIUM BBIBOJ. PocT <N:> OT 2HEPTUU MO CTATUCTUYECKOW MOJEIH
(Pepmu—Jlannay, [Tomepandyk) MOKHO CBSI3aTh CTETICHHOW 3aBUCUMOCTBIO, @ IPYrHe MOJIENH JIAI0T JIOTapu(pMUIECKON
3aBHCHUMOCTH.

CIIMCOK JINTEPATYPbI

1. Abnypaxumos, A.Y. lccienoBaHne MHOXECTBEHHOTO POXKICHHS YaCTHI[ B aJPOH-aJIPOHHBIX CKOJKHOBEHHSX IIPU
BBICOKHX SHeprusix / A.Y. A6mypaxumos, X.M. Manamunos, JK.H. 3uénrauuos / «Monomoil yaensiii». — 2017. — Ne 11 (145). —
C. 8-10.

2. AbnypaxumoB, A.Y. DOnextpoH u gensra-pynkuus Jupaka / AY. Aoaypaxumos, X.M. ManamMuHOB,
JK.H. 3uéuranuos // Monopoit yuensrit. — 2017. —Ne 1. — C. 1-4.

3. Dean N.W. Pion — Nucleon Scattering from 50 to 500 GeV/c // Phys. Rev. D2, 1969, no. 3, p. 621-623.

4. Feynman R.P. Very high-energy collisions of hadrons // Phys. Rev. Lett. 23, 1969, p. 1415-1417.

Mamepuan nocmynun 6 peoakyuro 07.11.19

SOME CHARACTERISTICS OF THE AVERAGE MULTIPLICITY
OF CHARGED PARTICLES IN HIGH-ENERGY PHYSICS

A.U. Abdurakhimov?, Kh.M. Nishonov?, A.Sh. Ikhromov?
L2 Candidate of Physical and Mathematical Sciences, Associate Professor
3 Master of Science in Laser Physics, Teacher,
Andijan State University, Uzbekistan

Abstract.The results of the study of the average multiplicity of charged particles in hadron-hadron collisions at
energies > 10 GeV are presented in the article. Various hypotheses are presented in detail, in which inclusive reactions
are considered that predict their main characteristics at high energies. It was shown by the studied that the growth of
<n +> from the energy according to the statistical model (Fermi-Landau, Pomeranchuk) can be related by a power
law, and other hypotheses give a logarithmic dependence.

Keywords: high energy physics, average multiplicity, secondary particle production, inclusive process, statisti-
cal model.
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AHAJIN3 KOMHATHOM BOJIbT-AMIIEPHOM XAPAKTEPUCTUKHA
P-Si-n-(Si2)1x(CdS)x (0 <x< 0.01) AIMOJHBIX CTPYKTYP

X.M. MagaMHuHOB, KaHIUAAT PH3HUKO-MAaTEMaTHYECKIX HAYK, TOICHT
AHIMKAHCKAN TOCYIapCTBEHHBIN YHUBEPCUTET, ¥ 30C€KUCTaH

Annomauus. B cmamoe 6viiu uzyuenvt npoyeccol mokonpoxoicoenust ouoonvix P-Si-n-(Siz)x(CdS)x (0 <x <0.01)
cmpykmyp. Onpedeineno, umo npu MAaibiX NIOMHOCHAX MOKA, €20 POCM OOBACHAEMCS YEeIUYeHUEM KOHYEeHmpayuu
UHIHICCKMUPOBAHHBIX HOCUMEILEl 30 CHem NPOCMbIX JIOKAIbHBIX YEeHMPO8, d NPpu GOIbULUX NAOMHOCIAX MOKA OHO Onpe-
0eISLeMCSL CLOHCHBIMU KOMIACKCAMU, GHYMPU KOMOPBIX NPOUCXOOUM IJLeKMPOHHBIL 0OMEH.

Knrouesvle cnoea: meepoviii pacmeop, G0JbM-AMAEPHAS XAPAKMEPUCIUKA, NOOBUNCHOCTL HOCUMERel
3apa0a, Mooenb peKoMOuHayuu, opetighosblil Mexanusm.

Kak u3BeCTHO, CaMBIM JIYYIIAM TTOKa3aTelIeM KayeCTBa AIICKTPUUSCKUX CBOMCTB MOIYIPOBOIHUKOBBIX COCITH-
HEHUI SBIIACTCSI BOJBT-aMIIepHas xapaktepuctuka (BAX) p-n mepexosa, monydeHHas HA OCHOBE 3THX COCTUHCHUIL.
Bun xpuBsix BAX mo3BojisieT paccykaaTh 0 TeX, WIM HHBIX CBOMCTBaX P-N mepexoja.

CrietoBaTeNbHO, B XO/I¢ MOCTABICHHBIX SKCIIEPUMEHTOB OBUIH M3MEPEHBI TeMHOBBIC KOMHaTHBIe BAX nuoa-
HBIX P-Si-N-(Si2)1x(CdS)x (0 < x< 0.01) crpykryp. B npsimoii BetBu BAX (puc. 1), B ntnana3zone Hanpsokenuii 1o 3.0 B
HACBHIIICHHE 110 TOKY HE HAaOIOIACTCs, YTO CBUACTEIBCTBYET O HU3KOM IIOTHOCTH MOBEPXHOCTHBIX COCTOSHUM. Mcxo-
TSIU3 3TOTO,MOXKHO MPEIION0KUTh, YTO B JaHHON CTPYKTYpPE C POCTOM MPHIOKCHHOTO HANpsUKeHHUst Oojiee spKo Mpo-
SIBJISIFOTCS BBITPSIMILSIFOLIIAE CBOMCTBA.

I (mA)

3 2 R
d‘!‘ 2 u,m

01 L o, (v
Puc. 1. Temnosas 6onbmamnepnas Xapaxmepucmuxa Puc. 2. [Tocnedosamensrocms xapakmepHolx Y4acnkos npsmol
p-Si—N-(Si2)1-x(CdS)x semeu BAX p-Si—N-(Si2)1x(CdS)x (0 <x<0.01) cmpyxmyp

(0 <x<0.01) cmpykmyp npu KomHamuo memnepamype

Ha puc 2. npusenena npsivast BeTBb BAX uccieoBaHHON CTPYKTYpbI B JBOHHOM Jiorapu(MUUEcKOM Mac-
mrabe Ipyu KOMHATHOW TeMmepaType. XapakTepHble ydyacTku BAX B mpsiMOM HampaBieHHH TOKa UMEIOT CIIEAYIOIIYIO
MOCTIeIOBATENbHOCTh: HauadbHbIN ydacTok oT 0.1 B 10 0.2 B npezacraBnser yuyacTok 6MM3KHNA KBaJpaTUYHOMY C TIOKa-
3areieM M = 1.8; mocne yyactka 6iu3koit kBaaparuaHoro ot 0.2 B 1o 0.84 B HabmogaeTcst yyacTok ¢ mokasaresieM m
= 3.5 u ganee npu HanpspkeHUIX oT 0.84 B o 4.4 B cneqyeT KBaIpaTHYHBIA y4acToK ¢ mokazartenem m = 2.0.

[MocnenoBarenpHBIC y9acTKH TpsiMoii BeTBU BAX (puc. 1) ncciieoBaHHOH CTPYKTYPBI MOKHO OOBSCHHUTD, MC-
X051 U3 MOJIeN pekoMOuHanmu [3].

CoriacHO 3TOH MOJIENIN, CKOPOCTh PEKOMOMHAIIMH CYIIECTBEHHO OTJIMYAETCSl OT CKOPOCTH PEKOMOMHALIMH TI0
[loxnu-Puna, u umeer Bup [3]:

C.C (np_niz)
u=N, £ , 1)
c,(n+n)+c,(p+p)+aznp

© MapamusoB X.M. / Madaminov Kh.M., 2019
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snecb N —KOHIEHTpaums peKOMONMHALMOHHBIX LEHTPOB; N, [ — KOHLEHTpauus cBOGOAHBIX JEKTPOHOB H JBIPOK,

COOTBETCTBEHHO, Nj — coOCTBeHHAas KOHIICHTpalus HOCHUTENCH 3apsjia B MOJTYIPOBOAHUKE; Cn, cC, — KO3(1)(1)I/IHI/IGHTLI

P
3axBaTa JJICKTPOHOB M ABIPOK, COOTBETCTBCHHO, nl, pl — CTAaTUCTHYCCKUC (l)aKTOpI)I IHOK.TII/I-PI/IZ[a; Ti — BpEMs

mnmponecca 3JICKTPOHHOT'O oOMeHa BHYTpH peKOMGI/IHaHI/IOHHOFO KOMILJIICKCA.
Koma peKOM6I/IHaHI/IOHHHe MpoUEeCChl € Y4E€TOM BHYTPUKOMIIJICKCHOI'O o0MeHa TOJIBKO HAYHMHAIOT BJIUATD,

r.exorma C (N+N)+C, (P+ P;) > ar;nNp, pemenne ypasHenus

d’p  dp
D,———v,——u=0, 2
a dx? Vadx @

OHI/ICLIBaIOIlII/Iﬁ MmpoueccC MpoxXoKACHUA TOKa qepe3p-n nepexon ¢ f[0CTaTouYHO HHHHHOﬁ 6330ﬁ JacT
Uoc M)Vl ®)

rae, M(1) =1+3m-(2+C(arz, /c, )\/T )2 , M u C nmapameTpsl, 3aBUCSLIME OT CBOIHCTB MaTepuana, | - miorHocTs

Toxa. C yuerom yenosus C,(N+Nn;)+C,(P+ p,) >az,Np, yaacrox BAX ot 0.1 B 10 0.2 B, raie nabmomnaercs

sasucivocts | oc U™ mosro anmpoOKCUMUPOBaTh MO 3aBucuMocTH (3). MIHBIMM cllOBaMHU, MOXHO CKa3aTh, 4TO B
naHHOM ydacTke BAX HaOmiomaeTcs pexxuM OJIM3KHN K KBaapaTHdHOMY (JIaMIiepToBCKOMY), HO OTIMYAIOIIHICS MOSB-
JICHUEM MHOXKHUTENS M, KOTOPBIH sBiIsieTcst PyHKIHEH TOKa.

[Janee, mporecc BHYTPUKOMIUIEKCHOIO OOMEHa HAUYMHAET CYIIECTBCHHO BIMATH HA TOKOIPOXOXKICHHS Yepes3
CTPYKTYpy, wWieH B 3HaMmeHarene (1), CTaHOBHTCA CYIIECTBEHHBIMC pOCTOM YPOBHS BO3OYKAEHHS —

at;np >C, (n+ nl) +C, (p+ pl) U pellieHUe ypaBHeHus (2) naet Bun BAX, onuckiBarolas NosBIEHUS CIELYIO-

35
LI[ET0 y4acTKa | oC U B BUJIE

U=A+B-J/1-D/JI @)
(b+DW N, w 2(b+YW 2N,
rae A - f B - f D - 2 — HMapaMeTphbl, 3aBUCANIUC OT CBOWCTB Ma-
Np 2,7, qu, (b+1)C Npu,arC

Tepuana 6a3bl P-N mepexoia, B JTaHHOM CIIydae OT CBOMCTB TBepaoro pactBopa P-Si—n-(Siz)1x(CdS)x (0 < x < 0.01).
Korna emonnsiercs yenosue C, (N+N;)+C, (P + P;) >>az;NP, pemenne ypasuenns (2) maet

U=B,-I. ©)

aw?
31ech B0 = |————— My, T, - HOABWKHOCTH U BPEMs XKU3HH JBIPOK, LI, - MOJABIKHOCTH JICK-

9q/u p HnT p N D
TPOHOB, | - motHoOCTH TOKA.

IIpennaraemass Mozienb NPEJCKA3BIBAET IOCIEN0BATENIbHYI0 CMEHY JIaMIIEPTOBCKOIO 3aKOHA U \/T Ha
OoJiee CHIIBHYIO 3aBUCHMOCTE (4). C Haieil Toukd 3peHus1, OHa MOKET OOBSICHUTH HAOFOJABIINECS MHOTUMH aBTOPaMH
BAX, 00bI9HO OMUCHIBa€MBIE SMIUPUIECKON 3aBUCUMOCTBIO, a 3aTEM Ha HOBBIN, KBAJIPATHYHBIN 1O HATIPSDKEHUIO yda-

crok BAX | occU ™. Takue BAX HaOJII0AI0TCsl Ha AMOJHBIX CTPYKTypax Ha OCHOBE TBEPJBIX PACTBOPOB, NPH pas-
HBIX BHENTHUX BO3ACUCTBILIX [2, 4].

[TosiBrieHNsT HAOMIOIEHHBIX YY9aCTKOB OBICTPOTO POCTa MPSIMOTO TOKA, MOKHO OOBSCHHUTH Ipei(OBBIM Mexa-
HHU3MOM TOKOTIEpEHOCA B YCIOBHIX OMHYECKOH pellakcanuyi 00bEMHOTO 3apsiia C yUeTOM HHEPIHOHHOCTH JIEKTPOHHO-
ro oOMeHa BHYTPH PEKOMOMHAIIMOHHOTO KoMIuekca [1].

VYcraHOoBJIEHO, YTO B HCChIeOBaHHbBIX P-Si-N-(Siz2)1x(CdS)x cTpyKTypax mpu ManbIX MIIOTHOCTAX TOKaX €ro pocT
00BsICHSIETCSl yBEIMYEHNEM KOHIIEHTPAWN WHKEeKTHPOBAHHBIX HOCHTENIEH 3a CUET MPOCTBHIX JOKAIBHBIX LIEHTPOB, a
Ipy OOJIBIIUX TUIOTHOCTSAX TOKA OIPENeseTCs PeKOMOMHAIIMOHHBIMY MTPOIIECCAMU, TPOUCXOASAIINME B CJIOXKHBIX KOM-
IUIEKCax, BHYTPH KOTOPBIX MPOUCXOIUT JJIEKTPOHHBIH OOMEH.
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Mamepuan nocmynun é pedaxyuro 25.11.19

ANALYSIS OF ROOM CURRENT-VOLTAGE CHARACTERISTICS
p-Si-N-(Si2)1(CdS)x (0 <x< 0.01) DIODE STRUCTURES

Kh.M. Madaminov, Candidate of Physics and Mathematical Sciences, Associate Professor
Andijan State University, Uzbekistan

Abstract. The article studied the processes of current flow in diode structures p-Si-n-(Si2)1x(CdS)x (0 <x <0.01)
structures, at low current densities, its growth is explained by an increase in the concentration of injected carriers due
to simple local centers, and at high current densities, it is determined by complex complexes within which electronic

exchange takes place.
Keywords: solid solution, current-voltage characteristic, charge carrier mobility, recombination model, drift

mechanism.
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OT 3AKOHA ABOT'AJIPO K YPABHEHMIO KJIATIEMPOHA-MEH/IEJIEEBA.
OJHOMOJIEKYJIHBIN UAEAJIBHBIU I'A3

A.C. Herpam!, U.A. Tonosun?, T.C. Myaunos®, A.E. Barmanos*
! KaHMIAT TEXHUYECKUX HAYK, MPENOIaBaTeNb (DU3MKH,
2 ctyneHT 2-0ro Kypea, S cryaent 1-oro kypea, 4 yuenuk 10 knacca
190V IO Yuebusiii nentp «Apr-Cepsucy r.0. JIo6Hs,
2®dI'BOY BO MoCKOBCKHIt roCyIapCTBEHHBINH YHUBEPCHUTET MUILEBBIX POU3BOJICTE,
3®I'AOY BO Ilepsbiit MMV um. Ceuenosa,
4MBOY nureii r.0. JJo6us, Poccus

Annomayus. Ilpeonazaemcs sapuanm u3nodceHuss MOIEKYIAPHO-KUHEMUUECKO Meopuy 00HOAMOMHO20 Ude-
anvroeo easa. Hcnonv3yemcsa nouamue “00OHOMONEKYIHbII udeanvHulll 2az’”’. Buvisgnaemcea usuueckuii cmvici nocmo-
annou Bonvymana. [Ipeonazaemcs 661600 3axKona aouabammno2o npoyecca @ pamKax MOoieKyIApHO-KUHEeMUUecKoll meo-
puu 00HOAMOMHO20 UdednbHo20 2aza. Paboma npedcmasnena 6 gpopme, docmynnou cmapwexnaccuuxkam. Ona aopeco-
8aHA YYEHUKAM CIAPWUX KIACCO8, CMYOEHmMAaM, npenooasamensim Qusuki,, Memooucmam u mem, Kmo nposeisem uH-
mepec K ¢usuke.

Knrwouegvie cnoea: uoeanvuviii 2a3, «0OHOMONEKYIHbILY UOCANbHI 2a3, cheputeckutl cocyd, MONEKYIAPHO-
KUHemuyeckas meopus, mepmoOUHaMuKa, aouabammulil npoyecc.

K HacTosieMy BpeMEeHH H3JI0KEHUE MOJICKYJSPHO-KUHETHYECKOW TeopuH uieanbHoro raza (mamee — MKT
WUI') B yueOHMKaX CpeiHeH M BBICIICH IIKOJ OCHOBAHO HA JAOIYILEHUU O TOM, YTO UJICaJIbHBIN I'a3 IOJKEH COCTOSTh U3
OO0JIBILIOrO KOJIMYECTBA MOJIEKYJI. DTO JOMylIeHne orpanuuuBaetr oosacts npumenennss MKT U, a Taxke 3aTpyansier
H3y4YeHHE ITOH TEOPUH HIKOJIbHUKAMHU U CTyJCHTaMU.

B npexnaraemoii paboTte yka3aHHOE JOITyIICHUE HE UCTIONB3yeTcs, a B anroputM m3noxerans MKT Ul Bene-
HO MOHATHE “OAHOMOJIEKYIHBIN UI€aIbHBIN Ta3”.

B ommune ot 6ompmmHcTBa padoT mo MKT UL B mpemmaraemoii pabote ¢popma cocyna mpuHsATa chepude-
CKOIL.

Jns BeiBozma (hopMys 3aKoHa aanabaTHOTO INPOIECCa OZHOMOJICKYITHOTO OJHOATOMHOTO HJICaJbHOTO Ta3a B
paboTe HCIONB3YeTCsl 3aKOH COXPAaHEHUs MOMEHTa HMITyJIbca MOJEKYJIBl B cepHdeckoM cocyne. B OospmmHcTBE
LIKOJIbHBIX YY€OHUKOB 3aKOH COXPaHEHHsI MOMEHTA UMITYJIbCa OTCYTCTBYET, M BO BCEX IKOJIBHBIX yueOHHKaxX (hopmylia
3aKOHa aJ1abdaTHOTo Mpolecca IPUBOANUTCS 0€3 0Ka3aTesIbCTBa.

[MoHsITHE «OMHOMOJIEKYJIHBIN HAEANBHBIHN Ia3» HCIOJB30BaI0Ch B padorax [1]-[3].

COKPAIIIEHUSI, UHAEKCHI U OBO3HAYEHUSA
MKT u TAH UI" — MmonekynisspHO-KMHETHYECKAs! TEOPHSI U TEPMOJUMHAMUKA UJI€AIbHOIO ra3a
W — uneanbHbIN
NI' — uneanbHbIN Ta3
OA UTI' — ogHOaTOMHBIH HzeaabHbIH ra3 (i = 3)
OM UT" — oxHoMOIIeKyTHBIH naeanbHbii ra3 (N = 1)
| — otHOcHTCsI K oHOMOutekyHomy U Tazy (N = 1)
X' — BHemHee Bo3zeiicTBue X Ha UT, mpumepsr: Q', A'.

X — momuepkuBaHUe CBEpXy 0003HAUYEHHUS MapaMeTpa — OTHOCHUTCS K OCPEJHEHHOMY 3HAUEHHUIO MapaMeTpa X.

[Ipumepsr:
2 2 2 2
= my 0~ Ey+Es+-+Ey E - Fy+Us -+l
E = — = = - =3 v = N — Ve )
Z N N 4 N

rie E - cpenneapudMeTnyeckas KHHETUIECKAs SHEPTHS TIOCTYTATENLHOTO JABHKEHHS MOJIEKYJT rasa,
¥ — cpelHEeKBapaTHIHAS CKOPOCTh MOJIEKYII rasa,
E — kuHeTHuecKas SHEprus OCTYNATENBHOTO ABKEHUs Beex Moekyn W, Tk,
m; — macca moJiekyisl U raza, kr,

N — gncino monexyn UT,
Ny —aucno Asorazapo (mocrostHHast ABoraapo), 1/Molib.

© Herpam A.C., Tonosun N.A., Mynunos T.C., Barmanos A.E. / Negrash A.S., Golovin I.A., Mudinov T.S., Batmanov A.Ye., 2019
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v — uucino moueit U™ (kommuecTBO BelecTsa), MOJb
M = Nym; — monspHas Macca, KI/MOJIb,
i
Hoae K
k — nocrosinnas BoiblMaHa — yHHMBepCalbHas ra3oBas [OCTOSHHAS OJHOMOJIEKYJIHOTO HIEAIbHOIO rasa,

R — yHuBepcasbHas ra3oBas IOCTOsIHHAS oiHOMOJbHOTO (Vv = 1) UT,

Jx/K

m — macca Ul', xr
{
U=Ek= : E — BHyTpenHss 3Heprus UI (monHas kuHeTHdeckas sHeprus Bcex monekyn WD), [Tk

AX = X — X — pa3sHOCTH MKy TEKYIIIUM 3HAYEHHEM BEIMIUHBI X 1 eé HaualbHBIM 3HaUCHHEM Xp
i — uncio crenenei cBo6oabI MoneKysr UT
T — Temmneparypa cocyna (oHa ke — Temrieparypa rasa), K
V — 06bEM cocyna (oH ke — 00bEM rasa), M
N

n = 3 — KOHIICHTpAIHsl MOJIEKY T WUr, 1/m®

m
p = | — IIOTHOCTH T, xr/m®

Pz = - — IUIOTHOCTb KHHETUYECKOM 9HCPIUuU NOCTYNATCIBHOI'O IBUKCHHNS BCEX MOJICKY T I/IF, Z[)K/M3

| = I

Py = ; — IUIOTHOCTH BHyTpenHeil sneprun WU, /M3

p — #aBieHue rasa, [la

Q' — KOIMYECTBO TEIUIOTHI, IPEAaHHOE BHEWHEH cpenoi U rasy, Ik
A'— paborta cocyna Han U razom, Jx

Q — KonMM4YecTBO TEMIIOTHI, NepenanHoe 1 razom BHenrHelt cpene, [k
A — pabota U raza Hag cocynom, [Ix

F, — Mozynb IEHTPOCTpEMHUTENbHON cuibl, H

Kr-H~

Fl; — MOMCHT UMITYJIbCA MOJICKYJIbI OTHOCUTCJIbHO HEHTPA COCYyaa,

I — paguyc cocyna.

1. OT 3AKOHA ABOT'AZ1IPO K YPABHEHHUIO
KJAIIEHPOHA — MEHJIEJIEEBA

ITokaxkeMm, Kak U3 3akoHa Ameneo ABOrajapo MOXHO ObLIO ObI MONYYUTh OAHY u3 (Gopm ypaBHenus Kiia-
nelipoHa — Menzeneesa.

3akon ABoraapo, 1811 r. B pasuvix 0o6vémax (V) paznuunsix eazos, 63mvix npu 00OUHAKOBLIX MeMNepamypax
(T) u dasnenusx (p), cooepocumes oounarxogoe xoauvecmeso (N) monexys.

ABorajpo BBISIBUII TPOHKY MapaMeTpoB JIIOOOTr0 rasza, KOTOpas OIpeJelsieT YKCIO MOJIEKYN rasa B COCyje:
naBieHue, 00beM U Temmeparypa. To ects

N = f(p.V.T). (1)

3akoH ABOTapo HE BhIpaXKeH (pOpMyIoii, HO 3TO MOKHO OBIIO CAETaTh CIAEAYIOIINM PACCYKICHUSIMH.
[Ipeanonoxum, 4ro 3Ta (GopMylia B IPaBOil 4aCTH COJEPKUT CTETICHHON OJHOWICH YKa3aHHOW TPOMKH mHapa-
METpPOB ra3a, yMHO)KEHHBIH Ha (PM3HUIECKYIO KOHCTAHTY:
N = cp*WWTe, )
¢ — TIOCTOSIHHASL (PU3NYECKas BEJINYHHA, T.€.

¢ = const . 3)

X, Y, Z — II0OKa3aTeau CTCHCHCﬁ, IOJICKAIIIUEC HAXOXKIACHUIO.
Iloka3zarenu creneHei X,y Z 6yneM HCKaThb BO MHOXKCCTBC LCJIbIX YHUCCII. HOI'[pO6y€M IIOUCKAaTh 3TH YHCJIa B
HaHHpOCTCﬁHICM JHaIia3oHe:

—1= xyvz =1 4

OTH NOMyIIEHUsI BBITISIIEH OBl IOTHYHBIMHU BCIICACTBUE MPOCTOTHI YK M3BECTHRIX K 1811 romy 3akoHOB Tpex
H30MPOIIEcCOB, B GOPMYJIax KOTOPBIX MOKA3aTeIH CTerneHeil Tpoitku mapamerpos (p. V. T) Sismmch HeabIMU dicIaMu
U3 Auamna3oHa (4).

15
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®DopMyIIbl THX 3aKOHOB C HCIIOJIB30BAHUEM OJJHOWICHA YKAa3aHHOM TPOWKHM IapaMeTpoB rasa UMeEIOT BHI:

1. wusorepmuueckmii nponecc: p*V*T? = const, P. Boiins, 1662, 2. MapuotT, 1676,

2. w30XOpHbI mponecc: pVIT ™t = const, K. llapis, 1787,

3. wm306apusrii mponecc: piViT~ = const, XK. [eii-Jlroccak, 1802.

OTH 3aKOHBI CHpaBeAJIUBBI JUId JIIOOOT0 rasa mpu oJuHakoBoM uucie Mosiekyn (N) B cocyne («ans AaHHOM
MAacchl raza).

B o61mem e citydae COTIIACHO 3aKOHY ABOTaApO HU OIMH U3 ToKa3aTenei creneneit (X, Y, Z) He MOXKeT OBbITh
paBeH HyJI0, TaK Kak BCs Tpoiika mapamerpos rasa (p, V, T) momkHa ObITe B (opmysie (2). 3HAYHT, TPOU3BEACHUE
p*V¥T# nomxHo npencTaBisaTh coO0il 0OBIKHOBEHHYIO ApOOb. BBIACHMM, KaKue BEIMYMHBI U3 3TOH TPOUKH JOIKHBI
OBITH B YHCIIUTENIC, & KAKUE B 3HAMEHATEIIE.

OueBHAHO, UTO MPH OAMHAKOBHIX Temreparypax (T) n o6pémax (V), OomplreMy 9UCIIOBOMY 3HAYCHHIO JTaBIIE-
HUS (p) TOIHKHO COOTBETCTBOBATH OoibInee gucyio Moyekyl (N), T. K. IMCHHO HaJIHYHEeM MOJEKYJI 00yCJIOBJICHO JaB-
JieHne ra3a (TIpH OTCYTCTBHH MOJICKYII JaBJIIEHUE HAa CTEHKH cocyna oTcyTcTByeT). CliezoBaTenbHO, AaBiIeHHE (P) B HC-
KoMoH popmyrte (2) JODKHO HAXOIUTHCS B YHCIIATEIE.

JlormYHBIM SBISIETCS CYXKACHUE O TOM, YTO IPH OTUHAKOBBEIX Temrieparypax (T) u naBmeHmsx rasa (p) i co-
XpaHEHUs OJTHOTO ¥ TOTO K€ IaBieHus (p) B cocyae Oompirero o0bémMa TOMHKHO COIEPIKATHCS OONBIIee YUCIIO er0 MO-
JeKkyn. B npoTuBHOM ciydae (Ipu COXpaHEHHM WIJIM YMEHBIICHUH YMCiia MOJIEKYJI IIPH TOW e TeMIlepaType) IpH yBe-
JMYeHUH 00bEMa BO MHOTO pa3 BO CTOJBKO K€ Pa3 YMEHBUIUTCS KOHIICHTPAIUs MOJIEKYI (MPU COXPAaHEHUH UX YHCIa),
KOTOPYIO B Ipeieiie MOXHO NMPHUBECTH K MPAKTHYECKH HYJIEBOMY 3HaYEHUIO, IPU KOTOPOM JaBJICHHE TOXE Oy/AeT cTpe-
MUTBCA K HYJIEBOMY 3HaueHHIO (T. €. OyAeT HEBO3MOXHBIM COXPaHHTh OJHO M TO K€ 3HA4YEHHE MABICHMA). 3HAUMT,
00béM (V) HoIDKeH TaKke BXOJUTh B YUCINTETb UCKOMOH (opmyisr (2). CnenoBarensHo, hopmyina (2) mpuMeT BULL:

N = cpVT=, (5)

3akoH u30X0pHOro mporiecca (V = CONst) ObLI OTKPHIT paHblie 3akoHa ABoraapo. OH BeIpaXkaeTcs CICAYIONICH
TpOIKOi hopMyI:

m = Nm; = const, (&)
V = const, (7
£ _ const, (9
r

rJie M — Macca OJJHOM MOJIEKYJIbI.
[Mpenmonoxum, uto z = 1, Torna u3 (5) cieaopano Obl:

N =cpVT, ©)
HIIn

pl = % = const . (10)

Onnako, popmyina (10) nporuBopeunna 61 popmyiie (8) 3akoHa uzoxoproro mporecca (6) — (8).
CnenoBarenbHo, z = -1.
Torpa (5) npumer Bux:

v

N=cZ (11)

®opmyina (11) He TPOTHBOPEUUT 3aKOHY U30XOpHOTO Tporecca (6) - (8). JelicTBUTENBHO, IPH YCIOBUSIX H30-
xopHoro mporecca (6) u (7) (c yaérom N = const) u3 (11) cienyer dopmyna (8) 3akoHa H30XOPHOTO TIPoOIIECCa.

Kpowme toro, uz (11) mpu N = const ciieyror ¢popmMyiisl 3aKkoHOB U m3oTepmuueckoro (T = const), u n306apHo-
ro (p = const) MPOIECCOB.

CrenoBarensHo, ¢popmyna (11) siBisiercst HickoMoit GopMyJIOi, cBsA3bIBaIOIIEH TPOHKY napameTpoB rasa (p, V,
T) ¢ uncnom mostekyn (N), Kak 3To 1 TpeOyeT TeKCT 3aKoHa ABOTaapo.

ITonp3ysich aHATM30M pa3MepHOCTEH, BRISIBUM Pa3MepHOCTh Gpu3ndeckoit kKoHCTaHTHI (¢). 13 (11) cnemyet

(] = M

(12)
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[pV] = [pl[V] = S =H-m == [T]=K [N]=1. (13)

Hoacrasiss (13) B (12), momydanm

] ==

K
- (14)
W3 sMIupruecKuX JaHHBIX IIPH U3BECTHBIX 3HAYCHUAX YeTHIpEX mapametpos (p, V, T, N) u3 (11) cnexyer
L_ -2z &
- =138-107%% . (15)
[NocrostHHAs BeaMYMHA % o0o3Hayaercst OyKBO# k& ¥ HOCHT Ha3BaHHWE MIOCTOSHHOM BosbiMaHa.
=k (16)
Honcrasiss (16) B (11), momydmm:
=15
— = Nk . 17)

Dopmyina (17) ecth GU3MKO — MaTeMaTHYECKasi KOHKpETU3allMs TeKcTa 3akoHa ABoraipo. B ommuue ot dop-
MmyJsl (1), popmyna (17) He TONBKO COEPKUT TpoiKy mapameTpoB (p, V, T), onpenenstomux uncino monexya (N) B
cocyne, HO U MHPOPMHUPYET O TOM, B KaKOH CTENIEHN OHO 3aBHUCHT OT KaXJIOT'0 ITapaMeTpa YKa3aHHOH Tp OMKH.
®Dopmyity (17) MOKHO 3amHcaTh U Tak:

o
; =k = const . (18)

Ecmu 061 AMeneo ABoraapo yaaiaoch e€ MmoyduTh, TO CBOM 3aKOH OH CMOT ObI CPOPMYJIUPOBATh TaK: OJis JIi0-
6020 eaza npoussedeHue dasienus u 00véma, 0eléHHOe Ha npousgederue adCOTIOMHOU MeMnepamypvl U YUcid moje-
KYJl, eCib 8elU4UHA NOCMOAHHASL.

Torma mOCTOSIHHYIO £ MOXHO OBUTO GBI Ha3bIBaTh IIOCTOSHHON ABOraipo (a He mocTosHHOW BonbiMana), a
¢dopmyiy (18) — ypaBHeHHEM ABOTaAPO COCTOSIHUS HICAILHOIO ra3a.

Kak m3BectHo, dopmyna (17) — sto omHa u3 ¢opm ypaBHenmss Kianeiipona — MeHzaeneeBa, BBIBICHHAs
Jmutpuem BanoBnuem MenzeneeBbiM B 1874 roay:

py _m
== MR . (19)
C yuérom dpopmyn
N m
VEL T x (20)
k= v (21)

dopmynsl (17) u (19) sKBUBaJICHTHBI.
[MpensnoxeHHbIid BBIBOJ ypaBHeHMs1 coctosiHus M rasza (17) siBisiercss OMHUM M3 PUMEPOB 3(MPEKTUBHOCTH
aHaJIM3a pa3MEepHOCTEH.

2. YPABHEHHUE COCTOsIHUSI OJHOMOJIEKYJIHOT'O
HUJAEAJIBHOI'O I'A3A. PU3UYECKHUU CMBICJI IOCTOAHHOU BOJIBIIMAHA
U3 dpopmynsl (18) cnenyer:
«015 100020 2asa cyujecmayem MUHUMATbHOE 3HAYEHUEe GbIPACEHU %, Komopoe 00uHakosoe 0ns aob02o
2a3a u pagnoe NOCMOSHHOU K ».

JlelicTBUTEIbHO, MUHUMAJIBHOMY 3HA4E€HHIO NMpaBoi 4acTu (opmyiisl (17) COOTBETCTBYET YHCIIO MOJIEKYII,
paBHoe equnuLe. T. e.

17
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N=1. (22)

I"a3a ¢ MEHBIINM YHCIOM MOJIEKYJI OBITH HE MOJKET.

Omnpenenenue 1. Zoeanvusitl 2a3, 4ucio MoKyl KOMOPO20 PABHO eOuHUYe, HA308EéM 0OHOMONEKYIHbIM Ude-
anvubim 2azom (OM UT).

Moncrasnss (22) B (18), mony4uM ypasherue cocmosiius 0OHOMOLEKYIHO20 UOEAIbHO20 2a3d

~— =k = const, (23)

rJIe PiI — JaBJICHUE OJHOMOJIEKYIIHOTO rasa.

TTOCTOSHHYIO BEIMYUHY K MOXHO HA3BaTh YHUBEPCANbHOU 2A3060U NOCMOSHHOU 00OHOMOLCKYIHO20 UOCANbHO-
20 eaza. B smom cocmoum gusuyeckuii cmwicn nocmosunot bonvymana.

Onpenenenne 2. Tun udeanbHo2o 2a3a onpeoeisiemcst YUciom e20 MOLeKyL: 00HOMONEKYIHbLIL UOealb b 2a3
(N =1), omHomonbHbIH udearvuwiii 2az (N = N4) u udeanvuwlii 2az (N — 11060€ HATYPAITBbHOE YUCTIO).

Hocmosinnas borvymana (k) 6 pamxax MKT OM OA UI” (N=1) sersiemcs anaiocom yHUGEPCANbHOIU 2a30601
nocmosunou (R) 6 pamxax MKT oonomonvrozo (v=1) udeanvrozo 2asa.

Onpenenenue 3. Copm udeanvnozo 2aza onpeoensemcs CmpyKmypou u COCAgoM €20 MOEKYIbl: CMeneHbio
€80000b1 (i) MONEKYIbL U MACCOU MOAEKYIbL ().

. v
HpHHaFaTCHLHO@ “yHI/IBCpCEU'ILHaFI” MNOAYCPKUBACT, YTO YHCIIOBOC 3HAYCHUC BBIPAKCHUA ql__ HC 3aBHUCUT OT

copta OM U raza — cm. (23).

[TonsiTre “OMHOMOJNEKYIHBIM WACATBHBIA ra3” BaXXHO B TEOPETUYECKOM IUTaHE, T. K. OHO MO3BOJIAET MPOIIE
peuathb 3a1a4u MOJIEKYJISIPHO-KHHETUYECKON TEOPUH UJIeaTbHOTO Ta3a.

B kadecTBe mpUMEpPOB PacCMOTPHUM BBIBOI TPeX (POPMYII, BRIPAKAIOINX 3aKOH aauHabaTHOTO mpoliecca OIHO-
MOJIEKYJTHOTO OJHOATOMHOTO HICallbHOTO Ta3a, a TakKe BBHIBOI IETH (OPMYII, BRIpa)KaloMield OCHOBHOE ypaBHEHHE
MKT Takoro rasa.

3.3AKOH AAIMABATHOI'O ITPOILIECCA
OJHOMOJIEKYJHOI'O OJJHOATOMHOI'O HAEAJIBHOI'O T'A3A
Anuabarublii npouecc (AIl):

Q' =0 . (24)

' — xonMYecTBO TEMIOTH, IEpelaHHoe BHEMHeH cpenoit OM OA U razy.

IMockonpky TemmooOMena UIT ¢ BHeITHeH cpemoil HET, TO MOXKHO CYUTATh, YTO BHEIIHSS CpPella OTCYTCTBYET.
BsanmMopeiicTByIoT 1Ba Mexarmdecknx oobekra: OM OA UI u cocya.

Haiiném cootHomeHne mexay nasieHueM (B;), oosémoM (V) u Temmeparypoii (T) B 3ToM mporecce, T. €. 3a-
KOH aanabaTHOTO Iporiecca. 3a1avya He BRIXOJUT 32 PaMKH MEXaHUKH.

B pabote [3] moka3aHo, 4TO JaBicHHE OJJHOMOJICKYITHOTO HICATFHOTO ra3a B chepruIecKoM COCYIe HE 3aBUCHT
OT HATPaBJICHUS CKOPOCTH JBMKCHUS MOJEKybl. ClieIoBaTeIhHO, MOKHO CUHTATh, YTO ABIXKCHHE MOJICKYJBI B COCYE
MIPOUCXOIUT IO OKPYKHOCTH PaJnyCOM, PaBHBIM PagIycCy cocyna (cM. puc. 1 Tabmuisr 2).

BripaxxeHn1o A1t MOAYJIA IIEHTPOCTPEMHUTEIBHON CHITHI (Fy; ) TPUAAIUM BHJ

mer? mpr?  (mperd? B
Fm‘ -y ' my vl - my 3 - my 3 ' (25)
=
FIL' = i’ﬁ,—i"g : (26)
h, = mpwer (27)

3neck ; — MOMEHT UMITYIIbCA MOJIEKYJIBI OTHOCHTENBHO [IEHTPa COCy/a,

I — paguyc cocyaa,

M — Macca MOJIEKYJIbl OJHOATOMHOT'O OJHOMOJIEKYJITHOTO HaeajabHOro rasza. Ilpu aTom npumem nomnyuieHue o
MaJioit macce MoJiekyJbl. T. e.

Iy << M, (28)

m, — Macca cocy/a.
18
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CasixeM GopMyJI0ii JaBieHNE OJHOMOJIEKYJIHOTO H/EaIbHOTO Ta3a C MOMEHTOM HUMITYJIbCa MOJIEKYJIBI OTHOCH-
TeNbHO LieHTpa cocyaa. C ygetom (25) nmomyaum

_Fu_ W _ W
=75 myriamr? | ammp s ] (29)
5= 4mrt, (30)
V=it (31)

S (32)

[epemuosxuB nowienHo (29) u (32), mocie cokparieHui moryqnm

,i B 4x
nVi =15

my

i ]

(33)

Tak xak MOMEHT ].[eHTpOCTpCMI/ITCHLHOI;‘I CUJIbI MOJICKYJIbI OTHOCHUTCIIBHO LICHTPAa COCyda paBCH HYJIIO, TO
CIIPABCAJINB 3AKOH COXPAHEHUS MOMERMA UMNYT1bCA MOJIEK)Ibl OMHOCUMENbHO YeHmpa COC_)/@(,Z:

R, = m;vr = constym,; : (34)

C yuerom (34) u3 (33) cnenyer 3akon aduabamHnozo npoyecca 0OHOMOIEKYIHO20 0OHOAMOMHO20 UOEdTbHO20
2asa 6 cgpepuueckom cocyoe:.

5
7, VT = constap, . (393)

GE #Gn= 1 sz‘
Faqy = —— - —] = —m; virt. (—) . 38
const 3m; |\ 3 Sm‘ v J\3 (36)

C y4eToM cOXpaHEHHUs] Macchl MOJIEKYJIBI (M; = const) u3 (34) cnepyer KMHeMaTndeckas (opMa 3aKOHA CO-
XpaHeHHUs MOMEHTa UMITyJIbca MOJIEKYJIbI OTHOCHUTENIBHO IIEHTpa cocya

v = const | (34)

3ameTnM, 4TO 3aKOH COXpPaHEHHs MOMEHTa MMITYJIbCa CIIPABEUINB ISl CIyTHUKOB JIFOOBIX TPAaBUTAIlMOHHBIX
CIIyTHUKOBEIX CTPYKTYp. @opmyna (34") — 310 ananor Broporo 3akoHa Kerurepa.
BBeném o6o3HaueHue

5
r=7 (37)
¥ — mokasareins agnadatsl OM OA U rasa.
MokHO TIOKa3aTh, 9TO TOKa3zaTenb agnadatel OM U raza Beipakaetcs GopMymoi
y=1+7, (38)
i — ynco creneneit cBo6o b1 Mosiekysibl OM U raza.
Pemmas cucremy ypasHenwuii (35) u (23)
J"::}VT = constam; ':35?
mV
—=k . 23
- @3)

noyryauM emi€ Be GopMyIibl 3akoHa anguadatHoro nporecca OM OA U rasza:

19
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sp_1 _ COnStamy _ mprtr® 3 famyE N
TVt = — = 4G/ = constam .y , (35"
p¥-1 o 3 3 |(42 ): . 35

- = = — . \— | =rconstyg . |.
Y CONELymr m; pir? Y am allr.z ( )

Bce tpu dopmynsl 3akoHa aguabatHoro mpouecca OM OA U raza (357), (33™), (35'") paBHONPaBHEI: U3 JIIO-

00if U3 HUX cnexyeT arobas Apyras NpH UCTIONIB30BaHUH (23).
Bonee neransHo aguadatHseiil nporecc OM U rasza usznoxkeH B pabore [3].

4. OCHOBHOE YPABHEHHUE MOJEKYJISPHO-KUHETUYECKOU
TEOPUHU OJHOMOJIEKYJIHOI'O HIEAJIBHOT'O I'A3A
[Momyanm (opmyny naBiaeHHS] OAHOMOJIEKYIHOTO OTHOATOMHOTO HEaIbHOTO Ta3a B CPEPHIECKOM COCYHE:

my 7

=" =T (39)

ri

"3 (30) u (31) cnenmyer
r5 =3V, (40)

Honcrasiss (40) B (39), momyanm 1ers GOPMYT OagieHUss 0OHOMOIEKYIHO20 0OHOAMOMHO20 UOeaIbHO20 2a3d
6 cghepuueckom cocyoe

po=cpvi= =t sty = g | (41)
£ =T (42)
o= (43)
per = (44)
n = f (45)

F; — KMHETUYCCKas OHEPIrUus OJHOMOJIEKYJIHOI'O OAHOATOMHOI'O UICAJIbHOTO I'a3a,

B — INIOTHOCTH OAHOMOJICKYJIHOI'O OJJHOATOMHOI'O MUACAJILHOI'O rasa.

Pzp; — INIOTHOCTH KHHETHYECKOU OHEPrur OAHOMOJICKYJIHOI'O OAHOATOMHOI'O UJICAJIBHOTO I'a3a,
M; — KOHLEHTpaUMs MOJIEKYJI OJHOMOJEKYJIIHOIO OJHOATOMHOI'O UI€AJIBHOI'O Ia3a.

Henb dhopmyn (41) BeIpakaeT ocHo6HOE ypasHEHUe MOACKYIAPHO-KUHEMUYECKOU Meopuu 0OHOMOJEKYIHO20
0OHOAMOMHO20 UOEANIbHO20 2A3A, HAX0OAUE20CS 8 Cheputeckom cocyoe.
Ymuoxast (41) Ha 00beM cocyaa (V), MOTyduM CISAYIOIIYIO eb GopMyIT

L‘:

i 2
—m, v =
3

i

6l | ba

nV = =K =puV = InEV | (46)

3amernM, uto e Gopmyn (41) u (46) He comepkaT noHATHE «TemrepaTypay. C yuérom (23), nens Gopmyn
(41) mpumer BuA, comeprkammii 3To mousTue. T. e.

. =

AT =

01|

w1 o| k3

p = =pm = nE =7 | (47)

Iens Gopmyn (47) MOKHO HA3BaTh NOAHOU OPMOU YPABHEHUSL COCMOSHUS 0OHOMONEKYTHO20 0OHOAMOMHO2O
udeanvbHo2o 2asa.
U3 (47) cnenyeT BBIpaKEHUE CKOPOCTH OJTHOMOJICKYJTHOTO OJHOATOMHOTO HCalIbHOTO Ta3a

20
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KT

[BEE _ ER_ [EE

-'.Ji’rn.l' ‘\Jﬂ.'_"l..lmf

(48)

3amernm, uto popmyna (48) cpaBemyiuBa U A1 OZHOMOJIEKYITHOTO MHOToatoMHOTO U Tasa.

5. AJITOPUTM NEPEXOJA OT ®OPMYJI MKT OJHOMOJIEKYJHOI'O OJHOATOMHOI'O
HUJAEAJIBHOI'O T'A3A K ®OPMYJIAM MKT MHOI'OMOJIEKYJIHOI'O OJJHOATOMHOI'O UJAEAJIb-
HOI'O I'A3A

Anroput™ nepexona ot ¢opmyn MKT onHomonekynnoro (N=1) omnoatomuoro (i=3) maeaspHOro rasa K
¢dopmynam MHoromosiekynHoro (N — Jir000oe HaTypalbHOE YMCIIO) OJHOATOMHOTO HIEATBHOTO ra3a IMpH OJNHAKOBBIX
o0bémax (V) u onuHakoBbix Temneparypax (T) cocynoB npencraBieH cieayrouei Tpoikoit hopmyi:

X =NX, | (49)
vR=Nk | (50)
V= (51)

dopmyina (51) BeIpaXkaeT yCIOBUE PAaBCHCTBA TEMIICPATyp ra30B 000MX THUIIOB.
[TapamMeTps! HaCATBLHOTO ra3a BMECTO 000OIICHHOTO MapamMeTpa, 0003HaueHHOro OyKBOW X, B (hopMmyJse mepe-
xoza (49), npencraBieHsbl B TabmuIe 1.

Tabnuya 1
IMAPAMETPBI HAEAJBHOI'O 'A3A B ®OPMYVYJIE ITIEPEXO/IA (49)
O0001EHHBII MapaMeTp H1eaJIbHOTO ra3a IapamMeTpsbl HaeaJbLHOTO0 ra3a B popmyiie (49)
X N, m,v,n, Fp.p, E R U, g pg pp.

Wnnexc «I» B popmyie (49) otHocuTes K napameTpy onHoMmosekyinHoro (N=1) uneansHoro raza. OTcyTcTBUEe
MHJICKCA O3HA4YaeT, 4TO IapaMeTp OTHOCHTCS K MHoromosekynHoMmy (N — moboe HaTypanbHOE YHCIIO) HICaTbHOMY
razy.

CormacHo popmyte (49) msa nepexona ot mapamerpa OM OA U x nmapametrpy OA UI" noctatodHo B Gpopmy-
ne nnst OM OA UI' vnnekce «» onmycTUTb.

®opmyna (49) s maBnenus (p) ectb ciencteue dpopmyn (17) u (23): npu nemennn (17) Ha (23) npu Hews-
MEHHBIX 00bEME U TeMIIepaType COCy/ia ra3oB 000UX THUIIOB ITOJYYHM

E-n. (51)

.

[Monb3ysick popmyoii nepexona (49) mis mapamerpos M, p, ki, u3 Gopmya (35) u (36) nomayuum GpopmyIs 3a-
KOHa a/{1abaTHOro MPOoIIecca AJsi MHOTOMOJIEKYJIHOTO OJHOATOMHOT'O HICAILHOTO rasa:

5

pV2E = constyg . {(52)
h? 3|=1r:r: 1 __,s|+r;=

constyg = . -xj(?] =3m s -\J(?] . (53)

AHanorn4HeIM myTeM MoxkHO U3 (35") u (35"") nonyuuts JBe ocTanbHble GOPMYJIBI 3aKOHA aIMabaTHOTO Mpo-
necca MHOromostekyiaHoro OA U raza.

Takum o6pazom ocymiectBisieTcs: mepexon ot popmya MKT OM OA UT k popmynam MKT OA UT" (oueBun-
HO, 9TO 0OpaTHBIN Tepexo]l perIaMeHTHPYETCs TOH ke Tpoitkoi hopmy).

B pesymnbrare Takoro mepexoma uz Gopmyn MKT OM OA wmaeanbHOro rasza mosydarotrcs Gopmynast MKT
«MHOTOMOJIEKyTTHOTO» OA HIeabHOTO Ta3a.

MoxHO ToKa3aTb, 4To alroput™ nepexoxaa ot popmyn MKT ognomonexymnnoro U rasa x ¢opmynam MHOro-
MosekyiHoro U rasa taxke perinameHtupyetcs Gopmyiaamu (49) — (51).

Pesynbratet MKT 01HOATOMHOTO HIealIbHOTO T'a3a MPEACTABICHBI B Ta0OIHIIE 2.
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Tabnuya 2
PE3YJIbTATBI MOJIEKYJISIPHO-KMHETUYECKOM
TEOPUU OJHOATOMHOI'O HAEAJIBHOI'O I'A3A
Ne 0 1 2 Ipumevanust
THUII TAEAJIBHOT'O TA3A Tun raza
omnpesensieTcst
YHCIIOM €ro
MOJIEKYJI
(N = 1, N 4 ,.f'lr )
0 CokpanieHHoe OM OA Ur OA U Kaocowvrii mun eaza
HAaHMeHOBaHHe THNA uMeem ceoll copm.
H/1eaILHOT 0 ra3a Copm zaza
onpedensemcs
napoti
napamempos (i .
m; ).
1 Hoanoe OaHOMOJIeKYJ/IHbII 01HOATOMHBII Opnoaromusbiii UT' Xumuueckas
HaMMeHOBaHUe THIA ur @opmyna
H/1eaILHOT 0 ra3a HOHOCMBIO
onpedeinsem copm
2asa.
2 HNupexcol i OtcyTcTBYeT Wnpexc y
napametrpa U’
OTCYTCTBYET.
3 Yucj1o0 MoJIeKYJ1 B Ny =1 N=NN, =N
cocyne (N, 1
4 Pucynox: O06BéM 1
B3aumopeiicteue UI ¢ TeMIIEparypa
cocyioM 4 my v m cocyna B 000ux
A cITyJasx
OJITHAKOBBIE.
r T
Vv vV
Iy
Puc. 1. OxnomouneryHblii Puc. 2. Ognoaromusrii U
ognoatomubiii UT'
5 | O6wém cocyaa (V), 1° v v O xe — 00bEM
rasa.
6 Temmnepartypa cocyaa T T Omna xe —
(T), K Temnepatypa UI.
7 | CpennexkBagpaTuiHast B dopmynax ms
CKOPOCTH MOJIEKYJI _ =y o T =1 OJTHOMOJIEKYJTHOTO
I (v,), M/c -.'IT =V WI Bce HHIEKCHI
CKOPOCTH MOKHO
OIYCTHTb.
8 MHMEPEXOA I — N D®OPMYJIA TEPEXOJIA I — N JList Takoro
nepexosa
J0CTATOYHO B
(popmysae OM OA
HUI unpexc I
onycTuThb. B
pe3yJabTaTe
MOy YUM
dhopmyay OA U
rasa.
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Ilpodonxcenue mabauyor 2

Ne 0 1 2 Ipumeuanus
9 Macca UTI" B cocyne my; m = Nm,; Copr ra3a onpenessercs
(m), kr Maccoii ero MoJieKyJibl U
ee cTeNneHbIo CBO0O/ABI
(mym ).
10 | Ywmcao moJeii T B v N1 v =Nv. = N N v = m
cocyne (v), 1 7N, TN T TN Ny T T M
11 Konuentpauus n = 1 = Nn,
MOJIEKYJl B COCy/ie Ty
(n), 1/m3
12 YpaBHenne Jwoan hopma
cocrosinus UT ¢ . 1. P =N kT = nkT YPAGHEHUA COCMOARUA
= meT= =T
HCII0JIb30BAHUEM ! vV HUT ne cooeprrcum
nasJjieHus (p), cmenens c60600bt
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14 YpaBuenue
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T T
15 YuuBepcaibHast s R [k] = Ax/K
rasosas (mnst OM U rasa) (m1st omHOMOJTBHOTO UT') [R] = A& f{Moae- K)
TOCTOSTHHAS
Bce gbtmeusnooicennvie popmynst ne codepocam cmeneny 60600t monexynvl (i) u padomaiom onn 1106020 copma Hl aza.
16 BuyTpennss 0 —F = myre _ Er'-:f' _ E'I-'~RT _ EE;EFE —NE = i"‘:':” — Buympennss suepaus OM
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17 IepBeIii 3aK0H (@' +4", =AU, = Q'+A4A =AU =AFE =
. 7
TePMOIMHAMMKH =AE =Zk(T —T,) = _ i o Qg =A+AU
HT, [l = =7 RO -To) = 4 = —4)
=E —Ep= Ef"ﬂf = =E—ED=§R.’.‘1T==§@V—;JDVD)
P - = = Yacmo nac unmepecyem
B PV —pPic%) paboma (4) U 2aza.
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Oxkonuanue mabauyvt 2

Ne 0 1 2 Ipumeyanust
20 OcHoBHOE _ et YL e Ipumeuanue.
ypaBuenne MKT Pr= EV p = v Honsmue
UI': naBaenune 2E;, 2 mf* memnepamypbl 30ect
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JABHIKEHHS BCeX
mosekya UT (p),
Ila
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JBHMIKEHHS BCeX = SV = v = =
moJiexya UTI' B
cocyne (pg), lla
22 IL1oTHOCTE _ _E_ __ _E _mi®_
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24 Cymmapnast E, = e e %r‘CT: F_NE - mir < _ Nk =vR
3Heprust 3 3 oV = vRT
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moJiexya U = -vRT =-pV¥
3 - -
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27 CpenHekBajapaTu B 3k B (3kT
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WUT uepe3 E, K T3k T 3kz "~ r= 3kN ~ 3vR 3R 3k 2§, moofcdea‘ﬁma
2 m_=
=3L.E _2E_2E vE R
L T3kNT 3wR m_M_
N TN, ™
Nk =vR
HexkoTtopsle To:kaeCTBA
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3AKJIIOYEHUE

[IpemnoxeHHsIi B paboTe BapHAHT U3NOKEHHUS MOJNEKYIIPHO-KHHETHIECKO TEOPHUH OJHOATOMHOTO H[eallb-
HOTO Tasa Mo3BOJIMI C(OPMYIHPOBATh MPOCTEHIINHA €€ BapHaHT — MOJEKYISIPHO-KHUHETHYECKYIO TEOPHIO OJHOMOJIE-
KYJIHOTO OJHOATOMHOTO HJI€IEHOTO T'a3a, BEIIBUTH (PH3MUECKUI CMBICT IIOCTOSHHOH bosbIiMaHa, OCyIeCTBUTH BBIBO
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Tpex QopMya 3akoHa aauabaTHOro Ipolecca, pa3paboTaTh alropuT™M mepexoja OT (OpPMYyT MOJEKYJSPHO-
KHHETUYECKOH TEOPHH OJHOMOJIEKYJIHOIO OJJHOATOMHOTO HJICAIbHOTO ra3a K (opMysiaM MHOTOMOJIEKYJIHHOTO OJHO-
ATOMHOTO UJIeaJIbHOTO T'a3a, Pean30BaTh B U3JI0KEHUU MaTepHalla MPUHIMIT “OT IPOCTOro K OoJiee CIoKHOMY .
Hcnons3oBanue B pabote cocyna chepruueckoil (opMbI MMO3BOIMI 00€CHEYUTh BBIBOJ (HOPMYI MOJIEKYIISIPHO-
KWHETUYECKOH TEOPHUHU 0IHOATOMHOTO MJI€alIbHOTO Taza 0e3 TOMyIIeH!Us 0 OOJIBIIOM KOJIMYECTBE MOJIEKYJI TAKOTO Ta3a.
[onydeHHbIe B paboTe pe3ynbTaThl UMEIOT OoJiee IUPOKYI0 00JIacTh NPUMEHEHHUS B OTHOIICHUHU YUCIIa MOJIe-
KyJl HCaIbHOTO Ta3a.
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FROM AVOGADRO’S LAW TO THE CLAPEYRON-MENDELEEV EQUATION.
SINGLE-MOLECULE PERFECT GAS
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Abstract. A variant of the molecular kinetic theory of a monatomic perfect gas is proposed. The concept of
“single-molecule perfect gas” is used. The physical meaning of the Boltzmann constant is revealed. The derivation of
the law of adiabatic process in the framework of the molecular kinetic theory of a monatomic perfect gas is proposed.
The work is presented in a form accessible to high school students. It is addressed to high school students, students,
physics teachers, Methodists and those who have an interest in physics.

Keywords: perfect gas, "single-molecule™ perfect gas, spherical vessel, molecular kinetic theory, thermody-
namics, adiabatic process.
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Technical sciences
Texnnqeclme HayRI/I

VIK 67.02
MOCT HA CAXAJIMH YEPE3 [TIPOJIUB HEBEJIbCKOI'O

A.A. Aunmunal, B.A. Xogom?
! ymxeHep, 2 KaHIUAAT TEXHHYECKUX HAYK, JaypeaT I ocy1apcTBEHHOM TpeMuH, IOYeTHbIH cTpouTes Poccun
Annomayun. Paccmampueaemcs konyenyus cmpoumenscmea mocma na Caxanun uyepes nponue Hegenvckozo
medxncoy mvicom Jlasapesa u mvicom Ilocubu ¢ ucnonvzosanuem mexronozuu LOW, cokpawaroweli 8pems u cmoumocmy
CMpOUmMeNnbCmea 6 HeCKOIbKO pas.
Knrwouegvie cnoga: mocm, Caxanun, mexuonoeuss LOW, nponue Hegenvckozo, mpancnopmuas CA3HOCHb
cmpanbl.

OnuceiBaeTcss KOHLEMNIHA CTPOUTENBCTBA MocTa Ha CaxanuH yepes npoaus Hesenbckoro.

Konnennus or4actu onupaercss Ha MaTepHanbl HE PEaln30BaHHOTO, B CBOE BPEMs, IPOEKTa TOHHENS 4epes3
npoaus Hesenbckoro [5]

OTOT TOHHENb JOIKEH OBUT HAJEKHO CBS3aTh C MAaTEPUKOM OJMH M3 CaMBIX OOTaThIX M, BO MHOTUX CMBICIIAX,
yHukanabHbi paiioH CCCP — octpoB CaxanuH.

ITo BOCIOMUHAHUSAM OJIHOTO U3 aBTOPOB CTAaThH M Y4aCTHHKA MPOEKTa CTPOUTENHCTBA TOHHEI B.A. Xooma,
TOTr/a ObLIa PEIICHa CIIOXKHAS MHXKCHEpHas 3a1ada. [y npoxoaku ToHHeNs Ha octpoB Caxanud B 1950 r. ObUTO MpHHS-
TO peIlIeHHEe O CO3JJaHUHU CIIELUAIBHOTO MIPOXOIYECKOT0O IUTOBOTO KOMIUIEKCa IS OABOJHOTO CTPOUTENILCTBA HA TIIy-
OuHe Oonee 80 MeTpOB, T.e. MOJ JAaBJeHUEM 110 8.5 aTM. BbuT 00BSIBIICH KOHKYpPC Ul BEIOOpA BapHaHTa KOHCTPYKIHU
komriutekca. [Toctynuio 3 BapuaHTa, M3 KOTOPBIX ObLI BEIOpaH BapHaHT FepMETHYECKOTrO MINTA ¢ IPH3a00HHOM ruapas-
JINYECKOM, IPUrPy30YHON KaMepoi U THIpOMEXaHU3UPOBAHHON BbIAauell MyJblbl U3 Npu3aboitHoi kamepsl. B nmepen-
Hell meperopoke KaMepsl HIMEIHCh OKHA, 3aKpbIBAEMble KOHYCHBIMH FHIPABINYECKUMHI YCTPOHCTBAMH.

OnHUM U3 aBTOPOB 3TOTO MPEUIOKEeHNS OB HauallbHUK cTponTenbeTBa Hukomnait Epmonaes. [Ipu paspaboTtke
MOPOJbI, C ONHOBPEMEHHBIM MIPOJBIKEHUEM INTa, BHELIHEE JABICHNIE MPEBBIIIANIO JAaBICHUE B KAMEPE U OKHA B Iepe-
TOPOJKE OTKPBIBAIIUCH, U ITyJIbIIa IOCTYyIala B KaMepy, U3 KOTOPOH yaansach.

K 1952 rogy mpoekT mmra 0bUT pa3paboTaH 10 pabovHX YepTex e, KOTophle ObUIH Tepenansl Ha KupoBckwmii
3aBoj B JIGHUHrpaj 1711 U3TOTOBIICHMUS.

[Tocne cmeptu CranmHa Bce pabOThI IO CO3/IaHUIO IIMTOBOTO KOMIUIEKCa OBLIN MpekpamieHbl. ClenyeT oTMe-
TUTH, YTO ATO OBLIA IepBasi MOMbBITKA B MUPOBOIl MPAKTHKE TOHHEJIECTPOCHUS CO3JaHMs TepPMETHUECKOro IUTa C TH/-
PaBIMYECKUM IPUTPY30M JUISI [TOJIBOTHOTO CTPOUTENIECTBA TOHHEIS.

Ceroans, o0cyXaast BBITOJIBl U OTPAHUYEHUS aJbTEPHATUB «TOHHENb MM BCE-TaKH MOCT», aBTOPHI CTAThH,
ONMpAasiCh Ha HWJICIO0 CO3JaHUs OTOp MocTa mo TexHojoruu LOW [1], mpunagnexameit naxk. A.A. Aunmune (Land on
the Water — 310 TexHOJIOTHs BO3BEICHUS IPOYHBIX COOPYIKEHHUH, COCTOSIINX M3 TOHKOCTCHHBIX IIMITHHIPHIECKUX 060-
JI04eK, pabOTaIONIMX HA pacTsHKEHHE, 1 3aIOJHSIONIET0 IPYHTa CO JHA MOPS MIJIM MHOTO BOJOEMa).

LOW KoHCTpyKIuH, colepikaliue IIOTHO YIAKOBaHHBIA I'PYHT B CBOEM 00beMe, MPHOOPETAIoT XapaKTepH-
CTHKH{ CKaJIbHOHM MOPOJBI IO TPOYHOCTH M YCTOWYMBOCTH I10]] CKMMAIOIUMHU Harpyskamu) [1], ato aemaer Moct Gosee
MPEANOYTUTENLHBIM PELIEHUEM, O3BOJISIOMUM BIOCIEACTBUN PELIUTH €€ HECKONbKO 3a1a4. KpoMe Toro, Moct mnos-
BOJISIET MIPOJIOXKUTH HA OCTPOB OJHOBPEMEHHO U ABYXITYTHYIO JKEJIE3HYIO JOPOTY, U YETHIPEXIOIOCHOE aBTOMOOMIBHOE
rocce, ¥ JJaxe Meniexo HbIi nepexo. Kpome Toro, Moct 6osee yCTOHYMB MPH 3eMIIETPSCEHHSX.

MocT npeamonaraeTcst IOCTPOUTh MPUMEPHO B TOM e MecTe npoiuBa HeBenbckoro, rae JomkeH ObLT pacmo-
naratbes ToHHens (Puc. 1, 2, 3.)

Jlnmuaa MocTta — okosio 10 kuimomerpoB. ['mybunsl B ponuBe HeBenbckoro — 10 25 M, B OCHOBHOM — MeHee
10 M, 9TO TO3BOJIIET MCIIONB30BATh KaK CTPOUTEIBHBIM MaTepHall, COOCTBEHHO JOHHBIH IPYHT MPOJIMBA IO TEXHOJIO-
ruro LOW 7151 co3gaHust ormop MOCTOBOTO ITEpexoia U 1amM0 MoIxo/1a K MOCTY, JUIs IEPCIIEKTHBHOTO BapHaHTa «1amba-
MOCT-IaM0a.

© Anumuiia A.A., Xomom B.A. / Animitsa A.A., Khodosh V.A., 2019
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Puc. 1. Cxema mounnens uepes npoaue Hesenvbckozo u sicenesnvbix
dopoe k monnenio (u3 https://ru.wikipedia.org/wiki/Caxanunckuii_montens)

@ Google Earth Pro

Qain  PenakTuposate Bua  VHcTpymertsi  [Jofasuts  Cripaska

| K] (IO

Myrs | Muoroyronssik | Kpyr | 3D-1yTs
urypsi semnm

Mepuvetp: 5,14 | Kunoneps! -
OfinacTe: 0,20 |Ks. kunowetpel ¥ ||

V| [lepexoa € noMowsIO MM CoxparinTe Quuctnts |

Google Earth

7 0630p C BhICOTHI

6.41" B BLICOTa HAJ YPOBHEM HOPS::

Puc. 2. Tpacca mocma ¢ dambamu uepes np. Hesenvcrkozo om m. Jlazapesa 0o m. [loeubu (o. Caxanun, cnumox uz Google Earth)
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Puc. 3. Muic [locubu, o. Caxanun, @omo A. Konaxosa,
https://Ih5.googleusercontent.com/p/AF1QipMrzI5T_bAnH507h2JAuVinGypToTPwpp9zBu88=h720

OcHOBHas HJiest KOHIIEIIIMU — UCTI0JIb30BaTh COCAMHEHHBIE B TpyHIbl LiuHApel LOW st coznanus nam6 ot
OeperoB u O1mop MoCTa.

Humuaaper LOW — HacTONbKO JemeBoe U MPOYHOE, HE3bI0IeMOe, COOPYKEHHE, YTO MOXKHO 0€3 OrpaHWYEeHUN
MIOCTPOUTH HA OCHOBE TPYMI TaKUX IMIMHAPOB IBYXITYTHBIH >KEJIE3HOMAOPOXKHBIH MOCT M aBTOMOOMIJIBHYIO JIOPOTY C
YEeTHIPEXPAIHBIM JBIKCHAEM C OOIIeH MUPUHON MPOJETHRIX CTpoeHUH 50 METPOB, U MEMIEXOJHBIM IIEPEX0I0M C Be-
JIOJOPOXKKON, MOXKHO 3aKPBHITBIM. PasrpaHmuceHre jKele3HOH, aBTOMOOWIBHON W IEIIeXOIHO-BEJIOCHUIICTHONH TOPOTH
HEBBICOKUMH MPO3PAaYHBIMU, HAIPUMEp, CETUYATHIMU, CTCHAMH, CO3/1aCT >KUBOIMCHBIE BUJIBI, KOTOPbIe OyayT pajoBaTh
IJ1a3 Macca)XupoB MOE3/I0B, MyTEIIECTBEHHUKOB Ha aBTOMOOMIISIX M MEIIEX0I0B.

Y4uThIBast BBICOTBI MECTHOCTH y TIOJIXO/I0B K MOCTY, 10 30 MeTpoB Ha M. JlazapeBa u 1o 25M. Ha M. [lorudwu,
IIPU BBICOTE CYAOXOJHOTO MposieTa B cBeTy S0 M M JAJIMHAX OCTPOBHOM M MaTEPUKOBOM AaM0 K CYJ0XOJHOMY IpOJETY
Mocta 3600M, monyuum rpoexTHbie YKIoHbI (50-30)/3600=6:1000 IIpu >kenaHHM YKIOHBI MOXHO CHAENATh U MEHBIIIE,
JlaKe HYJEBBIMH, JJIsI 9TOr0 He0OXOJUMO BCEro-HaBCETO MPOJUIMTh MOCT BIUIyOb MaTepuKa M OCTPOBa Ha HECKOJBKO
COTEH METPOB, TJIe BBICOTa peiibea CTaHeT paBHOM 3asiBICHHBIM 50 MeTpaMm.

Humuaaper LOW, 13 KOTOPBIX CTPOSITCS AaMObI M OIIOPBI MOCTa, YCTaHABIMBAIOTCS B BHIEMKH Ha JTHE, ITOJTO-
TOBJICHHBIE 3eMCHapsAaoM. Bremnuit nuamerp nunmuaapos — 10 M, TommuHa creHok — 0.1 M, BbIcOTa BEpXHEro cpesa
HaJl YPOBHEM MaKCHMaJIbHOTO NpuinBa — oT 5 10 10 M (orpaHndmBaeTcst KOHCTPYKIMEH TpyOOonmpoBosia 3eMcHapsia,
MIOJIAIONIETo MyJIbIy B 00051049kn). [Ipon3BoanTh 1 yctaHaBnuBaTh NMIMHAPEI LOW MOXHO HemocpencTBEHHO Ha Oop-
Ty CIIEIMAJBHOTO cylHa-KaTamapaHa. Ha cynHe G6asupyercst cepoOeTOHHBII nim cepoacalbToOCTOHHBIN 3aBOA U 3a-
BOJI TI0 TIPOU3BOACTBY HUAuHApoB LOW u3 6eToHa M apMHPYIOIIEro MaTepuala, HampuMep, CTeKIokryTta. Lumuuap
CO3J1aeTCsl HEMOCPECTBEHHO HaJl MECTOM Oyayliel YCTaHOBKHM NpPsIMO ¢ OOpTa, Ha/Ie)KHO PACKPEIJICHHOTO Ha SKOPSX
cynHa-crpourelisi. DopMUpOBaHUE LUIMHAPHUYECKOH 00OJIOYKM HAYMHAETCSl C JOHHOW YacTH, HEMPEpPBIBHO IOJIaBae-
MbIM BpaIIarOIIEiics TPaBEPCOil CTEKIIOKIYTOM, M 3aJMBKOU 3TOT0 JKI'yTa Maccoil cepoberona mpu temmneparype 130-
135 °C, npu 3TOM 3aJMBKa IPOU3BOJMUTCS Ha BbIcOTe MeTpoB 10 Haj BOJOMH, a yxe c(OPMOBAHHBIA LIJIMHAP MOCTE-
MEHHO OIYCKAaeTCsi MEXaHU3MaMH CyJIHa-CTPOMUTEIsS, TO €CTh IPOU3BOJUTCS IKCTPY3HUsl apMUPOBaHHOW 00o0soukH. 1{u-
JUHJIP MOCTENEHHO OIyCKAaeTCs U OXJAXAAETCs, U MpH TeMmepaTtype yxe okoso 60-80 °C ero MoHO MOrpykaTh B
BOJy, IPU 3TOM CEpPOOETOH, OXJIAXasiCh B BOJIE, Cpa3y NMPHOOPETaeT OKOHYATEIBHYIO KECTKOCTb U MTOYTH MPOEKTHYIO
POYHOCTh. [IpoYHOCTH 000IOUKN Ha pacTsHKeHHE 00yCIIaBINBACTCS NCKIIIOYUTEILHO CTEKIOKIYTOM, KOTOPBIH MOCTe-
MIEHHO HaMaThIBAETCs CBEpXY (GOpMyeMoro mwimHapa. s 1ocTkeHns: MaKCHMallbHOM ITPOYHOCTH 000JIOUKH HA CKa-
THE TOTpedyeTcsl KaueCTBEHHBIH MECOK B IINXTY, OYEBUIHO, TAKOH MECOK MOXXHO HAaWTH B pallOHE CTPOMTENILCTBA U
JIOCTaBUTH €TI0 MOPEM.

Iocne ycranoBku rpynmnsl nuinHIpoB LOW B 0HOM MeCTE M COEIUHEHHS UX JKECTKUMH CBA3SIMH ATSI YAEP-
KaHHS MOCTOSIHHOM (hOPMBI, IIPOM3BOJUTCA ITI0Ja4da 3eMCHAPAAaMH TPYHTOBOASHON ITyJbIIBI M3 JOHHOIO I'PYHTa BO
BHYTpeHHHE 00beMbl HUIMHIPOB. [lynbma mpousBoauTest MO0 COOCTBEHHBIM 3€MCHAPSAOM, YCTPOCHHBIM Ha OOpTY
cymHa-cTpouTens, (pe3oii-HacocoM ¢ OopTa cyaHa, MO0 mojaercs 1o TpyoonpoBOAaM APYTUMHU 3€MCHApsIaMH, pas-
pabarbIBaronuMu 0oJiee OOIITMPHBIN YIaCTOK JTHA.

[Tpy CyMMapHO# NPOM3BOJUTENLHOCTH TPYNIIMPOBKH 3€MCHAPAI0B Mo cyxomy rpyHty 10000 M%/gac Bech
o0beM 1aM6 u onop mocra, 10-15 MIUIMOHOB KyOOMETPOB, MOXKHO MOJIHOCTBIO 3amuTh 32 1000-1500 pabounx gacos,
TO €CTh 3a 2-3 IETHUX MeCSIA.
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HIupuHbl Cy1OXOAHBIX NpoJeToB BeiOMpatoTes oT 120 1o 180 MeTpoB, Yero BIIOJHE JOCTATOYHO /ISl HEOTpa-
HUYEHHOT'O CY/I0XO/CTBa. B OKOHYATETbHOM BU/Ie KOHPUTYpALHs MOCTOBOTO I1E€PEX0/a MOXKET BBITIISAETh TaK:

— nmamba 3600*50*40 ot M. Jlazapesa (umHa*mmpuHa*cpeIHss BRICOTA CO THA MOPS),

— Moct 2800*50%*50,

— nmamba 3600*50*40 k m. [Toruowu.

CymMapHas wiolab» noBepxHoctH winHapos LOW Beeit kocTpykimu 3.14159*10*(360*5*40 + 100*5*40
+360*5%40) = 5.15 mH.M?, 2 06beM 0605104ek mpu TosuHe 0.1 M 515000 M3,

To ecTh OTHOILEHHE CTPOMTENHLHOIO 00beMa coopyxkeHus 15 miH.M® k 06beMy obomodex 515000 M3 paHO
npumepHo 30. Takum 0Opa3oM, okazaHa emie pa3 pekopaHas 3¢ GeKTHBHOCTH TexHonorurn LOW — 97 mporieHToB 005-
€Ma COOPYKEHHsI COCTAaBIIIET IOHHBIN IPYHT, a €CIHM yYUTHIBATh TOJBKO CEPY M CTEKIOXIYT, TO U Bce 99 % obbema
COCTAaBUT MaTepHall, JOOBIBAEMBIi HEMOCPEICTBEHHO HA MECTE, U TONIBKO 1 % HY>KHO ITOJIBO3HTH.

Taxas TexHONOTHSA yAemeBUT MocT pa3 B 10, He menbine. U co3mact abCOMOTHO HANGKHYIO KOHCTPYKIHIO. A
CHpaBeUIMBOCT JIAHHOTO YTBEPIKICHHMS JIETKO JIOKa3aTh MaTeMaTHYECKUM MOJAEIMPOBAHUEM B U3BECTHBIX I'PAHUYHBIX
YCIIOBUSIX.

Moct Ha CaxanuH He sBIsieTcsl camolenbio. Llenb — opraHn3oBaTh Ha/Ie)KHOE JKEJIE3HOIOPOKHOE U aBTOMO-
OMIBHOE COOOLICHUE OT CEBEPHOM /10 I0XKHOM OKOHEYHOCTH OCTPOBA, a 3TO — 0K0JI0 900 KM >KeNIe3HOIOPOKHOTO TIYTH U
CTOJIBKO K€ aBTOMOOMIIBHOI MarucTpaii, He CYUTast OTBETBICHUI.

Texunonorus LOW 1o3BOJHT U 31€Ch PE3KO COKPATUTH 3aTPaThl HAa CHPSMIICHHE BEPTHKAIBHOTO MPOQHIIS J10-
pOT, 1 3a CYET 3TOT0 MHOTOKPATHO YMEHBIINTH 3aTPaThl HA CTPOUTENBCTBO ITyTH, 00ECIIEUNBAIOIIETO CBA3ZHOCTD TEPPH-
TOPHH OCTPOBA U €TO CBSI3b C MATEPHKOM.
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THE BRIDGE TO SAKHALIN THROUGH THE NEVELSKOY STRAIT

A.A. Animitsa?, V.A. Khodosh?
L Engineer, 2 Candidate of Engineering Sciences, State Prize Winner, Honorary Builder of Russia

Abstract. The concept of building a bridge to Sakhalin through the Nevelskoy Strait between Cape Lazarev

and Cape Pogibi using LOW technology, which reduces the time and cost of construction in several times.
Keywords: bridge, Sakhalin, low technology, Nevelskoy Strait, transport connectivity of the country.
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YIK 67.02

KOHIEMIMS MOJISIPHOM KEJE3HOM JOPOI'M (ITKJI)*

B.I'. TnasynoB’, A.A. AHumMuIa®
! xanpunar reorpaduueckux Hayk, mpodeccop kadeapbl S5KOJIOTHH, 2 HHKEHED
! Mprtumunckuii gpuauan MockoBCKOro rocyIapcTBEHHOIO TeXHUYeCKoro yHusepeutera um. H.D. Baymana, Poccus

2

Annomayusn. boree 100 n1em nonvimox cmpoumenbcmea Hceie3Hvlx 00poe HA 6eHHOU Mep3iome NOKA3Aaau,
4Umo MmpaouyuOHHAsL KOHYeNYus YCMAaHo8KU NOJOMHA 00PO2U NOO /0 RYMU OuUOOYHA 0I5 SMUX YCA08ULL U HAPYWAAd
PAOUAYUOHHBIIL U MeNa08ol OANAHC 8 Meche NPOKAAOKU 00POcU, NPUBOOUNO K OMMAUSAHUIO MEP3IOMbl, NepPeKocam
nymu u paspywenuto mpaccul. 110 H0801 KOHYenyuu cmpoumenbcmea 00pocu 6 dMuxX YCIosusax Ho8epxHOCmy H0O 00-
PO20ll 00ICHA OCMABAMBCA HEMPOHYMOU, a cemyamoe memaniuyeckoe "noromno” dopoeu 00NHCHO OblMb UCKYC-
CMBEHHO-NPUNOOHAMBIM HAO NOBEPXHOCMBIO U CIOAMb HA C8AAX, 3a2NYONEHNbIX 6 camy Mepsromy. Takas KoHCmMpyK-
yusi Oyoem HAOENCHOU, U CMaOUTbHOLL.

Kniouesvle cnosa: coxpannocme mep3iomel, NpUnOOHAmMoe NOJOMHO, C8AU OM NOJOMHA 8 MEP3IONY.

Mser nmpemraraeM koHmenuio [TonspHON >Kene3HOW Moporu (KENe3HOH ITOpOTH, OMHMCHIBAEMOI B ToCymap-
cTBeHHOM TnipoekTe Poccum «CeBepHBI mUpOTHBIN X0oa», nainee — [DK/). [Ipemioxkenrne oO0ycIoBIeHO TOHUMAaHAEM
HepeaTn3yeMOCTH MPOEKTa HUKAaKUM HHBIM CIOCOOO0M, 0 4éM TOBOPST Bce 0€3 MCKIIOUCHHUS NMPEXHHE HEeyNauyHbIe MO-
IIBITKH TOCTPOUTD JKEJIE3HYIO IOPOTY Ha MHOTOJIETHHX MOCTOSTHHO MEP3JIBIX IPYHTAX.

Bce ommbku crpourensctsa K/ B mpeapiaynme roasl, MpUBOJUBIINE K UX CaMOPa3pyIICHUIO U K 1edop-
MalysM IyTH, ObUIM BBI3BaHBI TE€M, YTO HE YYHTHIBAIUCH IJIaBHBIE METEOPOJOTHYECKHE IPHHIMIBI ()OPMUPOBAHUS
TEIUIOBOT'O M paJUallMOHHOTO OajaHca BEPXHHUX CIOEB IMOYBHI U IPYHTOB. HapyleHne 3THX NPUHLIMIIOB MPUBOAMIO K
OTTaUBaHMIO CJIOEB MEP3IOTHI, K PE3KOi MOTepe UX MPOYHOCTH U pa3pyIlIeHUIO MyTH. DTU NpuHIUIE (cM. A u b nanee)
HeoOxoaumo CTPOT'O cobmoaath Aisi COXpaHEHUs! POYHBIX, HIIH "OMOPHBIX" CIIOEB MOCTOSHHOW MEP3JI0ThI, COCTOS-
IYE B CIEAYIOLIEM:

IIpuaoun A. IIpyHOMI cOXpaHeHUs] CHErOB HA MOBEPXHOCTH.

OcoObIe CBOMCTBA CHEra COCTOST B OUYEHb BHICOKOM allbOen0 (OTpaskaTesIbHOM CIOCOOHOCTH B BUIMMOI JacTH
cnekrpa) — 6mm3koit k 90 %, HO B TO ke BpeMs M3BECTHO, YTO M3JIydaTelbHas crocoOHocTh cHera B MK nmamasone
6nm3Ka K abcomoTHO 4€pHOMY Temy. IloaToMy HarpeB CHEKHOM IOBEPXHOCTH COJIHEUHBIMH JIydaMH B CBETJIOE BpEMs
CYTOK MHHHMAJICH, a U3Jy4eHHe CHexXHOM nmoBepxHocTn B MK nnamazone (M moTepu Temia) B TEMHOE BPEMsI CYTOK SIB-
JSIETCSI MAaKCUMAJIbHO BO3MOXHBIM |

B cymme 3a roz1 3T0 NPUBOAMT K PE3KO OTPUIATEIHFHOMY palHalliOHHOMY H TEIUIOBOMY OaaHCy MOBEPXHOCTH
CHeTa, 4TO M 00eCHeunBaeT KPyriIorognyHOe MOCTOSHHOE CYIIECTBOBAHHE 3aMOPOXKEHHBIX CJIOEB B MOYBE U IPYHTE.
[ToaTomy mobast "BeIKIaAKa" TPYHTOB (MJIM MOJIOTHA) HA TMOBEPXHOCTH BMECTO CHEXHOTO TMOKPOBA PE3KO MOBBIIIAET
6aJaHC TIOTOKOB pajiMaIliy U 3alacoB TeIjia B TIOBEPXHOCTHOM CJIO€ U TIOATOMY MEpP3Jble CIIOM HAUWHAIOT OTTAauBaTh,
TepSITh MPOYHOCTh, UCKPUBIATHCS U T.N. IMEHHO molaTOMy He3amep3aromue ciou moyB u rpyHToB HE MOI'VT sB-
JSTHCS "OMOPHBIMK" JIJIS YCTAHOBKH JKEJIE3HOI0POKHOT0 1osioTHa, uMu MoryT O0biTh TOJIBKO nocrostHHO 3amEpaiine
ciou!

Hpunuun b Co3nanue NnpunogHsATOro nNoJ0THA.

Ha ocHoBanum npuHIMna A O4eBHAHO, YTO K/ MOJOTHO HE AOJDKHO HAXOAWTHCS HA TIOBEPXHOCTH MOYBHI U
IpyHTOB 1 OHO HODKHO ObITh [TIPUTIOHSTO Hasl HOBEPXHOCTHIO IPYHTA, B CBSI3H C UM MEXY IIOBEPXHOCTHIO U 3K\l
MIOJIOTHOM BCET/la JOJDKHO OBITh CBOOOAHOE *mpoBeTpuBaeMoe’ MPOCTPAHCTBO, C BBICOTOH HE MEHEe METpa Haj Mak-
CHUMaJIbHOHN BBICOTOI CHE)XHOTO TIOKPOBA B JAHHOM MecTe. Takoe MocTpoeHne HaJEKHO 00eCIeYUT COXPaHHOCTh 3aMO-
PO’KEHHBIX CJIOEB U YCTOHYMBYIO MPOYHOCTh U COXPAHHOCTh TaKOTO “HU3KO-3CTAaKaTHOTO" MOJIOTHA.

Takum o6pazom, Mbl cuntaeM, uto [1XKJ] MoxeT ObITh YCHENIHO NOCTPOSHa M YCTOHYMBO (YHKIIMOHUPOBATH
TOJIbKO mpu ycnoBum ee peaju3aliii B BUJE HU3KO — 3CTaKaIHOTO pelibcoBoro myTH (manee DPII), Ha Bcex 6e3 uc-
KITFOUEHHUS y4acTKaxX, NPOXOIAIINX HaJl MOCTOSIHHO MEp3JIBIMU TPYHTaMH, TO €CTh Be3/ie, KpOMe PacIoyIOKeHHUS yJacT-
KOB JIOPOTH Ha CKaJIbHBIX TPYHTaX, B 60JI0TaX U MPOYUX UCKITIOYUTEIHHBIX MECTaX.

B craThro BKITIOUEHBI €11 HECKOJIBKO TEXHUYECKUX MPEITIOKESHNHN, CTPYKTYPHO U (YHKIIMOHAJIBHO CBS3aHHBIX
C IPUHLUIIOM CO3JaHHsI KEIE3HOJOPOKHOIO IyTH KaK ICTAKabI,

© I'mazynoB B.I'., Aunmuna A.A. / Glazunov V.G., Animitsa A.A., 2019
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Puc. 1. Yenosnas mpacca Ionapnoii sicenesnoil dopoau na yuacmie Jlabvimuaneu-Canexapo-Haowvim (ckpunuwom Google Earth)

B cuity 001iero xapaktepa U3JI0KeHUs B JAHHOUN 3aIMCKE Mbl HE MMEEM BO3MOXHOCTH JICTATU3UPOBATH CBOIO
KOHIIETIIIUIO IO MEJTKUX YACTHOCTEH, MOITOMY OTKa3bIBAEMCS OT HUX B MOJIb3y KPATKOCTH M SICHOCTH M3JI0XKEHHS 00IIe-
ro MoaXo0/a.

1. IIpeanaraemM MoJIHBIH O0TKA3 OT HACHIIHOTO HUKHEr0 CTPOEHHsI MyTH HA BCeX y4acTKax, pacrojara-
IOIIUXCSA HA/L IbAUCTHIMH MOCTOSIHHO MEP3JIbIMH IPYHTAMH.

HwxHee cTpoeHue IMyTH TPaJULIMOHHOTO BHUJA, TPABUIHOE, MTECYAHOE, TPYHTOBOE M JIp. M3-3a BO3HUKAIOILIETO
HapyIIEHHs TEIUIOBOTO OainaHca MoJi MOJOTHOM M OTTAaUBAaHHUSI MEP3JIOTHI, IIPOCAIKU IPYHTA U TIOTEPU €ro MPOYHOCTH,
3a00JIauMBAHUS U MOCIEAYIOIEr0 HCKPUBIICHUS IPOMUIIS JKEeJIE3HOIOPOKHOTO MyTH B 30HE BEUHON MEp3JIOTHI HEpH-
TOJIHO K 9KCIUTyaTaluH.

OcTakaJHBIN K€ MyTh COXpaHsIeT HETPOHYTHIM CHEXXHBIA MOKPOB C €r0 YHUKAJIBHBIMH TEPMOIUHAM HUECKIMHU
XapaKTEepUCTUKAMU — BBICOKMM alib0e/10, TO €CTh KOA(P(UIHEHTOM OTpaXKeHHUsI MaJaI0IIero M3Jay4eHHs, 1 CBOWCTBOM
a0COJIFOTHO YEPHOTO TeJa, TO €CTh HAUBBICIINM K03()(DUIIMEHTOM TETIIIOBOTO M3IYYEHHs OT HIXKEJIEXKAIIUX CI0EB IPYyH-
Ta. CHEXHBIM MTOKPOB C TAKMMHU XapaKTEPUCTUKAMM W30JHMPYET Iepeaady TeIula ¢ JeTHEel MOBEPXHOCTH B HIDKEIexkKa-
K BEYHOMEP3IIBII TPYHT, a 3a c4yeT 3(p(HEeKTUBHOTO M3ITydECHHUS B OKPYXKAIOLIYIO Cpelly 00ecieYnBaeT N3TyueHHe Tell-
JIOTHI OT CJIOEB BEYHOI MEP3IIOTHI.

Taxoit 0TKa3 NMO3BONNUT B MaKCUMAaIBGHOW CTENEHH COXPAaHUTh HEM3MEHHOW TEPMOIMHAMHUKY CYIIECTBOBAHMS
MHOTOJIETHEMEP3JIBIX I'PYHTOB U JIYYHIC BCET0 MCIOJIB3YET TCPMOJUHAMHNYCCKUE XAPAKTECPUCTUKU CHEKHOT'O ITOKPOBA,
KOTOpBIE PELIaoNIMM 00pa3oM CHOCOOCTBYIOT COXPAHEHHIO MOCTOSHHOW MEP3JIOTHl M MPOYHOCTH JIbIUCTBIX I'PYHTOB.
W3BecTHO, YTO YMCTHIN CHET MMEeT HAaUBBICHIMN KOO(DMUIIMEHT OTpakeHHs1, Wi allb0eI0, AoCTUratolee B ApKTUKE U
AmnTtapkruke 0.95 u naxe 0.98, To ecTh MOBEPXHOCTH 3€MJIH MOTIJIONIAET BCETO JIMIIb HECKOJIBKO HMPOIEHTOB JIyUYHUCTOI
SHEPTUH HemocpeAcTBeHHO COHEYHOW paaualiu, Wiau 00JIaKoB aTMOC(ephl, WIIM OTPaKEHHOM OT 36MHBIX OOBEKTOB.
DTO OTHOCHUTCS K YHCTOMY 3UMHEMY CHETY, HO B MPOMBILUICHHON Cpelie 3TO aib0e10 Pe3Ko Majiaer, U JETHUH Cepblii
HO3/peBaThIi CHET IOTJIOMIAET YKe JICCATKM MPOIEHTOB Majafoliell Ha Hero JIyducTod 3Hepruu. B To ke Bpems uu-
CTBIM 3MMHHI CHET M3JTy4aeT JUIMHHOBOJIHOBOE TEIIJIO 3eMJIM KaK abCOJIIOTHO YEpHOE TEIo, a 110 Mepe 3arpsa3HeHHUs CHe-
ra, €ro TassHUs M YKPYITHEHHS 1Op W3JTydaTenbHasi ClIOCOOHOCTD Ma/IaeT, YTO yXYALIAeT TEPMOJIUHAMHYECKUE YCIOBHSA
COXpaHEHHs] MHOTOJIETHEH MEP3JIOTHI.

MsI onmcany 3/1ech MEXaHU3M, pa3pylIeHHe KOTOPOTo JieNaeT TEOPETHUECKH HEBO3MOXKHBIM CYIIIECTBOBAHHE
MHOTOJIETHEH MEp3JIOTHI B CIydae pa3pylIeHHs] €CTECTBEHHOI'O T'OIMYHOI0 IUKJIa CYIECTBOBAHUS CHE)XXHOTO MOKPOBA.
U 31y npobaeMy Helb3si pELIUTh JJaKe MyTeM HAKPBITHS HHKEHEPHBIX COOPYIKEHHI 3epKaIbHOMN IIIEHKOW UM APYTUMHU
MarepuallaMi C BBICOKHM alib0e0 — MO TOil MPOoCTOW MPUYUHE, YTO IUICHKA co3AaT 3G eKT TepMoca U dIKPaHUPYET
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U3JIydeHne 3eMIIH Yepe3 CHET B OKPYKaIOIyI0 Cpely U B KOCMOC.

VIMeHHO TUM M HMYEM HHBIM HE NPOJUKTOBAHO Halle TpeOOBaHME MOJHOCTBIO OTKa3aTbCcid OT MAcCHBHOIO
HACBIITHOTO HUXHETO CTPOEHUS Iy TH.

Msl yTBepakKaaeM, 4TO HIDKHEE CTPOEHUE MYTH TPAAUIMOHHOTO BUJA, TO €CTh I'paBHilHOE, IecyaHoe, TPYHTO-
BOE U JIp. M3-32 BOSHUKAIOIIETO HAPYIICHHs TOJANYHOTO TEIIOBOrO OajaHca MO/ KeJIe3HOIOPOKHBIM ITyTeM HEU30€KHO
CTHUMYJIMPYET OTTauBaHHE MEP3JIOTHI, IIPOCAJKy I'PYHTa U MOTEPIO €ro Hecyled CrocoOHOCTH, 3a00Ia4BaHIe MECTHO-
CTH ¥ MIOCJIEAYIONIEE UCKPUBIICHNE MTPOQUIIS XKEIE3HOJOPOKHOTO ITyTH B 30HE MHOTOJIETHEH MEP3IIOTHI [eNafoNiee My Th
HETNPUTOAHBIM K DKCILTyaTalliH.

MBI XOTHM TakKe 00paTuTh 0c000€ BHUMAHUE HA YaCTO HE NIPHHUMAEMBIi BO BHUMaHHUE (DAKT, 9TO MEPEMEH-
Hast CXKMMAOIIas Harpy3Ka Mpyu MPOXO’KACHUH TT0€3/10B IIPUBOJHUT K HEOOIBIIOMY IUIABJICHHIO JIbJA U3-3a IIEPEMEHHOTO
JIaBJICHUS JaKe MPU OTPULATEIBHBIX TEMIEPATypax, ¥ BO3MOXKHO, YTO MIMEHHO 3TOT MEPEMEHHBIN XapaKTep JaBICHHS
Ha KEJIE3HOJOPOXKHOE TIOJOTHO JEUCTBYET B CTOPOHY Pa3pyLIEHHUs KEJIE3HBIX JOPOT HA MOCTOSHHO MEP3JIBIX IPYHTaX.
OTO — TUNoTE3a, HO OHA 3aCITy)KUBAET KAK MUHUMYM OOCYXJICHHUS, U, BO BCSIKOM CIIy4ae — OMaceHHs.

IIpennaraeMslif HaMu 3CTaKaHBINA MYTh H30JIUPYET Iepenady TeIia ¢ BEpXHeil MOBEPXHOCTH B HIDKENEKAIIHIA
MHOT'OJIETHEMEP3JIBIH TPYHT M 00ECIIeYHBAET COXPAHEHHE ITOCTOSIHHOM MEp3JIOTHl U B TEUEHHE BCETO JIETHETO Mepuoja
MOJIOKUTEIBHBIX TEMIEpaTyp U UHCOJSLUYU JIETHUM IMOJIIPHBIM JHEM Ha NMOoBepXHOcTU 3emynd. OAHOBPEMEHHO € 3TUM
KOHCTPYKTUBHBIEC TUCCUIIATUBHBIE Ne(opMHUpYyeMbIe JIEMEHTH B HECYIIUX KOHCTPYKIHMSX ICTAKaJbl CHIDKAIOT Iepe-
MEHHYIO COCTaBJIAIOLIYI0 Harpy3KH Ha MHOTOJISTHEMEP3JIBIH IPYHT M yMEHbIIAIOT 3 deKT TasHus bJa OT AaBICHUS
IIPH OTPHULATENBHBIX TEMIIEpATypaXx.

BrnonHe MoXkeT oka3aTbCs MOJIE3HBIM U JAXKE CIACUTEIBHBIM IS XKEIE3HOM JOPOTU Ha BEUHOU MEP3II0TE MpH-
MCHEHHE ‘‘CHEro-1oe3[ioB”, KOTOPhIE C BETPO-NPO3PAUHBIX 3CTAaKaa OYIAyT YKPHIBATH CHEXHBIM OJESJIOM 3E€MIIIO IOJ
3CTaKaloH, yBEINYNBAsl C TOMOIIBIO 3TOT0 MCKYCCTBEHHOT'O CHETa alb0e0 MOBEPXHOCTH BIOJb TPACCHI XKEIE3HOU 10-
POTH U co3/1aBas “U3IIydaTellb CO CBOMCTBAMH a0COIOTHO YepHOTO Tena”, 6ojee 3(pPEKTHBHO OTHAIOIIHA TETUIO 3eMITH
B OKPY’KaloIllee IIPOCTPAHCTBO JaXKe JIECTOM.

2. OPII ycTpauBaercs Kak MOJHATASI HA BLICOTY 3-5 M Ha/i TPYHTOM, IPH He00X0AUMOCTH, 00Jiee METPOB
HaJl TPYHTOM — IOPU30HTAJbHAsA ()epMEHHO-0aT0YHAsA MoJApeabcoBasi muaTgopMa Ha NPaKTUYECKU BCEM IPOTH-
YKEHHUH JIbJUCTBIX BEYHOMEP3JBIX IPYHTOB, TO €CTh 3a UCKIIOUCHHEM Y4YacTKOB JIOPOTH, ONUPAIOLIUXCS Ha CKaJbHbBIC
TPYHTHI B MecTax MX Hanuuusi. Beicora npocsera 3-5 M BbIOMpaeTCsi U3 HECKOJIBKHUX coOOpakeHuil. Bo-nepBbix, Takas
BbICOTa oOecmeunBaeT npoayBaemocTs OPII 3umHMMH BeTpamu u npospauHocTs OPIT mis mepeHocHMoro BeTpamMu
CHEra, TO €CTh IPEIOTBPAIAeT 00pPa30BaHNE CHEKHBIX 3aHOCOB BJOJIb IIyTH U COXPaHSAET MPOQIIb CHEKHOTO TIOKPOBa
HEU3MEHHBIM, YTO CTaBUT MECTHOCTb O] )KEJIE3HOJOPOXKHBIM IIYTEM B PaBHBIE YCIOBHs C HETPOHYTOH MPHUPOIHON
CPemoi U MPUPOIHBIM TETIIIOBBIM OaaHCOM TPYHTOB.

Bo-BTOpBIX, 3Ta BBICOTA MO3BOJISIET HUBEIUPOBATh HE3HAYUTEIbHBIC HEPOBHOCTH pesibedpa M CTIIaAUTh BEPTH-
KaJbHBIN PO MTyTH, YTO BBITOJHO. BO MHOTHX OTHOIICHHUSX, a IOCTHIAeTCA KpaiHe He3HAUNTEIbHBIM YCIOKHEHH-
eM koHcTpykuuu DPII. B-tpethux, OPII “npo3pauna” nns nepecekarolux ee MyTed nepeMelieHns JoAei, cTal ofe-
HEei, IPYTuX KUBOTHBIX, a TAK)KE Ha3eMHOH TEXHUKH — aBTOMOOMIIEH U BE31€X0/I0B, KPOME, ObITh MOXKET, OTIEIbHBIX
Y4YacTKOB, YTO HE BIIMSIET Ha OOLIYIO MPO3padHoCTh nepecedenust PI1.

3. DKOHOMHUYHOCTH TAKOI0 pelleHMs, Aa’ke ecIM He MPUHMMATh BO BHMMAaHUE NMPUMHUMNHAIBHYIO He-
BO3MOKHOCTh COXPAHHTH MHOTOJIETHIOI MEp3JIOTY MO TPAAULMOHHBIM KeJIe3HOAOPOKHBIM MyTeM M He NpH-
HUMaTh BO BHHMAaHMe CBSI3AHHBIE C 3TOil HEBO3MOKHOCTHIO HeNpHeMJIeMble JIKCIIyaTAllMOHHBbIE 3aTpPaThbl,
3MIKAETCSl Ha CJIeAyIOIIUX OCHOBAHHSAX.

Bo-niepBrix, OPII no3Bomsier Gosiee cBOOOJHO BBHIOMpPATh TOPH3OHTAIBHBIN MPOQUIb ITyTH, KaK 3a CYET BO3-
MOYXHOCTH MaHEBpPa BBICOTOH OIOP 3CTAaKaIbl, TAK U 3a CUET Oosiee CBOOOIHOTO M Ha/EKHOTO BEIOOpA MECT AN ycTa-
HOBKH OTIOP.

Bo-Bropsix, OPII no3BossieT B HECKOIBKO pa3, KAK MUHUMYM, JECATHKPATHO, CHU3UTh IIOTPEOHOCTH B MaTepH-
anax Juis CO3JaHHMs >KEJIEe3HOAOPOKHOIO MyTH. YUUTBIBAsi CTOMMOCTb JTOCTaBKH T'PY30B sl CTPOUTENBCTBA, JaKe MpU
HAJINYUY TaKOW TPAHCTIOPTHOH apTepuH, kKak peka O0b, MOXKHO CUMTATh, YTO JaXe MIPH yIOPOKaHUN TOHHBI MaTepHaia
JUIA CTPOUTENbCTBA B 4-5 pa3, C yd4yeToM [OCTaBKM M €€ TpPYyAHOCTell CyMMapHas CTOMMOCTb TPAHCIIOPTHO-
3arOTOBHUTENBHBIX MaTEPHUATBHBIX PACXOJO0B, 10 HAIIEH OI[EHKE, OKaXXeTCs Kak MUHIMYM BJIBOE€ HHMXKE, YeM IIPH JTF0O0M
JIPYTOM MOJXO0JIE K CTPOUTEIBCTBY.

W we Oynem 3a0bIBaTh Hamie 3asBICHHE O METEOPOJIOTHIECKON MPUYHHE HEBO3MOXKHOCTH CYIIIECTBOBAHHUS XKe-
JIe3HOHN IOPOTH Ha TPAJAUIIMOHHOM HIDKHEM CTPOCHHH, TTOKOAIIEMCS Ha JIbIUCTHIX MHOTOJIETHEMEP3IIBIX TPYHTaX.

4. Keaeznonopo:xuoe mojaoTtHo IPII ycrpanBaercss Ha IPOYHO YCTAHOBJICHHBIX CBAHBIX CTPYKTYpax ¢
ONOPHBIMHM PHUTeJIsIMM JOCTATOYHON ILIOIIAAH, 3arjay0JeHHBIMH M BMOPOKCHHBIMH B MHOIOJECTHeMep3Jblii
rpyHT. KoHCTpYyKIMs cBaif MOXKET ONMPAThCS HA YHIMPEHUs pasIndHOW (POPMBI, PUIelH, JJIsl YBEJIUUCHHS TUIOLIAH
nepesiaud Harpy3Kkd OT CBail 'PyHTY — PHUI'€IIM MOTYT MUMETh BHJ| IIai0, KOHYCOB, MUPaMUA, KPYrOBBIX M 3JUIMITHYE-
CKUX IIWJIMHJPOB M T.II. ABTOpaM NpeJCTaBiIseTcs HanOosiee Ha/e)KHONH KOHCTPYKIHS YIIMPEHUH B BUJE 3JUTHIITHYE-
CKUX IJIOCKUX PUTresIed — TO €CTh UIMITUYECKUX HUINHAPOB HE3HAUUTEIbHON BBICOTHI, YJIOKEHHBIX HA PACUUILEHHBII
OT TOYBHI MHOTOJIETHEMEP3JIBIN IPYHT, B TOM YHCIIE Ha JIOXKE U3 TPaBUHHO-TIECUYAHOTO JIbA0-0€TOHA, KOTOPHIHA MPpH 3a-
Mep3aHnu 00pa3yeT MOHOJHT C HIDKENIS)KAIIMM MHOTOJIETHEMEP3/IBIM TPYHTOM, IIOCJIE Yero 3TOT JUTUITHICCKUN pHU-
rellb HAaKPBIBACTCS TOH )K€ IMOYBOI C TEMH K€ TePMOANHAMHYECKUMH XapaKTEPUCTHKAMH, IPHYEM HaJl IIOBEPXHOCTHIO

32



ISSN 2308-4804. Science and world. 2019. Ne 12 (76). Vol. I1.

BO3BBIILIIAIOTCS TOJIBLKO OMOPHBIE CTEPIKHU PHUTEIIsl, OJJMH HJIM HECKOJIBKO, K KOTOPBIM, B CBOIO O4€pe/lb, KPEIsITCs (hepMBbl
onop OPIL.

ABTOpBI HE CTaBST CBOEH IEJIBI0 HaBs3aTh 00sA3aTENbHOE KOJNMYECTBO TAaKUX pUrefieil Ha KOHIAX Kaxaoro
nposera DPII. Iy 1BYXKONEHHOTO MyTH UX MOXKET OBITH OJWH, JBa, TPH U JaxKe 4 — KaKAbIH pa3 3Ty MHKEHEPHYIO
3a7a4qy MpUAETCs peliaTh Ha srane npoextupoBanus DPII, Ho obumwmii npunIu, Bo3BeneHus Gpepm DPII Ha omopHBIX
CTEPKHSIX pUTesied, BMOPOXKEHHBIX B TPYHT, aBTOpaM IPeJCTaBIseTCsl Hanbojlee eCTeCTBEHHBIM, HaJIe)KHBIM TEPMOIH-
HAMUYECKH U SKOHOMUYHBIM.

CpaifHasi CTpYKTypa YCTpauBaeTcs B BHIE NMPOCTPAHCTBEHHOU (hepMEHHON KOHCTPYKIHH, TOIICPKUBAIOIICH
KEJIE3HOIOPOXKHBIH ITyTh HA BCEM NPOTSDKCHUH U 0OECIIEUMBAIOIIEH B TOM UHCIEe HEOOXOAUMOE AEMI(HUPOBAHUE TIe-
PEMEHHBIX Harpy3oK OT IOABMXKHOTO COCTaBa, BMECTO HCKIIIOUaeMOW OayutacTHOHM momymiku. JlemmndupoBaHue mepe-
MCHHBIX HAarpy30K BO3MOXHO BKIIOYa€MBIMH B KOHCTPYKIHIO HECYIINX (pepM IMCCHIIATHUBHBIX 3JIEMEHTOB, CPEAH KO-
TOPBIX MOTYT TPEICTABIIATh MHTEPEC TaK Ha3bIBaeMbIe peccopsl 3amurrepa (cM. a. ¢. CCCP 1004685), amantupoBas-
HBIE K JaHHOI KOHCTpYKIMHU. To ecThb, peccopa B KOHCTPYKIUH GepM OyAeT UrpaTh pojb JIEMEHTa TUCCUIIALUH SHEP-
ruu gedopManyy MyTH MO TaBJICHHEM MIYIIETo 10 HEMY IOJIBH)KHOTO cocTaBa. Takoe neMIipupoBaHHe CHU3UT Tepe-
MEHHBIC HAaIPY3KHU Ha JIel TPYHTa U YMEHBIINT 3P QEKT ero TassHUs NPU OTPHLIATEIbHBIX TEMIIepaTypax.

5. ABTOpBI M0JIATa10T PALMOHATBHBIM CTPOUTH CPa3y ABYXIYTHYIO KeJIe3HYI0 10pOry.

ITockonbky xoHCcTpykuua OPII mist AByX myTeil HEHaMHOTO CllokHee U Jopoxe ogHokoneiHoro OPII. J[Byx-
KOJIeHHasl opora MOXeT UMETh YBEIHMUYCHHbBIE TPOTHB CTaHAAPTHOTO TOPU30HTAILHBIN M BEPTHKAJIBHBIA Ta0apuThI IS
BO3MOXXHOCTH HCIIOJIB30BaHHS CIENNANbHO crpoekTupoBanHoro must [1DK]/I moxBmxHOTO cocTaBa ¢ OOMBIIMMHU Trada-
PHUTHBIMH IIUPHHON M BBICOTOH, [UIS MEPEBO3KH I'PY30B HU3KON IUIOTHOCTH, KAKUM SIBIISICTCS COKM)KEHHBIA TPUPOIHBIN
ra3 (CIII).

6. BaskHO HAIIOMHUTD eule pa3, 4To pewéryaras ¢gepmennas crpykrypa IPII nosxna ObITH Npo3pay-
HOIi ISl TBePABIX 0CAJKOB, TO €CTh He 3a/epP:KUBATh U He HAKAIIMBATH JII00bIe BH/bI CHera.

OHHM JIOJDKHBI TPOBAJIMBATHCS CKBO3b IUIATQOPMY BHH3, Ha TPYHT. 3TO 00ECIEYHMBACT MOCTOSHHYIO YHUCTOTY
IMIYTU OT CHEXKHBIX 3aHOCOB U PE3KO YACHICBIIACT OKCILTyaTalluio MYyTU B IEPUOABLI C OTPHUIATCIbHBIMU TEMIIEpAaTypaMu
OKpYy>Karolen cpeabl.

7. ABTOpPBI CYUTAIOT Pa3yMHBIM OTKa3aThcs OT dekTpudukanun IIK/[ ¢ yerpoiicTBOM TATOBBIX NOA-
CTaHIMI{, KOHTAKTHOM CeTH M MPOYMX JIEMEHTOB, He 0YeHb NMPHUIOAHBIX 1/ PadoThl B YCJOBHAX HU3KHX TeM-
nepaTyp, B NoJib3y yCTPOHCTBA TAIM JOKOMOTHBAMHU C ABTOHOMHOII 3Heprerukoii. Ho He Ha 0a3e qu3eabHBIX
TeIJIOBO30B.

B permonax ¢ oTpHIaTeNbHBIMH 3HAUYEHHSIMH TEMIIEPATypbl KOHTAKTHAs CETh MOJAYHM 3JIEKTPOIHEPTHUH Ha
3JIEKTPOBO3BI CTPAAACT MOTEPSMH HIIEKTPOIHEPTHN M N30BITOUYHBIM HCKPEHHUEM y MaHTOrpad)oB M OONBIINMHE 3aTpaTaMH
Ha 3aMEHy MaHTOrpa)0B M PEMOHTA CrOpPEBIIECH KOHTAKTHON ceTH. I103TOMy aBTOpHI NpeasiararoT B 3TUX PETHOHAX
MIOJTHOCTBIO OTKA3aThCSI OT CTOJIb TOPOTOH YCTAHOBKH KOHTAKTHOM 3JIEKTPOCETH U TATOBBIX NOACTAHINH C 00ECTIEIeHH-
em aswkeHust TOJIBKO ¢ nomoiipio JOKOMOTUBOB ¢ aBTOHOMHOM 9HEPIreTUKOH.

[Tpu 3TOM aBTOPHI MpEIaraloT KOHIENINIO aKKyMYJSITOPHBIX Ta30-Typ00-351ekTpoBo30B (AI'TJ), To ecTh J0-
KOMOTHBOB C 3JIEKTPOIIPHBOAOM BEIYILINX KOJEC, SJHepreTudecKass yCTaHOBKAa KOTOPBIX MpeAcTaBiseT coboil ra3oryp-
OMHHYIO WU Ta30MOPIIHEBYIO AIEKTPOCTAHIINIO CpeaHed MOUTHOCTH OT 2.8 10 5 MBT Ha cekuuio JT0KOMOTHBA, pabo-
TAIONIYIO Ha CJKAaTOM IIPUPOIHOM T'a3e, a MIKOBas MOITHOCTH JIOKOMOTHBA 00ECTIEYMBAETCS BCTPOCHHBIM OJIOKOM aKKy-
MYJIATOPOB, TUII KOTOPBIX — JIMTUCBBIC, CBUHIOBLIC WJIM WHBIC MOXHO BI)I6paTI) Ha CJICAYIOUIHNX JTalax 06Cy)K[[eHI/Iﬂ
KOHICIIIHUH.

8. loe3na ¢ Takoil TAroii MOryT OBLITH AUCTAHIUOHHO YIPABJIAEMbIMH U ABTOMATHYECKUMHU.

JIBmXeHue aBTOMAaTHYeCKH YHPaBJIIEMbIX IOE3/I0B 110 OT/AEIFHOMY 3CTaKaJHOMY IMYTH, I'7ile HE MOXET OBbITh
MIPENSITCTBUHN JIBIKCHHMIO — 33/1a4a OoJjiee mpocTasi, 4eM aBTOMAaTHIECKOE BOXK/ICHUE 1T0€3/[0B HA MECTHOCTH.

9. ITK/I, koHe4YHO, MOKeT ObITH MOCTPOEHA U (€3 CO3IaHUs TeXHHYEeCKOH AaBTOMOOU/IbLHOM J0POrH B10JIb
Hee.

Oto obecneunBaeTcsa CO3AaHNEM OJHOBPEMEHHO JBYXKOJIEHHOTO MyTH U BEJIEHHEM CTPOUTEIbCTBA C MOHTaX-
HO-CTPOMTEJIBHBIX MO€3/10B, HAXOSIIUXCS Ha YK€ MOCTPOEHHOM ydacTke. OJTHAKO TEXHUYECKYI0 aBTOMOOMIIBHYIO JI0-
pory (TAl) MOXHO TOCTpOUTH 6e3 GOIBIINX 00BEMOB 3eMIITHBIX PabOT M MoYTH 6e3 3aB03a MaTepHajoB IS HeEe, a
3HAYMUT — OBICTPO M JeNIeBO, eciik npuMeHnTb Texnonoruto Land on the Water, LOW [1]. Texnosnoruss LOW ocnoBana
Ha Wzee MMOCTaHOBKH Ha TPYHT, B TOM YHCIIE JOHHBIN I'PYHT MOpPS, PEKH, 00JI0Ta WM MPOCTO HEYCTOWIMBHIN CHITydHil
TPYHT, HampuMep, 0apXaHOB, TOHKOCTCHHBIX IMINHAPHYECKIX 000JI0YEK M3 MaTepHaja, MMEIOMIEr0 BBICOKYIO MpOY-
HOCTbH Ha PacTsKEHHUE, C 3aII0JJHEHHEM BHYTPEHHEr0 00beMa IIMIMHAPOB MECTHBIM IPYHTOM.

Taxass aBTOMOOWIIbHASI JOpOTa KOMITAKTHA B CHJIy OTCYTCTBHSI HEOOXOJMMOCTH HMETH IIOJIOTHE OTKOCHI, OHa
MOXET UMETh CTPOUTEJBbHYIO IIUPUHY Aaxe MeHee 20 METpPOB Ul BYXIIOJIOCHOTO JIBU)KEHHSI BMECTE ¢ 000YMHAMHU U
TEXHUYECKUMH Y4acTKaMHu, U 00beM IIepeMelIeHus] TPYHTa Npu cpeaHeil BoicoTe nwimHapos LOW 0.5M u mmpune
noporu 20M cocrasut, Hanpumep, Ha ydactke Canexapa-Hameiv mmunoit 300 kM 300000%20%0.5=3 mum.m3, uto B
5-10 pa3 MeHblIe 00bEMa MOJIOTHA aBTOMOOMIIBHOM I0pOrH TpagunuoHHoro crpoenusi. O6onouku LOW MoxxHO 1mpo-
M3BOJANTH M3 OETOHA, B TOM YHCiIe U3 ¢pudpocepodeToHa, ¥ P TONIINHE CTEHKH MIIHHAPOB 0.05M (¢ GoipminM 3ama-
coM npo4HOCTH) OH coctaButT 300000*3/14*2*0/5%0.05=47000 Mm%, menee 100000 TOHH, OCHOBHYIO Maccy KOTOPHIX 00pa-
3yeT MECTHBIH TIecOK M rpaBuii. Kpome Toro, orpaxnatomniyie o0beM goporu muwinaapbl LOW cHuMaioT Bce TpeOOoBaHUS
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K XapakTepy 3aloJIHAIONINX IPYHTOB, 2 00beMbl BHYTPH LIMJIMHIPOB MOTYT LEIMKOM COCTOSITh U3 MECTHBIX Marepua-
JIOB, KOTOpPBIE MO’KHO OpaTh MPSIMO PSIOM C IOPOTOM.

ITonsonast nTorn Hamero npeajaoxkenus crpouts K/l kak “mMocT BRO/Ib, 2 He MONEPeK”, OTMETHM cJle-
ayouee:

1. IlepBoHavyanbHO 3ay105keHHBIN rocnporpamMmoil mpoext CesepHoro IlluporHoro Xoaa (CIIX), orpanuden-
HBII 1O JUIMHE B TOM YMCJIE€ U JOPOTOBU3HOM JOCTaBKM MAaTEpPHAJIOB U CTPOUTENHCTBA HA BEYHOM Mep3JIoTe, B Cllyyae
IpueMa KOHIENIIMK MOKET OBITh NMPOJOIDKEH BIUIOTh N0 MarasaHa 0e3 CyIeCTBEHHOTO YBEIMYCHHS YACIBbHON CTOU-
MOCTH CTPOHTENBCTBA. B mepByro odepenp — 3a c4eT He MEHEe YeM CTOKPAaTHOTO YMEHBIICHHSI 00beMa 3aB03a MOTpeO-
HBIX CTPOHMATEpHAaOB, BO BTOPYIO — 3@ CUET YMCHBIICHHS 3aTpaT HA MEPONPHUATHS O0OpHOBI C OTTaMBAHHUEM BEYHON
MEP3JI0THI MO KEJIE3HOU JOPOTOM.

H3ydenne 5)KOHOMHYECKHX BBITO/ NpeljiaraeMoil KOHUENIMH, Ha HALI B3IJIsI/L, JOJIKHO CTATh TEMOii 0T-
AEIbHOI0 MCCJICOBAHNS.

2. Takas nopora, npoTsHyTas oT Canexapaa 1o MaragaHa, MOXeT CTaTh CBS3YIOIIUM 3BEHOM MEXIY eBpoOIei-
ckum CeBepom Poccun ot Apxanrenscka 1 BopkyTsl u ot JlabbiTHanru u Canexapna Buots a0 IleBeka u Maranana,
TO €CTh 00ECIEYUTh CKBO3HOW TPAaHCIIOPTHBIH KOPUIOP, B 00IIEM, HE OUY€Hb OOJBIION AJMHBI, HO OXBAaTHIBAIOIINHI TO-
YTH BeCh JOJTOTHBIN Auana3oH cesepa Poccum.

3. IIpuHIUD HENpephIBHOI 3cTakabl, BMOPOXKEHHOW B BEYHOMEP3JIbIE TPYHTHI, IO3BOIUT J00ABOYHO NPHCO-
equnaTh B IIK/| Mmepuinonaabubie Berkn jummHoi A0 1000-3000 kM, HanpuMep, BAOJIb BEIMKMX CHOMPCKHX PEK, C
YYETOM TOPOJICKOH M IPOMBINIIEHHOH HH(pacTpyKTypsl CHOMPH, U TEM CaMbIM yBEIHYHUTh CBSI3HOCTH CTPaHbI U MPO-
3pavyHOCTh JOCTYIA K €€ TPYAHOJOCTYIHBIM ceidac paliloHaM. B HEKOTOPBIX MecTaxX IOpora MOKET PacHojaraTbCs He
Ha 3cTakaze, kak onucano At IDK/I, a Ha cienuanbHBIX YCTPOEHHBIX A 3ToH nemu numuHapax LOW B Bune ux He-
MIPEPHIBHON LIENM WJIM B BHUJE ONOP MPOJIETHBIX CTPOCHUM, HANpHMeEp, NPU XOAE JOPOTH depe3 00J0TOo, a He Yepes
MEP3IIOTY.

4. YcrpoiictBo ot 4 1o 10 MepuanoHaIBHBIX BETOK HO3BOJIUT OcBauBath Tepputoputo Cubupu ot IlonspHoro
Kpyra ¢ MEHBIIUMHM 3aTpaTaMH, 9YeM HATH depe3 MepPecedeHHYI0 MECTHOCTh Iora CO CpelHUX MHUPOT 3amagHoi u Bo-
crouHod Cubupu. Takue BETKM MOTYT CTaTh LIEHTPaMH BO3HHUKHOBEHUS M Pa3BHTHs HOBBIX T'OPOJOB, CEIbCKOXO3SIH-
CTBEHHBIX U JIECOXO3IHCTBEHHBIX LIEHTPOB, a TAKKE YJIYUIIUTh BOZMOKHOCTH OCBOCHHS SKOHOMHUYECKOTO IOTeHIIHaNa
BeNMKUX cubupckux pexk Oou, Enuces u JleHsl.

5. Haxownerr, IDK]] 1 npuMbIkaromuye K Heil MepUIHOHAIbHBIE BETKH MOTYT CTaTh OCHOBOM JUIS pa3BUTHA 9K30-
THYECKOTO IPHIIOJISIPHOTO M HKOJOTHUECKOTO Typu3Ma, B TOM YHCIIE MHOCTPAHHOTO, B TOM YHCIIE C PasHOOOpaznem
3aHATHH AJIS1 TYPUCTOB, BKIIIOYAIOIINX cOOp ATox M rpuboB, PEIOHYIO JIOBIIO, OXOTY, JBDKHBIN U APYTHUE 3UMHUE BUJIBI
CIOpTa, a TaKXKe 0co0yI0 KyXHIO, OTMPAIOIIyfocsl Ha Oorareiiye NpupoaHbIe pecypesl poceuiickoro CeBepa U racTpo-
HoMHueckue Tpagunun Cubupn u Haponos Cesepa.

bes npeyBennueHns MOKHO 3asBUTh, YTO SKOHOMUYECKUH, IKOJOTMYECKUI U MOTUTUYECKUNA MMOTEHIUAI aH-
HOM KOHIETIIIUH COCTaBJISIET MHOTHE U MHOTHE TPHJUTHOHBI pyOJIei, ¥ MO3BOJINT B UICTOPUUYECKN KPATKOW MEPCIIEKTHBE
MIOJIHOCTBIO M3MEHUTH 00JIMK poccuiickoro Cesepa.

6. Texnosiorusi LOW u npuMepbl ee NpuMeHeHH /151 CTPOUTEILCTBA dj1eMeHToB TT/K]]

B 1.9 ynomunanace texHonorust ctpourenabctBa LOW, cocTosimas B KOMOMHAIIMN YCTaHOBJICHHBIX HAa TPYHT
(mHO pexH, Apyroro Bojoema, 0O0JOTa MM HEYCTOMYHMBBIN OCBHINAIOIIMKCS TPYHT) BEPTUKAIBHBIX LIIMHAPHUECKUX
TOHKOCTEHHBIX 000JI04YeK 0e3 /[Ha U 3aroJHSAIOUIEro 000JIOUKH IPYHTA, KOTOPBIH MMOJAETCsl BHYTPh 000J0YKU B BHIE
CyXOW WJIM BJIQXKHOW TeCKa, TpaBHs U LIeOHS, WM B BUJE IPYHTOBOJSHOHN ITyJIBIIBI, 10JaBA€MOI 3eMCHApAI0M, OTOU-
PArOIIMM ITyJIBITY C TIPHJIETAIONIETO K 000JI0UKE JHA.

YHuBepcanbHOCTb TexHONoru LOW cocTouT B TOM, 4TO MOJIBIE BEPTHKANBHBIE LIUIUHAPBI CTAHOBATCS JJIEMEH-
TaMH, pabOTAIOIIMMH HCKJIIOUYNTENHHO HA PACTSDKEHHUE IO JaBJIeHHEM BHYTPEHHETO MaTepHalla, a HaXOSIIIHiHCs BHYTPH
LWIMHIPA MaTepral paboTaeT TONBKO Ha C)KaTHe MOA ACHCTBHEM 3€MHOTO TATOTEHMS M JEHCTBHEM HATPYy3KH. Y IHMBH-
TeNbHAs CHOCOOHOCTH ITYJTBITBI CO3/1aBaTh CPely C IUIOTHOH yIaKOBKOHM TBEP/BIX YAaCTHUI] C BHICOKMM MOJYJIEM yIIPYTOCTH,
PaBHBIM IPAKTHIECKU MOIYJIIO YIPYTOCTH IOPOJI, CIAraloIliX TPYHT, 32 CUET OTAETICHHUS BOJBI U CIIMBA €€ Uepe3 BepXHUMA
ype3 mununapa LOW co3iaer yHHKalbHYI0 BO3MOXKHOCTh OYKBAJIBHO M3 HHUYErO CTPOUTH MOHOJIMTHBIE BEPTHKAJIBHbIC
KOHCTPYKIIMH, BEICOTA KOTOPBIX OTPaHMYMBAETCS TOJBKO POYHOCTHIO IOPOJ TPYHTA Ha CKaTue, a AUAMETp OrpaHHYUBa-
€TCs TOJIBKO MPOYHOCTHIO 000JIOYKH U OTYACTH BEICOTOM KOHCTPYKIIMH, TPYHT B KOTOPOH CO3AaeT AaBIEHUE pacropa.

To ecTb cTpouTenpHas MEXaHWKA TAKOW KOHCTPYKIIMH HCYEPIBIBAIOIINM 00pa3oM OIMCHIBAETCS Kak TpyOa ¢
YKUIKOCTBIO TIOJT TaBJIEHUEM BHYTpPH, M Kiaccuueckas Gopmyrna Mapuotra s=p*D/(2*d), rae s — KoJbIleBoe HaNpsDKe-
HHE, HAalPaBJICHHOE MO KacaTeJIbHOM K MOBEPXHOCTH LWJIMHIpPA M MEPHEHAMKYISIPHOE 00pa3ylomei, p — BHyTpeHHeH
nasnenne, D — BHyTpeHHHH Tuamerp, d — TOJIIMHA CTEHKH.

Pacecmorpum, HanpuMep, npuMeHenne TexHosoruu LOW npn crponTenbcTBe aBTOMOOMIBHON J0poru
0B IT7K/I. YToOBI yMEHBIINTE 3aTpaThl MaTepHaia Ipyu CTPOUTENBCTBE TEXHHUYECKOH TOPOTH, HIYIIEH BIOJb CTPO-
smeica [DKI, yeTpoum HHMXKHEe CTpOEHHE 3TOH NOpOrU B BUAE LEMOYKHU 3JIEMEHTOB, COCTOSIIUX U3 MapajuleNenunena
n 1ByX nourymuinHIpoB LOW HeOouIbII0H BEICOTHI, KOTOpasi B OCHOBHOM OyZIE€T ONPENeIsThCS BEP THKAIBHBIM MPOQH-
JIeM MECTHOCTH M HEOOXOIMMOCTBIO €r0 HUBEIHpoBaTh. Bricota anementoB LOW ot 0.5 1o 1 M mpu 3TOM IIpeacTaBis-
€TCsl BIIOJIHE 1ocTaTouHOoM. ITockoybKy nopora — 3T0 10 CyTH OJHOMEpHAs JIMHHUSA, IUIOCKUE ITIOBEPXHOCTH Iapajuiese-
MTUTEI0B CO3/AI0T B3aMMHBIA PAacIop W MOHOJIUTHOCTD IICHTPAJIBHON YacTH OPOTH, a 0OpaMIISIOIINE TONYIIMINHIPEI
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BOCIPHUHUMAIOT JABJICHUC pacriopa B CTOPOHBI, TEM CaMbIM CO3JaBasli U3 HUKHETO CTPOCHUSA aBTOMOOHMILHOM Aoporu
MOHOJIUT, CXCMATHYCCKHU H3OGpa)KeHHLIﬁ Ha puc. 2.

Puc. 2 Cxema agmomobunvHoil dopoeu na napannenenuned-noayyurunopax LOW

O06beM OJTHOTO DJIEMEHTa TaKOi JOPOTH ¢ MUPUHON Napasuienenunena 20 M, marom napajuieenunesoB SMm u
JIMaMEeTPOM TOJTYLIMIIMHAPOB SM JIacT OrpaHn4eHHbIi 00beM aneMenTa ot 60 no 100 kybomeTpos, winu 1o 20 Kybomer-
POB Ha METp AOPOTH, YTO OYEHb SKOHOMHYHO. MBI MONYyYHUM JOPOTy, Hecylas CHOCOOHOCTh M MPOYHOCTh KOTOPOMH
OIIPEJIETISIFOTCS TOJABKO MPOYHOCTHIO HA CKaTHE YaCTHIl NPUIOPOKHOTO rpyHTa. [Ipr HEOOX0IMMOCTH MOKHO COCTaB-
JISITh CMECHh U3 MECTHOTO TPpYHTa U NMPUBO3HOTO 1ebHs. Takas qopora, ¢ pacxogoM 20 KyOOMETpOB MECTHOTO TPyHTa Ha
MeTp noporu, norpedyer Ha 300 kuomeTpoB Tpaccsl oT Canexapna 1o HaxpiMa 6 MHIITHOHOB KyOOMETPOB TpyHTa, HO
3TOT TPYHT HE MPHUAETCS HUOTKyJa A0cTaBiATh! A o6omoukn LOW moryt mmers 06veM ot 1 10 5-6 % obbema 3Toro
rpyHTa, To ecth oT 60000 10 360000 TOHH.

[t aBTOMOOHIIBHONW AOPOTH OYAET CTONb e OCTPO CTOSATH IpoOsieMa COXpaHeHUs ee MpoduIsl u3-3a HEH3-
0€XHOTO TasHHUS MHOTOJETHEH MEpP3JIOTHI. 3/IeCh aBTOPHI ITOKa CXOISTCS BO MHEHHH, YTO TEXHUYECKYIO aBTOMOOMIIb-
HYIO JJOPOTY IpOIle HOAJCPKUBATH B pabodeM COCTOSHHU MEPUOANYECKON MOJCHIIKOM IPyHTa. A eclii o(aHTa3upo-
BaTh — MOXKHO OYZIET TIPEUIOKHUTh HECKOJIBKO Ooiee paHTaCTHYECKUX BAPUAHTOB PETYJIMPOBAHUS TEPMOIUHAMHYECKO-
ro OayaHca, UCTIOJB3Ysl POXOASAIIYIO PSIJIOM JKEJIE3HYIO TOPOTY KaK PEryisiTop TePMOAWHAMUYECKOTO COCTOSHHS aB-
TOMOOHJIBHOM TOPOTH.

Texnosorns LOW MmoikeT oka3aTbcsl eAMHCTBEHHOH 3()(peKTUBHON TeXHOJIOTHell NPH CTPOUTENbCTBE
MocTa 4epe3 O0b (a Tak:ke 00J1ee MeJIKHX MOCTOBBIX Ilepexo10B). JlaHHAs TEXHOJIOTHS MO3BOJSET JETKOo, OBICTPO U
HAJIS)KHO CO37aTh OIOPHI MOCTOBOT'O IIepexoja NpsMo B pycie pekn O0b 6e3 He0OXOJMMOCTH 0JIBO3a COTEH THICAY
TOHH MaTtepuaioB. J[JIs 3TOro ¢ maroM, paBHBIM JUIMHE TUIIOBOTO MPOJIETHOTO CTPOSHMSI MOCTA, Ha JTHO PEKH yCTaHaB-
JIMBAIOTCS MPSIMBbIE KPYTroBble TMIMHAPBL, LOW, win smnuntiudeckne muanaapsl LOW, wim koMOMHAIMM U3 HECKOIb-
KHX CBSI3aHHBIX MEXIy COOOW IMJIMHAPOB B BHJIE COTOBOM TpyO4aTON KOHCTPYKIMH, BO BCEX CIIydasx 3arloJIHAEMON
TPYHTOM €O JJHA peKH 0e3 MCIOIb30BaHUs KaKUX OBl TO HU OBIIO CB3YIOMMX. CHIOBBIM 3JIEMEHTOM IMIMHAPA SBIISET-
cs1 oJiast 000JI0YKa U3 MOJIXOJISIIETO MaTepHala, a MaCCHBOM, pabOTAIOIIMM Ha CKaThe — YIUIOTHEHHBIN TIPH 1ojaue B
LIINHAPHI MyJbIBl JOHHOTO TPYHTA, JOOBIBaeMOIl 3eMCHapsJaMH.

B oTaenbHBIX ciiydasix MOXKET OKa3aThCS PALMOHAIBHBIM BMECTE C ITyJIBIION HOJaBaTh B LIMIMHAPH TPaBUil,
mieGeHb U 1aXke KaMHH, 9TO HUYEro MPHUHIUIHATIBHO HE MEHSIET.

Hunuaapsr LOW Mory ycTaHaBIMBaThCs B pa3MbIThIe 3eMCHAPsIaMH SIMbI TITyOMHOW 10 5 METPOB, KOTOPbIE
3aTeM BBIPABHUBAIOTCS C OCTAJIEHBIM THOM IO MEpe 3aIll0JTHEHHUS BHYTPEHHEr0 00beMa IIUIIMH/POB.

ABTOpBI criennanbHO HE JAIOT 37eCh MOSICHSAIOINX PUCYHKOB, TIOJIarasi ONMCAaHUE BIIOJHE AOCTATOYHBIM H C
LIENBI0 HE OTPaHMYMBATH TBOPUECKOE BOOOPaKEHUE YUTATEIS.

Paccmotpum U1 mpuMepa runoteTHdeckuii MocT depe3 OOb Kak MOKa3aHO Ha PUCYHKE, C MPOJIETaMH IO
50-100 merpoB JlmiHA 3TOTO TUIOTETHIECKOTO MOCTa — 2.5 KM, ¢ OJBE3THBIMH IYTSAMH — JI0 5 WIIH § KHIOMETPOB.
CobctBenHO 1Mo TexHonorun LOW HeoOxoamMo moctpouts ot 25 mo 40 omop. [Ipumem nuameTp Takoit omopsr 10 M.,
YHCIIO OTIOp B CBsI3Ke — OT 2 110 4, B cpenHeM — 3. [myouny O6u npumMeMm B cpeareM 30 MeTpoB, BHICOTY MOCTa HaJ| BO-
JIOM — MOCTaTOYHOM JJIsI MPOXO0/Ia CYI0B ¢ MAKCUMAIIbLHON HaJBOHOW BhIicoTOM 40 niu gaxke 50 METpoB, HO ATO — KOH-
CTPYKIMS yke MocTa, a He onop LOW, mpumem Bo3Beimenne mwmHApa LOW Hag MOBEpXHOCTHIO BOIBI — 5 METPOB.
Hroro Ham motpebyercs co3nath 40 rpymm u3 3 coenuHeHHBIX onop LOW nmamerpom 10 metpoB u BeIcoTOM 40 MeT-
POB, M3 HUX 3ariTy0JeHHe B AHO PEeKHd — 5 METPOB, MoABOAHAS 4acTh — 30 METpOB M Ha/ABOAHAS 4acTh — 30 METpOB.
CymmapHoe koimudecTBo munHApoB LOW — 120, ux cymmapras mpimHa — 4800 MeTpoB, cyMMapHas IJIOMAags UX IO-
BepxHocTH 4800%3.14*10=150000 M?, cymMmmapHBIii 06beM obonouek nuauaApoB LOW npu tonmmue ot 0.1 10 0.2 M —
ot 15000 o 30000 M3, wn npu IoTHOCTH Matepuana o6osouek 2500 kr/m® — me Gonee 75000 TonH. [Tpu 3TOM CyM-
MapHbIil 00beM 3alOJHSIONIEr0 IHHPHI TPYHTa B IIepecyeTe Ha CyX0e BEIIECTBO, TO €CTh C MOJHOCTBIO yJaJeHHON
BoJI0M, coctaBuT 4800*3.14*10*10/4=376800 Mm%, u Maccy, npu WIOTHOCTH rpyHTa 2500 Kr/M3, | MUJLTMOH TOHH, NpH-
4YeM ITOT IPYHT HE HY’KHO HUOTKY/1a IPUBO3UTH — OH JIEKUT HA JTHE PEKU.
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OHI/IH 3E€MCHapsd ¢ MpOU3BOAUTCIIbHOCTBIO 1000 ToHH CyXOro rpyara B 4ac CyMe€T noaarb 3TOT 00BeM 3a

1000 gacos.

OTHOIIIEHUE MACC 3aMOJHSIIOIIETO TPYHTa M Macchl 000s10uku coctaBut 1000000/75000=13.3, u 3Ta BeluvnHA

MOJKET OBITh CBOOOIHO Y/IBOCHA U JTaKe yBEIHUYCcHA B 4-5 pas.

ABTOpLI — HC npo@eccnonam,ﬂme OKOHOMHUCTBI U CMCTYUKHU, U UM ObLIO OBI HUHTCPCCHO YBUJACTHL CBOU BbI-
KJIaJKU YK€ B HPI(I)pOBOfI (bopMe — HACKOJIbKO [[aHHLIﬁ noaxoa ACICBIIC 1 3(1)(1)6KTI/IBHGG TPpaJUIIAOHHOTO.

MyTe MHOroOYronbHUK Kpyr 3D-nyTe 3D-Mt

WM3MEPHTE PAcCTORHKE MEXAY ABYMA TOYKAMM Ha 3emMne

AnvHa no KapTe: 2,50 KunoMeTtpp ¥

ANMHa No NOBEPXHOCTH NNAHETHI: 2,50
Hanpaenenue: 131,56 rpaaycel

v | MlepexoA € NOMOLLBH) MBILK CoxXpaHnTL QUMCTHTE

Puc. 3. Bapuaum mpaccer mocma uepes Obw

Kak OyayTt BeIrsanets onopsl Ha mumuHapax LOW B pycie pekn? CxeMa u3 4 CBS3aHHBIX B OJHY JIMHHUIO IIH-
JIMHAPOB, PAcIOJ0XEHHbBIX BIOJIb TEUEHHS PEKU (CHHSAS CTPEJKa) M MONEpeK MOCTa, ¢ AMAMETPOM OJHOTO IMIIMHIpPA

10M u BBICOTO# 40 M, TOKa3aHa Ha puc. 4.

Puc. 4. Cxema onoput uz 4 yununopoe LOW
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Msl He fetanu3upyeM U He 000CHOBBIBaeM BBIOOp MaTepuaioB s obosouek LOW. Hanpumep, npeacrasis-
€TCsl TIEPCIIEKTHBHBIM HMCIIONb30BaTh ISl THX 000JI04eK cepouOpOOETOH, PH 3TOM U cepa, U CTEKJIsTHHAs WiIu Oa-
3apTOBas (pUOpa MMeeTCs B HAMYMM B MECTHOCTSIX, JAIOUIMX YAOOHBIN 1MO/ABO3 3TUX MarepuanoB mo OOM kK Mecty
CTPOMKH.

Pesromupys, MOXHO cka3aTb, uyTo TexHojoruss LOW naer psa BO3MOXHOCTEH MOBBIIMIEHUS TEXHUKO-
HSKOHOMHYECKHX TOKa3aTeJied CTPOUTENILCTBA, HEJTOCTIKUMBIX HHaYe HUKAKUM JIPYTUM CIIOCOOOM.

ABTOPBI, TOJBOZS MTOTH CTaThbU, 3aSBIIIOT, YTO MPEATOKEHHAs KOHIEMIUS 3CTaKaJHOTO PEIbCOBOTO IYTH
SIBIIIETCA €AUHCTBEHHOM, MO3BOJIAIONIEN IIOCTPOUTH YCTOMYMBYIO JKEJIE3HYIO JOPOTY Ha MHOTOJIETHEMEP3IIBIX TPYHTAX,
HO KpOME TOT0, ITPEUIOKEHHBIE B CTATHE TEXHUYECKUE PEIICHUS] MHOTOKPATHO CHU3SAT U CTOMMOCTB €€ CTPOHUTENBCTBA,
U CTOMMOCTB €€ KCIUTyaTaluH.

* B nopsoke 00cysicoenus 2ocyoapcmeeHHo20 npoekma
Poccuu « CEBEPHBIU LIIHPOTHABINU XO/1», Pedaxyus 2019-08-14
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THE CONCEPT OF POLAR RAILWAYS (PR)

V.G. Glazunov!, A.A. Animitsa?
! Candidate of Geographic Sciences, Professor at the Department of Ecology, 2 Engineer
I Mytischi Branch of Bauman Moscow State Technical University, Russia

Abstract. More than 100 years of attempts to build Railways on permafrost have shown that the traditional
concept of installing the roadbed under the railway track is erroneous for these conditions and violated the radiation
and heat balance in the place of laying the road, led to thawing of the permafrost, warps the track and the destruction
of the route. According to the new concept of road construction in these conditions, the surface under the road should
remain untouched, and the mesh metal "cloth" of the road should be artificially raised above the surface and stand on
piles buried in the permafrost itself. This design will be reliable and stable.

Keywords: preservation of permafrost, raised canvas, piles from the canvas into the permafrost.
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YK 67.02
TEXHOJIOI'US LOW
B.I'. TnasynoB’, A.A. AHumMuIa®

! xanpunar reorpaduueckux Hayk, mpodeccop kadeapbl S5KOJIOTHH, 2 HHKEHED
! Mprtumunckuii gpuauan MockoBCKOro rocyIapcTBEHHOIO TeXHUYeCKoro yHusepeutera um. H.D. Baymana, Poccus

2

Annomayus. Onucvléaemcs pegoIOYUOHHAS MEXHOLO2USL CO30AHUSL 3EMIU HA MENIKOBOObE C UCNONb30BAHUCM
MOHKUX YUTUHOPUHECKUX 0DONIOUEK, 3aNOJHACMbIX OOHHbIM 2PYHMOM, NOKA3AHbL NPUMEPbl MEeXHOL02Ul, 060CHO8bIBA-
emes VHUKAIbHASL IKOHOMUYECKAS! I PEKMUsHOCIb MEXHOI0U.

Knrouesvie cnosa: LOW, Land on the Water, mexnonoaus cmpoumenscmea na wenbpe, mapuml, nOpmol, 3em-
JISL Ha 8800€, 00010UKU, 3eMCHAPSL0, OOHHBLU 2PYHIN.

LOW, nnu Land on the Water — 3To npuHaasiexamas MHE TEXHOJIOTHsI CO3/1aHHsI TBEPJIOH 3eMJIM Ha JHE MO-
peii, OKeaHOB, PeK, W JIPYrUX BOJ0OEMOB 0€3 MCIOJIb30BaHUSI KAMEHHO-HaOPOCHBIX MAacCHBOB Marepuaia, 6e3 OeToHa B
OOJIBIIMX KOJMYECTBAX, 0€3 METAIMYECKOH apMaTyphl — MOYTH 0e3 HUYEero, 3a MCKIIOYEHHUEM HeOOoJbIIOro oobema
000J109eK ¥ TPYHTA CO JTHa BOJOEMA.

Mapxk Tsen nmcan "[lokymaiite 3eMiro, ee O6onbine He fAenaroT". Y MeHs no3yHr: "Jlemaiite 3eMirfo, TEXHOIO-
rust LOW no3BossieT npeBpaiiath B 3MJI0 JOHHBIN TPyHT".

Wness TexHOJOTHMHM TpenenbHO mpocTa. [ITOTHOCTH BOABI M MOpEeH M INPECHBIX BOJOEMOB paBHA OKOJO
1000 kr/m°, TIOTHOCTH JTIOGOTO rpyHTa 0oK0i0 2500 Kr/M3, ¥ ecii HaMm yIacTcs HaJe)KHO YCTAaHOBUTH Ha JHE BOJOEMa
BEPTUKAJBHBIN IUIHHAP 0e3 MHA, UMEIOIINHA HepacTsHKUMYIO NMPOYHYI0 000N0UKY, a 3aTeM 3aloJIHUTh €e IyJIbIOH,
CMECBIO JIOHHOT'O TPYHTa W BOJbI, B CHJIy PA3HOCTH IUIOTHOCTEH TBEPJIBIA TPYHT OCSJET Ha JTHO IMIMHApaA, 00pasys
IUIOTHYIO YIIAKOBKY, & BOJIa BBUTBETCS Uepe3 BEPXHHIA Kpail uiuHapa o6patao B Bomoem (Puc. 1).

D
H1
—
H2
—>

E TAHT CHITHAJIEHOC
HATIpAERCHHE O DOI09EH

Puc.1. Oounounviii yununop LOW ouamempom D evicomou HI+H2 na one 6odoema
enyounou H2. t — maneenyuansnoe nanpsoicenue 6 000104Ke 8 ONACHOM CeYeHUU

HanpsbxeHns B TOHKOW 000JI09Ke MIIIMHAPA ¢ AMaMeTpoM D, ycTaHOBICHHOTO Ha JTHO BOjoeMa TiiyouHoi H2
u BoicoToit H1 + H2, 3amomHeHHOro TpyHTOM C IDIOTHOCThEO RO MOYKHO OommcaTh KaK HANPSDKCHUS B TPYOe C JKUIKO-
CTBIO TOA JaBieHueM, 1mo (opmyrne Mapuorra t=p*D/(2*d), rae t — xonbueBoe, TaHreHIUAIbHOE, HANPSDKEHHE,
HATPaBJICHHOE 0 KacaTeJILHOW K TIOBEPXHOCTH HIJIMHIPA U MEPICHIUKYIIPHOE 00pa3yomIei, p — BHyTpEHHEE JIaBiie-
Hue, D — BHyTpeHHHUH qraMeTp IWINHIPA, d — TOJIINHA CTEHKH.

© I'mazyno B.I'., Aanmuna A.A. / Glazunov V.G., Animitsa A.A., 2019
38



ISSN 2308-4804. Science and world. 2019. Ne 12 (76). Vol. I1.

[Ipu 3amonHEeHWM UMIMHAPA TPYHTOM C IUIOTHOCTBIO IO JaBJICHHWE B LWJIMHIAPE Y €ro JHa OyJIeT paBHO
ro*g*(H1 + H2)-r0*H2, rae 10 — mIOTHOCTB BOJBI, @ g — YCKOpeHHe cBoGoaHOro nanenus g=9.81 m/c?. Eciu npene-
Opeub TIOHIKEHHEM HANpsDKeHHs, OOYCIIOBJICHHBIM JABJICHHEM BOIBI, IOJYyYMM Oonee TPOCTyio (GopMyiy
t=ro*g*(H1+H2)*D/(2*d). PaccMoTpuM Kak IpenenbHOE HampspkeHue B TpyOe auamerpoMm 10 M M MOJIHOW BBICOTOH
40 M (10 M Hax Bogoit 1 30 M moj Bostoi), ¢ TomuHoN creHku d=0.1 M, 3aI0JTHEHHO! IPYHTOM ¢ TIOTHOCTHIO ro=3000
Kr/m3,

t=ro*g*(H1+H2)*D/(2*d)=3000*9.81*(10+30)*10/(2*0.1)=58.9 MIla. Okpyriaum no 60MIla u cpaBHUM C
IpeienaMy MPOYHOCTH OOBIYHBIX KOHCTPYKIIHOHHBIX MaTE€PHAIIOB:

— cranp Cr.3 — 400 MIIa (700 % 3amac mpodHOCTH)

— II9T® — 180 MIlIa (300 % 3amac mpoYHOCTH)

— ¢ubpoberon — ot 20 mo 120 MIla (30 % — 200 % 3amac MpoIHOCTH)

Takum o6pazom, 11 06onouek mHIHHAPOB LOW MoskeT OBITh pIMEHEeH MOYTH JIF000i MaTepHal Ipu ycio-
BUYM KOHCTPYKTHBHOTO y4eTa HalpsDKEHHH B OIIACHOM HauOoJiee Harpy>KeHHOM CEUSHHH LUIMHAPA, HAlpHMeEDp, ITyTeM
YBEJIMYEHUsI TOJIIIMHBI CTEHOK B HW)KHUX HECKOJBKHX METpax BhICOTHI IMauHApa LOW.

CaMmblif IPOCTOM METOA CTPOUTENILCTBA 3aKJIFOYAETCsl B UCIOJIb30BAHUU CIMCAHHOW TPAaHCIIOPTEPHOH JICHTHI
YTWIBHOTO KauecTBa. JIeHTa npuroaHa Juist ycrpoiicTBa nninuHapoB LOW BbIcOTOH mpuMepHO 10 3 METPOB, PU ATOM
MIPOYHOCTB JICHTHI TIO3BOJISIET CTPOUTH KOHCTPYKIIMKM LOW ¢ IpakTH4ecKy BEYHBIM CPOKOM CITYKOBI.

st Gomee CIIOKHBIX MPOSKTOB U OONBLINX ITyOMH MOKHO PEKOMEH0BAaTh apMHPOBAHHBIN CTEKIITHHOM, Oa-
3aJTOBOW WM MOJMMEPHOH QuOpoil cepobeToH, a Takke cepoacalbT, ¢ MPOYHOCTHIO Ha pa3phiB okoio 50-100 MIla,
YTO BIIOJIHE TOCTATOYHO T OonpmrmHcTBa LOW KOHCTpYKIHiA.

KakoBa sa¢pexruBHOCTS TexHONMOrnu LOW 10 cpaBHEHHMIO ¢ TPAAUIIMOHHBIMH THIPOTEXHUUECKUMH COOPYKe-
HUSIMU Ha JTHE MOPS U3 TPUBO3HBIX MaTEpPHAIOB?

JomycTum, MBI CTPOUM OZIMH KWJIOMETP CTEHKH IMMPUHONW 30 METpOB M3 TpexX pslOB IMIMHAPOB TUAMETPOM
10 metpoB Ha riuyouHe 30 MeTpoB U BbICOTOI 40 MeTpoB, To ecTh 10 MeTpOB Haj ypoBHEM BOJbL. Marepuan 00onouex
LOW — apmupoBaHHbIii cepobeToH, Tomuaa 0oonouku 0.1 M. [Totpedyercs 300 IITHHAPOB € MJIONIAIbI0 TOBEPXHO-
ctu ognoro S1=pi*D*H=3.14159*10*40=1260 m?, ¢ o6bemom V1=126 M5, a Bce 300 HuIMHAPOB OyAyT UMETh 0OBEM
300*126=37800 m®. IIpu crpoutenscTse U3 cepoberona 60 % 3Toro o6beMa COCTABUT MECOK M IEOEHb, TO €CTh MaTe-
pHai, KOTOPhIH MOXKHO J0OBIBAaTh NPsIMO Ha Mecte Bo3BeneHus, a 40 % — aTo cepa, miactudukaTopsl, Gudpa u Bemo-
MoraTelbHble MaTepuansl, To ecth 100#30=30000 kB. M cTeHKH, umM 3 rekrapa, norpebyor 40 %*37800 m3=15000
TOHH IIPUBO3HOTO Marepuana. Pasymeercs, mpu MEHBIINX ITyOMHAaX M BBICOTE CTEHKH Haja BOAOH 3Ta mudpa Oyzmer
MIPOTIOPIIMOHAIEHO MEHBIIIE.

KakoB xe 06beM co3mannoi creaxku? O coctasut 1000*30%10= 300000 m3. U oTHOMmIEHHE 00BeMa TIPUBO3-
HOTO MaTepHaia K o0memy o0peMy coopyxerus oyaer 15000/300000=0.05. [11Th mporieHTOB OT 00beMa HYKHO OyIeT
NIPUBE3TH HA MECTO BO3BEICHUS, a OCTANbHBIE 95 % m00yzmeT 3eMCHaps co JHAa MOps. Y TEXHOJOTHHU €CThb €Ile H pe-
3epBbI 3PPEKTUBHOCTHU, BEPOSTHO, 10 ABYX HJIH TPEX MPOIEHTOB OT 00IIEro 00beMa COOPYKEHU.

W3 mumuaapo LOW MoxHO ObICTpO, 3 (GEKTUBHO U JEIIEBO CTPOUTh MapHHBI (IXTEHHBIE MTOPTHI), ITMPCHI, B
TOM YHUCIIE ISl OKEAHCKUX CY/IOB, @ TAKKE IUISKHBIE TTHPCHI.

HMunmuaapsr LOW BeIcTpauBaioTcs B IMHUM BJIOJb OyAyIINX OeperoB COOpyKeHUH, IPUYEeM LIIIHHIPHI COeIU-
HSIOTCS MEXy cOOOM M3BECTHBIMHU CIIOCOOaMH, 00pa3yst MOHOJIUTHBIE PSJIBI, & IPU 0CO00 TSHKENBIX MPUPOJIHBIX YCIIO-
BUSIX MOXKHO YCTpauBaTh U TPH, M YEThIpE psijia LMWINHIPOB, CO3JaBasi CTEHKH, KOTOPbIe HEJb3si COKPYIINTh HUKAKOM
YeIOBEYCCKOH MM MpUpoJHoi cuioi. (Puc. 2). BepxHss IIOCKOCTh COOPYKEHUS MOXKET OBITh 0OpMIIEHa JIepeBsH-
HBIM, PE3UHOBBIM WJIM IUTACTHKOBBIM KOBPOBBIM ITOKPBITHEM, & TaK)ke OETOHOM M cepoOeToHOM (cepoachanbToM) Juts
IPY30BBIX ONEpanuii.
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Puc. 2. ITnan mapunvl u 10004020 nopma no mexvonrocuu LOW

IToka3aH KOMITAKTHBIN JTOAOYHBIA U KaTEPHEIH MOPT y Oepera MoOpsi ¢ IBYMs IIHPCaMH, CEBEPO-BOCTOUHBIM, Ha
IIyTH TOCHOACTBYIOIINX BETPOB M BOJHEHUS M3 TPEX PAAOB IMIMHAPOB AMAMETPOM 5 METPOB, M I0T0-3aIaJHBIM, U3
IIBYX PAJOB, a Takxke npogminposanreM mwinHapamu LOW OeperoBoii 4acTi MapHuHBI, C LEJNBIO €€ 3allUThl OT pa3-
pYIICHHS BECEHHE-3UMHUM TOPOIICHNUEM JIBIA.

ITspxubri mupe (Puc. 3) — 9To oueHb MPOCTOE U JCIIEBOE COOPYKEHHE, KOTOPOE MOXKET OBITh IIOCTPOCHO 63
CPEACTB MEXaHW3allUH, NMPAaKTHYECKH BPYYHYIO, €CIM 3apaHee Hape3aTb Marepuas sl (OPMUPOBaHHS LUIMHIPOB
LOW. IInspkHBIE THPCHI XapaKTePU3YIOTCSl MaJloil BHICOTOI LIMJIMHIPOB — HAIPUMeEp, TIIyOHHa BOABI Yy IUISDKA B 1 MeTp
yKe BIOJIHE KOM(OpPTHA, B TOM YHCIIE ANl JETCKUX IUISDKEH, a BO3BBIIICHUE NMOBEPXHOCTH MUpPCA Haj BOJOW MOMXHO
caenath He O6osiee 10-20 caHTUMETPOB BbIIIE MAKCUMAaJIBHOTO YPOBHS BOJIbI B IIPUJIUB WJIH B Cilyuae HaroHa. [ ispkHbIe
IIUPCHI Ha MEJIKOBOJIbE C BHIHOCOM T'OJIOBHBIX YacTel IMMPCOB Ha yPOBEHb YIOOHBIX AJIsl IIaBaHUs TIyOHH, C 3aChINKOM
IMJIMHAPOB M TIPOMEKYTKOB MEXITy IIMIMHAPAMH MOPCKHUM IIECKOM HPSIMO CO JHA MOPS 1aeT BO3MOXKHOCTH IIpeodpa-
JKaTh Oeper M yBEeIMIMBATH €0 “INISDKHYIO €eMKOCTh B Pa3bl

Puc. 3. Insaoicnovui nupce 60x18m uz sanaunmuyeckux yununopos LOW 10x6 m

TISDKHBIA THPC MOXKET OBITh He CIUIONIHBIM (PuC. 4) 1 COCTOSITH U3 OTAEIBHBIX OCTPOBKOB IMpuHOM 10 20-30
MeTpoB U AuHOH 10 50-100 MeTpoB, KOTOpPBIE pa3AEIIOTCS MPOMEKYTKAMH, MEPEKPHITHIMU MEMIEX0HBIMA MOCTHKA-
Mmu. Takoe pelieHre MO3BOJIMUT PELINTh 3aa4y OpraHU3alUK IPUOPEIKHOTO TEUEHHS U PEryJTUPOBaHHs HHTEHCHBHOCTH
HAHOCOB ¥ IIyOWH B pe3yJbTaTe MepeHoca CTPyi MOPCKOIro TEUCHUs HANPABICHHEM UX B T€ WM HHbIE TPoiuBbl OCT-
poBa 1o Texaonoruu LOW omim4arotcss abCOFOTHON CTOWKOCTEIO, M UX HE CIBHHYT C MECTa AK€ MOPCKUE JIBJBI, KO-
rJla MOpe IPOMEep3acT Ha MEIKOBOJBE IO CAMOTO JTHA, @ BOT MOCTUKH IPH TOPOILICHUU JIbJa MOXKET CHECTH, IOATOMY
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CTOHT MPEIYCMOTPETh BO3MOXKHOCTh YOUPATh MX MJIM HA MEPUOJ] OMACHOCTH TOPOIICHHs, HJIM BOOOIIE HA 3UMHHUIA Tie-
pHOI.

Puc. 4. Ocmposnvie nasscnvie nupcol 60x20m 6bicmpoensvl 8 YeNOUKy ¢ MOCIAMU MeHCOY HUMU

Kak ctpouts 3emiro no texHoiorn LOW? HaunHate Haj0 ¢ MOCTAaHOBKH M (DUKCALMK TIO NEPUMETPY LENN
iHApoB LOW. DTO MOKET MPOU3BOAMTHLCS M C CYIIH, U C BOJIBI, C IOMOIIBIO CYJIOB TEXHUYECKOTo (hioTa — Oapx,
IPYHTOOTBO3HBIX INaJaH, CHEHUaTN3UPOBAHHBIX cynoB. [Tocie cOOpKyM yacTh ceTH co JHa MOpsi 3a TPaHUILIECH ydacTKa
3eMCHapsAaMU Pa3MbIBACTCSl TPYHT, W MyJbIa I0ACTCS HAa 3aJMBKY LWIMHIPOB. Ha Gombminx riryOMHAX BO3MOXKHA
JIByX- U MHOTOKpaTHasl pacCTaHOBKA IIMJIMHIPOB C 3aJIMBKON HMKHETO CJIOS MYJIbIION B TPYHTOOTBO3HBIX IIaaHIaX C
JIOHHOW pa3rpy3Koit HaJl MOJBIMHU IUIUHApaMu. [Ipu 3an0IHEHNH IIMIHHIPOB My IO BoJa U3 HEEe pacTeKaeTcs B MO-
pe, a TBep/ble YaCTHIBI OCENAI0T HA JHO HWJIMHJPOB, ITOCTEIIEHHO MPHOOpETast INIOTHYIO YIIAKOBKY U IPOYHOCTH, (hak-
THYECKH CPaBHUMYIO C IIPOYHOCTBIO OeToHa. Tak mocremeHHO (OpMHpPYETCsl POBHAs MOPU3OHTAIbHAS ITOBEPXHOCTH,
KOTOpast TT0CJIe BBICBIXAHUSI BEPXHETO CJIOS 3€MJIM HaJl MOPEM MOKET OBbITh 3a0€TOHMpOBaHA, 3aac(aabTUPOBAHA, 3a-
MOIIIEHA, 3acesiHa M 3aCa)KeHa PACTUTEILHOCTHIO HIT MOJKET MOCITYKHTh MECTOM pa3MeneHus (pyHIaMEHTOB COOpYKe-
HUH pa3Ho00pa3HOi MPHOPEKHOI HHPPACTPYKTYPHI.

[Tynpra moGbIBaeTcs co gHA MOpsl 3eMcHapsgaMu. [Ipn TPOM3BOAMTENBLHOCTH 3E€MCHApANa M KOMILIEKCA
TPaHCIIOPTUPOBaHUS IyJibiibl MomHOCTEI0 10000 ToHH B yac (3000 TOHH B Yac 1Mo CyXOMy TPYHTY), 0OBbEM 3aCHIIKH
20 mutH. KyOoMeTpoB MoskeT ObITh mojan 3a 20000 wacos, a st 10 3eMcHapsi 0B — cooTBeTcTBEHHO 32 2000 "acos, TO
ecTb 3a 2.5 Mecsila HenpepbIBHON paboThI.

To ecTb co3manue y4acTka 3eMJIM Yy OeperoBoii JMHUM MOKET OBbITh HAYAaTO M 3aBEPILICHO 32 HECKOJBKO Mecsi-
1eB, (PaKTUYECKH 32 OJIMH CE30H.

Texuonorus LOW moxkeT ObITh 3QPEKTUBHO MpUMEHEHA JIsi (GOPMHUPOBAHUS HA CPEAU3EMHOMOPCKOM Mo0e-
pexbe M3panist ynoOHBIX OyXT, KOTOpPBIE MOXKHO CO371aBaTh, cOUETasi BPE3Ky B Oeper 3eMcHapsiilaMHu M THAPOMOHHTO-
paMu a7t co3/1aHus Hadasa OyXThl TaM, Tie ceddac TBepaasi 3eMJlsl, TO eCTh CO3/1aBaTh NCKYCCTBEHHBIH 3aJIMB, a BBIHU-
MaeMBbIii TPYHT OTIIPABIISITE JUTS 3JIMBKH OXBATHIBAIOIINX Hadaso OyXThl MOJIOB, (hOpMHUPYEMBIX 110 TexHoimorun LOW.

CIIMCOK JIUTEPATYPbBI
1. Asmmmuna, A.A. Land on the Water. Texnonorus LOW. / A.A. Aaumuna. — M3x. www.ridero.ru 2019 ISBN 978-5-
0050-1638-6
2. T'maporexHmueckue coopyxenus. CrpaBouHHMK mnpoekTupoBiiuka. [log obmeid pen. npod. B.II. Hempurn. —
M.: Crpoituzaar, 1983.
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THE LOW TECHNOLOGY

V.G. Glazunov?, A A. Animitsa?
! Candidate of Geographic Sciences, Professor at the Department of Ecology, 2 Engineer
I Mytischi Branch of Bauman Moscow State Technical University, Russia

Abstract. The revolutionary technology of creating land in shallow water using thin cylindrical shells filled
with bottom soil is described; examples of technologies are shown, the unique economic efficiency of the technology is
substantiated.

Keywords: LOW, Land on the Water, technology of construction on the shelf, marinas, ports, land input, shell,
dredger, bottom soil.
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PA3PABOTKA XUMHUYECKOI'O ClIOCOBA
HENTPAJIM3AIIUU 3AMA3YYEHHOI'O I'PYHTA

E.E. Eproxun?, ¥.JK. Txycunoexor?, I.C. bepxanog’, E.O. Yreen*
! reHepanbHbIil JUPEKTOP, JOKTOP XUMHYECKUX HayK, podeccop, akagemuk HAH PK
2 3aMecTUTENh TeHEPATLHOTO AUPEKTOPA, JOKTOP TEXHUYECKUX HAyK, Ipodeccop, yieH kopp. HAH PK
3 IaBHBINA HayYHBIH COTPY/IHUK, IOKTOP TEXHMYECKUX HayK, Ipodeccop, 4 reHepanbHbIM IHPEKTOD
13 AO UncTuTyT XMMUdeckux Hayk uM. A.B.BektypoBa (Anmatsr),
4 AO OzenmyHnaiiras (XKanaosen), Kazaxcran

Annomayun. Cnocobd ocHosan Ha cEOUCMEAX OKUCU MUHEPATIbHBIX COPOEHMO8 Y8enuiueams y0eabHylo no-
sepxrHocmyb 6 15-30 paz u mem camvim npespawamvcs 6 00vbeMHOe 8ANCYUee 6eujecmao ¢ bICOKOU abCOPOYUOHHOU
CHOCOOHOCBIO 07151 BbICOKOMOIEKVIISAPHBIX 8eUeCcma U, 8 YACMHOCMU, OJis Y21e8000p0008 Hepmil.

Kntouesvie cnosa: samaszyuennvlii epyum, He@pmeomxoovl, epMUKATbHIN UWIHEK, CMeCUmMeny, OKCUObL Wenoy-
HO3EMENbHbIX MEMAaLios, ymuau3ayus, abcopoyuoHHas cnoco6HOCHb.

Poct noOsram HedTu B Kazaxcrane, ee nmepepabOTKH M TPAaHCIIOPTUPOBKH COIIPOBOXKIAETCS YBEINIECHHEM 00b-
eMOB He()Te3arps3HEHU I U IPYTUX TOKCUYHBIX 0TX0M0B. Exxerogno B Kazaxcrane npu nepepaboTke U TpaHCIIOPTUPOB-
Ke He()TH B pe3yJbTaTe pa3inBOB M aBapuil oOpasyercst okosio 400 ThIC. TOHH HETEOTXOMIOB, TaK B IIUIAMOHAKOIIHTE-
Js1X ¥ ambapax Haxonures 4,5 MiH. ToHH [8].

[TpoGnema 00e3BpeKMBaHUS M YTHIU3ALWN HEPTEOTXOJJOB UMEET aKTyalbHOCTh, TaK KaK OTCYTCTBHE 3((dek-
TUBHOM CHCTEMBI, CIOCOOHOI HEWTpPaNIn30BaTh MOTEHIMAIBHOE BPEJAHOE BO3ICHCTBHE, CIIOCOOHO MPHBIIEYb pa3pylIn-
TENbHBIC TOCIEACTBHS I dKocucTeMbl [6]. Ha ceromus, ocoboe BHUMaHHE 0OpaimaeT XUMHUYECKANH METO, pa3pabo-
TaHHbIM AO «IHCTUTYT XUMHUYEeCKUX HayK UM. A.b. bektypoBay.

Jns 06e3BpeXUBaHNS M yTHIM3AIWH 3aMa3ydCHHOTO IPYHTA, KaK CHITyYHX, TaK M MACTOOOPa3HBIX, IPUMEHS-
eTcs CMeChb OKCHAOB MIEJOYHO3EMENBHBIX METaUIOB pa3paboTaHHbli B AO «MHCTUTYT XMMHYECKHX HAyK WM.
A.B. BektypoBay.

Crnoco06 OCHOBaH Ha CBOMCTBaX OKHCH-MHHEPAIbHBIX COPOCHTOB yBEIWYHMBATh YJCIbHYIO HMOBEPXHOCTH B
15-30 pa3 u TeM caMbIM IpeBpamaThCcsi B 00bEMHOE BSDKYIIEE BELIECTBO C BBHICOKOH aOCOPOIMOHHOI CIIOCOOHOCTHIO
JUISl BBICOKOMOJIEKYJISIPHBIX BEIIECTB U, B YaCTHOCTH, JUIS YTIIEBOJOPOJOB HEPTH.

IIpouecc HelTpanU3auuy NPOTEKAET MO CIAEAYIOUIEH peaKuu:

MeO + H20 = Me(OH)?2 + 1164 kJLi/xr,

B pPE3yJIbTaTe YEero U MPOUCKOAUT PE3KOe YBEIMICHUE YACTHHON MOBEPXHOCTH

[Momygaembie conm mpUAArOT THIPOGOOHOCT M MPOYHOCTH TPAHYI MPOIYKTa PEaKINU IpernapaTa ¢ yrieBoao-
poIamH.

CyIHOCTP XUMHYECKOTO cIoco0a 00e3BpeKUBAHHS 3aMa3yUYEHHOTO TPYHTA 3aKII0YaeTCs B TOM, UYTO HedTe-
OTXOJBI 00pabAaTHIBAIOTCS CMECHI0 OKCHAOB INEIOYHO3EMETbHBIX METANIOB IMPH IepeMeITuBaHud. [Ipy 3TOM OKCHI
[IETI0YHO-3eMETFHOTO MeTaiia 00pa3yeT ¢ BOIOW THAPOKCHI, B Pe3yibTaTe 4ero He(TENPOOYKTH PaBHOMEPHO UM
a7copONPYIOTCS C MOTyYEeHUEM CYXOT0, CTOMKOTO NMPH XPaHEHHWH IOPOIIKOOOPAa3HOTO BEIIECTBA, COCTOSIIETO U3 Ipa-
HyJ (pa3Mepbl KOJIeOIOTCs B mpeenax 2-15 MM), MPEACTaBISIIOIIUX 110 XMMUYECKOMY COCTaBY YaCTHIIBI 00C3BPEKEH-
HBIX He()TEOTXO0I0B, KOTOPHIC PAaBHOMEPHO pacipe/esicHbl B Macce nmpoaykra [3].

ITorounast cxema 00€3BpeXKMBAaHUS 3aMa3yTOYHOI'O I'PYHTA CMECHIO OKCHJIOB IIEIOYHO3EMEIbHBIX METAJIIOB,
pa3paborannas B AO «MHCTHTYT XuMHYeckux HayK UM. A.Bb. bektypoBa» npuBeneHa Ha pucyHke 1.

Omnbitel poBoaIuCh B TOO «AXEM INVESTMENTY npou3BoacTBa 04uCTKH (HocopcoaepraIiero mriama
1 MHHEPAJHHOTO YAOOPCHHS B IITHEKOBOM CMECHUTEIIE C BEPTUKAIBHOM ITHEKOBOW MEIIATKOM.

B cMmecuTenb ¢ BepTHKaIBHBIM ITHEKOM 3arpyxaetcst Hedreouutam. B Hedrenuiame MaHrucrayckoro pernona
opranudeckas 9actb copepxut 80 % yrineBomoponos. llIHek momHMMaeT marepuan CHH3Y BBEpX, Jlajiee OCBIIAETCS
BHU3 B I0JIOCTh OyHKepa. Bpems cmemBanust 35 MUHYT, 1OCjIe 3TOr0 OTKPBIBAaeTCs MIMOep BBITPY304HOTo Jroka. On-
HopoaHocTh 80-85 %, rpany:sl 3-19 MM, TPOU3BOANTENBHOCTD 5 T/4ac.

© Eproxun E.E., ixycun6exos ¥V.)K., Bepxxanos [I.C., Ytees E.O. /
Ergozhin E.E., Dzhusipbekov U.zZh., Berzhanov D.S., Uteyev E.O., 2019
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Pucynok 1. Cxema obeszepescusanue cpynma

YcrpoiicTBO HIHEKOBOI0 CMeCHTeJIS € BEPTUKAJbHBIM IHIHEKOM:
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Pucynox 2. 1 — 6ynxep, 2 — eepxuuii nampyoox, 3 — 6epmuKaibHblil WHEK,
4 — nuorcnuli nampy6ox, 5 — pazepy3ounsill Kianat, 6 — copacvléarowas 10nacmo, 7 — npueoo

JIBmkeHHe POIyKTa B CMECHUTEINIE MTOKAa3aHO CTpesikaMu. Pasrpyxaercst OyHKep depe3 BBITYCKHOM MaTpyOoK ¢
KJjamaHoM (puc. 2).

[Tpu pabote cmecuTenst ¢ BEPTHKAIBHBIM ITHEKOM BBISIBIICHBI CIEAYIOIINE HETOCTATKH:

— MHOTO BpEeMEHH TpeOyeTcs i cMeluBaHus (35 MUHYT) U BEITPY3KH (42 MUHYTHI).

— IIJIOXas OZTHOPOAHOCTD MepeMEIINBaHNUS.

— HEBO3MOKHOCTH IT€pPEMEIINBAHMSI TPYHTA, BA3KOCTHIO Ooiee 7 %o.

Crnenyromue onbIThl npoBoamwmuck B TOO «CrenHoropckuit xumsaBoay», CrtemHoropckoM ¢rmimane TOO
«Kazpocoar» na ycranoske CI'K-2,5. Cmecurens ropu30HTaNbHBIN niepuoauyeckoro aericrust tuna CI'K-2,5 npeana-
3HAUeH JUIS CMEIIMBAHUSI KOMIIOHEHTOB ITOPOLIKOBBIX, TPaHYJIMPOBAHHBIX, XJIOIbEBUAHBIX, KOMKOBATBIX, JIMIKUX H
MIPOYXX Pa3sHOOOPA3HBIX MATEPHAJIOB B KOPMOBOI, MUIIEBON, 37IaKOBOM, XMMHUYECKOH, He(TEeXUMHUIECKOH, (papmarieB-
THYECKOU U MECTUIMIHON MPOMBITINIEHHOCTH [2, 5].
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Pucynok 3. Yempovicmeo u npunyun pabomwl copuzoumanvrozo cmecumensi CI'K-2,5

CMmecuTens COCTONT U3 BaHHHI (1), mpeacTaBisttonel co00oH CBapHYIO KOHCTPYKIIHIO, YCTAHOBICHHON Ha paMy
(8), cBapeHHYI0 U3 IIBEJIEPOB.

BHyTpu BaHHBI BpalaeTcs JIONAcTHOH Bai (2), onuparoluiics Ha BEIHOCHBIE omnops! (10), ycTaHOBIEHHBIE Ha
pame. Ha yormactHOM Bajly pacrojio)KeHbl BOCEMb CIUPAIBHBIX JIONACTEH, YEThIpe U3 HUX — MpaBble, HABUTHI BHYTPH
JPYTUX YeThIpeX — JIeBbIX. JlomacTu o0pa3yloT [IBE CEKIMH: OJHA CEKILHs, COCTOsIIas M3 YeThIpeX JomacTed (AByX
HapyXXHBIX U JBYX BHYTPEHHHUX), [IOBEPHYTa OTHOCUTEIBHO Apyrod Ha 90°. J{J1s HHTEHCHBHOIO NEpEeMEIINBaHUS UIIO]
YTJIOM K OCH Bajia yCTaHOBJIECHHI 12 J0omarTox.

Kaxnast u3 onop (10) cocTonT M3 9yryHHOTO KOPITyca C KPBIIIKOH U IOJIIUITHUKOM.

CBepxy BaHHA 3aKpbITA TPEMSI KPBIIIKAMH, YCTAHOBICHHBIMH Ha YIUTOTHSIOIIUE IPOKIIAIKH.

Kpeimika (5) umeet ¢ranen 1 coequHEHU ¢ OYHKEPOM 3arpy3KH CMECHTENS U MaTpyOok (3) A momadn 3a-
Ma3y4eHHOTO I'PYHTa U HIETOYHO3EMEIbHBIX METAJLIOB.

B xpemmke (6) cmecurenst CI'K-2,5M mMeeTcss acmupanuioHHBINH naTtpyOok (7), TOe YCTaHOBJICH PYKaBHBIN
¢GUIBTP.

PykaBHbI (punbTp npeqHasHaueH Uil OUYMCTKHU IBIIETa30BO3IYLIHBIX MOTOKOB ¢ Temieparypoit 1o 180 °C u
HCXO/HOH 3ambLIeHHOCThI0 10 100 r/m®. 3anbUIeHHOCTh Ha BHIXOIE MOcJIe mpolecca (GUILTPAIUK COCTaBIAeT He Ooee
10 /M2, a crenens ounctku 98-99 %.

Buu3y BaHHa MMeEeET JIIOK, KOTOPBIM 3aKpbIBACTCS HUIKHEH KPBIIIKON. YIIPABICHUE 3aKPbITHS U OTKPBITHS
KPBIIIKK POU3BOJIUTCS 10 OKOHYAHHIO TEXHOJOTMYECKOT0 MPOIecca U OCYIIECTBISIETCS C MTOMOIIBIO ITHEBMOIPHBO/IA
nunu Bpy4dnyo (9).

Brirpy3ka cMmecu npousBoautcs uepes OyHkep (12), moaBemeHHbIH K BaHHe. [I[HeBMOIIPUBOA HMKHEH KPBIIIKH
(9) emecutens cocrout u3: munuHApa (11), Bo3gyxopacnpenenutens (13) u 610ka TOATOTOBKH BO3AyXa (BIArOOTHEIIH-
tenb (17), perymarop nasierus (16), macinopacnpeaenurens (15)).

[t mogauy Bo3tyxa B CHCTEMY NPHBOJA KPBIIIKH yCTAHABINBAECTCSI KOMIIPECCOP.

IpuBox (4) cmecurens coctonut u3 peaykropa (18) u anexrpoasurarens (20). Yopyras mydTa (19) coenunser
BaJI PEAYKTOpA € JIONMACTHBIM BajioM (2).

B cMmecuTens 3arpykaercsi 3aMa3ydeHHbIH TPYHT BMECTE C OKCHJIOM IIEIOYHO3EMEIbHBIX METaJIOB, UHTEH-
CHUBHO TlepeMemuBaercsa B TeueHue §-15 muuyT. Ilocne 3TOro B moiy4eHHYI0 cMech MOAAIOTCS 15 MaccoBBIX dacTeil
BOJIbI ¥ CHOBa nepememuBaetcs 30-35 MUHYT.

MaccoBoe COOTHOIIEHHE 3aMa3y4eHHOI'O TPYHTa W OKCHJOB ILEIOYHO3EMENbHOIO MeTauia (3amMa3yueHHbIN
IPYHT: ILEJIOYHO3EMENBHBIN METaIlT), BpeMsl IIepeMeIlNBaHus, OJHOPOIHOCTh U OCTATOYHOE COIep)KaHue HeTH B KO-
HEYHOM IIPOJIyKTe NMPHUBEAEHBI B Tabmuie 1.

Tabnuya 1

Ne MaccoBoe coOTHOLIeHHE HCXOTHOT IIponoKUTEILHOCTH OanopoaHocTb, % OcraTo4Hoe cojep-
n/n cMecH nepeMelINBaHNsI, MUH skaHue HeptH, %o

1 2 3 4 5

1 1:0,05 25 96,0 2,0

2 1:0,10 28 96,0 2,12

3 1:0,15 30 95,7 2,19

4 1:0,20 35 95,62 2,37

5 1:0,25 30 95,02 2,48

W3 Tabauimpl BUIHO, YTO TIPH MEPEMENIMBAHUA KOMIIOHEHTOB B TedeHHne 25-30 MUHYT COOTHOIICHUE KOMIIO-
uenroB 1:0,5 — 1:0,15 ogHOpOmHOCTH cMecHu cocTaBisieT 96 %, comeprkanue Hedtu cHmxkaercs mo 2,0-2,19 %.
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3a cueT MpOTEKaHMs IKIOTEPMHUUYECKUX U XUMHUYECKUX PEaKIMi MEXy OKCHAAMH KaJlbLUs U MarHus ¢ Herpe-
JIeTbHBIMU YTJIEBOJIOPOIaMH TIOCIIE TIOAA4YH BOABI, BHOBb 00pa3yIoIINecs THAPOOKCH/IBI KaJIbIMs U MarHusi 0OBOJIaKHU-
BAIOT YaCTHILBI CMECH U 00pa3yloT MaJOaKTHBHbIE HEOPIraHUYECKHE COeTHHEHHUS.

[To cpaBHEHHIO CO ITHEKOBBIM CMECUTENIEM C BEPTHKAJIbHBIM LITHEKOM, FOpPU30HTaNBHBIH cMecutens CI'K-2,5
HMEeT MPEUMYILECTBO NPU CMEIIMBAaHUH T.K. HAPY>KHBIE BUTKH HEPEMEIINBAIOT MX BJOJb BAaHHBI B OJHOM HalpaBiie-
HHH, a BHYTPEHHUE — B OOpaTHOM.

Taxoe pacrosnoxeHne JI0macTel 1 HaXOAIIUXCS Ha BaJly JIOMATOK CIIOCOOCTBYET MHTCHCUBHOMY M PAaBHOMED-
HOMY NEPEMEIINBAHMIO MPOAYKTA, IO3TOMY MPOUCXOAAT MPOLECCHl HEHTpaIM3alUi U TPaHYISIHH 00€3BPeKEHHOTO
TPyHTa CTPOTO XUMHIECKUM PEAaKIUsIM, ONMHCAaHHBIM Bbimie. [Iponecc 3 eKTHBHOTO MepeMenInBaHus MPOUCXOIUT B
TeueHne 25-30 MUHYT, a OJHOPOJHOCTH NTEpeMENINBaHuA — He MeHee 95,7 %.

Brirpy3ka nmpoBonutcs B TedeHue 8-10 MHHYT 4epe3 JIFOK BBITPY3KH.

Texnuueckasi xapakrepucruka cmecuresst CI'K-2,5
MpU HeHTPaJIM3alUuK 3aMa3y4eHHOT0 TPYHTa

1. IlpowmsBomurensHOCTH (Ipu Kodpuumente 3anonuenus 0,8) /4 -25

2. CreneHb OJHOPOAHOCTH CMEIINBAHKS (TP BIaXHOCTH 6-15 %) —0,95-0,96
3. Yacrora BpaleHus JONacTHOTO Bana, 00/MUH -35

4. TIpomOMmKUTEILHOCTh CMEIIMBAHUS, MUH —25-30

5. TIpomomKuTeTbHOCTD BEITPY3KH, MITH —8-10

6. Pacxop Bo3ayxa Ha acIUpaItuio, M3/ — 250-300
7. JlaBmenue Bo3nyxa B cucteme, MIla -0,3-04

8. YcraHoBieHHass MOITHOCTE, KBT - 37

Heiirpann3zoBaHHbIi 3aMa3ydeHHBII IPYHT MOKET HCIIOJIb30BAThCS B KaUecTBE OayuiacTa MpH JOPOKHBIX pado-
Tax M JUKBUAAIMN OBPAroB KaphepoB, NMPH YKIaIKe MPOMEXYTOUHOro ciosi Ha nonuroHax TBO (TBepasix OBITOBBIX
OTXOJIOB) H T.J.

B Hacrosee BpeMs 00e3BpeKCHHbIE 3aMa3yueHHbBIE OTXOJBI MCIIONB3YIOTCA B KauecTBE I'a30HHOTO I'pyHTa
IIPU O3€JICHEHUH U MPOMU3BOJICTBE TPOTYapHBIX INIMTOK Ha moiurone I'Y-57 AO «O3enmyHaiiras» [3].
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DEVELOPMENT OF A CHEMICAL METHOD FOR NEUTRALIZATION OF GREASED SOIL
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Abstract. The method is based on the properties of oxide of mineral sorbents to increase the specific surface
area by 15-30 times and thereby turn into a bulk binder with high absorption capacity for high molecular weight sub-
stances and, in particular, for petroleum hydrocarbons.
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PA3BBUTHUE BCM B POCCHUH

H.IO. Jlaxmerkunal, A.O. JlemuoBa?
! KanaMIAT TEXHUYECKUX HAYK,
Y Poccuiickuii yausepcutet Tpancnopra (MUANT),
2HCcTUTyT yrpasieHus 1 HHPOPMAlMOHHbIX TexHosoruil (Mocksa), Poccus

Annomauusn. B oannoti pabome paccmampugaemcs mexHoio2us U nepcneKkmugbl pazeumusi 8biCOKOCKOPOCH-
HOU Jicene3no00podcHol masucmpanu 6 Poccuu. Paccmompenvt npuyunst Heobxooumocmu cmpoumenvcmeéa BCM, avi-
3bi8AeMble COBPEMEHHBIMU YCAOBUAMU HCU3HU U PAOOmMbl HACeNeHUs, 8bl0eNeHbl NOMEHYUAbl 8 PA3GUMUU JHCENe3HOU
00po2U HA MUPOBOLL apeHe KOHKYpeHyuu u npobiemmuvle acnekmol pazeumus BCM 6 Poccuu, npugedenuvl npumepbi.

Knrwouesvie cnosa: svicokockopocmuas icenesnooopodicnas mazucmpans (BCM), npoepamma opeanusayuu
CKOPOCMHO20 U BbICOKOCKOPOCIHOZ0 JICENE3HOO0POICHOZO COOOWEHUS, UHPPACMPYKMYPHAS KAPMA, JUHUSL Nepeol
BCM, BCM Mocksa—Kaszanv, BCM «Eepa3usy.

BricokockopocTHas xele3Ho1opoxkHas Maructpainb (BCM) — 3To crienuani3upoBaHHAs BRIICIICHHAS KEle3-
HOJIOPOYKHAS JIMHUS, 00ECIICUNBAIOIIas IBIDKSHIE MOE3I0B CO CKOPOCTHIO cBhImIe 250 km/4.

Cettac B mupe okosio 37000 kM u 6omee 4000 BRICOKOCKOPOCTHBIX MOE370B B dKcIutyaranuu mogq BCM. Ca-
Masi OoJbIIas MPOTsHKEHHOCTh B KuTae, HO M B APYTHX TOCYAAPCTBAaX Pa3BHBAETCS BHICOKOCKOPOCTHOE IBIDKEHHE. B
ABcrpun, bensrun, Bemnkoopuraruu, ['epmannn, Mcnannn, Utammu, Hunepnangax, CLIA, TaiiBane, ®panmum u T.1.
(tabmuna 1). BCM Haxomutcst B dKcIutyaTanuu, B Bearpuu, Mapokko, CaynoBckoit Apasuu u crpoutcs B Cepoun, a B
bpasunuu, Munuu, [onsme, [optyranuu, Poccun BCM ToNbKO MIaHUpyETCS.

Tabnuya 1
IIporsizkennocts BCM B mupe

Ne [IpoTsiKEHHOCTDh, KM B skcrutyaTanuu, kKm Crpowurcs, KM [Inanupyercs, kM
1 Kuraii 36169 23914 10730 1268

2 Hcnanus 5460 2871 1262 1327

3 Opanuus 4562 2142 634 1786

4 Snonus 3662 3042 402 179

5 Typuus 2291 688 469 1134

6 T'epmanust 2167 1475 368 324

7 CIIIA 1873 362 483 1029

8 Wtamus 1269 981 67 221

9 Oxnas Kopes 826 657 120 49

MHpPOBO# OIBIT CTPOUTENHCTBA M IKCILTYaTAIMH BEICOKOCKOPOCTHON MH(PACTPYKTYPBI YXOAUT KOPHSIMU B Ce-
penuny 20-ro Beka. Tak, peryispHas SKCIUTyaTallisi BRICOKOCKOPOCTHBIX MOE€37I0B Havajgach BrepBsie B 1964 romy B
Snonnn. IIpuMedaTenbHO, YTO MaKCHMaJIbHAsl 3KCIUTyaTallMOHHAs CKOPOCThH INEPBOTO BBHICOKOCKOPOCTHOTO II0€3]1a B
mupe (smoHckuit moesn CruHkaHC3H) cocraBisuia 220 KM/4, TOra Kak ceiyac BHICOKOCKOPOCTHBIE T10€3/1a SKCIUTyaTH-
pyrotcst co ckopoctsamu cBeimie 300-350 km/4.

B pamkax peanmmzamuu IIporpaMMbl OpraHM3allii CKOPOCTHOTO M BBICOKOCKOPOCTHOTO JKEJIE3HOIOPOXKHOTO
coobmenns B PO mo 2030 roma npexycmoTpeHa peanuzanus 20-poekToB, 9TO MO3BOJIUT OpraHu3oBaTh Oonee 50 cko-
POCTHBIX MapIIPyTOB 001 npoTsukeHHOCTHIO Oostee 7000 kM. I'maBHbIe nepcrniekTHBHBIC MPoekTsl BCM B Poccuu 310
muHur MockBa-Kazanb-ExarepunOypr ¢ noakmtouenneM Y ¢ul 1 Yensouncka, Mocksa-Cankr-IletepOypr 1 Mocksa-
Coun. Tak ke B cmuMcoK MHHAIKOHOMPA3BUTHSI BOIUIM CIEAYIOIIUE BBICOKOCKOPOCTHBIE MarucTpanu: KpacHopap-
Tyance-Amnep, ¢ orBerBieHneM Ha Anamy u Kpeiv; Tyna-Boporex-Pocros-nHa-/lony-Kpacuomap; YensOuHck-
Kypran-rpanuna ¢ Kaszaxcranom; UYeOokcapsi-YibsHoBck-Camapa; Kaszanb-ExatepunOypr; MockBa-CMoieHCK-
KpacHoe u Mocksa-Tyna. Kpome Toro, B CIMCOK Tak)ke BOLUIM HPOEKTHI CTPOUTEIHCTBA CKOPOCTHBIX Marumcrpaien
KpacHomap-Maiikon-Yepkecck-IIaruropck-Hanbunk-Hazpans-I'posnsiii-Maxaukana; HoBocubupck-Kemeposo, a Tak-
xe ExarepunOypr-TiomeHs.

CorylacHO TIporpamMMe OpraHHM3aIl CKOPOCTHOTO M BBICOKOCKOPOCTHOTO >KEJIE3HOAOPOXKHOTO COOOIIEHUS B
Poccun, koropast Oblia yTBEpIK/IeHa 3aceaHueM npasiieHns: komranuu 23 HostOps 2015 rona, crpountenscrteo BCM
Mocksa-Cankr-IletepOypr momkHo Hadatbes B nepuox ¢ 2026-ro no 2030 roma, a ee crommocth B 1ieHax 2015 rona
cocrasisia 990 mupy py6. [lpennonaraercs, 4To BpeMs B ITyTH OyaeT cocTaBisiTh 2 yaca 30 MUHYT.

BCM MockBa-Ka3zaHb —IpOEKT pernOHAIHHOTO Pa3BUTHSA, IPOEKT PAa3BUTHS MaJbIX TOPOJIOB U MPEBPAIICHUS
MOHOTOPOJIOB B TOYKH 3KOHOMHYECKOTO, COL[HAJIBHOIO U KYJIbTYpHOTO pocTa. JIMuHaMHuueckoe pa3BUTHE COBPEMEHHOIO

© Jlaxmetkuna H.1O., Jlemunosa A.O. / Lakhmetkina N.Yu., Demidova A.O., 2019
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oO1iecTBa BHECIO HOBBIE 00s3aTeNbHbIe TPEOOBAHUS K CKOPOCTH HEpelBIKCHUs. ['opona M TeppuTopuu OoJblIe HE
MOTYT 3aMBIKaThCsS B ce0€ W KUTh CTATMYHOW XHM3HBIO. OObEANHEHNE PETHOHOB B arjloMepalyy CTaHOBHUTCS 00s3a-
TEJILHBIM YCJIIOBHEM JUIS Pa3BUTHSI.

I'enepanbublil qupextop — npexaceaarens npasieHus OAO «PXK/» O.B. benozepoB mpokoOMMEHTHpOBal O
pasBuTuM JaHHOrO mnpoekrta: «Ha mapmpyre MockBa-KazaHp npokuBaeT orpomMHoe KosimuecTBo Jitopeid. He cekper,
YTO YeJOBEK Ha padOTy rOTOB NEpPEMEINAThCsl B TEYEHUE OJHOTO 4aca, 3TO OOIIenpH3HaHHas cHcTeMa pacdyeros. [Ipu
ckopoctu aemkeHus 350-400 kM/9 MOYKHO MPEICTABHUTH, KaK yIYUIINTCS Ka4eCcTBO KM3HM. Hamm ropona B pszae ciry-
9aeB IIEPCHACEIICHBI, 1 MOKHO OYIET CO3/1aTh yCIOBHS IPOXXUBAHKS HA JAIBHEM PAaCCTOSIHHNY. [4]

Jluans nepBoit BCM npoiineT mo teppuropun cemu cyorektoB PO: Mocksel 1 MockoBckoit obmactu, Bia-
nmuMmupckoi 1 Hmkeropockoii obmacreit, Uysamckoin Pecryonmkm, Pecrry6mmkn Mapwuii D1 u Peciyonmuku Taraperas.
BCM CBsDKET CTONUIIBI PETHOHOB eNWHON Tpaccor mmmHoH 790 KM ¢ OCTaHOBKAMH B IIECTHAIIIATH HACEJICHHBIX ITyHK-
Tax pasHOM BEJINYMHBI (PUCYHOK 1).
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Pucynox 1. Mapwpym npoexma BCM Mocksa-Kazano [8]

BCM MockBa—Kazanp — HHHOBaMOHHBIH MpoekT. [IpudeM, kak ¢ (GyHKIMOHAIBHONW TOYKU 3pEHHMs, TaK U C
TexHu4eckoil. Ocoboe MecTo B IIPOEKTe MAaruCTpaid 3aHUMaeT O6e30aTacTHast KOHCTPYKIUS BEPXHEro CTPOCHUS IMyTH,
SIBIISIOINASACSA OCHOBHBIM IIPOEKTHBIM penieHreM. Heo6Xo1uMo OTMETUTh, YTO TOABIYKHON COCTaB TaKXKe SBJISIETCS MH-
HOBAIIMOHHOM pa3pabOTKOMH, T.K. O] COBOKYITHOCTh TPeOOBaHUH, IPEIBIBIIEMBIX YCIOBUAMHU dKCIUTyaTaruu B Poccun
(mrmpuHa xomew — 1520 mm, muamazoH Ttemreparyp — ot muHyc 50 mo utroc 40 rpagycoB M T.1.), a TAaKXKe IPUHUMAS B
pacder CKOpOCTHOM pexuM — cBbimie 350 KM/4, Ha CEroIHIIHNI AeHb HE TIOAXOANT HU OJIMH M3 UMEIOIINXCS B MUpPE
BBICOKOCKOPOCTHBIX TO€3/I0B.

B Poccun cosznassl Bce yciaoBus ATl IPOU3BOJACTBA MOABHKHOTO COCTaBa TAKOrO ypoBHA. Peub uuer o nByx
Juaepax oredecTBeHHOro MamuHocTpoeHus — 3A0 «Tpancmamxonauar» 1 OO0 «Ypallbckue JOKOMOTUBBD), KOTO-
pble 00JaaoT JOCTaTOYHBIM YPOBHEM KOMIIETCHIMH, TEXHOJOTHH M 3HaHWH, a Takke COOTBETCTBYIOIIMMH MOIIHO-
CTSIMH ISl TIPOU3BOJCTBA IIHPOKOTO CHEKTPAa COBPEMEHHOTO JKEIE3HOI0POKHOTO HOJBIKHOTO COCTaBa, UMEIOT OTIBIT
JIOKAJIM3alMK TIPOU3BO/ICTBA KEJIE3HOJOPOKHOTO MOJBIKHOTO COCTaBa M €T0 KOMIIOHEHTOB COBMECTHO C €BPOIEHCKH-
MU TIPOU3BOAUTEIIIMH.

IToutn Tpets mytnt BCM MockBa-Ka3zanp OyneT mposierats o Moctam u scrakagam. BCM He umeer nepece-
YeHUH B OJTHOM YPOBHE C IPYT'MMH TPAHCHOPTHBIMHU JIMHHUSAMH U PEHIaeT MpobaeMy JITUTEIHHOTO OXKUIAHUS Ha JKele3-
HOJIOPOXHBIX Iepee3nax. KpoMe Toro, Ha MpOTSHKEHUH TPACCHI MPEIYCMOTPEHO MHOTO Pa3HBIX 3KOJIOTHYECKHX Iepe-
XO0J10B, HalpuMep, Ul COXPaHEHUSI TPOIl MUTPALK TUKHUX KUBOTHBIX. [Ipn cTpouTenscTBe OyMyT BO3BEICHBI BEICOKHE
LIYMOBBIE Oapbephl.

Bce HOBBIE cTaHIMM (IIECTh M3 HUX B KPYIHBIX TOPO/AAX M JIECSATh B MAJIBIX) JOJDKHBI CTaTh TOYKAMH Pa3-
BUTHS OKPY)KAIOIIMX TEPPUTOPUN, BOKPYT HUX BO3HHKHYT HOBBIC KBapTallbl (MX apXUTEKTypHBIE NPOEKTHI YXKE pa3-
paboTaHbl), MHIyCTpHAJIbHBIE MapKH, HA 13 CTaHOUAX MOSBATCS TPAHCHOPTHO-TIEpECalOYHBIE Y3IIBI, TJE C Maru-
CTpajpio OyIyT COCTHIKOBAHBI aBHALIMOHHBIM W aBTOMOOWJIBHBIM TPAaHCIIOPT, a Takxke "OOBIYHBIE" JKEeJIE3HOI0POXK-
HBIe Toe3na. Vcnonp30BaHne MPOIYMaHHOH JIOTHCTHKH TO3BOJIUT Pa3BECTH NMPHOBIBAIONINE M yOBIBAIOIMINE MACCaXKH-
POTIOTOKH, YTO TO3BOJUT COKPATHThH O0IIee BpeMs B IIyTH M CO3JacT KOM(OPTHBIE YCIOBHUS I Haccaxupos. OOmas
uH(ppacTpyKTypHas KapTa MpoeKTa MpHuBeieHa Ha PUCYHKeE 2.
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Pucynok 2. Obwas ungpacmpyxkmypnas kapma npoexkma BCM Mockea-Kazans [4]

YrtoOb!I yIOBIETBOPUTH NOTPEOHOCTH J1I000T0 Maccaxupa, Ha BCM npeaycMOTpeHsl BaroHbI pa3inyHbIX Kiac-
COB O0CIY)XMBaHUS: TYPUCTHYECKUI, IKOHOMHYECKHUil, On3Hec u mepBblil kinacchl. ColpanbHas AOCTYIHOCTh JIMHUNA
BCM, BO3MOXHOCTh BBIOpaTh ONTHMANBHBIN YpOBeHb KOMQOpTa Ul OTIbIXa WM paboThl, HEe MeperuiaunBas 3a Hu3-
JUIIHUN cepBUC, — 3TO TOo, uTo caenaeT BCM Mocksa-Ka3aHp nmonynspHeIM BUAOM TpaHcnoprta. Ilonymsprocts BCM
MOJITBEPKIACTCS MPOTHO3UPYEMBIMU TaCCAKUPOMOTOKAMH — IO OIIEHKaM MPO(MIBHBIX HHCTUTYTOB, YIaCTBYIOIIUX B
pa3pabotke [IpoekTHON MOKYMEHTAIIUH, CYMMapHBIH MMAaCCaKUPOIIOTOK Ha MAariuCTpalid Ha 5-f ToJ SKCIUTyaTaIiy Tpe-
BBICHT 15 MJTH ITacca)KHUpoB B TOI.

Korma ctpoutest mopora, BOKpYT Hee BCerja HauyWHACTCS KHU3Hb, MOSBISIOTCA HOBBIC paboune mecta. [lo
OIIEHKE Pa3pabOTUHKOB NMPOEKTa, HOBYIO paboTy cMoryT HauTh 370 ThICSY YenoBEeK. 3HAUNUTENBHOE BIUSHUE OKa-
XKeT IMPOEKTUPYEMBIH 3aITyCK I'py30BOr0 CKOPOCTHOTO JBMKeHuUs mo BCM.

OHa gacT U XOpOoUIUi UMITYJIbC A pa3BuTus Typusma. /o Hmwknaero HoBropona uz MockBsl yTh 3aiimer
MOYTH JIBa 4aca, HO M0 CTOJIMYHBIM MEpPKaM 3TO HE TaK YK MHOTO, HHOTJa B 4ac MUK OT paboThl A0 AoMa 100uparhb-
cs oJIBLIe.

[IpennonoxurensHo, B Huwkaem HoBropoae pasmectsat asa Bok3ana BCM: B asponopty u B paiioHe MoCKOB-
ckoro Bok3ana. Emie ueTsipe cranumu noctposar B J[3epxkuncke, Kcrose, Bonogapckom u JIbickoBckoM paiionax. Tax
ke Ha ctaHimu Hipkaero HoBropoja 3amiaHupoBaHa MOCTPOHKa HOBBIX OOBEKTOB: TOCTHHHYHBIN M 0OIIECTBEHHO-
nenoBoi kiactep, TIIY Ha Teppuropun MockoBckoro Bok3ana. OOyCTpOICTBO TEPPHUTOPHH IpeNIoaraeTcs: Ha
BCEX CTaHUUAX, Bxoasmue B MapuipyT BCM Mocksa-Ka3zanb.

BCM Mocksa-Ka3zanp MokeT 00ecreynTh: MOBBIIIICHIE MOOMIBHOCTH H JEJIOBOM aKTUBHOCTH HAaceJICHHUS,
YIIy4dlIeHUE TPAHCIIOPTHBIX CBSI3€M PETMOHOB, Pa3BUTUE TYpPHU3Ma U PEKPEALIMOHHBIX 30H, Pa3BUTHE NMPUIIETAIOMINX Tep-
PHUTOPHI M arjoMepanuii, pa3BUTHE IPOMBIIIEHHOCTH B 30HAX TATOTEHMS, pa3BUTHE CPEJHEr0 U MaJIoro Ou3Heca.

N o6narogaps BCM mpoctpanctBo Mexay MockBoit u Ka3anpio craHeT Oojiee «KOMIAKTHBIMY. C momo-
upio BCM ropoja u Jroau CTaHyT «Oinxke» APYT K APYTY, OJHAKO €€ CTPOHUTENBCTBO J0 CHUX MOp HE HAdaloch, He-
CMOTpsI Ha TO, 4TO yyacTok 0 HukHero HoBroposa miaHupoBanock MoCTPOUTH €lle K YeMITHOHATY MHUpa 1o GpyTooiy
B 2018 romy. Bompoc Hayajia CTPOMTENBLCTBA yIUPAICS B rOCHUHAHCUPOBAHUE CTPOMKH. Tak, HA TEKYI[HA MOMEHT,
croumocth BCM Mockra-Kazaus onenuBaercss PXX/] 8 1,695 tpau py6. (B8 2015 roay orenuBanaces B 1,2 TpiaH pyo.,
YTO CIIENYeT U3 OTKPBITHIX UCTOYHUKOB). [Ipn 3TOM KanuTaneHbIil TpaHT (AeHbrH rocyaapcTsa) cocrasisier /00 mupn
pyo.

Ha texymuit MoMeHT npuHsaToe pemenue o crpourenbctBe BCM Mocka-Ka3zanb noaBepriock KOppeKTHPOB-
ke. Ceifyac paccmartpuBaercst Oojee SKOHOMHYHBIM BapHaHT peaTH3alUM BBHICOKOCKOPOCTHOW WH(PacTpyKTypHI
Mocksa-Biagumup (prcyHOK 3) ¢ MOCIeYIOIIM JABHKEHUEM I10 CYILECTBYIOLEeMY ydacTKy Brnagumup-Hwkuuit Hos-
ropo. OTo U3MEHEHHE 00CYXIAaeTCsl YK€ JaBHO, HO PEIICHHE 0 CHX IOp HE MPUHSTO, MPOEKT PeaIn3alii KOHIECCH-
OHHOTO COTJIAIIeHUs He 3amymieH. C 3THM CBSI3aHO psJ MPUYHH U OJHA M3 HUX: HEOPaOOTAaHHOCTH MPOEKTHOU JIOKY-
MmeHTauuu. K npumepy, OblI MPOM3BEJCH aHAJIHU3 MPEABAPUTENILHOTO Ipaduka JIBIKCHUS HA JaHHOM HANpPaBICHUH U
BBISIBJIEHA, YYUTHIBAs [1ACCAXHPOIOTOK U BMECTUMOCTh IO€3/10B B YaC IIMK U OCTAJILHOE BPEMsl, sIBHAasl HEXBAaTKa J0-
[IOJIHUTENBHBIX Nap MOE€3/10B, UTO YAOCTOBEPSET O HEKOPPEKTHOCTH IIPOEKTHBIX MAaTEPHUAIIOB.
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Pucynox 3. Cxema cozoanus ungpacmpykmypwl yuacmia Mockea-Baaoumup [4]

IIpu 3TOM NPOEKT HEOOXOAUMO JIBUTATh BIIEpE, T.K., BO-NIEPBbIX, KXl I'0J] IPOMEUICHHUS yIOPOXKAET CTO-
HMOCTh IPOEKTa, a, BO-BTOPHIX, €CIIM CMOTPETh IN100aTbHO, MOBBIIIEHHE CKOPOCTEH ABMKEHMS, JOCTYIMHOCTH TpaHC-
MOPTHBIX IIEHTPOB U MOABMKHOCTH HACEJICHHS — 3TO TPEH, KOTOPOMY yKe CIIeIyIoT MHOXKECTBO CTpaH, B TO BpeMs Kak
Poccutickas @enepanus, o0iagaromas OrpOMHBIM TOTCHIIMAIOM, TTOKa OCTAeTCA B CTOPOHE.

Uro kacaeTcs MOTCHIMAA, TO OJJHA M3 OCHOBHBIX CHIIBHBIX CTOPOH Poccum — reorpadmueckoe pactoioKeHHe.
W B HacTosAmMit MOMEHT HAET aKTHBHOE OOCYXJCHNE NAITbHEHIINX IUIAHOB TI0 Pa3BUTHIO BHICOKOCKOPOCTHOTO JBIKE-
HUS B CTpaHE C MOIYTHOW WHTETPaIlel ero B MEPOBYIO ceTh. B wacTHOCTH, 00Ccy)maeTcs nmpoekT «EBpazmsy.

BCM «EBpazus» sBisieTcst I100aIbHBIM IPOEKTOM, KOTOPBIHA NMPHU3BaH OBITh HE TOJIBKO BAXHEHIINM CBS3YIO-
MM 3JIEMEHTOM B CHCTEME TPAHCIIOPTHBIX KOMMYHHMKanuii EBpasun, HO 1 oOecneunBaTh HENOCPEACTBEHHOE COTIPSI-
xeHne EBpa3uiickoro 3KOHOMHYECKOT0 C0l03a C KUTAaHCKUM NMPOEKTOM «DKoHOMUYeckui nosc IllenkoBoro myTu».

5 1 MINPA. YEN.
7
% CTPAH
9 60
=48 MJIH KB. KM.
E 4 nnouwAnb

> KOHTUHEHTA

Pucynox 4. BCM «Eepaszus» [1]

OO01mast TPOTSHKCHHOCTh MAarvCTPAIM COCTABHT OKOJIO 9,5 THICSY KUIOMETPOB, M3 HHUX 6,7 THICSY BHOBB IIO-
CTPOEHHBIX JIMHUH, B TOM 4Kcie 2,3 ThICSY KHJIOMeTpoB 1o Poccun. B pesyibrate OyneT co3naHa KpynHeifnias ceTh
BBICOKOCKOPOCTHOT'O ¥ CKOPOCTHOTO JBM)KECHHUS IPOTSHKCHHOCTHIO Oojiee 50 ThIC. KM 3a CUET 00BEINHEHUST TPAHCIIOPT-
HBIX cucTeM cTpaH Asuu, Poccun u EBponelickoro corosa.

BrIcOKOCKOpOCTHAST MATHCTPaIb COKPATHT BPEeMs B IIYTH IO JKEJIE3HOW Jopore Mexay Mocksoii u [lekuHOM
bozee yeM B 4 paza — ¢ 132 no 32 gacoB, YTO CO3AACT YCIOBHS JUISI OPraHU3AIMU YCTOHYUBOTO IMMOTOKA MMACCAXKUPOB U
BBICOKOJIOXOTHBIX TPY30B, B KOTOPKIA OYAYT BOBJICYCHBI OOIIUPHBIC TEPPUTOPHH €BPA3SHICKOTO KOHTHHEHTA.

Takum o6pazom, npobiema pazputusi BCM B Poccuu TpeOyeT penieHuss MHOTHX JeTalbHBIX BOIPOCOB, U3Me-
HeHHs 00CYKIAITCS yXKE TAaBHO, HO PEIICHUE IO CHUX IMOP HE MPUHATO, MPOSKT pealn3alud KOHIECCHOHHOTO COTJa-
IICHUS He 3aIyIleH M3-3a HeJOCTAaTOYHOHM CTENeHH MPOpadOTKH MPOEKTHOHM ToKyMeHTanuu. [Ipu 3ToM He00X0ANMOCTh
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JABUTAaThb MPOCKT BHCPECA € KaKIbIM I'OJOM HA3p€BACT BCC Ooiee OCTPO, IMMOCKOJIbKY CTOUMOCTDb IMPOCKTA MOBBIIIACTCA C
TCUYCHUEM BPCMCHMU. K TOMY K€, MOBBLIIIICHUEC CKOpOCTeﬁ ABUKCHUS, JOCTYIIHOCTU TPAHCIIOPTHBIX IEHTPOB M MOABUIK-
HOCTU HACCJICHUA — 3TO JAAaBHO YXKC CTaHAAPThl MHOTHUX CTpaH, B TO BPEMs KakK Poccuiickas @euepaunﬂ, 06naz[a}0maﬂ
OTPOMHBIM IOTCHIIMAJIOM, ITOKa OCTACTCA B CTOPOHE.
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Agricultural sciences
CenbCKOX0351HCTBEHHBIE HAYKH

VIK 631

BOPBbBA C TOPYAKOM ITOJI3YUYUM B CYXOCTENHOM 30HE

P.X. Kapunos!, A.A. Tnennaena?
L2 kanauaaT cenbCKOX03giCTBEHHBIX HAYK, JOLECHT
Kazaxckwuit arporexanueckuit yauBepcutet uM. C. Ceiipymmuna (Hyp-Cynran), Kazaxcran

Annomayusn. B cmamve npugedenvt 0arnvie 3-x 1eMHUX HOAEEbIX U 1AOOPAMOPHO-NONEBbIX UCCICO08AHUY HA
MeMHO-KAWMAHOBLIX NOUEAX CYXOCMENHOT 30Hbl. B omauuue om mpaouyuonnvix npuemos 60pbobl ¢ 20puaKom noazy-
UM HO8AS PA3PAbOMKA, NOCPEOCMEOM COYCMAHUSA SIPYCHOU (PA3HO2TYOUHHOU) 0OPAOOMKU NOYUGbL C BHYMPUNOYECHHBIM
gHeceHueM 2epouyud0s, no360asem co30ams 2epOUYUOHBIIL IKPAH U YHULMONCUMb PA3GEMELEHHYI0 KOPHEBYIO CUCEMY
U NPOPOCKU 20pUaKa 6 nouge. B pesynvmame npogedennvix uccie008anuii yCmano8ieHo, 4mo MaKkCuManbHdas I¢h-
GexmugrHocms 0ocmueaemcs KOMIIAEKCHbIM NPUMEHEHUEeM AePOMEeXHUYeCKUX (APYCHAsA KYTbmueayus) u XuMuieckux
cpedcme (0yan, 3eHKop) nymem GHeCeHUsl UX HYMPUNOY8eHHO 8 (haze OymoHusayuu-cmebIe8anus COpHIKdA.

Knroueevie cnosa: copuax noasyuuil, ApycHas obpabomia, cepouyudsl, peceHepayuoHHas cnocooHocmo, 0y-
MOHU3aYUA-cmMebIe8aHUsl, PO3ENKA.

I'opuak noxsyunit (Acroptilon repens, cunonumsl: Centaurea repens, Serratula picris) siBisieTcss HanOoee
BPEJOHOCHBIM KapaHTUHHBIM COPHSIKOM.

[To nuTepaTypHbIM JaHHBIM, YPOXKaHHOCTH CEIBCKOXO3SHCTBEHHBIX KYJNbTYp npu Hanuuuu 20-25 crebieit
ropuaka Ha 1 M? pe3ko CHIKaeTcs, IPUBOAA K Henobopy 40-60 % ypoxas [3, 4].

Llenbro HayYHBIX HCCIIEIOBaHUH SIBUIACh pa3pabOTKa arpOTEXHUYECKUX U XMMHUUYECKHX Mep OOpbObI ¢ KapaH-
TUHHBIM COPHSIKOM, TOPYaKOM MOJ3Y4UM, JUIsl yIy4LIIeHUs] (UTOCAHUTAPHOM CUTYallMK M Ka4eCTBa MMPOIYKINH, SKOJIO-
THYECKOHN U COIMAIIBHON OOCTaHOBKH.

HccnenoBaHus MpOBOAWIMCH METOIOM 3aKJIaIKU JTa0OPATOPHBIX, MOJIEBBIX H JIAOOPaTOPHO-TIONIEBBIX OMBITOB.
[Ipu 3TOM M3y4anch MexaHn4eckrue o0paboTku MOUBH Ha rryouny 12-14; 14-16; 18-20 cM u spycHas o0paboTKa Ha
10-12; 14-16; 27-30 cM ¢ TENbI0 U3MENBYCHHS BETCTaTUBHBIX OPraHOB Pa3MHOXKEHUS TOpYaKa ¢ OJHOBPEMEHHBIM BHE-
CCHHEM MOYBEHHBIX TepOHINIIOB B (pa3e PO3ETKN U OyTaHM3aIUH-CTEOICBAHMUS rOpYaKa MOI3y4dero.

Junst pazpaboTku 3GPEeKTUBHBIX Mep OOpHOBI ¢ TOPYAKOM IOJI3YYHMM OIPEACICHHBIH WHTEPEC MPEICTaBISIOT
MOKa3aTell BCXOKECTH CEMSIH U 3alacOB BET€TATHBHBIX OPTAaHOB Pa3MHOKCHUs COpHsKa B mouse [2]. B ombiTax BCXO-
KECTh CeMSH ropyaka MoJ3y4yero BapbUpoBajack B MIMPOKUX Ipeaenax u cocraBmia 16,0 % Ha 6okoBeix u 37,0 % Ha
TJIAaBHOM CTe0IIe.

Pe3ysbTaThl HCCIeI0BaHNI BEreTaTHBHBIX OPIraHOB Pa3MHOXKEHHUS rOpYaKa Moj3y4ero B ase po3eTKH CBHe-
TENbCTBYIOT O HEPAaBHOMEPHOCTH pacIpe/ieIeHUs ero KOPHEBOW CHCTEMBI B MouBe. Tak, JAJMHA KOpHEH COpHsKa mepen
MIPOBEICHUEM XHUMHYECKHX Mep O60pbOBI B cioe mouBsl 0-60 cM mo BapuaHTaM OmbITa Kojebanmach B mpenenax 1460-
1566,9 cm. OcCHOBHOE KOIHYECTBO OOKOBBIX KOpPHEH ropvaka MoJ3ydero cocpernoTodeHo B cioe mouBbl 0-40 cm. OHn
HNMEIOT HECKOJIbKO MEHBIIYIO MAcCy, YeM KOPHH, Haxozsmyecs: B 0ojee riryOOKUX CIIOSX ITOYBBI, HO 3HAYUTENILHO TIpe-
BOCXO/AT IOCIEIHMX IO JUTMHE. AHAJOTWYHAs KapTHHa HaOmronaercs U B ¢ase creOieBaHus-OyroHn3anuu. Paznuna
3aKITI0YAeTCs JINIIh B a0COMIOTHRIX 3HaUCHHAX. [[THa M Macca KOopHeW copHsKka B 3ToH (haze okaszamuch B 1,5-1,8 paza
OounbIme, 4veM B (ase po3eTKH. TpaHIIeHHbIe pacKoNKH Ha riryouHy 60 cM gepes 30 mHEH mocie mpoBeICHUS MEPOTIPHSI-
THUI IOKa3aJu, YTO U3yyaeMble Mepbl OOpPHOBI CIIOCOOCTBOBAJIM CYIIECTBEHHOMY CHIDKEHHIO OHOMacChl KOpHEH ropuaka
HOJI3Y4ero.

UucneHHOCTh TOpYaka MOJ3y4yero IO BapHaHTaM OIBITa B (pa3e po3eTKW BapbUpOBaacCh B IIpeaenax
9,2-16,4 mt./mM%. B (ase crebneBanusa-6yToHU3aIUN HAGIIOAAETCs HEKOTOPOE yBEIUYEHNE YUCIEHHOCTH ropYaKa Mojl-
3yudero. B 2TOT mepuos 4ucIo pacTeHuii BapbUPOBAIOCh 110 BAPUAHTAM OIbITa B npeenax 11,1-16,8 mr./m2 Io ucte-
yennu 30 QHEH mocie MpOoBEASHHS arpOTEXHUIECKUX U XUMUIECKHX Mep OOpbOBI ¢ 3aCOPEHHOCTHIO TOPUYAKOM TTONI3Y-
YUM CYLIECTBEHHO cHU3MIach. OHaKO, KaK IMOKa3ajiu HaOJ0AEHHs, TOJTHOTO NCKOPEHEHHS 3TOT0 3JI0CTHOTO COPHSKa
Ha BceX, 0e3 MCKIIIOUCHHMs, BapHaHTax oO0paboTKM B (ha3ze pO3ETKM HE yAanoch. YMEHbIICHHWE YUCICHHOCTH ropyaka
MOJI3YYero 3a 3TOT MPOMEXYTOK BPEMEHH B CPEIHEM IO BapHaHTaM OmbITa cocTaBmwio 69,8 %, B ¢ase crebieBanus -
Oyronnzammu — 78,4 %. OcobeHHO pe3Koe CHIKEHHE HaOJIIoAaeTcsl Ha BapHaHTax ¢ INpHUMEHEeHHueM repouuaos Jyan
rosg u ['e3arapn Ha GoHe sipycHON 006paboTKku moussl — 86,9 1 83,9 % cooTBETCTBEHHO.

© Kapwumos P.X., TnermmaeBa A.A. / Karipov R.Kh., Tleppaeva A.A., 2019
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PerenepannonHast criocoOHOCTh BEreTaTUBHBIX OPraHOB Pa3MHOXEHHs rOpYaKa MOJI3Y4ero 3Ha4uTeJIbHO BbI-
1IIe Ha BapuaHTax C MpuMeHeHneM repoununos Yparan dopte 500, B.p. u I'e3arapa 50, c. 1., ocodeHHo, Ha hoHE Mexa-
HHYECKOi 00paboTKH Mo4BHI Ha TyOuHy 12-14 u 14-16 cm. Ha aTux BapraHTax nmpopocio COOTBETCTBEHHO I10 CPOKaM
npoBesienus MeponpuaTuii 7,4 u 3,8 wr/mM? pacTenuii ropuaka mon3ydero, 4To coctasiser 55,3 u 28,8 %. Ipu npume-
HeHnn repourunos Jyan 960, k. 3 u 3enkop, 70 % c. 1. MPWKIUBAEMOCTh KOPHEH CYIIECTBEHHO CHU3WIACH H COCTABUIIA
1,4-2,5 wr./™? wm 12,1-19,7 %. Ocobenno 3¢ (eKTHBHBI 3TH TepOUIUILI [0 APYCHOI 06paboTKe MOYBLI B (ase cTed-
nepanHus-0yToHuszanuy. Ha 3Tux BapuaHTax mpopocio B cpeaneM 0,4 copHska Ha 1 M2,

Ha 6monorndeckyro 3¢ppekTHBHOCTE CYIIECTBEHHOE BIHSHUE OKA3bIBACT, HE TOJBKO MPUMEHSEMBIC B OIIBITE
arpoOTEeXHUYECKHE M XMMUIECKHE MEPOTIPHATHS, HO M TIOTOAHEIEC YCIOBHS Iieproaa HabmoaeHuit [1]. B rogs! ¢ wacTeiMu
1 OOWJIBHBIMH OCaZKaMH B TPETbEH JeKa/e MO MPIKABAEMOCTh W3MENBYCHHBIX BETETaTUBHBIX OPTaHOB Pa3MHOXKeE-
HUS TOpYaKa yCHJIMBAIACh, @ B CyXHe TOJbl OHa pe3Ko CHiKaiachk. Hanbosee »3((peKTUBHBIMH B 3TOM OTHOIIICHUH OKa-
3aimch repounuasl Jdyar 960, k. 3. n 3enkop, 70 % c. n. [Tocne npuMeHeHUst 3THX repOUIMIOB Ha BceX (POHAX Mexa-
HHYECKOI 00pabOTKH MOUBBI THOENh TOpYaKa MOoJI3y4ero Oblia 10CcTaToYHO BhIcOKas. OcoOeHHO 3((EeKTUBHBIM OKa3a-
JIOCh BHECEHHUE ITHUX repOMIMIOB Ha (oHE ApyCHOH 00paboTKM MouBhL Tak, IpH MPUMEHEHHH MEpOIpUATHH B (aze
PO3ETKH Ha 3THX BapUaHTaX THOEJb ropyaka MoJ3ydero cocTaBmia cootBeTcTBeHHo 87,1 u 85,6 %, a B (ase cTebneBa-
Hus-OyToHuzanuu — 97,6 u 92,0 %.

HecMmoTpst Ha BBICOKYIO 3((EKTUBHOCTD HEKOTOPHIX T'epOMIUA0B TP Pa3IMuHOM TIyOnHe MeXaHHu4ecKoi 00-
pabOTKH OTHOKpAaTHOE MPUMEHEHHE HX HE 00ECTIeUMIIO MOJTHOTO UCKOPEHEHUsI ropYaKa IoJI3y4ero.

Haubomsmme 3aTpaTsl Ha 00pEOY ¢ TOPYAKOM MOI3YYUM MIPOU3BEICHEI P UCIOIB30BaHUH repONnuaoB Jyamn
960, k. 3. 1 3enxop, 70 % c. 1. mpu MexaHudecKoil 00paboTku Ha riry6uny 18 — 20 cM u sipycHolt o6paboTku Ha 10-12;
14-16; 27-30 cMm. D10 00BACHAETCA OOJIee BHICOKOH CTOMMOCTBIO YKa3aHHBIX TepOHMIUIOB M 3aTpaTaMi HAa MEXaHHUYe-
CKyI0 00paboTKy. OZHAKO 3TH 3aTPAaThI BIIOJIHE OMPaBIaHbI, TaK KaK Ha 3TUX BapHaHTaX JOCTHTHYTO HaUOOIee MOITHOE
HCKOpPEHEHHE TOpYaKa MOJI3ydero.
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THE STRUGGLE AGAINST RUSSIAN KNAPWEED IN THE DRY STEPPE ZONE

R.Kh. Karipov?, A.A. Tleppaeva?
L2 Candidate of Agricultural Sciences, Associate Professor
S. Seifullin Kazakh AgroTechnical University (Nur Sultan), Kazakhstan

Abstract. The article presents the data of 3-years old field and laboratory field studies on dark chestnut soils of
the dry-steppe zone. In contrast to the traditional methods of combating Russian knapweed creeping, the new develop-
ment, through a combination of tiered (multi-depth) soil treatment with intra-soil introduction of herbicides, allows you
to create a germ-bicidal screen and destroy the branched root system and seedlings of Russian knapweed in the soil. As
a result of the carried out researches it is established that the maximum efficiency is reached by complex application of
agrotechnical (long-line cultivation) and chemical means (dual, zencor) by their removal in-soil in a phase of budding-
stalk of a weed.

Keywords: Russian knapweed, tiered processing, herbicides, regenerative ability, budding-stemming, outlet.
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SYSTEMATIC ANALYSIS OF THE DOMINANT
TYPES OF ENTOMOPHAGES IN ORCHARDS

M.K. Rakhmonova?, U.A. Isashova?, K.Q. Khamdamov?, N.T. Mirabdullayeva*
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Abstract. The formation of entomophauna in orchards and their development has a great importance, and it greatly
influences to the number of phytofags. During our observations of entomophages orchard in agrobiocenosis identified 24
dominant types which belong to seven families. Moreover, researches of entomophages show 24 dominant types which belong
to 7 families. Besides that we have analysed the share of entomophage varieties concerning the entomophages.

Keywords: orchard, pest entomophage, entomofauna, parasites, areal, type, family.

Introduction. In recent years, due to the expansion of horticulture, especially intensive gardens, changes in the
structure of agricultural crops in the country have led to changes in the structure of the food chain over the years, the
emergence of new species of entomophages, and the protection of fruit from pests, it requires a scientific approach to
increase the importance of countermeasure activities.

As we know, most of the horticultural products grown in agriculture are lost through pests. Leaf clusters and
fruit eaters are the main ones. It is observed that 75-80 % of the annual fruit was lost by only one apple fruit eater. The
use of environmentally friendly methods is one of the requirements of today. For this purpose it is important to form
entomofauna in agrobietsenosis and to use entomophagous species according to pest type.

Bio-laboratories and biological factories established in the country produce a large number of bio-products.
Basically, the parasites of the pest and beneficial insects like Trichogramma, ladybird and Braconidae, which are bred
in biolaboratory conditions and released to the field in order to maintain the yield.

The use of entomophagous egg-eater trichogramm is important in the protection of agricultural crops.

In horticulture, parasitic egg-eater entomophages are able to reduce pests by up to 70 % [Shternshis M.V.
2004]. In Central Asia, it has been reported that in gardening, there are 34 species of ichneo-amide, which are found in
17 species of parasites from the entomophagous family of Braconidae [Kopaneva L.M. 1984].

It is necessary to protect high quality fruit from fruit trees and their protection against various harmful
organisms. It is well known to experts that the following insecticides harm fruit orchards: plant louse (Aphididae), fruit
mite (Tetranychus viennensis Zacher), leaf lice (Aphidodea), coccidia (Coccidia), apple bug (Stephanitis). Bronze
beetles (Cetoniini), bud moth (Tmetocera ocellana F), leaf moth (Recarvaria nanella Schiff), sheath moth (Coleophora
hemerobiola elephant), rust moth (Semiostoma scitella Zell), spring blue butterfly (Cyaniris argiol), silk worm of grape
(Laspeyrisia molesta Busk) and others.

More than 10,000 species of entomophages have been identified in nature in 224 families of 14 categories, of
which 70 % are fed with the most dangerous pests in agrobiocenosis [Saulich A.X., Musolin D.L., 2013].

Research Materials and Methods: Observations on fruit gardens have been made by the number and type of
beneficial insects. It studied the predatory and parasitic entomophages found in their crops and their cells. Some of the
most effective species in the laboratory have been developed and applied in the laboratory, and are now being
introduced to gardening farms in Chrysopidae. Our observations were conducted on some gardening farm grounds in
Izboskan district of Andijan region. In early spring emerging of entomophages and phytophages from the winter, the
formation of entomofauna in the garden, variation in species density within the environment, and additional factors such
as entomophage reserve formation were carried out. Entomophages and phytophages were used in the sample collection
of entomological species and BUF light-retaining handles. The collected specimens were analyzed systematically by
detectors in laboratory conditions.

Results of the study: According to the data collected, the number of parasitic entomophages is higher than
that of wild entomophages.

The Tachinidae family accounted for 16.2 %, and Exorista tarvarum, Exasnthaspis, Gonia cilipeda,
Spallanzania hebes, Tachina rohdendorfi were marked as the dominant species.

According to it, the braconidae family was 42.4 %, and the dominant species were Apanteles talengai A.
Vanessae: A. Spectabilis, Bracon hebetor, Rogas dimidiatus, R. pallidator, R. rossicus.

Ichneumonidd — family members are more frequent than other parasitic entomophages and make up 18.6 % of
total entomophages. The main reason for this is the abundance of host species of this species, and the fact that one para-
site feeds on multiple species and the favorable climate.

The Aphelinidae family comprised 9.5 %, and the species of Praon abjecrum, P. dorsale, Aphidius screen, Ap-
helinus species were recorded as dominant.

© Rakhmonova M.K., Isashova U.A., Khamdamov K.Q., Mirabdullayeva N.T. /
PaxmonoBa M.K., Ucamoga Y .A., Xamaanos K.K., Mupa6xynnaesa H.T., 2019
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The Coccinellidae family is 14.7 % with Coccinella septempunctata L, Adonia variegata Gz., Coccinula
elegantura Ws. registered as a dominant species. The Shrysopidae family comprises 18.2 %, with the dominant species
being Chrylsopa cornea Steph., Chrysopa septempunctata Wesm. Chrusopa albolineata Kill. The Trichogrammatfdae
family is reported as 8.4 % of the total parasites and there are species like Trichogrammatfda evanescens.
Trichogramma embryophagum. During the laboratory analysis of collected species in the laboratory, the host species of
entomophages were also studied. During the study some new species were registered and their biological characteristics
were studied. At the same time, the Elasmus albipennis species of the Chalcidoidae family was first identified in mature
local caterpillars of apple fruit. Researches were carried out to study the biological characteristics of this species in the
Andijan region. The literature reveals that parasites occur mainly in European countries, as well as from the CIS
countries — Azerbaijan, Turkmenistan, Georgia, and Russia.

Appearance of the parasite Elasmus albipennis and Dibrachys cavus.

The parasite is very small, 2 to 3 mm in size, and the front legs consist of 5 joints. The appearance is brown
and has two pairs of wings. It is very active and looks for its prey up to 200 meters per day. They lay their eggs in one
or two pieces of apple fruit worms (cocoon).

Another species is the Dibrachys cavus Walk of the Pteromalidae family was first encountered in the agrobio-
cenosis of the country. Many literary and electronic sources have been analyzed in this regard. Phytophagy in the gar-
den agrobiocenosis has been found in fruit gardens from CIS countries in Russia, Ukraine, Belarus, Turkmenistan, and
Azerbaijan. The parasite is parasitized in the pupa of the apple fruit. Because the parasite is very active, it also parasites
in the pupa of other types of cornea (moths, Agrotis segetum, pyralids).

At first, in 2016, in the garden of fruit trees of biochemical intensive Limited Company in the Andijan district
of Andijan region it was identified in the wintering pupa of harvested fruit-eater in the first ten days of March. The size
of the parasite is 3 mm. One pupa can lay 2-6 eggs, depending on its size. It spends all its developmental stages in the
shell. At the end of the development, the master flies out of the pupa turning into the larva. It is considered to be non-
persistant to frost and dies up to 80 % at -5-10 °C. In the wintering stages, in the host pupas spend 1-2 years of worms.

At the same time, the number of pest species can also be determined by the density of entomophagous
species. The nutritional factor plays a key role here. For example, the frequent occurrence of leaf twisters and fruit-
eaters results in a high number of parasitic entomophages. Many species of sucking pests attract predatory
entomophages. Developing and introducing technologies for the cultivation of gardening species and wide
application in horticulture is being implemented. According to it, seven points of reproduction and application of
afilinides against plant lice include the use and application of yellow trichogramma, reproduction and application of
wild mites.

The above-mentioned data are important for the formation of a garden entomofauna, the proportionality of
phytosan species, and the removal of missing species. Intermediate crops in fruit orchards are also important in the
formation of entomofauna. For example, entomofauna is more concentrated in fruit orchards with alfalfa than in gar-
dens with pods. Especially entomophages have a lot of spare. However, sucking phytophages are also common in
alfalfa and damaged fruit trees.
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CUCTEMATHYECKHU AHAJIN3 JOMUHHUPYIOIAX
THUIIOB 3GHTOMO®AI'OB B IIVIOJOBbBIX CAJAX

M.K. Paxmonosal, Y.A. Ucamoga?, K.K. Xamuanor®, H.T. Mupa6ayiiaesa®
! 1oKTOp CENbCKOX03MCTBEHHBIX HAYK, 2 IOKTOP (PUIOCOPHH CETLCKOXO3AHCTBEHHBIX HAYK,
3 crapumii npenosaBatenk, 4 MarucTp

AnmmwkaHckuii ¢puman TalkeHTCKOro rocy1apcTBEHHOTO arpapHoro YHHBEpCHTETa, Y 30eKHCTaH

Annomauusn. @opmuposanue 3HMOMOGAYHbL 60 PPYKMOGHIX CAOAX U UX pazsumue umeem OOIbULOe 3HAYCHUE,
U 3MO 8 3HAYUMENbHOU CIMeneHu Gausem Ha YUcieHHoCmb umogazos. B xode nawux HabirooeHuil 3a cadosvimi HH-
momoghazamu 8 azpobuoyenose 8bisigIeHO 24 QOMUHAHMHBIX MUNA, KOMOPblEe OMHOCAMCSL K cemu cemelicmeam. Kpome
Mo20, UCCIed08aHUsl IHMOMOPA208 HACHUMBIEAIOM 24 OOMUHUPYIOWUX MUNA, KOMopble npuHaiexcam K 7 cemell-
cmeam. Kpome mozo, mbl npoananusupogaiu 00a0 pasHo8UOHOCHel IHMOMODAL08, OMHOCSUXCSL K IHMOMODazam.
Knrwouesvie cnosa: cao, gpedumens snmomopaz, SHMoMopayHa, napazumsl, apeai, mun, Cembs.
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THE IMPORTANCE OF MARKETING ACTIVITY
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E.H. Mahmudov, Doctoral Candidate, Teacher
Azerbaijan State Agricultural University (Ganja), Azerbaijan

Abstract. Considering the importance of agriculture for the economy and society as a whole, the economic in-
terests of rural producers and the growing trend of the world population, it is important to ensure the progressive de-
velopment of the agricultural field. Many developed countries are constantly investing in this area, they considering
agriculture as the basis sector of the country's economic because of social, political and food stability. In addition to
measures to stimulating and developing agricultural production in order to ensure the systematic development of agri-
culture, achieving competitive and export-oriented products, marketing activities in this area and the application of an
effective agromarketing system are also important. Considering the specifics of agricultural products compared with
products of other industries, the agro-marketing system used in this area also has encouraging features. The main goal
of the article is to analyze the current situation in the agricultural sector of the Azerbaijan Republic, to identify existing
problems of agromarketing in this area and how to solve these problems.

Keywords: agriculture, agro-marketing, marketing services, competitiveness, economic efficiency.

The development of agriculture in the Republic of Azerbaijan is a strategic task for the country's government
as it provides food and economic security for the country as a whole. For this reason, a comprehensive analysis and
determination of effective ways to solve various problems, existing in agriculture sphere, increases importance of the
topic.

At the modern stage of development of the agricultural sector in our country, important measures have been
taken to improve agricultural production and the development of this sector as a whole. Examples are the followings:

v In accordance with the decision of the Cabinet of Ministers, in 2005, most of the machinery and equipment
used in the production and processing of agricultural products, and which are the subject of a lease, including tractors,
irrigation facilities, equipment for harvesting crops, whipping machines, mowers, equipment for milk processing,
equipment for seed selection, sorting machines, as well as machines for cleaning seeds, grains and beans, etc. are ex-
empt from import duties and value added tax on goods at import.

v" Agricultural producers are exempt from all taxes until 2024, except for the land tax.

v’ The provision of new subsidies forms, improved the state support of agricultural producers

v’ State programs for the socio-economic development of regions implemented in various years

As a result of mentioned factors has seen a growth tendency in agricultural production. This growth tendency
is reflected in an increase in self-sufficiency and a decrease in dependence on imports of basic food products of the
country and an increase in the export potential of agriculture.

Table 1
Production of the main agricultural products (thousand tons)
2015 2016 2017 2018
Cereals 2999.4 3065.1 2928.8 3309.2
Cotton 35.2 89.4 207.7 233.6
Potato 839.8 902.4 913.9 898.9
Vegetables 1275.3 1270.6 1405.6 1521.9
Gourds 484.5 464.8 438.1 401.9
Tobacco 35 3.6 5.6 6.3
Honey 2.6 2.7 3.0 5.0
Cocoon 0.236 70.8 245.2 513.9
Egg (million pieces) 1924.5 2009.5 2024.1 2080.4
meat 298.6 302.2 316.8 326.0
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In addition to the above indicators, the self-sufficiency and import dependence of wheat for 2015-2018 is 57 %
and 42 %, respectively, 88.75 % and 16.5 % for potatoes, 125 % and 2 % for tomato, 100 % and 0 %, 110 % and 3.8 %
for vegetable products.

Investments in agriculture sector of the Azerbaijan Republic in 2016 amounted to 325 million manat, in 2017 -
617 million manat, in 2018 - 764 million manat, which is 2.1 % of the total investment in 2016, 3.5 % in 2017 and
4.4 % in 2018. In 2016, the country's agricultural GDP in the total GDP amounted to 3386.8 billion manat, in 2017 -
3944.1 billion manat, in 2018 — 4190.1 billion manat. The number of agricultural enterprises and individual farms in the
Republic of Azerbaijan in 2015 amounted to 1659-1534 units, respectively, in 2016 amounted 1592-1468 units, in 2017
amounted to 1608-955 units and 1641-907 units in 2018. The amount of income received by agricultural enterprises in
2015-2018 amounted to 53 million - 116 million manat, respectively, and by individual farms amounted to 7.4 million -
6.3 million, respectively.

Paying special attention to agriculture sector in our country, as well as the influx of foreign and domestic in-
vestments in this area, the share of agriculture in the country's GDP equal to 5.5 %, the share of investments in agricul-
ture in the total investment equal to 3.3 %, ensures the sustainable and dynamic development of agricultural sector and
increasing agricultural production, which reflects the strategic importance of this area in the country's economy. How-
ever, unresolved issues still remain in the agricultural sector. These are mainly problems associated with the presence of
foreign producers in this sphere, the uncertainty of natural and climatic conditions, and the instability of prices of agri-
cultural products.

One of the factors ensuring the effective functioning of agricultural enterprises in a market economy is the
marketing activity that, determined by the goals and objectives of the enterprise. The main goal of this activity is the
full satisfaction of demand for food products, the definition of effective sales channels, and the creation of an effective
value chain in the agricultural sector. Considering that, food safety is the main priority of our country, the marketing
activity of agricultural enterprises is an important tool for solving social problems and economic development in this
area. Marketing acts as a process of planning and organizing of agricultural production and marketing activities for ef-
fective work in conditions of global uncertainty and intense competition.

Agricultural marketing is a system that covers all stages from agricultural production to consumption and in-
cludes all types of activities that increase the value of agricultural products. These stages include planning and organiz-
ing of production, productivity improvement, packaging, logistics, using storage, providing manufacturers with the nec-
essary information on the market, distribution and sales. Thus, it is especially important to pay attention to marketing
issues in the sale of agricultural products and to introduce a marketing system that will ensure their competitive ad-
vantage in today's changing environment. Exploring new markets, analyzing and forecasting demand, analyzing export
opportunities, identifying potential distribution channels and investing time and financial resources in marketing pro-
cesses are issues that need to be given special attention. It should also be noted that marketing investments in agricul-
ture can give effective economic results, especially in large farms, which makes it necessary to quickly integrate proper-
ty owners with various types of resources into the cooperation process.

As a result of the research, a number of problems in agricultural marketing have been identified, and their solu-
tion will help ensure the competitiveness of agricultural enterprises, achieve their domestic and foreign competitive
advantage, increase their export potential, and increase their market share. Thus, these problems can be grouped as fol-
lows: insufficient information in the market; gaps in the standardization and certification of products; insufficient stor-
age facilities; inefficient use of financial resources; logistical problems, poor development of the marketing system.

Unfortunately, farmers and agricultural producers in our country do not pay much attention to marketing pro-
cesses during their economic activities and do not use marketing as an effective tool for managing their farms. Because
agricultural producers often underestimate market research, they cannot adapt flexibly and in a timely manner to dy-
namic market conditions and obtain the necessary information and, which is so important for the efficient functioning of
agribusiness and which can increase profitability in the future, leads to a decrease in economic efficiency.

Agricultural marketing has its own characteristics, such as the specifics of agricultural products, seasonality of
production, limited natural resources. Marketing activities in agriculture, characterizing the instability of production,
should take into account natural, climatic and biological factors. The fact, that the main agricultural products are perish-
able, forces agricultural producers to sell their products as soon as possible. Thus, agricultural marketing mainly in-
volves the organization of production and the stages of the final product realization.

To apply effective agromarketing in agricultural production and realization, the farmer should focus on the fol-
lowing key opportunities:

v The farmer should have the necessary information about the future demand of a particular product in the
market;

v An efficient transportation (logistics) system is essential for all types of farmers;

v Farmers should have appropriate storage facilities to store agricultural products;

v' Farmers should reduce the number of different intermediaries to maximize their profits;

v' Farmers should have accurate information about market conditions and current prices;

In any case, agricultural producers have to be provided with the necessary information (price dynamics, etc.) to
make the right decision. Analyzing this information and making informed decisions based on it, is the overall goal of
marketing. Thus, marketing research in the agricultural sector promotes the development of competitive production,
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being an integral part of an efficient economy. The main purpose of these studies is to provide the agricultural market
with the necessary market information for the effective operation of agricultural enterprises. Market analysis provides
entrepreneurs with information about market subjects such as competitors, consumers, suppliers and market prospects
in general, allowing for determining comprehensive sales forecasts and development the effective marketing strategies.
It is true that marketing research is an important process that requires financial resources and time, but as a result of
research and analysis, the right market and the right strategy is selected, which ultimately lead to the reduction of eco-
nomic risks and increased economic returns.

Due to the high costs of marketing activities, small and medium-sized agricultural enterprises and private own-
ers are not in a position to conduct marketing activities, which in turn can lead to their inability to produce competitive
products. The creation of marketing services for agricultural producers (enterprises) has an extremely important role for
developing effective strategies for adapting production, financial, marketing, personnel activities to the dynamically
changing conditions of the agricultural market and for ensuring competitiveness. In this case, it is advisable to create a
marketing service for each economic region of the Azerbaijan Republic (Sheki-Zagatala, Ganja-Gazakh, Guba-
Khachmaz, Aran, Lankaran, Absheron, Nagorny-Shirvan) in the State Agrarian Development Centers or in the organi-
zational structures of enterprises. If this service is created in state agrarian development centers, this will increase the
efficiency of the economic activities of enterprises without any costs. The creation of this service is especially important
for farms that are unable to conduct market analysis. Creating a system will formulate an effective link between agricul-
tural production and product sales, i.e formulating an effective value chain.

The objectives of the activity should be as follows:

v Analysis of market segments by region;

v Consumer demand analysis;

v" Product sales contracts;

v Timely forecasting by regions, the formation of strategic product reserves;

v Ensuring the physical and economic availability of safe food for every citizen in accordance with consump-
tion norms;

v" Ensuring sustainable development of local consumer goods production that will ensure sustainable devel-
opment of the food market;

From the foregoing, it can be concluded that the results of marketing research, all the necessary information,
must be transferred to relevant agricultural enterprises in order to effectively implement the production-sales value
chain. This system should not be limited only by the choice of markets, demand analysis, but should also be occupied
with activities such as determining the type of activity (crop production, livestock production, processing, etc.), owner-
ship forms of agricultural enterprises and goals of the enterprise (production, sales, quality products, customer satisfac-
tion).

Thus, in order to achieve the competitive advantage of farms operating in conditions of global economic com-
petition and uncertainty, agromarketing must integrate the interests of the state and agricultural producers and strategies
should be developed by specialists in this field that ensure, on the one hand, full satisfaction of consumer demand, and,
on the other hand, to fully ensure the profits of economic entities.
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BAKHOCTb MAPKETHHIOBOM JESTEJIBHOCTHU B PEAJIM3ALIUN
CEJBbCKOXO03SCTBEHHOM MOTPEBUTEJBCKOM MPOIYKIIUU

9.I'. MaxMyaoB, TOKTOPaHT, IPENoJaBaTeib
Azep0baiiykaHCKHI TOCYIapCTBEHHBIN arpapHblii yauBepcuteT (['stHmka), AzepOaiimkan

Annomayusn. [Ipunumas 60 6HUMAHUE GANICHOCMb CEIbCKO20 XO3AUCMEA 0I5l IKOHOMUKU U 00UeCmaad 6 Yeiom,
9IKOHOMUHECKUE UHMEPECHl CELbCKOXO3SUCIBEHHbIX NPOU3800UmMenell U pacmyuyio meHOeHYUIo MUpo8o2o HACeleHUs,
BADICHO 0Decnedums NPoePeccUsHoe Passumue CelbCKOX03SUCMEeHHOU ompaciu. MHozue pazeumole cmpansl NOCMo-
SAHHO UHGECIUPYIOM 6 3MY 001ACMb, PACCMAMPUBASL CEbCKOE XO3AUCMEO KAK OCHOBY IKOHOMUYECKOU, COYUANbHOU,
ROIUMUYECKOU U NPOOOBOIbCMEEHHOU CIMAOUILHOCIU CIMPAHbL. B dononnenue k mepam no cmumyiupoeanuio u paszeu-
MUK CeNTbCKOXO03AUCMBEHHO20 NPOU3EOOCEA, C YeNbl) 00eCNedeHls CUCIEMAMUYECKO20 PA3GUMUsL CebCKO20 X035l
cmea, OOCMUNCEHUsL KOHKYPEHMOCROCOOHBIX U OPUCHINUPOBAHHBIX HA IKCNOPM HPOOYKIMO8, 6ANCHbI MAKI’CE MAPKe-
MUH208bLE MEPONPUAMUSL 8 IMOU 0OIACMU U RPUMEHEHUEe P PHEKMUBHOU CUCEMbl A2POMAPKemuH2d. Yuumsviéas cne-
YUDUKY CeNbCKOXO3AUCMEEHHOU NPOOYKYUU, NO CPABHEHUIO C NPOOYKYuUell Opyeux Ompaciell, azpomMapkemun2o8as Cu-
cmema, UCHOb3YeMas 8 MO 0OLACIU, MAKI’CE UMEem C80u Omauvumensivle ceoticmed. OCHOBHASL Yelb Cmamvu —
NPOAHATUZUPOBAID MEKVULYIO CUMYAYUIO 8 a2papHom cekmope Azepoaiioscanckoi Pecnybruku, 6bia6ume 3HA4UMOCMb
azpomMapKemun2a 8 OestmeslbHOCIMU CeIbX03NPOU3E00Uumenel, biA6Ums Cyecmeyiowue npobiemsl 8 2motl ooracmu u
onpeoenums nymu ux peuleHusl.

Knrouesvie cnosa: cenvcroe xo3siicmeo, azpomapkemune, Mapkemunzo8sie yCiyeu, KOHKYPEHMoChoCoGHOCb,
9KOHOMUYECKAsL 3P HeKmuerHocmo.
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YIK 339.1
AHAJIN3 COBPEMEHHOTI'O COCTOSAHUSA ATPAPHOI'O IIOTPEBUTEJIBCKOI'O PBIHKA

®.B. CyJeiiMmaHoB, JOKTOPAHT, [IPENOAAaBATEb
AzepOaiiKaHCKHI TOCYAapCTBEHHBIN arpapHblii yaHuBepcuteT (['sHmka) AzepOaiimkan

Annomayus. Ilpu ucciedosanuu mexyuje2o coCmMosHUs NOMPEOUMENbCKO20 PbIHKA CelbCKOXO3AUCTNEEHHbIX
Mo8apos, Ha CAMOM Oeie, MHO2OYKIAOHOCHb PbIHKA NOMPeOUMEeNbCKUX MOBAPO8 BbISAGISAENT MHONCECMEO PA3TUYHBIX
0COOeHHOCmEll 8 IKOHOMUHECKOM aHdAnu3e pulhka. Heobxooumo wupoxuil cnekmp nooxooo8 K usyyenuro nompeou-
MENbCKO20 PLIHKA CEbCKOXO3AUCMBEHHBIX MOBAPO8, NOCKOLbKY UMEHHO HA IMOM DbIHKE YOO8IemEOPAemcst O01bUUH-
CMB0 NOBCEOHEGHLIX NompebHOCmell Hacenenus. B amoil cesa3u npeosapumenvHas mabauya opueHmupo8anda Ha ypo-
8eHb 20006020 NOMPeEONEHUs. U 00bEM NPOU3BOOCMEA HA OYULY HACELeHUs C Y4emOM MUHUMALbHOU NOMpPebumenbckou
KOp3uHbl no ecell cmpawne. Xomsi MOJcem ROKA3AMbCSL, YMO CAPOC HA SPYRNY MOBAPOE NOJTHOCMbIO NOKPbIBAEHICS 3d
cuem MecmHo20 Npou3B00CMed, 6ce euje eCib Mogapsl Opyux epynn, KOmopbsle no-npexcHemy 4acmuyHo 3d6UCm Om
3apybexcHbix puinkos. Bo emopotl mabauye dana oyenka mekywezo cocCmosiHus MeCmHo20 Npou3go0Ccmed no epynnam
Mosapos, Npeonazaemvlx Ha CelbCKOXO3AUCMBEHHOM DbIHKe NOMpeOUmenbCKux mogapos, COCMOAHUS UMNOPMHO-
IKCHOPMHBIX ONEPayuil, yposeHb OCHANOYHO20 RPOU3600CMEA NO MOBAPHBIM 2PYANAM K HAYALY U K KOHYY 2004, d
Makdice UHGOpMUpyem HAC 0 MOM, CKOIbKO 8CE20 HAULE20 NOMPEDICHUSL MOICHO YOOBIEMBOPUMb, MAKCUMALLHO UC-
NOb3Ysl HAWU MeCmHble NPOU3E0OCmeeHHble MowHocmu. [Ipedocmasnennas unghopmayus maxsice oaem Ham 0Owull
0030p 6U008 U ACCOPMUMEHMA CENbCKOXO3AUCMBEHHbIX NOMPEOUMENbCKUX MOBAPOS, UMNOPMUPYEMbIX 8 CIPAHY, U
3a6UCUMOCIU OM UMROPMA 8 dmotl obnacmu. Bo epems, ko20a sKOHOMUYECKAsE MOOEPHUAYUS YCKOPSEMCSl, CelbCKO-
XO35UCMEEHHbII PLIHOK NOMPEOUMENbCKUX MOBAPOE C UCNOTbI0BAHUEM MECTNHBIX NPOU3BOOCMBEHHbIX PAKMOPOs8 YOo-
671eMBOpsien pacmyujuii CHpoC Ha CeNbCKOXO03SUCMBEHHYIO NPOOYKYUIO U 8bICMYNAEN 8 KA4eCmee IKOHOMULECKOU KOH-
yenyuu, Xxapakmepusyroujell yposenb paszeumusl ceibCko2o xossaucmea ¢ cmpame. B kaocooil cmpane ¢ nepuod mparc-
Gopmayuu, Ha nosviuieHue YPOBH CaMO0OECnedeHHOCIU PbIHKA CElbCKOXO3SAUCMBEHHBIX NOMPEeOUMENbCKUX MOBAPOS
GIUSIIOM BHYMPEHHUE U GHEUHEIKOHOMUYECKUE YCI08UL U 30€Chb, HeOOX00UMO UCNOIb306AMb OUPEKMUBHBIE MENOObl
pezyauposanus 0 nogvlulenusi camoobecnevennocmu puinka. Obecneuenue 8bICOKO YPOGHA CRPOCA HA NPOOYKMbL
NUMAHUsL, U, CIe008AMENbHO, HA CEbCKOXO3AUCMBEHHYIO NPOOYKYUIO, Ce200HS CUUMAEemcst OOHOU U3 GAJICHETIMUX 3a-
dau, cmosimux neped ecemu cmpanamu. Obueusgecmuo, 4mo 6ce CMpaHvl MUpa HepagHbiM 06pazom obecneuenvl pe-
cypcamu, mem cambiM CIMAHOBUNCSL HeOOX0OUMbBIM YCIMAHOGIEHUE 63AUMHBIX MOP206blx omHoweHull. [losmomy, cywe-
cmeyem ocmpask HeobXo00uUMoCmb 8 U3YHeHUU NOMpPedUmMenIbCKO20 PbIHKA, Yelbl0 KOMOPO20 S6NISeMC sl U3yUeHUue meo-
PEeMmuYeckux u Memoooa02ULeCcKUx OCHO8 MeXaHUusMd, KOMOPbIL MOJCEm CMUMYIUPOSANb PA3GUMUE CEelbCKOX035l-
CMBEeHH020 nompebumenbcko2o pwinka. OCHO8HOE HANPAGNEHUE 8 UCCIeO08AHUU YOeIsIemcsl IKOHOMUYECKOU OYeHKe
MeKyuje2o coCMosHUsL CelbCKOXO3AUCMBEHHO20 NOMPEOUMENbCKO20 PbIHKA, 20€e ObLiU U3VHeHbl COBPEMEHHbIE MEeHOeH-
YUU NOBBIUUEHUSL CAMO0OECNEUeHHOCIU NOMPEOUMENbCKO20 PUIHKA.

Kniouesvie cnosa: nompebumenbckuil polHOK CeNbCKOXO3AUCTNEEHHBIX MOBAPO8, MOOEPHU3AYUSL, YCIMOUYUUBHLL
NPOO0BONLCMBEHHLIL KOMIIEKC, YPOGEHb NOMPEONeHUs, 3ABUCUMOCTb OM UMROPMA, YPOBEHb CAMOODECNEeYeHHOCMU,
mpancopmayus, CMUMyIUpoO8anue GHYMpPeHHe20 NPou3Bo0Cmed, NOGbluleHUe NOKYRAMENbHOU CNOCOOHOCMU, NPOOO-
801bCMBEHHbBIN OANAHC.

B Ttakoii sKoHOMHIUECKOI1 cpelie, KOTOPBIN NPOSBISIETCS. BO BCEX CEKTOpax, IIe BO3/IEHCTBHUS YCKOPEHHOH cpe-
bl TI100aNM3aIMN TIPOA0IDKACTCS COXPAHSTHCS, C LEIbI0 00ecTIeueH s YCTOHYMBOTO SKOHOMUYECKOTO Pa3BUTHS PhIHKA
MOTPEOUTETBCKUX TOBApOB, BaKHOE 3HAUEHHE MMEET a/JanTalys yCIOBHH pPBIHKA IEPEXOJHOH SKOHOMHKH KO BCEM
CTaHAapTaM, NpaBWIIbHAs pean3alisi 1 OOBEKTUBHAS OIIEHKA BO3MOKHOCTEH, 00ECIIeUnBaIOIINX PHIHOYHOE Pa3BUTHE.
OO01Ien3BECTHO, YTO 0€3 JODKHON OLEHKH BIMSHHA MOJIOKUTEIBHBIX M OTPHUIATENBHBIX (PaKTOPOB HA 0COOCHHOCTH,
CHOCOOCTBYIOIINE Pa3BUTHIO PHIHKA, HEBO3MOXKHO OLIEHHTH 3KOHOMHYECKYIO 3()(eKTHBHOCTH pPBHIHKA, BHYTpEHHEE U
BHEIIHEE KOHKYPEHTHOE MPEUMYIIECTBO, U KOHKYPEHTOCIIOCOOHOCTh, YPOBEHb CaMOOOECIEYEHHOCTH C YKOHOMUYE-
CKOH TOUKHM 3peHHsI, XapaKTepU3yIOIUil ypOBEHb BHYTPEHHETO CIIPOCa, a TAaKXKe 00eCIeYnBaTh €ro yCTOWYMBOE 3KOHO-
MHYECKOe pa3BUTHE.

Pe3ynbraThl 5JKOHOMHYECKHUX HCCIEIOBAHMWN MOKA3hIBAIOT, YTO TPAAWIIMOHHBIE METOAOIOTUIECKHAE MOIXO/BI,
UCTIONIb3YEMBIE JUIsl 00ECIIeYeHNs] YCTOMYMBOTO0 SKOHOMHUUECKOTO Pa3BUTHSI PHIHKOB B arpapHOM CEKTOpe, He o0ecreyn-
BalOT HEOOXOIMMBIX IKOHOMHUECKHX BBITOJ JUISl Pa3BUTHS CeKTopa. TakuM o0pa3oM, MOCKOJIbKY CYLIECTBYET IOTPeO-
HOCTh B HOBBIX SKOHOMHUYECKHX ITOAX0/aX JUIsi 00ECIeYeHus] YCTOMYMBOrO W IMHAMUYHOIO Pa3BUTHS CEIbCKOXO3s5H-
CTBEHHOT'O IIOTPEOUTENBCKOTO PHIHKA, CYIIECTBYET OCTpas HEOOXOAMMOCTh B Pa3pabOTKe M peaslM3aluy IIPEIIOCHUIOK
JUISl KOMIUIEKCHBIX TOJIMTHYECKHX M H9KOHOMHUYECKHX Mep Julsl obecriedeHust 3PPEeKTUBHOTO SKOHOMHUYECKOTO Hepexo-
Jia. DTo, HapsIly € YKPEIUIEHHEM SKOHOMHYECKHX OCHOB PBIHKA NMOTPEOUTENILCKUX TOBAPOB, CO3/1a€T HOBBIE BO3MOKHO-
cTH U1 (POPMHUPOBAHUS KOHKYPEHTOCIOCOOHOCTH, YTO BAYKHO JJISI 0OECIeUeHHs e TUHAMUIHOTO Pa3BUTHS, a TAaKXKe
COTJIACOBAHUS COIHATIFHO-3KOHOMUYECKUX HHTEPECOB IPOU3BOJUTENIEH U TOTpeOuTeNeil Ha phIHKE.

© Cyneitmanos @.B. / Suleymanov F.V., 2019
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OO111en3BECTHO, YTO 0 ONpEACIEHHONW MPOAYKINU OJHOBPEMEHHOE OOeclieueHne IPOJ0BOJIbCTBEHHON 0e3-
OIACHOCTH U KOHKYPEHTOCIIOCOOHOCTH SIBJISIFOTCSI HE MTPOCTBIMHM MPOLIECCAMH, TaK)Ke BBICTYNAIOT KaK JIBa HEOTheMIIe-
MBI CTOPOHBI Mejanu. XOTs IPOJOBOJILCTBEHHAsh 0E30MAaCHOCTH HalpaBlieHa Ha TOBBIMICHHE IPOJOBOJILCTBEHHOM
00€ecIIeueHHOCTH CTPaHbl, TEOPHsI KOHKYPEHTHOTO MIPEUMYILECTBA CUUTAET HEOOXOJMMBIM pa3palbaThiBaTh HIIH JKe pas-
BHBaTh Ty MPOAYKIHUIO, HA OCHOBE KOTOPOI'O MOKHO JOCTUYh SKOHOMHUECKOTro npeumMyiecTsa. Hanpumep, y Hac ecTb
ocTpasi He00X0IMMOCTh B YBEJIMUYEHUH IIPOU3BOJICTBA C TOUYKH 3PEHHMS IIPOJIOBOJILCTBEHHON 0€30MacHOCTH, B TO BpeMs
Kak Hallla CTpaHa HE HMEET KOHKYPEHTHBIX IIPEUMYILECTB 110 36PHOBBIM MPOIyKTaM [4, c. 217].

B HacTtosimee BpeMsl pa3BUTHE XO3IHCTBYIOIIMX CYOBEKTOB, 3aHMMAIOLIUXCSA arpapHbIM IPOU3BOJCTBEHHBIM
IIPOLIECCOM B HAllel CTpaHe, HalpaBJICHO HE TOJBKO Ha PacHIMpEeHHE NMPOM3BOICTBA B TOH cdepe, rne oHM padoTaoT,
HO Y HCIIOJIb3Ysl BCE MPOM3BOACTBEHHBIE BOBMOKHOCTH 3THX MPOHU3BOIUTENEH, a TAKXKE C YIETOM BHYTPEHHETO IOTpe-
ONTETBCKOTO PHIHKA B IIETOM, CIYXXHT IJIsI 0OECIICUCHHsI CONNAIBHO-3KOHOMUIECKUX W HHTEIUICKTYaIbHBIX BO3BBIIIC-
HUM, a TakKe U1 YCUJICHHS YKOHOMHYECKON 0e30IacHOCTH B 3TOH obmacth. [ TOCTMKEHHUS 3TOH meiaw 0COOCHHO
Ba)XKHO aJlalITUPOBATh AEATEIBHOCTh XO3IHCTBYIOLIIUX CYOBEKTOB K COBPEMEHHBIM TPEOOBAHMSM, COCPEOTOYUTH BHU-
MaHHE Ha OpraHU3allM IPOU3BOJICTBA, YBEINYEHUHU IMPOU3BOACTBEHHBIX MOIIHOCTEH M BO3MOXKHOCTEH IPOU3BOJI-
CTBEHHBIX PEIIPHUATHI U UCIOJIB30BaHUH HOBEHIIMX JOCTHIKEHHUI HAyKH U TEXHUKH B 9TOW 00JIaCTH.

Kak pe3ynpTaT npoBeEHHOTO MCCIENOBAaHUS CTOUT OTMETHUTh, YTO AaXKe MPHU YCKOPEHHOM MPOBEAECHUH KO-
HOMHYECKHX peOpPM B CEIBLCKOXO35HCTBEHHOM CEKTOpPE, KOTOPBIH UrpaeT HE3aMEHUMYIO POJIb B 9KOHOMUYECKOM pa3-
BUTHU CTPaHbI, B HAIIEH CTpaHe y)ke ObUIM JOCTUTHYTHI 3HAYHUTEIbHBIC PE3yNbTaThl B 3TOH 00nacTH. Takum oOpazom,
CIPOC BO MHOTHX OOJIACTSIX MOJTHOCTBIO OOEcIieueHa 3a c4ET MECTHOTO IIPON3BOJICTBA, B TO BpeMs Kak B APYTHX 00ma-
CTSIX CYILECTBYET 3aBUCUMOCTH OT BHEIIHHMX PBIHKOB JJI1 YaCTUYHOTO yJOBIETBOPEHUS BHYTPEHHErO cipoca. Bot mo-
yeMy HEoOXOIMMO CO3/1aTh yCTONYMBBIN NTPOTOBOJILCTBEHHBIH KOMIUICKC B arpapHOM CEKTOpPE U PETyIHpOBaTh OTHO-
HIEHUS MEKTy MPOU3BOAUTEISIMU U IOTPEOUTEISIMHU B PaMKaX PhIHOYHBIX 3aKOHOB.

W3BecTHO, 94TO B HALMOHAIBHONW MPOJOBOJIBCTBCHHON MONNUTHKE CTPAHBI 00eCIIeueHNE HACSICHNS HaJeKHBIMA
MIPOAYKTaMM MHTAHUS SBIAETCS MPUOPUTETHON 3amaueid. CTeneHp peann3alliy MOJIUTHUKU 3aBUCUT OT TOTO, B KaKoOil
CTETICHU CEJIbCKOXO3SMCTBEHHBIN MOTEHIMAI CTPaHbl MOXXET OBbITh MCHONb30BaH. OOecrieueHne HaceleHHs CTpPaHbI
HAJIS)KHOH CeIbCKOX03IHCTBEHHOM MPOIYKIIMEH, a TaKkke 00ecreueHre JIETKOH 1 MHIIEBOH MPOMBIIIICHHOCTH HEOOXO-
JUMBIMH pECYpCaMy HANpPsIMYIO 3aBUCHUT OT YPOBHS Pa3BHUTHS CEIbCKOXO3SIMCTBEHHOM MepepadaThiBaloIeii MpOMBIII-
JIeHHOCTH [2, c¢. 44]. B 3T0il cBsI3U CTpaHbI C MEPEXOJHOW SKOHOMHUKON JTOJDKHBI OBITH 3aMHTEPECOBAHBI B CO3MAHUU
YCTOHYMBOTO MPOJIOBOJILCTBEHHOTO KOMILIEKCa IMyTeM MOOMIM3AlMU COOCTBEHHBIX PECYpCOB, OPUEHTHPOBAHHBIX Ha
9KOHOMHYECKOe pa3BuTHe. Kak HM3BECTHO, CO3IaHHE YCTOHYMBOTO IPOJOBOJIBCTBEHHOI'O KOMILIEKCA CHOCOOCTBYET
HAJIMYHUIO BHICOKOKAYECTBEHHBIX NTPOIYKTOB MUTAHUS Ha MOTPEOUTENHCKOM phIHKe. OOecneueHne noTpeduTeneii kaue-
CTBEHHBIMH M MOJHOLEHHBIMH MPOJYKTaMU MUTAHUS CBS3aHO C YKOHOMHUYECKUM M MONUTHYECKUM MOTEHIIUAIIOM CTpa-
HBl. TakuM 00pazoM, rmobanu3anus GopMUPOBaHHS IPOJOBOIBCTBEHHOTO KOMIUIEKCa UMEET 0c000€ 3HAUCHHE C TOUKH
3pEeHUs YIy4IlIeHHUs CHa0)KEHHS HaCEIEeHUsI IPOAOBOILCTBEHHBIMH TOBAPAMH, a TAKXKE YKPEIUICHHS SKOHOMHUUYECKOTO U
MOJUTHYECKOTO MOJN0XKEHUs cTpaHbl. Kpome Toro, cosmaHue W BCECTOPOHHEE Pa3BUTUE IPOJOBOJIIBCTBEHHOTO KOM-
IUIeKCa TO03BOISIET 00eCIeunBaTh PeATN3aINI0 HOBBIX, TPOM3BEAEHHBIX HA TEXHOJIOTHYECKUX OCHOBAaX, MPOIYKTOB Ha
PBIHKE MTOTPEeOUTENHLCKUX TOBApOB [8, ¢. 23].

YaoBieTBopeHHe Crpoca Ha MPOAYKTHl NMUTAHUS HA IOTPEOMTENHCKOM pBIHKE MMeEeT OOJbIIOe 3HAYEHHE C
TOYKH 3pPEHMS peau3allii KOHLENIIMH Pa3BUTHSA BHYTPEHHETO PHIHKA ITyTEM CO3JaHMS OCHOBBI SKOHOMHUYECKOH 0e3-
OMACHOCTH TOCYIapcTBa. YBEIMYCHHE 00eCTIedeHNsI MECTHOTO CIIpOCca 3a CUET MECTHOTO CHIPhS, COUeTaeT B cebe WH-
TEHCHUBHYIO CTPATErHio IMPOU3BOJICTBA B IPOLECCE NPOU3BOJICTBA CEIbCKOX03IHCTBEHHON NPOAYKIMU U CIIOCOOCTBYET
JlabHEHIIeMy yBEJIMUIEHUIO CBOOOIHOTO oOecTiedeH s IPOyKTOB MuTaHus. [IoBbIIICHNE YPOBHS MECTHOH camoobec-
MIEYCHHOCTH Ha PBIHKE MOTPEOMTENILCKUX TOBAPOB, SBILISICH BaKHHIM KOMIIOHEHTOM 3KOHOMHYECKOW 0e30macHOCTH
rocyaapcTBa, XapakTepu3yeT SKOHOMUUYECKYIO U MOJUTHYECKYIO MOIIb CTPAHbI B KOHTEKCTE YCUIICHUS] SKOHOMUYECKOI
MoJiepHH3aU. XOTs cpeu (akTOpPOB, BIMSIONIMX HA 3TO UMEIOT MECTO IIMPOKUH CIIEKTP BO3MOKHOCTEH JII TPOM3-
BOJIUTENIEH Ha PHIHKE MOTPEOUTENBECKIX TOBAPOB M HAINYKE HEOOXOAMMBIX YCIOBHH C 1IEIbI0 00ECIEeYeHUs] yCTONYH-
BOCTH IIPOIIECCOB, HO B XO7I€ €€ peayu3alyy cieayeT oOpaTuTh BHUMaHUE HA MOBBIIICHUS Ka4eCcTBA MPOAYKTOB M MPO-
W3BOJICTBO MPOJYKIUK COOTBETCTBYIOIIAS MOKYIIATELCKON CIOCOOHOCTH KX I0TO IOTPEOUTEIIS.

MupoBas MpakTHKa MOKa3bIBACT, YTO HAIMYHE MPOAYKTOB IMUTAHUS HA PBHIHKE IMOTPEOUTENBCKUX TOBAPOB HE
03HAuaeT, 4TO MPOJOBOJILCTBEHHAS 00ECIIEYeHHOCTh IOJIHOCTBIO YJOBIETBOPEHA. 3AeCh 0c000e BHHMAHME CIIEAYeT
00paTuTh Ha CTENeHb (PH3UUECKOTO JOCTYNa MOTPEOUTENs K MPOJIOBOIGCTBEHHBIM TOBapaM Ha peIHKE. Beicokoe mpen-
JIOKEHHWE Ha MOTPEOUTETECKOM PHIHKE HE O03HAYAET, YTO BCE MPOAYKTHI MOTPEOISIOTCS HaAIeKauM 00pa3oM BCeMH
YYaCTHHKaMH pbIHKA. TakuM 00pa3oM, OlpeieIeHHbIE TPYIIIbI TOTPEOHUTEINIeH CO CpeHNM H Oosiee HU3KHUM eKeMecsd-
HBIM JIOXOJOM, NIPUHMAMasi BO BHUMAaHHE MX NMPUOBUILHOCTH, MMEIOT TEHJCHIMIO KOMIIEHCHPOBATh APYIUE TPOIYKTHI,
Ipe/araeMble 0 OTHOCHTENIFHO HU3KHM LIeHaM, IIOTPeOJIsisi MX MEHBIIE, 4YeM MM HYXHO. To ecTb, yUUTHIBasi ypPOBEHb
JIOX0/I0B KOHKPETHOTO HACEJICHUS, HETPYHO OINPE/ICINTh YPOBEHb €ro IOKYIaTelbHON CIIocOOHOCTH. B 3TOM KOHTEK-
cTe n3-3a MHQIILUK B CTpaHe, HaJuIeXalllee PeryIMpoBaHNe MHUHHUMAaIBHON 3apaboTHON IUIaThl B OOMEH Ha IOTEPIO
JICHET MOXKET IOMOYb YCTPAHHUTh JTUCIIPOIIOPIIMH CPeIN MOTpeOnTENel Ha PhIHKE.

AHanum3 TeHACHINHA Pa3BUTH MOTPEONUTEIECKOTO PHIHKA CENbCKOXO03SHCTBEHHON MPOAYKITUH ITOKA3bIBAET, YTO
moBbIIIeHNE 3((HEeKTUBHOCTH TOPTOBJIH B PHIHOYHBIX ONepanusix TpedyeT HOBOTO moaxoa K npodieme. IIpenorspare-
HHE HETaTHBHOTO BIMSHHS HAa PBIHOK M3MEHEHUH Pa3IMYHOTO HANpPaBICHUS IO BIMSHHEM Cpeabl III0OaTu3alIiid,
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CHIDKEHHE 0XKUIAEMOM SKOHOMHUYECKON yrpo3bl JO MUHMMYyMa MOXKHO PacCMaTpUBaTh KaK HEOTHEMIIEMYIO 4acTh OC-
HOBHOM NMOJIUTHUKH MO 3aIlIUTE BHYTPEHHETO PHIHKA.

ITpu uccnenoBaHUM CYNIECTBYIOIIETO MOJIOKEHHS PHIHKA CEJIbCKOXO03SHCTBEHHON HMOTPEOUTENECKOW HPOIYK-
LMY OCHOBHBIM MOMEHTOM, Ha KOTOPBI cieyeT oOpaTUTh BHUMaHHUE SIBIISIETCS] TO, YTO Ha KAKOM ypOBHE oOecre4nBa-
€TCsl IPON3BE/ICHHOM B CTpaHE IIPOIOBOJILCTBEHHON MPOIYKIMEH Ha IyIly HACEJICHHUs] NOTPEOHOCTH HACENEHHs 110 MU-
HUMaJIbHBIM HOpMaM noTpeOneHus. C 3TOH TOYKHM 3peHHs JOJDKHBI IPUHUMATHCSl BO BHUMaHHE Ha KaKOM ypoBHE o0ec-
MIEYMBAIOTCS TOJOBEIE HOPMBI TOTPEOJICHUS, YTBEpKIeHHBIe pemeHneM KaOwnHera MuHHCTpOB A3zepOaiimxaHCKOI
PecniyOmmku 3a Ne 182 ot 1 mrons 2014 rona.

Tabnuya 1.1
T'ogoBbIe HOPMBI MOTPEO/IEHHS 0 MUHUMAJILHON MOTPEOUTENBCKON KOP3UHE U
OCHOBHBIM BHM/aM MPOJA0BOJIbCTBEHHOI MPOAYKIUH HA JyIIy HACEJEHHUS, KT

I'onoBbie HOpMBI NOTPEdICHHSI OCHOBHOM IIPOA0BOJILCTBEHHON NPOAYKIIMH 110 MUHMMAJIbHOH MHHUMAIBHOMI
NOTPe0UTEIbCKON KOP3HHe, KT
(ymeepoicoen pewenuem Kabunema Munucmpos Asepbaiioscanckoti Pecnyonuku 3a Ne 12 om utons 2014-020 200a)

Xaego- Kapro- OBomu 1 6axye- DpyKTHI U AT0-
MPOAYK- (lnl:m, mm,le Py e Msico Mousoko | fliina, mryk | Peida
ThI
Ponosast | 56 50.6 97 46 315 2324 153 7.7
HOpMAa
IIpon3B0aACTBO OCHOBHOIT MPOIOBOJILCTBEHHOI MPOXYKIHH, HA AYIIIy HACEJEHUSI B TEYEHHE ro1a
T'oabl 3epHo Kapro- Osomwm u Gaxte- PpyKTEI H siro- Msico Moaoko | fliina, mryk | Pbi6a
hean BbI€ bl
2014 247 87 173 90 31 197 166 53
2015 307 88 185 93 31 202 163 54
2016 310 94 180 92 31 209 167 6,6
2017 293 94 189 98 33 208 176 6,6
2018 329 92 196 103 33 212 171 6,3

[Ipu paccMoTpeHnn JaHHBIX TaOIUIBI, CTAHOBUTCS SICHBIM, YTO 1O HEKOTOPBHIM TpyMIaM MPOAYKIIUA HOpMa
notpebseHust OoJblie, 4eM 00beM MPOU3BOJCTBA HA IyIly HaceleHus. Tak 1o kaprodento 00beM ro/10BOi HOPMBI I10-
Tpebnenus Ha ayury HaceneHus B3sT 50,6 kr. Ho mo ctpane B 2018-oM rogy 3TOT 00beM B pealbHOM BBIPAKEHUU ObLIT
obecnieueH Ha 41,4 xr Oombiie. AHAIOTHYHOE TOJIOKECHHE HAOIIOAAaeTCsI U 110 APYTHUM IPOTYKTaM, OTMEUCHHBIM B Ta0-
JUIe, €CIM TPH CpaBHEHWH C OJHHUM H TeM JKe rojoM 3a 0a30Bbiid npuHiaTh 2014-p1i1 ToA. [lake mo oBomam u
0axdeBbIM, (PYKTaM W srojaM OBUIO TPOM3BEICHO B JIBa pa3a OOJNbIE NPETYCMOTPEHHOH MOTPEOUTEITECKUMHU
HOpMaMH TPOAYKIIMHA U 3TO TMOJOXKEHHE MPHUBEIO K TOMY, YTO PHIHOYHASA I[CHAa HAa3BAHHBIX MPOAYKTOB OBIIa HIDKE
cpemHel pealM3allMOHHON IeHbl. Ha camMoM nene, Tak Kak Takoe IPEBBIINICHHE 00beMa MPOM3BOJCTBA IO OTPACId B
MOCTIeTYFOIUE TIEPHOIBI He OyIeT CITY>)KUTh WHTEepPecaM MPOU3BOAUTEIIS, STa OTPACTh C YKOHOMHYECKON TOYKH 3PEHUS
OyzeT oleHuBaThCs Kak MeHee 3 (hekTuBHas. Y CTOWYMBOE CHIDKEHHE IIEH HI)KE PHIHOYHBIX B KOHEYHOM HTOTE CTaHO-
BUTCS IPUYMHOMN yAAJICHUS IPOU3BOIUTENS OT 3TOM oTpaciu. IMEHHO ¢ 3TOM TOYKHU 3pEHUS NPOU3BOJUTENH, 3aHAThIC
MPOLIECCOM MTPOM3BOJICTBA B MOI00HBIX OTpACIsiX, Y HAC B CTPaHEe OKPYKeHbI 0c000ii 3a00Toi rocynapcrsa. Co3narTcs
YCIIOBUS ISl BBIBO3a C TIOMOINBIO KOMIETEHTHBIX CTPYKTYp 3a MpeNeibl CTPAHbI MPOU3BEIEHHON WMHU MPOILYKIMH
00JIbIIIe BHYTPSHHEH MOTPEOHOCTH M UX MPEIIOKEHHS MOTPEOUTEIISIM Ha 3apyOCIKHBIX PhIHKAX.

TexkyIee coCTOSHUE YAOBIETBOPEHHS MOTPEOHOCTH 3a CYET MECTHOTO MPOU3BOJCTBA B JAPYIHX OTPACIAX, 3a
HCKJIFOYEHUEM MPOU3BOJICTBA YKAa3aHHBIX B TAOJHIIE UL, PHIOBI, MOJIOKa M MOJIOYHOW MPOAYKIIUH, JaeT OCHOBaHUE JIJIS
ONTUMHCTUYECKOM oneHKku. Ilpu aHanM3e CyIlIeCTBYIOLIErO TIOJOXKEHUS OCHOBHBIX BHUAOB MPOJOBOJILCTBUS,
MPUXOSIIUXCS Ha AYITy HACSICHUS IO HOpME U (DaKTHIECKH, MOXXHO TPUHTH K TAKOMY BBIBOJY, YTO €CJIH IIPHHATH 32
OCHOBY 0a30BBIi T'OJ, TO B OTYETHOM TOAY OBLI JOCTHTHYT POCT IO BCEM IpyIIIaM MPOAYKIUH yKa3aHHBIM B TaOJHIIe.
BrIcokuii TeMIT pocTa 0 CpaBHEHHIO ¢ 0a30BBIM I'OJIOM B IIPOM3BOJICTBE TOTOBOI MPOJOBOJILCTBCHHON MPOAYKIIUH OBLI
JIOCTUTHYT 3a CYET YCKOPCHHS NMPOBEACHHBIX B CTpaHe peopM B 3TOI oTpaciu. B o0mieit ciioHOCTH, OCHOBHBIM OpH-
€HTUPOM CUUTAETCS MPOU3BOJCTBO B COOTBETCTBHH C JHEBHBIMU (DH3UOJOTHIECKIMH HOPMaMHU B HEOOXOJAUMOM KOJIH-
YECTBE )KU3HEHHO BaXXHOU ISl MOTPEOICHHS HACETIEHUS CTPaHbl MPOIYKIIMU U YIyUIIEHHE MPOIOBOJILCTBEHHOTO 00eC-
TIEYCHHSI, KOTOPBIC SIBJISIFOTCS COCTABHBIMU YACTSIMU arpapHOW MOJUTHKHU CTpaHbl. C 3TOH TOYKH 3pEHUS MPHU MOCTPOE-
HHHM TPOJOBOJBCTBEHHOUW O€30MACHOCTH €CTh HEOOXOAUMOCTb B YY€TE €ro KOHIIENTYaJdbHBIX OCHOB (IeNei, 3a1ad,
CTpaTeruu, HalMOHAIBHBIX HHTEPECOB) [5, ¢.194].

IIpu omeHKE CYMIECTBYIOMIETO MOJOXKECHUS PBIHKA MOTPEOUTEIILCKON MPOAYKIUU BaXKHO 0OpATUTh BHUMAHHE
Ha HACTOAIIEEe COCTOSIHUE TPOJIOBOJIBCTBEHHOTO OajaHCca M0 UMCIOIICHCS Ha PHIHKE PACTCHHEBOMYECKON M KUBOTHO-
BOJIYECKOHN MPOAYKIMH. Tak Kak yBEIMYCHUE U YMEHbBIIIEHHE 00beMa IPOU3BOCTBA IO T'0JIaM MOXHO MPABIIBHO OIle-
HUTh UMCHHO HA OCHOBE ITHX JNaHHBIX. B Tabmume 1.2 moka3an oOmuii 00beM OCTaTKOB HA HAYAJO0 M KOHEIl roja
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M HCIOJIb30BaHNS UMEHHO OCHOBHOM paCTeHI/ICBOH‘{GCKOﬁ MNpOAYKIHUU C YUCTOM UMIIOPTHBIX U SKCHOPTHBIX onepauni/i
10 3TUM NPOAYKTaAM. 3[[6CI> MOXHO ONPEACINTDb, KaK U3MCHAJICA O6H11/II71 HpOZ[OBOHLCTBeHHLIﬁ bajaHc 1Mo OoTpacju pac-
TCHHUCBOACTBA C YUCTOM W3MEHEHUM B 06IH€M o0beMe HUMIIOPTHBIX, SKCIIOPTHBIX onepaunﬁ, MpOU3BOJACTBA U UCIIOJIB30-
BaHUA B TCKYUIEM oy OTHOCHUTCJIbHO MPEAbIAYIICTO roja.

Tabnuya 1.2
CBOAHBIIi MPOAOBOJILCTBEHHBIH §aJ1aHC M0 OCHOBHOM PacTeHHEBOAYECKOMH MPOTYKIHH, TOHHBI
Kax npono-
OcraTok BOJILCTBEH- OcraTok
IIpoaykums: HAa HA4aJI0 Tpousson- Hmnopt Hasl IPOAYK- | DKCHOpT Ha KOHell Beero nenoss-
roaa creo uus (Ge3 me- roaa 30BAHO
pepadoTKH)

Tlo 2017 | 1.488.341 2.808.612 1.427.086 97.261 1 1.191.575 5.724.039
3€PHOBBIM: 2018 | 1.191.575 3.169.845 1.149.781 96.496 42.852 1.089.250 5.511.201
2017 | 1.025.631 1.769.574 1.274.434 81.962 - 829.824 4.069.639
TInenuna 2018 829.824 1.991.683 1.080.906 81.979 - 706.931 3.902.413

3epHo- 2017 6.849 30.743 10.991 35.941 35 8.640 48.583

6000BEIE 2018 8.640 48.552 20.346 38.154 1.420 31.789 77.538
2017 592.252 913.899 168.800 732.062 57.688 609.384 1.674.951
Kaprodens | 2018 609.384 898.914 158.272 721.435 66.685 572.895 1.666.570
Bce BB 2017 203.338 1.405.619 45917 1.012.922 231.475 205.223 1.654.874
OBOLIEH 2018 205.223 1.521.931 36.794 1.109.021 235.299 219.804 1.763.948

2017 3.428 438.080 154 380.831 836 2.942 441.662

Baxuesnie 2018 2.942 401.943 1.327 346.531 313 2.304 406.212
DpyKTHI U 2017 48.538 954,785 98.732 693.426 273.767 47365 1.102.055
ATOJIBI 2018 47.365 1.010.816 138.078 728.641 328.338 56.674 1.196.259

Kak moxa3zano B Tabmute B 2018-oM roxy mo cpaBHeHUIO ¢ 2017-5IM rooM B 001eM 00beMe MTPOU3BOJICTBA I10
3€pHOBBIM KyJbTypaM HaOmozmaincs pocT B 361.233 Teicsid TOHH, a B 00beMe OOIIEro MCIONb30BaHUS YMEHBIICHUE B
212.838 ThIcsiy TOHH. PocT B 001eM 00beMe Npon3BOJICTBA ObUT 00ECIIeueH 3a CYET YBEIMUYCHUS IIOCEBHBIX IUIONIAIeH
IIOJT 3€PHOBBIMH U 3epHO0000BBIMH KynbTypamMu B 2018-om (1083,1Thicsu ra) romy mo cpaBHeHuio ¢ 2017-pIM
(977,2 teicsu Ta) rogom. KoHeuHo 31ech GObliioe 3HAYCHHE MMEET IPHBJICUYCHHUE K CEBOOOOPOTY HE 3aCESHHBIX B
TEKYIIEeM rolly MyHHLUNAIbHBIX, @ B HEKOTOPBIX CIy4asX M YacTHBIX 3eMenb. Kpome 3Toro poct B 00beMe Mpou3BOa-
CTBa IPOU30LIENT HE TOJBKO 33 CYET MPUBJICYCHHUS K CEBOOOOPOTY HOBBIX yYaCTKOB, HO TaKXKe M YBEIUUCHHUS ypOXKau-
HOCTH C Ka)K/IOTO TeKTapa B TEKyIIeM IOy 10 CPaBHEHUIO ¢ IpeAblaymuM Ha 0,2 IeHTHepa. AHAJIIOTMYHOE MOXKHO CKa-
3aTh W O NIICHHUIE W sTYMEHHU. Tak, 00beM NMPOM3BOACTBA MMIIEHUIBI B TEKYIIEM IOy MO CPAaBHEHHUIO C NPEIbLIYIIHM
rogoM ysenwuwmics 1o 222.109 TOHH, YTO NPHUBENO K YACTHYHOMY CHIDKEHHIO 00beMa 3aBHCHMOCTH OT MMIIOpPTA.
Kpome 3Toro B 00mIEM HCIIONB30BAaHMHM MIIEHHUIBI MO CPaBHEHHIO C IPOIIEAIIAM TOJOM HPOU3OLUIO YaCTHYHOE
YMEHbIIIEHHE. DTO TMOJOXXKEHHWE CBS3aHO B OCHOBHOM C HM3MEHEHHEM IPOM3OLICAIINM Kak B JHEBHOW HOpMeE
MOTpeOIeHUs JII0/IEH, TaK U B PAIlMOHE KOPMJICHUS KUBOTHBIX. TakuM 00pa3oM, MCIIOIb30BaHNE ATbTEPHATUBHBIX MPO-
JIOBOJILCTBEHHBIX TPOAYKTOB, 30pPOBOE IIUTAHUE, U HAPS/Ly C 3TUM CO3/IaHHE AIbTEPHATHBHBIX KOPMOBBIX 0a3 B CBSI3U
Pa3BUTHEM CEJIBCKOTO XO035CTBA MMEIOT BaXKHOE C ATOM TOYKH 3PEHUSI 3HAUCHHE.

YMeHblIeHHE 00beMa IPOM3BOACTBA KapTodenb, 3aHUMAIOIIEr0 0cob0oe MeCTO Cpend MPOJYKTOB
noBceHeBHOro notpedienus, B 2018-om rogy mo cpaBHenuto ¢ 2017-piM rogom Ha 14.985 Thicsiy ToH, Ha (oHE
NpEeBBIIICHHs 00beMa MPOM3BOJICTBA MOTPEOHOCTh, HENb3s BOCHPUHHMMATh KaK CEPbE3HYI0 3KOHOMHYECKYIO yrpo3y.
Ecnu mnpuHATH BO BHUMAaHHWE, YTO TOJIOBas HOpPMa IOTpeOJeHUs Kaprodelsss HaceleHHEeM CTpaHbl COCTaBIISET
50.6 xuorpaMMa, a MPOU3BOJICTBO KapTodelns Ha qymry HaceieHus B 2018-om roxy cocrasisuio 92 kr (B 2017-oM roxy
COCTaBILIIO 94 KT), TO MOXKHO CKa3aTh, YTO MPOJOBOJILCTBEHHBIH OaaHC 110 3TOH OTPACIIN HE JIOJDKHO BBI3BIBATH CEPh-
€3Hoi1 030004eHHOCTH. KimMaT B pecny0Oivke 1 OaronpusTHas Cpeia CriocoOCTBYIOT OIYTHMOMY €XKEroJHOMY POCTy
o0beMa MPOM3BOJCTBA B IMOCIEIHNX TPEX CPEIM yKa3aHHBIX B Tabnuie orpacieil. TakuMm oOpa3om, 1o BceM Buaam
OBOIIHOM MPOIYKIUU OOIINIA 00BEM MPOU3BOJCTBA 110 CPABHEHUIO ¢ 0a30BBIM ToxoM yBenuumics Ha 116.312 Teicsa
TOHH, dKcHOpT Ha 3.824 THICSY TOHH, a 00 00BeM Hcmons30Banus yBemmdricsa Ha 109.074 Teics4 TOHH. DTO MOIT0-
JKCHHE 3aBEPIIACTCSI POCTOM MPOU3BOACTBa (GpyKTOB U sirox Ha 56.031 Teicssy ToHH, 3kcopTa Ha 54.571 ThICSY TOHH, a
Bcero ucrojb3oBanuii Ha 94.204 Teicsiy TOHH. HO B TO#t %e 0Tpaciii Mo IUTPYCOBBIM BCE €Ille OCTAETCS 3aBUCHMOCTh OT
BHEIITHETO PhIHKA, YTO MPUBOUT K POCTY 00beMa UMIIOPTA 3TOU MPOAYKIMHU 110 CPABHEHHUIO ¢ 0230BBIM T'OJIOM.

B nocreanue roapl Ha GoHe pa3BUTHS XJIOMKOBOJCTBA y HAC B CTPaHE M MPUBIICUEHHS OOJbIIEH YaCTH TOCEB-
HBIX IUIOLIAJeH K MPOU3BOJICTBY B ATOI OTpaciM yMEHbUIMJIMChH MOCEBHBIE IUIOMIAAN MO OaxueBbIMH. 1o 3TOM mpu-
YHMHE B 3TOW OTpaciy KaXKIbI IOl 10 CPAaBHEHHUIO C TPEIBIAYIIUM T'0JIOM Ha0JI01aeTCsl YMEHbIICHHE 00beMa Mpou3-
BoJcTBa. Tak oObeM mpomnsBoxcTBa OaxdeBbix B 2018-om romy mo cpaBHeHuto ¢ 2017-pIM roJjoM yMEHBIIWICS Ha
36.137 ThICSIY TOHH, a2 00BEM OCTaTKOB MPOAYKIIMH Ha KOHeIl[ rojga Ha 638 ToH. Ho ecnu npuHATE BO BHUMaHUE, YTO
rojioBasi HOpMa IOTPeOJICHNsT Ha YNy HacesleHus oBouiel n OaxueBbix 97 kr, a B 2018-oM roxy dakruueckuit 00beM
nX HPOM3BOJCTBA Ha JyIIy HaceJIEHHs COCTaBMJ 196 Kr, TO MOXXKHO yTBEP)K/aTh, YTO B ITOH OTPACIM HET HUKAKUX
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MIOBOJOB JUIsl OECIIOKOMCTBA C TOUKHM 3pEHUs 00ECIeYeHUs] HOTPEOUTENBECKOTO PhIHKA CEIbCKOX03IHCTBEHHOM MPOAYK-
LHH.

B 3axmroueHHe IpU SKOHOMHYECKOH OLEHKE CYIIECTBYIOLIETO COCTOSHMS DPbIHKA (OCOOCHHO B CEKTOpe
PacTEeHUEBOACTBA) MOXHO CKa3aTh, YTO CYIIECTBYIOIIUE HEJIOCTAaTKH, MOTYIIWE OKa3aTb BIHMSHUE Ha oOecrieueHHe
PBIHKa, YITy4IlIEHHE €€ CTAOMIBHOCTH, MOKHO PAaH)KHPOBATh HIDKECIIEIYIOIIUM 00pa3oM:

v" Heo0X0qMMO pacIIMpUTh BO3MOMKHOCTH BBIXOJIa Ha PHIHOK MMPOW3BOIUTENEH, BBICTYMAIONINX B KAUeCTBE
NPOJABIIOB U CO3JaTh 31eCh YCIOBUS IS oOecriedeHHe CBOOOIBI HX COBITOBOI ACSATEIILHOCTH;

v CBOEBPEMEHHO OCYLIECTBIISATh TOCYJAPCTBEHHbBIE 3aKYIKH M MOCTABKU IPH H300IWINK U Je(UIUTe Ipo-
IYKLHY;

v" Tlpu obecrieueHHH H3MEHSIIOIMXCS M PACTYLINX MOTPEeGHOCTEN MOTPEOHUTENEH, CUMTAIOLIMXCS OCHOBHBIMU
YYaCTHUKaMH PbIHKA, JOCTHYb JOCTaBKH NPOAYKIUH 0 HOTPeOUTENs O3 MoTeph;

v C uenbto obecrieyenus GecrepeGoiHOro, CBOEBPEMEHHOIO U KAUECTBEHHOTO 060POTa IPOLYKIUH MEXKILY
MIPOM3BOIUTENSIMU U TIOTPEOUTEIAMU O00palaTh BHUMaHHE HA MOBBILIEHHUE 3/1€Ch PO PETHOHAIBHBIX JIOTHCTHY €CKUX
LIEHTPOB;

v\ VBeNMYUTh YHCIO KaMep XpaHEeHHs C LEeNbi0 COXPAHCHHS KAuyecTBa INPOJIYKIMM HAa BCEX HTalax
MIPOJIBMDKEHHUS TIPOAYKIIMU OT MPOMU3BOJICTBA JI0 OTPEOIICHUS;

v' TIOBBICHTH YCIYIM TPAHCIOPTHBIX KOMIIAHMN MpEUIarafoliuX II€PeBO3KY MPOAYKIMH, IEpPKATh O]
KOHTPOJIEM UX JIESITEIbHOCTD;

v C uenpio mpeJoTBpAaIeHHs] HCKYCCTBEHHOTO TOBBIMICHHS [[EH MOCPEJHUKAMH HA PHIHKAX MOTPEOHTENb-
CKOHM CeJBbCKOXO3IUCTBEHHOH NMPOAYKIMH HEOOXOIMMO CO3laBaTh YCIOBHA Ul OCTOPOXKHBIX MPOBEPOK CO CTOPOHBI
KOMIETEHTHBIX OPI'aHOB M CBOEBPEMEHHO NMPEIOTBPALIaTh TAKOTO POJIA UX ISHCTBUS;

B arpapHOii oTpaciy 4yBCTBYeTCS HEOOXOAUMOCTh B MOCTPOCHHHU IIMPOKOMACIITAOHOW MPOU3BOACTBEHHOM
cdepbl ¢ Henbio MOBBILICHUS YPOBHS 00ECIIeueHUs PhIHKA MPOIYKTOB moTpedineHns. OCHOBBIBasCh Ha pa3HOOOpa3uu
KJIMMaTU4YeCKUX YCJIOBHU IO PErnoHam, 37ech HeoOXO0IMMO OOpaTWTh BHUMAaHHE Ha pa3sMElLIeHHE MpPOMU3BOIUTENCH
IPOLYKIUY HAa OCHOBE NPUHLIMIIOB pailoHupoBaHus. [IpuHuMas BO BHMMaHHE yNaJ€HHOCTb MECT IPOU3BOJCTBA OT
PBIHKOB HEOOXOIMMO CBECTH K MHHUMYMY 3aTPaThl B CBSI3U C MIEPEBO3KOM M TOCTABKOIl TPOM3BECHHBIX TOBAPOB U TEM
CaMBIM JIOCTHYb IMOBBIIIEHHUS JOXOJ0B MECTHBIX Npou3BoauTeneil npoaykuuu (3, c.85). IlpuHuMas Bo BHUMaHHE BBI-
LIeyKa3aHHOE M C 1IeJIbI0 YKPEIUICHHUS TIO3ULIMI IIPOU3BOJIUTENICH arpapHoil 0Tpaciy Ha BHyTPEHHEM PhIHKE NPOJYKTOB
NOTpeOsIeHUs], HEOOXOAMMO OCYILECTBIAThH IUIaH KOMILUIEKCHBIX Mep. 3/1ech He0OXOJMMO JOCTHYb TOBBIIICHHS Kade-
CTBa IPOM3BOIMMBIX TOBapOB M MX KOHKYPEHTOCHOCOOHOCTH, CHH)KCHHUS PacXoJOB Ha NPOAYKLHIO, JOBEICHHS IPO-
IOYKIHH 0 TTOTpeOuTess 0e3 IMOCpEeAHNKOB U 00paTHTh BHUMaHUE Ha BOIPOCHI ITOBBILICHHS ITOKYIIATEIEHOH CIIOCOOHO-
CTH.
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ANALYSIS OF THE CURRENT STATE OF THE AGRICULTURAL CONSUMER MARKET

F.V. Suleymanov, Doctoral Candidate, Teacher
Azerbaijan State Agricultural University (Ganja), Azerbaijan

Abstract. When studying the current state of the consumer market of agricultural goods, in fact, the diversity of
the consumer goods market reveals many different features in the economic analysis of the market. There is a need for a
wide range of approaches to the study of the consumer market of agricultural goods, since it is in this market that most
of the daily needs of the population are met. In this regard, the preliminary table focuses on the level of annual con-
sumption and output per capita, taking into account the minimum consumer basket throughout the country. Although it
may seem that the demand for a group of goods is entirely covered by local production, there are still products of other
groups that are still partially dependent on foreign markets. The second table assesses the current status of local pro-
duction by groups of goods offered at a farmers ' market consumer goods, the state export-import operations, the level
of residual production by commodity groups to the beginning and the end of the year, and also informs us about how
much our consumption can be met by maximizing our local production capacity. The information provided also gives us
an overview of the types and range of agricultural consumer goods imported into the country and the dependence on
imports in this area. At a time when economic modernization is accelerating, the agricultural market of consumer
goods using local production factors meets the growing demand for agricultural products and acts as an economic
concept characterizing the level of development of agriculture in the country. In each country in the period of transfor-
mation, improve the level of self-sufficiency of the market of agricultural consumer goods impact domestic and foreign
economic conditions here, it is necessary to use Directive methods of control for increasing self-sufficiency of the mar-
ket. Ensuring a high level of demand for food, and therefore for agricultural products, is now considered one of the
most important challenges facing all countries. It is well known that all countries of the world are unequally provided
with resources, thus it becomes necessary to establish mutual trade relations. Therefore, there is an urgent need to
study the consumer market, the purpose of which is to study the theoretical and methodological foundations of the
mechanism that can stimulate the development of the agricultural consumer market. The main direction of the study is
given to the economic assessment of the current state of the agricultural consumer market, where modern trends of in-
creasing self-sufficiency of the consumer market were studied.

Keywords: consumer market of agricultural goods, modernization, sustainable food complex, level of con-
sumption, dependence on imports, level of self-sufficiency, transformation, stimulation of domestic production, increase
in purchasing power, food balance.
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THE RELATIONSHIP BETWEEN EDUCATIONAL SYSTEM AND INDIVIDUAL
COMPETENCIES: A REDUCTION IN THE UNEMPLOYMENT RATE IN MONGOLIA
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Abstract. Around the globe, a total of nearly 7.6 billion people live today, and the world's population will be
continually increasing from decades to decades. On the other hand, our resources are limited. Therefore, a question
raised for us is how to meet the various overall kinds of human needs (food, accommodation, transportation, energy so
on). The land, labor, capital, and entrepreneurship are the essential elements of production to achieve the objectives,
both at the organizational level as well as the national level. However, the human capital manages and controls the
other essential resources to increase production and achieve the goals with the highest possible productivity, When the
efficiency of human resources increases, the use of production capital becomes better, and when the efficiency of human
resources decreases, the use of the factors of production becomes worse. The meaning of the efficiency of human re-
sources refers to competencies that are defined as someone's knowledge, skills, abilities, or other personality character-
istics that affect individual job performance. In order to possess general and essential competencies, there must exist a
well-developed education system in a country. Thus, the first half of this paper discusses the relationship between em-
ployees’ competencies and the educational system in Mongolia. The second half of this paper discusses the relationship
between the individuals' competencies and the unemployment rate in Mongolia. Overall, according to all statements
included in this research, the current Mongolian educational system is not fully supporting the Mongolian economy as
well as the labor market.

Keywords: educational system, Individual competency, Unemployment, Human Resource Development, Mon-
golia.

INTRODUCTION

Research Purposes. The research is aimed to highlight by describing the weakness of the Mongolian educa-
tional system that is significantly and positively associated with skills gaps among Mongolians, leading to the continu-
ously higher unemployment rate in Mongolia.

Research Problem. The research problem embodies answering the following questions: What is the relation-
ship between the education system and individual competencies in Mongolia? Is the Mongolian education system one
of the most influential factors in reducing the unemployment rate?

Methodology of Research. This study is descriptive research based on reviewing previous literature and statis-
tical reports that are related to the concept of the individual competency and its positive relationship with an educational
system in order to decrease the unemployment rate.

Research Model:

Educational Individual Lower
system competency unemployment rate

Mongolia. To take a closer look at the amount of the population by Asian and European continents, over a half
of the world's population (60 percent) live in Asia ( 4.5 billion), but in sharp contrast, approximately 10 percent of the
world's people inhabit in Europe (742 million). In a case of Mongolia, it is a country of nearly 3.1 million inhabitants
(National Statistical Office of Mongolia, 2016); besides, the population of this country has been growing progressively
for the last seven years as shown in Figure 1. Mongolia is located in the north of central Asia with a total size of the
territory of about 1.6 million sq. Km, and landlocked between the Russian Federation and the People's Republic of Chi-
na. Mongolia has shown steady growth in recent years (UNDP in Mongolia, 2016). However, there were times that
Mongolia had encountered a sudden economic growth and declining poverty in the past due to the fluctuation in the
price of coal in the world market, but today Mongolia is facing severe financial challenges caused by years of highly
expansionary macroeconomic policies, a sharp drop in foreign direct investment, and plummeting commodity prices
(Asian Development Bank [ADB], 2016).

© Enkhjav Tumentsetseg / Duxxxas TymaHipuer, 2019
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Figure 1. Population growth in Mongolia. Source: Mongolian Statistic office (2017).

The Mongolian mining industry has been playing an increasingly important role in the economy. According to
the available data by the Atlas of Economic complexity (2016) in Figure 2, the Mongolian economy mostly relies on the
mining sector, specifically exporting its natural resources to China. If this trend continues, Mongolia may become deep-
ly dependent on China in the future. Additionally, Figure 2 also proves that the Mongolian economy is not diversified
except the tourism sector that weighs only 6 % of its export. The most important message from Figure 2 to note for the
Mongolian government is to take immediate action to diversify its economy.

Travel
?onL?rism C 0 a I

6.00%

Transport

18.24%

Iron ores and
concenirates

4.84%

ICT ==
30.29% | ...

4.05%

Source. Atlas of Economic complexity (2016). What did Mongolia export in 2016?

Figure 2. What did Mongolia export in 2016?

The study was conducted by Homma (2014) noted that the majority of the infrastructures had been supported
by foreign government aid in Mongolia. Also, the study found that the rapid development of the mining sector has cre-
ated significant fiscal and monetary imbalances in the macroeconomy in Mongolia. Based on the statements above, it is
visible and noticeable for the Mongolian government and leaders that the Mongolian economy is highly dependable on
the price of the natural resource market as well as the amount of foreign investment aid.

Mongolian Labor Market. In the labor market in Mongolia, a total of 141.5 thousand firms were officially
enlisted by the state registration office in 2016, of which 51.0 % (72 182) has been operating, 63.9 % (90 418) of
legal units were located in the capital city Ulaanbaatar. Among the Mongolian population, about 40 % (1 275.6) is con-
sidered as an economically active population, and of which, 89 % (1 147.8) are employed (Table 1)
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Table 1
Employment in Mongolia (2016)
Indicators 2016 /Thousand/

Economically active population 12756

Employed 114738
Unemployed 1278
Registered unemployment 344
Economically inactive population 831.4
Labor force participation rate % 605
Employment rate % 545
Unemployment rate % 100

Source: Mongolian Statistical Year Book (2016).

According to the National Statistics Office (2016), from 2010 to 2017, the average employment and unem-
ployment rate in Mongolia was 55 % and 8.8 %, respectively. Moreover, to analyze the structure of employment by
industry in Mongolia, mining and quarrying (31.1 %), manufacturing (42.5 %) and electricity and others (26.2 %) are
demonstrated as three main sectors to provide jobs to Mongolians (National Office of Mongolia, 2018). Again, the sta-
tistic report above also has proven that Mongolia is hanging on the mining sector which is the second-highest among
other sectors. To remind the researcher’s main point here, diversifying the Mongolian economy will help get rid of the
heavily loading foreign loan that is compromised 79.3 % of Mongolian GDP. Here is why the Mongolian government
and leaders must take immediate action to diversify the Mongolian economy.

Mongolia - Unemployment rate
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.
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Source: TheGlobalEconomy.com, The World Bank

Graph 1. Mongolian unemployment rate.
Source: The World Bank (2017). The report of the global economy.com.

The Unemployment Rate in Mongolia. Unemployment is one of the economic indicators which demonstrates
how the economy of the country is performing and creating jobs to its citizens. According to the available data from the
world bank, the unemployment rate in Mongolia has been growing for the last three years starting from 2015 until now
(shown in Graph 1). As previously stated, the average unemployment rate for the last decade was 8.8 % in Mongolia.

The Mongolian Educational System. At a glance, Mongolia’s educational sector shows positive trends be-
cause Mongolia has a total number of 95 universities and colleges (Mongolian National Statistics, 2016). The first high-
er education institution (HEI) in Mongolia was established in 1942. During the transition period from a centralized
economy to a market economy, which began in the early 1990s, there was a marked increase in the number of HElIs.
Mining, construction, transport, and communication have become the fastest-growing sectors in Mongolia; they have
the potential absorptive capacity for the younger population, and demand technical, vocational, and engineering skills
from applicants. The changing socioeconomic context has introduced progress and innovation in higher education;
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however, we have also faced some emerging problems and challenges nowadays.

The number of educated workforces and the level of the school enroliments have been rising in Mongolia dec-
ade to decade. A study was conducted by reviewing 380 publications regarding the educational system in Mongolia
found that the most common problems of high education in Mongolia are educational policy, capacity building, and
faculty development. Also, the study revealed that education management, human resource development, training
methods, and content must be improved in Mongolia (Sumberzul, & Oyunbileg, 2018)

In order to deepen this research, the education and gender of the workforce in the labor market are discussed.
The most six common subjects chosen by Mongolian students were listed in the academic year of 2016-2017 shown in
Table 2. The subject of commercial and business management is ranked in the first place with 33 134 students. Table 2
also indicates that many managers, teachers, and lawyers have been prepared to enter the labor market. However, on the
other hand, about 127 800 citizens (Table 1) were recorded as unemployed in the labor market in 2016. To analyze the
virtual fact of the Mongolian labor market under this circumstance above, It seems that Mongolia is facing a mismatch
between labor demand and supply. With this addition, certain studies reported that young graduates lack the essential
skill, experience, and responsibility which causes a skill shortage in the labor market in Mongolia (Tudev, & Damba,
2015; Shatz et al., 2015).

Table 2

Students of Domestic Universities and Colleges by Professions

Professional field 2016/2017
Commercial and business management 33134
Education 22006
Engineering 19010
Medical science 18 540
Law 8 825
Avrchitecture and urban planning 8 247

Source: Mongolian Statistical Year Book (2016).

Competency. Human capital has been considered as one of the most essential resources for any organization.
Therefore, competent workers are the most valuable asset of any organization both in the private and public sectors to
achieve the organizational goals. The ‘Competency-based’ approach to human resource management had become an
indispensable integral part when researchers discussed the performance, productivity, contribution and effectiveness of
employees in an organization for the last decades. Generally, competency contains the meaning of someone's
knowledge, skills, abilities, or other personality characteristics that affect her or his job performance (Becker, Huselid,
& Ulrich, 2001). There are two main participants in the labor market (workers and firms). Employees contribute with
their time and competencies to firms as supply in exchange for the salary. Firms need employees to operate as demand
in exchange for the salary. In addition, the firm’s demand for labor is a derived demand (CliffNotes, 2016). It is a circle
and interdependent, integrated system in a market. Without being equipped with competent workers, a firm cannot pro-
duce the products or services which match the needs and requirements of its customers. Unless customers do not pur-
chase the products or services the firm has produced, employees cannot get their salary for what they have performed or
contributed by using their competencies. In ancient times, physical-oriented competencies might have been used to de-
fine someone's life in society, but today in the 21% century, a mixed set of physical, intellectual, emotional competencies
all together has become as a whole that defines individual’s social status as well as their career level.

In previous literature, a competency and competency model has been broadly studied, and become an eternal
and significant topic for scholars and practitioners. Concerning this statement, when using Google Scholar with the
keywords as "competency"” and "competency model," respectively, 1,4 million and 1.1 million published articles ap-
peared on the subject. This outcome clearly indicates that competency can be one of the significant topics that Human
Resource Management (HRM) has been discussing globally. However, there is no in-depth investigation carried out on
competency in Mongolia.

The Relationship Between Individual Competency and Unemployment Rate. Generally, we get hired at a
job-position where our possessed professional and non-professional competencies are well-fitted according to a compa-
ny’s assessment system.

Equipped with talented and well-educated human capital, firms are able to keep their competitive advantages
and increase their revenue by using their workforce efficiently. From the employees' point of view, individuals in
households sell their competencies in the labor market by earning various amounts of wages. In particular, what kinds
of competencies at what level individuals have obtained define how much salary individuals deserve to receive and
what kind of luxury life they are entitled to have. In the broader picture, the right match between individuals' competen-
cies and job requirements from firms coordinate the unemployment rate in the labor market.

The labor market study done by Shatz et al. (2015) noted that about more than one-fifth of the youth face diffi-
culty to find a job relating to their educational background in the labor market in Mongolia. In the study, young gradu-
ates also expressed that the current Mongolian educational system cannot support them to accumulate any work experi-
ence before applying for a job.
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Graph 2 shows that the unemployment rate among younger graduates increased dramatically from 2012 to 2016
Graph 2. The youth unemployment rate from 1992 to 2016. The report of economic research. Source: FRED data

In fact, by filtering the job advertisements among 50 Mongolian firms at biznetwork.mn, which is the most
popular job-searching website in Mongolia, produced the result that 4 out of 50 firms accept to hire someone who does
not have previous work experience.

Despite unexperienced young workforce, the labor market in Mongolia is characterized by a shortage of skills
in specific sectors (ADB, 2016; Gassmann, Francois, & Trindade, 2015; Shatz et al., 2015). Also, gender inequalities
and particular labor market challenges for specific age groups (both the very young and the generation aged 40 and
above) are some of the main factors which lead to a high unemployment rate. More specifically, one gap on the labor
demand side in Mongolia is that employers need some specific kind of skills and abilities from employees, but they still
cannot find enough of employees who possess these types of skills and abilities, which the Mongolian labor market has
not been able to provide so far.

CONCLUSION

After reviewing the accessible statistical and reliable data regarding the labor market in Mongolia, it is found
that there are 98 higher educational institutions and a total of 141 502 officially registered enterprises in the market na-
tionwide. Among them, 69320 (48 %) inactive enterprises are already authorized to run a business in the future (Ap-
pendix A). At this point, these enterprises need to hire well-qualified workers in order to grow and compete successfully
in the market. Moreover, the majority of the graduates of 2016-2017 earned a degree of commercial and business man-
agement, education and law instead of majoring in constructing, manufacturing, agriculture, and mining, which are
listed (Appendix B) as predominant and priority areas except for the trade, real estate and service in the market in Mon-
golia. Furthermore, according to Capelli (2012), workers in Mongolia have a lack of competencies and experience and
are not willing to move to the place where the jobs are available. Besides, he also adds that the second major problem in
the labor market in Mongolia is that university graduates do not specialize in the field where the jobs are.

Despite the conclusion statements above, one of the core root causes of leading a higher unemployment rate in
Mongolia is created by employers. In particular, they prefer to hire someone who has previous work experience.

Overall, the current educational system is not fully supporting the Mongolian economy or the labor market. In
order to fulfill the skill gap in the labor market, the existing educational system needs to be redesigned by focusing on
the labor demand side. Specifically, it must be reconstructed based on the individual competencies required by firms.

RECOMMENDATIONS

e Low skilled, retired and older people who cannot be employed should be more proactive and creative in or-
der to support their living, for example, four middle-aged ladies set up a small business by making household furniture
such as sofas and chairs from plastic bottles they have collected in the street in Mongolia.

e Researchers who are in the field of social science should take more responsibilities in front of the young
generation by conducting research and revealing what kind of occupations will be needed in Mongolia in five or ten years
in the future.

e Parents whose children are around at the edge of entering universities or colleagues, need to do some re-
search based on their children's interests and plans before deciding which schools they will send their children.

e At the firm level, people who are in top management teams need to take the necessary steps to train their
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workers and lead them to the future, which will be a significant contribution to Mongolia.

e At the government level, without proper and forward-looking decisions are made by the government, Mon-
golians cannot move on to a bright future. There are lots we have to build in the society right now so the people who
have power in the Mongolian parliament, must realize the importance of their roles in society.
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APPENDIX A
Registered Enterprises by Employment Size Group
Source: Mongolian Statistical Year Book (2016)

Employment size group Active enterprises in the

Operating enterprises by em-

2016 : capital city Ulaanbaatar, by
/ Number of employees/ ployment size group employment size
Total 141 502 72182 46 153
1-9 129 039 60 668 39 644
10-19 5734 5078 2758
20-49 4220 3979 2112
50+ 2509 2457 1639
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APPENDIX B
Registered Enterprises and Annual Productivity Percent
Source: Mongolian Statistical Year Book (2016).

Actively operat-

Divisions Total Regis- - terori Annual Productivity changes in the busi-
Employed by classification of economic tered enterprise Ing enterprise ness sector
activities | %/
Wholesale and retail trade, repair of motor 60171 27 744 11
Other community, s_omal and personal 14 460 7748 -
services
Real estate, rentmg .a.nd other business 14 183 6944
activities -
Construction 11430 6074 33
Manufacturing 10 406 5303 -8.8
Agriculture, forestry, fishing, and hunting 7078 3539 -1.5
Mining and quarrying 1259 690 11.6
Total 109 627 58042
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B3AMMOCBS3b MEXKIY CUCTEMOM OBPA3OBAHUSI U UHAVUBUY AJIbHOM
KOMIETEHIMENA: CHU)KEHUE YPOBHS BE3PABOTHUIIBI B MOHI'OJINH

IuxxkaB TymMaHmAr, Ph.D., KaHAMAAT JOKTOPCKOW IIKONBI YIPABICHHS H JACJIOBON aAMHUHUCTPALIUH
VYausepcuret Cenr UmtBan (bynanemr), Benrpus

Annomayusn. Ce200Hs1 Ha 3eMHOM wape npodcusaem, 8 ooujell CL0ACHOCMU, OKONO 7,6 MULIUApOa Yenosex, u
HaceneHue niarnemuvl 6yo0em NOCMOAHHO YEeaUUUBamvcs om decamunemusi Kk decamunemuto. C Opy2oti CmopoHul, Hauiu
pecypcbl oepanuyersl. Tloasmomy neped Hamu cmoum 6onpoc 0 MoM, KaK YOO8Iemeopums pasiuinsie obuue nompeo-
HOCMU YeloseKka (numanue, nPodNCUBaHUe, MPAHCNOPM, IHEP2Us U maK oaiee). 3emiss, mpyo, Kanumai u npeonpuHu-
MAmMenbCmeo AGIIOMCS HeOOX0OUMBIMU ILEMEHMAMU NPOU3E0OCMEA Oisi OOCMUNCEHUs. Yelel, KaK HA 0P2aHU3AYUOH-
HOM ypo6He, maK u Ha HAyuoHaIbHOM. OOHAKO Yelo6euecKull Kanumai ynpaeisem u KOHmpoaupyem opyaue Heo0xo-
oumvle pecypcyl 015 yeeaudenuss Npou3e00Cmead U 00CMUICeHUs. yeaell ¢ MaKCUMAIbHO 803MOIICHOL NPOU3BOOUNENbHO-
cmwio. Kozoa sghpexmusnocmo uenoseweckux pecypcog 603pacmaem, UCNoib308aHUe NPOU3600CMEEHHO20 KANUMAIA
CMAaHOBUMCSL Iyuule, a K020a d(PHexmusHOCmb Yel08eHeCKUX PECYPCO8 CHUICACMC, UCNONb306AHUE (PAKMOpOs8 npous-
600CMBA CMAHOBUMCSL XYoice. SHauenue d(hpekmusHoCmU Yelo8euecKux pecypcos OMHOCUMCS K KOMNEMEHYUsIM, KO-
mopble ONPedesiomcst KAk Ubl-mo 3HAHUSL, HAGLIKU, CNOCOOHOCMU Ul Opyaue JUYHOCHHbIE XAPAKMEPUCMUKU, GlUsl-
owue Ha UHOUBUOYAIbHOE 8blNOIHeHUe pabomul. [ moeo umodwvl 001adams 0bwell u HeoOX0OUMOU KoMnemenyuell, 6
cmpane Q0MICHA CYWecm8o8ams Xo0poulo passumasi cucmema obpasosanus. Taxum obpazom, 6 nepeoli nonosuie
Hacmoswel cmamv PaccCMampuéaemcst 63auMOoCes3b Medicoy KOMReMmeHYusMU pabomHuKo8 U cucmemol obpazosa-
Hust 8 Moneonuu. Bo émopoil nonogune OaHHOU CMamvi pacCMampueaemcs 63auMOCesizb MeNCOY KOMNEMeHYUsMU
omoenvbublx Uy U yposHem bespabomuysl 6 Moneoauu. B yenom, coenacho 6cem 3asn6/1eHUsM, GKIIOUEHHbIM 8 IMO UC-
cnedosane, HbIHEWHssE MOH2ONIbCKASL 00PA308aMENbHASL CUCEMA He 6 NOJIHOU Mepe N000epICUBAen MOH2ObCKYIO
OKOHOMUKY, 4 MAKJCEe PLIHOK Mpyod.

Knrwouesvie cnosa: cucmema 06pasosanust, UHOUBUOYALIbHASL KOMREMEHMHOCMb, be3pabomuya, pazeumue de-
Jogeueckux pecypcos, Moneonusi.
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The most significant regularities of the evolution of musical theater in the XX-early XXI centuries belong to
the dynamic development of plastic genres-ballet, dance, choreography, pantomime. Today the role of the bodily prin-
ciple in art is immeasurably increasing. This is manifested in the fact that all kinds of dance and plastic studios are in-
creasing, street dance cultures are spreading everywhere, a large number of therapeutic body-oriented practices (includ-
ing those based on theater) appear [7].

In the early 70s of the twentieth century in Moscow and the Moscow region in Moscow theaters begin to put
productions that do not fit not one of the previously established types of dance art. The rapid growth of such works con-
tributed to the formation of a whole direction, a specific layer of culture that requires a comprehensive study. Leading
choreographers such as P. Bausch, A. Preljocaj, M.EKk, S. waltz, K. Carlson began to turn to plastic dance.

Moscow theaters began to use complex education, which included different components: music, choreography,
dramatic pantomime, word, acrobatics, screen means. It is worth noting that in each work performed in the genre of
musical plastic theater, the set of components is individual.

Babich N.F. says that the interest in the plasticity of the human body once did not weaken. The thirst for aspi-
rations to the study of human plastics began in the twentieth century. Happened this in period the emergence of free
dance lIsadora's Duncan [1].

Today, speaking of plastic theater, it must be said that Moscow theaters use not only ballet, but" new ballet",
not choreography, but modern choreography, not dance, but "modern dance".

However, the phenomenon under study is poorly understood. Modern musicalproduction theatre attracted the
attention of the artistic community, including about the prospects for the production of plastic productions in Moscow
theatres debating ballet studies and choreographers, aestheticians, sociologists, and critics. However, in the modern lit-
erature in the field of theater there is no definition of "plastic theater”. This term is used only in a narrow circle of pro-
fessional sound engineers and choreographers. The concept of plastic theater is understood in different ways: as a kind
of" modern dance", "experimental ballet", "postmodern choreography", etc. [2].

To write this article, we analyzed more than 50 performances in the genre of plastic theater, created in the peri-
od from 1970 to 2018. Such works as: Pina Bausch ("Cafe Muller", "Orpheus and Eurydice", "contact zones", "the Em-
press 'lament”, "window cleaner”, "Mazurka Fogo", "full moon", "Palermo, Palermo", "Bamboo Blues", etc.), angelena
Preljocaj (“this is my body", "Medea", "Annunciation”, "Creation 2010", etc.), Sasha waltz ("Dido and Aeneas",

"body", "without a body", "inside out", "dialogue-09", "alley of Astronauts”, Etc.), Mats Eka (""smoke", "house of Ber-
narda Alba", "apartments"”, etc.), James Thierry ("Symphony of the may bug", "Yawning abyss"), Jiri Kilian ("insom-
nia").

The choice of composers working in modern music-plastic theatres, writing in the genre of plastics, is due to
the fact that these composers can work in the experimental genre. Musically plastic theater involves going beyond the
boundaries of traditional genres (including choreography), and it balances at the intersection of different types of theat-
rical art [1].

One of the main defining criteria of plastic theater is the active, effective role of music in the play. Attention is
paid to the ways of its functioning and its special influence on the formation of plastic imagery, genre certainty) [6].

Modern musical and plastic theater, presented in the Moscow theater is a new multi-genre education. Plastic
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theater arises at the turn of the century and occupies a unique position among other theatrical and plastic genres, and
also incorporates the features of many and at the same time, is not reducible to any of them [3].

The musical-plastic theatre of Moscow is characterized by the primacy of the Director's concept, which is re-
flected in all components of the performance, including the musical solution [4].

It is worth noting that the main difference between the musically plastic theater and other theaters in Moscow
is that this theater does not use the work of the composer.

In Moscow, the musical plastic theatre is one of the rapidly developing genres of world theatrical culture. The
musically plastic theatre in Moscow is becoming a reflection of the global processes of renewal, the artistic search for
advanced Directors in the country [8].

Also a big part of the musical accompaniment musical production theatres in Moscow. Music is selected in ac-
cordance with the tasks of a practical nature. And, precisely, a certain rhythm is chosen for the production. And this
determines the main selection of the choreographer. Preference is given to music that is directed on the one hand in a
dramatic way, and on the other hand the music should be dynamically homogeneous. The choreographer has to under-
stand that music in musical production theater should be eclectic. And it requires special skills, experience.

In the musical plastic theater of Moscow, the role of the composer is assigned to the sound engineer. And he is
engaged in" stitching " multi-style music for performances.

In the theaters of Moscow, when staging this kind of performance, the method of surprise is used. It is con-
nected with the fact that at the time of the performance the musical segment for which the viewer is not ready in ad-
vance is included. Such experiments allow not only to surprise the viewer, but also to attract him to the maximum view-
ing of the performance. The viewer captures the movement of artists in his memory with the help of musical experi-
ments.

Babich N.F. suggests that musical compositions created for musicalisation theatre can and should listen only to
musical production theaters.

Also in his articles the author writes that in modern musically plastic theaters of Moscow choreographers and
sound engineers use noise effects, onomatopoeia. Examples of such noise: the rustling of the packs, howling at the light,
phone ringing, tearing paper. This allows you to increase the viewer's attention to the actors' play [1].

Much attention in the music-plastic theaters is given to the use of pantomime actors in performances. Musical
production pantomime in the theatres of Moscow, expressed in the form of robotics (multitechnique). The audience can
see how the actors as if by a wave of a juggler under the action of strings move around the stage.

Modern musical plastic theaters of Moscow in their musical performances also resort to the use of computer
technology — "sound pattern” (translated from English sample template). Thus, the entire musical setting builds on the
basis of certain sound patterns of.

Considering the models of interaction between music and plastic, it is worth saying that there is a certain Gen-
eral trend leading to a change in the functional value of music in the plastic performance. Musical dramaturgy, which is
presented in the form of original music, a compiled composition or improvisation, is not the only basis for the creation
of plastic imagery and the "plan" for the deployment of plastic action, does not determine its syntactic form or style [9].

In analyzing the activities of modern music-plastic theaters in Moscow, it is also worth noting the following
points. Each performance of the theater is visually beautiful and emotionally rich. The production of no one will not
leave anyone indifferent from the audience.

Artists easily experiment, including with new technologies, and are ready to create special programs.

Plastic theater programs are suitable for people who speak different languages, there is no language barrier.
The repertoire of the modern music-plastic theater is full of programs of different duration-from 5 minutes to an hour.
The minimum amount of a ticket for the repertoire of the musically plastic theater is about 20 000 rubles.

The conclusions obtained from the writing of the article will be the prospect of using the results obtained in
the works on the history of musical theater of the twentieth century, musical analysis, the theory of ballet and chore-
ography. And the findings can be used for further productions in the genre of musical plastic theater in other cities of
Russia.
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The ozone layer, also called the ozonosphere, is the part of the upper atmosphere, between about 15 and 35 km
above the Earth’s surface, containing relatively high concentrations of ozone (O3) molecules. Approximately 90 percent
of atmospheric ozone occurs in the stratosphere; the region extends from 10-18 km to about 50 km above the Earth's
surface. In the stratosphere, the temperature of the atmosphere increases with increasing altitude, which creates the ef-
fect of absorption of solar radiation by the ozone layer. The ozone layer effectively blocks almost all solar radiation
with a wavelength of less than 290 nanometers from the Earth’s surface, including certain types of ultraviolet (UV) and
other types of radiation that can damage or kill most of living creatures. Near-surface ozone often occurs as a result of
interactions between certain pollutants (such as nitrogen oxides and volatile organic compounds), strong sunlight, and
hot weather. This is one of the main components of photochemical smog, a phenomenon that affects many urban and
suburban areas around the world, especially in the summer months.

Ozone production in the stratosphere is mainly associated with the destruction of chemical bonds inside oxygen
(02) molecules by high-energy solar photons. This process, called photodissociation, leads to the release of individual ox-
ygen atoms, which then combine with intact oxygen molecules to form ozone. An increase in the oxygen concentration in
the atmosphere about two billion years ago allowed the creation of ozone in the Earth’s atmosphere, which gradually led to
the formation of the stratosphere. Scientists believe that the formation of the ozone layer played an important role in the
development of life on Earth by screening the lethal levels of ultraviolet radiation (ultraviolet radiation with a wavelength
of 315 to 280 nanometers) and, thus, facilitating the migration of life forms from the ocean to the earth [1].

The amount of ozone in the stratosphere during the year naturally changes as a result of chemical processes
that create and destroy ozone molecules and as a result of winds and other transport processes that move ozone mole-
cules throughout the planet. However, for several decades, human activities have significantly changed the ozone layer.
A decrease in ozone, a global decrease in stratospheric ozone, observed since the 1970s, is most pronounced in the polar
regions, and it correlates well with an increase in the content of chlorine and bromine in the stratosphere. Those chemi-
cals that were once removed by UV radiation from chlorofluorocarbons (CFCs) and other halocarbons (carbon-halogen
compounds) that contain them destroy ozone by removing single oxygen atoms from ozone molecules. Depletion is so
vast that the so-called ozone holes (zones of greatly reduced ozone coverage) form above the poles at the beginning of
their respective spring seasons. The largest such well, which spans more than 20.7 million square kilometers on an on-
going basis since 1992, appears annually over Antarctica from September to November. As the amount of stratospheric
ozone decreases, a greater amount of UV radiation reaches the Earth’s surface and can have a significant impact on eco-
systems and human health. Concern over the effects of biologically harmful levels of UV radiation has been a major
driving force behind the creation of international treaties, such as the Montreal Protocol on Substances that Deplete the
Ozone Layer and its amendments, designed to protect the Earth's ozone layer. It is believed that compliance with inter-
national treaties, the phasing out of the production and supply of many ozone-depleting substances in combination with
upper stratospheric cooling due to an increase in carbon dioxide content, contributed to a reduction in ozone holes
above the poles and a slightly higher stratospheric ozone levels in general. Long-term reductions in chlorine loading are
expected to result in smaller ozone holes over Antarctica after 2040. This showed that the increase in stratospheric
ozone levels occurred only in the upper stratosphere, and the decrease in ozone concentration in the lower stratosphere
exceeded the values of the upper stratosphere [2].

This is convincingly demonstrated by Figure 1, which shows the maximum size of the ozone hole and the min-
imum ozone coverage (in Dobson units) of the ozone hole in the Southern Hemisphere (1979-2014).

© Khluchshevskaya O.A., Futornoy A.IL. / Xmymesckas O.A., ®yropuoit A.1., 2019
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Figure 1. The ozone hole in the Southern Hemisphere [3].

Ozone depletion is a serious environmental problem because it increases the amount of ultraviolet (UV) radia-
tion that reaches the Earth’s surface, which increases the rate of skin cancer, eye cataracts and damage to the genetic
and immune system. The Montreal Protocol, ratified in 1987, is the first of several comprehensive international agree-
ments adopted to phase out the production and use of ozone-depleting chemicals. As a result of ongoing international
cooperation on this issue, the ozone layer is expected to recover over time.

Paul Crutzen's work describes the main catalytic cycle of nitric oxide, which affects ozone levels. It was shown
that nitrogen oxides can react with free oxygen atoms, thereby slowing down the formation of ozone, and can also de-
compose ozone into nitrogen dioxide and oxygen [4].

Some scientists and environmentalists in the 1970s used Krutzen's research to help their argument against cre-
ating a fleet of American supersonic vehicles (SSVs). They feared that the potential emission of nitrogen oxides and
water vapor from these aircraft would damage the ozone layer. (SSVs were designed to fly at altitudes coinciding with
the ozone layer, about 15-35 km above the Earth’s surface.) In fact, the US SSV program was canceled, and only a
small number of Franco-British Agreements and Soviet Tu-144 were put into operation, so that the impact of SSV on
the ozone layer was considered insignificant for the number of aircraft in operation.

However, in 1974, American chemists Mario Molina and F. Sherwood Rowland from the University of Cali-
fornia in Irvine, recognized that human-produced chlorofluorocarbons (CFCs) -molecules containing only carbon, fluo-
rine and chlorine atoms can be the main source of chlorine in the stratosphere. They also noted that chlorine can destroy
large amounts of ozone after it has been released from CFCs by ultraviolet radiation. Free chlorine atoms and chlorine-
containing gases such as chlorine monoxide (CIO) could then break apart the ozone molecules into pieces by removing
one of the three oxygen atoms. Later studies showed that bromine and some bromine-containing compounds, such as
bromine monoxide (BrO), were even more effective at destroying ozone than chlorine and its reactive compounds. Sub-
sequent laboratory measurements, atmospheric measurements, and atmospheric modeling studies soon confirmed the
importance of their results. Crutzen, Molina, and Rowland received the Nobel Prize in Chemistry in 1995 for their ef-
forts [5].

Human activities have had a significant impact on the global concentration and distribution of stratospheric
ozone since the 1980s. In addition, scientists noted that at least in 1980, a significant annual decrease in average ozone
concentrations began. Measurements from satellites, aircraft, ground-based sensors, and other instruments indicate that
the total complex level of ozone (i.e. the number of ozone molecules per square meter in selected air quantities) has
declined globally by about 5 percent since 1970 through the mid-1990s, after which it underwent minor changes. The
largest decrease in ozone occurred at high latitudes (towards the poles), and the smallest decrease occurred at lower
latitudes (tropics). In addition, atmospheric measurements show that the depletion of the ozone layer has increased the
amount of UV radiation reaching the Earth's surface.

Atmospheric measurements clearly confirmed theoretical studies showing that chlorine and bromine released
from halocarbons in the stratosphere react and destroy ozone.
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The worst case of ozone depletion was first reported in 1985 by the Antarctic Survey (BAS) by Joseph C. Far-
man, Brian Gardiner, and Joanathan D. Shanklin. Since the late 1970s, a significant and rapid decline in total ozone,
often more than 60 percent compared with the global average, was observed in the spring (September-November) over
the Antarctic. Farman and his colleagues first described this phenomenon at their BAS station in Halley Bay, Antarcti-
ca. Their analysis attracted the attention of the scientific community, which found that these reductions in the total
amount of ozone were more than 50 percent, compared with historical values observed by both ground-based and satel-
lite methods. As a result, hypotheses were put forward that attempted to explain the Antarctic "ozone hole".

It was initially assumed that the decrease in 0zone can be explained by the catalytic cycle of chlorine, in which
single chlorine atoms and their compounds strip single oxygen atoms from ozone molecules. Since there was more
ozone loss than could be explained by the supply of reactive chlorine, available in the polar regions by known processes
at that time, other hypotheses arose. A special measurement campaign by the National Aeronautics and Space Admin-
istration (NASA) and the National Oceanic and Atmospheric Administration (NOAA) in 1987, as well as subsequent
measurements, proved that the chemical reaction to chlorine and bromine is indeed responsible for ozone hole, but for
another reason: the hole turned out to be a product of chemical reactions that take place on the particles that make up
the polar stratospheric clouds in the lower stratosphere. In winter, the air over Antarctica becomes extremely cold due to
the lack of sunlight and the decrease in mixing of the lower stratospheric air over Antarctica with air outside the region.

This reduced mixing is caused by a circumpolar vortex, also called a polar winter vortex. Surrounded by a
stratospheric wind stream circulating between approximately 50 and 65 ° s.l., the air over Antarctica and its adjacent
seas is effectively isolated from the air outside the region. Extremely cold tea temperatures inside the vortex lead to the
formation of polar stratospheric clouds that occur at altitudes of about 12 to 22 km. Chemical reactions that occur on
particles of polar stratospheric clouds turn less reactive chlorine-containing molecules into more reactive forms, such as
molecular chlorine (CI2), which accumulate on polar night. (Bromine compounds and nitrogen oxides can also react
with these cloud particles.) When the day returns to Antarctica in early spring, sunlight breaks down molecular chlorine
into individual chlorine atoms, which can react and destroy ozone. Ozone destruction continues until the collapse of the
polar vortex, which usually occurs in November.

A polar winter vortex forms in the northern hemisphere. However, as a rule, it is neither strong nor cold, like
the one that forms in Antarctica. Although polar stratospheric clouds can form in the Arctic, they rarely reach a suffi-
ciently long time for a significant reduction in ozone. Arctic ozone is reduced to 40 percent. This depletion usually oc-
curs in those years when lower stratospheric temperatures in the arctic vortex were sufficiently low to lead to ozone
depletion processes similar to those found in the Antarctic ozone hole. As in Antarctica, in the Arctic regions where
high levels of ozone destruction occur, a significant increase in concentrations in reactive chlorine was measured [6].

The recognition of the dangers posed by chlorine and bromine to the ozone layer has given rise to international
efforts to limit the production and use of CFCs and other halocarbons. The 1987 Montreal Protocol on Substances that
Deplete the Ozone Layer began the phase-out of CFCs in 1993 and sought to achieve a 50 percent reduction in global
consumption by 1986 since 1986. A number of amendments to the Montreal Protocol in subsequent years have been
developed to strengthen control over CFCs and other halocarbons. By 2005, the consumption of ozone-depleting sub-
stances controlled by the agreement fell by 90-95 percent in countries that were parties to the protocol.

In the early 2000s, scientists expected stratospheric ozone levels to continue to rise slowly over the coming
decades. Indeed, some scientists have argued that as reactive chlorine and bromine levels decrease in the stratosphere,
the worst ozone depletion will occur. Factoring in changes in air temperature (which contribute to the size of ozone
holes), scientists expected that a further decrease in chlorine load would lead to a decrease in the ozone hole over Ant-
arctica, which since 1992 has covered more than 20.7 million square kilometers. after the year 2040. The expected in-
crease in ozone will be gradual, primarily due to the long residence time of CFCs and other halocarbons in the atmos-
phere. The total level of ozone, as well as the distribution of ozone in the troposphere and stratosphere, will also depend
on other changes in the composition of the atmosphere, for example, changes in carbon dioxide levels (which affects
temperatures in both the troposphere and the stratosphere), methane (which affects the levels of reactive hydrogen ox-
ides in the troposphere and stratosphere that can react with ozone) and nitrous oxide (which affects the levels of nitro-
gen oxides in the stratosphere that can react with ozone).

In 2014, an increase in the amount of stratospheric 0zone began to be observed on our planet — the first in the
last 20 years, which can be attributed to the universal observance of international treaties regarding the phase-out of
ozone-depleting substances; as well as upper stratospheric cooling due to a decrease in the content of carbon dioxide.
Since ozone is a greenhouse gas, the destruction and expected restoration of the ozone layer affects the Earth’s climate.
But here, as it turned out, not without pitfalls. Scientific analyzes suggest that the decrease in ozone observed since the
1970s caused the cooling effect, or rather, the obstacle to warming resulting from an increase in the concentration of
carbon dioxide and other greenhouse gases during this period. Since the ozone layer is slowly recovering, a decrease in
this cooling effect and gradual warming is expected in the coming decades.
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https://www.britannica.com/science/ozone-depletion
https://www.britannica.com/science/stratosphere
https://www.britannica.com/place/Earth
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